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ABST
PAL  A variable ratio steering mechanism for a vehicle having an axially movable
      rack meshing with a helical pinion the axis thereof making an angle with
      the axis of the said rack, the rack having a group of teeth at its center
      of varying form and varying inclinations with respect to the axis of the
      rack, the inclination of the teeth of said group becoming less closely
      aligned with the pinion axis as the teeth are more remote from the center
      of said rack, said teeth thereby meshing with the teeth of the pinion at
      varying effective pitch radii in a predetermined manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a variable ratio steering mechanism of the
      rack and pinion type. The characteristics and advantages of rack and
      pinion steering are well known, as are the advantages of providing a
      variable steering ratio and it is therefore unnecessary to explain these
      in the present specification.
PAR  Considerable problems have however arisen in devision a practical
      construction which incorporates variable ratio steering in a mechanism of
      the rack and pinion type. One approach to a solution to the problem is
      disclosed in the specification of U.S. Pat. No. 2,865,339, in which a
      non-round, straight cut pinion engages a "wavy" rack, producing a varying
      ratio of engagement which recurs at each revolution of the pinion and
      hence also of the steering wheel. This necessarily requires that the
      wheels of the vehicle to be steered must be moved throughout their entire
      range of movement from lock to lock by not more than two turns of the
      steering wheel, and a very low average ratio results. As a high
      (numerical) ratio is needed near center to avoid excess sensitivity at
      speed, the change in ratio with this system is generally in excess of 2:1.
      This shortcoming can be overcome by the introduction of an intermediate
      gear between the steering wheel and the pinion to allow more turns of the
      steering wheel or by modifying the rack as described in U.S. Pat. No.
      2,973,658. Such constructions however introduce complexities into the
      system which add undesirable expense.
PAR  In addition to directness of the sterring action, it was found very
      difficult to achieve a smooth action in a steering mechanism of this kind
      in view of the sudden transitions in tooth action necessitated by the
      non-round form of the pinion and high pressure angles. A helical form of
      the device, which might well have cured this roughness, was obviously
      impractical.
PAR  A somewhat different approach to the solution of the general problem of
      providing a variable ratio steering mechanism of the rack and pinion type
      is described in U.S. Pat. No. 3,267,763 and the corresponding British Pat.
      No. 977,434. In that construction a concentrically mounted driving pinion
      of circular form is meshed with a rack having teeth of various forms.
      Teeth of minimum pitch and pressure angle providing a maximum ratio are
      provided at the center of the rack and teeth of maximum pitch and maximum
      pressure angle providing a minimum ratio are provided at the ends of the
      rack, the intervening teeth on each side of the center having a
      progressive variation of pitch and form. Note that the variation of pitch
      radius of the pinion in any case is a result solely of the forms of the
      rack teeth.
PAR  A detailed consideration of that form of mechanism has shown that, although
      it is not limited in the number of steering wheel turns, practical
      considerations so limit the amount of ratio variation and pattern thereof
      that little benefit has resulted from its use. In a typical passenger car
      steering gear employing power assist, optimum steering performance
      requires a variation of steering ratio of just less than 2:1, a rapid drop
      of ratio from the center, a "flare" out to a more constant ratio with
      about 21/2 turns stop to stop. If such characteristics are sought to be
      obtained by employing the subject mechanism, the following difficulties
      are posed:
PAR  1. A very low pressure angle must be used for the form of the central, most
      frequently used, teeth to such a degree that considerable weakness in the
      strength of these teeth results.
PAR  2. A very high pressure angle must be used for the teeth at the ends of the
      rack in order to obtain the desired low ratio in this region, as a result
      there is a large variation of efficiency, successively, during the
      engagment of each tooth (as much as 30 percent). The requirement that the
      driver be able to steer the car in these low ratio regions when the power
      assist has failed governs how low the ratio may be in this region.
      Intermittently occurring regions of poor efficiency, such as would occur
      with this system, obviously impose a limitation in selecting the low
      ratio.
PAR  3. A rapid ratio drop, or change of pressure angle, particularly occurring
      in the high ratio, low pressure angle region, produces "holes" or cusps in
      the rack tooth flanks at certain points, and the intensity of surface
      loading at these points becomes unacceptable. Even if this is avoided by
      reducing the rate of ratio change to less than that desired, areas of very
      small radius occur on the rack tooth profiles, which will be points of
      high wear rate.
PAR  The first of the difficulties mentioned above is appreciated in the prior
      specifications referred to in that it is proposed that in order to
      increase the strength of the teeth, an intermediate reduction pinion be
      provided between the steering mechanism and the pinion meshed with the
      rack. However, as has been pointed out above, this is an expensive
      solution.
PAR  The object of the present invention is to provide a variable ratio steering
      mechanism of the rack and pinion type, the design of which overcomes these
      listed difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  Whereas in the prior proposals the pinions used are of the straight cut
      variety, it is proposed in the present invention to use a substantially
      concentrically mounted helical pinion the teeth of which are substantially
      identical in shape meshing with a rack having teeth some at least of which
      are such as to provide a variable steering ratio, it being preferred that
      the majority of the teeth of the rack provide a low steering ratio and be
      of constant section across their width, a small group only of teeth at the
      center of the rack being of warped configuration to provide, in
      cooperation with the helical pinion, a change of steering ratio from a
      high ratio to the low ratio.
PAR  The use of a helical pinion permits the variation of the steering ratio by
      as much as two to one and whereas a non-helical pinion under these
      circumstances would give discontinuous tooth action in the low ratio
      region at either end of the rack and would result in poor strength of the
      teeth in the high ratio region, by the use of a helical pinion it is
      possible to design the teeth at the center of the rack so as to have
      adequate strength. Although this results in the use of a pressure angle in
      the teeth towards the ends of the rack of about 60.degree., an angle which
      would be entirely unacceptable for a straight cut pinion, this is
      acceptable here, due to the fact that the resulting discontinuous tooth
      action can be accommodated by a helical pinion, since tooth engagement is
      staggered across the width of the rack.
PAR  If the helical pinion fails to span the coarse low ratio teeth of the rack
      for some parts of its rotation this will occur only in one part of the
      width of the rack and full engagement will occur across the remainder of
      the width. Furthermore, tooth engagement being staggered across the width
      of the rack compensates for the variations of efficiency in rack tooth
      action.
PAR  While the use of a helical pinion has the advantages referred to above, its
      use does present some problems in manufacture of the rack.
PAR  An examination of the problems has, however, shown that teeth of suitable
      form can be generated, for example, by the use of a cutter which is an
      identical facsimile of the pinion, a technique well known in the
      manufacture of geared pairs. The difficulties and expense of the method
      can be considerably reduced by designing the rack so that the majority of
      its teeth can be formed by a straightforward broaching process, only a
      small number of teeth near the middle of the rack having to be generated.
      The design may be such that it is possible to broach teeth of the form
      used at the ends of the rack over the whole length of the rack and
      thereafter modify the teeth at the center of the rack to the required
      form, broaching of the central teeth would, of course, be to only a
      relatively shallow depth. This reduces the use of the more elaborate
      generating technique required for these teeth to a minimum.
DRWD
PAR  In order that the invention may be better understood and put into practice
      a preferred form thereof is hereinafter described, by way of example, with
      reference to the accompanaying drawings in which:
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a rack and pinion steering mechanism;
PAR  FIG. 2A is a scrap view in plan of a helical pinion engaging teeth in a low
      ratio region of a rack;
PAR  FIG. 2B is a sectional view on the line IIb--IIb;
PAR  FIG. 3A is a view similar to FIG. 2A showing the pinion engaging teeth in a
      high ratio region of a rack, here in a non-varying ratio form;
PAR  FIG. 3B is a section on line IIIb--IIIb of FIG. 3A;
PAR  FIG. 4A is a plan view of one half of a rack having low ratio teeth over
      the majority of its length and a small group of variable ratio teeth at
      the center,
PAR  FIG. 4B is a section on IVb--IVb of FIG. 4A;
PAR  FIG. 5A illustrates diagrammatically the general case of a helical pinion
      arranged in engagement with a rack to illustrate pinion and mounting
      dimensions without reference to ratio variation;
PAR  FIG. 5B is a sectional view on line Vb--Vb of a part of FIG. 5A;
PAR  FIG. 5C is a section on Vc--Vc of FIG. 5A;
PAR  FIG. 6 is an enlarged view of the section shown in FIG. 5C;
PAR  FIG. 7A is a diagram similar to FIG. 5A, but illustrating the effect of
      ratio variation as distinct from the constant ratio of FIG. 5;
PAR  FIG. 7B is a diagrammatic view on the VIIb--VIIb of FIG. 7A;
PAR  FIG. 8 is a sectional view to a very much enlarged scale of the rack and
      pinion of FIG. 5a showing the particular features of contact between the
      rack and the pinion being a section through the centerline of the rack;
PAR  FIG. 9 is a plan view in diagrammatic form of the pinion and the rack
      showing the position of various section lines referred to in the
      description;
PAR  FIG. 10 is a diagram indicating the contact conditions in the true normal
      plane of the pinion of FIG. 8;
PAR  FIG. 11 is a diagram showing a comparison between ratio curves provided by
      a known form of rack and pinion steering and a rack and pinion steering
      mechanism according to the present invention, and
PAR  FIGS. 12 and 13 are diagrams illustrating considerations involved in the
      use of a pinion having non-involute teeth.
DETD
PAC  DETAILED DESCRIPTION
PAR  Before describing a particular form of the invention a number of factors
      connected with the design of rack and pinion steering mechanisms will be
      discussed to assit in an understanding of the invention.
PAR  A number of variables are available to the designer of rack and pinion
      steering, but in practice, considerations of economy, strength, and
      performance narrow the choice.
PAR  The space available for the steering gear being limited, it generally
      happens that the steering shaft 10 (FIG. 1) and hence the steering pinion
      11, must be angled in the plan view outward from the car centerline at
      from 20.degree. to 30.degree.. The stroke of the rack 12 is also limited
      by suspension geometry and, as the minimum number of wheel turns is set by
      considerations of sensitivity at high speeds, steering pinions are
      generally just as small in diameter as safety allows.
PAR  It should be made clear at this juncture that, although in FIG. 1 no
      indication is given of the use of power assistance, the present invention
      is equally applicable to either power assisted or manual steering
      mechanisms.
PAR  The angular arrangement of the pinion in the plan view may be exploited to
      increase the pinion in size as indicated in FIG. 2A, which is a scrap view
      in plan of the pinion and rack of a right-hand drive vehicle, with the
      steering gear located behind the wheels (as illustrated in FIG. 1). Here
      the teeth are arranged transversely across the rack, and a left-hand
      spiral pinion is used of a helix angle just matching the installed angle
      of the pinion (.alpha.). Because motion of the pinion teeth lie along the
      line a whereas the rack tooth surfaces lie square to the rack axis,
      "slippage" occurs, so that one tooth of the pinion of pitch p in the
      normal plane drives the rack only the lesser distance p cos .alpha., and
      hence a somewhat larger pinion may be used than if a non-helical
      non-inclined pinion were used. If on the other hand the pinion spiral
      angle were reduced so that the rack teeth lay more nearly along the
      installed angle axis of the pinion .alpha., the "slippage" effect would be
      lost and the pinion diameter would have to be reduced in order to keep the
      same desired pitch diameter.
PAR  Now consider the implications of introducing a variable ratio into the
      helical rack and pinion steering gear. FIGS. 2A and 2B illustrate a low
      ratio region where the pitch radius of the pinion lies almost at the tips
      of the teeth. Now in a variable ratio gear the ratio in this area may, in
      fact, be quite low so that the pitch diameter is relatively large.
      However, because this pitch diameter is almost equal to the outside
      diameter of the pinion an undesirably small pinion will still result
      unless every advantage is taken of the preferred arrangement of the helix
      as mentioned in the previous paragraph. Note that the teeth here are
      spaced relatively far apart as at Pa. If the same pinion is now meshed
      with another rack or another section of the same rack at a very small
      pitch diameter on the pinion, as illustrated in FIGS. 3A and 3B, the teeth
      will now be spaced close together as at Pb and it will be seen that the
      teeth of the rack are now slanted to more nearly match the axis of the
      pinion. This follows as a corollary of the statement at the end of the
      last paragraph and because of this, some of the ratio change that would
      have resulted from the reduced pitch has now been lost.
PAR  The above description illustrates a feature of steering racks made
      according to this invention, namely that the teeth of the rack typically
      in one area are arranged at one angle to the rack centerline and have one
      pressure angle, and at another point are angled at another angle to the
      rack centerline and have another pressure angle. Such an arrangement is
      believed to be novel both in the art of steering racks and, indeed in
      gearing of any sort.
PAR  Whereas the rack thus is highly unusual, the pinion appears superficially
      somewhat conventional. However, the optimum proportions in any given
      design of steering mechanism require that the pinion be highly modified
      from conventional steering mechanism practice. This is because of the
      great range of pressure angles over which the pinion is required to mesh
      if a desirably large change of ratio is used. Much more of the involute
      curve is used than conventionally, to achieve which the gap at the root of
      the pinion teeth is made narrow, and at the tips the teeth are brought
      virtually to a sharp point. Thus in the case of the figures given as an
      example, relating to a pinion of six teeth, the angle subtended at the
      center by any involute flank is 221/2.degree., while a conventional seven
      tooth pinion of a constant ratio version of the same steering gear would
      use only 10.degree.. Note that the proportions of this seven tooth pinion
      are already highly modified as compared to conventional gearing, but in a
      manner well known in the art of steering mechanisms.
PAR  Such unconventional pinion teeth, if used in a constant ratio, steering
      mechanism would result in impractical rack tooth forms as illustrated by
      line 55 of FIG. 8 (as discussed below). However, the proper strength
      balance between rack and pinion teeth in a variable ratio gear of the type
      desired is achievable only by using such pinions.
PAR  The unconventional form of the pinion teeth is most readily defined by
      considering the proportions of the generating radii of a conventional
      pressure angle (say 20.degree.) rack with which it would mesh. FIG. 8
      which relates to the matter of strength, will serve to show, at line 55,
      the proportions of such a hypothetical constant ratio rack. Now
      conventional racks are proportional with respect to a plane of symmetry
      55b, generally the mid height of the teeth, in which plane the gap between
      adjacent rack teeth conventionally equal the tooth thickness. For the
      figures given by way of example of the prevent invention, the pinion is
      defined by a 20.degree. pressure angle generating rack having a tooth gap
      more than double the tooth thickness.
PAR  FIGS. 4A and 4B show how a rack according to the invention might appear,
      with the rack pitch plane 13, for most of its length near the root of the
      course teeth 14 and hence near the tips of the pinion teeth (not shown)
      but humping up through center to provide a reduced pitch radius of the
      pinion in this region. Note that the rack pitch plane is a warped surface
      in that its hump occurs further to the left in FIG. 4a towards the top of
      the figure than it does lower in the same view. This humping must follow
      the pinion inclination angle (.alpha.) as the pinion must mesh at the same
      pitch radius all along its length at any instant.
PAR  It will be seen from FIGS. 4A and 4B that the rack has at its center a
      group of inclined teeth 15 of which the center tooth is at the greatest
      inclination, the inclination of subsequent teeth being successively less,
      terminating in the coarse, low ratio teeth 14 square to the axis, which
      continue thus to the end of the rack. The rack is of course symmetrical
      about its centerline in that right hand end (not shown) is identical with
      the left hand end shown, but rotated 100.degree. about `O`. This
      arrangement of teeth gives a variation in steering ratio which is
      illustrated at H in FIG. 11 and is discussed fully in connection with that
      figure. It should be noted that for rack and pinion steering the steering
      ratio is defined as the effective radius of the pinion divided by the
      average effective length of the steering arm L (see FIG. 1). The effective
      radius of the pinion will vary according to variations of the rack pitch
      plane 13 (FIG. 4B) and the effective length L according to the geometry of
      the steering mechanism of the particular vehicle to which the invention is
      applied.
PAR  The design details of one particular rack and pinion mechanism according to
      the invention are given below and these should be read in conjunction with
      FIGS. 5A to 7B, in which the various reference numerals and letters
      appear.
TBL  ______________________________________                                    
     PINION AND MOUNTING DETAILS                                               
     ______________________________________                                    
     No. of Teeth:                                                             
                6          Form Involute                                       
     Helix:     Left Hand  Lead length (16) 6.84029"                           
     Base Circ.                                                                
     Diameter (17) 0.531859                                                    
                       Root Diameter (18) 0.510"                               
                       Overall Diameter (21) 0.875"                            
     ______________________________________                                    
PA1  Installed Angle (.alpha.) 22.degree.
PA1  Angle, center of tooth gap to start of involute (B) 6.degree.
PA1  Assumed effective length of steering arms 4.92 inches
PAC  RATIO CURVE DETAILS
PA1  Form of curve (pinion normal plane) -- Sinusoidal
PA1  Rack travel -- centerline to constant -- Low ratio value.
PA2  (Pinion Normal Plane) (22) 0.800 inch
PA2  Rack Axis Plane) (23) 0.86280 inch
PA1  Rotation of Pinion, centerline to constant
PA2  Low Ratio (D.degree.) 147.7.degree.
PA1  Total travel of rack, each side of centerline (24) 3.06 inches
PA1  Rotation of Pinion, centerline to end of travel (E) 1.267 turns
PA1  Ratio of center 18:1 Ratio-Low Ratio 12.07:1
PA1  Rotation of pinion, centerline to end of travel, if ratio constant at 18:1
      1.782 turns
TBL  ______________________________________                                    
     RACK DETAILS                                                              
     ______________________________________                                    
                    Low Ratio                                                  
                             On Center                                         
                    Region   Variable Ratio                                    
                             Section                                           
     ______________________________________                                    
     PINION NORMAL PLANE                                                       
      (Pressure Angle)                                                         
                      52.degree. 48'2"                                         
                                 18.degree.                                    
      (Pinion Pitch Rad.) (25)                                                 
                      0.43985"   0.279615                                      
      (Circular Pitch) (26)                                                    
                      0.46061                                                  
     RACK AXIS PLANE                                                           
      (Pressure Angle (G)                                                      
                      50.degree.41'                                            
                                 17.degree.36'51"                              
      (Pinion Pitch * Rad. (27))                                               
                      0.407822   0.273222                                      
      (Circular Pitch* (28))                                                   
                      0.427068                                                 
     (*Effective in this Plane)                                                
     Pitch Helix Angle (C-A)                                                   
                      22.degree. 13.degree. 4' 43"                             
     Rack Skew Angle (C)                                                       
                      0.degree.  8.degree.55' 16"                              
     ______________________________________                                    
PAR  A clearer understanding of the invention may be gained from a consideration
      of FIGS. 8, 9 and 10 of which FIGS. 8 and 10 are enlarged scale drawings
      showing particular features of the contact between the variable ratio rack
      and six toothed helical pinion particulars of which are given above. FIG.
      8 is a section through the centerline of the rack showing the pinion at an
      angle and hence appearing elliptical. The exact position of the parts as
      illustrated in FIG. 9 shows that the section is primarily that indicated
      as B--B and for the sake of clarity, in order to show the condition of
      engagement at the farthest side of the rack from the driver, the pinion
      has been imagined to but cut along line A--A of FIG. 9. The position shown
      in FIG. 9 is that in which the pinion is in the straight-ahead position
      otherwise known as "on-center"; the center of the pinion in the centerline
      section of the rack of FIG. 8 will be point 33 and the center of the
      pinion in the plane in which the pinion has been cut will be the point 34
      in that same figure. The pitch line indicated at 32 in FIG. 8 will reach
      its maximum value in height corresponding to a minimum steering ratio at
      the "on center" position 33, in the centerline section of the rack at
      point 35. Now considering the section on plane A--A, the pitch line 32a
      will again be at its maximum value here and the intersection of the crest
      of the pitch line curve 32a and the centerline of the pinion will take
      place at point 36. The corresponding contact points in planes B and A
      respectively will be at points 37 and 38. Note that the lines joining 36
      to 38 and 35 to 37 lie at the same angle to the vertical, which angle
      39,39 is the pressure angle corresponding to the pitch radii (also
      identical) of the pinion in the two planes at that instant. These pitch
      radii are indicated by the length of the line 34-36 and also by the length
      of the line 33-35. This pressure angle 39 is of the order of 18.degree.
      for the on-center position shown in that particular instant for the
      particular example chosen and increases from there to a value of about
      52.degree. in the low ratio region. Now whereas this view shows in general
      terms the contact conditions, it will be noted that the curves in this
      view are those on the slanted plane as far as the pinion is concerned and
      hence are not true involutes. In accordance with the normal technique of
      laying out gearing therefore, it is necessary to consider the contact
      conditions in the true normal plane of the pinion, which is done in FIG.
      10. To do this a point is taken slightly displaced to the left on the
      centerline 40. In order to consider the different meshing conditions along
      the pinion axis, four sections are taken as at DD, EE, FF and GG of FIG.
      9.
PAR  For the sake of clarity these are all superimposed on a common center
      indicated as point 40 in FIG. 10. Note that in this view the flanks of the
      pinion are true involute curves and hence several properties of the
      involute relating to the contact points may be illustrated in this
      section; thus if one sets out in this view, about center 40, the base
      circle 41 of the involute and then draws a line 42 tangent to this base
      circle through 43, being the pitch point of engagement between the pinion
      and rack at that instant, this line continued will pass through the
      contact point 44 between the rack and the pinion. As this construction is
      valid for each of the four sections noted, it will be seen that points
      44,45,46 and 47 are in a straight line as the pitch radius is the same for
      each of these conditions of meshing; it follows that the pressure angle
      indicated as 48 will be the same in each case. Now in order to study the
      condition of contact at this instant it is the practice to take a small
      displacement of the pinion for example to 49, rolling either backwards or
      forwards along the plane. Note that in the case chosen, in plane D the
      pinion has been rolled along the line or in the direction of H (FIG. 9) in
      this plane and in so doing of course, the point 43 on the pitch line has
      been departed from a new intersection of the pinion centerline and the
      pitch line occurs at 50; as line 40-50 is shorter than line 40-43 the
      pressure angle has changed and the new value 51 is smaller than that
      indicated at 48. For this reason it follows that the line tangent to the
      base circle 52 passing through point 50 converges towards the former line
      tangent to the earlier base circle and meets it at a point such as at 53,
      however, it will follow that the instantaneous curvature or the average
      curvature occurring over the interval of movement 40-49 on each of the
      flanks is approximated by a circle having its center at 53 and it is
      obvious then that the radius of contact for each of the planes D, E, F and
      G will be indicated by the lengths 53-47, 53-46, 53-45, and 53-44. Also
      apparent is the fact that the radius at 47 is very small for the case
      sketched and would be quite unsuited to carry the loads imposed on a
      steering mechanism were it not for the fact that this occurs only this one
      of the four planes indicated and is backed up by much more advantageous
      conditions of contact in other sections. There are many factors which
      determine the magnitude of this radius such as the slope of the pitch line
      and the oreintation of the teeth with respect to the pitch line at any
      instant but it is important to note that in general in rack and pinion
      variable ratio steering it is impossible to construct a satisfactory pitch
      line in a practical arrangement that does not involve such very small
      radii at at least one section across the width of the teeth.
PAR  This is one of the great advantages of the helical rack and pinion in that
      conditions as in plane D could not be tolerated if they occurred across
      the whole width of the teeth as would be the case with a non-helical
      pinion.
PAR  Referring again to FIG. 8, the angular disposition of the rack teeth in the
      plan view associated with the small pitch radius is evident by the
      displacement of the section of the rack teeth in the centerline plane B--B
      as compared with the plane A--A. This displacement indicated as 55a in the
      on-center condition has reduced to the value shown as 56a at the first
      tooth and would reduce very rapidly to virtually zero at the third tooth.
      In the example chosen the low ratio teeth lie transversely across the
      rack, and there is of course no displacement of the teeth in section
      across the plane of the rack in FIG. 8. This is indicated by the single
      dotted line 31 and it will note noted that this single tooth profile is in
      fact tangent to the pinion both on the centerline plane A--A and in the
      remote plate, B--B.
PAR  As has been mentioned elsewhere that are distinct functional advantages in
      having the ratio drop rapidly as is made possible by the use of helical
      teeth. A second advantage is well illustrated in FIG. 8, this relates to
      the question of the strength of the teeth. If the ratio were substantially
      constant near the on-center condition where the pressure angle is
      relatively small (say 20.degree. in this figure) the teeth would have
      relatively straight flanks as indicated at line 55. It will be noted that
      the strength of these teeth is considerably less than that given by the
      variable ratio form as indicated at 56 where the flaring out of the base
      of the tooth is attributable to the rapidly reducing ratio. This is even
      more apparent in the second tooth where if the ratio increased slowly as
      proposed by some other workers the second tooth would have the same narrow
      form indicated by line 55. In contrast to this the second tooth shows that
      the rack is very substantial indeed and contact occurring for example at
      37 at the on-center position is backed by a tooth of equivalent strength
      to that of the pinion. In contrast to this a tooth of the general shape
      indicated by line 55 for this second tooth would have a strength only a
      fraction of that of the pinion and be quite incapable of carrying the load
      required in this on-center meshing condition. It will be realized that it
      is this condition where most loads are carried in the steering gear and
      hence it is very important that buttress type teeth shall be provided in
      this position.
PAR  The practical value of a rack and pinion steering mechanism of the
      construction described above is illustrated in FIG. 11 in which steering
      ratio as defined above is plotted against angle of turn of the front
      wheels of the vehicle taken as an average of right and left turns. In this
      the upper horizontal line may be taken as representing a standard type of
      steering having a constant steering ratio of 18:1. The line M illustrates
      the effect achieved with a variable ratio rack and pinion steering of the
      kind described in the United States and British patent specifications
      mentioned above. Taking a typical intersection turn angle as being
      20.degree., the area between the upper line and curve M (shaded solid)
      represents to some scale the saving in terms of turns of the steering
      wheel as between a standard steering system and that described in those
      specifications and this amounts to about 5 percent.
PAR  The lower curve H represents the results achieved by a rack and pinion
      steering employing a helical pinion and constructed according to the
      present invention which gives under similar conditions a saving
      (represented by the hatched area) of about 25 percent, for the same angle
      of turn and, as has been shown above, this is achieved without suffering
      the disadvantages referred to at the beginning of the specification.
PAR  In the embodiment of the invention described above, the involute curve has
      been used, as it results in the simplest possible generation of the pinion
      and the least complex form for the broach teeth in the low constant ratio
      region of the rack. The many advantages of the involute, well known in the
      art of gearing, are not fully utilized however in this case; for example
      the insensitivity to change of center distances and the simplicity with
      which a family of gears may be made from the one cutter. The design
      parameters in rack and pinion steering are, however, so demanding that
      curves other than the involute may be used to advantage, even though at
      the penalty of some complexity in making the broach for the rack and in
      the generation of the pinion.
PAR  It will be found, for example, by departing from the use of a straight
      sided rack flank in the low ratio region, (particularly when pressure
      angles in excess of 50.degree. are used) and substituting for example a
      concave tooth profile some considerable advantages result. The reason for
      this is that the limiting value for pressure angles is determined by the
      contact at the tips of the rack teeth, where the combination of high
      sliding velocity and steep pressure angle result in near-binding
      conditions. At the root of the rack teeth, however, sliding velocity
      reduces to almost zero and the pressure angle may be substantially higher,
      while still avoiding binding, than is possible at the tip of the teeth.
PAR  These advantages may be studied by considering FIGS. 12 and 13 in which two
      pinion rack combinations are compared meshed in the low ratio region
      having the same pitch 62, tooth height 63 and pitch radius 64 of the
      pinion. In FIG. 13 a straight flank is used for the rack as described
      previously, whereas in FIG. 12 the root and tip points have been
      maintained, but an arc centered at point 65 has been used to join these
      extremes. Note that, while accurate broach teeth will be somewhat more
      difficult to make to the required order of accuracy than straight-sided
      teeth, they would be greatly preferable to higher order or arbitrary
      curves. Typically, radius 65 might be five times the length of the rack
      flank. Note that certain complications have also been introduced in the
      system in the manufacture of the pinion.
PAR  Thus in FIG. 13 if a hob were used of the same form as the teeth,
      generation would cease at point 69. For this reason the hob must be used
      of the least pressure angle with which the pinion is required to mesh, in
      this case about 18.degree. as shown by line 71. Because the pinion flank
      is an involute, however, line 71 is a straight line and thus the hob is of
      the simplest possible form. In the case of FIG. 12, it is again not
      possible to use a hob for the pinion of the same profile as the rack as
      the form on the pinion between 67 and 68 would not be determined. A
      suitable hob profile, such as shown by line 72, may be determined of
      generally less slope than that of the rack flank, but this will not be a
      radius nor indeed any simple shape.
PAR  In the case of the pinion required to mesh with the arcuate form rack,
      however, a lower pressure angle hob must be employed whose teeth will be
      of some arbitrary form.
PAR  Therefore, the following steps must be observed in completing the design of
      a hollow rack form variable ratio pinion as illustrated in FIG. 12. Step
      1. Determine the optimum form of the rack tooth flank, to meet the
      performance parameters of the steering gear, preferably a simple radius or
      combination of radius and straight line, for the purpose of simplicity in
      making the broach. Step 2. Determine the conjugate form of the pinion
      flank 66 up to a point 67, rolling the pinion at a constant pitch radius.
      Step 3. The pitch flank in an arbitrary manner between points 67 and 68
      having regard to the required ratio in the low ratio region and the form
      of ratio variation. Taking the pinion flank so derived, roll this at a
      predetermined generating pitch radius and so determine the counterpart
      form of the generating hob which must be used to manufacture the pinion,
      making due allowance for the effects of the helical form of the pinion.
PAR  Naturally, the generating pitch radius will be of the order of the smallest
      pitch radius which the pinion is subsequently required to roll with the
      actual rack. This procedure for determining the form of hobs to
      manufacture arbitrary geared shapes is well known in the art of gearing
      and presents no undue problems to those skilled in the art.
PAR  While the embodiment of the invention described above relates to a variable
      ratio steering mechanism in which the steering ratio varies from a high
      ratio at the center to a constant ratio extending over the major part of
      the rack, other configurations may be adopted, for example, the effective
      pitch radius (that is to say the radius which accounts for the lateral
      movement of the rack for a given angle of pinion rotation) of engagement
      with the pinion and thus the steering ratio may be caused to increase at
      the extreme ends of the rack by shaping the teeth of the rack in an
      appropriate manner. Such a configuration should be of value in some types
      of manually operated steering mechanism to assist in turning the wheels at
      extreme positions of lock.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A variable ratio rack and pinion steering mechanism having an axially
      movable rack meshing with a helical pinion the axis of which makes an
      angle with the axis of the rack, the rack being characterized by having a
      group of teeth at its center said teeth being of varying forms and varying
      inclinations with respect to the axis of the rack, the inclination of the
      teeth of said group nearest the center being the most closely aligned with
      the axis of the pinion, the inclination of teeth of said group becoming
      less closely aligned with the pinion axis and more closely perpendicular
      to the axis of the rack as they move away from the center of the rack, the
      inclinations and forms of said group of teeth being associated with
      engagement of the said teeth with the pinion at varying effective pitch
      radii, the effective pitch radius being least at the center of the rack
      and increasing on either side thereof.
NUM  2.
PAR  2. A variable ratio rack and pinion steering mechanism as claimed in claim
      1, wherein the remainder of the teeth of the rack engage the pinion at an
      effective pitch radius substantially equal to the effective pitch radius
      at which the pinion is engaged by the outermost portions of the outer
      teeth of said group of teeth, said remainder of the teeth extending
      substantially at right angles to the axis of the rack.
NUM  3.
PAR  3. A variable ratio rack and pinion steering mechanism as claimed in claim
      2, wherein the sides of the remainder of the teeth of the rack are arcs of
      circles.
NUM  4.
PAR  4. A variable ratio rack and pinion steering mechanism as claimed in claim
      3, wherein the form of the teeth of the pinion is substantially involute.
NUM  5.
PAR  5. A variable ratio rack and pinion steering mechanism as claimed in claim
      2, wherein the form of the teeth of the pinion is substantially involute.
NUM  6.
PAR  6. A variable ratio rack and pinion steering mechanism as claimed in claim
      3, wherein the effective pitch radius increases symmetrically on either
      side of the center of the rack.
NUM  7.
PAR  7. A variable ratio rack and pinion steering mechanism as claimed in claim
      2, wherein the effective pitch radius increases symmetrically on either
      side of the center of the rack.
NUM  8.
PAR  8. A variable ratio rack and pinion steering mechanism as claimed in claim
      1, wherein the said group of teeth comprise a minority of the teeth of the
      rack, the majority of teeth being straight sided and of constant section
      across the width of the rack whereby they are adapted to manufacture by
      broaching.
NUM  9.
PAR  9. A variable ratio rack and pinion steering mechanism as claimed in claim
      8, wherein the form of the teeth of the pinion is substantially involute.
NUM  10.
PAR  10. A variable ratio rack and pinion steering mechanism as claimed in claim
      8, wherein the effective pitch radius increases symmetrically on either
      side of the center of the rack.
NUM  11.
PAR  11. A variable ratio rack and pinion steering mechanism as claimed in claim
      1, wherein the form of the teeth of the pinion is substantially involute.
NUM  12.
PAR  12. A variable ratio rack and pinion steering mechanism as claimed in claim
      1, wherein the effective pitch radius increases symmetrically on either
      side of the center of the rack.
NUM  13.
PAR  13. A variable ratio rack and pinion steering mechanism having an axially
      movable rack meshing with a helical pinion the axis of which makes an
      angle to the axis of the rack, the rack being characterized by having a
      group of teeth at its center whose form is different at every section
      across the width of the rack, and having other teeth each side of said
      group having a constant form at every section across the width of the
      rack, said group of teeth providing a varying effective pitch radius, and
      said other teeth providing a substantially constant effective pitch
      radius, said constant pitch radius being always greater than the varying
      effective pitch radius.
NUM  14.
PAR  14. In a variable ratio rack and pinion steering mechanism as claimed in
      claim 1, a pinion having a form determined by a generating rack having a
      tooth space, measured at the mid height of the tooth, more than twice the
      tooth thickness. .Iadd. 15. A variable ratio rack and pinion steering
      mechanism having an axially movable rack meshing with a helical pinion the
      axis of the which makes an angle with the axis of the rack, the rack being
      characterized by having groups of at least one tooth and of varying forms
      and varying inclinations with respect to the axis of the rack, the
      inclination of the teeth of at least one group being more closely aligned
      with the axis of the pinion, the inclination of teeth of said one group
      becoming less closely aligned with the pinion axis as they move away from
      the one group, the inclinations and forms of said group of teeth being
      associated with engagement of the said teeth with the pinion at varying
      effective pitch radii, the effective pitch radius being least at the
      position on the rack where the inclination is most closely aligned with
      the axis of the pinion and increasing to provide decreasing steering ratio
      with movement away from said one group..Iaddend..Iadd. 16. The structure
      of claim 15 wherein said one group is adjacent the center of the rack and
      the inclination of teeth of said one group becomes less closely aligned
      with the axis of the pinion with movement in either direction away from
      the center of the rack..Iaddend..Iadd. 17. The structure of claim 15
      wherein said at least one group comprises two groups of teeth on opposite
      ends of the rack and the inclination of the teeth of both thereof becomes
      more closely aligned with the axis of the pinion as they approach each of
      the said one groups from the direction of the center portion of the rack
      providing increasing steering ratio with movement away from the center
      towards the ends of the rack.
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ABST
PAL  A continuous mining machine particularly adapted for low overhead coal
      seams having a relatively small diameter cutterhead of the non-oscillating
      or fixed head type driven by chains that also cut coal and convey it
      rearwardly to a gathering head mounted on the front of the machine. The
      gathering head carries a pair of counter-rotating discs having vanes
      cooperating with conveyor fences for sweeping and discharging coal to a
      conventional conveyor mounted on the machine chassis.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to the arts of mining and conveying
      materials and more specifically to continuous mining machines and
      improvements therein for mining coal and the like.
PAR  It is well known to provide continuous mining machines with a single cutter
      head rotating on a horizontal axis having a length greater than the width
      of the mining machine. The cutter head moves vertically up and down the
      face of a mine to mine coal, normally beginning at the top of the face and
      moving progressively down to the bottom and then returning to the top of
      the face where the machine moves forward to sump the head into the face to
      begin another downward sweep. Generally speaking, the trade calls this
      type of machine a "fixed head" miner.
PAR  Heretofore, fixed head miners have generally used high pressure hydraulic
      systems for moving the extendible ends of the cutter head inward and
      outward. Such use of hydraulic fluids under relatively high pressures
      seems to cause leakage problems that are difficult and expensive to solve.
      In addition, fixed head miners generally have their cutter heads connected
      to a driving transmission including gears and shafts extending directly to
      the cutter head. This type of transmission is expensive, makes the cutter
      head more bulky, and requires it to be of a relatively large diameter.
      Thus it is difficult to use this type of transmission arrangement in a
      mining machine having a cutter head with a relatively small diameter.
PAR  It is known to provide gathering heads for conveyors, such as used in
      continuous mining machines, with counter-rotating tables or discs mounted
      on the deck or apron of the gathering head and to provide each rotating
      disc with upstanding radially extending vanes to sweep material onto a
      conveyor located between the counter-rotating discs. However, it has been
      found that arranging the vanes to extend radially reduces the ability of
      the vanes to efficiently sweep conveyed material onto the conveyor.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide new and improved
      conveying apparatus particularly adapted for mining machines.
PAR  Other objects of the invention are to provide conveyor apparatus
      particularly adapted for mining machines coal seams of thirty inches and
      less in height; to provide an improved gathering head using
      counter-rotating tables or discs for sweeping material to a central
      conveyor; and to provide improvements in the arrangement of the vanes on
      the counter-rotating disc of a conveyor gathering head.
PAR  In accordance with the present invention, a mining machine may be provided
      with a gathering head located beneath the boom having a pair of
      counter-rotating discs carrying upstanding vanes for cooperating with a
      fence overlying each disc to sweep coal into a centrally located conveyor,
      each vane curving outwardly from adjacent the axis of its disc and
      rearwardly relative to the direction of rotation of the disc so that each
      portion of the vane extends at approximately a right angle to the fence as
      it passes beneath the fence.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is described in connection with the accompanying drawings
      wherein:
PAR  FIG. 1 is a plan view of a mining machine embodying the invention;
PAR  FIG. 2 is a side elevational view of FIG. 1;
PAR  FIG. 3 is a fragmentary axial section of the front portion of the miner
      showing a part of the cutter head and the details of the driving means for
      the cutter head;
PAR  FIG. 4 is a fragmentary section taken on line 4--4 in FIG. 3;
PAR  FIG. 5 is a fragmentary plan view of the gathering head; and
PAR  FIG. 6 is a view similar to FIG. 5 on a smaller scale of an alternate
      embodiment of the gathering head.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Looking at FIGS. 1 and 2, the mining machine 1 conventionally comprises a
      chassis 2 supported on a pair of crawler tracks 3 and carrying a conveyor
      4 running from the front of the chassis 2 to beyond the rear on a
      tail-piece 5 having an articulated joint 6. A gathering head 7 is pivoted
      on the front of the chassis 2 and extends forwardly therefrom for
      conveying coal to the forward end of the conveyor 4. The conveyor 4
      includes a trough having the usual side flanges 8 and a chain 9 with cross
      bars 10 for carrying material along the conveyor trough. A boom 11 is
      pivotally mounted on the front end of the chassis 2 at 12, to extend
      upwardly and forwardly therefrom and is raised up and down by a pair of
      hydraulic cylinders 13 mounted between the chassis 2 and an intermediate
      portion of the boom 11. A cutter head 14 is rotatively mounted on the
      forward end of the boom 11. Motors 15 are mounted on the sides of the
      chassis 2 and are connected to transmissions 16 mounted on the outer sides
      of the boom 11 by shafts 17 having a universal joint 18 at each end and
      splined telescopic joints 19 between the ends. The cutter head 14 has the
      usual cutting bits 20 mounted on the ends of auger-shaped, helically
      extending flanges 21 arranged to urge coal broken away from a face by the
      bits 20 to move toward the center of the cutter head 14. It is believed
      that all of the foregoing structure is conventional in continuous mining
      machines.
PAR  Looking at FIGS. 1 and 3, the boom 11 is composed of a pair of horizontally
      spaced longitudinal side members 22 interconnected by a pair of
      longitudinally spaced cross members to form an openwork construction seen
      when looking down on the boom 11. The cross members include a rear cross
      member 23 located intermediate the ends of the side members 22 and a front
      cross member 24. A pair of integral, horizontally spaced arms 25 extend
      forwardly from the front cross member 24 and contain bearings 26, shown in
      FIG. 3, supporting the shaft 27 of the cutter head 14. The cutter head 14
      comprises a central drum 28, a pair of outer drums 29 and a pair of
      extendible end portions 30 telescoped within the outer drums 29. The
      central drum 28 and the outer drums 29 engage splines on the shaft 27 as
      shown in FIG. 3 to rotate together in unison. Each extendible end portion
      30 includes an inner sleeve 31 telescoping in the interior of the outer
      drums 29 and keyed therein by a key 32, thus anchoring the end portion 30
      to rotate with the outer drum 29 while being able to telescope relative
      thereto.
PAR  The means for moving each end portion 30 relative to its outer drum 29
      includes a hydraulic motor 34 mounted in the outer drum and driven by
      relatively low pressure fluid flowing through supply and return passages
      33 extending through the boom arm 25 and the shaft 27. The motor 34 drives
      a long nut 35 threaded on a cooperating screw 36 fixed to the end portion
      30. Both the nut 35 and the screw 36 are connected to their respective
      members by a universal joint 37 that allows the nut and screw to seek
      their own alignment with each other. The inner end of the nut 35 rotates
      in bearings 38.
PAR  It has been found that the use of the relatively low pressure hydraulic
      fluid motor 34 in conjunction with the screw 36 and cooperating nut 35 is
      capable of applying relatively large forces to move the end portion 30
      inwardly and outwardly relative to the outer drum 29, thus eliminating the
      need for pistons and cylinders requiring relatively high fluid pressures
      to create the necessary forces required for telescoping the end portion
      30. The use of the screw 36 and nut 35 provides a self-locking system
      since the screw is designed so that it cannot be caused to travel in the
      nut 35 by thrust forces acting on the end portion 30.
PAR  The central drum 28 includes a sprocket 40 at each end, and the inner end
      of each outer drum 29 carries a sprocket 41. Thus the sprockets 40 and 41
      are located on the opposite sides or faces of the arms 25, as shown in
      FIG. 3. The sprockets 40 and 41 are driven by wide multiple-strand chains
      42 from the transmissions 16 mounted on the sides 22 of the boom 11. Each
      transmission 16 includes a case 44 containing an output shaft 45 driving a
      sprocket 46 engaging a chain 42.
PAR  The multiple-strand chain 42 is formed of a series of links 48 pivoted
      together by pins 49 having heads 50 projecting beyond the sides of the
      chain. The chain 42 shown in FIG. 3 contains five strands, thus being
      relatively wide. The chain 42 extends around the sprockets 40 and 41 in
      the cutter head, and the heads 50 of the pins 49 engage in the teeth of
      the sprockets 40 and 41 to drive the cutter head 14. In addition to
      transmitting torque, the chain 42 carries a series of longitudinally
      spaced cutting bits 51 serving to cut coal as they rotate around the
      cutter head and to convey coal rearwardly away from the cutter head as
      they travel rearwardly. It will be recognized that the chains rotate
      clockwise, as shown in FIG. 2, the same direction of rotation as the
      cutter head 14, thus cutting the coal downwardly and rearwardly from the
      cutter head 14. Due to being driven in a clockwise direction as shown in
      FIG. 2, the lower run or flight 43 of the chain 42 is tensioned which
      increases its effectiveness to carry the cut coal rearwardly to the
      gathering head 7. The tension on the lower run 43 makes the bits 51 on the
      chain 42 stand rigidly relative to the chain to make them more effective
      in carrying the coal rearwardly than they would be if the lower run 43 of
      the chain was slack.
PAR  Novel means is shown for adjusting the transmissions 16 relative to the
      boom side walls 22 to adjust the tension on the chains 42. Each
      transmission case 44 is longitudinally adjustable on key ways 52 formed in
      the side wall 22, and is attached to the side wall 22 by bolts 53
      extending through slots in the transmission case 44 and threaded into the
      boom side walls 22. The forward end of the transmission case 44 includes a
      cylinder 55 containing a piston 56 projecting forward to engage an
      outwardly extending wing 57 on the boom 11. Thus the cylinder 55 is
      located between the transmission 16 and the outwardly extending wing 57 of
      the boom 11. The cylinder 55 contains a grease fitting 58 connected to a
      passage for feeding grease under pressure into the cylinder to urge the
      piston 56 forwardly against the boom wing 57, and thus to force the
      transmission case 44 rearwardly to increase the tension on the cutter
      chain 42.
PAR  When the proper chain tension is achieved, the sleeve nut 59 threaded on
      the forward portion of the cylinder 55 is screwed outwardly until engaged
      solidly against the boom wing 57 and a lock nut 60 is moved to lock the
      sleeve nut 59 in adjusted position. It will be noted that this arrangement
      provides a simple means for adjusting the transmission case 44. Once the
      chain tension is properly adjusted, the bolts 53 are tightened to lock the
      transmission case 44 in place solidly on the boom side wall 22.
PAR  The gathering head 7 is shown in FIG. 5 and includes a large apron or deck
      65 having a forward end 66 and is pivoted at its rear end to the chassis 2
      of the miner 1 in a conventional manner. A pair of counter-rotating discs
      67 are mounted in the gathering head deck 65 and rotate in the direction
      of the arrows to move conveyed material centrally and rearwardly to the
      forward end 68 of the conveyor 4. The conveyor 4 includes the parallel
      side flanges 8 which extend forwardly into a pair of fences 69 flaring
      outwardly and terminating at or near the axis of each disc 67. The fences
      69 are arranged to guide or cam material off of each gathering head disc
      67 as they rotate beneath the fences. At the same time, the movement of
      the disc 67 urges the coal or other conveyed material rearwardly onto the
      front end of the conveyor 68.
PAR  Important features of this arrangement include the provision of upstanding
      vanes 71 on each disc 67 and extension of the vanes 71 relative to the
      radius of the disc so the vanes 71 curve outwardly and rearwardly relative
      to the rotating direction of each disc, whereby, as they approach the
      periphery of each disc, they extend at a substantial angle relative to the
      radius and rearwardly relative to the direction of rotation of the disc.
      This manner of extending each vane 71 is preferred as it serves to aid in
      guiding the conveyed material off of the disc as each vane 71 passes
      beneath a fence 69. It can be seen that if the vane 71 extended radially,
      the material might be caught between the vane 71 and the fence 69 to cause
      damage to either member. It is preferable to curve each vane 71 relative
      to the curve of the fence 69 so that each portion of the vane 71 extends
      generally at a right angle relative to the fence 69 as it passes beneath
      it.
PAR  In an example of a gathering head constructed by the inventor, the surface
      of the discs 67 lie in the plane of the deck surface and the vanes 71
      project above the deck surface about 5/8 inches.
PAR  The foregoing type of gathering head is particularly useful in a continuous
      miner designed for very low seams, i.e., seams of less than 30 inches in
      height.
PAR  The discs 67 are driven by a drive system shown in dotted lines in FIG. 5,
      including a shaft 72 driven at each end by a motor 73 and driving gears 74
      connected to a worm 75 engaging a worm gear 76 fixed to each disc 67. In
      addition, the shaft 72 simultaneously carries a sprocket driving the
      conveyor chain 9.
PAR  Another embodiment of gathering head 80 is shown in FIG. 6 employing oval
      or elliptical discs 81 arranged to rotate 90.degree. out of phase with
      each other and carrying vanes 82 similar to the vanes 71. This arrangement
      will oscillate the central area between the discs 81 back and forth and is
      believed to benefit the feeding of material onto the conveyor.
PAR  While several embodiments of the invention are shown and described in
      detail, this invention is not limited simply to the specifically described
      embodiments, but contemplate other embodiments and variations utilizing
      the concepts and teachings of this invention.
CLMS
STM  I claim:  .[.1. Conveying apparatus including:
PA1  a chassis mounted conveyor traveling from the front of the chassis
      rearwardly;
PA1  a gathering head including a pair of counter-rotating discs rotatively
      mounted on said gathering head to sweep material landing on the gathering
      head centrally and rearwardly of said gathering head to said conveyor;
PA1  each of said discs including a plurality of upstanding angularly spaced
      vanes, each of which extends outwardly from the center of the disc and has
      at least a portion thereof extending at an angle to the radius of the disc
      and in a direction counter to the rotary direction of the disc; and
PA1  a fence extending from adjacent the center of each said disc to a side of
      said conveyor for cooperating with said vanes to guide material on said
      discs to said conveyor;
PA1  said vanes passing beneath said fences during the rotation of said
PAR   discs..]. 2. .[.The conveying machine of claim 1 wherein:.].
      .Iadd.Conveying apparatus including:
PA1  a chassis mounted conveyor traveling from the front of the chassis
      rearwardly;
PA1  a gathering head including a pair of counter-rotating discs rotatively
      mounted on said gathering head to sweep material landing on the gathering
      head centrally and rearwardly of said gathering head to conveyor;
PA1  each of said discs including a plurality of upstanding angularly spaced
      vanes, each of which extends outwardly from the center of the disc and has
      at least a portion thereof extending at an angle to the radius of the disc
      and in a direction counter to the rotary direction of the disc; and
PA1  a fence extending from adjacent the center of each said disc to a side of
      said conveyor for cooperating with said vanes to guide material on said
      discs to said conveyor;
PA1  said vanes passing beneath said fences during the rotation of said discs;
      and wherein .Iaddend.
PA1  each of said vanes curves outwardly from adjacent the center of the disc
      and in a direction counter to the rotary direction of the rotation of the
PAR   disc. 3. .[.The conveying machine of claim 1 wherein:.]. .Iadd.Conveying
      apparatus including:
PA1  a chassis mounted conveyor traveling from the front of the chassis
      rearwardly;
PA1  a gathering head including a pair of counter-rotating discs rotatively
      mounted on said gathering head to sweep material landing on the gathering
      head centrally and rearwardly of said gathering head to said conveyor;
PA1  each of said discs including a plurality of upstanding angularly spaced
      vanes, each of which extends outwardly from the center of the disc and has
      at least a portion thereof extending at an angle to the radius of the disc
      and in a direction counter to the rotary direction of the disc; and
PA1  a fence extending from adjacent the center of each said disc to a side of
      said conveyor for cooperating with said vanes to guide material on said
      discs to said conveyor;
PA1  said vanes passing beneath said fences during the rotation of said discs;
      and wherein .Iaddend.
PA1  each of said vanes is curved so that each portion of the vane forms
      approximately a right angle with a said fence as the vane travels
PAR   progressively beneath the fence. 4. The conveying machine of claim 3
      wherein:
PAR  said discs are circular in shape. 5. The conveying machine of claim 3
      wherein:
PA1  said discs are oval in shape.  .[.6. Conveying apparatus comprising
      conveyor means, gathering means operatively associated with said conveyor
      means for supplying material thereto, said gathering means including at
      least one disc rotatably driven in a predetermined rotary direction and a
      plurality of vanes on said disc and swept-back in the direction of the
      rotation of the disc, and fence means extending from adjacent the center
      of said disc towards said conveyor means cooperative with said vanes for
      guiding material on said disc to said conveyor means, said vanes passing
PAR   below said fence means during the rotation of said disc..].
      7. .[.Conveying apparatus according to claim 6,.]. .Iadd.Conveying
      apparatus comprising conveyor means, gathering means operatively
      associated with said conveyor means for supplying material thereto, said
      gathering means including at least one disc rotatably driven in a
      predetermined rotary direction and a plurality of vanes on said disc and
      swept-back in the direction of the rotation of the disc, and fence means
      extending from adjacent the center of said disc towards said conveyor
      means cooperative with said vanes for guiding material on said disc to
      said conveyor means, said vanes passing below said fence means during the
      rotation of said disc, and .Iaddend.wherein each said vane is curved
      whereby each portion of the vane forms approximately a right angle with
      said fence means as said vane passes progressively beneath said fence
      means.  .[.8. In a mining machine, a chassis, boom means carried by said
      chassis, rotary cutter head means carried by said boom means, conveyor
      means extending along said chassis, and gathering means operatively
      associated with said conveyor means for supplying material thereto, said
      gathering means comprising a plurality of counter-rotating discs and vanes
      on said discs, said vanes extending outwardly from adjacent the centers of
      their respective discs towards the peripheries thereof and having outer
      ends adjacent said peripheries, and said outer end of each vane trailing
      an inner portion thereof in the rotary direction of the rotation of the
      respective disc, and fence means extending from adjacent the center of
      each said disc towards a side of said conveyor means for cooperating with
      said vanes to guide material on said discs to said conveyor means, said
      vanes passing beneath said fence means during the rotation of said
      discs..]. .[.9. A mining machine according to claim 8, wherein said discs
      extend outwardly of opposite sides of said conveyor means whereby said
      conveyor means is centrally of said discs, and said fence means for each
      said disc extends towards the side of said conveyor means most adjacent to
      the disc..]. .[.10. Conveying apparatus comprising conveyor means,
      gathering means operatively associated with said conveyor means for
      supplying material thereto, said gathering means comprising a plurality of
      counter-rotating discs and vanes on said discs, said vanes extending
      outwardly from adjacent the centers of their respective discs towards the
      peripheries thereof and having outer ends adjacent said peripheries, and
      said outer end of each vane trailing an inner portion thereof in the
      rotary direction of the rotation of the respective disc, and fence means
      extending from adjacent the center of each said disc towards a side of
      said conveyor means for cooperating with said vanes to guide material on
      said discs to said conveyor means, said vanes passing beneath said fence
      means during the rotation of said discs..]. .[.11. Conveying apparatus
      according to claim 10, wherein said vanes angle in the direction opposite
      to the rotary direction of the rotation of their respective discs as they
PAR   extend outwardly thereon..]. 12. .[.Conveying apparatus according to claim
      10,.]. .Iadd.Conveying apparatus comprising conveyor means, gathering
      means operatively associated with said conveyor means for supplying
      material thereto, said gathering means comprising a plurality of
      counter-rotating discs and vanes on said discs, said vanes extending
      outwardly from adjacent the centers of their respective discs towards the
      peripheries thereof and having outer ends adjacent said peripheries, and
      said outer end of each vane trailing an inner portion thereof in the
      rotary direction of the rotation of the respective disc, and fence means
      extending from adjacent the center of each said discs towards a side of
      said conveyor means for cooperating with said vanes to guide material on
      said discs to said conveyor means, said vanes passing beneath said fence
      means during the rotation of said discs, and .Iaddend.wherein said vanes
      arcuately extend in the direction opposite to the rotary direction of
PAR   their respective discs as they extend outwardly thereon. 13. Conveying
      apparatus according to claim .[.10,.]. .Iadd.12, .Iaddend.wherein said
PAR   discs are circular. 14. Conveying apparatus according to claim .[.10,.].
      .Iadd.12, .Iaddend.wherein said discs are oval. .Iadd. 15. A mining
      machine comprising a chassis, boom means carried by said chassis, rotary
      cutter head means carried by said boom means, conveyor means extending
      along said chassis, and gathering means operatively associated with said
      conveyor means for supplying material thereto, said gathering means
      comprising a plurality of counter-rotating discs and arcuate vanes on said
      discs, said discs extending outwardly of opposite sides of said conveyor
      means whereby said conveyor means is centrally of said discs, said vanes
      on each said disc extending arcuately outwardly on the disc towards the
      periphery thereof in the direction opposite to the rotary direction of the
      rotation of the disc and having outer portions adjacent such periphery
      trailing inner portions of the vanes in such rotary direction, and fence
      means extending from centrally of each said disc towards the side of said
      conveyor means most adjacent to the disc for cooperating with said vanes
      to guide material on said discs to said conveyor means, said vanes passing
      beneath said fence means during the rotation of said discs.
      .Iaddend..Iadd. 16. A mining machine according to claim 15, wherein each
      of said vanes is curved so that each portion of the vane forms
      approximately a right angle with its said fence means as it passes
      progressively beneath such fence means. .Iaddend..Iadd. 17. A mining
      machine comprising a chassis, boom means carried by said chassis, rotary
      cutter head means carried by said boom means, conveyor means extending
      along said chassis, and gathering means operatively associated with said
      conveyor means for supplying material thereto, said gathering means
      comprising a plurality of counter-rotating discs and curved vanes on said
      discs, said discs extending outwardly of opposite sides of said conveyor
      means whereby said conveyor means is centrally of said discs, said curved
      vanes on each said disc extending arcuately outwardly on the disc towards
      the periphery thereof at an angle to the radius of the disc and in the
      direction opposite to the rotary direction of the rotation of the disc,
      and fence means extending from centrally of each said disc over the disc
      towards the side of said conveyor means most adjacent to the disc for
      cooperating with said curved vanes to guide material on said discs to said
      conveyor means, said fence means for each said disc extending at least
      substantially to the periphery thereof, and said curved vanes passing
      beneath said fence means during the rotation of said discs.
      .Iaddend..Iadd. 18. A mining machine according to claim 17, wherein each
      of said vanes is curved so that each portion of the vane forms
      approximately a right angle with its said fence means as it passes
      progressively beneath such fence means. .Iaddend..Iadd. 19. A mining
      machine according to claim 17, wherein said discs are oval.
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ABST
PAL  The disclosure is of pumps which are capable of use as heart pumps, that
      is, for pumping blood in connection with the maintenance of the life
      function in a human or animal body to replace one or more pumping
      functions of the heart.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the invention
PAR  The field of the invention is the field relating to apparatus for pumping
      blood of a living person, or of a living animal, to replace one or more
      pumping functions of the human or animal heart in case of disability
      thereof. The heart replacement may be partial or complete. While the pumps
      provided according to the invention are provided principally for pumping
      blood, it will be apparent that the pumps may be employed in other
      instances for pumping other materials. The pumping equipment provided by
      the invention has rotating fluid accelerators or rotators. The pumps are
      adapted for pumping of blood and other delicate fluid materials without
      any pronounced physical effect on the blood or other fluid being pumped.
      The pumps do not impose sudden pressure changes, impacts, rapid changes in
      direction of flow, in order to prevent injury to or destruction of the
      pumped material and its components.
PAC  Description of the prior art
PAR  In the prior art, artificial heart pumps heretofore employed have been of
      the positive displacement type. Because of the relatively delicate nature
      and structure of blood, it has been found that use of centrifugal pumps
      invariably results in physical disruption of the blood and at least some
      of its components. Although it has been shown that a pulsating movement of
      blood through the body is not necessary to sustain life, the prior art has
      not afforded a solution to the problems involved in utilization of
      centrifugal pumps for pumping blood, since at least partial destruction of
      the blood has always resulted when centrifugal pumps were used. This
      invention solves these problems, by providing rotative pumping means for
      pumping blood, without any significant destruction of the blood and its
      components resulting from the pumping.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is of rotative pumps which are suitable for use in primary
      blood for circulation through the body passages, veins, arteries, etc., of
      a living person or animal. The pumps are adaptable for use disposed within
      a body cavity, as replacements for either or both of the pumping functions
      of the heart. The pumps herein provided may also be used for pumping blood
      externally of the body. The pumps are adapted to pump without producing
      severe pressure changes, physical impacts, and the like, so that none of
      the blood components is subjected to treatment which will destroy it for
      use. The pumps do not require the use of valves, such as those of the
      heart, but valves may be provided if desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of one preferred form of pump according to
      the invention.
PAR  FIG. 2 is a partial cross sectional view showing a modification of the pump
      of FIG. 1.
PAR  FIG. 3 is a cross sectional view of a three-stage pump, according to the
      invention.
PAR  FIG. 4 is a cross sectional view of a modified form of pump according to
      the invention.
PAR  FIG. 5 is a partial cross sectional view taken at line 5--5 of FIG. 4.
PAR  FIGS. 6-8, 8A, and 9-12 show different forms of fluid accelerators or
      rotators which may be employed in pumps according to the invention; FIG.
      9, in addition, shows a built-in drive motor for the accelerator or
      rotator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Blood is a complex and delicate fluid. It is essentially made up of plasma,
      a pale yellow liquid containing microscopic materials including the red
      corpuscles (erythrocytes), white corpuscles (leukocytes), and platelets
      (thrombocytes). These and the other constituents of blood, as well as the
      nature of suspension of these materials in blood, are fairly readily
      affected by the manner in which blood is physically handled or treated.
      Blood subjected to mechanical shear, to impact, to depressurization, or
      the like, may be seriously damaged. The balance between the blood
      constituents may be affected. Commencement of deterioration may result
      from physical mishandling of blood. Blood which has been damaged may be
      unfit for use.
PAR  The heart pumps blood through the body in a circulating, cyclic, fashion.
      The blood passes repeatedly through the heart. A pump for replacing one or
      more pumping functions of the heart should therefore be capable of
      repeatedly pumping the same blood, time and time again, without damaging
      the blood, at least not more than to the extent where the body can
      function to repair or replace the blood components and eliminate damaged
      and waste materials therefrom.
PAR  Blood also contains dissolved and chemically combined gases, which may be
      seriously affected by improper physical handling of the blood. It has, for
      example, been established that subjecting blood to negative or
      subatmospheric pressures of, say, minus 300 millimeters of mercury, is
      detrimental, even when the reduced pressures are only temporary.
PAR  The blood pressure is the pressure of the blood on the walls of the
      arteries, and is dependent on the energy of the heart action, the
      elasticity of the walls of the arteries, the peripheral resistance in the
      capillaries, and the volume and viscosity of the blood. The maximum
      pressure occurs at the time of the systole of the left ventricle of the
      heart and is termed maximum or systolic pressure. The normal systolic
      pressure may be from about 80 millimeters of mercury (mm. Hg) to about 150
      mm. Hg. the pressure ordinarily increasing with increasing age. Pressures
      somewhat outside this range are not uncommon. The minimum pressure is felt
      at the diastole of the ventricle and is termed minimum or diastrolic
      pressure. The diastolic pressure is usually about 30 to 50 mm. Hg lower
      than the systolic pressure.
PAR  The preferred embodiments of the invention shown and described have in
      common that the blood or other delicate fluid is handled gently, without
      shear, shock, vibration, impact, severe pressure or temperature change, or
      any other condition or treatment which would unduly damage the blood or
      other fluid. Essentially non-turbulent flow is maintained through the
      pumps, and the pumped fluid is accelerated gradually and smoothly.
PAR  The pumping action obtained may be described as radially increasing
      pressure gradient pumping, or in some cases more specifically as forced
      vortex radially increasing pressure gradient pumping. In centrifugal
      pumps, the fluid acted on by the vanes of the impeller is positively
      driven or thrown outwardly (radially) by the vane rotation. The fluid as
      it moves from the vanes to the ring-shaped volute space beyond the tips of
      the vanes is reduced in velocity, and as the velocity decreases the
      pressure increases according to Bernoulli's theorum. On the other hand, in
      the pumps provided according to this invention, the pumped fluid is not
      driven or thrust outwardly but instead is accelerated to circulate in the
      pumping chamber at increasing speeds as it moves farther and farther from
      the center. As the outer periphery of the accelerator or rotator, the
      speed of the fluid is maximum.
PAR  The action of the fluid in the pumps may be clarified by analogy to a glass
      of water turning about its vertical axis without sideways motion or
      wobble. Because of its contact with the sides and the inherent potential
      shear force of the water in the glass, the water will rotate, in the form
      of a forced vortex, without much clip or shear between radially adjacent
      particles of water, and the water radialy away from the center of rotation
      will be moving faster than water nearer the center. If water is introduced
      through a tube at the axis of the glass and water is removed through one
      or more holes through the side of the glass, water will be pumped by the
      rotation of the glass. In the pumps afforded by this invention, while
      rotators are provided, in a number of different forms, the rotators are
      designed such that they act to increase the swirling speed of the liquid
      passing through the pump, but do not act to drive or throw the liquid
      toward the periphery or volute of the pump chamber, but instead only
      increase the rotational speed of the liquid. As the rotative speed of the
      liquid is increased, it achieves a higher "orbit" about the center of the
      accelerator and moves toward the periphery of the chamber.
PAR  Referring first to the apparatus shown in FIG. 1 of the drawings, a housing
      15 has parallel spaced circular walls 16, 17. At the center of wall 16, an
      offset chamber 19 is formed which terminates outwardly in an inlet passage
      20. Wall 17 has at its periphery circular formations 22, 23 joined by
      peripheral wall 24 between which is formed a peripheral ring-shaped
      chamber 27. Formation 22 is internally shaped to provide a flow-direction
      flaring surface 28. Wall 16 is connected to formation 22 by a plurality of
      circularly spaced screws 29.
PAR  A rotative circular vane 31, forming one side of the accelerator or rotator
      30, has at one side a flared inlet formation 32 which extends into chamber
      19 and is sealed to the wall of chamber 19 by O-ring 34 and which rotates
      in bearing 35 disposed within chamber 19. The interior wall of inlet 32 is
      flush with the wall inlet 20. An O-ring 36 around the periphery of flat
      vane or disc 31 seals with the inner side of formation 22. The inner side
      of vane 31 is flush with the beginning of curved surface 28 so that fluid
      flowing through the pump introduced through entrance 20 flows smoothly
      from entrance 20 to entrance passage 32, through the pump chamber, and
      smoothly past the intersection of the periphery of vane 31 and surface 28.
PAR  Vane 31 is connected to a second rotating vane 38, forming the other side
      of accelerator or rotator 30, which is concentric and parallel to vane 31,
      by circularly spaced pins or rods 39. Vane 38 has O-ring 40 about its
      periphery to seal with the inner side of formation 23. An outlet passage
      41 is provided at one side of wall member 17, it being possible to provide
      any number of such outlets circularly spaced about the pump as is desired.
      Wall 17 has at its center a central passage 43 containing bearing 44 which
      is in contact with rotating shaft 45 connected to, or forms a part of,
      vane 38. Vane 38 has at the center of its inner side the rounded
      projection 38a, which guides incoming fluid to flow smoothly along the
      vanes.
PAR  The pump shown in FIG. 1 operates in the following manner: The fluid to be
      pumped flows inwardly through passage 20 into passage 32 to the space
      between rotating accelerator vanes 31, 38. Shaft 45 is driven rotatively
      by means not shown, and vanes 31, 38 rotate together (in either direction)
      because of their connection at pins or rods 39. The pump operates on a
      forced vortex principal, there being no impeller surfaces in the pump for
      impelling blood or other fluid material being pumped radially outwardly
      toward the periphery of the pump chamber. A forced vortex pump operates on
      the principal that a rotating chamber causes rotation of its contents,
      with creation of a vortex, so that a body of circulating fluid is
      maintained within the pump chamber by rotation of the vanes 31, 38 at
      opposite sides of the chamber, whereby the rotational speed of liquid in
      the pump is increased from the center to the periphery of the chamber of
      the pump. The liquid is withdrawn through the outlet 41, and as has been
      stated before, a plurality of outlets 41 may be provided if desired.
PAR  It will be seen that the blood or other fluid passing through the pump is
      not submitted to any substantial agitation by the rotation of the vanes,
      or by any other portion of the pump apparatus. There are no sudden changes
      in direction of the flow through the pump, all joints between surfaces
      being smooth and all surfaces over which the fluid flows being smooth.
PAR  Referring now to FIG. 2 of the drawings, there is shown a portion of a pump
      identical to that shown in FIG. 1 except that the flow outlet is of
      modified form. The outlet 41a from the pump chamber is shown to be
      disposed radially from the pump chamber instead of parallel to the pump
      axis as in FIG. 1. The wall elements 16a, 17a are like those shown in FIG.
      1 except that the curved surface 28 is omitted at the interior of
      formation 22a and the peripheral chamber 27a is of rectangular cross
      section. The vanes 31, 38 are as shown in FIG. 1, as is also the remainder
      of the pump, only the peripheral portions of the pump elements being
      modified as shown. The operation of the pump in FIG. 2 is the same as that
      of the pump of FIG. 1, except that the pumped fluid exists from the pump
      radially instead of in line with the pump inlet. Plural outlets 41a may be
      provided if desired.
PAR  Referring now to FIG. 3 of the drawings, there is shown a pump 50 having
      three serially disposed pumping stages, whereby the pressure of blood (or
      other fluid) pumped may be higher than the pressure obtained in a single
      stage of pumping, such as by the pumps shown in FIGS. 1 and 2. The pump
      housing is made up of housing elements 51, 52, 53 and 54. The housing
      elements are joined at peripheral bolt flanges 55-56, 57-58, 59-60, the
      bolts not being shown.
PAR  The pump of FIG. 3 has three pumping chambers 61a, 61b, 61c, and two return
      chambers 62a, 62b through which the fluid pumped by the first two pumping
      stages is returned to the center of the pump for the next pumping stage.
PAR  The rotator or accelerator 63 in pumping chamber 61a includes a flat
      circuit vane 64, having peripheral flange 65, and sealed to the housing
      for rotation therein by O-ring seals 66, 67, and a flat circular vane 68
      spaced from vane 64 and supported by plural circularly spaced pins or rods
      69, and mounted at its center on shaft 70.
PAR  The return chamber 62a is formed between circular plate 71 and housing wall
      52a, plate 71 being supported by wall 52a through plural circularly spaced
      pins 72, and sealed to the periphery of vane 68 by O-ring 73. Vane 68 and
      plate 71 are of the same diameter. Shaft 70 is disposed for rotation
      through plate 71 at O-ring seal 74.
PAR  The rotator or accelerator 75 in pumping chamber 61b includes vanes 76, 77
      which are identical with vanes 64, 68, respectively, except that shaft 70
      extends completely through vane 77 as shown. The seals 66, 67 and rods 69
      are provided as before. Rotator 75 differs from rotator 63, however, in
      that a plurality of relatively thin flat plates or sheets 78a-78c are
      spaced parallelly between the facing sides of vanes 76, 77 within the
      pumping chamber. Plates 78a-78c are circular and may be of the same or
      different diameters. They are supported at perforations therethrough by
      the pins 69 extending between vanes 76, 77. Any number of these plates may
      be provided, so long as the spacings therebetwen do not become small. The
      spacings between the adjacent vanes and plates should not be less than
      about 1/4 inch. If the vanes and plates are spaced more closely, the shear
      stresses imposed on the blood or other fluid become excessive, with
      resulting trauma of blood and harmful physical effects in the case of
      other fluids. In Transactions of the ASME, July 1963, page 205, it is
      stated in the second complete paragraph of column 2, that in pumps therein
      termed "shear-force pumps," that "Due to the necessity for very close
      spacing of the shear surfaces, the pump" (ed) "fluid must be essentially
      free of suspensions." It should be made clear at this point that the
      utilization of very close spacings is not contemplated by this invention,
      so that the invention is distinguished over the apparatus described in the
      aforementioned article, and also is distinguished over apparatus of the
      type or kind proposed in Patent No. 1,061,206 to Tesla. In such apparatus,
      the emphasis is on very high rotational velocities and very close
      spacings, which make them unfit for use insofar as the contemplation of
      this invention is concerned. According to this invention, the emphasis is
      on gentle, non-turbulent handling of the pumped fluid, as is illustrated
      by the aforementioned rotating glass of water with nothing to rotationally
      accelerate the water but the smooth side of the glass. Yet, the water
      after a time rotates with the glass and continues the rotation as long as
      the glass continues to rotate.
PAR  Return chamber 62b is identical with return chamber 62a, and includes
      elements 71a, 53a, 72a, 73a, 74a, respectively identical with elements,
      71, 52a, 72, 73, 74 heretofore described.
PAR  The rotator or accelerator 80 is made up of vanes 81, 82 which are
      respectively identical in form with vanes 64, 76 and 68, 77. The rods 69
      are omitted, and the vanes 81, 82 are connected by plural vanes 83,
      radially disposed and arcuately spaced. The vanes 83 may be flat as shown,
      or may be curved end-to-end and twisted like the vanes shown in FIG. 9.
      Any suitable number of vanes 83 may be provided. Each vane 83 extends from
      near the axis of the pumping chamber to terminate the line with the inner
      face of vane 82, as shown.
PAR  Within housing element 54, there is a ring-shaped chamber 85 disposed
      between circular walls 86, 87, 88, walls 87, 88 being aligned with the
      sides of the annular opening between vanes 81, 82. Outflow opening 89 is
      provided through wall 88, and plural such openings may be provided if
      desired.
PAR  Shaft 70 is rotated by means not shown to rotate the vanes of the three
      rotators.
PAR  The flow inlet to the pump is provided through nipple 51a and circular
      opening 64a aligned flushly therewith.
PAR  It will be realized that pumps may be supplied according to the invention
      with any number of pumping stages, and may include individual pumping
      stages of any of the types mentioned herein in any combination.
PAR  Referring now to FIGS. 4 and 5 of the drawings, there is shown a pump 110
      having a housing made up of members 112, 113 identical with the
      corresponding housing members of FIG. 2 except that bearings 135 is in a
      different disposition than bearing 35 (see FIG. 1). Elements of FIGS. 1-2
      which are the same as indicated by the same reference numerals in FIGS.
      4-5. The accelerator 119 includes a flat circular vane 120 and a second
      flat circular vane 121. The vanes 120, 121 are connected by the
      full-radius curved vanes 125, and the shorter curved vanes 126, 127, and
      128. As best shown in FIG. 5 of the drawings, the vanes 125 extend from
      the center of the accelerator to its periphery, the vanes 126 extend from
      a point spaced from the center of the accelerator to its periphery, and
      the vanes 127, 128 extend from about the centers of vanes 126 to the
      periphery of the accelerator. Four of each type of vanes are shown in the
      drawing.
PAR  The objective of this configuration of the vanes is that the impetus of the
      vanes in thrusting the pumped fluid outwardly is minimal, only four of the
      sixteen vanes acting on the blood, or other fluid, as it emerges from the
      entrance into the pump chamber, and, as the blood progresses through the
      blood chamber, from its center toward the periphery, additional vanes take
      action to move the blood in its spiral motion, with increasing velocity,
      toward the periphery of the pumping chamber.
PAR  The rotator 119 has a flared entrance 130 which merges smoothly into the
      face of vane web 120. The interior of entrance 130 blends smoothly with
      the interior of entrance 20 which is formed in the offset space 19 at a
      side of the housing.
PAR  At the opposite side of the housing, wall 113 has at one side a cylindrical
      formation 134 through which rotative shaft 135 is disposed within bearing
      136, and O-ring seal 137 is disposed about the outer periphery of vane 121
      to seal between the vane and housing.
PAR  The housing has at one side the radially disposed outlet 138 having outflow
      passage 139 therethrough. Any number of similar outlets may be provided.
PAR  A ring shaped screen 140 is disposed around the ring shaped space 27a of
      the apparatus of FIGS. 4-5, the screen dividing the space into inner and
      outer annular portions. The screen may be omitted. Any porous or perforate
      divider may be substituted for the screen, e.g. a plate having one or more
      openings, spaced bars, etc. The screen serves to create two distinct
      annular flow zones within space 27a, an inner zone in which the fluid
      moves circularly as accelerated by the rotator, and an outer zone reached
      by the fluid by outflow through the screen, over its complete circular
      length, the fluid flow through the screen reducing its circular velocity.
      Thus, the outer zone is a zone of slower velocity from which the fluid
      moves in the outlet 139, whereby eddy currents and turbulence at the
      outlet is reduced.
PAR  Referring now to FIGS. 6-12, there are shown a number of forms of rotators
      or accelerators which may be used in the pumps, these being shown more or
      less schematically. The rotators 141, 142 shown in FIGS. 6 and 7 are
      similar, each having a pair of curved blades or vanes 150-151 and 153-154,
      respectively. The views shown are cross sections taken at right angles to
      the axis of rotation of each rotator, and the rotator shown in FIG. 6 has
      a flat side plate or vane 155 which is circular, and similarly the
      accelerator shown in FIG. 7 has a side vane or plate 156, also circular.
      In most cases there will be another plate 155 or 156 at the other, or
      near, side of the vanes. The rotators, therefore, are enclosed at their
      sides by these plates. The rotator of FIG. 6 has central openings 158
      where the liquid to be pumped enters, and a pair of flow passageways
      between the vanes indicated by reference numerals 159, 160 which are of
      constant cross section from the center to the periphery of the rotator.
      Fluid passing through this rotator does not have opportunity for volume
      expansion, as the flow passages, through which it moves are of constant
      size from their beginning to their end. The rotator of FIG. 7, on the
      other hand, has the pair of flow passages 162, 163 extending from the
      center to the outside of the rotator which increase in cross section from
      their central entrance to their peripheral outlet ends.
PAR  The rotator shown in FIG. 8 consists of a hollow, drum-like, body 165,
      having a cylindrical tube 166 between central openings at each of its
      sides, and having a curved peripheral wall 167. The tube 166 and wall 167
      have plural openings 168, 169, respectively, any suitable numbers and
      spacings of these being provided, four of each being shown circularly
      equally spaced. Fluid enters through tube 166 and flows into the drum
      through openings 168. The drum is rotated and the fluid therein is caused
      to rotate, the rotator giving the fluid circular motion but no outward
      radial motion. Centrifugal force resulting from circular motion of the
      fluid, however, causes the motion of the fluid to be spiral instead of
      circular, so that the fluid after moving spirally through the space within
      the drum flows outwardly through the openings 169 into the pumping chamber
      space annularly around the rotator, from which the fluid exits through one
      or more outflow passages of any suitable form. A pair of O-ring seals 170,
      171 disposed in suitable grooves around the opposite edges of the body 165
      seal between the rotator and the pump housing in the manner shown in other
      drawing figures.
PAR  In FIG. 8A, a rotator is shown which is a modification of that shown in
      FIG. 8, and to which the description of FIG. 8 applies to the elements
      indicated by the reference numerals of FIG. 8, the modification residing
      in the addition of the tubes 173, each of which extends between one of the
      inner holes 168 and one of the outer holes 169 at the same side of the
      rotator. The tubes 173 may be straight and radial as shown in the drawing,
      or may be curved or angular, by proper positions of the holes 168, 169 and
      shaping of the tubes. In this rotator, the fluid would pass from tube 166
      through tubes 173 to exit at the periphery, upon rotation of the rotator.
PAR  Referring now to FIG. 9 of the drawings, a rotator 175 is shown which has a
      plate or disc 176 at each of its sides which may be identical or of
      different form or size, only one being shown in the drawing, and between
      which there are provided the equally circularly spaced curved blades
      177a-177h, each curved from its inner end to its outer end as shown and
      each having a twist throughout its length similar to the twist of a
      propeller. The blades or vanes, may extend beyond the outer edges of the
      discs 176. Each blade 177a-177h carries a winding 178, which is covered by
      an impervious layer or membrane 179. The blade windings are connected to
      contact elements of a commutator 180. The surrounding pump housing is
      provided with the circularly spaced magnets or coils 181, which are
      separated from the pumping chamber by an impervious layer or membrane 182.
      The commutator rotates with the rotator in the usual manner of an electric
      motor. The rotator windings and housing magnets or coils constitute an
      internal electric motor for driving the rotator to pump fluid. The
      electric motor thus provided may be of any of the known types, AC or DC,
      with or without commutation powered by electrical conductors leading
      thereto from any suitable AC power source or from a battery, located
      either internally or externally of the body. The conductors may be
      disposed through the outer body wall from the exterior of the body,
      installed surgically. The power source may include capacitance
      connections, across the body wall, with both of its plates beneath the
      skin, or with one plate interior of the skin and the other exterior of the
      skin. A battery power source may be disposed within the body, and replaced
      periodically by surgery, or recharged inductively from the exterior of the
      body. Batteries capable of operation for periods in excess of one year are
      available, so that surgery for their replacement would need to be done
      either annually or at longer intervals.
PAR  While the self contained drive motor is herein shown and described in
      connection with the rotator of FIG. 9, it will be understood that it may
      be provided in conjunction with all of the other forms of rotators
      disclosed herein.
PAR  The descriptions concerning power supplies to the motor of FIG. 9 will, of
      course, relate also to power sources for motors connected to pump shafts
      external of the pump housings.
PAR  Referring now to FIG. 10 there is shown a rotator in the form of a plate
      185, the peripheral edge 186 of which is of corrugated formation. The
      radial corrugations each extend narrowingly to the center opening 187 of
      the plate. The curved corrugation surfaces are adapted for acceleration of
      fluid circularly as the rotator is rotated, in either direction, about its
      center. This form of plate may be used alone as a rotator, or plurality as
      the flat plates of the second stage of the pump shown in FIG. 3.
      Similarly, the flat vane surfaces, such as in FIGS. 1 and 2, may be
      corrugated to enhance their accelerative purpose. Rotators of this form
      present only smooth surfaces to the blood or other fluid being pumped.
PAR  In FIG. 11, there is shown an accelerator or rotator having spaced parallel
      circular plates 190, 191 at the inner side of each of which are provided
      circularly spaced radial vanes 192 and 193. The vanes 192, 193 are
      staggered as shown, the vanes of each plate 190-191 being alternately
      disposed and extending only partway toward the opposite plate 190 or 191.
PAR  Referring now to FIG. 12 of the drawings, the rotator therein shown has a
      pair of opposite sides vanes or plates 197, only one being shown, between
      which are disposed a plurality of circularly spaced curved vanes 198.
      These vanes are of a shape, when rotated in the direction of arrow 202,
      serve to pick up blood from the entrance 203 to move it into the rotative
      path of the vanes, and then the concave curves of the vanes act to
      accelerate the fluid circularly while restraining somewhat outflow toward
      the periphery of the rotator, and at the same time lengthening the flow
      paths of the fluid from the center to the periphery of the rotator.
PAR  In each of the pumps shown in FIGS. 1-5, and pumps wherein use is made of
      rotators (or accelerators) of the different forms shown in FIGS. 6-12, it
      will be noted that the rotators are designed to avoid turbulence and to
      avoid rapid pressuring and depressuring of the blood or other fluid being
      pumped, and also to avoid any physical grinding or abrasive action upon
      the fluid. As has been made clear, these rotator designs are made in this
      manner in order that blood or other delicate liquids or gases being
      pumped, some containing solids in suspension, will not suffer detriment
      and will not be destroyed by the pumping operation.
PAR  In contrast to centrifugal pumps, the revolutions per minute of the
      rotators employed with the pumps herein shown and described are kept
      minimal. The several rotator designs presented are each of a form adapted
      to progressively increase the circular fluid velocities as the rotator
      turns and as the fluid advances toward the periphery of the rotator. In
      each pump presented, an annular fluid circulation space is provided, which
      is entirely unobstructed and regular so that fluid can circulate therein
      without turbulence or baffle effects.
PAR  As hereinbefore indicated, pumps may be made according to the invention
      incorporating features from one or more of the preferred embodiments shown
      and described herein, any particular feature not being confined to use
      only with the other features in connection with which it is herein shown
      and described.
PAR  The pumps and their parts may be constructed of any materials compatible
      with their intended use, including metals, mineral materials, plastics,
      rubbers, wood, or other suitable materials. When blood is to be pumped,
      consideration must be given to biological compatibility so that trauma to
      the blood will not result. Teflon has been successfully used in contact
      with blood, without traumatic effects, and may be used in construction of
      the pumps for blood pumping adaptations. Non-corrosive metals and alloys
      may be used in the pumps where required.
PAR  In the embodiment of FIG. 9, Teflon may be used for the membranes 179, 182
      covering the windings of the electric motor structures.
PAR  The housings and rotators may be constructed of suitable material so that
      the housing may be rigid, semi-rigid, or elastic in whole or in part. The
      non-rigid constructions can be used for imparting pulse configurations to
      blood in heart simulation pumps.
PAR  While the rotators shown herein may in some cases perform better when
      rotated in one direction, it should be understood that they may be rotated
      in either direction, i.e. reversed, without other modification of the
      pumps. Each of the rotators presents surfaces to the fluid being pumped,
      to cause accelerating circular fluid motion in the pumping chamber. In
      some cases, the surfaces are parallel to the fluid flow; in other cases
      parallel and non-parallel surfaces are provided. Each of these surfaces,
      of whatever form, will accelerate the fluid regardless of the direction of
      rotation of the rotator. Each rotator should be rotated at a speed such
      that essentially no fluid turbulence occurs, and differences in the
      rotator designs affects the maximum speed at which a particular rotator
      may be rotated. The physical and flow properties of the fluid pumped will,
      of course, also affect the maximum speeds of rotation at which the
      rotators may be operated without turbulence and other objectionable
      effects, such as cavitation, vapor binding, and the like. It is,
      therefore, not possible to set forth exact rotational speed ranges for the
      rotators. But, the speeds of rotation will always be lower and will
      usually be substantially lower than those of centrifugal pumps and
      blowers, wherein turbulence always occurs at the impellers thrust the
      fluid radially outwardly against the periphery of the pumping chamber, and
      those of the aforementioned multiple disc pumps and compressors. To the
      end of achieving reduced rotator speeds, pumps provided according to this
      invention may be of larger size than other pumps, for the same pumping
      capacity. As internally placed heart pumps, the pumps may be as large as
      five inches in diameter, and, with removal of a lung, even larger.
PAR  According to the precepts of this invention, the forms of the rotators may
      vary considerably. For example, the rotators may be constructed entirely
      or partly of porous or perforate materials, i.e. the vanes of the rotator
      which accelerate the fluid circularly may be made of screen, of perforate
      plates or sheets, of spaced rods, or the like, and will still ably perform
      their fluid accelerating function. Rotators may be of axially extended
      form, so that the fluid is accelerated axially or axially and radially.
      Designs of this nature would extend the flowpath from inlet to outlet so
      that acceleration would be at a slower rate. In the rotator of FIG. 7, the
      vanes could be made to become closer together, instead of farther apart,
      toward the periphery of the rotator. In each of the pumps shown and/or
      described, one or more tangential outlets could be provided, disposed in
      the direction of fluid flow inside the peripheral wall of the pump. In
      multi-stage pumps, such as that shown in FIG. 3, the several rotators,
      which may be alike or unlike, may be driven at different rotational
      speeds. The axes of multi-stage rotators may be offset and in other
      positions out of alignment.
PAR  While preferred embodiments of apparatus according to the invention have
      been shown and described, many modifications thereof may be made by a
      person skilled in the art without departing from the spirit of the
      invention, and it is intended to protect by Letters Patent all forms of
      the invention falling within the scope of the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Pumping apparatus for use in pumping fluids susceptible to damage from
      turbulence and shock, comprising housing means having central fluid inlet
      means and peripheral fluid outlet means, rotator means disposed for
      rotation within said housing means and having surface means for
      accelerating fluid in substantially circular motion without said housing
      means as said fluid flows between said inlet means and said outlet means,
      means for sealing between said housing and rotator centrally about said
      inlet means and around the periphery of said rotator means, said inlet
      means including port means through said rotator means at the rotative axis
      thereof opening toward the periphery of said housing means, said surface
      means of said rotator means comprising plural parallel surfaces
      substantially each parallel to the planes of circular movement of said
      fluid passing through said housing means from said inlet means to said
      outlet means, said plural parallel surfaces being spaced at least
      one-fourth inch apart, said rotator means being adapted to rotate at a
      speed such that fluid passed thereto from said inlet means is caused to
      rotate circularly at substantially the speed of said rotator means,
      whereby turbulence and shock to said fluid in passing from said inlet
      means to said outlet means is avoided.
NUM  2.
PAR  2. Pumping apparatus for use in pumping fluids susceptible to damage from
      turbulence and shock, comprising housing means having central fluid inlet
      means and peripheral fluid outlet means, rotator means disposed for
      rotation within said housing means and having surface means for
      accelerating fluid in substantially circular motion within said housing
      means as said fluid flows between said inlet means and said outlet means,
      means for sealing between said housing and rotator centrally about said
      inlet means and around the periphery of said rotator means, said inlet
      means including port means through said rotator means at the rotative axis
      thereof opening toward the periphery of said housing means, said surface
      means of said rotator means including at least one surface parallel to the
      planes of circular movement of said fluid passing through said housing
      means from said inlet means to said outlet means and at least one other
      surface angular to said one surface, said rotator means being adapted to
      rotate at a speed such that fluid passed thereto from said inlet means is
      caused to rotate circularly at substantially the speed of said rotator
      means, whereby turbulence and shock to said fluid in passing from said
      inlet means to said outlet means is avoided.
NUM  3.
PAR  3. The combination of claim 2, each said other surface being curved between
      the center and periphery of said rotator means for elongating the paths of
      fluid flow therebetween.
NUM  4.
PAR  4. The combination of claim 2, said surface means including at least one
      circular band shaped surface concentric with said rotator. .Iadd. 5. Blood
      pumping apparatus, comprising:
PA1  a. housing means defining a chamber;
PA1  b. rotator means disposed for rotation within said chamber of said housing
      means and including at least two coaxial, spatially separated, smooth
      surfaced rotative vanes having axially spaced surfaces for accelerating
      blood introduced into the spatial separation between said vanes in a
      substantially circularly outward direction;
PA1  c. inlet means positioned within said housing means for introducing blood
      into the spatial separation between said rotative vanes generally along
      the rotative axis thereof;
PA1  d. outlet means positioned peripherally within said housing means for
      removing the outwardly accelerated blood;
PA1  e. means for rotating said rotative vanes at a speed such that the blood
      introduced into the spatial separation between said vanes is caused to
      rotate circularly at substantially the speed of said spatially separated
      vanes preventing turbulence and shock to the blood as the blood moves
      circularly outward between said inlet means and said outlet means; and
PA1  f. said rotative vanes being spaced apart a sufficient distance in
      relationship to the area of their surfaces in contact with the blood, said
      distance being on the order of one-fourth inch and greater, to minimize
      shear stresses imposed on the blood by frictional contact with the vane
      surfaces while maintaining a body of blood circulating within the chamber
      to provide a forced vortex radially increasing pressure gradient pumping
      action. .Iaddend..Iadd. 6. Pumping apparatus for use in pumping fluids
      susceptible to damage from turbulence and shock, comprising:
PA1  a. housing means defining a generally cylindrical chamber;
PA1  b. rotator means including at least two smooth surfaced circular
      accelerator vanes disposed for simultaneous rotation within said
      cylindrical chamber and positioned in a spatially separated relationship
      for accelerating fluid introduced into said spatial separation in an
      essentially circularly outward direction, at least one of said circular
      accelerator vanes defining a generally centrally positioned passageway
      therethrough, said surfaces being spaced at least one-fourth inch apart;
PA1  c. fluid inlet means positioned within said housing means for introducing
      fluid through said passageway in said accelerator vane into said spatial
      separation between said vanes generally along the rotative axis thereof;
PA1  d. fluid outlet means positioned peripherally within said housing means for
      removing the outwardly accelerated fluid from said cylindrical chamber;
      and
PA1  e. means for rotating said accelerator vanes at a speed such that the fluid
      introduced into said spatial separation between said vanes is caused to
      rotate circularly at substantially the speed of said vanes so as to
      prevent turbulence and shock to the fluid in passing circularly outward
      between said inlet means and said outlet means. .Iaddend.
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ABST
PAL  An improved reversible electric cell of the type which includes a soluble
      metal cathode, a chemically nonreactive electrode and an electrolyte
      comprising an aqueous solution of a metal halide is disclosed. The
      electrode is provided with open channels or grooves in which a dispersion,
      of paste-like consistency, is disposed. The dispersion or mixture
      comprises an inert conducting powder and an alkylammonium perchlorate. The
      alkylammonium perchlorate combines with the halogen released upon charging
      to form an addition product in a solid state. This prevents the halogen
      from being dissolved in the electrolyte during the charging cycle which
      would corrode soluble metal cathode and discharge the cell.
PARN
PAC  RELATION TO PENDING APPLICATIONS
PAR  The present application is a continuation-in-part of U.S. Ser. No. 856,408,
      filed Aug. 9, 1969 now U.S. Pat. No. 3,625,764.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electric storage batteries and, more
      particularly, to an improved and unique reversible electric cell of the
      type having a soluble cathode, an insoluble positive electrode and an
      electrolyte comprising an aqueous solution of a metal halide.
PAR  2. Description of the Prior Art
PAR  As is well known in the art, electric storage batteries have been proposed
      which have high specific energy and a coefficient of utilization of active
      anodic and cathodic substances nearing unity. In general, such batteries
      are made up of a number of cells, each cell containing a metallic cathode,
      an aqueous electrolyte of a salt of a cathodic metal, with which the
      cathode reacts to form a soluble salt, and an anode dissolved in an
      electrolyte. The use of zinc or cadmium, as a metal for the cathode, and a
      halogen such as chlorine, bromine or iodine, as the dissolved anode, has
      been proposed. In such a system the aqueous electrolytic salt would be
      composed of a halide of the soluble cathodic metal, e.g., zinc bromide.
PAR  Such batteries have a number of advantages including a high specific energy
      in relation to the active mass. For example, in the case of the
      zinc-bromine pair, the electromotive force is about 1.82 volts with the
      theoretical specific energy being about 436 Wh/kg.
PAR  While a number of electric storage batteries have been proposed and have,
      to some extent, achieved commercial acceptance, known batteries suffer
      from certain disadvantages. For example, in such known batteries the
      aqueous solution at the end of the charging process (with the circuit
      open) contains a high percentage of halogen which attacks the cathodic
      metal, e.g., the zinc, chemically and thus causes autodischarge of the
      cell.
PAR  This disadvantage may be abdicated by preventing the electrolytic solution
      from entering into contact with the zinc when the latter is not required
      to furnish an electric charge. In addition, it has been proposed to
      introduce, in the recycling circuit of the electrolyte, an organic solvent
      which is not soluble in water and which is capable of retaining the
      halogen which has been liberated during the charging process. While such
      solutions have been proposed, it has been discovered that they are not
      always efficient and further require an increase in the mass of material
      not necessary to the electro-chemical reaction. In addition, auxiliary
      devices whose weight causes a diminuation of the value of the specific
      energy obtainable, are required. For example, in the case of the
      zinc-bromine pair, the theoretical specific energy drops from 436 Wh/kg to
      a real or actual value of less than 100 Wh/kg.
PAR  An example of a U.S. patent which discloses a battery or electric cell of
      the type described above is U.S. Pat. No. 2,566,114 to Bloch, which issued
      Aug. 28, 1951. In this patent the halogen is sought to be retained by the
      means of an alkylammonium halide, such as tetraethylammonium bromide. The
      electric cell disclosed by this patent suffers from the disadvantage that
      when the element is charged, i.e., when the alkylammonium halide has
      absorbed its maximum of halogen, the halogen is in contact with the zinc,
      which immediately causes an autodischarge of the element. Also, because of
      the formation of differences in density of the electrolyte, a lack of
      uniformity in the deposits is developed during the charge/discharge cycle
      which can damage the interior of the element.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved electric cell in which the
      above-noted problems associated with known batteries (i.e., that of
      eliminating the halogen during the charging process and of restoring it in
      an elementary form during discharging process) are uniquely solved. In
      accordance with the invention, the positive electrode of the cell
      comprises an inert conducting mass which is in lateral contact with the
      electrolyte and in contact with a paste-like dispersion or suspension
      containing an alkylammonium perchlorate, preferably tetramethylammonium
      perchlorate, and a powdered conductive material, such as powdered
      graphite. Stated broadly the unique cell of the invention comprises a
      soluble metal cathode, preferably zinc, a chemically non-reactive
      electrode and an electrolyte comprising an aqueous solution of a halide of
      the cathodic metal, e.g., zinc bromide. The electrode is provided with
      open channels or grooves in which the aforementioned paste-like dispersion
      (as to be described in detail hereinafter) is disposed. An insulating
      screen may be positioned over the open channels or grooves so as to
      prevent dislocation of the homogeneous mixture of dispersion.
PAR  In its broadest aspect the present invention is based on the unexpected
      discovery that the alkylammonium perchlorate, dispersed or suspended in
      the paste-like mixture, combines with the halogen released upon charging
      to form an addition product in a solid state. This prevents the halogen
      from being dissolved in the electrolyte during the charging cycle and
      eliminates the problems associated therewith, i.e., corrosion of the zinc
      cathode and discharge of the cell.
PAR  It is accordingly a general object of the invention to provide a new and
      improved reversible electric cell that is not subject to the disadvantages
      of prior known devices.
PAR  Another and more particular object of the invention is to provide a new and
      improved electric reversible cell of the type comprising a zinc cathode, a
      chemically non-reactive electrode and an electrolyte comprising an aqueous
      solution of a zinc halide.
PAR  Yet another object is to provide a new and improved reversible electric
      cell that is relatively simple in construction, easy to manufacture and
      has a higher conductivity than prior known cells or batteries composed
      thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner in which the foregoing and other objects are achieved in
      accordance with the present invention will be better understood in view of
      the following detailed description and accompanying drawings which form a
      part of the specification, and wherein:
PAR  FIG. 1 is a sectional view of a first embodiment of the electric cell of
      the invention, three cells being shown in series;
PAR  FIG. 2 is an exploded axial view of one of the cells shown in FIG. 1;
PAR  FIG. 3 is a sectional view of a second embodiment of the electric cell of
      the invention, three cells being shown in series;
PAR  FIG. 4 is an exploded axial view of one of the cells shown in FIG. 3;
PAR  FIG. 5 is a perspective view of a series of capsule cells inserted in an
      installation for recycling the electrolyte in accordance with the present
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT(S)
PAR  Turning now to the drawings in detail and first to FIGS. 1, 2 and 5, there
      is shown a first embodiment of the unique cell of the invention. As
      illustrated in FIGS. 1 and 2, a battery produced in accordance with the
      present invention comprises a series of reaction cells, indicated
      generally at 1. Each cell comprises a zinc cathode 3 forming the negative
      pole or electrode, and a neutral graphite cathode 4, forming the positive
      pole. As shown, the cathode 4 is closely linked to the cathode 3 of the
      adjacent cells. In the embodiment shown in FIGS. 1 and 2, the
      cathode-electrode complex is in the shape of a flat circular disk and is
      held in place inside the circular shaped washers 11. The latter, i.e., the
      washers 11, are non-conducting and are preferably made out of a plastic
      material. As illustrated, the washers are provided with a recess 11' to
      secure or fit around the electrodes 4.
PAR  The washers 11 include conduits 7 and 12, for, respectively, the charge and
      discharge of the electrolyte 2. In this regard and with reference to FIG.
      5, the electrolyte 2 is contained in a reservoir 8, which may be covered
      with an insulating layer 2', made of an organic solvent, when the battery
      is not required to furnish electric current.
PAR  A conduit 5 (or series thereof) carries the electrolyte 2 from the
      reservoir 8 to the pump 6, which distributes the electrolyte through
      conduits 12 to the cells 1, when the battery is working.
PAR  As discussed above, the positive neutral electrodes 4 comprise a conducting
      solid mass, preferably made of graphite, which is in lateral contact with
      the electrolyte 2. In accordance with the present invention the conducting
      electrodes are provided with open channels or wedge-shaped grooves 13.
PAR  A mixture or paste-like dispersion of an alkylammonium perchlorate and a
      conducting powder, such as powdered graphite, is disposed and pressed
      within the interior of the open channels or grooves 13. The alkylammonium
      perchlorate is preferably tetramethylammonium perchlorate. However, other
      perchlorate salts, such as tetraethylammonium perchlorate,
      tetrabutylammonium perchlorate and cetiltrimethylammonium perchlorate may
      be employed.
PAR  It should be expressly understood that as used herein, the term
      "dispersion" does not refer to a solution but rather to a homogeneous
      mixture of paste-like consistency of the alkylammonium perchlorate and the
      powdered conductive material. The dispersion may be prepared by simply
      mixing the powders (each of the powdered graphite and perchlorate salt
      being in the solid form) and adding to this mixture a suitable solvent,
      such as the zinc bromide electrolyte itself. The electrolyte or solvent is
      added until a thick paste is formed having a consistency something like
      that of clay. It has been found that the particular ratios or amounts of
      the individual ingredients of the paste-like mixture is not critical. For
      example if powdered graphite is employed in preparing the mixture, it has
      been found that a convenient ratio of the alkylammonium perchlorate to
      powdered graphite is 3:5. However it again should be understood that this
      ratio may vary within wide ranges, as for example, from 1:5 to 5:1. The
      use of the powder of the inert conductive substance is not theoretically
      necessary. However, elementary halogen is nonconducting and when absorbed
      by a salt of, for example, tetramethylammonium perchlorate, forms a poor
      conducting layer on the surface of the electrode 4. This reduces the
      efficiency of the charging process. Thus the use of the powdered material
      is particularly advantageous.
PAR  In this regard, it has also been discovered that materials other than the
      conductive powder may be added to the dispersion or paste. While not
      critical, the use of e.g., charcoal in the dispersion causes the paste to
      be more porous and thus improves the working of the unique cell of the
      invention. When employed, a convenient ratio of the perchlorate, graphite
      and charcoal has been found to be 3:3:5. However, again this ratio may be
      widely varied and is not critical inasmuch as routine experimentation will
      quickly establish the quantities or ratios of material needed to form a
      paste of a particular consistency or one having a particular porosity,
      etc.
PAR  With reference again to FIGS. 1 and 2, the size and number of the annular
      channels or grooves 13 may vary widely and are established by the type of
      battery desired. For example, in order to obtain a slow discharge rate,
      widely spaced, broad grooves are preferred. Conversely, to obtain a rapid
      discharge rate, the grooves are preferably closer together and narrow.
PAR  After the dispersion has been prepared it is pressed or placed within the
      grooves or annular channels of the electrode in any convenient manner. A
      palette knife may be used for this purpose. However this may of course be
      done manually or by a suitable tool, etc. The amount of paste disposed
      within the grooves is not critical. Preferred ranges are from 5-10 grams
      per dm.sup.2 (1 dm.sup.2 permits a capacity of 3 to 5 Ah).
PAR  As illustrated in FIGS. 1 and 2 the mixture or paste may be pressed against
      the grooves 13 by a porous membrane 9. The latter, in turn may be held in
      place by a suitable diaphragm 10. The diaphragm as well as the membrane
      may be made of any suitable inert material, with plastic being the
      preferred material of construction.
PAR  In the embodiment illustrated in FIGS. 3 and 4, the positive electrodes 4
      are provided with rounded L-shaped channels 15. The paste-like dispersion
      or mixture indicated at 14, is preferably added to the channels 15 in such
      quantities that it does not completely fill the channels. An insulating
      screen 16 protects the effective surface of the positive electrode 4. In
      the design of FIGS. 3 and 4, the electrodes 4, washers 11 are square or
      rectangular in shape. As should be readily apparent the operation of the
      embodiment shown in FIGS. 3 and 4 is similar to that of the embodiment
      illustrated in FIGS. 1 and 2. There is one distinction however. This is
      that the alkylammonium perchlorate paste can be increased to the point
      where it absorbs more halogen, thus permitting storage of a larger
      capacity as well as a slightly internal resistance.
PAR  An exemplary zinc-bromine battery of the present invention would work as
      follows:
PAR  During the charging process, while the Zn.sup.+.sup.+ is being deposited on
      the cathode, the electrolytic solution containing the Br.sup.- ions comes
      into contact with the area of the positive electrode where, discharging
      the ions, it becomes elementary Br.sub.2, which combines immediately with
      the alkylammonium perchlorate salt adhering to the plate. The electrolyte
      gradually weakens to become dilute zinc bromide solution until finally it
      becomes H.sub.2 O and supporting conducting ions which take no part in the
      electro-chemical reaction.
PAR  During the discharge process, the Zn dissolves and forms, with the
      Br.sub.2, ZnBr.sub.2 which, deposited on the surface of the positive
      electrode, is soluble in the electrolyte.
PAR  As will be seen, this unique system avoids having Br.sub.2 circulating in
      the whole of the cathode area where it could cause corrosion. Further, and
      very importantly, this system presents the following advantage: the
      restoration of the bromine during the discharging process is characterized
      by its extreme rapidity.
PAR  While not intending to be bound by any particular theory, it is felt that
      the alkylammonium perchlorate acts in a manner entirely different than
      materials employed in prior known electric cells, such as disclosed in
      U.S. Pat. No. 2,566,114 to Bloch. In this regard it is known that during
      the charging process, the bromide ions are discharged onto the positive
      electrode and become elementary bromine. The perchlorate e.g.,
      tetramethylammonium perchlorate, is not very soluble, with the result that
      the alkylammonium ions (TMA.sup.+) which go into solution are so few in
      number that they do not cause the precipitation of the first addition
      product, of the following ones which are formed at increasing potentials.
      Thus during the charging process, the last addition products are formed in
      a solid state, richer in bromine and less soluble than the
      tetramethylammonium perchlorate, and precipitate in solid form on the
      positive mass. In this way, either the charge potential or the discharge
      potential is maintained constant.
PAR  As will be appreciated by those skilled in the art, the present invention
      provides a truly remarkable and improved storage battery and cell design
      that is simple in construction and yet obviates the problem long sought to
      be solved by prior art workers. While particularly advantageous
      embodiments have been shown for illustrative purposes it should be
      understood that various modifications such as the shape or size of the
      electrodes 4, washers 11, etc., as well as the configuration of the
      grooves 13 and 15, may be made without departing from the scope of the
      present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reversible cell of the type which includes a zinc cathode, a
      chemically non-reactive electrode and an electrolyte comprising an aqueous
      solution of zinc bromide, the improvement in which the said electrode is
      in contact with said zinc bromide solution and with a conductive
      dispersion soaked in alkylammonium perchlorate which captures the bromine
      that is formed during the charging process, said electrolyte being capable
      of being removed from the cell when the cell is not in use and of being
      returned to the cell when the cell is in use.
NUM  2.
PAR  2. A reversible electric cell which comprises a zinc cathode, an
      electrolyte formed of an aqueous solution of zinc bromide, a chemically
      non-reactive electrode which carries a dispersion of powdered graphite
      soaked in a salt, said salt selected from the group consisting of
      tetramethylammonium perchlorate and tetrabutylammonium perchlorate, said
      graphite electrode being in contact with said electrolyte and with said
      dispersion, said dispersion absorbing bromine during charging and
      restoring bromine during discharging.
NUM  3.
PAR  3. An improved electric cell comprising a soluble metal cathode, selected
      from the group consisting of zinc and cadmium said metal having a high
      electromotive value; a chemically non-reactive solid positive electrode
      and an electrolyte formed of a solution of a halide selected from the
      group consisting of chlorine, bromine, and iodine, of said cathodic metal;
      said positive electrode having open channels in lateral contact with said
      electrolyte and having disposed therein a homogeneous conductive
      dispersion or suspension of an inert conductive powder and an
      alkylammonium perchlorate selected from the group consisting of
      tetramethylammonium perchlorate, tetrabutylammonium perchlorate,
      tetraethylammonium perchlorate, and cetiltrimethylammonium perchlorate.
NUM  4.
PAR  4. The electric cell in accordance with claim 3 wherein said soluble
      cathodic metal is zinc, said solid positive electrode is graphite, said
      halide is bromine and said alkylammonium perchlorate is
      tetramethylammonium perchlorate.
NUM  5.
PAR  5. The reversible electric cell in accordance with claim 3 wherein said
      alkylammonium perchlorate is tetramethylammonium perchlorate and wherein
      said conducting substance in powdered form is powdered graphite.
NUM  6.
PAR  6. The reversible electric cell in accordance with claim 5 wherein said
      dispersion further includes charcoal.
NUM  7.
PAR  7. The reversible electric cell in accordance with claim 3 wherein said
      open channels are wedge-shaped.
NUM  8.
PAR  8. The reversible electric cell in accordance with claim 3 wherein said
      open channels are substantially L-shaped.
NUM  9.
PAR  9. A battery including a series of reversible electric cells, said cells
      each comprising a zinc cathode, and a chemically non-reactive positive
      electrode, said positive electrode having a series of open channels
      therein, said channels being in lateral contact with an electrolyte formed
      of an aqueous solution of a zinc halide, said zinc halide selected from
      the group consisting of zinc bromide and zinc iodide, said channels
      further being in intimate contact with a paste-like mixture comprising an
      alkylammonium perchlorate and a conductive powder, said alkylammonium
      perchlorate in said mixture serving to combine with free halide during the
      charging cycle of said battery and form a solid addition product thereof
      and means for recycling said electrolyte to and from said series of cells
      for said battery.
NUM  10.
PAR  10. The battery in accordance with claim 9 wherein said alkylammonium
      perchlorate is tetramethylammonium perchlorate and said conductive powder
      is powdered graphite.
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PAL  Derivatives of 6-Aminopenicillanic Acid possessing antibacterial activity
      are disclosed.
BSUM
PAR  This invention relates to penicillins and is a development of the invention
      of our U.S. Pat. No. 3,192,198.
PAR  In our U.S. Pat. No. 3,192,198 we have described and claimed the class of
      .alpha.-amino-.alpha.-(hydroxyphenyl) methylpenicillins having the general
      formula:
      ##EQU1##
      and their non-toxic salts. This class of compounds includes three
      structural isomers, the hydroxy substituent being ortho, meta or para. The
      existence of an asymmetric carbon atom (marked by the asterisk) in the
      side chain indicates that each of the three hydroxy-substituted compounds
      can exist in two optically active isomeric forms. These isomeric forms are
      epimers and not enantiomorphs in view of the fact that the
      6-aminopenicillanic acid used in the synthesis is itself an optically
      active compound. Thus U.S. Pat. No. 3,192,198 embraces six different
      penicillins, but these are actually described only as three pairs of
      epimers and not as individual compounds.
PAR  It was disclosed in our U.S. Pat. No. 3,192,198 that two of the epimeric
      pairs, those in which the hydroxy substituent was meta or para, having the
      advantage of particularly good activity against Gram-negative bacteria. In
      particular they were more active than the standard broad-spectrum
      penicillin, the D(-)-epimer of .alpha.-aminobenzyl penicillin, ampicillin,
      when tested against Salmonella typhimurium and Klebsiella pneumoniae in
      mice.
PAR  The individual epimers of the m- and p-hydroxy compounds were prepared from
      .alpha.-amino-m-hydroxy-phenylacetic acid and
      .alpha.-amino-p-hydroxyphenylacetic acid resolved into their optical
      antipodes and coupled with 6-aminopenicillanic acid by general procedures
      described in U.S. Pat. No. 3,192,198. The four resulting
      hydroxypenicillins were then submitted to in vitro antibacterial screening
      in comparison with the two epimers of .alpha.-aminobenzylpenicillin.
      Results against five Gram-negative bacteria are summarised in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
            Rotation of                                                        
                   M.I.C. (.mu.g/ml.)                                          
     Ring   side-chain  Proteus                                                
                              Salm.                                            
                                   Shigella                                    
                                        Kleb.                                  
     substituent                                                               
            amino acid                                                         
                   E.Coli                                                      
                        mirabilis                                              
                              typhi                                            
                                   flexneri                                    
                                        pneum                                  
     __________________________________________________________________________
     None   -      5    1.25  0.6  12.5 2.5                                    
     None   +      12.5 --    2.5  --   5                                      
     m OH   +      25   25    12.5 25   12.5                                   
     m OH   -      5    2.5   1.25 2.5  1.25                                   
     p OH   -      5    1.25  1.25 2.5  1.25                                   
     p OH   +      25   12.5  12.5 12.5 --                                     
     __________________________________________________________________________
PAR  The table shows that the penicillins derived from the (-) isomers of the
      side-chain acids are uniformly more active than those derived from the (+)
      isomers, the difference in activity of the epimers being more pronounced
      for the hydroxy compounds than for the previously known epimers of
      .alpha.-aminobenzylpenicillin. It was concluded that of the six
      penicillins covered by U.S. Pat. No. 3,192,198 the two most active are the
      (-) epimers of the m- and p-hydroxy substituted compounds. Extensive
      animal tests showed that, like the great majority of penicillins, these
      epimers were virtually non-toxic.
PAR  The two penicillins were then compared with ampicillin in absorption
      studies in human volunteers. Groups of fasting volunteers were each given
      500 mg. of the appropriate penicillin by mouth in capsules, and blood
      samples were withdrawn at regular intervals and assayed biologically to
      determine the serum concentration of the penicillins. The urine was also
      collected over a 6 hour period and similarly assayed to determine the
      proportion of the dose excreted via the kidneys. Average values are listed
      in Table 2, A being the (-) isomer of the m-hydroxy compound and B the (-)
      epimer of the p-hydroxy compound:
TBL                                    TABLE 2                                 
     __________________________________________________________________________
                 Average serum concentration(.mu.g./ml.)                       
                                         Percent                               
                after--                  excreted                              
           No. of                        in urine                              
     Penicillin                                                                
           subjects                                                            
                1/2hr.                                                         
                     1hr.                                                      
                         2hr. 4hr.                                             
                                  6hr.   (0-6 hr.)                             
     __________________________________________________________________________
     Ampicillin                                                                
           22   1.29 3.12                                                      
                          4.06                                                 
                              1.16                                             
                                  0.38   42                                    
     A     8    0.91 2.50                                                      
                          2.86                                                 
                              1.15                                             
                                  0.44   31                                    
     B     20   2.9  8.25                                                      
                         10.75                                                 
                              3.1 1.13   74.5                                  
     __________________________________________________________________________
PAR  The results show that the blood levels of the (-) m-hydroxy derivative
      after oral administration are rather lower than those produced by a
      similar dose of ampicillin. On the other hand the blood levels found with
      the (-) p-hydroxy derivative are more than twice as great as those given
      by ampicillin, and some three times as great as those given by the (-) m
      derivative. The concentrations found in the urine are entirely consistent
      with these conclusions. With ampicillin and the (-) m derivative
      considerably less than half of the dose is accounted for in the urine, but
      with the (-) p-hydroxy derivative the high proportion of 74.5% is
      accounted for in this way. This means that at least three-quarters of the
      (-) p-hydroxy derivative taken by mouth must have been absorbed into the
      bloodstream.
PAR  It is quite unexpected that the introduction of the p-hydroxy substituent
      should substantially increase the oral absorption of ampicillin,
      particularly since the same substituent in the m position slightly reduces
      absorption. Various examples are known in other series of penicillins
      where the introduction of substituents into the side-chain increases oral
      absorption, but these depend on an increase in lipid/water partition
      coefficient which facilitates diffusion of the antibiotic through the
      lipid membrane in the wall of the stomach or intestine. Thus in the
      .alpha.-phenoxy-alkylpenicillins absorption increases with increasing size
      of the .alpha.-hydrocarbon substituent (Ph&gt;Et&gt;Me&gt;H). Similarly, in the
      isoxazolyl series, dicloxacillin is better absorbed than cloxacillin,
      which in turn is better absorbed than oxacillin. However, hydrocarbon
      groups and halogen atoms are well-known examples of lipophilic (i.e.
      hydrophobic) substituents, whereas the hydroxyl group is hydrophilic. No
      previous example of penicillins with comparable acid-stability where the
      introduction of hydroxyl or any other hydrophilic group into the
      side-chain has enhanced oral absorption is known.
PAR  The combination of high antibacterial activity and high oral absorption in
      man gives the (-) epimer of the p-hydroxy compound, herein called
      6[(-).alpha.-amino-p-hydroxyphenylacetamido]-penicillanic acid, a unique
      advantage over the other five isomers embraced in U.S. Pat. No. 3,192,198
      as well as over all other broad-spectrum penicillins.
PAR  Accordingly, the present invention comprises
      6-[(-).alpha.-amino-p-hydroxyphenylacetamido]penicillanic acid and
      non-toxic salts thereof.
PAR  The present invention also provides a process for the preparation of
      6[(-).alpha.-amino-p-hydroxyphenylacetamido]-penicillanic acid and
      non-toxic salts thereof, which process comprises reacting
      6-aminopenicillanic acid or a salt thereof with a functional derivative of
      the (-) isomer of a carboxylic acid of the general formula:
      ##EQU2##
      where X represents an amino group, a protected amino group or a group
      which is subsequently converted into an amino group.
PAR  If desired the phenolic hydroxy group may also be protected during the
      acylation step, e.g. as an O-benzyl or O-benzyloxycarbonyl group which is
      subsequently removed, but generally the protection of this group is not
      essential.
PAR  Examples of protected amino groups include the protonated amino group (X =
      NH.sub.3 .sup.+) which after the coupling reaction reverts to NH.sub.2 on
      simple neutralisation, the benzyloxycarbonylamino group (X =
      NH.CO.sub.2.CH.sub.2.Ph) or substituted benzyloxycarbonylamino groups
      which are subsequently converted to NH.sub.2 by catalytic hydrogenation,
      and various groups which after coupling regenerate the amino group on mild
      acid or alkaline hydrolysis.
PAR  Examples of the group X which may subsequently be converted into NH.sub.2
      by mild acid hydrolysis include enamine groups of general formula (III) or
      tautomeric modifications thereof, and o-hydroxyarylidene groups of general
      formula (IV) or tautomeric modifications thereof.
      ##SPC1##
PAR  In structures (III and IV) the dotted lines represent hydrogen bonds. In
      structure (III) R.sup.1 is a lower alkyl group, R.sup.2 is either a
      hydrogen atom or together with R.sup.1 completes a carbocyclic ring, and
      R.sup.3 is a lower alkyl, aryl, or lower alkoxy group. In structure (IV) Z
      represents the residue of a substituted or unsubstituted benzene or
      naphthalene ring. Examples of the group X which may be subsequently be
      converted into NH.sub.2 by mild alkaline hydrolysis include 2-sulphonyl
      substituted ethoxycarbonylamino groups
      R.SO.sub.2.CH.sub.2.CH.sub.2.O.CO.NH--, wherein R represents a substituted
      or unsubstituted alkyl, aralkyl, or aryl group.
PAR  Another example of a group X which can be converted into NH.sub.2 after
      coupling of the acid (II) with 6-aminopenicillanic acid is the azido
      group. In this case the final conversion into NH.sub.2 may be brought
      about either by catalytic hydrogenation or by electrolytic reduction.
PAR  In carrying out the coupling of the acid (II) to 6-aminopenicillanic acid
      the choice of activating group for the carboxyl function will be
      influenced by the chemical nature of the .alpha.-substituent X. Thus, when
      X is an acid-stable group, such as the protonated amino group NH.sub.3
      .sup.+ or the azido group, it is often convenient to convert the acid (II)
      into an acid halide, for example by treating it with thionyl chloride or
      phosphorus pentachloride to give the acid chloride. Such reagents would
      however be avoided when X is an acid-labile group of type (III) or (IV),
      in which case it is often convenient to make use of a mixed anhydride. For
      this purpose particularly convenient mixed anhydrides are the alkoxyformic
      anhydrides, which are conveniently prepared by treating an alkali metal or
      tertiary amine salt of the acid (II) with the appropriate alkyl
      chloroformate in an anhydrous medium at or below room temperature. Other
      ways of activating the carboxyl group include reaction with a carbodiimide
      to give a reactive O-acyl isourea or reaction with carbonyldiimidazole to
      give a reactive imidazolide. These latter derivatives, like the mixed
      anhydrides, are relatively unstable substances and hence are not usually
      isolated, the reaction with 6-aminopenicillanic acid being carried out in
      situ.
PAR  Another reactive derivative of .alpha.-amino-p-hydroxy-phenylacetic acid
      useful in the preparation of the compound of the present invention is the
      Leuch's anhydride. In this structure the group which activates the
      carboxyl group also serves to protect the amino group.
PAR  The compound of the present invention may be isolated in any of the ways
      customarily employed for the isolation of aminopenicillins. Thus it may be
      obtained as the neutral molecule, although this is probably more
      accurately represented as the zwitterion, or it may be isolated as a salt.
      Since the molecule contains both basic and acidic functions the salts are
      of two kinds. The acid addition salts, some of which are sparingly soluble
      in water and thus useful for isolation purposes, include salts with
      mineral acids such as hydrochloric, phosphoric, or thiocyanic acid as well
      as with strong organic acids such as naphthalene-.beta.-sulphonic acid.
      The base addition salts include alkali and alkaline earth metal salts, the
      ammonium salt, and salts with non-toxic amines. Any of these forms may be
      either anhydrous or hydrated. They may also be either amorphous or
      crystalline, but the crystalline forms are preferred since they have
      greater stability.
PAR  At any suitable stage in the process the material may be subjected to
      purification procedures designed to remove traces of high molecular weight
      allergenic impurities.
PAR  The penicillins of the present invention may be employed in admixture with
      suitable pharmaceutical carriers in various medicinal dosage forms.
      Additionally, the penicillins may be employed in synergistic combinations
      with known penicillanase-resistant penicillins, for example, methicillin,
      cloxacillin, dicloxacillin, flucloxacillin and nafcillin.
DETD
PAR  The following examples illustrate the present invention:
PAC  EXAMPLE 1
PAL  Resolution of .alpha.-Benzyloxycarbonylamino-p-hydroxyphenylacetic Acid
PAR  A solution of the title acid (224 g.) and quinine trihydrate (285 g.) in
      boiling ethanol (2.5 l.) was allowed to cool. The crystals which separated
      were collected and recrystallised twice from ethanol to give a 76% yield
      of the quinine salt of the laevorotatory acid, [.alpha.].sub.D.sup.20
      -158.5.degree. (C, 1 in MeOH). Treatment of the quinine salt (68 g.) with
      dilute sodium hydroxide, removal of quinine by ether-extraction, and
      acidification of the aqueous solution gave the laevorotatory acid. This
      was crystallised twice from aqueous ethanol to give 28 g. (85%) of
      (-).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetic acid, m.p.
      159.degree.-161.degree., [.alpha.].sub.D.sup.18 -120.0.degree. (C, 1 in
      MeOH). (Found: C, 64.1; H, 5.2; N, 4.7. C.sub.24 H.sub.21 NO.sub.7
      requires C, 63.9; H, 4.9; N, 4.7%).
PAR  The mother liquor from the crude quinine salt was evaporated to dryness in
      vacuo to leave a syrup, which was treated with aqueous sodium hydroxide
      and the quinine removed by ether-extraction. Acidification of the aqueous
      layer gave the crude dextrorotatory acid (108 g.) which was collected,
      dried, and treated with ephedrine (63 g.) in boiling ethanol (450 ml.). On
      cooling the solution the ephedrine salt of the dextrorotatory acid
      separated, and was collected and recrystallised from ethanol. Yield 111
      g., [.alpha.].sub.D.sup.21 +46.8.degree. (C, 1 in H.sub.2 C). The acid was
      recovered from this salt in the usual way to give
      (+).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetic acid (96%) which,
      after recrystallisation from 50% aqueous ethanol, had m.p.
      158.degree.-161.degree., [.alpha.].sub.D.sup.21 +120.2.degree. (C, 1 in
      MeOH). (Found: C, 64.1; H, 5.3; N, 4.8. C.sub.24 H.sub.21 NO.sub.7
      requires C, 63.9; H, 4.9; N, 4.7%).
PAC  EXAMPLE 2
PAL  The Two Epimers of .alpha.-Benzyloxycarbonylamino-p-hydroxybenzylpenicillin
PAR  a. Ethyl chloroformate (6.3 ml.) was added dropwise at -5.degree. to a
      vigorously stirred solution of
      (-).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetic acid (20 g.) and
      2,6-lutidine (8.3 ml.) in pure dry acetone (140 ml.). The mixture was held
      at -5.degree. to +5.degree. for 30 mins. to complete formation of the
      mixed ethoxyformic anhydride. An ice-cold solution of 6-aminopenicillanic
      acid (14.3 g.) and 2,6-lutidine (10.5 ml.) in water (140 ml.) was added
      rapidly, and the mixture was stirred at 0.degree. to 5.degree. for 30
      mins. and then for a further 1 hour while it attained room temperature.
      The solution was concentrated under reduced temperature and pressure to
      remove acetone, then the aqueous concentrate was covered with methyl
      isobutyl ketone (100 ml.) and adjusted to pH 2 by adding dilute
      hydrochloric acid. The layers were separated and the aqueous phase was
      extracted with more methyl isobutyl ketone (2 .times. 50 ml.). The
      combined organic extracts were washed with water, then shaken with
      sufficient aqueous sodium bicarbonate solution to give a neutral aqueous
      phase (pH 7). Separation of the layers and evaporation of the neutral
      aqueous solution at low temperature and pressure gave the solid sodium
      salt of
      6-[(-).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetamido]-penicillani
     c acid (32 g., 92%).
PAR  b. Repetition of the above procedure except for the use of the (+) isomer
      of .alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetic acid gave a 90%
      yield of the sodium salt of
      6-[(+).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetamido]penicillanic
      acid.
PAC  EXAMPLE 3
PAL  6-[(-).alpha.-amino-p-hydroxyphenylacetamido]Penicillanic Acid
PAR  A suspension of 5% palladium on calcium carbonate catalyst (40 g.) in water
      (150 ml.) was shaken in hydrogen for 1 hour. A solution of the sodium salt
      of
      6-[(-).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetamido]penicillanic
      acid (16 g.) in water (50 ml.) was added, and the mixture was shaken in
      hydrogen for 40 mins. The catalyst was filtered off through a pad of
      kieselguhr and washed with water (3 .times. 50 ml.). The combined filtrate
      and washings were adjusted to pH 1.9 and washed with methyl isobutyl
      ketone (3 .times. 50 ml.). The aqueous phase was adjusted to pH 5.1 and
      concentrated at low temperature and pressure to a volume of about 75 ml.
      The colorless crystalline solid which separated was collected, washed with
      a little water, then with acetone, and finally with ether. The resulting
      aminopenicillin, after drying in a vacuum desiccator, weighed 6.3 g. (56%
      yield) and analysed as the trihydrate. (Found: C, 46.0; H, 6.5; N, 10.3;
      S, 7.4. C.sub.16 H.sub.19 N.sub.3 O.sub.5 S, 3H.sub.2 O requires C, 45.8;
      H, 6.0; N, 10.1; S, 7.6%). A sample stored in moist air took up water to
      form the tetrahydrate, [.alpha.].sub.D.sup.20 +246.5.degree. (C, 0.1 in
      H.sub.2 O). (Found: C, 44.1; H, 6.1; N, 10.0; S, 7.6; H.sub.2 O, 16.3.
      C.sub.16 H.sub.19 N.sub.3 O.sub.5 S, 4H.sub.2 O requires C, 43.9; H, 6.2;
      N, 9.6; S, 7.4; H.sub.2 O, 16.4%).
PAC  EXAMPLE 4
PAL  6[(+).alpha.-amino-p-hydroxyphenylacetamido]penicillanic Acid
PAR  The sodium salt of
      6-[(+).alpha.-benzyloxycarbonylamino-p-hydroxyphenylacetamido]penicillanic
      acid was hydrogenated in the same way and on the same scale as the epimer
      in Example 3. The crystalline product (6.1 g., 54%), after drying in a
      vacuum desiccator followed by equilibration in air, had
      [.alpha.].sub.D.sup.20 +154.6.degree. (C, 0.1 in H.sub.2 O) and analysed
      as the tetrahydrate. (Found: C, 43.7; H, 6.5; N, 9.3; S, 7.6; H.sub.2 O,
      15.8. C.sub.16 H.sub.19 N.sub.3 O.sub.5 S, 4H.sub.2 O requires C, 43.9; H,
      6.2; N, 9.6; S, 7.3; H.sub.2 O, 16.4%).
PAC  EXAMPLE 5
PAL  Resolution of .alpha.-Benzyloxycarbonylamino-m-hydroxyphenylacetic acid
PAR  The racemic m-hydroxy acid was resolved with quinidine in boiling ethanol
      (1.875 l. per mole), the quinidine salt of the (-) isomer crystallising on
      cooling. The crystals were collected, boiled with ethanol (1.3 l. per
      mole), and the suspension was cooled and filtered. The free acid was
      liberated from the salt essentially as described in Example 1 for the
      p-hydroxy isomer. Recrystallization from chloroform or toluene gave a 79%
      yield of (-).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetic acid,
      [.alpha.].sub.D.sup.20 -110.8.degree. (C, 1 in MeOH).
PAR  The ethanol filtrate and washings from the above crystallisation of the
      quinidine salt were evaporated in vacuo and the residual syrup was induced
      to crystallize by trituration with ether. Recrystallization from
      isopropanol gave the quinidine salt of the (+) acid, from which the free
      acid was liberated in the usual way. Recrystallization from chloroform or
      toluene gave a 73% yield of
      (+).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetic acid,
      [.alpha.].sub.D.sup.20 +110.5.degree. (C, 1 in MeOH).
PAC  EXAMPLE 6
PAL  The Two Epimers of
      .alpha.-benzyloxycarbonylamino-m-hydroxybenzyl-penicillin
PAR  These were prepared exactly as described in Example 2 for the p-hydroxy
      isomers.
PAR  From (-).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetic acid there was
      obtained a 90% yield of the sodium salt of
      6-[(-).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetamido]-penicillani
     c acid.
PAR  The sodium salt of
      6[(+).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetamido]penicillanic
      acid was obtained in 90% yield from
      (+).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetic acid.
PAC  EXAMPLE 7
PAL  6[(-).alpha.-amino-m-hydroxyphenylacetamido]penicillanic Acid
PAR  The sodium salt of
      6[(-).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetamido]penicillanic
      acid was submitted to the catalytic hydrogenation procedure described in
      Example 3.  The aqueous solution of the reduced penicillin was finally
      adjusted to pH 5.5 and concentrated at low temperature and pressure to
      give a 50% yield of the hydrated aminopenicillin, [.alpha.].sub.D.sup.20
      +239.degree. (C, 0.2 in H.sub.2 O). Karl Fischer assay indicated that the
      crystals contained 15% of water.
PAC  EXAMPLE 8
PAL  6[(+).alpha.-amino-m-hydroxyphenylacetamido]penicillanic Acid
PAR  This was prepared in 60% yield as described in Example 7, but starting from
      the sodium salt of
      6[(+).alpha.-benzyloxycarbonylamino-m-hydroxyphenylacetamido]penicillanic
      acid. The crystalline aminopenicillin contained 15% of water and had
      [.alpha.].sub.D.sup.20 +135.degree. (C, 0.2 in H.sub.2 O).
PAC  EXAMPLE 9
PAL  6[(-).alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic Acid
PAR  a. A suspension of
      (-)-.alpha.-benzyloxycarbonylamino-.alpha.-(p-hydroxyphenyl)acetic acid
      (21.8g.) in water (180 ml.) was treated with dilute sodium hydroxide
      solution to give a clear solution of pH 8.7. 5% Palladium on calcium
      carbonate catalyst (2.2 g.) was added, and the mixture was shaken in
      hydrogen at atmospheric pressure until no more gas was absorbed. The
      catalyst was filtered off through a pad of kieselguhr and washed with
      water. The combined filtrate and washings were adjusted to pH 5.0 and the
      solution was evaporated in vacuo to small bulk. The crude product
      separated as a gelatinous precipitate which redissolved when the mixture
      was boiled. Colourless, crystalline
      (-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetic acid separated when the
      solution was cooled. It was collected, washed with a little cold water,
      and dried in vacuo over phosphorus pentoxide. The yield was 10.1 g. (83%),
      m.p. 225.degree.-226.degree., [.alpha.].sub.D.sup.22 -108.degree. (c, 1 in
      H.sub.2 O). (Found: C, 57.2; H, 5.4; N, 8.3%. C.sub.8 H.sub.9 NO.sub.3
      requires: C, 57.5; H, 5.4;  N, 8.4%). N.M.R. (D.sub.2 O + NaOD): multiplet
      centred on .tau.3.15 (4H, aromatic), singlet .tau.5.8 (1H&gt;N--CH&lt;).
PAR  b. Methanolic sodium hydroxide (60 ml. 0.324N, 0.0195 mole) was added to
      (-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetic acid (3.34 g. 0.02 mole)
      and washed in with methanol (20 ml.). When the suspension was heated
      almost to boiling a clear solution was obtained, but at reflux the
      crystalline sodium salt of the amino-acid separated. To the stirred,
      boiling suspension was added during 10 minutes methyl acetoacetate (2.4
      ml., 0.022 mole) in methanol (20 ml.). After a further 20 minutes of
      boiling a clear solution resulted and this was boiled for 20 minutes
      longer. The methanol was distilled off (bath temperature 130.degree.) and
      replaced simultaneously at the same rate with dry toluene. When 90 ml. of
      toluene had been added a white crystalline solid separated. The process
      was continued until the distillation temperature reached 100.degree. and
      170 ml. of toluene had been added. The suspension was kept overnight at
      5.degree., then the product was collected, washed with dry toluene, and
      dried in vacuo at  40.degree. over phosphorus pentoxide. The yield of
      sodium
      (-)-N-(1-methoxycarbonylpropen-2-yl)-.alpha.-amino-.alpha.-(p-hydroxypheny
     l)acetate was 4.5 g. (95%) Found: C, 54.35; H, 4.9; N, 4.9% C.sub.13
      H.sub.14 NO.sub.5 Na requires C, 54.4; H, 4.9; H, 4.9%). I.R. (Nujol):
      3,300cm.sup.-.sup.1 (N--H-- ), 1655cm.sup.-.sup.1 (C=O-- ),
      1560cm.sup.-.sup.1 (COO.sup.-).
PAR  c. A stirred suspension of 6-aminopenicillanic acid (2.16g., 0.01 mole) in
      water (25 ml.) was adjusted to pH 7.8 by the addition of aqueous 10%
      sodium hydroxide, care being taken that the pH did not rise above 8.0
      during the addition. Acetone (40 ml.) was added, and the solution was
      cooled to -10.degree..
PAR  Dry acetone (25 ml.) was stirred and held at -10.degree. to -8.degree.
      while ethyl chloroformate (1.0 ml., 0.0104 mole) was added, followed by 1%
      N-methylmorpholine in acetone (1.5 ml.), and finally the sodium
      (-)-N-(-1-methoxycarbonylpropen-2-yl)-.alpha.-amino-.alpha.-(p-hydroxyphen
     yl)acetate (2.87 g., 0.01 mole) which was washed in with cold, dry acetone
      (15 ml.). The mixture was stirred at -10.degree. for 30 minutes, then it
      was added to the solution of sodium 6-aminopenicillanate described above,
      and washed in with cold dry acetone (20 ml.). The mixture was stirred for
      20 minutes at -10.degree., then the acetone was distilled off in vacuo at
      room temperature and isobutyl methyl ketone (40 ml.) was added to the
      residual aqueous solution. The mixture was cooled to 5.degree., stirred
      vigorously, and adjusted to pH 0.9 by the addition of concentrated
      hydrochloric acid. The mixture was maintained at pH 0.9 and
      5.degree.-10.degree. during 75 minutes, then the layers were separated.
      The aqueous layer was washed with isobutyl methyl ketone (10 ml.) then the
      residual solvent was removed in vacuo. The aqueous solution was cooled to
      5.degree.C and adjusted to pH 5.2 with aqueous 10% sodium hydroxide. The
      resulting suspension was stirred at 5.degree. for 5 minutes, then it was
      concentrated in vacuo at 20.degree. to one third of its bulk. The white
      crystalline
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)-acetamido]penicillanic acid
      was collected, washed with water (20 ml.) and dried in air at 40.degree..
      The producct (2.8 g.) was shown by i.r. and n.m.r. spectroscopy and by
      paper strip chromatography to be identical with that obtained as in
      Example 3.
PAR  The intermediate described in (b) above can also be made as follows:
PAR  d. A stirred suspension of 6-aminopenicillanic acid (4.32 g., 0.02 mole) in
      water (50 ml. ) was adjusted to pH 7.8 by careful addition of 10%
      potassium hydroxide solution. Acetone (80 ml.) was added and the solution
      cooled to -10.degree.C.
PAR  Dry acetone (50 ml.) was stirred and held at -10 to -8.degree.C while ethyl
      chloroformate (2.0 ml. 0.0208 mole) was added, followed by 1%
      N-methylmorpholine in acetone (3 ml.) and finally sodium
      (-)N-(1-methoxycarbonylpropen-2-yl).alpha.-amino-.alpha.-(p-hydroxyphenyl)
     acetate (5.74 g., 0.02 mole), which was washed in with cold dry acetone (30
      ml.). The mixture was stirred at -10.degree. for 30 min. to complete
      formation of the mixed anhydride in solution, then cooled to -25.degree.
      and filtered rapidly through acid-washed kieselguhr. The filter pad was
      washed with cold dry acetone (20 ml.) and the combined filtrate and
      washings were added to the cold stirred aqueous acetone solution of
      potassium 6-aminopenicillanate described above.
PAR  The clear solution was stirred without external cooling for 30 min. and
      then evaporated to dryness at reduced pressure and at temperatures below
      20.degree.. The residual gum was dried in vacuo over phosphorus pentoxide.
      The crude product weighed 9.7 g. The greater part (9.5 g.) was treated
      with dry methanol (70 ml.) in which it largely dissolved, but a little
      6-aminopenicillanic acid (0.54 g.) was removed by filtration. The yellow
      filtrate was stirred for 5 min. with charcoal (2.3 g.) and then the
      mixture was again filtered. The filtrate was diluted with dry isopropanol
      (250 ml.), crystallization was induced by scratching, and the mixture was
      set aside at 5.degree. overnight. The resulting white solid was collected
      by filtration, washed with dry ether, and dried in vacuo over phosphorus
      pentoxide to give 3.5 g. of potassium
      (6[(-)N-(1-methoxycarbonylpropen-2-yl).alpha.-amino-.alpha.-(p-hydroxyphen
     yl)acetamido]penicillanate hemihydrate. (Found: C, 49.25; H, 5.2; N, 8.3;
      S, 6.35; K. 7.6. C.sub.21 H.sub.24 N.sub.3 O.sub.7 SK, 0.5 H.sub.2 O
      requires C, 49.4; H, 4.9; N, 8.25; S, 6.25; K, 7.65%).
PAR  An aqueous solution of this salt acidified to pH 2 rapidly liberated methyl
      acetoacetate and
      6-[(-).alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid.
PAC  EXAMPLE 10
PAR  Finely ground 6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido]penicillanic
      acid trihydrate (2 g.) was suspended in water (5ml) and to it was cooled
      5N hydrochloric acid (2.5 ml.). The mixture was shaken until most of the
      solid dissolved and rapidly filtered. The filtrate was seeded and allowed
      to stand at 5.degree. for thirty minutes when hexagonal shape crystals
      came out of solution. The crystals were filtered off, washed with a little
      cold water and dried in an oven at 35.degree.-40.degree.C. to give
      6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido]penicillanic acid
      hydrochloride trihydrate. (1.6 g.), m.p. browns 90.degree. then
      dehydrates. decomp. 216.degree.-218.degree.C. Hydroxylamine assay 100%
      Mol. wt. 496.0 H.sub.2 O content 11.9%. (Found: C, 42.1; H, 5.7; N, 9.1;
      S, 7.2; Cl, 7.9; calculated for C.sub.16 H.sub.20 N.sub.3 O.sub.5 S Cl.
      3H.sub.2 O. C, 42.2; H, 5.7; N, 9.2; S, 7.0 Cl, 7.8%).
PAC  EXAMPLE 11
PAR  Finely ground 6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido]-penicillanic
      acid trihydrate [2g.] was suspended in water (200 ml.) and to it added 5N
      sulphuric acid (2.5 ml.) and the mixture stirred at room temperature for
      five minutes. The mixture was filtered and evaporated to low volume (ca 50
      ml.) at low temperature and low pressure. The white solid which
      crystallized out of solution was filtered off, washed with a little cold
      water and dried in an oven at 35.degree.-40.degree. to give
      di(6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido]penicillanic acid)
      sulphate (1.2g.) m.p. browns 210.degree. C., decomp.
      230.degree.-1.degree.C, Hydroxylamine assay 227%, H.sub.2 O content 1.1%,
      (Found: C, 46.1%; H, 4.9; N, 10.1; S, 11.8; calculated for C.sub.32
      H.sub.40 N.sub.6 S.sub.3 O.sub.14 C, 46.4; H, 4.9; N, 10.1; S, 11.6%).
PAC  EXAMPLE 12
PAL  (-)-.alpha.-benzyloxycarbonamido-.alpha.-(p-benzyloxycarbonyloxyphenyl)
      Acetic Acid
PAR  a. To a vigorously stirred ice-cold solution of
      (-)-.alpha.-benzyloxycarbonamido-.alpha.-(p-hydroxyphenyl)acetic acid (15
      g.) and sodium hydroxide (7 g.) in water (1,500 ml.) was added benzyl
      chloroformate (13 g.) After stirring for 2 hours the solution was
      extracted with ether and a small amount of precipitated solid filtered off
      and discarded. A stream of air was bubbled through the separated aqueous
      phase to remove dissolved ether. On addition of the solution to excess
      hydrochloric acid a gum was precipitated. The supernatant liquid was
      decanted off and benzene (200 ml.) added to the residual wet gum. On
      refluxing, the gum dissolved and azeotroped water was removed (Dean and
      Stark apparatus). On cooling the benzene solution
      (-)-.alpha.-benzyloxycarbonamido-.alpha.-(p-benzyloxycarbonyloxyphenyl)ace
     tic acid was obtained as a white crystalline solid (14 g.) m.p.
      94.degree.-5.degree.. Analysis showed the compound to contain a molecule
      of benzene of crystallization. Found: C, 69.8; H, 5.3; N, 2.8%. C.sub.24
      H.sub.21 NO.sub.7. C.sub.6 H.sub.6 requires C, 70.2; H, 5.3; N, 2.7 %. ppm
      CDCl.sub.3 : 10.34 (s, 1H, NH); 7.25 (m, Ar, 20H); 5.35 (s, 1H, CH); 5.25
      (s, 2H, CH.sub.2) and 5.05 (s, 2H, CH.sub.2).
      (-)-N-Carboxy-(p-benzyloxycarbonyloxyphenyl)glycyl anhydride
PAR  b. The benzene solvate of
      D-.alpha.-benzyloxycarbonamido-.alpha.-(p-benzyloxycarbonyloxyphenyl)aceti
     c acid (4.35 g.) was covered with thionyl chloride and the solution
      refluxed for 2 hours. The excess thionyl chloride was removed under
      reduced pressure, last traces being removed by codistillation with dry
      benzene under reduced pressure and then storage in vacuo for 30 min. Dry
      ether (15 ml.) was then added to the gummy residue to give a clear
      solution which on standing for 5-10 min. precipitated
      (-)-N-carboxy-(p-benzyloxycarbonyloxyphenyl)glycyl anhydride as a white
      crystalline solid (1.33 g.) m.p. 118.degree.-120.degree.. Found: C, 62.3;
      H, 4.1; N, 4.3%. C.sub.17 H.sub.13 NO.sub.6 requires C, 62.4; H, 4.0; N,
      4.3%.
      6[(-)-.alpha.-Amino-.alpha.-(p-benzyloxycarbonyloxyphenyl)acetamido]-penic
     illanic Acid
PAR  c. A suspension of 6-aminopenicillanic acid (0.66 g.) in water (100 ml.)
      was adjusted to pH 5.5 and to the vigorously stirred suspension at
      5.degree. was added, in portions, over 5 minutes,
      (-)-N-carboxy-(p-benzyloxycarbonyloxyphenyl)glycyl anhydride (0.99 g.).
      The pH remained at 5.5 during the addition. Vigorous stirring was
      continued for 2 hours at 5.degree.-10.degree.. The mixture was filtered
      through kieselguhr and the filtrate concentrated to 25 ml.
      6-[(-)-.alpha.-amino-.alpha.-(p-benzyloxycarbonyloxyphenyl)-acetamido]peni
     cillanic acid (0.09 g.) was precipitated as a white solid. Paper
      chromatography indicated that the product was contaminated with
      approximately 5% of 6-aminopenicillanic acid. In the system
      butanol/ethanol/water:
PAR  6-[(-)-.alpha.-amino-.alpha.-(p-benzyloxycarbonyloxyphenyl)-acetamido]penic
     illanic acid R.sub.f 0.47; 6-aminopenicillanic acid R.sub.f 0.13. The
      product inhibited E. coli 2 at a concentration of 5 .mu.g./ml. and Staph.
      Oxford at 0.1 .mu.g./ml.
PAL  Hydrolysis of the O-Benzyloxycarbonyl Group
PAR  d. The above penicillin was dissolved in phosphate buffer at pH 9 and held
      at this pH, portions being withdrawn at intervals and examined by paper
      chromatography. After 3 days at room temperature conversion to
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid
      was virtually complete.
PAC  EXAMPLE 13
PAL  (-)-n-carboxy-(p-hydroxyphenyl)glycyl Anhydride
PAR  a. Phosgene gas was passed through a suspension of
      (-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetic acid (4 g.) in dioxan
      (150 ml.) at 50.degree.-60.degree. until a clear solution was obtained.
      Excess phosgene was flushed out with nitrogen and the solution filtered.
      Dioxan was removed from the filtrate at 50.degree. under reduced pressure
      to leave an oil which solidified on storage in vacuo over phosphorus
      pentoxide. The solid dissolved in boiling ether acetate (50 ml.) to leave
      a small amount of gummy solid. Charcoal was added and the mixture stirred
      whilst allowing it to cool to room temperature. After filtering through
      kieselguhr the filtrate was added slowly to stirred 40.degree.-60.degree.
      petroleum ether (400 ml.) to precipitate
      (-)-N-carboxy-(p-hydroxyphenyl)glycyl anhydride as a white crystalline
      solid (3.1 g. m.p. 260.degree. decomp.). Found: C, 56.1; H, 3.7; N, 7.1%.
      C.sub.9 H.sub.7 NO.sub.4 requires: C, 56.0; H, 3.65; N, 7.25%.
PAL  6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic Acid
PAR  b. A suspension of 6-aminopenicillanic acid (1.5 g.) in water (100 ml.) was
      adjusted to pH 5.6 by the addition of sodium hydroxide solution. To the
      stirred suspension at 5.degree. was added
      (-)-N-carboxy-(p-hydroxyphenyl)glycyl anhydride (1.5 g.) in portions over
      5 min. The mixture was stirred at 5.degree.-10.degree. for 1 hour and for
      a further hour at room temperature. A considerable amount of foaming took
      place which was controlled by the addition of one to two drops of n-octyl
      alcohol. The mixture was then filtered through kieselguhr and the pH of
      the filtrate adjusted to 5.0. No solid was precipitated on concentration
      and therefore the solution was evaporated to dryness to yield an off-white
      solid (1.7 g.). Paper chromatography indicated that the product contained
      6-aminopenicillanic acid and the required
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid
      in approximately equal proportions.
PAC  EXAMPLE 14
PAL  Reaction of 6-Aminopenicillanic Acid With
      (-).alpha.-Amino-.alpha.-(p-hydroxyphenyl)acetyl Chloride Hydrochloride
PAR  (-).alpha.-Amino-.alpha.-(p-hydroxyphenyl)acetic acid (1.67 g.) was
      suspended in acetyl chloride (50 ml.) and cooled to 0.degree. while finely
      powdered phosphorus pentachloride (4.16 g.) was added with stirring.
      Dimethylformamide (2 drops) was added and dry hydrogen chloride was
      bubbled through the ice-cold mixture for 90 min., followed by dry nitrogen
      for 1 hour. During passage of the gases a gum separated and then
      crystallized. The yellow granular solid was collected, washed well with
      dry ether, and stored in vacuo over phosphorus pentoxide since it readily
      decomposed on exposure to moist air. This product (1.27 g.), considered to
      be the acid chloride hydrochloride, shows characteristic carbonyl
      absorption in the infra-red (1780cm.sup.-.sup.1).
PAR  6-Aminopenicillanic acid (0.63 g.) in water (20 ml.) was adjusted to pH 6.2
      and acetone (80 ml.) was added. The solution was cooled to 0.degree. and
      the previously described solid acid chloride hydrochloride (1.27 g.) was
      added in portions during 10 min. When about half the reagent had been
      added the pH had dropped to 2, and during addition of the remainder it was
      held at this value by adding 10% sodium hydroxide solution as required.
PAR  The mixture was stirred at 0.degree. for 10 min., then concentrated under
      reduced pressure to remove acetone and clarified by filtration through
      kieselguhr. The filtrate was washed with methyl isobutyl ketone (2 .times.
      25 ml.) and the aqueous solution was concentrated at low temperature and
      pressure to a volume of about 20 ml. After further clarification by
      filtration through kieselguhr, the solution was adjusted to pH 5 and
      evaporated to dryness in vacuo. The residual white solid (1.6 g.) was
      shown by paper chromatography to contain
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid.
PAC  EXAMPLE 15
PAL  .beta.-naphthalenesulphonate Salt of
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic Acid
PAR  6-[(-)-.alpha.-Amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid
      trihydrate (2.09 h., 0.005 mole) was stirred with water (20 ml.) and
      ethanol (10 ml.). The mixture was treated with a 1 M aqueous solution of
      naphthalene-.beta.-sulphonic acid (5 ml., 0.005 mole) to give a clear
      solution which crystallized on standing. After 1 hour the crystals were
      collected, washed with ice-cold water, and dried in air at 30.degree.. The
      product (0.82 g.) had m.p. 194.degree. (decomp.) and analysed as the
      .beta.-naphthalenesulphonate trihydrate. Found: C, 49.5; H, 5.4; N, 6.6;
      S, 10.0. C.sub.26 H.sub.27 N.sub.3 S.sub.2 O.sub.8, 3H.sub.2 O requires:
      C, 49.7; H, 5.3; N, 6.7; S, 10.2%.
PAC  EXAMPLE 16
PAL  Sodium
      6-[(-)-.alpha.-Amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanate
PAR  Finely powdered
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido]penicillanic acid
      trihydrate (8.40 g., 0.02 mole) was suspended in methylene dichloride
      (250ml.), treated with diethylamine (1.75 g.), and stirred for 15 min.
      Complete dissolution was brought about by adding methanol (25 ml.), and
      the solution was dehydrated by stirring with 5 g. of Linde type 4A
      Molecular Sieve for 30 min. The suspension was filtered and the filtrate
      treated with a 1M. solution of sodium 2-ethylhexanoate in methyl isobutyl
      ketone (20 ml.). The sodium salt separated as a white solid which was
      collected after 15 min., washed with methylene dichloride, and dried in
      vacuo. Yield 77%. Found: C, 49.6; H, 5.2; N, 10.3; S, 8.0; Na, 5.5.
      C.sub.16 H.sub.18 N.sub.2 O.sub.5 SNa requires: C, 49.6; H, 4.7; N, 10.8;
      S, 8.3; Na, 5.9%.
PAC  EXAMPLE 17
PAL  Synergistic Combinations of
      6-[(-)-.alpha.-Amino-.alpha.-(p-hydroxyphenyl)-acetamido]-penicillanic
      Acid With Penicillinase-Resistant Penicillins
PAR  Certain strains of Gram-negative bacteria which are relatively insensitive
      to 6-[(-).alpha. -amino-.alpha.-(p-hydroxyphenyl)-acetamido]penicillanic
      acid alone are inhibited by quite low concentrations of this antibiotic in
      the presence of 100 .mu.g./ml. of various penicillinase-resistant
      penicillins, such as methicillin, cloxacillin, dicloxacillin,
      flucloxacillin, and nafcillin. None of these penicillinase-resistant
      penicillins by itself inhibits the Gram-negative bacteria at 100
      .mu.g./ml.
PAR  Results were obtained by serial dilution in nutrient agar. The inoculum was
      one drop of an overnight broth culture, and M.I.C. values were read after
      18 hours at 37.degree.C.
PAR  Minimum inhibitory concentration (.mu.g./ml.) of AB.2333 in the presence of
      100 .mu.g./ml. of the following:
TBL  __________________________________________________________________________
                                   Flu-                                        
     Bacterium           Cloxa-                                                
                              Dicloxa-                                         
                                   cloxac-                                     
     cillin   None                                                             
                  Methicillin                                                  
                         cillin                                                
                              cillin                                           
                                   illin                                       
                                        Nafcillin                              
     __________________________________________________________________________
     E. coli 37                                                                
              125 1.25   1.25 1.25 1.25 2.5                                    
     Proteus                                                                   
     morganii G                                                                
              250 1.25   12.5 5.0  5.0  125                                    
     Proteus                                                                   
     vulgaris K                                                                
              250 50     12.5 2.5  5.0  125                                    
     Paracolon 232                                                             
              125 2.5    1.25 1.25 1.25 12.5                                   
     Klebsiella C                                                              
     978      250 50     50   50   25   50                                     
     __________________________________________________________________________
CLMS
STM  We claim:  .[.1. A compound selected from the group consisting of
      6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido]-penicillanic acid and the
      non-toxic, pharmaceutically acceptable acid addition and base addition
      salts thereof and salts with non-toxic amines..]. .[.2. A compound or salt
      according to claim 1 which is amorphous or crystalline in form..]. .[.3. A
      compound or salt according to claim 1 which is anhydrous or hydrated..].
      .[.4. A compound or salt according to claim 1 which is free of traces of
      high molecular weight allergenic impurities..]. .[.5. A compound or salt
      according to claim 1, wherein the salt is selected from the group
      consisting of the hydrochloric, phosphoric, sulfuric, thiocyanic and
      .beta.-naphthalene sulfonic acids and the sodium and potassium alkali
      metal salts..]..Iadd. 6. Crystalline
      6-(-)-.alpha.-amino-p-hydroxyphenylacetamido]-penicillanic acid
      trihydrate. .Iaddend. .Iadd. 7. Crystalline
      6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido] penicillanic acid
      hydrochloride trihydrate. .Iaddend..Iadd. 8. Crystalline
      di-(6-[(-)-.alpha.-amino-p-hydroxyphenylacetamido] penicillanic acid)
      sulphate. .Iaddend..Iadd. 9. Crystalline
      6-[(-)-.alpha.-amino-.alpha.-(p-hydroxyphenyl)acetamido] penicillanic acid
      .beta.-naphthalenesulphonate trihydrate. .Iaddend.
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ABST
PAL  The invention is an electronic siren comprising in combination means for
      generating periodically occurring charging pulses at a selected one of a
      plurality of predetermined repetition rates, time-constant determining
      means coupled to the pulse generating means for generating a repeating
      voltage wave form in response to the charging pulses and means coupled to
      the time-constant determining means for generating a square wave signal
      having a frequency proportional to the instantaneous voltage of the
      voltage wave form. Coupled to the square wave generator is an output
      circuit which includes a first pair of transistors and first circuit means
      coupling the transistors to the square wave generator for driving the
      first pair of transistors individually and alternately into saturation in
      response to the aforementioned square wave signal. There are also provided
      a second pair of transistors and second circuit means coupling the second
      pair of transistors to the first pair of transistors for driving the
      second pair of transistors individually and alternately into saturation in
      synchronism with saturation of the first pair of transistors.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to electronic siren circuits and more
      particularly is an improved electronic siren circuit incorporating a
      square wave generator and an output circuit which utilizes diffused based
      transistors having a fast "rise" time and which are driven sharply between
      non-conducting and saturated states whereby heat and power losses within
      the circuit are minimized.
PAR  2. Description of the Prior Art
PAR  Prior art electronic siren circuits, such as that disclosed in U.S. Pat.
      No. 3,051,944 to the present Inventor, typically include a voltage
      controlled variable frequency oscillator which generates a square wave
      output signal, the square wave having a repetition rate or frequency in
      the audio frequency range. These circuits further include voltage signal
      generating circuits which apply a selected one of a plurality of different
      wave forms to the variable frequency oscillator to produce the desired
      siren signal. The output of the voltage controlled variable frequency
      oscillator is then applied to a speaker through a suitable power
      amplifier.
PAR  In the majority of applications, the electronic siren is installed in a
      motor vehicle or similar mobile unit. Consequently, the power and space
      available to operate and install the siren is limited. For this reason,
      and due to the need to produce a siren sound having a sufficient volume to
      be heard above normal ambient sound levels, it is important that the siren
      circuit produce the desired siren sounds with maximum efficiency. In this
      regard, prior art electronic siren circuits exhibit some loss of
      efficiency which results from rounding off of the square wave
      sound-generating signals produced therein.
PAC  SUMMARY OF THE INVENTION
PAR  The invention in its broader aspects is an electronic siren circuit which
      comprises means for generating a selected one of a plurality of pulse
      trains having different predetermined repetition rates, time constant
      determining means coupled to the charging pulse generating means for
      generating a predetermined repeating voltage signal in response to the
      charging pulses, and a voltage controlled variable frequency oscillator
      coupled to the time constant determining means for generating a variable
      frequency square wave signal having a frequency in the audio frequency
      range and adapted for producing the desired siren sound. Coupled to the
      square wave generator is a power output circuit which includes a first
      pair of .[.diffused based.]. transistors coupled in a push-pull
      configuration and first circuit means coupling the first pair of
      transistors to the square wave generating means for driving the first pair
      of transistors alternately and individually into saturation in response to
      the square wave signal and a second pair of diffused based transistors and
      second circuit means coupling the second pair of transistors to the first
      pair of transistors for individually and alternately driving the second
      pair of transistors into saturation in synchronism with saturation of the
      respective ones of the first pair of transistors. The output circuit
      further includes impedance matching means for coupling a loudspeaker or
      other sound reproducing devices thereto.
PAR  In a specific embodiment, there are also provided means for selectively
      connecting an audio signal from a radio or microphone to the first pair of
      transistors and biasing the first pair of transistors to their threshold
      of conductivity, whereby the first pair of transistors, and the second
      pair of transistors which operate in synchronism therewith are rendered
      individually and alternately proportionately conductive in response to the
      audio signal.
PAR  In another specific embodiment the electornic siren circuit of the present
      invention further includes a first isolation amplifier coupled between the
      time and constant determining means and the square wave generator and a
      second isolation amplifier coupled between the square wave generator and
      the power output circuit to reduce undesirable signal feedback and to
      facilitate use of the circuit for driving an auxiliary siren device.
PAR  In yet another specific embodiment, the square wave generating means
      includes a pulse-shaping network for further reducing "rounding off" of
      the generated square wave signal and a balance control means for rendering
      the square wave signal symmetrical.
PAR  It is therefore an object of the invention to provide an improved
      electronic siren circuit having increased power efficiency;
PAR  It is another object of the invention to provide an electronic siren
      circuit which exhibits less "rounding off" of the generated square wave
      signal;
PAR  It is still another object of the invention to provide an electronic siren
      circuit which utilizes diffused based transistors operated alternately
      between nonconductive and fully saturated states;
PAR  It is yet another object of the invention to provide such a circuit which
      includes means for rendering the square wave signal symmetrical;
PAR  It is still another object of the invention to provide an electronic siren
      circuit having an output circuit which can selectively operate both as a
      high efficiency square wave amplifier and as a high power low distortion
      audio amplifier;
PAR  It is another object of the invention to provide such a circuit which
      includes means for reducing signal feedback and enable the use of the
      circuit with auxiliary equipment.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram of an electronic siren circuit in accordance with
      the present invention;
PAR  FIG. 2 is an electrical schematic diagram of the electronic siren circuit
      of the present invention; and
PAR  FIG. 3 is a diagram showing wave forms occurring in the electronic siren of
      the invention and useful in explaining the operation thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated in FIG. 1 a block
      diagram of an electronic siren 10 comprising a pulse train generator 12, a
      time constant circuit 14 electrically coupled thereto, a voltage
      controlled variable frequency oscillator 16 (hereinafter referred to as
      VFO 16) which is coupled to the time constant circuit 14 and a power
      amplifier 18 which is driven by VFO 16. Connected to the power amplifier
      18 is a conventional speaker 20. As will be explained in detail below,
      pulse train generator 12 generates a selected one of a plurality of pulse
      trains having different predetermined repetition rates. The pulses from
      pulse train generator 12 are applied to the time constant circuit 14 which
      generates a repeating voltage wave form. The voltage wave form is in turn
      applied to the VFO 16 which generates a square wave signal having a
      frequency proportional to the voltage amplitude applied thereto. The
      output signal from the VFO 16 is then applied to a power amplifier 18
      wherein the signal is amplified and applied to the speaker 20 to produce
      the desired siren tones.
PAR  Referring now to FIG. 2, pulse train generator 12 is a multivibrator
      oscillator circuit which includes a first oscillator transistor 30 having
      its emitter 31 coupled to a source of regulated direct current voltage 32
      through a resistor 34 and a positive voltage supply buss 36 and its
      collector 33 connected to ground through resistor 39. An operating bias
      voltage is applied to the base 35 of oscillator transistor 30 by means of
      a voltage divider comprising resistors 38 and 40. A second oscillator
      transistor 42 has its emitter 43 connected to positive buss 36 through a
      resistor 44 its collector 45 connected to ground, and its base 46 coupled
      to ground via a biasing resistor 39, respectively.
PAR  A first six position switch 48 has its armature 50 connected directly to
      the emitter 31 of transistor 30. Switch 48 further includes pole terminals
      1a, 2a, and 3a which are connected to positive buss 36, and pole terminals
      4a, 5a, and 6a which are connected to the emitter 43 of oscillator
      transistor 42 through capacitors 52, 54, and 56 respectively.
PAR  The output terminal 60 of pulse train generator 12 is connected to time
      constant circuit 14 which comprises a diode 68 having its cathode 69
      connected to output terminal 60 and a resistor 70 connected electrically
      in series with the anode 71 of diode 68 and output terminal 92. A second
      six position switch 72 is ganged with switch 48 and includes an armature
      74 which is connected to output terminal 92. Switch 72 further includes
      pole terminals 1b and 2b which are connected to positive buss 36,
      terminals 3b and 4b, connected to positive buss 36 through a capacitor 76,
      terminal 5b, connected to positive buss 36 through capacitor 78, and
      terminal 6b which is connected to the center of a voltage divider network
      comprising resistors 80 and 82, the latter having their opposite ends
      connected to the positive buss 36 and ground, respectively. A charging
      resistor 90 is connected between output terminal 92 and positive buss 36
      as shown. Also connected to terminal 92 is a resistor 84, a normally open
      switch 86, and an auxiliary siren terminal 88, as shown, for a purpose to
      be explained below.
PAR  The output signal from time constant circuit 14 appears at terminal 92 and
      is applied to the base 99 of an isolation amplifier transistor 100.
      Transistor 100 has its emitter 101 connected to positive buss 36 via load
      resistor 102 and its collector 103 connected to ground and functions to
      both amplify the signal appearing at the output terminal 92 and to provide
      impedance isolation between time constant circuit 14 and VFO 16.
PAR  VFO 16 is an astable multivibrator circuit which includes a pair of
      switching transistors 110, 112 which have their emitters 114, 116
      connected in common and to supply buss 36 via resistor 118. The collector
      120 of switching transistor 112 is coupled to ground via serially
      connected resistor 122 and variable resistor 124. The collector 125 of
      switching transistor 110 is coupled to ground through serially connected
      load resistors 126 and 128. Connected between the base 130 of switching
      transistor 110 and collector 120 of switching transistor 112 is a
      frequency determining capacitor 132 and a similar frequency determining
      capacitor 133 is connected between the base 134 of switching transistor
      112 and the collector 125 of switching transistor 110. Resistors 140, 142
      are connected electrically in series between base 130 of switching
      transistor 110 and the emitter 101 of isolation transistor 100 and a
      clamping diode 144 is connected between the common connection of resistors
      140, 142 and the collector 120 of switching transistor 112 as shown.
      Resistors 146 and 148 and a diode 150 are similarly connected between the
      base 134 of switching transistor 112, the emitter 101 of isolation
      transistor 100, and the collector 125 of switching transistor 110.
PAR  Connected in parallel with resistor 126 is a pulse shaping capacitor 160.
PAR  The output signal from the VFO 16 appearing at output terminal 162 thereof
      will be a square wave signal having a frequency which is directly
      proportional to the voltage applied to its input terminal 164 and of
      essentially constant power.
PAR  Connected to output terminal 162 of VFO 16 is a second isolation amplifier
      166 which includes a double transistor connected in a "Darlington"
      configuration. The amplifier 166 has an input terminal 168 connected to
      output terminal 162 of VFO 16, an output terminal 172, and a grounded
      terminal 170.
PAR  Power amplifier circuit 18 comprises a first pair of .[.diffused base.].
      power transistors 180 and 182 which are connected together in a push-pull
      configuration wherein their emitters 184, 186 are connected in common and
      to ground via a resistor 188. Collector 190 of power transistor 180 is
      connected to one terminal 192 of the primary winding 193 of an auto
      transformer 194 and collector 196 of power transistor 182 is
      correspondingly connected to the other primary terminal 198 of auto
      transformer 194. The center tap 200 is connected to the center of a
      voltage divider circuit which includes resistors 201, 203 which are in
      turn connected directly to the B+ supply 32 and ground, respectively.
      Bases 202, 204 of power transistors 180, 182, respectively, are connected
      to opposite ends of the output winding 206 of a coupling transformer 208.
      A temperature compensated network which includes parallel connected
      resistor 212 and a temperature variable resistor (thermistor) 214, which
      has a negative temperature coefficient form a voltage divider circuit
      connected between B+ supply 32 and ground which applies a predetermined
      bias voltage to the bases of transistors .[.100.].  .Iadd.180.Iaddend.,
      182 via the center tap 207 of coupling transformer 208. The values of
      resistors 188, 210, 212, 201 and 203 and thermistor 214 are selected such
      that transistors 180, 182 are statically biased to their threshold of
      conductivity, that is, to a point where transistors 180, 182 are just
      turned "off."
PAR  The oppositely disposed terminals of the input winding 216 of transformers
      208 are connected to respective ones of the armatures 220 and 222 of third
      and fourth six position switches 224, 226, respectively. which are also
      ganged with switches 48 and 72. A conventional volume control network 230
      is connected across terminals 1c and 1d of switches 224, 226,
      respectively. Volume control network 230 includes input terminals 232
      which provide a means for connecting the power amplifier 18 to radio
      receiver output terminals (not shown) in conventional manner.
PAR  Similarly, a microphone 234 is connected across terminals 2c and 2d, there
      being a conventional load resistor 236 and volume control resistor 238
      connected therebetween as shown. Microphone 234 includes a momentary type
      "on-off" switch 240 connected in series therewith. Switch 240 is also
      provided with a second pair of normally open, momentary contacts 242 and a
      jumper 244 may be connected electrically in series therewith between the
      supply buss 36 and the armature 74 of switch 72 in the time constant
      circuit 14 and a jumper 245 connected between switch 226 terminal 2c and
      switch 226 terminal 2d for reasons to be explained below.
PAR  The output terminal 172 of second isolation amplifier 166 is connected to
      terminals 3c through 6c of switch 224 via a suitable load resistor 248,
      there being a capacitor 250 connected between terminals 3c through 6c and
      the supply buss 36 which removes or clips any spikes from the square wave
      signal generated in VFO 16 and prevents ringing. Terminals 2d through 6d
      switch 226 are connected directly to the supply buss 36.
PAR  The output terminals 260, 262 of auto transformer 194 are connected
      respectively to the bases 264, 266 of a second pair of diffused base power
      transistors 268, 270, respectively. Both power transistors 268 and 270
      have their collectors 271, 273, respectively, connected to ground and
      their emitters 275, 277, connected to opposite ones of the input terminals
      279, 281, of impedance matching transformer 272. Center tap 283 of output
      transformer 272 is connected to the B+ supply line 32 at 274 and the
      output terminals 276, 278 are connected to output terminals 280 of the
      siren circuit 10. It will again be observed that the interconnection of
      the second pair of power transistors 268, 270 enables them to operate in
      push-pull mode in synchronism with the operation of power transistors 180,
      182.
PAR  The B+ supply 32 for the siren circuit 10 includes an input terminal 282
      connected to any suitable source of positive potential such as a vehicle
      battery, a fuse 284 and "on-off" switch 286 connected in series therewith.
      An indicator light 288 is connected between "on-off" switch 286 and ground
      to indicate when the siren circuit has been turned "on." Also connected to
      "on-off" switch 286 are a pair of filter capacitors 290, 292 and a zener
      diode 293 having its anode connected to ground and its cathode connected
      to the positive buss 36. A ballast light 300 is connected electrically in
      series between the cathode of zener diode 293 and "on-off" switch 286 to
      provide better voltage regulation and overload protection of zener diode
      .[.243.]. .Iadd.293.Iaddend..
PAR  The operation of the electronic siren circuit 10 is as follows. Pulse train
      generator 12, as stated, is a multivibrator oscillator circuit. When
      armature 50 of switch 48 is in position 4a, 5a, or 6a, capacitors 52, 54,
      and 56, respectively, will be connected between the emitter of oscillator
      transistor 42 and the emitter of oscillator transistor 30. In this mode,
      the oscillator will generate a plurality of trains of recurring pulses
      appearing at output terminal 60 and shown, respectively, as wave forms
      A-1, A-2, and A-3 of FIG. 3. When switch 48 has its armature 50 in
      positions 1a, 2a, or 3a, the B+ supply voltage will be applied directly to
      the emitter of transistor 30 thereby biasing transistor 30 to an "on"
      condition. Because of the direct connection, transistor 30 will remain in
      this conductive state and pulse train generator 12 will produce a constant
      DC voltage at its output terminal 60.
PAR  When switch 72 has its armature 74 in positions 1b or 2b, DC supply 32
      potential will be applied directly to the base 99 of isolation transistor
      100 rendering this transistor non-conductive. When armature 74 of switch
      72 is in positions 3b, or 4b, capacitor 76 will be connected to the B+
      supply via resistor 90 and to the output terminal 60 of the pulse train
      generator 12 via resistor 70 and diode 68. Correspondingly, whenever the
      output from the pulse train generator 12 is at a high level, such as for
      example between time t.sub.0 and t.sub.1 in wave form A-1, or whenever
      oscillator transistor 42 is non-conductive as a result of transistor 30
      being locked in a conducting state, a reverse bias voltage will be applied
      to the cathode 69 of diode 68. Reverse biasing diode 68 in turn causes a
      charging current to pass through resistor 90 and into capacitor 76 thereby
      equalizing the voltage at the opposite terminals thereof and effectively
      removing any charge thereon. Conversely, whenever the wave form from pulse
      train generator circuit 12 is at a low level, such as for example between
      times t.sub.1  and t.sub.2 of wave form A-1, the capacitor 76 will begin
      to devolop a charge across its terminals. This charging action will
      correspondingly produce a negative exponential wave form having a
      predetermined time constant at output terminal 92. Since, as described
      above, pulse train generator 12 is rendered inactive and oscillator
      transistor 42 statically nonconductive when switch armature 50 is in the
      1a, 2a, and 3a positions, it will be seen that when switch 72 also has its
      armature 74 in the 1b, 2b, and 3b positions, the capacitor 76 will
      eventually become fully charged and the output signal appearing at output
      terminal 92 will be direct current voltage.
PAR  It will now be observed that when switch armature 74 is in the 3b position,
      manual closing of switch 86 will cause capacitor 76 to charge. Conversely,
      when switch 86 is opened, capacitor 76 will discharge through resistor 90.
      Thus, when switch armature 74 is in the 3b position, switch 86 provides a
      means for generating decreasing and increasing exponential voltage wave
      forms at terminal 92 each time it is closed and opened, respectively, with
      the time constant being determined by capacitor 76 and resistor 84.
PAR  When switch 72 has its armature 74 in the 4b and 5b positions and switch 48
      is in the 4a and 5a positions, respectively, capacitors 76 and 78 will be
      connected to the output terminal 60 of the pulse train generator 12 again
      through resistor 70 and diode 68. Pulse train generator 12 will be
      oscillating thereby generating the recurring pulse train signals A-1 or
      A-2, respectively. In this mode, the output signal appearing at terminal
      92 of the time constant circuit 14 will comprise a series of sequentially
      occurring increasing and decreasing exponential voltage waves having their
      time constant determined by capacitors 52, 54, and 76, 78, and resistors
      44 and 90, respectively and of different frequency, these being shown as
      wave forms B-1 and B-2 in FIG. 3.
PAR  When switch 72 has its armature 74 in the 6b position and switch 48 has its
      armature 50 in the 6a position, pulse train generator 12 will again
      generate a series of recurring pulse signals these being shown as wave
      form A-3 in FIG. 3. However, these signals are now applied through
      terminal 6b of switch 72 to the voltage divider resistors 80, 82.
      Correspondingly, there will be produced a voltage wave form B-3 which is
      itself a square wave.
PAR  The respective ones of the wave forms being generated at output terminal 92
      will be passed through and amplified by isolation transistor 100 and
      applied to the input terminal 164 of the VFO 16.
PAR  As stated above, the VFO 16 is a variable frequency, astable multivibrator
      circuit. The operation of this type of circuit is well known to those
      skilled in the art and it is sufficient to state that it will generate a
      square wave signal having a frequency which is directly proportional to
      the voltage applied to its input terminal 164. The value of the components
      of the VFO 16 are selected such that its signal frequency will be within
      the audio range for all values of voltage applied to its input terminal
      164 by the time constant circuit 14.
PAR  VFO 16 also includes a balance control 124. This balance control 124
      enables adjusting the symmetry of the square wave signal generated by the
      VFO circuit 16 whereby the square wave signal will be rendered perfectly
      symmetrical. Since the power efficiency of the power amplifier 18 will be
      diminished if the square wave signal generated thereby is not symmetrical,
      it will now be apparent that the balance control 124 provides a simple yet
      effective means for optimizing the power efficiency of the power amplifier
      18.
PAR  Similarly, the addition of the capacitor 160 connected across load resistor
      126 will reduce the switching time of the transistors 130, 134. This in
      turn reduces the amount of "rounding off" of the square wave produced by
      the VFO 16 and again contributes to the efficiency thereof. The output
      signal from the VFO circuit 16 will therefore be a variable frequency,
      constant power square wave signal having a frequency directly proportional
      to the voltage applied to the input terminal 164 thereof. This output
      signal will be either a constant frequency signal whenever switches 48 and
      72 have their armatures in the 1a, 2a, and 1b, 2b positions, respectively.
      This signal will be a manually controlled variable frequency signal when
      switches 48 and 72 have their armatures 50 and 74 in the 3a, 3b positions
      or switch 86 is manually operated. When switches 48 and 72 have their
      armatures 50 and 74 in the 4a, 5a, and 6a, and 4b, 5b, and 6b positions,
      respectively, the wave form appearing in the output terminal 92 will be
      the wave form B-1, B-2, or B-3 thereby causing the VFO circuit 16 to
      produce a variable frequency signal having frequency envelopes C-1, C-2,
      or C-3, (FIG. 3) respectively.
PAR  The amplifier 166 will amplify the output signal from the VFO 16 and apply
      this signal to the input winding 216 of coupling transformer 208 whenever
      switches 220 and 222 have their armatures 224, 226 in the 3c, 4c, 5c and
      6c, and 3d, 4d, 5d, and 6d positions, respectively. The voltage of the
      signal generated by the VFO circuit 16 will again be of constant power,
      and only the frequency thereof varies.
PAR  The magnitude of the signal from the VFO circuit 16 and isolation amplifier
      166 is sufficient .[.magnitude.]. to drive or bias power amplifier
      transistors 180 and 182 individually and alternately between fully
      saturated and fully "off" states. Power transistors .[.180, 182.].
      .Iadd.268, 270 .Iaddend.because they are diffused based transistors, will
      switch between their saturated and fully "off" condition with a minimum of
      "rounding off" of the wave fronts and thereby again adding to the
      efficiency of the circuit.
PAR  It will be observed that the biasing of transistors 268, 270 is effected by
      transistors 180, 182 by reason of their having their bases coupled
      directly to the output circuit of a respective one of transistors 180,
      182. Consequently, transistors 268, 270 are biased to either a conductive
      or a non-conductive state directly by the respective one of transistors
      180, 182. That is, transistors 268, 270 will be either conductive, when
      transistors 180, 182 are conductive, respectively, or will be
      non-conductive when transistors 180, 182 are nonconductive, respectively.
      Thus transistors 268, 270 are seen to be automatically biased or
      controlled by the transistors 180, 182.
PAR  When the siren 10 is operating in a siren mode, the signals applied to the
      bases 202, 204 of power transistors 180, 182 are of sufficient magnitude
      to drive the transistors 180, 182 between fully "off" and a saturated,
      fully "on" condition. Transistors 180, 182 will when saturated, drive
      transistors 268, 270 into saturation. When transistors 268, 270 are in a
      saturated, "on" condition they will experience a minimum of heat build up
      thereby enabling transistors 268 and 270 to be operated at substantially
      higher power levels than would be possible if they were operated in less
      than a saturated condition when conductive. Further, when transistors 180,
      182, 268, and 270 are being operated in a saturated state, it has been
      found that transistors 268, 270 will produce a significant amount of power
      gain despite the fact that they are connected in an emitter follower
      configuration.
PAR  When the power amplifier circuit 18 is being used to amplify a signal from
      a radio receiver means (not shown), or from microphone 234, it will be
      apparent that transistors 180, 182 and transistors 268, 270 must operate
      as relatively low distortion amplifier devices. Accordingly, when it is
      desired to use a power amplifier 18 as an audio amplifier for the radio or
      microphone signal, it is not possible to drive the transistors 180, 182,
      268 and 270 between fully "off" and fully "on," saturated states. Rather,
      transistors 180, 182 still operate to automatically bias the second pair
      of transistors 270, 272, but to a degree of conductivity less than or
      below their saturation levels. Specifically, an audio signal applied to
      the transistors 180, 182 from either the radio input terminals 232 or from
      the microphone 234 is maintained at a level substantially below that
      required to drive the first pair of transistors 180, 182 into saturation.
      Because transistors 180, 182 are biased to their threshold of conductivity
      as described above, and by reason of their connection in a push-pull
      configuration, they will be alternately and individually rendered
      conductive by alternately phased portions of the input signals from the
      radio input terminals 232 or microphone 234. Transistors 180, 182 will in
      turn render transistors 268, 270 alternately and individually conductive,
      respectively, but not saturated. Operating in this manner, it will be
      observed that each of the transistors 268, 270 will be operated for a 50
      percent or less duty cycle and, simultaneously, will operate with
      relatively low distortion. Correspondingly, these latter two transistors
      can be operated as audio amplifier components and at substantially higher
      power levels than would be possible were transistors 268, 270 statically
      biased in a conventional manner.
PAR  It should further be noted that diffused based transistors are primarily
      adapted for use as high power switching transistors which, as stated, are
      capable of switching between their fully saturated and fully "off"
      conditions with great speed and exhibit low heat build up when conducting
      in a saturated state. It is this characteristic of the diffused base
      transistor which renders it desirable for use in a high power, square wave
      amplifier. However, these same characteristics normally render a diffused
      based transistor unsuitable for use as an audio amplifier component since
      the load impedances used therewith to enable the highest power output from
      the transistor would cause the transistors to overheat and burn out in a
      very short period of time should the transistors be statically biased for
      operation in a linear region as is normally done when the device is used
      in an audio amplifier. However, in the present circuit, the
      interconnection of the two pairs of power transistors 180, 182 and 268,
      270, whereby the second pair of transistors 268, 270 are automatically
      biased by the first pair of transistors and whereby the second pair of
      transistors 268, 270 are rendered non-conductive for at least half of the
      time, enables the use of these transistors as audio amplifier components
      at high power levels and without the danger of transistors 268, 270 being
      over driven and burned out.
PAR  It should be noted that when jumpers 244 and 245 are installed in the
      circuit, the VFO circuit 16 will continue to operate and thereby produce a
      siren signal at the output terminal 280 of the power amplifier 18 even
      when switches 220, 222 have their armatures in the 2c and 2d positions,
      respectively. However, when the microphone switch 240 is closed, and
      correspondingly microphone terminals 242 are closed, the B+ potential will
      be applied directly to the base of isolation transistor 100 rendering it
      non-conductive. This in turn will cause full B+ potential to be applied to
      the bases 130, 134 of the VFO circuit 16 rendering it inactive. It can
      thus be seen that utilization of the jumpers 244, 245 will cause automatic
      turning "off" of the siren whenever the microphone switch 240 is depressed
      thereby permitting simultaneous use of both devices.
PAR  When an auxiliary siren circuit (not shown) is connected to auxiliary siren
      terminal 88, the interconnecting wires will generally possess a
      significant amount of reactance. This reactance would, in turn, normally
      result in degradation of the operation of VFO circuit 16 and possibly
      cause it to "run away." However, isolation amplifier 100 prevents this
      reactance from affecting the VFO circuit parameter.
PAR  It can thus be seen that the electronic siren circuit of the present
      invention, by providing means for rendering the square wave signal
      generated within the VFO circuit 16 perfectly symmetrical, by reason of
      the minimization of the "rounding off" of the square wave generated
      thereby, and the utilization of diffused base transistors in the power
      amplifier circuit produces an electronic siren circuit having a maximum
      power efficiency.
PAR  In a working model of an electronic siren circuit in accordance with the
      present invention, the following component values were used with resistors
      followed by an (*) having a 5 percent tolerance.
     RESISTORS                                                                 
     ______________________________________                                    
     34        10 K *        126         1.8 K *                               
     38        8.2 K         128         560                                   
     39        22 K          122         1.8 K                                 
     40        32 K          124 Pot.3                                         
     44        7.5 K *       140         22 K *                                
     70        3.3 K         142         22 K *                                
     80        18 K *        146         22 K *                                
     82        10 K *        148         22 K *                                
     84        2.2 K         188         1                                     
     90        47 K          212         47                                    
     102       4.7 K         230         1 K                                   
     118       390 *         236         560                                   
                             248         1.8 K                                 
     ______________________________________                                    
     POTENTIOMETERS                                                            
             124       500 ohms.                                               
             230       100                                                     
             238       350 (linear)                                            
     ______________________________________                                    
     CAPACITORS                                                                
     52     200 mfd, 10 volt                                                   
                            133      0.022 mfd                                 
     54     100 mfd, 10 volt                                                   
                            160      0.047 mfd                                 
     56     39 mfd, 10 volt 250      0.1 mfd                                   
     76     150 mfd, 10 volt                                                   
                            290      200 mfd, 15 volt                          
     78     4.7 mfd, 10 volt                                                   
                            292      200 mfd, 15 volt                          
     132    0.022 mfd                                                          
     ______________________________________                                    
     TRANSISTORS                                                               
     30, 42, 100, 112       2N4402                                             
     180, 182               TIP41                                              
     268, 270               CP2357                                             
     Amplifier 166          2N5307                                             
     ______________________________________                                    
     DIODES                                                                    
     69, 144, 150       IN 457                                                 
     293                IN 2030B (Zener)                                       
     ______________________________________                                    
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic siren the combination comprising:
PA1  a. means for selectively generating periodically occurring charging pulses
      at one of a plurality of predetermined repetition rates,
PA1  b. time constant determining means coupled to said pulse generating means
      for generating a corresponding plurality of repeating voltage wave forms
      in response to said charging pulses,
PA1  c. means coupled to said wave form generating means for generating a square
      wave signal having a frequency proportional to the instantaneous voltage
      of said voltage wave form,
PA1  d. a power output amplifier circuit including
PA2  1. a first pair of .[.diffused base.]. transistors connected in a push-pull
      circuit configuration,
PA2  2. first circuit means selectively coupling said first pair of transistors
      to said square wave generator for driving said first transistors
      individually and alternately into saturation in response to said square
      wave signal,
PA2  3. a second pair of .[.diffused base.].  transistors connected in a
      push-pull emitter follower configuration, .Iadd.said second pair of
      transistors being diffused base transistors, .Iaddend.
PA2  4. second circuit means coupling said second pair of transistors to said
      first pair of transistors for driving said second pair of transistors
      individually and alternately into saturation in synchronism with
      saturation of respective ones of said first pair of transistors, and
PA1  e. impedance matching means for coupling said second pair of transistors to
      a sound reproducing device.
NUM  2.
PAR  2. The combination of claim .[.2.]. .Iadd.1 .Iaddend.wherein said first
      circuit means includes means for applying said square wave signal to the
      bases of said first pair of transistors, said second circuit means is
      coupled to the bases of said second pair of transistors, said second
      circuit means includes an auto transformer having a pair of input
      terminals and a pair of output terminals, said first pair of transistors
      each having a similar one of their collector and emitter connected in
      common, and the other of their collector and emitter connected to said
      input terminals, respectively, said second pair of transistors having
      their bases connected individually to different ones of said output
      terminals.
NUM  3.
PAR  3. The combination of claim 1 further comprising means for generating a
      first audio signal, said first circuit means further including first
      switch means for selectively connecting said power output circuit to one
      of said square wave generators and said audio signal means, means for
      electrically biasing the transistors of said first pair of transistors to
      their threshold of conductivity whereby said first circuit means renders
      said first pair of transistors individually and alternately conductive in
      proportion to said first audio signal. .[.4. The combination of claim 3
      further comprising means for electrically biasing the transistors of said
      first pair of transistors to their threshold of conductivity, said first
      circuit means rendering said first pair of transistors individually and
      alternately conductive in proportion to said first and said second audio
PAR   signals in response thereto..]. 5. The combination of claim 3 wherein said
      second circuit means includes means for rendering said transistors of said
      second pair of transistors individually and alternately conductive in
      proportion to the degree of conductivity of said first pair of transistors
      when said output circuit is selectively connected to said audio signal
PAR   means. 6. The combination of claim 1 wherein said square wave generating
      means comprises an astable multivibrator circuit which includes a pair of
      switching transistors, said switching transistors each having a similar
      one of their collector and emitter connected in common, their bases
      coupled to said time constant determining means, and a pair of capacitors
      connecting the other of said collector and emitter of each said switching
      transistor to the base of the mutually opposite one of said switching
      transistors, the switching frequency of said multivibrator being
PAR   proportional to the voltage applied to said bases. 7. The combination of
      claim 6 wherein said multivibrator circuit includes an output circuit
      having a pulse-shaping means for increasing the switching speed of said
PAR   switching transistors. 8. The combination of claim 7 wherein said
      multivibrator further includes balancing means for rendering said square
PAR   wave symmetrical. 9. The combination of claim 8 wherein said balancing
      means includes a resistor and a potentiometer connected electrically in
      series with the collector-emitter circuit of one of said switching
PAR   transistors. 10. The combination of claim 9 wherein said pulse-shaping
      means is a capacitor connected electrically in series with the
PAR   collector-emitter circuit of the other of said switching transistors.
      11. The combination of claim 1 wherein said first circuit means includes
      means for electrically isolating said power output circuit and said
PAR   multivibrator circuit. 12. The combination of claim 11 wherein said
      isolating means comprises a Darlington amplifier circuit which includes an
PAR   input terminal coupled to said output circuit. 13. The combination of
      claim .[.18.]. .Iadd.11 .Iaddend.further comprising second isolating means
      for electrically isolating said square wave generating means from said
PAR   time constant determining means. 14. The combination of claim 13 wherein
      said second isolating means includes an isolation transistor having a
      base, and a collector-emitter circuit, said base being connected to said
      wave form generating means, said collector-emitter circuit being coupled
PAR   to said square wave generating means. 15. The combination of claim 1
      wherein said pulse generating means is a .[.second.]. multivibrator
PAR   oscillator. 16. The combination of claim 15 wherein said .[.second.].
      multivibrator oscillator includes a plurality of frequency determining
      elements and .[.second.]. switch means for selectively connecting a
      predetermined one of said frequency determining elements into said
      oscillator circuit thereby determining the switching frequency of said
PAR   multivibrator. 17. The combination of claim 16 wherein said selecting
PAR   means includes a multiple pole switch. 18. The combination of claim 16
PAR   wherein said frequency determining elements are capacitors. 19. The
      combination of claim 1 further comprising means for selectively disabling
      said pulse generating means and means coupled to said time constant
      determining means for manually generating a plurality of charging pulses,
      said time constant determing means being responsive to said manually
PAR   generated pulses to generate one of said wave forms. 20. The combination
      of claim 14 further comprising means for coupling an auxiliary siren
PAR   circuit to said time constant determining means. 21. The combination of
      claim 20 wherein said auxiliary siren connecting means is connected to
      said time constant determining means, said second isolating means being
      connected between said auxiliary siren connecting means and said square
PAR   wave generator. 22. For use in an electronic siren capable of producing
      selectively, audio and siren signals, a power output amplifier circuit
      including
PA1  a. a first pair of .[.diffused base.]. transistors connected in a push-pull
      amplifier circuit configuration having input and output circuits, means
      for selectively biasing said transistors to the threshold of conductivity
      whereby audio signals coupled to said input circuit renders said
      transistors alternately conductive in proportion to the amplitude thereof,
PA1  b. a second pair of .[.diffused base.]. transistors connected in a
      push-pull emitter-follower amplifier configuration having input and output
      circuits, .Iadd.said second pair of transistors being diffused base
      transistors, .Iaddend.means coupling the first-mentioned output circuit to
      the second-mentioned input circuit for driving said second pair of
      transistors alternately into saturation in synchronism with saturation of
      respective ones of said first pair of transistors,
PA1  c. impedance-matching means for coupling said second pair of transistors to
      a sound producing device, said impedance matching means having input and
      output circuits the input circuit of which being connected across the
      emitters of said second transistors, the last-mentioned input circuit
PAR   having an impedance appearing across said emitters. 23. The circuitry of
      claim 22 wherein said coupling means includes an auto transformer having a
      pair of input terminals and a pair of output terminals, said first pair of
      transistors each having a similar one of the collectors and emitters
      connected in common and the other connected to said input terminals,
      respectively, said second pair of transistors having the bases thereof
      connected respectively individually to different ones of said output
PAR   terminals. 24. The circuitry of claim 23 in which the emitters of said
      first transistors are connected in common and the collectors thereof are
      connected, respectively, to said input terminals, said impedance-matching
      means including a transformer having primary and secondary windings, the
      primary winding being connected between the emitters of the second
      transistors, a source of voltage connected between the center of said
PAR   primary winding and the collectors of said second transistors. 25. The
      circuitry of claim 24 including a square-wave generator and a source of
      audio signals selectively coupled to said input circuit of the
      first-mentioned amplifier and switch means for selecting which of said
      generator or source is applied to said first mentioned input circuit.
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ABST
PAL  This invention relates to a device to be worn around a person's midsection
      for protecting areas of the rib cage, solar plexus and adjacent areas. The
      device is useful particularly when one engages in various contact sports
      such as karate, boxing and the like. The device comprises wrap-around
      means made of a tough outer casing with resilient foam means therein, is
      designed to be detachably retained snugly around the body, and is easily
      put on or taken off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a protective device adapted to be worn by a
      person and to protect areas of the rib cage, solar plexus and adjacent
      areas. In particular, the device of the invention is adapted to be worn
      when one is engaging in various contact sports such as karate, boxing,
      etc. Depending on the type of contact sport, during training and in
      organized competition, various blows can be and are directed towards an
      opponent's body using the hands, fists or feet. The blows are often
      directed towards the front of the opponent's body and injuries thereto can
      result. The present invention provides a novel protective device adapted
      to aid in the prevention of injuries to the rib cage areas of the body.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a novel protective device
      adapted to be worn around the midsection of a person during engagement in
      contact sports such as karate, boxing, and the like, which is designed to
      protect the rib cage areas, solar plexus of the wearer and which can be
      easily put on and taken off.
PAR  Another object of this invention is to provide a novel protective device of
      simplified construction, which is relatively ineexpensive, and which will
      reduce injuries to the rib cage area of the wearer while engaging in the
      sports aforementioned.
PAR  Another object of the invention is to provide a novel protective device to
      be worn by a person around the body in the area of the rib cage, which is
      not restrictive to the wearer's movements while engaging in the sports
      aforementioned.
PAR  A further object of the invention is to provide a protective device
      containing novel fastening means for retaining the device snugly around a
      person's midsection.
PAR  Generally, the protective device comprises a resilient material having a
      tough, outer coating, preferably of plastic which is shaped and adapted to
      be worn and generally to cover and to encircle the rib cage and adjacent
      areas of a person's body. The device is designed to allow flexibility when
      worn, i.e., permit normal movements of the arms, waist and body. The
      device is detachably secured around the waist by strap means.
DRWD
PAR  Other features and advantages of the invention will become apparent from
      the following description of a specific embodiment of the device taken in
      connection with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the device as worn by a person;
PAR  FIG. 2 is a rear elevational view of the device as worn by a person
      disclosing the manner in which it is secured around the body of the
      person;
PAR  FIG. 3 is a rear perspective view, not worn, showing particularly the upper
      configuration of the device, and disclosing details of the fastening
      means;
PAR  FIG. 4 is a perspective view of one side of the device showing the details
      of the fastening means as they are fastened when worn; and
PAR  FIG. 5 is a rear perspective view of the device opposite that shown in FIG.
      3 showing its bottom configuration.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The embodiment of the invention disclosed in the drawing comprises a device
      generally indicated by the numeral 10. The device, preferably unitary, is
      formed or molded from a suitable resilient material 12 capable of
      absorbing energy, such as plastic, i.e., polystyrene or polyurethane foam,
      or a rubber foam, and the like. A suitable surface coating or casing 14,
      preferably smooth, covers the entire resilient material throughout, and
      which is a tough, pliable, tear resistant material, preferably of a
      suitable plastic material, or the like. The coating 14 can be formed
      during heating or molding of the resilient foam material to produce a
      fused coating thereon. Alternatively, the surface coating 14 can be
      applied on the resilient material by dipping or by applying and securing a
      coating of a suitable plastic material or the like. Materials of plastic
      are preferred for the coating since there are available on the market many
      tough, rugged, pliable materials such as polyvinylchloride, etc. However,
      it is also contemplated within the concept of thee invention that suitable
      rugged leather or fabric materials, and the like, can be secured to the
      resilient material and used to cover the resilient material. The coating
      or casing used should provide a flexible, tough covering which is
      resistant to tearing or abrasion.
PAR  The device generally comprises a flat member 10 about an inch or more in
      thickness capable of being flexed and worn around the body of the wearer.
      It generally has a contoured upper edge 16, a contoured lower edge 18, and
      end parts 20 and 22.
PAR  At the midsection of the device, the upper edge 16 is contoured upwardly at
      24 and the lower edge 18 is contoured a lesser amount downwardly at 26.
      The contoured portions 24 and 26 are adapted to protect most of the front
      part of a person's rib cage, as well as the solar plexus area and a part
      of the stomach. The upper edge 16 has downward contoured portions 28 and
      30 (FIGS. 3 and 4) adapted to fit around the sides and under the arms of a
      person without restricting movements of the arms. The upper edge 16
      terminates at both ends 20 and 22 with slightly upwardly contoured
      portions 32 and 34, respectively. The lower edge 18 has upwardly contoured
      portions 36 and 38 (FIG. 5) adapted to fit over and around the hip bones
      of a person. The lower edge 18 terminates at both ends 20 and 22 with
      downwardly contoured portions 40 and 42, respectively.
PAR  The end portions of the device comprise reinforced holes adapted to contain
      fastening means, such as a strap, to enable the device to be secured
      around the body when it is to be worn. Near end 20, there are disposed
      vertically spaced holes 44 and 46, and similarly near end 22 there are
      disposed vertically spaced holes 48 and 50. At a midsection of the device
      between upper edge portion 30 and lower edge portion 38 there is provided
      a pair of horizontally spaced, side-by-side holes 52 and 54. Hole 54 is
      provided with a tongue portion 56 therein.
PAR  An elastic, continuous strap 58 is adapted to be disposed within holes 44,
      46, 48 and 50 when the device is not fastened on the body of the wearer.
      AS shown, the strap passes on the outside of the device between holes 44
      and 46, between the two ends 20 and 22 and on the inside of the device
      between holes 48 and 50. As shown in FIGS. 3 and 5, the strap when not
      worn is disposed only within holes 44, 46, 48 and 50. Holes, such as 70
      and 72, can bee provided in the body of the device for ventilation
      purposes.
PAR  When the device is to be worn, the person steps into the device and pulls
      it up around his body to the position shown in FIG. 1. It is tightened and
      secured snugly around the body by pulling portion 60 of the strap along
      the inner part of the device into hole 56 to the outside of the device and
      into hole 54 around tongue 56. Because the fastening strap is elastic, the
      device is capable of being worn by persons having various waist sizes. The
      device is easily removed from a person's body by releasing the strap from
      tongue 56 pushing the device down on the body and stepping out of it.
PAR  As worn and in use, the device 10 protects most of the front rib cage,
      solar plexus, part of the stomach and both sides under the arms of a
      person. The construction of the device permits normal body movements of
      the wearer without restriction thereof. When engaging in sports such as
      boxing or karate, it protects contestants from injury during training and
      actual contests.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A protective device for use in athletic contests adapted to be worn
      around a person's waist for protecting the rib cage and adjacent areas
      comprising a generally rectangular flexible flat member having casing
      means with resilient foam means disposed therein, said member having
      contoured upper and lower edges and identical first and second end
      sections, said upper edge being contoured downwardly from each end section
      and then upwardly to define an upwardly extending midsection of said upper
      edge, said lower edge being contoured upwardly from each end section and
      then downwardly to define a downwardly extending midsection of said lower
      edge, vertically disposed holes in each of said end sections, a pair of
      horizontal holes disposed between said upper and lower edges adjacent said
      first end section vertical holes, fastening means in one of said
      horizontal holes, strap means disposed through said vertical holes in said
      end sections adapted to retain said device in a tubularly disposed shape
      with said end sections adjacent and separated, said strap means passing
      through said vertical holes and adapted to be movable through at least
      said first end section vertical holes, whereby when said device is being
      worn around a person's midsection a portion of said strap means between
      said first end section vertical holes can be pulled through one horizontal
      hole and into the second horizontal hole and fastened therein to thereby
      pull said adjacent end sections closer together and to thereby snugly
      secure said device around a person's waist.
NUM  2.
PAR  2. The device of claim 1 wherein said casing comprises a molded plastic
      material and said resilient means are plastic foam means.
NUM  3.
PAR  3. The device of claim 1 wherein said fastening means in said horizontal
      hole are tongue means.
NUM  4.
PAR  4. The device of claim 1 wherein said device contains hole means in the
      body thereof for ventilating purposes.
NUM  5.
PAR  5. The device of claim 1 wherein said strap means are endless strap means.
NUM  6.
PAR  6. The device of claim 1 wherein said strap means are elastic.
NUM  7.
PAR  7. The device of claim 1 wherein said strap means are continuous.
NUM  8.
PAR  8. The device of claim 1 wherein said casing means is a coating of a
      plastic material.
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ABST
PAL  A lightweight protective garment is provided for skaters, skiers, and the
      like, to reduce the injury from a fall. The garment is worn over the torso
      primarily to cover the area of the lower back, upper back and arms. The
      fabric of the garment by itself has no impact protective function but
      serves simply to provide a base on which protective cushioning members are
      attached in such a way as to absorb a portion of the impact of a fall. The
      cushioning members are preferably in the form of resilient foamed plastic
      cylinders disposed exteriorly of the garment over selected areas of the
      body which are generally impacted most frequently such as the lower back,
      the trochanter region, the shoulders and the rear surfaces of the arms. In
      a preferred embodiment of the invention the cushoining members are
      removably affixed to the garment and a cover is provided over the
      cushioning members so that the garment appears to be conventional.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved athletic protective garment for use
      by participants in sports where falls on a hard surface are common. It is
      more particularly directed to an outer garment to absorb the brunt of the
      inpact of a skater's or skier's fall.
PAR  It is well known that ice hockey requires hard body contact on the part of
      the participants, buth with one another and the ice surface. Some forms of
      roller skating competition make analogous demands on the participants.
      Other contact sports such as football make similar demands and protective
      padding is used under the uniforms worn by football and hockey players.
      Though numerous forms of protective padding have been devised for these
      players over the past several decades, it is noteworthy that all these
      designs are variations of the basic concept of disposing a pad over the
      part to be protected and fixedly locating the pad by strapping it to the
      torso. Having decided that a protective pad is to be strapped to the torso
      the problem was to devise a system of plural pads which permitted freedom
      of movement without sacrificing the basic protection desired. Thus it is
      not too surprising that protective padding for hockey players and football
      players bear more structural resemblances than disimilarities, and that
      this protective padding is notably effective.
PAR  However, not all skaters feel compelled to wear a hockey uniform when they
      skate, nor do all skaters play ice hockey. Just as pertinent, if not more
      so, is the fact that most skaters feel unduly conspicuous, if not
      constricted, when clad in heavy protective padding. Yet it is most
      desirable that all skaters be afforded some protection from bruising
      encounters with the ice surface. Figure skaters, ice dancers and the like,
      routinely risk injury because they feel unduly hampered by conventional
      protective padding. Advanced skaters have learned to fall, meaning, of
      course, that by dint of having experienced uncounted falls, they
      instinctively minimize the consequences of a fall. Moreoever, advanced
      skaters have usually become accustomed to falling since early childhood
      and are psychologically conditioned quite differently from skaters who
      commence the sport at a later age. Nonskating adults are so conditioned to
      fear a fall that the inevitable fall may have serious consequences, both
      physical and mental.
PAR  The protective garment of this invention is specifically constructed for
      skaters or skiers likely to fall on any hard surface, for the particular
      purpose of softening the impact of a fall and reducing injury caused by
      it. Though it will be immediately apparent that a skating surface is hard,
      it is not quite so apparent that a ski slope of packed snow can offer a
      degree of impact resistance comparable with that of ice or wood. Thus a
      fall on packed snow, particularly at relatively high speed, can be as
      bruising as a fall on ice. Moreover, ski slopes commonly include icy
      patches which present a difficult problem, and on which a fall can, and
      often does, result in serious injury. Thus, the garment of this invention
      may be adapted for use by skiers, the main difference being that, the
      skier's protective garment may have significant heat insulating
      characteristics to conserve body heat. Hereafter, for simplicity, we shall
      refer to the garment of this invention as a skater's jacket.
PAR  It should be noted in passing that there presently are available several
      forms of padding such as are used for protection of an ice-hockey
      goaltender, which would afford any skater adequate protection on the ice.
      For example, a skater whose torso is encased in padding such as described
      in U.S. Pat. No. 3,877,077 need not fear a fall. On the other hand, a
      skater wearing such padding on his legs, around his arms and over his
      upper and lower back areas, would have seriously restricted mobility and
      freedom of movement. Similarly a skater wearing a heavy leather jacket
      interiorly lined with a thick layer of a plastic foam of synthetic
      resinous material may also be afforded an adequate degree of protection,
      except that such a jacket would be highly insulating and most
      uncomfortable. As is well-known, skaters generate considerable body heat,
      and particularly in an indoor skating rink, heavy clothing can become
      oppressive. Thus it will be apparent that it is not sufficient that the
      skater be adequately protected from serious injury due to a fall, but that
      the skater also be permitted full freedom of movement while so protected.
PAR  Finally it is important that a skater wearing protective equipment feel
      comfortably inconspicuous. It is unnecessary to dwell upon the
      undesirability of a skier or figure skater practicing in the garb of a
      quarterback wearing goalie's pads. Even this combination, farfetched
      though it may be, would provide inadequate protection for the upper back
      region and the region immediately below the trochanter along the exterior
      sides of the upper femur.
PAR  Interestingly, injuries in free skating, figure skating, ice dancing, and
      roller skating are most frequent in the area of the lower back, the arms
      and the region immediately above and below the trochanter. Head injuries
      are infrequent except among the most inexperienced skaters, and it is
      unusual for skaters other than ice hockey players to wear helmets. To date
      there is no protective garment available for a skater, which garment may
      be worn over street clothes in a simple and inconspicuous manner.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of this invention to provide an impact
      absorbing jacket of the type which can be releasably fastened over the
      torso of a sport participant such as a skater, to reduce the injury due to
      a fall; which is moderately priced; which is easily tailored to users of
      various sizes, athletic ability and tolerance of falls; which is easy to
      clean; which is a dual-purpose garment usable on the street and also for
      sports because of the ease with which it can be assembled or disassembled
      for one use or the other.
PAR  It is also a general object of this invention to use a conventionally made
      jacket of a lightweight, yieldable fabric as a base on which impact
      absorbing cushioning means are non-rotatably affixed in a minor portion of
      the exterior surface of the jacket.
PAR  It is a specific object of this invention to provide a skater's jacket
      having a washable lightweight cotton or nylon main body portion arranged
      to cover the skater's body from his neck about down to his thighs, and
      including elongated cushioning members exteriorly disposed on the main
      body at regions most generally impacted when the skater falls. The main
      body portion includes a vest section and sleeve sections sewn to the vest
      section. The cushioning members are attached to the rear and sides of the
      sleeve sections, to the exterior rear of the vest section, and to the
      lower exterior sides of the vest section.
PAR  It is a further specific object of this invention to provide removable
      cushioning members exteriorly disposed on impact areas of a skater's
      jacket.
PAR  It is yet a further specific object of this invention to provide plural
      cylindrical, flexible, resilient foamed plastic cushioning members, each
      member in generally parallel relationship laterally spaced apart from a
      next adjacent member at a distance equal to or less than the diameter of
      each member to dissipate the impact of a fall.
PAR  It is also another specific object of this invention to provide an
      impact-absorbing skater's jacket which may be laundered when the
      cushioning members are removed, and which may be worn as a conventional
      jacket when protection against a fall is not wanted.
PAR  It is a further specific object of this invention to provide an assembly of
      plural ribs sheathed in parallel spaced apart relationship and fastening
      means for removably securing the assembly to a jacket at locations likely
      to be impacted in a fall.
PAR  It is still another specific object of this invention to provide a fabric
      sheath removably disposed over cushioning members exteriorly disposed on a
      minor portion of the area of a skater's jacket, so that the fabric sheath
      substantially obscures the presence of the cushioning members from a
      casual observer.
PAR  These and other objects and advantages of this invention will become
      apparent to those skilled in the art from the following description of
      preferred forms thereof, and the illustrations set forth herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation perspective view illustrating a skater's jacket
      to which plural elongated cushioning members are fastened.
PAR  FIG. 2 is a rear elevation perspective view illustrating the back of the
      skater's jacket, shown in FIG. 1, and plural elongated cushioning members
      or ribs fastened to the back with narrow strips sewn to base fabric of the
      jacket.
PAR  FIG. 3 is a horizontal section along the line 3--3 of FIG. 2 of an
      embodiment wherein the narrow strips are replaced with a sheath which
      individually sheaths each rib.
PAR  FIG. 4 is a horizontal section of another embodiment wherein plural ribs
      fastened individually with narrow strips are covered with a sheath.
PAR  FIB. 5 is a front perspective view of a sleeve portion of the skater's
      jacket showing cushioning members in spaced apart end-to-end relationship
      at the elbow, to permit ease of bending the arm.
PAR  FIG. 6 is a horizontal section of still another embodiment of an assembly
      of plural ribs individually sheathed between upper and lower pieces of
      yieldable fabric, and provided with means for removably fastening the
      assembly upon a preselected portion of a skater's jacket.
PAR  In the figures of the drawings, like reference numerals are used to denote
      like parts.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
PAR  As has been stated hereinabove it is apparent that sufficient protection
      can be afforded a skater simply by encasing him in a sufficiently large
      mass of resilient impact absorbing material. Since this would interfere
      with the skater's ability to skate, it is impractical. A preferred
      embodiment of a practical impact-absorbing garment is illustrated in FIG.
      1 of the accompanying drawings wherein is shown a skater's jacket having
      an upper body portion, indicated generally by the reference numeral 10, to
      cover the upper body of the wearer, namely the torso and arms. The upper
      body portion 10 includes arm portions indicated generally at 11 and 12,
      and a vest portion indicated generally at 13. The upper body portion 10 is
      preferably made from an yieldable, lightweight fabric. By yieldable I
      refer to a fabric which offers substantially no resistance to deformation
      such as is characteristic of a fabric for a garment used in a conventional
      manner. For example the wearer of the upper body portion 10 can easily
      bend his arms in the arm sections 11 or 12. By lightweight I refer to
      fabric which weighs less than 7.5 ounces per square yard, and exclude
      fabrics which have resistance to penetration by projectiles, fabrics for
      underwater suits, fire fighting suits and the like.
PAR  It might be mentioned here that the garment of this invention has no
      efficacy for any of these aforementioned purposes namely bullet protection
      or fire protection and will not support a non-swimmer on water. Its sole
      purpose is as a jacket to lessen the impact of a skater's or skier's fall.
PAR  A preferred fabric for the upper body portion 10 is cotton, wool or a
      synthetic resinuous nonabsorbent monofilament fiber such as are commonly
      available as polyesters, polyacrylonitriles, nylon and the like. Preferred
      fabrics are of mixtures of cotton with wool or with synthetic fibers so
      that the upper body portion of the jacket is characteristically durable,
      yet comfortable and notably free-breathing.
PAR  Where the upper body portion is to be worn by a skater in an indoor rink it
      may be desirable to use a lightweight fabric such as duck, consisting of
      100% cotton and weighing about 5 or 6 ounces per square yard. Where the
      upper body portion is required to have significant insulation against
      cold, as in a skier's jacket, quilted nylon fabric may be used, or a
      layered fabric having mixed natural and synthetic fibers. The upper body
      portion may be, and generally is made in the same way, and from the same
      fabric, as is conventionally used for a jacket designed for use in the
      particular sport, whether it be skiing or any form of skating. Typically
      the arm portions 11 and 12 are sewn to the vest portion 13, at seams 14
      and 15, and the arm and vest portions are formed from the same fabric.
      Whatever the lightweight, yieldable fabric chosen, whether cotton, wool,
      polyester, nylon or the like, it is essential for skating that the fabric
      be a porous woven fabric which breathes. Characteristically the fabric has
      essentially no cushioning effect against a blow, either from a fist or
      from a fall against a hard surface, and thus affords no substantial
      protection against impact for a body clad in the fabric.
PAR  The arm portions 11 and 12 cover the right and left arms of the wearer from
      the shoulder to the wrist, and may be fabricated in any known manner such
      as used to provide sleeves for garments of the jacket types conventionally
      used by sports participants. Because of the frequency of impact, it is
      critical that each arm portion carries, in the rear region thereof and
      exteriorly disposed thereupon, plural elongated compressible, flexible
      ribs or cushioning means, 21, hereinafter referred to simply as ribs,
      running from the shoulder to below the elbow, in generally parallel spaced
      apart relationship. The ribs are flexible and resilient so that not only
      the ribs, but also the fabric to which they are fastened, may be easily
      flexed in response to articulation of the elbow, without substantially
      natural arm movement.
PAR  The material from which the ribs 21 are formed is not critical provided it
      provides adequate cushioning capacity with a relatively small mass. Rubber
      tubing having a sufficient wall thickness, such as common garden watering
      hose, provides adequate cushioning but is typically so heavy as to be
      undesirable. Felt and cotton padding have been used in prior art
      protective clothes, but are inadequate, because of too slow a recovery,
      and too much weight. Preferred materials for the ribs 21 are flexible,
      resilient, foamed synthetic resinous materials such as are currently
      designated as foamed polyurethanes, foamed polylactam, foamed low density
      polyethylene and the like, characterized by relative ease of compression,
      great resilience and good elastic memory. These materials are also
      referred to as semi-rigid foamed plastics. Particularly preferred is a
      foam vinyl plastic formed from polyvinylchloride sponge having a closed or
      unicellular structure, or a foam polyurethane, polyethylene or polystyrene
      which have a characteristic slow rebound after impact because of their
      unicellular structure. The bulk density of a preferred material is in the
      range from about 5 lbs/ft.sup.3 to about 15 lbs/ft.sup.3, the lighter
      foams being preferred if they have the desired cushioning ability.
      Typically, a 1 inch diameter cylinder of such a foam plastic can be
      diametrically compressed, between the fingers of a man's hand, in the
      range from about 4 mm. to about 10 mm.
PAR  Though the shape of the cross section and the dimensions of each rib are
      not critical, it will be apparent that the smaller the effective diameter
      of each rib, the less conspicuous will be the ribs, and the more pleasing
      will be the appearance of the jacket. Thus it is more desirable to have
      many ribs of relatively smaller cross-section than two or three ribs of
      relatively large cross-section. Though the cross-section may be arbitrary
      it will be apparent that conveniently extruded cross-sectional shapes are
      preferred, such as cylindrical or elliptical, or half sections of these
      shapes. Most preferred is a cylindrical shape because compressible
      cylindrical ribs lend themselves to being positioned in such a manner as
      to absorb and distribute an impacting force to proximally adjacent ribs
      with a minimum of mass.
PAR  It will be evident that the mass of the wearer, the degree of encumbrance
      to be endured, the expected force of impact in a particular sporting
      activity, and the degree of protection sought under that impact, will
      determine the size of the ribs and their spacing. Clearly, a few
      small-diameter relatively distally spaced apart ribs will provide a child
      more protection than an adult. Thus, for an adult, though small diameter
      ribs less than 1 cm. in nominal diameter may afford some protection, if
      sufficiently closely spaced as will be described hereinafter. it is
      preferred to use ribs having a nominal diameter from about 1.25 cms. to
      about 5.0 cms. It will be recognized that, from a practical point of view,
      it is desirable to use the least number of ribs, of as small a diamter as
      is consistent with providing adequate protection, without sacrificing
      overall appearance. The most preferred diameter is in the range from about
      1.25 cms. to about 3.75 cms.
PAR  Each rib 21 is fastened to the exterior of the arm portions 11 and 12 by
      fastening means 22 which will secure and maintain the ribs in position
      even after a fall. Typically, fastening means 22 may be a narrow strip of
      material provided with spaced vertical lines of stitching (not shown)
      which form spaced vrtically extending loops of prederermined size each
      adapted to snugly secure an individual rib which is compressed thereby.
      The ribs are inserted into and removed from the loops by compressing them
      manually between the fingers. The precise number of ribs used will depend
      upon the size of the ribs and the areas to be protected. Typically each
      rib 21 on an arm portion extends from the shoulder to below the elbow,
      preferably down to the wrist, as shown in FIG. 1, and the front area of
      the arm portion is not protected. The unprotected area lies, approximately
      along the pronator teres muscle, on either side of a direct line from the
      base of the thumb on the shoulder, when the arm is extended. This front
      vertical portion of the arm is least likely to be impacted in a fall and
      coincidentally, the absence of ribs here, facilitates the free flexure of
      the arm. The remainder of each arm portion is covered with the flexible
      ribs to provide protection, both for the upper and lower arms, at all
      points likely to be impacted.
PAR  The precise form of fastening means is not critical, and it is preferred
      that the fastening means be adapted to removably secure the flexible ribs,
      either individually or as an assembly of plural ribs, as will be described
      in more detail hereinafter.
PAR  The vest portion 13 has a neck opening 23 and is split down the front from
      the neck opening to near the bottom of the vest portion, marginal edges 24
      and 25 of the split being provided with releasable fastening means 26 to
      open and close the split. Typically, a slide fastener means or zipper is
      provided to allow the upper body portion to be placed about the arms and
      shoulder, with the split open, thus clothing the upper body of the wearer,
      and then to secure the upper body portion in position.
PAR  The vest portion is of sufficient length to cover the buttocks of the
      wearer in the rear, and extends to the front to cover the upper thighs.
      The front of the vest portion is unprotected against impact, and
      essentially free of ribs except for generally vertical short ribs (shown
      in FIG. 1) near the edges of the pelvic bone, also known as the trochanter
      region. Additional vertical short ribs 31 extend exteriorly in generally
      laterally spaced apart relationship over the remaining lower portion of
      the vest as illustrated in FIG. 2 as will be described hereinafter. The
      lower back, sacrum and seat regions, and particularly the trochanter
      region, of the wearer are thus protected in most falls.
PAR  It will be evident that some impact protection, no matter how small, may be
      derived from very few ribs irrespective of their spacing. It is found
      however, that superior protection is obtained when the ribs are laterally
      spaced apart in generally parallel relationship at a distance less than
      the diameter of a rib, assuming the ribs 31 are of the same diameter. In
      other words a desirable rib spacing is about the width of a rib, or the
      spacing between longitudinal axes of adjacent ribs is twice the diameter
      of a rib. For cushioning material which is relatively more compressible, a
      more preferred rib spacing is less than about half the width of a rib, or
      the spacing between longitudinal axes of adjacent ribs is less than the
      diameter of a rib. In this relatively closely spaced position, upon inpact
      from a fall, the directly compressed ribs absorb and distribute the
      impacting force to adjacent ribs. During impact, plural ribs are then
      simultaneously compressed so as to circumferentially touch a next adjacent
      impacted ring if the impact is sufficiently large. The rib spacing on the
      arm portions 11 and 12 may be the same as the rib spacing on the vest
      portion 13, or different, depending upon the protection desired and the
      cushioning materials used.
PAR  The back of the vest portion covers the upper back, waist, lower back and
      seat regions of the wearer, as is illustrated in FIG. 2. The back of the
      vest portion, like the front, carries no ribs in the waist area. This
      permits freedom of movement for bending at the waist, so essential to
      sports participants. The upper back portion of the vest portion, that is
      the area between the shoulders and extending from the neck to the bottom
      of the rear of the rib cage is also provided with elongated cushioning
      members or ribs, referred to as long ribs 32, fastened to the exterior of
      the upper back portion with a sheath fastening means 41 described more
      fully hereinbelow. The long ribs 32 are referred to as long ribs because
      they are generally longer than the ribs 31, though it will be apparent
      there is nothing critical about the relative lengths of the ribs 31 and
      32.
PAR  It will also be apparent that the ribs 21 on the arm sections will
      generally be longer than either ribs 31 or 32. If desired, greater freedom
      of elbow articulation may be obtained by substituting ribs 34 and 35 as
      shown in FIG. 5, and fastening them to the exterior of the arm portions
      with narrow strips 36. Ribs 34 and 35 are placed in adjacent end-to-end
      relationship with each other but are not necessarily longitudinally
      aligned. A slight space is provided between the adjacent ends of ribs 34
      and 35 to minimize the effort required to articulate the elbow.
PAR  The fastening means 36, like fastening means 22, may be a strip of fabric
      sewn to the fabric of the arm portions 11 and 12 at predetermined spacings
      so as to leave loops under which the ribs 34 and 35 may be snugly
      accomodated. The loops may be half-pipe folds, more or less, to accomodate
      either a cylindrical, or semicylindrical rib. Clearly the shape the loops
      acquire will depend at least in some measure upon the cross-section of the
      ribs, and the shape of a loop holding a rib is not critical so long as the
      ribs are held securely to the fabric. It is preferred to sew several
      fastening strips 36, preferably with double-sewn seams 37 to secure the
      ribs, and the strips are spaced in substantially parallel rows to provide
      vertically aligned loops running in spaced relation around the arm
      portions, the lower vest portion, and across the upper back of the vest
      portion. Similar fabric strip fastening means may be used to secure the
      ribs 21, 31 and 32.
PAR  Since the ribs are manually compressible, and the fabric of the upper body
      portion 10 is yieldable and not rigid, the fabric strip fastening means 36
      may be made from a substantially non-stretchable material. If desired,
      however, a stretchable fabric strip fastening means 22 may be used. Any
      elastic fabric material such as the woven synthetic fiber materials known
      as Spandex, Lycra, and the like, may be used. Such elastic fabric strip
      fastening means are particularly suitable for interchanging ribs of
      varying diameter and for relatively closely spaced ribs of relatively
      easily compressible foamed plastic material. As illustrated in FIGS. 3 and
      5, the ribs may be spaced so as to leave a space of about a rib diameter d
      between the ribs. Too great a rib spacing does not distribute the force of
      an impact on enough ribs, and too close a spacing interferes with the
      comfort of the jacket, not to mention increasing its cost unnecessarily.
      When several ribs which are spaced slightly less than one diameter apart
      in generally parallel relationship longitudinally, are impacted, they are
      compressed into tangentially abutting relationship with each other at the
      point of inpact, and thus efficiently absorb and distribute the force of
      the impact.
PAR  The ribs secured as described above provide effective protection and yet
      are easily removed manually when the upper body portion is to be washed or
      dry-cleaned. This ease of removal of the ribs is especially important
      because foam plastic ribs do not lend themselves to each washing or
      dry-cleaning with solvents. Ribs secured in the manner described above are
      readily visible, and it may be desired to blend them more effectively into
      the background of the fabric of the upper body portion. It is desirable
      that ribs removably fastened as described, by inserting each rib through
      aligned passages provided by the loops, be suitably colored to provide a
      pleasing visual appearance on the fabric of the upper body portion.
PAR  Since it is inconvenient and generally difficult to color and dye foam
      plastic ribs, it is sometimes preferred to provide a snugly fitting sheath
      41, as shown on the long ribs 32 on the upppr back of the vest portion,
      and in FIG. 3. The sheath 41 is made from the same fabric used to
      fabricate the upper body portion and snugly sheathes individual ribs over
      their entire length. Though the outlines of the ribs are still
      discernible, they are less noticeable when sheathed with the same fabric
      than they would be when secured with a different fabric or with strip
      fastening means 22 and 36 illustrated in FIGS. 1 and 5. The sheath 41 is
      placed to overlie the fabric material of the upper body portion 10, over a
      preselected area, and parallel seams 42 are sewn, preferably reinforced in
      any conventional manner for strength, spaced apart at a preselected
      distance about one rib diameter apart, so as to provide pleats having
      passages which will snugly accommodate individual ribs which are inserted
      therein. If relatively easily compressible ribs are used it is preferred
      that the fabric of the sheath 41 be relatively non-stretchable, so that
      upon impact, the sheath 41 resists radially outward distortion of
      individual ribs.
PAR  The ribbed look, as shown in FIG. 3, of ribs sheathed in the same fabric as
      the upper body portion, may be counteracted, as shown in FIG. 4, by
      sheathing a plurality of ribs which are already secured to the fabric of
      the upper body portion with strip fastening means 22 or 36 as shown in
      FIGS. 1 and 5. The upper back of the vest portion and the row of ribs
      partially encircling the lower back and seat region of the vest portion,
      are particularly well-suited for being sheathed with a sheath which covers
      but does not secure the ribs. Referring now to FIG. 4, there is shown a
      cross-section view, with a portion broken away, of such a sheath if it
      covered the upper back of the vest portion shown in FIG. 2. Plural long
      ribs 32 are individually secured by a fabric strip 33 sewn to the fabric
      of the upper back of the vest portion at seams 37. The ribs 32 are
      vertically disposed in parallel spaced apart relationship by several
      fabric strips 33, and extend from one shoulder across to another. It is
      not essential that the long ribs 32 be vertically disposed, as are the
      short ribs 31 on the lower vest portion, but the vertical disposition is
      preferred. A lightweight, yieldable fabric cover 43, preferably of the
      same fabric as the upper body portion so as to match it, covers all the
      long ribs 32. It is preferred that the cover 43 be fabricated to cover the
      ribs snugly, so that it is stretched over the ribs, exerting a slight
      pressure thereupon. Fastening means such as cooperating snap-tabs or
      press-on fasteners 44 of the conventional type are provided near the edges
      of the cover, so as to permit the cover to be removably secured to the
      upper back of the vest portion. Similar covers (not shown) may be provided
      for ribs placed at other impact areas of the upper body portions, also
      removably secured by conveniently placed snap-type fasteners the
      cooperating portions of which are secured to the fabric 16 of the upper
      body portion and to the cover respectively.
PAR  As described hereinabove, the fabric strip fastening means are sewn to the
      fabric of the upper body portion so as to provide a series of loops which
      are fixedly attached to the upper body portion. These loops may be deemed
      unattractive when the upper body portion is worn without the ribs secured
      thereto, In this event, an assembly of ribs may be individually sheathed,
      as shown in the cross-section view illustrated in FIG. 6. There are shown
      several short ribs 31 each individually sheathed between an upper fabric
      sheet 46 and a lower fabric sheet 47, which are sewn together with spaced
      vertically extending longitudinal seams 48 at preselected intervals so as
      to snugly encase individual ribs. An assembly of ribs, preferably spaced
      apart at about one diameter from the another, is thus formed which may be
      removably secured as an assembly to any desired portion of the upper body
      portion 10, by any suitable fastening means 49. As described hereinbefore,
      a particularly simple manner of removably securing the assembly of ribs to
      the lower vest portion, is with snap-type fasteners suitably placed at
      intervals along the marginal edged of the assembly, and corresponding
      locations on the lower vest portion. Another convenient means for
      fastening such an assembly of individually sheathed ribs is with VELCRO
      strips of cloth tape which have tiny interlocking fingers or microscopic
      hooks which fasten one strip to another by pressure, and which are
      disengaged by pulling the strips apart. One piece of tape is sewn to the
      outside of the upper body portion, and another is sewn to the encasing
      fabric sheets of the rib assembly, so the assembly may be removed whenever
      the upper body portion of the jacket is to be used without the ribs.
PAR  An assembly of ribs may be similarly fabricated for the upper back of the
      vest portion, and for the arm portions. Rib assemblies are especially well
      adapted for use on the arm portions when used as separate assemblies for
      the lower and upper arm to permit ease of articulation of the arm at the
      elbow.
PAR  From the foregoing description it will be seen that a conventional jacket
      of the type commonly used by sports participants, unexpectedly lends
      itself to a most useful and surprisingly versatile skater's or skier's
      jacket. The efficacy of the jacket to lessen impact is the more surprising
      because only a minor portion of the area of the jacket, essentially less
      than half the exterior area, is covered with the ribs, causing no
      objectionable discomfort. The jacket of this invention may be worn with
      the ribs displayed, or with the outline of the ribs readily discernible
      under a sheath which secures individual ribs, or with a covering sheath
      which effectively obscures the true function of the jacket of this
      invention. Again, the jacket may be converted from its impact-lessening
      function to street wear by merely detaching an assembly of ribs from the
      exterior surface of the jacket.
PAR  Modifications, changes and improvements to the preferred forms of the
      invention herein disclosed, described and illustrated may occur to those
      skilled in the art who come to understand the principles and precepts
      thereof. Accordingly, the scope of the patent to be issued hereon should
      not be limited to the particular embodiments of the invention set forth
      herein, but rather should be limited by the advance by which the invention
      has promoted the art.
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STM  I claim:
NUM  1.
PAR  1. An outer garment for skaters and skiers worn primarily over the wearer's
      torso to reduce injury due to falls, comprising in combination:
PA1  an upper body portion to cover the upper body of the wearer from below the
      neck to just below the buttocks, said upper body portion being made of an
      yieldable fabric having essentially no cushioning property against impact;
PA1  said upper body portion including
PA2  a. arm portions, to cover the arms of the wearer, extending on either side
      of a neck opening, each arm portion carrying exteriorly thereupon plural
      elongated flexible cushioning members running from the shoulder to below
      the elbow in generally parallel spaced apart relationship;
PA2  b. a back portion to cover the back of the wearer, said back portion
      carrying exteriorly thereupon plural elongated cushioning members running
      in generally parallel spaced apart relationship; and
PA2  c. a seat portion to cover the buttocks of the wearer, said seat portion
      carrying exteriorly thereupon plural elongated cushioning members running
      vertically in generally parallel spaced apart relationship, and extending
      circumferentially to cover the trochanter region of each side;
PA1  said upper body portion being split down the front from the neck opening to
      near the bottom of the upper body portion; and
PA1  cooperating releasable fastening means to open and close the split.
NUM  2.
PAR  2. The outer garment of claim 1 wherein said plural members run the entire
      length of each arm, and protect the rear and side portions of each arm
      leaving a minor portion of each arm unprotected, said minor portion being
      the front area of the arm on either side of a line drawn from the thumb to
      the shoulder.
NUM  3.
PAR  3. The outer garment of claim 2 wherein said upper body portion is
      unprotected by said elongated cushioning members over essentially the
      entire frontal area and over the entire waist area to permit essentially
      complete freedom of movement.
NUM  4.
PAR  4. The outer garment of claim 3 wherein said elongated cushioning members
      are individually sheathed and secured against rotation in an overlying
      sheath affixed to the exterior surface of the fabric of said upper body
      portion so as to form approximately half-pipe folds in which said
      elongated members are snugly inserted.
NUM  5.
PAR  5. The outer garment of claim 3 wherein said elongated cushioning members
      on said arm portions are discontinuous about the circumference to the
      elbow for ease of articulation thereof, and are placed in adjacent
      end-to-end relationship with each other.
NUM  6.
PAR  6. The outer garment of claim 3 wherein said elongated cushioning members
      are formed from foamed synthetic resinous material of unicellular
      structure having a characteristic slow rebound after impact, and a density
      in the range from about 5 lbs/ft.sup.3 to about 15 lbs/ft.sup.3.
NUM  7.
PAR  7. The outer garment of claim 6 wherein said elongated cushioning members
      have a diameter in the range from about 1.25 cms. to about 5 cms.
NUM  8.
PAR  8. The outer garment of claim 7 wherein said elongated cushioning members
      are removably secured to said outer body portion.
NUM  9.
PAR  9. The outer garment of claim 8 wherein said elongated cushioning members
      are secured in parallel spaced apart relationship wherein the longitudinal
      axes of adjacent said members are spaced at a distance greater than the
      diameter of one said member and no more than twice the diameter of one
      said member.
NUM  10.
PAR  10. The outer garment of claim 9 wherein said elongated cushioning members
      are sheathed between an upper fabric sheet and a lower fabric sheet sewn
      together with spaced vertically extending longitudinal seams at pescd ls
      to sbly s sd mmbs m assmbly movbly atched to preselected external areas of
      said upper body portion.
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ABST
PAL  A flip-up visor assembly for a protective sport helmet or the like, in
      which a band secured at spaced points along the length and intermediate
      the ends thereof across the brow portion of a helmet with resilient pads
      disposed between the free band ends and the outer surface of the helmet to
      accommodate a range of helmet sizes carries adjacent its ends a pair of
      pivot pins which pivotally support the visor lens frame for movement
      between a position at which the visor lens is in front of the upper
      portion of the wearer's face and a position over the helmet at which the
      lens is clear of the wearer's face. Associated with the pivot pins are
      interengageable positive stop means for limiting the movement of the frame
      between its two extreme limit positions and spring loaded detent means for
      releasable retaining the visor in its limit positions and in spaced
      positions intermediate its limit positions. The arrangement is such that
      the visor can be moved to any of its positions manually by a force exerted
      on the visor itself, without requiring manipulation of any knobs or
      positive locking means or the like. Means is provided for for manually
      releasably assembling the lens visor in the visor frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of protective helmet and visor assemblies are known in the
      prior art. Visor assemblies associated with protective helmets of the
      prior art incorporate actutable means, such as knobs or the like which
      must be manipulated to release locking elements and the like associated
      with the visor to permit it to move between its limit positions. While
      being secure as is necessary for military applications and the like, the
      assemblies are relatively inconvenient to use. Owing to their construction
      they are, moreover, relatively expensive. In addition, the visor
      assemblies of the prior art are such that each assembly is tailored to the
      size of helmet for which it is intended. Stated otherwise, no one assembly
      of the prior art will readily accommodate a range of helmet sizes.
PAR  I have invented a visor assembly for helmets which overcomes defects of
      visor assemblies of the prior art. My assembly is adapted to accommodate a
      range of helmet sizes. It is readily manually moveable among a plurality
      of positions with relation to the helmet in response to a force exerted on
      the assembly itself. It does not require the manipulation of auxiliary
      levers or knobs or the like to release locking means. It is relatively
      simple in construction. It is inexpensive.
PAC  SUMMARY OF THE INVENTION
PAR  One object of my invention is to provide a flip-up visor assembly for a
      helmet.
PAR  Another object of my invention is to provide a flip-up visor assembly for a
      helmet which can be raised and lowered in response to a force exerted on
      the visor itself without requiring the manipulation of lock releasing
      knobs or the like.
PAR  A further object of my invention is to provide a flip-up visor assembly for
      helmets which accommodates a wide range of helmet sizes.
PAR  A further object of my invention is to provide a flip-up visor assembly for
      a helmet which is relatively simple in construction.
PAR  Still another object of my invention is to provide a flip-up visor assembly
      for a helmet which is inexpensive.
PAR  Other and further objects of my invention will appear from the following
      description.
PAR  In general, my invention contemplates the provision of a flip-up visor
      assembly for a helmet, in which a band secured across the brow portion of
      the helmet at spaced locations along its length and intermediate its ends
      carries adjacent to the ends thereof pivot pins which support the visor
      lens frame for movement between a position at which the visor is
      substantially entirely in front of the wearer's face and another position
      at which the visor is above the helmet and clear of the wearer's face.
      Associated with each of the pivots I provide positively engaging means for
      limiting the movement of the visor frame to its two extreme positions and
      spring loaded detent means for releasably retaining the visor in its limit
      positions and in spaced positions intermediate the limit positions while
      permitting the visor to be moved among its various positions in response
      to a force exerted on the visor itself without the manipulation of
      auxiliary lock releasing knobs and the like. I provide my assembly with
      means for releasably retaining the lens in the lens frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which reference is made in the instant
      specification and in which liked reference character are used to indicate
      like parts in the various views:
PAR  FIG. 1 is a side elevation of a helmet provided with my flip-up visor
      assembly.
PAR  FIG. 2 is a fragmentary side elevation of a helmet to which my flip-up
      visor assembly is attached.
PAR  FIG. 3 is a bottom plan view of my flip-up visor assembly with the visor
      frame raised and showing its relationship to a helmet with which it is
      used.
PAR  FIG. 4 is a fragmentary sectional view of my flip-up visor assembly for
      helmet taken along the line 4--4 of FIG. 2 and drawn on an enlarged scale.
PAR  FIG. 5 is a plan view of the female pivoting, limit stop and releasable
      locking member of my flip-up visor assembly for a helmet.
PAR  FIG. 6 is a plan view of the male pivoting, limit stop and releasable
      locking member of my flip-up visor assembly for a helmet.
PAR  FIG. 7 is an elevation of the member illustrated in FIG. 5.
PAR  FIG. 8 is an elevation of the member illustrated in FIG. 6.
PAR  FIG. 9 is a fragmentary sectional view of my flip-up visor assembly for a
      helmet taken along the line 9--9 of FIG. 2.
PAR  FIG. 10 is a fragmentary sectional view of my flip-up visor assembly for a
      helmet taken along the line 10--10 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 to 3 of the drawings, a helmet indicated generally
      by the reference character 10 with which my visor assembly can be used
      includes a shell 12 having a brow portion 14, which normally is positioned
      in front of the forehead of a wearer in use of the helmet. My flip-up
      visor assembly indicated generally by the reference character 16 includes
      a support band 18, which may be formed from metal or any suitable
      synthetic resin. The support band 18 is generally arcuate in shape and
      extends over somewhat more than 180.degree.. The shape of the band is such
      that when assembled on a helmet the ends thereof will lie relatively
      closely adjacent to the outer surface of the smallest size helmet with
      which my visor assembly is to be used. Where the assembly is to be used
      with a relatively larger size helmet, the ends of the band 18 can be
      sprung outwardly in a manner to be described hereinbelow.
PAR  I form the outer surface of the band 18 with a channel 20 extending along
      the length of the band between points adjacent to the ends thereof. The
      band 18 includes a fastener receiving bore 22 generally centrally located
      along the length of the channel 20. A pair of slots 24 and 26 extend
      through the bottom of the channel 20 adjacent to the ends thereof. In
      applying the band 18 to the helmet shell 12, suitable fasteners such for
      example as rivets 28 are passed through the bore 22, the slots 24 and 26
      and through the helmet shell 12 to secure the band to the shell. It is to
      be noted that the slots 24 and 26 permit the band 18 to be secured to
      shells 12 of various sizes. In securing the band 18 to the shell 12, I
      dispose respective spacers 30 around the rivets 28 or the like between the
      shell 12 and the band 18. In addition, pads 32 of a suitable material such
      for example as foam rubber or the like are located between the ends of the
      band 18 and the outer surface of the shell 12.
PAR  Referring now to FIGS. 2, 9 and 10, the visor lens frame 34 of my assembly
      16 is provided with a central opening 36 extending between locations
      adjacent to the ends 38 and 40 of the frame 34. I form the frame 34 with a
      shoulder 41 extending around the frame 34 adjacent to the opening 36. The
      lens 42 of the visor assembly is adapted to be inserted into the frame 34
      with the edge thereof resting against the shoulder 41. I provide means for
      releasably retaining the visor 42 in a position at which its edge rests
      against the shoulder 41. Respective locking plates 44, one of which is
      illustrated in FIG. 2 are supported on pivot pins 46 carried by the sides
      38 and 40 of the frame 34. Each of the locking plates 44 is adapted to be
      pivoted between a release position and a locking position at which it
      enters into a receptacle 48 secured to or formed on the inner surface of
      each of the frame sides 38 and 40. In the position at which the plate 44
      is in the receptacle 48, a portion thereof extends over the inner surface
      of the lens 42 adjacent to the edge thereof to retain the lens in
      position.
PAR  I form each of the plates 44 with a lug 50, which engages the edge of the
      receptacle 48 in the locked position of the plate. The lug 50 moreover
      facilitates withdrawal of the plate 44 from the receptacle 48. A detent 52
      on the under side of the plate 44 is adapted to engage in a recess 54 in
      the inner surface of the side 40, for example, releasably to retain the
      plate in its lens locking position.
PAR  Associated with each of the sides 38 and 40 of the visor lens frame 34, I
      provide a respective pivotal supporting and limit stop assembly 56 or 58.
      Since both of the assemblies 56 and 58 are substantially identical, only
      the assembly 58 associated with the side 40 will be described in detail.
      Referring now to FIGS. 4, 6 and 8, the assembly 58 includes a male member
      indicated generally by the reference character 60 having a body 62 formed
      with a peripheral flange 64 and carrying a plurality of locating pins 66,
      which permit the member 60 to be assembled in a suitable opening in the
      side 50 of the lens frame 34. I form the member 60 with a central bore 68
      adapted to receive a pivot pin in a manner to be described and with an
      outwardly opening recess 70. In addition, I form the inner surface of the
      body 62 with a detent 72 and with a limit stop pin 74.
PAR  Referring now to FIGS. 4, 5 and 7, the assembly 58 includes a female member
      indicated generally by the reference character 76 having a body 78
      provided with a peripheral flange 80 and a plurality of locating pins 82
      which faciliate the assembly of the member 76 in a suitable opening formed
      in the enlarged end of the band 18 adjacent to the side 40 of the lens
      frame 34. I form the body 78 with a central pivot pin receiving bore 84
      and with a pivot pin head receiving recess 86 in the inner surface
      thereof. In addition, the outer surface of the member 76 is formed with a
      plurality of spaced detent receiving recesses 88 for cooperation with the
      detent 72. An arcuate slot 90 is adapted to receive the pin 74 to limit
      the pivotal movement of the frame 40 with respect to the helmet shell 12.
PAR  After the members 60 and 76 have been assembled in the side 40 and in the
      end of the band 18 adjacent thereto, these parts are brought into
      associated relationship with the bores 68 and 82 aligned. With the parts
      in this position any suitable means, such for example as a rivet 92 is
      inserted in the bores with its head disposed in the recess 86. A spring
      washer 94 is assembled over the other end of the rivet which is then upset
      to retain the parts in assembled relationship. It will readily be
      appreciated that the spring 94 resiliently urges the detent 72 into
      engagement with the outer surface of the member 76, so that when the
      detent is aligned with the recess 88, it will drop therein and releasably
      retain the parts in that position. Preferably the recess 70 in the member
      60 is covered by a cap 96 to which suitable identifying symbols or
      decorative material or the like can be applied.
PAR  In use of my flip-up visor assembly for a helmet, after the parts have been
      assembled on the shell 12 in the manner described above, the visor lens 42
      can be moved between a lower limit position illustrated in full lines in
      FIG. 1 and an upper limit position illustrated in dot-dash-dash lines in
      FIG. 1, from a position generally in front of the wearer's face to a
      position clear of his face and above the helmet. Pin 74 cooperates with
      the slot 90 to prevent movement of the visor beyond its limit positions.
      The extreme end detent recesses 88 cooperate with the detent 72 releasably
      to hold the visor in either of these two positions. In addition, the visor
      may be moved to two intermediate positions indicated generally
      respectively by the dash line in FIG. 1 and by the dot-dash line in FIG.
      1. The assembly is releasably held in these two positions by virtue of the
      cooperation of the detent 72 with the two intermediate detent receiving
      recesses 88 of the member 76. Preferably, I so arrange these two positions
      as to be 22.degree. from the limit positions and 22.degree. from each
      other. The visor frame 34 is readily and easily moved among any of its
      various positions merely by the pressure of the hand against the frame.
PAR  It will be seen that I have accomplished the objects of my invention. I
      have provided a flip-up visor assembly for a helmet. My visor is adapted
      to be moved among its various positions merely by the pressure of the hand
      on the visor frame. It is readily releasably retained in anyone of a
      plurality of positions. It does not require the manipulation of any knob
      or the like for the release of an auxiliary locking means. It is
      relatively simple in its construction and in its operation. It is
      inexpensive.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of my
      claims. It is further obvious that various changes may be made in details
      within the scope of my claims without departing from the spirit of my
      invention. It is, therefore, to be understood that my invention is not to
      be limited to the specific details shown and described.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. A flip-up visor assembly for a helmet comprising:
PA1  a. a visor;
PA1  b. a resilient band formed with a generally centrally located
      fastener-receiving bore and with a pair of fastener-receiving slots
      elongated in the direction of the length of the band and located between
      the ends of the band and said bore;
PA1  c. means for securing said band across the brow portion of said helmet; and
PA1  d. means for mounting said visor on said band for pivotal movement between
      a lowered position at which the visor is in front of the upper portion of
      the wearer's face and a raised position clear of the wearer's face.
NUM  2.
PAR  2. A flip-up visor assembly as in claim 1 including pads of resilient
      material between the ends of said band and said helmet.
NUM  3.
PAR  3. A flip-up visor assembly as in claim 2 in which said band is formed with
      a fastener head receiving channel in the outer surface thereof.
NUM  4.
PAR  4. A flip-up visor assembly for a helmet comprising:
PA1  a. a visor;
PA1  b. means for mounting said visor on said helmet for pivotal movement
      between a lowered position at which the visor is in front of the face and
      a raised position clear of the face, said mounting means including a first
      member carried by said helmet and a second member carried by said visor,
      said members having facing surfaces, a detent on one of said surfaces,
      spaced detent receiving means in the other surface, and resilient means
      urging said surfaces into engagement.
NUM  5.
PAR  5. A flip-up visor assembly as in claim 4 including a limit stop pin
      extending outwardly from one of said surfaces and an elongated recess in
      the other surface for receiving said pin.
NUM  6.
PAR  6. A flip-up visor assembly as in claim 5 in which said detent receiving
      recesses are disposed along the arc of a circle and in which said
      elongated recess is an arcuate slot.
NUM  7.
PAR  7. A flip-up visor assembly for a helmet having a brow portion including in
      combination, a curved frame formed with a lens-receiving opening
      intermediate the ends thereof, a visor lens, means mounting said lens in
      said frame opening, a curved mounting band, means for securing said band
      to said helmet along the brow portion thereof at locations intermediate
      the ends of the band, means for assembling said frame on said mounting
      band with surfaces of said frame end facing surfaces of said band ends,
      said assembling means comprising respective pivot pins extending through
      said surfaces for mounting said frame for pivotal movement between said
      positions, one of said pivot pins permitting limited relative movement of
      its associated surfaces in the direction of the axis of said pin, a detent
      formed on one of said associated surfaces, spaced detent-receiving
      recesses formed in the other associated surface, said recesses being
      spaced by an angular distance equal to the angular distance between said
      lowered and raised positions of said frame, and resilient means for urging
      said associated surfaces into engagement releasably to hold said frame in
      said lowered and raised positions while permitting said frame to be moved
      between said position in response to a manual force applied to said frame.
NUM  8.
PAR  8. A flip-up visor assembly as in claim 7 including a stop pin extending
      outwardly from one of said surfaces and an arcuate recess in the other
      surface for receiving said pin, said arcuate recess having an angular
      extent equal to angular distance between said lowered and raised positions
      of said frame to limit the movement of said frame to movement between said
      positions.
NUM  9.
PAR  9. A flip-up visor assembly as in claim 8 in which said band securing means
      includes a fastener receiving bore located generally centrally of said
      band and a fastener receiving slot elongated in the direction of said band
      and located between said bore and an end of said band.
NUM  10.
PAR  10. A flip-up visor assembly as in claim 9 including a plurality of spaced
      detent-receiving recesses located in said other associated surface between
      said first-named detent-receiving recesses.
NUM  11.
PAR  11. A flip-up visor assembly as in claim 10 in which said lens mounting
      means comprises means for manually releasably mounting said lens on said
      frame.
NUM  12.
PAR  12. A flip-up visor assembly as in claim 11 in which said lens mounting
      comprises means forming a shoulder on said frame around said opening
      adapted to receive the edge of said lens, a locking plate, means mounting
      said plate on the inside of said frame for movement between a locking
      position at which a portion thereof overlies the edge of said lens
      received by said shoulder and a release position at which said plate
      portion is free of said lens edge, and means for manually releasably
      retaining said plate in said locking position.
NUM  13.
PAR  13. A flip-up visor assembly for a helmet comprising:
PA1  a. a visor lens;
PA1  b. a frame formed with a lens opening, said lens opening having a shoulder
      for receiving the edge of said lens;
PA1  c. a plate;
PA1  d. means for mounting said plate on said frame for pivotal movement between
      a locking position at which a portion thereof overlies the edge of said
      lens received by said shoulder to hold said lens in position on said frame
      and a release position at which said plate portion is free of said lens;
      and
PA1  e. means for releasably retaining said plate in said locking position.
NUM  14.
PAR  14. A flip-up visor assembly as in claim 13 in which said releasable
      retaining means comprises a detent on one of the plate and frame surfaces
      and a detent-receiving recess on the other of said plate and frame
      surfaces.
NUM  15.
PAR  15. A flip-up visor assembly as in claim 13 in which said plate has a
      pivoted end and a free end, and in which said frame is formed with a
      receptacle member having a slot for receiving the free end of said plate.
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ABST
PAL  A goggle frame includes air vents spaced along its periphery and covered
      with a fibrous lining to vent the goggle interior while preventing entry
      of foreign matter. A detachable partial-face shield has snap-in posts
      which mate with apertures spaced along a bottom rim of the goggle frame.
      When the shield is attached to the rim, a shield nose section rests on a
      nose bridge of the frame, and shield side sections curve behind adjacent
      air vents in the frame to force frontal air therethrough. A main lens has
      locking projections received in a peripheral groove around the frame. One
      or more auxiliary lenses have edge regions received in the same peripheral
      groove, each auxiliary lens having an offset tab to allow a wearer to
      detach the auxiliary lens while the goggle is being worn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a goggle having accessories such as a
      face-protecting shield and a detachable auxiliary lens.
PAR  Goggles used for motorcycle racing and other activities where foreign
      matter is directed toward the face of a wearer often include a detachable
      face shield, and a disposable or tear-off lens. Many detachable face
      shields include snap fasteners which are received in male connections on
      the goggle frame to allow the shield to be detached, when desired. An
      example of such a detachable face shield, formed of self-supporting
      transparent plastic material, is shown in U.S. Pat. No. 3,298,031 to
      Morgan. Detachable face shields have also been formed of fabric with metal
      screening protecting open breathing regions.
PAR  To prevent fogging and allow a slow exchange of interior air, it has been
      well known to incorporate air-flow ventilation means in a goggle frame.
      Such ventilation means may take the form of apertures which directly vent
      to atmosphere, or serpentine or covered passageways, which directly vent
      to atmosphere but block direct entry of foreign matter, or larger vent
      apertures covered by a fibrous or foam material or liner. Some prior
      detachable face shields have blocked the air-flow ventilation means, or
      have allowed moisture-laden air from the nose or mouth of the wearer to
      circulate toward the air-flow ventilation means and create a fogging
      condition. Detachable face shields formed of fabric have been
      unsatisfactory in that fabric does not distribute stress over the shield,
      and allows flying gravel or the like to penetrate at its point of impact.
PAR  When the goggle is to be used in an environment in which the lens may
      become muddy, scratched, or otherwise damaged, auxiliary disposable lenses
      (commonly called tear-off lenses) are attached to the front of the goggle
      frame. Extra snaps and posts on the goggle frame project forwardly and
      allow an auxiliary or disposable lens to be attached in spaced relation to
      the goggle frame. Some auxiliary lenses have had side tabs extending
      outwardly beyond the goggle frame to allow the weater to grasp the tab and
      tear off the auxiliary lens while the goggle is being worn. Any tear-off
      auxiliary lens must be easily detached using one hand and minimum effort,
      without jarring or displacing the goggle or the main lens.
PAR  Prior goggles having tear-off lenses have been undesirable in several
      respects. The auxiliary lens is attached to the goggle frame by posts and
      other protrusions on the goggle frame, and the auxiliary lens is oversized
      with protruding left and right tabs to allow the wearer to grasp the lens.
      All of these features create gaps which allow dirt, dust, mud and the like
      to enter the space between the auxiliary lens and the main lens. While
      some goggles have allowed attachment of more than one auxiliary lens, the
      tabs therefore overlie each other and care must be used in separating and
      grasping the outermost tab. In addition to being impractical during
      motorcycle racing or the like conditions, the additional tear-off lenses
      are liable to all become detached at the same time. To overcome dirt
      entering between the lenses, goggles of a different type have used
      detachable auxiliary lenses which lie somewhat flat against the main lens,
      such as shown in U.S. Pat. No. 2,409,286 to Joyce, but such auxiliary
      lenses are internally mounted and cannot be adapted to the tear-off type.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the above noted problems with
      prior goggles having face shields and detachable tear-off lenses have been
      overcome. A partial-face shield of simple construction carries snap-in
      posts which are received in spaced apertures along a lower rim of the
      goggle frame. The resulting detachable connection curves the shield
      backward and behind air-flow ventilation means located in the bottom
      section of the frame to force frontal air through the bottom air-flow
      ventilation means, and prevent moisture-laden air adjacent the wearer's
      face from entering the goggle interior. The lower rim carries a padding
      which cushions the contact with the wearer's face, and also prevents
      contact with the snap-in posts.
PAR  One or more tear-off auxiliary lenses are carried within the same
      peripheral groove which mounts the main lens to the goggle frame. The
      peripheral groove sealingly engages the auxiliary lens and prevents
      foreign matter from entering between the auxiliary lens and the main lens.
      The auxiliary lens has a different edge configuration than the main lens,
      and includes a single sided extending tab to allow easy detachment of the
      auxiliary lens without jarring or displacing the main lens. Two auxiliary
      lenses may be carried by the goggle frame, each having a tab offset with
      respect to the other to allow quick detachment of only one auxiliary lens
      at a time.
PAR  Both the face shield and the auxiliary lenses are formed of simple,
      economical components, and can be detached readily from the goggle frame
      to allow the goggle to be used by itself. When the accessories are
      detached, the goggle frame has no posts or other undesirable projections.
PAR  One object of the present invention is the provision of a goggle having an
      improved extending shield which cooperates with air-flow ventilation means
      in a goggle frame to prevent fogging, and/or has novel connector means for
      easy detachment from the goggle frame.
PAR  Another object of the present invention is the provision of a goggle having
      an improved tear-off auxiliary lens which sealingly engages a goggle frame
      to prevent entry of foreign matter, and/or has improved connector means
      for detaching the auxiliary lens while the goggle is being worn.
PAR  Other objects and features of the invention will be apparent from the
      following description and from the drawings. While an illustrative
      embodiment of the invention is shown in the drawings and will be described
      in detail herein, the invention is susceptible of embodiment in many
      different forms and it should be understood that the present disclosure is
      to be considered as an exemplification of the principles of the invention
      and is not intended to limit the invention to the embodiment illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the novel goggle with an attached face
      shield and two tear-off auxiliary lenses;
PAR  FIG. 2 is an exploded view showing the goggle frame, the main lens, two
      tear-off auxiliary lenses, and the detachable shield;
PAR  FIG. 3 is a rear perspective view of the goggle frame and detachable
      shield;
PAR  FIG. 4 is a cross-sectional view taken along lines 4--4 of FIG. 1; and
PAR  FIG. 5 is a fragmentary cross-sectional view taken along lines 5--5 of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning to the drawings, the novel goggle with accessories (shown attached
      in FIG. 1) includes a goggle frame 10 which may be molded of one piece
      from a resilient flexible material such as a soft plastic or soft rubber.
      A face contacting flange or rim 12 is lined with a padding or cushion 14
      of sponge-type material to seal the frame against the user's face. A main
      lens 16 of transparent material, which may be colored if desired, has a
      peripheral edge 17 which is received within a peripheral groove 20 formed
      interiorly around a front section 22 of the frame 10. Main lens 16 may be
      flat and bent to an arcuate configuration which fits the frame, or may be
      curved and could, if desired, form a part of the structural support to
      maintain the shape of the goggle.
PAR  Goggle frame 10 has a plurality of air-flow ventilation means spaced around
      an intermediate section of the rim 12. Illustratively, the air-flow
      ventilation means comprises a plurality of large vent openings 30 formed
      by ribs 32 which join the rim 12 to the forward section 22. On the
      exterior side, the ribs define with the rim 12 and forward section 22 a
      channel 34 for a fibrous or foam-type lining 36 which covers the openings
      to allow a slow exchange of atmosphere between the goggle exterior and the
      generally confined interior space located between the main lens 16 and the
      wearer's face. Other conventional air-flow ventilation means, however, may
      be utilized in place of the illustrated vent apertures covered by a
      fibrous strip.
PAR  To secure the goggle to the wearer's head, an elastic headband or strap 40
      has folded, stitched ends which are received in slots 42 formed by posts
      44 spaced from the remainder of the front frame section 22. A slide buckle
      46 allows adjustment of the length of the elastic strap 40. The goggle
      structure described above is well known, and various modifications may be
      made thereto as desired.
PAR  In accordance with one aspect of the present invention, a partial-face
      shield 50 is detachable with a lower portion of the goggle frame 10. The
      shield 50 may be formed of a generally hard plastic material, opaque or
      translucent, having sufficient resiliency to be self-supporting, and
      molded to one piece. The shield 50 includes a nose section 52 and integral
      side sections 54 extending from the nose section. A pair of notches 58 are
      formed between the sides of the nose section 52, and the upper edges of
      the side sections 54. The base of the guard has a central arcuate edge 60
      which curves towards a pair of lowermost protuberances 62 which curve
      slightly upward to form the bottom edge of the side sections 54. On the
      rear plane or back of the shield 52, along the upper edges of only the
      sides 54, are a plurality of snap-in posts 64.
PAR  To detachably connect the partial-face shield 50 to the goggle frame 10,
      the face contacting rim 12 extends downwardly below the bottom edge of the
      front frame section 22 (see FIG. 4), and carries in the extension or base
      72 a plurality of apertures or holes 70. To attach shield 50 to the goggle
      frame 10, the nose section 52 is placed in front of a central nose bridge
      76, formed by a central depression in the goggle frame. The shield side
      sections 54 are then bent rearwardly and the snap-in posts 64 are urged
      through the receiving holes 70 in the lower rim base 72.
PAR  As seen in FIG. 5, the snap-in posts 64 have a head larger than a neck
      portion, with the head also being of larger diameter than the diameter of
      the receiving holes 70. Since the entire goggle frame 10 is formed of a
      resilient plastic, the hole diameter will expand as the head portion of
      the post 64 is urged through the hole, and then retract around the neck
      portion so as to form a detachable connector. Although the above
      construction is preferred in that it allows the entire shield 50 to be
      formed of rigid plastic, it will be understood that the snap-in posts 64
      could be formed of a resilient material, and the rim base 72 could be
      formed of a more rigid material.
PAR  When the posts 64 are snapped in place, the cushion or padding 14 prevents
      the posts 64 from coming in contact with the wearer's face. The padding 14
      may be cemented or otherwise secured to the rim 12, and should have a
      sufficient width to cover the receiving holes 70 and a sufficient
      thickness, greater than the head of the posts 64, so as to prevent the
      wearer's face from coming in contact with the posts. It will be understood
      that the male portion of the connectors could be formed on the goggle
      frame, and the female portion could be formed in the shield 50, although
      such construction is not preferred since it would leave a series of
      protruding posts on the goggle frame when the shield was not in place.
PAR  Shield notches 58 allow the side sections 54 to be tucked under and bent
      rearwardly to attach to the rim base 72 while the nose section 52 rests
      against and covers the nose bridge 76 of the goggle frame. As a result of
      this construction, the side sections 54 are located behind the air-flow
      ventilation means formed in the bottom section of the goggle frame. As
      seen in FIGS. 1 and 5, this allows frontal air, illustrated by the arrows,
      to strike the shield and be deflected upwardly through the foam liner 36
      and vent holes 30 into the interior of the goggle. Frontal air flowing
      toward the center of the shield is deflected by the nose section upwardly
      and across the exterior face of the goggle. Since air near the center may
      carry additional moisture, because it is in the vicinity of the nose and
      mouth regions of the wearer's face, it is deflected and flows on the
      outside of the goggle.
PAR  When attached by the snap connectors, the shield 50 is self-supporting and
      is spaced away from the wearer's face a sufficient distance to fit over a
      football or joffa-type mouth protector. The width or span of the goggle
      frame 10 is preferably less than the opening between conventional racing
      helmets, so as to allow the use of the goggle within the racing helmet. It
      should be noted that the detachable shield 50 is located over only the
      frontal section of the goggle frame, and does not extend around or to the
      side of the goggle frame, for ease of using the shield within the racing
      helmet or similar headgear protector.
PAR  Also in accordance with the present invention, one or more tear-off or
      detachable auxiliary lenses 80 may be temporarily attached to the goggle
      frame 10, and detached for disposal when mud or other foreign material
      covers the lenses. Each auxiliary lens 80 may be molded of transparent
      plastic and has a flat, bendable body 82 and one extending tab 84. Around
      a peripheral edge 86 of the transparent body, a pair of bottom ears 88 and
      a pair of top ears 90 protrude for reasons to be explained. A single
      die-cut blank may form both auxiliary lenses by flipping one die-cut blank
      by 180.degree. so as to cause the tab therefore to extend from the
      opposite side of the body.
PAR  Goggle frame 10 includes means spaced around the periphery of the frame for
      engaging at least a portion of the edge surface 86 of the auxiliary lens
      80 to form a detachable seal between the disposable lens 80 and the frame
      10. While the detachable seal means may take various forms including a
      separate peripheral groove, herein it is formed by the same peripheral
      groove 20 as mounts the main lens 16. As seen in FIG. 4, the peripheral
      groove 20 is formed by a two-depth channel with the deeper channel being
      formed around the majority of the periphery of the frame, and the lesser
      channel formed by upper ridges 94, which have an undercut 96 to the deeper
      channel, and a nose ridge 98, having an undercut 99.
PAR  The peripheral edge 17 of the main lens carries pairs of pointed
      protrusions 102 which mate with the projection receiving recesses or
      undercuts 96. The edge 17 includes a pair of pointed protrusions 104 which
      mate with the nose undercuts 99. Finally, the edge 17 includes a pair of
      ears 106 which extend into a pair of side slots 108 which may be formed
      through the entire frame 10. The main lens 16 may be changed to a
      different color, or replaced, by manipulation of the flexible frame 10 so
      as to detach the pointed protuberances from the undercuts, and to detach
      the ears from the side slots. Once the main lens 16 is properly positioned
      within the peripheral groove 20, the pointed protuberances and ears lock
      the main lens in place, and prevent its detachment except when the goggle
      is off the head of the wearer and the frame is properly manipulated.
PAR  The peripheral edge 86 of the auxiliary lens 80 is different than the
      peripheral edge 17 of the main lens 16, and is designed for easy release
      from the groove 20. The majority of the peripheral edge 86 is just barely
      received within the peripheral slot 20, as seen in FIG. 4. The top ears 90
      and bottom ears 88 of the auxiliary lens correspond in height with the
      height of corresponding locations along the main lens 16 when the lenses
      16 and 80 are superimposed. The auxiliary lens 80 also lacks the ears 106
      of the main lens, which ears extend into the side slots 108. Due to this
      construction, the wearer may grasp one of the tabs 84 and yank the
      auxiliary lens 80 outwardly and out of attachment with the groove 20.
      Because the auxiliary lens 80 and the main lens 16 are substantially in
      sealing engagement with the goggle frame and with each other, it is very
      difficult for dirt, dust, mud or the like to enter between the lenses.
PAR  The second tear-off lens is flipped and inserted within the groove so that
      its tab 84 does not overlie, and is substantially spaced from, the first
      mentioned tab 84. Thus, a pair of tear-off auxiliary lenses 80 may be
      inserted in the goggle frame at one time, each having a separate left or
      right tab which allows the wearer to easily grasp the correct tab, even
      with a gloved hand, and yank out the desired auxiliary lens with a simple
      hand motion and without displacing the main lens 16. Desirably, the tabs
      are located in front of the shield side sections 54, since this shield
      curves rearward and thereby creates the maximum finger space between the
      shield and the tabs when the tabs are located as illustrated.
PAR  It will be appreciated that the tear-off auxiliary lenses or the detachable
      shield may be separately incorporated in a goggle frame. Also, the
      detachable shield may be permanently affixed to the bottom of the goggle
      frame, if so desired. While the main lens 16 has been illustrated as being
      a single lens, a sealed double thermal lens could be substituted
      therefore. Other modifications and changes may be made following the above
      teachings.
CLMS
STM  We claim:
NUM  1.
PAR  1. A goggle comprising:
PA1  a detachable main lens having a peripheral edge surface;
PA1  a disposable tear-off lens having a peripheral edge surface and an
      extending tab;
PA1  a flexible frame having means for detachably mounting the edge surface of
      the main lens to allow release of the main lens by manipulation of the
      flexible frame, the flexible frame including a peripheral groove extending
      around the periphery of the frame with at least portions of the edge
      surface of the disposable tear-off lens extending into the peripheral
      groove to form a detachable seal therewith,
PA1  the tab of the disposable tear-off lens extending beyond the frame when the
      edge surface of the disposable tear-off lens is engaged in the peripheral
      groove to allow a wearer to grasp the tab and yank outwardly to disengage
      the seal and release the disposable tear-off lens from the flexible frame
      without releasing the detachable main lens while the goggle is being worn.
NUM  2.
PAR  2. The goggle of claim 1 wherein the frame has a face contacting rim and a
      lens mounting section which supports the main lens in spaced relation to a
      wearer's face and defines a generally confined interior space, the frame
      includes air-flow ventilation means located between the rim and the lens
      mounting section to vent the interior space to external air, the
      peripheral groove extending around the inner periphery of the lens
      mounting section and in front of the main lens with the edge surface of
      the disposable tear-off lens extending into the peripheral groove to
      thereby detachably seal the disposable tear-off lens in front of the main
      lens.
NUM  3.
PAR  3. The goggle of claim 1 including a second disposable tear-off lens having
      a second peripheral edge surface and a second extending tab, the edge
      surface of the first named disposable tear-off lens extending into the
      peripheral groove with the tab of the first named disposable tear-off lens
      extending beyond the frame at one side thereof and the second edge surface
      extending into the peripheral groove with the second tab of the second
      disposable tear-off lens extending beyond the frame at an opposite side to
      prevent the tabs from being located adjacent each other.
NUM  4.
PAR  4. The goggle of claim 3 wherein the first named disposable tear-off lens
      and the second disposable tear-off lens are formed of identical shapes,
      one of the disposable tear-off lenses being flipped 180.degree. when its
      edge surface extends into the peripheral groove to thereby space the tabs
      at opposite sides of the goggle frame.
NUM  5.
PAR  5. The goggle of claim 1 wherein the frame includes a face contacting rim,
      a lens engaging section located at the front of the frame, and an
      intermediate section for spacing the lens engaging section from the rim, a
      shield extending from the frame for protecting a portion of the wearer's
      face which is not covered by the frame and lenses, at least a recessed
      portion of the shield being attached to the rim, and the peripheral groove
      being located in the lens engaging section to locate the tab of the
      disposable tear-off lens in front of the lens engaging section of the
      frame and in front of the recessed shield portion which is attached to the
      rim to thereby create a space corresponding to the intermediate section to
      allow easy grasping of the tab when the tear-off lens is to be detached.
NUM  6.
PAR  6. The goggle of claim 1 wherein the edge surface of the disposable
      tear-off lens includes a plurality of ears which extend fully into the
      peripheral groove of the frame with the remaining extent of the edge
      surface having dimensions to extend only partially into the peripheral
      groove to allow easy detachment from the frame when the tab is yanked
      outwardly.
NUM  7.
PAR  7. A goggle comprising:
PA1  a detachable main lens having a first peripheral edge surface;
PA1  a detachable auxiliary lens having a second peripheral edge surface
      different in shape than the first peripheral edge surface and an extending
      tab;
PA1  a frame for maintaining the main lens in spaced relation to a wearer's face
      and the auxiliary lens abutting against the main lens until detached from
      the frame, including
PA1  a peripheral groove extending around the inner periphery of the frame, at
      least portions of the edge surfaces of the detachable main lens and the
      detachable auxiliary lens extending into the same peripheral groove by
      different amounts with the peripheral groove engaging to a greater extent
      the first peripheral edge surface
PA1  the tab of the auxiliary lens extending from the frame when the edge
      surface of the auxiliary lens is engaged by the peripheral groove to allow
      a wearer to grasp the tab and disengage the detachable auxiliary lens from
      the frame while the goggle is being worn without disengaging the
      detachable main lens.
NUM  8.
PAR  8. The goggle of claim 7 wherein the peripheral edge surface of the main
      lens includes a plurality of locking projections which mate with lock
      receiving recesses in the peripheral groove, and the different shape
      peripheral edge surface of the auxiliary lens lacks the locking
      projections.
NUM  9.
PAR  9. The goggle of claim 7 wherein the peripheral edge surface of the
      auxiliary lens includes a plurality of extending ears which extend into
      the peripheral groove a distance corresponding to the peripheral edge
      surface of the main lens with the remaining extent of the edge surface of
      the auxiliary lens extending only partially into the peripheral groove to
      allow easy detachment from the frame.
NUM  10.
PAR  10. A goggle comprising:
PA1  a lens,
PA1  a frame having a top section, side sections and a bottom section which
      includes a central nose bridge for supporting the lens in spaced relation
      to a wearer's face, only the bottom section of the frame includes a first
      plurality of frame connectors spaced on one side and a second plurality of
      frame connectors spaced on the opposite side of the central nose bridge,
PA1  a detachable shield with a nose section devoid of any connector and a pair
      of side sections extending from the shield nose section towards but not
      around the sides of the frame when attached thereto and formed of a
      self-supporting material for protecting a lower portion of the wearer's
      face, one of the shield side sections containing a first plurality of
      shield connectors for detachable mating engagement with the first
      plurality of frame connectors and the other of the shield side sections
      containing a second plurality of shield connectors for a detachable mating
      engagement with the second plurality of frame connectors to attach the
      shield in a self-supporting relationship to the bottom section of the
      frame with the shield nose section extending vertically adjacent and
      overlapping the central nose bridge without attachment thereto to thereby
      deflect some of the frontal air up over the exterior of the lens.
NUM  11.
PAR  11. The goggle of claim 10 wherein at least the bottom section of the frame
      includes air-flow ventilation means for allowing frontal air to flow
      through the bottom section into an interior space, the at least pair of
      frame connectors being located behind the air-flow ventilation means to
      expose the air-flow ventilation means to frontal air flowing towards the
      goggle when on the wearer's face and the detachable shield is connected to
      the bottom section of the frame.
NUM  12.
PAR  12. The goggle of claim 10 wherein the detachable shield is substantially
      flat when detached from the frame, the self-supporting material allowing
      the substantially flat shield to be bent for attachment so that the shield
      side sections curve back from the shield nose section which overlaps the
      central nose bridge when the shield connectors are inserted into the frame
      connectors.
NUM  13.
PAR  13. A goggle comprising:
PA1  a lens;
PA1  a frame having a face contacting rim and a top section, side sections and a
      bottom section extending from the face contacting rim to a lens mounting
      section which supports the lens in spaced relation to a wearer's face,
      said frame including air-flow ventilation means located in the sections
      for venting the interior space to external air, a series of spaced
      connector receiving apertures formed in a bottom portion of the rim, a
      padding secured to substantially the entire periphery of the rim to
      cushion the frame against the wearer's face, said padding extending over
      the series of spaced connector receiving apertures in the bottom portion
      of the rim; and
PA1  a detachable shield formed by a self-supporting member having a series of
      snap-in connectors receivable within the series of spaced connector
      receiving apertures to detachably connect the shield to the bottom section
      of the frame with the padding preventing the snap-in connectors from
      contacting the wearer's face.
NUM  14.
PAR  14. The goggle of claim 13 wherein at least the bottom section of the frame
      is formed of a resilient material, the snap-in connectors including a neck
      portion connecting an enlarged head to the self-supporting member, at
      least the enlarged head being formed of a rigid material of greater width
      than the diameter of the apertures to cause each aperture to expand as the
      enlarged head is urged into the aperture and then contract around the neck
      portion to thereby form a snap-in connector.
NUM  15.
PAR  15. A goggle comprising:
PA1  a lens;
PA1  a frame having a top section, side sections and a bottom section which
      includes a central nose bridge for maintaining the lens in spaced relation
      to a wearer's face, the bottom section including a series of spaced
      connector receiving apertures formed adjacent the rear of the frame and
      air-flow ventilation means located in front of the connector receiving
      apertures for venting the goggle interior to exterior air,
PA1  a detachable shield formed by a self-supporting member which is
      substantially flat and formed of a generally rigid material that allows a
      pair of shield side sections to be bent relative to a shield nose section,
      a series of snap-in connectors formed adjacent the edge of the pair of
      shield side sections and extending outward from the member, the shield
      being bent for attachment to the frame so that the shield nose section
      lies against the nose bridge and the series of snap-in connectors are
      detachably received in the series of connector receiving apertures to
      cause the shield side sections to curve rearwardly behind the air-flow
      ventilation means to allow frontal air to strike the shield side sections
      and be deflected upwardly through the air-flow ventilation means into the
      goggle interior.
NUM  16.
PAR  16. The goggle of claim 15 wherein the series of snap-in connectors
      comprise a plurality of extending posts attached to the pair of shield
      side sections and extending upright therefrom, each post having an
      enlarged head to form with an associated aperture one of the snap-in
      connectors.
NUM  17.
PAR  17. The goggle of claim 16 wherein the shield nose section has an extending
      portion which lies flat against the central nose bridge and does not carry
      any of the upright extending posts, whereby only the pair of shield side
      sections connect the shield to the goggle frame.
NUM  18.
PAR  18. A goggle comprising:
PA1  a main lens;
PA1  an auxiliary lens having an extending tab;
PA1  a frame having a face contacting rim and a lens mounting section which
      supports the main lens in spaced relation to a wearer's face and defining
      a generally confined interior space, said frame including a bottom section
      extending between the rim and the lens mounting section and containing
      air-flow ventilation means for allowing frontal air to flow through the
      bottom section of the frame into the interior space;
PA1  a shield with a nose section and side sections extending therefrom for
      protecting a portion of the wearer's face which is not covered by the
      frame and lens;
PA1  means connecting said shield to said frame with a first portion of said
      shield sections being attached in the vicinity of the face contacting rim
      and behind the air-flow ventilation means in the bottom section to expose
      the air-flow ventilation means to frontal air flowing toward the goggle
      when on the wearer's face and a second portion of said shield sections
      being located in front of the lens mounting section to deflect some of the
      frontal air up over the exterior of the lens; and
PA1  said lens mounting section includes means spaced around the periphery
      thereof for detachably engaging the auxiliary lens with the tab extending
      downward and spaced in front of the first portion of the shield sections
      to create between the shield and the tab a space approximately equal to
      the width of the bottom section to allow easy grasping of the tab when the
      auxiliary lens is to be detached.
PATN
WKU  039450457
SRC  5
APN  6114245
APT  1
ART  353
APD  19750908
TTL  Protective glove for the hand
ISD  19760323
NCL  6
ECL  1
EXP  Larkin; G. V.
NDR  7
NFG  20
INVT
NAM  Rhee; Jhoon Goo
STR  2525 N. Ridgeview Road
CTY  Arlington
STA  VA
ZIP  22207
RLAP
COD  72
APN  468681
APD  19740510
PSC  01
PNO  3903546
CLAS
OCL    2 16
XCL    2 18
EDF  2
ICL  A41D 1310
FSC    2
FSS  16;18;2;19;20;161 R;161 A;159;162
UREF
PNO  3258782
ISD  19660700
NAM  Turnidge et al.
OCL    2161R
UREF
PNO  3626515
ISD  19711200
NAM  Murray
OCL    2 16
UREF
PNO  3903546
ISD  19750900
NAM  Rhee
OCL    2 16
LREP
FRM  Millen, Raptes & White
ABST
PAL  A unitary flexible protective glove molded of a resilient material and
      adapted to be easily worn on the hand for use in the art of karate and the
      like. The basic embodiment of the glove, when worn, covers mainly the back
      and sides of the hand, the thumb and wrist and is provided with a
      thickened forward portion. The glove is secured to the hand by an
      encircling portion around the wrist, a loop portion across the palm of the
      hand, a forward finger securing portion and thumb portion each comprising
      strap securing means for the thumb and one or several fingers.
PAL  Several variations of the basic embodiment provide for modified means for
      retaining the glove on the hand and also include an encircling portion
      extending beyond the wrist to a portion of the arm.
PARN
PAR  This application is a continuation-in-part of my copending patent
      application Ser. No. 468,681 filed May 10, 1974 now U.S. Pat. No.
      3,903,546.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a protective glove adapted to be worn on the hand
      in the art of karate, kung fu, etc. The art of karate, in particular, is a
      method developed in Japan for defending oneself without the use of weapons
      by striking sensitive areas of an attacker's body with the hands, elbows,
      knees, or feet. During training in the art and in organized competition,
      the use of the hands can become badly bruised from extensive use of the
      fingers, palm, back and sides of the hands, as well as the wrist. The
      present invention provides various embodiments and modifications of a
      novel glove adapted to protect and prevent injury to the various parts of
      the hand and wrist as well as preventing injury to the sensitive areas of
      the body of other persons engaging in the art during training or
      competition.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a novel protective glove for
      use in karate sports and the like, which is designed to protect various
      parts of the hand and wrist of the wearer and which can be easily slipped
      on or off the wearer's hand.
PAR  Another object of this invention is to provide a novel protective glove of
      simplified construction, relatively inexpensive and which will obviate
      injuries to the hand of the wearer and to the body of other persons while
      engaging in the art of karate, etc.
PAR  Another object of this invention is to provide a novel protective glove
      which permits the hand of the wearer to be used with the fingers extended
      or the hand can be used as a fist to deliver various types of blows in the
      art of karate, etc.
PAR  A further object of the invention is to provide various embodiments and
      modifications of a glove comprising novel means for retaining the glove on
      the hand.
PAR  Generally, the basic embodiment of the protective glove comprises a
      resilient material having a tough, outer coating preferably a plastic
      coating, which is adapted to generally cover particularly the back and
      side of the hand, back of the thumb, and most of the wrist of the wearer.
      The glove is designed to allow flexibility as well as protection in the
      use of the fingers and thumb to permit the optimum use of the hand as a
      weapons in arts and sports, such as karate, to effectively deliver various
      types of chops and blows as well as fending off opposing chops and blows.
      The glove is detachably secured to the hand by various securing means,
      such as strap means, adapted to be easily engaged by the fingers and thumb
      of the wearer of the glove.
DRWD
PAR  Other features and advantages of the invention will become apparent from
      the following description of a specific embodiment of the protective glove
      taken in connection with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of one embodiment of the novel protective
      glove of the invention showing it as worn on the hand of a wearer;
PAR  FIG. 2 is the opposite side elevational view of the protective glove shown
      in FIG. 1;
PAR  FIG. 3 is a bottom plan view of the protective glove shown in FIG. 1;
PAR  FIG. 4 is a front end view of the protective glove shown in FIG. 1;
PAR  FIG. 5 is a side elevational view of the protective glove shown in FIG. 1,
      showing the glove on the hand of a wearer with the hand formed into a
      fist;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is a generally side perspective view of a second embodiment of the
      novel protective glove of the invention;
PAR  FIG. 8 is a side elevational view of the protective glove shown in FIG. 7;
PAR  FIG. 9 is an elevational view of the side opposite to that shown in FIG. 8;
PAR  FIG. 10 is a generally top perspective view of the protective glove shown
      in FIG. 7;
PAR  FIG. 11 is a pattern of the securing means for the fingers, palm and thumb
      of the protective glove shown in FIG. 7;
PAR  FIG. 12 is a generally side perspective view of a modification of the
      protective glove shown in FIG. 7;
PAR  FIG. 13 is a side elevational view of the protective glove shown in FIG.
      12;
PAR  FIG. 14 is an elevational view of the side opposite to that shown in FIG.
      13;
PAR  FIG. 15 is a front end view of the protective glove shown in FIG. 12;
PAR  FIG. 16 is a pattern of the securing means for the thumb portion of the
      protective glove shown in FIG. 12;
PAR  FIG. 17 is a pattern of the securing means for the fingers portion of the
      protective glove shown in FIG. 12;
PAR  FIG. 18 is a generally side perspective view of a modification of the novel
      protective glove shown in FIG. 12;
PAR  FIG. 19 is a side elevational view of the protective glove shown in FIG.
      18; and
PAR  FIG. 20 is an elevational view of the side opposite to that shown in FIG.
      19.
DETD
PAR  The first embodiment of the protective glove of this invention shown in
      FIGS. 1-7 is indicated generally by the numeral 10 in FIG. 1 and comprises
      a unitary molded member formed from a suitable resilient material 12
      capable of absorbing energy, such as a plastic, polystyrene, polyurethane,
      or polyvinylchloride foam, or a rubber foam and the like. A suitable tough
      surface coating or casing 14, preferably smooth, covers the entire
      resilient material, whcih can be a tough, tear-resistant pliable material,
      preferably a suitable plastic material or the like. The coating 14 can be
      formed during heating and molding of the resilient foam material to
      produce a fused coating thereon. Alternatively, the surface coating 14 can
      be formed on the resilient material by spraying, dipping or applying and
      securing a coating of a suitable plastic material or the like. Plastic
      coatings are preferred since there are available on the market, many
      rugged tough pliable plastic materials such as polyvinylchloride, etc.
      However, it is also contemplated within the concept of the invention that
      suitable rugged fabric materials, and the like, can be used to cover the
      resilient material. The coating or covering used should provide a
      continuous, flexible, tough casing which prevents tearing of the foam
      material during use of the glove.
PAR  Glove 10 comprises a wrist portion 16 encircling the wrist, a thumb portion
      18, a thickened portion 20, side hand portions 22 and 23, a finger
      securing portion 24, and a loop portion 26 adapted to secure the glove
      across the palm of the hand of the wearer.
PAR  The loop wrist portion 16 entirely encircles the wrist of the wearer and
      extends at the upper part 16a to a section 28 which covers the back part
      of the hand and to the thickened portion 20. The thumb side portion 16b of
      wrist portion 16 extends across the side of the hand to portion 23 and
      thumb portion 18. The side 16c of the wrist portion 16 extends across the
      opposite side of the hand to section 22.
PAR  Loop portion 26 is disposed beneath the underside 20a of the portion 20 and
      connects to sides 22 and 23, providing an opening and securing means
      through which the fingers of the wearer are inserted. When the hand is
      fully inserted in the glove, the loop portion passes across the palm of
      the hand.
PAR  Thumb portion 18 is flexible and comprises an extended generally
      thumb-shaped member adapted to be secured to the thumb of the wearer by
      any suitable means, such as a strap 34, secured around the thumb portion
      18. Strap 34, as shown, can comprise any suitable tightening means such
      indentations tongue and groove 36. Thumb portion 18 also comprises
      indications 30 and 32 around which strap 34 passes and is retained thereon
      when the strap is tightened around the thumb, preferably to a
      pre-tightened position permitting the thumb to be easily inserted or
      withdrawn whenever the glove is worn or taken off.
PAR  The finger securing portion 24 extends downwardly from the mid-portion at
      the end of thickened section 20, and is adapted to receive and be retained
      by one or preferably two of the middle fingers of the wearer. Portion 24
      comprises indentations 40 and 42 around which a suitable securing means
      such as strap 44 passes, and is retained thereon when the strap 44 is
      tightened around the finger or fingers similar to strap 34.
PAR  The thickened portion 20 is adapted to provide additional protection to the
      backs of the fingers in delivering various types of blows in the karate
      art. Portion 20 is adapted to fold inwardly at the juncture 46 wherein the
      thickened portion 20 extends from section 28. The underside 20a of portion
      20 is an extension of the underside 28a of section 28, and both are
      adapted to generally conform to the back of the hand. Juncture 46 is
      generally designed to conform across the knuckles of the hand. Thus, when
      the hand is formed into a fist as shown in FIG. 5, the thickened portion
      20 will fold with the fingers providing the additional protection therefor
      in delivering a blow.
PAR  Side portion 22 is adapted to provide additional protection to the side of
      the hand opposite the thumb side. It is designed in such a manner that
      when a fist is formed, the sections 22a and 22b will generally fit
      together to provide the protection to the side of the hand. However, when
      the glove is worn and the hand is in an extended position as shown in FIG.
      1, and the side portions 22 also covers and provides protection to the
      side of the hand when delivering various karate chops or in fending off an
      opponent's blows, etc.
PAR  Side hand portion 23 on the thumb side is similarly adapted to provide
      protection to the side of the hand not covered by the thumb portion 18. It
      is designed similarly as portion 22 in that when a fist is formed, the
      section 23a and 23b will generally fit together to provide protection to
      the side of the hand. However, as is the case with portion 22, when the
      hand is in the extended position it also covers and protects the thumb
      side of the hand and permitting the delivery of various karate chops.
PAR  In use, glove 10, is easily worn on the hand by merely inserting the hand
      and fingers through wrist portion 16, passing the fingers under loop 26,
      securing one or two of the middle fingers to strap 44 of portion 24, and
      inserting the thumb under strap 34 of portion 18. As worn on the hand, the
      glove permits the fingers to be extended and held together to permit the
      delivery of various types of karate chops with either side of the hand
      while at the same time providing protection thereto. The unique
      construction of the glove also permits the hand to be closed or clenched
      as a fist permitting the wearer to strike a blow with the fist, while
      particularly protecting the fingers and thumb. The glove is uniquely
      adapted to be flexible in its various uses and permits desirable quick
      adaption to various hand forms such as a fist or extended finger positions
      as required in the fast moving art of karate.
PAR  Referring now to FIGS. 7-10, a second embodiment shown generally by the
      numeral 50, of the protective glove of the invention is shown. Its
      materials of construction are the same as those shown and described for
      the embodiment 10 of the protective glove.
PAR  Glove 50 comprises a wrist portion 52, an arm portion 54, a thumb portion
      56, side hand portions 58 and 60, a finger portion 62, a thickened portion
      64, and a retaining means shown generally by the numeral 66.
PAR  The arm portion 54 entirely encircles a portion of the arm of the wearer
      and extends to wrist portion 52 which covers and encircles the back of the
      wrist of the wearer and is open in the area of 53 to permit flexing of the
      wrist. Portions 52 and 54 cover and protect the entire lower arm and most
      of the wrist of the wearer, while at the same time permitting a degree of
      flexibility and use of the arm and wrist.
PAR  The wrist portion 52 extends to thumb portion 56 which extends therefrom
      and is adapted to protect the thumb. The thumb portion is flexible and
      comprises an extended generally thumb-shaped member adapted to be secured
      to the thumb of the wearer as will be seen hereinafter.
PAR  A thickened portion 64 is adapted to provide additional protection to the
      backs of the fingers and is adapted to fold inwardly at juncture 67 where
      the thickened portion 64 extends from wrist portion 52. The juncture 67 is
      generally designed to conform across the knuckles of the hand. Thus, the
      hand can be formed into a fist and the thickened portion will fold with
      the fingers as with embodiment 10.
PAR  The front portion of the glove comprises a flexible finger portion 62
      extending at an angle inwardly from the thickened portion 64. The angle of
      the finger portion is about 90.degree. with respect to an inner flat
      portion 65 of the thickened portion 64.
PAR  At both sides of the glove, protective portions 58 and 60 are provided to
      protect the sides of the hand. The side portions are designed such that
      when a fist is formed, portion 58 will meet the side 62a of finger portion
      62 and side 52a of the wrist portion 52. Similarly, portion 60 will meet
      the side 62b of finger portion 62 and side 56a of the thumb portion.
      However, as is the case with embodiment 10, when the hand is in the
      extended position, portions 58 and 60 cover and protect the sides of the
      hand when delivering karate chops and the like.
PAR  The retaining means 66 is shown as a pattern in FIG. 11. The pattern is
      adapted to be secured by suitable means, such as an adhesive, to the rims
      of the finger portion 62, side portions 58 and 60, thumb portion 56 and
      wrist portion 52. The retaining means is a tough tear-resistant generally
      smooth, pliable material made preferably of a plastic material such as
      polyvinylchloride. The retaining means when secured to the glove forms a
      pocket for the fingers in the finger portion 62, a pocket for the thumb in
      portion 56, and a pocket across side portions 58 and 60 which is adapted
      to pass across the palm of the hand of the wearer. The retaining means is
      designed in its configuration to provide maximum retaining capabilities
      for the glove on the hand, while providing minimum interference with the
      flexibility of the use of the fingers, thumb and hand of the wearer.
PAR  In FIGS. 12-17, a modification is shown of the protective glove embodiment
      50 of FIGS. 7-11. The modification, generally denoted by the numeral 70,
      is the same with respect to the materials of construction as those shown
      for the embodiments 10 and 50 of the protective glove.
PAR  Glove 70 has the same basic construction as glove 50 comprising wrist
      portion 52, arm portions 54, thumb portion 56, side hand portions 58 and
      60, finger portion 62, and thickened portion 64. Area 53 is not as open
      back along the arm portion as in glove 50. The showing is to illustrate
      that the inner wrist portion can be varied in its openness to provide
      lesser or greater flexibility in using the glove and for protection of the
      inner wrist.
PAR  In glove 70, a modification is disclosed for the retaining means. Separate
      retaining means are provided for the finger portion 62 and the thumb
      portion 56. The retaining means are shown in FIGS. 16 and 17 as patterns.
      Retaining means 72 are adapted to be secured by suitable means, such as an
      adhesive, to the rims of the thumb portion, to the inner part 60a of
      portion 60, and to a part of the rim of area 53 of the wrist portion.
      Retaining means 72 forms a pocket with thumb portion 56 wherein the thumb
      of the wearer can be inserted and retained. Similarly, retaining means 74
      is adapted to be secured to the top and side rims of finger portion 62 to
      form a pocket therewith, wherein the fingers of the wearer can be inserted
      and retained.
PAR  Both gloves 50 and 70 are easily worn and retained by merely inserting the
      hand and fingers through arm portion 54 and passing the fingers and thumb
      into the retaining means provided.
PAR  In FIGS. 18-20, a modification, shown generally by the numeral 80, of the
      protective glove 70 of the invention is shown. Its materials of
      construction are the same as those shown and described for the embodiment
      10 of the protective glove.
PAR  Glove 80 has generally the same construction as glove 70 comprising wrist
      portions 52, arm portion 54, thumb portion 56, side hand portions 58 and
      60, finger portion 62 and thickened portion 64. Area 53 is shown as
      extending back into the arm portion 54 and illustrates again that this
      area can be varied in its openness to provide the desired flexibility in
      using the glove with various degrees of protection in the wrist and arm
      portions.
PAR  In glove 80, in addition, a loop portion 82 is provided and molded as part
      of the glove construction. It is molded integrally with the tops of the
      side hand portions 58 and 60, and is designed to extend across the palm
      area of the hand of the wearer. Loop portion 82 provides additional
      retaining means to aid in retaining the protective glove on the hand of
      the wearer.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible, unitarily molded, protective glove for wearing and use in
      the art of karate and the like, and adapted to cover the back and sides of
      the hand including the fingers and thumb and also adapted to cover the
      wrist and a portion of the arm, comprising a rear portion having an arm
      portion, a wrist portion, two side portions, a thumb portion, a front
      portion having a thickened portion, a finger portion, and retaining and
      securing means; said arm portion extending to a point below the elbow of
      the wearer and comprising generally cylindrical encircling means adapted
      to surround the arm; said wrist portion comprising encircling means
      adapted to partially surround the wrist and open at the inner wrist; said
      side portions extending upwardly from the respective sides of said front
      portion adapted to cover the sides of the hand; said thumb portion
      extending from the side of said wrist portion and adapted to cover the
      back of the thumb; said finger portion extending upwardly from the forward
      part of said front portion adapted to cover the backs of the fingers; said
      retaining means extending across the inner portion of said glove adapted
      to retain the glove on the wearer's hand; said securing means disposed
      across each of said thumb and finger means adapted to secure the glove to
      the thumb and fingers of the wearer; said entire glove comprising
      resilient foam means covered with a tough surface casing; whereby said
      front portion and rear portions of the glove when worn on the hand are
      normally disposed in a finger extended position and whereby said front and
      rear portions are also capable of being folded together to form a fist.
NUM  2.
PAR  2. The protective glove of claim 1 wherein said front portion and thickened
      portion are adapted to fold at a juncture with the rear portion of the
      glove to form a fist.
NUM  3.
PAR  3. The protective glove of claim 1 wherein said retaining means and said
      securing means are a single pattern formed from a flexible, pliable
      material adapted to be secured to the rims of said finger, thumb, wrist
      and side portions.
NUM  4.
PAR  4. The protective glove of claim 1 wherein individual securing means are
      disposed across said finger portion and said thumb portion forming
      pockets, and no retaining means are included.
NUM  5.
PAR  5. The protective glove of claim 1 wherein individual securing means are
      disposed across said finger portion and said thumb portion forming
      pockets, and said retaining means comprises a looped portion extending
      between said side portions and integral therewith.
NUM  6.
PAR  6. The protective glove of claim 5 wherein said inner wrist portion has an
      open section which extends into said arm portion.
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PAL  A knee support or wrap especially designed for athletes stabilizes the knee
      ligaments and provides continuous support for the knee regardless of the
      position of the leg. A tubular, elastic sheath is slipped over the knee,
      and a pair of elastic straps anchored to the sheath are drawn into place
      and held by Velcro fasteners. The straps in their operative positions
      extend in crisscross fashion over the inwardly facing sidewall portion of
      the sheath, and in directions to duplicate the physiologic stability of
      the medial knee ligament complex. Felt pads on the sheath under the straps
      add body to the support, prevent bunching of the elastic sheath, and aid
      in the distribution of the pressure applied by the elastic straps. The
      support contains no rigid components and is constructed so as to not
      impair the normal flexibility of the knee joint.
BSUM
PAR  This invention relates to improvements in knee supports and, in particular,
      to a support which is capable of stabilizing the knee without impairing
      normal flexibility so that it may be worn by an athlete without adversely
      affecting his performance.
PAR  Knee braces of various types are in common use at the present time by
      athletes and others with knee injuries or knees requiring support for some
      reason. Especially in sports such as football, knee injuries are common
      and present a constant problem to many athletes. Available braces normally
      employ either longitudinally extending stays along the sides of the knee
      or rigid metal strips formed with hinges at the knee joint, either alone
      or in conjunction with various types of strap arrangements. Oftentimes,
      these braces are relatively heavy and cumbersome and do not permit normal
      knee flexibility; thus they are worn only as a matter of necessity.
PAR  Furthermore, in football in particular it would be desirable to have a knee
      support that could be used prophylactically by an athlete to protect the
      knee joint from the lateral impact that is so common in this sport. The
      unprotected knee is vulnerable as its weakness is at the inside of the
      knee joint; therefore, an inwardly directed, lateral impact is
      particularly dangerous from the standpoint of possible injury.
PAR  It is therefore, an important object of the present invention to provide a
      knee support which is light in weight and not cumbersome and which does
      not impair the normal flexibility of the knee joint, and yet is effective
      in stabilizing the knee in use either as a prophylactic device or
      therapeutically to guard an injured knee.
PAR  As a corollary to the foregoing object, it is an important aim of this
      invention to provide an effective knee support which is devoid of rigid
      components and is entirely flexible.
PAR  Another important object of this invention is to provide a knee support as
      aforesaid which is constructed in a manner to give continuous support to
      the knee regardless of the position of the leg.
PAR  Still another important object of this invention is to provide a knee
      support as aforesaid which duplicates the physiologic stability of the
      medial knee ligament complex in order to impart significantly increased
      stability to the knee region.
PAR  Furthermore, it is an important object of this invention to provide a knee
      support as aforesaid which may be slipped on the leg of a wearer, rapidly
      positioned and secured in a minimum of time and with little effort. To
      this end, it is a further aim of the present invention to provide a
      support of simple construction devoid of buckles, laces and other such
      devices.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the knee support of the present invention,
      shown on the right knee of the wearer and viewed from the front and
      outside;
PAR  FIG. 2 is a perspective view similar to FIG. 1, showing the knee support as
      seen from the inside of the knee with the knee joint more fully flexed;
PAR  FIG. 3 is a front elevational view of the knee support removed from the
      wearer;
PAR  FIG. 4 is an elevational view of the support of FIG. 3, showing the same as
      seen from the outside of the knee (the right side of the right knee);
PAR  FIG. 5 is an elevational view showing the support as seen from the inside
      of the knee (the left side of the right knee);
PAR  FIG. 6 is a rear elevational view of the support; and
PAR  FIG. 7 is a plan view of the support on an enlarged scale with a portion
      broken away for clarity.
DETD
PAR  A tubular, elastic sheath broadly denoted 10 receives the leg of the wearer
      as is clear in FIGS. 1 and 2, and is slipped over the knee to a position
      where the sheath 10 is approximately longitudinally centered with respect
      to the knee joint. The knee support of the present invention illustrated
      herein is for the right knee, it being understood that a similar support
      could also be worn on the left knee with a reversal of certain components
      as will be explained. The sheath 10 is an elastic fabric which is
      stretchable in radial directions but not longitudinally. The sheath is
      sized to have an unstretched diameter somewhat less than the wearer's leg
      so that the fabric is stetched as it is pulled over the knee into
      position. This holds the sheath 10 in place and also imparts some support
      to the knee region.
PAR  The sheath 10 has an upper end 12 and a lower end 14 shown as having a
      circular configuration in FIGS. 3-7. Therefore, the sheath 10 appears as a
      cylinder in FIGS. 3-7 as if in place on a cylindrical form. Accordingly,
      it is to be understood that FIGS. 3-7 are idealized views and that, due to
      the flexible and elastic nature of the sheath fabric, it will in practice
      conform to the shape of the leg as illustrated in FIGS. 1 and 2. The upper
      and lower ends 12 and 14 preferably terminate in sewed edges each
      containing an elastic band.
PAR  A felt pad 16 of generally rectangular configuration is secured to the
      inside sidewall portion of the tubular sleeve 10 by a continuous line of
      stitching 18, and has a pair of opposed, front and rear darts 20 and 22
      respectively centrally located at its longitudinal edges. A second felt
      pad 24 of like configuration is secured to the outside sidewall portion of
      sheath 10 by a continuous line of stitching 26, and has opposed, front and
      rear darts 28 and 30 respectively aligned with the darts 20 and 22. The
      dart 30 is somewhat larger to relieve the pad 24 at the rear of the knee
      joint on the outside of the leg.
PAR  An elastic strap 32 has one of its ends 34 anchored by stitching to the
      fabric of the sheath 10 at the rear thereof adjacent the upper end 12
      (FIG. 6). The opposite end 36 of the strap 32 is provided with a fastener
      38 which is adapted to mate with a second fastener 40 sewed on the sheath
      10 at the rear thereof adjacent the lower end 14. The fasteners 38 and 40
      (known commercially as Velcro) comprise strips of fabric having loops on
      one strip and hooks on a mating strip which intermesh with the loops in
      response to applied pressure, and then release when a quick yanking force
      is applied to peel the strips apart. Accordingly, the generally
      rectangular Velcro pieces 38 and 40 are faced with the hooks and the loops
      respectively to provide mating fasteners without requiring snaps, buckles
      or similar metallic devices.
PAR  A second elastic strap 42 has one of its ends 44 anchored by stitching to
      the fabric of the sheath 10 at the rear thereof adjacent the lower end 14,
      the opposite end 46 thereof being provided with a fastener 48 adapted to
      mate with a second fastener 50 sewed on the sheath 10 at the rear thereof
      adjacent the upper end 12. The fasteners 48 and 50 are fabric fasteners of
      the Velcro type, the same as the fasteners 38 and 40 discussed above with
      respect to the strap 32. It should be understood that each of the straps
      32 and 42 is longitudinally stretchable and is shorter in length when
      unstretched than the distance around the sheath 10 from the anchored end
      of the strap to the corresponding fastener on the sheath. For example, an
      unstretched length of each strap of approximately two-thirds the length
      when stretched and secured in place by the fasteners is suitable; this
      causes the straps to be placed in tension as they are drawn into their
      operative positions illustrated. Strips of three-inch wide elastic wrap
      are preferred for the strap material.
PAR  A support for the left knee is not illustrated since the same principles
      apply. The construction is identical except for the obvious reversal of
      components.
PAR  In utilizing the support of the present invention, the sheath 10 is pulled
      on the leg up over the knee to the position illustrated where it may be
      appreciated that the kneecap is centered with respect to the sheath and
      aligned with the darts 20 and 28. The sheath should be approximately 13 to
      14 inches in length so as to completely cover the medial knee ligament
      complex. Once properly located, the straps 32 and 42 are drawn into
      position and the fasteners 38 and 48 are mated with the fasteners 40 and
      50 respectively. The somewhat radially stretched condition of the sheath
      10 maintains the device securely in place on the knee and, in itself,
      gives the knee some support. The pads 16 and 24 add a body sufficient to
      impart additional stability to the knee and minimize any bunching tendency
      of the sheath 10. Furthermore, the pads (particularly the pad 16 on the
      inside of the knee) assist in distributing the pressure applied by the
      tensioned straps 32 and 42.
PAR  As is particularly clear in FIGS. 2 and 5, the straps 32 and 42 cross on
      the inside sidewall portion of the sheath 10, the strap 32 then passing
      under the knee while the strap 42 passes over the knee. Viewing FIG. 4,
      the straps 32 and 42 diverge on the outside sidewall portion of the sheath
      10 as they extend to the corresponding fasteners 40 and 50. Accordingly,
      the straps follow the direction of the anatomic fibers of the knee
      ligaments and apply laterally outwardly directed pressure to the knee
      region from the inside of the leg. As may be seen most clearly in FIG. 6,
      proper positioning of the anchored ends 34 and 44 of the straps 32 and 42
      and the corresponding fasteners 40 and 50 on the sheath 10 is important so
      that the straps, when drawn into place, will be caused to assume the
      crisscross configuration at the inside of the knee.
PAR  Being located as discussed above and relatively wide, the elastic straps 32
      and 34 considerably reduce the tendency of medial knee ligament
      instability and/or any external tibial rotary instability. The rotary
      instability refers to the action of the foot in swinging in one direction
      without a corresponding movement of the knee, thereby causing a twist.
      Reduction of these two types of instability is attributed in the present
      invention to the duplication of the physiologic stability of the medial
      knee ligament complex through the particular strap positions discussed
      above that enable the straps to follow and support the natural ligaments.
PAR  Furthermore, the arrangement of the present invention gives continuous
      support to the knee regardless of the position of the leg as may be seen,
      for example, by a comparison of FIGS. 1 and 2. Being completely flexible
      with no rigid components, there is no significant reduction in the normal
      flexibility of the knee joint. This is particularly important in athletics
      where the athlete, though wishing support, does not desire to be impeded
      either in speed or maneuverability. This feature of the present invention,
      together with its light weight and ease of installation and removal, make
      it particularly useful as a prophylactic device since the athlete's
      efficiency is not compromised.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. A knee support comprising:
PA1  a tubular, elastic sheath adapted to receive the leg of a wearer and to be
      positioned over the knee,
PA1  said sheath being of a length sufficient to cover the medial knee ligament
      complex when the sheath is positioned over the knee,
PA1  said sheath having upper and lower ends and opposed, inwardly and outwardly
      facing sidewall portions;
PA1  first and second elastic straps each having opposed ends;
PA1  means anchoring one end of said first strap to said sheath adjacent the
      upper end thereof, and anchoring one end of said second strap to said
      sheath adjacent the lower end thereof; and
PA1  mating fasteners on the opposite ends of said straps and said sheath, said
      fasteners on the sheath being located adjacent said upper and lower ends
      of the sheath and mating with the fasteners on said second and first
      straps respectively,
PA1  said straps being drawn around the sheath into operative positions crossing
      each other on the inwardly facing sidewall portion of the sheath upon
      engagement of the mating fasteners and, in said positions, said first and
      second straps being adapted to pass under and over the knee respectively,
      whereby to stabilize the knee without impairing normal flexibility.
NUM  2.
PAR  2. The knee support as claimed in claim 1, wherein said anchoring means and
      said fasteners on the sheath are located at the rear of the sheath, and
      wherein said straps diverge on the outwardly facing sidewall portion of
      the sheath as they extend therearound to the fasteners on the sheath.
NUM  3.
PAR  3. The knee support as claimed in claim 2, wherein each of said straps is
      longitudinally stretchable and is shorter in length when unstretched than
      the distance from said one anchored end thereof to the corresponding
      fastener on the sheath.
NUM  4.
PAR  4. The knee support as claimed in claim 3, wherein a pad is provided on
      said inwardly facing sidewall portion of the sheath over which said straps
      are streched in their operative positions.
NUM  5.
PAR  5. The knee support as claimed in claim 1, wherein said straps are
      longitudinally stretchable and are in tension in their operative
      positions.
NUM  6.
PAR  6. The knee support as claimed in claim 5, wherein a pad is provided on
      said inwardly facing sidewall portion of the sheath over which said straps
      are stretched in their operative positions.
NUM  7.
PAR  7. The knee support as claimed in claim 6, wherein a second pad is provided
      on the outwardly facing sidewall portion of said sheath, said pads having
      front and rear darts adapted to be aligned with the knee.
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ABST
PAL  A knee protector for athletes features a resilient body portion having
      interconnected internal fluid-filled chambers for absorbing straight on or
      lateral impact forces on the knee joint and for distributing these forces
      in a most advantageous manner. An internal brace structure reinforces the
      resilient body portion and includes articulated brace sections within the
      critical side shock-absorbing chambers to allow natural knee flexure but
      to strongly resist lateral bending. Mobility and reasonable comfort are
      not sacrificed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is widely known that a critical need exists for better protection of the
      knees of athletes, particularly football players. In the professional
      football ranks alone, knee injuries continue to end or shorten the careers
      of some of the highest paid athletes, thereby causing great economic loss
      to these individuals and their employers, not to speak of personal
      suffering and the sometimes crippling results of such injuries. Serious
      knee surgery on football players is now an every day matter in the
      hospitals of the country.
PAR  The problem has been recognized for quite some time and has been
      unsuccessfully dealt with by the use of various forms of knee padding,
      elastic knee bands, and the like, and in some instances very awkward and
      inefficient brace structures which not only tend to immobilize the knee
      and limit its use but are very dangerous to others coming in bodily
      contact with the wearer of the brace. Such prior art devices are heavy and
      awkward as well as dangerous.
PAR  Up to the present time, there is no known knee protector which comes close
      to satisfying the desires of the athletes or the orthopedic docotrs who
      care for them. In short, the technology in the design and manufacturing of
      the protectors has not kept abreast of the up-to-date knowledge concerning
      knee injuries, the functioning of the knee joint and its inherent
      weaknesses, particularly against lateral forces or impacts. The physicians
      and the athletes involved may have a vague idea of what they need to
      protect the knee against these injuries, but thus far no protector has
      been devised or been made available to do the job. Accordingly, it is the
      object of the invention to provide such a protector for the knee which is
      based on scientific analysis of the injuryprone knee joint, its weaknesses
      and strengths, and the need for adequate protection of the joint with
      minimum loss of mobility and comfort. It is known that the knee could be
      perfectly protected from injury by enclosing it in a rigid cast to
      completely immobilize it but such protection would obviously be of no
      benefit to athletes, such as football players, whose success in the sport
      depends almost entirely on speed and mobility.
PAC  SUMMARY OF THE INVENTION
PAR  With the above problem and objective in mind, the invention provides a
      lightweight and reasonably comfortable knee protector which allows
      mobility of the knee in the normal direction of flexure of that joint
      while strongly resisting lateral bending which the natural joint is not
      capable of sustaining to any significant degree. A strong, yet
      lightweight, internal brace structure includes side vertical link sections
      which are highly resistant to lateral bending while allowing unrestricted
      bending of the knee in the normal or natural direction. Additionally, this
      brace structure is molded inside of and integrated with a tough protector
      body portion of relatively firm rubber-like material which is inherently
      impact and abrasion-resistant while possessing enough flexibility to allow
      freedom of movement of the knee joint. This body portion has a lining of
      elastic fabric or some similar soft material to promote comfort and
      eliminate skin abrasion.
PAR  A key feature of the invention resides in the provision of
      intercommunicating frontal and side compartments in the body portion of
      the protector which are filled with a cushioning fluid which may be gas or
      liquid, such as water containing an antifreeze additive. In some cases, a
      foam rubber-like padding may also be utilized in the fluid-filled
      cushioning or shock absorbing compartments. In response to impact against
      the knee at either side protected by one of these compartments, some of
      the fluid from this compartment, while absorbing the shock forces, will
      flow through communicating passages leading to the other compartments with
      the result that the knee will instantly receive additional support at the
      side opposite to the blow or impact, plus the fact that there will be a
      net tightening effect of the entire protector around the knee joint due to
      the resistance of the fluid to compression. After the impact force has
      been absorbed by the protector, the internal fluid will automatically
      return to the normal state in which it fills the three compartments in a
      balanced manner. The critical articulated side braces extend directly
      through the side fluid compartments so as to be positioned for maximum
      resistance to lateral bending and to receive a lubricating action from the
      fluid.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following description.
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PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a side elevational view, partly broken away and partly in
      section, showing a knee protector embodying the invention applied to the
      knee of a user.
PAR  FIG. 2 is a front elevation of the knee protector.
PAR  FIG. 3 is a rear elevation thereof.
PAR  FIG. 4 is a horizontal section taken on line 4--4 of FIG. 1.
PAR  FIG. 5 is a fragmentary vertical section taken on line 5--5 of FIG. 4.
PAR  FIG. 6 is a similar section taken on line 6--6 of FIG. 4.
PAR  FIG. 7 is a similar section taken on line 7--7 of FIG. 4.
PAR  FIG. 8 is a front elevational view of the protector in an open or flattened
      condition, with parts broken away to show the internal brace means in
      relation to the other structure of the invention.
PAR  FIG. 9 is a similar view of the interior side of the device, partly broken
      away, to show the fluid compartments and interconnecting passages.
PAR  FIG. 10 is an exploded perspective view of an articulated brace.
PAR  FIG. 11 is an exploded side elevation of the same.
PAR  FIG. 12 is an assembled elevational view of a portion of the brace.
PAR  FIG. 13 is a vertical section taken on line 13-13 of FIG. 12.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts, the numeral 20 designates a knee protector body portion formed of
      tough natural or synthetic rubber or rubber-like material. The body
      portion 20 is shock and abrasion resistant by nature and yet sufficiently
      flexible to allow the necessary normal knee movement in a comparatively
      unrestricted manner. The body portion 20 may be molded so that it will
      assume the generally tubular limb encompassing formation shown in FIGS. 1
      to 4 while in a relaxed state, FIGS. 8 and 9 showing the structure in an
      unnatural flattened state for illustration purposes only.
PAR  The generally tubular body portion 20 is of sufficient length to encompass
      the entire knee joint and extend somewhat above and below the knee, FIG.
      1. It extends continuously around the knee from side-to-side thereof and
      across the front of the knee and is divided centrally at its rear side as
      indicated at 21 above and below a relatively large centrally located rear
      opening 22 in the body portion 20. Lacing eyelets 23 are provided at the
      top and bottom rear separated extremities of the body portion 20 enabling
      the device to be drawn snugly around the leg above and below the knee by
      suitable lacing 24. In general, the body portion 20 is molded in such a
      manner that it will conform to the natural contours of the leg adjacent to
      the knee joint.
PAR  Preferably, as shown in FIG. 4, the interior surface of the rubber-like
      body portion has a soft cloth lining 25 suitably attached thereto
      including a preferably elastic rear portion 26 extending across the back
      of the knee adjacent the rear opening 22. One purpose of this lining is to
      resist irritation of the skin by any rubbing against the protector which
      may take place and also the lining tends to make the device fit more
      snugly particularly where the lining portion 26 is elastic.
PAR  The body portion 20 is formed to provide three distinct internal
      fluid-holding compartments 27 and 28, the former compartment 27 spanning
      the knee cap region and the two side compartments 28 covering the two
      sides of the joint and being elongated vertically, as shown in the
      drawings. These compartments are closed except for a pair of upper
      interconnecting restricted passages 29 near the vertical centers of the
      three fluid compartments, FIG. 9, and a bottom interconnecting passage 30
      between the two side compartments 28, having a center branch 31 leading to
      the bottom of the frontal fluid compartment 27. By this means, the three
      fluid compartments 27 and 28 are in direct communication through
      restricted passages and are part of a closed fluid system. This system may
      be filled with suitable liquid, such as water, or a gas in some cases. If
      water is employed, an antifreeze additive may be used for winter usage.
      Optionally, the frontal compartment 27 or all three compartments, in some
      instances, may additionally contain compressible rubber or plastic foam
      material 32 for added shock-absorbency and impact-resistance. However, in
      terms of cushioning ability and shock-absorbency, the device works quite
      efficiently with the compartments 27 and 28 filled with fluid only.
PAR  Because of the intercommunication between the three fluid filled
      compartments, when the knee receives a blow from the front or from either
      side, the adjacent fluid compartment will be compressed and will offer
      initial resistance to shock or impact and simultaneously some of the fluid
      from this compartment will be forced through the interconnecting passages
      into the other fluid compartments, which will have to expand somewhat to
      accept the additional fluid. In this way, greater tension will be exerted
      on the knee at the opposite side to that which receives the actual blow or
      impact, assuming that this blow was directed against one side of the leg
      adjacent to the knee and received by one of the side cushioning or shock
      absorbing compartments 28. Similarly, if the knee is struck at the front,
      the front compartment 27 will absorb the main blow and cushion it and some
      fluid will be forced momentarily into both side compartments 28, whereby
      the entire body portion 20 will, at the critical moment, exhibit a
      substantially increased holding or supporting force on the joint.
      Following the blow causing compression of the one fluid compartment, the
      device will automatically return gradually to the normal or balanced
      condition shown in FIG. 4 with the internal fluid being equalized in the
      three intercommunicating chambers or compartments.
PAR  In addition to the above unique protective mode of operation, the device
      also has an efficient lightweight internal structural brace which adds
      substantial increased protection to the knee in vital areas at the two
      sides and knee cap. This brace, designated in its entirety by the numeral
      33, is preferably formed of rigid plastic of the type commonly used in
      football helmets or shoulder pads. In some cases, stainless steel or the
      like could be utilized in lieu of hard plastic. The integral brace 33
      comprises a top band or partial ring 34 which encompasses the front and
      opposite sides of the leg as illustrated in FIG. 1 and a similar lower end
      band 35, or partial ring, forming a part of the integral brace. The bands
      34 and 35 are immediately above and below the knee joint. They are
      integrally joined at the front of the knee by a concave knee cap covering
      shell or plate 36 immediately ahead of forward fluid compartment 27. The
      sections 34, 35 and 36 are connected at the front of the brace by top and
      bottom short central vertically extending portions 37 and 38. The entire
      integral brace 33 is comparable in its stiffness to a sturdy spring steel
      element but still has a certain degree of yield so as not to destroy the
      vital flexibility of the protector.
PAR  The brace 33 further includes at its two sides, directly adjacent to the
      sides of the knee, vertical articulated brace sections 39 which extend
      directly into and through the two side fluid chambers 28 centrally. Each
      of these articulated sections 39, FIGS. 10 through 13, is composed of
      plural alternately staggered plate links 40 and 41 and a like plurality of
      connector links 42 on the sides of intervening links 41 remotely from the
      links 40. Both the links 40 and 41 have dual vertically spaced openings 43
      for the reception of projecting sleeve connectors 44 or pivot elements on
      the plate links 42. Coacting headed pin fasteners 45 are received within
      the bores of elements 44 to complete the construction of the articulated
      brace section which is highly flexible in a direction across the axes of
      pivot elements 44 and 45 and highly rigid or resistant to bending in a
      right angular direction.
PAR  The top and bottommost plate links 40 and 42 of each articulated brace
      section 39 are pivotally joined to downwardly and upwardly extending
      plate-like terminals 46 and 47 of the two bands 35 and 34 which complete
      the formation of the side articulated brace sections. As should now be
      apparent, the brace sections 39 are located on the device to allow free
      bending of the knee in the normal plane fore and aft while serving as
      rigid braces to resist bending of the knee joint laterally due to a blow
      on either side of the knee, which the knee cannot withstand readily, as is
      well known. The brace 33 thus augments the protective action of the
      rubber-like body portion 20 with its internal shock-absorbing fluid-filled
      compartments 27 and 28 having the described ability to reinforce one
      another by fluid flow following impact to strengthen the protector at the
      side opposite to the point of impact.
PAR  To further strengthen the protector, tough cords 48 of nylon or equivalent
      material interconnect the ends of brace bands 34 and 35 with plate
      elements 49, FIG. 8, embedded in the top and bottom rear extensions 50
      having the eyelets 23 for lacing. The elements 49 are firmly secured to at
      least the upper pair of eyelets 23 of each set of eyelets or the lower
      pair, as depicted near the top and bottom of FIG. 8. By virtue of this
      arrangement, when the laces 24 are pulled up tight, the entire structure
      of the body portion 20 and interior brace 33 will be drawn tightly around
      the leg without relative slipping or stretching movements between the
      parts of the structure.
PAR  It should be noted that, in cases where there may be less need for impact
      protection, the internal brace unit 33 could be omitted from the
      invention, and only the fluid-filled rubber-like body portion 20 would be
      employed with its described mode of operation.
PAR  Another point or feature which should be noted is the fact that fluid may
      be introduced into the chambers 27 and 28 from the outside by a hypodermic
      needle or similar implement, and the body portion may be repaired when
      needed by patching, much like the patching of an automobile tire.
PAR  It should also be noted that, in the operation of the closed fluid system
      following impact against one of the compartments 27 or 28, the fluid
      therein passes slowly into the other compartments by virtue of the
      restricting effect of the ports or passages 29, 30 and 31. This retarded
      action is desirable as it is the purpose of each fluid-filled compartment
      to first cushion the impact and then follow up by sending some of its
      fluid to the opposite side compartment to strengthen the opposite side of
      the protector and thus further resist lateral bending of the knee joint.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A knee protector comprising a body portion of rubber-like material of
      roughly tubular formation and adapted to be applied to the leg of a user
      substantially in surrounding relation to the knee joint, said body portion
      having an internal front fluid filled cushioning compartment and two side
      fluid-filled cushioning compartments adjacent the knee joint, said front
      compartment being disposed to overlie and cover the knee cap and the two
      side compartments being disposed to overlie and cover the two lateral
      sides of the knee joint, interconnecting flow passage means for fluid
      formed in the body portion communicating the front compartment with the
      two side compartments and the two side compartments with each other,
      whereby in response to impact against the protector adjacent one fluid
      compartment such compartment will be compressed and will force fluid
      therefrom through said flow passage means and into other compartments of
      the body portion; and relatively rigid mechanical bracing means comprising
      arcuate top and bottom leg embracing portions embedded in the material of
      the body portion above and below the cushioning compartments therein, and
      articulated side sections extending between and connecting said top and
      bottom portions formed of a plurality of hingedly connected plate members
      extending vertically through the side compartments of the body member,
      said plates being resistant to lateral bending and said hinged connections
      providing high flexibility in the normal direction of bending of the knee.
NUM  2.
PAR  2. The structure of claim 1, and a mechanical knee cap brace integrated
      with the rubber-like body portion comprising a concavo-convex plate-like
      part exteriorly overlying the front compartment at the knee cap and
      connected at its upper and lower ends to the top and bottom leg embracing
      members of said bracing means.
NUM  3.
PAR  3. The structure of claim 2, wherein said articulated brace sections
      extending substantially vertically through said side fluid compartments
      are completely enclosed and movable within the fluid within said
      compartments, and said front compartment is also filled with foam-like
      padding.
NUM  4.
PAR  4. The structure of claim 2, wherein the body portion of the protector is
      divided at its rear side behind the knee and has lacing terminals
      extending along the division line at least at the top and bottom of the
      body portion.
NUM  5.
PAR  5. The structure of claim 2, wherein said mechanical brace means is formed
      of substantially rigid plastic possessing limited flexibility.
NUM  6.
PAR  6. The structure of claim 4, and high tension connector means within the
      body portion interconnecting said lacing terminals with the adjacent ends
      of the top and bottom leg embracing portions of said mechanical brace.
NUM  7.
PAR  7. The structure of claim 1, and an interior cloth-like lining for said
      body portion including a central rear section adapted to embrace the back
      of the knee, the body portion having an opening at the back of the knee
      and being divided vertically above and below said opening and having
      separable fastener means on its divided terminals.
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ABST
PAL  A one piece bib having slits for providing a head opening and having a
      pocket for catching spilled food and the like is made from a single sheet.
      The lower longitudinal edges of a generally oblong sheet are cut away on
      the bias; the sheet is folded on the longitudinal center line and the
      lower edges are sealed together. When the sheet is unfolded, a V-shaped
      pocket has been formed to stand open to receive any food that has been
      spilled by the wearer.
PAL  In the method of making the bib slits may be cut in an elongated sheet
      adjacent its upper edge to define a head opening. In the same operation,
      longitudinal edge portions or corners at the lower end are cut off on a
      bias, and folds are formed at the longitudinal center line and from the
      longitudinal center line to opposite edges of the bib at the upper
      severing points where the material is cut away. The sheet is then folded
      along the center line and the lower edges are sealed. When the bib is
      unfolded a V-shaped pocket has been formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to disposable bibs having a head opening adjacent the
      upper end and a pocket at the lower end. In the prior art there have been
      bibs with pockets and head openings, but they have been relatively
      complicated and as a result relatively expensive, particularly where
      attempts have been made to provide a pocket that will stand open. In the
      present invention, a pocket that continually stands open during use has
      been provided in a very simple manner. The bib can be manufactured at a
      low cost because of its simplicity, and can be made for repeated use.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a disposable bib is provided that is easy to
      put on anyone through the head opening, and which has a continuously open
      pocket at the lower end.
PAR  It is an object of the invention to provide an improved disposable bib
      which eliminates washing of bibs, cleaning of the wearer's clothing
      underneath the bib, and cleaning of the surrounding area. The bib is
      adapted for use in the home, travel, in hospitals, on picnics and in
      restaurants.
PAR  The bib may be typically made of absorbent paper backed with sealing,
      polyethelene sheet material. The paper absorbs any liquid and the
      polyethelene prevents the wearer from becoming wet, and also strengthens a
      very thin bib so that it will hold the weight of liquids or other
      materials which may be received into the pocket. Because the bibs may be
      made extremely thin, they are easily packaged in rolls.
PAR  In addition to the primary utilitarian function, the bibs may employ
      designs, including educational subject matter, from which a young child
      may learn, each bib having different information thereon.
PAR  The structure of the present invention is such that it may be easily put on
      anyone, and tucked into the wearer's collar. It is particularly beneficial
      for use by very young children and by handicapped children, and in
      hospitals and convalescent homes.
PAR  Further objects and advantages of the invention may be brought out in the
      following part of the specification wherein small details have been
      described for the competence of disclosure, without intending to limit the
      scope of the invention which is set forth in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the accompanying drawings, which are for illustrative
      purposes:
PAR  FIG. 1 is a front elevational view of the bib according to the invention,
      shown in position for use on a wearer;
PAR  FIG. 2 is a side elevational view of the bib folded along the longitudinal
      center line and enclosing the front face thereof;
PAR  FIG. 3 is a perspective front view of the bib;
PAR  FIG. 4 is a fragmentary cross-sectional view, taken substantially along the
      lines 4--4 in FIG. 1;
PAR  FIG. 5 is a plan view of the open pocket of the bib, taken substantially
      along the lines 5--5 in FIG. 1;
PAR  FIG. 6 is a perspective front view illustrating another embodiment of the
      invention;
PAR  FIG. 7 is a view of a roll of sheet material for use in the process in
      making the bibs and illustrating the cut and fold lines;
PAR  FIG. 8 is a view of a cut and folded bib of sheet material removed from the
      roll in FIG. 7; and
PAR  FIG. 9 is a view of the folded bib showing the lower edges sealed together.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring again to the drawings, there is shown in FIG. 1 a bib, generally
      designated as 10, being worn for use. As shown in FIG. 2, because of the
      thinness of the material from which the bibs may be made, they may be
      distributed in rolls of the bibs folded as shown. Such bibs can be made,
      for example, from polyethelene material alone, or soft absorbent paper
      backed by polyethelene.
PAR  In FIG. 3 the bib is shown open in the form made from a generally oblong
      sheet having an upper end 12 and an upper lateral edge 14, parallel
      longitudinal side edges 16 and 18, and a lower end 20 on which there is a
      V-shaped pocket, generally designated as 22. A central longitudinal fold
      is shown in a broken line 24, the bib in FIG. 2 being folded on the line,
      enclosing the front. As best seen in FIG. 3 there are shown a plurality of
      slits which are cut into the upper end to provide a head opening 26, as
      shown in FIGS. 1 and 4. Two of the slits 28 and 30 are in the form of
      spaced arcs, approximately equal to one-quarter of a circle or less,
      having their convex edges facing each other. At the ends of the arcs are
      three short slits 32, 34 and 36 provided to increase the size of the head
      opening as needed and to tend to eliminate stress against tearing in any
      one direction. Extending between the arced slits is a straight line slit
      38 in substantial alignment with the centers of the arcs. The arrangement
      of the slits provides two flaps 40 and 42 spaced between the arced slits
      and having concave edged formed by the arcs. The center fold 24 has
      perforations 39 extending from the slit 38 to the edge 14. By pulling the
      perforations open, the bib can be removed without going over the head.
PAR  The arced slits provide shoulder fitting areas 44 and 46, the upper edge 14
      extending down over the back, as may be seen in FIG. 1. The arced slits
      provide size variations; that is, if the head opening is the approximate
      size for the neck the edge of the arcs will fit close thereto, as shown in
      FIG. 1, but if the neck is larger, the areas 44 and 46 will curl upwardly
      or can be folded inwardly. The flaps 40 and 42 provide the advantage of
      being easily tucked into the wearer's clothing, under the collar, to make
      the bib secure on the wearer. The concave edges on the flaps 40 and 42
      make it easier and neater to tuck the flaps under the wearer's collar.
PAR  In FIG. 2, where the bib is shown folded, the pocket not being formed, and
      in FIG. 3, the pocket being formed, bias cuts on both sides of the lower
      end 20 are shown at 48 and 49. The material cut away removed the lower
      corners of a rectangular sheet and was in the form of a right triangle,
      shown in phantom outline in FIG. 2, having a relatively short base 50 in
      the lateral direction and a relatively long right angle leg 52 in the
      longitudinal direction. Extending between the upper end 54 at the cutoff
      and the central fold line 24 at 56 are fold lines 58 and 60, as shown in
      FIG. 3. At the lower end, the remaining lateral portion areas in the form
      of triangles 61 and 63 have their lower edges 62 and 64 on both sides of
      the central fold line secured together by sealing material 66, the
      triangles having a common side at the seal. The edges 48 and 62 and 49 and
      64 form respective obtuse angles of the triangles and the edges at 58 and
      16 and 60 and 18 also form obtuse angles.
PAR  The sealing material may be a suitable glue applied during manufacture,
      adhesive tape, or may be in the form of a pressure sensitive adhesive. The
      seal may also be effected on various plastic materials by means of the
      application of heat.
PAR  When the bib is unfolded from the position in FIG. 2, as shown in FIGS. 3
      and 5, the pocket 22 is formed and stands open at all times, and
      particularly when the bib is held vertically because of the structure
      resulting from bias cuts at 48 and 49. The triangle sides 58 and 60 and 48
      and 49 form respective lower and upper V's of the pocket.
PAR  In FIG. 6 another embodiment 11 of the invention is shown where the
      difference is in the head opening formed by means of a semicircular slit
      70 having its center on the central fold line 24. At the ends of the slit
      70 are three short straight line slits 72, 74 and 76, provided to increase
      the size of the opening as necessary. With this opening a flap 78 formed
      within the slit 70 may be tucked into the collar of the wearer, or
      otherwise under the bib, the semicircular arc fitting against the back of
      the neck of the wearer or close thereto.
PAR  In FIGS. 7-9 a method of making the invention is illustrated. In FIG. 7
      there is shown a roll of the material 80, such as polyethelene, or a soft
      absorbent paper backed by polyethelene, for example, from which the bibs
      may be made. All of the cutting and forming of fold lines can be
      accomplished in one operation. As the material comes off the roll, at the
      proper intervals the material is perforated at 82 to provide for easy
      separation of the individual bibs; all the slits can be cut into the
      material; and the right triangle areas 84 at the lower ends can be cut off
      along the bias lines 48 and 49. Similarly, the central fold line 24 and
      the diagonal fold lines 58 and 60 can be formed by heat or pressure or
      both.
PAR  After the foregoing has been accomplished, the material can be folded on
      the longitudinal fold line 24, as shown in FIGS. 8 and 9, either before
      the separation of the individual bibs or after. Before separation, the
      material from the roll can be continuously moved along on a conveyor and
      folded after the fold lines have been inserted so as to maintain the bibs
      in a continuous sheet. As the continuous sheet is moved, it can be sealed
      at 66, as shown in FIG. 9, by a heat sealing method or by various types of
      conventional adhesives.
PAR  Because of the very thin material, the bibs can be rolled when completed
      into a single roll of folded bibs, and each one may be pulled off
      separately along the perforation line 82. Similarly, if desirable, the
      bibs can be severed and distributed in stacks of folded bibs or stacks of
      unfolded bibs and sold in tissue type boxes. When the bibs are unpackaged
      and unfolded, the pocket will automatically open and will be in position
      to receive material dropped during the eating and drinking of the user.
PAR  Another method of making the bibs is to fold the sheet prior to putting it
      on the roll. As may be visualized from FIG. 2, this permits the use of a
      die one half the size required in the method illustrated in FIG. 7 and
      requires only one die to cut off the triangles 84. By having the material
      prefolded in the roll, it is ready for sealing at 66 when it has been cut.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description and it will be apparent that various changes may be
      made in the forms, construction and arrangements of the parts of the
      invention without departing from the spirit and scope thereof or
      sacrificing its material advantages, the arrangements hereinbefore
      described being merely by way of example. I do not wish to be restricted
      to the specific forms shown or uses mentioned except as defined in the
      accompanying claims, wherein various portions have been separated for
      clarity of reading and not for emphasis.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a one piece disposable bib, a sheet having a lateral edge at an upper
      end of the bib and two longitudinal edges extending downwardly therefrom,
PA1  a neck opening adjacently spaced from said lateral edge and between said
      longitudinal edges,
PA1  the improvement comprising:
PA1  a pocket at a lower end of the sheet opposite said upper end,
PA1  said pocket being open toward said upper end and being V-shaped widthwise
      along its bottom.
NUM  2.
PAR  2. The invention according to claim 1 in which:
PA1  said V-shaped pocket bottom defines said lower end of said sheet.
NUM  3.
PAR  3. The invention according to claim 2 in which:
PA1  said pocket has a front face formed of two triangles having a common side,
PA1  said triangles each having a lower side formed by a leg of the V defining
      the lower end of the sheet.
NUM  4.
PAR  4. The invention according to claim 3 in which:
PA1  said common side of said triangle is defined by two joined sealed edges of
      said sheet,
PA1  said sealed edges having been two portions of a lower lateral edge of said
      sheet,
PA1  respective area portions of said sheet bounded by each lower lateral edge
      portion and respective adjacent longitudinal edges having been folded
      upwardly in the direction from said lower lateral edge and inwardly in the
      direction from the respective adjacent longitudinal edge to position said
      sealed edges to form said common side.
NUM  5.
PAR  5. The invention according to claim 4 in which:
PA1  the upper sides of said triangles each form an obtuse angle with said
      common side.
NUM  6.
PAR  6. The invention according to claim 5 in which:
PA1  before folding each of said lower edge portions comprised half of said
      lower lateral edge.
NUM  7.
PAR  7. The invention according to claim 2 in which:
PA1  upper edges of said pocket at said opening form a V.
NUM  8.
PAR  8. The invention according to claim 1 in which:
PA1  said head opening is defined by two spaced arced slits and a straight line
      slit extending therebetween,
PA1  said straight line slit being in approximate alignment with the centers of
      said arced slits,
PA1  said straight line slit extending in the lateral direction.
NUM  9.
PAR  9. The invention according to claim 8 in which:
PA1  said arced slits have a plurality of relatively short slits at their ends.
NUM  10.
PAR  10. The invention according to claim 8 in which:
PA1  a line of perforations extends from said straight line slit to the upper
      lateral edge.
NUM  11.
PAR  11. The invention according to claim 1 in which:
PA1  said head opening is defined by a semicircular slit having its concave edge
      generally facing said lower end.
NUM  12.
PAR  12. A method of making a one piece disposable bib comprising:
PA1  cutting slits in a generally elongated sheet adjacent an upper lateral end
      to define a head opening,
PA1  cutting longitudinal edge portions from the sheet to remove lower end
      corners,
PA1  forming a longitudinally extending central fold line in the sheet,
PA1  forming fold lines extending from the central fold line at the lower end to
      the longitudinal edges at the upper severing points of the cutaway
      longitudinal edge portions,
PA1  folding said sheet along said center fold line to enclose the front of the
      sheet, and
PA1  sealing the lower edges together.
NUM  13.
PAR  13. A method according to claim 12 including:
PA1  cutting said sheets from a roll of sheet material at the same time said
      other cuts are made.
NUM  14.
PAR  14. A method according to claim 12 including:
PA1  perforating sheet material coming off a roll to define individual elongated
      sheets at the same time said cuts are made.
NUM  15.
PAR  15. A method according to claim 12 in which:
PA1  said longitudinal edge portions are right triangles having relatively long
      right angle legs in the longitudinal direction and short bases in the
      lateral direction.
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ABST
PAL  A process for the manufacture of gloves comprising: pre-coating a
      light-weight textile fabric substrate on one side only when a foamed
      dispersion consisting of a synthetic rubber and polyvinyl chloride; curing
      the dispersion; superposing two plies of the pre-coated fabric with their
      pre-coated surfaces in contact; welding together the two pieces of fabric
      along a welding zone in the shape of the outline of a hand; cutting out
      the shape thus defined using a shaped knife through the welding zone;
      turning the so-formed glove-shell inside out to bring the pre-coating to
      the outside; placing the inverted glove-shell onto a form in the shape of
      a hand; and dipping the form and the precoated outer surface of the glove
      shell mounted on the form into a liquid plastics material to provide an
      impervious outer coating, such outer coating being prevented from striking
      through into the fabric due to the pre-coating of the fabric.
PARN
PAR  This is a continuation-in-part of my co-pending application Ser. No.
      282,564, filed Aug. 21, 1972, now abandoned.
BSUM
PAR  This invention relates to improvements in the manufacture of protective
      gloves.
PAR  Protective gloves are worn in many occupations either to protect the wearer
      from contamination by materials with which he is working, as in the
      chemical industries, or to protect materials from contamination by the
      wearer, as in surgical use, bakeries and similar applications where strict
      hygiene is required.
PAR  At the present time, there is a progressive trend, in industries such as
      automobile manufacture, for each employee to be issued with a fresh pair
      of protective gloves at the beginning of each shift, these being discarded
      at the end of the shift. Accordingly, economy of manufacture is of primary
      importance.
PAR  There is, however, the additional problem of ensuring that the gloves, once
      issued, are actually used by the employee. Relatively heavy or stiff
      gloves are felt to be inhibitive and are disliked. Therefore, not only
      must they be cheap to produce, but they should also be light in weight and
      supple so that the user does not regard their use as disadvantageous. The
      invention seeks to achieve this.
PAR  In a known process for manufacturing protective gloves, comparatively heavy
      (6 ounces per square yard) knitted interlock fabric is cut out into spread
      hand shapes, and two such shapes are sewn together to provide a glove
      lining. The lining is then stretched onto a form, in the shape of a
      spread-fingered hand, and dipped into a sol of an appropriate natural or
      synthetic rubber or plastics material. This plastisol tends to
      "strike-through" the fabric, filling up the pores between threads by
      capillary action.
PAR  This known process has disadvantages in that a comparatively heavy fabric
      has to be used, and because of manual cutting and sewing, uniformity of
      size and shape as between pairs of gloves nominally of the same size has
      been difficult to maintain. The strike-through of the plastisol has tended
      also to produce a stiffer glove than is desirable from the point of view
      of use during manipulative operations, and than might be expected from the
      properties of the coating materials and the lining materials used, as, in
      the strike-through zone, the coating and lining are mutually reinforcing.
PAR  In order to obtain a glove with improved flexibility, according to the
      present invention, the lining fabric is first pre-coated with a plastics
      material in the form of a dispersion, such dispersion consisting
      principally of nitrile-based polymer (i.e. synthetic rubber) to which a
      proportion (for example up to 15% w/w) of polyvinyl chloride has been
      added.
PAR  Arising from this pre-coating of the lining fabric, the invention further
      proposes that the process for production of the glove linings should
      preferably be automated, this being possible since the pre-coating enables
      plies of the fabric to be welded together.
PAR  The machine thus provided may comprise one or more welding heads shaped in
      the outline of a spread hand to weld two pieces of the pre-coated fabric
      together, either thermally or by high frequency welding. Additionally, the
      machine comprises a cutting knife, shaped like the welding head to cut out
      a spread-hand shape. The cutting knife is actuated after the welding head
      to cut along the weld seams providing a welded glove lining.
PAR  In the preferred process of the invention, the lining is then turned inside
      out, so that the weld seam which was exposed is now turned inwards.
PAR  The lining is then placed on a form, in the shape of a spread hand, and
      dipped in a sol of a suitable plastics or rubber material to coat the
      lining on the outer surface with a layer of the plastics or rubber. Due to
      the presence of the pre-coating, the sol does not strike through the
      interlock fabric, since the pores of the fabric are already sealed and no
      capillary action takes place.
PAR  The object of the invention is to provide a method of making a PVC-coated
      glove which on the one hand is inexpensive and on the other hand is light
      and supple, so that its use will not be regarded as inconvenient.
PAR  In practice this is achieved by:
PA0  a. starting with what really is a light weight fabric, namely a plain knit
      or jersey fabric of weight about 4 to 4.2 ozs. per square yard. It is
      thinner than the interlock fabrics conventionally used. It will be
      understood, of course, that "interlock" fabrics of the same order and
      weight, of from 4 to 4.2 ozs. per square yard can, if desired, be employed
      in the invention;
PA0  b. this light weight fabric is pre-coated (not impregnated) on one side
      only with a dispersion consisting principally of nitrile-based polymer
      (i.e. synthetic rubber) but including also a proportion of polyvinyl
      chloride and also a soap, the dispersion being in a frothed condition
      (e.g. by being agitated) when applied to the fabric;
PA0  c. the pre-coating is effected by passing the fabric in web form beneath a
      doctor blade which spreads the pre-coating thinly over the fabric, the
      fabric being unsupported from below in correspondence with the doctor
      blade, and then curing the pre-coating by passing the pre-coated fabric
      through an oven. The pre-coating does not soak into the fabric in the
      sense of passing right through but simply adheres to the surface to fill
      its pores and interstices. This is in contrast to the more conventional
      spreading by means of a doctor blade wherein the web is supported from
      below (e.g. by a roller) in register with the doctor blade which,
      accordingly, tends to force the coating through the web;
PA0  d. two plies of the pre-coated fabric are now superimposed with their
      pre-coated surfaces in contact, and these are welded together, and
      severed;
PA0  e. this gives the fabric shell which, although being of light weight
      fabric, is not susceptible to striking through in the subsequent dippings;
PA0  f. the fabric shell is turned inside out to bring the pre-coating to the
      outside;
PA0  g. the shell is then pulled onto a former 26 and is dipped into PVC
      plastisol; and
PA0  the resultant plastisol outer coating is anchored in place on the
      pre-coating by being cured.
PAR  Applicant's method achieves the advantage of:
PA1  a. reducing costs by eliminating sewing;
PA1  b. reducing costs by permitting use of much lighter weight fabric for the
      liner; yet at the same time avoiding strike-through; and
PA1  c. ensuring a supple and commercially-acceptable product.
DRWD
PAR  The manufacture of a protective glove, according to the invention, will now
      be further described, with reference to the accompanying drawings,
      wherein:
PAR  FIG. 1 shows diagrammatically a welding head being used to weld together
      two sheets of base material pre-coated with a dispersion in accordance
      with the invention, along a seam shaped in the form of an outspread hand;
PAR  FIG. 2 shows diagrammatically the welded material produced by the step
      illustrated in FIG. 1;
PAR  FIG. 3 shows diagrammatically a shaped knife being used to cut out the
      welded hand shape by severing along the seams provided by the welding step
      and also across the wrist part thereof;
PAR  FIG. 4 shows diagrammatically the hand shaped glove-liner produced by the
      steps illustrated in FIGS. 1 and 3;
PAR  FIG. 5 shows diagrammatically the liner stretched on a hand-shaped form and
      dipped into a bath of an outer coating material; and
PAR  FIG. 6 is a diagrammatic fragmentary cross-sectional view of part of the
      finished protective glove according to the invention.
DETD
PAR  In the first stage of the manufacture, which is not illustrated in the
      drawings, a web of interlock knitted fabric is pre-coated on one side in a
      continuous pre-coating process with a dispersion consisting of a
      nitrile-based polymer (synthetic rubber) to which a relatively small
      percentage of polyvinyl chloride has been added, the dispersion
      incorporating a soap and being frothed or formed while being applied by
      being agitated, spreading of the dispersion being effected by a doctor
      blade contacting the fabric at an unsupported portion of the latter. The
      pre-coating spreads over the knitted fabric, filling the pores and
      interstices of its outer surface but without soaking in, and the fabric is
      then passed through an oven to cure the pre-coating.
PAR  In the next stage, as shown in FIG. 1, two sheets of the pre-coated fabric
      10 and 11 are laid on top of one another with the pre-coated surfaces in
      contact, and a welding head 12 which carries a plurality of welding blades
      13 is brought down on the sheets. The blades are each shaped in the manner
      of an outspread hand to give a welded seam 14 of the shape shown in FIG.
      2. The welding head 12 may for example carry sufficient blades 13 to make
      the fullest use of a roll of coated fabric measuring a yard in width. The
      blades 13 on the head 12 may be arranged in two staggered rows with the
      hand-shapes pointed in opposed directions so that the "wrist" parts are
      interspersed.
PAR  The welding is carried out by electrically heating the blade 13 so that the
      pre-coatings on the two sheets 10 and 11 fuse in the welding zone, and are
      united on cooling to produce the welded seam 14. It is the polyvinyl
      chloride component of each pre-coating which permits the welding, of
      course, the nitrile-based polymer being substantially non-weldable. If the
      welding together of the plies is effected by high frequency welding, a
      stack of the sheets about fourteen sheets high (to produce seven glove
      shapes) can be welded simultaneously.
PAR  Referring to FIG. 2, the seam 14 divides the area of fabric shown into two
      areas. The first is an enclosed area 15 within the seam 14. The parts of
      the sheet here are joined around the palm and finger outline to form the
      sides of the liner, but the wrist part is left open and unwelded. The
      other is an area 16 of fabric not used in forming the glove liner which is
      trimmed off by a knife 20 shown in FIG. 3.
PAR  In FIG. 3 a plurality of knives 20 are arranged on a cutting out head 21
      and disposed in an identical pattern to that of the welding blades, so
      that the knives cut the fabric through the weld zones 14 and across the
      wrist parts.
PAR  The product of this cutting step is shown in FIG. 4, and it comprises front
      and rear panels 22 joined around the fingers and the sides of the palm
      with a weld-bar 23 left by the knives. The wrist part 24 is of course
      unwelded and open.
PAR  The liner 25 thus formed is then turned inside out, so that the surfaces
      showing in FIG. 4 become the inner surfaces of the liner 25 and the
      weld-bar 23 is hidden in the interior. The liner 25 is placed on a form 26
      which is shaped like a hand with outspread fingers The liner 25 on the
      form 26 is then dipped, preferably as one of a batch, into a bath 27 of an
      outer coating substance 28, as is shown in FIG. 5.
PAR  The outer coating substance can be a natural or synthetic rubber, or a
      suitable synthetic plastics material such as, especially, polyvinyl
      chloride, or a blend thereof. The form with the outer coated liner is
      withdrawn from the bath and the outer coating is allowed to set or is
      cured.
PAR  FIG. 6 is an enlarged diagrammatic cross-section of part of the finished
      glove. Loops 30 of the knitted fabric 10 or 11 are pre-coated on one side
      with the precoating 31 which was applied before application of the welding
      head 12. This seals the interstices of the loops at one side of the fabric
      and covers each of the threads making up one surface of the fabric. An
      outer coating of polyvinyl chloride 32 overlies this one side, forming a
      continuous outer skin. As the coating 31 seals the gaps between the
      threads, the outer layer 32 does not strike through between the threads,
      and forms simply a continuous skin.
PAR  The resulting glove is very flexible since the lining and outer coating are
      not mutually reinforcing, so that the glove can be worn while delicate
      manipulative operations are carried out. This is advantageous,
      particularly in chemical and research establishments, and also in general
      use of the glove.
PAR  The lining fabric used is a four ounces to the square yard interlock knit,
      a comparatively light knit which can be used due to the method of the
      invention. The lining fabric is pre-coated in bulk by the described doctor
      blade arrangement which provides an even coating of about 1 to 1.5 ounces
      per square yard over all the fabric.
PAR  Suitable outer coating materials are that sold by Plus Products Limited, of
      Blaydon-on-Tyne, Country Durham, England under their reference C-851
      synthetic compound, and that sold by Industrial Latex Adhesives Limited,
      of Heywood, Lancashire, England under their reference LDA 163. The outer
      coating is applied as a dispersed sol of the material.
PAR  The method according to the invention, using mechanical cutting, and
      welding of the glove linings enables constancy of shape and dimensions for
      gloves of each standard size to be maintained. This is obviously
      advantageous as manual methods lead to discrepancies which differ in
      seriousness depending upon the skill and attentiveness of the worker.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of gloves comprising:
PA1  a. pre-coating a light-weight textile fabric substrate on one side only
      with a dispersion consisting principally of nitrile-based polymer together
      with a proportion of polyvinyl chloride and soap, the dispersion being
      applied in a foamed condition and adhering to the outer surface of the
      fabric to fill its pores and interstices but not soaking completely
      through the fabric;
PA1  b. curing the dispersion;
PA1  c. superposing two plies of the pre-coated fabric with their pre-coated
      surfaces in contact;
PA1  d. welding together the two pieces of the fabric along a welding zone in
      the shape of the outline of a hand;
PA1  e. cutting out the shape thus defined using a shaped knife through the
      welding zone;
PA1  f. turning the so-formed glove-shell inside out to bring the pre-coating to
      the outside;
PA1  g. placing the inverted glove-shell onto a form in the shape of a hand; and
PA1  h. dipping the form and the pre-coated outer surface of the glove shell
      mounted on the form into a liquid plastics material to provide an
      impervious outer coating, such outer coating being prevented from striking
      through into the fabric due to the pre-coating of the fabric.
NUM  2.
PAR  2. In the process according to claim 1, the polyvinyl chloride being
      present in the pre-coating dispersion in an amount up to about 15% w/w.
NUM  3.
PAR  3. In the process according to claim 1, wherein the liquid plastics
      material providing the impervious outer coating is polyvinyl chloride
      plastisol.
NUM  4.
PAR  4. In the process according to claim 1, wherein the pre-coating is applied
      by a doctor blade, the fabric being unsupported at the area of the doctor
      blade.
NUM  5.
PAR  5. A glove formed by the process of claim 1.
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ABST
PAL  A visored cap having an adjustable metal strap in its head band. The body
      portion of the cap comprises spoked pieces connected together at one end
      and to the head band at the other end. The visor and body portions are
      each connected to the head band by means of tabs extending through slots
      therein.
BSUM
PAR  The invention relates to head covers and, in particular, to caps of the
      visored type with spoke-like portions comprising the body thereof.
PAR  The instant head adornment is provided with a head band which is made
      adjustable by an overlapping metallic strap in the back portion and
      attached to the sides of the band. The front of the band is slotted to
      receive tabs extending from the visor and also connecting tabs extending
      from the main portion of the cap. The latter consists of spoked pieces
      radially emanating from the top of the cap and extending to the head band.
      The central section of the cap provides space for ornaments such as a
      figure of a horse or race car, the spoked pieces providing a simulated
      pathway for such figures.
PAR  One object of the invention is to provide an improved head cover affording
      ventilation for the head without sacrificing the protection needed when
      worn during play of sports as well as during participation in other
      physical activities.
DRWD
PAR  Other objects and advantages of the invention may be appreciated on reading
      the following description of one embodiment thereof which is taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a view of the visored cap as worn on the head;
PAR  FIG. 2 is a plan view of the cap;
PAR  FIG. 3 is an exploded view in perspective showing separately the principal
      components of the cap; and
PAR  FIG. 4 is an enlarged section taken on line 4--4 of FIG. 1.
DETD
PAR  Referring to the drawings cap 10 has a body portion 12 and a visor portion
      13. The body portion comprises spaced apart and radially directed spoked
      pieces 14 which are connected at the top and have tabs 16 at their bottom
      ends. The tabs are received and slidably held in an annular slot 18 in
      head band 20 which is a U-shaped member encircling the cap with
      overlapping ends in the back thereof.
PAR  The spoked elements may be fabricated of a flexible or spring material such
      as a light weight metal, alloyed or anodized, a plastic or rubber. It is
      apparent that if a ball or puck should impact against this portion of the
      cap the elements will flex slightly and can slide toward and away from
      each other in slot 18 and thus absorb some of the shock and to that extent
      afford protection to the head. In addition, the sliding connection between
      the elements and the band provides further flexibility and yield thus
      affording further protection to the head.
PAR  The sun visor 13 is held in place by inwardly directed tabs 22 inserted in
      vertical, side wall slots 24 in the head band 20 and upwardly directed
      tabs 26 received by the annular slot 18 of the head band through
      horizontal, side wall slots in the head band.
PAR  The head band is adjustable to accommodate different head sizes by virtue
      of its overlapping ends in the back of the cap with a hook 28 extending
      from one end of the band adapted to be inserted in one of the slots 30
      provided in the outer side wall of the other end thereof.
PAR  The entire cap is covered preferably by a felt cloth 32 to hold the
      assembly of the visor and body portion of the cap to the head band.
PAR  Various modifications of the invention may be effected by persons skilled
      in the art without departing from the scope and principle thereof as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A head covering comprising a body portion consisting of a plurality of
      spaced, spoked members, a head band encircling said body portion, said
      spoked members being fabricated of a flexible material, said head band
      being double walled defining an annular slot, tabs being provided at the
      ends of said members and received in said slot to afford a horizontally
      slidable connection therein with said band.
NUM  2.
PAR  2. A head covering as defined in claim 1 wherein said head band is
      adjustable in size, the ends of the band being overlapped, one end having
      a hook element and the side wall of the other end having slots to receive
      said element.
NUM  3.
PAR  3. A head covering as defined in claim 1 wherein there is provided a visor
      having tabs connected to said band inserted in said annular slot and in
      side wall slots formed therein.
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ABST
PAL  Short pants in which the left and right seat panels are independent of the
      left and right front panels. The left and right seat panels are attached
      to the waist band at their upper edges and extend over substantially
      greater than one-half the waistband. The forward edges of the left and
      right seat panels slant downwardly and rearwardly from the waistband. The
      left and right front panels overlap the left and right seat panels at the
      waistband. Their rearward edges extend generally vertically downwardly
      from the waistband to terminate on the lower edges in the proximity of the
      edges of the left and right seat panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Short pants are in wide spread use by both men and women, both as
      undergarments and for outerwear. Because of compromises between function
      and appearance outerwear shorts are often specifically designed for a
      particular type of use, such as shorts designed for walking, for tennis,
      or for basketball. A comparable conflict exists in the design of
      underwear. For example, shorts that are intended primarily for use in
      sports must not restrict free movement of the trunk and legs even if
      appearance must be sacrificed. On the other hand, underwear shorts,
      designed for use under dress clothes, should not have excess material to
      cause bunching and other visible distortions of the outer garment but
      should not be so tight as to chafe or be restricting. The basic compromise
      and conflict in design is typified by the two major types of underwear.
      The vast majority of underwear products sold can be classified as either
      boxer-type or brief type shorts. Brief type shorts are generally close
      fitting and frequently have leg openings with elastic. They provide a
      relatively small area of body coverage and are considered by many men to
      be constricting and uncomfortable. They must be made of a relatively
      elastic material such as knit to avoid being unduly restrictive of
      movement. Boxer-type shorts are generally more loose fitting and provide
      greater coverage of the male torso. The looseness of the fit is dictated
      by a need to provide for adequate freedom of movement of the wearers legs
      without resort to elastic material. For example when the wearers knee is
      raised the looseness permits sufficient freedom of movement in the leg
      opening, this looseness produces excess material that may bulge or
      otherwise distort the wearers outer garments to an undesirable extent.
      Further, boxer-type shorts have not typically provided any male support;
      again, because of the requirement for a general loose fitting
      configuration.
PAR  A similar conflict exists in the design of outerwear shorts. For example,
      in the design of a pair of shorts intended for use as tennis shorts, it is
      generally considered to be desirable, from a design standpoint to make the
      shorts conform as closely as possible to the contours of the torso.
      However, the requirements of the sport for running and knee flexion are
      such that a garment which conforms too closely to the contours of the
      torso will be unduly restricting and will interfere with a players
      performance.
PAR  Therefore, it is desirable to have underwear and outerwear shorts that may
      be made form fitting so as to conform generally to the contours of the
      torso and which are at the same time not restrictive of movements of the
      legs and trunk. Such a garment is particularly desirable wherein it is
      attractive, modest, and may be configured to provide male support.
PAC  SUMMARY OF THE INVENTION
PAR  The exemplary embodiment of the invention will be described in conjunction
      with male underwear and outerwear shorts. However, it is to be understood
      that the garment is equally applicable to women's shorts, and that the
      description in connection with male garment is not intended as limiting.
PAR  The garment according to the exemplary embodiment overcomes the
      deficiencies of prior art underwear and outerwear shorts and provides a
      pair of shorts with good wearability, comfort, support, and form-fitting
      appearance, which at the same time is not restrictive of the wearers
      movements, and permits substantially the complete range of leg movements
      without unduly restricting such movements.
PAR  The garment generally comprises left and right seat panels which are
      generally formed of two pieces joined along a line corresponding to a
      vertical plane intersecting the garment fore and aft. The seat panels have
      extra material in the central portion of their vertical extent to provide
      for the curvature of the buttocks, but are restricted along their lower
      edges to cause the garment to closely conform to the curvature of the
      torso. The upper edges of the seat panels are joined to a waistband. The
      seat panels extend on the waistband over substantially greater than
      one-half of the total circumference of the waistband. The forward edges of
      the left and right seat panels slope rearwardly and downwardly to join the
      lower terminal edge of the seat panels. The angulation of the forward
      terminal edge of the seat panel and the extension of the seat panels over
      greater than one-half of the waistband produces a upward and forwarding
      effect on the lower portion of the seat panels, resulting in the seat
      panels being held in close conformity with the buttocks and upper legs.
      Such a tensioning effect is exerted over the entire lower edge of the seat
      panel since it is tapered and terminates rearwardly of the upper seat
      panel edges.
PAR  The tensioning effect is enhanced where the waistband is of an elastic
      material and therefore the use of such a waistband in conjunction with the
      embodiments of the invention is preferred. However, the tensioning effect
      is also present with an unyeilding waistband and the invention is
      therefore not limited to such use.
PAR  The left and right front panels are joined to the seal panels at their
      lower control extremities to form a crotch portion. The front panels are
      joined to one another along at least the lower portion of their common
      vertical edge. The middle portion of their common edge is normally
      separated by a fly portion. The upper edges of the left and right front
      panels are secured to the waistband and extend over approximately one-half
      of the total circumferential extent of the waistband, resulting in an
      overlap of the frong panels overlying the upper edges of the seat panels.
      The rearward edge of the left and right front panels extend substantially
      vertically downwardly from the waistband to the lower edges thereof. Since
      the rearward edges are substantially vertical the panels do not have a
      tendency to hang away from the wearer.
PAR  The tendency of the front panel to conform to the configuration of the
      torso is enhanced by the fact that the frontal portion of the torso is
      substantially more planar over the circumferential extent of the front
      panels than is the portion covered by the seat panels. Accordingly, it is
      not necessary to have the same tensioning effect on the front panels as is
      necessary for the seat. Further, the lesser curvature of the front panel
      attachment the more this enhances the ease with which the front panel may
      be pivoted about the waist band as the user raises his leg. The generally
      vertical aspect of the rearward edge permits such pivoting to take place
      without pulling or distorting. The front panel is generally free to follow
      the movement of the legs over a substantial angular range. During knee
      flexion or raising of the leg there is relatively little requirement for
      movement in the seat panels inasmuch as the buttocks do not undergo
      substantial translational movement during such leg action, therefore the
      tension effect on the rear panels does not produce substantial resistance
      to movement.
PAR  It is to be understood that the seams between the two seat panels, between
      the front and seat panels and between the panels and waist band may be
      made integral such as by utilizing a single piece of fabric of the proper
      shape without departing from the scope of the invention.
PAR  It is therefore an object of this invention to provide new and improved
      short pants with front and seat panel overlap.
PAR  It is another object of the invention to provide new and improved short
      pants that are relatively simple in construction.
PAR  It is another object of this invention to provide new and improved short
      pants that may be configured to closely conform to the torso of the
      wearer.
PAR  It is another object of the invention to provide new and improved short
      pants that do not substantially limit or restrict freedom of movement of
      the wearer's legs or trunk.
PAR  It is another object of this invention to provide a new and improved short
      pants that are attractive in overall appearance.
PAR  It is another object of the invention to provide a new and improved short
      pants that may be configured to provide male support without constricted
      leg openings.
DRWD
PAR  Other objects and many attendant advantages of the invention will become
      more apparent upon a reading of the following detailed description,
      together with the drawings in which like reference numerals refer to like
      parts throughout and in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of short pants according to the invention.
PAR  FIG. 2 is a side elevational view of the short pants as worn, with the
      wearer standing normally.
PAR  FIG. 3 is a side elevation view similar to FIG. 2 but with the wearers leg
      in a raised position.
DETD
PAR  Referring now to the drawings there is illustrated a pair of short pants 10
      according to the invention. The pants are comprised of left and right
      front panels 12 and 14 and left and right seat panels 16 and 18. Front
      panels 12 and 14 are joined along their lower common edge with a seam 20.
      The rear panels 16 and 18 are joined along their common edge 22 over
      substantially the entire vertical extent of the panels. The lower edges 44
      and 46 of the front panels 12 and 14 are joined to the lower edges 36 and
      38 of the rear panels 16 and 18 at their lower central extremities to form
      a crotch portion 24.
PAR  The seat panels 16 and 18 are joined along their upper edges to the waist
      encircling waistband 26. The upper edges of the seat panel 16 and 18
      extend around substantially in excess of one-half the total circumference
      of the waistband 26 to terminate at the points 28 and 30. The forward
      edges 32 and 34 of the seat panels 16 and 18 extend downwardly and
      rearwardly from the waistband to join the lower edges 36 and 38. The front
      panels are secured along their upper terminal edges to the waistband 26
      and terminate in rearward edges 40 and 42 which extend around the
      waistband sufficiently to overly a portion of the rear panels 16 and 18.
      An overlap of two to three inches of extended waistband has been found to
      be especially advantageous.
PAR  In the normal configuration illustrated in FIGS. 1 and 2, the rearward
      edges 40 and 42 are substantially vertical and terminate at the horizontal
      edges 44 and 46 at a point immediately adjacent to the lower terminus of
      the forward edge 32 thereby completing the outer portion of the leg
      openings.
PAR  Referring now to FIGS. 2 and 3, the functioning of the garment during leg
      flexion is illustrated. In FIG. 2, the rearward terminal edge 40 is
      substantially vertical and overlies a triangular section of the rear seat
      panels 16 leaving only a small gap near the lower edges. It will be seen
      that the seat panel 16 is cut closely to conform to the wearer's torso 50
      in the area of the buttocks. There is substantially no excess material
      that in underwear would bulge or otherwise distort outer garments or that
      would be unattractive in outerwear shorts. In FIG. 3, there is illustrated
      the configuration of the garment 10 during leg flexion. The rear seat
      panel 16 is still in close conformity with the buttocks area of the torso
      50, since that portion of the anatomy is relatively undistorted by leg
      movement. However, the front panel 12 is flexed to conform to the
      positioning of the legs 52 and the flexion is substantially by way of a
      pivoting or rotating of the panel about the waist band 26 and by flexion
      of the fabric along its length. Since the front panel 12 does not extend
      over more than one-half of the waistband there is relatively little
      resistence to the pivoting action and relatively minor distortion of the
      material during the flexing action. The primary change in the appearance
      of the garment is an increase of the size of the opening between the
      terminal edges 40 and 32 on the front and seat panels respectively.
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. Short pants comprising:
PA1  left and right front panels of flexible fabric,
PA1  left and right seat panels of flexible fabric,
PA1  a waist encircling waistband,
PA1  said seat panels being joined together along a common edge in a vertical
      plane,
PA1  said front panels being joined together at least along their lower portions
      along a common edge in said vertical plane,
PA1  the lower portions of said front panels and said seat panels being secured
      together at their lower central extremities forming a crotch portion,
PA1  said seat panels being joined to said waistband along their upper edges
      over substantially more than half of the total circumference of said
      waistband with the front edge of said seat panels being secured to the
      front portion of said waistband,
PA1  the front edges of said seat panels extending downwardly and rearwardly
      from the front of said waistband,
PA1  said front panels being joined to said waistband along their upper edges
      along substantially the front half of said waistband and having rear edges
      that extend substantially beyond and overlie said front edges of said seat
      panels to form an overlap, and
PA1  said front panels being free of attachment to said seat panels over at
      least the lower portion of said overlap.
NUM  2.
PAR  2. Short pants according to claim 1 wherein,
PA1  said rear edges of said left and right front panel are substantially
      vertical in the unflexed configuration.
NUM  3.
PAR  3. Short pants according to claim 1 wherein,
PA1  the lower edges of said front panel having an outer terminus that is
      closely adjacent to the outer terminus of the lower edges of said seat
      panels.
NUM  4.
PAR  4. Short pants according to claim 1 wherein,
PA1  each of said front panels overlap said rear panels by approximately 2 to 3
      inches.
NUM  5.
PAR  5. Short pants according to claim 3 wherein,
PA1  each of said front panels overlap said rear panels by substantially 2 to 3
      inches.
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ABST
PAL  A synthetic vascular graft composed of fine denier polyester fiber forming
      a warp-knitted tube. The vascular graft has a porosity sufficient for
      optimum tissue ingrowth characteristics while at the same time retaining
      sufficient control of porosity to prevent hemorrhage at the time of
      implantation. The tubular vascular graft is knitted on a double needle bar
      warpknitting Raschel machine preferably with a tricot stitch and with the
      knitted structure having on the order of a 56 gauge.
PARN
PAR  This is a continuation of application Ser. No. 249,438, filed May 1, 1972
      now abandoned, which was a continuation of application Ser. No. 865,326,
      filed Oct. 10, 1969 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to synthetic vascular grafts.
PAR  In particular, the present invention relates to tubes adapted to replace
      human arteries, and also the present invention relates to the method of
      manufacture of such tubes.
PAR  Thus, the present invention relates to a vascular graft for surgical
      application. Synthetic vascular prostheses are commonly known as vascular
      grafts or artificial arteries. During the early use of these synthetic
      vascular grafts they were primarily of a woven construction and fabricated
      from many different types of synthetic materials. Over the years it has
      been found that polyester fiber, more specifically Type 56 Du Pont, was
      most acceptable for this purpose.
PAR  However, although synthetic vascular grafts are well known, they have not
      proved to be entirely successful in practice because of the difficulty in
      controlling the porosity thereof so as to achieve the best possible
      healing and building of natural tissue while at the same time preventing
      any undesirable hemorrhaging.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide an
      article and method for manufacturing the same which will avoid the above
      drawbacks.
PAR  More particularly, it is an object of the invention to provide an article,
      and method for manufacturing the same, which will have a porosity
      sufficiently great to achieve optimum tissue ingrowth characteristics
      while at the same time retaining sufficient control of porosity to prevent
      hemorrhage particularly at the time of implantation.
PAR  In addition it is an object of the invention to provide a product which
      will not ravel or fray when sutured.
PAR  Furthermore it is an object of the invention to provide an article and
      method which will result in a minimum of foreign matter in the human body
      while at the same time capable of being well tolerated in the system and
      in fact become an integral part thereof.
PAR  According to the invention the synthetic vascular graft is in the form of a
      tube of fine denier polyester fiber which is warp-knitted and has
      sufficient porosity for optimum tissue ingrowth characteristics while
      retaining sufficient control of porosity to prevent hemorrhage at the time
      of implantation. According to the method of the invention this tube is
      warp-knitted on a double needle bar Raschel knitting machine preferably
      with a tricot stitch, although a lock stitch is also capable of being used
      with advantage.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a perspective illustration of a knitted tube of the invention in
      the form it takes before crimping;
PAR  FIG. 2 shows the structure of FIG. 1 after crimping thereof;
PAR  FIG. 3 is a transverse section of the structure of FIG. 1 taken along line
      3--3 of FIG. 1 in the direction of the arrows;
PAR  FIG. 4 is a transverse section of the structure of FIG. 2 taken along line
      4--4 of FIG. 2 in the direction of the arrows;
PAR  FIG. 5 is a fragmentary illustration of the crimped structure of FIG. 2
      showing this structure at an enlarged scale as compared to FIG. 2;
PAR  FIG. 6 is a diagrammatic illustration of part of a knitted wall having
      tricot stitches;
PAR  FIG. 6a is a fragmentary point paper diagram of the knitted structure of
      FIG. 6;
PAR  FIG. 7 is a diagrammatic illustration of a locknit structure;
PAR  FIG. 7a is a fragmentary point paper diagram of the locknit structure of
      FIG. 7; and
PAR  FIG. 8 is a transverse schematic fragmentary section taken along line 8--8
      of FIG. 6 in the direction of the arrows and showing the rib-knitted
      formations which result from the knitted structure of FIG. 6.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings, FIG. 1 shows a vascular graft 10 of the
      invention in the condition it has when the knitting is completed but
      before the crimping is provided to provide the vascular graft with
      convolutions enabling it to freely stretch. The knitting is carried out on
      a fine gauge double needle bar Raschel machine (56 gauge). A fine denier
      synthetic polyester yarn has proved to be most successful. Thus, the
      polyester fiber is preferably typed 56 Du Pont, sometimes known as type 56
      Dacron, the yarn being of 30 denier, since it has been found that this
      latter yarn is most compatible with human tissues.
PAR  According to the invention the yarn is warp-knitted with precisely
      controlled tightness of loop, because it has been found quite surprisingly
      that this particular type of knitted structure provides the best possible
      vascular graft from every standpoint, as will be apparent from the
      description below.
PAR  Thus, with the vascular graft 10 shown in FIG. 1 taken from the knitting
      machine, well-known crimping operations are provided so as to achieve the
      finished product 12 shown in FIG. 2. It will be noted that the product 10
      has at one end an enlarged tubular portion 14 which becomes the crimped
      portion 16 of the product 12, and the product 10 has branches 18a and 18b
      which respectively become the branches 20a and 20b of the completed
      crimped article. In this way the product has a bifurcated configuration
      enabling the larger diameter portion 16 to be connected to the aorta while
      the smaller diameter branches 20a and 20b go to the iliacs.
PAR  As may be seen from FIG. 3, the article 10 at its tubular portion 14 is a
      relatively large, flat tube, while after crimping the article assumes the
      circular condition shown in FIG. 4 where the enlarged portion 16 of the
      finished article 12 is illustrated. The convolutions 22 of the portion 16
      and the convolutions 24a and 24b of the branches 20a and 20b,
      respectively, are shown most clearly in FIG. 5, from which it is apparent
      that with this construction the vascular graft can freely be stretched
      longitudinally at all of its parts.
PAR  As was indicated above, in accordance with the invention warp knitting is
      carried out on the fine gauge Raschel machine to provide the vascular
      graft blank of the invention. This warp knitting is preferably carried out
      with tricot stitches, some of which are indicated in FIG. 6. Thus, the
      fabric which is knitted is a 2-ply loop fabric having front and back
      loops, some of the back loops 28 being shown separately at the right of
      FIG. 6 where they are shown in shaded condition while the front loops are
      unshaded and shown separately at the left of FIG. 6. The fabric, as
      knitted, is shown in the middle of FIG. 6. This is a conventional tricot
      knit which has proved to be most suitable. FIG. 6a illustrates a
      fragmentary point paper diagram for the knitted structure of FIG. 6, the
      left part of FIG. 6a showing the knitting which takes place at the front
      guide bar while the right part of FIG. 6a shows the knitting which takes
      place at the back guide bar.
PAR  While tricot stitches are preferred, it is also possible to use locknit
      stitches, and FIG. 7 diagrammatically illustrates a warp-knitted fabric
      having locknit stitches. In this case also the fabric is a 2-ply
      loop-knitted fabric having front and rear loops. Thus, the rear loops 32
      are shown separately at the right of FIG. 7 while the front loops 34 are
      indicated at the left in FIG. 7. The fabric, as knitted, is shown in the
      middle of FIG. 7. FIG. 7a is again a point paper diagram showing at the
      left the knitting operations at the front guide bar to achieve the knitted
      structure of FIG. 7 and at the right the knitting operations at the back
      guide bar to achieve the fabric of FIG. 7. In this case also FIGS. 7 and
      7a illustrate a classical well-known locknit stitch structure.
PAR  It is to be noted that the knitted structure of the invention is
      rib-knitted at its exterior when it is initially taken from the knitting
      machine. In other words at its exterior the knitted structure has
      longitudinally extending ribs while at its interior it is relatively
      smooth-surfaced. According to a further feature of the invention the
      entire structure is turned inside-out after the knitting operationn are
      operations so that a structure as shown schematically in FIG. 8 will be
      achieved. This structure shows for the knitted wall of the article an
      exterior surface 36 which is relatively smooth and an interior surface
      which has the ribs 38 extending longitudinally therealong. As a result of
      this particular feature of the invention there are the advantages of
      tending to equalize the stresses and shrink the fabric, and the blood is
      channeled in longitudinal paths providing an established flow pattern.
PAR  The articles of the invention can be warp-knitted with fine denier
      polyester fiber according to the method of the invention in a large range
      of sizes. The warp knitting is carried out in such a way that it is
      possible to maintain minute control over stitch formation so as to form a
      product of standard, uniform porosity throughout its structure. The warp
      knitting is carried out in such a way that the stitch formation must be
      carried out by warp knitting and cannot be carried out by circular
      knitting. The stitch is of a ravel-resistant type. The wrap-knitted
      structure which is removed from the knitting machine is processed
      chemically so as to allow compaction of the stitches to occur. Thereafter
      the material is crimped to achieve the uniform convolutions or
      corrugations illustrated particularly in FIG. 5. As a result of this
      feature the tube can be bent very easily, although it is to be noted that
      the tubular structure can be formed into a vascular graft without the
      necessity of crimp. It has been found that the resultant product is
      particularly suitable for surgical application and specifically for repair
      or replacement of defective arteries within humans.
PAR  Thus, the synthetic vascular graft of fine denier polyester fiber which is
      warp-knitted according to the invention is fabricated in such a manner as
      to provide sufficient porosity for optimum tissue ingrowth characteristics
      and yet sufficient control of porosity to prevent hemorrhage at the time
      of implantation. The product will not ravel or fray when sutured. The
      product is thin-walled and thereby utilizes less foreign material. The
      product is well tolerated in the human system and becomes an integral part
      thereof. The yarns which are used in the product, having the above
      characteristics, may be of a nontwist or of a texturized, stretch or bulk
      type of yarn. The resultant fabric has the most desirable mechanical
      handling properties, far superior to any other fabrics known at the
      present time. The product of the invention has all of the optimal
      specifications required of a vascular graft. It is to be noted that there
      are no particular restrictions in the diameters which can be formed for
      the article, whether these diameters be relatively large or extremely
      small.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A warp knit, non-ravelling tubular structure suitable for forming into a
      synthetic vascular graft, said tubular structure being of fine denier
      polyester fiber in 56 gauge two-ply locknit construction, and having
      longitudinally extending ribs on the interior thereof, said structure
      being such that when converted into a synthetic vascular graft by known
      means, the porosity will be sufficient for optimum ingrowth of tissue
      while preventing hemorrhage when said synthetic vascular graft is
      implanted.
NUM  2.
PAR  2. A warp knit, non-ravelling tubular structure suitable for forming into a
      synthetic vascular graft, said tubular structure being of fine denier
      polyester fiber in 56 gauge two-ply tricot construction, and having
      longitudinally extending ribs on the interior thereof, said structure
      being such that when converted into a synthetic vascular graft by known
      means, the porosity will be sufficient for optimum ingrowth of tissue
      while preventing hemorrhage when said synthetic vascular graft is
      implanted.
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ABST
PAL  An apparatus is disclosed for the rolling contact joint that is
      particularly useful as a prosthetic joint such as a knee joint. The basic
      joint may take a variety of forms depending upon the particular situation,
      but in essence, includes at least two bodies that have surface portions in
      contact, with the bodies being movable relative to one another and
      constrained in this movement by the nature of the surfaces in contact and
      flexible straps positioned about and also in contact with the bodies.
      Since the shape of the bodies and the positioning of the flexible straps
      determines the particular type motion, various possible combinations have
      been described. A particular embodiment of a rolling contact joint is
      described for use as a prosthetic knee joint. When so utilized, the joint
      is implanted as a replacement for the natural knee joint, and includes a
      femoral section and a tibial section with the femoral section having a
      curved surface that engages and rolls upon a surface of the tibial section
      with the sections being constrained to rolling motion by a plurality of
      straps fastened to the sections and extending partially therearound.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of our now pending U.S. application Ser. No.
      337,868, filed Mar. 5, 1973, now U.S. Pat. No. 3,932,045 and entitled
      "Rolling Contact Joint."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a rolling contact joint useful as a prosthetic
      knee joint.
PAR  2. Description of the Prior Art
PAR  Friction and wear have always been problems in conventional joint devices.
      In addition, such devices have not always provided satisfactory movement,
      particularly where the necessary movement is complicated and/or exacting,
      such as, for example, in at least some door hinges and in prosthetic knee
      joints.
PAR  While many joint devices for many different purposes have heretofore been
      developed and/or utilized, such devices have not been completely
      successful in all cases where the needed joint has to provide complicated
      and/or exacting movement. This is particularly true with respect to
      prosthetic knee joints. In the past, many hinge pin type joints have been
      proposed for utilization as knee joints, but such joints have met with no
      more than limited success due, at least in part, to an inability to
      provide adequate movement to come as near as possible to matching the
      movement afforded by the healthy human knee and/or to an inability of the
      joint to withstand the wear and friction resulting from sliding contact at
      the joint.
PAR  Recently, a roller-band device, called a "Rolamite" device, was introduced
      (see U.S. Pat. No. 3,572,141). This device includes two rollers inside
      parallel guide surfaces, the rollers being locked in a free-rolling,
      counterrotating cluster by the elastic constraints of an entwined flexible
      metallic band under tension. The geometry of this device was said to
      ensure that the motion of the rollers relative to the guide surfaces is
      accomplished by rolling and not by sliding, and the resulting device
      provides basically linear motion of the cluster of rollers.
PAR  While such a design as brought out hereinabove might be utilized in some
      joint applications, it did not completely solve problems in other joint
      applications, particularly prosthetic knee joint applications. Thus, the
      need for improved rolling contact joints usable in a variety of
      applications remained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a rolling contact joint that is particularly well
      suited for use as a prosthetic knee joint. A pair of bodies, the shape of
      each of which is dependent upon the particular usage contemplated, have in
      contact therewith a plurality of flexible straps which maintain the bodies
      in contact and give the resultant joint the desired action.
PAR  It is therefore an object of this invention to provide a rolling contact
      joint that is well suited for use as a prosthetic joint.
PAR  It is another object of this invention to provide a rolling contact joint
      that is capable of providing satisfactory movement for the use
      contemplated.
PAR  It is another object of this invention to provide a rolling contact joint
      capable of providing a predetermined action when the joint is in use.
PAR  It is still another object of this invention to provide a rolling contact
      joint which includes bodies which are preshaped and have flexible straps
      positioned thereon in a predetermined manner to achieve predetermined
      movement and action as desired.
PAR  It is another object of this invention to provide a rolling contact joint
      which includes bodies which are preshaped and have flexible straps
      positioned thereon in a manner to provide predetermined motion and spring
      action.
PAR  It is yet another object of this invention to provide a rolling contact
      joint that is well suited for use as a prosthetic knee joint.
PAR  It is still another object of this invention to provide an improved
      prosthetic knee joint that is well suited for its intended purpose.
PAR  With these and other objects in view, which shall become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts
      substantially as hereinafter described, and more particularly defined by
      the appended claims, it being understood that such changes in the precise
      embodiment of the hereindisclosed invention are meant to be included as
      come within the scope of the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate at least one complete embodiment of
      the invention according to the best mode so far devised for the practical
      application of the principles thereof, and in which:
PAR  FIG. 1 shows an operational sketch of the "Rolamite" prior art device
      referred to hereinabove;
PAR  FIG. 2 shows a side view operational sketch of a rolling contact joint
      utilizing a single roller and a flat surface;
PAR  FIG. 3 shows an end view operational sketch of the rolling contact shown in
      FIG. 2;
PAR  FIG. 4 shows a side view operational sketch of a rolling contact joint
      utilizing a fixed roller and a movable roller;
PAR  FIG. 5 shows a side view operational sketch of a rolling contact joint
      utilizing rollers having two cylindrical surfaces thereon;
PAR  FIG. 6 shows a side view operational sketch of a rolling contact joint
      utilizing rollers having two cylindrical surfaces thereon, one of which is
      shaped in a predetermined manner and contacts flexible straps to provide a
      predetermined action for the joint;
PAR  FIG. 7 shows a side view operational sketch of a rolling contact joint
      illustrating angles for rollers having a plurality of cylindrical
      surfaces;
PAR  FIG. 8 shows a side view operational sketch of a rolling contact joint
      illustrating the forces present;
PAR  FIG. 9 through 11 show side view operational sketches of rolling contact
      joints having alternate strap engaging surfaces;
PAR  FIG. 12 shows a side view operational sketch of a roller and flat surface
      held in contact by a plurality of straps;
PAR  FIG. 13 shows an end view sketch of the sketch of FIG. 12;
PAR  FIG. 14 shows a side view operational sketch of a plurality of rollers
      between flat plates;
PAR  FIG. 15 shows an end view sketch of the sketch of FIG. 14;
PAR  FIG. 16 shows a perspective view of a rolling linear device;
PAR  FIG. 17 shows a sketch of a rolling contact joint illustrating that no
      particular shape is necessary;
PAR  FIGS. 18 and 19 show side and end view operational sketches, respectively,
      of a rolling contact joint with rollers having two concentric cylindrical
      surfaces;
PAR  FIG. 20 shows a side view operational sketch of a rolling contact joint
      with rollers having strap engaging surfaces offset from the other
      surfaces;
PAR  FIGS. 21 and 22 show side view operational sketches of alternate rolling
      contact joints;
PAR  FIG. 23 shows a side view operational sketch of a rolling contact joint
      which includes a gas bag between rollers;
PAR  FIG. 24 shows a perspective view of the rolling contact joint of the
      preferred embodiment of this invention utilized as a prosthetic knee
      joint;
PAR  FIG. 25 shows a perspective view of the knee joint shown in FIG. 24 with
      said joint in an open position;
PAR  FIG. 26 shows a side partially broken away view of the knee joint of FIG.
      24 implanted in a human knee for use as a prosthetic knee joint; and
PAR  FIG. 27 shows a front partially broken away view of the knee joint shown in
      FIG. 26.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As stated hereinabove, the rolling contact joint of this invention can take
      many forms depending upon the particular need and/or particular
      requirements to be satisfied. Basically, however, a pair of bodies having
      engaging portions are utilized with the bodies being held together by
      means of flexible straps.
PAR  In the prior art, a system has been disclosed (see U.S. Pat. No. 3,572,141)
      which utilizes rollers between two guide plates. This system is shown in
      FIG. 1 to include a thin metallic band, or strap, 40 to suspend a pair of
      rollers 41 and 42 between two parallel guiding surfaces 43 and 44.
PAR  By suspending the two rollers between the guiding surfaces with the single
      metallic band, the device significantly decreases the bearing pressure of
      the rolling surfaces. This decreased bearing pressure gives the device a
      much improved coefficient of friction. Also, since the surfaces on the
      rollers always make contact with the same surface on the band, an
      additional improvement in the coefficient is achieved. It should be noted,
      however, that the prior art device shown in FIG. 1 is a limited-action
      device and therefore cannot sustain motion over a long distance.
PAR  As a basic consideration for the device of this invention, a new approach
      to rolling devices is taken using a single roller 46 and a flat surface
      47, as shown in FIGS. 2 and 3. Straps 49 and 50, under a slight tension,
      exert no external forces or torques on the roller if the straps are in
      line and balanced. Straps 49 and 50 are fastened at one end to roller 46
      and are wrapped therearound to pass between roller 46 and flat surface 47,
      the other end of the straps being fastened to flat surface 47, as
      indicated in FIG. 2. Using the device as shown in FIGS. 2 and 3 as a basic
      building block, variations can be realized.
PAR  For each variation, many subsequent variations can be shown to evolve, as
      brought out hereinafter. As shown in FIG. 4, a moving cylinder 52 rotates
      about a fixed cylinder 53. Straps 55 are attached at the surface of each
      cylinder and extend therebetween, as shown in FIG. 4, with one end of each
      of straps 55 being fastened to cylinder 52 and the other end attached to
      cylinder 53, so that no slippage is exhibited, and therefore the rolling
      cylinder 52 has only rolling friction forces acting upon it.
PAR  If straps 57 and 58 are attached to an inner shoulder 60 and 61 of smaller
      diameter than the cylinder peripheral contact surfaces 63 and 64 of
      cylinder 66 and 67, as shown in FIG. 5, then the straps no longer are
      sandwiched between the rollers but still serve to hold the two cylinders
      together. As before, with no slippage and with shoulders having equally
      sized diameters on which the straps maintain contact, the device should
      not experience any impedance to motion except rolling friction.
PAR  If the contour of the strap-contacting surfaces 70 and 71 (see FIG. 6) of
      cylinders 72 and 73 are made noncircular of uneven diameter then the
      rolling cylinder 72 will, in most cases, experience a particular force and
      thus a torque will be required to move it. Assuming the material of straps
      75 and 76 have a linear axial spring constant, the required torque needed
      to move cylinder 72 will be a function of the contour of the
      strap-contacting surfaces 70 and 71 and the angle theta, the general case
      for a rolling device requiring torque to rotate the device being shown in
      FIG. 6.
PAR  In order for such a rolling device to work correctly it must not slip at
      the point of contact. Similarly, non-circular contacting surfaces can be
      used to create desired motion or torque characteristics.
PAR  From a knowledge of the geometry of the contacting surfaces, the geometry
      of the surfaces to which the straps are attached, and the tension behavior
      of the straps, it is possible to analyze the torque (or spring behavior)
      of the device.
PAR  One example of a set of contours that offers the ability of creating torque
      is made of two strap-contacting shoulders 80 and 81 of cylinder 82 and
      shoulders 83 and 84 of cylinder 85, shoulders 80 and 84 and 81 and 83
      being of different diameters as shown in FIG. 7. In this device, when the
      motion begins, both straps 87 and 88 unwrap from a small cylinder
      (shoulder 80 or 83) onto a larger cylinder (shoulder 81 or 84). This tends
      to stretch both of the straps 87 and 88 by an equal amount, and this
      stretching creates a torque which is proportional to the angle theta.
PAR  It might be noted that in order for a torque to exist in the rolling
      device, it is necessary for the resultant force between the rolling
      bodies, created by the straps, to pass through some other point than the
      point of contact, as shown in FIG. 8 where straps 90 and 91 are shown
      fastened to strap-contacting surfaces 93 and 94 (strap 90) and surfaces 95
      and 96 (strap 91) of cylinders 97 and 98.
PAR  The contours illustrated by way of example in FIGS. 9 through 11 have been
      analyzed with the aid of a computer. In each case a model has been built
      to verify the general results and to insure that there was no tendency to
      slip. As shown in these FIGURES, cylinders 100 and 101 (FIG. 9), cylinders
      102 and 103 (FIG. 10), and cylinders 104 and 105 (FIG. 11), have straps
      107 and 108 (FIG. 9), 109 and 110 (FIG. 10), and 111 and 112 (FIG. 12)
      fastened to strap-contacting shoulders 114 and 115 (FIG. 9), 116 and 117
      (FIG. 10), and 118 and 119 (FIG. 11). While the straps have been indicated
      and shown herein as flat bands, the strap contours can also be varied in
      shape to establish a desired torque-theta relationship. In addition,
      springs (not shown) can also be added to the rollers to create
      predetermined torque-theta characteristics.
PAR  Referring back to the general concepts discussed hereinabove, a basic
      building block can be established by a roller 122 on a flat surface 123,
      as shown in FIG. 12, said roller having a plurality of straps 125, 126 and
      127 therearound, as shown in FIG. 13, with straps 125 and 127 being
      connected to flat surface 123 spaced from one side of roller 122 and strap
      126 being connected at the other side of flat surface 123 space from the
      other side of roller 122.
PAR  If a second flat plate 129 is attached to the top of the roller 122 in the
      same manner as is flat surface 123, and a second roller 130 attached to
      the flat surface and plate in the same manner as is roller 122 as shown in
      FIGS. 14 and 15 (with straps terminating at top and bottom of roller), a
      linear bearing is created as shown in FIG. 16 which shows a plurality of
      guides 132 at the edges of the top and bottom plates.
PAR  As a linear bearing such a device offers a great deal of potential. The
      straps allow the parts to be held tightly together and all parts meet with
      no relative velocity. The bearing is thought to be an improvement over
      conventional devices since the same points on the surfaces come into
      contact as the device moves back and forth.
PAR  The linear bearing can be made to exert forces as a function of position by
      using the techniques discussed earlier. This includes varying the width or
      geometry of the straps or the preset shape of the strap. It is clear that
      some methods would be more appropriate than others for specific purposes,
      as would be obvious to one skilled in the art.
PAR  Referring now again to the rolling contact joint, FIG. 17 shows that no
      particular shape is mandatory. In other words, it is not necessary in
      applicants' invention that the surfaces be cylindrical, although they may
      be if needed for a contemplated use. As shown in FIG. 17, bodies 136 and
      137 have shoulders 139 and 140 thereon, respectively, which shoulders
      contact strap 142 to hold the bodies in engagement.
PAR  FIGS. 18 and 19 illustrate in greater detail the basic device of this
      invention for general use on a mechanical joint. The basic device shown in
      FIGS. 18 and 19 consists of two bodies 142 and 143 which move relative to
      each other and are constrained in their motion by either or both the
      contact surface between the two bodies and bands, or straps, 145 and 146
      which "wind up" or "unwrap" around the two bodies by being fastened to
      shoulders, or smaller diameter sections, 148 and 149 of rollers 142 and
      143, respectively. Portions of the surfaces of bodies 142 and 143 are in
      contact and held together by the bands 145 and 146 attached to the two
      bodies as shown in FIGS. 18 and 19. As body 142 rotates to the right with
      respect to body 143, band 146 wraps up on body 143 and unwraps from body
      142. The opposite occurs for band 145. The reverse occurs when body 142 is
      rotated to the left. The constraint provided by the bands will result in
      pure rolling contact between the engaging surfaces of bodies 142 and 143
      for certain designed contours.
PAR  Variations from the basic configuration shown in FIGS. 18 and 19 provide
      some very interesting combinations. If shoulder 148 is a cylinder and is
      concentric with the outer periphery of body 142 and shoulder 149 is
      concentric with the outer periphery of body 143, then rotating one body
      with respect to the other causes no increase or decrease in strain in the
      bands resulting in no restraint to the motion. Because of the rolling
      contact between the engaging surfaces of bodies 142 and 143, the friction
      will be very low. If the shoulders are not concentric with the outer
      periphery of the bodies, however, as shown in FIG. 20, the bands are
      strained during rotation providing a spring action to the device. As shown
      in FIG. 20, the shoulders 152 and 153 of rollers 155 and 156 are offset
      with respect to the outer periphery of the rollers, with straps 158 and
      159 holding the rollers in engagement.
PAR  The bodies can, as brought out hereinabove, also be of different shapes to
      provide a particular type of motion.
PAR  FIGS. 20, 21 and 22 illustrate three possible different combinations, with
      bodies 162 and 163 being held in engagement, as shown in FIG. 21 by straps
      165 and 166 which are fastened to shoulders 168 and 169 of bodies 162 and
      163, respectively, while, as shown in FIG. 22, bodies 171 and 172 are held
      in engagement by straps 174 and 175 fastened to the outer periphery of
      each body.
PAR  FIG. 23 illustrates a variation in which the two bodies 178 and 179 are
      separated with a fluid, or gas, filled bag 180, the bodies being held in
      engagement with the bag 180 by straps 182 and 183 fastened to bodies 178
      and 179. This provides a very low friction as well as a possible cushion
      between the two bodies.
PAR  To summarize the advantages of the basic device, these advantages are:
      Possible pure rolling contact which gives low friction; freedom to obtain
      a particular motion; and obtaining a desired spring action to the device.
      There are an infinite number of variations in geometrics to obtain
      different performance behavior. In addition, there are infinite
      combinations of more than just two bodies, some of the variations being
      shown in FIGS. 20, 21, 22 and 23.
PAR  FIGS. 24 through 27 show the preferred embodiment of this invention
      utilized as a prosthetic knee joint. As shown, the knee joint device
      includes a femoral section, or component, 190 and a tibial section, or
      component, 191. The joint is implanted as a replacement for the natural
      knee joint, as indicated in FIGS. 26 and 27. The femoral section 190 has a
      curved surface 192 which rolls on surface 193 of the tibial section, as
      best shown in FIG. 25. The motion between the sections is constrained to
      rolling motion in accordance with this invention by means of a plurality
      of straps 195, 196, 197 and 198. Straps 195 and 196 are fastened at one
      end by means of pins 200 and 201 to the top portion of femoral section
      190. Straps 195 and 196 extend from pins 200 and 201 respectively, over
      the rear edge of femoral section 190 in grooves 203 and 204, respectively,
      and then extend forwardly between the sections, and pass over the front
      edge of tibial section 191 in grooves 206 and 207, respectively, and
      finally are fastened at the other ends by means of pins (not shown) to the
      underside of tibial section 191 in the same manner as the opposite ends
      are fastened to femoral section 190.
PAR  In like manner, one end of straps 197 and 198 are fastened to the top
      portion of the femoral section (near the front thereof as shown best in
      FIG. 24) by means of pins 210 and 211. Straps 197 and 198 extend over the
      front edge of femoral section 190 in grooves 212 and 213, respectively,
      and then extend rearwardly between the sections and over the rear edge of
      the tibial section 191, the ends then being fastened to the bottom rear
      portion of the tibial section 191 by means of pins (not shown) in the same
      manner as the opposite ends are fastened to the top front portion of
      femoral section 190. As shown in FIGS. 24 and 25, straps 195 and 196 are
      spaced inwardly with respect to straps 197 and 198 so that the straps do
      not come into contact with one another.
PAR  Straps 195-198 provide the constraint necessary for rolling motion and hold
      the sections in engagement with one another. While straps have been
      mentioned for usage fastened to the sections by means of pins, cables
      could be used, if desired, and the straps or cables could be fastened in
      any conventional fashion. In addition, the number of straps utilized could
      be varied, if desired.
PAR  A plurality of protrusions 216 extend from the top side of femoral section
      190 and from the bottom side of tibial section 191. These protrusions
      provide an interlock for the cement commonly now used in prosthetic
      fixation methods (see FIG. 27 where a portion of the front of the knee
      joint has been turned downwardly to expose the implanted knee joint).
PAR  A patella slide 218 with protrusions 219 extending outwardly therefrom
      attaches to the underneath side of the patella 220 and when in place (as
      shown in FIG. 26) rides in groove 222 formed in the forwardly facing side
      of an upstanding tongue 223 of femoral section 190, the rearwardly facing
      portion of patella slide 218 being of convex shape to be better received
      in groove 222. If desired, patella slide 218 can be eliminated as could
      the patella groove 222 in tongue 223 of femoral section 190, at least for
      some applications.
PAR  The device is preferably made of stainless steel and polyethylene and the
      flexible members can be metal straps, rubber bands, or could be made of
      other materials such as leather, plastic, fabric, string or chain.
PAR  In operation, the prosthetic knee joint is surgically implanted in a human
      knee and thereafter performs the function of the natural knee joint. By
      preselecting the contours of the surfaces of the bodies (or rollers) and
      fastening strap positioning, the movement is made to simulate that of the
      natural knee as nearly as possible. By use of the device of this
      invention, friction and wear are also reduced so that the chances of
      troublefree operation over a long period of time is enhanced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A prosthetic knee joint comprising: a first section connectable with one
      side of a knee structure and including a body member having an external
      surface portion; a second section connectable with the other side of a
      knee structure and including a body member having an external surface
      portion frictionally engaging said external surface portion of said body
      member of said first section to establish a non-slipping relationship
      therebetween during normal operation; and flexible strapping means
      fastened to said body members to maintain said external surfaces of said
      body members of said first and second sections in engagement with one
      another and constrained to rolling contact during said normal operation.
NUM  2.
PAR  2. The knee joint of claim 1 wherein said first and second sections include
      femoral and tibial sections.
NUM  3.
PAR  3. The knee joint of claim 1 wherein said flexible strapping means includes
      a plurality of straps each of which is fastened to different ones of said
      body members at opposite ends and extends between said body members
      between said ends.
NUM  4.
PAR  4. The knee joint of claim 2 wherein said femoral and tibial sections are
      plate-like sections having engaging curved portions with grooves into
      which said strap means are received.
NUM  5.
PAR  5. The knee joint of claim 4 wherein said femoral section includes a tongue
      member with a groove for receiving a patella slide when said device is
      implanted as a prosthetic knee joint.
NUM  6.
PAR  6. A prosthetic knee joint, comprising: a femoral section having a curved
      bottom portion and grooves at the front and back edges; a tibial section
      having a top portion engaging the curved bottom portion of said femoral
      section and having a plurality of grooves in said front and back edges
      aligned with the grooves in said edges of said femoral section; first
      strap means fastened to the top rear portion of said femoral section and
      extending therefrom over the rear edge of said femoral section in said
      grooves therein, said first strap means extending between said sections
      and over the front edge of said tibial section in said grooves therein,
      said first strap means being fastened to the bottom front portion of said
      tibial section; and second strap means fastened to the top front portion
      of said femoral section and extending therefrom over the front edge of
      said femoral section in said grooves therein, said second strap means
      extending between said sections spaced from said first strap means and
      over the rear edge of said tibial section in said grooves therein, said
      second strap means being fastened to the bottom rear portion of said
      tibial section.
NUM  7.
PAR  7. The prosthetic knee joint of claim 6 wherein said femoral section
      includes an upstanding portion with a groove therein, and wherein said
      joint also includes a patella slide receivable in said groove in said
      upstanding portions of said femoral section when said joint is implanted
      as a prosthetic knee joint.
NUM  8.
PAR  8. A prosthetic joint, comprising: a first section having a first body
      member with a first external surface portion, said first section being
      adapted to be connected with a first predetermined bone structure; a
      second section having a second body member movable relative to said first
      body member, said second body member having a second external surface
      portion frictionally engaging said first external surface portion of said
      first body member to establish a non-slipping relationship therebetween
      during normal operation and said second section adapted to be connected
      with a second predetermined bone structure to form a joint between said
      predetermined bone structures; and flexible strapping means attached to
      said first and second body members to maintain said external surface
      portions of said body members in engagement with one another and
      constrained to rolling contact during said normal operation.
NUM  9.
PAR  9. The prosthetic joint of claim 8 wherein said body members have a
      plurality of grooves therein, and wherein said flexible strapping means
      have opposite ends attached to different ones of said body members with
      the central portions of each of said flexible strap means being received
      in different ones of said plurality of grooves in said body members.
NUM  10.
PAR  10. The prosthetic joint of claim 9 wherein said first and second body
      members have front and rear portions, wherein at least one of said
      flexible strapping members extends from the front of said first body
      member to the rear of said second body member with the central portion of
      said flexible strapping member passing between said body members in one of
      said grooves therein, and wherein at least one other of said flexible
      strapping members extends from the rear of said first body member to the
      front of said second body member with the central portion of said flexible
      strapping passing between said body members in another of said grooves
      therein.
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PAL  "Implantation of an Artificial Cornea" by Manuel A. Torres, et al. American
      Journal of Ophthalmology, Vol. 56, No. 6, pp. 937-941, Dec. 1963.
LREP
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ABST
PAL  A through corneal prosthesis is proposed which comprises a bearing member
      to be introduced between the corneal layers and a bushing with a threaded
      hole rigidly mounted on the bearing member, the threaded hole threadedly
      receiving a removable optical cylinder. For the period of implantation of
      the bearing member, instead of the optical cylinder a temporary removable
      plug is screwed in the bushing, the height of the bushing and the plug not
      exceeding the thickness of the cornea, so that the bearing member of the
      prosthesis is implanted without requiring perforation of the corneal
      layers.
PARN
PAR  This is a continuation of application Ser. No. 447,023 filed Feb. 28, 1974,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to medical technology and more
      particularly, it relates to through corneal prostheses employed to restore
      vision to patients with grave cataracts in cases wherein keratoplasty
      fails.
PAR  It is known in the art to employ a through corneal prosthesis comprising a
      bearing member formed as a disk with a plurality of perforations formed
      therein carrying a centrally mounted bushing with a threaded hole, and a
      removable optical cylinder with an external thread threadedly received
      into the bushing. The known prosthesis is also provided with a temporary
      removable plug having an external thread corresponding to the thread of
      the hole in the bushing.
PAR  The prosthesis is installed in a two-step operation. At the first step, the
      cornea is divided into outer and inner layers, the inner layers are
      perforated and the bearing member whereof the bushing carries the
      removable plug screwed therein is inserted into the space intermediate the
      outer and inner layers of the cornea until the bushing is aligned with the
      perforated hole. The requirement to perforate the inner corneal layers
      stems from the height of the bushing which far exceeds the thickness of
      the cornea whereinto the prosthesis is installed.
PAR  After the bearing member of the prosthesis has been installed, a suture is
      applied.
PAR  The second stage of the operation is carried out after the bearing member
      of the prosthesis has been implanted. This step comprises perforating the
      outer corneal layers above the bushing and substituting an optical
      cylinder for the temporary plug.
PAR  However, with the inner corneal layers perforated at the first stage of the
      operation, the adhesion of the divided corneal layers is more difficult to
      achieve and the implantation of the bearing portion is hindered. Further,
      the perforation provides a route whereby moisture from the anterior
      chamber may seep into the space between the corneal layers, giving rise to
      a "false" chamber.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a through corneal
      prosthesis which will ensure reliable adhesion of the divided corneal
      layers, thereby securely immobilizing the prosthesis.
PAR  It is another object of the present invention to provide a prosthesis which
      will render the operation of prosthesis installation less traumatic.
PAR  It is a further object of the present invention to provide a prosthesis
      which will ensure that the anterior chamber is securely sealed off.
PAR  The foregoing objects are attained by that in a through corneal prosthesis,
      comprising a bearing member to be introduced into the space between the
      corneal layers, a bushing with a threaded hole rigidly secured on the
      bearing member, with a temporary removable plug threadedly received into
      the threaded hole of the bushing while the bearing member is being
      implanted into the cornea, and also a removable optical cylinder with a
      thread which is screwed in the bushing instead of the plug after the
      bearing member has been implanted into the cornea, in accordance with the
      invention, the height of the bushing and of the plug does not exceed the
      thickness of the cornea whereinto the prosthesis is installed.
PAR  It is desirable that the bearing member should be formed as a ring with two
      frames arranged diametrically thereon.
PAR  The method of installing the proposed prosthesis includes two steps, the
      first one of which, in accordance with the invention, comprises dividing
      the cornea into inner and outer layers, placing the bearing member with
      the plug screwed in the bushing therebetween, and applying a suture; after
      the bearing member has been implanted, the second step is carried out
      which comprises, in accordance with the invention, perforating the outer
      layers of the cornea above the bushing, removing the plug, perforating the
      inner layers of the cornea beneath the bushing, and screwing the optical
      cylinder therein.
PAR  The proposed through corneal prosthesis obviates the need to perforate the
      inner corneal layers at the first step of the operation, viz. while
      implanting the bearing member of the prosthesis with the plug, so that
      perforation is done at the second step of the operation, i.e. while
      substituting the optical cylinder for the plug, which provides for
      reliable implantation of the bearing member of the prosthesis and seals
      off the anterior chamber.
PAR  While installing the proposed prosthesis, the diameter of the perforated
      hole in the inner layers of the cornea is equal to the diameter of the
      optical cylinder, whereas with the prior prosthesis the diameter of the
      perforated hole must be equal to the diameter of the bushing wherein the
      optical cylinder is screwed. With the perforated hole being of a smaller
      diameter, the proposed prosthesis seals off the anterior chamber more
      effectively than the prior prosthesis, and the probability of secondary
      infection of the eye is thereby minimized.
PAR  The generally rectangular overall configuration of the bearing member
      formed as a ring with two frames ensures secure implantation and minimizes
      surgical trauma.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the following description of
      an exemplary embodiment thereof taken in conjunction with the accompanying
      drawings, wherein:
PAR  FIG. 1 is a view, partially in section, of a through corneal prosthesis, in
      accordance with the invention;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 illustrates a removable temporary plug, in accordance with the
      invention;
PAR  FIG. 4 shows the position of the bearing member of the prosthesis with the
      plug after the first stage of the prosthesis installation operation, in
      accordance with the invention;
PAR  FIGS. 5, 6 and 7 illustrate the second stage of prosthesis installation, in
      accordance with the invention; and
PAR  FIG. 8 shows the position of an installed prosthesis in the cornea, in
      accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, it can be seen to be illustrated therein a
      through corneal prosthesis comprising a bearing member 1 (FIG. 1) formed
      as a ring 2 (FIG. 2) with two frames 3 diametrically arranged thereon so
      as to provide the bearing member with a generally rectangular overall
      shape. Rigidly mounted on the bearing member 1 is a bushing 4 (FIG. 1)
      with a threaded hole whereinto a removable optical cylinder 5 provided
      with an external thread is threadedly received. The prosthesis is also
      provided with a temporary removable plug 6 (FIG. 3) having an external
      thread corresponding to the thread of the hole formed in the bushing 4
      (FIG. 1). The height of the bushing 4 and the plug 6 (FIG. 4) does not
      exceed the thickness of cornea 7 whereinto the prosthesis is installed.
PAR  The through corneal prosthesis of this invention is installed in a two-step
      operation which is carried out as follows.
PAR  At the first step, the cornea 7 is divided into outer layers 8 and inner
      layers 9 spaced by a distance equal to the width of the frames 3.
PAR  The bearing member 1 whereof the bushing 4 carries the removable temporary
      plug 6 screwed therein is placed between the layers 8 and 9.
PAR  The small height of the bushing 4 permits installing the bearing member 1
      between the outer layers 8 and the inner layers 9 of the cornea 7 without
      perforating same, providing for effective implantation of the bearing
      member 1 of the prosthesis.
PAR  After the bearing member 1 of the prosthesis has been installed, a suture
      is applied.
PAR  With the suture applied, the first step of the prosthesis installation
      operation is over.
PAR  Three or four months later, after the bearing member 1 of the prosthesis
      has been implanted, the second step of the prosthesis installation
      operation is carried out. It comprises perforating the outer layers 8 of
      the cornea 7 above the bushing 4 by means of a trepan 10 (FIG. 5), then by
      use of a special key 11 (FIG. 6) removing the plug 6, perforating the
      inner layers 9 with a trepan 12 (FIG. 7), and then screwing the removable
      optical cylinder 5 (FIG. 8) in the bushing 4. This done, the operation is
      over.
PAR  At the second step of the operation, when screwing the optical cylinder 5,
      the latter's thread comes into close contact with the edges of the
      perforated hole formed in the inner layers 9 of the cornea 7, thereby
      providing for the water-tightness of an anterior chamber 13.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A through corneal prosthesis, comprising: a bearing member to be
      introduced between the layers of the cornea whereinto said prosthesis is
      installed; a bushing having a threaded hole rigidly mounted on said
      bearing member, the height of said bushing not exceeding the thickness of
      the cornea whereinto said prosthesis is installed; and a removable
      temporary threaded plug which is threadedly received into said hole of
      said bushing when said bearing member is being implanted, the height of
      said plug corresponding to the height of said bushing and not exceeding
      the thickness of the cornea whereinto the prosthesis is installed, said
      plug being adapted to be removed after said bearing member has been
      implanted and to be replaced by a removable threaded optical cylinder
      threadedly receivable into said hole of said bushing, said bearing member
      being formed as a ring having two frames which are diametrically arranged
      thereon so as to provide said bearing member with a generally rectangular
      overall shape.
NUM  2.
PAR  2. A method of installing a through corneal prosthesis comprising a bearing
      member with a bushing, a removable temporary plug threadedly received into
      said bushing, and a removable optical cylinder screwed into said bushing
      instead of said plug after said bearing member has been implanted, which
      includes two steps, the first step thereof comprising dividing the cornea
      into outer and inner layers, placing said bearing member of the prosthesis
      with said plug screwed into said bushing thereof between said outer and
      inner layers and applying a suture; and after said bearing member has been
      implanted, the second step of prosthesis installation is performed which
      comprises perforating said outer layer of the cornea above said bushing,
      removing said plug, perforating said inner corneal layer beneath said
      bushing and screwing said optical cylinder therein.
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ABST
PAL  A toilet flushing reservoir system is provided which includes a reservoir
      comprising upper and lower headers and individual longitudinally extending
      pipes between the headers: one of the pipes has a flow restrictor therein.
      The top header is provided with a water inlet and a vent, controlled by a
      float valve. A discharge valve in the lower head is opened by a hydraulic
      motor, under the control of a manual flushing control valve. The headers
      are of synthetic resin and are substantially identical.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a toilet flushing reservoir system, and
      in particular to a reservoir therefor.
PAR  The most widely used toilet flushing systems include a reservoir or tank
      which is connected to a water main through a water line, the admission of
      water into the tank being controlled by a valve, which valve is operated
      by a float carried by an arm extending from the inlet valve. The flow of
      water from the tank, into the toilet bowl, is controlled by a ball valve,
      which is usually of soft material, being pressed into engagement with the
      valve seat by the head of water in the tank, the ball valve being lifted
      from its seat by a suitable mechanism, such as a lever. Such apparatus is
      known to suffer from a number of deficiencies, including the taking up of
      a significant amount of floor space by the tank, as well as the
      unsightliness of the tank and associated plumbing. The soft ball valve
      will deteriorate after a period of use, and such tanks have generally been
      found to be expensive in that they require a substantial amount of
      machining of the parts, particularly the inlet valve, as well as requiring
      expensive casting operations. In addition, rather complex and expensive
      assembly operations are required. Further, the known, above described
      systems are prone to leaking, and the tanks themselves are heavy, usually
      being made of cast ceramic, and are therefore expensive to ship from the
      place of manufacture to the place of use.
PAR  There have also been proposed other toilet flushing reservoirs, some of
      which have involved generally linerally extending pipes or tanks, which
      were placed within a wall. These reservoirs have generally operated on the
      principle of an air cushion, trapped at the top of the body of water
      within the pipe, or pipes, or tank. This trapped air was compressed when
      the water flowed into the reservoir, from the bottom, and when the outlet
      valve was operated, the trapped air expanded, to assist in forcing the
      water into the toilet bowl, this assistance being in addition to the
      gravity-caused water flow. The trapped-air or air cushion type of
      reservoir has not met with wide spread usage, because of a fundamental
      deficiency. That is, the trapped air over a period of time becomes
      entrained in or absorbed by the water, particularly since there are
      sequential bodies of water with which the air comes in contact. The
      absorption or entrainment of the air ultimately diminishes the amount of
      air in the air cushion above the body of water, so that the available
      force is gradually diminished, until, ultimately, the amount of air
      remaining is so small as to be unsatisfactory in providing the volume and
      velocity of water flow from the reservoir.
PAR  Recognizing the deficiencies of the air cushion type of reservoir, a
      proposal has been made to substitute a spring device for the air cushion,
      but such a spring device cannot be economically made, is liable to
      breakage after an extended period of use, and must be expensively made in
      order to be long lasting.
PAR  A still further proposal of the prior art provided an upper tank into which
      water was admitted, the tank having an outlet valve operated by a lever,
      the tank discharging into a lower tank, into which pipes with lateral
      openings extended, which pipes communicated with the toilet bowl. This
      apparatus required a dash pot for satisfactory operation, which dash pot
      is liable to become ineffective after a period of use. Further, such a
      construction provided an undesirable three stage flushing operation
      including a slow first stage, a fast second stage and a slow third stage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a toilet flushing reservoir system including
      a reservoir comprising upper and lower headers which are mechanically and
      fluid connected by parallel, longitudinally extending pipes or conduits.
      The headers are substantially identical in form, and are made of synthetic
      plastic, while the pipes are also of synthetic plastic, and may be made by
      conventional, economical extrusion methods. The upper header is provided
      with an inlet, for connection to a water line, leading to a water main,
      and is also provided with a vent outlet, controlled by a float valve. The
      outlet is in axial alignment with one of the pipes, and a detent in the
      pipe limits downward movement of the float valve. A flow restrictor is
      provided in one of the pipes, so as to provide a trickle flow subsequent
      to the main high volume and high velocity flow. The bottom header has an
      outlet connected to a conduit, in which is a manually operated valve, the
      conduit leading to a hydraulic motor which operates an outlet valve
      normally seated in the lower header. The two headers and connecting pipes
      are preferably positioned within a wall, so as to be removed from sight.
      Due to the construction, of synthetic resin, the herein provided reservoir
      provides a substantial reduction in noise.
PAR  Among the objects of the present invention are to provide a toilet flushing
      reservoir system which can be positioned so as to not use floor space, and
      to provide such a system which will be quiet, and not unsightly.
PAR  Another object of the present invention is the provision of a toilet
      flushing reservoir system having greatly reduced metal to metal contact,
      and to therefore provide such a system capable of long use without
      requiring repair or replacement of the parts thereof.
PAR  A still further object of the present invention is to provide a reservoir
      system capable of placing the outlet valve under a high head of water, to
      thereby permit utilization of a longer lasting outlet valve.
PAR  A further object of the present invention is the provision of a toilet
      flushing reservoir system which is inexpensive, and utilizes standard
      synthetic resin molded products, which can be quickly made and readily
      assembled, and which is not prone to leaks.
PAR  Yet another object of the present invention is to provide a toilet flushing
      reservoir system which is light in weight, economical to ship, and easy to
      handle.
PAR  A still further object of the present invention is the provision of such a
      reservoir and system which does not rely upon an air cushion for
      operation, and will thereby be useful over a relatively long period of
      time, without repair or replacement.
PAR  A still further object of the present invention is to provide a toilet
      flushing reservoir system which will enable flushing with a strong first
      stage and a trickle second stage of water flow.
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily understood from consideration of the following
      specification, claims and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of a toilet flushing reservoir system in
      accordance with the present invention.
PAR  FIG. 2 is a cross sectional view taken on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a cross sectional view taken on the line 3--3 of FIG. 1.
PAR  FIG. 4 is a cross sectional view taken on the line 4--4 of FIG. 1.
PAR  FIG. 5 is a cross sectional view taken on the line 5--5 of FIG. 1.
PAR  FIG. 6 is a cross sectional view taken on the line 6--6 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like or corresponding reference
      numerals are used for like or corresponding parts throughout the several
      views, there is shown in FIG. 1 a toilet flushing reservoir system 10 in
      accordance with the present invention. The system 10 includes a reservoir
      11 comprising an upper tank-like header 12, a lower tank-like header 13,
      and a plurality of pipes 14, 15, 16, 17 and 18 extending between and
      connected to the headers 12 and 13. The headers 12 and 13 are
      substantially identical in construction, with plural openings in one wall,
      and are preferably made of synthetic resin material, so that they can be
      manufactured by standard molding or other synthetic resin techniques.
      Similarly, the pipes 14-18 are of synthetic resin, and may be manufactured
      by conventional resin or plastic extrusion processes, and are therefore
      light weight, economical and resistant to noise transmission. The
      reservoir 11 is connected with a conventional toilet bowl B by an L-shaped
      conduit 19.
PAR  A conduit 20 is connected with the lower header 13, at a central portion
      thereof, and is connected in conventional manner to a valve 21, which may
      be opened by operation of the valve handle 22. Also connected to the valve
      21 is a conduit 23 which extends to a hydraulic motor 24 that is connected
      to the left side (as viewed in FIG. 1) of lower header 13.
PAR  The reservoir 11 is of relatively small thickness, preferably being less
      than about three and one-half inches, so that it may be positioned within
      a wall. To this end, there are shown in FIG. 1 a pair of conventional
      studs S, the reservoir 11 being shown placed between the studs S. As will
      be understood, a suitable material, such as wall board, may be placed
      across the studs S, in conventional manner, thereby concealing from view
      the reservoir 11.
PAR  Extending upwardly from the upper header 12 is a boss 26, and an unvalved,
      constantly open water inlet conduit 27 may be seen extending thereto. As
      shown in FIG. 2, the boss 26 is hollow, and receives a plastic coupling
      member 28, having a vertical passage 29 and plural horizontal passages 31
      therein, the latter discharging into the upper header 12. The water inlet
      line 27 is of conical shape at its lower end 32, and engages a similar
      conically shaped boss 33 forming a part of the coupling member 28. A
      further connector 34 is shown, having exterior screw threads 36 which
      engage with interior screw threads 37 of the coupling member 28. This
      construction provides for a secure connection between the header 12 and
      the water inlet line 27, and also provides for distribution of water into
      the header 12 through the several passages 31 so as to provide for
      relatively silent flow of the water into the upper header 12.
PAR  Referring again to FIG. 1, in line with the pipe 18 there may be seen a
      second boss 38, and a vent pipe 39. As shown in FIG. 3, within the hollow
      boss 38 is a float valve 41, which is preferably made of synthetic resin,
      and which engages a valve seat 42 formed in a valve seat and connector
      member 43, to which the vent pipe 39 is joined. The connector 43 may be
      screwed to the boss 38, and the vent pipe 39 may be secured by adhesive,
      solvent, or the like to the connector 43. The boss 38 forms a part of the
      upper header 12, and the pipe 18 may be seen joined to the header 12,
      having a plate 44 therein, positioned below float valve 41. The plate 44
      is apertured, and offers substantially no impediment to the flow of water
      into and through the pipe 18.
PAR  Referring to FIG. 4, there may be seen the pipe 18, and the plate 44, with
      a multiplicity of apertures 45 therein. The configuration of plate 44
      shown in FIG. 4 is illustrative only, as will be readily understood.
      Referring now to FIG. 5, there may be seen the pipe 14, and a portion of
      the adjacent pipe 15. Within the pipe 14 is a flow restrictor plate 46
      having several apertures 47 therein, there being a limited number of
      apertures provided, so that there is some restriction of the flow of water
      from the upper part of pipe 14. This provides the second stage, trickle
      flow of water into the toilet bowl B.
PAR  Referring again to FIG. 3, the plate 44 may be part of a short cylindrical
      member 44a, adhered or otherwise secured within the pipe 18. A similar
      short cylindrical member 46a may be used to secure the restrictor 46 in
      position.
PAR  Referring now to FIG. 6, there may be seen therein the hydraulic motor 24,
      threadedly connected at its upper end to the threaded extension 48 of the
      lower header 13. The extension 48 is provided at its lower end with a
      plate 49 which forms a valve seat. Plate 49 is held in position upon the
      assemblage of the upper threaded end of the hydraulic motor 24 to the
      lower threaded extension of the lower header 13. Within the motor 24 is a
      piston 51 having apertures 52 therethrough, and comprising a piston rod
      53, extending upwardly. Suitable guides 54 may be provided, to guide the
      movement of piston 51 and piston rod 53. Extending from the motor 24,
      there may be seen the outlet 19, adjacent the valve seat 49. The conduit
      23, leading from the valve 21, is connected to an end plate 56 of the
      motor 24.
PAR  In axial alignment with the piston rod 53 is an outlet valve 57, which is
      shown seated on the valve seat 49.
PAR  In operation, the reservoir 11 is filled with water, the valve 21 is
      closed, and the valve 57 is seated on valve seat 49, with the piston 51
      being in the position shown in FIG. 6. Also, the float valve 41 is in
      engagement with the seat 42. When the handle 22 is moved, valve 21 will be
      opened, thereby causing a greater pressure on the lower surface of the
      piston 51 than on the upper surface thereof, since the full head of water
      in the reservoir 11 will be applied to the lower surface of piston 51.
      This will cause piston 51 to rise, thereby unseating the outlet valve 57,
      and causing water to drain from the reservoir 11, and to pass into the
      conduit 19, and thence into the toilet bowl B. As the level of water in
      reservoir 11 begins to fall, the float valve 41 will descend, admitting
      air through the vent pipe 39 into the reservoir 11. There will be a rapid
      discharge of most of the water from the reservoir 11, into the toilet bowl
      B, with a minor fraction of the volume of water in reservoir 11 trickling
      thereinto in a second, subsequent water discharge phase. This is due to
      the restrictor 46, which will restrict the amount and velocity of flow of
      water in the pipe 14 thereabove.
PAR  The handle 22 may be released relatively promptly, after flushing has
      begun, or a slow closure of the valve 21 may be provided. In either event,
      when the valve 21 closes, there will be a reduction in pressure on the
      under side of the piston 51, and the piston 51, not being buoyant, will
      gradually return to its lower position, shown in FIG. 6, thereby also
      permitting the outlet valve 57 to close. The movement of the piston 51 is
      retarded, due to the size of the openings 52 therethrough.
PAR  As soon as the vent valve 41 is opened, and as soon as the water level in
      the reservoir 11 begins to fall, more water will be admitted through the
      inlet line 27; this will be at a relatively slow rate, compared to the
      outflow of water through the conduit 19. When the outlet valve 57 has
      again seated, the reservoir 11 will continue to fill, and the filling
      operation will continue until the float valve 41, which has been seated on
      the plate 44, returns to the position shown in FIG. 3, wherein it closes
      the vent, and when this occurs, there will be prevented any additional
      flow of water into the reservoir 11 since all three outlets from reservoir
      11 will then be closed.
PAR  There has been provided an improved toilet flushing reservoir system
      comprising a reservoir which is of synthetic plastic or resin material,
      economically and readily fabricated, of light weight and of noise
      diminishing properties. The outlet valve is seated under a relatively
      large head of pressure, and therefore may be made of relatively hard
      material, so as to be long lasting. Similarly, the float valve herein
      provided may be of the same material and construction as the outlet valve,
      except for its floating characteristics, so as to also be long lasting.
      The entire reservoir herein disclosed may be positioned within a wall, so
      as to provide an improved appearance of the toilet flushing reservoir
      system. As will be readily understood, no floor space is taken up by the
      reservoir, and there will be no deterioration in effectiveness of the
      reservoir herein disclosed, as in systems employing an air cushion.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the spirit of the invention, and therefore the
      invention is not limited to what is shown in the drawings and described in
      the specification but only as indicated in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a toilet flushing reservoir system for use with a toilet bowl and a
      water inlet conduit,
PA1  a water reservoir including an upper tank-like header, a lower tank-like
      header, and a plurality of parallel, hollow, tubular members extending
      between said headers and providing fluid communication between the
      tank-like headers,
PA1  said upper header comprising inlet means for connecting said upper header
      to said water inlet conduit, a vent for connection to atmosphere, and a
      float valve for controlling said vent,
PA1  said lower header comprising outlet means for connection to said inlet
      toilet bowl, and a second outlet,
PA1  control valve means for said outlet means, and
PA1  manually operable means connected with said second outlet for opening the
      outlet control valve means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said upper and lower headers are
      substantially identical.
NUM  3.
PAR  3. The apparatus of claim 1, wherein at least one of said tubular members
      comprises flow restricting means, and at least one of said tubular members
      comprises means for permitting substantially unobstructed flow of water
      therethrough.
NUM  4.
PAR  4. The apparatus of claim 1, said manually operable means comprising a
      hydraulic motor including a piston, a piston rod carried by said piston
      for opening said outlet control valve means, and manually operable valve
      means fluid connected to said hydraulic motor and said second outlet for
      selectively permitting passage of water from said lower header to said
      hydraulic motor.
NUM  5.
PAR  5. The apparatus of claim 1, wherein said tubular members are in side by
      side relationship, with their axes substantially coplanar.
NUM  6.
PAR  6. The apparatus of claim 5, said tubular members being closely spaced.
NUM  7.
PAR  7. The apparatus of claim 1, wherein the vent of the upper header is at one
      end thereof and the outlet means of the lower header is at one end
      thereof, said vent and outlet having their axes spaced from each other.
NUM  8.
PAR  8. The apparatus of claim 1, wherein the vent of the upper header is in
      line with a said tubular member, which said tubular member has means
      therein for limiting movement of said float valve away from said vent and
      for permitting water to flow through said limiting means in a
      substantially unobstructed manner.
NUM  9.
PAR  9. The apparatus of claim 1, wherein said headers and tubular members are
      of synthetic resin.
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ABST
PAL  This invention provides a modification kit by means of which a conventional
      toilet of the flush tank type may be converted into a dual flush system.
      The mechanism is mounted and secured inside a flush tank on the front wall
      of the tank and is operationally connected to the flushing lever and the
      water outlet valve. The invention incorporates a float which may be
      selectively controlled by the flushing handle on the outside of the tank
      to permit a vertical float type outlet valve or a flapper type outlet
      valve to close at a reduced or full flush of the toilet at the discretion
      of the user. In part this disclosure is an improvement on a previous
      invention described in full in my patent application Ser. No. 261,303
      (Series of 1970).
BSUM
PAC  RELATED INVENTIONS
PAR  U.S. Pat. Nos. 2,106,906; 2,351,672; 2,526,294; 2,532,977; 3,538,519.
PAR  My previous Patent application Ser. No. 261,303 (series of 1970).
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Often in conventional flush tank toilets less than a full tank of water
      will satisfactorily flush the toilet. Accordingly, one way to conserve
      water, which is so wastefully flushed through toilets, is to provide a
      selective flushing system which utilizes a full flush cycle for solids and
      partial flush for liquids.
PAR  2. Description of Prior Art
PAR  Dual flush systems to achieve the above purpose follow four basic designs:
PA1  A. They utilize multiple outlet ports, set at two or more elevations in the
      tank. These ports can be selectively opened for the desired flush.
PA1  B. The large float which controls the water inlet valve, is utilized to
      close the outlet valve selectively.
PA1  C. The buoyancy of a hollow outlet valve is selectively controlled.
PA1  D. An independent float is selectively controlled so as to close the outlet
      valve at a desired elevation of the water in the tank.
PAL  Most of these mechanisms in the prior art have proved unreliable in daily
      operations or very costly to install.
PAC  SUMMARY OF THE INVENTION
PAR  The main purpose of this invention is to conserve water that is flushed
      through toilets. This objective is achieved through an improved
      modification kit which when installed in a flush tank toilet converts the
      toilet to a dual flush system, permitting selectively a full tank flush
      for maximum requirements or a reduced flush for lesser conditions. The
      modification kit described below can be utilized in toilets having the
      conventional vertical type outlet float valve or the more recent flapper
      type outlet valve.
PAR  An important objective of the invention is to provide a design which will
      take advantage of the conditioned behavior of the toilet user. In this
      connection, for a long time now, users have become accustomed to push down
      on the flushing handle located on the outside of conventional tanks. My
      invention deliberately utilizes this conditioned movement of the user to
      conserve water, for when the user pushes down and then releases the
      flushing handle, he automatically initiates a reduced flush. For a full
      flush, the user must push down on the flushing handle and then he must
      pull it up.
PAR  Another important objective of this invention is to provide a conversion
      kit which can be mounted on the inside of the tank on the front wall
      eliminating any requirement to replace any of the conventional elements in
      the toilet. A separate compact mechanism, this invention is designed so
      that it can be easily incorporated to operate with the various parts in
      conventional toilets.
PAR  Still another important objective of the invention is to provide a
      conversion kit which may be installed with little effort and without the
      use of any tools.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objectives will become apparent with reference to the
      following drawings and descriptions herein.
PAR  FIGS. 1, 2, 3 and 4, show in perspective the four major elements of the
      invention in an exploded vertical relationship. FIG. 8 shows the
      modification kit mounted on the inside of a flush tank secured to the
      front wall of the tank and incorporated operationally with a flapper type
      outlet valve. FIG. 10 shows the kit incorporated operationally in a toilet
      having a conventional vertical type outlet float valve.
DETD
     FIG. 1 shows a bracket, 1, made of flat metal suitably bent or molded so
      that at the top, 2, it has two right angled bends, forming an inverted U
      type clamp which may be fitted on top of the front wall of the flush tank.
      The bracket, 1, has a winged set screw, 3, with which the U-clamp is
      secured to the front wall of the tank. An elastic rubber-type sleeve, 4,
      is mounted on the short leg, 5, and a similar elastic rubber-type sleeve,
      6, is mounted on the long leg, 7, near its bottom. At this point, a third
      right angled bend in bracket, 1, forms a platform, 8, which near its end,
      9, has a vertical mount, 10, of which an additional view is shown in Fig.
      5. Mount, 10 projects below platform, 8, forming a vertical extension, 11.
      A hole, 12, runs vertically through mount, 10, platform, 8, and extension,
      II. Mount, 10, further has a notch, 13, exposing vertical hole 12, as
      shown in Figs. 1 and 5. On the opposite side from notch, 13, mount, 10,
      has a shoulder, 14, whose surface, beginning at the top of mount, 10,
      slopes obliquely away from the vertical hole, 12, and then continues
      vertically down to the top of platform, 8.
PAR  FIG. 2 shows control link, 15, which is a wire suitably bent to form a
      vertical rectangular loop, 16, at one end. The wire continues horizontally
      from the bottom of loop, 16, to a suitable point where a vertical circular
      loop, 17, is formed. The plane formed by the wire of vertical rectangular
      loop, 16, is parallel to the plane formed by the wire of vertical circular
      loop, 17. From the bottom of loop, 17, the wire continues horizontally and
      is bent to form a horseshoe type of horizontal half-loop, 18. The plane of
      circular loop, 17, extends through the center of Half-loop, 18 and is
      perpendicular to the plane of half-loop, 18. A short elastic tube, 19,
      having holes, 20 and 21, near its ends (perpendicular to the long axis of
      elastic tube, 19) is mounted on control link, 16, so that the wire forming
      the half-loop, 18, fits through holes, 20 and 21, permitting tube, 19 to
      close the open side of half-loop, 18.
PAR  FIG. 3 shows a guide rod, 22, which at its top is bent to form a vertical
      circular loop, 23. At its bottom end, 24, guide rod, 22, is threaded.
PAR  FIG. 4 shows a cylindrical elastic rubber-type float, 25, closed at the
      top, 26, with a hollow interior, 27. In its top, 26, float, 25, has a
      small hole 28, which connects to a suitable nut inside top, 26. When the
      modification kit is assembled, as shown in FIGS. 8 and 10, guide rod, 22,
      fits vertically through half-loop, 18, of control link, 15, and then
      slides through vertical hole, 12, in mount, 10 and is screwed through
      hole, 28, in top, 26, of float, 25, securing guide rod, 22, to float, 25.
      The bottom cylindrical surface of float, 25, is cut out on opposite sides
      of the cylinder, so that surfaces, 29 and 30, shown also in FIG. 7, on
      opposite sides of the cylinder project below surfaces, 31 and 32. Suitable
      horizontal holes in pairs, one above the other are provided in each of
      these surfaces, i.e. holes, 33 and 34, are located in projecting surface,
      29, as shown in FIGS. 4 and 7, holes, 35 and 36, in surface, 30, holes 37
      and 38, in surface, 31, and holes, 39 and 40, in surface, 32. The surfaces
      and holes are so located at the bottom of float, 25, that a rod inserted
      through holes, 33 and 35, as shown in FIG. 4, would be set at right angles
      to a rod inserted through holes, 37 and 39, as shown in FIG. 7. Connector,
      41, is made of wire suitably bent so that one end of the wire is formed
      into a tight U, 42, and at the other end is bent to form a horizontal
      circular loop, 43. The plane formed by U, 42, is perpendicular to the
      plane of circular loop, 43. Connector, 41, as shown in FIG. 4, may be
      mounted in float, 25, by inserting the wire through hole, 35 then through
      holes, 33 and 34, or as shown in FIG. 7, through hole, 39, then through
      holes, 37 and 38. The holes located at right angles to each other are set
      at two different elevations in float, 25, to accommodate two
      different-sized tanks found in common usage today -- one tank designed to
      hold water in the tank at a level of 10 inches above the bottom and
      another size which holds the water level at 9 inches above the bottom of
      the tank. The two locations of connector, 41, shown in FIGS., 4 and 7,
      permit the use of float, 25, with either sized tank. Connector, 41, with
      its wide horizontal circular loop, 43, is designed for use in toilets with
      a flapper type out valve (FIG. 8). Connector, 44, shown in FIG. 6, is
      designed for use in toilets equipped with vertical type outlet float
      valves (FIG. 10). Connector, 44, like connector, 41, is a wire suitably
      bent so that at one end it has a right angled projection, 45, and at the
      other end has a horizontal circular loop, 46. The plane formed by the main
      strand of connector, 44, and projection, 45, is perpendicular to the plane
      of circular loop, 46. Connector, 44, may be fitted in holes, 33 and 35, as
      shown in FIG. 10, or inserted in holes, 37 and 39 in float, 25, for use in
      the two different sized flush tanks.
PAR  FIG. 8 shows the modification kit detailed in FIGS. 1, 2, 3 and 4, mounted
      inside a flush tank equipped with a flapper type outlet valve. For
      mounting the kit in the tank, chain, 47, is unhooked from flushing lever,
      48. The modification kit is placed inside the tank with float, 25, down.
      Flushing lever, 48 (which is operationally connected in a conventional
      flush tank to a flushing handle located on the outside of the tank, not
      shown) is inserted into the vertical circular loop, 17, of control link,
      15, and then slid through vertical rectangular loop 16, as shown in FIG.
      8, and bracket, 1, is clamped over the top of front wall, 49, of the
      flushing tank. Bracket, 1, is suitably adjusted on wall, 49, so that
      platform, 8, projects from wall, 49, towards overflow tube, 50. Chain, 47,
      which is connected to flapper valve, 51, is then brough up through
      horizontal circular loop, 43, of connector, 41 and then hook, 52, of
      chain, 47, is hooked through a suitable hole in the flat end of flushing
      lever 48. Winged set screw, 3, is tightened, securing bracket, 1, and the
      modification kit to the front wall, 49, of the flush tank.
PAR  In operation, for a reduced flush, the flushing handle on the outside of
      the tank (not shown) is depressed and then released as in a conventional
      flush. When the flushing handle is depressed, the flushing lever, 48,
      operationally connected to the flushing handle, rises, causing chain, 47,
      which is connected to flushing lever, 48, to pull flapper valve, 51, up
      from its seat in outlet 54, until flapper valve, 51, floats in the water
      above outlet, 54, as shown by broken lines in FIG. 8. In this position of
      flapper valve, 51, chain, 47, has been pulled up through horizontal
      circular loop, 43, of connector, 41, and loop, 43, rests on top of flapper
      valve, 51. At the same time that chain, 47, raises flapper valve, 51,
      flushing lever, 48, lifts control link, 15, with half-loop, 18, and
      elastic tube, 19, engaged and guided upward on guide rod, 22. Water in the
      meantime flushes through outlet, 54, from the tank into the toilet bowl.
      When the flushing handle outside the tank is released, flushing lever, 48,
      inside the tank falls by gravity, causing control link, 15 to slide
      downward engaged on guide rod, 22, until wire half-loop, 18, comes to rest
      on the upper part of shoulder, 14, of mount, 10, on bracket, 1. With
      control link, 15, in the position shown in FIG. 8, as the water level in
      the tank falls, float, 25, falls with the level of water, causing circular
      loop, 43, of connector, 41, to exert a downward force on the top surface
      of flapper vslve, 51. At a predetermined level of water in the tank,
      float, 25, drops sufficiently to cause loop, 43, to force flapper valve,
      51 down to a position above outlet, 54, where the water, flushing out of
      the tank, sucks flapper valve, down onto its seat in outlet, 54, closing
      outlet, 54, shutting off the flow of water into the toilet bowl. The
      predetermined water level mentioned above is selected to provide a
      satisfactory partial flush. With outlet, 54, closed, the water inlet
      mechanism (not shown) fills the tank with water as in a conventional
      flushing cycle.
PAR  For a full flush, the flushing handle outside the tank (not shown) is
      depressed and then pulled up. When the flushing handle is depressed,
      flushing lever, 48, inside the tank, is lifted, causing flapper valve, 51,
      to uncover outlet, 54, permitting water to flush from the tank into the
      toilet bowl and at the same time raising flapper valve, 51, to the
      position shown by broken lines in FIG. 8. When the flushing handle outside
      the tank is pulled up, flushing lever, 48, inside the tank, is forced
      downward, causing control link, 15, and its half-loop, 18, to slide
      vertically down engaged on guide rod, 22, forcing elastic tube, 19, and
      half-loop, 18, down over mount, 10, of bracket, 1, until the bottom
      surfaces of half-loop, 18, come to rest on platform, 8, as shown in FIG.
      9. In this position of control link, 15, elastic tube, 19, is forced into
      notch, 13, engaging and holding the vertical segment of guide rod, 22,
      which is exposed in notch, 13. Guide rod, 22, and with it float, 25, are
      secured firmly in bracket, 1, restraining float, 25, to fall with the
      water level in the tank. Under these circumstances, flapper valve, 51, is
      unaffected by float, 25, and accordingly functions as in a conventional
      toilet, closing outlet, 54, when a full tank of water has been flushed.
      With the outlet, 54, closed, the water inlet mechanism (not shown) fills
      the tank with water in the conventional manner, and the toilet is ready
      for subsequent operations.
PAR  FIG. 10 shows the modification kit, described in detail in FIGS. 1, 2, 3
      and 4 with connector, 44, instead of connector, 41, engaged in float, 25.
      The kit is mounted and secured to front wall, 49, of a flush tank equipped
      with a vertically operated outlet float valve, 56. After the kit is
      mounted in the tank, as described for a toilet equipped with a flapper
      type outlet valve, lifter rod, 56, is screwed out of float valve, 55,
      lifted vertically, and then engaged in connector, 44, through circular
      loop, 46, and screwed again into float valve, 55.
PAR  In operation, for a reduced flush, the flushing handle outside the tank
      (not shown) is depressed and released as in a conventional flush. When the
      flushing handle is depressed, flushing lever, 48, inside the tank, rises
      lifting control link, 15, as described in FIG. 8. At the same time link,
      57, which is hooked by its upper end through a suitable hole in the flat
      portion of flushing lever, 48, is pulled upward. The upper surfaces of
      circular loop, 58, located at the lower end of link, 57 exert an upward
      force on the lower surfaces of circular loop, 59, located at the top of
      lifter rod, 56, pulling lifter rod, 56, and float valve, 55, upward until
      the top, 60, of float valve, 55, comes to rest against the bottom surfaces
      of circular loop, 46, of connector, 44. With float valve, 55, floating in
      the water above outlet, 54, in the position shown by broken lines in FIG.
      10, the water flushes out of the tank through outlet, 54, into the toilet
      bowl. When the flushing handle outside the tank is released, the flushing
      lever, 48, inside the tank falls by gravity, causing the control link, 15,
      to assume the position shown in FIG. 10. With this position of the control
      link, 16, as the water level in the tank falls, float, 25, is free to drop
      with the level of water in the tank causing the bottom surfaces of
      circular loop, 46, of connector, 44, to exert a downward force on top, 60,
      of float valve, 55. At a predetermined water level in the tank, float, 25,
      drops to a point, where the water flushing out of the tank through outlet,
      54, sucks float valve, 55, down onto its seat in outlet, 54, shutting off
      the flow of water from the tank into the toilet bowl. The predetermined
      water level, mentioned above, is selected so that the float valve, 55, is
      forced down onto its seat in outlet, 54, by the action of float, 25,
      closing the outlet when a satisfactory partial flush has been achieved.
      With outlet, 54, closed, the water inlet mechanism (not shown) fills the
      tank with water as in a conventional flushing cycle.
PAR  For a full flush, the flushing handle outside the tank is depressed and
      then pulled up. When the flushing handle is depressed, the action
      initiates the opening of outlet, 54, flushing water from the tank into the
      toilet bowl. When the flushing handle outside the tank is pulled up,
      flushing lever, 48, inside the tank, is forced down, causing control link,
      15, downward, as described above to a position on mount, 10 of bracket, 1,
      shown in FIG. 9. Guide rod, 22, is restrained from falling by elastic
      tube, 19, which has been forced by the downward movement of control link,
      15, into notch, 13. In this position of control link 15, (FIG. 9), float
      25, is restrained from falling with the water level in the tank,
      permitting lifter rod, 56, and float valve, 55, to function in the
      conventional manner, closing outlet, 54, when a full tank of water has
      been flushed. As described above, with outlet, 54 closed, the conventional
      water inlet mechanism (not shown) fills the tank with water and the toilet
      is ready for further operations.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conversion kit construction, for converting a flush tank toilet
      equipped with a flapper type outlet valve to a dual flush system,
      comprising,
PA1  a bracket fashioned for mounting and securing said kit inside said tank on
      the front wall of said tank, said bracket having a horizontal platform on
      which there is a vertical mount, said mount being provided with a hole
      through the vertical axis thereof, a recess in a lower side portion of
      said mount exposing said hole in said side of said mount, the surface of
      said mount opposite to the side having the recess being sloped from the
      top obliquely away from said vertical hole and and then vertically
      downward to the top of said platform of the bracket,
PA1  a control link, made of wire suitably bent, forming at one end a vertical
      rectangular loop with a second vertical circular loop, suitably spaced
      from the first and with the planes of said loops parallel, said control
      link extending from bottom of said circular loop to form a horizontal
      horseshoe half-loop, so that the plane of said half-loop is perpendicular
      to the plane of said circular loop, and a segment of elastic tubing having
      holes near its ends perpendicular to the long axis of said tubing,
      arranged so that, the wire of said half-loop is inserted in said holes,
      permitting said elastic tubing to close the open side of said half-loop. a
      cylindrical rubber-type float, having a hollow interior portion, with one
      end of said cylinder closed to form the top of said float and a hole in
      said top operationally connected to a suitable nut arrangement secured in
      said top, the bottom portion of the wall of said cylinder having suitable
      holes, a wire connector inserted into said suitable holes so that one end
      of said connector extends outside said cylinder wall where it forms a
      horizontal circular loop and the other end of said connector is bent back
      upon itself and is engaged in two holes, one above the other, in said
      cylinder wall, securing said connector in a position perpendicular to the
      long axis of said cylinder and holding said circular loop of the connector
      in a horizontal plane,
PA1  a guide rod of suitable length which, at its top, has a vertical circular
      loop and at its bottom end, is threaded,
PA1  so that for assembling said conversion kit, said threaded end of the guide
      rod is inserted through the space inclosed by said wire half-loop and said
      elastic tubing of the control link, with the said guide rod then slid
      through said vertical hole in the mount on the bracket and then said
      threaded end of the guide rod is screwed into the said top of the float,
PA1  permitting said guide rod attached to said float to slide vertically in
      said hole of the mount on the bracket and further permitting said control
      link to slide vertically on the upper portion of said guide rod, so that
      said half-loop and said elastic tubing of the control link may come to
      rest on the top surfaces of said mount, or said control link may be forced
      downward, causing said half-loop and said elastic tubing to slide over
      said mount until the bottom surfaces of said half-loop come to rest on top
      of said platform of the bracket and said elastic tubing is forced into
      said recess in the mount on the bracket, holding the exposed portion of
      said guide rod against the inside of said vertical hole in the mount,
      restraining said float from falling.
NUM  2.
PAR  2. The conversion kit of claim 1 in assembled combination with the
      conventional elements of a flush tank toilet having a flush tank, a
      flapper outlet valve, a flat ended flushing lever, a flushing handle
      connected to the lever, and a chain connecting the flushing valve to the
      lever, said combination being so constructed and arranged that said
      bracket of said conversion kit is secured inside said tank on the front
      wall of said tank, the flat end of the conventional flushing lever is
      engaged through said circular loop and said rectangular loop of the
      control link, and further engages the conventional chain which is
      connected to the top of said flapper outlet valve through said horizontal
      loop of the wire connector and then is attached to said chain thus
      operationally connecting said conversion kit between said flushing lever
      and said flapper outlet valve.
NUM  3.
PAR  3. A conversion kit construction, for converting a flush tank toilet
      equipped with a conventional vertically operated outlet float valve, to a
      dual flush system, comprising,
PA1  a bracket fashioned for mounting and securing said kit inside said tank on
      the front wall of said tank and having a horizontal platform on which
      there is a vertical mount, said mount being provided with a hole through
      the vertical axis thereof, a recess in a lower side portion of said mount
      exposing said hole in the side of said mount, the surface of said mount
      opposite to the side having the recess, being sloped from the top
      obliquely away from said vertical hole and then vertically downward to the
      top of said platform of the bracket,
PA1  a control link made of wire suitably bent, forming at one end a vertical
      rectangular loop with a second vertical circular loop, suitably spaced
      from the first and with the planes of said loops parallel with said
      control link extending from bottom of said circular loop to form a
      horizontal horseshoe half-loop, so that the plane of said half-loop is
      perpendicular to the plane of said circular loop, and a segment of elastic
      tubing having holes near its ends perpendicular to the long axis of said
      tubing, arranged so that, the wire of said half-loop is inserted in said
      holes, permitting said elastic tubing to close the open side of said
      half-loop,
PA1  a cylindrical rubber-type float, having a hollow interior portion, with one
      end of said cylinder closed to form the top of said float and a hole in
      said top operationally connected to a suitable nut arrangement secured in
      said top, with the bottom portion of the wall of said cylinder having
      suitable holes, a wire connector inserted into said suitable holes so that
      one end of said connector extends outside said cylinder wall where it
      forms a circular loop and the other end of said connector, after
      penetrating the opposite side of said cylinder wall is bent downward at
      right angles, positioning said connector perpendicular to the long axis of
      said cylinder,
PA1  a guide rod of suitable length which, at its top, has a vertical circular
      loop and at its bottom end, is threaded,
PA1  so that for assembling said conversion kit, said threaded end of the guide
      rod is inserted through the space inclosed by said wire half-loop and said
      elastic tubing of the control link, with said guide rod then slid through
      said vertical hole in the mount on the bracket and then said threaded end
      of the guide rod is screwed into the said top of the float, permitting
      said guide rod attached to said float to slide vertically in said hole of
      the mount on the bracket and further permitting said control link to slide
      vertically on the upper portion of said guide rod, so that said half-loop
      and said elastic tubing of the control link may come to rest on top
      surfaces of said mount, or said control link may be forced downward,
      causing said half-loop and said elastic tubing to slide over said mount
      until the bottom surfaces of said half-loop come to rest on top of said
      platform of the bracket and said elastic tubing is forced into said recess
      in the mount on the bracket, holding the exposed portion of said guide rod
      against the inside of said vertical hole in the mount, restaining said
      float from falling.
NUM  4.
PAR  4. The conversion kit of claim 1 in assembled combination with conventional
      elements of a flush tank toilet having a flush tank, a vertically
      operating outlet float valve, a flat ended flushing lever, a flushing
      handle connected to the lever, and a lifter rod and connector link
      connecting the flush valve to the lever, said combination being so
      constructed and arranged that said bracket of said conversion kit is
      secured inside said tank on the front wall of said tank, the flat end of
      the conventional flushing lever is engaged through said circular loop and
      said rectangular loop of the control link, and further engaging the
      connector link which is connected to the lifter rod, the circular loop of
      the wire connector in the float of the conversion kit is connected to the
      lifter rod and the threaded end thereof is screwed back into the top of
      said conventional outlet float valve operationally connecting said
      convension kit between the said conventional flushing lever and said
      conventional outlet float valve.
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ABST
PAL  A control for a water closet, enabling the valve actuating float to be
      adjusted from outside of the tank to enable a relatively small volume of
      water to be normally introduced to the tank for flushing purposes. By
      actuation of a simple control, the float may be allowed to rise to a
      predetermined position at which considerably greater volume of flushing
      water is made available to handle an increased amount of waste. In this
      manner, an appreciable economy of water is achieved in a simple and
      efficient manner. When the control is actuated so that the greater volume
      of water is made available for flushing, the mechanism is such that after
      flushing the control automatically resumes its position to admit
      thereafter the smaller volume of water.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the float, which is usually in the form of a
      cylindrical metal ball and which controls the volume of water admitted to
      the tank of a water closet, can be adjusted so that a greater or lesser
      volume of water is admitted to the tank for flushing purposes.
PAR  It is understood that when the float ball rises to a certain predetermined
      position, it effects closure of the water intake valve, and when the float
      drops to a predetermined position, the water valve is opened to admit
      water to the tank. In this instance, the control is provided which limits
      the volume of water admitted to the flushing tank so that an economy of
      water is effected. This is satisfactory for most flushing purposes.
      However, in case of greater volume of waste which must be flushed from the
      water closet, it is merely necessary manually to actuate a wire or arm or
      other suitable device disposed on the outside of the tank so that the
      float is permitted to rise to such position as to admit a greater volume
      of water. An adjustment is possible so as to predetermine the operation of
      the float so that the volume of water admitted to the tank for flushing
      purposes can be predetermined.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a fragmentary top perspective view of the valve mechanism
      within the tank of a water closet showing the device for adjusting the
      position of the float in its raised position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrated embodiment of the invention comprises a water closet tank
      T, into which water is admitted for flushing purposes, and from which the
      water is discharged from the bottom of the tank through the usual control
      valve, as will be hereinafter described. As shown, there is a cylindrical
      metal float 10 which has an arm 11 fixed to it. On the outer end of the
      arm is a T-shaped head 12 disposed in an up and down position. Pivoted at
      13 to the lower arm of the T-head is a down turned end 14 of a water valve
      actuating arm 15. The actuating arm 15 is pivoted at 16, and controls the
      actuation of a water inlet valve (not shown). The water is admitted
      through a stand pipe 17 extending through the bottom wall of the tank T,
      and the actuation and structure of such control valves is well known in
      the trade and further description and illustration thereof is not regarded
      as necessary.
PAR  In the usual manner, water is discharged from the tank through an opening
      in the bottom wall thereof, and such opening is controlled by a valve 18.
      Actuation of the valve 18 is effected through link and lever devices 19,
      which enables the unseating of the valve 18 from the outside of the tank.
PAR  In accordance with the invention, the normal position of the float 10
      within the tank T can be controlled, and that position is such as to admit
      a minimum volume of water to the tank for flushing purposes. However, in
      case greater flushing is required due to additional waste, the position of
      the float 10 can be raised, thus admitting a greater volume of water.
      However, so soon as the greater volume of water has been released from the
      tank, then the control is re-established so that the smaller volume of
      water is then admitted to the tank.
PAR  As shown, there is pivoted to the upper arm of the T-head 12 at 21, one end
      of an arm 20. The opposite end portion of the arm 20 has a reduced
      portion, and at the end of this portion is attached an actuating wire 23
      which extends to the outside through the top of the tank T. The actuating
      wire 23 can very properly comprise a rod or other mechanism which is
      accessible outside the tank for manual operation. The reduced end portion
      22 of the arm 20 provides a stop shoulder 24 which can abut against a stop
      ring 24, and engagement of the shoulder 24 with the ring 25 limits the
      upward movement of the float 10 so that the water valve is closed at an
      earlier point of time than would be the case where the float 10 can rise
      to a greater extent within the tank T. The ring 24, in this instance, has
      a square hole which rides over the squared portion 15a of the arm 15 to
      enable the ring to be adjusted along the portion 15a. When in the desired
      position, a set screw carried by the ring can be tightened against the arm
      15 to secure it in position. It will be seen that the stop ring 25 has an
      upstanding U-shaped guide portion 27 through which the reduced end portion
      22 of the arm 20 can slide. The width of the U-opening in the guide 27 is
      such as to permit the arm 20 to slide therethrough, and such movement is
      necessary when it is desired for the float 10 to rise to a greater extent
      within the tank. However, after the greater volume of water within the
      tank has been discharged, then the float 10 will swing downwardly so that
      the shoulder 24 will again be brought into contact with the stop shoulder
      24. To limit the movement of the arm 20 in one direction, a stop pin 28 is
      provided on the reduced portion 22 of the control arm, and this pin abuts
      against one side of the guide 27 so that the arm 20 can move only so far
      when the float 10 drops, the movement being such that the shoulder 24 is
      brought into proper position with respect to the stop ring 25.
PAR  From the above description, it will be apparent that, in the normal
      operation of the device, a relatively small volume of water is used for
      flushing purposes. However, when a greater volume of water is required,
      then the wire 23 is pulled to rock the arm 20 so that it can slide through
      the guide 27 and allow the float ball 10 to rise to a greater extent,
      thereby to admit a greater volume of water to the tank. When the greater
      volume of water so introduced to the tank T has been discharged, then the
      float ball 10 automatically returns to its position at which only minimum
      volume of water is admitted. In this manner, a considerable volume of
      water can be saved over a period of time, and this is particularly
      important in certain communities where the cost of water is substantial.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Control for water closets having a water tank containing a
      float-actuated valve for predetermining the volume of water admitted to
      the tank for flushing purposes, said control comprising an operative
      connection between the float and water valve including a mounting for the
      float enabling the same to rise selectively to minimum and maximum
      positions, a device for normally requiring the float to be disposed in
      such minimum position for admitting the smaller volume of water, a manual
      actuator for said device to move same to enable movement of the float to
      such maximum position for admitting the greater volume of water, and means
      to cause said device to resume float movement to minimum position after
      said actuator has been operated for flushing purposes.
NUM  2.
PAR  2. Control as claimed in claim 1, comprising an acticulated operating arm
      for the float, and a releasable stop device for predetermining the
      movement of said float.
NUM  3.
PAR  3. Control as claimed in claim 2, in which said stop device comprises a
      pivoted stop arm on one part of said operating arm for stop engagement
      with the other part of said arm, and manual means operable outside of the
      tank for actuating said stop arm.
NUM  4.
PAR  4. Control as claimed in claim 1, comprising an operating arm on the float,
      a T-head on the end of said arm, a water valve-operating arm pivoted to
      one end of said T-head, a guide device on said water valve arm having an
      opening, a control arm pivoted to the other end of said T-head and
      slidable through the opening in said guide device, a stop shoulder on said
      control arm to engage said guide device thereby to limit the upward
      movement of said float, and means accessible outside of the tank to rock
      said control arm to enable it to slide through said opening to enable such
      movement of the float as to admit a greater volume of water.
NUM  5.
PAR  5. A control as claimed in claim 4, comprising a stop pin on said control
      arm to engage the guide device for limiting the sliding movement thereof
      in one direction.
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ABST
PAL  A kit collapsible readily to be confined neatly in a foldable two-part
      travelling case embodied with the kit and to provide, when extended, a
      sauna bath apparatus embracing a water-tight, water-collecting base
      receptacle, a porous, plastic web covered cot overlying and supported by
      said receptacle, a tent overlying and enclosing said cot and extending
      downwardly between said cot and said receptacle, a foldable cushioned head
      stool being included in said kit and located at one end of said tent
      opposite a hole in an end wall of the latter to facilitate the patron
      reclining on said cot with his head extending through said hole and
      resting on said cushioned stool. Plural electric steamers deposited in
      said receptacle are controllable by the patron to furnish a desired degree
      of heat and humidity to the interior of the tent. A double tab zipper is
      available for actuation by the patron to open a slit in the tent wall to
      facilitate access to said cot, said zipper also being operable after the
      parton has entered the tent to close said slit from a position within the
      tent, in preparing for taking a sauna bath therein, and for opening said
      slit when said bath is concluded for the patron to readily emerge from the
      tent.
BSUM
PAC  SUMMARY OF INVENTION
PAR  Portable apparatus for giving sauna baths has, in the past, been provided
      in various forms.
PAR  A primary object of the present invention is to provide such an apparatus
      or kit which is light in weight and is readily collapsible and embodies a
      two-part travelling case into which the balance of the kit fits, when
      folded, so as to be confined therewithin when said case is closed, and in
      which said case, when opened, provides a water-tight receptacle
      co-extensive horizontally with the expanded kit and underlying the latter
      to confine condensed moisture released as steam vapor in the operation of
      the kit.
PAR  Another object of the invention is to provide such a kit including a cot
      and overlying tent supported within and extending upward from said opened
      case, in which said cot and tent are substantially co-extensive in length
      with said opened case, said kit including a head support outside one end
      of said tent, the latter having a hole through which the head of a patron
      may extend while lying on said cot to rest his head on said support.
PAR  A further object of the invention is to provide such a kit having a slit
      providing entry for a patron to the interior of said tent which slit is
      closeable by a zipper accessible for manual closing by the patron from
      inside said tent.
PAR  A still further object of the invention is to provide such a kit equipped
      with one or more electric water vaporizers resting within said opened case
      and controllable by the patron from within said tent for varying the
      temperature produced therein by said vaporizers.
PAR  A yet further object is to provide such a kit wherein the cover of the cot
      thereof is formed of a foraminous plastic sheet for supporting the body of
      the patron in a reclining position and allowing water vapor to circulate
      through the interstices of said cot cover, for applying said vapor
      directly to the patron's body and allowing perspiration from the body and
      condensed vapor to gravitate through said cot cover into said opened case.
PAR  Still another object of the invention is to provide such a kit in which the
      hinge uniting the two halves of the travelling case comprising the base of
      the sauna apparatus when opened, is shielded to prevent water leaking
      through the hinge.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of the invention being used by a
      patron in taking a sauna bath.
PAR  FIG. 2 is a diagrammatic perspective view of the invention completely
      collapsed and confined within the foldable travelling case which is shown
      as closed after the balance of the kit has been folded and stored within
      the two halves of said case.
PAR  FIG. 3 is a longitudinal sectional view taken on the line 3--3 of FIG. 1.
PAR  FIG. 4 is a view similar to FIG. 3 and is taken on the same plane thereof
      excepting that in this figure the parts in the kit of the invention, other
      than the foldable travelling case, are shown in exploded relation with the
      interiors of the two half parts of said case and with said other parts of
      the kit folded so that they will all fit snugly within and be confined in
      said two half parts of the travelling case when these kit elements are
      advanced towards said case along the broken lines indicated in this
      figure.
PAR  FIG. 5 is a transverse sectional view taken on the line 5--5 of FIG. 3.
      This figure shows both inside and outside zipper tabs for controlling the
      opening or closing of a vertical slit formed in the tent side wall of the
      kit so that this zipper may be controlled by the patron while he is
      getting into the sauna apparatus of the kit as well as after he has
      assumed a reclined position on the cot of the kit inside the apparatus and
      is ready to commence a sauna bath.
PAR  FIG. 6 is an enlarged detailed perspective view realistically showing the
      foraminous character of the net plastic cot cover.
PAR  FIG. 7 is an enlarged detailed sectional view illustrating one of two
      horizontal screw friction split couplings used in joining opposite end
      portions of the tent frame of the invention.
PAR  FIG. 8 is an enlarged vertical sectional view illustrating one of the four
      vertical set and wing screw couplings employed for extending the legs of
      the tent frame so as to give said tent adequate height above the cot and
      yet permit the tent frame to be folded as shown in FIG. 4 to fit within
      one of the two half parts of the travelling case of the kit.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is shown in the drawings as embodied in a collapsible sauna
      bath kit 10 which embraces a foldable two part travelling case 11, a
      foldable cot 12, a foldable tent frame 13, a tent 14, a foldable head
      supporting stool 15 and a pair of automatic hot steam vaporizers 16.
PAR  The travelling case 11 comprises two half parts 17 and 18 which are
      substantially identical in construction and are molded of plastic or
      fiberglass in the form of two shallow water tight, water collecting
      rectangular trays which are joined together along conjunctive edges by a
      hinge 19 and are provided on their bottoms in the four corner portions of
      each with resilient rubber protectors 20. Overlying hinge 19 so as to
      prevent moisture leaking downwardly between the half parts 17 and 18 is a
      plastic vinyl strip 25, opposite edges of which are cemented to said
      parts. The outer ends of case parts 17 and 18 which come together when
      said case is closed are provided with luggage studs 26 and clasps 27 which
      are readily united for closing the case 11 when the two halves thereof are
      brought together as shown in FIG. 2.
PAR  A pair of handles 28 are mounted on the case half parts 17 and 18 adjacent
      the vertical axis of the center of gravity of the kit when the latter is
      entirely confined within the closed case 11 as shown in FIG. 2, to serve
      for handling the kit just like a piece of luggage.
PAR  The foldable cot 12 is clearly illustrated in longitudinal and transverse
      sections thereof shown in FIGS. 3 and 5 and in the longitudinal sectional
      view of this when closed as shown in FIG. 4. This cot is slightly shorter
      than a conventional camp cot as it is only employed in the bath kit 10 for
      supporting the body of the patron from his shoulders to his feet. It is
      also designed so that when it is opened to have this length it can be
      folded up to fit neatly downwardly within the tray 17 of the case 11. When
      opened, as shown in FIG. 3, the foldable cot 12 provides a horizontal
      rectangle frame 29, slightly rounded at the corners, which is preferably
      formed of one-half inch metal tubing having pairs of legs 30 pivotally
      mounted on opposite end portions of cot frame 29 and normally held in
      rigid rectangular relationship with said frame by spring toggle braces 31.
      The frame 29 is divided centrally and pivotally connected to opposite ends
      of T-heads 32 which are fixed on upper ends of a pair of middle cot legs
      33 joined by a cross bar 34. The lower ends of all the cot legs 30 and 33
      are provided with rubber cushioning crutch tips 35.
PAR  Covering the rectangular cot frame 29 and wrapped therearound and secured
      thereto as by screws or cement is a sheet of poly-vinyl plastic mesh
      material 40 of a foraminous character for allowing hot air and moisture to
      pass therethrough. This material provides a comfortable surface for the
      patron occupying the bath kit 10 to lie down upon while taking a bath and
      admits heat and moisture into direct contact with his skin while he is
      reclining on said cot.
PAR  As may readily be seen by reference to FIGS. 3 and 5, the cot 12 fits
      readily within the two trays 17 and 18 when the case 11 comprising said
      halves is opened for setting up the apparatus 10 of the sauna bath kit for
      use.
PAR  The foldable tent frame 13 of the kit 10 is rectangular with rounded
      corners and preferably made of the same tubing from which the cot frame is
      made, this frame being united centrally by a pair of horizontal
      compression couplings 41 which fill gaps between opposite end portions of
      tent frame 13 and unite said portions when the kit is set up for use as
      shown in FIGS. 3 and 5. The foldable tent frame 13 is also provided with
      pairs of legs 42 which are connected by screw-wing nut couplings 43 to
      lower extensions 44 to give said legs the desired height to provide the
      head room desired between the frame 13 and the cot 12 for accommodating
      the body of the patron.
PAR  It is also to be noted that when the apparatus of the kit is set up for use
      as shown in FIGS. 3 and 5, the tent frame legs 42 extend downwardly within
      the up turned opened trays 17 and 18 of the kit travelling case 11. The
      legs 42 when thus extended are retained in normal relation with the tent
      frame 13 by pairs of toggle braces 45. The bottom ends of the extended
      legs of the foldable tent frame 13 are provided with rubber crutch tips
      46.
PAR  The tent 14 is preferably formed of light plastic vinyl printed with a
      decorative colored pattern, this tent being shaped to loosely fit over the
      tent frame 13 as shown in FIGS. 3 and 5 so that the bottom edge of the
      tent may be readily tucked inside of the upwardly opened trays 17 and 18
      of the foldable travelling case 11 of the kit. Suitable short slits are
      formed upwardly in the bottom side edges of the tent 14 so as to fit
      downwardly over the hinged edges of the two trays 17 and 18 and thus
      prevent undue bunching of the tent at these middle points in the lower
      edge thereof. In one side of the tent 14 the upper end of one of the short
      slits above referred to is lengthened vertically to the top of the tent
      and a double tab controlled zipper 47 is mounted in said slit extension.
PAR  Provided in one end of the tent 14 just above the level of the cot cover 40
      is a hole 48 through which a patron using the apparatus provided by the
      kit 10 may extend his head and neck outwardly through said tent wall while
      reclining at full length on the cot 12. Another similar hole 49 is
      provided in the top of tent 14 to facilitate the patron assuming a sitting
      position in which he will thus be able to extend his head and neck
      upwardly through hole 49 while sitting on the cot 12.
PAR  The foldable head supporting stool 15 of the kit 10 includes a light metal
      tray 50 having fastened thereon four rubber clasps 55 which can be readily
      engaged by or disengaged from a pair of U-shaped tubular leg structures 56
      which are centrally pivoted together and provided at their lower ends with
      rubber crutch tips 57. The tray 50 supports a solid styrofoam cushion 58
      on the same level as the cot cover 40 when the stool 15 is rested on the
      floor just outside the hole 48 formed in one end of the tent 14. (See
      FIGS. 1 and 3). The stool 15 is thus in a perfect position to comfortably
      support the head of the patron when he has taken a reclining position on
      the cot 12 with his head and neck extending outwardly through the hole 48.
PAR  The pair of automatic hot steam vaporizers 16 may be energized through an
      electric cord 59 leading to a domestic electrical service outlet and
      includes a manually operated switch 60 which is arranged conveniently to
      be reached by the hand of the patron making use of the invention for
      controlling the operation of the vaporizer 16 during the bath. It is also
      to be noted that when the patron is reclining on the cot 12 in preparation
      for or during the taking of a sauna bath his hand may readily engage the
      inside one of the zipper tabs on double zipper 47 so as to either zip or
      unzip this zipper. Thus, he may zip this zipper after he has entered the
      tent 14 and may unzip the same before he leaves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsible sauna bath kit comprising:
PA1  a foldable travelling case made in two half parts comprising water-tight,
      water-collecting rectangular trays, a conjunctive pair of edges of said
      parts being hingedly joined and covered with a water-tight seal, said half
      parts, when opened, lying outwardly flat against the floor, facing
      upwardly in tandem relation;
PA1  a foldable cot which, when folded, fits downward neatly into one of said
      open case half parts to be entirely confined therein and which when
      opened, provides a horizontal body-supporting covered-frame approximately
      co-extensive lengthwise with and spaced upwardly from and in parallelism
      with said opened travelling case, and suitable pairs of legs extending
      downward from said cot frame into both said half parts of said opened
      case;
PA1  a foldable tent frame which, when folded, fits downwardly neatly into the
      other of said open case half parts to be entirely confined therein, and
      which when opened, provides a horizontal tent cover supporting frame
      approximately co-extensive lengthwise with said opened travelling case,
      and having suitable pairs of legs extending downwardly from said tent
      frame outside of said cot frame and into both said half parts of said
      opened case;
PA1  a tent overlying said tent frame and having side and end walls hanging
      downward outside of said legs and inside of the side and end walls of said
      case half parts;
PA1  there being an opening in one of the tent end walls through which a patron
      may extend his head and neck while reclining on said cot;
PA1  foldable means for supporting the patron's head while extended through said
      opening; and
PA1  means for introducing water vapor into said tent to produce a sauna bath
      for said patron,
PA1  there being also space available in said case half parts for confining
      therein said tent, when folded, said head support means, when folded, and
      said vapor introducing means.
NUM  2.
PAR  2. A collapsible sauna bath kit as defined in claim 1 wherein
PA1  said means for supporting the patron's head comprises a collapsible stool
      provided with a cushion for directly contacting the head of the patron,
PA1  the legs of said stool being foldable whereby the entire stool when folded
      will fit into space remaining unused by other elements of said kit in one
      of said two half parts of said travelling case.
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ABST
PAL  A solar water heating device and construction for heating the water in a
      swimming pool from the heat derived from the rays of the Sun. The pool is
      constructed with a border platform or coping around its edges with a
      hollow passageway under the metal top surface of the coping. The
      passageway has water pipes extending therethrough and connected to the
      pool circulating pumps for circulating pool water through the water pipes.
      Heating fins are carried by the water pipes and extend into heat exchange
      contact with the metal top coping, which is being heated by rays from the
      Sun. Thus the Sun's rays are conducted in the form of heat into the piping
      water for circulation into the pool and heating its water economically.
BSUM
PAR  This invention relates to improvements in devices and systems for utilizing
      the heat of the rays from the Sun to heat water in a swimming pool or
      other container.
PAR  An object of the invention is to provide a novel and improved swimming pool
      water heater device which heats the pool water using the heat of the Sun.
PAR  Another object of the invention is to provide a novel and improved swimming
      pool water heater construction in which the metal border or coping of the
      edges of the pool is adapted to receive the heat rays of the Sun and to
      become quite hot, and in which means are disposed inside the hollow coping
      for absorbing the heat and conducting it into pipes containing pool water
      for circulation through the pool itself, so as to heat up the pool water.
PAR  A further object of the invention is to provide a novel and improved
      swimming pool heating device in which there are water circulating pipes
      located under the hollow coping border of the pool and having heat
      receiving fins closely fitting against the inside surfaces of the metal
      coping border of the pool for optimum transfer of the heat from the coping
      to the water circulation ducts, and including pumps for circulating the
      pool water through the ducts to keep warming it up under the influence of
      the Sun's rays.
PAR  Still another object of the invention is to provide a novel and improved
      pool heating construction in which the border coping of the pool is made
      in sections which are easily installed and removable for inspection of the
      underlying finned water circulating pipes, and for repairs and replacement
      as needed.
PAR  Still a further object of the invention is to provide a novel and improved
      Solar pool heating construction which is simple in design, made up of very
      few parts and which can be installed at low cost in most swimming pools.
PAR  The above and other objects and advantages of the invention will become
      apparent from the following description of a preferred embodiment thereof,
      as illustrated in the accompanying drawings, forming a part hereof.
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PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a swimming pool in which the heating device
      is installed.
PAR  FIG. 2 is a perspective view taken substantially on Plane 2--2 of FIG. 1,
      and partly further broken out to show the construction.
PAR  FIG. 3 is a detail plan view of an elbow connecting two lengths of duct
      pipes at a corner of the heating construction.
DETD
PAR  In connection with the use and installation of swimming pools, especially
      in areas where the temperature of the air is variable, it is more and more
      common to provide means for heating the water in the pool. In fact, it has
      been found to be desirable to heat the water even when the outside
      temperature is somewhat cold, for the simulating effect which a good swim
      in the heated pool has on the swimmers, and further when they step out
      into the cold ambient air before putting on their robes.
PAR  Of course many outdoor pools are now made with glass or plastic movable
      enclosures so that they can be used in cold weather, while the Sun
      continues to shine brilliantly through the glass or plastic roofing and
      walls, giving somewhat of a "greenhouse" effect. The present invention
      seeks to make use of the rays of the Sun to keep the pool water
      comfortably warm, and thus avoids the considerable expense of using oil or
      gas or electric heaters to warm up the water.
PAR  In order to understand clearly the nature of the invention, and the best
      means for carrying it out, reference may be had to the drawings, in which
      like numerals denote similar parts throughout the several views.
PAR  As shown, there is a swimming pool 10 with a bottom or floor wall 12,
      upstanding end walls 14 and 16 and left and right side walls 18 and 20, to
      receive the pool body of water 22. The pool may have lining inner walls 24
      of sheet metal or sheet plastic which is now common for lining pools and
      is waterproof against leakage and easily cleaned as needed.
PAR  The lining walls have top flange portions 26 which lie upon the top edges
      of the side walls of the pool, and with downturned end flanges as at 28 to
      hold them firmly in place. The walls are surmounted with a covering border
      or coping platform 30 which is fairly wide and extends all around the tops
      of the four walls of the pool, and it has a floor wall 32 formed of sheet
      material such as aluminum or sheet iron, and a somewhat smoothly curved or
      rounded top covering shell 34.
PAR  The top covering shell 34 may be made of sheet metal such as aluminum,
      galvanized iron or the like which is rust resistant, and is usually coated
      with a baked-on enamel, paint or plastic coating 36. There is thus formed
      under the outer platform or coping shell a hollow area or chamber or
      passageway 38, the floor of which is the floor wall 32, and support posts
      40 are secured to the floor wall 32 by welding, cement, bolting or the
      like attachment by aid of bolts 42.
PAR  As the cover shell 34 is preferably formed in one continuous piece, it may
      be formed with a longitudinal channel or recess 44 to receive a snap-in
      filler strip molding 46 formed of sheet material such as plastic coated
      aluminum with side flanges 47 to snap into the receiving channel 44. The
      ends of the filler strip molding 46 may be bent down to extend past the
      bolts 42 and have holes through which the bolts extend.
PAR  As seen best in FIG. 2, the covering shell 34 is preferably more upraised
      and rounded or arched at its inner edge portion 50 to provide a hand-hold
      for swimmers getting out of the pool or to just hang on while resting, and
      there is a gutter 52 formed below the arched edge portion 50, to skim off
      surface debris from time to time off the top of the water as the level is
      raised for this purpose, the gutter being inclined for good run-off into
      drains along its length to aid in keeping the pool water clean.
PAR  It has been found that the metal platform or border platform coping 34
      picks up a great deal of heat from the Sun, even though it is coated, and
      is usually very hot to stand or sit on, and if colored darker, it will
      absorb even more heat from the Sun. With the present invention, that heat
      is picked up and utilized to warm up the water in the pool. For this
      purpose, water circulating pipes 54 are extended longitudinally through
      the hollow passageways or chambers 38 inside the hollow coping shell 34,
      and are connected so as to pick up water from the pool from the filter
      outlet and usual filter pumping pump, and circulating the water from the
      filter outlet into the coping loop formed by the pipes 54 for three or
      more passes around the hollow pool border coping, and then to re-enter the
      filter on the pump suction. Valves are used to shut off the inlet and
      outlet taps of this system to stop further pool water temperature gain if
      necessary.
PAR  The three copper tubes 54 have expanded aluminum or copper fins 60
      extending out of their outer surface and made into good heat exchange
      contact with the tubes by soldering, welding, brazing or other means. The
      fins 60 are also shaped on their outer edges to fit closely against the
      inside of the cast or otherwise formed aluminum coping shell 34 so as to
      be in good heat exchange contact therewith for receiving efficiently heat
      therefrom and conducting it to the tubes 54.
PAR  The heat from the border coping 34 will be absorbed by the fins and
      transferred to the water circulating through the tubes 54, and the result
      will be an increase in the overall pool water temperature and a decrease
      in the surface temperature of the coping 34, which is much desirable. The
      fins will also efficiently absorb any heat which is inside the hollow
      channels under the coping and also transfer it to the water tubes.
PAR  The coping sections 34 will be made in various lengths to fit the pool, and
      precast ninety degree corner sections or elbows 62 shown in FIG. 3, will
      be available so that a package can be sold for any standard size pool kit,
      and the elbows and tubes are formed to fit together easily and to block
      leakage by use of adhesive sealants, gaskets, washers, soldering or use of
      mechanical couplings. A hollow dummy section of the housings and coping
      coverings may be used to allow access to the copper unions that connect
      the water tubes. An end section will also be made for the inlet and outlet
      piping to the system and the pumps.
PAR  The channel groove 44 is cast or formed in the top of the shell 34 to
      receive the filler strip 46 which is continuous throughout the length of
      the system or major areas, so that the hold-down bolts or screws 42 may be
      accessible at any time for removal of coping for repairs or to aid in
      installation of this system on existing pools.
PAR  Although the invention has been described in specific terms, it is
      understood that various changes may be made in size, shape, materials and
      arrangement without departing from the spirit and scope of the invention
      as claimed.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. A pool water heating device for heating the water in a pool from solar
      heat from the Sun, and wherein said pool is constructed with border panel
      coping means in the path of rays from the Sun, and having a hollow area
      formed under the coping means, said heating device comprising water
      conducting piping means extending into said hollow area, coupling means
      for conducting water from said pool into and through said piping means,
      heat receiving and transfer means disposed within said hollow area for
      conducting heat to said piping means for heating said water flowing
      therein, water circulating means for circulating said water from said pool
      through said piping means and back into said pool, said border panel
      coping means comprising border platform means forming a border around the
      edges of said pool and formed with a substantial surface area capable of
      direct exposure to the rays of the Sun for being heated thereby, said heat
      receiving and transfer means extending outwardly laterally of said piping
      means and in heat exchange contact with said piping means and said heat
      receiving and transfer means having the outer edges thereof extending
      outwardly to and in heat receiving heat exchange contact with said coping
      means for receiving heat therefrom for conducting said heat to said piping
      means for heating said water circulating therein and for removing heat
      from said coping means.
NUM  2.
PAR  2. The construction of claim 1, and wherein said heat receiving and
      transfer means comprises a plurality of metallic fin members secured to
      and extending outwardly from said piping means and in heat exchange
      contact therewith, and having outer edges of said fin members extending to
      and in heat exchange contact with said coping means for receiving heat
      therefrom, and wherein said border panel coping means comprises metal
      sheet material for receiving said rays of the Sun and for being
      substantially heated thereby.
NUM  3.
PAR  3. The construction of claim 2, and wherein said border panel coping means
      comprises a hollow downwardly open shell body forming said hollow area as
      a passageway for containing said piping means extending therethrough and
      said fin members, and hold-down means for holding down said shell body.
NUM  4.
PAR  4. The construction of claim 3, and wherein said shell body has a channel
      formed therein, and hold-down means comprising a hold-down strip seated in
      said channel, and bolt means for holding said strip and shell body in
      position.
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PAL  A liquid dispensing bottle has a mounting clip for hanging the bottle in an
      inverted position within a flush tank of a toilet for automatically
      dispensing a predetermined amount of liquid during each flushing
      operation. A circular boss is formed on the bottom wall of the bottle and
      the clip is rotatably mounted thereon for movement between stored and
      hanging positions. The clip has a pair of arcuate fingers which
      circumferentially, slidably engage the boss, and an L-shaped member a
      portion of which extends upwardly along a protuberance formed in a lower
      portion of the bottle side wall when in a stored position. The L-shaped
      member forms a channel or hook with the side wall of the bottle when the
      clip is rotated 90.degree. from stored to hanging position and the top
      edge of the flash tank is engaged by the L-shaped member to hang the
      bottle thereon. A plurality of ribs are formed on the clip bottom surface
      to provide a flat, horizontal, three point support for displaying and
      storing the bottle in a stable upright position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to liquid-dispensing bottle constructions, and in
      particular to bottle constructions for mounting a dispensing bottle in an
      inverted position within the tank of a toilet for automatically dispensing
      a regulated amount of liquid upon each flushing operation. More
      particularly, the invention relates to such a dispensing bottle having a
      clip rotatably mounted on the bottom wall of the bottle which forms a hook
      with a side wall of the bottle for hanging the bottle within the tank, and
      for providing a level support for displaying and storing the bottle in a
      stable upright position.
PAR  2. Description of the Prior Art
PAR  Numerous types and styles of liquid-dispensing bottles and mounting clips
      therefor have been devised for placement within the flush tank of a toilet
      for automatically dispensing liquid therein. Examples are shown in U.S.
      Pat. Nos. 2,798,230, 3,627,177, 3,698,021, 3,118,645, 2,980,277, and
      2,722,394.
PAR  Many of these constructions require metal mounting clips or brackets which
      are subject to rust and discoloration or require special attachments for
      mounting on the liquid-containing bottle. Furthermore, many of these metal
      clips do not conform to the general appearance and shape of the bottle and
      are unattractive to a prospective purchaser when stored for display on the
      shelf.
PAR  The most serious problem with prior combination bottle-clip constructions
      is the bulkiness and nonconformity of the clip with the bottle
      configuration, making it extremely difficult to ship and display a
      plurality of such bottles. Likewise, many of these constructions require
      special manipulation of the clip by the user, occasionally resulting in
      breaking of the clip or improper mounting when installing the bottle
      within a flush tank.
PAR  No toilet tank liquid-dispensing bottle-clip construction of which I am
      aware has eliminated such problems by providing a rotatably-mounted clip
      formed of plastic material on the bottom of the bottle which conforms
      generally to the outline of the bottle, preventing unsightly and
      inconvenient projections extending therefrom, which assists in providing a
      plurality of planar surfaces for supporting the bottle in a stable upright
      position during storage and display and which presents a pleasing,
      attractive appearance to prospective purchasers.
PAC  SUMMARY OF THE INVENTION
PAR  Objectives of the invention include providing a toilet tank
      liquid-dispensing bottle-clip construction for automatically dispensing a
      predetermined amount of liquid into a flush tank upon each flushing
      operation, and which has an improved hanging clip rotatably mounted on the
      bottom wall of the bottle; providing such a bottle-clip construction in
      which the hanging or the mounting clip conforms to the general shape and
      configuration of the bottle to provide a pleasing and attractive
      appearance when placed on a display shelf in a supermarket or the like,
      and in which the clip provides a horizontal bottom surface for supporting
      such bottles in a stable upright position for shipment, storage and
      display; providing a mounting clip for such a bottle construction which
      may be produced rapidly and economically of plastic, which can be dyed
      during molding to match the color of the dispensing bottle to provide the
      attractive appearance desired, and which has sufficient strength and
      flexibility to provide the support for the bottle when mounted in inverted
      position within a flush tank; providing a mounting clip construction which
      is produced separately from the bottle construction thereby reducing the
      cost of both the bottle and clip; in which the clip has sufficient
      flexibility due to the nature of the plastic material from which it is
      formed to be easily snap-fit on a boss formed on the bottom wall of the
      bottle, and in which the clip can be rotated easily from its stored
      position to its mounting position when installing the bottle within a
      flush tank; providing a generally oval or elliptical cylindrical shaped
      bottle construction preferably formed of nonbreakable plastic with an
      inwardly tapered bottom side wall portion, in which the bottle is provided
      with a protuberance in the tapered side wall bottom portion, and in which
      the clip aligns with the side wall protuberance when the clip is in stored
      position; and providing a bottle construction which eliminates
      difficulties heretofore encountered, achieves the stated objectives simply
      and effectively, and solves problems and satisfies needs existing in the
      art.
PAR  These objectives and advantages are obtained by the toilet tank
      liquid-dispensing bottle-clip construction, the general nature of which
      may be stated as including a bottle having at least side and bottom walls;
      L-shaped clip means rotatably mounted on the bottom wall for movement
      between stored and hanging positions; the clip means having leg means
      extending along and closely adjacent to the bottle side wall when in
      stored position; the leg means being displaced from the bottle side wall
      when the clip means is rotated at least 90.degree. from stored position to
      hanging position, whereby the bottle can be suspended in an inverted
      position from an article which is engaged in the area between the leg
      means and bottle side wall; the bottle having a generally oval or
      elliptical cylindrical shape with the clip means extending along the major
      axis when in stored position and extending along the minor axis when in
      hanging position; the lower portion of the bottle bottom wall being
      tapered inwardly and formed with a protuberance which extends outwardly
      from one side wall, the protuberance being located radially inwardly of a
      vertical plane which is parallel to the longitudinal axis of the bottle
      and tangent to the outermost part of the bottle side wall; the clip means
      having a pair of generally semicircular finger means forming a circular
      opening therebetween; boss means formed on the bottle bottom wall and
      engageable with the finger means for rotatably mounting the clip means on
      the boss means; and rib means formed on the clip means having surfaces
      lying in a horizontal plane when the bottle is in an upright position to
      support the bottle in said upright position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the invention -- illustrative of the best mode in
      which applicant has contemplated applying the principles -- is set forth
      in the following description and shown in the drawing and is particularly
      and distinctly pointed out and set forth in the appended claims.
PAR  FIG. 1 is a fragmentary diagrammatic view, with portions in section,
      showing the liquid-dispensing bottle-clip construction hanging in inverted
      operating position within a toilet tank;
PAR  FIG. 2 is an elevational view, with portions broken away and in section, of
      the bottle-clip construction in storage position;
PAR  FIG. 3 is a bottom plan view of the bottle-clip construction shown in FIG.
      2;
PAR  FIG. 4 is a perspective view of the mounting clip removed from the bottle;
PAR  FIG. 5 is a perspective view of the bottle bottom wall and a portion of the
      side wall with the mounting clip removed;
PAR  FIG. 6 is a bottom plane view of the bottle-clip construction similar to
      FIG. 3, with the mounting clip rotated 90.degree. in hanging position;
PAR  FIG. 7 is an enlarged sectional view taken on line 7--7, FIG. 3; and
PAR  FIG. 8 is a sectional view taken on line 8--8, FIG. 4.
PAR  Similar numerals refer to similar parts throughout the drawing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The improved liquid-dispensing bottle-clip construction is indicated
      generally at 1 (FIG. 2), and is shown in FIG. 1 being mounted on side wall
      2 of a toilet flush tank 3 in inverted operating position. Construction 1
      includes as the main components thereof, a bottle 4, a lid 5, a
      liquid-dispensing valve 6, and a mounting clip 7.
PAR  Bottle 4 preferably is molded of plastic type material and is formed by
      side wall 8, bottom wall 9 and top wall 10, and provides a container for
      storing a quantity of disinfectant to be discharged. The terms "top" and
      "bottom" when used throughout the following description to describe the
      relative position of various components of construction 1, are used in
      reference to bottle 4 in the upright position of FIG. 2.
PAR  Bottle 4 has a generally elliptical or oval cylindrical configuration with
      the lower portion of side wall 8 being tapered inwardly towards bottom
      wall 9 (FIGS. 2 and 3). The upper portion of side wall 8 also may have a
      slight inward taper if desired. The major and minor axes indicated at 11
      and 12 of the middle bottle portion (FIG. 5) thus are greater than
      corresponding axes taken adjacent the bottom portion of wall 8, and are
      greater than the corresponding axes of bottom wall 9.
PAR  Top wall 10 is connected to side wall 8 by a shoulder 13 and an upstanding
      annular flange wall 14. The bottom edge 15 of lid 5 seats upon shoulder 13
      and frictionally engages flange wall 14 when mounted on bottle 4.
PAR  A neck 16 extends upwardly from top wall 10 and surrounds a
      liquid-dispensing opening 17. Liquid-dispensing valve 6 is mounted on neck
      16 and regulates the amount of liquid dispensed during each flushing
      operation. Valve 6 forms no part of the present invention and may be one
      of numerous known and existing valve construction, such as shown in U.S.
      Pat. No. 3,766,570.
PAR  In accordance with the invention, a boss 20 is formed on bottom wall 9 and
      projects outwardly therefrom. Boss 20 preferably has a circular
      configuration as shown in FIGS. 3, 5 and 6, with its center, indicated at
      21, being located on the longitudinal axis 22 of bottle 4. Boss 20 is
      formed with a circumferentially extending groove 23 which provide a
      circumferential, outwardly projecting flange 24 at the top portion (when
      bottle 4 is in inverted position) of boss 20. Top surface 25 of boss 20 is
      flat and provides a horizontal planar surface when bottle 4 is in its
      upright, usual stored position as shown in FIG. 2.
PAR  Bottom wall 9 likewise is flat, elliptically-shaped and extends generally
      parallel with surface 25 of boss 20. Wall 9 terminates at one of its minor
      radii curved ends 19 in an outwardly-extending protuberance 26.
      Protuberance 26 includes a horizontal planar surface 27 which coincides
      with bottom wall 9 and which extends outwardly therefrom along major axis
      28 of wall 9. A vertically-extending planar surface 29 extends from
      horizontal surface 27 and merges with side wall 8 at junction 30.
      Protuberance 26 further includes side wall surfaces 31 which extend
      between horizontal and vertical surfaces 27 and 29, and bottle side wall
      8, as shown in FIGS. 5 and 6.
PAR  Vertical planar surface 29 of protuberance 26 is located inwardly from but
      parallel to an imaginary vertical plane 18 (FIG. 2). Plane 18 is
      tangential to the outer most portion of bottle side wall 8, at one end of
      major axis 11, the purpose of which is discussed below.
PAR  In further accordance with the invention, improved mounting clip 7 (FIGS. 4
      and 8) is rotatably mounted on boss 20 for movement between its storage
      position of FIG. 2, and its operating or hanging position of FIGS. 1 and
      6.
PAR  Clip 7 has a generally L-shaped configuration formed by fingers 32 and 33
      and a hanger leg 34. Leg 34 is integrally joined at one end of fingers 32
      and 33 by connecting base 35. Fingers 32 and 33 have curved generally
      semicircular configurations and form a circular opening 37 therebetween
      except for a slot 38 formed diametrically opposite base 35 by the spaced
      apart finger ends 39 and 40. Slot 38 and opening 37 form a generally
      keyholeshaped cutout between fingers 32 and 33 as shown in FIGS. 3, 4 and
      6.
PAR  Fingers 32 and 33 have inwardly tapered outer side wall surfaces 42, and
      flat top and bottom wall surfaces 43 and 44 respectively, (FIGS. 4, 7 and
      8). Bottom surfaces 44 are integral with and lie in the same horizontal
      plane as base 35. Inner side wall surfaces 45 of fingers 32 and 33 are
      tapered inwardly and terminate in an inwardly extending arcuate lip 46.
      Lip 46 defines the boundry of clip opening 37 and is an inwardly extension
      of top finger walls 43.
PAR  Spaced finger ends 39 and 40 have outwardly extending flanges 47 and 48,
      the bottom surfaces 49 and 50 of which lie in the same horizontal plane as
      bottom surfaces 44 and base 35. Flanges 47 and 48 provide increased area
      to the bottom of clip 7 for increasing the stability of bottle 4 when
      supported in an upright position by clip 7. Flanges 47 and 48 also conform
      to the general elliptical curved shape of bottom wall 9 for aesthetic
      purposes.
PAR  A pair of raised, curved ribs 51 and 52 are formed along the outer edges of
      flanges 47 and 48 and extend outwardly from flange surfaces 49 and 50 when
      clip 7 is mounted on boss 20. A corresponding rib 53 is formed on clip
      base 35 at the connected end of leg 34 and extends outwardly from base 35
      in the same direction as flange ribs 51 and 52. The top surfaces of ribs
      51, 52 and 53 lie in the same horizontal plane, indicated at 54 (FIG. 2)
      when clip 7 is mounted on boss 20.
PAR  Ribs 51-53 provide a level, three point support for supporting bottle 4 in
      a stable upright position when displayed on a merchant's shelf, during
      shipment, and when stored prior to use. Ribs 51-53 likewise, provides such
      a level support irrespective of minor depressions or other irregularities
      formed in the bottom of clip 7 and boss 20 during molding which could
      effect the stability of bottle 4 if supported directly thereon without
      ribs 51-53.
PAR  Clip 7 preferably is formed of plastic or similar synthetic material which
      imparts sufficient flexibility to finger 32 and 33, enabling the fingers
      to be spread sufficiently apart to mount clip 7 on boss 20.
PAR  Lip 46 has a radius of curvature approximately equal to that of boss groove
      23, whereby boss flange 24 engages lip 46 (FIG. 7) to retain clip 7 on
      boss 20. Clip 7, thus can freely rotate about boss 20, yet is prevented
      from premature removal therefrom by flange 24. Top surfaces 43 of finger
      32 and 33 provide a smooth flat area for supporting bottle 4 and for
      sliding engagement with bottom wall 9 when clip 7 is rotated on boss 20.
      Lip 46 has a thickness generally equal to the width of boss groove 23 so
      as to conform therewith as shown in FIG. 7.
PAR  Hanger leg 34 is located radially from the center point of clip opening 37
      a distance equal to the radial distance from the center of boss 20 to
      vertical planar surface 29 of protuberance 26, so that when clip 7 is in
      storage position (FIGS. 2 and 3) leg 34 extends upwardly along surface 29.
      Leg 34 preferably contacts surface 29 when in stored position but is free
      to rotate in both directions past surface 29. Furthermore, the outer
      surface 55 of leg 34 coincides with or lies radially inwardly from
      vertical plane 18 as shown in FIG. 2, so as not to extend outwardly beyond
      the outermost extremity of side wall 8.
PAR  Construction 1, thus provides a streamline, compact, and attractive display
      unit, as shown in FIG. 2, when lid 5 is attached. Clip ribs 51-53 further
      provide three support surfaces which lie in horizontal plane 54 for
      supporting bottle 4 in a stable upright position. Also, clip leg 34 is
      within the maximum diameter of bottle wall 8 when in stored position,
      eliminating unsightly projections, and permitting easy packaging, shipping
      and displaying of a plurality of bottle-clip constructions 1.
PAR  Bottle-clip construction 1 is installed easily within flush tank 3. Lid 5
      is removed and any necessary manipulation is performed on valve 6 which
      may be required to place it in dispensing condition. Clip 7 is rotated
      90.degree. to the hanging position of FIG. 6 whereupon leg 34 forms a
      channel or hook 57 with side wall 8 of bottle 4 which is hooked over top
      edge 58 of tank wall 2 (FIG. 1) to suspend bottle 4 in inverted position
      within the flush tank 3.
PAR  Thus, no additional clip or hanger brackets separate from the liquid
      dispensing bottle are required, nor does a housewife have to bend or shape
      wire hangers or perform other time consuming manipulations to install
      bottle 4 in operating position.
PAR  Furthermore, slightly bulged side wall 8 contacts tank wall 2 to maintain
      bottle 4 in a nearly vertical position and to space valve 6 from wall 2.
      This increases the efficiency of valve 6 and provides for complete use and
      discharge of the disinfectant liquid contained in bottle 4.
PAR  Sidewall 8 need not be formed with protuberance 26 nor does boss 20 have to
      be centrally located with respect to bottom wall 9 for the improved
      bottle-clip construction 1 to provide the desired advantages. The bottom
      portion of side wall 8 could have less taper than illustrated with the
      side wall curving smoothly into the areas adjacent vertical surface 29
      eliminating protuberance side wall surface 31. Likewise, clip 7 could be
      eccentrically mounted with respect to a circular shaped bottom wall 9 so
      that upon rotation from stored position clip leg 34 is displaced outwardly
      from side wall 8 to form a channel or hook 57 therebetween.
PAR  Accordingly, bottle-clip construction 1 provides a toilet bowl liquid
      dispensing construction 1 which can be formed of unbreakable plastic in a
      variety of attractive colors, including the hanging clip in order not to
      distract from the appearance of the bottle; provides a construction which
      permits a plurality of such dispensing units to be packed, shipped and
      displayed conveniently and economically since the hanging clip does not
      project beyond the bulged sides of the bottle; provides a construction in
      which the hanging clip can be molded of plastic separate from the bottle
      and then rapidly and conveniently mounted thereon without additional
      attachment or faster means, and in which the housewife need only rotate
      the clip 90.degree. from its stored position on the bottle for forming a
      hook-like configuration with the bottle side wall for hanging the bottle
      in an inverted position within a flush tank; and provide structures and
      arrangements which are very simplified, which eliminates difficulties
      existing in the art, and which achieve the stated objectives and solves
      problems that have existed in the art.
PAR  In the foregoing description, certain terms have been used for brevity,
      clearness and understanding but no unnecessary limitations are to be
      implied therefrom beyond the requirements of the prior art, because such
      terms are used for descriptive purposes and are intended to be broadly
      construed.
PAR  Moreover, the description and illustration of the invention is by way of
      example, and the scope of the invention is not limited to the exact
      details of the construction shown or described.
PAR  Having now described the features, discoveries, and principles of the
      invention, the manner in which the improved toilet bowl liquid dispensing
      bottle-clip construction is constructed, assembled and operated, the
      characteristics of the new construction, and the advantageous, new and
      useful results obtained; the new and useful structures, devices, elements,
      arrangements, parts, and combinations are set forth in the appended claims
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. Combination bottle-hanging clip construction for hanging a bottle in
      inverted position including a bottle having at least side and bottom
      walls, said side wall being generally elliptically cylindrically shaped
      with a longitudinal axis, and having major and minor axes in transverse
      cross section; the lower portion of the bottle side wall is tapered
      inwardly and is jointed integrally with the bottle bottom wall; and the
      bottom wall is elliptically shaped having major and monor axes
      corresponding with and smaller than the respective major and minor axes of
      the bottle side wall; said bottom having boss means formed thereon; clip
      means having L-shaped leg means, said clip means having means engaging
      said boss means and being rotatably mounted on said bass means on the
      bottom wall for movement between stored and hanging positions; one leg of
      the clip means extending along the major axis of the bottom wall closely
      adjacent to the bottle bottom wall when in stored position, and the other
      leg of said clip means is positioned radially inwardly of a vertical plane
      which is parallel to the longitudinal axis of the bottle and tangent to
      the outermost portion of the bottle side wall when the clip means is in
      said stored position; and the clip means being rotated 90.degree. from
      stored position to hanging position, wherein said one leg of said clip
      means extends along the minor axis of the bottom wall, and said other leg
      extends generally parallel to said longitudinal axis and is spaced
      laterally from the side wall whereby the combined legs form a channel with
      the side wall for hanging the bottle in an inverted position.
NUM  2.
PAR  2. The construction defined in claim 1 in which a protuberance is formed in
      the tapered side wall portion adjacent the bottom wall and aligns with the
      side wall major axes; and in which the leg means engages said protuberance
      when the clip means is in stored position.
NUM  3.
PAR  3. The construction defined in claim 2 in which the bottom wall lies in a
      horizontal plane when in an upright position; in which the protuberance
      includes a horizontal planar surface lying in the plane of the bottom
      wall, and a vertical planar surface extending upwardly from said
      horizontal surface and merging with the side wall; and in which the leg
      means engages said vertical planar surface when the clip means is in
      stored position.
NUM  4.
PAR  4. The construction defined in claim 1 in which the clip means has a pair
      of generally semicircular fingers extending from the L-shaped leg means
      and form a generally circular opening therebetween; and in which said
      fingers extend circumferentially about the boss means which is located
      within said opening to rotatably mount the clip means on said boss.
NUM  5.
PAR  5. The construction defined in claim 4 in which a plurality of rib means
      are formed on the clip means; and in which said rib means have outer flat
      surfaces, said surfaces lying in a horizontal plane when the bottle is in
      an upright position for supporting the bottle in said upright position.
NUM  6.
PAR  6. The construction defined in claim 4 in which the fingers have first and
      second ends; in which said first ends are integrally connected to the
      L-shaped leg means; in which the second ends are spaced apart and form a
      slot therebetween which communicates with the circular opening; and in
      which said fingers have sufficient flexibility permitting said second ends
      to be moved apart increasing the size of said slot, whereby the clip means
      can be mounted on the boss means.
NUM  7.
PAR  7. The construction defined in claim 4 in which the longitudinal axis of
      the bottle passes through the center of the bottom wall circular boss.
NUM  8.
PAR  8. A clip-container construction including a clip having a pair of
      generally semicircular finger means forming a generally circular opening
      therebetween; the finger means having first and second ends; L-shaped leg
      means having a base and a leg member, said base being integrally connected
      with the finger means first ends; the finger means second ends being
      spaced apart and forming a slot therebetween, said slot communicating with
      the circular opening; a container having at least side and bottom walls,
      with the side wall being generally elliptically cylindrically shaped and
      having a circular boss formed on said bottom wall; the clip finger means
      being circumferentially engaged with the boss rotatably mounting the clip
      thereon for movement of the clip between stored and hanging positions; the
      leg means leg member extending along and closely adjacent a lower portion
      of the container side wall and being radially inwardly of the container
      side wall's maximum diameter when in stored position, and the leg member
      being spaced from the container side wall when in hanging position so that
      an article upon which the container is to be mounted may be engaged
      therebetween.
NUM  9.
PAR  9. The construction defined in claim 8 in which the container and clip are
      formed of plastic.
NUM  10.
PAR  10. The construction defined in claim 8 in which ribs are formed on the
      finger means second ends and on the leg means base; in which said ribs
      have flat outer surfaces which lie in a common plane; and in which said
      ribs provide bottom support means for supporting the container in an
      upright position.
NUM  11.
PAR  11. The construction defined in claim 8 in which the boss has an outwardly
      extending circumferential flange; in which the finger means are found with
      lip means which defines the clip circular opening; and in which said lip
      means engages the boss flange for rotatably mounting the clip on the boss.
NUM  12.
PAR  12. The construction defined in claim 8 in which the finger means have
      tapered side walls terminating in flat end surfaces; and in which said end
      surfaces slidably engage the container bottom wall.
NUM  13.
PAR  13. The construction defined in claim 8 in which the bottom portion of the
      container side wall is tapered inwardly; in which a protuberance is formed
      in said tapered bottom portion; and in which the leg means leg member
      engages said protuberance when in stored position.
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ABST
PAL  For use with a drain gutter and water supply assembly of the type which is
      adapted to be positioned along the periphery of a swimming pool, with an
      inner gutter wall over which contaminated water is allowed to spill
      continuously into the gutter from the surface of the pool, and with a
      filtered water supply manifold contained in the gutter, an adjustable
      inlet fitting assembly for directing filtered water from the supply
      manifold through the inner gutter wall into the pool. The fitting assembly
      includes a flanged male member adapted to extend through an opening in the
      gutter wall, a flanged female member received on the male member and
      adapted to cooperate therewith in gripping the gutter wall therebetween,
      and a locking member in threaded engagement with the male member for
      retaining the male and female members in the aforesaid cooperative
      relationship. The fitting assembly further includes a flexible pipe or the
      like connected at opposite ends respectively to the supply manifold and
      the male member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a drain gutter and water supply
      assembly of the type which is adapted to be positioned along the periphery
      of a swimming pool, with an inner gutter wall over which contaminated
      water is allowed to spill continuously into the gutter from the surface of
      the pool, and with a filtered water supply manifold contained in the
      gutter. In installations of this type, inlet fitting assemblies are
      employed to direct filtered water from the supply manifold through the
      inner gutter wall into the pool at selected locations beneath the pool
      surface. In this way, the contaminated water continuously being received
      in the gutter is continuously replaced by filtered water, and the surface
      level of the pool is maintained relatively constant. Both the gutter and
      the supply manifold are connected in a known manner to pump and filtering
      means to provide a closed circulating system, with additional means
      provided to add make-up water when needed.
PAR  A primary object of the present invention is the provision of a novel and
      improved inlet fitting assembly which is adjustable to enable the incoming
      flow of filtered water to be directed in a manner which insures proper
      distribution and an efficient circulating flow pattern for each pool
      installation. Although devices for this purpose are currently available,
      an example of which is the device shown in U.S. Pat. No. 3,578,023, such
      devices are unsatisfactory because they are inconvenient to manipulate,
      difficult to disassemble when removal of the main supply conduit is
      necessitated, and also because they are characterized by a high head loss
      due to the internal directional changes in flow which the water
      experiences as it passes through such devices.
PAR  It is, accordingly, a further object of the present invention to obviate
      the aforementioned problems by providing an inlet fitting assembly which
      is not only adjustable, but also which is capable of being quickly and
      easily assembled and disassembled, and also characterized by a low head
      loss.
PAR  Still another object of the present invention is the provision of an inlet
      fitting assembly which embodies a minimum number of components capable of
      being easily assembled and adjusted to obtain a desired flow direction for
      the incoming filtered water.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an inlet fitting assembly is provided
      for mounting on the inner wall of a drain gutter and water supply
      assembly. The assembly includes a tubular male member having a
      smooth-walled passageway extending therethrough. The outlet end of the
      male member is provided with an external radial flange. The male member is
      adapted to protrude inwardly through an opening in the inner gutter wall,
      with the external flange surrounding the opening and in contact with the
      exterior surface of the gutter wall. A female member having an integral
      internal flange is received on the male member. The internal flange is
      adapted to surround the wall opening and to contact the interior wall
      surface. When thus assembled, the internal and external flanges are
      disposed oppositely to each other on opposite sides of the gutter wall. A
      locking member which is engageable with both the male and female members,
      provides the means for drawing the aforesaid flanges together to grip the
      gutter wall therebetween. The assembly is completed by a flexible pipe,
      tube or the like connected at opposite ends respectively to the supply
      manifold and the male member. The smooth-walled passageway of the male
      member cooperates with the flexible pipe to tube to direct water from the
      supply manifold into the pool with a minimum head loss. The direction of
      the incoming flow of water can be changed by simply loosening the locking
      member sufficiently to permit rotation of the male and female members
      relative to the gutter wall and thereafter again tightening the locking
      member. The entire assembly is thus made up of a minimum number of
      components which can be easily and quickly disassembled when pool
      maintenance and/or repair is required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention will now be described by way of example
      only, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a partial perspective view with portions broken away of a drain
      gutter and water supply assembly having associated therewith an inlet
      fitting assembly embodying the concepts of the present invention;
PAR  FIG. 2 is a longitidunal sectional view taken through the inlet fitting
      assembly shown in FIG. 1; FIG. 3 is an exploded perspective view of the
      inlet fitting assembly;
PAR  FIG. 4A is a front view of the inner gutter wall with the inlet fitting
      assembly adjusted to the position shown in FIGS. 1 and 2; and,
PAR  FIG. 4B is a view similar to FIG. 4A with the inlet fitting assembly
      adjusted to a different position to vary the angle at which filtered water
      is directed into the pool.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, there is generally indicated at 10 a
      typical drain gutter and water supply assembly of the type with which the
      present invention may be employed. The assembly 10 is adapted to be
      positioned around the periphery of a swimming pool 12. The assembly
      includes an elongated gutter 14 which is formed by an exterior wall 16, a
      bottom 18 and an interior wall 20. The upper portion of the interior wall
      20 is suitably shaped to form an upper lip 20a with a downturned portion
      terminating in a horizontal flange 20b. The exterior wall 16 has support
      brackets (not shown) which cooperate with the flange 20b to support
      removable cover sections 22, the latter being perforated as at 24.
      Contaminated water is skimmed continuously from the surface of the pool 12
      and is allowed to flow over the lip 20a onto the cover sections 22, where
      it drops through the perforations 24 into the gutter 14. From here, the
      contaminated water is received and pumped in a known manner through a
      filtering system (not shown) after which it is returned as filtered water
      through an inlet manifold 26. A fitting assembly in accordance with the
      present invention and generally indicated at 28 is employed to convey the
      filtered water from the supply manifold 26 through the inner gutter wall
      20 into the pool 12.
PAR  While not essential to an understanding of the present invention, it will
      be appreciated that the inner gutter wall 20 is preferably vertical and
      parallel to the pool wall 30. The gutter wall 20 may be flush with pool
      wall 30, or it may jut out slightly as shown in the drawings. The gutter
      bottom 18 is supported by brackets 32 which are anchored on a recessed
      ledge 34 of the pool wall by bolts 36. The exterior gutter wall 16 is
      inclined upwardly and inwardly as at 16a and terminates in a horizontal
      ledge 16b which is flush with the floor 38 surrounding the pool.
PAR  With reference in particular to FIGS. 2 and 3, it will be seen that the
      inlet fitting assembly 28 of the present invention includes a flanged male
      member 40, a flanged female member 42, a locking member 44 and a
      connecting conduit 46.
PAR  The male member 40 has a tubular body 48 with an internal smooth-walled
      passageway 50 extending axially therethrough. An external flange 52 is
      integrally formed at one end of the tubular body 48. The external flange
      52 is adapted to surround an opening 54 in the inner gutter wall 20, and
      to contact the exterior surface of the wall as at 56. The axis a of the
      tubular body 48 and the passageway 50 extending therethrough is arranged
      at an angle relative to the gutter wall 20 and the flange 52. Thus, the
      tubular body 48 is adapted to protrude upwardly at the aforesaid angle
      through the opening 54 into the gutter 14. The external surface of the
      tubular body 48 is preferably provided with a threaded section 58 and a
      reduced diameter section 60 which terminates in a truncated conical collar
      62. The outlet end of the passageway 50 is preferably shaped to provide an
      eliptical orifice 64.
PAR  The female member 42 has a tubular body 66 having an internal diameter
      which is larger than the maximum external diameter of the male member 40.
      An internal flange 68 is integrally formed at one end of the female
      member. The other end of the female member forms a face 70 which lies in a
      plane perpendicular to the axis of tubular body 66 and inclined relative
      to the plane of the internal flange 68. The female member is adapted to be
      received on the tubular body 48 of the male member 40, with its internal
      flange 68 surrounding the wall opening 54 and in contact with the interior
      surface of the gutter wall 20. The angular arrangement of the internal
      flange 68 relative to the axis of the tubular body 66 is such that when
      the male and female members are assembled as shown in FIG. 2, the external
      and internal flanges 52 and 68 will lie in opposed parallel planes on
      opposite sides of the gutter wall 20. Preferably, although not
      necessarily, the internal flange 68 may have a sharp circular ridge 72
      arranged to engage the interior surface of the gutter wall 20.
PAR  The locking member 44 is internally threaded as at 74 and is adapted to be
      received on the male member 40 in threaded engagement with the external
      threaded section 58. When tightened, the locking member 44 acts on the
      male and female members to draw the external and internal flanges thereof
      together in a cooperative gripping relationship on the gutter wall 20
      located therebetween. The end face 70 on the female member is provided
      with serrations 76 which are adapted to engage serrated spots 78 on the
      female member in order to assist in maintaining the female member in a
      tightened condition. The external surface of the female member 44 has flat
      faces 80 forming a hexagon to thereby facilitate its being tightened or
      loosened by a conventional wrench or other like tool.
PAR  The assembly is completed by connecting the conduit member 46 at its
      opposite ends respectively to the male member 40 and the inlet manifold
      26. To this end, the manifold 26 has a standard fitting 82 which is
      insertable into one end of the conduit member 46. The opposite end of the
      conduit member is inserted over the collar 62 on the end of the male
      member. Because of the upward inclination of the tubular body 48 of the
      male member, and the fact that the opening 54 in gutter wall 20 is below
      the axis of the supply manifold 26, the connecting conduit member 46 will
      assume a downward curvature as shown in the drawings.
PAR  With the inlet fitting assembly in place and adjusted as shown in FIGS. 1,
      2 and 4A, the flow of filtered water into the pool will be in the
      direction of the axis a of the passageway 50 through the male member 48.
      The flow of water through conduit member 46 and male member 40 will thus
      be guided by a smooth-walled substantially continuous passageway defined
      by the components 40 and 46, with a resulting minimum head loss. Should it
      be desired to adjust the flow pattern of the incoming filtered water, for
      example to obtain improved circulation and distribution in the pool, then
      it is only necessary to unscrew the female member 44 sufficiently to
      loosen the grip of the flanges 52 and 68 on the gutter wall. Then, the
      male member 40 can be rotated slightly about the axis of the wall opening
      54 to a different position, as shown for example in FIG. 4B. The
      flexibility of conduit member 46 will accommodate such adjustments within
      a suitable range. Once the desired adjustment has been made, the locking
      member 44 is again tightened to secure the inlet fitting assembly in
      place. This adjustment cannot thereafter be altered inadvertently by
      swimmers in the pool. The entire fitting assembly is easily assembled,
      thus markedly facilitating initial installation. A minimum number of
      component parts are involved, and these can be molded of a relatively
      inexpensive material such as for example plastic or the like. The inlet
      fitting assembly may also be quickly and easily disassembled in the event
      that it becomes necessary to remove the supply manifold 26.
PAR  It is my intention to cover all changes and modifications to the embodiment
      herein chosen for purposes of disclosure which do not depart from the
      spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with a drain gutter and water supply assembly of the type which
      is adapted to be positioned along the periphery of a swimming pool, with
      an inner gutter wall over which contaminated water is received into the
      gutter from the surface of the pool, and with a filtered water supply
      manifold contained in the gutter, the improvement comprising: an inlet
      fitting assembly for directing filtered water from said supply manifold
      through said gutter wall into said pool, said assembly including a flanged
      male member adapted to extend through an opening in said wall, a flanged
      female member slidably received on said male member and adapted to
      cooperate therewith in holding said gutter wall therebetween, a locking
      member threaded onto said male member and engageable with said female
      member for urging said male and female members into the aforesaid
      cooperative relationship, and a conduit member connected at opposite ends
      respectively to said supply manifold and said male member.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein said conduit member is
      flexible.
NUM  3.
PAR  3. For use with a drain gutter and water supply assembly of the type which
      is adapted to be positioned along the periphery of a swimming pool, the
      said assembly including an inner gutter wall having an upper lip over
      which contaminated water is received into the gutter from the surface of
      the pool, and a filtered water supply manifold contained in the gutter,
      and adjustable inlet fitting assembly for directing filtered water from
      the supply manifold through an opening in the gutter wall into the pool,
      said inlet fitting assembly comprising: an elongated tubular male member
      having an external flange at one end thereof which is adapted to surround
      said opening and to contact the exterior surface of said gutter wall, said
      male member being adapted to protrude inwardly through said opening into
      said gutter; a female member slidably received on said male member, said
      female member having an internal flange at one end thereof which is
      adapted to surround said opening and to contact the interior surface of
      said gutter wall; a locking member received on said male member in
      threaded engagement therewith, said locking member when tightened acting
      on said male member and the opposite end of said female member to urge
      said external and internal flanges together to grip said gutter wall
      therebetween; and a flexible tubular element connected at opposite ends
      respectively to said supply manifold and the other end of said male
      member.
NUM  4.
PAR  4. The apparatus as claimed in claim 3 wherein the axis of said tubular
      male member is arranged at an angle relative to the plane containing said
      external flange.
NUM  5.
PAR  5. The apparatus as claimed in claim 3 wherein said external flange is
      provided with an eliptical orifice forming the outlet end of said tubular
      male member.
NUM  6.
PAR  6. The apparatus as claimed in claim 3 wherein the said opposite end of
      said female member terminates in a face lying in a plane which is inclined
      relative to the plane containing said internal flange. a
NUM  7.
PAR  7. The apparatus as claimed in claim 3 wherein said female member is
      provided with serrations which are adapted to be engaged by serrations on
      said locking member when the latter is tightened.
NUM  8.
PAR  8. The apparatus as claimed in claim 3 wherein the opposite end of said
      male member is adapted for axial insertion into said flexible tubular
      element.
NUM  9.
PAR  9. An inlet fitting for use at an opening in the submerged portion of a
      wall surrounding a swimming pool, said fitting comprising an elongated
      tubular male member having an external flange at one end thereof which is
      adapted to surround said opening and to contact the exterior surface of
      said wall, the axis of said tubular male member being arranged at an angle
      relative to the plane containing said external flange, the said male
      member being adapted to protrude through said opening; a female member
      slidably received on said male member, said female member having an
      internal flange at one end thereof which is adapted to surround said
      opening and to contact the interior surface of said wall; and, a locking
      member threaded onto said male member and engageable with said female
      member, said locking member being operative on said male and female
      members to urge said external and internal flanges together to grip said
      wall therebetween.
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ABST
PAL  A container of the chemical to be dispensed is supported in inverted
      position in the toilet flush tank with the mouth of the container opening
      downwardly. The dispensing closure is sealingly associated with and
      axially adjustable on the container around its mouth. The closure has an
      open lower end normally immersed in the water within the tank and
      separated by a partition from the metering chamber within the upper end of
      the closure communicating with the container mouth. The liquid is
      delivered by gravity into the metering chamber, to a depth to cover said
      mouth. Pressurized air delivered from the pump chamber into the upper
      portion of the metering chamber above the mouth exerts a pressure on the
      liquid within the metering chamber to force the same out through a
      discharge port and tube leading to the tank overflow pipe.
BSUM
PAR  This invention relates to improvements in a combined shipping closure and
      automatic dispenser for delivering substantially uniform charges of a
      liquid chemical preparation from a container housed within a toilet flush
      tank, directly into the toilet bowl, when the bowl is refilled with water
      following each flushing thereof.
PAR  It is an important object of the invention to delay the delivery of the
      chemical to the toilet bowl until the flushing of the latter has been
      completed and it has been or is being refilled with water, whereby
      substantially all of the chemical in relatively concentrated form may be
      retained in the toilet bowl for the full period of time between flushings
      of the toilet bowl. There is thus avoided the loss of unused chemical down
      the drain such as occurs in prior art dispensers in which the chemical is
      delivered into the flush tank so that only a small proportion of each
      charge, in substantially diluted condition is retained within the toilet
      bowl.
PAR  Further incidental objects are: to provide such a combined closure and
      automatic dispenser which is adjustable for optimum use with flush tanks
      of varying depths, but which is simple, compact in structure and provides
      for the adjustment of the size of individual charges of chemical, as well
      as providing compensation for varying altitudes at which the device is
      used. Additional objects are: to provide for deactivating and releasing
      the device so as to permit its removal, together with its associated
      chemical container from a flush tank without loss or spillage of the
      container contents, as for instance during repairs to the tank or its
      flushing mechansim; and to permit refilling and replacement of the
      chemical container.
PAC  SUMMARY OF THE INVENTION
PAR  The combined closure and automatic dispenser of the invention is adapted
      for application to a generally conventional liquid product container to be
      supported in the flush tank in inverted position. The closure and
      dispenser comprises an open ended sleeve having an upper end sealingly
      associated with and axially adjustable on the container, the lower end of
      the sleeve being adapted to extend substantially beneath the surface of
      the water in the tank when the latter is at its maximum level. A partition
      within the sleeve divides it into an enclosed metering chamber between the
      partition and the container and a downwardly opening pump chamber
      communicating through its lower end with the water in the tank. The
      metering chamber communicates with the pump chamber through a pressure
      equalizing passage which opens into the metering chamber at a first level
      above the container mouth, there being a discharge conduit opening from
      the metering chamber at a second level below the said first level. Sealing
      means supported by the sleeve within the metering chamber is movable
      axially with the sleeve into and from sealing engagement with respect to
      the container mouth to permit use of the device either as a sealed closure
      for the container or as an automatic dispenser for the container contents.
PAR  Preferably the aforesaid sleeve is threaded onto the container whereby to
      achieve its axial adjustment and has a suitable sealing means associated
      with its threads for preventing any substantial or material leakage of
      fluid between the interconnected container and sleeve.
PAR  To promote an understanding of the invention, reference will now be made to
      the preferred embodiment thereof, illustrated in the accompanying
      drawings, and specific language will be used to describe the same. It will
      nevertheless be appreciated that no limitation of the scope of the
      invention is thereby intended but that such modifications and alterations
      are contemplated as would normally occur to one skilled in the art to
      which the invention relates.
DRWD
PAC  IN THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is an elevational view of a flush toilet equipped with the dispenser
      of the invention, parts of the flush tank being broken away to permit a
      general view of the dispenser therein.
PAR  FIG. 2 is an enlarged cross-section of the dispenser per se.
PAR  FIGS. 3 and 4 are generally similar sectional views of the dispenser and
      its associated flush tank respectively illustrating different phases of
      operation of the dispenser responsive to changes in water level within the
      flush tank.
DETD
PAR  Referring now in detail to the accompanying drawings, the numeral 10
      therein designates a conventional toilet flush tank (the top of which is
      not illustrated) within which, the operation of flushing and subsequently
      permitting automatic refill of the tank, causes the water contents thereof
      to rise and fall between a maximum level 12 (FIG. 3) and a minimum level
      13 (FIG. 4) at 13 in FIG. 4.
PAR  A conventional overflow pipe 14 within the flush tank 10 has its open upper
      or intake end located at or just above the maximum liquid level within the
      tank and has its lower end communicating with the toilet bowl for
      delivering any overflow from the tank into that bowl in accordance with
      usual practice.
PAR  The water supply mechanism, valves and operating means for flushing and
      refilling the tank and the toilet bowl may be of any conventional
      construction, and since they constitute no part of the prevent invention
      are omitted from the drawings.
PAR  In carrying out the invention, a suitable cleaning deodorizing and/or
      germicidal liquid composition is metered in predetermined amounts directly
      into the upper end of the standpipe, and thus into the toilet bowl, in
      response to rise and fall of liquid within the tank. For this purpose
      there is provided an automatic dispenser which includes a liquid product
      container 15. In accordance with usual practice, the container 15 is
      exemplified by the conventional plastic bottle which may have somewhat
      flexible walls. For supporting the container in an inverted position
      within the flush tank, as is customary in devices of the type here
      disclosed, the lower end of the bottle is formed with a dove tailed or
      under cut groove 16 within which is disposed a hook in the form of a slide
      17 adapted to be manually projected laterally outwardly to overlie the
      upper edge of the toilet tank and to support the bottle therefrom at the
      desired level, the hook preferably having a depending leg 18 for abutment
      against the outer side wall of the tank to prevent inward displacement of
      the hook and bottle.
PAR  At its downwardly directed lower end, the inverted bottle or container 15
      is provided with a generally conventional cylindrical neck 20 which may
      include a logically reduced diameter discharge spout, the lower end of
      which is open to define the mouth 22 of the container.
PAR  The dispensing closure 23 in the form of a generally cylindrical sleeve
      open at both ends, has its upper end sealingly associated with and axially
      adjustable in suitable manner on the container neck, while the open lower
      end of the sleeve normally projects beneath the maximum level 12 of the
      water within the flush tank.
PAR  A partition 27 within the sleeve medially between its ends divides the
      interior of the sleeve into an enclosed metering chamber 28, extending
      between the partition and the downwardly directed container shoulder 29 at
      the juncture of the spout with the container neck, and a downwardly
      opening pump chamber 30 which as above indicated communicates through its
      lower end with the liquid in the tank.
PAR  The metering chamber 28 communicates with the pump chamber 30 through a
      pressure equalizing passage defined by a small standpipe 31 extending from
      the upper part of the pump chamber through the partition 27 and thence
      through a port 32 opening into the upper portion of the metering chamber
      at a level which will normally be substantially above that of the
      container mouth 22 in all operative positions.
PAR  A hollow nipple 33, opening from the sleeve 23, defines a liquid discharge
      port at the intake end of a discharge conduit, here exemplified by a
      flexible tube 34, the tube being coupled to the nipple and having its
      outlet end discharging into the upper end of the overflow pipe 14 at a
      level appreciably higher than the metering chamber 28.
PAR  Carried by the sleeve 23, within the metering chamber 28, is a flow control
      cup which in the preferred embodiment is defined by an annular wall 35 on
      the partition 27 within and concentrically to the sleeve 23, the annular
      wall 35 being preferably integral with the partition 27 which thus
      functions as the end wall of the cup.
PAR  In order that the sleeve 23 may be selectively axially adjusted to function
      either as a closure and shipping seal for the container, or as an
      automatic liquid metering and dispensing device, the upper end of the
      sleeve is internally threaded at 36 for suitable cooperation with external
      threads 37 around the container neck, whereby rotation of the sleeve on
      the container neck may selectively serve to activate or to deactivate
      sealing means carried by the sleeve and by the container respectively.
PAR  Such sealing means are exemplified by an annular groove 38 in the partition
      27 for snug sealing reception of the mouth of the container and preferably
      also an annular sealing bead 40 encircling the spout 21 adjacent its base
      for sealing engagement with the annular wall of the flow control cup 35.
PAR  It is important also that the interconnection between the sleeve 23 and the
      container 10 be reasonably fluid tight so as to prevent leakage of air
      pressure from the metering chamber at a rate sufficient to render the
      device wholly or partially inoperative. To this end the threaded
      interconnection 36, 37 between the sleeve and the container neck are of
      such close fit as to achieve the desired degree of fluid tightness and if
      desired, there may be added to the sleeve a somewhat resilient sealing
      bead 42 encircling the container neck and snugly engaging the cylindrical
      portion of the neck.
PAR  The device of the present invention may be adapted for efficient use with
      flush tanks of varying depths, so as to utilize substantially the full
      range of rise and fall of water within the tank for actuating the
      dispensing operation. The sleeve in the preferred embodiment is provided
      with an extension sleeve section 44 which is slidably and telescopically
      received within the pump chamber and may be adjusted downwardly therefrom
      to any desired extent. It will be apparent that with or without the
      addition of such an extension 44, the pump chamber provides an excellent
      and convenient storage space within which the flexible tube or conduit 34
      may be coiled and stored during shipping (as indicated in broken lines in
      FIG. 2) in readiness for connection to the discharge nipple 33 and to
      establish communication between that nipple and the end of the flush tank
      overflow pipe in the manner hereinbefore described.
PAR  In the use of the invention, it will be readily appreciated that the
      container, when received by the purchaser will normally have been filled
      with a supply of cleaning deodorizing and/or germicidal liquid at a
      bottling plant and will have been shipped with the dispensing sleeve
      applied in sealing relation to the container, as shown in FIG. 2. In order
      to place the dispenser in use, the flexible tube 34 is removed from the
      telescopic extension section 44 of the sleeve and one end thereof is
      coupled to the nipple 33 while its discharge end is inserted into the
      upper end of the flush tank overflow pipe 14, the cover of the flush tank
      having been removed for the purpose of installing the invention.
PAR  The container will then be inverted and its hook 18 activated for
      supporting the inverted container from the upper edge of the tank,
      following which, the dispensing closure 23 will be loosened by rotation to
      open the seals 38 and 40, (as in FIG. 3) so that by the ensuing action of
      gravity, as well as by partial collapse of the flexible container wall if
      the container is of the flexible wall type, liquid will then be discharged
      into the cup 35 and a portion of liquid normally will overflow into the
      metering chamber 28 to prime the latter.
PAR  As the container is then lowered into the tank for support by its hook 18,
      as in FIG. 3, the lower end of the pump chamber 30 is inserted downwardly
      into the water within the tank. The resulting rising water level within
      the pump chamber 30 will progressively compress the air within the pump
      chamber, forcing a portion of that air upwardly through the passage 31
      into the metering chamber 28. Such rising air pressure within the metering
      chamber will force a portion of the liquid within the cup 35 back upwardly
      into the container 10. Since the discharge end of the conduit 34 will be
      at a location very materially above the upper edge of the flow control cup
      35, the level of the chemical within the cup 35 will be progressively
      lowered to a level below the container mouth so as to admit compressed air
      into the container to replace the liquid theretofore discharged before the
      pressure increases sufficiently to eject liquid from the metering chamber
      28 through the tube 34, and into the overflow pipe. The resultant drop in
      pressure within the metering chamber will result in a partial refilling of
      the metering chamber by liquid from the container to a level above the
      lower end of the discharge conduit 34. At this time, the various liquid
      levels will be substantially as shown in FIG. 3.
PAR  When the water level of the tank is lowered by flushing of the tank, as in
      FIG. 4, air may be drawn backwardly through the discharge conduit into the
      metering chamber 28 and thence through the equalizing passage, thus to
      permit the water level within the pump chamber to drop, together with that
      of the tank and thus to replenish the air supply within the pump chamber.
      It is not necessary to operation of the invention that the lower end of
      the sleeve 23 and its extension 44 ever be uncovered by the water within
      the tank so as to permit refilling with air, as is necessary in various
      prior art devices of the same general nature, although, if the lower end
      of the chamber is thus uncovered, it will have no adverse effect
      whatsoever on operation of the device.
PAR  After the tank is flushed to its minimum level of FIG. 4 as it thereafter
      refills, the resultant rising water level again compresses air within the
      pump chamber and such pressure is communicated to the metering chamber in
      the manner above described to thus expel another metered charge of liquid
      into the upper end of the overflow pipe and thus into the toilet bowl.
PAR  It is to be noted of course that due to the location of the upper end 32 of
      the equalizing passage above the highest level of liquid to be encountered
      within the metering chamber 28, and also because of the backflow of air
      through the discharge tube 34 and nipple 33 to the metering chamber 28,
      when the tank water level is lowered, there is no overflow or siphoning of
      liquid in the metering chamber through the pressure equalizing passage 31
      back into the flush tank, no valves or moving parts whatsoever being
      necessary to achieve this most desirable result.
PAR  It is to be noted that a dispensing closure as above described serves both
      as a shipping closure for the container and as a dispenser for
      automatically dispensing the container contents in metered charges.
PAR  Furthermore it will be noted that the size of the charges of liquid product
      dispensed may readily be adjusted by rotating the dispenser sleeve 23 in
      the manner of a faucet valve to change the axial position of the flow
      control cup 35 on the discharge spout. The dispenser may obviously be
      selectively activated and deactivated while still in the tank and it may
      be readily removed for refilling of the container. By virtue of the
      telescopic extension of the sleeve, the device may be readily adapted for
      installation in optimum manner in tanks of varying depths, and downward
      adjustment of the extension 44 to increased depth below the water level in
      tank 15 will result in increased pressure within the metering chamber,
      with possibilities of increasing the volume of the charges of dispensed
      chemicals.
PAR  Also, if desired, the discharge tube 34 may be arranged, as indicated in
      broken lines in FIG. 4 to create a liquid trap 45 which in turn will
      produce a negative pressure in the metering chamber as the tank water
      recedes, thus drawing an increased charge of chemical into the metering
      chamber. The liquid in the trap will eventually be sucked back into the
      metering chamber to permit an influx of air thereinto through the conduit
      34, so that the operation of the device may then proceed as above
      described.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A liquid product dispenser for use in a conventional flush tank and
      automatically operable by rise and fall of water within said tank between
      predetermined minimum and maximum levels, comprising in combination:
PA1  a liquid container having a generally cylindrical neck terminating in a
      discharge spout defining the mouth of said container;
PA1  means for supporting the container in inverted position in a flush tank;
PA1  a dispensing closure for said container comprising an open ended sleeve
      having an upper end sealingly associated with and axially adjustable on
      said container neck and a lower end adapted to extend into said water in
      the tank;
PA1  a partition within said sleeve between its ends dividing same into an
      enclosed metering chamber between said partition and said container and a
      downwardly opening pump chamber for communication through its lower end
      with the water in said tank;
PA1  a flow control cup carried by said sleeve within the metering chamber for
      axial movement with said sleeve into and from sealing engagement with said
      spout;
PA1  said metering chamber communicating with said pump chamber through a
      pressure equalizing passage which communicates with the metering chamber
      at a first level above said cup;
PA1  there being a discharge conduit communicating with said metering chamber at
      a second level below said first level and at a location outside of said
      cup.
NUM  2.
PAR  2. The combination of claim 1 including interengaged threads on the said
      container neck and said sleeve respectively for axially adjusting said
      sleeve on the container neck responsive to relative rotary movement
      between said sleeve and said neck.
NUM  3.
PAR  3. The combination of claim 1, including an extension sleeve sealingly
      telescopically associated with said first mentioned sleeve for adjustably
      extending said pump chamber downwardly.
NUM  4.
PAR  4. The combination of claim 1 in which said container is defined by
      flexible walls so as to be partially collapsible responsive to variations
      in pressure within the container.
NUM  5.
PAR  5. The combination of claim 1 in which said flow control cup has an
      upwardly directed annular skirt loosely encircling and extending to a
      level above the mouth of the container.
NUM  6.
PAR  6. The combination of claim 5 in which product entrapped within said
      metering chamber is normally at a level between the openings to said
      chamber of the pressure equalizing passage and the discharge conduit and
      covers the latter, whereby air pressure transmitted to the metering
      chamber through said equalizing passage is imposed on the surface of said
      entrapped liquid to expel said liquid through the discharge conduit.
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ABST
PAL  A bed and a stretcher for permitting transferring of a patient from a
      stretcher over to a bed, or visa versa. The bed has a plurality of
      supporting ledges arranged in parallel with a uniform spacing and set in
      place on the main bed frame in a horizontal manner. A vertically traveling
      frame that has a plurality of uniformily spaced supporting ledges arranged
      in parallel in a horizontal manner is so set in place as to be movable in
      a vertical direction relative to the main bed frame, whereby the
      supporting ledges of the traveling frame are caused to be inserted into or
      pass through the spaces between the supporting ledges of the bed frame.
      The stretcher has a pair of spaced supporting bars and a supporting member
      for supporting a patient. One of the supporting bars is fixed on one end
      of the supporting member, and the other supporting bar is arranged to be
      connected with, and separated from, the other end of the supporting
      member. The stretcher and bed are combined with each other in such a
      manner that the supporting member of the stretcher is inserted into the
      spaces formed between respective adjoining supporting ledges of the
      vertically traveling frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a bed and a stretcher for an invalid,
      specifically for a severely wounded person or a person taken seriously ill
      (hereinafter referred to as a patient), and the purpose of the present
      invention lies in providing such a bed and a stretcher whereby, at the
      time of transferring a the bed from a stretcher over to a bed, or from the
      over to the stretcher, the patient incurs no seriously adverse effect
      through the transfer, because of the body of the patient properly kept
      intact and free from torsion, impact, or any other harmful change of the
      posture.
PAR  It is imperative to exercise meticulous caution in the treatment of a
      person seriously wounded by a traffic accident, a plant disaster, or the
      like, or a person suffering from encephalopathy, for instance, cerebral
      apoplexy or the like, and a patient of this category has his or her wound
      or sickness exacerbated, and in case the worst comes to the worst, even
      loses his or her life quite often in case his or her posture is subjected
      to transfer by hands, impact, or any other change. The present invention
      makes it possible that, in the case of carrying a patient on a stretcher
      from a place of incurring a wound or sickness on the corresponding
      occasion and transferring the patient over to a bed, the patient can be
      safety transferred with a state of rest properly maintained, and that, in
      the case of transferring a patient from one bed to another bed as well,
      the state or rest of the patient can be properly maintained likewise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan of the bed introduced in the present invention, FIG. 2 is
      an elevation thereof, FIG. 3 is a side view thereof, FIG. 4 is a drawing
      to show the fitting and the construction of the cushion of the bed, FIG. 5
      is a drawing of the construction of the stretcher, Drawing (A) thereof
      being a plan, Drawing (B) and Drawing (C) thereof being side views, and
      Drawing (D) being a partial drawing to show the fitting and the
      construction of the canvas piece, FIG. 6 is an elevation to show the mode
      of use of the bed and the stretcher, FIG. 7 is a plan to show the mode of
      use of the stretcher, and FIG. 8 through FIG. 11 are a plan, an elevation,
      and side views, to show other illustration of the stretcher.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 through FIG. 3 show the bed introduced in one of the illustrations
      of the present invention, FIG. 1 being a plan of the bed, FIG. 2 being an
      elevation thereof, and FIG. 3 being a side view thereof, respectively.
PAR  In the drawings, 1 is the main frame of the bed, 2 is the leg of the bed,
      the main frame 1 comprises such a beam 1' that extends horizontally on the
      both sides of the bed in the longitudinal direction of the bed and a beam
      3 for connecting the front end and the rear end of the bed with each
      other, the beam 1' has a plurality of struts 4 of equal height properly
      arranged thereon symmetrically at uniform spacings in an integral manner
      along the beam, and confronting struts on the said beam have horizontal
      supporting ledge 5 properly arranged at the upper section thereof in an
      integrally incorporated manner with the strut 4, respectively. The said
      supporting ledge 5 has a bar-shaped cushion 6 properly fitted at the upper
      section thereof. The said cushion is desirably made of such an elastic
      substance like synthetic resin or the like, and the fitting thereof in
      place is conducted in such a manner that a dovetail protruding stripe is
      caused to be properly fitted into a dovetail-sectioned groove formed on
      the upper surface of the supporting ledge 5, for instance, in the
      longitudinal direction of the ledge in a manner of being fit therefor.
PAR  Thus, a plurality of the cushions 6 are arranged in parallel at uniform
      spacings, and the shape of a grate is properly formed.
PAR  The manner of fitting the cushions 6 on the supporting ledge 5 is as shown
      in FIG. 4. Each cushion 6 has a stiffening plate 7 properly fitted on the
      bottom thereof by either gluing or some other proper means, which cushion
      maintains its rigidity by virtue of the said stiffening plate 7, and is
      caused to be inserted into, and fitted on, the supporting ledge 5.
PAR  In FIG. 4, Drawing (a) and Drawing (b) show an elevation and a side view of
      a part of the supporting ledge, while Drawing (c) and Drawing (d) show an
      elevation and a side view of the end section of the cushion, wherein 7' is
      a set-pin for the cushion screwed in place through the supporting ledge
      and the stiffening plate.
PAR  Each leg 2 of the bed is inserted into a pipe of the tubular leg
      constituting an integral entity with the main frame 1 at the front and the
      rear of the said main frame 1, and is fixed in place by a pin 8 in such a
      manner that the height thereof is made adjustable.
PAR  The beams 1' on the both sides of the main frame 1 have a U-shaped frame 9
      in an integrally incorporated manner hanging under the central portion
      thereof, and a couple of vertical members 9' of the said frame have a rack
      10 properly set in place on one side thereof (the right one shown in FIG.
      2).
PAR  A vertically traveling frame 11 is so fitted in place as to be capable of
      traveling in the vertical directions along the main frame of the bed, as
      set forth in detail below. The said vertically traveling frame comprises a
      couple of beams 11' arranged in parallel to the said beams 1' of the main
      frame and a plurality of connecting beams 11" for connecting the said
      beams 11', the said beams 11' have such struts 12 as are arranged upright
      in an integrally incorporated manner therewith and are properly set in
      place on the upper section thereof at uniform spacings, and the said
      struts have such supporting ledges 14 as have a plurality of cushions 13
      fitted on the top surface thereof properly arranged on the upper section
      thereof in the same manner as in the case of the struts 5 of the main
      frame of the bed.
PAR  In terms of the dimension, the struts 12 are fairly longer than the struts
      4.
PAR  The beams 11' have a couple of shafts 15 properly arranged in place at the
      center of the span thereof in a manner of running through the both of the
      beams on the right and the left thereof, and the both ends of the said
      shafts have a pinion 16 properly fixed thereon, respectively.
PAR  Furthermore, the said beams 11' have a couple of shafts 17 properly fixed
      on the center thereof in parallel to the said shafts 15 and at uniform
      spacings in the horizontal directions of the said shafts 15, and the said
      shafts 17 have a roller 18 properly fitted in place at the both ends of
      the said shafts 17.
PAR  And, the said pinion 16 is engaged with the said rack 10, and holds the
      vertical frame 9' of the vertically traveling frame between the said
      roller 18 and the said pinion 16 from the both sides.
PAR  M represents an electric motor, which is set in place on a horizontal plate
      20 suspended by struts 19 down from the beams 11' at the center of the
      span of the said beams.
PAR  21 represents such a driving shaft as is driven and put in revolution by
      virtue of the said electric motor M, and is subjected to decelerated drive
      through a reduction gear (not shown in the drawing).
PAR  The driving shaft 21 has a sprocket 22 properly fixed in place on the both
      ends thereof, the said shaft 15 has a sprocket 23 properly fixed thereon,
      and a chain 24 is properly set in place between the sprockets 22, 23.
PAR  Besides, as elucidated through FIG. 2, in such a state wherein the cushion
      6 on the supporting ledge of the main frame 1 and the cushion 13 on the
      supporting ledge of the vertically traveling frame 11 are inserted
      alternately into the clearance thereof to be thus supported on the same
      level, the top surface of the cushions are on the same horizontal plane,
      and the top surface thereof constitutes the top surface of the bed.
PAR  In case the electric motor M stops its revolution, and the driving shaft 21
      is in a braked state, the chain 24 remains in a stationary state with the
      tension thereof kept intact, and the pinion 16 is not allowed to be put in
      revolution; therefore, the vertically traveling frame 11 is kept in a
      stopped state, without traveling along the main frame 1.
PAR  Shown in FIG. 5 is an illustration of the stretcher for carrying a patient
      over to the bed. In FIG. 5, notations 25, 25 show supporting bars for
      carrying the stretcher, and a plurality of canvas pieces 26 are stretched
      in a tensile manner between the couple of supporting bars to thus
      constitute a supporting member to place a human body thereon. The canvas
      pieces 26 are belt-shaped, and said pieces are arranged parallel at
      uniform spacings 27. One end of each canvas piece 26 is wound and fixed on
      one of the said supporting bars 25, meanwhile the other end is given a
      tubular form by sewing or other proper means, in such a manner that one
      supporting bar can be put into the tubular section and pulled off position
      therefrom at liberty.
PAR  And, of all the belt-shaped canvas pieces, those arranged at the front end
      and the rear end have a tiny hole 29 properly formed on the upper and
      lower sides of the said tubular section; besides, the supporting bars
      (tubular bars) have through-holes 30 properly drilled at such positions
      thereof as are corresponding to the said tiny holes formed through the end
      sections of the canvas pieces (see Drawing (D)), and pins 31 are inserted
      in place through the said tiny holes 29 and the said through-holes 30 as
      well, whereby the said canvas pieces are fixed in place on the supporting
      bar by the employment of bolts and nuts 32.
PAR  Next, given below will be a description of the workability and the handling
      of the bed and the stretcher introduced in the present invention.
PAR  Shown in FIG. 6 are the workability and the handling of the bed and the
      stretcher, wherein Drawing (A) is a front view of the stretcher, 33
      designating by dotted lines a patient laid on the back thereon; and
      Drawing (B) is a front view showing the state of the bed at the time of
      transferring a patient from the stretcher over to the bed, in more
      specific terms, the state wherein the transfer is going to start.
PAR  Now, in case the driving motor M is put in operation, whereby the pinion 16
      is caused to revolve in the counterclockwise direction, in the state shown
      in FIG. 2, the pinion 16 rises upward in the state of being engaged with
      the rack 10, since the said rack engaged with the said pinion is
      incorporated with the vertical frame 9' and fixed on the main frame 1 of
      the bed.
PAR  Therefore, the vertically traveling frame 11 is caused to rise upward, and
      the cushions 13 set in place on the supporting ledges fixed and supported
      on the vertically traveling frame 11, as shown in FIG. 6 (B), move upward
      above the cushions 6 set in place on the supporting ledges supported by
      the main frame. When the cushions 13 reach the proper height, the electric
      motor M is caused to stop, and the cushions 13 are then caused to stop at
      the position whereto such have risen up. A patient having been carried on
      the stretcher is laid on the bed in a soft and gentle manner, in this
      state, with the body of the patient kept held intact on the stretcher, in
      such a manner that the belt-shaped canvas pieces 26 are just properly and
      squarely fitted into the clearance between the cushions 13. (In this case,
      it is advisable that the width of each canvas piece 26 be such that can be
      inserted at liberty into the clearance of the cushions 13.)
PAR  Now that the width of the stretcher is so selected as to be less than the
      width of the bed, the supporting bars 25 of the stretcher are properly
      supported on the cushions 13 of the bed, and the canvas pieces fall
      downward in the clearance of the cushions 13, whereby the patient having
      been supported thereon can be then properly supported on the cushions 13.
PAR  In the wake thereof, when the pins 31 for fixing the canvas pieces on the
      both ends of the stretcher are pulled position, and one of the supporting
      bars 25 is then pulled off from the tubular section for the canvas pieces,
      now one end of the canvas pieces is set free and falls on the cushion
      pieces 6. Next, when the other supporting bar 25 is caused to move in the
      sideward direction of the bed, the stretcher can be taken off from the
      bed. Shown in FIG. 7 is a plan depicting such a state wherein one of the
      supporting bars 25 is just pulled from the canvas pieces.
PAR  Thus, in case the electric motor M is driven, after the patient is
      perfectly supported on the cushion pieces of the vertically traveling
      frame 11 of the bed, then the vertically traveling frame is caused to
      descend downward in a manner contrary to what is set forth above, and
      properly stopped with the top surface of the cushion pieces 13 and that of
      the cushion pieces 6 set on the same level, whereby the patient can be
      properly and perfectly supported on the bed.
PAR  In the case of transferring the patient from on the bed over to the
      stretcher, contrary to what is set forth above, the vertically traveling
      frame 11 descends in relation to the main frame of the bed, when the
      electric motor M is put in revolution in the direction opposite to that in
      the case set forth above from the state shown in FIG. 2. In the case the
      vertically traveling frame is caused to stop at a proper position in the
      course of its descent, whereby the cushions 13 stop at a position below
      the cushions 6, and the patient is kept supported intact on the cushions
      6.
PAR  In the case, when one of the supporting bars of the said stretcher is
      pulled out of the canvas strips, the other one of the supporting bars is
      put directly on the cushions 6, and the belt-shaped canvas pieces are
      conformed with the clearance of the cushions 6, and caused to be set in
      the said clearance between the top surface of the said cushions 13 having
      descended and the patient, and the said one supporting bar is inserted
      into the tubular section on the other end of the canvas pieces, then the
      both ends of the canvas pieces are fixed on the supporting bars.
PAR  Now that the stretcher is set in the state well prepared for having the
      patient laid thereon with his or her body kept supported intact on the
      bed, the patient can be laid on the stretcher in a proper manner by merely
      raising the stretcher intact, and can thus be carried wherever desired.
PAR  As elucidated in details above, the present invention makes it practicable
      to transfer a patient in the lying posture form on the bed over to the
      stretcher completely free from touching the body of the patient with man's
      hands at all, and from on the stretcher over to the bed.
PAR  Shown in FIG. 8 through FIG. 11 is another illustration of the stretcher.
PAR  In the drawings, 36 is the supporting bar, 37 is a handle for grasping the
      said supporting bar, 44 is a spring for elastically tying the said handle
      to be supporting bars, and a series of bar-shaped cushions 39 are properly
      arranged between the supporting bars at uniform spacings for constituting
      a supporting member for a patient, in such a manner as is set forth below.
PAR  The bar-shaped cushions 39 as a supporting member for supporting a patient
      thereon are respectively divided and fixed in place on such concave
      U-shaped supporting plates 40, 40' as are connected with each other by a
      hinge 41 at the center thereof. One of the supporting plates, 40, is fixed
      in place on such an L-shaped supporting arm 38 as is fixed in place on one
      supporting bar 36; meanwhile, the cushions 39 fixed in place on the other
      supporting plate 40' hinged on the supporting plate 40 have a through-hole
      43 formed in the longitudinal direction, and the said through-hole 43 runs
      in such a manner as to be connected with an opening formed through the
      side plate of the supporting plate 40'.
PAR  The other supporting bar 36 has many L-shaped supporting arms 38' properly
      fixed thereon, and the horizontal leg of the arm 38' is long enough to be
      is inserted into the opening of the said supporting plate and the
      throughhole 43 of each cushion, thus properly constituting the stretcher.
PAR  42 is a tubular socket threaded in place on the said supporting arm 38',
      which arm has a thread properly cut on the outer circumference, and the
      supporting arm 38' and the supporting plate 40' are properly fixed in
      place by screwing the said socket in place into the bent piece of the
      supporting plate from outside.
PAR  And, in case the stretcher is put in use for the practical purpose, the
      cushions are developed into a planar shape in such a manner as shown in
      FIG. 8 and FIG. 11 (A); meanwhile, in case the stretcher is not in use,
      the cushions are folded at the center thereof as shown in FIG. 11 (B),
      prior to keeping the same in custody.
PAR  In case a patient is transferred from the said stretcher over to the bed,
      or in case the patient is transferred from the bed over to the stretcher,
      the cushions of the bed and the cushions of the stretcher can be used in
      such a manner that both are interfitted within each other, just as in the
      case of the stretcher made of the said canvas pieces.
PAR  In the case of this stretcher, separation or combination of one of the
      supporting bars can be facilitated by screwing the socket into, or off,
      the supporting plate; furthermore, now that the cushions of the stretcher
      are bar-shaped, the stretcher can be incorporated with the bed more easily
      than in the case of the stretcher made of canvas pieces, in the case of
      transferring a patient from the bed over to the stretcher.
PAR  Furthermore, with regard to the mechanism for causing the vertically
      traveling of the frame 11 some other adequate mechanism may well be
      selected as a substitute therefor.
PAR  Thus, the bed and the stretcher introduced in the present invention make it
      possible to transfer a patient from the stretcher over to the bed, and
      vice versa, completely free from touching the patient with man's hands at
      all, to put it otherwise, without subjecting the position of the body or
      the posture of the patient to any change whatsoever, only excepting the
      case of placing the patient on the stretcher, as set forth above.
PAR  In case a seriously wounded person or a person taken seriously ill is laid
      on a bed, the top surface of the bed is often stained with blood and/or
      filth. In the case of the bed introduced in the present invention, now
      that each and every one of the bar-shaped cushions can have a bed cover
      sheet properly employed as a sack-shaped cover thereof, and the cushion 13
      can be raised above the cushion 6 in such a manner as set forth above, a
      patient is raised upward with his or her body kept laid intact on the bed,
      and while the patient is thus kept raised upward, such a bed cover sheet
      of the cushion 6 as is stained with blood or the like can be properly
      replaced with a clean one.
PAR  Likewise, in case the cushion 13 is caused to descend below the cushion 6,
      the bed cover sheet of the cushion 13 can be replaced with a clean one in
      the same manner.
PAR  In case no cover sheet is employed for the cushions unlike the case set
      forth above, such bar-shaped cushions as are stained with blood or the
      like can be replaced with clean ones in the same manner as set forth
      above.
PAR  In the conventional practice generally followed in hospitals, a bed cover
      sheet stained with blood or filth of a patient is replaced with a clean
      one by moving the body of the patient as an unavoidable process, which has
      often involved grave difficulty, especially in the case of a seriously
      wounded person or a person taken seriously ill, until the condition of the
      patient is often seriously affected thereby.
PAR  Meanwhile, in case the bed introduced in the present invention is employed,
      a bed cover sheet or the cushions of a bed can be properly and favorably
      replaced with a clean one or clean ones, while a patient remains lying
      intact on the bed, thus proving quite effective and efficient.
PAR  What is set forth above is a description relating mainly to the bed;
      however, it goes without saying that what is introduced in the present
      invention, including the bed, the stretcher, and/or the combinations
      thereof, is well available and can be utilized as an operating table, as
      far as the same is provided with a vertically traveling frame, as well as
      such a main frame as has supporting ledges, or supporting ledges coupled
      with a series of cushions, for supporting a patient, in the like manner as
      in the case of the bed introduced above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bed for an invalid, comprising:
PA1  a main frame;
PA1  first means fixed with respect to said main frame and defining a first,
      substantially horizontal, upwardly facing support surface for supporting
      an invalid thereon;
PA1  said first means including a plurality of elongated support members
      disposed in parallel relationship, said support members extending
      transversely across the bed and being uniformly spaced apart by a
      preselected distance in the longitudinal direction of the bed, whereby
      each adjacent pair of support members has a preselected space
      therebetween;
PA1  each of said support members having an upper surface area which defines a
      part of said first support surface;
PA1  a travelling frame movably supported on said main frame for vertical
      movement relative thereto;
PA1  second means mounted on said travelling frame and defining a second,
      substantially horizontal, upwardly facing support surface;
PA1  said second means including a plurality of elongated supporting elements
      disposed in parallel relationship, said supporting elements extending
      transversely across the bed and being uniformly spaced apart by a
      predetermined distance in the longitudinal direction of the bed, whereby
      each adjacent pair of supporting elements has a predetermined space
      therebetween, said supporting elements being vertically aligned with and
      adapted to fit within the preselected spaces formed between the adjacent
      support members, and the centerline-to-centerline spacing between adjacent
      supporting elements being substantially equal to the
      centerline-to-centerline spacing between adjacent support members;
PA1  each of said supporting elements having an upper surface area which defines
      a part of said second support surface; and
PA1  drive means connected to said travelling frame for vertically moving same
      between a first position wherein the supporting elements are disposed
      within the preselected spaces defined between the adjacent support members
      so that the upper surface areas of the supporting elements and support
      members define a common horizontal support surface for an invalid, and a
      second position wherein the support members and supporting elements are
      vertically spaced apart so that only one of said first and second support
      surfaces is usable as an invalid supporting surface.
NUM  2.
PAR  2. A bed according to claim 1, wherein said supporting elements are
      disposed vertically below said support members when in said second
      position, and said drive means also moving said travelling frame into a
      third position wherein said supporting elements are disposed vertically
      above said support members.
NUM  3.
PAR  3. A bed according to claim 1, wherein each of said elongated support
      members and supporting elements includes an elongated cushion adapted for
      engagement by an invalid.
NUM  4.
PAR  4. A bed according to claim 1, wherein said drive means includes electric
      motor means mounted on said travelling frame and drive reaction means
      coacting between said motor means and said main frame for causing vertical
      displacement of said travelling frame when said motor means is energized.
NUM  5.
PAR  5. In combination with a bed according to claim 1, a stretcher adapted for
      cooperation with the bed for permitting the transfer of an invalid
      therebetween, said stretcher comprising:
PA1  a pair of spaced, elongated, substantially parallel supporting bars;
PA1  patient supporting means mounted on and extending between said supporting
      bars for supporting a patient or invalid thereon;
PA1  said patient supportinng means including a plurality of patient engaging
      members disposed in parallel relationship and extending transversely
      between said supporting bars so that opposite ends of said engaging
      members are mounted on said bars, said engaging members being uniformly
      spaced apart in the longitudinal direction of the stretcher whereby each
      adjacent pair of engaging members has a selected distance therebetween;
PA1  said engaging members having a width no greater than the width of said
      spaces, and said engaging members having a centerline-to-centerline
      spacing between adjacent engaging members which is substantially equal to
      the centerline-to-centerline spacing between adjacent support members,
      whereby said engaging members can be disposed within the spaces formed in
      the bed when said travelling frame is in said second position, thereby
      permitting transfer of a patient between said stretcher and one of said
      first and second supporting surfaces.
NUM  6.
PAR  6. The combination according to claim 5, further including connecting means
      coacting between one of said supporting bars and the adjacent ends of said
      engaging members for permitting said one supporting bar to be separated
      from the remainder of the stretcher.
NUM  7.
PAR  7. The combination according to claim 6, wherein each said engaging member
      comprises a flexible beltlike strip extending between and connected to
      said supporting bars, one end of said beltlike strip being slidably
      coupled to said one supporting bar so that said one said supporting bar
      can be slidably disconnected from the beltlike strips.
NUM  8.
PAR  8. The combination according to claim 6, wherein each of said engaging
      members comprises first and second portions disposed in substantial
      alignment with one another and having their adjacent ends hingedly
      connected together, the other ends of said portions being respectively
      connected to one of the supporting bars.
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ABST
PAL  An improved adjustable cross frame member for use in a bed frame having
      side frame members and another such adjustable cross frame member. Each
      cross frame member comprises a pair of elongate elements including first
      and second perpendicular legs. One of the first legs has a plurality of
      longitudinally spaced position defining apertures corresponding to
      selectable positions of the cross frame member. The other of the first
      legs has a protrusion engageable with one of the apertures for retaining
      the elements against longitudinal movement in both directions when like
      legs of the elements are positioned in surface-to-surface adjacency. A
      locking means retains the elements against separation and includes a
      plurality of longitudinally spaced threaded openings in the first leg of
      the first element, each opening being associated with a corresponding
      aperture. A releasable locking member comprising a thumb screw is
      permanently mounted on the first leg of the second element and is
      engageable with the threads in one of the openings to retain the elements
      against separation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to bed frames of the knock-down type and
      in particular to frame members comprised of two or more elements to be
      fastened together.
PAR  As is detailed in commonly assigned U.S. Pat. No. 3,646,623 to A. E. Harris
      and W. E. Behnke for "Bed Frame Assembly," U.S. Pat. No. 3,757,361 to G.
      M. Harris and W. E. Behnke for "Adjustable Bed Frame Member," U.S. Pat.
      No. 3,744,068 to A. E. Harris for "Adjustable Bed Frame Member," and U.S.
      Pat. No. 3,795,022 to G. M. Harris for "Adjustable Bed Rail Member Having
      a Locking Arm," a problem has long existed in the art because conventional
      bed frames of the above type have not provided positive interlocking
      engagement between cross frame members, and have required the use of a
      large number of fasteners, making it time-consuming to assemble and
      disassemble the bed frame assembly. Furthermore, with the advent of "king
      size" and "queen size" bedding, bed frame manufacturers have found it
      necessary to stock undesirably large inventories of bed frame assemblies
      of a given size, because of the complete lack of an easily manipulable and
      reliable means for adjusting the width of the bed frame assembly. The
      inventions of the above-referenced patents have solved such problems quite
      well, and have met with a very considerable degree of commercial success
      in so doing.
PAR  In order to further accommodate the quite evident demand for bed frames
      responsive to the above problems, it has also become desirable to furnish
      an adjustable bed frame member having the advantages of the
      above-referenced patents and which is even more conveniently and rapidly
      adjustable, and assembled and disassembled, and which at the same time has
      a lower cost and even more simplified construction.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, bed frame members constructed in accordance with the present
      invention solve the problem encountered in the prior art by providing a
      secure but readily releasable interlocking relationship between bed frame
      elements which allows the bed frame to be quickly and easily assembled to
      one of a plurality of desired widths. The bed frame members of the present
      invention are useful as a side frame member as well as a cross frame
      member.
PAR  The improved adjustable bed frame member of the present invention is
      adapted to be fastened transversely between a pair of horizontally
      disposed further bed frame members so as to hold said further bed frame
      members in spaced parallel relationship. The improved member has first and
      second elongate elements. One of the elements is adapted at one end to be
      fastened to one of the pairs of further bed frame members and includes
      first and second generally perpendicular flat legs. The other element is
      adapted at one end to be fastened to the other of the pairs of further
      frame members and also includes first and second generally perpendicular
      flat legs. One of the first legs is provided with a plurality of
      longitudinally spaced apertures corresponding to selectable positions of
      the cross frame member while the other of the first legs is provided with
      an outwardly extending protrusion which is engageable with one of the
      apertures for retaining the elements against longitudinal movement in both
      directions relative to one another when like legs of the elements are
      positioned in surface-to-surface adjacency with respect to one another.
      Depending on which of the plurality of longitudinally spaced apertures is
      selected for cooperation with the detent, one or another of a plurality of
      possible positions of adjustment is chosen in order to give the overall
      member the desired length.
PAR  In order to complete the assembly of the respective first and second
      elements at the selected position of adjustment, the improved adjustable
      frame member further includes a cooperating locking means for retaining
      the first and second elements against separation. Such means includes a
      plurality of longitudinally spaced threaded openings in the first leg of
      the first elongate element, with one of the openings being associated with
      each of the selectable positions. The locking means also includes a
      releasable locking member comprising a screw means permanently mounted on
      the corresponding first leg of the second elongate element and engageable
      with the threads in one of the threaded openings for retaining the
      elements against separation.
PAR  The apertures and openings are preferably disposed on the same leg of the
      same element. The spacing between each threaded opening and its respective
      aperture is the same and, correspondingly, the screw means is spaced from
      the protrusion by a distance equal to the spacing between each threaded
      opening and its respective aperture.
PAR  In the preferred embodiment, the screw means is a thumb screw and has a
      manually graspable tab portion for effecting a turning movement so that
      upon the placement of the elongate elements in face-to-face adjacency with
      one another and the engagement of the protrusion with the aperture
      associated with the desired position of adjustment, the graspable portion
      is manipulable to turn the thumb screw and lock the elements in positively
      held together relationship in the selected position of adjustment. The bed
      frame member which is thereby formed is indefinitely held together in the
      desired adjustment and acts just as a continuous one-piece member. Yet
      upon manipulating the graspable tab portion to turn the screw in the
      opposite direction, the screw can be withdrawn from the opening and the
      elements can be separated to quickly and easily dissassemble or readjust
      the bed frame member to another desired length.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view, partially broken away, of the improved bed
      frame member of the present invention;
PAR  FIG. 2 is an enlarged fragmentary front elevational view of the improved
      member with its elements locked in a selected position of adjustment; and
PAR  FIG. 3 is an enlarged fragmentary sectional view taken along plane 3--3 of
      FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail a
      preferred embodiment of the invention, with the understanding that the
      disclosure is to be considered as an exemplification of the principles of
      the invention and is not intended to limit the invention to the embodiment
      illustrated. The scope of the invention will be pointed out in the
      appended claims.
PAR  Referring now to the drawings, FIG. 1 shows the improved adjustable cross
      frame member 10, which is comprised of elongated elements 11 and 12 which
      are preferably L-shaped, but may also be C-shaped or other suitable
      shapes. Element 11 includes first and second generally perpendicular legs
      13 and 14 of similar transverse widths; and element 12 includes first and
      second generally perpendicular legs 15 and 16 of similar transverse
      widths. Elements 11 and 12 are respectively fastened at one end to side
      frame members 17 and 18, and are positioned so that both leg portions 13
      and 15 are vertically oriented and both leg portions 14 and 16 extend
      outwardly horizontally from the upper edges of legs 13 and 15,
      respectively. Side frame members 17 and 18 have legs with casters 19 and
      20. As is well understood in the art, cross frame member 10 cooperates
      with an additional identically constructed cross frame member (not shown)
      spaced therefrom and parallel therewith to form a bed frame, in
      combination with side frame members 17 and 18. Elements 11 and 12 may be
      formed of commercially available cold rolled steel, and hence are
      relatively inexpensive.
PAR  In the illustrated usage, cross frame member 10 provides for a rapid and
      positive adjustment of the bed frame assembly to accommodate bedding of
      various sizes, as will be described below.
PAR  Element 11 is provided with a plurality of longitudinally spaced apertures
      21, 22 lying along a common line in vertical leg 13 generally medially of
      the leg. Each aperture defines a selectable position of adjustment; thus,
      aperture 21 is the widest position of adjustment of member 10 and aperture
      22 corresponds to a first medial position of adjustment corresponding to
      bedding of a smaller size. Though only two apertures are illustrated,
      additional apertures corresponding to the desired positions of adjustment
      are contemplated.
PAR  Longitudinal movement between elements 11 and 12 is prevented in both
      directions by providing a detent means such as finger 25 (FIG. 3) which
      protrudes from leg 15 of element 12 and is engageable with one of the
      apertures 21, 22 provided in leg 13 of element 11. As shown in FIG. 3,
      finger 25 protrudes outwardly from leg 15 of element 12 and is insertable
      through one of apertures 21, 22 corresponding to the desired adjustment of
      the bed frame. When like legs of elements 11 and 12 are positioned in
      surface-to-surface adjacency with respect to one another, finger 25
      engages the sidewall 26 of one of the apertures to retain elements 11 and
      12 against longitudinal movement in both directions relative to one
      another. Leg 14 bears upon leg 16 and is supported thereon when elements
      11 and 12 are assembled. As illustrated in FIGS. 2 and 3, apertures 21, 22
      are generally rectangular and are preferably, but not necessarily, shaped
      to correspond to the configuration of finger 25, thereby limiting movement
      of finger 25 when inserted in a selected aperture.
PAR  To minimize the number of parts and the cost, it is preferable to have
      finger 25 integral with leg 15. One way of providing an integral finger 25
      is by a stamping or punching method to bend a rectangular portion of leg
      15 from the plane of leg 15, leaving slot 27 in leg 15.
PAR  A locking means is provided for retaining elements 11 and 12 against
      separation when a position has been selected and the elements are
      positioned in surface-to-surface adjacency with respect to one another.
      The locking means includes a plurality of longitudinally spaced openings
      31, 32 in leg 13 which are associated with apertures 21, 22 and correspond
      to the selectable positions of bed frame member 10. As shown in FIGS. 2
      and 3, openings 31, 32 are threaded to receive a screw. The spacing
      between each threaded opening and its respective aperture is the same.
PAR  Similarly, leg 15 of element 12 has a threaded opening 35 which is spaced
      from finger 25 a distance corresponding to the distance between aperture
      21 and opening 31 in leg 13, and has a diameter equal to the diameter of
      openings 31, 32.
PAR  As best shown in FIGS. 2 and 3, the locking means further includes a
      releasable locking member comprising a screw means such as thumb screw 40
      which is receivable in the opening 35 in leg 15 of element 12. Thumb screw
      40 is permanently held in opening 35 in leg 15 by turning screw 40 until
      it has gone all of the way into threaded opening 35, and then further
      turning screw 40 until the thread in opening 35 and the thread on screw 40
      are partially stripped, thereby preventing withdrawal of thumb screw 40
      from leg 15. After the thread in leg 15 is stripped, thumb screw 40 can be
      freely turned while permanently held in opening 35, thereby enabling
      insertion of the thumb screw into one of the threaded openings 31, 32 in
      leg 13 with which thumb screw 40 is engageable for retaining elements 11
      and 12 against separation. Thumb screw 40 has a manually graspable tab
      portion 42 which facilitates in turning the screw for insertion in leg 13
      of element 11.
PAR  Although apertures 21, 22 and openings 31, 32 are illustrated as being in
      the same leg of the same element, it would also be possible to have the
      apertures and openings on corresponding legs of opposite elements, and
      even on opposite legs of the opposite elements.
PAR  Assembly of the elements 11 and 12 is a simple two-step operation which may
      be executed very rapidly. First, elements 11 and 12 are brought together
      so that like corresponding legs are in surface-to-surface adjacency. The
      particular aperture and corresponding opening in leg 13 which are selected
      for use with finger 25 and thumb screw 40 is determined by the length
      adjustment which is desired to be selected for the complete member 10,
      with one adjustment being that associated with aperture 21 and opening 31
      and the longest adjustment being that associated with aperture 22 and
      opening 32. It will be appreciated that with the engagement of finger 25
      within an aperture, relative longitudinal movement of elements 11 and 12
      is prevented in both directions, although separation of the elements is
      still possible.
PAR  In order to preclude such separation and thus fully lock elements 11 and 12
      in positively held together relationship in the selected position of
      adjustment, thumb screw 40 is manually grasped and turned until elements
      11 and 12 are tightly held together.
PAR  Once a position of adjustment is selected and finger 25 and thumb screw 40
      are inserted through an aperture and opening in leg 13 and the thumb screw
      is turned, the legs of the respective elements cannot separate and cannot
      move transversely or longitudinally with respect to one another.
PAR  In addition to retaining elements 11 and 12 together, thumb screw 40 and
      finger 25 provide spaced bearing points for load distribution once the bed
      frame has been assembled, and a box spring and mattress (and/or user)
      bears thereon. The result is a rigid cross rail member 10 having a
      selected one of a plurality of available lengths whose rigidity and
      adjustment is maintained indefinitely yet which is instantly modifiable or
      dissassembled by turning thumb screw 40 in the opposite direction to
      withdraw thumb screw 40 from engagement with the threads in the selected
      opening in leg 13. Elements 11 and 12 can then be separated, whereupon a
      new adjustment may be selected, if desired.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bed frame member adapted to extend transversely between a pair of
      further bed frame members positioned in spaced parallel relationship, and
      be retained in one of a plurality of selected positions, comprising: a
      first elongated element having first means adjacent one end for fastening
      said first element to one of said further bed frame members, said first
      element including first and second generally perpendicular flat legs; a
      second elongated element having second means adjacent one end for
      fastening said second element to the other of said pair or further bed
      frame members and including first and second generally perpendicular flat
      legs; a plurality of longitudinally spaced apertures in one of said first
      legs, each aperture corresponding to one of said selectable positions; a
      protrusion on the other of said first legs and engageable within one of
      said apertures for retaining said elements against longitudinal movement
      in both directions relative to one another when like legs of said first
      and second elements are positioned in surface-to-surface adjacency with
      respect to one another; and cooperating locking means for retaining said
      elements against separation when a position has been selected and the legs
      of said elements are positioned in surface-to-surface adjacency with
      respect to one another, said locking means including a plurality of
      longitudinally spaced threaded openings in said first leg of said first
      element, each opening being associated with one of said apertures and
      corresponding to one of said selectable positions, the spacing between
      each threaded opening and its respective aperture being the same, a
      threaded opening in the first leg of said second element and having the
      same diameter as the threaded openings in said first leg of said first
      element, the thread in said opening in said first leg of said second
      element being partially stripped, and a releasable locking member
      comprising a screw means having a partially stripped thread received in
      said opening in said first leg of said second element to permanently mount
      said screw means on said second element, said screw means being engageable
      with the threads in one of said openings in said first leg of said first
      element for retaining said first and second elements against separation,
      and said screw means being spaced from said protrusion by a distance equal
      to the spacing between each threaded opening and its respective aperture.
NUM  2.
PAR  2. A bed frame member as defined in claim 1 wherein said screw means
      comprises a thumb screw having a manually graspable tab portion.
NUM  3.
PAR  3. A bed frame member as defined in claim 1 wherein said apertures and said
      openings are on the same leg of the same element.
NUM  4.
PAR  4. A bed frame member as defined in claim 1 wherein said protrusion is
      integral with the other of said first legs.
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ABST
PAL  The present invention provides a strong, but lightweight, multi-function,
      portable lumbering tool which can be easily carried by an individual
      lumberjack operating alone in the forest. The tool combines a number of
      functions which permit an individual lumberjack to fell even large trees
      in a desired direction including a breaking iron for tipping a tree, a
      wedge for preventing a saw from binding in a partially cut tree, a hook
      for dragging and rolling felled logs or for freeing a partially felled
      tree caught on another tree. The tool may also be used as a spade for
      clearing around the trunk of a tree or for general purpose digging.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to lumbering tools and more particularly to
      portable, manually operable multi-function tools.
PAC  BACKGROUND OF THE INVENTION
PAR  Lumbering is still often done by an individual lumberjack operating in the
      forest alone. After they are felled, certain types of trees are cut into
      pieces and stacked, while others are dragged out in one piece on skidders
      usually in groups of several trees. It is therefore, important, especially
      when working alone, that the lumberjack be able to control the direction
      in which the tree falls to minimize subsequent handling needed to cut,
      stack or remove felled trees. When "thinning" forests, an individual can
      fell small trees in a desired direction without appreciable mechanical
      help. However, if it is necessary to remove much larger trees, a
      lumberjack will find it virtually impossible to force a tree over without
      some mechanical aid. In the past, a variety of tools have been used for
      controlling the direction in which trees fall and for subsequent handling
      of the trees, i.e. breaking irons or levers for tipping a tree, wedges for
      preventing a saw from binding, hooks for dragging and rolling logs. These
      tools are used to forceably tip trees that do not lean in the desired
      direction and to prevent even straight standing trees from leaning back
      during or after cutting. It is therefore, important that an individual
      lumberjack be provided with a light, portable, manually operable
      multi-purpose tool to eliminate the need for carrying different items each
      for a single lumbering purpose.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a strong, but lightweight, multi-function,
      portable lumbering tool which can be easily carried by an individual
      lumberjack. The tool combines a number of functions which permit an
      individual to fell even large trees in a desired direction, including a
      breaking iron or lever for tipping a tree, a wedge for preventing a saw
      from binding in a partially cut tree, a hook for dragging and a cant hook
      for rolling felled logs or for freeing a partially felled tree caught on
      another tree. The tool may also be used as a spade for clearing around the
      trunk of a tree or for general purpose digging.
PAR  The multi-purpose lumbering tool of the present invention includes a head
      with a wedge-shaped cross section for insertion into the saw track of a
      partially cut tree to keep the tree from leaning back on the saw and to
      help lean the tree in the direction of felling. The head is integrally
      formed on a shaft with a thicker end of the head contiguous with one end
      of a shaft. A handle suitable for gripping with both hands is integral
      with the shaft and is displaced on the other end of the shaft. The handle
      and shaft act as a lever with the thicker end of the head serving as a
      fulcrum for tipping a tree. The head is flared in the plane of the head in
      a direction transverse to the shaft to provide a large bearing surface for
      efficient force transmission during tipping of a tree and to minimize
      sinking of the head into a soft tree trunk.
PAR  A portion of the leading edge of the head has a relatively sharp point for
      biting into the tree stump to hold the tool in place when it is lifted
      during the tipping process. Small barbs are disposed on one surface of the
      head for preventing the head from being pressed out of the saw track as
      the tree sits back on the tool. The shaft may be tapered from a thinner
      cross section near the handle to a thicker cross section near the head to
      provide a greater fulcrum for tipping the tree and to add strength to the
      tool. Portions of the head other than the pointed edge are rounded for
      safety purposes.
PAR  In a preferred embodiment, a hook is provided on one trailing edge of the
      wedge-shaped head and extends outwardly in the plane of the head. A
      cooperating support or bracket is integrally disposed on the shaft and
      transverse thereto midway of the head and handle and in the plane of the
      head to provide a canting surface cooperative with the hook for rolling a
      log and also to provide an extra hand grip when the tool is used to hook
      and drag a log. In an alternative embodiment, the hook can be adjustably
      affixed to the shaft to provide cant hook and drag hook functions.
PAR  The tool is lightweight, weighing only about one pound and easily carried
      in a hip holster. The convenient length of the shaft makes it easier to
      reach a log for hooking or dragging and saves the back from unnecessary,
      excessive bending when rolling a log. Although the tool is only 12 inches
      long, as a breaking iron it is just as effective as a 18 foot long pole
      pushing against a 20 inch base diameter tree.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the multi-function logging tool of the
      present invention;
PAR  FIG. 2 is an elevation view of an alternative embodiment of the invention;
      and
PAR  FIG. 2A is a partial perspective view of the embodiment of FIG. 2 showing
      the details of the alternative head construction.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides a lightweight, multi-purpose lumbering tool
      which may function as a lever for tipping trees, as a wedge for keeping a
      saw track open and to bias a tree in a particular direction for felling,
      as a hook for dragging logs or as a cant hook for rolling felled logs or
      for freeing partially felled trees and as a spade. Referring now to FIG.
      1, there is shown the novel lumbering tool of the present invention which
      includes a generally semi-circular head 10 integrally disposed on one end
      of an elongated shaft 12 and a generally oval-shaped handle 14 integrally
      disposed on the other end of shaft 12 in the plane of head 10.
PAR  Shaft 12 may be tapered from a thin end near handle 14 to a thick end near
      head 10 both to provide a large fulcrum for tipping the tree and to
      provide a stronger but lighter weight shaft. Handle 14 may be grooved to
      reduce its weight. Head 10 has a generally wedge-shaped cross section
      tapering longitudinally from a thicker end to a thinner end at the leading
      edge 16 of the tool. Leading edge 16 is rounded along most of the
      periphery thereof so that it may be easily handled and carried safely.
PAR  The wedge-shaped cross section of the head 10 facilitates its insertion
      into a saw track of a partially cut tree to prevent the saw from binding
      and to wedge up the tree so that the direction of felling may be
      controlled. Head 10 flares in the plane of the head in a direction
      transverse to shaft 12 to provide a large bearing surface for the head
      against the tree trunk to prevent the head from sinking into a soft trunk
      when the tree is tipped and to efficiently transmit an operating force
      during tree tipping. The head is apt to sink into the stump of trees that
      have grown quickly so that the fibers are soft or generally in the
      springtime when trees are softer due to high water content. A portion of
      the leading edge 16 of head 10 has a relatively sharp generally triangular
      point 18 which is used to bite into the stump and hold the tool in place
      during lifting and tipping of the tree. The pointed edge 18 also
      facilitates the insertion of the head into a narrow saw track. For even
      greater biting effect, especially in winter when the wood is hard,
      optional small slots 120 may be made in the pointed edge near the point
      118 as shown in phantom in FIG. 2A. As shown in phantom in FIG. 2, the tip
      can optionally include a downwardly bent lip 22 to provide a further
      biting effect.
PAR  One or more small rearwardly pointing barbs 24 are disposed on the upper
      surface of head 10 to prevent the head from being pressed out of a saw
      track by the weight of a tree. If the head tends to slip out of a saw
      track the barbs will engage the wood fibers to hold the head in place.
      This problem is greatest in the winter when trees are frozen and when the
      head may be covered with a thin layer of frost or ice.
PAR  In operation, head 10 may be impelled into a saw track by kicking the
      trailing thicker edge of head 10 or by kicking the trailing edge of handle
      14. After the tree has been partially tipped with the wedge and notched
      with a saw, it is ready for felling. Handle 14 may be grasped with both
      hands and together with shaft 12 acts as a lever for tipping the tree
      about the fulcrum provided by the thicker end of wedged head 10. The
      pointed edge 18 bites into the stump and the flared portions of the head
      rest against the trunk during tipping.
PAR  A hook 26 is integrally disposed from the thicker trailing edge of head 10
      and tapers in the direction toward handle 14 to a sharp point. A generally
      triangular slide bracket 28 is integrally disposed on shaft 12 in the
      plane of head 10 at a predetermined distance between the head and the
      handle. Bracket 28 includes a canting leg 30 and a gripping leg 32. In
      operation, the lumberjack may swing the tool, like an ax, to bite hook 26
      into a log. The length of the tool is sufficient to reach individual logs
      after they have been cut so that they may be hooked and dragged. Canting
      leg 30 of bracket 28 permits the tool to be used as a cant hook for
      rolling or turning heavy logs on the ground or for releasing partially
      felled trees caught on another tree. Canting leg 30 keeps the log from
      touching the shaft so as to provide the hook with the proper angle of
      attack and grip on the log. The handle leg 32 of bracket 28 provides an
      extra grip for dragging a heavy log. The length of the shaft makes it
      easier to reach a log when hooking and saves the back from unnecessary
      excess bending when rolling a log.
PAR  The novel lumbering tool of the present invention can be seen to provide
      all of the functions of a breaking iron, wedge, hook or cant hook.
      Furthermore, the tool may be used as a shovel with head 10 functioning as
      the spade.
PAR  The tool is preferably made of a high strength metal and can be forged or
      otherwise formed in a single piece or made in separate pieces by known
      techniques and then welded together.
PAR  Referring now to FIG. 2A, there is shown an alternative embodiment of the
      lumbering tool of the present invention, including a generally rectangular
      head 110 integrally disposed on one end of an elongated shaft 112 and an
      elongated handle 114 integrally disposed on the other end of the shaft
      112. Head 110 has a generally wedge-shaped cross section tapering
      longitudinally from a thick end adjacent shaft 112 to a thin end at the
      leading edge 116 of the tool. A portion of leading edge 116 is rounded for
      safety. The central portion of the leading edge has a relatively sharp
      generally triangular point 118 for biting into a tree stump as in FIG. 1.
      Alternatively, slots 120 may be provided to increase the biting effect
      into hard or frozen wood. As in FIG. 2, a lip may be provided on pointed
      edge 118. One or more barbs 124 are provided to prevent the head from
      being pressed out of a saw track. The front of head 110 flares in the
      plane of the head and transverse to shaft 112 in order to provide a
      greater bearing surface for the head against a trunk of a tree.
PAR  A heel section 126 of substantially increased thickness is provided on the
      thick end of head 110. Heel 126 is used for "repeating" whereby the tree
      can be wedged up and maintained in a forwardly leaning position. One first
      tips the tree as far as possible and then sticks in the heel to keep it
      up. The lumberjack then saws off most of the hinge which offers resistance
      to felling. Some of the hinge must always be left to help steer the tree
      in the proper direction. Since the tree and the head are pivoted with
      different radii during tipping of the tree, the length of head 110 must be
      sufficient to allow room for the tree to slide along the face of the head
      without interference with heel 126. Such interference would force the head
      out of engagement with the trunk and thereby impede felling.
PAR  Shaft 112 terminates in a t-shaped expansion 128 to provide a larger area
      of contact between the shaft 112 and head 110 and a larger weld area.
      However, it is possible to make the head and shaft from one piece without
      welding, for example, by forging.
PAR  The weight of shaft 112 may be reduced by providing cutouts 130 leaving
      supporting ribs 132. The ribs are spaced closely together at the end of
      shaft 112 near head 110 because that is where the stress is highest and
      are spaced farther apart near handle 114. Handle 114 may be fashioned from
      an I beam to further reduce the weight of the tool without sacrificing
      strength. Handle 114 may be covered with a plastic or rubber grip 134 for
      added comfort. Handle 114 may be disposed at a small angle, i.e.
      22.degree., with respect to the longitudinal axis of the shaft in one
      direction and the head may be disposed at a somewhat smaller angle, i.e.
      15.degree., with respect to the longitudinal axis of the shaft in the
      opposite direction to provide added leverage for the user when tipping a
      tree.
PAR  A strap 136 is pivotally disposed on shaft 112 in a direction perpendicular
      to the plane of head 110. A hook 138 is, in turn, pivotally and reversibly
      secured to the lower end of strap 136. When hook 138 is disposed with its
      point toward head 110, the tool of this embodiment may be used as a cant
      hook for rolling a heavy log wherein the bottom face of head 110 rests
      against the top of the log and the hook bites into the bottom of the log
      and the user rolls the log by pushing up on handle 114. Alternatively,
      when the hook is pointed away from the head, the tool may be used as a
      hook for dragging logs along the ground. The tool may also be used as a
      shovel.
PAR  Those skilled in the art will appreciate the various modifications that may
      be made to the previously described embodiments of the lumbering tool of
      the present invention without varying from the scope of the present
      invention. Consequently, it is not intended that the present invention be
      limited by what has been particularly shown and described, except as
      indicated in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitary portable, multi-function lumbering tool comprising:
PA1  an elongated shaft;
PA1  a head integrally disposed on one end of said shaft and having a
      wedge-shaped cross section tapering longitudinally from said shaft to a
      leading edge to facilitate its insertion into a saw track of a partially
      cut tree and to prevent a saw from binding therein, said head including a
      flared section extending in the plane of said head in a direction
      transverse to said shaft to provide a larger bearing surface for the head
      against a tree trunk;
PA1  at least one pointed edge projecting from a portion of said leading edge of
      said head for biting into a tree;
PA1  one or more rearwardly facing barbs disposed on one surface of said head
      for preventing said head from being pressed out of said saw track under
      the weight of the tree;
PA1  a handle integrally disposed at the other end of and cooperative with said
      shaft to provide a lever for tipping the tree about a fulcrum provided by
      the thicker end of said head; and
PA1  a hook disposed with respect to said head and cooperative with a surface of
      said tool to provide canting functions.
NUM  2.
PAR  2. A lumbering tool as in claim 1 further including:
PA1  a transverse surface at the thicker end of said head to provide a means for
      impelling the head into a saw track.
NUM  3.
PAR  3. A lumbering tool as in claim 1 wherein said handle includes a generally
      oval-shaped grooved perimeter extending transverse to the shaft and in the
      plane of the head suitable for gripping with one or both hands, the
      outermost surface of said handle providing a means for impelling said head
      into a saw track.
NUM  4.
PAR  4. A lumbering tool as in claim 1 wherein said hook is tapered to a sharp
      point and integrally disposed on and extending from said thicker end of
      said head.
NUM  5.
PAR  5. A lumbering tool as in claim 1 wherein said shaft is tapered from a
      relatively thin cross section at said handle end to a relatively thick
      cross section at said head end to provide a larger fulcrum for tipping the
      tree and to provide a stronger shaft.
NUM  6.
PAR  6. A lumbering tool as in claim 4 further including a bracket integrally
      disposed on and extending transversely from the shaft in the plane of said
      head at a predetermined distance from said hook and operative to provide a
      canting surface cooperative with said hook for rolling a log.
NUM  7.
PAR  7. A lumbering tool as in claim 1 further including a generally rectangular
      heel disposed at the thick end of said wedged head for providing a raised
      platform on which a partially tipped tree may rest to prevent the tree
      from leaning back after it has been partially tipped;
PA1  the longitudinal length of said head being sufficient to allow the tree to
      slide along the face of said head as it is being tipped until it begins to
      fall without interference with said heel.
NUM  8.
PAR  8. A unitary, portable, multi-function lumbering tool comprising:
PA1  an elongated shaft tapering from a relatively thick cross section at one
      end to a relatively thin cross section at the other end;
PA1  a head integrally disposed on said thicker end of said shaft and having a
      wedge-shaped cross section tapering longitudinally from said shaft to a
      leading edge of the tool to facilitate its insertion into a saw track of a
      partially cut tree and to prevent a saw from binding therein, said head
      including a flared section extending in the plane of said head in a
      direction transverse to said shaft to provide a larger bearing surface for
      said head against a tree trunk;
PA1  at least one pointed edge projecting from a portion of said leading edge of
      said head for biting into a tree;
PA1  one or more rearwardly facing barbs disposed on one surface of said head
      for preventing said head for being pressed out of a saw track under the
      weight of the tree;
PA1  a transverse surface at the thicker end of said head to provide a means for
      impelling the head into a saw track;
PA1  a hook tapered to a sharp point and integrally disposed on and extending
      from a corner of said thicker end of said head;
PA1  a bracket integrally disposed on and extending transversely from said shaft
      in the plane of said head at a predetermined distance from said hook and
      operative to provide a canting surface cooperative with said hook for
      rolling a log;
PA1  a handle integrally disposed at the thinner end of said shaft and including
      a generally oval-shaped grooved perimeter extending transversed to the
      shaft in the plane of the head suitable for gripping with one or both
      hands and having an outwardly facing rear surface for providing means for
      impelling said head into a saw track, said handle and said shaft
      cooperative to provide a lever for tipping the tree about a fulcrum
      provided by the thicker end of said head.
NUM  9.
PAR  9. A unitary, portable, multi-function lumbering tool comprising:
PA1  an elongated shaft having a plurality of longitudinal cutouts therethrough
      to reduce its weight separated by transverse ribs, said ribs being spaced
      closer together toward a first end of said shaft and farther apart toward
      a second end of said shaft;
PA1  a head integrally disposed on said first end of said shaft and having a
      wedge-shaped cross section tapering longitudinally from said shaft to a
      leading edge to facilitate its insertion into a saw track of a partially
      cut tree and to prevent a saw from binding therein said head including a
      flared section extending in the plane of said head in a direction
      transverse to said shaft to provide a larger bearing surface for the head
      against a tree trunk;
PA1  at least one pointed edge projecting from a portion of said leading edge of
      said head for biting into a tree;
PA1  one or more rearwardly facing barbs disposed on one surface of said head
      for preventing said head from being pressed out of a saw track under the
      weight of the tree;
PA1  a heel disposed at the thick end of said head for providing a raised
      platform on which a partially tipped tree may rest to prevent the tree
      from leaning back after it has been partially tipped;
PA1  the longitudinal length of said head being sufficient to allow the tree to
      slide along the face of said head as it is being tipped until it begins to
      fall without interference with said heel;
PA1  a handle formed of an I beam and integrally disposed at the second end of
      and cooperative with said shaft to provide a lever for tipping the tree
      about a fulcrum provided by the heel;
PA1  a strap pivotally disposed on said shaft;
PA1  a hook pivotally and reversibly disposed on said strap in a plane
      perpendicular to that of said head for providing, when said hook is
      pointed toward said head, a cant hook for rolling a log, and when said
      hook is pointed toward said handle for providing a hook for dragging a
      log.
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ABST
PAL  A mooring buoy for tanker ships is provided with vertical flow channels
      through which fluids may be passed from an undersea pipeline to a
      buoy-to-ship hose. Inlets to the flow channels are provided at their lower
      ends and outlets at their upper ends. To enable a ship moored to the buoy
      to swing around the buoy during loading, one or more flow channels are
      provided around a central flow channel, the outlets from each of these
      flow channels being rotatable about the axis of the central flow channel.
PARN
PAR  This is a continuation of application Ser. No. 385,345 filed Aug. 3, 1973
      now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a single-point mooring system and in
      particular to such a system having a buoy to which ships can be moored so
      as to be able to swing about the buoy as wind and tide dictate, the buoy
      being anchored to the sea bed in such a way as to prevent its rotation
      about a vertical axis, e.g. by means of four anchor chains. More
      particularly the invention relates to rotatable connecting means for
      connecting pipelines, e.g. one or more undersea pipelines to one or more
      buoy-to-ship pipelines.
PAC  BACKGROUND TO THE INVENTION
PAR  There is a need with such single-point mooring systems to provide the
      capacity for multiple-fluid transfer i.e. the transfer of several fluids
      simultaneously, e.g. fuel oil, crude oil, fresh water. The buoy then needs
      to have a rotatable connecting means which will serve to connect a set of
      pipelines to another such set while still allowing a moored ship to which
      one of the sets is connected, to rotate about the buoy.
PAC  SUMMARY OF THE INVENTION
PAR  According to a first aspect of the present invention I provide a mooring
      buoy incorporating a multiple flow pipe swivel including a plurality of
      inlets leading respectively to a central flow channel and to one or more
      flow channels located round the central flow channel, the central flow
      channel having an outlet at its upper end to which a pipeline can be
      connected, and the or each of the other flow channels having a laterally
      disposed outlet set towards its upper end, the outlet being rotatable
      about the axis of the central flow channel.
PAR  In one embodiment of the invention, the central flow channel terminates in
      a pipe swivel joint forming an axial extension of the flow channel to
      which a pipeline can be connected, the or each of the annular flow
      channels having at least one lateral opening leading into an associated
      outer chamber housing rotatable about, and coaxial with, its associated
      flow channel.
PAR  A major problem with such an embodiment is the sealing of the outer chamber
      or chambers to the exterior of the central fixed part (hereinafter called
      the "swivel head") round which the chamber or chambers rotate.
PAR  According to a second aspect of the present invention the sealing of an
      outer chamber in a mooring buoy as aforesaid is effected by providing a
      bearing between the outer chamber and the exterior of the swivel head, the
      outer chamber having flanges sealed to respective opposite flanks of the
      bearing and extending to positions adjacent the exterior of the swivel
      head and gland packings retained between said flanges and the exterior of
      the swivel head to seal the junctions on either flank of the bearing. The
      two flanges are preferably provided by respective carrier members which
      support between them a bearing element surrounding a second bearing
      element. In the case of plain bearings the two elements will make direct
      bearing contact, whilst in the case of ball or roller bearings the two
      bearing elements will constitute races for the balls or rollers. In either
      case the carrier members will extend on either side of the second bearing
      element, the gland packings being provided between such extension and the
      swivel head so that a fluid tight seal is provided on each side of the
      bearing.
PAR  In a further embodiment of the invention the lateral outlet or outlets on
      the flow channel or flow channels round the central flow channel are fixed
      directly to the upper part of the respective flow channels, and these
      upper parts are rotatable about the common axis of the flow channels.
DRWD
PAR  Embodiments of the present invention will now be described, by way of
      example only, with reference to the accompanying drawings wherein:
PA1  Fig. 1 is a cut-away elevation, mostly in cross section, of a
      multiple-fluid transfer pipe swivel according to the present invention and
      mounted in a buoy forming part of a single-point mooring system;
PAR  FIG. 2 is a section on the line II--II in FIG. 1;
PAR  FIG. 3 to FIG. 6 are respective sections of the bearings shown at A, B, C
      and D in FIG. 1;
PAR  FIG. 7 is a cut-away elevation, mostly in cross section of a second
      embodiment;
PAR  FIG. 8 is a schematic cross section through a third embodiment, showing
      three product flow paths;
PAR  FIG. 9 is a cross section through part of a typical linear swivel; and
PAR  FIGS. 10 to 12 show one way in which underbuoy hoses may be connected to a
      buoy in accordance with the invention;
PAR  FIG. 11 is a view along the line XI--XI of FIG. 10.
DETD
PAR  Referring to FIGS. 1 and 2 a mooring buoy 1 is anchored to the sea bed by
      four or more anchor chains 2 attached to the lower surface of the buoy at
      lugs 3. The buoy is generally annular and a multiple flow pipe swivel 4 is
      partially located in the central hollow of the buoy with its centre line
      axis coincident with the vertical centre axis of the buoy. The outer shell
      5 of the pipe swivel head is rigidly secured to the buoy by means of a
      welded deck plate 6 which has been suitably stiffened.
PAR  The swivel head has a central flow channel in the form of a pipe 7 with
      flanges 8 and 9 at its lower and upper ends respectively. A known type of
      pipe swivel joint 10 is attached to the upper flange 9 of the pipe 7 and
      has a flange connection 11 by means of which a floating buoy-to-ship hose
      (not shown) can be connected. An undersea hose may be connected to the
      flange 8 so that the pipe 7 provides an enclosed fluid communication
      between the undersea hose and the floating hose through the vertical axis
      of the buoy.
PAR  The central pipe 7 has a cylindrical shell 12 enclosing part of its length,
      the shell being closed at each end by means of dome caps 13 which have
      openings 14, 15 to allow the pipe 7 to pass through. The dome caps 13 are
      welded to the outside of pipe 7 at the openings 14, 15 to seal the annular
      cross-section space 16 formed between the inside of shell 12 and outside
      of pipe 7. At the lower end of shell 12 there is an opening 17 which
      communicates with a circular cross-section duct 18 terminating in a flange
      19 for connection to an undersea hose. Near the upper end of the shell 12
      are four or more substantially circular openings 20 symmetrically disposed
      about the circumference of the shell. The openings 20 provide direct fluid
      communication between the annular space 16 and an outer chamber 21 defined
      between the shell 12 and a cylindrical housing 22 rotatably mounted on the
      shell 12 by means of bearings generally indicated at A and B.
PAR  The cylindrical shell 5 encloses part of the length of the shell 12 to form
      a second annular cross-section space 23, dome caps 24 being provided to
      close its ends in a similar manner to the closing of the shell 12 by the
      dome caps 13. An inlet pipe 25 of circular cross-section is connected to
      an opening 26 near the bottom of the shell 5. The pipe 25 is provided with
      a flange 27 for connection to an undersea hose.
PAR  Four or more substantially circular apertures 28 are provided in the shell
      5 near its upper end, the appertures 28 being symmetrically disposed about
      its circumference. The apertures lead into an outer chamber 29 defined by
      the shell 5 and a cylindrical housing 30 mounted on the shell 5 by means
      of bearings generally indicated at C and D.
PAR  Each of the cylindrical housings 22, 30 is provided with two outlet pipes
      31 having flanges 32 for connection to buoy-to-ship hoses (not shown).
PAR  The multiple-flow pipe swivel described above thus provides three enclosed
      flow channels through the pipe swivel head. Further channels may be added
      by lengthening the shell 5 and adding a further shell and rotatable outer
      housing, in which case it will be the added shell and not the shell 5
      which is located in and secured to the deck plate 6.
PAR  The bearings indicated at A, B, C and D will now be described in greater
      detail with reference to FIGS. 3 to 6 respectively.
PAR  In FIG. 3 is shown the bearing circled at A in FIG. 1. The bearing
      comprises a ball-bearing 33 which supports the weight of the housing 22
      and allows rotation of the housing about the axis of the buoy. Races 34
      and 35 extend round the circumference of the shell 12. The race 34 is
      secured to a flanged cylindrical support member 36 which is welded to the
      shell 12. The race 35 is held between two carrier members 37, 38 by means
      of bolts such as 39, 40. O-ring seals 41, 42, 43 are trapped at the
      junctions between the carrier members and the race 35. An O-ring seal 44
      is trapped between the carrier member 37 and a flange 45 which is bolted
      to the carrier member 37 by means of bolts such as 46. The cylindrical
      housing 22 is welded to this flange 45. Above and below the race 34 the
      carrier members 37, 38 are spaced from the support member 36 by means of
      gland packings 47, 48 which are compressed between respective projections
      49, 50 of the carrier members 37, 38 and plates 51 secured to the carrier
      members by means of bolts such as 52.
PAR  FIG. 4 shows the bearing indicated at B in FIG. 1 and this bearing is
      similar in construction to the bearing at A except that a roller-bearing
      33' is used instead of a ball-bearing. Bearing C shown in FIG. 5 is
      similar in all respects to bearing B except that it is inverted.
PAR  Bearing C provides no support for the weight of the housing 30. To take the
      weight of this housing therefore I provide three sets of rollers 33" in
      the bearing D shown in FIG. 6. This necessitates the provision of races
      53, 54 which differ in cross-section from races 34 and 35 so that
      modification of the support member 36' and the carrier member 37' is
      necessary to compensate for changes in relative dimensions. The flange 45
      to which the housing 30 is welded at its lower end is bolted to the upper
      carrier member 38' so that the other carrier member is outside the chamber
      29. Each junction between the carrier members and the race 54 is provided
      with only one O-ring seal 55. Otherwise, the sealing of the bearing is
      achieved in a similar way to that used in bearings A, B and C.
PAR  The seals between rotating surfaces are subject to wear and may need
      renewing. The seal between the pipe 7 and the pipe swivel joint 10 may be
      replaced by unbolting the flange connection at 9. The gland packing seals
      47, 48 are made from strips of woven filaments. Access to inner seals 48
      is by undoing the bolt 46 at one end of the housing 22 or 30 and the bolt
      39 at the other end of the housing. The housing 22, 30 is then moved
      vertically sufficient to expose the compression plate 51 which is removed
      and the seal 48 changed. The housing is then replaced and the outer seal
      47 changed by removing its compression plate 51.
PAR  The pipe swivel thus has a plurality of flow channels in which each channel
      is sealed from the others by rigid pipe walls capable of withstanding
      substantial pressures. The number of flow channels that the pipe swivel
      may accommodate is theoretically unlimited.
PAR  The embodiments shown in FIGS. 7 and 8, like the embodiment shown in FIGS.
      1 to 6, provide coaxial flow channels, but differ in that the casings of
      the flow channels have their upper parts rotatable round their lower parts
      through pipe swivel joints. In this way the said upper parts can rotate
      together and can be provided with flanges for connection to buoy-to-ship
      hoses. Desirably, as shown in this embodiment, the pipe swivel joint for
      the innermost flow channel lies below the bottom of the outer casing for
      the next flow channel, and the pipe swivel joint for this outer casing
      lies below the bottom of the outer casing for the third flow channel (if
      any), thus providing easy access to the pipe swivel joints.
PAR  Coming now to the embodiments of FIGS. 7 and 8 in more detail, the mooring
      buoy 60 is again adapted to be anchored to the sea bed by anchor chains
      (not shown). A product distribution unit (hereinafter called "the unit")
      the upper part of which is rotatable relatively to the lower part, is
      located in an opening in the buoy deck, and has its longitudinal axis
      coinciding with the vertical axis of the buoy.
PAR  The centre of the unit is formed by a tube 7 with flanges 84, 85 at the
      upper and lower ends respectively. A flow pipe 89 is connected to the
      upper flange 84, and this is provided with a suitable connection for a
      floating hose. A known type of pipe swivel 83 is attached to the lower
      flange 85 of tube 7. A section of removable pipe-work 86 formed by known
      pipe fittings connects tube 7 by means of a flange 88 with pipework 87
      which passes down through the buoy and connects with an undersea hose.
      Hence the tube 7 provides an enclosed communication between the undersea
      hose and the floating hose through the vertical axis of the buoy.
      Navigational equipment structure 72 is fixed to rotating flow pipe 89.
PAR  The central tube 7 has two cylindrical shells 73, 79 respectively enclosing
      part of its length. The two shells, 73, 79 are joined by means of a known
      type of pipe swivel 90. The continuous shell thus formed is closed at each
      end by dome caps 91 which have openings to allow tube 7 to pass through.
      The opening at the top is welded to the outside of tube 7 and a packing
      gland 92 fitted to the lower opening to seal the annulus space 93 formed
      between the inside of shells 79 and 73 and outside of tube 7, but allowing
      tube 7 to rotate within shell 73. At the lower end of shell 73 there is a
      circular opening 94 which communicates with a section of removable
      pipework 95 formed by known pipe fittings and terminating with a flange
      96. This is connected to a pipe 99 leading to an undersea hose. Near the
      upper end of the shell 79 is another circular opening 97 which connects
      via a flange 98 to a rotating flow pipe 76, which has a suitable
      connection for a floating hose. Hence there is a further enclosed
      communication between an underwater hose and a floating hose attached to
      rotating flow pipe 76.
PAR  The fixed outer shell 73 of the unit is rigidly attached to the buoy by
      means of a bolted connection via the top flange 63 of swivel 90 and the
      buoy deck 53 (suitably stiffened). With the unit fixed in this position a
      water tight lower seal changing area 74 is formed below the buoy deck 6,
      access to which can be given by removable manhole covers (not shown) in
      the deck plates. An additional support for the unit is formed by a mooring
      arm upper support bearing structure 75 which is bolted to the buoy deck
      and rises to a point just below product flow pipe 76. On top of the
      structure 75 a split housing 77 contains an upper support bearing 78 of
      known type which supports the shell 79 via a journal 80 welded to shell
      79. A mooring arm (not shown) is mounted on and rotates around structure
      75 at the position shown by the broken line 81. An upper seal changing
      area 82 is formed by the buoy deck, structure 75 and housing 77.
PAR  The embodiment shown in FIG. 8 has three concentric flow channels 7, 58,
      59, their upper parts rotating respectively at joints 83, 56 and 57.
PAR  The pipe swivel thus has a plurality of flow channels in which each channel
      is sealed from the others by rigid pipe walls capable of withstanding
      substantial pressures. The number of flow channels that the pipe swivel
      may accommodate is theoretically unlimited.
PAR  The seals between rotating surfaces are subject to wear and may need
      renewing. The seals at pipe swivel 83 may be replaced by unbolting flange
      connections between 85 and 88. A wire sling 100 is used to support
      removable pipework 86. Another wire sling 101 is used to support removable
      pipework 95 after unbolting flange connections 96 and 102. Then by
      lowering shell 73 by means of jacking studs 103 access is obtained to
      inner seal of swivel 90. Packing gland 92 is replaced by removing plate 66
      (FIG. 9).
PAR  FIG. 9 shows in greater detail a joint between the upper and lower parts of
      a flow channel. One bearing element 70 is integral with the upper part of
      the channel, and bears with a plain bearing 33a against the elements 62
      and 63 which are secured to a flange 61 on the lower part of the channel
      by means of bolts 68, nuts 69 and washers 71. Gland seals 48 are provided
      between the flange 61 and element 62 and the bearing, and outer gland
      seals 47 are held in position between the upper part of the channel and
      the element 63, by a plate 66 and screws 67. Further seals are provided
      between the flange 61 and the bearing element 62 at 65, and between the
      bearing elements 62 and 63 at 64.
PAR  The arrangement shown in FIG. 10 facilitates the installation and removal
      of underbuoy hoses. In this embodiment, the pipe section 95 has its axis
      horizontal, and to it is bolted at 106 a removable section 107, supported
      by a bracket 108. The section 107 is secured at 114 to a vertical pipe
      section 105, located in a channel 104 through the buoy. At the bottom of
      channel 104 are provided guide pads 111 to hold in place a collar 112,
      around pipe section 105. This section is joined at 113 to an underbuoy
      hose 115 which is coupled at its other end 116 to an undersea pipeline
      117.
PAR  When it is desired to change the underbuoy hose, the joints 106 and 116 are
      dismantled, and the entire section between them is lifted out vertically
      by a lug 118, this operation being aided by guidelines 109, supported at
      110 by brackets 119. The dismantling of the joint 116 can be carried out
      either remotely (with a temporary hydraulic power line) or manually by a
      diver.
PAR  In an analogous manner, removable pipework 86 may be redesigned as shown in
      FIG. 10 to end in a flange 120 level with the flange 106, the flange 120
      being connected to an undersea pipeline in the same way as flange 106.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mooring buoy for tanker ships having a buoyancy chamber and means for
      passing fluids through the buoy from an undersea pipeline to the ship,
      said means comprising
PA1  a. a first inlet leading to a central flow channel extending through the
      buoy and having a generally vertical axis,
PA1  b. at least one further inlet leading to at least one outer vertical flow
      channel of annular cross section located coaxially around said central
      flow channel,
PA1  c. said central flow channel having a lower end into which the first inlet
      opens and an upper end with an outlet to which a hose can be connected and
      a swivel bearing in the central flow channel whereby the upper end of the
      said channel can swivel about said vertical axis relative to said lower
      end,
PA1  d. said swivel bearing being axially spaced from said at least one outer
      flow channel,
PA1  e. each outer flow channel having a lower end into which a further said
      inlet opens and an upper end portion with a laterally disposed outlet,
      said laterally disposed outlet being rotatable about said vertical axis by
      means of a swivel bearing,
PA1  f. each outlet of each flow channel being located exteriorly of and axially
      spaced from that of any further flow channel, outside that flow channel,
PA1  g. said central flow channel being rigid along its length at least to the
      extent it extends within said at least one outer flow channel, all the
      said central and outer flow channels being sealed from one another and
      deriving structural rigidity from a next innermost said channel against
      bending forces acting transversely to said vertical axis, and
PA1  h. the swivel bearing of each said outer flow channels being located
      exterior of and axially spaced from any further flow channels outside the
      flow channel which it seals, and comprising sealing elements and distinct
      bearing elements.
NUM  2.
PAR  2. A mooring buoy as claimed in claim 1 wherein each outer flow channel has
      at least one lateral opening leading into an associated outer chamber
      enclosed by a housing rotatable about, and coaxial with, the central flow
      channel, the outlets being incorporated in the rotatable chamber housing.
NUM  3.
PAR  3. A mooring buoy as claimed in claim 2 wherein the outer chamber housing
      surrounding each outer flow channel is supported by sealing bearings
      sealing only between said housing and said flow channel.
NUM  4.
PAR  4. A mooring buoy as claimed in claim 1 wherein at least part of the
      outermost channel is rigid with the buoyancy chamber of the buoy.
NUM  5.
PAR  5. A mooring buoy according to claim 1 which has a plurality of said outer
      chambers, each successive radially inner chamber being rigid along its
      length within a next outer chamber.
NUM  6.
PAR  6. A mooring buoy according to claim 5 wherein the swivel bearings of each
      chamber are respectively below the lowermost ends of a next outer chamber.
NUM  7.
PAR  7. A mooring buoy for tanker ships having a buoyancy chamber and means for
      passing fluids through the buoy from an undersea pipeline to the ship,
      said means comprising
PA1  a. a first inlet leading to a central flow channel extending through the
      buoy and having a generally vertical axis,
PA1  b. at least one further inlet leading to at least one outer vertical flow
      channel of annular cross section located coaxially around said central
      flow channel,
PA1  c. said central flow channel having a lower end into which the first inlet
      opens and an upper end with an outlet to which a hose can be connected and
      a swivel joint in the central flow channel whereby the upper end of the
      said channel can swivel about said vertical axis relative to said lower
      end,
PA1  d. said swivel joint being axially spaced from said at least one outer flow
      channel,
PA1  e. each outer flow channel having a lower end into which a further said
      inlet opens and an upper end portion with a laterally disposed outlet,
      said laterally disposed outlet being rotatable about said vertical axis by
      means of a swivel bearing,
PA1  f. said central flow channel being rigid along its length at least to the
      extent it extends within said at least one outer flow channel, all the
      said central and outer flow channels being sealed from one another and
      deriving structural rigidity from a next innermost said channel against
      bending forces acting transversely to said vertical axis,
PA1  g. vertical shafts radially spaced from the vertical flow channels through
      which hoses connecting the flow channels of the buoy to an undersea
      pipeline can be inserted and removed, and
PA1  h. the swivel bearing of each of said outer flow channels being located
      exterior of and axially spaced from any further flow channels outside the
      flow channel which it seals.
NUM  8.
PAR  8. A mooring buoy for tanker ships having a buoyancy chamber and means for
      passing fluids through the buoy from an undersea pipeline to the ship,
      said means comprising
PA1  a. a first inlet leading to a central flow channel extending through the
      buoy and having a generally vertical axis,
PA1  b. at least one further inlet leading to at least one outer vertical flow
      channel of annular cross section located coaxially around said central
      flow channel,
PA1  c. said central flow channel having a lower end into which the first inlet
      opens and an upper end with an outlet to which the hose can be connected
      and a swivel joint in the central flow channel whereby the upper end of
      the said channel can swivel about said vertical axis relative to said
      lower end,
PA1  d. said swivel joint being axially spaced from said at least one outer flow
      channel,
PA1  e. each outer flow channel having a lower end into which a further said
      inlet opens and an upper end portion with a laterally disposed outlet,
      said laterally disposed outlet being rotatable about said vertical axis by
      means of a swivel bearing,
PA1  f. the swivel bearing of each flow channel being located below any flow
      channels surrounding it,
PA1  g. an outermost flow channel with its swivel bearing located level with a
      deck of the buoy and the swivel bearings of all the flow channels being
      located in a water-tight seal changing area into which pass inlets from
      underbuoy hoses,
PA1  h. said central flow channel being rigid along its length at least to the
      extent it extends within said at least one outer flow channel, all the
      said central and outer flow channels being sealed from one another and
      deriving structural rigidity from a next innermost said channel against
      bending forces acting transversely to said vertical axis, and
PA1  i. the swivel bearing of each said outer flow channel being located
      exterior of and axially spaced from any further flow channels outside the
      flow channel which it seals.
NUM  9.
PAR  9. A mooring buoy for tanker ships having a buoyancy chamber and means for
      passing fluids through the buoy from an undersea pipeline to the ship,
      said means comprising
PA1  a. a first inlet leading to a central flow channel extending through the
      buoy and having a generally vertical axis,
PA1  b. at least one further inlet leading to at least one outer vertical flow
      channel of annular cross section located coaxially around said central
      flow channel,
PA1  c. said central flow channel having a lower end into which the first inlet
      opens and an upper end with an outlet to which a hose can be connected and
      a swivel joint in the central flow channel whereby the upper end of the
      said channel can swivel about said vertical axis relative to said lower
      end,
PA1  d. said swivel joint being axially spaced from said at least one outer flow
      channel,
PA1  e. each outer flow channel having a lower end into which a further said
      inlet opens and an upper end portion with a laterally disposed outlet,
      said laterally disposed outlet being rotatable about said vertical axis by
      means of a swivel bearing,
PA1  f. the swivel bearing of each flow channel being located below any flow
      channels surrounding it,
PA1  g. an outermost flow channel with its swivel bearing located level with a
      deck of the buoy and the swivel bearings of all the flow channels being
      located in a water-tight seal changing area into which pass inlets from
      underbuoy hoses,
PA1  h. said outermost flow channel having a lower part supported on jacking
      studs, and removable pipe sections being provided connecting said inlets
      from underbuoy hoses to said inlets at the lower ends of said flow
      channels, said pipe sections being provided with cables to support them
      when said swivel bearings are dismantled,
PA1  i. said central flow channel being rigid along its length at least to the
      extent it extends within said at least one outer flow channel, all the
      said central and outer flow channels being sealed from one another and
      deriving structural rigidity from a next innermost said channel against
      bending forces acting transversely to said vertical axis, and
PA1  j. the swivel bearing of each said outer flow channel being located
      exterior of and axially spaced from any further flow channels outside the
      flow channel which it seals.
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ABST
PAL  A quick-release device for storing a ring buoy and lifebuoy markers. The
      ring buoy rests against the end wall of a frame and is normally held there
      by a swingable pivoted ramp with its center of gravity well beyond the
      pivot. When stowed, the ramp snugly holds the ring buoy. The ramp also
      carries open-top, closed-bottom holders for lifebuoy markers. The markers
      may include a light signal and a smoke signal, both having actuators
      connected to a painter line, which is likewise stowed. A simple upward
      pull on a latch releases the ramp to seek its natural center of gravity,
      swinging out around its pivot providing a ramp pathway projecting the ring
      buoy out and away from a vertical drop and causing it to describe a
      trajectory that frees it from the ship. At the same time, the device both
      ejects and actuates the lifebuoy markers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a quick-release device for a life ring which
      simultaneously ejects and actuates lifebuoy marker means. This invention
      is an improvement over U.S. Pat. No. 3,675,257. By means of that
      invention, a life ring or ring buoy is propelled into the water from a
      ship when an operator pulls a simple release handle. The propelling force
      results solely from a novel use in this environment of the force of
      gravity to give improved operability and better propulsion.
PAR  The U.S. Coast Guard requires that a flare, light, or smoke signal
      accompany the ring buoy and be connected to it by a painter line. Devices
      heretofore in use, while complying with the requirements, have supported
      the smoke or flare signal or light in such a position on the ship that the
      pull on it from the life ring through the painter line is at right angles
      to the direction required to free the signal and pull it out, relying on a
      sufficient force component to achieve the result. Since the life rings are
      quite light in weight, the force component has often proven
      unsatisfactory. Even at best, it has slowed down the fall of the life ring
      and made it more subject to action by the wind. Even U.S. Pat. No.
      3,675,257, though a considerable improvement in this matter over the
      earlier art, still supported the flare or light or smoke signal by a pair
      of pressure clips and relied on the painter line to jerk the lifebuoy
      marker free from the clips.
PAC  SUMMARY OF THE INVENTION
PAR  As in U.S. Pat. No. 3,675,257, the invention provides a bracket for holding
      a ring buoy in the proper position on the ship, for example, along an axis
      transverse to the fore-and-aft axis of the vessel, typically aft of the
      bridge wing and just below the bridge railing. The bracket holds the life
      ring at a spaced distance away from the supporting bulkhead or railing, so
      that it will not come against that bulkhead or railing when it is
      released. It also supports a lifebuoy marker, such as a smoke or light
      signal, or both, and the painter line connecting the ring buoy to that
      signal. A pivoted ramp is used to retain the ring buoy: when in retention
      position, the ramp has a vertical portion locking the ring buoy in
      position and connected to a horizontal bottom portion by an inclined
      portion, generally at 45.degree.. The ramp is pivoted well to one side of
      its center of gravity. A simple mechanical handle release has a latch that
      normally locks the ramp in place, and when the handle is pulled, the force
      of gravity causes the pivoted ramp to swing out and down and causes the
      life ring to move out with it and to roll over the ramp, which projects it
      well away from a simple vertical drop in a trajectory that makes sure it
      will fall into the water well away from the ship.
PAR  Unlike U.S. Pat. No. 3,675,257, the present invention includes holding
      means secured to one side of the ramp and holding lifebuoy marking
      means--e.g., either or both of a light signal device and a smoke signal
      device. It normally holds them vertically during stowage in an open-top
      tube or tubes, and it ejects and dumps them out into the water at the same
      time as the ejection of the life ring. In addition, the holding means
      provides a suitable compartment for stowing the painter line connecting
      the life ring to the marker or markers, and when the ramp ejects the life
      ring, the painter line is also ejected from its stowage compartment.
PAR  Other objects and advantages of the invention will appear from the
      following description of a preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a view in perspective of a portion of a ship having some of the
      devices of the invention installed thereon.
PAR  FIG. 2 is a view in perspective from the rear of a quick-release life ring
      assembly embodying the principles of the invention.
PAR  FIG. 3 is a view in end elevation of the assembly.
PAR  FIG. 4 is a view in rear elevation of the assembly of FIG. 2.
PAR  FIG. 5 is a view similar to FIG. 4 showing the assembly very soon after
      release has been obtained by pulling up on the handle.
PAR  FIG. 6 is a view similar to FIG. 5 taken a few moments later with the ramp
      swinging to its lower position and the life ring leaving the ramp to
      follow a trajectory as though it were flung off board. In broken lines,
      the final position of the ramp is shown.
PAR  FIG. 7 is a top plan view of the assembly of FIG. 2.
PAR  FIG. 8 is an enlarged view in section of a portion of FIG. 6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Two assemblies 10 and 11 embodying the principles of the invention are
      shown in FIG. 1 installed on a transverse bulkhead 12 of a ship, just
      below the bridge railing 13. One is located on each side of the ship, so
      that there is usually one port and one starboard ring. Other locations may
      be additionally used, according to the desire of the ship owner and its
      master and the Coast Guard or other appropriate regulations. Each assembly
      10, 11 holds a ring buoy 15 transverse to the fore-and-aft axis of the
      ship, and, upon release, the life ring 15 is propelled out from one end of
      the assembly 10 or 11 and is sent out away from the ship, and not simply
      dropped vertically.
PAR  The two assemblies 10 and 11 are symmetrical to each other, so that the
      description of one will suffice for both. The assembly 10 of FIGS. 2-7
      comprises a suitable support and spacing members 16, 16a and 17; the
      support and spacing member 17 is preferably parallel to the support and
      spacing members 16 and 16a and the members 16 and 16a may be one
      continuous piece, if desired. The members 16, 16a and 17 may be made from
      sheet metal in sufficient width to space the ring buoy 15 a desired
      distance from the adjacent bulkhead 12, flanges 18, 18a, and 19 being
      secured to the bulkhead 12.
PAR  A main frame 20 of the assembly 10 is secured to flanges 21, 21a and 22 of
      the spacing members 16 and 17. The main frame 20 has a stationary vertical
      end wall 23, against which the ring buoy 15 abuts, with flanges 23a and
      23b, one of which is bolted to the flanges 21 and 21a. The main frame 20
      also has a short horizontal bottom wall 24 with flanges 24a and 24b and a
      pair of horizontal upper angle irons 25 and 26 spaced apart by a member 27
      which may be part of the end wall 23. Across the lower flanges 24a and 24b
      at their outboard end is secured a pivot rod 28.
PAR  A swinging ramp and locking member 30 is pivoted on the rod 28 and has a
      normally horizontal bottom portion 31, an angularly extending portion 32,
      preferably about 45 degrees to the bottom portion 31, and a normally
      vertical end portion 33, the "normally horizontal" and "normally vertical"
      referring to the stowing position of FIGS. 2 and 3. The inclined portion
      32 may be replaced with an arcuate curved portion. The ramp 30 is also
      provided with a pair of diagonal guide and retention members 34, one on
      each side that extend between the inner end of the bottom member 31 and an
      upper part of the end member 33, which help to hold the life ring 15 in
      place. The bottom portion 32 carries on its lower surface a rod or
      projecting portion 31a which seats firmly against the bottom wall 24,
      while the bottom portion 32 lies parallel to the wall 24.
PAR  The ramp 30 is pivoted so that most of the weight of the ramp lies to one
      side of the pivot rod 28, to the left as is shown in FIGS. 2 through 6, so
      that when the ramp 30 is permitted to swing freely, it swings to the
      position shown approximately in broken lines in FIG. 6. The life ring 15
      is mounted to bear on all three major portions: on the bottom 31, the
      inclined portion 32, and the end portion 33, which holds it also against
      the rear wall 23 of the stationary frame 20. The ramp 30 is retained in
      its stowing position by means of a latching and latch and release assembly
      35, which may comprise a latch 36 with an M-like shape pivoted at its ends
      37 to brackets 38 on the angle irons 25 and 26, and a handle 39 welded to
      the latch 36 at right angles to it. The M-shaped latch 36 has a central
      portion 40 which has a vertex 41 bearing with spring-like action on the
      end portion 33 of the ramp 30. An upward pull on the handle 39 pulls the
      latch 36 up above the upper edge 42 of the ramp 30 and lets the ramp 30
      fall down.
PAR  Once the life ring 15 has been put in place, it is held there by the ramp
      30 and the latch and release assembly 35, and once the latch 36 is
      released, as in FIG. 5, the ramp 30 swings down and the life ring 15 rolls
      along it and off, as shown in FIG. 6. What may not be completely apparent
      at first is that since the life ring 15 itself shifts its weight from
      primarily on the bottom ramp wall 31 to primarily on the inclined ramp
      wall 32 then later to the end ramp wall 33, it is already rolling, and the
      moving ramp 30 has a tendency to give the effect of throwing the life ring
      15 overboard, even though everything is governed by the force of gravity.
      The gravitational forces act, in other words, not only on the ring buoy 15
      but also on the ramp 30, so that the normally bottom wall 31 of the ramp
      30 becomes a rear wall and helps to impel the ring 15, and so do the
      inclined wall 32 and the originally vertical wall 33. The projecting bar
      31a helps on this too. The side members 34 retain the ring 15 in place
      during this time to assure that it will be projected off the end of the
      ramp 30. The final position of the ramp 33, as shown in broken lines in
      FIG. 6, may be governed by the edge 43 of the ramp 33 at the hinge 44.
      (See FIG. 8.)
PAR  In the present invention, the ramp 30 also supports holding means 50,
      comprising, for example, a pair of tubes 51 and 52 and a stowage
      compartment 53. The tube 51 may, for example, support a smoke signal
      device 54, holding it upside down and vertically. The tube 52 may, for
      example, hold an electric water light device 55 vertically. The
      compartment 53 may be defined by a horizontal wall 56 and two vertical
      walls 57 and 58, and it holds a painter line 60 that is secured to the
      life ring 15 at one end, and, at the other end (it is typically about 15
      to 20 feet long) is secured to pull cables 61 and 62 which, respectively,
      will later serve to actuate the smoke signal device 54 and the electric
      water light 55. The devices 54 and 55 may be well-known conventional
      devices. The tubes 51 and 52 may be fabricated in various sizes and
      configurations to adapt to different signal devices, including new and
      better smoke and electric watertight devices not yet available which may
      come on the market in the future.
PAR  The point here is that where the ramp 30 is unlatched and swings down to
      eject the life ring 15, it also inverts the tubes 51 and 52 and opens and
      inverts the compartment 53 to eject the lifebuoy markers 54 and 55 into
      the water along with the painter line 60, and during their trajectory the
      devices 54 and 55 are actuated by pull on the cables 61 and 62. No chances
      are taken about possible failure of clips to release the markers 54 and 55
      and everything happens as a completely coordinated action. The pull cables
      61 and 62 are made of a length suitable to insure ejection without
      interference from the actuation devices and are suitably packed into the
      tubes 51 and 52 along with the markers 54 and 55.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a quick-release device for a ring buoy having spacing and support
      means for securing the device to a bulkhead, a stationary frame supported
      by said spacing and support means and providing a vertical end wall and
      pivot means spaced from said end wall, said ring buoy resting against said
      end wall, a swingable ramp pivoted to said pivot means with its center of
      gravity well beyond said pivot means on the opposite side thereof from
      said end wall, said ramp having a short bottom wall portion, and an end
      portion, which during stowage is substantially vertical and when vertical
      snugly holds said ring buoy, and a connecting portion joining said bottom
      wall portion to said end portion, with the ring buoy resting on the bottom
      portion and connecting portion of said ramp and against its said end
      portion, and latch and release means supported by an upper portion of said
      frame for engaging said ramp's end portion near an upper edge thereof when
      said end portion is vertical, and having release means for releasing said
      latch upon a simple upward pull, releasing said upper edge, the
      combination therewith of:
PA1  auxiliary, open-top, closed-bottom holding means secured to and movable
      with said ramp for loosely holding, to one side of said ring buoy and in a
      vertical position during stowage, lifebuoy marker means,
PA1  said holding means also including a stowage compartment for a painter line
      secured to said ring buoy and to said marker means,
PA1  whereby said ramp seeks its natural center of gravity and swings out around
      said pivot means and provides a ramp pathway projecting the ring buoy out
      and away from a vertical drop and causing it to describe a trajectory that
      frees it from the ship, and said holding means is simultaneously inverted
      to dump said lifebuoy marker means and said painter line and thereby to
      actuate said lifebuoy marker means.
NUM  2.
PAR  2. The device of claim 1 wherein said marker means include pull-actuated
      actuating means, and two pull cable means having one end attached to said
      actuating means and another end fastened to said device.
NUM  3.
PAR  3. In a quick-release device for a ring buoy having spacing and support
      means for securing the device to a bulkhead, a stationary frame supported
      by said spacing and support means and providing a vertical end wall and
      pivot means spaced from said end wall, said ring buoy resting against said
      end wall, a swingable ramp pivoted to said pivot means with its center of
      gravity well beyond said pivot means on the opposite side thereof from
      said end wall, said ramp having a short bottom wall portion, and an end
      portion, which during stowage is substantially vertical and when vertical
      snugly holds said ring buoy, and a connecting portion joining said bottom
      wall portion to said end portion, with the ring buoy resting on the bottom
      portion and connecting portion of said ramp and against its said end
      portion, and latch and release means supported by an upper portion of said
      frame for engaging said ramp's end portion near an upper edge thereof when
      said end portion is vertical, and having release means for releasing said
      latch upon a simple upward pull, releasing said upper edge, the
      combination therewith of:
PA1  auxiliary, open-top holding means secured to and movable with said ramp for
      holding, to one side of said ring buoy and in a vertical position during
      stowage, lifebuoy marker means,
PA1  said holding means also including a stowage compartment for a painter line
      secured to said ring buoy and to said marker means,
PA1  said marker means comprising smoke liberation means having a pull-actuated
      igniter means with a pull cable secured thereto, and electric watertight,
      light means having pull-actuated actuating means with a pull cable secured
      thereto,
PA1  said painter line being secured to said ring buoy and to said pull cables,
PA1  whereby when said ramp seeks its natural center of gravity and swings out
      around pivot means, it provides a ramp pathway projecting the ring buoy
      out and away from a vertical drop and causing it to describe a trajectory
      that frees it from the ship, and said holding means is simultaneously
      inverted to dump said lifebuoy marker means and said painter lines and
      thereby to actuate both said lifebuoy marker means.
NUM  4.
PAR  4. The device of claim 3 wherein said auxiliary, open-top holding means
      comprise a pair of open-top tubes side-by-side.
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ABST
PAL  The swimmer's aid is a generally S-shaped board having means on the upper
      surface thereof for engagement with the hands of a swimmer. The swimmer
      holds the board in front of him with his arms extended and propels himself
      by means of kicking his legs. The rearward end of the board is downturned
      to act as a drag. The forward end of the board is upturned to minimize any
      tendency of the board to dive into the water during use. The swimmer's aid
      is a practice device intended to assist in improving a swimmer's ability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various swimmer's aids have been developed to assist swimmers in improving
      their swimming ability. The use of such aids is particularly helpful to
      swimmers engaged in competitive swimming. In competitive swimming, there
      are various different arm stroking and leg kicking techniques associated
      with different swimming strokes. Also, the posture of the swimmer in the
      water is of importance. When a swimmer is practicing or training, he
      frequently will concentrate on, for example, kicking without stroking his
      arms or he may concentrate on stroking his arms without kicking his arms.
PAR  The present invention is adapted to aid the swimmer in developing the
      kicking of his legs and also his posture in the water. The device is a
      platform-like structure which is engaged by the hands of the swimmer and
      held before the swimmer with his arms outstretched. The swimmer then
      propels himself in the water by means of kicking his legs.
PAR  The device is advantageous in that it is relatively unbreakable, also, it
      forces the swimmer to kick strongly enough so that he will not sink. The
      device is not buoyant as have been some prior art boards developed for
      generally the same purpose. The device also tends to place the swimmer is
      a good posture or body position in the water. The device is particularly
      useful for the breast-stroke and the flutterkick. It also enables a
      swimmer to do flip turns at the end of each length without removing the
      device from his hands. In a flip turn, the swimmer essentially dives into
      the water and turns around in the water to head in the opposite direction.
PAC  SUMMARY OF THE INVENTION
PAR  A simmer's aid is provided. The swimmer's aid is adapted to be held in a
      swimmer's hand and held forwardly of the swimmer in the water with the
      swimmer kicking his legs to propel himself. The aid comprises a board-like
      structure which has a central portion of a size to receive the swimmer's
      hands. The board-like structure includes an upturned forward portion to
      inhibit any tendency of the forward end of the aid to dive into the water
      during use of the aid and a downturned rearward portion to act as a drag
      in the water during use of the aid. Means are also provided on the upper
      surface of said central portion for engagement of the hands of a swimmer
      during use of the aid.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of one embodiment of the swimmer's aid of
      the present invention;
PAR  FIG. 2 is a sectional view of the swimmer's aid of FIG. 1 taken
      substantially along the line 2--2 looking in the direction of the arrows;
PAR  FIG. 3 is a top plan view of the swimmer's aid of FIG. 1.
DETD
PAR  Referring to the Figures, it will be noted that the swimmer's aid 10
      comprises a board-like device having a general S-shape, as viewed from the
      side, with a central relatively large flat planer portion 12, an upturned
      forward end portion 14 and a downturned rearward end portion 16. The
      device may be fabricated of, for example, a thermoplastic high impact
      styrene.
PAR  Hand engageable flexible loops 18, 20 are provided generally centrally of
      the portion 12 but being placed somewhat closer to the rearward end than
      the forward end. The loops 18, 20 are formed of a single length of
      flexible tubing, for example, surgical rubber tubing. An opening 22 is
      provided in approximately the center of the portion 12. The length of the
      flexible tubing is knotted at the center to form a knot 24 which is too
      large to pass through the opening 22. In assembling the tubing onto the
      device 10, the ends 30, 32, are first passed through the opening 22. It
      will be noted that the ends 30, 32 are cut on a bias to provide a pointed
      end portion 34, 36 which easily first passes through the opening 22. These
      portions 30, 32 are then grasped and pulled whereupon the tubing will pass
      through the opening 22. However, when the knot 24 abuts against the
      underside of the board, the tubing cannot be pulled further.
PAR  Additional openings 38, 40 are provided in line with the opening 22
      adjacent the side edge portions of the central portion 12. The ends 34, 36
      are passed into the openings 38, 40. Again, the end portions 30, 32 are
      then grasped and additional portions of the tubing are pulled through the
      openings.
PAR  The openings 22, 38, 40 are designed to be smaller than the undeformed
      diameter of the tubing so that the tubing will be pinched as will be noted
      in FIG. 1. For example, in a typical example, tubing of 3/8 inch diameter
      was used. The central opening 22 was provided with a diameter of 5/16 inch
      while the openings 38, 40 were provided with diameter of 3/16 inch. This
      results in securing the tubing to the swimmer's aid 10 in such a fashion
      that the tubing will not come loose during normal usage of the device.
PAR  Several features of the swimmer's aid 10 may be now understood. In use of
      the device, the swimmer inserts the fingers of one hand through each of
      the loops 18, 20. His thumbs remain outside of the loops and rest over the
      center portion 42 where the loops meet. The swimmer's hands are easily
      retained in the device and are comfortably positioned on the central
      portion 12.
PAR  The swimmer then may use the device in the water with his arms extended
      forwardly. The swimmer must kick in order to propel himself in the water.
      Should the swimmer not kick vigorously enough, his hands will tend to sink
      into the water as a result of the weight of the forward portion of the
      swimmer's body. This tends to prevent laziness on the part of the swimmer.
      The upturned forward end portion 14 tends to keep the nose of the device
      up and prevent diving into the water. The rearward downturned end portion
      16 provides a water drag which makes the swimmer kick a little bit harder
      and also tends to keep the device level in the water. This construction
      encourages the swimmer to assume a regular position or posture in the
      water which is advantageous in training him to swim properly.
PAR  While the swimmer's aid has been disclosed with a relatively flat central
      planer portion 12 and relatively flat upturned forward end portion 14 and
      downturned rearward end portion 16, it will be appreciated that these
      portions may be curved to form a more formal S-shape. Additionally, the
      portions 12, 14, 16 may also be provided with depressions, bulges or the
      like if desired.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A swimmer's aid adapted to be held in a swimmer's hands and held
      forwardly of the swimmer in the water with the swimmer kicking his legs to
      propel himself, comprising a board-like structure having a central portion
      of a size to receive the swimmer's hands, a forward portion which is
      fixedly upturned to inhibit any tendency of the forward end of the aid to
      dive into the water during use of the aid and a rearward portion which is
      fixedly downturned to act as a drag in the water during use of the aid,
      and means on the upper surface of said central portion for engagement of
      the hands of a swimmer during use of the aid.
NUM  2.
PAR  2. A swimmer's aid as defined in claim 1, further characterized in that
      said board-like structure is fabricated of a substantially non-buoyant
      material whereby it will not buoyantly support the forward portion of the
      swimmer.
NUM  3.
PAR  3. A swimmer's aid as defined in claim 1, further characterized in that
      said means on the upper surface of said central portion for engagement of
      the hands of the swimmer during use of the aid comprise a pair of
      side-by-side loops formed of flexible material to receive the swimmer's
      hands.
NUM  4.
PAR  4. A swimmer's aid as defined in claim 3, further characterized in that
      said loops are positioned closer to the rearward portion of the swimmer's
      aid than the forward portion of the swimmer's aid.
NUM  5.
PAR  5. A swimmer's aid as defined in claim 3, further characterized in that
      said loops are formed of a single length of flexible tubular material,
      said central portion of the boardlike structure being provided with an
      opening centrally thereof and an opening adjacent each side thereof, said
      length of flexible material having a knot formed therein adjacent the
      center thereof, both portions of said length of flexible material on
      either side of the knot extending through said central opening with said
      knot in abutment with the underside of said central portion, a portion of
      each end of the length of flexible material extending through one of said
      openings adjacent each side of said central portion to thereby define said
      loops, all of said openings being of smaller diameter than the undeformed
      diameter of the tubular material extending therethrough whereby the
      tubular material is pinched in the area of the openings to thereby retain
      the tubular material in place.
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ABST
PAL  A threading tap, having the usual longitudinally extending flutes to
      provide lands therebetween. Each land is provided with screw-cutting
      teeth, and each land has at least one cross-groove formed therein of a
      length equal to at least two teeth and of a depth greater than the root
      depth of adjoining teeth. A cross-groove in one land is longitudinally
      off-set from a cross-groove in an adjoining land to provide for chip
      clearance and yet not materially weaken the structure of the tap.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Threading taps are well known in the prior art and comprise longitudinally
      extending flutes forming lands therebetween, the lands being provided with
      screw-cutting teeth. In use of such taps considerable care had to be
      exerted in the threading operation to avoid breaking the tap. It was
      customary to use cutting oil during the threading cutting operation and,
      even so, it was necessary to back off the tap one or more times to remove
      chips which otherwise might cause the tap to bind and break.
PAR  Attempts have been made in the prior art to overcome breaking of taps and
      these included the cutting of cross-grooves in the lands. However, these
      attempts were not considered practical since in some only a tooth was
      removed to form the groove or in others the groove did not extend deep
      enough and therefore did not provide adequate chip clearance. Still in
      others, the grooves were deep enough but were in radial alignment and
      therefore not only weakened the tap but caused stringing of the chips and
      consequent breakage of the tap.
PAR  In my improved tap, the cross-grooves in the lands are of a length equal to
      at least two teeth; have a depth greater than the root depth of the
      adjoining teeth; and are in staggered relation so that no transverse
      portion of the tap is material weakened. Also, because the cross-grooves
      are staggered, no stringing occurs since the chips are broken up between
      lands. In addition, I have positioned certain of the cross-grooves to
      define maximum and minimum limits for threading the tap to produce screw
      threads of a required number and depth in accordance with good machine
      shop practice.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing accompanying this specification and forming a part of this
      application, there is shown, for purpose of illustration an embodiment
      which my invention may assume, and in this drawing:
PAR  FIG. 1 is a perspective view illustrating a preferred embodiment of my
      improved tap,
PAR  FIG. 2 is a side view of the tap,
PAR  FIG. 3 is a view looking at the entering end of the tap,
PAR  FIG. 4 is an enlarged fragmentary sectional view illustrating a
      cross-groove,
PAR  FIG. 5 is a side view of a spiral tap, showing my invention applied
      thereto, and
PAR  FIG. 6 is a side view of a straight tap, showing my invention applied
      thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tap shown in FIGS. 1 through 4 incorporates certain features of prior
      art taps, such as the usual square head 10, and the bit portion 11
      tapering to a smaller size at its entering end 12. The bit portion has the
      usual flutes 14 forming lands 15 therebetween, and each land is provided
      with screw-thread cutting teeth 16.
PAR  My invention may be utilized with taps having two or more flutes 14 and in
      the drawing four flutes are disclosed. Further, the flutes may be
      rectilinear, as seen in FIGS. 1 and 2, or spiral as seen in FIG. 5.
PAR  Cross-grooves 17 are formed on the lands 15 in any suitable manner, such as
      by a grinding operation. As seen in FIG. 4, each cross-groove is
      preferably arcuate in shape and of a length equal to at least two teeth.
      Also, the cross-groove has a depth greater than the root depth of the
      adjoining teeth. This provides adequate clearance for chips to pass to the
      longitudinal flutes 14 and prevents chips from jamming up in any one
      flute.
PAR  The improved tap may be used in normal manner but tapping operations will
      be materially accelerated because the tap may be fed faster and need not
      be backed out, at least not as frequently as before. Since the
      cross-grooves are in staggered relation, the teeth on a land will start
      the cutting of the thread and the consequent chip will be formed. However,
      before the formed chip reaches string proportions, it will be broken up by
      the cutting edge of the teeth on the staggered land, and therefore the
      chips remain small in size and are easily accommodated within the
      longitudinal flutes. Thus, faster tapping results, with the use of less
      cutting oil.
PAR  My invention also incorporates means to determine the maximum and minimum
      tapping depths of the tap. Heretofore, maximum and minimum gauges were
      used to determine whether or not the hole was tapped to a proper depth for
      a predetermined use. This required that the tap be withdrawn, the gauge
      inserted in the hole and and read, and the tap re-inserted and tapping
      operation continued if the proper depth of the threads had not been
      reached.
PAR  Tapped holes for pipe, grease fittings and external plugs required a
      certain predetermined thread depth, whereas tapped holes for a plug which
      is to be located below the plate surface required a greater thread depth.
PAR  My invention eliminates the need for maximum and minimum gauges by
      utilizing one or more cross-grooves to indicate thread depth. Thus, as
      seen in FIG. 2, the opposite ends of the top cross-groove 17 is utilized
      to indicate the maximum and minimum thread depth for pipes, grease
      fittings and the like. As shown, the end of the top groove (in FIG. 2)
      closer to the entering end 12 of the tap is utilized to indicate minimum
      threads, and this end may have an arrow, as shown, marked with a "min"
      designation, or such end may bear a predetermined color. The opposite end
      of the tap groove is utilized to indicate maximum thread and likewise may
      have an arrow or be colored. In order that the operator may quickly locate
      the maximum and minimum markings, the shank or bit portion may have "max"
      and min indications outside of the tap threads.
PAR  Again referring to FIG. 2, the inner-most end of the lower cross-groove may
      be utilized to indicate predetermined distance for internally located
      plugs, and indications as before noted, may be applied to the tap.
PAR  It is an important aspect of my invention that the cross-grooves are in
      staggered relation so as to produce their beneficial purposes without
      materially weakening the tap in a transverse direction. As best seen in
      FIG. 2, the upper land therein shown is formed with one cross-groove 17
      whereas the lower land is formed with two cross-grooves 17 but it will be
      noticed that the cross-grooves are out of radial alignment so that the
      cross-section of the tap is not materially reduced. It will of course be
      appreciated that the number of cross-grooves may be varied, as long as
      they are disposed in staggered relation, and retain the size above
      mentioned.
PAR  FIG. 6 discloses a straight tap, having flutes 14 and staggered
      cross-grooves 17. One or more of the flutes may bear designations to
      indicate tapping depth. For example, the zero designation may indicate
      that part of the tap at the start of forming a complete thread, and the
      following designations may indicate in inches the depth of the formed
      thread. It will be appreciated that instead of numerical designations, the
      various depths may be indicated by letters, or by color. It will be noted
      that the depth designations adjoin succeeding cross-grooves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A threading tap capable of continuous forward threading movement without
      intermediate backing-off, said tap having a plurality of longitudinally
      extending flutes forming a plurality of longitudinally extending lands
      therebetween, each of said lands having similar full-shaped thread-cutting
      teeth formed thereon, and each land having at least one cross-groove
      formed therein of arcuate shape in a direction longitudinally of the land
      and of a length equal to at least two teeth and of a depth greater than
      the root depth of adjoining teeth to thereby establish communication
      between adjoining flutes, each cross-groove in each land being
      longitudinally off-set from each cross-grove in an adjoining land to
      provide for chip clearance and yet not materially weaken the structure of
      said tap.
NUM  2.
PAR  2. The construction according to claim 1 wherein a said cross-groove is
      spaced a predetermined distance from the entering end of said tap to
      indicate the limit of tap threading for a selected use.
NUM  3.
PAR  3. The construction according to claim 2 wherein said cross-groove is of a
      predetermined length with the longitudinally opposite ends thereof
      indicating minimum and maximum limits for said tap threading.
NUM  4.
PAR  4. The construction according to claim 3 wherein the tap is provided with
      alphameric indicia at the minimum and maximum limits.
NUM  5.
PAR  5. The construction according to claim 1 wherein said tap is a tapered tap
      with its effective diameter increasing throughout the active length
      thereof.
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ABST
PAL  A threaded opening is formed in a plastic or metallic body formed by
      molding or casting by providing a wire in a helical configuration
      supported on a core member and then molding or casting the material about
      the helical configuration. This helical configuration or insert is
      initially provided with a thread pitch greater than that desired for the
      final threaded opening so that shrinkage of the material as it hardens
      adjusts the greater thread pitch of the helical insert to the desired
      final value.
BSUM
PAR  This invention relates generally to wire thread inserts and more
      particularly to an improved method and insert product for providing
      threaded openings in molded or cast bodies such as plastic parts or
      die-cast aluminum zinc, and similar materials.
PAC  BACKGROUND OF THE INVENTION
PAR  To provide a strong threaded opening in a plastic body or a cast body of
      soft metal, such as aluminum, it is common practice to provide a helical
      wire insert to define the threads in the opening. Thus, normal practice
      after a body has been molded or cast involves drilling a hole in the body
      at the desired location of the threaded opening, tapping the hole,
      inserting the helical wire configuration and then removing tangs or bent
      end portions to provide the final threaded insert construction. The
      helical wire itself may be made of stainless steel to provide strength and
      minimization of corrosion and the end product results in a strong threaded
      opening in the plastic or soft metal body which serves to receive threaded
      fasteners for various purposes in assemblying structures utilizing such
      bodies.
PAR  The foregoing process of providing the threaded openings is relatively
      expensive and time-consuming. Further, there is often not provided a
      thorough locking of the helical insert itself within the tapped opening
      against rotational as well as axial movement.
PAR  In some instances wherein concrete type material is used, a threaded insert
      opening has been provided by molding or casting the concrete about a
      helical wire configuration held in position with the actual fastener used.
      The problem with this particular process is the fact that metal and
      plastic materials tend to shrink when they solidify and thus the final
      pitch of the threaded opening is different from the designed pitch of the
      helical insert.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  Bearing all of the foregoing considerations in mind, the present invention
      contemplates an improved method and insert product for providing threaded
      openings in plastic or metal bodies formed by molding or casting.
PAR  More particularly, in accord with a method of the invention, a wire of
      given cross-sectional shape is formed into a helical configuration wherein
      the pitch of the helical turns is adjusted over a major length of the
      configuration to a given value greater than the desired final given thread
      pitch to be provided in the threaded opening of a body. An internal
      support in the form of a core is introduced into the helical
      configuration, this core having an outside diameter corresponding
      substantially to that of the inside diameter of the helical configuration.
      Thereafter, the material involved such as plastic or metal is molded or
      cast around the helical configuration and support until it hardens into a
      solid body. The internal support or core is then removed to leave a
      threaded opening in the body, the shrinkage of the body during cooling
      reducing the pitch of the helical configuration to correspond to that of
      the finally desired given thread pitch of the opening.
PAR  The helical wire insert itself is provided with unique end portions which
      extend beyond the outside diameter of the helical configuration and thence
      turn towards each other to terminate in directions parallel to the axis of
      the helix. These extending end portions serve as "tangs" to lock the
      insert against rotation. Further, in the preferred embodiment of the
      invention the cross section of the wire making up the helical
      configuration is rhombic-shaped with the long diagonal of the rhombus
      normal to the axis of the helical configuration. By utilizing this
      specific cross-sectional shape, the helical configuration is locked
      against axial movement in the body after it hardens and further there is
      provided a desired shape threading for the threaded opening.
PAR  A further feature of this invention involves forming end turns of the
      helical configuration with a pitch different from the pitch of the
      remaining portion of the helical configuration so that the final threaded
      opening has a dual thread pitch which serves as a thread lock for
      fastening devices inserted in the finished threaded opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of this invention will be had by now referring to
      the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary perspective view of a body provided with a threaded
      opening in accord with the method and product of this invention;
PAR  FIG. 2 is a fragmentary cross section taken in the direction of the arrows
      2--2 of FIG. 1;
PAR  FIG. 3 is a cross-section of a first embodiment of the wire insert of this
      invention utilized in forming the threaded opening in the body of FIGS. 1
      and 2;
PAR  FIG. 4 is a top plan view of the insert of FIG. 3 looking in the direction
      of the arrows 4--4;
PAR  FIG. 5 is a cross section illustrating the insert of FIG. 3 provided with
      an internal support core in accord with certain steps in the method of the
      invention;
PAR  FIG. 6 is a view similar to FIG. 5 but illustrating a modified internal
      support or core shown in full lines;
PAR  FIG. 7 is a cross section of a body showing the resultant threaded opening
      formed by the structure of FIG. 5; and,
PAR  FIG. 8 is a view similar to FIG. 7 of the threaded opening formed by the
      structure of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, there is shown a body 10 which may be formed by
      molding or casting provided with a threaded opening 11 containing the wire
      insert of this invention. As mentioned heretofore, such threaded openings
      are normally provided in plastic or soft metal materials by tapping a hole
      in the material and then inserting a wire wound into a helical
      configuration to match the tapped threads to provide the threaded opening
      of sufficient thread strength.
PAR  FIG. 2 shows the threaded insert itself at 12 defining the threaded opening
      11 in the body 10. In the example of FIGS. 1 and 2, the body 10 is of a
      plastic material and in accord with the invention is molded about the
      insert 12 all as will become clearer as the description proceeds.
PAR  In the specific example of FIGS. 1 and 2, it will be noted that the thread
      pitch over a major length of the threaded opening is designated P1. The
      upper turns of the helical configuration defining the insert 12 on the
      other hand have a different thread pitch P2. In this specific embodiment,
      the dual thread pitch arrangement is provided to provide a thread lock for
      the threads of a fastener inserted into the threaded opening 11.
PAR  Referring now to FIG. 3 there is shown the threaded insert 12 itself
      wherein it will be noted that it is formed by a wire shaped into a helical
      configuration. In accord with an important feature of this invention, the
      pitch of the threads of this helical configuration over a major length
      such as the length L indicated in FIG. 3 is designed to have a given value
      P3 which is greater than the given thread pitch desired in the final
      threaded opening 11 described in FIGS. 1 and 2. The purpose for making
      this thread pitch P3 greater is to compensate for shrinkage of the
      surrounding material during a molding or casting operation when it
      hardens, this shrinkage reducing the pitch of the helical wire
      configuration to the final desired given thread pitch in the opening of
      the body.
PAR  In order to provide the dual thread feature described in FIG. 2, the end
      turns at one end of the insert as illustrated in FIG. 3, are provided with
      a pitch P4 greater than the pitch P3.
PAR  It will be understood that when material is molded about the insert 12 of
      FIG. 3 the shrinkage will reduce the respective pitches P3 and P4 to the
      values P1 and P2 shown in FIG. 2.
PAR  In order to lock the insert against rotational movement, the end portions
      of the helical configuration extend beyond the diameter of the helix and
      thence are turned towards each other to terminate in directions parallel
      to the axis A of the helical configuration. These ends are designated 13
      and 14 in FIG. 3 respectively.
PAR  The positioning of these end portions 13 and 14 will be clear from the plan
      view of the helical configuration of FIG. 4.
PAR  Referring now to FIG. 5 there is shown at 15 an internal support in the
      form of a core provided with external threads 16. This core is internally
      received in the helical configuration 12 and functions to support the
      helical configuration and the desired pitch P3 over a major portion of the
      insert during a molding or casting operation of material about the insert.
      In the particular example of FIG. 5, the helical insert 12 is shown with a
      uniform pitch P3 rather than the dual pitch described in conjunction with
      FIG. 3 merely to show that the invention is not necessarily limited to the
      provision of a dual pitch threaded opening. However, as in the case of
      FIG. 3, the pitch P3 is adjusted to have a given value greater than the
      finally desired threaded pitch of the threaded opening in the body to
      compensate for shrinkage during the molding operation.
PAR  It will be understood in FIG. 5 that material is simply molded or cast
      about the insert 12 and internal support 15. Thereafter, the internal
      support 15 is removed by simply unthreading the same from the molded or
      cast body. In this respect, it will be understood that the threads 16 on
      the internal support or core 15 have a tolerance sufficient to permit
      removal of the core even though the pitch P3 changes to the value P1
      described in FIG. 2 after the surrounding material has hardened. In FIG. 5
      part of the die for the mold or cast supporting the core 15 is shown at
      17.
PAR  Referring now to FIG. 6 there is shown a modified type of internal support
      or core at 18. In this embodiment, the core has a smooth cylindrical
      surface and an outer diameter corresponding substantially to the inside
      diameter of the helical insert 12. In the particular embodiment of FIG. 6,
      there is shown an external tooling 19 which defines a given value of
      thread pitch corresponding to P3 as described in FIG. 5 by way of example.
      The arrangement in FIG. 6 is utilized to provide a desired final
      adjustment of the pitch of the helical wire insert 12 on the internal
      support core 18 prior to the molding operation. Thus it will be understood
      that when the pitch of the threads is accurately adjusted by the tool 19,
      they will be retained in their adjusted position by the friction of the
      turns with the surface of the core 18.
PAR  Also in FIG. 6 are shown die or mold body portions 20 and 21, it being
      understood that the material is molded or cast about the helical insert 12
      and core 18.
PAR  FIGS. 5 and 6 thus illustrate respectively an internal and external means
      of holding the helical insert with a desired pitch preparatory to molding
      material about the same. It should be understood, however, that the
      helical insert itself may be properly formed to be freestanding with a
      desired pitch such as illustrated in FIG. 3 in which case the core may
      have a smooth cylindrical surface as shown in FIG. 6 but no external
      tooling such as 19 is necessary, the helical insert itself being
      freestanding at the proper pitch.
PAR  FIG. 7 is a cross section of the molded body about the insert 12 after
      completion of the molding or casting operation. In FIG. 7 it will be noted
      that the final pitch has been reduced to P1 as a consequence of shrinkage
      of plastic material 22.
PAR  FIG. 8 is a cross section of the final threaded opening with the insert 12
      provided in accord with the structure of FIG. 6 wherein by way of example,
      the material involved is a metal 23 rather than a plastic merely to
      illustrate that the invention is applicable to both molded plastic
      products and cast metal products. As in the case of FIG. 7 the pitch has
      been reduced to a value indicated at P1'. Since metal has a different
      coefficient of shrinkage while cooling than the plastic, the final pitch
      P1' will be different than the pitch P1. However, the pitch P1' can be
      made the same as the pitch P1 if desired by adjusting the spacing P3
      described in the previous drawings of the helical insert to a different
      value prior to molding.
PAR  In all of the configurations as described, it will be appreciated that the
      provision of the extending end portions which turn to an axial direction
      lock the final insert against rotation in the body while the rhombic
      shaped cross-section locks the insert against axial movement. It will also
      be appreciated that the configurations described in FIGS. 5, 6, 7 and 8
      could be provided with a dual pitch in the manner described with respect
      to FIGS. 2 and 3 to provide a thread lock.
PAR  From the foregoing description, it will be evident that the present
      invention has provided an improved method and product for providing
      threaded openings in molded plastic or cast soft metal bodies wherein the
      prior art operations of having to tap a hole, insert the insert itself,
      and remove tangs are avoided.
PAR  While both molding and casting have been mentioned throughout this
      application, it is to be understood that the word "cast" or "casting" as
      used in the appended claims is meant to include either molding or casting
      of material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing a threaded opening of given thread pitch in a cast
      body of material having a predetermined shrinkage upon solidification
      comprising the steps of:
PA1  a. forming a wire of given cross-sectional shape into a helical
      configuration wherein the pitch of the helical turns is adjusted over a
      major length of the configuration to a given value greater than said given
      thread pitch;
PA1  b. introducing an internal support into said helical configuration of
      outside diameter corresponding substantially to the inside diameter of the
      helical configuration;
PA1  c. casting material around said helical configuration and support until the
      material hardens into a solid body;
PA1  d. removing said internal support to leave a threaded opening in said body;
      and, e. cooling said body so that the shrinkage of said body during said
      cooling reduces the pitch of said helical configuration from said given
      value to said given thread pitch so that the final threads in the opening
      have said given thread pitch.
NUM  2.
PAR  2. The method of claim 1 including the steps of forming end portions of
      said helical configuration to extend beyond the outside diameter of the
      configuration and thence turning said end portions towards each other so
      that they extend in directions parallel to the axis of the helical
      configuration so that the helical configuration is locked against rotation
      after said material has hardened.
NUM  3.
PAR  3. The method of claim 2, in which said given cross-sectional shape is
      rhombic with the long diagonal substantially normal to the helical axis to
      thereby lock the helical configuration against axial movement after said
      material has hardened.
NUM  4.
PAR  4. The method of claim 1, in which said internal support is provided with a
      smooth cylindrical surface, the helical configuration being formed such
      that when it is in a free relaxed state its pitch corresponds to said
      given value greater than said given thread pitch.
NUM  5.
PAR  5. The method of claim 1, in which said internal support is externally
      threaded at a pitch corresponding to said given value to support the
      individual turns of the helical configuration while the material is
      hardening, but having a tolerance permitting removal of said support by
      unthreading after said material has hardened.
NUM  6.
PAR  6. The method of claim 1, in which said internal support is provided with a
      smooth cylindrical surface, and including the step of externally spacing
      the turns of the helical configuration while said internal support is in
      position, friction between said support and turns holding the turns at the
      adjusted pitch during the initial casting operation.
NUM  7.
PAR  7. The method of claim 1, in which the end turns at one end of said helical
      configuration are formed at a different pitch from the remaining turns
      extending over said major length so that a thread lock results in the
      finally formed threaded opening when receiving a threaded fastening of
      said given thread pitch.
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ABST
PAL  A recess is formed in a screw head by a cold forming technique employing a
      two piece punch which includes an outer member having an axial bore formed
      therethrough which receives and carries an inner, concentric punch pin for
      movement within the bore. The pin is mounted within the bore to have
      freedom of movement within certain limits. The forward end of the outer
      member has a surface or cavity shaped therein which corresponds to the
      general shape of the screw head to be formed and is large enough to
      accommodate the screw head when fully formed. The forward end of the punch
      pin has a nib formed thereon which is shaped to form the desired screw
      recess when impacted into the screw head. The pin is impacted into the
      screw head metal by driving it forwardly from its rear exposed end. The
      rear end of the pin presents a relatively small driving area disposed
      closely to the axis of the punch pin which reduces substantially
      resistance to the movement of the pin so that it may seek the path of
      least resistance through the metal during the cold forming procedure. The
      pin is withdrawn from the cold formed recess by engagement of a shoulder
      on the carrier with a cooperative shoulder on the pin. The shoulders
      engage along a relatively small area which is disposed closely to and
      symmetrically about the axis of the pin to enable the pin to move about
      and seek the path of least resistance during withdrawal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the fabrication of recessed screw heads and,
      particularly, screw heads of the type which are commonly cold formed on
      two-blow header machines. These machines typically include a die which
      rigidly holds a pre-cut length of wire stock while a first punch is
      impacted against an end of the wire blank to partially form the head and
      define an "upset". With the upset still held firmly in the die a second
      finishing punch is brought into axial alignment with the upset and is then
      impacted axially into the upset bloom of the blank. The finishing punch
      commonly in use is of one piece, unitary construction having a central
      forwardly projecting nib shaped to form the recess upon impact. The
      forward surface of the punch which surrounds the nib defines the shape of
      the screw head. The one piece punch typically is held rigid as it is
      impacted into the upset bloom. The use of the one piece unitary finishing
      punch in the second blow of the two blow heading operation presents a
      number of difficulties.
PAR  Among these difficulties is that the one piece finishing punch has but a
      relatively short life. It is not uncommon for a punch to become damaged or
      severly worn after having formed between ten thousand and twenty thousand
      screw heads. Where heading machines of the type described often have a
      capacity of up to three hundred screw heads per minute, the punch
      frequently becomes unusable after only a few hours of operation. This
      requires interruption of the header on numerous occasions in a single day
      to enable the punch to be replaced. The down time of the header is
      sometimes considerable in that even after the punch is replaced, the
      various parts of the heading machine may have to be realigned and/or
      readjusted. Further, in typical screw manufacturing factories where many
      such heading machines are operating simultaneously, it is sometimes
      difficult to detect when a particular punch on a particular header has
      become defective and is ready for replacement. Failure to detect a faulty
      punch in time may result in a high rate of product rejection because the
      screws formed by the faulty punch will necessarily be of substandard
      quality.
PAR  The above difficulties are amplified when making certain types of screw
      recesses. For example, where the screw recess is one having a number of
      grooves and faces formed to receive a specially shaped driver, the punch
      nib must be formed to define complementary surfaces. By way of example,
      one such recess and one piece finishing punch therefor is shown in U.S.
      Pat. No. 3,108,623. The punch nib employed to cold form such a recess
      necessarily has numerous relatively sharp edges which are easily subject
      to wear and which form high stress regions which may tend to fracture or
      deform during the heading process.
PAR  The above problems inherent in one piece finishing punches are believed to
      be due, at least in part, to defects and irregularities in the wire stock
      from which screws are formed. It is believed that the irregularities may
      present variable resistance to the cold flow of metal in different parts
      of the screw head being formed. The existence of irregular, hard regions
      within the metal of the upset bloom may also cause uneven wear on certain
      regions of the punch nib which, in turn, may result in increasing the
      stress imposed on certain parts of the punch nib, resulting in premature
      failure of the punch. Further, it sometimes occurs that the upset bloom
      formed by the first blow in the heading operation is asymetrical so that
      even if the second punch is moved into alignment with the axis of screw
      blank, the punch nib will not engage the upset bloom symmetrically in its
      center. This too can impose excessive stresses in the nib which may
      accelerate early failure.
PAR  In addition to the above difficulties, there is evidence that, when using a
      one piece punch, even where a screw head having an externally satisfactory
      appearance has been formed, the flow of metal within the screw head often
      is not uniform but may include hidden cracks and defects which weaken the
      structure of the screw. Further defects often encountered with screws
      having a number of substantially radial grooves defining the screw recess
      is that the critical surfaces and walls of the screw recess often do not
      conform to the configuration of the corresponding surfaces of the punch
      nib which form the walls. This is sometimes referred to as "fallaway" and
      a screw recess having significant fallaway cannot be driven with the same
      effectiveness as one which has less or no fallaway.
PAR  Many efforts have been made to avoid the foregoing difficulties and
      numerous suggestions have been propesed over a greater number of years.
      None have succeeded as evidenced by the fact that the one piece finishing
      punch still is in substantially widespread, universal use.
PAR  It has been suggested that many of the foregoing problems of one piece
      finishing punches could be relieved by employing a punch which could move
      to follow the fefects in the screw blank or the misalignments of the punch
      with the screw heads. Typical of such devices are those described in U.S.
      Pat. Nos. 2,082,085, 2,568,439, 2,643,142 and 2,986,752. In practice,
      these devices have failed. After a relatively few number of header
      impacts, they have become jammed and have been unable to shift about to
      follow the path of least resistance through the upset bloom to conform to
      metal defects, or other misalignments. Thus, although the proposed
      solution of mounting the punch for shifting movement has been known in
      theory for some time, no practical operative device has been developed.
PAR  It may be noted tht the recessed screw art has had a number of proposals
      relating to specifically formed recesses in which the walls of the recess
      are undercut to more effectively lock the driver to the screw head. One
      such proposed recess is described in U.S. Pat. No. 2,800,829 to West. That
      recess, could not be made in a two blow cold-forming process because there
      was simply no known way to form the undercut wall. In U.S. Pat. No.
      2,986,752 to Lovisek a punch and method was described and was stated to
      set forth a workable method for making the West recess. That punch,
      however, sufferend from the same defects as the other one piece punches
      discussed above in that after a few strokes of the header, the punch would
      bind and would be incapable of shifting and moving about in the manner
      suggested by the patent.
PAR  Also among the difficulties encountered with typical prior art punches is
      the tendency for the cold-formed screw to stick to the nib of the punch
      and to be withdrawn from the die as the punch is retracted. This tends to
      occur more often with shorter screws which cannot be held tightly enough
      in the die to enable the nib of the punch to be separated from the recess.
      When this occurs and the punch is operated in the next cycle to form a
      subsequent recess, the previously formed screw which remains firmly
      attached to the punch nib can cause failure of the punch nib and can
      otherwise damage the machine.
PAR  It is among the primary objects of my invention to provide a method for
      forming recesses and a punch therefor which overcomes the foregoing as
      well as other difficulties described herein.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes a specially formed two piece punch which is employed
      in the recess-forming second blow of the twoblow header. The punch
      includes an outer cylindrical member, or carrier, which is mounted for
      axial sliding movement in the header ram and which has a forward end
      shaped generally to define the contour of the screw head. The carrier is
      movable axially within the ram and is biased forwardly under a spring
      force. The carrier includes an axial bore, open at both its forward and
      rearward ends. The punch includes a punch pin which extends through the
      axial bore of the carrier. The forward end of the punch pin is formed to
      define the recess-forming nib. The punch pin, as measured from its
      rearward end to the tip of the nib is longer than the axial bore in the
      carrier and is dimensioned so that when the rear end of the punch pin is
      in alignment with the rear end of the carrier, the nib extends beyond the
      forward end of the bore by an amount which is at least substantially equal
      to the intended depth of the recess to be formed.
PAR  The punch pin is mounted somewhat loosely within the carrier bore and is
      able to rotate, cant and move longitudinally within the bore so that it
      may have some limited universal movement. In operation the punch is
      advanced axially toward the upset bloom to cause the carrier to engage and
      embrace the upset bloom. As the ram continues its forward movement the
      carrier is urged against the upset bloom under the force of the spring.
      The punch pin is in a rearward position in the bore at this time with its
      rearward end protruding rearwardly of the rear surface of the carrier. As
      the ram continues its forward movement an impact plug, carried by the ram
      behind the punch engages the rear end of the pin and drives the pin into
      the upset bloom to cold form the recess in the bloom. As the metal in the
      head flows generally radially outwardly of the screw in response to the
      impact of the punch nib, the radial expansion is not significantly
      resisted by the carrier which, if necessary, can move rearwardly against
      the force of the spring. The ram continues its advancement until the rear
      ends of the pin and carrier are in alignment. The ram is then in its most
      forward position (top dead center) and then begins its retraction stroke
      to withdraw the finishing punch and enable the screw to be ejected.
PAR  The impacting surface at the rear end of the punch pin is of relatively
      small diameter, as compared to the diameter of the carrier and is disposed
      symmetrically about the longitudinal axis of the punch pin. This reduces
      the resistance of the punch pin to rotation or canting and enhances the
      ability of the punch pin to assume an attitude in which it may seek the
      path of least resistance through the metal of the upset bloom.
PAR  A further feature of the invention resides in the ability of the pin to
      rotate with minimal resistance, particularly as it is withdrawn from the
      screw head. The rearward end of the pin is of slightly larger diameter
      than its more forward portions with their juncture being defined by a
      conical shoulder. The carrier bore has similar mating surfaces. When the
      punch is retracted, the carrier first withdraws from the screw head with
      the punch pin remaining embedded in the formed recess. When the shoulder
      in the bore engages the shoulder of the punch, the punch pin is withdrawn.
      The only region of contact during the withdrawal, between the carrier and
      the punch pin is that relatively samll area, close to the axis of the
      punch pin, defined at the abutting shoulder surfaces of the bore and pin
      which presents minimal torque resistance to rotation of the pin during
      withdrawal. This enables screw recesses having undercut driving walls, as
      the type shown in the aforementioned West patent to be made without the
      punch destroying the undercut recess walls. On withdrawal of the punch
      from the West-type recess, the pin can rotate to leave the undercut walls
      substantially intact.
PAR  A further aspect of the invention relates to an improved arrangement to
      inssure that the nib of the punch pin withdraws from the formed recess and
      does not remain embedded in the recess which might cause the headed screw
      to be pulled out of the die and remain stuck to the punch nib. As
      mentioned above, this has been a problem of particular importance with
      regard to the heading of relatively short scrws which sometimes are not
      gripped by the die under a sufficient force to enable the withdrawal of
      the punch nib from the recess. In this aspect of the invention, means are
      provided to bias the punch pin rearwardly with respect to the carrier
      while simultaneously urging the carrier forwardly against the screw head.
      The rearward biasing force imparted to the punch pin is sufficient to
      cause withdrawal of the nib from the formed recess.
PAR  It is among the primary objects of the invention to provide an improved
      punch and method for cold heading fasteners having recesses in which the
      punch has a significantly improved life.
PAR  Another object of the invention is to provide an improved punch which
      enables the cold forming of fasteners having recesses with undercut walls
      formed therein.
PAR  Another object of the invention is to provide an improved punching method
      and apparatus which forms more accurate recesses and which minimizes
      fallaway in such recesses.
PAR  A further object of the invention is to provide a cold heading punch which
      is less costly to replace.
PAR  Another object of the invention is to provide a two piece punch in which
      the punch nib may be formed froma a harder material than that from which
      the other punch surfaces are made.
PAR  Still another object of the invention is to provide an improved cold
      heading method and punch therefor which has the ability to conform to
      irregularities in the upset bloom without binding.
PAR  A further object of the invention is to provide a two piece punch in which
      substantially all of the force of the header ram is applied to forming the
      recess.
PAR  A further object of the invention is to provide an improved header punch in
      which resistance to radial flow of the screw head metal is reduced
      materially as the recess is formed.
PAR  A further object of the invention is to provide an improved punch which
      insures withdrawal of the punch nib from the formed recess regardless of
      the length of the screw.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      appreciated more fully from the following further description thereof,
      with reference to the acompanying drawings wherein:
PAR  FIG. 1 is a simplified illustration of those portions of a two blow header
      with which the invention is used and showing a one piece finishing punch;
PAR  FIG. 2 is an enlaged illustration of the upset having a blow formed thereon
      after the first blow of the header;
PAR  FIG. 3 is an illustration of a one piece finishing punch as seen from its
      front end and along its axis;
PAR  FIG. 4 is a sectional illustration of the punch of the invention;
PAR  FIG. 5 is a front view of the punch as seen along the line 5--5 of FIG. 4;
PAR  FIG. 6 is an illustration of the carrier and punch pin separated to show
      their respective parts more clearly;
PAR  FIG. 7 is an exaggerated illustration of the manner in which the punch pin
      may cant within the former bore;
PAR  FIGS. 8-11 are sequential illustrations of the invention while cold forming
      a pan head screw;
PAR  FIG. 12 is a plan view of the West type of recess;
PAR  FIG. 13, 13A and 13B are illustrations of modified forms of the invention;
PAR  FIG. 14 is an illustration of a further modification of the invention;
PAR  FIG. 15 is an illustration of a modified form of punch mechanism shown at
      top dead center as the screw head is formed fully;
PAR  FIG. 16 is an illustration of the punch mechanism shown in FIG. 15 after
      the ram has partially retracted showing the tendency of the punch nib to
      remain embedded in the formed screw recess; and
PAR  FIG. 17 is an illustration of the punch shown in FIGS. 15 and 16
      illustrating the manner in which the punch pin is biased out of embedment
      from the screw recess.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is employed in a conventional two-blow header machine. Such
      machines have been and are in widespread use for cold heading screw heads
      and are well-known to those skilled in the art. Accordingly, the various
      parts and operating instrumentalities of the header will be described
      herein substantially only to an extent sufficient to illustrate the
      invention.
PAR  The two blow header typically includes cutting and feeding mechanisms (not
      shown) for cutting a blank 8 of wire to a predetermined length and then
      feeding the cut blank to a stationary die 10 as shown in FIG. 1. The die
      10 includes a die hole 12 into which an end of the blank is inserted to a
      depth determined by a knockout pin 14. During the heading operation the
      knockout pin 14 is fixed in place, as in the position shown so that when
      the blank is disposed within the die hole 12, an end of the blank will
      protrude outwardly beyond the face of the die to a predetermined extent.
      After the heading operation is completed the knockout pin 14 is driven
      through the die hole 12 to eject the headed blank to enable the die to
      receive the next blank.
PAR  The header includes a ram 16 which is mounted in the machine for
      reciprocating movement toward and away from the die and for transverse
      movement. The ram 16 carries an upset punch, indicated generally by the
      reference character 18 and a recess forming or finishing punch, indicated
      generally by the reference character 20. In the first blow of the header
      the ram is positioned with its upset punch 18 in axial alignment with the
      blank held in the die 10 and is driven forwardly to upset the end of the
      blank and form the upset bloom 9 as shown in FIG. 2. The upset punch may
      take any of a variety of forms such as that suggested in FIG. 1 in which
      the punch is slidable longitudinally within the ram and is biased
      forwardly by a spring. The punch has a central hole 11 which, when the
      punch is advanced axially toward the blank receives the blank. Continued
      forward movement of the ram causes a rod 21 to force the enclosed portion
      of the blank into the enclosed cavity defined between the punch 18 and the
      face of the die 10. A further description of this general type of upset
      punch may be found in U.S. Pat. No. 2,165,424 to Tomalis. The particular
      configuration of the bloom may vary somewhat, depending on the type of
      screw and screw head shape being made. While FIG. 2 shows an upset which
      might be employed to form a pan head screw, the upset shape for a
      countersunk screw would, of course, be somewhat different in that the die
      would have a suitable conically shaped recess surrounding the die hole 12.
PAR  After the first blow has been completed and the upset formed, the ram then
      retracts from the die and moves tranversely to bring the finishing punch
      20 into axial alignment with the upset. The ram 16 then is driven forward
      in a second blow to impact the upset bloom thus shaping the head of the
      screw and forming the recess by which the screw may be driven.
PAR  FIGS. 1 and 3 show the typical one piece finishing punch which is in
      substantially universal use throughout the screw manufacturing industry.
      The punch is of cylindrical shape and may be mounted securely in an
      adaptor 23, by a pin and slot arrangement 22 with its forward end
      protruding outwardly from the ram 16. The forward face of the punch is
      contoured to generally define the shape of the head of the screw to be
      made, such as depression 24 defining the pan head shown. Located centrally
      at the forward face of the punch is an integral punch nib 26 which is
      shaped to form the desired recess in the screw when impacted against the
      upset bloom.
PAR  FIGS. 4-7 show the structure of my improved punch which includes an outer
      cylindrical member or carrier 30 which is mounted for axial sliding
      movement within a bore 32 of a sleeve 31 secured within a hole 29 in the
      ram 16. Means are provided to limit the extent to which the carrier 30 may
      protrude outwardly of the bore 32 such as the pin 34 which extends through
      receptive holes in the sleeve 31 and ram 16 and which is engaged by a lip
      38, defined at the rearward end of the carrier 30. A flat 36 is formed on
      the outer surface of the carrier 30 to enable the carrier to slide within
      the sleeve. The hole 29 receives an impact plug 40 at its inner end. The
      impact plug 40 may include a forwardly extending central portion 42,
      smaller in diameter than the bore 32 and a rearward, enlarged flange 44. A
      compression spring 46 surrounds the central portion 42 of the plug 40 and
      extends between the flange 44 and the rear face 48 of the carrier 30.
PAR  As shown more fully in the enlarged FIG. 6, the carrier 30 includes an
      axial bore 50 which extends fully therethrough. The bore 50 includes a
      forward portion 52 which is of smaller diameter than its more rearward
      portion 54. Forward and rearward portions 52, 54 are joined by a stepped
      portion 56 which may be generally conical as shown. The forward face of
      the carrier 30 is shaped, in the illustrated embodiment, to define a
      concave depression 57 in the general shape of the screw head, such as the
      pan head shaped cavity 58 shown. The cavity 58 is located along the
      central axis of the former and the forward portion 52 of the former bore
      50 opens into the center of the cavity 58. As will be described more fully
      below, the depression 57 has no significant effect on the final shape of
      the screw head. It should be sufficiently large to enable the cold flowing
      metal of the upset bloom to flow to the final head shape which depends in
      large part on the shape of the upset bloom which was formed in the first
      blow of the header.
PAR  The carrier bore 52 receives a punch pin 60 which similarly has a forward
      portion 62 smaller in diameter than the more rearward portion 64 of the
      punch pin 60. The forward and rearward portions 62, 64 of the pin 60 are
      joined by the stepped portion 66. The punch pin 60 is disposed in the
      carrier bore 50 with the forward portion 62 of the pin slidable within the
      forward portion 52 of the bore and the rearward portion 64 of the pin in
      the rearward portion 54 of the bore. The pin 60 fits within the bore 50
      somewhat loosely to enable the pin 60 to have a limited degree of
      universal movement so that the pin may move and shift about as described
      more fully herein. For example, the diameters of the forward and rearward
      portions of the punch pin are slightly less than the corresponding
      diameters of the former bore 50. The diametral clearance may be, for
      example, the order of 0.003 to 0.010 inches. The dimensional clearance
      between the punch pin 60 and the carrier bore may be varied and should be
      of a magnitude which will enable the pin to assume a canted attitude in
      which the axis of the pin is disposed at a slight angle 63 to the axis of
      the bore 50. FIG. 7 shows the manner in which the pin may cant within the
      bore but to an exaggerated extent for ease of illustration. The rearward
      end of the punch pin 60 is of substantially smaller diameter than that of
      the carrier 30 and it is preferred to make the impacting surface area
      defined at the rear end of the punch pin as small as structurally possible
      for reasons described more fully below. In general, the rear end of the
      punch pin should define a diameter which is at least as small as the
      diameter of the screw head being formed.
PAR  The recess-forming nib is formed at the forward end of the punch pin. The
      length of the punch pin 60 is such that when the rear end of the punch pin
      is in line with the rear face 48 of the former 30, the nib 68 will
      protrude forwardly beyond the forward end of the bore 52 an amount equal
      to the intended depth of the recess to be formed in the screw head.
PAR  The operation of the invention may be seen from sequential FIGS. 8-11.
      After the upset bloom 9 has been formed by the upset punch in the first
      blow of the header, the ram is then shifted transversely to bring the
      finishing punch into axial alignment with the axis of the upset. The ram
      then is driven forwardly. At this time the carrier 30 is biased in its
      fully forward position by the compression spring 46. The punch pin 60 may
      be disposed within the bore 50 anywhere between its forward and rearward
      limits as determined by the stepped portion 66 and the impact plug. As the
      finishing punch impacts against the upset bloom the nib of the punch pin
      60, which at this time is freely movable within the former bore 50 will be
      urged rearwardly into the bore in the event that the nib was protruding
      into the concave depression at the time the former 30 engaged the upset
      bloom. The dimensions of the ram bore, plug, punch pin 60 and carrier 30
      should be such that the plug will remain spaced from the rearward end of
      the punch pin at this time as suggested in FIG. 8. The engagement of the
      carrier 30 with the upset bloom terminates further forward movement of the
      carrier 30 and the carrier 30 is urged against the upset bloom under the
      influence of the compression spring 46. As the ram 16 continues its
      forward advancement the plug 40 engages the rearward end of the punch pin
      (FIG. 9) which, at this time is protruding rearwardly out of the carrier
      bore 50. The continued forward movement of the ram drives the pin 60
      forwardly to impact its nib into the upset bloom and cold form the recess.
      As the nib advances into and through the upset bloom the metal of the
      bloom is displaced generally radially and outwardly of the axis of the
      upset and also partially in a forward direction which reduces the height
      of the bloom to the intended height of the finished screw head (FIG. 10).
      During this flow of metal the carrier is not forced against the flowing
      metal of the upset bloom under a force sufficient to effect any
      significant cold forming itself but instead bears against the metal of the
      bloom only under the relatively light force of the compression spring. In
      this manner the carrier does not interfere with the smooth flow of the
      metal. The final shape of the head of the screw is determined in large
      measure by the shape of the upset bloom formed in the first header blow.
      Different intended final head shapes thus will require the use of upset
      punches having cavities of different shapes to form upset blooms which,
      when impacted by the punch pin will tend to flow naturally to the final
      head configuration without any significant cold-forming applied to the
      peripheral regions on the upset bloom. The foregoing mode of operation may
      be contrasted with the typical one piece, unitary punch in which the nib
      and head-defining region of the forward face of the punch both are
      intended to contribute significantly to the cold forming of the head. The
      one piece punch first engages the upset bloom with its nib only. The
      forward face of the punch continues to advance forwardly in unison with
      the nib while the metal of the bloom flows outwardly and radially. Well
      before the header has reached dead center (its forwardmost position) the
      radially flowing metal engages the forwardly advancing head-defining
      portion of the forward face of the punch which resists the radially
      outward cold flow. Thus, with the one piece punch opposing forces are
      generated which disrupt smooth flow of the metal. It is believed that this
      may be a contributing factor to formation of hidden fractures in screw
      heads manufactured with the one piece punch.
PAR  The various parts of the finishing punch are dimensioned in relation to the
      length of the reciprocating stroke of the header and the particular size
      and shape of screw head to be formed so that when the ram has moved to its
      forwardmost position (top dead center) the rear end of the pin 60 and rear
      surface of the carrier 30 are in alignment with each other and the nib of
      the pin 60 extends beyond the end of the former bore 50 and into the screw
      head to the desired penetration depth (FIG. 11).
PAR  The device employs a technique in which, when the nib first contacts the
      upset bloom, the pin is held primarily between the upset bloom and the
      plug 40 which is in engagement with and urges the rear end of the pin 60
      forward. One of the features of the invention is that the surface area
      defined at the rear end of the pin 60 at which the plug contacts the pin
      is kept to a minimum. Thus, once the plug has driven the pin into contact
      with the upset bloom the pin is held primarily by the generally axial
      forces thus developed. Because the nib and the rear end of the pin are in
      endwise contact at the small areas defined above and because the pin is
      disposed within the bore to have a limited degree of universal freedom of
      motion, there is substantially no significant resistance to the pin
      shifting about, within the limits, to seek the path of least resistance as
      it is forced through the upset bloom. In this regard, the present
      invention is to be contrasted with the typical one piece prior art punch
      in which the rear surface of the punch, by which it is driven forwardly
      into the upset bloom is broad which retards the ability of the punch to
      shift about, even if the punch is otherwise mounted for limited universal
      movement.
PAR  It should be noted that there may be some instances where it may be
      desirable to enable the forward face of the carrier to be impacted very
      slightly against the screw head when the machine is at top dead center.
      This may be desirable in order to slightly round a corner which might
      result on the screw head from the cold-flowing solely in response to
      impacting of the punch pin and it is primarily a finishing step for
      cosmetic purposes. When this technique is employed the carrier need only
      be impacted against the formed screw head for perhaps a few thousandths of
      an inch before the header reaches top dead center. The carrier thus
      effects no significant cold-forming of the screw head but does impart a
      slight finishing and smoothing of the screw head. Whether the device
      employs this mode of operation depends on the relative length of the punch
      pin and the carrier which can be adjusted, for example, by substituting an
      impact plug which is slightly thicker by approximately a few thousandths
      of an inch. Alternatively, a shim of that thickness may be inserted
      between the back of the impact plug and the bore 29.
PAR  As mentioned previously, one of the features of the invention is that it
      also provides a practical method and apparatus for the fabrication of the
      type of recess shown in West Pat. No. 2,800,829. That recess is shown,
      somewhat diagrammatically in FIG. 12 from which it may be seen that it
      includes a plurality of radially extending slots 70, each slot having a
      leading or driving wall 72 and a lagging or backout wall 74. The leading
      wall of each of the slots is undercut and is inclined to the vertical at
      an angle of up to about 5.degree.. It is intended to be used with a
      substantially complementary driver having wings which are similarily
      inclined so that they may engage the undercut surface of the leading
      walls. As described more fully in U.S. Pat. No. 2,986,752 to Lovisek,
      there has been no practical way to cold form this type of recess. While
      the Lovisek patent suggests a technique for fabricating the recess, that
      technique has not proved to be commercially acceptable. The primary
      difficulty is believed to relate to the inability of the punch to rotate
      when withdrawn from the cold formed recess which without rotating, tends
      to tear out the undercut driving wall. With my invention, the resistance
      to rotation of the punch pin during withdrawal is substantially minimized
      and the punch pin is more easily rotated when withdrawn. During
      withdrawal, the shoulder regions of the carrier bore and punch pin engage
      at their mating surfaces so that rearward movement of the carrier will
      draw the punch pin rearwardly out of the recess. The area of contact
      between the shoulders of the punch pin and carrier bore are very small and
      are synmetrically located very close to and about the axis of the punch
      pin thus imposing very little resisting torque. The punch pin can rotate
      easily as its wings slide along the undercut walls of the recess.
PAR  FIG. 13 shows a modified form of the invention in which the area of contact
      between the rear end of the pin and the plug is still further reduced.
      Here, the rear end 76 of the pin 60' is rounded to minimize the area of
      contact between the pin and the plug 40' to almost a point-like region.
      Alternatively, the plug 40' may include a hardened spherical or other
      suitable convex surface 78 which may engage the rear end of the pin and,
      in this modification, the rear end of the pin may be flat (FIG. 13A) or
      convex as shown at 80 in FIG. 13B.
PAR  In some instances it may be desirable to modify the invention slightly to
      insure that the plug does not engage and drive the former forwardly to
      contribute materially to the cold-forming process. This modification is
      shown in FIG. 14 in which the punch pin 60" is slightly longer than the
      device previously described. Here, with the header machine set up so that
      the slightly longer punch will still engage the bloom only to the desired
      penetration depth, when the ram is at top dead center, the rear face of
      the former 30 will still be slightly forward of the rear end of the punch
      so that the plug never does engage the former 30. This insures that, at
      all times, the former will be urged forwardly only under the relatively
      light force of the spring.
PAR  FIGS. 15-17 show a modification of the invention which is adapted for use
      in the manufacture of relatively short screws or other screws which might
      tend to be pulled from the die by the embedded nib of the punch as the
      punch is retracted from the die. It should be noted that the screw usually
      is retained firmly within the die after the first upset blow which causes
      some radial expansion of that portion of the blank which is in the die
      hole and which secures the blank in the die hole under a force which is at
      least strong enough to enable the embedded punch nib to be withdrawn from
      the formed-recess. However, in the case of short screws the gripping force
      between the blank and the die hole may not be sufficient and in this case,
      with the punch nib sufficiently and firmly embedded in the recess, the
      screw can sometimes be pulled out of the die and may remain attached to
      the nib. As mentioned previously, when the finishing punch is thereafter
      urged forwardly toward the die, the still attached screw can result in
      significant damage to parts of the machine. My invention may be modified
      to incorporate means which insure that the screw will remain in the die as
      the nib is retracted from the formed recess. As shown in FIGS. 15-17, a
      compression spring 82 is disposed about the punch pin 60 between the
      stepped shoulder 66' and the rearwardly facing shoulder 84 in the carrier
      bore 50'. When the parts are in the configuration shown in FIG. 15, with
      the ram fully forward at top dead center and the nib of the pin having
      fully formed the recess and being embedded therein, the compression spring
      82 is compressed. As the ram then begins its retraction rearwardly and
      away from the die, the impact plug 40 will separate from the rear end of
      the punch pin 60. The carrier 30' will remain biased forwardly against the
      formed screw head because the compression spring 46 is still somewhat
      compressed. As soon as the impact plug 40 separates from the rear end of
      the punch pin, the force of the spring 82 is applied fully to the punch
      pin to urge it rearwardly with respect to the carrier 30'. Spring 82 is
      selected so that when compressed, when the header is at top dead center,
      it will develop sufficient force to pull the nib of the punch pin out of
      the recess formed in the screw. The pin 60 snaps back under the influence
      of the spring 80 and against the face of the plug 40. The spring 82 should
      be selected so that it develops a force sufficient to withdraw the nib
      from the screw head yet which is less than the force of the spring 46
      which urges the carrier forwardly and firmly against the screw head. Thus,
      as the ram retracts the carrier 30' retains the head of the screw while
      spring 82 draws the pin 60 out of the recess. In this embodiment it should
      be noted that the pin 60 is not hindered in its ability to shift and move
      about with respect to the carrier and the screw head as described above.
      The rearwardmost coil of the spring 82 preferably engages the stepped
      portion 66 of the pin in a narrow area symmetrically about the axis of the
      pin so as not to adversely affect the ability of the pin to rotate freely
      and easily as it is withdrawn from the formed-recess. As shown, the rear
      end of the carrier bore 50' may be enlarged or otherwise modified, as
      desired, to accommodate the spring 82.
PAR  My punch also achieves other advantages which result from its structure.
      Because the portion of the punch carrying the nib and the portion which
      generally defines the shape of the head are carried by the separate
      pieces, fabrication of the punch pin and its integral nib is less costly
      and easier than fabrication of a complete one piece integral punch. It may
      be noted in this regard that the head shape defining surface of the
      typical punch has no sharp corners and edges and is not subject to
      significant wear. In contrast, the nib is the critical portion of the
      punch and, as described above it wears very rapidly. My invention enables
      the nib portion of the punch assembly to be changed simply by replacing
      the punch pin. Further, because of the separate two piece construction of
      the finishing punch, the punch pin, including the nib which it carried may
      be formed from a harder material than the former which would make the
      punch nib more durable.
PAR  A further advantage of the invention is that it tends to have a
      self-cleaning effect. This is believed to be due to the fact that the pin
      is freely slidable within the bore. In this regard it should be noted that
      the metal wire from which the screws are made usually is coated with rust
      resistant films and/or other coatings which serve as a lubricant to enable
      the wire to be fed easily through the header die. It is not uncommon for
      header operators to oil the wire before it is fed into the machine. These
      various coatings and oil films can build up on the standard one piece
      punch and its various supporting mechanisms which can have an adverse
      effect on the operation of the punch as well as its useful life.
      Entrapment of these materials, and dust which they may attract is believed
      to be a contributing factor to the failure of the prior proposed "movable"
      punches described above. In contrast, my improved punch does not seem to
      be adversely affected by these foreign, but necessary materials.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other modifications
      and embodiments may be apparent to those skilled in the art without
      departing from its spirit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A finishing punch for cold forming a recessed head in the upset end of a
      screw blank in a multiple-blow header machine comprising:
PA1  an elongate punch pin having a recess-forming nib at its forward end, the
      nib including a plurality of wings radiating therefrom for forming a
      similarly shaped driver-receptive recess, the rear end of the punch pin
      defining an impact surface which is symmetrically disposed about the
      longitudinal axis of said pin, the impact surface defining an area not
      substantially greater than that defined by the diameter of the finished
      head of the screw to be formed;
PA1  pin carrying means for carrying the pin toward and away from the upset end
      of the screw blank with the axis of the pin in substantial registry with
      the axis of the screw blank, the pin carrying means having a bore formed
      therethrough to receive the punch pin, the bore and punch pin being
      dimensioned to enable the pin to slide, and cant in the bore and to rotate
      freely within the bore and to enable the rear end of the pin to be
      impacted after the pin has been carried into engagement with the upset end
      of the blank;
PA1  the diameter of the bore, at least at its forward end, being smaller than
      the diameter of the upset end of the screw blank.
NUM  2.
PAR  2. A finishing punch as defined in claim 1 further comprising:
PA1  means cooperative between the pin and the carrying means to urge the pin
      rearwardly away from the screw blank in response to rearward movement of
      the pin carrying means, the cooperative means being constructed and
      arranged to define a relatively small abutting area of a configuration
      which is symmetrically disposed about the axis of the pin.
NUM  3.
PAR  3. A finishing punch as defined in claim 2 the means cooperative between
      the punch pin and the bore comprises:
PA1  the forward regions of each of the punch pin and the bore being of smaller
      diameter than the more rearward portions of the punch pin and the bore,
      the forward and rearward poritons of each of the former bore and the punch
      pin being joined at a shoulder region, the shoulder region on the pin
      being engageable with the shoulder region of the bore, the shoulder
      regions of the pin and the bore mating along a minimal surface area to
      minimize resistance to rotation of the pin when the shoulders are in
      engagement with each other.
NUM  4.
PAR  4. A finishing punch as defined in claim 3 wherein each of the wings of the
      punch nib include a face defining a surface which lies at an angle to the
      axis of the punch to form in the finished recess, an undercut wall for
      each of the grooves formed by each of the wings.
NUM  5.
PAR  5. A finishing punch as defined in claim 4 wherein the diameter of the
      punch pin, at its forward end, is approximately equal to the maximum
      diameter of the nib wings.
NUM  6.
PAR  6. A finishing punch as defined in claim 1 wherein the punch pin at least
      at its nib, is harder than the forwardly facing surface of the pin
      carrying means.
NUM  7.
PAR  7. In a heading machine having a die for holding a screw blank, a ram
      reciprocably movable toward and away from the die, the ram being
      constructed and arranged to carry a pair of punches including a first
      punch for forming an upset bloom and a second finishing punch, the ram
      being mounted to move the punches in sequence toward the die first to form
      the upset bloom and then to impact the upset end of the screw blank held
      in the die, an improved finishing punch for forming a head with a
      driver-engageable recess therein in the bloom of the upset blank
      comprising:
PA1  a punch pin
PA1  a punch pin carrier slidably mounted to the ram;
PA1  means biasing the carrier in a forward position in the ram;
PA1  impact means carried by the ram behind the punch pin carrier;
PA1  the punch pin carrier having a bore formed fully therethrough and being
      open at its forward and rearward ends, the forward end of the bore opening
      into the forward end of the carrier the forward end of the bore being
      smaller in diameter than the diameter defined by the upset bloom;
PA1  the punch pin being disposed within the carrier bore and having a recess
      forming nib at its forward end, the length of the pin as measured from its
      rear end to the tip of the nib being greater in length than the carrier
      bore by an amount at least equal to the intended depth of the recess to be
      formed, whereby when the ram is advanced forwardly toward the upset bloom,
      the impact means will engage the rear end of the pin to drive the pin into
      the upset bloom while the carrier is biased toward the die under the
      influence of the biasing means;
PA1  the rear end of the pin being of substantially smaller area than that
      circumscribed by the rear end of the carrier whereby the contact area
      between the impact means and the rear end of the pin may be minimal; and
PA1  the pin being loosely disposed within the carrier bore and being
      dimensioned with respect to the bore so that the pin may slide, rotate
      freely and cant within the bore.
NUM  8.
PAR  8. A finishing punch as defined in claim 7 further comprising:
PA1  the pin, carrier, ram and impact means being constructed and arranged so
      that when the ram is in its fully forward position it will simultaneously
      engage the rear end of the pin and the pin carrier, the parts being
      dimensioned so that the engagement of the impact means with the pin
      carrier occurs substantially at the termination of the forward movement of
      the pin carrier ram whereby the screw head is caused to assume its final
      shape primarily in response to the impacting of the punch pin, the pin
      carrier being shaped as not to cause any significant cold blow shaping of
      the screw head.
NUM  9.
PAR  9. A machine as defined in claim 7 further comprising;
PA1  the punch pin, impact means, pin carrier and ram being constructed and
      arranged so that the relative length between the pin and the carrier is
      such when the ram is in its most fully forward position, the impact means
      will remain spaced rearwardly of the rear surface of the carrier.
NUM  10.
PAR  10. A machine as defined in claim 7 further comprising:
PA1  the punch pin, impact means, carrier and ram being constructed and arranged
      so that the impact means engages simultaneously the rear end of the pin
      and the rear end of the pin carrier slightly before the ram has reached
      its forwardmost position, the forward surface of the carrier being formed
      to define regions which are adapted to engage selected regions of the
      cold-formed screw head whereby slight continued forward movement of the
      ram to its forwardmost position may urge the forward surface of the
      carrier firmly against the selected regions of the formed screw head to
      impart a further finishing of the selected regions of the screw head
      without any substantial cold flow of metal.
NUM  11.
PAR  11. In a heading machine having a die for holding a screw blank, a ram
      reciprocably movable toward and away from the die, the ram being
      constructed and arranged to carry an upset punch and a finishing punch
      successively toward the die to successively form the end of the screw
      blank held in the die by first forming an upset blank and then forming a
      finishing head with a driver receptive recess thereon, an improved punch
      combination for forming the head with the recess therein comprising:
PA1  the finishing punch including a punch pin having a main portion and having
      a recess forming nib at the end of the main portion, the recess forming
      nib including a plurality of wings extending generally radially from the
      axis of the pin, the main portion of the pin, at least at said end
      thereof, being of a diameter smaller than that of the screw head to be
      formed;
PA1  means mounting the punch pin to the ram for movement toward the upset bloom
      supported in the die to impact the nib into the upset bloom to
      simultaneously form the recess, reduce the upset bloom height to that of
      the finished screw head while causing outward radial cold flow of the
      metal of the upset bloom to enlarge the diameter of the bloom to that of
      the intended finished screw head, the finishing punch being substantially
      free of any other shaping members for forming the exterior shape of the
      screw head;
PA1  the upset punch being constructed and arranged to form the upset bloom to a
      selected predetermined configuration which will enable the metal of the
      upset bloom to cold-flow to the finished screw head shape solely in
      response to the impacting of the punch pin during operation of the
      finishing punch.
NUM  12.
PAR  12. In a multiple-blow heading machine as defined in claim 11, the
      improvement comprising:
PA1  means responsive to movement of the ram away from the die for retaining the
      headed screw in the die and for urging the punch means away from the die
      and the headed screw to insure separation of the punch and the formed
      screw head.
NUM  13.
PAR  13. In a heading machine as defined in claim 12 wherein the responsive
      means for insuring separtion of the punch means and the formed screw head
      comprises:
PA1  head engaging means mounted to the ram for movement therewith and being
      constructed and arranged to engage the formed screw head at least during
      the beginning of the movement of the ram away from the die;
PA1  the punch means being supported by the ram in a manner in which the punch
      will be urged rearwardly away from the die in response to rearward
      movement of the ram; and
PA1  means for maintaining the head engaging means in engagement with the head
      during the rearward urging of the punch.
NUM  14.
PAR  14. A machine as defined in claim 13 wherein the responsive means to insure
      separation of the punch means and screw head further comprise:
PA1  the punch means including a punch pin;
PA1  the head engaging means comprising a punch pin carrier slidably mounted to
      the ram;
PA1  first means biasing the carrier in a forward position in the ram;
PA1  the carrier having a bore formed fully therethrough and being open at its
      forward and rearward ends, the punch pin being disposed within the carrier
      bore and having a length, as measured from its rear end to the tip of its
      nib, greater than that of the carrier bore by an amount at least equal to
      the intended depth of the recess to be formed;
PA1  second means biasing the punch pin rearwardly with respect to the carrier
      and under a force sufficient to overcome the force with which the nib of
      the punch may be embedded within the formed screw head whereby when the
      ram is urged readwardly, the carrier may remain biased forwardly toward
      the die to retain the screw with the die to enable the second biasing
      means to urge the pin out of the formed recess in response to relative
      movement of the ram rearwardly with respect to the forwardly biased
      carrier.
NUM  15.
PAR  15. A finishing punch for cold forming a recessed head in a partially
      formed, upset end of a screw blank in a multiple-blow header machine
      comprising:
PA1  an elongate punch pin having a recess-forming nib at its forward end, the
      nib including a plurality of wings radiating therefrom for forming a
      similarly shaped multiple-groove, driver-receptive recess, the rear end of
      the punch pin defining an impact surface which is symmetrically disposed
      about the longitudinal axis of the pin, the impact surface defining an
      area not substantially greater than that defined by the diameter of the
      finished head of the screw to be formed;
PA1  pin carrying means for carrying the pin toward and away from the upset end
      of the screw blank with the axis of the pin in substantial registry with
      the axis of the screw blank, the pin carrying means having a bore formed
      therethrough to receive the punch pin, the bore and punch pin being
      dimensioned to enable the pin to slide and to rotate freely within the
      bore and to enable the rear end of the pin to be impacted after the pin
      has been carried into engagement with the upset end of the blank;
PA1  the bore, at least at its forward end, being smaller in diameter than that
      of the upset end of the screw blank to preclude entry of the upset end
      into the bore.
NUM  16.
PAR  16. In a heading machine for cold forming a screw head having a recess
      formed therein, the improvement comprising, in combination:
PA1  first punch means for forming an upset bloom on an end of a screw blank;
PA1  second punch means including a punch member having a recess forming nib on
      the forward end thereof;
PA1  means for carrying the punch member so that is nib engages the upset bloom;
PA1  means for driving the punch member from its rear end along its axis and
      along the axis of the upset bloom to impact the nib of the punch into the
      upset bloom, the driving means including an impact member mounted to be
      driven against a small contact area at the rear end of the punch member
      and along the axis of the punch,
PA1  the punch carrying means being constructed and arranged to enable the punch
      member to rotate and cant with respect thereto at least during the
      impacting of the nib to the upset bloom whereby the punch may be supported
      primarily at small contact areas at its opposite ends thereby to enable
      the nib to seek the path of least resistance through the metal of the
      bloom.
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ABST
PAL  Apparatus is disclosed for controlling die heads of screw-making presses
      having movable dies comprising a die head rotatably mounted on a shaft and
      having two dies, and a pivotally mounted controlling fork with a cam
      surface engaging the die head by rollers. The sections of the cam surface
      nearest to the pivotal axis of the fork are circular arcs centred on the
      pivotal axis while those sections of the fork which are farther from the
      pivotal axis and which engage the rollers are shaped as curves the
      distance of which increased from the pivotal axis in the direction of the
      working movement of the rollers. The circular arcs and the farther
      sections are connected by transitional sections.
BSUM
PAR  This invention concerns apparatus for the control of die heads of presses
      with movable dies, especially automatic rapid-operation presses for the
      production of screws, wherein there is a control mechanism that carries
      out both the automatic fixing or securing and the release of the dies.
PAR  In the interest of increasing the productivity of screw manufacture,
      machines with moving dies have become known, the aim of which is to
      produce in a plurality of sequential operations one finished product per
      stroke. Such known machines include rotary presses which perform a
      complete revolution, and presses with oscillating heads reciprocating over
      180.degree., or with oscillating heads that perform partial rotation also.
PAR  It is a common characteristic of all known presses that there is a separate
      control device for angularly displacing the die heads, while to ensure a
      fixed working position for the die, as required for the actual pressing,
      separately controlled position securing devices are necessary.
PAR  A common disadvantage of the foregoing is that, within one and the same
      period (cycle), respectively after the angular displacement and before the
      return displacement of the dies heads, i.e. before and after the forming
      of the screw, there has to be provided in the cycle an operational period
      of (X/360.degree.) for the control which can only be achieved by
      shortening the operational periods of the various other controls and thus
      a reduction in productivity results.
PAR  A further disadvantage of known machines are that they all require separate
      controlled mechanisms, discs, arms etc. which significantly complicate
      their constructions, and that the securing devices in use exert certain
      force effects on the displaceable die head which are deleterious from the
      points of view of wear and service life.
PAR  Also, an interlocking step forms part of the operational cycle and this
      disadvantageously influences the performance, reliability and service life
      of currently known machines.
PAR  The present invention aims to eliminate, or at least reduce, the above
      disadvantages and to provide a device for controlling and rotating the die
      head and the dies which device performs the displacement of the dies and
      die head so that at the end of its movement in either angular direction
      the displaced die head automatically takes up a fixed position, while the
      release operation constitutes at the same time the start of the return
      movement of the die head.
PAR  To achieve this aim, it has been necessary to make the discovery that to
      effect an angular displacement of a given angle all hitherto used rigid
      devices (pivoted devices, pinion segments etc.) i.e. positive couplings,
      can be obviated by providing mechanical connections such that the driving,
      i.e. the device that effect the required angular displacement of the die
      head, is displaced by a greater amount while the mechanism to be displaced
      can turn only by the desired amount.
PAR  The invention has the characteristic that it has a guiding or controlling
      fork a portion of which is in contact with the rollers of the die head and
      the portions of the fork which are nearer to the pivoting point thereof
      are in the form of circular arcs of the same radius the centre of which is
      the pivotal point of the guiding or controlling fork. Those sections of
      the guide-fork which are beyond the just described sections are in the
      form of curves the distance of which from the pivotal point increases
      lightly in the direction of the working path of the rollers. The sections
      of circular arc shape and the path section deviating from the circular arc
      shape have between them transitional connecting sections.
PAR  Thus the essence of our invention is a controlling mechanism without any
      positive coupling wherein, in one part of the two continuous movement
      phases of the controlling mechanism, the controlled mechanism or unit is
      angularly displaced about its own axis, while in the second part of the
      movement phases a geometrical position results in which the controlled
      unit in rolling contact with the controlling mechanism cannot rotate any
      further and at the same time further angular displacement is positively
      prevented, in both angular senses.
DRWD
PAR  A preferred embodiment of the invention will now be described, by way of
      example, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram of the apparatus according to the invention,
      in its upper position,
PAR  FIG. 2 is a schematic diagram of the apparatus of FIG. 1 in its lower
      position, and
PAR  FIG. 3 illustrates the profile (contour) of the controlling unit formed as
      a so-called fork on an enlarged scale.
DETD
PAR  Referring to the drawing, a screw-making die head 1 has two dies a, b in
      it. The dies can be angularly displaced along a circular arc of 30.degree.
      (or more) per stroke about an axis or shaft 10 in either of two opposite
      angular sense, and can be fixed in position. On the die head 1 two radial
      arms are integrally formed and these arms carry respective rollers 4, 5
      the rotational axes of which are parallel with the axis 10, and are
      disposed on the same circle (shown in chain lines) as the centre points of
      the dies a, b, this circle being centred at 10. In the illustrated
      example, the radial lines connecting the axis 10 of the die head 1 and the
      axes of rotation of the rollers 4 and 5 include an angle of 150.degree..
PAR  In the vicinity of the axis 10 and independently of the die head 1 a
      pivotal point 3 is formed in the otherwise non-illustrated machine body.
      In the pivotal point 3 a controlling fork 2 is disposed which can be
      angularly displaced independently of the die head and which has two
      sections or cams for effecting angular displacement and locking. The
      controlling fork 2 is connected by way of a pivot 9 and linkage 11 to a
      cammed disc pair which in itself is known and which is disposed on an
      auxiliary shaft; the pair of cammed discs serves to oscillate the
      controlling fork 2 about its pivotal point 3 to a predetermined extent,
      e.g. by 50.degree..
PAR  The shaft of the die head and the pivotal axis of the controlling fork are
      located on the machine body at the same height.
PAR  During the reciprocating angular displacement of the controlling fork 2 the
      rollers 4 and 5 disposed on the die head 1 are in rolling contact with the
      control surfaces of the fork 2 and roll in alternating angular directions
      along the two rising or descending paths or cams provided by the guiding
      fork 2 to cause, in the illustrated example, the die head 1 to be
      angularly displaced by 30.degree..
PAR  The controlling fork 2 has substantially similarly shaped upper and lower
      parts. Relative to the pivotal point 3, the parts have corresponding cam
      portions or sections 6, 6c; 7, 7c and 8, 8c. Of these the sections 6, 6c
      are shaped as circular arcs of radius R and are nearest to the pivotal
      point 3; the sections 8, 8c farthest from the pivotal point or axis 3
      deviate from a circular arc and relative to the pivotal point 3 have a
      lightly rising or descending characteristic. The transitional section 7
      and 7c merely connect the previously mentioned sections.
PAR  In FIG. 1, as shown by the double-headed arrow, in the upper position of
      the die a the roller 4 closes the cam section 6 with a positive (+)
      angular sense while the roller 5 closes with the section 8c with a
      negative (-) direction of rotation.
PAR  In FIG. 2, in the lower position of the die, the roller 4 closes with the
      cam section 8 with a positive sense of rotation while the roller 5 closes
      with the section 6c with a negative sense or rotation.
PAR  The cam sections 6 and 6c, formed as being the nearest to the pivotal point
      3, each constitute a geometrical location or position wherein the rollers
      4, 5 mounted on the die head 1 cannot be rotated beyond that position even
      if the controlling fork 2 rotates further. Thus the sections 6, 6c ensure
      the locking of the die head 1 in one direction of rotation about the axis
      10. At the same time the sections 8, 8c farthest from the pivotal point 3
      carry out the braking and locking in the opposite direction of the guided
      moving mass.
PAR  In whichever direction the controlling unit starts its return movement the
      locking is automatically released since this is effected not by force
      effects but by the geometrical positions of the cam sections.
CLMS
STM  We claim:
NUM  1.
PAR  1. In presses with movable dies, especially screwmaking machines
      consisting, as principal constructional elements, of a die head mounted on
      a shaft, two dies in the die head, and a pair of rollers on the die head,
PA1  the use of controlling apparatus comprising a pivot shaft, a controlling
      fork mounted for pivotal movement on said shaft, a portion of said fork
      being adapted for rolling contact with the rollers on the die head, the
      sections of said portion nearest to the pivot shaft being circular arcs of
      the same radius, the centre point of each arc lying on the pivotal axis of
      the controlling fork, while those sections of the said fork which are
      farther from the pivot shaft than the said circular sections, and which
      are in use in contact with the rollers, are in the form of curves the
      distance of which from the said pivotal axis lightly increases in the
      direction of the working movement of the rollers, and between the circular
      arc sections and the sections deviating from a circular arc shape there
      are connecting transitional sections.
NUM  2.
PAR  2. Apparatus according to claim 1 including a machine body, the shaft of
      the die head and the pivotal shaft of the controlling fork being located
      on the machine body at the same height.
NUM  3.
PAR  3. Apparatus according to claim 1 in which the angle included between the
      dies and the axis of the die head is at least 30.degree..
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ABST
PAL  A machine for punching and subsequently binding packets of sheets to book
      form with wire binding elements comprises a punch and a press connected
      to, and driven from a common operating member through a mechanical drive,
      the mechanical drive being so arranged as to move the punch through a
      shorter distance and at a higher mechanical advantage than the press.
BSUM
PAR  This invention relates to machines for punching and subsequently binding
      packets of sheets to book form with wire binding elements each formed from
      a length of metal wire bent to form a series of curved hirpin-shaped
      prongs on which the sheets are impaled and which are brought to ring shape
      by pressing their closed ends or "points" into the vicinity of their open
      ends or "roots". Such binding elements will be referred to herein as a
      Burn Bindings Wire element.
PAR  It is desirable for certain installations to use a machine which punches
      the perforations in the packet of sheets and also subsequently acts to
      press the binding elements into a closed position passing through the
      perforations.
PAR  This however creates certain problems in that one requires a fairly short
      stroke with maximum power for punching the perforations and a rather
      longer stroke for operating the press so that fairly large binding
      elements can be employed. Machines having a variable stroke can of course
      be produced but these tend to be complicated and expensive.
PAR  In accordance with this invention a combined paper punching and wire
      binding element closing machine comprises a punch and a press driven from
      a common power source through a mechanical drive which acts to move the
      punch member through a smaller distance and at a higher mechanical
      advantage that the press.
PAR  If the machine is to be operated manually it is provided with an operating
      lever or handle movement of which may for example act to rotate a
      relatively small diameter pinion to drive the punch downwardly it may act
      to move the press a closing direction, the press being connected to the
      handle by means of a link. The drive may alternatively be transmitted
      through a rack or pinion system or eccentrics from the operating lever or
      handle.
DRWD
PAR  The invention will now be further described by way of example with
      reference to the drawing accompanying the complete specification in which:
PAR  FIG. 1 is a side elevation of one embodiment of a machine in accordance
      with the invention.
PAR  FIG. 2 is a plan view of the machine.
PAR  FIG. 3 is a perspective detail view of the drive mechanism.
DETD
PAR  Referring to FIGS. 1 and 2 the machine comprises a base 2 formed with a
      series of holes 4 into which a series of punches 6 are arranged to driven.
      Each punch 6 is formed with a rack 8 which engages the teeth of a pinion
      rod 10 extending along the machine and which engages the racks of all the
      punch rods.
PAR  The two ends of the pinion rod 10 are fixed to the ends 12 of a U-shaped
      operating handle 14 arcuate movement of the handle causing rotation of the
      pinion and downward movement of the punches. Thus if a packet of sheets of
      paper (not shown) is placed on the base 2 with the handle 14 in its
      vertical position, then on movement of the handle to its horizontal
      position (see FIG. 1) the punches are driven down through the packet to
      punch a series of holes in the packet. An adjustable stop 15, which is
      moveable across the machine, is provided in order to accomodate and guide
      the sheets of paper. The stop 15 is held in the position required
      according to the size of paper, by means of a locking knob 17. As the
      pinion rod 10 is of relatively small diameter and the distance of the
      cross member of the handle fairly well spaced from the ends 12 a
      relatively large force may be applied to the punches to drive them a short
      distance with a high mechanical advantage.
PAR  The handle is moved back to its vertical position so enabling the packet of
      sheets to be removed.
PAR  In order to bind that, or another packet, a strip of Burn Bindings Wire
      element is placed with its prongs extending through the punched holes and
      is then placed in a closing press forming part of the machine. This press
      comprises a plate 16 slidably mounted on a platform 18 extending out from
      the base 2. The plate is carried by a rod 22 at each end of the machine.
      The other end of each rod is connected to an adjusting knob 24 through a
      slide 26. The slide 26 is linked to the end 12 of the handle 14, at each
      end of the machine, through a link 28. Movement of the handle to operate
      the punches also, through the link 28, pulls the plate 16 towards frame
      20, which movement acts to squeeze the elements of the Wire-O binding
      element (not shown) located between the plate 16 and frame 20, therefore
      causing the prongs to close through the punched holes to bind the packet
      of sheets.
PAR  The link 28 is U-shaped so that slot 27 formed between the plate 16 and
      frame 20 is open ended, thus enabling packets of sheets of paper, larger
      in size than the width of the machine, to be bound. This also allows the
      packets to be slid in from the side of the machine. Link 28 has a flat
      bottom or stop area 29 which contacts the box 2 when the handle 14 is
      brought into its horizontal position, therefore preventing any further
      downward movement of the handle 14.
PAR  The size of the press and hence the size of elements receivable may be
      adjusted by the nuts 24 which engage the screwed outer end of the rod 24,
      adjustment of the nut moving the plate 16 relatively to the frame 20.
PAR  A stroke of the operating handle causes the rods 22 and hence the plate 16
      to move through a longer stroke than the punches 6 but at a smaller
      mechanical advantage.
PAR  Instead of the drive being transmitted to the press through a link, it
      would be transmitted through a rack and pinion. The press is therefore
      attached to a member having a rack which meshes with a relatively large
      diameter pinion mounted at each end of the pinion rod, that meshes with
      the rack of the punch.
PAR  A further alternative is to replace both racks and pinions with levers. In
      this case the relatively smaller diameter pinion is replaced with a lever
      which extends out from a rod, and which engages with a groove, which
      replaces the rack, formed in the punch. The relatively larger diameter
      pinion is replaced by a lever which extends outwards from a sleeve fitted
      over each end of the rod and which engages in a groove formed in the
      member attached to the press.
PAR  Instead of being manually operably the machine may be power driven.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for punching and, subsequently, binding, a packet of sheets
      into book form, said machine being adapted for use with a wire binding
      element of the type that must be compressed from an open loop
      configuration to a closed loop configuration through a series of
      perforations in said packet of sheets, said machine comprising
PA1  a punch that includes a series of punches for forming a series of
      perforations in said packet of sheets,
PA1  a press for binding said packet of sheets together with said wire binding
      element, said press including a movable press plate adapted to compress
      said wire binding elements against a fixed press plate from open loop to
      closed loop configuration through the perforations in said packet,
PA1  a first mechanical drive connected with said punch, said first mechanical
      drive being adapted to move said punches through a lesser distance at a
      greater mechanical advantage than said press plate is so moved, said first
      mechanical drive comprising a pinion connected to said operating member,
      and said pinion meshing with a rack formed on each of said punches,
PA1  a second mechanical drive connected with said press, said second mechanical
      drive being adapted to move said press plate through a greater distance at
      a lesser mechanical advantage than said punches are so moved, said second
      machanical drive comprising a link connecting said press plate and said
      operating member, and
PA1  an operating member connected with said first and second mechanical drives
      for operating said mechanical drives when desired, both said punch and
      said press being operated through that one operating member,
PA1  said punches being particularly driven to perforate a packet of sheets
      within said punch, and said press plate being moved in a compressing
      direction to close a wire binding element within said press, as said
      operating member is activated.
NUM  2.
PAR  2. A machine as set forth in claim 1, said link including a flatted portion
      adapted to contact a stop surface on said machine, contact of said link
      with said stop surface limiting the operational movement of said operating
      member.
NUM  3.
PAR  3. A machine as set forth in claim 1 including means for adjusting the
      stroke of said press plate.
NUM  4.
PAR  4. A machine as set forth in claim 1 wherein said operating member is a
      handle adapted to be gripped manually.
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ABST
PAL  A method and a machine for stiffening part of a flexible workpiece, such as
      the toe portion of a vamp, causes it to register with the tacky layer of a
      correspondingly shaped molten deposit of thermoplastic which
      simultaneously is being cooled to effect release. The entire deposit is
      transferred to the selected toe area and smoothly covers any surface
      irregularities or apertures. The surface receiving the molten deposit is
      flat and cooled but not recessed so that peripheral portions of the upper
      layer of the deposit are not chilled as rapidly as its under layer and
      remain deformable during register of the toe portion therewith. A
      workholder preferably includes a substantially rigid margin clamping means
      cooperative with a yieldable work engaging pad, a relatively
      non-compressed portion of the pad unmasked by the clamping means defining
      three dimensionally the adhered charge printed onto the work.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to machines for stiffening portions of flexible
      material. More particularly it is concerned with providing an improved
      machine for stiffening selected portions of workpieces such as the toe
      portions of shoe uppers. While herein shown as well adapted for providing
      stiffened vamps, it will be understood that features of the invention are
      of broader utility and have advantage especially where the selected
      portion to be stiffened is characterized by surface irregularity which, in
      effect, it is desired to transform and render smooth.
PAR  In the prior art a machine having wide acceptance in the shoe industry for
      applying molten theremoplastic material as a layer adherent to an upper is
      disclosed in U.S. Pat. No. 3,277,867 issued Oct. 11, 1966 in the names of
      C. O. Kilham et al. While machines of this type have been successfuly
      employed on different types of work, both lined and unlined, it is found
      important that a machine have greater versatility in processing certain
      types of workpieces required to be stiffened, especially those having
      surface irregularities and/or openings. In the case of vamps, for
      instance, the irregular surface may occur as a raised seam, either inside
      or outside, or because of straps or perforations, or simply be uneven
      surface substances any of which can interfere with application of the
      thermoplastic in consistantly uniform manner. In some cases the prior
      means by which, or the prior way in which, the selected area of a
      workpiece to be coated is presented to an adhesive applicator gives rise
      to problems for the shoemaker; air, for example, can be trapped between
      the upper material and the viscous thermoplastic, or the leather may be
      wiped during application to provide an excess coating in localities that
      will subsequently harden and consequently prove difficult to last.
      Improper shoe conforming ultimately leads to uncomfortable wearing.
PAR  Some other U.S. Pat. Nos. in the prior art disclosing various machines and
      different methods of approach pertaining to coating and stiffening
      flexible sheet material are noted:
PA1  3,026,573 -- utilizes injection molding principals.
PA1  3,316,573 -- improved shoe stiffening method.
PA1  3,342,624 -- a scraper blade moves across a stencil and an opening therein
      to force coating material into the opening and thus adhere to a shoe part.
PA1  3,442,743 -- filling the recess of a mold with thermoplastic, as stated in
      the patent, partially hardening the thermoplastic by cooling the mold
      recess, bringing the mold into alignment with the work, and pressing the
      mold and work together to secure the molded plastic as a wafer thereon.
PA1  3,434,170 -- employs a heat hardenable discrete layer.
PA1  3,523,814 -- a fluid coating is deposited on a masked workpiece and an
      applicator is moved across the mask to straddle a gap therein.
PA1  3,618,151 -- molten polymeric material is flowed onto and around threads of
      a fabric laid on an area to be stiffened.
PAR  In various ways these and other earlier attempts have not always been
      satisfactory in insuring that irregularity in the material to be
      stiffened, has been satisfactorily coated with thermoplastic and that
      interior smoothness in the completed product has been attained.
PAC  SUMMARY OF THE INVENTION
PAR  A main object of this invention is to provide an improved machine for
      stiffening selected portions of otherwise flexible material by the
      application of hot melt, and which machine shall be capable of properly
      operating upon or treating such portions even though they may in part be
      characterized by an irregular or apertured surface.
PAR  Another and more specific object of this invention is to provide an easily
      operated machine for stiffening shoe components by convenient printing on
      of molten thermoplastic in a quantity and configuration adequate to
      smoothly cover any apertures, surface irregularities or indentations and
      form a coating conducive to subsequent good lasting in a shoe.
PAR  A further object of the invention is to provide an improved method for
      applying stiffening material to the toe portions of shoe uppers.
PAR  To these ends, and as herein illustrated, a machine for stiffening a
      predetermined portion of a shoe upper comprises a platen having a surface
      corresponding to that portion, means for depositing molten thermoplastic
      material on the platen, means for cooling the platen to facilitate release
      of the material deposited thereon, a movable workholder adapted to expose
      the predetermined shoe upper portion to be stiffened, and means to effect
      relative movement between the workholder and the platen to register and
      press the predetermined portion against the molten or at least tacky layer
      of the deposited charge and then separate the workholder with the full
      charge printed on the upper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects and features of this invention will now be more
      particularly described in connection with a preferred embodiment and with
      reference to the accompanying drawings thereof, in which:
PAR  FIG. 1 is a perspective view of an illustrated machine for stiffening the
      predetermined toe portions of shoe uppers or the like and provided with
      two loading stations, the parts being shown in their initial rest
      positions with portions broken away;
PAR  FIG. 2 is a view similar to FIG. 1 but showing a workholder of one of the
      work loading stations shifted to cooperate with a platen, and the other
      work station loaded with the next upper to be processed;
PAR  FIG. 3 is a somewhat schematic end view of an applicator device depositing
      molten thermoplastic on the platen;
PAR  FIG. 4 is a perspective view similar to FIG. 1 but showing the platen
      retracted with its thermoplastic deposit having an under layer being
      cooled and an upper face still tacky;
PAR  FIG. 5 is a section taken on the line V--V of FIG. 4 and showing the
      workholder clamping means as initially loaded;
PAR  FIG. 6 is a view similar to FIG. 5 but showing the parts inverted at a next
      stage where printing-on pressure has been applied;
PAR  FIG. 7 is a partly sectioned perspective view of a platen assembly adapted
      for fluid cooling and having a silicone-rubber release covering;
PAR  FIG. 8 is a perspective view of an alternative stepped form of platen; and
PAR  FIG. 9 is a perspective view of a moccasin-type vamp processed in the
      machine and having surface irregularity due to a raised seam effectively
      smoothed by stiffening adhesive.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 an illustrative machine for practicing the novel
      method herein disclosed and generally designated 10 comprises a matrix or
      platen 12 relatively movable with respect to an applicator means generally
      designated 14 for depositing a charge C of molten thermoplastic or "hot
      melt" thereon. As herein shown the platen 12 is horizontally reciprocable
      over a table 16 upon which the applicator means 14 is secured. For thus
      moving the platen from its initial front and uncoated condition shown in
      FIG. 1 rearwardly to a charge-receiving position beneath the applicator
      means, such as under an applicator roll 18 (FIG. 3) of a cement applying
      device such as fully disclosed in the mentioned Kilham et al U.S. Pat. No.
      3,277,867, mechanism under the control of an operator is provided as next
      described.
PAR  A pair of spaced parallel guide rods 20, 20 mounted in a stationary
      subframe 21 affixed to the frame of the applicator means 14 provides fore
      and aft bearings for a reciprocable carriage 22 detachably supporting the
      platen 12. In the illustrative arrangement an air-operated spring-return
      piston-cylinder device 24 (FIGS. 1, 2 and 4) is employed for actuating the
      carriage, air under pressure being admitted to the cylinder upon actuation
      of a treadle 26 (FIG. 1) controlling an air valve not shown. It is to be
      noted that the platen 12 has a flat upper surface of a peripheral shape
      corresponding to a predetermined portion of a flexible workpiece W (FIGS.
      2, 5, 6 and 8) to be stiffened. Platens 12 of other peripheral contour may
      be substituted on the carriage 22 as deemed appropriate to particular
      workpieces. While a highly polished, fluid cooled metal alloy platen has
      generally been found satisfactory, a useful alternate form of metal platen
      28 shown in FIG. 7 may have an adhesively secured cover 30 of thin
      silicone rubber for release of the thermoplastic deposit yet not
      substantially impeding cooling convection such as may be derived from a
      circulating fluid. In FIG. 7, for example, the platen 28 is detachably
      secured as by a pair of screws 32 (one only shown) extending through a
      thin conductive plate 34, and into a cooling plate 36 having a plurality
      of ducts 38, U-shaped for instance, formed therein. It will be understood
      that liquid cooling may be employed, but as illustrated herein air under
      pressure is continuously supplied from a blower 40 (FIGS. 1 and 4) to flow
      through the ducts 38 for hastening solidification of an underlying layer
      of the deposited charge C when the platen is retracted from the roll 18
      and for facilitating subsequent release of the entire charge as will
      hereinafter be explained.
PAR  FIG. 8 shows an alternative shape of platen wherein a stepped charge
      receiving surface is provided. The form shown is useful in assuring a
      thicker crescent shaped deposit for rendering a portion of the toe area
      stiffer then the remainder.
PAR  The illustrative machine 10 further comprises a pair of work loading and
      clamping stations 42, 44 (FIGS. 1 and 4) next to be described. These right
      and left-hand stations are substantially identical in structure and
      function. They are herein shown as being manually (and usually
      alternately) shiftable from their outside load-unload positions indicated
      in FIGS. 1 and 4 to a central position as indicated in FIG. 2 for the
      station 42, the charge C (FIGS. 3 and 4) on the platen then being assumed
      to have a still molten or at least tacky upper layer to be printed onto
      the predetermined portion of the flexible workpiece W to be stiffened. It
      will be understood that it is within the scope of the invention to provide
      only one or a plurality of work loading-clamping stations, that they may
      be arranged in other relations to the platen when preferred, and that
      indeed the relative movement of the platen 12 and of the station(s) 42, 44
      may be sequenced differently and by power means. For present purposes each
      station is fulcrumed on a horizontal pivot pin 46 (FIGS. 1 and 2) secured
      in the subframe 21. An outer side of the stations carries a handle 48 by
      means of which, at the operator's convenience, a station 42 or 44 when
      suitably loaded in its outer position may be inverted about the pin 46 and
      thus shifted into registry with the charge C on the retracted platen 12 or
      30. In its outer or initial loading position the station 42 or 44 may abut
      a stop 50 projecting upwardly from the table 16.
PAR  Referring now to the station 42 its structure will be more particularly
      explained with reference to FIGS. 2 and 4. The workpiece W, such as a toe
      portion of an upper to be stiffened, is positioned, inside up, upon a
      compressible pad 52 which may be of foamed rubber or the like and is
      properly located as by causing it to marginally engage an end pin 54 and
      opposed side pins 56, 56. The latter can also serve as piston rods for a
      purpose soon to be explained but preferably locating pins are
      independantly provided. The pad 52 rests on a base clamp 58 and a U-shaped
      band 60 wedge-like in transverse section and nested in the clamp 58. In
      this case the band 60 is arranged to impose a feather edge in the charge C
      to be transferred. The clamp 58 is movable heightwise by means of a fluid
      pressure operated piston-cylinder device 62 when the latter is actuated, a
      plate 64 connected to the piston being secured to the clamp 58 by means of
      four screws 66 respectively carrying spacers 68 and return springs 70.
      This is to say that as indicated in FIG. 4 lower ends of the springs 70
      abut the plate 64 and their upper ends engage fore and aft pieces 72, 72
      secured to levers 74, 74 pivoted at their inboard ends on the pin 46. This
      piston-cylinder device 62 is mounted on a rectangular bracket 76 secured
      to the levers 74. When the upper W has been positioned as indicated on the
      pad 52, a margin clamp 78, herein shown in one piece though it might be
      provided in two or more parts when preferred, is lowered into margin
      clamping position as shown in FIG. 5. For this purpose a treadle 80 (FIG.
      1) is caused to actuate a solenoid valve (not shown) admitting fluid, for
      instance air, to a pair of cylinders 82 secured to the rear piece 72 for
      causing their respective piston pins 56, 56 to descend and thus urge the
      clamp 78 cooperatively to clamp the work margin against the periphery of
      the pad 52 and of the base clamp 58. It will be apparent from FIG. 5 that
      this margin clamping in the workholder exposes the predetermined portion
      of the work to be stiffened, and the relatively non-compressed or unmasked
      predetermined portion is caused by the pad 52 to assume a taut and
      slightly convex contour. The pad 52 may, for instance, be reduced in
      thickness by pressure at its margin on the order of about 50%.
PAR  Next, after shifting the loaded workholder 42 from its position indicated
      in FIGS. 1, 4 and 5 to the position shown in FIGS. 2 and 6 wherein the
      unmasked predetermined portion of the workpiece is registered with and
      superposed on the molten or at least still tacky upper layer of the charge
      C, the fluid pressure device 62 is actuated. This may be caused by an
      automatic timing means or occur on signal from the operator. As a
      consequence, as shown in FIG. 6, the base clamp 58 is urged downwardly to
      bring the exposed predetermined workpiece portion into intimate contact
      with the thermoplastic and enable the platen 12 to print thereon the
      desired three dimensional thermoplastic charge. In this instance the
      wedge-sectioned band 60 produces a tapering feather edge 84 in the
      thermoplastic providing a contour generally recognized as conducive to
      subsequent good lasting in shoe making. A trailing margin 86 (FIG. 3 and
      9) of the charge C may also have been caused by the roll 18 to taper
      approximately in the manner taught in the above mentioned Kilham et al
      patent. The lack of relative lateral movement permitted between the
      predetermined portion to be printed on and the charge C on the platen
      avoids risk of distortion. It also is to be noted that since the charge
      receiving surface 12 or 30 is not recessed, peripheral portions of the
      upper layer of the charge C are not prematurely chilled and can be
      squeezed by gradient pressure via the band 60 to provide the tapered
      feather edge 84.
PAR  After a suitable, usually short dwell, the operator may give the workholder
      42 a return swing about the pin 46, and the printed on charge C, now fully
      releasable from the platen 12, will be firmly adhered to the upper W. By
      timed release or otherwise the margin clamp 78 is then relatively lifted
      and the upper W may be removed with its toe portion properly stiffened. As
      shown in FIG. 9, a moccasin vamp having a raised seam S, for example, when
      processed in the machine 10 will, in effect, have its inner recessed
      surface made smooth by the coating. Similarly, any other iregularities in
      toe portions of other shoes whether due to perforations, wrinkles or
      blemishes, for instance, will be rendered smooth and provide no discomfort
      to the ultimate wearer.
CLMS
STM  Having thus described our invention what we claim as new and desire to
      secure as Letters Patent of the United States is:
NUM  1.
PAR  1. A machine for stiffening a predetermined portion of a shoe upper or the
      like comprising a platen having a surface corresponding to that portion,
      means for depositing a charge of molten thermoplastic material on the
      platen surface, means for cooling the platen to facilitate release of the
      material deposited thereon, a movable workholder adapted to expose the
      predetermined shoe upper portion to be stiffened, and means to effect
      relative movement between the workholder and the platen to register and
      press the predetermined portion against the molten or at least tacky layer
      of the deposited charge and then separate the workholder with the charge
      printed on the upper.
NUM  2.
PAR  2. A machine as in claim 1 wherein the platen is of metal and has said
      surface provided with a silicone rubber release covering for receiving
      said charge, the covering being of a thinness not substantially impeding
      convection via the metal.
NUM  3.
PAR  3. A machine as in claim 1 wherein the platen is a metallic plate movable
      toward and from the charge depositing means and is formed with said
      surface flat and smoothly polished for releasably supporting the charge.
NUM  4.
PAR  4. A machine as in claim 1 wherein said workholder comprises a work
      support, a yieldable work engaging pad mounted on the work support, and
      margin clamping means releasably cooperative with the pad to register the
      shoe upper on the support and define an unmasked, relatively
      non-compressed portion of the upper which is to have the charge printed
      thereon.
NUM  5.
PAR  5. A machine as in claim 1 wherein the deposit-receiving surface of the
      platen is stepped heightwise to provide a crescent-shaped area of said
      predetermined portion with a thicker layer of deposited material.
NUM  6.
PAR  6. A machine as in claim 4 wherein the work support is a generally flat,
      rigid plate, and the pad is of a compressable material the marginal
      thickness of which is reducible by said clamping means by a dimension
      approximately at least as much as the thickness of the upper.
NUM  7.
PAR  7. A machine as in claim 4 wherein a substantially rigid tapering band is
      interposed between the outer margins of the work support and the pad as an
      aid to defining a feather edge in the margin of the printed charge of
      thermoplastic.
NUM  8.
PAR  8. A machine as in claim 4 wherein said workholder is pivotally mounted
      thereon, means under the control of an operator is actuatable to cause the
      workholder when loaded with an upper to be inverted and present the
      unmasked inside of the upper into intimate contact with a tacky layer of
      the charge on said platen.
NUM  9.
PAR  9. A machine as in claim 4 wherein a pair of said workholders is provided,
      and means under the control of an operator is actuatable to move one of
      the workholders with its marginally clamped work into registry with said
      platen in alternation with the other of the workholders.
NUM  10.
PAR  10. A machine as in claim 4 wherein a pair of said workholders is provided,
      each holder being mounted for movement about an axis projecting
      substantially horizontally at the front of the machine, said axes being
      spaced at laterally opposite sides of the platen whereby the holders can
      alternately be moved into cooperative relation therewith and separated
      therefrom.
NUM  11.
PAR  11. In a machine for stiffening and, in effect, smoothing a predetermined
      portion of a flexible workpiece, means for depositing on an upper surface
      of a platen a molten charge of viscous thermoplastic stiffening material
      corresponding in outline to the shape of said predetermined portion, means
      for cooling the platen for facilitating release of the deposited material,
      at least one movable workholder means for holding the workpiece by its
      margin and masking the latter while presenting said predetermined portion
      in superposed contact with a tacky layer of the deposited charge on the
      platen, and means for separating the workholder means and the platen to
      permit release of the workpiece from the workholder means with the full
      charge adhered to said predetermined portion.
NUM  12.
PAR  12. A machine as in claim 11 wherein actuating means is provided for urging
      the platen and workholder relatively together when they are in superposed
      relation to insure that the work is in tension over the platen and that
      the stiffening material is spread over said predetermined workpiece
      portion and, in effect, smooths any irregular confronting surface thereof.
NUM  13.
PAR  13. A machine as in claim 12 wherein mechanism is provided for inverting
      said workholder means after it has been loaded whereby the stiffening
      material on the platen and the predetermined workpiece portion to be
      coated are brought together without relative lateral movement.
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ABST
PAL  A machine that includes nozzles that move along and apply cement in the
      corners between the side and heel portions of an upper mounted on a last
      and the corresponding portions of an insole located on the last bottom and
      that also includes side wipers and heel wipers that respectively wipe the
      side and heel portions of the upper margin against the insole and attach
      the wiped margin portions to the insole by means of the cement.
PARN
PAR  This is a division of application Ser. No. 467,522 filed May 6, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. application Ser. No. 386,129 filed August 6, 1973 discloses a
      cement lasting machine operable on the side portions of a shoe assembly
      comprised of a last having an upper mounted thereon and an insole located
      on its bottom. The machine includes a shoe assembly support that supports
      the shoe assembly bottom-up and cement applying members, in the form of
      nozzles, that are yieldably urged downwardly by a downwardly directed
      force against the insole and outwardly by outwardly directed forces into
      corners between the side portions of the upper margin and the
      corresponding portions of the insole periphery. The nozzles are caused to
      travel rearwardly in the corners while the downwardly and outwardly
      directed forces are maintained, from the boundaries between the previously
      wiped upper margin of the toe portion of the shoe assembly and the upper
      margin of the side portions of the shoe assembly to the boundaries between
      the upper margin of the side portions of the shoe assembly and the
      previously wiped upper margin of the heel portion of the shoe assembly,
      and cement is extruded through the nozzles into these corners during this
      travel. The rearward travel of the nozzles is terminated by the engagement
      of a cam, travelling in unison with the nozzles, with a stop member that
      is mounted in the machine and whose position can be manually adjusted.
      After the application of the cement in the corners, the side portions of
      the upper margin are wiped against and adhesively bonded to the insole by
      side wiping instrumentalities. The shoe assembly is clamped in position
      for the application of the cement between the shoe assembly support and a
      hold-down that bears against the insole, the support being raised to cause
      the insole to bear against the hold-down.
PAR  U.S. Pat. No. 3,506,992 discloses a heel lasting machine wherein a shoe
      assembly having an upper mounted thereon and an insole located on its
      bottom is supported bottom-up on a support and the support is raised until
      the insole bears against a hold-down to thereby clamp the shoe assembly
      between the support and the hold-down. This is followed by the movement of
      a plate carrying a heel clamp and heel wipers until the bight of the heel
      clamp, that acts as a work engaging member, engages the heel end of the
      shoe assembly to thus locate the heel clamp in proper position for
      clamping the heel portion of the upper against the last and locate the
      heel wipers in proper position for wiping the heel portion of the upper
      margin against the insole. The heel wipers move in a planar path and the
      hold-down is so located as to position the heel portion of the insole in a
      plane that is substantially parallel to this path and is substantially
      coplanar with the bottoms of the wipers.
PAR  U.S. Pat. No. 3,422,474 shows a cement lasting machine that includes heel
      wipers and side wipers that wipe the heel and side portions of an upper
      margin against an insole after cement has been applied into the corners
      between these portions of the upper margin and the corresponding portions
      of the insole periphery by nozzles that travel along these corners.
PAC  SUMMARY OF THE INVENTION
PAR  A first aspect of this invention is concerned with a cement lasting machine
      that applies cement in the corners between the side and heel portions of
      the upper margin and the insole periphery by nozzles that travel along
      these corners and that includes side and heel wipers for wiping the side
      and heel portions of the upper margin against the insole as in U.S. Pat.
      No. 3,422,474. The machine includes a cam travelling in unison with the
      nozzle that engages a stop member to terminate the travel of the nozzles
      as in application Ser. No. 386,129. The machine also includes a heel clamp
      that is moved by a plate towards the heel portion of the shoe assembly
      until the bight of the heel clamp engages the heel end of the shoe
      assembly as in U.S. Pat. No. 3,506,992.
PAR  An object of this first aspect of the invention is to automatically locate
      the stop so that it will be engaged by the cam to terminate the travel of
      the nozzles when the nozzles are proximate to the heel ends of the corners
      regardless of the length of the shoe assembly and the locations of the
      heel ends of the corners. This object is achieved by so connecting the
      heel clamp and the stop that the stop is moved in unison with the clamp
      during the movement of the heel clamp towards the heel end of the shoe
      assembly.
PAR  In its broadest variant, the first aspect of the invention is concerned
      with a machine for applying cement along a surface of any workpiece up to
      a desired location on the workpiece by a cement applying member that moves
      along the surface up to the desired location. An object of this variant is
      to automatically stop the movement of the cement applying member at this
      desired location regardless of the length of the workpiece. This object is
      achieved by having a cam, that is movable with the cement applying member,
      engage a stop surface of a stop member, the stop member being connected
      for movement in unison with a workpiece engaging member that is moved into
      engagement with an end of the workpiece.
PAR  A second aspect of the invention is concerned with a cement lasting machine
      having the arrangement for clamping the shoe assembly between the support
      and the hold-down and having the heel wipers as in U.S. Pat. No. 3,506,992
      and having the nozzles moving along the corners between the upper margin
      and the insole to apply cement in these corners as in application Ser. No.
      386,129. In this aspect of the invention, the nozzles travel in the
      corners of the heel portion of the shoe assembly preparatory to the heel
      wipers wiping the heel portion of the upper margin against the insole. A
      difficulty arises with this arrangement due to the nozzles having to
      travel past the hold-down and thus being interfered with by the hold-down.
      An object of this aspect of the invention is to obviate this difficulty.
PAR  The difficulty referred to in the preceding paragraph is obviated by
      providing a brake that coacts with a bar, to which the shoe assembly
      support is secured and from which the shoe assembly support extends
      upwardly, to lock the shoe assembly against movement during the cement
      applying operation by the nozzles and the wiping operation by the heel
      wipers. The machine is so operated that, after the shoe assembly is
      clamped between the support and the hold-down, the brake is caused to lock
      the bar together with the shoe support against movement. This is followed
      by a removal of the hold-down from the insole out of interfering relation
      with the nozzles, the cement applying movement of the nozzles and the heel
      wiping operation of the heel wipers.
PAR  The second aspect of the invention has utility regardless of whether the
      cementing and wiping operations are performed on the toe portion or the
      heel portion of the shoe assembly, regardless of whether the cement
      applying member is a nozzle and regardless of how many cement applying
      members are used. Therefore, in its broadest variant, this aspect of the
      invention has wipers that are not necessarily heel wipers and the corner
      in which the cement is applied by a cement applying member is not
      necessarily in the heel portion of the shoe assembly.
PAR  In moving the nozzles into the corners, in the manner disclosed in
      application Ser. No. 386,129, it is desirable that the nozzles first move
      against the insole and then move outwardly into the corners. By moving the
      nozzles in this sequence, assurance is provided that the nozzles do not
      tangle with the upper margin which, at this time, is overhanging the
      insole and that the nozzles do not move outwardly of the upper margin
      before moving downwardly. A third aspect of the invention is concerned
      with a mechanism for ensuring that this desired sequence of nozzle
      movement takes place.
PAR  The mechanism of the third aspect of the invention includes a control
      operative to caause a drive mechanism to move a cement applying member
      (disclosed as a nozzle) outwardly and an actuator connected to the cement
      applying member for movement therewith during the movement of the cement
      applying member towards the insole. The actuator is so located as to
      intersect the control pursuant to the movement of the cement applying
      member against the insole and this intersection is effective to operate
      the drive mechanism.
PAR  In the disclosure of application Ser. No. 386,129, the nozzles are caused
      to move along the corners and apply cement into the corners after they
      have been urged yieldably outwardly into the corners. During their
      movement along the corners, the nozzles continue to be urged yieldably
      outwardly so that they will stay in the corners. The nozzles should be
      urged yieldably outwardly under relatively low pressure during their
      travel along the the corners to ensure that they will not tear or gouge
      the upper margin during their movements. However, the nozzles should
      initially be urged rapidly outwardly to ensure that they are in the
      corners when they commence their movements along the corners and to
      minimize the duration of the sequence of operations. A fourth aspect of
      the invention is concerned with ensuring that the nozzles perform in this
      desired manner.
PAR  In accordance with the fourth aspect of the invention, a cement applying
      mechanism, disclosed herein as a nozzle, is yieldably urged outwardly into
      the corner under relatively high pressure. After this, the cement applying
      mechanism is yieldably urged outwardly under relatively low pressure, and
      this is followed by the movement of the cement applying member along the
      corner while the cement applying member continues to be yieldably urged
      outwardly under the relatively low pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the machine;
PAR  FIG. 2 is a front view of the upper portion of the machine;
PAR  FIG. 3 is an elevation of the shoe assembly support;
PAR  FIG. 4 is a planview taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a view of a mechanism for adjusting the elevation and inclination
      of a side lasting unit;
PAR  FIG. 6 is an isometric view of a side lasting unit;
PAR  FIG. 7 is a partially sectional view of a side lasting instrumentality;
PAR  FIGS. 8 and 9 are side views of portions of the machine;
PAR  FIG. 10 is a bottom view of a heel lasting instrumentality in the machine;
PAR  FIGS. 11 and 12 are top views of the heel lasting instrumentality;
PAR  FIG. 13 is a plan view of a heel clamp operating mechanism;
PAR  FIG. 14 is a view taken on the line 14--14 of FIG. 16;
PAR  FIG. 15 is a view taken on the line 15--15 of FIG. 10;
PAR  FIG. 16 is a plan view of a heel wiper operating mechanism;
PAR  FIGS. 17, 18, 19 and 20 are side views of portions of the machine that
      cause movements of the nozzles;
PAR  FIG. 21 is a sectional elevation of a cement applying mechanism taken along
      the line 21--21 of FIG. 23;
PAR  FIG. 22 is a partially sectional view taken along the line 22--22 of FIG.
      21;
PAR  FIG. 23 is a plan view of the cement applying mechanism;
PAR  FIG. 24 is a view taken along the line 24--24 of FIG. 23;
PAR  FIG. 25 is a view taken along the line 25--25 of FIG. 22;
PAR  FIG. 26 is a section taken along the line 26--26 of FIG. 22;
PAR  FIG. 27 is a section taken along the line 27--27 of FIG. 21;
PAR  FIG. 28 is a view taken along the line 28--28 of FIG. 19;
PAR  FIG. 29 is a section taken along the line 29--29 of FIG. 8;
PAR  FIG. 30 is a schematic representation of a portion of the machine control
      circuit;
PAR  FIG. 31 is a side view of the shoe assembly as it is supported in the
      machine at the beginning of a machine cycle;
PAR  FIG. 31A ia a view taken along the line 31A--31A of FIG. 31;
PAR  FIG. 32 is a plan view of the shoe assembly as it appears in the machine
      after the side and heel portions of the upper have respectively been
      clamped to the last by the side lasting instrumentalities and a heel
      clamp;
PAR  FIG. 32A is a section taken along the line 32A--32A of FIG. 32; and
PAR  FIG. 33 is a view showing the nozzles as they appear when applying cement
      into the corners between the side portions of the upper margin and the
      corresponding portions of the insole periphery.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The operator is intended to stand in front of the machine as seen in FIG. 1
      and to the left of the machine as seen in FIG. 8. Directions extending
      towards the operator (right to left in FIG. 8) will be designated as
      "forward" and directions extending away from the operator (left to right
      in FIG. 8) will be designated as "rearward". The front of the machine is
      closest to the operator and the back of the machine is furthermost from
      the operator.
PAR  Referring to FIGS. 1-4, the machine includes a sleeve 10 that is fixedly
      mounted to a stationary bracket 12. A bar 14 is mounted in the sleeve 10
      for heightwise movement. An air operated motor 16, that is secured to the
      bracket 12, has an upwardly extending piston rod 18 that is secured to the
      bottom of the bar 14, whereby the motor 16 can effect heightwise movement
      of the bar 14. A last pin 20 is secured to the top of the bar 14. A column
      22 is mounted to and is located forwardly of a flange 38, described below,
      that is secured to the bar 14. A toe rest 24 is mounted to the top of the
      column 22.
PAR  A set of mounting fingers 26 extends laterally of each side of the sleeve
      10, each set of fingers 26 being secured to the sleeve 10. An arm 28 is
      pivoted intermediate its ends to the outermost extremity of each set of
      fingers 26. An air operated motor 30, formed of a cylinder 32 and a piston
      rod 34, is located between the rear ends of the arms 28. The cylinder 32
      is pivotally connected to the rear end of one of the arms 28 and the
      piston rod 34 is pivotally connected to the rear end of the other of the
      arms 28. A set of brake fingers 36 is mounted to the front of each arm 28,
      the sets of brake fingers extending inwardly of their associated arms 28
      towards the flange 38. The flange 38 is mounted to the front of the bar 14
      by means of screws 49 (only one of which is shown in FIG. 3) that connect
      the flange 38 and the bar 14 and that extend through slots 41 in sleeve
      10.
PAR  The last pin 20 and the toe rest 24 constitute a work support 40 for
      supporting a shoe assembly described below.
PAR  Referring to FIG. 1 and 5, a beam 42 is located on each side of the support
      40 and each beam 42 is mounted to the machine frame 44 for heightwise
      movement. A bolt 46 that is rotatably mounted in the machine frame 44, is
      threaded into a nut 48 that is secured to each beam 42 whereby rotation of
      each bolt 46 effects heightwise movement of its associated beam 42. Each
      bolt 46 is so connected to a shaft 50 extending out of the side of the
      machine frame 44 as to enable rotation of each shaft to rotate its
      associated bolt 46. A table 52 is located above each beam 42. A pair of
      spaced side flanges 54 (FIG. 1), depend from each table 52, and a center
      flange 56 depends from each table between its associated side flanges 54.
      The flanges 54 and 56 receive between them flanges 58 that are upstanding
      from the associated beam 42. A pivot pin 60 extends through each group of
      flanges 54, 56, and 58 whereby each table 52 is pivotally mounted for
      swinging movement about the transversely extending prone axis of its
      associated pin 60. A bar 62 is rotatably mounted in each beam 42 and a bar
      64 is rotatably mounted in the bottom of each flange 56. A shaft 66,
      rotatably mounted in each bar 62, has a threaded extension 68 that is
      threaded into a bar 64 whereby rotation of each shaft 66 causes its
      associated flange 56 and table 52 to swing about the axis of its
      associated pin 60. A knob 70 (FIG. 1) is secured to the point of each
      shaft 66 to facilitate the rotation of the shafts 66.
PAR  Duplicate sets of lasting units 72 are located on opposite sides of the
      support 40 (see FIGS. 1 and 2). Referring to FIGS. 5 and 6, each set of
      lasting units 72 is mounted for inward-outward movement on a table 52. An
      air actuated motor 74, mounted to each table 52, has a piston rod 76 that
      is secured to a base 78 of a set of lasting units 72 to thereby enable the
      motors 74 to effect inward-outward movements of the sets of lasting units
      72.
PAR  Referring to FIGS. 6 and 7, each set of lasting units 72 is formed of a
      plurality of lasting units 80 located side by side that are mounted to a
      support 82 that is secured to and is located above a base 78. A flange 84
      for each lasting unit 80 is secured to and extends upwardly of a support
      82 and threadedly receives a bolt 86. Each bolt 86 extends through an
      outer slide bracket 88, forming a part of a lasting unit 80, that is
      slidably mounted to a support 82 for inward-outward movement. Each lasting
      unit 80 includes an inner slide bracket 90 that is mounted to a support 82
      for inward-outward movement. A knob 92 is pinned to the outer end 94 of
      each bolt 86, the outer ends 94 being of smaller diameter than the
      threaded portions of the bolts 86. The brackets 88 are located between the
      shoulders located at the juncture of the larger and smaller diametered
      portions of the bolts 86 and shoulders formed at the inner ends of the
      knobs 92. Due to the connection between the outer brackets 88 and the
      inner brackets 90, described below, rotation of the knobs 92 in one
      direction or the other will cause inward or outward movement of the
      brackets 88, 90 along the supports 82 and thus cause inward or outward
      movements of the lasting units 80.
PAR  An air operated motor 96 is pivoted to each outer bracket 88 and extends
      inwardly thereof. The piston rod 98 of each motor 96 is pivoted by a pin
      100 to the middle of a lever 102. Each lever 102 has an upper limb 104 and
      a lower limb 106, the limbs extending inwardly of the pin 100. Each limb
      106 is pivoted by a pin 108 to a lever 110. The bottom of each lever 110
      is pivoted by a pin 112 to a block 114 for inward-outward movement about
      the axis of the pin 112. Each block 114 is pivoted for heightwise movement
      to an inner slide bracket 90 by a pin 116. A shaft 118, mounted to and
      upstanding from each bracket 90 inwardly of its associated pin 116,
      extends through its associated block 114. Compression springs 120 are
      entwined about the shafts 118 and extend between the tops of the blocks
      114 and collars 122 mounted to the tops of the shafts 118. The springs 120
      yieldably urge the blocks 114 downwardly about the axes of the pins 116 to
      positions wherein the bottoms of the blocks 114 engage collars 124 that
      are mounted to the shafts 118 beneath the blocks 114.
PAR  A lasting instrumentality 126 is anchored to each block 114 by bolts 128.
      Each lasting instrumentality 126 is formed of three plies, the outer ply
      being an outer presser strap 130, the middle ply being an inner presser
      strap 132, and the inner ply being a lasting strap 134. The straps 130,
      132 and 134 are made of an elastic, flexible and deformable material such
      as urethane. The straps 130, 132 and 134 respectively have bottom segments
      130a, 132a and 134a that are rigid by virtue of being secured to the block
      114 by the bolts 128. The top of each lasting strap 134 is formed into a
      thickened relatively rigid top segment 134b. The middle segment 134c of
      the lasting strap 134, between the bottom segment 134a and the top segment
      134b, is flexible, deformable and stretchable.
PAR  The top of each inner presser strap 132 is formed into a thickened
      relatively rigid top segment 132b that is located below its associated
      lasting strap top segment 134b. The middle segment 132c of the inner
      presser strap 132, between the bottom segment 132a and the top segment
      132b, is flexible, deformable and stretchable.
PAR  The top of each outer presser strap 130 is formed into a thickened
      relatively rigid top segment 130b that is located below its associated
      inner presser strap top segment 132b. The middle segment 130c of the outer
      presser strap 130, between the bottom segment 130a and the top segment
      130b is flexible, deformable and stretchable.
PAR  A lug 136, embedded in the outer presser strap top segment 130b, has a pin
      138 mounted thereto that is slidably received into a slot 140 formed at
      the top of each lever 110.
PAR  A lug 142, embedded in the inner presser strap top segment 132b, is pivoted
      by a pin 144 to a link 146, and each link 146 is pivoted by a pin 148 to
      the top of its associated limb 104.
PAR  An air operated motor 150 is associated with each lasting instrumentality
      126. Each motor 150 is pivoted to a bracket 152 that is secured to the top
      of each outer bracket 88. The motors 150 extend inwardly of the brackets
      152. A socket 154 is embedded in each lasting strap top segment 134b. Each
      socket 154 rotatably receives a ball 156 that is mounted to the inner end
      of the piston rod 158 of its associated motor 150 to thereby provide a
      flexible connection between the piston rods 158 and the lasting strap top
      segments 134b.
PAR  Referring to FIGS. 8-16, a platform 160 is located rearwardly of the
      support 40 and the lasting units 72. A head 162 is mounted to and is
      located above the platform 160. A main slide plate 164 is slidably mounted
      in the head 162 for forward-rearward movement. A fluid actuated motor 166,
      mounted to the head 162 has a piston rod 168 connected to a bracket 170
      mounted to the slide plate 164 to effect this movement. A heel clamp slide
      172 is slidably mounted below the main slide plate 164 for
      forward-rearward movement in guideways 174 (FIGS. 14 and 15) mounted to
      the main slide plate. Mounted to the rear of the heel clamp slide 172 is a
      bracket 176 having a pair of laterally extending arms 178. An air actuated
      motor 180 is pivoted to each of the arms 178 on a pin 182. Each motor 180
      has a piston rod 184 extending forwardly thereof. A pair of arms 186 are
      pivotally mounted to pins 188 which are secured to the forward end of the
      heel clamp slide 172. A shoulder 190 is provided on the heel clamp slide
      172 rearwardly of the pins 188 to limit the extent that the arms 186 may
      pivot in a rearward direction. When at rest, the arms 186 are maintained
      in abutment against the shoulders 190 by means of tension springs 192
      which are each connected at one end to an arm 178 and at its other end to
      a clip 194. The clips 194 are rigidly fastened to the outer extremities of
      the arms 186 by pins 196. A pair of sliding links 198, having longitudinal
      slots 200 formed at their midportions, are pivotally connected by means of
      pins 202 to angle brackets 204, the angle brackets 204 being rigidly
      fastened to the piston rods 184 of the motors 180. The links 198 are also
      movably connected to the arms 186 by means of engagement of the slots 200
      and the pins 196 so that activation of the motors 180 to cause the piston
      rods 184 to move forwardly (to the left in FIG. 13) will cause the links
      198 to have substantially linear forward movement, being guided by the
      pins 196. During the forward motion of the links 198, the pins 196, and
      consequently the arms 186, are rigidly maintained in a rearward position
      by means of the tension springs 192. Another link 206 is pivotally mounted
      at one end to each of the arms 186 by means of pins 208 which are secured
      to the arms 186 at their midportion. The other end of each link 206 is
      pivotally mounted to a pin 202 so that, as the motors 180 impart
      substantially forward motion to the links 198, rotary motion about the
      pins 208 will be simultaneously imparted to the links 206. A bolt 210 is
      threaded into each arm 186 in such a manner that it is in registry with
      the plane of rotation of the links 206 so that, as the links 206 rotate in
      response to actuation of the motors 180, they will abut the rearward ends
      of the bolts 210, thereby terminating the substantially forward linear
      motion of the links 198 and cause the arms 186, the links 198 and the
      links 206 to become rigid with respect to each other. When such a
      relatively rigid relationship occurs, further actuation of the motors 180
      to cause further forward motion of the piston rods 184 will cause the arms
      186, the links 198 and the links 206 to rotate, as rigid units, about the
      pins 188, overcoming the tension of the springs 192, with the motors 180
      swinging about the axes of the pins 182.
PAR  As shown in FIGS. 10, 13 and 15, a substantially U-shaped heel clamp pad
      212, having a bight 214 and a pair of legs 216 extending forwardly of the
      bight on opposite sides of the bight, is located forwardly of the heel
      clamp slide 172 between the links 198. The clamp pad 212 is formed from a
      yieldable material such as polyurethane. A positioning lug 218, extending
      rearwardly of the pad bight 214, is received in a slot formed in the
      forward end of the heel clamp slide 172. Lugs 220, that are mounted to and
      extend outwardly of the pad legs 216, are pivotally connected to the
      fronts of the links 198.
PAR  Referring to FIGS. 10 and 15, a pilot valve 222 depends from a bar 224. The
      bar 224 has a hole formed therein for rotatable accommodation of the
      rearward end of a shaft 226. The midportion of the shaft 226 is threaded
      into the forward end of the bracket 170 so as to be rigidly connected to
      and partake of the motion of the main slide plate 164. A finger 228
      extends upwardly from and is made integral with the bar 224 and is
      contained in a longitudinal slot 230 (FIG. 14) formed in the heel clamp
      slide 172. Formed at the forward end of the shaft 226 are spaced collars
      232 and 234. A depending leg 236, which is an integral part of the heel
      clamp slide 172, straddles the shaft 226 at a point intermediate the
      collars 232 and 234. It may thus be seen that the heel clamp slide 172 and
      all components mounted thereto may slide with respect to the main slide
      plate 164 a distance that is governed by the clearance between the
      depending leg 236 and the collars 232 and 234. A stop 238 is secured to
      the bottom of the depending leg 236 and extends rearwardly to be in
      alignment with the plunger 240 of the pilot valve 222. In the idle
      condition of the machine, the heel clamp slide 172 is maintained in a
      forward position relative to the main slide plate 164 with the depending
      leg 236 in abutment with the collar 232 by means of a pair of tension
      springs 242 (FIG. 10) that have one end connected to the bracket 170 and
      the other end connected to an arm 178 of the bracket 176 which is mounted
      to the rear of the heel clamp slide 172.
PAR  Referring to FIGS. 11, 12, 14 and 16, a wiper slide 244 is slidably mounted
      for forward and rearward movement in guideways 246 formed in the upper
      surface of the main slide plate 164. An air actuated motor 248 is mounted
      to a bracket 250 that is secured to and extends rearwardly of the main
      slide plate 164. The piston rod 252 of the motor 248 is connected to the
      wiper slide 244 so that activation of the motor 248 will cause the wiper
      slide 244 and all components carried thereon to move forwardly or
      rearwardly in the guideways 246. Slidably mounted to the upper surface of
      the forward end of the main slide plate 164 are a pair of wiper cams 254
      to which are mounted heel wipers 256. A pair of links 258 pivotally
      connect the wiper slide 244 and the wiper cams 254 so that motion may be
      transmitted to the wiper cams 254 and consequently the wipers 256 upon
      actuation of the wiper slide 244 by the air motor 248. For the purpose of
      guiding the wiper cams 254 in a desirable predetermined path, rollers 260
      are rotatably mounted to the main slide plate 164 and protrude upwardly
      into cam slots 262 formed in the wiper cams 254 for accommodation of the
      rollers 260. The wiper cams 254 are maintained in sliding contact with the
      main slide plate 164 by means of a cover 264 which is bolted to the main
      slide 164 and is spaced therefrom by means of spacers 266 (FIG. 14), the
      spacing between the main slide plate 164 and the cover 264 being such that
      the wiper cams 254 may have horizontal sliding motion only, there being
      insufficient clearance for allowance of any substantial vertical movement.
PAR  Referring to FIGS. 8, 9 and 11, a hold-down slide 268 is mounted to the top
      of the cover 264 for forward-rearward movement. An air actuated motor 270,
      mounted to the bracket 250, has a forwardly projecting piston rod 272 that
      is connected to the slide 268 so that the motor 270 may effect
      forward-rearward movement of the slide. An air actuated motor 274, mounted
      to the slide 268, has a forwardly directed piston rod 276. A hold-down 278
      is mounted to the front of the slide 268 for heightwise movement and is so
      connected to the piston rod 276 by a linkage 280 as to enable forward and
      rearward movements of the piston rod 276 to respectively lower and raise
      the hold-down 278.
PAR  Referring to FIGS. 2, 8, 11, 12 and 17-19, a pair of front posts 282 and
      284 and a pair of back posts 286 and 288 are upstanding from the head 162.
      The two front posts and the two back posts are located on opposite sides
      of the head 162 and a pair of slide rods 290 extend between the posts 282
      and 286 and between the posts 284 and 288 so as to be located on opposite
      sides of the head 162 and so as to extend in forward-rearward directions.
      Bearing blocks 292 are slidably mounted on the slide rods 290 for
      forward-rearward movement and a slide plate 294 extends between the slide
      rods 290 and is secured to the bearing blocks 292.
PAR  An air actuated motor 295, comprising a cable cylinder 296, extends between
      the posts 282 and 286 and is mounted to blocks 298 and 300 that are
      respectively secured to the posts 282 and 286. Cables 302, forming parts
      of the motor 295, are secured to the opposite faces of a piston (not
      shown) that is slidably mounted in the cylinder 296. The cables 302 extend
      about pulleys 304 that are rotatably mounted in the blocks 298 and 300 and
      the ends of the cables remote from the piston in the cylinder 296 are
      anchored to a clip 306 that is mounted to a strap 308. The strap 308 is
      fastened to one of the bearing blocks 292. Thus, actuation of the motor
      295 will move the clip 306 forwardly or rearwardly to thereby move the
      slide plate 294 and the parts carried forwardly or rearwardly.
PAR  Referring to FIGS. 17, 18 and 20, a valve 310 mounted to the bearing block
      292 that has the strap 308 fastened thereto has a forwardly directed valve
      stem 312 that is spring urged forwardly by the conventional spring in the
      valve 310 so as to urge the valve stem 312 against a valve actuating rod
      314 that is pivoted to the bearing block 292 associated with the valve 310
      for forward-rearward swinging movement about the axis of a pin 316. The
      valve stem 312 urges the rod 314 about the axis of the pin 316 to a
      position wherein the front of the rod 314 engages a stop pin 318 that
      projects from the associated bearing block 292.
PAR  As shown particularly in FIGS. 17 and 20, a column 320 is mounted in the
      machine adjacent the front post 282 for forward-rearward movement and can
      be adjusted in forward-rearward directions by a screw 322 that is threaded
      into the column 320 and is rotatable in a bracket 324 that is secured to
      the post 282. A support 326 extends rearwardly of this column. An air
      actuated motor 328 is pivoted to the column 320, and the piston rod 330 of
      the motor 328 extends rearwardly of this motor. The bottom of a bar 332 is
      pivoted to the back of the piston rod 330. The top of the bar 332 is so
      pivoted to the back of the support that a stop lug 334 on the topmost
      portion of the bar 332 extends above the support 326 in alignment with the
      front of the rod 314.
PAR  Referring to FIG. 21, a cement pot 336 is mounted to the slide plate 294
      for forward-rearward movement therewith. The cement pot includes a funnel
      338 into which solid granules of thermoplastic cement is supplied and a
      storage chamber 340 into which the solid cement gravitates from the funnel
      338 and in which the cement is melted by heating means (not shown). The
      molten cement gravitates from the chamber 340 through a passage 342 and an
      orifice 344 in a hollow sleeve 346 into a bore 348 forming the hollow
      interior of the sleeve 346. The sleeve 346 is mounted to the cement pot
      336. An air actuated motor 350, also mounted to the cement pot 336, has a
      downwardly depending piston rod 352 to which is attached a downwardly
      depending plunger 354 that is slidable in the bore 348. An orifice 356 in
      the bottom of the sleeve 346 has a valve seat 358 formed thereon that is
      cooperative with a ball valve 360 to close the orifice 356 in response to
      upward movement of the plunger 354. The ball valve normally rests on a
      support member 362 that is mounted to the cement pot 336 so that
      communication is provided between the orifice 356 and a passage 364
      located below the orifice 356.
PAR  Referring to FIGS. 21 and 22, a prong 366 is secured to and extends
      downwardly and forwardly of the cement pot 336. A block 368 is pivoted to
      a post 370 extending upwardly of the front of the prong 366 for swinging
      movement about the upright axis of the post 370. A projection 372 (FIG.
      23) extends laterally of each side of the block 368 and a stabilizer bolt
      374 is secured to each projection 372 with a head 376 of each bolt 374
      extending rearwardly of its associated projection 372. As shown
      particularly in FIGS. 23 and 24, a pair of single acting spring return air
      operated motors 378 are so mounted to the slide plate 294 that their
      forwardly directed piston rods 380 are in alignment with the bolt heads
      376.
PAR  A pair of aligned spindles 382 (FIG. 22) are mounted for swinging movement
      about a horizontal axis in projections 384 of the block 368, the spindles
      having extensions 386 that extend outwardly of the block 368. A heightwise
      extending spindle 388 (see FIGS. 22 and 25) is swingably mounted in each
      spindle extension 386 and a nozzle carrier 390 is mounted to an extension
      392 of the spindle 388 so as to extend forwardly thereof. A nozzle holder
      394 is mounted to the front of each nozzle carrier 390 and a nozzle 396
      (FIG. 26) is mounted to and depends downwardly of each nozzle holder 394.
PAR  Interconnected passage means 398 in the cement pot 336, the prong 366, the
      block 368, the post 370, the spindles 382, the spindle extensions 386, the
      spindles 388, the nozzle carriers 390, the nozzle holders 394 and the
      nozzles 396 provide communication for the molten cement between the
      passage 364 and passages 400 (FIG. 26) located in each of the nozzles 396.
      Strategically located electric cartridge heaters, such as the heaters 402
      shown in FIGS. 25 and 26 serve to maintain the cement that is in the
      passage means 398 and the passages 400 molten. A check valve 404 (FIG. 26)
      in each nozzle holder 394 yieldably blocks the flow of cement through the
      passage means 398.
PAR  Each spindle extension 392 has a bar 410 (FIGS. 21, 22 and 25) extending
      rearwardly thereof that has a bar 412 depending from its back end. Each
      bar 412 is mounted to a yoke 414. One of the yokes 414 is secured to the
      cylinder 416 (FIG. 27) of an air operated motor 418 and the other yoke 414
      is secured to the piston rod 420 of this motor. As described below, the
      operation of the motor 418 serves to swing the nozzle carriers 390 and the
      bars 410 about the axes of the spindles 388. The extent of outward
      movement of the bars 410 and the extent of inward movement of the nozzle
      carriers 390 is determined by the engagement of the bars 410 with stop
      bolts 422 that are located outwardly of the bars 410 and are mounted to
      bars 424 that in turn are secured to their associated block extensions
      386.
PAR  A rod 426 (FIG. 24) attached to and extending rearwardly of each projection
      372 of the block 368 has a post 428 depending from its back, and an air
      operated motor 430 is pivoted to the bottom of each post 428. A lug 432,
      depending downwardly of and connected to each spindle extension 386, is
      pivoted to a clevis 432 that is secured to the piston rod 434 of its
      associated motor 430, the piston rods 434 projecting forwardly of the
      motors 430.
PAR  Referring to FIGS. 19 and 28, a bracket 435 is secured to each rod 426 and
      a valve 436 is so mounted to each bracket 435 as to have its valve
      actuator 438 extend inwardly of its associated bracket 435. The valve
      actuators 430 are resiliently urged inwardly by the conventional springs
      incorporated in the valves 436. A cam 440 is so mounted to each spindle
      extension 386 as to be in intersecting relationship with its associated
      valve actuator 438.
PAR  Referring to FIGS. 8, 9, 11, 12, 19 and 29, a block 442 is slidably mounted
      for forward-rearward movement on a shaft 444. The shaft 444 is fixed to
      and extends between the back post 288 and a pillar 446 that is mounted to
      the head 162. A compression spring 448, entwined about the shaft 444
      between the block 442 and the pillar 446, acts to yieldably urge the block
      442 rearwardly along the shaft 444. A lug 450 is rigidly mounted to the
      slide plate 164 and is movably mounted on the shaft 444 rearwardly of the
      block 442 so as to be engaged by the back of the block 442 and thus limit
      the extent of rearward movement of the block 442 under the influence of
      the spring 448. Depending lugs 452 on the block 442 straddle a rod 454
      that is located below the shaft 444 and is secured to the post 288 and the
      pillar 446. An air operated cylinder 456 is mounted for heightwise
      movement in a cavity 458 in the block 442 and is resiliently urged
      downwardly of the block by tension springs 460 that extend between pins
      462 anchored to the cylinder 456 and pins 464 anchored to the block 442.
      The bottom of the cavity 458 is in communication with a source of
      pressurized air. A valve assembly 466 is mounted to a flange 468 that is
      secured to the top of the cylinder 456. The valve assembly 466 is offset
      outwardly of the cylinder 456. The flange 468, which forms a stop member,
      includes a forwardly facing stop surface 470 (FIG. 8) that is
      approximately at the level of the top of the cylinder 456, and a lower
      surface 472 to which the valve assembly is mounted. A cam 474 is mounted
      to the bearing block 292 associated with the back post 288. The cam 474,
      as described below, is in alignment with the stop surface 470 and the
      valve assembly 466 when the cylinder 456 has been raised to an upper
      position.
PAR  In the idle condition of the machine: the piston rod 18 is retracted into
      the motor 16 to maintain the support 40 in a lowered position; the piston
      rod 34 is retracted into the cylinder 32 of the motor 30 to thereby
      maintain the brake fingers 36 disengaged from the flange 38; the piston
      rods 76 are retracted into the motors 74 to thus force the bases 78 into
      outer positions and thus position the sets of lasting units 72 in outer
      positions wherein they do not interfere with the placement of a shoe
      assembly on the support 40 as described below; the piston rods 98 are
      retracted into the motors 96 and the piston rods 158 are retracted into
      the motors 150 thus placing the lasting instrumentalties 126 in outer
      positions on the supports 82; the piston rod 168 is retracted into the
      motor 166 to maintain the main slide plate 164 and the parts carried
      thereby in a rearward position; the piston rods 184 are retracted into the
      motors 180 to maintain the heel clamp pad 212 in an open position; the
      piston rod 252 is retracted into the motor 248 to thereby maintain the
      wipers 256 in the retracted position shown in FIG. 16; the piston rod 272
      is retracted into the motor 270 to maintain the hold-down 278 in a
      rearward position; the piston rod 276 is retracted into the motor 274 to
      maintain the hold-down 278 in an upper position; the motor 295 is so
      actuated as to cause the cables 302 to locate the slide plate 294 and the
      parts carried thereby, including the cement nozzles 396, in a rearward
      position with the cam 474 located rearwardly of the valve assembly 466 and
      the flange 468; the piston rod 330 is retracted into the motor 328 so that
      the stop lug 334 is in alignment with the rod 324; the piston rod 352 is
      retracted into the motor 350 so that the bottom of the plunger 354 is
      above the orifice 344; the piston rods 380 are projecting out of the
      motors 378 under relatively low pressure and bear against the bolt heads
      374 so that the block 368, together with the nozzles 396, is restrained
      against movement about the upright axis of the post 370; the cylinder 416
      and the piston rod 420 of the motor 418 are extended away from each other
      so that the nozzles 396 are swung above the axes of the spindles 388 to
      positions that are relatively close to each other in positions determinend
      by the engagement of the bars 410 with the stop bolts 422; the piston rods
      434 are projected out of the motors 430 to thereby move the nozzles 396
      about the axis of the spindles 382 to raised positions; and the cylinder
      456 is retained in a lowered position in the block 442 by the springs 460
      to thereby lower the stop surface 470 and the valve assembly 466 out of
      intersecting relation with respect to the cam 474.
PAR  Thermoplastic cement is placed in the funnel 338 of the cement pot 336 and
      gravitates into the chamber 340 wherein it is melted. The molten cement
      flows from the chamber 340 through the passage 342, the orifice 344, the
      passage 364, and the passage means 398 up to the valves 404 in the nozzle
      holders 394.
PAR  A shoe assembly 476 (FIGS. 31 and 31A) comprising a last 478 having an
      insole 480 located on its bottom and an upper 482 mounted thereon is
      placed bottom-up on the support 40 with the vamp of the shoe assembly
      resting on the toe rest 24 and with the last pin 20 inserted into the
      thimble in the back portion of the last so that the toe of the shoe
      assembly faces forwardly. Prior to placement in the machine, the shoe
      assembly 476 had been toe lasted. In FIGS. 31 and 31A the shoe assembly
      476 is illustrated as being for a left foot and the machine operating
      cycle described below will be for a left foot shoe assembly.
PAR  The machine includes a left and a right central knob 484 (FIG. 1), each of
      which is mounted to a post 486 at the front of the machine. To start the
      machine cycle, the left control knob 484, as seen in FIG. 1, is
      momentarily depressed. By means shown in the aforementioned application
      Serial No. 386,129, the column 22 and the toe rest 24 are so mounted to
      the sleeve 10 that they can swing leftwardly or rightwardly with respect
      to the sleeve 10 about an upright axis. The depression of the left control
      knob 484 actuates an air operated motor 488 (FIG. 3) to swing the column
      22 and the toe rest 24 rightwardly (FIG. 1).
PAR  The depression of the left control knob 484 also admits air under
      relatively high pressure to the blind end of the left motor 378 as seen in
      FIG. 1 (the top motor 378 in FIG. 23) to thus project the piston rod 380
      of this motor 378 forwardly under a pressure that is higher than the
      pressure projecting the piston rod 380 of the other motor 378 forwardly.
      As a result, the block 368 is swung counter clockwise (FIG. 23) about the
      axis of the post 370 so as to swing the nozzles 396 rightwardly as seen
      from the part of the machine (downwardly in FIG. 23).
PAR  The depression of the left control knob 484 also actuates the motor 270 to
      project the piston rod 272 forwardly to thus move the hold-down slide 268
      forwardly, thereby moving the hold-down 278 forwardly over the bottom of
      the shoe assembly 476. This is followed by an actuation of the motor 274
      to project its piston rod 276 forwardly to thus lower the hold-down 278 to
      a position wherein its bottom is at substantially the same elevation as
      the plane of the bottom of the heel wipers 256. After this, the motor 16
      is actuated under relatively low pressure to project its piston rod 18
      upwardly to thereby raise the support 40 until the heel seat portion 490
      (FIG. 31A) of the insole bears against the bottom of the hold-down 278 to
      thus locate the insole heel seat portion 490 in a plane substantially
      level with the plane of the bottom of the heel wipers 256 in a plane
      parallel to the plane of movement of the heel wipers 256. After this, the
      motor 30 is actuated to move the cylinder 32 and the piston rod 34 away
      from each other to thereby force the brake fingers 36 against the flange
      38 so as to lock the support 40 in working position in the machine in the
      position it had assumed pursuant to the rise of the support 40 by the
      motor 16 to bring insole heel seat portion 490 against the bottom of the
      hold-down 278. This is followed by an actuation of the motor 274 to raise
      the hold-down 278 to its idle position and an actuation of the motor 270
      to return the hold-down slide 268 to its idle position.
PAR  After the hold-down slide 268 has returned to its idle position, the motor
      166 is activated to move the main slide plate 164 to a forward working
      position and thereby carry the heel clamp pad 212 and the heel wipers 256
      forwardly from their out-of-the-way positions until the bight 214 of the
      heel clamp pad 212 abuts the heel end of the shoe assembly 476, thereby
      terminating forward motion of the heel clamp pad 212. The main slide plate
      164 and the heel wipers 256 carried thereon continue to move forwardly
      until the collar 234 (FIG. 15) on the shaft 226 abuts the depending leg
      236 of the heel clamp slide 172. Simultaneously with the abutment of the
      collar 234 and the depending leg 236, the plunger 240 of the pilot valve
      222 is depressed by reason of its abutment with the stop 238 to thereby
      actuate the pilot valve 222. The actuation of the pilot valve 222, by
      means of a control arrangement shown in U.S. Pat. No. 3,436,779, serves to
      lock the piston rod 168 of the motor 166 in position to thereby lock the
      main slide plate 164 in its forward position and also causes actuation of
      the motors 180.
PAR  The actuation of the motors 180 causes the heel clamp driving mechanism
      shown in FIGS. 10 and 13 to operate in the manner described above to move
      the heel clamp pad 212 to the FIG. 32 position. The legs 216 of the heel
      clamp pad 212 are initially stretched forwardly towards the toe of the
      shoe assembly and are subsequently swung inwardly until they engage the
      side walls of the shoe assembly in the regions of the breast lines, so
      that all of the inner wall of the pad 212 engages the heel of the shoe
      assembly.
PAR  After the hold-down slide 268 has been returned to its idle position as
      described above, the momentary depression of the left control knob 484
      causes the motors 74 to be so actuated as to project their piston rods 76
      inwardly to thus move the bases 78, together with the sets of lasting
      units 72, inwardly to positions wherein bolts 492 (FIG. 6) mounted on the
      bases 78 engage flanges 494 mounted to the tables 52. As a result, the
      lasting instrumentalities 126 are positioned close to but not in
      engagement with the shoe assembly. This is followed by an operation of the
      motors 96 so as to admit pressurized air under relatively high pressure to
      the blind ends of these motors to thereby enable each piston rod 98 to
      cause a lasting instrumentality 126 to move inwardly with respect to its
      support 82 with its inner bracket 90 sliding on the support until the
      lasting strap bottom segment 134a engages and meets resistance from the
      shoe assembly 476. At this time, since there is no pressurized air in the
      motors 150, the piston rods 158 are dragged inwardly of the motors 150
      during the inward movements of the lasting instrumentalties 126. The
      lasting strap bottom segments 134a engage the side portions of the shoe
      assembly 476, between its toe and heel portions, wherein the margin 496 of
      the upper 482 extends away from the insole as shown in FIG. 33. The rigid
      bottom segment 134a straddles the top line 498 of the upper so as to clamp
      the top line against the last 478. Upon engagement of a bottom segment
      134a with the shoe assembly 476, the continued force applied by the piston
      rod 98, through the lever limb 106, causes the lever 110 to swing inwardly
      about its pivot pin 112. The inward swinging of the lever 110, through the
      pin and the slot connection 138 and 140, causes the outer presser strap
      top segment 130b to be forced inwardly thus flexing inwardly the outer
      presser strap middle segment 130c. This is followed by an inward swinging
      of the lever 102 about its pivot pin 108 which, through the lever limb 104
      and the link 146, causes the inner presser strap top segment 132b to be
      forced inwardly thus flexing inwardly the inner presser strap middle
      segment 132c.
PAR  It is desired, during the lasting of the shoe, that the top line 498 of the
      side portions of the upper 482 be clamped against the last 478 and remain
      stationary on the last while the side portions of the upper extending from
      the top line towards the last bottom and the insole 480 have any slack and
      wrinkles taken out and then be pressed tightly against the last. This is
      accomplished by virtue of the fact that the bottom segment 134a first
      rigidly clamps the top line 498 to the last after which the outer presser
      strap top segment 130b is moved against the shoe assembly followed by a
      movement of the inner presser strap top segment 132b against the shoe
      assembly. The movement of the presser straps against the shoe assembly
      causes the lasting strap middle segment 134c to flex and press the upper
      between the top line and the insole bottom against the last while
      conforming to the shape of the last. Since the outer presser top segment
      130b is lower than the inner presser strap segment 132b, the pressure
      applied by the lasting strap middle segment 134c against the upper
      commences at its bottom proximate to its rigid bottom segment 134a and
      works its way upwardly. Therefore, the upper is progressively urged
      upwardly of the top line as it is pressed against the last thus pressing
      the upper against the last in a wrinkle free manner. At the completion of
      the pressing of the upper against the last by the lasting strap middle
      segment 134c, the lasting strap top segment 134b extends upwardly of the
      insole 480 and outwardly of the upper margin 496 as indicated in FIG. 33.
PAR  From the foregoing it can be seen that, at the time the motors 96 are
      actuated to move their piston rods 98 inwardly, the lasting
      instrumentalties must be on opposite sides of the shoe assembly 476 in
      positions that are close to but not in engagement with the shoe assembly
      and that these positions are determined by the engagement of the bolts 492
      with the flanges 494.
PAR  When operating on a left foot shoe assembly, with the toe rest 24 on the
      longitudinal center line of the machine, the left side of the shoe
      assembly (the upper side in FIG. 31A) projects further from the
      longitudinal center line of the machine than the right side of the shoe
      assembly (the lower side in FIG. 31A). Therefore, with a left foot shoe
      assembly and with the toe rest 24 located on the longitudinal center line
      of the machine, when the motors 74 have completed the inward movement of
      the lasting instrumentalties 126 due to the engagement of the bolts 492
      with the flanges 494, the lasting instrumentalties 126 on the left side
      (FIG. 1) of the machine will be closer to its associated side of the shoe
      assembly 476 than the lasting instrumentalties on the right side of the
      shoe assembly. In some instances, the lasting instrumentalties on the left
      side of the machine may actually be in engagement with the shoe assembly.
      It is for the purpose of avoiding this undesirable condition that the toe
      end of the shoe assembly 476 was caused to swing rightwardly about the
      axis of the last pin 20, by the motor 488.
PAR  As shown in FIG. 31A, the right side of the last 478 of the left foot shoe
      assembly 476 (the bottom side as seen in FIG. 31A) has a reentrant portion
      500 that curves inwardly of and between the toe and heel portions of the
      side of the last. The other side of the last has a much less pronounced
      reentrant portion.
PAR  In addition to the operation of the motor 96, after the engagement of the
      bolts 492 with the flanges 494 pressurized air is sent under relatively
      low pressure to the blind ends of the motors 150 on the right side of the
      machine as seen in FIG. 1 to thereby force the piston rods 158 of these
      motors inwardly at a lower pressure than the pressure that had been
      applied to the motors 96. The pressurized air is admitted to the blind
      ends of these motors 150 at the same time as it is admitted to the blind
      ends of the motors 96. However, due to the pressure of the air entering
      these motors 150 being lower than the pressure of the air entering the
      motors 96, the actuation of these motors 150 to force their piston rods
      158 inwardly is delayed until the outer presser straps 130 have been
      flexed inwardly to cause the upper 482 to conform snugly to the shape of
      the last 478 and to press the upper against the last.
PAR  The actuation of the right motors 150, as seen in FIG. 1, forces the
      associated lasting strap top segments 134b on the right side of the
      machine, as seen in FIGS. 1 and 33, inwardly under relatively low pressure
      to provide an inwardly directed back-up force that folds each lasting
      strap top segment 134b downwardly about its juncture with its lasting
      strap middle segment 134c so that the top segment 134b forms an acute
      angle with respect to the insole 480, this being permitted by the flexible
      connection provided by the ball and socket connections 154, 156. This
      causes the upper margin 496 on the side of the shoe assembly having the
      reentrant portion 500 to be folded downwardly about the periphery of the
      insole, part way towards the insole, as indicated in FIG. 33, to form an
      acute angle with the insole.
PAR  The shoe assembly engaging parts are now in the position shown in FIG. 32
      with the pad 212 pressing the heel portion of the upper 482 against the
      last 478 and the lasting instrumentalties 126 pressing the side portions
      of the upper margin against the last, the lasting instrumentalties 126
      being located forwardly of the pad 212 with substantially no space between
      the rearmost lasting instrumentalties 126 and the fronts of the pad legs
      216.
PAR  The motor 295 is now actuated so as to cause the cables 302 to move the
      slide 294 and the parts carried thereby, including the nozzles 396,
      forwardly until the valve actuating rod 314 engages the stop lug 334. The
      stop lug 334 is so located that it is engaged by the rod 314 at a location
      such that the nozzles 396 are over the widest part of the shoe assembly,
      indicated by number 502 in FIG. 31A. The engagement of the rod 314 by the
      lug 334 causes the valve 310 to open.
PAR  Referring to FIG. 30, the motors 430 are maintained in their idle positions
      by pressurized air passing from a source 504 through a line 506, a valve
      508 and a line 510 to the blind ends of these motors. The opening of the
      valve 310 sends air from the source 504 through a line 512, the valve 310
      and a pilot line 514 to the left side of the valve 508 to shift the valve
      508. This shifting of the valve 508 vents the air from the blind ends of
      the motors 430 through the line 510 and the valve 508 and enables
      pressurized air to pass from the valve 508 through a line 516 to the rod
      ends of the motors 430 to thereby retract the piston rods 434 into the
      motors 430 and thus cause the nozzles 396 to be lowered under the
      yieldable force of the pressurized air in the motors 430 until they engage
      the insole 480 in the general region indicated by number 502 in FIg. 31A
      wherein the nozzles are spaced from the upper margin 496 and the insole
      periphery laterally of the side portions of the upper margin and the
      corresponding portions of the insole periphery that are between the toe
      and heel portions of the shoe assembly.
PAR  As described above, the toe portion of the shoe assembly 476 was swung
      rightwardly by the motor 488. In order to ensure that the nozzles engage
      the insole 480 inwardly of the upper margin 496, the nozzles were also
      swung rightwardly. As described above, by the admission of the relatively
      high pressure air to the left motor 378 as seen in FIG. 1 which is the top
      motor 378 in FIG. 23.
PAR  The motor 418 is maintained in its idle condition by pressurized air
      passing from the source 504 through a valve 518 and a line 520 to the
      motor 418. The lowering of the nozzles 396 causes the valves 436, which
      are normally closed, to open. The opening of the valves 436 enables
      pressurized air to pass from the source 504 through the valves 436 and a
      pilot line 522 to the left side of the valve 518 to shift this valve. The
      shifting of the valve 518 enables the air in the line 520 to vent to
      atmosphere through the valve 518 and enables pressurized air to flow from
      the valve 518 through a line 524, a valve 526, a line 528, a shuttle valve
      530 and a line 532 to the motor 418 to so actuate the motor 418 as to move
      the yokes 414 inwardly under the yieldable force of the pressurized air
      operating under relatively high full line pressure in the line 532 and
      thus move the nozzles 396 outwardly under relatively high pressure along
      the insole 480 into the angle between the insole and the upper margin 496
      until the nozzles reach the corners between the insole and the upper
      margin as indicated in FIG. 33.
PAR  It is desirable that the nozzles 396, in moving into these corners, first
      move downwardly against the insole and then move outwardly along the
      insole into the corners to ensure that the nozzles will not tangle with
      the upper margin which, as indicated in FIg. 33, is overhanging the insole
      480 and extending inwardly of the insole periphery at this time, and to
      ensure that the nozzles do not move outwardly of the upper margin before
      moving downwardly. This desirable sequence is ensured by causing the
      outward movement of the nozzles to take place in response to the downward
      movement of the nozzles which causes the opening of the valves 436, the
      opening of the valves 436 in turn causing the outward movement of the
      nozzles to take place.
PAR  By means not shown, the opening of the valves 436 also shuts off the flow
      of pressurized air to the motors 378 so that the return springs 534 (FIG.
      24) of these motors retract their piston rods 380 out of engagement with
      the bolt heads 276 to thereby enable the motor 418 to move the nozzles 396
      outwardly.
PAR  The aforementioned shifting of the valve 518 that had caused the
      pressurized air to flow through the line 524 to the motor 418 also enabled
      pressurized air to flow from the line 524 through a pilot line 536 and a
      pneumatic timer 538 in the line 536 to the left side of a valve 540 to
      shift the valve 540 after a time delay provided by the timer 538. The
      shifting of the valve 540 enables pressurized air to flow from the source
      504 through the valve 540 and a pilot line 542 to the left side of the
      valve 526 to shift the valve 526. The shifting of the valve 526 cuts off
      the flow of pressurized air through the line 528 and enables pressurized
      air to flow under relatively low pressure from the valve 526 through a
      line 544, a pressure regulator 546 in the line 544 set a pressure lower
      than the pressure of the air that had flowed through the line 528, the
      shuttle valve 530 and the line 532 to the motor 418 to cause the motor 418
      to urge the nozzles 396 outwardly into the corners between the insole 480
      and the upper margin 496 at a lower pressure than they had been originally
      urged outwardly.
PAR  Now the motor 328 is actuated to lower the stop lug 334 and disengage it
      from the valve actuating rod 314 thus causing the valve 310 to close and
      enabling the motor 295 to again move the plate 294 and the nozzles 396
      forwardly. During this resumption of the forward movement of the nozzles
      396, they are resiliently urged downwardly against the insole 480 by the
      motors 430 and are resiliently urged outwardly against the upper margin
      496 under relatively low pressure by the motor 418 so that they are
      bearing against the insole and the upper margin when they stop their
      forward motion as described below. The nozzles 396 are urged outwardly
      against the upper margin 496 under relatively low pressure during their
      forward movement and during their below described rearward movement so
      that they will not tear or gouge the margin during these movements. The
      nozzles 396 are initially urged outwardly under relatively high pressure
      so as to rapidly move them outwardly into the corners between the upper
      margin 496 and the insole 480 thereby ensuring that they are in the
      corners when the nozzles resume their forward movement and and when the
      nozzles meet resistance to continued forward movement at the boundaries
      between the wiped toe portion of the upper margin and the unwiped side
      portions of the upper margin as described below.
PAR  As shown in greater detail in application Ser. No. 386,129, the machine
      control is so constructed that, in response to the lowering of the stop
      lug 334 to enable the slide plate 294 and the nozzles 396 to resume their
      forward movement, the motor 295 is caused to reverse its movement and move
      the slide plate 294 and the nozzles 396 rearwardly. The control is so
      constituted that the nozzles 396, at the conclusion of their forward
      movement, are located at the boundaries between the wiped toe portion of
      the upper margin and the unwiped side portions of the upper margin. Since
      the block 368, together with the nozzles 396, can swing about the axis of
      the post 370, the block, together with the nozzles, swing about this axis
      in one direction or the other should one nozzle arrive at this boundary
      before the other.
PAR  At the same time as the slide plate 294 and the nozzles 396 commence their
      rearward movement, pressurized air is caused to flow, by means described
      below, to the blind end of the motor 350 to thereby move the plunger 354
      downwardly at a regulated speed past the orifice 344 and force cement
      through the passage means 398, the check valves 404 and the passages 400
      in the nozzles 396 into the angle between the upper margin 496 and the
      insole 480.
PAR  The aforementioned opening of the valve 310 caused pressurized air to flow
      into the bottom of the cavity 458 to thereby raise the cylinder 456 to
      bring the stop member 470 and the valve assembly 466 into intersecting
      relationship with the cam 474. At this time, the cam 474 is forward of the
      stop surface 470 and the valve assembly 466 so that it does not intersect
      them during the forward movement of the plate 294. The plate 294, together
      with the nozzles 396, continues its rearward movement until the back of
      the cam 474 engages the stop surface 470 and engages the valve assembly
      466 to thereby open the valve assembly 466. The aforementioned forward
      movement of the main slide plate 164 to bring the bight 214 of the heel
      clamp pad into abutment with the heel end of the shoe assembly 476 had
      also moved the lug 450 forwardly. The lug 450, in this forward movement,
      pushes the block 442, together with the stop surface 470 and the valve
      assembly 466, forwardly against the force of the spring 448. The stop
      surface 470 is located in a forward-rearward position that is dependent on
      thte forward-rearward position of the heel end extremity of the shoe
      assembly 476. The machine parts are so dimensioned that the
      forward-rearward distance between the stop surface 470 and the pad bight
      214 is substantially equal to the forward-rearward distance between the
      back of the cam 474 and the nozzles 396. Therefore, regardless of the
      length of the shoe assembly 476 and the forward-rearward position of the
      heel portion of the shoe assembly, the nozzles 396 are located proximate
      to the heel end portion of the corner between the insole 480 and the upper
      margin 496 when the plate 294 and the nozzles 396 terminate their rearward
      movements.
PAR  During the rearward movements of the nozzles from the boundary of the
      unwiped side portion of the upper margin 496 with the previously wiped toe
      portion of the upper margin to locations that are proximate to the heel
      end extremity of the shoe assembly 476, the cement is continuously being
      extruded from the nozzle passages 400 into the angle between the upper
      margin 496 and the insole 480, the nozzles 396 are continuously being
      yieldably urged downwardly against the insole 480 by the motors 430, and
      the nozzles 396 are continuously being urged yieldably outwardly, under
      relatively low pressure, against the upper margin 496 by the motor 418, as
      shown in FIG. 33. Therefore, during the rearward cement extruding movement
      of the nozzles 396 they are able to remain in the angle between the insole
      480 and the upper margin 496 in desirable positions for the extrusion of
      the cement regardless of the contour of the bottom of the insole and
      regardless of the contour of the insole periphery.
PAR  The relatively low back-up force exerted against the reentrant portion 500
      on the right side of the shoe assembly 476 to fold the lasting strap top
      segments 134b part way towards the insole forces the partially folded
      upper margin 496 on the right side of the shoe assembly against the
      periphery of the insole 480 to create a barrier between the upper margin
      and the insole that inhibits the creeping of the cement between the upper
      margin and the insole and then between the upper 482 and the sides of the
      last 478. As noted in FIG. 33, the angle formed between the side of the
      last and the bottom of the last on the right side of the shoe assembly
      having the reentrant portion 500 is an acute angle which is smaller than
      the angle, which is close to a right angle, formed between the left side
      of the last and the bottom of the last. Therefore, the need for folding
      the lasting strap top segments 134b on the right side of the last partway
      towards the insole does not exist with respect to the lasting segments
      134b on the left side of the last. By not folding the upper margin 496 on
      the side of the shoe assembly 476 not having the reentrant portion 500,
      the nozzles 396 on that side of the shoe assembly may move further
      outwardly under the force imparted thereto by the motor 418 until it meets
      resistance from the upper margin 496 and thus be positioned close to and
      extrude cement close to the periphery of the insole 480 which enhances the
      quality of the bond between the upper margin and the insole effected by
      the wiping operation described below. It is for these reasons that the
      left motors 150 (FIGS. 1 and 33) were not actuated, as were the right
      motors 150 to force their piston rods 158 inwardly under relatively low
      pressure.
PAR  The heel portion of the upper margin 496 is held upright and pressed
      against the last 478 by the heel clamp 212 to thereby enable the nozzles
      396 to stay in the corner between this portion of the upper margin and the
      corresponding portion of the insole periphery as the nozzles move past
      this portion of the upper margin.
PAR  The motor 350 is maintained in its idle condition by pressurized air
      passing from the source 504 through a spring return valve 548 and a line
      550 to the rod end of this motor. The motor 350 was actuated to force
      cement through the nozzles 396 pursuant to the aforementioned shifting of
      the valve 540 which, in addition to enabling the flow of pressurized air
      through the pilot line 542, enabled pressurized air to flow from the valve
      540 through a pilot line 552 to the left side of a valve 556 to shift the
      valve 556. The shifting of the valve 556 enabled pressurized air to flow
      from the source 504 through the valve 556 and a pilot line 558 to the left
      side of the valve 548 to shift the valve 548. The shifting of the valve
      548 cut off the flow of pressurized air in the line 550 and enabled
      pressurized air to flow from the valve 548 through a line 560 and a
      pressure regulator 562 in the line 560 to the blind end of the motor 350
      to actuate the motor 350 to force cement through the nozzles 396.
PAR  The aforementioned opening of the valve assembly 466 enables pressurized
      air to flow from the source 504 through the valve assembly 466 and a pilot
      line 564 to the right side of the valve 556 to thereby shift the valve 556
      back to its original position so that the flow of pressurized air in the
      pilot line 558 is shut off. The shutting off of the air flow in the line
      558 enables the return spring in the valve 548 to return this valve to its
      original position to thereby cut off the flow of air in the line 560 and
      causes the pressurized air to again flow in the line 548 and thus actuate
      the motor 350 to return to its idle condition so as to cut off the flow of
      cement through the nozzles 396.
PAR  The opening of the valve assembly 466 also enables pressurized air to flow
      from the valve 466 through a pilot line 566 to the right side of the valve
      518 to thereby shift this valve back to its original position so that the
      flow of air in the line 524 is cut off and pressurized air again flows
      through the line 520 to the motor 418 to thereby cause the motor 418 to
      swing the nozzles 396 inwardly and away from the upper margin 496
      proximate to the heel end extremity of the upper margin.
PAR  The opening of the valve assembly 466 also enables pressurized air to flow
      from the line 566 through a pilot line 568 and a pneumatic timer 570 in
      the line 568 to the right side of the valve 508 to thereby shift this
      valve back to its original position so that the flow of air in the line
      516 is cut off and pressurized air again flows through the line 510 to the
      motors 430 to cause the motors 430 to return to their idle position to
      thereby raise the nozzles 396 to their idle positions after a time delay
      imparted by the timer 570. This time delay enables the motor 418 to swing
      the nozzles inwardly of the upper margin 496 before they are raised
      upwardly of the insole 480 by the motors 430.
PAR  The opening of the valve assembly 466 also returns the motors 378 to their
      idle condition.
PAR  The opening of the valve assembly 466, after a time delay sufficient to
      enable the nozzles 396 to be raised clear of the shoe assembly 476, causes
      pressurized air under a higher pressure than had previously been applied
      to the right motors 150 to flow to the blind ends of all of the motors
      150. This causes each motor 150 to force its piston rod 158 inwardly under
      relatively high pressure and thereby force the lasting strap top segment
      134b inwardly over the insole periphery under relatively high pressure.
      This has the effect of forcing each lasting strap top segment 134b
      inwardly and downwardly to press the upper margin 496 against the insole
      480. At this time, the rigid lasting strap bottom segments 134a are still
      clamping the top line 498 to the last, and the inward and downward force
      imparted to the lasting strap top segments 134b causes the lasting strap
      middle segment 134c to stretch, while the inner and outer presser straps
      132 and 130 maintain their pressure against the shoe assembly 476, to thus
      force the portion of the upper 482 extending above the top line 498
      upwardly and stretch the upper upwardly and tightly about the last while
      it is conforming to the shape of the last. The pressure applied by the
      presser straps 130 and 132 is light enough to allow this stretching of the
      lasting strap middle segments 134c to take place. The forcing down of each
      lasting strap top segment 134b against the insole causes the lasting strap
      top segments 134b to wipe or fold the side portions of the upper margin
      496 against the insole 480 and bond the upper margin to the insole by
      means of the previously applied cement.
PAR  After the lasting strap top segments 134b have forced the side portions of
      the upper margin 496 against the insole 480 for a sufficient length of
      time as to enable the side portions of the upper margin to be effectively
      bonded to the insole, the motors 74, 96 and 150 are actuated to return the
      sets of lasting units 72 to their idle positions. This is followed by an
      actuation of the motor 248 to cause the wiper slide 244 to move forwardly
      thereby imparting motion to the wiper cams 254 and consequently the heel
      wipers 256 in a heel wiping stroke by means of the links 258. The heel
      wipers 256 are guided in their movement by the engagement of the cam slots
      262 with the rollers 260 in a path that is both forwardly translating and
      inwardly swinging about the vertex 572 (FIG. 16) of the heel wipers. This
      causes the heel wipers 256 to engage the heel portion of the upstanding
      upper margin 496, that extends from the heel end extremity of the shoe
      assembly 476 to the rearmost ends of the side portions of the upper margin
      496 that had been previously wiped against and bonded to the insole by the
      sets of lasting units 72, and wipe the heel portion of the upper margin
      against the insole heel seat portion 490 and bond it to the insole heel
      seat portion by means of the previously applied cement.
PAR  At about the same time as the actuation of the motor 248 to effect the heel
      wiping stroke, the flow of pressurized air to the cylinder 456 is cut off
      to thereby enable the springs 460 to lower the cylinder 456 to its idle
      condition to thereby lower the stop surface 470 out of intersecting
      relationship with the cam 474 and to thereby lower the valve assembly 466
      away from the cam 474 so as to allow the valve assembly 466 to open. The
      lowering of the stop surface 470 out of intersecting relationship with the
      cam 474 enables the motor 295 to resume the rearward movement of the plate
      294 and the nozzles 396 until they reach their idle positions.
PAR  At or near the end of the heel wiping stroke the motor 30 is so actuated as
      to cause the brake fingers 36 to disengage the flange 38 and thus unlock
      the support 40 for heightwise movement. At about the same time, air is
      introduced under increased bedding pressure to the motor 16 to cause the
      support 40 to be so forced upwardly as to press the wiped heel portion of
      the upper margin 496 against the bottoms of the heel wipers 256 to thereby
      flatten the wiped heel portion of the upper margin and enhance the bond
      between the heel portion of the upper margin and the insole heel seat
      portion 490. When this bedding pressure has been applied for a sufficient
      length of time, the machine parts that have not already done so are
      returned to their idle positions and the machine cycle is completed so
      that the lasted shoe assembly 476 can be removed from the machine.
PAR  When the shoe assembly is in the FIG. 32A position during the cement
      extruding travel of the nozzles 396 along the insole periphery preparatory
      to the wiping of the side and heel portions of the upper margin against
      the insole, the upwardly facing bottom of the insole heel seat portion 490
      lies in a substancially horizontal plane that is substantially parallel to
      the plane of the bottoms of the heel wipers 256. The shank portion 574 of
      the insole, at this time, rises upwardly and forwardly from the heel seat
      portion 490 at an incline that is dependent on the size and style of the
      shoe assembly 476. The lasting instrumentalties 126 should, at this time,
      extend in forward-rearward directions in an inclined plane that is
      approximately parallel to the plane of the insole shank portion 574. Prior
      to the start of the machine cycle, the shafts 66 had been rotated to cause
      the lasting instrumentalties 126 to swing in the appropriate direction
      about the axes of the pins 60 to thereby adjust the inclined plane of the
      lasting instrumentalties 126. If necessary, the shafts 50 had been rotated
      to raise or lower the lasting instrumentalties 126 to bring them to the
      appropriate elevation.
PAR  The shoe assembly 476 had been brought to the FIG. 32A position wherein the
      upwardly facing bottom of the insole heel seat portion 490 is in the
      substantially horizontal plane referred to in the preceding paragraph by
      causing the motor 16 to raise the shoe assembly so as to bring the insole
      heel seat portion against the hold-down 278. The shoe assembly had then
      been retained in this position by the operation of the motor 30 to cause
      the brake fingers 36 to bear against the flange 38, after which the
      hold-down 278 was disengaged from the shoe assembly. The hold-down 278 was
      disengaged from the shoe assembly with the shoe assembly retained in the
      FIG. 32A position by the brake fingers 36 so that the hold-down 278 would
      not be intersected by and interfere with the nozzles 396 during the
      rearward cement extruding movement of the nozzles and also would not be
      intersected by and interfere with the nozzles during the forward movement
      of the nozzles from their idle position to the location wherein the
      nozzles were lowered against the insole.
PAR  When operating on a right foot shoe assembly, the operator will start the
      machine cycle by momentarily depressing the right control knob 484 (FIG.
      1). This causes actuation of the motor 488 to swing the column 22 and the
      toe rest 24 leftwardly (FIG. 1). The depression of the right control knob
      484 also admits air under relatively high pressure to the blind end of the
      right motor 378 as seen in FIG. 1 (the bottom motor 378 in FIG. 23) to
      thus project the piston rod 380 of this motor 378 forwardly under a
      pressure that is higher than the pressure projecting the piston rod of the
      other motor 378 forwardly. As a result, the block 368 is swung clockwise
      (FIG. 23) about the axis of the post 370 so as to swing the nozzles 396
      leftwardly as seen from the front of the machine (upwardly in FIG. 23).
PAR  In a right foot shoe assembly, the left side of the last has the reentrant
      portion 500. In operating on the right foot shoe assembly, after the
      engagement of the bolts 492 with the flange 494, pressurized air is sent
      under relatively low pressure to the blind ends of the motors 150 on the
      left side of the machine as seen in FIG. 1 to thereby force the piston
      rods 158 of these motors inwardly at a lower pressure than the pressure
      that had been applied to the motors 96. The actuation of these motors 150
      forces the associated lasting strap top segments 134b on the left side of
      the machine, as seen in FIGS. 1 and 33, inwardly under relatively low
      pressure to provide the inwardly directed back-up force described above
      with respect to the left foot shoe assembly and to cause the upper margin
      496 on the side of the right foot shoe assembly having the reentrant
      portion 500 to be folded downwardly part way towards the insole.
PAR  In a right foot shoe assembly, when the toe rest 34 is on the longitudinal
      center line of the machine, the right side of the shoe assembly (the lower
      side in FIG. 31A) projects further from the longitudinal center line of
      the machine than the left side of the shoe assembly (the upper side in
      FIG. 31A). Therefore, with the right foot shoe assembly and with the toe
      rest 24 located along the longitudinal center line of the machine, when
      the motors 74 have completed the inward movement of the lasting
      instrumentalties 126 due to the engagement of the bolts 492 with the
      flanges 494, the lasting instrumentalties 126 on the right side of the
      machine (FIG. 1) will be closer to their associated side of the shoe
      assembly 476 than the lasting instrumentalties on the left side of the
      shoe assembly. Therefore, the leftward swinging of the toe rest 32 and the
      nozzles 396, in operating on a right foot shoe assembly, enables the sides
      of the shoe assembly to be spaced the desired distance inwardly from the
      lasting instrumentalties 126 when the lasting instrumentalties have
      completed their inward movement pursuant to the operation of the motors
      74. The leftward movement of the nozzles 396, in operating on a right foot
      shoe assembly, ensures that the nozzles engage the insole 480 inwardly of
      the upper margins 496 when the nozzles are lowered against the insole 480
      by the motors 430.
PAR  In all other respects the machine cycle in operating on a right foot shoe
      assembly is identical to the above described machine cycle in operating on
      a left foot shoe assembly.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cement lasting machine, operable on a shoe assembly formed of a last
      having an upper mounted thereon and an insole located on its bottom, for
      applying cement in the corner between a particular portion of the margin
      of said upper and the periphery of the insole and for wiping said margin
      portion against the insole comprising: wiping means mounted for movement,
      in a prescribed plane substantially parallel to the bottom of the wiping
      means, in a wiping stroke between a retracted position and an advanced
      position; a bar mounted for heightwise movement in a path that is at right
      angles to said plane; a show assembly support secured to and extending
      upwardly of the bar for so supporting the shoe assembly bottom-up that
      said insole portion substantially lies in a plane parallel to said
      prescribed plane; brake means cooperative with the bar and movable between
      a braking position wherein it locks the bar against said heightwise
      movement and an open position wherein it permits said heightwise movement;
      a hold-down mounted for movement between a remote position spaced from the
      shoe assembly and a working position in a prescribed location above the
      support wherein the bottom of the hold-down lies in a wiping plane that is
      substantially coextensive with the bottom of the wiping means; a cement
      applying member mounted for heightwise movement towards and away from the
      insole and mounted for cement applying movement between a starting
      position and a final position along said corner past said prescribed
      location; means for initially retaining the wiping means in its retracted
      position; means for initially retaining the bar, together with the
      support, in a lower position; means for initially retaining the brake
      means in its open position; means for initially retaining the hold-down in
      its working position; means for initially retaining the cement applying
      member in an upper position above said starting position; means for
      thereafter raising the bar, together with the support, under a yieldable
      force to cause said insole portion to bear against the hold-down and thus
      locate said insole portion in said wiping plane; means, operative after
      said insole portion has been located in said wiping plane, for lowering
      the cement applying member into said starting position; means, operative
      after said insole portion has been located in said wiping plane, for
      causing the brake means to move into said braking position; means,
      operative after the brake means has moved into said braking position, for
      causing the hold-down to move to said remote position whereby said insole
      portion is retained in said wiping plane by said brake means; means for
      thereafter causing the cement applying member to effect its cement
      applying movement, the movement of the hold-down to said remote position
      preventing interference between the cement applying member and the
      hold-down during said cement applying movement; means enabling cement to
      be applied by said cement applying member into said corner during said
      cement applying movement; means for thereafter raising the cement applying
      member upwardly of the insole; and means for thereafter moving the wiping
      means through said wiping stroke to wipe said margin portion against the
      corresponding portion of the insole and bond said margin portion to the
      corresponding portion of the insole means of the cement.
NUM  2.
PAR  2. The machine of claim 1 further comprising: a stationary sleeve in which
      said bar is mounted for said heightwise movement; and a flange mounted to
      the bar for heightwise movement therewith; and wherein said brake means
      comprises: a pair of arms movably mounted to opposite sides of said
      sleeve; and a brake finger mounted to a first end of each arm so that the
      brake fingers are located on opposite sides of and in registry with the
      flange; and wherein the means for retaining the brake means in its open
      position and for causing the brake means to move into said braking
      position comprises: a motor connected to the ends of the arms remote from
      the brake fingers.
NUM  3.
PAR  3. A method, operable on a shoe assembly formed of a last having an upper
      mounted thereon and an insole located on its bottom, for applying cement
      in the corner between a particular portion of the margin of said upper and
      the periphery of the corresponding portion of the insole and for wiping
      said margin portion against said insole comprising: providing wiping means
      mounted for movement, in a prescribed plane substantially parallel to the
      bottom of the wiping means, in wiping stroke between a retracted position
      and an advanced position; providing a bar mounted for heightwise movement
      in a path that is at right angles to said plane; providing a shoe assembly
      support that is secured to and extends upwardly of the bar; so supporting
      the shoe assembly bottom-up on the support that said insole portion
      substantially lies in a plane parallel to said prescribed plane; initially
      retaining the wiping means in its retracted position; initially retaining
      the bar, together with the support, in a lower position; placing a
      hold-down in a working position in a prescribed location above the support
      wherein the bottom of the hold-down lies in a wiping plane that is
      substantially coextensive with the bottom of the wiping means; thereafter
      yieldably raising the bar, together with the support, to cause said insole
      portion to bear against the hold-down and thus locate said insole portion
      in said wiping plane; thereafter locking the bar against the heightwise
      movement; thereafter moving the hold-down away from said working position
      to a remote position spaced from the shoe assembly whereby said insole
      portion is retained in said wiping plane by said locking of the bar;
      thereafter causing a cement applying member to have cement applying
      movement between a starting position and a final position along said
      corner past said prescribed location, the movement of the hold-down to
      said remote position preventing interference between the cement applying
      member and the hold-down during said cement applying movement; applying
      cement by the cement applying member into said corner during said cement
      applying movement; thereafter raising the cement applying member upwardly
      of the insole; and thereafter moving the wiping means through said wiping
      stroke to wipe said margin portion against the corresponding portion of
      the insole and bond said margin portion to the corresponding portion of
      the insole by means of the cement.
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ABST
PAL  A circularly movable mechanical toothbrush having a fly wheel type drive
      shaft loosely joined to a rod near one edge thereof. Actuation of the fly
      wheel causes the rod to rotate in a distinct motion that causes toothbrush
      bristles to be maintained at all times toward selected teeth, which motion
      compactingly massages gums during a gradual approach stroke, aligns the
      bristles with tooth striations and interdental spaces during a sweeping
      brush stroke, and keeps the bristles disposed away from the user's cheek
      during a return stroke.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to mechanical toothbrushes for personal use and in
      particular relates to circularly movable electric toothbrushes which are
      selectively reversible.
PAC  BACKGROUND OF THE INVENTION
PAC  Review of the Prior Art
PAR  Many attempts have been made in the prior art to provide a mechanically
      operated toothbrush for personal use, most being electrically driven. In
      U.S. Pat. No. 2,598,275, Lakim discloses an electrically actuated
      oscillatory toothbrush having a reciprocable shaft driven by an
      oscillatory or vibratory motor. In U.S. Pat. No. 2,655,674, for example,
      Grover provides a lip guard and a pair of rotary brushes for cleaning both
      sides of a row of teeth simultaneously. In my prior U.S. Pat. No.
      3,702,487, there is described a mechanical toothbrush having a
      crank-shaped drive shaft that maintains the bristles disposed at all times
      toward selected teeth. The present invention provides an alternative means
      of accomplishing the objectives of my prior patent.
PAR  These and other prior art attempts have shown keen awareness of the
      problems which a toothbrush user commonly encounters in brushing the
      multi-surfaced teeth and gums without tending to move the gums away from
      the necks of the teeth or to force food particles therebetween. However,
      except for my prior patent no known prior art device has effectively
      solved these problems and provided a mechanically operated toothbrush
      which cleans the sides of teeth, the cuspidate surfaces thereof, and the
      interdental areas while selectively able to massage gums as dexterously,
      efficiently, and sensitively as a hand-operated toothbrush is commonly
      able to do.
PAR  The apparent difficulty is that the sweeping motion generally used in hand
      operaton of a toothbrush is not effectively simulated by the rotary or
      reciprocatory motion of the prior art devices. Another difficulty of prior
      art devices is generally caused by unwanted contact of bristles of rotary
      toothbrushes with the cheek or gums. The device of the present invention
      has been found to be as efficient as the hand brushing method.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide a mechanically
      operated toothbrush which moves in a path of revolution to provide a
      sweeping motion during toothbrushing therewith by a personal user.
PAR  It is another object of this invention to orient the bristles of the
      toothbrush of this invention in a general toothward direction at all times
      which is generally deemed most beneficial in brushing teeth.
PAR  It is a further object of this invention to provide a gradual onset of
      contact of the bristles with the gums as the bristles approach the necks
      of the teeth, thereby imparting a compacting type of massage to the gums,
      and also to provide a means for cleaning crown areas by transverse
      sweeping thereover.
PAR  In satisfaction of the foregoing objects and advantages there is provided
      by this invention a mechanically driven toothbrush comprising:
PAR  A. a handle, comprising a housing which is adaptable for manual clasping,
      having sides, a top and a bottom, a rotary drive means mounted within said
      housing, and an externally mounted actuating means for reversibly
      operating the rotary drive means; B. a revolutionary reversible drive
      means comprising a drive shaft rigidly connected to the rotary drive means
      and to a fly wheel, an actuating rod loosely connected on the opposite
      side of the fly wheel in an off-center position; said actuating rod
      extending through the top of the housing and connected thereto but
      permitted to be rotated independently of the housing; and C. a toothbrush
      having a stem which is interchangeably attached to the upper portion of
      said actuating rod.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the circularly operated electric
      toothbrush of this invention partially in section;
PAR  FIG. 2 is a sectional view taken in the direction of the arrows 2--2 in
      FIG. 1, showing details of the construction of the head mount;
PAR  FIG. 3 is an alternative embodiment of the head mount;
PAR  FIG. 4 is a diagrammatic view showing the motion pattern made by the
      toothbrush of the invention; and
PAR  FIG. 5 is a front-elevation sectional view of the left side of a user's
      mouth in which the toothbrush stem moves in the direction of the arrows
      71, 72, 73 and 74 in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The objectives of the invention are attained by using a handle of
      convenient shape and size within which is mounted a reversibly operable,
      rotary drive means, such as a fluid-operable drive means, as disclosed in
      U.S. Pat. No. 3,273,189 and Re 26, 589, a mechanical motor of spring-drive
      type, but preferably an electrical motor of conventional design having an
      armature and conventional field structure such as is disclosed in U.S.
      Pat. No. 3,274,631 and 3,160,902. The electric motor may be driven by AC
      current or by batteries of the popular recharging plug receptacle type.
PAR  The handle has top, bottom and conventional sides. On one side of the
      handle, which is suitably made of a tough but resilient plastic such as
      polypropylene, are switch means for starting and stopping the motor and
      for selectively reversing its direction of rotation.
PAR  The circularly operated electric toothbrush of this invention comprising a
      handle 10, a sloped head 20, a revolutionary drive means in the form of
      fly-wheel drive shaft 50 for moving an actuating rod 40 along a path of
      revolution, and a toothbrush 30 which is interchangeably attached to rod
      40, as shown in FIG. 1. The handle 10 comprises a housing, an electric
      motor 11 mounted therein with drive shaft 12, and switch means 13 for
      actuating the motor reversibly. The housing, which is adaptable for manual
      clasping, comprises the sides 14, the bottom 12 and top portion 16. The
      electric motor 11 may be driven by connection to an electrical outlet by a
      cord at 17 or the motor may be operated by batteries as is well known.
      Gear means 18 may be provided as desired and as well known to control the
      speed of drive shaft 12 by motor 11.
PAR  The interchangeable toothbrush 30 comprises the stem 31, the bristles 32,
      and interchangeable joint means 33. Any commercially available toothbrush
      30 may be used as a part of the toothbrush of this invention. Joint means
      33 may be of any well known form of construction so long as the toothbrush
      is removably attached.
PAR  An essential novelty of the device of this invention resides in the
      particular driving means involving use of the fly wheel means 50. In this
      device, fly wheel 50 is rigidly attached at its bottom center 51 to drive
      shaft 12 attached to the electric motor and revolves as the motor causes
      the drive shaft 12 to rotate. It is, of course, to be understood that the
      speed of rotation of the fly wheel 50 may be regulated or controlled by
      the use of the gear train 18 as is well known in the art. The fly wheel
      may, of course, also be an enlarged extension of drive shaft 12 and not
      merely an additional member. It is only mecessary that the rod 40 be
      offset from center to provide the pattern of revolution of the invention.
PAR  The fly wheel 50 is loosely connected on its opposite side in an off center
      position and preferably near an edge to an actuating rod 40. The actuating
      rod 40 is preferably attached to fly wheel 50 by a pin joint 52 or other
      suitable means so that the rod is permanently attached but retains at
      least some side to side and up and down movement. Thus, in pin joint 52,
      sufficient space is provided in the joint to allow the rod 40 to move
      vertically as necessary to assist in its movement at the head mount 60 as
      described hereinafter. The relationship of the fly wheel 50, drive shaft
      12 and actuating rod 40 may be seen clearly in the views of FIGS. 1 and 2.
      Actuating rod 40 extends to and beyond head mount portion 60 to connect
      with the stem 33 of toothbrush 30.
PAR  From its connection with fly wheel 50, actuating rod 40 extends upwardly to
      head mount portion 60, preferably at a slight angle from vertical. The
      angle of the actuating rod is preferably about 70.degree. to 80.degree.
      and most preferably about 80.degree. to 85.degree.. The actuating rod
      extends to and beyond heat mount or joint portion 60 to a point 41 where
      it is removably attachable to the stem 33 of toothbrush 30. The toothbrush
      joint of stem 33 and upper portion 41 of rod 40 can be of any desired
      design so long as the actuating rod 40 and toothbrush handle are
      maintained in generally rigid but detachable relationship. The well-known
      snap-on type of connection suitable for attaching the toothbrush. For
      example, the actuating rod 40 at its upper portion may be provided with a
      receiving portion at 41 to receive the stem 33 of toothbrush 30. Snap-on
      connections of this type are well known in the toothbrush art and need not
      be further described here. For example, see my prior U.S. Pat. No.
      3,702,487 where a connection of this type is disclosed.
PAR  As indicated, the actuating rod 40 extends to and beyond head mount portion
      60 and at the head mount portion 60, connecting means are provided to
      attach rod 40 to the neck of portion 60 so that rod 40 is well supported
      and maintained in proper relationship with fly wheel 50 but still is
      allowed to rotate as fly wheel 50 turns. In one embodiment as shown in
      FIG. 1 and detailed in FIG. 2, a double countersink connection is utilized
      comprising countersink 42 and 42' and horizontal guide pin 43. In this
      embodiment, head mount portion 60 is provided with ring means 61 and rod
      40 passes loosely therethrough. Guide pin 43 is rigidly connected at both
      ends to the top of head mount 60 and thus is maintained in rigid
      relationship therewith and passes loosely through a hole or opening 45 in
      the narrow portion 44 of rod 40. While the ends of pin 43 are maintained
      in rigid relationship with the housing, means must be provided for rod 40
      to rotate as fly wheel 50 turns. According to this embodiment, rod 40 is
      countersunk at 42 and 42' to permit clearance of this portion of rod 40
      over pin 43. The hole or opening 45 in the narrow portion 44 of rod 40
      through which pin 43 passes is sufficiently large to permit pin 43 to pass
      loosely therethrough. Thus, when rod 40 is rotated by action of fly wheel
      50, the opening in rod 40 is large enough to permit vertical movement of
      rod 40 as it rotates. This vertical movement is sufficient to permit the
      rod to move on pin 43 as the fly wheel 50 rotates, the rod also moving
      vertically at joint 52. Countersunk portions 42 and 42' prevent the
      remaining portions of rod 40 from hitting the pin 43 as rod 40 moves with
      the rotation of fly wheel 50. It should be understood that the deeper the
      countersink portions 42 and 42', the smaller can be opening 45 for pin 43.
      On the other hand, shallow countersink portions require larger openings
      for the pin.
PAR  While this is a preferred construction of maintaining alignment of rod 40,
      an alternative construction is shown in FIG. 3. In this construction, ring
      61 is attached to head 60 with rod 40 passing therethrough. Ring 61 is
      attached to head 60 by opposite disposed horizontal pins 62 and 62' which
      maintain ring 61 in a generally horizontal relationship but still permit
      the ring to move vertically by movement around the axis of pins 62 and
      62'. Rod 40 is loosely attached to ring 61 by pins 63 and 63' which pass
      from ring 61 to the rod 40. Pins 63 and 63' are located about 90.degree.
      from each of pins 62 and 62' and are adapted to provide vertical movement
      of ring 61 with respect to rod 40 via pins 63 and 63'. The double vertical
      movement of ring 61 with respect to rod 40 by reason of the two sets of
      pins thus provides rotation of rod 40 within ring 61 somewhat like a
      universal joint. In the embodiments of FIGS. 2 and 3, the construction is
      such as to permit sufficient movement or "play" at head mount portion 60
      to accommodate movement of rod 40 as fly wheel 50 rotates. It should be
      understood however that while the specific embodiments of FIGS. 2 and 3
      are preferred for the head mounting of the rod, other constructions may
      also be employed.
PAR  These particular connections at head mount 60 are necessary to minimize
      wear at the point where actuating rod 40 exits head 20 as at this point
      the angled and turning rod will be subjected to its greatest wear during
      use. It will also be understood that this construction also provides a
      unique combination of vertical and circular motion and thus provides the
      novel action on the teeth and gums when in use.
PAR  As may be seen in the diagram of FIG. 4, rotation of the fly wheel 50 will
      form a circular pattern indicated by the letter a. The combination of the
      actuating rod 40 and toothbrush 30 forms a generally angular line as
      indicated by c and c'. Therefore, the pattern of movement of the bristles
      32 of toothbrush 30 will be generally as indicated by line b in FIG. 4,
      which pattern of movement provides the unique cleaning action of the
      toothbrush of this invention.
PAR  Referring now to FIG. 5, where one of the possible of the revolving brush
      against the teeth is shown as limited by the degree of movement provided
      by the head mount portion, when the brush stem 31 revolves away from the
      solid position shown, it moves along the direction 71 so that the bristles
      32 penetrate deeply into interdental areas and sweep food particles away.
      When the stem 31 is in the reverse position 31a, it continues moving along
      the direction 72. When the stem 31 is in the return position 31b, it moves
      along the direction 74.
PAR  Each of the directions 71, 72, 73 and 74 of FIG. 5 are arcs of a circle
      limited as indicated above. The bristles 32 of the toothbrush 30, however,
      maintain alignment at all times and consequently describe an arc because
      of their width, radius being determined by the angle of the rod 40 while
      the orientation of the bristles 32 is determined by the diameter of the
      fly wheel 50.
PAR  When a user is operating the toothbrush of this invention with one hand, he
      is able to direct its operation so that the preferred dental techniques of
      brushing away from the gums and toward the teeth is readily used. The
      bristles 32 are able to penetrate between adjacent teeth and are able to
      follow the striations of the teeth. By bringing the lower and upper teeth
      70 and 80, respectively, fairly close together, the bristles 32
      compactingly massage the gums 75 of the lower jaw when passing by in the
      approach position 31c, vigorously brush the necks 76 of the lower teeth 70
      when in the brush position, and outwardly sweep over the crowns 83 of the
      upper teeth 80 when in the reverse position 31a. Subsequently, when
      executing the circular return operation as shown in return position 31b,
      the back of the stem 31 moves lightly downward against cheek 77 without
      any contact of the bristles 32 therewith.
PAR  A simple twist of the user's wrist, after selectively reversing the motor
      by touching the reversible actuating means therefor, is sufficient to
      repeat this desirable brushing action on the inner sides of the lower
      teeth 70 or of the upper teeth 80 or to brush directly across the crown
      bases 73 and 83 of the lower and upper teeth, respectively in transverse
      or longitudinal sweeping operation. The electric motor in the handle 10 is
      suitably operated on batteries or on conventional 110 volt AC current. A
      small spotlight may be attached to the side 11' of the housing so that it
      is collimated to shine directly on the bristles 32 when in the brushing
      position.
PAR  It should be understood that the circularly operated toothbrush cited
      hereinbefore may be varied as to structure of the toothbrush, the drive
      means, and the various connection means without departing from the spirit
      of the invention as disclosed herein, so that it should be understood that
      the limits of the invention are entirely as defined in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circularly movable toothbrush comprising:
PA1  A. a handle comprising a housing which is adaptable for manual clasping,
      having sides and top and bottom and a rotary drive means and power source
      mounted within said housing, and an externally mounted actuating means for
      reversibly operating the rotary drive means;
PA1  B. driving means comprising a drive shaft driven by said rotary driving
      means, a fly wheel connected at its center to said drive shaft, and
      loosely connected on its opposite side in an off center position to an
      actuating rod; said actuating rod extending through a head mount portion
      to a joint portion, and being rotated by said fly wheel in a circular
      motion to define a circular pattern at and beyond said head mount portion;
PA1  C. said actuating rod being double countersunk at the head mount portion to
      define a narrow shank portion, a horizontal opening through said narrow
      shank portion, a guide pin having a diameter of less than said horizontal
      opening and passing loosely through the opening in said narrow shank
      portion formed by the double countersink, and said rod rotating at said
      fly wheel while moving vertically at the portion where the guide pin
      passes therethrough; and
PA1  D. a toothbrush having a stem which is interchangeably attached to said
      joint portion, having bristles which remain in alignment with teeth
      striations and interdental spaces of the teeth when turning in the
      circular pattern defined by said actuating rod.
NUM  2.
PAR  2. A toothbrush according to claim 1 wherein a gear train is provided
      between said fly wheel and said motor to provide control of the speed of
      said fly wheel and actuating rod.
NUM  3.
PAR  3. A toothbrush according to claim 2 wherein said actuating rod is
      connected to said fly wheel by a pin joint near the edge of the fly wheel,
      said actuating rod being disposed at an angle of 70.degree. to 88.degree.
      from vertical with respect to the fly wheel.
NUM  4.
PAR  4. A circularly movable toothbrush comprising:
PA1  A. a handle comprising a housing which is adaptable for manual clasping,
      having sides and top and bottom and a rotary drove means and power source
      mounted within said housing, and an externally mounted actuating means for
      reversibly operating the rotary drive means.
PA1  B. driving means comprising a drive shaft driven by said rotary driving
      means, a fly wheel connected at its center to said drive shaft, and
      loosely connected on its opposite side in an off center position to an
      actuating rod; said actuating rod extending through a head mount portion
      to a joint portion, and being rotated by said fly wheel in a circular
      motion to define a circular pattern at and beyond said head mount portion;
PA1  C. said actuating rod being attached by oppositely disposed pins to ring
      means at the head mount portion, the ring means being in turn attached by
      a pair of pins to said head mount, said pins providing sufficient up and
      down motion to permit said actuating rod to revolve therein; and
PA1  D. a toothbrush having a stem which is interchangeably attached to said
      joint portion, having bristles which remain in alignment with teeth
      striations and interdental spaces of the teeth when turning in the
      circular pattern defined by said actuating rod.
NUM  5.
PAR  5. A toothbrush according to claim 3 wherein a gear train is provided
      between said fly wheel and said motor to provide control of the speed of
      said fly wheel and actuating rod.
NUM  6.
PAR  6. A toothbrush according to claim 5 wherein said actuating rod is
      connected to said fly wheel by a pin joint near the edge of the fly wheel,
      said actuating rod being disposed at an angle of 70.degree. to 88.degree.
      from vertical with respect to the fly wheel.
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PAL  A motor drives a film strip take-up reel to draw moving picture film from a
      freely rotating film supply reel through a film cleaner including a pair
      of oppositely rotating brushes also driven from said motor. The brushes
      are disposed on aligned and parallel shafts disposed at a level below that
      of the supply reel and above that of the take-up reel; with the film
      following a path generally downwardly from the supply reel about the lower
      portion of the cleaner brush closest to the film supply reel, up between
      the cleaner brushes and over the upper portion of the film cleaner brush
      closest to the film take-up reel, and thereafter generally downwardly onto
      the film take-up reel. The film path so taken by the film provides for an
      appropriate tension on the film which in turn insures efficient and proper
      film cleaning.
BSUM
PAC  BACKGROUND OF THE INVENTION-FIELD OF APPLICATION
PAR  This invention relates to strip cleaning mechanisms and more particularly
      to brush type mechanisms for cleaning strips of reeled material upon which
      information or data are recorded.
PAC  BACKGROUND OF THE INVENTION-DESCRIPTION OF PRIOR ART
PAR  Strips of reeled material upon which information or data is recorded may
      take many forms. It may be mylar or other suitable plastic strip upon
      which data or information is magnetically encoded; or it may be strips of
      moving picture film.
PAR  The use and or storage of such strips of reeled material quite often
      results in dust and dirt being deposited upon the strip. During further
      use the dust or dirt may in turn be deposited upon the magnetic reading or
      recording heads and thus distort and/or interfere with recording and
      playback of the encoded information.
PAR  Where movie film is involved dust or dirt upon negative film, from which
      other movie film is to be reproduced, will result in poor and distorted
      film reporduction. On positive film, which is used for projection of the
      subject matter which is recorded upon the film, dust and dirt will obscure
      the picture projected. For either positive or negative film the dust or
      dirt carried by the film may in turn be deposited upon other mechanisms to
      interfere with the operation thereof.
PAR  Since it is relatively impossible to avoid the deposit of dirt or dust upon
      the film strip and since it is necessary to obviate the problems created
      by such dirt or dust various mechanisms have been proposed for removing
      such dirt or dust from the film strip.
PAR  Mechanisms such as those shown in U.S. Pat. No. 2,796,618 for Film Cleaning
      Device granted to O. E. Arndt on June 25, 1957, and U.S. Pat. 2,987,955
      for Apparatus for Treating Motion Picture Film granted to R. Sassenberg on
      June 13, 1961 have been found unsatisfactory. In these mechanisms the film
      must pass between cleaning pads urged against opposite surfaces of the
      film. This action has been found in many instances to scratch the film,
      and may at times rip or otherwise damage the film. In U.S. Pat. No.
      1,189,633 for Motion Picture Film Cleaner granted to E. F. Shue on July 4,
      1916 the pad instead of being flat ie is wrapped about a roller but the
      other aforementioned disadvantages of pad type cleaners still obtain.
PAR  Brush type cleaners for film strips have long been available but those of
      the type shown in U.S. Pat. No. 1,676,299 for Device for Cleaning and
      Smoothing Films and the like granted to J. J. F. Stock on July 10, 1928
      are too complex in construction and operation; while those of the type
      shown in U.S. Pat. No. 3,239,868 for Film Cleaner granted to P. Di Vito on
      Mar. 15, 1966 more often than not result in improper cleaning and film
      damage, due to the action of the brushes moving across the film.
PAR  Other film cleaning mechanisms utilizing opposed brushes wiping the film in
      directions parallel to the direction of film travel are also available.
      Examples of such mechanisms are shown in U.S. Pat. No. 1,926,981 for
      Automatic Film Cleaner granted to D. U. Gould, Jr. on Sept. 12, 1933 and
      U.S. Pat. No. 3,470,576 for Film Cleaning Device granted to D. T. Troia on
      Oct. 7, 1969. These mechanisms, however, due to their arrangement of
      cleaning brushes, and the relationship between the cleaning brushes and
      the path of film travel, have thus far failed to effect efficient film
      cleaning.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a novel and improved
      strip cleaning mechanism.
PAR  It is another object of this invention to provide a novel and improved film
      strip cleaning mechanism.
PAR  It is still another object of this invention to provide a novel and
      improved brush type film strip cleaning mechanism.
PAR  It is yet still another object of this invention to provide a novel and
      improved brush type film strip cleaning mechanism which utilizes a pair of
      opposed cleaning brushes which engage and clean opposite sides of the film
      strip.
PAR  It is yet still a further object of this invention to provide a novel and
      improved brush type film cleaning mechanism for motion picture film.
PAR  This invention involves film supply and take-up reels and opposed and
      driven cleaning brushes arranged in such a way that the film strip follows
      a path of travel with respect to the brushes that insures a proper film
      tension and resultant film cleaning.
PAR  In carrying out the invention, according to the preferred embodiment
      thereof, the film cleaning brushes are arranged aligned and parallel with
      the film supply reel disposed upwardly and to one side thereof and the
      film take-up reel disposed downwardly and to the other side thereof. The
      film path passing from the supply reel beneath and about one cleaning
      brush, between the cleaning brushes, and about the top of the other
      cleaning brush to the take-up reel provides the required tension and
      cleaning action.
PAR  Other object, features, and advantages of the invention in its details of
      construction and arrangement of parts, will be seen from the above, from
      the following description of the preferred embodiment when considered in
      conjunction with the drawings, and from the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a front elevational view of a strip cleaning mechanism
      incorporating the instant invention; and
PAR  FIG. 2 shows a side elevational view of the film strip cleaning mechanism
      of FIG. 1, in partial section to better show the details thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For convenience the invention will be described as applied to a motion
      picture film strip cleaning mechanism, which is separate and distinct from
      any mechanism for processing, copying or projecting the film, and wherein
      the take-up reel and film strip cleaning brushes are motor driven; it
      being understood, nevertheless, that without departing from the scope of
      this invention that subject strip cleaning mechanism may be hand driven in
      addition to or instead of motor driven, may be incorporated as part of a
      film processing, copying or projecting mechanism, and may be utilized for
      cleaning strips other than motion picture film.
PAR  With reference to FIG. 1 there is generally shown at 10 a motion picture
      film strip cleaning mechanism. Mechanism 10 includes a base plate 12 upon
      which is securely disposed a motor 14 interconnectable with an appropriate
      source of electric power (not shown) through a suitable conductor 16 and
      plug 18.
PAR  A drive shaft 20 (FIGS. 1 and 2) extends out from motor 14 and is driven
      thereby in the clockwise direction (arrow A) as shown in FIG. 1. Fixedly
      secured to motor shaft 20 is a drive pulley 22 adapted to drive a drive
      belt 24. Drive belt 24 in turn drives a driven pulley 26, secured to a
      brush shaft 28 freely rotatable in suitable bearings (not shown) carried
      by a support bracket 30 fixedly secured to and rising upwardly from base
      plate 12.
PAR  Also fixedly secured to brush shaft 28 is a brush pulley 40 which drives a
      brush belt 42. Brush belt 42, in turn, drives a brush pulley 44 (FIG. 1).
      Brush pulley 44 is fixedly secured to a brush shaft 46 freely rotatable in
      suitable bearings (not shown) carried by a support bracket 50 fixedly
      secured to and rising upwardly from base plate 12.
PAR  A cleaning brush 60 is fixedly secured to brush shaft 28 for rotation
      therewith while a cleaning brush 62 is fixedly secured to brush shaft 46
      for rotation therewith.
PAR  A film supply reel 70 (FIG. 1 and 2), of conventional form, is freely
      rotatable upon a supply reel shaft 72 fixedly secured to and extending
      from an upright support bracket 74. Suitable latch means 76 are provided
      to retain film supply reel 70 on supply reel shaft 72 and to permit
      removal and replacement thereof.
PAR  A film take-up reel 80, of conventional form, is mounted upon motor drive
      shaft 20 to be driven thereby. Conventionally available means, such as a
      key and key way combination (not shown) or a set screw (not shown), are
      provided for this purpose. Appropriate latch means 82 are provided to
      retain film take-up reel 80 on motor drive shaft 20 and to permit removal
      and replacement thereof.
PAR  A clip 90 is provided and formed to removably attach the end of a strip of
      motion picture film 92 to film take-up reel 80 to facilitate winding of
      film 92 thereupon.
PAR  In utilizing motion picture film strip cleaning mechanism 10 a reel 70 of
      motion picture film 92 to be cleaned is placed upon supply reel shaft 72
      and latched in place by operation of latch means 76. Supply reel 70 is
      when so disposed freely rotatable upon supply reel shaft 72. Motion
      picture film strip 92 is then unreeled and threaded about the lower
      portion of cleaning brush 62 (as shown in FIG. 1), up between cleaning
      brushes 62 and 60, over the top of cleaning brush 60 and down about the
      hub of take-up reel 80. Clip 90 is used to secure film strip 92 to take-up
      reel 80.
PAR  Motor 14 is then activated by operation of on/off switch 98 to drive its
      shaft 20 and attached pulley 22 and film take-up reel 80 in the clockwise
      direction (arrow A-FIG. 1). Belt 24 driven by pulley 22 in turn drives
      pulley 26 in the clockwise direction. This action drives brush shaft 28
      and brush 60 in the clockwise direction (FIG. 1) also.
PAR  Rotation of brush shaft 28 also drives pulley 40 which, through belt 42,
      drives pulley 44, brush shaft 46, and cleaning brush 62 in the clockwise
      direction (FIG. 1) also.
PAR  Rotation of take-up reel 80 draws motion picture film strip 92 from supply
      reel 70 and about and between cleaning brushes 60 and 62. Brushes 60 and
      62, driven by the aforementioned action, by their respective coaction with
      film strip 92 engage and clean opposite surfaces of film strip 92.
PAR  The cleaning action of brush 60 and brush 62 upon film strip 92 occurs at
      adjacent but separate locations. In this manner film strip 92 need only
      engage one cleaning brush at a time. It is not required to be positioned
      critically between opposed brushes for simultaneous brushing of opposite
      sides of the same area as in many prior art film strip cleaning
      mechanisms.
PAR  The disposition of supply reel 70 at a level upwardly with respect to
      cleaning brushes 60, 62 and of take-up reel 80 downwardly with respect to
      cleaning brushes 60, 62 and the path taken by film strip 92 creates an
      appropriate tension upon film strip 92. The appropriate tension in turn
      insures a proper coaction between cleaning brushes 60, 62 and the surfaces
      of film strip 92 to provide for proper cleaning of film strip 92.
PAR  After the entire film strip 92 is cleaned motor on/off switch 98 is
      activated to stop motor 14. Film take-up reel 80 is removed from motor
      shaft 20 and the apparatus is ready to clean the next film strip.
PAR  From the above description it will thus be seen that a novel and improved
      strip cleaning mechanism has been provided for removing dirt and dust from
      a strip of material such as motion picture film or the like; which
      mechanism by prescribing a predetermined path for film travel about film
      strip cleaning brushes insures an appropriate film tension and proper film
      cleaning.
PAR  It is understood that although I have shown the preferred form of my
      invention that various modifications may be made in the details thereof
      without departing from the spirit as comprehended by the following claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A strip cleaning mechanism comprising:
PA1  a pair of strip cleaning brushes disposed on aligned and parallel brush
      shafts spaced a distance to accomodate the brushes with their bristles in
      close proximity to each other;
PA1  drive means for rotatably driving said pair of brushes in the same
      direction;
PA1  a strip supply reel rotatably disposed on a supply reel shaft positioned
      parallel with and to one side of said brush shafts, and at a level which
      is relatively higher then the level of said brush shafts;
PA1  a strip take-up reel disposed on a take-up shaft positioned parallel with
      and to the other side of said brush shafts and at a level which is
      relatively lower than the level of said brush shafts;
PA1  drive means for driving said take-up reel;
PA1  said supply reel, strip cleaning brushes, and take-up reel being arranged
      to define a strip cleaning path extending relatively downwardly from said
      supply reel, about the lower portion of one of said cleaning brushes, up
      between said cleaning brushes, about the upper portion of the other one of
      said cleaning brushes, and relatively downwardly to said take-up reel; and
      said strip cleaning path being such that when a film strip extends
      therethrough from said supply reel, about said brushes, and to said
      take-up reel that a predetermined tension is applied to the film strip to
      insure proper contact with said brushes and proper cleaning of the film
      strip.
NUM  2.
PAR  2. The strip cleaning mechanism of claim 1 wherein motor means are provided
      for driving both said take-up reel driving means and said drive means for
      driving said brushes.
NUM  3.
PAR  3. The strip cleaning mechanism of claim 2 wherein said motor means
      directly drives said take-up reel drive means and further includes a
      pulley and belt drive for transmitting drive power to one of said brush
      shafts.
NUM  4.
PAR  4. The strip cleaning mechanism of claim 3 wherein said one of said brush
      shafts includes a second pulley and said other brush shaft has a pulley
      thereon and there is a power transmission belt interconnecting said
      pulleys so that drive power transmitted from said motor to said one brush
      shaft is in turn transmitted to said other brush shaft.
NUM  5.
PAR  5. The strip cleaning mechanism of claim 1 wherein said brush shafts and
      said supply reel shaft are carried by brackets which extend upwardly from
      a mechanism base plate.
NUM  6.
PAR  6. The strip cleaning mechanism of claim 1 wherein the brushes coact with
      the strip when arranged in said strip cleaning path on opposite surfaces
      thereof.
NUM  7.
PAR  7. The strip cleaning mechanism of claim 6 wherein the brushes when so
      coacting with the strip when disposed in said strip cleaning path coact at
      adjacent locations on opposite surfaces of the strip.
NUM  8.
PAR  8. The strip cleaning mechanism of claim 1 including clip means for
      releasably attaching the strip to said take-up reel.
NUM  9.
PAR  9. The strip cleaning mechanism of claim 1 wherein the strip to be cleaned
      is motion picture film.
NUM  10.
PAR  10. The strip cleaning mechanism of claim 1 wherein releasable latch means
      are provided to facilitate releasable disposition of said supply reel and
      said take-up reels on their respective shafts.
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ABST
PAL  A machine for scrubbing floors has a frame with an open bottom from which a
      lower run of an endless fabric belt projects downwardly, this belt passing
      around a large traction roller and several idler rollers journaled in the
      frame. One of the idler rollers is spring-loaded and mounted in a
      receptacle for water or other liquid into which the upper run of the belt
      dips from above before passing through a wringer constituted by a further
      roller and a coacting pressure roller. The traction roller is hollow and
      driven by a motor supported in its interior by an axle traversing one of
      the end faces of that roller.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a machine for scrubbing floors, the term
      "scrubbing" including such operations as washing, wiping, shampooing,
      waxing, polishing and the like.
PAC  OBJECTS OF THE INVENTION
PAR  An important object of my present invention is to provide a machine of this
      character which can be readily adjusted for a variety of scrubbing
      operations, such as those mentioned above, and adapted to the treatment of
      different substrates including bare floors as well as rugs or carpets.
PAR  Another object is to provide a compact floor scrubber which is mobile and
      self-contained, except for possibly a power cable extending to a wall
      socket or other external current supply.
PAC  SUMMARY OF THE INVENTION
PAR  A floor scrubber according to my invention comprises an open-bottomed frame
      in which a set of guide rollers with horizontal axes are rotatably
      journaled, at least one of these rollers being positively coupled with an
      electric motor or other drive means for rotation thereby. An endless belt
      passes around these guide rollers, this belt having a lower run projecting
      downwardly from the open frame bottom to rub against an underlying floor
      surface while the frame is held stationary or guided in a desired
      direction against the reaction force exerted upon it by the belt. Major
      parts of the machine, including the guide rollers, may be made of plastic
      material.
PAR  According to another feature of my invention, an upwardly open receptacle
      for water or other treatment liquid is mounted in the frame and contains a
      further roller engaged by the upper run of the belt below the liquid
      level, the belt consisting of liquid-absorbing material so as to be
      thoroughly wetted by this immersion. A wringer above the receptacle, which
      is preferably adjustable, engages the belt downstream of the immersed
      roller which advantageously is provided with a spring-biased mounting for
      imparting proper tension to the belt.
PAR  Pursuant to a further feature of my invention, the traction roller is
      hollow to accommodate its drive motor in its interior so as to minimize
      the overall size of the assembly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a side-elevational view (with parts broken away) of a floor
      scrubber embodying my invention;
PAR  FIG. 2 is a front view, partly in section, of a traction roller forming
      part of the machine of FIG. 1; and
PAR  FIG. 3 is a fragmentary top view as seen from the line III -- III of FIG.
      1.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in the drawing, an endless belt 1 of absorbent but wear-resistant
      material (e.g. cotton fabric) travels around a set of guide rollers 2 - 6
      with horizontal axes whose axles are supported in an open-bottomed frame
      comprising two sidewalls 34 interconnected by nonillustrated cross-bars.
PAR  Within the frame there is disposed a receptacle 7 filled with water or
      other liquid used for scrubbing a floor or washing a rug or carpet. Belt
      1, moving clockwise, has an upper run passing above idler rollers 3, 5 and
      below idler roller 4, the latter being carried within receptacle 7 on a
      pair of arms 9 pivoted on an axle 9' which spans the lateral walls of the
      receptacle. Two springs 8, anchored to arms 9, urge the roller 4
      downwardly to tension the belt 1 as it dips into the liquid. The upward
      swing of arms 9 is limited by a stop 33 allowing a sufficient slackening
      of the belt to enable disengagement of the axle 4' from its downwardly
      open journal bearings whereupon the belt can be slipped off the other
      rollers and removed around one of the sidewalls 34 for repair or
      replacement.
PAR  A cam 13, rotatable on a shaft 13' by a crank not illustrated in the
      drawing, acts upon a pair of levers 14 fulcrumed on an axle 15 to raise or
      lower two wheels 16 with respect to the level of a lower run of belt 1,
      i.e. to a line tangent to the radius of rollers 2 and 6, in order to vary
      the pressure exerted by the belt 1 on the floor or to lift the belt
      completely off its supporting surface. Receptacle 7 is provided with a
      nonillustrated drain.
PAR  On emerging from receptacle 7, belt 1 passes through a wringer constituted
      by a pressure roller 12 coacting with guide roller 5 in an upper part of
      the frame. The pressure exerted on the belt 1 is controllable by a milled
      nut 10 on a bolt 10a rigid with a bracket 12a supporting the pressure
      roller 12. Nut 10 bears upon a telescoped cylinder 11 containing a
      compression spring 11a.
PAR  Roller 2, of larger diameter than the others, is hollow and serves as a
      traction roller driven by an electric motor whose casing 18 and shaft 17
      are shown in FIG. 2, with omission of its field and armature windings for
      clarity's sake. This motor is disposed within traction roller 2 so that
      the machine can be made highly compact without impairing its performance.
PAR  Bearings 20 support the shaft 17 in motor casing 18 which is coaxial with
      roller 2, this casing having a flange 19 which is detachably secured to
      one of the frame members 34 and is traversed by electrical conductors
      leading to an external power source. Shaft 17 drives the roller 2 through
      a reduction gearing 24, this roller having two end walls 2a, 2b provided
      with perforations 26 through which air may circulate via similar
      perforations 25 in the end walls of motor casing 18. To facilitate such
      air circulation, a fan 36 is mounted on shaft 17 within the motor casing;
      it could, of course, also be located outside the casing. End wall 2a is
      supported in shaft 17 through a journal bearing 37 whereas end wall 2b
      rides on a trunnion 19', formed by the stationary flange 19, with
      interposition of a similar journal bearing 38. This end wall 2b is
      removably fitted into the cylindrical roller body, with the aid of meshing
      serrations 28, to provide ready access to the motor for purposes of
      inspection and repair.
PAR  The position of idler rollers 3 and 6 at diagonally opposite corners of
      frame 34 is so chosen that the belt 1 envelops the traction roller 2 along
      an arc substantially greater than 90.degree. which, with proper tensioning
      of the belt by roller 4, should suffice to insure frictional entrainment
      thereof. If necessary, however, supplemental drive means may be provided
      for one or more of the guide rollers 3, 5 and 6; rollers 2 acts as a
      flywheel.
PAR  Advantageously, pursuant to another feature of my invention, the journaling
      of tension roller 4 in its bearings is slightly eccentric so that the belt
      1 is subjected to a certain amount of vibration as it passes around the
      roller; this has been schematically indicated by dot-dash lines in FIG. 1.
      The vibrations help dislodge excess liquid from the rising stretch of the
      belt on its way to the wringer 5, 12, thus allowing a more accurate
      control of the moisture content of the blet downstream of that wringer by
      means of pressure regulator 10, 11. In this way, the operation of the
      machine can be adapted to various kinds of substrates to be scrubbed, e.g.
      wood floors, rugs or carpets, and can also be modified for different types
      of operation such as the spreading of liquid wax on a floor and the
      subsequent polishing thereof with a nearly dry belt.
PAR  The frame 34 may be provided with one or more handles, not shown, to
      facilitate its manual displacement across a surface to be scrubbed and to
      allow the user to hold it in a desired position against dislodgement by
      the continuously driven belt 1.
PAR  Naturally, my invention is not limited to the specific construction shown
      and described, except as specified in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A floor scrubber comprising:
PA1  a frame with an open bottom and two parallel sidewalls;
PA1  an upwardly open receptacle for a treatment liquid located between said
      sidewalls in said frame;
PA1  a set of guide rollers with horizontal axes journaled in said sidewalls;
PA1  an endless belt of liquid-absorbing material passing around said guide
      rollers, said belt having a lower run projecting downwardly from said open
      bottom and an upper run dipping into said receptacle;
PA1  a pair of arms mounted in said receptacle for swinging about a pivotal axis
      parallel to those of said guide rollers, said arms terminating in a pair
      of downwardly open journal bearings;
PA1  a further roller disposed in said receptacle above said upper run with an
      axle lodged in said journal bearings; and
PA1  spring means engaging said arms for urging said further roller downwardly
      against said upper run to tension said belt, said arms being upwardly
      swingable against the force of said spring means to a sufficient extent to
      enable dislodgment of said axle from said journal bearings and withdrawal
      of said further roller from said receptacle to facilitate removal of said
      belt from said guide rollers around one of said sidewalls.
NUM  2.
PAR  2. A floor scrubber as defined in claim 1, further comprising wringer means
      above said receptacle engaging said belt downstream of said further
      roller.
NUM  3.
PAR  3. A floor scrubber as defined in claim 2 wherein said wringer means
      comprises a pressure roller and a coacting guide roller.
NUM  4.
PAR  4. A floor scrubber as defined in claim 3 wherein said pressure roller is
      provided with adjustable biasing means urging same toward said coacting
      guide roller.
NUM  5.
PAR  5. A floor scrubber as defined in claim 2 wherein said further roller is
      eccentrically mounted in said journal bearings for vibrating said belt on
      its way to said wringer means.
NUM  6.
PAR  6. A floor scrubber as defined in claim 1 wherein said one of said guide
      rollers is hollow, said drive means comprising a motor mounted in the
      interior of said hollow roller.
NUM  7.
PAR  7. A floor scrubber as defined in claim 8 wherein said motor has a drive
      shaft coaxial with said hollow roller, further comprising transmission
      means coupling said drive shaft with said hollow roller and fan means on
      said drive shaft for circulating air through said hollow roller, said
      motor and said transmission means.
NUM  8.
PAR  8. A frame scrubber as defined in claim 11, further comprising retractable
      wheel means on said frame displaceable relatively thereto for lifting said
      lower run off a floor surface contacted by said wheel means.
NUM  9.
PAR  9. A floor scrubber as defined in claim 1, further comprising stop means in
      said receptacle for limiting the upward swing of said arms.
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ABST
PAL  A cleaning fabric having a contact surface against which the surface of a
      photographic film can be rubbed to remove foreign particles from the film.
      The fabric is a laminate comprising a non-woven wiping layer of soft fine
      intersecting bonded fibers defining the contact surface. The fibers in the
      wiping layer are randomly spaced and disposed to provide openings in the
      wiping layer for receiving foreign particles, and the wiping layer is
      compacted in a direction normal to the contact surface so that few ends or
      loops of the fibers project past the wiping surface, thereby restricting
      shearing or tearing loose of the fibers by the edges of a passing
      photographic film. An open non-woven lofty backing layer is adhered to the
      surface of the wiping layer opposite the contact surface. The backing
      layer is formed of stiff resilient randomly spaced and disposed bonded
      fibers and is sufficiently thick so that the backing layer can be
      supported in a slightly compressed condition to evenly press the contact
      surface into intimate engagement with a photographic film and to maintain
      such contact by slight expansion or further compression to compensate for
      irregularities in the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to fabrics against which a surface may be
      wiped to remove foreign particles, and in one aspect to such a cleaning
      fabric particularly adapted for the removal of foreign particles from
      photographic film.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,644,953 describes a device with which foreign particles can
      be removed from photographic film by passing the film between two lengths
      of cleaning fabric biased for intimate contact with the photographic film.
      An embodiment of this device is illustrated in FIG. 1 of the drawing. The
      device 10 illustrated therein includes a pair of support members or
      rollers 12 and 14 providing narrow support edges adapted for bringing
      narrow sections of two lengths 16 and 18 of cleaning fabric into intimate
      contact with the surfaces of a photographic film 20 passed therebetween.
      The support members 12 and 14 are spaced to afford slight compression of
      the lengths of cleaning fabric 16 and 18 as the photographic film 20
      passes therebetween so that the support members 12 and 14 will provide
      intimate and complete contact between the lengths of cleaning fabric 16
      and 18 and the photographic film 20.
PAR  After the photographic film 20 is cleaned by movement between the lengths
      of cleaning fabric 16 and 18, it passes adjacent a nuclear source of alpha
      particles 22 which neutralize charges on the cleaned film to restrict its
      attraction to dust particles in the air.
PAR  A mechanism is provided for changing the sections of the lengths of
      cleaning fabric 16 and 18 in the nip between the support members 12 and
      14. This mechanism comprises a series of gears 24, 26, 28, 30, 32 and 34,
      driven by a motor 36 to wind the lengths of cleaning fabric 16 and 18 onto
      takeup spools 38 and off of supply spools 40.
PAR  Prior to the present invention the cleaning fabric used in the apparatus 10
      for the accumulation of dust was a non-woven cloth of soft fine denier
      fibers bonded together at the fiber cross-over points by a resin binder.
      An example of such a cloth is that sold by the Pellon Corporation, Lowell,
      Mass., under the trade designation Grade 301W spun bonded polyamide web.
PAR  A cleaning fabric of this type can provide adequate cleaning for
      photographic film. However, the selection of the type or mixture of fibers
      used in cleaning fabrics of this type and of the method of bonding the
      fibers together requires a compromise between selecting fibers and a
      bonding system which provide a desirable resiliency in the cleaning fabric
      so that in use the fabric can be slightly compressed to insure even
      intimate contact by the cleaning fabric across the entire width of the
      photographic film while allowing the fabric to expand or be further
      compressed to compensate for irregularities in the film; and selecting
      fibers and a bonding system which provide a contact surface for the
      cleaning fabric which has few projecting fiber ends or fiber loops. Such
      projecting ends and loops, if they are present, tend to be cut or pulled
      from the lengths of cleaning fabric by the passage of a photographic film
      therebetween (i.e. as by the leading edge of a film, sprocket holes in the
      film, or a splice in the film), thereby providing a loose fiber which may
      become disposed on the surface of the photographic film. Such loose fibers
      can cause a serious blemish on a print of the film, and sometimes are left
      at the gate in automatic printing devices and cause blemishes on a series
      of subsequently produced prints.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved cleaning fabric for use in a
      device such as that illustrated in FIG. 1, which cleaning fabric has both
      a contact surface defined by soft fibers providing openings for receiving
      foreign particles while having few ends or loops projecting past the
      cleaning surface to greatly reduce the probability of fibers being removed
      from the cleaning fabric by passing photographic film; and has a high
      degree of resiliency so that it can be supported in a slightly compressed
      condition to evenly press the contact surface into intimate engagement
      with a photographic film, and to maintain such contact by expanding or
      compressing slightly to compensate for irregularities in the film being
      cleaned.
PAR  The cleaning fabric according to the present invention is a laminate
      including a non-woven wiping layer of intersecting bonded fibers defining
      the contact surface. The fibers in the wiping layer are randomly oriented
      and spaced to provide openings for receiving foreign particles from a
      photographic film rubbed across the contact surface. Also the wiping layer
      is compacted in a direction normal to the contact surface so that few ends
      or loops of the fibers project past the wiping surface to restrict
      snagging and removal of fibers from the wiping layer by the photographic
      film being cleaned. The cleaning fabric also includes an open non-woven
      lofty relatively thick backing layer adhered to the surface of the wiping
      layer opposite the contact surface comprising stiff resilient randomly
      spaced and disposed bonded fibers providing a predetermined desired
      resilience for the wiping cloth.
PAR  The wiping layer is constructed of fine fibers, preferably in the range of
      about 11/2 to 3 denier, which fine fibers afford complete intimate contact
      with the surface of a photographic film. The fibers are sufficiently soft
      that they will not mar the photographic film.
PAR  To facilitate manufacture of the cleaning fabric, the fibers for the wiping
      layer are preferably hydrophilic (e.g. can absorb at least about 25% of
      their weight in water when exposed to 95% relative humidity at room
      temperature) so that when wetted, the fibers become extremely limp. Such
      hydrophilic fibers when loosely and randomly disposed in a layer can be
      made very limp, compacted together in a direction normal to the surface of
      the layer, and adhered together in that position by the addition of a
      water base binder to the layer. This is the preferred method for producing
      the wiping layer described above, however heating and pressing an open
      non-woven layer of fabric comprising resilient fibers bonded with a
      thermoplastic resin followed by cooling the fabric with the fibers held in
      the pressed position may also be a suitable method for producing such a
      wiping layer. The preferred fiber for use in forming the wiping layer by
      this preferred method is standard rayon having a stiffness value of 6 to
      11 grams and a water absorption of about 27 at 95% relative humidity. High
      modulus rayon having a stiffness value of 28 grams and about the same
      water absorption may also be used, however there is no requirement for the
      added stiffness of this fiber in the wiping layer.
PAR  The backing layer should be formed of resilient fibers which are
      sufficiently thick and stiff that, when the cleaning fabric is supported
      in a partially compressed condition against a photographic film, the
      fibers will provide sufficient force to insure complete intimate contact
      between the fibers on the contact surface and the film. Also the backing
      layer should be sufficiently thick that, when thus compressed against a
      film, it can expand or be further resiliently compressed to accommodate
      slight irregularities in a film being cleaned.
PAR  Preferably the fibers forming the backing layer should be 3 denier or over
      to insure sufficient spring force in the fibers, but should not be of such
      large denier that the open surface of the backing layer will not provide
      adequate support for the wiping layer. There should be no need to use
      fibers in the backing layer of over 10 denier.
PAR  The following method has been developed to measure the uncompressed
      thickness and compressibility of the laminated cleaning fabric, and is the
      method used for determining any uncompressed thickness or compressibility
      values recited in the claims of this application. A foot having a circular
      flat surface 2.54 centimeters (1 inch) in diameter is positioned with the
      flat surface on the fabric or layer, which in turn is supported on a
      planar surface. The foot is loaded to a total of 100 grams and the
      thickness of the fabric or layer is measured. This is deemed a measurement
      of the uncompressed thickness of the cleaning fabric or layer, since the
      loading provided by the foot is only sufficient to clearly define the
      surfaces of the fabric or layer and will not significantly compress it.
      Subsequently a 464 grams load is added to the foot (e.g. an increased
      loading of about 183 grams per square centimeter). The thickness of the
      fabric or layer is again measured, and the difference measured as the
      compressibility of the cleaning fabric.
PAR  As measured by this test, the uncompressed thickness of the cleaning fabric
      should be in the range of 0.2 to 0.5 millimeter (8 to 20 mils), and upon
      adding the 464 gram loading to the foot, the cleaning fabric should be
      compressed by at least 0.05 millimeter (2 mils) for cleaning fabric having
      an uncompressed thickness of 0.2 millimeter (8 mils), and should be
      compressed in the range of 0.05 to 0.18 millimeter (2 to 7 mils) for
      cleaning fabric having an uncompressed thickness of 0.5 millimeter (20
      mils).
PAR  Nylon or polyester are preferred materials for use in the backing, since
      these fibers are hydrophobic and thus will not lose their loft when bonded
      by a method similar to that previously described as being preferred for
      forming the wiping web (e.g. randomly and loosely disposing the fibers to
      be bonded in a layer, and then adhering them together by adding a water
      base binder). Being hydrophobic, however, these fibers do not mat together
      and form a web having sufficient tensile strength to afford easy handling
      of the web upon the addition of water base binder. Thus to provide such
      wet strength and facilitate use of this method, as much as 50% of a stiff
      resilient hydrophilic fiber such as high modulus rayon can be added to the
      backing material without causing the backing layer to be excessively
      compacted by this layer forming method.
PAR  The binder which bonds the intersecting non-woven fibers to each other in
      each layer and, which laminates the wiping layer and backing layer
      together must have sufficient toughness that it will not flake from the
      cleaning cloth, and should not scratch photographic film. Also it should
      be present in sufficient quantity to insure that individual fibers cannot
      be easily abraded from the cleaning fabric, but should not be present in
      such a quantity that it will significantly increase the stiffness of the
      cleaning fabric or fill the openings in the layers.
PAR  Preferred are water base latex binders such as the acrylic binders
      designated Rhoplex HA-8 and Rhoplex E-32, both sold by Rohm and Haas
      Company.
PAR  As an example, when these binders are used to bind the fibers and layers in
      a cleaning fabric having a fiber weight of 8 pounds per ream of 3 denier
      rayon in the wiping layer, and 5 pounds per ream of 3 denier polyester and
      5 pounds per ream of 3 denier high modulus rayon in the backing layer, the
      dried binder should comprise over about 25% of the total fabric weight to
      insure that fibers will not be easily dislodged from the cleaning fabric
      (i.e. as used herein, weight per ream refers to a 320 square yard ream).
      With these fibers, there should be no need to use a quantity of binder
      which when dried comprises over 40% of the fabric weight, however, as such
      an amount will provide no improvement of the adhesion of the fibers and
      will tend to fill the interstices therebetween.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be further described with reference to the
      accompanying drawing wherein like numbers refer to like parts in the
      several views, and wherein:
PAR  FIG. 1 is a plan view of a prior art device which utilizes two lengths of
      cleaning fabric to clean a photographic film passed therebetween;
PAR  FIG. 2 is an enlarged fragmentary view illustrating the use of the cleaning
      fabric according to the present invention in the prior art device
      illustrated in FIG. 1; and
PAR  FIG. 3 is a much enlarged fragmentary view of the cleaning fabric according
      to the present invention taken approximately along the lines 3--3 of FIG.
      2 and rotated 90 degrees clockwise.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 2, there is illustrated two lengths of cleaning
      fabric according to the present invention, each generally designated by
      the reference numeral 50. The two lengths of cleaning fabric 50 are shown
      with opposed portions thereof positioned between the support members 12
      and 14 of the device 10, and positioned thereby for intimate contact with
      a photographic film 52 passing therebetween.
PAR  As is best seen in FIG. 3, each length of cleaning fabric 50 is a laminate
      including a non-woven wiping layer 54 of randomly spaced and disposed
      intersecting fibers 55 bonded together at their fiber cross-over points.
      The fibers 55 define a contact surface 56 having openings for receiving
      foreign particles. The wiping layer 54 is compacted in a direction normal
      to the contact surface 56 so that few ends or loops of the fibers 55
      project above the contact surface 56 where they might otherwise be snagged
      by the photographic film 52.
PAR  Also, the lengths of cleaning fabric 50 each include an open non-woven
      lofty relatively thick backing layer 58 comprising stiff resilient
      randomly spaced and disposed fibers 59 bonded together at their fiber
      cross-over points. The resilient backing layer 58 is bonded or laminated
      to the surface of the wiping layer 54 opposite the contact surface 56. The
      backing layers 58 are slightly compressed by a photographic film 52
      between the support members 12 and 14 and provide means for biasing the
      fibers 55 on the contact surfaces 56 of the lengths of cleaning fabric 50
      into even intimate engagement with the surfaces of the photographic film
      52 therebetween (FIG. 2) axially along the support members 12 and 14 and
      for maintaining such contact by expanding or being further compressed
      slightly to compensate for irregularities in the film (e.g. to allow
      passage of a splice in the film).
PAC  EXAMPLE I
PAR  A cleaning fabric according to the present invention was prepared on a
      device comprising a resin applying station adapted for applying water base
      binder via the use of padding rolls to loose non-woven randomly spaced and
      disposed fibers fed to the resin applying station from a carding machine
      such as a garnett or random web device such as a Rando Webber supplied by
      the Curlator Corporation; and an oven for drying the wetted mat of fibers
      conveyed from the applying station. The wiping layer was prepared on the
      device by bonding together 8 pounds per ream of 3 denier rayon fiber in
      accordance with the aforementioned preferred method, including the
      addition of a sufficient quantity of Rhoplex HA-8 acrylic latex binder to
      provide a dried wiping web weighing 10 pounds per ream.
PAR  A backing layer was separately prepared on the device by bonding together a
      thoroughly blended mixture of fibers consisting of 5 pounds per ream of 3
      denier polyester fibers and 5 pounds per ream of 3 denier high modulus
      rayon in accordance with the aforementioned method of preparing the
      backing layer, including the addition of a sufficient quantity of Rhoplex
      HA-8 to provide a dried backing layer weighing 12.5 pounds per ream.
PAR  The dried wiping and backing layers were placed with their surfaces in
      contact, and laminated together in the resin applying station of the
      device via the addition of a sufficient quantity of Rhoplex E-32 acrylic
      latex binder to provide a laminated structure, which when dried was a
      cleaning fabric according to the present invention weighing a total of 26
      pounds per ream, and having a resin content by weight of 31%.
PAR  The cleaning efficiency of the cleaning fabric was then tested by the
      following test procedure. The surface of a photographic negative was
      contaminated with 30 micron diameter ceramic beads or particles. This
      particular size was selected because particles of 30 micron and larger
      must be removed from a negative to be printed to insure a commercially
      acceptable print when the photographic negative is enlarged 4.5 times
      (e.g. a 126 negative which is 28 by 28 millimeter in size is enlarged to
      127 by 127 millimeter in size (5 .times. 5 inches)). The particles are
      distributed on the negative with a device comprising a 46 centimeter long
      hollow cylindrical tube with an inside diameter of about 5 centimeters, an
      open end, and an opposite closed end to which is centrally coupled an
      S-shaped length of 0.8 centimeter (5/16 inch) copper tubing which
      terminates at a rubber squeeze bulb. An operator places the open end of
      the tube over the negative, inserts a small quantity of the ceramic beads
      or particles into the S-shaped tube through an opening adjacent the
      squeeze bulb, places his finger over the opening, and squeezes the bulb to
      blow the particles into the cylindrical tube when they then settle and are
      distributed evenly on the surface of the negative. The amount of particles
      used is selected to provide a concentration on the negative of about 100
      to 200 particle per square centimeter. The contaminated negative is then
      placed at the projection plane of a microfilm reader-printer (such as the
      Model 400 reader-printer sold by Minnesota Mining and Manufacturing
      Company) which provides a magnification of 23.3X. The reader-printer is
      modified by removing the supporting glass plates from the film holder at
      its exposure station and adapting the printer to hold the contaminated
      film at its edges so as to restrict transfer of the particles from the
      negative. The reader-printer is activated to print a magnified picture of
      the negative.
PAR  The contaminated negative is then cleaned in a Model 520 photographic film
      cleaning machine, sold by Minnesota Mining and Manufacturing Company of
      St. Paul, Minn., which cleaning machine has essentially the same structure
      illustrated in FIG. 1, but in which are substituted lengths of the
      cleaning fabric to be tested. The contaminated negative is run through the
      cleaning machine which has its support members spaced so that the
      contaminated negative will require a tension of about 12 grams per
      centimeter of negative width contacting the cleaning fabric to produce a
      slow steady movement of the film through the cleaning machine.
PAR  The cleaned film is again placed in the modified microfilm reader-printer,
      a print is made, and the result recorded by counting the particles
      remaining on the magnified portion of the negative.
PAR  Repeated tests of this type showed an average of about 0.7 particles per
      square centimeter remained on the cleaned film.
PAR  A test was also performed to determine the tendency of the cleaning fabric
      to release fibers which would project above its contact surface. A test
      machine was prepared which had a generally cylindrical mandrel 11
      millimeters in diameter and having axially extending opposite slots in its
      periphery 3 millimeters wide and 1.5 millimeters deep. The mandrel was
      rotated at 1725 r.p.m. A test length of the cleaning fabric about 5
      centimeters wide and 13 centimeters long was prepared. The test length was
      looped over the rotating mandrel with its contact surface adjacent
      thereto, its ends were attached together and weighted with a 160 gram
      weight, and the loop was allowed to remain in contact with the rotating
      mandrel for 15 seconds. The test length of the cleaning fabric was then
      removed from the mandrel and the area thereof which had contacted the
      rotating mandrel was folded over the edge of a 1 millimeter thick
      microscope slide, with the contact surface of the cleaning fabric disposed
      outwardly. The folded cleaning fabric was then held against a plate having
      parallel graduations spaced at 0.5 millimeter intervals, aligned with one
      of the graduations, the number of fibers crossing each graduation was
      counted in a 36 millimeter width of the folded wiping cloth, and the
      number of crossings were totaled.
PAR  For a series of such tests, an average of 2 crossings were found. This
      compares to an average of 29 crossings for a series of the same test on
      the aforementioned Pellon Grade 301W spun bonded polyamide web.
PAC  EXAMPLE 2
PAR  A cleaning fabric was prepared and tested in the manner described in
      Example 1, except that the rayon used in the wiping layer was 11/2 denier
      instead of 3 denier. In the cleaning efficiency test this cleaning fabric
      left an average of about 3 particles per square centimeter, which was
      higher than the average number of particles left by the fabric of Example
      1, but was deemed satisfactory. The fiber release test produced an average
      of about 31/2 crossings for this cleaning fabric, which was higher than
      the average number of crossings produced on the cleaning fabric of Example
      1, but was also deemed satisfactory.
PAC  EXAMPLE 3
PAR  A cleaning fabric was prepared and tested in the manner described in
      Example 1, except that the rayon used in the wiping layer was 51/2 denier
      instead of 3 denier. In the cleaning efficiency test this cleaning fabric
      left an average of about 30 particles per square centimeter, which was
      much higher than the average number of particles left by the fabric of
      Example 1, and was deemed unsatisfactory. The fiber release test produced
      an average of about 8 crossings for this cleaning fabric, which was also
      significantly higher than the average number of crossings produced on the
      cleaning fabric of Example 1.
PAC  EXAMPLE 4
PAR  A cleaning fabric was prepared and tested in the manner described in
      Example 1, except that an amount of binder was used for laminating the
      wiping layer and backing layer together to produce a cleaning fabric with
      a 33% dried binder content by weight. In the cleaning efficiency test this
      cleaning fabric left an average of about 3 particles per square
      centimeter, which was higher than the average number of particles left by
      the fabric of Example 1, but was deemed satisfactory. The fiber release
      test produced an average of about 2 crossings for this cleaning fabric,
      which was the same as the average number of crossings produced on the
      cleaning fabric of Example 1.
PAC  EXAMPLE 5
PAR  A cleaning fabric was prepared and the fiber release test was performed in
      the manner described in Example 1, except that an amount of binder was
      used for laminating the wiping layer and the backing layer together to
      produce a cleaning fabric with about a 22% dried binder content by weight.
      The fiber release test produced an average of about 37 crossings for this
      cleaning fabric, which was much higher than the average number of
      crossings produced on the cleaning fabric of Example 1, and was deemed
      unacceptable.
PAC  EXAMPLE 6
PAR  A cleaning fabric was prepared and the fiber release test was performed in
      the manner described in Example 1,  except that an amount of binder was
      used for laminating the wiping layer and the backing layer together to
      produce a cleaning fabric with about a 23% dried binder content by weight.
      The fiber release test produced an average of about 12 crossings for this
      cleaning fabric, which was higher than the average number of crossings
      produced on the cleaning fabric of Example 1, and was not deemed
      acceptable.
PAC  EXAMPLE 7
PAR  A cleaning fabric was prepared and the fiber release test was performed in
      the manner described in Example 1, except that an amount of binder was
      used for laminating the wiping layer and the backing layer together to
      produce a cleaning fabric with about a 25% dried binder content by weight.
      The fiber release test produced an average of about 61/3 crossings for
      this cleaning fabric, which was higher than the average number of
      crossings produced on the cleaning fabric of Example 1, but was deemed
      acceptable.
PAC  EXAMPLE 8
PAR  A cleaning fabric was prepared and the fiber release test was performed in
      the manner described in Example 1, except that an amount of binder was
      used for laminating the wiping layer and the backing layer together to
      produce a cleaning fabric with about a 27% dried binder content by weight.
      The fiber release test produced an average of about 61/2 crossings for
      this cleaning fabric, which was higher than the average number of
      crossings produced on the cleaning fabric of Example 1, but was deemed
      acceptable.
PAC  EXAMPLE 9
PAR  A cleaning fabric was prepared and the fiber release test was performed in
      the manner described in Example 1, except that an amount of binder was
      used for laminating the wiping layer and the backing layer together to
      produce a cleaning fabric with about a 40% dried binder content by weight.
      The fiber release test produced an average of about 2 crossings for this
      cleaning fabric, which was the same as the average number of crossings
      produced on the cleaning fabric of Example 1.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for cleaning photographic film upon movement thereof
      along a path defined on said apparatus, which apparatus has cleaning means
      comprising a pair of adjacent support members defining opposed narrow,
      parallel support edges disposed transverse to said path; two lengths of
      cleaning fabric extending between said support edges, the opposed contact
      surfaces of the sections of cleaning fabric between said support edges
      defining part of said path, said support members being positioned to urge
      the opposed contact surfaces of said sections of cleaning fabric toward
      each other with essentially equal pressure distribution along said support
      edges during the passage of a said photographic film therebetween; the
      improvement wherein said lengths of cleaning fabric are laminates and each
      length of cleaning fabric comprises:
PA1  a non-woven wiping layer of soft fine intersecting bonded fibers defining
      said contact surface, the fibers in said wiping layer being randomly
      spaced and disposed to provide openings in the wiping layer for receiving
      said foreign particles, and the wiping layer being compacted in a
      direction normal to the contact surface so that few ends or loops of the
      fibers project past the contact surface; thereby restricting shearing or
      tearing loose of the fibers by a passing photographic film; an
PA1  an open non-woven lofty backing layer adhered to the surface of said wiping
      layer opposite said contact surface, said backing layer comprising stiff
      resilient randomly spaced and disposed bonded fibers and being
      sufficiently thick to be supported in a partially compressed condition by
      said support members to evenly press said contact surface into intimate
      engagement with a said photographic film between said lengths of cleaning
      fabric and to maintain such contact by expanding or being further
      compressed to compensate for irregularities in the film.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the fibers in said wiping
      layer are in the range of 11/2 to 3 denier, and the fibers in said backing
      layer are at least 3 denier.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the fibers in said wiping
      layer are hydrophilic.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the thickness of said
      cleaning fabric is in the range of 0.2 to 0.5 millimeter and the
      compressibility of said fabric is at least 0.05 millimeter under a loading
      of about 183 grams per square centimeter.
NUM  5.
PAR  5. An apparatus according to claim 2, wherein said cleaning fabric has a
      fiber weight of 8 pounds per ream of 3 denier rayon in the wiping layer
      and 5 pounds per ream of 3 denier polyester and 5 pounds per ream of 3
      denier high modulus rayon in the backing layer, and comprises dried latex
      binder comprising over about 25% of the total cleaning fabric weight.
NUM  6.
PAR  6. A cleaning fabric adapted for use in an apparatus for cleaning
      photographic film upon movement of the film along a path defined on said
      apparatus, which apparatus has cleaning means comprising a pair of
      adjacent support members defining opposed narrow parallel support edges
      disposed transverse to said path; two lengths of said cleaning fabric
      extending between said support edges, the opposed contact surfaces of the
      sections of cleaning fabric between said support edges defining part of
      said path, said support members being positioned to urge the opposed
      contact surfaces of said sections of cleaning fabric toward each other
      with essentially equal pressure distribution along said support edges
      during the passage of a said photographic film therebetween to remove
      foreign particles from both surfaces of the photographic film, said
      cleaning fabric being a laminate comprising:
PA1  a non-woven wiping layer of soft fine intersecting bonded fibers defining
      said contact surface, the fibers in said wiping layer being randomly
      spaced and disposed to provide openings in the wiping layer for receiving
      said foreign particles, and the wiping layer being compacted in a
      direction normal to the contact surface so that few ends or loops of the
      fibers project past the contact surface, thereby restricting shearing or
      tearing loose of the fibers by a passing photographic film; and
PA1  an open non-woven lofty backing layer adhered to the surface of said wiping
      layer opposite said contact surface, said backing layer comprising stiff
      resilient randomly spaced and disposed bonded fibers and being
      sufficiently thick to be supported in a partially compressed condition by
      a said support member to evenly press said contact surface into intimate
      engagement with a said photographic film between said lengths of cleaning
      fabric and to maintain such contact by expanding or being further
      compressed to compensate for irregularities in the film.
NUM  7.
PAR  7. A cleaning fabric according to claim 6, wherein the fibers in said
      wiping layer are in the range of 11/2 to 3 denier, and the fibers in said
      backing layer are at least 3 denier.
NUM  8.
PAR  8. A cleaning fabric according to claim 6, wherein the fibers in said
      wiping layer are hydrophilic.
NUM  9.
PAR  9. A cleaning fabric according to claim 6, wherein the thickness of said
      cleaning fabric is in the range of 0.2 to 0.5 millimeter and the
      compressibility of said fabric is at least 0.5 millimeter under a loading
      of about 183 grams per square centimeter.
NUM  10.
PAR  10. A cleaning fabric according to claim 7, wherein said cleaning fabric
      has a fiber weight of 8 pounds per ream of 3 denier rayon in the wiping
      layer and 5 pounds per ream of 3 denier polyester and 5 pounds per ream of
      3 denier high modulus rayon in the backing layer, and comprises dried
      latex binder comprising over about 25% of the total cleaning fabric
      weight.
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ABST
PAL  A surface sweeping broom in which the handle is attached to an elongated
      brush head of circular cross-section. The brush head contains a
      cylindrical inner core overlaid with a molded thermoplastic brushing
      surface. The molded brushing surface is comprised of a base or matrix and
      fingerlike projections which are integrally fused with the matrix and
      extend vertically from it. In one embodiment, the brush head is provided
      with a centered bore which extends completely through it. The bore is
      threaded to secure a handle member which can be inserted at either end of
      the bore. Thus, when a brushing surface becomes worn, the handle can be
      reversed. In this manner, all four quadrants of the circular brushing
      surface can be effectively utilized.
BSUM
PAR  This invention relates to a cleaning device for sweeping surface areas
      clear of litter and debris. More particularly, the invention is concerned
      with an improved broom assembly having a unique brush head.
PAR  It is an object of this invention to provide a light weight broom of easy
      maneuverability which is especially suitable for sweeping large outdoor
      surfaces such as home patios, garages, driveways and sidewalks, and can be
      used as a rake for indoor shag rugs.
PAR  It is another object of this invention to provide a broom having a brushing
      head of improved durability and wear resistance.
PAR  It is a further object of this invention to provide a broom wherein the
      brushing head contains bristles which are resilient and wherein the
      resilient bristles maintain their alignment.
PAR  It is still another object of this invention to provide a broom having a
      brush head which is unaffected by household solvents and will not mold or
      mildew.
PAR  It is a further object of this invention to provide a broom having a brush
      head which is washable and wherein the bristles will not shed.
PAR  Yet another object of this invention is to provide a broom having a brush
      head of circular cross-section and wherein all four quadrants can be
      placed into brushing use.
PAR  The surface sweeping device contemplated by the present invention consists
      of an elongated brush head of circular cross-section attached to a handle
      member. The brush head is comprised of an inner cylindrical support core
      upon which a molded, thermoplastic brushing surface is circumferentially
      mounted. The molded brushing surface is characterized by a base or matrix
      from which finger-like projections extend vertically. The projections are
      integrally fused with the matrix and generally have a length of from about
      0.5 to 1.0 inch with the length to width ratio of the projections being
      usually at least about 10 to 1.
PAR  In one embodiment of the invention the matrix of the molded brushing
      surface consists of parallel strips or stringers with the projections
      being spaced apart between the parallel strips to which they are
      integrally fused. In a particularly preferred structure the projections
      are in clusters with each cluster arising from a cup-shaped supporting
      base which lies between adjacent parallel strips of the matrix with which
      it is integrally fused.
DRWD
PAR  The invention will be more readily understood from the following detailed
      description when read in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a pictorial view of the total broom structure;
PAR  FIG. 2 is a pictorial view of a strip of the molded, thermoplastic brushing
      surface before mounting on the inner core member of the broom brush head;
PAR  FIG. 3 is a side plan view of a fragment of the brush head illustrating a
      molded brushing surface which has been mounted on the inner support core
      by spiral winding; and
PAR  FIG. 4 is a partially broken side view of the brush head showing details on
      the attachment of the handle member in the bore which is centrally
      disposed in and traverses the width of the broom brush head.
DETD
PAR  With continued reference to the accompanying figures wherein like numerals
      designate similar parts throughout the various views and with initial
      attention directed to FIG. 1, reference numeral 12 designates generally an
      elongated brush head having a round or substantially circular
      cross-section. The brush head assembly 12 includes a cylindrical inner
      support core member 14 having a molded, thermoplastic brushing surface 16
      circumferentially mounted thereon. A handle member 18 is secured to the
      brush head assembly 12 at a centrally located position on the brush
      assembly. The cylindrical support core 14 may be fabricated from any
      strong, light weight material, e.g., wood, plastic or metal may be used.
      The brushing surface 16 may consist of any thermoplastic material which
      can be molded to form the desired structure. Among such materials are
      polyolefins, such as polyethylene and polypropylene; polyvinylesters, such
      as polyvinyl acetate, polyamides; polyesters; polyurethane rubbers;
      natural rubbers and others. A particularly suitable material is
      low-density polyethylene.
PAR  Reference is now made to FIG. 2 wherein a molded, thermoplastic brushing
      surface having a preferred configuration for use in the brush head
      assembly is illustrated. As shown, clusters of finger-like projections 20
      extend vertically from a matrix consisting of spaced apart parallel strips
      24. The clusters are spaced apart between and bridge the parallel strips
      24, and each cluster is integrally fused with adjacent parallel strips at
      its cup-shaped base 22. The finger-like projections 20 in each cluster are
      integral with the cup-shaped supporting base 22 from which they extend
      upwardly. This and other similar thermoplastic brushing surfaces can be
      produced by well-known methods for molding thermoplastic materials. A
      continuous injection molding process such as described in U.S. Pat. Nos.
      3,507,010 and 3,590,109 is particularly advantageous and desirable.
PAR  The molded brushing surface can be circumferentially mounted on the
      cylindrical support core 14 by any one of a several readily apparent
      methods. For example, a strip of molded surface corresponding in
      dimensions to the cylindrical core member can be merely wrapped around the
      core and the opposing ends joined by heat sealing, stapling or by
      stitching together. When mounted in this fashion, referred to as straight
      winding, the clusters 20 are aligned in parallel rows around the
      circumference of the supporting core 14. In another method, a relatively
      narrow length of the molded thermoplastic is spirally wound about core 14
      in which case the clusters of projections will have a spiral arrangement
      around the circumference of the supporting core such as is shown in FIG.
      3. The advantage is a greater density of projections per unit area. Melt
      bonding or adhesive bonding may be employed to effect adherence of the
      molded plastic to the cylindrical core.
PAR  A number of methods may be used for connecting the handle member to the
      brush head assembly. For example, the handle could be connected to a
      length of metal wire having two prongs with one prong being connected to
      one end of the core and the other prong to the opposite end of the core to
      give an arrangement such as is used in a paint roller. However, a
      particularly preferred manner of attachment is to drill a hole in the
      center of the brush head assembly which is then threaded for receiving a
      threaded end of the handle member. Preferably, the threaded bore is
      extended entirely through the brush head so that the handle can be
      received and secured at either end of the bore. This permits reversing the
      position of the handle on the brush head so that all four quadrants of the
      circular brushing surface can be used. Thus, when wear takes place the
      position of the handle can be switched to effect sweeping action on an
      unworn surface of the brush head. This embodiment is illustrated in FIG. 4
      of the accompanying drawing wherein the numeral 26 designates the threaded
      bore for receiving and securing handle member 18.
PAR  Because of the round configuration of the brush head, sweeping of walls,
      under chairs and at other angles is made much less difficult than is the
      case with conventional brooms. Moreover, the sweeping device as herein
      described contains much less dead weight than do standard brooms used for
      sweeping large outdoor surfaces, such as home patios, garages, driveways
      and sidewalks. As a consequence, the broom has greater maneuverability. In
      addition the unique molded, thermoplastic brushing surface has greater
      durability and resistance to wear than the brushing means used in
      conventional brooms. Also, the bristles are resilient and maintain their
      original alignment indefinitely. Further advantages are that the brush
      head is washable and the bristles cannot shed. In addition, the brushing
      surface is unaffected by household solvents and will not mildew.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered as illustrative only and not
      restrictive, the scope of the invention being indicated by the appended
      claims rather than by the foregoing description and all changes which come
      within the meaning and range of equivalency of the claims are therefore
      intended to be embraced thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A broom assembly for sweeping litter from large surface areas which
      comprises in combination:
PA1  a. a handle member;
PA1  b. an elongated brush head of circular cross-section characterized by:
PA2  i. an inner cylindrical support core;
PA2  ii. a molded, thermoplastic, brushing surface circumferentially mounted on
      said support core;
PA2  iii. a centrally disposed bore which extends through the entire width of
      the brush head, with the bore being adapted for receiving and engaging
      said handle member at either end of the bore;
PA1  c. said molded, thermoplastic, brushing surface being characterized by:
PA2  i. a matrix consisting of spaced apart parallel strips; and
PA2  ii. clusters of vertically extending projections which are spaced apart
      between said parallel strips and wherein each cluster of projections
      arises from a cup-shaped supporting base which is integrally fused with
      adjacent parallel strips of said matrix to form a bridge therebetween.
NUM  2.
PAR  2. The broom assembly in accordance with claim 1, wherein said
      thermoplastic brushing surface is composed of low-density polyethylene.
NUM  3.
PAR  3. The broom assembly in accordance with claim 1, wherein said projections
      have a length of from about 0.5 to 1.0 inch and a length to width ratio of
      at least 10 to 1.
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ABST
PAL  A loom cleaner for cleaning a plurality of looms in a row comprising a
      carriage adapted to be moved along an overhead track above the row of
      looms. A pair of spaced blowers are provided on the carriage. Each blower
      includes a scroll and a fan. A motor on the carriage drives a horizontal
      shaft connected to the fans of the blowers. A plenum is associated with
      the outlet of each blower scroll and is mounted for swinging movement
      about a horizontal axis intersecting said outlet. Means are provided for
      oscillating the plenums about their respective axes. A plurality of blower
      tubes extend downwardly from each said plenum and are oscillated as each
      plenum is oscillated.
BSUM
PAR  This invention relates to loom cleaners.
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of looms in textile mills and particularly looms for
      weaving fancy fabrics, it is common to use a dobby to control the loom
      harness. The dobby includes jacks which are actuated by a pattern chain
      and the more complicated the fabric, the longer the chain. The chain is
      often supported by a chain guide or rack above the arch of the loom.
      Heretofore in weave rooms with this type of loom arrangement, there was
      seldom sufficient room for loom cleaning.
PAR  Among the objects of the invention are to provide a loom cleaner which can
      be used with looms of this type wherein there is low headroom, which loom
      cleaner can be rapidly changed to accommodate different and new types of
      looms without expensive alterations and which loom cleaner will
      efficiently clean the various areas of the loom.
PAR  Another problem with loom cleaners that have been heretofore used is that
      with new shuttle-less looms and weaving machines having cones of yarn
      mounted on the side of the loom to supply the filling to the fabric in
      place of a filling bobbin in a shuttle, the nature of the operations
      precludes air from being blown at high velocities on the filling supply
      area. Accordingly, it has become common to reduce the amount of air used
      by the cleaner and, as a result, incomplete cleaning has been achieved.
PAR  Accordingly, among the objects of the invention is to provide a loom
      cleaner which will automatically regulate the volume and velocity of air
      as the cleaner moves across the critical filling supply area and, at the
      same time, will provide maximum volume and velocity of air to clean the
      body of the loom between the loom sides.
PAC  SUMMARY OF THE INVENTION
PAR  The loom cleaner for cleaning a plurality of looms in a row comprises a
      carriage adapted to be moved along a track above the row of looms, a motor
      on said carriage and a pair of spaced blowers on said carriage. Each
      blower includes a scroll and a fan. The motor drives a horizontal shaft
      connected to the fans of said blowers. A plenum is associated with the
      outlet of each blower and is mounted for swinging movement about a
      horizontal axis intersecting the outlet. Means are provided for
      oscillating the plenums about their respective axes, and a plurality of
      blower tubes extend downwardly from each said plenum and are oscillated as
      each plenum is oscillated. Damper means are associated with each scroll
      and are operated as the cleaner passes over the sides of the loom to
      reduce the volume and velocity of air passing to the filling supply area
      of the loom.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a loom cleaner, embodying the invention,
      suspended from a monorail.
PAR  FIG. 2 is a side elevational view of the same.
PAR  FIG. 3 is a plan view of the same.
PAR  FIG. 4 is a part sectional view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a diagrammatic plan view showing one manner in which the loom
      cleaner can be used on a monorail track.
PAR  FIG. 6 is a partly diagrammatic elevational view showing the relationship
      of a loom cleaner to a typical loom.
PAR  FIG. 7 is a circuit diagram of the loom cleaner.
PAR  FIG. 8 is an elevational view of loom cleaners on a crane.
PAR  FIG. 9 is a diagrammatic plan view of the manner in which loom cleaners can
      be used on a crane.
PAR  FIG. 10 is a fragmentary side elevational view taken along the line 10--10
      in FIG. 8.
PAR  FIG. 11 is a typical vertical section showing the manner of making
      electrical connections along a track.
DETD
PAC  DESCRIPTION
PAR  Referring to FIG. 1, in one embodiment, the loom cleaner C embodying the
      invention is adapted to be mounted for movement on a monorail track 10
      supported above a row of looms L (FIG. 5). Each loom cleaner includes a
      carriage 12 engaging the track and power means 13 for moving the carriage
      along the track. As shown in FIG. 2, carriage 12 comprises spaced wheeled
      trolleys 14, 15 engaging the track 10 and interconnected by a tie bar 16.
      Power means 13 comprises a wheeled support 17 on the track 10 supporting a
      motor M and gearing for driving a wheel 18 that engages the underside of
      the track 10. A tie bar 19 interconnects power means 13 with the carriage
      12. The loom cleaner is supported on the carriage 12 as presently
      described.
PAR  Referring to FIGS. 1-4, the loom cleaner comprises a frame 20 including a
      flat horizontal plate portion 21 on which a motor 22 is supported and
      drives a jack shaft 23 through belts 24, the shaft 23 being journalled on
      pillow blocks 25. A blower 26 is mounted on each end of the plate 21 and
      includes a scroll 27 and a fan 28 driven by jack shaft 23. Each scroll 27
      includes a horizontal tubular outlet 29. The frame 20 further includes a
      second vertically spaced horizontal plate portion 30 that supports a
      second motor 31 for a secondary drive as presently described. The frame 20
      is suspended from carriage 12 by hangers 12a.
PAR  Chambers or plenums 32 are rotatably mounted by brackets 33 for rotation
      about the axes of the outlets 29. In vertical elevation, plenums 32 are
      generally triangular. More specifically, each plenum 32 comprises top
      walls 32a, vertical side walls 32b, and a bottom wall 32c. The angle
      between the top walls 32a is preferably obtuse. Each plenum 32 has a
      tubular portion 34 extending horizontally from a side wall 32b and
      journalled by bearings 35 in the brackets 33. An oscillating arm 36 is
      fixed to the tubular portion 34. The arms 36 of the two plenums are
      interconnected by a link 37. A second link 39 extends from one plenum 32
      to an eccentric 40 of a gear box 41 driven by the motor 31. A tube 32d
      extends from the other side wall 32b of each plenum and outlet 29 of the
      scroll 27 telescopes into tube 32d.
PAR  A plurality of outlets 42 are provided on the bottom wall 32c of each
      plenum. The outlets 42 are spaced at varying intervals on the bottom wall
      32c of each plenum by varying the length of filler plates 42a. This
      arrangement allows pin point location of outlets 42 over critical areas of
      the loom, and also provides means of easily relocating the outlets if
      looms over which the loom cleaner is operating are changed. The outlets 42
      incorporate a damper plate 42b which is set to regulate the flow of air
      through the outlet. Flexible connectors 43 connect blower tubes 44 to
      outlets 42. Optional nozzles 44a may be attached to bottom of blower tubes
      44.
PAR  Provision is made for varying the outlet of each scroll by a conical damper
      or baffle 45 mounted for sliding movement on a shaft 46 extending through
      each tube 34. Actuator arms 47 are pivoted to the ends of the shaft 46 and
      extend upwardly to a horizontal shaft 48 journalled in brackets 49 on the
      frame portion 30. A cable 50 is connected at one end to the plunger of an
      electrically operated power device such as a linear motor 51 and is
      trained over a pulley 52 on the end of lever 53 fixed on shaft 48. The
      other end of cable 50 is connected to a bracket 54 on the frame. A spring
      55 connected between lever 53 and the frame yieldingly urges the baffles
      45 in a direction away from the outlets and toward a stop 56 in each
      plenum. When linear motor 51 is energized, it moves the baffles 45 toward
      the outlets 29 reducing the passage of air out into the plenums 32 and, in
      turn, to the tubes 44.
PAR  Alternatively, a torque motor can be used instead of a linear motor 51 by
      connecting cable 50 to the rotor of the torque motor.
PAR  Provision for supplying current to the drive motor M, blower motor 22,
      oscillating motor 31 and torque motor 51 can be made by utilizing current
      supply tracks such as shown, for example, in U.S. Pat. No. 3,042,761. A
      typical section is shown in FIG. 11 and comprises conductor tracks 60
      supported on track 10 in which a current collector 61 rides and is
      connected by wires 62 through fused main-line disconnect 63, 64 and 65 to
      the control panel (see FIG. 7). A signal is provided to the motor 51 as
      the carriage 12 moves along the track, the signal corresponding to the
      movement of the tubes 44 over the filling supply area of the loom.
PAR  Referring to FIGS. 5 and 6, in operation, as the carriage 12 is moved along
      the track, air at high velocity and high volume is supplied from the
      scrolls 27 to each plenum 32 and, in turn, from each plenum 32 downwardly
      through the tubes 44 to the loom. The oscillation of the plenums as the
      carriage is moved along insures the full distribution of air to various
      parts of the loom. As the tubes 44 pass over the filling supply area of
      each loom, the motor 51 is energized to move the dampers 45 inwardly to
      restrict the flow of air and thereby prevent large volumes of air at high
      velocities from passing to the critical filling supply areas. After the
      tubes 44 pass the supply area, the motor 51 is de-energized permitting the
      dampers to move to their full open positions.
PAR  The provision of two blowers driven by a common jack shaft 23 makes the
      cleaner readily adaptable to various size looms by merely replacing the
      jack shafts 23 and repositioning the blowers to accommodate looms of
      varying widths.
PAR  The manner in which loom cleaners C' embodying the invention can be used in
      connection with a crane moving over a plurality of rows of looms is shown
      in FIGS. 8-10. A plurality of loom cleaners, corresponding to the number
      of rows of looms spanned by the crane 70, are mounted on the crane. The
      crane 70 consists of two crane beams 71 supported from longitudinal rails
      72 by conventional crane end trucks 73 and driven in a conventional
      manner. In this form, the frame 20a of the loom cleaner comprises a flat
      plate 21a supported between the bottom flanges of the beams 71 of the
      crane 70. The various components of the loom cleaner are supported on
      frame 20a. As shown, the center of the scrolls 27 is nearer the plate 21a
      than in the monoveyor form of the invention. As shown in FIG. 8, in this
      manner, it is possible to clean looms that have a high vertical height. As
      the crane is moved along its tracks, each loom cleaner cleans one row of
      looms. As in the previous form of the invention, the motors 51 are
      operated as the loom cleaners move over the filling supply areas to reduce
      the flow of air as the cleaners pass over these areas.
PAR  A typical circuit is shown in FIG. 7 wherein the conductors 60 supply power
      to the blower motor 22, drive motor M, oscillating motor 31 and motor 51
      when switches 63, 64, 65 are closed. At appropriate places along the track
      corresponding to the areas between filling supply areas of the looms, the
      conductor 66 for supplying the motor 51 is interrupted so that the motor
      is not energized. Time delay switch (TR1) delays starting of oscillator
      motor 31, damper motor 51 and drive motor M, until blower motor 22 is up
      to speed. Reversing switch LS-1 is actuated at appropriate stations along
      the track causing delay switches TR-2 and TR-3 to stop drive motor M and
      reverse direction after it coasts to a stop.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a loom cleaner for cleaning a plurality of looms in a row, each said
      loom having a filling area, the combination comprising
PA1  a track along a row of looms,
PA1  a carriage adapted to be moved along said track above the row of looms,
PA1  a motor on said carriage,
PA1  a pair of spaced blowers on said carriage,
PA1  each said blower including a scroll and a fan,
PA1  each said blower scroll having a tubular outlet with a generally horizontal
      longitudincal axes extending generally parallel to the direction of
      movement of said carriage,
PA1  said motor connected to said fans of said blowers for driving said fans,
PA1  a plenum associated with the outlet of each blower and mounted for swinging
      movement about said horizontal axis of said outlet,
PA1  means for oscillating said plenums about their respective axes,
PA1  and a plurality of blower tubes extending downwardly from each said plenum.
NUM  2.
PAR  2. The combination set forth in claim 1 including damper means associated
      with each said outlet of each said plenum and means for moving said damper
      means as said carriage is moved along said track to bring said blower
      tubes over the filling area of said looms, to restrict the flow of air out
      of said tubes as said tubes are moved over said filling area of each said
      loom.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein said damper means each
      comprise a conical damper.
NUM  4.
PAR  4. The combination set forth in claim 2 wherein said means for oscillating
      said plenums comprises means extending between said plenums.
NUM  5.
PAR  5. The combination set forth in claim 2 including a pair of shafts,
PA1  each of said damper means being mounted on one of said shafts,
PA1  means on said carriage supporting said shaft for horizontal movement toward
      and away from the outlets of said scrolls.
NUM  6.
PAR  6. In a loom cleaner for cleaning a plurality of looms in a row, the
      combination comprising a frame adapted to be mounted for movement on a
      track above the row of looms, a motor on said frame, a pair of spaced
      blowers on said frame, each said blower including a scroll and a fan, each
      said blower scroll having a tubular outlet with a generally horizontal
      longitudinal axis extending generally parallel to the direction of
      movement of said frame, a horizontal shaft journalled on said frame and
      driven by said motor and connected to said fans of said blowers, a plenum
      associated with the outlet of each blower, a plurality of blower tubes
      extending downwardly from each said plenum, each said plenum being mounted
      for swinging movement about said horizontal axis of said associated
      outlet, and means for oscillating said plenums about their respective
      axes.
NUM  7.
PAR  7. In a loom cleaner for cleaning a plurality of looms in a row, the
      combination comprising
PA1  a carriage adapted to be moved along a track above the row of looms,
PA1  a motor on said carriage,
PA1  a pair of spaced blowers on said carriage,
PA1  each said blower including a scroll and a fan,
PA1  said motor connected to said fans of said blowers for driving said fans,
PA1  a plenum associated with the outlet of each blower and mounted for swinging
      movement about a horizontal axis intersecting said outlet,
PA1  means for oscillating one of said plenums about its respective axis,
PA1  and a plurality of blower tubes extending downwardly from each said plenum,
PA1  damper means associated with each said plenum,
PA1  each of said damper means being mounted on a shaft,
PA1  means on said carriage supporting said shafts for horizontal movement
      toward and away from the outlets of said scrolls,
PA1  means rotatably mounted on said last-mentioned means connecting said
      plenums for simultaneously oscillating said plenums.
NUM  8.
PAR  8. The combination set forth in claim 7 wherein said means for
      simultaneously oscillating said plenums include a rod interconnecting said
      means rotatably mounted on said last-mentioned means,
PA1  a second motor,
PA1  and means extending from said second motor to one of said plenums.
NUM  9.
PAR  9. The combination set forth in claim 8 including linkage means
      interconnecting said shafts.
NUM  10.
PAR  10. The combination set forth in claim 9 including a motor actuating said
      linkage means for simultaneously moving said dampers toward and away from
      said outlets of said scrolls.
NUM  11.
PAR  11. An apparatus for cleaning a row of shuttleless looms having filling
      areas individual thereto which comprises
PA1  a track positioned above said row of looms,
PA1  a carrier movable along said track,
PA1  blower means on said carrier having at least one scroll outlet,
PA1  means connected to said outlet to define a plenum,
PA1  a plurality of tubes extending downwardly from said plenum for directing
      streams of air against portions of the looms as the carrier is moved along
      the track,
PA1  damper means for modulating the pressure of the airstream through said
      tubes,
PA1  and means positioned along said track in relation to each said loom for
      actuating said last-mentioned means to modulate the air flow being
      provided by said tubes to the filling area such that air is supplied at a
      high pressure in advance of and beyond the filling area and at a lower
      pressure at the filling area.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein said blower means
      includes a second scroll outlet and means forming a second plenum
      associated with said second scroll outlet.
NUM  13.
PAR  13. The combination set forth in claim 11 wherein said damper means is
      positioned at the juncture of said scroll outlet and said plenum.
NUM  14.
PAR  14. The combination set forth in claim 13 wherein said damper means
      comprises a conical damper and means for mounting said conical damper for
      movement toward and away from said scroll outlet.
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ABST
PAL  A sausage stuffing machine positions a portable, cylindrical sausage meat
      container on a base which supports a pneumatic piston and cylinder
      assembly in elevated relation above said container, the piston rod of the
      piston and cylinder assembly having a secondary piston thereon arranged
      for registry with said container so that sausage meat therein can be
      forced therefrom through an extrusion tube in the bottom thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to sausage stuffing machines and the like wherein
      prepared sausage or other meat products are forcefully positioned in
      tubular casings.
PAR  2. Description of the Prior Art:
PAR  Prior structures of this type may be seen in U.S. Pat. Nos. 343,077 in
      which a meat container is suspended from a table with a piston and
      cylinder assembly thereabove, 400,323 wherein a meat container is slidably
      mounted on a support for movement into and away from registry with a
      piston and cylinder assembly.
PAR  Still other patents showing prior art devices are U.S. Pat. Nos. 2,608,715,
      3,163,542 and 3,670,362.
PAR  This invention eliminates some of the problems found in the prior art
      devices and in particular the difficulty of bringing the meat product to
      the machine as the present device permits complete portability of the
      sausage meat container and freedom of movement of the same with respect to
      the machine.
PAC  SUMMARY OF THE INVENTION
PAR  A sausage stuffing machine comprises a base having configurations for
      registry with a sausage meat container and devices for holding the same in
      registry with a pneumatic piston and cylinder assembly positioned
      thereabove and supported thereby, the piston rod of the piston and
      cylinder assembly having a secondary piston arranged for registry with the
      sausage meat container and the container has an extrusion tube
      communicating with the bottom thereof and extending outwardly therefrom
      for receiving a tubular casing into which the sausage stuffing machine
      will extrude the sausage when actuated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of the sausage stuffing machine and actuating
      means therefor,
PAR  FIG. 2 is an enlarged cross sectional elevation on line 2--2 of FIG. 1,
PAR  FIG. 3 is a horizontal section on line 3--3 of FIG. 2, and
PAR  FIG. 4 is a horizontal section on line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In its simplest form the sausage stuffing machine comprises a base 10 which
      is illustrated in FIGS. 1 and 2 of the drawings as being supported on a
      table 11, the base 10 having a central area 12 arranged for the reception
      and retention of a portable cylindrical sausage meat container 13 which is
      provided with an annular flange 14 on its lowermost end. A bottom 15 is
      formed in the container 13 and has a hollow downwardly and sidewardly
      extending portion 16 which extends outwardly and sidewardly therefrom and
      terminates in an extrusion tube 17. A clamping device 18 positioned on the
      extrusion tube 17 may be used to temporarily secure a casing thereto such
      as shown in broken lines in FIG. 2 of the drawings and indicated by the
      letter C.
PAR  The container 13 is provided with a handle 19 so that it may be
      conveniently moved into position in the sausage stuffing machine as shown
      in FIGS. 1, 2 and 4 of the drawings or removed therefrom. The base 10 is
      provided with oppositely disposed clamping arms 20, the inner opposed ends
      of which are arranged to overlie the upper surface of the annular flange
      14 on the bottom of the portable cylindrical sausage meat container 13 and
      position it in a desired location thereon.
PAR  By referring now to FIGS. 1, 3 and 4 of the drawings it will be seen that a
      secondary base 21 is positioned in elevated relation to the base 10 by a
      pair of rods 22 arranged to hold the secondary base 21 in fixed relation
      to the base 10. A pneumatic cylinder 23 is mounted on the secondary base
      21 in upstanding relation relative thereto and operatively receives a
      piston 24 having a piston rod 25 extending downwardly therefrom and out of
      a gland in the bottom of the cylinder 23 and terminating in a secondary
      piston 26. The secondary piston 26 is of a size and shape for close
      registry within the portable cylindrical sausage meat container 13 so that
      when it is moved downwardly by the piston rod 25 and piston 24 due to the
      presence of compressed air in the cylinder 23, sausage meat in the
      container 13 will be moved downwardly therein and outwardly through the
      extrusion tube 17 and into the casing C heretofore described. Double ports
      26 and 27 are formed in spaced relation in the pneumatic cylinder 23 and
      air tubing or piping 28 communicates therewith and with a two-way valve 29
      which communicates by way of a tube 30 with a source of air pressure 31.
      The two-way valve 29 is arranged for manual actuation, for example
      depressing an exterior lever 32 thereon directs air into the upper end of
      the cylinder 23 to move the secondary piston 26 downwardly into the
      portable cylindrical sausage meat container 13 and release of the lever 32
      directs air into the lower portion of the cylinder 23 and moves the
      secondary piston 26 upwardly and out of the container 13.
PAR  It will thus be seen that the sausage stuffing machine disclosed herein
      provides a simple and efficient device for the purpose and permits
      complete portability of the portion of the device in which the sausage
      meat or other product is positioned for stuffing a casing or the like. The
      arrangement of the base 10 of the device for desired registry of the
      sausage meat container thereon insures registry of the secondary piston 26
      therewith and it will occur to those skilled in the art that a number of
      sausage meat containers can be used interchangeably with the device of the
      invention.
CLMS
STM  Although but one embodiment of the present invention has been illustrated
      and described it will be apparent to those skilled in the art that various
      changes and modifications may be made therein without departing from the
      spirit of the invention and having thus described my invention what I
      claim is:
NUM  1.
PAR  1. In a sausage stuffing machine having an elevated vertically positioned
      pneumatic piston and cylinder assembly and means for supplying air
      pressure for actuating the same and a secondary piston connected to said
      first mentioned piston and movable thereby; a portable container for
      sausage meat, said portable container having an open upper end and a
      flange on its lower end and means for locating and detachably holding said
      container in a position in said machine below said secondary piston for
      registry therewith, said means including a base supporting said portable
      container and supporting said elevated piston and cylinder assembly in
      spaced relation thereabove so that actuation of said piston and cylinder
      assembly moves said secondary piston into and out of said portable
      container when the same is in said machine, clamping arms on said base
      arranged to engage said flange on said portable container, said portable
      container having a bottom with an opening therein and an extrusion tube
      communicating with said opening and extending outwardly from said
      container.
NUM  2.
PAR  2. The sausage stuffing machine set forth in claim 1 and wherein said base
      and the bottom of said portable container have registering configurations
      arranged to guide and position said portable container on said base in
      alignment with said secondary piston.
NUM  3.
PAR  3. The sausage stuffing machine set forth in claim 1 and wherein said
      portable sausage meat container is cylindrical and said secondary piston
      is circular and said flange is annular.
NUM  4.
PAR  4. The sausage stuffing machine set forth in claim 2 and wherein said
      registering configurations comprise said extrusion tube positioned on the
      bottom of said portable container and a cutaway area in said base for
      registry with said extrusion tube, said cutaway area being tapered
      inwardly and upwardly with respect to an edge of said base.
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ABST
PAL  A game dressing board is provided including a flat panel of suitable
      material having brackets on opposite sides near the upper end thereof
      designed to accommodate a transverse rod in spaced relation to the surface
      thereof. Beneath this rod is a transversely extending plate having a
      series of notches in spaced relation along the edge of the plate directed
      toward the lower end of the panel. The panel is transversely grooved
      beneath the notched edge of the plate. A series of hook-shaped elements
      are supported by the rod and provided with projecting lugs adopted to
      engage selectively in any of said notches, in one position thereof, with
      the hooks extending upwardly and away from the board. The legs of the bird
      or animal being dressed are impaled on these hooks which are in spaced
      relation. The body of the bird or animal rests against the panel,
      permitting the bird and/or animal to be plucked or skinned. A locking
      slide bar also extending transversely of the panel may be engaged against
      the hook-shaped elements to hold the hooks in projecting position. While
      the panel is normally secured on a vertical wall or the like, it may also
      be secured on a horizontal or inclined plane.
BSUM
PAR  This invention relates to an improvement in Game Dressing Board, and deals
      particularly with a means of supporting a bird or an animal while the bird
      or animal is being dressed, plucked or skinned.
PAC  BACKGROUND OF THE INVENTION
PAR  Various means have been used as a support in dressing game birds such as
      pheasants, grouse, partridge, ducks, chickens as well as game animals such
      as rabbits and squirrels. It may also be used to hold fur bearing animals
      while removing their skin. Such animals might be mink or muskrat.
PAR  Most of these devices are makeshift devices such as clamps or the like for
      securing the game bird or animal against a flat surface while it is being
      dressed. The present device comprises a reusable apparatus which is
      adjustable so that it may be used for birds and animals of various sizes.
      In the past, the devices are not usually similarly adjustable, and are
      usually designed for birds or animals of a particular type and generally
      similar size.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in the provision of a game dressing board
      having means near one end thereof for positively engaging the legs or the
      bird or two of the legs of an animal so that the bird or animal may rest
      against the surface of the board of panel during the dressing operation.
      In general, the device comprises an elongated panel having brackets
      secured to opposite sides thereof near one end thereof. These brackets
      support a rod in spaced relation to the panel and extending transversely
      thereof. Slideably supported on the rod are a plurality of hook-shaped
      elements or hangers having hook-shaped portions which extend upwardly and
      outwardly from the surface of the panel. These elements are preferably
      pointed so as to facilitate their insertion through slits cut in the rear
      legs of the animal between the leg tendens and the leg bone above the
      first leg joint when the device is used for dressing animals.
PAR  A feature of the present invention resides in the fact that the hook-shaped
      elements are held in place upon the rod when in one pivotal position by
      lugs forming a part of the hook-shaped elements and engageable in evenly
      spaced notches in the edge of a locator plate which is directed toward the
      end of the panel opposite that to which the support is secured. When the
      hook-shaped elements are swung into position in which the lugs engage the
      notches in the plate, the hook-shaped ends thereof extend forwardly and
      away from the surface of the panel. By swinging the lugs out of engagement
      with the notches, the various hook-shaped elements may be moved
      longitudinally of the rod to adjust for the distance between the legs of
      the bird or animal being dressed.
PAR  A feature of the present invention lies in the fact that the in its
      preferred form four such hook-shaped elements are provided on the rod.
      When dressing a bird, the hook-shaped elements are arranged in pairs, the
      elements of each pair being spaced sufficiently to accommodate the
      thickness of the bird's leg. The bird is held by the elements by the feet
      of the bird. When dressing animals, only two of the support hangers are
      used. The other two hangers may be removed, or moved to a position not to
      interfere with the support of the animal.
PAR  A feature of the present invention resides in the provision of a transverse
      slot in the panel beneath the slotted edge of the plate so that the lug
      forming a part of the hook-shaped elements may extend completely through
      the notches. By extending the lugs completely through the notches, a
      greater resistance to transverse movement of the support hangers or
      hook-shaped elements is provided.
PAR  A further feature of the present invention resides in the provision of a
      locking slide bar which is supported on the surface of the panel and
      moveable toward and away from the notched edge of the plate. When the
      hook-shaped elements are in position with the lugs thereof engaging in the
      notches, the locking bar is moved against the lugs, positively locking the
      hook-shaped elements from pivotal movement.
PAR  A further feature of the present invention resides in the manner in which
      the locking slide bar is supported. The slide bar is provided with a pair
      of spaced slots positioned near opposite ends of the bar. These slots are
      of shallow V-shaped formations having end portions which are aligned and
      in substantially parallel relation to the notched edge of the plate. The
      slots also include parallel end portions communicating with the aligned
      portions. Screws or other fastening means extend through these slots and
      into the panel. By moving the locking slide bar transversely of the panel,
      the screws or other means extending through the slots will move from the
      aligned portions of the slots to the parallel inclined portions thereof.
      When engaged in the inclined portions thereof, the locking slide bar moves
      away from the notched edge of the plate, and into an unlocked position so
      that the support hangers or hook-shaped members may be pivoted about the
      axis of the bar, and moved into an adjusted position.
PAR  In preferred form, the panel is supported upon a wall so that the bird or
      animal is suspended downwardly against the panel. However, the panel may
      be secured to a plank or similar member inclined upwardly against the
      wall, or may even be supported in a horizontal position, although this
      detracts from the efficiency of the dressing operation.
PAR  These and other objects and novel features of the present invention will be
      more clearly and fully set forth in the following specification and claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the game board supporting an animal such as a squirrel
      by engagement with the rear legs of the animal.
PAR  FIG. 2 is an elevational view of the game dressing board supporting a duck
      or goose for dressing.
PAR  FIG. 3 is a detailed elevational view of the game supporting structure,
      showing two of the hook-shaped elements or pointed support hangers in
      upwardly pivoted position, and the other two hangers swung down into
      position to accommodate the leg of the bird therebetween.
PAR  FIG. 4 is a perspective view of one of the pointed support hangers showing
      one side thereof.
PAR  FIG. 5 is a view similar to FIG. 4 but showing the other side of the
      support hanger.
PAR  FIG. 6 is a perspective detail view of the device showing a pair of pointed
      support hangers in position to impale the legs of an animal, and with the
      locking slide bar in locking position, and showing in dotted outline the
      locking slide bar in unlocked position.
PAR  FIG. 7 is a sectional view on the line 7--7 of FIG. 6 showing a pointed
      support hanger in game or bird supporting position.
PAR  FIG. 8 is a view similar to FIG. 7 but showing the pointed support hanger
      in inoperable position in which it may be moved longitudinally of the
      supporting rod.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In general, the game dressing board is indicated in general by the letter A
      and includes an elongated panel which may be formed of wood, plastic, or
      other suitable material. In the drawings, the panel 10 is formed of wood,
      and the game supporting elements secured thereto are formed of metal.
      However, the material of which the parts are formed is a matter of choice,
      and any suitable material may be used to form any of the parts described.
PAR  A pair of brackets 11 are secured to opposite sides of the board, and are
      preferably mortised into the edges of the board so that the outer surfaces
      thereof are flush with the edges of the board by screws or other fastening
      means 12. The brackets 11 are provided with aligned apertures 13 which
      support a rod 14 in spaced relation to the surface of the panel 10, and
      extending transversely of the length of the panel 10. The ends of the rod
      14 are preferably grooved to accommodate resilient locking means 15 which
      hold the rod 14 from axial movement.
PAR  Hook-shaped elements which are indicated generally by the numeral 16 are
      slideably supported upon the rod 14. The hook0shaped elements 16 include
      an enlarged portion 17 having an aperture 19 extending therethrough. The
      enlarged central portions 17 of each element are provided with projecting
      pointed elements 20 which extend from one side thereof so as to provide
      recesses 21 against which the feet of the bird may rest when the board is
      used for supporting the bird which is indicated in general by the letter
      B. The elements 16 also include lugs such as 22 which are designed to
      engage in the notches in the edge of the plate which will be described.
PAR  As indicated in FIG. 1, when supporting an animal C, only two such pointed
      support hangers are employed. As is indicated in FIGS. 2 and 3 of the
      drawings, when supporting a bird, two such hangers are used in closely
      spaced relation so that the leg of the bird may be inserted therebetween
      with the feet of the bird resting upon the recessed portions 21 as
      indicated in FIGS. 2 of the drawings.
PAR  A plate 23 is recessed into the surface of the board or panel 10 as
      indicated in FIG. 7 and 8 of the drawings. This plate 23 is provided with
      spaced notches 24 which are designed to accommodate the lugs 22 of the
      hangers 16. The notches 24 are designed to accommodate the lugs 22 of the
      hangers 16. The plate 23 is secured in place by screws 25 or other
      securing members. The hangers 16 may be moved longitudinally of the rod
      when they are in the position indicated in FIG. 8 of the drawings. When
      swung in a clockwise direction as viewed in FIG. 7, the lugs 22 engage in
      the notches 24 to hold the hangers from lateral movement longitudinally of
      the rod 14.
PAR  A locking plate 26 is slideably supported upon the surface of the panel 10.
      Slightly V-shaped slots 27 are provided in the plate 26, the slots 27
      including aligned portions 29, and parallel upwardly inclined end portions
      30. Screws 31, or the fastening means extend through the slots 27 so as to
      properly locate the locking slide bar 26. When the locking slide bar 26 is
      in the full line position indicated in Figure 6 of the drawings and also
      shown in FIG. 7, the locking slide bar engages the hook-shaped members
      adjoining the lugs 22, and hold the hangers engaged in the notches 24.
      When the locking slide bar is moved to the right as indicated in FIG. 3,
      and also indicated in dotted outline in FIG. 6 of the drawings, the
      locking slide bar is retracted to a lower position, permitting the
      hook-shaped elements or hangers 16 to be pivoted, and to be moved
      longitudinally of the rod 23.
PAR  A handle 33 is provided on the locking bar 26 so that it can be moved
      between its tow extreme positions.
PAR  When the device is used for supporting a bird B, two of the hangers 16 are
      supported in spaced relation, the distance between these hangers being
      just sufficient to accommodate the leg of the bird. The feet of the bird
      limit the extent to which the bird may be moved longitudinally of the
      panel 10. When used with an animal C, a slit is preferably made with a
      knife between the leg tendens and leg bone above the first leg joint of
      the animal and the animal is hung on the support hangers by inserting the
      point of the hangers through the slots cut in the legs.
PAR  When a bird B is supported, it may be either plucked or skinned and dressed
      in the usual manner. When either plucking feathers or skinning, it may be
      hung breast out and then unhooked and reversed on the hangers, or vice
      versa, to complete the operation on both front and back of the bird.
PAR  While dressing animals such as C, the hook-shaped elements or hangers 16
      are moved to the proper position to support the outstretched hind legs of
      the animal. Preferably, the process should start with the back of the
      animal against the board and hind legs turned outward toward the edge of
      the board. The animal may be skinned, and also suspended in this position
      to slit open and remove the viscera.
PAR  The game dressing board which is provided is capable of handling any game
      bird, or game animal. Obviously, the size of the board does not permit the
      dressing of game animals such as deer, elk, or moose, or a larger version
      of the device could be produced for this purpose. The structure has been
      found extremely practical in actual use and saves considerable time from
      the previous procedure of attempting to hold the animal in a certain
      position while plucking the feathers or skinning the bird or animal.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my Game Dressing Board, and while I have
      endeavored to set forth the best embodiments, I desire to have it
      understood that obvious changes may be made within the scope of the
      following claims without departing from the spirit of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game dressing board including:
PA1  an elongated panel,
PA1  brackets on opposite sides of said panel and extending forwardly therefrom
      near one end of said panel,
PA1  a rod supported by said brackets in spaced relation to said board and
      extending transversely of said panel,
PA1  a plate secured to said panel having spaced notches therein in the edge
      directed toward the other end of the said panel,
PA1  a pair of hook-shaped elements slideably supported on said rod having
      impaling hooks on one side thereof, and having lugs on the other side
      thereof engageable selectively in any of said notches,
PA1  said hook-shaped elements being pivotal from a first position with the ends
      thereof adjoining said panels in which said lugs are disengaged from said
      notches to a second position in which said hook-shaped elements are spaced
      from said panel and said lugs are engaged in selected notches.
NUM  2.
PAR  2. The structure of claim 1 and in which said panel is transversely grooved
      adjoining the notched edge of said plate and into which said lugs may
      engage in the said second position of said hook-shaped elements.
NUM  3.
PAR  3. The structure of claim 1 and including a locking slide bar secured to
      said panel in spaced relation to said notched edge of said plate and
      slideably supported for movement toward said notched edge of said plate to
      hold said lugs in engagement with said notches.
NUM  4.
PAR  4. The structure of claim 3 and in which said locking slide bar includes
      parallel inclined slots through which fastening means extend securing said
      locking slide bar to said panel.
NUM  5.
PAR  5. The structure of claim 1 and in which said hook-shaped elements include
      pointed ends.
NUM  6.
PAR  6. The structure of claim 4 and in which said parallel inclined slots
      include aligned slot ends through which said fastening means extend wehn
      said bar is in lugs are engaged in said slots.
NUM  7.
PAR  7. The structure of claim 1 and including a second pair of hookOshaped
      elements similar to said first named hook-shaped elements slideably
      supported on said rod between said first named pair of hook-shaped
      elements.
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ABST
PAL  A scallop spreading device is provided on a scallop eviscerator having
      rollers mounted on an eviscerator frame in an inclined path. The spreading
      device includes a travelling frame mounted on the eviscerator frame for
      reciprocating movement relative thereto and to the rollers. A plurality of
      spaced spreader bars are mounted on the travelling frame with the axes of
      the spreader bars being substantially parallel to the axes of the rollers.
      Drive means are provided to reciprocate the travelling frame in a plane
      aligned with the inclined path. Adjustment means are provided to vary the
      height of the spreader bars above the eviscerator rolls. The spreader bars
      force the scallops back up the inclined path to lengthen the time the
      scallops are subjected to the action of the eviscerator. The height
      adjustment permits the spreader bars to be adjusted according to the size
      of the particular scallop batch being processed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the processing of scallops, and more particularly
      relates to an apparatus for extracting the adductor muscle from scallops.
PAR  The preparation of scallops for human consumption involves shucking, the
      separation of the adductor muscle from the shells, and eviscerating, the
      separation of the adductor muscle from the viscera which clings to the
      periphery of the muscle. Although the viscera of scallops is usually
      considered to be edible, only the cylindrical adductor muscle is commonly
      sold for human consumption.
PAR  Apparatus for mechanically eviscerating scallops has been recently
      developed which has greatly diminished the problems encountered in
      mechanically eviscerating scallops. This apparatus is described in my U.S.
      Pat. No. 3,665,555 which is hereby incorporated by reference and comprises
      a plurality of counterrotating rollers which are arranged to form an
      inclined path that descends from the input end of the eviscerator. Each of
      the rollers has its axis aligned transversely of the path and is
      positioned so that the surface of each intermediately positioned roller
      forms a nip with the adjacent roller on its input side and a nip with the
      adjacent roller on its output side. Drive means oscillate the rollers so
      that the upper exposed portion of adjacent rollers are alternately rotated
      towards each other to pull viscera from the scallop muscles and through
      the nip of the rollers, and alternately rotated away from each other to
      permit the lower roller to advance the scallop down the inclined path.
      Cleaning means remove the viscera from the underside of the rollers.
PAR  This machine depends upon the rollers to perform the function of bringing
      the viscera to the nip of the rollers where the viscera can be pulled from
      the muscle. The size and spacing of the rollers determines the efficiency
      of the rollers in accomplishing this function of feeding the viscera to
      the nip of the rollers. The choice of roller size and spacing is to some
      extent a direct function of the diameter of the scallop muscle, although
      other factors such as muscle firmness also have an effect. Scallop
      muscles, for a single scallop species, vary in diameter due to such
      factors as seasonal spawning activity.
PAR  The problem of feeding viscera into the nips of the rollers is particularly
      serious when processing a variety of scallops known as sea or ocean
      scallops because these scallops can vary widely in diameter. A roller of a
      given diameter may efficiently feed scallops and attached viacera when the
      scallop muscle is a given diameter, and be very inefficient when
      processing scallop muscles of a significantly larger or smaller diameter.
PAR  Scallop muscles with attached viscera have been fed to roll eviscerators by
      an endless conveyor that drops the scallops onto the top portion of the
      bank of rollers. Such an arrangement tends to cause the scallops to bunch
      up and does not distribute the scallops uniformly across the length of the
      rollers. This uneven distribution lowers the efficiency of the eviscerator
      and makes it necessary to use more rollers than would be necessary if more
      uniform distribution of scallops could be attained.
PAR  Various attempts have been made to more efficiently present scallops having
      attached viscera to the nips of counterrotating roll eviscerators. These
      have included attempts by workers to manually distribute scallops across
      the top of the roller eviscerator and to manually push individual scallops
      into the nip of the rollers at the bottom of the eviscerator.
      Hand-manipulated, flexible members have also been used to push the
      scallops into the nip of the rollers. A means for feeding scallops into
      the nip of the rollers is disclosed in U.S. Pat. No. 3,621,515, however,
      this device performs only a limited lateral spreading function and may
      tend to accelerate the passage of scallops down the bed of rollers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a scallop spreading device for use with a
      scallop eviscerator formed by a plurality of counterrotating rollers
      rotatably mounted on a frame to form an inclined path, with the axes of
      the rollers aligned transversely of the path. The spreading device of the
      present invention comprises a travelling frame mounted on the eviscerator
      frame for reciprocating movement relative to the eviscerating frame and
      the counterrotating rollers; a plurality of spaced spreader bars mounted
      on said travelling frame with the axes of the spreader bars being
      substantially parallel to the axes of the rollers; drive means connected
      to the travelling frame for reciprocating the travelling frame in a plane
      aligned with the inclined path; and adjustment means connected to the
      travelling frame for varying the height of the spreader bars above the
      eviscerator rollers.
PAR  The spreader bars force the scallops back up the inclined path to lengthen
      the time the scallops are subjected to the action of the eviscerator
      rollers and subject the scallops to a second eviscerating action. The
      spreader bars also turn the scallop meat to rotate the viscera to a
      position at the nip of the rollers. The spreader bars urge larger size
      scallops into the nip of the rollers so that the viscera can be
      effectively removed. The height adjustment means of the present invention
      enables the spreader bars to be adjusted according to the size of the
      particular scallop batch being processed. Thus, a single size roller can
      more efficiently process scalloped muscles of various diameters.
PAR  Preferably, the adjustment means of the present invention includes first
      adjusting means connecting each spreader bar with the travelling frame for
      individually adjusting the height of each spreader bar and second
      adjusting means connected to the travelling frame for adjusting the height
      of the travelling frame. It is also preferred that the first height
      adjusting means for each spreader bar comprise a plurality of brackets to
      which the spreader bar is secured, with each bracket having an elongated
      slot and being movable within the limits of the elongated slot to various
      heights, and means for securing the bracket to the travelling frame at any
      height within the slot. The second height adjusting means preferably
      comprises a plurality of mounting plates for supporting cross bars of the
      travelling frame, with each mounting plate having an elongated slot, and a
      plurality of sleeves connected to the mounting plates and supporting
      spreader supports on which the spreader bars are mounted, with each sleeve
      being movable within the limits of the elongated slots to various heights,
      and being securable to the mounting plate at any height within the slot.
PAR  Desirably, the drive means includes first reciprocating means connected to
      one side of the travelling frame and second reciprocating means connected
      to the other side of the travelling frame, to provide positive
      reciprocating force on each side of the travelling frame. A flexible blade
      is preferably mounted on the upper end of the travelling frame to
      distribute and force incoming scallop meats onto the rollers. The drive
      means is preferably provided with a reciprocating stroke that is
      sufficiently long to bring the lower spreader bar over the lowermost
      roller on its downstroke and the upper spreader bar over the uppermost
      roller on its upstroke.
PAR  It is to be understood that both the foregoing general description and the
      following detailed description are exemplary and explanatory but are not
      restrictive of the invention.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The accompanying drawings, which are incorporated in and constitute a part
      of this invention, illustrate a preferred embodiment of the invention, and
      together with the description, serve to explain the principles of the
      invention.
PAR  Of the drawings:
PAR  FIG. 1 is a schematic side elevation of an apparatus for extracting viscera
      from adductor muscles constructed in accordance with the invention; and
PAR  FIG. 2 is a view of the apparatus of FIG. 1 taken along line 2--2 of FIG. 1
     .
DETD
PAR  The present device of extracting the viscera from adductor muscle is
      applicable to scallops generally, including sea scallops, Placopecten
      magellanicus; bay scallops, Aequipecten irradians; and Calico scallops,
      Aequipecten gibbus. While the different varieties vary in size, their
      similar physiology allows them to be processed by the device of the
      present invention. The device of the present invention, however, is
      especially useful in eviscerating sea scallops because of their large size
      and the problems usually associated with the variations in their size.
PAR  As used in the specification and claims, the term scallop "meat" refers
      collectively to the adductor muscle and viscera.
PAR  It is desirable that the scallop meats to be eviscerated by the process of
      the invention be free of shell fragments and sand because these materials
      would interfere with the process. Preferably, the shucking method
      described in the above referred to U.S. Pat. No. 3,665,555 is used
      although any suitable shucking method can be employed.
PAR  Referring to the drawings and as best seen in FIG. 1, the present invention
      is embodied in a scallop eviscerator having a main frame, generally 10, on
      which a plurality of rollers 12 are arranged to form a uniformly inclined
      path descending from an input end 14 of the eviscerator to an output end
      16 of the eviscerator. It will be understood by those skilled in the art
      that rollers are provided along the entire length of frame 10, and only a
      small number of such rollers are shown in the drawing including a first
      group at the top or input end 14 of the eviscerator and a second group
      toward the output end 16. Each roller 12 has its axis aligned transversely
      of the inclined path and is positioned so that the surface of each
      intermediately positioned roller forms a nip with the adjacent roller on
      its input side and a nip with the adjacent roller on the output side.
      Drive means (not shown) are provided for oscillating the rollers so that
      the upper exposed portions of adjacent rollers are alternately rotated
      toward each other to pull viscera from the scallop muscles and through the
      nip of the rollers, and alternately rotated away from each other to permit
      the lower of the two rollers to advance the scallop down the inclined
      path.
PAR  Eviscerator frame 10 includes a first side frame member 18 and a second
      side frame member 20 as illustrated in FIG. 2. Each side frame member 18
      and 20 extends the length of the eviscerator and rollers 12 are suitably
      journalled into the inner vertical sides of side frame members 18 and 20
      below the top surface of the side frame members. The slope formed by the
      incline of the roller path from the horizontal is preferably 10.degree. to
      15.degree.. The bank of rollers is uniformly inclined gradually from the
      input end 14 of the eviscerator to the discharge end 16 of the
      eviscerator. Preferably, the surfaces of the rollers do not touch, and are
      spaced apart far enough to permit their rotation without making frictional
      contact.
PAR  Spray means are positioned above the inclined path formed by rollers 12 for
      directing a fluid under pressure on the scallop meats positioned on the
      rollers. When the fluid is selected to be a liquid of low viscosity, such
      as water, the spray means provides a lubricating film on the surface of
      the rollers that permits the scallop muscles to freely rotate about their
      cylindrical axes while supported by the rollers, thus exposing the entire
      peripheral surface of the muscles to the pulling action of the nip formed
      by the rollers.
PAR  As best seen in FIG. 1, the spray means includes a plurality of spray
      nozzles 22 that are longitudinally spaced on frames 24 along the path. The
      spray nozzles are also laterally spaced across the path. Spray nozzles 22
      are each provided with an inlet conduit 26 connected to a source of fluid
      under pressure, preferably water.
PAR  As illustrated in FIG. 1, the direction of the fluid issuing from spray
      nozzles 22 is inclined upwardly with relation to the path formed by the
      rollers, and tends to impede the movement of the muscles down the path. It
      is desirable that the spray means be so arranged that substantially the
      entire upper surface area of the rollers can be continuously sprayed with
      the fluid.
PAR  In accordance with the invention, a travelling frame is mounted on the
      eviscerator frame for reciprocating movement relative to the eviscerator
      frame and counterrotating rollers. As here embodied, the travelling frame,
      generally 30 comprises a plurality of cross bars, including a first cross
      bar 32 and a second cross bar 34, which are slidably mounted on and extend
      laterally across eviscerator frame 10 from first side frame member 18 to
      second side frame member 20 and a plurality of spreader supports in the
      form of bars including a first spreader support 36 and a second spreader
      support 38, which are connected to the cross bars and which extend
      longitudinally in the direction of the inclined path. A first
      longitudinally extending square guide track 40 is mounted on the top
      surface of first side frame member 18 and a second longitudinally
      extending square guide track 42 is mounted on the top surface of second
      side frame member 20 and is aligned with first guide track 40.
PAR  A plurality of slide blocks 44, 46, 48 and 50, one for each end of cross
      bars 32 and 34, are provided for supporting travelling frame 30 on
      eviscerator frame 10. The bottom surface of each slide block 44, 46, 48
      and 50 has a longitudinally extending groove to enable each slide block to
      slide on its corresponding guide track 40 or guide track 42. As best seen
      in FIG. 2, first cross bar 32 is longer than second cross bar 34 so that
      the ends of first cross bar 32 extend through and substantially beyond its
      slide blocks 44 and 46 while the ends of second cross bar 34 are
      substantially flush with its slide blocks 48 and 50.
PAR  A plurality of mounting plates are secured to each cross bar 32 and 34. As
      best seen in FIG. 2, two mounting plates 52 and 54 are secured to cross
      bar 32 and two mounting plates 56 and 58 are secured to cross bar 34. Each
      mounting plate and its operation are substantially identical and therefore
      only mounting plate 56 will be described in detail. Mounting plate 56 is
      substantially rectangular in cross section and has a circular opening at
      its bottom end whose axis is parallel to the axis of cross bar 34 to
      enable the cross bar to pass through it. Cross bar 34 is secured to
      mounting plate 56 by conventional means such as by welding. Mounting plate
      56 has an elongated slot 62 at its top (FIG. 1). The length of slot 62
      extends substantially parallel to the vertical, but because eviscerator
      frame 10 and travelling frame 30 are at an incline of about 10.degree. to
      15.degree.  to the horizontal, the length of slot 62 is at a similar
      incline to the vertical. The two mounting plates 56 and 58 for cross bar
      34 are equally spaced from the ends of the cross bar and overlie rollers
      12. Mounting plates 56 and 58 for cross bar 34 are longitudinally aligned
      with mounting plates 52 and 54 for cross bar 32.
PAR  Each mounting plate 52, 54, 56 and 58 has a sleeve 64, 66, 68 and 70,
      respectively, mounted to its inner side, and as explained in greater
      detail hereafter, each sleeve is vertically movable relative to the
      mounting plate. Each sleeve 64, 66, 68 and 70 has a circular opening whose
      axis is substantially perpendicular to the axis of cross bars 32 and 34 to
      enable spreader supports 36 and 38 to pass through and be supported.
      Spreader supports 36 and 38 are secured to their respective sleeves by
      conventional means such as by welding.
PAR  In accordance with the invention, a plurality of spaced spreader bars are
      mounted on the travelling frame with the axes of these spreader bars being
      substantially parallel to the axes of the rollers. As here embodied, four
      spreader bars 72, 74, 76 and 78, are spaced along a portion of the length
      of the eviscerator. Each spreader bar 72, 74, 76 and 78 is connected to
      and supported by spreader supports 36 and 38, with one end of each
      spreader bar being supported by spreader support 36, and the other end
      being supported by spreader support 38. Each spreader support 36 and 38
      has four sleeves 80, one for each spreader bar 72, 74, 76 and 78. Each
      sleeve 80 has a circular opening whose axis is parallel to the axis of the
      spreader support to enable the spreader support to pass through it. Each
      sleeve 80 is secured to its spreader support by conventional means as by
      welding. The four sleeves 80 on spreader support 36 are evenly spaced from
      each other and are laterally aligned with the four sleeves 80 or spreader
      support 38.
PAR  A bracket 82, as explained in greater detail hereafter, is adjustably
      secured to the outer surface of each sleeve 80. The lower end of each
      bracket 82, as best seen in FIG. 1, has a concave surface 84 shaped to
      conform to the outer surface of a spreader bar so that each spreader bar
      can be secured thereto. The spreader bars are secured to the concave
      surface of brackets 82 by conventional means as by welding.
PAR  The lower portion of the wall surface of each spreader bar 72, 74, 76 and
      78 is preferably covered with an exterior layer of a protuberated non-slip
      surface such as that sold by Minnesota Mining and Manufacturing under the
      trademark "Scotch-Lag." The exterior non-slip layer preferably includes
      cork or rubber particles that form the protuberances, which are bonded
      together by a continuous phase of rubber-base adhesive. Protuberances
      formed by the cork or rubber particles are not easily loosened or removed
      from the surface of the spreader bars, and they do not swell or change in
      volume upon continued exposure to water.
PAR  The continuous phase of the exterior non-slip layer of each spreader bar
      72, 74, 76 and 78 is formed of a rubber-based or rubbery adhesive
      composition which is cured to a tough, non-brittle, wear-resistant state.
      At least one third of the total weight of the solids material of the
      continuous phase, exclusive of inorganic fillers, is rubber material. A
      variety of curable rubber-based adhesive compositions may be used as the
      continuous phase including synthetic elastomeric materials and natural
      rubbers or blends.
PAR  The protuberated non-slip nature of spreader bars 72, 74, 76 and 78
      provides a good gripping surface for engaging the scallop meats and
      pushing them in a desired direction of movement. The non-slip outer layer
      may be adhered or bonded to the surface of the spreader bars by a variety
      of adhesive material.
PAR  Each spreader bar is preferably about three inches in diameter and made of
      a suitable material such as stainless steel. Although spreader bars 72,
      74, 76 and 78 are here shown as being tubular in shape, it will be
      understood by those skilled in the art that the spreader bars can have
      other shapes. For example, the spreader bars can be in the form of flat
      blades made from stainless steel.
PAR  Preferably, a flexible blade 86 is mounted to spreader supports 36 and 38
      at the top of travelling frame 30 and extends downwardly toward rollers
      12. Blade 86 can be made of neoprene rubber or any other suitable
      elastomer. Blade 86 engages scallop meats as they enter the inlet end of
      the eviscerator and distributes and forces them onto rollers 12. Once the
      scallop meats reach rollers 12, the rotating action of the rollers moves
      them down the inclined roller path.
PAR  In accordance with the invention, drive means are connected to the
      travelling frame for reciprocating the travelling frame in a plane aligned
      with the inclined path. As here embodied, and as best seen in FIG. 2, the
      drive means includes a shaft 88 which extends laterally across the
      eviscerator frame, a first reciprocating means generally 90 which connects
      the shaft 88 with one side of the travelling frame 30, a second
      reciprocating means generally 92 which connects shaft 88 with the other
      side of travelling frame 30 and a chain drive system generally 94 for
      rotating the shaft 88. Shaft 88 extends laterally across the eviscerator
      frame 10 and has one end journalled in a support 96 secured to side frame
      member 18 and its other end journalled in a support 98 secured to side
      frame member 20.
PAR  Chain drive system 94, as best seen in FIG. 1, includes a drive motor 100
      which is secured to the upper end of eviscerator 10 adjacent side frame
      member 18, a speed reducer 102 positioned above and connected to motor
      100, and a drive chain 104. Speed reducer 102 has a sprocket 106 and the
      lower end of drive chain 104 is mounted about this sprocket. The upper end
      of drive chain 104 is mounted about a sprocket 108 which is fixed to shaft
      88.
PAR  First reciprocating means 90 is connected to the end of shaft 88 adjacent
      side frame member 18 and includes a crank 110 which is fixed to the outer
      end of shaft 88 and a connecting rod 112 which is joined to the outer end
      of crank 110 by a link 113 which is fixed to the connecting rod and
      pivotally mounted on the end of crank 110. The other end of connecting rod
      112 is connected to guide block 44 by a link 115 which is fixed to the
      connecting rod and pivotally mounted on the end of cross bar 32. Shaft 88
      continuously rotates crank 110 in a single direction and this rotary
      motion is transformed into a reciprocating motion through links 113 and
      115 and connecting rod 112. Second reciprocating means 92, as seen in FIG.
      2, is connected to the end of shaft 88 adjacent side frame member 20 and
      includes a crank 114 whose inner end is fixed to the outer end of shaft 88
      adjacent side frame member 20 and a connecting rod 116 which is joined to
      the outer end of crank 114 by a link 117. Link 117 is fixed to connecting
      rod 116 and pivotally mounted on the end of crank 114. The other end of
      connecting rod 116 is connected to guide block 46 by a link 119 which is
      fixed to the connecting rod and pivotally mounted on the end of cross bar
      32. Shaft 88 continuously rotates crank 114 in the same direction as crank
      110 and this rotary motion is transformed into a reciprocating motion
      through links 117 and 119 and connecting rod 116.
PAR  In accordance with the invention, adjustment means are connected to the
      travelling frame for varying the height of the spreader bars above the
      eviscerator rollers. As here embodied, the adjustment means comprises
      first adjusting means connecting each spreader bar with the travelling
      frame for individually adjusting the height of each spreader bar and
      second adjusting means connected to the travelling frame for adjusting the
      height of the travelling frame.
PAR  The first height adjusting means for each spreader bar includes the two
      brackets 82 to which the spreader bar is secured. Each bracket 82 has an
      elongated slot 118 and is movable within the limits of the elongated slot
      to various heights. A screw 120 is provided for each bracket 82 as a means
      for securing each bracket to its sleeve 80 and thus to travelling frame 30
      at any height within the slot. Each sleeve 80 has a threaded hole to
      receive a screw 120. When screw 120 is loosened, bracket 82 can be moved
      to any height within the limits of slot 118 and can then be secured to
      sleeve 80 by tightening the screw. The length of slot 118 extends
      substantially parallel to the vertical, but because eviscerator frame 10
      and travelling frame 30 are at an incline of about 10.degree. to
      15.degree. to the horizontal, the length of slot 118 is at a similar
      incline to the vertical.
PAR  The second adjusting means for adjusting the height of the travelling frame
      includes the two mounting plates that support each cross bar of travelling
      frame 30, that is, mounting plates 52 and 54 for cross bar 32 and mounting
      plates 56 and 58 for cross bar 34. As described above, each mounting plate
      has an elongated slot 62. Sleeves 64, 66, 68 and 70 are adjustably secured
      to their respective mounting plates 52, 54, 56 and 58 by means of a screw
      122 which passes through elongated slot 62 and into a threaded opening in
      the sleeve. When screws 122 are loosened, each sleeve 64, 66, 68 and 70
      can be moved to a desired height within the limits of slot 62 and can then
      be secured to its mounting plate by tightening of the screw.
PAR  In operation, scallop meats are placed on the upper surface of the inclined
      path formed by the plurality of rollers 12 having their axes transverse of
      the path. The initial orientation of scallop muscles on the path is
      immaterial, as the cylindrical adductor muscle is soon oriented by rollers
      12 so that the axis of the muscle is generally parallel to the rollers. In
      this position, the muscle rotates about its axis, generally in the
      direction of the rotation of the lower of two adjacent rollers 12 forming
      a nip, and exposes the viscera around substantially its entire periphery
      to the nip formed by each pair of adjacent rollers. The viscera is pulled
      from the muscle and through the nip formed by adjacent rollers by rotating
      the upper portion of adjacent rollers towards each other. The rollers
      exert a frictional pulling force on the viscera in a downward direction
      through the nip of the rollers while at the same time restraining movement
      of the scallop muscle in that direction.
PAR  The rollers are oscillated (counter rotated) so that they alternate between
      pulling viscera from the muscle and advancing the muscles down the path.
      The degree of rotation of the upper portion of the rollers towards each
      other is preferably at least 360.degree. for rollers at the top of the
      path, but the degree of rotation of rollers located lower in the path can
      be reduced below 360.degree..
PAR  During rotation of rollers 12, travelling frame 30 reciprocates over the
      bank of rollers 12 in a plane parallel to the inclined path. Drive motor
      100 rotates endless drive chain 104 continuously in a single direction
      causing sprocket 108 to be similarly rotated. Sprocket 108, being fixed to
      shaft 88, in turn, causes the shaft to continuously rotate in a single
      direction. Rotation of shaft 88 brings about a unidirectional rotation of
      cranks 110 and 114 which is transformed into a reciprocating motion to
      travelling frame 30 through the linkages of connecting rods 112 and 116.
PAR  The reciprocating stroke of connecting rods 112 and 116 is sufficiently
      long to bring the lowermost spreader bar 72 over the lowermost roller 12
      on its downstroke and the uppermost spreader bar 78 over the uppermost
      roller 12 on its upstroke.
PAR  Spreaders bars 72, 74, 76 and 78 tend to move scallop meats back up the
      inclined path of rollers 12 during the upstroke of travelling frame 30.
      The length of time that the scallop meats are subjected to the action of
      the eviscerator rollers 12 is thus increased and the scallop meats are
      thereby subjected to a repeated eviscerating action by rollers 12 before
      they leave the eviscerator.
PAR  Spreader bars 72, 74, 76 and 78 further aid in removing viscera from the
      scallop meats by exerting a turning force on the scallop meats and thereby
      insure that the viscera are brought to a position just above the nip
      formed by a pair of adjacent rollers 12 where the viscera can be pulled
      from the muscle. The spreader bars also tend to force larger size scallops
      into the nip of adjacent rollers 12.
PAR  The height of the spreader bars can be adjusted to meet any processing
      condition that may arise and enables the eviscerator to function in an
      efficient manner when processing scallops of various sizes. Ordinarily,
      the spreaders bars are adjusted so that the clearance between the bottom
      of the spreader bars and the top of the eviscerator rollers is slightly
      less than the diameter of the scallops being processed.
PAR  The spreading device of this invention thus helps to feed scallop viscera
      into the nips formed by the rollers, aids in distributing the scallops
      transversely of the inclined path, and provides a means for moving scallop
      meats back up the inclined roller path to increase the number of times a
      scallop muscle is subjected to a given nip formed by a pair of rollers.
      All these functions tend to permit using a smaller eviscerator formed by a
      smaller number overall rollers. The invention thus can provide a more
      compact overal eviscerator.
PAR  The invention in its broader aspects is not limited to the specific details
      shown and described and departures may be made from such details without
      departing from the principles of the invention and without sacrificing its
      chief advantages.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A scallop spreading device for use with a scallop eviscerator formed by
      a plurality of counter-rotating rollers rotatably mounted on a frame to
      form an inclined path, with the axes of the rollers aligned transversely
      of the path, said spreading device comprising:
PA1  a. a travelling frame mounted on the eviscerator frame for reciprocating
      movement relative to the eviscerator frame and the counter-rotating
      rollers;
PA1  b. a plurality of spaced spreader bars mounted on said travelling frame
      with the axes of said spreader bars being substantially parallel to the
      axes of the rollers and the clearance between the bottom of the spreader
      bars and the top of the rollers being slightly less than the diameter of
      the scallops being processed;
PA1  c. drive means connected to said travelling frame for imparting
      reciprocating movement to said travelling frame in a plane aligned with
      the inclined path, the downstroke of said reciprocating movement moving
      said travelling frame in the direction toward the lowermost roller of said
      eviscerator, and the upstroke of said reciprocating movement moving said
      travelling frame in the direction toward the uppermost roller of said
      eviscerator; and
PA1  d. adjustment means connected to said travelling frame for varying the
      height of said spreader bars above the eviscerator rollers, said
      adjustment means including first height adjusting means connecting each
      spreader bar with said travelling frame for individually adjusting the
      height of each spreader bar, said first height adjusting means for each
      spreader bar comprising a plurality of brackets to which the spreader bar
      is secured, each bracket having an elongated slot and being movable within
      the limits of the elongated slot to various heights, and means for
      securing the bracket to the travelling frame at any height within the
      slot.
NUM  2.
PAR  2. The device of claim 1 wherein said adjustment means includes second
      adjusting means connected to the travelling frame for adjusting the height
      of said travelling frame.
NUM  3.
PAR  3. The device of claim 2 wherein said second height adjusting means
      comprises a plurality of mounting plates for supporting cross bars of the
      travelling frame, with each mounting plate having an elongated slot, and a
      plurality of sleeves, one for each mounting plate, connected to the
      mounting plates and supporting spreader supports on which the spreader
      bars are mounted, with each sleeve being movable within the limits of the
      elongated slot to various heights and being securable to the mounting
      plate at any height with the slot.
NUM  4.
PAR  4. The device of claim 1 wherein said travelling frame comprises a
      plurality of cross bars slidably mounted on said frame with their axes
      substantially parallel to the spreader bars and a plurality of spreader
      supports extending longitudinally in the direction of the inclined path.
NUM  5.
PAR  5. The device of claim 1 wherein said drive means includes first
      reciprocating means connected to one side of the travelling frame and
      second reciprocating means connected to the other side of the travelling
      frame, to provide positive reciprocating force on each side of the
      travelling frame.
NUM  6.
PAR  6. The device of claim 5 wherein said drive means includes a shaft
      extending laterally across the eviscerator frame, said first reciprocating
      means is connected with one end of said shaft and said second
      reciprocating means is connected with the other end of said shaft.
NUM  7.
PAR  7. The device of claim 6 wherein said first and second reciprocating means
      each includes a crank connected to the shaft and a connecting rod joining
      said crank with a side of the travelling frame, and a chain drive system
      is connected to said shaft to rotate it and power the first and second
      reciprocating means.
NUM  8.
PAR  8. The device of claim 1 including a flexible blade mounted on the upper
      end of the travelling frame to distribute the force incoming scallop meats
      onto the rollers.
NUM  9.
PAR  9. The device of claim 1 wherein said drive means has a reciprocating
      stroke that is sufficiently long to bring the lowermost spreader bar over
      the lowermost roller on its downstroke and the uppermost spreader bar over
      the uppermost roller on its upstroke.
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PAL  An improved method and apparatus for plucking fiber tufts from a fiber bale
      held by a supporting frame which is reciprocally displaced along a
      carrying passage over a plucking roller. A pair of conveyer means are
      disposed with an intervened space therebetween and the plucking roller is
      disposed in the abovementioned intervened space. An auxiliary conveyer
      means is disposed at a position adjacently outside one of the conveyer
      means. These three conveyer means are arranged in an alignment. The
      supporting frame is capable of being reciprocally displaced by the
      conveyer means between displacing terminals on said conveyer means and is
      capable of being displaced to a waiting position on one of the conveyer
      means which is outside of the displacing terminal on that conveyer means
      and at a side of the auxiliary conveyer means.
PAL  A door means of the supporting frame is opened during the displacing motion
      of the supporting frame to the waiting position, and then a fresh fiber
      bale reserved on the auxiliary conveyer means is supplied into the
      supporting frame, thereafter the supporting frame is displaced to the
      normal operational position thereof. A loading plate is mounted on the
      supporting frame so as to uniformly press the fiber bale during the bale
      plucking operation. All of the above-mentioned operations are carried out
      automatically.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved method and apparatus for
      plucking fiber tufts from a pressed fiber bale held by a supporting frame
      which is reciprocally displaced over a plucking roller.
PAR  In the conventional spinning process, several different types of bale
      plucking machines have been utilized for plucking fiber tufts from a
      pressed fiber bale. For example, in a plucking machine hereinafter
      identified as X.sub.1, a pair of conveyer belts are disposed at the same
      horizontal level with an intervened space therebetween and a plucking
      roller is disposed between the above-mentioned conveyer belts so as to
      pluck fiber tufts from a fiber bale which is reciprocally displaced over
      the plucking roller by means of reciprocal driving motion of the conveyer
      belts and an auxiliary conveyer belt is disposed at a position adjacently
      outside one of the above-mentioned conveyer belts and in alignment
      therewith so as to reserve a fresh fiber bale. When a fiber bale
      previously supplied to the conveyor belts is exhausted, the reserved fresh
      fiber bale is automatically supplied to the conveyor belts so as to
      continue the plucking operation. In another type plucking equipment,
      hereinafter identified as X.sub.2 a plurality of bale plucking machines
      are arranged in parallel condition, and each bale plucking machine is
      provided with a device for supplying a fresh fiber bale, and when a
      previous fiber bale is exhausted, a fresh fiber bale is manually deposited
      onto the respective supplying devices.
PAR  In still another plucking machine, hereinafter identified as X.sub.3 which
      does not have any auxiliary device for reserving a fresh fiber bale and
      for supplying a reserved fresh fiber bale, a fiber bale is supported by a
      supporting frame which is reciprocally displaced over a plucking roller
      and fiber tufts are plucked from the fiber bale which is urged downward
      under a positive pressure created by a loading means. When the fiber bale
      is exhausted, the above-mentioned loading means is manually released from
      the supporting frame and thereafter a fresh fiber bale is disposed into
      the supporting frame and, then, the plucking operation is commenced again.
PAR  In a still further example, the plucking machine hereinafter identified as
      X.sub.4, is formed in a horizontal disc shape, a frame for supporting a
      fiber bale is disposed above the plucking device and the fiber bale is
      pushed downward by a loading means so as to effectively pluck fiber tufts
      from the fiber bale by the plucking device. When the fiber bale is
      exhausted, the loading means is released from the supporting frame and,
      thereafter, a fresh fiber bale is supplied onto the supporting frame.
      Then, the plucking operation is commenced again.
PAR  However, in the above-mentioned well-known types of plucking machines
      X.sub.1 and X.sub.2, since the sides of the fiber bale are free from
      guiding or supporting means, the column of the fiber bale may easily
      become inclined due to uneven plucking of fiber tufts therefrom, which is
      mainly due to variation of fiber density. Consequently it is very
      difficult to continue a uniform plucking operation until a complete fiber
      bale is exhausted.
PAR  In the case of the plucking machine X.sub.3, the abovementioned possible
      inclination of the column of a fiber bale can be prevented by the
      supporting frame. However, since the supply operation of a fresh fiber
      bale into the supporting frame is carried out manually, additional labor
      costs are involved when compared to an automated supply operation. Further
      the loading means is a dead weight (a plate) applied to the fiber bale
      and, consequently, it is very difficult to maintain a uniform rate of
      plucking fiber tufts from the fiber bale during the entire plucking
      operation of a fiber bale. In the plucking machine X.sub.4, since the
      plucking device is formed in a shape of a horizontal disc, it is
      impossible to install an auxiliary feeding device which reserves a fresh
      fiber bale and, consequently, the labor cost for supplying a fresh fiber
      bale to the plucking device cannot be eliminated.
PAR  In the above-described conventional bale plucking machines, the full
      automation of a plucking operation which maintains uniform plucking of
      fiber tufts, together with supplying a fresh fiber bale, cannot be carried
      out.
PAR  The principal object of the present invention is to solve the
      above-mentioned problems of the conventional bale plucking machines by
      providing an improved method and apparatus for plucking fiber tufts from a
      pressed fiber bale supported by a supporting frame which is reciprocally
      displaced over a plucking roller, wherein a supply movement of a fresh
      fiber bale into the supporting frame is automatically carried out.
PAR  In the bale plucking apparatus according to the present invention, a pair
      of conveyer means are disposed at an identical horizontal level and in
      alignment with an intervened space therebetween, and a plucking roller is
      disposed at a position between the conveyor means in such a condition that
      it is capable of plucking fiber tufts from a fiber bale supported by a
      supporting frame which is reciprocally displacing over the plucking
      roller. An auxiliary conveyer means is disposed at a position adjacent to
      one of the above-mentioned conveyer means so as to reserve a fresh fiber
      bale and supply the fresh fiber bale to the above-mentioned conveyer
      means. When a fiber bale being processed is exhausted, means for detecting
      such condition issues a signal to displace the supporting frame toward an
      outside end of the abovementioned conveyer means. The supporting frame is
      provided with a door at a side facing the auxiliary conveyer means and the
      door is capable of opening during the displacement of the supporting frame
      from one of the terminals of the reciprocal displacement of the supporting
      frame on the above-mentioned conveyer means toward the auxiliary conveyer
      means. When the supporting frame is displaced to an end portion of the
      above-mentioned conveyer means, the door of the supporting frame has been
      completely opened. In this condition, the auxiliary conveyer means is
      actuated to be driven, so that a fresh fiber bale is supplied into the
      supporting frame and, thereafter, the auxiliary conveyer means is again
      driven so as to displace the supporting frame to the plucking roller.
      According to the above-mentioned displacement of the supporting frame, the
      door is automatically closed and after the supporting frame passes the
      above-mentioned terminal of the reciprocal displacement of the supporting
      frame, the pair of conveyer means work to reciprocally displace the
      supporting frame over the plucking roller so that the normal plucking
      operation is continuously carried out.
PAR  Further, the above-mentioned supporting frame is provided with means for
      uniformly loading the fiber bale so as to create a uniform plucking
      operation.
PAR  As mentioned above, a very effective plucking operation of fiber tufts from
      a fiber bale is continuously carried out so that the above-mentioned
      drawbacks of the conventional plucking machines can be eliminated.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view of a bale plucking machine according to the
      present invention;
PAR  FIG. 2 is a schematic plan view of the bale plucking machine shown in FIG.
      1;
PAR  FIG. 3 is a schematic elevation of a supporting frame of the bale plucking
      machine, looking from a side A--A in FIG. 1;
PAR  FIG. 4 is a schematic plan view of an end portion of a guide groove in
      combination with a part of a supporting frame utilized with the bale
      plucking machine shown in FIG. 1;
PAR  FIG. 5 is a perspective view of a loading means of the supporting frame
      utilized with the bale plucking machine shown in FIG. 1, which is
      displaced to its lowermost position,
PAR  FIG. 6 is a sectional view of a part of the supporting frame shown in FIG.
      3;
PAR  FIG. 7 is a diagram showing a reversible magnetic relay for changing the
      polarity of input power to a reversible motor utilized for the bale
      plucking machine shown in FIG. 1;
PAR  FIG. 8 is a block diagram of a control circuit for operating the bale
      plucking machine shown in FIG. 1;
PAR  FIG. 9 is a schematic side view of one of the limit switches utilized with
      the bale plucking machine shown in FIG. 1.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, a bale plucking machine according to the
      present invention comprises a pair of conveyer means 1 and 2, which are
      aligned with an intervened space therebetween, and a plucking roller 3
      disposed at a position in the intervened space in such a condition that
      the plucking roller 3 is capable of plucking fiber tufts from a fiber bale
      B reciprocally displacing thereover. The conveyer means 1 comprises a pair
      of guide rollers 1a and 1b, and an endless apron 1c mounted on the guide
      rollers 1a and 1b, while the conveyer means 2 comprises a pair of guide
      rollers 2a and 2b, and an endless apron 2c mounted on the guide rollers 2a
      and 2b. A pulley 1d is secured to a shaft of the guide roller 1b. A
      reversible motor 5 is mounted on a machine frame (not shown). A pulley 5a
      is secured to a shaft of the motor 5 and the driving power of the motor 5
      is transmitted to the pulley 1d by an endless belt 5b. A pulley 1e is
      secured to another end portion of the shaft of the guide roller 1b while a
      pulley 2d is secured to a shaft of the guide roller 2a and an endless belt
      5c is mounted on the pulleys 1e and 2d. Therefore the driving power of the
      guide roller 1b is transmitted to the guide roller 2a. A motor 7 is
      rigidly mounted on the machine frame and a pulley 7a is secured to a shaft
      of the motor 7, while a pulley 3a is secured to the shaft of the plucking
      roller 3. The driving power of the motor 7 is transmitted to the pulley 3a
      of the plucking roller 3 by way of the pulley 7a and an endless belt 7b
      mounted on the pulleys 7a and 3a. An auxiliary conveyer means 8 is
      disposed at a position adjacently outside the conveyer means 2 in a
      condition of alignment to the conveyer means 2. The auxiliary conveyer
      means 8 comprises a pair of guide rollers 8a and 8b and an endless apron
      8c mounted on these guide rollers 8a and 8b. A motor 9 is rigidly mounted
      on the machine frame and a pulley 9a is secured to a shaft of the motor 9
      while a pulley 8d is secured to a shaft of the guide roller 8a. An endless
      belt 9b is mounted on these guide pulleys 9a and 8d so as to transmit the
      driving power of the motor 9 to the guide roller 8a. A horizontal roller 4
      is disposed at a position between the auxiliary conveyer means 8 and the
      conveyer means 2 at the same level as these conveyer means 2 and 8.
PAR  A pair of guide grooves G are formed on the machine frame at the both sides
      of the alignment of the conveyer means 1 and 2 and a supporting frame 10
      is disposed on the conveyer means 1 and 2 in such a condition that it is
      capable of reciprocally displacing along the conveyer means 1 and 2. A
      first limit switch 35 is secured to the machine frame at a position
      adjacent to the endless apron 1c in such a condition that the limit switch
      35 is capable of being actuated by a projection 37 projected from the
      supporting frame 10 outwards when the supporting frame 10 is displaced to
      a terminal of the reciprocal motion thereof on the endless apron 1c. A
      second limit switch 36 is also secured to the machine frame but at a
      position adjacent to the endless apron 2c in such a condition that the
      above-mentioned projection 37 of the supporting frame 10 is capable of
      contacting a feeler of the limit switch 36 when the supporting frame 10 is
      displaced to another terminal of the reciprocal motion thereof on the
      endless apron 2c. When the first limit switch 35 is actuated, the polarity
      of the input power supplied to the reversible motor 5 is changed so as to
      drive the endless aprons 1c and 2c toward a direction represented by an
      arrow P (in FIG. 1) and, on the other hand, when the limit switch 36 is
      actuated, the polarity of the input power supplied to the reversible motor
      5 is changed so as to drive the endless aprons 1c and 2c toward a
      direction represented by an arrow Q (in FIG. 1). The above-mentioned
      changing the polarity of the input power is carried out by means of the
      reversible magnetic relay 50 shown in FIG. 7, that is, the limit switch 35
      closes the contacts m.sub.1, m.sub.2 and m.sub.3, while the limit switch
      36 closes the contacts n.sub.1, n.sub.2 and n.sub.3 instead of the
      contacts m.sub.1, m.sub.2 and m.sub.3.
PAR  Referring to FIGS. 1 through 8, the supporting frame 10 is provided with a
      frame body 11 wherein the top and bottom ends thereof are open. The frame
      body 11 comprises a pair of side frames 11a arranged in parallel and a
      transversal frame 11b connected to the ends of the side frames 11a and a
      pair of door means 11c being capable of opening or closing a side opening
      of the frame body 11 which faces the transversal frame 11b. A plurality of
      pillars 12 are rigidly mounted on the side frames 11a and the transversal
      frame 11b in upright condition. Each door means 11c comprises an upright
      shaft 15 turnably mounted on a horizontal bracket 14 projected from each
      end portion of each side frame 11a at the outside position thereof and a
      plurality of shutter pieces 16 secured to the upright shaft 15 with a
      suitable intervened space between two adjacent shutter pieces 16 and a
      shutter plate 17 secured to the upright shaft 15. A horizontal arm 18 is
      secured to each upright shaft 15 and a roller 19 is turnably mounted on a
      free end portion of the horizontal arm 18 (FIG. 4). Each guide groove G
      (FIGS. 2 and 4) comprises a first guide groove g.sub.1 formed in parallel
      to the longitudinal direction of the conveyor means 1 and 2 and a second
      guide groove g.sub.2 formed in a parallel plane to that of the first guide
      groove g.sub.1 at an end portion of the second conveyor means 2 adjacent
      to the auxiliary conveyer means 8, and also at a position more outside
      from the conveyor means 2 in comparison with the disposition of the first
      guide groove g.sub.1, and an outwardly inclined third guide groove g.sub.3
      which is connected to the first and second guide grooves g.sub.1 and
      g.sub.2 as shown in FIGS. 2 and 4. The above-mentioned roller 19 is
      rotatably inserted into the guide groove G. The dimensional relationship
      between the length of the horizontal arm 18 and the transversal distance
      between the center lines of the first and second guide grooves g.sub.1 and
      g.sub.2 is designed so as to create a turning motion of the door means 11c
      about the center axis of the shaft 15 when the roller 19 is displaced from
      the first guide groove g.sub.1 to the second guide groove g.sub.2 via the
      inclined guide groove g.sub.3, and vice versa. While the roller 19 is
      displaced along the first guide groove g.sub.1, the door means 11c is
      maintained in a closed condition and while the roller 19 is displaced
      along the second guide groove g.sub.2, the door means 11c is maintained in
      an opened condition.
PAR  A loading plate 22 is slidably supported by the pillars 12 secured to each
      of the end portions of the side frame 11a. The loading plate 22 is
      provided with four bushes 23 where the corresponding pillars 12 pass
      therethrough. To create a smooth sliding motion of the loading plate 22
      upward or downward by way of the above-mentioned four pillars 12, both end
      portions 23b of the aperture 23a  formed in each bush 23 are radially
      enlarged as shown in FIG. 6. The loading plate 22 is provided with a
      plurality of downwardly projected pressing pieces 24 as shown in FIGS. 1
      and 3.
PAR  Referring to FIG. 5, the loading plate 22 is also provided with four
      receiving pieces 25a, 25b, 25c and 25d which are secured to the respective
      corner portion of the plate 22 in such a way that they are horizontally
      projected toward a machine frame 13. Each receiving piece 25a (25b, 25c,
      25d) is provided with an aperture 26 (FIG. 5) formed at the free end
      portion thereof. The aperture 26 of each receiving piece 25a (25b, 25c and
      25d) is capable of engaging with a pin 34 (FIG. 3) of a lifting device 28.
      The relationship between the aperture 26 and the receiving piece 25a (25b,
      25c and 25d) will be explained in detail later. A pair of limit switches
      38a and 38b are disposed on the machine frame 13 facing the first conveyor
      means 1 in such a condition that these third limit switches 38a, 38b are
      arranged in facing condition to the receiving piece 25a, 25b,
      respectively, which are positioned in diagonal line relationship to each
      other with respect to the corners of the square shaped loading plate 22.
      Shoes 27a, 27b, are secured to the bottom surface of the receiving pieces
      25a and 25b, respectively, in such a condition that they are capable of
      facing the above-mentioned third limit switches 38a, 38b, respectively.
      The lifting device 28 is disposed at a position on the second conveyor
      means 2 outside the terminal of the reciprocal displacement of the
      supporting frame 10 as shown in FIGS. 1 and 3. This position is
      hereinafter referred to as a waiting position. The lifting device 28 is
      provided with double pairs of supporting frames 29 which are secured to
      the machine frame in upright condition, horizontal shafts 30 supported by
      the supporting frames 29 at their top and bottom portions, sprocket wheels
      31 secured to the respective horizontal shafts 30 and endless chains 32
      mounted on the corresponding sprocket wheels 31. The endless chains 32 are
      driven by a reversible motor 33 by way of a power transmission mechanism
      33a comprising endless belts and speed reduction gears, so that the chains
      32 are capable of being reciprocally driven. The reversible motor 33 is
      connected to the electric source by way of a magnetic relay 53 and a
      reversible magnetic relay 54 arranged in a series, which will be explained
      in detail later. The above-mentioned receiving pin 34 is secured to each
      endless chain 32 so as to engage with or disengage from the aperture 26 of
      the respective receiving pieces 25a, 25b, 25c, 25d. During the normal bale
      plucking operation, the pins 34 are positioned at the lowermost position
      thereof as shown in FIG. 3. The limit switches 38a, 38b are actuated when
      the loading plate 22 is displaced to the lowermost position thereof and
      the shoes 27a and 27b contact the limit switches 38a and 38b,
      respectively. That is, the limit switches 38a, 38b detect the condition
      that the fiber bale B in the supporting frame 10 is exhausted. When the
      limit switches 38a, 38b detect the exhaustion of the fiber bale B in the
      supporting frame 10, the polarity of the input power to the reversible
      motor 5 is changed so that the endless aprons 1c and 2c are driven toward
      the direction P and, consequently, the supporting frame 10 is displaced to
      the auxiliary conveyor means 8. Until the supporting frame 10 arrives at
      the waiting position on the second conveyer means 2, the limit switch 36
      is held in non-working condition. That is, a timer switch 52 (FIG. 8) is
      interposed in a connection between the electric source and the limit
      switch 36 and the timer switch 52 is actuated by a signal issued from the
      limit switches 38a and 38b, so as to not open the connection between the
      limit switch 36 and the electric source until the supporting frame 10 is
      displaced to the waiting position.
PAR  To prevent unexpected remain of a part of the fiber bale B in the
      supporting frame 10, the limit switches 38a and 38b are interposed to a
      connection between the electric source and the reversible motor 5 in a
      series. A fourth limit switch 39 is disposed on the supporting frame 29 at
      a position corresponding to the uppermost elevated position of the loading
      plate 22 so as to detect the elevated condition of the loading plate 22.
      When the fourth limit switch 39 issues a signal, the reversible motor 33,
      which drives the lifting device 28, is stopped and the motor 9, which
      drives the auxiliary conveyor means 8, is driven. That is, the magnetic
      relay 54 is opened by a signal issued from the limit switch 39, and a
      magnetic relay 55 which connects the motor 9 with the electric source is
      closed by the above-mentioned signal issued from the limit switch 39.
      (FIG. 8) A fifth limit switch 40 is disposed at a position adjacent to the
      end portion of the second conveyer means 2 as shown in FIG. 1. The fifth
      limit switch 40 detects the arrival of the supporting frame 10 at the
      waiting position on the second conveyor means 2. The limit switch 40
      issues a signal to open a magnetic relay 51 which connects the electric
      source and the reversible motor 5 together with the reversible relay 50 in
      a condition of a series connection. The signal issued from the limit
      switch 40 actuates a reversible magnetic relay 53 so as to drive the motor
      33 in its normal rotational direction so that the loading plate 22 is
      displaced upward by way of driving the chains 32.
PAR  Referring to FIG. 9, a transversal bracket 46 is secured to a pair of side
      frames 45 of the auxiliary conveyer means 8. At the end of the side frames
      45, the roller 4 is rotatably mounted. A sixth limit switch 41 is secured
      to the transversal bracket 46 at its central portion. A small bracket 47
      is secured to the transversal bracket 46 at a position corresponding to
      the disposition of the limit switch 41. An auxiliary feeler 48 is turnably
      supported by the small bracket 47 by way of a pin 49. The auxiliary feeler
      48 is provided with a horizontally projected portion 48a formed at the top
      end thereof and a small horizontally projected portion 48b, which is
      extended to a position adjacently above the limit switch 41 in such a
      condition that the portion 48b always contacts a feeler 41a of the limit
      switch 41 during the normal plucking operation. The auxiliary feeler 48 is
      also provided with a lowered extended portion 48c. The portion 48c is
      provided with an aperture 48d. A stud 49 is turnably mounted on the
      bracket 46 by a pin 43, as shown in FIG. 9, and the top end portion of the
      stud 49 is inserted in the aperture 48d and a fastening member 49a is
      secured to the top end of the stud 49. An expansion spring 44 is mounted
      on the stud 49 at a position between the extended portion 48c and the
      bracket 46 so that the auxiliary feeler 48 is always urged to turn
      clockwise about the pin 49. The feeler 48 is turned counterclockwise when
      a fresh fiber bale passes thereon. However, the position of the feeler 48
      is limited by the stopper 47a secured to the bracket 46. In the
      above-mentioned condition, the small projected portion 48b pushes the
      feeler 41a of the limit switch 41 which opens its electric circuit in this
      condition and closes its electric circuit when projected portion 48b is
      removed from the feeler 41a. The auxiliary feeler 48 is turned
      counterclockwise when a fresh cotton bale is supplied to the conveyer
      means 2 and consequently, the front and trailing ends of the fresh cotton
      bale B, which are possibly projected downward, contact the horizontal
      projection 48a. A time switch 42 (FIG. 8) is interposed between an
      electric source and the limit switch 41 so as to not issue a signal when
      the front tail end of a fresh cotton bale contacts the portion 48a of the
      auxiliary feeler 48. That is, the time switch 42 is actuated by the signal
      issued from the limit switch 39 so as to close the electric circuit at a
      predetermined time after the motor 9 is driven. The limit switch 41
      detects that a fresh cotton bale is supplied into the supporting frame 10
      which is positioned at its waiting position on the end portion of the
      second conveyor means 2. When the limit switch 41 issues a singal, a
      magnetic relay 55, which connects the electric source to the motor 9, is
      opened and the reversible magnetic relay 53 is also changed so as to drive
      the motor 33 in a rotational direction opposite its normal running
      direction and consequently, the pins 34 of the respective chains 32 are
      displaced downward. A seventh limit switch 56 is disposed on the
      supporting frame 29 at a lower position thereof so as to detect the
      condition that the pins 34 are displaced to their lowermost positions
      respectively. When the limit switch 56 issues a signal, the reversing
      magnetic relay 50 changes the electrical connection to the motor 5 from
      the previous condition of the connection thereof so that the motor 5 is
      driven in the direction for driving the endless aprons 1c and 2c toward
      the direction Q.
PAR  The motion of the above-mentioned bale plucking machine is hereinafter
      explained in detail. Referring to FIGS. 1 through 5, 7 and 8, the
      operation of the bale plucking machine is commenced by pushing a manually
      operable push bottom 58 so as to close the magnetic relay 51. In the
      condition that a fiber bale B is held by the supporting frame 10, when the
      supporting frame 10 actuates the first limit switch 35, the limit switch
      issues a signal to close the contacts m.sub.1, m.sub.2 and m.sub.3 of the
      reversible magnetic relay 50 so that the motor 5 is driven in the
      direction which drives the endless aprons 1c and 2c toward the P direction
      for displacing the fiber bale B held by the supporting frame 10 toward the
      auxiliary conveyor means 8. Since the motor 7 is continuously driven, the
      plucking roller 3 plucks fiber tufts from the fiber bale B when the fiber
      bale B held by the supporting frame 10 passes over the plucking roller 3.
      The fiber bale B is further displaced toward the end portion of the
      conveyor means 2. When the second limit switch 36 is actuated by the
      projection 37 of the supporting frame 10, in other words, the limit switch
      36 detects the arrival of the fiber bale B at the displacement terminal
      thereof on the conveyor means 2, the second limit switch 36 issues a
      signal to close the contacts n.sub.1, n.sub.2 and n.sub.3 of the
      reversible magnetic switch 50 instead of the contacts m.sub.1, m.sub.2 and
      m.sub.3, so that the rotational direction of the reversible motor 5 is
      changed so as to drive the endless aprons 1c and 2c toward the Q
      direction. Consequently, the fiber bale B held by the supporting frame 10
      is displaced toward the first conveyer means 1. When the fiber bale B
      passed over the plucking roller 3, the plucking roller 3 plucks fiber
      tufts from the fiber bale B. And when the supporting frame 10 again
      actuates the first limit switch 35, the first limit switch again 35 issues
      a signal to change the rotational direction of the reversible motor 5 as
      mentioned above. The above-mentioned reciprocal displacement of the fiber
      bale B over the plucking roller 3 by the conveyer means 1 and 2 is
      repeated and, therefore, the fiber tufts are plucked from the bottom
      portion of the fiber bale B by the plucking roller 3 until the third limit
      switches 38a and 38b mounted on the side frames of the first conveyer
      means 1 detect that the fiber bale B supported by the supporting frame 10
      is exhausted. During the above-mentioned plucking operation, the loading
      plate 22 works to press the fiber bale B by way of the pressing pieces 24
      so that the fiber bale B is uniformly urged downward. Consequently, very
      uniform plucking of the fiber bale can be repeated through the entire
      plucking operation with respect to a complete fiber bale B. second limit
PAR  When the fiber bale B is exhausted and, therefore, the loading plate 22 is
      displaced to its lowermost position by its own weight, the shoes 27a and
      27b of the respective receiving pieces 25a and 25b actuate the respective
      third limit switches 38a and 38b simultaneously. These limit switches 38a
      and 38b issue a signal to actuate a time switch 52 which opens a magnetic
      relay 50 which connects the electric source and the secondlimit switch 36.
PAR  The time switch 52 opens the magnetic relay 50 for a predetermined time
      which is sufficient to maintain the second limit switch 36 in non-working
      condition when the supporting frame 10 passes over the limit switch 36
      toward the waiting position on the second conveyer means 2. Therefore,
      when the supporting frame 10 actuataes the first limit switch 35, the
      driving direction of the first and second conveyers 1c and 2c is changed
      to the P direction and, consequently, the supporting frame 10 is displaced
      to the waiting position on the second conveyor means 2. As already
      explained with reference to FIGS. 1 and 4, when the supporting frame 10 is
      displacing to the terminal of the waiting position on the second conveyer
      means 2, the door means 11c is opened and, consequently, the supporting
      frame 10 is placed in a condition in which it is capable of receiving a
      fresh fiber bale B.
PAR  When the fifth limit switch 40 detects the arrival of the supporting frame
      10 at the waiting position on the second conveyor means 2, the magnetic
      relay 51 is opened by a signal issued from the fifth limit switch 40 so as
      to stop the reversible motor 5. The reversible motor 33 is also driven by
      the signal issued from the fifth limit switch 40 so that the receiving
      pins 34 are displaced upward according to the running of the chains 32.
      Since, in the above-mentioned upward motion of the pins 34, the receiving
      pins 34 are engaged with the apertures 26 of the receiving pieces 25a,
      25b, 26c and 25d secured to the loading plate 22 which has been positioned
      at its lowermost position, the loading plate 22 is displaced upward until
      the loading plate 22 actuates the fourth limit switch 39. Accordingly, a
      space for receiving fresh fiber bale B in the supporting frame 10 is
      formed. When the fourth limit switch 39 is actuated, the magnetic relay
      54, which connects the motor 33 with the electric source, is opened by a
      signal issued from the fourth limit switch 39 and, consequently, the motor
      33 is stopped. The magnetic relay 55 which connects the motor 9 with the
      electric source is closed by the signal issued from the fourth limit
      switch 39 so that the auxiliary conveyer means 8 is driven so as to
      displace a fresh fiber bale B toward a direction represented by an arrow R
      in FIG. 1. Accordingly, the fresh fiber bale B reserved on the auxiliary
      conveyer means 8 is displaced into the supporting frame 10 which is
      positioned at the waiting position on the second conveyer means 2. When
      the trailing end of the fresh fiber bale B passes over the sixth limit
      switch 41 as already explained, the magnetic relay 55 is opened by a
      signal issued from the sixth limit switch 41 so that the driving of the
      motor 9 is stopped, in other words, the conveyer means 8 is stopped. The
      reversible magnetic relay 53 changes the connection to the motor 33 from
      the previous condition of connection thereof by the signal issued from the
      sixth limit switch 41 so as to drive the motor 33 in a direction for
      displacing the receiving pins 34 downward. As a result of the
      above-mentioned downward displacement of the receiving pins 34, the
      loading plate 22 applies the weight thereof directly to the fresh fiber
      bale B held in the supporting frame 10 by way of the pressing pieces 24.
      When the seventh limit switch 56 detects the arrival of the receiving pins
      34 at their lowermost positions, the magnetic relay 54 is opened by the
      signal issued from the seventh limit switch 56 so that the driving of the
      motor 33 is stopped. The magnetic relay 51 is closed by the signal issued
      from the seventh limit switch 56 and the reversible magnetic relay 50
      closes the connection m.sub.1, m.sub.2 and m.sub.3 by the signal issued
      from the seventh limit switch 56 and, consequently, the motor 5 is driven
      so as to drive the endless aprons 1c and 2c toward the direction Q,
      respectively. Accordingly, the fresh fiber bale B is displaced to the
      first conveyer means 1 together with the supporting frame 10. And when the
      supporting frame 10 is displaced from the waiting position to the first
      conveyer means 1, the door means 11c is closed by the sliding motion of
      the rollers 19 along the respective guide grooves G.
PAR  When the supporting frame 10 is displaced in a reciprocally displacing
      passage over the plucking roller 3, the normal plucking operation, which
      is explained already, is continuously carried out. A further fresh fiber
      bale B is previously supplied on the auxiliary conveyer means 8 during the
      normal plucking operation.
PAR  In the above-mentioned method for plucking fiber tufts from a fiber bale
      according to the present invention, since the third limit switches 38a and
      38b are disposed to the respective side frames of the first conveyer means
      1, when the limit switches 38a and 38b are actuated due to the mechanical
      indication of the exhausion of the fiber bale B in the supporting frame
      10, if a certain content of the fiber bale B still remains in the
      supporting frame 10, it is capable of plucking fiber tufts from the
      above-mentioned remaining content by the plucking roller 3 when the
      supporting frame 10 is displaced over the plucking roller 3 toward the
      second conveyer means 2.
PAR  Further, if a small unplucked portion of the fiber bale B still remains in
      the supporting frame 10 after the frame 10 arrives at the waiting
      position, it is possible to remove such remaining part of the bale B
      through an intervened space between the roller 4 and the endless apron 2c
      by driving the endless apron 2c toward the P direction. This is because
      the size of above-mentioned intervened space is designed so as to be large
      enough to permit the dropping of such small unplucked portions of the
      fiber bale therethrough. Consequently, when a fresh fiber bale B is
      supplied into the supporting frame 10 which is positioned at the waiting
      position on the second conveyer means 2, since the supporting frame 10 is
      completely empty, the supply motion of a fresh fiber bale B into the
      supporting frame 10 can be carried out smoothly.
PAR  In the above-mentioned embodiment, the endless aprons 1c and 2c are
      utilized for the first and second conveyer means 1 and 2, respectively.
      However, instead of utilizing the endless aprons 1c and 2c, a certain
      modified mechanism such as a roller conveyer, comprising a plurality of
      rollers transversely arranged in parallel condition and driven by the
      motor 5 by way of a power transmission mechanism such as a belt drive
      mechanism, can be utilized for the first and second conveyer means 1 and
      2.
PAR  In most cases of practical application of the bale plucking process, a
      plurality of bale plucking machines are used as a group so as to also
      carry out the mixing operation. In this case, when the fiber bale in one
      of the bale plucking machines is exhausted, the bale plucking operation of
      the other plucking machines should be stopped until a fresh fiber bale is
      supplied to the supporting frame 10 of the above-mentioned exhausted bale
      plucking machine. Such stopping operation of the other plucking machine
      can be simultaneously carried out by opening the magnet relay 51 of each
      machine by the signal issued from the limit switches 38a and 38b of the
      exhausted bale plucking machine. And when the above-mentioned supply
      motion of a fresh fiber bale B is completed and the motor 5 is driven by
      the signal issued from the limit switch 43, the motors 5 of the other bale
      plucking machine are also driven by the signal issued from the limit
      switch 43. Consequently, the mixing ratio of fibers in the process can be
      always maintained in a uniform condition.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for plucking fiber tufts from a fiber bale, by a bale
      plucking machine comprising a pair of conveyer means and a plucking roller
      disposed between said conveyer means, during reciprocal displacement of
      said fiber bale over said plucking roller, an improvement comprising:
PA1  holding a fiber bale by a supporting frame being capable of displacement on
      said conveyer means together with said fiber bale;
PA1  detecting exhaustion of said fiber bale in said supporting frame at one of
      said conveyer means;
PA1  thereafter displacing said supporting framae to a waiting position outside
      the terminal of said reciprocal displacement of the other one of said
      conveyer means by means of said conveyer means;
PA1  positioning said supporting frame at said waiting position by stopping said
      conveyer means;
PA1  then supplying a fresh fiber bale into said supporting frame positioned at
      said waiting position;
PA1  after completion of said supply of said fresh fiber bale into said
      supporting frame, displacing said supporting frame toward said plucking
      roller by means of said other one of said conveyer means and, thereafter,
      carrying out normal bale plucking operation.
NUM  2.
PAR  2. An improved method for plucking fiber tufts from a fiber bale by a bale
      plucking machine according to claim 1, further comprising urging said
      fiber bale downward uniformly by a loading means during reciprocal
      displacement on said conveyer means.
NUM  3.
PAR  3. In a bale plucking machine comprising a pair of conveyer means disposed
      at an identical level with an intervened space therebetween, and a
      plucking roller disposed in said intervened space, means for driving said
      conveyer means to and fro so that a fiber bale is reciprocally displaced
      between two terminals of the reciprocal displacement thereof, an
      improvement comprising an auxiliary conveyer means disposed at a position
      adjacently outside an end of one of said conveyer means, a supporting
      frame for holding said fiber bale disposed on said conveyer means in
      displaceable condition along said conveyer means, means forming part of
      said means for driving said conveyer means to and fro, for changing the
      driving direction of said conveyer means when said supporting frame
      arrives at said two terminals of said reciprocal displacement of said
      fiber bale, signalling means for detecting exhaustion of said fiber bale
      held in said supporting frame, said supporting frame being provided with a
      door means, means responsive to said means for detecting exhaustion of
      said fiber bale for actuating said means for driving said conveyor means
      to displace said supporting frame toward a waiting position outside a
      region of said reciprocal displacement of said fiber bale on one of said
      conveyer means without actuating said driving - direction changing means
      according to a signal issued from said means for detecting exhaustion of a
      fiber bale, means for opening said door means of said supporting frame
      while said supporting frame is being displaced to said waiting position,
      signalling means for detecting arrival of said supporting frame at said
      waiting position, means responsive to a signal from said means for
      detecting arrival of said supporting frame at said waiting position, for
      temporarily driving said auxiliary conveyer means when said supporting
      frame is positioned at said waiting position for receiving a fresh fiber
      bale, said means for temporarily driving said auxiliary conveyer means
      being adapted to transfer a fresh fiber bale reserved on said auxiliary
      conveyer means into said supporting frame positioned at said waiting
      position, means for actuating said means for driving said conveyer means
      to and fro when said supporting frame receives a fresh fiber bale from
      said auxiliary conveyer means, for displacing said supporting frame toward
      said plucking roller.
NUM  4.
PAR  4. An improved bale plucking apparatus according to claim 3, further
      comprising a loading means for urging said fiber bale held by said
      supporting frame downwards, said loading means mounted on said supporting
      frame, means for lifting said loading means to a non working position when
      said supporting frame is displaced to said waiting position.
NUM  5.
PAR  5. An improved bale plucking apparatus according to claim 3, wherein said
      means for driving said conveyer means is a reversible motor and wherein
      said driving direction changing means comprises in combination with said
      reversible motor, a reversing magnetic relay connecting said reversible
      motor to an electric source, a pair of limit switches disposed at
      respective positions adjacent to said two terminals of reciprocal
      displacement of said supporting frame, under conditions such that said
      supporting frame actuates said limit switches, said limit switches issuing
      signals to actuate said magnetic relay for changing the polarity of input
      power from the electric source into said reversible motor.
NUM  6.
PAR  6. An improved bale plucking apparatus according to claim 4, wherein said
      means for detecting exhausion of said fiber bale held in said supporting
      frame, comprises in combination with said loading means, a pair of limit
      switches disposed on side frames of one of said conveyer means which is
      positioned at an opposite side of said plucking roller with respect to
      said auxiliary conveyer means, said limit switches being actuated by said
      loading means when said fiber bale in said supporting frame is exhausted.
NUM  7.
PAR  7. An improved bale plucking apparatus according to claim 4, wherein said
      loading means is a loading plate which is capable of upward displacement
      by action of said lifting means and is capable of free downward
      displacement.
NUM  8.
PAR  8. An improved bale plucking apparatus according to claim 3, wherein said
      opening means is provided with a pair of guide grooves formed adjacently
      outside said conveyer means, said door means comprising in combination
      with said opening means, a pair of upright pillars secured to both bottom
      corners of said supporting frame which face said auxiliary conveyer means,
      a pair of door members secured to said upright pillars respectively, a
      horizontal arm secured to a bottom portion of each said upright pillar,
      roller turnably supported by each said horizontal arm such that each of
      said rollers is slidably engaged in a corresponding said guide groove,
      each of said guide grooves being provided with a cam portion which
      displaces said roller transversely from a respective longitudinal side
      edge of said conveyer means when said supporting frame is displaced to
      said waiting position so that said door members are turned about an axial
      center of said upright pillars respectively.
NUM  9.
PAR  9. An improved bale plucking apparatus according to claim 3, wherein said
      means for changing driving direction of said conveyer means includes limit
      switches and wherein sad means for actuating said means for driving said
      conveyer means to displace said supporting frame toward said waiting
      position comprises in combination with said means for changing the driving
      direction of said conveyer means and said means for detecting exhaustion
      of said fiber bale, a time switch which adapted to maintain one of said
      limit switches of said driving direction changing means which is disposed
      at the reciprocal terminal side of said waiting position in the off
      condition for a predetermined time until said supporting frame is
      displaced to said waiting position, said time switch being actuated by a
      signal issued from said members for detecting exhaustion of said fiber
      bale.
NUM  10.
PAR  10. An improved bale plucking apparatus according to claim 3, wherein said
      means for detecting the arrival of said supporting frame at said waiting
      position is a limit switch disposed at a position adjacent to the terminal
      of said waiting position.
NUM  11.
PAR  11. An improved bale plucking apparatus according to claim 4, wherein said
      temporarily driving means of said auxiliary conveyer means comprises in
      combination with said lifting means, a motor for driving said auxiliary
      conveyer means, a magnetic relay connecting said motor to the electric
      source, a limit switch associated with said lifting means arranged such
      that said limit switch is actuated when said loading means is displaced to
      a non working position, said magnetic relay being closed by a signal
      issued from said limit switch.
NUM  12.
PAR  12. An improved bale plucking apparatus according to claim 11, further
      comprising a horizontal roller disposed at an intervened position between
      said auxiliary conveyer means and one of said conveyer means, a limit
      switch for detecting the passing of the trailing end of a fresh fiber bale
      carried to said supporting frame positioned at said waiting position from
      said auxiliary conveyer means, said limit switch being adapted to issue a
      signal to open said magnetic relay of said motor for driving said
      auxiliary conveyer means.
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PAL  This device consist primarily of a plastic or metal body having a shank
      portion which is integral with a pair of leg portions which will be used
      to seal the opening ends of plastic bags which hold products, such as
      various food stuffs and bread.
BSUM
PAR  This invention relates to fastening devices, and more particularly to a
      closure device.
PAR  It is therefore the principal object of this invention to provide a closure
      device which may be stamped out of plastic, or metal and will be used to
      seal the open ends of plastic bag and the like which hold food products.
PAR  Another object of this invention is to provide a closure device which will
      be easy to apply to a bag and will effectively seal the bag so as to keep
      the contents fresh therein.
PAR  Another object of this invention is to provide a device of the type
      described, which will last indefinitely.
PAR  A further object of this invention is to provide a device of the type
      described, which will include a shank portion which will define leg
      portions that are integral thereof, at one end, the leg portions being
      used to close a bag in a twisting fashion.
PAR  Other objects of the invention are to provide a closure device which is
      simple in design, inexpensive to manufacture, rugged in construction, easy
      to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a plan view of the present invention;
PAR  FIG. 2 is a plan view showing a modified form of the invention;
DETD
PAR  According to this invention, a closure device 10 is shown to consist of a
      shank 11 which has defined at one end, an opening 12, the position portion
      of the shank 11 defining a pair of spaced apart leg portions 13 having
      rounded ends 14.
PAR  In use, the legs 11 are twisted around the open end of a plastic bag so as
      to tightly seal the bag in order to keep the contents fresh.
PAR  Looking now at FIG. 1 of the drawing, a modified form of closure device 10a
      is shown to include a body portion 15 having a twisted area 16 thus
      forming an eye portion 17. On the opposite side of the twisted area 16, is
      an open eye portion 19 which defines a pair of spaced apart legs 18 which
      are twisted on the opening of a bag in a similar manner as heretofore
      described of the device of FIG. 2.
CLMS
STM  What I now claim is:
NUM  1.
PAR  1. A closure device made of wire into an overall one piece Y-shaped
      configuration, comprising:
PA1  A. a shank serving as the stem of the Y configuration, having, a loop of
      wire creating a central eye at the terminal end of said shank, having also
      a twisted wire stem portion midway on said shank, and having, in addition,
      a formed wire portion creating an elongated ovaloid slot at the opposite
      end of said shank; and
PA1  B. a pair of diverging legs formed of wires continuing on from said
      elongated ovaloid slot portion whereby said diverging legs form an
      included angle therebetween comprising a space that communicates at the
      juncture of diverging legs with said elongated ovaloid slot.
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ABST
PAL  A one-man operable clamp removably secured to first one and then the other
      of each side door of an aircraft cargo container to unlatch such doors
      with facility for ready removal thereof from the container and for
      enabling unloading of the cargo therefrom with dispatch.
BSUM
PAR  It is perhaps well known that aircraft cargo containers, hereinafter termed
      igloos, comprise dome-shaped shells each having a closable loading and
      unloading space at the front thereof and each having a series of adjacent
      longitudinally extending channels in the bottom thereof for the reception
      and sliding therein of a center door and a side door on each side thereof
      to provide a three-panel or three-door closure for such loading and
      unloading space. Moreover, each igloo is formed with grooves in its end
      walls and arcuate portions of the top thereof for receiving the inner ends
      of the side doors as well as for receiving the top arcuate portion of each
      of the side doors which carry latching elements for latching the doors in
      closed positions to complementary latch members in the channels in
      opposite side walls of the igloo. Heretofore, the application of a pulling
      force by two operators has been necessary to effect the unlatching of such
      side doors, and the removal thereof by a single operator after the center
      door has been first removed. My present invention is directed to the
      elimination of one operator to a single operator and the elimination of
      the attendant cost involved heretofore for engaging in such operation of
      unlatching of the two side doors of such igloos; and to the completion of
      the entire operation with facility and dispatch.
PAR  A primary object of the invention is to provide a one-man operable door
      clamp for removable attachment to first one and then the other side door
      of an aircraft cargo container and utilizing as components thereof a lever
      and a flexible member capable of being lever-tautened to exert an
      increased pulling force to unlatch and move each side door with facility
      away from the end walls of the container for ready removal therefrom.
PAR  Another important object of my present invention is to provide a one-man
      operable door clamp of the indicated nature which is additionally
      characterized by its ease of installation, its strength and durability,
      and its usability by the unskilled equally as effectively as the skilled.
PAR  A still further object of my invention is to provide a door clamp of the
      aforementioned character which can be used again and again without
      likelihood of undue wear requiring replacement of components.
PAR  Other objects of the invention, together with some of the advantageous
      features thereof, will appear from the following description of the
      embodiment of the invention illustrated in the accompanying drawings
      exemplifying the best mode of construction thereof and the manner of using
      the same. It is to be understood that the appended claims are intended to
      cover the illustrated embodiment as well as modifications thereof within
      the scope and purview of my invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a front perspective view of a cargo igloo in which my door clamp
      is installed and operated, this view showing the front closure comprising
      a center door and a pair of side doors.
PAR  FIG. 2 is a perspective view of the door clamp of my present invention.
PAR  FIG. 3 is a fragmentary plan view of the bottom of the cargo igloo showing
      the adjacently positioned grooves therein.
PAR  FIG. 4 is a sectional elevational view of a portion of the bottom of the
      igloo, this view being taken on the line 4--4 of FIG. 3.
DETD
PAR  FIG. 5 is an elevational view of a cargo igloo with an embodiment of my
      invention installed in stabilized condition for grasping the lever
      component prior to removal of one flexible element to permit forcible
      movement of the lever component for unlatching the right side door.
PAR  FIG. 6 is a fragmentary plan view of the bottom of a cargo igloo with a
      plan view of an embodiment of the invention installed in operative
      position clamping the right front door shown in fragmentary section, this
      view being taken on the line 6--6 of FIG. 5.
PAR  FIG. 7 is an elevational view similar to FIG. 5 but with the upper flexible
      element removed and with the right side door unlatched and partially moved
      away from the inner end wall of the igloo, the dotted line with dotted
      arrow indicating the extent of forcible movement of the lever component of
      my invention to effect the unlatching of such side door.
PAR  FIG. 8 is a reduced elevational view of the igloo with the lower outer side
      of the right side door of the igloo engaging a stop member and the door
      tilted to enable grasping both sides of such door for lifting and removing
      the door from the igloo.
PAR  In its best mode of construction the door clamp of my present invention for
      unlatching a firmly latched door of an aircraft cargo igloo comprises in
      combination with a door stop in the floor of the igloo and a side door of
      the igloo, an indeterminate length lever having a pair of longitudinally
      spaced apart apertures therein as well as an opening adjacent to one end
      thereof, a pair of flexible elements looped through said apertures, a pair
      of pivotally connected spring-loaded links secured to each of said
      flexible elements, together with a flexible member looped through said
      opening in said lever, and means for securing the ends of said flexible
      member to said door stop; forceful movement of said lever by a single
      operator in one direction with said pairs of links engaging a side door of
      said igloo and with said flexible member engaging said door stop casuing
      tautening of said pair of flexible elements and of said flexible member
      and the transmission of a substantial pulling force on said side door to
      unlatch the same.
PAR  In FIG. 1 of the annexed drawings, I have illustrated a conventional
      aircraft cargo igloo which is generally designated by the reference
      numeral 10 and which is of general dome shape having a relatively wide
      front space closed by removable doors consisting of a center door 11, a
      left side door 12 and a right side door 13 which are slidably mounted in
      grooves 14 and 16, see FIGS. 3 and 4, fashioned in the bottom of the floor
      assembly 17, and stops 18 are provided in the grooves against which the
      doors abut. The igloo 10 per se is not claimed by me as my invention but
      the stops 18 in grooves 14 and 16 are a component of the door clamp
      hereinafter described and claimed. It is also to be observed that the
      opposite end walls 19 and 19' of igloo 10 are channelled or grooved, not
      shown, for receiving the inner ends of side doors 12 and 13; such inner
      ends being provided with a female latching element 21 which receives a
      male latching element 22 secured within the channels of the end walls 19
      and 19' of igloo, as indicated by the dotted line showing of FIG. 1.
      Suitable lifting handles are permanently attached to the outside of the
      igloo doors 11, 12 and 13 and a turnable latch 23 cooperating with an
      inner latch, not shown, is provided on center door 11 of the igloo for
      latching the same in closed position, and for unlatching the same
      preparatory to removing such center door from the main frame of the igloo.
PAR  In accordance with my present invention for speedily unlatching the side
      doors 12 and 13 from their firmly latched positions, preparatory to
      removing the same, I provide an improved door clamp which is generally
      designated by the reference numeral 25 in the annexed drawings and which
      comprises a manually movable lever 26 of indeterminate length and having a
      pair of spaced apart apertures 27 and 28 formed therein as well as
      fashioned with an opening 29 adjacent to one end thereof. The lever 26 can
      be constructed of steel of round or angular cross-section or can be made
      from a relatively hard wood, or can be molded from a suitable plastic
      material such as a urea or phenol condensate with the formed apertures 27
      and 28 and hole 29 therein.
PAR  Looped through each of the apertures so as to extend from one side of lever
      26 are flexible elements 31 and 32, which conveniently can be link chains,
      to the outer ends of each are attached a pair of what may be termed
      lazy-tongs generally designated by the reference numerals 33 and 34,
      respectively, each consisting of pivotally connected spring-loaded links
      36 and 37 including a compression spring 38 normally biasing the outer
      ends of such links 33 and 34 toward one another. As shown, each of the
      links 37 and 38 of each of the lazy-tongs is formed with a recess 39
      therein so as to provide opposed jaws 41 and 42 at the outer ends of the
      links which enter opposite sides of a channel 43 fashioned in the side
      doors 12 and 13 of the igloo, see FIG. 3, to retain each of the lazy-tongs
      33 and 34 on the outer end of each side door of the igloo, in spaced
      relationship vertically, as a first step in setting up my improved door
      clamp in operative positions. A flexible member 46 is another component of
      my improved door clamp, and such flexible member is looped through the
      opening or hole 29 to extend from the opposite side of lever 26, as
      clearly shown in FIG. 2 of the annexed drawings. Instead of looping the
      flexible member 46 through hole 29 of the lever, an enlarged split-ring 47
      can be secured to the inner end of the flexible member and used to secure
      the member 46 to the lever 26. As indicated, I preferably utilize a link
      chain as flexible member 46, and I secure to the outer end thereof, a hook
      48 for attaching the chain to a door stop 18 in the bottom of the door
      assembly 17 of the igloo. An extra pin 49 can be secured or inserted in a
      hole formed in the floor of the igloo adjacent to hook 48 on flexible
      member 46 for use in the event that there is no stop 18 or pin available
      in the groove 16 of the igloo floor.
PAR  As indicated in FIG. 6 of the annexed drawings, instead of employing single
      flexible elements 31 and 32 looped through the apertures 27 and 28 in
      lever 26, a split-ring 30 can be used to secure the flexible elements,
      such as chains 31 and 32, to the lever 26, as desired. Also split-rings
      30' can be secured to the outer links of the chains 31 and 32 for securing
      the chains to the links 36 and 37 of the lazy-tongs 33 and 34. An enlarged
      split-ring 47' to which the hook 48 is attached, can be used to fasten the
      flexible number 46 to the stop 49.
PAR  With the lazy-tongs 33 and 34 secured to the outer end of the right hand
      door 13, as clearly illustrated in FIG. 5, the door clamp 25 may be
      readily stabilized with the lever 26 set up in a vertical position and
      with the flexible member 46 fastened to a stop in the floor of the igloo
      10. In order to place the door clamp of my invention in operative position
      for the application of a steady manual force to the lever 26 thereof, the
      top lazy-tong 33 is first removed from the outer end of the side door 13
      and either is allowed to hang with the flexible element 32 from the lever,
      or is entirely removed from the lever 26, as clearly shown in FIG. 7. The
      single operator then applies manual force to the lever 26 adjacent to the
      top thereof and moves such lever in the direction of arrow 50 with the
      bottom of the lever engaging the floor of the igloo as a fulcrum. That is
      to say, with reference to FIG. 7, the lever 26 is moved from the dotted
      line position to the full line position in this view. This action will
      tauten not only the chain 46 but also the lazy-tong 34 including flexible
      element 32. The application of additional manual force to lever 26 will
      break the latch at the inner end of door 13 by pulling apart the latching
      components 21 and 22, see FIG. 1, and thus open such door slightly, as
      indicated by the spaced apart relation between the inner end of door 13
      and the side wall 19' of the igloo, see FIG. 7, as well as the dotted line
      showing 13' at the arcuate top of the door 13.
PAR  As illustrated in FIG. 8, it is a relatively simple task for the single
      operator to grasp the unlatched door 13 in his hands and tilt it against a
      floor door stop after sliding it away from end wall 19' of the igloo, and
      thereafter lift the unlatched door out of its groove 16 followed by
      removal of the door from the igloo. This unlatching of side door 13 and
      removal thereof from the cargo igloo can be accomplished in a matter of
      seconds, and the complete setting up of my improved door clamp and the
      operative movements thereof can be accomplished by a single operator in
      less than five minutes.
PAR  The same steps and procedures can be followed with respect to clamping the
      door clamp 25 in a set up position to the other or left side door 12 of
      the igloo; the tautening of the flexible elements and flexible member,
      removal of the top flexible element from the lever, and the application of
      manual force to the lever 26 to unlatch the latching elements 21 and 22 at
      the end wall 19 of the igloo, followed by grasping and lifting such left
      side door 12 from its position in the igloo, permitting thereby the ready
      removal of the contents of the igloo through the space thus provided.
PAR  Inasmuch as the operation of removing both side doors 12 and 13 after first
      removing center door, 11, can be accomplished with the use of my improved
      door clamp 25 by the work of a single operator within a matter of less
      than ten minutes, it is clear that I have provided a unique and
      advantageous device which fits in admirably with automatic operations
      presently being carried on for unloading cargo igloos from aircraft by
      fork lifts and conveyors which remove the igloos from the aircraft and
      convey them to an adjacent warehouse. Upon removal of the doors 11, 12 and
      13 of the igloo and placing them in a nearby rack, the cargo is
      conveniently removed by the automatically operated fork and the igloo is
      thus quickly ready for receiving new cargo, the doors promptly replaced
      and the igloo raised upon a conveyor for movement into the waiting
      aircraft or other cargo plane.
PAR  Variations in the components of the embodiment illustrated within the scope
      and purview of the invention are intended to be covered by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A one-man operable door clamp for unlatching a firmly latched side door
      of an aircraft igloo requiring the application of a substantial external
      force to open; said door clamp comprising, in combination with a stop pin
      in the floor of the igloo and a firmly latched side door thereof, a lever
      having at least one aperture therein as well as having a hole therein
      adjacent to one end thereof, at least one flexible element looped through
      said aperture with ends thereof projecting to one side of said lever, a
      pair of pivotally connected spring-loaded links secured to said ends of
      said flexible element; said links defining opposed gripping jaws at their
      outer extremities for firmly grasping opposite sides of the outer end of
      said latched side door of said igloo, a flexible member engaged in said
      hole of said lever and projecting to the other side thereof, and a hook on
      said flexible member detachably engageable with said stop pin; movement of
      said lever by the application of a steady substantial external force in a
      direction away from said side door with said opposed jaws of said
      pivotally connected spring-loaded links gripping opposite sides of the
      outer end of side door and with said hook engaged with said stop pin
      effecting a tautening of said flexible element and said flexible member
      and an unlatching of said side door to open the same for ready removal of
      said side door from the igloo.
NUM  2.
PAR  2. A door clamp as set forth in claim 1 wherein said links have opposed
      arcuate recesses therein adjacent to their outer extremities to define
      said pair of opposed gripping jaws.
NUM  3.
PAR  3. A door clamp as set forth in claim 1, and a stop pin on said flexible
      member adjacent to said hook.
NUM  4.
PAR  4. A door clamp as set forth in claim 1 wherein a split-ring is attached to
      said flexible member and looped through said hole for securing said
      flexible member to said lever.
NUM  5.
PAR  5. A door clamp as set forth in claim 1 wherein a split-ring is attached to
      said flexible element and looped through said aperture for securing said
      flexible element to said lever.
NUM  6.
PAR  6. A one-man operable door clamp comprising, in combination with a stop pin
      in the floor of the igloo and a firmly latched side door thereof, a lever
      having at least two apertures therein arranged in spaced relation to one
      another, a flexible element looped through each of said apertures and a
      pair of pivotally connected spring-loaded links secured to said flexible
      elements so that the outer end of said side door is engageable in spaced
      apart relationship by a pair of opposed jaws on each of said pair of
      pivotally connected links.
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ABST
PAL  The present spacer strips are used to form, for example, electrically
      heated mats, whereby the strips hold the elongated heating elements in a
      fixed position relative to each other. For this purpose the strips are
      provided with grooves into which the elements are inserted with a
      press-fit and preferably with an elastically yielding press-fit. The
      strips are further provided along the ends with coupling means for
      connecting several strips in series with each other. The present strips
      are formed by heating thermoplastic sheet material and stretching the
      sheet material over a grooving tool plate then the sheet is pressed or
      sucked into the grooves of the tool plate. After cooling and removal of
      the grooved sheet, the sheet is cut into strips whereby the cut extends
      substantially across the grooves. Preferably the strips are also provided
      with further grooves for receiving strap bars, whereby a plurality of
      strips may be connected in parallel to each other or whereby the strips
      may be secured to structural members.
PARN
PAR  This is a divisional of application Ser. No. 389,566 filed Aug. 20, 1973
      and now U.S. Pat. No. 3,874,910.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to spacer strips, more specifically to spacer
      strips used for constructing electrically heated mats. The present
      invention also relates to a method for economically manufacturing such
      spacer strips.
PAR  German Pat. Application No. P 21 27 567  (laid open on December 14, 1972)
      discloses electrically heated mats or rather structural elements for the
      production of such mats. These known mats comprise electrical heating
      elements in the form of meandering heating loops having legs arranged in
      parallel to each other wherein these legs are secured to cross bars
      extending at right angles relative to the longitudinal length of the
      heating loops. In this fashion, the heating loops and the cross bars form
      together a grid type mat which may be installed as desired.
PAR  The prior art mats as described above permit their production in any
      desired shape due to said cross bars. Further, the final assembly of the
      mats, that is, the insertion of the heating conductors into the cross bars
      may be done depending on the particular circumstances. In other words, the
      complete mats may be assembled in the work shop, especially where
      relatively simple heating surfaces are involved. On the other hand, the
      cross bars also permit an assembly at the construction site, especially
      where more involved surfaces are to be covered with these heating mats as
      is frequently the case in hospital rooms or the like.
PAR  In addition to the advantage of allowing for the formation of any desired
      shapes, the heating mats according to the prior art have other advantages.
      They are easily transported because they may be rolled up or plugged
      together and so forth. These mats further avoid separating layers in the
      flooring plaster due to the large mesh grid formation. This feature has
      the further advantage that the mats may be installed in a single work
      process.
PAR  In a further prior art embodiment means are provided for relieving the
      heating conductors from a bearing function within the grid arrangement.
      This relief is accomplished in that the cross bars which secure the
      heating conductors in position are interconnected with each other by
      spacing lands extending in the longitudinal direction of the mat or rather
      in the direction of the heating conductors.
PAR  Due to this feature of the prior art heating mats, it is possible to
      pre-assemble the grid in such a manner that it may be rolled up and that
      the grid may be cut with due regard to the area to be heated whereupon the
      heating conductors are simply pressed into the holding means of the cross
      bars in order to secure the heating conductors in accordance with the
      shape of the area to be heated. The holding means of the cross bars are
      arranged at relatively close but equal spacings, whereby sufficient
      flexibility is provided for rerouting the heating conductors in order to
      make necessary openings, for instance for wash stands, toilet bowl areas
      and the like, without causing an unpermissible heat density or heat
      congestions.
PAR  In addition to the above described prior art heating mats, comprising in
      the one system interconnecting cross bars and in the other system such
      cross bars in combination with longitudinally interconnecting lands, there
      are known grid-shaped heating mats wherein the heating conductors are
      mounted to concrete reinforcing steel grids. In addition, there are known
      area heating means such as heating pads and electric blankets, wherein the
      heating conductors are embedded in rather pliable materials such as
      fabrics or the like.
PAR  From the above description of the prior art it is apparent that the cross
      bars with their holding means for securing the heating conductors or
      resistors and their structural features are critical for the technical and
      economical characteristics of the above described two prior art systems.
      Thus, there is known a first type of cross bars in which the heating
      resistors or elements are secured in equally spaced slots provided in band
      or strip material arranged in an upright position, whereby said slots are
      self-locking. In a second type of cross bars the band or strip material is
      also provided with slots, however the slots are not self-locking and
      therefore U-shaped clamping members are used to cover the slots. In a
      third embodiment the cross bars also comprise a band or strip material,
      however, in this arrangement the band or strip material is maintained in a
      flat position and provided with equally spaced three-sided incisions which
      are preferably located in the center of the flat strip material, whereby
      tongues are formed which correspond to the cross section of the cable or
      heating conductor. The just described three basic arrangements may, of
      course, be modified in many different ways. In any event, the first and
      second type described above have the disadvantage that their use requires
      a relatively plain surface for the installation. Further, where spacing
      lands are employed they must be provided with plug incisions, whereby the
      whole system is weakened unless additional rather costly connecting means
      are employed, for example, along the angled butt connections, by means of
      welding or gluing, whereby the welding would involve a fillet weld or
      joint.
PAR  The third type of interconnection described above has the disadvantage that
      the making of said incisions also involves a rather technical effort,
      whereby the formation of said tongues usually requires the application of
      heat.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the invention to achieve the
      following objects singly or in combination:
PA0  to remove the drawbacks of the prior art, more specifically to provide a
      method for the simple and economical production of the cross connecting
      elements or spacer strips for electrical heating grids, whereby the spacer
      strips are to extend in a flat position for the securing of the heating
      resistor elements;
PA0  to provide spacer strips which will easily permit the rolling up of the
      heating mats, whereby the spacer strip will form part of a supporting grid
      structure of the heating mats which may have any desired shape;
PA0  to provide spacer strips which may be easily interconnected with each other
      in series to form mats of any desired width and which strips may also be
      easily connected in parallel to each other to form mats of any desired
      length, without interferring with the desirable roll up feature of the
      mats for their easy transport;
PA0  to provide interconnecting means for electrical heating mats which make
      these mats highly adaptable to the individual requirements of any heating
      problem;
PA0  to facilitate the installation at the building site, as well as the
      assembly in the shop, regardless how many individual widths of heating
      mats are to be interconnected;
PA0  to provide heating mats which are easily adaptable to surfaces to be heated
      which are not plain or where the heating mat must cover a curved surface;
PA0  to provide interconnecting cross spacer strips for heating mats which will
      facilitate the parallel installation of several mats to form heating
      surfaces of rather large widths; and
PA0  to provide spacer strips with self-locking slots or grooves for the heating
      elements which slots or grooves will assure the proper relative
      positioning of the heating elements, even where the mat must be installed
      so as to negotiate a curve.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a method for producing spacer
      strips, especially for electrically heated mats or the like by deforming
      thermoplastic sheet material, such as polyethylene, preferably in a deep
      drawing process in such a manner that the sheet material is provided with
      element receiving grooves which are preferably equally spaced from each
      other. The cross section of the grooves corresponds substantially to the
      cross section of the heating elements. Subsequent to the deformation the
      sheets are cut into strips, substantially in a direction extending across
      the longitudinal extension of the grooves, whereby the grooves extend
      across the spacer strips with open ends.
PAR  The method according to the invention is rather economical and has the
      additional advantage that the heating elements may be secured in exact
      positions relative to each other, whereby each securing element has the
      same shape and thus provides the same uniform clamping action. Another
      advantage of this method is seen in that the width of the spacer strips
      may be selected in accordance with any particular requirements. Thus,
      narrow or wide strips may be cut from the same sheet without the need for
      additional tools or the like.
PAR  The spacer strips according to the invention comprise the element receiving
      grooves, preferably in the shape of open faced loops which are equally
      spaced from each other, except at the end of the strip where a coupling
      means, for example a loop of smaller diameter, is spaced from the next
      adjacent groove by about one half of the normal spacing between adjacent
      grooves. The smaller loop fits into the groove of the loop of the next
      adjacent spacer strip, whereby a plurality of spacer strips may be
      connected in series with each other. This feature of the invention has the
      advantage that the heating mats may be extended as desired.
PAR  Further, the present spacer strips are provided with additional grooves for
      the securing of spacer lands, all of which may have the same length or
      they may have different length and different shapes. The spacer lands in
      the additional grooves make it possible to strengthen the entire grid
      structure in accordance with the individual static requirements thus
      providing a grid structure which is independent of the static
      characteristics of the individual heating conductors. Moreover, these
      spacer lands make it possible due to their different length and/or shape,
      to arrange the heating mat in such a manner that it deviates from a
      straight line in any desired direction.
DRWD
PAC  BRIEF FIGURE DESCRIPTION
PAR  In order that the invention may be clearly understood, it will now be
      described, by way of example, with reference to the accompanying drawings,
      wherein
PAR  FIG. 1 illustrates a sectional view through the sheet material provided
      with the grooves according to the invention, said section extending
      substantially along line 1--1 in FIG. 2;
PAR  FIG. 2 illustrates a plan view onto a sheet of thermoplastic material
      provided with the grooves according to the invention but prior to the
      cutting operation;
PAR  FIG. 3 illustrates a view similar to that of FIG. 1 and shows the coupling
      of two spacer strips in series with each other;
PAR  FIG. 4 is a schematic sectional view through a tool for forming the
      thermoplastic sheets in accordance with the present method; and
PAR  FIG. 5 is a schematic plan view of a mat, according to the invention and as
      viewed in the direction of the arrow A in FIG. 1
DETD
PAC  DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
PAR  FIG. 2 illustrates a rear plan view onto a thermoplastic sheet or panel 1,
      as viewed in the direction of the arrow B in FIG. 1. The margin 2 of panel
      1 is clamped onto a tool plate, as will be described in more detail below
      with reference to FIG. 4. The first step of the method according to the
      invention comprises forming the loops 3' into the sheet of thermoplastic
      material such as polyethylene. The loops define grooves 3 adapted to
      receive the electrical conductors of the electrically heated mat.
PAR  Simultaneously with the formation of the loops 3' additional grooves 6 may
      be formed into the body of the strip material. These grooves 6 are adapted
      to receive connecting spacer lands 7 as illustrated in FIGS. 1 and 5.
PAR  The spacings between adjacent loops along the length of each spacer strip
      are approximately equal to each other, except for the spacings between the
      last two loops 4 and 5. It will be noted that the loop 5 is smaller in
      size than the remaining loops. This feature makes it possible to couple
      several spacer strips to each other in series as illustrated in FIG. 3.
      For this purpose, the marginal portions adjacent to the loop 4 and
      adjacent to the loop 5 are removed from the spacer strips. By spacing the
      loops 4 and 5 from the next adjacent loop 3' approximately one half the
      normal spacing between the loops 3', it is possible to interconnect
      adjacent spacer strips without any interruption in the even distribution
      of the heating elements.
PAR  After the formation of the loops 3' the sheets are removed from the tool
      plate and cut into strips as best seen in FIG. 5. These strips may have
      any desired width depending on the required structural rigidity of the
      finished mats.
PAR  Referring to FIG. 4, there is shown a tool 10 having a tool plate 11, the
      top surface of which is provided with grooves 12 in the shape of the loops
      to be formed. These grooves 12 in the tool plate 11 are connected through
      channels 13 to a space 14 in a housing 15 which may, for example, be
      evacuated through a port 16. The tool comprises a clamping frame 17 which
      clamps the edges 2 of the panel 1 down onto the tool plate 11 in the
      direction of the arrows C. The details of the clamping means are well
      known in the art.
PAR  If desired, the sheet may be stretched outwardly prior to applying the
      clamping frame 17. The stretching could be accomplished by hand or other
      well known means, in order to smooth out the sheet or panel in the
      direction of the arrows D all around the tool plate. In order to form the
      grooves 6 simultaneously with the loops 3', there are provided respective
      tool members 18 which are movable up and down by well known means, for
      example, by a piston cylinder arrangement.
PAR  Incidentally, the panel 1 is not shown in FIG. 4 for simplicity's sake.
      After the panel has been clamped down in the manner shown, the temperature
      of the panel will be raised by means not shown but well known in the art
      in order to facilitate the flow of the panel material into the grooves 12
      of the tool plate 11. After the panel 1 has reached the desired
      temperature or flowability, a pressure may be applied, for example, by a
      tool member lowered from above onto the panel 1. However, the preferred
      embodiment of practicing the present method involves applying a reduced
      pressure to the space 14, whereby the panel will be sucked into the
      grooves 12. From the shape of the loops 3' and the interconnecting strip
      portions between adjacent loops it will be noted what deforming work has
      been done on the thermoplastic sheet material.
PAR  After the completion of the deformation the sheet material is cooled down
      again and the sheet will deform sufficiently in an elastic manner to
      remove the loops 3' from the grooves 12. Thereafter, the cutting takes
      place preferably in a direction extending perpendicularly to the
      longitudinal extension of the loops 3'.
PAR  FIG. 5 illustrates a somewhat schematic plan view of a heating mat
      according to the invention, whereby the view is in the direction of the
      arrow A in FIG. 1, that is onto the open faced grooves 3 which receive the
      electrical conductor 19, preferably in a press-fit or snap-fit manner,
      whereby these conductors are securely held in the grooves 3. The spacer
      strips 20 may have any desired width and several of these strips may be
      connected to each other by the spacer lands 7 or 7' which fit into the
      relatively shallow grooves 6 shown in FIG. 1. Here again a press-fit
      between the grooves 6 and the spacer lands 7 or 7' would be preferred. The
      spacer lands 7, 7' may have any desired length or shape and they may be
      distributed throughout the entire mat in any desired fashion. This feature
      has the advantage that the mat may be shaped to cover curved areas to be
      heated.
PAR  A practically suitable dimension of standard stock panels, for example, of
      polyethylene material was 1,000 .times. 600 mm, and the grooves where
      spaced from each other by 25 mm. This panel was then cut into spacer
      strips having a width of 10 mm.
PAR  The present spacer strips will preferably be used as cross strips extending
      across the length of the heating mat. However, they may also be used as
      longitudinal connecting strips, whereby also a sufficient stability is
      achieved due to the secure connection between the spacer strips and the
      heating elements so that undesirable deformations of the mat may be
      avoided.
PAR  Although, in the preferred embodiment the loops have an omega shape, it
      will be appreciated that any type of groove shape suitable to assure said
      press or snap-fit may be employed for securely receiving the electrical
      heating conductors.
PAR  Although, the invention has been described with reference to specific
      example embodiments, it is to be understood that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spacer strip for holding elongated elements in spaced relationship to
      each other, comprising a strip body of elastic thermoplastic material, a
      plurality of substantially equally spaced apart open sided element
      receiving grooves in said strip body, said grooves extending substantially
      across said strip body, and coupling means across at least one end of the
      strip body for interconnecting a plurality of strip bodies in series with
      each other, said coupling means being spaced a distance from the adjacent
      groove that is substantially equal to half the distance between adjacent
      grooves.
NUM  2.
PAR  2. The spacer strip according to claim 1, wherein said coupling means
      comprise a bead or ridge along said one end of the strip body, said bead
      or ridge being of a size to fit with a press-fit into a groove of the size
      of said element receiving grooves along an end of an adjacent strip.
NUM  3.
PAR  3. The spacer strip according to claim 2, wherein said open sided element
      receiving grooves have the cross-section of a loop, whereby a plurality of
      loops interconnect adjacent lands of the strip body.
NUM  4.
PAR  4. The spacer strip according to claim 3, wherein said open sides and the
      respective grooves are sized to receive said elements with a press-fit.
NUM  5.
PAR  5. The spacer strip according to claim 4, wherein all of said open sides
      face in the same direction.
NUM  6.
PAR  6. The spacer strip according to claim 3, further comprising a coupling
      groove of the same size as said element receiving grooves along the other
      end of the strip body whereby the spacing between said coupling groove and
      the next adjacent element receiving groove corresponds to about one half
      of the spacing between adjacent element receiving grooves.
NUM  7.
PAR  7. The spacer strip according to claim 6, wherein said coupling bead or
      ridge comprises a loop of smaller size than the other loops, said smaller
      loop fitting into the loop or normal size along an end of an adjacent
      spacer strip body.
NUM  8.
PAR  8. The spacer strip according to claim 6, wherein said coupling groove has
      the cross section of a loop with the open side thereof being on the same
      side of said strip as the open sides of said element receiving grooves.
NUM  9.
PAR  9. The spacer strip according to claim 1, further comprising, in addition
      to said open sided element receiving grooves, attachment grooves for
      receiving strap bars in said attachment grooves.
NUM  10.
PAR  10. The spacer strip according to claim 9, wherein said attachment grooves
      and said element receiving grooves face in the same direction.
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ABST
PAL  A securing device is disclosed which is usable for studs of buttons,
      emblems, earrings or insignia or the like, which comprises two parts, one
      part having a cylindrical stud extending therefrom, and a second part into
      which the stud may pass and which includes a resilient clutch that grips a
      substantial length of the cylindrical stud.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Securing devices utilizing clutches have long been known and have taken a
      variety of forms for gripping posts or studs or the like. Generally these
      devices comprise arrangements wherein a plurality of fingers will grip the
      stud such as, for instance, in the Ruggles U.S. Pat. No. 19,305 or the
      Marshall U.S. Pat. No. 1,664,566. More modern arrangements where
      plate-like devices act as spring clutches are disclosed in such patents as
      Ballou U.S. Pat. No. 2,308,412. Devices of this general nature utilize a
      clutch device which is much larger in diameter than is sometimes needed
      for the application. Further devices of this nature do not lend themselves
      to being easily molded into plastic parts where it is normal to cast
      plastic about a stud but to cast about the clutch device has not been
      feasible.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention relates to a two-part securing device, one part
      having a stud extending therefrom and a second part having a clutch means
      with a central opening in the clutch means into which the stud may pass
      and be gripped therein. The device lends itself to having a variety of
      configurations molded about the clutch and the stud such as matching balls
      for earrings or tie tack elements or lapel buttons or the like. The
      arrangement is such that the stud will have a diameter slightly larger
      than the entrance diameter of the resilient clutch. Further the resilient
      clutch which may be molded from rubber or any one of the synthetic rubbers
      will be provided with a body having a larger mass near the entrance where
      the stud will enter the opening than near the rear part of the central
      opening so that different degrees of resiliency can be experienced
      throughout the length of the central opening which grips the stud.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view looking at the rear edge of an ear showing the
      devices of the invention utilized as an earring with ball ends;
PAR  FIG. 2 is a cross sectional view of the part having the resilient clutch;
PAR  FIG. 3 is a detached view of the stud part and clutch part in enlarged
      partial cross section;
PAR  FIG. 4 is a sectional view of a modified form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In proceeding with the invention, I provide two parts 10 and 12. The first
      part 10 has a shank 14 extending therefrom, the shank being suitably
      secured in the enlarged part portion 10 either having the same molded
      thereon or therein or alternately the shank may be suitably staked or
      driven or otherwise secured to the first part 10. Shank 14 preferably has
      a chamfered end 16 and is cylindrical having a diameter 18 as indicated by
      the arrows so designated. The shank may be of a variety of materials for
      the use intended, a 14-karat gold being desirable for pierced earring use.
      With a first part construction of this nature in which the shank extends
      from the part 10 it is necessary that there be a second part cooperating
      therewith which should preferably protect the extending shank from
      abrading the skin of the wearer if the securing device be used as an
      earring as illustrated in FIG. 1 or the clothing, if the device is
      utilized as a button back.
PAR  To this end, I therefore provide a second part 20 which has a clutch member
      22 received therein. In the form as illustrated in FIG. 3 the clutch
      member 22 is molded within the body of the second part 20 and held in
      place by contact with the surfaces of the part 20 about it and has a
      chamfered opening 24 leading to the clutch member 22. The clutch member 22
      is preferably a resilient member in the form of a synthetic rubber such
      as, for example, a copolymer of styrene and butadiene. This is basically a
      thermoplastic that exhibits physical properties which are essentially
      indistinguishable from a vulcanized elastomer and may be readily formed
      like any thermoplastic by molding the same into a specific shape. One
      essential property is "memory". The thermoplastic material preferably has
      a Shore hardness in the range of 60 to 90, a preferable hardness being in
      the range of 70 to 75.
PAR  The resilient clutch member essentially substantially solid and has a
      central opening 26 extending therethrough with two cross sectional body
      sections 28 and 30 which, as viewed in section as seen in FIG. 3, is
      somewhat T shaped. The larger cross sectional area adjacent the entry
      point of the central opening 26 as at 28 is much larger than the cross
      sectional shape of the portion 30. In this fashion with an enlarged body
      section adjacent the opening there is more resistance to deformation as
      the stud 14 enters the central opening. To insure gripping, the clutch
      member should have a central opening dimension as indicated by the arrows
      32 from approximately 1 to 2 thousandths of an inch smaller (0.02 to
      0.04mm) and some preferred sizes are, for example, utilization of the stud
      14 having a diameter of 0.027 inch (0.69mm) and an opening 26 diameter of
      0.026 inch (0.67mm).
PAR  It will be apparent in use that if the device has an application as an
      earring as illustrated in FIG. 1, that the part 10 with the stud 14 will
      be passed through the aperture in the ear lobe and then the second part 12
      may be brought into engagement with the stud 14 by having the chamfered
      portion lead the stud into the central opening 26 of the clutch where the
      same will hold and grip the outer surface of the stud 14.
PAR  The clutch member of this invention lends itself to injection molding and
      further lends itself to being integrated into a plastic part by being
      molded therein. For example, the parts 10 and 12 may be a styrene plastic.
      Further, the nature of the elements making up the combination is such that
      they will withstand autoclave sterilization techniques.
PAR  In some cases a metal casing 35 may be formed about the clutch in the shape
      shown with wall portions 36 engaging the clutch at 37, 38, 39 to hold it
      in place and provide an entrance mouth 40.
CLMS
STM  I claim:
NUM  1.
PAR  1. A two-part securing device comprising a first part having a cylindrical
      stud extending therefrom, a second part into which the stud may pass, said
      second part having a hollow cap portion, a resilient clutch gripped in the
      hollow cap, said clutch having a central opening therethrough of
      substantial length flared at one end, the cross sectional area of the
      opening being less than the cross sectional area of the stud, said stud
      having a chamfered end to permit entry to the flared end of said opening,
      said clutch having a body section of at least two thickness, that extend
      radially outward from the opening, the greater thickness being positioned
      in the cap portion at the flared end of said opening at the outer face and
      the lesser thickness being inwardly of the cap and wherein the clutch is
      integrally molded and grippingly secured in a mass of solid plastic of the
      cap portion.
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ABST
PAL  An automatically locking type of slider is disclosed for use with a slide
      fastener, which slider incorporates locking means to lock the slider into
      position on the fastener stringers. The locking means consists of a
      resilient plate member centrally bent into a U-shaped structure with two
      arm portions, one of which arm portions is provided with a support lug or
      lugs at one end and a locking prong at the other engageable in locking
      relation with the fastener stringers. The support lug is engageable in an
      aperture formed in the slider body in such a manner as to restrict free
      movement of the locking means during manipulation of the pull tab.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an automatically locking slider for slide
      fasteners. By the automatically locking slider is meant a slider having
      means for automatically holding it in locked position on the slide
      fastener when its pull tab is released from engagement with the fastener
      elements after the fastener has been closed.
PAR  There have hitherto been proposed a number of automatically locking sliders
      of which construction basically includes a slider body constituted by an
      upper and a lower shield, a cap-like yoke attached to the slider body, a
      pull tab movably connected to the yoke and a resilient locking member
      accommodated in the yoke and operatively associated with the pull tab in
      such a manner that lifting the pull tab causes the locking member to
      disengage from a slide fastener stringer and flipping and pull tab flat
      against the slider body allows the locking member to restore by its own
      tension and engage with the fastener stringer to lock the slider thereon.
      With such construction wherein the locking member is disposed for free
      movement within the yoke in a direction in which the pull tab is
      manipulated, the locking member is liable to shift out of the correct path
      of its operative movement relative to the fastener stringer.
PAC  SUMMARY OF THE INVENTION
PAR  With the above-noted drawback in view, it is an object of this invention to
      provide an improved automatically locking slider which incorporates
      structural features such that the locking member cana be maintained in its
      correct operative path against manipulation of the pull tab in any
      direction.
PAR  Another related object of the invention is to provide an automatically
      locking slider wherein the pull tab can be manipulated with a greater
      degree of smoothness.
PAR  Briefly stated, those objects can be achieved by the provision according to
      the invention of a slider having locking means disposed for stopping
      engagement at one end with an aperture formed in the slider body during
      manipulation of the pull tab so as to restrict free longitudinal movement
      of the locking means.
PAR  The features which are believed to be novel of the invention will be more
      apparent from the following detailed description taken in connection with
      the accompanying drawings which illustrate by way of example a preferred
      embodiment which the invention may assume in practice and in which like
      reference numerals denote like parts throughout the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of an automatically locking
      slider constructed in accordance with the invention, showing the same in
      locked position;
PAR  FIG. 2 is a view similar to FIG. 1 but showing the slider in unlocked
      position with its pull tab lifted and leaned in one direction;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the pull tab lifted and
      leaned in another direction;
PAR  FIG. 4 is a perspective view of a locking means incorporated in the slider
      of the invention said means being shown upside down; and
PAR  FIG. 5 is an exploded, perspective view of the slider of FIG. 1, better
      illustrating the construction of the same.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and to FIG. 5 in particular which better
      illustrates the general construction of an automatically locking slider
      according to the invention, it will be seen that the slider 10 includes a
      slider body 11 constituted by a flanged upper shield 12 and a flanged
      lower shield 13. The upper and lower shields 12 and 13 are joined at one
      ends by a neck 14 and spaced apart in parallel from each other to form a
      channel 15 for the passage of a slide fastener (not shown). To the upper
      shield 12 is attached a cap-like yoke 16 which has at one end a downwardly
      extending elongated portion 17 adapted to fit into a recess 18 formed in
      the neck 14 and at the other a horizontally bent portion 19 (FIGS. 1, 2
      and 3) anchored to an end of the upper shield 12 opposite to the neck 14.
PAR  Designated at 20 is a pull tab pivotally attached to the yoke 16 and having
      a square aperture 20a and a pivotal end 21 adapted to hinge an opening 22
      formed in and extending laterally of the yoke 16.
PAR  The upper shield 12 of the slider 10 is provided for purposes hereafter
      explained with a first pair of laterally spaced cavities or preferably
      apertures 23 at a forward end adjacent the neck 14 and a second pair of
      similar aperture 24 at the opposite or rearward end, at least one of which
      apertures 24 communicates with the channel 15 through which the fastener
      stringers are guidedly moved.
PAR  Illustrated in FIG. 4 in particular is locking means 25 operatively
      associated with the pull tab 20 for releasably locking the slider 10 into
      position on the fastener stringers. The locking means 25 is made of a
      suitable resilient material such as for example a leaf spring or similar
      plate member which is bent substantially into a U-shaped structure, as
      shown. The locking means 25 has two arms 26 and 27 interconnected by an
      arcuate neck 28. The first or upper arm 26 is provided with a
      reduced-width portion 26a and a substantially square portion 26b adjoining
      the arcuate neck 28, both portions being disposed for abutment against the
      inner wall of the yoke 16. The second or lower arm 27 is slightly
      downwardly bent centrally thereof relative to the first arm 26. The second
      arm 27 is provided with a pair of laterally spaced, downwardly projecting
      support lugs 29 at one end immediately adjacent the arcuate neck 28 and at
      the other or opposite end with a locking prong 30 projecting downwardly
      from one longitudinal edge of the arm 27 and a supporting post 31
      similarly projecting downwardly from the opposite longitudinal edge. The
      second arm 27 is further provided with a central elongated opening 32
      which is slightly wider than the reduced-width portion 26a of the first
      arm 26 such that the portion 26a can partly enter into the opening 32 when
      the locking means 25 is compressed by lifting the pull tab 20 as shown in
      FIGS. 2 and 3.
PAR  It will be seen that the pair of support lugs 29 which have a rounded zip
      contour, extend substantially perpendicular to the plane of the flat stem
      portion 27a of the second arm 27, but are disposed at an angle slightly
      inclined relative to the plane of the upper shield 12 of the slider body
      11 when the locking means 25 is accommodated within the yoke 16 as shown
      in FIGS. 2 and 3. The locking means 25 thus constructed is mounted in
      place with the lugs 29 inserted in the first respective apertures 23 and
      with the locking prong 30 and post 31 passed through the square aperture
      20a of the pull tab 20 into the second respective apertures 24 in the
      upper shield 12.
PAR  The operation of the automatically locking slider 10 according to the
      invention will now be described, reference being made to FIGS. 1 through 3
      inclusive. FIG. 1 illustrates the slider 10 as in locked position wherein
      the pull tab 20 is flipped down flat against the upper shield 12 with the
      locking prong 30 urged by the tension in the resilient locking means 25
      into the channel 15 to engage with the fastener stringer so that the
      slider 10 is locked into position on the fastener. As used herein, the
      term fastener stringer is intended to include the fastener elements
      carried ordinarily by a stringer tape, and thus while the prong 30 may
      actually contact such fastener elements, it should be regarded as engaging
      the stringer.
PAR  FIG. 2 illustrates the slider 10 as in unlocked position wherein the pull
      tab 20 is lifted against the tension of the locking means 25, pulling the
      locking prong 30 out of engagement with the fastener stringer, whereby the
      slider 10 is allowed to move along the fastener elements. In this posture
      of the pull tab 20, the slider 10 is pulled in a direction to close the
      fastener.
PAR  FIG. 3 illustrates the slider 10 similarly as in unlocked position but with
      the pull tab 20 disposed for manipulation to open the fastener in the well
      known manner.
PAR  Accordingly to an important aspect of the invention, the path of movement
      of the locking prong 30 into and out of the channel 15 through the
      corresponding aperture 24 of the upper shield 12 is held substantially
      invariable so as to accomplish the proper locking function without being
      affected by the pulling action of the pull tab 20 which would otherwise
      tend to shift the locking prong 30 out of position. This is achieved by
      the provision of the support lugs 29 integral with the second arm 27 which
      is disposed in the respective apertures 23 in such a manner that when the
      locking means 25 is pulled by the pull tab 20 in a direction to close the
      fastener as shown in FIG. 2, the support lugs 29 will abut against a front
      end wall 23a of each of the apertures 23 thereby restricting free
      longitudinal movement of the locking means 25 relative to the slider body
      11. Conversely when the locking means 25 is pulled in a direction to open
      the fastener as shown in FIG. 3, the support lugs 29 will abut against the
      rear end wall 23b of the respective apertures 23 and serve to stop further
      longitudinal movement of the locking prong 30 regardless of the pull
      action of the tab 20.
PAR  While the invention has been disclosed as to one specific embodiment which
      it may assume in practice, it will be understood that the invention is not
      to be limited to the precise form and construction illustrated but various
      changes may be made therein without departing from the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatically locking slider for a slide fastener which comprises an
      upper shield and a lower shield connected in spaced parallel relation to
      define therebetween a channel for the passage of two opposed slide
      fastener stringers carrying respective rows of interlocking elements, said
      upper shield having wall surfaces defining a cavity, and an aperture
      communicating with said channel; a yoke attached to said upper shield; a
      pull having a pivotal end received in said yoke for pivotal movement
      relative thereto; and releasable locking means disposed inside said yoke
      and having a resilient U-shaped structure bearing a locking prong and
      resiliently biasing same to extend through said aperture to engage at
      least one of said stringers and thereby lock the slider against movement
      relative thereto; said pull tab being manipulatable in each of two
      opposite directions to release the locking means and move the slider
      therealong, said locking means structure having a lug extending into said
      cavity for movement relative thereto upon flexing of said structure, said
      lug being arranged to move in abutment with one wall surface of said
      cavity when the pull tab is manipulated in one direction to release the
      locking means, and arranged to move in abutment with an opposite wall
      surface of said cavity when the pull tab is manipulated in the opposite
      direction to release the locking means thereby correspondingly limiting
      free longitudinal movement of the locking means.
NUM  2.
PAR  2. An automatically locking slider as defined in claim 1 wherein said
      locking means is a resilient plate member centrally bent into a U-shaped
      structure consisting of two arms, and said support lug extends
      substantially parpendicularly from one of said arms adjacent the U-bent of
      said plate member.
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ABST
PAL  One part of a buckle for safety belts for use in vehicles is a locking
      tongue and the other part is a buckle body having a pocket-shaped opening
      for the insertion of the locking tongue thereinto. The locking tongue
      insertion opening or pocket is defined in the buckle body by two fixed
      side plates which are spaced apart a distance substantially equal to the
      thickness of the locking tongue, and by guides coacting with the two
      longitudinal edge portions of the locking tongue. The buckle body includes
      a spring-actuated latch serving as a locking means, the latch being
      mounted to one side plate and adapted, by spring action, to be kept in
      locking position in which it preferably bears against the other side
      plate, at least one shoulder of the latch being situated in the pocket for
      engagement with a corresponding shoulder of the locking tongue. With the
      aid of an operating means the latch can be moved with its shoulder,
      against spring action, out of the locking position in the pocket to be
      accommodated, together with the latch portions adjoining the shoulders, in
      a recess in the first side plate, thereby releasing the locking tongue. To
      this end, the latch is of such a configuration that in released position
      it will altogether be adjacent to that side of the locking tongue
      insertion pocket which is defined by the first side plate.
BSUM
PAR  This invention relates to a buckle for safety belts for use in vehicles,
      preferably automobiles, aircrafts, seacraft. One part of the buckle is a
      locking tongue and the other part is a buckle body having a pocket-shaped
      opening for the insertion of the locking tongue thereinto. Said pocket is
      defined in the buckle body by two fixed side plates which are spaced apart
      a distance substantially equal to the thickness of the locking tongue, and
      by guides coacting with the two longitudinal edge portions of the locking
      tongue. The buckle body includes a spring-actuated latch serving as a
      locking means, said latch being mounted to one side plate and adapted, by
      spring action, to be kept in locking position in which it preferably bears
      against the other side plate. At least one shoulder of the latch is
      situated in the pocket for engagement with a corresponding shoulder of the
      locking tongue. With the aid of an operating means the latch can be moved
      with its shoulder, against spring action, out of the locking position in
      the pocket to be accommodated, together with the latch portions adjoining
      the shoulders, in a recess in the first side plate, thereby releasing the
      locking tongue.
PAR  According to the invention, the latch is of such a configuration that in
      released position it will be adjacent to that side of the pocket which is
      defined by the first side plate. By this arrangement, the locking tongue
      can be varied within broad limits since it need not cooperate with any
      part of the latch in the released position.
PAR  An embodiment of the invention will be more fully described hereinbelow and
      with reference to the accompanying drawings in which:
DRWD
PAR  FIGS. 1A to 1E are side elevational views of all constituent parts of the
      buckle, except for the latch with its spring; more particularly FIG. 1A
      shows the rear portion of a casing accommodating the buckle body while
      FIG. 1B shows the front portion thereof; FIG. 1C shows the locking tongue;
      and FIG. 1D shows one side plate of the buckle body while FIG. 1E shows
      the other side plate thereof;
PAR  FIGS. 2 and 2A are side elevational views, at right angles to one another,
      of the latch with the spring thereof;
PAR  FIG. 3 is a side elevational view, taken at right angles to FIG. 1, of the
      operating means;
PAR  FIG. 4 is a side elevational view, likewise taken at right angles to FIG.
      1, of the first side plate;
PAR  FIG. 5 is a section on the line V--V in FIG. 1E of the second side plate;
PAR  FIG. 6 is a longitudinal section of the buckle body with the locking tongue
      in locking position;
PAR  FIG. 7 is a cross section of a broken out portion of the buckle body taken
      at one of the slots of a plate.
DETD
PAR  The buckle comprises the locking tongue 1 and the buckle body 2. The
      locking tongue 1 is adapted to be connected with one or more straps of the
      safety belt, while the buckle body 2 is adapted to be fixed to the floor
      or like part of the vehicle. As shown in the drawing, the buckle body 2 is
      secured by means of a rivet 3 to an anchorage 4. It is readily understood,
      however, that other fastenings can also be utilized.
PAR  The buckle body 2 has a pocket-shaped opening for the insertion of the
      locking tongue 1 thereinto. This opening or pocket is defined by two fixed
      side plates 5 and 6 or like means, which are spaced apart a distance
      substantially equal to the thickness of the locking tongue 1, and by
      guides coacting with the two longitudinal edge portions of the locking
      tongue 1. Said guides are formed by angularly bent edge portions 7 of the
      plate 5, and hook means 8 are provided on said edge portions 7 to engage
      corresponding projections 9 at the longitudinal edges of the plate 6.
PAR  The buckle body 2 incorporates a latch 11 which is under the load of a
      spring 10 and serves as a locking means. The latch 11 is mounted to the
      side plate 6 and kept in locking position by the spring 10, so that it
      bears with its portion 12 against the side plate 5. In locking position,
      one or more shoulders 13 formed on the latch 11 are situated in the
      locking tongue insertion pocket to engage corresponding shoulders 14 on
      the locking tongue 1. With the aid of the operating means 15, the latch 11
      can be moved with its shoulder or shoulders 13, against the action of the
      spring 10, out of the locking position in the locking tongue insertion
      pocket to be accommodated, together with the latch portions adjoining the
      shoulder or shoulders 13, in a recess 17 in the side plate 6, thereby
      releasing the locking tongue 1. The latch 11 is of such a configuration
      that it will lie in released position entirely on that side of the locking
      tongue insertion pocket, which is defined by the side plate 6.
PAR  The recess 17 in the side plate 6 is formed by a substantially rectangular,
      pressed-out portion of the plate 6, the upper edge 18 of the recess 17
      constituting the mounting for the latch 11 inasmuch as the latter and more
      particularly the upper edge 19 of the rectangular middle portion 16 of the
      latch pivotally bears against the upper edge 18. The lower edge of said
      middle portion 16 constitutes the shoulder or shoulders 13 of the latch.
PAR  An upper, outwardly bent end portion 20 and a lower, outwardly bent end
      portion 21 extend from the middle portion 16 of the latch 11. The side
      plate 6 is formed with through openings 22 and 23 for the outwardly bent
      end portions 20 and 21, said openings 22 and 23 being located at the upper
      and lower edges of the recess 17. The upper, outwardly bent end portion 20
      of the latch 11 cooperates with the spring 10 of the latch. In the
      embodiment illustrated, the spring 10 is a compression coil spring which
      is interposed between the end portion 20 and the side plate 6. Both the
      upper end portion 20 and the plate 6 are provided with bosses, studs or
      like means for their engagement with the compression spring 10. The lower,
      outwardly bent end portion 21 of the latch 11 coacts with the operating
      means 15 to permit moving the latch 11 out of the locking position against
      the action of the spring 10.
PAR  The upper, outwardly bent end portion 20 of the latch 11 is adapted to bear
      against the lower edge of the opening 22 so that the latch 11 is prevented
      from moving downwardly in the insertion pocket when the locking tongue 1
      is moved into locking position.
PAR  The buckle body, formed by the two plates 5 and 6, is disposed in a casing
      comprising a front portion 24 and a rear portion 25, said portions being
      provided with catches or like means for their interconnection. The casing
      is formed with a guide 26 for the operating means 15 which consists of a
      key 28 movably mounted between the side plate 6 and the lower, outwardly
      bent end portion 21 of the latch 11 and equipped with a push button 27. As
      shown in the drawing, the end portion 21 has a spherical boss or rivet 29
      for its engagement with the key 28 of the operating means 15. The
      operating means 15 coacts with a return spring 30.
PAR  The embodiment illustrated of the opening means 15 can be varied within
      broad limits. With retained locking function of the buckle, the operating
      means 15 having the push button 27 can thus be placed in other angles or
      so as to extend in a straight upward direction, in which case the latch 11
      can be equipped with abutment surfaces for two keys. The push button can
      also be placed on the flat sides of the buckle body, where the latch 11
      can be directly or indirectly actuated by lever action of the push button.
      The essential thing is that the latch 11 is mounted in the side plate and
      that the lower, outwardly bent end portion 21 with key or lever can be
      moved away from the side plate 6 towards the portion 24 of the casing.
PAR  The portion 12 of the latch 11 is so arranged that in locking position the
      shoulder 13 will be situated midway between the two plates 5 and 6. To
      provide the largest possible abutment surface between the latch 11 and the
      locking tongue 1, the lower end of the portion 16 has been bent, as will
      appear from the drawing. Further, advantages are gained if the shoulders
      14 of the locking tongue 1 are caused to form a single continuous
      shoulder, as shown by dash-and-dot lines in FIG. 1C.
PAR  According to the invention, the anchorage 4 constitutes a spacer between
      the two side plates 5 and 6, but it is readily understood that said plates
      can be given such a configuration that they serve as spacers themselves.
PAR  31 designates a pair of compression springs which tend to urge the locking
      tongue 1 out of the insertion pocket formed in the buckle body 2. The
      springs 31 are adapted to realize an even distribution of forces, as will
      appear from FIG. 7 which is a broken out portion of the buckle body taken
      at one of slots 32 of plate 5. The mounting of the compression springs 31
      is carried out in the following manner. After the buckle body 2 proper has
      been mounted the compression springs 31 are passed into the slots 32. At
      the bottoms of these slots are provided abutments 33 which prevent the
      springs from taking an oblique position in the space between the side
      plates 5 and 6. The ribs 34 formed on the rear portion 25 of the casing
      will then move the compression springs 31 into a symmetrical position
      between the plates.
PAR  The invention is not restricted to the embodiment described and illustrated
      in the drawing, but can be modified within the spirit and scope of the
      appended claims.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A buckle for safety belts for use in vehicles, preferably automobiles,
      aircraft and seacraft, one part of the buckle being a locking tongue and
      the other part a buckle body having a pocket-shaped opening for the
      insertion of said locking tongue thereinto, said pocket being defined in
      said buckle body by two fixed side plates which are spaced apart a
      distance substantially equal to the thickness of said locking tongue and
      by guides connected to said side plates co-acting with two longitudinal
      edge portions of said locking tongue, said buckle body including a
      spring-actuated latch serving as a locking means, a spring and said latch
      being mounted to a first one of said side plates and adapted, by spring
      action, to be kept in locking position in which it preferably bears
      against the other of said side plates, at least one shoulder of said latch
      being situated in said locking tongue insertion pocket for engagement with
      a corresponding shoulder of said locking tongue, an operating means in
      said buckle body located for engagement with said latch, said latch with
      its said shoulder positioned for movement with the aid of said operating
      means, against spring action, out of the locking position in said pocket
      to be accommodated, together with latch portions adjoining said shoulders,
      in a recess in the first one of said side plates, thereby releasing said
      locking tongue, said recess in said first side plate formed by a
      pressed-out portion of said plate, the upper edge of said recess
      constituting a mounting for said latch in that said latch pivotally bears
      against said upper edge, and said first side plate is provided both at the
      upper and the lower edges of said recess with through openings for
      outwardly bent portions of said latch, an upper, outwardly bent end
      portion of said latch co-acting with a spring of said latch, while a
      lower, outwardly bent end portion of said latch co-acts with said
      operating means for moving said latch out of locking position against the
      action of said spring of said latch whereby said latch in released
      position lies adjacent that side pocket defined by said first side plate.
NUM  2.
PAR  2. A buckle as claimed in claim 1, wherein the spring of the latch, which
      preferably is a compression coil spring, is interposed between the upper
      end portion of the latch and the first side plate.
NUM  3.
PAR  3. A buckle as claimed in claim 1, wherein the upper, outwardly bent end
      portion of the latch is adapted to bear against the lower edge of the
      upper through opening formed in the first side plate.
NUM  4.
PAR  4. A buckle as claimed in claim 1, wherein the operating means is a key
      which is movably arranged between the first side plate and the lower,
      outwardly bent end portion of the latch, said key being provided with a
      push button.
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ABST
PAL  A knot cincher mounted on a skidder has a quick-releasable cable clamp for
      holding an end portion of a stiff cable from a winch having a loose knot
      between the clamp and the winch. The winch is operated to tighten the
      cable to cinch the knot. A cable shear adjacent the clamp can be actuated
      to trim the end of the cable if necessary. A guard mounted adjacent the
      clamp protects the clamp.
BSUM
PAC  DESCRIPTION
PAR  This invention relates to a cable knot cincher, and has for an object
      thereof the provision of a cable knot cincher for tightening a knot in a
      stiff cable from a winch of a skidder.
PAR  Another object of the invention is to provide a knot cincher having a
      quick-releasable clamp.
PAR  A further object of the invention is to provide a knot cincher having a
      clamp and a shear mounted adjacent thereto.
PAR  Another object of the invention is to provide a knot cincher having a
      V-groove and a threaded presser mounted on an arm which may be swung from
      an open position to a closed position and latched in the closed position.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevation view of a knot cincher forming one specific
      embodiment of the invention;
PAR  FIG. 2 is a fragmentary, front elevation view of the knot cincher of FIG.
      1;
PAR  FIG. 3 is a front elevation view of the knot cincher of FIG. 1;
PAR  FIG. 4 is a rear elevation view of the knot cincher of FIG. 1; and
PAR  FIG. 5 is a fragmentary, side elevation view of the knot cincher of FIG. 1
      mounted on a skidder.
DETD
PAR  Referring now in detail to the drawings, there is shown therein a knot
      cincher 10 forming one specific embodiment of the invention and mounted on
      a skidder 12 (FIG. 5). When a powered winch 14 of the skidder is operated
      to tighten a stiff wire cable 16 having an overhand knot 18 hear its free
      end, which is clamped by the cincher, the knot is tightened. The knot then
      will not come loose and serves to prevent butt hooks on the cable from
      coming off the cable when the skidder is pulling turns of logs secured to
      the butt hooks. A shear 20 is positioned on the cincher for shearing off
      the end portion of the cable if it should be frayed.
PAR  The cincher 10 includes a base 30 (FIG. 1) bolted to a channel 32 welded to
      the skidder. A clamp 34 is mounted between the shear 20 and a notched
      guard 36. Heavy plates 38 define a lower jaw. The plates 38 are welded to
      the base and have two spaced aligned V-shaped notches 40 defining V-shaped
      jaw portions. A truncated triangular plate 43 has a T-shaped slot
      receiving a disc 42 and forming an upper jaw. The plate 43 extends into
      the spaces between the plates 38 at both sides of the notches which guide
      the jaw 43 and keep it on the disc 42. The jaw 43 may be moved downwardly
      by a screw 44 to clamp the cable against the sides of the notches 40. The
      screw is turned by handle 46 and is threaded through a tapped bore 48 in
      an arm 50 mounted pivotally by a pin 52 between a clevis portion 54 of the
      plates 38. A notch 55 in the guard 36 slopes downwardly to alignment with
      the opening between the jaws. A quick-release latching hook 56 is mounted
      pivotally on a pin 58 carried by a clevis-like portion 60 at the free end
      of the arm 50. The hook 56 has a short handle 62 and a hook portion 64
      adapted to hook under an upwardly sloping notched catch 66. The hook has a
      camming end portion 67 adapted to engage a sloping camming, upper surface
      68 of the catch to permit the hook to clear the catch when the arm is
      dropped to closed position. An adjustment screw 69 in a lug of the arm
      limits counter-clockwise, as viewed in FIG. 2, pivotal movement of the
      hook relative to the arm 50 so that the camming end portion of the hook
      engages the upper surface 68 of the catch and is cammed to the left to
      clear the catch and then be moved thereunder by gravity. The lug engages
      the top of the catch to limit downward movement of the arm beyond its
      closed position.
PAR  The shear 20 includes a V-shaped anvil portion 70 with which a V-shaped
      blade 72 cooperates to shear off the cable end when a plunger 74 is struck
      with a maul. The plunger is splined to a tubular guide 76.
PAR  When a new cinched knot is needed, with the arm 50 swung back to its open
      position, and the loose knot 18 formed, the end portion of the cable is
      moved laterally through the notch of the guard 36 and laid in the notched
      or V-shaped jaw portions 40, the end portion of the cable being pushed
      through the shear if it is desired to trim off the end. Then the arm 50 is
      swung to its closed position and the hook 56 latches the arm in its closed
      position. The screw 44 then is turned to securely clamp the cable between
      the jaw portions 40 and the jaw 43. The winch 14 then is driven to tighten
      the cable which cinches the knot 18. Then, if desired, the shear is
      actuated to cut off the end portion of the cable, after which the jaw 43
      is loosened, and the handle of the hook 50 is pulled up to unlatch the
      hook and swing the arm to its open position. The rope then is pulled out
      of the cincher. This, of course, may be done even without swinging the arm
      to its open position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cable clamp adapted to be used in conjunction with a powered winch on
      a skidder to cinch a knot in a cable comprising:
PA1  a base having a catch,
PA1  an upwardly facing first jaw fixed on the base,
PA1  arm means swingable on the base between an open position clearing the first
      jaw to permit a cable to be moved laterally onto the first jaw and a
      closed position extending over the first jaw and having a lug,
PA1  a screw mounted on the arm,
PA1  a second jaw carried by the screw,
PA1  a catch carried by the base and having a camming portion,
PA1  a latch member having a hook portion and pivotally carried by the arm
      means, and an adjustment screw carried by the lug and adapted to engage
      the latch member to limit movement of the hook portion of the latch member
      so that a camming end portion of the hook engages the upper surface of the
      catch and is cammed to clear the catch and then be moved thereunder by
      gravity, the lug engaging the top of the catch to limit downward movement
      of the arm beyond its closed position.
NUM  2.
PAR  2. In combination of a knot cincher and a logging skidder having a winch
      and a cable secured to the winch,
PA1  the knot cincher including a base secured rigidly to the skidder,
PA1  an upwardly facing first jaw fixed on the base,
PA1  arm means swingable on the base between an open position clearing the first
      jaw to permit a cable to be moved laterally onto the first jaw and a
      closed position extending over the first jaw,
PA1  a screw mounted on the arm,
PA1  a second jaw carried by the screw,
PA1  quick-release latch means for locking the arm in its closed position,
PA1  and a notched guard mounted on the base in front of the jaws and adapted to
      guide the cable into the first jaw.
NUM  3.
PAR  3. The knot cincher of claim 2 including a shear mounted on the base to the
      rear of the jaws and aligned with the jaws,
PA1  the guard serving to guide the cable into the shear and the jaws.
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ABST
PAL  The transverse properties of high modulus fabric such as graphite are
      significantly improved by continuously processing the material through a
      multiple roller unit under warp tension while restraining fill shrinkage
      by wrapping the material no less than 180.degree. around each roll and by
      minimizing unrestrained inter-roll travel by controlling the inter-roll
      span. Graphite precursor fabrics such as polyacrylonitrile (PAN) can be
      stretched as high as 45% in the warp direction with as little as 1-2%
      shrinkage in the fill direction. The invention also relates to
      simultaneous stretching and preoxidation of the precursor fabric under
      tension and while minimizing fill shrinkage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the manufacture of biaxial high modulus
      materials and, more particularly, to methods and apparatus for
      continuously converting woven PAN fabric to carbon and graphite products.
PAR  2. Description of the Prior Art
PAR  High modulus graphite has been available for several years but has not
      received wide usage because of the high cost and limited availability of
      the material. Graphite is presently being produced in continuous or
      discontinuous lengths as fiber filament or yarn. Continuous fiber has a
      very high cost due to the very high temperatures required for processing
      coupled with a tendency of the fiber to break during processing under
      tension and the need for a separate train of equipment for each yarn being
      processed. The breaking tendency has further precluded the continuous
      processing of prewoven precursor material.
PAR  U.S. Pat. No. 3,803,672 discloses a continuous web process and apparatus
      for manufacturing high modulus graphite fabric in which precursor fabric
      is incrementally stretched dynamically followed by preoxidation and
      graphitization. The application mainly dealt with control of production
      parameters to develop the high modulus properties in the warp direction of
      the fabric and the control of the parameters of time, temperature, tension
      and atmosphere composition during preoxidation to optimize the warp
      properties while minimizing the possibility of breakage.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered in accordance with the invention that the
      transverse or fill direction properties of high modulus graphite fabric
      can be significantly improved by continuously processing the precursor
      material through a multiple roller unit under tension while restraining
      fill shrinkage. Fill shrinkage control has not been considered practical
      because edge restraining devices would be difficult to implement under the
      high temperature processing necessary and due to the fragility of the
      fabric.
PAR  However, in accordance with the invention, fill shrinkage is minimized by
      wrapping the material no less than 180.degree. around each roll of a
      multiple roll unit and by minimizing the unrestrained, free, inter-roll
      travel by spacing the rolls closely together. The invention also relates
      to the combination of the steps of stretching and preoxidation in an
      S-wrap multiple roll unit under warp tension.
PAR  Graphite precursors such as polyacrylonitrile (PAN) can be stretched as
      high as 45% in the warp direction with as little as 1-2% shrinkage in the
      fill direction. Prior processing of this fabric in units in which there
      was no fill direction restraint resulted in 18-20% width reduction (neck
      down) and fill direction modulus of the order of 50 .times. 10.sup.3 psi
      or less. When the material is processed in the apparatus of the invention,
      the fill direction properties are increased by a factor of at least 2-3.
PAR  These and other objects and many attendant advantages of the invention will
      become apparent as the invention becomes better understood by reference to
      the following detailed description when considered in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a system for producing high modulus fabric in
      accordance with the invention;
PAR  FIG. 2 is a graphical presentation of the effect of warp tension processing
      on the fill properties of fabric in accordance with the invention;
PAR  FIG. 3 is a side elevational view of a wide-wrap roller assembly;
PAR  FIG. 4 is a front elevational view of a roughened, convex roller; and
PAR  FIG. 5 is a schematic view of a combined stretch-preoxidation unit in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  High performance carbon-graphite fibers can be prepared from organic
      precursors such as acrylic polymers, polyvinyl alcohol, regenerated
      cellulose, pitch materials including petroleum residues, asphalt and coal
      tars. Highly oriented, synthetic polymer precursors such as acrylic
      polymers and regenerated cellulose provide better end characteristics.
      Acrylic precursors do not melt prior to pryolytic decomposition and
      strength properties of graphitic fibers produced from acrylic precursors
      are substantially improved over regenerated cellulose based fibers. In
      addition to strength properties, other physical properties are improved.
PAR  The electrical conductivity is approximately five times that for
      regenerated cellulose based fibers and the degree of graphitization is
      substantially increased. This results from the fact that acrylic
      precursors yield a graphitic type of carbon as compared to the
      non-graphitic type of carbon produced from cellulosic materials.
      Furthermore, the carbon yield is approximately 45% as compared to only 25%
      from rayon. The volatiles given off from acrylic precursors do not cause
      fiber sticking such as occurs from rayon based materials so that yarn
      flexibility and strength are better. Yarn uniformity is more even and
      processing problems are fewer.
PAR  The acrylic precursors may be homopolymers of acrylonitrile of copolymers
      produced by copolymerizing not less than 85% of acrylonitrile with not
      more than 15% of monovinyl compound such as methacrylate,
      methylmethacrylate, vinyl-acetate, vinylchloride, vinylidine chloride,
      2-methyl-5-pyridine or the like.
PAR  Many different fabric types may be processed in accordance with the
      invention and may be single ply or multiple ply. The ratio of warp to fill
      yarns in the raw state is preferably 2/1 to 5/1. The experiments to be
      described below utilized a fabric prepared from 2 ply, 800 denier, 34
      count warp with 1 ply, 200 denier, 40 picks fill fiber.
PAR  The procedure for converting an organic precursor into a high strength,
      high modulus fiber is rather complex. While much progress has been made in
      determining structure-property relationships of carbon-graphite materials,
      there is much remaining to be done in order to understand the effect of
      production parameters on fiber structure and properties.
PAR  The beneficial effects of stretching during various stages of processing
      has been reported by many workers in this field. Although carbon-graphite
      fibers are polycrystalline, they exhibit a high degree of preferred
      orientation which polycrystalline materials do not generally possess. The
      preferential arrangement of hexagonal graphite crystallites parallel to
      the fiber axis is responsible for the high strength exhibited by some of
      the currently available fibers. This high degree of orientation of the
      crystallites is probably due to the fact that the molecular chains in the
      precursor are oriented parallel to the fiber axis during stretching and
      therefore the graphitic nuclei will be more oriented.
PAR  Application of stress during some stage of the processing is required to
      develop high tensile strength levels. Both temperature and stress levels
      are important. It also has been found that oxidation of carbon-graphite
      precursor, especially of the acrylic type, prior to carbonization or
      graphitization is necessary to increase both the strength properties and
      weight yield of the final product. Stretching or restricting the filaments
      from shrinking has also been found to be beneficial during preoxidation.
PAR  The term preoxidation is not accurately descriptive of this process step
      since two distinct chemical changes occur in the polymer during this step.
      Under application of heat, the polymer cyclizes, that is, forms a six
      member hexagon ring similar to that found in graphite. Heating in an
      oxygen containing atmosphere allows oxygen to diffuse into the structure
      of the fiber and forms cross-links or chemical bonds between the polymer
      chains. It has been fairly well established that the final product
      characteristics of a graphite yarn or fabric are determined primarily by
      what happens during the preoxidation step. There are four critical
      parameters that have to be controlled during preoxidation, i.e.,
      temperature, time, tension or stretch, and atmosphere composition. These
      parameters are very interrelated and will determine in the preoxidized
      material the amount of cyclization, cross-linking, oxygen content and
      orientation.
PAR  In accordance with the invention, graphite precursor fabric is continuously
      processed through the steps of prestretching and preoxidation in single or
      combined multiple roller units under warp tension by wrapping the fabric
      no less than 180.degree. around each roll and by minimizing unrestrained
      inter-roll span.
PAR  A general schematic view of an overall system is shown in FIG. 1. The
      apparatus generally comprises a pretreatment section 10, a stretch unit
      12, a preoxidation unit 14 and a firing section 16. In the pretreatment
      section 10, a roll 18 of fabric 20 is unwound from unwind stand 22 and
      passes by a washing station 24, rinse station 26 and impregnation station
      28 before further processing or before being rewound awaiting treatment in
      accordance with the invention.
PAR  In the washing station 24, the fabric is washed to remove the water-soluble
      sizing applied by the yarn manufacturer to prevent abrasion of the yarn
      during handling and weaving. This finish must be removed or it will react
      with the PAN during oxidation and firing resulting in a brittle, weak
      product. Washing is effected in a multi-stage unit using a warm soap
      solution sprayed onto the fabric at 24. A deionized water rinse is sprayed
      onto the fabric at station 26. The washed fabric is then impregnated with
      a lubricant such as colloidal graphite at 28 to prevent filament cohesion
      during further processing. Typically a 4 weight percent colloidal graphite
      solution is impregnated onto the fabric.
PAR  The pretreated fabric is then processed through the remaining train of
      equipment. The fabric may be initially tensioned at unwind or breaking
      stand 30 to apply an initial warp tension of about 5 ppi to the fabric 20.
      The initial speed may be up to about 35 inches per minute and is usually
      about 4 to 8 inches per minute. The fabric may be tensioned in a braked
      roll unit, not shown, up to about 20 to 100 ppi or tension forces may be
      developed through shrinkage of the fabric as it is processed in the
      stretch unit. The stretch unit 12 contains a plurality of independently
      driven rolls 32. Each roll may be driven by a separate variable-speed
      motor or may be connected by mechanical gearing means to each other such
      that the rolls are driven at progressively faster speeds to impart
      incremental positive stretching steps to the fabric 20 as disclosed in
      U.S. Pat. No. 3,803,672, the disclosure of which is incorporated herein by
      reference.
PAR  The rolls are arranged to provide a wide wrap of fabric at least
      180.degree. and the inter-roll span of unrestrained fabric, i.e., the
      tangential distance between adjacent rolls is no more than 12 inches,
      preferably from 1/2 to 3 inches. The combination of the wide wrap of
      fabric, the warp tension of at least 5 ppi and the controlled small
      inter-roll span results in significant reduction in the fill direction
      shrinkage of the fabric while being processed.
PAR  The rolls are suitably arranged in alternate rows on spaced axial lines,
      the axial lines being separated by the radius of a roll to provide an
      S-wrap. The rolls may be heated by internal resistance heaters 34. It has
      been learned from experimental runs that extremely high tension levels can
      be applied to the fabric before oxidation up to an elongation level of
      about 50% and preferably 20 to 40% without adverse affect, if the tension
      is permitted to decline as the elongation takes place. It also has been
      determined that the onset of stretching is about 180.degree. to
      200.degree.F at 300 lbs. tension for a 6-inch wide fabric. The onset of
      stretching may occur at lower temperatures with higher tension.
PAR  Though the fabric may be stretched from 0 to 45% with as little as two
      rolls utilizing one stretch point, it is preferred to practice controlled,
      step-wise dynamic stretching of the continuously moving fabric under
      substantially constant elongation conditions. Since the strength of the
      fabric declines as the temperature is increased, the tension is
      incrementally reduced. The dynamically moving fabric may be incrementally
      stretched as the temperature is raised to a temperature of about
      400.degree.F and preferably up to about 450.degree.F, the temperature at
      which cross-linking and cyclization is initiated. The fabric may be heated
      by means of resistance rod heaters within the rolls or by means of
      radiation or convection heating of the enclosure 33. The tension at the
      fabric at the end of dynamic stretching is reduced to low value but about
      0 in order to maintain orientation and to prevent fill slippage and
      shrinkage of the fabric. The tension should usually be below about 20 ppi
      since the breaking strength is low at this point and the fabric would
      tear.
PAR  The stretched fabric 20 is then subjected to cross-linking in the oxidation
      unit 14. The temperature in this unit is maintained between about
      400.degree.F and about 525.degree.F and may be controlled at constant
      temperature within that range or may be gradually or incrementally
      increased to maximum temperature.
PAR  Suitably the preoxidation unit 14 is zoned into two or three different
      compartments 38, 40, 42, at increasingly higher temperature such as
      450.degree., 500.degree. and 525.degree.F. The preoxidation unit 14 may
      also contain as little as two rolls, the number of rolls being a function
      of the residence time necessary for stabilization and conversion of the
      fabric. The rolls 36 are closely spaced and arranged to provide a wide
      wrap of fabric as in unit 12 and though the warp tension is initially at a
      low level at the start of preoxidation, the tension builds up to a higher
      level, typically about 20 to 50 ppi, at the end of oxidation due to
      shrinkage of the fabric caused by the chemical reaction. The rolls 36 are
      suitably independently driven at incremental higher speeds as discussed
      with respect to the rolls 34 in the stretch unit 12.
PAR  The preoxidized fabric is processed to suitably contain between about 5 to
      25% oxygen, preferably about 12 to 15% oxygen, after treatment and over a
      typical residence time of 0.5 to 6 hours. The oxygen content may be
      constant throughout the unit or may be maintained at different levels
      within the zones 38, 40 and 42. Metal oxidation catalysts may be present
      in the fabric to increase the rate of oxidation, permitting lower
      temperatures and/or shorter residence times.
PAR  The catalysts may be of the direct metal ion catalysis of air oxidation
      type such as cobalt, nickel, rhodium, manganese, chromium, copper, silver
      and cerium or of the type that provide chemically enhanced oxidation.
      Periodates, peroxides, permanganates, dichromates and perchlorates are
      typical of the latter type of compounds.
PAR  The preoxidized fabric is now cooled to a low temperature below about
      100.degree.F, suitably to room temperature and may be retensioned to about
      80 ppi before being subjected to firing and graphitization in unit 16. The
      fabric is then fired at a temperature above about 1500.degree.C up to
      about 3000.degree.C during graphitization, suitably at about 2750.degree.C
      for about 0.1 to 10 minutes in an inert atmosphere. A tensioning unit 44
      at the end of the unit 16 may be utilized to apply tension up to 80 ppi to
      the fabric during graphitization. When firing is completed, the fabric is
      cooled and rewound on a driven rewind stand 46.
PAR  A sample of 12-inch fabric was subjected to processing in the stretcher
      unit 12 of FIG. 1 followed by preoxidation under unrestrained conditions
      and under fill shrinkage restraint conditions in the preoxidation unit 14
      of FIG. 1. The results are shown in the following table and in FIG. 2.
TBL                Table 1                                                     
     ______________________________________                                    
     Stretcher/Preox. Run                                                      
     Fabric Width                                                              
          Before    After           Stretched                                  
                                            Preox.                             
     Item Stretch/  Stretch/  %     Warp    Width                              
     No.  inch      inch      Change                                           
                                    Elong./%                                   
                                            Change/%                           
     ______________________________________                                    
     1    11-7/8    11-3/4    -1.0  21.3     --                                
     2    11-7/8    11-3/4    -1.0  20.0     --                                
     3    11-7/8    11-3/4    -1.0  20.0     --                                
     4    11-7/8    11-11/16  -1.6  20.9    -1.3                               
     5    11-7/8    11-3/4    -1.0  21.3    -1.3                               
     6    11-7/8    11-3/4    -1.0  20.6    -1.9                               
     7    11-7/8    11-3/4    -1.0  12.5    -1.9                               
     8    11-7/8    11-3/4    -1.0  12.5    -1.3                               
     9    11-7/8    11-11/16  -1.6  13.1    -1.3                               
     10   11-7/8    11-3/4    -1.0  12.5    -1.9                               
     11   11-7/8    11-11/16  -1.6  11.9    -1.3                               
     12   11-7/8    11-11/16  -1.6  12.5    -1.3                               
     13   11-15/16  11-11/16  -2.1  11.9    -1.9                               
     14   11-15/16  11-11/16  -2.1  12.5    -1.3                               
     15   11-7/8    11-11/16  -1.6  12.5    -1.9                               
     16   11-15/16  11-3/4    -1.6  13.1    -1.9                               
     17   11-15/16  11-3/4    -1.6  12.5    -1.3                               
     18   11-7/8    11-11/16  -1.6  13.1    -2.5                               
     19   11-15/16  11-3/4    -1.6  13.1     --                                
     20   11-15/16  11-13/16  -1.0  13.1    -2.5                               
     21   11-7/8    11-3/4    -1.0  13.1    -1.3                               
     22   11-7/8    11-3/4    -1.0  23.1    -1.3                               
     23   11-7/8    11-3/4    -1.0  26.9    -3.1                               
     24   11-7/8    11-3/4    -1.0  31.3    -1.3                               
     25   11-7/8    11-3/4    -1.0  29.4    -1.9                               
     26   11-7/8    11-3/4    -1.0  29.4    -1.3                               
     27   11-7/8    11-3/4    -1.0  28.8    -1.9                               
     28   11-7/8    11-3/4    -1.0  28.8    -1.3                               
     29   11-7/8    11-11/16  -1.6  28.8    -1.9                               
     30   11-7/8    11-11/16  -1.6  30.0    -1.9                               
     31   11-7/8    11-11/16  -1.6  30.0    -1.3                               
     32   11-7/8    11-11/16  -1.6  29.4    -1.3                               
     33   11-7/8    11-11/16  -1.6  29.4    -1.3                               
     34   11-7/8    11-3/4    -1.0  29.4    -1.3                               
     35   11-15/16  11-3/4    -1.6  29.4    -1.3                               
     36   11-15/16  11-3/4    -1.6  29.4    -1.9                               
     37   11-15/16  11-3/4    -1.6  28.8    -1.3                               
     38   11-15/16  11-3/4    -1.6  30.0    -1.3                               
     39   11-7/8    11-3/4    -1.6  29.4    -1.3                               
     40   11-15/16  11-3/4    -1.6  29.4    -1.9                               
     41   11-15/16  11-3/4    -1.0  29.4    -1.3                               
     42   11-15/16  11-3/4    -1.0  28.8    -1.3                               
     43   11-15/16  11-3/4    -1.0  30.0    -1.3                               
     44   11-7/8    11-11/16  -1.6  30.1    -1.9                               
     45   11-7/8    11-11/16  -1.6  30.1    -1.9                               
     46   11-3/4    11-3/4     0    29.4    -1.3                               
     47   11-7/8    11-15/16   0    30.0    -1.3                               
     ______________________________________                                    
PAR  The warp elongation after stretching varied from about 12% to about 30%
      while the fill shrinkage was about 1% in all cases. Warp elongation after
      stretching and preoxidation decreased about 2% due to some shrinkage that
      occurred. However, fill shrinkage of the unrestrained preoxidized fabric
      was of the order of 18-20% whereas total fill shrinkage after stretching
      and preoxidation conducted in the wide wrap, low span unit of the
      invention was of the order of 1-2%.
PAR  Further batch static tests of fabric have shown that the tensile strength
      is of the order of 200 .times. 10.sup.3 psi for fabric restrained to 0%
      warp direction shrinkage during stretching and preoxidation. When the same
      fabric is treated under unrestrained conditions to 20% shrinkage, the
      tensile strength decreases to 50 .times. 10.sup.3 psi maximum. Therefore,
      it is believed that the fill direction properties if restrained to 0%
      shrinkage would provide a tensile strength of 100-150 .times. 10.sup.3 psi
      and the fill direction of tensile strength for unrestrained, 20% shrinkage
      conditions, would be 50 .times. 10.sup.3 psi or less. Thus, it is apparent
      that the process of the invention provides a significant increase in the
      fill direction properties of the treated fabric.
PAR  Other preferred features of the invention are illustrated in FIGS. 3 and 4.
      In FIG. 3 a set of independently driven rolls illustrating a 270.degree.
      wrap are illustrated. Each intermediate roll such as 50 is disposed
      adjacent to the lead roll 52 and following roll 54 and within a pair of
      parallel planes drawn through the center lines of the rolls 52 and 54. The
      rolls are preferably independently driven at incremental higher speeds in
      order to maintain tension to prevent side-wise slippage of the fabric as
      it is processed through the unit. In FIG. 4 the roll surface may be
      slightly convexly shaped as shown in 56 and the surface 58 of the roll may
      be roughened to increase friction and thus prevent side-wise slippage of
      the fabric during processing.
PAR  Referring now to FIG. 5, the stretch and preoxidation units are combined in
      a preferred feature of the invention. The combined stretch and
      preoxidation unit 60 contains a plurality of rolls 62, each independently
      driven through shaft 64 by a variable speed motor 66. The rolls are
      closely spaced and positioned with respect to the following roll 68 such
      that at least a 180.degree. wrap is provided. The unit is preferably zoned
      into increasingly higher temperature zones such as a first zone 70 in
      which the fabric is heated from ambient to an initial stretch temperature
      of about 200.degree.F up to the onset of preoxidation at 450.degree.F. The
      remainder of the unit is zoned into temperatures of
      450.degree.-475.degree.F in zone 72, 475.degree.-500.degree.F in zone 74
      and 500.degree.-525.degree.F in zone 76. Hot air from manifold 80 is blown
      through the fabric in these zones. The fabric is maintained at a tension
      of at least 5 ppi, preferably at least 10 ppi, by means of brake rolls 82
      and tensioning rolls 84. The pretreated fabric unwinds from supply roll 86
      and after cooling can be rewound on take-up roll 88 before further
      processing in the firing and graphitization unit to provide a finished
      fabric.
PAR  In accordance with the invention, the fabric can be stretched as high as
      45% of the warp direction with as little as 1-2% shrinkage in the fill
      direction. The process of the invention provides significantly increased
      biaxial properties of the fabric and provides a finished product that is
      approximately 15-18% greater in width than fabric treated under
      unrestrained conditions with respect to the fill direction.
PAR  It is to be realized that only preferred embodiments of the invention have
      been described, and that numerous substitutions, alterations and
      modifications are all permissible without departing from the spirit and
      scope of the invention as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous and dynamic method for developing high biaxial modulus in a
      woven graphite precursor fabric comprising the steps of:
PA1  1. stretching the fabric while heating the fabric to a temperature of at
      least 175.degree.F;
PA1  2. preoxidizing the fabric by heating the fabric to a temperature of at
      least 400.degree.F and applying an oxidizing atmosphere to the fabric,
      steps (1) and (2) being conducted while simultaneously applying a warp
      tension of at least 5 pounds per inch up to the breaking strength of the
      fabric to the fabric; and
PA1  passing the tensioned fabric around at least 180.degree. of the alternate
      upper and lower surfaces of at least two closely spaced rolls, the
      tangential distance between said rolls being no more than 12 inches and
      stretching said fabric in the warp direction up to 50% while restraining
      fill shrinkage to no more than 2%.
NUM  2.
PAR  2. A method according to claim 1 in which the fabric is wrapped around at
      least 270.degree. of each roll surface.
NUM  3.
PAR  3. A method according to claim 2 in which the tangential distance between
      adjacent rolls is from 1/2 to 3 inches.
NUM  4.
PAR  4. A method according to claim 3 in which the warp tension is from 10 to 20
      pounds per inch.
NUM  5.
PAR  5. A method according to claim 1 in which the roll surfaces are arcuate,
      convexly shaped.
NUM  6.
PAR  6. An apparatus for continuously processing graphite precursor fabric;
PA1  at least two rolls arranged to receive said fabric wrapped over at least
      180.degree. of the alternate upper and lower surfaces of adjacent rolls;
PA1  roll support means disposed to support the adjacent rolls such that the
      tangential distance between adjacent rolls is no more than 12 inches;
PA1  means to tension the wrapped fabric from at least 5 pounds per inch to
      below breaking strength to stretch the fabric in the warp direction up to
      50% while restraining fill shrinkage to no more than 2%;
PA1  means for applying an oxidizing atmosphere to the tensioned heated fabric.
NUM  7.
PAR  7. An apparatus according to claim 6 in which a plurality of alternate
      rolls are disposed on axial parallel planes, said rolls being separated by
      at least the radius of said rolls to provide an S-wrap of fabric through
      said apparatus.
NUM  8.
PAR  8. An apparatus according to claim 6 further including independent driver
      means associated with each roll for driving each roll at a set,
      predetermined speed.
NUM  9.
PAR  9. An apparatus according to claim 8 further including independent heating
      means for heating each roll to a predetermined temperature successively
      higher than the temperature of the preceding roll.
NUM  10.
PAR  10. An apparatus according to claim 6 including a first stretching chamber
      containing at least two of said rolls and roll support means and including
      first heating means for heating the fabric up to 400.degree.F and a second
      preoxidation chamber including a second set of said rolls and roll support
      means and including said applying means and second independent heating
      means for heating the fabric to a temperature above 400.degree.F.
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ABST
PAL  An improved system for the inhumation of corpses which comprehends the use
      in combination of a group of drawers, honeycomb shaped, prefereably of
      reinforced concrete, waterproof, with calculated foundations and with
      inclination to unload; a drainage through a plastic tube, or of any other
      material, connecting to a bag of the same material or any other of another
      choice, destined to contain hermetically, cadaveric residuals; an access
      valve to the tube permiting the introduction into same of chemical
      dissolvent products, with the fundamental purpose of avoiding air
      contamination; a septic pit acting as final recipient of the drainage
      tube; an injection valve with direct access to the coffin, that permits
      the introduction into it of products or chemical elements, disinfectants,
      disintegrators or dissolvents, in case of premature exhumation or with any
      other purpose; and a valve or connecting faucet to the tube serving as
      drainage to isolate every connection with the other drawers, and exterior
      lids, also on reinforced concrete, hermetical and ornamented on the
      exterior.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention belongs to the field of enterprises dedicated to the
      creation of proper elements for the inhumation of corpses and particularly
      it refers to a structure of drawers advantageously substituting the
      crypts, tombs or conventional graves eliminating through its use the
      problems of space, health, air contamination and aesthetics that have
      affected conventional burial systems.
PAR  2. Description of the Prior Art
PAR  In ancient pagan times men placed their graves in the open air and in
      places as visible as roads, that started at the city gates. Christians
      placed the graves back to the walls of the catacombes, churches and
      cloisters or placed them in the middle of the chaples or in the crossing
      of the aisles in the churches.
PAR  Even before the time of the above mentioned graves, the Egyptian Pyramids
      were known and the closed chambers with conic domes of the Greeks that are
      found in Micenas and Orcomenes.
PAR  A variety of the mural graves are the double or superimposed graves that
      form a single decorative unity, as those to be seen in the chapel of the
      New Kings, in the Cathedral of Toledo.
PAR  The mural graves had their prime within the Middle Ages and dwindled
      afterwards, due to the ecclesiastic position that considered as burial
      places exlusively the communal cementeries, whereas the mural graves were
      reserved to members of the religious orders.
PAR  A difference must be established between the concepts relating to the
      invention of the grave and the hipogeo, because whilst the grave has a
      commemorative finality and projects the idea of externalizing the memory
      of the deseased through monuments, the hipogeo has as ultimate destiny the
      perfection of a concavity in the earth provided by nature, found
      appropriate by men to bury his dead.
PAR  From an architectural point of view, the equivalents of the tombs, graves
      and mausoleums, are the crypts that form together with the above mentioned
      graves of the Middle Ages, the real background of the present invention,
      because while the grave is really a burial cavity effected in the wall,
      the crypt is an underground cavity, the origin of which is found in the
      Roman catacombs that, with the evolution of the religious cult, became
      real underground churches.
PAR  Another antecedent to be mentioned is the type of underground grave,
      typical of the Chaldeans and which is an oblong construction made of
      superimposed bricks that contain a closed funeral chamber with a vault
      made of rows and with the inclined walls resting in it. The general
      dimentions of this type of graves were of 1.52 meters of height by 1.89
      meters of width and 2.13 meters of length. Its side walls closed this kind
      of gallery in which we note the absence of doors, possibly to avoid the
      entrance of water and dust.
PAR  Within the modern era, systems to inhume corpses are known which are
      characterized by the employment of drawers that use as an entrance, a side
      opening made on its longer sides, found in the depth of the earth.
PAR  Usage of surface drawers is known, having as an entrance an opening made in
      either of the shorter side zones of said drawers.
PAR  Up to the date in which this study was requested to be prepared, no system
      whatsoever of inhumation is known to employ superimposed drawers upwards
      and sideways, with internal inclinations and with external drainage to
      eliminate organic residuals, thus avoiding air contamination.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention is to provide a group of rectangular
      drawers in line, in one block and with an entrance preferably made in the
      shortest sides, back to back with another similar block, with inclinations
      of drainage in the internal zones, for the inhumations of human corpses.
PAR  Another object of the present invention is to provide a system of drainage
      to eliminate residuals of inhumated corpses in drawers built in blocks,
      honeycomb shaped consisting in coupling to a plastic or polyethylene bag
      or of any other material, and attaching to the inferior side of it, a tube
      of any of the above mentioned materials with an exit hole destined to
      eliminate the residuals into a septic pit containing chemical products for
      the destruction of microbes and organic elements which are the product of
      corpses residuals.
PAR  Another object of this invention is to provide in the inferior extreme of
      the plastic bag a tube with an injection valve that permits the
      introduction into the coffin of chemical products, disinfectants,
      disintegrators or dissolvents in case of premature exhumation or with any
      other purposes.
PAR  Another purpose of this invention is to provide in the drainage tube,
      destined to discharge the cadaveric residuals, a valve or faucet that
      isolates all connections with other drawers, allowing its individual
      functioning.
PAR  Another purpose of this invention is to provide an improved system for the
      inhumation of corpses consisting in providing for a plastic bag, or any
      other suitable material for containing human residuals, sealed by heat in
      order to maintain a hermetic seal, connecting in its inferior side with a
      plastic tube of drainage or any other material to which an extracting
      valve is coupled to dissolve, being able also to connect it to another
      tube to which an injection valve is coupled for chemical elements.
PAR  An ultimate object of this invention is to provide a system of inhumation
      that employs a combination of rectangular drawers with internal
      inclination; a plastic bag hermetically sealed; a plastic tube or of any
      other material for drainage; an injection valve coupled directly to the
      coffin and a system of hermetic external sealing, with a decorative
      superimposed plaque.
PAR  These and other objects of the invention may be deducted when the following
      drawings and descriptions of same are taken into consideration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a frontal view with conventional perspective of the
      structure based on drawers which is the object of the present invention.
PAR  FIG. 2 shows a lateral view of the structure based on drawers which is the
      object of the present invention, eliminating the corresponding lid.
PAR  FIG. 3 illustrates a partial sectional view along lines 2--2 of FIG. No. 1,
      showing the internal disposition of the coffin, of the plastic bag
      containing it and the tube connected to same.
PAR  FIG. 4 shows a view in conventional perspective of the inferior portion of
      the plastic bag, that connects with the tubes of the same material the
      purpose of which is the drainage and the injection valve.
PAR  FIG. 5 shows a view in partial sectional view along lines 3--3 of FIG. No.
      1, illustrating the preferential disposition of the tubing and its
      external connections.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Proceeding to an even deeper description of the invention and particularly
      within FIG. No. 1, number 6 identifies the drawers of concrete,
      waterproof, in their superimposed positions, vertically and lengthwise,
      the access of which is covered by a first lid 7 and a second covering in
      the front part made of durable materials with external decorative
      finishing 8. Within FIG. No. 2, number 9 identifies the deposit cavities
      seen laterally, with the internal extremes 10 back to back to a central
      wall 11 with an inclination relation 12 sloping toward the central wall
      (11) for drainage purposes. The initial step of the present invention is
      to introduce the coffin 13 (See FIG. 3) into a plastic bag 14 which is
      sealed through heat or any other system, guaranteeing a hermetical
      sealing. At the inferior extreme 15 of the plastic bag (14), a plastic
      tube 16 is coupled freely descends to a septic pit 17. This coupling is
      effected through the use of perforable diaphragms and screws. The septic
      pit 17 contains chemical products therein for destroying microbes and
      avoiding air contamination. An access valve 18 is coupled to said tubing
      (16) with the object of allowing the introduction from the outside of
      chemical products that will produce the dissolution of the tubing with the
      ultimate end of avoiding air contamination.
PAR  The construction of individual tubings for drainage 19 (FIG. No. 5) are
      being contemplated in order to avoid unnecessary contaminations thay may
      be produced when withdrawing any of the coffins from the bags in case of
      using common drainage for the complete structure.
PAR  Another characteristic consists in using an injection valve 20 (FIG. No. 3)
      that permits the introduction into the coffin of chemical elements with
      the object of disinfecting.
PAR  An additional characteristic consists in using a valve or faucet 21 (FIG.
      No. 3) that isolates the operation of the drainage in each drawer,
      avoiding thus a possible contamination with the other drawers.
PAR  It must be understood that the form, materials and modus operandi employed
      to illustrate the invention are simple variations of the same, but the
      innovations that conform it are constant in relation to the other
      modifications that the experts may conceive in this art based on the
      described elements.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for the elimination of organic residuals in the inhumation
      of a plurality of corpse-containing coffins, comprising:
PA1  a plurality of vertically arranged drawers, each drawer having an
      entranceway allowing the coffin to be placed therein, and each drawer
      having an internal inclination for drainage purposes for eliminating the
      organic residuals;
PA1  a plastic or polyethylene bag completely surrounding and hermetically
      sealing each of the coffins;
PA1  a common septic pit;
PA1  a tubing means connected to the interior of each of the coffins and passing
      through each of said bags for transporting the organic residuals to said
      septic pit and for isolating the organic residuals contained in every
      coffin from each other coffin;
PA1  a separate injection valve means connected to each of the coffins and
      passing through said hermetically sealed plastic bag for allowing a
      chemical composition to be repeatedly introduced to each coffin for the
      purpose of disinfection and the prevention of air contamination, wherein
      each of the coffins utilizes a different injection valve means than every
      other coffin; and
PA1  hermetically sealed exterior lids for closing the entranceway of each of
      said drawers when a coffin is introduced therein.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said drawers are arranged both
      vertically and longitudinally.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said drawers and said exterior
      lids are constructed of waterproof, reinforced concrete.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said tubing means and said
      injection valve means are coupled to said plastic bag by perforable
      diaphragms and screws.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said septic pit contains
      chemicals for destroying microbes and for preventing air contamination.
NUM  6.
PAR  6. An apparatus according to claim 8 further including an access valve
      connected to said tubing member for the introduction of chemicals to
      produce the dissolution of said tubing member.
NUM  7.
PAR  7. an apparatus according to claim 1 wherein said tubing means comprises a
      separate tubing member for each coffin.
NUM  8.
PAR  8. An apparatus according to claim 1 wherein said tubing means comprises a
      single tubing member connected to all of said coffins for transporting the
      organic residuals to said septic pit, and a plurality of valve means
      provided in said tubing member, one of said valve means in association
      with each of said coffins for isolating the organic residuals contained in
      every coffin from each other coffin.
NUM  9.
PAR  9. An apparatus according to claim 7 further including an access valve
      connected to each of said tubing members for the introduction of chemicals
      to produce the dissolution of each of said tubing members.
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ABST
PAL  An apparatus for aligning the edges of a stack of sheets comprises a base
      and two plates mounted on the base for movement independently of one
      another. An oscillatory drive arrangement imparts oscillatory motion to
      the plates, the amplitude, frequency and orientation of the oscillatory
      movement being independently adjustable for each of the plates. A stack of
      sheets the edges of which are to be aligned is arranged on the plates so
      as to be supported on the plates on their support edges, and the
      oscillatory motion causes the individual sheets to move in a predetermined
      direction until the leading edges of the individual sheets reach an
      abutment preventing further movement of the sheets. A substantial volume
      of low-pressure air is blown between the individual sheets so as to
      separate them from one another and facilitate their independent movement
      toward the abutment. A pair of upright walls extends parallel to the
      direction of movement of the sheets so as to laterally support the stack.
      A method of aligning the sheet edges is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and an apparatus for aligning the
      edges of adjacent sheets arranged in a stack, such as paper sheets,
      paperboards, cardboards and the like.
PAR  In many fields of human endeavor, such as in the paper manufacturing,
      printing and packaging industries, there is a need for accurately aligning
      the edges of sheets arranged in a stack, for instance, for subsequent
      printing, trimming or binding operations. In many instances, particularly
      when the sheets are already provided with fresh printed indicia thereon,
      it is also necessary to assure that the individual sheets of the stack are
      separated from one another by an air cushion at least during the alignment
      operation so as to prevent smudging of the fresh print or transfer thereof
      from one sheet to another as the individual sheets conduct movement
      relative to one another.
PAR  To achieve these objectives, it is already known to provide an apparatus
      having a base and a plate on which the individual sheets are being stacked
      or to which the stack is supplied, and to subject the stack to oscillatory
      motion by vibrating the plate. However, experience has shown that such an
      apparatus obtains unsatisfactory results due to the fact that all of the
      individual sheets are subjected to the same oscillatory motion so that the
      sheets show indifferent behavior with respect to one another, that is they
      move in unison, at least up to the time that some of the leading edges of
      the sheets in the direction of movement of the stack abut against an
      abutment element. In addition thereto, there is a tendency of the
      individual sheets to adhere to one another, either due to the friction
      between the sheets or to the electrostatic charge thereon, or for any
      other reasons. As a result of this the movement of some of the sheets may
      terminate before the leading edge thereof reaches the abutment element.
PAR  There are also already known apparatuses in which the problem of the
      individual sheets adhering to one another during or subsequently to the
      stacking operation has been avoided or at least substantially so by
      introducing air between the individual sheets so as to in effect form air
      cushions between the same. However, because of the inherently low
      stability of the paper sheets, paperboards or cardboards, the alignment of
      the edges of the sheets while air is introduced between the individual
      sheets has encountered considerable difficulties. As a result of this, the
      heretofore known devices for aligning the edges of the adjacent sheets
      have found only a limited application, particularly because of the
      cumbersome and unreliable operation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to avoid the disadvantages
      of the prior-art devices for aligning the edges of stacked sheets.
PAR  It is a further object of the invention to provide a new and improved
      method of aligning the edges of sheets, such as paper sheets, cartons and
      cardboards arranged in a stack, which method is simpler and more reliable
      than the previously known methods.
PAR  Still another object of the invention is to provide a device for aligning
      the edges of sheets of relatively large dimensions, such as paper sheets,
      cartons or cardboards in a reliable manner so that no further manual
      operations are needed for achieving a throughout correct edge alignment
      thereof.
PAR  In keeping with these objects, and others which will become apparent
      hereafter, one feature of the invention resides in a device for aligning
      the edges of paper sheets, cartons and cardboards, in a bottom plate upon
      which paper sheets, cartons and cardboards are stacked in vertical
      positions, the bottom plates being subdivided in at least two
      independently mounted oscillatory plates, each of which is operated by an
      independent drive arrangement.
PAR  Paper sheets, cartons and/or cardboards may be supplied onto the mutually
      independently mounted oscillatory plates, each of which is actuated by its
      own independent drive arrangement. In order to achieve proper operation,
      the individual drive arrangements operate in such a manner as to avoid
      mutually insensitive and indifferent behavior affecting the stack of the
      material to be aligned during the aligning motion or vibration.
PAR  Thereby, for obtaining the best possible alignment of the material stack,
      each one of the driving arrangements is adjustable in regard to the
      direction, frequency and amplitude of the swinging motion effected.
PAR  In the device according to the invention, it is further provided for
      preventing the material in the stack to suffer any possible damage or
      mutilation that could be caused by the oscillating plates performing
      mutually interdependent shaking movements. According to one of the
      features of the invention, the adjacent oscillatory plates are equipped on
      their surfaces facing the stack of sheets to be aligned with support bars
      extending parallel to one another, the bars of one of the plates
      alternating with the bars of the other plate. The support bars located on
      one of the oscillatory plates protrude across and beyond the slot
      separating the oscillatory plates and partly enter the intermediate spaces
      between the support bars arranged on the other of said oscillatory plates.
      It is particularly important that the support bars on only one of said
      oscillatory plates transgress said slot between the oscillatory plates.
      Otherwise, the aligning effect in this transitional zone could be
      hampered, the vibrations of the material stack could be infavorably
      affected and, under certain conditions, a failure in the stacking
      operation could occur.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially cross-sectioned side elevational view of a device
      according to the invention;
PAR  FIG. 2 is a top plan view of the oscillatory plates used in such a device;
PAR  FIG. 3 is a cross-sectional view of the swinging plates taken on line
      III--III of FIG. 2; and
PAR  FIG. 4 is a cross-sectional view of the swinging plates taken on line
      IV--IV of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Discussing the drawing in detail, and firstly FIG. 1 thereof, it will be
      seen that the edge-aligning device according to the invention includes a
      base 1 which is provided with carrier projections 1a. A plate 2 is mounted
      on the base 1 for movement relative thereto, and a plurality of elastic
      elements 3 extends between the respective carrier projections 1a and the
      plate 2, being attached thereto and supporting the same on the base 1.
PAR  It may be seen from FIGS. 2 to 4 that the plate 2 is subdivided into two
      plates 2a and 2b, each of which is mounted on the base 1 independently of
      the other. With each plate 2a and 2b, there is operatively associated an
      oscillatory drive unit 4a and 4b, respectively, which is adapted to impart
      to the respective plate 2a or 2b an oscillatory motion, the amplitude,
      frequency and direction of which can be adjusted independently of the
      oscillatory motion being simultaneously imparted to the other plate 2b or
      2a. While the currently preferred embodiment of the invention utilizes two
      independent drive units 4a and 4b, it is to be understood that there may
      be provided a common power unit independently imparting oscillatory
      motions to the two plates 2a and 2b. The drive units themselves are of
      conventional design and, therefore, not discussed in detail. It is only
      pointed out that they may be of the electromotor type, or the
      electromagnetic type or of the hydraulic or pneumatic type depending on
      the design considerations. A very important consideration in selecting the
      proper drive units is, however, that the units be of the type in which it
      is possible to gradually control the amplitude, frequency and direction of
      the oscillatory motion by electronic, mechanical or hydraulic means.
PAR  The drive units 4a and 4b, in the currently preferred embodiment of the
      invention, are located underneath the respective plates 2a and 2b, and
      spaced from the elastic elements 3 so that the respective plates 2a and 2b
      are connected to the base 1 via the elastic elements 3 and the respective
      drive units 4a and 4b, each of which permits relative displacement of the
      respective plate 2a or 2b with respect to the base 1.
PAR  A plurality of carrier rods 14a, 14b is attached to the upper surface of
      each of the plates 2a and 2bwhich are located adjacent one another being
      separated from one another by a gap. The rods of the two plates 2a and 2b
      extend parallel to one another, separated by interspaces 17a, 17b, the
      rods 14a of the plate 2a being staggered with respect to the rods 14b of
      the plate 2b. The rods 14a of the plate 2a project across and beyond the
      gap between the two plates 2a and 2b and into the spaces between the rods
      14b of the plate 2b. The projecting portions of the rods 14a are always
      out of contact with the rods 14b, regardless of the respective oscillatory
      motions being imparted to the plates 2a and 2b.
PAR  The plates 2a and 2b, and particularly the rods 14a and 14b are adapted to
      support a stack 15 of adjacent sheets to be edge-aligned on support edges
      of the sheets, and to impart oscillatory motion thereto. Since the two
      plates 2a and 2b are being driven into oscillation by two independently
      adjustable drive units 4a and 4b, two different oscillatory motions are in
      fact imparted to two different regions of the stack 15 so that the
      substantially vertically oriented sheets in these two regions will perform
      different motions. As a matter of fact, when the friction between the
      individual sheets comes into the picture, the result will be that each of
      the sheets will conduct a movement at least slightly different from the
      movement of the adjacent sheets. As a result of this, the sheets will not
      move in unison but rather individually.
PAR  In order to avoid the possibility that the adhesion of the sheets to one
      another would impair their independent movements, which adhesion may be
      the result of an electrostatic charge on the individual sheets, the
      excessive friction between the individual sheets or other factors, and in
      order to prevent smudging of not yet completely dry printed indicia on the
      individual sheets if such are provided, air is admitted between the
      individual sheets in order to separate the same from one another either
      prior to and/or during the edge-alignment thereof. To achieve this, the
      currently preferred embodiment of the device according to the invention
      comprises four pairs of nozzles 5, 6, 7, 8 which are directed into the
      space above the plates 2a and 2b. A substantial quantity of air at low
      pressure is supplied to the nozzles 5, 6, 7 and 8, being propelled by
      blowers 9, 10, 11 and 12, respectively. The nozzles 5, 6 and 7, 8 are
      preferably arranged in vertical rows adjacent the lateral sides of the
      plates 2a and 2b, and are mounted on a substantially U-shaped frame 13
      which is mounted for displacement forwardly and rearwardly with respect to
      the plates 2a and 2b. In this manner, air will be blown between the
      individual sheets of the stack 15 in various regions thereof. It is to be
      understood that any other number or arrangement of the nozzles or of the
      blowers is also possible depending on the particular requirements.
PAR  In order to increase the versatility of the device according to the
      invention and the possibility to use the same for edge-alignment of sheets
      of different major surface areas, a pair of upright front and rear walls
      20 and 21 is mounted on the plates 2a and 2for displacement with respect
      thereto. The walls 20 and 21 restrain the movement of the stack 15 to only
      one direction, that is from one of the lateral sides of the plates 2a, 2b
      to the other lateral side. An abutment element 16 is arranged adjacent the
      other lateral side and provides for limiting the extent of movement of the
      individual sheets in the above-mentioned direction.
PAR  The operation of the device according to the invention will now be
      described.
PAR  The stack 15 of the sheets to be edge-aligned is rotated by 90.degree. from
      a position in which the sheets are superimposed, and positioned on the
      bars 14a and 14b of the plates 2a and 2b between the upright walls 20 and
      21, while the drive units 4a and 4b are still inoperative. The oscillatory
      characteristic of the drive units 4a and 4b is adjusted to the type of
      material to be edge-aligned, for instance by adjusting the angular
      position of the drive units 4a and 4b so as to properly select the
      desirable values of the components of the oscillatory motion in the X and
      Y directions indicated by arrow in FIGS. 1 and 4. The X and Y components
      of the oscillatory motions of the plates 2a and 2b are preferably selected
      differently from one another so that, once the drive units 4a and 4b are
      activated, different oscillatory motions will be imparted to different
      regions of the stack 15.
PAR  Prior to the activation of the drive units 4a and 4b, however, the abutment
      element 16 is displaced from its rest position indicated in FIG. 1 to an
      extended position closely adjacent the right-hand side of the stack 15 as
      seen in FIG. 1, and the blowers 9, 10, 11 and 12 are energized so as to
      deliver air to the nozzle pairs 5, 6, 7 and 8. The air emitted from the
      nozzles 5, 6, 7 and 8 penetrates between the individual sheets of the
      stack 15, thus effectively separating them from one another. Since the
      frame 13 is displaceable forwardly and rearwardly, eventually all of the
      individual sheets will be separated from one another. After this
      preaeration operation is performed, the drive units 4a and 4b are
      activated and impart to the plates 2a and 2b oscillatory motions at high
      frequency and low amplitude. The relatively small Y component of the
      oscillatory motion results in alignment of the stack 15 on the support
      edges thereof which rest on the bars 14a and 14b. On the other hand, the
      relatively large X component of the oscillatory motion causes the
      individual sheets, groups of the same and/or the entire stack 15 to travel
      in the direction toward the abutment element 16, and when the leading
      edges of the individual sheets come into contact with the abutment element
      16, the movement of the individual sheets in this direction is terminated.
      The movement of the individual sheets is greatly enhanced by the fact that
      the air is admitted between the individual sheets through the nozzles 5,
      6, 7 and 8. In addition thereto, the admission of the air between the
      sheets assures their effective separation from one another by air cushions
      so that, as the individual adjacent sheets are displaced relative to one
      another, the smudging of the possibly freshly printed indicia is
      prevented.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the type described above.
PAR  While the invention has been illustrated and described as embodied in a
      device for aligning the edges of sheets, it is not intended to be limited
      to the details shown, since various modifications and structural changes
      may be made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A device for aligning the edges of a plurality of adjacent sheets
      arranged in a stack comprising, in combination, a base; at least two
      plates mounted on said base laterally adjacent one another for independent
      movement with respect to said base and to each other, and defining with
      one another an elongated gap, each of said plates having an upper side
      provided with a plurality of spaced parallel bars operative for supporting
      the stack of laterally adjacent sheets thereon and extending transverse to
      the elongation of said gap, said parallel bars having end portions which
      extend across said gap and interdigitate with but do not contact the end
      portions of the bars on the respective other plate; motion-imparting means
      for independently imparting oscillatory motion to each of said plates to
      cause attendant displacement of the individual sheets of the stack in a
      predetermined direction; and abutment means extending transversely of said
      direction for abutment with the leading edges of the sheets which are
      being displaced, whereby the extent of such displacement in said direction
      is limited so that the leading edges of the sheets become aligned with one
      another.
NUM  2.
PAR  2. A method of aligning the edges of a plurality of adjacent sheets
      arranged in a stack, comprising the steps of supporting the stack on the
      support edges of the laterally adjacent sheets; subjecting the support
      edges of only some of the adjacent sheets to an oscillatory force and the
      support edges of others of the adjacent sheets to a different oscillatory
      force with attendant differential displacement of the individual adjacent
      sheets of the stack in a predetermined direction; and aligningly engaging
      the leading edges of the individual adjacent sheets so as to terminate
      said displacement thereof so that the leading edges become aligned with
      one another.
NUM  3.
PAR  3. A method as defined in claim 2; and further comprising the step of
      blowing gaseous fluid between the respective sheets of said stack.
NUM  4.
PAR  4. A device for aligning the edges of a plurality of adjacent sheets
      arranged in a stack, comprising first and second means for supporting the
      stack on the support edges of the laterally adjacent sheets; means for
      subjecting said first supporting means and thereby the support edges of
      only some of the laterally adjacent sheets to a first positive oscillatory
      force and for subjecting said second supporting means and thereby the
      support edges of others of the adjacent sheets to a different second
      positive oscillatory force with attendant differential displacement of the
      individual adjacent sheets of the stack in a predetermined direction; and
      means for aligningly engaging the leading edges of the individual adjacent
      sheets so as to terminate said displacement thereof so that the leading
      edges become aligned with one another.
NUM  5.
PAR  5. A device as defined in claim 4; and further comprising means for blowing
      gaseous fluid against the edges of said sheets for penetration between the
      sheets of said stack.
NUM  6.
PAR  6. A device as defined in claim 4, wherein each of said supporting means
      includes at least one independent plate and wherein said subjecting means
      includes at least two independent drives, one for each of said plates.
NUM  7.
PAR  7. A device as defined in claim 4, wherein each of said supporting means
      includes at least one independent plate; and wherein said subjecting means
      includes at least two drives, each acting upon one of said plates and each
      being adjustable independently of the other with respect to the direction,
      frequency and amplitude of the oscillatory motion which it imparts to the
      associated plate.
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PAL  Knitted garment portions are manufactured in a continuous web of such
      portions, with each garment portion being attached to the succeeding
      garment portion in the web by a separating thread that is intended to be
      subsequently removed; in accordance with the invention, the separating
      thread is made of a heat sensitive filament which melts or is destroyed
      when heat is applied, thereby separating the garment portions; heated air
      is directed at an oblique angle to downstream motion of the web and melts
      the separating thread on the trailing edge of each garment portion.
PARN
PAR  This is a Continuation-in-Part of application Ser. No. 343,852, filed Mar.
      22, 1973 now abandoned.
BSUM
PAR  This invention relates to a method for separating garment portions that
      were originally manufactured in the form of a continuous web, and
      particularly to a method for removing the separating thread between
      neighboring knitted garment portions which are produced in a continuous
      web by a continuous knitting machine.
PAC  BACKGROUND OF THE INVENTION
PAR  Knitted garments are manufactured in separate portions, such as the body of
      a sweater or shirt, the collar, sleeve, cuff, etc. Complete garments are
      thereafter stitched together from various portions. A continuously
      operating knitting machine is programmed to produce a continuous web
      comprised of succeeding identical garment portions, e.g. a continuous web
      of knitted shirt collars, with succeeding garment portions being joined by
      a knitted-in separating thread.
PAR  Each garment portion has a finished and an unfinished edge. The finished
      edge is the one exposed to view when the garment portion is assembled in
      the completed garment, e.g. the edge of a cuff. The unfinished edge is
      sewn into the seam joining the garment portion to the remainder of the
      garment.
PAR  A knitting machine may use one or more spools or supplies of yarn or
      thread. A predetermined number of rows of a particular color or type of
      yarn or thread is knitted. Then the knitting machine may switch to another
      type of yarn or thread and continue the knitting process. Upon completion
      of a single garment portion in a continuous web of garment portions, the
      knitting machine is programmed to finish the edge of the garment portion
      in the web to make the finished edge so that it will not unravel. Then,
      without interrupting the continuous knitting process, the machine switches
      to what is known in the art as a spearating thread, and one or more rows
      of separating thread is knitted. Thereafter, the machine switches back to
      the original yarn and begins knitting the next garment portion in the web
      starting at the edge of that portion which is raw and unfinished. Each
      succeeding garment portion in the web is thus joined to the respective
      preceding garment portion by separating thread. The continuous web is
      wound on a beam and the beam is brought to where garments are to be made.
PAR  Before garments are manufactured from the garment portions produced in the
      continuous web, the separating thread between adjacent garment portions
      must be removed. It is conventional to manually remove the separating
      thread by pulling it out and/or unraveling the separating thread, or to
      perform this removal and/or unraveling procedure semi-automatically, with
      an operator holding the garment while the separating thread is pulled out.
PAR  Because of time delays associated with the manual or semi-automatic steps
      in removing separating thread, it is also known to form the separating
      thread out of a material that is soluble in water or other appropriate
      fluid. The web of garment portions is passed through heated, even boiling,
      water or other appropriate solvent and the correspondingly selected
      separating thread is melted and dissolves away leaving the separate, but
      not wet and perhaps somewhat damaged, garment portions. An appropriate
      drying procedure is thereafter needed, requiring expenditure of extra time
      and effort.
PAR  Finally, it is known to form the separating thread of a material that
      deteriorates in the presence of heat. Attempts have been made to develop a
      dry process using such a separating thread formed from a specially
      developed synthetic filament. With the application of hot air or radiant
      heat, the thread would melt or materially deteriorate so as to separate
      the knitted garment portions. This has led to the significant problem of
      the presence of a separating thread residue on the finished (upstream)
      edge of all of the separated garment portions. In addition to eliminating
      the residue on the finished edge of the garment portion, it is
      advantageous to use a synthetic material for the separating thread whose
      melt temperature is lower than that of the yarn used to form the garment
      portion. This would, of course, be a problem in connection with garment
      portions of synthetic filament yarns.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to temporarily join
      garment portions in a web by use of a separating thread and to thereafter
      simply and effectively remove the separating thread.
PAR  It is another object of the invention to remove the separating thread
      without leaving any residue of separating thread on the finished edge of a
      garment portion.
PAR  It is further object of the invention to realize the foregoing objects
      using any of a wide variety of commercially available, low temperature
      filaments as separating thread.
PAR  These and other objects will become apparent from the following summary and
      detailed descriptions of the invention.
PAR  In accordance with the invention, any of a wide variety of separating
      threads for knitting garment portions together is selected. The separating
      thread must have the characteristic that it melts or is otherwise
      destroyed in the presence of heat and it is preferable that the separating
      thread melt or destruction temperature is below the temperature which will
      adversely affect the knitted garment portions which the separating thread
      joins. For example, a low temperature nylon filament manufactured and sold
      by Monofilament Company of Waynesboro, Virg. Va. be used. A conventional
      continuous web of garments portions, preferably knitted garment portions,
      is formed. The garment portions are conventionally joined by separating
      thread, e.g. by a continuous knitting process of the garment portions and
      the separating thread. The web is arranged so that the finished edge of
      each garment portion is its trailing or upstream edge and the unfinished
      or raw edge of the garment portion is its leading or downstream edge as
      the web is moved.
PAR  The web passes through an oven wherein the web is subjected to a continuous
      blast of hot air. The blast of hot air is oriented to impinge upon the web
      moving through the oven in the downstream direction and more particularly
      the blast of hot air impinges upon the web obliquely to its direction of
      extension and movement through the oven and generally in a downstream
      direction. The heated air is directed at an oblique angle to the direction
      of travel of the web through the oven so that the heated air initially
      impinges mostly on the upstream or trailing finished edge of the garment
      portion. With a slight tensioning of the web, the separating thread is
      parted at the finished edge of each garment portion, leaving all of the
      filament residue on the unfinished edge of the succeeding garment portion.
      The unfinished edge of each garment portion is eventually seamed together
      with an adjoining other garment portion on the garment. The filament
      residue is tucked in and incorporated into the finished seam, so that it
      cannot be seen. Means are provided for moving the continuous web into the
      oven, for moving the web and garment portions through the oven, for
      tensioning the web as it is subjected to hot air and for collecting the
      separated garment portions after they exit from the oven.
PAR  There is coordination of the precise type of separating thread filament
      used, its thickness, the length of the path of travel of the web while it
      is being exposed to the blast of hot air, the time of exposure of each
      section of the web to hot air, the heat sensitivity of the yarn used in
      manufacturing the garment portions, and the temperature of the air
      impinging upon the web moving through the oven all so as to desirably melt
      the separating thread and to clear all residue of separating thread from
      the trailing, finished edge of each garment portion. The foregoing method
      and apparatus are beneficial in that the garment portions are kept dry
      because no liquid or solvent is needed to remove the separating thread.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing will be better understood from the following description of
      the accompanying drawings, in which:
PAR  FIG. 1 is a schematic perspective view showing an apparatus in accordance
      with the invention for practicing the method in accordance with the
      invention.
PAR  FIG. 2 is a representation of the connection by means of separating thread
      between two neighboring garment portions before the garment portions have
      been operated upon in accordance with the invention.
PAR  FIG. 3 is a representation of the same garment portions after they have
      been operated upon in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  By means of a standard knitting machine (not shown), a continuous web 10 of
      garment portions 12, 14, and the like have been knitted. Turning to FIG.
      2, garment portion 12 has a downstream or leading edge 16 which is its
      unfinished edge. Garment portion 14 has an upstream or trailing edge 18
      which is its finished edge that should be free of any residue of
      separating thread.
PAR  At least one row of separating thread 20 has been knitted between
      unfinished edge 16 and finished edge 18. There may may be additional rows
      of separating thread for enlarging the space between edges 16 and 18 for
      better access to hot air or for other reasons, although the more
      separating thread that is used, the more residue that remains after
      operating upon the web according to the invention. The separating thread
      is formed of a low temperature filament, e.g. low temperature nylon.
PAR  Returning to FIG. 1, web 10 of attached garment portions is unwound, and is
      then moved toward the heating means described below by belt 22, which belt
      is driven by roller 24 and is carried on idler roller 26. Roller 24 and
      belt 22 cooperate with and rotate with roller 28. Roller 28 is biased
      toward roller 24 to engage the web at the nip of the rollers and pull web
      10 therebetween, thereby to move the web of garment portions into heating
      zone 30. Rollers 24 and 28 are driven by conventional means to rotate past
      each other at the same rate. In heating zone 30, garment portions 32, 34
      move over guiding and supporting roller 36 which is driven with,
      cooperates with and is biased against roller 38. Conventional drive means
      (not shown) drive rollers 36, 38 so that they move at the same rate at
      their nip or point of contact. Preferably, the rate of motion at the nip
      of rollers 36, 38 is slightly greater than the rate of movement at the nip
      of rollers 24, 28 so as to draw the neighboring garment portions, here
      shown as 32, 34, apart.
PAR  In heating zone 30 is located hot air blowing heating means 40, which
      comprises a conventional fan 42 that blows heated air through a conduit 44
      in which there is a heating means 46 to heat the flowing air. The now
      heated air moves into duct 48 which has an outlet 50 of sufficient width
      to extend at least across and preferably a little wider than the greatest
      width portion of garment portions 32, 34 and which has a length along the
      direction of extension of the garment portions sufficient to allow hot air
      to be blown against the web to melt the separating thread 20 between
      neighboring garment portions to the desired extent.
PAR  What is significant about duct 48 and its outlet 50 is the orientation
      thereof with respect to the web as the web moves past the duct. The duct
      is oriented so that the blown hot air is directed at an angle transverse
      to the web, oblique to the direction of extension of the web as it moves
      past the duct so that the air is directed to impinge directly upon the
      finished edge of a pair of cooperating edges that have been joined by
      separating thread. In the usual situation illustrated herein, the finished
      edge of a garment portion, such as portion 14, is its upstream or trailing
      edge 18 and duct 48, 50 is therefore oriented to deliver hot air obliquely
      downstream and, therefore, principally against the finished edge of each
      garment portion. As the web is moving in the downstream direction, it is
      preferable that the blast of air be obliquely downstream, in cooperation
      with the direction of movement of web 10 through the heating zone. In an
      alternate arrangement, it may be more preferable to have the web arranged
      so that the finished edge of each garment portion is its downstream or
      leading edge rather than its upstream or trailing edge and the oblique
      orientation of the hot air duct would, therefore, be altered so that the
      duct is blowing air upstream, rather than downstream.
PAR  FIG. 3 depicts what will happen to garment portions 12, 14 after they have
      moved past duct 48, 50. The heated air from duct 48, 50 is directed to
      cause the separating thread 20 to melt and deteriorate on the finished,
      trailing edge 18 of garment portion 14. At the same time, cooperating
      rollers 36, 38 are drawing the leading or downstream garment portion 14
      away from the trailing garment portion 12. The direction of the heated air
      cooperates with the movement apart of the garment portions to leave the
      residue of separating thread 20 on the unfinished edge 16 of the trailing
      garment portion 12. The separation of the garment portions is now
      completed and the residue is all away from the finished edge 18 of garment
      portion 14.
PAR  Returning to FIG. 1, the now separated garment portions 52, 54, etc. fall
      or are deposited upon conventional conveyor 56, which is operated by
      rollers 57, 58 which are conventionally driven (by means not shown) and
      which carry the garment portions to and deliver them to receptacle 60. The
      garment portions are now ready for further processing into complete
      garments.
PAR  There has just been described one embodiment of an apparatus for and of a
      method for automatically removing any heat destructible separating thread
      that is between adjacent garment portions in a continuous web of such
      portions, without any manual operations being required in the separating
      procedure, and without having to wet or otherwise adversely affect the
      condition of the garment portions and leaving the finished edge of each
      garment portion free of residue. the foregoing is accomplished by
      providing a separating thread of heat disintegratable material, moving the
      continuous web of garment portions held together by separating thread past
      the heating zone and blowing heated air at an oblique angle to the web and
      oriented to impinge directly upon the finished edges of each garment
      portion, thereby to disintegrate the separating thread while freeing the
      finished edge of each garment portion of any residue.
PAR  Although the present invention has been described in connection with a
      preferred embodiment thereof, many variations and modifications will not
      become apparent to those skilled in the art. It is preferred, therefore,
      that the present invention be limited not by the specific disclosure
      herein, but only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Process for removing the separating thread that is between garment
      portions, the garment portions having been manufactured in the form of a
      continuous web of garment portions, with each garment portion having a
      finished edge and an unfinished edge, and each garment portion finished
      edge being joined to the unfinished edge of the neighboring garment
      portion by separating thread, and the separating thread being of the type
      to be destroyed by heat, said process comprising:
PA1  moving the web through a heating zone generally along a particular
      direction;
PA1  heating air to a temperature sufficient to destroy the separating thread
      and blowing the heated air from a source above the surface of the web
      against a surface of the web to define the heating zone and controlling
      the air flow so as to form a stream of heated air that is concentrated
      over a relatively short length of the web along the particular direction
      and over the entire width of the web and the entire stream being
      controlled to blow in a direction that is obliquely transverse to the
      particular direction of the web and such that the heated air is aimed to
      strike the finished edge of each of the garment portions that is joined by
      separating thread thereby initially destroying the separating thread on
      the finished edge of each previously joined garment portion such that the
      separating thread recedes from the finished edge and the residue of the
      separating thread remains on the unfinished edge of each previously joined
      garment portion.
NUM  2.
PAR  2. The process of claim 1, wherein the web moves through the heating zone
      at a first speed; the further step of drawing the downstream one of the
      joined garment portions in the particular direction faster than said first
      speed of the web moving through the heating zone.
NUM  3.
PAR  3. The process of claim 1, wherein before moving the web through the
      heating zone, both the web and the garment portions are oriented such that
      the finished edge of each garment portion is its trailing, upstream edge
      with respect to the particular direction and the unfinished edge of the
      garment portion is its leading, downstream edge;
PA1  the air being blown in a direction oblique to the direction of extension of
      the web and downstream of the web with respect to the particular
      direction.
NUM  4.
PAR  4. The process of claim 3, wherein the web moves through the heating zone
      at a first speed; the further step of drawing the downstream one of the
      joined garment portions in the particular direction faster than said first
      speed of the web moving through the heating zone.
NUM  5.
PAR  5. The process of claim 3, wherein the length in the particular direction
      of the heating zone, the air temperature of the air being blown in the
      heating zone, the nature and thickness of the separating thread and the
      speed of movement in the particular direction of the web are all selected
      to destroy the separating thread in the heating zone.
NUM  6.
PAR  6. The process of claim 1, wherein the garment portions are formed by
      knitting and the separating thread is knitted between neighboring,
      succeeding garment portions in the web.
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PAL  Method and apparatus for making expanded lead grids for use in Faure-type
      lead-acid storage battery plates. The finished grid has a
      current-collecting header of unexpanded strip and a reticulated portion
      expanded, guillotine style, from the strip into a plurality of
      paste-retaining cells bounded by skeletal elements and nodes formed during
      expansion. The skeletal elements and nodes extend in opposite directions
      through paste from substantially one face of the plate to the other and
      the nodes are twisted and partially flattened so as to have plateaus on
      the nodes which lay in planes parallel to the principal planes of the
      pasted plate. A ribbon or strip of lead is fed into a continuous, in-line,
      guillotine-type, dual expansion machine and therein expanded along its
      longitudinal edges to form two reticulated portions and leaving a central
      unexpanded portion from which a grid, header and lug are subsequently
      formed. The strip leaving the expander has a V-shape or gull-winged
      configuration when viewed from its end, the wings of which are
      subsequently folded down by plow and roller means so as to be in
      substantially the same plane as the unexpanded portion. The reticulated
      portions are subsequently uniformly stretched in a direction perpendicular
      to the central portion by embossed forming rolls and mating counter rolls.
      Finally, the reticulated portion is rolled to twist and flatten the nodes
      joining skeletal elements. Water lubrication of the expanding dies
      promotes oxidation of the reticulated portion which in turn tends to
      enhance paste retention.
PARN
PAR  This is a continuation of application Ser. No. 502,787, filed Sept. 3,
      1974, now abandoned, which is in turn a division of application Ser. No.
      398,974, filed Sept. 20, 1973, now U.S. Pat. No. 3,853,626.
BSUM
PAR  Commercial automotive lead-acid storage battery plates have heretofore been
      largely made by casting techniques in which a pair of interconnected grids
      are cast in a single mold using lead alloys containing about 3 - 7 percent
      antimony to improve the castability of the lead. The grid pairs are
      subsequently handled as a discrete unit through pasting and a number of
      the remaining processing operations. Casting of the grids in this manner
      is slow, requires skilled labor working in a hot environment, and the
      plates made therefrom are subsequently subjected to considerable rough
      in-plant handling. Moreover, the antimony needed for castability produces
      undesirable side effects in the finished battery. It has been proposed to
      make plates by expanding, guillotine fashion, a strip of sheet lead alloy
      in successive advances between slitting and stretching dies such that
      short interconnected skeletal segments are peeled away from the leading
      edge of the strip to form a tiered structure of polygonal paste-retaining
      cells. Despite the potential advantages, this technique has not been
      substantially used in the manufacture of lead-acid batteries.
PAR  The present invention relates to a highly commercially acceptable process
      and apparatus for continuously making expanded lead grids for a lead-acid
      storage battery from a narrow sheet or strip of lead utilizing a modified
      in-line, dual expansion guillotine process and the grid produced is
      satisfactory for commercial manufacture and customer use. The grids made
      by this invention are useful with both positive and negative plates and
      accordingly by the term "leady" active materials is meant the lead, lead
      oxide and lead sulfate forms conventionally found in lead-acid batteries.
      Similarly, the term "lead" sheet is intended to include not only pure lead
      but also those typical lead alloys found in conventional lead-acid battery
      grids, especially the non-antimonial lead alloys and particularly the lead
      calcium alloys.
PAR  The grid produced by this invention comprises a skeleton of expanded sheet
      lead having an unexpanded, current-collecting top header portion and an
      expanded reticulated portion depending from the header. The reticulated
      portion includes a plurality of thin wire-like skeletal elements emanating
      from nodes which interconnect the several skeletal elements and are
      substantially thicker than the skeletal elements. Each node angles through
      the paste at an angle nearly normal to the plane of the plate. Each node
      has a thickness which is greater than the thickness of the original sheet
      lead from which it was derived, is substantially less than twice the
      thickness of that sheet lead, and has flat surfaces or plateaus laying in
      the principal planes of this grid. More particularly, after the expansion
      step, the grid is conditioned so as to angularly orient the node by
      rotating it slightly and concurrently flatten those salient edges of the
      node which, by virtue of the node rotation, would otherwise project from
      the opposed faces of the grid. The flattening of the salient edges of the
      nodes changes the substantially rectangular vertically transverse
      cross-section of the as-expanded node to a polygonal cross-section having
      two opposed, substantially parallel sides which lay in the principal
      planes (i.e., the faces) of the grid, and are spaced apart one from the
      other by a distance greater than the thickness of the header sheet but
      less than twice that thickness. The skeletal elements diverge from each
      node so as to angle from one face of the grid to the other, but in
      opposite directions to the nodes from which they emanate so as to provide
      support for the subsequently applied paste over substantially the entire
      thickness of the pasted plate. The opposite angling of the nodes and
      skeletal elements insures continuity of the paste between adjacent,
      paste-retaining, polygonal cells.
PAR  It is an object of the present invention to provide a process and apparatus
      for economically continuously producing such grids over a wide range of
      lead alloys and metal contents and a process and apparatus which does so
      at very high production rates without being so harsh as to deleteriously
      affect the reticulated portion produced during expansion.
PAR  More specifically, it is an object of this invention to economically
      produce expanded lead grids suitable for Faure-type lead-acid storage
      battery plates by a continuous, in-line, guillotine-type, dual expansion
      in which: a narrow lead strip or ribbon of lead having a central
      header/lug-forming portion and flanking grid-forming portions extending
      therefrom to the longitudinal edges of the strip is advanced
      longitudinally between two rows of progressive, reciprocating dies which
      converge in incremental steps on the center of the strip; expanding the
      grid forming portions into reticulated gridworks extending at acute angles
      from the plane of the central portion; gently folding the reticulated
      gridworks substantially back into the plane of the central portion;
      uniformly stretching the gridworks in opposite directions away from the
      central portion and substantially perpendicular to the direction of
      advance of the strip through the dies; flattening the reticulated portions
      to a thickness greater than the central portion, but significantly less
      than twice the thickness thereof; continuously pasting the strip; forming
      headers and lugs from the center portion; and segmenting the strip into
      individual battery plates.
DRWD
PAR  These and other objects and advantages will be more readily apparent from
      the detailed description which follows in which:
PAR  FIG. 1 is a front elevational view of a discrete expanded lead sheet grid
      made by the process and apparatus of the present invention;
PAR  FIG. 2 is a side view in the direction 2--2 vertically transverse the grid
      of FIG. 1, before node flattening;
PAR  FIG. 3 is a side view in the direction 3--3 vertically transverse the grid
      of FIG. 1, after node flattening;
PAR  FIG. 4 is an enlargement of the uppermost portion of FIG. 2;
PAR  FIG. 5 is an enlargement of the uppermost portion of FIG. 3;
PAR  FIG. 6 is a front elevational view of the upper portion of another
      embodiment of an expanded lead sheet grid made in accordance with the
      present invention;
PAR  FIG. 7 is a partially broken-away front elevational view of a
      separator-encapsulated, paper-bound, battery plate having a grid made in
      accordance with the present invention;
PAR  FIG. 8 is a bottom view in the direction 8--8 of FIG. 7;
PAR  FIG. 9 is a perspective view illustrating apparatus for continuously making
      grids according to this invention;
PAR  FIG. 10 is an enlarged side elevational view of the expanding dies of the
      expander portion of the apparatus shown in FIG. 9;
PAR  FIG. 11 is an enlarged plan view of the expander portion of the apparatus
      shown in FIG. 9;
PAR  FIG. 12 is a sectional view taken along the line 12--12 through the die set
      and border straightener shown in side elevation in FIG. 10;
PAR  FIG. 13 is an enlarged front elevational view of the input end of the plow
      and leveling roller portion of the apparatus shown in FIG. 9;
PAR  FIG. 14 is an enlarged side elevational view of the plow and leveling
      roller portion of the apparatus shown in FIG. 9;
PAR  FIG. 15 is a transverse sectional view through the leveling roller taken in
      the direction of line 15--15 of FIG. 14;
PAR  FIG. 16 is an enlarged side elevational view of the stretching and
      flattening rollers illustrated in FIG. 9; and
PAR  FIG. 17 is an enlarged front elevational view of the stretching rollers as
      seen in the direction 17--17 of FIG. 16.
DETD
PAR  A preferred form of grid made in accordance with this invention is expanded
      guillotine-style from both longitudinal edges of a ribbon of lead strip so
      as to have a current-collecting header 4 and lug 6 of unexpanded sheet and
      a reticulated paste-supporting portion 12 expanded from the sheet into a
      plurality of polygonal paste-retaining cells 16 depending from the header.
      The paste-retaining cells are defined by wire-like skeletal elements 8
      connected one to the other by oriented, cross-sectionally (i.e.,
      vertically transverse) polygonal nodes 10, each node having at least two
      substantially parallel flat plateaus 22 laying in the principal faces of
      the grids. The plateaus 22 are spaced from each other by a distance at
      least about 1.3 times the thickness of the lead sheet from which the
      reticulated portion 12 was expanded and the header 4 formed. Both the
      skeletal elements 8 and nodes 10 extend diagonally through the thickness
      of the plate, but in respectively opposite directions as in Z-fashion,
      thereby providing continuity between the paste from one cell to the next
      and enhancing paste retention to the grid.
PAR  In general, the grids thus described are initially expanded from strips of
      lead by an in-line, guillotine-type, dual expansion process like that
      disclosed in Curtis U.S. Pat. No. 1,482,600. In such a process,
      cross-sectionally rectangular, wire-like segments are sheared and
      stretched from a ribbon of metal with reciprocating slitting and expanding
      cutters, the ribbon being fed step by step to the cutters lengthwise
      thereof parallel with the cutters and the side margins of the ribbon. As a
      result, a plurality of undulatory skeletal element tiers are formed from
      each longitudinal edge of the ribbon advancing between the rows of
      progressive, reciprocating dies which converge on the center of the strip
      in the direction the strip is advanced. The expanded (i.e., reticulated)
      portions extend like wings at an acute angle to the lead strip of ribbon
      from which they are punched. The several tiers are connected to the nect
      adjacent tiers via nodes 10 which comprise unslit and unstretched portions
      of the sheet intermediate the skeletal elements of each tier, the said
      nodes being about twice the width of the skeletal elements joining to form
      the node. The skeletal elements intermediate the nodes comprise portions
      of the strip's edges which have been peeled away therefrom and stretched
      to at least about 1.2 times their original length. Lead sheets useful with
      this technique vary in thickness from about 0.035 to about 0.05 inch. The
      thinner sheets are used primarily in negative plates and the thicker
      sheets in positive plates. The width of the skeletal elements can also
      vary considerably (i.e., between about 0.025 inch and about 0.08 inch).
      Skeletal element cross-sectional areas of at least about 0.0012 sq. in.
      are considered necessary for very open negative grids while considerably
      thicker elements are needed for positive grids, especially near the
      header, for conductivity and corrosion-resistance reasons.
PAR  The process is initiated by feeding a thin, narrow ribbon of lead 40 into
      the continuous, in-line, dual-expansion, guillotine-type expander
      illustrated at the left of FIG. 9. FIGS. 10-12 show the expander in more
      detail and will be used to briefly describe the expansion that occurs
      therein. FIG. 10 is a side view showing basically the reciprocating dies
      72, fixed position cutters 74 and the bed or stripper plate 76 on which
      the ribbon 40 slides as it advances through the expander. FIG. 11 is a
      plan view of the stripper plate 76 also showing the top faces 98 of the
      reciprocating dies 72 which move up and down through notches in the
      stripper plate 76. FIG. 12 shows a sectional view taken along the line
      12--12 of FIG. 10 and includes a section through the expanded grid (not
      shown in FIG. 10). More specifically and moving from left to right on
      FIGS. 10 and 11, the moving strip 40 first engages guides 70 which align
      the strip 40 with the center line of the gauntlet dies 72 and cutters 74
      ahead. The guides 70 reciprocate in unison with the dies 72 since all are
      fixed to a common die holder 78 which is driven up and down by an
      appropriate means (not shown). The ribbon 40 rides atop a bed or stripper
      plate 76 which is fixed to the cutter-holder assembly 75 (though spaced
      therefrom) by means of straps 77 whereby the expanded portions are
      stripped from the dies 72 during the downward motion thereof. The cutters
      74 are held tightly in position against the stationary block 80 by means
      of retainers 82 as best shown in FIG. 12, and the cutting and breaking
      action that occurs is accomplished by the sharp edges 84 of the cutters 74
      when the reciprocating dies 72 push the longitudinal edges of the strip 40
      up against the cutters and thereby peel portions of the edge away from the
      strip 40.
PAR  The dies 72 are so shaped at their top 86 as to cause both slitting and
      stretching of the lead peeled away from the edges of the strip 40. While a
      variety of shapes can be used for the top of the dies to effect the
      stretching, the semi-diamond shape shown is preferred. Each upward motion
      of the dies 72 forms one-half of a paste-retaining cell 16 with the
      remainder of the cell being formed downstream of that die during the
      formation of the next adjacent tier of skeletal elements 8.
PAR  When a lower border 14 (FIG. 1) is desired on the grid the first increment
      of metal cut from the edge is only slit but not stretched appreciably.
      First flat-topped dies 88 are provided after the guides 70 for this
      purpose. With grids so made, the bottom border 14 causes a greater
      tendency for the reticulated portion to curl and jam up in the expander
      before reaching the end thereof. To overcome this problem, a border
      straightener 90 is provided on one set of opposing dies 72 about midway
      the gauntlet of dies. The height of the straightener is adjusted to engage
      the bottom border 14 and force it upwardly thereby pulling out any
      deleterious curl developed in the reticulated portion at that stage of the
      expansion (see FIG. 12).
PAR  For negative grids having the extra nodes 10' and skeletal elements 8' such
      as shown in FIG. 6 and discussed in United States Patent application
      McCartney et al. Ser. No. 399,109 filed Sept. 20, 1973, now U.S. Pat. No.
      3,891,459 and assigned to the assignee of the present invention, the dies
      92 near the end of the gauntlet include two diamond-shaped upper edges 94,
      as best seen in FIG. 10. These double diamonds form two half-cells per
      each stroke of the dies 92 in the same space as a die 72 forms a single
      cell 16. Using this technique of expansion, grids can be made having a
      variety of shapes and cell densities (e.g., cells per sq. in. of the grid)
      by merely changing the face and/or shape of the upper edge of all or only
      some of the reciprocating dies 72, as was done with end dies 92.
PAR  Expanders of this general type have been used heretofore to make metal
      lathe for the building industry and, in fact, the machine used here is a
      modified version of one such machine made by Urbana Tool. The earlier
      lathe-making machines have universally used carbide dies 72 and cutters
      74, but were incapable of expanding lead into battery grids. Attempts to
      expand lead sheet in this manner proved dissasterous as, no matter what
      adjustments were made, substantially all of the lead was ripped and torn
      rather than cleanly cut and stretched as was required. The lead had clung
      to the lateral faces 96 of the cutters 74 and top face 98 of the dies 72
      and 92 allowing no slippage. The carbide cutters/dies were replaced with
      hardened tool steel (e.g., D-2 air hardening tool steel). The lateral
      faces 96 of the cutters 74 were machined so as to have the machining marks
      running up and down in the same direction that the reciprocating dies 72
      move and needed no further work. After machining, the surfaces 98 of the
      dies 72/92 were buffed using No. 60 grit lapping compound to smooth the
      surface 98 sufficiently to permit the skeletal elements and nodes of soft
      lead to slide over the surface during stretching rather than cling to it
      causing the breakage. The surfaces 96 of the cutters 74 may also be
      buffed, but this is not necessary when the machining marks are in the
      direction indicated which does not produce enough drag on the sliding
      skeletal elements to cause breakage. While the amount of breakage was
      significantly reduced by this change, the level of breakage was still
      undesirably high.
PAR  In this regard, the dies and cutters were being lubricated with oil or
      silicone-based lubricants as had traditionally been done with the
      lathe-making machines and changing the clearances between the dies and
      cutters did not seem to improve the situation. It was then unexpectedly
      found that by eliminating the oil and silicone lubricants and spraying the
      dies and cutters with ordinary tap water, not only was it possible to
      produce reticulated portions having less than 30 percent of the skeletal
      elements broken, but the surface of the expanded lead was improved. With
      this discovery an adjustment of the die-cutter clearance to about 0.0015
      inch yielded reticulated portions acceptable for use as battery grids
      (i.e., less than 10 percent breakage) at production rates of about 50 feet
      per minute. Even more surprising was the discovery that water could still
      be used as the lubricant at production rates of around 180 feet per minute
      by merely increasing the die-cutter clearance to about 0.0025 inch and
      when this was done there was substantially no breakage at all. With water
      as the lubricant there was no longer a need to wash the oil/silicone from
      the surface of the grid before pasting which contributed significantly to
      the economies of this process. In this regard, the oil/silicone film is
      left on the grid, which film prevents the paste from adhering sufficiently
      to the grid, and increases the internal resistance of the grid somewhat.
      Bathing the dies, cutters and grids in water, however, not only provides
      the needed lubrication, but promotes oxidation of lead surface in the
      expander which actually improves adhesion of the paste to the grid. Hence,
      a fourfold benefit, unique to the making of battery grids, is achieved
      with the use of water here, i.e., improved high-speed lubrication,
      elimination of washing step, reduced lubricant costs, and an oxidized lead
      surface is produced all in a single operation.
PAR  Following expansion, and without substantially affecting the nodes, the
      reticulated portions are gradually laid down into substantially the same
      plane as the lead strip from which it was punched by advancing the
      expanded wings of the V-shaped strip beneath a plow 60 and beveled
      leveling roller 41, best shown in FIGS. 13-15. In this regard, FIG. 13
      views the plow (and background leveling roller 41) from its inlet side 64
      and shows in phantom the general configuration of winged strip 66 as it
      enters the plow 60. FIG. 14 shows a side elevation of the leveling system,
      plow and roller, while FIG. 15 shows a transverse section through the
      rollers, showing the curved surfaces 68 gently folding the reticulated
      wings 66' to a position more nearly coplanar with the center portion 42 on
      the exit end 100 of the plow. At this point, a slight hump 102 remains
      near where the wings join the center portion, which hump is substantially
      leveled out by subsequent engagement with the beveled (i.e., about
      15.degree.) portions 104 of the leveling and drive roller 41 (see FIG.
      15). The cylindrical center portion 106 of the beveled roller 41 and outer
      surface of its coacting drive roller are knurled to firmly grab the center
      of the strip and drive it through the system. After plowing and leveling,
      the nodes 10 lay at a slight angle (i.e., about 2.degree.-4.degree.) to
      the plane of the unexpanded strip remaining in the center.
PAR  Following the leveling operation, the reticulated portions are uniformly
      stretched by engaging each tier and pulling it in a direction directly
      away from the header. This stretching action slightly rotates the nodes 10
      and makes the paste-retaining cell more equiaxed by elongating the minor
      axis of the cell (i.e., perpendicular to the header) and shortening the
      major axis of the cell (i.e., parallel to the header). For negative plates
      having large cell areas in proportion to grid metal, a minor to major axis
      ratio of at least about 0.7 is preferred, while for positive plates having
      smaller cells and more grid metal, a minor to major axis ratio of at least
      about 0.9 is preferred to assist in reducing vertical grid growth. As a
      result of this stretching, the total reticulated portion is extended by an
      amount equal to the summation of the increase in length of the minor axes
      of the cells in each of the several tiers making up the grid. This
      stretching is accomplished by feeding the level strip between a pair of
      forming rollers 44 (best shown in FIGS. 16 and 17), which stretch the
      reticulated portions in a direction about 90.degree. from the unexpanded
      central portion. The forming rollers 44 include an embossed lower roller
      having a plurality of truncated pyramidal projections 46 which engage each
      of the cells of the reticulated portion. The opposing upper roller 48 is
      closely spaced from the lower roller and has a thick compressible
      polyurethane layer 108 including a plurality of holes 110 adapted to
      receive the projections 46. The polyurethane between the holes engages the
      skeletal elements and nodes forcing them downward toward the wide bases of
      the projections 46 to form each cell individually around the base of a
      projection 46 and thereby uniformly stretch the reticulated portions to
      the desired size.
PAR  Following stretching, the reticulated portions 12 are next passed through a
      set of rollers 18 in the direction of the major axis or, in other words,
      in a direction 90.degree. to the direction of expansion. The rollers 18
      comprise 6150 steel having a hardness of R.sub.c 48-52 and are spaced
      apart at least about 1.3 times the thickness of the lead strip. As a
      result, passing between the rollers causes still further rotation of the
      nodes to between about six and fifteen degrees and concurrently flatten
      into plateaus the outwardly projecting or salient edges of the nodes which
      had rotated to the outward faces of the grid. Adjustment of the spacing
      between the rolls controls the ultimate grid thickness which can be
      readily changed as the thickness of the strip or width of the cut changes.
      Regardless, the otherwise substantially rectangular cross-section of an
      as-expanded node 10 is changed to a polygonal cross-section (see FIG. 5)
      in which the flattened portions or plateaus 22 of the nodes 10 lay in the
      principal faces of the grid and are spaced from each other by a distance
      at least about 1.3 times, but substantially less than two times, the
      thickness of the header sheet 4. By this twisting and flattening, each
      node is significantly mechanically worked causing some flow and bulging of
      the node, but in a manner which is not so severe or harsh as to
      significantly damage the reticulated portion and shorten the useful life
      of plates made therefrom.
PAR  Following flattening, the laterally expanded strips are continuously pasted
      by laying them on top of strips of perforated paper 50 (e.g., see Adams
      Ser. No. 347,326) filed Apr. 2, 1973, now U.S. Pat. No. 3,758,340 on a
      continuous belt 52, passing it under a paste dispensing apparatus 54
      adapted to press the paste around the skeletal elements from one side of
      the grid, covering it with a second layer of paper 56, rolling it to a
      desired thickness (see rollers 58), drying the paste, forming (not shown)
      the headers and lugs from the center portion, separating the two pasted
      strips and finally segmenting each strip into individual plates. Forming
      of the headers and lugs from the center portion can be accomplished almost
      anywhere in the system, even before the expanders, if desired.
PAR  A better understanding of the grids and plates resulting from this
      invention can be obtained by reference to the drawings, FIGS. 1-8, and
      United States patent application Wheadon et al. Ser. No. 398,975 filed
      Sept. 20, 1973, now U.S. Pat. No. 3,881,952 and assigned to the assignee
      of the present invention. In this regard, FIG. 1 shows grid blank 2
      comprising a header 4 having a lug 6. The single grid blank shown has
      previously been expanded, leveled, and stretched as described above. As
      indicated, these operations are carried out on continuous strips expanded
      in opposite directions from the longitudinal edges of the strip and the
      single grids then cut from the strip. FIG. 1 then serves best here only to
      illustrate what occurs to the leveled and stretched reticulated portions
      as they pass between the flattening rollers 18. A plurality of skeletal
      elements 8 and nodes 10 depend from the header 4 making up the reticulated
      portion of the grid generally indicated at 12. A bottom border 14 may be
      provided to prevent warpage of the grid-making strips during the expansion
      process and to support the plate on the bridges at the bottom of the
      battery case. The skeletal elements 8 and nodes 10 making up the
      reticulated portion 12 define a plurality of polygonal pasteretaining
      cells 16. The already expanded and stretched grid blank 2 is depicted as
      moving from left to right between compression rollers 18 (top roller shown
      in phantom), which mechanically work the nodes 10 rotating them about an
      axis parallel to the header 4 and flattening the salient upstanding edges
      20 of the as-expanded grid to form plateaus 22 on the as-rolled grid. In
      this regard, FIGS. 2 and 4 depict the as-expanded grid blank 2 prior to
      rolling and shows the salient edges 20 of the nodes 10 and the slight
      angle A that the node 10 bears to the principal planes of the grid blank
      2. FIGS. 3 and 5 depict the grid blank 2 after rolling and shows the
      increased angle B resulting from the rotation of the node as well as the
      flattening of the edges 20 into plateaus 22. Hence, what was initially a
      substantially cross-sectionally rectangular node 10 prior to rolling is
      transformed, after rolling, into a cross-sectionally polygonal node by the
      addition of two sides which are the parallel plateaus 22. In addition, the
      working of the node 10 causes it to bulge or round a bit as best shown in
      FIG. 5. The overall affect of the rolling then rotates the nodes, works
      the metal thereof and provides two opposed plateaus 22 which are separated
      one from the other by a distance which exceeds the thickness of the header
      4 but is substantially less than twice that thickness. The distance
      between the plateaus formed during rolling fixes the thickness of the grid
      and the principal planes of the grid are those planes which include the
      plateaus 22. Flush pasted grids will be pasted to this thickness, i.e.,
      between the plateaus 22 (see FIG. 7), while over pasted plates (not shown)
      will have the paste extending somewhat beyond the principal planes of the
      grid.
PAR  FIG. 6 depicts an expanded lead grid which is intended for use in negative
      plates and is discussed in more detail in copending United States Patent
      application Ser. No. 399,109, filed Sept. 20, 1973, now U.S. Pat. No.
      3,891,459 in the names of McCartney et al. and assigned to the assignee of
      the present invention.
PAR  FIGS. 7 and 8 depict a unit assembly 24 including a grid 26 made by this
      invention embedded in a fiber-laden (e.g., Dynel, polypropylene, etc.)
      paste 28. This grid 26 is shown as being flush-pasted but an over-pasted
      grid is possible and, in fact, preferred for automotive battery
      applications. The paperbound pasted grid is enclosed in a conventional
      battery separator 32 (e.g., sintered polyvinyl chloride). This is most
      conveniently accomplished by folding the separator around the bottom of
      the pasted grid 26 and heat sealing the lateral edges 34 thereof. Spacing
      ribs 36 on the outside of the separator 32 provide space between the
      assembly 24 and the negative plate to permit a more efficient circulation
      of the electrolyte through the cell group. FIG. 8 also depicts the small
      fracture 38 which usually forms extends into the nodes 10 during the
      expansion process and which, if severely extended during processing of the
      grid, can cause premature failure of the plate in use.
PAR  In a specific example of the invention, negative grids were made by
      upwardly expanding a 2.38 inch wide, 0.04 inch thick ribbon 40 of
      lead-calcium-tin alloy (0.065% Ca, 0.7% Sn). The ribbon 40 was expanded
      from both longitudinal edges so as to produce two expanded, reticulated
      portions or wings 66 joined by a common unexpanded portion 42. Skeletal
      elements having a width of 0.05 inch were punched and stretched (i.e.,
      about 1.2 times) from the ribbon and were joined by nodes having a width
      of 0.1 inch. Ten tiers of skeletal elements and a bottom border were
      provided so as to yield a grid having 34 cells per 5 .times.  51/2  inch
      reticulated portion. After expansion the grid strip was passed beneath a
      pair of plows 60 which gently folded the winged reticulated portion down
      to a position more nearly in the plane of the unexpanded center portion
      but with a slight hump where the reticulated portion joined the unexpanded
      portion. A beveled (15.degree.) roll 41 substantially completed the
      leveling out of the hump. The strip was next passed between a pair of
      stretching/forming rollers 44 which stretched the reticulated portions in
      a direction 90.degree.  from the unexpanded portion and increased this
      dimension of the reticulated portions each by about 1/4 inch. From the
      stretching/forming rolls, the grid strip passed between flattening rolls
      18, discussed above, where the slightly canted nodes were rotated and
      their salient edges flattened into plateaus which were 0.055 inch apart.
      Hence, an overall node reduction from about 0.1 inch to about 0.055 inch
      was effected.
PAR  While this invention has been disclosed in terms of specific embodiments
      thereof, it is not intended that it be limited thereto, but rather only to
      the extent set forth hereafter in the claims which follow.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. Apparatus for making continuous strips of expanded lead from narrow lead
      ribbons having a predetermined thickness, which strips are suitable for
      pasting and cutting into lead-acid storage battery plates, said apparatus
      comprising:
PA1  an elongated stripper plate along which said narrow lead ribbon advances
      longitudinally;
PA1  an expansion gauntlet comprising two rows of progressive dies and cutters
      wherein said rows flank said plate and comprise a plurality of movable
      dies and fixed-position cutters which converge in incremental steps on the
      longitudinal center line of said plate;
PA1  said dies being reciprocally movable to and from said cutters and adapted
      to coact with the cutters to periodically shear and stretch a plurality of
      wire-like segments from the longitudinal edges of said ribbon which
      segments extend at acute angles to the ribbon in the direction of said
      dies' movement;
PA1  means for reciprocating said dies;
PA1  means for periodically advancing said ribbon between said rows so as to
      yield two reticulated portions comprising a plurality of said segments
      interconnected in a single tier and a plurality of said tiers wherein
      successive tiers are offset one from the other such that nodes are formed
      joining the ends of adjacent segments in one tier to the centers of
      segments in successive tiers and together defining a plurality of battery
      paste-retaining cells, said reticulated portions extending at acute angles
      from the ribbon in gull-wing fashion when viewed head-on;
PA1  curved plow means at the strip-exit end of said expansion gauntlet for
      receiving said gull-wing shaped strip and folding the reticulated wing
      portions thereof down into a position more nearly in the same plane as the
      starting ribbon;
PA1  a beveled roller at the strip-exit end of said plow means for engaging and
      substantially leveling out any residual humps left in the reticulated wing
      portions left in the strip after the plow;
PA1  forming and stretching rollers at the strip-exit end of said beveled
      roller, said rollers comprising coacting male and female rollers in which
      the male roller has alternate rows of aligned truncated pyramidal
      projections for engaging the individual cells of the reticulated portions
      and the female roller has a resilient surface layer including alternate
      rows of aligned recesses for receiving said projections such that the
      ridges between said recesses press the expanded lead of the reticulated
      portions toward the bases of said projections and thereby uniformly size
      and stretch said portions; and
PA1  coacting upper and lower flattening rollers spaced apart by a distance
      greater than said predetermined thickness but substantially less than
      twice said predetermined thickness to flatten said reticulated portions to
      a thickness equal to about said distance by twisting and flattening said
      nodes whereby a continuous strip of expanded lead is produced having two
      continuously pasteable portions which are cold worked, sized and ready for
      pasting.
NUM  2.
PAR  2. Apparatus for making continuous strips of expanded lead from narrow lead
      ribbons having a predetermined thickness, which strips are suitable for
      pasting and cutting into lead-acid storage battery plates, said apparatus
      comprising:
PA1  an elongated stripper plate along which said narrow lead ribbon advances
      longitudinally;
PA1  an expansion gauntlet comprising two rows of progressive dies and cutters
      wherein said rows flank said plate and comprise a plurality of movable
      dies and fixed-position cutters which converge in incremental steps on the
      longitudinal center line of said plate;
PA1  said dies being reciprocally movable to and from said cutters and adapted
      to coact with the cutters to periodically shear and stretch a plurality of
      wire-like segments from the longitudinal edges of said ribbon which
      segments extend at acute angles to the ribbon in the direction of said
      dies' movement;
PA1  means for reciprocating said dies;
PA1  means for periodically advancing said ribbon between said rows so as to
      yield two reticulated portions comprising a plurality of said segments
      interconnected in a single tier and a plurality of said tiers wherein
      successive tiers are offset one from the other such that nodes are formed
      joining the ends of adjacent segments in one tier to the centers of
      segments in successive tiers and together defining a plurality of battery
      paste-retaining cells, said reticulated portions extending at acute angles
      from the ribbon in gull-wing fashion when viewed head-on;
PA1  curved plow means at the strip-exit end of said expansion gauntlet for
      receiving said gull-wing shaped strip and folding the reticulated wing
      portions thereof down into a position more nearly in the same plane as the
      starting ribbon;
PA1  a beveled roller at the strip-exit end of said plow means for engaging and
      substantially leveling out any residual humps left in the reticulated wing
      portions left in the strip after the plow;
PA1  forming and stretching rollers at the strip-exit end of said beveled
      roller, said rollers comprising coacting male and female rollers in which
      the male roller has alternate rows of aligned truncated pyramidal
      projections for engaging at least a substantial proportion of the
      individual cells of the reticulated portions and the female roller has a
      resilient surface layer including alternate rows of aligned recesses for
      receiving said projections such that the ridges between said recesses
      press the expanded lead of the reticulated portions toward the bases of
      said projections and thereby substantially uniformly size and and stretch
      said portions; and
PA1  coacting upper and lower flattening rollers spaced apart by a distance
      greater than said predetermined thickness but substantially less than
      twice said predetermined thickness to flatten said reticulated portions to
      a thickness equal to about said distance by twisting and flattening said
      nodes whereby a continuous strip of expanded lead is produced having two
      continuously pasteable portions which are cold worked, sized and ready for
      pasting with lead-acid storage battery active material paste.
NUM  3.
PAR  3. Apparatus for making continuous strips of expanded lead from narrow lead
      ribbons having a predetermined thickness, which strips are suitable for
      pasting and cutting into lead-acid storage battery plates, said apparatus
      comprising:
PA1  an elongated stripper plate along which said narrow lead ribbon advances
      longitudinally;
PA1  an expansion gauntlet comprising two rows of progressive dies and cutters
      wherein said rows flank said plate and comprise a plurality of movable
      dies and fixed-position cutters which converge in incremental steps on the
      longitudinal center line of said plate;
PA1  said dies being reciprocally movable to and from said cutters and adapted
      to coact with the cutters to periodically shear and stretch a plurality of
      wire-like segments from the longitudinal edges of said ribbon which
      segments extend at acute angles to the ribbon in the direction of said
      dies' movement;
PA1  means for reciprocating said dies;
PA1  means for periodically advancing said ribbon between said rows so as to
      yield two reticulated portions comprising a plurality of said segments
      interconnected in a single tier and a plurality of said tiers wherein
      successive tiers are offset one from the other such that nodes are formed
      joining the ends of adjacent segments in one tier to the centers of
      segments in successive tiers and together defining a plurality of battery
      paste-retaining cells, said reticulated portions extending at acute angles
      from the ribbon in gull-wing fashion when viewed head-on;
PA1  curved plow means at the strip-exit end of said expansion gauntlet for
      receiving said gull-wing shaped strip and folding the reticulated wing
      portions thereof down into a position more nearly in the same plane as the
      starting ribbon;
PA1  a beveled roller at the strip-exit end of said plow means for engaging and
      substantially leveling out any residual humps left in the reticulated wing
      portions left in the strip after the plow;
PA1  forming and stretching rollers at the strip-exit end of said beveled
      roller, said rollers comprising coacting male and female rollers in which
      the male roller has a plurality of truncated pyramidal projections for
      engaging cells of the reticulated portions and the female roller has a
      resilient surface layer including recesses for receiving said projections
      such that the ridges between said recesses press the wire-like segments
      and nodes defining said engaged cells toward the bases of said projections
      to substantially uniformaly size and stretch said portions; and
PA1  coacting upper and lower flattening rollers spaced apart by a distance
      greater than said predetermined thickness but substantially less than
      twice said predetermined thickness to flatten said reticulated portions to
      a thickness equal to about said distance by twisting and flattening said
      nodes whereby a continuous strip of expanded lead is produced having two
      continuously pasteable portions which are cold worked, sized and ready for
      pasting with lead-acid storage battery active material paste.
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PAL  A tool for finishing the internal surfaces of revolution in blanks
      including a casing having a groove on its side surface for accommodating
      bodies of revolution which are moved by a fluid pressure. A fluid is fed
      in through channels in the tool casing, the channels putting the groove in
      communication with the source of fluid under pressure. The groove is
      surrounded by a cage accommodating working elements which are installed
      with a provision for contacting the bodies of revolution and colliding
      with them in the operating tool. During this collision the working
      elements produce plastic deformation of the machined surface with a force
      which is somewhat smaller than in the known tools used for the same
      purpose.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to tools for mechanical working by the method
      of plastic deformation and more specifically it relates to tools for
      finishing internal surfaces of blanks.
PAR  The present invention can find a vast field of application in machine
      building for finishing the internal surfaces of power cylinders, engine
      liners and precision cylinders in measuring apparatuses.
PAR  The invention will prove most effective for machining the internal surfaces
      of cylindrical or elliptical thin-walled blanks with a comparatively low
      stiffness.
PAR  There is known in the present art a centrifugal-impact tool for machining
      internal surfaces of revolution in blanks. This tool comprises a solid
      disc surrounded by a cage which has radial slots arranged uniformly around
      the circumference and accommodating the working elements in the form of
      balls. Installed on the bottom of the slots are deflectors which take the
      forces arising when the balls rebound from the surface being machined
      after striking the surface under the effect of the centrifugal force.
PAR  This known tool is characterized by comparatively large masses of rotating
      parts which, therefore, have to be accurately balanced. Besides, the
      points where the balls impinge upon the machined surface and deflectors
      have to be supplied with a lubricating-and-cooling fluid. The output of
      the known tool is comparatively low since the contact area of the working
      elements (balls) with the surface being machined is extremely small.
PAR  Another known pulse impact tool for finishing the surfaces of revolution in
      blanks is installed with a provision for linear motion along the
      geometrical axis of the surface being machined.
PAR  The known tool is designed to machine the external surfaces of revolution
      by plastic deformation which is accomplished by the impacts of the working
      elements on the surface being machined. The casing of the tool is a body
      of revolution provided with a diametrical slot to accommodate the working
      elements. Also, the casing has a central hole for the passage of the
      blank. The working elements are constituted by two plates of a
      high-strength material. On the side facing the blank, the plates have
      semicylindrical depressions with a radius equal to that of the surface
      being machined. The surface of these depressions will be referred to
      hereinafter as "working surface." The working elements are located in the
      slot of the tool casing with a provision for radial motion to the position
      where the semicylindrical working surfaces form a cylinder whose axis
      coincides with the geometrical axis of the hole in the casing. The surface
      of each plate which is opposite to its working surface is provided with a
      cylindrical roller soldered along the generatrix of the outer surface of
      the casing; the diameter of the roller is somewhat smaller than the width
      of the slot in the casing. Thus, the axis of each roller is parallel to
      the axis of the working surface of the working element, the distance
      between these axes being approximately equal to the radius of the external
      surface of the casing.
PAR  The tool casing is surrounded by a cage in the form of a sleeve made
      integral with an extension which has a hole for the passage of the blank.
      Pressed into the internal surface of the cage, uniformly around the
      circumference, are shafts which serve as bodies of revolution. The shaft
      axes are parallel to the axes of the rollers of the working elements. Part
      of the shaft surface stands out above the internal surface of the cage to
      provide contact with the working elements during operation of the tool.
PAR  To machine the surface of the blank by the method of plastic deformation
      tool casing is secured on a hollow spindle of a rotary-swaging machine,
      coaxially with the spindle. The tool cage is secured immovably. The blank
      (round bar) is clamped in the collet of the tailstock of the
      rotary-swaging machine and the end of the blank is inserted into the axial
      hole of the tool casing.
PAR  Then the spindle with the tool casing is set in rotation. The working
      elements are moved by the centrifugal force from the central axis of the
      casing until the rollers soldered to them come to the surface of the cage.
      Moving over the surface of the cage, the rollers impinge periodically on
      the shafts pressed into the cage. This collision moves the working
      elements towards the center of the casing and the working elements strike
      the machined surface of the blank. Inasmuch as the mass and velocity of
      the working elements are comparatively great but the time of contact with
      the surface being machined is short, the force of the impact is sufficient
      to produce plastic deformation of the blank material.
PAR  After striking the surface of the blank, the working elements move out
      again under the effect of the centrifugal force until they collide with
      the next shaft pressed into the cage. The frequency of impacts depends on
      the spindle speed and the number of the shafts pressed into the cage.
      While the tool is in operation, the blank moves linearly and uniformly
      along the axis of the surface being machined.
PAR  In the known tool the zone of collision of the shafts with the working
      elements and the machining zone of the blank are constantly supplied with
      a lubricating-and-cooling fluid with the purpose of reducing the
      temperature which rises due to friction between the surfaces of the
      above-mentioned elements.
PAR  The known tool possesses a number of disadvantages one of which lies in
      that the working surfaces of the working elements are comparatively large
      so that plastic deformation of the blank material calls for the
      application of rather strong forces. As a result, the dimensions of the
      tool and the mass of its rotating parts are comparatively large and the
      parts have to be accurately balanced during installation. Also, the shape
      of the working surface of the working element and the nature of its effect
      on the surface being machined make it possible to produce only a
      homogeneous smooth surface whose radius is the same as that of the working
      surface.
PAR  Another disadvantage of the tool lies in the difficulties involved in
      replacing the worn shafts since they are pressed into the cage.
PAR  Still another disadvantage of the tool lies in that it must be constantly
      supplied with a lubricating-and-cooling fluid because the points of
      contact between the shafts and the working elements and the machining zone
      of the blank are considerably heated.
PAR  The blanks subjected to machining by the known tool have to be sufficiently
      stiff.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a tool for finishing
      the internal surface of revolution in blanks which produces high-precision
      parts and allow one and the same tool to be used for machining the
      internal surfaces of revolution within a certain range of diameters, also
      to machine blanks with a low stiffness.
PAR  Another object of the invention lies in providing a tool which is suitable
      for making a lubricant-retaining microrelief on the internal surfaces of
      revolution of blanks when such a design is used in friction pairs.
PAR  Still another object of the invention is to provide a tool characterized by
      a high efficiency and simplicity in operation.
PAR  These objects are accomplished by providing a pulse-impact tool for
      machining the internal surfaces of revolution in blanks, installed with a
      provision for linear motion along the geometrical axis of the machined
      surface, comprising a casing in the form of a body of revolution wherein,
      according to the invention, the external surface of the casing has a
      circular groove accommodating bodies of revolution which move along the
      groove and are rotated around their own axis by a fluid under pressure
      supplied into the casing through a central axial hole provided with at
      least one outlet channel which is arranged in a plane transverse to the
      base of the groove and directed practically tangentially to the base of
      the groove which is concentric with a cage accommodating working elements
      whose geometrical axes lie in one and the same plane with the geometrical
      axes of the bodies of revolution located in the cage so that the working
      elements are capable of contacting the bodies of revolution and colliding
      with them in the operating tool.
PAR  In the tool according to the invention the bodies of revolution are moved
      by the fluid under pressure. By changing the fluid pressure it becomes
      possible to achieve stepless control of the speed of the bodies of
      revolution over the circular groove and, consequently, to control the
      force applied by the working elements to the machined surface in
      proportion to the changes in this speed. As a result, the tool according
      to the invention can be utilized for machining thin-walled blanks with a
      comparatively low stiffness and for producing different classes of
      machining within the limits of one and the same blank.
PAR  In the course of operation the pressure fluid is supplied into the zone of
      contact of the bodies of revolution with the working elements after which
      part of the fluid flows into the machining zone which reduces considerably
      the effect of temperature during machining and cancels the need for the
      use of a lubricating-and-cooling fluid.
PAR  The tool according to the invention can be realized in a multiple-row form
      which will step up efficiency of machining by reducing the number of
      passes of the tool. Several circular rows of such a tool can include
      different working elements. For example, one row of the working elements
      can make a special microrelief on the machined surface while another row
      can machine the surface to the specified surface finish.
PAR  In one version of the invention the tool casing is composed of a sleeve
      mounting two discs whose faces directed towards each other form the side
      surfaces of the cage groove, at least one disc being installed on the
      sleeve with a provision for movement along the sleeve axis with a view to
      adjusting the width of the groove and the cage.
PAR  This design allows to have different diameters of the working elements and
      the bodies of revolution in one and the same tool to suit the particular
      conditions of machining and the requirements of surface finish after
      machining. This design also makes it possible to control the radial
      protrusion of the working elements beyond the outside diameter of the cage
      which makes the tool adaptable for machining the holes of different
      diameters at a time.
PAR  Also, by changing the width of the circular groove and, consequently, the
      diameter of the bodies of revolution, it is possible to change the
      distance between the geometrical centers of the body of revolution and the
      contacting working element. This changes the angle at which the working
      element is acted upon by the component of the tangential force arising
      when the body of revolution moves over the circular groove being subjected
      to the fluid pressure. This component determines the force of plastic
      deformation of the blank material.
PAR  In another embodiment of the invention the cage has an individual socket
      for each working element.
PAR  Such a design makes it possible to locate a certain number of working
      elements around the cage circumference. If the number of the working
      elements is comparatively small and they are equispaced around the
      circumference, the bodies of revolution moved by the fluid pressure over
      the circular groove do not encounter such a resistance as that offered to
      them when they move along a solid row of working elements. Therefore, the
      bodies of revolution are capable of moving at a higher speed which
      produces stronger forces of plastic deformation, the fluid pressure being
      the same.
PAR  In the tool of this design it is possible to control the number of
      depressions made on the machined surface for obtaining the desired
      microrelief.
PAR  It is practicable that each working element be made in the form of a
      cylinder whose ends are rounded to a sphere with radiuses selected to suit
      the radius of the body of revolution and the required surface finish of
      the blank after machining.
PAR  By changing the radius of the spheres at the ends of the working element at
      the side of the bodies of revolution, it is possible to obtain different
      forces of deformation under the identical working conditions. By changing
      the radius of the spheres at the side of the machined surface, it is
      possible to obtain different classes of surface finish under the identical
      working conditions. For example, comparatively small sphere radiuses are
      practicable when making the microrelief on the machined surface in the
      form of a network of depressions while large radiuses of the spheres on
      the ends of the working elements prove useful in obtaining a high surface
      finish of the work.
PAR  The tool according to the invention is adapted in all cases for machining
      the surface of the blank during both forward and reverse strokes. This is
      accomplished because the contact between the working elements and the
      machined surface is ensured due to interaction of the working elements
      with the bodies of revolution which are moved by the fluid under pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Now the invention will be described in detail by way of examples with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a partial longitudinal axial section through the pulse impact
      tool for finishing the internal surfaces of revolution in blanks according
      to the invention;
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a longitudinal axial section through another version of the tool
      according to the invention;
PAR  FIG. 4 is a sectional view taken along line IV--IV of FIG. 3;
PAR  FIG. 5 is a longitudinal axial section of a two-row pulse impact tool; and
PAR  FIG. 6 is a sectional view taken along line VI--VI of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tool is designed for pulse-impact finishing of the internal surfaces of
      revolution in blanks. The tool according to the invention comprises a
      casing 1 (FIG. 1) consisting of a sleeve 2 on which discs 3 and 4 are
      mounted. The face surfaces of the discs 3 and 4 directed towards each
      other form a groove 5 to accommodate a number of bodies of revolution 6. A
      part of the external surface of the casing 1 is threaded for securing the
      casing 1 in a mandrel 7. The mandrel 7 is intended for clamping the tool
      in the tailstock of a screw-cutting lathe for which purpose a part of the
      external surface of the mandrel is tapered. The casing 1 is provided with
      a through hole 8 merging into a blind hole 9 in the mandrel 7. A hole with
      a pipe union 10 in the wall of the mandrel 7 serves for the admission of
      fluid under pressure, in this particular case compressed air, into the
      casing 1. Channels 11 (FIG. 2) leading from the hole 8 in the casing 1 are
      arranged in one and the same plane which is transverse to the base of the
      groove 5 and are directed practically tangentially to the base. The
      channels 11 serve for the delivery of the compressed air to the bodies of
      revolution 6 which are thus set in rotary motion and move along the groove
      5. To prevent the compressed air from escaping, the hole 8 in the casing 1
      is tightly closed by a plug 12 (FIG. 1) with a gasket 13 for which purpose
      part of the surface of the hole 8 is threaded. The diameter of the bodies
      of revolution 6 is selected to be sufficient to build up an impact pulse
      required for machining the surface of a blank under the effect of fluid
      pressure.
PAR  The number of the bodies of revolution 6 in the circular groove 5 is
      selected so that the total gap between them would be somewhat smaller than
      the diameter of the body of revolution 6.
PAR  A cage 14 made integral with the discs 3 and 4 adjoins the peripheral
      sections of the latter. The cage 14 accommodates working elements 15 (in
      this case balls). The working elements 15 and the bodies of revolution 6
      are arranged so that their geometrical axes lie practically in one and the
      same plane. In this example, wherein both the working elements 15 and the
      bodies of revolution 6 are constituted by balls it is sufficient that
      their centers lie in one and the same plane. The distance along the radius
      between the circumferences on which are located the geometrical centers of
      the bodies of revolution 6 and the working elements 15 during operation of
      the tool is somewhat smaller than the sum of their radiuses and must be
      sufficient to produce an impact pulse required for machining the surface
      of the blank by the method of plastic deformation.
PAR  The side surface of the discs 3 and 4 is provided with bevels to which
      straps 17 are held by screws 16. The edges of the straps 17 facing each
      other overlap to a certain extent the gap between the surfaces of the cage
      14 directed towards each other. These edges are intended to retain the
      working elements 15 when the tool is being removed from the blank. The
      width of the groove 5 and the groove in the cage 14 are somewhat larger
      than the diameters, respectively, of the body of revolution 6 and the
      working element 15 and for the passage of compressed air through the gaps.
      The major proportion of the used air escapes from the groove 5 through
      channels 18 in the discs 3 and 4.
PAR  The distance between the base of the groove 5 and the body of revolution 6
      in the operating tool should be not less than 2-3 mm.
PAR  The external surface of the sleeve 2 is stepped. The maximum-diameter
      portion of this surface serves as the base of the groove 5. The L.H.
      section of the sleeve 2 (in the drawing) carries the disc 3 secured by a
      nut 19. Part of the face surface of the disc 3 bears against the shoulder
      on the surface of the sleeve 2. The sleeve 2 is threaded for screwing on
      the nut 19.
PAR  The disc 4 is located on the sleeve 2 to the right (in the drawing) from
      the maximum-diameter section and its L.H. face (in the drawing) bears
      against a shoulder on the surface of the sleeve 2. The disc 4 is made
      integral with a bushing 20 whose internal surface fits around the sleeve
      2. A portion of its internal surface adjoining its R.H. face (in the
      drawing) is threaded for screwing it on the sleeve 2.
PAR  The length of the plain and threaded portions of the internal surface of
      the disc 4 and the bushing 20 should be sufficient to allow centering the
      disc 4 and fastening it securely in any intermediate position with the aid
      of a lock nut 21. The provision for the movement of the discs 3 and 4
      along the axis of the sleeve 2 makes it possible to change the width of
      the groove 5 and the cage 14.
PAR  Shown in FIG. 3 is another form of the tool. This tool comprises a casing
      24 which consists of a sleeve 25 and a ring 26 fitting tightly on the
      sleeve 25. The ring 26 is provided with a circular groove 27 and a portion
      of the external surface of the sleeve 25 serves as its base. The groove 27
      accommodates bodies of revolution 28. Made integral with the sleeve 25 is
      a mandrel 29 for clamping the tool in the quill of the tailstock of a
      screw-cutting lathe. The section of the external surface of the mandrel 9
      adjoining the sleeve 25 has a circular projection 30 and the R.H. face (in
      the drawing) of the ring 26 bears against this projection. The ring 26 is
      fastened on the sleeve 25 by means of nuts 31 for which purpose a portion
      of the external surface of the sleeve 25 is threaded. The sleeve 25 has a
      central axial hole 32 which merges into a hole 33 in the mandrel 29.
      Compressed air is delivered through a pipe union 34 secured in the wall of
      the mandrel 29. These holes admit the compressed air to the bodies of
      revolution 28; for this purpose there are channels 35 (FIG. 4) leading
      from the hole 32. These channels are arranged in one and the same plane
      which is transverse to the base of the groove 27 and are directed
      practically tangentially to the base of the groove. To prevent leaks of
      compressed air, the hole 32 (FIG. 3) is tightly sealed by a tapered
      threaded plug 35a. The diameter of the bodies of revolution 28 is
      sufficient for producing an impact pulse required for machining the
      surface of a blank. The number of the bodies of revolution 28 is selected
      so that the summary clearance between them would be somewhat smaller than
      the diameter of the body of revolution 28.
PAR  The peripheral portions of the ring 26 constitute a cage 36. The cage 36
      has sockets 37 to accommodate working elements 38. In the given example
      the working elements 38 have the form of balls, therefore the sockets 37
      are shaped like tapered holes whose apices are directed towards the body
      of revolution 28. The distance along the radius between the circumferences
      on which the working elements 38 and the bodies of revolution 28 are
      located in the operating tool should be somewhat shorter than the sum of
      their radiuses. In each particular case this distance is selected to suit
      the material of the blank and to ensure the creation of an impact pulse
      during collision of the bodies of revolution 28 and the working elements
      38. The external side surface of the ring 26 has circular recesses for
      fastening straps 39. The edges of the straps 39 facing each other cover
      the sockets 37 so that the clearance between them is somewhat smaller than
      the diameter of the working element 38.
PAR  To ensure delivery of compressed air into the zone of contact between the
      bodies of revolution 28 and the working elements 38, the width of the
      groove 27 is made somewhat larger than the diameter of the body of
      revolution 28 while for the delivery of compressed air to the zone of
      contact between the working elements 38 and the machined surface the
      tapered angle of the surface of the socket 37 as well as its larger and
      smaller diameters are selected to be sufficient to form a gap and allow
      the passage of air in the process of tool operation. The bulk of the used
      air is let out from the circular groove 27 through channels 40 in the ring
      26.
PAR  The number of the sockets 37 and, as a consequence, the number of the
      working elements 38 is selected to suit the force of the impact pulse
      required for plastic deformation of the blank material. The smaller the
      number of the sockets 37, the stronger the impact pulse because the speed
      of the bodies of revolution 28 moving along the circular groove 27 grows
      with a reduced resistance of the working elements 38.
PAR  The tool of this design can be utilized to make a microrelief on the
      machined surface.
PAR  Shown in FIG. 5 is a two-row impact-pulse tool. It is comprised of a casing
      42 which consists of a sleeve 43 and a ring 44 mounted on it. The sleeve
      43 is made integral with a mandrel 45. At the point where the sleeve 43
      merges into the mandrel 45, the surface of the latter is provided with a
      circular projection 46 against which bears the R.H. face (in the drawing)
      of the ring 44. The ring 44 has parallel circular grooves 47 and 48; the
      bases of these grooves are constituted by portions of the external surface
      of the sleeve 43. The ring 44 is secured on the sleeve 43 by nuts 49. The
      grooves 47 and 48 accommodate bodies of revolution 50. The distance
      between the grooves 47 and 48 is made as short as possible in order to cut
      down the idle travel of the tool because the thickness of the metal in the
      ring 44 between the grooves 47 and 48 and the thickness of its side walls
      should be sufficient if reliability and strength of the tool are to be
      ensured.
PAR  The sleeve 43 has a central axial hole 51 which merges into a hole 52 in
      the mandrel 45. These holes admit compressed air which is delivered
      through a pipe union 53 secured in the wall of the mandrel 45; this air is
      supplied to the bodies of revolution 50 through channels 54 (FIG. 6)
      leading from the hole 52. These channels are arranged in two parallel
      planes, each plane passing through the base of the corresponding groove 47
      or 48. The channels 54 are directed practically tangentially to the bases
      of the grooves 47 and 48.
PAR  To prevent leakage of the compressed air, the hole 51 is tightly closed
      with a tapered threaded plug 55 (FIG. 5).
PAR  The peripheral portions of the ring 44 constitute a cage 56. Arranged
      uniformly around the circumference of the cage 56 are sockets 57 for
      working elements 58 which are set with a provision for contacting the
      bodies of revolution 50 located in the groove 48. In the given example the
      working elements 58 are made in the form of balls and are arranged
      similarly to the arrangement of the working elements 38 in the cage 36 as
      illustrated in FIG. 3.
PAR  Also, the cage 56 has cylindrical radial sockets 59 for working elements 60
      which are set with a provision for contacting the bodies of revolution 50
      in the groove 47. Each working element 60 is a cylinder whose ends are
      rounded to a sphere; the radiuses of these spheres at the corresponding
      ends of the cylinder are selected in compliance with the radius of the
      body of revolution 50 and with the radius and the required surface finish
      of the work. The surface A of the circular groove 47 is designed so that
      the distance between the circumferences on which are located the centers
      of the bodies of revolution 50 in the operating tool and the centers of
      the spheres on the ends of the working element 60 directed towards the
      ball-shaped bodies of revolution 50 would be somewhat smaller than the sum
      of radiuses of the spheres. In each particular case this distance is made
      to suit the material of the blank and the impact pulse required to produce
      plastic deformation of the material. The higher the required surface
      finish of the blank after machining, the larger should be the radius of
      the sphere on the end of the working element 60 facing the blank because
      this reduces the height of the minute irregularities on the blank surface.
      However, the smaller the radius of this sphere, the stronger the impact
      pulse produced by the impingement of the body of revolution 50 upon the
      working element 60. The height of the cylindrical portion of the working
      element 60 must be sufficient to preserve its radial movement in the
      socket 59 in the course of tool operation. The number of the working
      elements 60 depends on the required surface finish of the blank after
      machining.
PAR  Secured by screws 61 to the external side surface of the cage 56 is a hoop
      62 which has the form of a thin-walled ring with two rows of holes whose
      centers lie on the geometrical axes of the sockets 57 or 59. The radius of
      the holes in one row is somewhat smaller than the radius of the working
      element 58 whereas the radius of the holes in the other row is somewhat
      smaller than the radius of the cylindrical portion of the working element
      60. The hoop 62 retains the working elements 58 and 60 in their sockets
      when the tool is withdrawn from the machined hole and operates outside the
      blank.
PAR  The major proportion of the used air is let out through channels 63 in the
      side walls of the ring 44.
PAR  The tool illustrated in FIG. 1 functions as follows. The tool is secured
      with the aid of the mandrel 7 in the quill of the tailstock of a
      screw-cutting lathe coaxially with the machined hole in the blank, the
      latter being clamped in the lathe chuck. Then the blank is set in rotation
      and the tool is moved linearly along the axis of the hole being machined.
      Simultaneoulsy, compressed air is delivered through the pipe union 10 into
      the holes 8 and 9 and thence, through the channels 11, into the groove 5,
      rotating the bodies of revolution 6 around their axes and moving them
      along the groove 5. As the bodies of revolution 6 move along the groove 5
      they develop tangential and centrifugal forces whose magnitude depend on
      the pressure of the compressed air and the mass of the bodies of
      revolution 6 which come in contact with the working elements 15 and impart
      an impact pulse to them; as a result, the working elements 15 ensure
      plastic deformation of the blank material and smooth out the minute
      irregularities of the surface.
PAR  After striking the working element 15 each body of revolution 6 rebounds
      and is in flight for some time; then, being acted upon by the centrifugal
      force, each body of revolution comes again into contact with the surfaces
      of the circular groove 5 serving as a raceway and then moves along the
      groove 5 until it strikes the next working element 15. The working
      elements 15 subjected to impacts of the bodies of revolution 6 and
      contacting the machined surface of the rotating blank also start rotating
      around their geometrical axes and moving in the cage 14. Rotation of the
      bodies of revolution 6 and the working elements 15 around their
      geometrical axes is irregular due to slipping during their contact and
      during the contact between the working elements 15 and the machined
      surface; this contributes to their uniform wear. The use of a fluid under
      pressure, e.g. compressed air, for moving the bodies of revolution 6 and
      imparting an impact pulse to the working elements 15 through them makes it
      possible, by changing the fluid pressure, to control the force of the
      impact pulse to suit the requirements for the surface after its machining.
      Thus it becomes possible to obtain different categories of surface finish
      on the portions of one and the same machined surface. After machining the
      hole in the blank, the tool is withdrawn to the initial position. Should
      it be necessary to use the back travel of the tool for repeated machining
      of the surface, the supply of compressed air is cut off after taking the
      tool completely out of the machined hole.
PAR  The operating principle of the tool illustrated in FIG. 3 differs from that
      of the tool in FIG. 1 in that the working elements 38 accommodated in the
      sockets 37 cannot move over the circular trajectory. Inasmuch as the
      number of the working element 38 in this tool is limited by the number of
      the sockets 37, the bodies of revolution 28 move most of the time over the
      surface of the circular groove 27 and produce a smaller number of impacts
      on the working elements 38. As a result, the machined surface of the blank
      has a microrelief in the form of a network of depressions.
PAR  Operation of the two-row tool illustrated in FIG. 5 is practically
      identical to that of the tools shown in FIGS. 1 and 3 because the
      arrangement of the working elements 58 in the cage 56 is similar to the
      arrangement of the working elements 15 in the cage 14 (FIG. 1) and the
      arrangement of the working elements 60 in the cage 56 is similar to that
      of the working elements 38 in the cage 36 (FIGS. 3 and 4).
PAR  In this two-row tool the compressed air is delivered through the pipe union
      53 and enters both grooves 47 and 48 simultaneously through the holes 51
      and 52 and the channels 54. The interaction of the bodies of revolution 50
      in both grooves with the working elements 58 and 60, respectively, is
      similar to that described in the preceding examples. However, in this case
      the cylindrical working elements 60 machine the hole in the blank to the
      required surface finish whereas the working elements 58 cut a microrelief
      on the machined surface.
PAR  A multiple-row tool can be used with equal efficiency for machining the
      surfaces of revolution.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A pulse-impact tool for finishing internal surfaces of revolution in
      blanks, installed with a provision for linear motion along the geometrical
      axis of the machined surface comprising: a casing in the form of a body of
      revolution; at least one circular groove made on the external side surface
      of the casing; bodies of revolution installed in the groove with a
      provision for moving along the groove and rotating around their own
      geometrical axis; the casing provided with a central axial hole; at least
      one channel leading from the hole in the casing, arranged in a plane
      transverse to the base of the groove, directed practically tangentially to
      the base of the groove and used to deliver fluid under pressure to the
      bodies of revolution which move along the groove and are rotated by the
      fluid around their own axes; a cage arranged concentrically with and
      around the groove; working elements accommodated in the cage with a
      provision for contacting the bodies of revolution and colliding with the
      bodies of revolution during tool operation; the working elements having
      geometrical axes which lie in one and the same plane with the geometrical
      axes of the bodies of revolution.
NUM  2.
PAR  2. The tool according to claim 1 wherein the casing consists of a sleeve
      and two discs mounted on the sleeve; the faces of the discs directed
      towards each other form the side surfaces of the groove and the cage, at
      least one of the discs being installed on the sleeve with a provision for
      moving along the axis of the sleeve to allow adjusting the width of the
      groove and the cage.
NUM  3.
PAR  3. The tool according to claim 1 wherein the cage has sockets for
      accommodating each of the working elements.
NUM  4.
PAR  4. The tool according to claim 3 wherein each of the working elements has
      the form of a cylinder whose ends are rounded to a sphere, the radiuses of
      the corresponding ends being selected to suit the radius of the body of
      revolution and the required surface finish of the blank after machining.
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ABST
PAL  A ferroelectric surface wave transducer device comprising an unpoled
      ferroelectric substrate having a substantially sinusoidal poled region at
      a surface thereof. A metal plate electrode is disposed on the opposing
      surface of the substrate. In operation an A.C. voltage applied across the
      two electrodes gives rise to a surface elastic wave in the substrate. Also
      disclosed is a method of producing a surface wave transducer of the type
      described. A pair of interdigitated metal electrodes are applied to a
      surface of an unpoled ferroelectric substrate. A poling potential is
      applied between the electrodes, preferably while the substrate is heated.
      The interdigitated electrodes are then removed and a metal plate electrode
      is applied over the region where the interdigitated electrodes had been.
      Finally, another metal electrode is applied to the opposite surface of the
      substrate. In a preferred embodiment of the invention the interdigitated
      electrodes are in the form of a moveable fixture. The fixture is moved
      into contact with an unpoled substrate of ferroelectric material and,
      after the poling potential is applied, it is moved out of contact with the
      substrate. In this manner the fixture can be used repeatedly to
      selectively pole ferroelectric substrates upon which simple plate
      electrodes are then applied.
PARN
PAR  This is a division of application Ser. No. 430,030, filed Jan. 2, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to surface wave devices and, more particularly, to a
      surface wave transducer fabricated on ferroelectric materials and a method
      and apparatus for making same. The subject matter of this application is
      related to subject matter disclosed in the copending application Ser. No.
      430,149 entitled "Variable Delay Device"  filed of even date herewith and
      assigned to the same assignee as the present application.
PAR  Ferroelectric materials generally exhibit characteristics of both
      ferroelectricity and piezoelectricity. However, ceramic ferroelectric
      materials, such as barium titanate and lead titanate zirconate, exhibit
      little or no piezoelectric effect unless they are first "poled." It is
      believed that the absence of piezoelectricity in these materials is due to
      the nature of their "ferroelectric domain" structure. Specifically, each
      domain can be thought of as having its own intrinsic polarization
      direction with the directions being essentially random. When an electric
      field is applied to the material a particular domain may be elongated
      while its neighboring domain, whose spontaneous polarization direction is
      of opposite sense, will be contracted. The result is that the overall
      material exhibits little net piezoelectricity.
PAR  It is well known that polycrystalline ferroelectric ceramics can be
      rendered piezoelectric by reorienting the material's domains in the same
      direction; i.e., by "poling." The common technique of poling is to apply a
      strong electric field to the material for a relatively long period,
      usually at an elevated temperature.
PAR  After a ferroelectric material has been poled, a surface wave device can be
      fabricated by forming transducers thereon which are capable of converting
      electric signals into surface elastic waves or vice versa. A particularly
      efficient transducer comprises a pair of interdigitated comb-like metal
      electrodes which are generally formed on the ceramic substrate surface
      using photolithographic techniques. When a voltage is applied to the
      electrodes the resultant electric field between each pair of adjacent
      fingers gives rise to an elastic wave which propagates along the
      material's surface. The fingers of the comb electrodes have spacings
      selected such that the waves generated by each finger pair add coherently.
      Similarly, a travelling elastic wave gives rise to a varying electric
      field which can be sensed with interdigitated electrodes acting as a
      receiver.
PAR  It has recently been demonstrated that interdigitated electrodes can be
      formed on the surface of an unpolarized ferroelectric material and the
      region below the electrodes poled by applying a strong D.C. field across
      the electrodes. After this "selective"  poling is achieved, the electrodes
      are used to excite surface acoustic waves in the material. In such case,
      the attained polarization is of the same pattern as the electric field
      used for exciting surface waves.
PAR  The above-described techniques, while useful and operative, include various
      inherent disadvantages. For example, the photolithographic techniques
      employed to form the small delicate electrode fingers involve undue time
      and expense. Also, once the interdigitated electrodes are formed, tiny
      geometries limit the voltage level which can be applied during device
      operation. More specifically, since the electric fields applied across the
      electrodes extend into the environment above the substrate, such fields
      are limited by the dielectric strength of air if breakdown is to be
      avoided.
PAR  It is an object of this invention to provide improvements in the art which
      are responsive to the stated problems among others.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a novel ferroelectric surface wave
      transducer device. In accordance with the invention there is provided an
      unpoled ferroelectric substrate having a substantially sinusoidal poled
      region at a surface thereof. A metal plate electrode is disposed over the
      poled region and a second metal electrode is disposed on the opposing
      surface of the substrate. In operation, an A.C. voltage applied across the
      two electrodes gives rise to a surface elastic wave in the substrate.
PAR  The invention is also directed to a novel method of producing a surface
      wave transducer of the type described. A pair of interdigitated metal
      electrodes are applied to a surface of an unpoled ferroelectric substrate.
      A poling potential is applied between the electrodes, preferably while the
      substrate is heated. The interdigitated electrodes are then removed and a
      metal plate electrode is applied over the region where the interdigitated
      electrodes had been. Finally, another metal electrode is applied to the
      opposite surface of the substrate.
PAR  In a preferred embodiment of the invention the interdigitated electrodes
      are in the form of a moveable fixture. The fixture is moved into contact
      with an unpoled substrate of ferroelectric material and, after the poling
      potential is applied, it is moved out of contact with the substrate. In
      this manner the fixture can be used repeatedly to selectively pole
      ferroelectric substrates upon which simple plate electrodes are then
      applied. Thus, the need for photolithographically applying interdigited
      electrodes to the substrate surface is obviated.
DRWD
PAR  Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 4 illustrate a sequence of steps comprising a method of making a
      surface wave transducer device in accordance with the invention;
PAR  FIGS. 5 to 7 are simplified cross-sections of transducers which are helpful
      in describing the theory of operation of the invention;
PAR  FIG. 8 is an elevational perspective view of an apparatus in accordance
      with the invention for applying a poling pattern to a ferroelectric
      substrate; and
PAR  FIG. 9 is an elevational perspective view of a variable delay device in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 through 4, there is illustrated a sequence of steps
      comprising a method of making a surface wave transducer device in
      accordance with the invention. An unpolarized wafer of ferroelectric
      material, such as a ceramic lead zirconate titanate substrate 20, is shown
      in FIG. 1. Other suitable substrate materials, such a barium titanate,
      could also be employed, depending on selection of particular desired
      properties for the ultimately formed device. FIG. 2 shows the substrate 20
      with a pair of interdigitated electrode pairs 30 and 40 disposed thereon.
      The preferred form of these electrode pairs will be described hereinbelow,
      it sufficing for the present to note that the electrode pair 30 consists
      of a metal "comb" electrode 31 having "fingers" which are interdigitated
      with the fingers of a metal comb electrode 32 and electrode pair 40
      consists of a metal comb electrode 41 having fingers which are
      interdigitated with the fingers of metal comb electrode 42. A conductor 51
      is coupled to the electrodes 31 and 41 and another conductor 52 is coupled
      to the electrodes 32 and 42. A D.C. poling potential E is applied between
      the conductors 51 and 52 under conditions to be described below. The
      electrode pairs 30 and 40 are then removed from the substrate 20 and FIG.
      3 shows, in dashed lines, the outline of the poling patterns formed near
      the surface of substrate 20 in the regions where the electrode pairs had
      been. A pair of metal plate electrodes, designated 50 and 60, are then
      deposited over the poled regions and another metal electrode 70 is formed
      on the entire opposite surface of substrate 20. This is shown in FIG. 4
      which also depicts input and output terminals 53 and 61 that are
      respectively coupled to the plate electrodes 50 and 60. Electrode 70 is
      coupled to ground reference potential.
PAR  When an A.C. voltage is applied at terminal 53 (with respect to ground) a
      surface elastic wave is generated under the plate electrode 50. This wave
      is received under the plate electrode 60 where it is transduced back to an
      electrical signal which can be measured at the terminal 61. Thus, the
      device shown in FIG. 4 can be employed as a delay line with the delay time
      depending on the propagation velocity of the surface wave in the substrate
      20. The device of FIG. 4 includes two transducers made in accordance with
      the invention and such transducers are suitable for use in many surface
      wave device applications such as filters or modulators among others.
PAR  The theory of operation of the present transducer is illustrated in
      simplified terms with the aid of FIGS. 5, 6 and 7. FIGS. 5 and 6 represent
      simplified cross-sections of prior art devices and FIG. 7 represents a
      simplified cross-section of a transducer in accordance with the invention.
      In FIG. 5 there is shown a pair of adjacent electrode fingers 11 and 12
      deposited on a substrate 10 which had been previously poled uniformly in
      the direction indicated by the arrow labelled "P." When an A.C. voltage is
      now applied across the fingers, the resultant (instantaneous) electric
      field is represented by the curved arrow labelled ".epsilon.." This is the
      conventional case wherein an elastic surface wave is generated by virtue
      of the varying components of electric field in the direction of poling. In
      the case of FIG. 6 prior art, a ceramic ferroelectric substrate 13 is
      poled by applying a D.C. voltage (not shown) across the fingers 11 and 12
      to obtain a localized poling pattern which is substantially sinusoidal in
      shape and indicated by the curved arrow labelled P. During operation A.C.
      voltage is applied across the fingers, as shown, and the instantaneous
      electric field is indicated by the same curved arrow which is also
      labelled .epsilon.. FIG. 7 illustrates the situation of the invention and
      shows, by dotted area, positions which adjacent fingers 15 and 16 had
      occupied during poling (as per FIG. 2). Thus, a localized poling pattern
      is indicated by the curved arrow labelled P. During operation an A.C.
      voltage is applied between the plate electrode 17 and the bottom electrode
      18 and the (instantaneous) electric field is indicated by the arrow
      labelled .epsilon.. Thus, the relationship between the poling pattern and
      the electric field is the opposite of that illustrated in FIG. 5. Again,
      however, an elastic surface wave is generated by virtue of the varying
      components of electric field in the direction of poling. IN FIG. 7 the
      poling pattern resulting from only a single finger pair is shown, but it
      will be understood that comb electrodes having multiple fingers (e.g. FIG.
      2) are preferably employed during manufacture to achieve an extended
      sinusoidal poling pattern. In such case the fingers of the comb electrodes
      have spacings selected such that the poling pattern under the plate
      electrode gives rise (for a particular excitation frequency) to waves
      generated by each finger pair which add coherently.
PAR  FIG. 8 illustrates an apparatus for applying a poling pattern to a
      ferroelectric ceramic substrate in accordance with the portion of the
      method shown in FIGS. 2 and 3. A press 100 is provided with a lower
      stationary metal plate 101 and an upper metal plate 102 which is
      vertically slidable on a pair of vertical support bars 103 and 104. The
      spacing between the plates 101 and 102 is adjustable by a conventional
      mechanism consisting of a bolt 105 and a thumbscrew 106. The thumbscrew is
      rotatably secured in the plate 102 and can be turned to adjust the height
      of plate 102 as desired. Mounted in a recess in the bottom plate 101 is a
      glass slide 110 having a pair of interdigitated metal comb electrodes 111
      and 112 on the top surface thereof. These electrodes may be formed
      beforehand by conventional photolithographic techniques. For example, a
      layer of chromium can be deposited uniformly on a surface of slide 110 by
      sputtering. A masking layer is then applied over the chromium layer, such
      as by selectively exposing photoresist through an optical mask having the
      shape of the desired electrodes. The chromium layer can then be
      selectively etched to leave the electrode pattern whereupon the masking
      layer is removed. A pair of leads 113 and 114 are attached to the
      electrodes 111 and 112, respectively, and these leads are coupled, via
      switch 115, across a source of D.C. voltage 116.
PAR  In operation, a wafer of unpolarized ferroelectric ceramic material is
      mounted (by means not shown) under the top plate 102 and the thumbscrew
      106 is tightened until the undersurface of the wafer is in contact with
      the electrodes. The switch 115 is then closed and, preferably, the press
      100 is placed in an oven so that the wafer is heated during application of
      the poling voltage. In an actual experiment a 5 millimeter thick wafer of
      lead zirconate titanate was mounted in contact with the interdigitated
      electrodes and was heated at about 80.degree. C for about 12 hours while
      the poling field of 20 kV/cm. was applied to the electrodes. The
      electrodes were then removed and plate and bottom electrodes were
      deposited as illustrated in FIG. 4. The resultant transducer was capable
      of establishing a surface elastic wave in the ceramic wafer by application
      of a suitable A.C. voltage across the electrodes. Also, a surface wave
      established in the ceramic (by other means) was found to result in a
      measurable voltage across the electrodes. Relatively high voltages can be
      applied across the plate and bottom electrodes since the electric field is
      essentially confined to the ceramic material, unlike the case where
      operating voltages are applied to interdigitated electrodes.
PAR  It will be understood that numerous variations of the apparatus 100 are
      possible within the spirit of the invention. For example, the wafer could
      be laid directly on the slide and then held in place by the upper plate
      102. Alternatively, the electrodes could be mounted on the upper plate.
      Also, various means could be provided for registering the electrodes with
      a particular location on the wafer or substrate. Chromium is found to be a
      durable electrode material that can be used over and over again for
      poling, but other suitable metals could be employed. After poling, the
      plate electrode can be deposited by any known means, such as sputtering
      through a simple mask aperture.
PAR  The transducer of the present invention is particularly well suited for
      utilization in a variable delay device of the type shown in FIG. 9. The
      device 200 of FIG. 9 includes a first wave generating transducer 201 which
      may be of the construction shown in FIG. 4. The wave receiving transducer
      202 in this device includes a metal plate 203 that is slidably mounted
      over a region that has a substantially sinusoidal poling pattern formed in
      the unpoled ferroelectric substrate 205. The pattern is obtained in the
      manner previously described and dotted lines indicate the positions that
      were occupied by electrodes during poling. As before, a metal electrode
      206 is disposed over the underside of the substrate 205 and is coupled to
      ground reference potential. An input terminal 211 is coupled to the plate
      electrode 207 of transducer 201 and an output terminal 212 is coupled to
      the slidable electrode 203.
PAR  Operation of the device 200 is similar to that of the device of FIG. 4.
      Specifically, when an A.C. voltage is applied at terminal 211 (with
      respect to ground) a surface elastic wave is generated under plate
      electrode 207. This wave is received under the plate electrode 203 where
      it is transduced back to an electrical signal. The delay time depends on
      the propagation velocity of the surface wave and is a function of the
      distance between the transducers. This distance can be changed to vary the
      delay, as desired. Also, the functions of the two transducers could be
      reversed so that transducer 201 acts as a receiver of waves generated at
      transducer 202.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of producing a surface wave transducer of a ferroelectric
      ceramic substrate comprising the steps of:
PA1  a. applying a pair of interdigitated metal electrodes to a surface of said
      substrate;
PA1  b. applying a poling potential between said electrodes;
PA1  c. removing the electrodes;
PA1  d. applying a metal plate electrode over the region where said electrodes
      had been applied; and
PA1  e. applying an electrode on the opposite surface of said substrate.
NUM  2.
PAR  2. The method as defined by claim 1 comprising the additional step of
      heating said substrate during application of said poling potential.
NUM  3.
PAR  3. The method as defined by claim 1 wherein the step of applying a poling
      potential comprises applying a fixture in contact with said surface, said
      fixture including first and second comb-shaped electrodes having
      interdigital fingers.
NUM  4.
PAR  4. An apparatus for selectively poling a surface of a ferroelectric ceramic
      substrate, comprising:
PA1  an interdigitated fixture which includes first and second flat comb-shaped
      electrodes having interdigital fingers;
PA1  means for mounting the substrate so that said surface is in spaced relation
      to said fixture electrodes;
PA1  means for effecting movement as between said fixture and said mounting
      means so that said electrodes can be moved into and out of contact with
      said surface; and
PA1  means for applying a voltage across said first and second electrodes.
NUM  5.
PAR  5. An apparatus as defined by claim 4 wherein said interdigitated fixture
      comprises a glass plate having first and second metal electrodes thereon.
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PAL  An apparatus for sequentially feeding axial lead electrical components to a
      first plane, severing surplus lead material, bending one lead so that said
      component and said other lead are perpendicular to the first plane,
      preforming the end of the other lead into an L-shape, bending the
      remaining section of the one lead to be perpendicular to the first plane
      and inserting the leads into holes in a circuit board.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to electronic component insertion
      devices apparatus and more specifically to an apparatus for preforming the
      leads of an axial lead electrical component so that the component may be
      inserted into pre-lined holes in a circuit board with the axial axis of
      the component perpendicular to the circuit board.
PAR  2. Description of the Prior Art
PAR  Heretofore, tape mounted axial lead components have been fed to an
      insertion head which is adapted in sequence to sever the leads of a
      presented component in order to separate such component from a pair of
      spaced carrier tapes, bend the severed leads at right angles to the axis
      of the separated component, and finally drive the bent leads into
      preformed apertures provided in a circuit board disposed below the
      insertion head.
PAR  Typical examples of the above are the single component insertion device of
      U.S. Pat. No. 3,593,404 and a multiple component insertion device as shown
      in U.S. Pat. No. 3,796,363. Even film-mounted electrical components have
      been inserted with their bodies parallel to the circuit board, as
      illustrated in U.S. Pat. No. 3,783,488.
PAR  To increase the packing density on circuit boards, it has been suggested
      that the shortest dimension of an electrical component (that is, the
      diameter) be parallel to the circuit board, instead of the longest
      dimension (that is, the length). To this end, the "Insertion Apparatus" of
      U.S. application Ser. No. 501,682, file Aug. 29, 1974, was developed which
      application is commonly assigned with the instant application and is
      understood to be incorporated herein by reference. The apparatus of the
      present case is intended as an improvement over that as shown in Ser. No.
      501,682.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention performs and inserts axial lead
      components so that the axis of the component is perpendicular to the
      circuit board into which it is inserted. Axial lead components which are
      normally mounted to a long continuous pair of tapes are sequentially fed
      so as to be aligned one at a time in a first plane which includes the two
      leads and the axial axis of the component. Intially, both the first and
      second leads are supported under indexing wheel. Subsequently, a first
      bending mechanism starting at the first plane starts an arcuate path which
      severs the first lead against a severing block and continues an arcuate
      path bending the second lead so that the first lead, the body and a
      section of the second lead are substantially perpendicular to the first
      plane at the end of its arcuate path. An anvil is provided at the end of
      the arcuate path of the first bending device to cooperate therewith so as
      to preform the end of the first lead. After the first bending device has
      completed its arcuate path, the second lead is severed and a second
      bending device (which will be the outside supporter for the insertion
      device) starts a linear motion perpendicular to said first plane so as to
      bend the remaining section of the second lead so as to be perpendicular to
      said first plane. The insertion mechanism includes the second bending
      device, a second outside supporter and a component driver therebetween. A
      post about which the first lead is bent and the anvil of the preforming
      section are mounted to a resilient housing and lie within the path of the
      insertion tool. The housing and the insertion tool each contain camming
      surfaces cooperating to force the post of the bending device and the anvil
      of the preforming device out of the path of travel of the insertion tool.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide an improved apparatus for
      preforming leads of axial lead electrical components so that the component
      axis is parallel to the leads to be inserted in a circuit board.
PAR  Another object is to provide a more efficient and reliable axial lead
      component preforming and insertion apparatus capable of increased packing
      density.
DRWD
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a preferred embodiment of the preforming and
      insertion apparatus of the present invention;
PAR  FIG. 2 is a front view of the preforming and insertion assemblies of the
      present invention with the cover plate removed and parts broken away for
      purposes of clarity;
PAR  FIG. 3 is a side view of the preforming and insertion assemblies; and
PAR  FIGS. 4-10 show the series of preforming and insertion operations on an
      axial lead component.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown the apparatus designated as 10. It
      consists of a main housing 11 having supporting legs 12 and 13. A lower
      member 14 supports vertical guides 15, 16 on which a support member 17 is
      mounted for vertical movement. Member 17 is controlled by a pneumatic
      cylinder (not shown) which enables it to rise to the position shown or
      move downwardly. Mounted on member 17 is a lead shearing and forming
      mechanism 20, as contained in application Ser. No. 501,682. A printed
      circuit board 21 is attached to a carriage 19 slidable on rails 18. The
      position of the circuit board 21 is controlled by any of the well known x,
      y positioning systems which are not shown in detail for the sake of
      clarity.
PAR  A pneumatic cylinder 22 is mounted on the side of housing 11 and drives
      through linkage (ratchet and pawl not shown) in assemblies 23 and 24, a
      pair of shafts 25 and 26. Mounted on the shafts are indexing wheels 27 and
      28 having lead receiving grooves such as 29 and 30. Also mounted on the
      shafts are a pair of tape supporting wheels 31 and 32. A pair of guides 33
      and 34 are located atop assemblies 23 and 24, respectively, to guide the
      tape containing the components onto tape supporting wheels 31 and 32.
PAR  It should be noted that the entire apparatus is driven through pneumatic
      cylinders. The cylinders can be operated sequentially by a central cam
      operated pneumatic control or be controlled by a tape reader or computer
      which, in turn, operates the pneumatic central control. Cylinder 22
      indexes each time an operation is completed to bring another taped
      component into line for forming. While a pneumatic mode of control is
      contemplated, other means (such as mechanical, electrical or hydraulic
      means) may be employed.
PAR  Mounted on housing 11 between indexing wheels 27 and 28 is the preforming
      and insertion assemblies to be described in detail in conjunction with
      FIGS. 1, 2 and 3. A base 35, mounted to housing 11, has two circular
      recesses 36 and 37 (FIG. 3). A locator housing 38 having a head 39 with a
      slot 40 therein and a shaft 41 is secured in recess 36 by fasteners 42 to
      prevent rotational movement of locator housing while allowing vertical
      movement. Encompassing locator housing 38 in a bore 44 is a cutter housing
      43 to the bottom of which is mounted a gear 45. In bore 44 between the
      gear 45 and the bottom of head 39 of locator housing 38 is a coil spring
      46. As will be explained more fully later, this allows the portions of the
      preforming assembly to be moved out of the path of the insertion assembly.
PAR  A locator 47 rests in slot 40 of locator housing 38 and is secured thereto
      by fastener 48. The locator 47 will be described in more detail later on.
PAR  In circular recess 37 is a shaft 49 to which is secured a gear 50 by
      fastener 51. A bushing is also provided in circular recess 37 since shaft
      49 and gear 50 rotate relative to the base 35. Mounted to gear 50 is a
      follower pin 52, which will determine the position of gear 50, gear 45 and
      cutter housing 43.
PAR  A cam head 53 is pivotally attached to a cam arm 54 by pin 55; also
      attached to cam arm 54 is a return arm 56. During the forward movement of
      cam arm 54, follower pin 52 moves along surfaces 57, 58 and 59 of cam head
      53, surfaces 60 and 61 of return arm 56 and surface 62 of cam arm 54. This
      causes gear 50 to rotate clockwise along surface 57, stop rotation and
      hold that position along surface 58, rotate counter-clockwise to its
      original position along surfaces 59 and 60, and maintain the initial
      position along surfaces 61 and 62. As will be explained later, this allows
      the arcuate travel of a combined cutter, bender and preforming elements
      and later reversal to clear the path for the insertion assembly. Since no
      rotation is needed during the return stroke, a slot 63 is provided aligned
      with the surfaces 61 and 62. The slot 63 is inclined from surface 57 to
      surface 59 so that the cam head 53 rotates up to allow the follower pin 52
      to pass through.
PAR  A cam guide 64 is secured to the base 35 by fasteners (not shown) and has a
      slot 65 to receive the cam arm 54 and return arm 56 and a second recess 66
      to allow the pivotal movement of cam head 53. An insertion assembly guide
      67 is secured to, and extends beyond, cam guide 64 so as to lie above
      locator housing 38. The insertion assembly guide 67 terminates in curved
      surface 68 to be coincident with the locator housing head 39. A channel 69
      traverses the entire length of the insertion assembly guide 67. Within
      channel 69, beginning at the curved surface 68, is a slot 70 which
      terminates at 71 and has a width large enough to receive the locator 47.
      The top terminating edge of the insertion assembly guide 67 is bevelled at
      75 to allow clearance for the lead portion of the electrical components.
      Secured to the insertion assembly guide 67 by fasteners (not shown) is a
      cover plate 72 (removed in FIG. 2) having a groove 73 therein (See FIG. 1)
      to accommodate the body portion of the electrical component. The
      terminating surface 74 of the cover plate 72 is curved to coincide with
      the curvature of the indexing wheels 27 and 28 (which are shown in phantom
      in FIG. 3).
PAR  Referring to FIG. 2, the locator 47, which as previously described is
      secured to locator housing 38, includes a bending post 76 and an anvil 77.
      As shown in FIG. 1, one lead of an electrical component resets above the
      bending post 76 which is aligned in a plane. The anvil 77 has a channel 78
      to receive a hammer (to be described below) to preform the end of the lead
      of the electrical component to an L-shape. The height of the anvil is
      reduced at 79 to receive the other lead and act as a stop.
PAR  Mounted to the cutter housing 43 is a combined cutter, bender and hammer
      80. The surface 81 of hammer 80 has a V-notch 82 (FIG. 3) to receive the
      lead of the electrical component. Surface 83 is connected to surface 81 by
      surface 84, and in combination, forms an L-shaped hammer to cooperate with
      anvil 77 to preform an L-shaped lead. The terminating edge 85 of surface
      83 is a shearing edge which acts with a shearing block 86 (FIG. 1) to
      sever the surplus lead material and sever the lead from the tape carrier.
      A second and separate securing block 87 severs the other lead of the
      electrical component from the tape carrier in combination with indexing
      wheel 27. Both of the shearing blocks 86 and 87 are pivotally mounted to
      housing 11 and have different heights so as to sever the leads at
      different and distinct times in the operation cycle to be described in
      connection with FIGS. 4-10. Though cutter/bender/hammer 80 is shown as a
      separate element, it is obvious that it may be formed as a single element
      with the cutter housing 43.
PAR  The insertion assembly includes two outside supporters 88 and 89 and a
      driver 90. Outside supporter 89 is used in the preforming cycle to bend a
      section of one of the leads and thus has a V-notch 91 in its leading
      surface. Both outside supports 88 and 89 have a channel 92 therein to
      receive the preformed leads and thereby support and guide the leads into
      prealigned holes in a circuit board. Outside supporter 88 also has a
      V-notch 91 to receive a portion of the lead.
PAR  The driver 90 includes a forward surface 93, connected to a curved surface
      94 by an internal surface 95. The forward surface 93 receives a part of
      the L-shaped lead, internal surface 95 receives the body portion of the
      electrical component and curved surface 94 receives the U-shaped portion
      of the other lead. The lower lead edge of driver 90 is bevelled at 96 to
      act as a cam surface. The top rear edge of locator 47 also has a bevelled
      edge 97 to act as a cam surface and cooperate with cam surface 96 to
      depress locator 47 to remove post 76 and anvil 77 from the path of the
      insertion assembly.
PAR  Referring now to FIGS. 4-10, the sequence of cutting, bending, preforming,
      bending and inserting an electrical component into a circuit board is
      illustrated. The electrical components having a body section B, a right
      lead RL and a left lead LL are sequentially fed to a first plane by the
      indexing wheels 27 and 28 so that a portion of the lead RL rests above
      bending post 76.
PAR  The bender 80 starts its travel along an arcuate path in the plane defined
      by the leads LL and RL and the body portion B. As the shearing edge 85
      meets the shearing block 86, the surplus lead material is severed from the
      lead LL. The lead LL, the body portion B, and a section of the lead RL
      which is contiguous to the body B are bent around the bending post 76 as
      illustrated in FIG. 5. The bender 80 continues its arcuate path completing
      it as shown in FIG. 6 at a point in a plane perpendicular to the first
      plane as shown in FIG. 4.
PAR  Prior to the termination of the travel of the arcuate path, the bender 80
      becomes a hammer which, in combination with the anvil 77, puts an L-shaped
      bend on the end of lead LL. The body B, the lead LL and portion of the
      lead RL now lie in a plane perpendicular to the original plane as shown in
      FIG. 4 and which the remainder of the lead RL is in. Referring briefly to
      FIG. 2, it should be noted that the follower pin 52 has completed its
      travel along the surface 57 of the cam head.
PAR  The insertion assembly, including outside supporters 88 and 89 and driver
      90, start their descent. At this time, the severing block 87 is pivoted by
      a drive linkage (not shown) so as to rise from the position shown in FIG.
      4 where the surplus lead material is severed from lead RL by severing
      block 87 and feed indexing wheel 27. At this point, both the leads LL and
      RL have been severed from the tape carrier leaving surplus lead material
      with the carrier. As illustrated in FIG. 7, the outside support 89 becomes
      a bender assembly acting on lead RL as shown in FIG. 7, The lead RL is
      bent by outisde supporter 89 so as to be parallel to the body or in a
      plane perpendicular to the original plane illustrated in FIG. 4. This
      final position is illustrated in FIG. 8. As the total insertion assembly
      has travelled the postion illustrated between FIGS. 6, 7 and 8, the
      follower pin 52 has travelled along surface 58 so as to maintain its
      position as shown in FIG. 6 along surface 59 of the cam head 53 so as to
      remove the hammer 80 out of the path of the insertion assembly.
PAR  As illustrated in FIGS. 3 and 8, the curved surface 95 and the leading edge
      93 of driver 90 are not yet in contact with any portion of the electrical
      component or its leads. At this point, the two cam surfaces 96 of the
      driver 90 and 97 of the locator 47 intersect so as to force the locator
      assembly down out of the path of the insertion assembly removing post 76
      and anvil 77. The motion between FIGS. 8 and 9 are such that the curved
      surface 94 of the driver assembly is in contact with the portion of lead
      RL which remained substantially in the original plane as illustrated in
      FIG. 4 and leading surface 93 comes in contact with a portion of the
      L-shaped preformed end of lead LL which is parallel to the original plane.
      As illustrated in FIG. 9, the insertion assembly carries the bent and
      preformed component down to the circuit board 21. As outside supporters 88
      and 89 meet at the surface, they are stopped and the driver 90 which is
      resiliently connected thereto continues its motion, forcing the leads into
      apertures in the circuit board by force applied to the lead portions. When
      this motion is completed as in FIG. 10, the lead clinching mechanism 20 as
      incorporated herein from the previously mentioned application, cuts and
      clinches the leads to the lower end of the circuit board.
PAR  Thus, the present apparatus severs, bends and preforms and inserts axial
      lead components such that the axis of the body of the component is
      perpendicular to the circuit board and thus increases the packing density
      on the circuit board. From the preceding description of the preferred
      embodiments, it is evident that the objects of the invention are attained.
      Although the invention has been described and illustrated in detail, it is
      to be clearly understood that the same is by way of illustration and
      example only and is not meant to be taken by way of limitation. The spirit
      and scope of this invention are limited only by the terms of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for processing electrical components having a body portion
      and a first and second lead portion extending from the body portion in
      opposite directions comprising:
PA1  means for sequentially feeding said components;
PA1  means for aligning said feed component in a first plane;
PA1  means for severing surplus lead material from said first and second lead
      portions;
PA1  first means for bending said first lead so that said second lead, said body
      and a first section of the first lead contiguous to said body are
      substantially perpendicular to said first plane;
PA1  means for forming the severed extremity of said second lead at the
      termination of the operation of said first bending means, said forming
      means including an anvil aligned substantially perpendicular to said first
      plane to cooperate with said first bending means to form the severed end
      of said second lead at the termination of the operation of said first
      bending means; and
PA1  second means for bending a second section of said first lead so that said
      second section is also substantially perpendicular to said first plane.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said severing means includes a first
      means for severing said first lead and a second means for severing said
      second lead independent of said first severing means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first bending means includes an
      L-shaped surface and said anvil has a corresponding L-shaped surface for
      forming an L-shaped bend on said second lead.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said first bending means includes a
      member which travels an arcuate path starting at a first point in said
      first plane and ends at a second point in a plane substantially
      perpendicular to said first plane.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said severing means includes a shearing
      block adjacent said first point, said forming means includes an anvil
      adjacent said second point and said member of said first bending means
      includes a shearing surface and a hammer surface cooperating with said
      shearing block and anvil, respectively, to sever and form said second lead
      during the arcuate travel of said first bending means member.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said second bending means includes a
      slidable member which travels a linear path perpendicular to said first
      plane.
NUM  7.
PAR  7. The apparatus of claim 1 including insertion means for holding a
      component subsequent to the operation of said first and second bending
      means and insert it into prealigned holes in a circuit board.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said second bending means includes a
      first slidable member which travels a linear path perpendicular to said
      first plane and said insertion means includes said first slidable member
      for contacting said first lead, a second slidable member for contacting
      said second lead and a third slidable member between said first and second
      slidable members contacting a section of a lead in a second plane
      substantially parallel to said first plane, said first, second and third
      members travel a linear path perpendicular to said first plane.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said forming means produces an L-shaped
      bend on said second lead, and said third member contacts a section of said
      L-shaped bend which is in said second plane.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said third member also contacts a
      section of said first lead which lies in said first plane.
NUM  11.
PAR  11. The apparatus of claim 8 wherein said first and second members are
      resiliently connected to said third member so that said third member
      drives the leads into said prealigned holes after said first and second
      members have terminated their travel adjacent said circuit board.
NUM  12.
PAR  12. The apparatus of claim 7 wherein said aligning means and said forming
      means each include an element in the path of travel of said insertion
      means mounted on a resilient base, said base having a first cam surface
      and said insertion means having a second cam surface, said cam surfaces
      cooperating to force said elements of said aligning means and of said
      forming means out of the path of travel of said insertion means.
NUM  13.
PAR  13. The apparatus of claim 1 wherein said components are parallel taped by
      two tapes secured to the extremities of said first and second leads and
      said feeding means includes means for engaging and sequentially advancing
      taped component to said aligning means.
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ABST
PAL  Sheet metal rotor wheel for radial-flow fans, turbines, and the like, and
      method and fixture for manufacturing same by use of explosion welding of a
      rotor dish to angled legs of the individual rotor blades. The individual
      rotor blades are formed of a T-shaped cross-section by joining two
      L-shaped cross-sections together by spot welding, brazing, or the like.
      The blades are then positioned in a fixture in predetermined relative
      positions corresponding to their final positions on an assembled rotor
      wheel. The fixture includes a rigid outer ring having an inner radius
      corresponding to the outer radius of the rotor wheel. The fixture also
      includes spacer members having gaps therebetween for holding the blades in
      position within the ring. The spacer members have an outer configuration
      corresponding to the configuration of a rotor dish, which rotor dish is
      held at a spacing from the angled legs of the blades, the rotor dish being
      covered with a layer of explosive material. The explosive material is then
      ignited at the point of the smallest diameter of the rotor dish, with a
      subsequent explosion welding of the rotor dish to the angled legs of the
      blades. The fixture includes grooves for accommodating the angled legs of
      the blade during the welding step.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a fabricated rotor wheel of sheet metal for
      radial-flow fans, turbines, and the like, where the sheet metal blades
      have angled legs for attachment to a suitably configured sheet metal rotor
      dish.
PAR  On a rotor wheel disclosed by German Pat. No. 809,690, the sheet metal
      blades are attached by welding, and more particularly, the blades have
      angled legs for attachment by projection welding.
PAR  While sheet metal rotor wheels having blades attached to them by
      conventional welding (above-mentioned German Patent) afford an improvement
      over earlier constructions where the blades were riveted into place, they
      nevertheless suffer from the disadvantage that they are not suitable for
      elevated rotational speeds because conventional welding fails to give them
      the requisite strength. The reason for this is that fitting the blade legs
      to the sheet metal dish of the rotor wheel before welding is very
      difficult and that for lack of time it cannot normally be performed with
      the necessary high degree of accuracy, so that the weld will lack adequate
      homogeneity. A further disadvantage of these welded rotor wheels is that
      conventional welding methods cause excessive distortion of the rotor wheel
      which is very difficult to eliminate afterwards and thus cause
      eccentricities which at high rotational speeds produce severe unbalances
      in the rotor wheel. A still further disadvantage of such welded rotor
      wheels is that welding contaminates the surfaces in contact with fluid
      flow in use of the rotor wheel and such contaminated surfaces, which are
      difficult to eliminate, add to the losses during flow through the rotor
      wheel.
PAR  Conventional welding as in the above-mentioned German Patent further poses
      practically insurmountable problems when the blades on the wheel are
      closely spaced together or when the rotor wheels are a small size, because
      the working space allowed for welding would then be inadequate.
PAR  The present invention contemplates providing a rotor wheel for radial-flow
      fans and turbines which is suitable for use at extremely high rotational
      speeds and where, accordingly, the joint between the blades and the wheel
      dish exhibits a maximum of strength. The rotor wheel contemplated by this
      invention likewise shows a clean surface and a high degree of centricity,
      these properties being achieved with a small amount of manufacturing
      effort.
PAR  The present invention more particularly contemplates providing a rotor
      wheel where the sheet metal blades are attached to the rotor dish by means
      of explosion welding.
PAR  An explosion-welded rotor wheel according to the present invention meets
      the cited requirements with entire satisfaction, giving a high-strength
      joint, little distortion, and a clean surface while economizing the cost
      of manufacture. The great strength of the joint is achieved primarily by a
      100% contact weld between the bearing surface of the blade legs and the
      wheel dish. Manufacturing cost is economized by joining all the blades to
      the wheel dish in a single operation and by producing the joint at the
      speed of explosion.
PAR  In a further aspect of the present invention the sheet metal blades are of
      T-shaped cross-section formed by joining together two L-shaped blade
      portions. The advantage afforded by this construction is that it provides
      the contact surface needed for a sound joint while avoiding the high notch
      stresses that would be sure to occur in the outer edge of the angled blade
      stem if use were made of singly bent sheet blades of L-shape.
PAR  In a further aspect of this invention the two blade portions are joined
      together by brazing or spot welding. Sheet blades made in this manner are
      characterized by economy in manufacture, and they will fully meet the
      strength requirements since no severe stresses will occur in use in the
      location where the two blade portions are joined together.
PAR  The present invention further contemplates a method of manufacturing a
      rotor wheel assembled in accordance with the foregoing detailed
      description, said method being characterized by the following successive
      operations:
PA1  The rotor dish, with a thin layer of explosive applied to its radially
      inner surface, is then held over the blade legs at a short distance from
      them. The explosive is finally ignited using suitable means at the
      smallest internal diameter of the rotor dish. The explosion, its front
      traveling outward from the point of ignition, joins the dish to the blade
      legs by an action which compares to rolling under high pressure. In the
      process the dish is welded to the blade legs.
PAR  The prime advantages in this method are the great strength of the weld
      joint, the rapidity of joining, and ultimately the repeatability of the
      joining process, where manual operations are eliminated altogether in the
      welding and assurance is provided that the rotor wheels formed by the
      method of the present invention are interchangeable inasmuch as the
      strength of the blade-to-dish joint will not vary from one wheel to the
      next. Another benefit is that subsequent treatment of the rotor wheel,
      such as stress relieving or cleaning of the surface, is obviated. Cleaning
      is required solely on the smooth side of the rotor dish, the one pointing
      away from the flow and blades.
PAR  The present invention further contemplates providing apparatus for
      implementing the cited method, said apparatus being characterized as
      follows: Arranged on a horizontal, disc-shaped base plate is an outer,
      high-strength supporting ring the internal diameter of which is equal to
      the outer diameter of the rotor wheel. Placed inside the supporting ring
      is a number of supporting segments which corresponds to the number of
      blades on the wheel where, in keeping with the shape of the blades, a
      preferably radially extending gap the width of the thickness of a blade is
      allowed to remain between adjacent segments. The surface of the supporting
      segments exhibits the contour of the wheel dish, where depressions are
      provided in the gap areas which exhibit the contours of the blade legs and
      the depth of which is equal to the thickness of the blade legs.
PAR  The advantage in this apparatus is that it simply but nevertheless
      adequately supports the sheet blades to be welded to the runner or wheel
      dish and that the particular configuration of the surface of the
      supporting segments permits a weld to be achieved which is free from edge
      gaps and thus shows an excellent surface finish.
PAR  Further objects and advantages of the present invention are described more
      fully in light of the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional side view which illustrates apparatus according to
      the present invention for implementing the welding method according to the
      present invention, with sheet blades and a rotor wheel dish seated for
      explosion welding;
PAR  FIG. 2 is a top view which illustrates a portion of the welding fixture
      shown in FIG. 1;
PAR  FIG. 2A is an enlarged sectional view, taken along line A--A of FIG. 2; and
PAR  FIG. 3 is an oblique view which illustrates a sheet metal blade for a rotor
      wheel assembled in accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Arranged on a horizontal, disk-shaped base plate 7 is a high-strength outer
      supporting ring 5, the inner diameter of which is equal to the outer
      diameter of the rotor wheel. Placed inside the supporting ring 5 is a
      number of supporting segments 6 which corresponds to the number of blades
      on the wheel where, in keeping with the shape of the blades, a preferably
      radially extending gap 8 having the width "s" of the thickness of a blade
      is allowed to remain between adjacent segments 6 (see FIG. 2). The surface
      6' of the supporting segments 6 exhibits the contour of the rotor dish 1.
      Depressions 9 are provided in surface 6' in the gap area 8 which exhibit
      the contours of the blade legs 2 and the depth "d" of which is
      approximately equal to the thickness of the blade legs 2.
PAR  The sheet blades are seated in the gaps 8 such that the blade legs 2 come
      to rest in the depressions 9. The rotor wheel blades are a T-shape formed
      by welding two L-shaped blade portions together (see FIG. 3). The numeral
      13 generally indicates the spots produced by spot-welding the blade 3.
PAR  For welding the rotor wheel dish 1 to the sheet metal blades seated in the
      fixture, the wheel dish is held spaced from the blade legs at a small,
      maximally 5 mm distance from them. A thin layer 4 of explosive has been
      applied to the radially inner surface of the sheet metal dish 1. This
      layer of explosive preferably takes the form of an explosive foil. For
      welding, the explosive is ignited by suitable means at the point 14 of the
      smallest inner diameter of rotor wheel dish 1. From there, the explosion
      front spreads in the direction of the arrowheads shown in FIG. 1, rolling
      the rotor dish 1 onto the legs 2 of the rotor blades under great pressure
      and thus welding the components one to the other.
PAR  Quenched and subsequently tempered steel can be used as the material for
      the blade and a mar-aging steel (for example, AMS 65/20 18Ni (250)
      mar-aging) can be used as the material for the rotor wheel dish. The
      explosive can be plastic explosive of medium brisance. These materials are
      only given by way of example to assist those skilled in the art in
      practicing the invention, and are not intended to limit the scope of the
      invention.
PAR  The configuration of the wheel dish, as illustrated and described, is such
      as to properly control and direct the explosive forces for the explosive
      welding operation, with the explosive material being ignited at position
      14.
PAR  The spacing between the rotor wheel dish and the blade legs is preferably
      smaller than 5 mm. and in an especially preferred embodiment,
      approximately 1 mm. The spacing is maintained by putting the wheel dish
      with its bottom end on the base plate 7.
PAR  While we have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and we therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of manufacturing a sheet metal rotor wheel for radial flow fans,
      turbines, and the like, comprising:
PA1  positioning rotor blades in a fixture in predetermined positions
      corresponding to the desired final relative positions they are to occupy
      on the rotor wheel,
PA1  providing a sheet metal rotor dish with a layer of explosive on the
      radially inner surface thereof,
PA1  placing the sheet metal rotor dish in said fixture at a small spacing from
      the rotor blades, and
PA1  igniting said explosive to explosive weld said dish to said blades,
PA1  wherein the inner diameter of said rotor dish varies along the axial length
      of said rotor dish, and wherein said igniting includes igniting said
      explosive at the smallest inner diameter of said rotor dish such that the
      explosive weld is formed with sequential pressing of said rotor dish
      against the blades in the direction of increasing diameter of said rotor
      dish.
NUM  2.
PAR  2. Method according to claim 1, further comprising fabricating each of said
      blades by connecting two blade portions of L-shaped cross-section to one
      another to form a blade of T-shaped cross-section with the arms of the T
      constituting angled leg portions, and wherein said placing of the rotor
      dish includes placing the dish intermediate said angled leg portions and
      said layer of explosive.
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ABST
PAL  A method and apparatus for making a sheet metal pulley having a pair of
      stamped sheet metal cups with telescopically interfitted side wall
      portions and integral flanges forming in cooperation with the flanges of
      rings received on the cups a plurality of V-shaped grooves. A device which
      engages a side wall portion of at least one of the cups locates and
      produces pulley mounting holes concentric with the grooves of the pulley
      and extending through the bottom walls of the cups. The mounting holes are
      produced prior to a ring being fixed to such side wall portion by a
      plurality of circumferentially equally spaced spot welds in such ring and
      side wall portion.
BSUM
PAR  This invention relates to pulleys and, more particularly, to a method and
      apparatus for the mass production of sheet metal pulleys.
PAR  In the automotive industry there has been a great demand for an inexpensive
      durable pulley having a long, useful life under severe service conditions
      such as fan and crankshaft pulleys. Examples of prior sheet metal pulleys
      for automotive applications are shown in United States Bagley U.S. Pat.
      No. 3,680,380, Bagley U.S. Pat. NO. 2,741,134 and Nelson U.S. Pat. No.
      2,787,914.
PAR  Objects of this invention are to provide a method and apparatus for
      producing stamped sheet metal pulleys which enables economical manufacture
      and assembly of such pulleys, eliminates balancing operations in producing
      such pulleys, produces inherently balanced sheet metal pulleys, and
      produces sheet metal pulleys with improved concentricity and balance.
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PAR  These and other objects, features and advantages of this invention will be
      apparent from the following description, appended claims and accompanying
      drawings, in which:
PAR  FIG. 1 is an isometric view of a pulley produced by the method and
      apparatus of this invention;
PAR  FIG. 2 is an enlarged sectional view of the pulley of FIG. 1;
PAR  FIG. 3 is an exploded sectional view of the sheet metal stampings forming
      the pulley of FIG. 1 prior to processing and assembly thereof by the
      method and apparatus of this invention;
PAR  FIG. 4 is a side view, partly in section, of a first spot welding apparatus
      for performing a portion of the method of this invention showing the
      carrier assembly of the apparatus in a partially raised position.
PAR  FIG. 5 is a fragmentary view, partly in section, on line 5--5 of FIG. 4
      illustrating the shuttle and carrier assembly of the apparatus of FIG. 4;
PAR  FIG. 6 is a fragmentary side view, partly in section, of the carrier
      assembly of FIG. 4;
PAR  FIG. 7 is a fragmentary view, partly in section, on line 7--7 of FIG. 4
      illustrating the mandrel assembly of the apparatus of FIG. 4;
PAR  FIG. 8 is a fragmentary side view in section of the mandrel assembly of
      FIG. 7;
PAR  FIG. 9 is a sectional view on line 9--9 of FIG. 8 illustrating the pivotal
      mounting of the arms of the mandrel assembly of the apparatus of FIG. 4;
PAR  FIGS. 10 and 11 are semi-diagrammatic fragmentary, sectional, side views of
      a second welding apparatus for performing a portion of the method of this
      invention with the carrier assembly shown in the lowered and raised
      positions, respectively:
PAR  FIG. 12 is a side view in section of a die assembly for performing a
      portion of the method of this invention;
PAR  FIGS. 13 and 14 are semi-diagrammatic, fragmentary, sectional, side views
      of a third welding apparatus for performing a portion of the method of
      this invention with the carrier assembly shown in the lowered and raised
      positions, respectively.
DETD
PAR  FIGS. 1 and 2 illustrate a stamped sheet metal pulley 20 produced by the
      method and apparatus of this invention. Pulley 20 has three V-shaped
      grooves 22, 24, 26 and a mounting hub 28 with an axial pilot hole 30 and
      four equally circumferentially spaced mounting holes 32 therethrough.
      Pulley 20 has a pair of telescopically interfitted inner and outer cup
      members 34, 36 each having radially extending bottom walls 38, 40 radially
      offset axially extending side wall portions 42, 44 and 46, 48 integrally
      interconnected by intermediate inclined wall portions 50 and 52, and
      inclined flanges 54 and 56.
PAR  Groove 22 of pulley 20 is formed by cooperation of inclined flange 54 with
      the inclined flange 58 of a first ring 60 having an integral axially
      extending base 62 fixed to wall portion 44 of inner cup 34 by a plurality
      of equally circumferentially spaced spot welds 64. Likewise, groove 24 is
      formed by cooperation of inclined flange 56 of outer cup 36 with the
      inclined flange 65 of a second ring 66 having an axially extending base 68
      fixed to side wall portion 44 of inner cup 34 by a plurality of
      circumferentially spaced spot welds 70. To provide clearance for the edge
      of the base of ring 60, the base 68 of ring 66 has an offset portion 72
      therein. Similarly, groove 26 is formed by cooperation of inclined wall
      portion 52 of outer cup 36 with an inclined flange 74 of a ring 76 having
      an axially extending base 78 fixed to side wall portion 46 of outer cup 36
      by a plurality of circumferentially equally spaced spot welds 80.
PAR  In accordance with the method of this invention, cups 34' and 36' and rings
      60, 66, and 76 (FIG. 3) are stamped by cold forming press operations from
      sheet metal, such as 1008 steel, and vent holes 82 and 84 are pierced
      through the bottom walls of cups 34' and 36'. Each ring 60, 66, and 76 is
      formed so that its base has a slight interference fit with the side wall
      portion of its associated cup, and cups 34' and 36' are formed so that the
      side wall portions 42 and 46 thereof have a slight interference fit. IN
      accordance with the method of this invention, rings 60 and 66 are press
      fit onto the outer periphery of side wall portion 44 of cup 34' and fixed
      thereto by spot welds 64 and 70 to provide a subassembly onto which outer
      cup 36' is press fit and ring 76 is press fit over outer cup 36'. Pilot
      hole 30 and mounting holes 32 are pierced through the bottom walls of cup
      34' and 36' of the resulting subassembly of rings and cups with the
      piercing die utilizing the inner peripheral surface of side wall portion
      42 of cup 34', or the outer peripheral surface of side wall portion 46 of
      cup 36', or both, to assure that pilot hole 30 and mounting holes 32 are
      concentrically located with respect to the axis of rotation of grooves 22,
      24, 26 of the completed pulley 20. Thereafter, both of the cups and ring
      76 are fixed together by a plurality of circumferentially spaced spot
      welds 80 to provide a completely finished pulley 20.
PAR  A suitable apparatus 90 for pressing ring 60 onto cup 34' and spot welding
      the ring to the cup in accordance with the method of this invention is
      illustrated in FIGS. 4 through 9. As shown in FIG. 4, ring 60 with an
      associated cup 34' loosely received thereon is transferred by a shuttle 92
      into apparatus 90 and moved upwardly by a carrier assembly 94 onto a
      mandrel assembly 96 to press ring 60 onto cup 34' and correctly position
      the ring and cup relative to welding guns 98 for spot welding the ring to
      the cup. As shown in FIGS. 4 and 5, shuttle 92 has two workpiece support
      stations 100 and 102 in which rings 60 are suspended by underlying fingers
      104 of plates (FIG. 5) adjustably secured by cap screws 106 to a
      rectangular frame 108 reciprocated by a pneumatic cylinder 110 on way 112
      secured to the frame 114 of apparatus 90.
PAR  As shown in FIGS. 5 and 6, carrier assembly 94 receives and retains each
      ring 60 on the upper inclined edges 116 of a plurality of underlying
      circumferentially spaced supports 118, each adjustably secured in a
      carrier ring 120. To center and support the cup in carrier ring 120, the
      ring has a bottom wall 121 and an axially extending cylindrical wall 122
      adapted to bear on the bottom 38 and outer periphery of side wall portion
      42 of cup 34' when the cup is fully received in carrier ring 120. To
      provide clearance for the tips of welding guns 98 to engage ring 60,
      carrier ring 120 has a plurality of equally circumferentially spaced slots
      123 therethrough. Carrier ring 120 is fixed by a coller 124 to the upper
      end of a tubular support 125, the lower end of which is fixed to a
      cylindrical base plate 126 with a continuous shoulder 128 therein. After
      welding of ring 60 to cup 34', the cup is disengaged from cylindrical wall
      122, as the carrier assembly is lowered, by an ejector plunger 130
      slideably received in collar 124 and yieldably biased to its extended
      position by a coil spring 132. Carrier ring 120 and tubular support 125
      are mounted on a movable platen 134 to float or shift generally radially
      with respect to the platen within predetermined limits by a retainer ring
      136 secured to the platen by cap screws 137. Movable platen 134 is fixed
      to a carriage 138 guided by rollers 139 bearing on three circumferentially
      equally spaced ways 140 secured to supports 141 fixed to frame 114, and is
      raised and lowered by a pneumatic cylinder 142 (FIG. 4).
PAR  As shown in FIGS. 4 and 7, ring 60 is spot welded to cup 34' by eight
      welding guns 98 with movable tips 144 which are equally circumferentially
      spaced around mandrel assembly 96. As carrier assembly 94 is raised,
      floating carrier ring 120 is positioned so that it is coaxial with mandrel
      assembly 96 by engagement with four equally circumferentially spaced
      locators 146 secured to a retainer ring 148, which is fastened to a fixed
      upper platen 150. The extent to which cup 34' can be moved vertically
      upward over mandrel assembly 96 is limited by stops 152 secured to
      retainer ring 148. When cup 34' and ring 60 are received over mandrel
      assembly 96 the flanges 54 and 58 thereof are respectively urged into firm
      engagement with stops 152 and the upper edge of support 118 of carrier
      ring 120 by four wedges 154 equally circumferentially spaced around
      mandrel assembly 96 and extended and retracted generally radially by
      pneumatic cylinders 156 fixed to platen 150. Four electrodes 158 with
      pressure pads 159 generally aligned with electrode tips 144 are moved
      generally radially outwardly into engagement with the inner periphery of
      wall portion 44 of cup 34' by four arms 160 of mandrel assembly 96.
PAR  As shown in FIGS. 8 and 9, each arm 160 of mandrel assembly 96 is pivotally
      mounted on upper platen 150 by a pin 162 received in the fingers 164 of
      yoke 166 secured by cap scews 168 to platen 150. Each pin 162 extends
      through a bushing 170 in arm 160 and has flats 172 on its opposed ends
      which are received in elongated rectilinear slots 174 through the fingers
      164 of yoke 166. To assure that both pressure pads 159 of the electrode
      158 carried by each arm will always engage cup 34', each arm 160 is
      permitted to rock or move within predetermined limits in an arc lying in a
      plane transverse to the axis of a cup 34' received on mandrel assembly 96
      by a space or clearance 178 between the pin and the end wall of slot 174.
      Clearance 178 is provided by making the length of each slot 174 exceed the
      diameter of pin 162. The lower end of each arm 160 is moved generally
      radially to extend and retract electrodes 158 by the cooperation of
      inclined surfaces 180 and 182 on the arm with conical surfaces 184 and 186
      on a cam 188 fixed to the lower end of an actuator rod 190 which is
      extended and retracted by a pneumatic cylinder 192. The extent of the
      pivotal movement of each arm 160 is limited by a reduced diameter stop pin
      194 extending into an enlarged hole 196 in the upper end of the arm. Stop
      pin 194 is received in a bracket 197 secured to a plate 198 fixed to frame
      114.
PAR  In using welding apparatus 90, shuttle 92 is fully retracted and a ring 60
      is placed on the fingers 104 of station 100 and then a cup 34' is placed
      on top of the ring. The shuttle is extended by cylinder 110 to position
      ring 60 and cup 34' over ring 120 of carrier assembly 94 which is extended
      by cylinder 142 from below shuttle 92 to pick up ring 60 and cup 34' from
      shuttle 92 which is then retracted by cylinder 110. As ring 60 and cup 34'
      are moved upward by carrier assembly 94, flange 54 of the cup bears on
      stops 152 and the continued upward movement of carrier assembly 94 presses
      ring 60 upwardly onto side wall 44 of the cup until the bottom wall 121 of
      carrier ring 120 bears on the bottom 38 of the cup. As carrier assembly 94
      becomes fully extended, carrier ring 120 is centered around mandrel
      assembly 96 by locators 146, cup 34' is positively located and centered
      within the carrier ring 120 by its bottom wall 121 and side wall 122, and
      plunger 130 is depressed by the bottom wall 38 of the cup.
PAR  Wedges 154 are extended by cylinders 156 to frimly retain the flanges of
      cup 34' and ring 60 is engagement with stops 152 and supports 118, and
      electrodes 158 are extended to bear on cup 34' by energizing cylinder 192
      to cam the lower end of arms 160 of the mandrel assembly generally
      radially outward by engagement of conical surface 184 of cam 188 with
      inclined surfaces 180 on the arms. The tips 144 of welding guns 98 are
      extended into engagement with portions of the base of ring 60, and the
      guns are energized to produce spot welds 64, thereby fixing ring 60 to cup
      34'. Upon completion of the spot welds, tips 144 of the welding guns are
      retracted, and electrodes 158 are disengaged from the cup 34' by cylinder
      192 of the mandrel assembly. Wedges 154 are retracted by cylinders 156 and
      carrier assembly 94 is lowered by cylinder 142. As carrier assembly 94 is
      lowered cup 34' with ring 60 welded thereto is disengaged from side wall
      122 of carrier ring 120 by extension of plunger 130 by spring 132, and the
      ring with the cup welded thereto is deposited on fingers 104 in station
      102 of shuttle 92. When carrier assembly 94 is fully retracted below
      shuttle 92, the shuttle is extended to transfer both the cup 34' with ring
      60 welded thereto out of apparatus 90 and another ring 60 with another cup
      34' loosely received thereon into welding apparatus 90, thereby commencing
      another cycle of operation of the apparatus.
PAR  FIGS. 10 and 11 illustrate an apparatus 200 for pressing a ring 66 on and
      welding it to a cup 34' with a ring 60 already welded thereto in
      accordance with the method of this invention. Apparatus 200 is generally
      the same as apparatus 90 and thus, the description of identical component
      parts which have the same reference numbers will not be repeated.
      Apparatus 200 does not have any wedges 154 and associated pneumatic
      cylinders 156, and the arms 160' of mandrel assembly 96' extend to a lower
      level than the corresponding arms 160 of apparatus 90 to align pressure
      pads 159 of electrodes 158 with the base 68 of ring 66. Similarly, welding
      guns 98 (not shown in FIGS. 10 and 11) are mounted at a lower position to
      align their electrode tips 144 with the base of ring 66 and pressure pads
      159 of electrodes 158. The cup 34' is positively located and centered in a
      modified carrier ring 120' by bottom wall 121 and side wall 122', when the
      cup is fully received in the carrier ring. Modified supports 118' are
      adjustably secured in ring 120' and have upper edges 201 bearing on flange
      65 of ring 66 to locate the ring in the desired position on cup 34'. The
      loaded position and welding position of the component parts of apparatus
      200 is shown in FIGS. 10 and 11 respectively, and the operation of
      apparatus 200 is the same as apparatus 90, except that there are no wedges
      154 and actuating cylinders 156 to be cycled.
PAR  FIG. 12 illustrates a die assembly 202 for pressing cups 34' and 36'
      together and piercing holes 30 and 32 through the bottom portions of the
      cups. Die assembly 202 has a center punch 204 and four equally
      circumferentially spaced punches 206 for piercing holes 30 and 32 through
      the cups. The punches are mounted by a carrier plate 208 on a punch holder
      210 of a die set, the guide pins of which are not shown. A combined
      pressure and stripped plate 212 with holes 214 and 216 therethrough for
      slideably receiving the punches is movably mounted on carrier plate 208 by
      guide pins 218 with enlarged heads received in counter bores for retaining
      the plate on the pins. The stripper plate 212 is yieldably biased away
      from carrier plate 208 by a plurality of compression springs 220 which
      develop sufficient force to assure that the die assembly 202 fully presses
      cup 36' onto cup 34' before the punches pierce holes 30 and 32 through the
      cups. Cup 34' is located on a die button 222 in concentric relation with
      center punch 204 by a cylindrical side wall 224 of the die button. The die
      button 222 is fixed to a shoe 226 of the die set. Passages for the slugs
      pierced from the cups by the punches are provided by central clearance
      hole 228 and four circumferentially spaced clearance holes 230 through the
      die button 222 and die show 226.
PAR  In using die assembly 202 cup 34' is placed over die button 222 and cup 36'
      is positioned on top of cup 34' as shown in FIG. 12. The punch holder 210
      of the die set is extended toward the die button by the ram of a press
      (not shown) in which the die set is received to move plate 212 into
      engagement with the bottom wall portion 40 of cup 36' to press the cups
      together. As the down stroke of the ram of the press continues, springs
      220 are compressed and punches 204 and 206 are extended into die button
      222 to pierce holes 30 and 32 through the cups. On the up stroke of the
      press plate 212 strips the subassembly of cups 34' and 36' from punches
      204 and 206 and when the punches are fully retracted the subassembly of
      cups may be removed from die assembly 202.
PAR  FIGS. 13 and 14 illustrate an apparatus 232 for both pressing ring 76 on a
      subassembly of cup 36' telescoped over a cup 34' with rings 60 and 66 spot
      welded thereon, and spot welding ring 76 to both of the cups in accordance
      with the method of this invention preferably after holes 30 and 32 have
      been pierced through the bottoms of the cups. Apparatus 232 is generally
      the same as apparatus 90 and, thus, the description of identical component
      parts which have the same reference numerals will not be repeated.
      Apparatus 232 has modified electrodes 158' which are slightly longer to
      align the pressure pads 159 thereof with the base 78 of ring 76. Welding
      guns 98 (not shown in FIGS. 13 and 14) are lowered to align their
      electrode tips 144 with the gase 78 of ring 76 and pressure pads 159 of
      electrodes 158'.
PAR  Carrier ring 120" of apparatus 232 is constructed to accommodate electrode
      tips 144, wedges 154, and the subassembly of cups and rings, and locators
      146' are elongated to engage carrier ring 120". Carrier ring 120" has
      shorter supports 118" with upper edges 234 which bear on the flange of
      ring 76 to position the ring at the desired elevation on cup 36' and side
      surfaces 236 which bear on the base of ring 76 to center the subassembly
      of all rings and both cups in carrier ring 120'. Wedges 154 and their
      associated cylinders 156 are located at a lower position so that when the
      wedges are extended they will engage with the inclined wall portion 52 of
      cup 36' and flange 74 of ring 76 to urge the flanges of cup 34' and ring
      76 into firm engagement with stops 152 and the upper edges 234 of supports
      118" respectively. The loaded position and welding position of the
      component parts of apparatus 232 is shown in FIGS. 13 and 14 respectively,
      and the operation of apparatus 232 is the same as the operation of
      apparatus 90.
PAR  In using the method and apparatus of this invention, it is preferable to
      pierce holes 30 and 32 in the bottom of cups 34' and 36' before welding
      ring 76 thereto so that the inner and/or outer peripheries of the side
      wall portions 42 and 46 of the cups can be used as locating surfaces for
      aligning the cups and the punches of the piercing dies for piercing the
      holes before the side wall portions are defaced and distorted by spot
      welds 80 therein. It is believed that the width of grooves 22, 24, and 26
      of pulleys 20 are more readily and economically consistently held within
      acceptable manufacturing tolerances by using fixed supports 118, 118', and
      118" bearing through their associated carriers on the bottoms of cups 34'
      and 36' to locate the rings at the desired elevation on the cups, rather
      than using radially movable spacer wedges extending between the rings and
      flanges to control the width of the grooves. Producing pulleys 20 with the
      method and apparatus of this invention improves the balance of the pulleys
      and the concentricity of the pilot holes 30 and mounting holes 32 with the
      grooves 22, 24, and 26 of the pulleys. This method and apparatus also
      produces inherently balanced pulleys which eliminate the necessity of
      separate balancing operations, thereby decreasing the cost of manufacture
      and assembly of the pulleys. If desired, pulleys with two grooves of the
      same or nearly the same pitch diameter can be produced by eliminating ring
      76 and pulleys with two grooves of substantially different pitch diameters
      can be produced by eliminating rings 60 and 66 and modifying one of the
      cups to position the flanges 54 and 56 of the cups adjacent one another to
      form one of the grooves. The method and apparatus of this invention also
      produces pulleys in which the flat mounting surfaces of bottom walls 38
      and 40 are not defaced or distorted by any spot welds therein. Thus, true
      surfaces for mounting the pulley are provided without requiring any
      machining or restriking operations, thereby decreasing the cost of
      manufacture of the pulleys.
CLMS
STM  Having described the method and apparatus of my invention, I claim:
NUM  1.
PAR  1. The method of producing a stamped sheet metal pulley comprising the
      steps of:
PA1  telescopically interengaging with an interference fit cylindrical first
      side wall portions of two stamped sheet metal cups, each cup having an
      integral flat bottom wall portion and an inclined integral annular flange
      extending generally radially outwardly adjacent the open end thereof, said
      cups being interengaged such that their bottom wall portions are in
      abutting co-planar engagement and said annular flanges are spaced apart
      axially to each define at least in part a groove of the pulley;
PA1  arranging said interengaged cups between punch and die means for forming a
      plurality of mounting holes through the bottom wall portions of both cups
      by engaging the periphery of the side wall portion of at least one of said
      interengaged cups with concentrically arranged locating means on the punch
      and die means;
PA1  actuating said punch and die means to form mounting holes through said
      bottom wall portions of both cups concentric with the central axis of the
      interengaged cups; and
PA1  thereafter welding said side wall portions together.
NUM  2.
PAR  2. The method of claim 1 wherein the step of welding said first side wall
      portions of said cups together comprises forming a plurality of
      circumferentially equally spaced spot welds in said side wall portions of
      said cups.
NUM  3.
PAR  3. The method of claim 1 which also comprises the steps of telescopically
      interengaging with an interference fit over a side wall portion of one of
      said cups an axially extending cylindrical base of a first stamped sheet
      metal continuous ring having an obliquely inclined integral flange adapted
      to define in part a groove of the pulley, and welding said base of said
      first ring to at least said side wall portion of said one cup.
NUM  4.
PAR  4. The method of claim 3 wherein the step of welding said base of said
      first ring to at least said side wall portion of said one cup is performed
      after the step of producing said concentric mounting holes in said bottom
      walls of said cups by said means.
NUM  5.
PAR  5. The method of claim 4 wherein the steps of welding said side wall
      portions together and said first ring to at least said side wall portion
      of said one cup are performed simultaneously by forming a plurality of
      circumferentially equally spaced spot welds, each in both said base of
      said first ring and said side wall portions of both of said cups.
NUM  6.
PAR  6. The method of claim 4 wherein the other cup has a cylindrical second
      side wall portion integral with and generally radially offset from said
      first side wall portion thereof, said second side wall portion being
      interposed between said flange and said first side wall portion of said
      other cup, and which also comprises the steps of telescopically
      interengaging with an interference fit an axially extending cylindrical
      base of a second stamped sheet metal ring over said second side wall
      portion of said other cup prior to the step of telescopically
      interengaging the cups, said second ring having an obliquely inclined
      integral flange defining in cooperation with said integral flange of said
      other cup a groove of the pulley, and welding said base of said second
      ring to said second side wall portion of said other cup.
NUM  7.
PAR  7. The method of claim 4 wherein said one cup has an obliquely inclined
      wall portion defining in cooperation with said flange of said first ring a
      groove of the pulley and which is integral with and interposed between
      said flange and said first side wall portion of said one cup.
NUM  8.
PAR  8. The method of claim 6 wherein the step of welding said base of said
      second ring to said second wall portion of said other cup comprises
      forming a plurality of circumferentially equally spaced spot welds in said
      base of said second ring and said second side wall portion of said other
      cup.
NUM  9.
PAR  9. The method of claim 6 which also comprises the steps of telescopically
      interengaging with an interference fit an axially extending cylindrical
      base of a stamped sheet metal third ring over said second side wall
      portion of said other cup after the step of telescopically interengaging
      said second ring over said second side wall portion of said other cup and
      before the step of telescopically interengaging said cups, said third ring
      having an obliquely inclined integral flange defining in cooperation with
      said flange of said one cup a groove of the pulley, and welding said base
      of said third ring to said second side wall portion of said other cup.
NUM  10.
PAR  10. The method of claim 9 wherein the step of welding said third ring to
      said second side wall portion of said other cup comprises forming a
      plurality of circumferentially equally spaced spot welds in said base of
      said third ring and said second side wall portion of said other cup.
NUM  11.
PAR  11. The method of claim 10 wherein said one cup has an obliquely inclined
      wall portion defining in cooperation with said flange of said first ring a
      groove of the pulley and which is integral with and interposed between
      said flange and said first side wall portion of said one cup.
PATN
WKU  039451038
SRC  5
APN  5369975
APT  1
ART  321
APD  19741227
TTL  Apparatus for assembling sliders with fastener stringers
ISD  19760323
NCL  6
ECL  1
EXP  DiPalma; Victor A.
NDR  4
NFG  11
INVT
NAM  Fujisaki; Yoshinori
CTY  Kurobe
CNT  JA
INVT
NAM  Shigeno; Shunichi
CTY  Kurobe
CNT  JA
ASSG
NAM  Yoshida Kogyo Kabushiki Kaisha
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731228
APN  49-1402
CLAS
OCL   292075SL
XCL   29408
EDF  2
ICL  B21D 5350
ICL  B29D  500
FSC   29
FSS  207.5 R;207.5 SL;408
UREF
PNO  2879588
ISD  19590300
NAM  Morin
OCL   29207.5SL
UREF
PNO  3600786
ISD  19710800
NAM  Hansen
OCL   29207.5SL
UREF
PNO  3663000
ISD  19720500
NAM  Perlman
OCL   29207.5SL
LREP
FRM  Bucknam and Archer
ABST
PAL  Fastener assembly apparatus including a slider holder for holding a slider
      in upside-down disposition for the assemblage of a fastener chain in the
      form of a continuous length of coupled stringers. A stringer separator is
      mounted on the stringer exit side of the slider holder to permit the
      fastener stringers to be separated away from each other in a streamlined
      fashion as they emerge uncoupled out of the flared front end of the
      channeled slider body on the slider holder. In case a pair of oppositely
      directed sliders are to be assembled with each fastener length of the
      chain, a stringer guide is additionally mounted on the stringer entrance
      side of the slider holder to cause the fastener stringers to be introduced
      uncoupled into one of the sliders on the slider holder through its flared
      front end in a streamlined fashion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the art of slide fastener manufacture,
      and more specifically to apparatus for use in assembling sliders with
      fastener stringers or a fastener chain, by which latter term is meant a
      continuous length of coupled fastener stringers.
PAR  The assemblage of sliders with fastener stringers has heretofore been
      effected by use of a slider holder which, as the name implies, functions
      merely to hold a slider in upside-down disposition on a slider rest formed
      thereon, with the pull tab of the slider telescopically received in a
      channel extending downwardly from the slider rest. The pair of fastener
      stringers are manipulated into the channeled slider body, either through
      its flared front end or contracted rear end, so as to emerge either
      coupled or uncoupled out of the opposite end of the slider body.
PAR  Since the slider holder is effective only to hold the slider in a
      predetermined assembly position thereon as aforesaid, the smooth guidance
      of the fastener stringers into and out of the slider depends solely on the
      manual dexterity of the assemblyman. Above all, for attaching sliders to
      the respective fastener lengths of a fastener chain on which bottom stops
      have been mounted (see FIG. 2 of the accompanying drawings), the coupled
      stringers of the fastener chain must be carefully threaded into and out of
      the successive sliders by utilizing the narrow, longitudinal tape spacings
      between the rows of interlocking fastener elements. In case a pair of
      oppositely directed sliders are to be assembled with each fastener length
      of the fastener chain (FIG. 7), the threading of the chain through the
      sliders requires an even higher degree of manual skill and mental
      concentration on the part of the assemblyman.
PAR  Thus, as will be evident from the above noted state of the art, the
      difficulties involved in assembling sliders with a fastener chain or
      stringers have been a serious bar to the truly efficient manufacture of
      slide fasteners.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a principal object of this invention to provide apparatus
      which permits the easy assemblage of sliders with a fastener chain or
      stringers even by semi- or non-skilled labor, whereby the production of
      slide fasteners is materially simplified and speeded up.
PAR  Another object of the invention is to provide fastener assembly apparatus
      which is readily adaptable both for the production of a slide fastener
      having a single slider on a pair of stringers and of one having a pair of
      oppositely directed sliders on a pair of stringers.
PAR  A further object of the invention is to provide fastener assembly apparatus
      of extremely simple, inexpensive and compact construction.
PAR  According to one preferable form of the fastener assembly apparatus
      hereinafter disclosed, a slider holder is provided which immovably holds a
      slider thereon to permit a fastener chain or stringers to be introduced in
      coupled form into the slider through the contracted rear end of its
      channeled body. A stringer separator is arranged close to the slider
      holder, on the stringer exit side thereof, to permit the fastener
      stringers to be separated away from each other in a streamlined fashion as
      they emerge uncoupled out of the flared front end of the slider body.
PAR  In event a pair of oppositely directed sliders are to be assembled with
      each fastener length of the fastener chain, the slider holder is so
      modified as to immovably hold the pair of sliders thereon with their
      contracted rear ends disposed against each other. In addition to the
      stringer separator arranged on the stringer exit side of the slider
      holder, there is provided a stringer guide which is arranged close to the
      slider holder, on the stringer entrance side thereof, to permit the
      fastener stringers to be introduced uncoupled into one of the sliders
      through its flared front end in a streamlined fashion. The stringers
      emerging uncoupled out of the flared front end of the other slider are
      likewise separated away from each other by the stringer separator.
PAR  The fastener assembly apparatus of this invention, briefly summarized in
      the foregoing, is based upon the fact that the smooth guidance of fastener
      stringers into and out of a slider or sliders is essential for their
      efficient assemblage. Since the fastener stringers are caused to travel
      along predetermined streamlined paths as they are threaded into and out of
      the slider or sliders by use of the fastener assembly apparatus of the
      invention, the noted difficulties of the prior art are overcome
      altogether.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth in particular in the claims appended hereto. The
      invention itself, however, both as to its organization and manner of
      functioning, together with the further objects and advantages thereof,
      will become apparent in the course of the following description of
      preferred embodiments when read in connection with the accompanying
      drawings in which like reference characters denote corresponding parts of
      the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of fastener assembly apparatus constructed in
      accordance with the novel concepts of this invention;
PAR  FIG. 2 is a plan view of a fastener chain with a slider attached thereto by
      use of the apparatus shown in FIG. 1;
PAR  FIGS. 3 and 4 are plan views explanatory of the way the fastener chain is
      assembled through the slider by use of the apparatus shown in FIG. 1;
PAR  FIG. 5 is a perspective view also explanatory of the way the fastener chain
      is assembled through the slider by use of the apparatus shown in FIG. 1;
PAR  FIG. 6 is a perspective view of fastener assembly apparatus representing
      another specific adaptation of the invention;
PAR  FIG. 7 is a plan view of a fastener chain with a pair of oppositely
      directed sliders attached to each fastener length thereof by use of the
      apparatus shown in FIG. 6;
PAR  FIG. 8 is a plan view explanatory of the way the fastener chain is
      assembled through the pair of sliders by use of the apparatus shown in
      FIG. 6;
PAR  FIGS. 9 and 10 are perspective views also explanatory of the way the
      fastener chain is assembled through the pair of sliders by use of the
      apparatus shown in FIG. 6; and
PAR  FIG. 11 is a perspective view explanatory of the way the fastener chain is
      withdrawn from the apparatus shown in FIG. 6 following its assemblage
      through the pair of sliders.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be described in terms of one specific adaptation
      thereof with reference to FIGS. 1 through 5. The fastener assembly
      apparatus illustrated in FIG. 1 is adapted for assembling sliders with a
      fastener chain to the form illustrated in FIG. 2, that is, for attaching
      one slider to each fastener length of the chain. The fastener chain is
      supplied in the form of a continuous length of coupled stringers to which
      bottom stops have been attached.
PAR  Referring more specifically to FIG. 1, the illustrated fastener assembly
      apparatus broadly comprises a slider holder 10 for holding a slider 11 for
      the assemblage of the fastener chain 12 therethrough, and a stringer
      separator 13 for separating the pair of stringers of the fastener chain
      away from each other after they have been guided through the slider.
PAR  The slider holder for use in the fastener assembly apparatus of this
      invention can be of any suitable construction known in the art. The
      illustrated slider holder 10, for example, includes a frame 14 having a
      pair of opposed side walls 15. The tops of these walls 15 are adapted to
      provide in combination a slider rest 16, and a pair of vertical grooves 17
      are formed in the respective internal surfaces of the side walls to
      provide a channel for receiving the pull tab 18 of the slider 11 as the
      same is placed upside down on the slider rest. Mounted within the frame 14
      is a slider locking mechanism, not shown, which operates to immovably lock
      the slider on the slider rest 16 as by means of a detent projecting into
      the aperture 19 in the slider pull tab 18. Following the assemblage of
      each fastener length of the fastener chain 12 through the slider 11, the
      unshown slider locking mechanism can be caused to unlock the slider in
      order that the latter may be readily withdrawable from the slider rest 16
      together with the attached stringers.
PAR  The stringer separator 13 is in the form of a column of substantially
      pentagonal or diamond-shaped cross section fixedly mounted close to, and
      on the stringer exit side of, the slider holder 10. It will be noted, by
      referring also to FIGS. 3 and 4, that the cross section of the pentagonal
      column constituting the stringer separator 13 is symmetrical with respect
      to its longitudinal axis which is aligned with the longitudinal axis of
      the slider 11 mounted in position on the slider rest 16 of the slider
      holder 10. The top surface 20 of the pentagonal column should be on a
      level with, or higher than, the internal surface of the top wing 21 of the
      channeled slider body 22 mounted in position on the slider rest 16.
PAR  It is important to note that the pentagonal column of the stringer
      separator 13 includes a pair of vertical stringer separating surfaces 23
      which, when viewed in a plan view as shown in FIGS. 3 or 4, diverge in a
      direction away from the slider holder 10. The angle between these
      divergent stringer separating surfaces 23 should be so determined as to
      permit the pair of stringers of the fastener chain 12 to separate away
      from each other in the most streamlined fashion as they emerge uncoupled
      from the flared front end 24 of the channeled slider body 22 on the slider
      rest 16. Stated in more concrete terms, the angle between the stringer
      separating surfaces 23 should be equal to, or slightly greater than, the
      angle between the divergent portions of the side flanges 25 of the slider
      body 22 bounding the usual Y-shaped guide channel therethrough.
PAR  It will have been understood from the foregoing description that the slider
      11 for use with the fastener assembly apparatus of this invention can be
      of the well known type comprising the apertured pull tab 18 and the
      channeled body 22, the pull tab being pivotally or hingedly connected to
      the body. The slider body 22 comprises the top wing 21 and a bottom wing
      26, with the side flanges 25, which wings are interconnected by a web or
      neck 27 so as to define the Y-shaped guide channel through the slider
      body. The top and bottom wings 21 and 26 are so shaped as to provide the
      flared front end 24 and a contracted rear end 28, and the aforesaid web 27
      is located centrally at the flared front end 24 of the slider body 22.
PAR  For assembling the slider 11 with the fastener chain 12 as shown in FIG. 2
      by use of the above described fastener assembly apparatus according to the
      invention, the slider should first be mounted on the slider rest 16 of the
      slider holder 10 by having its pull tab 18 inserted fully into the channel
      formed by the pair of grooves 17, with the flared front end 24 of the
      slider body 22 directed toward the stringer separator 13. As the unshown
      slider locking mechanism of the slider holder 10 functions to engage the
      aperture 19 in the pull tab 18, the slider 11 can be immovably supported
      on the slider rest 16 in upside-down disposition.
PAR  The adjacent longitudinal edge portions of the coupled stringers of the
      fastener chain 12 should then be manipulated into the contracted rear end
      28 of the slider body 22. This manipulation of the stringers into the
      slider body may be started from a pair of slits 29, FIG. 2, formed in the
      free tape spacing 30 of the fastener chain. As the interengaged elements
      31 of the fastener chain 12 are succeedingly guided into the slider body
      22 as shown in FIG. 3, the fastener chain may be pulled as indicated by
      the arrow in FIG. 5 so that the fastener elements 31 successively emerge
      disengaged from the flared front end 24 of the slider body as shown in
      FIG. 4.
PAR  It will be observed from a consideration of FIGS. 3 and 4 that the
      stringers which have passed the slider 11 are smoothly separated away from
      each other as their opposed longitudinal edges move in sliding contact
      with the respective stringer separating surfaces 23 of the separator 13.
      Since, in this manner, the rows of fastener elements 31 are disengaged
      from each other just as they enter the contracted rear end 28 of the
      slider body 22, as illustrated in FIG. 3, the leading end of the fastener
      elements is not to be caught by the web 27 of the slider body to impede
      the travel of the fastener chain through the slider. The fastener chain
      can therefore be efficiently assembled through the slider.
PAR  When the fastener chain 12 is pulled through the slider 11 to a required
      degree, the slider locking mechanism of the slider holder 10 may be
      actuated to unlock the slider. The pull tab 18 of the slider may now be
      pulled out of the slider holder channel to withdraw the slider from the
      slider rest 16 together with the attached fastener chain.
PAR  FIG. 6 illustrates another specific adaptation of the invention, in which
      the fastener assembly apparatus is intended for use where a pair of
      oppositely directed sliders 11a and 11b are to be assembled with each
      fastener length of the fastener chain 12 as illustrated in FIG. 7. The
      sliders 11a and 11b are identical in construction with the slider 11
      explained above in connection with the preceding embodiment of the
      invention.
PAR  The fastener assembly apparatus illustrated in FIG. 6 broadly comprises a
      slider holder 10a, the stringer separator 13 fixedly mounted close to the
      slider holder on the fastener chain exit side thereof, and a stringer
      guide 50 also fixedly mounted close to the slider holder on the stringer
      entrance side thereof. The stringer separator 13 can be exactly identical
      in construction with that shown in FIG. 1, so that no explanation will now
      be given thereon.
PAR  The slider holder 10a used in this second adaptation of the invention
      differs slightly from the above described slider holder 10, in that the
      side walls 15a of the former have two pairs of vertical grooves 17a and
      17b in their opposed internal surfaces. The two channels thus formed by
      the grooves 17a and 17b are adapted to receive the respective pull tabs 18
      of the sliders 11a and 11b, in such a manner that the two sliders are
      mounted upside down on a slider rest 16a on the top of a holder frame 14a
      with their contracted rear ends 28 disposed against each other. Although
      not shown in the drawing, it is assumed that the usual slider locking
      mechanism is provided within the holder frame 14a to immovably lock the
      sliders 11a and 11b on the slider rest 16a.
PAR  The stringer guide 50 newly incorporated in this fastener assembly
      apparatus includes a support structure 51 substantially integrally joined
      to the holder frame 14a and having a horizontal top surface 52 arranged
      flush with the top of the holder frame. A guide column 53 of substantially
      diamond-shaped cross section is fixedly mounted at the center of the top
      surface 52 of the support structure 51, and a guide plate 54 is further
      secured at the top of the guide column 53.
PAR  When seen in a plan view as in FIG. 8, the guide column 53 is generally
      elongated in the direction of the aligned longitudinal axes of the sliders
      11a and 11b on the slider rest 16a. The guide column 53, moreover, is
      similar in cross sectional shape to the stringer separator 13 but is
      smaller and oppositely directed.
PAR  The guide plate 54 mounted atop the guide column 53 has a pair of flanges
      55 projecting downwardly from its respective side edges. As will be
      understood from a consideration of FIG. 8, these side flanges 55 are
      arranged in streamlined extensions from the respective side flanges 25 of
      the adjacent slider 11b on the slider rest 16a. It will also be noted from
      FIG. 8 that the side flanges 55 are spaced from the guide column 53
      sufficiently to permit the respective rows of fastener elements 31 of the
      fastener chain 12 to pass longitudinally therebetween. Furthermore, the
      spacings between the side flanges 55 and the top surface 52 of the support
      structure 51 must be sufficient to permit the respective rows of fastener
      elements 31 to pass laterally outwardly therethrough. The guide plate 54,
      as well as the guide column 53 thereunder, has a V-shaped indentation 56
      for receiving at least part of the flared front end 24 of the adjacent
      slider 11b on the slider rest 16a.
PAR  The fastener assembly apparatus of FIG. 6 being constructed as hereinbefore
      described, the sliders 11a and 11b can be assembled in the following
      manner with each fastener length of the fastener chain 12 as shown in FIG.
      7. The pull tabs 18 of the two sliders may first be inserted into the
      respective channels formed by the pairs of grooves 17a and 17b in the side
      walls 15a of the slider holder frame 14a so that the sliders may be
      mounted on the slider rest 16a with their contracted rear ends 28 opposed
      to each other. The sliders 11a and 11b are assumed to be immovably locked
      in position by the unshown slider locking mechanism of this slider holder
      10a.
PAR  As illustrated in FIG. 9, the slit 29 edges of the fastener chain 12 are
      then manipulated into the respective spacings between the guide plate 54
      and the support structure 51 on both sides of the guide column 53. The
      pair of stringers of the fastener chain 12 should be succeedingly threaded
      through the channeled bodies 22 of the sliders 11b and 11a. The fastener
      elements 31 of the fastener chain 12 are temporarily disengaged by the
      guide column 53 of the stringer guide 50 and are again interengaged as
      they succeedingly travel through the channeled slider bodies 22, as
      illustrated in FIG. 8. By then pulling the fastener chain 12 as indicated
      by the arrow in FIG. 10, the rows of fastener elements 31 emerge
      disengaged from the flared front end 24 of the slider 11a.
PAR  It will be apparent from the description of the preceding embodiment that
      the pair of stringers which have passed the slider 11a are separated in a
      streamlined manner away from each other, as their adjacent longitudinal
      edges move in sliding contact with the respective stringer separating
      surfaces 23 of the separator 13.
PAR  When the fastener chain 12 is pulled through the sliders 11a and 11b to a
      required degree, the slider locking mechanism of the slider holder 10a may
      be caused to unlock both sliders. The trailing side of the fastener chain
      12 may then be raised, as indicated by the arrow in FIG. 11, to pull the
      rows of fastener elements 31 away from under the guide plate 54. The
      sliders 11a and 11b are now readily withdrawable from the slider rest 16a
      together with the attached fastener chain 12.
PAR  In this second adaptation of the invention, each stringer of the fastener
      chain 12 travels a meandering path as it is required to pass through two
      consecutive, oppositely directed sliders arranged between the stringer
      guide 50 and the stringer separator 13. It will be appreciated, however,
      that the guide 50 and the separator 13 are so configured and arranged with
      respect to the two sliders that the paths of travel of the fastener
      stringers are as streamlined as feasible. The fastener chain 12 can
      therefore be pulled smoothly through the sliders as there is practically
      no possibility of the rows of fastener elements 31 being caught by the
      webs 27, the side flanges 25 or the contracted rear ends 28 of the two
      sliders or by the flared front end 24 of the slider 11b.
PAR  Having thus described the several novel and useful features of the fastener
      assembly apparatus according to the invention, it is believed that the
      various objects for which it was designed have been fully accomplished.
      However, while the invention has been shown and described herein in terms
      of its specific adaptations, it is to be understood that the invention is
      not to be restricted by the exact showing of the drawings or the
      description thereof, as many modifications of the invention may well occur
      to those skilled in the art without departing from the proper scope or
      fair meaning of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for assembling sliders with fastener stringers, wherein each
      of the sliders includes a channeled body having a flared front end and a
      contracted rear end, and a pull tab, said apparatus comprising, in
      combination, a slider holder for immovably holding a pair of sliders
      thereon with their contracted rear ends disposed against each other for
      the assemblage of said fastener stringers therethough, a stringer guide
      arranged close to said slider holder on one side thereof, said stringer
      guide being adapted to cause said fastener stringers to be introduced
      uncoupled into one of said pair of sliders through said flared front end
      thereof in a streamlined manner, and a stringer separator arranged close
      to said slider holder on the opposite side thereof, said stringer
      separator being adapted to cause said fastener stringers to be separated
      away from each other in a streamlined manner as the same emerge uncoupled
      out of said flared front end of the other of said pair of sliders.
NUM  2.
PAR  2. The apparatus as recited in claim 1, wherein said stringer guide
      comprises a support structure having a top surface, a guide column of
      substantially diamond-shaped cross section mounted centrally on said top
      surface of said support structure, and a guide plate mounted atop said
      guide column and having a pair of side flanges projecting downwardly
      therefrom, said side flanges being sufficiently spaced from said guide
      column to permit the respective rows of fastener elements of said fastener
      stringers to pass longitudinally therebetween.
NUM  3.
PAR  3. The apparatus as recited in claim 2, wherein said side flanges of said
      guide plate are sufficiently spaced from said top surface of said support
      structure to permit the respective rows of fastener elements of said
      fastener stringers to pass laterally outwardly therebetween.
NUM  4.
PAR  4. The apparatus as recited in claim 2, wherein said slider holder includes
      a frame on the top of which said pair of sliders are held immovably, and
      wherein said top surface of said support structure of said stringer guide
      is substantially flush with said top of said frame of said slider holder.
NUM  5.
PAR  5. Apparatus for assembling finished sliders with fastener stringers,
      wherein each slider includes a slider body and a pull tab, said slider
      body having a flared front end and a contracted rear end, a top wing, a
      bottom wing, a web integrally connecting said wings to each other at one
      end thereof, and side flanges respectively having divergent portions
      diverging in a direction toward said flared front end and defining
      together with said web a Y-shaped channel through said slider body, said
      apparatus comprising, in combination, a slider holder for immovably
      holding at least one slider in upside-down disposition on a slider rest
      formed at the top thereof to accommodate assemblage of said fastener
      stringers and said slider, by passing said fastener stringers in coupled
      together form into the slider body through said contracted rear end
      thereof; and a stationary stringer separator positioned in close proximity
      to said slider holder and on the stringer exit side thereof, said stringer
      separator including a pair of generally vertical stringer separating
      surfaces and a top surface, said stringer separating surfaces diverging in
      a direction away from said slider holder at an angle at which said
      divergent portions of said side flanges diverge, and terminating short of
      the projected geometrical intersection of such surfaces said projected
      intersection being substantially at the position of said web of the slider
      as held on said slider rest, and said top surface being substantially on a
      level with the internal surface of said top wing of the slider, whereby
      said stringer separator causes the fastener stringers to be separated away
      from each other in a streamlined manner as the stringers emerge uncoupled
      out of said flared front end of said slider.
NUM  6.
PAR  6. The apparatus as recited in claim 5, wherein said stringer separator is
      in the form of a column of pentagonal transverse cross section, whereby
      said fastener stringers emerging uncoupled out of said flared front end of
      said slider are separated away from each other at their adjacent
      longitudinal edges and move in sliding contact with said slider separating
      surfaces, respectively, of said column.
PATN
WKU  039451046
SRC  5
APN  5716527
APT  1
ART  323
APD  19750425
TTL  Diesel engine cylinder liner puller tool
ISD  19760323
NCL  3
ECL  1
EXP  Jones, Jr.; James L.
NDR  2
NFG  8
INVT
NAM  Brookover, Jr.; William S.
STR  965 Washburn St.
CTY  Clarksburg
STA  WV
ZIP  26301
CLAS
OCL   29255
XCL   29282
EDF  2
ICL  B23P 1904
FSC   29
FSS  254;282;283;234;255
UREF
PNO  2566507
ISD  19510900
NAM  Walraven et al.
OCL   29283
UREF
PNO  2586222
ISD  19520200
NAM  Hamilton
OCL   29283
UREF
PNO  3222915
ISD  19651200
NAM  Swisher
OCL   29254
UREF
PNO  3805359
ISD  19740400
NAM  Webb
OCL   29282
UREF
PNO  3875641
ISD  19750400
NAM  Gregg
OCL   29234
LREP
FR2  Dowell, Jr.; A. Yates
ABST
PAL  A tool apparatus for removing the cylinder liner from an engine block with
      or without the assistance of the piston which is slidably mounted within
      the liner. The apparatus includes a portion which is firmly attached to
      the cylinder liner from the exterior of the engine block and has an impact
      member for removing the liner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to the removal of piston liners of various
      kinds and relates particularly to apparatus for removing the piston liners
      of internal combustion engines.
PAR  2. Description of the Prior Art
PAR  Heretofore in the construction of internal combustion engines, and
      particularly in the construction of diesel engines, an engine block has
      been cast with a plurality of openings or cores in accordance with the
      number of cylinders and pistons which are to be provided in the engine.
      Normally each of the cores is machined to snugly receive a cylinder liner
      or sleeve which has been specially heat treated and in which the inner
      periphery or bore of the sleeve has been ground and lapped to provide a
      smooth surface which is engaged by the rings of the piston so that
      substantial compression can be provided within the cylinder.
PAR  The block of most diesel engines includes an air inlet passageway and an
      air exhaust passageway by means of which air can be introduced into the
      cylinder during the compression stroke and air can be exhausted from the
      cylinder at the completion of the power stroke. In order to permit the
      passage of air into and out of the cylinder, the cylinder liner is
      provided with a plurality of openings substantially midway of its length
      which communicate with the inlet and exhaust passageways. This is
      particularly true of diesel engines produced by Detroit Diesel Company, a
      subsidiary of General Motors. This company produces a substantial portion
      of the diesel engines used in motor vehicles, as well as diesel engines
      used in stationary power plants and the like.
PAR  During the active life of a diesel engine the pistons are constantly moving
      up and down the cylinder and eventually the cylinder liner becomes scored,
      out of round, or so worn that compression is adversely affected and
      therefore it becomes necessary to remove the cylinder liner and either
      replace the liner and the rings of the piston or grind and lap the bore of
      the cylinder liner and place oversized rings on the piston.
PAR  In the past some efforts have been made to provide tools for removing
      sleeves of various kinds from internal combustion engines, pumps and other
      structures requiring the cyclic movement of a piston; however, in most of
      these prior art structures it has been necessary to remove the piston
      before the mechanism for removing the cylinder could be attached. Due to
      space limitations, in most cases it has been necessary to remove the
      crankshaft from the engine before the piston could be removed and
      therefore it has been necessary to substantially disassemble the entire
      mechanism in order to remove the cylinder liners. Some examples of the
      prior art are U.S. Pat. Nos. 1,705,789 to Steirly; 2,503,426 to Tower;
      2,568,998 to Fletcher; 2,688,183 to Oberley et al.; 2,924,005 to Wilson et
      al.; and 3,805,359 to Webb.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in a tool or puller for removing a
      cylinder liner from a mechanism such as a diesel engine or the like. The
      tool is firmly attached to the liner from one end only thereof so that it
      is not necessary to remove the piston and the crankshaft even though the
      piston may be subsequently removed from the engine block. The tool
      includes an elongated shank having a head at one end of a size to be
      inserted into and engaged with the sleeve or cylinder liner, an
      intermediate clamp plate, a sliding hammer, and an anvil or impact member
      at the opposite end of the shank. The tool is adapted to be clamped to the
      cylinder liner so that rotation of the crankshaft to cause movement of the
      piston drives the cylinder liner partially out of the engine block and
      thereafter operation of the sliding hammer removes the cylinder liner from
      the block in such a manner that the piston may remain within such liner.
PAR  It is an object of the invention to provide a relatively simple cylinder
      liner puller tool which can be applied from one end of the liner and
      operated in such a manner that the liner can be removed from the engine
      block in a minimum of time and with a minimum of effort.
PAR  Another object of the invention is to provide a tool for removing a
      cylinder liner from an engine block in which rotation of the engine
      crankshaft assists in removing the cylinder liner.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective of an engine block illustrating one application of
      the invention.
PAR  FIG. 2 is a perspective of a cylinder liner per se.
PAR  FIG. 3 is an enlarged fragmentary section on the line 3--3 of FIG. 2.
PAR  FIG. 4 is a perspective of the liner puller tool of the present invention.
PAR  FIG. 5 is a cross-sectional view of the lower portion of the tool in use.
PAR  FIG. 6 is an enlarged fragmentary section on the line 6--6 of FIG. 4.
PAR  FIG. 7 is a side elevation of the puller tool with portions of the engine
      block and the cylinder liner in cross-section and illustrating the
      starting position of the tool.
PAR  FIG. 8 is a view similar to FIG. 7 with the liner partially removed from
      the engine block.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawings, a conventional internal
      combustion engine block 10 has a plurality of cores 11 each of which
      communicates with one or more air passageways 12 within the block. Each of
      the cores 11 is provided with a hardened, heat treated cylinder liner or
      sleeve 13 having an upper flange 14 and a bore or inner peripheral surface
      15 which has been ground and lapped to provide a smooth finish. The liner
      13 is provided with a plurality of openings 16 substantially midway of its
      length which are normally aligned with the passageways 12 so that air can
      be introduced into and discharged from the bore 15. A piston 17 is
      slidably mounted within the liner and is connected to a piston rod 18 by a
      pivot 19 or the like. The opposite end of the piston rod has an arcuate
      recess which receives the crankshaft of the engine and is rotatably
      connected thereto by a cap or yoke in the usual manner. The structure thus
      far described is conventional in the art and forms no part of the
      invention.
PAR  In order to remove the cylinder liner 13 when the liner becomes scored, out
      of round, or for other reasons, a cylinder liner puller tool 20 is
      provided having a head 21 of a size to be slidably received within the
      bore 15 of the cylinder liner. Ordinarily the head includes an upper
      portion 22 and a lower portion 23 connected together in assembled
      relationship in any desired manner, as by screws or the like (not shown).
      The lower portion 23 has an elongated recess or channel 24 extending
      substantially diametrically thereof and terminating in spaced shoulders 25
      adjacent to the periphery of the lower portion which define a slot or
      groove 26 therebetween.
PAR  A pair of dogs 27 constructed of tool steel or the like having outwardly
      extending tongues 28 are slidably mounted within the channel 24 and a
      spring or other resilient member 29 is located between such dogs to urge
      the dogs outwardly so that the tongues 28 extend through the slots 26 to a
      position exteriorly of the head 21. As illustrated best in FIG. 5, the
      lower portion of each of the tongues 28 is provided with a cam surface 30
      so that when the head 21 is inserted within the bore 15, the cam surfaces
      30 retract the dogs 27 into the channel 24 against the tension of the
      spring 29 so that the head can move downwardly through the bore. When the
      tongues 28 are substantially in alignment with a pair of openings 16 in
      the cylinder liner 13, the spring 29 urges the dogs outwardly into the
      openings so that the upper portions of the tongues 28 engage the upper
      walls of the openings 16.
PAR  An elongated threaded stud 33 is connected to the upper portion 22 of the
      head in any desired manner, as by a reduced end 34 threadedly received
      within the head 21. A clamp plate 35 is freely slidably mounted on the
      stud 33 either by an enlarged central opening (not shown) or an elongated
      slot 36 extending inwardly from the periphery of the plate to a position
      to receive the stud 33. If desired the clamp plate 35 may have a reduced
      lower portion or step 37 of a size to be received within the bore 15. A
      nut 38 is threadedly mounted on the stud 33 and is adapted to apply a
      downward pressure on the clamp plate 35 and an upward pressure on the head
      21 so that the clamp plate 35 firmly engages the flange 14 of the cylinder
      liner and the upper portions of the tongues 28 firmly engage the upper
      walls of the openings 16.
PAR  The upper end of the stud 33 receives and is fixed to one end of a reducing
      nut or connector 39 and the opposite end of such connector is attached to
      an elongated shank or rod 40 in any desired manner, as by screw threads,
      welding, brazing or the like. An anvil or impact receiving member 41 is
      mounted at the opposite end of the shank 40 and a sliding hammer 42 is
      slidably mounted on the shank between the anvil 41 and the connector 39.
PAR  In the operation of the device, when the cylinder liner 13 becomes
      unserviceable and must be removed from the engine block 10, the oil pan or
      lower covering of the engine is removed and the crankshaft is rotated to
      fully retract the piston 17 within the liner which is to be removed, after
      which the cap or yoke may be removed from the lower end of the piston rod
      18. Likewise the head or top of the engine is removed from the block 10 to
      expose the upper ends of the cylinder liners 13. The head 21 of the tool
      20 is aligned with the cylinder liner having the retracted piston and a
      downward force is applied to the shank or rod 40 so that the cam surfaces
      30 of the dogs 27 cause the dogs to be retracted into the channel 24 and
      permit the head 21 to enter the bore 15 of the liner. The head is moved
      downwardly until the tongues 28 are aligned with the openings 16 at which
      point the spring 29 urges the dogs outwardly into the openings 16. The
      clamp plate 35 is moved into engagement with the flange 14 at the upper
      end of the cylinder liner and the nut 38 is tightened to apply a downward
      pressure against the clamp plate 35 and an upward pressure on the tongues
      28 of the dogs 27 to rigidly clamp the tool onto the cylinder liner 15.
PAR  When the tool has been mounted on the liner, a lever is connected to the
      crankshaft and is operated to rotate such crankshaft which causes the
      piston 17 to rise within the cylinder liner until the top of the piston
      engages the lower portion 23 of the tool head 21. Continued rotation of
      the crankshaft in the same direction causes the piston to continue to
      rise; however, since the tool head is clamped to the liner, continued
      upward movement of the piston forces the liner upwardly partially out of
      the engine block 10. When the piston reaches the top dead center position,
      continued rotation of the crankshaft disengages the crankshaft from the
      lower end of the piston rod and normally leaves the piston within the
      liner.
PAR  Thereafter a mechanic grasps the sliding hammer 42 and moves the hammer
      rapidly upwardly along the shank 40 to impart a sharp impact blow to the
      anvil 41 at the upper end of the shank. The sharp impact blow causes the
      cylinder liner to be further removed from the engine block. This operation
      continues until the cylinder liner and the piston therein are entirely
      removed from the engine block. Thereafter a new cylinder liner may be
      pressed into the engine block and a piston with conventional rings may be
      mounted within the liner and connected to the crankshaft.
PAR  Alternatively, the bore 15 of the liner which has been removed may be
      ground and lapped to remove score lines and scratches, and oversize rings
      placed on the piston so that the original liner and piston may be returned
      to the engine block.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool for removing a sleeve from a mounting structure in which the
      sleeve has an elongated bore and a plurality of openings along the length
      thereof, said tool comprising an elongated shank with a head at one end
      and an anvil at the opposite end, said head being of a size to be slidably
      received within the bore of said sleeve, movable means carried by said
      head and engageable with the openings in said sleeve, clamp plate means
      movably mounted on said shank in spaced relationship to said head, means
      for securing said plate means to said sleeve for clamping said tool
      thereto, and impact imparting means slidably mounted on said shank
      intermediate said anvil and said clamp means, whereby movement of said
      impact imparting means against said anvil causes an outward force to be
      applied to said sleeve to remove the same from the structure in which it
      is mounted.
NUM  2.
PAR  2. The structure of claim 1 in which said movable means includes a pair of
      dogs slidably mounted within said head, and resilient means for urging at
      least portions of said dogs outwardly from opposite sides of said head.
NUM  3.
PAR  3. A tool for removing a cylinder liner from an engine block having a
      piston slidably mounted within the liner, the liner having an elongated
      bore and a plurality of openings along the length thereof, said tool
      comprising a head of a size to be received within the bore of said liner,
      at least one dog means slidably mounted within said head and having
      resilient means normally urging said dog means outwardly into the openings
      of said liner, a portion of said dog means normally located exteriorly of
      said head but being retractable therein, an elongated shank connected to
      said head, clamp plate means movably mounted on said shank in spaced
      relationship to said head and selectively engageable with said liner, a
      nut threadedly engaging said shank and adapted to engage said clamp plate
      means to firmly attach said head and said clamp plate means to said
      cylinder liner, a sliding hammer movably mounted on said shank, and an
      anvil fixed to the end of said shank remote from said head in a position
      to be engaged by said hammer, whereby when said tool is attached to said
      cylinder liner the piston engages said head to raise said cylinder liner
      partially from the engine block and movement of said hammer against said
      anvil completes the removal of the liner from the block.
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ABST
PAL  An apparatus and method for automatically replacing damaged conveyor grates
      which can be remotely controlled. The apparatus is disposed slightly above
      the empty, return side of the conveyor at the cool end, and performs its
      function in this maintenance area. The apparatus employs a plurality of
      working heads which remove the damaged grate and replace it with a new
      grate without interrupting conveyor motion. The working heads are
      suspended above the conveyor in the maintenance area by a plurality of
      carriages which permit the working heads to access any grate within the
      maintenance area. The carriages also allow the working heads to move with
      the conveyor during the grate replacement cycle. Although the manipulation
      of these heads and carriages is largely automatic, the operator can
      initiate, direct and observe the apparatus' movements from a remote
      station thereby isolating him from a hazardous environment.
BSUM
PAR  The present invention relates generally to an apparatus, system and method
      for changing articles removably affixed to a conveyor. In particular, the
      present invention relates to an apparatus and method for mechanically
      replacing damaged grates in a conveyor system used in the processing of
      iron ore.
PAC  BACKGROUND OF THE INVENTION
PAR  As is quite well known to those skilled in the art, iron ore pellets are
      formed from the raw material which are subsequently cured or heat treated
      in a furnace or kiln. A conveyor system is provided to transport these
      pellets from a loading area to the furnace.
PAR  One such conveyor system is comprised of several parallel strands of chain
      links which form a continuous vertical loop. The strands are
      interconnected by chain through rods which space the strands a
      predetermined and equal distance from each other. A plurality of grates
      are rotatably connected to each through rod which form the conveying
      surface of the conveyor. On the delivery side of the conveyor, the grates
      lie substantially horizontal, overlapping one another so as to form a
      continuous, substantially planar conveying surface on which the iron ore
      pellets are transported. On the return side of the conveyor, gravity
      causes each grate to assume a substantially vertical position. The grates
      are rotatably connected to the through rod by a retainer clip which is
      fastened to the grate. These retainer clips are disposed upwardly on the
      return side of the conveyor.
PAR  During the processing operation, the grates are often damaged and must be
      replaced. Heretofore, the grates have been replaced manually by a
      repairman. The repairman either unfastens or cuts the retainer clip
      fasteners so that the damaged grate can be removed from the through rod.
      The manual grate replacement process is a tedious and time-consuming
      operation. Because the conveyor is traveling at a fairly rapid pace, and
      because the manual replacement of a damaged grate is a tedious repair, it
      is very hazardous and most difficult, if not impossible, for a repairman
      to replace a damaged grate while the conveyor is in motion. Hence, the
      manual replacement of a damaged grate often results in a conveyor
      shut-down which is both inefficient and costly.
PAR  The working environment for the repairman is not only very hot, by virtue
      of the conveyor's proximity to the furnace, but also consists of an
      atmosphere contaminated with iron dust. These circumstances present a very
      serious health hazard to the repairman.
PAR  To alleviate the aforementioned difficulties associated with prior art
      technology, the present invention is comprised of an apparatus and method
      for mechanically replacing damaged conveyor grates which is remotely
      controlled. The present invention discloses a device which can
      mechanically remove a damaged grate and replace it with a new grate while
      the operator observes and directs the replacement process from an isolated
      control area or room. Since the present method of grate replacement is
      much quicker than manual replacement, the conveyor need not be stopped,
      thereby avoiding costly down-time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an automatic system and method for
      selectively replacing articles which are removably interconnected to a
      movable conveyor. A first means is provided for clampingly engaging a
      damaged grate connected to the moving conveyor, and a second means is
      provided for disengaging the damaged grate from the conveyor. A third
      means positions a new grate on the conveyor at the location previously
      occupied by the damaged grate, and a fourth means connects the new grate
      to the conveyor. A fifth means is provided in the form of carriages to
      movably suspend the first, second, third and fourth means over the
      conveyor in the working area, so as to access the damaged grate. A sixth
      means enables the fifth means to lockingly engage the conveyor and to
      translate with it as the damaged grate is being replaced. A seventh means
      automatically controls and sequences means 1-6 so that a grate may be
      replaced quickly and efficiently.
PAR  Accordingly, it is a primary object of the present invention to provide an
      automatic system and method for selectively replacing damaged grates which
      are removably interconnected to a movable conveyor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic depiction of an iron ore conveyor and an automatic
      grate changing system.
PAR  FIG. 2 is a partial cross-sectional view taken substantially along the line
      2--2 of FIG. 1.
PAR  FIG. 3 is a perspective view of a grate as attached to a conveyor chain
      through rod.
PAR  FIG. 4 is a partial cross-sectional view taken substantially along the line
      4--4 of FIG. 2.
PAR  FIG. 5 is a partial plan view of the primary and secondary carriages.
PAR  FIG. 6 is a side elevational view of the secondary carriage.
PAR  FIG. 7 is a side view of the auxiliary carriage.
PAR  FIG. 8 is a side view of the removal bending head.
PAR  FIG. 9 is a side view of the removal clamping head.
PAR  FIG. 10 is a side view of the removal and replacement bending heads.
PAR  FIG. 11 is a partial side view of the removal clamping head.
PAR  FIG. 12 is a side view of the shot pin in the park position.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an iron ore processing conveyor 2, a heat treating
      furnace 4, and an automatic grate changing apparatus 6 are
      diagrammatically depicted. The conveyor 2 transports iron ore pellets from
      the loading area 8 to the furnace 4. The automatic grate changing
      apparatus 6 is disposed over the return side 10 of the conveyor at the end
      furthest away from the furnace 4. The apparatus performs its functions in
      a maintenance area 12, and is remotely controlled at control panel 14. The
      direction of conveyor motion is illustrated by the arrows provided. The
      conveyor 2 carries a plurality of grates 16 which are rotatably connected
      to the conveyor.
PAR  In FIG. 3 a grate 16 is shown attached to a conveyor through rod 20. The
      grate 16 has a C-shaped upper end portion which mates with the conveyor's
      through rod 20. A tab is provided on the grate 22 which is centrally
      disposed on the upper surface thereof. A retainer clip 24 is fixedly
      fastened to the grate 20 such that the upwardly protruding ears 26 of the
      retainer clip 24 abuttingly contact the through rod 20, thereby rotatably
      securing the grate 16 to the through rod.
PAR  As can best be seen in FIG. 1, when the grates 16 are disposed on the
      delivery side 30 of the conveyor, they assume a substantially horizontal
      position, thereby providing a conveyor surface on which the pellets are
      transported. On the return side 10 of the conveyor, the grates 16 assume a
      substantially vertical position, such that the retainer clip 24 is
      disposed upwardly.
PAR  Referring now to FIG. 1, there is shown the conveyor 2 and the automatic
      grate changing apparatus 6. The conveyor 2 which is disposed slightly
      below the apparatus 6 is comprised of six strands of chain link 32 which
      are interconnected by through rods 20. Between each strand 32 three grates
      16 are rotatably affixed to the through rod, thereby providing 15 rows of
      grates. Each chain link is provided with a centrally disposed aperture 34.
      Vertical support columns 36 are provided for structurally supporting the
      apparatus. Onto these vertical support columns 36 a main support channel
      38 is rigidly and perpendicularly affixed thereto, on both sides of the
      conveyor 2 in the maintenance area 12. A pair of triangular tracks 40 are
      rigidly affixed to the main support channels 38, and extend longitudinally
      along the entire length of said support chanels.
PAR  A primary carriage 42 is disposed perpendicularly between the main support
      channels and is movably connected to same by primary carriage rollers 44
      which are retained in the primary carriage frame 46 (FIG. 4). A plurality
      of drive pin arms 48 are rigidly affixed to the primary carriage frame 46
      and are disposed perpendicularly thereto in a downward fashion. One drive
      pin arm 48 is disposed over each of the conveyor chain's apertures 34.
PAR  As can best be seen in FIG. 4, the drive pin arms 48 are positioned forward
      of the primary carriage frame 46 and hang slightly above the conveyor 2.
      The lower end portion 50 of the drive pin arm 48 is vertically apertured.
      A drive pin 52 is slidably and vertically retained in said aperture 54 by
      a vertical drive pin drive means 56. Activation of said drive means 56
      causes the drive pin 52 to extend and retract vertically so as to engage
      and disengage the chain aperture 34. At the rearward end of the primary
      carriage 42 a primary carriage drive means 58 is provided.
PAR  As can best be seen in FIG. 5, the primary carriage drive means 58 is
      connected to a shaft 60 which in turn is connected to a pinion 62. The
      pinion engages a rack 64 which is located on the main support channel 38.
      An identical rack and pinion means is similarly disposed on the opposite
      side of the primary carriage frame 46. Rotation of the drive means 58
      therefore translates the primary carriage along the longitudinal axis of
      the main support channels 38. A pair of secondary carriage tracks 66 is
      rigidly affixed to the primary carriage and is disposed along the
      longitudinal axis of said primary carriage.
PAR  As diagrammatically shown in FIG. 2, the automatic grate changing apparatus
      is provided with a grate row locating means, such as an air manifold 68
      and a pressure sensor 70, to enable the apparatus to automatically locate
      over the row in which the damaged grate resides. A signalling means, such
      as an aperture 72 in an air manifold 68, is provided on the primary
      carriage over each grate location. A signal detection means, such as a
      pressure sensor 70, is attached to the secondary carriage 74. Through this
      grate row locating means, the apparatus can automatically position itself
      over the desired grate row.
PAR  FIG. 6 shows the secondary carriage 74. The secondary carriage 74 is
      comprised of a frame 80, a secondary carriage drive means 82 and secondary
      carriage rollers 84. A pair of secondary carriage pinions 86 are disposed
      on either side of the secondary carriage 74.
PAR  As can best be seen in FIG. 4, the secondary carriage rollers 84 translate
      along the secondary carriage tracks 66 which are affixed to the primary
      carriage 42. Side rollers 88 are provided to insure proper horizontal
      relationship between the secondary carriage 74 and the secondary carriage
      tracks 66. The secondary carriage drive means 82 is affixed to the
      secondary carriage 74, and drives the secondary carriage pinions 86. A
      pair of auxiliary carriage tracks 90 is rigidly affixed to the secondary
      carriage 74 and is disposed along the longitudinal axis of said secondary
      carriage 74.
PAR  As can beest be seen in FIG. 2, a secondary carriage lock cylinder 92 is
      affixed to the secondary carriage 74 and is disposed vertically.
      Activation of the secondary carriage lock cylinder 92 causes same to
      extend and retract, thereby abuttingly engaging and disengaging the
      primary carriage 42.
PAR  FIG. 4 shows an auxiliary carriage 94 which is comprised of a frame 96, and
      a pair of track members 98 which mates with and slidably engages the
      auxiliary carriage tracks 90 which are attached to the secondary carriage
      74.
PAR  As can best be seen in FIG. 7, the auxiliary carriage 94 is provided with
      an auxiliary carriage locking cylinder 100 which is rigidly attached
      thereto. The secondary carriage 74 is provided with an auxiliary carriage
      locking member 102 which is rigidly affixed to the secondary carriage 74
      and is disposed directly above the auxiliary carriage locking cylinder
      100. Activation of the auxiliary carriage locking cylinder 100 causes same
      to extend and retract, thereby abuttingly contacting the auxiliary
      carriage locking member 102. Said abutting contact and the frictional
      forces which result, releasably secure the auxiliary carriage 94 to the
      secondary carriage 74. A hunt cylinder 104 is provided for translating the
      auxiliary carriage 94 with respect to the secondary carriage 74.
PAR  As can best be seen in FIG. 4, an indexing carriage 110 is provided to
      retain the working heads 112 and translate same with respect to the
      auxiliary carriage 94 in the direction of the longitudinal axis of the
      primary carriage 42. The auxiliary carriage frame 96 is provided with an
      indexing carriage track 114. The indexing carriage 110 is provided with an
      indexing carriage track member 116 which mates with the indexing carriage
      track 114, thereby slidably securing said indexing carriage 110 to said
      auxiliary carriage 94.
PAR  As can best be seen in FIGS. 8 and 9, the indexing carriage is provided
      with a ball screw mechanism 120 which is driven by a means, such as a
      hydraulic motor, so as to translate the indexing carriage 110 with respect
      to the auxiliary carriage 94.
PAR  FIGS. 8 and 9 refer to the removal bending 122 and removal clamping 124
      heads, respectively. Their position with respect to one another can be
      seen from FIGS. 4 and 5.
PAR  Referring to FIG. 9, the auxiliary carriage 94 is shown slidably connected
      to the indexing carriage 110. It is to be noted that the auxiliary
      carriage 94 is slidably connected to the secondary carriage 74 which is
      not shown. The indexing carriage 110 moves slidably along the indexing
      carriage track 114 and thereby indexes the clamping head base 126 in a
      direction transverse the longitudinal axis of said base, said base being
      fixedly mounted to the indexing carriage 110. Within said base, a
      hydraulic motor 128 is located. Said motor turns a ball screw 130 to raise
      and lower the removal clamping head 124 along the longitudinal axis of
      said base through a clamping head mounting bracket 132 which supports said
      assembly.
PAR  The removal clamping head 124 will now be described. A pivot cylinder 134
      is pivotally mounted to the mounting bracket 132 by an upper pivot
      cylinder rod 136 and is also pivotally mounted to the clamping by a lower
      pivot cylinder rod. FIG. 9 shows the movement of the arm of the clamping
      member 138 between the upper and lower stop screws 142, 144, respectively.
      When the pivot cylinder 134 is extended, the arm 140 of the clamping
      member 138 engages the lower stop screw 144 which stops the rotation of
      the clamping head 138 about the clamping head pivot rod 146. Said clamping
      member is pivotally attached to the mounting bracket 132 by said rod.
PAR  When the pivot cylinder 134 retracts, the clamping member arm 140 swings
      upwardly on the clamping head pivot rod 146 until the upper stop screw 142
      is engaged to halt said movement.
PAR  A clamping cylinder 148 is pivotally attached to the clamping cylinder
      bracket 150 which is fixedly mounted to the clamping member arm 140. The
      clamping cylinder 148 is also pivotally connected to a clamping arm 152
      through the clamping arm pivot rod 154 which is attached on the sides of
      the clamping head frame 156. The clamping arm 152 has two lower jaws 158,
      160 which can best be seen in FIG. 11. The clamping arm 152 pivots about
      the lower clamp pivot rod 162 which also is attached to the sides of the
      clamping head frame 156. When the clamping cylinder 148 extends, the
      clamping arm 152 pivots about the clamping arm pivot rod 154 and the lower
      clamp pivot rod 162 to rotate the jaws 158, 160 toward the clamping
      cylinder 148. When the clamping cylinder 148 retracts, the jaws 158, 160
      rotate away from said cylinder.
PAR  The removal clamping head 124 is also provided with an air detect 164 or
      other sensing device which senses the presence of a grate tab 22 when said
      tab 22 is positioned substantially against said device. Said air detect is
      the only distinguishing feature between the removal clamping head 124 and
      the replacement clamping head 166. Consequently, the description of said
      replacement clamping head 116 is omitted. The relationship between all
      four heads can be seen in FIG. 5.
PAR  Referring to FIG. 8, the removal bending head 122 is shown. Said head is
      slidably mounted to a bending head base 168 by the bending head mounting
      bracket 170. Said bracket is fixedly attached to a bending head frame 172.
      The mounting bracket 170 and thus the bending head frame 172 move along
      the longitudinal axis of said base in the same fashion as the clamping
      head mounting bracket 132 moves along the clamping head base 126. That is,
      by means of a hydraulic motor 174 which drives a ball screw which is not
      shown.
PAR  The bending head base 168 is fixidly attached to the indexing carriage 110
      which in turn is slidably mounted to the auxiliary carriage 94 by means of
      an indexing carriage track 114.
PAR  FIG. 8 also shows a hydraulic cylinder 176 mounted atop the bending head
      frame 172 and along the same longitudinal axis thereof. Said cylinder
      activates the removal bending cams 178. This can best be seen and
      described in FIG. 10.
PAR  FIG. 10 shows two bending heads, a removal bending head 122, and a
      replacement bending head 180. The only difference between the two heads is
      the shape of their respective bending cams. As a result, the description
      of the parts of one bending head is equally applicable to the
      corresponding parts of the other bending head except for the cams.
PAR  The removal bending cams 178 are rotatably mounted on removal cam rods 182
      which are fixedly mounted within the removal bending head 122. Removal cam
      pins 184 are fixedly attached to and extend from said cams in the same
      plane as said cam rods 122. Removal link arms 186 are pivotally mounted on
      a common removal link arm rod 188 and are also pivotally mounted on their
      own removal cam pin 184. The removal link arm rod 188 is, in turn, fixedly
      mounted to the piston of the hydraulic cylinder 176. Removal cam wings 190
      are also fixedly attached to said cams and extend in substantially the
      same direction as the longitudinal axis of the removal cam rods 182.
PAR  When the hydraulic cylinder 176 extends, the removal bending cams 178
      rotate inwardly toward each other and thereby cause the removal cam wings
      190 to bend the ears 26 of the retainer clip 24 inwardly and downwardly.
      Such bending continues until the removal bending cams 178 encounter the
      removal cam stops 192.
PAR  As previously mentioned, the replacement bending cams 194 are the only
      distinguishing factor between the removal and replacement bending heads
      122, 180. Instead of wings 190, the replacement bending cams contain cam
      apertures 196 which are formed in said replacement cams 194 to accept the
      downturned ears of a retainer clip 24 when the replacement hydraulic
      cylinder 198 is extended and the replacement cams 194 engage their
      respective replacement cam stops 200. After the ears 26 of said retainer
      clip have been accepted in said apertures 196, the replacement hydraulic
      cyliner 198 is retracted a predetermined distance until the ears 26 are
      substantially perpendicular to the plane of the retainer clip 24.
PAR  FIG. 12 shows a park position shot pin 202 fixedly attached to the cylinder
      rod 204 of the park hydraulic cylinder 206 which is extended. Said shot
      pin 202 maintains the co-linear relationship of bushings 208, 210 one of
      each is fixedly mounted on the park and primary carriage 212, 42. Said
      relationship is required to allow the secondary carriage 74 to enter its
      park position 214 as shown in FIG. 2. Said hydraulic cylinder rod 204 is
      retracted to allow the primary carriage 42 to travel with the conveyor 2.
      Said shot pin 202 can also be seen in FIG. 2.
PAR  The apparatus operates in the following manner. A damaged grate 16 is
      sighted by plant personnel who in turn inform the operator of the
      apparatus of the presence and row location of the damaged grate. The
      replacement clamping head 166 had prior to this time been loaded with a
      new grate while the secondary carriage 74 was in the park position 214.
      Said park position will be subsequently described in detail.
PAR  The operator then selects the proper strand row on his control console 14
      which activates the secondary carriage drive motor 82 which causes the
      secondary carriage 74 to move toward said strand row. The grate row
      locating means 68 causes the secondary carriage 74 to stop over the
      selected row. The secondary carriage lock cylinder 92 is automatically
      activated causing the secondary carriage 74 and primary carriage 42 to be
      secured together.
PAR  When the damaged grate reaches a predetermined point before the maintenance
      area 12 the operator activates an engage button on the console 14. The
      engage button retracts the park position shot pin 202 and selectively
      activates the drive pins 52 which have previously been chosen from the six
      drive pins provided, to engage the chain link apertures 34.
PAR  Now the primary carriage 42 is attached to and moves with the conveyor 2.
      Because the auxiliary carriage 94 and the indexing carriage 110 are
      attached to the secondary carriage 74, all three carriages also move along
      with the conveyor. This feature is provided so that the removal and
      replacement of the damaged grate can be accomplished while the conveyor is
      in motion, thereby eliminating conveyor down-time.
PAR  Hence, the four carriages and all four working head will remain over the
      damaged grate, translating with the conveyor, until the damaged grate has
      been removed and replaced with a new grate. Now that the apparatus is
      synchronized with the conveyor, the removal and replacement processes
      automatically begin.
PAR  Referring to FIG. 4, the first head to operate is the removal clamping head
      124. The clamping head mounting bracket 132 moves downwardly along the
      removal clamping head base 126 by means of a hydraulic motor 128 which
      turns a ball screw 130 as is shown in FIG. 9. After the clamping head 124
      has been fully lowered, said head is now in close proximity to the tab 22
      of the damaged grate, as is shown in FIG. 11.
PAR  A hunt cylinder 104 then causes the auxiliary carriage 94 to translate in a
      horizontal plane with respect to the secondary carriage 74 until a
      position indicating device, such as an air detect 164, informs the hunt
      cylinder 104 that "grate contact" has been made with the grate tab 22. The
      auxiliary carriage lock cylinder 100 then automatically extends to lock
      the auxiliary carriage 94 and the secondary carriage 74 together. At this
      time the removal clamping cylinder 148 extends and causes the clamping
      head jaws 158 and 160 to hold securely the damaged grate against the
      clamping member 138. When this occurs the proper relationship between the
      damaged grate 16 and the apparatus 6 is assured for removal and
      replacement operation at the damaged grate location.
PAR  Next, the removal bending head 122 automatically moves downwardly in the
      same fashion as the removal clamping head 124. The removal bending head
      122 is equipped with two removal bending cams 178 (FIG. 10) which engage
      the grate's retainer clip ears 26 and simultaneously bends both ears
      inwardly to the bent position show in FIG. 10. Now the damaged grate 16 is
      free from the chain through rod 20. Next, the removal head pivot cylinder
      134 is retracted causing the damaged grate to swing off the chain through
      rod 20.
PAR  The hydraulic motors 128 and 174 of the removal clamping and bending heads
      124 and 122, respectively, are activated so as to raise the clamping head
      mounting bracket 132 and the bending head mounting bracket 170.
PAR  The indexing carriage 110 is then translated by means of ball screw 120 in
      such a manner that the replacement clamping and bending head 116 and 180
      are positioned above the now-vacated damaged grate location.
PAR  As previously noted, the replacement clamping head 166 has already been
      loaded with a new grate. The ears of the new grate have been previously
      bent inwardly at a predetermined angle. The replacement bending head 180
      is then moved downwardly in the same fashion as the removal bending head
      122. The replacement clamping head 166 is then lowered downwardly and
      pivoted in the same fashion as the removal clamping head 124. The swinging
      motion causes the new grate to be placed on the chain through rod 20 and
      simultaneously causes the ears 26 of the new grate's retainer clip 24 to
      engage the apertures 196 of the replacement bending cams 194. Because the
      ears of the new grate had been previously bent inwardly, the retainer clip
      does not interfere with this engaging motion. The cams 194 of the
      replacement bending head 180 are caused to rotate by the hydraulic
      cylinder 198, and the ears are rotated upwardly, so that the retainer clip
      secures the new grate on the through rod 20. The replacement bending head
      180 is then raised. The replacement clamping head 166 then unclamps the
      new grate, pivots away from same, and translates upwardly in that order.
      The drive pins 52 are then retracted from the conveyor chain and the
      primary carriage 42 returns to its start position.
PAR  During the travel of the primary carriage, the secondary carriage lock
      cylinder 92 retracts.
PAR  Once the primary carriage has returned to its start position, a park
      position shot pin 202, which is mounted on the park track 212 in the park
      position 214, is caused to extend by a cylinder 206. Said extension aligns
      the park track 212 and the primary carriage 42 so as to allow the
      secondary carriage 74 to enter the park position 214, as depicted in FIG.
      2.
PAR  The damaged grate is now removed from the removal clamping head, and a new
      grate is placed in the replacement clamping head. The apparatus is now
      ready to remove and replace another damaged grate.
PAR  The apparatus may be manually cycled, thereby permitting the replacement of
      damaged grates when the conveyor is not moving. The operation is
      substantially identical with the aforementioned procedure except that the
      movement of the primary carriage is controlled by the operator alone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of utilizing an automatic system for selectively replacing
      articles which are removably interconnected to a movable conveyor, said
      system including:
PA1  first means for clampingly engaging a first article connected to said
      conveyor;
PA1  second means for disengaging said first article from said conveyor;
PA1  third means for positioning a second article on said conveyor at the same
      location previously occupied by said first article;
PA1  fourth means for connecting said second article to said conveyor;
PA1  fifth means for selectively moving said first, second, third, and fourth
      means; and
PA1  sixth means, operably connected with said fifth means, for selectively
      engaging and disengaging said fifth means with and from said movable
      conveyor, respectively;
PA1  said method comprising the steps of:
PA1  engaging a first article connected to said conveyor;
PA1  disengaging said first article from said conveyor;
PA1  positioning a second article on said conveyor at the same location
      previously occupied by said first article;
PA1  connecting said second article to said conveyor;
PA1  selectively moving said first, second, third and fourth means;
PA1  selectively engaging and disengaging said fifth means with and from said
      movable conveyor, respectively, so that said fifth means moves with said
      conveyor while said first and second means are removing said first article
      from said conveyor, and disengaging said fifth means from said conveyor
      after said third and fourth means have connected said second article to
      said conveyor; and
PA1  automatically controlling the operations and movements of said first,
      second, third, fourth, fifth and sixth means.
NUM  2.
PAR  2. A method of utilizing an automatic system for selectively replacing
      articles which are removably interconnected to a stationary conveyor, said
      system including:
PA1  first means for clampingly engaging a first article connected to said
      conveyor;
PA1  second means disengaging said first article from said conveyor;
PA1  third means for positioning a second article on said conveyor at the same
      location previously occupied by said first article;
PA1  fourth means for connecting said second article to said conveyor;
PA1  fifth means for selectively moving said first, second, third and fourth
      means; and
PA1  sixth means, operably connected with said fifth means, for selectively
      engaging and disengaging said fifth means with and from said movable
      conveyor, respectively;
PA1  said method comprising the steps of:
PA1  engaging a first article connected to said conveyor;
PA1  disengaging said first article from said conveyor;
PA1  positioning a second article on said conveyor at the same location
      previously occupied by said first article;
PA1  connecting said second article to said conveyor;
PA1  selectively moving said first, second, third and fourth means;
PA1  selectively engaging and disengaging said fifth means with and from said
      stationary conveyor, respectively; and
PA1  automatically controlling the operations and movements of said first,
      second, third, fourth, fifth and sixth means.
NUM  3.
PAR  3. An automatic system for selectively replacing articles which are
      removably interconnected to a movable conveyor, comprising, in
      combination:
PA1  first means for clampingly engaging a first article connected to said
      conveyor;
PA1  second means for disengaging said first article from said conveyor;
PA1  third means for positioning a second article on said conveyor at the same
      location previously occupied by said first article;
PA1  fourth means for connecting said second article to said conveyor;
PA1  fifth means for selectively moving said first, second, third and fourth
      means;
PA1  sixth means, operably connected with said fifth means, for selectively
      engaging and disengaging said fifth means with and from said movable
      conveyor, respectively, so that said fifth means moves with said conveyor
      while said first and second means are removing said first article from
      said conveyor, and said fifth means is disengaged from said conveyor after
      said third and fourth means have connected said second article to said
      conveyor; and
PA1  seventh means for automatically controlling the operations and movements of
      said first, second, third, fourth, fifth and sixth means.
NUM  4.
PAR  4. An automatic system according to claim 3, wherein:
PA1  said articles comprise grates;
PA1  said movable conveyor includes chain links interconnected by through rods;
      and
PA1  each grate is removably secured to an associated through rod of said
      conveyor by means of a bendable retainer clip.
NUM  5.
PAR  5. An automatic system according to claim 4, wherein said fifth means
      comprises:
PA1  a main support track which extends a predetermined distance along the
      longitudinal axis of said conveyor, and is disposed vertically above said
      conveyor on both sides thereof:
PA1  a primary carriage which is movably attached to said main support track
      such that said primary carriage is disposed vertically above said conveyor
      and is movable along the longitudinal axis of said conveyor;
PA1  a secondary carriage which is movably attached to said primary carriage
      such that said secondary carriage is disposed vertically above said
      conveyor and is movable transversally relative to said conveyor and is
      longitudinally movable relative to said primary carriage;
PA1  an auxiliary carriage which is movably attached to said secondary carriage
      such that said auxiliary carriage is disposed vertically above said
      conveyor and is movable relative to said secondary carriage in the same
      direction of motion described by the secondary carriage but with
      relatively limited displacement; and
PA1  an indexing carriage which is movably attached to said auxiliary carriage
      such that said indexing carriage is disposed vertically above said
      conveyor and is movable relative to said auxiliary carriage in the same
      direction of motion described by said auxiliary carriage.
NUM  6.
PAR  6. An automatic system according to claim 5, wherein said first means
      comprises a removal clamping head, including:
PA1  a base which is rigidly connected to said indexing carriage;
PA1  a mounting bracket which is slidably connected to said base;
PA1  means for mechanically translating said mounting bracket with respect to
      said base;
PA1  a clamping member which is pivotally attached to said mounting bracket;
PA1  means for mechanically rotating said clamping member with respect to said
      mounting bracket;
PA1  a clamping arm which is pivotally affixed to said clamping member;
PA1  means for mechanically rotating said clamping arm with respect to said
      clamping member; and
PA1  means for detecting the proximity of a centrally disposed tab on each said
      grate.
NUM  7.
PAR  7. An automatic system according to claim 5, wherein said second means
      comprises a removal bending head, including:
PA1  a base which is rigidly connected to said indexing carriage;
PA1  a mounting bracket which is slidably connected to said base;
PA1  means for mechanically translating said mounting bracket with respect to
      said base;
PA1  a frame which is rigidly connected to said mounting bracket;
PA1  a pair of cams which are pivotally connected to said frame; and
PA1  means for mechanically rotating said cams relative to said frame.
NUM  8.
PAR  8. An automatic system according to claim 5, wherein said third means
      comprises a replacement clamping head, comprising:
PA1  a base which is rigidly connected to said indexing carriage;
PA1  a mounting bracket which is slidably connected to said base;
PA1  means for mechanically translating said mounting bracket with respect to
      said base;
PA1  a clamping member which is pivotally attached to said mounting bracket;
PA1  means for mechanically rotating said clamping member with respect to said
      mounting bracket;
PA1  a clamping arm which is pivotally affixed to said clamping member; and
PA1  means for mechanically rotating said clamping arm with respect to said
      clamping member.
NUM  9.
PAR  9. An automatic system according to claim 5, wherein said fourth means
      comprises a replacement bending head, including:
PA1  a base which is rigidly connected to said indexing carriage;
PA1  a mounting bracket which is slidably connected to said base;
PA1  means for mechanically translating said mounting bracket with respect to
      said base;
PA1  a frame which is rigidly connected to said mounting bracket;
PA1  a pair of cams which are pivotally connected to said frame; and
PA1  means for mechanically rotating said cams relative to said frame.
NUM  10.
PAR  10. An automatic system according to claim 5, wherein said sixth means
      comprises:
PA1  a plurality of downwardly extending arms rigidly attached to said primary
      carriage;
PA1  said arms being disposed above said conveyor;
PA1  said arms being provided with downwardly disposed end portions having a
      vertically-disposed aperture;
PA1  a plurality of drive pins which slidably engage said apertures in said
      arms; and
PA1  means for mechanically engaging said drive pins in said vertically disposed
      apertures.
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ABST
PAL  A method of mounting a natural draft cooling tower having a tower mantle
      suspended on a central support projecting beyond the upper rim of the
      mantle which is clamped and tightened between a pressure ring at the upper
      rim of the mantle and a foundation. In order to mount the cooling tower
      mantle, the pressure ring lying on the ground and coaxially surrounding
      the central support is suspended on a lifting ring by means of a plurality
      of supporting cables exceeding in length the radius of the pressure ring.
      This lifting ring is guided on the central support, suspended on a
      plurality of pulling elements which are lifted by at least one lifting
      device detachably connected to the central support, as a mantle section
      corresponding to the advance of the lifting device is displayed. After the
      lower rim of the cooling tower mantle has been connected to the
      foundation, the mantle is tightened by the lifting device. By attaching
      the lifting ring to the central support, the cooling tower mantle is
      maintained in its pre-stressed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of mounting a cooling tower with
      a tower mantle which is suspended on a central support that projects
      beyond the upper edge of the mantle and which is vertically pre-stressed
      between a pressure ring at the upper edge of the mantle and a foundation.
PAR  2. Description of the Prior Art
PAR  In addition to the well-known cooling towers which are erected in the form
      of a steel framework construction, or built of concrete by using a slip
      form, cooling towers of light construction have become known which
      comprise a central support and a cooling tower mantle suspended on said
      central support. The cooling tower mantle is at its upper edge provided
      with a pressure ring on which it is suspended on a central support by
      means of cables, the central support projecting beyond the upper edge of
      the cooling tower mantle. In order to assure the necessary stiffness, the
      cooling tower mantle is stretched and pre-stressed between the pressure
      ring and a foundation.
PAR  According to a known embodiment, the cooling tower mantle comprises
      coextensive cable grids formed by a plurality of cables intersecting each
      other and of a cover connected to said lattice work.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method which will
      permit a safe mounting of a large cooling tower of the above mentioned
      type of light construction with a minimum of material and in a minimum of
      time.
PAR  Accordingly, the present invention suggests a method of mounting a cooling
      tower mantle which is suspended on a central support projecting beyond the
      upper edge of the mantle and according to which the cooling tower mantle
      is stretched and tightened between a pressure ring at the upper edge of
      the cooling tower mantle and a foundation, the method characterized
      primarily in that the pressure ring lying on the ground and coaxially
      surrounding the central support is suspended on a lifting ring by means of
      a plurality of supporting cables having a length greater than the radius
      of the pressure ring, the lifting ring being guided on the central support
      and lifted by at least one lifting device connected to the central
      support, using a plurality of pulling elements. Simultaneously, a mantle
      section, corresponding in height to the lifting advance, is established.
      The method is further characterized in that the cooling tower mantle,
      after its lower edge has been connected to the foundation, is pre-stressed
      by means of the lifting device, and the lifting ring is held in this
      pre-stressing condition by attaching it to the central support.
PAR  In one mode of performing the invention, the pressure ring is connected to
      one end of a series of cables arranged in coextensive cable grids, which
      cables are connected to each other at their points of intersection during
      the lifting operation and after tensioning are provided with cover panels
      forming a mantle.
PAR  According to another mode of performing the invention, the pressure ring is
      connected to the upper edge of an annular shell which is adapted to
      sustain the tensions and simultaneously forms a portion of the tower
      mantle.
PAR  Independently of the design of the cooling tower mantle, it is suggested
      according to a further development of the method of the invention to move
      the lifting device stepwise upwardly ahead of the lifting ring on the
      central support, the lifting device being preferably formed by a plurality
      of hydraulically operated presses.
PAR  The method according to the present invention has the advantage of
      necessitating as special mounting implements only the hydraulic lifting
      device and the pulling elements because all other elements necessary for
      the mounting remain has parts in the cooling tower. As pulling elements,
      are employed reusable cables. The lifting device which consists preferably
      of hydraulic presses can likewise be used again for other purposes. Thus,
      an economic and safe method for mounting the cooling tower mantle on the
      central support is obtained while the mounting devices are simultaneously
      used for creating the necessary tension in the cooling tower mantle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further special features and advantages of the invention will become
      apparent from the description following below, when taken together with
      the accompanying drawings which illustrate, by way of example, a mode of
      performing the invention, represented in the various figures as follows:
PAR  FIG. 1 illustrates an initial stage of the mounting method, the pressure
      ring still resting on the ground;
PAR  FIG. 2 shows an intermediate stage of the mounting method, the pressure
      ring having been raised to about twothirds of the height of the central
      support; and
PAR  FIG. 3 shows a completely mounted natural draft cooling tower in a somewhat
      schematically simplified view.
DETD
PAC  DESCRIPTION OF THE PREFERRED MODE OF PERFORMING THE INVENTION
PAR  Referring to the drawings, there is shown a cooling tower which is to be
      mounted in accordance with the method of the present invention, the tower
      being a lightweight structure, having a central support 1 which is the
      first part to be erected on a support foundation 1a and which, at its
      upper end, has a supporting flange 1b. The cooling tower mantle has its
      upper rim provided with a pressure ring 2, suspended on the central
      support 1 by means of supporting cables 3 which are attached to the
      central support 1, said central support 1 projecting beyond the upper rim
      or edge of the cooling tower mantle, when the latter is fully extended.
PAR  In the example illustrated in the drawing, the cooling tower mantle
      consists of a composite cable network 4 which is formed by three
      intersecting cable grids, forming a hyperbolic cable structure with
      triangular meshes. The cable grids consist of a set of inclined diagonal
      cables 4a ascending in the right-hand direction, a set of inclined
      diagonal cables 4b ascending in a left-hand direction, and a set of
      meridian cables 4c ascending in vertical planes. These cables are clamped
      together at the points where they intersect each other. The resulting
      composite cable network 4 has the properties of a shear-resistant shell
      having connected thereto an air-tight skin or mantle 5. The skin 5 may be
      of one piece, manufactured, for instance, of sheet metal or synthetic
      plastic material, or it may be composed of a plurality of panels of
      synthetic plastic material, sheet metal, or asbestos.
PAR  In order to mount the cooling tower mantle, supporting cables 3 are
      connected with their lower ends to the pressure ring 2, and with their
      upper ends to a lifting ring 7 which is guided on the already erected
      central support 1. A plurality of pulling elements 8 serve to raise this
      assembly by means of at least one lifting device 9 connected to the upper
      end of the central support 1. As pulling elements are preferably used
      heavy steel cables. The lifting device 9 preferably consists of a
      plurality of hydraulically operated special lifting presses.
PAR  Prior to raising the cooling tower mantle, the cable network 4 is assembled
      on the ground in such a way that its pressure ring 2 coaxially surrounds
      the central support 1. Thereupon the supporting cables are connected
      between the pressure ring 2 and the lifting ring 7. Subsequently, the
      lifting ring 7, suspended on the pulling elements 8, is raised by means of
      the lifting device 9, in a continuous or intermitted operation.
PAR  The upward motion of the lifting ring 7 and of the pressure ring 2 results
      in a corresponding advance of the cooling tower mantle, so that a mantle
      section to the lifting advance is simultaneously. Depending on the type of
      cooling tower mantle to be assembled, the latter may be assembled during
      the lifting operation, for instance when large cooling towers are
      involved. FIG. 2 shows that when the cable network 4 illustrated in the
      drawing is deployed, the diagonal cables 4a and 4b as well as the meridian
      cables 4c are released from cable drums 10 during the lifting operation.
      In order to obtain the desired shear-resistant shell structure, it is
      necessary to connect the cables 4a-4c at their points of intersection.
PAR  Just before the cooling tower mantle reaches its fully raised position, its
      lower rim is connected to the foundation 6. The last portion of the upward
      advance of the lifting ring 7 thus serves simultaneously to tension and
      pre-stress the cable network of the cooling tower mantle. By locating and
      fastening the lifting ring 7 on the supporting flange 1b of the central
      support 1, the generated tension will be maintained. The completed cooling
      tower mantle with its cover 5 has the properties of a shear-resistant
      structural shell.
PAR  Following mounting of the cooling tower the mounting devices, consisting
      essentially of the pulling elements 8 and the lifting devices 9, are
      removed pulling elements 8 as well as the lifting device 9 are for the
      most part reusable general-purpose implements, so that for the method
      according to the present invention no special devices are necessary which
      become useless after the job is completed.
PAR  It is, of course, to be understood that the present invention is not
      limited to the specific showing in the drawings, but also comprises any
      modifications falling within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of assembling and erecting a cooling tower, especially a
      natural draft cooling tower of great height and diameter which has a
      light-weight mantle constituted by a skin attached to multiple cable grids
      and extending between a single central support column and a foundation,
      the assembly method comprising the steps of:
PA1  constructing the central support column on a foundation as a free-standing
      structure to a height in excess of the intended height of the tower
      mantle;
PA1  assembling on the ground, concentrically spaced from the central support
      column, a pressure ring constituting the upper rim of the tower mantle;
PA1  positioning a lifting ring near the foot of said column so as to surround
      the latter with little clearance;
PA1  attaching to the lifting ring a series of radially regularly spaced
      supporting cables connecting the lifting ring to the pressure ring for
      suspension of the latter from the former at a vertical distance
      substantially corresponding to the difference in height between the
      central support column and the tower mantle;
PA1  attaching to the pressure ring the ends of at least two series of cables in
      a pattern of intersecting cable grids, designed to extend diagonally
      downwardly between the pressure ring and the foundation, to form a
      hyperboloid-shaped, composite cable grid as part of the tower mantle;
PA1  advancing the lifting ring upwardly along the central support column,
      thereby raising the pressure ring which is connected thereto and extending
      the cable grids which are connected to the latter; and
PA1  securing the lifting ring in relation to the central support column in the
      fully extended position of the tower mantle.
NUM  2.
PAR  2. A cooling tower assembly method as defined in claim 1, wherein
PA1  the step of vertically advancing the lifting ring includes the step of
      vertically pre-stressing the cable grids of the tower mantle, prior to
      securing the lifting ring in relation to the central support column.
NUM  3.
PAR  3. A cooling tower assembly method as defined in claim 2, further
      comprising the steps of:
PA1  mounting a supporting flange on the upper end of the central support
      column;
PA1  extending a plurality of vertical lifting cables between the supporting
      flange and the lifting ring; and
PA1  pulling on the lifting cables, in order to perform the step of upwardly
      advancing the lifting ring as well as the pressure ring and mantle that
      are attached thereto.
NUM  4.
PAR  4. A cooling tower assembly method as defined in claim 3, wherein
PA1  the step of pulling on the lifting cables involves the use of hoisting
      means attached to the lifting ring, which hoisting means is capable of
      advancing the lifting ring upwardly against the lifting cables, the latter
      being fixedly attached to the supporting flange.
NUM  5.
PAR  5. A cooling tower assembly method as defined in claim 3, wherein
PA1  the step of pulling on the lifting cables involves the use of stationary
      hoisting means mounted on top of the supporting flange, which hoisting
      means is capable of advancing the lifting cables upwardly.
NUM  6.
PAR  6. A cooling tower assembly method as defined in claim 5, wherein
PA1  the step of securing the lifting ring involves permanently attaching the
      latter to the supporting ring on top of the central support column.
NUM  7.
PAR  7. A cooling tower assembly method as defined in claim 1, wherein
PA1  the step of upwardly advancing the lifting ring involves making
      interruptions in said advance, during which corresponding vertical
      increments of the tower mantle are assembled.
NUM  8.
PAR  8. A cooling tower assembly method as defined in claim 7, wherein
PA1  said incremental assembly of the tower mantle includes the clamping
      together of intersecting cables of said cable grids, so as to form cable
      polygons, and the attachment of constituent panels of the tower mantle
      skin to said cable polygons.
NUM  9.
PAR  9. A cooling tower assembly method as defined in claim 7, wherein
PA1  said incremental assembly of the tower mantle includes the unwinding of the
      constituent cables of the cable grids from mobile cable winches.
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PAL  This disclosure describes a drilling mast system which is adapted to be
      assembled section by section in a vertical position, as distinguished from
      the conventional method of raising a drilling mast by assemblying the mast
      in a horizontal position on the ground and then lifting the mast into a
      vertical position. The mast is made of a base section and a plurality of
      upper sections, each one adapted to be mounted on top of the one below it
      and fastened thereto. After the base section has been assembled on the
      foundation, the succeeding sections are assembled on the ground or are
      lifted in pieces and assembled in place on top of the previous section by
      means of a floating gin pole. The gin pole is supported inside of the mast
      by means of a plurality of basket cables.
PAL  The sections of the mast are made of rectangular horizontal cross section.
      The floating gin pole extends above the top of the topmost assembled
      section, and can tilt to the outside of the mast, so as to lift section
      parts outside the mast. After the top of the mast is completed a jib boom,
      or auxiliary support and block means, is mounted on the top section and
      used as a means to lower the floating gin pole to the ground. The
      auxiliary support means is then used to assemble the crown block on top of
      the mast. The jib boom is mounted on the top section and used as a means
      to lower the floating gin pole to the ground. The auxiliary support means
      is then used to assemble the crown block on top of the mast. The jib boom
      stays in place during the drilling operation and is used to lift the gin
      pole back into position when the mast is to be disassembled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of high structural masts. More
      particularly, it is concerned with drilling masts used in the rotary
      drilling of deep bore holes. Still more particularly, it is concerned with
      a drilling mast which can be assembled in a vertical position, section by
      section.
PAR  In the prior art there are many types of structural masts that have been
      constructed for use in the oil and other industries, but most of these, if
      not all, are designed to be assembled on a level ground and then tilted
      into vertical position by lifting the top end of the mast.
PAR  This type of mast assembly requires a very long clear working area that is
      substantially horizontal and free of any obstacles such as trees and
      vegetation. In many areas of the world where drilling operations are
      carried on, such as in jungle or other heavily wooded areas, marshes, and
      other similar areas, where such clear horizontal space can be provided
      only at great expense, it is more convenient to transport the tower by
      sections or partial sections by means of helicopters into a cleared area
      only sufficiently large to assemble the mast in a vertical position. The
      problem is how to assemble the tall mast without the use of an auxiliary
      crane that has a boom longer than the total height of the drilling mast.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide an apparatus and a
      method of assembly by means of which a tall structural drilling mast can
      be assembled section by section in a vertical position without the use of
      an auxiliary crane of great size.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by using a mast which is constructed of a
      plurality of separate structural sections which can be positioned one on
      top of the other and fastened to the ones below and above. The means of
      lifting comprises a floating gin pole which is supported inside of the
      tower, or mast, by means of a plurality of basket cables which are
      attached at one end to the bottom of the gin pole and attached at their
      other ends to a corresponding plurality of points on the top of the last
      previously positioned section. When the bottom end of the gin pole is
      supported in this way, luffing lines can be attached to the top end of the
      gin pole, and attached to small winches which are fastened to the top of
      the last previously positioned section, as the mast is being erected.
      Since the gin pole extends well above previously assembled section, it
      extends far enough to the side of the mast to pick up parts of the upper
      sections, which can be lifted into position on top of the previously
      assembled section and fastened to it.
PAR  As each section is added to the mast, the gin pole is lifted by one
      section, the basket lines being fastened to corresponding points on the
      section above. There are a plurality of jump lines which are attached to
      the newly added section near its top, by means of which the base end of
      the floating gin pole can be lifted so that the basket lines can be moved
      to their corresponding positions on the newly added section. Then, after
      another new section is added, the base of the floating gin pole is again
      lifted and the basket lines moved up another section and so on. In this
      manner each of the sections in turn can be added to those already in
      place, until the mast is completely assembled. The remaining step is to
      remove the floating gin pole from the structure.
PAR  The means for removing the gin pole is to lift and position on the top of
      the mast an auxiliary support and block means. This can be a conventional
      jib boom, by means of which the lifting cable and winch can be used to
      lift the gin pole, so that the basket cables can be removed and the gin
      pole can then be lowered to the ground down through the inside of the
      mast. The jib boom is then used to assemble the crown assembly and the
      crown block on top of the top section of the mast. Thereafter the jib boom
      stays in place while the drilling is carried out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings in which:
PAR  FIG. 1 illustrates in side view a view of the assembled mast including the
      floating gin pole and the auxiliary gin pole.
PAR  FIG. 2 represents some details of the base of the gin pole, the basket
      cables and the jump lines for lifting the bottom end of the gin pole.
PAR  FIG. 3 illustrates the method of controlling the top end of the floating
      gin pole by means of the luffing lines and winch.
PAR  FIG. 4 illustrates the plan view of a section and the manner of supporting
      the bottom end of the gin pole by means of the basket cables.
PAR  FIG. 5 shows an auxiliary support and block means, or jib boom, fastened to
      the top section of the mast for lowering the floating gin pole.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings there is shown in FIG. 1 a view of the
      completed mast. The lower or base section of which is identified by the
      numerals 18 and 20. This can be assembled on the foundation 12, which
      rests on the earth 16, by means of a small crane. As shown in FIG. 4, the
      mast is made in the form of a rectangular cross section with four main
      corner columns 54A, 54B, 54C, and 54D. There are structural support means
      on three of the faces of the section, but there is no cross support means
      between the corner column supports 54A and 54D of the lower sections,
      although the upper sections are completely closed. A suitable sling for
      each of the sections, or parts of the sections, is provided so that they
      can be lifted by a support cable over the gin pole block. The floating gin
      pole can then be raised to a vertical position, along the axis of the
      mast, and the new section, or part section, lowered until it is supported
      by the structure already assembled.
PAR  Consider that the base sections 18 and 20 are preassembled on the ground
      14. The floating gin pole is then positioned on the ground with its lower
      end at the axis of the mast. The basket cables 38A, 38B, etc. are attached
      to the support columns of the mast at points 50A, 50B, etc. Next, jump
      lines, such as 54A, 54B are attached through snatch blocks positioned at
      points 50A, 50B, etc. such that by pulling down on cable 56 by means of
      the principal winch line 40, the lower end of the floating gin pole can be
      lifted so that the cables 38A and 38B can be attached to the lower end of
      the gin pole. Then, by releasing the pull on the cable 56, the gin pole is
      lowered until it is supported solely by the basket cables 38A and 38B,
      etc.
PAR  In the assembly of the first section 22 the snatch blocks would be
      positioned at the points 50A and 50B so that the bottom of the gin pole
      could be lifted off the ground and high enough so that the cables 38A and
      38B etc. can be connected. The gin pole is then in a position shown by the
      dashed line 34A.
PAR  Once the gin pole is attached to the basket cables, luffing lines such as
      48A and 48B are attached to winches 51 as shown in FIG. 3, at the points
      50A and 50B. By means of the luffing lines, the top end of the floating
      gin pole can be raised to the position shown. The main lifting line 40 is
      attached to a winch (not shown) and is threaded through an anchor block 42
      up through the center of the gin pole 34 and along the axis of the gin
      pole to the top end and over the block 35 so that it can support a lifting
      hook 46. By suitably controlling the position of the upper end of the gin
      pole by means of the luffing lines 48A and 48B etc. the gin pole can be
      tilted so that its top end projects to the side of the mast as shown in
      FIG. 1, so as to pick up a new section or section subassembly, such as 22,
      for example, and lift it and move it over in position above the section 20
      and then lower it on top of section 20, where it is then bolted into place
      by means not shown but well known. Once the section 22 is in place, then
      the snatch blocks for the jump lines are moved up to points 52A, 52B, etc.
      on the new section 22 and by means of the cable 56 the lower end 36 of the
      gin pole is lifted until the cables 38A and 38B can be attached to the
      points 52A and 52B, etc. so that the bottom of the gin pole will now be
      one section higher. Then the process of lifting a new section on top is
      repeated, until all of the sections have been added, and fastened
      together, including the crown section 30 and crown block 32.
PAR  It will be clear that a section can be built of two principal subassemblies
      comprising two columns such as 54C, and 54D, with cross braces 82A, and
      columns 54A, 54B with cross braces 82C, etc. Later the cross braces 82B
      and 82D can be added. This simplifies the lifting and positioning of the
      sections.
PAR  The mast is now ready for drilling. However, the gin pole is still in
      position inside of and near the top of the mast. The problem is to lower
      it to the ground, so that the inside of the mast will be free of any
      obstruction. An auxiliary jib boom 72 is raised by the floating gin pole
      34 so that it can be fastened to the top section 28 by fastening means 64.
      The jib boom is made so that it can swivel, so that the horizontal arm 63
      can be turned in position shown in FIG. 4 where the lifting line 70 is
      over the axis of the mast. A lifting cable 70 is passed through the block
      68. The hook 71 is attached to the gin pole, and by means of the line 70
      the gin pole is lifted, the basket cables 38A, 38B and jump lines 54A,
      54B, etc. are removed, and the gin pole is lowered to the ground down
      along the axis of the mast to the rig floor where it is removed from the
      mast.
PAR  The auxiliary jib boom is then used to raise the crown assembly to the top
      of the mast. This operation must be done by the jib boom since the gin
      pole can not be used since it extends up inside the mast. The jib boom
      stays on the mast until the drilling operation is completed, and the mast
      is to be disassembled. At that time, the cable 70 is repositioned in the
      block 68, the crown assembly is removed and the gin pole is lifted into
      position along the axis of the mast. The basket lines and jump lines and
      luffing lines are again installed on the section below the top section so
      that the process of disassembling the mast from the top down, can begin.
PAR  The principal feature of this invention lies in the use of the auxiliary
      support and block means, or jib boom, 72, which is installed on the mast
      after the top section has been completed, so as to permit assembly of the
      crown block, and permit the lowering of the floating gin pole, prior to
      drilling operations, and for the purpose of raising the gin pole into
      position after the drilling operations are complete, so that the mast can
      be disassembled section by section.
PAR  The auxiliary support and block means 72 can be lifted into position and
      attached to the top section of the mast as shown in FIG. 5. The support,
      or jib boom 72, can be constructed of a rigid cylindrical column 62
      supported at its lower end by bracket 64 to the corner column 54A. At the
      upper end there is a boom assembly composed of cylinder 74, arm 63 and
      brace 66. Bearings 78 are provided for free rotation. Sheaves 69, 68 are
      provided so that the lifting cable 70 can pass axially up the support 62
      over sheaves 69, and 68 to lift the crown section or the gin pole.
PAR  While I have described the process as one of lifting preassembled sections,
      it will be clear that the sections can be lifted in the form of parts or
      sub assemblies, to the top of the last preassembled section, and fastened
      thereto and and to each other. Also, while I have described the winches
      which control the luffing lines raised as each section is added it will be
      clear that they can be provided with sufficient cable so that they can be
      mounted on a lower section, and simply the snatch blocks lifted. Also
      while I have described the cross section of the mast as rectangular, it is
      clear that any shape of cross section can be used. Also while the
      auxiliary support and block means is described as a jib boom, it can also
      be constructed in other forms.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a vertical rising mast system including a base section, a plurality
      of intermediate sections and a top section, said top section of said mast
      having an overhanging and rotatable auxiliary support and block means, the
      method of assembling said mast comprising the steps of:
PA1  a. placing said base section on a suitable foundation;
PA1  b. supporting the bottom end of a floating gin pole by a plurality of
      basket lines from a plurality of points near the top of said base section;
PA1  c. laterally supporting the top of said gin pole by a plurality of luffing
      lines attached to a corresponding plurality of points near the top of said
      base section, said gin pole adapted to assume various angles with the
      vertical under control said said luffing lines;
PA1  d. by means of said gin pole, positioning the first intermediate section on
      top of said base section;
PA1  e. raising said gin pole and attaching said basket lines and luffing lines
      to corresponding points on said first intermediate section;
PA1  f. repeating steps (d) and (e) until all intermediate sections and the top
      section have been positioned in their proper position;
PA1  g. positioning said auxiliary support and block means, on said top section;
      and
PA1  h. using said auxiliary support and block means positioned on said top
      section, lowering said gin pole.
NUM  2.
PAR  2. The method as in claim 1 including the additional step of using said
      auxiliary support and block means, positioning a crown assembly on top of
      the top section of said mast.
NUM  3.
PAR  3. The method as in claim 1 in which said step of raising said gin pole
      comprises the steps of:
PA1  attaching a plurality of lifting lines to the bottom end of said gin pole;
      and
PA1  lifting said lifting lines.
NUM  4.
PAR  4. The method as in claim 1 in which said step of positioning said
      auxiliary support and block means comprises the steps of:
PA1  by means of said gin pole lifting said auxiliary support and block means
      and attaching the rotatable boom to one corner of the top section of the
      mast;
PA1  whereby said boom can be sequentially rotated to position said block means
      over the inside of said mast and over the outside of said mast.
NUM  5.
PAR  5. The method as in claim 1 in which the step of supporting the bottom end
      of a floating gin pole by a plurality of basket lines includes the step
      of:
PA1  independently adjusting the length of each basket line.
NUM  6.
PAR  6. The method as in claim 5 in which the step of adjusting the length of
      each basket line includes the step of positioning winches near the bottom
      of said mast and adjusting the length of said basket lines by means of
      said winches, each winch adjusting one line.
PATN
WKU  039451089
SRC  5
APN  5104947
APT  1
ART  321
APD  19740930
TTL  Core inserter for filters
ISD  19760323
NCL  16
ECL  1,4
EXP  DiPalma; Victor A.
NDR  7
NFG  18
INVT
NAM  Stannard; Charles G.
CTY  East Granby
STA  CT
ASSG
NAM  Sprinter System of America, Ltd.
CTY  East Windsor
STA  CT
COD  02
CLAS
OCL   29450
XCL   291635F
XCL   29200R
XCL   29211R
XCL   29211M
XCL   29235
XCL   93 94M
EDF  2
ICL  B23P 1102
FSC   29
FSS  163.5 F;235;450;208 D;200 R;208 R;208 E;211 R;211 M;211 D
FSC   93
FSS  77 R;94 M;94 R
FSC  210
FSS  493;457
UREF
PNO  2550070
ISD  19510400
NAM  Brecque et al.
XCL   29163.5F
UREF
PNO  2731183
ISD  19560100
NAM  Shaw
OCL   53 23
UREF
PNO  3010867
ISD  19611100
NAM  Sannipoli et al.
XCL   29450
UREF
PNO  3106528
ISD  19631000
NAM  Burks
XCL  210493
UREF
PNO  3315338
ISD  19670400
NAM  Tigges
XCL   29235
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  Method and apparatus for repetitive insertion of filter cores into filters
      in an automatic manner wherein filter elements of closed loop
      accordion-pleated configuration are fed to the apparatus and accelerated
      substantially downwardly upon an upright "wand" having a configuration
      which cooperates with a "squeezer" mechanism to stretch the upper end of a
      filter element somewhat to enlarge its central opening. A core is
      dispensed from a hopper to a swingable reciprocating core catcher which
      positions a core above a filter element previously positioned on the wand.
      A plunger is timed to move abruptly downwardly thereby forcing the core
      completely into the enlarged central opening in the filter element,
      whereupon the wand is abruptly swung generally downwardly to a take-off
      position to eject the completed assembly into a suitable collection
      hopper. The above mentioned operations are continuously repeated at a
      substantially rapid rate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Oil filters find widespread use in a variety of applications and are
      typically employed in lubricating systems. For example, in automobile
      engines, the lubricant (i.e., oil) utilized to lubricate reciprocating
      engine parts is continuously circulated through a closed-loop path. Oil
      under circulation and leaving the engine is passed through an oil filter
      to remove any dirt or contamination therefrom so as to clean the oil prior
      to returning to the engine. Oil filters are typically comprised of a
      housing having input and output openings which are respectively coupled
      between the output and input openings of the lubricating conduits provided
      in the engine. Such filter means are typically comprised of a cylindrical
      perforated metallic core inserted within the central opening of a filter
      element typically having a closed-loop accordion-pleated configuration and
      being formed of a material having sufficient porosity to permit the
      passage of oil therethrough while capturing contaminants. A pair of flat,
      thin disc-shaped end caps are secured to the opposite ends of the filter
      core which assembly is then inserted into an open-ended housing which
      typically threadedly engages a mating coupling provided along the engine
      housing for mounting thereof.
PAR  Such filter assemblies are relatively inexpensive.
PAR  To date, the insertion of the metallic core into the filter element is
      performed by a manual operation. With the mounting costs of labor it is
      thereby extremely desirable to provide a capability of automating the
      filter assembly steps.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention is characterized by providing a fully automated
      operation for rapidly and reliably inserting core elements into the filter
      elements.
PAR  The apparatus of the present invention is comprised of a pair of conveyor
      chains adapted to receive completed filter elements which may, for
      example, undergo assembly through automatic filter-fold apparatus
      described in copending application Ser. No. 510,221 filed Sept. 30, 1974
      and assigned to the assignee of the present invention. Such equipment
      accepts accordion-pleated filter elements, automatically orients the end
      flaps into spaced horizontal alignment, deposits a suitable adhesive on at
      least one of the end flaps and accurately aligns and joins the end flaps
      and firmly presses the flaps together to form a filter element of
      closed-loop acordian-pleated configuration.
PAR  The completed filter is formed about an arm of a paddle wheel assembly
      which is adapted, in one preferred embodiment, to be indexed at 90.degree.
      intervals as the filter surrounding each paddle wheel arm is completed.
      The outfeed end of the filter-fold apparatus is positioned immediately
      adjacent the aforementioned pair of chains each having a stripper finger
      to strip the completed filter element from the paddle wheel arm which has
      been indexed to the outfeed position. The stripper fingers advance the
      completed filter element between a pair of rotating acceleration wheels
      which are adapted to capture a completed filter element therebetween and
      accelerate and dump the filter element upon the upright end of a wand
      assembly.
PAR  A hopper containing the cylindrical perforated metallic cores is
      continuously agitated to shake or otherwise move the cores downwardly in
      the hopper toward the lower end thereof. The hopper is provided with an
      outfeed opening dimensioned to pass a core therethrough in a predetermined
      orientation.
PAR  A piston-driven reciprocating rotatably mounted feed vane assembly
      comprised of a swingable "L" shaped vane is positioned at the outfeed
      opening provided at the bottom of the hopper for dispensing a single core
      member upon actuation of its air operated piston.
PAR  The hopper is provided with a feed ramp communicating with the outfeed end
      thereof for guiding and directing a dispensed core upon the concave
      surface of a swingable core catcher. The core catcher is provided with a
      permanent magnet member of magnetically attracting the core element so as
      to retain the dispensed core element upon the concave surface of the core
      catcher. Continuously rotating eccentric cam means and a cooperating
      follower arm mechanically linked to the core catcher moves the core
      catcher from the core receiving position downwardly toward the upright
      wand so as to position the core deposited thereon immediately above the
      upper enlarged opening of the filter element.
PAR  The swingable wand has a central portion of large diameter for receiving
      the filter element which central portion tapers both upwardly and
      downwardly. A piston-driven squeezer assembly surrounding said wand and
      positioned inwardly from the free end thereof is adapted to encircle the
      lower end of the filter element deposited on the wand and to squeeze the
      lower end of the filter element encircling the wand. The wide central
      portion of the wand acts as a fulcrum which causes the opening at the
      upper end thereof to become enlarged to facilitate insertion of the core
      element positioned above the filter element by the core catcher.
PAR  Thereafter a reciprocating piston-driven core pusher plunger is moved
      rapidly downwardly to force the core element completely into the filter
      element.
PAR  A second eccentric cam reciprocates a second cam follower arm which is
      mechanically linked to the wand to cause the upright wand to be rapidly
      moved to a substantially downwardly directed end take-off position. The
      wand is moved at an angular velocity sufficient to "snap" the completed
      filter element with the inserted core off of the wand and into a suitable
      collection bin whereupon the wand is abruptly and rapidly returned to the
      upright position preparatory to the next core insertion operation. The
      automatic apparatus which performs the above operations has the capability
      of inserting cores into filter elements at a rate of greater than 40 per
      minute.
PAC  BRIEF DESCRIPTION OF THE FIGURE AND OBJECTS
PAR  It is therefore one object of the present invention to provide a novel
      method and apparatus for rapidly and repetitively inserting metallic
      cylindrical core elements into filter elements in a high speed manner.
PAR  Still another object of the present invention is to provide a novel method
      and apparatus for inserting metallic cylindrical cores into stretchable
      closed-loop accordion-pleated filter elements comprising the steps of
      positioning a filter element upon an upright wand; squeezing the bottom of
      the filter element so as to widen its central opening at the upper end
      thereof; dispensing a core element and directing the dispensed core
      element into the widened upper end; rapidly pressing the core element into
      the filter and swinging the wand downwardly at a high rate of angular
      acceleration to eject the completed assembly into a collection bin; and
      rapidly returning the wand to the upright position preparatory to the next
      insertion operation.
DRWD
PAR  The above as well as other objects of the present invention will become
      apparent when reading the accompanying description and drawings in which:
PAR  FIG. 1 is a partially sectionalized perspective view of a filter element
      and core element showing the manner of assembly;
PAR  FIG. 1a is a simplified elevational view of the insertion apparatus of the
      present invention;
PAR  FIG. 2 is an elevational view showing a portion of the apparatus of the
      present invention in greater detail;
PAR  FIG. 2a shows an end view of the accelerator wheel assembly employed in the
      apparatus of FIG. 2;
PAR  FIG. 2b shows a detailed elevational view of the wand assembly of FIG. 2;
PAR  FIG. 2c shows a detailed view of the squeezer mechanism of FIG. 2b looking
      in the direction of arrows 2c--2c;
PAR  FIG. 3a shows a detailed elevational view of the core hopper assembly of
      FIG. 2;
PAR  FIG. 3b shows a side view of the assembly of FIG. 3a looking in the
      direction of arrow 3b;
PAR  FIGS. 3c, 3d, 3e and 3f show detailed views of the feed vane assembly of
      FIG. 3a wherein FIG. 3c shows a left-hand end view of the assembly of FIG.
      3d;
PAR  FIG. 3d shows a plan view of the feed vane assembly;
PAR  FIG. 3e shows a right-hand end view of the assembly of FIG. 3d; and wherein
PAR  FIG. 3f shows a sectional view of the feed vane of FIG. 3d taken along the
      lines 3f--3f;
PAR  FIG. 4 shows a detailed elevational view of the core catcher and actuating
      assembly of FIG. 2; and
PAR  FIGS. 4a and 4b show detailed end and side views, respectively, of the core
      catcher of FIG. 2;
PAR  FIGS. 4c and 4d show side and end views, respectively, of the magnetic
      holder bar and magnetic rod of FIGS. 4a and 4b and
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a partially sectionalized perspective view of an oil filter
      sub-assembly 10 comprised of the filter element 11 and core element 12.
      The filter element 11 is formed of a suitable substantially stiff, porous
      filter material folded in an accordion-pleated manner so as to form a
      closed-loop configuration. Although the filter element is relatively stiff
      and resists bending in the longitudinal direction, the filter element is
      nevertheless free to stretch in the radial direction. The center of the
      filter element is hollow and is adapted to receive a hollow cylindrical
      shaped perforated metallic core element 12 which serves to support the
      filter element 11 within an oil filter structure, the other elements of
      which have been omitted for purposes of simplicity. It is an object of the
      present invention to provide a method and apparatus for continuously
      inserting core elements 12 into filter elements 11 in a high speed
      automated fashion.
PAR  FIGS. 1a and 2 show the apparatus of the present invention employed for
      this purpose and which is comprised of a pair of closed-loop chains 21,21
      (see also FIG. 2a) entrained about sprocket assemblies 22 and 23 rotatably
      mounted about shafts 22a and 23a, respectively. Shaft 23a is continuously
      rotated to feed filter elements 11 into the core insertion apparatus 20 as
      will be more fully described.
PAR  Although the core insertion apparatus may receive completed filter elements
      from any one of a variety of input sources, the core insertion apparatus
      20 is extremely advantageous for use with the filter-folding and joining
      apparatus described in the above mentioned U.S. Pat. application Ser. No.
      510,221 which apparatus is described in detail in said application and
      consists of means for joining the end flaps of the filter element to form
      the annular shaped filter structure 11 of FIG. 1. As shown best in FIG.
      1a, paddle wheel assembly 24 forms the output end of the filter joining
      apparatus and is comprised of member 25 mounted to be rotatably indexed by
      shaft 25a. Member 25 is provided with a plurality of arms 26a through 26d
      arranged at 90.degree. intervals. The filter joining operation is
      performed at the position occupied by arm 26a whereby, upon completion of
      the filter-folding and joining operation, a completed filter F1 is
      arranged to encircle arm 26a. Immediately thereafter member 25 is rotated
      through an angle of 90.degree. in the counterclockwise direction to rotate
      arm 26a to the position occupied by arm 26b, moving arm 26d to the
      position occupied by arm 26a in readiness for the next filter-folding and
      joining operation. Ultimately, arm 26a is indexed to the position occupied
      by arm 26c. The pair of chains 21 are positioned on opposite sides of arm
      26c and are provided with pairs of stripper fingers 27 each mounted to
      chains 21 by pins 27a. The rotation of shaft 23a in the counterclockwise
      direction drives stripper chains 21 in the direction of arrow 28 whereby a
      pair of stripper fingers are moved against the right-hand end of a
      completed filter F3 to push the completed filter off of arm 26c and
      downstream along chains 21.
PAR  A pair of circular-shaped acceleration wheels 29 are mounted for rotation
      by shaft 22a. FIG. 2a shows an end elevational view of acceleration wheels
      29,29 having beveled edges 29a,29 a. Each wheel is secured to the hub
      portions 22b of sprockets 22 by means of a set screw 30 threadedly
      engaging radially aligned tapped apertures 29b in the acceleration wheels.
      Each of the chains 21 engage associated sprockets 22 mounted upon and
      secured to shaft 22a by set screws 22c and are positioned between the
      acceleration wheels 29. The stripper fingers 27 push a completed filter
      between the acceleration wheels causing a portion of the accordion-pleated
      filter element to be embraced by beveled surfaces 29a.
PAR  The acceleration wheels 29 urge a completed filter element along an arcuate
      path to move each filter from a horizontal alignment toward a vertical
      alignment. The filter element is "dumped" upon the upper end of an upright
      wand 31 of a wand assembly 30, shown in detail in FIG. 2b. Wand 31 is an
      elongated member having a substantially circular cross-section. The lower
      portion 31a thereof is of substantially constant diameter while the upper
      portion 31b tapers outwardly to a widened portion 31c which is joined to
      an upper end portion 31d tapering inwardly rather gradually and ultimately
      tapering rather significantly to form an upper pointed end 31e.
PAR  The lower end 31a of wand 31 is secured to the central portion of a shaft
      32 which receives fastener 33c for threadedly engaging a tapped opening in
      the bottom of wand 31. Both free ends of shaft 32 are journalled within
      suitable bearings arranged within the machine frame, which frame and
      bearings have been omitted herein for purposes of simplicity. The wand is
      arranged to rotate about shaft 32 between the upright position 31', shown
      in FIG. 2, and a take-off position 31".
PAR  Turning again to FIG. 2b, a substantially annular shaped collar 33 has a
      central opening 33a embracing the lower end 31a of wand 31 and is secured
      thereto by means of a set screw 34 threadedly engaging a radially aligned
      tapped aperture 33b in collar 33. Collar 33 is further provided with a
      radially aligned slot 33c defined by a pair of projections each having an
      opening arranged on opposite sides of the slot 34 for receiving a shoulder
      screw 35. The lower end 36a of a piston assembly 36 is provided with an
      opening 36b which is aligned with the openings in collar 33 and which is
      adapted to be pivotally mounted to collar 33 by means of shoulder screw
      35. A pair of piston assemblies 36 are each comprised of a cylinder 36c
      having a piston mounted therein (not shown for purposes of simplicity) and
      integrally joined to a piston rod 36d whose upper end is provided with an
      opening coaligned with an opening 37a in pivot arm 37. Arm 37 is pivotally
      linked to the upper end of piston rod 36d by a pin member 37d.
PAR  The opposite end of arm 37 is provided with an opening 37b which is
      positioned within the slot 38a of a substantially annular shaped collar
      38, shown best in FIGS. 2b and 2c and locked to wand 31 by any suitable
      means. Projections 38b on opposite sides of slot 38a are provided with
      coaligned openings which receive bolt 39a and nut 39b to pivotally join
      arm 37 to collar member 38. A spacer 41 is positioned adjacent one of the
      projections 38b on collar 38 to maintain pawl 40, having an opening 40a
      for receiving bolt 39a, a spaced distance from its adjacent projection.
      Bolts 39a and 40d are locked in place by retainer rings 39c and 40e.
PAR  Collar member 38 is provided with four pairs of spaced projections 38b-38e
      each extending outwardly and each provided with aligned openings for
      receiving mounting fasteners. Fingers 42a-42c are positioned between each
      pair of spaced fingers 38c-38e, as shown best in FIG. 2c.
PAR  Each of the pairs of projections 38c-38e is adapted to receive a fastener
      40b-40d which is inserted through openings in an associated pair of spaced
      projections and through an opening in one of the associated fingers
      42a-42c. Fastener 40b, for example, also pivotally supports a pair of
      pawls 44b and 44c each having a central opening for receiving fastener 40b
      and spaced from projections 38c by spacers 41a and 41b, respectively.
      Fastener 40c pivotally mounts pawls 4d and 44e while fastener 40d
      pivotally mounts pawl 44f. Each pawl is provided with an inwardly
      extending cylindrical projection 45 having a rounded nose at its inner
      free end.
PAR  Each of the fingers 42a, 42b and 42c are substantially identical to one
      another. FIG. 2b shows finger 42b as having an inclined surface portion 46
      arranged to slidably engage the lower peripheral edge of a platform
      comprised of a cylindrical collar 48 rigidly mounted to constant diameter
      portion 31a of wand 31. Pivotal arm 37 is provided with a similar inclined
      surface 37c which similarly engages the lower peripheral edge of
      cylindrical platform 48.
PAR  As was described hereinabove, acceleration wheels 29 (see FIG. 2a) dump a
      completed filter element upon wand 31. The inner diameter of the central
      opening in the filter element is greater than the outer diameter of
      portion 31c of wand 31 so as to be readily telescopingly mounted upon the
      wand. Platform 48 supports the lower end of the filter element. Collar 38
      is slidably mounted about the constant diameter portion 31a of wand 31.
      The outer end of pawl 44f is secured to one end of a tension spring 49,
      shown in phantom line fashion in FIG. 2b, and having its upper end mounted
      to the outer end 50 of pawl 44f and its lower end secured to resilient
      bumper member 51 which is provided with a semi-circular groove for
      partially encircling the constant diameter portion 31a of wand 31. Bumper
      51 is secured to collar 33 by suitable fastening means.
PAR  Wand assembly 30 operates to enlarge the opening of the filter element
      delivered thereto in the following manner:
PAR  Acceleration wheels 29 dump a filter element onto the upper end of wand 31
      so that the lower end of the filter is supported by platform 48. Piston
      assembly 36 is activated to drive piston rod 36d in a direction shown by
      arrow 52. This causes the beveled surfaces of the fingers 42 (see the
      beveled surface 46 of FIG. 2b) to move toward the lower peripheral edge of
      platform 48. Similarly, beveled surface 37c of arm 37 moves toward the
      lower peripheral edge of platfrom 48 as the elements 42 and the arm 36
      rotate in a direction shown by arrows 52 and 53 of FIG. 2b, thereby
      causing the inwardly directed projection of pawls 44a-44f to move into
      engagement with portions of the filter elements supported by platform 48.
      This causes the lower end of the filter element to be "squeezed" together.
      Section 31c of wand 31 acts as a fulcrum simultaneously causing the upper
      end of the filter element to move radially outward so as to enlarge the
      central opening thereof preparatory to receiving a core element.
PAR  Turning to a consideration of FIG. 2, cores of the type shown by core
      element 12 of FIG. 1 are stored in a hopper 60 and dispensed one at a time
      from an outfeed opening 61 so as to be deposited within the receiving
      groove of a core catcher 70. Core catcher 70 is mounted upon a swingable
      arm 71 adapted to rotate about shaft 72. The core catcher is provided with
      a magnetic member, to be more fully described hereinbelow, so as to retain
      the core upon catcher 70 and rotate it through an arc, shown by phantom
      line 73, to position the bottom end of the core immediately above the
      enlarged upper end of the filter element. The magnetic member, as will be
      more fully described hereinbelow, has a magnetic attraction to the core
      element of a magnitude sufficient to hold the core upon the core catcher
      70 once deposited thereon.
PAR  The core catcher remains in the vertical to a time sufficient to allow core
      pusher plunger 93 to drive the core into the filter. Plunger 93 is part of
      a core pusher piston assembly comprised of cylinder 91, piston rod 92 and
      plunger element 93 secured to the lower end thereof. Activation of
      cylinder 101 causes piston rod 92 to be moved linearly in the downward
      vertical direction whereupon plunger 95 moves from the solid line position
      to the dotted line position 93' thereby pushing the core element off of
      core catcher 70 and completely into the filter element. Relative spacing
      between the top of platform 48' (shown in dotted fashion in FIG. 2) and
      the bottom surface of plunger 93' is preferably substantially equal to the
      height of the filter element.
PAR  The cylinder 10 is then operated to lift piston arm 102 and hence plunger
      103 vertically upward and away from upright wand 31 whereupon core catcher
      70 returns to the upright position and wand 31 is rotated about shaft 32
      from position 31' to position 31".
PAR  The diameter of the widened portion 31c of wand 31 is chosen to be slightly
      less than the inner diameter of the core element so that the completely
      assembly of the core element and filter element are relatively loosely
      positioned on wand 31 and supported by platform 48'. The angular
      acceleration of the wand from position 31' to position 31" is sufficiently
      abrupt so as to cause the completed assembly to be "cast" off of the wand
      and into a suitable collection bin, whereupon the above-mentioned steps
      are successively repeated.
PAR  The wand assembly is operated by means of a cam 55 mounted to rotate about
      shaft 56 (see FIG. 2). The cam has a cardiod shaped cam surface 55b. A
      follower arm 57 mounted to pivot about a pin 58 secured to the machine
      frame is fitted with a free-wheeling roller 59 pivoted to arm 57 by means
      of a pin 59a. The lower free end of follower arm 57 has a linking arm 63
      secured thereto. Arm 63 is pivotally linked to a short arm 64 having an
      opening in its right-hand end cooperating with an opening in arm 63 and
      receiving a pin 65. The opposite end of arm 64 is pivotally connected to a
      link 66 by pivot pin 67. Link 66 is bifurcated at its free end to define
      an elongated slot 66a having a circular opening 66b intermediate the ends
      of slot 66a. The circular shaped opening 66b embraces one end of shaft 32
      (note also FIG. 2b) and is locked thereto by means of fastening member 67
      which passes through a clearance opening 66c in one arm 66d of the
      bifurcated portion of link 66 and which threadedly engages a tapped
      opening 66e provided in the other arm 66f of the bifurcated portion of
      link 66, which tapped opening 66e is coaxially aligned with clearance
      opening 66c. By tightening fastener 67, link 66 is locked to shaft 32 so
      as to impart rotation thereto.
PAR  Cam member 55 is adapted to rotate in the counter-clockwise direction as
      designated by arrow 55a. Initially, the follower arm roller 59 occupies
      the position shown in FIG. 2 wherein the roller 59 is positioned within
      the recessed portion of the cam surface. A plurality of tension springs 69
      have their left-hand ends mounted to pin 65 and their right-hand ends
      mounted to a stationary block 75 to urge the roller 59 against cam surface
      55b.
PAR  With the follower arm 59 nesting in the recess of cam 55, the wand occupies
      the take-off position 31". The cam rotates to swing follower arm 57 in the
      counterclockwise direction as shown by arrow 76 about its pivot pin 58
      causing link 66 to be moved to the dotted line position 66' returning the
      wand to the upright position designated by numeral 31' in readiness for
      receiving the next filter element. Once the filter element is deposited on
      wand 31 and supported by platform 48', the core is deposited upon the wand
      and at least partially into the widened upper end of the filter element
      whereupon plunger 103 pushes the core element completely into the filter
      element. Thereafter the plunger 103 returns to its uppermost position at
      which time came 55 cause the wand to abruptly swing downwardly towards the
      take-off position 31'. The follower arm is caused to follow the cam
      surface by virtue of the tension springs 69. The abrupt movement of the
      follower arm is attenuated by means of a resilient block 77 secured to the
      lower end of follower arm 57 and a cooperating snubber assembly 78 secured
      to stationary block 75 so as to dampen the impact of the follower arm as
      it returns to the solid line position.
PAR  FIGS. 3a and 3b show side and front elevational views of the core element
      hopper assembly 60 which is comprised of a left-hand side plates 101 and
      an upper right-hand side plate 102. The lower end of the hopper is
      provided with a lower right-hand side plate 103 spaced inwardly from upper
      side plate 102, as can best be seen in FIG. 3b. The left-hand end of the
      hopper assembly relative to FIG. 3a is comprised of a stationary
      substantially rigid upper sheet 104, preferably formed by Plexiglas,
      joined to a lower portion 105 by means of a piano hinge assembly 106 so as
      to enable the lower portion 105 to be swung open for inspection and/or
      maintenance purposes. When in operation, lower plate 105 is secured to
      side plate 103 by fasteners 107. The lower portion of plate 105 serves as
      a mount for motor 108 having an output shaft 108a for rotating drive
      pulley 109 secured thereto. A timing belt 110 is entrained about pulley
      109 and a smaller diameter pulley 111 locked on agitator shaft 112 of an
      agitator assembly having a mounting pad 112a provided with openings for
      receiving suitable fasteners to secure the agitator structure thereto.
PAR  The opposite (preferably transparent) end wall 113 of the hopper assembly
      60 is provided with a pair of hand-operated rotatable knobs 114a and 114b
      having threaded portions 114c and 114d which threadedly engage tapped
      openings 115a and 115b in baffle plate 115 (note especially FIG. 3b). End
      wall 113, as shown best in FIG. 3b, is provided with a pair of enlongated
      slots 113a and 113b through which the threaded portions of hand wheels
      114a and 114b extend so as to permit the baffle plate to be moved either
      to the left or to the right, as shown by double-headed arrow 117 in FIG.
      3b, to adjust the bin to the length of the cores presently being deposited
      in the hopper. For example, the distance D (see FIG. 3b) between side wall
      101 and baffle plate 115 represents one typical setting for core elements,
      one such core element C' being shown as positioned in the bottom of the
      hopper.
PAR  A thin plate 118 is provided within the interior of the hopper assembly and
      has an upper portion 118a integrally joined to a lower portion 118c by
      bend 118b. The upper portion 118a of plate 118 is secured to the end walls
      101 and 103 by means of a pair of solid rectangular shaped blocks 119
      (only one of which is shown in FIG. 3a for purposes of simplicity) each
      having a pair of tapped openings 119a for threadedly engaging fasteners
      120 to secure upper plate portion 118 to block 119. Block 119 is further
      provided with a tapped opening 119b arranged perpendicular to openings
      119a for receiving a threaded fastener to secure block 119 to wall 103. It
      should be understood that a pair of blocks are provided along opposite
      sides of upper plate portion 118a to respectively secure plate 118 to
      walls 103 and 101 (note especially FIG. 3b).
PAR  An adjustable baffle 211 is pivotally mounted to the hopper by a tapped rod
      212. The free end 211a of baffle 211 is displaced from plate 118 by a
      distance selected to control the flow of cores through the opening defined
      by plate 118 and baffle 211 to prevent cores from filling the area
      therebeneath and thereby impede the delivery of cores to the core catcher.
      Once adjusted, the baffle is locked in place by tightening rod 212.
PAR  The lower plate portion 118c extends downwardly to the base or floor 120 of
      the hopper which is provided with an exit opening 121 for sequentially
      dispensing core elements.
PAR  A feed vane assembly 130 is secured to wall 113 to provide for sequential
      feeding of the core elements.
PAR  FIGS. 3c, 3d, 3e and 3f will now be considered in conjunction with FIG. 3a
      in which the feed vane assembly 130 is shown as being comprised of a
      substantially thin, rectangular-shaped plate 131 having a pair of
      elongated slots 131a and 131b for receiving fasteners such as, for
      example, fastener 132 shown in FIG. 3a, to secure plate 131 to side wall
      113. A member 133 is secured to the left-hand side of plate 131 (relative
      to FIG. 3d) and is provided with a pair of clearance openings 133a and
      133b for receiving threaded fasteners 134 which pass through the clearance
      openings and threadedly engage tapped openings 131c and 131d in plate 131.
      The lower end of member 133 is provided with an opening 133c for
      supporting the left-hand end of a shaft 135.
PAR  A member 136 is secured to the right-hand end of plate 131 (relative to
      FIG. 3d) and is provided with a pair of clearance openings 136a and 136b
      for receiving threaded fasteners 137 which threadedly engaged tapped
      openings 131e and 131f in plate 131 to secure member 136 thereto. The
      lower end of member 136 is provided with an opening 136c for receiving the
      right-hand end of shaft 136.
PAR  A vane assembly is welded to shaft 135 as shown by weldments 138 and is
      comprised of a substantially L shaped vane structure bent about its center
      portion 139a to form arms 139b and 139c. The right-hand end 135a of shaft
      135 extends beyond member 136 (see FIG. 3d) and has secured thereto an
      actuating arm 140 (see FIG. 3a) whose opposite end is provided with an
      opening 140a for securement to one end of a piston rod forming part of an
      air cylinder assembly shown in schematic fashion by phantom line 142 for
      purposes of simplicity. The air cylinder assembly is similar to the
      assembly 36 shown in FIG. 2b. The upper end of the air cylinder assembly
      is secured by a suitable fastening means 143 to the upper end of member
      136 while the lower free end of a piston rod forming part of the air
      cylinder assembly is pivotally coupled to actuating arm 140 by means of a
      pin 143.
PAR  The air cylinder assembly 142 acts along the phantom line designated by the
      same numeral (142) causing shaft 135 to rotate in a counterclockwise
      direction relative to FIG. 3a and move a core embraced by the arms 139a
      and 139b out upon the feed ramp 145 so as to roll down along the feed ramp
      and onto the core catcher, to be more fully described. The air cylinder is
      then activated to return to the position shown in FIG. 3a in readiness for
      receipt of the next core element. It should be understood that sufficient
      clearance is provided between the confronting surface of plate portion
      118c and the free edge of arm 139b to permit a core element to pass
      therebetween and be embraced by arms 139a and 139b. However, the clearance
      distance between the free end of arm 139a and feed ramp 145 is less than
      the diameter of a core element so as to prevent another core element from
      being fed to feed ramp 145 until the next activation of the piston
      assembly 142. The agitator assembly under control of motor drive 108
      serves to agitate or vibrate the hopper assembly and "shake" the core
      elements stacked in the hopper downwardly toward the hopper vane assembly.
      The top end of the hopper assembly is opened to facilitate the loading
      cores into the hopper. The transparent portions of the hopper facilitate
      inspection of the hopper contents.
PAR  FIG. 4 shows an elevational view of the core catcher actuator assembly
      which is comprised of cam 150 mounted upon shaft 151. A substantially "V"
      shaped follower arm 152 is pivoted at its left-hand end by pin 153 which
      is secured to the machine frame. A free wheeling roller 154 is mounted
      upon follower arm 153 by pin 155. The free end of follower arm 152 is
      pivotally connected to a rod 156 by pin 157. An elongated tension spring
      158 has its upper end secured to pin 157 and its lower end secured to a
      mounting point 159 provided on the machine frame. The tension spring has
      been shown in schematic fashion as represented by a phantom line for
      purposes of simplicity.
PAR  The upper end of rod 156 is pivotally connected to a link 160 by means of
      pivot pin 161. The opposite end of link 160 has a bifurcated configuration
      comprised of arms 160a and 160b substantially identical to the link 66 of
      FIG. 2. Each of the arms is provided with a substantially semi-circular
      groove 160c and 160d, respectively, for embracing shaft 72, also shown in
      FIG. 2. Arm 160a is provided with a clearance opening 160e while arm 160b
      is provided with a tapped opening 160f, which openings respectively
      receive and threadedly engage fastener 162 for securing link 160 to shaft
      72.
PAR  The core catcher 70, as shown in detail FIGS. 4a-4d, is comprised of a pair
      of rigid members 163 and 164 each of which has an opening 163a and 164a
      for receiving shaft 72. Radially aligned openings 163b and 164b are
      adapted to receive a fastener 173 (see FIG. 4b) for securing members 163
      and 164 to shaft 72.
PAR  A second pair of plates 166 and 167 are provided with clearance openings
      166a and 167a for receiving threaded fasteners 165a which treadedly engage
      tapped openings 163c and 164c in members 163 and 164. The upper ends of
      plates 166 and 167 are provided with clearance opnings 166b and 167b for
      receiving fasteners 165b which threadedly engage tapped openings 168a and
      169a in upper members 168 and 169. Members 168 and 169 are each provided
      with curved surfaces 168b and 169b which collectively substantially form a
      semi-circular shaped cradle for receiving a core element. The top surfaces
      169g of member 169 is higher than the top surface 168e of member 168 to
      prevent a core from rolling off of the core catcher as it is dispensed
      from the hopper. Member 169 is provided with an elongated circular shaped
      bore 169d for receiving an elongated cylindrical rod 170 (not FIGS. 4a, 4c
      and 4d) which is provided with an off-centered opening 170a for receiving
      a rod shaped elongated permanent magnet 171. A portion of cylinder 170 and
      a portion of curved section 169b  are preferably broken away to a position
      magnet 171 along a tangent to curved surface 169b. A pair of threaded
      fasteners 172 engage tapped apertures 169e and 169f in member 169 to lock
      metallic non-magnetic cylinder 170 in opening 169d.
PAR  Considering FIG. 4, roller 154 on follower arm 152 is urged by spring 158
      to follow the cam surface 150a of cam member 150 and thereby move the
      cradle portion of core catcher assembly 70 between the horizontal solid
      line position in FIG. 4 to the vertical dotted line position 70'. When the
      core catcher is in the solid line position 70, the piston cylinder
      assembly 142, shown in FIG. 3a, dispenses a core element downwardly along
      ramp 145 and onto core catcher 70. Magnetic member 171 magnetically
      attracts the core element to maintain the core element against the curved
      surfaces 168b and 169b (see FIG. 4a). Rotation of cam 150 drives the core
      catcher from the solid line position 70 to the dotted line position 70' to
      position the core immediately above the upper end of the wand which is in
      the upright position 31', as shown in FIG. 2. Cam 150 is timed to move
      core catcher 70 from the solid line position 70 to the vertical 70' of
      FIG. 4 to move the core on core catcher 70 in the path of plunger 93,
      shown in FIG. 2, the timed actuation of cylinder 101 drives the piston rod
      102 and plunger assembly 103 downwardly to drive the core element into the
      enlarged opening of the filter element. Thereafter core catcher returns to
      the solid line position 70 and plunger 93 returns to the upper-most
      position preparatory to the next core insertion operation.
PAR  Considering FIGS. 1a, 2 and 2b cam 55 is provided with a tapped aperture
      for receiving a free wheeling roller 176 secured to cam 55 by fastener
      177. A pair of stationary mounted air valve controls 178 and 179 having
      reciprocating actuator noses 178a and 179a are secured to a stationary
      portion of the machine frame (not shown for purposes of simplicity). As
      the cam 55 rotates in a counterclockwise direction, roller member 176
      engages reciprocating nose 178a to activate (i.e. "open") a valve 201
      enabling air pressure source 200 to introducing air under pressure into
      inlet opening 91a of cylinder 91 to drive the plunger downwardly.
      Continued rotation of the cam 55 releases nose 178a to close valve 201 and
      thereby cut off the air supply to opening 91a. After a predetermined time
      delay, roller 176 engages reciprocating nose 179a causing air control
      valve 179 to open valve 202 to introduce air under pressure into opening
      91b of cylinder 90 causing piston rod 92 and hence plunger 93 to be
      rapidly moved in the upward vertical direction preparatory to the next
      core insertion operation.
PAR  Cam member 150 of FIG. 4 is provided with a similar arrangement in which a
      pair of stationary mounted air valve controls 181 and 182 are secured to
      the machine frame so as to be mounted in a stationary fashion. Each of the
      valve controls are provided with reciprocating noses 181a and 182a,
      respectively, which are adapted to be rollingly engaged by a roller 184
      rollably mounted to cam 150 by fastener 185. As cam 150 rotates roller 184
      rollingly engages reciprocating nose 181a to actuate air valve control 181
      so as to open valve 204 enabling air under pressure from source 203 to
      enter into opening 36f in cylinder 36c of cylinder assembly 36, shown best
      in FIG. 2b. This causes the piston rod 36d to move upwardly and hence
      activate the squeezer mechanism, shown best in FIGS. 2b and 2c, for
      squeezing the lower end of the filter element whereupon the large diameter
      portion 31c of wand 31 acts as a fulcrum to cause the upper end of the
      filter element to be enlarged or widened to facilitate at least partial
      insertion of a core element into the widened upper end of a filter
      element.
PAR  Continued rotation of cam 150 causes roller 184 to slide away from
      reciprocating nose 181a to cut off the air supply to opening 36f.
      Continued rotation of cam 150 causes roller 184 to rollingly engage
      reciprocating nose 182a causing air under pressure from source 203 to be
      inserted into opening 36g of air cylinder 36c (see FIG. 2b) to move piston
      rod 36d generally downwardly in a direction shown by arrow 52a so as to
      move the squeezer assembly of FIG. 2c downwardly, thereby releasing the
      pawls 44a-44f from the lower end of the filter element causing the filter
      element to resume its normal configuration. The pawls are rapidly returned
      to their normal opened position by means of tension spring 49 which causes
      the nose 45 of pawl 44f to move substantially vertically upward. This nose
      engages the nose of pawl 44e causing pawls 44e and 44d to lift upwardly
      due to the fact that both of these pawls are secured to common shaft 40c.
      The lifting of the nose 45 of pawl 44d is imparted to the nose of pawl 44c
      which causes the lifting of nose 44c  and 44b which are joined to common
      shaft 40b. The lifting of the nose of pawl 44b, in turn, lifts the nose of
      pawl 44a so as to remove the squeezing action applied to the bottom of the
      filter element and thereby permit the wand assembly to be rapidly swung
      downwardly towards the take-off position with the velocity of the movement
      of the wand assembly being sufficient to drive the completed assembly of a
      core element and filter element into a suitable collection bin.
PAR  It can be seen from the foregoing description that the present invention
      provides a novel automatic method and apparatus for repetitively inserting
      core element into accordion-pleated fashion and which is capable of
      completing such assemblies at the rate of more than 40 operations per
      minute.
PAR  Although there has been described a preferred embodiment of this invention,
      many variations and modifications will now be apparent to those skilled in
      the art. Therefore, this invention is to be limited, not by the specific
      disclosure herein, but only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for utilizing a swingably mounted rod having a widened
      intermediate portion for inserting a hollow cylindrical core element into
      an annular shaped accordion pleated filter element which filter element is
      substantially non-bendable in the axial direction while being capable of
      expanding in the radial direction, said method comprising the steps of
PA1  a. holding the rod to an upright position;
PA1  b. depositing a filter element upon the rod so that the widened
      intermediate portion lies intermediate the ends of the filter element;
PA1  c. squeezing the bottom of the filter element whereby the widened portion
      of the rod acts as a fulcrum to enlarge the upper end of the filter
      element;
PA1  d. droppping the core element upon said rod and so that the core element at
      least partially enters the enlarged upper open end of the filter element;
PA1  e. pressing the core element downwardly into the filter element to
      substantially longitudinally align the core and filter elements;
PA1  f. releasing the bottom end of the filter element to enable the filter
      element to resume its natural configuration.
NUM  2.
PAR  2. The method of claim 1 further comprising the step of:
PA1  g. rapidly swinging the rod towards a downward position with sufficient
      acceleration to cause the assembled elements to be cast off of said rod
      and into a suitable collection bin.
NUM  3.
PAR  3. The method of claim 2 further comprising the step of rapidly returning
      the rod to the upright position preparatory to repeating method steps (a)
      through (g).
NUM  4.
PAR  4. Apparatus of automatically inserting core elements into filter elements
      said core elements comprising a substantially hollow cylindrical shaped
      member, and said filter elements being generally annular in shape and
      having an accordion pleated configuration, said apparatus comprising:
PA1  a rod having a first end swingably mounted upon a shaft;
PA1  first means for moving said rod between an upright position and a downward
      takeoff position;
PA1  said rod having a widened portion spaced inwardly from its opposite free
      end;
PA1  a platform secured to said rod positioned between said widened portion and
      said first end;
PA1  second means for depositing a filter element upon the free end whereby said
      platform supports the bottom end of said filter element so that the
      intermediate portion of the filter element is substantially aligned with
      the widened portion of the rod;
PA1  third means for squeezing the bottom end of said filter element whereby the
      widened portion of the rod acts as a fulcrum to cause the upper open end
      of the filter element to become enlarged;
PA1  fourth means for moving a core element toward the free end of said rod so
      that the core element is immediately above the enlarged open end of the
      filter element;
PA1  fifth means for pushing the core element into the filter element so that
      the core element and the filter element are substantially longitudinally
      aligned;
PA1  said first means rapidly moving said rod towards the takeoff position at an
      angular velocity sufficient to cast the completed assembly off of said rod
      and into a suitable collection bin.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said second means comprises two plural
      sprocket means;
PA1  closed loop chain means entrained about said plural sprocket means;
PA1  pusher means arranged at spaced intervals along said chain means for
      pushing filter elements towards the position occupied by the free end of
      said rod when in the upright position.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said second means further comprises a
      pair of spaced cylindrical rotatable discs coaxially aligned with and
      embracing one of said sprocket means for guiding the filter elements
      pushed by said pusher means downwardly towards the position of the free
      end of said rod when in the upright position.
NUM  7.
PAR  7. The apparatus of claim 4 wherein said third means further comprises a
      collar surrounding said rod and adjacent said platform;
PA1  a plurality of swingable pawls swingably mounted at spaced intervals about
      said collar;
PA1  the inner ends of said pawls being movable to a first position for engaging
      the lower end of a filter element and a second position away from said
      filter element;
PA1  means for normally biasing the inner ends of said pawls away from said
      filter element;
PA1  arm means pivotally mounted to said collar for moving said pawl inner ends
      towards the filter element;
PA1  means coupled to said arm means and selectively operable to rotate said arm
      means in a first direction to cause the inner ends of said pawls to
      cooperatively squeeze said filter element and to rotate said arm means in
      a second direction to enable said biasing means to move the inner ends of
      said pawls away from the filter element.
NUM  8.
PAR  8. The apparatus of claim 4 further comprising;
PA1  a downwardly tapering hopper for receiving a plurality of core elements and
      gravity feeding the core elements toward the bottom end of the hopper;
PA1  said hopper having an outfeed opening at the bottom end;
PA1  means for sequentially dispensing said core elements through said outfeed
      opening;
PA1  a pivotally mounted cradle having an end surface for receiving and
      supporting a core element;
PA1  means for moving said cradle between upright position beneath said outfeed
      opening for receiving a core element and for subsequently moving the
      cradle downwardly towards the position occupied by the free end of the rod
      when in the upright position to move the core element above said rod.
NUM  9.
PAR  9. The apparatus of claim 8 further wherein said cradle further comprises a
      permanent magnet member positioned in a slot provided in the grooved
      surface of the cradle for magnetically attracting a core element deposited
      upon said grooved surface.
NUM  10.
PAR  10. The apparatus of claim 8 further comprising means for continuously
      agitating at least the bottom end of said hopper to facilitate feeding of
      the core elements towards said outfeed opening.
NUM  11.
PAR  11. The apparatus of claim 4 wherein said first means further comprises a
      rotatable cam;
PA1  said rod being pivotally mounted upon a shaft;
PA1  a follower arm having a pivotally mounted first end;
PA1  a roller rotatably mounted upon said follower arm;
PA1  spring means for urging said roller into rolling engagement with the
      surface of said cam;
PA1  linkage means pivotally connected between said shaft and the opposite end
      of said follower arm for selectively moving said rod between said upright
      and said take-off positions responsive to rotation of said cam.
NUM  12.
PAR  12. The apparatus of claim 8 wherein said fourth means further comprises a
      rotatable cam;
PA1  a follower arm having a pivotally mounted first end;
PA1  a roller rotatably mounted upon said follower arm;
PA1  spring means for urging said roller into rolling engagement with the
      surface of said cam;
PA1  linkage means pivotally connected between said cradle and the second free
      end of said follower arm for selectively moving said cradle between said
      upright and said downward positions.
NUM  13.
PAR  13. The apparatus of claim 11 wherein said cam has a cardioid shaped
      periphery.
NUM  14.
PAR  14. The apparatus of claim 4 wherein said fifth means comprises air
      cylinder means having a reciprocating piston rod, a plunger member secured
      to said piston rod for engaging the core element when the piston rod is
      driven towards said core element.
NUM  15.
PAR  15. The apparatus of claim 11 further comprising roller means rotatably
      mounted to said cam means;
PA1  first and second control means positioned to be selectively engaged by said
      roller means for controlling said fifth means.
NUM  16.
PAR  16. The apparatus of claim 12 further comprising rotatable roller means
      mounted to rotate with said cam means;
PA1  first and second control means positioned to be selectively engaged by said
      roller means for controlling said third means.
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ABST
PAL  Method and apparatus for driving an interference-fit fastener by
      electromagnetically generating a stress wave, conditioning the stress
      wave, and passing the stress wave through the fastener, the stress wave is
      reflected from the remote free end of the fastener to impart a high
      velocity to the fastener relative to the surface of its receiving aperture
      to overcome the frictional forces existing there between and draw the
      interference fastener into the receiving aperture.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 244,402 filed Apr. 17, 1972, now U.S. Pat. No. 3,824,824, which is a
      continuation-in-part of application Ser. No. 863,045, filed Oct. 2, 1969,
      now abandoned. Other related patents are U.S. Pat. No. 3,646,791, issued
      Mar. 7, 1972, entitled METHOD AND APPARATUS FOR DEFORMING A METAL
      WORKPIECE, FOR UPSETTING RIVETS AND FOR BLIND RIVETING, and U.S. Pat. No.
      3,731,370, issued May 8, 1973 entitled METHOD AND APPARATUS FOR DEFORMING
      A METAL WORKPIECE, FOR UPSETTING RIVETS AND FOR BLIND RIVETING.
BSUM
PAR  This invention relates to a method and apparatus for driving metal,
      interference-fit fasteners. More specifically, this invention relates to a
      method and apparatus for converting electromagnetic energy into a stress
      wave which is conditioned, focussed and applied to an interference-fit
      fastener to drive the fastener into its receiving aperture. A "fastener"
      is defined as an element for joining two components, e.g., a pin. The term
      "interference-fit" is used to indicate a difference in diameter between
      the aperture which receives the fastener and the fastener itself, with the
      fastener having the greater diameter.
PAR  There are many metal structures which require joints formed with
      interference fasteners. Generally, the driving of interference fasteners
      is carried out with various hammering tools. Large yokes with high
      pressure hydraulic cylinders are also used. These techniques have the
      following disadvantages:
PAR  1. The fastener may yield and expand so that it is prevented from being
      completely driven into the workpiece or even if so driven it may cause
      galling and gouging.
PAR  2. For metal fasteners with large interferences, e.g., 0.005-0.008 inch in
      0.750 inch diameter apertures, hammering methods are ineffective and
      dangerous. The large hydraulic cylinder apparatus can be used if space is
      available to provide the necessary operating clearance and support. This
      is necessary for metal structures that cannot support the extremely large
      load applied by the hydraulic cylinder (20-60,000 p.s.i.).
PAR  3. Many applications require a joint in the middle of a large structure
      where neither a hammering device or a hydraulic cylinder apparatus can be
      used.
PAR  4. There are also many applications which require temporary insertion of
      fasteners and it is thereafter necessary to drive them out without
      damaging the apertures. This is extremely difficult and often impossible
      to do with a hammering device or a hydraulic cylinder apparatus.
PAR  5. Often it is required to attach one element to another element with an
      interference fastener, e.g., a shaft to a bearing, this is difficult with
      the present fastening tools.
PAR  It is an object of the present invention to provide a method and apparatus
      for driving interference fasteners which overcomes the disadvantages of
      the prior art techniques.
PAR  It is a further object of the present invention to provide a method and
      apparatus which utilizes stress waves to install interference-fit
      fasteners.
PAR  It is a further object of the present invention to provide a method and
      apparatus for driving interference-fit fasteners without deformation
      thereof.
PAR  It is a still further object of the present invention to provide a positive
      and reliable method and apparatus for driving interference-fit fasteners.
PAR  It is a still further object of the present invention to provide a compact
      and portable system for driving interference-fit fasteners.
PAR  Other objects, aspects, and advantages of the present invention will be
      apparent from the detailed description considered with the drawing.
PAR  The method of the present invention includes the steps of
      electromagnetically generating a stress wave, conditioning the stress wave
      by transforming its amplitude and shape, passing the conditioned stress
      wave through an interference-fit fastener resulting in reflection of the
      stress wave from the remote end of the interference fastener causing the
      application of sufficient velocity to the remote free end to overcome
      frictional forces and drive the fastener into position within its
      receiving apeture to join two components.
PAR  The apparatus of the present invention includes an energy source connected
      to a pancake coil, a disc shaped aluminum driver adjacent to the coil, a
      conditioning or focussing means adjacent to the aluminum driver, and a
      shock absorbing mechanism positioned to the rear of the coil, as disclosed
      in applicant's previously mentioned application and patents.
PAR  The discharge from the energy source establishes a magnetic field around
      the coil, this magnetic field in turn induces a current in the aluminum
      driver. The induced current sets up a magnetic field within the aluminum
      driver and the interaction of the two magnetic fields causes the
      generation of a stress wave which is then propagated through the
      conditioning means and through the interference-fit fastener.
PAR  The stress wave generated by the electromagnetic repulsion of two high
      intensity magnetic fields imparts a high particle velocity in the
      direction of propagation of the wave and simultaneously increases the
      stress in the interference-fit fastener. However, in contrast with the
      teachings of the aforementioned application and patents the
      interference-fit fastener (workpiece) does not undergo plastic
      deformation, but rather elastic deformation as will be more fully
      explained below. The axial momentum of the pin, produced by the
      propagation of the stress wave through the pin, causes a tensile
      elongation in the direction of propagation and a contraction at right
      angles to the direction of propagation. This tensile elongation or
      expansion is governed by Poisson's ratio which is the ratio between the
      lateral strain and the direct tensile strain. The stress wave reflected
      from the remote or free end of the interference fastener is a tension wave
      and the outward velocity of the free end is doubled to drive or draw the
      interference fastener into the receiving aperture. It should be noted that
      unlike conventional pin driving techniques, the present invention does not
      require the use of a bucking bar or mass in a bucking or support position
      at the remote end of the pin.
DRWD
PAR  One embodiment of the present invention is illustrated in the drawings, in
      which:
PAR  FIG. 1 is a partial schematic and side elevational view of the apparatus of
      the present invention;
PAR  FIG. 2 is an enlarged view of an interface-fit fastener and joint, showing
      how the interference-fit fastener is driven into the receiving aperture of
      a joint; and
PAR  FIGS. 3a, b, and c are graphs illustrating an original stress wave prior to
      conditioning in the conditioning means, the stress wave after conditioning
      by the conditioning means, and the stress wave as incident upon and
      reflected from the remote end of the interference-fit fastener,
      respectively.
DETD
PAR  Referring to FIG. 1, the apparatus of the present invention includes a
      power supply 8, a stress wave generator 6, a stress wave conditioning or
      focussing means 16, and shock absorbing means 10.
PAR  The power supply 8 comprises an a.c. energy source 32, a rectifier 20, and
      switch means 30, all connected in series with a capacitor bank 28, only
      one capacitor is shown, which is then electrically connected by switch
      means 26 to the stress wave generator 6. The stress wave generator 6
      includes a pancake coil 12 and an aluminum driver 14 arranged in side by
      side coaxial relationship. The stress wave generated in the aluminum
      driver 14 passes through the conditioning or focussing means 16, through
      its integral tip 24, and into the interference-fit fastener, shown as a
      pin 18, to be installed in aperture 23 formed in members 25 and 27.
PAR  Initially, the capacitor bank 28 is charged by the energy source 32 when
      switch 30 is closed. After the capacitor bank is charged, switch 30 is
      opened and switch means 26 is closed thereby transmitting a high amperage
      current pulse, of short duration, through the pancake coil 12. The
      duration of the current pulse is on the order of about 100 microseconds. A
      high intensity magnetic field is set up around the coil 12 and this field
      intersects the aluminum driver 14, which acts as a one turn secondary
      winding of a transformer, thereby inducing a current therein. The induced
      current flowing through the surface of the driver 14 sets up a high
      intensity magnetic field within the driver 14. The electromagnetic
      repulsion established by the interaction of the two high intensity
      magnetic fields generates a stress wave in the aluminum driver 14 which is
      propagated through the conditioning means 16 and tip 24 into the pin 18.
PAR  The device as described above has been successfully used to drive stainless
      steel and titanium pins. The apparatus of the present invention can be
      fixed in a frame with a pin being fed thereto or it can be used portably
      and held by the user. The only structural difference required by the two
      uses is that in the portable machine a bolt is threaded into the center of
      the base of the conditioning means 16 and extends through the shock
      absorber 10 having a nut 19 to hold the components in tight relationship;
      when used in a frame a stud extends through the shock absorber 10 and into
      the conditioning means 16 in order to keep the apparatus centered.
PAR  In one test, an apparatus according to the present invention was placed in
      a frame and used in a pin driving operation, NAS (National Aeronautical
      Standard) stainless steel pins were successfully driven. The capacitor
      bank 28 had a low inductance and with the coil 12 connected and
      electromagnetically coupled to the aluminum driver 14 had an operating
      frequency of 5.0 KHz. A high amperage electrical current was fed to the
      coil 12 by the capacitor bank 28. The coil 12 included 18 turns of a
      rectangularly shaped copper member 1/2 inch by 0.080 inch. The coil 12 was
      potted in polyurethane compound equivalent to 60 durometer rubber having
      ample elasticity, the dimensions of the coil being 11/2 inches thick by 6
      inches in diameter and having a 1 inch diameter circular hole through the
      center. The driver 14 consisted of 6061-T4 aluminum, 1/4 inch thick by 6
      inches in diameter and having a 1 inch circular hole through the center.
      The 6061-T4 aluminum was used since it is of good conductivity and
      sufficient strength to withstand the forces produced. The conditioning or
      focussing means 16 which was constructed of 4340 hardened steel, has a 1/2
      inch by 6 inch diameter cylindrical base section leading into a truncated
      cone 6 inches long and having a 3/4 inch diameter top to which a 1/2 inch
      long cylindrical section was attached. The tip 24 of the conditioning
      means 16 was placed in contact with the pin 18. The pins were made of
      steel or titanium and had the following dimensions 1 inch dia. .times. 1
      inch length 3/4 inch dia. .times.31/2 inches length and 11/8 inch dia.
      .times. 3 inches length. The shock absorber 10 consisted of a series of
      rubber pads attached to the coil 12. A centering stud of 1 inch diameter
      was inserted into the circular holes of the various components and into a
      1 inch diameter by 1 inch deep hole in the base of the conditioning means
      16. The voltage required to drive these different size pins was
      respectively 7, 8 and 9 KV.
PAR  In another test, which is a mere variation from that described above, the
      apparatus was used by hand, rather than in a frame, for the pin driving
      operation. The only variations from the above example consisted of a
      change in dimensions of the components. The diameter of the coil 12 was
      increased to 9 inches, as was the diameter of the aluminum driver 14. All
      other dimensions including those of the conditioning means 16 remained the
      same. Also, instead of a centering stud, a threaded bolt was fitted into
      the base of the conditioning means 16 and secured by nut 19 and washer
      (not shown) at the end of the shock absorber 10.
PAR  In determining the dimensions, material, and other parameters of the
      conditioning means, the momentum, continuity, and stress strain
      relationships used in the uniaxial propagation of stress wave pulses in
      solid bars was utilized.
PAR  Consider an element of a conditioning or focussing means wherein:
PA1  dx.sub.o = the initial thickness of the element;
PA1  dx = the final thickness of the element and equals (dx/dx.sub.o), dx.sub.o
PA1  A = the cross sectional area of the element;
PA1  s = the stress in the direction of motion;
PA1  .epsilon. = the strain in the direction of motion; and
PA1  x = the distance from the left end of the element.
PAR  By definition, strain equals the final thickness less the initial thickness
      divided by the initial thickness, or
      ##EQU1##
PAR  Partially differentiating equation (1) with respect to time, we obtain:
      ##EQU2##
      where u = (.delta.x/.delta.t) the particle velocity.
PAR  Since s = E.sup.. .epsilon., equation (2) can be rewritten as:
      ##EQU3##
      where E = Young's Modulus of Elasticity.
PAR  From Newton's First Law of Physics we have:
      ##EQU4##
      where .rho. is the density of the material.
PAR  Mass continuity equation can be written as follows:
EQU  .rho..sub.o A.sub.o dx.sub.o = .rho.Adx
PA1  .rho..sub.o = the initial density of the material
PA1  A.sub.o = the initial cross-sectional area of the element and for A =
      A.sub.o
      ##EQU5##
PAR  Substituting for dx in equation (4), we have:
      ##EQU6##
PAR  Substituting from equation (5) we have:
      ##EQU7##
PAR  Two configurations were specifically considered for the conditioning means,
      although other configurations may also be used:
PA1  a. an exponential shape governed by the formula:
EQU  A = A.sub.o e.sup.-.sup.nx.sbsp.0                          (7)
PAL  and
PA1  b. a conical shape governed by the formula:
      ##EQU8##
      where: A.sub.o = the area of the larger or left hand end of the
      conditioning means;
PA1  n = a constant to be determined;
PA1  R.sub.o = radius of the larger end of the conditioning means;
PA1  x.sub.o = the length of the conditioning means; and
PA1  K = the tangent of the angle described by the edge of the cone and the base
      of the cone.
PAR  From experimental results we also have the relationship:
EQU  (du/dt) = m                                                (9)
PAL  where m is a constant.
PAR  Combining equations (6), (3), (7) and (9), we are able to derive the
      following equation for the exponentially shaped conditioning means:
      ##EQU9##
      where: c = .sqroot.E/.rho. the speed of sound in the material;
PA1  s.sub.o = the stress at the larger end of the conditioning means which is
      directly related to the energy input at this point;
PA1  s = the stress at the smaller end of the conditioning means;
PA1  A = the cross sectional area at the smaller end of the conditioning means;
      and
PA1  t.sub.A = the time required for the particle velocity to reach a maximum.
PAR  Combining equations (6), (3), (8) and (9), we are able to derive the
      following equation for the conically shaped conditioning means:
      ##EQU10##
PAR  Taking the case where:
PA1  c = 200,000 in./sec.
PA1  t.sub.A = 20 .times. 10.sup.-.sup.6 sec.
PA1  (A.sub.o /A) = 11.8
PA1  x.sub.o = 4 in., and
PA1  K = 1.89.
PAR  Utilizing equation (10), we obtain a stress multiplication (s/s.sub.o) =
      15.9.
PAR  Utilizing equation (11), we obtain a stress multiplication (s/s.sub.o) =
      17.
PAR  From measurements it was determined that the pressure developed at the
      electromagnetic coil 12 varied between about 5,000 and 9,000 p.s.i. and
      therefore an average of 7,000 p.s.i. was used.
PAR  Using the cone, the theoretical stress at the pin 18 was determined to be
      17 .times. 7,000 p.s.i. or 119,000 p.s.i.
PAR  Using high speed photography it was found that the particle velocity at the
      small end of the conditioning means 16 was approximately 640 in/sec.
      Knowing this velocity and using the momentum equation, the stress at the
      small end of the conditioning means 16 can be calculated:
EQU  s = (.rho.cu/g)
PAL  where:
PA1  .rho. = 0.3 lb./cu. in.
PA1  c == 20 .times. 10.sup.4 in./sec.
PA1  u = 640 in./sec.
PA1  g = 32.2 ft./sec..sup.2
PAL  therefore
PA1  s = 100,000 p.s.i.
PAR  This calculated stress compares well with the theoretical stress of 119,000
      p.s.i.
PAR  The present invention employs stress waves to drive pins. Therefore,
      without wishing to be bound by theory the phenomenon believed to be
      occurring in the apparatus of the invention is set forth below.
PAR  It is believed that an appreciation of stress wave theory is necessary
      since much confusion presently exists due to the occasional use of the
      term stress wave in an imprecise and undisciplined manner.
PAR  First of all, it must be understood that stress waves are a distinct
      pheomenon separate from other energy forms commonly confused with stress
      waves. Stess waves are a form of energy transfer which cause motion within
      a solid. If an arbitrary small disturbance is originated within a
      restricted portion of an elastic solid medium, neighboring portions will
      soon be set in motion and thrown into states of strain. The portion of the
      medium which is disturbed at a subsequent instant will not be the same as
      that which was disturbed initially. A Treatise on the Mathematical Theory
      of Elasticity, A. G. H. Love, Dover Publications (1944).
PAR  Stress wave phenomenon is markedly different from rigid dynamics. As set
      forth by H. Kolsky in Stress Waves in Solids, Dover, 486-61098-5
      (Introduction):
PA1  "In rigid dynamics it is assumed that, when a force is applied to any one
      point in a body, the resultant stresses set every other point in motion
      instantaneously and the force can be considered as producing a linear
      acceleration of the whole body, together with an angular acceleration
      about its center of gravity. In the theory of elasticity, on the other
      hand, the body is considered as in equilibrium under the action of applied
      forces and the elastic deformations are assumed to have reached their
      static values. These treatments are sufficiently accurate for problems in
      which the time between the application of a force and the setting up of
      effective equilibrium is short compared with the times in which the
      observations are made. When, however, we are considering the effects of
      forces which are applied for only very short periods of time, or are
      changing rapidly, the effects must be considered in terms of the
      propagation of stress waves."
PAR  With impact devices a body near the time changing magnetic field is
      accelerated. Thus, kinetic energy is stored (1/2 mv.sup.2). Then the body
      impacts on the workpiece transferring its kinetic energy to deformation.
PAR  With rigid dynamics type force application, the force produced by the
      magnetic field is applied to the workpiece through a medium that possesses
      fluidity (ability to flow under hydrostatic pressure). Thus, the magnetic
      pressure acts on the surface of the workpiece as if it were fluid. The
      workpiece instantly experiences the pressure and it moves according to the
      classical Newton's law (Force = mass .times. acceleration).
PAR  The effect of the area change on the stress pulse is different from the
      simple pressure increase it affords for static and rigid-dynamic
      conditions. Its length, shape and material constants play important roles
      for the emerging wave that propagates through the pin.
PAR  One difference in behaviour, for example, is that the intensification of
      the pulse is not, in general, equal to the area ratio. That is:
      ##EQU11##
PAR  The conditioned stress wave of FIG. 3b has a peak stress ratio
      (.sigma..sub.1 /.sigma..sub.o) relative to the stress wave of FIG. 3a,
      this ratio is dictated by the particular application, including the
      composition of the pin 18. However, the ratio should not be made higher
      than the yield stress, .sigma..sub.y, of the pin 18, otherwise undesired
      plastic deformation will result.
PAR  The stress wave of FIG. 3b, see also a portion of the stress wave in FIG.
      3c, propagates from left to right as a compression wave in the pin 18 with
      a velocity V, reaches the remote or free end 22 of the pin 18 and reflects
      as a tension wave with a velocity of 2V outward in the axial direction,
      see FIG. 2. If the length of the pulse is sufficient, i.e., greater than
      the length of the pin 18, the entire pin 18 is set in motion with a
      velocity 2V. This momentum imparted to the remote end 22 of the pin 18 is
      sufficient to overcome the static forces of friction between the receiving
      aperture 23 and the pin 18 to drive or draw the pin 18 into the receiving
      aperture 23. After each discharge of the capacitor bank 28 the pin 18 is
      partially driven into the aperture 23 by overcoming the frictional forces.
      Repetitive discharges drive the pin 18 to the required depth (proper
      position).
PAR  An analysis of the one dimensional theory of wave propagation and
      reflection follows. It is assumed that the plane cross section remains
      plane during loading, that the stress distribution is uniform across the
      plane cross section, and that radial inertia may be neglected.
PAR  Solution of the momentum equation and the elastic stress strain
      relationship results in the following equation:
EQU  s = .rho.C.sub.o v                                         (1)
PAL  where:
PA1  s = stress
PA1  .rho. = the density of the material
PA1  C.sub.o = speed of sound in the material
PA1  v = particle velocity of the stress wave in the material
PAL  Whenever a transient stress wave encounters an area discontinuity or
      density change, e.g., at the remote free end 22 of the pin 18, the initial
      stress wave splits into transmitted and reflected waves. The intensity of
      the transmitted and reflected waves depends on the ratio of the areas
      and/or the densities across the discontinuity. To derive the equations of
      velocity and stress for the transmitted and reflected waves we consider
      equation (1) (s = .rho.C.sub.o v) and the compatability equations across
      any discontinuity.
      ##SPC1##
PAR  Compatibility equations:
EQU  V.sub.1 +V.sub.3 = .nu..sub.2 velocities are the same.     (2)
EQU  A.sub.1 (S.sub.1 + S.sub.3) = A.sub.2 S.sub.2 Forces are equal(3)
PAR  Since s = .rho.cv, using equation (1) we can obtain:
      ##EQU12##
PAR  From equation (3) we have:
EQU  (S.sub.1 + S.sub.3) = (A.sub.2 S.sub.2 /A.sub.1)           (5)
PAR  combining equations (4) and (5) we have:
      ##EQU13##
PAR  Hence:
      ##EQU14##
PAR  Hence,
      ##EQU15##
PAR  If
EQU  .rho..sub.2&lt;&lt;.rho..sub.1 (air and steel)
EQU  C.sub.2&lt;&lt; C.sub.1 (air and steel)
      ##EQU16##
PAR  Substituting in equation (7) we obtain
EQU  S.sub.3 .congruent. -S.sub.1                               (8)
PAL  and from equation (4)
EQU  S.sub.2 &lt;&lt;&lt;S.sub.1
PAL  hence,
EQU  V.sub.2 &lt;&lt;V.sub.1                                          (9)
PAR  from equation (2) we obtain:
EQU  .nu..sub.3.congruent.-.nu.1                                (10)
PAR  Equations (8) and (10) show that the incident wave is reflected with equal
      and opposite stress (i.e. S.sub.3 = -S.sub.1), and with equal velocity
      (.nu..sub.3 = .nu.1).
PAR  The stress of the incident wave is compressive. Therefore the stress of the
      reflected wave is tensile (tension). Furthermore, the total particle
      velocity during reflection is 2.nu..sub.1 (twice the incident wave
      particle velocity).
PAR  The kinetic energy resulting from the transmitted stress wave overcomes
      frictional forces between the pin 18 and the aperture walls to drive the
      pin 18 into the receiving aperture 23 and complete the joint.
PAR  If the peak particle velocity of the incident stress wave is approximately
      200 in/sec. Upon reflection the peak particle velocity rises to 400
      in/sec. Since the stress wave conditioned in the conditioning means 16 is
      of long duration, e.g., 1 millisecond, and maintains a high and
      substantially constant stress level for a substantial portion of the
      duration of the stress wave, the reflection provides sufficient kinetic
      energy to overcome the frictional forces of the aperture walls and
      position the pin 18 within the receiving aperture 23.
PAR  It is this high relative velocity between the pin 18 and the walls of the
      aperture 23 that will in effect create a boundary layer having reduced
      frictional forces which allows the pin 18 to be drawn into the aperture 23
      to secure the joint 34 between members 25 and 27.
PAR  It should be understood by those skilled in the art that various
      modifications may be made in the present invention without departing from
      the spirit and scope thereof as described in the specifications and
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for driving an interference-fit fastener into a receiving
      aperture having a slightly smaller diameter than the fastener, comprising
      the steps of:
PA1  a. electromagnetically generating a stress wave having a high particle
      velocity;
PA1  b. conditioning the high velocity stress wave to control the intensity and
      length of the high velocity stress wave to provide an output stress wave
      which maintain a high stress level, the stress level of the conditioned
      stress wave being less than the yield stress of the interference-fit
      fastener to prevent plastic deformation thereof, the length of the stress
      wave being greater than the length of the interference-fit fastener; and
PA1  c. applying the conditioned high velocity stress wave to one end of thee
      interference-fit fastener causing a tensile elongation in the direction of
      propagation and contraction at right angles to the direction of
      propagation, the conditioned high velocity stress wave reflecting from the
      remote free end of the interference-fit fastener to impart a high velocity
      to the remote free end of the interference-fit fastener so that frictional
      forces are overcome and the interference-fit fastener is drawn into the
      receiving aperture.
NUM  2.
PAR  2. The process of driving an interference-fit fastener as defined in claim
      1 wherein the step of electromagnetically generating a stress wave is
      through electromagnetic repulsion established by the interaction of a
      first magnetic field produced by a coil energized by a capacitor bank and
      a second magnetic field within a driver of suitable conductive material
      adjacent to said coil.
NUM  3.
PAR  3. The process of driving an interference-fit fastener as defined in claim
      2 wherein the magnetic field within the driver is induced by the magnetic
      field produced by the coil.
NUM  4.
PAR  4. The process of driving an interference-fit fastener as defined in claim
      3 which further comprises the step of absorbing the recoil forces
      resulting from generating the stress wave.
NUM  5.
PAR  5. A tool for driving an interference-fit fastener into a receiving
      aperture having a slightly smaller diameter than the fastener, comprising:
PA1  a. means for electromagnetically generating a stress wave having a high
      particle velocity;
PA1  b. conditioning means for controlling the intensity and length of the high
      velocity stress wave to provide an output stress wave which maintains a
      high stress level for a substantial portion of the length of the stress
      wave, the stress level of the stress wave resulting from the conditioning
      means being less than the yield stress of the interference-fit fastener to
      prevent plastic deformation thereof, the length of the stress wave being
      greater than the length of the interference-fit fastener; and
PA1  said interference-fit fastener including a first end for engagement with
      said conditioning means and a remote end for engagement with the receiving
      aperture, the conditioned stress wave causing a tensile elongation in the
      direction of propagation and contraction at right angles to the direction
      of propagation and reflecting from the remote free end of the
      interference-fit fastener to impart a high velocity to the remote free end
      of said interference-fit fastener so that the frictional forces are
      overcome and the interference fastener is drawn into the receiving
      aperture.
NUM  6.
PAR  6. A tool for driving an interference-fit fastener as defined in claim 5
      wherein the means for electromagnetically generating a stress wave having
      a high particle velocity comprises:
PA1  a. an electromagnetic coil;
PA1  b. an energy storage means dischargeable through said coil providing a
      pulse of limited duration;
PA1  c. a driver coupled to said coil; and
PA1  d. means for establishing an electromagnetic field in said driver whereby a
      stress wave is generated by the electromagnetic repulsion between the coil
      and said driver.
NUM  7.
PAR  7. A tool for driving an interference-fit fastener in claim 6 wherein the
      means for establishing an electromagnetic field in the driver comprises
      electromagnetically coupling said driver to said coil.
NUM  8.
PAR  8. A tool for driving an interference-fit fastener as defined in claim 7
      wherein the conditioning means is an exponentially shaped mass coupled to
      said driver and the various components of the tool are related by the
      formula:
      ##EQU17##
      where: s = the stress delivered to the interference fastener at the small
      end of the conditioning means;
PA1  s.sub.o = the stress developed at the large end of the conditioning means
      by the electromagnetic repulsion between the coil and the driver;
PA1  C = the speed of sound in the conditioning means;
PA1  t.sub.A = the time required for the particle velocity to reach a maximum;
PA1  A.sub.o = the cross sectional area of the large end of the conditioning
      means;
PA1  A = the cross sectional area at the smaller end of the conditioning means;
PA1  n = the number appearing in the exponent of the equation which governs the
      shape of the conditioning means, i.e. A = A.sub.o e.sup.-.sup.nx.sbsp.0,
      where X.sub.o is the length of the focussing means.
NUM  9.
PAR  9. A tool for driving an interference-fit fastener as defined in claim 7
      wherein the conditioning means is a conically shaped mass coupled to said
      driver and the various components of the tool are related by the formula:
      ##EQU18##
      where: s = the stress delivered to the interference fastener at the small
      end of the conditioning means;
PA1  s.sub.o = the stress developed at the large end of the conditioning means
      by the electromagnetic repulsion between the coil and the driver;
PA1  R.sub.o = the radius of the large end of the focussing means;
PA1  K = the tangent of the angle inscribed by the edge of the conically shaped
      mass and the base of the conically shaped mass;
PA1  C = the speed of sound in the conditioning means;
PA1  t.sub.A = the time required for the particle velocity to reach a maximum;
PA1  A.sub.o = the cross sectional area of the large end of the conditioning
      means, i.e. the base of the conically shaped mass;
PA1  A = the cross sectional area at the small end of the conditioning means;
PA1  x.sub.o = the length of the conditioning means.
NUM  10.
PAR  10. A tool for driving an interference-fit fastener as defined in claim 5
      which further comprises a recoil means mechanically coupled to said
      conditioning means.
NUM  11.
PAR  11. A tool for driving an interference-fit fastener as defined in claim 6
      wherein:
PA1  said energy storage means is a capacitor bank electrically dischargeable
      through said coil.
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ABST
PAL  There is disclosed an integrated optical detector comprising a
      semiconductor substrate having an optical waveguide formed integrally
      therewith and a photodetector made from the same semiconductor material as
      the waveguide and integrally coupled to it. The detector region is
      sensitive to light of the same wavelengths that can be transmitted through
      the waveguide region of the semiconductor without excessive absorption
      therein by virtue of the fact that after the waveguide is formed proton
      bombardment of the detector portion thereof is used to create optically
      active defect centers thereby shifting the effective absorption edge in
      the detector region. Where gallium arsenide is used as the semiconductor
      defect levels induced by implantation of high energy protons give rise to
      optical absorption between 6 micron and 0.9 micron. This results in
      detector action in the presence of a Schottkey barrier depletion layer.
      Detector response times less than 200 nanoseconds and external quantum
      efficiencies of 16 percent have been observed in the device.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of Ser. No. 390,836 filed Aug. 23, 1973, on
      behalf of the same inventors and the assignees as are represented in this
      case now U.S. Pat. No. 3,873,828.
BSUM
PAR  Certain fabrication procedures which may be used in the manufacture of
      devices of the type described herein have been disclosed and claimed in
      copending applications assigned to the same assignee as the present
      application. One of these applications entitled "High Energy Ion
      Implantation Process and Masking Method For Use with Same" was filed on
      Feb. 26, 1973, on behalf of Hugh L. Garvin and Robert G. Hunsperger and
      was assigned Ser. No. 335,966. Another application entitled "Optical
      Waveguide and Modulator and Process for Fabricating Same" was filed on
      Mar. 28, 1973, on behalf of Robert G. Hunsperger and Gordon A. Shifrin and
      assigned Ser. No. 345,625. Still another application entitled "Process for
      Fabricating Small Geometry Semi-conductive Devices Including Integrated
      Optical Components" was filed on Feb. 28, 1973, on behalf of Hugh L.
      Garvin, Ammon Yariv, and Sasson Somekh and assigned Ser. No. 336,679.
PAR  Certain related processes and devices are also disclosed and claimed in an
      application similarly assigned and filed June 29, 1973 on behalf of Gordon
      A. Shifrin and Robert G. Hunsperger and entitled "Monolithic Planar
      Opto-Isolators and Processes for Fabricating Same".
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an integrated optical detector suitable for use
      in integrated circuits wherein the signal is at optical frequencies. The
      terms "optical frequencies" or "light" are herein used to include the
      infared, the visible, and the ultraviolet regions of the spectrum. The
      general field of integrated optics has been discussed, for example, in a
      published article entitled "Integrated Optics -- An Introduction" by S. E.
      Miller in the Bell Systems Technical Journal (BSDJ) September, 1969, Vol.
      48, pp. 2059-2069.
PAC  BACKGROUND OF THE INVENTION
PAR  The above noted Miller paper outlined a proposal for a miniature form of
      laser beam circuit or, more generally, for integrated circuit devices
      wherein the signal energy is transmitted at optical frequencies by
      coherent light. Such circuits are formed by fabricating regions in glass
      or semiconductor substrates having desired geometries and transmissive
      properties. It was, for example, noted that index of refraction changes of
      the order of 10.sup..sup.-2 or 10.sup.-.sup.3 in such a substrate allow
      guided laser beams of widths near 10 microns. It was proposed that
      photolithographic techniques would permit simultaneous construction of
      complex circuit patterns and devices.
PAR  The patent literature indicates various attempts at practical experimental
      realization of such devices. Such United States patent as U.S. Pat. No.
      3,465,159 issued Sept. 2, 1969 to Stern; U.S. Pat. No. 3,610,727 issued
      Oct. 5, 1971 to Ulrich; U.S. Pat. No. 3,617,109 issued Nov. 2, 1971 to
      Tien; and U.S. Pat. No. 3,631,360 issued July 10, 1970 to Lehovec, are
      typical of circuits and devices of the type being considered.
PAR  The patent to Ulrich, for example, is primarily directed to an arrangement
      for coupling a laser beam into or out of a thin film light guide with high
      coupling efficiency. The patent broadly suggest that the thin film light
      guide, or waveguide, may have as a smooth extension thereof a "utilization
      circuit" for the light and alleges (without any supporting detailed
      disclosure) that with appropriate doping and/or appropriate electrodes
      (not shown) the utilization circuit can be made to fulfill any of a wide
      variety of useful functions "such as light modulation, amplification,
      frequency conversion or detection".
PAR  If an operative fabrication technique is found, the advantage of such a
      device wherein the utilization circuit is, for example, a detector, is
      that it is integrally coupled to the waveguide thus eliminating the usual
      coupling loss that occurs when a discrete detector is used. Also, such a
      device is compatible with other optical integrated circuit elements that
      can be formed in a semiconductor substrate such as light emitting diodes,
      modulators, and other waveguides.
PAR  The problem which in the past has prevented the actual fabrication of such
      proposed integrally coupled devices, is that any light which is
      transmitted unattenuated through a waveguide formed in a semiconductor
      substrate cannot be sensed by an integral detector made of the same
      semiconductor material. The only actual solution to this problem which in
      the past has been even vaguely suggested in Ulrich's proposal to dope a
      selected portion of the waveguide. In a gallium arsenide substrate such
      doping could presumably be achieved with substitutional atoms of such
      elements as indium or thallium which would cause a decrease in the band
      gap energy. The doped region is then, however, no longer the "same
      semiconductor material" since various intentionally provided impurities
      exist in a region the geometry of which is very difficult to control. Such
      doping could possibly be achieved by diffusion or epitaxial growth but it
      would obviously be very difficult to perform and does not lend itself to
      the fabrication of devices having very precisely controlled minute
      geometries.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing problem is overcome in the present invention by using proton
      bombardment to create in the already formed waveguide an active detector
      volume with an absorption edge at longer wavelengths than that
      characteristic of the non-bombarded semiconductor waveguide region. After
      a waveguide is formed in a semiconductor such as gallium arsenide the
      preselected photodetector region thereon is irradiated with protons to
      create optically active defect centers in the gallium arsenide itself at
      the detector location thereby shifting the effective absorption edge of
      the pure gallium arsenide from a wavelength of approximately 0.9 micron to
      greater than 6 micron. Thus, the detector is made sensitive to light of
      wavelengths that can be transmitted through the waveguide formed of the
      same material without excessive absorption. A surface barrier or Schottkey
      diode type electrode comprising a metal film is then provided which is
      reverse biased in order to sense the photocurrent resulting from light
      transmitted through the waveguide to the detector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view, partially schematic, taken on the line 1--1 of
      FIG. 2, through a typical integrated optical waveguide and detector in
      accordance with the present invention;
PAR  FIG. 1a is a graph indicating the directions of the x, y and z axes assumed
      in the discussion and giving a plot of the density of proton implantation
      caused damage having its value indicated along the z axis as a function of
      depth in the waveguide plotted along the x axis;
PAR  FIG. 2 is a plan view taken in the y-z plane of the top surface of the
      waveguide-detector of which a section taken in the x-z plane is shown in
      FIG. 1;
PAR  FIG. 3 is a graph showing measurements of the sensitivity of both
      unimplanted and implanted annealed samples;
PAR  FIG. 4a is a graph showing the pulse response time of the implanted
      detector;
PAR  FIG. 4b is a similar graph showing the comparable pulse response time of a
      commercially available detector; and
PAR  FIG. 5 is a graph showing current versus voltage curves for a reverse
      biased implanted detector of the present invention under dark conditions
      and under illumination by 1.15 micron radiation.
PAC  THE INVENTION
PAR  The ultimate goal of completely monolithic integrated optical circuits for
      use in data processing and communication requires that the individual
      components of such devices be easily fabricated to the desired
      microcircuit geometries and dimensions on a common substrate. The
      technique of ion implantation has been used effectively to produce large
      scale integrated electronic circuits and lends itself naturally to the
      production of analogous optical circuits. Various forms of this technique
      have been disclosed in the prior art.
PAR  For example, P-N junction diodes in gallium arsenide have been formed by
      zinc and cadium implantation of N-type gallium arsenide as described by R.
      G. Hunsperger et al. in "Metallurgical Transactions" Vol. 1, p. 603
      (1970). Ga.sub.(1.sub.-x) Al.sub.x As electroluminescent diodes have been
      made by the sequential implantation of zinc and aluminum into N-type
      gallium arsenide as disclosed by R. G. Hunsperger et al. in "Applied
      Physics Letters" Vol. 19, p. 327 (1971). Type conversion caused by proton
      implantation of InSb ZnTe has been used in the manufacture of N-P junction
      photodetectors and MIS electroluminescent diodes as described by A. G.
      Foyt et al. in "Applied Physics Letters" Vol. 16, p. 335 (1970) and J. P.
      Donnelly et al. in "Solid State Electronics" Vol. 13, p. 755 (1970).
PAR  Particular forms of this technique especially suitable for fabrication of
      the device disclosed herein in its various modifications have been
      disclosed in two of the above-referenced copending applications, Ser. Nos.
      335,966 and 336,679.
PAR  There is disclosed herein waveguide devices and a process of fabrication
      thereof by proton implantation of gallium arsenide which are improvements
      over the device and process described in copending application Ser. No.
      345,625 cited above. As used herein the term "ion implantation" unless
      otherwise indicated, includes such proton implantation as a special case
      thereof by virtue of the fact that a proton is by commonly accepted
      definition a positively charged hydrogen ion.
PAR  The integrated optical detector 10 of the present invention is shown in top
      plan view of FIG. 2 and in FIG. 1 in a sectional view taken along the line
      1--1 of FIG. 2. The device consists of a substrate 11 on or in which a
      waveguide 12 may be formed by any convenient means such as any of the
      processes discussed above or by epitaxial deposition. It is preferred,
      however, to form the waveguide by the proton implantation process
      disclosed in copending application Ser. No. 345,625. In this process a
      gallium arsenide substrate is cut and polished and the waveguide is formed
      by proton irradiation of the upper surface of the entire device which in
      turn is followed by annealing to induce the desired waveguide transmission
      properties. After the waveguide is thus formed, an active detector volume
      13 is formed in a portion thereof by further selective proton irradiation
      to produce the active defective levels necessary for detector action.
PAR  It will, of course, be understood that the dimensions of the structure can
      be varied to suit any particular application. The waveguide depth in FIG.
      1a is shown at the typical value of 3.5 microns. The width, W, of the
      waveguide 12 indicated in FIG. 2 was in one device given a value of 3
      microns with the length, L, of the active detector volume 13 having a
      value of approximately 6 microns. Such an elongated narrow
      detector-waveguide configuration has been referred to as a "channel"
      waveguide and is not shown to scale in FIG. 2. The scale of FIG. 2 implies
      a larger "planar waveguide configuration" wherein the length L, of the
      detector was approximately 0.2 cm and the width W, of the waveguide and
      the detector was 0.3 cm. Such a larger planar waveguide is particularly
      useful in applications where it is intended to interface with a bundle of
      optical fibers. If the barrier contact 14 (to be described below) of such
      device is made transparent, the planar configuration may be used for
      detection of light incident externally to the device. In any event, it
      will be understood that the device can be manufactured to any desired
      dimensions or configuration in accordance with the fabrication techniques
      disclosed in the above-noted copending applications Ser. Nos. 335,966 and
      336,679. In whatever configuration the device is formed, however, once the
      waveguide has been formed on the substrate and the active detector volume
      has been formed in the waveguide, an ohmic contact layer 15 such as a
      metal film is deposited on the bottom surface of the substrate and a
      Schottkey barrier contact 14 is deposited on the upper surface of the
      detector volume 13. The ohmic contact 15 may be an alloy of gold and
      germanium. The Schottkey barrier contact may, for example, be a film of
      aluminum or gold or other suitable metal.
PAR  In operation the Schottkey barrier 14 is reverse biased by a suitable
      voltage source. Photocurrent is generated when the photons of the guided
      light waves 20 are transmitted through the waveguide 12 and reach the
      detector area where they excite electrons out of the deep level traps that
      have been created in the detector volume by proton bombardment. The fact
      that the detector volume is integrally coupled to the waveguide eliminates
      the usual coupling loss that occurs when a discrete detector is used.
      Furthermore, the device as shown is compatible with other optical
      integrated circuit elements that can be formed in a semiconductor
      substrate such as light emitting diodes, modulators, and additional
      waveguide patterns.
PAR  In a particular exemplary embodiment of a phototype test unit fabricated in
      accordance with the teaching above as shown in FIGS. 1 and 2, the optical
      waveguide structure 12 consisted of a 3.5 micron thick N-type (S-dopant
      about 10.sup.16 /cm.sup.3) epitaxial film grown on a degenerate N-type
      substrate (1.25 .times. 10.sup.18 /cm.sup.3). The guide substrate
      refractive index discontinuity generated by the plasma depression effect
      allowed good optical confinement for the particular guide thickness used.
      Optical attenuation before proton implantation was measured to be 1.3
      cm.sup..sup.-1 and could be accounted for by consideration of free carrier
      substrate penetration losses. Subsequently, the waveguide surface was
      exposed to 300 keV proton irradiation the total integrated flux of which
      was 2 .times. 10.sup.15 /cm.sup.2. The damage layer produced was
      approximately 3 micron thick with a peak at about 2.5 micron as shown in
      the graphical plot of FIG. 1a.
PAR  Small rectangular samples were then cleaved from the large proton implanted
      specimen and examined for optical waveguiding. The source used in the
      examination was a SpectraPhysicas model 120 hellium-neon laser emitting at
      1.15 microns. No waveguided light could then be detected at the output
      face of even the shortest (10 mil) sample showing that proton irradiation
      alone creates a very lossy waveguide or, in other words, a good detector
      as desired. For test purposes the samples were then annealed at
      450.degree. C for 30 minutes and optical losses were then observed to be
      35 cm.sup.-.sup.1 ; a further reduction in loss to approximately 15
      cm.sup..sup.-1 was achieved after annealing for 30 minutes at 500.degree.
      C. It was thus confirmed that proton irradiation induced optical
      attenuation can be reduced by annealing. The losses measured after the
      above-noted proton irradiation were based on comparison to measurements of
      negligible loss in the epitaxially grown waveguide structure prior to the
      initial proton irradiation. As noted, these losses were reduced by the
      annealing treatment demonstrating that the waveguide could initially be
      formed in this fashion as well as by epitaxy. In commercial practice, of
      course, the selective proton bombardment by which the detector is formed
      would not be followed by annealing. The selector proton bombardment is
      preferably carried out by the masking techniques disclosed in the above
      noted copending applications.
PAR  It will be understood that there is in practice no sharp cutoff point in
      the degree of loss which leads one to change the terminology of a "lossy
      waveguide" to that of a "detector". The less loss one has the better
      waveguide one has: the more loss one has, the better detector one has. In
      order to demonstrate the principles of operation of these devices,
      measurements were made on samples cleaved from the above-noted waveguide
      after the initial proton irradiation and after initial annealing
      respectively at 450.degree. and 500.degree. C for 30 minutes each. Such
      annealing is not sufficient to eliminate all optical losses so that the
      samples functioned both as lossy waveguides and as detectors. On the
      surfaces of these samples 11 mm square aluminum Schottkey barriers were
      evaporated in a waffle pattern. Room temperature experimental results are
      given for the material annealed at 500.degree. C. The aluminum
      barrier-guide substrate structures were used to measure detector pulse
      response and external quantum efficiency. Transparent gold barriers
      sputter deposited on material of identical radiation and heat treatment
      history were used to measure photosensitivity as a function of wavelength.
PAR  The detector response measurement are shown in FIGS. 4a and 4b whereas the
      wavelength response measurements are shown in FIG. 3. In both cases
      substrate surfaces were provided with a gold-germanium alloyed ohmic layer
      for contact 15.
PAR  The principal of operation is similar to that of conventional P-N or P-I-N
      junction photodetectors. Upon application of a reverse bias to the
      Schottkey barrier, a depletion region is formed in the optical guiding
      layer. Any dipole transitions made possible by radiation produced defect
      levels generate free carriers which are swept out of the depletion layer.
      By insuring that the radiation induced damage extends over most of the
      waveguiding layer and choosing epitaxial material of high purity, or,
      preferably, by forming the waveguide originally by proton implantation in
      accordance with the teaching of copending application Ser. No. 345,625,
      maximum efficiency can be obtained over a given interaction length.
      Detector response times less than 200 nanoseconds and external quantum
      efficiencies of 16 percent were experimentally observed.
PAR  Measurements of the photosensitivity of both unimplanted and implanted
      annealed samples are shown in FIG. 3. The curve for the implanted sample
      reveals a defect-associated energy level lying 0.7 electron volt above the
      valence band edge of an apparent shift of the conduction band edge to
      lower energies. Calorimetric measurements made on proton irradiated
      gallium arsenide at 1.06 micron as known in the published literature
      indicate that substantially all of the damage induced optical attenuation
      in the one micron wavelength region can be attributed to absorption as
      opposed to diffuse scattering. The origin of this absorption is thought to
      be the disorder-induced band tailing. However, the possibility that it is
      due, at least in part, to excitation of electrons from energy levels
      associated with As (or Ga) vacancy complexes is strong, particularly in
      view of the fact that free carrier compensation by proton implantation
      appears to be Fermi-level dependent.
PAR  The measurement of detector rise and fall times at 1.06 micron was made
      using an acoustically Q-switched Nd:YAG laser. The pulse response of the
      implanted detector is shown in FIG. 4a and is compared to that of a
      commercial germanium detector as shown in FIG. 4b. The commercial detector
      was a Philco L4521 detector. In both cases the rise and fall times
      appeared to be about 200 nanoseconds and 400 nanoseconds respectively.
      Reducing the size of the load resistors used merely decreased the signal
      strength. The pulse shapes remained the same. Since the germanium detector
      response is in the GHz range, it was concluded that the rise and fall
      times measured were a function of the Q-switched laser and did not
      represent limits of the implanted detector.
PAR  FIG. 5 shows I-V curves for a reverse biased implanted detector under dark
      conditions and under conditions of illumination by 1.15 micron radiation.
      The measured external quantum efficiency at 1.15 microns, 294.degree. K
      and a reverse bias of 20 volts was about 16 percent. In commercial
      practice this number would increase as optimal proton damage profiles and
      heat treatment conditions are approached for a given waveguiding detector
      geometry and configuration.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of fabricating an integrated optical device which includes
      the step of forming a light transmissive waveguide in a semiconductor
      substrate, the improvement comprising:
PA1  a. proton irradiating a selected portion of said waveguide to form an
      active photodetector region integral with said waveguide by creating
      optically active defeat centers in said region to thereby shift the
      effective wavelength absorption edge therein to render said photodetector
      region sensitive to light of wavelengths that can be transmitted through
      said waveguide; and
PA1  b. forming a Schottkey barrier diode type electrode on the proton
      irradiated region and an ohmic contact electrode on said substrate.
NUM  2.
PAR  2. A process as in claim 1 wherein said Schottkey barrier electrode is
      formed by evaporation deposition of metal.
NUM  3.
PAR  3. A process as in claim 2 wherein said metal is aluminum and said
      waveguide is formed of gallium arsenide.
NUM  4.
PAR  4. A process as in claim 1 wherein said Schottkey barrier electrode is
      formed by evaporation deposition of a transparently thin metallic layer.
NUM  5.
PAR  5. A process as in claim 4 wherein said metal is gold and said waveguide is
      formed of gallium arsenide.
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ABST
PAL  A metallization system for metallurgically bonding a semiconductor die to
      metallic conducting slugs as terminals at the same time, and at the same
      temperature, that a surrounding glass sleeve is hermetically sealed to the
      conducting slugs for forming a zener diode, for example, is disclosed. The
      metallization system comprises a combination of aluminum, tin and
      palladium, for bonding to molybdenum, the aluminum being vapor deposited
      followed by a vapor co-deposition of aluminum and tin and further followed
      by a vapor deposited layer of palladium.
PAL  A method of making a device is disclosed wherein the die, two metal slugs
      of molybdenum and a preformed high temperature sealing glass are assembled
      together and subjected to a time-temperature cycle which includes a rapid
      rise to a high temperature at which metallurgical bonding of the die to
      the metal slugs and hermetic sealing of the glass to the metal slugs take
      place in a short time interval followed by rapid cooling of the assembly
      to a temperature slightly below the eutectic of aluminum and silicon.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 430,431, filed Jan. 3, 1974.
BSUM
PAR  This invention is related to that disclosed in application Ser. No.
      409,843, filed Oct. 26, 1973 in the names of Earl K. Davis and Kent W.
      Hansen and assigned to the same assignee as the subject invention.
PAR  This invention relates to semiconductive devices having increased power and
      mechanical strength and to methods of making them and it is an object of
      the invention to provide improved devices and methods of this nature.
PAR  More particularly the invention relates to a metallization system on a
      semiconductive chip, or die, and a method of forming it whereby the
      semiconductive chip may be metallurgically bonded to the associated
      terminals. In the case of devices such as zener diodes wherein a
      semiconductive chip, two terminal slugs and the glass sleeve are assembled
      together and subjected to a heating cycle for metallurgically bonding the
      chip to the slugs and for hermetically sealing the slugs to the glass
      sleeve, the metallurgical bond is formed at the same time as the glass
      seal. This is achieved without destroying any of the junctions or other
      properties of the semiconductive chip. The need for placing the chip and
      the slugs under stress is thus eliminated.
PAR  Throughout this patent application the terms semiconductive die, chip,
      device or the like are used interchangeably without intending any
      restriction unless specifically pointed out.
PAR  While the invention has specific application to diodes such as zener
      diodes, for example, it will be clear that the invention has application
      to any semiconductive device wherein a metallization system is utilized
      for bonding the device to the connecting terminals.
PAR  Metallization systems used with zener, and other diodes, have been of the
      chrome-silver-gold variety wherein subsequent bonding of the die to the
      lead terminals or slugs has been with lead-tin solders, for example. Such
      bonding was carried out at relatively low temperatures and of course
      required a surrounding glass sleeve which would seal to the terminals at
      about the same low temperatures. Such bonds while quite satisfactory had
      relatively low strengths and low power carrying capability. Accordingly it
      is a further object of the invention to provide an improved metallization
      system of the nature indicated providing greater strength and increased
      power carrying capability.
PAR  Efforts to increase the power carrying capability and mechanical strength,
      according to the invention, utilizes metallurgical bonding of the die to
      the terminals. The metallization system for this purpose is carried out at
      a substantially higher temperature. The latter requires the use of a
      surrounding glass sleeve which will seal to the terminals at the same
      relatively high temperature. Moreover, the time-temperature cycle of the
      metallization system and the glass sealing temperature had to be such as
      to not damage or destroy the junction or other properties of the
      semiconductive device. Particularly this is important for low voltage
      alloy devices. The high temperature time interval thus has to be short.
PAR  The aluminum-tin alloy system, according to the invention, has the desired
      properties including that of enabling rapid cooling of the devices from
      the glass sealing temperature without either sacrificing the metallurgical
      bond quality or overstressing the die.
PAR  Accordingly, it is a further object of the invention to provide improved
      devices and methods for achieving these desirable ends.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the invention according to one form there is provided a
      metallization system for contacting and bonding to a semiconductor surface
      comprising: a first layer of aluminum deposited on the surface of said
      semiconductor, and a second layer comprising a mixture of aluminum and tin
      deposited on said layer of aluminum. More specifically a flash layer of
      palladium is deposited on said layer of aluminum and tin. More
      specifically still said first layer comprises aluminum of about 2000A to
      3000A thickness, said second layer comprises 15,000A to 25,000A thickness
      of a mixture of aluminum and tin in which mixture the aluminum comprises a
      minimum thickness of about 2000A, and said layer of palladium comprises a
      thickness of about 800A to 1000A.
PAR  According to a further form of the invention there is provided a method of
      forming a metallization system on a semiconductor surface for subsequent
      bonding to an electrode comprising the steps of: preheating such
      semiconductor surface to about 200.degree.C, forming an aluminum-silicon
      alloy on such surface and a layer of aluminum thereover, removing said
      preheat, and forming a mixture of aluminum and tin on said layer of
      aluminum, followed by a flash layer of palladium.
PAR  According to a still further form of the invention there is provided a
      semiconductor device having a metallurgical bond between the semiconductor
      die and the terminals attached thereto comprising a semiconductor die, a
      metallization system on each side of said die comprising an aluminum layer
      and a mixture layer of aluminum and tin, terminals comprising one of the
      group of metals of molybdenum, copper, nickel, silver, platinum,
      palladium, rhodium, tungsten and Dumet (a copper clad steel) on each side
      of said die and metallurgically bonded to said metallization system, and a
      glass preform bonded to each of said metal slugs.
PAR  According to a still further form of the invention there is provided a
      method of making a semiconductor device including a semiconductor chip, at
      least one terminal metallurgically bonded to said chip and a glass sleeve
      bonded to said terminal comprising the steps of: forming a semiconductor
      chip having a metallization system thereon comprising a layer of aluminum,
      a mixture layer of aluminum and tin on said aluminum layer; providing at
      least one terminal consisting of one metal selected from the group of
      molybdenum, copper, nickel, silver, platinum, palladium, rhodium,
      tungsten, Kovar (an alloy of nickel in cobalt and iron) and Dumet,
      disposing said terminal adjacent said semiconductor chip; providing a
      glass sleeve surrounding said terminal; subjecting the assembly of said
      chip, said terminal and said glass sleeve to a time-temperature cycle
      comprising an increase in temperature to about 725.degree.-825.degree.C in
      about 6-10 minutes followed by a decrease in temperature to slightly below
      the aluminum-silicon eutectic in a period of about 10-30 seconds and
      followed by a cool down to room temperature in about 5-7 minutes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention reference should be had
      to the accompanying drawings in which,
PAR  FIG. 1 is a sectional view, somewhat diagrammatic, and on an enlarged
      scale, of a diode embodying the invention.
PAR  FIG. 2 is a sectional view on a larger scale of a portion of the structure
      shown in FIG. 1 and illustrating its method of construction;
PAR  FIG. 3 is a sectional view on a larger scale of a portion of the structure
      shown in FIGS. 1 and 2;
PAR  FIG. 4 is a block diagram illustrating steps in the formation of the
      semiconductive device and its metallization system;
PAR  FIG. 5 is a diagrammatic view partially in section illustrating the method
      of forming the metallization system;
PAR  FIG. 6 is a block diagram illustrating steps in the formation of the final
      device; and
PAR  FIG. 7 is a graph illustrating a time-temperature cycle according to the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings there is shown in FIG. 1 a diode which, for
      example, may be a zener diode comprising a semiconductive die, or chip 10,
      a pair of metallic terminals or slugs 11 and 12 bonded at respective
      surfaces to the die 10, conductors 13 and 14 attached to and axially
      extending from respectively, terminals 11 and 12 and a glass sleeve 15
      bonded to the terminals 11 and 12. The bonds at the surfaces 16 and 17 of
      the die 10 and the metallic slugs 11 and 12, respectively, are
      metallurgical bonds in accordance with the invention, and the bonds formed
      between the interior surface 18 of the glass sleeve 16 and the adjacent
      surfaces of the metallic slugs 11 and 12 are high temperature hermetic
      seals formed at the same time that the metallurgical bonds are being
      formed.
PAR  Referring to FIG. 2 there is diagrammatically shown an enlarged version of
      the chip, or die, 10 and, in part, its manner of formation. Thus the die
      10 is shown between partially broken rectangles 19 and 21 which represent
      additional and identical dice on each side of die 10. These are
      representative of a wafer represented by the broken line 22 which would
      include as many die 10 as may be formed within the wafer according to well
      understood principles. A large number of dice 10 are formed in wafer 22
      and after all of the processing is carried out, as will be described,
      individual dies 10, 19, 21, etc. are formed by laser scribing at the kerfs
      23 and breaking into dice as is well understood. The processing will be
      described with respect to the die 10 of FIG. 2, but it will be understood
      that the same processing will have been carried out over the whole surface
      of the wafer 22.
PAR  As to the die 10 a body, or substrate 24, of silicon having N type doping,
      for example, of suitable resistivity is selected and a P type region 25 is
      diffused therein to form a junction 26. If desired in a particular case,
      the substrate 24 may be of P type doping and the diffusion 25 may be of N
      type doping. The diffusion 25 is performed in any well known manner such
      as by photoresist masking or the like followed by diffusion. Corresponding
      islands or P type regions 25 are of course formed in all of the areas
      which will become the dice 19, 21, etc. After the diffusions have been
      made the upper surface 27 of the wafer, the wafer is covered with a layer
      28 of silicon dioxide of suitable thickness. The silicon dioxide layer may
      be formed in any well known manner. After the layer of silicon dioxide 28
      is formed, suitable windows 29 are etched therein, one for each die in any
      suitable well known manner such as by the photoresist and etching
      techniques. Into each one of the windows 29 a metal system 31 is formed in
      good ohmic contact with the P doped region 25 and a second metallization
      system 32 identical to 31 is formed on the other side of the substrate 24.
PAR  The metallization system 31, 32, in accordance with the invention, and its
      method of formation, will be described in connection with FIGS. 2, 4 and
      5.
PAR  The metallization system comprises a combination of a layer of aluminum
      alloyed to the silicon and a combined layer of aluminum and tin formed
      over the first aluminum layer. A layer of palladium may be formed over the
      combined aluminum and tin layer in order to prevent oxidation of the
      aluminum during storage of the dice before being utilized in the formation
      of devices.
PAR  Referring to FIG. 5 there is shown a vacuum chamber 33 comprising a base 34
      and an inverted bell jar, or the like, 35. The jar 35 may be sealed to the
      base 34 at the joint 36 in any suitable manner and any degree of vacuum
      may be drawn through conduit 37 and valve 38. Interiorally of the chamber
      33 there is a wafer 22 disposed on a suitable support 39 which may, for
      convenience, also be a heating arrangement of any well known variety for
      heating the wafter 22 up to a desired temperature, for example, of about
      200.degree.C.
PAR  The wafer 22 in FIG. 5 has been processed as described and includes the
      layer of silicon dioxide 28 and the windows 29. Also disposed inside
      chamber 33 are three containers 41, 42 and 43 containing respectively
      appropriate amounts of aluminum 44, tin 45 and palladium 46. Any well
      known type of heaters, electrical resistance, induction or the like 47, 48
      and 49 are provided for heating the containers 41, 42 and 43 respectively.
PAR  After the wafer 22 has been heated to about 200.degree.C, the aluminum 44
      is heated to its boiling, or vaporization, temperature and a layer 51 of
      aluminum is deposited. The aluminum is heated to its boiling point of
      2467.degree.C and an equivalent thickness of about 2500A is deposited as
      shown in FIG. 4. The deposited aluminum forms a thin layer of
      aluminum-silicon eutectic alloy shown as 51A in FIG. 2 and a layer of pure
      aluminum shown as 51B in this Figure.
PAR  Throughout this specification, the symbol A means an Angstrom, a unit of
      length equal to one ten billionth of a meter.
PAR  After the layer 51 of aluminum (51A and 51B) is deposited the heat is
      turned off from wafer 22 and it is permitted to cool down at whatever rate
      the apparatus provides. During the cooling process and immediately
      following the initial aluminum deposition step the tin 45 is heated by the
      heater 48 to its boiling, or vaporization, temperature of 2270.degree.C.
      The aluminum remains at its boiling temperature. During this step the
      aluminum 44 and the tin co-deposit on the wafer to form the layer shown as
      52 in FIGS. 2 and 5. The equivalent thickness of aluminum deposited during
      this step is about 2500A and about 20,000A of tin are deposited. As a
      practical matter the amount of aluminum 44 and the amount of tin 45 are
      selected ahead of time so that the vapor deposition of these two metals
      continues until the containers 41 and 42 are empty.
PAR  Following the co-deposition of aluminum and tin the palladium 46 is heated,
      by heater 49, to its boiling, or vaporization, temperature of
      2927.degree.C to deposit a flash layer 53 of palladium about 800A to 1000A
      thick.
PAR  After the three layers of aluminum 51, aluminum-tin 52 and palladium 53 are
      deposited the wafer is turned over and disposed on the support 39. The
      vacuum is again formed inside of chamber 33 and the same cycle of
      deposition of aluminum, tin and palladium as already described is applied
      to give the layers, as shown, forming the metallization system 32 of FIG.
      2. Thus, there is a layer of aluminum 54 of about 2500A thick deposited to
      form an aluminum-silicon eutectic alloy layer 54A and a layer of aluminum
      54B on top of which there is co-deposited a matrix of aluminum and tin 55
      comprising an equivalent of an additional 2500A of aluminum and about
      20,000A of tin to give the co-deposit layer 55. On top of the aluminum-tin
      co-deposit layer 55 there is deposited a layer of palladium 56 of about
      800A to 1000A thickness.
PAR  After the second metal system 32 has been completed, the wafer is removed
      from the chamber 33 and is permitted to cool following which the wafer 22
      is laser scribed at the kerfs 23 and broken into chips or dice to be
      subsequently formed into the diodes, for example, as will be described.
PAR  while according to a preferred form of carrying out the invention aluminum
      and tin are separately evaporated to form the co-deposit layer 52, it will
      be understood that the layer 52 may be deposited from a tin-aluminum alloy
      for example one in the proportions of 90 tin-10 aluminum. The ratio of tin
      to aluminum may be varied for particular circumstances and since these two
      metals boil at temperatures relatively close to each other, equal volumes
      of the metals may be deposited in about the same time interval. The
      co-deposition layer should have a minimum thickness of 2000A in order to
      avoid subsequent peeling of the layer. The initial layer of aluminum 51
      should not be less than about 2000A of equivalent thickness, and may have
      a thickness of between 2000A and 3000A, the co-deposition layer 52 of tin
      and aluminum may have a thickness of about 15,000A to 25,000A and the
      layer of palladium 31 may have a thickness of between 500A and 1000A.
PAR  After the dice have been formed as described a particular die 10, referring
      to FIG. 1, may be assembled in any suitable fixture as will be well
      understood along with two metallic slugs 11 and 12 and a surrounding glass
      sleeve 15. This assembly may be passed through a furnace or sealer and
      subjected to the time-temperature cycle illustrated, for example, in FIG.
      7 and the metallurgical bond between the metal slugs and the die formed as
      well as the hermetic seal to the glass sleeve.
PAR  The metallic slugs 11 and 12 may be formed of any metal which will be wet
      by tin, which has the required properties of electrical conductivity and
      thermal expansion to be compatible with the glass of sleeve 15. Thus the
      slugs 11 and 12 may be formed of molybdenum, copper, nickel, silver,
      platinum, palladium, rhodium, tungsten, Dumet, Kover and perhaps others.
      The metal of the slugs in addition should not form brittle intermetallic
      compounds with aluminum.
PAR  Forming a metallurgical bond between the die and the metallic slugs
      requires that the bonding temperature be above the complete melting point
      of the bonding metal, that is, not just about the eutectic temperature but
      the melting point of the highest melting point of the material there. Thus
      the aluminum in the subject invention must be completely melted and the
      temperature must be at least 660.degree.C, the melting point of aluminum.
      Preferably the bonding temperature should be at least 25.degree.C above
      this melting point for example in the vicinity of 685.degree. to
      700.degree.C. In the actual case the percentages of aluminum and tin are
      not at the eutectic percentages so that the melting point is still higher
      than the eutectic and in the actual case temperatures in the vicinity of
      725.degree. to 825.degree.C are feasible.
PAR  The foregoing also requires that the glass of the glass sleeve 15 soften
      sufficiently to seal to the slugs 11 and 12 without melting to the extent
      of completely deforming. One composition of glass which has been found
      satisfactory but is not part of the subject invention is disclosed and
      claimed in the aforesaid co-pending application of Earl K. Davis and Kent
      W. Hansen. The composition of said glass in range and weight percent
      comprises the following and has been found to seal to molybdenum slugs
      without the presence of oxide thereon, in an atmosphere of nitrogen, at a
      temperature in the vicinity of 740.degree. to 760.degree.C in a period of
      time less than 1 minutes:
TBL            Preferred    Range                                              
     ______________________________________                                    
     SiO.sub.2   22             20-25                                          
     PbO         40             35-45                                          
     ZnO         10              8-12                                          
     Al.sub.2 O.sub.3                                                          
                  9              6-12                                          
     CdO          1             0-3                                            
     B.sub.2 O.sub.3                                                           
                 18             15-21                                          
                 100                                                           
     ______________________________________                                    
PAR  When the metal slugs 11 and 12 are formed of molybdenum they are provided
      with a flash coating of nickel 57 (FIG. 3) of about 50 to 140 micro inches
      in thickness and a flash coating of palladium 58 of about 10 to 20 micro
      inches in thickness. In FIG. 3 the various layers are shown and will be
      described as though the metallurgical bonding and glass sealing cycle have
      been gone through. Whenever it is necessary to plate another metal to
      molybdenum, such, for example, as the aluminum-tin alloy, the coating of
      nickel 57 is desirable. A flash coating of palladium or some other noble
      metal is plated over the nickel to minimize oxidation of the nickel. In
      the event that the metallic terminal slugs 11 and 12 are of other metal
      such for example as Dumet alloy the flesh coatings of nickel and palladium
      may not be necessary.
PAR  Referring to FIG. 6 there is shown a block diagram which represents the
      formation of the final diode device. This is shown, broadly, as a two step
      method or process the first of which is assembling the die, contact slugs
      and glass preform, or sleeve, as may be visualized in FIG. 1. The second
      step is subjecting the assembly to a time-temperature profile shown in
      FIG. 7 wherein the assembly is heated to about 725.degree.-825 C and
      subsequently cooled for performing the metallurgical bond of the die to
      the slugs and a seal of the glass preform to the slugs.
PAR  Referring to FIG. 7 the time-temperature cycle according to one form of the
      invention comprises a rising temperature portion 59 terminating at a
      plateau region 61, an up spike region 62 terminating at a further hold or
      plateau 63, a downward spike region 64 and a cooling down region 65.
PAR  The heating of the assembled units may be carried out in a well known belt
      type furnace in which a temperature profile as shown in FIG. 7 is
      maintained. The region 59 of heating from ambient to about
      500.degree.-550.degree.C which is below the aluminum-silicon eutectic
      temperature of 577.degree.C in about 5-7 minutes is not critical as to
      time. The time period can be greater or lesser than 5-7 minutes as may be
      appropriate. The temperature however should remain below the eutectic
      temperature in order to prevent the diffusion of silicon from out of the
      junction particularly in alloy junction devices. The dwell time period 61,
      or plateau, shown as being from 1 to 2 minutes also is not critical and
      may be longer or shorter. The plateau, or soak period, 61 is advantageous
      in a belt type furnace in order that all parts including the devices and
      the boat containing them be up to temperature in order that the next
      period 62 may be carried out effectively. It is desirable that the change
      from the temperature at the plateau 61 and the temperaure at the plateau
      or dwell 63 of 725.degree.-825.degree.C be fairly rapid. In effect, it
      should be a spike rise in temperature, shown for example as 20 seconds to
      one minute, in order to avoid the diffusing out of silicon in the case of
      low voltage silicon alloy junction devices. When all of the parts start at
      the plateau temperature of 500.degree.-550.degree.C it is feasible, in a
      belt type furnace, to have the temperature follow along the line 62. The
      plateau 63 temperature of 725.degree.-825 C is selected to be above the
      aluminum-silicon eutectic temperature and to be above the melting point of
      all of the aluminum present in the layers 51 (51A, 51B) and 52 in order
      that a metallurgical bond may take place between the silicon of the die
      and the metal of the terminal slugs 11 and 12 for example molybdenum.
PAR  The time period of the dwell 63 is shown as 10-60 seconds and should be a
      short as necessary in order to avoid out diffusion of silicon from low
      voltage alloy devices.
PAR  The temperature at the plateau 63 and the dwell time thereat is such that
      the glass of the glass sleeve 15 softens sufficiently to flow into contact
      with the adjacent surfaces 18 of the metal slugs 11 and 12 to form a
      sealing bond therewith. The temperature is sufficient however so that the
      glass preform 15 does not lose its shape.
PAR  The downward temperature region 64 is in the nature of a spike down from
      725.degree.-825.degree.C to 500.degree.-550.degree.C which is below the
      aluminum-silicon eutectic. The time for the drop represented by line 64 is
      shown as 10-30 seconds and is relatively critical in that the time above
      the aluminum-silicon eutectic should be short to avoid out diffusion of
      aluminum from the junction in alloy junction devices. The relatively rapid
      cooling at this stage also serves to lock in some residual stresses which
      is of advantage in sharp knee type zener diodes. The rapid cool down of
      region 64, however, does not overstress the die because the
      liquidus-solidus temperature range of aluminum-tin is fairly broad. The
      mixture of aluminum and tin remains slushy until about 230.degree.C.
PAR  The total time of the spike between the rise 62, the dwell 63 and the drop
      64 is relatively critical in that this total time should not be greater
      than that within which the out diffusion of silicon from the junction in
      alloy junction devices becomes significant. The time range as shown for
      this region has been found to be such as to produce completely
      satisfactory devices.
PAR  In other forms of sealers or furances, for example, the form known as a DAP
      sealer, the increase in temperature instead of following the regions 61
      and 62 may follow a line shown as the dotted line 66 where the temperature
      goes directly from the 500.degree.-550.degree.C to the glass sealing
      temperature at region 63. In this device similarly good metallurgical
      bonds and good glass seals are formed.
PAR  The cooling down region 65 from 500.degree.-550.degree.C to ambient is
      shown as being in the region of 5-7 minutes and is not critical. This can
      be longer or shorter as a particular furnace is programmed to operate.
PAR  The total time for the temperature cycling is shown in FIG. 7 as being in
      the range of 10-20 minutes. This is a very short time compared to other
      ways of forming such devices and results in a very strong metallurgical
      bond and glass seal as compared with known devices. Substantially
      increased power may be obtained without damage to the device and
      substantially increased strength is obtained.
PAR  The temperature at the dwell 63 also is as high as shown in order to
      produce a glass seal in a relatively short time. A lower temperature might
      be utilized in some instances but this would require a longer time for the
      sealing of the glass to take place and this time factor would not
      necessarily be good in the instance of alloy junction type devices.
PAR  Refering to FIG. 3 there is shown a representation of what is believed
      might be the case as to the nature of the metallic structure when the
      metallurgical bond is complete. Thus there is believed to exist at the P
      region 25 an Al-Si eutectic alloy layer plus possibly a trace of a ternary
      alloy of Al-Sn-Si. Next to the Al-Sn eutectic there is believed to be a
      layer of Al-Sn eutectic with a Pd-Al eutectic matrix. The palladium (Pd)
      which comes from the flash layer 53 of palladium used for protecting the
      aluminum from oxidation, is believed to take up any excess aluminum which
      might exist from the original aluminum deposition. Next to the Al-Sn
      eutectic is believed to be a layer of alpha Pd-Al alloy and/or alpha
      Pd-Al-Sn alloy. The very thin layer of palladium 53 on the diode chip as
      well as the palladium layer 58 on the metallic slug 11 are sufficiently
      thin as they do not significantly enter into the formation of the
      metallurgical bond.
PAR  The metallurgical bond formed between the chip and the terminal slugs by
      the aluminum, tin and palladium metals, as described, and as believed to
      exist as represented in FIG. 3 has been found to be very strong. For
      example, when the slugs 11 and 12 are moved back and forth such as by
      moving the lead conductors 13 and 14 back and forth until breakage occurs,
      it has been found that the rupture or break occurs within the silicon chip
      rather than in the metallic system of aluminum, tin and palladium.
PAR  The aluminum-tin system according to the invention with the incidental
      addition of palladium has substantial advantages of strength and
      additional power capability as compared with the well known metallization
      system of chrome-silver-gold.
PAR  The metallization system according to the invention is advantageous in
      several ways. Aluminum is a good electrical conductor and alloys well with
      silicon. It is in fact one of the dopant materials for forming the P type
      region of the diode and it forms a good ohmic contact with silicon for
      good electrical properties. Tin is a good metal to use along with aluminum
      because, in its use in the combined layer of aluminum and tin, it prevents
      further penetration of the aluminum into the silicon particularly during
      the spike cooling stage 64 so that the junction of the diode is not
      ruined. Thus it is possible to make low voltage alloy junction devices
      using aluminum and silicon. The aluminum-tin system minimizes cracking
      during rapid cooling because of the wide range of liquidus-solidus
      temperature range of this system and it avoids the cracking which might be
      associated with an aluminum-silicon system having a single point eutectic
      at 575.degree.C.
PAR  When the aluminum, tin and palladium are deposited as described the
      resulting alloy by weight may have a composition of 80 percent tin, 13
      aluminum and 7 percent palladium, varying perhaps to about 90 percent tin,
      81/2 percent aluminum and 11/2 percent palldium.
PAR  Platinum and rhodium may be substituted for palladium if desired and when
      palladium is used on molybdenum slugs it acts as a fluxing agent for
      removing oxide from the molybdenum.
PAR  While the invention has been described particularly in connection with
      silicon as a semiconductive material it will be understood that this is
      exemplary only and that the metal system should function equally well with
      germanium and other semiconductive materials.
PAR  As has already been pointed out the thin or flash coating of palladium over
      the co-deposition of aluminum and tin protects the aluminum from oxidizing
      while the devices are in storage.
PAR  While tin has been described as being deposited by vaporization it will be
      understood that this also is exemplary and that tin may be chemically or
      electrolytically deposited in appropriate situations. Correspondingly
      after aluminum has been deposited palladium can next be deposited and then
      tin deposited chemically or electrochemically. In this case there would be
      no co-deposition of aluminum and tin but the final composition in the
      finished diode the metallic structure would be essentially the same.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a semiconductor device including a semiconductor
      chip, at least one terminal metallurigically bonded to said chip and a
      glass sleeve sealed to said terminal comprising the steps of:
PA1  forming a semiconductor chip having a metallization system thereon
      comprising a layer of aluminum, a layer of aluminum and tin mixture on
      said aluminum layer;
PA1  providing at least one terminal consisting of one metal selected from the
      group of molybdenum, copper, nickel, silver, platinum, palladium, rhodium,
      tungsten, a copper clad steel and an alloy of nickel and cobalt in iron;
PA1  disposing said terminal adjacent said semiconductor chip;
PA1  providing a glass sleeve surrounding said terminal;
PA1  subjecting the assembly of said chip, said terminal and said glass sleeve
      to a time-temperature cycle comprising an increase in temperature to about
      725.degree.-825.degree.C in about 6-10 minutes followed by a decrease in
      temperature to slightly below the aluminum-silicon eutectic in a period of
      about 10-30 seconds, and followed by a decrease in temperature to room
      temperature in about 5-7 minutes.
NUM  2.
PAR  2. The method according to claim 1 wherein the decrease in temperature to
      slightly below the aluminumsilicon eutectic is to a temperature of about
      500.degree.-550.degree.C.
NUM  3.
PAR  3. The method according to claim 1 wherein said increase in temperature to
      about 725.degree.-825.degree.C comprises an increase from ambient to
      slightly below the aluminum-silicon eutectic in about 5-7 minutes, a hold
      thereat of about 1-2 minutes, an increase in temperature to about
      725.degree.-825.degree.C in about 20-60 seconds, and a hold therat for
      about 10-60 seconds.
NUM  4.
PAR  4. The method according to claim 1 wherein the decrease in temperature to
      slightly below the aluminumsilicon eutectic occurs in a period of about
      10-30 seconds.
NUM  5.
PAR  5. The method according to claim 1 wherein the step of providing at least
      one terminal comprises selecting the metal molybdenum.
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PAL  A technique for the fabrication of thin film electrets designed for use in
      electroacoustic transducers involves depositing a thin film of aluminum or
      titanium upon a perfluorinated foil and etching away the film prior to
      deposition of gold. The resultant structure evidences superior adhesion
      characteristics and electrical characteristics comparable to those
      previously described.
BSUM
PAR  This invention relates to a technique for the fabrication of a metallized
      thin film foil-electret and to the electret so produced. More
      particularly, the present invention relates to a technique for the
      fabrication of a thin film foil electret comprising a fluorinated polymer
      having deposited thereon a thin film of gold, and to the electret so
      produced.
PAR  During the past few years a rebirth of interest has occurred in a class of
      structures commonly termed "foil electrets", such structures being
      suitable for use in electrometers, dosimeters, and most significantly, as
      the vibratile diaphragm of electroacoustic transducers. The diaphragm in
      such structures has heretofore been comprised of a metallized (typically
      aluminum) thin foil of a fluorinated ethylene-propylene copolymer or
      polytetrafluoroethylene, such compositions being marketed commercially
      under the tradename of "Teflon FEP" or "Teflon TFE", respectively. The
      metallized foil is converted into an electret by any well-known technique
      prior to the fabrication of a transducer or any of the above noted
      devices. Studies of such electret structures have revealed that air
      oxidation of the aluminum often caused corrosion, a phenomenon which
      typically results in contact failure over large sections resulting in
      large insensitive areas. Emphasis was then shifted to gold, a metal which
      ordinarily does not adhere well to Teflon, such being attributed to the
      presence of surface regions of low mechanical strength in the fluorinated
      polymer.
PAR  More recently a technique was described for fabricating a perfluorinated
      foil electret having a layer of gold deposited thereon which involved
      bombarding one surface of a perfluorinated foil with an electron beam of
      specified energy and intercepted charge density, depositing gold upon the
      bombarded surface, charging the uncoated surface of the polymer and baking
      the metallized foil electret. Electrets prepared in accordance with this
      procedure were found to evidence limited and reversible damage in charge
      storage properties of the polymer while retaining excellent adherency
      characteristics.
PAR  Although the foregoing procedure has been satisfactory from the standpoint
      of joint strength and charge retention behavior, workers in the art sought
      to develop simpler processes which might obviate the necessity of
      employing irradiation and heat treatment.
PAR  In accordance with the present invention, this end has been attained by a
      novel technique wherein a thin film of a metal is initially deposited upon
      a perfluorinated foil by conventional vacuum evaporation techniques,
      subsequently removed therefrom by dissolution in a solvent and a layer of
      gold deposited upon the surface of the foil. Studies have revealed that
      the tensile shear strength of the resultant metallized foil approaches the
      cohesive strength of polytetrafluoroethylene while preserving the
      electrical characteristics thereof.
PAR  The invention will be more fully understood by reference to the following
      detailed description taken in conjunction with the accompanying drawing
      wherein:
DRWD
PAR  FIG. 1 is a graphical representation on coordinates of temperature in
      degrees centigrade against current in relative units showing thermally
      stimulated current characteristics for treated and untreated Teflon foil
      samples having aluminum or gold coatings;
PAR  FIG. 2 is a representation of the electron spectra of aluminum treated
      Teflon, gold treated Teflon and untreated Teflon showing the surface
      characteristics of various foils; and
PAR  FIG. 3 is a sectional view of an electrostatic acoustic transducer
      including a thin film foil-electret prepared in accordance with the
      invention.
DETD
      The first step in the fabrication of a thin film electret in accordance
      with the present invention involves depositing a thin film of a metal upon
      one surface of a sample of a perfluorinated polymer, typically fluorinated
      ethylene-propylene copolymer or polytetrafluoroethylene. Metals suitable
      for use in the practice of the present invention must be capable of being
      deposited upon the polymer surface and be readily removable without
      significantly modifying the physical surface of the polymer while
      effecting a chemical modification of the surface. Studies have revealed
      that metals suitable for this purpose are titanium and aluminum.
PAR  In the operation of the process, nonmetallized perfluorinated polymer films
      are cut into circular samples and framed between cardboard rings for
      convenience in handling. The samples are then mounted in any conventional
      thin film evaporation apparatus and a thin film of a metal of at least
      monolayer thickness is deposited thereon. Although thickness is not
      critical, a general preference exists for films having a thickness within
      the range of 10-1000 Angstroms. It has been found that at least 10
      Angstroms of metal is required to get satisfactory surface coverage
      whereas films in excess of 1000 Angstroms tend to be in a state of tension
      or compression and unsuitable for device purposes. Evaporation is effected
      by any conventional evaporation process.
PAR  Following, the coated films are immersed in an etchant suitable for
      removing the metal coating from the fluoropolymer. Etchants suitable for
      this purpose include either dilute bases such as sodium hydroxide and the
      like or dilute acids such as hydrochloric acid and the like. The samples
      so etched are then washed and dried and prepared for gold evaporation.
PAR  This end is attained by again mounting the sample in the evaporation
      chamber and thereafter dopositing a thin film of gold having a thickness
      within the range of 500-5000 Angstroms thereon to serve as one electrode
      of the desired electret. The thickness of the gold film is not critical
      for most applications and is determined solely on continuity
      considerations.
PAR  Composites of gold-Teflon (fluoropolymer) or aluminum-Teflon
      (fluoropolymer) for joint strength measurements are formed by cutting
      strips from the circular Teflon samples and joining both sides by means of
      a conventional epoxy adhesive to aluminum pieces which have been
      chemically etched. The composites are bonded at 70.degree.C in a device
      capable of maintaining a 1.25 cm overlap. Following curing of the epoxy,
      the composites are tested for joint strength in an Instron in accordance
      with ASTM D1002-64.
PAR  The adhesive joint strengths for various composites are shown in the Table
      set forth below:
TBL                TABLE                                                       
     ______________________________________                                    
     SURFACE REGION MODIFICATION OF                                            
     TEFLON FEP BY METAL DEPOSITION                                            
                          Tensile Shear Strength                               
     Film                 of Composite in FIG. 1                               
     ______________________________________                                    
                              Kg/cm.sup.2                                      
     1.   Teflon FEP (as received,                                             
                              .about.0                                         
          no metallization)                                                    
     2.   Teflon FEP (untreated except                                         
                              .about.0                                         
          for sufficient exposure to                                           
          dil. NaOH which is required                                          
          to dissolve aluminum, no                                             
          metallization)                                                       
     3.   Teflon FEP          .about.0                                         
          (1000 A gold deposited)                                              
     4.   Teflon FEP          94                                               
          (1000 A aluminum deposited)                                          
     5.*  Teflon FEP          124                                              
          (1000 A film of aluminum                                             
          dissolved from substrate                                             
          by dil. NaOH)                                                        
     6.   Teflon FEP          83                                               
          (after removal of Al                                                 
          from above, 1000 A of                                                
          gold deposited)                                                      
     ______________________________________                                    
      *No aluminum detected on Teflon FEP by X-ray fluorescence.               
PAR  The data shown indicate that the joint strengths for evaporated gold-Teflon
      FEP composites are essentially zero. A considerable enhancement of the
      joint strength results when aluminum is deposited by evaporation onto
      previously untreated Teflon FEP, so suggesting that aluminum deposition
      causes a surface modification of the fluoropolymer during deposition.
      Removal of aluminum followed by the deposition of gold yields joint
      strengths of about 80 kg/cm.sup.2, such being in excess of those
      previously reported.
PAR  The electrical properties of the described samples are evaluated after
      charging by any well-known technique. This end may conveniently be
      effected by mounting the sample in an electron bombardment chamber and
      bombarding the structure with a focused and scanned monoenergetic beam
      operating in the range of 10-40 keV for intervals of from 1--10 seconds in
      a vacuum while maintaining a current density of a time interval selected
      to yield a current time product within the range of 10.sup..sup.-8 to 2
      .times. 10.sup..sup.-7 A sec/cm.sup.2. After charging, the samples may be
      removed from vacuum for the performance of thermally-stimulated current
      (TSC) experiments. Data are obtained by heating the charged samples in
      open circuit (between evaporated electrode and second electrode at 0.5 cm
      distance from the polymer face of the sample) while applying a linear
      heating rate of 1.degree.C per minute. The TSC peaks for the gold coated
      (after aluminum evaporation and removal) and control samples (aluminum
      coated) are both found at about 190.degree.C as seen in FIG. 1, such
      having been previously observed for untreated negatively charged Teflon.
      Teflon samples coated with sputtered gold or samples subjected to glow
      discharge and then gold coated evidence peak temperatures within the range
      of 130-150.degree.C, so indicating differences in electrode properties
      from those described herein. The charge retention characteristics and the
      TSC behavior indicate that the electrical properties of films prepared as
      described herein are equivalent to those in which aluminum is evaporated
      on Teflon.
PAR  Evaluation of the surface composition of deposited films prepared as
      described herein and by prior art processes is determined by X-ray
      photodetection spectroscopy using a Varian V1EE-15 spectrometer system
      with Mg K.alpha. radiation (1253.6 ev) as the excitation source. The
      pressure in the spectrometer during measurements was .about.10.sup..sup.-2
      torr. at a temperature of about 35.degree.C. Sample preparation involved
      depositing a 1000 Angstroms thick layer of either vacuum evaporation gold
      or aluminum upon one side of a 25 .mu.m thick Teflon FEP sample. The metal
      was then removed from the polymer by immersion in mercury (for gold) or
      0.1 N sodium hydroxide (for aluminum). The films were examined in the
      spectrometer after being mounted on cylindrical holders with double sided
      tape.
PAR  Fluorine, oxygen and carbon electron spectra of various Teflon FEP samples
      is shown in FIG. 2. Line 1 of the figure shows that untreated Teflon gives
      rise to intense fluorine and carbon photolines at about 689 and 292 ev,
      respectively. The high carbon binding energy reflects the highly
      electronegative fluorine environment of carbon atoms in Teflon FEP.
PAR  Analysis of line 2 reveals the absence of gold and mercury signals in the
      gold treated FEP Teflon, so indicating that neither of these elements were
      retained in the surface region.
PAR  Comparison of the electron spectra of aluminum treated Teflon FEP (line 3)
      with untreated Teflon FEP (line 1) reveals that both the fluorine and
      carbon signals of line 3 at about 689 and 292 ev have diminished in
      intensity by about 50 percent, while broad oxygen and carbon photolines at
      about 532 and 285 ev have appeared.
PAR  Based upon the foregoing, it is evident that a significant amount of
      fluorine is being lost from the surface region of Teflon during the
      aluminum treatment, so suggesting the introduction of unsaturation which
      would account for the enhancement of joint strength.
PAR  Following treatment, the prepared electret may be used in the fabrication
      of an electroacoustic transducer of a type depicted in FIG. 3.
PAR  With reference now more particularly to FIG. 3 there is shown a sectional
      view of electroacoustic transducer including a thin thilm electret of the
      type prepared in accordance with the invention. Shown in FIG. 3 is an
      electrically charged perfluorinated film 31 stretched over a metal
      backplate 32. Film 31 typically comprises a perfluorinated
      ethylene-propylene copolymer (Teflon FEP) or polytetrafluoroethylene
      (PTFE) of a thickness of about 0.001 inch. Shown deposited upon the upper
      surface of film 31 is a thin layer 33 of gold deposited thereon by the
      above-described techniques. The metallized polymer film is charged and is
      commonly referred to as a metallized foil electret. The backplate surface
      is typically arranged so that the foil contacts its surface at discrete
      points or along discrete lines only. In those areas where contact is not
      made, shallow air pockets permit vibration of the foil upon impingment of
      sound waves thereon. Backplate 32 is perforated and supported above an air
      cavity 34. This arrangement reduces the stiffness of the air cushion
      behind the diaphragm and permits vibration of the film with a greater
      amplitude, thereby increasing transducer sensitivity.
PAR  It will be appreciated by those skilled in the art that the present
      invention is not limited to the fabrication of foil electrets and may be
      used in the fabrication of gold metallized foils suitable for diverse
      applications in which excellent electrical properties are desired. It will
      also be appreciated that an automatic system can be implemented that would
      allow long strips of material to be fabricated using this method.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Technique for the fabrication of a foil electret which comprises the
      steps of depositing a layer of gold on the surface of a perfluorinated
      foil and charging the non-gold coated face of said foil, the improvement
      which comprises depositing a thin film of a metal selected from the group
      consisting of aluminum and titanium on the surface of said foil and
      removing the thin film with a solvent prior to deposition of the gold
      layer.
NUM  2.
PAR  2. Technique in accordance with claim 1 wherein said thin film ranges in
      thickness from 10-1000 Angstroms.
NUM  3.
PAR  3. Technique in accordance with claim 1 wherein said foil is
      polytetrafluoroethylene.
NUM  4.
PAR  4. Thin film foil electret prepared in accordance with the procedure of
      claim 1.
NUM  5.
PAR  5. Technique in accordance with claim 1 wherein deposition of the thin film
      is effected by evaporation.
NUM  6.
PAR  6. Technique in accordance with claim 3 wherein said thin film is aluminum
      and said solvent is dilute sodium hydroxide.
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ABST
PAL  A method for manufacturing a connecting circuit comprises essentially the
      stages of deposition of conductors upon a first metal which is etchable by
      chemical agent and, said semiconductors resisting said agent and the
      replacing of said first metal which have been removed by an insulating
      material in which said conductors are embedded, and hollowing out said
      material to form a cavity and to open into said cavity one of the ends of
      said conductors.
BSUM
PAR  The present invention relates to a multilayer connecting circuit for
      integrated miniaturised wiring systems. It relates likewise to a method
      for manufacturing such circuits, in which cavities expose the conductor
      extremities in the encapsulation. This method has a certain number of
      stages which are involved in the manufacture of the miniaturised wiring
      system circuits properly so called, this making use only of the technique
      employed for said manufacturing operation.
PAR  These cavities make it possible, amongst other things, to directly solder
      the conductors of the miniature wiring system, without the need for any
      intermediate element, said conductors terminating at the printed circuit
      board, to the output electrodes of the integrated circuits.
PAR  At the present time, the only known method is to connect the terminals of
      the integrated circuit to those of the housing, and then to connect the
      output connections of the housing to the printed circuit board. This means
      two soldering operations per output and requires the use of quite bulky
      housings in relation to the side of the integrated circuit itself.
PAR  The object of the present invention is to overcome these drawbacks and the
      invention relates to a method for manufacturing an integrated miniaturised
      wiring system circuit of the kind comprising one or more layers of
      conductors encapsulated in an insulator and forming a compact block, in
      that one or more cavities having a surface slightly higher than the
      surface of the device it is desired to incorporate into the assembly, are
      formed inside the said compact block during its manufacture, so that the
      ends of the conductors open into said cavities and can readily be soldered
      to the appropriate outputs of the device which may, for example, be an
      integrated circuit.
PAR  According to the present invention, there is provided a method for
      manufacturing a multilayer connecting circuit for an integrated
      miniaturised wiring system of the kind comprising the deposition of
      conductors upon a first metal which is etchable by certain chemical
      agents, said conductors resisting said etching action, and the replacing
      of said first metal which has been removed, by an insulating material,
      comprising the following stages:
PA1  A. first etching of a part of said first metal, down to a predetermined
      thickness;
PA1  B. replacement of said first etched metal by an insulating layer;
PA1  C. first covering of the whole external surface of the device with a thin
      layer of said first metal;
PA1  D. localising and deposition on said thin layer of a photosensitive resin
      mask;
PA1  E. second covering of the whole of the device with the exception of the
      zone protected by the mask, with a thick layer of said first metal;
PA1  F. removal of said mask and laying bare of said thin layer at its location;
PA1  g. rapid etching by said chemical agent, of said thin layer and exposing of
      said insulator at this location;
PA1  h. hollowing out of the insulator thus bared, forming a cavity in which
      there terminates at least one end of said conductors;
PA1  i. chemical etching by means of said chemical agent, of the whole of said
      thick layer and of said first metal.
DRWD
PAR  The invention will be better understood from a consideration of the
      following explanations and the eight attached figures, each of which
      illustrates a stage in the manufacture of a device in accordance with the
      invention.
PAR  FIG. 1 illustrates a two-layer connecting circuit manufactured by a known
      method, as it appears at the manufacturing stage from which the following
      manufacturing stages are involved in accordance with the invention.
PAR  FIG. 2 shows a partially etched layer.
PAR  FIG. 3 shows the circuit with an encapsulating resin layer.
PAR  FIG. 4 shows the connecting circuit.
PAR  FIG. 5 shows a thickened layer.
PAR  FIG. 6 shows the circuit with the thin layer dissolved.
PAR  FIG. 7 shows the assembly after etching of the insulator.
PAR  FIG. 8 shows the completed circuit with conductors.
DETD
PAR  The circuit shown in FIG. 1 comprises:
PAR  A layer 1 having two faces 11 and 12, of a material readily attacked by a
      chemical agent, e.g. a material such as copper; a connector 2 deposited
      upon the first face 11 and connectors 3 and 4 deposited upon the second
      face 12, of said layer 1, in a given profile and made of a material which
      is resistant to said chemical agent, of material such as gold for example.
PAR  FIG. 2 shows the layer 1 which is partially etched, from the face 12, by
      the reactive agent, down to a predetermined thickness which is as small as
      possible but nevertheless compatible with forward manipulation of the
      device during the ensuing operations.
PAR  FIG. 3 shows the device encapsulated in a resin layer 5 which, amongst
      other things, fills out the gaps left by the removal of the copper leaving
      the face 11 still exposed. This resin layer is an insulator in which the
      connections located at the face 12 are embedded. It is in this insulator
      where, in accordance with the invention, the cavities are formed into
      which the integrated circuits are inserted.
PAR  The whole external surface of the device is subsequently completely covered
      with a thin layer 6 of the same material as the layer 1, upon which there
      is locally deposited a resin mask 7 whose function will be explained
      hereinafter.
PAR  FIG. 4 illustrates the connecting circuit at the end of this stage. The
      dimensions of the mask 7 and its locations are determined by the
      dimensions of the cavity which is to be produced and the positioning of
      the latter in the resin, 5, at the level of the conductors 3 and 4, for
      example. The application of said thin layer of copper 6 and of the resin
      mask 7, makes exclusive use of known techniques such as the so-called
      "electroless" methods in the case of the copper 6, and photo etching in
      the case of the mask 7.
PAR  FIG. 5 shows the layer 6 which is thickened by, for example, the
      electrolytic deposition of a thick film 8 of copper which covers the thin
      film 6 overall except where the mask protects it.
PAR  FIG. 6 illustrates the next stage during that the mask 7 having previously
      been dissolved, short-term chemical etching is carried out to eliminate
      the thin layer of copper 6 at the location exposed by the departure of the
      mask 7. The duration of the chemical etching operation is such that the
      thin layer 6 is dissolved whereas the thick layer remains virtually
      untouched as FIG. 6 shows.
PAR  FIG. 7 illustrates the assembly when it has been subjected to the ensuing
      manufacturing stage, during which etching of the insulator 5 has been
      carried out from the zones bared by the localised removal of the thin
      layer 6 using a reactive agent which etches neither copper nor gold. The
      result is the hollowing out of the insulator and the formation in the
      insulator 5 of a cavity 10 into which the ends of the conductors 3 and 4
      are opened.
PAR  FIG. 8 illustrates the final step of manufacture of the circuit in
      accordance with the invention. During said step the whole of the remaining
      copper is removed by means of a fresh chemical etching operation of
      sufficient length. The circuit then takes the form shown in FIG. 8,
      completed with its network of conductors 2, 3 and 4 embedded in the
      insulating resin 5 except for the cavity 10 which is ready to take the
      integrated circuit (not shown in the figure), for connection to the
      conductors 3 and 4.
PAR  The invention described relates to a two-layer circuit comprising two
      levels of conductors, however, it goes without saying that using the same
      techniques and by repeating the process described in accordance with the
      invention, several times, it is possible to manufacture multilayer
      circuits equipped with cavities formed inside the insulator encapsulating
      the conductors.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for manufacturing a connecting circuit for an integrated
      miniaturised wiring system said circuit including conductors having one of
      their ends opened into a cavity in which said system is to incorporated,
      said method comprising depositing said conductors upon a first metal which
      is etchable by certain chemical agents, said conductors resisting said
      agents the etching of a part of said first metal and the replacing of said
      first metal which has been removed, by an insulating material in which
      said ends of said conductors are embedded said method further comprising
      the following stages:
PA1  a. first covering of the whole external surface of the device thus obtained
      with a thin layer of said first metal;
PA1  b. localising and depositing on said thin layer of a photosensitive resin
      mask, determined by the dimension of said cavity;
PA1  c. second covering of the whole of the device with the exception of the
      zone protected by said mask, with a thick layer of said first metal;
PA1  d. removal of said mask laying bare of said thin layer;
PA1  e. rapid etching by said chemical agents, of said thin layer and baring
      said insulating material at this location;
PA1  f. hollowing out of said insulating material thus bared, forming
PA1  said cavity in which at least one end of said conductors is opened into;
PA1  g. chemical etching by means of one of said chemical agents of the whole of
      said thick layer and of said first metal.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein said first metal is copper and
      the material constituting the conductors, gold.
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ABST
PAL  A procedure for accomplishing the conditioning and placement of a plurality
      of wires for the simultaneous termination of the wires of a multi-pin
      connector. Terminal sleeves are employed to both position and lock the
      several wires to the multi-pin connector. The sleeves are held fixed
      relative to one another in an identification block and wires are threaded
      therethrough. When positioned, the wires are held by a wire clamp
      cooperating with the identification block. Simultaneous cutting and
      stripping of the wires may then be performed in preparation for
      termination with a multi-pin connector. Once prepared, the wires are
      positioned adjacent a row of pins on the multi-pin connector and the
      identification block with the sleeves enclosed is forced toward the
      prepared ends of the wires and onto the connector pins. This sliding of
      the sleeves over the ends of the wires and onto the connector pins easily
      and quickly completes the positioning of the wires relative to the
      connector pins to insure the proper termination of each individual wire.
      By fixing the wire clamp relative to the multi-pin connector, the wires
      will be held relative to the multi-pin connector during the sliding of the
      sleeves onto the connector pins.
BSUM
PAR  This invention relates to the process and apparatus whereby a plurality of
      wires may be handled simultaneously for the termination of the wires to a
      multi-pin connector.
PAR  One of the principle problems associated with the fabrication of any wiring
      system of substantial complexity is the necessity for the termination of
      individual wires to connectors and other similar electrical components.
      Naturally, when each wire must be individually soldered to the appropriate
      terminal pin, the labor costs associated with the fabrication of the
      electrical system becomes of major importance. Further, the individual
      soldering operations can often result in mistakes and defective
      terminations simply because of the magnitude of individual operations
      involved. The proper placement of each wire relative to the appropriate
      pin, the exact location of the solder bead and the prevention of
      electrical paths between adjacent wires and pins are important
      requirements for each wire termination. It is further advantageous to have
      terminal sleeves associated with each terminal connection for strength,
      insulation, protection and uniformity of the connection. All of these
      conditions preferably should be met for each terminal created. Thus, each
      wire termination must be accurately and yet rapidly performed in order
      that a competitve and reliable system may be created.
PAR  The present invention insures the accurate and simultaneous preparation of
      a plurality of wires and provides for the exact positioning of each
      individual wire with its proper terminal pin. Further, the system provides
      for the use of individual terminal sleeves about each wire termination.
      This accurate and simultaneous procedure for the termination of a
      plurality of wires with a multi-pin connector or other electrical
      component helps reduce the labor costs, assembly time, possibility of
      errors during assembly, and possiblity of defective terminations. Further,
      terminal sleeves can be employed without causing fraying and buckling of
      the wire ends during the positioning of the wires within the sleeves.
PAR  More specifically, the invention involves the positioning of a plurality of
      terminal sleeves for the receipt of individual wires before these wires
      are cut to the appropriate length and stripped. Once the wires are
      positioned within the sleeves, they may be simultaneously or individually
      cut and stripped in preparation for termination with a multipin connector.
      When the terminal ends of the individual wires have been prepared, the
      wires and sleeves may be transported together to a position adjacent the
      multi-pin connector. The sleeves are then wiped over the terminal ends of
      the wires and moved onto the connector pins in a single motion. In this
      sliding process, the filaments of each stripped wire are drawn together
      within the sleeve and held with the appropriate pin. The sleeves may be
      heat shrinkable and each contain a solder bead. Such terminal sleeves are
      disclosed in the Wetmore United States Letters Patent No. 3,243,211,
      incorporated herein by reference. Thus, soldered and insulated
      terminations may be created.
PAR  To accomplish this simultaneous handling of a large number of wires, an
      identification block is provided to assist the selective positioning of
      each wire for later alignment with a multi-pin connector. The
      identification block is adapted to accept and retain terminal sleeves
      through which the wires may pass. Once the wires are positioned, they may
      be cut to length, stripped of a length of insulation and positioned
      adjacent the appropriate connector pins. An entire set of wires can be
      simultaneously subjected to these steps because of the prior positioning
      of the wires in the identification block. Further, the identification
      block can be used to simultaneously slide the plurality of terminal
      sleeves along the wires to the cut and stripped ends thereof and over the
      connector pins of the multi-pin connector. A wire clamp is also included
      to work in conjunction with the identification block to resist
      longitudinal movement of the wires through the identificaton block in one
      direction and to promote relative longitudinal movement of the wires
      through the identificaton block in the other direction.
PAR  Accordingly, it is an object of the present invention to provide a method
      for processing in a single series of steps a plurality of wires for
      termination with a multi-pin connector.
PAR  It is another object of the present invention to provide a method whereby
      terminal sleeves are employed simultaneously to locate a plurality of
      wires on connector pins to provide reliable termination thereof.
DRWD
PAR  Thus, an improved method for the termination of a plurality of wires at a
      multi-pin connector is disclosed. Further objects and advantages of the
      present invention will be made readily apparent from the following
      detailed description and accompanying drawings.
PAR  FIG. 1 is a front elevation of an identification block of the present
      invention.
PAR  FIG. 2 is a front elevation of a wire clamp of the present invention.
PAR  FIG. 3 is a top view of the identification block and wire clamp of FIGS. 1
      and 2, assembled together with a plurality of wires positioned therein.
PAR  FIG. 4 is a cross-sectional side view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a plan view of the identification block of FIG. 1 with terminal
      sleeves and wires in place and with the upper member thereof removed.
PAR  FIG 6 is a plan view of a holder employed to position the identification
      block of FIG. 1 and clamp of FIG. 2 for the automated sliding of the
      terminal sleeves onto a multi-pin connector.
PAR  FIG. 7 is a cross-sectional side view taken along line 7--7 of FIG. 6 with
      the upper member of the identification block rotated out of the way.
DETD
PAR  Turning specifically to the drawings, and specifically to FIG. 1, an
      identification block, generally designated 10, is disclosed. The
      identification block 10 includes an upper elongated member 12 and a lower
      elongated member 14 hinged together about a pin 16. In FIG. 1, the
      identification block 10 is shown in the closed position. The upper
      elongated member 12 is illustrated in the open position by phantom lines
      18. The lower elongated member 14 is a relatively thin, substantially
      rectangular bar having a lug 20 extending upwardly therefrom to
      accommodate the pin 16. The lower surface of the lower member 14 is
      slightly beveled at 22 as best seen in FIG. 4 to facilitate the
      positioning of the identification block 10 into a wire cutter or stripper
      such as illustrated in the Meadows application entitled Wire
      Cutter-Stripper, Serial No. 442,398,  filed February 14, 1974,  filed
      concurrently herewith and assigned to the assignee of the present
      application, the disclosure of which is incorporated herein by reference.
      The lug 20 extends laterally beyond the end of the lower member 14 to form
      a locating tongue 24.
PAR  The upper elongated member 12 is also a substantially rectangular block
      having clevis lugs 26 and 28 extending to cooperate with pin 16. The lug
      20 associated with the lower member 14 is sized to fit between the clevis
      lugs 26 and 28 to form the hinge between the upper member 12 and the lower
      member 14. At the other end of the upper member 12, a notch 30 is provided
      centrally within the upper member 12 to receive a latching assembly,
      generally designated 32. Thus, means for joining the upper and lower
      elongated members 12 and 14 are provided. The notch 30 extends beyond the
      latching assembly 32 to form a groove capable of receiving a locating
      tongue.
PAR  The latching assembly 32 includes a latch 34 pivotally mounted to a pin 36
      extending across the notch 30 through the upper member 12. The pin 36
      allows pivotal motion of the latch 34 in order that a hook 38, formed on
      the lower end of the latch 34, might engage the lower member 14. A spring
      40, sized to fit within the slot 30 biases the latch 36 toward the closed
      position. The spring 40 extends through the notch 42 to a hole 44 provided
      in the upper member 12. The latch 34 extends upwardly from the notch 30 to
      accommodate manual actuation of the latching assembly 32.
PAR  The mating surfaces of the upper and lower members 12 and 14 are generally
      planer and are in juxtaposition when the identification block 10 is
      closed. Provided in each mating surface is a recess. The recesses are
      aligned and operate together to form a cavity for receiving and holding
      terminal sleeves. The recess configurations are best seen in FIGS. 4 and
      5. In the lower member 14, a rectangular recess 46 extends across the wire
      receiving portion of the lower member 14 and is open to the rear of the
      lower member 14. The terminal sleeves simply rest within this rectangular
      recess 46 as best seen in FIG. 5. The terminal sleeves are prevented from
      moving forward relative to the identification block 10 by the frontwall 48
      of the rectangular recess 46. Semicircular channels 50 extend forward from
      the front wall 48 of the rectangular recess 46 to the front surface of the
      lower member 14. The semicircular channels 50 receive wires inserted
      through the identification block 10 as will be described below. The
      channels 50 are flared at 52 to facilitate the entry of the wires into the
      channels 50.
PAR  The upper rectangular recess 54 is substantially identical to the lower
      rectangular recess 46. However, a scalloped ridge 56 extends from the
      surface of the upper rectangular recess 54. The scalloped ridge 56
      includes arcuate, concaved surfaces extending in series across the upper
      rectangular recess 54. These arcuate surfaces receive the several terminal
      sleeves to accurately position the sleeves laterally within the total
      cavity formed by the upper and lower recesses thereby providing means for
      positioning terminal sleeves in the cavity. The size of the recesses 46
      and 54, the number of channels 50 and the number, size and spacing of the
      arcuate surfaces of the scalloped ridge 56 are designed with the multi-pin
      connectors in mind. As will be seen below, the terminal sleeves are to be
      positioned so that they may be inserted simultaneously onto a row of
      connector pins without individual realignment of the terminal sleeves.
PAR  A wire identification card 58 preferably of an inexpensive and easily
      machined plastic material is positioned on the front of the upper member
      12 as seen in FIGS. 1 and 4. The wire identification card 58 is inset into
      the upper member 12 in order that it will not extend forward beyond the
      front surface of the identification block 10. The wire identification card
      58 is simply and removably fastened to the upper member 12 by conventional
      fastening means 60. A recess 62 may conveniently be provided in the face
      of the wire identification card 58 in which color coded wires 64 are
      positioned. Holes extending through the lower portion of the
      identification card 58 receive the color coded wires 64. Corresponding
      holes are provided partially through the upper portion of the
      identification card 58 to similarly receive the opposite ends of the color
      coded wires 64. In this way, various indexing patterns may be provided
      using the same identification block 10. The card 58 can be easily removed
      from the identification block 10 and the wires either replaced or a new
      previously assembled identification card 58 substituted therefor. The
      positioning of the color coded wires 64 is such that each correspond to a
      circular passageway formed by mating channels 50 located in both the upper
      and lower members 12 and 14. It remains for the operator to simply match
      the color coding of the wires 64 when threading an identification block.
PAR  A wire clamp, generally designated 66 is illustrated in FIG. 2. The wire
      clamp 66 is constructed in a fashion similar to that of the identification
      block 10. An upper jaw 68 and a lower jaw 70 are hinged at pin 72. The
      upper jaw 68 is shown open in phantom in FIG. 2. A lug 74 extends upwardly
      from the lower jaw 70 to cooperate with clevis lugs 76 and 78 about pin 72
      to form a hinge. The lug 74 extends in a tongue 80 laterally from the end
      of the wire clamp 66 to provide placement of the wire clamp 66 as will be
      described below. A substantially identical latching assembly 82 to the
      latching assembly 32 of the identification block 10 is employed with the
      wire clamp 66. The latching assembly 82 includes a latch 84 pivoted about
      a pin 86 extending across a groove 88 in the upper jaw 68. A biasing
      spring 90 biases the latch 84 into the locked position as shown in FIG. 2.
PAR  To clamp wires between the jaws 68 and 70, cavities are provided in each
      mating surface of the jaws 68 and 70 for receiving resilient clamping
      elements 92 and 94. These clamping elements 92 and 94 may be of a
      resilient rubber or plastic material. Polyurethane is employed in the
      preferred embodiment. The resilient clamping elements 92 and 94 are of
      sufficient thickness to provide resiliency for the clamping of wires
      therebetween. However, they must also provide sufficient compressive
      resistance against the wires positioned therebetween to prevent
      longitudinal movement of the individual wires during a stripping of the
      insulation from one end. The width of the resilient clamping elements 92
      and 94 is intended to be sufficient for the clamping of the entire fan
      developed in using the corresponding identification block 10. Channels 96
      and 98 are cut from either jaw 68 and 70 to provide unobstructed passage
      of the wires into and away from the resilient clamping elements 92 and 94.
PAR  The identification block 10 of FIG. 1 and the wire clamp 66 of FIG. 2 are
      designed to be positioned side by side as seen in FIGS. 3 and 4. A
      locating pin 100 is provided through the upper jaw 68 of the wire clamp
      66. The pin 100 extends from the surface adjacent the identification block
      10 and is received by hole 102 extending through the upper member 12 of
      the identification block 10. The identification block 10 and the wire
      clamp 66 are also retained relative to one another by the wires which
      extend through each mechanism. The cooperation between the wire clamp 66
      which tightly retains the wires and the identification block 10 which
      allows free longitudinal movement of the wires through the terminal
      sleeves makes it possible for the wires to be fixed relative to the
      identification block 10 when tensile loadings are placed on the ends of
      the wires extending from the back side of the identification block 10. At
      the same time, the identification block 10 may be moved directly away from
      the wire clamp 66 such that the terminal sleeves will wipe toward the end
      of the wires extending therefrom.
PAR  The terminal sleeves 104 are, in the present preferred embodiment, of heat
      shrinkable material formed into substantially cylindrical hollow tubes. In
      the present embodiment, the terminal sleeves 104 are transiently adherent
      to a tape 106. The tape 106 simply extends across the surface of the lower
      rectangular recess 46 as seen in FIGS. 4 and 5. The loading of the
      terminal sleeves 104 in this manner greatly facilitates the operation of
      the identification block 10 in that individual placement of each terminal
      sleeve 104 is not required. Naturally, other configurations for holding
      the terminal sleeves 104 in a cassette are also applicable to the present
      invention. Specific channels and recesses may be provided for such
      cassettes in either the upper or lower member of the identification block
      10 where the cassette cannot fit within the space provided in the present
      embodiment.
PAR  The terminal sleeves 104 are generally substantially cylindrical in shape
      and are hollow to receive the wires. In a preferred embodiment, the
      terminal sleeves 104 are made of heat shrinkable material and are provided
      in an expanded state. A cylindrical ring of solder 108 is preferably
      employed in the terminal sleeves 104 of the present invention. In this
      way, a hot air gun or other heating source may be employed to both shrink
      the terminal sleeves 104 and melt the solder 108 about a wire terminal as
      will be later discussed. Such heat shrinkable terminal sleeves 104
      including solder rings are disclosed in Wetmore, U.S. Pat. No. 3,243,211,
      the disclosure of which is incorporated herein by reference.
PAR  The procedure for properly conditioning and placing a plurality of wires
      for assembly with a multi-pin connector employs the identification block
      10 and the wire clamp 66. The identification block 10 is first loaded with
      a plurality of terminal sleeves 104. The terminal sleeves are positioned
      within the lower rectangular recess 46 adjacent the front wall 48 thereof.
      The upper member 12 is then closed and is held by the latch assembly 32.
      The terminal sleeves 104 may be inspected during closure of the upper
      member 12 to insure that the terminal sleeves 104 properly meet with the
      scalloped ridge 56. Once the upper and lower members 12 and 14 are locked
      together, sufficient resistance between the terminal sleeves 104 and the
      scalloped ridge 56 exists to prevent longitudinal motion of the terminal
      sleeves relative to the identification block 10. The terminal sleeves are
      positively prevented from moving forward relative to the identification
      block because of the front wall 48 of the recesses.
PAR  Once the terminal sleeves 104 are positioned within the identification
      block 10 and the proper wire identification card 58 is assembled with the
      identification block 10, a partially stripped cable 110 may be positioned
      in front of the identification block 10 and the appropriate wires 112
      threaded through the channels 50 corresponding with similarly coded wires
      64. By positioning the wires 112 through the channels 50, the wires also
      pass through individual terminal sleeves 104. A wire fan as depicted in
      FIG. 3 will be formed. It is not important that the wires be of uniform
      length at this time. Consequently, any convenient length or lengths may be
      employed that will pass well through the identification block 10. Further,
      the wires need not be stripped at this time. If the wires are not
      stripped, the wires will not fray and buckle. This is the only time in the
      termination process when the ends of the wires are subjected to
      compressive longitudinal loading. Consequently, after the wires are cut
      and stripped they will not be subjected to fraying and buckling.
PAR  Once the wires are properly positioned through the identification block 10,
      the wires 112 are pulled tight and the wire clamp 66 is employed. The wire
      clamp 66 may be positioned adjacent the identification block 10 while
      open. In this way, the locating pin 100 may be inserted in the hole 102 in
      the identification block 10 without disturbing the wire fan. Once
      positioned with the identification block 10, the wire clamp 66 may be
      closed and locked by means of the latch assembly 82. Once both the
      identification block 10 and the wire clamp 66 are locked, the wires 112
      are unable to move relative to the wire clamp 66 and can move only
      longitudinally relative to the identification block 10. Further, because
      the clamp 66 rests against the identification block 10, the wires are
      unable to move longitudinally through the identification block 10 toward
      the back side thereof. On the other hand, the wire clamp 66 and the wires
      112 may be moved forward away from the identification block 10.
PAR  Once the wires 112 are held by the identification block 10 and the wire
      clamp 66, the ends of the wires 112 may be conditioned for assembly with a
      multi-pin connector. The positioning of the wires 112 through the
      identification block 10 is accomplished before the wires 112 are
      conditioned by cutting and stripping. Once positioned as shown in FIG. 3,
      the individual wires 112 may be conditioned for assembly with a multi-pin
      connector by cutting the wires at a first distance from the identification
      block and the sleeves positioned therein. The wires are typically cut in a
      straight line. Such a uniform cut may be taken along line 114 of FIG. 3.
      Following the uniform cutting of the wires 112, the wires must be stripped
      of a length of insulation. This may be accomplished by individually
      stripping the wires 112 or by using a stripper designed to strip many
      wires at one time. Again, one such cutter-stripper is disclosed in the
      copending application of Meadows for a Wire Cutter-Stripper Ser. No.
      442,398, filed Feb. 14, 1974, the disclosure of which is incorporated
      herein by reference. Because the wire clamp 66 prevents the wires 112 from
      moving longitudinally through the identification block 10 in a direction
      away from the cable 110, the wires can be stripped by cutting and pulling
      the insulation from the end of the wire. The tension induced in the wires
      112 by the stripping operation is resisted by the wire clamp 66 which is
      held by the identification block 10. In order that the wires 112 can be
      stripped, the identification block 10 must be held so as not to move with
      the stripper blades.
PAR  Once conditioned, the wires 112 appear as illustrated in FIGS. 4 and 5. At
      this time, the wires 112 may be located for assembly with a multi-pin
      connector. The present invention allows the positioning of the conditioned
      wires 112 without requiring their removal from the identification block
      10. Thus, the tedious task of indexing the wires a second time to meet the
      proper connector pins is not required. The positioning of the conditioned
      wires 112 relative to a multi-pin connector is illustrated in FIG. 6. FIG.
      6 illustrates a sophisticated guide means for positioning the wires 112
      and sliding the terminal sleeves 104 onto connector pins. Naturally, a
      more rudimentary guide system may be employed.
PAR  The guide means, generally designated 116 includes a base 118, a connector
      clamp 120 bolted thereto by means of fasteners 122 and a plurality of
      guides for positioning the identification block 10 and the wire clamp 66.
      Wire clamp guides 124 and 126 are fixed relative to the base 118. The wire
      clamp 124 includes a slot 128 for receiving the wire clamp tongue 80. The
      slot 128 is terminated to vertically position the wire clamp 66 within the
      wire clamp guide slot 128. At the other end of the wire clamp 66, the wire
      clamp guide 126 provides a locking tongue 130 receiving the extended notch
      88 of the wire clamp 66. The locking tongue 130 terminates in a broader
      base positioned below the extensions of the wire clamp 66 to vertically
      position the wire clamp 66 on the locking tongue 130. In this way, the
      wire clamp 66 is locked relative to the base 118 yet is supported at an
      elevated position above the surface of the base 118.
PAR  The identification block 10 is similarly associated with identification
      block guides 132 and 134. A slot 136 is provided to receive the locating
      tongue 24 of the identification block 10. The identification block guide
      134 includes a locating tongue 138 for cooperating with the identification
      block notch 30. A support block 140 positions the identification block 10
      vertically relative to the locating tongue 138 and includes a pin 141
      which cooperates with a hole on the underside of the lower member 14 to
      prevent motion of the lower member 14 when the upper member 12 is opened.
      Unlike the wire clamp guides 124 and 126, the identification block guides
      132 and 134 are located on a horizontal beam 142 which is slidably mounted
      to the guide means base 118. The horizontal beam 142 is positioned to
      slide on raised slide pads 144 near either end thereof. The slide pads 144
      are preferably of a low friction, high wear material. Centrally located
      beneath the horizontal beam 142 is a driving member 146. The driving
      member 146 is fixed to a bushing which rides on a shaft (not shown) which
      is parallel to the slide pads 144. A lever 148 extends across the base 118
      in a cavity provided therefor. The lever 148 is pivotally mounted to the
      driving member 146 and continues to a pivot point on the far side of the
      base 118. By moving the lever 148 to and fro, the horizontal beam 142 will
      be moved parallel to the slide pads 144. This will in turn cause the
      identification block 10 to move toward or away from the wire clamp 66.
PAR  A multi-pin connector 150 is illustrated in position in the connector clamp
      120. Multi-pin connectors 150 typically have ears 152 extending from
      either end thereof. These ears 152 are held by the connector clamp 120 in
      slots 154. A compression clamp 156 forces the multi-pin connector 150
      against the opposite side of each of the slots 154. The slots 154 are
      slightly larger than the ears 152 on the multi-pin connector 152. This
      allows easy placement of the multi-pin connector 150 and provides some
      resiliency to the system when the identification block 10 is run against
      the multi-pin connector 150. In the depicted embodiment, the multi-pin
      connector 150 includes two rows of closely spaced connector pins 158.
PAR  When positioning the identification block 10 and the wire clamp 66 with the
      wires 112 on the guide means 116, the identification block 10 and the wire
      clamp 66 are held together. The lever 148 is moved to a position such that
      the horizontal beam 142 and correspondingly the identification block
      guides 132 and 134 are positioned adjacent the wire clamp guides 124 and
      126. The identification block 10 and the wire clamp 66 may then be easily
      positioned on the tongues and slots associated with the guide means 116.
      In cutting the wires 112 to length, it is advantageous that the relative
      dimensions of the guide means be kept in mind. Specifically, when the
      wires 112 are properly cut to length when the identification block and the
      wire clamp 66 are positioned on the guide means 116, the ends of the wires
      will be capable of being in juxtaposition with the appropriate connector
      pins 158. This spacing is illustrated in FIG. 7. When first positioned on
      guide means, it is not important that the wires 112 be straight in order
      that they lead directly to the appropriate connector pin 158. However, the
      wires 112 should, when straightened, be positioned with the stripped
      portion of the wire 112 immediately adjacent the appropriate connector pin
      158.
PAR  Once the wires, identification block and wire clamp are positioned, the
      lever 148 may be moved to draw the identification block 10 away from the
      wire clamp 66. Because the wire clamp 66 holds the wires 112 firmly, the
      identification block 10 will move relative to the wires 112 toward the
      multi-pin connector 150. By properly dimensioning the identification block
      10, the guide means 116 and the multi-pin connector 150, the movement of
      the identification block 10 will be such, under the influence of the lever
      148, that the terminal sleeves 104 will slid along the individual wires
      112 onto the approproate connector pins 158. Such a condition is
      illustrated in FIG. 7. Thus, regardless of the condition of the stripped
      wires 112, they will be wiped into straight paths leading directly to the
      appropriate connector pins 158. Accordingly, with one simple motion of the
      lever 148, the wires 112 are straightened and indexed to the appropriate
      connector pin 158. Further, the terminal sleeve 104 is caused to be
      positioned over the juxtaposed wire and connector pin. The tedious,
      repetitive and often improper indexing and soldering individually of the
      various connector pins is thereby avoided.
PAR  In the present embodiment, the terminal sleeves 104 are both heat
      shrinkable and contain a solder ring 108. Consequently, once the terminal
      sleeves 104 are positioned over the juxtaposed wires 112 and connector
      pins 158, the upper member 12 of the identification block 10 may be
      raised, exposing the terminal sleeves 104. A hot air gun 160 may then be
      used to heat the terminal sleeves 104 to a temperature which will both
      shrink the heat shrinkable material about the wire 112 and connector pin
      158 and melt the solder ring 108 in order that it might flow to create a
      soldered connection. The lower member 14 of the identification block 10
      acts as a heat reflector to aid the shrinking and soldering process.
PAR  Once the solder and terminal sleeve have cooled, the wire clamp 66 may be
      unlocked and the wire clamp 66, the identification block 10, the multi-pin
      connector 150 and the now associated wires 112 may be removed from the
      guide means 116. The several steps outlined above may then be repeated for
      a second set of wires 112. These wires may then be associated with the
      second row of closely spaced connector pins 158 using the guide means 116.
      It can be seen in FIG. 7 that both the wire clamp 66 and the
      identification block 10 are held in the guide means in such a way that
      spaces are provided beneath each of the mechanisms. The already attached
      wires 112 may be positioned beneath the lower jaw 70 of the wire clamp 66
      and the lower member 14 of the identification block 10. The multi-pin
      connector 150 would be turned over for this second attaching of wires 112
      thereto. Both the lower jaw 70 of the wire clamp 66 and the lower member
      14 of the identification block 10 are relatively thin in order that they
      may fit between the two rows of wires 112 leading to the two rows of
      connector pins 158. Again, once the wires 112 are associated with the
      second row of connector pins 158, the hot air gun 160 may be used to
      shrink the terminal sleeves 104 and melt the solder rings 108 to complete
      the assembly of the individual terminals. Once completed, the wire clamp
      66 and the identification block 10 are slid from between the two rows of
      wires 112. At this time, the operator would start over with a new cable,
      cartridge of terminal sleeves 104 and multi-pin connector 150.
PAR  Thus, a method is disclosed which provides for the conditioning and
      placement of a plurality of wires resulting in the simultaneous assembly
      of a terminal. In this way, the assembly of terminals can be accomplished
      more inexpensively with greater accuracy and reliability.
PAR  While thus far predominant emphasis has been placed upon the preferred
      embodiment of this invention, in which terminal sleeves are employed to
      effect terminations of plural wires to multi-pin connectors, it will be
      appreciated that the invention is applicable to numerous other
      employments. For one, the identification block may serve, without terminal
      sleeves, as a spacing member to bring stripped wire ends into
      juxtaposition with the pins to which they are to be terminated, whereafter
      the juxtaposed elements can be bared and a permanent termination otherwise
      made, as with a soldering gun. Indeed, the invention can be employed to
      effect terminations to many conductive elements other than the pins of
      connectors, e.g., terminal posts borne by electronic devices, etc. Again,
      the invention may be employed to splice the ends of individual wires, one
      to another, simply by passing wires intended for spliced joinder through
      individual ones of the passages through the spacer member or through
      terminal sleeves disposed in an identification block, cutting and
      stripping the ends as before, and moving the spacing member relative to
      the wires toward their stripped ends so as to bring into juxtaposition the
      stripped ends of those wires disposed in a single passage of spacer block.
      If so juxtaposed within the passages, the spacer block may then be opened
      and, by whatever means, a permanent splice effected. Alternatively, the
      spacer block may be moved only so far forward the stripped ends of the
      wires as to permit their ready identification as ends intended for
      connection, one to another, whereafter the ends may be connected in any
      conventional fashion. Of course, as will be apparent to those skilled in
      the art from the foregoing, disposition of plural wires within a single
      passage through the identification or spacing block is not limited in
      application to the formation of splices, etc. Thus, for example, plural
      wires can so be terminated to single conductive elements.
PAR  It will be apparent to those skilled in the art that many more
      modifications are possible without departing from the inventive concepts
      herein described. The invention, therefore, is not to be restricted except
      by the spirit of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the termination of a plurality of wires to a plurality of
      conductive elements including the steps of
PA1  threading a plurality of wires through a plurality of terminal sleeves
      retained in fixed positions relative to one another;
PA1  cutting the ends of the wires extending from the terminal sleeves at a
      first distance from the terminal sleeves;
PA1  stripping a length of insulation from the ends of each of the wires
      extending from the terminal sleeves;
PA1  positioning the wires such that the stripped ends are capable of
      juxtaposition with individual elements to which they are to be terminated;
      and
PA1  sliding the terminal sleeves relative to said elements simultaneously on to
      said elements while maintaining the position of the wires relative to said
      elements to juxtapose selectively the stripped ends of the wires with said
      elements for the termination of the wires to said elements in terminal
      sleeves.
NUM  2.
PAR  2. The method of claim 1 wherein the step of cutting the wires includes a
      single cutting of all of the wires in a straight line.
NUM  3.
PAR  3. The method of claim 1 wherein the step of stripping a length of
      insulation from the end of each of the wires is performed simultaneously
      for all of the wires.
NUM  4.
PAR  4. The method of claim 1 wherein the method further includes the step of
      positioning a plurality of terminal sleeves such that they are oriented
      substantially parallel to one another in a row.
NUM  5.
PAR  5. The method of claim 4 wherein the step of positioning the terminal
      sleeves includes their positioning such that they may be fed directly onto
      said conductive elements without reorienting the terminal sleeves relative
      to one another.
NUM  6.
PAR  6. The method of claim 1 wherein the method further includes the step of
      clamping the wires such that they may move longitudinally through the
      terminal sleeves in only one direction.
NUM  7.
PAR  7. The method of claim 1 wherein the method further includes the step of
      fixing permanently the terminal sleeves about the juxtaposed wires and
      conductive elements.
NUM  8.
PAR  8. The method of claim 7 wherein the fixing permanently of the terminal
      sleeves is accomplished by heat shrinking the terminal sleeves about the
      juxtaposed wires and conductive elements.
NUM  9.
PAR  9. The method of claim 7 wherein the step of fixing permanently the
      terminal sleeves includes the melting of a solder ring within each of the
      sleeves and allowing that ring to cool to form a completed termination.
NUM  10.
PAR  10. The method of claim 1 wherein said conductive elements are the pins of
      a multi-pin connector and wherein the steps are repeated for a second row
      of connector pins located on the multi-pin connector.
NUM  11.
PAR  11. A method for effecting a plurality of splices of plural wires, one to
      another, including the steps of
PA1  disposing at least two of said wires in each of a plurality of
      substantially parallel, spaced apart passages located through a spacing
      member, free ends of each of said wires extending beyond said member;
PA1  cutting the extended ends of said wires at a first distance from said
      member;
PA1  stripping a length of insulation from the extended ends of each of the
      wires; and
PA1  moving said spacing member relative to said wires toward the stripped ends
      thereof so as to bring into juxtaposition the stripped ends of each of
      those wires disposed in a single passage.
NUM  12.
PAR  12. A method for the termination of a plurality of wires to a plurality of
      conductive elements including the steps of
PA1  individually disposing said wires in individual ones of a plurality of
      substantially parallel, spaced-apart passages through a spacing member,
      free ends of said wires extending beyond said member;
PA1  cutting the extended ends of said wires at a first distance from said
      member;
PA1  stripping a length of insulation from the extended ends of each of the
      wires;
PA1  positioning said spacing member so as to align said passages with
      individual ones of said conductive elements; and
PA1  moving said spacing member relative to said wires toward said elements to
      selectively juxtapose the stripped ends of the wires with those conductive
      elements aligned with the respective passages in which said wires are
      disposed.
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PAL  An electric dry shaver having skin engaging bar assemblies arranged at
      opposite sides of the cutter head assembly for tensioning or flattening
      the skin in advance of the cutter head. Means are provided for mounting
      the bar assemblies for movement transverse of the longitudinal axis of the
      cutter head to selected positions relative to the hair reception slots
      with control and actuator means spaced from the cutter head and operable
      from without the casing for effecting simultaneous movement of the bar
      assemblies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in electric dry
      shavers and more particularly to means for mounting skin engaging means
      adjacent the cutter head units of cutter head assembly.
PAR  It is the usual practice to provide an electric dry shaver with a cutter
      head assembly comprised of one or more cutter head units. Each cutter head
      unit includes a stationary outer cutter and a movable inner cutter. A
      plurality of hair reception slots are provided in the outer cutter through
      which facial hairs are combed into the path of the movable inner cutter
      for shearing.
PAR  In some electric dry shavers skin engaging means such as rollers, combs or
      bars are provided adjacent the hair reception slots of the outer cutter.
      These members function to flatten or tension the skin in advance of the
      hair to be sheared to prevent the skin from entering the hair reception
      slots and to allow the hair bristles to be cut closer to the base of the
      skin thereby providing a closer shave with a maximum of comfort to the
      user.
PAR  It is desirable in utilization of these skin engaging means to provide
      means for mounting the devices for movement on the walls of the shaver
      casing in paths transverse of the cutter head toward or away from the
      cutter units so that the proper position of the skin engaging means
      relative to the cutter head suitable to the individual needs of the
      particular user is achieved. It has been found that persons with certain
      skin will require the skin engaging members be be spaced further away from
      the hair reception slots than other persons with more tender skin who
      require the bars to be positioned closer to the cutter units.
PAR  Various means have been proposed in the past to accomplish this movement
      and positioning of the skin engaging means. These known means have met
      with varying success. In present day electric shavers however, where
      various other mechanisms are included in the shaver casing such as cutter
      head locking mechanisms, side trimmers, removable casing sections and the
      like problems have been encountered in providing an adjustable mounting
      means and means for actuating the same which requires a small area of
      operation within the casing and which means do not interfere with the
      other shaver mechanisms or operation thereof.
PAR  It is the object of the present invention to provide novel means for
      mounting skin engaging means adjacent a cutter assembly and which means
      include means for effecting movement of a skin engaging member toward or
      away from an adjacent cutter head unit.
PAR  Another object is to provide novel means for mounting a plurality of skin
      engaging bars adjacent a multiple cutter head assembly wherein a single
      operating means is provided for effecting and controlling simultaneously
      the positioning of the plurality of skin engaging bars in selected
      positions relative to the cutter head.
PAR  A still further object is to provide a novel skin engaging bar assembly and
      operating means which utilizes a minimum amount of operating area within a
      shaver casing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel skin engaging bar assembly and
      means for effecting operation thereof to shift the bar assembly toward or
      away from the cutter units of a cutter head assembly. In one embodiment
      skin engaging bars are mounted on frame members on the opposite front and
      rear walls of a shaver casing adjacent the cutter head assembly. An
      actuating drive member for effective movement of the frame is carried in
      operative engagement with the frame and has portions extending below the
      cutter head. A drive control actuator comprising a bell crank member is
      disposed in the casing beneath the cutter head assembly and has drive
      means in engagement with the extended portions of each drive actuator.
      Movement of the bell crank by manipulatable means on the outer surface of
      the casing at the sidewall thereof away from the cutter head effects
      movement of both skin engaging bars simultaneously and transversely of the
      adjacent cutter head units to the selected levels of use relative thereto.
PAR  The above and other objects of the invention will appear more fully
      hereinafter from a consideration of the detailed description which follows
      taken together with the accompanying drawings wherein one embodiment is
      illustrated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary perspective view of an electric dry shaver
      embodying the present invention;
PAR  FIG. 2 is an enlarged side elevational view of the upper portion of the
      electric dry shaver of FIG. 1 with parts broken away to show the interior
      thereof;
PAR  FIG. 3 is a plan view of the cutter head receptacle of the electric dry
      shaver with the cutter head assembly removed and parts of the casing
      broken away to shown the interior structure of the shaver;
PAR  FIG. 4 is a sectional view taken on the lines FIG. 4--4 of FIG. 3;
PAR  FIG. 5 is a view of one skin engaging bar in lower position;
PAR  FIG. 6 is a view similar to FIG. 5 of the skin engaging bar in upper
      position; and
PAR  FIG. 7 is an exploded view of the skin engaging bar assembly and actuating
      means therefor.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings for a more detailed description of the
      present invention an electric dry shaver is generally indicated by the
      reference numeral 10 in FIGS. 1 and 2. Shaver 10 includes a casing 12 made
      of a suitable molded plastic material and comprises a lower main body
      portion 14 and an upper hairpocket section 15 in which is formed a cutter
      head receptacle portion 18 (FIG. 2).
PAR  Cutter head receptacle 18 includes spaced sidewall sections 20 and 21 which
      extend upwardly from main body portion 14. Cutter head receptacle 18
      further includes front and rear walls 23 and 24 and bottom wall 26 which
      together form a cutter head supporting section 27 (FIGS. 3 & 7) in shaver
      19 which is pivotable outwardly of the casing 12 away from main body
      section 14 about suitable hinges (one of which is indicated at 28 in FIG.
      2).
PAR  Cutter head assembly 30 as illustrated has exposed portions arranged
      substantially flush with the upper edges of the cutter head receptacle 18
      and includes three individual cutter head units 31 (FIG. 2) that are
      identical to each other and are of a well-known structure. Cutter head
      units 31 are disposed in side by side relationship on a mounting plate 33
      and are secured to the plate in a suitable manner such as by clamps or the
      like (not shown). Additional means (not shown) are provided for detachably
      mounting cutter head assembly 30 in receptacle 18 for ready removal from
      casing as desired.
PAR  Each cutter head unit 31 includes an inverted U-shaped outer cutter 34
      provided with hair reception slots 35 and having opposite side wall
      marginal portions secured to the arms of a U-shaped base spacer member 36.
      An inner cutter 38 of the general type shown and described in U.S. Pat.
      No. 2,793,430 issued on May 28, 1957 to L. C. Carissimi is disposed within
      each outer cutter 34 and is urged against the outer cutter 34 by a leaf
      spring 39 (partially shown in FIG. 2). Oscillator arms 41 of a motor (not
      shown) within main body portion 14 of casing 12 project through aligned
      openings in bottom wall 26, mounting plate 33 and base spacers 36 to
      engage leaf springs 39 of inner cutters 38 in a usual manner to urge inner
      cutters 38 into cutting cooperation with outer cutters 34. In this manner
      as inner cutters 38 are reciprocated within outer cutters 34 hair entering
      reception slots 35 in outer cutters 34 are sheared by the reciprocating
      movements of inner cutters 38 in a known manner.
PAR  As mentioned it is a feature of this invention to provide novel means for
      mounting skin engaging members at opposite sides of cutter head assembly
      30 for tensioning the skin in advance of the cutter head to prevent skin
      from entering the hair reception slots 35. To this end skin engaging bar
      assemblies are provided and are generally indicated by the reference
      numeral 43 in FIGS. 2, 5 and 6. Assemblies 43 are mounted on front and
      rear walls 23 and 24 of cutter head supporting section 27 and are of
      identical structure. Therefore the description thereof will be directed to
      the skin bar assembly 43 mounted on front wall 23 of section 27. Assembly
      43 includes a metal frame member 45 having an elongated skin engaging
      surface 46 which extends longitudinally of cutter head assembly 30
      adjacent hair reception slots 35. Vertical slots 49 and 50 (FIGS. 5, 6 and
      7) are formed in frame 45 and are mounted over spaced bosses 51 and 52
      formed in wall portion 23. Means for driving frame 45 include an actuator
      bar 53 disposed between frame 45 and wall 23. Horizontal elongated slots
      54-55 are formed in drive bars 53 and are also mounted on bosses 15-52. In
      addition drive lugs 56-57 are provided on bar 53 and are fitted in
      diagonal slots 59-60 of frame member 45.
PAR  As seen in FIGS. 3 and 7 a pair of spaced clamp members 63 are secured to
      bottom wall 26 of cutter head receptacle 18 and have spaced spring arms 64
      and 65 respectively bearing against skin bar assemblies 43 to hold the
      latter in place on front and rear walls 23-24. In accordance with this
      described structure if drive bar 53 is driven to the left as viewed in
      FIG. 5 the walls of diagonal slots 59-60 will drive against lugs 56-57 to
      cause frame member 45 to be driven upwardly from its lowest position (FIG.
      5) to the upper position (FIG. 6) or intermediate thereof to position skin
      engaging surface 46 at the selected level relative to the hair reception
      slots 35 (FIG. 2) desired by the user. Drive bar 53 is maintained in a
      horizontal path relative to the vertical path of frame 45 by bosses 51-52
      in horizontal slots 54-55 and in addition bosses 51-52 are also arranged
      in vertical slots 49-50 in frame 45 to guide the movement of the latter.
PAR  It is also a feature of this invention to accomplish the movement of skin
      engaging bar assemblies 43 in unison by controlled actuator means. To this
      end each drive bar 53 is provided with a pair of depending U-shaped drive
      arms 67 having slots 68 therein. Arms 67 depend through openings 70 (FIGS.
      3 and 7) in wall 26 for operation by skin bar drive control assembly
      generally indicated by the reference numeral 73 (FIG. 7).
PAR  Control and drive assembly 73 comprises a bell crank member 75 secured to
      the top or upper wall 76 of main casing section 14 and an actuating handle
      78 on the outer surface of casing 12 for operating bell crank 75 to effect
      movement of bar assemblies 43. To accomplish this handle 78 includes a
      shaft or hub portion 80 which extends through an opening 81 in sidewall
      21. Hub 80 is rotatable in opening 81 but is maintained in casing 12 at a
      recess section 83 on wall 21 by a Y-shaped clamp 85 the arms of which bear
      against tabs 80A on the end of hub 80. In the position of handle 78 (FIG.
      2) with the frame assembly 43 at an intermediate position the leg 86 of
      clamp 85 is fitted within the slot 87 formed by projections 84 on the
      walls of recess 83 and preventing movement of handle 78 until the latter
      is moved to the right or left (FIG. 2).
PAR  Handle member 78 is provided with a drive projection 88 which extends
      through elongated arcuate slot 89 in wall 21 at recess 83 and which slot
      89 as will be appreciated provides limits of rotative movement of actuator
      handle 78. Projection 88 extends from slot 89 into recess 90 formed in
      bell crank 75. Bell crank 75 is pivotable about pivot pin 91 secured to
      wall 76 and drive lugs 93-94 on arms 95-96 thereof engaged in a drive slot
      68 of a depending drive arm 67 from actuator bar 53 of an adjacent skin
      engaging bar assembly 43.
PAR  As will now be readily understood under conditions where cutter head
      assembly 30 is mounted on shaver casing 12 and it is desired to shift skin
      bar assemblies 43 vertically relative to side cutting edges of cutter head
      assembly 30 control handle 78 is rotated manually causing drive projection
      88 thereof to bear against the walls of slot 90 in bell crank 75 to pivot
      bell crank 75 about pivot 91. Lugs 93-94 on bell crank arms 95-96 are in
      driving engagement with slots 68 in depending arms 67 of bar 53 and as
      bell crank 75 is pivoted bar 53 is driven in a linear horizontal direction
      thereby and bosses 56-57 in the diagonal slots 59-60 on the frame member
      45 drive the latter to its upper position (FIG. 6). As handle 78 is
      rotated leg 86 of clamp 85 rides out of slot 87 over projection 84 to
      detent into outer slot 87A as the upper position of frame member 45 is
      reached. In this manner surface 46 of frame 45 is positioned as desired
      relative to hair reception slots 35. If manipulatable handle member 78 is
      rotated in an opposite direction bell crank 75 is correspondingly caused
      to rotate in an opposite direction about pivot 91 by drive projections 88
      and leg 86 will traverse to the opposite side of slot 87 to detent handle
      78 thereat against reverse movement. In this manner skin engaging bar
      assemblies 43 are driven in an opposite direction away from the hair
      reception slots 35 to the lower position (FIG. 5). It will be noted that
      both assemblies 43 are driven in unison by bell crank 75 to the same
      levels simultaneously.
PAR  It is apparent from the foregoing that the novel adjustable skin bar
      assembly and means for actuating and controlling movement thereof has many
      advantages in use. One advantage is the fact that the skin engaging bars
      are moved simultaneously to the same positions at opposite sides of the
      cutter head by manipulation of one member. The control means for moving
      the skin and bar assembly is arranged beneath the cutter head assembly
      thereby leaving the cutter head receptacle area free for inclusion of
      other mechanisms such as trimmers or the like which might otherwise
      interfere with the operation of the cutter head. A further advantage is
      the fact that the skin bar assembly is readily engaged or disengaged from
      the bell crank member without changing the position of the skin engaging
      surface of the frame member relative to the hair reception slots as the
      cutter head supporting section is pivoted into or out of operative
      engagement with the motor driven oscillator arms.
PAR  Although one embodiment of the present invention has been illustrated and
      described in detail it is expressly understood that the invention is not
      limited thereto various changes can be made in the design and arrangement
      of parts without departing from the spirit and scope of the present
      invention as the same will now be understood by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electric dry shaver,
PA1  a. a casing having a cutter head assembly mounted thereon,
PA1  b. a pair of skin engaging bar assemblies mounted on said casing at
      opposite sides of said cutter head assembly and each including a drive bar
      having a drive arm extending therefrom, and a frame member having a
      portion arranged to engage the skin of the user in advance of the hair to
      be clipped by the cutter head,
PA1  c. means mounting each of said bar assemblies for movement toward and away
      from the cutter head assembly, and
PA1  d. a control and drive means carried by said casing and including a bell
      crank pivotally mounted on said casing having drive lugs provided on each
      bell crank arm each in engagement with said drive arm of an adjacently
      arranged skin engaging bar assembly, said control and drive means operable
      from without said casing for effecting said movement of the bar assemblies
      simultaneously.
NUM  2.
PAR  2. The shaver of claim 1 wherein said control and drive means include a
      control handle rotatably mounted on an outer surface of said casing and
      having a portion extending into said casing operatively connected to said
      bell crank for effecting pivotal movement thereof upon rotation of the
      handle.
NUM  3.
PAR  3. The shaver of claim 2 wherein means are provided for limiting rotation
      of said handle and for detenting the handle at the limits of movement
      thereof.
NUM  4.
PAR  4. The shaver of claim 3 wherein said handle is provided with a shaft
      extending into said casing, said detent means including a Y-shaped spring
      clamp having arms thereof clamped to said shaft with the leg thereof
      adapted to detent against a projection formed on said casing in accordance
      with the moved position of said handle.
NUM  5.
PAR  5. In an electric dry shaver,
PA1  a. a casing,
PA1  b. a cutter head assembly mounted on the casing,
PA1  c. a pair of frame members mounted on the casing at opposite sides of said
      cutter head assembly for movement toward and away from said assembly,
PA1  d. each of said frame members having an elongated skin engaging surface
      arranged to engage the skin of the user in advance of the hair to be
      clipped by the cutter head assembly,
PA1  e. a pair of drive bars mounted for movement on said casing and associated
      with said frame members, said bars having drive lugs arranged in diagonal
      slots of the frame members to cam against the walls of said slots to drive
      the frame members in a direction transverse to the path of movement of the
      drive bar,
PA1  f. guide means on said casing, said frame members and the associated drive
      bars for maintaining said frame members and said drive bars in their path
      of movement, and
PA1  g. a drive member pivotally mounted to rotate about a fixed axis on said
      casing and having opposed portions in engagement with portions of said
      drive bars, said drive member being operable from without the casing to
      effect simultaneous movements of the frame members to position each of the
      skin engaging surfaces at the same relative position with respect to the
      cutter head assembly.
NUM  6.
PAR  6. The shaver of claim 5 wherein said drive bars have drive arm portions
      extending into the casing beneath the cutter head assembly for connection
      to said drive member.
NUM  7.
PAR  7. In an electric drive shaver,
PA1  a. a casing provided with a cutter head receptacle therein having a bottom
      wall together with front and rear walls,
PA1  b. a cutter head assembly mounted on the bottom wall portion of said cutter
      head receptacle,
PA1  c. a pair of skin engaging bar assemblies mounted respectively on the front
      and rear walls of said receptacle,
PA1  d. means mounting said skin engaging bar assemblies for movement toward and
      away from the cutting edges of the cutter head assembly,
PA1  e. actuator means for moving said assembly, and actuator means having
      portions in driving connection with said skin engaging bar assemblies and
      other portions extending into said shaver casing,
PA1  f. control and drive means in said casing including a bell crank having
      opposite arms thereof operably connected to said extended portion, and
PA1  g. manually operable means on said casing for operating said bell crank to
      simultaneously adjust the position of said skin engaging assemblies.
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ABST
PAL  A portable hand-held shear for cutting grass and the like comprising a
      housing enclosing an electric motor and forming a handle. The motor
      includes an output rotary shaft which, through a gear train, drives a
      rotary blade. A stationary bed knife assembly connected to the housing
      cooperates with the rotary blade in scissor-like fashion to cut grass.
PAL  An improved cutting assembly is described in which the rotary cutting blade
      member, of particular design and positioned in a floating relationship
      above the stationary bed knife assembly, is inclined into engagement with
      the cutting teeth projecting from the stationary bed knife assembly, also
      of particular design, in such a manner to improve the performance of the
      shear. The improved cutting assembly further includes a rotary hub drive
      member which cooperates with the shear housing and the bed knife to
      eliminate clogging and partially overlaps the bed knife assembly's cutting
      teeth to further improve the performance of the shear.
PARN
PAR  This application is a continuation-in-part of my prior application Ser. No.
      413,533 filed Nov. 7, 1975, now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved grass shear embodying a
      stationary toothed bed knife provided with cutting edges and a motor
      driven rotary blade cooperable therewith. The rotary blade member includes
      cutting edge means cooperatively engageable, in inclined scissor-like
      fashion, with the edges of the stationary bed knife teeth. The overall
      assembly is particularly adapted to be highly efficient, thus lending
      itself for use in a cordless, battery powered device. As used herein, the
      term "grass shear" describes a device intended to cut growth such as
      grass, weeds, shrubs and the like.
PAR  In my prior patent application, Ser. No. 413,533, filed Nov. 7, 1973, a
      similar grass shear is disclosed. This application is a
      continuation-in-part of the prior application which is incorporated by
      reference hereto in full. The grass shear disclosed, in my prior
      application, Ser. No. 413,533, in a preferred embodiment, includes a
      plurality of independent blade members carried by a motor driven hub
      assembly and resiliently biased in an axial direction by a spring towards
      a stationary toothed blade. The rotary blade members cooperate with the
      stationary teeth to produce scissor-like cutting action while permitting
      each blade to lift and slide over each stationary tooth independently of
      one another.
PAR  In accord with the present invention, the preferred embodiment consists of
      a rotating cutting blade member underlying and partially within a recessed
      portion of a rotating circular hub drive member. The rotating cutting
      blade member is positioned about a shaft which protrudes up from the
      center of the circular stationary bed knife. The rotating cutting blade
      member is held in a floating relationship above the stationary bed knife
      by washers and an E ring clip affixed to said shaft and the fact that
      blade fingers which are a part of the rotating cutting blade member are
      inclined downwardly so that lateral leading cutting edges formed on these
      blade fingers are in scissor-like engagement with lateral cutting edges
      formed on the bed knife teeth. Scissorlike engagement may also be achieved
      by inclining the bed knife teeth upwardly or by a combination of a lesser
      bend in both elements.
PAR  The rotating cutting blade member, being made of relatively thin hardened
      steel, is able to flex in springlike fashion, and as it is not affixed to
      it's driving member it is able to rock in see-saw like fashion about it's
      central axis as it rises while cutting on one tooth of the bed knife while
      at the same time the cutting edge formed on the opposite finger of the
      rotating cutting blade member is falling off of a trailing edge of a tooth
      on the opposite side of the stationary bed knife. Although, in the
      preferred embodiment, the rotating cutting blade flexes and thus provides
      it's own spring tension, separate spring means may be used and the
      rotating cutting blade may be of any desired thickness. For example, in
      such a configuration, the washers and the E ring clip which position the
      rotating cutting blade about the bed knife shaft may be eliminated and
      spring pressure applied upon a flat circular portion of the rotating
      cutting blade from above.
PAR  In the preferred embodiment the rotating cutting blade member consists of a
      flat central portion with a hole in it's center. Two blade fingers extend
      from this circular central portion, these fingers being substantially
      diametrically opposite to each other such as at a 12 o'clock and 6 o'clock
      position. At a 3 o'clock and a 9 o'clock position about this flat circular
      portion drive tabs protrude from the rotary cutting blade member and are
      bent 90 degrees upwards. These tabs fit into holes in the rotating hub
      drive member which will thus also rotate the cutting blade member. The two
      extending blade fingers are bowed downwardly, their lateral leading
      cutting edges are sharpened and the blade fingers are twisted about their
      longitudinal axes lowering the sharpened cutting edges below the rest of
      the body of the blade fingers. This blade configuration permits only the
      lateral leading cutting edges of the rotating cutting blade member to
      contact the surface of the bed knife making contact with the bed knife
      teeth while rising along the lateral cutting edges of the bed knife teeth
      and subsequently falling off of the lateral trailing edges of these teeth.
      The flat central portion of the cutting blade, as it is forced by the
      spring pressure imparted by the bowed cutting blade fingers into contact
      with the flat washer above it, stabilizes the rotating cutting blade
      member so that the cutting edges of the bowed twisted blade fingers
      maintain a proper shearing attitude.
PAR  The bed knife of this improved rotary shear is also specific in it's
      configuration. In the preferred embodiment there are eleven projecting
      teeth evenly spaced about the periphery of the bed knife. An odd number of
      identically shaped pointed toothed projections evenly spaced about 360
      degrees of the circumference of the bed knife will result in the tip of
      any given tooth and a straight line projected from that tip across the
      center of the circular bed knife to a point diametrically opposite on the
      circumference encompassing the tips of the toothed projections will put
      that point equidistance between the tips of the toothed projections on
      either side of that point. It is also possible to use an even number of
      evenly spaced identical teeth in which case the preferred shape of the
      rotary cutting blade must be altered to achieve the desired rocking
      cutting action.
PAR  In the preferred embodiment the flat bed knife is four inches in overall
      diameter and the toothed projections are seven-eights of an inch long. The
      number of degrees in the angle of a lateral cutting edge of a bed knife
      tooth from a line drawn from it's tip to the center of the bed knife is
      determined solely by preference and need not be equal to the angle from
      said line formed by the lateral trailing edge of the triangular tooth. In
      the preferred embodiment, for optimum performance, the aforementioned
      angles are such, in combination with the shape of the rotary cutting blade
      member, that at the moment that one lateral leading cutting edge of a
      rotating blade finger starts it's cut at the inner portion of the lateral
      cutting edge of a given bed knife tooth, the lateral leading cutting edge
      on the opposite blade finger of the rotating cutting blade member is just
      beginning to fall off the trailing edge of a tooth on the other side of
      the bed knife. This opposite cutting edge continues to fall off the
      lateral trailing edge of this tooth as the lateral leading cutting edge of
      the blade finger actually shearing is rising along the lateral cutting
      edge of the bed knife tooth it is in contact with. At the completion of
      this cut the opposite blade finger has just completed falling off of the
      trailing edge of the bed knife tooth with which it is in contact. This
      action repeats itself 22 times upon the 11 bed knife teeth of the
      preferred embodiment in the 360 degrees of rotation of the cutting blade
      member and the result is a rocking see-saw like cutting motion for highly
      efficient and energy conserving cutting action.
PAR  In accord with a further specific improvement the diameter of the rotary
      hub drive member is such that the periphery of the rotary hub drive member
      overlaps a portion of the toothed projections of the bed knife. This
      configuration assures that all grass and the like entering into the spaces
      between the bed knife teeth is within the cutting area of the grass shear
      and there are no exposed surfaces of the bed knife where grass and the
      like can accumulate and affect the efficiency of the tool.
PAR  It is also a specific function of the rotary hub drive member to prohibit
      grass and the like from entering into the housing of the grass shear and,
      of equal importance, a portion of the undersurface of the rotary hub rides
      in juxtaposition and parellel to the flat upper surface of the bed knife
      thus preventing grass and other growth from entering the area betweem
      these two surfaces and inhibiting the rotary motion of the grass shear.
PAR  It is accordingly an object of the present invention to provide a new and
      improved grass shear utilizing a stationary bed knife, a rotary hub drive
      member and a rotary cutting blade assembly.
PAR  It is a further object of the present invention to provide an improved
      grass shear having a stationary bed knife and a rotary blade assembly and
      wherein improved cutting action is achieved by means of specific
      improvements affecting the cooperation between the rotary cutting edges
      and the teeth of the stationary bed knife.
PAR  A further object of this invention is the provision of an improved grass
      shear wherein loading of the energy source for the shear is minimized by
      the blade action and the cooperation of the rotary hub drive member and
      the bed knife.
PAR  Further important objects of the present invention are the provision of an
      improved grass shear assembly which embodies relatively low manufacturing
      and maintenance costs and yet is characterized by efficient operation and
      long life.
PAR  Additional objects of the present invention will become apparent from a
      consideration of the detailed description taken in conjunction with the
      attached drawings.
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PAC  THE DRAWINGS
PAR  FIG. 1A is a perspective view showing a grass shear embodying the present
      invention.
PAR  FIG. 1B is a perspective view of a portion of FIG. 1A illustrating a
      separation of the shear head from the power handle.
PAR  FIG. 2 is an enlarged sectional view of the gear train, the rotary hub
      drive member and the cutting assembly shown in FIG. 1A.
PAR  FIG. 3 is an exploded view showing the parts of the rotary hub drive member
      and the cutting assembly of the embodiment illustrated in FIG. 2.
PAR  FIG. 4 is a sectional view taken along lines 4--4 in FIG. 2 and showing the
      cutting assembly in alternative positions.
PAR  FIGS. 5 and 6 are views corresponding to that of FIG. 4 but illustrating
      alternate embodiments of this invention.
PAR  FIG. 7 is an enlarged sectional view of FIG. 4 taken along lines 7--7
      thereof.
PAR  FIG. 8 is an enlarged sectional view of FIG. 4 take along lines 8--8
      thereof.
PAR  FIG. 9 is a partially sectional perspective view of a lawn mower embodying
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  A portable electric grass shear embodying the present invention is
      illustrated generally at 10 in FIG. 1A. The shear includes a housing
      having a motor enclosing portion 14 and a handle portion 16. The present
      invention lends itself particularly for use as a cordless device in which
      case the handle portion 16 includes a battery storage portion 18. An
      electric motor 20, shown in FIG. 2, is adapted to be controlled by an
      on-off trigger switch 22, the operation of which is preferably limited by
      the provision of a safety lock member 24. At the rear of the handle
      portion 16, an electrical jack 25, hidden from view in the perspective, is
      included for recharging the batteries in compartment 18.
PAR  FIG. 1B illustrates an optional provision for disconnecting the shear and
      motor portion 12 from the handle portion 16. A tongue 11 and a groove 13
      slide within each other and a male electrical jack 15 mates with a female
      electrical jack 17 to supply power to electric motor 20. This optional
      feature makes it possible to add an extension wand between the shear and
      motor portion 12 and the handle portion 16 so that the tool may be used by
      it's operator while standing fully erect. This optional feature further
      allows for the handle portion 16 to be used with other tools such as
      connected to a shrub trimmer or a power drill.
PAR  In FIG. 2 the motor 20 is supported within the housing 14 and includes an
      output shaft 26 having a drive pinion 28 affixed thereto. The pinion
      drives a large spur gear 30 which is affixed to rotary hub member 32 by
      means of screws 34. Rotary hub drive member 32 rotates about stationary
      hollow shaft 36 which is affixed to stationary bed knife 38. The
      stationary hollow shaft and the bed knife assembly is in turn firmly held
      about shaft 40, which is affixed to housing 14, by nut 42. When trigger
      switch 22 is operated, the lock having been released, motor 20 causes
      rotation of shaft 26 and pinion 28 due to the application of power from
      batteries or other appropriate sources of energy, which in turn causes the
      rotation of spur gear 30 and rotary hub drive member 32.
PAR  FIG. 2 further illustrates the relationship of rotary hub drive member 32
      and housing 14. The rotary hub drive member 32, being circular on it's
      periphery nests within and in close proximity to the circular drive train
      enclosing portion 44 of housing 14 this relationship preventing grass and
      other growth from entering into this enclosure and effecting the shear's
      operation.
PAR  The assembly of the unit can best be seen in FIG. 3. Stationary hollow
      shaft 36 is affixed to and protrudes up through a hole in the center of
      bed knife 38. Rotary blade 46 fits about hollow shaft 36 and is held into
      contact with the teeth of the bed knife by TEFLON washer 48, metal washer
      50 and E ring clip 52. E ring clip 52 is affixed about hollow shaft 36 by
      insertion into groove 54 of hollow shaft 36. When this assembly is
      completed rotary blade member 46 is having exerted upon it by TEFLON
      washer 48 the required amount of downward pressure so that the desired
      shearing action, which will be described in detail later, is achieved.
PAR  Rotary hub drive member 32 is placed about stationary hollow shaft 36 over
      the completed blade assembly. The portion of rotary hub drive member 32
      indicated at 56 rests and rotates upon E ring 52. Rotary hub drive member
      32 is so dimensioned that it's undersurface at 58 is being held close to
      but not in contact with and in a plane parallel to the flat upper
      surfaceof bed knife 38 by it's surface of about hollow shaft 36 and the
      contact of it's surface at 56 with E ring 52. The close proximity of
      undersurface 58 with the flat upper surface of bed knife 38 is an
      important feature of this invention as this close relationship prevents
      grass and other growth from entering into this space and clogging the
      shear or slowing it's operation.
PAR  When the unit is assembled rotary hub drive member 32 cooperates with
      rotary blade member 46. Rotary blade tabs 60 fit into holes 62, only one
      of which is shown the other being hidden from view in the perspective, of
      the rotary hub drive member thus it's rotation causes blade 46 to rotate.
      Rotary blade fingers 64 and 65 protrude out from within the rotary hub
      drive member through slots 66. The sharpened lateral leading cutting edges
      67 and 68 of the blade fingers cooperate, in inclined scissor-like
      engagement, with the lateral cutting edges 70 of the bed knife teeth 72.
      The assembly illustrated in FIG. 3 is completed by inserting shaft 40
      through hollow shaft 36 and affixing nut 42 thereto.
PAR  FIG. 3 illustrates further features of this invention. The circular portion
      61 of rotary blade member 46 is flat however the blade fingers 64,65 are
      bowed downwardly and furthermore the blade fingers are twisted about their
      longitudinal axes further inclining downwardly the sharpened lateral
      leading cutting edges 67 and 68. As blade member 46 is not affixed to
      rotary hub drive member 32 it is in a free floating position above the
      surface of bed knife 38 and because of the bowed and twisted configuration
      of the blade fingers only the lateral leading cutting edges 67 and 68 come
      into contact with bed knife teeth 72. The points of contact between
      cutting edges 67,68 are further directed by the blade finger's
      configuration to the lateral cutting edges 70 and the lateral trailing
      edges 74 of the bed knife. As will be seen hereinafter the points of
      contact relationship described have a direct bearing upon the cutting
      action of the shear.
PAR  Because of the bow and twist in the blade fingers 64 and 65 and the
      resultant sliding single point of contact along each edge 67,68 and a
      corresponding point along the edges 70, 74 of the bed knife teeth, it is
      an important feature of this invention that rotary blade member 46 is
      stabilized by it's flat circular portion 61 which rotates about a plane
      substantially parellel with the flat upper surface of bed knife 38. This
      substantially parallel plane is maintained by a flat circular portion 61
      being pressed upon by TEFLON washer 48, a metal washer 50 and E ring clip
      52, the surfaces of which are substantially parellel to the surface of the
      bed knife. The rotary blade being stabilized as described assures that the
      lateral leading cutting edges of the blade fingers properly contact the
      lateral cutting and trailing edges of the bed knife teeth.
PAR  FIG. 4 is a view looking down onto the top of the rotary cutting blade
      assembly and the stationary toothed bed knife element shown in FIG. 3 with
      hollow shaft 36 shown in cross section. FIG. 4 illustrates another
      specific feature of this invention. As illustrated by the position of
      blade element 46, as shown in full lines, the lateral leading cutting edge
      68 of blade finger 64 is just beginning a cutting action on tooth edge 70
      while lateral leading cutting edge 67 of opposite blade finger 65 is just
      starting to fall off trailing edge 74 of bed knife tooth 72. After a small
      further rotation of blade 46 to the position illustrated in dotted lines
      the cutting edge 68 of blade finger 64 is now just beginning to fall off
      trailing edge 74 of bed knife tooth 72 while cutting edge 67 of blade
      finger 65 is just beginning a cutting action on tooth edge 70 of the next
      adjacent bed knife tooth. The eleven toothed projections 72 of the bed
      knife that when one moving lateral leading cutting edge e.g. 68 is
      traversing a given lateral cutting edge 70 the other lateral leading
      cutting edge 67 is traversing a lateral trailing edge 74.
PAR  The alternate cutting action just described combined with the floating
      position of rotary blade 46 above bed knife 38 permits a rocking see-saw
      like action of the rotary blade member to occur. This rocking action
      combines with a limited flexing action of blade fingers 64 and 65 to
      provide a smooth, uniform and highly efficient shearing action with a
      minimal expenditure of energy being required of the shear's power source.
PAR  In FIG. 7 and FIG. 8, enlarged sectional views taken along lines 7--7 and
      8--8 of FIG. 4, the rocking action just described is clearly illustrated.
      In FIG. 7 blade edge 68 is down between two of the stationary teeth 72 and
      just beginning a cutting action upon a stationary tooth edge not shown. In
      FIG. 8 blade edge 68 is up and just beginning to fall off the trailing
      edge of tooth 72. Correspondingly, blade edge 67 is up in FIG. 7 and down
      in FIG. 8. The positions of blade tab 60, somewhat exaggerated, also show
      the occuring rocking motion. FIGS. 7 and 8 further illustrate the downward
      inclination and the twisting of the blade fingers.
PAR  Still another specific feature of this invention is illustrated in FIG. 4.
      The circular dotted line illustrates the position of the perphery of
      rotary hub drive member 32 in relation to bed knife 38 and more
      particularly in relation to the V formed at the juncture of cutting edges
      70 and trailing edges 74 of the bed knife teeth. As can be seen the
      periphery of hub 32 extends out and over the inner portion of the lateral
      cutting edges of these teeth. It is thus apparent that grass and the like
      which is being cut is kept away from the flat upper surface of the bed
      knife from which the toothed projectons 72 emanate and as such the
      likelihood of cut grass and the like accumulating or entering into the
      space between the flat surface of the bed knife 38 and the undersurface 58
      of the rotary hub drive member 32 is further minimized.
PAR  The extension of the periphery of the rotary hub 32 out and over the inner
      portion of the lateral cutting and trailing edges of the bed knife teeth
      has an additional further function. In a preferred embodiment this grass
      shear is battery powered and it is imperative that the drain on the power
      source be kept at a minimum, as such it is critical that the downward
      pressure which blade finger edges 67 and 68 exert upon cutting and
      trailing edges 70 and 74 of the bed knife is carefully controlled in
      manufacture. The distance along the cutting and trailing edges 70 and 74
      which is covered by the undersurface 58 of the rotary hub drive member
      allows for a small degree of latitude in tolerance control as the downward
      cutting pressure in this area may be on the minus side of what is deemed
      sufficient without adversly affecting the efficiency of this invention.
PAR  FIGS. 5 and 6 illustrate alternate constructions in accord with the
      teachings of this invention. In particular, FIG. 5 illustrates a
      construction which is basically similar to FIG. 4 except that it shows
      that the angles of the lateral cutting edges 70A and the lateral trailing
      edges 74A of the bed knife teeth 72A, taken along a line running from the
      tip of tooth 72A to the center of the bed knife 38A may be varied and need
      not be equal as long as the lateral leading cutting edges of rotary blade
      member 46A are adjusted to the change in angle.
PAR  FIG. 6 illustrates an embodiment which has a lesser number of bed knife
      teeth, namely 9. This number of teeth could readily be accepted to
      function with the rotary blade members illustrated in FIGS. 4 and 5,
      nonetheless in FIG. 6 rotary blade 46B has a plurality of blade fingers
      exceeding 2. The rocking action previously described occurs about axis A-A
      and in the position illustrated blade finger edges 68B and 68C are
      traversing lateral trailing edges 74B while blade finger edges 67B and 67C
      are traversing lateral cutting edges 70B. It can be invisioned that with
      further rotation the above action will revert to the opposite side of axis
      A-A and a rocking see-saw like action of the rotary blade member 46B, as
      has been previously described, will repeat itself about 360 degrees of
      rotation.
PAR  FIG. 9 illustrates an embodiment of this invention in which bed knife teeth
      72D, rotary blade member 46D and the circular drive train enclosure 44D
      are shown beneath the frame 100 of a lawn mower. The remaining parts of
      the construction in accord with the teachings of this invention are hidden
      from view in the perspective illustration. The lawn mower frame 100 has a
      motor enclosing portion 102, wheels 104 and a handle 106. Electric
      current, preferably from a battery enclosed within portion 102, activates
      the motor within portion 102 which in turn causes the rotation of blade
      46D. When switch 108 is turned on teeth 72D, being in a spaced
      relationship above the lawn will cooperate with the cutting edges of
      rotary blade 46D to shear grass and the like as the lawn mower is guided
      forwardly or rearwardly above the ground. A lawn mower, such as
      illustrated in FIG. 9, may be constructed with one or more motors affixed
      thereto operating a plurality of rotary shear cutting assemblies affixed
      to the lawn mower frame in adjacent specifically spaced relationships to
      shear a path of grass as these cutting units are being guided above the
      lawn.
PAR  The above discription has included several different embodiments of the
      present invention. Devices of these various types, as well as devices
      embodying the concept of the invention, but including such changes and
      modifications as will be obvious to those skilled in the art will exhibit
      significant improvement in performance in comparism to prior art devices
      of this type. Accordingly, it is intended that the appended claims cover
      all such changes and modifications as may fall within the true spirit and
      scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary grass shear comprising in combination:
PA1  A. a housing having an electric motor therein, said electric motor having
      an output rotary shaft,
PA1  B. a stationary bed knife secured to said housing, said stationary bed
      knife having a plurality of substantially radially extending teeth each of
      which has a lateral cutting edge and a lateral trailing edge formed
      thereon,
PA1  C. a rotary hub drive member and a rotary blade driven by said rotary hub
      drive member, said rotary blade being free from fixed attachment to said
      rotary hub drive member,
PA1  D. a stationary shaft about which said rotary hub drive member and said
      rotary blade are rotatably mounted,
PA1  E. a plurality of blade fingers with lateral leading cutting edges formed
      thereon, said blade fingers being part of said rotary blade, said rotary
      blade including said blade fingers being so formed that each blade finger
      is inclined downwardly such that said blade fingers engage said lateral
      cutting edges of the substantially radially extending teeth and such that
      said blade fingers rise up and away from the substantially radially
      extending teeth as the cutting action traverses slidably along the lateral
      cutting edges of the substantially radially extending teeth of said bed
      knife towards outer tips of the substantially radially extending teeth,
PA1  F. a positioning assembly located about said stationary shaft spaced from
      and maintaining said rotary blade in a floating relationship between said
      positioning assembly and said bed knife, said positioning assembly
      allowing said rotary blade to rock up and down in see-saw like fashion
      about said stationary shaft during rotation and said positioning assembly
      holding said lateral leading cutting edges of said blade fingers at an
      inclined angle to the plane of the lateral cutting edges of the
      substantially radially extending teeth such as to be engageable of said
      lateral cutting edges of said substantially radially extending teeth
      thereby shearable of grass and other growth.
NUM  2.
PAR  2. A rotary grass shear comprising in combination:
PA1  A. a housing having an electric motor therein, said electric motor having
      an output rotary shaft,
PA1  B. a stationary bed knife secured to said housing, said stationary bed
      knife having a plurality of substantially radially extending teeth each of
      which has a lateral cutting edge and a lateral trailing edge formed
      thereon,
PA1  C. a rotary hub drive member and a rotary blade driven by said rotary hub
      drive member, said rotary blade being free from attachment to said rotary
      hub drive member,
PA1  D. a stationary shaft about which said rotary hub drive member and said
      rotary blade are rotatably mounted,
PA1  E. a plurality of blade fingers with lateral leading cutting edges formed
      thereon, said blade fingers being part of said rotary blade, said rotary
      blade including said blade fingers and said substantially radially
      extending teeth of the bed knife being so formed that said blade fingers
      engage said lateral cutting edges of the substantially radially extending
      teeth of the bed knife at an inclined angle to each other and such that
      said blade fingers rise up and away from the substantially radially
      extending teeth of the bed knife as the cutting action traverses slidably
      along the lateral cutting edges of the substantially radially extending
      teeth of said bed knife towards outer tips of said substantially radially
      extending teeth,
PA1  F. a positioning assembly located about said stationary shaft spaced from
      and maintaining said rotary blade in a floating relationship between said
      positioning assembly and said bed knife, said positioning assembly
      allowing said rotary blade to rock up and down in see-saw like fashion
      about said stationary shaft during rotation and said positioning assembly
      holding said lateral leading cutting edges of said blade fingers and the
      lateral cutting edges of the substantially radially extending teeth of the
      bed knife at an inclined angle to each other such as to engage said
      lateral leading cutting edges of said blade fingers and said lateral
      cutting edges of said substantially radially extending teeth thereby
      shearable of grass and other growth.
NUM  3.
PAR  3. A rotary grass shear according to claim 2 wherein said substantially
      radially extending teeth and said lateral cutting edges formed thereon are
      positioned in predetermined locations about a circumference of said bed
      knife and wherein the cutting action between the lateral leading cutting
      edges formed on the blade fingers and the lateral cutting edges formed on
      the substantially radially extending teeth of the bed knife on one side of
      a longitudinal central axis of said stationary shaft about which said
      rotary blade is rockable is substantially completed before like cutting
      action occurs on an opposite side of said longitudinal central axis of the
      stationary shaft, this action being repeatable back and forth from one
      side of said longitudinal central axis to the other side of said
      longitudinal central axis throughout 360.degree. of rotation.
NUM  4.
PAR  4. A rotary grass shear according to claim 2, wherein said blade fingers
      are also twisted about their respective longitudinal axes positioning said
      lateral leading cutting edges formed on said blade fingers such that said
      lateral leading cutting edges are the only parts of said rotary blades
      that contact said bed knife and said substantially radially extending
      teeth and wherein a portion of said rotary blade adjacent to a central
      longitudinal axis of said stationary shaft is flat, resting against said
      positioning assembly along a plane substantially parellel to a surface of
      said bed knife in juxtaposition thereto so that said rotary blade and said
      blade fingers are stabilized about their respective longitudinal axes
      assuring that said lateral leading cutting edges of said blade fingers are
      held in resiliently inclined scissorlike engagement with said lateral
      cutting edges of said substantially radially extending teeth of said bed
      knife.
NUM  5.
PAR  5. A rotary grass shear according to claim 2, wherein said substantially
      radially extending teeth and said lateral cutting edges and said lateral
      trailing edges formed thereon are positioned in predetermined locations
      about a circumference of said bed knife and wherein the cutting action
      between the lateral leading cutting edges formed on the blade fingers and
      the lateral cutting edges formed on the substantially radially extending
      teeth of the bed knife on one side of a longitudinal central axis of said
      stationary shaft about which said rotary blade is rockable is occurable
      substantially coincident with the lateral leading cutting edges of the
      blade fingers on the opposite side of said longitudinal central axis of
      the stationary shaft being traversably slidable along said lateral
      trailing edges of the substantially radially extending teeth of the bed
      knife this coincident action being repeatable back and forth from one side
      of said longitudinal axis to the other side of said longitudinal axis
      throughout 360.degree. of rotation.
NUM  6.
PAR  6. A rotary grass shear according to claim 2, wherein said substantially
      radially extending teeth and said lateral cutting edges and said lateral
      trailing edges formed thereon are positioned in predetermined locations
      about a circumference of said bed knife and wherein the cutting action
      between a lateral leading cutting edge formed on a blade finger and a
      lateral cutting edge formed on a substantially radially extending tooth of
      the bed knife on one side of a longitudinal central axis of said
      stationary shaft about which said rotary blade is rockable is occurable
      substantially coincident with a lateral leading cutting edge of a blade
      finger on the opposite side of said longitudinal central axis of the
      stationary shaft being traversably slidable along a lateral trailing edge
      of a substantially radially extending tooth of the bed knife this
      coincident action being repeatable back and forth from one side of said
      longitudinal axis to the other side of said longitudinal axis throughout
      360.degree. of rotation.
NUM  7.
PAR  7. A rotary grass shear according to claim 2 including a lawn mower frame
      with wheels operatively mounted thereon and a handle mounted on the lawn
      mower frame for guiding said lawn mower frame along the ground on said
      wheels, said housing being affixed to said lawn mower frame.
NUM  8.
PAR  8. A rotary grass shear comprising a housing having an electric motor
      therein, said electric motor having an output rotary shaft, a stationary
      bed knife assembly secured to said housing, said stationary bed knife
      assembly including a stationary bed knife having a plurality of
      substantially radially extending teeth each of which has a lateral cutting
      edge and a lateral trailing edge formed thereon, a stationary shaft about
      which a rotary blade means driven by said electric motor is rotatable,
      said rotary blade means being in a floating relationship to said bed knife
      adapted such that the rotary blade means is able to rock in see-saw like
      fashion about said stationary shaft, said rotary blade means having finger
      means with lateral leading cutting edges formed thereon which are adapted
      to be contactable consecutively in a predetermined relationship with the
      lateral cutting edges and the lateral trailing edges to engage said
      lateral cutting edges at an inclined angle to a plane along which said
      lateral cutting edges extend to be shearable of grass and other growth in
      scissor-like fashion.
NUM  9.
PAR  9. A rotary grass shear according to claim 8 including a lawn mower frame
      with wheels operatively mounted thereon and a handle mounted on the lawn
      mower frame for guiding said lawn mower frame along the ground on said
      wheels, said housing being affixed to said lawn mower frame.
NUM  10.
PAR  10. A rotary grass shear comprising in combination:
PA1  A. a housing having an electric motor therein, said electric motor having
      an output rotary shaft,
PA1  B. a stationary bed knife secured to said housing said stationary bed knife
      having a plurality of substantially radially extending teeth, each of
      which has a lateral cutting edge and a lateral trailing edge formed
      thereon,
PA1  C. a rotary hub drive member and a rotary blade member driven by said
      rotary hub drive member, said rotary blade member being free from fixed
      attachment to said rotary hub drive member, a portion of said rotary blade
      member recessed within said rotary hub drive member, said rotary hub drive
      member having a portion of a radially outwardly located undersurface
      rotatable in a plane substantially parallel to and in juxtaposition to and
      spaced from a substantially horizontal surface of said stationary bed
      knife and wherein the radius of said rotary hub drive member is a
      predetermined amount larger than the distance from the center of the
      stationary bed knife to the points located where said lateral cutting
      edges formed on said substantially radially extending teeth emanate out
      from the body of the bed knife,
PA1  D. a stationary shaft, located at the center of said bed knife, about which
      said rotary hub drive member and said rotary blade member are rotatably
      mounted,
PA1  E. two blade fingers, each with a lateral leading cutting edge extending
      along a longitudinal axis of the blade finger, said blade fingers being a
      part of said rotary blade member and located substantially diametrically
      opposite to each other, said rotary blade member including said blade
      fingers being so formed that said blade fingers are inclined downwardly
      and twisted about said longitudinal axis thereby lowering the lateral
      leading cutting edge of the blade finger into a cooperable cutting
      attitude with the lateral cutting edges of the substantially radially
      extending teeth and into sliding contact between and along the lateral
      leading cutting edges of the blade fingers and consecutively the lateral
      cutting edges and the lateral trailing edges of said substantially
      radially extending teeth,
PA1  F. a positioning assembly located about said stationary shaft spaced from
      and maintaining said rotary blade member in a floating relationship
      between said positioning assembly and said stationary bed knife, said
      rotary blade member and said positioning assembly being so constructed as
      to allow said rotary blade member to rock in see-saw like fashion about
      said stationary shaft, the lateral leading cutting edges of said blade
      fingers being engagable consecutively of the lateral cutting edges and the
      lateral trailing edges of the substantially radially extending teeth of
      the stationary bed knife in a predetermined manner wherein when the
      lateral leading cutting edge of one blade finger is traversable of a
      lateral cutting edge of one of said substantially radially extending
      teeth, the substantially diametrically opposite blade finger and the
      lateral leading cutting edge thereof is traversable slidably along said
      lateral trailing edge of the substantially radially extending tooth on the
      opposite side of the stationary bed knife, repeatably back and forth from
      one side of said stationary shaft to the other side of said stationary
      shaft throughout 360 degrees of rotation of the rotary blade member.
NUM  11.
PAR  11. A rotary grass shear comprising in combination: a housing having an
      electric motor therein, said electric motor having an output rotary shaft;
      a stationary bed knife assembly secured to said housing, said stationary
      bed knife assembly having a plurality of substantially radially extending
      teeth each of which has a lateral cutting edge formed thereon; a rotary
      blade means for shearing of grass and other growth by rotary blade action,
      said rotary blade means including a cutting edge means formed thereon for
      cutting as a leading edge as a rotary blade is rotated, and said rotary
      blade means being driven by said electric motor, said cutting edge means
      being coactable with the lateral cutting edges of the substantially
      radially extending teeth of the bed knife assembly; a shaft, located at a
      center of said bed knife assembly about which said rotary blade means is
      rotatable; a rotary hub rotatable with said rotary blade means and adapted
      such that a portion of said rotary blade means is recessed within said
      rotary hub, a periphery of said rotary hub being in juxtaposition to and
      spaced from said housing, a portion of an undersurface of the rotary hub
      about a radially outer periphery thereof being rotatable in a plane
      substantially parallel to and in juxtaposition to and spaced from a
      substantially horizontal surface of said stationary bed knife assembly and
      adapted such that the radius of said rotary hub is a predetermined amount
      larger than the distance from the center of the stationary bed knife
      assembly to the points located where said lateral cutting edges of said
      substantially radially extending teeth emanate out from the body of the
      bed knife assembly.
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ABST
PAL  A surgical knife assembly in which a blade is provided with a guard for
      limiting the depth of cut. The guard is formed of a resilient material
      such as plastic, and frictionally grips the blade, so that the guard is
      adjustable on the blade by the application of a predetermined amount of
      axial force, with the force required for adjustment being considerably
      greater than the force that is applied thereto during a cutting procedure.
      An adjustment tool is also provided, the tool and the blade having
      cooperative engaging portions to permit accurate adjustment of the
      position of the guard on the blade between incisions during a surgical
      procedure.
PARN
PAR  This is a continuation of Ser. No. 332,611 filed Feb. 15, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many types of surgery, such as eye, vascular, plastic and neuro -
      surgery, accurate control of the depth of cut is of crucial importance.
      For example, in eye surgery, a cut only slightly deeper than intended can
      cause loss of eye fluid and the permanent loss of the sight of the eye.
      Certain types of surgery also require that a sequence of cuts be made to
      different depths, which depths must be accurately controlled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a knife embodying the features of the
      invention, shown in position for making an incision.
PAR  FIG. 2 is a top plan view of the knife of FIG. 1.
PAR  FIG. 3 is a view of the knife of FIG. 2 as seen from the top.
PAR  FIG. 4 is a view of FIG. 2 as seen from the left end.
PAR  FIG. 5 is a perspective view of the blade and guard portion of the knife
      assembled with an adjusting tool, for adjusting the position of the guard
      on the blade.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawing, there is illustrated a surgical knife assembly
      10, which comprises a handle 12, a blade 14 removably assembled with the
      handle and a blade guard 16 assembled onto the blade.
PAR  In the illustrated embodiment the blade 14 comprises a rear tang portion 18
      for assembly into the handle and a forward end 20 having cutting edges 22
      formed on the outermost portion thereof. The blade 14 is formed of a flat
      piece of steel of uniform thickness and the cutting edges 22 are formed by
      grinding down the side edge portions on the forward end, so that the
      overall width of the sharpened portion is slightly less than the remainder
      of the forward end portion.
PAR  To provide adjustable means for limiting the depth of cut of the blade, the
      guard 16 is provided on the forward end of the blade. The guard is formed
      of a single piece of molded plastic such as nylon, polyethylene, or the
      like, and is generally rectangular in cross section with a rounded forward
      nose 26 and bearing surfaces 28 extending rearwardly and outwardly from
      the nose at an angle of about 45.degree. to the axis of the assembled
      blade.
PAR  A central aperture 30 extends through the body with the dimensions thereof
      being such that when the guard is assembled onto the forward end of the
      blade, the guard frictionally grips the blade with sufficient tightness to
      prevent movement of the guard on the blade unless a predetermined force is
      applied thereto, said predetermined force being considerably greater than
      the force applied to the guard during any surgical cutting procedure.
PAR  In one embodiment of the invention the thickness of the blade is slightly
      greater than the width of the aperture 30 in the guard, so that an
      insertion of the blade into the guard, the flat sides of the blade cause
      the corresponding dimensions of the guard to become enlarged, and thereby
      frictionally grip the sides of the blade. In the illustrated embodiment of
      the invention, the aperture 30 is so dimensioned that the edges thereof
      either ride on or are closely adjacent the side edges of the guard.
PAR  Hence theh interior surface of the guard does not touch the cutting edges
      22, which might impair their cutting ability. The rear end portion 18 of
      the blade is wider than the portion 20, hence the guard cannot move
      rearwardly beyond the position at which the rear end of the guard contacts
      the foremost portion of the blade tang 18. The components are so
      dimensioned that when this occurs, almost all of the useful length of the
      cutting edge is exposed. A maximum depth of cut, within the capabilities
      of the blade, may therefore be obtained without the risk of a deeper cut
      that could be accidentally made if the guard were not present.
PAR  The rounded nose portion 26 and the bearing surfaces 28 of the guard extend
      laterally on each side of the blade to provide a broad area to bear
      against the surface being cut on each side of the incision and thereby
      prevent penetration of the blade beyond the desired depth. The surfaces 28
      are inclined to the axis of the blade at an angle of about 45.degree.
      since this is the maximum angle from the vertical that the knife would be
      held during use.
PAR  When supplied from the manufacturer the guard may be positioned on the
      blade so that a predetermined length of cutting edge is exposed, for use
      in a particular type of surgical incision. However in certain surgical
      procedures, a first incision may be required at one depth, and a second
      incision may be required shortly thereafter at a different depth.
PAR  For this reason an adjusting tool 32 is provided for use with the knife,
      which may have the form illustrated in FIG. 5. The tool 32 has a pair of
      legs 34 and 36 joined at one end at pivot 38 and having handle means 40 at
      the other end for grasping by the fingers. The tool 32 and the blade and
      guard assembly are provided with cooperating interengaging means, which,
      in the illustrated embodiment comprises an upstanding pin 42 on one leg 34
      for entering an aperture 44 in the rear end 18 of the blade and a bracket
      46 assembled onto the other leg, said bracket having a pair of upstanding
      legs 48 disposed thereon and spaced apart to be received in a pair of
      opposed notches 50 in the side edges of the guard. The position of the
      guard on the blade may therefore be adjusted by moving the legs 34 and 36
      toward or away from each other as desired.
PAR  To limit the amount of movement applied to the guard by the tool, the
      bracket 46 has a portion 52 which extends over the leg 34, with an
      elongated aperture 54 disposed therein through which pin 42 projects. The
      movement of the legs in relation to each other is therefore limited by the
      dimensions of the aperture 54 so that the guard cannot inadvertently be
      completely removed from the blade, nor can the guard be forced onto the
      rear tang of the blade, which might enlarge the guard aperture to an
      undesirable degree.
PAR  Hence during a surgical procedure, after a cut of one depth is made, the
      blade may be removed from the handle and placed in the adjusting tool in
      the manner illustrated, where the guard may be adjusted to the desired
      position to expose the appropriate amount of cutting edge. Such adjustment
      can be conveniently accomplished under a pre-focused mocroscope with a
      micrometer lens, so that the amount of exposed cutting edge may be
      accurately determined.
PAR  Although it is, of course, possible to have on hand a number of
      pre-adjusted knives, the above described adjustment can be made accurately
      and rapidly, eliminating the possibility of accidentally picking up a
      knife with an improper amount of cutting edge exposed.
PAR  In the illustrated embodiment the guard is designed to frictionally grip
      the side edges of the blade, however it will be understood that the blade
      may have other shapes and the guard may be designed to frictionally grip
      other portions of the blade.
PAR  Since certain other obvious changes may be made in the illustrated
      embodiment of the invention, it is intended that all matter contained
      herein be interpreted in an illustrative and not a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A knife assembly for making incisions of pre-determined limited depth,
      comprising a blade having a forward portion with a cutting edge formed on
      the side edge thereof, said portion having a width less than that of the
      portion of the blade immediately to the rear thereof, and a guard
      assembled onto the blade, said guard being formed of resilient material
      and having a central aperture receiving the forward portion and being so
      dimensioned that the blade is frictionally gripped by said guard with
      sufficient strength to prevent axial movement of the guard on the blade
      except by the application of a force substantially greater than the force
      applied thereto during a cutting operation, said blade being so gripped by
      the guard that contact of the guard with the cutting edge is avoided, and
      means limiting the rearward movement of the guard so that the only portion
      of the blade having a cutting edge can protrude therefrom.
NUM  2.
PAR  2. A knife assembly as set out in claim 1 in which said guard has a rounded
      nose portion projecting laterally from each side of the blade and a
      rearwardly and outwardly inclined surface extending from the nose portion
      on each side of the blade to provide a bearing surface against the surface
      being cut to limit the blade penetration into the material being cut.
NUM  3.
PAR  3. A surgical knife assembly for making incisions of predetermined limited
      depth, comprising a metal blade having a forward portion with a cutting
      edge formed on a side edge thereof, a medial portion of uniform width, and
      a rear portion structured for attachment to a handle and a guard having a
      central aperture assembled onto the blade, said guard being formed of
      resilient material and having a rear portion frictionally gripping the
      medial (rear) portion of the blade and a forward portion dimensioned to
      surround (for covering) at least part of the forward portion of the blade
      without contact with the cutting edge, said guard frictionally gripping
      the medial (rear) portion of the blade with sufficient strength to prevent
      axial movement of the guard on the blade except by the application of an
      axial force substantially greater than the axial force applied thereto
      during a cutting operation, whereby said guard may be adjusted axially on
      the blade to be frictionally held in any desired position to expose the
      exact length of cutting edge required (adjust the amount of cutting edge
      exposed) without contact between the guard (blade) and the cutting edge.
NUM  4.
PAR  4. A surgical knife assembly, comprising a blade formed of flat metal and
      having a rear portion with a uniform width and a forward position of
      lesser width, said forward portion having cutting edges formed on each
      side thereof, and a guard formed of resilient material assembled on the
      blade, said guard having a central aperture receiving the blade, said
      aperture being so dimensioned that the guard frictionally grips the side
      edges of the rear portion only of the blade with sufficient force to
      prevent axial movement of the guard on the blade except by the application
      of an axial force substantially greater than the axial force applied
      thereto during a cutting operation, the lesser width of the forward
      portion preventing contact between the guard and the cutting edges.
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ABST
PAL  A landless inner cutter having a body portion which is made from a single
      piece of metallic material such as a flat strip of sheet metal. The inner
      cutter has a body portion including a pair of longitudinal flanges
      provided with ledges which support a plurality of parallel, arch-shaped,
      cutter tooth blade sections. The blade sections span the space between the
      flanges and are disposed normal to the same. In addition, the inner cutter
      includes a support which is also made of a single piece of sheet metal, to
      which the blade sections are individually secured so as to rigidly
      maintain the same parallel to one another. The blade sections are formed
      in a flat strip of sheet metal in order to form a landless inner cutter.
      Material if formed from the strip to provide the same with a first
      archlike edge which has a rise and a span. A second archlike edge is
      formed in the strip which is longitudinally displaced from the first edge
      such that the span of the second edge intersects the rise of the first
      edge. Bending the resulting arch-shaped strip material or blade section
      out of and normal to the plane of the strip, provides a normally disposed,
      arch-shaped blade section. Successive repetition of the cutting and
      bending provides a plurality of equidistantly-spaced blade sections in the
      strip.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a division of application Ser. No. 414,175, filed Nov. 8, 1973.
PAR  This invention is concerned with inner cutters for electric dry shavers,
      and more particularly with a landless inner cutter having blade sections
      formed in a thin strip of flat metallic material so as to form a landless
      inner cutter, and this application is a division of U.S. application Ser.
      No. 414,175 filed Nov. 8, 1973, now issued to U.S. Pat. No. 3,858,461.
BSUM
PAR  Prior art inner cutters are sometimes made of light-weight sheet metal
      parts so as to reduce the mass of the inner cutter, which results in
      lessening the vibration engendered by the inner cutter as it is
      reciprocated relative to an outer cutter for shearing hair. The various
      prior art methods of fabricating such light-weight inner cutters have
      included the steps of forming a plurality of generally C-shaped,
      equidistantly longitudinally spaced cuts in a strip of sheet metal
      material, and bending the material within the perimeters of the respective
      cuts out of the plane of the strip, so as to form a plurality of parallel,
      upstanding tabs and thus blade sections. In such processes a given blade
      section is separated from an adjacent blade section by a
      transversely-extending portion of strip material remaining in the plane of
      the strip, i.e., a supporting land, and by a space equivalent to the
      height of the blade section bent out of the plane of the strip. As a
      consequence, the number of blade sections of a particular height which can
      be formed, in a given length of strip material, depends on the width of
      the space occupied by the supporting lands between the various blade
      sections.
PAR  Although the blade sections have been more closely spaced adjacent to one
      another by eliminating the supporting lands between the blade sections,
      the prior art processes for doing so are expensive and time consuming due
      to the necessity of reverting to processes which include the steps of
      cutting of the blade sections completely out of the strip of sheet metal,
      aligning them with one another and individually separately securing them
      to a supporting member or mount. In some instances the mount has consisted
      of a plurality of parallel rods which are passed through openings provided
      in the aligned blade sections and then secured to the blade sections, for
      example, as by welding. In other instances the mount has consisted of an
      elongated bar having equidistantly longitudinally-spaced, transverse cuts,
      within which the blade sections are individually mounted and secured in
      place by means of a suitable adhesive.
PAR  An object of this invention is to provide a novel landless inner cutter;
PAR  Another object is to provide an inner cutter for an electric shaver by
      forming blade sections in a flat strip of metallic material without
      forming lands between the blade sections;
PAR  A further object is to provide an inexpensive inner cutter by forming
      closely spaced blade sections in a flat strip of sheet metal material for
      forming a landless inner cutter for a shaver; and
PAR  A still further object is to provide an improved inner cutter having a
      sheet metal body, including cutter tooth blade sections which are formed
      in a single piece of flat sheet metal material in a manner allowing for
      more closely spacing the blade sections than has heretofore been possible.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a landless inner cutter for an electric dry shaver
      by forming blade sections in a flat strip of metallic material for forming
      the landless inner cutter.
PAR  The landless inner cutter of the present invention comprises a body portion
      made from a strip of metallic material such as a piece of sheet metal. The
      body portion includes a pair of longitudinally-extending side sections and
      a plurality of transversely-extending, arch-shaped blade sections. The
      side sections each include a plurality of equidistantly longitudinally
      spaced ledges, each of which is disposed opposite to a ledge of the other
      side section and forms therewith a pair of ledges. As a consequence, the
      side sections, taken together, include a plurality of equidistantly
      longitudinally spaced pairs of ledges. The blade sections, which are each
      supported by a given pair of ledges, span the space between the side
      sections and extend normal to the same. In addition, each of the blade
      sections has inner and outer arch-shaped edges, and the opposite
      extremities of each blade section in conjunction with the side sections
      define spaced bends in the span of the outer arch-shaped edge of the
      respective blade sections. The inner cutter also includes means for
      securing the normally disposed blade sections parallel to one another.
PAR  The method of forming blade sections for the landless inner cutter includes
      the step of removing material from the strip so as to provide the same
      with a first transversely-extending archlike edge in the plane of the
      strip and between its side edges. The first archlike edge has a rise
      extending longitudinally of the strip and a span extending transversely of
      the strip. The strip is then provided with an archlike cut to form a
      second archlike edge in the strip which has a span that intersects the
      rise of the first archlike edge. The first and second edges form an
      arch-shaped blade section in the plane of the strip which is bent out of
      the plane of the strip and normal to the same. In doing so, another first
      archlike edge is exposed in the plane of the strip i.e., the other edge
      formed by the archlike cut. By repeating the cutting and bending steps a
      plurality of normally disposed blade sections are formed in the strip. For
      a complete discussion of the method of forming the aforesaid blade
      sections, reference is made to U.S. Pat. No. 3,858,461 mentioned
      hereinabove.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  As shown in the drawings, wherein like reference numerals designate like or
      corresponding parts throughout the several Figures:
PAR  FIG. 1 is a perspective view of a landless inner cutter for a shaver, the
      inner cutter including an elongated body portion having a pair of
      longitudinal side sections and a plurality of transverse blade sections,
      and including a member for securing the blade sections parallel to one
      another;
PAR  FIG. 2 is a perspective view of the underside of a typical strip of sheet
      metal material prior to forming the blade sections in the strip so as to
      form the body portion of the inner cutter of FIG. 1;
PAR  FIG. 3 is an enlarged bottom plan view of the inner cutter of FIG. 1;
PAR  FIG. 4 is a side view, in elevation, of the inner cutter shown in FIG. 3;
      and
PAR  FIG. 5 is a side view, in elevation, of two alternative types of blade
      sections which may be formed in the strip of material of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a shaver inner cutter 10, according to the invention,
      generally includes a body portion 12 and a body supporting portion 14. The
      body portion 12 is an elongated part of the inner cutter 10 which includes
      a pair of straight, longitudinally-extending side sections 16 and a
      plurality of arch-shaped, transversely-extending blade sections 18.
PAR  For rigidity purposes, the side sections 16 (FIG. 1) are preferably
      elongated flanges having an inverted L-shaped, transverse cross-section.
      Each of the flanges 16 has a horizontally-extending base portion 20 and a
      vertically-extending leg portion 22, the latter including a
      longitudinally-extending edge 23. The base portions 20 respectively
      include a plurality of generally V-shaped ledges 24 located at
      equidistantly spaced longitudinal intervals. Each of the ledges 24 extends
      inwardly of the body portion 12 and towards a like ledge 24 of the
      opposite base portion 20 so as to define with the same a transversely
      spaced pair of ledges 24. Thus the side sections 16, considered together,
      include a plurality of equidistantly longitudinally spaced pairs of ledges
      24. Each pair of ledges 24 merges with and supports the extremities of a
      given arch-shaped blade section 18 and in conjunction with the same
      defines a pair of intersections in the form of spaced bends 25 in the
      plane of the base portions 20.
PAR  The blade sections 18 (FIG. 1) each have outer and inner arch-shaped
      peripheral edges, respectively designated 26 and 28. In FIG. 1 the outer
      peripheral edges 26 are suitably configured for slidably cooperating with
      a shaver outer cutter of the foil type (not shown). As a consequence, each
      of the outer peripheral edges 26 has a rise 30 and a span 32, and includes
      an arcuately-shaped mid-portion 34 and a pair of straight portions 36. The
      straight portions 36 extend parallel to one another, from the extremities
      of the mid-portions 34 to the ledges 24, and extend parallel to the rise
      30 of the blade's outer edge 26. The arcuately-shaped mid-portions 34,
      considered together, are particularly conformed to a radius of curvature
      corresponding to that of are arcuately-shaped, longitudinally-extending
      segment of a cylinder (not shown). As shown in FIG. 1 the outer and inner
      peripheral edges 26 and 28 are non-concentric, although the inner edges 28
      are substantially arcuately-shaped throughout their respective lengths. As
      a result, each of the blade sections 18 is wider at its mid-portion, as
      measured along the rise 30 of the outer peripheral edge 26, than it is at
      its extremities, as measured along the span 32 of the outer peripheral
      edge 26.
PAR  As shown in FIG. 1, the bends 25 at the extremities of a given blade
      section 18 are disposed in the span 32 of the outer peripheral edge 26 of
      the given blade section 18 and support the same normal to the plane of the
      base portions 20. Although the vertically-extending leg portions 22 of the
      side sections 16 also extend normal to the plane of the base portions 20,
      they do so in a direction which is opposite to that of the respective
      blade sections 18. As a consequence, when the inner cutter outer
      peripheral edges 26 are urged against a shaver outer cutter of the foil
      type (not shown) and the inner cutter 10 is reciprocated, the inner cutter
      leg portions 22 are not likely to contact the outer cutter foil (not
      shown) and damage the same.
PAR  The body supporting portion 14 is principally provided for rigidly
      maintaining the otherwise relatively weakly supported blade sections 18
      parallel to one another. Although the body supporting portion 14 may take
      other suitable forms, it is shown in FIG. 1 as an elongated strip of
      metallic material which is substantially U-shaped in transverse
      cross-section. The body supporting portion 14 is disposed within the rise
      (not numbered) of the arch-shaped blade sections 18 and includes a pair of
      diverging side walls 38 joined to one another by a base wall 39. The side
      walls 38 respectively include a plurality of equidistantly longitudinally
      spaced slots 40 dimensioned to receive the blade sections 18. Each of the
      slots 40 is aligned with a slot 40 in the opposite side wall 38 so as to
      define with the same a pair of aligned slots 40. The adjacent pairs of
      slots 40 are spaced from one another a distance corresponding to the
      equidistant spacing between adjacent blade sections 18, so as to position
      the connected blade sections 18 parallel to one another. The body portion
      12 is fixedly secured to the body supporting portion 14, for example, as
      by individually welding each of the blade sections 18 to the diverging
      side walls 38, so as to rigidly maintain the blade section 18 parallel to
      one another. According to the invention, the body supporting portion 14 is
      also provided with a pair of suitably longitudinally spaced depending tabs
      42, one of which is shown in FIG. 1, which adapt the body supporting
      portion 14, and thus the inner cutter 10, to be driven in a reciprocating
      path of travel by an electric shaver motor (not shown).
PAR  The above described body portion 12 (FIG. 1), and particularly the blade
      sections 18 of the same may be formed from a strip of sheet metal material
      44 as shown in FIG. 2. Leg portions 22 (FIG. 2) corresponding to those
      shown in FIG. 1 may be formed in the strip 44 (FIG. 2) as by
      longitudinally bending marginal portions 22 of the strip 44 out of the
      plane of the strip 44 and normal to the same. Since the leg portions 22
      are shown extending upwardly in FIG. 2, rather than downwardly as in FIG.
      1, the upper side of the strip 44 of FIG. 2 corresponds to the underside
      of the inner cutter body portion 12 of FIG. 1, before forming the blade
      sections 18.
PAR  In the process of forming the inner cutter body portion 12 the blade
      sections 18 to 18.sup.21 are aligned parallel to one another as shown in
      FIG. 4. At this juncture, in order to rigidly support the same, the blade
      sections 18 to 18.sup.21 are normally individually fixedly secured to the
      body supporting portion 14 (FIG. 1), as by welding. Thereafter (FIG. 4)
      material is removed from the outer peripheral edges 26 to 26.sup.21 of the
      respective blade sections 18 to 18.sup.21, for example, as by grinding the
      same, so as to conform the respective edges, 26 to 26.sup.21, to a desired
      contour, for example, that of an arcuately-shaped longitudinally extending
      segment of a cylinder (not shown). Of course, it is well within the scope
      of the invention that the step of removing material from the outer
      peripheral edges 26 to 26.sup.21 preceed the steps of connecting the body
      supporting portion 14 (FIG. 1) to the blade sections 18 to 18.sup.21 (FIG.
      4), and/or that the latter be secured parallel to one another by other
      well-known means during the removing step.
PAR  The forming of blade sections 18 in a strip of metallic material has been
      described in connection with forming arch-shaped blade sections 18 which
      are substantially arcuate in appearance, however, it is well within the
      scope of the invention to provide other configurations of arch-shaped
      blade sections 18 as shown in FIG. 5, those having the appearance of the
      blade sections 18(a) or 18(b).
PAR  In accordance with the objects of the invention there has been described an
      improved light-weight, landless inner cutter, including blade sections
      which are formed from a single piece of sheet metal material; and
      inexpensively formed blade sections allowing for more closely spaced blade
      sections than has heretofore been possible.
PAR  Inasmuch as certain changes may be made in the above described invention
      without departing from the spirit and scope of the same, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted in an illustrative rather than
      limiting sense. And, it is intended that the following claims be
      interpreted to cover all the generic and specific features of the
      invention herein described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A landless inner cutter for an electric shaver, comprising:
PA1  a. an elongated body portion formed from a flat strip of metallic material,
      said body portion including a pair of oppositely spaced longitudinally
      extending side sections and a plurality of arch-shaped transversely
      extending blade sections, the side sections respectively including a
      plurality of equidistantly longitudinally and oppositely spaced ledges,
      said blade sections each spanning the space between said side sections and
      being supported normal to said side sections by said oppositely disposed
      ledges;
PA1  b. each of said blade sections having outer and inner arch-shaped
      peripheral edges, said peripheral edges of each blade section being
      non-concentric to each other with the radius of the outer edge of one
      blade section being taken from the same center as the radius of the inner
      peripheral edge of the next succeeding blade section; and
PA1  c. means for securing said normally disposed blade sections parallel to one
      another.
NUM  2.
PAR  2. The inner cutter according to claim 1, wherein said outer peripheral
      edge of one blade section has the identical configuration of the inner
      peripheral edge of the next succeeding blade section.
NUM  3.
PAR  3. The inner cutter according to claim 1, wherein said outer and inner
      peripheral edges converge toward each other to form said oppositely spaced
      supporting ledges.
NUM  4.
PAR  4. The inner cutter according to claim 3, wherein said supporting ledges
      form a U-shaped ledge portion at spaced terminal ends of said blade
      sections.
NUM  5.
PAR  5. The inner cutter according to claim 4, wherein said U-shaped ledge
      portions are each disposed normal to said blade section and integral with
      said side section.
NUM  6.
PAR  6. The inner cutter according to claim 1, wherein said body portion and
      said supporting means consist of a single piece of sheet metal, and said
      securing means engages the inner peripheral edge and opposed surfaces of
      each of said blade sections to rigidly maintain said blade sections
      parallel, one to the other.
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ABST
PAL  An engine unit enclosing an engine, a fuel tank, an oil tank and a chain
      driving system is mounted on a handle assembly consisting of a front
      handle, a rear handle and a handle connecting member interconnecting the
      front and rear handle and supporting the bottom of the engine unit through
      three vibration isolators made of an elastic material. The rear end of the
      handle connecting member is joined through a vibration isolator to the
      rear end of the rear handle, and the front upper end of the rear handle is
      joined through vibration isolator to the top of the engine unit. The upper
      end of the front handle is positioned in parallel with the upper end of
      the rear handle in the horizontal direction and joined thereto through a
      vibration isolator, and the lower end of the front handle is joined
      directly to the front end of the handle connecting member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a vibration isolation system for the
      handles of a chain saw.
PAR  There have been devised and demonstrated various vibration isolation
      systems for chain saws for minimizing the transmission of the vibrations
      of the engine of the chain saw to the handles thereof so that the operator
      may firmly grip the handles to prevent the jump and wobble of the chain
      cutter, but so far they are not satisfactory in practice. Too much
      vibrations of the handles adversely affect not only the sawing operation
      but also the health of the operator when he uses the chain saw for a long
      time. In general, the rubber pads have been long used as the vibration
      isolators, but the use of the rubber pads generally results in the
      reduction in rigidity of the joints between the handles and the engine
      unit so that the chain saws cannot withstand the heavy duty operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention was therefore made to overcome the above and other
      problems encountered in the conventional gas chain saws.
PAR  Briefly stated, according to the present invention, the bottom of the
      engine unit of a gas chain saw is mounted through vibration isolators on a
      handle connecting member which interconnects between a front handle and a
      rear handle. The handle connecting member is extended backwardly of the
      engine unit and has its rear end joined through a vibration isolator to
      the rear end of the rear handle. The rear handle is extended over the top
      of the engine unit and has its upper end joined through a vibration
      isolator thereto.
PAR  The front handle in the form of C when viewed from the front of the chain
      saw has its lower end joined to the front end of the handle connecting
      member. The upper end of the front handle is bent at a right angle to be
      extended backwardly in parallel with the longitudinal axis of the engine
      unit, is positioned in parallel with the upper end of the rear handle in
      the lateral direction, and is joined through a vibration isolator to the
      upper end of the rear handle. Thus, one of the novel features of the
      present invention resides in the arrangement in which the upper end of the
      front handle is joined through the vibration isolator to the upper end of
      the rear handle.
PAR  One of the objects of the present invention is therefore to minimize the
      vibrations transmitted from the engine of a gas chain saw to the handle
      assembly thereof and to increase the rigidity of the handle assembly,
      whereby the positive and easy sawing operation may be ensured.
PAR  Another object of the present invention is to provide a vibration isolation
      system for a chain saw which is simple in construction and is very
      economical.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic side view of a gas chain saw in accordance with the
      present invention;
PAR  FIG. 2 is a top view thereof;
PAR  FIG. 3 is a front end view thereof; and
PAR  FIGS. 4 and 5 are sectional views, on enlarged scale, two embodiments,
      respectively of the vibration isolators according to the present invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  First Embodiment, FIGS. 1, 2 and 3
PAR  Referring to FIGS. 1 to 3, an engine unit 1 enclosing therein an engine, a
      fuel tank, an oil tank and a chain cutter driving unit is mounted through
      vibration isolators 21, 22 and 23 on a frame-shaped handle assembly
      consisting of a front handle 2, a rear handle 3 and a handle connecting
      member 4 interconnecting between the front and rear handles 2 and 3. One
      end of the connecting member 4 is securely attached at 10 to the lower end
      of the front handle 2 as best shown in FIG. 4, and the handle connecting
      member 4 is extended backward below the engine unit 1 and has its the
      other end 12 attached through the vibration isolator 24 to the rear handle
      3. The front upper end 8 of the rear handle 3 is joined through the
      vibration isolator 23 to the upper rear end portion of the engine unit 1
      and is also attached through the vibration isolator 25 to the upper end 6
      of the front handle 2.
PAR  In the instant embodiment, the vibration isolators 21, 22, 23, 24 and 25
      are made of an elastic material such as synthetic rubber and are of the
      inherent damping type which dampens and absorbs the vibrations by the
      internal hysteresis, i.e. shearing stresses and strains in the vertical
      direction of the vibration isolators. Two examples of the vibration
      isolators in accordance with the present invention are shown in FIGS. 4
      and 5, respectively.
PAR  In the conventional gas chain saws, the upper and lower ends of the front
      handle are attached through the vibration isolators to the engine unit so
      that considerably strong vibrations are still transmitted to the front
      handle. However, according to the present invention, the upper and lower
      ends of the rear handle 3 are attached through the vibration isolators to
      the engine unit and to the rear end of the handle connecting member as
      described above so that the vibrations are considerably dampened and
      absorbed. Furthermore, the upper end of the rear handle is attached
      through the vibration isolator to the front handle so that the vibrations
      transmitted thereto are satisfactorily dampened and absorbed to such an
      extent hitherto unattainable by the conventional gas chain saws.
      Furthermore the handle assembly consisting of the front and rear handle
      and the handle connecting member is so arranged so as to surround the
      engine unit. Moreover, the bottom of the engine unit is mounted upon the
      handle connecting member though three vibration isolators arrayed as best
      shown in FIG. 5. That is, two front vibration isolators 21 are positioned
      in parallel with each other and with the axis of the driving shaft of the
      engine enclosed in the engine unit and the remaining vibration isolator 22
      is positioned backwardly of the front vibration isolators. Therefore the
      three vibration isolators 21 and 22 make up a three-point suspension for
      the engine unit. The handle connecting member 4 is extended backward and
      is connected to the rear handle through the vibration isolator so that the
      vibrations in the vertical direction relative to the connection between
      the rear handle and the handle connecting member may be dampened and
      absorbed and that the joint between the rear handle and the handle
      connecting member exhibits as high rigidity in the direction perpendicular
      to the vertical axis of the joint between the rear handle and the handle
      connecting member. Thus, an operator may securely hold the gas chain saw
      in position when he firmly grips the front and rear handles to exert the
      forces forwardly; that is, in the direction of the travel of the chain saw
      blade.
PAR  As described above, according to the present invention, the vibrations may
      be satisfactorily isolated, and the adverse effects on the operation and
      efficiency of the chain saw due to the decrease in rigidity may be
      prevented. Furthermore, the engine unit is not required to be provided
      with means for connection with the front handle so that the construction
      of the chain saw may be much simplified.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gas chain saw, a combination comprising
PA1  a. an engine unit enclosing therein an engine, a fuel tank, an oil tank and
      a chain driving unit;
PA1  b. a front handle so arranged as to surround the upper portion and one side
      portion of said engine unit in spaced apart relation therewith;
PA1  c. a rear handle extended backwardly of said engine unit; and
PA1  d. a handle connecting member attached through vibration isolators made of
      an elastic material to the bottom portion of said engine unit and extended
      backwardly thereof,
PA2  the rear end of said handle connecting member being joined through a
      vibration isolator the rear end of said rear handle,
PA2  the front end of said rear handle being joined through a vibration isolator
      to the upper portion of said engine unit,
PA2  the upper end of said front handle being positioned in opposed relation
      with the upper end of said rear handle in the horizontal direction and
      joined together through a vibration isolator.
NUM  2.
PAR  2. A combination as set forth in claim 1 wherein said vibration isolators
      are made of elastic rubber.
NUM  3.
PAR  3. A combination as set forth in claim 1 wherein said vibration isolators
      interposed between said engine unit and said handle connecting member
      comprises two vibration isolators positioned in parallel with each other
      and spaced apart from each other by a suitable distance in the lateral
      direction of said engine, unit and one vibration isolator positioned
      backwardly of said two vibration isolators.
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ABST
PAL  Vibration dampening and heat sink mechanism for a reciprocating hand-held
      saw has a carrier guide with limited axial and radial movement positively
      controlled by an eccentric. The carrier guide serves both as a
      counterweight and a heat sink. A drive shaft for an eccentric to provide
      such limited axial and radial movement also drives a wobble mechanism for
      reciprocating a saw blade carrier slidably mounted in the carrier guide.
      The center of gravity of the carrier guide travels in an elliptical path.
      The relative movement of the carrier guide with respect to the saw blade
      carrier and their relative weights are such that a substantial or near
      perfect balance may be obtained when aggressive orbital action of the saw
      blade and saw blade carrier is used as in the case of cutting wood. The
      location and mass of the carrier guide effects a heat sink for the heat
      generated by friction due to relative reciprocating motion of the slidably
      mounted saw blade carrier.
PAL  Lag angle is defined as the angular difference if any, between the position
      of the eccentric shaft and the wobble shaft which results in the delay of
      the opposing axial movement of the carrier guide with respect to the saw
      blade carrier. The following examples will demonstrate this: when the Lag
      Angle is 0.degree., the axial movement of the carrier guide is opposite
      (180.degree. out of phase) that of the saw blade carrier. The relative
      weight of the carrier guide and the saw blade carrier in conjunction with
      the relative motion described produce near perfect axial balance. When the
      Lag Angle is 30.degree., the opposing axial movement of the carrier guide
      lags by 30.degree. (210.degree. out of phase) that of the saw blade
      carrier. This results in a small sacrifice of the axial counterbalancing
      effect of the carrier guide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improvements in hand-held, electric motor driven
      so called "all purpose" reciprocating saws, such improvements being: (1)
      the dampening mechanism to dampen the vibration due to the aggressive
      orbital cutting action of the saw blade; and (2) the heat sink action of
      such dampening mechanism.
PAR  2. Description of the Prior Art
PAR  Hand-held electric motor driven "all purpose" reciprocating saws in which
      the cutting blade is reciprocated in a path substantially parallel to the
      axis of rotation of the electric motor and in which the blade may be
      reciprocated in a pure reciprocating or substantially straight axial path
      or in an aggressive orbital path are disclosed for example in U.S. Pat.
      No. 3,461,732 and in the copending application of Alan J. Ritz entitled
      "Control for the Orbital Action of a Reciprocating Power Saw".
PAR  A patentability search on the feature of using a selected lag angle between
      the eccentrically controlled carrier guide and wobble drive mechanism for
      reciprocating the saw blade carrier in the carrier guide, and
      proportioning the relative weights and distances of travel of such carrier
      guide and such saw blade carrier to effect a near perfect balance and a
      dampening of vibration transmitted to the user uncovered only the
      following U.S. Pat. Nos.:
TBL  ______________________________________                                    
     1,648,008            3,205,722                                            
     2,501,631            3,404,574                                            
     2,917,088            3,461,732                                            
     2,931,402            3,729,823                                            
     3,205,721                                                                 
     ______________________________________                                    
PAR  None of these patents disclosed the feature of cooperating the relative
      reciprocal movements and relative weights of the carrier guide and blade
      carrier (including the saw blade) to effect either the dampening of
      vibration and the use of the carrier guide to also provide a heat sink.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings
PAR  FIG. 1 is an axially extending cross-sectional view of a reciprocating
      hand-held saw operated by an electric motor, with the saw blade shown in
      its outer extreme position, the eccentric shaft being in approximate
      midpoint position of upward travel with the carrier guide retracted, and
      embodying the vibration dampening and heat sink constituting the present
      invention.
PAR  FIG. 2 is a sectional view taken from the line 2--2 of FIG. 1 with the
      eccentric shaft rotated from the below midpoint upward position shown in
      FIG. 1 to the fully up position, the carrier guide being projected to
      about its midpoint of inward travel; and
PAR  FIG. 3 is a diagramatic view of some of the paths taken by the saw blade
      when the saw blade is moving (1) in its aggressive orbital cutting path
      and (2) in its substantially straight reciprocating cutting action, that
      path of the carrier guide indicated as LAG ANGLE 30.degree. being
      desirable for wood cutting and that path indicated as LAG ANGLE
      105.degree. being desirable in metal cutting. The paths as shown have
      longitudinal axes which are at controlled angles to horizontal. This is
      referred to as angle of inclination.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings by reference numerals, there is illustrated for
      the purpose of describing this invention a hand-held electric motor driven
      "all purpose" reciprocating saw. The saw in its major elements is like
      that described in U.S. Pat. No. 3,461,732, and in copending application of
      Alan J. Ritz entitled "Control for the Orbital Action of a Reciprocating
      Power Saw". It consists of a multipart composite case 10 which encloses
      and provides the mounting for a reversible electric motor 12. The case 10
      has a customary handle 14 in which is mounted a switch trigger 16 and a
      reversing trigger 18. A motor shaft 20 has its end provided with a helical
      gear which mates with a driven helical gear 22 keyed to a wobble shaft 24
      mounted in bearings in the transmission housing part of the case 10. As is
      well known in this art, a wobble plate 26 is mounted on the outer end of
      wobble shaft 24 and engages with socket 28 projecting radially from a saw
      blade carrier 30. The saw blade carrier 30 is hollow and at its center of
      gravity weighs approxmately 3 ounces and is slidably mounted within a
      central bore in a carrier guide 32. The blade carrier has about a one inch
      stroke. The carrier guide 32 at its center of gravity weighs approximately
      24 ounces and has a horizontal travel of about 1/8 inch. When the LAG
      ANGLE is 0.degree. (see FIG. 3), the vibration dampening is in perfect
      axial balance. When the LAG ANGLE is at 30.degree. (the best for cutting
      wood), a near perfect axial balance of vibration is obtained.
PAR  The carrier guide 32 is mounted in a self-aligning ball bushing or other
      mounting which permits such carrier guide to have both a limited axial
      movement and a limited radial swinging movement. It is an essential
      feature of this invention, that both these movements and their relative
      rates of travel are controlled by the wobble shaft 24 and an eccentric
      shaft 34 driven by the wobble shaft. This shaft 34 is rotatively mounted
      in the transmission housing part of the casing 10. The eccentric shaft 34
      is provided with a driven crossed-helical gear 36 which is in mesh with a
      drive crossed-helical gear 38 mounted on the wobble shaft 24 to have
      limited relative angular rotation of approximately 285.degree. with
      respect thereto. This limited angular motion is accomplished by a pin 40
      projecting from the wobble shaft 24 into an angularly extending slot 42
      formed in the hub of gear 38. When the wobble shaft 24 is rotated in a
      counterclockwise direction as viewed from the left in FIG. 1, the pin 40
      will be moved to the counterclockwise end of the slot 42 as shown in FIG.
      1 with a LAG ANGLE of  30.degree.. In this position of operation, the
      wobble mechanism will cause the saw blade 44 carried by the saw blade
      carrier 30 to start retraction from its extended position shown in FIG. 1
      and begin its cutting stroke. The eccentric shaft 34 will be driven in a
      counterclockwise direction of rotation as viewed from the center of FIG.
      1. The eccentric shaft 34 will swing the inner end of the carrier guide 32
      radially upwardly and move such carrier guide axially inward for the first
      30.degree. of eccentric shaft rotation, at the end of said interval, the
      eccentric shaft will commence movement of such carrier guide axially
      outward. This will cause the saw blade 44 to move downwardly and inwardly
      along the aggressive lower portion of the orbital path shown as Lag Angle
      30.degree.  in FIG. 3. When the wobble plate 26 starts to move the blade
      44 outwardly back to the extended position shown in FIG. 1, the eccentric
      shaft 34 will forcibly swing the inner end of the carrier guide 32
      radially downwardly and move such carrier guide axially outward for the
      first 30.degree. of eccentric shaft rotation, at the end of said interval,
      the eccentric shaft will commence movement of such carrier guide axially
      inward. This will cause the saw blade to move upwardly and outwardly along
      the upper portion of the aggressive orbital path shown as LAG ANGLE
      30.degree. in FIG. 3. Thus permitting the blade to be relieved from the
      work during its return stroke.
PAR  The opposite axial movements of the carrier guide 32 and the blade carrier
      30 will at the relative weights and relative distances of travel
      heretofore set forth let the carrier guide 32 perform the function of
      counterbalancing the motion of the blade carrier 30 and blade 44 and
      provide a vibration dampening action. Thus the carrier guide performs both
      carrier function of aggressive orbital cutting and vibration dampening.
PAR  A further essential feature of the invention is the "change of phase"
      between the wobble shaft 24 with its wobble plate 26 and the eccentric
      shaft 34 to shift the action of the saw blade from the aggressive orbital
      path LAG ANGLE 30.degree. to the substantially straight lineal paths of
      LAG ANGLE 105.degree.. This is accomplished by stopping the rotation of
      the electric motor 12 and reversing the direction of rotation of the motor
      or by other transmission means to cause the wobble shaft 24 to change its
      rotation to clockwise as viewed from the left in FIG. 1. This will cause
      the pin 40 to move to the other end of the slot 42, thus creating a
      substantial change in the LAG ANGLE.
PAR  After the phase shift is accomplished by reversing the direction of
      rotation of the wobble shaft 24, the saw blade will follow the path
      indicated as LAG ANGLE 105.degree. in FIG. 3. Consider the action as
      commencing with the wobble plate shown in the position of FIG. 1 and the
      saw blade extended, the eccentric shaft 34 will remain in the approximate
      midpoint position with no rotational travel until the pin 40 is moved
      angularly about 285.degree.. At this point, the wobble plate 26 will have
      completed its retraction of the saw blade (cutting stroke) and slightly
      more than half of such return stroke with such blade moving in a
      substantially straight lineal path (pure reciprocating). As this point is
      reached, the eccentric shaft will start to be rotated to move the inner
      end of the carrier guide 32 radially downwardly. Thereafter, the saw blade
      follows the substantially straight inclined path shown as LAG ANGLE
      105.degree. of FIG. 3. Such path is produced by the eccentric 34 moving
      the inner end of the carrier guide 32 radially downwardly during the
      entire outward stroke of the wobble plate 26 and by the eccentric 34
      moving such inner end of the carrier guide 32 radially upward during the
      entire inward stroke of the wobble plate 26. This combined motion of
      eccentric 34 and wobble plate 26 produces the substantially straight
      inclined path shown as LAG ANGLE 105.degree. of FIG. 3. At the large lag
      angles such as LAG ANGLE 105.degree. of FIG. 3, the beneficial axial
      counterbalancing effect of the carrier guide 32 is greatly diminished.
PAR  When it is desired to return to wood cutting aggressive orbital action, the
      motor is stopped and restarted in normal rotation or the transmission
      means is manipulated to cause the wobble shaft 24 to rotate in the
      counterclockwise direction heretofore described. For the first 285.degree.
      of such rotation, there will be substantially straight line, pure
      reciprocating movement of the saw blade. Thereafter, the blade will follow
      the orbital path of such LAG ANGLE 30.degree..
PAR  While the lag or phase angles are only shown at identified extremes,
      various other lag or phase angles between such extremes can be
      accomplished by using specially constructed clutch means and a multiple
      variety of cutting paths can be readily obtained. For example, a cutting
      stroke could be made to follow an upper path and lower path of either a
      wide or a narrow orbital path. The angle of the longitudinal axis (angle
      of inclination) can be changed from the slopes as shown.
PAR  The advantage of controlling the angle of inclination resides in the blade
      pressures developed by the weight of the saw without the pressures created
      by the operator.
PAR  While the up and down swinging movement of the carrier guide 32 will have
      some effect to increase and decrease the operator force applied to the saw
      blade and unbalance in such radial direction will exist at any LAG ANGLE.
      Such unbalance will not cause an undue vibrational transmission to the
      operator.
CLMS
STM  I claim:
NUM  1.
PAR  1. A power saw comprising:
PA1  a. a casing;
PA1  b. a motor mounted in said casing having an output element;
PA1  c. a carrier guide mounted in said casing for relative axial movement said
      guide having a mass to cause it to act as a counterweight;
PA1  d. a saw blade carrier axially movable in said carrier guide; and
PA1  e. drive means connecting said output element to said carrier guide and
      said blade carrier to provide both with cooperatively controlled axial
      movement.
NUM  2.
PAR  2. A power saw as defined in claim 1 in which the mass of said carrier
      guide and its travel with respect to said saw blade carrier and the mass
      of said saw blade carrier results in a substantial balance.
NUM  3.
PAR  3. A power saw as defined in claim 2 in which the mass of said carrier
      guide relative to the mass of said saw blade carrier is substantially
      eight to one.
NUM  4.
PAR  4. A power saw as defined in claim 3 in which the travel of said saw blade
      carrier relative to the travel of said carrier guide is substantially
      eight to one.
NUM  5.
PAR  5. A power saw as defined in claim 1 in which the mass and position of said
      carrier causes it to act both as a counterweight and a heat sink.
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ABST
PAL  Slide calipers having gear-driven digital counter are provided with spring
      for applying torsional bias to the gearing so as to eliminate backlash,
      and consequent error in measurement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to slide calipers in which the relative movement of
      the two jaws is transmitted through intermediate gearing to a digital
      counter and indicator, and particularly to means for eliminating errors in
      measurement by such calipers due to backlash in the gearing.
PAR  In conventional arrangements for eliminating backlash in such calipers a
      coil-spring is provided between a gear rotatably engaging a pinion shaft
      meshing with a rack and said pinion shaft itself. A slight rotational
      movement is thereby imparted to the pinion when the latter meshes with the
      rack, thus eliminating backlash between the pinion and rack. When such a
      spring is provided between the gear and pinion shaft two gears are needed
      and it is therefore impossible to make the device as compact as desired.
      The present invention is intended to overcome this difficulty.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide calipers
      including a counter which provides a digital display representative of the
      displacement between the jaws of the calipers.
PAR  A second object of the invention is to provide a device for preventing an
      error in measurement due to backlash in the gearing when gearing is used
      to transmit the relative movement between the jaws to the digital counter.
PAR  A third object of the invention is to prevent backlash in the gearing by
      causing mutually opposite torsion between two gear trains, i.e., a first
      gear train which converts the linear movement of a slider carrying one of
      the caliper jaws into rotational movement, which is transmitted to the
      counter, and a second gear train which also serves to convert the linear
      movement of the slider to rotational movement, but is not directly
      interlocked with the counter.
PAR  A fourth object of the present invention is to provide slide calipers in
      which the rack on the main beam extends the full length of the path of
      travel of the slider on the beam and two shafts carrying pinions which
      mesh with the rack are supported on the slider. One of these two shafts is
      directly connected to the counter-wheel in the first stage of the counter
      and the other shaft is journalled at one end in a support carried by the
      slider. The gears carried by the two shafts are connected to each other by
      a spring.
PAR  A fifth object of the invention is to utilize helical or bevel gearing or
      the like in such calipers.
PAR  A sixth object of the invention is to provide in such calipers a spring
      which is torsion-loaded.
DRWD
PAR  Other objects of the invention will become apparent from a reading of the
      following description of a preferred embodiment, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of calipers according to the invention;
PAR  FIG. 2 is an enlarged plan view of the slider of said calipers, with the
      cover removed; and
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 2.
DETD
PAR  Referring now to FIG. 1, the calipers 11 comprise a slider B, slidably
      mounted on the main beam A. This slider carries a built-in counter 12
      which provides a digital display of the dimension measured. The counter is
      positioned beneath a cover 13 provided with a window 14 through which the
      numbers displayed by the counter are visible. A rack 1 on the main beam A
      extends the full length of the path of travel of the slider B.
PAR  Referring next to FIGS. 2 and 3, the shafts 15, 15' carrying pinions 2, 2',
      are journalled in the slider B, and the pinions 2, 2' mesh with the rack
      1. The shafts 15, 15' also carry helical gears 3, 3' which engage mating
      helical gears 4, 5 to drive the counter, having an axis at right angles to
      the shafts 15, 15'. Bevel gearing could be used at this point, but
      ordinary spur and worm gearing would be unsuitable because such gearing
      would reduce the rotational speed. Any number of teeth may be used on the
      various gears, so long as the speed ratio is not affected.
PAR  The slider B coaxially supports the shafts 16, 16' carrying the helical
      gears 4, 5, so that the shafts 16, 16' are driven by the shafts 15, 15'
      respectively. The shaft 16' is journalled at one end in a bracket 8
      carried by the slider, and the shaft 16 is fixed to the first stage
      counter wheel 7 in the counter 12. Counter wheels 7, 7', 7", and 7'" for
      the different stages of the counter are located between the supports 9 of
      the counter 12, and digit-shift gears 10, 10', 10" are provided to
      interconnect these wheels.
PAR  A coil spring 6 is inserted between the gears 4 and 5 and its ends are
      fixed to said gears after it has been loaded with a torsional bias of from
      one-fifth turn to two turns, and the gears 4 and 5 are then engaged with
      the corresponding gears 3 and 3'. As a consequence of this arrangement,
      the surfaces of the gear teeth are constantly biassed in a definite
      direction by the spring 6, the helical gear 3 against 5, the helical gear
      3' against 4, the pinion 2 against the rack 1, and the pinion 2' against
      the rack 1, thus eliminating backlash.
PAR  In the present invention, two gear trains are provided and a twisted coil
      spring is inserted between these two gear trains to bias them rotationally
      in opposite directions. Consequently only a small rotational force need be
      applied to each train, and a weak spring suffices. Moreover, there is no
      likelihood that the spring will be overloaded. This also renders the
      counter compact. The addition of a gear train interlocked with the shafts
      15', 16', even though this gear train has no direct bearing on the
      counter, facilitates the design of calipers in which the digital
      indication of the distance measured is free from the influence of gear
      backlash.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Slide calipers comprising:
PA1  a. a beam carrying a rack,
PA1  b. a slider slidably mounted on said beam,
PA1  c. digital counting means rotatably mounted on the slider for digitally
      indicating the position of the slider relative to said beam,
PA1  d. two driving gears rotatably mounted on said slider and meshing with said
      rack,
PA1  e. two driven gears rotatably mounted on said slider at right angles to the
      axes of said driving gears, helical glaring through which each driven gear
      is driven from one of said driving gears, one of said driven gears
      connected to drive said counting means, while the other driven gear is
      journalled in axial alignment with said one driven gear and with said
      counting means, and
PA1  f. resilient means rotationally biassing the two driven gears in opposite
      directions.
NUM  2.
PAR  2. Slide calipers as claimed in claim 1 in which said resilient means is a
      helical spring coaxial with and positioned between said driven gears.
NUM  3.
PAR  3. A device as claimed in claim 1 in which said driven gears are helical
      gears and are driven by said driving gears through intermediate helical
      gears at right angles thereto.
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ABST
PAL  An apparatus for the measurement and numerical description of
       three-dimennal objects, such as human heads. The apparatus comprises a
      hollow hemisphere having a plurality of probes which can be moved toward
      or away from a three-dimensional object held in place within the hollow
      hemisphere. The probes are movable in sleeves which pass through the wall
      of the hemisphere, enabling the measurement of distances between the
      hemisphere and the three-dimensional object at various points on the outer
      surface thereof.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to us
      of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for the measurement and numerical
      description of a head or other three-dimensional object.
PAR  In the making of head measurements in accordance with standard
      anthropometric methods it has been customary to measure such
      characteristics as the circumference, length, breadth, and height of
      heads, using calipers and tape measures. From these measurements heads
      have been categorized into various sizes. This has certain shortcomings
      since there are so many different combinations of the more common
      anthropometric features of heads in a large population of men.
PAR  For the development of the most efficient ballistic protective helmets for
      use by infantry soldiers as well as other military personnel it has become
      important to find new ways of measuring and characterizing heads so that
      the most efficient shape and dimensions can be incorporated in the
      smallest number of different helmets, thus reducing logistic problems to a
      minimum while providing maximum safety and comfort. It is of little value
      from a military standpoint to provide helmets of excellent ballistic
      resistance if soldiers are going to abandon their helmets when they find
      themselves in a very difficult military situation where a slight
      interference with critical combat actions may spell the difference between
      survival and death. Innumerable helmets have been discarded when they were
      most needed because of either actual or fancied interference with the
      firing of a rifle or other combat problems attributed to the helmets made
      in accordance with prior designs and methods.
PAR  It is, therefore, an object of the present invention to provide an
      apparatus for measuring and numerically describing heads to enable the
      designing of better fitting and more effective helmet shapes and sizes,
      particularly for military personnel.
PAR  A further object is to provide an apparatus for measuring and numerically
      describing a wide variety of three-dimensional objects, including feet,
      torso, and other portions of the anatomy, or even inanimate
      three-dimensional objects.
PAR  Other objects and advantages will appear from the following description,
      and the novel features will be particularly pointed out in connection with
      the appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus comprises a hemisphere on which are mounted cylindrically
      shaped probes which are movable toward and away from a common point within
      a three-dimensional object, such as a human head. The hemisphere is
      supported at the front and rear thereof by means adjustably mounted on
      supporting posts so that the height and tilt of the hemisphere are
      adjustable. Once the height and orientation of the hemisphere have been
      set and the apparatus clamped in place in the desired position with
      respect to the head of a subject, the probes are moved one by one until
      they contact the surface of the head of different locations. The distances
      from the inner surface of the hemisphere to the surface of the head at the
      various points are determined from the lengths of the probes outside of
      the hemisphere and therefrom the lengths inside the hemisphere. These
      values are converted to spherical coordinates to describe the surface of
      the head so that a model of the head can be produced and used in the
      design of protective helmets.
PAR  A large number of subjects can be similarly measured and the resulting
      measurements can be converted statistically to an unlimited number of
      sizes of headforms and helmet sizes each suitable for relatively large
      numbers of different human heads.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a side elevation view of the three dimensional numerical surface
      descriptor and a human subject seated on a platform supporting the
      descriptor in position for the measurement of the subject's head.
PAR  FIG. 2 is a perspective view of the three dimensional numerical surface
      descriptor mounted on a platform, but without a subject associated
      therewith.
PAR  FIG. 3 is a plan view of the bite bar support with bite bar clamped thereby
      as viewed from above when it is in its normal operating position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the invention is shown in the drawings and
      involves a hollow hemisphere having a plurality of probes associated
      therewith which can be moved toward or away from a three-dimensional
      object held in place within the hollow hemisphere so that measurements may
      be made of the distances between the hemisphere and the three-dimensional
      object at various points on the outer surface thereof.
PAR  Referring to the drawing, reference numeral 10 represents generally the
      three dimensional numerical surface descriptor which is mounted on a
      platform 11 suitable for supporting a subject 49 in a sitting position
      with his head 50 largely within hemisphere 12, which is hollow. The
      hemisphere is preferably made of clear, transparent plastic and is mounted
      on a flange-like rim 13, which is preferably made of metal, such as
      aluminum or an aluminum alloy. Bracket 14 is attached to rim 13 and has a
      set screw 15 for adjustably clamping it to bracket 16, which has a set
      screw 17 for adjustably clamping bracket 16 with the assistance of collar
      18 to horizontal rod 19, thus providing universal adjustability to the
      hemisphere. Horizontal rod 19 has a flanged end 20 which acts as a stop
      when horizontal rod 19 is pushed or slid forward through clamp 21, the
      latter serving as a means for adjustably clamping horizontal rod 19 to
      vertical rear rod 22, which is attached by base support bracket 23 to the
      upper surface of platform 11. Clamp 21 is held by a plurality of set
      screws (not shown) clamped to both horizontal rod 19 and vertical rear rod
      22. Telescoping vertical front shaft 24 is attached to the front end of
      platform 11 by means of upper bracket 25 and lower bracket 26. Telescoping
      vertical front shaft 24 has an upper telescopic element 27 which may be
      clamped extended or retracted to varying extents by means of rotating
      clamp 28, which clinches the split end of the barrel of vertical front
      shaft 24 around upper telescopic element 27 when rotating clamp 28 is
      turned clockwise on shaft 24. Upper telescopic element 27, in cooperation
      with vertical front shaft 24, supports bite bar support 29 at various
      heights depending on the torso height of the subject 49. Bite bar support
      29 has a left tine 30 and a right tine 31 and a straight rod-like portion
      which passes through a hole through the upper end of upper telescopic
      element 27 to which bite bar support 29 is clamped by set screw 32. Left
      tine 30 has a clamp 33 at its free end and right tine 31 has a clamp 34 at
      its free end, clamp 33 being tightened or loosened by set screw 35 and
      clamp 34 being similarly tightened or loosened by set screw 36 so that
      bite bar 37, which is a flat plate-like element, such as a tongue
      depressor, is held tightly clamped between clamps 33 and 34 on the two
      ends of the tines of bite bar support 29 when the descriptor is in use.
      The tilt of the hemisphere from front to rear and from side to side is
      controlled by means of brackets 14 and 16 and set screws 15 and 17. To
      help support the hemisphere in position after it has been properly
      adjusted with respect to height and tilt, front support rod 46 is adjusted
      in length by resting the forked end 47 thereof against the top of bite bar
      support 29 and moving adjusting nut 48 along the threaded end of rod 46 to
      a position directly under and against the lower surface of rim 13 of the
      hemisphere. The hemisphere is provided with 27 cylindrical probes 38
      (designated 38' in phantom on the inside of hemisphere 12) which pass
      through the walls of the hemisphere by sliding in sleeves, preferably made
      of metal, of which there are fixed sleeves 39, horizontally adjustable
      sleeves 40, and vertically adjustable sleeves 41. The probes 38 are
      preferably solid rods, but may be hollow, if desired. The horizontally
      adjustable sleeves 40 move in horizontal sleeve adjusting slots 42, which
      pass through the walls of the hemisphere and which permit the probes which
      pass through sleeves 40 to be adjusted horizontally to bring them into
      alignment with the subject's canthi. The vertically adjustable sleeves 41
      move in vertical sleeve adjusting slots 43, which pass through the walls
      of the hemisphere along the polar plane of the hemisphere. Each of the
      sleeves is provided with a locking nut to lock the sleeve in place when it
      is in the proper position for the cylindrical probe operating therein to
      contact a selected point on the surface of head 50. The hemisphere has
      horizontal angular graduations 44 along the upper rims of the horizontal
      sleeve adjusting slots 42 and vertical angular graduations 45 along the
      side rims of the vertical sleeve adjusting slots 43. The hemisphere also
      has an equatorial plane indicator 51 etched in its surface or otherwise
      marked on the exterior surface of the hemisphere to assist in alignment of
      the hemisphere with respect to selected portions of the head of the
      subject.
PAC  OPERATION OF THE APPARATUS
PAR  In using the apparatus, a subject 49 is placed in a sitting position on
      platform 11 so that his head 50 is largely within hemisphere 12 and so
      that bite bar 37 is firmly grasped between his teeth with his head placed
      so that the Frankfort plane thereof is parallel to the ground. The
      Frankfort plane is the standard plane of orientation of the head,
      determined by locating the lower edges of the eye sockets and a single
      tragus in the same horizontal plane. Grasping the bite bar between the
      teeth after it has been properly adjusted for the particular subject
      substantially immobilizes the head so that it remains in the same position
      throughout the ensuing adjustments of the probes with respect to the
      surface of the subject's head and the measuring of the distances between
      the surface of the subject's head at strategically selected points and the
      inner wall of the hemisphere. The hemisphere is adjusted so that its polar
      plane is aligned coincidentally with the midsagittal plane of the
      subject's head and, therefore, passes through the front and rear vertical
      sleeve adjusting slots 43. The probe selected to represent the X-axis is a
      three-dimensional orthogonal coordinate system having X, Y, and Z axes is
      aligned with the subject's right tragus. The midsagittal plane, the right
      tragus, and the right external canthus of the subject's head are used to
      reference the head with respect to the equatorial plane and the polar
      plane of the hemisphere. The hemisphere is rotated so that the equatorial
      plane thereof includes the right tragus and the right external canthus of
      the subject. This orients the hemisphere with the equatorial plane at
      about an average (for various subjects) eighteen degree angle to the
      surface of the ground or the platform.
PAR  In the preferred embodiment there are nine probes in the polar plane of the
      hemisphere. Six of these are fixed while three are adjustable, two of the
      adjustable probes being at the rear of the hemisphere and the subject's
      head and one at the front of the hemisphere and the subject's head. There
      are nine probes on each side of the hemisphere from the polar plane,
      arranged at strategically selected points. The probes which are aligned
      with the tragi of the subject are at diametrically opposite positions on
      the hemisphere. They may be fixed, although in the drawing they are shown
      as adjustable. The probes which are aligned with the external canthi of
      the subject are adjustable because of the variations between different
      subjects.
PAR  When the hemisphere has been oriented with respect to the subject's head,
      as described above, the 27 probes are one by one pushed inwardly of the
      hemisphere until they touch the surface of the subject's head. The
      distance from the surface of the subject's head to the internal wall of
      the hemisphere is then measured with each probe by measuring the length of
      the probe extending outside of the hemisphere and, knowing the thickness
      of the wall of the hemisphere and any portion of the sleeve not included
      in the measurement of the length of the probe outside the hemisphere, such
      as thickness of nut 39 in each case, by difference from the total length
      of the probe arriving at the value of the distance from the surface of the
      subject's head to the internal wall of the hemisphere at that location. By
      subtracting the distance from the surface of the subject's head to the
      internal wall of the hemisphere from the known diameter of the hemisphere,
      one can arrive at the length of a ray from the center of the hemisphere to
      the surface of the subject's head at each of the 27 points selected for
      measurement. Knowing the positions of the probes in terms of
      three-dimensional coordinates and the lengths of the rays at each of 27
      different points, the shape of the head can be numerically described so as
      to enable a model maker or sculptor to reproduce the shape of the head or
      other three-dimensional object subjected to similar measurement with the
      apparatus of the invention.
PAR  The apparatus of the invention has been described in terms of its use for
      measuring and describing the surface of a human head. However, it should
      be apparent that it may be used with any three-dimensional object which
      will fit inside of the hemisphere. Twenty-seven probes are preferably used
      to describe human heads in terms of twenty-seven points scattered over the
      surfaces of the heads. Other numbers of probes can, of course, be
      employed, depending on the type of three-dimensional object being
      described and how accurately the surface of the three-dimensional object
      needs to be described.
PAR  The hemisphere employed in the apparatus of the invention has been
      described as being preferably made of a clear, transparent plastic
      material. However, it may be constructed of opaque materials, if desired,
      since the distance from the inner surface of the hemisphere to the surface
      of the three-dimensional object is calculated from a measurement of the
      length of each probe outside of the hemisphere. The biggest problem
      involved in employing an opaque hemisphere would be in orienting the
      three-dimensional object within the hemisphere. This would be difficult
      with human heads if the hemisphere were not transparent, but might not be
      so difficult with certain other three-dimensional objects.
PAR  The apparatus of the invention is particularly useful in the measurement
      and description of human heads and in providing the basic information for
      designing improved helmets of different types. However, it may be adapted
      to the measurement and description of other three-dimensional objects,
      e.g. feet, torsos, etc.
PAR  It will be understood, of course, that various changes in the details,
      materials, and arrangements of parts, which have been herein described and
      illustrated, in order to explain the nature of the invention, may be made
      by those skilled in the art, within the principle and scope of the
      invention as expressed in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for the measurement and numerical description of a
      three-dimensional object which comprises, a hollow, transparent
      hemisphere, said hemisphere being sufficiently large to accommodate said
      three-dimensional object therein with space remaining between the outer
      surface of said three-dimensional object and the inner surface of said
      hemisphere, a plurality of cylindrically shaped solid rod probes, each of
      said probes fitting snugly in a sleeve extending through and lockably and
      unlockably attached to the wall of said hemisphere so that said probe is
      adapted to be moved inwardly and outwardly of said hemisphere, and means
      for adjustably supporting and clamping said hemisphere in a plurality of
      selected positions in relation to said three-dimensional object, whereby
      said probes may be moved inwardly of said hemisphere until they contact
      the outer surface of said three-dimensional object at a plurality of
      points and the distances from the inner surface of said hemisphere to the
      outer surface of said three-dimensional object at said plurality of points
      measured and converted into a numerical description of said
      three-dimensional object.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said hemisphere is provided
      with a plurality of slots therein, each of said slots passing through said
      wall of said hemisphere, at least one of said sleeves and cooperating
      probe extending through each of said slots, said sleeves extending through
      each of said slots being lockably and unlockably attached to said wall of
      said hemisphere at selected locations along the slot.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said hemisphere has means
      thereon for indicating the alignment of said hemisphere with respect to
      selected portions of the outer surface of said three-dimensional object.
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ABST
PAL  A pre-calibrated or pre-scaled geometrical instrument having no moving
      parts which provides necessary indicia on the face of the device which
      allows a draftsman or the like to draw objects in perspective, the indicia
      information including the right and left vanishing points, scaled indicia
      along the picture ground line and center vision and alternate measuring
      points. Each device is calibrated with indicia for a particular object
      viewing angle. The device itself is planar shaped with one surface having
      the necessary indicia disposed thereon. Predetermined surface edges of the
      device represent the picture ground lines and a ground measuring line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an instrument for drawing objects in
      perspective and more specifically to a geometrical instrument shaped for a
      predetermined desired perspective viewing angle, the device providing
      pre-calibrated indicia in the form of lines and symbols on one surface of
      the device to provide all the necessary information to expedite the
      construction of perspective drawings at a predetermined given viewing
      angle.
PAR  Many geometrical instruments have been shown in the prior art which have
      attempted to expedite and aid a draftsman or the like in the preparation
      of perspective drawings. Perspective drawings are time consuming in that
      several different points must be determined on the drawing surface in the
      preparation of a perspective drawing for a particular object, the
      determination of these points by a draftsman being time consuming. Many of
      the devices shown in the prior art are quite complicated and utilize a
      plurality of moving parts which must themselves be properly positioned in
      order to aid the draftsman in determining particular positions and lines
      to be drawn on the drawing surface to accomplish constructing an object in
      perspective on a drawing surface which is two dimensional. As is well
      known, the purpose of a perspective drawing is to provide on a two
      dimensional surface a representative drawing of a object to emphasize and
      display three dimensional characteristics which are optically perceived by
      the eye. The theory of perspective drawings has been well developed and
      discussed in the prior art. No device has been shown in the prior art
      having no moving parts which can provide all the necessary measuremental
      points required to achieve a perspective drawing. Applicant's invention
      provides a planar shaped perspective drawing instrument having no moving
      parts, the indicia providing necessary calibrated measuring points which
      allows one to complete a perspective drawing more quickly.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  A geometric device for drawing objects in perspective comprising a planar
      body member having a cut-away upper surface edge, said surfaces joined to
      form a pair of angularly disposed surface edges representative of ground
      plane picture lines, said side and upper edges terminating in a pair of
      apexes, each apex representing a right and left vanishing point, a
      calibrated predetermined indicia scale placed on one surface of said body,
      the calibrated indicia providing a plurality of line calibrations along a
      predetermined ground plane line and along the edges of the device
      representative of the picture ground plane line, and additional indicia
      which is properly scaled for each respective angular side of the object to
      be drawn along the picture ground plane and a plurality of indicia
      representative of a center of vision and measuring points if desired.
PAR  The dimensional sides of the device and the scaled indicia placed on the
      surface of the device are determined from a geometrical formula in order
      to construct the body of the device in a proper size such that the
      vanishing points, the height above the base of the object representative
      of the observer's eye line and the picture ground line scales are properly
      proportioned to provide the necessary indicia for the construction and
      drawing of an object in perspective on the respective drawing paper
      itself. The display indicia may be provided on the body of the instrument
      described or in another embodiment may be placed on the drawing paper
      itself. In determining the scale indicia for the picture ground lines, a
      ratio of the ground measuring line and the picture ground line distances
      are determined through the use of the cosine of the angle on the
      respective side of the device which is utilized as the viewing angle of
      the object to be drawn as presented to the observer's eye. The distance of
      the center of vision to the various vanishing points is determined
      utilizing the ratio of the height from the base of the device to the
      observer's eye line or the horizon which results from the tangent of the
      angle in question. The geometrical and mathematical descriptions of the
      construction of the basic device is described below in more detail.
PAR  In operation to utilize the instant invention a draftsman need only place
      the instrument on the working surface upon which the perspective object is
      to be drawn. The left and right vanishing points are provided by the
      apexes on opposite ends of the measuring instrument body itself. A line
      may be drawn connecting the vanishing points which establishes the eye
      measuring line or the horizontal line. In one embodiment of the invention
      a pre-calibrated scale may be provided for a proportional reduction which
      may be useful to a draftsman or the like or in an alternate embodiment the
      scale instrument provides for center vision and measuring points using
      standard drawing distances.
PAR  It is an object of this invention to provide an improved drawing instrument
      for drawing objects in perspective.
PAR  It is another object of this invention to provide a perspective drawing
      instrument which reduces time and increases the accuracy of the drawing
      for anyone using the device.
PAR  And yet still another object of this invention is to provide an improved
      drafting tool for perspective drawings which provides on the device
      itself, predetermined vanishing points, center vision and center vision
      measuring points, including scaled calibration indicia for the ground
      plane lines.
DRWD
PAR  In accordance with these and other objects which will be apparent
      hereinafter, the instant invention will now be described with particular
      reference to the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a top plan view of one embodiment of Applicant's invention.
PAR  FIG. 2 shows a top plan view of an alternate embodiment of Applicant's
      invention.
PAR  FIG. 3 shows a schematic diagram of the geometrical angles and lines
      utilized to determine the construction and the indicia scale utilized in
      Applicant's invention.
PAR  FIG. 4 is a schematic drawing showing alternate uses of Applicant's
      invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings and in particular FIG. 1, Applicant's drawing
      device is shown generally at 100 comprising a planar body having a right
      edge 102, a left edge 108 and a pair of cut-away edges 104 and 106 which
      terminate to form a right angle along the ground measuring line 116. The
      apex of each portion of the device on the left and right provide for left
      vanishing points (LVP) and right vanishing points (RVP). The device is
      shown as it would be utilized constructing an object 134 in perspective,
      showing indicia which would be on the drawing paper itself. The center of
      vision (CV) and the line connecting the left vanishing point and right
      vanishing point would be on the paper. The body 100 includes a planar
      bottom edge 110 which contains the scale indicia numbers which will be
      described below. The ground measuring scale shows a plurality of indicia
      on both the left and right side of the center vision point of the device
      with the scale on each side being of a different proportion to provide
      proper proportions along the picture ground lines 104 and 106 necessary to
      draw the object at the respective angle correctly. The device in FIG. 1 is
      shown to show an object in a 30.degree./60.degree. perspective, the angle
      in the body of the device 106 makes with ground measuring line 116 being
      60.degree. and the angle between the picture ground line surface 112 and
      the ground measuring line 116 being 30.degree.. This provides a viewing
      angle for the object 134. With such a viewing angle, the sides as shown in
      perspective of object 134 will have different lengths in order to show it
      as it would appear to the eye of the observer. The preset scale
      measurement has been determined to provide the proper ratio so that the
      particular unitary distance which is known by the draftsman for the
      preparation of the drawings may be adjusted to the scale for the sides so
      that the object is shown correctly in perspective. The determination of
      how the scaled indicia was achieved is discussed below.
PAR  FIG. 2 shows an alternate embodiment of Applicant's invention in which the
      scaled indicia provides for a true measurement scale and includes
      information to allow one to properly scale the device to a standard
      measuring unit, such a one inch. Also included on the face of the device
      are information regarding measuring points which have been predetermined
      and allow being of the draftsman's choice are properly scaled and oriented
      if the various reductions are required in constructing the object. As
      shown in FIG. 2, an object 124 which is a cube has been drawn above the
      body of the device. In the alternate embodiment of FIG. 2 using the
      measuremental scale, in some situations it may be desirous instead of
      having the ground picture line proportions being scale lines proceeding
      through the center of vision as shown in FIG. 1, the measuremental scale
      utilizes a pair of measuring points whose distance is proportional
      determined between the left vanishing point and the center of vision and
      the right vanishing point and the center of vision. These measuring points
      are then utilized to construct lines which terminate at the edge of the
      picture ground line 120 and 126 which go through the measuring points on
      the opposite side of the CV. With this type of scale, the draftsman may
      desire in order to practically show an object so that it not distorted as
      it would be observed in the eye of a person perceiving the object. For
      example, scale line terminating in point 122 would be drawn from point 132
      through the measuring point between the left vanishing point and the CV. A
      similar example measuremental line at 128 would be drawn through measuring
      point between the center of vision and the right vanishing point in order
      to construct the indicia as it will be presented on the scale. The
      location of the measuring points on the scale ulilized is also provided on
      the face of the device to aid the draftsman in the utilization of the
      scale. The use of the alternate embodiment shown in the FIG. 2 would be
      primarily if a particular object would not appear in a perspective drawing
      as it would in real life because of being distorted.
PAR  FIG. 3 shows geometrically determination of how angles alpha and beta which
      are representative of the observing angle desired with the device are
      utilized to determine the proper scale or indicia necessary for the
      invention.
PAR  In order to determine the particular dimensions of thedevice to be
      constructed, the broad mathematical formulas to determine the necessary
      distances can be selected as follows: First, the angle alpha is selected
      which represents the particular angle which will be utilized in showing a
      particular drawing in perspective. The complimentary angle, beta, is then
      equal to 90.degree. minus alpha. Also to determine the particular size of
      a device to be constructed, the distance along the vertical measuring line
      is selected which is the height above the base of the object to the eye
      level line between "O" and C.V. The proper scale between the ground
      measuring line and the picture ground line may then be obtained by finding
      the cosines of the angle alpha and angle beta, the cosine representing the
      ratio between the scale on the ground measuring line and the picture
      ground line. After the cosine scale has been determined for the ground
      measuring line, then unit measures may be constructed and drawn on the
      device beginning from a center point outwardly in equal lengths dependent
      on the particular scale desired. In order to provide the proper measuring
      points on the picture ground line, lines are drawn on the scale points on
      the ground measuring line to the CV in the preset embodiment of FIG. 1 and
      to measuring points MP in FIG. 2. At the point where these lines cross the
      picture ground line, they represent the scaled points on the picture
      ground line that are scaled in a ratio to the ground measuring line. These
      points may then be placed on the device and utilized for proper scale
      drawings along the picture ground line.
PAR  To determine the distance from the CV or center vision to the right and
      left vanishing points, first the distance HTL has already been
      established. Then to compute the distances, the co-tangent of alpha is
      multiplied times the distance HTL which produces the proper measurement
      distance from CV to the right vanishing point. To determine the left
      vanishing point, the distance HTL is multiplied times the co-tangent of
      the angle beta. Once these distances are established and since HTL is
      already known, the proper dimensions for the device itself are known so
      that the device can be constructed.
PAR  To determine positions of measuring points MP on the right and left hand
      side of the device from center vision (CV) utilized in the embodiment
      shown in FIG. 2, a ratio between the distance from CV to the right and
      left vanishing points is established. These measuring points may be
      utilized to accentuate particular objects that are drawn as desired by the
      draftsman or artist. In the instant invention, the measuring points and
      the ratio is determined by taking the distance PGL and extending an arc
      from point "O" to "H" with the measuring points shown as X and Y. The arc
      is centered at the LVP and RVP respectively. such that the points where
      the arcs intersect, the eye level line between the left vanishing point
      and the right vanishing point, these particular points will then be the
      measuring points. A square formed along the PGL with opposite sides
      intersecting through line E.L. serves the same purpose. From a simple
      measurement it is then determined that there is a ratio or percentage
      distance between the CV and the measuring points and the total distance
      from the CV to the right and left vanishing points, with the ratio being
      different on each side of the device and each side of the CV.
PAR  FIG. 4 shows additional uses which can be found for Applicant's device
      which includes determining the point of distance for luminary (PD) and the
      foot of luminary (FTL). The measuring points are found by drawing an arc
      from (O) the observer to the picture plane or the height line which is
      centered on the left and right vanishing points. The point of distance for
      luminary and the foot luminary provide vanishing points for shadows. The
      foot of luminary lies in the vertical axis of the luminary and is
      generally found in the horizon line when shadows are cast by the sun. The
      measuring point shown here as X and Y are points found on the picture
      plane and horizon line which are used for conveying dimensions from the
      ground measuring line to points in perspective. The diagonals of the
      object which is being drawn may be utilized in that rectangles are the
      same proportion as common diagonals irrespective of their size. When
      similar rectangles are arranged parallel to one other, the diagonals are
      also parallel and share a common vanishing point or point of distance.
      Inclined planes which are inclined to the ground have vanishing points
      above or below the horizon line. These vanishing points can also be
      determined through the use of the measuring points. A line at the required
      angle of inclination is set out through the measuring point on the horizon
      line and extended to meet a vertical through its respective vanishing
      point. This gives the required vanishing point for the required angle in
      perspective. As shown in FIG. 4, an object is drawn in perspective having
      several inclined planar surfaces and utilizing measuring points on the
      horizon line which helps to determine the point of distances for the
      various planar surfaces. Thus utilizing the measuring points X and Y as
      shown in FIG. 4, the point of distance of luminary PDL which represents
      the sun's rays and the other point of distances for diagonals through the
      rectangular surfaces of the device can be established. This provides for
      proper shading and other information necessary when drawing complicated
      inclined surface devices. Thus utilizing Applicant's invention, with the
      measuring points as provided, can simplify and reduce the work load with
      much of the preliminary information being provided from Applicant's
      device.
PAR  The following are abbreviations and definitions utilized in describing the
      instant invention:
     Alpha & Beta                                                              
                =      Angle                                                   
     O                 Observer                                                
     H.T.L.            Height line, above base of object                       
     E.L.              Eye Level                                               
     H.                Horizon                                                 
     P.P.              Picture Plane                                           
     G.M.L.            Ground Measuring Line                                   
     P.G.L.            Picture Ground Line                                     
     C.V.              Center of Vision                                        
     C.V.M.P.          Center of Vision Measuring Point                        
     Z.                In proportion to angle,                                 
                       Center of X + Y                                         
     M.P.              Measuring Point                                         
     X & Y             M.P. Alternative to Scale                               
     L.V.P.            Left Vanishing Point                                    
     R.V.P.            Right Vanishing Point                                   
     S                 Position of object with reference                       
                       to picture plane, tangent of angle                      
                       Alpha & Beta                                            
     A                 Desired perspective distance along                      
                       G.M.L. & P.G.L.                                         
     A (FIG. 1)        Measurement -- In reference to cosine                   
                       of angle Alpha & Beta on G.M.L. to                      
                       C.V. or Z to obtain measurement on                      
                       P.G.L.                                                  
     A (FIG. 2)        Unit measurement -- in reference to                     
                       1" scale, on G.M.L. to X + Y,                           
                       To obtain measurement on P.G.L.                         
     A                 Either measuring point or center of                     
                       vision can be used or a combination                     
                       of both.                                                
     M.P.              Measuring Point (X + Y) -- a point                      
                       found on the picture plane and                          
                       Horizon Lone (H.L.) used for con-                       
                       veying dimensions from ground                           
                       measuring line (G.M.L.) to points                       
                       in perspective (P.G.L.).                                
     X + Y             Measuring point is also found by                        
                       drawing an arc from (0) observer                        
                       to P.P. or H.L. centered on left                        
                       and right vanishing point                               
                       (L.V.P. + R.V.P.) the Hypotenuse of                     
                       angle.                                                  
PAR  The instant invention has been shown and described herein in what is
      considered to be the most practical and preferred embodiment. it is
      recognized, however, that departures may be made therefrom within the
      scope of the invention and that obvious modifications will occur to a
      person skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device to aid a draftsman or the like for drawing objects in
      perspective comprising:
PA1  a planar body, said body having a substantially straight base edge, a
      substantially straight left upper surface edge, a substantially straight
      right upper surface edge, said left and right upper surface edges being
      joined together to form a pre-determined angle, said angle to be utilized
      in the drawing of a perspective figure, a left vertically disposed side
      edge, a right vertically disposed side edge, the upper end of said left
      upper surface edge forming a left vertex adjacent the upper end of said
      left side edge, the upper end of said right upper edge forming a right
      vertex adjacent the upper end of said right side, said left vertex
      representing a left vanishing point and said right vertex representing a
      right vanishing point, a first scale having a plurality of linearly spaced
      indicia disposed on said body adjacent the base edge of said body for use
      with the right upper edge and a second scale having a plurality of
      linearly spaced indicia disposed on said body adjacent the base edge of
      said body for use with said left upper surface edge, a third scale having
      a plurality of spaced indicia disposed on said body adjacent said right
      upper edge, said third scale indicia being determined by the intersection
      of a plurality of lines connecting said first scale indicia to a
      pre-determined point lying outside of said body and a fourth scale having
      a plurality of indicia disposed on said body adjacent said left upper
      edge, said fourth scale indicia being determined by the intersection of a
      plurality of lines connecting said second scale indicia to a single
      pre-determined point lying outside of said body.
NUM  2.
PAR  2. A device as in claim 1, wherein:
PA1  said pre-determined points lying outside of said body represents the center
      vision of said perspective drawing.
NUM  3.
PAR  3. A device as in claim 1, wherein:
PA1  the pre-determined points lying outside the body for the determination of
      said third and fourth indicia scales are the same point.
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ABST
PAL  A sensor for calipering workpieces having one spring parallelogram for Apr.
      motion in each coordinate axis wherein additional spring means vary the
      spring constant in at least one of the spring parallelograms. The spring
      means include two coil springs acting in opposition to one another having
      between the opposed ends intermediate spring bolts, ball stops between the
      heads of the bolts and a bending rod with a ball at the end thereof acting
      on the heads of the bolts to compress the coil springs while being held
      without play by the ball stops.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Applicants claim priority under 35 U.S.C. 119 for German Application No. 23
      56 030, filed Nov. 9, 1973 in the Patent Office of the Federal Republic of
      Germany.
PAR  The disclosure of assignee's copending application Ser. No. 456,433, filed
      Mar. 29, 1974 now U.S. Pat. No. 3,905,119, which is a continuation of
      application Ser. No. 244,555, filed Apr. 19, 1972, and the references
      cited therein, namely U.S. Pat. Nos. 2,938,275; 3,167,867; 2,992,491;
      3,160,959; 2,775,041; and 3,069,779, and British Pat. No. 894,714 are
      incorporated herein to show the state of the art of devices for testing
      the contour of objects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a contact sensor for workpiece calipering
      having one spring parallelogram for each coordinate axis used for the
      measurement of translation.
PAR  Sensing heads for mechanical scanning of workpiece bodies in
      three-dimensional measuring instruments are known. Such sensors are either
      supported rotationally in two axes and translationally in the third, or
      translationally in all three. Translational execution is implemented by
      correspondingly arranged spring parallelograms.
PAR  Sensors also are known, wherein the measurement forces are applied by
      additional steps. In this manner the sensing position for read-out is the
      same in every case. Therefore, converting or correcting the measured data
      no longer is necessary.
PAR  Such sensors suffer from the drawback of relatively high costs required
      especially by multi-dimensional scanning to obtain the measurement forces.
PAR  In another design, the measurement force is not applied in special manner
      to the sensor. Rather, it is obtained from a sensor deflection of known
      magnitude, which then is combined by suitable measurement techniques with
      the value from the measurement detection system to provide the proper
      result. As regards a special case of such a design, a sensor deflection is
      less than the accuracy of the measuring instrument, so that this
      combination may be omitted.
PAR  The following problem is encountered with sensors of the last-mentioned
      kind; the deflection of the feeler point for the measurement under
      consideration should be as small as possible on technical grounds. This
      requires a relative steep slope of the force-distance relationship (stiff
      spring) for each degree of freedom of the feeler point in order to
      generate a given measuring force. On the other hand, a certain play in
      motion is required with respect to the sensor so that the sensing head may
      itself assume control of motion in the case of collisions between
      workpiece and sensor, and so it may immediately brake the motion in order
      to prevent destruction. However, a stiff spring and appreciable play in
      motion are contrary requirements.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has as an object the harmonizing of these
      requirements in a contact-sensor for workpiece calipering.
PAR  This object is achieved for a contact-sensor of the initially disclosed
      kind, which is further characterized by additional spring means for
      varying the spring or elasticity constant in at least one spring
      parallelogram.
PAR  The spring means may be in the form of helical or coil springs which in the
      rest position directly press against stops or otherwise by means of
      intermediate members, and acting in opposite directions, these spring
      means are controlled by at least one bending rod. The stops are suitably
      designed so that initially only the spring force of the bending rod
      significantly increases when there is a deflection of the spring
      parallelogram, and that for further deflection, the spring force of a
      helical spring becomes effective. As regards one embodiment, helical
      springs are mounted at one plate or a spring parallelogram, and the
      bending rod is mounted on an opposite plate. However, the sensor may also
      be characterized by helical springs mounted on one plate of a spring
      parallelogram and by a bending or deflecting rod mounted at least at one
      of the springs of the parallelogram. A piezo-electric rod may serve as a
      bending bar. Appropriately, the bending bar is characterized by a steep
      force distance slope and each of the coil springs by a flat one. A further
      embodiment of the caliper-sensor is characterized in that spheres rigidly
      connected to one of the parallelogram plates are used as stops for the
      coil springs, in that the bending rod acts on the coil springs by means of
      a ball or sphere movable with respect to the spring parallelogram and
      mounted only on the bending bar, and in that this bending rod ball is kept
      without play between spring bolts abutting the stops.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described below by reference to the drawings which
      illustrate embodiments of the invention in diagrammatic form in the
      figures.
PAR  FIG. 1 is a front view in cross section of a sensing element;
PAR  FIG. 2 is a side view in cross section of FIG. 1;
PAR  FIG. 3 is a force-distance diagram associated with FIGS. 1 and 2; and
PAR  FIG. 4 shows a 3-D sensing head in diagramatic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a feeler point 1 rigidly connected with plate 2 of a
      parallelogram guide, this plate being movable in the direction of arrow 6.
      Plate 2 is connected to a base plate 5 by means of leaf springs 3,4. The
      base plate 5 is rigidly supported and held in place as regards the
      direction of arrow 6. Two spring pots 7, 8 are mounted on base plate 5,
      with helical or coil springs 9, 10 oriented axially parallel to arrow 6.
      Pre-stressed coil springs 9, 10 press stop bolts 11, 12 against three
      balls 15 acting as stops and mounted in a spring housing 14, as shown in
      FIG. 2. The end of a bending rod 13 fastened to part 2 projects through a
      hollow in spring housing 14 between and without play with respect to the
      stop bolts 11, 12.
PAR  The arrangement described so far operates as follows: if in a relative
      motion in the direction of arrow 6 the feeler point 1 touches a workpiece,
      bending rod 13 initially experiences bending characterized by a steep
      force-distance slope, as shown for minor sensor deflections in FIG. 3. If
      the measuring force generated thereby exceeds that of pre-stressed springs
      9, 10, then the latter deform, whereby the measurement force only
      increases slightly on account of the flat slope of the force-distance
      relationship now becoming effective as illustrated in FIG. 3.
PAR  FIG. 4 shows a possible combination of three sensing elements of FIGS. 1
      and 2 so as to obtain a 3-D sensor. Spring elements 7 through 13 are
      omitted from the parallelogram guides for the sake of clarity. The
      described arrangement allows achieving motions for sensing of only a few
      microns for measuring forces up to about 50 pounds, a dead motion of the
      sensor of several mm being available simultaneously for larger loads.
PAR  The advantage of the sensor of the present invention with respect to the
      prior art consists in the feasibility of highly accurate measurement while
      eliminating the cost of motors otherwise required for control.
PAR  In a particular embodiment of the invention, a piezo-electric bending rod
      13, as shown in FIG. 3, has a steep slope for sensor deflection versus
      measuring force, as shown in the middle of FIG. 3, and the coil springs 9,
      10 have a relative flat slope for sensor deflection versus measuring
      force, as shown at the right and left of FIG. 3.
PAR  Another particular embodiment of the present invention contemplates a
      plurality of spheres 15 rigidly connected with one of the parallelogram
      plates 5 and provided as stops for the coil springs 9, 10. The bending rod
      13 acts by means of a sphere or ball movable with respect to the coil
      spring parallelogram and fastened to the rod by coil springs 9, 10 where
      the spring bolts 11, 12 abutting the stops (spheres 15) keep the bending
      rod without play.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a sensor for calipering workpieces having at least two coordinate
      axes of measurement of translational motion and having one spring
      parallelogram for each of said coordinate axes, the improvement comprising
      at least one of said spring parallelograms having a given elasticity
      constant combined with additional spring means (9,10,13) for varying said
      elasticity constant of said one of said spring parallelograms as a
      function of the deflection of said sensor along the coordinate axis
      associated with said one spring parallelogram.
NUM  2.
PAR  2. The sensor of claim 1, wherein said one of said spring parallelograms
      consists of a base plate (5) and an opposite plate (2) suspended therefrom
      by two leaf springs (3,4).
NUM  3.
PAR  3. The sensor of claim 1, wherein coil springs (9,10) and at least one
      bending rod (13) define said additional spring means; said coil springs
      housed in opposed spring pots (7,8) defined by a housing (14) mounted on
      said base plate; said bending rod connected to said opposite plate and
      tensionally coupling said coil springs to said opposite plate.
NUM  4.
PAR  4. The sensor of claim 3, wherein said coil springs each engage and
      inwardly bias intermediate member (11,12), and stop members (15) are
      placed in said housing between said intermediate members for determining
      the spacing therebetween, thus providing said coil springs with a given
      residual stress.
NUM  5.
PAR  5. The sensor of claim 4, wherein said bending rod is a piezo-electric
      bending rod.
NUM  6.
PAR  6. The sensor of claim 5, wherein said bending rod has a steep slope for a
      plot of sensor deflection versus measuring force and said coil springs
      have a relative flat slope for a plot of sensor deflection versus
      measuring force.
NUM  7.
PAR  7. The sensor of claim 5, wherein said stop means are a plurality of
      spheres (15) having a given diameter connected to said base plate, said
      bending rod has a sphere with said given diameter at the end thereof
      between said intermediate members and said stop means to maintain said
      bending rod without play.
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ABST
PAL  Apparatus and method for centering logs and veneer blocks by determining
      the largest inscribed cylinder that the veneer block can contain. Sensors
      located along the log length measure the critical dimensions and feed
      their measurements into a computer circuit for determining in less than a
      minute, the proper end centers of the log under examination for the
      maximum dimension of the cylinder which can be obtained from the log in
      veneering operations. The sensing elements may also be optical or
      accoustical, and thus avoid direct contact with the log surface.
BSUM
PAR  This invention relates to apparatus and methods of determining the proper
      centering of logs for veneer processing. The invention may be described as
      an apparatus and method for centering logs and veneer blocks by
      determining the largest inscribed cylinder that the veneer block can
      contain. Sensors located along the log length measure the critical
      dimensions and feed their measurements into a computer circuit for
      determining in less than a minute, the proper end centers of the log under
      examination for the maximum dimension of the cylinder which can be
      obtained from the log in veneering operations. The sensing elements may
      also be optical or accoustical, and thus avoid direct contact with the log
      surface.
PAR  An object of the invention is to provide a novel and improved apparatus and
      method for determining the proper centering of logs for finding the
      largest inscribed cylinder that can be contained therein, taking into
      account any irregularities in the log, for optimum recovery and minimum
      cutting time in veneering operations.
PAR  Another object of the invention is to provide a novel and improved machine
      and method for sensing the variations in a veneer block or log, along its
      length, so as to ascertain the diameter and eccentricity at predetermined
      stations along the length of the block, and to automatically therefrom
      determine the largest inscribed cylinder for that block or log, and the
      correct centering of the ends of the log for most efficient veneer
      production from the log.
PAR  A further object of the invention is to provide a novel and improved log
      centering method and device whereby the correct centering of the log for
      veneering operations is automatically determined in a very short time
      without the need for measuring or calculations by the operator. This is
      accomplished by placing the log in a centering machine which by a
      plurality of diametrial sensors at intervals therealong, and with the aid
      of a logic type computer into which the indications are fed, quickly
      determines the largest inscribed cylinder for that log, aand the correct
      accurate centering points on the ends of the log for most derivable veneer
      production therefrom.
PAR  Still another object of the invention is to provide a novel and improved
      log centering machine in which there is a pair of cradles for holding the
      log during centering, with stations therealong for measuring by sensors
      the radial distance from the datum axis to the block surface, and
      including logic circuits which combine the meausrement data from the
      sensors to define the largest cylinder which may be contained within the
      veneer block, the sensors, logic circuitry, and the traversing mechanism
      forming a closed loop system which insures that the desired accuracy of
      position of the block axis is finally obtained.
PAR  Still a further object of the invention is to provide a novel and improved
      log centering machine which can handle the centering of veneer blocks
      ranging from about 6 - 20 inches in diameter, or ranging from a diameter
      of about 10 - 60 inches, the determination of the correct centers for
      optimum veneer recovery being ascertained in a very short time, on the
      order of less than sixty seconds, to that each veneer block is then ready
      for shifting to a veneering lathe for best veneer production.
PAR  Another object of the invention is to provide a novel and improved log
      centering machine which may employ sensors for sensing the contour of the
      log surface therealong, either by direct contact engagement with said
      surface, or by accoustical or optical sensing of the surface without
      actual direct contact engagement.
PAR  A further object of the invention is to provide a novel and improved log
      centering machine and method which is operable without calculations by the
      operator, aside from the emplacement of the log in the machine. All the
      sensing observations are taken automatically and are fed into a computer
      circuitry whereby the best centering of the log is determined quickly.
PAR  Still another object of the invention is to provide a novel and improved
      log centering machine in which the initial cost and expense of the
      installation of the machine is easily and quickly recoverable by the
      extent of the savings in time, handling, and optimum veneer recovery with
      minimum wastage.
DRWD
PAR  The above and other objects and advantages of the invention will become
      apparent from the following description of a preferred embodiment thereof
      as illustrated in the accompanying drawings, forming a part hereof, and in
      which:
PAR  FIG. 1 is a schematic elevation showing a veneer block and indicating the
      largest inscribed cylinder for veneer operations thereon.
PAR  FIG. 2 is a perspective view of a block supporting and centering device,
      with veneer block in position thereon.
PAR  FIG. 3 is a prespective view of a modified form of block supporting and
      centering device, with a block in position thereon.
PAR  FIG. 4 is a set of five side elevational views of veneer blocks of
      differing contours, which may be handled by the centering machine.
PAR  FIG. 5 is a left end elevational view of another modified form of centering
      device according to the invention, with a peeler block in position
      thereon, the view being taken from the left end of FIG. 7 on the line 5 --
      5.
PAR  FIG. 6 is a view similar to FIG. 5, but taken from the right end of FIG. 7
      on the line 6 -- 6.
PAR  FIG. 7 is an elevational view of a modified form of centering device with a
      peeler block indicated in position thereon.
PAR  FIG. 8 is a schematic elevational view of a block with movable probe for
      feeling bumps and such irregularities.
PAR  FIG. 9 is an elevational view showing another form of movable probe on a
      block.
PAR  FIG. 10 is a fragmentary schematic cross section of a conventional feeler
      sensing device like element 220 of FIG. 5, including internal resistor and
      terminals.
DETD
PAR  In connection with the processing of logs for veneer operation, various
      problems arise, which it is the purpose of the present invention to solve.
      Thus it is important to avoid wastage and to obtain an optimum recovery of
      veneer from the log. Each veneer block or log, when peeled in a veneer
      lathe, results in veneer the volume of which is essentially independent of
      peeling procedure.
PAR  The value of the veneer, however, depends greatly upon the procedure,
      ranging from less than nothing where the veneer is of such poor quality
      that is must be scrapped thereby involving an additional disposal cost,
      and upwards in value as an increasing part of the veneer becomes of higher
      grade quality. The centering of the block in the veneer lathe determines
      to a large degree both quantity of usable veneer that is produced, and its
      grade. Better centering results in cutting more of the veneer in a nearly
      continuous ribbon, minimizing clipping waste and jointing cost, and
      producing more sheets of top quality veneer.
PAR  The present invention provides a method and a machine to center logs or
      veneer blocks, which will work on the principles of finding the largest
      inscribed cylinder that a veneer block could contain, and to place the
      block in a lathe with the axis of that cylinder coincident with the veneer
      lathe axis. The invention further provides means for accomplishing the
      positioning of the log in the time compatible with the available process
      time limitations.
PAR  For this purpose, the method and machine also includes means for a
      comprehensive system for fully automatic operation, and which is
      commercially feasible. In general, as examples of the versatility of the
      apparatus, one variation may work on a time cycle of 20 - 30 seconds, and
      be capable of accepting veneer blocks in the diameter range of about 10 -
      60 inches. Another variation of the invention may work on a time cycle of
      about 10 - 15 seconds, and be capable of handling veneer logs or blocks of
      about 6 - 20 inches diameter. The invention also includes necessary
      control circuits, sensing means, and logic systems and apparatus,
      applicable to either, for attaining fully automatic and accurate
      operation.
PAR  In veneering operations, it has been found that previous methods of
      centering can result in unnecessary loss in clipping of about one per cent
      or more of log volume and that a greater loss of value has resulted from
      production and processing of veneer components that would have been full
      sheets of the best quality veneer. The present invention provides
      centering methods and apparatus which are capable for better centering
      than has been heretofore attainable. Further, analysis shows that the
      increase in veneer volume recovery, computed in terms of purchased log
      costs, can repay the entire cost of the apparatus in a reasonably short
      period of time, being thus economically feasible.
PAR  In order to understand clearly the nature of the invention, and the best
      means for carrying it out, reference may be had to the drawings as
      follows.
PAR  As shown in FIG. 1, there is a veneer log or block 10, with ends 12 and 14,
      it being seen that the log 10 sags somewhat, so that its lower edge bends
      outwardly and its upper 18 edge bends inwardly. The view shows only these
      edges in profile for simplicity of illustration. In order to obtain
      optimum veneer recovery from the block 10, according to the present
      invention, it is desired to find the proper centering of the log 10 to
      obtain the largest diameter of cylinder containable within the contours of
      the log, and this is shown as the cylinder 20.
PAR  This contained cylinder has parallel end edges 22 and 24, and side edges 26
      and 28 when viewed in profile as shown. The found axial center line 30 of
      the contained cylinder 20 extends axially through the left and right end
      faces 22 and 24 of the cylinder which coincide in position with the
      original end edges 12 and 14 of the log before veneering is performed
      thereon. Thus it is apparent that the centers of the ends of the original
      log are at locations 32 and 34 as seen in the view, and that it is to be
      mounted in the veneering lathe on these centers 32 and 34.
PAR  In order to ascertain the contour of the veneer log 10 and thus to find the
      maximum contained cylinder 20 and the centers 32 and 34 therefor, as shown
      in FIG. 1, a number of sensor elements are located lengthwise of the
      length of the log 10, one sensing location 36 being adjacent to the left
      end, a second sensing location 38 being adjacent to the right end, and
      three equally spaced sensing locations 42, 40, 44 located between the ends
      of the log. In this form of the invention there are five sensor locations.
PAR  Further referring to the analytic scnematic diagram of FIG. 1, it is seen
      that there is an upper reference frame 46, and a lower reference frame 48
      which are mutually parallel in the view. Upper sensors such as those shown
      at 50, 51, 52 53 and 54 extend downwardly from the upper reference frame
      46 toward the log contour, nd lower sensors such as shown at 56, 57, and
      other locations if needed, extend upwardly from the lower reference frame
      48 toward the log surface.
PAR  These sensors in effect scan the log surface and its contour in relation to
      the reference frames. The measurements by the sensors are converted in an
      analog device into coordinate differences between the locations of the
      ends of the rotational axis and the axis of the desired inscribed
      cylinder. Block supports are then traversed so as to bring the axis 30 of
      the inscribed cylinder into coincidence with the datum axis 60 of the
      centering machine. According to modified forms of invention, the sensors
      may also be constructed for optical or acoustic scanning of the log, in
      which event there is no direct contact with the log, and thus the life of
      the sensors may be expected to be much longer than that for contact
      sensors.
PAR  Looking at FIG. 2, it is seen that this is an isometric view of means for
      supporting a veneer log or veneer block as it is known in the trade, and
      for supporting the sensing and positioning operations. In this view there
      is the veneer block 62, shown resting upon two V-shaped cradles 64 and 66.
      Each of these cradles is provided with means for moving it vertically and
      laterally, (that is cross-wise to the length dimension of the veneer
      block). Each of the V-shaped cradles is mounted on a downwardly open
      channel member 68 movable slidably therewith lengthwise along beams 70.
      The beams 70 as in turn mounted on upright supports or posts 72 which
      extend upwardly out of main base members 74 seated on base footings or
      plates 76, thus providing a firm anchorage for the posts 72. While the
      cradles 64 and 66 are shown as V-shaped, they may also be curved in
      countour to conform to the contours of the logs, but are at any event
      constructed as to support the log above the centers of the posts. The
      construction is such that the ends of the logs can be individually
      elevated or lowered, and as an aid in centering.
PAR  In order to scan the contour of the veneer block, vertical sensors 78 and
      horizontal sensors 80 are located so that they can feel the block surface
      when called upon to do so. They may be pneumatically or mechanically
      advanced or retracted, When in contact with the block 62, they generate
      data which can be interpreted by the associated electrical circuitry and
      used to control the driving means for the vertical and lateral control of
      the position of each supporting V-shaped or otherwise shaped cradle 64 and
      66. It is seen that the block can be repositioned under continuous control
      from the sensors until the block axis is brought to a position that will
      result in the greatest recovery of veneer from the subsequent peeling
      operation.
PAR  In FIG. 3, there is shown the peeler block 82, supported for rotation on
      spaced rollers 84 journaled in frames 86, the frames being in turn
      supported on slidable channels 88 for longitudinal movement therewith
      along the surface of the beams 90. The beams 90 are secured to the upper
      ends of the support posts 92 which are carried in turn by the stable bases
      94. To rotate the peeler block 82, the rollers 84 are driven by belts 96
      coupling them to a driven rotatable shaft 100.
PAR  In the form of FIG. 3, motive power is also provided for movement of the
      channels 88 along beams 90. Each cradle has thus means for rotating the
      block, and each has traversing mechanisms for vertical and lateral motion.
      The rotational mechanism permits surveying of the periphery of the block
      by a single set of sensors. The translational mechanism permits a selected
      axis through the block to be brought to the datum position, which may be
      called the replicate axis herein. From this position a transfer device
      will move the block to the peeler lathe and offer the block with its
      selected axis exactly coinciding with the rotational axis of the lathe.
PAR  Also as seen in FIG. 3, a rotational position and elevation indicator 104
      is shown, with means for attaching it near to the geometric center of the
      block 106, and has a four positions switch as seen at 108, so it will
      indicate the quarter points of the periphery during rotation of the block.
      It also indicates the elevation of its center location above a datum level
      110 on the centering machine. At the block end 112 opposite the combined
      rotation-elevation indicator 104, a simple elevation indicator 114 is
      attached. The indicators 104 and 114 retract when their work is finished
      and before the transfer device is permitted to grasp the block.
PAR  Looking further at FIG. 3, there are shown the block sensors mentioned
      above. Mounted beneath the block and arranged to feel the block surface
      through openings in the skirting around the cradles, are five sensor units
      116a, 116b, 116c, 116d, and 116e, representing the ends, center and
      quarter points of the block length. Each sensor unit, such as 116c may
      have two probes, such as in the form of rollers 118 of about five or so
      inches in diameter, and spaced six to eight inches apart in the axial
      direction, according to one form of the device. These probes are mounted
      on pivoted arms 120 in such a manner that the roller such as 118 which
      approaches the block axis most nearly will operate a position transducer
      122 and generate information for use in a cooperating analog device.
PAR  The analog device may take many forms, and may operate mechanically,
      electrically, electronically, or pneumatically. The analog device will
      accept data generated by the five sensors and by the rotation and
      elevation indicators, and from the data will generate traversing
      instructions for the movement of the V-shaped cradles to bring the block
      axis to the required location. In principle, the analog device, according
      to one form, produces replicas of each of two mutually perpendicular cross
      sections longitudinally of the block. Parallel rules fitted into these
      replicas will represent the outline of a cross section of the inscribed
      cylinder. A necessary constraint will ensure that the smaller indicator
      will dominate, and that the two cross sections of the inscribed cylinder
      will pass through a common axis, which, of course, becomes the block axis.
PAR  FIG. 4 indicates the major types of naturally occurring variations in the
      gross shaped of veneer blocks and indicates the critical points in which
      the sensors of the centering machine unit must locate and define in order
      that adequate information may be available to the computer to permit
      accurate centering under the action of the closed loop control system.
PAR  Considering blocks that have essentially circular cross-section, but that
      have various rates of taper, and various amounts of sweep (sweep is the
      word used in the industry to indicate curvature of the axis of the block),
      there are five catagories to be considered. These are shown in the five
      parts of FIG. 4. FIG. 4a is for blocks with a straight axis and a taper
      not exceeding about 1 inch in 8 feet, which may be called a slight taper.
      FIG. 4b is four blocks with a straight axis and taper exceeding about 1
      inch in 8 feet, which may be called a large taper. FIG. 4c is for blocks
      with sweep (curved axis) and a taper not exceeding about 1 inch in 8 feet.
      FIG. 4d is for blocks with the sweep and a taper exceeding about 1 inch in
      8 feet, but not exceeding two times the offset as a result of its sweep of
      the block axis from a straight line. FIG. 4e is for blocks with sweep, and
      a taper exceeding that of those in FIG. 4d.
PAR  In each of cases 4a, 4b, 4d, and 4e , the V's indicate the locations that
      must be sensed to permit gathering the data that is essential for accurate
      centering.
PAR  Where the cross sections of the blocks are not essentially cricular, a
      second cross section through each block more or less at right angles to
      those of FIG. 4 must be examined, classified as in FIGS. 4A, 4B, 4C, 4D,
      and 4E, and similarly sensed, so gathering data for adequate centering in
      the crosswise plane also.
PAR  In the elementary approach consider that each block may be supported at its
      ends upon V-shaped supports 130 and 132, and gauged from above and below
      by one or more sensors, as 134. In the cases of FIGS. 4A and 4C, which
      have little taper, the sensing needs are simple and a single upper sensor
      can be adequate. In the case of FIG. 4D a minimum of two upper sensors as
      134 and 136 must be provided. For blocks in the categories represented by
      FIGS. 4B and 4E, at least three upper sensors as 134, 136, or 138, and
      140, must be available. Should the blocks be optionally presented for
      centering with the larger diameter end to the right or to the left, a
      minimum of three upper sensors must be provided.
PAR  The showings of FIG. 4 a schematic and simplified whereas in actual
      practice, where irregularities exist in the log, and time of examination
      and centering is important, the number of sensors will be much increased.
PAR  In order to understand the essential principles of this invention, consider
      that each block will be presented to the centering device with the larger
      diameter end toward the right as illustrated in FIGS. 4A to 4E. Each block
      is then revolved so that the sweep if any is in the vertical plane with
      the belly downwards. Note that in a practical application the time needed
      to revolve a log is prohibitively long, so this step is avoided through
      the use of additional sensors and logic circuitry. Support the block at
      its ends. Center it in the horizontal plane geometrically, as may be
      easily accomplished by V-type supports if the block is circular in cross
      section. Now simultaneously and at the same rate raise the end supports
      and their sensors 130 and 132, and lower the upper sensors 134, 136 or
      138, and 140, or any needed combination of them until contacts are made
      with the block.
PAR  The first upper sensor to contact the block will be 140 and it merely
      confirms that the larger end of the block has been found when it was
      expected to be.
PAR  As the advance continues other sensors will make contact in a sequence
      depending on the shape of the block. In the case diagrammed in FIG. 4A,
      contact of sensor 134 completes the sensing needed for centering. The
      ideal axis is parallel to a line joining sensors 130 and 132 and is midway
      between that line and sensor 134. If the traverse rates have been
      accurately maintained the ideal axis of the block will now be coincident
      with the replicate axis and the centering action is complete.
PAR  For each of the other typical blocks, diagrammed in FIGS. 4B, 4C, 4D and
      4E, simple geometrical considerations will show the sensor combinations
      which must be balanced against the support sensors 130 and 132 to stop the
      advance motions of the supports when the block axis is correctly located.
      As diagrammed in FIGS. 4B and 4E for those blocks having a large taper,
      there is an appreciable economic gain from the veneer of half-block
      length, usable for cross-banding, that can be obtained from the larger end
      of the block. This bonus is an inherent feature of this invention.
PAR  For applications where a substantial proportion of swept blocks is
      encountered, sensor 134 should be enlarged by the addition of two feelers
      approximately twelve inches along the block axis on each side of the
      center point, as seen in FIG. 4B, and so arranged that the control is
      exercised by the last one of the three to make contact. Blocks having
      unsymmetrical sweep will then be gauged to within one-quarter inch of
      their lowest (ideal) gauging point.
PAR  The choice of complexity, or comprehensiveness, of the centering system
      must be based on a knowledge of the frequency of occurrences of peeler
      blocks in each of the five categories listed. By this means economic
      studies are made to determine whether the potential recovery in each group
      is worth seeking. Installation of a comprehensive centering system permits
      use of logs which cannot otherwise be prepared and peeled economically.
      The price differential for such logs makes their selection preferable.
PAR  The present invention discloses means and apparatus for making such
      processing of logs feasible and profitable, and with optimum speed in
      handling and determining the best centering of the log as explained
      herein.
PAR  Having now considered the simplified form of centering control, the use of
      logic circuitry will be introduced. Such circuitry brings with it several
      advantages along which are freedom from the need to orient the block
      before beginning sensing, immediate characterization of block profiles and
      adoption of adequate sensing combinations, closed loop control during
      traversing motions ensuring accuracy of positioning, centering or maximum
      veneer value recovery from each block, and minimum cutting time in the
      lathe, and ability to make and use redundant measurements so avoiding
      erroneous centering of blocks having surface irregularities such as
      blisters, knot bumps and the like. For applications where a substantial
      proportion of swept blocks is encountered, sensor 134 should be enlarged
      by the addition of two feelers approximately twelve inches along the block
      axis on each side of the center point, as seen in FIG. 4B, and so arranged
      that the control is exercised by the last one of the three to make
      contact. Blocks having unsymmetrical sweep will then be gauged to witin
      one-quarter inch of their lowest (ideal) gauging point.
PAC  MATHEMATICAL OR LOGIC FUNCTIONS
PAR  1. There are four groups of five sensors each, the groups being arranged at
      spacings of 90.degree. apart about a circle, or as may be said, in two
      planes at 90.degree. apart from each other.
PAR  Each group of five sensors explores a profile as concave, straight, or
      convex, using data of sensors 50, 52 and 54 as seen in FIG. 1, sensors 50
      and 54 being at opposite ends of the block, and sensor 52 being midway
      between. Half the sum of the measurements from end sensors 50 and 54 is
      compared with the instrument sensor measurement 52 in the middle.
PAR  If the half-sum is greater, the profile is concave; if equal, the profile
      is straight; if less, the profile is convex.
PAR  2. The sum of measurements from a pair of opposing sensors is the
      "diameter". As this "diameter" does not pass exactly through the block
      center unless the block is of circular cross-section and is already
      centered, some error is introduced. However, the system makes measurements
      continuously and constantly revises the measurements as better is the
      achievement of centering. Ultimately, the error becomes negligible.
PAR  3. The measurements of "diameter" at end stations 50 and 54 are compared.
      The lesser diameter is the small end of the block. A knowledge of its
      location is vital in two of the three centering sequence alternatives. The
      logic circuitry provides separate outputs giving the magnitude of the
      small end diameter and the location of the small end station 50 or 54.
PAR  4. The circuits can recognize opposing profiles that occur in combination.
      The centering sequence is selected accordingly. These pairs of profiles
      are (a) concave-concave, (b) concave-straight, (c) concave-convex, (d)
      straight-straight. A proof circuit compares profile characterizations of
      the pairs and warns if a non-occurring combination is indicated. Should
      such an indication occur, the centering machine disqualifies itself. The
      block is then centered by the cradles only.
PAR  5. For profile pairs that are straight-straight, or concave-concave, the
      axis of the inscribed cylinder passes through the midpoints at the
      diameters of the small end of the block and the mid-section of the block.
      Two differential amplifiers compare the opposing sensor indications at the
      small end and midsection. The outputs control the traverse mechanism which
      moves the block to reduce the imbalance until a pre-set residual is
      attained, when centering is complete in that plane.
PAR  6. For profile pairs that are concave-straight, or concave-convex, the
      logic system forms a baseline, then finds the least offset from the
      baseline to the opposite profile and bases the subsequent centering on the
      magnitude and location of the least offset. The baseline joins the
      end-points of the straight side or of the convex side for profile pairs
      that are straight or convex in combination with concave.
PAR  Depending on the location of the least offset, whether it is found to be at
      the end, or not at the end of the block, the circuit chooses the
      appropriate logic sequence.
PAR  7. When the least offset is found at the end of the block, the axis of the
      greated inscribed cylinder passes through the midpoint of the diameter of
      the small end of the block, and through the midpoint, of a straight line
      joining the concave profile sensor at the mid section to the large end
      sensor of the convex or straight profile.
PAR  Two differential amplifiers compare the opposing sensor indications from
      the upper and lower sensors at the small end, and opposing sensor
      indications from the mid section sensor of the concave profile and the
      large end sensor of the straight or convex profile. The outputs from the
      two differential amplifiers control the traversing mechanism which moves
      the block so as to reduce the differences between the pairs of sensors
      until a pre-set residual is reached. Centering in that plane is then
      complete.
PAR  8. When the least offset is found to be not at the end of the block, the
      axis of the greatest inscribed cylinder is parallel to the baseline, and
      midway between the baseline and the point on the opposite profile which
      shows the least offset.
PAR  Two differential amplifiers compare the sensor indications of the baseline
      sensor at the small end with the comcave profile sensor showing the least
      offset, and the baseline sensor at the large end with the same concave
      profile sensor showing the least offset. The outputs of the two
      differential amplifiers control the traverse mechanism as described in 7.
      above.
PAC  FUNCTION UNITS
PAC  1. Classification of profiles.
PAR  For each group, end sensors 50 and 54 and middle sensor 52 are used to
      classify the group profile. Half the sum of end sensors 50 and 54 is
      compared with middle sensor 52 by substracting each from the other. When
      the half-sum is greater than the indication from middle sensor 52, the
      profile is concave. When the half-sum is less, the profile is convex. When
      it is equal, the profile is straight.
PAR  For Group A the circuit is:
      ##SPC1##
PAC  2. Combination of Profiles.
PAR  The profiles from opposing groups are related. The relation forms the basis
      for selection of the centering system. The tree-growth characteristics
      limit the way that opposing profiles may be combined. A concave profile
      may be opposite another concave side, or opposite a straight or convex
      side. A straight side may be opposite a concave side or another straight
      side. A convex side may be opposite a concave side only.
PAR  The circuit for determining the profile combinations for Groups A and C is:
      ##SPC2##
PAR  The circuit for determining the profile combinations for Groups B and D is
      similar.
PAC  3. Baseline Selection.
PAR  The profile combination dictates the choice of centering sequence that must
      be followed. Double concave and double straight profile combinations
      require centering from the small end and mid-section data. Convex-concave
      and straight-concave combinations require further examination before it is
      possible to decide if a simple or a stepped included cylinder will be
      preferable For convex-concave and straight-concave pairs centering
      requires the use of a hypothetical straight line joining the end points of
      the convex or straight side, and computation of offsets from this straight
      line to the sensors of the opposite profile. The process selection
      indicates for these combinations which profile will be replaced by the
      straight line (which will hereafter be called a "baseline").
PAR  The circuit for the A - C combinati on is:
      ##SPC3##
PAC  4. Baseline and Offsets Section
PAR  After the process selection produces the baseline controls, the baselines
      must be established and the offsets from the baselines must be computed.
      The circuit which does this for the A and C groups is:
      ##SPC4##
PAC  5. Small End Location and Minimum Offset
PAR  From the output of the baseline section, information is taken which defines
      the smaller end of the block (as being located at sensor Station 1 or
      Station 5). The information also is combined to show that the minimum
      offset from the baseline is at the block end, or is not at the block end,
      and to give the size of the least offset.
PAR  The circuit for each group is:
      ##SPC5##
PAC  6. Traverse Controller, Double Straight, Double Concave Profiles
PAR  For blocks having pairs of opposing profiles that are classified as "double
      straight" or "double concave," the largest inscribed cylinder is defined
      by the small end of the block. If the taper is appreciable, a stepped
      cylinder may be defined by small-end and mid-section cross-sections. The
      controller accepts the data for location of the small end, and the
      dimension data for the small-end and mid-section diameters, which it
      combines and uses for control of the traverse unit until the block reaches
      the centered position when the opposing dimensions are equalized.
PAR  The circuit for the A - C cross-section is shown below:
      ##SPC6##
PAC  7. Traverse Controller, Convex-Concave and Straight-Concave Profile Pairs
      having the Least Offset Not at the Small End
PAR  These blocks are centered on an axis parallel to the baseline and at a
      distance from it equal to one-half the least offset of the opposite,
      concave profile from the baseline. The circuit accepts "Combination of
      Profiles" data which activates it. It accepts "Baseline" data which
      defines the baseline and selects the dimension data which is fed into the
      circuit. It accepts the dimension of the least offset from the "Minimum
      Offset" circuit. The data is combined and compared and used to control the
      traverse unit to move the block until an equality is found between the
      distances of the three critical points (two ends of the baseline plus one
      minimum offset) from the datum axis of the machine.
PAR  The circuit appears below for the A - C cross-section. A similar circuit is
      used for the B - D cross-section.
      ##SPC7##
PAC  8. Traverse Controller, Convex-Concave, and Straight-Concave Profile Pairs,
      having the Least Offset at the Small End
PAR  Blocks in this category are centered on an axis through the mid-point of
      the small end, and through the mid-point of a line joining the "Baseline"
      end at the large end of the block to the mid-section profile point on the
      "Concave Profile."  The circuit accepts "Small-End" location data and
      "Baseline" data, which controls acceptance of the necessary dimension
      data. The circuit is divided into two comparison units, one for the
      small-end data, the other for the large-end, mid-section data. The circuit
      controls the Traverse Unit which moves the block until its axis coincides
      with the datum axis and equality of dimension is reached for the two
      axis-location points.
PAR  The circuit for the A - C cross-section is given below. The circuit for the
      B - D cross-section is similar.
      ##SPC8##
PAC  9. Traverse Unit
PAR  The control functions from the three centering sequence units are fed into
      group of eight multi-input OR modules. An input to any one circuit causes
      the corresponding control solenoid to move a valve which will pass
      hydraulic fluid to the propulsion cylinder and move the peeler block.
      Motions in the A - C and B - D planes, at Station 1 and Station 5, are
      separately controlled.
PAR  The circuit is shown below:
      ##SPC9##
PAR  There are various methods and apparatus for accomplishing the objectives
      herein within the spirit and scope of the invention, and these have been
      alluded to and described in some detail herein, Further details are set
      forth herebelow for complete understanding of the nature of the invention
      and the best means for practicing the same.
PAR  Referring to FIGS. 5, 6 and 7, it is understood that use is made of the
      means for projected concentric circles on the opposite end of each log to
      determine the initial center for each end of the log. Such projectors may
      be of optical construction with projection lamps projecting concentric
      rings on each end surface of the log for obtaining a trial
      centerilization. If the log has no apparent sweep (bow) then these centers
      are used for chucking the log. If the log does have apparent sweep, then
      the sweep bar, with its traveling telescoping sensor 220 is lowered and
      used in scanning the log surface by traversing the same. In this case,
      however, the final center of the maximum cylinder is determined in
      reference to the center of the projected concentric circle.
PAR  As seen in FIGS. 5, 6 and 7, there is the log 202, the larger end 204 of
      which is seen in end elevation in FIG. 5, and at the left in FIG. 7, in
      side view, while the smaller end 206 is seen in face view in FIG. 6 and in
      side elevation in FIG. 7. The rough bark surfaces of the log are as
      indicated generally in the end views of FIGS. 5 and 6, and these are
      likely to be more or less smooth than as shown. At each end of the base
      portion 208, there are log support members 210, 212 which are traversable
      in any needed directions to accept logs of various lengths, and these have
      vertically telescoping supporting extensions 214 and 216 for elevating or
      lowering individually the cross arm type vee-shaped support arms 218 and
      220 at their respective ends of the logs.
PAR  It is understood that for clarity and simplicity of illustration, FIGS. 5,
      6 and 7 are schematic and diagrammatic and omit details as not needed for
      explaining the principles of their construction.
PAR  The sequence of operations in this form of the device for log centering is
      as follows:
PAR  1. The log is placed in the pair of vees 218 and 220 which can move
      laterally and vertically independently of each other.
PAR  2. It is determined visually by an operator if there is any appreciable
      sweep. If there is no sweep, then follows step 3. If there is sweep, then
      follows steps 4 through 10.
PAR  3. Center the log using projected concentric circles, chuck it at these
      centers and sent it to the lathe.
PAR  4. The operator rolls the log in the vees until it is bowed downwards.
PAR  5. Center the log using the projected circles at each end.
PAR  6. A telescoping, tranversely movable distance measuring sensor such as at
      220, which is attached to a sweep bar located directly over the centers of
      the projected circles and parallel to the floor 208 is lowered until it
      touches one end of the log.
PAR  7. After the sensor makes contact with the log it then travels along the
      log, always maintaining contact until it reaches the other end. The
      computer stores the initial distance from the sweep bar to the log (Y1 or
      Y2), the maximum distance of the sweep bar to the log (Ym) and the final
      distance between the sweep bar the log (Y1 or Y2).
PAR  8. At the same time that step 6 and step 7 are occurring, a telescoping
      sensor at the center of each sweeping vee, such as 230, at the center of
      each supporting vee 218 and 220, moves up until it makes contact with the
      log and measures V1 and V2.
PAR  9. The computer, using the information supplied by the sensors, and the
      already stored distances B F1 and F2, calculates the following data:
PA0  a. d = Ym - Y2
PA0  b. t = Y1 - Y2
PA0  c. r.sub.1 = A - (V.sub.1 + F.sub.1), r.sub.2 = A = (V.sub.2 + F.sub.2)
PA0  d. D1 = B - (V.sub.1 + F.sub.1 + Y.sub.1), D.sub.2 = B - (V.sub.2 + F.sub.2
      + Y2)
PA0  e. D = D.sub.1 - (t + d), D = D.sub.2 - 2r.sub.2
PAR  10. The computer then compares the quantity of D.sub.1 - (t + d) to the
      quantity 2r.sub.1, and also D.sub.2 - 2r.sub.2 to d.
PA1  a. If [D - (t + d)] &lt; 2r.sub.1, then the large end of the log is chucked
      r.sub.1 - D/2 unites below the center of the projected circle.
PA1  b. If [D.sub.1 - (t + d)] .gtoreq. 2r.sub.1, then the large end of the log
      is chucked at the center of the projected circles.
PA1  c. If [D.sub.2 - 2r.sub.2 ] .gtoreq. d, then the log is chucked at the
      center of the projected circles.
PA1  d. If [D.sub.2 - 2r.sub.2 ] &lt; d, then the small end of the log is chucked d
      - (D.sub.2 - 2r.sub.2) units below the center of the projected circles.
PAC  DEFINITION OF SYMBOLS
PA0  1. f.sub.1 -- distance from the bottom of the vee at the large end of the
      log to the floor after step 5.
PA0  2. F.sub.2 -- distance from the bottom of the vee at the small end of the
      log to the floor after step 5.
PA0  3. D.sub.1 -- distance from the bottom of the large end of the log to the
      bottom of the vee.
PA0  4. D.sub.2 -- distance from the bottom of the small end of the log to the
      bottom of the vee.
PA0  5. Y.sub.1 -- distance from the sensor bar to the top of the large end of
      the log.
PA0  6. Y.sub.2 -- distance from the sensor bar to the top of the small end of
      the log.
PA0  7. Y.sub.m -- maximum distance from the sweep bar to the top of the log.
PA0  8. B -- distance from the sweep bar to the floor-always fixed.
PA0  9. A -- distance from the center projected circles to the floor-always
      fixed.
PA0  10. r.sub.1 -- radius measured from the bottom of the large end of the log
      at the center of the vee to the center of the projected circles.
PA0  11. r.sub.2 -- radius measured from the bottom of the small end of the log
      at the center of the vee to the center of the projected circles.
PA0  12. D.sub.1 -- diameter of the large end of the log measured by the sweep
      bar at the top and the sensor at the bottom of the vee.
PA0  13. D.sub.2 -- diameter at the small end of the log as measured by the
      sweep bar at the top and the sensor at the bottom of the vee.
PAR  It is to be noted that the distances F.sub.1 and F.sub.2 are measured by
      the vees, which are themselves distance measuring sensors.
PAR  Referring to FIGS. 8 and 9, it is here seen that means is provided for
      dealing with surface irregularities which might interfere with the probes,
      and thus lead to false information. As seen in FIG. 8, for example, there
      is a two headed probe 250 for traversing the surface 252 of the peeler
      block 254. For traversing a knot bump 256 in the surface of the block, a
      pair of probe elements 258 and 260 are mounted on a base 262 carried by a
      post 264 by any suitable means for movement along the block. Such a simple
      probe equipped with the two heads, spaced a few inches apart, each capable
      of indicating when contact by an advancing probe is made with the surface
      of the veneer block, the heads being easily rollable over the surface. If
      irregularities on the block surface are widely separated and smaller in
      size than the separation of the sensing heads, then contact by both heads
      at once is reasonably certain to indicate the true surface location.
      Contact by one head before the other will probably indicate that an
      irregularity has been found, but the location of the second sensor will
      always be nearer to the true surface. This action is indicated in FIG. 8.
PAR  FIG. 9 illustrates another traveling probe 266, with a wheel large enough
      at 268 to overrun irregularities or other known bumps 270 in the block
      272. The track is shown at 274, and a pneumatic proximity sensor with
      automatic advance and retract feature, capable of scanning a highly
      irregular contour can be used. The location of the dotted profile can be
      approximated closely by projection of the regular profile from both sides
      of knot-bump. In the two headed probe of FIG. 8, the first head may
      automatically disconnect itself on contact so that the remaining head will
      advance further and provide a better indication of the true surface
      location. It is thus seen that the FIG. 9 device provides a redundant
      probe in a traversing device, which can provide redundance in measurement,
      and by inversion of mechanism can permit the block to move past the probe,
      so enabling the necessary block centering data to be obtained as the block
      moves along the conveying system. If a measuring probe of the single point
      variety happened to lodge on an irregularity such as a knot bump, faulty
      information might be generated. With a traversing probe of this type, the
      true outline could be electronically generated even though knot bumps
      resulted in erroneous data for part of the traverse.
PAR  The valid parts can be distinguished and extended to fill the gap
      represented by the bumps. The traversing probe system can thus be inverted
      so that the probe remains in one location and measures the log surface as
      the log passes along a special form of conveyor. It is possible that the
      traverse can be either of the log or of the probe, either being movable.
PAR  The following diagrams and schematic circuits are shown in the body of the
      specification to avoid undue encumbrance of the drawings, for indication
      of typical connections of elements and sensors in carrying out the work of
      determining the optimum centering of the cylinder which can be contained
      in the log for profitable veneering operations.
PAR  They make use of symbols and wiring well known in the art of circuitry and
      automation, to those skilled in the art.
PAR  Diagram 15 shows the connections for:
PA0  1. Manual Control of Block Rotators.
PA0  2. Manual Controls for Horizontal Traverse Control for Optical Centering.
PA0  3. Manual Controls for Vertical Traverse Controls for Optical Centering
      with Relay Interconnection for Automatic Control by Sensors and
      Differential Amplifiers and Relay Selectors.
PA0  4. Manual Control for Sensor Advance and Retract.
PA0  5. Push Button Initiation of Automatic Vertical Traversing Sequence.
PA0  6. Block Rotator.
PA0  7. Horizontal Traverse.
PA0  8. Vertical Traverse.
PA0  9. Control Selection.
PA0  10. Vertical Positioning.
PA0  11. Sensor Advance and Retraction.
PA0  12. Vertical Leveling, etc.
PA0  13. Vertical Scanning, etc.
PAR  The portions are identified in the diagram by the indicated numbering
      thereon.
PAR  Diagram 16 shows schematically the upper and lower sensors U and L, in
      sequence numerically, and the controls responding thereto in the overall
      sensing and centering operation. In this arrangement, there is at 16 the
      diagram overall, with at 17 the lower sensor station 1, the lower sensor
      at station 5 shown at 18, the lower sensor station 1 at 19, the upper
      sensor station 2 at 20, the upper sensor station 3 at 31, the upper sensor
      station 4 at 22, and the upper sensor station 5 at 23.
PAR  Also in Diagram 16 at 24 there is shown the vertical leveling sensors and
      relays (which raise the large end until under surfaces at 1 and 5 are at
      the same level and also detect and record the larger end). Diagram 16 also
      at 25 compares the upper surface elevation at stations 2, 3 and 5, detects
      least elevation sensor and connects it to the next comparator and
      maintains circuit until relay 4 or 5 is opened.
PAR  At 27 in Diagram 16, the circuit is shown which establishes equal offsets
      between minimum upper surface elevation and small end under-surface
      elevation.
PAR  At 26 in Diagram 16, the circuit is shown which compares minimum of
      stations 1, 3 and 5, with 2 or 4 and records station with least elevation.
      It maintains circuit until relay 4 or 5 is opened.
PAR  At 28 in Diagram 16, the circuit is shown which establishes equal offsets
      between minimum upper surface elevation and large end under surface
      elevation, except if minimum upper surface elevation is at small end of
      the log, when equal offsets are between mid-section (Sta. 3) upper surface
      elevation and large end under surface elevation.
PAR  Diagram 17 is a schematic circuit diagram of the circuitry of a preferred
      example of the invention construction, which provides the logic for the
      log centering of the device, the ultimate objective being to derive
      quickly and economically and accurately the optimum dimensions of the log
      which can be subjected to the veneer lathe operations with a minimum of
      waste.
PAR  This Diagram 17 is largely self-explanatory to those skilled in the art,
      and shows the electric and electronic means whereby the movement of the
      sensing devices which encounter the selected areas and surfaces of the
      peeler block or log, are to be reflected in the controls which physically
      mark and position the block itself, and make it possible in a short time,
      on the order of about a minute or less, to determine the best centering of
      the log for transfer to the lathe.
PAR  Below the Diagram 17, the various symbols are identified, which are
      employed in the circuit diagrams of the logic circuitry for log centering.
      It is believed that the representation shown is sufficient for those
      skilled in the art to understand clearly the nature and extent of the
      invention, in conjunction with the balance of the disclosure herein.
PAR  Although a preferred embodiment of the invention has been set forth herein
      in various details, it is understood that this is not by way of limitation
      but merely by way of example, and that various changes may be made in
      size, shape, materials and arrangement without departing from the spirit
      and scope of the invention as claimed.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A centering device for logs for veneer processing, comprising supporting
      means for supporting a log in said centering device, sensing means for
      sensing the surface contour of said log at a plurality of locations along
      its length and also between its ends, said log having first and second end
      surfaces and a stem portion therebetween, and computer means for
      processing the observations of said sensing means to compute the proper
      end centers of said log under examination for the maximum dimension of the
      cylinder which can be obtained from said log in veneering operations.
NUM  2.
PAR  2. The construction according to claim 1, and wherein said log supporting
      means comprises a plurality of end supports for engaging first and second
      end portions of said log, said end supports comprising V-shaped
      cooperating surfaces for bearing against said end portions of said log,
      whereby said log end portions are supported thereabove.
NUM  3.
PAR  3. The construction according to claim 1, and wherein said supporting means
      comprises a plurality of end supports, each formed with cooperating
      upwardly divergent log engaging surfaces, whereby said log end portions
      are supported above the center point of commencement of upward divergence
      of said log engaging surfaces.
NUM  4.
PAR  4. The construction according to claim 1, and wherein said supporting means
      comprises a plurality of end supports, each formed with cooperating
      V-shaped log engaging surfaces upwardly divergent from a center point,
      whereby said log end portions are supported above said center point of
      divergence of said V-shaped log engaging surfaces.
NUM  5.
PAR  5. The construction according to claim 1, and wherein said supporting means
      comprises a plurality of end supports, each formed with cooperating
      substantially plane upwardly divergent log engaging surfaces, whereby said
      log end portions are supported above the center point of upward divergence
      of said log engaging surfaces.
NUM  6.
PAR  6. The construction according to claim 1, and wherein said supporting means
      comprises a plurality of end supports, each formed with cooperating
      upwardly divergent log engaging surfaces which surfaces are substantially
      non-planar and inherently curved for optimum engagement with said log
      contour surfaces, whereby said log end portions are supported above the
      center point of upward divergence of said log engaging surfaces.
NUM  7.
PAR  7. The construction according to claim 1, and wherein said supporting means
      comprises mutually spaced first and second log support column structure
      means, means for supporting said structure means on a floor surface, said
      log having first and second end portions adjacent said first and second
      end portion surfaces thereof, said log support column structure means
      comprising a plurality of log end supports for engaging said first and
      second end portions of said log, said end supports comprising first and
      second support arm members with upwardly divergent cooperating log
      engaging surfaces for bearing against said respective end portions of said
      log, whereby said log end portions are supported above the center point of
      divergence of said log engaging support arm members, and log moving means
      carried by said log support column structure means and engaging said log
      end supports and constructed and arranged for adjustably movably
      positioning said log during its engagement with said log end portions.
NUM  8.
PAR  8. The construction according to claim 7, and wherein said log moving means
      comprises log end portion elevating and lowering means for elevating and
      lowering said respective end portions of said log.
NUM  9.
PAR  9. The construction according to claim 1, and wherein said supporting means
      comprises mutually spaced first and second log support column structure
      means, log support column structure base means for supporting said
      structure means on a floor surface, said log having first and second end
      portions adjacent said first and second end portion surfaces thereof, said
      log support column structure means comprising a plurality of log end
      supports for engaging said first and second end portions of said log, said
      end supports comprising first and second arm members with upwardly
      divergent cooperating log engaging surfaces to form a V-shaped hollow area
      for bearing against said respective end portions of said log, whereby said
      log end portions are supported above the center point of divergence of
      said log engaging support members, and log moving means carried by said
      log support column structure means and engaging said log end supports and
      constructed and arranged for adjustably movably positioning said log
      during its engagement with said log end portions.
NUM  10.
PAR  10. The construction according to claim 9, and wherein said log moving
      means comprises log end portion elevating and lowering means for elevating
      and lowering said respective end portions of said log independently of
      each other.
NUM  11.
PAR  11. The construction of claim 1 and wherein said sensing means comprises
      first and second sensing means for sensing the surface contour at first
      and second ends of said log, and a further plurality of sensing means at
      locations intermediate said first and second sensing means for sensing
      surface contours of said log intermediate said first and second sensing
      means.
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ABST
PAL  A gear tooth profile testing apparatus has a pair of displaceable measuring
      devices, one of which is movably mounted on an adjustable base plate and
      has the other device movably mounted on it. A probe mounted on said other
      device has biassing means urging it against the profile under test. Drive
      means displace one of the devices, which transmits signals of relative
      movements between the two devices to a computer. The computer receives
      from the other device signals of its movements relative to the base plate.
      The computer compares these measurements of probe movement with reference
      values to evaluate deviations in the measured profile.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus for testing gearing profiles by means of
      comparison of measurements of the profiles of the gearing teeth with
      reference values for such measurements.
PAR  In one known gearwheel tester, the gearwheel to be tested is secured to a
      base circle disc, which rolls on a fixed generating straight edge. A probe
      or stylus is arranged on a fixed support and has a contact point with the
      gear at the starting point of the involute tooth profile on the base
      circle that agrees with the point of contact between base circle disc and
      generating straight edge. The probe deflects with deviation of the tooth
      profile from the involute during the rolling of the testing wheel and as a
      result indicates the difference between tooth profile and theoretical
      involute. However, such appliances are only suitable for testing
      gearwheels of limited diameter, perhaps up to one meter or slightly more,
      since firstly the base circle disc can only be made up to a limited
      diameter for technical manufacturing and precision reasons, and secondly
      the weight of the wheel being tested and rolling on the generating
      straight edge cannot be unlimited. These restrictions also exist with
      appliances of which the base circle is adjustable with lever transmissions
      and auxiliary slides.
PAR  For the testing of the profiles of larger gearwheels, appliances are also
      known in which a base circle segment is fixed on a stationary test wheel
      or gear and the involute profile is then tested with a probe or stylus,
      the support of which rolls with a generating straight edge on a base
      circle segment. Such base circle segments are however costly and can only
      be used for a quite specific base circle size, are not capable of being
      easily centred relatively to the axis of the gearwheel to be tested, and
      moreover the rolling of the appliance is not capable of being easily
      controlled, because of its size, so that also here the diameters of the
      gears that can be tested are also restricted in practice.
PAR  Another testing apparatus has been proposed in which the rotation of the
      gear to be tested is established by means of an angle detector and the
      associated linear movement of the stylus is measured with a straight edge
      or linear detector. The pulses of the angle detector and of the linear
      detector are fed to a digital computer, which compares the measured values
      with the theoretical involutes and records the calculated deviations by a
      digital or analog procedure. The necessary rotation of the test wheel or
      gear, however, also in this case sets limitations as regards diameter and
      weight (Japanese Specification as laid open No. 18 790/1972).
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its object to provide the possibility of testing the
      profiles of gearwheels substantially without restriction as to size and
      weight, and which may be employed while the gearwheel is still clamped on
      a gear production machine.
PAR  This object is achieved with an apparatus of the form in which two
      measuring devices are provided for measuring two components of a relative
      movement between the tooth profile to be tested and a probe or stylus
      which is movable along the profile, the measurement values of said devices
      being fed to a computer, advantageously in digital form, which compares
      them with values introduced by a programme according to the progress of
      the relative movement, and establishes the differences between the
      reference values and the actual values. In accordance with the invention
      the probe or stylus is arranged on one of two measuring devices, said
      device being mounted on the second measuring device which is movable in
      relation to a base plate, the two devices being movable in different
      directions, one of said two devices having drive means associated with it,
      the probe or stylus being held against the tooth flank under test by an
      arrangement, which either biases the two devices relatively to one another
      or biases that device which is not driven directy relatively to the base
      plate, one of the two measuring devices being arranged to provide signals
      of the relative movements of the devices in relation to one another
      arising in the operation of the device drive means with the gear
      stationary, and the second measuring device is arranged to provide signals
      of the relative movements of said device in relation to the base plate
      which is stationary during the testing operation.
PAR  Using such an apparatus, not only is it possible to test involute profiles,
      but also other profiles which can be expressed in mathematical form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is hereinafter further explained by reference to the
      accompanying diagrammatic drawings which show four constructional
      examples, in each case with an associated block circuit diagram.
PAR  FIG. 1 illustrates an embodiment of the invention in which a probe or
      stylus is displaceable parallel to the X-axis of a Cartesian co-ordinate
      system;
PAR  FIG. 2 illustrates a second embodiment of the invention in which a probe or
      stylus is arranged on a longitudinally displaceable arm;
PAR  FIG. 3 illustrates another embodiment of the invention in which a probe or
      stylus is displaceable along a tangent to the profile to be tested;
PAR  FIG. 4 illustrates a further embodiment of the invention in which the
      motion of a probe or stylus is detected as two mutually transverse linear
      components; and
PAR  FIG. 5 illustrates the apparatus of FIG. 4 in a different starting position
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the constructional form which is illustrated in FIG. 1, a
      gearwheel 1 the tooth profile of which is to be tested is clamped fixed on
      a turntable 2 of a gear production or testing machine. The machine
      turntable and the manner of securing the gearwheel are entirely
      conventional and further description or illustration is therefore not
      needed. A Cartesian co-ordinate system is assumed to have its axes running
      through the centre O of the gearwheel 1, also the centre of the turntable
      2. The Y-axis of the co-ordinate system extends through a point P of the
      tooth profile which is to be tested.
PAR  Arranged on the machine alongside the turntable 2 so as to be adjustable in
      the Y-direction and X-direction is a base plate 3 of a linear detector 4,
      said adjustability may be obtained in known manner by the use of a
      carriage movable on slides parallel to one axis and itself carrying slides
      parallel to the other axis and on which the base plate moves, both said
      movements preferably being motorised. Provided as movable part of the
      linear detector 4 is an angle detector 5, which is displaceable in the
      X-direction, as indicated by the double arrow 12, by means of a motor 6
      relatively to the base plate 3.
PAR  Connected to the motor 6 is a control unit 7 for the starting and stopping
      of the motor, for its forward and reverse running and for its speed
      adjustment. The control unit 7 is connected to an input and output unit 8
      (terminal); this serves for the input of the set position co-ordinates
      x.sub.A and y.sub.A of the base plate and of the detectors 4 and 5
      arranged thereon, the starting and end positions of the angle detector 5,
      the measurement or testing speeds, the data of the profile to be tested
      and the required type of measurement recording. The measurement or test
      data are also emitted by the unit 8. Connected to the unit 8 is a digital
      computer 9 for calculating the reference path of the profile 1 to be
      tested. The linear detector 4 and the angle detector 5 are connected to
      the digital computer 9.
PAR  Provided as movable part of the angle detector 5 is a lever 11, which as
      indicated by the double arrow 13 is rotatable about a centre point M, and
      comprises a probe or stylus 10 at a fixed distance r.sub.A from the centre
      M. The lever is connected by a biasing arrangement in the form of a
      tension spring 14 to the non-rotatable part of the angle detector 5.
PAR  For the gear 1 to be tested on the machine on which it is produced, the
      turntable 2, on which the gearwheel is still clamped, as at the time of
      cutting or grinding the profile, is brought into a predetermined testing
      position and fixed there. The two detectors 4 and 5 are brought into a
      specified initial position with the co-ordinates x.sub.A and y.sub.A for
      the centre M of the angle detector 5, the rotatable part of the angle
      detector assuming its middle position. In this middle position, the probe
      or stylus 10 contacts the gear tooth profile at a point P.sub.A
      substantially at the middle of the height of the tooth; the contact
      tangent T.sub.A subtends the angle .alpha..sub.A to the Y-axis. When the
      profile 1 is an involute profile, the perpendicular to the profile at the
      point P.sub.A is a tangent to the base circle with the radius r.sub.b.
PAR  The actual testing operation is begun from the starting point P of the
      involute, i.e., from the original position which is shown in FIG. 1, the
      angle detector 5 is shifted towards the left, as seen in the drawing,
      until the stylus 10 contacts the involute profile at the point P; in this
      operation the lever 11, under the action of the spring 14, carries out a
      pivotal movement, namely, in a counterclockwise direction as seen in the
      drawing. The direction of rotation and the speed of the motor 6 are then
      selected on the control unit 7. Introduced into the unit 8 are the gear
      data, the calculating programme, the permissible tolerances and also the
      commencement and the end of the measuring distance.
PAR  The measuring process is initiated by the starting signal for the motor 6,
      which displaces the linear detector and with it the angle detector 5
      towards the right, the linear detector 4 delivering signal pulses to the
      digital computer 9 to indicate its change of position. Because of this
      linear movement, the stylus 10 is drawn over the profile 1, under a light
      pressure that is maintained substantially constant by the spring 14, the
      angle detector 5 thereby carrying out a clockwise pivotal movement. The
      angle detector 5 similarly indicates its change of angular position by
      signal pulses to the digital computer, which compares the reference values
      with the actual values of the tooth profile as determined by the signals
      from both the detectors and, taking into account the tolerance limits,
      transmits the resulting output to the unit 8, from which the required test
      figures are transmitted, for example, in the form of a printed record or a
      punched tape.
PAR  The constructional form of the invention illustrated in FIG. 2 uses the
      same reference numbers to indicate parts already described with reference
      to FIG. 1. The centre point M of the angle detector 5 has the co-ordinates
      x.sub.A and y.sub.A with the same original position of the stylus 10 as in
      FIG. 1. The linear detector 4 of the first example however is replaced by
      a linear detector 15, which comprises a lever 16 carrying the stylus 10.
      When the linear detector 15 is shifted, by the motor 6, in one of the
      directions of double arrow 18, the effective length r.sub.A of the lever
      16 is modified, and by the contact of the probe or stylus 10 with the
      profile 1, the angle detector 5 is swung clockwise or counter-clockwise,
      as indicated by the double arrow 19. This is also effected under the
      approximately constant light pressure of the biassing device 14.
PAR  On beginning the actual testing process at the point P, the lever 16 is
      drawn in by means of the motor 6, so that the middle point spacing r.sub.A
      of the stylus 10 is reduced and the stylus is drawn over the profile 1. In
      this movement, as seen in the drawing the angle detector 5 first of all
      pivots clockwise and then counter-clockwise. The corresponding pulses from
      the two detectors 5 and 15 are fed to the digital computer 9, which
      effects a comparison with the reference values in accordance with the
      calculating programme supplied, and the resulting deviation values are
      emitted from the unit 8.
PAR  In the constructional form of the invention illustrated in FIG. 3 parts
      already described are again indicated by the same reference numbers. The
      centre point M of the angle detector 5 has the coordinates x.sub.A and y
      .sub.A with the same initial position of the probe or stylus 10 as
      previously described. The angle detector 5 is displaceable in the
      direction of the tangent T.sub.A on a linear detector 20, the effective
      length r.sub.A of the lever 11 being constant. With displacement of the
      linear detector 20 in one of the directions of the double arrow 22 by the
      motor 6, the stylus or probe 10 being maintained in contact with the gear
      tooth profile by the biassing device 14, the angle detector 5 is swivelled
      in a clockwise or couner-clockwise direction corresponding to the double
      arrow 23.
PAR  On beginning the testing operation at the point P, the stylus 10 is drawn
      upwardly and towards the right, as seen in the drawing, over the gear
      tooth profile during the displacement of the angle detector 5 along the
      linear detector 20. As a consequence, the angle detector 5 is first of all
      pivoted clockwise and then counter-clockwise. The signal pulses from the
      two detectors 5 and 20 are fed to the digital computer 9 to indicate the
      changes of stylus position and these signals are evaluated in the manner
      already described, in connection with FIGS. 1 and 2.
PAR  Another possible arrangement which can be employed for testing any
      arbitrary gearing profile is illustrated in FIGS. 4 and 5. The same
      reference numbers are again given to parts already described. Arranged on
      the base plate 3 is a linear detector 24, on the movable part of which is
      provided another linear detector 25. Seated on an angularly adjustable
      lever 26 of the linear detector 25 is the stylus 10, which bears against
      the profile 1 under the gentle pressure of the biasing arrangement 14. The
      movable part of the linear detector 24 is displaceable together with the
      linear detector 25 in the directions of the double arrow 27, and by means
      of the motor 6 the movable part of the linear detector 25 is displaceable
      transversely, conveniently perpendicularly thereto in the directions of
      the double arrow 28. The centre point M represents the instantaneous means
      of the two linear detectors 24 and 25 and, as with the other
      constructional forms described, is outside the gear centre O.
PAR  Beginning the testing procedure at the point P, as before, the motor 6
      shifts the movable part of the linear detector 25 in an upward direction
      as seen in the drawing, so that the stylus 10 is drawn over the profile 1.
      Under the light tension of the spring 14, which also in this case holds
      the probe or stylus 10 against the profile 1, the displaceable part of the
      linear detector 24 is moved towards the right. In this case, the changes
      in position of the linear detector 24 are compared in the digital computer
      9 with the reference values and the differences are given in the output
      from the unit 8.
PAR  The detectors of the examples described above advantageously comprise
      devices having capacitative sensing such as are disclosed in Swiss Patent
      No. 550,378 and U.S. application Ser. No. 395,132, but can also comprise
      devices having known forms of optical and/or electronic sensing.
CLMS
STM  What I claim and desire to secure by letters patent is:
NUM  1.
PAR  1. Gear tooth profile testing apparatus comprising a probe for engagement
      with a gear tooth flank, a first displaceable mounting on which the probe
      is securable and a second displaceable mounting on which said first
      mounting is supported, and a base on which said second mounting is
      supported, the first and second mountings having different directions of
      displacement, biassing means connected to at least one of said mountings
      for holding the probe against said tooth flank and driving means for
      displacement of one of said mountings and thereby for movement of the
      probe along said flank, respective measuring devices sensing the
      displacement of the two mountings for measuring respective components of
      the relative movement between the probe and the tooth flank, and means for
      transmitting respective series of measurement signals from said devices,
      one of said series of signals representing the relative movement between
      the two mountings with the tooth flank stationary and the other of said
      series of signals representing the movement of one of the mountings
      relative to a fixed point, comparison means receiving said measurement
      signals and means for supplying reference signal values to said comparison
      means, said comparison means determining the difference between the
      reference signal values and the actual signal values from the measuring
      devices.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein one of the mountings is rotatably
      displaceable and its measurement device is an angle-measuring arrangement.
NUM  3.
PAR  3. Apparatus according to claim 1 further comprising a rotary mounting for
      a gear to be tested, said rotary mounting having a central axis spaced
      from and parallel to the axis of rotational displacement of said one
      mounting.
NUM  4.
PAR  4. Apparatus according to claim 3 having means for restraining the movement
      of the other of said two mountings of the probe to linear displacements
      and for locating said displacements along a line parallel to a tangent to
      the base circle of the gear under test, which tangent extends through the
      root point of the flank engaged by the probe.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein the axis of rotational
      displacement of said one mounting of the probe is arranged for location on
      a tangent to the tooth flank profile to be tested.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said rotatably displaceable
      mounting of the probe is supported on the other of said mountings of the
      probe, means being provided on the base for restricting the movement of
      said other mounting to linear displacements and for directing said
      displacements along the tangent to said flank profile.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein respective means restrain the
      movements of the two mountings of the probe to respective linear
      displacements, means securing the probe to the first mounting in a
      pivotally adjustable manner.
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ABST
PAL  A sighting device wherein from about 1 to about 10 sighting pins containing
      light conducting fibres are used to align the arrow, bullet or other
      projectile with the target. The sighting pins are adjustable both
      vertically and horizontally and are battery operated. The sight has
      utility for both hunting and target purposes. The entire device is small
      enough and light enough to be mounted on standard archery bows or rifles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to sighting devices having projectable guides.
PAR  2. Description of the Prior Art
PAR  Although the sighting device of this invention is primarily concerned with
      archery and specifically the archery bow it also has utility for rifles
      and other forms of hunting and recreation wherein a projectile is aimed at
      a target. Archery is one of the most difficult of all sports due to the
      demand for consistent accuracy in order to enjoy success in this sport.
      The thing that makes archery so difficult is that each time the archer
      shoots an arrow he is faced with the necessity of adjusting several
      important variables. He must adjust the elevation of the arrow to
      compensate for distance. He must adjust the horizontal angle for windage.
      Even if he is able to complete these adjustments successfully, he must
      repeatedly draw the arrow each time to the same anchor point. The archer
      must further make sure that he does not torque the bow up, down or
      sideways. All of these variables and others require vary significant
      skills which are generally acquired only through experience. If
      compensation is not made for all of these variables then the net result
      must be that the target will be missed.
PAR  Traditionally, the archery bow is fired by the archer sighting along the
      length of the arrow and directing the arrowhead in predetermined
      relationship with respect to the target before releasing the arrow. As
      stated before, the desired alignment is normally controlled by the manual
      skill and dexterity of the archer which are, of course, only developed
      with experience. If the arrow falls long or short, the archer adjusts the
      sighting by realigning the head of subsequent arrows with a properly
      spaced point with regard to the target. Thus, the accuracy is essentially
      fully controlled by the archer's skill and furthermore is dependent upon
      maintaining the same fixed or selected positioned relationship between the
      bow, arrow and the archer at all times and for successive shots in order
      to properly aim the arrows. Thus, a need has been felt for mechanical
      sighting means which are both convenient for use and attachment to a bow
      and at the same time accurate.
PAR  Various types of bow sighting devices are available which have an
      assortment of methods for allowing for variable compensation. Some of
      these devices are best used for target archery where distances are known,
      while others are designed for actual hunting, where distances are unknown
      and where they change rapidly. Sample patents teaching various sighting
      devices include Depatie et al, U.S. Pat. No. 3,667,444 (1972); Hill, U.S.
      Pat. No. 3,524,440 (1970); and Westphal, U.S. Pat. No. 3,766,656 (1973).
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a sighting device comprising an energy source for
      producing a distinct light from a light source and means for conducting
      said light to a point of illumination, generally a sighting pin which in
      turn can be used to sight stationary targets or to gauge moving targets.
PAR  It is therefore an object of this invention to provide a sighting device
      which is visible at night.
PAR  It is a further object of this invention to provide a sighting device
      containing light conductive fibres which will illuminate to be used as
      guide pins for sighting in both the daylight and at night.
PAR  These and other objects will become apparent from the following description
      of the preferred embodiments.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the assembled sighting apparatus.
PAR  FIG. 2 is a top view of the assembled sighting apparatus as mounted on an
      archery bow.
PAR  FIG. 3 is a side view of the assembled sighting apparatus as mounted on an
      archery bow.
PAR  FIG. 4 is a rear view of the assembled sighting apparatus as mounted on an
      archery bow.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For the purposes of promoting an understanding of the principles of the
      invention, reference will now be made to the embodiment illustrated in the
      drawings, and specific language will be used to describe the same. It will
      nevertheless be understood that no limitation of the scope of the
      invention is thereby intended, such alterations and further modifications
      in the illustrated device, and such further applications of the principles
      of the invention as illustrated therein being contemplated as would
      normally occur to one skilled in the art to which the invention relates.
PAR  The assembled sighting apparatus 10 is of the size and configuration that
      allows convenient mounting on both bows for archery purposes and rifles.
      The sight assembly 10 is designed so that the sighting pins 17 are in the
      proper viewing position whether a left-handed or a right-handed mount is
      used. This mounting position flexibility is a significant advantage over
      prior sighting devices in that the minority of left-handed archers and
      hunters have had an extremely difficult time finding adequate sights to
      allow them to compete with right-handed archers and hunters.
PAR  A power source 11 is mounted in a power source housing 29. This power
      source is any conventional battery. In general, the statement can be made
      that the smaller the battery, the more convenient will be the size and
      shape of the power source housing and the easier the light will be to
      construct and mount. Included in the power source housing 29 is a light
      source 28. The preferred light source is a red lens light. However, a red
      light or a red lens light is not essential, and any size or color of light
      that is desired and practical in terms of size and intensity may be used.
      A red light is preferred as it shows up clearly at night but at the same
      time does not cast light reflections which can attract the attention of
      game being pursued.
PAR  Power source 11 is activated by a switch 27. Switch 27 may be the standard
      toggle type switch which is well known, or as one potential alternative,
      it may be a less well known but potentially more advantageous mercury
      switch. The advantage of a mercury switch would be that no noise or effort
      would be required to turn the sight on when bringing the bow and arrow
      into position for firing. A mercury switch is designed so that while the
      bow is in the horizontal position, the power source is off but immediately
      upon being raised to the vertical position, the power source would be
      turned on and as a result the light and sighting pins 17 would be
      activated. The toggle switch as illustrated in the accompanying drawings
      and the mercury switch are but two potential embodiments for switches. Any
      of the well-known methods for turning batteries on and off would be viable
      alternatives. The only limiting variables are size, weight, noise
      production and adaptability to being carried through underbrush and other
      rough terrain.
PAR  Once the switch 27 has been turned on and the power source 11 activated,
      the light source 28 begins emitting light and more particularly light
      rays. These rays of light are picked up and conducted by optically
      conductive fibres. The optically conductive fibres are, of course, coated
      by a reflective material to minimize loss of intensity while the light is
      being conveyed. The conductive fibres themselves are generally made of a
      plastic or plastic-like material. Each individual optically conductive
      fibre has a diameter from about 5 mls. to about 25 mls., although this, of
      course, is not critical. For each optically conductive strand 14
      approximately 5 to 15 fibres are combined. As mentioned before, the
      individual fibres are coated with a reflective material while the strands
      14 are coated with a normal insulating type material. Each of the strands
      14 leads to a sighting pin 17. There may be from one to ten sighting pins
      17 on each sight. The number of sighting pins 17 will depend on the use to
      which the sight is to be put. In general, the more pins that are present,
      the greater the degree of accuracy that will be possible over a greater
      range of distances.
PAR  For strength purposes, as the fibre strands 14 exit from the power source
      housing 29 they are collected at a central point and protected by a rubber
      or plastic insulator 12. The various insulating and strength members found
      at this sighting unit 10 are necessary because of the potential rough
      usage of these sights. As one can appreciate, a bow having a sighting unit
      such as this mounted thereon is carried through woods or over other rough
      terrain, there is continual contact with brush, trees and other objects
      which could cause the disruption of the sighting accuracy of less
      well-made sighting units. At the point of attachment to sighting pins 17,
      the strands 14 are protected by plastic covers 15.
PAR  The light rays are conducted by the optically conductive fibres which, of
      course, are combined into strands 14 to sighting pin 17 and finally to a
      point of illumination 18. It is only the point of illumination 18 that is
      important from the archer's or rifleman's standpoint. This point of
      illumination is clearly visible to the person sighting the arrow or
      bullet. While being clearly visible to the person using the sight, it at
      the same time is not visible to any other person or any animal being
      hunted. This sighting unit is especially useful at night, in the early
      morning or at other points of time when sight is obstructed by natural or
      even artificial conditions. In bright daylight the user may wish to simply
      use the sighting pins to align targets. But at night when the sighting
      pins are not visible or are not clearly visible the light may be turned on
      to indicate the precise nature of the distances involved. Although, as
      stated previously, the number of sighting pins may vary from one to ten, a
      preferred number of sighting pins is four.
PAR  There are multiple adjustment means provided throughout the sighting unit.
      The first of these is pin adjustment means 19. Pin adjustment means 19 can
      be used to actually extend pin 17 in a direction which would put it in the
      position most comfortable and advantageous to the user. Pin adjustment
      means 19 are provided for each of said sighting pins 17. In addition,
      brace 22 is also adjustable. As can be seen from the attached drawings,
      brace 22 has attached to it power source housing 29 by bolt means 21. This
      relationship of power source housing 29 to brace 22 is fixed and is not
      movable. However, brace 22 is attached by bolt and nut 20 to brace 23.
      Brace 22 is movable in relationship to brace 23. Thus, the sighting pins
      17 may be individually moved via pin adjustment means 16 and 19 or the
      pins may be individually moved via brace adjustment means 20.
PAR  Brace 23 is adaptable for use either as a left-handed or right-handed brace
      and can be mounted by a screw 26 on either side of a bow 25. Arrow guide
      24 is shown in relation to where it generally appears in regard to
      sighting pins 17 and points of illumination 18.
PAR  Although the actual number of sighting pins 17 used with the sighting unit
      10 is optional, a general rule can be stated that one sighting pin is
      enough for target archery while more than one is necessary for hunting
      purposes as during hunting the target is moving, whereas in target
      practice the target is stationary. As can be appreciated from the attached
      drawings, the pins are both vertically and horizontally adjustable which
      allows the sighting pins 17 to be totally adjusted to suit the individual
      user. This is very important as in archery the particular size of the
      user, or the particular strength of the user, or the type of arrow being
      shot, the wind, and other weather conditions are all variable which must
      be taken into consideration to insure accuracy. The fact that these sights
      are both vertically and horizontally adjustable allows for adjustments of
      this type to be conveniently accomplished with a minimum of effort.
PAR  Another feature of this invention is the fact that various colored
      optically conductive fibres which are now available can be used for
      individual strands 14. This would allow, for example, a sighting unit 10
      to be constructed having four sighting pins 17. Each of the sighting pins
      17 could be a different color with each color representing a different
      yardage. This would be especially convenient since all of these colors
      would result from a single white light source. This would be made possibly
      by the use of colored optically conductive fibres.
PAR  While the invention has been illustrated and described in detail in the
      drawings and foregoing description, the same is to be considered as
      illustrative and not restrictive in character, it being understood that
      only the preferred embodiment has been shown and described and that all
      changes and modifications that come within the spirit of the invention and
      the scope of the claims are also desired to be protected.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A sighting device for use in combination with an archery bow comprising:
PA1  a. a source of energy, said energy source being provided with a toggle
      switch, said toggle switch being manually operable to turn said source of
      energy on or off;
PA1  b. a source of light, said light source being connected to said source of
      energy through said switch;
PA1  c. flexible means for conducting said light;
PA1  d. from about 1 to about 10 adjustable light receiving sighting pins, said
      sighting pins being connected to said means for conducting light, each of
      said sighting pins comprising a tubular member bent at a 90.degree. angle;
PA1  e. means for mounting said sighting device to an archery bow, said mounting
      means being adapted to mount said sighting device for either a left handed
      or a right handed position.
NUM  2.
PAR  2. The device of claim 1 wherein said source of energy is a battery.
NUM  3.
PAR  3. The device of claim 1 wherein said source of light is a red lens light.
NUM  4.
PAR  4. The device of claim 1 wherein said source of light is a white lens
      light.
NUM  5.
PAR  5. The device of claim 1 wherein said means for conducting said light
      comprise optically conductive fibres.
NUM  6.
PAR  6. The device of claim 5 wherein said fibres are plastic.
NUM  7.
PAR  7. The device of claim 1 wherein there is one of said sighting pins.
NUM  8.
PAR  8. The device of claim 1 wherein there are four of said sighting pins.
NUM  9.
PAR  9. The device of claim 1 wherein said sighting pins are vertically
      adjustable.
NUM  10.
PAR  10. The device of claim 1 wherein said sighting pins are horizontally
      adjustable.
NUM  11.
PAR  11. A sighting device for use in combination with an archery bow
      comprising:
PA1  a. a source of energy, said energy source being provided with a mercury
      switch operable to turn said source of energy on or off, said mercury
      switch being on when said sighting device is vertically aligned;
PA1  b. a source of light, said light source being connected to said source of
      energy through said switch;
PA1  c. flexible means for conducting said light;
PA1  d. from about 1 to about 10 adjustable light receiving sighting pins, said
      sighting pins being connected to said means for conducting light, each of
      said sighting pins comprising a tubular member bent at a 90.degree. angle;
PA1  e. means for mounting said sighting device to an archery bow, said mounting
      means being adapted to mount said sighting device for either a left handed
      or a right handed position.
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ABST
PAL  A dynamic vertical angle sensor operable on a vehicle that isolates the
      output device from the vehicle movement in that the rotor of the output
      data device is not directly coupled to the sensor mounting frame. The
      output rotor is driven by a low pass servo that is slaved to a level
      sensor, which in itself is driven by the same servo until it is nulled.
      The level sensor which may be a pendulum, is mounted free from the output
      device so as to rotate independently therefrom, thus allowing the error
      signal to be picked off of the pendulum mounting and applied to the low
      pass servo system. Because a low pass filter is in series with the servo
      drive, high frequency disturbances are greatly attenuated in the output
      device, to effectively provide a DC average angle signal that is required,
      for example, in a tank system, rather than instantaneous values.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to angle sensors and particularly to an averaging
      type dynamic vertical angle sensor.
PAR  2. Description of the Prior Art
PAR  A conventional method of measuring moving vehicle roll requires a vertical
      gyro having two axes, and which is found to be substantially suitable in
      an aircraft environment where instantaneous vehicle roll and/or pitch
      information is required, even during prolonged high g (gravity) maneuvers.
      However, for certain types of vehicles such as tank vehicles or small
      ships, for example, only the filtered or averaged cant angle is desired
      because the instantaneous angle when utilized such as for firing
      computations may provide a substantial error. Because low frequency high g
      maneuvers are not possible with these types of systems, an inertial
      reference system is not required. Another type of vertical sensor that has
      been used for stationary vehicles is a pendulous static cant sensor in
      which the pendulum and the output device are attached to the frame of the
      vehicle. However, this pendulous type has been found to be unsuitable for
      fire control of moving vehicles, because the pendulum responds
      instantaneously to vehicle disturbances. It would be a substantial
      advantage to the art to have a simplified and reliable vertical sensor
      that would provide an average value of the angle with a high degree of
      accuracy.
PAC  SUMMARY OF THE INVENTION
PAR  An improved dynamic cant or vertical angle sensor is providing that
      includes a pendulum which is driven to a mean vertical position by a servo
      responding in a selected filtered fashion. The rotor of the output data
      device is sufficiently decoupled from the sensor frame so as to provide an
      average rather than an instantaneous output signal. The output device is
      driven by a low pass servo system that is slaved to a pickoff at the level
      sensor pendulum which in turn is driven by the same servo until it is in
      the mean vertical position. Because the electrical signal from the pickoff
      device generates the servo error signal, only an uncalibrated level sensor
      is required. The servo system having a low pass filter in series with the
      servo drive greatly attenuates high frequency disturbances of the pendulum
      so that a DC average angle signal is provided at the output device.
PAR  It is therefore an object of this invention to provide a simplified and
      improved single-axis vertical angle sensor.
PAR  It is a further object of this invention to provide a dynamic cant or roll
      sensor operable under the severe shock and vibration environment
      experienced by certain types of vehicles such as tanks.
PAR  It is another object of this invention to provide a noninstantaneous
      dynamic cant or roll sensor that provides a filtered average cant angle
      either as a shaft position or as an electrical signal substantially
      suppressing the effect of high frequency perturbations.
PAR  It is still another object of this invention to provide an improved cant
      angle sensor operable with a moving vehicle such as a tank to provide an
      average roll and roll rate signal with a single axis and without utilizing
      a gyro.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and advantages of the invention itself,
      will become apparent to those skilled in the art in the light of the
      following detailed description taken in consideration with accompanying
      drawings wherein like reference numerals indicate like corresponding parts
      throughout the several parts wherein;
PAR  FIG. 1 is a schematic structural and block diagram showing a top view of
      the dynamic cant or roll angle sensor in accordance with the invention;
PAR  FIG. 2 is a schematic structural block diagram showing the dynamic angle
      sensor in accordance with the invention from a side view taken at lines
      2--2 of FIG. 1;
PAR  FIG. 3 is a schematic block diagram showing the dynamic and low pass servo
      loop of the angle sensor in accordance with the invention;
PAR  FIG. 4 is a schematic circuit diagram showing a demodulator and modulator
      that may be utilized in the system of FIG. 1; and
PAR  FIGS. 5a, 5b and 5c are schematic diagrams showing the relative positions
      of the pendulum and the mounting gear for two roll conditions of the
      vehicle, for further explaining the system operation of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, the dynamic vertical angle sensor in
      accordance with the invention is mounted on a frame 10 which in turn may
      be fixedly mounted to the frame of a suitable vehicle such as a tank
      indicated as vehicle frame 11. The sensor includes a first gear 16 which
      for example, may have a plus or minus 20.degree. angle of rotation and may
      be mounted on a shaft 20 which is coupled fixedly as far as rotation goes
      to a shaft 24 through a coupler unit 22. The sensor measures the roll
      angle around an axis 23 of the shaft 20. The shaft 24 may be coupled to
      the rotor or rotors of an output unit 30 which, for example, is
      illustrated as a resolver. The stator of the resolver 30 is fixedly
      mounted to the frame 30 and moves with the roll or cant of the vehicle.
      The vertical angle sensor means 32 which may be a pendulum is mounted at a
      position or pivot axis on the gear structure 16 offset radially from the
      central axis along the vertical reference axis by a shaft 36 that is
      fixedly mounted to the pendulum 32. The shaft 36 is also rotatably mounted
      to the rotor of pickoff structure 38 the latter of which has a stator
      fixedly mounted to the gear 16. The structure 38 includes an electrical
      pickoff such as a linear transformer for providing a signal representing
      the relative angle between the axis 42 of the pendulum 32 and the vertical
      references axis 44 of the gear 16 along a plane orthogonal to the shaft
      36. The pickoff unit 38 applies a signal through a lead 50 to an
      electronics and low pass filter unit 52 which in turn applies a motor
      control signal through a lead 56 to a motor and tachometer unit 58, the
      latter having its stator fixedly mounted relative to the frame 10. A shaft
      62 of the motor 58 is fixedly mounted to a second gear 64 of a gear train
      66 which may be any suitable arrangement for transferring the circular
      motion from the motor 58 to the gear structure 16. The gear train 66 is
      illustrated as including a gear 68 meshing with the gear 64 and fixedly
      mounted to a shaft 72, which shaft is rotatably mounted at its ends to the
      frame structure 10. A gear 76 is also fixedly mounted to the axle 72 and
      meshes with a gear 78 in turn fixedly mounted to a shaft 80, the latter
      being rotatably mounted to the frame 10. A gear 84 is also fixedly mounted
      to the shaft 80 and meshes with the gear 16 to cause rotation thereof for
      driving the pickoff rotor to a null or mean vertical position in response
      to an angle sensed at the pickoff unit 38. It is to be noted that the
      resolver 30 may be any suitable type such as the illustrated resolver
      receiving a 400 Hz signal and providing angle signals sin C and cos C,
      where C is the cant or roll angle of the vehicle 11 about the longitudinal
      axis of the shaft 36.
PAR  Referring now also to FIG. 3 which shows the loop in further detail, the
      motor and tachometer unit 58 includes two-phase servo motor 100 receiving
      a 400 Hz reference signal and mechanically coupled to a tachometer 102
      that provides the cant angle rate of change. The gears of the gear train
      66 are shown by a gear box 104 mechanically coupled to the shaft of the
      servo motor 100 and mechanically coupled to output data device 30 which
      may be a resolver, may be an induction potentiometer or a digital output
      unit for example. The output of the gear box 104 is coupled to the level
      sensor case 108 which represents the pendulum 32 and the pickoff unit 38,
      the latter including for example a first winding 112 being the stator and
      being fixedly mounted to the gear 16 with ends excited by a 400 Hz
      reference source. A second winding 114 may be provided with one end
      connected to ground and the other end connected to the lead 50. The
      winding 114 is the pendulum rotor and is mounted to the movable structure
      of the pendulum 32. The lead 50 applies the sensed error signal through a
      preamplifier 118 to a lead 120, the error signal being an AC signal having
      an amplitude representative of the angular error from vertical. The AC
      signal is applied from the lead 120 through a phase sensitive demodulator
      and quadrature rejector 124 receiving a 400 Hz reference signal and
      providing a DC error signal to an output lead 126, which signal is then
      applied to a suitable low pass filter 130. It is to be noted that the
      filter 130 not only filters out the noise provided by the demodulator but
      also the high frequency signals resulting from the perturbations and
      movements of the tank or the instantaneous variations thereof. The signal
      is applied from the low pass filter 130 through a lead 132 to a modulator
      134 receiving a 400 Hz reference signal, and through a lead 136 to a power
      amplifier 138. A signal is applied from the power amplifier 138 through a
      lead 142 to the control phase input of the servo motor 100 for driving the
      motor and in turn the gear train 66 so that pendulum pickoff error signal
      of the gear 16 is driven to null. It is to be noted that the system of the
      invention provides a filtered mechanical position as well as a filtered
      electrical signal or average electrical signal at the output unit 30. The
      resolver that may be utilized for the output unit 30 includes a 400 Hz
      reference winding 139 and output windings 141 and 143 respectively
      providing a signal equal to a constant K times cos C and sin C. The
      tachometer 102 may provide an angular rate of change signal.
PAR  Referring now to FIG. 4 the demodulator 124 and the modulator 134 may be
      any types of unit such as the illustrated arrangement including a high
      gain amplifier 140 which may be any suitable type such as an LM 107 or a
      .mu. 741, for example. Amplifier negative and positive inputs are coupled
      through resistors 142 and 144 to the input lead 120 and a resistor 146 is
      coupled between the negative input terminal and the output lead 126. A
      switching FET (Field Effect Transistor) 148 is provided with the first
      terminal coupled to the positive terminal of the amplifier 140, a second
      terminal coupled to ground and through a resistor to the control terminal,
      with the control terminal coupled through the anode to cathode path of a
      diode 152 to a lead receiving the 400 Hz reference signal. In operation,
      as a demodulator, the FET 148 is periodically switched to provide either
      an inversion of the AC input signal or to provide a following of the input
      signal, with the output signal being applied to the output lead 126. Thus,
      it can be seen that in response to an input signal 160, an output negative
      rectified signal of a waveform 162 is provided and in response to an input
      signal of a waveform 164, a positive rectified signal of a waveform 166 is
      provided. After filtering, the DC level of the output signal 126 can be
      recovered. This type of circuit is well known in the art and need not be
      explained in further detail. When the circuit is utilized as the modulator
      134, the FET 148 is switched in a manner similar to the demodulator
      operation. In operation, the positive DC signal of a waveform 190 provides
      an out of phase square wave of an output waveform 192 and the negative DC
      signal of waveform 194 provides the in-phase output square wave of a
      waveform 196. It is to be noted that the square wave output signal on the
      lead 126 may be passed through a 400 Hz pass filter if a sine wave is
      desired or may be utilized in a square waveform depending on the
      characteristics of the servo motor 100.
PAR  Referring now to FIGS. 5a, 5b and 5c, the operation will be explained in
      further detail with the gear 16 of FIG. 5a shown in a condition where the
      cant angle is zero, that is the tank is level as indicated by a line 200
      representing a plane through the vehicle error signal .epsilon..sub.o is 0
      volts with the pendulum in the vertical position parallel to the vertical
      reference line 202 of the gear 16. As the vehicle, structure or tank
      moves, a condition of FIG. 5b may be provided if the tank is at a cant
      angle C relative to the vertical as shown by the line 200 which is
      illustrated at 30.degree. above the horizontal with the gear 16 reference
      line being at an angle .theta. of 30.degree. with the vertical. This
      condition of 5b shows a time prior to that of which the sensor drive of
      the invention has responded. The error angle .epsilon..sub.o equals a
      constant .times.30.degree. and the pivot axis line 202 is at a 30.degree.
      angle with the vertical and line 203 through the pendulum axis is
      vertical. After a certain period of several seconds or the period of the
      response time of the servo loop of the system, the condition of FIG. 5c is
      attained when the servo loop has responded to move the gear 16 and
      pendulum pivot point to a position relative to the pendulum so that the
      angle .theta. equals 0.degree.. The error signal operating through the
      motor 100 also moves the resolver rotor of the output 30 to a 30.degree.
      position as the gear 16 is being driven to null the pendulum pickoff error
      signal on lead 50. Thus, the feedback servo causes the rotor of the
      resolver to move back 30.degree. which is equal to the cant angle. It is
      to be noted that the 30.degree. cant angle of the tank from the vertical
      as shown by the line 200 is representative of the angle of the frame
      relative to the horizontal plane of a line 207.
PAR  Thus, in the system of the invention, the rotor of the output unit is not
      fixedly attached to the case or the vehicle but is attached to the shaft
      that is servo driven in response to the pendulum. The servo device
      responds to an error signal generated by the pendulum movement to provide
      a rotor motion of the output unit which may, for example, be a resolver.
      This resolver is decoupled from the instantaneous position of the case and
      only responds to the error signal as passed through the servo feedback
      loop. It is to be noted that if the rotor were attached to the case of the
      output unit, high frequency movements would be sensed and applied to the
      output leads. Thus, in the device of the invention the output unit only
      follows movement after selected filtering of the error signal derived from
      the pendulum so that an average roll angle position drives the output,
      which is highly desirable for computating for fire control purposes. When
      utilizing a resolver as the output unit, the rotors do not respond to the
      high frequency perturbations that effect the pendulum. The dynamic cant
      sensor or vertical angle sensor of the invention has the advantages that a
      gyro unit is not required, that it operates on a single axis, it utilizes
      substantially less power than a gyro system and a filtered roll rate
      signal can be readily obtained as well as the filtered roll angle signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vertical angle sensor for sensing the angular position of a structure
      along a plane comprising:
PA1  sensor mounting means fixedly mounted to said structure;
PA1  a gear train rotatably mounted to said sensor mounting means and including
      first and second gears having respective first and second shafts, said
      first shaft having an axis orthogonal to said plane, said first gear
      having a vertical reference axis orthogonal to the axis of said shaft
      thereof;
PA1  vertical angle sensor means mounted on said first gear at a pivot point
      externally radial to an axis of said first gear means along said reference
      axis and including pendulum means rotatably mounted at said pivot point
      and said pendulum having a vertical axis;
PA1  servo motor means coupled to said second shaft for rotating the gears in
      said gear train;
PA1  servo control means coupled between said vertical angle sensor means and
      said servo motor means; and
PA1  resolver means including stator means fixedly mounted to said sensor
      mounting means and rotor means fixedly mounted to said first shaft,
      whereby upon said vertical sensor means sensing an angle of movement of
      said reference axis of first gear means relative to said vertical axis of
      said pendulum means, said servo control means controls said servo motor
      means to rotate said first gear so that said reference axis moves to the
      vertical position with said rotor means moving with said first gear means
      and said stator means providing a signal representative of the angle of
      movement.
NUM  2.
PAR  2. The combination of claim 1 in which said vertical angle sensor means
      includes a first winding fixedly mounted to said first gear means and
      coupled to said servo control means and a second winding fixedly mounted
      to said pendulum.
NUM  3.
PAR  3. The combination of claim 1 in which said servo control means includes
      low pass filter means.
NUM  4.
PAR  4. The combination of claim 3 in which the rotor means includes at least
      one winding and said stator means includes at least one winding to provide
      an output signal as a function of the angle of said frame from the
      vertical.
NUM  5.
PAR  5. The combination of claim 4 in which said servo control means includes a
      demodulator coupled between said vertical angle sensor and said low pass
      filter means and a modulator coupled between said low pass filter means
      and said servo motor means.
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PAL  An instrument for indicating or checking the angular position of an object.
      A movable part is mounted on a stationary part; said parts have a pattern
      of equally wide parallel lines separated by interspaces. When the parts
      overlap in use of the instrument the line patterns form a moire pattern to
      indicate the angular position of the object.
BSUM
PAR  The present invention relates generally to an angle indication instrument
      for indicating when a predetermined angle between two directions is
      present, and especially to an indication device for indicating when a line
      or a plane is perpendicular to the vertical plane, that is a device which
      can replace a bubble level.
PAR  Bubble levels are generally known in form of transparent closed tubes
      partly filled with liquid so that a gas bubble is left in the tube. Due to
      the fact, that the tube is slightly bent (with a great radius of
      curvature), so that the tube surface which is turned upwards is convex,
      the gas bubble will become located at a point in the tube, the location of
      which is dependent on the direction of the tube in relation to the
      horizontal plane. The tube is placed in a frame structure provided with
      one or more surfaces, which surfaces can be placed against a surface, the
      horizontal or vertical location of which is to be determined. When the
      frame is placed in the right horizontal or vertical position the gas
      bubble wll register with an index or a marking on the tube.
PAR  The known bubble levels are sufficiently satisfactory for many purposes but
      they have the disadvantage that the reading is not very accurate and
      furthermore that it is not possible to lock or preserve the angle
      indication for some further utilization.
PAR  The present invention relates to an instrument for the indication or
      checking of the angular position of an object, comprising a stationary
      part and a movable part, said movable part being pivoted to said
      stationary part, and rotatable about an axis which is not coincident with
      the mass centre of the movable part, and said stationary part having at
      least one straight edge that can be placed against a surface of said
      object, said stationary part as well as said movable part having a pattern
      of equally wide, parallel lines separated by interspaces of substantially
      the same width as the lines, said interspaces being transparent on at
      least one of said parts, said parts overlapping each other at least in an
      area where the line pattern of one of said parts is visible through the
      interspaces of the line pattern of the other part, and the two line
      patterns together are forming a moire pattern.
PAR  The invention is characterized by the fact, that the width of the lines and
      interspaces of the line pattern of the movable part differs from the width
      of the lines and interspaces of the line pattern of the stationary part,
      whereby the moire pattern will be in the form of lines and interspaces of
      greater width than the width of the lines and interspaces in any of the
      line patterns of said parts, and whereby the angular position of the lines
      and interspaces of said moire pattern provides a very accurate indication
      of the angular position of said object against which said edge is placed.
PAR  In order to obtain an easily readable indication in the form of a further
      optical pattern, the so called moire effect is utilized, said moire effect
      being obtained when for example a pair of transparent plates are located
      one over the other, each of said plates being provided with a pattern of
      opaque, parallel lines separated by transparent lines or interspaces,
      which preferably have the same width as the opaque lines. The pitches of
      the line patterns of the two plates should preferably be slightly
      different. When the line patterns of the two plates are parallel with each
      other, a pattern of wider, dark lines appears, said dark lines being
      separated by interspaces of equal width as said wider lines. Said wider
      dark lines are parallel with the lines of the line patterns. If the plates
      with the two line patterns are slightly rotated relative to each other
      said wider dark lines will also be rotated, and then the wider dark lines
      will form an angle with the lines of the line patterns of the two plates.
      Expressed in a simple manner it may be stated that said wider dark lines
      are rotated at a greater speed than the speed of the relative rotation of
      the line patterns of the two plates. The angle change of the wider dark
      lines for a certain change of the angle between the line patterns of the
      two plates is greatest, when the angle between said line patterns is about
      1/4 - 1/2 radian. Mathematical calculations and practical studies have
      shown this, and it is valid when the line widths (and the equally wide
      interspaces) of the patterns of the plates differ from each other by about
      ten or twenty percent.
PAR  When the device is intended to be used as a bubble level, the stationary
      part should have for example a side or an edge intended to be placed
      against an object, which is to be directed in a horizontal position or the
      horizontal position of which is to be controlled. The movable part in such
      a device is rotatably mounted relative to the stationary part and has a
      centre of mass which is excentric relative to the axis of rotation. By
      this arrangement the movable part will always be located in a certain
      position relative to the vertical direction. The stationary part and the
      movable part have line patterns. When the stationary part is located with
      said side or edge in a horizontal position, a predetermined moire pattern
      is visible, which indicates that said side edge or the stationary part is
      horizontal.
PAR  In a further embodiment of the invention the device is provided with
      locking means for locking the movable part to the stationary part. This
      can be done for example when a measurement is made under such conditions,
      that the device can not be seen during said measurement. Such conditions
      can be present in for example narrow shafts and deep wells.
DRWD
PAR  In order to provide a better understanding of the invention some
      embodiments of the same will be described with reference to the attached
      drawing.
PAR  FIG. 1 is a schematic view showing the production of moire patterns.
PAR  FIG. 2 is a front view of a device according to the invention which can be
      used as a bubble level.
PAR  FIG. 3 shows a cross section of the device according to FIG. 2.
PAR  FIG. 4 shows an indication in the device according to FIG. 2.
PAR  FIG. 5 shows another indication in the device according to FIG. 2.
PAR  FIG. 6 shows schematically a line pattern in form of bent lines.
PAR  FIG. 7 shows schematically locking means for the movable part of the
      device.
PAR  FIGS. 8 and 9 show a simple embodiment of the invention.
DETD
PAR  FIG. 1 shows how a moire pattern is produced, a indicates a part of a first
      transparent plate with a line pattern in form of straight lines which are
      separated by interspaces with substantially the same widths as the lines.
      The lines can for example have a thickness of 0.5 mm and be separated by
      interspaces of a thickness of 0.5 mm. For the sake of clarity the lines
      are indicated by very thin lines. b indicates a part of a second
      transparent plate having a pattern of straight lines separated by
      interspaces, which have substantially the same widths as the lines. The
      widths of the lines and the interspaces of the part b differ from the
      widths of the lines and the interspaces of the part a. The width of the
      lines and the interspaces of the part b can for example be 0.4 mm. Also
      the lines of part b are indicated by very thin lines for the sake of
      clarity. The two parts a and b overlap each other in an area c, where the
      lines of the line patterns of the parts a and b form an acute angle. In
      the area c a moire pattern is produced which is indicated by very thick
      lines d. The lines d are straight when the parts a and b have line
      patterns with straight lines. The lines d are separated by interspaces,
      which are wider than the interspaces between the lines of the patterns of
      the parts a and b. The thick moire lines d form angles with the lines of
      the line patterns of the parts a and b. Said angles are greater than the
      angle between the lines of the line patterns of the parts a and b.
PAR  It is to be noted, that a moire pattern can be produced also between
      patterns of bent lines. In the following an exampke of the use of such a
      pattern of bent lines will be described.
PAR  FIG. 2 shows a device according to the invention and suitable to be used
      instead of a bubble level. It comprises a stationary part 10, which for
      example has the shape of a rectangular or a quadratic housing. Said
      housing 10 has, as can be seen in FIG. 3, an inner cavity 11 having the
      shape of for example a circular, cylindrical space. In the cavity 11 the
      movable part is mounted. It has the shape of a circular disc 16. It is
      mounted in such a way, that in can very easily be rotated about a
      horizontal rotational axis A (when the housing 10 is kept in a
      substantially vertical position when used). The rotational axis may for
      example have the shape of pins with small diameters fastened to the
      movable part, said pins being inserted in recesses, for example in journal
      stones ("rubies") fastened to the stationary part.
PAR  The disc 16 is preferably circular and provided with plane parallel sides.
      It can be made of, for example, a transparent plastic material. In the
      disc there is inserted a metallic part with high density in such a way,
      that the mass centre T of the disc 16 will not be coincident with the
      rotational axis A. Therefore, the disc will be rotated by gravity to a
      well defined angular position when the device is used.
PAR  The housing 10 is provided with a window 18, which preferably is situated
      above the rotation axis A in the way shown in FIG. 2, when one of the
      edges 12 or 14, respectively, of the stationary part or housing 10 is
      placed against a horizontal or vertical object or surface. A moire pattern
      is to be visible through the window 18, and, therefore, the walls 13 and
      15 of the window 18 of the housing 10 as well as the part of the disc 16
      which in use is visible through the window 18 must be transparent.
PAR  The inner side surface of that wall of the stationary part which is
      provided with the window 18, for example the wall 13, has one of the line
      patterns which form a moire pattern. The other of the two line patterns is
      situated on that side of the disc 16, which is adjacent to said wall 13
      with the window 18.
PAR  When the housing 10 is placed with its edge 12 or 14 against a horizontal
      or vertical object, respectively, an easily recognizable moire pattern
      will be visible in the window as described above. In order to obtain an
      accurate indication, this moire pattern must change very much when the
      direction of the edge 12 or 14 is given only a small inclination to the
      horizontal or vertical direction, respectively. The most simple way is to
      provide the patterns of straight lines on the inside of the housing and on
      the disc 16 opposite to the window 10. The patterns should be in form of
      lines (separated by interspaces) parallel to the edge or side 12 for both
      patterns, when the edge 12 is accurately horizontal and the disc 16 is
      located in the position determined by gravity force. As is described above
      a moire pattern will be visible in the window 18 in form of thick
      horizontal moire lines. These moire lines will be inclined relative to the
      horizontal direction, if the side or edge 12 comes into a position that
      differs from the horizontal direction. The determination whether the moire
      lines are horizontal or not is obtained in the following way. Auxiliary
      lines 18a are drawn on the window 18, said auxiliary lines being exactly
      parallel with the moire lines when the side 12 is horizontally located.
      The auxiliary lines 18a can have another colour than the lines of the line
      patterns, which are preferably black.
PAR  As has been noted above the degree of change of the inclination of the
      moire lines when the angle between the lines of the two patterns is
      changed is greater, when said lines form an angle which is about 1/4 -1/2
      radian. FIG. 4 shows how this can be utilized by arranging the line
      patterns of the disc and the housing wall with an inclination as is
      indicated by the very thin continuous and dash-and-dot lines. The
      continuous lines indicate the direction of the lines of the pattern of the
      inside of the wall 13, and the dash-and-dot lines indicate the direction
      of the lines of the pattern on the disc 16. The inclinations of the lines
      of the two line patterns is chosen in such a way, that the greatest
      relative angle change of the moire lines d is obtained, when said lines
      are horizontal (the case shown in FIG. 4). In the way already described
      one or more auxiliary lines can be provided on the window which are
      horizontal when the edge 12 is horizontal and which correspond to the
      auxiliary line 18a shown in FIG. 2, but which is not shown in FIG. 4 for
      the sake of clarity.
PAR  FIG. 5 shows a part of a further embodiment of the invention with a
      different mode of indication in the window 18. In this case the window is
      divided into two window parts 18b and 18c, which are situated side by side
      and separated by a vertical interspace. The direction of the lines of the
      patterns of the wall 13 and the disc 16 visible through the window parts
      18b and 18c are indicated by continuous and dash-and-dot lines,
      respectively, as in FIG. 4. The patterns of the two window parts are
      reflected images of each other. The directions of the lines are chosen in
      such a way, that the moire lines d will be horizontal in the window part
      18b as well as in the window part 18c, when the edge 12 is horizontal.
      When the location of the edge 12 is changed the moire lines d will be
      rotated in opposite directions in the window parts 18b and 18c and hereby
      a very clear indication is obtained.
PAR  It is not absolutely necessary that the lines of the patterns of the wall
      13 and the disc 16 are straight. They can alternatively be bent (for
      example circle lines) and separated by uniformly wide interspaces. FIG. 6
      shows schematically patterns of circle lines with different radies of
      curvature situated on the wall 13 and the disc 16, respectively. Also in
      this case one of the patterns is indicated by very thin continuous lines
      and the other pattern by dash-and-dot lines.
PAR  Other forms of line patterns can of course be used and are easily realized
      by anyone skilled in the art. Therefore they are not described in detail
      here.
PAR  In most cases a device as described above can be made with a sufficient
      precision with regard to the line patterns, which are located on the wall
      13 and the disc 16, for example by a printing process, so that a moire
      pattern of, for example, straight lines is obtained, when the edge 12 is
      horizontal. If desired, one or both of the line patterns may be
      adjustable. One simple way of doing this is to apply the patterns on thin,
      transparent, plastic discs. The device is placed in a jig or some other
      device for locating the stationary and the movable part in positions
      corresponding to the horizontal position of the edge 12. Thereafter, said
      thin discs are located in such positions, that the desired moire pattern
      is produced, and thereafter the discs are fixed by glueing in said
      positions. Also within the scope of the invention there may be devices
      provided with for example adjustment screws for the adjustment of the line
      pattern of the wall 13.
PAR  In order to reduce the friction in the bearings which carry the disc 16 the
      cavity 11 can be partly or completely filled with a liquid, so that the
      weight of the disc 16 is partly or completely carried by the liquid.
PAR  The device according to the invention can be used for determining if an
      object has a side or the like, which is horizontal or vertical. By using
      certain accessories, such as an adjustable angle instrument or beveling
      rule, which are easy to understand and develope, placed against the edge
      or side 12, an arbitrary predetermined angle can be examined and measured.
PAR  If the side to be examined of the object is not easily accessible, so that
      a direct reading is impossible, the device can be provided with locking
      means. By said locking means the disc 16 can be locked in the position it
      has, when the side or edge 12 is placed against the side of the object,
      the angle of which should be checked or measured. Such locking means can
      be constructed in various ways, and the construction shown in FIG. 7 is
      only an example. In FIG. 7 the disc 16 is provided with a pair of pins
      inserted in recesses in the stationary part 10. One recess is for example
      fixed in the back wall of the housing 10, and the other recess is located
      in a member 22, said member 22 being carried by the front wall 13 of the
      housing 10 by a leaf spring or a membrane 24. Thereby the member 22 can be
      pressed against the end of the pin, whereby the pins are locked and will
      keep the disc 16 in the angular position it has at the moment when the
      pins are locked. The member 22 is influenced by a plate spring 20 of
      suitable shape and attached to the housing 10, which spring will press the
      member 22 inwards so that the pins will be locked. A small can member 26
      is mounted on the housing 10 and is adapted to be flotated about an
      excentric axis. By turning said cam member, the spring 20 can be lifted
      out of engagement with the member 22 and then the disc 16 can rotate
      freely. The cam member 26 can be operated either by a handle arranged in
      the device and/or from a remote position, for example by a Bowden cable or
      by electromagnets. When the angular position of the object which is not
      easily accessible is checked, the side or edge 12 is placed against the
      object and the disc 16 is released and will be rotated to an angular
      position determined by gravity force. Thereafter the disc 16 is locked and
      the device can be taken out from the inaccessible position so that the
      indication in the window 18 can be read.
PAR  Many various kinds of locking means can be used. The important thing is
      that the angular position of the disc 16 relative to the housing 10 is
      kept unchanged during the locking process.
PAR  In FIGS. 8 and 9 a very simple embodiment of the invention is shown. FIG. 8
      is a front view and FIG. 9 is a side view. The details of the device of
      FIGS. 8 and 9 corresponding to the details of FIGS. 2 and 3 have the same
      reference numbers followed by an apostrophe. The device comprises a
      stationary part with the reference number 10' having the shape of a
      quadratic or rectangular plate of for example a transparent plastic
      material and being provided with a rib 12' corresponding to the side 12.
      By a member 30 the movable part 16' is suspended and easily rotatable
      about a rotational axis A'. Said member 30 is integral with the plate 10'
      at that edge or said plate, which is opposite to the rib 12', which is
      formed by a bent-out portion of one of the edges of the plate 10'. The
      movable part 16' has the shape of a rectangle, the upper corners of which
      are removed and which has a shape reminding of a house gable. The movable
      part 16' can be made of a uniformly thick, transparent plastic material.
      It will take the position shown in FIG. 8 by the influence of gravity,
      when the plate 10' is vertical and the rib 12' is horizontal. The
      indication window with the reference number 18' is in this case located in
      the movable part 16'. One of the line patterns is located in the window on
      that side of the movable part 16', which is adjacent to the plate 10'. The
      other line pattern is drawn on said plate 10' on that side which is
      adjacent to the part 16'. The line patterns can be of some of the kinds
      described in connection with FIGS. 2-6. The arrangement should of course
      be such, that an easily recognizable, optical moire pattern is produced,
      when the rib 12' is horizontal and the part 16' is located in a position
      which is determined by the gravity force.
PAR  The embodiment now described is useful as a very simple and easy instrument
      when the requirements of accurateness are not too high and there is no
      need for locking the rotatable part.
PAR  The invention is not limited to the embodiments shown and described, but
      the invention comprises all changes and modifications within the scope of
      the attached claims. Furthermore, the device according to the invention
      can be provided with optical means in form of lenses, prisms and the like
      in order to facilitate the reading of the optical moire pattern.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An instrument for indicating or checking the angular position of an
      object comprising, a stationary part and a movable part, said movable part
      being pivotally connected to said stationary part and rotatable about an
      axis which is not coincident with the mass center of the movable part,
      said stationary part having at least one straight edge for placement
      against a surface of said object, said stationary part and said movable
      part having a pattern of equally wide parallel lines, said lines being
      separated by interspaces of substantially the same width as the lines,
      said interspaces being transparent on at least one of said parts, said
      parts overlapping each other at least in an area where the line pattern of
      one of said parts is visible through the interspaces of the line pattern
      of the other part, the two line patterns adapted together to form a moire
      pattern, the width of both the lines and interspaces of the line pattern
      of one of said parts being smaller than the width of both the lines and
      interspaces of the line pattern of the other of said parts, whereby the
      moire pattern will be in the form of lines and interspaces of greater
      width than the width of the lines and interspaces in any of the line
      patterns of said parts such that the angular position of the lines and
      interspaces of said moire pattern provides a very accurate indication of
      the angular position of said object against which said edge is placed.
NUM  2.
PAR  2. An instrument as claimed in claim 1 in which the angular position of the
      lines of said stationary part in relation to the angular position of said
      straight edge and in relation to the angular position of said straight
      edge and in relation to the angular position of the lines of said movable
      part when the mass center of said movable part is moved to the angular
      position defined by gravity, when said straight edge of the stationary
      part is strictly horizontal or vertical, is such that the lines of said
      moire pattern are horizontal.
NUM  3.
PAR  3. An instrument as claimed in claim 2 in which, when the instrument is in
      said position of the stationary and movable parts, the lines of said both
      parts form an acute angle to said side or edge of said movable part, the
      size of said angle being about between 1/4 to 1/2 radian.
NUM  4.
PAR  4. An instrument as claimed in claim 1 in which the stationary part is a
      housing formed of transparent plastic material, the housing having a
      cavity of generally circular cylindrical configuration, said movable part
      being mounted in the cavity and being formed as a circular homogeneously
      thick disc, said disc having a central axis retained in bearings about
      which the disc is rotatable, and a portion of said disc having a higher
      density than the remainder thereof, whereby the mass center of the disc is
      located at a distance from said center axis.
NUM  5.
PAR  5. An instrument as claimed in claim 4 in which said cavity in the housing
      is provided with liquid for reducing the weight load on the bearings of
      the disc.
NUM  6.
PAR  6. An instrument as claimed in claim 4 in which the high density part of
      the disc is formed of metal and the metal part is located at a distance
      from the center of the disc.
NUM  7.
PAR  7. An instrument as claimed in claim 1 including locking means to lock the
      movable part relative to the stationary part in the angle location which
      is present when the locking is effected.
NUM  8.
PAR  8. An instrument as claimed in claim 7 in which said movable part has
      bearing means, said locking means being operable to influence the bearing
      of the movable part by locking the bearing means relative to the
      stationary part.
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PAL  A centrifugal drying mill for wet particles comprising an inlet chamber, an
      upstack leading from one end of the inlet chamber, a classification
      section connected to the upstack and a downstack leading from the
      classification section to the opposite end of the inlet chamber to form a
      generally arcuate centrifugal path, and an exhaust port between the
      classification section and downstack. The inlet chamber which has
      tangential nozzles leading into it from a source of hot gaseous fluid is
      enlarged relative to the remainder of the mill to effect a deceleration
      and circulation of the incoming particles in the inlet chamber
      simultaneously with movement of the circulating mass through the inlet
      chamber toward the upstack.
BSUM
PAR  This invention relates to a drying mill of the centrifugal fluid type, and
      it particularly relates to a drying mill of the aforesaid type which is
      specially adapted to be built in a small size that has not heretofore been
      possible with this type of mill.
PAR  Drying mills of this type comprise an inlet chamber which is adapted to
      receive wet particles, such as a slurry or the like, and which is provided
      with a series of angular gaseous fluid inlet nozzles connected to a source
      of hot gaseous fluid. The wet particles are fed into one end of the inlet
      chamber, preferably in the form of an atomized spray, and are entrained in
      the gaseous fluid. The opposite end of the inlet chamber is connected to
      an upstack which is itself connected to a classification section. The
      classification section is connected to a downstack which leads into the
      inlet chamber adjacent the particle feed inlet. Between the classification
      section and the downstack, on the inner periphery, is an exhaust port. The
      upstack, classification section and downstack form a generally arcuate
      path.
PAR  As the particles are entrained in the hot angularly-directed gases, they
      are whirled in a centrifugal action through the generally arcuate path
      leading from the upstack to the classification section, at which time a
      large proportion of the particles are completely dried while some are only
      partially dried. The completely dried particles, being lighter, whirl
      around in the inner portion of the centrifugal path while the less dry
      particles, being heavier, whirl around in the outer portion of the
      centrifugal path. Such separation or classification is effected primarily
      in the classification section, so that as the particles descend into the
      downstack, the lighter particles in the inner centrifugal portion pass
      through the exhaust port while the heavier particles pass down through the
      downstack into the inlet chamber where they mix with fresh feed and are
      again entrained by the hot gaseous fluid and recycled through the mill.
PAR  Although the above-described mill is highly effective for most materials,
      it has not heretofore been possible to reduce the size of the mill to make
      it economically feasible for the treatment of small batches or for
      laboratory or testing purposes. One reason was that a small inlet, or
      primary drying, chamber did not permit sufficient time in the chamber to
      dry a large portion of the particles because there was not sufficient
      dispersion of the particles before they passed out of the chamber to let
      the heated gases reach the interfaces of adjacent particles which became
      agglomerated by the moisture at these interfaces. On the other hand, the
      intense heat in the chamber acted to rapidly case-harden the exposed
      surfaces of the particles so that the heat never penetrated the interior
      of these particles, with the result that the interior was never dried.
      Furthermore, the short length of the inlet chamber caused many of the
      particles, particularly when they were propelled into the chamber in an
      atomized spray, to be thrown against the chamber walls by the gases before
      they could pass out of the chamber, thereby causing a build-up in the
      chamber and eventual clogging of the mill.
PAR  It is one object of the present invention to provide an effective small
      centrifugal drying mill which overcomes the above difficulties by
      providing sufficient time for the particles in the inlet chamber to effect
      thorough drying of the bulk of the particles while preventing
      case-hardening and while substantially preventing the particles from
      sticking to the mill walls.
PAR  Another object of the present invention is to provide a mill of the
      aforesaid type which is simple in construction, economical in cost and
      easy to operate and maintain.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a side sectional view showing a drying mill embodying the present
      invention.
PAR  FIG. 2 is a bottom elevational view of the mill of FIG. 1.
PAR  FIG. 3 is a top elevational view of the mill of FIG. 1.
PAR  FIG. 4 is a side sectional view of a modified form of the mill of FIG. 1.
PAR  FIG. 5 is a fragmentary side view of a further modification of the mill.
DETD
PAR  Referring now in greater detail to the figures of the drawings wherein
      similar reference characters refer to similar parts, there is shown a
      drying mill, generally designated 10, having an inlet or drying chamber
      12, an upstack 14, a classification section 16 and a downstack 18. An
      exhaust port 20 is provided between the classification section 16 and
      downstack 18.
PAR  The inlet chamber 12 tapers downwardly and laterally from the upstack, as
      best seen in FIGS. 1 and 2, and is provided at its opposite end with an
      abrupt shoulder portion which connects it to the lower end of the
      downstack 18, this shoulder portion being indicated both in the vertical,
      as shown in FIG. 1 at 22 and in the horizontal, as shown in FIG. 2 at 24.
      A plurality of gaseous fluid nozzles here shown as three in number and
      respectively designated 26, 28 and 30, extend from a source of hot gaseous
      fluid under pressure such as a manifold or the like (not shown) into the
      bottom wall of the chamber 12. These nozzles are arranged at varying
      angles to effect a convergence of the direct paths of their gaseous fluid
      streams in the bottom portion of the upstack 14. The nozzle 26 is
      positioned in the offset formed by shoulder 22, while the nozzle 30 is
      arranged to direct its stream into the upstack 14.
PAR  An important feature of the present invention is the provision of the feed
      inlet 32 at the elbow portion of the downstack, upstream from the nozzle
      26. This feed inlet may be of any feasible type but is preferably of the
      type which projects an atomized spray. The inlet shown is a spray nozzle
      connected to a source of gaseous fluid under pressure (not shown) and is
      longitudinally adjustable in the sleeve 34. The atomized stream from
      nozzle 32 is projected in the horizontal or axial direction into the
      chamber 12. The upstream positioning of this feed inlet permits the
      ejected atomized spray to be initially entrained in the gaseous fluid
      passing down from the downstack. This gaseous fluid is relatively cool and
      somewhat moist because a large proportion of the heat has been given up
      during the endothermic drying process in the inlet chamber and the
      subsequent passage through the upstack, classification section and
      downstack, while a small amount of condensation usually takes place.
      Therefore, the relatively cool, somewhat moist gas acts as a tempering
      means to prevent overly rapid drying and case-hardening of the exposed
      surfaces of the particles when they move into the hot gaseous streams from
      the nozzles 26, 28 and 30.
PAR  Another important feature is the positioning of the nozzle 26 at the
      shoulder 22, 24 because this prevents the formation of a partial vacuum at
      the shoulder which could induce vortex action at that area. The sudden
      expansion of the inlet chamber 12 downstream from the shoulder portion
      22,24 results in what is, in effect, a reverse or back pressure, causing
      the individual particles to slow down and circulate within the chamber 12.
      This not only thoroughly disperses the particles but permits them to
      remain in the chamber for a longer period of time than would otherwise be
      the case so that the individual particles are subjected to the hot gases
      for a longer period of time and, consequently, are more thoroughly dried.
      At the same time, the circulating mass continues to move through the
      chamber 12 into the upstack 14 under the influence of the gaseous streams
      from the nozzles 26, 28 and 30.
PAR  In FIG. 4 there is shown a modified form, generally designated 100, of the
      above-described mill. In this mill, the upper parts are the same as in
      FIG. 1, but the inlet or drying chamber 102 is modified in that a shoulder
      portion, similar to that shown at 22 and 24 in FIGS. 1 and 2, is provided
      at both ends of the chamber, these shoulder portions being indicated at
      104 and 106 respectively.
PAR  In this form of the invention, the same type gaseous fluid nozzles,
      indicated at 108, 110 and 112, are provided as well as the same type of
      feed inlet at 114. However, in the shoulder portion 106 is provided a
      gaseous fluid nozzle 116 which is arranged to project a gaseous fluid
      stream into the chamber 102 in countercurrent to the spray from inlet 114
      and the nozzles 108, 110 and 112. The pressure of the fluid from nozzle
      116 is preferably made just sufficient to effect a further slowing down of
      the circulating mass, thereby effecting a larger duration of the particles
      in the chamber and a more thorough dispersal. This type of mill is
      utilized with certain materials which, by their nature, require this
      greater dispersal and longer drying time.
PAR  Although the nozzle 116 is shown as being supplied with gaseous fluid under
      pressure from a source (not shown), it may, optionally, be connected to
      the downstream portion of the downstack to receive its gaseous fluid from
      there.
PAR  It is also possible to construct the inlet chamber so that the shoulder 116
      is in the bottom wall the same as the shoulder 104 or to make both in the
      upper wall, or to reverse the positions of the shoulders, if so desired.
      However, the constructions shown and described are the preferred
      constructions for the desired results.
PAR  FIG. 5 shows another embodiment of the invention wherein the parts are
      generally the same as described above except that in this form of the
      mill, generally designated 200, the inlet or drying chamber 202, which is
      otherwise similar to chamber 102 in FIG. 4 in that it has opposed
      shoulders indicated at 204 and 206, has the feed inlet nozzle 208
      extending through shoulder 206 so that the spray therefrom is in
      countercurrent to the streams of hot gaseous fluid from nozzles 210, 212
      and 214. By this construction, the spray from nozzle 208 serves both as a
      feed inlet and as a decelerating force in the same manner as the fluid
      from nozzle 116.
PAR  It is also within the scope of the present invention to utilize a
      construction such as shown in FIG. 5, with the feed inlet in
      countercurrent to the hot gaseous streams, but to eliminate the shoulder
      204 between the downstack and the inlet chamber 202.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A centrifugal drying mill for wet particles comprising a generally
      arcuate housing including an inlet chamber, an upstack connected to one
      end of said chamber, a classification section connected to said upstack
      and a downstack connected to said classification section, said downstack
      being connected to the opposite end of said chamber, an exhaust port
      leading from the inner periphery of said housing between said
      classification section and said downstack, and a feed inlet being
      positioned to project wet particles into said inlet chamber in the
      substantially axial direction of said inlet chamber, said inlet chamber
      having a substantially larger cross-sectional internal area than said
      upstack and downstack and having at least one wall thereof abruptly offset
      from the adjacent end of said downstack by a shoulder portion, said
      shoulder portion being substantially perpendicular to the adjacent walls
      of said inlet chamber and said downstack, said inlet chamber having a
      plurality of gaseous fluid nozzles arranged to propel hot gaseous fluid
      into said inlet chamber at predetermined angles in such manner that the
      streams of hot gaseous fluid therefrom are directed toward said upstack.
NUM  2.
PAR  2. The mill of claim 1 wherein one of said gaseous fluid nozzles is
      positioned at said shoulder portion.
NUM  3.
PAR  3. The mill of claim 1 wherein said inlet chamber has at least one wall
      thereof offset from the adjacent end of said upstack by a second abrupt
      shoulder portion.
NUM  4.
PAR  4. The mill of claim 3 wherein said feed inlet is constructed and arranged
      to project the fed material toward said upstack and wherein a gaseous
      fluid nozzle is positioned at said second shoulder portion to propel
      gaseous fluid into said inlet chamber in countercurrent to said fed
      material and to the streams of hot gaseous fluid from said first-mentioned
      gaseous fluid nozzles.
NUM  5.
PAR  5. The mill of claim 3 wherein said feed inlet is positioned at said second
      shoulder portion to project the fed material in countercurrent to the
      streams of hot gaseous fluid from said gaseous fluid nozzles.
NUM  6.
PAR  6. The mill of claim 1 wherein said feed inlet is positioned upstream of
      said gaseous fluid nozzles.
NUM  7.
PAR  7. The mill of claim 1 wherein said feed inlet is positioned to project an
      atomized spray of said particles into said inlet chamber.
NUM  8.
PAR  8. In the method of drying wet particles by propelling the particles into a
      stream of selectively directed hot gases which subject the particles to
      both drying and centrifugal action whereby the particles and gases are
      centrifugally moved through a generally arcuate path to centrifugally
      separate the drier lighter particles from the less dry heavier particles,
      the lighter particles and a portion of said gases being centrifugally
      exhausted from said path while the heavier particles and another portion
      of said gases are returned for admixture with fresh wet particles and
      further subjection to the hot gases, the improvement which comprises
      applying a back pressure to the particles to decelerate the centrifugal
      movement of said particles and rotate them, prior to their subjection to
      the hot gases while simultaneously moving said particles into said arcuate
      path.
NUM  9.
PAR  9. The method of claim 8 wherein said particles are initially propelled
      into said stream of hot gases as an atomized spray.
NUM  10.
PAR  10. The method of claim 8 wherein said particles and said hot gases are
      propelled into said centrifugal path in one general direction while an
      opposed gaseous stream is directed into the path in countercurrent to said
      hot gases.
NUM  11.
PAR  11. The method of claim 8 wherein said hot gases are propelled into said
      centrifugal path in one general direction while the particles are
      propelled into said centrifugal path in countercurrent to said hot gases.
NUM  12.
PAR  12. The method of claim 8 wherein said particles have a temperature that is
      substantially lower than the temperature of said hot gases prior to their
      subjection to said hot gases whereby the heat from said hot gases is
      tempered when applied to said particles.
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ABST
PAL  Apparatus for drying a traveling web which is permeable to air, has a
      rotating foraminous drum on which the web is wrapped and screw-type
      propellers mounted in each end of the drum, the diameters of the
      propellers closely approaching the inside diameters of the drum. Rotation
      of the propellers effects suction in the drum. Provision is made for
      heating air to be sucked through the web into the drum, and optionally for
      recirculating more or less of the air flowing from the ends of the drum
      back to the drum's periphery.
PARN
PAR  This is a continuation, of application Ser. No. 36,851, filed May 13, 1970
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to web drying apparatus for drying textile webs
      although it may be used for any webs which are permeable to air. In the
      case of the textile webs, after being dyed or otherwise impregnated with
      liquid, drying to a predetermined degree of moisture content is ordinarily
      necessary. The invention is particularly intended for this kind of use.
PAR  It is old to dry a traveling textile web by wrapping it around the
      periphery of a rotating foraminous drum. Air, which may be heated, is
      driven into the drum so that it is forced outwardly through the web to
      carry away liquid in the web. The drum is enclosed by a casing which
      collects the moist air.
PAR  The above prior art drying has the disadvantage that it cannot accommodate
      different widths of textile webs, because the nonadjustable foraminous
      drum surface should be covered rather exactly by the web axially with
      respect to the drum. Another disadvantage is that with the casing
      enclosing the moist air, control of the desired degree of dryness present
      problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the foraminous drum about which the web
      is wrapped has open ends in each of which a screw-type propeller is
      positioned. the propeller's diameters closely approach the inside
      diameters of the drum and they are rotated in directions effecting suction
      in the drum. The air is sucked inwardly through the web and into the drum
      from which it exhausts through the drum's open ends. The propellers are
      mounted so that they may be moved axially with respect to the drum's ends
      and therefore they may be adjusted to positions substantially registering
      with the edges of the web regardless of the latter's exact width. In this
      way the air is drawn only through the web and not through the drum
      portions extending beyond the web's edges.
PAR  An enclosure forms a chamber around the drum's periphery and has openings
      through which the drum's ends project and, of course, the necessary
      entrance and exit for the traveling web. This enclosure has an air inlet
      which may be supplied with a heating means.
PAR  Control of the moisture content of air sucked through the enclosure's inlet
      is made possible by a casing which forms a chamber around the above
      enclosure and the drum's ends, this casing having walls extending
      tansversely with respect to the drum's ends and spaced therefrom and in
      which outlet openings are formed substantially opposite to the drum's
      ends. The casing has an inlet opening through which air is sucked with the
      moist air flowing from the drum's ends going through the casing's outlet
      openings. These openings have shutters which may be controlled so that
      more or less of the air flowing from the drum's ends may be recirculated
      within the casing back to the enclosure's inlet. By providing the casings
      inlet with shutters, complete recirculation of the air is made possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a vertical transverse section of the new apparatus; and
PAR  FIG. 2 shows the left-hand portion of FIG. 1 with a modification added.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED INVENTION
PAR  Referring first to FIG. 1, the foraminous drum 1, which may be a perforated
      cylinder, is horizontally arranged in the enclosure 2 having openings
      through which the ends of the drum project. These ends have flanges 3
      supported by horizontally interspaced saddle rollers 4 so that the open
      ends of the drum 1 are free from interfering parts. The enclosure 2 forms
      a chamber surrounding the periphery of the drum 1.
PAR  The enclosure 2 and the open ends of the drum 1 are all enclosed by a
      casing 5 which forms a completely surrounding chamber. The bottom wall 6
      of the enclosure 2 has an air inlet 7. Screw-type propellers 8, or fans,
      are mounted in each end of the drum 1 and these propellers are rotated in
      directions effecting suction within the drum 1. Air is drawn into the
      enclosure 2, radially inwardly through the drum 1 and propelled outwardly
      through the open ends of this drum.
PAR  Although not shown by the drawings, both the enclosure 2 and the casing 5
      may have an entrance and exit for the traveling web and various guide
      rollers, not shown, are arranged to partially wrap the traveling web
      around the drum 1. The more extensive the wrap, the less is the suction
      loss. Liquid is removed from the web radially inwardly into the drum 1 and
      expelled from its open ends. The arrangements mounting the propellers or
      fans 8 are in each instance supported through parallel pivoting legs 9 by
      the bottom of the casing 5 and these legs may be swung in each instance by
      a screw 10 threaded through nuts 11 fixed to the arms 9. These
      parallelogram arrangements permit rotation of the screws 10 to move the
      propellers 8 axially with respect to the drum 1 with very little motion
      radially with respect to this drum. Therefore, the propellers 8 may be
      made with diameters very closely approaching the inside diameter of the
      drum 1.
PAR  Now it is apparent that with the web wrapped partly, and usually to the
      fullest extent possible, around the drum 1, axial adjustment of the
      propellers 8 is possible to make them register with the edges of the web.
      This permits the air to be drawn inwardly only through the web regardless
      of the web's exact width.
PAR  At the bottom portion of the casing 5, its vertical walls are provided with
      air inlet openings 12. In alignment with the open ends of the drum 1, air
      outlet openings 13 are formed. The openings 13 should have at least
      approximately the area of the open end of the drum 1 with which the
      opening is opposite. All of the openings 12 and 13 are provided with
      adjustable shutter slats 14 which may be adjusted in the manner of
      Venetian blind slats.
PAR  With all of the shutters 14 open, air is drawn inwardly through the
      openings 12, as shown by the arrows 15, upwardly through the enclosure's
      inlet 7, through the web into the drum 1 and, as shown also by arrows 15,
      expelled through the openings 13 to the outer atmosphere. If all of the
      shutters are closed, complete recirculation of air expelled from the
      drum's open ends is effected. By various adjustments of the shutters 14,
      any degree of humidity control is made possible so that the web drying
      effect is under complete control.
PAR  Referring now to FIG. 2, a sensing device 16 is shown as having a web edge
      feeler and controlling an electric motor 17 which, in this instance,
      rotates the screw 10 so that the legs 9 are swung. In FIG. 2, the web 18
      is shown, the intent being that when the sensing device senses the edge of
      this web 18, it will control the motor 17 so that the propeller 8 is
      axially moved into at least approximate registration with the edge of the
      web 18. In the case of a web of the narrow width shown by FIG. 2, it may
      be necessary to proportion the parts somewhat differently than illustrated
      to produce the desired action.
PAR  As illustrated by both FIGS. 1 and 2 the enclosure 2 is supported within
      the casing 5 by vertical legs 20. In FIG. 1 the air inlet 7 is shown as
      being provided with air heaters 21 which may be of the electric resistance
      heating type. The propellers 8 are mounted by the shafts of electric
      motors 22 powered by flexible electric cables 23 and mounted in casings 24
      supported on the upper ends of the swinging legs 9. In FIG. 1 the screws
      10 are manually turned by hand knobs 25.
PAR  In FIG. 2 the sensing device 16 is electrically powered by flexible
      electric conductors 26 with the control wiring for the device 16. Although
      not shown, this pipe may be made to adjustably locate the sensing device
      16. Incidentally, it is to be understood that although FIG. 2 shows only
      the left-hand side of the apparatus, that the right-hand side is made to
      correspond.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for the removal of moisture from air permeable material
      webs such as in the dyeing of dyed fabrics, finished facbrics and the
      like, comprising a rotating foraminous drum over which the web passes, a
      housing in which said drum is supported for rotation and fans, disposed in
      the end of the drum and supported to be adjustable longitudinally, to draw
      air through the periphery of the drum over a predetermined circumferential
      zone of the drum over which the web is running, the improvement
      comprising:
PA1  a. the fans being a pair of fans disposed one in each end of the drum;
PA1  b. a motor unit associated with each fan on which said fan is mounted; and
PA1  c. actuation means for inserting said motor units and fans into the drum
      and withdrawing them therefrom to adjust the length of the zone over which
      the air is drawn through the web.
NUM  2.
PAR  2. Apparatus according to claim 1 and further including a casing within
      said housing, said drum being disposed in said casing with the ends of
      said drum projecting therefrom.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said drum has a circumferential
      outer flange rotating therewith and further including bearing rollers
      mounted on the wall of said casing supporting said outer flange.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said casing includes an air inlet
      and further including heating means installed at said inlet.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein each motor unit is mounted on an
      adjustable linkage means.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the actuating means for insertion
      of the fan unit comprises a screw spindle and a nut cooperating to move
      said linkage actuating the fan motor unit.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said actuation means include a
      sensor which senses the position of the edge of the web, said sensor unit
      providing an output to control the movement of said motor unit and fan.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said housing contains adjustable
      air inlet louvers and adjustable air outlet louvers.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein the ends of the drum lie in line
      with the outlet louvers in said housing.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said air inlet louvers are in
      the lower part of the housing.
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ABST
PAL  A combination physical and projected display system for merchandising
      furniture and the like, includes an article support platform at least
      partly surrounded by panels serving as projecting screens. Furniture
      articles or the like positioned on this platform are complemented by
      selected background images rear-projected onto the screens by projectors
      positioned behind the panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to display devices and particularly to a
      system for displaying real products in combination with rear-projected
      image backgrounds.
PAR  The display of products in many industries is difficult on a large scale
      due to the physical size of the products being displayed. Thus, for
      example, in the furniture business, tremendously large floor space is
      required to display entire rooms of furniture. For many stores,
      particularly smaller stores, and/or stores handling a variety of goods,
      this is practically impossible due to their limited space. In such
      situations, only selected individual pieces of furniture can be shown, or
      else a very limited number of "rooms" of furniture. Because of this
      limitation, and the need for most potential customers to see groupings of
      furniture items being considered, smaller stores are experiencing serious
      difficulties.
PAR  Additionally, it is frequently desirable to display furniture and other
      products in the environment in which they would be used. Accordingly, in
      large furniture stores with sufficient space, separating panels have been
      employed which include draperies, windows and the like to simulate room
      environments. While such displays provide the desired effect, they are
      relatively fixed in nature, so that the drapery colors, shapes and so
      forth cannot easily be changed. And, such displays are expensive as well
      as inflexible.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves these and other shortcomings by providing a
      display module including a platform on which displayed articles are
      positioned surrounded at least in part by rear-projected, complementary
      images on one or more translucent projecting screens. The projectors which
      cast these background images onto the screens are positioned behind the
      screens and out of sight.
PAR  The display module of the present invention permits the unique visual
      portrayal of a combination of products with image backgrounds which can be
      widely varied. The images can be on slides or can be moving backgrounds.
      The display modules can include single, double, triple or any number of
      display units for displaying one or more settings of articles. Small
      stores can incorporate the invention to effectively compete with large
      stores, because of the reasonable cost, minimal floor space required, and
      flexibility provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a four-unit display module embodying the
      present invention;
PAR  FIG. 2 is a plan view of the display module shown in FIG. 1 shown with the
      canopy removed;
PAR  FIG. 3 is a plan schematic view of a single-unit display module;
PAR  FIG. 4 is a plan schematic view of a double-unit display module;
PAR  FIG. 5 is a plan schematic view of a triple-unit display module; and
PAR  FIG. 6 is a plan schematic view of a multiplemodule display system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, there is shown a four-unit display module
      comprising a platform 10 having, as best seen in FIG. 2, eight edges
      whereby alternate edges 12 comprise the front edges and are significantly
      wider than interconnecting edges 14. Platform 10 defines the floor for
      supporting displayed products and can be stationary or if desired, can be
      mounted on a suitable turntable in a conventional manner so as to rotate
      the platform and the displays thereon. The platform as shown is divided
      into four display units 15, 16, 17 and 18 as best seen in FIG. 2.
PAR  This partitioning of the display module into units is by commercially
      available translucent projector screens which in the preferred embodiment
      comprise a left side screen 19, a center (or rear) screen 20 and a right
      side screen 22 for each of the display units. The screens may be of any
      suitable rear projection type, e.g., fabric stretched within a frame, or a
      single or composite sheet of plastic or glass. Initially, transparent
      material with a roughened or beaded surface to render it translucent can
      also be used. The screens of each unit are supported at an angle of
      approximately 135.degree. relative to the adjacent screen, the other ends
      of the side screens being supported by solid end panels 24 and the three
      screens at their junctions by corner posts or connectors 26. At least one
      of the end panels 24 defines a doorway for access to the central area of
      the platform 10.
PAR  Adjacent side screens 19 and 22 are spaced to define an access aisle 25
      therebetween in which opposite facing projectors 27 are positioned to
      project an image onto the back of the respective screens in a direction
      indicated by the arrows associated with the projectors. In the square
      central area 29 of the platform, additional projectors 30 are positioned
      to project images onto the back of rear screens 20 of each display unit.
      The projectors are suitably elevated from floor 10 and each has a wide
      angle projecting lens to assure full coverage of the screen even when
      positioned relatively close to the screen. The projectors can be
      conventional slide projectors or in some cases where a running background
      is desired (as for example, with auto or boat displays), movie projectors.
      These projectors are not seen from the normal viewing area of the display
      units, but are readily accessible to store personnel.
PAR  The display module may be covered as by a canopy assembly 35 which serves
      to darken the screens 19, 20 and 22 of each of the display units as well
      as provide a support roof for receiving spotlights which can be employed
      to highlight the objects positioned on the display floor without affecting
      the imaged background.
PAR  In the embodiment shown in FIGS. 1 and 2, as one example, display unit 15
      includes a bed 40 and a pair of lamps 42 on side tables 44. To complement
      these articles of furniture, the projector 27 associated with screen 19
      projects a draped window image 46 shown in phantom lines in FIG. 1 while
      the rear projector 30 associated with screen 20 projects a painting 47 and
      selected headboard 49 associated with bed 40. Finally, the projector 27
      associated with the right side screen 22 projects another article of
      furniture such as a loveseat 50 and wall decoration 52. Thus, it is seen
      that the actual or real furniture displayed is complemented by images
      projected on the opaque panels which can be complementary furniture of the
      same general style and furniture line, draperies, wall decorations and/or
      other suitable background to give the visual effect or illusion of an
      entire room of a house. Additionally, each of the projectors can comprise
      an automatically sequenced projector for selectively changing the decor of
      the display. The projected background can also be changed either by a
      salesman or a customer at a suitable control panel 56 positioned, for
      example, in the end wall adjacent the display unit.
PAR  The display module of the present invention can be adapted for single,
      double, triple, quadruple or other multiple use as shown in FIGS. 3
      through 6. In each of these embodiments the construction of each display
      unit is identical to that shown in FIG. 1, with the platform being a
      sector of the eight-sided platform shown in FIG. 1 or, as in the case of
      FIG. 6, a pair of complete modules positioned adjacent each other.
PAR  In FIG. 3, the module comprises a single display unit particularly adapted
      for positioning in a corner. The unit includes side projection screens 62,
      64 and a rear screen 66. Projectors 67 are associated with each screen to
      project a background to the displayed table and chair set 68. Similarly, a
      pair of display units 70 and 72 are provided in the FIG. 4 construction
      while three display units 75, 76 and 78 are employed in the FIG. 5 system.
PAR  In the embodiment shown in FIG. 6, a pair of modules 80 and 82 identical to
      the one shown in FIGS. 1 and 2, are adjoined to provide eight display
      areas, each of which can be unique. Alternatively, the adjacent display
      areas 84 and 86, and 88 and 89, respectively, can be combined to provide
      two larger central areas on opposite sides of the pairs of modules. It can
      be seen by such construction that any number of the four display unit
      modules can be joined to provide a relatively large display complex if
      desired.
PAR  It will become apparent to those skilled in the art that various
      modifications to the present invention can be made. Such modifications
      may, for example, include the provision of greater or fewer number of
      projection screens surrounding a portion of the display and positioned at
      different angles with respect to adjacent screens. Additionally, the
      display module may include a greater or lesser number of display units
      than the four units shown in the preferred embodiment. These and other
      modifications of the illustrative embodiment of the present invention set
      forth, and falling within the spirit of the invention, are intended to be
      encompassed within the invention as defined by the appended claims.
CLMS
STM  The embodiments of the invention in in which an exclusive property or
      privilege is claim are defined as follows:
NUM  1.
PAR  1. A display module including a plurality of adjacent angularly related
      display units, each display unit including a supporting floor for
      receiving an article to be displayed, said supporting floor for said
      display units comprising a platform, a back projection screen positioned
      on the floor adjacent the rear of said floor, and a pair of side
      projection screens positioned adjacent opposite ends of said back screen
      and extending outwardly at an angle to said back screen to define the
      sides of the display unit, said side screens supported in spaced
      relationship to adjacent side screens of an adjacent display unit and
      coupled thereto for support, said side screens of adjacent display units
      being generally parallel to one another, said platform comprises an
      eight-sided platform with alternate sides of equal width and wider than
      the remaining sides, wherein said alternate sides define the front of each
      display unit and wherein said back screens extend parallel to said
      alternate edges and said side screens extend orthogonally to said
      remaining sides.
NUM  2.
PAR  2. The display module as defined in claim 1 and further including a canopy
      extending over said screens.
NUM  3.
PAR  3. The display module as defined in claim 2 and further including means for
      projecting images on each of said screens.
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ABST
PAL  A weapons training simulator in which a multilayer composite movie film
       fed of a normal film for projecting a non-polarized image of target and
      background and a polarized film for projecting a polarized target image is
      utilized in a projector to project the polarized and non-polarized images
      on a non-depolarizing screen and in which a weapons mounted polarized
      light sensor circuit is provided to indicate target hit or miss as the
      weapon is aimed and fired. The invention also contemplates intentional
      non-registration of the normal and polarized films by a number of frames
      selected to represent the correct target lead to properly hit the moving
      target.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the arts of optics and electronics in the field of
      simulation and has particular reference to gunnery training via simulation
      and without the requirement of live ammunition.
PAR  A past and continuing need exists to train military in simulated combat
      conditions in a safe, low-cost manner without the requirement of firing
      live ammunition.
PAR  Recently simulators have been developed utilizing lasers and target
      associated detectors in weapon fire simulation systems. Also utilized have
      been lasers, retroreflective targets and weapon mounted laser beam
      detectors in weapon fire simulation systems.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention is directed to the advantages of simulating via movie
      film a variety of targets in moving action with provision for real time
      feedback to the trainee of his performance and at minimum cost and
      complexity in relation to film preparation and projecting means therefor.
      In this respect the invention comprises the employment of a composite of
      film layers, one layer constituting a normal film for projecting a
      background and moving target and a polarized film for projecting on a
      common non-depolarizing screen a polarized target, the films being indexed
      for non-registration to provie a desired lead in the polarized target. The
      invention further includes a polarizing rotor for developing
      distinguishing direct current and alternating current miss and hit
      indicator signals, corresponding respectively to light from the normal
      film projection and the polarized film projection, together with an
      electrical circuit and hit indicator means responsive to the alternating
      current to indicate a hit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a gunnery training simulator embodying the
      present invention;
PAR  FIGS. 2A and 2B are schematic views provided to aid in explaining the
      manner of developing a multilayer film employed in the apparatus of FIG.
      1;
PAR  FIGS. 3A and 3B are diagrammatic views provided to illustrate the means and
      manner of obtaining alternating current and direct current output signals
      respectively from inputs of polarized and unpolarized light; and
PAR  FIG. 4 is a schematic view of a suitable electrical circuit for a weapon
      mounted signal receiver and hit indicator system employed in the apparatus
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in FIG. 1 is shown schematically a gunnery
      training simulator incorporating the invention. The simulator comprises a
      projector 10 with composite film 12 of respective layers of normal film 14
      and polarized film 16. A lamp 18 and lens system indicated by lenses 20
      and 22 project a composite of non-polarized and polarized images on a
      non-depolarizing screen 24. The normal film projects a non-polarized
      visible image of background, including clouds, roadway, trees, and a
      target tank 26, all indicated. The polarized, vectograph type, film 16
      projects a non-visible polarized tank target 28 in a lead position in
      relation to the visible tank 26, the lead distance being made to
      correspond to a proper aiming lead to hit the moving target tank 26. How
      the films are made and developed to provide the above defined
      relationships will be described in detail hereinafter in relation to FIGS.
      2A and 2B.
PAR  Continuing with FIG. 1, a weapon used in the gunnery training is shown as a
      tank 30 having a barrel 32 in which is mounted a polarized light sensor
      34. Any weapon can be used and the polarized light sensor mounted on the
      weapon such that it will be directed to receive light from the area of the
      target at which the gun is aimed. For example, the invention can be used
      with the conventional M-16 military rifle.
PAR  In the example given in FIG. 1, as the gun is aimed for direct fire
      maneuvers the barrel is moved in azimuth and elevation by the personnel
      indicated at 36 and 38. The gun is fired in simulation by individual 36
      pulling the lanyard cord 40 which energizes the polarized light sensor 34
      such that it will send a hit signal to a hit indicator cabinet 42 which is
      viewed by the instructor. The hit indicator can be visual or audio, a
      counter, bell, light or any suitable means. Further details on the light
      sensor and hit indicator will be given hereinafter in relation to a
      description of FIG. 4. The lanyard 40 operates a trigger switch, indicated
      at 44 in FIG. 4, and is hence shown connected as by dotted line 46 to the
      light sensor 34. Also connected to the light sensor 34, as by line 48, is
      the hit indicator cabinet 42.
PAR  In operation the tank 30 is aimed to direct fire at the visual tank 26 on
      the screen 24 with proper lead for given conditions to actually be
      directed at the invisible polarized tank target 28 which is also projected
      on the screen 24. When the gun is properly trained a polarized light
      signal, indicated at 50, will impinge upon a detector 62 (FIG. 4) inside
      the sensor 34 (FIG. 1) to trigger a hit indicator in the cabinet 42. The
      polarized light sensor 34 will not activate the hit indicator unless the
      gun is in triggered condition by having had the lanyard cord pulled.
PAR  Referring to FIG. 2A, it will be noted that a camera 52 is loaded with a
      normal film, indicated at 14 in FIG. 1, and hence indicated at 14 in FIG.
      2A. The camera 52 is directed at a real life daylight scene indicated
      generally at 54 and including the same clouds, trees, road and moving tank
      26 as shown on the screen 24 in FIG. 1. The scene 54 thus provides the
      means for producing a normal film of the visible background and tank image
      to be projected as a moving picture film presentation on the screen 24.
PAR  In FIG. 2B is shown a camera identified as 56 for convenience, but which
      could be the same camera as 52, but in which is placed a roll of
      vectograph type film 16. This latter camera 56 is directed at the same
      scene including the tank 26 moving on the same road at the same speed
      except that the film is exposed at night and lights 58 are provided such
      that the film records only the tank and the recording is in a polarized
      image of the tank such that one is then able to project a polarized target
      image 28 (FIG. 1) on the screen 24.
PAR  However, to get the composite scene indicated in FIG. 1 on screen 24, the
      two layers of film are cemented together as a composite two layer film 12.
      In doing so, however, to provide the proper lead in the position of the
      polarized target tank in relation to the visible target tank the film
      frames of the polarized film are advanced to a desired degree of
      non-registration to provide the desired lead distance for the particular
      weapon and ammunition being used.
PAR  Referring to FIGS. 3A and 3B, the schematic views shown therein illustrate
      how an alternating current is obtained from polarized target light, as for
      example that which comes from the polarized tank image 28 on screen 24,
      and how a direct current is obtained from the non-polarized light of the
      background and tank area of the visible non-polarized image projected on
      the screen 24.
PAR  In FIG. 3A light from a polarized target is indicated by the vertical
      double headed arrow 60. Directed to receive the polarized light is a light
      detector such as photoelectric diode 62, and in the path of light between
      the detector 62 and polarized light source is positioned a rotating
      polarization filter 64 which passes polarized light in increasing and
      decreasing amounts as the filter is rotated such that the output signal
      from the detector 62 is an alternating current (a.c.) signal as indicated
      at 66. This filter is rotated at 200 hertz such that a bandpass filter, as
      will be described hereinafter in relation to FIG. 4, may be used to avoid
      a development of an a.c. current output from detector 62 in swing of the
      weapon and resultant variation in the light intensity from different
      background areas. FIG. 3A thus illustrates the development of a.c. current
      as an output to an electronic indicator circuit represented by the block
      68, and which would correspond to the sensor 34 and hit indicator circuits
      42 shown in FIG. 4.
PAR  In FIG. 3B there is shown the same arrangement of elements 62, 64, and 68
      except that the source of light is unpolarized as represented by an
      infinite number of arrows passing through a common point and generally
      indicated at 70. This unpolarized light source represents the unpolarized
      light on the screen 24 and thus includes the background scene and the
      non-polarized visible tank 26. In this case, since the source light is
      represented by an infinite number of arrows, then rotating the
      polarization filter does not provide the necessary spaced increase and
      decrease in output current necessary to produce an a.c. signal and hence
      the output, from the detector 62 to the electronic circuit represented by
      the block 68, is a direct current signal indicated by a straight line at
      72. We have thus provided a means for obtaining a d.c. signal responsive
      to light from an unpolarized source and an a.c. signal from light from a
      polarized target source. We have now to provide a suitable circuit to
      trigger a hit indicator only responsive to an a.c. signal, a d.c. signal
      being indicative of a miss.
PAR  In FIG. 4 one such suitable circuit is shown in relation to the detector 62
      and the rotatable polarization filter 64, the latter being driven by a
      motor 74. The resulting output signal from detector 62 is passed on line
      76 to a band pass filter 78 of suitable value to eliminate direct current
      signals from the normal film scene and any alternating current signals
      which could be developed by swing of the weapon and which would be
      relatively low frequency compared to the selected filter frequency. Thus,
      one suitable filter 78 would be a BCS Associates, Inc. model ATF 76-B1,
      which is tuned to pass only a.c. signals at 200 hertz .+-. 3%,
      corresponding to the rotated speed of the polarization film 64. The signal
      output of filter 78 is passed on lines 80 and 82 via trigger switch 44 to
      the gate 84 of an SCR 86 which is the switch means for a relay circuit
      having the necessary switching elements to control a load circuit of which
      the hit indicator means forms the load. In particular, the positive side
      of a d.c. source, battery 88, is connected via a line 90 to the input side
      of the SCR 86. The output side of the SCR 86 is connected via lines 92,
      94, 96 and 98 through a switching relay 100 and through one set of
      normally closed contacts 102 of relay 100 back to the negative side of the
      battery 88. A second set of normally open contacts 104 of the relay 100 is
      employed to close and open the indicator circuit which includes a battery
      106 connected in series with the contacts 104 and a hit indicator,
      represented by the resistor 108, via the lines 110, 112 and 114. It is to
      be understood that the hit indicator can be any suitable hit indicating
      device as for example, an alarm, a light, a graph recorder or a counter. A
      dotted line 116 represents the mechanical connection of the lanyard 40 to
      the trigger switch 44.
PAR  In operation, when the switch 44 is open the system is inoperative. When
      switch 44 is closed and the weapon is not properly aimed to provide a
      polarized incoming image light, i.e., the gun is not aimed at the
      polarized tank image 28, then the d.c. input from a line 76 will be
      blocked by band pass filter 78 and there is no activation of the circuit
      to energize the hit indicator 108. However, when the weapon is properly
      aimed at the polarized tank target 28, i.e., at the position of that image
      because the image itself is invisible, thus providing proper target lead,
      then the incoming image light is polarized, an a.c. output signal is
      passed through filter 78 and through closed trigger switch 44 to activate
      the SCR 86 to conducting condition. The d.c. current from battery 88
      energizes switch relay 100 to close contacts 104 and open contacts 102.
      Opening contacts 102 provides the means for interrupting the flow of
      current through the SCR 86, thus turning it off, to prepare for the next
      sequential action. Closing the contacts 104 passes current to the hit
      indicator 108 to indicate or record a hit in accordance with the form of
      hit indicator selected.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polarizing type gunnery training simulator comprising
PA1  a. a projector;
PA1  b. a composite specially polarized movie film for said projector comprising
      layers respectively of normal non-polarized film taken of a scene
      including background and target areas and a polarizing type film taken of
      the target area only of the scene;
PA1  c. said normal film having recorded said entire scene during the daytime,
      and said polarizing type film having recorded said targets at night with
      only said targets illuminated to provide a film of linearly polarized
      target areas upon exposure;
PA1  d. a non-polarizing screen upon which to display, via said projector, the
      unpolarized entire scene and the linearly polarized target area of said
      scene; and
PA1  e. a polarized light sensor unit and means for attaching said unit to a
      weapon to provide hit indication when said weapon is aimed at said
      polarized target area, and no hit indication when said weapon is aimed at
      said non-polarized background scene.
NUM  2.
PAR  2. Apparatus according to claim 1
PA1  said films being assembled in a desired degree of non-registration to
      provide a polarized target lead corresponding to selected problem vehicle
      speed.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said sensor unit comprises
PA1  a. a light wave detector;
PA1  b. a rotatable polarization type filter positioned between said screen and
      light detector;
PA1  c. means for rotating said filter to pass to said detector variable light
      value for polarized light and continuous light value for non-polarized
      light to produce respectively alternating and direct current outputs from
      said detector; and
PA1  d. an amplifying and indicating electrical circuit for detection of
      alternating current indicative of target hit and direct current indicative
      of target miss.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein said sensor unit comprises
PA1  a. a light wave detector;
PA1  b. a rotatable polarization type filter positioned between said screen and
      light detector;
PA1  c. means for rotating said filter to pass said detector variable light
      value for polarized light and continuous light value for non-polarized
      light to produce respectively alternating and direct current outputs from
      said detector; and
PA1  d. an amplifying and indicating electrical circuit for detection of
      alternating current indicative of target hit and direct current indicative
      of target miss.
NUM  5.
PAR  5. Apparatus according to claim 3
PA1  said electrical circuit including a direct current meter to distinguish
      between direct and alternating current.
NUM  6.
PAR  6. Apparatus according to claim 2
PA1  said electrical circuit including an amplifier, a switching relay biased to
      open switch condition and actuable to closed switch position when
      alternating current is applied to said relay, and indicator means for
      connecting through said switch to a source of voltage potential to provide
      a signal indicative of target hit.
NUM  7.
PAR  7. Apparatus according to claim 4
PA1  said electrical circuit including a direct current meter to distinguish
      between direct and alternating current.
NUM  8.
PAR  8. Apparatus according to claim 4
PA1  said electrical circuit including an amplifier, a switching relay biased to
      open switch condition and actuable to closed switch position when
      alternating current is applied to said relay, and indicator means for
      connecting through said switch to a source of voltage potential to provide
      a signal indicative of target hit.
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ABST
PAL  A ski boot includes a foot portion and a leg portion extending upwardly
      along the calf of the leg from the foot portion and being pivotally
      connected to the foot portion for movement about a generally horizontal
      axis extending transversely of the boot. The pivotal connection of the leg
      portion to the foot portion is selectively adjustable to allow vertical
      sliding movement of the leg portion relative to the foot portion whereby
      the leg portion can be inclined laterally relative to the foot portion. A
      connection unit interconnecting the foot portion to the leg portion along
      a rear portion of the boot includes double acting resilient means for
      cushioning both forward and rearward pivotal movement of the leg portion
      relative to the foot portion. The connection unit is connected to the boot
      by quick release means whereby the unit can be quickly removed allowing
      free pivotal movement of the leg portion relative to the foot portion if
      desired. An insulated sock member adapted to be slipped over the foot of
      the user is removably insertable into the boot and includes a core layer
      of a soft, resilient, permeable material which cushions the user's foot
      and lower leg from the relatively rigid boot, insulates the foot and lower
      leg of the user from cold ambient temperatures, and also provides
      ventillation for removing water vapor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to footwear and more particularly
      to a pivotal ski boot designed for use in both alpine and cross-country
      skiing.
PAR  Ski boots have developed from a rather low topped leather boot allowing a
      limited degree of ankle movement to a more rigid plastic shelled boot
      which has substantially eliminated all ankle movement thereby establishing
      better control of the ski by rendering the ski a substantially integral
      part of the lower leg of the user. These rigid plastic boots, while
      providing for more positive control of the ski, have made it very
      difficult to walk either with or without the ski connected thereto since
      the ankle joint is completely immobilized.
PAR  To facilitate walking, pivotal ski boots have been developed whereby an
      upper section of the boot is pivotally connected to a lower section about
      a pivot axis extending transversely of the boot through the ankle joint.
      The upper sections of these boots have been connected to the lower
      sections with numerous devices for limiting pivotal movement between the
      sections, but these devices, to date, have been aesthetically displeasing
      and are not readily removable from the boot so that complete pivotal
      freedom of the upper section relative to the lower section cannot be
      obtained and the full weight of the boot including the connecting means
      must be carried with the boot even while walking or touring.
PAR  Further, conventional and pivotal ski boots have not allowed for lateral
      bending or movement of the upper portion relative to the lower portion so
      that walking over uneven terrain has been extremely difficult and is
      tiring for the user of the boot over long distances.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved ski
      boot adapted for use in both alpine skiing and touring.
PAR  It is another object of the present invention to provide a ski boot having
      upper and lower pivotally connected portions with resilient means also
      connecting the upper and lower portions for cushioning both forward and
      rearward pivotal movement of the upper portion relative to the lower
      portion.
PAR  It is another object of the present invention to provide a ski boot having
      upper and lower pivotal portions pivotally connected for movement about a
      generally horizontal transverse axis and wherein the upper section is
      allowed to incline laterally relative to the lower section.
PAR  It is another object of the present invention to provide a new and improved
      ski boot having a removable sock portion with a soft, resilient, permeable
      core for insulation and ventillation purposes and to cushion the foot and
      lower leg portion of a user from the relatively hard surrounding shell of
      the boot.
PAR  It is another object of the present invention to provide a ski boot having
      upper and lower portions which are pivotally connected for movement about
      a generally horizontal transverse axis and having a connection unit which
      yieldingly resists pivotal motion of the upper portion relative to the
      lower portion but which can be quickly removed from the boot to allow free
      pivoting movement of the upper portion relative to the lower portion.
PAC  SUMMARY OF THE INVENTION
PAR  The ski boot of the present invention has been designed to accommodate both
      alpine and touring skiers with a comfortable boot which provides optimum
      control of the ski during alpine skiing and adequate freedom of movement
      of the ankle joint during touring skiing or walking without skis attached
      to the boot.
PAR  The boot includes a lower foot encasing portion and an upper leg encasing
      portion which is pivotally connected to the foot portion for movement
      about a generally horizontal transverse axis. A connection unit
      interconnects the leg and foot portions of the boot to yieldingly resist
      pivotal movement in both a forward and rearward direction. The connection
      unit is quickly removable from the boot to allow free pivotal movement of
      the leg portion relative to the foot portion as is desired while touring
      or walking. When the connection unit is attached to the boot, however, the
      leg portion and the foot portion cooperate in transferring motion of the
      skiers knees to the skis for optimum control of the ski during alpine
      skiing.
PAR  The pivotal connection of the leg portion to the foot portion of the boot
      is uniquely designed to selectively allow vertical sliding movement of the
      leg portion relative to the foot portion so that the leg portion can be
      inclined laterally of the foot portion for comfort when walking with the
      boot over uneven terrain.
PAR  It will be appreciated with the detailed description later that the boot is
      ideally suited for use by so-called alpine-touring skiers who travel
      across hilly terrain by climbing slopes, skiing down slopes and traversing
      relatively level areas since the boot can be quickly converted from a
      relatively rigid boot with the connection unit affixed thereto for use in
      alpine skiing to a freely pivotal boot with the connection unit removed
      for use in cross-country or touring skiing. Further, if terrain is
      encountered where it is more feasible to walk than to ski, the skis can be
      removed from the boot along with the connection unit and the pivotal joint
      between the leg portion and foot portion of the boot adjusted to allow for
      lateral movement of the leg portion relative to the foot portion so that
      the user can comfortably walk over uneven terrain.
DRWD
PAC  BRIEF DESCIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the ski boot of the present invention.
PAR  FIG. 2 is a rear elevation of the ski boot of FIG. 1.
PAR  FIG. 3 is a side elevation of the boot of FIG. 1 with the leg portion of
      the boot in an open condition.
PAR  FIG. 4 is a perspective view of the sock portion of the boot of FIG. 1.
PAR  FIG. 5 is a vertical section taken along line 55 of FIG. 2 of the
      connection unit used on the boot of FIG. 1.
PAR  FIG. 6A is an enlarged fragmentary section taken through the sock of FIG. 4
      illustrating two embodiments of the core of the sock.
PAR  FIG. 6B is a section taken along line 6B6B of FIG. 4.
PAR  FIG. 7 is an enlarged fragmentary vertical section taken through a second
      embodiment of the connection unit used on the boot of FIG. 1.
PAR  FIG. 8 is an enlarged fragmentary vertical section of still another
      embodiment of the connection unit used on the boot of FIG. 1.
PAR  FIG. 9 is an enlarged fragmentary side elevation of the pivot member used
      on the boot of FIG. 1.
PAR  FIG. 10 is a section taken along line 1010 of FIG. 9.
PAR  FIG. 11 is an exploded perspective view of the pivot member shown in FIG. 9
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, the ski boot 20 of the present invention is
      shown to include an outer shell 22 having an upper leg portion 24 and a
      lower foot portion 26, a connection unit 28 interconnecting the leg
      portion to the foot portion and an insulated sock 30 which is removably
      received within the outer shell 22.
PAR  The foot portion 26 includes a sole 32 and an upper 34 which are integrally
      connected and preferably made of a moldable somewhat rigid plastic
      material to conform to the general configuration of a foot and to have the
      appropriate formations for attaching the boot 20 to a ski by a
      conventional binding. The top of the upper 34 is low compared to present
      day plastic ski boots and preferably terminates at about the level of the
      ankle bone of a user. The upper of the boot is open only at the upper edge
      36 thereof so that the foot can be inserted into the upper through the
      open upper edge.
PAR  The leg portion 24 of the boot 20 consists of two generally
      semi-cylindrical elements 38f and 38r which are connected along one edge
      by hinges 40 and which have fasteners 42 along the opposite edge, which in
      the disclosed form are of the buckle type. The two generally
      semi-cylindrical elements of the leg portion are disposed so that one
      forms a rear element 38r and the other a front element 38f and the rear
      element has a pair of depending ears 44 which extend downwardly along the
      outside of the upper 34 of the foot portion 26 where pivot members 46
      interconnect the leg portion to the foot portion. The pivot members, which
      will be described in more detail later, provide for pivotal movement of
      the leg portion relative to the foot portion about a generally horizontal
      axis extending transversely of the boot and further allow the leg portion
      to be inclined laterally of the foot portion to a limited degree.
PAR  It will be appreciated in FIG. 3, that the front element 38f of the leg
      portion 24 can be swung to an open position, FIG. 3, so that the user of
      the boot can insert his foot and leg through this open front to position
      the boot on his foot. The leg portion 24 preferably extends over halfway
      up the calf portion of the user's leg so that the leg serves as a lever in
      transmitting knee movement to a ski when the boot is conventionally
      mounted upon a ski. Preferably, the leg portion of the boot is also made
      of a somewhat rigid plastic material having very slight flexibility and
      fits snugly around the sock portion 30 of the boot to establish a
      frictional grip on the leg of the user to retain the foot of the user in
      the foot portion 26 of the boot. In the disclosed form, ventilation
      openings 48 are provided in the leg portion 24 for optimum comfort.
PAR  The connection unit 28 is adapted to resist both forward and rearward
      pivotal movement of the leg portion 24 of the boot relative to the foot
      portion 26. In the preferred form shown in FIGS. 1 through 3 and 5, the
      connection unit 28 includes a slide rod assembly 50, a guide sleeve 52,
      and a pair of compression springs 54a and 54b concentrically mounted upon
      the slide rod assembly on opposite sides of the guide sleeve. The slide
      rod assembly 50 has an eyelet bolt 56 threaded into one end of an
      elongated collar 58 which has an annular shoulder 60 at the one end
      adapted to seat one of the compression springs 54b. The opposite end of
      the collar 58 is externally threaded to receive an adjustment nut 62 which
      retains the other spring 54a on the collar. The eyelet on the bolt 56 is
      pivotally received on a pin 64 which extends transversely of the boot 20
      and is mounted upon a mounting bracket 66 anchored to the back of the foot
      portion 26 of the boot. The pin 64 has a conventional ball detent 68
      thereon which is adapted to releasably retain the eyelet portion of the
      bolt 56 on the pin in a manner such that it can be quickly removed from
      the pin when desired.
PAR  The guide sleeve 52 is releasably mounted on a second bracket 70 which is
      anchored to the rear portion of the leg portion 24 of the boot and has a
      T-Shaped protrusion 72 extending in parallel relationship to the
      cylindrical passage through the sleeve 52 so that when the passage is
      vertically oriented, as shown in FIG. 5, the T-shaped protrusion 72 will
      be retained in a pocket 74 in the bracket 70 which opens through a
      horizontal slot 76 by rotating the sleeve 52 through a ninety degree
      angle, the T-shaped protrusion 72 will align with the slot 76 allowing the
      sleeve to be quickly removed from the bracket.
PAR  The adjustability of the nut 62 allows for precompression of the springs
      54a and 54b for control of the desired resistance which the springs will
      have to pivotal movement of the leg portion of the boot relative to the
      foot portion. The nut 62 has a set screw 78 so that its position can be
      selectively fixed, and similarly, a set screw 80 in the shoulder 60 serves
      to fix the position of the eyelet ball 56 relative to the collar 58. The
      compression springs 54a and 54b accordingly abut the guide sleeve at one
      end and the adjustment nut 62 and shoulder 60 respectively at the opposite
      ends whereby pivotal movement of the leg portion of the boot in either a
      forward or rearward direction will compress one or the other of the
      compression springs via the guide sleeve so that the springs yieldingly
      resist pivotal movement of the leg portion relative to the foot portion
      and thereby buffer sudden movements of the leg portion to the foot portion
      such as may be imparted when a skier encounters bumps or sudden changes in
      snow conditions in a ski run. It should be appreciated that the connection
      unit 28 can be quickly removed from the boot merely by snapping the eyelet
      bolts 56 off the pin 64 on the foot portion of the boot and subsequently
      rotating the guide sleeve 52 so that its T-shaped extension 72 can be
      removed from the bracket 70 on the leg portion of the boot. Once the
      connection unit has been removed from the boot, the legf portion is freely
      pivotal about a generally horizontal transversely extending axis extending
      through the pivot member 46 so that the user of the boot can walk freely
      or can easily traverse relatively horizontal surfaces with his skis on as
      is typical of cross country skiing or touring. It should be appreciated
      that if complete freedom of pivotal movement was not desired for cross
      country skiing, yet the connection unit used in alpine skiing made the
      boot too rigid, lighter springs could be incorporated into a connection
      unit which would not have as great a resistance to the pivotal movement as
      the springs used in the unit for alpine skiing.
PAR  The connection unit could take other forms such as shown in FIGS. 7 and 8
      to accomplish the same results. Looking at the embodiment shown in FIG. 7,
      it can be seen that the connection unit 82 includes a slide rod 84 having
      an eyelet 86 at its upper end which is releasably connected to a pin 88
      extending transversely of the boot and anchored to a bracket 90 which is
      affixed to the rear of the leg portion 24 of the boot. As in the
      previously described embodiment, the pin 88 has a ball detent 92 thereon
      so that the rod can be quickly removed from or secured to the pin. The rod
      84 carries a collar 94 which is selectively fixed at any desired location
      along the length of the rod by a set screw 96. The collar 94 separates a
      pair of compression springs 98a and 98b which are concentrically mounted
      upon the rod and retained in position by an outer housing 100 having an
      elongated cylindrically shaped body 100a and a cap 100b threadably
      received on the open upper end of the body 100a. The cap and body define
      an air-tight chamber 102 and an O-ring 104 is provided at the
      interconnection of the housing parts to provide a positive hermetic seal.
      The cap 100b has a vertical passage 106 therethrough which slidably
      receives the slide rod 84 and a second O-ring 108 is provided in an
      annular recess in the upper end of the cap to establish a sliding hermetic
      seal between the housing and the slide rod. The upper end of the cap has a
      retaining plate 110 thereon which holds the O-ring 108 in its seated
      position within the annular recess.
PAR  The lower end of the housing 100 is connected to the foot portion 26 of the
      boot by a T-shaped connector 112 which cooperates with a slotted bracket
      114 in removably connecting the housing to the foot portion of the boot.
      As in the previously described embodiment, rotation of the T-shaped
      connector 112 relative to the bracket 114 on the foot portion allows the
      T-shaped connector to be removed from the boot so that the housing itself
      can be removed. The collar 94 on the slide rod 84 has an annular groove
      setting a third O-ring 116 which is adapted to slide against the internal
      cylindrical wall of the body portion 100a of the housing establishing a
      hermetic seal between upper and lower portions of the internal chamber of
      the housing. The collar 94 has an axially extending fluid flow passage 118
      therethrough allowing air or another desired fluid retained in the chamber
      to flow from one end of the chamber to the other as the collar is slid
      axially of the chamber with sliding movement of the slide rod. It will,
      therefore, be appreciated that in addition to the yielding resistance
      supplied by the compression springs 98a and 98b to pivotal movement of the
      leg portion 24 relative to the foot portion 26, the enclosed hermetically
      sealed chamber 102 in cooperation with the collar 94 establishes a
      dampening effect to prevent a sudden return of the collar to its centered
      position and consequently prevents a sudden return of the leg portion of
      the boot to its normal position relative to the foot portion. Accordingly,
      after a skier has traversed a large bump or mogul wherein the leg portion
      of the boot was forced to pivot relative to the foot portion, the ski will
      not slap back down against the ground but will rather return at a retarded
      speed enabling the skier to more smoothly pass through heavily moguled
      areas on a ski slope.
PAR  Referring to FIG. 8, another embodiment of the connection unit is shown.
      The connection unit 120 shown in FIG. 8 included a threaded slide rod 122
      having axially adjustable internally threaded collars 124 and 126 disposed
      thereon in axially spaced relationship. The slide rod 122 is maintained in
      a housing 128 which includes a threaded slide rod 122 having axially
      adjustable internally threaded collars 124 and 126 disposed thereon in
      axially spaced relationship. The slide rod 122 is maintained in a housing
      128 which includes a lower body member 128a and an upper cap 128b with the
      cap threadedly received on the upper end of the body member. The body
      member 128a has two coaxial cylindrical chambers 130 and 132 with the
      lower chamber 132 being of a smaller diameter than the upper chamber 130
      and adapted to slidably receive an enlarged cylindrical head 134 at the
      lower end of the lower threaded collar 126. The cap portion 128b of the
      housing has a cylindrical chamber 138 therein substantially conforming in
      size and configuration to that of the chamber 132 in the body so as to
      slidably receive an enlarged head 140 on the upper end of the upper collar
      124. Abutment shoulders 142a and 142b are defined between the two chambers
      slidably receiving the heads 134 and 140 on the collar and the larger
      chamber 130 in the body member. A pair of washer members 144 are biased
      against the shoulders 142a and 142b by a coil spring 146 coaxially mounted
      upon the slide rod 122. It will, therefore, be appreciated that sliding
      movement of the slide rod in either axial direction will cause the head on
      one of the collars to engage the adjacent washer 144 and effect a
      compression of the spring 146 which will yieldingly resist movement of the
      slide rod in that direction. Each collar 124 and 126 has a fluid flow
      passage 148 therethrough and has an annular recess in its outer surface to
      receive a sealing O-ring 150 which establishes a hermetic seal between the
      associated collar and the adjacent cylindrical wall of the housing. In
      this manner, as with the embodiment shown in FIG. 7, when air or another
      fluid is retained in the housing, a fluid buffering affect is obtained to
      damp sudden axial movement of the slide rod relative to the housing. The
      cap member 128b of the body also has an annular recess around the opening
      therein receiving an O-ring 152 to establish an hermetic seal with the
      slide rod. The slide rod, as in the embodiment described in FIG. 7, is
      anchored to the leg portion 24 of the boot as by a bracket 154 and the
      housing is anchored to the back portion of the foot portion of the boot as
      by a bracket 156, each of these brackets being identical to the
      corresponding brackets in the embodiment of FIG. 7.
PAR  Looking now at FIGS. 9 through 11, the pivot member 46 interconnecting the
      leg portion 24 and the foot portion 26 of the boot 20 at the opposite
      sides thereof is shown in detail. The pivot member can be seen to have a
      pivot pin 160 having a circular flange 162 adapted to ride against a
      circular low friction washer 164, such as of teflon, anchored to the inner
      wall of the foot portion 26 of the boot in circumferential relationship
      with a circular opening 166 through the side of the foot portion.
      Immediately outside the circular flange, is a first coaxial cylindrical
      body portion 168 of the pin 160 which is received within the circular
      opening 166 through the side of the foot portion. Immediately outside the
      circular flange, is a first coaxial cylindrical body portion 168 of the
      pin 160 which is received within the circular opening 166 in the foot
      portion so as to be rotatable therewithin. Projecting coaxially outwardly
      from the first body portion 168 is a second body portion 170 of the pin
      which is of reduced diameter relative to the first body portion and has a
      circular cross section adjacent the first body portion and a square cross
      section at the outer end thereof. The portion of the second body portion
      which is of circular cross section extends through a generally vertical
      slot 172 in the depending ear 44 of the leg portion 24 of the boot with
      the slot 172 being of rectangular configuration. The ear 44 is spaced from
      the foot portion 26 by low friction washer 173. The circular cross
      sectional portion of the second body portion 170 also extends through a
      rectangularly shaped slot 174 in a rotary plate 176 which can be either
      aligned or nonaligned with the slot 172 in the leg portion as may be
      desired for purposes to be explained hereinafter. The rotary plate 176 is
      supported by a generally circular cover plate 178 which is anchored to the
      outer surface of the leg portion 24 in concentric relationship with the
      pivot pin 160 and which defines a space between itself and the leg portion
      of the boot in which the rotary plate is free to rotate. The cover plate
      178 has an arcuate slot 180 therein which slideably receives an adjustment
      pin 182 anchored to the rotary plate and projecting outwardly from the
      cover plate so that it can be grasped and manually manipulated to move the
      rotary plate between positions in which the slot 174 therein is aligned
      with the slot 172 in the leg portion and a position wherein it is
      nonaligned with the slot 172 in the leg portion. The cover plate 178
      further has a rectangular slot 184 which conforms in size and
      configuration to the slot 172 in the leg portion and always remains in
      alignment threwith.
PAR  It can, therefore, be appreciate, that when the slot 174 in the rotary
      plate 176 is not aligned with the slots 172 and 184 in the leg portion and
      the cover plate respectively, the pivot pin 160 will serve to interconnect
      the leg portion and foot portion of the boot in a manner such that the leg
      portion is movable relative to the foot portion only in a pivotal manner
      about the pin 160. However, by aligning the slot 174 in the rotary plate
      with the slots 172 and 184 in the leg portion and the cover plate
      respectively, the second body portion 170 of the pin 160 will be free to
      slide vertically within the aligned rectangular slots in each of the leg
      portion, the rotary plate and the cover plate so that the leg portion will
      be slideable vertically relative to the foot portion at the pivot joint. A
      retainer screw 186 is threaded into the outer most end of the second body
      portion 170 to retain the pin 160 in the position illustrated in FIG. 10.
PAR  It will be appreciated that by placing a pivot member 46 of the type
      described on either or both sides of the boot, that the leg portion of the
      boot can be inclined laterally relative to the foot portion by sliding
      movement of the pivot pin 160 within the slot 172 in the leg portion of
      the boot. This of course makes walking with the boot over uneven terrain
      much easier and less tiring on the user of the boot.
PAR  The sock 30 of the boot, which as mentioned previously is removable from
      the outer shell 22, has been designed to make the boot comfortable on the
      user and to also insulate the user's foot and lower leg for warmth during
      use. The preferred form of the sock, as best illustrated in FIGS. 4 and 6B
      has a core 190 of reticulated plastic material, such as of the type
      manufactured by Scott Paper Co. under the name Scott Industrial Foam
      PVC/SIF or Scott Industrial Foam SRX/SIF. The core is preferably 100%
      reticulated for best insulating, ventilation and cushioning results. As an
      alternative to the reticulated core of FIG. 6B, a core 191 could be made
      of a closed or open cell plastic foam with performation 191a therethrough
      as illustrated in FIG. 6A. The core 190 or 191 is shaped to conform to the
      foot and lower leg portion of a user and is retained in a pouch 192
      preferably made of a woven mesh fabric of polyester or the like. The
      pouch, of course, is also shaped to conform to the foot and lower leg
      portion of a user and is in face to face relationship with the core on
      both faces of the core. The smooth woven mesh fabric of the pouch 192
      defines the inner surface of the sock 30 so that the foot of a user can be
      easily slid into the sock without disrupting its configuration. The pouch
      192 is retained within an outer covering 194, preferably of water
      repellant nylon, or the like, which also has a smooth surface so that the
      entire sock can be easily slid into the outer shell 22 of the boot. The
      water repellant nature of the outer covering helps to prevent ingress of
      snow, water and dirt while permitting egress of water vapor and thus keeps
      the foot extremely warm and dry.
PAR  Preferably, the outer covering 194 is removable from the remainder of the
      sock so that outer coverings of various colors can be utilized and also so
      that a wet outer covering can be replaced for a dry one when desired. In
      the disclosed form, the outer covering, which also conforms to the
      configuration of the foot and lower leg portion of a user, has elastic 196
      around the open upper end thereof so that it will normally be retained
      upon the remainder of the sock but can be removed therefrom by stretching
      the elastic band at the top and pulling the remainder of the sock out of
      the outer covering.
PAR  It will be appreciated that a new and improved ski boot as has been
      described which is versatile so as to be useful for both alpine and cross
      country skiing and can be readily changed between modes for use in either
      type of skiing. Further, since the connection unit at the rear of the boot
      can be removed during cross country skiing, it makes the boot lighter and
      thus less tiring for the user.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ski boot comprising in combination:
PA1  an upper having a foot portion and leg portion, said leg portion adapted to
      extend along the calf portion of a user's leg.
PA1  pivot means interconnecting the foot portion to the leg portion whereby the
      leg portion is pivotal about a generally horizontal axis passing
      transversely of the foot portion,
PA1  a connection unit interconnecting the foot portion and leg portion, said
      connection unit having double acting resilient means therein for
      cushioning both forward and rearward pivotal movement of the leg portion
      relative to the foot portion and,
PA1  a removable sock portion adapted to be slid into and out of the upper, said
      sock portion having a water-repellant outer covering and a core of at
      least partially reticulated plastic material.
NUM  2.
PAR  2. The ski boot of claim 1 wherein said connecting unit has a slide rod
      anchored to one of said foot portion and leg portion and a sleeve slidably
      receiving said rod anchored to the other of said foot portion and leg
      portion, and a pair of compression springs positioned on said rod on
      opposite sides of said sleeve adapted to yieldingly resist axial movement
      of said rod relative to said sleeve.
NUM  3.
PAR  3. The ski boot of claim 2 wherein said compression springs are retained on
      said rod by axially adjustable members adapted to selectively adjust the
      yielding resistance of said springs.
NUM  4.
PAR  4. The ski boot of claim 1 wherein said connecting unit has a slide rod
      anchored to one of said foot portion and leg portion and an elongated
      housing slidably receiving said rod anchored to the other of said foot
      portion and leg portion, said rod having a collar fixed thereon and a pair
      of compression springs on opposite sides of the collar retained in the
      housing such that axial movement of the rod within the housing will be
      yieldingly resisted by the springs.
NUM  5.
PAR  5. The ski boot of claim 4 wherein the housing defines a sealed chamber and
      wherein said collar has a flow passage therethrough and an outer
      configuration conforming to the cross-sectional configuration of the
      chamber, and further including seal means establishing a sliding seal
      movement of said collar within said chamber is pneumatically buffered.
NUM  6.
PAR  6. The ski boot of claim 1 wherein said connecting unit has a slide rod
      anchored to one of said foot portion and leg portion and an elongated
      housing slidably receiving said rod anchored to the other of said foot
      portion and leg portion, said housing having a compression spring therein
      and said rod having a pair of collars fixed thereon at axially spaced
      positions adapted to operatively engage opposite ends of the spring
      whereby the spring yieldingly resists axial movement of the rod relative
      to the housing.
NUM  7.
PAR  7. A ski boot comprising in combination:
PA1  an upper having a foot portion and a leg portion, said leg portion adapted
      to extend along the calf portion of a user's leg,
PA1  pivot means interconnecting the foot portion to the leg portion whereby the
      leg portion is pivotal about a generally horizontal axis passing
      transversly of the foot portion, and
PA1  a removable sock portion adapted to be slid into and out of the upper, said
      sock portion having a water-repellant outer covering and a core of at
      least partially reticulated plastic material.
NUM  8.
PAR  8. The ski boot of claim 7 wherein said plastic material is 100%
      reticulated.
NUM  9.
PAR  9. The ski boot of claim 7 wherein said outer covering is removable from
      said core.
NUM  10.
PAR  10. The ski boot of claim 8 wherein said core is retained between layers of
      flexible fabric material which define a confining enclosure for the core.
NUM  11.
PAR  11. The ski boot of claim 10 wherein said outer cover is a nylon material.
NUM  12.
PAR  12. A ski boot comprising in combination:
PA1  an upper having a foot portion and a leg portion, said leg portion adapted
      to extend along the calf portion of a user's leg,
PA1  pivot means interconnecting the foot portion to the leg portion whereby the
      leg portion is pivotal about a generally horizontal axis passing
      transversely of the foot portion,
PA1  a removable connection unit interconnecting the foot portion and leg
      portion, said connection unit having resilient means therein for
      cushioning relative pivotal movement of the leg portion and the foot
      portion, and
PA1  quick release means removably connecting the connection unit to the upper
      whereby said connection unit can be easily removed as a unit allowing free
      pivotal movement of the leg portion relative to the foot portion within
      predetermined limits.
NUM  13.
PAR  13. A ski boot comprising in combination:
PA1  an upper having a foot portion and a leg portion made of a semi-rigid
      material with limited flexibility, said leg portion adapted to extend
      along the calf portion of a user's leg,
PA1  pivot means interconnecting said foot portion and leg portion on opposite
      sides thereof to allow relative pivotal movement of the foot portion and
      leg portion about a generally horizontal axis passing transversely of the
      foot portion, and
PA1  sliding movement means on at least one side of said upper for selectively
      allowing relative sliding movement of the leg portion and foot portion in
      a generally vertical direction independently of the pivotal movement of
      the leg portion and foot portion.
NUM  14.
PAR  14. The ski boot of claim 13 wherein said pivot means includes a pivot pin
      and said sliding movement means includes a slot in one of said foot
      portion and leg portion, said slot slidably receiving said pivot pin.
NUM  15.
PAR  15. The ski boot of claim 14 wherein said pivot means further includes a
      rotatable plate member having a slot therein which can be aligned with
      said first mentioned slot to permit relative sliding movement of the foot
      and leg portions and which can be moved out of alignment with said first
      mentioned slot to prevent sliding movement of the foot and leg portions.
NUM  16.
PAR  16. The ski boot of claim 15 wherein said plate member is rotatably
      supported in a cover member anchored to the one of said foot portion and
      leg portion which has the first mentioned slot to prevent sliding movement
      of the foot and leg portion which has the first mentioned slot therein and
      wherein said plate member has a handle portion projecting through said
      cover member to facilitate rotation of the plate member.
NUM  17.
PAR  17. The ski boot of claim 13 wherein there are a pair of said pivot means,
      one on each side of said boot and wherein said pivot means includes a
      pivot pin projecting through an opening in one side of said foot portion
      and through a generally vertically oriented elongated slot in the
      corresponding sides of said leg portion, said slot being aligned with said
      opening, a rotary plate pivotally mounted upon said pivot pin and having a
      slot therein which can be moved into and out of parallel relationship with
      said first mentioned slot, and a cover plate anchored to said leg portion
      and rotatably supporting said rotary plate, having a handle projecting
      through said arcuate opening whereby said rotary plate can be oriented
      such that the slot therein is in parallel relationship with the associated
      slot in said leg portion to allow the leg portion to slide in a generally
      vertical direction relative to the foot portion at the pivotal connection
      of the leg portion to the foot portion.
NUM  18.
PAR  18. A ski boot comprising in combination:
PA1  an upper having a foot portion and a leg portion, said leg portion adapted
      to extend along the calf portion of a use's leg,
PA1  pivotal means interconnecting the foot portion to the leg portion whereby
      the leg portion is pivotal about a generally horizontal axis passing
      transversely of the foot portion, and
PA1  a connection unit interconnecting the foot portion and leg portion, said
      connection unit having a slide rod anchored to one of said foot portion
      and leg portion and an elongated housing slideably receiving said rod
      anchored to the other of said foot portion and leg portion, said housing
      having a continuous resilient member therein and said rod having a pair of
      collar means fixed thereon at axially spaced positions adapted to
      operatively engage opposite ends of the resilient member whereby the
      entire continuous extent of the resilient member yieldingly resists axial
      movement of the rod relative to the housing.
NUM  19.
PAR  19. The ski boot of claim 18 further including means for quickly releasing
      the connection unit from the ski boot.
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ABST
PAL  A rear entry ski boot which includes a vertical beam member which, when the
      boot is in the closed position, provides rigid support for an adjustable
      and pivotable cuff assembly, which supports the back and sides of the leg
      of the person wearing the ski boot.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 450,547 filed Mar. 13, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ski boots formed of relatively rigid plastic materials have been available
      for a number of years. A more recent trend is to provide ski boots of a
      more flexible nature to allow increased comfort to the wearer. However,
      some skiing techniques, including for example, the technique employed by
      racers and others, require that the rear portion of the skis be weighted
      during skiing. In order to accomplish the weighting of the rear skis, it
      is necessary for the skier to lean back. If a relatively soft flexible
      boot is worn, it is difficult to exert the desired degree of pressure on
      the rear of the skis without danger of falling. This suggests the
      desirability of a boot having means to allow for proper weighting of the
      skis even in instances where the boot is fabricated from a relatively soft
      plastic material. Further, it is desired to have a ski boot which is
      adapted to adjustably increase the pressure on the heel and Achilles
      tendon of the wearer and also to provide a boot with means to cant the leg
      of the wearer relative to a ski.
PAC  SUMMARY OF THE INVENTION
PAR  The invention disclosed and claimed herein serves to provide the desired
      features for a boot. The present invention relates to ski boots, and more
      particularly to a rear entry ski boot having a vertical beam member with a
      cuff assembly which is pivotally attached to the upper portion of the beam
      member. The cuff members of the cuff assembly are adapted to support the
      back and sides of the wearer's leg so as to exert uniform pressure on the
      skier's leg.
PAR  The boot provides for a rigid beam member, at the rear of the ski boot,
      which beam member is firmly attached to the vamp, when the boot is in the
      closed position. A cuff assembly is attached to the upper end of the beam
      member. The cuff assembly comprises pivotable cuff members which support
      the back and sides of a wearer's leg and thereby enable the ski boot
      wearer to lean back and exert pressure on the cuffs, which pressure is
      transmitted through the beam and boot to the back of the skis without
      shifting the skier's center of gravity sufficiently to cause him to fall.
PAR  Adjustment means are provided, in connection with the beam member, whereby
      the fit and position of the wearer's foot within the ski boot can be
      adjusted conveniently. Preferably the beam member of the present invention
      is applied to a ski boot which includes provisions for adjusting the flex
      of the boot which is generated by the force of the skier's ankle when the
      skier is in a forward lean position. A boot having an adjustable flex
      means is described, for example, in U.S. Pat. No. 3,848,347.
PAR  The rigid beam structure of the present invention preferably is combined
      with a flexible type of ski boot. Thus the present invention can be
      adapted for use in a ski boot which provides a measure of comfort to the
      wearer, but which will permit the skier to properly weight the back of the
      skis when necessary in skiing. Further, since the cuff members may be
      individually and laterally adjusted relative to each other, the boot of
      the present invention provides an adjustable canting means.
PAR  Further, the present invention contemplates the use of an adjustable
      fitting mechanism which comprises a screw member which adjusts the
      position of the rear tongue of the ski boot. This provides a convenient
      means of adjusting the fit of the boot as is required for a particular
      skier to meet any conditions.
PAR  The ski boot of the present invention is adapted to be provided with a
      suitable liner and wax fitting system such as the liner fitting system of
      the type described in U.S. Pat. No. 3,798,799.
PAR  Moreover the present boot is adapted to be provided with interchangeable
      backs of the type described in U.S. Pat. No. 3,803,730. It is preferred to
      use the beam member of the present invention with boots of type which
      permit entry from the rear, as is disclosed and described herein, but it
      will be understood that other types of boots and liners may be utilized in
      connection with the invention disclosed and claimed herein.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the herein claimed invention will be had by
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a side elevational view of the right side of a right ski boot of
      the present invention;
PAR  FIG. 2 is a rear elevational view of the ski boot of the present invention;
PAR  FIG. 3 is a side elevational view, taken in section along line 3--3 of FIG.
      2, showing the inside (or left) half of a boot for the right foot;
PAR  FIG. 4 is a top view of the boot, taken in section along line 4--4 of FIG.
      1;
PAR  FIG. 5 is a partial, rear elevational view showing the incorporation of the
      preferred embodiment of the beam member in the ski boot of the present
      invention;
PAR  FIG. 6 is a partial, side elevational view taken in section along the line
      6--6 of FIG. 5, showing the left half of a boot for the right foot,
      incorporating the preferred embodiment of the beam member in the ski boot
      of the present invention; and
PAR  FIG. 7 is a partial top view of the boot taken in section along line 7--7
      of FIG. 5, showing the preferred embodiment of the beam member in the ski
      boot of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and more particularly FIGS. 1 and 3, there is
      shown a ski boot 10 which includes a rigid sole 12 which is adapted to
      engage ski bindings. Attached to the sole 12 is a vamp 14, into which a
      liner or padding member 28 is positioned for movement relative to vamp 14.
      Member 28 is adapted to receive the foot of the skier. The vamp has a rear
      opening 16, which allows entry of a skier's foot, at least partially, from
      the rear. Preferably rear opening 16 extends substantially to the floor 18
      of the vamp where the foot of the skier normally rests, in juxtaposition
      with the liner member 28.
PAR  As is shown in the drawings, it is preferred that the vamp 14 comprise an
      adjustable flexible front structure 19, including front member 46, of the
      type described and claimed in U.S. Pat. No. 3,848,347.
PAR  A rear tongue member 20 is pivotally attached to vamp 14, contiguous to the
      lowermost portion of rear opening 16. In the preferred embodiment, the
      tongue includes an extension 22, affixed to the lowermost portion of said
      tongue 20. Preferably, extension 22 is adapted to engage a slot in vamp
      floor 18. The extension 22 preferably includes a lug 24 which is adapted
      to engage a corresponding notch in the floor 18 of the vamp, whereby the
      tongue 20 is pivotally, and removably, locked to the vamp 14. By this
      arrangement, tongues of various configuration, height and structure may be
      interchanged, as is described and claimed in U.S. Pat. No. 3,803,730.
PAR  Beam member 30, which forms an essential element of the present invention,
      is mounted to the rear of tongue member 20. Beam member 30 which can be
      made of aluminum or other suitable material is fastened at one of its ends
      the tongue 20 at pivot 32 by any suitable means. As is shown in FIG. 6,
      the beam member 30 may be pivoted in a slot 33 about pivot 32', or as is
      shown in FIG. 3, it may be simply pivoted around pivot 32. As is shown in
      FIGS. 1 and 2, the beam member is prevented from shifting laterally by
      beam engaging projections 26, which project from tongue member 20 and
      which fixedly position beam member 30.
PAR  In the preferred embodiment, shown in FIGS. 5, 6, and 7, beam member 30'
      includes a pair of wing extensions 31, which extend under the rear
      portions or flaps of the vamp 14. Preferably, the wing extensions 31 are
      located at about the level of the upper cable clamp 64' and upper buckle
      closure 66', as is shown in FIG. 5. As can be clearly seen in FIG. 7, the
      wing extensions 31 extend under the flaps of vamp 14 where they are
      disposed between the tongue 20 and the rearmost extensions of the vamp 14
      on which the upper closure means 62' is mounted. The wing extensions 31
      serve to support the closure means and prevent the closure means from
      being canted inwardly, in which instance the closure means may be forced
      open. When beam member 30' includes wing projections 31, beam engaging
      projections 26 may be eliminated, if desired.
PAR  Beam member 30, preferably, extends above the uppermost point on vamp 14
      although the height of beam member 30 may be either greater or less than
      the height of the vamp 14. As shown in FIG. 3, beam member 30 extends
      beyond the end on top of tongue member 20. Tongue member 20 preferably
      extends in height to a position where it is located, when the boot is
      closed, approximately midway between cables 63 on buckle closure 60.
PAR  At the upper end of beam member 30 there is located upper pivot point 34
      through which horizontal screw 36 is positioned to engage cuff assembly
      38. Cuff assembly 38 preferably includes an inner cuff 40 and an outer
      cuff 42. Cuffs 40 and 42 are asymmetric both as to length and thickness in
      order to control the flexibility thereof and control the support rendered
      to the rear-side of the wearer's leg. Generally it is contemplated that
      inner cuff member 40 be longer and less flexible or more rigid, in order
      to give greater support when the skier edges the inside edge of the ski.
      The cuff assembly is padded or lined with cuff padding 44 which is part of
      the unitary liner member 28. If desired, however, a separate padding or
      liner could be utilized with the cuffs 40, 42. Cuff padding 44 preferably
      is adapted to overlap and cooperate with the front padding 48 in order to
      provide padding completely around the wearer's ankle. It is preferred to
      use a one piece padding assembly 28, as is shown in FIG. 1, in order to
      permit movement of the padding assembly, with respect to the vamp, and
      thereby avoid chaffing of the skier's leg as the boot 10 is flexed during
      skiing.
PAR  The use of horizontal screw 36 at the upper end 41 of beam member 30
      permits inner and outer cuff members 40 and 42 to be individually and
      laterally adjusted to accommodate legs of different width. Additionally,
      adjustable lateral movement of cuff members 40, 42 assists in providing
      the proper cant of the leg of the ski boot wearer realtive to the ski.
      Each cuff member can be moved independently of the other by turning the
      cuff member along threaded screw 36.
PAR  The boot of the present invention includes closure means 60. Preferably,
      the closure means include both an upper and lower closure means. Upper
      cable 62, which includes cable portions 63, is held by upper clamp 64 and
      is adapted to engage upper buckle 66. Lower cable 68, held by lower clamp
      70, is adapted to engage lower buckle 72.
PAR  Because beam member 30 is locked into a substantially fixed relationship
      with sole 12 when closure means 60 is secured, the location of the cuff
      assembly pivot point 34 is substantially rigidly fixed with respect to the
      sole 12 of the boot. Cuff assembly 38 is pivotally affixed to beam member
      30 at pivot point 34, whereby cuff members 40, 42 can move relative to
      beam member 30.
PAR  When wing extensions 31 are employed as shown in FIG. 7 and the boot is in
      the closed position, the extensions 31 extend between rear tongue 20 and
      the rear portion of the vamp 14 and underlie the closure members, i.e.,
      clamp 64' and buckle 66'. When cable 62' is engaged in buckle 66' and
      tension is taken on cable 62', the presence of the wing extensions 31
      thereunder prevents the rear portions of the vamp 14 from canting or
      rotating inwardly. Additionally, extensions 31 serve to hold beam member
      30 in a fixed position, and preclude the beam from lateral movement in a
      manner shown in FIGS. 1 and 2.
PAR  As can be seen from the drawings, and particularly FIGS. 1 and 3, cables 62
      and 68 are drawn across the rear portion of beam member 30 when the boot
      is in the closed position. When the cables 62 nd 68 are held under tension
      by buckles 66 and 72, beam member 30 is connected to vamp 14 and is firmly
      held in position relative to vamp 14 and sole 12. A skier, skiing in boot
      10 of the present invention, can exert backward pressure on cuffs 40, 42
      of cuff assembly 38, which will pivot about the longitudinal axis of screw
      36 without substantial movement of beam member 30 and tongue member 20.
      The wearer of the ski boot of the present invention is also able to lean
      in a forward direction because of the adjustable forward flex feature
      shown in FIG. 1 and described in U.S. Pat. No. 3,848,347.
PAR  As will be clear from the drawings, the amount or angle of forward lean of
      the cuff, with respect to the sole, can be adjusted by tightening or
      loosening the upper closure means 60 and particularly cable 62, clamp 64
      and buckle 66.
PAR  In the embodiment shown in FIG. 3, beam member 30 includes a threaded
      member 50 which bears against pressure plate 52 which is partially
      embedded or molded in the rear 19 of tongue member 20. Member 50 having
      knurled knob 51 or other suitable turning means is adapted to be screwed
      into and out of beam 30, whereby end 53 can bear against plate 52. When
      screw 50 is turned to cause end 53 to bear on pressure plate 52, tongue
      member 20 will cause pressure to be increased on the back of liner 28 and
      the heel and Achilles tendon of the wearer. It is also expected that
      turning of screw 51 to increase the pressure on plate 52 will cause liner
      28 to be moved forward relative to the sole 12 of the boot thereby causing
      the foot of a skier to be shifted in the boot to increase the pressure on
      the top of the foot. Thus forward thrust on the rear portion of the liner
      28 is expected to provide a snugger, tighter fit for the wearer. Further,
      threaded member 50 screwed in beam member 30 serves to provide a means for
      adjustment in fit and flexibility. The adjustment can be readily and
      conveniently made while skiing without need of removing the boot from the
      foot of the wearer.
PAR  FIG. 6 shows a preferred embodiment of threaded member 50', which includes
      a flared member 53' which acts as the bearing surface on the inward end of
      threaded member 50'. In other words, threaded member 50' is inwardly
      terminated by flared member 53', and member 50' can comprise a
      conventional flat-head, threaded screw which is inserted in beam member 30
      from the inward side, and screwed toward the outward side. Preferably,
      however, a knurled knob 51' is fixed to the outer end of threaded member
      50' whereby threaded member 50' can be adjusted inwardly and outwardly.
      Flared member 53' is adapted to bear against plate 52' which may be
      embedded in the rear tongue member 20, in the same manner as is shown in
      FIG. 3.
PAR  It is desired, as is shown in FIG. 2, that the beam member 30 be
      approximately on the center line of the boot. The exact location of the
      beam laterally is controlled by the placement of the lower pivot point,
      32, and the wing extensions 31 or the beam engaging projections 26. The
      beam engaging projections 26, if used, help prevent any twisting of the
      beam member. In those cases in which a tongue member 20 is employed,
      additional beam engaging projections may be used at higher elevations, for
      example above the center line of the upper cable 62 and clamp 64 assembly.
PAR  As is shown in FIGS. 1, 2, and 3, retention cable 27, or a similar device
      may be used to affix the beam member to the tongue member. The retention
      cable 27 assures that the beam member 30 will stay within the confines of
      the beam engaging projections 26 of the tongue. Further, the retention
      cable 27 assists a skier in opening the boot, since it assures that when
      the beam member 30 is pulled rearwardly to open the boot, the tongue 20 is
      simultaneously pulled open.
PAR  As was mentioned above, it is preferred that the cuff assembly 38 be
      asymmetric, whereby there is more lateral stability to the inside of the
      boot than to the outside of the boot. Referring to FIG. 4, it will be
      noted that the distance A between the edge of cuff 40 and the edge of
      member 46 is shorter in length than the corresponding distance B between
      the edge of cuff 42 and the edge of member 46. This arrangement of the
      cuff assembly serves to provide the skier with more lateral freedom to the
      outside edge of the boot. Thus it is expected that a skier will be able to
      flatten his uphill ski, which would be difficult if his leg is too
      specifically contained. Lateral stability on the inside of the boot will
      serve to promote ease of edging the inside edge of the ski.
PAR  Preferably the ski boot of the present invention employs a one-piece liner
      28, which is not glued to vamp 14, cuff assembly 38, rear tongue 20 or
      member 46. The one-piece liner helps to keep snow out, particularly from a
      boot structure which has an adjustable forward flexing means, and is shown
      in the drawings. Further, it has been found that a one-piece liner gives a
      greater continuity of fit and control over a wide range of sizes. The
      liner is adapted to move relative to vamp 14. This eliminates a gluing
      operation which serves not only to reduce the costs of assembly, but it
      also reduces chaffing of a skier's leg on the liner as the boot is flexed
      while skiing.
PAR  As seen more clearly in FIGS. 3 and 4, liner 28 has portions 80, 82 wrapped
      within outer portions 90, 92, respectively. This wraparound feature of at
      least the top portion of the liner assists in keeping snow from entering
      the liner in the area where the liner extends beyond the top of vamp 14.
      Wrapping the liner in this manner serves to provide seals at 81, 91 as
      liner portions 80, 90 and 82, 92 contact each other.
PAR  Through the use of the cuff assembly 38, raised above the vamp of the boot,
      it is possible to use a softer material in the vamp than is used in the
      cuff assembly. Generally it is preferred to use polycarbonate or some
      other similar relatively inflexible material to fabricate the cuff
      members, while the vamp portion of the boot can be made out of softer
      materials such as flexible polyurethanes. The wing members of the cuff
      assembly may conveniently be attached to beam member 30 through the use of
      horizontal screw 36, with screw 36 being fixedly secured to beam member 30
      at the centermost portion of any suitable means. Those skilled in the art
      will recognize that various types of locking means may be used in
      connection with screw 36, to prevent excessive rotation or flopping of
      cuff assembly 38 about screw 36.
PAR  The use of rigid plastic materials in the cuff assembly permits the
      construction of cuffs which are thinner and lighter. Since the members can
      be made from thinner sections, it is expected that a lighter boot can be
      constructed.
PAR  Although the preferred embodiment contemplates mounting the beam member 30
      on the tongue member 20, those skilled in the art will recognize that the
      beam member may also be mounted on the vamp 14 or on the sole 12.
PAR  The forms of the invention herein shown and described are to be considered
      only as illustrative. It will be apparent to those skilled in the art that
      numerous modifications may be made therein without departure from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ski boot comprising:
PA1  a sole having a semi-rigid vamp attached thereto, said vamp having a rear
      opening;
PA1  a rigid beam member, positioned to the rear of said opening, said beam
      member being connected to said boot and being horizontally pivoted at one
      of its two ends on a lateral axis contiguous to the lowermost portion of
      said opening;
PA1  closure means adapted to fix said beam member with respect to said
      semi-rigid vamp; and
PA1  cuff assembly means pivotally attached to said beam contiguous to the
      remaining beam end, said cuff means being adapted to support the back and
      sides of the leg of a person wearing said ski boot.
NUM  2.
PAR  2. A ski boot as described in claim 1, wherein said cuff means comprise a
      pair of independently moveable cuff members attached to said beam member.
NUM  3.
PAR  3. A ski boot as described in claim 2, wherein said moveable cuff members
      are pivotable about a horizontal axis at the point of attachment to said
      beam member.
NUM  4.
PAR  4. A ski boot as described in claim 1, which includes a rear tongue mounted
      contiguous to the lowermost opening of the vamp, and interior of said beam
      member.
NUM  5.
PAR  5. A ski boot as described in claim 4, wherein said beam member comprises a
      pair of wing extensions disposed between said rear tongue and said vamp.
NUM  6.
PAR  6. A ski boot as described in claim 4, wherein the lowermost portion of
      said beam is affixed to said tongue, said tongue being affixed to said
      boot.
NUM  7.
PAR  7. A ski boot as described in claim 4, wherein said beam member includes a
      screw means for adjusting the position of said tongue member relative to
      said beam.
NUM  8.
PAR  8. A ski boot as described in claim 7, wherein said tongue member includes
      a pressure plate adapted to engage the screw member of said beam.
NUM  9.
PAR  9. A ski boot as described in claim 7, wherein said screw member is
      inwardly terminated by a flared member.
NUM  10.
PAR  10. A ski boot as described in claim 1, wherein said beam member exceeds
      the height of said vamp, when said boot is in the closed position.
NUM  11.
PAR  11. A rear entry ski boot comprising:
PA1  a rigid sole having a semi-rigid vamp attached thereto, said vamp having a
      rear opening therein extending adjacent to the floor of said vamp;
PA1  a liner means disposed with said boot;
PA1  a rigid beam member pivotally attached to said boot contiguous to the
      lowermost portion of said rear opening;
PA1  closure means adapted to fix said beam member with respect to said vamp;
      and
PA1  cuff means pivotally mounted on the upper portion of said beam member, said
      cuff means adapted to support the back and side of the leg of the wearer.
NUM  12.
PAR  12. A rear entry ski boot as described in claim 11, wherein said cuff means
      comprise a pair of independently moveable members attached to said beam
      member.
NUM  13.
PAR  13. A rear entry ski boot as described in claim 12, wherein said moveable
      cuff members are pivotable about a horizontal axis at the point of
      attachment to said beam member.
NUM  14.
PAR  14. A rear entry ski boot as described in claim 11, which includes a rear
      tongue member mounted contiguous to the lowermost opening of the vamp, and
      between said liner and said beam member.
NUM  15.
PAR  15. A ski boot as described in claim 11, wherein said beam member comprises
      a pair of wing extensions disposed between said rear tongue and said vamp.
NUM  16.
PAR  16. A ski boot as described in claim 15, wherein said wing members extend
      beneath said closure means.
NUM  17.
PAR  17. A rear entry ski boot as described in claim 14, wherein the lowermost
      portion of said beam member is affixed to said rear tongue.
NUM  18.
PAR  18. A ski boot as described in claim 14, wherein said beam member includes
      a screw means for adjusting the position of said tongue member relative to
      said beam member.
NUM  19.
PAR  19. A ski boot as described in claim 18, wherein said tongue member
      includes a pressure plate adapted to engage the screw member of said beam.
NUM  20.
PAR  20. A ski boot as described in claim 18, wherein said screw member is
      inwardly terminated by a flared member.
NUM  21.
PAR  21. A ski boot comprising:
PA1  a sole having a semi-rigid vamp attached thereto;
PA1  a rigid beam member extending above said vamp and fixed to said vamp;
PA1  said beam member being laterally centered and positioned forward of
      vertical in the direction toward the front of the boot;
PA1  cuff means pivotally attached to the uppermost portion of said beam member,
      said cuff means adapted to support the back and sides of the leg of a
      person wearing said ski boot; and
PA1  closure means adapted to position said beam member in a fixed position
      relative to said vamp.
NUM  22.
PAR  22. A ski boot as described in claim 21, wherein said beam member comprises
      wing extensions which extend under said closure means.
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ABST
PAL  In the heel of a shoe is a cavity in which the end of a leaf spring is
      coiled around and anchored in a fixed pin biased so that the leaf spring
      is normally urged away from the adjacent portion of the heel. The leaf
      spring is at an incline downwardly and rearwardly along an inclined bottom
      surface of the heel and has on it a complemental portion of the heel. The
      leaf spring is held against said inclined surface by a pivoted lever which
      latter is pressed by a coil spring around its pivot against the leaf
      spring thereby to press the leaf spring against the inclined surface of
      the heel. The lever is covered by a complemental heel portion. Between the
      lever and the adjacent forward part of the heel is a compressible filler
      which in this illustration is sponge rubber to fill the space therewith. A
      latching device is provided in the cavity to latch the lever in the raised
      position until the leaf spring has completed its downward cycle. A release
      device in the cavity connected to the leaf spring is provided to release
      the latching device when the leaf spring is in its downstroke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Applicant is aware of several spring devices in the heels or on the soles
      of shoes for various purposes such as Kells U.S. Pat. No. 2,545,419;
      Wallach U.S. Pat. No. 2,508,318; and also U.S. Pat. No. 2,555,654; U.S.
      Pat. No. 413,693; U.S. Pat. No. 1,021,142, and U.S. Pat. No. 1,160,756.
PAR  The primary object of this invention is that when the person puts his
      weight on the heel then a leaf spring is freed to exert force against the
      ground and thereby assist in the raising of the heel as the weight of the
      person is shifted toward the sole, means being provided to return the leaf
      spring to the initial position when the lift is completed. Another object
      of the invention is to provide such a device for assisting in the lifting
      of the heel which is compactly arranged in a cavity of the heel.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side view of a shoe showing the heel in position before the
      weight of the person is shifted to the heel of the shoe, the leaf spring
      being held retracted.
PAR  FIG. 2 is a cross-sectional view showing the heel lift in retracted
      position.
PAR  FIG. 3 is a side view showing the heel lift in the extended position.
PAR  FIG. 5 is a developed view of the parts of the heel lift on the heel.
DETD
PAC  DETAILED DESCRIPTION
PAR  The shoe 1 has a sole 2 and a heel 3. The heel has a cavity 4 therein. A
      bottom portion of the heel from the cavity toward the rear 6 of the heel
      is cut away to form a downwardly and rearwardly inclined surface 7. An
      anchor pin 8 is extended across the cavity 4 transversly of the heel. A
      spring coil 9 is anchored on the pin 8. A leaf spring 11 extends from the
      spring coil 9 so biased as to urge the leaf spring 11 away from the
      inclined surface 7. A complemental heel portion 12 on the leaf spring 11
      complements the heel from the inclined surface 7 to its bottom level.
PAR  A lever 13 is pivoted on a pin 14 which latter covers the cavity 4 below
      the anchor pin 8. The pivot pin 14 extends through a boss 16 on the lever
      13, bearing face 17 of the boss 16 is engaged by a coil spring 18. The
      incline of the bearing face 17 and the bias of the coil spring 18 is such
      as to urge the lever 13 around the pivot 14 against the leaf spring 11
      thereby to hold the leaf spring 11 against the inclined heel surface 7, as
      shown in FIG. 2. The coil spring 18 is nested in a pocket 19 in the side
      of the cavity 4 opposite the bearing face 17. The lever 13 has thereon a
      complemental heel strip 21. The forward end of the lever 13 is spaced from
      the adjacent bottom wall 22 of the heel by a compressible filler 23, such
      as sponge rubber.
PAR  A releasible latching device for the lever 13 includes a finger 24 which
      extends from the inner end of the bearing face 17 near the top of the boss
      16. A pawl 26 is pivoted on a spring pivot 27 and is normally urged by the
      spring pivot 27 toward the finger 24. The lower face 28 of the pawl 26
      forms a cam surface which initially is abutted by the finger 24 as shown
      in FIG. 2. When the lever 13 is rocked in a clockwise direction viewing
      FIG. 2 into the position shown in FIG. 4 the finger 24 bears on the cam
      surface 28 and pushes the pawl 26 away and enters into a keeper recess 29
      thereby to be locked in it and hold the lever 13 temporarily in the leaf
      spring releasing position.
PAR  As the leaf spring 11 is released and moves from the position shown in FIG.
      2 into the position shown in FIG. 4, thereby to aid in lifting the heel, a
      releasing mechanism pulls the pawl 26 around the spring pivot 27 so as to
      release the finger 24 thereby to allow the coil spring 18 to return the
      lever 13 into the initial locking position shown in FIG. 2.
PAR  The release mechanism includes a line 31 one end of which is secured to an
      ear 32 on the leaf spring 11 the other end of which is secured in a hole
      33 of the pawl 26 above the spring pivot 27. The line 31 is played around
      a guide pulley 34 in the cavity 4. When the leaf spring 11 moves toward
      the position shown in FIG. 4, the line 31 is pulled downward and rocks the
      pawl 26 away from the finger 24 and releases the lever 13 which allows the
      coil spring 18 to return the lever 13 to its initial position bearing
      against the leaf spring 11. For this purpose the coil spring 18 is
      considerably stronger than the spring coil 9 of the leaf spring 11 so that
      the leaf spring 11 can move away from the slanted surface 7 only when the
      person places his weight on the forward portion of the heel thereby to
      rock the lever 13 into the position shown in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lifting device for a heel, having a bottom,
PA1  a first movable heel portion on said bottom,
PA1  a second movable heel portion on said bottom,
PA1  said heel portions complementing the bottom of the heel,
PA1  first resilient mounting means related to said first movable heel portion
      biased to urge said first movable heel portion away from said bottom
      thereby to aid the lifting of the heel,
PA1  second resilient mounting means related to said second movable heel portion
      and related to said first movable heel portion so as to initially urge
      said second movable heel portion to resist the bias of said first
      resilient mounting means and to urge said first movable heel portion
      toward said bottom,
PA1  latching means on said heel actuated by movement of said second movable
      heel portion under pressure of weight on the heel so as to render said
      second resilient mount means inoperative,
PA1  and releasing means on said heel actuated by the downward movement of said
      first heel portion to release said latching means, thereby to release said
      second resilient means for urging said first heel portion toward said
      bottom.
NUM  2.
PAR  2. The lifting device for a heel specified in claim 1, and
PA1  said first resilient mounting means including a pivotal support for said
      first movable heel portion, and said first movable heel portion being
      pivotably movable about said pivotal support.
NUM  3.
PAR  3. The heel lifting device specified in claim 1, and
PA1  said seocnd resilient mounting means including a pivot support for said
      second complemental heel portion.
NUM  4.
PAR  4. The heel lifting device specified in claim 1, and
PA1  said first resilient mounting means including a leaf spring anchored in
      said heel, so as to urge said first movable heel portion away from said
      bottom.
NUM  5.
PAR  5. The lifting device specified in claim 4, and
PA1  second resilient mounting means including a pivoted lever pivoted in said
      heel, and
PA1  a spring stronger than said leaf spring urging said second pivoted heel
      portion toward said bottom and against the action of said leaf spring.
NUM  6.
PAR  6. The heel lifting device specified in claim 1 and,
PA1  said heel having a cavity therein,
PA1  an inclined bottom surface of said heel extending from said cavity toward
      the rear of the heel,
PA1  said first complemental heel portion being complemental and engaged with
      said inclined surface,
PA1  said first resilient mounting means being mounted in said cavity to support
      said first movable heel portion in abutment with said inclined surface,
PA1  said second resilient mounting means including
PA1  a pivot support in said cavity and on said second movable heel portion,
PA1  said second resilient mounting means urging said second movable heel
      portion about said pivotal mounting against said first resilient mounting
      means to resist the action of the latter.
NUM  7.
PAR  7. The heel lifting device specified in claim 1, and
PA1  said heel having a cavity therein,
PA1  an inclined surface of said bottom extending from said cavity toward the
      rear of the heel,
PA1  an inclined surface on said complemental heel portion abutting said
      inclined surface,
PA1  said first resilient mounting means including a spring anchored in said
      cavity and connected to said first movable heel portion so as to normally
      urge said first movable heel portion away from said inclined surface,
PA1  said second resilient mounting means including
PA1  a mounting pivot in said cavity for pivotally supporting said second
      movable heel portion,
PA1  a second spring bearing against said second movable heel portion so as to
      urge said second movable heel portion toward said bottom and into
      engagement with a part of said first movable heel portion,
PA1  said second spring being stronger than said first spring so as to resist
      the action of said first spring.
NUM  8.
PAR  8. The heel lifting device specified in claim 7, and
PA1  said first spring being a leaf spring urging said first movable heel
      portion toward said inclined surface,
PA1  said latching means including
PA1  an element extended from said second movable heel portion into said cavity,
PA1  a pawl resiliently pivoted in said cavity engageable with said element when
      said second movable heel portion is pressed inwardly of said cavity, so as
      to free said first movable heel portion,
PA1  and said releasing means including a connecting element between said pawl
      and said leaf spring for turning said pawl for releasing said first
      element when said first movable heel portion is extended away from said
      inclined surface.
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PAL  A pendulum brake for cushioning pendulum movements, especially for grab
      buckets of hydraulically operable earth dredges in which the pendulum
      brake is arranged at the free end of the shank. A grab bucket holder and a
      drum are by means of fitting keys non-rotatably connected to a bolt which
      serves as shaft and is rotatably journaled in bearings at the free end of
      the shank. The drum cooperates with two clamps provided with brake linings
      while the clamps embrace the drum and by means of a clamping screw and
      dish springs exert a pressure upon the drum.
BSUM
PAR  The present invention relates to a pendulum brake for cushioning the
      pendulum movements of grab buckets of hydraulically operated earth dredges
      with a mounting at the free end of the shank.
PAR  The heretofore known pendulum brakes are arranged in the grab bucket
      suspension. By means of this type of mounting a pendulum movement of the
      grab bucket in transverse direction is to be braked. Such pendulum brakes
      designed as multiple disc brakes are arranged in front of the suspension
      and work in conformity with the principle of the axial friction increase.
      Such arrangements frequently impede the working in narrow spaces and due
      to their shape and arrangement can be employed only for cushioning the
      pendulum movements in a direction transverse to the carrier vehicle.
PAR  It is, therefore, an object of the present invention to provide a pendulum
      brake, especially for grab buckets, which will obviate the above outlined
      drawbacks.
PAR  It is a further object of this invention to provide a pendulum brake as set
      forth in the preceding paragrah, in which the pendulum movements of the
      grab bucket are cushioned and braked in a longitudinal direction with
      regard to the carrier device so that the working in narrow ditches,
      shafts, cuts and in the vicinity of fixed walls will be possible without
      the danger of damaging the tool or the building-up of the respective
      building site.
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a side view of a grab bucket suspended in conformity with the
      invention at the shank end of an earth dredge.
PAR  FIG. 2 is a side view of the pendulum brake according to the invention
      mounted on the end of the shank.
PAR  FIG. 3 is a front view of the pendulum brake mounted on the shank end.
PAR  FIG. 4 is a side view of the drum employed in connection with a braking
      action.
DETD
PAR  The above outlined objects have been realized according to the present
      invention by mounting a grab bucket holder and a drum nonrotatably by
      means of fitting keys on a bolt which serves as shaft and which is
      rotatably journaled in bearings at the free end of the shank while said
      drum cooperates with two clamps provided with brake linings which clamps
      extend around the drum and by means of a clamping screw and dish springs
      exert a predetermined pressure upon the drum.
PAR  According to a further development of the invention, the clamps are mounted
      in pivot points provided at the free ends of links while said links are
      nonrotatably connected to the shank at a pivot point.
PAR  According to a further development of the invention, the drum employed for
      the braking of the pendulum movement comprises two sections with clamping
      blocks connected thereto which latter by means of hexagonal screws are
      clamped around the bolt serving as shaft and said keys.
PAR  The advantage of the device according to the invention consists in that it
      permits a wide dosing or control of the desired braking of the pendulum
      movement, and furthermore consists in that the device is installed in such
      a protective manner that also in a very narrow space all operations
      necessary for carrying out the desired movements can be carried out by the
      tool in an unimpeded manner.
PAR  Referring now to the drawings in detail, at the free end of the shank 1 of
      a non-illustrated earth dredge, the grab bucket 4 is by means of a grab
      bucket holder 3 suspended at the pivot point 2 (FIG. 1). The grab bucket 4
      is adapted to carry out pendulum movements about the axis 5 in a direction
      transverse to the driving direction. The pendulum brake 6 is at the pivot
      point 2 journaled in the forked structure of the shank 1. By means of the
      pendulum brake 6, the pendulum movements are braked, i.e., cushioned, in
      the longitudinal direction of the non-illustrated carrier vehicle. The
      brake 6 is by means of the bolt 7 serving as shaft journaled at the pivot
      point 2 at the free end of the shank 1. Keys 8 are inserted into the bolt
      7 by means of which keys the drum 9 composed of the two drum sections 9a
      and 9b and the links 3a and 3b of the grab bucket holder 3 are secured
      against turning. By means of the bearing blocks 11a and 11b and by means
      of the bolts 12a and hexagonal nuts 12 the two drum sections 9a and 9b are
      clamped onto the bolt 7. Two links 14 are journaled at the bearing point
      13 and have the pivot points 15 and 16 arranged at the free ends of said
      links 14. The clamps 17 and 18 are journaled at the pivot points 15 and 16
      and embrace the two drum sections 9a and 9b while exerting predetermined
      pressure against the drum 9.
PAR  Clamp means 17, 18 include clamping screw means 19 and also nut and sprin
      means 20 as indicated in FIG. 2. There are plates or straps 3a and 3b
      welded onto the grab bucket holder 3 and these are provided at the free
      ends thereof with bores 3c and 3d. By means of the bolt 3e, the retaining
      or holding means 3f are rotatably journalled on which the plate 3g is
      fastened which serves for receiving the gripper, grasping or grab bucket
      4.
PAR  If the brake linings 21 and 22 which are connected to the clamps 17 and 18
      are worn, the said pressure may be varied. By unfolding the clamps 17 and
      18, an easy exchange of the brake linings 21 and 22 is possible. The
      mounting of the pendulum brake 6 is effected by means of the bearing areas
      23 (FIG. 3) and at the front fork-shaped end of the shank 1.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination with a dredge having shank forming means with a free end
      thereof, bearing means forming bearing supported by said free end, and a
      bolt rotatably journaled in said bearing means; a pendulum brake which
      includes: a grab bucket holder non-rotatably connected to said bolt, brake
      drum means likewise non-rotatably connected to said bolt, two clamping
      arms embracing said drum means and provided with brake lining means for
      frictional engagement with said drum means, and adjustable means
      associated with said clamping arms and operable to adjust said arms
      relative to said drum for causing said lining means to exert a desired
      pressure upon said drum means.
NUM  2.
PAR  2. An arrangement in combination according to claim 1, which includes key
      and groove means connecting said grab bucket holder and said drum means to
      said bolt.
NUM  3.
PAR  3. An arrangement in combination according to claim 1, in which said
      clamping arms include clamping screw means extending through said arms,
      and also includes nut and spring means associated with said screw means.
NUM  4.
PAR  4. An arrangement in combination according to claim 3, which includes two
      pivot means arranged at the outer free end of said shank forming means and
      pivotally supporting one end of each of said two arms, the opposite ends
      of said two arms having said clamping screw means associated therewith.
NUM  5.
PAR  5. An arrangement in combination according to claim 2, in which said drum
      means comprises two separate sections each being provided with two
      clamping blocks having bores therethrough with the bores of one section
      being arranged in axial alignment with the respective bores of the other
      section, and connecting bolts respectively extending through said bores
      and clamping said drum means onto said bolt.
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ABST
PAL  A hydraulically controlled and driven dredge, in which the pumps for
      delivering the driving fluid for the bucket wheel drive are equipped with
      output controls for controlling the fluid delivery in conformity with the
      encountered digging resistance and that a control conduit branched off
      from a pressure conduit leading to a hydraulic motor for driving the
      bucket wheel is connected to an output limiting valve located in a control
      circuit which includes an adjusting device connected through conduits to a
      manually operable control for varying the delivery and the delivery
      direction of the pump for actuating the hydraulic motor for pivoting the
      upper structure of the dredge. The fluid delivery of the pumps to the
      hydraulic motor employed for driving the track laying mechanism being
      conveyed to the hydraulic motor for driving the bucket wheel when the
      track laying mechanism is not to be operated.
PARN
PAR  This is a continuation-in-part of co-pending application Ser. No.
      371,135-Heusler et al filed June 18, 1973 (Monday) and now abandoned.
BSUM
PAR  The present invention relates to a hydraulically controlled and driven
      bucket wheel dredge with hydraulic circuits comprising adjusting pumps and
      hydraulic motors for the bucket wheel drive and for the drive for pivoting
      the bucket wheel boom and with hydraulically driven tracks in which each
      track chain has a hydraulic circuit of its own.
PAR  With a heretofore known bucket wheel dredge, the pivoting speed of the
      upper structure of the dredge and thereby of the bucket wheel boom is
      controlled electrically by making effective various resistance stages in
      conformity with the pivot angle of the bucket wheel boom in such a way
      that the pivoting speed increases in conformity with the chip depth when
      laterally pivoting during block operation. Aside from the fact that with
      this control arrangement the condition of the soil is not taken into
      consideration so that a uniform power absorption is not assured, with the
      heretofore known implement expensive drive and control elements are
      employed which are liable to disorders.
PAR  According to a further heretofore known bucket wheel dredge, an electric
      control is provided by means of which the pivoting speed depends not only
      on the chip depth decreasing during the pivoting operation but also
      depends on the conveying output. Such an electric control requires an
      electric drive of the entire implement. In view of the necessary control
      possibility, a Leonard-unit is required for transforming the high voltage
      polyphase alternating current into direct current. Such an electric drive
      is expensive and liable to disorders. Moreover, suddenly occurring changes
      in the condition of the soil and in particular obstacles, for instance, in
      the form of large rocks can with the described arrangement not be coped
      with at all or only when the operator pays additional attention.
PAR  It is, therefore, an object of the present invention to provide a
      hydraulically controlled and driven bucket wheel dredge which will
      overcome the above mentioned drawbacks and which will be able at lower
      construction costs and with reduced chance of disorders to control the
      operation of a bucket wheel dredge independently of the operator in such a
      way that also with varying digging resistance a substantially uniform
      digging output will be realized.
PAR  It is a further object of this invention to provide a bucket wheel dredge
      as set forth in the preceding paragraph, which even when encountering
      solid soil enclosures, as for instance large rocks, will prevent a jamming
      and damaging of parts of the bucket wheel dredge.
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 diagrammatically illustrates a side view of a bucket wheel dredge
      equipped with a hydraulic control according to the invention.
PAR  FIG. 2 illustrates the main portion of a hydraulic diagram with the
      elements of the control according to the invention.
PAR  FIG. 3 illustrates a portion of a hydraulic diagram similar to that of FIG.
      2 through modified with cam disc means.
PAR  FIG. 4 shows a limit switch arrangement for control of magnet valves.
PAR  FIG. 5 is a schematic illustration of the drive mechanism (pump).
PAR  FIG. 6 provides a constructive illustration of the pump.
PAR  FIG. 7 illustrates mechanical interconnection of double pump means and
      mechanical linkages therewith.
PAR  FIG. 8 represents schematically construction of a control device.
PAR  FIG. 9 represents the control characteristic thereof.
PAR  FIG. 10 represents cooperation of elements 44 and 43 in a schematic
      diagrammatic illustration.
DETD
PAR  The bucket wheel dredge according to the present invention is characterized
      primarily in that the pumps for the bucket wheel drive are provided with
      output governors which are influenced by the digging resistance of the
      bucket wheel and control the delivery quantity. The dredge according to
      the present invention is furthermore characterized in that a control
      conduit branching off from a pressure conduit which leads to the hydraulic
      motor for driving the bucket wheel is in communication with an output
      limiting valve. This output limiting valve is arranged in a control
      circuit which comprises a control device which is operable for controlling
      the quantity of the delivery and for changing the direction of the
      delivery and which through conduits communicates with a manually operable
      control and which pertains to a pump operating in a closed circuit for
      actuating the hydraulic motor for pivoting the upper structure. The dredge
      according to the invention is also characterized in that the delivery
      currents of the pumps employed for moving the dredge are conveyed through
      conduits to the hydraulic motor for the bucket wheel drive when the
      hydraulic motors for the track laying drive are not actuated.
PAR  In a further embodiment of the invention there is provided a manually
      operable control device 44 in place of a hand lever 44a, and the same
      becomes controlled by way of a cam disc means 44b which more or less
      strongly presses down two cams 44c and 44d projecting out of the manually
      operable control device 44; the control occurs corresponding to the pivot
      angle of the boom carrying the scoop or blade wheel.
PAR  Referring now to the drawings in detail, the bucket wheel dredge shown in
      FIG. 1 comprises an understructure 2 which is movable on track laying
      means 1. Pivotally mounted on the understructure 2 is the upper structure
      4 which supports the operator's stand or cab 3. The upper structure 4 is
      by means of a hydraulic rotary or turning drive 5 pivotable about a
      vertical axis 6. The bucket wheel boom 8 which carries the bucket wheel 7
      provided with buckets 7a has its rear end journalled in bearings 9 for
      pivoting in a vertical plane, the pivot bearing 9 being mounted on the
      upper structure 4. This pivoting in a vertical plane is effected by means
      of the hydraulic cylinder piston system 10. The drive of the bucket wheel
      7 is effected by means of a hydraulic rotary or turning drive 11. Mounted
      on the bucket wheel boom 8 is a conveyor belt 12 for withdrawing the
      dredged material. From the conveyor belt 12 the dredged material is
      conveyed to the conveyor belt 13 which is mounted on the discharge boom 14
      which latter is pivotable about the axis 6 relative to the upper structure
      4 in a horizontal plane and is also pivotable vertically by means of a
      hydraulic cylinder piston system 16 about the pivot point 15.
PAR  The hydraulic motor 20 pertaining to the hydraulic rotary drive 11 of the
      bucket wheel 7 is through conduits 24-27 and 29c and through the control
      valves 28a and 28b for supplying the hydraulic motors 30a and 30b and
      through conduits 29a and 29b in communication with the double pumps 21 and
      22. The turning-on and turning-off of the hydraulic motor 20 and the
      control of the pressure thereof are effected by means of the servo-valve
      controlled pressure limiting valve 34 with pressure relief through the
      two-way valve 23. The hydraulic motors 30a and 30b which are employed for
      driving the vehicle may, when desired, through conduits 31a -31d, control
      valves 28a and 28b (6/3-way or spool valves) and conduits 26 and 27 be
      connected to the pumps 21b and 22b. The deliveries of the pumps 21a, 21b;
      22a, 22b are in conformity with the produced pressure controlled from zero
      to the maximum pressure by the total output control devices 32, 33
      pertaining to these pumps.
PAR  The adjustment of pump 42 is effected by the control unit 43 which is
      associated with pump 42 and which operates in conformity with the
      principle of the pressure-sequence-control. In its zero position, the pump
      42 is controlled by centering springs 49a and 49b. The adjusting unit or
      control unit 43 is in communication with the source of pressure fluid 54
      through conduits 48a and 48b, the manually operable control device 44
      which varies the pressure in the control conduits 48a and 48b and through
      conduit 45. Independently of the manually operable control device 44, the
      control pressure conveyed through conduit 45 may be varied by means of the
      output limiting valve 46 which is adjustable in conformity with the
      pressure prevailing in the conduit 29c, this pressure being conveyed to
      the output limiting valve 46 through the connecting conduit 47.
PAC  Operation
PAR  It may be assumed that the speed of rotation of the driving machine 50 and
      thereby the speed of the pumps 21, 21b, 22, 22b and 42 connected through
      the transmission 51 with the driving machine 50 is constant. As long as
      the operator does not wish to drive the bucket wheel 7, the two-way valve
      23 of the servo-motor equipped pressure limiting valve 34 is in its
      control position I. In this position, the conduits 24-27 are through the
      valve 34 connected to the tank 52 is a pressureless condition. For moving
      the implement, the control valves 28a and 28b have to be moved out of
      their neutral position, depending on the desired driving direction. In
      this connection, the pressure oil delivered by the pumps 21b, 22b through
      conduits 26, 27 is after selected control position conveyed to the
      conduits 31a-31c. At the same time the supply to the conduits 29a and 29b
      is blocked. If it is desired to turn the bucket wheel 7 or to actuate its
      hydraulic motor 20, it is necessary to move the two-way valve 23 of the
      pressure-limiting valve 34 to the control position II. In this way the
      pressureless rotation of the double pumps 21 and 22 is blocked, and the
      pressure oil delivered by the pumps 21a, 21b, 22a and 22b passes through
      the common conduit 29c to the hydraulic motor 20 and, after performing the
      required work, passes in a pressureless manner to the tank 52. If, in view
      of an increased digging resistance the oil pressure increases in conduit
      29c, the total output controls 32 and 33 which through conduits 32a, 32b
      and 33a, 33b communicate with this pressure will reduce the delivery
      quantities of the double pumps 21 and 22.
PAR  The hydraulic motor 40 serving for pivoting the upper structure 4 is in
      communication with the pump 42 in a closed circuit through conduits 41a
      and 41b. The direction of delivery of pump 42 is reversible. When the
      manual control 44 occupies its neutral position, pump 42 will likewise
      occupy its neutral position which means that no pressure oil is conveyed
      in the conduits 41a and 41b. If now the operator moves the hand lever 44a
      of the manual control 44 from its neutral position by a turning movement
      toward the right or toward the left, the control oil oncoming through the
      conduit 45 from the pressure source 54 will, depending on the position of
      the hand lever 44a, pass either through the conduit 48a or through the
      conduit 48b to the adjusting unit 43. The control pressure prevailing in
      the conduit 48a or 48b is proportional to the shifting stroke of the hand
      lever 44a on the manual control 44. Consequently, also only a proportional
      movement of the adjusting unit 43 relative to the springs 49a and 49b
      occurs. In the bypass of the control conduit 45 there is provided an
      output limiting valve 46. This valve is through a control conduit 47 in
      communication with the conduit 29c leading to the hydraulic motor 20.
      Inasmuch as the resistance at the digging edges of the buckets 7a and
      thereby, in view of the output control of pumps 21 and 22, the speed of
      the bucket wheel 7 or the pouring speed is strongly dependent on the
      feeding speed, i.e. on the pivoting speed of the upper structure 4, a
      control of the pivoting speed in conformity with the digging resistance is
      expedient. This can be realized in conformity with the present invention
      by the pressure prevailing in conduit 29c bringing about an adjustment of
      the pressure setting valve of the output limiting valve 46 through conduit
      47. When the speed of rotation of the bucket wheel 7 and thereby the
      pouring speed decreases, the control pressure conveyed through the control
      conduit 45 will be reduced in proportion thereto in the output limiting
      valve 46. Thus, a superposition of the control of the control pressure
      effective from the pressure fluid source 54 to the adjusting unit 43
      occurs relative to the manual control 44. If the operator has shifted the
      lever 44a of the manual control 44 to its full extent, or in other words,
      if the pump 42 has been shifted to maximum delivery position, the
      reduction in pressure in the output limiting valve 46 brings about a
      return shifting of pump 42; this brings about a reduction in the delivery,
      which in turn means a reduction of the speed of rotation of the hydraulic
      motor 40.
PAR  To prevent that due to carelessness of the operator, the bucket wheel boom
      8 which carries the bucket wheel 7 will collide withh the dredge boom 14
      carrying the charging belt 13, the control outputs 48a and 48b may, by
      means of the limit switch (55 in FIG. 4) and the magnetic valves 53a, 53b,
      be made pressureless. This means a return shifting of pump 42 to its
      neutral position, in other words, an interruption of the pivoting
      operation. A moving out of this critical position is possible at any time
      by an opposite actuation of the hand lever 44a. Alternately, cam means
      44b, 44c and 44d of FIG. 3 can be used for this purpose. There can be seen
      that two cams 44c and 44d are brought forth out of the manual control
      emitter, and these cams are pressed more or less strongly between cam 44b
      according to engagement involved.
PAR  The control of the magnet valves 53a and 53b by way of limit switch 55 can
      be found in FIG. 4.
PAR  After a cut has been finished, the bucket wheel dredge must be advanced by
      the chip depth in working direction. To this end, it is necessary that the
      operator actuates the control slides 28a aand 28b. The pressure oil
      conveyed through conduits 26 and 27 will then be separated from the
      conduits 29a and 29b and will be brought into communication with the
      conduits 31a -31d, depending on the position of the control valves 28a and
      28b. An optimum maneuverability of the bucket wheel dredge will be
      realized by driving one chain of the track laying means 1 in forward
      direction and the other chain in the opposite direction. For obtaining the
      optimum power output when the bucket wheel 7 cuts into the soil and for
      simultaneously advancing, the pressures prevailing in the conduits 24-27
      are added up in the total output controls 32 and 33 that form cumulative
      output governors, shown by German Pat. No. 1,188,891-Eickmann dated July
      14, 1966, so that the speed of the bucket wheel 7 will also be influenced
      by the advancing resistance.
PAR  As will be evident from the above, the arrangement according to the present
      invention has over heretofore known bucket wheel dredges with change of
      the speed of the bucket wheel in conformity with the pivot angle and/or
      the delivery output the advantage of a constant optimum output utilization
      by simply ascertaining the pressures at the pumps which serve for driving
      the bucket wheel and the dredge.
PAR  U.S. Pat. No. 3,471,949-Cargile, Jr. issued Oct. 14, 1969 shows a device
      for influencing respectively varying the swing speed dependent upon
      excavating resistance by means of a loss regulation; such regulation would
      be known. In contrast, however, with the teaching of the present invention
      there is noted that there is provided automatic regulation free of losses
      both automatically as to the speed of the dredge or excavator wheel and
      also automatically without losses as to the swing speed dependent upon
      excavating resistance.
PAR  With U.S. Pat. No. 3,380,179-Schmidt issued Apr. 30, 1968, the concern,
      likewise, is with a cutting head excavator or dredge with which the swing
      speed is influenced dependent upon cutting or excavating resistance. For
      solution of this object, there is necessary a complex electrical and
      electronic control circuitry. The concern hereby is with an electric
      control with hydraulic drive mechanism or apparatus. In contrast, the
      teaching of the present invention expressly avoids the detour by way of
      electric control circuitry and utilizes the working pressure directly for
      control purposes. Thereby there is created a simple and readily
      serviceable and advantageous system that is infrequently subject to
      disturbances and disruptions.
PAR  U.S. Pat. No. 3,470,635-Langner et al issued Oct. 7, 1969 discloses an
      arrangement with which there is attained by way of a number of feelers
      independently of the hardness of the material to be removed (which means
      from the material characteristics only dependent upon the chip or removing
      depth to contain a continuous conveying quantity).
PAR  With U.S. Pat. No. 3,189,103-Attebo et al issued June 15, 1965 there are to
      be controlled two movements dependent upon a working resistance whereby
      the interrelationship of both circuits can be accomplished by way of a
      pressure cut-off valve which achieves the forward stroke movement upon
      attaining a predetermined maximum pressure. Basically, the concern is with
      two operating movements controlled independently of each other, which only
      become joined in this one previously set point not until after attaining
      the maximum pressure, but there cannot be recognized any pertinence of
      this reference relative to the teaching of the present invention.
PAR  The teaching of the present invention involves a hydraulic system
      concerning a completely operational and functional hydraulic plant
      providing novel features. The actuation of the regulating valve or control
      device 44 by way of a cam disc rather than by means of a lever 44a has
      been mentioned previously in this description; FIG. 3 shows the actuation
      of the regulating valve or control device 44 occurring by way of the cam
      44b. Normally, the operation of the valve or device 44 occurs by way of an
      operator and serves to influence the pivot direction and pivot speed.
      There is, however, conceivable that with predetermined working application
      of the excavator there should or must be undertaken certain automation as
      to the pivot procedure. In this case there must be provided a cam embodied
      to correspond to the desired function; this cam is arranged centrically as
      to the pivot axis so that during rotation of the upper structure there
      becomes determined or sensed a different curve or cam point with every
      angular position. By way of different height of the individual curve
      points there results accordingly a different actuating path for the
      control valve or device which leads to different swinging or traversing of
      the pump and leads accordingly to an angular positioning of the upper
      structure corresponding to the pivot speed. This construction previously
      was not set forth so that actually no detailed construction features
      pertaining thereto should be necessary with respect to the teaching of the
      present invention. The features of the present invention are applicable
      independently of such detailed construction features.
PAR  However, the foregoing clarification should aid in recognizing the relation
      to other components of the invention and mode of operation with respect to
      the cam. There is to be understood, however, that in accordance with the
      foregoing description the concern involves not only a manually operable
      control for varying the delivery and the delivery direction of the pump,
      but rather the control or regulation of the conveyed quantity or output of
      the pump also can occur automatically by means of the cam of which the
      turning or rotation becomes limited by way of abutments which are
      installed upon the upper structure. There is to be noted that this
      involves only an ancillary feature because the object and solution
      according to the present invention also can be resolved without such a
      detailed feature being taken into consideration.
PAR  The drawings in the present case illustrate parts 32 that should not be
      mistaken as conduits relative to the pumps 21a and 21b, but rather in
      actuality, there are involved linkages for control or regulation of the
      conveying quantity or output of the pumps. However, for clarification
      purposes the following additional statements are made and can be taken to
      belong to the basic knowledge in the field of hydraulic technology as a
      known precondition. The function of the delivery quantities or output of
      pumps 21 and 22 can be considered as a function of the summation output
      control or regulation thereof. The double pump means 21a and 21b
      respectively 22a and 22b consists of two axial piston pumps according to
      the pivot drum principle and becoming driven or operated in common by way
      of a drive means. The function of the pressure oil generation is apparent
      from FIG. 5. The piston path "h" and accordingly the conveyed volume
      become determined per rotation by way of the angle .alpha..
PAR  Consequently, by way of change of the angle .alpha. there can also be
      changed the conveyed volume since the cylinder drum is pivotally
      journalled together with the surrounding housing. The angle .alpha. can be
      easily changed from the outside as represented in the constructive
      illustration of the pump in FIG. 6. Parts of the pump are labeled in the
      drawings rather than using reference numeral designations therewith.
PAR  For the foregoing purpose, the control elements 32 respectively 33 of the
      present invention must engage against the pivot stud means 1a.sub.1 and
      1b.sub.1 as shown in FIG. 7. With a double pump with a summation output
      control the pivot studs 1a.sub.1 and 1b.sub.1 of both cylinders are drums
      mechanically connected with each other by means of a link 2. The control
      element, in this case a summation output control or regulator engages
      against this link 2. The control piston is embodied as a stepped piston 4
      with surfaces 4a and 4b being equal in magnitude or size. The control
      surface 4a is connected by way of a control conduit with the pressure
      conduit P.sub.2 of the pump 1b and the control surface 4b is connected
      with the pressure conduit P.sub.1 of the pump 1a. A control spring 3
      presses the pumps 1a and 1b as to a maximum pivot angle .alpha.. The same
      is so embodied that upon attaining the maximum pressure in the conduits
      P.sub.1 and P.sub.2 there becomes attained the minimum as to the magnitude
      of the pivot angle .alpha.. There becomes utilized accordingly the
      summation of the pressures in the conduits P.sub.1 and P.sub.2 as the
      control or regulating magnitude. If there prevails for example the maximum
      pressure only in the conduit P.sub.1 while in the conduit P.sub.2 the
      pressure is equal to zero, so both pumps become pivoted only into an angle
      position expressed mathematically as:
      ##EQU1##
PAR  With the pump 42 the concern in any event involves an axial piston pump
      according to the pivot drum principle in accordance with FIGS. 5 and 6.
      With the regulator 43 with the springs 49a and 49b the concern is with a
      control pressure dependent hydraulic servo-regulator. The valve or control
      device 44 serves for regulation and control of the control pressure. This
      valve or control device becomes superimposed by way of the hydraulically
      regulated pressure control valve 46. The control pressure necessary for
      control or regulation of the valve or control device 46 becomes determined
      by way of the conduit 47 out of the pressure conduit 29c leading to the
      scoop or bladed-wheel motor 20. The magnetcontrolled valve means 53a and
      53b serve as emergency switch-off means; if the same become actuated, so
      the control pressure existing in the chambers pertaining to the springs
      49a and 49b collapses so that the springs bring the pump 42 into the pivot
      angle .alpha. = 0.degree.; accordingly there occurs no conveying or output
      of the pump 42. In FIGS. 2 and 3 there have been illustrated very strongly
      simplified illustrations or representations of the control elements. In
      order to provide a better understanding, the following additional
      statements are made with respect thereto.
PAR  FIG. 8 represents a schematic illustration of the configuration of the
      control valve or device 44 and in FIG. 9 there is illustrated the control
      characteristic thereof.
PAR  FIG. 10 schematically illustrates the cooperation of the elements 44 and
      43. The operational sequence thereof can be described as follows:
PAR  The pressure means source 54 generates a constant pressure of p = 50 bar.
      This pressure exists in the chamber 105 and before the jets or nozzles
      107, 108, 109 and 110 and accordingly also in the chamber 101 and 104. The
      conduit 45 becomes blocked by way of the valve or control means 46. If the
      valve or control device 44 is in its neutral position, so the oil flowing
      through the jets 108 and 109 flows by way of the conduits 44a and 44b and
      by way of the valve or control device 44 in a pressureless manner to the
      tank; the control piston 106 is pressure equalized.
PAR  If now the manual lever 44a of the valve or control device 44 is pivoted to
      the right for example, so correspondingly the pressure rises in the
      conduit 48a as to the path of deviation or outward pivoting (see FIG. 9).
      The control piston 106 becomes shifted toward the left, and hereby the
      pressure means from the pressure means source 54 can reach into the
      chamber 49b while the chamber 49a  becomes relieved or discharged with
      respect to the tank. The pump 42 becomes pivoted out toward the right by
      way of the adjustment member 111, which means that the pump conveys
      corresponding oil quantity in the conduit 41b in a relationship
      corresponding to the pivot angle .alpha. (see FIG. 5). Simultaneously the
      return spring 112 becomes stressed so far that the equilibrium, balance or
      stability prevails with the force exerted in the chamber 103 upon the
      piston 106 so that the chamber 105 becomes blocked. A further pivoting out
      of the pump 42 is possible only when the control lever 44a becomes pivoted
      further out. The return of the pump 42 respectively a pivoting out of the
      pump toward the left occurs in a sensible manner. Upon receiving a command
      "emergency out", the valves 53a and 53b shift in such a manner that the
      chambers 102 and 103 become relieved or discharged to the tank. The pump
      42 returns into the null position thereof.
PAR  If the pressure existing in the conduit 47 rises above a value set at the
      valve or control means 46 by means of the spring 113, so the valve 46
      reduces existing control pressure in the conduit 45 so that no further
      pivoting out occurs also upon increasing the control pressure in the
      conduits 48a or 48b.
PAR  There is to be noted that commercially available parts can be used for the
      pump means and other components referred to in the foregoing clarification
      of the description.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A hydraulically controlled and driven dredge governed directly by
      working pressure which includes: a bucket wheel, track laying means, a
      lower structure supported by said track laying means, an upper structure
      supported by said lower structure and pivotable about a vertical axis
      relative to said lower structure, a boom pivotable in a vertical plane and
      supported by said upper structure and supporting said bucket wheel, first
      hydraulic motor means drivingly connected to said bucket wheel for driving
      the same, first pump means for delivering actuating fluid to said first
      hydraulic motor means, actuating fluid conveying first conduit means
      leading from said first pump means to said first hydraulic motor means,
      power control means responsive to changes in the digging resistance
      encountered by said bucket wheel and operatively connected to said first
      pump means for varying the delivery thereof in conformity with said
      varying digging resistance of said bucket wheel, second hydraulic motor
      means operatively connected to said upper structure for pivoting the same
      about its vertical axis, second pump means arranged in a closed circuit
      with said second hydraulic motor means for delivering actuating fluid
      thereto, power output limiting valve means, second conduit means branching
      off from said first conduit means and connected to said power output
      limiting valve means, control circuit means including an adjusting unit
      and manually adjustable control means hydraulically connected to said
      adjusting unit by said control circuit means, said control circuit means
      hydraulically communicating with said power output limiting valve means,
      third hydraulic motor means drivingly connected to said track laying means
      for driving the same, third hydraulic pump means, third conduit means
      connecting said third hydraulic pump means to said third hydraulic motor
      means, additional valve means interposed in said third conduit means, and
      fourth conduit means connected to said additional valve means and leading
      to said first hydraulic motor means, said additional valve means being
      operable selectively to interrupt the supply of actuating fluid from said
      third pump means to said third hydraulic motor means when said track
      laying means is not to be operated and to convey the delivery from said
      third pump means to said first hydraulic motor means through said fourth
      conduit means.
NUM  2.
PAR  2. A dredge according to claim 1, which includes cam means operable in
      conformity with the pivot angle of said bucket wheel for determining the
      pivoting speed of said boom.
NUM  3.
PAR  3. A dredge according to claim 1, in which said power control means form
      cumulative output governors.
NUM  4.
PAR  4. A dredge according to claim 1, in which said additional valve means are
      spool valves movable to a neutral position for conveying the delivery of
      said third pump means to said first motor means, and also are movable to
      two different positions for moving said track laying means on opposite
      sides of said dredge selectively in the same direction or in opposite
      directions with regard to each other.
NUM  5.
PAR  5. A dredge according to claim 4, which includes preset pressure limiting
      valve means for returning in a pressureless manner the delivery of said
      first pump means.
NUM  6.
PAR  6. A dredge according to claim 1, which includes two-way means associated
      with said control circuit means and also includes a fluid reservoir, said
      control circuit means being connectable to said fluid reservoir by means
      of said two-way valve means.
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ABST
PAL  An advertising device is provided which includes a base and a display
      piece. The base has a display piece supporting surface and a magnet
      concealed beneath the surface. The display piece, which is of a size and
      weight to permit easy handling and carries advertising indicia, has a
      lamp, an electric battery and a reed switch, all connected in series with
      one another, encapsulated within the piece. The outer surface of the piece
      is smooth and uninterrupted and at least the battery and reed switch are
      concealed from view. The reed switch is positioned wholly within the
      display piece and physically isolated from the base surface when the piece
      is resting on the surface, but exposed to a magnetic field of the magnet
      in at least one position of the piece on the base surface, to change the
      position of the reed switch contact reeds relative to one another, either
      to close the circuit through the lamp to light the lamp, or to open the
      circuit to extinguish the lamp. Preferably, transformer and rectifying
      means by which the battery can be recharged are also encapsulated within
      the piece.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 442,735,
      filed Feb. 15, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The function of an advertising device is to attract the attention of
      potential customers, preferably to keep that attention and to direct and
      redirect the attention to the product or service which is being
      advertised. An advertising piece which not only attracts attention but
      invites repeated handling is particularly effective.
PAR  One of the objects of this invention is to provide an advertising device
      which attracts attention, piques the imagination and invites repeated
      handling.
PAR  Other objects will become apparent to those skilled in the art in light of
      the following description and accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention generally stated, an advertising device
      is provided comprising a base and a manipulable display piece, the base
      having a display piece supporting surface and a magnet concealed beneath
      the surface. The display piece, which bears advertising indicia, contains,
      encapsulated wholly within it, a lamp, an electric battery, and a reed
      switch all connected in series with one another, the reed switch being
      positioned within the piece to be physically isolated from the base
      surface when the piece is resting on the surface but to be exposed to a
      magnetic field of the base magnet in at least one position of the piece on
      the base surface, whereby the position of the reed switch contact reeds
      relative to one another is changed in response to the magnetic field. The
      outer surface of the piece is smooth and uninterrupted and at least the
      battery and reed switch are concealed from view. In the preferred
      embodiment, transformer and rectifying means by which the battery can be
      recharged are also encapsulated within the piece, and are also concealed
      from view.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a bottom plan view of an illustrative example of display piece of
      this invention;
PAR  FIG. 2 is a top plan view of the display piece of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a top plan of an illustrative example of base of this invention;
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a circuit diagram of the electrical circuit within the display
      piece of FIG. 1; and
PAR  FIG. 7 is a fragmentary, somewhat diagrammatic view in side elevation
      showing elements of an illustrative embodiment of recharging circuit in a
      recharging base and piece of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings for one illustrative embodiment of
      advertising device of this invention, the device is made up of a base 1
      and a display piece 10.
PAR  The base 1, in the illustrative embodiment shown, is square, with a flat
      bottom 2, beveled sides 3 and a display piece supporting top surface 4. In
      the embodiment shown, the base is made of any suitable non-magnetic
      material such as plastic or wood, and has embedded within it near but
      below the supporting top surface 4 and parallel with the surface, a bar
      magnet 5 with a North pole 6 and a South pole 7. In this embodiment the
      bar magnet 5 is positioned symmetrically in the center of the supporting
      top surface 4.
PAR  The display piece 10 is shown for purposes of illustration as being square
      in plan and pyramidal in side elevation with a flat bottom surface 11 and
      four triangular sides 12 upon which advertising indicia 13 are displayed.
      The term "advertising indicia" is used broadly to encompass not only
      words, designs and illustrations, formed in or on the surface of the
      piece, carried by the surface of the piece, or embedded in the piece, but
      to encompass the shape of the display piece itself. For example, the
      display piece can be in the form of a well known bottle shape.
PAR  In the illustrative embodiment shown, for the sake of clarity of
      description, in the FIGS. 1 and 3 the display piece 10 is shown as being
      made of transparent plastic. In fact, as indicated in FIG. 2, the device
      is intended to be made in such a way that at least the battery and reed
      switch, and in the embodiment in which a recharging circuit is supplied,
      the recharging circuit, are concealed from view, either by an opaque
      insert, which may form a part of the advertising indicia, such as a
      miniature beer can or other package, or by use of an obscuring pigment or
      dye. Embedded within the solid plastic matrix are elements of an
      electrical circuit 15, consisting of batteries 16 connected in parallel by
      conductors 17 and 18, a reed switch 20, which includes an envelope 21 and
      contact reeds 22 and 23, and a lamp 25 with a filament 26. One side of the
      filament 26 is electrically connected to the conductor 18 by means of a
      conductor 19. The other side of the filament is electrically connected to
      the contact reed 23 by means of an electrical conductor 28. The other
      contact reed 22 is electrically connected to the conductor 17 by means of
      a conductor 29.
PAR  In the embodiment of display piece shown, the reed switch 20 is of the type
      in which the contact reeds 22 and 23 are normally biased apart, so that
      the circuit 15 is open and the lamp 25 extinguished. It will be observed
      that the reed switch 20 is positioned on a center line between two of the
      sides, parallel with and near the bottom 11, but is offset from the center
      of the bottom. Thus, the reed switch 20 will be positioned directly over
      one of the poles of the bar magnet 5 in two positions, 180.degree. apart,
      on the supporting top surface 4 of the base when the bottom 11 of the
      piece is positioned squarely on the supporting top surface 4, and will be
      at a point remote from and midway between the poles 6 and 7 of the magnet
      when the piece is oriented 90.degree. from the other positions.
PAR  The reed switch 20 can be of the type in which the contact reeds move to
      circuit closing position in response to the magnetic field of either
      polarity, or of only one polarity. In the former case, the reed switch
      will close, and the circuit will be completed in two of four positions of
      the piece squarely on the base. In the latter, the contact reeds will
      close the circuit in only one position. In any event, the contact reeds
      will move apart, to open the circuit and extinguish the lamp when the
      display piece is lifted from the base.
PAR  The reed switch can be of the type in which the contact reeds are normally
      biased to the closed position and move apart in response to a magnetic
      field of one or the other polarity or both. In this event, the lamp will
      be energized whenever the display piece is removed from the base, and will
      be extinguished only when the display piece is placed in the proper
      orientation upon the base.
PAR  The reed switch 20 can also be of the remanent type, responding to a
      magnetic field of one polarity to close and remaining closed until exposed
      to a magnetic field of the opposite polarity, at which time it opens and
      remains open until again exposed to the magnetic field of the "closing"
      polarity. In this event, the lamp will be energized in one position of the
      piece on the support surface and remain energized even when removed from
      the base, until it is placed upon the support surface 180.degree.  from
      its initial orientation.
PAR  It is evident that the display piece is made in such a way that the light
      from the lamp is manifest when the lamp is energized. The battery (which
      term is used to indicate any number of individual units) and reed switch
      are concealed from view, preferably, in the normally exposed areas of the
      piece, by the advertising indicia themselves or the background for the
      advertising indicia, both of which are hereinafter embraced within the
      term advertising indicia. The display piece should be of such size, shape
      and heft as to invite its being picked up and handled.
PAR  The base can be of any desired shape and can also carry advertising
      indicia. The display piece supporting surface preferably is well defined,
      as by a bounding rim, or by the shape and size of the supporting area of
      the base to facilitate the display piece's being placed squarely on it.
PAR  While the advertising device will fulfill its function by lasting for the
      duration of life of the battery, the battery can be of the rechargable
      type. For purposes of recharging, the display piece circuit can include
      one or more diodes and a loop or coil constituting the secondary of a
      transformer, the primary loop or coil of which can be in a recharging
      base, connected to a source of alternating current. Such a circuit is
      illustrated in FIG. 6, and a recharging base 30 and elements of a
      recharging circuit 40 in the piece, in FIG. 7.
PAR  Referring now to those figures, the recharging base is shown somewhat
      diagrammatically in FIG. 7 as including a U-shaped core 31 and a primary
      coil 32. In fact, as shown in FIG. 6, it also can contain a current
      limiting device 33, and leads 34 and 35 which extend from the base and are
      electrically connected to an electrical connector 36 adapted for
      connection to a source of alternating current. A recharging circuit 40,
      embedded in the piece 10, in the embodiment shown includes a U-shaped core
      41, a secondary coil 42, diodes 43 and 44 electrically connected to the
      ends of the coil 42, and a center tap 45 connected electrically to the
      coil 42 and to one end of the battery 16. Both diodes 43 and 44 are
      electrically connected to the other end of the battery 16. The core 41 and
      coil 42 can be embedded near and parallel to the upper edge of the piece,
      remote from the switch 20, as viewed in FIG. 1, and the proper orientation
      indicated in or on the bottom surface of the piece if desired.
PAR  Numerous variations in the construction of the device of this invention
      within the scope of the appended claims will occur to those skilled in the
      art in light of the foregoing disclosure. Merely by way of illustration, a
      recharging circuit with a single diode can be employed or, conversely, a
      charging circuit can be encapsulated which includes an automatic cut off
      when the battery has become charged, so as to preclude damage to the
      battery and piece itself. Such circuits are conventional, and examples can
      be found in the General Electric SCR Manual, among other places. These
      variations are merely illustrative.
CLMS
STM  Having thus described the invention, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. An advertising device comprising a base and a manipulable display piece,
      said base having a clearly delineated supporting surface and a magnet
      concealed beneath said surface, said magnet having a pole eccentrically
      positioned with respect to the center of said delineated supporting
      surface, and said display piece having a lamp, an electric battery and a
      reed switch all connected in series with one another and all totally
      encapsulated within a solid plastic matrix, the outer surface of which is
      uninterrupted, said reed switch having an envelope and contact reeds
      within said envelope and movable with respect to one another in response
      to the presence of a magnetic field at said magnet pole, said reed switch
      being positioned within said piece to be physically isolated from said
      base surface when said piece is resting on said surface but to be exposed
      to said magnetic field for changing the position of the reed switch
      contact reeds relative to one another in at least one position of the
      piece on said base, advertising indicia carried by said plastic matrix,
      and means comprising said advertising indicia for concealing from sight at
      least said electric battery and reed switch.
NUM  2.
PAR  2. The device of claim 1 wherein the said battery is rechargable and a
      recharging circuit, including transformer and rectifier means is totally
      encapsulated within the said matrix and concealed from sight by the said
      means for concealing said electric battery and reed switch.
NUM  3.
PAR  3. An advertising device comprising a base and a manipulable display piece,
      said base having a supporting surface and a magnet concealed beneath said
      surface, said display piece having a lamp, a reed switch and a rechargable
      battery all connected in series with one another and a recharging circuit
      including a transformer coil and rectifying means electrically connected
      to said battery, all of said lamp, switch, battery and recharging circuit
      being totally encapsulated within a solid plastic matrix the outer surface
      of which is uninterrupted, said reed switch being responsive to a magnetic
      field of said magnet at at least one position of said display piece on
      said supporting surface, advertising indicia carried by said plastic
      matrix, and means comprising said advertising indicia, for concealing from
      sight at least said electric battery, reed switch and recharging circuit.
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ABST
PAL  A pair of molded plastic covers are connected along one side by a hinge,
      and a plurality of cards are removably mounted in an overlapping
      relationship on the interior surface of each of said covers. The hinge
      comprises a post secured in a spaced relationship from an edge of each of
      the covers, and a double barrel member journalled on and hingedly
      connecting the respective posts. The surfaces on which the cards are
      mounted are molded with a concave configuration to allow the overlapping
      cards to lie flat. The cards are mounted on wire hangers which project
      into spaced grooves on the mounting surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in card books of the type having two
      or more superimposed covers that are connected by a hinge on one side,
      together with means for mounting a plurality of cards or documents on the
      interior surface of one or both covers.
PAR  The Furlong U.S. Pat. No. 1,916,209 illustrates a card book of the general
      type described herein. The cards are mounted on a pair of hingedly
      connected covers in an overlapping relationship, so as to leave a margin
      of each card exposed and visible for easy identification. Various
      embodiments of card books are shown and described in the following U.S.
      Pat. Nos. 1,923,366; 1,957,800; 1,986,015; 2,140,926; 2,348,914;
      2,610,421; 2,871,153; and 3,363,349.
PAR  In order to be practical, card books must be able to accommodate a large
      number of cards, which together weigh more than the book itself.
      Heretofore it has been necessary to construct the book covers from a metal
      such as aluminum and to connect the covers with metal hinges, which
      renders the book quite heavy, cumbersome and expensive. It would thus be
      desirable to reduce the weight and cost of the book by simplifying the
      design and by using less expensive materials, but without sacrificing
      quality or strength.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved card book wherein the covers and
      most of the hinge are fabricated from molded plastic parts. A hinge post
      is supported in a spaced relationship from an edge of each cover by a
      plurality of struts that are integrally formed with the covers. A
      plurality of double barrel pieces are journalled on the respective posts
      between the struts to complete the hinge. The covers are each molded in a
      single piece construction with a concave card mounting surface and
      parallel channels to allow the cards to be mounted on wire hangers in an
      overlapping relationship and yet lie flat.
PAR  More detailed features of the invention will appear hereafter in the
      specification, claims and annexed drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is an elevational view of the card book of the present invention;
PAR  FIG. 2 is a bottom end view of the book shown in FIG. 1;
PAR  FIG. 3 is a top end view of the book shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken along section line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional view taken along section line 5--5 of FIG. 1.
PAR  FIG. 6 is a fragmentary end view of the hinge end of the book shown in FIG.
      1;
PAR  FIG. 7 is an end view of the end of FIG. 1 book opposite to the hinge;
PAR  FIG. 8 is an end view of one of the double barrel hinge sections shown in
      FIGS. 1 and 6; and
PAR  FIG. 9 is a side view of one of the covers of the book shown in FIG. 1,
      indicating the manner in which the cards are mounted therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the Figures, the card book of the present invention generally
      comprises a pair of superimposed covers 10 and 12 connected together along
      adjacent edges by a hinge structure 14. The covers 10 and 12, except for
      being left and right handed, are substantially indentical and are molded
      from rigid plastic materials or polymers which may contain fillers and
      pigments. Each cover is formed with a plurality of struts 16 and 18
      projecting from the edge of the cover on which the hinge 14 is to be
      formed. The struts 16 and 18 are spaced along the lengths of the
      respective cover edges, preferably equi-spaced, with a strut being located
      near each end. As shown in FIGS. 4 and 5, each strut, such as 18, is
      joined to an end wall 20 that is coextensive with the cover edge, and a
      circular aperture 22 is provided in each strut, said apertures being
      arranged along a common axis for each cover.
PAR  Cylindrical posts 24 and 26 extend through the apertures for respective
      groups of struts 16 and 18 of the covers, the struts serving to support
      the posts in a spaced relationship from the edge of the respective cover.
      The posts 24 and 26 are preferably hollow rigid tubes and are of a
      relatively large diameter in comparison with the thickness of the book.
      Preferably, the combined diameter of the two posts is in excess of 50% of
      the total book thickness, thereby providing large bearing surfaces for the
      hinge structure and providing for better stress distribution. As shown,
      the posts are substantially coextensive with the length of the covers.
PAR  A plurality of double barrel members 30, having a cross section
      substantially in the form of a figure eight, are provided for hingedly
      connecting the posts 24 and 26 together between the struts 16 and 18. The
      double barrel members 30 may be of molded plastic, and as shown in FIG. 8,
      comprise a pair of cylinder sections secured together in a parallel
      relationship by a common joint 32. Each of the sections has an internal
      cylindrical bore 34 which has a diameter slightly greater than the
      diameter of the posts 24 and 26. The length of each of the members 30 is
      slightly less than the distance between adjacent pairs of struts 16 or 18.
PAR  The ends of the posts 24 and 26 are connected together beyond the outermost
      struts by means of flat double hole retainers 36 and 38, which prevent
      axial movement of the posts after installation. The edges around the holes
      of the retainers 36 and 38 are tapered to allow compression or rollswaged
      fitting. The retainers also provide protection for the book corners.
PAR  In order to assemble the hinge, the double barrel members 30 are positioned
      as shown in FIG. 1, and the posts 24 and 26 are simply threaded through
      the apertures of the members and struts, followed by installation of the
      retainers 36 and 38 at the ends. The members 30 and retainers 36 and 38
      serve to maintain the posts 24 and 26 in a parallel relationship. The
      double post hinge also allows one of the covers to be pivoted
      approximately 360 degrees with respect to the other cover, which is a very
      useful feature when working in confined locations, i.e., the book may be
      opened with the covers back-to-back for arm-held reference or posting.
PAR  As shown in FIG. 2, the covers 10 and 12 are each provided with respective
      bottom walls 40 and 42 which abut when the book is closed. As shown in
      FIGS. 3 and 4, a molded plastic flat leaf 44 may be pivotally suspended
      from the top inside edge of one or both of the covers 10 and 12. As shown,
      a plurality of integrally molded spaced struts 46 are formed in a line
      across the top edge in the cover and a pin 47 is mounted through aligned
      apertures therein. The upper edge of the leaf 44 is formed with a
      plurality of integrally molded projecting eye sections or eyelets 48 which
      are journalled on the pin 47 between the struts. The leaf 44 serves to
      overlie and protect cards that are mounted in the book and may be pivoted
      upwardly when examining the cards.
PAR  As shown in FIGS. 7 and 9, the inside surface of each cover 10 and 12 is
      convex when viewed from the side, said surface comprising an inwardly
      inclined upper portion 50 merging with a level intermediate portion 52,
      which in turn merges with an outwardly inclined lower portion 54. The
      upper portion 50 is provided with a pair of integrally molded spaced
      channels 56 (see also FIG. 5), which extend parallel to the main hinge 14
      and receive the projecting ends of wires 58 on which the cards 60 are
      mounted (FIG. 9). The use of wire mounted cards and suitable channels
      therefor are conventional and will not be described in detail.
PAR  The channels 56 extend along the length of the inwardly inclined upper
      portion 50, and the cards are mounted in a successive overlapping
      relationship therein from top to bottom, as shown in FIG. 9. The
      overlapping cards form a structure which is thick in the center and
      progressively thinner at both ends, due to the overlapping configuration,
      and the convex shape of the inside book surface allows the cards to lie
      flat when viewing their visible surfaces.
PAR  It may be seen that the card book construction described herein is an
      improvement over prior art devices in several respects. The pre-formed
      covers include integral portions of the hinge structure, thereby
      simplifying construction and eliminating the need for separately installed
      hinges. The covers and most of the hinge may be constructed from molded
      plastic, which is less expensive than materials in current use.
CLMS
STM  We claim:
NUM  1.
PAR  1. A card book comprising a pair of rigid covers, means for holding a
      plurality of cards on a surface of at least one of said covers, and hinge
      means for connecting said covers along one respective adjacent edge
      thereof, said hinge means comprising a plurality of spaced apart apertured
      struts secured to and extending from each of said respective edges of said
      covers, a pair of cylindrical rigid posts supported within said struts on
      said respective cover edges, said posts being disposed in the apertures of
      said struts in a spaced relationship from said respective edges, means for
      retaining said posts in said strut apertures, and a plurality of integral
      cylindrical double barrel members, each barrel of each said member having
      a longitudinal cylindrical aperture, the apertures of each said member
      being arranged in parallel and being disposed around the posts of
      respective covers with said members positioned between opposite
      corresponding pairs of struts thereof, whereby one of said covers can
      rotate completely around the other of said covers.
NUM  2.
PAR  2. The card book of claim 1 wherein each of said posts comprises a tube.
NUM  3.
PAR  3. The card book of claim 1 wherein said means for holding a pluraltiy of
      cards comprises a pair of spaced channels on said surface substantially
      parallel with said hinge means, said surface comprising an inwardly
      sloping portion merging with flat intermediate portion, and an outwardly
      sloping portion merging with the opposite side of said intermediate
      portion, said channels being located on said inwardly sloping portion.
NUM  4.
PAR  4. The card book of claim 3 wherein said covers and the surfaces thereof
      are formed of molded plastic material.
NUM  5.
PAR  5. The card book of claim 1 wherein said struts and said covers are
      integrally formed molded plastic material.
NUM  6.
PAR  6. The card book of claim 1 wherein a leaf is pivotally mounted on one of
      said covers and hinge means are provided for connecting said leaf to said
      cover, said hinge means comprising a plurality of spaced struts extending
      from the face of said cover and having aligned apertures, a plurality of
      eyelets extending from said leaf between said struts, and pin means
      extending through said apertures and said eyelets.
PATN
WKU  039451410
SRC  5
APN  5184037
APT  1
ART  161
APD  19741029
TTL  Transparent carrier sheet carrying transferable indicia and reference
      transferable guide marks and method of utilizing the same for
      sign-making
ISD  19760323
NCL  20
ECL  1
EXP  Whitby; Edward G.
NDR  1
NFG  3
INVT
NAM  Frost; William B.
STR  1717 - 99th NE.
CTY  Bellevue
STA  WA
ZIP  98004
CLAS
OCL   40125A
XCL  101 34
XCL  156234
XCL  428195
EDF  2
ICL  B44C  100
FSC  156
FSS  71;230;234;277
FSC  161
FSS  406;409
FSC  282
FSS  23 R
FSC   40
FSS  125 A
FSC  101
FSS  34
FSC  428
FSS  195
UREF
PNO  2970043
ISD  19610100
NAM  Serafin
OCL  161413
UREF
PNO  3013917
ISD  19611200
NAM  Karlan et al.
OCL  161409
UREF
PNO  3137605
ISD  19640600
NAM  Buetow
OCL  156230
UREF
PNO  3676248
ISD  19720700
NAM  Swartz
OCL  156230
LREP
FR2  Beach; Robert W.
ABST
PAL  A specifically sized transferable indicia sheet has reference marks, which
      are also transferable guide marks, underlaid on a substantially
      transparent carrier sheet and arranged in a plurality of horizontal rows.
      Such guide marks are transferable to a correspondingly sized receiving
      surface by aligning left, right and top edges of the carrier sheet with
      corresponding edges of the receiving surface and rubbing the exposed
      surface of the carrier sheet over the guide marks. The area of the carrier
      sheet from which the guide marks have been removed is clear in contrast to
      the surrounding carrier sheet portions which have a frosted appearance.
      The clear areas of the indicia sheet formed by transfer of the guide marks
      to the receiving surface constitute reference marks. Opaque indicia,
      including letters, carried by the carrier sheet in rows bear a
      predetermined relationship to the reference and transferable guide marks
      on the carrier sheet along horizontal rows and can be transferred to the
      receiving surface by rubbing the exposed surface of the carrier sheet over
      selected indicia when a reference line on the carrier sheet is held in
      registration with a guide line transferred to the receiving surface, so as
      to place indicia on the receiving surface in a desired relationship to the
      horizontal lines and vertical margin marks transferred to the receiving
      surface.
BSUM
PAR  The present invention relates to transparent carrier sheets carrying guide
      marks and indicia transferable to a receiving surface.
PAR  A principal object of the invention is to provide transferable guide marks,
      as well as transferable indicia, on a transparent carrier sheet to
      facilitate placement of indicia in desired locations on a receiving
      surface without the necessity of having guide lines on the receiving
      surface.
PAR  A further object is to provide reference marks on a carrier sheet which can
      be used for locating indicia to be transferred with reference to the
      receiving surface without requiring appreciable skill for such use.
PAR  Another object is to provide reference marks which will enable indicia to
      be transferred to the receiving surface in desired locations very quickly.
DRWD
PAR  It is also an object to provide marks on a carrier sheet which can both
      supply guide marks that can be transferred to a receiving surface and
      leave reference marks on the carrier sheet after transfer.
PAR  FIG. 1 is an elevation of a transparent carrier sheet according to the
      present invention, having parts broken away, in position squarely
      overlying an upright receiving surface of equal width.
PAR  FIG. 2 is an elevation of the receiving surface to which guide marks have
      been transferred preparatory to transfer of indicia to the receiving
      surface.
PAR  FIG. 3 is an elevation of a fragmentary portion of an upright receiving
      surface and a fragmentary portion of a carrier sheet shown in a
      representative overlapping relationship which the carrier sheet would
      occupy during an indicia transferring operation.
DETD
PAR  Transparent carrier sheets carrying underlaid indicia transferable to a
      receiving surface by rubbing the exposed surface of the carrier sheet over
      the indicia to be transferred are commercially available. Representative
      types are disclosed in U.S. Pat. Nos. 2,970,043 and 3,013,917, for
      example. These sheets are printed with underlaid indicia, such as letters
      and numerals, and such indicia are very precise and uniform in shape. They
      can be transferred readily from the carrier sheet to a receiving surface
      simply by holding the carrier sheet against the receiving surface and
      rubbing the exposed side of the carrier sheet over the indicia to be
      transferred. The difficulty with utilizing indicia transferred from such
      carrier sheets in the past has been the trouble of laying out on the
      receiving surface the pattern of indicia to be transferred to it from the
      carrier sheet.
PAR  The user of carrier sheets bearing transferable indicia normally has been
      required to draw guide lines on the receiving surface for alignment of
      indicia and, if the indicia is to be placed in more than one line, it has
      been necessary to draw a plurality of spaced lines. Moreover, if the
      receiving surface is vertical, such lines must be drawn horizontally true.
      If it is desired to locate the indicia in a particular relationship
      transversely of the receiving surface, it may also be necessary to draw on
      the receiving surface an appropriate vertical line or lines. In either
      case, it is difficult to hold measuring and straightedge devices to assure
      accurate marking. Additionally, since some portion of the indicia normally
      abuts the horizontal guide lines, it is difficult to remove completely
      such lines promptly after transfer of the indicia without damaging the
      transferred indicia.
PAR  The use of indicia in the form of letters and numbers transferred from a
      transparent carrier sheet is particularly convenient for use in signs of
      various types, such as names and numbers on nameplates or directory
      boards. Frequently such signs require more than one line of letters and/or
      numbers. In a particular building or in a particular company uniformity of
      placement and style of indicia is usually desired for signs and
      nameplates, even though different signs may be made at different times,
      such as several years apart, and by different people. By use of the
      present invention the indicia will always be of the same style from time
      to time, and the different rows of indicia will always be spaced apart the
      same distance.
PAR  The transparent carrier sheet 1 is illustrated in the drawings as having
      underlaid transferable indicia in the form of upper case and lower case
      letters 2. The indicia could, alternatively or in addition, include
      numerals. Moreover, a greater number of each of the more commonly
      occurring letters will be provided than of the less commonly occurring
      letters. In addition to the indicia, the carrier sheet will have underlaid
      marks which are both reference marks and guide transferable to a receiving
      surface. Such combined reference and transferable guide marks are
      illustrated in the form of angles 3, crosses 4 and dashes 5.
PAR  Each of the three types of guide marks illustrated is arranged on the
      carrier sheet along a plurality of horizontal lines A through H. The angle
      guide marks and the cross guide marks each include a section of a
      horizontal reference line and a section of a vertical reference line. The
      horizontal line sections of the guide marks in each horizontal line are
      aligned horizontally, and the vertical line sections of the guide marks in
      the respective horizontal lines are aligned vertically from line to line.
      At least the angles and crosses are printed on the underside of the
      carrier sheet 1 so that they can be transferred in the same manner as the
      transferrable indicia, such as the letters 2.
PAR  Before transfer of any indicia or guide marks, the carrier sheet includes
      opaque indicia and guide marks and a transparent but less than clear, such
      as frosted, background portion entirely surrounding the indicia and guide
      marks. After transfer of any guide mark or indicia, the location from
      which such transferred mark or indicia was transferred is clear so that it
      has a different degree of transparency than the background portion and,
      therefore, contrasts with the surrounding transparent background area.
      Consequently, even after guide marks are transferred to the receiving
      surface, their outlines are clearly visible on the carrier sheet for
      continued use as clear residual reference marks to be registered with the
      opaque guide marks transferred to the receiving surface. Therefore, the
      reference marks in lines A through H, whether clear following transfer of
      the guide marks to a receiving surface or opaque before such transfer, can
      be registered with guide marks transferred to the receiving surface to
      position selected indicia 2 in the adjacent rows for transfer to the
      receiving surface, as described below.
PAR  The reference and transferable guide marks bear a predetermined
      relationship to the indicia on the carrier sheet. A line of reference and
      transferable guide marks is provided for each row of indicia elements, and
      the relationship between each row of indicia elements and the line of
      reference and transferable guide marks immediately beneath it is the same
      as the relationship between each other row of indicia units on the carrier
      sheet and the line of reference and transferable guide marks immediately
      beneath it. For example, the reference and transferable guide marks in
      line A are spaced the same distance below the lowest portions of the
      capital letters above line A as the reference and transferable guide marks
      in line D are spaced from the lowest portions of the row of capital
      letters above line D. The same spacing is used between the reference and
      transferable guide marks of line E and an imaginary line along the bottom
      of lower case a extending to the lower horizontal tangent of the circle of
      lower case g.
PAR  Moreover, each line of reference and transferable guide marks is spaced
      from the row of indicia immediately above it such that the line of
      reference and transferable guide marks is lower than the portion of the
      indicia in the row projecting downward or descending farthest from such
      row, so that the temporary guide marks transferred from the carrier sheet
      to the receiving surface can be removed after completion of the indicia
      transferring operation without damage to the permanent indicia transferred
      to such surface. In the drawings, the line E of reference and transferable
      guide marks below the fifth row of indicia from the top, for example is
      lower than the downwardly projecting tail of the descending letter g.
      Similarly, the line G of guide and reference marks immediately below the
      seventh row of indicia from the top of sheet 1 is lower than the lower
      ends of the tails on the descending letters p and q. Correspondingly, the
      line H of reference and transferable guide marks below the eighth indicia
      row from the top is lower than the downwardly projecting tail of the y.
PAR  The horizontal leg of each angle reference and transferable guide mark 3
      and the horizontal line of each cross 4 are in a horizontal line. In
      addition, the dashes 5 are aligned with the horizontal legs of the angles
      3 and the horizontal lines of the crosses 4. The dashes 5 are located
      between adjacent crosses and angles. Where crosses and/or angles are
      located in various horizontal lines, such as the lines A to H, inclusive,
      shown in FIG. 1, the vertical line sections of the angles in the various
      lines will be aligned vertically, and the vertical line sections in the
      various crosses will be aligned vertically. Consequently, in any column of
      angles 3 or crosses 4 the aligned vertical line sections will define
      vertical lines intersecting the horizontal lines A to H, inclusive.
PAR  The crosses may be spaced apart equal distances along a line, such as, for
      example, at one inch intervals, which intervals may be numbered as
      indicated in line A of FIG. 1 by the numbers 0 through 6. Thus, the
      reference line can be used as a ruler for measuring line lengths. Equal
      spacing between adjacent angles and crosses permits transferring of a line
      onto the receiving surface longer than the six-inch reference line on the
      carrier sheet by first transferring the left angle and the five crosses of
      line A to form a five inch line. If the receiving surface line is to be
      ten inches, for example, the left angle of line B could be registered with
      the fourth cross of line A transferred to the receiving surface and the
      first cross of line B registered with the fifth cross previously
      transferred from line A. The second through fifth crosses and the
      right-hand angle of row B would then be transferred to the receiving
      surface to form the balance of the 10 inch line. If the line is to be four
      inches, the left angle and four crosses would be transferred.
      Alternatively, if it is preferred that the line end be definitely marked
      with an angle, the left angle and three crosses would be transferred and
      the carrier sheet moved to the left so that the fourth and fifth crosses
      register respectively with the second and third transferred crosses. The
      right-hand angle is then in position to be transferred to complete the
      four inch line.
PAR  At least the angles 3 and crosses 4 underlaid on the carrier sheet 1 must
      be transferable to the receiving surface by rubbing the exposed surface of
      the carrier sheet over such guide marks, and preferably the dashes 5 also
      are transferable. After transference at least of the angles 3 and crosses
      4, and preferably also after transference of dashes 5, a residual visual
      reference impression of the guide marks transferred will remain on the
      carrier sheet in the form of clear portions contrasting with the less
      transparent carrier sheet background portions. In addition to the letters
      2, the carrier sheet 1 can carry other types of indicia, such as a line 6
      and the arrows and punctuation marks 7.
PAR  A principal use for the transparent carrier sheet of the present invention
      is for lettering signs. Such signs may customarily include a room number,
      the name of an individual and his title, such as E. A. SMITH, PRESIDENT.
      The room number may be on one line, the name may be on another line and
      the title can be placed in the next lower line. The word PRESIDENT is
      slightly longer than the designation E. A. SMITH. It may be desired to
      place the words E. A. SMITH and PRESIDENT with their left letters in
      vertical alignment, or with their right letters in vertical alignment, or
      it may be preferred to center both designations on a receiving surface.
      Such vertical alignment is readily determined by selecting the appropriate
      vertically aligned reference and transferable guide marks 3 and 4 as the
      starting location for each line of lettering.
PAR  The receiving surface 8 preferably is a panel of the same size or at least
      of the same width, as the carrier sheet 1, as shown in FIGS. 1 and 3. Such
      panel can be affixed to a door wall or other object. For purposes of
      illustration, it is assumed that the receiving surface 8 is the surface of
      a panel of a size adopted as a standard for securement to doors or walls
      of a particular building. For convenience in such applications carrier
      sheets 1 could be provided of the same width as the width of the receiving
      surface 8 as stated above and the reference lines can be imprinted to
      conform to such a standardized application.
PAR  Only two points from one to six inches apart are sufficient to define a
      horizontal line on the receiving surface corresponding to the desired
      location of a row of indicia to be transferred to the receiving surface.
      An angle and a cross, or two crosses, may be transferred from the carrier
      sheet to mark such two points, and all other guide marks necessary for the
      particular application would be laid out on and transferred to the
      receiving surface by use of the guide marks 3 and 4 on the carrier sheet.
PAR  Where the carrier sheet 1 and receiving surface 8 are of the same width as
      shown in the drawings and it is desired to provide two or more rows of
      indicia on such receiving surface, the guide marks can be transferred from
      the carrier sheet to the receiving surface according to the pattern shown
      in FIG. 2. In this illustration, the top line of indicia is to be
      separated from the remaining indicia by a dividing line. Assuming that
      there are to be four rows of indicia, four lines of guide marks will be
      transferred from the carrier sheet 1 to the receiving surface 8, as
      illustrated in FIG. 2. Guide marks and indicia transferred to the
      receiving surface 8 are indicated by primed numerals. The residual clear
      images on the carrier sheet, constituting reference marks are indicated by
      double-primed numerals, and where possible are shown as dot-dash lines.
PAR  The operation of transferring the guide marks from the transparent carrier
      sheet 1 to the reference surface 8 can be accomplished by first placing
      the transparent carrier sheet in overlying registration with the receiving
      surface 8 by aligning the upper edge of the carrier sheet with the upper
      end of the receiving surface 8 and with opposite edges of the carrier
      sheet flush with the opposite edges of the receiving surface. The exposed
      surface of the carrier sheet is then rubbed over the guide marks which it
      is desired to transfer, such as with a stylus 9.
PAR  The procedure for providing the guide mark pattern on the receiving surface
      8, as shown in FIG. 2, is first to rub the exposed surface of carrier
      sheet 1 over the angle guide marks 3 and over the central cross guide mark
      4 of line A shown in FIG. 1. Such transferring operation will result in
      the placement on the receiving surface 8 of the first transferred
      reference line of angle guide marks 3' and the cross guide mark 4', as
      shown near the top of FIG. 2.
PAR  As stated above, in the particular instance of FIG. 2, it is desired to
      have the upper row of indicia on the finished sign separated from the
      three lower rows by a dividing line 6. Consequently, after the guide marks
      in the highest line of FIG. 2 have been placed, the transparent carrier
      sheet 1 will be slid upward along the receiving surface until the angles
      at the opposite ends of the reference mark line H and the central cross
      are in precise registration with the angles 3' and the cross 4' of the
      first reference line transferred to the receiving surface 8. The exposed
      side of the carrier sheet 1 over the line 6 will then be rubbed to
      transfer such line onto the receiving surface 8, as indicated at 6'.
PAR  Additional horizontal lines of guide marks can then be transferred to the
      receiving surface 8 below the dividing line 6' by again moving the
      transparent carrier sheet down until the line A of residual reference
      marks is precisely in registration with the underline 6'. The exposed
      surface of the carrier sheet 1 over the angles 3 and central cross 4 of
      guide mark lines B, C and D will then be rubbed to transfer such guide
      marks onto the receiving surface at the locations indicated in FIG. 2
      below the underline 6'. The receiving surface is then prepared for
      transferring onto it other indicia from the carrier sheet 1.
PAR  A further operation of transferring indicia from the carrier sheet 1 to the
      receiving surface 8 is illustrated in FIG. 3. Horizontal portions of the
      reference B were first placed in registration with horizontal portions of
      the top transferred guide line, above the underline 6', on the receiving
      surface 8. The left side of the letter to be transferred to the receiving
      surface, which is the capital letter E in this instance, was then aligned
      vertically with the vertical portion of the left guide angle 3'. The
      exposed surface of the carrier sheet 1 was then rubbed over the E to
      transfer that letter, designated 2' in FIG. 3, onto the receiving surface
      and leaving a residual clear image 2" on the carrier sheet 1. Next, dashes
      5 of the reference mark line H were placed in registration with the
      horizontal leg of the upper angle 3' at the left of FIG. 3 and with the
      horizontal line section of the upper cross 4'. The period was placed close
      to the letter E and the exposed surface of the carrier sheet 1 over that
      period was then rubbed to transfer to the receiving surface 8 the period
      designated 7' in FIG. 3.
PAR  Next the carrier sheet 1 in FIG. 3 has been shifted so that the reference
      dashes 5 beneath the top indicia row have been placed in registration with
      the horizontal guide line segment of the cross 4' and the horizontal guide
      line segment of the righthand angle guide mark 3' in position to locate an
      A in the top indicia row close to the period 7'. Next the exposed surface
      of the carrier sheet over the letter A is rubbed to transfer such letter
      from the carrier sheet to the receiving surface 8.
PAR  Because the reference mark line A bears a predetermined relationship to the
      top row of indicia on carrier sheet 1 and that relationship is the same as
      the relationship between the reference mark line B and the row of indicia
      next above it, locating the reference mark line B in registration with the
      upper guide marks 3' and 4' while the indicia E is being transferred to
      the receiving surface 8 and locating the reference mark line A in
      registration with the same guide marks 3' and 4' while the letter A is
      being transferred from the carrier sheet to the receiving surface will
      insure that the transferred E and the transferred A are precisely aligned
      in the same horizontal row.
PAR  The transfer operations described above will be followed to transfer
      another period from the bottom indicia row of the carrier sheet, an S from
      the indicia row above reference mark line C, an M from the same indicia
      row, an I from the indicia row next above reference mark line B, a T from
      the indicia row next above the reference mark line D and, finally, H from
      the indicia row next above reference mark line B. During all of these
      transfers the respective mark line under the individual letters will be
      placed in registration with the horizontal guide on the receiving surface
      8 defined by the top horizontal line segments 3' and 4' transferred to the
      receiving surface.
PAR  One or more successively lower indicia lines can subsequently be formed by
      transferring desired indicia element by element from the carrier sheet to
      the receiving surface in the manner explained above while, in every
      instance, the reference mark line below each character being transferred
      is in precise registration with the appropriate guide mark line that has
      been transferred to the receiving surface 8. The reference line marks may
      be residual clear marks 3", 4" or formed by opaque marks 3, 4, depending
      on whether the particular reference and transferable guide mark line had
      been used to transfer guide marks 3', 4' to the receiving surface 8.
PAR  In placing on the receiving surface the successive rows of indicia, each
      indicia row may be started with the left side of the first indicia element
      substantially aligned with the vertical line section portion of the angle
      guide mark at the left end of the indicia row reference line to produce an
      aligned left margin in the final indicia display. If it is desired to
      align the right margin instead, the last letter of each line will be
      transferred first and its right edge will be vertically aligned with the
      vertical line section portion of the angle guide mark at the right end of
      the guide line. In this instance, the indicia elements would be
      transferred sequentially from right to left. Alternatively, the indicia in
      each row can be centered by placing the central letter or space of the
      respective indicia rows in centered vertical alignment with the vertical
      line sections of the center crosses 4'. The appropriate letters can then
      be placed in sequence at each side of the centered letter or space to
      complete the row of indicia desired. The more important factor is that in
      each instance the elevational positions of all of the indicia rows on the
      receiving surface will be established precisely by utilization of the
      guide marks transferred to the receiving surface 8 in the manner described
      above. The spacing of the indicia rows on the receiving surface, except
      for underlined rows, will therefore be precisely the same as the spacing
      of indicia rows on the carrier sheet.
PAR  After the transfer of letters from the carrier sheet 1 onto the receiving
      surface 8 has been completed in the manner described above for each row
      guide, the marks 3' and 4' can easily be removed from the receiving
      surface by applying pressure-sensitive tape to the receiving surface over
      each of them and then removing the pressure-sensitive tape. This operation
      strips the transferred guide marks from the receiving surface. Similarly,
      if an error has been made in selecting any letter, that letter can be
      removed by applying pressure-sensitive tape to the receiving surface over
      the letter and then removing the tape to strip such letter from the
      receiving surface. In fact, this same technique can be used for removing
      one or more transferred letters from a receiving surface at any time and
      replacing such letter or letters with a substitute transferred letter or
      letters to revise the sign. By this procedure the name of a particular
      officer can be changed, for example, or the title associated with a
      particular name of a person can be changed.
PAR  Representative types of guide marks transferable from a carrier sheet to
      the receiving surface have been described, but other types of guide marks
      can be used for effecting desired placement of indicia transferred from a
      carrier sheet to a receiving surface. Several rows of crosses 4 are shown
      in FIG. 1, the vertical line sections of which are aligned in columns
      which can be utilized to provide different marginal indentations or to
      place in alignment different indicia to be aligned in columns. It is not
      necessary ordinarily to provide guide marks on a receiving surface to
      establish horizontal spacing of letters; if the letters are placed
      sufficiently close, approximately equal clearance, such as hairline
      spacing between adjacent letters can be provided simply by eyesight
      judgment.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a transparent carrier sheet carrying a plurality of rows of underlaid
      indicia transferable to a receiving surface by rubbing the exposed surface
      of the carrier sheet over the indicia to be transferred, the improvement
      comprising such indicia including at least one descending lower case
      letter, and reference marks and underlaid transferable guide marks carried
      by the carrier sheet, said guide marks being transferable to a receiving
      surface by rubbing the exposed surface of the carrier sheet over said
      guide marks, said reference marks and transferable guide marks being
      arranged on the carrier sheet along a plurality of horizontal lines, each
      line including both reference marks and transferable guide marks, each
      line being located the same distance below the row of indicia next above
      it as another line is located below the row of indicia next above such
      other line, and the line next below the row of indicia containing a
      descending lower case letter being below the downwardly projecting portion
      of such descending lower case letter.
NUM  2.
PAR  2. In the carrier sheet defined in claim 1, transferable guide marks in a
      plurality of horizontal lines also being arranged in at least one vertical
      line.
NUM  3.
PAR  3. In the carrier sheet defined in claim 2, transferable guide marks in a
      plurality of horizontal lines also being arranged along a plurality of
      vertical lines.
NUM  4.
PAR  4. In the carrier sheet defined in claim 1, at least one of the
      transferable guide marks including a vertical line section and a
      horizontal line section.
NUM  5.
PAR  5. In the carrier sheet defined in claim 1, at least one of the
      transferable guide marks being a cross.
NUM  6.
PAR  6. In the carrier sheet defined in claim 1, at least one of the
      transferable guide marks being an angle.
NUM  7.
PAR  7. In the carrier sheet defined in claim 1, each horizontal line being
      located higher than all portions of the indicia in the indicia row next
      below such line.
NUM  8.
PAR  8. In the carrier sheet defined in claim 1, the transferable guide marks
      being opaque, and transparent reference marks in precise registration with
      said opaque guide marks.
NUM  9.
PAR  9. In the carrier sheet defined in claim 8, the carrier sheet background
      and the transparent reference marks being transparent in a different
      degree.
NUM  10.
PAR  10. The method of placing indicia on a receiving surface from a transparent
      carrier sheet carrying transferable underlaid indicia and transferable
      underlaid guide marks, which comprises placing the carrier sheet in
      overlying relationship to the receiving surface, locating guide marks on
      the carrier sheet in desired locations with reference to the receiving
      surface, rubbing the exposed surface of the carrier sheet over such guide
      marks for transferring such guide marks to the receiving surface, shifting
      the carrier sheet to place in registration with the transferred guide
      marks reference marks on the carrier sheet related to selected indicia
      desired to be transferred to the receiving surface, and, while such
      reference marks are held in registration with the guide marks transferred
      to the receiving surface, rubbing the exposed surface of the carrier sheet
      over such selected indicia to transfer such selected indicia to the
      receiving surface.
NUM  11.
PAR  11. The method defined in claim 10, including transferring to the receiving
      surface guide marks in a plurality of horizontal lines.
NUM  12.
PAR  12. The method defined in claim 10, in which reference marks and
      transferable guide marks on the carrier sheet are in the same line.
NUM  13.
PAR  13. The method defined in claim 10, in which the step of transferring guide
      marks from the carrier sheet to the receiving surface leaves transparent
      reference marks on the carrier sheet at locations occupied by guide marks
      before they were transferred to the receiving surface.
NUM  14.
PAR  14. The method defined in claim 10, in which the receiving surface is the
      surface of a panel of the same width as the transparent carrier sheet, and
      the step of placing the carrier sheet in overlying relationship to the
      receiving surface includes placing the opposite vertical edges of the
      carrier sheet in registration with the opposite vertical edges of the
      panel.
NUM  15.
PAR  15. The method defined in claim 10, in which the receiving surface is the
      surface of a panel of the same width as the transparent carrier sheet, and
      the step of placing the carrier sheet in overlying relationship to the
      receiving surface includes placing the opposite vertical edges of the
      carrier sheet in registration with the opposite vertical edges of the
      panel and placing the upper edge of the carrier sheet in registration with
      the upper edge of the panel.
NUM  16.
PAR  16. In a receiving surface for receiving a plurality of rows of indicia
      transferred from a transparent carrier sheet by rubbing the exposed
      surface of the carrier sheet over the indicia to be transferred, the
      improvement comprising the receiving surface bearing guide marks
      transferred from the carrier sheet by rubbing the exposed surface of the
      carrier sheet over said guide marks, said guide marks being arranged on
      the receiving surface along a horizontal line.
NUM  17.
PAR  17. In the receiving surface defined in claim 16, the guide marks being
      arranged on the receiving surface along a plurality of parallel horizontal
      lines.
NUM  18.
PAR  18. In the receiving surface defined in claim 17, additional guide marks
      associated with the plurality of horizontal lines and arranged along a
      vertical line.
NUM  19.
PAR  19. The combination comprising a panel having a receiving surface, and a
      transparent carrier sheet carrying a plurality of rows of underlaid
      indicia transferable to said receiving surface by rubbing the exposed
      surface of said carrier sheet over the indicia to be transferred and
      further carrying reference marks arranged along a plurality of horizontal
      lines, each line being located the same distance below the row of indicia
      next above it as another line is located below the row of indicia next
      above such other line, said receiving surface having thereon a plurality
      of horizontal lines of guide marks transferred from said carrier sheet by
      the exposed surface of the carrier sheet having been rubbed over guide
      marks underlaid on said carrier sheet, and said lines of guide marks on
      said receiving surface being spaced apart vertically the same distance as
      the vertical spacing of the lines of reference marks carried by said
      carrier sheet.
NUM  20.
PAR  20. The combination defined in claim 19, in which the carrier sheet is of
      the same width as the panel and a line of guide marks on the receiving
      surface is positioned for disposition in registration with a line of
      reference marks on the carrier sheet when the carrier sheet is positioned
      on the panel with the opposite edges of the carrier sheet in registration
      with the opposite edges of the panel and with the top edge of the carrier
      sheet in registration with the top edge of the panel.
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ABST
PAL  A front or rear sight is mounted on a barrel of a firearm by an open ring
      positioned around the barrel and having spaced ends upon which is mounted
      a fastening element. A nut is retained on the upper surface of the
      fastening element and a mount for a sight is positioned over the nut and
      fastening element. A screw passes through the mount to be threaded into
      the nut so that tightening of the screw will draw the fastening element
      and nut upwardly to tighten the ring around the barrel.
BSUM
PAR  The present invention relates to the mounting of a sight on a firearm, more
      particularly, to attaching and securing the front and rear sight on the
      barrel of the firearm after processing of the barrel has been completed.
PAR  Various forms of gun sights including both front and rear sights have been
      mounted in many different ways on the barrels of hand firearms and air
      guns. A common and well-known arrangement comprises mounting of the sight
      on the barrel with the use of soft-solder. This arrangement has several
      disadvantages in that a relatively high degree of skill is required on the
      part of the personnel mounting the sights and further the soldering
      process is relatively expensive. In addition, to carry out such a
      soldering operation requires considerable time with respect to other
      manufacturing operations. Another disadvantage is that soft-soldered
      firearm components cannot be treated for rust-proofing in a antirust bath
      since the solder generally decomposes therein. As a result, it is
      necessary to again apply a time-consuming and expensive operation in order
      to rust-proof the firearm after the sights have been mounted with
      soft-solder.
PAR  Another arrangement for mounting a sight consists in tapping a blind hole
      in the barrel and attaching the sight to the barrel by a suitable screw.
      This has the disadvantage that the wall of the barrel must be relatively
      thick. Another disadvantage is that it is not possible to undertake a
      subsequent adjustment of the barrel in order to regulate the breech
      distance if one desires to avoid any likelihood of inadvertently laterally
      moving the sight so as to cause its misalignment.
PAR  It is also known to attach the components of the sight by means of a ring
      pressed on the barrel. This arrangement is disadvantageous since the
      manufacturing operation to obtain a satisfactory press fit and the
      fabrication of the components with the rings to be pressed onto the barrel
      are relatively expensive. In addition, soldering, bolts or screws are
      frequently additionally required in order to secure the sight components
      in a more reliable manner.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved arrangement for the mounting of a sight on a barrel of
      a firearm.
PAR  It is another object of the present invention to provide for the mounting
      of a sight on the barrel of a firearm by means of an economical
      manufacturing operation and which results in a clean and neat appearance
      of the assembled sight on the firearm.
PAR  It is a further object of the present invention to provide an arrangement
      for mounting of a sight which does not require any drilling or tapping of
      the barrel and which can be subjected to a rust-proofing process without
      adversely affecting the mount.
PAR  According to one aspect of the present invention a front or rear sight may
      be mounted on the barrel of a firearm by means of an open ring having
      spaced ends and positioned around the barrel. A fastening element is
      mounted on the spaced ends of the ring and a nut is retained on the upper
      surface of the fastening element. A mount for a sight is positioned over
      the nut and fastening element and a screw is passed through the mount to
      be threaded into the nut so that tightening of the screw will draw the
      fastening element and nut upwardly to tighten the ring and therefore the
      mount on the barrel.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      upon reference to the accompanying description when taken in conjunction
      with the following drawings, which are exemplary, wherein:
PAR  FIG. 1 is a side elevational view of a firearm upon which a sight is
      mounted in accordance with the present invention;
PAR  FIG. 2 is an exploded view in perspective of the several components of the
      arrangement for mounting the sight; and
PAR  FIG. 3 is a sectional view taken along the line A--A of FIG. 1.
DETD
PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views, a specific embodiment of the
      present invention will be described in detail.
PAR  As may be seen in FIG. 1, the sighting system comprises a rear sight 11 and
      a front sight attachment 12 both mounted in the simple and effective
      manner according to the present invention on a barrel 13 of a firearm
      which may be a rifle or an air gun 14. Since both the front and rear sight
      can be mounted in the same manner the description will describe in detail
      the mounting only for the front sight 12.
PAR  As may be seen in FIG. 2, the mounting arrangement for the sight 12
      comprises an open ring 15 made of sheet metal which is slid over the front
      portion of the barrel 13. The ring 15 has spaced ends 16,17 which are bent
      upwardly and then outwardly so that the upper portions thereof have a
      wedge shape. The ends 16,17 when viewed from the end have a dove-tail or
      T-shaped configuration. A fastening element 18 is provided on its
      underside with longitudinal extending guide surfaces 19 which are shaped
      to receive the ring ends 16,17. When the fastening element 18 is slid upon
      the ring end 16,17 by means of its T-shape slot 19 the ring is actually
      securely fastened at this stage upon the weapon. This fastening effect is
      achieved by the wedge-shape of the ends 16,17 which are cammed or wedged
      into the horizontally extending portion of the T-slot 19.
PAR  A further advantage of this arrangement is that a secure fit between the
      fastening element 18 and the band 15 can be obtained without the necessity
      of the precise and fine tolerances which would be required with rings
      which are pressed onto the barrel according to the prior art as described
      above.
PAR  On the upper surface of fastening element 18 there is provided an
      additional parallel guide groove 20 in which the side walls are inclined
      inwardly to receive a correspondingly shaped guide portion 21 on a
      threaded nut 22. The nut 22 is thus slidably adjustable upon the fastening
      element 18 in a direction parallel to the axis of the barrel 13.
PAR  The front sight attachment of mount 12 which is to be positioned upon the
      barrel is provided with recessed portions 23 and 24 in its underside so as
      to accommodate the nut 22 and the fastening element 18 therein. When the
      mount 12 is positioned upon the barrel 13 the fastening element 18 and nut
      22 are thus completely covered and enclosed by the mount 12.
PAR  A screw 25 is then passed through the mount 12 on its upper surface and is
      threaded into the nut 22. Tightening of the screw 25 will thus hold the
      nut 22 and fastening element 18 upwardly which in turn will tighten the
      ring 15 around the barrel 13.
PAR  The underside of the mount 12 is curved as can be seen in FIG. 2 so as to
      comform to the peripheral surface of the barrel 13. In addition, the mount
      is provided with a notched portion 26 on its underside which closely
      receives the ring 15 to fix the mount against movement in the axial
      direction. The result is a secure and reliable fit of the front end sight
      mount 12 and therefore of the front sight 27 on the barrel.
PAR  While the present invention has been described in connection with a firearm
      having a relatively long barrel, such as a rifle, it is to be understood
      that this mounting of a sight can also be utilized with shorter barrel
      weapons such as various forms of hand guns and pistols.
PAR  A feature of the present invention is that the sight mounting arrangement
      as disclosed herein can be positioned and adjusted on the completed and
      treated firearm without any additional operations thereto and also, the
      sight can be readily removed from the firearm without any complicated
      operations. Thus, the rifle can be subjected to any desired rust-proofing
      or other processing or treating operations and upon the completion of
      these operations the sights can be securely mounted in position.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within the invention as may
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a mounting of a sight on a barrel of a firearm, the combination of an
      open ring having spaced ends and positioned around the barrel, a fastening
      element mounted on said ring spaced ends, a nut retained on said fastening
      element, a mount for a sight positioned over said nut and fastening
      element, and a screw passing through said mount and threaded into said nut
      so that tightening of the screw will draw said fastening element and nut
      upwardly to tighten said ring around the barrel.
NUM  2.
PAR  2. In a mounting as claimed in claim 1 and guide means on said fastening
      element parallel to the axis of the barrel for retaining said nut.
NUM  3.
PAR  3. In a mounting as claimed in claim 1 wherein said spaced ends are bent
      upwardly and outwardly and the outwardly bent portions have a wedge shape,
      there being a wedged-shaped T-slot in the lower surface of said fastening
      element receiving said wedge-shaped ends of said ring.
NUM  4.
PAR  4. In a mounting as claimed in claim 2 wherein said guide means are on the
      upper surface of said fastening element and comprise a slot having
      inwardly inclined side walls, said nut being provided with correspondingly
      shaped guide surfaces to be slidingly received within said fastening
      element slot so that the position of said nut is adjustable in a direction
      parallel to the barrel.
NUM  5.
PAR  5. In a mounting as claimed in claim 1 wherein said mount has a recess in
      the underside thereof to accommodate said nut and fastening element.
NUM  6.
PAR  6. In a mounting as claimed in claim 1 wherein there is a notch in said
      mount within which said ring is seated such that said mount rests firmly
      upon said barrel.
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ABST
PAL  This device consists primarily of a frame insertable into the ground or
      mountable on any supporting structure such as the side of a boat or wharf,
      and having an adjustable cradle fastened thereon for holding a fishing
      pole and the device includes spring and adjustable fastener means for
      applying the proper tension for the cradle contact with a push button
      switch which activates a horn and a light.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fishing tackle, and more particularly to a
      fishing pole holder for use at night and in the day time.
PAR  It is therefore the principal object of this invention to provide a fishing
      pole holder which will alert a fisherman when a fish strikes the fish hook
      on the line of the fishing pole.
PAR  Another object of this invention is to provide a fishing pole holder which
      when a fish strikes, the cradle of the device, will rock forward and urge
      down the push button switch which will activate a horn and a light
      simultaneously.
PAR  Another object of this invention is to provide a pole holder of the type
      described, which will have adjustment means for varying the tension
      between the cradle which holds the pole, and the frame.
PAR  Other objects of the invention are to provide a fishing pole holder which
      is simple in design, inexpensive to manufacture, rugged in construction,
      easy to use and efficient in operation.
PAR  These and other objects will readily be evident upon study of the following
      specification and the accompanying drawing, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the present invention showing the butt of a
      fishing rod in phantom lines.
PAR  FIG. 2 is a schematic wiring diagram of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to this invention, the fishing pole holder 10 is shown to include
      a frame 11 having a pointed end 12 and a U-shaped end 13 on the arcuate
      portion 13A. An arcuately shaped cradle 14 of holder 10 is provided with
      an open yoke 15 which receives the forward end of pole 16 and the rear end
      of pole 16 is received within the eye means 17 of cradle 14. A bolt
      fastener 18 receives a washer 19 and communicates through the arcuate
      portion of cradle 14 and arcuate portion 13A of frame 11. Coiled spring 20
      and wing nut fastener 21 are received upon bolt fastener 18 to provide
      adjustment tension means between cradle 14 and arcuate portion 13A of
      frame 11. A horn 22 is secured fixedly in a suitable manner, to rod 23
      which is secured fixedly to frame 11 by means of fasteners 24. A threaded
      bolt fastener 25 is threadably received within portion 26 of rod 23 and a
      pair of springs 27 are received at one end, within the eye portion 28 of
      bolt 25, the opposite ends of the springs 27 being secured on each of the
      sides of eye 17 of cradle 14. The springs 27 providing means of adjusting
      the pole holder 10 due to the various weights and sizes of fishing poles.
PAR  It shall be noted that the adjustment is such, that the cradle 14 must be a
      quarter of an inch above the push button switch 32 of horn 22.
PAR  Horn 22 is wired in series with battery 31, push button switch 32 and light
      30.
PAR  In use, when a fish strikes the hook on the line of the pole 16, the cradle
      14 is rocked forwardly because the end of the pole 16 is abutting the eye
      means 17 and thus, the forward portion of cradle 14 strikes the push
      button 32 and closes the circuit to the horn 22 and the light 30.
CLMS
STM  What I now claim is:
NUM  1.
PAR  1. A fishing pole holder comprising, in combination, a frame for support
      and a cradle for holding a pole mounted rockably on said frame, wherein
      said frame is pointed at one end for insertion into the ground and the
      opposite end is arcuate and includes a U-shaped portion in which said
      cradle freely rides, said arcuate portion of said frame being secured
      pivotably to said cradle which is arcurate in configuration for said
      rocking movement there-between.
NUM  2.
PAR  2. A fishing pole holder comprising, in combination, a frame having one end
      arcuate and including a U-shaped portion, a cradle rockably mounted on the
      arcuate end of said frame to ride freely in said U-shaped portion, and a
      pushbutton actuated horn and light mounted on said frame in close
      proximity to said cradle, wherein said cradle includes an open yoke
      portion in which the front end of the butt of said pole is removably
      received, and the opposite end of said cradle is provided with eye means
      in which the rear portion of the butt of said pole is removably retained
      and bolt fastener and washer means secure said cradle to the arcuate
      portion of said frame adjacent to the U-shaped portion and said bolt
      fastener receives spring means and wing nut means to provide adjustment
      means for the arcuate pivoting of said cradle against said push button
      switch of said horn and light.
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ABST
PAL  A novel tubular trotline fishhook holder and dispenser comprising a handle
      portion removably clampable to a transom of a boat and a hook storage
      compartment extending from one end of the handle portion at an obtuse
      angle therewith. The storage compartment is provided with a shaft
      extending longitudinally thereof for supporting the bend portions of the
      hooks on spaced stringers of the trotline in one direction with one end of
      the shaft being fixedly attached interiorly of the holder adjacent the
      handle portion and extending outwardly of the free end of the storage
      compartment and being movable laterally of the holder for aiding in
      removing the hooks from the holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A trotline consists of a plurality of hooks suspended from a main line
      which may be placed between spaced stakes in a body of water with the
      hooks attached to the main line by stringers, leaders or the like. These
      stringers or the like cause the hooks to be suspended 18 inches or more
      below the water surface or submerged trotline. The hooks are generally
      required by state fishing regulations to be no closer than three feet from
      each other.
PAR  The placing of the hooks across or along a stream between stakes has been
      difficult, usually involving tangled hooks and lines using up a
      considerable amount of time to keep orderly as well as providing an
      unwanted hazard from the barbs of the sharp hooks.
PAR  As an alternative to this method of handling trotlines, holders and
      dispensers have been provided; however, they still have disadvantages
      which should be eliminated.
PAR  Fishhook holders for trotlines employing a slotted outer tube having an
      inner hook supporting shaft therein are known, but they possess the
      inherent disadvantage that with the inner shaft in a fixed location,
      utility of the shaft is limited to the size and type of fishhook used and
      the hooks are easily dislodged and at times uncontrollingly slip out of
      the holder.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention claimed a new and improved trotline
      fishhook holder and dispenser is provided comprising an L-shaped tubular
      configuration having a handle portion adapted to be held by the fisherman
      or removably mounted on the transom of a boat, and a hook storage and
      holder portion having a rod extending laterally of and within the storage
      and holder portion of the holder and dispenser. The cylindrical housing of
      the storage and holder portion is slotted along its length such that the
      shank portions of the hooks which are supported by their bend portions at
      least partially surround the rod in a common direction and extend through
      the slotted portion of the cylindrical housing of the holder and
      dispenser.
PAR  The rod is fixedly mounted at one end only within the storage portion of
      the holder and dispenser such that its free end extending out of the
      storage and holder portion may move laterally to aid in releasing the
      hooks spacedly stored along its length causing them to slide out of the
      storage portion of the holder and dispenser and off of the free end of the
      rod.
PAR  It is, therefore, one object of this invention to provide a new and
      improved trotline fishhook holder and dispenser.
PAR  Another object of this invention is to provide an improved tubular trotline
      fishhook holding and dispensing device employing a rod mounted in the
      storage portion of the device for supporting a plurality of hooks which
      rod is movable laterally about a point within the storage portion of the
      device to aid in releasing the hooks held and stored therein.
PAR  A further object of this device is to provide an L-shaped trotline fishhook
      holding and dispensing device with one leg of the L-shaped device forming
      an obtuse angle with the other leg of the device for aiding in holding the
      hooks within the storage portion of the device.
PAR  A still further object of this device is to provide an adjustable trotline
      fishhook holder employing means for adapting it to store a variety of
      types and sizes of fishhooks at the same time.
PAR  A still further object of this invention is to provide a trotline line
      holder and dispenser which is simple, efficient, easy to carry and
      operate, and relatively inexpensive to manufacture.
PAR  Further objects and advantages of the invention will become apparent as the
      following description proceeds and the features of novelty which
      characterize this invention will be pointed out with particularity in the
      claims annexed to and forming a part of this specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more readily described by reference to the
      accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of the trotline fishhook holding and storage
      device and embodying the invention;
PAR  FIG. 2 is a cross sectional view of FIG. 1 taken along the line 2--2;
PAR  FIG. 3 is a cross sectional view of FIG. 2 taken along the line 3--3;
PAR  FIG. 4 is a partial perspective view of the device shown in FIG. 1
      illustrating the slotted configuration of the hook storage portion; and
PAR  FIG. 5 is a partial cross sectional view of a modified hook storage portion
      of the device shown in FIGS. 1-4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing by characters of reference,
      FIGS. 1-4 disclose a trotline fishhook holding and storage device 10
      comprising a hollow generally L-shaped body or casing 11 preferably
      constructed of light weight one size metal or plastic tubing having
      opposite open ends 12 and 13. The holding and storage device is divided
      into a rear handle portion 14 and a forward storage or holder portion 15.
      The holder portion 15 has an elongated substantially rectangular slot 16
      formed therein which extends substantially the full length of the holder
      portion 15 opening on the end of the holder portion, as shown in FIG. 4.
PAR  The handle portion 14 is preferably filled with a firm water buoyant
      material 17 which is provided with an opening 18 formed therein for
      receiving a peg or rod mounted, for example, on the transom of a boat, not
      shown.
PAR  As designed the portions 14 and 15 of device 10 form an L-shape
      configuration defining an obtuse angle 20 therewith which may be, for
      example, 110.degree.. With portions 14 and 15 separated from each other in
      this manner the holder portion 15 would be positioned at an angle above
      the horizontal when hand carried or mounted on the transom of a boat to
      aid in keeping fishhooks positioned within the holder in the device.
PAR  A hook supporting rod 21 is disposed within the holder portion 15 of the
      device and preferably projects somewhat beyond the end 13 of the device.
PAR  Rod 21 is maintained in location within the holder portion 15 by having an
      off center end 22 suitably fastened to the inside of the holder portion 15
      juxtapositioned to the handle portion as shown in FIG. 2. Fastened in this
      manner the end 22 of rod 21 may be grasped by a user and resiliently
      biased away from the upper portion of the inside wall of the holder
      portion to provide a greater clearance between the inside wall of the
      holder portion and the rod to cause the fishhooks mounted on the rod, as
      shown, to be easily slid off of end 22.
PAR  In order to stabilize the rod in the holder portion, rod 21 is provided
      with an arm member 23 extending laterally from rod 21 adjacent end 22
      which is fitted into and moves freely through an aperture 24 in the
      tubular walls of the holder portion. Thus, as the rod 21 is biased away
      from the inside walls of the holder portion, a portion of arm member 23
      moves through aperture 24.
PAR  As noted from FIGS. 1-3 of the drawing, the holder portion 15 of device 10
      encloses substantially all of rod 21 which extends in its unbiased
      condition parallel with the axis of holder portion 15 and outwardly
      thereof beyond end 13. As can be seen, the bend portions 25 of fishhooks
      26 are supported by the cylindrical portion of rod 21. The offset of end
      22' of rod 21 places the cylindrical portion of rod 21 a small distance
      from the inside wall of holder portion 15, namely, a distance about twice
      the diameter of the wire from which the fishhooks are formed.
PAR  The shanks of the fishhooks extend outwardly of the cylindrical holder
      portion 15 of device 10, as shown in FIGS. 1 and 3, are attached by means
      of stringers 28 to the main line 29 which may be of a heavier gauge than
      the stringers. The leading end 30 of the main line 29 is generally
      attached to some part of the holder and dispenser and is shown herein as
      being fastened to a screw, bolt or rod 31 attached to the outside
      periphery of the handle portion 14.
PAR  As shown in FIG. 5, the tubular holder portion 35 of the device may be
      distorted to define an oblong cross sectional configuration to accommodate
      larger hooks 36.
PAC  OPERATION
PAR  The manner in which the device is used will be readily understood from the
      drawing and the above description. The dispenser is loaded with the
      desired number of hooks of like or different sizes; for example, about 50
      or more which slide over the free end of rod 21 and into the holder
      portion 15. The barbs of the hooks are all intended to face in the same
      direction so as to protect the user when they are dispensed from the
      holding and dispensing device. The dispenser is fastened to a boat and the
      trailing edge of the main line is fastened to a fixed object on shore.
      Then the boat is propelled in the water away from the fixed object. This
      motion of the boat causes the holding and dispensing device to be aligned
      with the direction of motion and the tension on the main line causes the
      hooks to be pulled out, one by one off of rod 21. Floats may be placed at
      desired intervals on the main line. After all the hooks, or a desired
      number of the hooks are dispensed, the leading end of the main line may be
      fastened into the position in which the trotline is to be left. For
      example, it may remain fastened to the boat and the boat anchored or the
      leading end may be fastened to a fixed object on the shore opposite the
      first fixed object. Alternatively, the leading end of the main line may be
      fastened to a float which can be anchored in place in the water. After the
      trotline is set up, the hooks are baited or the hooks may be baited if so
      desired as they are dispensed.
PAR  After use, the trotline may be readily packed by slipping the bends of the
      hooks, in order, on rod 21, sliding the shanks of the hooks through the
      slot 16. After insertion of all the hooks, the stringers hanging out
      through the slot 16 may be tied around the holder portion 15 for storage.
PAR  It should be noted that slot 16 is offset from an imaginary line passing
      through the axes of rod 21 and holder portion 15 such that the barbs of
      the fishhooks may all face the same direction and be readily and easily
      inserted into and removed from the holding and dispensing device, as
      evident from the drawing. Further, it is desirable to coat or polish the
      metal forming slot 16 in holder portion 15 and the surface of rod 21 to
      help keep the surface of the hooks and their shanks from being rubbed off.
PAR  Although but one embodiment of the invention has been shown and described,
      it will be apparent to those skilled in the art that various changes and
      modifications may be made therein without departing from the spirit of the
      invention or from the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tubular fishhook holding and dispensing device for a trotline having
      spaced stringers with each stringer having a fishhook composed of a shank
      portion, a bend portion and a barb, said device comprising:
PA1  a handle portion and a holder portion,
PA1  said handle portion and said holder portion being interconnected in an end
      to end arrangement forming generally an L-shaped configuration,
PA1  said holder portion being hollow and having a slit extending from its free
      end toward said interconnected end and having a rod with an offset end
      positioned therein, said rod being secured at its offset end to the inside
      periphery of said holder portion adjacent said handle portion,
PA1  said rod extending coextensive with said holder portion and outwardly a
      predetermined distance from its free end,
PA1  said rod being spaced from one portion of the inner peripheral wall of said
      holder portion by its offset end a distance slightly greater than the
      diameter of the fishhooks, whereby the fishhooks may be slid over the free
      end of said rod with their shanks extending through said slit of said
      holder portion for movement in an orderly manner toward the interconnected
      ends of said handle portion and said holder portion,
PA1  a guide means attached to said rod at its free end to extend laterally
      thereof within said holder portion, and
PA1  an opening in said holder portion at a point substantially diagonally
      opposite from said one portion of said inner peripheral wall of said
      holder portion for receiving said guide means,
PA1  said guide means moving through said opening when said rod is deflected
      from adjacent said one portion of said inner peripheral wall of said
      holder portion for readily receiving and dispensing fishhooks from said
      device.
NUM  2.
PAR  2. The tubular fishhook holding and dispensing device set forth in claim 1
      wherein:
PA1  said handle portion and said holder portion are interconnected in end to
      end arrangement at an obtuse angle.
NUM  3.
PAR  3. The tubular fishhook holding and dispensing device set forth in claim 1
      wherein:
PA1  said handle portion and said holder portion are interconnected to form
      substantially a 110 degree angle therebetween.
NUM  4.
PAR  4. The tubular fishhook holding and dispensing device set forth in claim 1
      wherein:
PA1  said handle portion is substantially filled with a floatable material.
NUM  5.
PAR  5. The tubular fishhook holding and dispensing device set forth in claim 4
      wherein:
PA1  an opening is provided in the free end of said handle portion for receiving
      a supporting peg.
NUM  6.
PAR  6. The tubular fishhook holding and dispensing device set forth in claim 1
      in further combination with:
PA1  a trotline having a plurality of stringers mounted along said line,
PA1  each of said stringers having a fishhook mounted at one end thereof, and
PA1  each of said fishhooks being mounted on said rod with its shank extending
      through said slit in said holder portion,
PA1  one end of said trotline being fastened to the outer periphery of said
      handle portion.
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ABST
PAL  A bait holding assembly having in combination a swivel means attached to a
      clip which is in turn attached to a bait clamping means. One or more
      relatively short fishing lines are attached to the clip and carry fish
      hooks that are embedded in the bait when clamped. The bait holding
      assembly is particularly well suited for use with opened bivalves such as
      muscles and the like as bait, said bivalve being clamped in said clamping
      means and said hooks or hook being embedded in the flesh of said bivalve.
      The clamping means is so constructed as to maintain the bivalve in a fully
      open position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bait holders for use in fishing and more
      particularly for use where relatively large bait sections and bivalves
      such as muscles and the like are used. Present methods of holding bait
      involve piercing the bait with a hook or wrapping the line to which a hook
      is attached around the bait. It has been found that when using these
      methods bait may be easily pulled from the hooks. Furthermore, when
      casting the bait often becomes dislodged. These problems are more critical
      when fishing with bivalves such as muscles and clams. The present
      invention overcomes these problems in that the opened shell of the bivalve
      is securely clamped and the hooks, which form part of the assembly, are
      then embedded in the flesh of the bait. With the bait secured in this
      manner, there is less probability of loss of the bait during the fishing
      operation. The Hearne U.S. Pat. No. 3,677,150 has approached the problem
      by clamping the bait to the hook shank. This method does not afford the
      flexibility of the present invention and the size and type of bait and the
      size of the hook may dictate against the use of the Hearne invention in
      many instances. The present invention is not limited in any respect to
      bait size, size of the hook or number of hooks to be used as are other
      methods currently in use.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to bait holding assemblies and particularly to an
      assembly wherein bait may be clamped in place with a clamping means and a
      hook or a plurality of hooks may then be embedded in the bait. It is
      particularly well suited for bait such as bivalves including muscles,
      clams and the like the shells of which may be clamped in the clamping
      means after opening the shell. This affords a means of fishing with this
      type of bait while the bivalve is still living or fresh. The invention
      embodies in combination a swivel means to which is attached a clip means
      openable at both ends thereof. The clip means is attached to a bait
      clamping means, and one or more relatively short fishing lines are
      attached to the clip means and carry fishing hooks which are embedded in
      the bait.
PAR  The principal object of the invention is thus to provide a bait holding
      fishing hook assembly wherein the bait may be clamped and held
      independently of the fishing hooks, and said hooks may then be embedded
      into the clamped bait, said assembly being particularly useful in the case
      of bivalve bait.
PAR  Another object of the invention is to provide a bait holding and fishing
      hook assembly wherein the clamping means is constructed so as to exert
      upon the opened bivalve a uniform pressure of substantial magnitude along
      the entire width of the clamping jaws. The clamping pressure is primarily
      applied at the leading edges of the clamping jaws which are biased toward
      each other by a clamping spring member which serves both to interconnect
      the jaws and apply the clamping pressure. The jaws are exteriorly convexly
      rounded and spaced when closed at the side regions thereof, so that the
      interior of the holder when the jaws are opened is able to accommodate a
      substantial thickness of the bivalve while maintaining pressure thereon
      primarily at the leading edges of the jaws. To improve the bait holder as
      a fishing lure, the clamping means is preferably brightly colored.
DRWD
PAR  Other objects of the invention will become apparent from the following
      specification described in particular reference to the application
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a bait holding fishing hook assembly
      showing the swivel means, a clip means, a bait clamping means and a
      plurality of fishing lines each of which has attached to the opposite end
      thereof a fish hook;
PAR  FIG. 2 is a perspective view of the bait holding fishing hook assembly
      shown in FIG. 1 wherein a bivalve such as a muscle is clamped in position
      in said clamping means and further showing the fishing hooks embedded in
      the flesh of said bivalve;
PAR  FIG. 3 is a rear view of the clamping means and clip;
PAR  FIG. 4 is a sectional view taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view similar to FIG. 3, showing the clamping jaws in
      an open position to receive the bait, and
PAR  FIG. 6 is a front view of the clamping means, with the jaws being open.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2 the bait holding assembly comprises in
      combination a swivel means 1 of the type used for fishing tackle having a
      connecting end 2 for the fishing line and a connecting end 3 for the
      tackle. A clip means 6 is connected at the front end thereof to the end 3
      of the swivel means and at its other end to the bait holding clamping
      means 7. The clamping means is shown in greater detail in FIGS. 3-6
      specific reference to which will be presently made. The clamping means
      comprises a clamping end generally indicated at 10 and actuating fingers
      or projections generally indicated at 9 which are spaced to define an
      opening 8 therebetween when the clamping means is in its closed, FIG. 1
      position. Each finger or projection has a generally rectangular shaped
      opening.
PAR  A plurality of relatively short fishing lines 13 form part of the assembly,
      with the lines 13 having loop ends 14 attached to the clip 6 and opposite
      ends 15 to which a fishing hook 16 is connected. In using the bait holding
      assembly of this invention, the connecting end 2 is attached to a fishing
      line, the bait clamping means 7 is opened and an opened bivalve 17 is
      inserted between the clamping jaws 18 of the clamping means 7, and the
      spring loaded clamp is allowed to close on the opened bivalve. The fishing
      hooks 16 are then embedded into the flesh 20 of the bivalve bait.
PAR  The clamping means 7 is shown in greater detail in FIGS. 3-6, and comprises
      clamping jaws 18 above referred to and illustrated in FIGS. 1 and 2. As
      shown in FIGS. 4 and 5, the jaws 18 are exteriorly convexly curved, with
      the front, leading edges 30 of the jaws being in tight engagement when the
      clamp is closed as shown in FIG. 4. The clamping force is applied by means
      of a generally C-shaped spring clamp member 32 the free ends of which
      engage in dimples or recesses commonly designated at 34 formed in the
      exterior surfaces of the jaws 18. The width of the spring clamp 32
      relative to the width of the entire clamp can be seen in FIGS. 3 and 6.
      The ends of the clamp extend through openings 36 formed in the projections
      38 and 40 of the clamp means, which projections are integrally formed with
      each of the clamping jaws 18.
PAR  The jaws 18 are hinged together by means of pins commonly designated at 42
      integrally formed with the lower movable jaw 18, which pins engage in
      sockets or recesses commonly designated at 43 formed in the adjacent
      surface of the upper jaw 18. The pins and sockets are preferably molded
      into the jaws during the manufacture thereof, with the jaws moving
      relative to each other upon an axis through the pins.
PAR  As noted, the spring clamp 32 biases the jaws to their FIG. 4 position in
      which the leading edges 30 tightly engage each other. To insert the bait,
      such as bivalve 17 shown in FIG. 2, in the clamping means, the projections
      38 and 40 are grasped by the user and moved toward each other against the
      bias of the spring clamp 32, thereby opening the movable jaw as shown in
      FIG. 5. The bait can then be inserted in the clamp as shown in FIG. 2,
      with the projections 38 and 40 being thereafter released whereby the
      spring clamp biases the clamping jaws into tight engagement with the
      bivalve. As seen in FIG. 5, the spring clamp 32 is distorted during the
      opening movement of the jaws thereby increasing the clamping pressure on
      the jaws when the projections are released.
PAR  As seen in FIGS. 1 and 4, the side walls 44 of each jaw 18 are constructed
      so as to define a gap 46 therebetween when the jaws are closed. This gap,
      together with the convex construction of the jaws serves to define a
      relatively large area for receiving the bivalve when the jaws 18 are
      opened. The gap 46 also permits the clamping pressure of the jaws on the
      bivalve to be confined primarily to the leading edges 30 of the jaws
      rather than the edges of the side walls 44. In this manner, maximum
      clamping force is effected.
PAR  The substantial lateral width of the clamping jaws 18 is of course of
      substantial importance in accordance with the present invention. As can be
      seen in FIG. 2, a substantial portion of the opened bivalve can be clamped
      by the leading edges 30 of the clamping means thereby maintaining the
      bivalve in its open position. This feature is of substantial significance
      during casting operations where prior art bait holding means have not been
      capable of maintaining the bivalve in its fully open position during
      casting. After the bivalve has been clamped in place, the hooks 16 as
      above described are embedded through the flesh of the bivalve as shown in
      FIG. 2. The lines 13 which carry the hooks 16 are conveniently carried by
      the clip 6 which extends through an opening 50 therefor formed in the
      projection 40.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bait holding assembly comprising in combination, a swivel means having
      a line connecting end and a tackle connecting end; a clip means having a
      front end and a rearward end, said front end thereof being connected to
      said swivel means; a bait holding clamping means comprising a pair of
      finger actuated clamping jaws interconnected by a spring biasing the
      leading edges of said jaws into clamping engagement, the opposite ends of
      said jaws being spaced for subsequent finger manipulation toward each
      other against the bias of said spring for spacing said forward ends for
      inserting or removing the bait; at least one of said jaws having an
      opening in said opposite end thereof receiving the rearward end of said
      clip means; said clamping jaws being of a width to clamp onto a
      substantial portion of an opened bivalve bait piece for holding and
      maintaining said bivalve in such opened position, the interior walls of
      said clamping jaws being concavely curved and including side wall portions
      which extend generally perpendicular to said curved walls and which are
      spaced to form a gap when the clamping jaws are closed under the bias of
      said spring, the concavely curved walls and said sidewall portions
      defining a generally enclosed area for receiving said bivalve, with
      substantially the entire clamping force of said jaws being transmitted to
      the bait through said leading edges, and a plurality of relatively short
      fishing lines having loop ends attached to said clip means and a hook end
      each of which has attached thereto a fishing hook which can be embedded in
      said bivalve bait.
NUM  2.
PAR  2. The bait holding assembly of claim 1 wherein said opposite ends of said
      jaws comprise projections which are normally spaced and which can be
      grasped by the user and forced toward each other against the bias of said
      spring for separating the clamping jaws for inserting or removing the
      bait, the width of said jaws being such that they extend substantially on
      both sides of said projections thereby providing a wide clamping surface
      for clamping the bait.
NUM  3.
PAR  3. The bait holding assembly of claim 2 wherein said spring is generally
      C-shaped and said jaws are formed with recesses in the exterior surface
      thereof to receive the free ends of said spring, said projections being
      formed with openings through which said free ends of said spring extend.
NUM  4.
PAR  4. The bait holding assembly of claim 3 wherein said jaws are
      interconnected by means of pins formed on one of said jaws and openings
      for said pins formed in the other of said jaws, said jaws when opened
      pivoting about an axis through said pin connections.
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PAL  A gyrotype toy top embodying a casing housing a rotor on a shaft having a
      spinning tip thereon, and a biased combined starter element and clutch
      member for effecting the engagement of the clutch member with the rotor
      upon the application of a pulling force to one section of a cord extending
      exteriorly of the casing to unwind a tensioned section of the cord
      pre-wound on the starter element whereby to initiate the spinning of the
      top.
BSUM
PAR  The present invention generally relates to gyrotype toys, and more
      particularly relates to spinning or spinable toy tops of the general
      nature described and claimed in my U.S. Pat. No. 3,523,386, issued to me
      on Aug. 11, 1970 and entitled SPINABLE SPRINGLESS TOP.
PAR  Prior to this time there have been issued a number of Letters Patent of the
      United States disclosing operative spinning tops employing a member
      variously described as a momentum wheel, or rotor, a balance-wheel or
      cup-shaped rotor portion which is caused to be rotated by means of a cord.
      Among these prior patents are the U.S. Pats. to J. N. Cayo, No. 1,363,718
      issued Dec. 28, 1920; to W. E. Doljan, No. 2,762,162, issued Sept. 11,
      1956; to Wingert, No. 1,109,562,  issued Sept. 1, 1914; to J. A. Irving,
      No. 814,962, issued Mar. 13, 1906; and to O. Thoresen, No. 2,456,341,
      issued Dec. 14, 1948. While the present invention is directed generally to
      the subject matter of the foregoing prior patents, there are fundamentally
      different components and positionings and arrangements of the various
      components so embodied in applicant's invention which effectively provides
      a less expensive as well as more advantageously operable toy, not only
      reducing the complexity and assembly of the components but also reducing
      to a minimum the manufacturing expense of these types of gyroscopic tops.
      Further, applicant's invention attains an attractive readily playable top
      which is not dangerous to use nor hazardous in any manner to onlookers
      enjoying the playing of the top.
PAR  A primary object of my present invention is to provide an improved
      gyroscopic top which affords a really novel toy that is not prohibitive in
      cost and that can be enjoyed by the young without liklihood of injury to
      themselves or to bystanders.
PAR  Another important object of the invention is to provide an improved
      gyroscopic top of the indicated nature, which is additionally
      characterized by its capability of being actuated by a pull-cord or by an
      external booster.
PAR  A further object of the present invention is to provide an improved
      gyroscopic top of the aforementioned character which is positive in its
      drive action after its initial starting actuation.
PAR  A still further object of my present invention is to provide an improved
      gyroscopic top that is capable of spinning on either of its longitudinally
      spaced tips.
PAR  Other objects of the invention, together with some of the advantageous
      features thereof, will appear from the following description of an
      embodiment thereof illustrated in the accompanying drawings which is an
      exemplification of the best mode of construction of the invention, and the
      manner of using the same. The appended claims are intended to cover the
      embodiment illustrated as well as variations thereof within the scope and
      purview of the invention.
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a sectional elevation view of an embodiment of the invention as
      exemplified in a spinable toy top with the starter cord extended.
PAR  FIG. 2 is a top plan view of the starter and clutch component embodied in
      the invention.
PAR  FIG. 3 is a schematic elevational view of the component shown in FIG. 2.
PAR  FIG. 4 is a cross-sectional view of the embodiment of my invention shown in
      FIG. 1 and taken on the line 4--4 thereof, this view showing an employed
      leaf spring in broken section.
PAR  FIG. 5 is a fragmentary elevational view of an energy booster unit with a
      sectional elevational view of a socket starter attachment for removable
      engagement with the rotatable shaft of my improved toy top.
PAR  FIG. 6 is a front elevational view of the embodiment of my invention shown
      in FIG. 1, this view showing the upright spinning position of the toy top
      on a planar surface.
PAR  FIG. 7 is a schematic diagrammatic view of the electrical circuit of the
      booster unit illustrated in FIG. 5.
DETD
PAR  In its preferred and best mode of construction, the gyroscope top of my
      present invention comprises a casing in which are housed a vertically
      arranged rotatable shaft having tapered spinning tips on opposite ends
      thereof, a rotor on said shaft having a first clutch element thereon,
      together with a starter supported in surrounding relation to said shaft, a
      second clutch element movably mounted on said starter, and a pull cord
      having a pre-wound portion on said starter and a grip portion extending
      exteriorly of said casing for effecting an initial rotation of said
      starter to move said second clutch element into engagement with said first
      clutch element thereby to revolve said rotor and said shaft and to give
      spinning action to the top, release of said grip portion of said cord
      effecting the rewinding of said pre-wound portion thereof on said starter
      and the stopping of the latter with said clutch elements in full
      engagement for positive gyro movement of the toy for protracted periods of
      time.
PAR  A modified embodiment of the invention comprises all of the components set
      forth with respect to the above described preferred embodiment, and a
      socket member mounted on the top of said rotatable shaft for stacking a
      number of tops one upon another with the bottom of said rotatable shaft
      disposed in the socket of said socket member.
PAR  As illustrated in FIG. 1 of the annexed drawings my gyroscopic top is so
      constructed as to provide an outer casing 11 which can be fabricated in
      two detachably connected sections 12 and 13 from a suitable light-weight
      metal such as aluminum or which can be molded from a suitable plastic
      material such as a phenol or urea condensate. In molding or fabricating
      the casing 11, I conveniently fashion the same with annular exterior and
      interior shoulders 16 and 17, respectively, for seating annular exterior
      and interior flanges 18 and 19 respectively which engages one another when
      the sections are brought together in detachable interlocking engagement
      which can be sealed, if desired. In one of the detachably connected
      sections, say casing section 13, I provide an opening 21 for passing a
      starter cord 22 which conveniently is made of an appreciably durable
      unravelable twine such as a cord made of Nylon or a Coir twine made from
      the fibers of cocoanuts.
PAR  Casing sections 12 and 13 support at their transverse centers a pair of
      axially aligned friction bearings 23 and 24 for rotatably mounting a
      vertically arranged rotatable shaft 26 having a pointed tip 26' at one
      extremity thereof upon which the top can be caused to spin. A convenient
      fashioning of casing section 12 for supporting friction bearing 23
      comprises a centrally located hole 27 into which the bearing 23 is
      press-fitted with an annular flange 28 of the bearing abutting the
      hole-bounding portion 29 of casing section 12. It is to be noted that
      bearing 23 is formed with a socket extension 30 so that whenever desired a
      second spinning top can be stacked on casing 11 with the pointed tip of
      such second top seated in the socket extension 30 which, as shown in FIG.
      1 projects beyond the external surface of casing 11. One or more of the
      tops can be so stacked so that a colummar series of spinning tops can be
      stacked with the lowermost top spinning on the pointed tips 26' of shaft
      26 and the uppermost stacked tops spinning on the sockets of the bearing
      extensions 30.
PAR  It is to be especially observed that the casing section 12 is so formed as
      to afford a wide annular exterior band 31 thereon which defines a flat
      surface upon which the top may be caused to roll in a linear direction or
      a member of different linear directions along a planar surface instead of
      spinning on the tip 26' of shaft 26, whenever desired. It also is to be
      noted that casing section 13 is formed with converging walls 32 and 33
      merging with a flat bottom 34 having a central hole 36 therein, in axial
      alignment with the central hole 27 in casing section 12 through which the
      vertically arranged shaft 26 extends; the bottom 34 serving to support the
      bearing 24 which is press-fitted into the hole 36 with the annular flat
      bottom 37 of the bearing 24 seated on a formed shoulder 38 in the bottom
      34. Casing section 13 also is formed with an inner annular extension 39
      having a passage 40 therein for a purpose hereinafter explained.
PAR  In accordance with the present invention, the casing 11 is constructed to a
      sufficient size as to define a relatively large inner chamber 41 for
      housing the operating components of my improved gyroscopic top, including
      the vertically arranged shaft 26 and a rotor 42 which can conveniently be
      molded or cast integral with shaft 26 and formed with a boss 42' thereon
      having a cavity 43 therein to serve as a first or female clutch member;
      such rotor having a dimension which is just short of the inner diameter of
      section 12 of the casing, as clearly shown in FIG. 1 of the annexed
      drawings.
PAR  The interior chamber 41 of the two casing sections 12 and 13 also houses a
      starter element, generally designated by the reference numeral extension
      39 which has a central opening 45 therein for passing shaft 26 and which
      is mounted for oscillation about such vertical shaft. While any suitable
      means may be employed for mounting the starter element 44 in operative
      position, I preferably use a flat coiled spring 46 which is anchored
      between the inner annular extension 39 of casing 13 and the starter
      element. The flat coil spring is shown in broken view in FIG. 4 of the
      annexed drawings with one end thereof, indicated by the reference numeral
      46', turned upon itself and extended into passage 40 of the inner
      extension39 to bear against the same, and with its convolutions wound
      about a split-sleeve 47 and with its other end inserted through defined
      space 48 of the split-sleeve to bear against the inner surface thereof. As
      an integral unit, the starter element 44 of my present improvement
      comprises an upper plate 49, a hub 50 and a lower plate 51, from which the
      split-sleeve 47 depends, and includes a portion 52 of the starter cord 22
      pre-wound in convolutions about the hub 50 with the inner end of the cord
      22 extending through a hole 51' of the lower plate 51 and knotted, as
      indicated at 53, to prevent the cord from being pulled entirely out of the
      casing 11 when starting the spinning of the top. As illustrated in FIGS. 1
      and 2, upper plate 49 of starter element 44 is formed with an inclined
      arcuate race 54 in its upper surface in which a male clutch member 56 is
      moved during starting operations; such male clutch member 56 being in the
      form of a sphere, if desired, or in the form of a cylindrical pin, as
      shown. The deeper end of inclined race 54 is, with all components at rest,
      in alignment with the cavity 43 of rotor 42 and, as clearly chown in FIG.
      1, the male clutch member is disposed partially with the female clutch
      member 43 and extends into the race 54 to seat at its deepest end.
PAR  To start the spinning action, the cord 22 is pulled away or outwardly from
      casing 11 and immediately released by the person playing with the top.
      This will cause relative movement between the starter element 54 and the
      gyro 42 whereby the starter element 44 initially moves counter-clockwise
      with the unwinding of cord portion 52 from the hub 50 and then upon
      release of the cord 22 the starter element moves clockwise and returns to
      its original or rest position under the influence of spring 46. A small
      button 22' on the outer end of cord 22 facilitates grasping and pulling
      the starter cord outwardly; such button 22' serving as a stop when the
      cord 22 is released with the button 22' engaging the outer surface of
      casing section 13. Upon releasing of starter cord 22, the male clutch
      element is caused to move up the arcuate race 54 in the upper surface of
      upper plate 49 of the starter to enter entirely into the female clutch
      member 43 where it is retained with the bottom of the pin or male clutch
      member 56 engaging the upper surface of the plate 49 outside the race 54
      therein. As the momentum of the gyro increases it frictionally rotates the
      casing 11 and the shaft 26 with its spinning tip 26' spinning on a flat
      surface 57, or in the alternative rolling on the flat band portion 31 of
      the connected casing sections 12 and 13. In such spinning or rolling
      action, the starter element 44 also rotates inasmuch as it is connected
      with casing section 13 by means of the flat spring 46 with the depending
      split-sleeve 47 riding on the inner surface of the bottom 34 of casing
      section 13. The casing 11 can thus be rotated or spun for protracted
      periods of time.
PAR  In FIGS. 5 and 6 of the accompanying drawings, I have illustrated in
      fragmentary showing a power actuator, generally designated by the
      reference numeral 61, which includes an electrical circuit comprising a
      battery 62 for supplying electrical energy when battery contacts are
      engaged as indicated by closable switch 63, to an electrical motor 64
      havings its rotatable shaft 66 extending from the actuator casing. I
      detachably mount on shaft 66 a relatively short sleeve 67 having a socket
      68 therein for receiving the pointed tip 26' of shaft 26 of the casing 11.
      Upon closing switch 63 by pressing actuator button 69, the shaft 26 is
      quickly rotated causing the clutch members to engage to spin rotor 42.
      Only instant application of socket sleeve 67 to the shaft 26 is necessary
      to initiate the start of the rotor, and the power actuator is quickly
      withdrawn or released from the shaft 26 to cause the gyro action of rotor
      42.
PAR  It is to be understood that the appended claims are intended to cover the
      embodiment illustrated as well as variations thereof within the scope and
      purview of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gyroscopic top comprising a hollow casing, a starter element mounted
      for oscillation within said casing, a coil spring connected to and wound
      about said starter element and connected to said casing, a male clutch
      member on said starter element, a starter cord having a portion thereof
      pre-wound on said starter element and having a finger-grip portion thereof
      projecting outside of said casing, a vertically arranged shaft mounted for
      rotation in said casing, said shaft having a spinning tip thereon, a rotor
      on said shaft, and a female clutch member on said rotor; exertion of an
      outward pulling force on said finger-grip portion of said starter cord
      effecting the unwinding of pre-wound portion of said cord and the
      simultaneous movement of said starter element in one direction of
      oscillation to engage said male clutch member with said female clutch
      member thereby to effect positive rotation of said rotor and the spinning
      tip of said shaft, release of said finger-grip portion of said cord
      effecting movement of said starter element in the opposite direction of
      oscillation to return the same to its initial position under the influence
      of said coil spring and the simultaneous re-winding of said portion of
      said starter cord on said starter element for subsequent activation.
NUM  2.
PAR  2. A gyroscopic top as set forth in claim 1 wherein said starter element
      has an inclined arcuate race therein for movably seating said male clutch
      member and engaging said male clutch member with said female clutch member
      upon the outward pulling of said finger-grip portion of said starter cord.
NUM  3.
PAR  3. A gyroscopic top as set forth in claim 2 wherein said male clutch member
      comprises a component normally loosely confined within said female clutch
      member with the bottom of said male clutch member seated in the deepest
      part of said race to be urged into full engagement with said female clutch
      member upon counter-clockwise movement of said starter element.
NUM  4.
PAR  4. A gyroscopic top as set forth in claim 1 wherein said female clutch
      member comprises a hollow boss on said rotor defining a cavity for
      receiving said male clutch member.
NUM  5.
PAR  5. A gyroscopic top as set forth in claim 1 wherein said casing defines an
      annular band portion on the exterior surface thereof upon which the top
      can be moved by gyroscopic rotation of said rotor in a number of linear
      directions on a flat surface.
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PAL  A hand launch glider which includes the use of a fuselage and a wing and an
      empennage, the fuselage constructed of laminated polystyrene plastic
      layers bonded on each side of a thin balsa wood core, both the wing and
      the empennage including connecting means to readily fix the position of
      each with respect to said fuselage so that the operator will readily know
      when either the wing or the empennage is misaligned with respect to the
      fuselage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention relates to airplanes and particularly to the
      construction of a hand launch glider.
PAR  Hand launch gliders have been made for a substantial number of years and
      have been used by almost every child and adult. Usually such hand launch
      gliders are made of balsa wood material which are readily susceptible to
      damage and as a result normally break only after a few flights. Also, a
      problem with hand launch gliders of the past has been to accurately
      position both the wing and the empennage with respect to the fuselage as
      only a very slight misalignment of either will greatly alter the flight
      characteristics of the hand launch glider. Even after one has accurately
      positioned the wing and the empennage, after a single flight the landing
      will create sufficient jarring movement so as to misalign either or both
      the wing and the empennage requiring that such be realigned.
PAR  Another problem of the past has been that some hand launch gliders included
      leaded weight in the front of the fuselage and that possibly the hand
      launch glider, when coming into contact with a window or other breakable
      material, the weight would cause a breakage of the glass window.
PAR  A further problem of the previously employed hand launch gliders is that
      the gliders are not precisely designed and that generally, their flights
      are of a short duration. Using the previously constructed hand launch
      gliders, it has been difficult for one to reach an altitude of over 25
      feet, or a flight distance of more than 50 feet.
PAC  SUMMARY OF THE INVENTION
PAR  One of the objectives of this invention is to design a hand launch glider
      which is of high strength, lightweight, formed attractive in appearance
      and resists damage imposed by the impact of hard landings. A further
      objective is to design a hand launch glider which is capable of reaching
      altitudes of more than 100 feet and flights up to 100 yards or more in
      length. A further objective of this invention is to design a hand launch
      glider which can be constructed to be exact replicas of full scale
      aircraft. A still further advantage is to include means to insure accurate
      placement of the wing and the empennage with respect to the fuselage so as
      to insure true flight by even the unskilled operator. A further advantage
      of this invention is to employ means for maintaining the correct
      established position of the empennage and the wing. A further advantage of
      this invention is to provide for means which facilitates repairing and/or
      the establishing of any control surfaces. Another advantage of the
      structure of this invention is to produce rounded, smoothly contoured
      edges on the fuselage, the wing and/or the empennage.
PAR  For a summarial description of the subject matter of this invention,
      reference is to be had to the Abstract of the Disclosure. For a detailed
      description of this invention, reference is to be had to the forthcoming
      detailed description of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a typical aircraft constructed in accordance with
      this invention;
PAR  FIG. 2 is a top view of the aircraft taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view through the wing of the aircraft taken
      along line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view through the fuselage of the aircraft taken
      along line 4--4 of FIG. 2;
PAR  FIG. 5 is a side view of the empennage portion of an aircraft showing a
      first modified form of connection of the empennage through the fuselage;
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a top view of a second aircraft design within which the features
      of this invention are employed;
PAR  FIG. 8 is a cross-sectional view taken along line 8--8 of FIG. 7;
PAR  FIG. 9 is a diagrammatic view showing the procedure to form the smoothly
      contoured edges on the fuselage; and
PAR  FIG. 10 is an isometric view of a horizontal stabilizer or wing showing how
      control surfaces can be formed therein.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENTS
PAR  Referring particularly to the drawings, there is shown in FIG. 1 a first
      design of a hand launch glider 20 which is composed of a fuselage 22, a
      wing 24 and an empennage 26. The empennage 26 consists of a vertical
      stabilizer 28 and a horizontal stabilizer 30.
PAR  The fuselage 22 is constructed of a thin sheet material core 32 of balsa
      wood, or other similar lightweight material. The grain of the balsa wood
      is parallel to the length of the fuselage. This positioning of the grain
      resists crushing due to impact by hard landings. However, the balsa wood
      itself has a tendency to split along the grain. To avoid this and to make
      the fuselage construction substantially stronger, on each lateral side
      thereof is bonded layers 34 and 36 of plastic. The preferable type of
      plastic is polystyrene. The adhesive can comprise any particular type of
      adhesive such as a contact cement or glue. It has been generally found
      that with the thickness of the balsa wood core 32 being about one
      sixty-fourth of an inch, a satisfactory thickness of the layers 34 and 36
      would be five thousandths of an inch. If the core 32 thickness is one
      quarter of an inch, the satisfactory thickness for the layers 34 and 36
      would be approximately twenty thousandths of an inch. However, it is
      considered to be within the scope of this invention that the thickness of
      the core 32 and the thickness of the layers 34 and 36 could be varied.
PAR  It has been found that upon a hard, crushing impact, that with the plastic
      layers 34 and 36 bonded to the core 32, that not only is the balsa wood
      core 32 prevented from splitting (by reason of the layers 34 and 36) but
      also the polystyrene layers 34 and 36 are prevented from crushing by the
      fibrous property of the balsa wood. In other words, the combination of the
      wood core 32 and the plastic layers 34 and 36 combine so that the plastic
      layers prevents destruction of the core 32 and, in return, the core 32
      prevents the crushing of the layers 34 and 36.
PAR  Extending transversely through the fuselage 22 is a longitudinal wing slot
      38. The wing 24 is constructed from a solid sheet of plastic, such as
      polystyrene. The wing 24 is shown in FIG. 2 be of a narrow dimension at
      its outer ends, as opposed to the mid portion of the wing. This particular
      shape not only is the design for this particular model of airplane, but
      also facilitates insertion of the wing to be locked in placed with the
      fuselage 22 which is to be hereinafter described.
PAR  Centrally located and formed within the trailing edge (the edge nearest the
      empennage) of the wing 24 is a notch 40. The longitudinal length of the
      wing is greater than the length of the slot 38. However, the length of the
      wing from the inner end of the notch 40 is slightly less than the length
      of the slot 38. Also, the thickness of the slot 38 is to be equal to the
      thickness of the wing 24. As the wing 24 is inserted in the slot 38, the
      wing is tightly gripped by the fuselage 22. The wing must be canted at an
      angle as shown in the dotted line position in FIG. 2 until the notch 40
      begins to extend around the fuselage at the aft end of the slot 38. At
      that time, the wing 24 is then rotated into position until the fuselage
      extends into full cooperation within the notch 40. The wing 24 is then to
      be positioned so that an equal amount of wing area extends on either side
      of the fuselage 22. The wing 24 is then locked into position due to the
      cooperation of the notch 40 with the fuselage.
PAR  The particular preferred position of the wing 24 (which gives the most
      desirable flight characteristic) may be fixed in position by the
      application of adhesive tape 42 at the junction of the fuselage 22 and the
      wing 24. The tape 42 is to prevent the wing from being jarred from its
      position during a landing.
PAR  Also, it is to be noted from the drawings that the leading and trailing
      edges of the wing surface as well as its outer edges may include strips of
      adhesive tape 44. The leading and trailing edges of the wing surface 24
      may be sharpened such as shown in FIG. 3 of the drawings to facilitate low
      frictional movement of the wing 24 through the air as the glider is flown.
      This sharpening of the leading and trailing edges of the wing 24 is
      accomplished by merely manually squeezing the entire edge area of the wing
      and this position is maintained due to the tape 44. It is to be noted that
      one half of the width of the tape is laid on the top edge of the surface
      and wrapped around the edge with an equal amount of tape laid against the
      bottom surface of the wing 24.
PAR  Formed within the upper edge of the fuselage 22 adjacent the aft end
      thereof, is a longitudinal arcuate groove 46. The groove 46 is actually
      formed by removing of a portion of the core 32 leaving the polystyrene
      plastic in position. In other words, the groove 46 can be defined as being
      a longitudinal recess having side walls. The location of the groove 46 is
      slightly spaced from the aft end of the fuselage 22 so as to form a
      flattened contact area 48. The vertical stabilizer 28 includes an enlarged
      arcuate protuberance 50 which is to matingly cooperate within the groove
      46. The vertical stabilizer 28 also includes a flattened portion 52. This
      flattened portion 52 can be located either forward or aft of the vertical
      stabilizer 28. When the vertical stabilizer 28 is in the correct position
      with the protuberance 50 cooperating within the groove 46, the area 48 is
      in snug contact with the portion 52 thereby insuring accurate positioning
      of the vertical stabilizer 28 to achieve maximum flight characteristics.
      It is also to be noted that the vertical stabilizer 28 may include around
      its outer edges strips of adhesive tape 44, as was previously described in
      relation to the wing 24.
PAR  Formed adjacent the upper portion of the vertical stabilizer 28 is a first
      notch 54. A similar length second notch 56 is formed within the horizontal
      stabilizer 30. The notches 54 and 56 cooperate to securely retain in
      position the horizontal stabilizer 30 upon the vertical stabilizer 28. The
      combination of notches 54 and 56 along the groove 46 and area 48 determine
      the precise position of the horizontal stabilizer 30, in other words, its
      incidence. Also, it is to be noted that the horizontal stabilizer 30 may
      include the similar strips 44 of adhesive about its outer edges.
PAR  Referring particularly to FIGS. 5 and 6 of the drawings, a modified form of
      empennage 26' is shown. Like numerals have been employed to refer to like
      parts. Instead of the horizontal stabilizer 30' being located at the upper
      edge of the horizontal stabilizer 28', the horizontal stabilizer 30'
      extends through a slot 58 formed within the fuselage 22'. Also, a similar
      length slot is formed within the vertical stabilizer 28' so that when the
      horizontal stabilizer 30' is placed in position, not only is its position
      fixed, but also the position of the vertical stabilizer 28'. It is to be
      noted that the horizontal stabilizer 30' includes a notch 60 to facilitate
      its locking in position similar to the locked position of the wing 24.
PAR  Referring particularly to FIGS. 7 and 8 of the drawings, a modified form 62
      of this invention is shown which employs the use of an enlarged wing 64.
      Actually the wing 64 also has integrally attached thereto the horizontal
      stabilizer of the empennage. The outer edges of the wing 64 include strips
      of adhesive tape 44 for reasons as previously explained. The trailing edge
      of the horizontal stabilizer portion of the wing 64 includes a notch 66 in
      order to facilitate the locking in place of the wing 64 with respect to
      the fuselage 22'". Again, like numerals have been employed to refer to
      like parts. It is to be noted that the horizontal stabilizer portion 30"
      is canted at a small angle with respect to the remaining portion of the of
      the wing 64. This canting is necessary in order to achieve desirable
      flight characteristics. This canting is accomplished by the cutting of the
      slot 68 within the fuselage 22'" at the desired angle. The wing 64
      cooperates with the slot 68.
PAR  The vertical stabilizer 70 is to include a protuberance similar to
      protuberance 50 which cooperates with a groove (not shown) within the
      upper edge of the fuselage 22'". Also, there is considered to be employed
      the use of a contact area and a flattened portion similar to area 48 and
      portion 52.
PAR  Referring particularly to FIG. 10 of the drawings, it may be desirable to
      form certain control surfaces, such as ailerons within either the wing,
      the horizontal stabilizer or the vertical stabilizer. By way of example,
      such control surfaces are shown as cut and deformed areas 72 and 74 formed
      within a horizontal stabilizer 76. By the application of adhesive tape 78
      along the control surface hinge line, the position of the control surfaces
      72 and 74 can be fixed.
PAR  In a similar manner, a control surface can be made such as an airfoil shape
      by bending the wing to the desired shape and applying adhesive tape
      thereto. In the reverse, a warp can be eliminated by reversing this
      procedure.
PAR  The use of adhesive tape can also be employed to repair breaks or stiffen
      portions of the glider, such as the use of the adhesive strip 80 within
      FIG. 7.
PAR  In order to improve the flying characteristics (diminish drag) is normally
      preferable to round the upper and lower edges of the fuselage. This can be
      accomplished by placing of the fuselage 22 upon a supportive surface, such
      as a table 82 and by carefully rounding the edge of the plastic film
      layers 34 and 36 by rubbing gently therealong with a smooth, round object,
      such as a dowel 84. This is to be accomplished upon both layers 34 and 36.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hand launch glider comprising:
PA1  a fuselage having a longitudinal axis parallel to the direction of flight;
PA1  a wing connected by first connecting means to said fuselage;
PA1  an empennage connected by second connecting means to said fuselage; and
PA1  said fuselage being constructed of thin, rigid self-supporting layers of
      plastic and a thin wood panel with the plastic bonded on opposite sides of
      the thin wood panel, the grain of said thin wood panel running parallel to
      said longitudinal axis of the fuselage, said plastic layers being
      substantially identical in thickness.
NUM  2.
PAR  2. The hand launch glider as defined in claim 1 wherein:
PA1  said plastic comprising a thin layer of polystyrene, said wood comprising
      balsa wood.
NUM  3.
PAR  3. The hand launch glider as defined in claim 2 wherein:
PA1  the thickness of each said plastic layer being at least five thousandths of
      an inch with the thickness of the balsa wood core being at least one sixty
      fourth of an inch.
NUM  4.
PAR  4. The hand launch glider as defined in claim 1 wherein:
PA1  said fuselage having an upper edge and a lower edge and a back end and a
      front end, said fuselage having a longitudinal groove formed within said
      upper edge adjacent said back end, said empennage including a vertical
      stabilizer, the bottom edge of said vertical stabilizer to be locatable in
      a mating relationship within said groove, a portion of said vertical
      stabilizer to rest against said upper edge to thereby insure accurate
      placement of said vertical stabilizer upon said fuselage.
NUM  5.
PAR  5. The hand launch glider as defined in claim 1 wherein:
PA1  said fuselage having an upper edge, a lower edge and a fore end and an aft
      end, the upper edge of said fuselage adjacent said aft end having a groove
      formed therein, said empennage including a vertical stabilizer, the lower
      edge of said vertical stabilizer placeable within said groove, said
      fuselage including a first transverse slot connecting with said groove,
      said vertical stabilizer including a second transverse slot, with said
      first and second transverse slots being aligned a horizontal stabilizer
      portion of said empennage is capable of being inserted through said
      aligned slots thereby locking the position of said vertical stabilizer
      with respect to said fuselage.
NUM  6.
PAR  6. The hand launch glider as defined in claim 1 wherein:
PA1  the transverse slot formed through said fuselage, the width of said wing
      being greater than the length of said transverse slot, the aft end of said
      wing including a notch at its longitudinal midpoint, the width of said
      wing from the back end of said notch being no greater than the length of
      said transverse slot, whereby said wing is to be inserted through said
      transverse slot and canted in such a manner until a portion of said
      fuselage cooperates within said notch at which time said wing is to be
      correctly positioned with respect to said fuselage.
NUM  7.
PAR  7. The hand launch glider as defined in claim 1 wherein:
PA1  said empennage including a vertical stablizer and a horizontal stabilizer,
      the forward edge of said horizontal stabilizer including a first notch
      with the trailing edge of said vertical stabilizer including a second
      notch, said horizontal stabilizer is to be locked in place with respect to
      said vertical stabilizer by interconnecting said first and second notches.
NUM  8.
PAR  8. The hand launch glider as defined in claim 1 wherein:
PA1  said wing including a forward edge and a trailing edge, strips of adhesive
      tape to be placed across both said forward edge and said trailing edge so
      that one half of the width of the tape is laid on the top edge of the wing
      and wrapped around the edge so that an equal width of tape is placed on
      the bottom surface of said wing.
NUM  9.
PAR  9. The hand launch glider as defined in claim 8 wherein:
PA1  upon the correct positioning of said wing with respect to said fuselage
      strips of adhesive tape are applied to both said wing and said fuselage at
      the interconnection point in order to fixedly position said wing with
      respect to said fuselage.
NUM  10.
PAR  10. The hand launch glider as defined in claim 1 wherein:
PA1  said fuselage having an upper edge and a bottom edge, depressing each layer
      of plastic at both said upper edge and said lower edge of said fuselage
      against said wood core to result in a smoothly contoured said upper edge
      and said lower edge.
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ABST
PAL  A method of growing high quality bean sprouts on a mass production basis
      which consists briefly of placing a relatively large quantity of mung
      beans in a container, leveling and covering the quantity of beans with a
      substantially opaque receptacle cover for temporarily holding a quantity
      of water, the cover being formed with openings for the immediate
      distributed passage of water therethrough, initially covering the quantity
      of germinated beans with warm water and immediately draining the water
      from the container and thereafter periodically wetting said sprouts,
      draining off all water in the container, injecting warm air at a low
      pressure in a reverse direction to the drainage flow, and repeating the
      watering, drainage, and presurizing steps at intervals until the bean
      sprouts have matured.
PAL  The apparatus consists briefly of a container having vertical side walls,
      bottom walls sloping at a slight angle to a central drain and a screen
      covering the drain area. A substantially opaque receptacle cover with
      perforations to permit the even distribution of water to the container is
      slideably mounted within the container to rise as the sprouts develop and
      fill the container. A pressure pump and an optional vacuum pump are
      connected to the container through the water drain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bean sprouts have been grown and harvested for over 6,000 years. Production
      has been on a limited scale due to the labor intensive method used.
      Recently, high production methods have been tried using some of the
      techniques of hydroponic cultivation. These techniques include the placing
      of beans in a container, covering the beans with water, and then draining.
      This method has resulted in poor yeilds since the lowermost beans tend to
      "drown" and rot. Efforts to prevent "drowning" by periodically stirring
      the bean sprouts while they are growing have only been partially
      successful. Stirring the beans causes poor growth because of the tendency
      of the sprouts to grow downwardly. When they are stirred, some of the
      beans are pointed upwardly, and the plants must expend much energy in
      trying to "turn around" resulting in a low yield (i.e., ratio of weight of
      finished sprouts to beans) and sprouts which are crooked and unhealthy
      looking.
PAR  Lastly, because bacteria grows very rapidly in the dark, moist, and warm
      conditions in which bean sprouts are grown, spoilage of a few of the
      "drowned" sprouts frequently results in spoilage of a substantial portion
      of the sprouts by the time they are ready for harvesting.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of the present invention is the use of apparatus for mass
      producing bean sprouts by periodically wetting the germinated beans and
      then aeration by subjecting them to low pressure air.
PAR  The objectives which have been achieved by using the apparatus and methods
      of the present invention are as follows:
PAR  1. A healthier, crisper and better looking sprout has been produced.
      Sprouts grown using the method described are straighter because their
      growth position is undisturbed throughout the entire period of growth.
PAR  2. A higher yield of sprout-to-bean by weight is achieved. Sprouts grown by
      present methods yield about a 7 to 1 sprout-to-bean weight ratio while
      sprouts grown under the method of the invention achieve an 8 or 9 to 1
      sprout-to-bean weight ration.
PAR  3. The method produces a bean sprout which will keep longer after
      havesting. Presently, bean sprouts will keep 1 to 3 days. Sprouts grown
      using the present method will keep 10 days under refrigeration.
PAR  4. The method produces a bean sprout which shrinks less during the normal
      30 to 40 seconds cooking time.
PAR  5. The optimum harvest time may be predicted more accurately and even
      controlled within a 31/2 to 7 day time period.
PAR  6. The method inhibits the growth of root hairs on the sprout by requently
      changing the water and forcing air up through the bean sprouts in the
      container. Hair roots are the result of the sprout's search for water
      after becoming overly dry between waterings--a common problem with other
      growing methods. Yet, overwatering results in "drowning" and spoilage. The
      method has the advantage of minimizing hair root growth by achieving a
      proper balance between watering and aeratiton of the sprouts. Moreover,
      the constant cycling of water and air jostles the sprouts sufficiently so
      that the few hair roots that do form are disengaged from adjacent sprouts.
      Consequently, the roots are prevented from taking a substantial amount of
      moisture from the adjacent sprouts which would trigger hair root growth in
      the adjacent sprouts.
PAR  7. Human labor is minimized and working conditions are improved with the
      apparatus.
PAR  8. Utilizing the apparatus and methods of the present invention, a higher
      yield per growing area is achieved.
PAR  9. There is greater production of live sprouts, and "drowned" sprouts and
      spoilage have been minimized.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of the system used in the present
      invention.
PAR  FIG. 2 is an enlarged cross-sectional view of the system as taken along
      line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged top view of one of the containers shown in FIG. 2
      with a portion of the tray broken away.
PAR  FIG. 4 is a cross-sectional view of one of the containers used in the
      present system taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a schematic sketch of a portion of an alternate form of the
      invention which corresponds to the portion of the invention shown in the
      vicinity of lines 5--5 of FIG. 2.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The apparatus necessary to grow bean sprouts using the process of the
      present invention consists briefly of a container 1 placed in a room 2. A
      water conduit 3 discharges a metered volume of water into the container at
      selected intervals. The container is formed with a drain opening 4 and a
      length of conduit 6 releasably connects the drain opening in the container
      to a length of drain conduit 7. An air pressure means 8 is connected to
      the drain 7 and is selected to force air upwardly through drain 7, conduit
      6 and container 1.
PAR  Preferably, the apparatus consists of a plurality of containers for
      producing the bean sprouts in commercial volume. As shown in FIG. 2, the
      containers are arranged in side by side relationship in a row A. A second
      set of containers B may be arranged in alignment with row A separated by
      an aisle C.
PAR  As shown in FIG. 1, room 2 may contain several rows of containers and
      receive water from a single traveling manifold pipe 9 suspended from rails
      11 and 12 on hangers 13 and 14. Valves 15 and 16 are preferably
      electrically controlled so that side 9a will be open and discharge water
      to side 9a of the manifold in one direction of travel of the manifold 9
      such as the direction shown by arrow 17, and to water side 9b of the
      manifold in the other direction as shown by arrow 18.
PAR  In order to discharge water to all of the containers in a single row such
      as row A, a branch manifold pipe 19 is connected to the end of the side 9a
      of the manifold and a plurality of discharge nozzles 21 are mounted above
      the containers. In like manner, a second branch manifold 22 is connected
      to side 9b of the manifold and discharge nozzles 23 are located along the
      conduit above the containers in row B.
PAR  As shown in FIG. 2, a single drain pipe 7 may be connected to all of the
      containers in a single row at their respective drain conduits 6. In like
      manner containers 1 in row B may be connected to a single drain conduit 24
      which is connected to the containers respectively at drain pipe
      connections 25.
PAR  Each container is fitted with a rigid cover 26 which is dimensioned to
      slide vertically within the container. The covers are formed with a
      plurality of openings 27 to permit the flow of water therethrough.
PAR  The openings are about 2 mm in diameter or they may be slits about 2 mm
      wide. The holes 27 are evenly distributed over the entire bottom area of
      the cover and reduce the amount of light entering the growing area, as
      well as serving to evenly distribute the water which is received from
      nozzles. In one form of the invention, the slits 27 are about 2 mm .times.
      9.5 mm and are evenly distributed; there being about 0.96 slots per square
      centimeter or 6.17 slots per square inch. The sidewalls of the cover are
      about 50 mm deep so that water may be delivered quickly to the cover and
      then drain more slowly from the cover into the growing area.
PAR  FIG. 5 shows an alternate form of the invention. The alternate form of the
      invention is in all respects identical to the form of the invention shown
      in FIGS. 1 - 4 with the exception that a vacuum pump 29 is added to drain
      line 107 which corresponds to line 7 of FIG. 2. The pressure pump means
      108 which corresponds to pump 8 of FIG. 2 is shown to indicate the
      location of the vacuum pump.
PAR  In order to drain the excess water, troughs 31 and 32 are provided beneath
      the discharge ends 33 and 34 of pipes 7 and 24 respectively.
PAR  The openings in the cover may be the same size as the openings 35 in the
      drain grate described below. The cover is formed with non-permeable side
      walls 56 which fit in close sliding fit with the sidewalls of the
      container with a clearance of about 4 mm and serves to hold the water in
      the cover until it is distributed evenly over the entire surface of the
      tray and drains through the openings. The sides of the cover are formed
      with indentations 57 and 58 which slide in rails 59 and 60 formed on the
      sidewalls of the container. In order to prevent sticking of the cover
      against the sides of the container, the indented areas 57 and 58 and a
      mid-elongated area 61 are preferably formed of a compressible material or
      the material may be thinned so that it will buckle slightly.
PAR  The method of growing bean sprouts consists briefly of placing a quantity
      of previously germinated mung beans in the container 1. Depending upon the
      kind of bean, the container is filled to a depth of about 2 to 4
      centimeters.
PAR  The beans are leveled and then the cover 26 is placed on top of the beans.
      The cover need not be of any special material. The purpose of the cover,
      which is perforated with a plurality of holes 27, is to evenly distribute
      the water which is directed into the container from nozzles 21 and 23 and
      minimize the amount of light reaching the sprouting beans and prevent the
      beans from floating when the container is filled with water. Further, the
      lid keeps a light pressure on the beans; promoting a uniform rate of
      growth. Suitable covers may be made from 2 to 3 millimeter thick plastic.
PAR  The container is formed with vertical walls 28 so that the cover will
      always remain in relatively tight sliding seal with the walls as the cover
      is forced to rise by the growing bean sprouts. The weight of the cover
      helps maintain a level growth. The drain opening is placed in the
      container so that all of the water will drain from the container and none
      of the beans will "drown." FIG. 4 illustrates the manner in which bean
      sprouts 64 raise the cover 26.
PAR  After the cover is in place, a sufficient amount of water is metered into
      the container so that the beans are just covered. The temperature of the
      water should be between 25.degree. C. and 30.degree. C. or the water
      temperature may be 22.degree. - 25.degree. C. if air temperature is
      maintained at higher ranges. The room temperature should be maintained at
      approximately the same temperature as the water temperature and may be
      lowered each day as growth progresses. The container should be filled
      rapidly to a level just covering the beans in 5 - 30 seconds and then
      permitted to immediately drain. At first, drainage should occur in about
      11/2 to 2 minutes. As the bean sprouts grow it will, of course, take
      longer to completely cover the sprouts and may take as much as 10 to 15
      minutes to drain the container. There is no valve in the bottom of the
      container and the container is actually draining as it is being filled.
      The inside diameter of the drain opening is about 9 millimeters to 1
      centimeter inside diameter.
PAR  Shortly after the container is completely drained, in the alternate form of
      the invention, a vacuum pump 29 may be turned on for about 5 to 10
      seconds. The vacuum, if used, should be from 40 to 80 centimeters water
      pressure but is normally about 80 centimeters water pressure to draw off
      the excess water on the bottom of the contianer. A short burst of vacuum
      will break the water film which forms over the openings in the grate.
      Special controls may be used, but one simple and inexpensive way to
      accomplish the vacuum is to place the outlet headers 7 and 24 from 40 to
      80 centimeters above the level of the water discharge openings 33 and 34
      of the trough 31 and 32. The discharge opening is placed below water level
      36 and discharge opening 34 is placed below water level 37. The purpose of
      the vacuum is to insure that all of the water is drawn out of the
      container and excess water is removed from the sprouts.
PAR  It should be noted that the process will produce bean sprouts without the
      application of vacuum if the sprouts are well drained immediately after
      each application of water.
PAR  The next step in the process is to immediately follow the vacuum or
      drainage with the application of air pressure. Pressure means 8, which may
      be a fan, is turned on and forces air at room temperature of from
      20.degree. - 30.degree. C. along conduit 7, up conduit 6 and through
      discharge openings 4 into the containers 1. Back pressured air at about
      15.degree. C. may be used to slow growth. The pressure is used to aerate
      the sprouts and should be very light; just sufficient to push up through
      the beans and sprouts. The pressure should continue long enough to change
      the air in the container. Preferably a back pressure of under 1 centimeter
      water pressure should be used and this pressure should then be maintained
      at all times. However, it is possible to use back pressure of 5 to 10
      centimeters water pressure for short periods of time; such as 1 to 5
      minutes after each addition of water. Pressure means 30 is similar to
      pressure means 8 and is connected to discharge line 24.
PAR  The complete cycle of adding water, draining, vacuum and pressure should be
      repeated at regular intervals four to ten times per 24-hour day. Complete
      control over the rate and type of growth can be achieved by varying water
      and room temperature and the number of watering cycles. Lowering room and
      water temperature will slow the growth. Very slow growth will occur at a
      lowered temperature of 15.degree. C.
PAR  After about the second day of growth, the sprouts give off heat as they
      grow. The water and circulating air both serve to dissipate this heat and
      prevent harm to the sprouts from "hot spots" which might develop within
      the container.
PAR  In order to minimize spoilage due to airborne bacteria, a low concentration
      of ozone may be forced through the bean sprouts during each pressure
      cycle. The ozone generator 40 may be placed in the room near or in the
      vicinity of the intake of the pressure fan. An ozone generator of the type
      manufactured by Ban-bac and used in the meat departments of supermarkets
      is suitable.
PAR  It should be noted that no nutrients or other chemicals are added to the
      water. The water is good quality fresh water.
PAR  Each container used in the present method contains several hundred thousand
      bean sprouts.
PAR  Bean sprouts grown by present methods yield a 7 to 1 sprout-to-bean weight
      ratio, while sprouts grown under the method of the invention achieve an 8
      or 9 to 1 sprout-to-bean weight ratio.
PAR  The bean sprouts grown using the method described are straighter because
      the process does not turn the beans upside down but rather permits them to
      continue to grow straight down during the entire period of growth.
PAR  Due to the number of changes of water and the frequent forcing of warm air
      up through the bean sprouts in the container, hair root growth is
      inhibited. It is only when the sprouts become dry that the sprouts send
      out hair roots in search of water. The constant cycling of water and air
      jostles the sprouts sufficiently so that the hair roots that do grow are
      disengaged from adjacent sprouts. Thus the hair roots are not permitted to
      take the moisture from adjacent sprouts which in turn trigger hair root
      growth in the sprout being touched.
PAR  The container used in the process should be constructed with inside walls
      having a hydrophobic surface. The container may be made of plastic. The
      side walls are approximately 60 centimeters in height. The bottom wall 41
      has a slope of about 20 to 1 so that the water will drain from the
      perimeter 42 to a depressed sloping area 43 in the center of the bottom
      wall. The center depressed area 43 slopes toward a drain opening 4 and
      water is removed through short conduit 44 which depends from the bottom of
      the container.
PAR  Containers of various sizes and shapes may be used, but as an example, the
      container may have a shape as shown in the drawings which has straight
      sides and curved ends. The long dimension may be approximately 590
      millimeters and the width may be about 400 millimeters.
PAR  The sloping perimeter area 41 has a width of about 100 millimeters. The
      length of the depressed portion 43 is about 360 millimeters and has a
      width of about 190 millimeters. Depth of the depressed area at its outer
      edge 46 below the lowermost edge of the perimeter area is 9 millimeters
      and the depth of the depressed area at the drain opening is about 14
      millimeters below the lowermost edge 47 of the perimeter area. A shoulder
      area 48 at the junction of the perimeter area and the depressed area of
      about 3 millimeters depth and 4 millimeters width is provided on the
      inside edge of the perimeter area of the bottom wall for receipt of a
      strainer or drain grill 49. The grill covers the depressed area and is
      provided with openings which are preferably rectangular in shape and have
      a length of about 9.5 millimeters and a width of about 1.6 millimeters.
      The rectangular openings are disposed in rows and columns about 4.75
      millimeters apart. The grating has a thickness of about 3 millimeters and
      is formed with depending legs to prevent the weight of the sprouts from
      crushing it down against the bottom wall.
PAR  Since the bottom walls of the container slope, a flat surface 51 may be
      formed therein so that the container may rest evenly on a support member
      52. Legs 53 and 54 depend from the bottom of the container below the
      bottom of conduit 44 to protect the conduit and to support the weight of
      the container when it is not resting on support 52.
PAR  In practice, a plurality of containers 1 are used with several spray heads
      feeding water to the various containers. The troughs 31 and 32 are
      elongated members which run between the rows of containers.
PAR  In harvesting the bean sprouts, the hoses 6 are disconnected from the
      conduits 44 and the containers are slid from the racks upon which they
      rest onto a conveyor such as a cart. The covers are removed from the
      containers and the bean sprouts are dumped into a washing trough.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of growing germinated bean sprouts comprising the steps of:
PA1  a. placing a quantity of germinated beans to a uniform depth in a container
      having substantially vertical side walls, an open top, a drain opening in
      the bottom wall and the bottom wall having a gently sloping floor in the
      direction of the drain;
PA1  b. placing over said beans a substantially opaque relatively rigid cover
      having a plurality of openings adapted for admitting water and air
      therethrough and slideably mounted in said container to rise with the
      growth of said sprouts;
PA1  c. periodically introducing a pre-selected amount of water onto said cover
      for distribution thereby onto said beans;
PA1  d. draining the water immediately from said beans through said drain
      opening; and
PA1  e. periodically flowing air through said growing bean sprouts at a selected
      pressure which will not disturb the orientation of said sprouts, in a
      direction opposite to the flow of water through said container, and after
      each introduction of water for a pre-selected duration until there is a
      substantial change of air within the container.
NUM  2.
PAR  2. A method of growing bean sprouts as described in claim 1 comprising:
PA1  a. said pressured air has a pressure of less than 1 centimeter of water.
NUM  3.
PAR  3. A method of growing bean sprouts as described in claim 1 including:
PA1  a. injecting ozone into the air used to subject said beans to said low air
      pressure flow.
NUM  4.
PAR  4. A method of growing bean sprouts as described in claim 1 wherein:
PA1  a. said container is approximately 60 centimeters in height; and
PA1  b. the bottom of said container is covered with beans to a depth of about 2
      to 5 centimeters.
NUM  5.
PAR  5. A method of growing bean sprouts as described in claim 1 wherein:
PA1  a. the temperature of water introduced to said beans varies from about
      15.degree. C. to 30.degree. C.
NUM  6.
PAR  6. A method as described in claim 1 wherein:
PA1  a. the cycle of watering, draining, and back pressuring is repeated at
      regular intervals approximately 4 to 10 times each 24-hour period.
NUM  7.
PAR  7. A method as described in claim 1 comprising:
PA1  a. applying a vacuum through the drain opening in said container of about
      40 to 80 centimeters of water pressure for a duration of about 5 to 10
      seconds after each watering step to drain excess water from said beans.
NUM  8.
PAR  8. A method as described in claim 1 wherein:
PA1  a. said back pressure has a duration of about 1 to 5 minutes and the
      pressure is at least sufficient to push upwardly through all of the bean
      sprouts in said container and is less than 10 centimeters of water
      pressure.
NUM  9.
PAR  9. An apparatus for growing bean sprouts comprising:
PA1  a. at least one container having substantially vertical side walls, an open
      top, a drain opening in a bottom wall which gently slopes toward said
      drain opening:
PA1  b. a container top substantially opaque and being formed with a plurality
      of openings for admitting water and air therethrough, said top being
      generally coextensive with the area of said container and mounted for
      vertical sliding movement therein;
PA1  c. means for introducing water to the top of said container; and
PA1  d. means for creating pressure attached to said drain for forcing air
      upwarldy through the beans and bean sprouts in said container.
NUM  10.
PAR  10. An apparatus as described in claim 9 comprising:
PA1  a. ozone producing means for introducing ozone to said container through
      said drain opening when said pressure means is operating.
NUM  11.
PAR  11. An apparatus as described in claim 9 comprising:
PA1  a. a plurality of said containers;
PA1  b. a common drain pipe connected to the drains of said containers;
PA1  c. an open trough receiving the effluent from said drain pipe;
PA1  d. said pressure means being connected to said drain pipe;
PA1  e. said drain pipe having its discharge end submerged a specified depth in
      said trough for regulating the maximum pressure applied to said
      containers;
PA1  f. said trough having an overflow means at a selected height above the
      discharge end of said drain pipe in said trough for regulating the maximum
      pressure which said pressure means can apply; and
PA1  g. said drain being placed a selected distance above the level of the water
      in said trough for regulating the maximum vacuum attainable in said
      containers.
NUM  12.
PAR  12. A container for growing bean sprouts as described in claim 11
      comprising:
PA1  a. said bottom wall having a slope ratio of elevation to horizontal
      distance of approximately 1 to 20; and
PA1  b. said side wall height to width ratio being approximately 1 to 1.
NUM  13.
PAR  13. An apparatus as described in claim 9 comprising:
PA1  a. control means connected to said water introducing means, and said
      pressure means for automatic cycling of water and air through said
      container.
NUM  14.
PAR  14. An apparatus as described in claim 9 comprising:
PA1  a. vacuum means attached to said drain pipe for creating a vacuum within
      said container for drawing off excess water from said sprouts and
      container.
NUM  15.
PAR  15. A container for growing bean sprouts comprising:
PA1  a. said container having vertical side walls and an open top;
PA1  b. said container having a bottom sloping gently inwardly to a drain;
PA1  c. said bottom wall having a downwardly offset portion;
PA1  d. a strainer having a plurality of openings dimensioned for receipt in
      said offset portion;
PA1  e. a conduit connected to said drain opening depending below the bottom
      wall of said container;
PA1  f. leg members for elevating the bottom of said container and extending
      beyond the lower elevation of said conduit; and
PA1  g. a rigid cover formed with a plurality of openings for admitting water to
      said container and permitting the exhausting of air from said container
      and being coextensive with the area of said container and mounted for
      vertical sliding movement within said container;
PA1  h. and means to sequentially introduce water and pressurized air into said
      container.
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ABST
PAL  A double window construction having inner and outer windows mounted within
      a frame. Each window has an upper and lower glass pane. Each pane is
      mounted for vertical movement in its own vertical guide channels within
      the frame. The panes are joined by flexible means in a counter-balanced
      manner. Means are attached to each glass pane for detachably connecting
      the panes to the flexible means.
BSUM
PAR  This invention relates to windows and, more particularly, to improvements
      in windows of the type having two pairs of vertically slidable glass
      panes, with the lower pane of each pair connected to the upper pane of the
      other pair in counterbalanced fashion.
PAR  Windows of this type are known, as shown in Canadian Pat. No. 643,770,
      granted to J. T. Cloutier Inc. on June 26, 1962. While these windows are
      quite satisfactory for the purposes designed, they do have some
      disadvantages. There is a tendency for the glass panes to break,
      particularly at their corners, when installing or removing the glass panes
      from the frame. This is due to the manner of mounting the panes directly
      by their lower corners. Also, the support means for the panes, when
      mounted in the frame, are bulky and visible, thereby detracting from the
      appearance of the window. In addition, the support means for the panes and
      the guide means for a portion of the flexible means supporting the panes
      in a counterbalanced manner are relatively complex in construction and
      thus relatively expensive to manufacture.
PAR  It is therefore the purpose of the present invention to provide windows of
      the above type which are less prone to breaking, which are neater in
      appearance and which are more simple and less expensive in manufacture.
PAR  In one embodiment of the present invention, there is provided a double
      window construction which has a frame and inner and outer windows. Each
      window consists of an upper and lower glass pane. Each pane in each window
      is slidable in its own vertical extending guide means. First flexible
      means mounted in the frame connect, in counterbalanced manner, the lower
      pane of one window with the upper pane of the other window. Second
      flexible means mounted in the frame connect, in couterbalanced manner, the
      upper pane of the one window to the lower pane of the other window. Means
      are attached to each pane for detachably connecting it to its respective
      flexible means within the guide means.
PAR  Preferably, the means attached to each pane include rod members projecting
      laterally past the side edges of the pane. The rod members preferably are
      attached to sealing strips which in turn are attached to the bottom edge
      of each pane.
DRWD
PAR  The invention will now be described in detail having reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a front elevation view of a window construction according to the
      present invention;
PAR  FIG. 2 is a cross-section view of the window construction taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a cross-section view taken along line 3--3 of FIG. 2;
PAR  FIGS. 4a and 4b are schematic views showing operation of the window;
PAR  FIG. 5 is a cross-section view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 is a cross-section view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a schematic view of one of the transverse cable guide members;
PAR  FIG. 8 is a cross-section view of the guide member taken along line 8--8 of
      FIG. 7; and
PAR  FIG. 9 is a schematic view of one of the hook-shaped pane support members.
DETD
PAR  The window construction includes a window frame 1, consisting of a lintel
      3, jambs 5, 5' and a sill 7. The lintel 3 and jambs 5, 5' can each be made
      from two extruded members 9, 9' joined together by a connector member 11,
      as shown in FIG. 2. The length of the connector member 11 can vary so as
      to vary the width of the lintel and jambs. The sill 7 can be made from one
      extruded member having a slightly sloping upper surface 13.
PAR  The jambs 5, 5' each define a U-shaped recess 15. A window pane mounting
      member 17 is fixed in each recess 15. The mounting member 17 can have
      projections 19 at its ends, co-operating with shoulders 21 on the inside
      of the side walls of the recess 15, to hold it in position. The mounting
      member 17 has four vertical pockets 23 arranged in two pairs. Each pocket
      opens toward a corresponding pocket in the opposite jamb. An essentially
      U-shaped channel member 25 is mounted in each pocket 23 in each jamb. Each
      channel member 25 has a pair of inturned lips 27. The channel members 25
      in one jamb 5 have depending legs 29 resting on end wall 31 of mounting
      member 17 to position them. The channel members 25 in the other jamb 5'
      are each biased outwardly toward jamb 5 by a spring member 33 located
      between end wall 31 and each channel member. The channel members 25 in
      both jambs 5, 5' are retained in the pockets 23 by shoulders 35 at the
      mouth of each pocket 23.
PAR  Mounted in facing members 25 are window panes 41, 43, together forming the
      outer window 37, and window panes 45, 47, together forming the inner
      window 39, as shown in FIG. 4. The panes 41, 43, 45, 47 each are slidable
      in a vertical direction in their own guide means formed by respective
      channel members 25 in the pockets 23. The lower panes 41, 45 in each
      window have suitable sealing means 48 attached by a channel section, to
      the lower edge 49 of each pane. The sealing means 48 cooperate with the
      upper surface 13 of the sill 7, to close the bottom of each window 37, 39.
      Suitable handle means 51 are provided on each sealing means 48 for use in
      opening and closing the windows, as will be described. Suitable known
      sealing means 52, with a channel section, are also provided at the top
      edge 53 of each lower pane 41, 45 and the bottom edge 54 of each upper
      pane 43, 47 to seal the panes in each window 37, 39 together. The top edge
      56 of upper panes 43, 47 also has a suitable seal 57 with a channel
      section.
PAR  Flexible means are provided for joining the panes of the windows together
      in a counterbalanced manner. First flexible means 61 join the lower pane
      41 of the outer window 37 to the upper pane 47 of the inner window 39.
      Second flexible means 63 join the upper pane 43 of the outer window 37 to
      the lower pane 45 of the inner window 39. Flexible means 61 includes a
      pair of flexible members 65, such as steel cable, one on each side of the
      frame. Flexible means 63 also includes a similar pair of flexible members
      67, one on each side of the frame. The cables 65, 67 run between their
      respective panes in the channel members 25 and cross transversely, in a
      curved path, from one channel member to the other at the top of the frame.
PAR  A cable guiding member 69 is provided at the top of the frame, at each end,
      for transversely guiding the cables 65, 67 in a curved path between the
      windows, as shown in FIG. 3. The guiding members 69 are mounted in the
      ends of a recess 71 in lintel 3. Each guiding member 69 has two
      longitudinal grooves 73, 75, as shown in FIG. 7. The bottom surfaces 77,
      79 of both grooves are convex with the bottom surface 77 of groove 73
      being longer than the bottom surface 79 of groove 75. The bottom surface
      77 of groove 73 extends between the tops of the channel members 25
      carrying panes 43, 45 and bottom surface 79 extends between the tops of
      channel members 25 carrying panes 41, 47. Preferably, the grooves 73, 75
      are formed at different angles to the vertical so that their bottoms are
      closer together than their tops. Also, both grooves are preferably set at
      an angle to the vertical side face 81 of member 69 nearest the jambs.
      Thus, groove 75 extends at a slight angle .alpha. to the side face 81 with
      its bottom closely adjacent the bottom edge of side face 81. Groove 77
      extends at a slightly larger angle .beta. to side face 81, but with its
      bottom also closely adjacent the bottom edge of side face 81. This groove
      arrangement, as shown in FIG. 7, minimizes weakening of the members 69
      when providing the grooves.
PAR  The end of each cable 65, 67 is provided with a support member 83
      integrally joined to the cable. The support members 83 are preferably hook
      shaped, as shown in FIGS. 5 and 9. The outer face 85 of the tip 87 of the
      hook members 83 preferably has a guide projection 89 which projection 89
      has a width just slightly less than the width of the gap between the
      inturned lips 27 of channel members 25. The hook members 83 slide in the
      channel members 25 with guide projection 89 moving in the gap between lips
      27.
PAR  Each window pane 41, 43, 45, 47 is detachably connected to the support
      members 83 on the cables by means attached to the panes. These means
      preferably comprise rods 91 which project laterally from the bottom
      corners of the panes, as shown in FIG. 5. Each rod 91 preferably is
      mounted in the sealing means which is attached to bottom edge of each
      pane. The rods 91 have a downwardly projecting head 93 which fits in the
      slot 95 formed between the tip 87 and shank 97 of hook 83. Thus, the panes
      each, in effect, sit on the hooks 83 attached to the cables 65,67. A guide
      rod 99 can also be provided at the top corner of each pane, projecting
      laterally from the ends of sealing members on the top edge of each pane
      through the gap between lips 27 into a respective channel member 25. Rod
      99 serves to  protect the upper corners of the panes.
PAR  In operation, the double window can be opened by first lifting inside lower
      pane 45. Through connection of pane 45 with pane 43 by cables 67 in a
      conterbalancing manner, the lifting of pane 45 results in pane 43 being
      lowered, as shown in FIG. 4. The lower outer pane 41 is then lifted,
      causing pane 47, through cables 65, to lower. The window panes are each
      guided for vertical movement by the lips 27 of channel members 25, as the
      side edges of the windows are fitted into the channel members.
PAR  The panes are each mounted in the frame by pushing one side edge of the
      pane into the channel members 25 in jamb 5'. The channel members 25 move
      inwardly against springs 33 a distance sufficient to permit the opposite
      edge of the pane to be inserted in members 25 in jamb 5. The springs 33
      then maintain the pane in place. Each pane is detachably connected to the
      cable ends by placing the ends 93 of rods 91 into the hooks 83. The rods
      91 are attached to the bottom corners of the panes via the sealing
      members. The use of the rods 91 minimizes the chances of breaking the
      corners of the panes and also, through attaching the rods to the sealing
      means, avoids having to drill attached holes in the glass panes, which
      could weaken the panes. The support hooks 83, carrying the panes, fit
      neatly within channel members 25 and thus provide the window with a neat
      appearance.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A double window construction comprising a frame, an inner and an outer
      window, the frame having jamb portions with pairs of mutually facing
      longitudinal channel members secured therein, each channel member having a
      U-shaped cross-section and lips directed toward each other and forming a
      mouth on the open side of the channel member, each window including an
      upper and a lower sashless glass pane, each slidable in a vertical
      direction along the two channel members of a corresponding pair of channel
      members, an elongated sealing member secured lengthwise against the bottom
      edge of each sashless pane, rod sections fixedly mounted in the sealing
      members and extending lengthwise of the latter, and laterally projecting
      outwardly at the opposite side edges respectively of each sashless glass
      pane and into the corresponding two channel members respectively through
      the mouth thereof, a hook member vertically displaceable in each channel
      member and operatively supporting the corresponding rod section of the
      associated glass pane, a first pair of flexible elongated members
      supported in the frame and connected at opposite ends to the hook members
      of the lower pane of one window and the upper pane of the other window,
      and a second pair of flexible elongated members supported in the frame and
      connected at opposite ends to the hook members of the lower pane of the
      other window and the upper pane of the one window, whereby to support the
      panes in counterbalanced manner.
NUM  2.
PAR  2. A double window construction as defined in claim 1, wherein each hook
      member is hook-shaped defining a shank portion and a tip portion with a
      slot interspacing the shank portion and the tip portion, the latter
      projects upwardly and defines an outer face facing toward the mouth of the
      corresponding channel member, a projection on the outer face guidably
      engaging the lips of the same channel member for guided displacement of
      the hook members lengthwise of the channel members, and each rod section
      includes a downwardly projecting head removably engageable in the slot of
      the corresponding hook member.
NUM  3.
PAR  3. A double window construction as defined in claim 2, further including a
      guide block at the top of each window jamb overlying the channel members
      of the latter, and having a pair of grooves formed therein with an
      upwardly convex portion and laterally diverging from each other toward the
      latter.
PATN
WKU  039451500
SRC  5
APN  5423279
APT  1
ART  323
APD  19750120
TTL  Runnerhead for a throwing wheel
ISD  19760323
NCL  4
ECL  1
EXA  Godici; Nicholas P.
EXP  Smith; Al Lawrence
NDR  2
NFG  5
INVT
NAM  Beckner; Wilbur Ripple
CTY  Waynesboro
STA  PA
ASSG
NAM  The Carborundum Company
CTY  Niagara Falls
STA  NY
COD  02
CLAS
OCL   51  9R
XCL  241275
EDF  2
ICL  B24C  506
FSC   51
FSS  9 R
FSC  241
FSS  275;300
UREF
PNO  2119812
ISD  19380600
NAM  Hamren
OCL   51  9R
UREF
PNO  2869289
ISD  19590100
NAM  Gossard
OCL   51  9R
UREF
PNO  3241266
ISD  19660300
NAM  Bowling
OCL   51  9R
UREF
PNO  3383804
ISD  19680500
NAM  Haider
OCL   51  9R
LREP
FR2  Dougherty; David E.
FR2  Holt; William H.
ABST
PAL  A runnerhead for a throwing wheel of the type used in blast cleaning and
      peening operations includes a throwing vane receiving channel provided
      with a locking pin hole and a locking pin for locking a throwing vane in
      the channel and a locking pin release channel is formed in the runnerhead
      contiguous with the locking pin hole for allowing the locking pin to be
      tilted out of the locking pin hole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to throwing wheels of the type used for
      abrasive blast cleaning or peening wherein a throwing wheel includes a
      plurality of throwing vanes mounted upon a runnerhead in a vane receiving
      channel. Such throwing vanes must be locked in the runnerhead against the
      action of centrifugal force during high speed rotation. More particularly,
      the invention relates to a unique improvement of the vane locking
      apparatus shown in FIGS. 23-30 in U.S. Pat. No. 3,241,266 which was
      granted to Joseph E. Bowling, Jr., on Mar. 22, 1966.
PAR  The vane locking mechanisms of the prior art, as exemplified by U.S. Pat.
      No. 3,241,266 properly perform the function of locking the throwing vanes
      in the runnerhead. However, a very serious disadvantage of the prior art
      is inherent in the fact that particles of grit, abrasive throwing media
      and the like cause the locking pins to jam in the locking pin hole and
      creates a serious problem during maintenance of the throwing wheel. As is
      well known, the throwing vanes are subjected to highly abrasive actions
      during operation and it becomes necessary to replace the throwing vanes
      either weekly, daily or sometimes hourly. There have been occasions when
      the locking pins have become so jammed that it takes five to seven minutes
      of frustrating effort to remove the locking pin so that a worn out
      throwing vane can be replaced.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a runnerhead for a throwing wheel wherein
      the runnerhead comprises a plate member having a face and at least one
      vane receiving channel formed in the face for receiving a throwing vane,
      and a locking means is provided for locking the throwing vane in the vane
      receiving channel, the locking means including a locking pin hole for
      receiving a locking pin, the hole being formed in the plate member and
      extending angularly inwardly from the face. The improvement is comprised
      of providing a locking pin release channel formed in the plate member
      contiguous with the locking pin hole.
PAR  More particularly, the locking pin release channel and the locking pin hole
      have respective axial center lines disposed parallel to each other and the
      locking pin release channel spans the locking pin hole for allowing a
      locking pin to be tilted from the locking pin hole in a plane
      perpendicular to the vane receiving channel. As a result, maintenance
      procedures which heretofore required five to seven minutes can be promptly
      performed in a matter of a few seconds, or less.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary plan view of a portion of a throwing wheel and a
      vane locking pin hole provided with a locking pin release channel
      according to the present invention.
PAR  FIG. 2 is a sectional view, taken on line 2--2 of FIG. 1, and illustrates
      the parallel relationship of the axial center lines of the locking pin
      hole and the locking pin release channel.
PAR  FIG. 3 is a view similar to FIG. 2 and shows a throwing vane and a locking
      pin in operative location.
PAR  FIG. 4 is a fragmentary edge view taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a fragmentary view, similar to FIG. 3, and illustrates the
      simplicity of removing the locking pin from the locking pin hole during
      replacement of the throwing vane.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A portion of a throwing wheel, generally indicated by the numeral 10
      includes a runnerhead 12 which is provided with a series of throwing vanes
      14. The throwing vanes 14 are shown as being radially disposed on the
      runnerhead 12 but it is to be understood that such throwing vanes may be
      of different configurations and be disposed on the runnerhead other than
      radially.
PAR  As is best shown in FIGS. 1, 2 and 4, the runnerhead 12 is provided with a
      series of conventional dove-tailed vane receiving channels 16 such that
      the throwing vanes 14 can be slid radially inwardly of the runnerhead 12
      in a manner well known in the prior art as exemplified by U.S. Pat. No.
      3,241,266. During operation of the throwing wheel 10 the runnerhead 12 is
      rotated about a central axis indicated by the numeral 18 in FIG. 1. In
      order to keep the throwing vanes 14 in proper location and to preclude
      movement of the throwing vanes out of the vane receiving channels 16
      because of centrifugal force, each vane receiving channel 16 is provided
      with a locking pin hole 20 which is, preferably, bored or drilled into the
      runnerhead 12 along the vane receiving channel 16 and tapers downwardly
      and inwardly at an angle which may be approximately 30.degree. to a top
      face 22 of the runnerhead 12. As is shown, the locking pin hole is
      cylindrical for receiving a cylindrical locking pin 24; however, it is to
      be understood that the locking pin 24 may have other configurations such
      as being square, triangular, oval, etc., and the locking pin hole 20 will
      have a corresponding configuration.
PAR  It is well known that during assembly of the throwing wheel pin the
      throwing vanes 14 are moved radially inwardly of the runnerhead 12 past
      their normal operating location, such as is illustrated in FIG. 5, and the
      locking pin 24 is then located within the locking pin hole 20 and the
      throwing vane 14 is then moved radially outwardly until it contacts the
      locking pin 24 as is best shown in FIG. 3. A locking ring 30, as is best
      shown in FIGS. 1 and 3, is then fixed to the runnerhead 12 to lock the
      throwing vanes 14 against the locking pins 24. In this manner, the
      throwing vanes 14 are securely locked into operative position and are
      precluded from moving radially inwardly or outwardly of the vane receiving
      channel 16.
PAR  During maintenance procedures for replacing worn throwing vanes 14 the
      usual procedure is to remove the locking ring 30, move the throwing vane
      14 radially inwardly, remove the locking pin 24, and slide the throwing
      vane 14 radially outwardly along the vane receiving channel 16.
      Thereafter, the steps are reversed by first sliding a new throwing vane 14
      into the vane receiving channel 16, and so forth. The seemingly innocuous
      step of removing the locking pins of the prior art is not as simple as one
      might expect. Formerly, the locking pins 24 had to be removed axially
      because the locking pin 24 was seated in a cylindrical locking pin hole
      that had its outermost terminus flush with the plane of the vane receiving
      channel. During a typical life of a throwing vane 14, thousands of pounds,
      or even kilograms, of abrasive blasting particles will travel along the
      vane and it is not untypical that the abrasive particles or shot have an
      average particle size of 0.007 inch in diameter. It is essentially
      unavoidable that particles of this minute size become lodged in the hole
      occupied by the pin and wedged in between the pin and wall of the hole
      thereby making it difficult to remove the pin. It is a primary feature of
      the present invention to eliminate the possibility of the abrasive build
      up, but still retain a seat for the locking pin, by machining, or boring,
      or cutting away a portion of the wall of the conventional locking pin hole
      and providing a locking pin release channel 40 which allows the locking
      pin 24 to be leaned or tilted outwardly from the locking pin hole 20 as is
      best shown in FIG. 5 wherein the locking pin 24 is moved from the full
      line position to the dotted line position.
PAR  The locking pin release channel 40, as is best illustrated in FIGS. 1, 2
      and 4, can be formed in various ways but, as an example and not as a
      limitation upon the invention, it is shown as being formed by a milling
      operation wherein, first, the locking pin hole 20 is drilled to extend
      angularly inwardly from the face 22, centrally located within the vane
      receiving channel 16, along an axial center line 42 (FIG. 2). After
      drilling of the locking pin hole 20 is completed, a milling tool (not
      shown) has its axis aligned parallel to the center line 42 and is moved
      perpendicular thereto until the milling tool cuts away a portion of the
      vane receiving channel 16 above the locking pin hole 20. The milling tool
      is of a larger diameter than the diameter of the locking pin hole 20 and
      is moved until the center line of the tool is approximately at the
      position indicated by the axial center line 44 in FIG. 2. As can be seen
      in FIGS. 1, 2 and 4, the locking pin release channel 40 is defined by side
      wall portions 46 and 48 and terminates at a tapered end wall 50 so as to
      provide an abbreviated shoulder 52 located adjacent an innermost portion
      of the locking pin hole 20 at a terminus of the locking pin release
      channel 40 thereby providing a seat for the locking pin 24.
PAR  The foregoing detailed description of a preferred embodiment of the
      invention is subjected to various modifications which will be obvious to
      those skilled in the art and it is to be understood that various changes
      and modifications may be made within the spirit and scope of the invention
      as defined by the following claimed subject matter.
CLMS
STM  I claim:
NUM  1.
PAR  1. A runnerhead for a throwing wheel, said runnerhead comprising a plate
      member having a face and at least one vane receiving channel formed in
      said face for receiving a throwing vane, and locking means for locking
      said throwing vane in said vane receiving channel, said locking means
      including a locking pin hole for receiving a locking pin, said locking pin
      hole having an axis and being formed in said plate member and extending
      along said axis angularly inwardly from said face; the improvement
      comprising a locking pin release channel means formed in said plate member
      contiguous with said locking pine hole and spanning said locking pin hole
      for allowing a locking pin to be removed from said locking pin hole in a
      direction other than along said axis.
NUM  2.
PAR  2. A runnerhead as defined in claim 1 wherein said locking pin hole is
      comprised of a cylindrical opening for receiving a cylindrical locking
      pin, said locking pin hole extending along a portion of the length of said
      vane receiving channel, and an abbreviated shoulder adjacent an innermost
      portion of said locking pin hole at a terminus of said locking pin release
      channel means for providing a seat for the locking pin.
NUM  3.
PAR  3. A runnerhead as defined in claim 1 wherein said locking pin release
      channel means and said locking pin hole have respective axial center lines
      disposed parallel to and spaced from each other.
NUM  4.
PAR  4. A runnerhead as defined in claim 1 wherein said locking pin release
      channel means is defined by side wall portions spaced a distance wider
      than said locking pin hole for allowing a locking pin to be tilted from
      said locking pin hole in a plane perpendicular to said vane receiving
      channel.
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ABST
PAL  Apparatus for removing mortar from opposite flat faces of a used brick
      including means supporting the brick on one of its flat faces for forward
      movement along a path, means adapted to advance the brick forwardly
      including means adapted to engage the brick during such forward movement
      and guide means for the brick-engaging means, first grinding means
      disposed in position for the passage of the brick thereover during its
      forward movement and adapted to grind mortar from the bottom face of the
      brick as the brick is moved past the grinding means, means overlying the
      path of the brick adjacent the first grinding means and biased toward
      engagement with the brick to urge it toward the first grinding means,
      second grinding means disposed above the path of forward movement of the
      brick and adapted to grind mortar from the top face of the brick as it
      moves past the grinding means, and means mounting the second grinding
      means for generally vertical movement with respect to the path of the
      brick. A method is also disclosed.
BSUM
PAR  This invention relates to apparatus for removing mortar from used bricks.
PAR  Bricks removed from old buildings or houses generally have a substantial
      commercial value because of their durability and aesthetic appeal. These
      used bricks, however, have varying quantities of mortar clinging to
      especially their opposite flat faces which make the bricks nonuniform in
      shape and size so that at least certain of the old mortar desirably is
      removed from the opposite flat surfaces of the bricks before the bricks
      are reused.
PAR  It is, therefore, an object of this invention to provide an apparatus and
      method for removing mortar from opposite flat surfaces of used bricks. It
      is another object of this invention to provide a method for removing the
      mortar from used brick. Other objects and advantages of the invention will
      become known by reference to the following description and the
      accompanying drawings wherein:
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PAR  FIG. 1 is a perspective view of one embodiment of a device embodying
      various features of the invention.
PAR  FIG. 2 is a schematic front side view, partly fragmentary and partly
      cut-away, of apparatus for adjusting the angle of elevation of the device
      of FIG. 1;
PAR  FIG. 3 is a sectional view, partly fregmentary, taken generally along line
      3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary sectional side view, partly cut-away, of the first
      grinding station of the device shown in FIG. 1;
PAR  FIG. 5 is a fragmentary rear side view of the first grinding station; and
PAR  FIG. 6 is a fragmentary sectional side view, partly cut-away, of the second
      grinding station of the device shown in FIG. 1.
DETD
PAR  In accordance with the present invention, apparatus is provided for
      removing mortar from opposite flat surfaces of a used brick including
      means supporting the brick for forward movement along a path, means
      adapted to advance the brick forwardly, first grinding means disposed in
      position for the passage of the brick thereover during its forward
      movement and adapted to grind mortar from the bottom face of the brick as
      the brick is moved past the grinding means, means overlying the path of
      the brick adjacent the first grinding means and biased toward engagement
      with the brick to urge it toward the first grinding means, second grinding
      means disposed above the path of forward movement of the brick and adapted
      to grind mortar from the top flat face of the brick as it is moved past
      the grinding means, and means mounting the second grinding means for
      generally vertical movement with respect to the path of the brick.
PAR  In accordance with the method of the invention, a plurality of used brick
      are aligned on a planar supporting surface which defines a forward path of
      movement for the bricks, with one of the flat faces of each brick facing
      downwardly and its other flat face facing upwardly and preferably with the
      longitudinal dimension of each brick aligned substantially perpendicular
      to its direction of forward movement. Each aligned brick is moved
      forwardly passed a grinding station where the brick is urged against a
      rotating grinding means disposed in the path of the brick on the bottom
      side thereof. Thereafter the brick is moved forwardly to a second grinding
      station wherein a second grinding means is urged downwardly against the
      mortar on the top face of the brick to grind away mortar as the brick
      passes thereunder. The bricks with the mortar removed from their opposite
      flat faces are collected.
PAR  With reference to FIGS. 1, 2 and 3, one embodiment of the apparatus
      disclosed herein includes an elongated frame 10 including elongated side
      members 12 and 14, defining one side margin of the frame and elongated
      side members 16 and 18 that define the opposite side margin. The side
      members 12 and 14 are joined together by upright braces 20 disposed at
      locations along the length of the side members. In like manner, the
      opposite side members 16 and 18 are joined by braces 22. A general planar
      slide 23 adapted to receive bricks 24 thereon is supported on cross
      members 26 that extend laterally between the side members 12 and 16 to
      bridge the space therebetween and connect the opposite side members to one
      another. This slide member 23 extends substantially the full length of the
      frame 10 and in a preferred embodiment is of a width greater than the long
      dimension of a brick. Guide means 34 is provided on the upper surface 36
      of the slide 23 to maintain bricks in position for sliding movement along
      a path defined by the length of the slide. In the preferred embodiment,
      the bricks are positioned with their longitudinal dimension oriented
      substantially perpendicular to the forward direction of movement of the
      bricks along the slide. The bricks are loaded onto the slide at a loading
      station 38 adjacent the rear end 41 of the slide with one flat face 42 of
      each brick, usually with a quantity of mortar 44 clinging to it, facing
      downwardly and resting on the slide.
PAR  Disposed along each of the opposite side margins 46 and 48 of the slide,
      there is provided a pair of chains 50 and 52. These chains are trained
      about a set of sprockets 54 and 56 located adjacent the rear end 41 of the
      frame and a further set of sprockets 58 and 60 located adjacent the
      forward end 62 of the frame, thereby forming continuous loops along the
      opposite side margins of the slide. The sprockets 58 and 60 are fitted on
      a shaft 64 (not shown) that is journaled at its ends to the frame 10. The
      sprockets 54 and 56 at the rear end of the frame are similarly fitted on a
      shaft 66 that is journaled to the frame. A plurality of elongated cross
      members 68 are connected at their respective opposite ends 70 and 72, for
      example, to the chains 50 and 52. These cross members are located at
      spaced intervals along the looped chains and extend from one chain to the
      other across the slide. Each cross member is of a thickness less than the
      nominal thickness of a brick for reasons which will be apparent
      hereinafter.
PAR  The chains 50 and 52 are driven synchronously as by a motor 74 (which may
      be electric, gas or the like), connected through a gear reducer 76 and a
      chain means 78 to the shaft 66 on which the sprockets 54 and 56 are
      fitted. As the chains are driven, they carry the cross members 68 along
      the length of the slide. In the depicted embodiment, each of the cross
      members as it moves onto the rear end of the slide, engages a pair of
      inclines 79 and 81 that raise the cross member to a vertical height
      sufficient to cause the cross member to overlie and ride on the top edges
      80 and 82 of the guides 84 and 86 that also serve to maintain the bricks
      in position on the slide. The vertical height of each of the guides 84 and
      86 above the top surface 36 of the slide is chosen such that the cross
      member 68 is positioned above the slide by a distance at least as great as
      the nominal thickness of a common brick bed mortar joint, specifically
      approximately one-half inch. Accordingly, as the chains are driven, the
      cross member 68 contacts the rear surface 88 of a brick and pushes the
      brick along the length of the slide.
PAR  A first grinding station 90 is located on the slide forwardly of the
      loading station and includes a grinding roll 92 having a shaft 94 whose
      opposite ends 96 and 98 are mounted for rotation on the frame as by the
      use of pillow blocks 100 and 102. One end 96 of the shaft 94 is provided
      with a pulley 104 which is drivingly connected by a belt 106 to a motor
      108. The mounting of the roll 92 is selected such that the top grinding
      edge 110 of the roll extends upwardly through an opening 112 in the slide
      23 to a vertical height of about one-half inch, i.e., the nominal
      thickness of a mortar joint, above the top surface 36 of the slide.
PAR  The pillow blocks 100 and 102 are secured to the bottom side of the frame
      10 as by means of the bolts 116. The vertical height of the top grinding
      edge 110 is established by adjusting the spacing between the pillow blocks
      and the frame 10. This is accomplished by insertion or removal of spacers,
      such as washers 117, between the pillow blocks and the frame.
PAR  In the first grinding station there is provided a weighted plate 115
      hingedly connected to the frame 10 at a location immediately above the
      grinding roll 92. As the bricks are advanced across the first grinding
      roll 92 by the cross member 68, the weighted plate 115 engages the top
      surface of the brick and urges the brick downwardly against the grinding
      roll 92 with a force sufficient to ensure that the roll 92 removes the
      desired quantity of mortar from the bottom surface of the brick.
PAR  The grinding roll 92, depicted in its preferred embodiment in FIG. 3,
      comprises a plurality of abrasive discs 118, each of about seven inches in
      diameter, mounted in face-to-face, but spaced apart relationship, on the
      shaft 94. As depicted, the shaft is threaded at each of its ends 96 and
      98. The discs 118 are fitted onto the shaft with a spacer 124 disposed
      between adjacent discs. Nuts 126 and 128 are provided on each of the
      threaded ends of the shaft and when tightened, they serve to keep the
      discs tightly frictionally joined so that they turn with the shaft as a
      unit.
PAR  It is to be understood that it is important to a brick mason that the
      bricks which he is laying be uniform in thickness so he can know that if
      he applies a uniform quantity of mortar to each brick, he will obtain a
      horizontally level run of bricks. It is much less important that the brick
      be completely free of old mortar. Accordingly, in the present device, the
      preferred disc 118 employed in the depicted apparatus is of a coarse grit,
      such as a seven inch diameter SAFTEX SPIN-ON, grade A24U, manufactured by
      Federal-Mogul, Chicago, Illinois. This grit has been found to break away
      the mortar from a brick in relatively small pieces, as well as in smaller
      pieces of "dust" size. By reason of the lateral spacing of the discs apart
      from each other, these dislodged pieces of mortar are propelled into the
      spaces between the discs and swept away. In this manner, the abrasive
      surface of each disc is kept clear of debris and does not "load up" due to
      accumulation of mortar in the abrasive surface, with consequential loss of
      abrasive capability. At the same time the abrasive discs do not dislodge
      relatively large pieces of mortar so that there is maintained a control
      over the extent of mortar removal, contrary to the use of toothed blades
      which tend to chip away mortar in chunks of uncontrolled size. In
      accordance with a further feature, the lateral spacing of the discs and
      the thickness of individual discs are chosen to provide for the cutting of
      grooves in the old mortar, each groove being less than approximately
      one-fourth inch in width (about equal to the thickness of a disc) and
      spaced apart from adjacent grooves by less than approximately one-fourth
      inch (about equal to the lateral space between adjacent discs). This
      relationship of groove width and spacing has been found advantageous in
      that such provides for sure removal of adequate mortar with minimum
      consumption of the abrasive discs. It further provides uniformly high
      ridges between adjacent grooves which define one "face" of the reclaimed
      brick. This described control over the degree of mortar removal is
      important in developing used bricks that are of uniform thickness so that
      a brick mason can efficiently lay the bricks in a wall or the like.
      Unexpectedly, it has been found that the grooves cut in the mortar on a
      brick when using the disclosed grinding rolls enhance the application of
      fresh mortar, apparently serving to receive and hold the fresh mortar as
      it is troweled onto the brick by the mason.
PAR  After having been moved passed the first grinding roll, either all the
      mortar is gone from the bottom face of each brick or any mortar remaining
      on the brick is grooved with the upstanding edges of the grooves
      collectively defining a substantially planar face on the bottom of the
      brick. The planar face rests on the slide which now becomes a "datum"
      surface for regulating the extent of mortar removal from the top surface
      of the brick.
PAR  A second grinding station 130 is provided forwardly of the first grinding
      station 90. This second grinding station is designed to remove mortar from
      the upper flat face 132 of a brick and comprises a grinding roll 134, that
      is of substantially identical construction as the previously described
      roll 92, including a shaft 94' whose opposite ends 136 and 138 are mounted
      for rotation in pillow blocks 140 and 142 that are secured on the outboard
      ends 144 and 146 of arms 148 and 150. The opposite ends 153 and 154 of the
      arms 148 and 150 are pivotally mounted to a shaft 156 that is mounted for
      rotation on the frame 10 by pillow blocks 150 and 160. The shaft 156
      extends across the slide 23 with its longitudinal axis aligned
      substantially parallel with the longitudinal axis of the shaft 94' of the
      roll 134. One end 136 of the shaft 94' of the roll 134 is provided with a
      pulley 162 that is drivingly connected by a belt 164 to a pulley 166
      mounted on one end 168 of the shaft 156. The opposite end 170 of the shaft
      156 is similarly provided with a pulley 172 that also is drivingly
      connected by a belt 174 to a pulley 176 mounted on the end 138 of the
      shaft 94'. The shaft 156 is provided with a further pulley 180 that is
      drivingly connected by a belt 182 to a motor 184 that in the depicted
      embodiment is mounted on a plate 186 supported over the frame 10 as by
      posts 188, 190, 192 and 194 (not shown). Preferably there is provided a
      cover 196 which surrounds the second grinding station.
PAR  By reason of its pivotal mounting, the grinding roll 94' is free to move
      toward and away from bricks moved between the roll and the slide. In the
      depicted embodiment, the roll moves generally up and down. Using the
      disclosed type grinding roll, it has been found that the weight of the
      roll itself is sufficient to keep the roll in contact with the bricks with
      an applied force adequate to remove the desired mortar. The bottom limit
      of travel of the roll is established by a jack screw 198 mounted on the
      frame 10 and extending upwardly to engage the arm 10 on which the roll 94'
      is mounted. A like jack screw 200 is provided to halt the downward
      movement of the arm 150 on the opposite end of the roll.
PAR  In the depicted embodiment, the slide 23 is provided with slots 201
      forwardly of the second grinding station, through which particles of
      removed mortar may fall thereby preventing accumulation of such particles
      such as may impede sliding of the bricks.
PAR  The frame 10 preferably is supported on wheel means 202 and 204. A pair of
      frame members 206 and 208 are pivotally connected to the opposite sides of
      the frame 10 at locations disposed toward the rear end of the frame and
      extend downwardly to be joined to collars 210 and 212 (not shown) that
      circumscribe an axle 214 extending between wheels 216 and 218. The collars
      210 and 212 are rotatable about the axle. The forward end of the frame is
      connected to the axle 214 by frame members 220 and 222 that are joined at
      one of their ends to the collars 224 and 226 (not shown) that also
      circumscribe the axle 214, and extend upwardly and forwardly from the axle
      to terminate on the underside of the frame 10. The terminal ends 228 and
      230 of these frame members are provided with rollers 232 and 234 (not
      shown) adapted to engage and support the frame while permitting the points
      of engagement of the rollers with the frame to be changed.
PAR  The rear frame members 206 and 208 are connected by a cross member 236.
      Similarly, the forward frame members are connected to each other by a
      cross member 237. These two cross members are connected to each other in
      the depicted embodiment by a cable 238 having its free end 240 attached to
      the cross member 237 and extending therefrom to wrap a pulley 242 attached
      to the cross member 236, thence to a winch device 244 mounted on the cross
      member 237, adjacent the free end of the cable. By this means, the rear
      frame members 206 and 208 and the forward frame members 220 and 222 may be
      drawn toward each other in a scissoring action to change the angle of
      inclination of the frame for expelling cleaned bricks directly into a
      truck or the like, for example.
PAR  A further set of wheels 246 and 248 is provided adjacent the rear end of
      the device in one embodiment to enhance the mobility of the device during
      field operations.
PAR  In the depicted embodiment, the rear end of the frame 10 includes a
      rearwardly projecting platform 250 that is affixed to the side frame
      members 14 and 18 as by extensions 252 and 254. This platform serves to
      mount the motor 74 and related elements of the system employed to drive
      the chains 50 and 52. This platform also serves to mount the wheels 246
      and 248.
PAR  In a typical operation of the present apparatus, the motors 74, 108, and
      184 are turned on to activate the chains 50 and 52 and to commence
      rotation of the grinding rolls 92 and 134. The direction of rotation of
      the grinding roll 92 is counter to the direction of forward movement of
      bricks being cleaned (counterclockwise as viewed in FIG. 1). Likewise, the
      rotation of the grinding roll 134 is counter to the direction of brick
      movement (clockwise as viewed in FIG. 1).
PAR  Bricks are loaded by hand onto the rear end of the slide within the
      confines of the guide means 34. In the preferred embodiment, each brick is
      oriented with its longitudinal dimension oriented generally perpendicular
      to the direction of forward movement of the brick along the length of the
      slide. It is recognized, however, that the bricks may be oriented with
      their longitudinal dimension generally parallel in the direction of their
      forward movement. Such latter orientation of the brick is less desirable
      by reason of the control which can be exerted over the position of the
      brick as it passes through the grinding operations. Preferably, several
      bricks are placed on the slide with their side faces 256 and 256' abutting
      so that they are moved through the grinding operation as a unit.
PAR  As the chains rotate, the cross member 68 attached to the chains is
      advanced from the rear toward the forward end of the slide. As the cross
      member approaches the bricks positioned on the slide, it rides upwardly on
      the inclines 79 and 81 and onto the top edges of the guides 84 and 86 to
      position the cross member such that it contacts the rear face 88 of the
      most rearward brick along substantially the horizontal mid-line of the
      brick. Upon advancement of the cross member due to forward rotation of the
      chains, the bricks are caused to slide along the slide 23 and pass over
      the grinding roll 92 in the first grinding station 90. The bricks are
      urged downwardly against the grinding roll 92 by the hinged plate 115 to
      insure that the brick bears against the grinding roll such that the mortar
      on the bottom face of the brick is ground away. Notably, in the first
      grinding station, the cross member 68 continues to ride on the top edges
      of the guide members 84 and 86 so that the grinding roll does not contact
      the cross member. Further, the thickness of the cross member is less than
      the thickness of the brick so that the plate 115 can effectively bear
      against the bricks.
PAR  As the bricks are further advanced along the slide, they pass underneath
      the second grinding roll 134 in the second grinding station 130. The
      weight of the grinding roll 134 causes it to bear downwardly against the
      mortar clinging to the upper face of each brick and to grind away such
      mortar. This grinding action is of a nature such that as a brick passes
      beneath the grinding roll, the weight of the roll and the abrasive
      capability of the discs cut through any mortar on the brick face and the
      roll moves downwardly to engage the jack screws 198 and 200. Recalling
      that the bottom face of the brick has passed over the first grinding roll
      92 and has had the mortar removed from the bottom face, such bottom face
      slides along the slide 23 which serves as a bottom datum surface for
      movement of the brick beneath the second grinding roll 134. Accordingly,
      when the second grinding roll cuts through the mortar on the top face of
      the bricks and comes to rest against the jack screws which limit the
      vertically downwardly movement of the grinding roll 134, the bottom
      cutting edges of the second cutting roll are at an established vertical
      height above the top surface 36 of the slide 23 so that the thickness of
      the brick is established at a constant value.
PAR  The cleaned bricks are further advanced by the moving cross member and
      expelled from the forward end of the slide. As indicated hereinabove, the
      angle of inclination of the slide 23 can be adjusted such that the bricks
      can be expelled into a truck or the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing mortar from opposite flat surfaces of used brick
      comprising, in combination, elongated planar means defining a path
      supporting said brick on one of its flat faces thereon for forward
      movement along said path, means adapted to advance said brick forwardly
      along said path including a pair of loop members drivingly connected for
      synchronous movement along paths substantially parallel to the forward
      path of said brick and including an elongated cross member connected at
      its opposite ends to said loop members and extending therebetween and
      engaging said brick during such forward movement, means adapted to elevate
      said cross member to a vertical height above said planar means a distance
      approximately equal to one-half the nominal thickness of a brick, said
      means comprising a pair of substantially parallel and spaced apart
      elongated guides disposed on said planar means and having upper surfaces
      on which said cross member rides, a first grinding station disposed at a
      location along the length of said path, said first grinding station
      comprising a first abrasive roll means having its rotational axis disposed
      generally transversely of the forward direction of movement of said brick,
      said rotational axis being disposed on the underside of said planar member
      such that a portion of the abrasive surface of said first abrasive roll
      projects above the upper surface of said planar member in position to
      abrasively contact the bottom surface of a brick moved along said path,
      relatively nonabrasive means overlying the path of said brick at a
      location adjacent said first abrasive roll means and resiliently biased
      toward engagement with the top face of said brick to urge its bottom face
      toward engagement with that portion of said first abrasive roll means that
      projects above the top surface of said planar member as said brick passes
      between said first roll means and said relatively nonabrasive means, a
      second grinding station disposed along the length of said path and spaced
      apart from said first grinding station, said second grinding station
      comprising a second abrasive roll means having its rotational axis
      disposed generally transversely of the forward direction of movement of
      said brick and above said planar member for passage of said brick between
      said second abrasive roll means and said planar member during forward
      movement of said brick with its previously ground bottom face disposed on
      said planar member, whereby said second abrasive roll means functions to
      remove mortar from the top face of said brick, and means mounting said
      second abrasive roll means for generally vertical movement thereof with
      respect to the forward path of said brick and resiliently biasing said
      second abrasive roll means downwardly toward said planar member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said cross member is of a thickness
      less than the nominal thickness of a brick.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said first abrasive roll means and said
      second abrasive roll means each comprises a plurality of abrasive discs
      aligned in face-to-face and spaced apart relationship on a central shaft
      means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said abrasive discs are spaced apart a
      distance of approximately one-fourth inch and each abrasive disc has a
      thickness of approximately one-fourth inch.
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ABST
PAL  A rail head re-form grinding machine is provided with an annular grinding
      wheel whose lower flat face is adapted to engage and grind the rail head.
      A circular feeler device fits within the annular grinding wheel and is
      also engaged by the rail head. The feeler device is vertically movable by
      a hydraulic piston arrangement the movement of the feeler device being
      sensed and indicated by a sensing and indicating assembly. The housing
      which mounts the grinding wheel and feeler device is pivotally carried so
      that an arcuate surface may be ground on the rail head.
BSUM
PAR  The invention concerns a rail head re-form grinding machine with a rotating
      grinding wheel operating at the front, through the center of which a
      feeler devise is provided within the grinding border of the grinding wheel
      and connected with an indication device.
PAR  A well known grinding machine as per is equipped with a feeler device,
      provided immediately within the grinding border of the grinding wheel and
      coupled with an indication device for measuring unevenness of rails. The
      grinding border is guided at the running surface of the rail by rollers
      arranged on both sides of the grinding wheel, this latter being fed
      according to the operator's experience and by means of the indication on
      the feeler device. The rail is treated by pushing back and forth of the
      machine. The guiding rollers of the grinding wheel follow the grooved
      eventually showing on the rail surface, thus copying their high and low
      points. Guiding elements arranged on both sides of the grinding wheel do
      not guarantee a straight guiding at the grinding spot. E.g. in case of
      grinding surfaces vaulted towards the inside, the grinding wheel would not
      attack, whereas in case of the inverse form at the same position of the
      grinding, this would grind too deeply. Guiding of the grinding wheel must
      be made immediately beside the grinding surface.
PAR  The invention is based on the requirement to guide a grinding wheel as
      immediately as possible at the rail head for the surface treatment, by an
      element in the most close vicinity. It must be able to operate without
      handicap out of the spraying range of the sparks; In addition, the guiding
      element must be able to receive feeler tasks at the rail surface on a
      large area, so that grooves that might show there (high and low points)
      may be compensated, in order to avoid re-copying of same. In order to keep
      the wear at the guiding element as low as possible, this has to roll
      together with the advance movement. A feeler device is provided to keep
      the front surface of the grinding wheel in the right distance to the rail
      for a good grinding job, at the same time compensating the wear of the
      grinding wheel. Furthermore, the feeler device shall facilitate the
      control of approaching the grinding wheel to the rail surface by means of
      remote indication of the distance. Also, the position of the feeler device
      shall indicate the degree of wear of the grinding wheel and the time when
      an exchange of the grinding wheel is necessary.
PAR  In addition, several grinding groups must be adjusted around the rail head,
      each one in another angle to the rail head. Due to a favourable design an
      easy way of maintenance of the feeler element and a good possibility of
      exchange of the grinding wheel shall be guaranteed.
PAR  The invention solves this problem by the fact that the feeler device is
      executed as an even plate almost filling out the clear width of the
      grinding wheel, being affixed to an axle axially adjustable and rotating
      with this axle, the feeler device being adjustable by means of pressure
      and by the facility to register the adjusting distance via an indicating
      device.
PAR  It is not possible to guide the grinding wheel at the rail surface more
      immediately than by means of this central arrangement. The plaste of the
      feeler device is preferably evenly ground and hardened; it will constantly
      follow the rotating movement under the load through the grinding group and
      due to the excentric arrangement at the grinding spot during the advance
      movement of the machine. The attacking surface of the plate within the
      grinding wheel is free from reduction due to rubbing off by grinding and
      by sparks. High and low points of grooves are bridged over.
PAR  A further elaboration of the invention will increase or reduce the weight
      of the grinding group on the feeler device by means of pressure, e.g. by a
      cylinder piston group, in order to increase or reduce the grinding
      pressure for an excellent job. The feeler device keeps the front surface
      of the grinding wheel in the right distance to the rail. Wear of the
      grinding wheel is compensated by a slight movement backwards of the plate
      of the feeler device. Wear of the grinding wheel is indicated to the
      operator by an indicating instrument for the current pick-up of the
      grinding motor. The grinding pressure is adjusted by hand or automatically
      according to this indication. Prior to setting of the grinding wheel to
      the rail head the plate of the feeler device is somewhat higher than the
      front surface of the grinding wheel. In order to approach the grinding
      wheel to the grinding surface, the plate is successively moved back by
      means of remote control. The indicating instrument for current pick up
      shows the touch according to the higher current consumption due to the
      grinding work. Since the rail head is slightly vaulted having a round
      running edge, the feeler device and the grinding wheel must be adjustable
      in the form of a semi-cercle around the rail head, by means of the guiding
      housing slewable in an angle. Therefor the eccentric attack of the
      grinding wheel and the touch of the plate on the rail head is to adjust in
      a way that the surface will bridge over the high and low points of
      grooves.
PAR  Furthermore, the elaboration of the invention provides to remove or put on
      the feeler device and the grinding wheel by means of cylinder piston
      groups in the form of a semi-circle from the rail, thus facilitating the
      free accessibility for easy exchange of wearing parts. This is an
      important factor for the output of the work.
PAR  An example of the execution of the object of invention is shown in the
      drawings.
DRWD
PAR  Showing:
PAR  FIG. 1 a view of the machine in operation;
PAR  FIG. 2 a view of the machine in the position for the maintenance and the
      exchange of the feeler device and the grinding wheel;
PAR  FIG. 3 a view on the feeler device and the grinding wheel touching the rail
      head grinding surface.
DETD
PAR  In FIG. 1 the vehicle frame carrying the rail head re-form grinding machine
      is designated with 1. Thereon a slewing housing 2 is located around the
      pivoting bolt 3, lifting and lowering the grinding group by the cylinder
      piston group 4, being moveable for free access for repair and exchange
      works. In the slewing housing 2, arc-shaped grooves 5 are provided for
      adjusting the grinding group opposite the rail head to the various angle
      degrees.
PAR  The grinding wheel 6 is a grinding ring which has to treat the rail head 7
      with the front side. The grinding wheel is connected to a drive element 8,
      being driven via a drive belt 9 and belt pulley 10 from the motor 11.
PAR  The feeler device consisting of an evenly ground plate 12 and axle 13 is
      arranged within the grinding wheel 6. The axle 13 is incorporated in the
      housing 14 pivoting and axially moveable. At the interior end of the axle
      13, antifriction bearings 15 are arranged, guiding the axle 13 without
      play in the longitudinal direction opposite the adjusting bush 16,
      pressure bush 17, and adjusting piston 18. In order to keep the axle 13
      playfree, a pull-back spring 19 is also installed in the housing 14. The
      plate 12 is axially adjusted in such a manner that it determines the touch
      of the front edge of the grinding wheel 6 with the rail head 7. Prior to
      the attack of the grinding wheel, the plate 12 will be slightly higher
      than the front edge of the grinding wheel 6, in order to avoid an erronous
      spot grinding of the rail head 7. The operator controls a slide 20 in such
      a way that pressure is fed to the cylinder 21, in order to adjust the
      adjusting piston 18 so that the feeler device, particularly the plate 12,
      moves back into the plane of the front surface of the grinding wheel 6.
PAR  The beginning of the grinding process is indicated to the operator by the
      increase of the current pick-up of the motor 11 or by a changement in the
      current pick-up whereby a control impulse is transmitted to the slide 20.
      Simultaneously with the wear of the grinding wheel, the plate 12 is also
      moved back. The position of the feeler device consisting of the plate 12
      and the axle 13 is determined by the degree of wear of the position of the
      adjusting piston 18 via an electric measuring device, e.g. a
      potentiometer, and is indicated to the operator by a indicating device. In
      case several grinding groups are arranged in a vehicle, the operator can
      reveal and determine the time when the grinding wheel has to be exchanged.
      The grinding wheel 6 needs a certain load to guarantee a good grinding
      job. This load can be achieved either by the weight of the grinding unit
      and on the other hand by a cylinder piston group 24. This load acts on the
      feeler device or the plate 12, when this plate shall avoid the attack of
      the grinding wheel 6 at the rail head 7, in its protruding position. The
      grinding unit, adjustable by the cylinder piston group 24, is arranged at
      the guiding housing 25. This guiding housing 25 is arranged opposite the
      slewing housing 2 adjustable in an angle, in order to assure grinding of
      the rail head 7 with several grinding groups as true to shape as possible.
      The FIG. 3 shows that the plate 12 is provided with a guiding length "F"
      at the rail head 7 which is sufficient to bridge over even grooves with
      long waves. The guide at the rail head 7 is performed in a large distance
      "R" from the center turning point, so that the plate 12 is turned at the
      same time by the touch of the rail with only little slipping movement,
      thus reducing the wear of the plate 12 considerably and facilitating the
      advance movement of the machine.
CLMS
STM  I claim:
NUM  1.
PAR  1. Rail Head Re-Form Grinding Machine with rotating grinding wheel
      operating at the front end, through the center of which a feeler device is
      provided immediately within the grinding border of the grinding wheel and
      connected to an indicating device, marked by the feeler device being an
      even plate (12) filling out almost the clear width of the grinding wheel
      (6) and being affixed pivoting at an axially adjustable axle (13),
      furthermore by the feeler device being adjustable by means of pressure
      (18) and the adjusting distance which can be registrated via an indication
      device (22, 23).
NUM  2.
PAR  2. A machine as per claim 1 characterized by pressure means for increasing
      or reducing the weight on the feeler device.
NUM  3.
PAR  3. Machine as per claim 1, characterized by the grinding pressure being
      controlled by hand or automatically, shown via an indicating instrument
      for the current pick-up of the grinding motor.
NUM  4.
PAR  4. Machine as per claim 1, characterized by the feeler device and the
      grinding wheel (6) being adjustable in a semi-cercle around the rail head
      (7) by means of a guiding housing (25) slewable in an angle.
NUM  5.
PAR  5. Machine as per claim 1, characterized by the feeler device and the
      grinding wheel (6) being removed from and put on to the rail in a
      semi-cercle by means of cylinder piston group (4), in order to achieve
      thereby a free access for easy exchange of wearing parts.
NUM  6.
PAR  6. A rail head re-form grinding machine adapted for grinding the rail head
      to the prescribed contour, comprising a housing, an annular grinding wheel
      rotatably carried by said housing, the grinding wheel having upper and
      lower flat faces with the lower face adapted to engage the rail head,
      power means to rotate said grinding wheel, a feeler disc rotatably carried
      within the annular grinding wheel and adapted to contact the rail head,
      means for supporting the feeler disc in an adjustable vertical manner,
      power and control means for vertically displacing the feeler disc, and
      sensing and indicating means for determining and showing the vertical
      movement of the feeler disc.
NUM  7.
PAR  7. The invention as set forth in claim 6 and wherein mounting means are
      provided for the housing whereby the housing and grinding wheel carried
      thereby may be arcuately moved to grind the rail head in the prescribed
      contour.
NUM  8.
PAR  8. The invention as set forth in claim 7 and wherein hydraulic power means
      are provided for the housing which carries the grinding wheel and feeler
      disc and sensing means connected to the power means which rotate the
      grinding wheel to indicate the power being consumed to rotate the grinding
      wheel.
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ABST
PAL  A machine which has an endless conveyer belt for conveying workpieces past
      a work station where operations such as, for example, grinding operations
      are performed on the workpieces. Thus this conveyer belt has upper and
      lower runs and a support extends between these upper and lower runs and
      has an upper surface engaging a lower surface of the upper run of the
      conveyor belt to support this upper run for sliding movement. A part of
      the upper surface of the support, which engages the lower surface of the
      upper run of the belt, includes structure for cleaning the conveyor belt
      at the lower surface of its upper run so as to avoid any possible
      undesired separation of the upper run of the endless belt from the upper
      surface of the support.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of copending application
      Ser. No. 172,479, filed Aug. 17, 1971, U.S. Pat. No. 3,805,456 and
      entitled GRINDING MACHINE.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to machines of the type which include an
      endless conveyor belt having an upper run sliding on a support surface.
PAR  Such structure may be included in a grinding machine, and the present
      invention is particularly applicable to grinding machines.
PAR  In certain types of machine tools, where workpieces are conveyed by a run
      of a conveyor belt which slides along a supporting surface, it is
      important to prevent any undesired separation of the belt from the
      supporting surface along which it slides. Such undesired separation can be
      caused, for example, by particulate matter which undesirably becomes
      located between the belt and the support surface on which it slides, or
      such undesired separation may be caused by excess fluid which becomes
      situated between the belt and the surface on which the belt is intended to
      slide. Of course, in the case of particulate matter, undesired scratching
      of the surface on which the belt slides can occur. However, this undesired
      separation of the belt from its supporting surface is a possible source of
      inaccuracy in the machine operations. For example if the machine tool
      which acts on the workpieces is situated over the belt so that the
      workpieces move between the belt and the machine tool while conveyed by
      the belt, the distance between the belt and the machine tool is critical
      in order to obtain desired accuracy in the machining of the workpieces.
      Thus, if the machine tool is a rotary grinding wheel having a downwardly
      directed grinding surface located over the upper surface of the belt which
      carries the workpieces, if this upper surface does not reliably engage the
      supporting surface beneath the belt, the belt will be displaced by
      particulate matter, excess fluid, or the like, closer to the grinding
      wheel or other machine tool, so that inaccuracies will occur in the
      machining operations in that the particulate matter, excess fluid, or the
      like locates the belt and thus the workpieces carried thereby closer to
      the grinding wheel or the like than would be the case if the undesired
      separation between the belt and the surface on which it slides did not
      occur. As a result too much material is cut away from the workpieces
      during the machining thereof as a result of the location of undesired
      matter between the belt and the surface on which it slides.
PAR  This problem has already been recognized in the art. In order to avoid the
      drawbacks resulting from undesired separation of the belt from the surface
      on which it is intended to slide it has already been proposed to wash the
      surface of the endless conveyor which slidably engages the support with
      water jets, and it has also been proposed to provide rubber scraper blades
      which act to dislodge waste material from the conveyor so as to minimize
      in this way the possibility of inaccuracies in the machining operations
      such as grinding, for example.
PAR  However, these attempted solutions to the problem have not proved to be
      fully satisfactory in practice. The use of jets of water or the like or
      rubber scraper blades undesirably complicate the machine tool and such
      expedients in themselves create undesired problems. Furthermore, because
      the cleaning operations achieved with such water jets, scraper blades, or
      the like, take place at a location other than the surface on which the
      belt slides, it is still possible for undesired matter to become located
      between the belt and the surface on which it slides prior to cleaning of
      this matter away from the belt, so that the known attempts to solve the
      problem cannot be fully relied upon to achieve the desired results.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      machine with a construction which will avoid the above drawbacks.
PAR  In particular it is an object of the present invention to provide a machine
      which is capable of reliably maintaining a conveyor belt in engagement
      with a surface on which the belt slides so that inaccuracies in the
      machining operations cannot occur.
PAR  In particular it is an object of the present invention to provide a
      structure of the above type which will effect the desired cleaning away of
      extraneous matter at the location where the belt engages the surface on
      which it slides, so that it will not be possible for even a small amount
      of undesired matter to become situated between the belt and the surface on
      which it slides.
PAR  Furthermore it is an object of the present invention to achieve the above
      objects with a construction which is exceedingly simple, inexpensive, and
      highly reliable.
PAR  It is in particular an object of the present invention to provide a
      structure which will achieve the above objects in a grinding machine.
PAR  According to the invention the machine has an endless conveyor belt
      provided with upper and lower runs between which a support extends with
      the support having an upper surface engaging the lower surface of the
      upper run of the belt so as to support this upper run for sliding movement
      along the upper surface of the support. A part of this upper surface of
      the support has a means for cleaning the lower surface of the upper run of
      the belt so that undesired separation of the upper run of the belt from
      the upper surface of the support will be reliably avoided. Preferably, the
      means for cleaning the lower surface of the upper run of the endless
      conveyer belt takes the form of a part of the support, at the upper
      surface thereof, which is formed with a groove extending transversely
      across the belt so that any desired matter at the lower surface of the
      upper run of the belt will be received in this groove to prevent undesired
      separation of the belt from the surface on which it slides. The cleaning
      means will preferably comprise a plurality of passages defined in the
      support surface and preferably at least in the region of the work station.
      The passages will preferably intersect each other and will normally be in
      the form of straight grooves or channels. The inclination of the passages
      is such as to cause material received in the passage to be displaced
      therealong by the action of the lower surface of the conveyer belt and to
      be eventually discharged at the ends thereof.
PAR  In a preferred embodiment of the grinding machine and at least in a region
      beneath the annular grinding surface remote from the work station, the
      plane in which the support base surface lies and the axis of rotation of
      the rotary means intersect at an angle other than ninety degrees such that
      the portion of the support surface in the work station region is closer to
      the grinding wheel than the portion of the support surface remote
      therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention will be described further, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a front elevation with a cut-away portion of a grinding machine;
PAR  FIG. 2 is a section on the line X -- X of FIG. 1 but including a guard and
      associated positioning means therefor and excluding the drive motor for a
      conveyer belt;
PAR  FIG. 3 is an enlarged schematic elevation of the base means and grinding
      means showing features thereof in exaggerated form and showing the ends of
      material receiving grooves formed in the magnetic clutch; and
PAR  FIG. 4 is a schematic plan view of the base means of the machine of FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The grinding machine shown in FIGS. 1 and 2 includes a rigid, rectangular
      workpiece support base 11 having flat, machined faces and four
      rectilinear, cylindrical guide columns 12, 12' rectangularly arranged and
      extending substantially normally therefrom (only three of the columns in
      fact being shown in FIGS. 1 and 2). The four columns 12, 12' are fastened
      at their lower ends by force-fit in apertures in the base 11 and are
      arranged in pairs evenly spaced about the transverse axis of the base 11.
      The columns 12, 12' are located to one and the same side of the
      longitudinal axis of the base 11.
PAR  A rectangular head 13 is displaceably mounted on columns 12, 12' which pass
      through apertures therein. Preloaded linear ball bushes (not shown) are
      provided in the aperatures as bearings to ensure accurate and smooth
      displacement of the head 13 on the columns.
PAR  A circular plate 14 and a shaft 15 connected thereto and rotatably mounted
      in bearings (not shown) on the head 13 form rotatable support means for
      carrying a hollow grinding wheel 16. An electric motor 17 with bearing
      housing 18 is mounted on the head 13 and rotates grinding wheel 16 via
      shaft 15 and plate 14.
PAR  The grinding wheel 16 is secured, in known manner, to the plate 14 by a
      plurality of screws extending through aperatures in plate 14. The wheel 16
      is supported by the plate 14 and shaft 15 so as to be rotatable about an
      axis which is also substantially normal to the base 11. The annular
      cutting face 19 of the grinding wheel 16 is cut-slanting or throated to
      give a uniform rate of cut of workpieces and this tapered throat dictates
      the maximum out of the wheel. The slanting face is not of sufficiently
      appreciable dimension to be shown in FIGS. 1 and 2 but is shown in FIG. 3
      which is not to scale and wherein certain features are exaggerated. The
      slanting face extends from the outer peripheral edge of the wheel
      downwardly to the inner edge of the wheel.
PAR  A continuous conveyer belt 20 made of phosphor bronze is carried by two
      pulleys 21 and 21' of which pulley 21 is mounted on base 11 and driven by
      a variable speed electric motor 22. Pulley 21' is adjustably mounted on
      base 11 by a screw belt-tensioning device 24 which enables the belt
      tension to be adjusted and also the belt to be readily removed from the
      pulleys. The conveyer belt 20 extends substantially parallel to the front
      edge of base 11 and around the base 11. The belt 20 is slidably
      displaceable over two longitudinally extending magnetic chucks 24, 24'
      securely located on the base 11 and extending substantially parallel with
      the base 11 and substantially diametrically with respect to the wheel 16.
PAR  A guide stop 25 of substantially inverted L-shape section is removably
      secured to the magnetic chuck 24' in the cutting region of the wheel 16
      and serves to retain workpieces on the belt during grinding operations.
      Workpieces slide along the guide stop 25 during grinding. The guide stop
      25 extends over and is parallel with the belt 20 and is suitably
      dimensioned for particular grinding operations so as to substantially
      avoid contact with the wheel 16 after a workpiece has been ground thereby.
PAR  Each of the two columns 12 has a piston rod 26 secured thereto and
      extending upwardly therefrom and through a "top-hat" arrangement or
      flanged sleeve 27 extending around the top portion of each column 12. Each
      sleeve 27 is bolted at its lower end to the head 13 by means of its
      flange, and is fastened at its other end to a hydraulic cylinder 28 which
      slides over a double acting piston 29 carried by piston rod 26. The
      cylinders 28 each have upper and lower hydraulic flow ducts 30 and 30'
      communicating with a hydraulic liquid source and control system (not
      shown). The cylinders 28 each have a closed lower end 31 having a seal
      which slides along each piston rod 26. It will be appreciated that the
      sleeves 27 act to transmit a displacing force to the head 13 from the
      piston-cylinder unit 26, 28, 29.
PAR  The hydraulic liquid control system (not shown) supplies equal quantities
      of liquid to respective chambers of each cylinder 28 and includes
      hydraulic locks which prevent the flow of liquid into or out of the upper
      and lower chambers of cylinders 28 when the grinding wheel has been
      located in a required position. Accordingly, the head 13 is adjustably
      locatable on the guide columns 12, 12'. Further, an air sensor (not shown)
      acts on the cutting face of the wheel 16 and is associated with a metering
      device of the hydraulic grinding wheel 16, so that lowering of the head
      and wheel by an amount corresponding to the wheel wear is effected by
      releasing a suitable amount of hydraulic liquid from the upper chambers of
      cylinders 28. A pressure accumulator is provided in the hydraulic system
      to avoid having the hydraulic pump running whilst minor displacements of
      the head are being effected during grinding.
PAR  A guard 32, indicated in dotted line only in FIG. 1, is provided for
      enclosing the grinding area and is in the form of a rigid, enclosed box
      frame which is open at its top and bottom ends. The guard 32 is
      displaceably mounted on the head 13 by means of two hydraulic
      piston-cylinder units 33 which have been omitted from FIG. 1 for the sake
      of clarity. The piston-cylinder units, of which only one is shown in FIG.
      2, are not located in line with columns 12, 12' (i.e. not on line X -- X)
      but rather inwardly thereof and on the longitudinal axis of the head 13,
      one either side of the transverse axis of the head 13.
PAR  The piston 34 of the piston-cylinder unit 33 is also double acting and
      slidable in cylinder 35 which is connected to a frame member 36 connected
      to the framework of guard 32. Piston rods 37 each carry a piston 34 and
      are connected to the head 13. The cylinder 35 is provided with hydraulic
      liquid flow ducts 38 and 38' which communicate with the hydraulic control
      system of the machine so that the guard is displaceable on the head 13 and
      may be locked in position by piston-cylinder units so as to bear on the
      base 13 during grinding and as shown in FIG. 2.
PAR  The guard 32 is provided with suitable inlet and outlet apertures (not
      shown) in opposite side walls to permit traversing of workpieces on the
      belt 20 under the grinding wheel 16.
PAR  The base 11 is supported by a mounting generally indicated by arrow 39 and
      is bolted (not shown) to horizontal frame member 40 to overhang as a
      cantilever. The frame member 40 is rigidly connected to vertical frame
      members 41, 41' which in turn are connected to further horizontal frame
      members 42, 42' acting as feet for the mounting and providing stability
      therefor. The casing of the mounting 39 forms a trough 43 for collecting
      grinding fluid, etc., during grinding operations.
PAR  Liquid removal means (not shown) are provided to prevent over-filling of
      the trough 43. Washing devices (not shown) are also provided to clean the
      belt 20 and means (also not shown) are provided to prevent contamination
      of the underside of the belt and the surfaces of the chucks. Also, gaiters
      44 are provided on the columns 12, 12' to prevent contamination and damage
      to the machined surfaces thereof and of the bearings therefor. The two
      columns 12' (only one being shown in FIG. 2) are each provided with a
      covering sleeve 45 mounted on head 13 and extending upwardly therefrom to
      terminate in a closed end. The sleeves 45 serve to protect columns 12'
      from contamination and act as supporting means for control devices of the
      machine.
PAR  The cantilever mounting of base 11 on the frame member 40 permits free
      movement of the belt around the base and, together with the location of
      the columns 12, 12', to one side of the conveyor belt 21 and chucks 24,
      24' also permits a belt to be readily removed from the pulleys 21, 21' and
      replaced by another. The location of the columns 12, 12' also provides
      good access to both the grinding wheel and conveyor belt and clearance for
      workpieces. The guard 32 is raised off the base 11 when the wheel or belt
      is being changed. It is to be noted from the drawings, that the pulleys
      21, 21' are arranged so as to urge the belt 20 against the upper surfaces
      of the magnetic chucks 24, 24'.
PAR  The belt 20 of the machine rotates in an anti-clockwise direction as viewed
      in FIG. 1 and the wheel 16 also rotates in anti-clockwise direction as
      viewed from above. The relative belt and wheel displacement is illustrated
      in the schematic plan view in FIG. 4. Workpieces 46 are fed onto the belt
      20 in line with guide-stop 25 and acted upon by the wheel 16 adjacent
      guide stop 25 which prevents dislodgement of the workpieces from the belt.
      It should be noted that ferromagnetic workpieces may be ground by the
      machine. Suitable control means (not shown) for the drive motors 17 and 22
      and the hydraulic system, and gauges for sizing the workpieces are
      provided.
PAR  An automatic feed means or station may be provided in region 47 and may
      comprise any suitable device such as an upwardly extending stop member
      transverse to the belt and adjustably displaceable above the belt such
      that a stack of workpieces to be ground may be held thereby but spaced
      from the belt to permit workpieces to be withdrawn thereby.
PAR  In FIG. 3, the slant of the annular cutting face 19 of the wheel 16 is
      visually discernable since it is shown in exaggerated form. The magnetic
      chuck 24, which with the base 11 forms the base means, has an upper
      support surface in which a plurality of intersecting channels or grooves
      51 are formed the ends 51' of the grooves being shown in FIG. 3.
PAR  The top surface of chuck 24 is arranged so that it is inclined relative to
      base 11 and lies in a plane which is inclined at an angle .theta. relative
      to the axis of rotation 16' of the grinding wheel 16. The relative
      disposition of the chuck face and axis of rotation is such as to provide a
      clearance a from the ground surfaces of workpieces which are conveyed on a
      belt 20 which slides over the surface of chuck 20. The work station of the
      grinding machine shown terminates at the region 19' which, relatively
      speaking, is the lowermost point of the wheel, i.e. the point closest to
      the chuck 24. It is to be appreciated that the angle .theta. is very close
      to ninety degrees since a clearance a of only several thousandths of an
      inch is required. The relative disposition of the support surface (support
      base) of the magnetic chuck 24 and consequently of the support run of the
      conveyor belt, to the axis of rotation of the grinding wheel constitutes
      clearance forming means.
PAR  The intersecting grooves 51 are more clearly shown in FIG. 4. The grooves
      51 are arranged so as to be inclined relative to the normal direction of
      travel of the conveyor belt 20 (not shown in FIG. 4); said direction being
      indicated by the arrow in the right-hand side of the drawing. The grooves
      51 are preferably disposed at least in the region of the work station
      since in such region the belt is pressed against the support surface of
      the chuck which further encourages extraneous material to be scraped or
      urged into the grooves. The inclination of the grooves relative to the
      direction of movement of the belt is such as to cause material forced into
      the grooves to be displaced therealong and subsequently discharged from
      the ends thereof.
PAR  The grooves 51, formed in the surface of the chuck 24 which forms the datum
      grinding face, are shown extending diagonally in criss-cross arrangement.
      The grooves will be of such width as not to cause the workpieces to be
      irregularly seated during grinding and would normally be approximately
      1/16th inch wide and 1/8th inch deep. The side walls of the grooves extend
      at ninety degrees to the top surface of the chuck.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a machine which includes an endless conveyer belt having upper and
      lower runs, and a support extending between said upper and lower runs and
      having an upper surface engaging a lower surface of said upper run to
      support the latter for sliding movement along said upper surface of said
      support, and means situated at said upper surface of said support for
      cleaning the lower surface of said upper run of said belt and for
      preventing undesired separation of said lower surface of said upper run
      from said upper surface of said support, the machine being a grinding
      machine and including a rotary grinding wheel situated over said upper run
      of said belt for grinding workpieces conveyed by said belt past said
      grinding wheel between said upper run of said belt and said grinding
      wheel, said grinding wheel having a lower tapered grinding surface of
      circular configuration provided with inner and outer peripheries and
      situated with its inner periphery closer to said belt than at its outer
      periphery, said surface of said support which engages said lower surface
      of said upper run of said belt and said upper run of said belt therewith
      being inclined at least slightly with respect to the axis of the grinding
      wheel, at an angle other than a right angle, for conveying the workpieces
      downwardly with respect to the grinding wheel so that when the grinding is
      completed at one side of the inner periphery of the grinding wheel the
      workpieces will clear the grinding wheel at an opposite side of the inner
      periphery thereof.
NUM  2.
PAR  2. The combination of claim 1 and wherein said means includes a part of
      said upper surface of said support which is formed with a groove extending
      across said upper run of said belt at said lower surface thereof for
      cleaning said lower surface of said upper run and for receiving therefrom
      any matter which otherwise would separate said lower surface of said upper
      run from said upper surface of said support.
NUM  3.
PAR  3. The combination of claim 2 and wherein said support has at least one
      free edge at which said groove has an open end so that matter collecting
      in said groove can flow out of the latter through said open end thereof.
NUM  4.
PAR  4. The combination of claim 2 and wherein said groove extends across said
      belt at an angle other than a right angle.
NUM  5.
PAR  5. The combination of claim 4 and wherein said means includes a first set
      of grooves formed in said part of said support and extending in parallel
      relation across said belt at an angle other than a right angle and a
      second set of grooves inclined oppositely to said first set of grooves and
      intersecting the latter.
NUM  6.
PAR  6. The combination of claim 5 and wherein said support has at least one
      free edge where all of said grooves have open ends through which matter
      collecting in said grooves can move out of the latter.
NUM  7.
PAR  7. The combination of claim 1 and wherein said support includes a magnetic
      chuck engaging said lower surface of said upper run of said belt.
NUM  8.
PAR  8. The combination of claim 7 and wherein said magnetic chuck has a lower
      surface with respect to which said support surface of said support which
      forms part of said chuck is inclined.
NUM  9.
PAR  9. The combination of claim 1 and wherein the machine is a grinding machine
      and includes a stationary frame means and a base means which forms said
      support and is carried by said frame means, said base means having a
      portion fixed to said frame means and said base means extending freely in
      cantilever fashion beyond said frame means so as to have a free portion
      situated beyond said frame means, said endless conveyer belt forming an
      endless conveyer means extending along and around said free portion of
      said base means for conveying work past a work station, said endless
      conveyer means having on one side of said base means a work-supporting
      portion, column means fixed to and extending substantially normal to said
      base means at the portion thereof which is fixed to said frame means,
      support means guided by said column means for movement therealong toward
      and away from said base means, adjusting means operatively connected to
      said support means for adjusting the position of the latter along said
      column means, rotary grinding means having an annular grinding surface
      supported for rotary movement by said support means and situated between
      the latter and said base means with said work-supporting portion of said
      endless conveyer means situated between said base means and said rotary
      grinding means, said rotary grinding means being in alignment with said
      work station so that while work is moved past said work station it can be
      acted upon by said rotary position means, workretaining means extending
      along an edge of said work-supporting portion of said endless conveyor
      means for retaining work at the work station while the work is acted upon
      by the rotary grinding means, said base means being in the form of a
      substantially horizontal support base, said column means including at
      least one rectilinear support column secured at its lower end to said base
      and extending vertically therefrom, said support means being in the form
      of a carrier head formed with an opening through which said column
      extends, and said head also extending in cantilever fashion freely beyond
      said column where said head has a cantilever portion, said cantilever
      portion of said head being the part thereof which supports said rotary
      grinding means for rotary movement, and said cantilever portion of said
      head being aligned with the portion of said base means which extends in
      cantilever fashion freely beyond said frame means.
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ABST
PAL  Work is fed to a plurality of longitudinally-spaced belt grinders by a
      twin-screw feed, with synchronized, non-accumulative rotation of the
      screws being assured by a clutch on the main drive shaft working in
      conjunction with a locking arm and cam.
BSUM
PAR  A primary object of the invention is to provide apparatus for grinding work
      pieces such as rod stock or the like by feeding such work pieces past a
      plurality of belt grinders.
PAR  Another object is to effect the feed of such work pieces by means of a pair
      of feed screws, the rotative movement of the screws feeding the work
      pieces longitudinally.
PAR  As still another feature worthy of note, we provide novel indexing and
      control means for the feed screws for insuring repetitive,
      non-accumulative concomitant rotation thereof without override.
PAR  Herein, one of the feed screws is keyed to a main drive shaft having a main
      drive gear thereon, the main drive gear turning a set of idler gears to
      turn a second gear mounted on a shaft keyed to the other feed screw, the
      main drive shaft additionally having a novel indexing clutch to prevent
      override.
DRWD
PAR  These and other features will be apparent from a consideration of the
      annexed drawings in which:
PAR  FIG. 1 is a front elevational view of apparatus embodying a preferred form
      of the invention;
PAR  FIG. 2 is an enlarged, fragmentary perspective view of one of the grinding
      stations of the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged, fragmentary top plan view of the indexing and drive
      control means of the apparatus;
PAR  FIGS. 4 - 7 are cross-sectional views taken on lines 4--4, 5--5, 6--6 and
      7--7 respectively of FIG. 3;
PAR  FIG. 8 is a fragmentary and elevational view of the locking control means
      of FIG. 4, as seen from the right hand end thereof, with the supporting
      framework removed for clarity;
PAR  FIG. 9 is an end elevational view of the lifter cam of the indexing and
      drive control means of FIG. 3; and
PAR  FIG. 10 is an end elevational view of the drive cam and drive dog of the
      indexing and drive control means of FIG. 3.
DETD
PAR  With reference first to FIGS. 1 and 2, the apparatus includes a table 10
      which has a plurality of grinding stations 12 spaced longitudinally
      therealong.
PAR  A pair of spaced, parallel, horizontally extending feed screws 14 and 14'
      each having helical grooves 16 therein, is disposed upwardly of table 10
      so as to pass immediately below each grinding station 12, the feed screws
      being journalled at one end relative to an upright extension 18 of the
      table, with their opposite ends being linked to indexing and drive control
      means 20, to be described, for effecting rotation thereof, which indexing
      and drive control means is housed within a control box 21 fixed to the
      table.
PAR  A feed hopper 22 is positioned adjacent one end of the table so as to feed
      stock in the form of rods R onto the feed screws in manner such that the
      rods extend transversely between the feed screws and rest in the helical
      grooves 16 thereof wherefore rotation of the feed screws effects movement
      of the rods along the longitudinal axis of the table relative to the
      several grinding stations.
PAR  Each grinding station 12 includes a drive motor 24, a control panel 26 and
      a horizontally-disposed endless grinding belt 28.
PAR  As best seen in FIG. 2, grinding belt 28 is disposed normal to the axes of
      the feed screws and is entrained around a pair of spaced parallel drums 30
      and 32, drum 30 being mounted on a shaft 34 journalled relative to a
      bracket 36 provided on table 10, and drum 32 being mounted on a shaft 38
      journalled relative to a bracket 40 on table 10.
PAR  A flexible belt 42 extends between a pulley 44 fixed to the drive shaft 46
      of motor 24 and a pulley 48 fixed to shaft 38 of drum 32, wherefore
      actuation of the motor effects rotation of the grinding belt.
PAR  Jacking and adjustment means 50 (see FIG. 1), are provided at each grinding
      station for adjusting the position of the drums and grinding belt relative
      to the feed screws and stock.
PAR  Each grinding station 12 overlies the feed screws with the grinding belts
      thereof being horizontally and transversely disposed relative to the axes
      of the feed screws for operating on the periphery of each rod R being fed
      therepast.
PAR  A single grinding station 12' located immediately following and adjacent
      feed hopper 22, has a vertically disposed grinding belt 28' which is
      positioned rearwardly of the feed screws for operating on the ends of the
      rods R. Belt 28' is actuated by a drive motor 24' and controlled by a
      control panel 26'.
PAR  A rod reorienting station 52 is located approximately midway of the length
      of the table and has a gripper 54 for gripping the end of a rod and
      flipping the rod over when it is desired to grind two sides of the rod in
      forming such as chisels, etc. In the apparatus shown herein, three of the
      grinding stations grind one side of the rod, the gripper flips the rod
      over, and the next three grinding stations grind the other side thereof.
PAR  Reference will now be made to the indexing and drive control means 20,
      which is shown in FIGS. 3 - 10 and which controls the speed and
      concomitant rotation of the feed screws 14 and 14'.
PAR  Herein, the feed screws are linked by sets of gears which include a clutch
      and pawl to prevent gear override, the system being non-accumulative
      whereby each feed screw makes only one complete revolution on one
      revolution of the gears.
PAR  As best seen in FIGS. 3 and 5, feed screw 14 is linked to a first stub
      shaft 56 by a collar 58 sleeved on one end of the feed screw and on the
      adjacent end of the shaft, the collar being fixed to the feed screw as by
      bolts 60 and being pinned to the shaft by a pin 62.
PAR  Stub shaft 56 is journalled in a support bracket 64 and in a pivot bracket
      66 on table 10 and has a first feed gear 68 fixed thereto which gear
      meshes with a first half-part 70 of a split gear 71 fixed to an idler
      shaft 72 disposed below shaft 56 and journalled in pivot bracket 66 and in
      an additional bracket 74 on table 10, (see FIG. 6).
PAR  As best seen in FIGS. 3 and 4, feed screw 14' is linked to a main drive
      shaft 76 by a collar 78 sleeved on one end of the feed screw and on the
      adjacent end of the shaft, the collar being fixed to the feed screw as by
      bolts 80 and being pinned to the shaft by a pin 82.
PAR  Drive shaft 76 is journalled in support brackets 84 and 86 on table 10 and
      has a second feed gear 88 fixed thereto which gear meshes with a second
      half-part 90 of split-gear 71.
PAR  A third drive gear 92 fixed to drive shaft 76 meshes with a fourth drive
      gear 94 fixed to a second stub shaft 96 journalled at one end in support
      bracket 84 and at its opposite end in a support bracket 98.
PAR  Second stub shaft 96 extends outwardly from support bracket 98 to, and is
      driven by, a 180.degree. rotary air cylinder C shown in phantom in FIG. 7
      of the type disclosed in U.S. Pat. No. 3,494,205. While this drive means
      is preferred, any other suitable drive means may be employed.
PAR  By employing a two to one ratio between the gears 92 and 94, 180.degree.
      rotation of the air cylinder produces one complete revolution of drive
      shaft 76.
PAR  Stub shaft 56 is driven in unison with drive shaft 76 by the gears 68 and
      88 meshing with the half-parts of split gear 71, wherefore the feed screws
      14 and 14' are also driven in unison.
PAR  Shaft 56 may be adjusted laterally by movement of pivot bracket 66 whereby
      stock of different lengths may be handled by the feed screws.
PAR  A combination lifter arm 100 and locking arm 102 is disposed above and
      extends transversely relative to the shafts 76 and 96, with the lifter arm
      being fixed to the upper surface of the locking arm as by bolts 104 and
      the locking arm being pivoted at one end as by a pivot pin 106 to a
      bracket 108 on table 10, the locking arm additionally being springloaded
      as by springs 110 and 112.
PAR  As best seen in FIG. 8, locking arm 102 has a locking finger 114 depending
      therefrom, which locking finger is receivable in a dwell 116 provided in a
      locking cam 118 fixed to drive shaft 76, all for purposes to appear.
PAR  The free end of lifter arm 100 rides on a lifter cam 120 fixed to second
      stub shaft 96, wherefore rotation of shaft 96 causes the end of the lifter
      arm to rise or fall to raise or lower the locking finger 114 of locking
      arm 102 out of or into dwell 116 of locking cam 118.
PAR  A clutch assembly 122, best seen in FIGS. 4 and 10, is disposed on drive
      shaft 76 and comprises a housing 124 enclosing an indexing cam 126 keyed
      to shaft 76 and a drive dog or ratchet 128 fixed within housing 124 as by
      a bolt l30 and rideable relative to cam 126, the drive dog or ratchet
      being held against the cam as by a spring-loaded plunger 132.
PAR  When air cylinder C is in a retract position, lifter cam 120 lifts locking
      finger 114 out of the dwell 116 in locking cam 118. As the cylinder moves
      to an advance position, the lifter arm 100 drops on the lifter cam 120
      allowing the locking finger to lock into the dwell when the fully advanced
      position of the cylinder is reached, thereby repeatedly producing one
      complete revolution of shaft 76 and, concomitantly, feed screws 14 and
      14'.
PAR  As the air cylinder returns to the retract position, the clutch housing 124
      rotates the drive dog 128 around for another index against indexing cam
      126.
PAR  The indexing is positive, repetitive and non-accumulative.
PAR  By spring-loading the locking arm, the clutch is precluded from over-riding
      as it picks up momentum.
PAR  As the locking cam 118 is released, the clutch assembly 122 is permitted to
      rotate one complete revolution before the cam 120 permits the locking
      finger 114 to drop into dwell 116 to stop rotation of main drive shaft 76.
PAR  When the main drive shaft 76 is driven in a counterclockwise direction it
      turns the clutch housing and indexing cam one complete revolution.
PAR  When the main drive shaft is rotated in a clockwise direction, the locking
      cam is held stationary by the locking arm and the clutch housing rotates
      wherefore the ratchet 128 falls into the indexing cam 126 for another feed
      rotation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Grinding apparatus comprising: a plurality of spaced belt grinders, a
      twin screw feed for conveying work resting in the helical grooves thereof
      past the grinders, and indexing and control means for effecting
      synchronized, non-accumulative rotation of the twin-screw feed including a
      system of gearing operatively connecting the screws, a rotatable clutch
      and indexing cam on one screw and means for precluding rotation of the
      clutch consisting of a locking cam on the said one screw and a locking arm
      selectively engageable with the locking cam.
NUM  2.
PAR  2. Grinding apparatus according to claim 1, including a 180.degree. rotary
      air cylinder for driving the twin screw feed.
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ABST
PAL  A method for treatment of a surface over which vehicles travel with
      particulate material is disclosed. Particulate material is projected onto
      the surface with kinetic energy exceeding the bonding energy of the
      surface or the bonding energy of a deposit adhering to the surface which
      it is desired to remove. In the former case the method effects texturing
      of the vehicular surface by pitting thereof. In the latter case the method
      effects cleaning of the surface by removing the bonded deposits therefrom.
      Additionally, the method can be used for preparing a surface for repaving
      or for removing ice therefrom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of surface treatment. Specifically, it
      relates to surface treatment of airport runways and taxi surfaces,
      automobile highways, auto racetracks and other surfaces over which
      vehicles travel which require either initial or periodic surface
      treatment.
PAR  Vehicular surfaces, such as runways and highways, are usually composed of
      asphalt, concrete or similar type bonded paving materials. Depending upon
      the application for which the surface is used, certain surface
      requirements are necessary. For example, a runway surface used for landing
      and takeoff of airplanes, must have a minimum coefficient of friction in
      order to permit safe takeoff and landings. The coefficient of friction may
      be increased by texturing, grooving or otherwise roughening the surface to
      yield the necessary frictional coefficient. After heavy use, a layer of
      deposits including rubber scuff marks from tires, petroleum residues and
      the like build up on the surface reducing the coefficient of friction when
      the surface is wet. The combination of rubber, petroleum deposits and
      water promotes hydroplaning of aircraft during takeoff and landing making
      such operations excessively hazardous.
PAR  A related problem is texturing a new surface or a cleaned surface to
      generate a desired coefficient of friction. It is also desirable to
      texture a surface prior to repaving or patching it in order to increase
      the bonding strength between the old surface and the new. Prior methods
      included texturing a runway when paving utilizing a broom, grooving the
      surface transversely, or adjusting the paving composition to provide for a
      high content of aggregate particles at the surface of the pavement. While
      these texturing techniques can provide initial surface roughness,
      sacrifices are necessary in terms of ultimate strength of the surface, and
      further, with the exception of grooving they cannot be used to restore
      texture to a cleaned surface.
PAR  In connection with vehicular surfaces where ice has formed thereon, it is
      necessary to remove the ice to restore as nearly as possible the dry
      characteristics of the surface. This is a particular problem in regard to
      airplane runways since aircraft construction prohibits the use of
      corrosive deicing chemicals such as sodium or calcium salts. Present
      techniques include the use of urea, alcohol, glycol mixtures or other
      noncorrosive eutectics to prevent ice formation. The high cost of these
      materials and the detrimental effect on the environment constitute
      drawbacks which suggest the need for alternate ice removal techniques.
PAR  In regard to all the areas of surface treatment outlined above, it has been
      found that the existing methods and devices for accomplishing the desired
      results have not been satisfactory and, in particular, prior methods of
      cleaning rubber scuff marks and petroleum deposits from an airport runway
      and adjacent surfaces have been limited to such methods as chemical
      treatment, scraping, hydraulic pressure treatment, or cutting the
      deposits. Alternately the deposits have been grooved transversely to the
      direction of travel by means of a high speed rotating abrasive wheel to
      restore frictional contact. This technique is expensive and becomes less
      effective as the deposits get heavier.
PAR  It is accordingly an object of the present invention to provide a method
      for cleaning rubber, carbon, petroleum residues and like deposits from a
      vehicular surface to restore its capability for safely handling traffic.
PAR  It is a further object of the present invention to provide a method of
      cleaning a vehicular surface by projecting a particulate material onto the
      surface with a kinetic energy exceeding the bonding energy between any
      deposits on the surface and the surface itself.
PAR  It is a further object of the present invention to provide a method for
      cleaning a vehicular surface with particulate material whereby the
      material is recovered after cleaning for reuse.
PAR  It is a further object of the present invention to provide a process for
      texturing a surface with particulate material to increase the frictional
      engagement of the surface with vehicles traveling thereon.
PAR  It is yet another object of the present invention to texture a vehicular
      surface by projecting particulate material onto a surface at a velocity
      sufficient to provide the material with kinetic energy greater than the
      bonding energy of the surface composition.
PAR  It is another object of the present invention to prepare a damaged surface
      for patching or for resurfacing by particulate blast to roughen the
      surface to be repaired, thereby to increase the bonding strength between
      the existing surface and the new surface.
PAR  It is another object of the present invention to provide a method for
      removing sheets or patches of ice from vehicular surfaces by means of a
      particulate blast to fragment the ice particles for subsequent removal by
      conventional equipment.
PAR  It is a still further object of the present invention to provide a method
      for fragmenting ice particles on a vehicular surface by projecting
      particulate material onto the ice with sufficient kinetic or impact energy
      to fragment the ice for subsequent removal.
PAR  These and other objects of the present invention will become apparent from
      the concluding portion of the specification.
PAR  The method disclosed relates to surface treatment. Some existing
      particulate blast devices can, with modifications, perform the method
      disclosed herein. For example, in U.S. Pat. No. 3,691,689 to Goff,
      description is made of a mobile apparatus for cleaning surfaces with a
      particulate material. In this apparatus the particles are thrown
      centrifugally at high velocity downwardly onto the surface to be treated.
      After treatment the particulate material is recovered by means of a brush.
      Other devices for picking up the spent particulate include magnetic means
      as described in my copending patent application Ser. No. 432,353, now U.S.
      Pat. No. 3,858,359, vacuum means as described in a copending application
      Ser. No. 363,723 assigned to the assignee of the present application, and
      various other means as described in the following: U.S. Pat. No. 3,034,262
      to Paulson, U.S. Pat. No. 3,380,196 to Mabille, and U.S. Pat. No.
      3,448,544 to Cardon. While some or all of these prior devices can be
      adapted to perform the method of the present invention, none of them
      teaches or discloses the requisite steps for attaining the results desired
      according to the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an airport runway indicating the location
      and nature of deposits which accumulate on the runway surface;
PAR  FIG. 2 is a top view of a runway surface having a deposit thereon;
PAR  FIG. 3 is a view of the runway surface of FIG. 2 having the deposit removed
      therefrom;
PAR  FIG. 4 is a cross-sectional view illustrating the method used to remove
      deposits;
PAR  FIG. 5 is an apparatus capable of performing the method of the present
      invention;
PAR  FIG. 6 is a perspective view of a smooth runway which requires texturing;
PAR  FIG. 7 is a cross-sectional view illustrating how the method of the present
      invention is effective to texture a smooth runway surface;
PAR  FIG. 8 is a view similar to FIG. 7 illustrating how a modification of the
      method permits simultaneous deposit removal and surface texturing;
PAR  FIG. 9 is a cross-sectional view of a worn runway in need of repaving;
PAR  FIG. 9A illustrates the technique for texturing the runway of FIG. 9 to
      increase the bond strength between the existing surface and the new
      pavement;
PAR  FIG. 10 is a cross-sectional view of a modification of the present
      invention for removing ice from a surface.
DETD
PAC  CLEANING VEHICULAR SURFACES
PAR  Automobile highway, airplane runways and taxi surfaces and similar
      vehicular surfaces are subject to skid and scuff marks from rubber tires
      as well as deposits of hydrocarbon-based residue from the engine systems
      of the vehicles using these surfaces. Referring specifically to airplane
      runways, such surfaces are particularly subject to the action of rubber
      scuff marks due to the aircraft tires impacting on the surface during
      landing. Due to the inertia of the tire and wheels, scuffing and skidding
      occurs when the wheels, initially at rest, strike the pavement and are
      rapidly brought up to the landing velocity of the aircraft and then braked
      to a stop. Such normal skidding and braking action causes the transfer of
      rubber from the tire treads to the surface of the concrete, asphalt or
      other composition runway, with some decomposition taking place due to the
      frictional heat that is developed. Deposits of carbon, fuel, lubricating
      oil and the like are also found in these same areas as a result of engine
      blast and leakage from aircraft during landing and takeoff. Similarly
      aircraft support vehicle traffic leaves additional rubber and petroleum
      type deposits.
PAR  The deposits may build up to as much as 1/4 inch and the surface loses its
      original friction characteristics necessary for safe operation.
      Specifically, the rubber and petroleum deposits have been found to promote
      hydroplaning of the rubber-tired wheels of aircraft during landing and
      subsequent braking when the surface is wet from rain or melting snow.
      Removal of these deposits can restore and even improve the integrity of
      the runway surface for safe operation.
PAR  Present methods of deposit removal employ chemical acids with a view
      towards solution and/or breakdown of the organic components making up the
      layer bonded to the surface or use high pressure water sprays. In
      addition, wire brushes, abrasive grinding wheels and hammer mill knives
      have been employed to seek removal of these deposits. These techniques,
      while somewhat successful, have the common drawback of polluting the water
      runoff with chemicals and removed rubber and petroleum deposits. This can
      kill grass and other vegetation in the vicinity, causing excessive dust
      from engine exhaust.
PAR  Referring to FIG. 1, there is illustrated a typical aircraft runway 12
      showing a portion of the runway coated with rubber and petroleum-based
      deposits 14. Typically, such heavy deposits occur only at the ends of a
      runway where the aircraft take off and land.
PAR  Referring now to FIG. 2, it will be seen that the objectionable deposits 14
      form an irregular layer over the paved surface of the runway. The rubber
      and petroleum deposits become bonded to the surface during frictional
      engagement between the tires and the surface. For example, when the tires
      of a landing gear strike the surface, the rubber which is scuffed off is
      securely bonded to the surface by the heat and pressure of the scuffing
      process. In the case of petroleum-based deposits, this material is often
      spilled onto the runway surface and permitted to remain indefinitely,
      subjecting it to weathering conditions which tend to cause it to bond to
      the runway surface.
PAR  According to the present invention it has been found that these
      objectionable deposits can be removed from a vehicular surface, whether it
      be a highway surface covered with hydrocarbon deposits or an aircraft
      surface covered with hydrocarbon and rubber deposit from aircraft
      landings. The present method utilizes particulate material projected onto
      the surface to be cleaned. The particulate material can be of any of the
      types currently known and includes abrasives such as sand, cinders, grit
      and the like, although steel shot and steel grit are preferred. The
      physical characteristics of the particulate material to be utilized are
      chosen based on the type of surface to be treated and the performance
      parameters of whatever means are employed to project it onto the surface.
PAR  For the type of equipment 16 illustrated in FIGS. 1 and 5, to be discussed
      hereinafter, steel shot on the order of 0.007 to 0.078 inches is
      preferred. Alternatively, if steel grit is used, it is preferred to use on
      the order of No. 7 mesh to No. 200 mesh. The smallest shot or grit that
      will successfully perform the method should normally be used since this
      increases the number of particle impacts per unit of surface area, thereby
      maximizing the efficacy of the operation. For example, steel shot of 0.046
      inch diameter will yield only 55,000 impacts per pound of shot while shot
      of 0.023 inch diameter yields 420,000 impacts per pound. Of course larger
      or smaller size grit or shot can be employed for different purposes as
      will be explained hereafter.
PAR  The key factor in successfully removing deposits from a vehicular surface
      with particulate material is recognizing that the kinetic energy or impact
      force with which the material is projected onto the surface must be
      greater than the bonding energy between the deposit to be removed and the
      surface to be cleaned. That is, particulate projected onto the surface
      must be energetic enough to penetrate the deposit and overcome the bonding
      energy between the surface and the deposit to be removed. The kinetic
      energy of projected abrasive is given by
EQU  K.E. = C .times. F.sub.r .times. V.sup.2
PAL  where
PA1  C is a gravitational constant;
PA1  F.sub.r is the flow rate of abrasive material to the means projecting the
      abrasive onto the surface;
PA1  V is the velocity of the projected abrasive.
PAR  For example, kinetic energy or impact force for a typical cleaning
      operation, assuming a flow rate of 6.5 lbs. of steel shot per second and a
      projecting velocity of 300 feet per second is calculated as
      ##EQU1##
EQU  or K.E. = 9.084 .times. 10.sup.3 ft.lbs./sec.
PAR  As shown in FIG. 4, when particulate material 17 is projected onto a
      surface at kinetic energies greater than the bonding energy of the
      deposits 14, the particles penetrate the deposits and disrupt the bond
      between the surface and the deposits permitting subsequent removal.
PAR  Ideally, the method of the present invention should be practiced with a
      portable device capable of traveling along a surface to be treated and
      which recovers the spent material and picks up the removed deposits. If
      the apparatus employing the present invention has the further capability
      of separating the particulate material from the deposits recovered, the
      material can be recycled and reused so that a continuous cleaning process
      is obtained. FIG. 5 schematically illustrates such an apparatus.
PAR  The apparatus 16 is mounted on a frame 18 having wheels 20 journalled
      thereon for movement over the surface to be cleaned. The movement of the
      portable unit can be effected by towing as shown in FIG. 1 or the unit can
      be motorized as a self-powered unit. A storage bin 22 holds a supply of
      particulate material which is fed gravitationally downwardly from an
      outlet 24 at the bottom into a funnel 26 which channels the particles into
      the central cage of an airless centrifugal blasting wheel 28 which is
      rotated at high speed as by means of a motor 30. The particles are thrown
      in a pattern with high centrifugal force from the periphery of the wheel
      onto the underlying surface 12.
PAR  Centrifugal blasting wheels of the type illustrated are well known to the
      trade and are marketed under the name "Wheelabrator" by Wheelabrator-Frye,
      Inc. of Mishawaka, Ind. The present method does not rely on the use of
      such an airless centrifugal blasting wheel for projecting the particles
      onto the surface since other well known means for projecting particles at
      high speed can be used, such as an air blast, vapor blast and the like,
      using suitably located nozzles disposed on a portable apparatus.
PAR  In order to confine dust, dirt and the particulate material in a manner to
      prevent contamination of the atmosphere and to protect personnel from
      injury from the particles, the blast area is preferably enclosed within a
      guard housing 34 which terminates a short distance above the surface 12
      and is open at the bottom so as to expose the surface to the particulate
      material projected from the wheel. The wheel 28 is mounted in the upper
      portion of the housing in spaced relation above the surface and adjusted
      to throw the particles 17 in a pattern to engage the surface rearwardly of
      the wheel preferably at a slight angle with reference to the direction of
      movement of the portable unit. After the material has been thrown onto the
      surface, it may be recovered for reuse by a variety of means indicated by
      the box 36 on the rear portion of the apparatus. The recovery means may
      comprise a magnetic rotating drum as described in my copending application
      Ser. No. 432,353, now U.S. Pat. No. 3,858,359 to which reference is made
      and incorporated hereby; by vacuum means, as disclosed in copending
      application Ser. No. 363,723 of Clyde A. Snyder, assigned to the assignee
      of the present invention, or by conventional means such as brushes,
      rebound techniques or manual sweeping.
PAR  In the apparatus illustrated in FIG. 5, it will be presumed, for the
      purposes of explaining the present invention, that the recovery means 36
      is either a magnetic or vacuum recovery means, or a combination of both
      magnetic and vacuum recovery means. The latter system is preferred. It
      will pick up ferromagnetic (steel) shot or grit by the magnetic means and
      recycle it through a belt and bucket conveyor 38 to the particulate
      storage 22 via filtering means 40 for reuse. The vacuum recovery means is
      then utilized primarily to pick up the dislodged rubber and petroleum
      deposits 14 and any small amount of particulate not attracted to the
      magnetic means. As is disclosed in the copending applications referenced
      above, both the vacuum and magnetic recovery devices preferably employ air
      jets positioned rearwardly of the device to aid in the recovery of the
      particulate material.
PAR  Assuming the use of an apparatus as illustrated in FIG. 5 to practice the
      cleaning technique according to the present invention, the following
      sequence is employed: The device is loaded with particulate material,
      preferably steel shot or steel grit of an appropriate size depending upon
      the type of runway surface to be treated and the operational parameters of
      the machine. If, for example, a Wheelabrator airless centrifugal blasting
      wheel is employed as the projecting means, flow rates in the range of 50
      to 2,300 lbs. of particulate per minute can be used with a preferred
      range, for cleaning, of 400 to 600 lbs. per minute. For this range of flow
      rates and for a typical highway or runway projection velocities in the
      range of 100 to 700 feet/sec. can be used with a preferred range of 160 to
      420 feet/sec.
PAR  Combining this information with the details of the composition of the
      surface to be cleaned, it is possible to select the appropriate
      particulate type and size to effect deposit removal. The portable device
      is then caused to travel over the deposit laden runway surface as
      illustrated in FIG. 1 projecting the particulate onto the surface for
      removing the deposits in the manner illustrated in FIG. 4. Depending on
      the thickness of the deposits, the type of surface to be cleaned and the
      machine parameters, a satisfactory travel speed for the machine is
      determined. A typical range for the device of FIG. 5 is 10 to 500 feet per
      minute.
PAR  As the particulate 17 strikes the deposits 14 its kinetic energy is
      sufficient to penetrate through the deposits onto the underlying surface
      12 and thereby to interfere with the bond between the deposit and the
      surface. Further, the action of the particulate in penetrating or
      debonding the deposits tends to fragment the deposits by exceeding its
      self-bonding energy.
PAR  After particulate projection onto the runway, the recovery portion of the
      apparatus passes over the area blasted for the purpose of recovering the
      spent particulate and for picking up the removed deposits. As previously
      mentioned, if a combination of magnetic and vacuum recovery means are
      employed, the particulate may be readily picked up, filtered and recycled
      for further blasting while the nonmagnetic deposits are drawn in by the
      suction means and collected in a waste hopper 42. The collected waste is
      suitable for use as fillers in asphalt paving mixes, concrete mixes and
      the like, and thus as a practical matter they help offset the cost of
      cleaning runway surfaces.
PAR  As an example only of the effectiveness of the above described technique,
      it has been found that a dirty runway, i.e., one coated with oil and
      rubber deposits, has a coefficient of friction less than 0.4 when wet
      where zero represents no friction and 1.0 represents no slippage between
      two surfaces, i.e., runway and a tire. A typical runway operates in the
      range of 0.4 to 0.8. After cleaning, according to the present invention,
      the coefficient of friction on a concrete runway is between 0.60 and 0.68.
PAR  Referring now to FIG. 6, an alternate application of the method of the
      present invention is disclosed. The figure shows an airport runway 44
      which is smooth and clean. This condition occurs when a new runway is
      constructed prior to its being grooved or where no attempt has been made
      to roughen the surface during paving. Since airport runways must have a
      specified minimum coefficient of friction (about 0.4), to permit aircraft
      to safely take off and land, it is necessary that a new runway or a
      recently cleaned runway surface be textured in some manner to provide the
      required surface roughness. This roughness provides a coefficient of
      friction adequate to assure good traction between the rubber tires of an
      aircraft landing gear and the runway surface. On heavily used runways,
      this roughness degenerates from the repeated frictional contact of the
      tires. Further, chemical treatments for ice removal and/or cleaning
      further degenerate the desired surface texture of a runway.
PAR  According to a first alternate technique illustrated in FIG. 7, the
      portable blasting equipment shown in FIG. 5 may be used to texture a new
      surface or to re-texture a cleaned surface. The texturing produces a
      desired coefficient of friction by the selective use of various sizes of
      particulate material such as shot or preferably grit because of its
      superior cutting ability. As in the case of cleaning deposits from the
      surface, the particulate 17 is projected at velocities selected to provide
      it with a minimum required value of kinetic energy. In this case, however,
      the kinetic energy required is that necessary to exceed the bonding
      strength of the runway surface 44. Thus, when the particulate material is
      projected onto the surface to be textured, the material penetrates the
      smooth surface of the runway producing pitting, exposing the paving stone
      by removing the cement.
PAR  The amount of texturing produced, as in the case of cleaning, is determined
      by the size of the shot or grit, the velocity with which it is projected
      onto the surface, and the speed at which the portable device travels.
      Where the grit is recovered by magnetic, vacuum or other means and
      recycled, continuous texturing can be effected as the portable apparatus
      moves down the runway.
PAR  As an example only, it has been found that round steel shot of
      approximately 0.055 inches to 0.033 inches in diameter or steel grit of
      the same approximate size will provide a roughened texture on concrete and
      asphalt surfaces when projected at velocities of approximately 230 to 360
      feet per second with the apparatus traveling at up to 100 ft./min.
PAR  It will be apparent that it is possible to combine the cleaning technique
      and the texturing technique. That is, where a used runway is to have the
      hydrocarbon and rubber deposits removed therefrom and then be re-textured,
      it is possible to accomplish both objectives in a single operation. This
      alternative technique is illustrated in FIG. 8. In such an operation it is
      necessary to impart kinetic energy to the particulate material 17 greater
      than would be required for simply removing deposits from the surface 46.
      In addition to breaking up the deposits it is desired to project the
      particulate material with sufficient energy to also texture the surface
      concurrently with removing the deposits therefrom. This can be
      accomplished by increasing the projection velocity and/or size of the
      particulate or by slowing down the rate of travel of the blasting
      apparatus. By exposing the surface to be treated for a longer period to
      more energetic particulate the deposits are quickly removed and the
      cleaned surface textured by the continuing blast.
PAR  Referring now to FIGS. 9 and 9A, a further application of the present
      method is disclosed. Where a highway or runway 48 has been subjected to
      particularly severe use, the surface will be damaged, having cracks,
      potholes and the like, as shown in FIG. 9. In such cases, in order to
      restore the integrity and safety of the surface for vehicular travel, it
      is necessary to repave or resurface. The resurfacing is often done with
      asphalt or concrete mixes. The degree of bonding strength between the
      original surface and the resurfacing material is enhanced by roughening
      the original surface prior to repaving. As will be apparent, the present
      method of blasting particulate onto a surface at kinetic energies greater
      than the bonding energy of the surface can be utilized to texture the
      damaged runway prior to resurfacing. The texturing, as indicated in FIG.
      9A, will cause pitting in the area to be resurfaced, thereby roughening
      it. After particulate recovery in the manner previously described,
      resurfacing may be accomplished with high bonding strength between the new
      surface and the old.
PAR  Referring now to FIG. 10, a still further application of the method
      according to the present invention is disclosed. Utilizing the present
      method, it is possible to remove ice from vehicular surfaces where other
      means of ice removal are not possible or are undesirable. For example, the
      presence of ice on aircraft runways is very dangerous to the aircraft
      during landing and takeoff as well as during taxiing to and from departure
      gates. Similarly, automobile safety is increased by removal of ice from
      highways. In the case of automobile traffic, salt can be used to melt the
      ice or abrasive material such as sand or cinders can be put down to
      increase the friction on the surface. Such methods, although corrosive and
      abrasive to automobiles, are nevertheless tolerated. In the case of
      aircraft, such techniques are expressly forbidden because of the effect
      the salt and abrasives have on aircraft components.
PAR  It is possible to utilize a particulate blast projected onto ice formed on
      a runway or highway with sufficient kinetic energy to fragment the ice
      into small particles 50 for removal. The required kinetic or impact energy
      will depend on the physical characteristics of the ice as thickness and on
      the ambient temperature.
PAR  The particulate and ice can be selectively picked up in the manner
      previously discussed for continuous removal. An additional problem
      presented in this embodiment, however, is that the particulate becomes wet
      during the process of fragmenting the ice. In order for it to be reused,
      it must be dried somewhat and thus when the particulate is picked up it is
      de-watered by centrifugal means, by heating, or by evaporation.
PAR  While in each of the embodiments of the present invention the technique has
      been described as employing a Wheelabrator airless blasting wheel, it
      should again be remembered that the method can be practiced by any type of
      blasting device such as pressure nozzles, gas nozzles and the like which
      have the capability of projecting particulate material onto a vehicular
      surface with kinetic energy sufficient to interfere with the bonding
      strength of the deposits and/or the surface depending on the purpose at
      hand.
PAR  While I have shown and described embodiments of this invention in some
      detail, it will be understood that this description and illustrations are
      offered merely by way of example, and that the invention is to be limited
      in scope only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for removing ice from a surface comprising the steps of:
PA1  a. selecting a particulate material according to the physical
      characteristics of the ice to be removed;
PA1  b. Projecting the selected material onto the ice with kinetic energy
      sufficient to fragment the ice;
PA1  c. recovering the particulate material;
PA1  d. removing the ice fragments from the surface; and
PA1  e. removing contaminants from the particulate material.
NUM  2.
PAR  2. The method according to claim 1 wherein the step of selecting the
      particulate includes the substeps of:
PA1  determining the ambient temperature and the thickness of the ice to be
      fragmented; and
PA1  selecting the composition, density and diameter of the particulate material
      required to fragment ice.
NUM  3.
PAR  3. The method according to claim 1 wherein the step of projecting the
      material onto the surface includes the substep of:
PA1  varying the kinetic energy to compensate for varying ice conditions.
NUM  4.
PAR  4. A method for removing ice from a surface comprising the steps of:
PA1  a. selecting a particulate material according to the physical
      characteristics of the ice to be removed;
PA1  b. projecting the selected material onto the ice with kinetic energy
      sufficient to fragment the ice;
PA1  c. recovering the particulate material including the substeps of: screening
      the material to remove contaminants; removing water from the recovered
      particulate; reusing the particulate material for further ice removal;
PA1  d. removing the ice fragments from the surface.
NUM  5.
PAR  5. The method of claim 1 including removing the water from the recovered
      particulate material by centrifugal action.
NUM  6.
PAR  6. The method of claim 4 including removing the water from the recovered
      particulate material by heating.
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ABST
PAL  A building structure comprising a lattice-like network of support elements
      connected together at junctures to form a three-dimensional frame
      supporting a fabric-like canopy or skin laid thereover as an enclosure and
      wherein a resilient ball-like buffer is supported by the frame at each
      juncture point to engage the canopy and thus to prevent its direct
      engagement with the frame at the juncture points to reduce its wear and
      stress.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to that field of building construction which
      utilizes a lattice-like three-dimensional frame structure covered by a
      flexible sheet canopy or skin to form an enclosure. The canopy is
      fabric-like in nature, but is very often a plastic film. The bottom edge
      of the canopy is secured to a base, and in some cases the interior of the
      enclosure which is formed is subjected to air at slightly greater than
      atmospheric pressure. In most cases, the canopy is not fastened to
      discrete portions of the frame, but merely engages the frame. This
      engagement of the canopy with the frame, particularly at the points of
      juncture of frame elements, causes wear and stress in the sheet material
      of the canopy, often resulting in rupture.
PAR  It is the general object of the present invention to provide means for
      supporting the canopy on the frame, particularly at frame juncture points,
      which will minimize the wear and stress in the sheet.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the frame structure comprises a
      lattice-like network of support elements connected together at points of
      juncture, and a resilient ball-like buffer is supported by the frame at
      each juncture point to engage the canopy and thus to prevent its direct
      engagement with the frame at such points. The preferred ball-like buffer
      is gas filled, and the preferred frame elements comprise pipes or tubes
      which are connected to a source of gas, such as nitrogen or air, under
      pressure. The frame elements, or at least one of them at each juncture
      point has an outlet connected to the buffer so that all of the buffers in
      the building construction are maintained at substantially the same
      pressure. A still further feature of the concept involves a safety valve
      arrangement whereby if a rupture occurs at one of the buffers or in a
      structural element pipe, there will not be a loss of pressure in all of
      the canopy sustaining buffers. This will permit repair or replacement as
      is needed at a minimal expense and without disrupting the general use of
      the building construction and enclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a parti-elevational view of a building construction incorporating
      the features of the present invention and showing the canopy or skin in
      section;
PAR  FIG. 2 is a cross-sectional view taken through a juncture point of the
      frame construction as indicated by the line 2--2 in FIG. 1; and
PAR  FIG. 3 is a schematic illustration of the gas pressure supply system
      utilized with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a building construction provided in keeping with the
      present invention comprises a lattice-like frame structure 2 made up of a
      plurality of elongated frame elements 6 which are arranged with respect to
      each other as shown in the drawing to be connected together at a plurality
      of juncture points 1. At each such juncture point a buffer 4 (which will
      be described in more detail) is connected to the frame structure to
      support a fabric-like sheet 5, which may be a gas impervious plastic
      material, which is draped over the frame 2.
PAR  It will be observed in FIG. 1 that the frame elements 6 are connected
      together at juncture points 1 to form the latticelike frame network 2 in
      three-dimensional configuration extending from a base B. The fabric-like
      sheet material 5 is thus draped over the frame 2 as a canopy to form an
      enclosure and is secured along its bottom edge to the base B in any well
      known and acceptable manner. In many such building constructions, a source
      of air is provided at slightly more than atmospheric pressure to keep the
      sheet or canopy 5 slightly expanded and out of general contact with the
      frame structure 2. However, there will be inevitably some engagement
      between the canopy or skin and the frame, and heretofore this has been the
      source of a problem causing great wear and stress to the canopy 5, whether
      it be inflated or not, at the juncture points 1.
PAR  In keeping with the present invention such wear and stress on the canopy or
      skin is greatly reduced by the provision of a buffer 4 at each juncture
      point, the preferred form of such buffer being a gas inflated balloon or
      ball-like element. As better shown at FIG. 2, the gas-filled ball-like
      buffer 4 is mounted at any juncture point 1 at a plate 3 which is
      preferably metal but which can be made of any easily deformable material
      so that it can be bent to embrace and grip a substantial portion of the
      buffer 4 and thus to hold it. The plate 3 is in turn held as by welding or
      the like to juncture point plates 7 which form an envelope sealed at its
      edges and provided with openings along its edges adapted to receive the
      ends of frame elements 6, 6 as by threading or the like in a gas-tight
      manner.
PAR  As shown in FIG. 1, there are at least two and there may be as many as six
      or conceivably more frame elements 6 connected together at a junction
      point 1. In keeping with the invention, each frame element 6 comprises a
      hollow tube or pipe connected with a source of gas, such as nitrogen or
      air, under pressure as will be described in more detail hereinafter. The
      pipes 6, 6 thus supply the gas under pressure to the various buffers 4. As
      shown in FIG. 2, at each juncture point 1, one of the frame element pipes
      6 is provided with a hose or tube connecting outlet 8 receiving a tube
      extension 9 from the associated buffer 4, thus to inflate the buffer with
      the air or nitrogen under the pressure in the frame system.
PAR  As also shown in FIG. 2, one or more of the gas carrying frame elements 6
      may have its end closed as indicated at 6a within the juncture point
      envelope defined by the plates 7, and still other elements connected at
      the same juncture point may have open ends such as indicated at 6b within
      the envelope. This permits a plurality of the frame elements 6 to be
      connected together in series at different juncture points 1 whereby to
      define a branch supplying air or nitrogen under pressure to a plurality of
      buffers. For example, and as shown in FIG. 1, those conduit or pipe frame
      elements 6 identified as a, a, a may be series connected to form a frame
      branch 2a, those identified as b, b, b being series connected to form
      frame branch 2b, the elements c, c, c being series connected to form
      branch 2c and the elements d, d, d being series connected to form branch
      2d. Obviously, there can be a plurality of such branches connected in
      parallel with each other to a single source or supply of the air or
      nitrogen under pressure.
PAR  This is shown in FIG. 3 wherein the reference number 10 designates a
      pressurized tank or supply of air or nitrogen or other gas under pressure,
      and the number 11 designates a pressure reducing valve connected to the
      outlet of the said tank. The controlled pressure outlet of the valve 11 is
      connected to the parallel branches of the supporting structure framework
      2, four of these branches being shown and indicated as 2a, 2b, 2c and 2d
      in FIG. 3. Preferably, each such parallel branch includes a valve 12 which
      will automatically close and prevent flow into the branch in the event of
      rupture of one of the elements 6 or a buffer 4 in such branch. Thus, in
      the event of rupture somewhere in the network, only one branch outlet
      network suffers the loss of pressure and the remaining branches including
      all of their buffers are maintained at the same pressure set at the valve
      11.
CLMS
STM  I claim:
NUM  1.
PAR  1. A building construction including a lattice-like network of support
      elements connected together at junctures to form a three-dimensional frame
      for the support of a fabric-like canopy laid thereover as an enclosure
      which is secured along its bottom edge, a plurality of hollow and
      resilient ball-like buffers, each of which is supported by the frame at a
      point of juncture of some of said support elements to engage the canopy
      and thereby to prevent the said canopy from direct engagement with the
      frame, particularly at the said juncture point, and at least one of the
      support elements at each juncture of such elements comprising a conduit
      connected to the buffer at the juncture point and also connected with a
      source of gas under pressure whereby all of said buffers are gas filled at
      the pressure of said source.
NUM  2.
PAR  2. The improvement in building construction as set forth in claim 1 wherein
      certain of said conduit-support elements are connected together in series
      with each other to define a structural branch in parallel relationship
      with another similarly formed branch of series connected conduit support
      elements, and wherein a valve is mounted between said source and said
      branch and operable to close and prevent flow into said branch in the
      event of rupture and severe loss of pressure therein.
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ABST
PAL  A room or like portion of a building, or a complete building, comprises two
      rectangular tray-like wall elements, at least one inverted tray-like
      ceiling element, and strip-like floor and wall elements, comprising
      load-bearing frameworks with cladding. The walltray elements incorporate
      furniture, fixtures and fittings and together, possibly with others of the
      elements, form a container of standard size for transportation. The
      frameworks are provided with lifting eyes which also serve for
      interconnecting the elements when assembled to form a room or building.
      Further elements for forming corridor floors and ceilings, cladding,
      foundation units incorporating service ducting are also transported in
      containerized arrangements. The wall trays may incorporate telescopic
      services connections for interconnecting adjacent rooms in a building.
      Also described are similar containerized forms of elevators, staircases,
      plant and machinery rooms. The wall trays may be arranged with their
      lengths horizontal, or vertical to form low, e.g. two or three-story,
      dwellings.
PARN
PAR  This is a continuation of application Ser. No. 176,210 filed Aug. 30, 1971
      which in turn is a continuation-in-part of Ser. No. 760,196 filed Sept.
      17, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to buildings and has especial but not exclusive
      reference to hotel and apartment buildings.
PAC  PRIOR ART
PAR  The use of prefabrication in building construction is well known. However,
      when only walls and the like are prefabricated, much site work is still
      needed to install sanitary and other fittings and decorations; if these
      are factory-installed, there is a serious risk of damage during transport
      to the side unless elaborate and expensive protection is provided.
      Pre-molded plastic bathrooms and the like have been proposed, but these
      also need protection, and have to be fitted into some form of structural
      frame on site. French Patent No. 1406672 to Lemarignier discloses a
      transportable cabin but fittings, furniture and services all need to be
      installed at the site and therefore need separate transport and
      protection; the cabin of Lemarignier is furthermore incapable of use as an
      element of a building.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention largely to eliminate site work in building
      erection, without incurring the need for expensive protection during
      transportation of prefabricated elements.
PAR  According to the invention, I provide a room unit comprising prefabricated
      load-bearing rectangular tray-like wall elements adapted to form together
      a rectangular container and to form with further prefabricated elements, a
      room (or a plurality of rooms e.g. a bedroom and bathroom en suite..
PAR  Each of the wall elements is in the form of an open box or tray so that two
      of the elements when fitted together form a closed rectangular container
      in which are packed furniture and fittings and possibly the further
      elements; the latter, at the building site, are placed between the
      first-mentioned wall elements to form a complete room unit. Thus, the
      total volume of the container and the room's contents is substantially
      less than that of the room when erected and transport costs are much
      reduced; in effect, it is no longer necessary to transport the empty space
      within the room and a greater number of room units can be transported in a
      given space.
PAR  In one preferred arrangement, the elements forming the container constitute
      two opposite walls together with small parts of the floor, ceiling, and
      other walls adjacent to the walls. Beds, chairs, baths, washbasins, and
      other furniture and fittings are factory-fitted to the walls, and the room
      unit is completed by strip-like further elements forming the central parts
      of the floor and ceiling, a window wall, and a doorway.
PAR  The room unit is capable of acting as a structural element of a building in
      which it is incorporated; it may be made of e.g. glass fiber reinforced
      plastic with load-carrying metal reinforcement.
PAR  The length and width of the container may vary according to requirements.
      The maximum height of the container which is dictated by international
      agreement, should not exceed 2.44 m. (8 feet). This means that internally
      the height of a tray is reduced to 2.24 m. (7 feet 4 inches). However, the
      ceiling tray permits an increase in height of the room virtually up to
      4.48 m (14 feet 8 inches).
PAR  The building itself may comprise a core or spine with services, including
      access elevators and/or stairs, to which the room units are attached. The
      room units may incorporate sanitary equipment or some or all of the latter
      may be provided in separate capsules e.g. made of glass fiber reinforced
      plastics and also attached to the core or spine. The room units may be
      assembled with each other by stacking, or by means of cantilevered
      brackets, or by being inserted into a previously prepared structure; they
      may themselves form the entire or substantially the entire load-bearing
      part of the building.
PAR  The wall elements may be used as load-bearing self-standing elements, being
      spanned by the floor and ceiling elements; in the preferred construction,
      the metal inserts of the wall elements carry the load.
PAR  My room unit has many advantages; it saves transport costs by virtue of its
      small transport volume compared with the completed room, simplifies
      construction and eliminates the need of scaffolding since it is a
      structural unit, does not require any return transport for the container
      since the latter is used as part of the building, and reduces transport
      costs and breakages in the case of furniture and fittings since these can
      be transported in the container which will fully protect them. Plumbing,
      electrical installations, decorations, and the like can be provided before
      transportation to the site.
PAR  The invention is illustrated by the drawings accompanying this
      Specification, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of part of a room according to a first
      embodiment of the invention;
PAR  FIG. 2 is a cross-section of the complete room;
PAR  FIG. 3 is a cross-section of the room, collapsed for transport;
PAR  FIG. 4 is a perspective view of the room, collapsed for transport;
PAR  FIG. 5 is an exploded view illustrating a room similar to FIG. 1 but
      arranged differently for transport;
PAR  FIG. 6 is a cross-section of a containerized room as in FIG. 5, on a larger
      scale;
PAR  FIG. 7 is a longitudinal section of part of the containerized room of FIG.
      6;
PAR  FIG. 8 is a section on line VIII--VIII of FIG. 7;
PAR  FIG. 9 is a cross-section of an assembled room unit;
PAR  FIG. 10 is an isometric view of an assembled room unit; FIG. 11 is a
      cross-section of part of the assembled room unit on a much larger scale;
PAR  FIG. 12 is a plan section of part of the assembled room unit;
PAR  FIG. 13 shows a locking device for interconnecting the room units:
PAR  FIGS. 17 and 18 show a prefabricated foundation unit;
PAR  FIG. 19 shows an assembly of room units, corridors and foundation units
      forming part of a building;
PAR  FIGS. 20 to 22 show means for interconnecting service ducts of stacked room
      units;
PAR  FIG. 23 is a plan, in section of an assembled room unit according to a
      further embodiment of the invention;
PAR  FIG. 24 is a transverse cross-section on line XXIV--XXIV of FIG. 23;
PAR  FIG. 25 is a longitudinal section on line XXV--XXV of FIG. 23;
PAR  FIG. 26 is a side elevation of the assembled unit;
PAR  FIGS. 27 to 31 show the unit collapsed to form containers for transport;
PAR  FIG. 32 is a side elevation of a staircase, in section on line XXXII--XXXII
      of FIG. 34;
PAR  FIG. 33 is a cross-section on line XXXIII--XXXIII of FIG. 34;
PAR  FIG. 34 is a plan in cross-section;
PAR  FIG. 35 is a cross-section on line XXXV--XXXV of FIG. 34;
PAR  FIGS. 36 to 38 show a lift unit respectively in vertical and horizontal
      section and in containerized form;
PAR  FIG. 39 is a cross section of containerized plant or equipment;
PAR  FIG. 40 is a cross-section of a modified container arrangement; and
PAR  FIG. 41 shows the FIG. 4 arrangement assembled;
PAR  FIGS. 42 and 43 are a plan section and longitudinal section of a balcony of
      an assembled room unit;
PAR  FIGS. 44 and 45 are a plan section and vertical section of a staircase
      using vertically oriented elements;
PAR  FIG. 46 is a floor plan of a house using vertically oriented elements;
PAR  FIGS. 47 and 48 show the manner in which the elements constituting the
      house are packed together to form containers;
PAR  FIG. 49 is a floor plan of a dwelling unit using vertically oriented
      elements;
PAR  FIGS. 50 and 51 are cross-sections of the dwelling unit; and
PAR  FIGS. 52 to 55 show how the elements of the dwelling unit are packed
      together to form containers
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  FIGS. 1 to 4 illustrate a first embodiment. Two tray-like windowless side
      wall elements or trays 1, 2 are fitted in the factory with cupboards 3,
      bath 4, basin 5, and retractable bed-settees 6. Decorations and all
      plumbing and electrical fittings are provided in the factory. For
      transport to the building site, the elements are fastened face to face
      e.g. as in FIGS. 3 (in section) and 4 (perspective) to form a very strong
      closed container with items 3 to 6 within. Also inside the container are a
      floor element 7, a ceiling element or tray 8, a doorway element 9 and a
      window element 10. On site the container is opened, and elements 7 to 10
      are fitted between elements 1 and 2 to form a bedroom, as indicated in
      section in FIG. 2 and in exploded view in FIG. 1. The volume of the
      container (FIGS. 3 and 4) can be as little as half that of the assembled
      room unit.
PAR  Elements 9 and 10 are higher than elements 1 and 2, element 8 being
      therefore provided with vertical walls 8'; this arrangement gives a
      greater reduction in volume for transport, and the spaces above elements 1
      and 2 in the assembled unit can be used e.g to accommodate cantilever
      brackets for supporting the room units on a service core, or service ducts
      or air-conditioning ducts.
PAR  Further facilities, e.g. water closet and bidet, may be provided in the
      room unit or in separate capsules also attached to the core, which may
      also contain elevator shafts and access passages to the room units;
      air-conditioning ducts may be provided above the access passages.
PAR  During building construction, the room units and capsules if used, are
      delivered to the site, where they are simply stacked on one another or
      connected to a service core already constructed.
PAR  Of course, various sizes and internal arrangements of the room units are
      possible, to provide bed-, sitting- and dining-rooms of various sizes, but
      the maximum benefit of my system is obtained if all room units have the
      same cross-section and have the door at one end and a window at the other
      end. By selecting units of different lengths, however, the building as a
      whole can be given an interesting "textured" appearance, since the units
      will project to different extents from the core.
PAR  The room shown in FIG. 5 has elements 1, 2, 7, 8, 9 and 10 similar to those
      of FIG. 1. However, for transport, these constitute two containers. A
      larger container 30 consists of the wall trays 1 and 2, containing the
      furniture and fittings. A smaller container 31 consists of the ceiling
      tray 8 and floor element 7 and contains the end wall elements 9 and 10,
      provided with a door and a window. In a further possible arrangement,
      ceiling elements of two separate room units form one of the containers.
PAR  The smaller container can be placed side by side with, or between the wall
      elements forming the larger container 30 so as to form an assembly whose
      overall dimensions are those of the international standard container viz 8
      feet square in cross-section.
PAR  FIGS. 6 to 8 illustrate the preferred containerization arrangements; in
      this the end wall elements 9, 10 are packed between the floor panel 7 and
      ceiling tray 8 and the latter is fitted between the opposed wall trays 1,
      2. The several elements have tongues and grooves as indicated at 11; these
      serve to locate the elements both in their containerization arrangement
      when assembled to form a room. Thus, the unused grooves 11a in FIG. 6
      receive tongues of the ceiling tray in the assembled arrangement. The
      elements also have interlocking devices 12, preferably "Rotalocks" (Trade
      Mark), which are readily locked together or released, for assembling and
      dismantling the container and assembling the room.
PAR  At the corners of the wall tray and therefore at the corners of the
      container are standard container lifting blocks 13 which serve both for
      handling the container and for interconnecting adjacent rooms and other
      elements of a structure. The external dimensions over the lifting blocks
      are 8 feet square.
PAR  The containerized arrangement of elements 8, 9, 10 is shown in FIGS. 7 and
      8. It is not always possible to ensure that the various elements have such
      dimensions as to fit together snugly both when containerized and when
      assembled as a room. In particular the floor panel 7 may be somewhat
      shorter than the ceiling tray 8 as shown, and therefore I provide tongue
      and groove spacers 14 to hold the floor panel in place; mating tongue and
      groove elements 15 of the ceiling tray may be used as decorative elements
      in the assembled room.
PAR  The assembled room is shown in cross-section in FIG. 9 and in an isometric
      view in FIG. 10. The interlocking of the tongues and grooves can be seen
      in FIG. 9. The overall dimensions in cross-section are 13 feet 2 inches
      wide by 9 feet 7 inches high, representing an almost twofold increase in
      volume over the container. FIG. 10 shows, by way of example, one form of
      window panel 10. It also shows the side and top surfaces as consisting of
      alternate raised and recessed areas, differing in height by e.g. 1 inch.
      The recessed portions can serve as rain gutters; in the containerized
      arrangement they can also serve to house cladding panels which are
      detached at the site and used to clad the building and in particular to
      cover the gaps which will exist between adjacent assembled room units.
      Also visible in FIG. 10 is a cover 16 of a services duct, to be described
      below.
PAR  The elements of the room unit are constructed of glass fiber reinforced
      plastic on a structural steel framework or armature which is continuously
      interconnected throughout the assembled building and constitutes the
      principal load-bearing means. This framework is connected to the lifting
      blocks 13 which in turn are interconnected. The nature of the steel
      framework will be appreciated from FIGS. 11 and 12.
PAR  FIG. 11 is a cross-section through a wall tray 2 and adjacent parts of the
      ceiling tray 8 and floor panel 7. Along the mating edges of panel 7 and
      wall tray 2 are steel channels 17. The remainder of the framework
      comprises longitudinal, vertical and transverse square-section hollow
      steel sections 18 forming a continuous structure throughout the elements,
      and I-section transverse beams 19 in the roof tray. "Rotalocks" 12 are
      secured to the steel framework to interconnect the elements. Each of these
      locks consists of a male part 20 on one element and a female part 21 on
      the other element. The male part contains a rotatable half-disk which,
      when rotated, projects from the male part and enters the female part
      thereby locking the two parts together. The male part has a projecting key
      for rotating the disk and corresponding access holes or key extensions are
      provided for operating the locks embedded in the elements. Thus, loading
      is carried directly to the steel framework.
PAR  The framework is clad with a skin 22 of glass-reinforced plastic, and
      plywood or other cladding 23 for the floor, internal walls and ceiling.
      Reinforcement e.g. hardwood blocks 24 may be provided inside the tongues
      by which the elements are located together. FIG. 11 also shows in dotted
      lines outline 25 of the recessed parts of the external top and side
      surfaces.
PAR  FIG. 12 shows more of the framework. The floor panel 7 has channels 17
      around its edges and a transverse rolled steel joist or joists 26. At the
      vertical corners of the wall trays are large hollow steel sections 27
      (e.g. 5 inches .times. 3 inches), interconnected by the narrower hollow
      sections 18 and connected to the lifting blocks 13.
PAR  Between adjacent elements flexible inserts 28, e.g. of "Neoprene" (Trade
      Mark), may be placed to provide a weatherseal. Caps 29 cover the access
      points for the "Rotalock" keys.
PAR  To form a multi-story building, room units can be stacked one on another up
      to a limit imposed by the strength of the steel framework, e.g. about
      seven or eight stories. To transmit load directly between the steel
      frameworks, the lifting blocks 15 are interconnected so that the room
      units themselves are spaced apart and receive no load from adjacent units
      except through the lifting blocks. This arrangement is
      earthquake-resistant. The connector may be a simple metal upright with
      projecting studs at top and bottom to engage the eyes of the lifting
      blocks; or it may be a double upright for supporting two adjacent room
      units, with an appropriate number of studs; it may have one or more
      cantilever arms projecting at top and/or bottom for supporting portions of
      the building adjacent to the room unit or units; instead of studs it may
      have locking projections which can enter and be locked in the eyes of the
      lifting blocks, e.g. twist-locks of the kind used for handling
      international standard containers.
PAR  FIG. 13 shows a double two-prong locking device having a housing 40
      provided on opposite sides with pairs of twist locks 41 each comprising a
      projection adapted to enter and when twisted be retained in a lifting
      block or eye 13 provided on a container or component. In the case of a
      container or room unit, the edge of the container would be as indicated by
      lines 42. The cam slots for operation of the twist members 41 are shown at
      43; each member is turned by a handle 46 in slot 43, with the shape of the
      slot being such that when the handle is moved to lock the projection in
      the eye, the handle and projection are also moved to pull the projection
      towards the housing 40 to clamp the eye. It will be seen that there is a
      gap between units one above another and consequently the weight is
      transmitted entirely through the blocks 13 and locking devices. The
      reinforcing members 27 in the units, transmit the vertical loads, so that
      the walls of the units are not themselves subjected to stress arising from
      the weight of overlying units. I may also provide a foundation locking
      device, consisting of two twist locks on a jack by which the structure can
      be levelled, and a locking device for securing together units at the top
      of a structure. It will be realized that any desired number of locks could
      be provided at the top and/or bottom, e.g. four locks for connecting
      together four adjacent units.
PAR  Each twist lock projection may have a screwed shank joined in vertical
      pairs by a turnbuckle by rotation of which the projections of the pair can
      be drawn towards the housing 40 to clamp the associated eyes.
      Alternatively, webs of the housing contain sockets for receiving
      reinforcing stanchions e.g. of steel, or through passages for steel tie
      rods to enable taller buildings, e.g. seven stories, to be erected. The
      number and disposition of the sockets is obviously open to variation
      according to the needs of any particular structure. The locking devices
      may have through passages for services, drainage, etc.
PAR  By using such readily detachable locking devices for interconnecting the
      units and other components, e.g. corridor floor and ceiling panels, the
      units, and structures incorporating units, can be made readily collapsible
      so that they can be transported to another site. This feature is
      particularly valuable if the units are to be used, for example, to
      construct a field hospital. It is also envisaged that the units may be
      used to construct holiday chalets.
PAR  Alternatively, the locking projections may be replaced by simple studs, the
      building being tied together by vertical tie rods extending through the
      vertical reinforcements 17 and the vertical interconnecting members.
PAR  FIGS. 14 to 16 of the accompanying drawings show steel junction units 50
      comprising upright portions with studs 51 at top and bottom and cantilever
      brackets 52 welded to the top and bottom.
PAR  Assembled room units and intervening corridor floor and ceiling panels 54,
      53 are stacked one above another, separated by junction units. The
      corridor ceilings 53 and floors 54 and the steel upright frame members 17
      are provided with standard container lifting blocks 13 into which fit the
      studs 51. The entire assembly is interconnected by post-tensioned tie rods
      57 which extend through the frame uprights 17 and the uprights of the
      junction units, as shown in FIG. 15. The lowest room and corridor units
      are supported by a junction unit on the foundations 56. This arrangement
      is suitable for up to eight stories.
PAR  FIG. 16 shows a typical layout of room units 70 and corridor units 69. At
      the corners of the building are single junction units 50a which do not
      have the brackets 62. Where two rooms adjoin, there is a double junction
      unit 60b which interconnects the rooms. Where a corridor adjoins one or
      more rooms, there are single or double junction units with two or four
      brackets to support the corridors; the junction units with four brackets,
      in plan, have the shape of a U, as shown in FIG. 16 at 50c. The corridor
      floor and ceiling panels are secured to the brackets by locating lugs and
      high-tensile bolts.
PAR  In another possible arrangement, the corridors are formed by pairs of
      panels cantilevered from opposed room units and of a length corresponding
      to the door and floor panels, with which they are aligned; the gaps
      remaining between these pairs of panels are bridged by further panels
      secure to the panels of the pairs e.g. by "Rotalocks." The panels of the
      pairs extend below and above the door panels, which rest on the corridor
      floor panels.
PAR  A further aspect of the invention resides in a prefabricated
      foundation/services unit; this comprises a shallow channel section member
      comprising support elements for the building in question, and
      incorporating prefabricated conduits and junction units for services. The
      foundation units are of rectangular cross-section and of such dimensions
      as to form an assembly of standard container dimensions when stacked
      together, preferably in fours. Preferably, the ends of each unit are
      closed so that the container assembly is closed and can be used for
      transportation of loose foundation elements.
PAR  One convenient form of foundation/services unit 71 is illustrated in FIGS.
      17 and 18 of the accompanying drawings.
PAR  The unit 71 is a shallow rectangular box open at the top and made, for
      example, of glass-fiber-reinforced resin incorporating steel work as
      indicated at 72. At the corners are container lifting blocks 13. The unit
      is of international standard container width and length and a quarter of
      standard container height. The sides are provided with locking means at 73
      so that a pair of units can be secured together face to face to form a
      container, and two such pairs can be stacked together to form an assembly
      of standard container dimensions. The closed containers thus formed can be
      used for transportation of, for example, elongated L-section foundation
      units 74.
PAR  The foundation units illustrated are designed specifically for use with the
      corridor and room units of my factory building system, in which the
      corridor width is half that of an international standard container and
      accordingly half that of the foundation unit. The outline of a foundation
      unit is shown in dotted lines in FIG. 16. To support the room and corridor
      units, the foundation unit 71 contains fixed junction units 50 or 50c for
      supporting the rooms, with brackets for supporting the corridor floor 54.
      It will be seen that the foundation unit forms a void underneath the
      corridor and the edges of the adjacent rooms. Within this void, that is
      within the foundation unit and prefabricated therewith, are services
      connections and conduits as indicated in dotted lines at 76 in FIG. 17 and
      FIG. 18. The services are connected to the room fittings at the ends of
      the rooms; it will be understood that plumbing, electric fittings and the
      like are prefabricated into the rooms at the factory, and accordingly the
      only work necessary at the site is to make the connections between the
      rooms and the foundation unit, and between the latter and the mains.
PAR  The foundation elements 74 are placed along the edges of the building
      parallel to the units 71 and are of substantially the same length. They
      may also be made of glass-reinforced resin with metal framing. Normally,
      the foundation units 71 will be laid first, then elements 74 will be laid
      parallel, and finally the room units 70 and corridor units 69 will be
      placed on the foundation thus formed. Elaborate site preparation is not
      needed, it is only necessary to provide a firm level surface for the
      prefabricated foundation members.
PAR  It will be recalled that the international standard container dimensions
      are a square cross-section of side eight feet, the standard lengths being
      10 feet, with 20 feet and 40 feet. I prefer to make the foundations in 40
      foot lengths, the room units, when assembled, being of a width of 13 feet
      2 inches, so that three rooms correspond to a single foundation length. Of
      course, it is not necessary that the rooms be provided in multiples of
      three.
PAR  The foundation unit illustrated is primarily suitable for buildings up to
      three or four stories high, but is also suitable for single story
      buildings and under platforms.
PAR  It will be seen that there is a crawling space between the two lines of
      services along the sides of the unit. The services may, for example,
      incorporate drainage, mains water, rain water, electricity and telephones.
      Lighting sockets may be provided at intervals corresponding to the
      associated room units, for inspection, and rails and a trolley may be
      provided in the unit to facilitate maintenance. Access hatches may be
      provided at the ends of the units.
PAR  By way of further illustration, FIG. 19 shows an assembly of rooms,
      corridors, junction and support units, and foundation services.
PAR  According to a further aspect of the present invention, interconnecting
      portions of services for adjacent room units or other adjacent units can
      be withdrawn into a containerized unit for transportation in container
      form and can be projected from the unit at the site for connection to an
      adjacent unit or services. In one convenient arrangement, a services
      junction unit incorporates pipes, conduits and the like as necessary and
      has a first position in which the pipes, conduits and the like register
      with fixed pipes, conduits and the like in the associated room or other
      unit; in this position, the services junction unit projects so as to
      register with the services connections of an adjacent room unit. The
      services junction unit and the fixed services in the associated room or
      other unit are so disposed that, by rotating the services junction through
      a certain angle, it can be withdrawn into the associated unit.
PAR  One convenient form of services junction is illustrated in FIGS. 20 to 22.
      In my preferred design of room unit, one wall tray of open box-like
      construction contains all sanitary and related services. Vertically along
      one corner of such a tray (or equivalent portion of a room unit of other
      design) is a permanent duct 80 containing fixed services, for example
      electricity, water, and drain pipes. Conveniently, this duct is placed
      behind the water closet, and has an external access hatch 86 and a top
      cover panel during transport or when at the top of a building.
PAR  At the top of this duct is a services junction unit 81 of glass-reinforced
      resin, incorporating pipes, conduits and the like corresponding to the
      fixed services in the duct. The drain pipe 82 is illustrated in FIGS. 20
      and 21 and the junction unit 81 incorporates a length of drain pipe 83
      corresponding to the fixed drain pipe 82. For transportation, the services
      junction unit 81 is rotated through 180.degree. so that the pipe 83 does
      not register with the fixed pipe 82 and can lie alongside it, so that the
      unit 81 can be withdrawn into the container for transportation as shown in
      FIG. 20. On the site, as shown in FIG. 21, the junction unit 81 is lifted
      out of the duct 80 and rotated so that the pipes and conduits register
      with the fixed ones in the duct 80 of the associated room and of the room
      immediately above. Thus, in FIG. 21 it will be seen that a branch
      connection 84 of the drain pipe registers with the waste pipe 85 of the
      upper room unit 70. The pipes, conduits and the like are provided with
      telescopic junctions to prevent them from being stressed by the weight of
      the upper room unit, should there by any mis-alignment.
PAR  The room units described hitherto have been assembled from a single
      container and employ single longitudinal floor and ceiling elements.
      However, larger rooms may be assembled by means of a plurality of
      transverse floor and/or ceiling elements.
PAR  The unit dimensions preferably conform to international container
      standards. It is, however, to be understood that the present invention in
      its broadest aspect is not confined to units having dimensions conforming
      to these standards.
PAR  The embodiment shown in FIGS. 23 to 31 of the drawings is for a
      single-bedroom chalet or hotel suite.
PAR  The unit has two side wall trays, each substantially rectangular and
      consisting of the wall proper, portions of the adjacent floor and ceiling,
      and portions of adjacent end walls. One of these wall trays, identified by
      reference 2, has built in cupboards as indicated at 3 and divans as
      indicated at 6. It is to be emphasized that the nature and arrangement of
      these fittings are open to the wide variation.
PAR  The opposite wall tray, reference 1, contains sanitary equipment as
      indicated at 4, and kitchen equipment at 5. These two wall trays can be
      placed together as shown in FIGS. 27 and 28 to form a rectangular
      container accommodating the fittings in question.
PAR  The floor of the unit consists of three strip-like floor panels 7a
      extending transversely between the side wall trays. Conveniently, to
      provide rigidity, the floor panels have flanges 90 along one or both edges
      as shown in FIG. 24.
PAR  The ceiling of the unit consists of three ceiling trays 8a which bridge the
      ceiling portions of the side wall trays, as shown in FIG. 25.
PAR  The unit is completed by two window or door walls each consisting of three
      panels 10a which may incorporate windows or doors.
PAR  The various components of the unit may be made of any convenient material,
      for example fiber-reinforced plastic, or lightweight concrete.
PAR  The unit is transported from the factory to the erection site, or from one
      site to another, in the form of rectangular containers. One such container
      consists of the wall trays 1 and 2 together with the inbuilt fittings, as
      shown in FIGS. 27 and 28. The panels 10a are also packed inside this
      container for transportation, as shown in FIGS. 27 and 31.
PAR  The ceiling and floor elements are packed together as shown in FIGS. 29 and
      30, with the floor strips being nested inside a shallow rectangular
      container formed by the two larger ceiling trays. To form an assembly of
      overall dimensions corresponding to a standard container, several trays
      may be stacked together as indicated in FIGS. 29 and 30. The central
      ceiling tray is half the width of the two outer ceiling trays so that two
      of the central trays can be stacked side by side, as shown in FIG. 30.
PAR  The major container formed by the wall trays 1 and 2 can also be used to
      transport loose items of furniture and other equipment in addition to the
      inbuilt fittings. For example, the unit shown in FIG. 23 is furnished with
      further divans 6a inside a partition 91 which may also incorporate further
      cupboards, and the unit also has a dining table and chairs at 92 and
      armchairs at 93. It will be understood that the furnishings shown in the
      drawings are given by way of example only. The unit shown may form a
      self-contained chalet, or part of a hotel. However, the same basic unit
      structure may equally well be used, for example in a field hospital, being
      provided, for example, with surgical equipment.
PAR  In an alternative arrangement, one of the ceiling elements, conveniently
      the middle one, is in the form of a panel instead of an inverted tray.
      This ceiling panel bridges the wall trays and is flush with their tops; it
      is, for example, provided with tongues and grooves to locate its ends in
      the upper edges of the wall trays which are provided with corresponding
      tongues and grooves. The rest of the ceiling is formed by two inverted
      trays, preferably one or each side of the ceiling panel with their sides
      resting on the sides of the ceiling panel and their ends resting on the
      wall trays. The main advantage of this arrangement is that in the
      containerized form all of the wall panels and floor panels and the ceiling
      panel can be packed inside a container formed by the two ceiling trays; it
      is not necessary to pack the wall panels in the main container formed by
      the wall trays. The ceiling panel will be wider than the half-width
      central ceiling tray of FIGS. 23 to 31, since it extends underneath the
      sides of the other ceiling trays instead of merely filling the gap between
      them.
PAR  Although the unit described has three floor panels and three ceiling trays,
      similar units may be provided with two floor panels and ceiling trays, or
      any greater number, for use with wall trays of greater length. For
      example, a unit having wall trays twice the length of those shown in FIG.
      23 may conveniently have five ceiling trays of equal width. Similarly, the
      number of panels 10a and the length of the floor panels and ceiling trays
      may be selected to provide desired dimensions of the completed unit.
PAR  Various parts of the structural components of the unit may incorporate
      ducts for services, for example electricity supply and plumbing, as
      indicated at 94 in FIGS. 23 and 25. The flanged floor panels illustrated
      are designed to provide a flush floor in a unit provided with such ducts
      in its floor. If the ducts are not provided, the floor panels can be made
      completely flat.
PAR  The unit described and shown in FIGS. 23 to 31 is of such dimensions that
      the two wall trays together form a container of square cross-section and
      the floor and ceiling components, stacked, if necessary, together with
      similar components of a further unit, constitute a second container or
      stack of square cross-section. It is, however, possible that the wall
      trays may be of sufficient depth to form when placed face to face a
      container of square cross-section, with the square cross-section being
      made up by a ceiling tray (or other component) stacked together with the
      wall trays. For example, a ceiling tray whose width is equal to the height
      of the wall trays, and which may accommodate a floor panel, may be stacked
      between the two wall trays or against the outer face of one of the wall
      trays. The wall trays need not be of equal depth. It is to be understood
      that this method of stacking wall trays with other components to make up a
      square (or any other desired) cross-section is also applicable to the
      smaller units previously described.
PAR  According to a further aspect of the invention, elements of a building,
      other than room units, may also be prefabricated for transportion
      collapsed in container form, so that an entire building can be
      prefabricated and transported to its site, or from one site to another, in
      container form. For example, a staircase hinged at an intermediate point
      may be housed in a container in a folded state, having when unfolded a
      height substantially greater than that of the container. The staircase may
      for example be hinged about an intermediate point, for example at an
      intermediate landing. In one convenient arrangement, such a staircase is
      housed in a container comprising two side wall trays, a lower flight of
      stairs being secured to a floor panel and extending up to an intermediate
      landing at which is hinged an upper flight. When the container is opened,
      the floor panel is placed between the two side wall trays and the upper
      flight is lifted so as to extend above the side wall trays. The two side
      wall trays may constitute a stairwell and may have apertures to permit
      free passage up and down the staircase. The container may further
      incorporate a ceiling tray, packed for example, between the wall trays,
      and provided with an aperture through which the erected staircase can
      pass.
PAR  One convenient arrangement of such a staircase is shown by way of example
      only in FIGS. 32 to 35 of the accompanying drawings.
PAR  In all of these figures the staircase unit is shown in its container form.
PAR  The unit shown also incorporates a hallway.
PAR  The unit has side wall trays 100 and 101 and a ceiling tray 102 with an
      aperture 103 therein. The wall trays and the ceiling tray between them
      together form a container of square cross-section, containing a floor
      panel on which is mounted a lower flight 104 of a staircase, leading up to
      an intermediate landing 105. A continuous hinge at 106 on a top flight of
      stairs 107 secures the latter to the intermediate landing. The top flight
      leads to a top landing 108 integral with the top flight. As is seen best
      in FIG. 32, the top flight is folded down about the hinge 106 so as to be
      accommodated within the container. When the wall trays 100 and 101 are
      separated and the ceiling tray 102 removed, a floor panel, indicated at
      112, is placed between the wall trays and the upper flight 107 is lifted
      about its hinge so that it extends above the wall trays. The ceiling tray
      103 bridges the wall trays and the upper flight extends through the
      aperture 103, so that the top landing 108 can be secured to an upper unit
      or other portion of a building.
PAR  The unit also includes a portion constituting a hallway or lobby at 109.
      This portion, when in container form, contains floor and window trays and
      panels 110 as required to complete the unit when erected. This portion may
      also contain other equipment and fittings, for example drink-vending
      machines 111.
PAR  A handrail may be placed between the flights on a continuous narrow column,
      being folded by means of hinges for transportation. In the erected
      condition, the column and balustrade are bolted to both flights.
PAR  It may be desirable or necessary, when a plurality of rooms are grouped
      together whether horizontally or vertically, to provide a corridor as
      already described or verandah. For this purpose, I may provide corridor
      panels of dimensions corresponding to the components of the units so that
      they can be transported in a common format and attached to the units in
      any convenient manner, e.g. by the lifting blocks.
PAR  Other components and units that may be provided in containerizable form
      include, for example, elevators and elevator shafts, and corridor and/or
      balcony or verandah floor and/ or ceiling panels as already mentioned. It
      is a consequence of international container standards that when such
      containerizable panels are erected there will be a gap all around which
      must be covered. This gap is conveniently used to accommodate drainage and
      other services. To cover the gap in the erected structure, I may provide a
      cover strip which forms a flap during transportation, being e.g. hinged to
      the panel edge. The cover strip is, conveniently, provided with the
      necessary connections or unions for attachment of services for individual
      rooms or locations.
PAR  In one convenient arrangement, I provide an elevator assembly comprising at
      least two transportable containers, preferably also of international
      standard container dimensions, one container comprising elements to
      constitute an elevator well and an overhead machine room, and at least one
      further container comprising elements for constituting an elevator shaft
      and serving for transportation of at least one elevator car.
PAR  Preferably there are two elevator cars with respective shafts. During
      transportation, the container which is to constitute the twin shafts
      contains the two cars placed end to end and also contains shaft wall
      elements; the container itself constitutes the outer side walls of the
      shafts and adjacent front and rear wall portions, with the shafts being
      completed by the wall elements transported in the container. This enables
      twin shafts, of dimensions exceeding standard international container
      dimensions, to be formed from a container of standard dimensions. In such
      a case, the well and machine room will also be transported as a standard
      sized container but expanded on assembly by incorporation of further wall
      elements, to correspond to the twin shafts.
PAR  This aspect of the present invention is illustrated by FIGS. 37 and 38 of
      the accompanying drawings, which respectively show a vertical section of a
      completed elevator assembly, a cross-section through the elevator wells,
      and a corresponding cross-section of the well elements in a transportable
      container arrangement.
PAR  FIG. 36 shows an elevator assembly having twin wells 140 and shafte 141 in
      which run elevator cars 142 driven from the machine room 143 above the
      shafts. The elevator cars themselves and associated hoist and control gear
      can be of any convenient kind. The well height corresponds to
      international standard container lengths and the dimension from front to
      rear is the international standard 8 feet. The total height of the wells
      and machine rooms is the international standard container length, 20 feet.
PAR  The total width is, however, greater than standard container dimensions. To
      permit transportation as a standard container, the well, shaft and machine
      room units are collapsible as shown in FIGS. 37 and 38. Specifically, the
      side walls and portions of the front and rear walls together form a
      container of standard dimensions, as shown in FIG. 38. The remainder of
      the front and rear walls, and the partition between the two shafts and the
      two wells, are formed by detachable elements a, b, and c which are
      transported inside the containers constituted by the side wall elements d,
      front wall portion e and rear wall portion f. The elevator cars are
      transported, end to end, inside the container formed by the wall elements.
PAR  The elements e and f, as can be seen particularly in FIG. 37, also serve to
      house sliding doors g. In the arrangement illustrated, the elements c are
      solid while the elements b form doorways.
PAR  The various elements may be constructed of any convenient material, but I
      have found that glass fiber-reinforced resin on a steel load-bearing frame
      is particularly suitable.
PAR  Elevator runners are permanently fixed in position and the cars are
      cantilevered from the runners.
PAR  Preferably the elements are made with tongue and groove or mortise and
      tenon or other joining means so that they can be readily fitted together
      both for transportation and for assembly at the site. Standard container
      lifting blocks serve for connection to adjacent parts of the building.
PAR  It will be understood that single or multiple shaft elevator assemblies can
      be made transportable as container units in a similar fashion. In
      particular, in the case of the single shaft, the shaft itself can be made
      of standard container dimensions and does not have to be collapsible; the
      associated well and machine room similarly can be made so that together
      they form a container of standard dimensions, again without having to be
      collapsible.
PAR  My structural containers can also be used to house heavy plants and
      equipment, e.g. operating theatre equipment, for a field hospital,
      electrical sub stations or generators and airconditioning equipment. In
      such use, the arrangement of the elements when containerized will, in
      general, be different from that described above.
PAR  In particular, I have found it convenient to mount the plant or equipment
      in question on the floor panel, which is transported, with the plant or
      equipment thereon, inside a container formed by the wall trays.
PAR  One convenient arrangement is shown in containerized form, in cross-section
      in FIG. 39. The plant e.g. a generator 150, is mounted on a floor panel 7
      packed inside one of the wall trays 1, 2; the two wall trays, each 8 feet
      by 3 feet 1/8inch, form a rectangular container which is made up to
      international standard container dimensions by the ceiling tray 8, window
      panel 9 and door panel 10. Spaces 14 are used as previously described to
      provide secure packing of the elements of the unit.
PAR  It may in some circumstances be desirable for the ceiling "tray" of the
      assembled unit to be open at the top, e.g. if the unit accommodates an
      air-conditioning plant. This again involves a different containerized
      arrangement of the elements e.g. as illustrated in FIG. 40. The wall trays
      1, 2 are spaced apart by two side and two end strips 151 which complete
      the 8 feet square-section container, inside which are packed the floor
      panel 7, with or without a plant mounted thereon, which retains the door
      and window panels 9, 10 packed side by side. In the assembled unit, the
      side panels 151 are erected on the upper edges of the wall trays and the
      end panels 151 span the wall tray at the ends of the unit to form an open
      top ceiling tray.
PAR  The provision of corridors has already been described. Corridor panels may
      also be used to form a verandah along the side of the building. The
      assembled room units may also have balconies, bay windows, porches, (at
      ground level) provided e.g. by replacement or modification of the door or
      window panel. By way of example, FIGS. 42 and 43 illustrate a balcony. The
      window panel 10d is slightly narrower and lower than a standard window
      panel and therefore does not entirely fill the gap formed by the wall and
      ceiling trays and floor panel. The latter is extended outwards by a panel
      152. The spaces between panel 10d and the wall trays accommodate balcony
      side panels 153 and the space between the top of panel 10d and ceiling
      tray 8 accommodates a balcony ceiling panel 154; panels 153 have tongue
      and groove edge flanges to mate with panels 152 and 154. A balustrade 155
      completes the balcony. For transportation an arrangement like that of
      FIGS. 6 to 8 is used, with the balcony panels and the door panels being
      packed between the floor panel and ceiling tray. The panel 10d of course
      incorporates a door or french windows or the like; it may be omitted
      altogether, the balustrade being replaced by a window panel, if desired,
      to form a bay window, or by a door panel to form a porch.
PAR  Alternatively balconies, verandahs, canopies etc. may be suspended from the
      room units by tie rods.
PAR  The invention has hitherto been described mainly with reference to wall
      trays arranged horizontally. They can however be arranged vertically, as
      in the case of the elevator already described, to form a multi-story
      building or part of a building.
PAR  Thus, an alternative staircase arrangement, suitable as a fire-escape
      stair, is shown in FIGS. 44 and 45. The elements shown when assembled form
      a two-story stair; when containerized they form a rectangular volume 19
      feet 10 1/2 inches long and 8 .times. 4 feet in cross-section, i.e. half a
      standard container; a standard container volume therefore provides a
      four-story stair. The half container is formed by a wall tray 160 and a
      wall panel 161. The upper and/or lower end of the wall tray may be
      separable, as panel 162, to provide communication between a lower and an
      upper two-story stair stacked one on other. The stair is completed by
      landing panels 163, floor and ceiling panels 164, 165, side wall panels
      166, a balustrade panel 167 and door and window panels 168, 169, and four
      flights 170 of stairs. Panels 164 and 165 are omitted if necessary to give
      communication between stacked two-story stairs. The panels 163 to 169 and
      flights 170 are packed inside the half-size container formed by panel 161
      and tray 160. In a pair of such containers forming a full-size container
      volume, one container will contain all the necessary panels 164, 165 and
      the other will contain the balustrade panels.
PAR  Since international standard containers can be up to 40 feet long, a single
      container can provide wall elements for a building up to 40 feet high.
PAR  Any desired number of the wall elements, identical or different in detail
      and contents, can be placed side by side to form a building of desired
      size.
PAR  This method of construction is particularly convenient for the construction
      of dwellings, for example town houses.
PAR  The building will normally be completed by further elements which may be
      transported separately, or inside containers formed by the wall elements,
      or may be assembled with all elements to form assemblies of standard
      container dimensions.
PAR  Elements of different lengths may be employed to form the building. For
      example, an element 20 feet long will form two stories, and an element 40
      feet long will form four stories.
PAR  For erection purposes, the container elements are placed vertically with
      all necessary built-in elements such as staircase, kitchen, bathroom,
      furniture and fittings. After decontainerization of the floor, window and
      door panels, which are placed within a container transport, a dwelling
      unit is assembled comprising the required number of bedrooms and reception
      areas.
PAR  Dwelling units can be erected in the form of detached/ semi detached,
      terraced (town) houses or maisonettes.
PAR  Flexibility of grouping of dwellings with roof terraces may be limited by
      fastening the dwellings to each other on the module of 8 feet (width of
      the container).
PAR  FIGS. 46 to 48 relate to a three-bedroom town house with two stories. The
      two long side walls of the house consist of eight wall trays of
      rectangular open-box construction, consisting preferably of glass
      reinforced plastic on steel frames.
PAR  These trays are 20 feet long and 8 feet wide, to conform to international
      container dimensions. They are erected on end, side by side, and the open
      side of each faces into the interior of the house.
PAR  The number and arrangement of trays can be selected to provide a house of
      the desired size and internal arrangement. Longer trays can be used to
      provide a taller house.
PAR  In the construction shown, five different kinds of trays are used. A deep
      tray 180 faces an equally deep tray 181 which contains a prefabricated
      staircase. The tray 180 contains a prefabricated kitchen at ground floor
      level, and a prefabricated bathroom at first floor level. All necessary
      service ducts and connections are incorporated in the trays.
PAR  Beside the kitchen/bathroom tray 180 is a deep wall tray 182 which at first
      floor level incorporates further sanitary facilities, for example a shower
      and water closet, prefabricated with their service connections and ducts.
      Facing the tray 182 is a shallow tray 184.
PAR  On the other side of the trays 180 and 181, the side walls of the house are
      completed by four standard trays 183.
PAR  The gap between the trays at the front and rear of the house is filled by
      panels incorporating windows and doors. Floor panels extend horizontally
      on abutments provided in the wall trays, to form the first floor.
PAR  Internally, the house can be arranged in any convenient manner. For
      example, at ground floor level the space defined by the containers 183 can
      form a living area and entrance hall, and the space defined by trays 182
      and 184 can form a dining area. At first floor level, an internal
      partition extending from the front rearwards can divide the space defined
      by the trays 183 into a pair of bedrooms, the space defined by trays 182
      and 184 forming a third bedroom, and sanitary facilities either en suite
      with or separate from the third bedroom. The stairs may be continued up to
      the roof of the house, which can be of any convenient construction.
PAR  During transportation from the factory where they are prefabricated to the
      erection site, the wall trays and other elements of the house are packed
      together to form three containers of international standard dimensions.
      Two containers are arranged as shown in FIG. 47, and the third as shown in
      FIG. 48.
PAR  The container shown in FIG. 47 consists of one of the large trays 180 or
      181, one standard tray 183, and sandwiched between these a window panel
      185. The edges of the trays 180, 181 and 183 and the panel 185 have mating
      tongues and grooves, and the trays have at their corners standard
      container lifting blocks 13; in the assembled house, these lifting blocks
      are interconnected by connector units to hold the trays together. The eyes
      are connected to the steel frames of the trays.
PAR  The space within the trays 180 or 181 is occupied by the staircase or
      kitchen and bathroom fittings. The space between the tray 183 and the
      window panel 185 forms a container in which floor panels 186 are
      transported.
PAR  The third container, shown in FIG. 48, consists of the deep tray 182, the
      shallow tray 184, and two standard trays 18, face to face, the trays again
      being provided with mating tongues and grooves. The space within the trays
      183 contains further floor panels, and window and door panels 187, 188.
PAR  FIGS. 49 to 55 relate to a three bedroom two story dwelling unit which can
      be used alone, or side by side with or above or below similar units. The
      unit illustrated consists of a staircase tray 190 flanked by two equally
      deep trays, of which tray 191 forms a prefabricated kitchen at the lower
      story level and a prefabricated bathroom at the upper level; the tray 192
      may contain prefabricated storage and cupboard space at the lower level
      and bedroom furniture and fittings at the upper level. Facing these trays
      are shallower trays 193. The plan of the unit is completed by two window
      panels 194 and two window and/or door panels 195 internally partitioned
      may be provided as desired. For example, the space between the trays 190
      to 192 and the trays 193 at the lower level may form a living and dining
      area, the corresponding space at the upper level being divided into two
      bedrooms and a landing, the third bedroom being in the space defined by
      the tray 192 and the adjacent panel 195. At the lower level, at least one
      of the panels 195 incorporates a door; at the upper level, these panels
      incorporate windows. The panels 194 incorporate windows at both levels.
      Floor panels 196 extend horizontally between the trays and the panels 194,
      195, which are provided with suitable abutments to receive the floor
      panels.
PAR  It will be seen from FIGS. 50 and 51 that the open-box construction of the
      trays does not extend completely to the top and bottom of the trays (which
      are erected with their length vertical). The top and bottom walls of the
      open-box construction are spaced from the portions that form the side
      walls of the dwelling unit, to provide a space below the lower floor for
      services and a roof terrace at the top thus, a trap 197 may be provided at
      the top of the stairs.
PAR  The trays and panels, for transportation, are packed together to form three
      containers of international standard dimensions, as shown in FIGS. 52 to
      55. Each container consists of one of the deep trays 190, 191, or 192,
      face to face with one of the trays 193; sandwiched between these trays is
      either one panel 194 or the two panels 195. The space within the deep tray
      190, 191 or 192 is occupied by the prefabricated fittings or furniture,
      but the space within the tray 193 constitutes a container in which are
      packed the floor panels. The edges of the trays and the panels 194 195 are
      provided with tongues and grooves which mate, and lifting eyes are
      provided at the corners of the trays, which are preferably of glass
      reinforced plastic construction on a steel frame, as already described.
PAR  While the invention is primarily applicable to living accommodation, it is
      equally applicable to hospitals, offices, and other structures;
      accordingly "room" herein is to mean any enclosed volume of a building.
PAR  It is not essential for the fittings in a wall tray to lie wholly inside
      the tray profile; for example a bath or a partition might project from the
      wall tray, provided that the other part of the container is capable of
      receiving the projecting part, the latter being accordingly nested in the
      other part during transport.
PAR  The present invention has numerous advantages. It allows for "instant"
      building. The only limitation on the number of rooms erected in a given
      period, is governed by transport and site conditions.
PAR  In shipment abroad, the container not only permits elimination of expensive
      packing and possible damage, but reduces the volume of the room unit by
      about 50%, thus reducing shipping costs. Compared with the expense of
      packing individual items, the cost of the container virtually provides the
      structure free of charge.
PAR  The system very considerably reduces site works, and erection does not
      depend upon the weather. Weight of the room units being about 10 tons or
      less permits easy handling and reduces size of foundations.
PAR  The cost of the container and fittings is predetermined, thus permitting
      much more accurate estimating.
PAR  The container system permits detailed planning, and minimum use of skilled
      site labor which is required mainly for connections.
PAR  By using this form of building, the developer or purchaser gets the
      advantage of early utilization of the structure.
PAR  Depending on the number of units required, the purchaser is in a position
      to make his own selection of fittings and decoration to be incorporated in
      the rooms.
PAR  In this last respect, my system is more flexible than those using, e.g.
      pre-molded sanitary fixtures integral with the walls or floor; the
      purchaser can choose his own fixtures.
CLMS
STM  I claim:
NUM  1.
PAR  1. A room unit comprising prefabricated rectangular tray-like wall elements
      forming a closed rectangular container for transportation of furniture of
      the room unit; said furniture being prefabricated in said wall elements;
      generally strip-like prefabricated elements forming together with said
      wall elements at least one room of greater volume than the container, and
      means in said elements for securing said elements together to form said
      container; at least said wall elements being load-bearing structural
      members; wherein at least some of the elements have tongue and groove
      portions arranged and adapted to interfit with corresponding portions of
      other elements to locate the elements during transportation and when
      assembled to form said room.
NUM  2.
PAR  2. In combination a plurality of room units, each comprising prefabricated
      rectangular tray-like wall elements forming a closed rectangular container
      for transportation of furniture of the room unit; said furniture being
      prefabricated in said wall elements; generally strip-like prefabricated
      elements forming together with said wall elements at least one room of
      greater volume than the container, and means in said elements for securing
      said elements together to form said container; at least said wall elements
      being load-bearing structural members assembled and forming a building,
      and at least one prefabricated foundation and services unit comprising a
      channel-section member incorporating service conduits and junction units
      and providing a space for access to the service conduits and junction
      units.
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ABST
PAL  An eave strut clamp assembly for installation of roof insulation material
      in metal building structures to prevent leaking of moisture from the eave
      strut back along the insulation. The assembly comprises an elongated bar
      for fastening the insulation material to the inside surface of an eave
      strut having a cross-sectional C-shape and a plurality of elongated
      flexible clip members for holding the elongated bar in place. The edge of
      the insulation is pulled into the open space of the eave strut, the bar is
      placed against the insulation and the clip is bent to conform to the
      inside surface of the eave strut, the upper edge of the clip being in
      contact with the elongated bar for holding the bar in place, which in turn
      secures the edge of the insulation to the inside surface of the eave
      strut.
PARN
PAC  CROSS REFERENCE
PAR  This application is a continuation-in-part of applicant's copending
      application, Ser. No. 499,445 filed Aug. 22, 1974, and entitled METHOD AND
      CLIP FOR INSTALLATION OF INSULATION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to installation of building insulation
      material and more particularly but not by way of limitation to a method
      and means for clamping the edge of roof insulation material in metal
      buildings to the eave strut in a way to prevent exposure thereof to rain
      and moisture.
PAR  2. Description of the Prior Art.
PAR  In the construction of metal buildings, strip insulation is normally
      provided between the purlins and the roof sheet, the outer ends or edges
      of said insulation being attached to the top of the eave strut.
PAR  The insulation is normally of a type having spun fiberglass material in a
      sheet which is faced on one side with a vinyl foil material glued thereto
      for purposes of providing a vapor barrier.
PAR  Upon construction of metal buildings the insulation is pulled over the
      purlins with the vapor barrier down or facing the interior of the
      building. The ends or edge of the insulation is then attached to the top
      surface of an eave strut. The recommended correct way to attach to the
      eave strut is to fold back the edge of the insulation with vapor barrier
      outside and then using rivets, screws or the like, to attach the folded
      edge to the top of the eave strut. This prevents the fiber portion of the
      insulation from being exposed to the weather between the eave strut and
      the roof sheet.
PAR  However, in practice, it has been found that due to constant time pressure
      for completion of said buildings and the low degree of skilled labor used,
      the edge of the insulation is usually left unfolded and exposed to the
      weather between the eave strut and the roof sheet. During rain, snow or
      wet weather, water or moisture is wicked back along the insulation fiber
      and there accumulates until the insulation starts sagging.
PAR  At this point the user of the building does not know whether there is a
      leak in the roof or wicking has occurred. Often much time and labor is
      expended fruitlessly searching for a roof leak that doesn't exist.
PAR  The present invention is particularly designed and constructed to overcome
      the above disadvantages and prevent moisture accumulation due to wicking
      as hereinbefore described. Since the eave struts in most metal buildings
      have a cross-sectional C-shape with the open face thereof directed
      inwardly, applicant has found that the insulation edge may be inserted
      into this open face of the eave strut below the top surface thereof,
      instead of on the top of the eave strut as hereinbefore set forth.
PAR  In applicant's copending application Ser. No. 499,445, filed Aug. 22, 1974,
      a substantially U-shaped insulation clip comprising an elongated flexible
      metal strip bent at each end was used to clamp the insulation in place
      inside the C-shaped eave strut. The insulation clip was bent into a
      substantially C-shaped configuration and inserted into the eave strut
      below the insulation edge. Upon releasing the clip it would tend to spring
      open thereby firmly clamping the edge of the insulation between the upper
      end of the clip and the inside surface of the eave strut. The roof sheet
      was then installed on top of the eave strut and sealed to prevent moisture
      from entering through the area between the roof sheet and the eave strut.
PAR  This installation served not only to prevent moisture accumulation but
      represented a significant savings in labor due to the ease of installation
      as opposed to installation by the fold back and rivet method hereinbefore
      described.
PAR  Although the clip member method worked satisfactorily, there tended to be
      sags in the insulation between clips which detracted from the overall
      appearance of the job.
PAR  The present invention, however, overcomes this difficulty by providing an
      elongated bar having a cross-sectional Z-shape whereby one side of the bar
      conforms to the shape of the upper lip of the eave strut and where the
      insulation edge may be gripped between the elongated bar and the inside
      surface of the eave strut. The opposite side of the bar is shaped to
      conform to the one end of the insulation clips so that the insulation
      clips may be inserted within the inside surface of the eave strut, thereby
      pressing against the Z-shaped bar for holding the Z-shaped bar in place.
      The bar in turn holds the edge of the insulation firmly against the inside
      surface of the eave strut. This provides uniform support for the
      insulation edge, prevents leaking and is less likely to cause damage to
      the insulation material than the use of clips alone since the clip does
      not come into pressing contact with the insulation material.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other and further advantageous features of the present invention will
      hereinafter more fully appear in connection with a detailed description of
      the drawings, in which:
PAR  FIG. 1 is a prospective view of a roof eave having insulation installed by
      use of elongated bars and clips embodying the present invention.
PAR  FIG. 2 is a detailed prospective view of the elongated bar of FIG. 1.
PAR  FIGS. 3, 4 and 5 are elevational cross-sectional views depicting the steps
      of installing insulation using the elongated bar and associated clips.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, reference character 1 depicts a
      typical metal building roof eave structure. The structure generally
      comprises a plurality of spaced elongated parallel roof purlins, one of
      which is shown and indicated by reference character 10. These roof purlins
      make up the framework for the roof and terminate at the edge with an eave
      strut 12, having a cross-sectional C-shape with the open face thereof
      facing inwardly toward the inside of the building. The eave struts are
      supported by vertically disposed frame members (not shown).
PAR  A plurality of insulation strips or blankets, generally indicated by
      reference character 14, are pulled tightly over these purlins. The
      insulation blankets 14 generally comprise a blanket 16 of spun fiberglass
      which ranges from 1 to 2 inches thick and which is very compressible. The
      lower surface of the fiberglass blanket 16 is provided with a vapor
      barrier 18 which is normally of a vinyl or foil material and is glued to
      the fiberglass 16 by a suitable adhesive.
PAR  A roof sheet 20 which is normally constructed of corrugated metal material
      is then laid over the fiberglass blanket and attached to the purlins 10 by
      means of screws or rivets (not shown). The outer edges of the corrugated
      sheets 20 are secured to the top surface of the eave strut 12. Normally,
      to close the space between the edge of the roof sheet 20 and the upper
      surface of the eave strut 12, a rubber or plastic molding 22 is placed
      between the said eave strut 12 and the roof sheet 20, the said molding 22
      having an upper surface which conforms to the shape of the corrugation of
      the roof sheet 20.
PAR  As hereinbefore set forth, the prior art method of securing the edge of the
      insulation 14 at the eave strut 12 is to fold back the edge of the
      insulation 14 with the vapor barrier 18 on the outside of the fold and
      rivet same to the top of the eave strut.
PAR  However, as hereinbefore set forth, it has been found to be common practice
      due to the constant pressure of time to complete the structure and the use
      of relatively unskilled labor in assembling these metal buildings, that
      the edge of the insulation is often pulled tightly against the upper
      surface of the eave strut and left unfolded. The roof sheet 20 and
      associated rubber molding 22 is then installed with the outer edge of the
      insulation or fiberglass material 16 being exposed to the outer surface of
      the building. This improper insulation is often missed during inspection
      of the building due to guttering (not shown) which is usually added along
      the eave strut of the building after completion of the roof insulation.
PAR  Often after this improper installation and many times after the building
      has been occupied and is in use, the edge of the building is subject to
      prolonged exposure to moisture during the rainy seasons or due to snow and
      ice melting on top of the building thereby causing wicking of this
      moisture back along the fiberglass material. This in turn causes a great
      amount of moisture accumulation in the fiberglass material 16 itself. This
      accumulation of moisture is prevented from drying inside the building due
      to the vapor barrier 18 on the inside surface thereof. Therefore, the
      moisture has no place to go and continues to accumulate. After much
      accumulation the insulation starts to sag, thereby indicating to the user
      of the building that there is a roof leak. It is often the case that many
      labor man hours are used in searching for a roof leak that doesn't exist
      before it is discovered that wicking action has taken place due to
      improper installation of the insulation material.
PAR  The present invention as shown in FIGS. 1 through 5 depicts a method and
      means for pulling the edge of the insulation over the top surfaces of the
      purlins and into and through the open face of the eave strut 12. The
      insulation is then clipped to the upper lip and inside surface of the eave
      strut 12 by means of a plurality of elongated bars having cross-sectional
      Z-shapes, one of which is shown at FIG. 2 and indicated by reference
      character 24. The Z-bars 24 are held in place by a plurality of clip
      members indicated by reference character 26. Referring now to FIGS. 3, 4
      and 5, the C-shaped eave strut member generally indicated by reference
      character 12 normally has a vertical panel 28, a top panel 30, secured
      along the upper edge of the panel 28 and extending inwardly terminating in
      a downwardly extending lip member 32. The bottom edge of the vertical
      panel 28 is provided with an inwardly extending bottom panel 34 secured
      thereto and terminating in an upwardly extending lip member 36 thereby
      forming a substantially cross-section C-shape with the open face thereof
      directed inwardly toward the interior of the building.
PAR  The Z-bar 24 comprises three panels arranged in a cross-sectional Z-shape
      which provides a groove on one side which will be designated by reference
      character 24A for receiving the upper lip 32 of the eave strut 28 therein
      and which is capable of sandwiching the edge of the insulation material 14
      between the bar 24 and the inside surface of the eave strut. The panels of
      the Z-bar 24 also provide a groove in the opposite side designated by
      reference character 24B for receiving the upper end of the clip 26 therein
      as will be hereinafter set forth.
PAR  The clip member 26 generally comprises an elongated flexible metal strip
      26A having end pieces 26B and 26C which form a substantially U-shaped
      member as shown in FIG. 3. Normally the strips are 1 to 2 inches wide by
      10 to 12 inches long according to the cross-sectional size of the eave
      strut. The clip member 26 may be constructed of any suitable flexible
      metal such as steel or aluminum or could conceivably be constructed of a
      plastic composition so long as the clip member may be deformed and after
      having been deformed will tend to spring back to its original shape.
PAR  Installation of the insulation material 14 is accomplished by stretching
      said insulation material over the purlin 10 as shown in FIG. 1 with the
      outer edge of the insulation material being pulled tightly into the open
      face of the eave strut 12. The Z-bar member 24 is then positioned under
      the lip 32 of the eave strut and forced upwardly as shown in FIG. 3,
      thereby sandwiching the insulation material 14 between the eave strut lip
      32 and Z-bar groove 24A. The Z-bar 24 is then clipped into place by a
      plurality of clip members 26. Each clip member 26 is installed by placing
      the end portion 26C against the juncture between the panels 28 and 34 of
      the eave strut 12 as shown in FIG. 3.
PAR  Pressure is then applied to the center portion 26A of the clip thereby
      forcing said clip back into the inside surface of the eave strut as shown
      in FIG. 4. This is accomplished by deforming or bending the clip member 26
      in order for the upper end 26B to pass under the lip 32 of the eave strut
      12. It is apparent that the end member 26C will be brought to rest against
      the bottom member 34 of the eave strut while the lower portion of the
      strip member 26A will rest directly against the inside surface of the
      vertical member 28 of the eave strut 12.
PAR  After the upper end of the clip member 26 is forced past the lip member 32
      of the eave strut, it will tend to straighten out against the groove 24B
      of the Z-bar. Thus the upper end of the clip member is forced against the
      Z-bar 24 thereby firmly clamping the edge portion of the insulation
      between the Z-bar 24 and the inside surface of the eave strut 12.
PAR  It is readily apparent that the clip member 26 should be of sufficient
      length to lock the Z-bar in place as shown in FIG. 5. A plurality of clip
      members 26 are then spaced along the eave strut thereby holding the Z-bar
      segments in place against the edge of the insulation material.
PAR  The roof sheet 20 and associated molding 22 may be then installed in a
      normal manner which will tend to prevent moisture or rain from blowing
      back between the roof sheet 20 and the eave strut 12 into the area of
      insulation 14.
PAR  From the foregoing it is apparent that the present invention provides a
      novel method and means for securing the edges of insulation material
      building construction to prevent exposure of the edge thereof to the
      weather and hence prevent wicking of moisture back through the insulation
      material.
PAR  Whereas, the present invention has been described in particular relation to
      the drawings attached hereto, it is obvious that other and further
      modifications, apart from those shown or suggested herein, may be made
      within the spirit and scope of this invention. For example, the drawings
      depicted herein indicate a flat roof structure whereas this installation
      technique and means may be used with sloping roof structure or with eave
      struts having modified cross-sectional configurations.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In combination with a metal structure roof having an eave strut along
      the edge thereof, said eave strut having a substantially cross-sectional
      C-shape, the open face thereof directed inwardly, and having insulation on
      the inside surface of the roof, the edge of the insulation terminating at
      the eave strut; an elongated bar disposed against the edge of the
      insulation for securing the insulation to the inside surface of the eave
      strut, and a deformable clamp means disposed against the inside surface of
      the eave strut in contact with the elongated bar for securing the
      elongated bar in place.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein the deformable clamp means
      comprises an elongated strip of flexible material which is capable of
      being deformed to conform to the inside surface of the eave strut, with
      said material having a tendency to return to its original shape after
      deformation thereof, one end of each elongated strip being disposed
      against the elongated bar.
NUM  3.
PAR  3. A device as set forth in claim 2 wherein the elongated strip is provided
      with flange members at each end thereof to form a substantially
      cross-sectional U-shape, the clamp means being capable of being deformed
      into a substantially C-shape to conform to the inside surface of the eave
      strut and wherein the elongated bar has a substantially cross-sectional
      Z-shape thereby providing a first groove for receiving the upper edge of
      the C-shaped eave strut therein and an oppositely disposed second groove
      for receiving one end of the clamp means therein.
NUM  4.
PAR  4. A method of installing insulation on the inside surface of a metal roof
      structure having an eave strut along the edge thereof and a roof sheet
      covering the structure, said eave strut having a substantially
      cross-sectional C-shape, the open face thereof directed inwardly, said
      roof sheet having the edge thereof attached to the top of the eave strut,
      comprising the steps of:
PA1  a. attaching insulation material to the inside surface of the roof sheet;
PA1  b. pulling the edge of the insulation into the open face of the eave strut;
PA1  c. holding the edge of the insulation against the inside surface of the
      eave strut by means of an elongated bar; and
PA1  d. clamping the bar into place thereby sandwiching the edge of the
      insulation material between the bar and the inside surface of the eave
      strut.
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ABST
PAL  A large rigid plastic bubble or pod is provided for removable and tilting
      attachment to a frame on which a motorcycle, bicycle, snowmobile or other
      small vehicle is positioned, the frame being removably anchored to a
      curbstone of a suitable parking space adjacent an apartment house or
      building, to provide a temporary garage and to protect the vehicle from
      the elements, pilfering or theft.
BSUM
PAR  The automobile is a self contained vehicle that can be closed and locked to
      exclude the elements, thieves or vandals. It can thus be parked where
      convenient for long periods of time in adverse environment or conditions
      without much fear of damage from the elements or vandalism.
PAR  Smaller vehicles such as motorcycles, bicycles or snow mobiles however, are
      very vulnerable to the weather, thievery or pilfering. Even though
      padlocked they may be readily lifted into a truck and easily hauled away.
PAR  This invention provides a means whereby these smaller vehicles may be
      protected from human and environmental hazards, and parked in conventional
      parking space assigned to the owner of the vehicle adjacent apartment
      buildings or the like.
DRWD
PAR  Referring now to the accompanying drawings wherein like reference
      characters indicate like parts.
PAR  FIG. 1 is a perspective view of a motorcycle within the device comprising
      the invention.
PAR  FIG. 2 is a perspective view of the device with the cover elevated in the
      process of being hingedly connected to the base of the device.
PAR  FIG. 3 is a perspective view of the forward portion of the base frame
      structure showing a method of securing the frame to a permanently fixed
      curbstone defining the limit of a parking space in a parking lot, adjacent
      an apartment building or the like.
PAR  FIG. 4 is an enlarged front view of the locking strap of a hinge for
      securing the cover to the base frame.
PAR  FIG. 5 is a side elevation of FIG. 1, partly broken away.
PAR  FIG. 6 is a top plan view of the frame structure on which the vehicle is
      placed before the plastic bubble or cover is placed thereon.
PAR  FIG. 7 is a front end view of FIG. 6, showing the cover thereon, but partly
      broken away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, the rigid plastic cover or pod is
      indicated at 10, and which is formed of suitable reinforced plastic,
      colored or not to suit. The cover has a rectangular base which is
      approximately 8 feet long, 3 feet wide and about 50 inches high. This is
      amply sufficient to cover and house most any motocycle or snow mobile now
      on the market.
PAR  To support the vehicle, there is provided a base frame as shown in FIGS. 2,
      6 and 7, comprised of light gauge angle iron side bars 11--11, and end
      bars 12--12, mitered and welded together at the corners. This frame is
      provided with a pair of sleeves 13--13 at what will be termed the forward
      end of the frame. This frame is sized to coincide with the base of the
      cover, being designed to receive the cover whether a vehicle is on the
      frame or not. A 6 inch wide light gauge channel iron 14 is secured at the
      ends to the end channels 11--11 centrally thereof. Midway between the ends
      of the channel 11 is secured a rectangular plate 15 which serves as a drip
      pan. Channel 14 is a wheel guide for the wheels of the motorcycle and the
      plate 15 also functions as a base for a kick stand, supporting the vehicle
      in upright position as customary.
PAR  Sleeves 13, as best shown in FIG. 3, each comprise a short piece of pipe
      just long enough to span the side angles 11. Sleeves 13 are supported on a
      pair of bars 16 secured to the flat rectangular plate 17, installed under
      the ends of the side angle bars 11 and center channel 14 of the frame. The
      bars 16 support the sleeves so as to straddle the side angles. The sleeves
      act as bearings for one end 18 of a crank arm.
PAR  At the forward side margins of the cover, reinforcing plates 23--23 are
      provided each having axially aligned openings 24--24 through which the
      other ends 19 of the crank arm project when the cover is applied to the
      frame thereby providing pivot means whereby the cover may be tipped up on
      the axes of the sleeves 13--13 for removal or parking of the vehicle from
      or on the frame.
PAR  At the other end of the frame is another rectangular plate 20 which also
      extends under the side angles 11 and center channel 14, similar to the
      plate 17. Plate 20 is near the other end of the frame, and at each end
      margin of said plate 20 is an alignment pin 21 which extends upwardly
      normal to the plate 20, outside of the angles 11--11.
PAR  A reinforcing angle plate 22 is applied across the lower margin of the rear
      end of the closure 10 and the horizontal flange at the corners of which
      extend over the pins 21. A hole 28 is provided in the plate 22 located so
      that when the cover 10 is properly applied thereto said holes will line up
      with the pins 21 and properly locate the cover on the frame.
PAR  The angle plate 22 has a central upward extension 25 to which is applied
      the staple portion 26 of a hasp. The strap portion 27 of the hasp is
      mounted on the rear end of the central channel 14 so that the hinged axis
      of the hasp is approximately coincident with the end of the central
      channel 14.
PAR  Thus when the cover is on the frame the strap 27 may be raised over the
      staple 26 and a padlock applied to the staple to hold the cover secure to
      the frame.
PAR  In most parking lots adjacent apartment buildings, parking spaces for the
      tenants of the building are marked off for each tenant. These parking
      spaces are usually provided with a curbstone, such as indicated at 30,
      located at the end of a parking space to provide a stop for the auto
      vehicle being parked there.
PAR  To prevent theft of the cover or pod and frame, a locking system is
      provided as shown in FIG. 3. The curbstones are provided with a pair of
      grooves or channels 32 in the bottom surface thereof. A bar or rod 31 is
      provided to extend through the grooves 32 and also through openings 33 in
      the vertical flange of the end channels 12 of the frame. At the ends of
      each bar 31 is provided an upstanding bar 34. Bars 35 are provided to
      extend over the curbstone as shown in FIG. 3 and they are each provided
      with a slot at the end thereof to fit over the upstanding bars 34, after
      which a stub bolt 36 is placed through a hole in the bars 34 to hold the
      bars 35--35 securely in place. The other ends of the rods 31 are also
      provided with upstanding bars 36--36, the upper ends of which are provided
      with axially aligned openings in which is applied a rod 37 extending
      therethrough. A nut 38 is applied to one end of the rod 37 and the staple
      of a padlock 39 extends through a hole provided therefore in the other end
      of the rod. Since the bars 31 also extend through the openings 33 in the
      vertical flange of the end angles 12 of the frame, the frame is thus
      securely held to the curbstone.
PAR  To raise the cover or pod 10 up on pivot axis 13, the podlock on staple 26
      is removed, the strap 27 of hasp is removed from the staple portion of the
      hasp, when the rear end of the closure may be raised upwardly, and the
      bracing rod 40 raised to support the cover in an inclined position while
      the vehicle is removed, or placed therein. The bracing rod 40 is bent at a
      right angle for short distance and is placed through an opening provided
      therefore in the side angle 11 as shown in FIG. 6. A cotter pin is applied
      through the end of the bent portion to retain it in place.
CLMS
STM  I claim:
NUM  1.
PAR  1. A housing structure for motorcycles, snowmobiles or the like comrising
      in combination a rectangular base frame, a central channel, extending from
      end-to-end of said frame forming a wheel guide for a motorcycle or the
      like, a rectangular plate secured under said central channel providing a
      drip pan or base for a kickstand for a motorcycle or the like, a rigid
      plastic cover of a size to cover a vehicle on said frame, means, pivotally
      mounting one end of said cover to said frame, means locking the other end
      of said cover to said frame, means, comprising arms shaped and adapted to
      extend over and under a horizontally disposed curbstone or the like, and
      adapted to be removably secured thereto.
NUM  2.
PAR  2. The structure of claim 1, said locking means comprising one part of a
      hasp secured to said other end of said cover, the other part of said hasp
      secured to said other end of said central channel in registry with said
      one part of said hasp.
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ABST
PAL  Panel constructions which can be assembled into building structures of
      various sizes, shapes, and types; systems for attaching the panels to each
      other; and building structures of panel-type construction.
BSUM
PAR  This invention relates in one aspect to novel, improved, self-supporting
      building structures which can be readily constructed at modest cost and in
      various shapes and sizes from small assortments of relatively simple,
      standardized, panel-type components.
PAR  In another aspect our invention relates to novel, improved panels from
      which building structures as described in the preceding paragraph can be
      fabricated and to novel, improved systems for fastening the panels
      together and for sealing the joints therebetween.
PAR  Our novel building structures are made up primarily of novel edge-abutted,
      triangular panels which can be produced with accurate dimensions at
      relatively low cost although they may include panels of other polygonal
      configurations as well as components made by other techniques including
      those of conventional nature.
PAR  The three-sided panels making up our novel building structures may, in
      plan, have the shape of isosceles, equilateral, and right triangles. Such
      panels will hereinafter be respectively referred to as isosceles triangle
      panels, equilateral triangle panels, and right triangle panels.
PAR  Also, we will on occasion refer to dimensionally alike panels. By this we
      mean panels which have edges or sides of the same length and the same
      angles between corresponding edges. 31,
PAR  The use of triangular and other polygonal panels as building components is
      in itself a known concept as shown by U.S. Pat. Nos. 2,440,449 issued Apr,
      27, 1948; 2,682,235 issued June 29, 1954; 2,711,181 issued June 21, 1955;
      2,918,992 issued Dec. 29, 1959; 3,061,997 issued Nov. 6, 1962; 3,094,708
      issued June 25, 1963; 3,114,176 issued Dec. 17, 1963; 3,137,371 issued
      June 16, 1964; 3,192,669 issued July 6, 1965; 3,203,144 issued Aug. 31,
      1965; 3,344,565 issued Oct. 3, 1967; 3,359,694 issued Dec. 26, 1967;
      3,530,621 issued Sept. 29, 1970; 3,557,501 issued Jan. 26, 1971; and
      3,640,034 issued Feb. 8, 1972.
PAR  Our novel building structures, however, are different from and have a
      number of important advantages over those heretofore proposed.
PAR  One is that they can be fabricated from fewer types of panels than have
      previously been required in many cases. A related advantage is that,
      although only a limited variety of panels is employed, they are so
      designed that they can be assembled into structures of different sizes and
      shapes and even into self-supporting structures useful as or in roofs for
      building structures constructed by other techniques.
PAR  Another advantage of our invention is that we can provide building
      structures which are rectangular in plan. This is unusual in panel-type
      construction and important; it simplifies the construction of foundations,
      increases compatibility with conventional wall structures, and makes the
      most efficient use of the area occupied by the structure.
PAR  Another advantage of our novel building structures is that they can be
      erected with a minimum of labor. Also, erection is sufficiently simple
      that expertise is not required.
PAR  In addition, individual panels can be readily removed from the structures
      into which they are assembled. This is important from the maintenance
      point-of-view.
PAR  Furthermore, our novel panel construction readily lends itself to partial
      pre-fabrication. In many applications erection costs can be reduced by
      assembling at least part of the panels into sections before they reach the
      erection site.
PAR  In addition our novel building structures can in most cases be made to
      withstand whatever snow and wind loads may be required simply by minor
      modifications in the dimensions of the panels from which they are
      fabricated. The importance of this feature is self-evident.
PAR  Also, the problems of introducing service facilities into our novel
      building structures are minimal because this can be done at virtually any
      joint. A related advantage is that certain of our novel panels have frames
      with passages suitable for housing electrical, plumbing, and other
      services.
PAR  This type of panel consists of a main member of relatively large area. This
      member is surrounded by a frame composed of two members with the main
      panel member and a compressible seal confined therebetween. The frame
      members are of readily extrudable configurations and also of
      configurations which permit one member to be displaced with respect to the
      other to adjust the clamping force on the main panel member and the
      compressible seal. Both of these features are important, the first from
      the cost point-of-view and the second because it permits an effective seal
      between the main panel member and the frame to be easily achieved.
PAR  Another advantage of the novel frame members just described is that they
      can readily be provided with integral ancillary components such as gutters
      for collecting and draining off condensate, for example.
PAR  Another advantage of these novel panels is that the frames are torsionally
      rigid unlike many previously employed panels which are free to rack or
      twist. Torsional rigidity permits the main panel member to be made of
      relatively fragile and brittle materials such as glass and acrylic
      plastics. This is important in applications where a panel capable of
      transmitting light is wanted.
PAR  As mentioned above, the panels we employ are typically of triangular
      configuration. The frames are made in three sections, and the ends of the
      sections are mitered at the corners of the panel. An important advantage
      of this arrangement is that the frame sections can be secured together by
      simple, flanged, triangular, sheet metal clips, a technique which is both
      effective and inexpensive.
PAR  Panels of the character just described can be secured to adjacent panels in
      the edge abutted relationship we employ by bolting together the frame
      members of adjacent panels. This erection technique is both simple and
      inexpensive.
PAR  A related and novel feature of our invention is the provision of wedges
      which can be inserted between adjacent frame members to span the gap
      therebetween which will exist at certain of the dihedral angles at which
      adjoining panels may meet. This makes the joint rigid which is of obvious
      importance.
PAR  Those frame members which are intended to be assembled to those of
      adjoining panels preferably have a V-like face configuration which
      accommodates variations in dihedral angle. Facing recesses near the apices
      of the V-shaped faces support compressible seals which span the two frame
      members and seal the gap therebetween. Location of the seals as just
      described is important because it makes the effectiveness of the seal
      independent of the dihedral angle between the panels.
PAR  At those locations where corners or apices of the panels meet, an effective
      seal can be provided by securing a washer-like seal in place with a
      self-tapping fastener. Again, the technique is simple and effective.
PAR  Another novel type of panel embodying the principles of the present
      invention consists of a main member with a flexible seal extending
      continuously around its periphery. These panels have the advantages of
      maximum simplicity and low cost.
PAR  Panels of this type are fixed in edge abutting relationship with the seals
      of adjoining panels closing the gap therebetween by connectors at the
      locations where the corners of the panels meet, which also seal any gaps
      existing at such locations, and tension members extending between adjacent
      pairs of connectors. Virtues of this system are simplicity and ease of
      erection. Also because there are no metal frame members and because the
      main panel members will tend to be somewhat thicker, this construction
      will often have a greater heat insulating effect than other types of
      structures.
PAR  We prefer, in employing this type of construction, to make the connection
      between one (or both) ends of each tension member and the associated
      connector through a constant force spring device. This is a simple and
      effective technique for accommodating the thermal expansion and
      contraction which occurs as the ambient temperature changes. Also, the use
      of a constant force spring device reduces erection costs by making it
      possible to easily provide the wanted stress in the tension members.
PAR  Techniques for assembling panels in edge abutting relationship have of
      course been proposed and are shown, for example, in U.S. Pat. Nos.
      1,970,404 issued Aug. 14, 1934; 2,085,281 issued June 29, 1937; 2,278,956
      issued Apr. 7, 1942; 2,343,764 issued Mar. 7, 1944; 2,668,509 issued Feb.
      9, 1954; 2,881,717 issued Apr. 14, 1959; 3,014,558 issued Dec. 26, 1961;
      3,090,162 issued May 21, 1963; 3,139,958 issued July 7, 1964; 3,206,895
      issued Sept. 21, 1965; 3,550,335 issued Dec. 29, 1970; and 3,660,952
      issued May 9, 1972; in Canadian Pat. No. 670,583 issued Sept. 17, 1963;
      and in British Pat. Specification No. 1,002,301 published Aug. 25, 1965.
      Clips for securing frame members together have heretofore been proposed as
      shown by U.S. Pat. No. 547,585 issued Oct. 8, 1895. Nevertheless, none of
      the above-listed patents nor any others of which we are aware disclose
      panel constructions or assembly techniques therefore having the advantages
      of those we employ as discussed above.
PAR  The applications of our invention are virtually limitless. Building
      structures fabricated in accord with its principles can be employed to
      enclose swimming pools, tennis courts, and other areas, for storage, and
      for many other purposes. The structures can be so constructed as to
      completely enclose the covered area or to be partly open; and access to
      the interior of the structure can easily be provided.
PAR  From the foregoing it will be apparent to the reader that one important and
      primary object of our invention resides in the provision of novel,
      improved, self-supporting building structures which can be employed alone
      or in conjunction with structures of different character to completely or
      partially enclose selected objects and/or areas.
PAR  Other important but more specific objects of the invention reside in the
      provision of self-supporting building structures in accord with the
      preceding object:
PAR  1. which can be assembled from a limited number of standardized components;
PAR  2. which are rectangular in plan;
PAR  3. which can be erected with a minimum of labor and without the exercise of
      special skills;
PAR  4. which can be made to withstand such wind and snow loads as may be
      necessary with a minimum of design change;
PAR  5. which facilitate the provision of electrical, telephone, plumbing, and
      other service facilities;
PAR  6. which can be provided at costs significantly lower than those of
      comparable structures of conventional construction;
PAR  7. with individual panels which can be readily removed when necessary for
      repair or maintenance.
PAR  A second important and primary object of the present invention resides in
      the provision of novel, improved panel constructions from which building
      structures can be erected.
PAR  Related and important but more specific objects of our invention reside in
      providing panel constructions in accord with the preceding object:
PAR  9. which are capable of being mass produced to accurate dimensions;
PAR  10. which can be assembled into sections prior to erection of the building
      in which they are incorporated to thereby expedite the on-site erection
      process;
PAR  11. which are simple;
PAR  12. which can be produced at a relatively low cost;
PAR  13. which, in conjunction with the preceding object, employ frame members
      of readily extrudable configurations;
PAR  14. which, in conjunction with object 12, consist of a main member and a
      compressible peripheral seal;
PAR  15. which can be easily assembled;
PAR  16. which have a highly effective seal between a main member and a frame
      extending around and supporting the main member;
PAR  17. which have a torsionally rigid peripheral frame construction,
      permitting the main member of the panel to be made from a relatively
      fragile and/or brittle material;
PAR  18. which have integral gutters for carrying condensed moisture away;
PAR  19. which have a main member surrounded by plural frame sections and simple
      frictional retainers for securing the frame sections together.
PAR  Yet another important and primary object of the present invention resides
      in the provision of novel, improved systems for securing panel
      constructions together in edge abutting relationship to form a variety of
      building structures.
PAR  Related important but more specifc objects of the invention include systems
      in accord with the preceding object:
PAR  20. which permit adjoining panels to be secured together in a manner which
      will result in a solid joint therebetween independently of the angle of
      dihedral between the panels;
PAR  21. which permit adjoining panels to simply be bolted together;
PAR  22. which afford effective sealing between the abutted edges of adjoining
      panels and at those locations where the corners of panels meet;
PAR  23. which effectively accommodate thermal expansion and contraction of the
      assembled panels.
PAR  24. which, in conjunction with the preceding object, include connectors
      clamping the panels together at locations where their corners meet,
      tension members extending between adjacent connectors, and constant force
      spring devices for keeping the tension in said members constant as the
      panels expand and contract.
DRWD
PAR  Other important objects and features and additional advantages of our
      invention will become apparent from the appended claims and as the ensuing
      detailed description and discussion proceeds in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 is a side elevation of one space enclosing structure embodying and
      constructed in accord with the principles of the present invention;
PAR  FIG. 2 is an end elevation of the structure of FIG. 1;
PAR  FIG. 3 is a plan view of the structure.
PAR  FIG. 4 is a view similar to FIG. 1 of a structure resembling that shown in
      the latter Figure but having an open side;
PAR  FIG. 5 is a view similar to FIG. 3 of a structure resembling that shown in
      FIG. 3 but lengthened by the use of tensioned members in accord with the
      principles of the present invention to embrace a larger area;
PAR  FIG. 6 is a partial section through two adjoining panels embodying the
      principles of our invention; it shows how the panels are constructed and
      assembled;
PAR  FIG. 7 is a partial plan view of a panel as shown in FIG. 6;
PAR  FIG. 8 is a view similar to FIG. 6 showing the novel technique we employ
      for accommodating variations in dihedral angle between adjoining panels;
PAR  FIG. 9 is a side elevation of another form of space enclosing structure in
      accord with the principles of the present invention;
PAR  FIG. 10 is an end elevation of the structure shown in FIG. 9;
PAR  FIG. 11 is a plan view of the structure shown in FIGS. 9 and 10;
PAR  FIGS. 12, 13, and 14 are views similar to FIGS. 7, 8, and 9, respectively,
      of a further embodiment of space enclosing structure constructed in accord
      with the principles of the present invention;
PAR  FIGS. 15-19 are pictorial views of still further embodiments of our
      invention;
PAR  FIG. 20 is a partially schematic view of a second form of panel embodying
      the principles of the present invention and of the novel system we employ
      for assembling such panels;
PAR  FIG. 21 is a section through the panel of FIG. 20 taken substantially along
      line 21--21 of FIG. 20; and
PAR  FIG. 22 is a partial section through two adjoining panels of the type
      illustrated in FIG. 20; it also shows additional details of the technique
      we employ for assembling the panels.
DETD
PAR  Referring now to the drawing, FIGS. 1-3 depict schematically a
      self-supporting space enclosing structure 40 constructed in accord with
      and embodying the principles of the present invention. Structure 40 has
      trapezoidal side and end walls 42 and 44 which meet at right angles at
      their lower edges (see FIG. 3), isosceles triangle corner panels 46 which
      span the gaps between the side walls 42 and end walls 44 at the four
      corners 47 of structure 40, and a cover or roof structure 48 which is
      vertically superimposed upon and supported by side and end walls 42 and
      44.
PAR  Each of the two side walls 42 is made up of dimensionally alike equilateral
      triangle panels 50 disposed in edge abutted relationship with alternate
      panels inverted so that the side walls have continuous upper and lower
      edges. The two end walls 44 are made up of similarly arranged equilateral
      triangle panels 52 which are dimensionally like those in side walls 42.
PAR  Isosceles triangle panels 46 span the gap between and are disposed in edge
      abutting relationshp with a side edge 54 of a panel 50 in a side wall 42
      and the apposite side edge 56 of a panel 52 in an end wall 44.
PAR  These panels have a side edge length equal to that of the panels 50 and 52.
PAR  It is important, in constructing a structure as shown in FIGS. 1-3, that
      the corner triangles 46 have a base edge to side edge length ratio (b/1 in
      FIG. 3) which is between 0.40 and 0.50. This ratio will preferably be
      around 0.48 although it will vary depending upon the degree of inclination
      wanted in side and end walls 42 and 44, for example.
PAR  If the maximum ratio of 0.50 is exceeded, the roof becomes so flat as to be
      overstressed; and, beyond ratios of 0.52, the panels cannot be assembled.
      The lower of the specified values is that which has been found necessary
      to enclose maximum areas without imposing unreasonable stresses on the
      components of the structures.
PAR  That the side and end walls meet at exactly right angles is an important
      attribute of structure 40. Rectangular foundations can in general be more
      easily and therefore less expensively constructed than those of other
      shapes. Also, the rectangular plan typically makes it easier to support
      structures of the type identified by reference character 40 from and
      otherwise associate them with existing structures.
PAR  The roof or cover 48 of building 40 is made up of equilateral triangle
      panels 64 which are dimensionally like the panels 50 and 52 in side and
      end walls 42 and 44 and isosceles triangle panels 66 at the four corners
      of the cover. One equilateral triangle panel 64 is located at each end of
      the cover, and the remaining panels 64 are arranged in two trapezoidal
      side walls 68 which meet at a dihedral angle along a rectilinear ridge 70.
      The base edges 72 of corner panels 66 are equal in length to and edge
      abutted with the base edges 74 of lower corner panels 46. The side edges
      76 of panels 66 are equal in length to and butted with side edges 78 of
      equilateral triangle roof panels 64.
PAR  The base edges of the equilateral triangle panels 64 at the ends of cover
      48 and the lower edges of alternate panels in the cover side walls 68 are
      edge abutted with base edges 80 of side and end wall equilateral triangle
      panels 50 and 52 as shown in FIGS. 2 and 3. This, together with the
      similar arrangement of corner panels 46 and 66, results in cover 48 being
      continuously supported from the side and end walls around its periphery
      and in there being a continuous joint or seam between the panels around
      the periphery of building structure 40.
PAR  It will be apparent from the foregoing that building 40 includes panels of
      only two different shapes -- panels 50, 52, and 64 are all one shape; and
      lower and upper corner panels 46 and 66 a second. This exemplifies a
      common and important advantage of our novel building structures -- they
      can be fabricated from a very small number of dimensionally different
      panels.
PAR  It will also be apparent to those skilled in the relevant arts that cover
      48 is by itself a self-supporting structure. This is important in that the
      cover can as a consequence be used independently of the illustrated side
      and end wall structure.
PAR  One building structure of the type shown in FIGS. 1-3 is erected from 20
      equilateral triangle panels having an edge length of 10.50 feet and eight
      isosceles triangle panels of the same side edge length and a base edge
      length of 5.02 feet. The structure is 31.74 feet long and 21.24 feet wide.
      It has a minimum headroom of 8.91 feet and an overall height of 11.65
      feet.
PAR  Cover 48 is capable of withstanding dead loads of 3.0 psf and snow and
      other live loads of 20.0 psf; and the structure can withstand positive and
      negative wind loads of 20.0 and 9.0 psf, respectively, measured on
      surfaces parallel to the wind direction.
PAR  As shown, building 40 is a completely closed structure. It will be apparent
      to those to whom this is directed, however, that access to the interior of
      the structure will normally be provided and that this can be easily done.
      For example, an access opening can be provided within the confines of any
      of the triangular panels in side and end walls 42 and 44.
PAR  Another technique for furnishing access to the interior of a building of
      the type shown in FIGS. 1-3 is shown in FIG. 4.
PAR  The building structure 90 shown in this figure differs from that identified
      by reference character 40 in that one of the two end walls 92 of the
      structure is composed of two right angle panels 94 at opposite sides of
      the structure. These panels have spaced apart vertical edges 96 outlining
      an opening 98 to the interior of the structure. The inclined side edges
      100 of panels 94 are abutted with the triangular corner panels 46 at the
      end of structure 90 where opening 98 is located. Thus constructed, the
      structure remains self-supporting and possessed of all of the attributes
      discussed above except that three rather than two types of panels are
      required for its fabrication.
PAR  Various modifications may of course be made in structure 90. The
      illustrated arrangement may be employed to associate this structure with a
      second building structure, for example; and the access opening can be
      provided in a side rather than end wall of the structure, if desired.
PAR  As indicated above, the building structure 40 depicted in FIGS. 1-3 is
      self-supporting in the form in which it is shown. This important advantage
      can be retained and the length of the building increased to any extent
      which may be desired by the use of transversely extending tension members.
      A building embodying this novel principle and constructed in accord with
      the principles of our invention is shown in FIG. 5 and identified by
      reference character 106. As this building is primarily a duplicate of that
      shown in FIGS. 1-3, identical reference characters have been employed to
      identify like components of the two structures.
PAR  In building 106 there are two points or locations 108 on each side of the
      building where apices of panels 50 in side walls 42 and panels 64 in cover
      48 meet and are joined together. One end of a tension member 110, which
      may be a cable, rod, etc., is connected to the panels at one location 108
      in each pair thereof. The other end of the tension member is connected to
      the panels at the corresponding location at the other side of building
      structure 106.
PAR  Building 106 is longer than the building 40 shown in FIGS. 1-3 by a
      distance equal to the edge length of the equilateral triangle panels from
      which it is constructed. This is not a limitation, however; and the length
      of this type of building can be increased indefinitely by employing
      tension members 110 between each of the additional pairs of junctions 108
      which will result as the length of the building is increased.
PAR  Referring again to the drawing, FIGS. 6-8 show one exemplary type of panel
      construction in accord with the principles of the present invention from
      which the building structures we have invented can be fabricated. The
      triangular panels 116 shown in these figures have a triangular main body
      member 118, a frame 120 made up of three frame sections 122 (two of which
      are shown in FIG. 7), and triangular clips 124 and 126 for holding the
      frame sections 122 together.
PAR  The sheet or platelike main body members 118 of the panels can be made of
      relatively fragile, light transmitting materials such as glass, Plexiglas
      and other plastics, etc. This permits the building structures we have
      invented to be used for skylights, greenhouses, and swimming pools and
      tennis court covers and in other applications where natural illumination
      of the interior of the structure is wanted.
PAR  It is of course not necessary that the main panel members be made of the
      particular materials just described or, indeed, of light transmitting
      materials at all. They may be made of wood, metal, or virtually any other
      structural material.
PAR  Furthermore, the main panel members do not have to be of the illustrated
      platelike configuration throughout. They may be of any cross-sectional
      configuration which does not interfere with the installation of frame 120
      and retaining clips 124 and 126.
PAR  Also, the main panel members can be hinged for ventilation purposes, and
      they can be used to support other components of the building structure
      such as stacks, vents, etc. A myriad of other modifications will be
      readily apparent to those to whom this application is directed.
PAR  Referring now to FIG. 6, each of the frame sections 122 of the panel
      includes outer and inner frame members 128 and 130. Outer frame members
      128 are mitered together at the corners or apices of the panels, and
      fasteners 131 and retainers 132 are provided for fastening the inner and
      outer frame members together. There are also a gasket 134 which furnishes
      a seal between frame 120 and main panel member 118 and a second gasket
      136, which co-operates with a similar gasket or seal in the adjoining
      panel of an assembled structure to seal the joint therebetween.
PAR  Frame members 128 and 130 can be extruded from aluminum and alloys of this
      and other metals, for example, or formed by other manufacturing
      techniques. Frame members 128 have a central section 138 and transversely
      extending legs 140 and 142 at opposite ends of the center section.
PAR  Inner frame members 130 are of generally the same configuration as frame
      members 128. They have a central section or portion 144 and legs 146 and
      148.
PAR  Each frame member 130 is supported from the leg 140 of the associated frame
      member 128. Elongated slots 150 in leg 146, through which fasteners 131
      extend, allow frame member 130 to be displaced relative to frame member
      128 along a rectilinear path as indicated by double-headed arrow 152 in
      FIG. 6.
PAR  Main panel member 118 is supported by the legs 148 of the three panel
      members 130. Gasket 134, which extends the length of each frame section,
      is trapped between the main panel member and the leg of the panel member
      128. The latter has a depending, integral projection 154 for retaining the
      gasket in place.
PAR  As shown in FIG. 6, the upper legs 148 of frame members 130 are inclined
      wedges. Consequently, by displacing frame members 130 relative to frame
      members 128 along path 152, gasket 134 can be compressed between main
      panel member 118 and the legs of frame members 128 to a degree which will
      provide optimum sealing between the main panel member and the frame.
PAR  A further feature of frame 120 is the provision of flanges 155 extending
      the lengths of the legs 140 of frame members 128. These flanges convert
      frame member 128 into gutters for carrying away the condensate which may
      form on the insides of the building structures into which the panels are
      assembled. Weep holes 156 in frame member central sections 138 allow the
      condensate to flow from one panel to the next.
PAR  Referring now to both FIGS. 6 and 7, the generally triangular clips 124 and
      126 by which the frame sections of the panels 116 are held together will
      typically be made of sheet metal. They have a main body portion 157 and
      flanges 158 which are integral with, generally parallel to, and extend
      toward the center of the clip.
PAR  Flanges 158 of clips 124 fit in grooves 160 formed in the upper or outer
      sides of converging frame members 128 and opening onto the ends thereof.
      The flanges of clips 126 fit in similar grooves 162 on the lower or inner
      sides of these members.
PAR  Clips 124 and 126 are displaced toward the center of the panel; i.e., in
      the direction shown by arrow 164 in FIG. 7, to clamp together the mitered
      ends 166 of the two frame sections 122 with which they are associated. The
      clips are retained in place by friction and, if desired, by retaining pins
      168, the outer one of which is shown in FIG. 7.
PAR  Adjacent panels of the character just described are assembled in edge
      abutting relationship (i.e., with central sections 138 of the frame
      members 128 of adjacent panels butted) by fasteners 170, which extend
      through aligned apertures 172 in the frame members, and retainers 174.
      Access to the fasteners and retainers is afforded by apertures 176 in the
      central sections 144 of frame members 130.
PAR  Fastener, retainer combinations as just described are employed at intervals
      along the edge abutted frame sections 122. There is nothing critical about
      the distance between the fasteners. This is simply a function of
      conventional design criteria.
PAR  The gaskets 136 employed to seal the gaps between adjacent panels 116 are
      housed in recesses 178 opening onto the exterior faces of outer frame
      member central sections 138. With two panels disposed in edge abutting
      relationship as shown in FIG. 6, the two seals 136 are compressed against
      each other, sealing the wedge-shaped gap 180 between the panels.
PAR  When assembled into building structures of the type we have invented, the
      dihedral angle 184 between adjacent, edge abutted panels may vary from
      somewhat less than 150.degree. (FIG. 6) to 180.degree. (FIG. 8). To
      accommodate this variation, the central sections 138 of frame members 128
      are given a V-shaped configuration; and the recesses 178 in which gaskets
      136 are housed are located generally along the intersection between the
      two relatively inclined outer face portions 186 and 188 of the central
      frame sections. This insures that the two gaskets 136 of adjacent panels
      will remain in sealing engagement over the entire range of dihedral angles
      which may be present in building structure as is apparent from a
      comparison of FIGS. 6 and 8.
PAR  Referring now to FIG. 8, we preferably use tapered or wedge-shaped inserts
      190 to make the joints between adjacent panels more rigid where the
      dihedral angle between adjacent panels is sufficiently large to leave a
      significant gap 192 between the lower face portions 188 of frame member
      central sections 138. Wedges 190 are employed at the same locations as
      fastener, retainer combinations 170, 174 and are secured in place by the
      latter.
PAR  Wedges 190 can be provided in such degrees of taper as may be deemed
      desirable. Generally, however, wedges with two different degrees of taper
      are sufficient. Typically, the included angle between the sides 196 of the
      wedges of one type will be on the order of 15.degree. and those of the
      second type on the order of 30.degree. .
PAR  Also, the wedges will preferably be provided with weep holes 197 matching
      those in frame members 128 so that condensate can drain from one panel to
      the next.
PAR  In addition to the components so far described, our novel system for
      assembling panels of the type shown in FIGS. 6-8 into self-supporting
      building structures includes washerlike gaskets 198 and retainers 200
      which may be self-threading. The retainers are employed to fasten the
      seals over the juxtaposed ends of panels meeting at a common intersection
      and keep moisture, air, etc. from penetrating through the structure at
      these intersections.
PAR  Referring again to the drawing, FIGS. 9-11 illustrate yet another building
      structure 206 which can be constructed from triangular panels of the type
      just described although it is by no means necessary that this particular
      type of panel be employed. In fact, virtually any type of panel capable of
      being assembled in edge abutted relationship can be employed in the
      construction of building 206 as well as the other building structures
      disclosed herein.
PAR  Building structure 206 differs from that shown in FIGS. 1-3 in that it is
      assembled from isosceles triangle panels of two different types. Also, it
      is self-supporting independent of length without tension members.
PAR  Building 206 has a lower, side and end wall forming tier 208 of isosceles
      triangle panels 210 and an upper, cover forming tier 212 of isosceles
      triangle panels 214. These are 4n panels 214 in cover 212 and 4n + 8
      panels 210 in the lower, wall forming tier 208.
PAR  Panels 210 and 214 have base edges of the same length. The side edge to
      base edge length ratio of the panels 210 in lower tier 208 is between 0.80
      and 0.90, and the same ratio for the panels 214 in cover 212 is between
      0.67 and 0.75.
PAR  The panels in the lower tier are assembled in edge abutting relationship
      into trapezoidally configured side walls 216 (see FIG. 9) and into
      trapezoidally configured end walls 218 (see FIG. 10). The panels at the
      ends of the side and end walls meet in edge abutting relationship at the
      four corners 220 of the structure, which is exactly rectangular in plan.
PAR  The ends of cover 212 are each a single panel 214. The remaining upper tier
      panels 214 are assembled into trapezoidally configured side walls 222
      which meet at a dihedral angle and are joined along ridge 224.
PAR  Alternate panels are inverted in the side walls of the cover and in the
      side and end walls of lower tier 208. This forms a continuous lower edge
      around the periphery of the cover and continuous upper and lower edges
      around the periphery of tier 208.
PAR  Because the base edges of panels 210 and 214 are of the same length, the
      upper edge 226 of lower tier 208 is equal in length to the lower edge of
      cover 212. Thus, with the cover supported on lower tier 208, adjacent
      panels of the lower tier and cover can be assembled in edge abutting
      relationship with a continuous joint or seam around the periphery of the
      structure between the two tiers of panels.
PAR  As in the case of the building structures described previously, the upper
      tier or cover 212 is self-supporting by itself. It can be used as a
      skylight, cover, roof, etc. independently of the lower tier 208 of panels.
PAR  One typical building structure of the character just described has 20 lower
      tier panels 210 with a base edge length of 120 inches and a side edge
      length of 103.9 inches and 12 upper tier panels with the same base edge
      length and a side edge length of 86.4 inches. The structure is 20.0 feet
      wide, 40 feet long, and 6.7 feet high. The height of the structure and
      cover 212 can be varied by altering the side to base edge length ratio of
      the triangular panels in the lower and/or upper tiers.
PAR  The building structures thus far described have been of single and two-tier
      construction. This is not an inherent limitation of our invention,
      however; and building structures constructed in accord with its principles
      can be made substantially as many tiers high as may be desired for a
      particular application.
PAR  FIGS. 12-14, for example, show a three-tier building structure 234. From
      one viewpoint, building structure 234 is a two-tier structure as shown in
      FIGS. 9-11 supported from a third, lower, side and end wall forming tier
      236 of isosceles triangle panels 238. For the sake of convenience,
      building 234 will be viewed as constructed in this manner; and components
      of the character shown in FIGS. 9-11 will be similarly identified.
PAR  Lower tier 236 has 4n + 16 panels 238. All panels 238 are dimensionally
      alike, and they have base edges equal in length to those of the panels in
      the two upper tiers.
PAR  Panels 238 are assembled in edge abutting relationship and with their base
      edges horizontally oriented into trapezoidally configured side wall
      structures 240 and end wall structures 242, also of trapezoidal
      configuration. Because of the equal length base edges and the inverting of
      alternate triangles in the side and end wall structures of the lower tier,
      it has lower and upper edges extending continuously around its periphery.
      Accordingly, the panels in tier 236 can be assembled in edge abutting
      relationship to those in tier 208 with a continuous joint or seam between
      the two tiers of panels.
PAR  It will be obvious to those to whom this application is directed that even
      higher and/or wider structures can be produced by adding a fourth or fifth
      or even more tiers of panels to the structure shown in FIGS. 12-14 and
      that this technique is generally applicable to structures embodying the
      principles of the present invention.
PAR  FIG. 15 shows a building structure 250 in accord with the present invention
      which can typically be employed to advantage where larger areas are to be
      enclosed. Building 250 is assembled from equilateral triangle panels 252
      and isosceles triangle panels 254 and 256 of two different shapes.
PAR  Panels 252 are arranged in hemihexagonal arrays 258 at the ends of the
      structures. There are three pentagonal arrays 260a-c of five isosceles
      triangles 254 at each end of the structure. These co-operate with the
      hemihexagonal panel arrays 258 to form building structure end sections 261
      of a generally hemispherical configuration.
PAR  Isosceles triangle panels 256 are assembled into two mirror image related
      side wall structures 262 extending upwardly and inwardly from opposite
      sides of the area to be enclosed and meeting in edge assembled
      relationship along a horizontal ridge 264 to form a vaulted central
      section 266. Each side wall structure is composed of three vertically
      superimposed, trapezoidal tiers 268, 270, and 272 of dimensionally alike,
      edge abutted panels 256.
PAR  There are six equilateral triangle panels 252, three at each end of
      building structure 250.
PAR  Thirty isosceles triangle panels 254 are employed. These panels have a base
      edge length equal to that of the equilateral triangle panels and a side
      edge to base edge length ratio between 0.86 and 1.0 and preferably around
      0.91. The apices of the five panels in each pentagonal array 260 meet at a
      common point so that the base edges of the panels form the five side edges
      of the array.
PAR  The number of isosceles triangle panels 256 in the central section 266 of
      the structure is 6 + 12n. n is a whole number and determines the length of
      the structure. Building structure 250 is the case where n is 2. Structures
      of the character just described and shown in FIG. 15 are self-supporting
      independent on the value of n.
PAR  The side edge length of panels 256 is the same as the base edge length of
      panels 252 and 254. Panels 256 have a base edge to side edge length ratio
      between 1.04 and 1.06. The preferred value is 1.05. These values, as well
      as those for panels 254, are based on the criteria discussed above in
      conjunction with the building structure 40 shown in FIGS. 1-3.
PAR  Two of the pentagonal arrays of isosceles triangle panels 254 at each end
      of structure 250 (260a and 260b) are disposed in edge abutting
      relationship with: panels 256 in the lower and middle tiers 268 and 270 of
      wall structures 262, two of the equilateral triangle panels (252a and
      252c), and the third pentagonal panel array 260c. The latter is also
      disposed in edge abutting relationship with the third of the equilateral
      triangle panels 252b and with isosceles triangle panels 256 in the upper
      tiers 272 of both side wall structures 262.
PAR  As do many other building structures embodying the principles of the
      present invention, that just described lends itself particularly well to
      panel prefabrication. Furthermore, trapezoidal side wall tiers 268, 270,
      and 272; the petagonal arrays 260 of panels 254; and the hemihexagonal
      arrays 258 of equilateral triangle panels 252, for example, can all be
      assembled prior to reaching the erection site, simplifying and reducing
      the cost of on-site erection.
PAR  Access to larger structures such as that just described can be gained by
      providing a door 276 in a panel 252c or in any other way which may be
      desired -- for example, by employing right triangle panels in one or more
      sides or ends of the structure in a manner akin to that shown in FIG. 4.
      These, again, are techniques of general applicability.
PAR  One typical application of a structure shown in FIG. 15 is 35 feet wide,
      17.5 feet high, and a minimum of 50 feet long. For this relatively large
      size of building structure, however, only three standardized panels are
      needed. This is only one-half the number of different panels employed to
      fabricate the generally comparably shaped structures disclosed in the
      above-cited Miller U.S. Pat. No. 3,114,176, for example.
PAR  FIG. 16 illustrates a building structure 280 in accord with the principles
      of the present invention and of a construction which can be employed to
      advantage in applications where even still larger areas are to be
      enclosed. Typical dimensions for a structure of this type are: width 60
      feet, length 74 feet or more, and height of 17.5 feet.
PAR  Building structure 280 has a vaulted central section 282 made up of
      dimensionally alike equilateral triangle panels 286 and end sections 287
      composed of right isosceles triangle panels 288, three additional
      equilateral triangle panels 286a-c, and an end wall structure 290 which,
      in outline, is a segment of a regular dodecagon.
PAR  The equilateral triangle panels 286 of central section 282 are assembled
      with their base edges horizontal into wall structures 292, each composed
      of four trapezoidally configured anad mirror image related tiers 294a-d of
      panels. The two wall structures slope upwardly and inwardly from opposite
      sides of the enclosed space and meet in edge assembled relationship along
      a horizontal ridge 295 extending down the center of the building
      structure. Alternate panels 286 in each of the tiers are inverted, and
      their base edges 296 are oriented horizontally to provide continuous seams
      or joints between adjacent tiers of panels and along the ridge 295 where
      the upper edges of panels in the two tiers 294d are joined.
PAR  The end wall structures 290 at the two ends of building structure 280 can
      be fabricated in any manner which may be deemed most suitable for a
      particular application. Doors 300 can be provided in these end structures
      for access to the interior of building structure 280.
PAR  The three sides or edges 302 of structure 290 are equal in length to each
      other and to the base edges of equilateral triangle panels 286 and
      isosceles triangle panels 288. The panels 286 and 288 have side edges of
      the same length.
PAR  Sixteen dimensionally isosceles triangle panels 288 are employed at each
      end of building structure 280. These panels are assembled into four
      rectangular arrays or panel structures 303a-d with their apices at the
      center of the array. Accordingly, these arrays have sides or edges which
      are equal in length to the base edges of the triangular panels from which
      they are assembled.
PAR  One of the three equilateral triangle panels 286a-c in each end section 287
      of building structure 280 is assembled in edge abutting relationship to
      each of the three edges of the associated end wall structure 290.
      Rectangular panel structures 303a and 303b in each end section are each
      assembled in edge abutting relationship to an equilateral triangle panel
      286a or 286b and to equilateral triangle panels 286 at the ends of the two
      lower tiers 294a and 294b in a side wall 292. The other two rectangular
      arrays 303c and 303d of isosceles triangle panels are assembled in edge
      abutting relationship to one of the aforementioned equilateral triangle
      panels 286a and 286b and to the third end section equilateral triangle
      panel 286c. Panel structures 303c and 303c and 303d are also each
      assembled in the same manner to end panels 286 in the two upper tiers 294c
      and 294d of a wall structure 292.
PAR  Structures of the type shown in FIG. 16 have 30 plus 16n equilateral
      triangle panels 286. Building 280 is the case where n (which must be a
      whole number or zero) equals 5. n can be decreased, resulting in a shorter
      structure, or increased, producing one which is longer. The building
      structure is self-supporting independent of the value of n.
PAR  The structure just described, like those discussed previously, readily
      lends itself to modification. For example, if end structures which are
      half a dodecagon in configuration are substituted for those identified by
      reference character 290 above, the number of right isosceles triangle
      panels increased to 48, and the number of equilateral triangle panels
      increased to 48 plus 24n, a structure which is higher and wider is
      obtained. The end sections of that structure will in this case approximate
      one-fourth of a sphere, and the midsection will approximate one-half of a
      cylinder.
PAR  Comparable and further modifications or extensions will provide structures
      of still other sizes and shapes, all without variation in the traingular
      panels which are employed.
PAR  Those building structures so far described are rectangular or essentially
      rectangular in plan. This again is not an inherent limitation of our
      invention; its principles can equally well be employed to produce space
      enclosing structures which are essentially circular in plan. An exemplary
      structure of this type is illustrated in FIG. 17 and identified by
      reference character 310.
PAR  Building structure 310 has a first or upper tier 312 of eight
      symmetrical-diamond-shaped panel structures 314, a second or lower tier
      316 of also symmetrical-diamond-shaped panel structures 318, and isosceles
      triangle panels 320.
PAR  Panel structures 314 are made up of two isosceles triangle panels 322
      assembled in a back-to-back mirror image relationship with their base
      edges abutting and horizontally oriented in the structure into which they
      are assembled. Symmetrical-diamond-shaped panel structures 318 are
      similarly constructed from isosceles triangle panels 324.
PAR  Panels 322 are all dimensionally alike as are panels 324. The sides edges
      of panels 320, 322, and 324 are all of the same length.
PAR  Diamond-shaped panel structures 314 are assembled with their upper edge
      portions 326 in edge abutting relationship and the base edges of the
      panels from which they are constructed horizontal. The upper apices of the
      panels meet at a peak 328.
PAR  Diamond-shaped panel structures 318 are assembled with their upper panels
      324 between and edge abutted with adjacent lower panels 322 of panel
      structures 314. Panels 320 are assembled between and edge abutted with the
      lower panels 324 making up panel structures 318. Panels 320 make the
      surface of the building structures entire and, also, provide a continuous
      bottom edge around the periphery of the structure.
PAR  There is a dihedral angle between the two panels in each of the
      symmetrical-diamond-shaped structures 314 and 318. This makes building
      structure 310 slope upwardly and inwardly from the periphery of the area
      it encloses to peak 328. Depending upon the dihedral angles which are
      employed and the shapes of the panels making up the
      symmetrical-diamond-shaped structures, the configuration of the structure
      can be varied from conical through the generally hemispherical illustrated
      shape to a frustoconical one in which the upper panels 322 of the
      symmetrical-diamond-shaped panel structures 314 become horizontal and form
      a flat roof.
PAR  Of particular importance in the construction of structures of the character
      just described is the use of diamond-shaped panel structures which are
      symmetrical. Because of this, only three shapes of panels are required to
      construct the illustrated three-tiered structure, for example. In
      contrast, in previously proposed circular structures such as that shown in
      the above-cited Hein U.S. Pat. No. 3,359,694, for example, eight different
      shapes of triangular panels are required for a three-tiered structure. The
      advantages of this vast simplification are self-evident.
PAR  Constructions in accord with the present invention as just described can be
      utilized to advantage in the erection of elongated as well as circular
      building structures. FIG. 18, for example, illustrates a building
      structure 340 having end sections 342a and 342b constructed in the manner
      just described in conjunction with building 310 and a vaulted central
      section 344.
PAR  The central section 344 of building structure 340 has the configuration of
      a segment of a cylinder and is composed of two side wall structures 346
      which slope upwardly and inwardly from opposite sides of the area to be
      enclosed and meet in edge assembled relationship along a horizontal ridge
      348. Each of the two wall structures 346 is composed of three, trapezoidal
      tiers 350, 352, and 354 of triangular panels.
PAR  The two upper tiers are of the same configuration but in mirror image
      relationship.
PAR  The panels are lower tier 350 are isosceles triangle panels 355 assembled
      in edge abutting relationship with alternate panels inverted to form
      continuous upper and lower edges. The two upper tiers 352 and 354 are both
      composed of isosceles triangle panels 356 with alternate panels in each of
      these tiers also being inverted so that the tiers will have continuous
      upper and lower edges.
PAR  The horizontal edge defining panels in each tier are assembled in edge
      abutting relationship to the corresponding panels in the tier thereabove
      as in the other building structures described herein.
PAR  Each of the two end sections 342a and 342b has the configuration of the
      segment of a spheroid and contains isosceles triangle panels 355,
      isosceles triangle panels 358 (which are dimensionally alike panels 356),
      and isosceles triangle panels 360. Panels 358 are assembled in base
      edge-abutted, back-to-back relationship into symmetrical diamond-shaped
      panel structures 362, and panels 360 are similarly assembled into
      symmetrical-diamond-shaped panel structures 364.
PAR  The upper panels 358 in diamond-shaped structures 362 are assembled in side
      edge abutting relationship to each other and to end panels 356 in both the
      middle and upper panel tiers 352 and 354 of the two wall structures 346.
      The upper apices of panel structures 362 meet in peaks 368 located at the
      ends of ridge 348.
PAR  As in circular building structure 310, the upper panels 360 of lower tier
      diamond-shaped panel structures 364 are assembled in edge abutting
      relationship between adjacent lower panels 358 in diamond-shaped panel
      structures 362. The endmost lower panels 360 in panel structures 364 are
      assembled in edge abutting relationship to endmost isosceles triangle
      panels 355 in the lower tiers 350 of side walls 346. The isosceles triange
      panels 355 in end sections 342a and 342b are assembled in edge abutted
      relationship between lower panels 360 in structures 364 to fill the gaps
      therebetween. This also makes the lower edge of building structure 340
      continuous around its periphery.
PAR  Many modifications other than those previously identifed may be made in the
      types of structures discussed in conjunction with FIGS. 17 and 18 without
      exceeding the scope of the present invention. For example, the upper tier
      of panels in each of these structures is self-supporting and can,
      therefore, be used as a roof, cover, skylight, etc. in association with
      structures of many different types.
PAR  Two-tiered structures can also be made employing a single tier of
      symmetrical-diamond-shaped panel structures and triangular panels to fill
      the gaps therebetween. These can be used to enclose spaces or in the same
      manner as single-tier structures.
PAR  Still other types of structures can be developed by increasing the number
      of tiers. FIG. 19, for example, shows a circular building structure 370
      make up of three tiers 372, 374 and 376 of symmetrical-diamond-shaped
      panel structures 378, 380, and 382 and isosceles triangle panels 384.
PAR  Building structure 370 has twelve rather than eight diamond-shaped
      structures in each tier thereof. Because of the increased number of tiers
      and the larger number of diamond-shaped panel structures in each tier, a
      building structure as shown in FIG. 19 having a diameter of 59 feet and a
      height of 25 feet can be assembled from panels having a side edge length
      of only 11 feet.
PAR  Building structure 370 is assembled in the manner just described in
      conjunction with FIGS. 17 and 18; i.e., with the upper panels 386 in the
      highest tier 376 of diamond-shaped structures 382 assembled in edge
      abutted relationship about a central peak 388. The upper panels 389 and
      390 in the middle and lower tiers 374 and 372 of panel structures 380 and
      378 are assembled in edge abutting relationship between the lower panels
      in the tier thereabove and the isosceles triangle panels 384 between
      adjacent ones of the diamond-shaped structures 378 in the lowermost tier
      372 thereof to make the structure entire and its periphery continuous.
PAR  Still other shapes and sizes of circular structures as shown in FIGS. 17
      and 19 and elongated structures as shown in FIG. 18 can be obtained by
      increasing the number of tiers, the shapes of the panels making up the
      diamond-shaped structures, and the number of such structures in each tier
      thereof.
PAR  It will also be apparent to the reader that structures of the character
      described with reference to FIGS. 17-19 can be viewed as composed of
      superimposed tiers of edge abutted isosceles triangle panels and that they
      can be erected in this manner. Nevertheless, even viewed and/or
      constructed in this manner the mirror image relationship between the
      designated panels must be retained to obtain the advantages which our
      invention is capable of providing.
PAR  One type of panel construction from which the building structures of the
      present invention can be fabricated has been described in conjunction with
      FIGS. 6-8. Another type of panel which can be employed for our purposes
      and which is also exemplary of those embodying the principles of our
      invention is shown in FIG. 20 and identified by reference character 398.
      This panel, which is of the utmost simplicity, includes a triangular main
      member 400 surrounded by a compressible peripheral seal 402 (see also FIG.
      21) cemented or otherwise fixed to the main panel member. The main member
      400 may be of any of the materials suggested above, and several
      compressible gasket materials which may be employed will readily suggest
      themselves to the reader.
PAR  Panels of the character shown in FIGS. 20 and 21 are assembled in edge
      abutting relationship by connectors 404 and by tension members 406.
PAR  As shown in FIG. 22, each of the connectors 404 consists of an outer,
      disklike clamp member 408, an inner clamp member 410 of similar
      configuration, a fastener 412, and a retainer 414. Clamp members 408 and
      410 engage the panels meeting at a common intersection on opposite sides
      thereof. The fastener 412 and retainer 414 bias the two clamping members
      toward each other to hold the panels engaged therebetween in assembled
      relationship.
PAR  Tension members 406 extend between the inner clamp members 410 of each pair
      of adjacent connectors and through brackets 416 fixed in any convenient
      fashion to the clamping members. Retainers 418 at the opposite ends of the
      tension members secure them in place. By threading these retainers along
      the tension members or fixtures attached thereto the desired tension in
      the members can be established.
PAR  It is preferred that a constant force spring device be interposed between
      the retainer 418 and bracket 416 at one (or both) ends of each tension
      member. This keeps the tension in the members essentially the same despite
      the differential thermal expansions and contractions which will occur
      among the various component materials as the ambient temperature changes.
PAR  The constant force spring device also simplifies the tensioning of members
      406 in the erection process. Such devices typically exert a substantially
      constant force over a relatively wide range of deflection. Accordingly, if
      the workman simply tightens the retainer to approximately a mid (or other
      partial) deflection as determined by visual inspection, the desired amount
      of tension will be applied to members 406 and maintained despite
      relatively large dimensional changes.
PAR  One suitable form of constant force spring device consists of two
      Belleville springs 420 and 422 journalled in back-to-back relation on
      tension member 406 between the associated bracket 416 and retainer 418 at
      one end thereof. A flat washer 424 can be employed between Belleville
      spring 420 and retainer 418 to provide a larger bearing surface for the
      Belleville spring, if necessary.
PAR  It will be apparent to the reader that we have above eliminated all
      reference to those components and features which would be included in an
      actual building to the extent that a description thereof was not necessary
      to an understanding of the present invention. This was strictly for the
      sake of convenience and is not to be taken as implying any limitation in
      the scope of the appended claims or that such components and features
      would not be employed in an actual building constructed in accord with the
      principles of our invention.
PAR  It will also be apparent that only exemplary building structures and panel
      constructions have been described and that many other such structures and
      constructions can be produced by applying the principles of our invention.
      Accordingly, to the extent that they are not expressly excluded from the
      appended claims, all such building structures and panel constructions are
      fully intended to the embraced therein.
PAR  Our invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description; and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A structure for enclosing a generally rectangular area, said structure
      having an elongated, vaulted central section composed of plural tiers of
      upwardly and inwardly inclined, edge abutted triangular panels, all having
      one horizontally oriented edge, and end wall means at the ends of the
      vaulted central section for completing the enclosure of said rectangular
      area, said end wall means each including a structure configured as a
      segment of a dodecagon, triangular panels edge abutted to said structure,
      and rectangular structures edge abutted to panels of said central section
      and to triangular panels of the end wall means.
NUM  2.
PAR  2. A structure as defined in claim 1 wherein each of said rectangular
      structures is composed of four dimensionally alike edge abutted isosceles
      triangle panels so disposed that their base edges form the four edges of
      the structure.
NUM  3.
PAR  3. A structure for enclosing a generally rectangular area, said structure
      having an elongated central section and end wall means at the ends of the
      central section for completing the enclosure of said rectangular area,
      said central section being composed of two four-tiered structures each
      made up of dimensionally alike, triangular panels, the two structures
      arching upwardly and inwardly from opposite sides of the area to be
      enclosed and each of said end wall means including: a structure which, in
      configuration, is a segment of a regular dodecagon having three exposed
      edges; dimensionally alike equilateral triangle panels edge abutted to the
      aforesaid edges of the last-mentioned structure, the base edges of the
      equilateral triangle panels being the same length as said exposed edges;
      and four four-member arrays of dimensionally alike, edge abutted isosceles
      triangle panels oriented with their base edges forming a rectangle, said
      base edges being equal in length to the base edges of the equilateral
      triangle panels in the end wall means, two of said four-member arrays each
      being abutted to an end panel in each of two lower tiers of the central
      section of the building structure and to one of the equilateral triangle
      panels in the end wall means and the remaining two four-member arrays each
      being edge abutted to an end panel in each of two upper tiers of the
      central section and to two of the equilateral panels in the end wall
      means.
NUM  4.
PAR  4. A structure for enclosing a generally rectangular area, said structure
      having an elongated, vaulted central section which is rectangular in plan
      and is composed of plural tiers of upwardly and inwardly inclined, edge
      abutted panels, all of said panels being equilateral panels and said
      panels having one horizontally oriented edge, and said structure also
      having end wall means at the ends of the vaulted central section for
      completing the enclosure of said rectangular area, said end wall means
      each including panels edge abutted to panels of and located at the ends of
      said vaulted central section, and said structure being made up of 32
      isosceles triangle panels and 30 plus 16n equilateral triangular panels, n
      being zero or a whole number, and said isosceles triangle panels being
      divided between the end wall means at the opposite ends of the structure.
NUM  5.
PAR  5. A structure for enclosing a generally rectangular area, said structure
      having an elongated, vaulted central section which has a rectangular plan
      and is composed of plural tiers of upwardly and inwardly inclined, edge
      abutted panels, all of which are equilateral triangle panels oriented with
      one edge thereof horizontal; said structure further having an end wall
      means at each of the two ends of the vaulted central section for
      completing the enclosure of said rectangular area, said end wall means
      ecah including both equilateral triangle and isosceles triangle panels,
      each of said isosceles triangle panels being edge abutted to a different
      one of the isosceles triangle panels in the same end wall means and to an
      equialteral triangle panel in said end wall means or an equilateral
      triangle panel in and at the corresponding end of the vaulted central
      section.
NUM  6.
PAR  6. A structure for enclosing a generally rectangular area, said structure
      having an elongated, vauled central section and end wall means at the ends
      of the vaulted central section for completing the enclosure of said
      rectangular area, said vaulted central section having two wall structures
      each composed of four trapezoidally configured and mirror image related
      tiers of equilateral triangle panels, said wall structures sloping
      upwardly and inwardly from opposite sides of the enclosed space and the
      panels in the upper tiers of said wall structures meeting in edge abutted
      relationship along a horizontal ridge extending down the center of the
      building structure; and said end wall means each including a combination
      of equilateral triangle panels and isosceles triangle panels, there being
      16 isosceles triangle panels arranged in four rectangular arrays in each
      of said wall means, at least one of the edges of each said array being
      abutted to an equilateral triangle panel in the same end wall means and
      two of the edges of each such array being abutted to panels in said
      vaulted central section.
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PAL  An elastomeric glazing strip for dry-mounting a window pane in a frame, the
      bottom of the channel in the strip for receiving the glass being formed by
      a web which resiliently flexes into an interior space of the strip for
      accommodating manufacturing tolerances in the dimensions of the glass and
      frame.
BSUM
PAR  This invention relates to a glazing strip suitable for use in the mounting
      of windscreens in motor vehicles.
PAR  A windscreen is usually mounted in a rebate in a metal frame, the back of
      the rebate being defined by an inner peripheral flange of the frame. A
      glazing strip of rubber or other elastomeric material supports the screen
      in the rebate, the strip being formed with two oppositely facing channels
      which respectively accommodate the edge of the screen and the
      above-mentioned flange. It is with improvements in this kind of glazing
      strip that the present invention is concerned.
PAR  The conventional glazing strip is formed with longitudinal sealing flaps
      which are compressible between the edge of the screen and the frame so as
      to accommodate manufacturing tolerances in the size of the screen and the
      size of the frame opening. It has been found that if the screen is
      undersize in relation to the frame opening, the flips exert inadequate
      resilient pressure at the top of the screen/frame for proper sealing and
      instead tend to eject the screen from the rebate in the frame. If the
      screen is oversize in relation to the frame opening, the sealing pressure
      is exaggerated such that the strip tends to lozenge, that is to say deform
      in cross-section. In each case the result is an unattractive variation in
      the appearance of the strip around the perimeter of the screen, poor
      retention of the latter in the frame, and unreliable sealing.
PAR  A glazing strip according to the invention has a tubular cross-section such
      that the bottom of the channel for receiving the glass is formed by a web
      of the elastomeric material. As the glass is fitted complete with the
      glazing strip into the frame, the web flexes resiliently into the space
      afforded by the tubular cross-section of the strip, thus accommodating the
      previously mentioned manufacturing tolerances and establishing a firm
      sealing pressure on and around the frame without lozenging.
PAR  The size of the manufacturing tolerances which can be satisfactorily
      accommodated depends on the distance through which the web can flex. To
      increase this distance the width of the web is preferably such that it
      undercuts the opposed side-walls of the channel for receiving the glass.
PAR  To provide improved sealing between the edge of the glass and the strip,
      the web preferably defines a convex bottom of the channel for receiving
      the glass. Conveniently, the web is bowed in width towards the opening of
      the channel. Preferably, however, the convex bottom of the channel is
      provided by a thickening of the web towards its mid-line.
PAR  In a preferred glazing strip, the tubular cross-section has a substantially
      triangular internal configuration, one wall thereof comprising the said
      web and another wall thereof comprising a second web which extends, in
      width, between one side of the channel for receiving the flange and a toe
      portion that is adapted to make dry-sealing contact with the frame. In a
      rebated frame, of which the flange forms the back of the rebate, the
      second web extends diagonally across the rebate and acts in tension to
      brace the strip in cross-section.
PAR  The toe portion preferably has a surface substantially co-extensive with
      the second web in the cross-section of the strip, which surface is formed
      with one or more ribs longitudinally of the strip for making sealing
      contact with the frame. The or each rib is preferably of rectangular
      cross-section and makes continuous line-contact with the frame surface.
PAR  A preferred glazing strip according to the invention will now be described,
      by way of example only, with reference to the accompanying drawing which
      shows the strip in cross-section.
DETD
PAR  Referring to the drawing, the strip consists of an extrusion of synthetic
      rubber formed, principally, with two oppositely facing channels 1 and 2
      for receiving, respectively, the edge of the glass (shown in broken line)
      and the inner peripheral flange of a rebated frame (also shown in broken
      line) and a tubular cross-section at 3, having a substantially triangular
      internal configuration.
PAR  One side of the triangular section 3 comprises a first web 4, which forms
      the bottom of the channel 1. The web 4 has a width that undercuts the
      opposed side-walls 5 of the channel 1, in the places indicated by the
      reference numeral 6, and has an enlarged thickness towards its mid-line
      which defines a convex surface 7 of the bottom of the channel 1.
PAR  A further side of the triangular section 3 is formed by a second web 8
      which extends between one side of the channel 2 and a toe portion 9 of the
      strip. The toe portion 9 is formed with a substantially
      rectangular-section proboscis 10 for making dry-sealing contact with the
      frame.
PAR  The third-side of the traingular section 3 is formed at the front side of
      the strip with a re-entrant channel 11 for receiving and retaining a
      decorative flashing or finishing strip e.g. a strip of bright-work.
PAR  When the glass is fitted complete with the glazing strip into the frame,
      the web 4 flexes in the direction of the arrow into the triangular section
      3, with the result that the strip is held resiliently against the frame.
      The amount of manufacturing tolerance in the size of the glass and frame
      that can be accommodated by the strip is indicated by the distance T.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a glazing strip of elastomeric material formed with two oppositely
      facing channels having solid walls and adapted to receive, respectively,
      the edge of a glass panel and the inner peripheral edge of a rebated frame
      for said panel, the improvement according to which said glazing strip
      comprises a tubular portion surrounding an elongated duct, said duct being
      triangular in section and running parallel to said channels, and said
      tubular portion comprising:
PA1  a. a first web having a first surface defining the bottom of the channel
      for receiving the glass and an opposite surface defining one side of said
      triangular duct, with both surfaces of said web extending substantially
      the fall width of said glass-receiving channel;
PA1  b. a wall portion defining the second side of said duct and which extends
      from the side of the channel for receiving the glass remote from said
      frame-receiving channel to a toe portion of said strip adapted to make
      dry-sealing contact with the frame; and
PA1  c. a second web extending from the end of said first web nearest the
      channel for receiving said frame to the end of said wall portion adjacent
      said toe portion, said second web having a length greater than its
      thickness, an inner surface defining the third side of said duct and an
      outer frame-contacting surface remote from said duct, the distance of said
      outer surface from said inner web increasing as said outer surface
      approaches said toe portion.
NUM  2.
PAR  2. A glazing strip according to claim 1, in which the second web is bowed
      across its width towards the first web.
NUM  3.
PAR  3. A window assembly comprising a window pane mounted in a frame by means
      of a glazing strip according to claim 1.
NUM  4.
PAR  4. A glazing strip as claimed in claim 1 in which said wall portion is
      provided with an external channel for receiving a finishing strip.
NUM  5.
PAR  5. A glazing strip according to claim 1, in which the first web has a width
      such that it undercuts the opposed side walls of the channel for receiving
      the glass.
NUM  6.
PAR  6. A glazing strip according to claim 5, in which the first web defines a
      convex bottom of the channel for receiving the glass.
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PAL  A tire chain device includes a backing plate mountable between the wheel
      and brake drum of a vehicle and having a continuous circular anchor rod as
      part thereof. A plurality of cross chains are connected at one end to a
      main chain member extending around the outer face of the vehicle tire with
      the opposite or inner ends of the cross chains having a hook thereon
      adapted to be releasably anchored to the circular rod on the backing
      plate. The main chain includes a tensioning hook adapted to tighten the
      main chain to draw the cross chains tightly across the periphery of the
      tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to traction devices for vehicles
      and more particularly to a tire chain device adapted for quick and easy
      mounting and dismounting.
PAR  Numerous devices have been conceived, manufactured and commercialized to
      improve the traction of motor vehicles over soft or slippery surfaces such
      as snow, mud, ice and the like. The device which has probably given the
      best traction on these types of surfaces is the tire chain which includes
      a plurality of cross chains passing across the periphery of a tire so as
      to engage the surface when the tire is advanced thereacross.
PAR  Conventional tire chains, however, have typically been very difficult to
      mount and dismount from vehicle tires causing great anguish to those
      attempting to mount and dismount the tire chains. Further, the typical
      tire chain does not maintain a fixed position upon the tire thereby
      sometimes placing the chains under undue strain causing them to break and
      thereafter lash the vehicle resulting in damage to the vehicle.
PAR  Accordingly, it is a primary object of the present invention to provide a
      new and improved tire chain device which is simple in construction,
      reliable in operation and easy to mount and dismount from a tire in a
      short period of time.
PAR  It is another object of the present invention to provide a new and improved
      tire chain device wherein a plurality of cross chain members are
      releasably anchored on their ends to a rigid anchor on the inner side of
      the wheel to facilitate quick and easy mounting and dismounting of the
      device.
PAR  It is another object of the present invention to provide a new and improved
      tire chain device including a backing plate which can be permanently
      mounted upon the vehicle between the wheel and the brake drum where it is
      not visible and a chain assembly having cross chains which pass across the
      periphery of the tire and are releasably connected to the backing plate to
      secure the chain assembly on the tire.
PAR  It is another object of the present invention to provide a new and improved
      tire chain device wherein a backing plate is mounted between the vehicle
      wheel and the brake drum and includes a connection rod to which cross
      chains of a chain assembly can be quickly and easily releasably connected
      in mounting the tire chain upon the vehicle tire.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds when taken in conjunction
      with the accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  The tire chain device of the present invention is simple and economical to
      manufacture and yet can be mounted upon a vehicle tire in a short period
      of time and reliably maintain its position upon the vehicle tire for
      optimum results in giving the vehicle traction over soft or slippery
      surfaces such as snow, mud, ice and the like.
PAR  More particularly, the tire chain device of the present invention includes
      an attachment rod or the like disposed adjacent the unexposed face of the
      vehicle wheel and a chain assembly including a plurality of cross chains
      which extend across the periphery of the tire and are releasably
      connectable to the attachment rod. The opposite ends of the cross chains
      are each connected to a common main chain which can be tightened to secure
      the attachment of the cross chains to the attachment rod.
PAR  In the preferred form of the invention, the attachment rod is part of a
      backing plate which is mountable between the vehicle wheel and the brake
      drum in a manner such that it can remain mounted upon the vehicle through
      all seasons and, therefore, does not have to be taken on and off the
      vehicle each time the chains are mounted or dismounted. The attachment rod
      preferably is in the form of a circular loop so as to be conveniently
      disposed for attachment of the cross chains which are equally spaced
      around the circumference of the tire.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the tire chain device of the present
      invention showing a tire upon which the device is mounted in phantom
      lines.
PAR  FIG. 2 is an enlarged side elevation taken from the front side of a vehicle
      tire with the tire shown in phantom lines.
PAR  FIG. 3 is a section taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is an enlarged plan view of the backing plate portion of the tire
      chain device shown in FIG. 1.
PAR  FIG. 5 is a section taken through a vehicle brake drum and wheel showing
      the backing plate of the tire chain device mounted therebetween.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the tire chain device 20 of the present
      invention can be seen mounted upon a vehicle tire 21 shown in phantom
      lines. The tire chain device includes a backing plate member 22 and a
      chain assembly 24 with the chain assembly having a main or common chain
      24a and equally spaced cross link chains 24b connected thereto along its
      length.
PAR  The backing plate 22, as is seen in each of the figures, has a generally
      circular plate portion 26 with a centrally located circular opening 28
      adapted to receive the axle 29 of a vehicle carrying the wheel and tire
      assembly 30 upon which the tire chain device 20 is to be mounted. Five
      equally spaced apertures 34 are provided through the circular plate 26 in
      a concentric circular array around the central opening 28 and are of a
      size and spacing to receive the five stud bolts 36 conventionally provided
      on motor vehicles for mounting the wheel 37 of the vehicle. As is best
      seen in FIGS. 3 and 5, the plate portion 26 of the backing plate 22 is
      mounted upon the stud bolts 36 between the brake drum 40 of the vehicle
      and the wheel 37. Five rigid straps or support arms 42 are secured, as by
      welding at equally spaced intervals to the outer peripheral edge of the
      plate 26 so as to diverge rearwardly from the plate at an obtuse angle of
      approximately 110.degree. with the plate. Each of these support arms are
      of generally rectangular configuration and pass through a reverse bend 44
      at their distal end so as to receive and retain a circular anchor rod 46.
      The anchor rod can, therefore, be seen to be concentric with the axle 29
      circumscribing the brake drum 40 and is positioned immediately adjacent to
      the rearward most extent of the wheel 37 of the vehicle. The backing plate
      22 is made of a strong rigid material such as steel, so as to positively
      retain the position indicated in the drawings relative to the wheel and
      tire assembly 30 for reasons to become more clear later.
PAR  The main or common chain 24a is preferably of the link type. It is of a
      fixed length and has a conventional tensioning latch arm 48, FIG. 2, at
      one end adapted to cooperate with a loop 50 on the opposite end to unite
      the chain in a closed loop on the front face of the tire and to
      selectively reduce the size of the loop for a purpose to be explained
      later. The tensioning arm 48 is operated by first connecting it to the
      loop 50 at the opposite end of the main chain 24a and then, pivoting it
      about its connection to the chain causing the chain to retract
      circumferentially reducing the size of the loop formed by the main chain.
      The cross chains 24b are also of the link type and are positively affixed
      to the main chain 24a in a conventional manner at equally spaced intervals
      along the length of the main chain. The free ends of the cross chains have
      a hook shaped connector 52, FIG. 3, secured thereto for retaining one end
      of a hook arm 54 which serves to releasably connect the associated cross
      chains to the circular rod 46 on the backing plate 22. The hook arm 54 has
      an eyelet 56 formed on one end for connection to the connector 52 and its
      opposite end is provided with a U-shaped hook, adapted to fit around and
      thereby releasably latch onto the anchor rod 46. In this manner, the cross
      chains can be quickly and easily connected to the anchor rod even without
      visually observing the connecting operation.
PAR  When mounting the tire chain device 20 on a vehicle, the backing plate 22
      is first mounted upon the stud bolts 36 between the wheel 37 and the brake
      drum 40 and secured in position by the conventionally provided lugs 60,
      FIG. 5, used to hold the wheel on the vehicle. The backing plate is
      mounted so that the support arms protrude inwardly or toward the opposite
      wheel, whereby the anchor rod 46 is positioned adjacent to the rear or
      innermost edge of the wheel. The chain assembly 24 is then mounted on the
      tire by first securing a pair of cross chains 24b to the anchor bar at or
      near the top of the tire so that the remainder of the chain assembly hangs
      downwardly from the top of the tire across the front or exposed face of
      the tire. Next the remaining cross chains are connected to the anchor bar
      until each has been connected and extends across the periphery of the
      tire. Finally the free ends of the common or main chain 24a are connected
      with the tensioning arm 48 and cooperating loop 50 and tensioned thereby
      by reducing the size of the loop formed by the chain. Tensioning of the
      main chain draws the cross chains radially inwardly on the exposed face of
      the tire so that the hook arms 54 on the rear face of the tire are drawn
      tightly against the anchor rod to positively secure them to the anchor
      rod. It will, therefore, be appreciated that the chain assembly is
      positively positioned on the tire and will not shift due to the rigid
      backing plate to which it is attached and the non-extensible common or
      main chain which anchors the opposite ends of the non-extensible cross
      link chains.
PAR  While the illustrated form of the invention is shown with six cross link
      chains, it will be appreciated that any number of cross link chains can be
      utilized to satisfy various legal requirements regarding the number of
      cross link chains.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire chain device adapted to be mounted upon a tire which is in turn
      mounted on a wheel secured on a vehicle axle by a plurality of stud bolts
      and connecting lugs, comprising in combination:
PA1  a circular backing plate member mountable between said wheel and the
      vehicle having a plate portion with a central opening for receiving the
      axle of the vehicle and a plurality of stud holes for receiving the stud
      bolts, support arms affixed at one end to the plate portion at equally
      spaced intervals around its periphery, a rigid circular anchor rod
      supported by the opposite ends of said arms so that the anchor rod is
      disposed in concentric relationship with the axle of the vehicle and forms
      a continuous catch around said axle, and
PA1  a chain assembly including a main chain adapted to be formed in a loop
      adjacent to the exposed face of the tire, connector means on the ends of
      the main chain to releasably secure the main chain in a closed loop, said
      connector means having means for selectively reducing the size of the loop
      formed by the main chain, a plurality of cross chain members having one
      end secured to the main chain at equally spaced intervals along the length
      of the main chain and the opposite ends having hook-shaped connector means
      adapted to be releasably connected to said circular rod at variable
      locations along the circular extent of the rod when the cross chain
      members are extended across the periphery of the tire.
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ABST
PAL  An improved single unit multi-purpose roof penetrating curb. The curb is a
      plastic box with one large upstanding inverted cup-like section on the top
      surface thereof. Four smaller upstanding inverted cup-like sections are
      equidistantly spaced on the upper surface of the large cup-like section.
      The plastic box has a flange integrally attached at the base. The flange
      completely surrounds the perimeter of the box eliminating the need for
      separate flashing.
BSUM
PAR  This invention relates to roof construction, and more particularly, to
      improved single unit multi-purpose self-flashing roof penetrating curbs.
PAR  This invention is an improvement on the MULTI-PURPOSE ROOF PENETRATING
      CURB, Ser. No. 304,851, filed on Nov. 8, 1972 now U.S. Pat. No. 3,807,110
      which issued on Apr. 30, 1974, and is assigned to the assignee of this
      application.
PAR  Many different types of pipes or other objects, having generally circular
      cross-sections, traverse the roofs of buildings.
PAR  It has always been a problem to provide a waterproof seal at points of
      egress through a roof, as at the juncture between the pipe and the roof.
      Accordingly to present day construction methods, this waterproof seal is
      essentially made by opening a hole in the roof, setting a curb over the
      hole, passing a smaller diameter pipe through the curb, filling the
      peripheral clearance between the pipe and curb, and then covering the curb
      and adjacent roof with any suitable pitch. Roofing material is brought
      from the roof to cover the curb. This conventional method of construction
      not only is time consuming, but also is not the best way to provide
      waterproof seals.
PAR  One reason why this conventional method is used is that the pipes which
      pass through the roof have many different diameters. Thus, it has been
      most difficult to accomodate them with any prefabricated seal.
PAR  Many problems arise due to leakage through the pitch and roofing material,
      especially as they age, shrink and crack. The temperatures vary between
      baking in the hot summer sun and freezing during the cold winter night.
      Also, the seals must endure cold, wind, storm, snow, ice and the like. Of
      course, there is a constant degradation due to the continual assaults by
      rain and ice.
PAR  Usually, a flashing base surrounds the curb. The flashing base raises the
      roofing material to a level above the roof deck to obtain a reliable
      weatherproof seal where the pipe passes through the roof. The flashing
      base has a vertical plane, and the roof deck provides the horizontal
      plane. A biased or curved plate enables the roofing material to gradually
      change directions from horizontal to vertical, and thus, eliminates the
      90.degree. angle bend which would cause cracks and roof leaks.
PAR  To provide the flashing base pedestal and accomplish weather proofing,
      sheet metal box curbs which surround the pipe or other structure attached
      to or resting on the roof, are provided. However, even when the curbs are
      used, caps of tailored sizes and shapes must be made to order, in order to
      weatherproof the point of egress for the pipes.
PAR  Accordingly, an object of this invention is to provide a new and improved
      roof penetration curbs.
PAR  A related object of this invention is to provide roof penetration curb
      assemblies which can accomodate many different types and diameters of
      pipes.
PAR  A further object is to provide a single design which may be adapted to fit
      a wide variety of roofs, and to provide uniform curb construction with
      water-tight design.
PAR  Yet another object of this invention is to provide a multi-purpose roof
      penetration assembly wherein the curb is a single thermoplastic unit.
PAR  Still another object of this invention is to provide multi-purpose roof
      penetration curbs which are self-flashing.
PAR  Still another object of this invention is to provide molded plastic curbs
      which are adapted to utilize boots made from neoprene rubber for
      waterproofing at the egress points of the pipes.
PAR  In keeping with an aspect of the invention, these and other objects and
      features are accomplished by providing a single unit molded multi-purpose
      roof penetrating curb. The unit has a single large upwardly extending
      circular section on its upper surface with four equally spaced upwardly
      extending circular sections in the single large circular section. The
      large and small circular sections may accomodate different sized pipes,
      conduits, stacks or vents. Rubber boots are clamped to the pipes and to
      the outside walls of the sections to prevent leakage. The single unit curb
      includes a peripheral flange, thereby making the curb self-flashing.
DRWD
PAR  A preferred embodiment of the invention may best be understood from a study
      of the following description when taken in conjunction with the attached
      drawings; wherein:
PAR  FIG. 1 is a pictorial view of the improved multi-purpose roof penetration
      curb;
PAR  FIG. 2 is a side elevation view of the improved multi-purpose roof
      penetration curb;
PAR  FIG. 3 is a plan view of the improved multi-purpose roof penetration curb;
      and
PAR  FIG. 4 is a side elevational view of the improved multi-purpose roof
      penetration curb showing a pipe running through the curb with a
      weatherproofing boot in place.
DETD
PAR  FIG. 1 shows the improved roof penetration curb 10. The curb 10 is shown as
      a molded one piece device comprising four side walls, such as side wall
      12. Integral to the four walls is a top side, referred to as a curb cap or
      cover 13. The complete curb 10 is shown as having the shape of a
      five-sided box-like structure.
PAR  The cap has an enlarged circular upstanding inverted cup-like section 16
      shown centrally located therein. The enlarged upstanding circular section
      has four smaller circular sections 18, 20, 22 and 24, shown as
      equidistantly placed on the larger cup-like section 16. The top of any one
      or more of each of the circular sections, 16, 18, 20, 22 or 24 may be cut
      away to enable a pipe or pipes to pass therethrough. If no pipe is to pass
      therethrough, the cover is left intact. The pipes are weatherproofed by
      neoprene rubber boots (not shown) held in place adjacent the pipes by
      strap clamps that are clamped to the pipes and to the cylindrical forming
      side walls, such as side wall 16a. The neoprene rubber boots are stepped
      from top to bottom and may be cut to accomodate the outside diameter of
      different sized pipes.
PAR  As can be seen in FIGS. 1, 2 and 3, a flange 14 extends beyond the
      perimeter of the assembly curb 12. The flange 14 permits the curb assembly
      unit 10 to be self-flashing. The flange 14 is covered by roofing material.
      The upraised cup-like sections 16, 18, 20, 22, and 24, the cap 13, the
      sides such as side 12 and the flange 14 are preferrably all molded in one
      piece from ABS plastic and have acrylic coating.
PAR  For use then, the curb is molded in one piece. The roof material is
      stripped back; a hole is cut in the roof. The molded one piece curb is set
      on the roof surrounding the hole with the base flange extending under the
      roofing material. The necessary opening is made in the cap for the such as
      pipe 36 or pipes passing through the hole in the roof. A such as boot 37
      or boots is attached to the pipe and the cap section of the curb with
      means, such as clamps 38 and 39, respectively, to waterproof the
      passageway.
PAR  It should be understood that while the side walls of the curb are shown as
      being vertical, they could be either canted or have canted sections.
      Similarly, the entire curb could be cylindrically shaped rather than
      cubical; and still provide the features of the unitary molded curb.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus and applications, it is to be
      understood that this description is made only by way of example, and not
      as a limitation on the scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multi-purpose roof penetration curb to universally provide waterproof
      and weatherproof passage for pipes and the like passing through roofs,
PA1  said curb comprising a unitary plastic five sided box-like structure having
      an integral base for resting said box-like structure directly on a roof
      over an opening in the roof,
PA1  said five sides of the box-like structure comprising four upstanding side
      walls and an integral top section extending across said side walls,
PA1  said top section being solid and non-apertured but having inchoate
      passageways therethrough,
PA1  said inchoate passageways comprising a large circular cup-like section
      extending upward from said top section, a plurality of smaller circular
      cup-like sections integral to said larger cup-like section,
PA1  said cup-like sections being sized to accomodate pipes of varying sizes and
      having upstanding cylindrical side walls, and
PA1  said base comprising integral flange means extending outward from said four
      side walls serving as a base for said box-like structure, whereby said
      box-like structure is placed over an opening in the roof obviating the
      necessity of building a curb surrounding said opening.
NUM  2.
PAR  2. The multi-purpose roof penetration curb of claim 1 wherein said box-like
      structure is fabricated from ABS plastic material with an acrylic coating.
NUM  3.
PAR  3. The multi-purpose roof penetration curb of claim 1 wherein pipes pass
      through said cup-like structures and are waterproofed by rubber boots,
PA1  said boots held to said pipes and to the cylindrical side walls by strap
      clamps, and
PA1  said boots being stepped from bottom to top wherein said boots are cut to
      accomodate the outside diameter of different sized pipes.
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ABST
PAL  A nailable hollow structural member comprising an elongated hollow member
      of sheet metal formed to define opposed clamping walls and end walls
      spaced apart between the clamping walls. The clamping walls extend in
      substantially parallel planes. An elongated boss is formed in each of the
      clamping walls and extends longitudinally of the tubular member in
      alignment with one another. One of the clamping walls and one of the end
      walls has a connectable portion opposed to one another. Spacer means is
      provided for maintaining one of the clamping walls in juxtaposition with a
      clamping wall of another hollow member and spaced apart by the spacer
      means to form an elongated opening between the hollow member constituting
      a nail receiving slot. Means are also provided for movably securing two or
      more of the hollow members with the clamping walls juxtaposed. The
      elongated boss in both of the clamping walls deforms a nail inserted in
      the slot to retain it therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a structural element and more particularly
      to an improved nailable hollow structural member.
PAR  2. Description of the Prior Art
PAR  Nailable metallic structures consisting of spaced apart channels defining a
      gap therebetween to receive and retain nails therein, and wherein the
      nails are distorted by the gap, are heretofore known. The present
      invention is an improved version in such structures but usable to
      construct walls or other structures where it is desirable to drive nails
      therein. One of the clamping walls has a corner edge in close proximity to
      the opposed connectable portions. Means are also provided for
      interconnecting two or more of the hollow members with the clamping walls
      juxtaposed so that the said two or more hollow members form a wall section
      having a substantially uniform wall on one side and a slotted wall on the
      opposite side. Further, the hollow structural member of the present
      invention is formed from a single sheet of metal whereas in the prior art
      the channels are normally formed of two or more different metallic parts
      which require to be fastened to one another. Because structures formed of
      such channels define gaps between channels to receive nails, these
      structures cannot form a seal wall on one side thereof as the gap extends
      across a wall element formed by the channel members. With the present
      invention, there is provision to seal the gap adjacent one end wall of
      opposed members when connected together.
PAC  SUMMARY OF THE INVENTION
PAR  It is a feature of the present invention to provide an improved nailable
      hollow structural member.
PAR  According to the above features, from a broad aspect, the present invention
      provides a nailable hollow structural member comprising an elongated
      hollow member of sheet metal formed to define opposed clamping walls and
      end walls spaced apart between the clamping walls. The clamping walls
      extend in substantially parallel planes. An elongated boss is formed in
      each of the clamping walls and extends longitudinally of the tubular
      member in alignment with one another. One of the clamping walls and one of
      the end walls has a connectable portion opposed to one another. Spacer
      means is provided for maintaining one of the clamping walls in
      juxtaposition with a clamping wall of another hollow member and spaced
      apart by the spacer means to form an elongated opening between the hollow
      members constituting a nail receiving slot. The elongated boss in both of
      the clamping walls deforms a nail inserted in the slot to retain it
      therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the examples illustrated by the accompanying drawings in
      which:
PAR  FIG. 1 is a cross sectional view of a nailable hollow structural member of
      the present invention, partly fragmented, and showing its attachment to a
      connectable wall of a further identical member;
PAR  FIG. 2A - 2E are each fragmented sectional views of variations of the
      connectable wall of the hollow member;
PAR  FIG. 3 is an enlarged fragmented view showing the connection between end
      edges of a metallic hollow member with a further hollow member;
PAR  FIG. 4A is a fragmented sectional view of a variation of a spacer means and
      interlock between members;
PAR  FIG. 4B is a perspective view of a fragmented portion of the hollow member
      illustrating the spacer means;
PAR  FIG. 4C-4E and 4G are fragmented sectional views of further variations of
      the spacer means and interlock between members;
PAR  FIG. 4F is a perspective view of a spacer element utilized in FIG. 4E; and
PAR  FIG. 5 is a sectional view illustrating the hollow metallic members
      extending vertically for use as in a side wall construction, the members
      also including a dimensional variation in their size.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIG. 1, there is
      shown a cross sectional view of the nailable metallic hollow structural
      member 10 of the present invention. The member 10 is formed from a single
      sheet of metal and defines opposed clamping walls 11 and 12. End walls 13
      and 14 are formed integrally with the clamping walls and are spaced apart
      from the ends of the clamping walls. Also, the clamping walls are
      positioned substantially parallel to each other as are the end walls. An
      elongated boss 15 is formed in each of the clamping walls 11 and 12 and
      extends longitudinally throughout the tubular member and in alignment with
      one another in a plane transverse to said clamping walls. One of the
      clamping walls and one of the end walls, hereinshown walls 11 and 14,
      respectively, have a connectable portion, hereinshown as end edge 16 and
      17 (see FIGS. 4A-4E.)
PAR  A spacer means, herein a transverse ridge 18, is formed within one of the
      clamping walls. As shown, the ridge 18 extends above the outer surface 19
      of the clamping wall 11 whereby the opposed clamping wall of another
      tubular member (hereinshown) as wall 12') may be secured in juxtaposition
      to the clamping wall 11 and is spaced apart by the ridge 18. As shown, the
      ridge 18 extends transversely to the elongated boss 15 and extends
      thereacross. These ridges 18 are provided throughout the length of the
      channel 10 and spaced apart whereby to prevent juxtaposed channels from
      touching each other whereby to form a nail receiving slot 20 between
      juxtaposed channel members with an elongated opening 21 extending on the
      side formed by the end walls 13. The length of the end walls may vary
      depending on the particular use of the channel.
PAR  As can be seen, the clamping wall 11 having the connectable end edge 16 has
      an end portion 22 thereof which is angulated upwardly whereby the end edge
      16 is positioned in close proximity to the end edge 17. The reason for
      this positioning of the end edge is that when the hollow member 10 is
      connected to a juxtaposed hollow member 10, a corner 23 of the juxtaposed
      tubular member is also in close proximity to the edges 16 and 17.
      Therefore, by forming a single weld 24 in this area, the connectable end
      edges are secured together as well as securing the juxtaposed channels
      together. An enlarged view of the weld location is shown in FIG. 3. A
      further weld 26 is made between the leading edge of the boss 15 and a
      forward portion of the opposed clamping wall of a juxtaposed member 10
      whereby to provide a more rigid interlock of two adjacent members 10.
PAR  As can be seen from FIG. 1, the elongated boss as a smooth curvature in
      cross section providing a sloping leading edge 15' on the side facing the
      opening 21 of the slot 20. Therefore, when a nail is driven into the slot
      20, the leading end of the nail will rise on this leading edge 15' and
      then be forced to turn downwardly when it hits the trailing edge 15" of
      the boss of the juxtaposed member and then lodge itself into the slot 20.
      Thus, the nail is rigidly retained within the slot 20 by means of the
      deformation which is formed therein in the region of the opposed bosses
      15.
PAR  Referring now to FIGS. 2A and 2B, there are shown variations of the
      connecting portion or end portions of the clamping wall 11. As shown in
      FIG. 2A, the clamping wall 11 is substantially horizontal throughout its
      length with the end portion 122 being upwardly turned whereby the end edge
      will lie in the proper position to be secured by the weld 24. As shown in
      FIG. 2B, the end portion 222 extends angularly upwards from the clamping
      wall 11 and then extends substantially horizontal to the connecting end
      edge thereof which is also interconnected by the weld 24.
PAR  Referring now to FIG. 2C, there is shown further variations in the end
      portion of the clamping wall 11. Hereinshown, the end portion 322 extends
      angularly upwards and then arcuately whereby the portion adjacent the free
      end of the end portion extends substantially vertically and parallel to
      the end wall 14. The weld 24 is thus formed between a portion of the end
      portion 322 adjacent the end edge of the wall 14. As can also be seen from
      FIG. 2C, the spacer means is hereinshown as a rounded cone 118 disposed
      forwardly of the elongated boss 15. The cone 118 may also be welded to the
      opposite clamping wall 11 of a juxtaposed member 10, as heretofore
      described.
PAR  Referring now to FIG. 2D, there is shown a variation in the formation of
      the clamping wall 11. As shown, the end portion 422 from the connectable
      end edge 16, extends angularly inwards into the hollow member 10 along a
      first section and then extends substantially parallel to the clamping wall
      11 along a further section denoted by a numeral 30 to define a spacing
      wall between the first section 422 and a second section 31 which extends
      upwardly to connect with the parallel wall 11 behind the boss 15. The
      second section 31 constitutes a stiffening wall to prevent deformation of
      the wall 11 when a nail is being lodged in the slot 20.
PAR  The area 32 constitutes a pocket wherein a sealant may be introduced to
      seal the gaps formed between the welds 16 as illustrated in FIG. 2E. As
      shown in FIG. 1, a plurality of channels are connected in juxtaposition to
      form a wall panel. The welds 24 may be longitudinal or spot welds and in
      such an arrangement, it is desirable to introduce a sealant in the pocket
      32 whereby to seal the space between the welds as the outside wall is
      normally located outside of a structure. Of course, the members 10 can be
      secured in a wall panel wherein the slots extend either horizontally or
      vertically.
PAR  Referring now to FIG. 2E, there is shown a still further variation of the
      clamping walls 11 and 12 in that both clamping walls are formed with a
      stiffening wall 31 whereby to provide more rigid wall sections in the area
      of the boss 15. Further, it can be seen that the pocket 32 is
      substantially larger. The location of a sealant 35 is shown in the pocket
      32. Also, this figure shows the manner in which a wall board or surface
      panel 36 may be secured to a wall structure formed of these hollow members
      10. As can be seen, the nail 37 extends through the wall board 36 and into
      the pocket. Of course, the length of the nail is determined by the
      thickness of the member 10 and the thickness of the panel 36 being secured
      thereto.
PAR  Referring now to FIGS. 4A to 4E, there are shown further variations of the
      spacer means of the hollow member of the present invention. As shown in
      FIGS. 4A and 4B, the spacer means is constituted by a tab 40 formed
      integral with the hollow member 10 and adjacent the upper end of the end
      wall 13 whereby the tab 40 will extend upwardly from the upper face of the
      clamping wall 11. A short weld 26 may also be formed between the tab 40
      and the adjacent portion of the juxtaposed member 10, as shown in FIG. 4A.
PAR  Referring now to FIG. 4C, the spacer means is hereinshown as a separate
      weldable element 41 which is inserted between the clamping wall 11 of
      juxtaposed members 10 and forwardly of the elongated boss 15. The element
      41 is secured in position by welds 26 formed on each side of the element
      41 with adjacent portions of the clamping walls 11.
PAR  Referring now to FIG. 4D, it can be seen that with the particular
      embodiment of the clamping wall as illustrated also in FIG. 2C, the end
      portion 322 of the clamping wall may be formed whereby to position the
      clamping walls 11 in spaced apart relationship and wherein the weld 24 is
      sufficiently strong to retain both of these walls 11 in substantially
      parallel relationship whereby to retain a nail therebetween. In the
      particular embodiment, the spacer means is constituted solely by the shape
      of the end portion 322 of the clamping wall.
PAR  Referring not to FIGS. 4E and 4F, there is shown a still further embodiment
      of the spacer means. Hereinshown, the spacer means is constituted by a
      spacer element 42 having a smooth transverse curvature 43 which conforms
      to the transverse curvature of a portion of the boss 15, whereby the
      spacer 42 may be lodged between the walls 11 and in the area extending at
      least partially across the adjacent clamping walls 11, between the bosses
      15 of adjacent clamping walls 11. The forward edge 44 of the spacer 42 is
      then welded between the members 10 by weld 26 as illustrated in FIG. 4E.
PAR  Referring now to FIG. 4G, there is shown two embodiments of a further
      clamping wall configuration. Hereinshown, the clamping walls 11 of
      adjacent hollow members 10 are interconnected together by the geometry of
      the walls 11. As shown, the clamping wall 11 is provided with an elongated
      boss 46 rearwardly of the boss 15 and projecting above the wall 11 and the
      boss 15. The opposite clamping wall 12 of the member 10 is provided with a
      concave channel portion 47 extending throughout the length of the member
      10 and having a configuration whereby to receive and retain the boss 46
      therein. The boss 46 fits slideably into the channel 47. As further shown
      in FIG. 4G, the weld 24 may be made to interconnect the clamping wall 11
      to the end wall 14 or to interconnect the clamping wall 11, the end wall
      14 and a connecting portion of the end wall 14 of the adjacent member 10.
      Also, a transverse ridge 18 may be formed in the clamping wall 11 and
      secured to a portion of the adjacent clamping wall 12 of a superimposed
      member 10, by means of the weld 26.
PAR  A particular application of the members 10 is for the construction of an
      end wall panel as utilized in railway box cars. In such box cars, it is
      often required to brace the loads carried by the cars and this can be done
      by securing a filler to the end wall panel. With this type structure, it
      can be seen that box car end walls may be easily repaired, if damaged, by
      simply removing the members 10 that are damaged. This can be done by
      grinding, burning or cutting the welds between the damaged members 10 and
      simply inserting another member and rewelding. End walls formed with such
      metallic hollow members are much more durable than conventional wooden
      wall structures. The members 10 may be assembled horizontally or
      vertically, as required by different construction considerations.
PAR  A further application of hollow structural member 10 is as a railway box
      car side wall where when installed vertically, the members provide in
      themselves the normal construction of outside sheeting, inside sheeting
      and vertical posts. Such an application would simplify railway car
      construction and provide nailing grooves throughout the car length. Such
      nailing grooves could be utilized for nailing load restraining blocking
      into position wherever they were required in the car. Also load bearing
      straps can be nailed to the car wall, thus constructed. For example,
      straps can be nailed to both sidewalls, and joined in the center of the
      box car to restrain a load such as newsprint rolls from longitudinal
      motion relative to the box car. Another example is that the structure on
      each side of the door of such box cars often require nails to be inserted
      therein to retain a wall membrane which is secured across a portion of the
      door if the box car is utilized to carry grain.
PAR  Referring now to FIG. 5, there is shown a dimensional variation of the
      hollow structural members 10, wherein the end walls 13 and 14 are of very
      short lengths thus providing a greater plurality of more closely spaced
      elongated openings 21 to receive nails.
PAR  Although specific applications of the nailable hollow member 10 have been
      illustrated and described herein many other applications of the metallic
      channel 10 are possible. Also, different applications could require
      different strength requirements and hence the geometry of the cross
      section could vary accordingly. The shape of these members is dependent,
      not only on strength requirements, but also on flexibility of nailing
      location requirements. Also, many obvious variations in the shape of the
      end walls can be made to make decorative or aesthetically pleasing walls.
      Further, the hollow area within the channel 10 may be filled with material
      for thermal or sound insulation.
CLMS
STM  I claim:
NUM  1.
PAR  1. An interconnectable nailable hollow structural member for constructing
      wall sections, comprising an elongated hollow member of sheet metal formed
      to define opposed clamping walls and end walls spaced apart between said
      clamping walls, said clamping walls extending in substantially parallel
      planes, an elongated boss formed in each clamping walls and extending
      longitudinally of said tubular member in alignment with one another, one
      of said clamping walls and one of said end walls having an opposed
      connectable portion, spacer means for maintaining one of said clamping
      walls in juxtaposition with a clamping wall of another hollow member and
      spaced apart by said spacer means to form an elongated opening between
      said hollow members constituting a nail receiving slot, said elongated
      boss deforming a nail inserted in said slot, one of said clamping walls
      having a corner edge in close proximity to said opposed connectable
      portions, and means for interconnecting two or more of said hollow members
      with said clamping walls juxtaposed so that said two or more hollow
      members form a wall section having a substantially uniform wall on one
      side and a slotted wall on the opposed side.
NUM  2.
PAR  2. A nailable hollow structural member as claimed in claim 1 wherein said
      connectable portions are end edges, said one clamping wall having said
      connectable end edge being angulated in a portion thereof from said
      connectable end edge, said connectable end edge of said clamping wall and
      said corner edge of one end wall being positioned in close proximity
      adjacent each other.
NUM  3.
PAR  3. A nailable hollow structure member as claimed in claim 1 wherein said
      clamping wall having said connectable end edge extends angularly inwards
      into said hollow member from said connectable end edge and along a first
      section and then extends upwardly along a second section defining a
      stiffening wall, said first and second sections being formed integral with
      said clamping wall having said connectable end edge.
NUM  4.
PAR  4. A nailable hollow structural member as claimed in claim 3 wherein a
      spacing wall section is formed between said first and second sections, and
      a pocket formed by the area between said first and second sections and a
      portion of said clamping wall of said juxtaposed hollow member.
NUM  5.
PAR  5. A nailable hollow structural member as claimed in claim 4 wherein a
      sealant is contained in said pocket.
NUM  6.
PAR  6. A nailable hollow structural member as claimed in claim 5 wherein said
      means for interconnecting comprises one or more welds formed between said
      opposed connectable end edges and a corner of said other hollow members in
      juxtaposition.
NUM  7.
PAR  7. A nailable hollow structural member as claimed in claim 1 wherein said
      spacer means is two or more spaced apart ridges in one of said clamping
      walls.
NUM  8.
PAR  8. A nailable hollow structural member as claimed in claim 7 wherein said
      spacer ridges each extend at least over said one clamping wall between
      said end wall opposite said end wall having said connectable end and said
      elongated boss and wherein a weld is made between said spacer ridge and a
      portion of a juxtaposed clamping wall.
NUM  9.
PAR  9. A nailable hollow structural member as claimed in claim 7 wherein each
      said spacer ridge is a rounded cone disposed forwardly of said elongated
      boss.
NUM  10.
PAR  10. A nailable hollow structural member as claimed in claim 7 wherein each
      said spacer ridges is a tab formed integral with said hollow member and
      extending above one of said clamping walls.
NUM  11.
PAR  11. A nailable hollow structural member as claimed in claim 7 wherein each
      said spacer ridges is a separate weldable element welded between said
      juxtaposed clamping walls forwardly of said elongated boss.
NUM  12.
PAR  12. A nailable hollow structural member as claimed in claim 7 wherein each
      said spacer ridges is a separate spacer element having a curvature adapted
      to be captive between adjacent elongated bosses of juxtaposed clamping
      walls.
NUM  13.
PAR  13. A nailable hollow structural member as claimed in claim 1 wherein said
      spacer means is formed integral with at least one clamping wall of said
      elongated hollow member between said elongated boss and said means for
      immovably securing said hollow members.
NUM  14.
PAR  14. A nailable hollow structural member as claimed in claim 13 wherein said
      spacer means is an upward formation in said clamping wall and extending
      above said elongated boss whereby to abut against a clamping wall of a
      juxtaposed hollow member to maintain said juxtaposed clamping wall in a
      spaced apart relationship.
NUM  15.
PAR  15. A nailable hollow structural member as claimed in claim 22 wherein said
      spacer means is also welded to the clamping wall of a juxtaposed hollow
      member.
NUM  16.
PAR  16. A nailable hollow structural member as claimed in claim 1 wherein said
      clamping wall having said connectable portion is provided with an inwardly
      curved free edge portion, said inwardly curved portion extending in facial
      contact with a portion of an inner face of one of said end walls adjacent
      an end wall connectable edge, said connectable edge being welded to said
      curved portion and a corner edge portion of said clamping wall of said
      juxtaposed hollow member.
NUM  17.
PAR  17. A nailable hollow structural member as claimed in claim 1 wherein said
      spacer means and said means for interconnecting is constituted by an
      elongated projection formed in one of said clamping walls and projecting
      above said boss in said one clamping wall, an elongated channel in said
      other clamping wall, said projection being frictionally retained in said
      channel in a juxtaposed structural member whereby to interlock adjacent
      structural members and maintain opposed clamping walls of juxtaposed
      members spaced apart to form said nail receiving slot.
NUM  18.
PAR  18. A nailable hollow structural member as claimed in claim 1 wherein said
      elongated boss in each said clamping walls of said hollow member is of
      smooth curvature.
NUM  19.
PAR  19. A wall structure comprising two or more nailable metallic channels as
      claimed in claim 1, each said channels being connected to one another with
      their clamping walls in juxtaposition, said elongated opening between each
      juxtaposed clamping walls facing inwardly of said wall, said connectable
      end edges facing outwardly of said wall.
NUM  20.
PAR  20. A nailable hollow structural member as claimed in claim 1 wherein said
      substantially uniform wall is a substantially sealed wall.
NUM  21.
PAR  21. A nailable hollow structural member as claimed in claim 1 wherein said
      means for interconnecting comprises securing said corner edge and opposed
      connectable portions together.
NUM  22.
PAR  22. A nailable hollow structural member as claimed in claim 21 wherein said
      means for interconnecting comprises one or more welds formed between said
      opposed connectable end edges and said corner edge of said other hollow
      member in juxtaposition, a pocket formed by the area between said first
      and second sections and a portion of said clamping wall of said juxtaposed
      hollow member, and a sealant contained in said pocket.
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ABST
PAL  A series of heat-insulating panels each consisting of a mat of superposed
      wire-fabric or wire-mesh elements enclosed within a casing formed of two
      parallelepipedal metallic half-boxes engaged one inside the other is
      applied against the sole-plate of a fast reactor shield slab. The lower
      half-box is of slightly larger size than the upper half-box, a narrow gap
      being thus formed between the opposite lateral faces of the two half-boxes
      and a narrow gap being also formed between adjacent casings, the gaps
      being intended to form capillary sealing joints.
BSUM
PAR  This invention relates to a heat-insulating system which is primarily
      intended to be employed in a fast reactor for ensuring thermal protection
      of a shield slab which serves to close the top portion of the biological
      shield structure of a reactor of this type. The shield structure in turn
      encloses an open-topped metallic tank having a vertical axis and
      containing a mass of liquid metal which usually consists of sodium for
      cooling the reactor core by removal of the heat generated by nuclear
      fission. The invention applies more especially in the case in which the
      closure or shield slab located above the free level of the liquid metal
      within the tank is separated from this latter solely by a layer of inert
      blanket gas which usually consists of argon, the shield slab being
      constituted by a horizontal concrete wall, the wall surface which is in
      contact with said blanket gas being covered with a metallic sole-plate of
      stainless steel. Said shield slab also has openings which allow access by
      handling equipment units to the reactor core within the biological shield
      structure and at the same time provide a sealed passageway for components
      such as heat exchangers and pumps which are necessary for the operation of
      the installation.
PAR  In sodium-cooled fast reactors, it is also known that the temperature in
      the inert-gas atmosphere which is present above the liquid sodium is
      usually of the order of 500.degree.C. This gives rise to the formation in
      the inert blanket gas of sodium vapors and aerosols which would be liable
      to come into contact with the sole-plate of the shield slab if no
      precaution were taken and thus to cause rapid damage to the sole-plate on
      the one hand as a result of corrosion effects and on the other hand as a
      result of mechanical stresses arising from differential thermal
      expansions.
PAR  The invention relates to a heat-insulating system provided in the form of a
      lining applied against the shield slab in those portions of said lining
      which are directed towards the interior of the reactor tank, said system
      being adapted to provide thermal protection of the shield slab under the
      operating conditions defined in the foregoing, provision being made in
      particular for metallic structural elements which are incorporated with
      said lining and afford resistance to corrosion by the liquid sodium, with
      the exception of mineral heat-insulating materials which are incompatible
      with the vapors and the aerosols of this liquid metal. Said metallic
      structural elements are preferably provided in the form of wire fabric,
      trelliswork or netting elements and are stacked so as to form aerated
      panels of predetermined thickness which are comparable with a fibrous
      medium, thereby producing between the sole-plate of the shield slab and
      the blanket gas located above the level of liquid metal within the tank an
      acceptable thermal gradient which is adapted to possible reactor power
      levels both under normal operating conditions and in the event of fault
      conditions in the circulating pumps accompanied by an abrupt increase in
      temperature of the liquid sodium.
PAR  To this end, the system under consideration which comprises a set of panels
      each constituted by a mat of superposed metallic elements of fabric or
      trelliswork extending parallel to the shield slab to be heat-insulated, is
      distinguished by the fact that each panel is enclosed within a casing
      applied against the shield slab and formed of two parallelepipedal
      metallic half-boxes engaged one inside the other, the dimensions of the
      lower half-box being slightly larger than those of the upper half-box,
      that the casings are juxtaposed against the surface of the shield slab so
      as to form a continuous lining, and that the opposite lateral faces of the
      two half-boxes define a narrow gap between said faces, the adjacent
      casings being also separated by a narrow gap, said gaps being intended to
      form capillary sealing joints.
PAR  In accordance with a particular feature of the invention, the continuous
      lining formed by the juxtaposed casings is mounted between the sole-plate
      of the shield slab and a metallic support and protection wall which
      maintains said casings applied against the sole-plate by means of fixing
      studs passed through the wall and the casings and rigidly fixed to the
      sole-plate at one of their extremities, each stud being provided at the
      opposite extremity with a threaded portion adapted to cooperate with a
      locking-nut which is tightened-up against the metallic wall.
PAR  In accordance with another feature, each stud has a hollow body which is
      welded to the sole-plate of the shield slab at one end and closed at the
      opposite end by a flat plug having an extension in the form of a threaded
      stem, said flat plug being fitted externally of the hollow body with a
      metallic seal which is applied against the bottom wall of one of the
      half-boxes of the casing.
PAR  The metallic wall is preferably constituted by an assembly of adjacent
      plates joined to each other by means of back-plates placed beneath the
      corners of four adjacent plates, each back-plate being welded to one plate
      and capable of sliding over the three other plates. In this case and in
      accordance with an advantageous arrangement, a joint-plate is mounted
      between the metallic wall and the casings opposite to the connecting
      back-plates, between the plates and the bottom walls of the half-boxes of
      the casings.
DRWD
PAR  Further characteristic features of a heat-insulating system as constructed
      in accordance with the invention and primarily applicable to the closure
      or shield slab of a fast reactor will become apparent from the following
      description of one exemplified embodiment which is given by way of
      indication and not in any limiting sense, reference being made to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic axial sectional view of a fast reactor comprising
      a top closure or shield slab fitted with a heat-insulating system in
      accordance with the invention;
PAR  FIG. 2 is an exploded view to a larger scale showing part of the system
      under consideration;
PAR  FIG. 3 is a transverse sectional view of the system in accordance with FIG.
      2.
DETD
PAR  In FIG. 1, the reference numeral 1 designates the core of a fast reactor
      which is represented as being immersed in a suitable mass 2 of liquid
      metal and especially liquid sodium which has the intended function of
      cooling the reactor core during operation at power. The liquid metal 2 is
      confined within an open tank 3 up to the level shown diagrammatically at 4
      and an atmosphere 5 of inert blanket gas usually consisting of argon is
      present above said level 4. The tank 3 is open at the top and in turn
      surrounded by a second tank or safety tank 6, the unit consisting of both
      tanks with a common vertical axis being placed within an external
      biological shield structure 7. Provision is made at the top of said shield
      structure for a wide circular opening 8 in which is mounted a closure or
      shield slab 9. Said slab extends horizontally and parallel to the level 4
      of liquid sodium within the tank 3 and has a central opening 10 for
      positioning a system consisting of two shield plugs 11 and 12 which make
      it possible as a result of combined relative movements of rotation in
      accordance with a conventional procedure to provide access to the reactor
      core 1 for a handling tool 12a which passes in leak-tight manner through
      one of the shield plugs. The shield slab 9 is also provided with further
      passageways such as 13 in order to mount in these latter the equipment
      units which are necessary for operation of the reactor and in particular
      for circulation of the liquid sodium and removal of the heat which is
      collected as the sodium flows through the reactor core. The equipment
      units consist especially of pumps and heat exchangers, one of which is
      represented schematically at 14 in the drawing. The shield slab 9 is
      supported on a corbel formed in the biological shield structure 7 by a
      bearing element 15 which ensures immobilization and leak-tightness of the
      assembly. Finally, the shield slab 9 preferably has a composite structure
      consisting mainly of a concrete wall 16 of substantial thickness, the wall
      surface which is in contact with the blanket gas 5 above the level 4 of
      liquid metal within the tank 3 being lined with a sole-plate 17. By virtue
      of the presence of the heat-insulating material, said sole-plate 17 can be
      formed of black steel protected by a corrosion-resistant deposit. During
      operation, the inert gas atmosphere which is present above the liquid
      sodium within the tank 3 is at a pressure in the vicinity of atmospheric
      pressure and is brought to a relatively high temperature of the order of
      500.degree.C. Under these conditions, this blanket or inert-gas atmosphere
      5 is charged with liquid-metal aerosols or vapors which, if no precaution
      is taken, are liable to cause rapid corrosion of the sole-plate 17 at the
      same time as the deformation of this latter under the action of mechanical
      stresses resulting from differential thermal expansions.
PAR  Under these conditions, in order to ensure thermal protection of the shield
      slab 9 and in particular of its bottom sole-plate 17, there is placed
      against that surface of said sole-plate which is in contact with the
      blanket gas a heat-insulating system designed in the form of a lining of
      suitable thickness and applied against said sole-plate, said system as
      constructed in accordance with the invention being more especially
      illustrated in FIGS. 2 and 3.
PAR  As can be seen from these figures, the heat insulation of the sole-plate 17
      is formed by mounting against this latter an assembly of semi-impervious
      adjacent casings 18 each constituted by means of two half-boxes 19 and 20
      respectively which are of generally parallelepipedal shape and adapted to
      engage one inside the other; these half-boxes can readily be formed by
      die-stamping, for example. The dimensions of the lower box 19 are slightly
      larger than the dimensions of the upper box 20, with the result that a
      narrow gap 36 is formed between the lateral faces of said half-boxes, said
      gap being open towards the exterior and directed towards the sole-plate 17
      of the shield slab to be protected. Each casing thus formed by the
      assembly of two half-boxes 19 and 20 encloses a heat-insulating panel
      formed by mats 21 of wire fabric or trelliswork arranged in superposed
      layers separated by intermediate sheet-metal elements such as the element
      22, said mats 21 of wire-fabric elements of the panel being suitably
      compacted within the interior of the casing 18 while nevertheless
      permitting an aerated structure to remain within this latter so as to
      produce a high thermal gradient and to protect the sole-plate of the
      shield slab against aerosols or vapors of liquid metal derived from the
      reactor tank. The casings 18 which contain the mats 21 are secured beneath
      the sole-plate 17 by means of a rigid metallic wall 23 advantageously
      formed by the side-by-side assembly of rectangular plates 24 having
      dimensions which are slightly smaller than those of the casings and joined
      to each other by means of back-plates 25 placed at the corners of four
      adjacent plates 24, each back-plate 25 being welded to a plate 24 and
      capable of sliding over the three other adjacent plates 24. The rigid wall
      23 is firmly applied beneath the casings 18 and in turn applies these
      latter beneath the sole-plate 17 while being locked in position by means
      of fixing studs 26. Each stud advantageously has a hollow body 28 filled
      with inert gas or with steel wool, one end 29 of which is rigidly fixed to
      the sole-plate 17 by welding against this latter, for example, the bodies
      of said studs being passed through bores 27 formed through the casings 18.
      In addition, the hollow body 28 of each stud is closed at its opposite
      extremity by a flat plug 30 which is provided externally of the body 28
      with a suitably threaded axial extension 31 and this latter traverses the
      wall 23 through the oppositely-facing plate 24 which cooperates with a
      locking-nut 32. Beneath the metallic wall 23, said nut is preferably
      protected by an end-cap 33 which is welded beneath the corresponding plate
      24. Finally, leak-tightness of the stud 26 at the point of penetration
      through each casing 18 is achieved by a metallic seal 34 which is carried
      by the flat plug 30 and capable of bearing against the bottom of the lower
      half-box 19 at the time of tightening of the nut 32. Counter-seals 35 in
      the form of metallic joint-plates are also provided opposite to the
      back-plates 25 which provide a connection between the plates 24 and the
      bottom walls of the half-boxes 19 of the adjacent casings.
PAR  The respective height of the casings and of the clamping studs is clearly
      adapted to the thickness of the wire-fabric mats which are mounted within
      said casings. The degree of compaction of said mats can be adjusted and
      equalized by means of the clamping pressure applied by the studs so as to
      form an assembly which is rigidly fixed against the sole-plate of the
      shield slab, thereby protecting said slab at all points and at any power
      level of the reactor, either during normal operation or in the event of
      emergency shutdown accompanied by an abrupt temperature rise of the liquid
      metal within the reactor tank. The casings are so arranged as to ensure
      that two adjacent casings are separated by a acapillary gap 37.
PAR  It is important to note that the sodium vapors or aerosols which have
      migrated into the capillary gap 37 condense within said gap and thus form
      a liquid-metal seal, then a solidified metal seal, depending on the
      temperature of the level considered. Since the capillary gap 36 which is
      open towards the sole-plate of the shield slab to be protected or in other
      words towards the cold zone is placed downstream of the gap 37 from the
      point of view of migration of the sodium aerosols, said gap will either
      not contain any liquid sodium or else will contain a solidified sodium
      seal, depending on the temperatures attained in the cold zone. The
      relative arrangement of the gaps 37 and 36 serves to prevent migration of
      the liquid sodium into the interior of the metallic mats 21 and
      consequently makes it possible to maintain thermal efficiency of the heat
      insulation even over long periods of reactor operation.
PAR  Finally, the wire-fabric mats aforesaid are preferably formed by means of
      wires having a diameter equal to 0.4 mm in the example of construction
      which has been more especially described with reference to the drawings.
      The thickness of each mat within the casings between two consecutive
      intermediate sheet-metal elements is of the order of 60 mm and a mat is
      made up of 88 superposed wire-fabric elements.
PAR  As is readily apparent, the invention is not limited to the example of
      construction which has been more especially described with reference to
      the accompanying drawings but extends on the contrary to all alternative
      forms. In particular, the casings containing the wirefabric mats which
      cover the entire surface of the soleplate of the shield slab could be
      fixed against this latter by means other than the studs considered in this
      example, especially by being locked in position by means of bearing shells
      in the vertical portions of the shield slab at the level of penetrations
      formed within this latter.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A heat-insulating system for a metallic sole plate of a shield slab of a
      tank of a fast reactor cooled by a liquid metal in the tank with an
      atmosphere of neutral gas between the liquid metal and the sole plate with
      aerosols and liquid metal vapors in the atmosphere, said system being
      applied against the surface of said sole plate and comprising a set of
      panels each constituted by a mat of superposed metallic elements of fabric
      extending parallel to the shield slab to be heat-insulated, wherein each
      panel is enclosed within a casing applied against the shield slab and
      formed of two parallelepipedal metallic half-boxes engaged one inside the
      other, the dimensions of one half-box being slightly larger than the
      dimensions of the other half-box providing a capillary gap between the
      half-boxes, wherein the casings are juxtaposed against the surface of the
      shield slab so as to form a continuous lining, the adjacent casings being
      separated by a narrow gap, said gaps forming capillary sealing joints for
      condensation of the aerosols and vapors of the liquid metal, wherein the
      continuous lining formed by the juxtaposed casings is mounted between the
      sole plate of the shield slab and a metallic support and protection wall
      which maintains said casings applied against the sole plate by means of
      fixing studs passed through said wall and said casings and rigidly fixed
      to said sole plate at one of their extremities, each stud being provided
      at the opposite extremity with a threaded portion cooperating with a
      locking-nut which is tightened-up against said metallic wall, said
      metallic wall being an assembly of adjacent plates joined to each other by
      back-plates, each of said back-plates being disposed beneath the corners
      of four adjacent plates, each back-plate being welded to one plate and
      sliding over the three other plates.
NUM  2.
PAR  2. A heat-insulating system according to claim 1, wherein each stud has a
      hollow body which is welded to the sole-plate of the shield slab at one
      extremity and closed at the opposite extremity by a flat plug having an
      extension in the form of a threaded stem, said flat plug being fitted
      externally of said hollow body with a metallic seal which is applied
      against the bottom wall of one of the half-boxes of the casing.
NUM  3.
PAR  3. A heat-insulating system according to claim 1, wherein a joint-plate is
      mounted between the metallic wall and the casings opposite to the
      connecting back-plates, between the plates and the bottom walls of the
      half-boxes of said casings.
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PAL  This disclosure relates to a roof plate assembly comprising a plurality of
      individual roof plates interlocked with one another by means of a
      plurality of anchoring pieces, and fastened to a batten or the like. The
      anchoring pieces connect the trailing end of each roof plate with the
      leading end of the following roof plate. The anchoring pieces and the roof
      plates are interlocked with one another by means of bent stop portions
      having portions spaced from one another with sufficient clearance to
      absorb dimensional inaccuracies during assembly. Each roof plate further
      includes a suspending piece which depends from its leading end and abuts
      the trailing end of the preceding roof plate to provide, in combination
      with the anchoring piece, a double connection at the trailing end of each
      roof plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the conventional assembly of roof plates, each roof plate was connected
      directly to the other and, accordingly, in the course of roof plate
      assembly the manufacturing errors in each roof plate and inaccurate
      clearances at the joints are accumulated into a considerable amount that
      often made the very connection of the roof plates difficult if not
      actually impossible within a predetermined area.
PAR  The present invention provides a method of assembling the roof plates by
      means of interlocking each roof plate on its front and rear end with
      anchoring pieces for eliminating the aforesaid inaccuracies by absorbing
      the aforesaid errors between the anchoring piece and each roof plate, and
      further by excluding the constructional dependency between the preceding
      roof plate and the following one.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an assembled construction of roof plates
      made of metallic plate material which is of simple construction and lends
      itself to be applied in an easy manner.
PAR  The assembled construction of roof plates which has been on the market is
      so constructed that the roof plates are jointed between them and
      accordingly, in the course of roof plate assembly, the manufacturing
      errors in the roof plates and inaccurate clearances at the joints are
      accumulated into a considerable amount that often made connection of the
      roof plates difficult if not actually impossible within a predetermined
      area.
DRWD
PAR  The assembled construction of the roof plate assembly in accordance with
      the invention permits an improved method of assembly by eliminating the
      aforementioned errors. The practical examples embodying the present
      invention shall be described in detail with attached drawings in the
      following:
PAR  FIG. 1 depicts the first embodiment of the invention.
PAR  FIG. 2 depicts a detailed view of an anchoring piece to be used with the
      first embodiment.
PAR  FIG. 3 depicts a detailed view of a joint of the first embodiment.
PAR  FIG. 4 depicts a second embodiment of the invention.
PAR  FIG. 5 depicts a detailed view of an anchoring piece to be used with the
      second embodiment.
PAR  FIG. 6 depicts a third embodiment of the invention.
PAR  FIG. 7 depicts a detailed view of an anchoring piece to be used with the
      third embodiment.
DETD
PAR  In FIG. 1, 1 represents a batten and 2 an anchoring piece fixed at a proper
      distance on the batten with nails 3. 4 represents a roof plate. Each roof
      plate 4 includes a leading end and a trailing end. In the roof plate 41
      represents a main part, 42 a collector edge located at the front or
      leading end of the main part 41 bent back upon itself through an acute
      angle thereby defining an internal recess, 43 a suspending piece, 44 a
      upright piece formed at the rear or trailing end of the main part 41 by
      bending. Further, the anchoring piece 2, as represented in FIG. 2, is a
      rectangular plate material bent in approximately  -shape, forming the
      clamp 21 which fixes the aforesaid bent piece on the batten and the
      upright piece 22 and at the same time, the other piece is provided with a
      proper number of rectangular notches forming inserting pieces 23 and stop
      pieces 24 available easily for bending. By means of this construction,
      each roof plate 4 is stopped on its front end in such a manner that the
      inserting piece 23 of the anchoring piece 2 is inserted in the internal
      recess of the collector edge 42 of each roof plate and at the same time,
      its rear part is stopped by holding the upright piece 44 of the roof plate
      proper from above and by bending the stop piece 24 of the anchor piece 2.
      Moreover, a double connection is provided at the trailing end of each roof
      plate by means of the suspending piece 43 which extends downwardly from
      the adjacently-coupled roof plate in abutting relation therewith. The
      roofing operation is completed by jointing the roof plates 4 consecutively
      in this manner with the anchoring piece 2.
PAR  As should be apparent from the foregoing, when the roof plate assembly is
      constructed in accordance with this invention, each roof plate 4 is
      secured and fixed on both its leading and trailing ends by the anchoring
      pieces 2, and there is no fixed relationship between adjacent roof plates,
      except within a given tolerance range, as will become hereinafter
      apparent. As seen in FIG. 3, when the roof plates 4 are assembled with the
      front ends of the inserting pieces 23 engaging the bent points 42' of the
      collector edge 42, a proper clearance d.sub.1 is established between the
      suspending piece 43 of a roof plate 4 and the upright portion 44 of the
      preceding roof plate 4. Additionally, a proper clearance d.sub.2 is
      established between the upright portion 44 and the upright piece 22 of the
      anchoring piece 2. Consequently, even if the length l.sub.1 (FIG. 1) of
      the roof plate 4 and the distance l.sub.2 between consecutive clamp pieces
      2 are not precisely equal, the aforementioned clearances d.sub.1 and
      d.sub.2 absorb the dimensional inaccuracies thereby eliminating
      difficulties in roof laying caused by the accumulation of these
      inaccuracies as was the case with conventional roof assemblies. It should
      be apparent, therefore, that the instant invention renders a roof laying
      assembly markedly easier than prior art assemblies, while additionally
      providing a pleasing geometrical appearance.
PAR  FIG. 4 and FIG. 5 represent the second embodiment of the present invention.
      In this example, the stop piece 24 of the anchoring piece 2 of the first
      embodiment is eliminated and it is replaced by the construction that a
      stop 24' available to be bent is installed in the front end of the upright
      piece of the roof plate 4 and this piece is bent to grasp the upright
      piece 22 of the anchoring piece 2 over its top edge.
PAR  Further, FIG. 6 and FIG. 7 represent the third embodiment of the present
      invention. In this embodiment the inserting piece 23 of the clamp piece 2
      employed in the aforesaid second embodiment is formed on the opposite end
      of the clamp piece 21 of anchoring piece 2, that is to say, the upright
      piece and inserting piece are arranged on both sides of the clamp piece
      21. It is obvious that by this construction, a similar result can be
      obtained as with the aforesaid first embodiment.
PAR  As described in detail above, in this invention, the roof plate 4, provided
      with the collector edge 42 and suspending piece 43 in the front and the
      upright piece 44 in the rear, and the anchoring piece 2, provided with the
      upright piece 22 and inserting piece 23 which is mated with the collector
      edge 42 of the roof plate 4, are installed and the upright piece 22 of the
      aforesaid anchoring piece 2 and the upright piece 44 of the aforesaid roof
      plate proper 4 are provided with the stop piece 24 or 24'. Consequently,
      as mentioned above, the detrimental effect caused by the manufacturing
      errors and similar inaccuracies is eliminated and easier assembly results.
      Moreover strict tolerances during manufacturing of the roof plates becomes
      unnecessary, thus enabling a mass production at lower costs. After
      completion of roofing operations, nails and other external fixing elements
      are all covered and, consequently, no corroding effects are caused on the
      exposed parts, providing long lasting and admirable appearance to the
      roof.
PAR  In accordance with the provisions of the patent statutes, we have herein
      described the principle of the invention, together with element which we
      now consider the best embodiments thereof, but we desire to have it
      understood that the structure disclosed is only illustrative and the
      invention can be carried out by other means.
PAR  Also, while it is designed to use the various features and elements in the
      conditions and relations described, some of these may be altered and
      modified without interfering with the more general results outlined.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A roof plate assembly comprising a plurality of individual roof plates
      interlocked with one another and fastened to a batten or the like, each of
      said roof plates having a leading end and a trailing end, said leading end
      being folded back upon itself to form a collector edge having an internal
      recess, a suspending piece extending from said collector edge and abutting
      the trailing end of an adjacent roof plate, said trailing end having an
      upright portion extending generally parallel to said suspending piece of
      the adjacent roof plate, and an anchoring piece for interlocking said
      leading end of each of said roof plates with said trailing end of the
      adjacent roof plate, said anchoring piece including a clamp portion
      adapted to be fastened to the batten, an insertion portion received within
      said internal recess of said collector edge, and means for interlocking
      said anchoring piece with said upright portion of said trailing end,
      whereby there is provided a double connection at the trailing end of each
      roof plate by means of both said interlocking means and said suspending
      piece which extends in abutting relation from the leading end of the
      adjacent roof plate interlocked therewith.
NUM  2.
PAR  2. A roof plate assembly as defined in claim 1, wherein said anchoring
      piece includes an upright piece which extends generally parallel to said
      upright portion of said trailing end, and wherein said interlocking means
      includes a stop portion of said anchoring piece bent around said upright
      portion of said trailing end, said bent stop portion being spaced from
      said upright piece sufficiently to receive said upright portion
      therebetween while leaving sufficient clearance to absorb dimensional
      inaccuracies during assembly.
NUM  3.
PAR  3. A roof plate assembly as defined in claim 1, wherein said anchoring
      piece includes an upright piece which extends generally parallel to said
      upright portion of said trailing end, and wherein said insertion portion
      of said anchoring piece extends from one edge of said upright piece and
      said clamp portion extends from another edge thereof.
NUM  4.
PAR  4. A roof plate assembly as defined in claim 1, wherein said anchoring
      piece includes an upright piece which extends generally parallel to said
      upright portion of said trailing end, and wherein said interlocking means
      includes a stop portion of said upright portion bent around said upright
      piece of said anchoring piece, said bent stop portion being spaced from
      said upright portion sufficiently to receive said upright piece of said
      anchoring piece therebetween while leaving sufficient clearance to absorb
      dimensional inaccuracies during assembly.
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ABST
PAL  A clip and assembly of two structural channels front-to-back by use of the
      clip, the clip having a one-channel connecting portion and means for
      gripping portions of the side flanges of the other channel.
PARN
PAR  This is a continuation of application Ser. No. 411,606, filed Nov. 1, 1973
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Because of the high cost of lumber, the construction industry is turning
      more and more to the use of metal members for studs, joists, columns, and
      beams. Such members are generally in the form of channels, and as such
      require specialized fastening techniques. As is known, channels
      conventionally comprise an elongate web portion and two side flanges
      emanating from the longitudinal margins of the web portion, and from the
      same face of the portion. Thus, simply nailing channel members together is
      no longer possible nor desirable.
PAR  In some instances, such as in framing doors and windows, it is particularly
      desirable that two such channels be joined together back to front, with
      their longitudinal axes aligned, to create the rough jamb. The composite
      so formed is secured to a wood jamb the surface of which is finished, and
      also, in some cases, is secured to the gypsum board. Conventionally, the
      wood jamb is secured to a web of the channels, while the gypsum board is
      attached to the channel side flanges.
PAR  The invention concerns means for joining channels together in such a
      manner, whereby a composite structural member is created.
PAR  2. Description of the Prior Art
PAR  Channel members have been assembled together in a variety of
      configurations, by means of a variety of clips. Thus, channels have been
      held together at right angles to each other, by clips such as those shown
      in U.S. Pat. No. 3,319,983. These have not been suitable, however, to join
      the channels together with their axes aligned. One quite apparent reason
      is the absence in such clips of a portion connecting the clip to the web
      of one of the channels -- a necessary feature when the channels are joined
      back to front.
PAR  Still other channels have been joined by clips with their longitudinal axes
      aligned, but conventionally the junction is achieved front-to-front. Clips
      for such an assembly again lack the capability for connection to the web,
      and instead emphasize the use of tabs or notches for gripping the side
      flanges of the channels. Examples are shown in U.S. Pat. Nos. 2,059,565
      and 2,123,458. The difficulty with this construction is that both channels
      are closed off, leaving the interior inaccessible, such as is necessary
      for the insertion of insulation. Furthermore, it is necessary that the web
      portion of both channels be as close as possible to the wood portion of
      the jamb, when used for this purpose, for maximum strength. A
      front-to-front construction obviously spaces one web portion too far from
      the other.
PAR  A recent technique has permitted the channels to be joined back-to-front.
      As depicted in FIG. 1, this prior construction requires the use of a wood
      blocking between the two channels. The disadvantage of such a technique is
      that it renders difficult the screw attachment of the wood jamb or the
      gypsum board to the composite member.
PAC  SUMMARY OF THE INVENTION
PAR  The invention pertains to a clip, and the composite structural member which
      may be assembled therewith, which clip readily permits two channels to be
      secured front-to-back with their axes secured, without substantially
      interfering with subsequent attachment of other wall elements to the
      composite member. More specifically, there is provided a composite
      structural member comprising two elongate channels each having a web, two
      side flanges extending from opposite side margins of the web, and a
      longitudinal axis extending parallel to the side flanges; and a clip
      connecting the channels together with the axes of the channels parallel to
      each other, said clip having a portion attached to the web of one of said
      channels, and means for gripping a portion of the side flange of the other
      of said channels.
PAR  Accordingly, it is an object of the invention to provide a clip, and the
      front-to-back assembly of channels using such a clip, to form a member
      particularly suited for use as framing for doors and windows.
PAR  It is a related object of the invention to provide such a clip and assembly
      without interfering with the capability of the assembly to secure wood
      jambs and gypsum panels in place.
PAR  It is another object of the invention to provide such a clip which will
      accommodate a particular shape of channel used in the assembly.
DRWD
PAR  Other objects and advantages will become apparent upon reference to the
      following description of the drawing and of the preferred embodiments.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary horizontal sectional view through a prior art
      frame;
PAR  FIG. 2 is a fragmentary perspective view of the frame assembly constructed
      in accordance with the invention;
PAR  FIG. 3 is a horizontal sectional view similar to FIG. 1, but illustrating
      the assembly of FIG. 2;
PAR  FIG. 4 is a perspective view of the clip used in the assembly of FIGS. 2
      and 3;
PAR  FIG. 5 is a perspective view of a clip forming an alternate embodiment of
      the invention;
PAR  FIG. 6 is a sectional view similar to FIG. 3, but illustrating the
      embodiment of FIG. 5;
PAR  FIG. 7 is a perspective view illustrating yet another embodiment of the
      invention;
PAR  FIG. 8 is a front elevational view of the clip shown in FIG. 7;
PAR  FIG. 9 is a horizontal sectional view illustrating the assembly using the
      clip of FIGS. 7 and 8;
PAR  FIG. 10 is a perspective view of still another embodiment; and
PAR  FIG. 11 is a sectional view of the assembly incorporating the clip of FIG.
      10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Although the invention is hereinafter described with particular reference
      to its use and advantages in the construction of the framing for door or
      window jambs, it is not necessarily limited thereto. It may be applied in
      any instance where two hollow, elongate structural members are to be
      secured front-to-back, preferably with their axes aligned.
PAR  FIG. 1 illustrates the prior art construction over which the invention is
      intended to improve. Thus, a door jamb 15 comprises the rough jamb 16 to
      which is joined the wood jamb 18 which is to be given a decorative finish.
      The rough jamb comprises two elongate C-shaped structural members or
      channels 20, 20' each of which is provided with a web portion 22 having
      opposite side margins 24 and 26, and side flanges 28 and 30 projecting
      from margins 24 and 26, respectively, from the same face of web portion
      22. Although channels 20, 20' may have any general shape, preferably they
      are those shown in copending U.S. application Ser. No. 241,611 filed on
      Mar. 27, 1972, commonly owned with the instant application. That is, they
      are asymmetrical chanels due to the indent 32 in the web portion. As shown
      in phantom in FIG. 3, the indent is designed to allow two of the channels
      to be nested or boxed together without departing from a perfect
      rectangular configuration. To do this, it will be recognized that the
      terminal portions 34 and 36 of side flanges 28 and 30, respectively, lie
      in planes spaced apart a distance such that the inside surface 38 of
      portion 34 is generally coplanar with the outside surface 39 of portion
      36.
PAR  To attach the channels 20 and 20' together, the prior art technique was to
      insert a wooden blocking 40 into channel 20, and the web portions 22 of
      both channels were screw-attached at 42 to the blocking. As will be
      appreciated, such an assembly can result in screw attachment of the jamb
      18 to the web portion of channel 20 precisely at the location of the
      blocking. If the screw used in such attachment strikes screw 42, it will
      be deflected and the attachment of jamb 18 will be inaccurate. Even if
      screw 42 is not in the way, as will be the case usually, the blocking 40
      will still make the attachment more difficult as a metal tapping screw is
      not designed for efficient wood penetration. Similarly, the screw
      attachment of gypsum board 44 to the side flange 28 of the channel 20 may
      result in the blocking causing the screw to undesirably deflect the side
      flange.
PAR  In accordance with one aspect of the invention, illustrated in FIGS. 2-4,
      the channels 20, 20' may be connected front-to-back with their axes
      aligned, by a clip 50. The clip comprises, as best shown in FIG. 4, a
      member or channel-connecting portion 52 having front and back surfaces 53,
      53' and opposite side margins 54, 56 and 58, 60. The side margins 54, 56
      each have joined to them at intersections 61 and 62, a lip 63 and 64,
      respectively, which lips extend at an angle from the portion 52 from the
      back surface 53' thereof. Lip 63 has opposite side margins 65, 66 and a
      terminal edge 68 opposite to intersection 61.
PAR  It is necessary that the clip grip the side flanges of channel 20. The
      means by which this is achieved comprise the lip 63 in its interaction
      with the web portion 22 of channel 20, as described below, and notches 70
      and 72 formed adjacent the intersection 61 in the side margin 58 of
      portion 52 and side margins 65 and 66 of lip 63. By locating notch 70 so
      as to be collinear with the intersection 61, the notch extends into both
      portion 52 and lip 53. Both notches have a depth sufficient to accommodate
      terminal portions 34 and 36, respectively, of channel 20. As best seen in
      FIG. 3, side flange terminal portion 36 of channel 20 is spaced away from
      terminal portion 34, due to the asymmetric nature of the channel. Thus, to
      receive terminal portion 36, notch 72 is spaced away from intersection 61,
      towards the edge 68. Inasmuch as terminal portions 34 and 36 are parallel,
      so are notches 70 and 72. If the terminal portions are differently bent,
      the notches must be shaped accordingly.
PAR  Lip 63 assists in frictionally engaging the channel 20 to hold the clip in
      the desired longitudinal position therein. Therefore, the lip extends
      across the interior of channel 20 until it frictionally engages web
      portion 22 of that channel. For maximum engagement, edge 68 extends
      generally the full width of web portion 22, and is contoured to coincide
      with the contour of the web portion 22. Thus, edge 68 is indented at 74
      identically as is web portion 22 indented at 32, along a line unequally
      positioned from side margins 65, 66. The lip 63 is further bent at 76 to
      provide downward pressure against lip 64, and to provide the resiliency
      necessary for forced repositioning of the clip, if desired.
PAR  To prevent accidental twisting or rotation of the clip within channel 20,
      as by the action of screw attachment of channel 20' described below, lip
      64 extends with a width which locates it between the side flanges 28 and
      30 of channel 20. In other words, the width of lip 64 must be less than
      the distance of separation of the side flanges. Generally this will mean a
      width less than or about equal to the distance of separation of notches
      70,72. To prevent undue rotation of the clip, the distances are preferably
      about equal.
PAR  In the assembly of the rough jamb 16, channel 20 is properly oriented, and
      clip 50 inserted with lip 63 contained within channel 20. The clip is
      twisted so as to extend transversely across the channel, notches 70 and 72
      receiving and gripping the side flange terminal portions 34 and 36,
      respectively. Edge 68 of lip 63 retains the clip from accidental
      longitudinal displacement. The second channel 20' is positioned with its
      web portion 22 abutting surface 53 of portion 52. A metal tapping screw 78
      is then screwed into the abutting portions, lip 64 serving to prevent the
      clip from rotating out of engagement with the side flanges of channel 20.
PAR  The composite member so constructed avoids the use of a blocking member
      having substantial longitudinal extension which might interfere with the
      assembly of the composite member into framing to form, for example, a door
      jamb. Only lip 63 extends across the space into which attaching screws
      project, and the minimal thickness of the sheet metal forming the lip
      eliminates the likelihood of screw interference.
PAR  It also will be readily apparent that asymmetric clip 50 will fit within
      asymmetric channel 20 only in one orientation. That is, the clip may not
      be attached with lips 63 and 64 reversed from the position shown in FIG.
      4. Thus, if channel 20 is accidentally or otherwise rotated so that indent
      32 is on the opposite side of web portion 22 from that shown, then the
      applicator must rotate the clip also. To avoid the applicator having to
      know which orientation of the clip is required, the alternate embodiment
      shown in FIGS. 5 and 6 may be used. Parts similar to those previously
      described bear the same reference numeral to which the distinguishing
      suffix a has been attached. Thus, clip 50a joins the identical channels 20
      and 20' as described above, by means of portion 52a which is
      screw-attached to web portion 22 of channel 20' (FIG. 6). Lip 63a
      frictionally engages the web portion, and lip 64a fits between the side
      flanges of channel 20. However, notches 70a and 72a extend continuously
      from portion 52a through the intersection 61a and into lip 63a where the
      notches have coplanar terminal surfaces 80. The opposite terminal surfaces
      82 also may, but need not, be coplanar. The lip 63a is also modified by
      having tapered side margins 65a and 66a, and a terminal edge 68a which
      falls in a single plane. The assembly of clip 50a with channels 20 and 20'
      is thus possible due to the resiliency of the web portion 22 of channel
      20. That is, terminal portion 36a is pulled into a coplanar position with
      terminal portion 34a by reason of terminal surface 80 of notch 72a being
      coplanar with the terminal surface 80 of notch 70a. This necessarily
      deflects the web portion 22 of channel 20 out of the plane of its natural,
      free position, shown by the dotted line, FIG. 6. By this construction, it
      is not necessary that the applicator reverse the clip orientation if the
      channel 20 is put in place upside down.
PAR  In accordance with another aspect of the invention, FIGS. 7 through 9
      illustrate another embodiment wherein the web-abutting friction lip has
      been eliminated. Parts similar to those previously described bear the same
      reference numeral to which the distinguishing suffix b has been added.
      Thus, the composite member comprises two channels 20 and 20' joined
      front-to-back by a clip 50b (FIG. 9). As before, it comprises a
      channel-connecting portion 52b having front and back surfaces 53b and
      53b', respectively, opposite side margins 54b, 56b and 58b, 60b, and a lip
      64b joined to margin 56b at intersection 62b. Unlike the previous
      embodiments, the mechanism by which the side flanges of channel 20 are
      gripped comprises a plurality of tabs 86, 88, 90 and 92 in margin 60b, and
      a plurality of tabs 94, 96, and 98 in side margin 58b. Each of these tabs
      terminates in a portion 100 which lies in a plane which is parallel to the
      planes of the portion 100 of the other tabs. Each portion 100 is spaced
      from the portion 100 of the next adjacent tab by a distance slightly less
      than the thickness of the terminal portions 34 and 36 of channel 20.
      Portion 100 of tab 88 lies in a plane located outside the plane of any
      other portion, while portions 100 of tabs 86 and 90 are coplanar.
      Similarly, portions 100 of tabs 94 and 98 are coplanar.
PAR  Thus, the terminal portion 36 is received within and gripped by tab 88 on
      one side and tab 86, 90 on the other side. Terminal portion 34 is received
      between and gripped by tab 96 on one side and tabs 94 and 98 on the other.
PAR  As best seen in FIG. 9, because of the asymmetric nature of channel 20, the
      space between opposed tabs on side margin 58b for reception of terminal
      portions 34 does not fall in the same plane as the space for reception of
      portion 36. The separation of the terminal portions is such that portion
      100 of tab 96 is preferably coplanar with portion 36 of channel 22. Thus,
      none of tab portions 100 are coplanar with the tab portions of the
      opposite side margin.
PAR  The assembly process of the channels 20, 20' is similar to that as
      disclosed above for FIG. 3.
PAR  It will be readily apparent that clip 50b is asymmetric to fit the
      asymmetric nature of the side flanges of channel 20. As with FIG. 2, the
      drawback is that the applicator must take care as to which side of web
      portion 22 the indent 32 of channel 20 is located, so as to know which
      orientation the clip must have. This problem may be avoided by using the
      embodiment shown in FIGS. 10 and 11. Parts similar to those previously
      described bear the same reference numeral to which the distinguishing
      suffix c has been added. Thus, clip 50c joins the two channels together in
      a manner similar to the assembly shown in FIG. 9, with tab portions 100c
      being parallel to each other. Unlike the previous embodiment,
      web-connecting portion 52c has a plane of symmetry along a vertical axis
      positioned between side margins 58c and 60c. Transversely positioned tabs
      86c and 94c, 88c and 96c, and 90c and 98c are respectively coplanar,
      therefore. Because the spaces between the tabs for reception of terminal
      portions 34 and 36 of channel 20 are thus coplanar, the asymmetric channel
      20 is forced to deflect at web portion 22 from its free or natural
      position shown in dotted lines, FIG. 11. For this reason, the correct
      assembly of the clip is not dependent upon the orientation of the
      asymmetric channel 20, and the applicator need not concern himself with
      the proper orientation of the clip with respect to the right or
      left-handedness of the channel.
PAR  It will be recognized that the embodiments of FIGS. 7-11 further meet the
      objectives set forth above, inasmuch as no lip whatsoever extends across
      the interior of channel 20 into which attaching screws project.
PAR  Although the invention has been described in connection with certain
      preferred embodiments, it is not intended that it be limited thereto.
      Thus, the clip of the invention will permit the channels to be assembled
      with the axes misaligned, as well as aligned. Therefore, it is intended
      that it cover all alternative arrangements, equivalents, and embodiments
      as may be included within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clip for assembling two hollow, elongate sheet metal channel members
      having a generally C-shaped, cross-section, to form a composite structural
      member, the clip comprising
PA1  a first structural member-connecting portion having two opposite side
      margins, and
PA1  a first and a second lip each extending at an angle from two other,
      opposite side margins of said portion, said first lip having opposite side
      margins,
PA1  at least one of said side margins of both said member-connecting portion
      and of said first lip being provided with a notch adjacent to the
      intersection of said first lip and said first member-connecting portion
      thereby forming at least two notches on opposing sides of said clip,
      extending into said lip a distance sufficient to accommodate therewithin
      the terminal portions of the side flanges of one of the structural
      members, one of said notches being offset with respect to the other of
      said notches, and wherein said second lip has a width which is less than
      the distance of separation between said notches, whereby said lip may be
      inserted between the terminal portions of the side flanges of one of the
      structural members thereby contacting each of the terminal portions of the
      side flanges to prevent the clip from twisting with respect to said one
      structural member.
NUM  2.
PAR  2. The clip as defined in claim 1 wherein said notches are parallel.
NUM  3.
PAR  3. The clip as defined in claim 1 wherein said notches both extend
      continuously from said member-connecting portion, through said
      intersection, and into said first lip, and wherein said first lip
      terminates in an edge which lies in a single plane, whereby the clip may
      be secured to an asymmetrical member having a generally C-shaped
      cross-section, regardless of which orientation the member is in.
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ABST
PAL  A steel joist formwork and a composite steel and concrete floor structure
      provided with a top chord, a bottom chord and a web joining the top and
      bottom chords with the top chord being serpentine shaped like an S or Z
      and including top and bottom, generally horizontal portions and an
      intermediate portion integrally connecting opposite edges of the top and
      bottom portions with the top and intermediate portions substantially being
      adapted to be embedded in the concrete floor to cause the floor and steel
      joists to act structurally as a composite beam. Either the web or a leg
      depends vertically from the free end of the bottom portion of the top
      chord, and the web joining the top and bottom chords is substantially
      solid or is, an open web formed of a zigzag bar member. There is also
      disclosed a building system and erecting method utilizing steel joists
      spaced apart by spanner bars which also support rigid panels which act as
      formwork for the pouring of concrete. The spanner bars and the joists are
      so arranged to cooperate that the spanner bars may be removed together
      with the rigid panels after the concrete has been poured, and the spanner
      bars, the rigid panels and if desired the steel joists may be reused for
      formwork for additional poured concrete construction. Alternatively the
      joists may be left in place either with the top chords embedded in the
      poured concrete to provide a composite action, or merely supporting the
      concrete slab in the conventional fashion. A novel cold rolled sheet steel
      joist may be advantageously used to form a particularly economical
      composite system. This steel joist is shaped in an I-beam configuration
      with an upper top chord bent to have the appearance of the letter Z in
      cross-section for bonding with the concrete floor.
PARN
PAR  This is a continuation of application Ser. No. 274,414, filed July 24,
      1972, which was abandoned upon the filing hereof and which was a
      divisional of Ser. No. 220,627, filed Jan. 25, 1972, now U.S. Pat. No.
      3,845,594, which in turn was a continuation-in-part of both Serial No.
      872,017 filed Aug. 29, 1969 (now abandoned) and Ser. No. 145,758, filed
      May 21, 1971, now Pat. No. 3,819,143.
BSUM
PAR  The present invention relates to a composite floor system and parts and
      formwork therefor and erecting method for use in the construction of
      buildings such as large open span buildings. The present invention is
      particularly concerned with composite floor systems and a novel form of
      open web steel joist for use in such a floor system.
PAR  In accordance with the present invention, one form of steel joist comprises
      a top chord, a bottom chord and a zig-zag bar web having its apices welded
      to the top and bottom chords. The top chord includes a first flange
      extending parallel to the plane of the web, a second flange connected to
      the first flange above the web, a third flange obliquely connected to the
      second flange and a fourth flange connected to the third flange and
      substantially parallel to the second flange, the second, third and fourth
      flanges being intended to be partly or wholly embedded in a concrete slab
      poured on formwork supported by a plurality of such open web steel joists.
      For the purpose of supporting such formwork, openings are provided in the
      first flange of the steel joist in which spanner bars may be inserted to
      support the formwork between the open web joists and to stabilize the
      joists prior to the pouring of the concrete.
PAR  In accordance with a preferred form of the invention, the concrete slab
      poured on the formwork supported from the bar joists is reinforced with a
      reinforcing mesh which is draped over the top flanges of the open web
      steel joists and hangs in a catenary-like shape between the open web
      joists to provide the most effective shape for shear reinforcement.
PAR  The composite floor system utilizing the applicant's novel open web joists
      is more economical than conventional open web joists systems and permits a
      variety of forming materials. The mesh embedded in the concrete forms the
      correct catenary for maximum shear reinforcement of the concrete slab.
      Plywood forms may be used between the open web joists giving a degree of
      lateral stability before the concrete is poured and the plywood forms may
      be reused in subsequent concrete pouring operations.
PAR  A particularly significant aspect of the invention is that the spacing
      between open web joists may be greatly increased over the spacings
      presently utilized, since the spanner bars positioned between the open web
      joists and the joists themselves carry the construction loads and the
      completed composite floor system has adequate strength to carry all design
      loads once the construction has been completed. It will be appreciated
      that several inherent advantages of composite contruction are obtained;
      for example, a whole floor or roof assembly when poured forms a single
      unit which provides increased strength and stability to the structure.
PAR  It is also within the scope of the present invention to form large span
      floors using the open web joists of of the invention, which may be propped
      during construction and which when the composite system has achieved its
      ultimate strength are capable of supporting the design loads across the
      full span without propping.
PAR  The present application also relates to building systems and in particular
      a building system in which a combination of open web joists, spanner bars
      and rigid panels are utilized to support a poured concrete floor. In
      accordance with one form of the invention the spanner bars and rigid
      panels may be removed after the concrete has set and reutilized. In
      accordance with a further preferred form of the invention the open web
      steel joist may also be removed after the concrete has set and reused.
PAR  The present application also relates to a composite floor system for use in
      the design and construction of buildings such as large open span buildings
      in which a cold rolled sheet steel joist is formed in the shape of an
      I-beam with an upper chord bent to have the appearance of the letter Z in
      cross-section.
PAR  An object of the invention is to provide an economical and strong composite
      floor system by the use of cold rolled sheet steel members.
PAR  A further object of the invention is to provide a novel spanner or roll bar
      for use with novel formwork pursuant to the present invention.
PAR  A further object of the invention is to provide a floor system which can be
      adapted to permit efficient and economical erection and disassembly of a
      multiple use formwork material to receive the concrete slab of this
      composite floor system. This is accomplished by the use of openings which
      are cut at regular intervals along the horizontal length of the vertical
      flange of the cold rolled sheet steel joists into which the ends of the
      spanner bars which are shaped so that they may, by use of a hammer or
      similar object, be wedged into this opening. Due to the shape of the
      openings, the removal of the spanner bars is accomplished by moving the
      spanner bars in the opposite direction as when they were wedged-in during
      erection. This latter procedure permits safe and easy removal of firstly
      the spanner bars and secondly the formwork material. Spanner bars and
      formwork material can then be reused for the subsequent construction of
      additional composite floor systems following the teachings of the present
      invention.
PAR  In accordance with the present invention there is provided a building
      system wherein metal joists are supported in parallel spaced relation, and
      means are provided for removably supporting rigid panels mounted between
      and filling the space between adjacent joists, said means comprising at
      least two bars extending between adjacent joists with the ends of the bars
      being removably held to the joists.
DRWD
PAR  In the accompanying drawings which illustrate various embodiments of the
      present invention:
PAR  FIG. 1 is a perspective view from below of a composite floor system
      utilizing the applicant's novel open web joists,
PAR  FIG. 2 is a perspective view from above illustrating some details of the
      FIG. 1 construction of open web joists in accordance with the invention,
PAR  FIG. 3 is a perspective detail illustrating the notches formed in the first
      flange of the applicant's novel open web joists,
PAR  FIG. 4 is an elevational end view of an open web joist of the present
      invention,
PAR  FIGS. 5 and 6 are elevational views showing portions of floor systems
      utilizing the open web joists of the present invention,
PAR  FIG. 7 is a perspective view of an alternative S form of top chord for use
      with the present invention,
PAR  FIG. 8 is an end view of a modification of the FIG. 7 form of top chord for
      joists in accordance with this invention,
PAR  FIG. 9, is a side view of a portion of any of the top chords of this
      invention with a modified vertical flange,
PAR  FIG. 10 is a vertical section through a building system pursuant to the
      present invention;
PAR  FIG. 11 is a perspective view partly broken away illustrating removable
      formwork pursuant to the present invention;
PAR  FIG. 12 is a perspective view similar to FIG. 11 illustrating a slightly
      modified type of top chord in removable formwork of the invention;
PAR  FIG. 13 is a perspective view of yet another form of the reusable formwork
      system pursuant to the present invention;
PAR  FIG. 14 is a perspective view with the panels removed of yet another form
      of reusable formwork of the invention;
PAR  FIG. 15 illustrates a less preferred form of elongated slot provided for
      receiving the end of a spanner bar;
PAR  FIG. 16 illustrates a spanner bar adapted for utilization with the
      elongated slot of FIG. 15;
PAR  FIG. 17 illustrates the preferred form of elongated slot;
PAR  FIG. 18 illustrates another form of spanner bar;
PAR  FIG. 19 illustrates an alternative form of elongated slot intended for
      utilization with a spanner bar as illustrated in FIG. 18;
PAR  FIGS. 20 and 21 illustrate alternative forms of top chord for the open web
      steel joist for utilization with the roll bar illustrated in FIG. 22;
PAR  FIG. 22 illustrates a roll bar adapted for utilization with the top chords
      of FIGS. 20 and 21;
PAR  FIG. 23 is a vertical section through a wall form constructed pursuant to
      the present invention;
PAR  FIG. 24 is a perspective view of the back of a wall form pursuant to the
      present invention;
PAR  FIG. 25 is a perspective view of a cold rolled sheet steel joist in
      accordance with a preferred form of the invention;
PAR  FIG. 26 is a vertical section through a composite floor system using the
      applicant's novel cold rolled steel joists;
PAR  FIG. 27 is a vertical section illustrating the spanner bar and novel cold
      rolled sheet steel joist; and,
PAR  FIG. 28 is a plan view of a spanner bar in accordance with a preferred
      embodiment of the invention.
DETD
PAR  In FIG. 1 there is shown in perspective a composite floor system
      constructed in accordance with the present invention. A composite floor
      system is indicated generally at 10 including a plurality of open web or
      bar joists 11 and a poured concrete slab 12 containing a reinforcing mesh
      13. As illustrated in FIG. 1, each of the open web joists 11 includes a
      bottom chord 14, a zig-zag or serpentine configured bar web 15 and a novel
      shaped top chord 16 which is described in greater detail below.
PAR  Positioned between the bar joists 11 are steel spanner bars 17, the ends
      17' which (see also FIGS. 2, 5, 6 and 28) are offset from either the top
      or bottom surfaces of the bars and extend through openings 18 formed in
      the top chord 16 of the open web joists. For ease in inserting the spanner
      bar ends, openings 18 have an upwardly directed leg 18' (FIG. 2) for
      initially receiving the ends 17' which are then moved or driven and jammed
      into the shorter horizontal legs of the openings to lateral provide
      stability, rigidity, proper joist spacing and concrete pouring form
      support. In the left side of FIG. 1, bars 17 are illustrated in a position
      supporting a reusuable plywood form 19, and in the right side of FIG. 1,
      bars 17 are illustrated supporting a steel pan 20 of known type.
PAR  It will be noted in FIGS. 1 and 2 that knock out portions 21 are shown in
      the depending legs or vertical flanges 16a of top chords 16 in the open
      web joists 11 beneath the ends of the spanner bars 17. These pieces 21 are
      so formed (prescored or the like) during manufacture of the open web or
      bar joists 11 that they form knock out panels which can be removed after
      the concrete has been poured in the composite floor system and the spanner
      bars 17 and the formwork 19 or 20 removed and reused for the subsequent
      pouring of additional composite floors following the teachings of the
      present invention. Alternative and more preferred forms of spanner bar 17
      and openings 18 are illustrated in FIGS. 15 - 19 and 28. It will be
      appreciated that the size and shape of the opening 18 in which the ends of
      the spanner bar 17 are fitted may depend upon the particular form of
      spanner bar used and similarly the size and shape of the knockout panel 21
      will also vary depending upon the particular type of spanner bar used. In
      FIG. 1, spanner bars 17 on the left side of the drawing are shown a
      substantial portion of the bar projecting below the apertures or slots 18
      (see also FIG. 5), while in the right side of FIG. 1 (and in FIG. 6) the
      substantial portion of the bar projects above apertures 18. That is, in
      accordance with a further feature of the invention, such a shape of
      spanner bar permits the use of either a thicker plywood type panel or form
      19 or a thinner sheet metal pan type panel 20 merely by reversing the
      position of the bar 17 during insertion. For use with the plywood panels,
      the offset at the ends of 17' of the spanner bars is from the lower
      surface thereof, but for the sheet metal panels 20 the offset of the
      spanner bar ends 17 is relative to the upper surface of the bars. It is
      contemplated that the spanner bars 17 normally would be removed from the
      composite structure and the formwork such as 19 in FIG. 1 would be taken
      away and reused. However, it will be appreciated that a specific
      application in accordance with the invention might include retaining the
      spanner bars as part of the permanent structure although normally these
      bars are removed together with the concrete supporting formwork once the
      concrete has set.
PAR  In FIG. 2, there is illustrated in perspective, a pair of open web bar
      joists 26 and 27 (each the same as joists 11 in FIG. 1) and a spanner bar
      17. As previously mentioned, the spanner bar openings 18 are disposed in
      the depending leg or vertical flange 16a of the top chord 16 together with
      knock out panel 21 which may be removed after the concrete of the
      composite floor is poured to release the spanner bar 17. In this
      embodiment, the novel serpentine shaped top chord 16 has a transverse
      cross-section in the form of the letter Z, i.e., of a zig-zag
      configuration, and includes three integral portions or flanges 16b, 16c,
      and 16d besides leg 16a. Top and bottom portions 16b and 16d are
      superposed with intermediate portion 16c angling or being disposed
      obliquely between opposite ends of those top and bottom portions. This
      shape provides for greater transfer of load from the slab to the joist and
      greatly increased shearing resistence between the top chord and the
      concrete floor. Of considerable importance as later described is the fact
      that leg 16a depends from the free end or edge 16e of the bottom portion.
PAR  In FIG. 3 an alternate form of spanner bar 17 is illustrated as including a
      notch 29 which co-operates with the sides of the opening 18 to increase
      the structural rigidity of the open web joists and spanner bars during
      construction as more fully discussed in relation to FIG. 28. This
      increased rigidity is sufficient to eliminate the requirement for bottom
      bridging during erection and prior to setting of the concrete. The ends
      17' of the bars may alternatively be longitudinally wedged shaped if
      desired.
PAR  FIG. 4 is a vertical transverse section or end view through a bar joist
      constructed in accordance with the present invention clearly illustrating
      the cross-section of the novel top chord 16 of the present invention. The
      bottom chord 14 which, in this particular joist (and in FIG. 1) is shown
      as formed of a pair of rods, is welded to the bottom apices of zig-zag web
      15 which in turn is welded at its upper apices to the top chord 16. As
      shown, the lower horizontal flange 16d bottoms on the top of web 15, which
      is secured against the depending leg or vertical flange 16a for greater
      stability.
PAR  FIGS. 5 and 6 illustrate the use of spanner bars in accordance with the
      present invention to support formwork during the pouring of concrete. FIG.
      5 closely resembles the left side of FIG. 1, and FIG. 6 closely resembles
      the right side of FIG. 1. As before, open web joists 11 support spanner
      bars 17 above which in FIG. 5 is mounted a plywood form 19 and in FIG. 6 a
      steel pan 20. It will be noticed in FIGS. 5 and 6 that the same spanner
      bar is used in both cases but that in FIG. 6 the offset edge 30 is
      positioned upwardly whereas in FIG. 5 the offset edge 30 is positioned
      facing down. This allows for the difference in thickness between the
      plywood form 19 and the steel pan 20. Thus in accordance with the
      invention a single type of spanner bar 17 may be used to support either
      plywood, for example, or steel pan formwork on which the concrete
      composite floor may be poured. It will also be noted that the top chords
      16 of the novel open web joists 11 are substantially embedded in the
      concrete floor (though in practice the lower face 16d, and perhaps a short
      part of intermediate portion 16c, may or may not be embedded) and that the
      reinforcing mesh 13 hangs in a catenary shape upon and between the open
      web joists 11 providing the proper shear reinforcement for the concrete
      floor.
PAR  FIGS. 7 and 8 illustrate other alternative forms of serpentine shaped top
      chords. The Z-shaped top chord 16 of FIGS. 1-6 is altered in FIGS. 7 and 8
      to a smoothly curved S-shaped surmounting the usual vertical flange 16a
      forming an integral top chord 16'. The opposite ends of the upper and
      lower curved flanges or portions 16'b and 16'd are integrally connected at
      opposite edges with the obliquely directed intermediate portion 16'c, and
      the whole chord is preferably cold rolled steel. In both embodiments, leg
      16a depends from the free end 16'e of the bottom portion 16'd, which in
      FIG. 8 fully underlies the upper portion 16'b but only partially so if at
      all in FIG. 7.
PAR  FIG. 9 illustrates an alternative form of opening 18 in the vertical leg or
      flange 16a of the open web joist for supporting the spanner bar. As
      before, opening 18 is provided with a knock out portion 21. In this case
      the L-shaped opening 18' is formed with a downwardly directed vertical leg
      18' and a horizontally directed leg so that knock out portion 21 is a
      small rectangular member attached at two edges to the remaining metal of
      the vertical flange 16a.
PAR  As will become more apparent hereinafter, the vertical leg 18' of the
      openings 18 shown in FIGS. 2, 3 and 9 are not absolutely necessary,
      particularly when the thickness of the ends 17' is less than the height of
      opening 18. That is, with such a lesser thickness, the spanner bars 17 can
      be inserted into opening 18 while their breadth is in a horizontal
      position, and then the bars can be rotated or rolled into the vertical
      position shown for bars 17 in FIGS. 1-3.
PAR  As discussed below with regard to later figures, spanner bars 17 preferably
      have some sort of handle means to effect such rotation for insertion into
      and removal from openings 18.
PAR  From the foregoing, it is also apparent that knockouts 21 shown in FIGS. 2,
      3, and 9 are not basically necessary either as long as the spanner bars 17
      can be removed if desired from openings 18 without such knockouts.
PAR  As previously indicated, the top chords 16 in FIGS. 1-9 above are made of
      sheet metal, preferably cold rolled steel, all in one piece. Preferably
      also, spanner bars 17 are of heavier steel gauge than the sheet metal for
      top chords 16, for example, the thickness of spanner bars 17 may be in the
      order of 1/4 inch to 1/2 inch metal plate while top chords 16 are of 10 to
      17 gauge steel.
PAR  Spanner bars 17 are tightly fitted into openings 18 and, consequently, the
      heavier steel gauge of ends 17'  may cause some deformation in the
      vertical legs 16a when the spanner bars are hammered, wedged and/or rolled
      into place in openings 18. This tight fit greatly improves the stability
      of the erected joists before concrete is poured. Generally spanner bars 17
      are of rectangular cross-section with a maximum height, for example, in
      the order of two to three inches.
PAR  The spacing between adjacent joists which is usually approximately 4 feet,
      although of course, it may be any other desired distance. Normally the
      joist spacing is considerably greater than with prior steel joist/concrete
      slab construction since the slab in the present invention gives a
      composite action which increases the load bearing capacity beyond that of
      the joist above. It should be appreciated that the alone dimensions are
      given only as representative examples to which limitation is not intended.
PAR  As previously mentioned, the vertical legs 16a of top chords 16 depend from
      their respective lower portions 16d at the free or outer edges 16e
      thereof. As may be readily noted in FIGS. 1 and 2, as well as FIGS. 5 and
      6, the top chords 16 are all oriented in the same way. For example, as
      seen in FIG. 1, all of the vertical legs 16a depend on the left side of
      their respective top chords 16. This is shown in greater detail in FIG. 2
      from which it is also readily apparent that the intermediate flanges or
      portions 16c of the two top chords 16 extend obliquely in the same
      direction, i.e., both angle upwardly to the left. In other words, the Z
      configuration of each top chord is oriented in exactly the same manner as
      in the next top chord. This means that each spanner bar 17 which is
      disposed between successive top chords is overlaid by only one of the
      lower portions 16d of those chords. Consequently, in constructing the
      formword, the plywood panel 19 or steel panel 20 shown in FIGS. 1, 5 and 6
      may have one of its longitudinal edges pushed on the spanner bars
      underneath the lower portion 16d, and then the opposite edge of that
      plywood or steel panel is dropped or otherwise brought down to rest on the
      spanner bars adjacent the opposite leg 16a. This provides for a relatively
      tight fit of the panel causing a substantially concrete leakproof pouring
      form, though in fact there may be a one-half inch or so leeway between the
      panel edges and the legs 16a. Additionally, this provides for ready
      removal of the panels from below after the concrete has set, by merely
      removing the spanner bars in the manner above described, allowing the
      panels to be recovered for reuse if desired. The plywood forms, which
      conveniently may be standard 4 foot by 8 foot sheets, provide a diaphragm
      action to further stiffen the floor before concrete is poured.
PAR  As is apparent from the foregoing, all joists normally have flush shoes and
      hence no infilling is required between joists in masonary constructions.
      This leads to a reduction in sound transmission. In addition, the
      stiffness of the resulting composite steel and concrete floor reduces both
      vibration and deflection.
PAR  Still further embodiments of the invention are discussed below.
PAR  In FIG. 10 there is shown a vertical section through a building utilizing a
      construction system of the present invention. As illustrated, there is
      shown a concrete wall 40 which may be either poured, masonary, block or
      could alternatively be a column placed ahead of the floor system. On
      either side of the wall 40 are placed temporary scaffolds 41 and 42 on the
      top ends of which are supported open web steel joists or bar joists 43 and
      44 which have open webs 15 as previously described.
PAR  Supported between successive open web joists are rigid panels 19, for
      example of plywood. These panels span transversely to the joists 43 and
      44, the ends of the spanner bars being received in openings 18 formed in
      the lower edge of the top chord or in the upper part of the web of the
      open web joists 43 and 44.
PAR  The steps in the process of erecting a building utilizing the building
      system of FIG. 10 typically would consist of pouring a floor or
      foundation, erecting vertical walls or columns, positioning temporary
      scaffolding to support the open web joists, inserting spanner bars and
      plywood panels between the joists, and pouring the successive floor of the
      building. After an appropriate period of time, for example, seven days,
      the spanner bars and panels would be stripped from the open web joists,
      and after a further period of time, for example 28 days, the open web
      joists would be removed, together with the temporary scaffolding. This
      material could then be raised to a higher floor of the building and reused
      to make formwork for pouring a succeeding upper floor of the building. The
      poured concrete floor would be reinforced in the usual way to carry all
      loads between the vertical walls and columns.
PAR  It should be noted that there is no need for reshoring of the poured
      concrete floors in this system. By allowing the open web joists to remain
      in place, the necessity for reshoring is avoided, and thus the
      construction of the building can be accelerated since mechanical trades
      can have access to the floor at an earlier data than would be required if
      reshoring were utilized.
PAR  As an alternative form of construction it is within the scope of the
      present invention to support the open web joists as permanent portions of
      the building structure, and to incorporate the open web joists as
      permanent portions of the building. Such open web joists may either have a
      conventional top chord having a flat upper surface, or may utilize a form
      of top chord provided with shear connection to the concrete to give a
      composite action which results in a significant decrease in the cost of
      building construction as hereinbefore described. It will be appreciated
      that any poured concrete structure will of course have to include
      reinforcing elements to strengthen the concrete, but for the sake of
      simplicity such reinforcement has not been illustrated in FIG. 10.
PAR  With the system of the present invention it is possible to utilize standard
      material sized to form the plywood panels and the spacing of the open web
      joists may for example be advantageously fixed at approximately four foot
      centers, thereby enabling the use of standard 4 .times. 8 sheets of
      plywood which are the most inexpensive size commercially available. It
      should also be recognized that in accordance with contemporary
      construction practice, such plywood panels would be treated with a release
      coating, such as oil, to avoid adherence of the concrete to the panel.
      Such a release coating enables the ready stripping of the forms from
      beneath the poured concrete floor with a minimum loss of formwork due to
      accidental destruction.
PAR  As illustrated in FIG. 10, and in other sheets of the drawings, the spanner
      or roll bars 17 may be equipped with one or more permanent handles 45 or
      alternatively such roll bars may be utilized together with removable
      handles resembling spanner wrenches which are utilized to grasp the roll
      bar for rotation during insertion and removal. As further discussed
      hereinbelow, the roll bars are formed of a material of a substantially
      rectangular cross-section and are suitably notched at the ends to
      stabilize the positioning of the joists during construction. Additionally,
      the plywood panels utilized together with the roll bars serve to give a
      diaphragm action to reinforce the formwork against horizontal loads during
      pouring of the concrete floors.
PAR  In FIG. 11 there is illustrated in perspective a section of formwork used
      in a building system pursuant to the present invention as illustrated in
      FIG. 10. The open web joist 43 supports a spanner bar or roll bar 17 on
      which a rigid plywood panel 19 is positioned. A like panel 19A is
      positioned on the opposite side of the open web joist 43 from the panel 19
      and is supported by a spanner bar (not illustrated). The form of open web
      joists shown in FIG. 11 utilizes a "hat" section top chord which has a
      substantially flat upper surface 60 and horizontally extending flanges 61
      and 62 to support the edges of the plywood forms 19A and 19 respectively.
      A portion of an elongated opening 18 is also illustrated in the drawing.
PAR  FIG. 12 illustrates an alternative form of top chord which is provided with
      a flat upper surface 63 with one long vertical leg 64 and a short vertical
      leg 65. As before, the long vertical leg is provided with elongated
      openings 18 for cooperation with the roll bars 17 which support panels 19,
      and 19A.
PAR  FIG. 13 illustrates an alternative embodiment of the invention utilizing an
      alternative form of top chord for each of the open web joists 43 and in
      which a second (lower) roll bar 17 is utilized to connect the bottom
      chords of the open web joists 43 to provide bridging where necessary for
      strengthening the formwork. As before, the plywood panel 19 is supported
      by the upper roll bar 17 and fits between, and have its upper surface
      substantially flush with, the tops of the top chords of joists 43. It will
      be noted that the form of top chord illustrated in FIG. 13 (also partially
      shown in FIG. 21) includes a channel 66 with upwardly extending lips 67
      positioned at either side of the joist into which the method ends of the
      upper roll bars 17 are fitted. Between successive lips 67 in this channel,
      notches are provided at appropriate locations so that the roll bars may be
      removed after pouring of the concrete floor.
PAR  FIG. 14 illustrates another alternative embodiment of the invention in
      which the top chord is formed in the shape of an inverted channel with
      elongated openings for cooperation with the ends of the roll bars 17, and
      a bridging bar 25 is provided connecting the bottom chord of the open web
      joist which bottom chord is formed by a pair of angles with a space
      therebetween.
PAR  FIGS. 15, 17 and 19 illustrates other configurations of elongated opening
      18 formed in the side of the joist for supporting of any of the spanner
      bars shown in FIGS. 2, 3, 16, 18, 22 or 28. FIG. 17 illustrates the most
      preferred shape of opening 18 and is especially well adapted for use with
      the spanner bar of FIG. 28.
PAR  FIG. 16 illustrates a form of spanner or roll bar 17 formed of rectangular
      cross-section material with an inverted triangular shaped notch 26 in each
      end of the bar 17, while in FIGS. 18 and 22 notches 26 are rectangular and
      respectively in the upper and lower surfaces of the bars. Preferably the
      notches 26 in the spanner bars of FIGS. 18 and 22 have a width slightly
      greater than the gauge of the top chord material. In use bar 17 is turned
      with handles 55 so that the flat side of the material extends in the long
      direction of the hole 18, and the bar may then be inserted in the hole and
      rotated so that the sides of the notch 26 engage the bottom edges of the
      hole 18 to fix the bar in relation to the hole 18.
PAR  FIG. 20 illustrates another form of top chord which might be utilized with
      spanner bars of shape illustrated in FIG. 22. In this case the notches 26
      are formed in the lower edge of the spanner bar and sit on the upturned
      lips 28 of the top chord of the open web joist.
PAR  FIG. 21 illustrates a shape of top chord also shown in FIG. 13 which has a
      channel 66 provided with upturned lips 67 to cooperate with a spanner bar
      such as that illustrated in FIG. 22.
PAR  FIG. 23 illustrates the application of the principles of the present
      invention to erect formwork for vertical constructions such as the pouring
      of concrete walls. FIG. 24 is a perspective from one side of the formwork
      illustrated in FIG. 23, and the two figures of drawings will be described
      together for simplicity. A vertically extending member 50 which resembles
      an open web joist of tapering depth is positioned vertically and provided
      with a channel 51 with a plurality of elongated openings 52. Spanner or
      roll bars 53 are inserted in the openings 52 in the channel 51 and serve
      to support rigid panels 54 from outward motion. A bottom tie consisting of
      a pipe spacer 56 is provided at the base of the wallform and a top tie 56
      is positioned at the top of the wallform. As before the concrete wall is
      poured the shape being retained by the formwork and after the concrete has
      set the formwork is stripped by removal of the spanner bars and the panels
      and subsequently by removal of the vertical reinforcing members 50.
PAR  In FIG. 25, there is shown in perspective a joist 110 constructed of a
      single piece of cold rolled sheet steel in accordance with the present
      invention. The joist is generally in I beam form and includes a bottom
      chord 111 which may, for example, have in a generally rectangular shape, a
      vertical flange 112 and a generally Z-shaped top chord 113. In erecting
      the composite floor system described in FIGS. 26 and 27, special cold
      rolled sheet steel joists 110, in a similarly oriented and properly spaced
      parallel relationship, are supported at opposite ends upon any usual and
      conventional supports.
PAR  Positioned between two such novel joists 110 are spanner bars 114 which may
      have tapered and notched ends 115 as shown in FIG. 16, or conform to the
      preferred shape FIG. 28. The ends 115 cooperate with the tapered openings
      116 in the vertical leg or flange 112 and are wedged into openings 116
      during erection. The plurality of openings 116 are generally rectangular
      in shape with one side so tapered from the bottom of the top that when
      spanner bar end 115 is inserted and hammered into the opening 116 spanner
      bar 114 becomes wedged securely. Preferably the roll bar or spanner bar
      114 are provided with handles 120 to assist in positioning the roll bar
      during erection. Supported on the spanner bar 114 is the reusable formwork
      119 which is effectively sealed against loss of wet concrete by the return
      lip or bottom portion of the Z-shape of the top chord 113 and the vertical
      face 112 of the opposite joist 110.
PAR  Once the spanner bars are removed the openings 116 may serve as pass-ways
      for electrical and mechanical conduits thereby permitting a saving in the
      height required between floors.
PAR  The top chords 113 of the novel joist 110 is embedded in the concrete floor
      117 which is part of this composite floor system, and the reinforcing mesh
      118 hangs in a catenary shape between the novel joists 110 to provide a
      proper reinforcement for the concrete slab. Thus the concrete slab becomes
      part of the top chord.
PAR  FIG. 28 is a dimensioned plan of a roll bar or spanner bar which is the
      most preferred form for commercial use. As shown, the roll bar 130 is
      formed of 1/2 inch thick steel plate and has an overall length of 4 ft.
      53/4  inches. Slots 131 and 132 are spaced apart 4 ft. - 1 1/4 inches so
      that standard 4 foot sheets of plywood may be used for formwork. The slots
      131 and 132 are approximately 5/8 inch deep and slightly wider than the
      gauge of sheet steel used in forming the top chord of the beams. One end
      133 projects 4 inches beyond the left end slot 131 of the bar 130 and the
      other end 134 projects one-half inch beyond the slot 132. A pair of
      handles 135 and 136 are tack welded to the roll bar 130 to facilitate
      insertion and removal of the roll bar 130. The extended end 133 has proven
      to be very useful for supporting short sections of formwork where
      insufficient room is available for a full length roll bar. Other
      advantages in the use of this form of roll bar are readily apparent to
      those involved in the construction of buildings pursuant to the teachings
      of this application.
PAR  Further modifications will become apparent to those acquainted with this
      art and such are to be included in the scope of this invention as defined
      by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the art of building concrete structures,
PA1  the combination of at least two adjacent steel joists and at least one
      removable and reusable spanner bar for use in constructing steel and
      concrete structures by spacing said adjacent steel joists apart a
      predetermined distance to support concrete pouring forms between those
      joists at a location to provide lateral and torsional stability,
PA1  each said joist having at least one opening, substantially aligned with a
      like opening in the next joist with the joist steel adjacent each said
      opening therein being of given gauge and the openings being of at least a
      predetermined length and given height for receiving respective ends of
      said spanner bar, the improvement in said spanner bar comprising:
PA1  an elongated unitary non-adjustable steel bar having throughout its length
      a rectangular transverse cross-section with top and bottom surfaces and
      sides, said top and bottom surfaces being narrower than the sides thereof
      to form said rectangular cross-section,
PA1  said bar further having a central section and having two opposite ends
      which extend inwardly to said central section with their top surfaces
      flush therewith,
PA1  said ends having a height between said top and bottom surfaces that is
      substantially less than the height of said central section,
PA1  said central section being the same width as said ends and being a
      multiplicity of times longer than at least one of said ends,
PA1  the width from side to side of said opposite ends and the said height
      thereof being such that the opposite ends can be readily inserted into and
      removed from said openings only when one of said sides is facing upward,
PA1  the said height from top to bottom surfaces of said ends being greater than
      said given height of said joist opening but less the said predetermined
      length of said joist opening,
PA1  hand means fixedly secured to and depending from said central section for
      installing and rotating said bar into a said pair of oppositely aligned
      openings,
PA1  securing and distance gauging means in the top one of said surfaces of said
      bar and only in its said surfaces of said bar and only in its said
      opposite ends, said securing and distance gauging means consisting of one
      and only one notch in each of said opposite ends with said notches being
      rectangular and disposed outwardly from said central section a substantial
      given distance with at least one of said notches being disposed from the
      outer end of its respective opposite end a distance substantially less
      than the said given distance for aiding insertion and removal of said bar
      into and from said aligned joists openings by reciprocal longitudinal
      movements and with the said notches being separated a predetermined
      gauging distance and each notch having a width substantially the same as
      said given gauge, for aligning and tightly interlocking said bars and
      joists and securingly spacing adjacent joists substantially parallel for
      their full length at said predetermined distance apart when each spanner
      bar is inserted in its respective pair of openings with a said side facing
      upwardly and then rotated by said handle means until said top surface
      faces upwardly to cause said notches to interlock with the steel joists as
      aforesaid with said top surface disposed vertically at said location to
      cause said pouring forms to provide said lateral and torsional stability.
NUM  2.
PAR  2. The combination in claim 1 wherein the said opposite end having the
      other notch extends outwardly from its said notch a distance substantially
      greater than said given distance.
NUM  3.
PAR  3. The combination in claim 1 wherein each said joist has extending in its
      longitudinal direction a shaped part substantially in the form of an S or
      Z in transverse cross-section and metal means vertically depending
      substantially from the lower free end of said shaped part and containing
      said opening adjacent said lower free end, said joists being disposed with
      their shaped parts oriented in the same way.
NUM  4.
PAR  4. In the art of building concrete structures,
PA1  the combination of at least two adjacent steel joists and at least one
      removable and reusable spanner bar for use in constructing steel and
      concrete structures by spacing said adjacent steel joists apart a
      predetermined distance to support concrete pouring forms between those
      joists at a location to provide lateral and torsional stability,
PA1  each said joist having at least one opening substantially aligned with a
      like opening in the next joist with the joist steel adjacent each said
      opening therein being of given gauge and each said opening being of at
      least a predetermined length and given height for receiving respective
      ends of said spanner bar, the improvement in said spanner bar comprising:
PA1  an elongated unitary non-adjustable steel bar having a central section and
      two opposite ends,
PA1  said ends having rectangular transverse cross-sections and extendingly
      inwardly to said central section,
PA1  said ends having top and bottom surfaces and sides with the said top and
      bottom surfaces of the opposite ends being narrower than the sides thereof
      to form said retangular cross-sections,
PA1  the said top surfaces of said ends being flush with the top surface of said
      central section to support said pouring forms,
PA1  said central section having a substantially greater height than said
      opposite ends and being a multiplicity of times longer than at least one
      of said ends,
PA1  the width from side to side of said opposite ends and the height thereof
      being such that the opposite ends can be readily inserted into and removed
      from said openings only when one of said sides is facing upwardly,
PA1  the height from said top to bottom surfaces of said ends being greater than
      said given height of said joist opening but less than said predetermined
      length of said joist opening, and
PA1  securing and distance gauging means in one of said surfaces of said bar and
      only in its said opposite ends, said securing and distance gauging means
      consisting of only one notch in each of said opposite ends with the said
      notches being rectangular and separated a predetermined gauging distance
      and each notch having a width substantially the same as said joist steel
      given gauge, for aligning and tightly interlocking said bars and joists
      and securingly spacing adjacent joists substantially parallel for their
      full length at said predetermined distance apart when each spanner bar is
      inserted in its respective pair of openings with a said side facing
      upwardly and then rotated until said top surface faces upwardly to cause
      said notches to interlock with the steel joists as aforesaid with said top
      surface disposed vertically at said location to cause said pouring forms
      to provide said lateral and torsional stability.
NUM  5.
PAR  5. The combination in claim 4 wherein each said rectangular notch is in
      said top surface.
NUM  6.
PAR  6. The combination in claim 4 wherein each said notch is in said bottom
      surface.
NUM  7.
PAR  7. The combination in claim 4 wherein each said joist has extending in its
      longitudinal direction a shaped part with a transverse cross-section
      substantially in the form of an S or Z and metal means vertically
      depending substantially from the lower free end of said shaped part and
      containing said opening adjacent said lower free end, said joists being
      disposed with their shaped parts oriented in the same way.
NUM  8.
PAR  8. The combination in claim 4 wherein each of its said opposite ends has a
      width the same as said central section.
NUM  9.
PAR  9. A reusable spanner bar as in claim 4 including handle means secured to
      and depending from a point no higher than the top surface of said steel
      bar for aiding in the rotational securement of the said spanner bar ends
      to and from said joist openings.
NUM  10.
PAR  10. The combination in claim 4 wherein said opposite ends extend inwardly
      from their respective notches with said given rectangular cross-section
      for only a given distance, and wherein at least one of said notches is
      disposed from the outer end of its respective opposite end a distance
      substantially less than the said given distance for the other said notch
      for aiding insertion and removal of said bar into and from said joists.
NUM  11.
PAR  11. The combination in claim 10 wherein the said opposite end having said
      other notch extends outwardly from its said notch a distance substantially
      greater than said given distance.
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ABST
PAL  A framework structure comprises longitudinal load-bearing elements and
      bracing elements interconnecting the load-bearing elements and intended to
      rigidify the structure and take up transverse forces. To this end the
      fastening of the bracing elements to the longitudinal elements is realized
      at least on one side of the structure by connections permitting a certain
      relative movement between the bracing elements and the longitudinal
      elements longitudinally of the structure.
PAL  In such a framework structure as comprises longitudinal load-bearing
      elements and bracing elements interconnecting said load-bearing elements
      and serving to rigidify the structure and to take up transverse forces,
      the ends of the longitudinal load-bearing elements cooperate with jacks to
      compensate arising displacements.
PARN
PAR  This is a division of application Ser. No. 354,926 filed Apr. 27, 1973, now
      abandoned.
BSUM
PAR  Frameworks comprising scaffold towers with intermediary form beams are
      utilized to support the formwork for concrete bridges. To save labour
      costs there is a trend towards ever larger units, that is, the towers are
      constructed for larger concentrated loads and are spaced longer distances
      apart, whereby the beams will have to be given longer spans.
PAR  Under the load of the supplied concrete the form beams may be subject to
      deflection and thus cause crack formation in the fresh concrete, whereby
      limits are set to the spans of the form beams. For this reason as well as
      for economical reasons it is desired to support the form beams on the side
      edges of the scaffold towers instead of extending them so much that they
      reach to the centre lines of the towers, which would result in a more
      suitable loading of the towers.
PAR  When the concrete load is supplied starting from one side the scaffold
      towers will temporarily be under full load on the load-bearing vertical
      supporting elements of one side only. The vertical supporting elements of
      that side will therefore be elastically compressed and vertically
      displaced in relation to the vertical supporting elements of the
      non-loaded side, and if the subgrade is yieldable there will be an
      increased displacement. Moreover, in such scaffold constructions it often
      happens that the subgrade consists of layers of varying loadbearing
      capacity and thickness and that the layer thicknesses and the properties
      of the subgrade material are changed by excavation or back filling.
PAR  When the supporting elements on one side of the scaffold tower are
      displaced relative to those on the other side there arise large forces in
      the bracing elements connecting the sides of the scaffold tower. These
      bracing elements are normally dimensioned so as to take up wind loads and
      to reduce the effective length (i.e., unsupported length over which
      buckling occurs) of the vertical supporting elements by fixation of the
      positions of the junctions. These dimensioning forces are considerably
      smaller than those arising in the bracing elements upon relative
      displacement of the supporting elements. If on dimensioning the bracing
      elements no attention is paid to these forces these elements may be put
      under excess load so that rupture occurs and the measures taken to prevent
      buckling will cease in effect, from which a total collapse of the scaffold
      tower follows.
PAR  The present invention has for its object to permit a vertical supporting
      element to be displaced relative to one or more other supporting elements
      in the same scaffold tower without inadmissibly great forces being formed
      in the bracing elements. This is realized in that the bracing elements are
      fastened to the vertical supporting elements at least on one side of the
      tower by means of connections allowing a certain relative movement to
      occur between the bracing elements and the vertical supporting elements in
      the vertical direction.
PAR  The connection may be in the form of a bolt which can move in vertical
      direction in an oblong hole, and the movement can be controlled and the
      displacing forces regulated by means of spring-loaded washers which slide
      on surfaces displaced relative to said washers. By this arrangement the
      scaffold tower under normal wind loads will function as a rigid unit
      without displacement in the junctions, in which unit, however,
      displacement will take place without risk of excess loading of the bracing
      elements when the displacing force becomes greater than the force for
      which the supporting elements have been dimensioned.
PAR  The connection between the bracing elements and the vertical supporting
      elements can also be realized with the aid of yoke means, guide means or
      the like.
PAR  The invention also relates to a framework structure comprising longitudinal
      load-bearing elements and bracing elements interconnecting said
      longitudinal load-bearing elements and serving to rigidify the structure
      and to take up transverse forces. According to the invention, the ends of
      the longitudinal load-bearing elements are arranged to coact with jacks to
      compensate arising displacements.
PAR  The invention will be more fully described hereinbelow with reference to
      the accompanying drawing which shows a pair of framework towers, chosen by
      way of example, as well as some embodiments of the connection between the
      bracing elements and the vertical load-bearing supporting elements.
DRWD
PAR  In the drawing:
PAR  FIG. 1 shows a bridge under construction with the use of framework towers
      according to the invention;
PAR  FIG. 2 is an elevation of one embodiment of the framework tower;
PAR  FIG. 2A is an elevation of another embodiment of the framework tower;
PAR  FIGS. 3 and 3A on a larger scale show the connection between the bracing
      elements and the vertical loadbearing supporting elements in the two
      embodiments according to FIGS. 2 and 2A;
PAR  FIGS. 4 and 4A show another embodiment of the connection between the
      bracing elements and the vertical load-bearing supporting elements;
PAR  FIGS. 5 and 5A show a further embodiment of the connection between said
      elements.
DETD
PAR  1 designates two scaffold towers for the concrete bridge which is cast from
      one direction, i.e., from the pier. The scaffold towers 1 are provided
      with intermediary form beams 2 which are placed on the side edges of the
      scaffold towers 1, and these side edges thus serve as vertical loadbearing
      supporting elements 3. The supporting elements 3 at both sides are
      interconnected by bracing elements 4 serving to rigidify the structure and
      to take up transverse forces.
PAR  As shown in FIG. 2, the bracing elements 4 are fastened to the supporting
      elements 3 on one side of the structure by means of connections 5 allowing
      a certain relative movement between said bracing elements 4 and said
      supporting elements 3 longitudinally of the structure. On the other side
      of the structure the bracing elements 4 are rigidly fastened to the
      supporting elements 3.
PAR  As shown in FIG. 2A, the fastening of the bracing elements 4 to the
      supporting elements 3 on the two sides of the structure is realized by
      connections 5 which allow the contemplated relative movement.
PAR  In the drawing, the bracing arrangement has been shown only in one plane
      since it normally is the same on all sides of the structure. As a rule,
      the framework structure is thus composed of elements which can be
      incorporated with the structure on any side thereof whatever. Thus, all
      supporting elements 3 in the embodiment shown in FIG. 2 are provided with
      but one series of connections 5, whereas all supporting elements 3 in the
      embodiment shown in FIG. 2A are provided with two series of connections 5.
PAR  As will best appear from FIGS. 3 and 3A, the connection 5 has been formed
      as a bolt 6 which moves in a vertical direction in an oblong hole 7, said
      movement being controlled and the displacing force regulated by means of
      spring-loaded washers which slide against surfaces displaced relative to
      said washers.
PAR  The connection shown in FIGS. 4 and 4A, which allows the contemplated
      relative movement, is formed by the yoke member 8 which is pivoted both to
      the supporting element 3 and to the bracing element 4. As shown in FIGS.
      5, 5A the connection is composed of a pair of gripping jaws 10 which are
      engageable with the supporting element 3 with the aid of the screwed
      device 9 and are disposed on the bracing element 4. The gripping jaws thus
      serve as frictional connector members.
PAR  As will appear from FIGS. 2 and 2A, the lower ends of the vertical
      load-bearing supporting elements 3 are arranged to cooperate with
      preferably hydraulic jacks 11 to compensate arising displacements.
      Especially when the fastening of the bracing elements 4 to the vertical
      loadbearing supporting elements 3 is realized by connections allowing a
      certain relative movement between the bracing elements 4 and the
      supporting elements 3 longitudinally of the structure, the jacks 11 shall
      be actuable individually or in groups to compensate arising displacement
      without generating forces in the bracing elements 4. Upon actuation of the
      jacks 11 it may be suitable to reduce or wholly cancel the frictional
      force in the connections that shall temporarily allow a relative movement
      between the bracing element 4 and the vertical supporting element 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of adjusting the relative position of longitudinal load-bearing
      elements and transverse bracing elements connected thereto of a framework
      structure when the framework structure is under load, and when the load is
      eccentrically applied to said framework structure; where said framework
      structure comprises a plurality of spaced-aparat longitudinal load-bearing
      elements and transverse bracing elements interconnecting said longitudinal
      elements and serving to rigidify the structure and to take up transverse
      forces, said transverse bracing elements being connected to the
      longitudinal load-bearing elements on at least one side of the framework
      structure by connector means which permit relative longitudinal movement
      to occur between said transverse bracing elements and said longitudinal
      load-bearing elements on said at least one side of said framework
      structure; each of said transverse bracing elements comprising more than
      one elongate structural member and having such geometrical configuration
      so that said elongate structural members are secured in a geometrical
      configuration to retain the spaced-apart longitudinal load-bearing
      elements at a predetermined spaced-apart distance relative to each other;
PA1  said method comprising the steps of:
PA1  a. affixing said connector means between said transverse bracing elements
      and the longitudinal load-bearing elements to said longitudinal
      load-bearing elements on said at least one side of said framework
      structure in such a manner that relative longitudinal movement of between
      any said longitudinal load-bearing element and the transverse bracing
      elements connected thereto is allowed to occur only after a predetermined
      force caused by said connector means is overcome; and
PA1  b. applying load to at least one longitudinal load-bearing element of said
      framework structure so that said load is applied eccentrically to said
      framework structure, the force of said applied load being of a greater
      magnitude than said predetermined force caused by said connector which is
      required to be overcome, so as to allow relative longitudinal movement
      between said at least one longitudinal load-bearing element to which said
      load is applied and the transverse bracing elements connected thereto.
NUM  2.
PAR  2. The method of claim 1 when said connector means are secured to said
      longitudinal load-bearing elements and have oblong holes formed therein
      and spring-loaded fastening means passed therethrough, so as to permit
      relative longitudinal movement between said longitudinal load-bearing
      elements and said transverse bracing elements.
NUM  3.
PAR  3. The method of claim 1 when said connected means comprise sliding means
      disposed on and engaging said longitudinal load-bearing elements and
      secured to said transverse bracing elements.
NUM  4.
PAR  4. The method of claim 1 when load is applied axially to each said
      longitudinal load-bearing element at a first end thereof, and where there
      is a jack means disposed at the end of at least one of said longitudinal
      load-bearing members remote from said first end thereof, whereby said
      relative position of said longitudinal load bearing element to said
      transverse bracing elements may be adjusted in a direction opposite to
      that in which said load is applied.
NUM  5.
PAR  5. The method of claim 4 where a plurality of jacks are disposed, one at
      the end of each of said longitudinal load-bearing members at the end of
      each thereof remote from said first end.
NUM  6.
PAR  6. The method of claim 5 when said plurality of jacks are individually
      operable.
NUM  7.
PAR  7. The method of claim 5 when said plurality of jacks are operable in at
      least one group thereof.
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PAL  A method is disclosed for extending the shelf life of foods including
      washing to remove any pesticides which may be present, drying, packaging
      in a nonporous, sealed container and irradiating with radio frequency
      electromagnetic waves.
BSUM
PAR  This invention relates to improvements in the packaging of produce such
      that its shelf life is substantially extended. It is particularly useful
      for products which in their natural state have a protective coating such
      as a skin or peel; for example, tomatoes, peppers, potatoes, string beans,
      apples, pears, or citrus fruits. Many other produce items can be similarly
      packaged.
DETD
PAR  My packaging method is as follows:
PAR  First the produce is washed to remove any pesticides present and allowed to
      dry.
PAR  The produce is then placed in a package or container which is of a
      nonporous material (essentially airtight) and which is then sealed to keep
      outside air from reaching the contents. The packaging material which is
      used should preferably be quite inexpensive and capable of being
      heat-sealed, such as polyethylene film of adequate thickness or other
      plastic film material. For marketing purposes it is preferable that the
      material be transparent to light. An additional property which is
      essential is that the packaging material used be essentially transparent
      to radio frequency electromagnetic waves.
PAR  The sealed package or container is then irradiated with radio frequency
      electromagnetic energy. Depending upon the materials used, the preferred
      frequency may vary. Frequencies from around 20 MHz up to 330 MHz are
      effective to destroy microorganisms within the film which would otherwise
      attack the produce and cause it to deteriorate. I have preferred to use a
      band of frequencies in the neighborhood of 28.5 MHz. In combination with
      this frequency range, I have found that a band of frequencies in the range
      of 50 to 200 KHz and preferably at or near 100 KHz has been quite
      effective in removing certain molds. The packaged produce may be
      irradiated with these two separate frequency bands at the same time or
      sequentially, whichever proves more convenient.
PAR  The radio frequency may be supplied from a crystal controlled radio
      frequency generator of conventional design, the output of which is fed
      into an amplifier which is connected by a shielded cable to an energy
      chamber. The power level in the energy chamber can be varied to
      accommodate produce items of varying bulk. I have used power levels from
      30 watts to 300 watts depending upon the bulk to be irradiated. While a
      conventional microwave oven could be used, for large production a conveyor
      system would be preferable, and I have used a conveyor moving the produce
      past the energy chamber at a rate of approximately one foot per second.
      This gives an exposure of approximately one to three seconds to the
      radiation.
PAR  The produce thus packaged and irradiated may be stored and transported as
      required. It must be kept from freezing, however. Refrigeration may be
      desirable to retard ripening which will take place after irradiation.
      Packaging as described makes possible the picking of a more mature
      product, thus insuring better quality and flavor at the market. Other
      materials which may be used for packaging include polyester film, acrylic
      film, or polyvinylidene chloride film.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preservation of foods including the steps of:
PA1  1. washing the foods as required to remove any pesticides which may be
      present,
PA1  2. placing said foods in a container of a material which is essentially
      airtight but which permits the passage of radio frequency waves
      therethrough,
PA1  3. sealing said container, and
PA1  4. irradiating said sealed container with a source of radio frequency
      electromagnetic energy wherein said source is capable of producing a first
      band of energy in the range of 20 MHz to 330 MHz and a second band of
      energy in the range of 50 KHz to 200 KHz, said energy being at power
      levels between thirty watts and three hundred watts.
NUM  2.
PAR  2. A process for the preservation of foods as set forth in claim 1 wherein
      the frequency of said first band of energy is substantially 28.5 MHz and
      the frequency of said second band of energy is substantially 100 KHz.
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ABST
PAL  A vacuum packaging apparatus comprising an elongate tubular loading horn
      with front and rear ends, an elongate drive member shiftable axially
      forwardly to an actuated position within the horn, an item engaginf pusher
      at the forward end of the member and shiftable rearwardly from a normal
      forward position forward of the member to an actuated position, the front
      of the pusher normally projecting forwardly from the horn when the member
      is in its actuated position and occurring within the horn when the member
      and pusher are in their actuated positions, an elongate vacuum nozzle
      within and extending longitudinally of the pusher when the pusher is in
      its normal position and projecting forwardly therefrom when the pusher is
      in its actuated position, an elongate supply of tubular packaging film
      shirred axially on and about the exterior of the horn with a lead portion
      extending forwardly from the horn and closed by a sealing means, an item
      conveyor extending forwardly from the horn to support items enveloped in
      the lead portion of the film urged forwardly from the horn by the pusher,
      and sealing and cutting means to seal the film at two longitudinally
      spaced locations between the item and the horn and to cut the film between
      the seals.
BSUM
PAR  This invention has to do with food packaging apparatus and is more
      particularly concerned with improved apparatus for vacuum packaging of
      food stuffs in flexible plastic film.
PAR  In the food handling and/or processing arts and particularly in the meat
      and poultry processing art, it is common practice to envelope items of
      meat or poultry to be packaged in flexible plastic bags or the like.
      Further, it is common practice to evacuate as much air as is practical
      from within the plastic bags or wrappings and to hermetically seal the
      bags whereby as little oxygen, which might result in oxidation and
      spoilage of the food, is left within the bags.
PAR  The above noted packaging of food is commonly effected by providing simple
      plastic bags with open ends. The food is manually deposited in the bags.
      Elongate vacuum nozzles are then partially entered into the open ends of
      the bags and the portions of the bags of adjacent to the open ends thereof
      are manually gathered and held in substantial sealing engagement about the
      necks of the vacuum nozzles whereby air within the bags is drawn
      therefrom. When air is thus drawn from the bags, sealing devices are
      engaged about the gathered portions of the bags, between the food items
      and the nozzles therein. The excess bagging material, outward of the
      sealing devices is then cut or trimmed off and the food is packaged as
      desired.
PAR  In some instances, the plastic bagging material is such that when it is
      subjected to appropriate heat, it will shrink a substantial extent, for
      example, it will shrink about one-third in area. When such material is
      employed, the packaged food is immersed in hot water to shrink the bags
      and so that a neat and attractive package is provided.
PAR  The sealing devices employed to seal the plastic bags are commonly those
      devices which are likened to staples and consist of normally U-shaped
      malleable metal clips which are engaged and formed about the gathered
      plastic bagging material in pressure embracing and sealing engagement
      therewith, by a clip applicator or clipping device similar to a
      conventional stapler.
PAR  The above basic and common practice and means for vacuum packaging food
      items is effective, but is slow or time consuming and is therefore costly.
      The excess bagging material which is trimmed as above noted represents a
      substantial and costly waste of material.
PAR  Further, the above noted practice and means, in the interest of economy,
      requires that a multiplicity of different size bags be provided for the
      different and/or varying size of items to be packaged and that in the
      course of packaging the items, the bags must be manually handled and
      worked upon or with, one at a time.
PAR  In certain instances, where a more effective vacuum package of the
      character referred to above is sought to be provided, a vacuum chamber is
      provided and in which the above referred to and described packaging
      procedure is carried out or performed. When such a chamber is provided, a
      sub-atmospheric pressure is established about the exterior of the plastic
      bag, which pressure is transmitted to within the flexible bag and in and
      about the item to be packaged whereby the air within the bag is expanded
      and more rare than normal. When air is thus expanded and rarefied within
      the bag, it is then extracted therefrom by means of the elongated vacuum
      nozzle and the bag is clipped or sealed, as before.
PAR  In carrying out the foregoing procedure, it will be apparent that a more
      effective and near to perfect, air free, vacuum package is provided and
      that foods thus packaged can be expected to have a longer, safe, shelf
      life.
PAR  The vacuum chambers used in the last noted procedure are generally upwardly
      opening box-like units into which the unsealed bagged food items must be
      manua ly deposited. The chambers have manually operable covers or lids to
      close and seal the box-like units. The chambers next include small
      secondary vacuum chambers to communicate with the open ends of the bags
      and a special gate-like passages between the chambers through which the
      gathered open end portions of the bags must be manually arranged. Finally,
      the chambers are provided with clipping devices, adjacent the gate-like
      passages to apply the necessary clip or sealing devices when the air has
      been evacuated from the bags.
PAR  The principal advantage to be gained by use of the vacuum chamber in vacuum
      packaging is the elimination of trapped air pockets or bubbles between the
      bag and the food item which bubbles or pockets of air are commonly sought
      to be advanced toward the vacuum nozzle and relieved by manually applied,
      wiping pressure about the exterior of the bags, when vacuum chambers are
      not provided.
PAR  In practice, the utilization of vacuum chambers in vacuum packaging, as
      above noted, while resulting in a more effective vacuum package, requires
      the exercise of considerably more manual labor and effort and the
      expenditure of much more time, with the end result that the cost of such
      packaging is quite high and is only resorted to in special instances where
      an extended shelf life for the package product is required.
PAR  An object and feature of the present invention is to provide improved means
      for vacuum packaging food items and a means whereby the items can be and
      are effectively enveloped and hermetically sealed in sections of tubular
      plastic film stock advanced from one end of an elongate supply of tubular
      film stock.
PAR  It is another object and feature of the present invention to provide an
      apparatus of the general character referred to above including novel means
      for holding and dispensing an elongate supply of tubular film stock; novel
      means for advancing food items into engagement in dispensed sections of
      said film stock; novel means for relating a vacuum nozzle with the film
      stock and a related food item and novel means for clipping and sealing the
      end of dispensed film stock to seal the trailing end of the last to be
      dispensed section of film stock and to seal the leading end of the next to
      be dispensed section of film stock.
PAR  Yet another object and feature of this invention is to provide an apparatus
      of the character referred to including a conveyor means to movably support
      the packed items as they are packaged, and a novel vacuum chamber with
      portions shiftable relative to the conveyor means and releasably
      engageable with the vacuum nozzle whereby the air within the film and
      about the food item can be effectively evacuated when the film and product
      are within the chamber and subjected to sub-atmospheric pressure.
PAR  Still further, it is an object and feature of this invention to provide a
      chamber of the character referred to above in which the clipping and/or
      sealing means for the packaging film is arranged whereby the packaging
      film is effectively hermetically sealed when in the vacuum chamber.
PAR  It is a principal object and feature of the instant invention to provide an
      apparatus of the character referred to which eliminates the necessity to
      handle and individually manipulate plastic film bags and food items to
      effect the depositing of the items within such bags; to eliminate and/or
      greatly reduce the amount of plastic film stock commonly wasted when
      vacuum packaging food items in prepared plastic film bags and to provide
      novel conveyor and vacuum chamber means which eliminate the necessity of
      performing certain of those manual operations which are required to be
      performed in the case of vacuum packaging of food items within those
      vacuum chambers and with the vacuum packaging means and apparatus provided
      by the prior art.
DRWD
PAR  The foregoing and other objects and features of our invention will be fully
      understood and will be apparent from the following detailed description of
      a typical preferred form and application of our invention, throughout
      which description reference is made to the accompanying drawings, in
      which:
PAR  FIG. 1 is a longitudinal sectional view of the basic apparatus that we
      provide;
PAR  FIGS. 2, 3, 4 and 5 are views illustrating portions of the structure shown
      in FIG. 1 in different positions and illustrating certain progressive
      operations performed by said apparatus;
PAR  FIG. 6 is an enlarged isometric view of a portion of the apparatus;
PAR  FIG. 7 is a view taken substantially as indicated by line 7--7 on FIG. 6;
PAR  FIG. 8 is a sectional view taken as indicated by line 8--8 on FIG. 7;
PAR  FIG. 9 is a view similar to FIG. 8 showing parts in another position;
PAR  FIG. 10 is a view taken as indicated by line 10--10 on FIG. 8;
PAR  FIG. 11 is a view taken substantially as indicated by line 11--11 on FIG.
      1;
PAR  FIG. 12 is a view similar to a portion of FIG. 1 and showing a vacuum
      chamber as provided by the present invention related thereto;
PAR  FIG. 13 is a view similar to FIG. 12 showing parts in another position;
PAR  FIG. 14 is a view taken substantially as indicated by line 14--14 on FIG.
      13;
PAR  FIG. 15 is a view taken substantially as indicated by line 15--15 on FIG.
      12; and
PAR  FIG. 16 is an enlarged sectional view illustrating parts of the apparatus
      shown in FIGS. 12 through 15 in one operative position relative to each
      other.
DETD
PAR  Referring to FIG. 1 of the drawings, the apparatus provided by the present
      invention includes, basically, a loading horn H, a combination transporter
      and evacuator means T comprising a pusher P and vacuum nozzle N, a
      conveyor C and clipping or sealing means S.
PAR  In addition to the foregoing, the basic structure includes a supply of
      tubular plastic film stock F and supplies of clips or sealing devices S'.
PAR  The above noted basic components or parts of the apparatus are arranged
      longitudinally of and supported by a suitable, elongate, frame A having
      front and rear ends.
PAR  The loading horn H is an elongate unit having front and rear ends 10 and 11
      and is supported in spaced relationship above the central portion of the
      frame A. The horn H is characterized by an upwardly and rearwardly opening
      funnel-like receiving end portion 12, at which it is supported, as at 13.
      The horn H is further characterized by an elongate forwardly opening
      tubular tube portion 14, communicating with and projecting freely
      forwardly from the funnel or receiving end portion 12.
PAR  The tube portion 14 can vary in cross-section to correspond as nearly as
      practical with the cross-section of the food items being handled thereby
      and  is shown as being substantially ovoid in cross-section and as being
      greater in lateral extent than in vertical extent.
PAR  The interior of the horn H is smooth and unobstructed so that food items,
      such as the item I diagrammatically shown in the drawings, can be moved
      freely therethrough and so that the pusher P of the means T can be moved
      longitudinally therethrough, as will hereinafter be described.
PAR  The exterior of the tube section 14 of the horn H is smooth and free of
      obstructions and is adapted to cooperatively receive and support the
      tubular film stock F. The tubular film stock F is slightly greater in
      diametric extent than the tube portion 14, is engaged on and about the
      tube portion and is gathered and/or shirred longitudinally thereon and
      urged rearwardly whereby a substantial supply of film stock, that is, many
      lineal feet of said stock, can be engaged on and supported or carried by
      the horn. The forwardmost end of the film stock F extends forwardly from
      the gathered or shirred bulk of the stock to the forward end of the tube
      portion 14 and establishes the lead portion of stock required in operation
      of the apparatus here provided.
PAR  The conveyor C can vary in form and is shown as a simple, conventional
      elongate roller conveyor structure supported by the frame A and extending
      longitudinally forwardly from close proximity below the forward open end
      of the tube portion 14 of the horn H. The conveyor C is adapted to engage
      and/or receive the film F and items I advance forwardly through and from
      the horn H. It eliminates the need to manually receive and support said
      film and items and supports said film and items for subsequent cooperative
      relationship of the nozzle N and the clipping or sealing means S
      therewith, as will hereinafter be described.
PAR  It should be noted at this time that the body and portion of the tubular
      film stock F is normally drawn forward or is dispensed from the forward
      end of the tube portion 14 of the horn and is gathered and hermetically
      sealed at its forward terminal end by a single sealing device or clip D,
      as shown in FIGS. 1 through 5 of the drawings. The time of application of
      the clip D with respect to the sequence of operation of the apparatus will
      be fully described in the following description of the invention.
PAR  The combination transporter and evacuator means T, including the pusher P
      and nozzle N, is adapted to move and/or transport an item I deposited in
      the funnel portion 12 of the horn H, forwardly through and from the front
      end of the tube portion 14 of the horn H, into the lead portion of the
      film F and onto the conveyor C. The pusher preferably advances the item
      and said lead portion of the film forwardly beyond the front end of the
      tube section 14 of the horn into approximate cooperative relationship with
      the sealing or clipping means S and advances sufficient film stock F from
      the horn, to establish a new lead portion of such stock.
PAR  The pusher P comprises an elongate hollow body with a longitudinal side
      wall 20 corresponding in general cross-sectional configuration with the
      interior of the tube portion 14 of the horn H and is adapted to establish
      free running engagement in and through said tube portion. The pusher body
      has an open rear end and a flat, forwardly disposed item engaging front
      wall 21 with a central nozzle receiving opening 22. The pusher P next
      includes a cross-head 23, shiftably longitudinally in and through the rear
      portion of the pusher body and supported on the forward end of an elongate
      ram 24 of an elongate, double acting cylinder and ram or primary drive
      unit R of the means T. The unit R is fixed to and extending longitudinally
      of the rear portion of the frame A in rearward spaced relationship and in
      axial alignment with the horn H.
PAR  Finally, the pusher P includes one or more secondary drive units R' in the
      form of double acting cylinder and ram units, within the pusher fixed to
      and extending between the front wall 22 and cross-head 24, substantially
      as shown.
PAR  In the case illustrated, we have shown two units R' within the pusher P
      body, however, it is to be understood and will be readily seen and
      appreciated that in practice, a single unit R' could be employed. Further,
      the unit or units R' need not be arranged and related to the cross-head
      and the pusher body in the exact manner shown and need not occur within
      the pusher body. For example, the unit or units R' could be arranged
      rearward of the cross-head and outside the pusher body without departing
      from the spirit of this invention.
PAR  The length of the pusher body and the stroke of the primary and secondary
      drive units R and R' is such that when the unit R is in its normal,
      unactuated retracted position, the pusher body occurs at or rearward of
      the rear of the funnel portion 12 of the loading horn H, as shown in FIG.
      1 of the drawing. When the drive unit R is actuated and the ram 24 is
      shifted to its forward-most position, the pusher body is advanced
      forwardly into and through the horn H to a position where the front end of
      the pusher body is at or slightly forward of the front open end of the
      tube portion 14 of the horn, as shown in FIG. 3 of the drawings. The
      length of the pusher body and stroke of the secondary drive units R' are
      such that when the drive units R' are in their normal, unactuated, or
      extended positions, as shown in FIG. 8 of the drawings, the pusher body is
      in a forwardly extended position relative to the rod 24 of the unit R and
      the corss-head of the pusher P and occurs in those positions shown in
      FIGS. 1, 3 and 6 of the drawings with respect to the horn H, when the
      drive unit R is operated between its actuated and unactuated positions.
PAR  When the secondary drive units R' are actuated from their normal extended
      to their actuated or retracted positions as shown in FIG. 9 of the
      drawings, the pusher body is moved rearward relative to the ram 24 of the
      unit R and relative to the vacuum nozzle N as shown in FIGS. 3, 4 and 9
      and as will hereinafter be described.
PAR  In light of the above, it will be apparent that the pusher P is operable
      between an unactuated position where it occurs rearward of the horn H, as
      shown in FIG. 1 of the drawings, a first actuated position where it
      projects forwardly from the front end of the horn, as shown in FIG. 2 of
      the drawing, and, a second actuated position where it occurs within the
      forward tube portion of the horn, with the front end in close proximity
      with the front end of the horn, as shown in FIG. 3 of the drawings.
PAR  With the apparatus thus far described it will be apparent that upon
      depositing an item I in the rear funnel portion 12 of the horn and upon
      actuating of the pusher to its first actuated position, the item is
      advanced through the horn and is urged forwardly therefrom into the lead
      portion of the film F (the forward end of which is clipped and sealed),
      advancing or drawing additional film from the horn, and depositing the
      enveloped item on the conveyor C, spaced forward from the horn, as clearly
      illustrated in FIG. 2 of the drawings. Subsequent to depositing the item I
      in the lead portion of the film and onto the conveyor forward of the horn,
      the pusher body is moved or retracted back into the horn, as shown in the
      drawings, leaving the enveloped item I on the conveyor in position to
      having additional work performed thereon.
PAR  In practice, the drive units R and R' are preferably double acting
      pneymatic cylinder and ram units supplied with air for their operation
      from a suitable air supply, not shown, through suitable lines L and L' and
      under control of manually operable valves V and V'. The lines L' for the
      units R' are preferably flexible lines and such that they permit free
      longitudinal shifting of the pusher relative to the horn. The lines L' are
      shown extending from the rear end of the pusher body and as extending into
      and through the horn, when the pusher body is in its actuated positions.
PAR  While drive means other than the units R and R' can be employed, the type
      or class of units illustrated and described are most desirable as they are
      of a type and class of drive means commonly employed in the food
      processing arts and find compatibility with health code requirements and
      the like.
PAR  The vacuum nozzle N is provided to evacuate air from within the lead
      portion of the film in which an item is enveloped or deposited and when
      the enveloped item is arranged and supported on the conveyor C, as above
      set forth. The nozzle N is an elongate tubular member normally arranged
      centrally in and extending longitudinally of the pusher body in axial
      alignment with the opening 22 in the front wall of the pusher body. The
      rear end of the nozzle N is suitably secured and mounted on the cross-head
      23 to project forwardly therefrom and has an enlarged apertured head 30 at
      its forward end.
PAR  The head 30 normally occurs immediately rearward or inward of the opening
      22 in the front wall of the pusher body, when the drive units R' are in
      their normal unactuated position, as shown in FIG. 6, 7 and 8 of the
      drawings.
PAR  The rear end portion of the nozzle is connected with a flexible vacuum line
      L.sup.2 which extends rearwardly from the pusher P, parallel with the
      lines L.sup.1. The rear end of the line L.sup.2 is connected with a source
      of vacuum comprising, for example, a pump 40 pressure regulator 41 and a
      normally closed, manually operable vacuum control valve V.sup.2.
PAR  The forward portion of the nozzle N rearward of the head 30 thereof
      establishes a manually engageable neck 31 about which the tubular film F
      can be gathered and held in sealing engagement by the grip of the operator
      hand O, as shown in FIGS. 3 and 4 of the drawings.
PAR  The nozzle N is such that when the pusher body is moved rearwardly to its
      second position, upon actuation of the units R', it projects freely
      through the opening 22 forwardly from the front wall of the pusher body to
      occur within the advanced position of the tubular film F extending between
      the horn H and the item I and where it is exposed and convenient for
      normal engagement or gripping, as clearly illustrated in FIGS. 3, 4 and 9
      of the drawings.
PAR  With the structure set forth above, it will be apparent that when the
      apparatus is operated to that position shown in FIG. 3 of the drawings,
      the film F and neck of the nozzle are manually gripped, as shown and the
      valve V.sup.2 is open, air within the lead portion of the tubular film
      forward of the nozzle and about the item I therein is evacuated from
      within the film F and from about the item I. As the air is thus evacuated,
      the film is drawn inwardly and collapses about the neck of the nozzle to
      effectively seal therewith and the intermediate or free portion of film
      between the nozzle and the item is collapsed to establish a narrow,
      flattened and/or cord-like neck. At this stage, it might be necessary or
      desirable from time to time to shift or manipulate the work so that the
      flattened or corded film can be most advantageously clipped and sealed.
      When the package is formed to the above extent, the collapsed and/or
      corded intermediate portion is sealed or clipped by means of the clipping
      means S. At the same time, the noted intermediate portion of the film is
      sealed or clipped, rearward of the first applied seal D, as at D' and the
      film between the seals is severed, resulting in a complete packaged item
      and a anew lead portion on the film supply, to receive the next item to be
      packaged.
PAR  The clipping means S comprises two juxtapositioned, common or conventional
      clipping units or machines, there being a front unit and a rear unit to
      apply the longitudinally spaced front and rear clips D' and D. A film
      cutting means is provided between the units. Each unit has a vertically
      shiftable applicator head and clip supply S' comprising a chute connected
      with the head and in which a supply of U-shaped metal clips are arranged.
      The applicator heads of the units are adapted to be shifted toward a
      related foring mandrel across which the gathered and/or corded film is
      arranged and to thereby form clips in tight sealing engagement about the
      film. The cutting means can include a simple cutting blade fixed between
      the forming heads, to shift therewith and a cutting mandrel to be engaged
      by the blade and to effect cutting of the film, when and as the clips are
      applied.
PAR  In practice, and as shown, the foring heads and mandrels are carried by a
      substantially vertical laterally and longitudinally opening C shaped frame
      50. The frame 50 is secured to the upper end of a substantially vertical
      arm 51 at one side of the conveyor, opposite or adjacent to the location
      or station on the conveyor between the forward end of the nozzle N and the
      item I when the apparatus is in the position shown in FIGS. 3 and 4 of the
      drawings. The lower end of the arm 51 is pivotally mounted below the
      conveyor on an axis parallel with the longitudinal axis of the conveyor,
      as at 52, and is so proportioned and shaped that the frame 50 occurs in
      lateral spaced relationship from the conveyor C when the upper end of the
      arm is pivotally swung laterally outward and away from the conveyor and
      occurs above the conveyor and in alignment with the central axis of the
      horn, pusher and nozzle when said arm is pivoted laterally inwardly toward
      the conveyor, as clearly illustrated in FIG. 11 of the drawings.
PAR  The sealing means can be manually operated or can, as shown, be
      pneumatically operated. As shown, the foring and cutting mandrels are
      secured to a lower leg of the C shaped frame 50 and the applicator heads
      and cutting blade are carried by a body on the lower end of the ram of a
      pneumatic cylinder and ram unit 53 carried by the other or upper leg of
      the frame 50. The body that carries the foring heads and blade is normally
      in vertical spaced relationship above the mandrels and is such that when
      the unit 53 is actuated, is shifted downwardly and moves the foring heads
      and cutting blace into working engagement with the mandrels to form the
      clips D and D' about gathered film extending through the frame, adjacent
      the mandrels and cuts the film between said clips. The unit 53 is supplied
      with air by a line 54, under control of a manually operable valve 55.
PAR  The arm 51 is shifted from a normal position where it supports the frame 50
      laterally spaced from the conveyor, to an actuated position where the
      frame occurs above the conveyor and partially embraces or surrounds the
      aforementioned intermediate gathered portion of the film F, by an actuator
      means, which means can and is shown as comprising a lever arm 56 related
      to the lower end of the arm 51 and a double acting pneumatic cylinder and
      ram unit 57 between the lever arm 56 and the frame A of the apparatus. The
      unit 57 is supplied with air through an air supply line 58 and is under
      control of a manually operable valve 59.
PAR  It is to be understood that the means S can vary widely in form and
      construction without affecting the novelty or departing from the spirit of
      the present invention and that the means S illustrated and described above
      in a diagrammatic and general manner is intended to set forth one basic
      form in which said means might be advantageously provided.
PAR  With the means S, such as described above, it will be apparent that after
      an item is enveloped in the lead portion of the film F, and the air is
      evacuated therefrom, as shown in FIG. 4 of the drawings, the arm 51 is
      shifted from its normal position to its actuated position by operation of
      the valve 59, whereupon the means S is actuated to apply the
      longitudinally spaced clips D and D' to the intermediate portion of the
      film F, within the C shaped frame 50 and the film between the clips is
      cut, by manual operation of the valve 55.
PAR  The above noted clipping and cutting of the film completes the vacuum
      packaging of the item I and prepares the apparatus for recycling and
      similar packaging of a next to be packaged item.
PAR  In practice, and as shown in FIG. 1 of the drawings and where a heat-shrink
      film is employed, a suitable shrinking means X can be added in or to the
      conveyor C, at the forward end thereof. The means X can, for example,
      include a tank or basin 60 of hot water and a vertically shiftable
      conveyor section 61 onto which a packaged item can be advanced and which
      can be lowered into and thence elevated from the hot water in the basin,
      to effectively shrinking the film.
PAR  In that form of the invention shown in FIGS. 12 through 16 of the drawings,
      we have provided the apparatus with a vacuum chamber E. The chamber is
      arranged in and about the conveyor C forward of the horn H and at that
      station where the air within the film F about an enveloped item I is
      extracted by means of the nozzle N and where the sealing devices or clips
      are applied and said film is cut, as above described. The purpose of the
      vacuum chamber E as previously stated is to expand and rarefy the air
      about the film enveloped item so that the air within the film envelope is
      expanded and so that upon evacuating the air in the film envelope and from
      about the item, a greater amount of air can be effectively extracted and
      the presence of air bubbles or pockets within the finished packaged
      product is substantially eliminated.
PAR  The chamber E is shown as including an elongate upwardly opening, box-like,
      base section 60 with a horizontal bottom wall 61, front and rear vertical
      end walls 62 and 63 and vertical side walls 64. The upper edge portions of
      the side and end walls are formed to define a substantial flat, horizontal
      upwardly disposed sealing rim surface 65.
PAR  The section 60 is supported for vertical shifing by a pair of
      longitudinally spaced hydraulic cylinder and ram elevator units 66 mounted
      below and engaging or connected with the bottom wall 61 and is guided for
      vertical movement by a plurality of vertical columns 67 which are provided
      to support a section C' of the conveyor C with which the chamber is
      related. The columns 67 are slidably engaged through sealing means 68
      related to column receiving opening in the bottom wall 61 of the section
      60 and support the conveyor section C', within the confines of the
      chamber, in alignment with the remainder or other portions or sections of
      the conveyor C. In the case illustrated, the conveyor section C' is a
      short section of conveyor means which is, in effect, removed from the
      primary conveyor and supported by frame 69 supported by the upper ends of
      the columns 67. We have shown four longitudinally and laterally spaced
      columns 67 to support the conveyor section C' and to guide the base
      section 60 of the chamber.
PAR  The elevators units 66 are preferably double actying cylinder and ram
      units, are supplied with air for operation from a suitable air supply (not
      shown) through lines L.sup.3, under control of a manually operable valve
      V.sup.3.
PAR  The base section 60 is next provided with suitable vacuum means to evacuate
      air from within the chamber E, which means is shown as including a suction
      line 70 connected with the section 60 at the bottom wall thereof and
      extending to the intake of a suitable vacuum pump 71. The line 70 can be
      and is shown provided with suitable control means, such as a manually
      operable shut-off valve 72 and a pressure regulator 73.
PAR  Finally, the rearend wall 63 of the chamber's base section 60 is provided
      with an upwardly and longitudinally opening recess 74 in the upper rim
      portion thereof and which is provided with a suitable seal 75.
PAR  The conveyor section C' is and at all times remains in alignment within the
      conveyor structure and the section 60 of the chamber is shiftable,
      vertically from a normal, lower or unactuated position where the rim
      portion thereof occurs below the top plane of the conveyor section C' to
      an actuated, up position where the rim portion occurs above the top plane
      of the conveyor section C' and said section C' occurs down and wholly
      within the box-like chamber section 60, as clearly illustrated in FIGS. 12
      through 16.
PAR  The chamber E next includes an elongate, upper, downwardly opening,
      box-like top section 80 with a top wall 81, front and rear vertical end
      walls 82 and 83 and vertical side walls 84. The lower edge portions of the
      end and side walls are formed to define a substantially flat downwardly
      disposed sealing rim surface 85. The surfaces 85 of section 80 correspond
      in plane configuration with and is shiftable into and out of opposing
      engagement with the surface 65 of the base section 60 of the chamber.
PAR  The section 80 is hingedly connected with the section 60 by hinge means 86
      on one side of the chamber and such that the section 80 can be manually
      pivoted upwardly and laterally outwardly from a closed position where the
      sections are opposed and the rim surfaces 65 and 85 are engaged, as shown
      in FIGS. 12 and 15; to an open position where the section 80 is moved
      laterally upwardly and laterally clear of the conveyor section C' and to
      afford free access to the interior of the section 60, as shown in FIGS. 13
      and 14 of the drawings.
PAR  The surface 65 of the section 60 or the surface 85 of section 80, or both,
      are provided with a suitable sealing means 87 to effect a vacuum seal
      between the section when they are in closed relationship with each other.
PAR  The rear wall 82 of the section 80 is provided with a downwardly and
      longitudinally opening recess 88 in the lower rim portion thereof and
      which is provided with a suitable seal 89. The recess 88 registers with
      and opposes the recess 74 in the lower section 60 of the chamber, when the
      sections are in their closed position and cooperates therewith to provide
      an axially opening, vacuum nozzle receiving throat T in the rearend of the
      chamber E.
PAR  Finally, the section 80 can be provided with a manually engageable handle
      to facilitate opening and closing the chamber.
PAR  The chamber is arranged and related to the other parts, portions and means
      of the apparatus that we provide and have described in the foregoing so
      that when the chamber is in its up and closed position, the throat T
      occurs in axial alignment with the horn H, pusher means P and vacuum
      nozzle N and is spaced forward of the horn a predetermined distance so
      that when the apparatus is in that position where the nozzle is in its
      forward most position and projects freely forward from the pusher P, as
      shown in FIGS. 3 and 4 of the drawings, the forward portion of the neck
      31, at a portion thereof which occurs between the nozzle head 30 and that
      portion of the neck which is conveniently gripped in the operator's hand
      extends through the throat T and in such a manner that sealing engagement
      with and between the neck 31, the film F adjacent thereto and the sealing
      means 75-89 in the throat is established and maintained.
PAR  In carrying out the present invention, when the chamber E is provided, the
      form of sealing or clipping means S shown in FIGS. 1, 3 and 11 of the
      drawings cannot be advantageously employed and must be replaced by another
      form of sealing means S' which can be arranged and operated within the
      chamber E. In accordance with the above, in FIGS. 12 through 16 of the
      drawings, the sealing means S' is shown as including a dual clip foring
      mandrel 91 on the upper end of a post 92 fixed to and projecting upwardly
      from the bottom wall 61 of the base section 60 of the chamber to occur
      below and clear of the top plane of the conveyor section C' when the
      chamber is in its lowered or down position and to project upwardly through
      the conveyor and in axial alignment with the throat T when the chamber is
      in its closed, up, position, as clearly illustrated in FIGS. 14, 15 and 16
      of the drawings.
PAR  The means S' next includes a pneumatically driven or operated vertically
      shiftable, dual clip applicator unit 93 mounted on the top wall 81 of the
      section 80 of the chamber and adapted to normally occur in predetermined
      vertical spaced relationship above and in alignment with the mandrel 91
      when the chamber sections are in closed relationship with each other as
      shown in FIGS. 15 and 16 of the drawings. When the parts or portions of
      the means S' are related in the above manner and the unit 93 is actuated,
      a collapsed chorded section of tubular film extending across the mandrel
      is effectively double clipped or sealed, at longitudinal spaced location
      and the film is out between the clips or sealed locations, in the same
      manner described above.
PAR  Since manual access to the interior of the chamber E to orient the film F
      relative to the clipping mandrel is not possible, as in the first
      embodiment of the invention, the means S' is provided with suitable film
      gathering and orienting means 95, comprising simple longitudinally spaced
      substantially V-shaped film engaging guides carried by the unit 93. The
      means 95, or other similar means which have been provided by the prior
      art, effectively orient the film for clipping or sealing purposes.
PAR  The unit 93 is provided with air from a suitable supply through a line
      L.sup.5 and is under control of a suitable manually operable valve
      V.sup.5.
PAR  In operation, the apparatus, with the chamber E, is operated and/or used in
      the same manner as is the apparatus shown in FIGS. 1 through 11, up to but
      not including, that step in its operation and use when the sealing means
      S' is to be actuated to seal and sever the tubular film F between the
      enveloped item I and nozzle N. Just before the above noted step is reached
      or performed, the chamber E is elevated and closed about the enveloped
      item I on the conveyor section C' with the nozzle N and adjacent film
      engaged through and sealed in the throat T of the chamber. The air in the
      chamber E is then evacuated by operation of the vacuum means related
      thereto so as to expand and rarefy the air remaining in the chamber an in
      the film envelope about the item I. When the air is thus expanded, the
      expanded and rarefied air in the film envelope about the item is evacuated
      therefrom through the nozzle N. Thereafter, the means S' is actuated to
      seal and cut the film, as before. Thereafter, the vacuum within the
      chamber is released, the chamber is opened and lowered, whereupon the
      finished packaged item is advanced forward along the conveyor means for
      further handling and/or treatment and the apparatus is ready for recycling
      and packaging of the next to be packaged item.
PAR  It is to be understood that in the foregoing, we have described, in a
      general manner only, one manner in which the apparatus with the chamber E
      can be utilized to package an item. In practice, by varying the minus
      pressures in the chamber and in or at the nozzle N and by varying the time
      such pressures are applied and/or the sequence in which they are applied,
      considerable control over the effectiveness and quality of the resulting
      package can be attained. However, since such controlled procedures and/or
      practices do not alter or affect the physical nature of the apparatus
      employed, but simply affect the manner in which one elects to utilize it,
      they do not affect novelty of one invention and further or detailed
      description thereof would only serve to unduly burden this disclosure. It
      will suffice to note that operation of the apparatus here provided is
      capable of being varied considerably for the attaining of certain desired
      end or results in the packages to be produced, without departing from the
      spirit of our invention.
PAR  Having described only typical and preferred forms and applications of our
      invention, we do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to ourselves any
      modifications and/or variations that may appear to those skilled in the
      art to which this invention pertains.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A vacuum packaging apparatus comprising an elongate, horizontal tubular
      horn with an open item receiving rear end and an open delivery front end,
      an elongate drive member in axial alignment with the horn and shiftable
      axially forwardly from a normal position where its front end is adjacent
      the rear end of the horn, to an actuated position within the horn,
      intermittently operable drive means to shift the member, an elongate
      pusher with an item engaging front end at the forward end of the member
      and shiftable from a normal forward position where it projects forwardly
      from the member to a rear actuated position relative to the member, the
      pusher being shiftable axially into, through and from the horn,
      intermittently operable pusher drive means to move the pusher between its
      normal and actuated position, said front end portion of the pusher
      occurring at the rear end of the horn when the member and pusher are in
      their normal position and projecting forwardly from the front end of the
      horn when the member is in its actuated position and said pusher is in its
      normal position and occurring within the forward portion of the horn when
      the member and pusher are in their actuated positions, an elongate vacuum
      nozzle with an elongate neck fixed relative to the drive member and having
      an apertured head at its front end and arranged within and extending
      longitudinally of the pusher when the pusher is in its normal position and
      projecting axially freely and forwardly from the pusher and the horn when
      the pusher and drive member are in their actuated positions, valve
      controlled air conducting means connected with and between the nozzle and
      air suction means, an elongate supply of tubular packaging film shirred
      axially on and about the exterior of the horn and having a lead portion
      extending axially forwardly from the horn and gathered and closed at its
      forward end by a sealing means, an elongate conveyor occurring below the
      front end of and extending forwardly from the front end of the horn to
      support and transport items enveloped in the lead portion of the film when
      items and film are urged forwardly from the horn by the pusher, and
      sealing and cutting means spaced forward of the front end of the nozzle
      when said nozzle projects freely forwardly from the pusher and horn,
      normally spaced radially outward from the axis of the horn and selectively
      shiftable into substantial axial alignment with the horn and operable to
      engage and seal the film at two longitudinally spaced locations between
      the item and the nozzle and to cut the film between the seals.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein the drive means for the
      pusher comprises an elongate axially extending double acting cylinder and
      ram unit fixed to and extending between the member and the pusher,
      elongate air lines between the cylinder and an air supply and a manually
      operable valve means cooperatively related with said lines.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 wherein said seals comprise
      normally U-shaped malleable metal sealing clips formed in encircling
      pressure engagement about related gathered together portions of the film,
      said sealing means comprising a sealing clip applicator including a frame
      structure supporting a pair of axially spaced clip forming anvils carrying
      and foring heads normally spacef from, opposing and shifted toward the
      anvils manually controlled means to move the heads toward the anvils,
      manually controlled support means shiftably supporting the frame for
      radial movement into and out of axial alignment with the nozzle where said
      heads and anvils occur at opposite sides of film extracting forwardly from
      the horn and gathered radially inwardly forward of the nozzle, and cutting
      means supported between the heads and the foring anvils and to cut the
      film between the applied sealing clips upon movement of the heads toward
      the mandrels.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said cutting means
      comprises a cutting anvil between the foring anvils and a cutting blade
      between the advancing heads.
NUM  5.
PAR  5. An apparatus as set forth in claim 1 including a vacuum chamber means to
      subject an item enveloped in film and supported by said conveyor to
      sub-atmospheric pressure when air is drawn from within the film about the
      item by means of said nozzle and when the film is sealed by said sealing
      means.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 wherein said chamber means
      comprises a lower upwardly opening box-like section normally engaged below
      the conveyor and shiftable vertically relative to and about that portion
      of the conveyor which supports an item where the sealing means is operated
      and about that area where the forward portion of the nozzle occurs when
      the nozzle projects freely forwardly from the horn and pusher, an upper
      box-like section pivotally connected with the lower section laterally
      outward from the conveyor and shiftable from a normal open position where
      it is out of interfering position above the conveyor and interfering
      position forward of the horn to a closed position where it occurs in
      downwardly opening opposing engagement with the lower section, a vacuum
      seal carried by and sealing between the sections, means in the end of the
      sections opposing the horn to accommodate and establish sealing engagement
      about the nozzle rearward of the head thereof, said sealing means carried
      by said sections to occur within the chamber defined thereby and manually
      operable valve control air evacuating means connected with one of said
      sections.
NUM  7.
PAR  7. The apparatus set forth in claim 6 wherein the drive means for the
      pusher comprises an elongate axially extending double acting cylinder and
      ram unit fixed to and extending between the member and the pusher,
      elongate air lines between the cylinder and an air supply and a manually
      operable valve means cooperatively related with said lines.
NUM  8.
PAR  8. The apparatus as set forth in claim 6 wherein said portion of the
      conveyor is supported on spaced vertical columns, said lower section has
      openings slidably receiving said columns and having sealing means to seal
      between the section and columns, said apparatus further including manually
      controllable elevator means to shift the lower section vertically upwardly
      and downwardly relative to the conveyor.
NUM  9.
PAR  9. The apparatus set forth in claim 8 wherein the elevator means includes
      vertically extending cylinder and ram units fixed below and engaging the
      lower section, and air supply means for the units and including a manually
      operable control valve.
NUM  10.
PAR  10. The apparatus set forth in claim 6 wherein said sealing means includes
      seals comprising manually U-shaped malleable metal sealing clips formed in
      encircling pressure engagement about related gathered together portions of
      the film, said sealing means comprising a clip applicator means including
      a pair of axially spaced clip foring anvils carried by the lower section
      of the chamber means to occur in the chamber and shiftable vertically with
      the lower section to occur below the item supporting plane of the portion
      of the conveyor within the chamber means when that section is in its lower
      position and to move upwardly through and occur above said plane of the
      conveyor when said section is moved upwardly, a pair of axially spaced
      clip carrying and foring heads carried by the top section of the chamber
      means and occurring in vertical spaced opposing relationship with the
      foring anvils when said top and bottom sections are in closed
      relationship, and manually actuated power driven means to move the heads
      toward and into clip-forming relationship with the anvils.
NUM  11.
PAR  11. The apparatus set forth in claim 10 wherein the sealing means includes
      cutting means to cut film extending between an axially spaced related pair
      of clips formed thereabout by the foring anvils and heads and including a
      cutting anvil between the foring anvils and a cutting blade fixed relative
      to and between the heads and engageable with the cutting anvil when the
      heads are moved toward the anvils.
NUM  12.
PAR  12. The apparatus set forth in claim 10 wherein the sealing means includes
      film gathering means shiftable with and relative to the heads and anvils
      to engage and gather film extending axially about the operating area of
      sealing means and arrange it in predetermined cooperative relationship
      with said sealing means.
NUM  13.
PAR  13. The apparatus set forth in claim 12 wherein the sealing means includes
      cutting means to cut film extending between an axially spaced related pair
      of clips formed thereabout by the foring anvils and heads and including a
      cutting anvil between the foring anvils and a cutting blade fixed relative
      to and between the heads and engageable with the cutting anvil when the
      heads are moved toward the anvils.
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PAL  A product is vacuum sealed between bottom and top sheets of plastic film by
      pre-forming the bottom sheet with a series of transverse, parallel
      channels and then heating and lowering the top sheet over the bottom sheet
      to sandwich the product therebetween. The bottom sheet has a width less
      than the top sheet so that a communication means to the exterior is
      provided with the respective channels. With this arrangement, a vacuum can
      be drawn from the channels and thus evacuate the air between the plastic
      sheets to effect the desired vacuum sealing.
BSUM
PAR  This invention relates to vacuum packaging systems and more particularly to
      an improved method and apparatus for the vacuum packaging of various
      products such as foods between bottom and top sheets of plastic film.
PAC  BACKGROUND OF THE INVENTION
PAR  Vacuum packaging of various products between bottom and top sheets of
      plastic film is well known in the art. One of the latest systems is
      disclosed in U.S. Pat. No. 3,828,520 issued to Merritt. This patent itself
      includes an excellent discussion of prior art developments in this
      particular field.
PAR  The Merritt patent constitutes an improvement over the discussed prior art
      therein in the provision of protuberances on a platen which will serve to
      provide for airway passages in the withdrawal of air between bottom and
      top plastic sheets utilized to sandwich a product therebetween and effect
      a desired sealing.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention has to do with a vacuum packaging system similar to
      that shown and described in the above referredto Merritt patent but
      utilizing a modified method in that the bottom plastic sheet of film is
      effectively preformed to provide transversely extending channels, these
      channels serving as air passages to assure complete exhaustion of air from
      between the bottom and top sheets.
PAR  In a preferred apparatus, a platen member itself is provided with
      transverse channels formed in its top surface running from points spaced
      inwardly on one longitudinal edge across the platen to terminate in a
      longitudinal trough parallel and adjacent to the opposite longitudinal
      edge. The platen itself includes an interior plenum chamber communicating
      with the floor of the channels through small holes and also communicating
      with the trough.
PAR  With the foregoing arrangement and with the provision of a suitable vacuum
      drawing means connected to the plenum chamber, a bottom plastic sheet of
      film can be positioned on the platen and the initial withdrawing of air
      from the plenum chamber results in the bottom sheet having its portions
      overlying the platen channels drawn into the channels and thus preformed.
      The top plastic sheet is then lowered over the bottom sheet after
      positioning of a product to be sealed on the bottom sheet. The width of
      the bottom sheet itself is less than the width of the top sheet such that
      the trough is in communication with the space between the sheets so that
      air can be withdrawn from between the sheets in effecting the evacuating
      and sealing process.
PAR  With the foregoing arrangement, a high degree of evacuation of all air
      between the sheets when effecting a sealing operation can take place
      resulting in a greatly improved vacuum sealed packaging.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the method and a preferred apparatus for carrying
      out the method of this invention will be had by referring to the
      accompanying drawings in which:
PAR  FIG. 1 is an exploded perspective view of a preferred apparatus for vacuum
      packaging of products in accord with the present invention;
PAR  FIG. 2 is a fragmentary cross section taken in the direction of the arrows
      2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary cross section taken in the direction of
      the arrows 3-3 of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating a modified structure;
PAR  FIG. 5 is a view similar to FIG. 3 illustrating yet another modified
      structure;
PAR  FIG. 6 is a perspective view of a modified platen structure which could be
      used with the system of FIG. 1;
PAR  FIG. 7 is a view similar to FIG. 6 showing a further modified platen
      structure;
PAR  FIG. 8 is an exploded diagramatic type perspective view illustrating
      certain method steps in accord with the present invention;
PAR  FIG. 9 is a view similar to FIG. 8 showing an alternative method step in
      accord with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1 there is shown a platen 10 having a plurality of
      transverse parallel channels 11 formed in its top surface running from
      points spaced inwardly from one longitudinal edge 12 across the platen to
      terminate in a longitudinal trough 13 parallel and adjacent to the
      opposite longitudinal edge 14.
PAR  Each of the channels 11 has a width d less than the spacing between the
      channels shown at D so that the channels take up a relatively small
      proportion of the overall top surface area of the platen 10. Further there
      are provided holes 15 in the floor of each of the channels. These holes as
      well as the trough 13 communicate with a plenum air chamber beneath the
      top surface of the platen 10.
PAR  A vacuum drawing means is disposed beneath the platen 10 and includes a
      conduit 16 connecting to the plenum chamber beneath the platen surface and
      an air tank 17. A valve 18 is connected in the conduit 16 between the tank
      17 and plenum chamber. A vacuum pump 19 connects to the tank 17 by way of
      pipe 20 to maintain the tank 17 in an evacuated condition.
PAR  With the foregoing arrangement opening of the valve 18 will immediately
      evacuate the plenum chamber as a consequence of the same being placed in
      communication with the evacuated tank 17.
PAR  Referring now to the upper right hand portion of FIG. 1, there is shown a
      bottom sheet of plastic film 21 arranged to be positioned on the top
      surface of the platen 10. As indicated, sheet 21 has a length L and a
      given width W' such that a longitudinal edge of the sheet does not extend
      over the trough 13 when the same is positioned on the platen surface.
PAR  Shown exploded above the platen surface 10 is a movable housing 22 having
      an open bottom 23 positioned to be brought down on top of the platen. This
      housing means 22 incorporates a heating means schematically indicated at
      24. A top sheet of plastic film shown at 25 is arranged to be received
      under this housing above the bottom sheet. The top sheet 25 has a length L
      and a width W which is greater than the width W' of the bottom sheet so
      that the longitudinal edge of the top sheet will overlap the trough 13
      when the top sheet is brought down on top of the bottom sheet in carrying
      out the sealing operation of a food product such as indicated in exploded
      position at 26.
PAR  Referring to the cross section of FIG. 2, the plenum chamber beneath the
      surface of the platen 10 is clearly shown at 27 communicating with the
      conduit 16 from the air tank. Also, there is shown a communication between
      the plenum chamber 27 and the trough 13.
PAR  In FIG. 2 there is illustrated the specific evacuation and sealing
      operation of the product in accord with the present invention. It will be
      noted that the bottom sheet 21 has had portions overlying the channels 11
      drawn into the channels as a consequence of initial evacuation when air is
      withdrawn from the plenum chamber 27. Thus, when the bottom sheet 21 is
      initially placed over the platen and the product 26 positioned on the
      bottom sheet, the initial drawing of air from the plenum chamber will
      preform the bottom sheet to provide therein channels as a result of the
      small holes 15 from which air is drawn. The lowering of the housing 22
      together with the top sheet and the heating of the top sheet by the
      heating means results in a draping of the top sheet over the product 26
      and thence over the bottom sheet 21 around the peripheral areas.
PAR  It will be evident from FIG. 2 that the greater width W of the top sheet
      compared with the width W' of the bottom sheet results in a communication
      of the air space between the sheets with the trough 13 and thus the plenum
      chamber 27. Thus once the bottom sheet has been preformed with channels as
      a consequence of the small holes 15, these holes are sealed off by the
      portions of the bottom sheet drawn into the channels and further channels
      are defined by the bottom sheet itself for facilitating the withdrawing of
      air from between the sheets.
PAR  It will be understood that when substantially all of the air is withdrawn
      from between the bottom and top sheets 21 and 25 as indicated by the
      arrows in FIG. 2, the engaging portions of the sheets will seal together.
PAR  The basic advance of the foregoing apparatus and method over the prior art
      resides in the provision of channels rather than protuberances on the
      platen surface 10.
PAR  FIG. 3 shows in fragmentary view the cross section of the channels 11 of
      FIG. 1 wherein it will be noted that they are essentially semi-circular in
      cross section. It should be appreciated, however, that these channels may
      be rectangular in cross section such as indicated at 28 in FIG. 4 or
      V-shaped in cross section such as indicated at 29 in FIG. 5.
PAR  In accord with further features of the present invention, it is not
      essential that the platen 10 be flat. In the case of semi-liquid type
      products or in the case of packaging fowl such as chicken or turkey with
      wings, it might be desirable to provide a V-shaped platen such as shown at
      30 in FIG. 6, the V-sides preshaping the bottom sheet not only with
      channels but with a general V shape which will cradle the wings of the
      fowl.
PAR  Other shapes such as a general concave curved shape may also be provided
      for the platen such as indicated for the shaped platen 31 of FIG. 7.
PAR  Referring now to FIG. 8, there is shown a modified apparatus and
      illustration of a modified method for preforming the bottom sheet
      preparatory to a vacuum packaging operation. In FIG. 8, the platen is
      shown at 32 provided with a trough so that air may be withdrawn between
      bottom and top sheets all as described in FIG. 1. In this connection,
      however, the platen 32 does not contain the transverse channels but only
      the trough. A suitable housing for lowering an upper sheet onto the lower
      sheet would normally be provided in FIG. 8 but is not shown to avoid
      obscuring other portions of the drawing.
PAR  Thus, in the system of FIG. 8 rather than utilizing the platen 32 to effect
      a preforming of the bottom sheet with transverse channels, instead there
      is provided a pair of rollers 33 and 34. A heater schematically indicated
      by the dashed lines at 35 may be provided to heat the rollers to a
      temperature of, for example, from 163.degree.F to 240.degree.F.
PAR  As shown in FIG. 8, one of the rollers such as roller 33 includes
      peripheral ribs 36 extending parallel to the roller axis and
      circumferentially spaced.
PAR  The other roller 34 in turn includes mating peripheral grooves 37 extending
      parallel to the roller axis and circumferentially spaced to respectively
      receive the ribs.
PAR  With the foregoing arrangement, a bottom sheet of plastic film 38 may be
      passed between the rollers 33 and 34 and have formed therein transverse
      channels indicated at 39 prior to being received on top of the platen 32.
      In this respect, a supply reel 40 of the plastic sheet material may be
      positioned behind the rollers to automatically feed the material as needed
      through the rollers.
PAR  It will be understood that when a given length of the bottom plastic sheet
      film 38 has been received on top of the platen 32, a product such as
      described in FIG. 1 would be placed thereon and an upper housing such as
      shown in FIG. 1 together with a top sheet lowered thereover and the
      evacuation and sealing process takes place as described in conjunction
      with FIG. 2.
PAR  After the product has been sealed, the same would be moved off the front
      portion of the platen and a subsequent bottom sheet of plastic film
      positioned on the platen 32. A knife 41 may be brought down to sever the
      sealed product from the new bottom plastic sheet positioned on the platen
      32 preparatory to a subsequent sealing operation.
PAR  FIG. 9 shows an alternative method of preforming the bottom plastic sheet
      wherein again there is shown the same platen 32 and severing knife 41. In
      the embodiment of FIG. 9, there are provided a pair of heated presses 42
      and 43, the heater being schematically indicated at 44. One of these
      presses such as 42 includes transverse ribs 45 parallel to each other and
      spaced apart a distance greater than the width of the ribs. The other
      press 43 in turn includes mating parallel grooves 46 spaced to
      respectively receive the ribs so that the channels in the bottom of the
      plastic sheet 38 are pressed therein when the same is squeezed between the
      presses.
PAR  As in the case of FIG. 8, the bottom plastic sheet of film 38 may be
      supplied from a roll 40 intermittently to the presses to carry out the
      preforming operation prior to being utilized to seal the product on the
      platen 32.
PAR  In FIG. 9 there is shown a heat insulating sheet 47 which could be asbestos
      positioned between the platen and bottom sheet so that the bottom sheet
      will retain its heat.
PAR  In all of the embodiments except FIG. 8, the transverse channels preformed
      on the bottom sheet have a width less than the spacing or distance between
      the parallel transverse channels although such is not essential. The width
      of each of the channels may be from 0.05 to 0.25 the spacing between the
      channels. In the embodiment illustrated in FIG. 1, the width d is 0.20 of
      the width D.
PAR  The heating means 24 in FIG. 1 and as utilized to heat the top sheet in the
      other embodiments may constitute means for circulating hot air over the
      sheet.
PAR  From the foregoing description, it will be evident that the present
      invention has provided an improved vacuum packaging system which lends
      itself well to automated processes and wherein by the unique platen design
      and basic concept of preforming with transverse channels as opposed to
      protuberances or other types of deformation, vastly improved results ensue
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vacuum packaging apparatus including, in combination:
PA1  a. a platen having a plurality of transverse parallel channels formed in
      its top surface running from points spaced inwardly of one longitudinal
      edge across the platen to terminate in a longitudinal trough parallel and
      adjacent to the opposite longitudinal edge, said platen further including
      an interior plenum chamber and having holes in the floor of each of said
      channels communicating with said plenum chamber and a communication
      passage between said plenum chamber and trough;
PA1  b. vacuum drawing means connected with said plenum chamber;
PA1  c. a bottom sheet of plastic film positioned on the top surface of said
      platen and having a given width such that a longitudinal edge of the
      bottom sheet does not extend over said trough;
PA1  d. a movable housing having an open bottom positioned to be brought down on
      top of said platen and including heating means; and
PA1  e. a top sheet of plastic film received under said housing above the bottom
      sheet and of a width greater than the width of the bottom sheet so as to
      overlie said trough, whereby a vacuum may be drawn in said plenum chamber
      to preform channels in said bottom sheet by exterior air pressure urging
      the portions of the sheet overlying said channels into said channels, at
      least one product to be sealed being placed on said bottom sheet and said
      movable housing heating said top sheet and bringing it down over the
      product, the air between the sheets being drawn out through said channels
      preformed in the bottom sheet and said trough until the bottom and top
      sheet portions brought into contact seal together after substantially
      complete evacuation of the air therebetween.
NUM  2.
PAR  2. An apparatus according to claim 1, in which each of said channels in
      said platen is semi-circular shaped in cross section.
NUM  3.
PAR  3. An apparatus according to claim 1, in which each of said channels in
      said platen is rectangularly shaped in cross section.
NUM  4.
PAR  4. An apparatus according to claim 1, in which each of said channels in
      said platen is V-shaped in cross section.
NUM  5.
PAR  5. An apparatus according to claim 1, in which the top surface of said
      platen defines a V-shape.
NUM  6.
PAR  6. An apparatus according to claim 1, in which the top surface of said
      platen is concave.
NUM  7.
PAR  7. An apparatus according to claim 1, in which said vacuum drawing means
      includes a fixed volume tank of air; valve means connecting said tank to
      said plenum chamber; and vacuum pump means connected to said tank whereby
      said tank may initially be evacuated and thence placed in communication
      with said plenum chamber by opening said valve means to thereby draw said
      vacuum.
NUM  8.
PAR  8. An apparatus according to claim 1, in which the width of each of said
      channels is from 0.05 to 0.25 the spacing between said channels.
NUM  9.
PAR  9. An apparatus according to claim 1, in which said heating means includes
      means for circulating hot air over the top sheet.
NUM  10.
PAR  10. A vacuum packaging apparatus including, in combination:
PA1  a. a platen having a longitudinal trough parallel and adjacent to a
      longitudinal edge and including an interior plenum chamber communicating
      with said trough;
PA1  b. vacuum drawing means connected with said plenum chamber;
PA1  c. a bottom sheet of plastic film;
PA1  d. means for forming a plurality of transverse channels in said bottom
      sheet said bottom sheet being positioned on the top surface of said platen
      and having a given width such that a longitudinal edge of the bottom sheet
      does not extend over said trough;
PA1  e. a movable housing having an open bottom positioned to be brought down on
      top of said platen and including heating means; and
PA1  f. a top sheet of plastic film received under said housing above the bottom
      sheet and of a width greater than the width of the bottom sheet so as to
      overlie said trough, whereby a vacuum may be drawn in said plenum chamber,
      at least one product to be sealed being placed on said bottom sheet and
      said movable housing heating said top sheet and bringing it down over the
      product, the air between the sheets being drawn out through said channels
      preformed in th4 bottom sheet until the bottom and top sheet portions
      brought into contact seal together after substantially complete evacuation
      of the air therebetween.
NUM  11.
PAR  11. An apparatus according to claim 10, including a sheet of heat
      insulating material between the bottom sheet and said platen.
NUM  12.
PAR  12. An apparatus according to claim 10, in which said heating means
      includes means for circulating hot air over said top sheet.
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ABST
PAL  A machine for automatically filling and sealing bags. Bags are placed in
      flat condition on a stack. Suckers pick up the uppermost bag from the
      stack and move it to a platform which has a substantial horizontal
      component and on which the bag is placed in a predetermined position.
      Thereupon, grippers engage the opposite sides of the bag near the bag
      mouth. Next, spreaders swing into the bag mouth to open the same and hold
      the same open. The spreaders and grippers are mounted to turn about a
      horizontal axis and they swing the bag held by the grippers with its mouth
      maintained open by the spreaders through an arc to a position in which the
      bag is upright and located beneath the spout of a batching machine. The
      bag then is filled while it is held by the grippers. The grippers also are
      mounted to turn about a vertical axis and do so turn after the bag is
      filled, carrying the bag with them through an arc in a horizontal plane.
      The path of movement of the bag about the vertical axis causes the mouth
      of the bag to move into operative engagement with a closing device such as
      a sewing machine, taping machine or sealing machine. After filling but
      prior to closure, the grippers together with the filled bag are moved
      first up and then down through a short stroke to eliminate air in the bag
      above the material with which the bag just has been filled. The filled and
      closed bag is rested on a supporting plate from which, after the
      elimination of air from the bag and the closing of the bag, the bag is
      slid by tilting of the plate onto a delivery conveyor.
BSUM
PAR  The present invention relates to an automatic machine for filling bags with
      a predetermined quantity of material and then sewing the bag which
      thereafter is deposited on a conveyor belt or similar device.
PAR  It is well known that powdered or granular materials, for example,
      foodstuffs, fodder, salts, fertilizers, chemical substances and others are
      generally packed in bags made of paper, jute or various synthetic
      materials. The bags are manually fitted to the lower end of a batching
      device and, after filling, sewn up by a suitable portable machine and/or
      sealed with adhesive tape, the latter when bagging moisture-sensitive
      substances.
PAR  The hand-operated filling and sewing of the bags requires a certain amount
      of labour has a considerable influence on the manufacturing costs. In
      addition, hand-operated filling and sewing does not allow full
      exploitation of the output capacity of modern batching and filling
      devices.
PAR  A machine which can automatically fill bags is already known. This filling
      machine, besides being rather costly and bulky, does not allow the removal
      of air trapped in the bag at the end of the filling step, so that same
      labour is still required to remove this air. This is particularly
      important when dealing with products which are deleteriously affected by
      oxygen and moisture in the air. The said known machine is also difficult
      to adapt to bags of varying length. In addition, further manpower is
      required to shift the filled bags to a transporting means and to position
      each bag for sewing.
PAR  Further, other stationary machines are known which make it possible to sew
      filled bags progressively fed by a conveyor belt. The main drawback of
      these known sewing machines is that the filled bags must be arranged in
      the right position on the conveyor belt to make sure that the machine sews
      the bags. Another drawback of these stationary machines is their high
      cost, the impossibility of removing the air remained in the bags, the
      difficulty of adapting the machine to process bags of various lengths and
      that they operate only with the bags perfectly aligned on the conveyor
      belt. This alignment of the bags on the belt is often rather difficult,
      particularly when dealing with granular or amorphous filling material.
PAR  Other known sewing machines have been designed to eliminate the
      above-mentioned drawbacks by using bags which are much longer than
      required, so that they can be sewn far below the upper end of the bag to
      compensate for irregular alignment of the bags on the belt. This method,
      however, requires the use of bags longer than necessary and, at the end of
      the sewing step, trimming of the upper end of the bag, with a considerable
      waste of bag material.
PAR  It is an object of the present invention to provide a simple and sturdy
      machine of the character described which makes it possible to
      automatically fill a bag, eliminate the air trapped in the filled bag and
      sew up the latter, ensuring at all times that the bag, from the beginning
      of the cycle, that is, from the moment the empty bag is taken up from the
      stock pile, to and through the moment the filled and sewn bag is delivered
      to the conveyor belt, is always firmly kept by suitable positioning means
      which ensure that the filled bag is sewn and sealed where required at a
      predetermined level.
PAR  A further object of the present invention is to provide a machine which can
      handle bags of various lengths without requiring adjustments or adaptation
      of the same to bags of different lengths.
PAR  Said objects are satisfied by the machine designed according to the present
      invention which machine is fitted with arms, that oscillate around a
      horizontal axis and are provided with grippers to grasp on both sides a
      horizontally disposed bag to be filled and to vertically position it below
      a batching device, and where the said arms are at the same time so
      designed that they can oscillate around a vertical axis for moving the
      filled bag in upright position along an arc of a circle, the said machine
      being coupled to a closure means such as a sewing machine and/or adhesive
      tape fitting device and/or sealing device, the said closure means being
      oscillatable around the said vertical axis to permit the bag to be closed
      while moving along the arc of the circle.
PAR  It is an essential advantage of the machine according to the present
      invention that, from the moment the bag in horizontal position has been
      gripped by the oscillating arms at the opposite sides of its mouth until
      its delivery to a conveyor the said bag is always perfectly guided and
      kept in upright position during filling and closing.
PAR  Further characteristics thereof can be taken from the following
      description, claims and accompanying drawings.
DRWD
PAR  The machine according to the present invention will now be described in
      detail by way of a preferred embodiment thereof given by way of example
      without being limited thereto and as illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is an elevation of a machine according to the present invention;
PAR  FIG. 2 is a plan view of the machine; and
PAR  FIG. 3 is a plan view of a detail of the said machine showing the grippers,
      the spreaders and the bag mouth closing means.
DETD
PAR  As shown in FIG. 1, the machine comprises a table 1 which carries a stock
      pile of bags 2 to be filled. With the help of a feeding sucker 3 driven by
      a coupling 4 controlled for example by a hydraulic piston 5 fixed to the
      frame 6 carrying the table 1, the bags 2 taken up from the pile are
      positioned on a second table 7, preferably inclined to the front, to
      ensure that the bag 2, when released from the sucker 3, automatically
      slides in a predetermined position on the table 7 in which the mouth 2' of
      the bag is forward and the flat bag has a substantial horizontal
      component. In this position the bag 2 is now between the open grippers 8
      of two retracted arms 9 arranged on the two longitudinal sides of the
      table 7 near the mouths of the bags. The arms 9 are mounted to oscillate
      both around a horizontal axis x and around a vertical axis y, as will be
      explained in more detail hereinbelow. The automatic opening of the mouth'
      of the bag 2 on the table 7 is effected by two suckers 10 which are mobile
      and so designed that they can open the bag mouth in the direction of the
      arrow f to ensure the introduction of spreaders 11 consisting of
      retractable arms so arrenged that they, too, can oscillate around the
      horizontal axis x. The machine according to the present invention is in
      addition fitted with a sewing device 12 (FIGS. 2 and 3) and a device 13
      for applying an adhesive tape and/or a device (not shown) for sealing bags
      made of a synthetic material. The said devices 12 and 13 are carried by
      horizontal arms mounted to oscillate around the axis y. The grippers 8,
      arms 9, the spreaders 11 and the arms carrying the sewing device 12 and
      the adhesive tape device 13, are all carried by a sturdy cantilever arm 14
      fitted to a vertical column 15 (FIGS 1 and 2) which also carries the
      hopper 16 of a batching device (not shown in detail). The bag 2 to be
      filled can be fitted around the outlet end 17 of the hopper 16 by pressure
      pads 18 controlled, for example, by small pneumatic pistons 19. Below the
      bag 2, fixed to the outlet 17, there is a supporting and carrying plate 20
      which can be adjusted in height. The said plate 20 is carried by a
      cantilever arm 21 which can oscillate in such a manner that its vertical
      axis of rotation coincides with the vertical axis y. To ensure that the
      motion around axis y of the gripper arms 8, 9 is synchronized with that of
      the supporting plate 20 carrying the full bag, the cantilever arom 21 of
      the plate 20 and the elements controlling the arms 8, 9 in the horizontal
      plane are rigidly interconnected by a vertical rod 22 which, to prevent
      any obstruction of the central space of the machine, is spaced from the
      arms 21 and 14, laterally, that is in the plane perpendicular to the
      drawing FIG. 1.
PAR  The supporting plate 20 can be connected to a small piston 23 to permit
      tipping over of the bag, after sewing, onto a conveyor 24 schematically
      shown in FIG. 2. As shown in FIG. 3, the arms 9 with the grippers are for
      example driven by small pneumatic pistons 24 or similar elements, can
      oscillate around the axis x, for example, around the pivot 25. The
      spreaders 11 also are mounted to oscillate about the same axis x, being
      driven, for example, by small pistons 26. The arms 9 and spreaders 11 are
      so made that they can approach one another or separate in an elastic
      manner to compensate for differences in the width a of the bag 2. The
      gripper arms 9 do not only oscillate around the axis x, but also can move,
      together with the bag 2 and the supporting plate 20, around the vertical
      axis y, so that the bag is swingable along an arc of a circle z. Around
      the vertical axis y, along the arc z, a sewing device 12 and/or a further
      device 13 are swingable for the application of an adhesive tape to the
      upper edge of the bag 2, which previously has been sewn. It also is
      possible to provide in addition to the sewing device, a sealing device for
      bags made of thermoplastic material or lined on the inside with a
      synthetic material. During the time that the bag 2, held by the grippers 8
      of the arms 9, is moved together with the plate 20 in the direction of the
      arrow g, the sewing and closing devices 12, 13 are moved in the direction
      of the arrow h. Both the sewing device 12 and the adhesive tape device 13
      are provided with proper driving means and, as soon as the front edge of
      the bag 2 is gripped by the feed rollers or similar means of devices 12
      and 13, the latter are automatically moved along the upper edge of the bag
      2. This arrangement is particular advantageous and permits compensation
      for feed irregularities of the bag 2; further, the two feed motions being
      in opposite directions, the mouth closing step is carried out in minimum
      time.
PAR  The operation of the machine according to the present process is as
      follows:
PAR  The sucker 3 removes a bag 2 from the stock pile on table 1 and places it
      onto the inclined table 7 with the bag now automatically sliding into a
      determined position with stopping means, so that the front of the bag is
      horizontal and the side edges thereof are between the open grippers 8 of
      the arms 9. As soon as the bag lies between the grippers 8, the latter are
      closed to lock the bag approximately in the position shown in FIG. 1. At
      both sides of the mouth 2' of the bag there are provided moveable suckers
      10 which, after the locking of the bag between the grippers 8, open the
      bag mouth in the directions of the arrows f for the insertion of the
      spreaders 11. Then the arms 9 and spreaders 11 turn around the horizontal
      axis x and carry the bag below the hopper 16 where the pressure pads lock
      the bag 2 firmly to the oulet tube 17. The bag is now filled with a
      quantity of material established by the batching machine. At the end of
      the filling phase, the bag is lowered onto the supporting plate 20
      together with the arms 9, to grippers 8 continuing to hold the bag in
      upright position, while the spreaders 11 rest in horizontal position at
      the height of the pressure pads 18.
PAR  To remove the air caught in the bag, the arms 9 make a short downstroke and
      eliminate the air contained in the bag, then return again into the
      position to keep the bag perfectly tight and upright. At this point, with
      the help of suitable driving means, the bag 2 is moved, together with the
      supporting plate 20 and the locking arms 9, around the vertical axis y in
      the direction of the arrow g along an arc of circle z to meet the sewing
      device 12 and/or adhesive tape applying device 13 thereafter, when it is
      required to seal the sewn-up opening (FIG. 3).
PAR  After sewing up and sealing, the bag 2 is approximately at the height of
      the conveyor 24. In this position, the grippers 8 release the bag which,
      after inclination of the supporting plate 20 by means of the piston 23, is
      now deposited onto the conveyor. At this point all the movable components
      of the machine return to their original position for the next cycle.
PAR  It is advantageous to effect all the motions by pneumatic and/or hydraulic
      pistons controlled by respective valves. However, the said driving
      elements and their controls, being generally known, their illustration and
      description has been omitted for the sake of greater clarity.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A machine for automatically filling and sealing bags, said machine
      comprising:
PA1  A. means for supporting a bag in closed condition with its mouth
      substantially horizontal,
PA1  B. gripping means for gripping the bag on both sides thereof near the
      mouth,
PA1  C. means mounting said gripping means for swinging movement about a
      horizontal axis,
PA1  D. further means mounting said gripping means for swinging movement about a
      vertical axis,
PA1  E. a batching device having a discharge,
PA1  F. means actuating said first-named swinging means to locate said gripping
      means adjacent both sides of said bag near the mouth thereof,
PA1  G. means further actuating said gripping means to cause said gripping means
      to engage said bag at both sides thereof adjacent the mouth,
PA1  H. spreading means to open the mouth of the bag gripped by said gripping
      means,
PA1  I. means to further actuate the gripping means to swing the same about the
      horizontal axis with its mouth open and to place the open mouth below the
      discharge of the batching device with the bag in vertical position, open
      mouth uppermost,
PA1  J. said batching device being energizeable to fill the bag beneath the
      discharge thereof,
PA1  K. a transporting means,
PA1  L. a bag closure means,
PA1  M. means further actuating the gripping means to move the filled bag about
      a vertical axis from beneath the batching means into operative engagement
      with the closure means and then onto the transporting means,
PA1  N. means to actuate the closure means as the bag enters into operative
      engagement therewith, and
PA1  O. means to open the gripping means when the bag reaches the transporting
      means so as to discharge the filled and closed bag onto the same.
NUM  2.
PAR  2. A machine as set forth in claim 1 which further includes a stack of
      closed bags and means to remove bags from the stack one at a time to the
      single bag supporting means.
NUM  3.
PAR  3. A machine as set forth in claim 2 wherein the means to move the bags
      from the stack includes suckers.
NUM  4.
PAR  4. A machine as set forth in claim 1 in which a table is provided to
      support the bag, said table supporting the bag with its bottom in inclined
      position and its mouth in horizontal position.
NUM  5.
PAR  5. A machine as set forth in claim 1 in which there further is included
      means for opening the mouth of the bag to facilitate operation of the
      spreading means.
NUM  6.
PAR  6. A machine as set forth in claim 1 in which the horizontal and vertical
      axes of swinging movement of the gripping means intersect.
NUM  7.
PAR  7. A machine as set forth in claim 1 in which means is included to support
      the closure means for movement about the vertical axis.
NUM  8.
PAR  8. A machine as set forth in claim 7 in which means is included to move the
      closure means toward the batching means during operative engagement of the
      closure means and the filled bag.
NUM  9.
PAR  9. A machine as set forth in claim 1 in which there further is provided a
      supporting plate located beneath the bag during filling, said plate being
      mounted for movement about the vertical axis.
NUM  10.
PAR  10. A machine as set forth in claim 9 in which means is included to raise
      and lower the supporting plate, the supporting plate being lowered after
      filling the bag to eliminate air present in the bag above the filling
      material and then being raised to return the bag to its original position
      beneath the discharge.
NUM  11.
PAR  11. A machine as set forth in claim 9 in which the supporting plate is
      horizontal during the filling of the bag and in which means further is
      included to tilt the supporting plate as the supporting plate and filled
      bag reach the transporting means so as to facilitate transfer of the
      filled and closed bag to the transporting means.
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ABST
PAL  An apparatus for capping a flexible container having a predetermined amount
      of fluid therein wherein a member is provided for engaging and compressing
      an area of said flexible container during the capping operation. The
      member, in compressing said container, causes the liquid to be raised or
      elevated in the container and held closer to the top thereof while the cap
      or closure is being tightened upon the container. The seal of the cap or
      closure member is such that air cannot reenter the container and the
      liquid will remain at the elevated position within the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed broadly to an apparatus for handling
      fluent material and more specifically to the capping of flexible
      containers having a predetermined amount of fluid therein. The invention
      is more particularly directed to the compressing or squeezing of the
      flexible containers to cause the liquid to be raised or elevated therein
      contemporaneous with the placing of a cap or closure upon each container
      and the tightening of said cap or closure.
PAR  In the milk bottling industry the conventional milk bottle has been
      replaced by a wax-coated paper carton which in many instances is of a half
      gallon and gallon size. Such containers, in more recent times, have been
      molded from an inexpensive plastic material with the end product being a
      relatively thin flexible plastic container or bottle.
PAR  These containers are usually molded in relatively large batches and after
      the molding operation they are placed in storage for cooling and
      shrinking. The material used in molding such containers may be such that
      one batch will shrink more than another batch of containers during the
      cooling period. This raises the situation that while each and every
      container will hold a gallon of liquid one batch of containers may not
      have shrunk as much as another batch and thus are readily capable of
      holding more than a gallon of liquid.
PAR  Thus in the filling of the various batches of the containers with a liquid,
      such as milk, one batch of containers will appear to be full while another
      batch would appear not to be completely filled yet both batches of
      containers would contain a gallon of milk. The public will avoid
      purchasing the containers that are not completely filled on the
      assumption, false though it may be, that said containers do not contain a
      full gallon of milk. Thus the store merchant soon finds that he has on
      hand a number of containers of milk that appear to be in short supply and
      as such have not been purchased by the public. While the foregoing
      situation may be remedied by filling each and every container to the top,
      so as to present a uniform picture, even though some containers would have
      more than a gallon of milk therein, the cost of such an operation would
      fall upon the bottling operator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to the concept of providing apparatus for
      engaging a flexible container having a predetermined amount of liquid
      therein so as to compress or squeeze said container. Such a compressing or
      squeezing will raise or elevate the level of the liquid in the container
      at the time that a cap or closure is being placed upon and secured to said
      container. Upon securing the cap or closure upon the container the seal of
      said cap closure will prevent air from reentering the container so that
      the liquid will be retained at its raised or elevated position within the
      container. The raising or elevating of the liquid will permit the use of
      containers which might have a variance between one another as far as
      volumetric capacity is concerned. Thus by raising or elevating the liquid
      within the flexible containers to a certain point the various containers
      will have a substantially uniform level of liquid therein and thus present
      a uniform appearance.
PAR  The apparatus employed for compressing or squeezing the plastic container
      is capable of adjustment or it may be of varying size so that the degree
      of compressing or squeezing of said containers may be controlled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of a portion of a container filling apparatus, the
      reservoir and filling valves have been omitted in the interest of clarity
      and showing the present invention engaging a container during the capping
      or closure applying operation; and
PAR  FIG. 2 is a vertical sectional view of the capping and container engaging
      apparatus, the view being taken on the line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing there is shown in FIG. 1 a conveyor 10 which is
      provided with an inner guide rail 12 and an outer guide rail 14 to insure
      the proper delivery of flexible containers 16 to a propelling starwheel 18
      which is connected to and driven by a rotatable shaft 20. The outer guide
      rail 14 terminates in an inturned arcuate segment which facilitates the
      movement and delivery of the flexible containers 16 by the starwheel 18 to
      a rotating turret 22.
PAR  The rotating turret 22 is of a conventional type in a container-filling
      operation as it is provided with the usual posts and pedestals, not shown,
      for receiving from the starwheel 18 the flexible containers 16 which in
      turn elevate said containers 16 through suitable cam members, not shown,
      associated with the turret 22. As the turret 22 continues to rotate the
      containers would be elevated into engagement with a conventional filling
      valve carried by a reservoir, not shown, so that the contents of said
      reservoir could be delivered to the containers 16. Upon the filling of the
      containers they are withdrawn from the filling valves upon the continued
      rotating movement of the turret 22 and are then delivered to a cap or
      closure applying station A, FIG. 1.
PAR  The closure applying station A is provided with an arcuate shaped guide
      rail 24 which is positioned to receive the flexible containers 16 from the
      rotating turret 22. The guide rail 24 has associated therewith a rotating
      starwheel 26 which is connected to and driven by a shaft 28 for the
      purpose of engaging and propelling the flexible containers 16 through the
      arcuate path as defined by the guide rail 24. The shaft 28 may be rotated
      by any suitable means, not shown, in order to drive the starwheel 26 for
      the purpose of propelling the flexible containers 16 through the cap or
      closure applying station A. The starwheel 26 and the guide rail 24 have
      associated therewith a table or platform 30, FIG. 2, over which the
      flexible containers 16 are moved by the propelling starwheel 26 as said
      flexible containers leave the rotating turret 22 and move through the cap
      or closure applying station A.
PAR  The rotating shaft 28 has secured to its upper end portion, beneath the
      starwheel 26, a flat disc member 32 whose diameter is such that the
      peripheral portion of the disc will project outwardly beyond certain areas
      of the starwheel for the purpose of engaging a side or surface of the
      flexible containers as they move up to and through the cap applying
      station A. The peripheral portion 34 of the disc member 32, FIG. 1, in
      engaging a surface or side of the flexible containers 16 causes said
      containers to be compressed or squeezed at the particular area by
      depressing same inwardly which action causes a fluid, such as milk, to be
      raised or elevated towards the discharge neck or aperture 36 of said
      flexible container 16. The disc member 32 remains in engagement with the
      flexible containers 16 for the purpose of depressing a side or surface of
      said containers during the entire time that the containers are engaged by
      the propelling starwheel 26 and are moving through the cap or closure
      applying station A. The degree to which the side or surface of the
      flexible containers 16 are to be indented or compressed for the purpose of
      raising or elevating the fluid level of the contents will of course
      determine the size of the disc 32 that is to be utilized. The starwheel 26
      and disc 32 are readily removed from the upper end portion of the rotating
      shaft 28 so that discs of varying diameter may be employed in conjunction
      with the starwheel 26 and in this manner the degree to which the flexible
      container will be compressed or squeezed will be determined by the size of
      the disc member 32.
PAR  As the flexible containers 16 are propelled by the starwheel 26 along the
      guide rail 24 and over the table or platform 30 with a side or surface of
      said container being indented or compressed by the disc member 32 the
      discharge spout or neck portion 36 of each container 16 will pass under
      the discharge end of a cap supply chute 38. The neck portion 36 of each
      container 16 will engage a cap or closure member 40 at the discharge end
      of the chute so that said cap or closure will drop onto said neck portion
      and will then pass under a cap guide member 42 where the cap will be
      properly positioned upon the neck portion 36 of the container 16. Upon the
      continued movement of the flexible container 16 over the table or platform
      30 under the action of the propelling starwheel 26 the container with the
      cap or closure member 40 positioned upon the neck portion 36 will move
      between a pair of coacting rollers 44, FIG. 2, of the cap applying device.
      The rollers 44 are carried on the lower ends of shafts 46 with the upper
      ends of said shafts being provided with suitable drive pulleys 48 around
      which are entrained belts 50 that are driven by a suitable motor 52. The
      rotation of the pulleys 48 will cause the rollers 44 to be driven in order
      to screw the cap or closure member 40 onto the neck portion 36 of the
      flexible containers 16.
PAR  The cap or closure members 40 are provided with a suitable sealing means,
      not shown, to prevent the reentry of air into the flexible containers 16
      so that the level or height of the liquid in the flexible containers, as
      created by the engagement of the disc member 32 with the side or surface
      of the containers, will be maintained until such time as the cap or
      closure member 40 is removed from the container. After the cap or closure
      member 40 has been applied to the flexible container 16 the continued
      rotation of the starwheel 26 will move the container off of the table or
      platform 30 and onto the conveyor 10 so that the container 16 may be
      conveyed to a suitable discharge station.
PAR  While the present disclosure shows a bottle or container depresser or
      compresser as being a replaceable circular disc that may be of varying
      diameter, dependent upon the degree to which the container is to be
      depressed, it is to be understood that such is purely for the purpose of
      illustration. It becomes readily apparent that a piston and cylinder
      structure, that is actuated by suitable fluidic means, could be
      substituted for the circular disc as could any type of plunger that is
      capable of engaging and compressing a surface of a flexible container for
      the purpose of raising the level of a fluid in said container during the
      capping operation. It is to be further noted that a container depresser or
      squeezer of the aforementioned types could be used without a starwheel
      being utilized to effect the movement of the containers in their path of
      travel. The flexible containers could be disposed on a movable conveyor
      that is designed to carry said container from the filling station to the
      capping station and at the capping station compressor means could be
      utilized for depressing a side of the container as the conveyor moves the
      container through the capping or closure station.
PAR  In the use or operation of the present invention the flexible containers 16
      are delivered by the conveyor 10 to the in-feed starwheel 18 which engages
      and moves said containers onto the rotating turret 22 in properly spaced
      relation to one another. The turret moves the containers into engagement
      with the filling nozzles, not shown, and the containers are filled with a
      pre-determined amount of liquid, such as milk, and then are conveyed by
      the turret to the discharge starwheel 26. Prior to the time that the first
      several containers 16 reach the starwheel 16 the level or height of the
      fluid within said containers can be readily ascertained and it can then be
      determined as to approximately what size of disc member 32 should be
      mounted on the shaft 28. The proper size disc member can then be placed
      upon the shaft 28 and the starwheel 26 can then also be placed upon said
      shaft so as to engage the containers 16 as they are delivered by the
      rotating turret 22. As the containers are engaged by the starwheel 26 the
      disc member 32 will also engage a surface of each container for depressing
      or squeezing said surface to cause the level of the fluid to be elevated
      to a point adjacent the neck portion 36 of the container. The arcuate
      shaped guide rail 24 not only facilitates the movement of the containers
      by the starwheel into and through the cap applying station A but also aids
      in holding the containers as they are being moved by the starwheel and
      thus enabling the disc member 32 to compress or squeeze a surface of the
      container during the entire time that the container is being engaged by
      the starwheel and moved through the cap applying station A.
PAR  As the container moves into the cap applying station the neck portion 36 of
      the container 36 will engage a cap carried in the cap supply chute 38 and
      cause said cap to be deposited upon the top of the neck portion 36. As the
      container continues to move the cap moves under the cap guide member 42
      and then between the coacting rollers 44 which rotatably apply the cap 40
      to the neck portion 36 of the flexible container 16. The flexible
      container after being capped is moved by the starwheel 26 onto the
      discharge conveyor 10 and due to the sealing element within the cap or
      closure member 40 air is prevented from entering the flexible container 16
      so that the level of the fluid within said container is maintained at the
      height that was created by the depressing of the side of the container by
      the flat disc member 32 and in this manner all of the containers will have
      substantially the same fluid level.
PAR  Although the foregoing description is necessarily of a detailed character,
      in order that the invention may be completely set forth, it is to be
      understood that the specific terminology is not intended to be restrictive
      or confining, and that various rearrangements of parts and modifications
      of detail may be resorted to without departing from the scope or spirit of
      the invention as herein claimed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a cap applying apparatus embodying a conveyor for delivering a
      plurality of flexible empty containers to a rotary turret and for
      receiving from said turret a plurality of containers having a
      predetermined amount of fluid therein, a first station for delivering and
      loosely positioning caps or closures upon said containers, a second
      station spaced from said first station for tightening said caps or
      closures upon said containers, a discharge member positioned between said
      conveyor and turret for engaging said fluid filled containers and moving
      them from said turret through both of said stations and onto said
      conveyor, a disc member associated with said discharge member for engaging
      a fluid filled container and compressing a surface thereof to raise the
      level of the fluid therein as said container is moved from the turret
      through the first and second stations and onto the conveyor by said
      discharge member, said first station having a cap or closure guide member
      for engaging each cap or closure to position same upon said container as
      said container is being moved to said second station by said discharge
      member.
NUM  2.
PAR  2. In a cap applying apparatus as set forth in claim 1 wherein said second
      station includes a pair of spaced coacting rollers for engaging the caps
      or closures on diametrically opposite sides to secure same upon said
      containers, said rollers having drive pulleys with means for driving said
      pulleys.
NUM  3.
PAR  3. In a cap applying apparatus as set forth in claim 1 wherein a guide
      member is provided in spaced relation to said discharge member and a
      platform is interposed between said discharge member and said guide member
      for receiving the fluid filled containers from said turret as they are
      moved through said stations and onto said conveyor by said discharge
      member.
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ABST
PAL  A variable speed feed roll drive mechanism as provided for a forage
      harvester, the mechanism including a reversible hydrostatic transmission
      having its input shaft coupled with the chopper input shaft, the output of
      the transmission being coupled with the feed rolls. The hydrostatic
      transmission, having an infinitely variable range of output speeds
      provides the capability to infinitely vary the length of cut of crops
      passing through the chopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to forage harvesters and more particularly to a feed
      roll drive mechanism therefor wherein a hydrostatic transmission is
      utilized to vary the length of cut of crops processed by the chopping
      mechanism.
PAR  The ability to vary the length of cut of crops processed by the forage
      harvester is a necessary feature thereof, since various factors, such as
      type of silo and type of animal, for example, beef cattle or dairy cattle,
      are said to require longer or shorter cuts of silage for the most
      efficient utilization thereof.
PAR  Heretofore forage harvesters have had a mechanical drive for driving the
      feed roll mechanism. In order to vary the length of cut, various gear
      combinations were provided to change the speed of the feed rolls relative
      to the chopper. On some machines, a gear had to be physically changed to
      achieve this result. Others have provided mechanical shifters for
      switching from one gear to another. A further means of changing the length
      of cut involved removing a number of blades from the chopper. However, all
      of these arrangements suffer the common disadvantage of having the length
      of cut restricted to a few optional choices, some of which require
      interchanging or removing parts.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention described herein to provide a
      feed roll mechanism wherein the length of cut may be infinitely varied.
PAR  It is further an object of the invention to provide a feed roll drive
      mechanism wherein the rolls may be reversed for eliminating blockage
      thereof.
PAR  It is further an object of the invention to provide means for driving the
      gathering mechanism of an attachable harvesting mechanism wherein the
      speed of the feed rolls and that of the gathering mechanism have a fixed
      relationship, thus preventing the feed roll mechanism from being loaded
      beyond capacity.
PAR  Another object of the invention is to provide means associated with said
      feed roll drive mechanism for operating a cutting mechanism on said
      harvesting unit at a speed independent of said feed roll speed to maintain
      an adequate cutting speed at all times.
PAR  Specifically, these objects are met by providing a controlled reversible
      hydrostatic transmission having an output shaft speed infinitely variable
      from neutral to full speed wherein the output shaft drives both the feed
      roll mechanism and the harvesting unit gathering mechanism, the power
      input to said transmission being operatively associated with the chopper
      drive means and the drive means for said harvesting unit cutting mechanism
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will become apparent upon
      reading the following detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 is a plan view of a forage harvester incorporating the invention
      described herein with portions eliminated therefrom for the sake of
      clarity;
PAR  FIG. 2 is a plan view similar to FIG. 1 but illustrating only the drive
      means for the various components;
PAR  FIG. 3 is a side sectional view of the gear box shown in FIG. 2 taken along
      the line 3--3 thereof;
PAR  FIG. 4 is a sectional view of the gear box shown in FIG. 3 and taken along
      the line 4--4 thereof;
PAR  FIG. 5 is a side elevational view of a portion of the invention shown in
      FIG. 1 illustrating the actuating and control means for the transmission
      and taken along the line 5--5 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning first to FIG. 1, there is shown a forage harvester generally
      designated 10 of the type generally known to the art, which comprises a
      frame 11 supported by ground wheels 12 and adapted to be hitched to a
      pulling tractor. The forage harvester further comprises a driven rotary
      chopping mechanism 14 for chopping crops fed to it by a feed roll
      mechanism 15 located forwardly thereof, the crops being expelled from the
      harvester 10 through an upward and rearwardly extending discharge chute
      16. The forward portion of the forage harvester is adapted to receive a
      forwardly extending crop gathering unit (not shown) which may be a
      standard row crop unit or hay pickup and which may have a cutting
      mechanism and gathering mechanism for harvesting and delivering cut crops
      to the feed roll mechanism 15 in accordance with the art.
PAR  The feed roll mechanism 15 is of a type generally known in the art and
      comprises two pairs of upper and lower rolls spaced forwardly of the
      chopping mechanism, all of the rolls being connected by sprockets and
      chains and the lower front row being connected to the feed roll drive
      means. The crops pass between the upper and lower rolls to the chopper. A
      complete description of this mechanism may be obtained by reference to
      U.S. Pat. No. 3,511,287 to M. L. Hoch et al.
PAR  Driving means for the forage harvester 10 comprises a PTO shaft 17 which
      receives power from the pulling tractor at a standard speed such as 540 or
      1000 rpm and delivers it rearwardly through an overload clutch 19 to a
      right angle drive 20. From the right angle drive 20, a shaft assembly 21
      extends transversely to drive the chopping mechanism 14, the shaft
      assembly 21 having suitable universal joints to allow for misalignment.
      Intermediate the ends of the shaft assembly 21, preferably adjacent the
      right angle drive, the shaft assembly 21 is provided with sheaves 22 and
      24 rotationally affixed thereto for respectively driving the gathering
      unit cutting mechanism drive means and the feed roll drive mechanism.
PAR  The gathering unit cutting mechanism drive means comprises a wobble shaft
      25 which is rotatably mounted in bearings 26 and 27 supported by the
      harvester frame 11 and carries a sheave 29 which is driven from sheave 22
      by belt 30. It will be appreciated that the wobble shaft 25 could be as
      conveniently mounted on the gathering unit itself.
PAR  The input drive means to the feed roll transmission 31 comprises a pair of
      small pulleys 32 mounted on a shaft 34 supported by bearings on the
      harvester frame 11. The pulleys 32 are driven through a pair of belts 35
      by sheave 24, a suitable belt tightener 36 riding on the belts 35. The
      pulleys 32 are considerably smaller than the sheaves 24 in order to
      produce a rotational speed at the pulleys 32 of about 3600 rpm, an
      efficient operating speed for the transmission 31. The shaft 34 is coupled
      through a pair of universal joints 37 to the input shaft 39 of the
      transmission 31, the universal joints serving to correct misalignments.
PAR  The transmission 31 is a standard type of hydrostatic transmission known to
      those skilled in the art and has a charging pump, a fixed displacement
      motor and a variable displacement pump, the means for controlling the
      displacement of the pump and, consequently, the output speed of the
      transmission comprising a control shaft 40 and control lever 41. The
      output speed of said transmission is variable within a range from a
      maximum speed of about 3600 rpm in the forward or counterclockwise
      direction, as viewed from the right side, through zero or neutral to a
      maximum speed of about 2000 rpm in the reverse direction. The maximum
      speed in the reverse direction is relatively unimportant since reverse is
      only used for cleaning out the harvester and no cutting is done. It has
      been found that the maximum speed of 2000 rpm is not only adequate but
      provides more satisfactory operation. Since the invention described herein
      does not reside in the transmission itself, further discussion of it would
      not be useful; however, for those interested in a complete description in
      such a transmission, the reader is referred to U.S. Pat. No. 3,360,933  to
      W. C. Swanson, et al.
PAR  The transmission 31 is mounted to the housing 42 of a speed reducing gear
      box assembly 44 mounted on the harvester frame 11, the gear box assembly
      being provided with a cover plate 45. As best seen in FIGS. 3 and 4, the
      output shaft 46 of the transmission 31 extends through an opening 47 in
      the housing 42 and receives a spur gear 49 having twelve teeth
      thereinside. The gear 49 meshes with a sixty-six tooth gear 50 mounted on
      a countershaft 51 rotatably supported parallel to the transmission output
      shaft 46 in the housing 42 below the transmission shaft opening 47. A 21
      tooth gear 52 is mounted to the countershaft 51 adjacent the gear 50 for
      rotation therewith, the teeth of the gear 52 meshing with the teeth of a
      34 tooth gear 54 mounted on a second parallel countershaft 55 rotatably
      supported in the housing 42 adjacent the countershaft 51. A 16 tooth
      sprocket 56 is mounted on the second countershaft 55 adjacent the gear 54
      for rotation therewith, the sprocket 56 driving through a chain 57 a 25
      tooth sprocket 59 affixed to the gear box output shaft 60 which is
      rotatably mounted parallel to the countershaft in the housing 42 and
      extends externally on both sides thereof. Thus, when the transmission 31
      delivers power in the forward direction, as indicated by the arrow on gear
      49 in FIG. 3, the gear 49 drives the gear 50, the countershaft 51, an the
      gear 52. The gear 52 in turn drives the gear 54, the second countershaft
      55 and the sprocket 56. The sprocket 56 drives the sprocket 59 and the
      output shaft 60. The overall speed reduction for the specific arrangement
      turns out to be approximately 13.9:1, thereby producing output shaft
      speeds up to about 250 rpm.
PAR  The left end of the output shaft 60 carries a gear 61 which comprises the
      drive means for the gathering mechanism of the crop gathering unit and is
      adapted to mate with a complemental gear thereon. The right end 62 of the
      gear box output shaft 60 extends to the feed roll mechanism 15 whereat it
      is drivingly connected thereto such that when the output shaft 60 is
      rotated in the forward direction as indicated by the arrow in FIG. 3, the
      feed mechanism 15 moves the crops toward the chopper mechanism 14. Since
      the drive means for the crop gathering unit and the drive means for the
      feed roll mechanism are both connected to the output shaft 60, their
      relative speeds remain unchanged, thereby providing a continuous flow of
      crops to the feed roll mechanism without blockage or open spaces caused by
      the gathering mechanism operating at a higher or lower relative speed than
      the feed rolls.
PAR  Referring now to FIG. 5, the transmission control lever 41 is positioned to
      rotate from the "F" or maximum speed forward position through "N" or
      neutral position to the "R" or maximum speed reverse position. The control
      lever 41 is provided with spring means sufficient to urge it to the "N" or
      neutral position and with selectively adjustable stop means to limit the
      travel of the lever in the "F" or forward direction. Since the position of
      the control lever 41 controls the speed of the feed roll mechanism 15
      which in turn determines the length of cut of crops being processed, the
      control lever stop means enables the operator to select a definite
      repeatable length of cut.
PAR  The spring means takes the form of a spring assembly 70 comprising a rod 71
      having a clevis 73 threaded on one end, a locking net 73' preventing
      relative rotation therebetween. The clevis 73 is pivotally connected to
      the upper end of the control lever 41. The rod 71 extends freely through a
      bracket 72 mounted on the gear box housing cover 45. Located on either
      side of the bracket 72 but not connected thereto, are "U"-shaped spring
      retaining brackets 74, the rod 71 extending through the legs thereof and
      through identical upper and lower springs 75 and 76 and retainers 77
      placed between the legs. The rod 71 is provided with a pair of transverse
      pins 79 located between the spring retainer 77 and the legs of the
      brackets 74 which are remote from the bracket 72. Thus, when the control
      lever is moved to the "F" position, the upper of the pins 79 compresses
      the upper spring 75, the lower spring 76 and its retaining bracket 74
      moving away from the bracket 72. The upper spring 76 then urges the lever
      back to the "N" position. If the lever 41 is moved toward the "R"
      position, the same action occurs with the lower spring 76 being compressed
      and the upper spring 75 and retaining bracket 74 moving away from the
      bracket 72.
PAR  The selectively adjustable stop means comprises a quick attach pin 86
      placed through one of a plurality of complemental transverse holes 87
      provided in the rod 71 above the upper spring bracket 74. It can be seen
      from FIG. 5 that the travel of the control lever 41 in the "F" direction
      is limited by the quick attach pin 86 contacting the bracket 74 and that
      this limit may be grossly adjusted by moving the pin 86 from one of the
      holes 87 to another.
PAR  The actuating means for the control lever 41 comprises a double acting
      hydraulic cylinder 65 having its body pivotally connected to a gusset 66
      welded to the harvester frame 11 and having its rod end pivotally
      connected to the lever 41 intermediate its ends. The two inlet ports of
      the hydraulic cylinder 65 are connected respectively to two outlet ports
      of electric solenoid valve 68, the solenoid valve 68 having its inlet port
      69 connected through tubing (not shown) to the charging pump of the
      transmission 31. The solenoid valve 68 is a standard type four port three
      position valve having a position for pressurizing each of the ports of the
      hydraulic cylinder and a third position for relieving the pressure on both
      sides and is adapted to be remotely controlled by an operator on the
      pulling tractor and may be suitably attached for this purpose to a three
      position electrical switch provided thereon. While it is recognized that
      the hydraulic cylinder 65 itself could be suitably connected to one of the
      four port three position hydraulic control valves generally provided on
      the pulling tractor, the above arrangement provides the advantage that if
      the charging pressure is lost in the transmission 31 the spring means 70
      will automatically return the control lever to the neutral position
      thereby preventing damage to the transmission 31 as might be caused by
      excessive leakage either external or internal.
PAR  In order to cool the fluid used in the transmission 31, a heat exchanger 80
      is attached near the rear of the frame 11 and is connected with the
      transmission by hydraulic tubing (not shown), the pressure and charging
      pump within the transmission 31 providing the means for maintaining the
      required flow therethrough. A fan 81 is rotatably mounted to the frame 11
      forward of the heat exchanger 80 and is driven by a belt 82 which in turn
      is driven by a sheave 84 mounted on a shaft 85 extending from the rear of
      the right angle drive 20. Since the right angle drive 20 is located before
      the transmission 31, the fan 81 is driven at a speed independent of the
      feed roll mechanism, thus maintaining sufficient cooling of the hydraulic
      oil at all times during operation of the harvester.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a forage harvester feed roll drive mechanism that fully
      satisfies the objects, aims, and advantages set forth above. While the
      invention has been described in conjunction with specific embodiments
      thereof, it is evident that many alternatives, modifications, and
      variations will be apparent to those skilled in the art in the light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications, and variations as fall within the spirit and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feed roll drive mechanism for a forage harvester having a feed roll
      mechanism mounted forwardly of a rotary chopping mechanism for delivery of
      crop thereto, said chopping mechanism having drive means, said forage
      harvester being adapted to receive a forwardly mounted gathering unit and
      having means for feeding crops to said feed roll mechanism, comprising:
PA1  a housing;
PA1  power input means driven by said chopping mechanism drive means;
PA1  a reversible hydrostatic transmission, said transmission including a
      charging pump, driven by said power input means and mounted on said
      housing and having an output shaft extending therewithin, the forward
      speed of said output shaft being infinitely variable relative to said
      input drive means within a range from zero to a maximum;
PA1  fixed ratio speed reduction means mounted entirely within said housing,
      said speed reduction means being driven by said transmission output shaft;
PA1  A feed roll drive shaft drivingly connected to said feed roll mechanism and
      extending within said housing to a driven connection with said speed
      reduction means;
PA1  control means associated with said transmission for controlling the speed
      of said output shaft; and
PA1  actuating means operatively associated with said control means for
      selectively determining the speed of said feed roll mechanism relative to
      said input drive means, said actuating means selectively positioning said
      control means in one of three positions consisting of maximum forward,
      neutral, and reverse, selectively adjustable stop means being operatively
      associated with said control means for defining said maximum forward
      position of said control means.
NUM  2.
PAR  2. The invention in accordance with claim 1 and said actuating means
      comprising a double acting hydraulic cylinder operatively connected with a
      four port, three position electric solenoid valve adapted for remote
      control, said solenoid valve having an inlet port in fluid communication
      with said transmission charging pump whereby said solenoid is effected to
      extend said cylinder in one position, retract said cylinder in a second
      position, and neutralize said cylinder in a third position.
NUM  3.
PAR  3. For a forage harvester of the type adapted to receive a forwardly
      mounted crop gathering unit and having a rotary chopper driven from an
      input shaft and a feed roll mechanism delivering crops to said chopper, a
      variable speed feed roll drive mechanism for infinitely varying the length
      of cut of crops processed by said harvester comprising:
PA1  a hydrostatic transmission drivingly coupled with said chopper input shaft
      and having an output shaft, the speed of said output shaft being
      infinitely variable within a range relative to said input shaft from a
      maximum speed forward to a maximum speed reverse;
PA1  control means for said transmission, said control means comprising a rotary
      control lever connected to said transmission and rotatable within a range
      corresponding to the range of said output shaft speed, actuating means for
      selectively positioning said control means in one of three positions
      consisting of maximum forward, neutral, and reverse and selectively
      adjustable stop means for limiting the travel of said control lever in the
      maximum speed forward direction; and,
PA1  a speed reducing gear box of permanently fixed ratio driven by said
      hydrostatic transmission, said gear box having an output shaft for driving
      said feed rolls, said output shaft being provided with an output gear
      adapted to drive said gathering unit.
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ABST
PAL  A power driven rotary lawn mower is disclosed in which an auxiliary power
      drive is provided for engageably coupling engine power to a tine-bearing
      shaft located between the front drive wheels. The tine-bearing shaft is
      supported between arms that can be raised and lowered from a linkage
      controllable at the handle. The combination permits thatching, grass
      cutting and mulching at the same time and may be used in combination with
      a rearwardly mounted seed-drill for immediately reseeding of a thatched
      lawn.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to power-driven lawn care equipment and more
      particularly to equipment of the lawnmower type.
PAR  In our copending application, Ser. No. 477,595, filed June 10, 1974, we
      have disclosed a combination power-driven lawn mower and lawn care
      chemical dispensing machine. This machine was devised to simplify lawn
      care by combining the conventional lawn cutting operation with that of
      applying lawn care chemicals; two tasks that theretofore had to be
      performed separately. That invention in one of its aspects involved the
      affixing of a chemical dispensing hopper to the main frame of the mower
      and powering the chemical distributing vanes from the mower either by
      pulley or by engagement with one of the mower wheels.
PAR  While chemical dispensing was thereby enabled to be performed
      simultaneously with lawn cutting, there are other lawn tasks such as
      thatching which up to now have had to be performed separately.
PAR  When thatching is performed by a unifunctional prior art thatching machine,
      the tines operate at a rotational speed which is considerably lower than
      that of the whirling blade of a rotary mower. The tine peripheral speed is
      also lower than that of the wheels of the thatcher which are pushed or
      driven across the lawn. The result of the thatching operation is to
      separate the dead grass or thatch from the live, growing grass thereby to
      permit sunlight and air to reach closer to the base of the grass plant.
      Because the tines of an aerator operate at a slow peripheral speed, the
      thatch is loosened and lifted in the conventional machine but is not
      thrown with the force that cut grass clippings are discharged by a rotary
      mower blade. Accordingly, the user of a conventional thatching machine is
      forced, after the thatching operation, to go over the lawn again in order
      to sweep or rake up the loosened debris. It would be extremely desirable,
      therefore, to provide a machine that could reduce or even eliminate the
      need for a separate raking operation.
PAR  The conventional power-driven rotary lawn mower consists of a four-wheel
      carriage supporting a gasoline engine above a main platform and a rotary
      blade mounted on the engine shaft below the platform. The engine shaft is
      vertical and the grass-cutting blade rotates in a horizontal plane. At one
      point adjacent the periphery of the blade's rotation, the main platform is
      formed into an ejection chute or tunnel for discharging the cut grass
      clippings. In more recent models of the rotary lawn mower, the ejection
      chute is articulated rearwardly of the motor shaft and is designed to
      dispense the grass clippings into a grass catcher or bag that may be
      suspended between the control handles. This has the advantage of
      permitting the mower to be maneuvered amongst shrubs and trees without
      requiring any more maneuvering room than the axle width of the mower
      housing.
PAR  Another of the convenience options available to purchasers of rotary lawn
      mowers is the mower that is equipped with power drive wheels. In this type
      of mower, a power take-off in the form of a belt or chain drive is coupled
      to the main motor shaft and, via a right-angle drive, is also coupled to
      the front wheel axle so that the engine power in addition to driving the
      cutting blade also drives the front wheels thereby reducing the pushing
      effort of the operator to that of a steering or guidance effort.
PAR  Because only a fraction of the total available horsepower of the mower is
      needed to be employed in propelling the front wheels and because the
      right-angle drive heretofore used has proven practical in transmitting
      engine power to the front axle shaft, it has occurred to us that the use
      of a somewhat heavier duty engine and right-angle drive may greatly extend
      the flexibility of the conventional self-propelled rotary lawn mower so
      that a more universally useful machine can be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the principles of our invention, in one illustrative
      embodiment thereof, a motor driven rotary mower may be provided with an
      auxiliary right-angle drive for selectively coupling engine power to a
      swingmounted tine-bearing shaft as well as to the front wheels. As the
      mower is forwardly propelled, the rotary blade cuts the usual swath of
      grass but in front thereof the powerdriven tines aerate the lawn thatch.
      The mechanical finger or tines extend below the plane of the rotary blade
      and cut through and lift the thatch allowing air and sunlight to reach
      through the lawn mat. The tines thus operate in a perpendicular plane to
      that of the rotating grass cutting blade.
PAR  It is an aspect of the operation of this embodiment of our invention that
      the loosened thatch is sucked into the vortex of the air current generated
      by the higher speed rotation of the rearwardly mounted grass-cutting
      blade. The thatch is then carried through the wind tunnel of the mower
      body and discharged into the catcher or grassbag advantageously mounted
      between the drive handles.
PAR  The tine-bearing shaft is swing-mounted so that the degree of engagement of
      the tips of the tines with the grass thatch of the lawn may be regulated.
      For this purpose, a bell-crank linkage is provided to a control lever on
      the drive handle. Advantageously, the engagement adjustment of the
      swing-mounted aerator shaft is wholly independent of the drive and idler
      wheel height adjustment which is provided for regulating grass cutting
      height. Accordingly, it is possible with the use of our present invention
      to do a certain amount of grass cutting at the same time as thatching.
PAR  Further in accordance with an aspect of our illustrative embodiment, a seed
      drill hopper may be mounted rearwardly of the rear idler wheels on the
      mower body to take maximum advantage of the slight scarifying of the soil
      incident to the thatching operation. The increased accessibility to the
      soil surface made possible by the thatching operation being performed at
      the front of the mower enables the seed drill to perform reseeding
      incident to the thatching operation. The increased proximity to or actual
      contact with the exposed ground of the drill spouts of the seed drill
      hopper also reduces the seed-scattering effect of the peripheral air
      turbulence from the rotary mower blade. Accordingly, a truly three-in-one
      machine operations of thatching, sweeping, and seeding or the four-in-one
      operations of thatching, cutting, sweeping, and seeding is now made
      possible.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of our invention may become
      more apparent by referring now to the drawing in which:
PAR  FIG. 1 shows a top view of an illustrative embodiment of our invention;
PAR  FIG. 2 shows a side view of the embodiment of FIG. 1;
PAR  FIG. 2A shows the details of the bell crank assembly;
PAR  FIG. 3 shows the details of the seed drill hopper that is shown rearwardly
      mounted on the mower of FIGS. 1 and 2; and
PAR  FIG. 4 shows the details of the swing arms, bell-crank and drive gear for
      the tine-bearing shaft of our invention
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIG. 1 a base plate 10 serves as a driveable mounting
      platform for a gasoline engine 11, the vertical shaft 12 of which,
      extending below plate 10, drives cutting blade 13. Platform 10 is carried
      by drive wheels 15, 15' at its forward extremity and by idler wheels 16,
      16' at its after portion. Both sets of wheels may be equipped with
      conventional height adjustments 17 which in the well-known manner may
      include spring-loaded detents (not explicitly shown) for setting the grass
      cutting height by regulating the height of platform 10 and hence of blade
      13 with respect to the ground on which the wheels 15, 15'-16, 16' roll.
      The front drive wheels 15, 15' are advantageously positioned forward and
      clear of the main platform 10 by means of sponsons or forwardly projecting
      arms 18, 18'.
PAR  Drive wheels 15, 15' are shown equipped with a pair of spur gears 19, 19'
      mounted on the inward end of the axles of each of the wheels. Gears 19,
      19' are linked by respective chains 20, 20' to driving gears 21, 21'. The
      driving gears 21, 21' are provided with engine power by means of
      right-angle drive 23.
PAR  Right angle drive 23 is equipped with a clutch mechanism that can be
      activated by means of control rod 27 selectively to engage and disengage
      engine power with drive sprocket 21'. Drive 23 is shown coupled to driving
      pulley 24 on engine shaft 12 by means of a V-belt 25 and driven pulley 26.
      Equally advantageously, the right-angle drive 23 may be coupled to motor
      shaft 12 by means of a conventional, beveled-gear drive. It should also be
      apparent that in lieu of chains 20, 20' and spur gears 19, an internal
      tooth gear drive may be employed as shown, for example, in U.S. Pat. No.
      3,802,170, particularly FIG. 6 thereof.
PAR  Positioned rearwardly of platform 10 is a seed hopper 30 having an agitator
      shaft 31 and drive pulley 32 linked by belt 33 to a corresponding pulley
      34 on idler wheel 16. Seed drill hopper 30 may be filled with seed and is
      designed to cooperate with the slight scarifying effect produced on the
      soil surface by the tine blades. The reseeding of the lawn simultaneously
      with the aerating being performed by the rotating tines is thereby
      facilitated.
PAR  Mounted between wheels 15, 15' and outboard of right angle drive 23 on
      platform 10 are support pillars 41, 41' shown in detail in FIG. 4. Support
      pillars 41, 41' act as pillows blocks for power shaft 21S which transmits
      power to spur gears 21, 21'. Pinnions 43, 43' at the upper portion of each
      of support pillars 41, 41' rotatably support swing arms 42, 42'.
PAR  Swing arm 42' includes a bell-crank member 42B which is linked via
      parallelogram shaft 42P to a mating idler bell crank 42I, shown more
      clearly in FIG. 2, at the rear portion of platform 10 adjacent to drive
      handle 7'. Arm 42I' on this bell crank is linked by a control rod 44 to a
      detentable bell-crank assembly 45 mounted at the upper extremity of drive
      handle 7'.
PAR  Swing arm 42, 42' support tine-bearing shaft 46 on which are mounted a
      plurality of spring wire tines 47. The tines 47 have a length
      perpendicular to the axis of shaft 46 such that when arms 42, 42' are
      lowered by bell-crank mechanism 42-, 44, 45 to the lowermost extremity,
      the tips of tines 47 will assert a slight scarifying action on the surface
      of the ground beneath the wheels 15, 15'. Power is transmitted to shaft 46
      by means of drive sprocket 50 at the upper portion of right angle drive
      23. Drive sprocket 50 is coupled to drive sprocket 52 centrally mounted on
      shaft 46 by means of driving chain 53.
PAR  Right-angle drive 23 is thus seen to contain two rotational outputs, one
      associated with drive gear 50 and one associated with shaft 21S. The
      angular rotational speed of shaft 21S and drive gear 50 may be the same
      since pinnion 52 will have fewer teeth than pinnion 50 thereby causing
      shaft 46 to rotate at a higher rpm than shaft 21S. Alternatively, gear 50
      may be driven by right-angle drive 23 at a somewhat higher rpm than shaft
      21S to assure an even greater rotational speed to the tine-bearing shaft
      46. The height of shaft 46 above the ground is regulated by bell-crank arm
      42B via parallelogram link 42P to idler arm 42I (FIG. 2) and from thence
      via intermediate rod linkage 44 to detentable bell-crank assembly 45
      mounted on control handle 7'. The detentable control handle assembly 45
      includes a control knob 45-1 which may be manipulated by the operator when
      spring loaded detent 45-2 is retracted from the notched disc 45-3. There
      will be at least two notches in disk 45-3 one for the fully retracted
      position of arms 42, 42' and one for the full down position of these arms
      in which the arc of rotation of tines 47 will just graze the surface of
      the soil. Other intermediate positions of arms 42, 42' may be provided for
      by means of additional notches on disc 45-3.
PAR  As has been heretofore explained, the thatch loosened by the rotating tines
      47 will be swept by the rotational vortex of high speed blade 13 into the
      ejection chute 60 and carried into grass catcher 61 which advantageously
      may be hung between drive handles 7, 7'. As a safety precaution, ejection
      chute 60 may be equipped with a steel door 62 so that bag 61 may not be
      removed from ejection chute 60 while door 62 is open. A release handle 63
      is part of the hinge for door 62 and includes a finger 64 that rotates
      downwardly to lock into chute extension 65 when handle 63 is rotated
      backwardly to open door 62. Thus, when door 62 is in the open position
      allowing grass cuttings to be ejected through chute 60 and chute extension
      65 into grass catcher 61, finger 64 prevents chute extension 65 and the
      bag 61 from being removed.
PAR  Referring to FIG. 2 the seed drill hopper 30 is shown mounted on the rear
      deck portion of platform 10 via an L bracket 36 and adjusting wing nut 35.
      Wing nut 35 is adjusted so that the height of the seed drill projections
      34 is just at the surface of the earth. Advantageously, the seed drill
      extensions 34, shown also in FIG. 3, may track behind the tines 47 on
      shaft 46 so that the seed drills empty their contents along the
      scarifications in the soil producted by tines 47. In FIG. 1 a single
      control cable 27 is shown for engaging and disengaging right-angle drive
      23 from motor power. It will be apparent that two independent right-angle
      drives each with its own control cable 27 may be provided, one for shaft
      21S for the front drive wheels 15, 15' and one for drive pinnion 50 for
      the tine-bearing shaft 46.
PAR  Further and other modifications will be apparent to those of skill in the
      art without however departing from the spirit and scope of our invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary power driven lawn mower comprising a base plate, a pair of
      front driving wheels and a pair of rear idler wheels attached to said base
      plate, an engine mounted above said base plate, rotary blade means
      positioned below said base plate and coupled to be driven to said engine,
      power drive means coupling said front drive wheels to said engine, a pair
      of swing arms hingeably mounted to said base plate, a tine-bearing shaft
      rotatably journalled in said swing arms extending between said front
      driving wheels, and means for engageably coupling said tine-bearing shaft
      to said engine.
NUM  2.
PAR  2. A rotary power driven lawn mower according to claim 1 further comprising
PA1  means coupled to said swing arms independently of said driving and said
      idler wheels for adjustably raising and lowering said shaft to selectively
      extend the arc of said tines above or below the plane of said rotary
      blade.
NUM  3.
PAR  3. A rotary power driven lawn mower according to claim 1 further comprising
      a seed drill hopper attached to the rear portion of said base plate, the
      seed drills of said hopper extending below the plane of said rotary blade
      and in registration with the tines of said tine-bearing shaft thereby to
      discharge seed into the scarifications produced in the ground by said
      tines of said power-driven tine-bearing shaft.
NUM  4.
PAR  4. A lawn mower according to claim 3 wherein said means for engageably
      coupling tine-bearing shaft to said engine includes right-angle gear drive
      means for driving said shaft at a lower rotational speed than that of said
      rotary grass cutting blade.
NUM  5.
PAR  5. A lawn mower according to claim 3 further comprising height adjusting
      means at each of said wheels and wherein said means for raising and
      lowering said tine-bearing shaft includes a bell crank mounted on said
      base plate for regulating the horizontal height of said tine-bearing shaft
      above said ground independently of said height adjusting means at each of
      said wheels.
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PAL  A method of cutting sugar cane comprising the steps of passing in one
      direction through the growing cane a vehicle having mounted thereon two
      upwardly extending power driven combing elements spaced apart across the
      width of the vehicle; combing a narrow stretch of cane between the combing
      elements; flattening the cane beneath a flattening element mounted on the
      vehicle to the rear of the combing elements and spaced above the ground to
      extend transversely to the one direction; and severing the cane at its
      base by power driven rotating ground-following cutting means mounted on
      the vehicle to the rear of the flattening element.
PAL  Apparatus for carrying out this method includes, mounted on a propelling
      vehicle, two upwardly extending combing elements spaced apart across the
      width of the vehicle, a flattening element extending transversely to the
      direction of travel of the vehicle and spaced above the ground to the rear
      of the combing elements with respect to the direction of travel of the
      vehicle, a cutter mounted on the propelling vehicle to the rear of the
      flattening element, and means for transmitting a powered drive to the
      cutter, which cutter is adapted to sever, adjacent the ground, sugar cane
      flattened by the flattening element. The cutter includes a central
      rotatable hub assembly, a number of cutter blades extending outwardly from
      the lower end of the hub assembly, and means pivotally connecting the
      blades to the hub assembly along axes which permit each blade to swing up
      and down relative to the hub assembly and follow the contours of the
      ground along which the vehicle travels.
PARN
PAR  This is a continuation division, of application Ser. No. 284,598 filed Aug.
      29th, 1972 and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the cutting of sugar cane.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 2,949,717, issued Aug. 23, 1960, to W. L. Johannesen
      discloses a pick up mechanism for harvesters, in which there are provided
      two upwardly extending power driven combing elements to funnel the crop
      being harvested into a narrow stretch and to subsequently feed it to a
      transversely extending stationary sickle bar to be cut and conditioned.
      U.S. Pat. No. 3,513,647, issued May 26, 1970, to Edward J. Johnston et al.
      discloses an adjustable flick bar mechanism for such a cutting apparatus,
      in which the crop is flattened by a transversely extending flattening bar
      before being cut. If the teachings of these two patents are combined in
      view of a later U.S. Pat. No. 3,673,779, issued July 4, 1972, to Thomas J.
      Scarnato et al; there results a mower conditioner in which the crop is
      first funnelled between two power driven upwardly extending combing
      elements, is then flattened by a transversely extending flattening bar and
      is finally cut by rotary disc type mowers and thrown at high speed to the
      conditioning rollers.
PAR  Such apparatus however, would be developed with the sole aim of cutting
      crops (such as grain or grass) where the cutting speed is high, ground
      irregularities are few and -- in general -- the tops of the crop are the
      important harvestable commodity. Thus the cutting blades shown in the
      Scarnato patent are connected to a rotating drum by vertical pivots, the
      drum rotates at a high speed and the blades are allowed a limited amount
      of pivotal side to side movement and are thus directed radially outwardly
      of the drum by the very high centrifugal forces involved in the high speed
      rotation of the drum.
PAR  The apparatus according to the present invention, by way of contrast, is
      directed to the harvesting of growing sugar cane. Such cane is usually
      grown on ground comprising alternate ridges and furrows, with considerable
      variations in contour and incorporating rocks, stones, trash and other
      impediments to any harvesting vehicle. The canes are extremely tall and
      thick and, by the time they are ready for harvesting, may have become
      extremely tangled and extend in all directions and at all angles to the
      ground. In addition, the leafy tops of the sugar cane are not in general a
      valuable harvesting commodity -- it is the cane stalk itself, and in
      particular the bottom 6 inches adjacent the base, which has the high sugar
      content.
PAR  Growing sugar cane has two weak points -- the first of these is at the base
      of the leafy top of the cane stalk, and the second is at the very base of
      the stalk itself, i.e. adjacent the ground from which the cane grows. If
      an apparatus -- such as that constructed from the prior art teachings
      reviewed above -- were to be driven into a field of growing sugar cane,
      the high speed cutters taught by such disclosures would very rapidly
      become blunted in ploughing through the rubbish surrounding the base of
      the growing cane, and in particular the blade construction used would be
      totally unsuitable for following any ground irregularities or obstructions
      in its path.
PAR  Thus the most that could be hoped for with such prior art apparatus would
      involve setting the non-ground following, high speed rotating cutters at a
      level which would be so high, in order to ensure their continued
      operation, that the cane would not be severed adjacent its base. In
      particular, in many parts of the crop the bottom 6 inches or so of the
      cane (which as mentioned above has the highest sugar content of the cane
      stalk) would be missed completely.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus for cutting sugar cane comprising,
      mounted on a propelling vehicle, two upwardly extending combing elements
      spaced apart across the width of the vehicle, a flattening element
      extending transversely to the direction of travel of the vehicle and
      spaced above the ground to the rear of the combing elements with respect
      to the direction of travel of the vehicle, a cutter mounted on the
      propelling vehicle to the rear of the flattening element, and means for
      transmitting a powered drive to the cutter, which cutter is adapted to
      sever, adjacent the ground, sugar cane flattened by the flattening
      element. The cutter includes a central rotatable hub assembly, a number of
      cutter blades extending outwardly from the lower end of the hub assembly,
      and means pivotally connecting the blades to the hub assembly along axes
      which permit each blade to swing up and down relative to the hub assembly
      and follow the contours of the ground along which the vehicle travels.
PAR  Thus, when an apparatus embodying the present invention is passed through
      growing sugar cane, the ground following cutter blades are rotated at slow
      speeds to completely minimize any centrifugal force effects and the blades
      are allowed to swing up and down to follow the contours of the ground
      along which the vehicle travels.
PAR  The invention also provides a method of cutting sugar cane comprising the
      steps of: passing in one direction through the growing cane a vehicle
      having mounted thereon two upwardly extending power driven combing
      elements spaced apart across the width of the vehicle; combing a narrow
      stretch of cane between the combing elements; flattening the cane beneath
      a flattening element mounted on the vehicle to the rear of the combing
      elements and spaced above the ground to extend transversely to the one
      direction; and severing the cane at its base by power driven rotating
      ground-following cutting means mounted on the vehicle to the rear of the
      flattening element.
PAR  It will be appreciated that, during the combing and flattening processes of
      this method, the growing cane will be subjected to localized stresses at
      its weak base point and many of the canes will already have been snapped
      or broken off adjacent the ground before the cutting blades even get to
      them. The cutting blades, which are not driven at a high speed nor are
      they sharpened, break the remaining canes at their weak base point as they
      pass through the cane crop.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of an apparatus mounted on a tractor for
      partially flattening growing sugar cane.
PAR  FIG. 2 is a half front elevation of the apparatus of FIG. 1;
PAR  FIG. 3 is a section on an enlarged scale on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a side elevation of apparatus, mounted on a tractor, for severing
      growing sugar cane (certain parts being omitted for clarity);
PAR  FIG. 5 is a rear elevation of the apparatus shown in FIG. 4;
PAR  FIG. 6 is a plan view of the cutter blades used in the apparatus of FIGS. 4
      and 5;
PAR  FIG. 7 is an enlarged vertical section through the lower part of one of the
      cutters in the apparatus of FIGS. 4 to 6; and
PAR  FIG. 8 is a front elevation view of the apparatus of FIG. 1.
DETD
PAR  Referring to FIGS. 1, 2 and 8 a conventional tractor 10 carries on either
      side of its front part, brackets 11 and 12 such as are normally used for
      supporting a conventional front end loader. Pivotally mounted at 13 on the
      upper ends of the rear brackets 11 is a swinging support structure 14. The
      support structure 14 comprises, at each side of the tractor, side arms
      each comprising a forwardly extending limb 15 and a downwardly limb 16. As
      best seen in FIG. 2, the lower ends of the downwardly extending limbs 16
      are bolted to a square section cross-bar 17, so that the limbs 16 may be
      adjusted along the length of the bar 17 so as to vary the distance between
      them, and between their associated combing elements 28 (to be described
      below).
PAR  The junction between the limbs 15 and 16 at each side of the tractor has
      welded to it a plate 18 and an hydraulic ram 19 is pivotally connected
      between each plate 18 and a plate 20 on each bracket 11. Thus the support
      structure may be raised by extending the rams 19.
PAR  Each limb 16 has welded to it an upper bracket 21 and a lower bracket 22 on
      which are mounted pairs of rollers 23 and 24 respectively. The rollers 23
      and 24 are received (see FIG. 3) within a square section beam 25 having a
      longitudinal slot 25' through which the brackets 21 and 22 may pass. The
      arrangement is such that the beams 25 may slide up and down on the limbs
      16. A bracket mounted on each limb 16 may have a pin which engages a
      longitudinal closed ended slot in the side of each beam 25 to limit the
      extent of sliding movement of each beam relatively to the limb 16 on which
      it is mounted.
PAR  At its lower end, each beam 25 has secured to it a shoe 26 extending
      forwardly fo the beam.
PAR  Welded to the upper end of each beam 25 is a forwardly and upwardly
      extending bracket 27 and a combing element 28 in the form of an upwardly
      divergent tapering roller extends between each shoe 26 and bracket 27 and
      is rotatable in bearings in those parts. As shown in FIG. 1, a helical rib
      29 extends upwardly and around each roller. As best seen in FIGS. 2 and 8
      the rollers 23, 24 and the beams 25 on which they are mounted are inclined
      inwardly towards one another as they extend upwardly.
PAR  Each shoe 26 has welded to the leading edge thereof a forwardly and
      downwardly sloping tine 30.
PAR  Optionally, there may also be mounted on the apparatus a roller assembly
      (shown in chain lines in FIGS. 1 and 2) for partially flattening the sugar
      cane as it passes between the combing elements 28. When such a roller
      assembly is provided, the aforementioned cross-beam 17 has mounted
      adjacent the opposite ends thereof an upright tube 31 which passes through
      the beam 17. Each tube 31 has slidable within it a plunger 32 the lower
      end of which projects from the tube 31. Each plunger 32 is formed with a
      longitudinal threaded hole which is engaged by a threaded screw 33 which
      projects through the upper closed end of the tube 31 and has secured to it
      an adjusting handle 34. Thus by rotating the handle 34 the plunger 32 may
      be lowered further out of the tube 31 or retracted into it. The lower ends
      of the plungers 32 carry bearings 35 which rotatably support the opposite
      ends of a shaft 36 extending across the width of the tractor between the
      front wheels 37 of the tractor and the lower ends of the limbs 16.
PAR  A cane flattening roller 38 is secured to the shaft 36. The ends of the
      roller 38 are conical as indicated at 39 and both the main part of the
      roller and the conical ends are formed with peripheral corrugations 40.
PAR  In operation the apparatus is driven through growing sugar cane and the
      rollers 28 "comb" the cane and separate a narrow stretch of cane and
      funnel it towards the flattening roller 38. Although the rollers 28 may be
      freely rotatable they are preferably driven and in the arrangement shown
      they are each driven by an hydraulic motor 41 carried on the upper bracket
      27 supporting the roller. The rollers are driven in such a direction that
      the helical ribs on their surface tend to lift the tangled cane clear of
      the ground as it passes between the rollers. The cane "combed" between the
      rollers then passes under the flattening roller 38 which presses the
      combed cane towards the ground to form a continuous swathe of cane.
PAR  At the same time the beams 25 on which the rollers 23, 24 are mounted are
      free to slide longitudinally relatively to the limbs 16 of the support
      structure so that the shoes 26 may at all times remain in contact with the
      ground despite undulations in the ground surface.
PAR  The adjustable support 31, 32, 33, 34 for the flattening roller 38 enables
      the position of the roller to be adjusted up and down with respect to the
      support structure to accommodate different forms of cane cultivation. For
      example cane is normally grown on ground which is formed in ridges and
      furrows for irrigation purposes and in some fields cane may be grown on
      the ridges and in other fields the practice may be to grow the cane in the
      furrows. In the case where the cane is grown on the ridges it will clearly
      be necessary for the roller 38 to be higher with respect to the support
      structure since the shoes 26 will be disposed within the furrows on either
      side of a ridge. Similar considerations apply when the cane is flattened
      by a simple cross-beam and for this reason the cross-beam may be
      adjustable up and down.
PAR  The tapered ends 39 of the roller allow the roller to descend partially
      into a furrow in the case where cane is grown in the furrow, the overall
      width of the roller being of the same order as the width of the furrow.
PAR  In an alternative form, not shown, the roller tapers so as to increase in
      diameter towards its ends. This arrangement, with possible a high rim at
      the extremities of the roller, will tend to push the cane inwards towards
      the center of the roller thus facilitating the formation of the swathe.
PAR  In another modification the rollers 28 may be replaced by stationary, i.e.
      non-rotatable combing elements. Also the flattening roller 38 may be
      positively rotated by a separate motor, such as an hydraulic motor, or
      from a power take-off shaft on the tractor.
PAR  The apparatus described, in forming the continuous swathe of cane will tend
      partially to untangle the cane. Also the flattening of the cane will break
      off a proportion of the cane near the base which eases the work required
      from a cutter which, according to the invention, is subsequently passed
      through the flattened cane in the same direction as it was flattened to
      sever the cane adjacent the base. A suitable cutter will now be described
      with reference to FIGS. 4 to 7.
PAR  The cutter shown in FIGS. 4 to 7 is suitable for mounting on a tractor and
      it may be mounted at the rear end of the same tractor which carries the
      flattening apparatus of FIGS. 1 to 3 so that the flattening and cutting of
      the cane is effected in a single pass. Alternatively the cutter may be
      mounted on another tractor or other suitable vehicle which carries out a
      second pass over the continuous swathe of flattened cane after the
      flattening apparatus has made its pass.
PAR  The cutter is mounted on the conventional three-point linkage of the
      tractor 10 and is carried by a support structure 42 which comprises a
      square-section cross-beam 43 having two spaced forwardly extending
      brackets 44 which are pivotally connected at 45 to the lower draft links
      (not shown) of the tractor. A further inverted V-shaped bracket 46 extends
      upwardly from the cross-beam 43 and is pivotally connected at 47 to the
      central top link (not shown) of the tractor.
PAR  A structure 48 extending rearwardly from the cross-beam 43 has mounted on
      it two cutter assemblies (indicated generally at 49) symmetrically
      disposed on either side of the central longitudinal axis of the tractor.
      The two cutter assemblies 49 are substantially identical and only one will
      be described in detail.
PAR  Each cutter assembly comprises, at its upper part, a transmission casing 50
      having bearings in which is rotatable a horizontal shaft 51. A gear
      transmission couples the shaft 51 with a vertical shaft 52 (see FIG. 7)
      which extends down through a further casing 53 and to which the cutter
      blades are connected in a manner to be described.
PAR  The shaft 51 has mounted on the rear end thereof a sprocket wheel 54. An
      endless driving chain 55 encircles the sprocket wheel 54 and a further
      sprocket wheel 56 mounted on a shaft 57 which is rotatable in bearings 58
      mounted on the structure 48. The end of this shaft 57 remote from the
      sprockets 56 is connected through a universal coupling 59 with the power
      take-off shaft 60 of the tractor. As best seen in FIG. 4 the sprockets 54
      of the two cutter assemblies and the pulleys 56 are staggered fore and
      aft. The power take-off shaft 60 thus transmits a drive through the
      endless chain transmission to the two vertical shafts 52.
PAR  As best seen in FIG. 7 the lower end of each shaft 52 is rotatable in
      bearings 61 within the lower end of the tube 53. A hub 62 is keyed onto
      the lower end of the shaft 52 being clamped by a clamping nut 63 between a
      washer 64 and a spacer 65 which engages the inner race 66 of the bearing
      61. The race 66 of the bearing is retained on the shaft 52 by a spring
      clip 67.
PAR  The spacer 65 includes an upstanding flange 68 which rotates within a
      recess 69 in an annular ring 70 which surrounds the bearing 61 within the
      tube 53. The spacer 68 thus protects the bearing 61 and prevents foreign
      matter finding its way up onto the bearing.
PAR  The hub 62 has pivotally mounted within it three equally spaced horizontal
      and tangential shafts 70. Each shaft is supported within the hub by a
      bonded rubber bush 71 so that rotation of the shaft takes place against
      the resilient restraint of the bush. To facilitate assembly of the shafts
      70 in the hub 62, the hub is formed in two parts 62a and 62b which are
      clamped together by bolts 72, the two parts 62a and 62b being enclosed
      between the two parts 73 and 74 of a two part metal casing. The upper part
      74 of the casing is welded to the spacer 65.
PAR  The opposite ends of each shaft 70 project into a cutaway portion 75 (see
      FIG. 6) of the hub and secured to the ends of each shaft by screws 76 are
      the limbs 77 of the forked end of a cutter blade 78. A shaped block 79
      welded to each limb of the cutter blade partially embraces each end of the
      shaft.
PAR  Each cutter blade 78 extends outwardly and downwardly away from its
      associated shaft 70 and is formed at its outer extremity with an inclined
      cutting portion 79. The leading edge of the outer cutting portion of each
      blade is formed with a notch 90 (see FIG. 6) which tends to catch the
      stems of the sugar cane and increases severance efficiency. Also the
      trailing edge of each blade is formed with an upswept portion 91. This
      causes the blades to tend to lift the sugar cane as they sever it. This
      "aerates" the swathe of cane to help free trash from the cane to make hand
      recovery of the cane easier. Also it prepares the cane for easier
      operation of any following-and-elevating device which may be used, after
      the apparatus described has passed through the cane, for mechanically
      gathering the cut cane.
PAR  The lowermost part of each cutter comprises a domed cap 80 which is welded
      to a plate 81 which is clamped to the hub 62 by the aforementioned bolts
      72. Disposed above the cap 80 is a ring 82 of equal diameter. The ring 82
      and cap 80 are cut-away to provide apertures, as at 83 through which the
      cutter blades 78 project and which are of sufficient size to permit up and
      down pivoting movement of the cutter blades on the shafts 70. The ring 82
      and cover 80 are secured together between the cutter blades 78 by welded
      distance pieces 84.
PAR  The ring 82 has welded to it the lower end of a drum 85 which encircles the
      tube 53. The upper end of the drum 85 is located by three ball races
      triangularly disposed riding inside a ring 86 (see FIG. 4) carried by the
      support structure 42.
PAR  The blades of the two cutter assemblies are oppositely handed and the
      transmission for the cutters causes them to contra-rotate in synchronism.
      As best seen in FIG. 6 the cutter blades rotate in the directions
      indicated by the arrows when the apparatus is moving in the direction of
      the arrow A.
PAR  The cutter blades 78 sever the flattened cane adjacent the ground and since
      the blades are capable of flexing up and down resiliently relatively to
      the rotating hub it is possible for the blades to follow the contours of
      uneven ground without digging into the ground or riding over any cane
      stalks. This is important since, as mentioned above, sugar cane is
      normally grown on ground formed into ridges and furrows.
PAR  During operation fo the cutter the links at the rear of the tractor may be
      put in their "floating" condition so that the cutter assemblies rest on
      the ground under their own weight and follow the contours of the ground.
PAR  The drums 85 engage the cane and help to throw it rearwardly as it is cut
      by the cutter blades and the drums may be fitted with rubber pads, flutes,
      paddles, or other devices to increase their grip on the cane. The fact
      that the cutters and drums rotate inwardly and do work on the cane only
      between their axes, exerts a forward thrust on the tractor and helps to
      overcome loss of traction through wheel slip.
PAR  The leading edges of the cutter blades 78 are swept back, to keep them
      clear of trash.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus, adapted to be mounted on a propelling vehicle, for cutting
      sugar cane comprising: two upwardly extending combing elements spaced
      apart across the width of a corresponding vehicle, a flattening element
      extending transversely to the direction of travel of such vehicle and
      spaced above the ground to the rear of the combing elements with respect
      to the intended direction of travel of such vehicle, a cutter mounted on
      such propelling vehicle to the rear of the flattening element, and means
      for transmitting a powered drive to the cutter, which cutter is adapted to
      sever, adjacent the ground, sugar cane flattened by the flattening
      element, wherein the cutter includes a central rotatable hub assembly, a
      number of cutter blades extending outwardly from the lower end of the hub
      assembly, and means pivotally connecting the blades to the hub assembly
      along axes which permit each blade to swing up and down relative to the
      hub assembly and follow the contours of the ground along which such
      vehicle travels.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein resilient restraining means are
      provided to oppose the up and down swinging movement of each blade, said
      resilient restraining means being connected between a perspective said
      blade and said hub assembly.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the resilient restraining means
      comprise a bush of resiliently flexible material provided in each pivotal
      connection between each blade and the hub assembly.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein the cutter is adapted for free up
      and down movement with respect to the propelling vehicle and has a part
      projecting below said cutter blades whereby in operation said part engages
      the ground under the weight of the cutter and follows the contour of the
      ground.
NUM  5.
PAR  5. Apparatus according to claim 2 wherein the cutter comprises three
      outwardly extending blades equally spaced around the axis of rotation of
      the hub assembly.
NUM  6.
PAR  6. Apparatus according to claim 2 wherein there are provided two cutters
      adapted to be mounted on such a vehicle, the axes of rotation of the two
      cutters being spaced apart transversely to the direction of travel of such
      vehicle.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein the path described by the blades
      of one cutter, as it rotates, overlaps the path described by the blades of
      the other cutter, the blades of one cutter projecting into sapces between
      the blades of the other cutter.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein the flattening element comprises
      a roller rotatable about an axis extending transversely to the direction
      of travel of the vehicle and wherein the surface of the roller is formed
      with peripherally extending corrugations.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein the roller is of reduced diameter
      towards the opposite ends thereof.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein the combing elements are
      inclined towards one another as they extend upwardly.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein the combing elements are
      inclined rearwardly, with respect to the direction of travel of the
      vehicle, as they extend upwardly.
NUM  12.
PAR  12. Apparatus according to claim 1 wherein each combing element is adapated
      for free up and down movement with respect to the propelling vehicle
      whereby in operation each element rests on the ground under its own weight
      and follows the contours of the ground.
NUM  13.
PAR  13. A method of cutting sugar cane comprising the steps of: passing in one
      direction through the growing cane a vehicle having mounted thereon two
      upwardly extending power driven combing elements spaced apart across the
      width of the vehicle; combing a narrow stretch of cane between the combing
      elements; flattening the cane beneath a flattening element mounted on the
      vehicle to the rear of the combing elements and spaced above the ground to
      extend transversely to the one direction; and severing the cane at its
      base by power driven rotating ground-following cutting means mounted on
      the vehicle to the rear of the flattening element.
NUM  14.
PAR  14. A system to be utilized in cutting sugar cane, the system comprising in
      combination: a motor driven vehicle and sugar cane cutting apparatus as
      defined in claim 1 mounted on said vehicle.
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ABST
PAL  A harvesting and threshing machine having a crop collecting platform
      carrying a threshing cylinder extending across its full crop collecting
      width. Crop threshed by the cylinder passes to a straw conveyor mounted
      behind the cylinder which collects the threshed crop and conveys it
      laterally. The straw conveyor may itself effect grain separation or may
      pass the crop to grain separation apparatus.
BSUM
PAR  This invention relates to crop harvesting and threshing machines.
PAR  The currently available crop harvesting and threshing machines, which are
      known as combines, have reached a stage of development at which it is
      apparently very difficult to increase the rate and efficiency with which
      they can handle crop without making sacrifices in other respects. In the
      past, increases in output have been achieved by increasing the overall
      size and power of the machines. The stage has now been reached however at
      which the size of the machine cannot be further increased without making
      road transport of it impractical or illegal.
PAR  Most of the currently available self-propelled combines comprises a main
      body portion housing a threshing cylinder and other grain separating
      apparatus and having ground wheels or tracks, together with a crop
      gathering header which can be mounted at the front of the body portion.
      The header comprises a platform or table having a cutter bar or a pick-up,
      and an auger. In use, crop cut by the cutter bar or lifted by the pick-up
      is immediately conveyed inwards by the auger to a central elevator
      conveyor which takes the crop to the main body portion.
PAR  In the main body portion of a conventional combine, a grain crop is first
      threshed by a threshing cylinder at the top of the elevator and the
      threshed material is then passed to straw walkers which effect separation
      of grain from other crop material.
PAR  On account of the weight distribution in a combine arising, in part, from
      the presence of the header mounted in cantilever fashion on the front end
      of the main body portion, the main body is almost always constructed as a
      front wheel drive vehicle. Also, it is generally recognized that the
      wheels or tracks must be of relatively large size in order to provide
      adequate traction for a large modern combine at the fairly low ground
      speeds at which such machines operate.
PAR  Consequently, the threshing cylinder of a large modern combine is located
      between the wheels or tracks of the machine and this limits the overall
      length of the cylinder because the space between the wheels or tracks is
      limited, in some countries at least, by the legal requirements as to
      maximum vehicle width.
PAR  We have ascertained that the arrangement described above for feeding the
      crop into the combine and for threshing it inherently gives rise to
      inefficient grain separation due to the random alignment of the individual
      stems of unthreshed grain crop as they are presented to the threshing
      cylinder and to the thickness of the mat of crop which they form.
PAR  In U. K. patent specification No. 951,098 there is proposed threshing
      apparatus in which crop cut by a cutterbar is fed to a threshing cylinder
      located behind the cutterbar. The threshing cylinder extends across
      substantially the full width of the cutterbar.
PAR  The arrangement referred to in the last preceding paragraph possesses
      important advantages over the conventional combines referred to above. The
      principal advantage is that crop can be fed to the threshing cylinder in a
      thin uniform layer in which the alignment and relative disposition of the
      individual stems of unthreshed grain crop as they are presented to the
      threshing cylinder is more precisely controlled. This produces more
      efficient threshing.
PAR  However, the threshing apparatus proposed in U.K. patent specification No.
      951,098 suffers from the disadvantage that under certain conditions
      insufficient separation of grain from straw occurs. The straw emerging
      from the threshing cylinder is discharged directly onto the ground. This
      straw inevitably contains significant amounts of unseparated grain, which
      is therefore lost. It is an object of the present invention to provide
      means for mitigating or overcoming this disadvantage while retaining the
      advantage referred-to above.
PAR  According to the invention there is provided a crop harvesting and
      threshing machine comprising a crop collecting platform, crop threshing
      means, the crop threshing means being mounted on the platform and being
      positioned to receive crop collected by the platform and extending across
      substantially the full crop collecting width of the platform, wherein
      there is provided grain separating apparatus comprising a straw conveyor,
      the straw conveyor being mounted on the platform and being positioned to
      receive the straw from the crop threshing means and being operative to
      convey the straw in a direction transverse to the direction of usual
      forward motion of the machine.
PAR  The provision of a straw conveyor as defined in the preceding paragraph
      allows the crop issuing from the crop threshing means to be collected and
      subjected to one or more stages of grain separation. Such separation may
      be effected either by the straw conveyor itself or, for example, in the
      body of a self propelled vehicle on which the crop collecting platform is
      mounted.
DRWD
PAR  An embodiment of the invention will now be described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a somewhat diagrammatic side elevational view of a grain crop
      harvesting and threshing machine which has been partly cut-away to reveal
      details of the internal structure thereof;
PAR  FIG. 2 shows, in a view similar to that of FIG. 1, but on a larger scale, a
      crop collecting platform of the harvester of FIG. 1, in greater detail;
PAR  FIG. 3 shows a diagrammatic plan view of the platform of FIG. 2, partly
      cut-away to reveal details of its internal structure; and
PAR  FIG. 4 shows a perspective view of a portion of a screen or grate structure
      of grain separating apparatus mounted on the platform.
DETD
PAR  As shown in FIG. 1 of the drawings, a self-propelled crop harvesting and
      threshing machine 10 comprises a body portion 12, an engine 14 mounted on
      the body portion, ground-engageable traction wheels 16 at the forward end
      of the body, and steerable wheels 18 at the rear end thereof. The machine
      10 further comprises an operator's platform 20 above the traction wheels,
      and a crop collecting platform 22 mounted at the forward end of the body
      portion in a manner similar to that of a conventional header of a combine.
PAR  Platform 22 has mounted thereon crop-cutting means in the form of a cutter
      bar 24, crop conveying and feeding means comprising a reel 26, an endless
      belt-type conveyor 30 and a rotary beater 32, and crop threshing means
      comprising a threshing cylinder 34 and an associated open-grate concave
      36. A straw conveyor is also mounted on the platform and is positioned to
      receive the straw from between cylinder 34 and concave 36. The straw
      conveyor is in the form of a rotary multi-flight auger or impellor 38 and
      an associated concave screen or grate member 40. Reel 26 is mounted for up
      and down movement under the control of a ram 27 and has a drive whereby it
      can be rotated at a speed such that its tines 28 feed a standing grain
      crop 29 head first onto conveyor 30. The drives for conveyor 30, beater
      32, threshing cylinder 34 and auger 38 are enclosed by a housing 41 at the
      right hand end of the platform (as seen in FIG. 3).
PAR  A paddle-type undershot elevator conveyor 42, similar to the conveyors used
      for carrying clean grain from the shaker shoe to the grain tank in a
      conventional combine, is provided to carry grain separated by concave 36
      and screen 40 to the body portion 12 of the harvester.
PAR  An scraper-type conveyor 44 comprising endless chains carrying transverse
      scraper bars is provided to carry crop material such as straw, containing
      unseparated grain (if any) into the body portion 12 of the harvester.
      Conveyor 44 is similar in structure to the elevator provided in the table
      elevator tunnel of a convention combine.
PAR  Body portion 12 of the harvester contains straw agitating means in the form
      of straw walkers 46 and associated grain pans 48, 50, and a conventional
      shaker shoe 52. A transverse auger 54 and an associated paddle-type
      elevator 56 are provided to carry clean grain from the shaker shoe to the
      grain tank (not shown) in the same manner as in conventional combines. An
      auger type unloader system for the grain tank, including a discharge tube
      58 is provided in a manner well-known to those skilled in the art.
PAR  The structure and arrangement of the crop feeding and treating apparatus
      mounted on crop collecting platform 22 will now be described in greater
      detail with reference to FIGS. 2, 3 and 4.
PAR  Cutterbar 24 is conventional in structure and is arranged to be driven from
      a wobble box (not shown) which oscillates a shaft 60 connected to the
      knife 61 of the cutter bar through a crank arm 62 and a pivoted link 63.
PAR  Conveyor 30 comprises an endless belt 64 trained around front and rear
      rollers 66, 68 respectively. Rear roller 68 is at a higher level than
      front roller 66 so that the upper run of the belt is inclined upwards, and
      the rear roller is driven in a direction so that the upper run moves
      rearwards. Front roller 66 is mounted so that it can be moved towards or
      away from roller 68 by means of a screw threaded adjuster 70 whereby
      tension in belt 64 may be changed. The belt extends across the full
      cutting width of cutterbar 24, as shown in FIG. 3. Feed formations such as
      transverse wooden slats (not shown) may be fastened to the belt on the
      surface thereof which is uppermost on the top run -- to assist in feeding
      the crop.
PAR  At the discharge end of conveyor 30 a convex crop support plate 72 is
      provided to support the crop as it is fed towards the gap between
      threshing cylinder 34 and concave 36 by beater 32. The beater carries six
      beater plates 74 and is power rotated anti-clockwise as seen in FIG. 2.
      Support plate 72 and beater 32 both extend across the full working width
      of platform 22.
PAR  Threshing cylinder 34 and concave 36 also extend across the full working
      width of platform 22, but, apart from their length, these components are
      constructed in accordance with the well established principles for such
      items and the details of their structure apart from the cylinder's rub
      bars 76 are therefore not shown. Concave 36 is provided with means (not
      shown) for adjusting its spacing from threshing cylinder 34 in the
      conventional manner. Such means is well known in the art and is therefore
      not described or illustrated.
PAR  A second convex crop support plate 78 is provided between concave 36 and
      grate 40 of the straw conveyor to support crop during its passage
      therebetween.
PAR  As shown in FIG. 2, grate 40 has the same general shape as concave 36 in
      that it is part-cylindrical to correspond with the cylindrical volume
      described by auger 38 during rotation. The profile of the grate as seen in
      side elevation is generally similar to the teeth of a saw, and as shown in
      FIG. 4, the grate comprises a series of steps consisting of riser portions
      80 and tread portions 82. Transversely spaced rectangular screen openings
      84 are formed in tread portions 82 to allow grain to pass therethrough.
PAR  As shown in FIG. 3, auger 38 comprises a central tube 86 carrying two sets
      88, 90 of short axially spaced helical auger flights at each end, and feed
      paddles 92 midway between its ends. The auger flights 88 are of opposite
      hand to the flights 90. Each set of flights 88, 90 is made up of a series
      of 180.degree. flight portions, the structure and arrangement of which can
      best be described by analogy with a screw thread. The arrangement of
      flights corresponds to a three-start screw thread in which each of the
      three threads (corresponding to flights 93, 94, 96 and 98, 100, 102) has a
      120.degree. portion of flight removed from each 360.degree. portion of its
      path around tube 86. The 120.degree. missing flight portions are equally
      circumferentially displaced from each other around tube 86 i.e. they are
      arranged end to end. Thus the flights 93, for example, constitute portions
      of a single common helix having gaps therein.
PAR  At the inner end of each set of flights 88, 90 the three flights continue
      as the three radial feed paddles 92 which are angularly displaced
      120.degree. from each other.
PAR  The paddles 92 are arranged close to the inlet end of conveyor 44. The
      chains 104 and scraper bars 106 of the conveyor are trained round a driven
      drum 108 at the inlet end and a driving drum 110 (see FIG. 1) at the
      outlet end of the conveyor. The conveyor is mounted in a generally
      horizontal rigid casing 112 similar in structure to the table elevator
      tunnel of a conventional combine.
PAR  Below concave 36 and grate 40, sloping sheet metal panels 114,116 extending
      across the full width of platform 22 are provided to guide separated grain
      to common grain collecting means in the form of an auger trough 118 in
      which is provided a grain auger 120. As indicated diagrammatically in FIG.
      3, auger 120 comprises portions 122 and 124 with flights of opposite hand
      to feed grain inwardly from both ends of the platform 22 to the central
      grain elevator 42. As indicated in FIG. 2, conveyor 42 comprises an
      endless driven chain 126 carrying paddles 128 which convey grain over the
      lower surface of a casing 130 and deliver it to grain pan 48 (see FIG. 1)
      in the body portion 12 of the harvesting and threshing machine.
PAR  As indicated in FIG. 2, threshing cylinder 34 and auger 38 are covered by a
      lid 134 to minimize dust dispersal and crop losses. The lid is not shown
      in FIG. 3 so as to reveal the structure below it.
PAR  From FIG. 1 it will be seen that platform 22 and the apparatus mounted on
      it is mounted for pivotal up and down movement about the axis of drum 110
      under the control of a pair of hydraulic rams 136 to vary the height of
      cut of cutterbar 24 in the usual manner.
PAR  Use of the harvesting and threshing machine 10 will now be described.
PAR  Reel 26 is rotated at a rate such that the linear speed in a rearward
      direction of its tines in the lower portion of their travel arising from
      rotation of the reel, is slightly greater than their linear speed in a
      forward direction arising from the forward motion of the harvester as a
      whole i.e. the net direction of movement of the tines is rearward.
      Consequently the standing grain crop 29 falls, head rearwards, onto
      conveyor 30 as it is cut by cutter bar 24.
PAR  Regardless of the stalk length of the crop, it is fed head-first in a thin
      uniform layer under beater 32 towards threshing cylinder 34. A large
      proportion of the grain is separated by passing through concave 36, and
      the remainder of the crop passes directly to auger 38. The two series of
      auger flights 88, 90 abruptly change the direction of movement of the crop
      through 90 degrees and push the crop in a series of short interrupted or
      shaking movements laterally inwards towards conveyor 44. This action
      effects a certain amount of supplementary threshing and the change of
      direction and the intermittent nature of the subsequent movement promotes
      thorough separation of the grain through the openings in screen 40 below
      the auger.
PAR  Grain which passes through concave 36 and grate 40 is guided by panels 114,
      116 into auger trough 118 and conveyed laterally inwards to elevator
      conveyor 42 which delivers it onto the forward end of grain pan 48. The
      grain is thereupon treated in the same manner as in a conventional
      combine. Oscillating movement of pan 48 conveys the grain to shaker shoe
      52. Clean grain from the shaker shoe is delivered to the grain tank (not
      shown) via auger 54 and elevator 56.
PAR  Crop material leaving the inner ends of auger flights 88, 90 on platform 22
      is fed by paddles 92 to adjacent the lower run of conveyor 44 which
      delivers it onto the forward end of the straw walkers 46 which separate
      any remaining grain and deliver the straw to the ground at the rear of the
      machine in the usual manner. Grain separated by the straw walkers is fed
      to shaker shoe 52 by grain pans 48, 50 and after cleaning is delivered to
      the grain tank as described above.
PAR  It will be appreciated that after the crop has been threshed by the crop
      threshing means 34, 36, the straw issuing therefrom passes through grain
      separating apparatus providing two distinct separation stages. Firstly
      straw conveyor 38, 40 and secondly straw walkers 46.
PAR  The principal technical advantages of the embodiment of the invention
      described above are as follows:
PAR  1. Efficient crop threshing arising from the precise control of crop feed
      to the threshing cylinder, and from threshing over the full cutting width
      of platform 22.
PAR  A standing grain crop is fed straight to the threshing cylinder head first
      and uniformly over the whole length of the cylinder. The ears of heads of
      grain are threshed in the cylinder with precisely the same distribution
      relative to each other along the length of the cylinder as they have when
      standing in the field.
PAR  2. Improved separation of grain from straw arising from the provision of
      straw conveyor 38, 40 which effects thorough shaking of the straw firstly
      by changing its direction of movement through 90.degree. and secondly by
      subjecting it to the intermittent pushing action of the auger flights.
PAR  3. A higher rate of harvesting is possible than in known self-propelled
      combines having the threshing cylinder between the traction wheels. This
      is because of the greater threshing and separating efficiency arising from
      the elimination of the restriction to crop flow represented by the
      relatively narrow width of the threshing cylinder.
PAR  4. Crops having long or short stalk lengths can be harvester with equal
      efficiency on account of the use of conveyor 30 to feed cut crop to the
      threshing cylinder.
PAR  Further advantages will be apparent from a consideration of the following
      modifications of the above embodiment which fall within the scope of the
      invention:
PAR  1. height of cut by cutter bar 24 may be controlled merely by mounting
      conveyor 30 and cutter bar 24 for angular up and down movement about the
      axis of rear roller 68 of the conveyor;
PAR  2. straw walkers 46 may be dispensed-with since the efficiency of grain
      separation provided by the apparatus on platform 22 can render further
      grain separation uneconomic;
PAR  3. shaker shoe 52 can be replaced by other grain cleaning means such as a
      cyclone separator or may be dispensed-with altogether. In the latter case
      the grain would be cleaned in stationary apparatus back at the farm;
PAR  4. arising from modifications 2. and 3. above, body portion 12 of the
      machine may be simply in the form of a self-propelled grain tank adapted
      to carry platform 22 and to provide power therefor. Accordingly the centre
      of gravity of the body portion can be much lower than usual;
PAR  5. a further development from modification 4. above is to mount the grain
      tank detachably on the body portion 12 whereby the body portion can be
      used as a vehicle for other duties and is in fact a multi-purpose
      self-propelled chassis;
PAR  6. platform 22 can be arranged to be mounted on body portion 12 so as to be
      rapidly detachable for transport purposes. The platform can be trailed in
      the manner of conventional combine tables during road transport;
PAR  7. rub bars 76 of threshing cylinder 34 may be of rubber or other resilient
      material to minimize cracking of grain in the relatively thin layer of
      crop fed-thereto. Alternatively the rate of rotation of cylinder 34 may be
      lower than is usual for threshing cylinders;
PAR  8. Crop could be collected from one end of auger 38 for further treatment,
      instead of being collected from the mid point along the length of the
      auger;
PAR  9. the use in place of cutter bar 24 of a draper or the like for picking up
      previously cut crop, or of row units for harvesting maize. The term
      "harvesting" as used in the claims is to be construed accordingly.
PAR  It is to be understood that the term "straw" as used in this specification
      and claims means the stalk portion of a grain crop which has been threshed
      -- whether with an open or closed grate concave. The term "grain crops" is
      intended to cover such crops as soya beans as well as maize, wheat, barley
      and the like.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A crop harvesting and threshing machine including a mobile frame; a crop
      collecting platform attached to the mobile frame; lift means to raise and
      lower at least part of the platform relative to the mobile frame; a crop
      threshing cylinder means rotatably supported on the platform for rotation
      about its long axis and extending across substantially the full crop
      collecting width of the platform; a concave mounted adjacent to the crop
      threshing cylinder means and cooperable with said crop threshing cylinder
      means to thresh crop material received by the crop collecting platform;
      feed means to feed cut crop material to the crop threshing cylinder means;
      a grain separating apparatus including a straw conveyor mounted on the
      platform and extending across substantially the full crop collecting width
      of the crop collecting platform, said straw conveyor including flight
      means for moving straw in a direction parallel to the long axis of the
      crop threshing cylinder means, and a screen concave member cooperating
      with the straw conveyor to separate grain from crop material which leaves
      the crop threshing cylinder means; a grain cleaning means mounted on the
      mobile frame; conveyor means for receiving the grain separated by the
      grain separating apparatus and conveying the grain received to a grain
      cleaning means; conveyor means for receiving straw from the straw
      conveyor; and drive means for driving the crop treating mechanisms of the
      crop harvesting and threshing machine.
NUM  2.
PAR  2. The crop harvesting and threshing machine of claim 1 wherein the flight
      means of said straw conveyor includes a series of helical flights spaced
      apart from each other.
NUM  3.
PAR  3. The crop harvesting and threshing machine of claim 2 characterized in
      that each flight extends through approximately 180.degree. degrees.
NUM  4.
PAR  4. The crop harvesting and threshing machine of claim 2 characterized in
      that at least some flights constitute portions of a single common helix
      having gaps therein.
NUM  5.
PAR  5. The crop harvesting and threshing machine of claim 2 characterized in
      that at least some of the flights constitute portions of at least two
      helices arranged in a manner corresponding to a multi-start screw thread,
      each helix having gaps therein.
NUM  6.
PAR  6. The crop harvesting and threshing machine of claim 1 wherein the feed
      means to feed cut crop material to the crop threshing cylinder means is a
      belt type conveyor mounted on the crop collecting platform.
NUM  7.
PAR  7. The crop harvesting and threshing machine of claim 1 wherein the concave
      mounted adjacent to the crop threshing cylinder is an open grate concave,
      and the conveyor for receiving grain separated by the grain separating
      apparatus also receives threshed grain which passes through said open
      grate concave and conveys the grain to the grain cleaning means.
NUM  8.
PAR  8. The crop harvesting and threshing machine of claim 1 wherein a second
      grain separating apparatus is mounted on the mobile frame and receives
      straw from the straw conveyor.
NUM  9.
PAR  9. The crop harvesting and threshing machine of claim 1 characterized in
      that said screen concave member is shaped to define a series of steps
      presenting a saw-tooth profile to said straw conveyor.
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PAL  The cotton pickup comprising a self-propelled frame having a rotary
      gripping means mounted thereon and including a dielectric pressurized
      cylinder being rotated by a drive and having a plurality of teeth on the
      outer surface thereof for gathering and retaining the waste cotton, said
      pressurized cylinder having an electric charge source mounted therewithin
      and imparting the electric charges to the pressurized cylinder inner
      surface. The pressurized cylinder wall thickness is selected so that the
      electric field produced under the action of the charges between the ground
      and the pressurized cylinder outer surface, is capable of attracting the
      cotton to the pressurized cylinder outer surface from where it is doffed
      by a brush means and transported into a collecting tank by a transporting
      means.
BSUM
PAR  The present invention relates to agricultural machinery and more
      specifically to cotton pickups employed for picking up cotton that has
      fallen to the ground during harvesting.
PAR  When cotton is machined, a considerable amount of cotton bolls are knocked
      off and onto the ground. Desirably, the waste cotton should be picked up
      within the shortest time possible at minimum labour costs.
PAR  The machines used for cotton harvesting should provide for effective
      recovery of waste cotton.
PAR  It is known to use mechanical pickups of a notched-belt type to pick up the
      cotton from the ground.
PAR  The prior art cotton pickup of this type comprises a continuous or endless
      conveyor rubber belt having transverse notches on the outer surface
      thereof and pulled over a driving and a driven pulleys mounted on the
      cotton pickup frame.
PAR  In order to bring the cotton from under the plants into the range of the
      conveyor rubber belt operation, use is made of sweeping or scraping
      brushes mounted in front of the self-propelled frame so that the direction
      of their motion is substantially normal to the direction of the continuous
      conveyer rubber belt movement.
PAR  The operation of such pickups is based on gripping the cotton by the rubber
      belt. When the rubber belt is bent out round the driven pulley contacting
      the ground surface, the transverse notches are opened and the cotton from
      the ground gets into the openings therebetween. After passing the driven
      pulley, the notches close. The cotton thus gripped is conveyed and, when
      the rubber belt notches open on reaching the driving pulley, it is
      discharged into a hopper or onto another conveyer arranged thereunder.
PAR  In order to follow the row width profile as closely as possible, the rubber
      belt is made of separate sections throughout the entire row width spacing.
PAR  One disadvantage of such prior art notched-belt cotton pickups is their
      inability to gather all cotton from the ground, since part of waste cotton
      will not get into the openings of the rubber belt transverse notches.
      Another disadvantage is that the recovered cotton is excessively soiled,
      inasmuch as the rubber belt grips the soil and leaves therewith. Besides,
      the construction of such cotton pickups is cumbersome and complex, because
      the conveyor rubber belt should closely follow the row width profile. The
      rubber belts, due to the presence of the transverse notches and
      considerable length thereof, are unreliable in operation.
PAR  Also known are electrostatic cotton pickups. Such a cotton pickup comprises
      an inflatable rubber cylinder having a nappy material at the outer surface
      thereof. When the cylinder is rolled along the row, the nappy surface
      layer of the rubber cylinder is charged with static electricity due the
      friction against the ground. The cotton is picked up by the forces of the
      electrical interaction between the oppositely charged cylinder surface
      layer and cotton particles. To follow the row width profile more closely,
      a comparatively low pressure is set inside the cylinder.
PAR  The essential advantage of the electrostatic pickup resides in the
      simplicity of its construction.
PAR  However, this prior art electrostatic cotton pickup has a number of
      disadvantages. While the rubber cylinder surface layer is being charged
      with static electricity in the process of its friction against the ground,
      a significant portion of the charges will leak to the ground, since the
      cylinder is continuously contacting the ground. Furthermore, the dust
      always existing between the cylinder surface and the ground will cancel
      cut some charges on the cylinder. The cylinder nappy material is easily
      torn out during its friction against the ground, since the forces of
      cohesion between the cotton and the ground exceed the attraction forces
      between the cotton and the nappy material and the cotton is slipping past
      the rotating cylinder surface unattracted thereto.
PAR  It is an object of the present invention to produce such an electric field
      within the cotton pickup that will ensure the attraction of the cotton at
      a distance from the pressurized cylinder.
PAR  It is another object of the present invention to provide a cotton pickup
      having a simpler construction and being more reliable in operation.
PAR  These and other objects and advantages of the invention are attained in a
      cotton pickup comprising a rotary gripping means mounted on a
      self-propelled frame and including a pressurized cylinder made of a
      dielectric material and producing an electric field for attracting the
      waste cotton and transferring in into a collecting tank, wherein according
      to the invention, source of electric charges is fixedly mounted within
      said pressurized cylinder, said source imparting the charges to the inner
      surface of said pressurized cylinder, said pressurized cylinder having its
      wall thickness selected so that the electric field produced under the
      action of said charges between the ground and the outer surface of said
      cylinder is capable of attracting the cotton to said pressurized cylinder
      outer surface having a plurality teeth thereat for retaining the cotton
      and transferring it to said collecting tank.
PAR  Preferably, a means for collecting the cotton from the ground and conveying
      it into the pressurized cylinder effecting electric field zone is provided
      in front of the pressurized cylinder when viewed the direction of the
      self-propelled frame travel, said means being made in the form of a drum
      having a plurality of elastic fingers suitably arranged on the outer
      surface thereof.
PAR  Futhermore, the drum is advantageously equipped with an air ionizing means
      imparting the electric charges to the cotton on its way to the pressurized
      cylinder effective electric field, said charges imparted to the cotton
      being opposite in sign to those of the pressurized cylinder outer surface.
PAR  Embodying the rotary gripping means in the form of a pressurized cylinder
      having an electric charge source mounting fixedly therewithin permits the
      concentration of the charges on the pressurized cylinder inner surface
      whereby their leakage to the ground is prevented when the pressurized
      cylinder contacts the ground or cotton. Owing to the selection of the
      right pressurized cylinder material, thickness and configuration of the
      electrodes of the electric charge source, a strong non-uniform electric
      field is produced between the outer surface of the pressurized cylinder
      and the ground, thereby ensuring the attraction of the cotton at distances
      between the pressurized cylinder and the ground varying from 0 to 70
      millimeters.
PAR  The present invention utilizes a pressurized cylinder whose profile is
      substantially identical to the average row width profile, whereby the need
      for the pressurized cylinder to closely follow the row width microrelief
      is eliminated.
PAR  Moreover, it is made possible to arrange the pressurized cylinder above the
      ground surface at the distance of 30 to 50 millimeters.
PAR  The arrangement of the pressurized cylinders above the ground level also
      permits their positive rotation in the desired direction at a preset speed
      and prevents their wear-out due to friction against the ground.
PAR  By mounting the electric charge source in a fixed position within the
      rotary pressurized cylinder it is possible to concentrate the electric
      field solely in the desired area of the pressurized cylinder and namely in
      the cotton attraction zone. This results in the reduction of the electric
      power consumed by the electric charge source down to 30 watts per row,
      since the power is used only for charging the pressurized cylinder.
PAR  The cotton pickup may be installed both on a cotton harvesting machine and
      on an independent self-propelled unit.
PAR  When the cotton pickup is installed directly on a cotton harvesting
      machine, the pressurized cylinder having an electric charge source
      arranged therein is suspended behind the picker to pick up the cotton from
      the ground immediately after it has fallen to the ground.
PAR  When using the cotton pickup as an independent machine, a drum should be
      mounted in front of the pressurized cylinder when viewed in the direction
      of the self-propelled frame travel to collect and convey the cotton into
      the pressurized cylinder effective electric field zone.
PAR  The drum will break up the cohesion between the cotton and the ground and
      enable the waste cotton recovery to be effected under severe conditions.
PAR  Since the cotton gathered within the row width is charged by an ionizing
      means and the charge sign is opposite to that of the pressurized cylinder
      charge, more effective recovery of the waste cotton may be attained.
PAR  The present cotton pickup is simpler in construction, more reliable in
      operation and guarantees the electrical safety due to the use of small
      currents.
DRWD
PAR  The invention will now be described in greater detail with due to reference
      to the accompanying drawings, wherein:
PAR  FIG. 1 shows a cotton pickup installed on a cotton harvesting machine;
PAR  FIG. 2 is a sectional view taken along II--II of FIG. 1;
PAR  FIG. 3 is a view showing the arrangement of the cotton pickup on a
      self-propelled frame.
DETD
PAR  The cotton pickup may be installed directly on cotton harvesting machines
      and on independent self-propelled units.
PAR  The cotton pickup installed on a cotton harvessting machine comprises a
      pressurized cylinder 1 (FIG. 1) of a dielectric material mounted on a
      frame 3 by means of a link 2 behind the machine pickers (the place where
      the frame 3 is fastened to the pickers is not shown in FIG. 1).
PAR  A source 4 of electric charges (FIG. 2) is rigidly fixed on insulated axle
      shafts 5 inside the pressurized cylinder 1. This electric charge source 4
      provides for the concentration of the electric charge on the inner surface
      of the pressurized cylinder whereby an electric field is produced outside
      the pressurized cylinder for attracting the waste cotton.
PAR  One of the axle shafts 5 has a bore 7 for passing a cable 8 therethrough.
PAR  The outer surface of the pressurized cylinder 1 has a plurality of teeth 9
      (FIG. 1) for retaining cotton 6 being attracted.
PAR  The attracted cotton 6 is conveyed into the doffing zone by the pressurized
      cylinder 1 rotated by a drive 10 which is coupled with the cotton
      harvesting machine drive mechanism (not shown).
PAR  To remove the cotton 6 off the pressurized cylinder 1 use is made of a
      brush means 11 kinematically coupled with the pressurized cylinder 1 by
      means of a bet drive 12. From the brush means 11, the cotton 6 falls into
      the inlet of a pneumatic conveying duct 13 and is transported into a
      collecting tank (not shown).
PAR  To push the cotton plants 14 (FIG. 2) aside during picking up and thus
      protect the pressurized cylinder 1 and its drive 10 from any possible
      mechanical damage, plates 15 are provided outside the link 2.
PAR  The cable 8 connecting the electric charge souce 4 to a high-voltage supply
      (not shown) is fastened at the inner side of the link 2. Corona electrodes
      may be used as the source 4 of electric charges.
PAR  The pressurized cylinder 1 covers the entire spacing between rows of plants
      15 and the cylinder shape essentially corresponds to the average profile
      of the furrow between said rows of plants.
PAR  By mounting the electric charge source 4 in a fixed position inside the
      pressurized cylinder 1, it is possible to concentrate the electric charges
      at the inner surface thereof and prevent their leakage to the ground
      because of the high electric resistance of the pressurized cylinder
      material. Because of a this, a strong non-uniform electric field is
      produced between the pressurized cylinder 1 and the ground whereby the
      cotton may be effectively oriented and attracted by the cylinder 1 mounted
      at some distance from the ground. This provides for substantially
      enhancing the cotton pickup operational reliability and service life.
PAR  The distance between the pressurized cylinder 1 and the ground depends upon
      the potential (30 to 50 kilovolts) of the electric charge source 4 and is
      variable from 0 to 70 millimeters.
PAR  The charging currents of the dielectric pressurized cylinder 1 vary with
      the material and its thickness and reach the value of 30 to 1000
      microamperes which is considered harmless to the organism of man.
PAR  The pressurized cylinder may be made of any plastic material, e.g.
      polyurethane.
PAR  When the cotton pickup is mounted on a cotton harvesting machine, the
      pressurized cylinder 1 is arranged behind the pickers at such a distance
      that the cotton dropped down by the pickers falls into the effective
      electric field zone in front of the pressurized cylinder 1.
PAR  The operation of the cotton pickup is as follows.
PAR  During operation of the cotton harvesting machine, the drive 10 (FIG. 1)
      coupled with picker drive mechanism (not shown) starts rotating the
      pressurized cylinder 1, and thence the brush means 11 is driven by means
      of a belt drive 12. Simultaneously, the picker drive mechanism starts the
      blower not shown, for inducing suction in duct 13.
PAR  When the electric charge source 4 (FIG. 2) is energized, the charges begin
      to accumulate on the inner wall of the pressurized cylinder 1, thus
      producing a non-uniform electrostatic field between the pressurized
      cylinder 1 and the ground.
PAR  The cotton particles falling into the effective electrostatic zone are
      oriented and then attracted to the pressurized cylinder 1 both due to the
      non-homogeneousness of the electric field and the forces of electric
      interaction between the oppositely charged cotton 6 (FIG. 1) and
      pressurized cylinder 1.
PAR  The oriented and attracted cotton 6 is gripped by the teeth 9 during the
      pressurized cylinder rotation and conveyed into the doffing zone where the
      cotton is doffed by the brush means 11 and directed into the duct 13
      transporting it into the collecting tank.
PAR  The teeth 9 of the pressurized cylinder 1 ensure the reliable retention and
      gripping of the cotton 6 attracted to the pressurized cylinder 1.
PAR  When the cotton pickup is used as an independent unit, a cotton collecting
      means comprising a drum 18 (FIG. 3) having a plurality of elastic fingers
      19 at the outer surface thereof is mounted on a self-propelled frame in
      front of the pressurized cylinder 1 by means of a link 17.
PAR  The drum 18 is rotated by a drive 20 coupled with the self-propelled frame
      drive mechanism.
PAR  In order to impart an electric charge to the cotton 6 an air ionizng means
      21 is mounted on the surface of the drum 18. This ionizing means generates
      charges whose sign is opposite to that of the charge on the inner wall of
      the pressurized cylinder 1.
PAR  The operation of the independent cotton pickup is as follows.
PAR  The drives 10 and 20 are started and the pressurized cylinder 1 and the
      drum 18 begin rotating. The fingers 19 of the drum 18 handle the cotton 6
      and transfer it into the effective electrostatic field zone at the
      pressurized cylinder 1. At the same time, the cotton 6 is charged by the
      air ionizing means 21 so that its sign is opposite to that of the
      pressurized cylinder 1 charged by the electric charge source 4 (FIG. 2).
      Due to the interaction between charged cotton particles 6 (FIG. 3) and the
      oppositely charged surface of the pressurized cylinder 1, the cotton
      particles are oriented and attracted to the pressurized cylinder 1. While
      rotating, the pressurized cylinder 1 grips the attracted cotton with the
      teeth 9 and conveys it into the doffing zone. The small pieces of dirt and
      dust resulting from the operation of the drum 18 slip through the gaps
      between the teeth 9 and settle down on the outer surface of the
      pressurized cylinder 1.
PAR  The cotton is doffed from the pressurized cylinder 1 by the rotary brush
      means 11 and directed into the blower 13 which transports it into the
      collecting tank.
PAR  Although the cotton pickup according to the invention has been described
      and shown as having a single pressurized cylinder 1, the quantity of the
      pressurized cylinders 1 may be advantageously increased to any desired
      number in order to improve the waste cotton recovery and operating
      efficiency in the case of both the independent unit and the cotton
      harvesting machine incorporating the cotton pickup according to the
      invention. For example, two or more such pressurized cylinders may be
      mounted in a series succession.
PAR  The cotton pickup made in accordance with invention provides for 80 to 85%
      recovery of the waste cotton per a single pass, and the operating
      efficiency of the cotton pickup may be further improved by using a
      multirow arrangement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cotton pickup comprising: a self-propelled frame; a rotary gripping
      means arranged on said self-propelled frame and including a dielectric
      pressurized cylinder having a plurality of teeth on the outer surface
      thereof for gripping the cotton; a source of electric charges mounted in a
      fixed position within said pressurized cylinder and imparting the charges
      to the inner surface of said pressurized cylinder; said pressurized
      cylinder having a wall whose thickness is selected so that under the
      action of the charges generated by said electric charge source an electric
      field capable of attracting the cotton to the outer surface of said
      pressurized cylinder is produced outside said pressurized cylinder between
      it and the ground; a doffing means arranged in close vicinity to said
      pressurized cylinder for removing the cotton from said pressurized
      cylinder; a transporting means arranged under said doffing means and
      effecting the transportation of the waste cotton into a collecting tank.
NUM  2.
PAR  2. A cotton pickup as set forth in claim 1, wherein a means for picking up
      cotton from the ground and transferring it into the effective electric
      field zone of said pressurized cylinder is arranged in front of said
      pressurized cylinder when viewed in the direction of travel of said
      self-propelled frame, said collecting means being made in the form of a
      drum having a plurality of elastic fingers at the outer surface thereof.
NUM  3.
PAR  3. A cotton pickup as set forth in claim 2, wherein said drum has an air
      ionizing means mounted thereon, said ionizing means imparting electric
      charges to the cotton on its way towards the electric field of said
      pressurized cylinder, the sign of said cotton charges being opposite to
      that of the charge of said pressurized cylinder.
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ABST
PAL  A harvester reel adjusting and locking mechanisms for positioning the
      bearing carrier at each end of the reel axle at a selected distance along
      the support arm on which it is slidable. The carrier is provided with
      holes which are capable of registering with a series of closely spaced
      holes in the outer end region of the support arm. An operating tool having
      a vertical shank portion serves to lock the carrier in an adjusted
      position when such shank is projected through one of the holes in the
      carrier and a selected registering hole in the support arm. A radial
      displacement cam is disposed on the shank portion and is of such extent
      that when the shank portion is positioned in a hole immediately forwardly
      or rearwardly of the carrier and then rotated through an angle of
      180.degree., the carrier will be shifted in a forward or a rearward
      direction to a degree equal to the center-to-center distance between
      adjacent holes, after which the shank may be placed in the hole in the
      carrier and a registering hole in the support arm to lock the carrier in
      position. A lateral leg on the shank constitutes a lever by means of which
      torque may be applied to the shank for rotational purposes. By repeating
      the process, the carrier may be "walked" or indexed along the support arm
      in either a forward or a rearward direction.
BSUM
PAR  The present invention relates to an adjusting and locking mechanism by
      means of which forward or rearward movement of a harvester reel with
      respect to the combine platform or header on which it is mounted may be
      effected in order to adjust the reel relative to the cutting mechanism of
      the platform.
PAR  In connection with conventional platform reels, it is common practice to
      utilize a forwardly extending upwardly inclined support arm on each side
      of the platform, together with a sleeve-like bearing carrier which is
      slidable on the support arm in a fore and aft direction. By shifting the
      bearing carrier in one direction or the other along the support arm, the
      position of the associated reel bearing at one end of the reel may be
      varied and by thus controlling the position of the two bearings at the
      opposite ends of the reel, the distance between the reel bats and the
      cutter mechanism associated with the platform or header may be adjusted to
      accomodate the requirement of different crops and crop conditions. Coupled
      with such forward adjustment of the bearing carriers on the support arms,
      means are provided for varying the inclination of the support arms in
      order to attain a desired elevation of the reel with respect to the cutter
      mechanism.
PAR  Heretofore, in order to effect either forward or rearward adjustment of one
      of the bearing carriers on its respective support arm it has been
      necessary to rely upon the application of direct manual force to the reel
      in order to bring a set screw which is disposed on the carrier into
      selective register with a series of closely spaced holes which are formed
      in the support arm after which the set screw is the reel bearing carrier
      on the support arm is frequently difficult, especially when the
      sleeve-like carrier has been clogged with dirt. The use of a pry tool or
      impact implement may be resorted to overcome the frictional resistance to
      shifting of the carrier but when it is considered that the operator must
      actually observe the set screw and locking holes therefor to insure proper
      set screw and hole alignment before tightening the set screw, the working
      of a given bearing carrier to its final proper adjusted position becomes a
      matter of trial and error. Forward uphill shifting of the bearing carrier
      along the inclined support arm is particularly difficult due to the weight
      of the reel.
PAR  The present invention is designed to overcome the above-noted limitations
      that are attendant upon the effecting of harvester reel adjustments and,
      toward this end, the invention contemplates the provision of a novel form
      of reel bearing carrier, together with an associated actuating and locking
      tool therefor, the tool functioning by a cam and lever principle to
      facilitate manual shifting of the carrier along its support arm in either
      a forward or a rearward direction and, when the carrier has been shifted
      to a desired position, the tool functioning to lock the carrier in
      position on the support arm.
PAR  Briefly, in carrying out the invention, the support arm is provided with a
      longitudinal row of equally and closely spaced reaction holes therein and
      the carrier is provided with at least one locking hole which is capable of
      selective register with the holes in the support arm. The operating tool
      embodies a shank portion having a radially extending cam thereon and the
      cam is so designed that when the shank portion is positioned in one of the
      holes immediately forwardly or rearwardly of the carrier and then rotated
      through an angle of 180.degree. swinging movement of the cam will effect
      its engagement with one end of the carrier and a consequent forcible
      camming action will take place whereby the carrier is shifted or indexed
      longitudinally along the support arm in one direction or the other by a
      distance equal to the effective stroke of the cam, such stroke being such
      that the carriage will be advanced by a distance equal to the
      center-to-center distance between each pair of adjacent holes in the
      support arm. At the end of the effective stroke of the cam, the hole in
      the carrier will register with one of the holes in the support arm so
      that, thereafter, by inserting the shank portion of the tool into the two
      registering holes, the carrier may be locked in its thus adjusted position
      on the support arm. By repeating the process of inserting the shank
      portion of the tool in successive holes along the support arm, either
      forwardly or rearwardly of the carrier, and rotating the tool after each
      such insertion, the carrier may be "walked," so to speak, forwardly or
      rearwardly, one step at a time until the desired position has been
      attained, after which the shank portion of the tool may be inserted in the
      hole in the carrier as previously set forth, to lock the carrier in its
      adjusted position. A laterally turned leg on the operating tool
      constitutes a lever or moment arm by means of which torque may be applied
      to the shank portion of the operating tool to rotate the same and swing
      the cam during its operative carrier-impelling stroke.
PAR  By such an arrangement the operating tool functions not only as an
      actuating tool to impel the carrier along the support arm, but it also
      functions as a locking element to secure the carrier in position after it
      has been properly adjusted. Additionally, when the operating tool is not
      in use but, instead, is functioning as a locking member, the carrier
      affords a storage position for the tool so that at no time is the tool
      obliged to leave the vicinity of the carrier and therefore is unlikely to
      become misplaced or lost.
PAR  The provision of a harvester reel adjusting and locking mechanism such as
      has briefly been outlined above constitutes the principal object of the
      present invention.
PAR  The provision of an adjusting and locking mechanism which is extremely
      simple in its construction and which therefore may be manufactured at a
      low cost; one which may be constructed as original equipment or applied to
      existing platforms or headers without requiring extensive modification
      thereof; one which is rugged and durable and which therefore will
      withstand rough usage; and one which otherwise is well adapted to perform
      the services required of it are further desirable features which have been
      borne in mind in the production and development of the present invention.
PAR  Other objects and advantages of the invention, not at this time set forth,
      will become readily apparent as the following description ensues.
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PAR  In the accompanying single sheet of drawings forming a part of this
      specification, one illustrative embodiment of the invention has been
      shown.
PAR  In these drawings:
PAR  FIG. 1 is a fragmentary perspective view of a limited forward left end
      portion of a combine header or platform and its associated reel and
      showing the improved reel adjusting and locking mechanism operatively
      installed thereon;
PAR  FIG. 2 is an enlarged fragmentary perspective view of the reel adjusting
      and locking mechanism and illustrating schematically its mode of
      application to and its operation in connection with a reel bearing carrier
      and its associated support arm; and
PAR  FIG. 3 is a sectional view taken on the horizontal plane indicated by the
      line 3--3 of FIG. 2 and in the direction of the arrows.
DETD
PAR  Referring now to the drawings in detail, and in particular to FIG. 1, the
      improved reel adjusting and locking mechanism of the present invention has
      beend disclosed herein in connection with a harvester reel assembly 10
      which is adjustably supported in an elevated position forwardly of a
      platform or header 12 which is carried at the lower forward end of a
      feeder (not shown) which, in turn, is carried at the forward end of a
      harvesting combine. Only one side wall of the platform 12 is disclosed
      herein. It will be understood that the platform and its associated reel
      are provided for the purpose of cutting and gathering a standing crop,
      such as wheat for example, and directing the cut crop to the feeder which
      is in the form of an infeed elevator by means of which the crop is
      conducted to separating instrumentalities associated with the combine. An
      example of such a combine is shown and described in U.S. Pat. No.
      3,828,793 that issued on Aug. 13, 1974 and is entitled "Crop Feeding
      Mechanism for Axial Flow Combines."
PAR  The reel 10 may be of any conventional design, the particular reel selected
      for illustration herein consisting of a cage-like structure 14 including a
      tubular frame axle 16 having spider-like end members including generally
      radially extending arms 18 across which there extend peripheral transverse
      bats 20, the function of which is to urge the cut crop rearwardly and into
      the platform. Reel end guard members 22 extend between adjacent arms 18 on
      each end member 14 while a rectangular reinforcing plate 24 establishes a
      hub for the various arms 18 of each end structure 14. Although only the
      left hand end member 14 has been disclosed herein, it will be understood
      that the other end member is substantially identical in structure and is
      disposed adjacent to an opposing end wall similar to the disclosed wall of
      the platform 12.
PAR  The reel 10 is supported in a conventional manner from the platform by a
      pair of forwardly and upwardly inclined reel support arms, only the left
      hand arm being shown in FIG. 1 and designated by the reference numberal
      26. Each arm 16 is of hollow tubular construction and presents inside and
      outside vertical side walls 28 and 30 and interconnecting top and bottom
      walls 32 and 34 (see also FIG. 2). It will be understood that the arms 26
      are pivoted adjacent their proximate rear ends to appropriate points on
      the platform 12.
PAR  Each end of the reel 10 is adjustably supported from the outer or distal
      end region of its associated support arms 26 by means of a sleeve-like
      adjustment bracket or carrier 40 which is longitudinally slidable on the
      arm and which, according to the present invention, is capable of being
      locked in any selected position of longitudinal adjustment therealong in a
      manner that will be described in detail presently. The adjustment bracket
      or carrier serves to support a reel bearing 42 (FIG. 1) which is welded or
      otherwise secured to the underneath surface of the bottom wall 34 of the
      carrier 40 and which receives therethrough the adjacent end region of a
      central reel-supporting shaft 44.
PAR  Vertical reel movements are effected under the control of a hydraulic reel
      lift cylinder 46 which is pivoted at its lower end to a fixed point on the
      platform, there being one such lift cylinder for each end of the reel.
      Each lift cylinder is provided with a plunger 48 which, when fully
      extended, maintains the reel in its fully elevated position. Fine
      adjustments of each end of the reel may be accomplished under control of
      an adjusting bracket 50 of deep U-shape design and having side flanges 52
      which straddle the reel support arm 26 and are pivoted thereto by a
      through bolt 54. An arcuate slot 56 is formed in each side flange 52 and a
      clamping bolt 58 projects through the slots 56 and through the support bar
      26 and, when tightened, serves to secure the adjustment bracket 50 in any
      selected position of adjustment. A regulating thrust screw 60 is
      threadedly received through the top wall or bight portion of the bracket
      and bears against the top wall 32 of the reel support arm 26. A lock nut
      62 serves to maintain the thrust screw 58 in any position of adjustment.
PAR  The general arrangement of parts thus far described is purely conventional
      and no claim is made herein to any novelty associated with the same, the
      novlty of the present invention residing rather in the particular nature
      of the reel adjusting sleeve or carrier 40 and the manner in which it may
      be shifted longitudinally along the support arm 26 to thus move the
      associated end of the reel 10 forwardly or rearwardly as desired and which
      will now be described in detail.
PAR  Heretofore, in connection with conventional platform reels, it has been the
      practice to utilize channel-shaped reel support arms having upper and
      lower channel flanges, and also to utilize bearing supporting adjustable
      brackets or carriers similar to the carrier 40, the bearing carriers being
      slidable on the support arms and having set screws which may be brought
      into register with a series or row of slightly spaced holes in the lower
      channel flange. Forward or rearward adjustment of the reel is accomplished
      by loosening the set screws to withdraw them from their respective paired
      holes in the support arms and then sliding the bearing carriers forwardly
      or rearwardly as the case may be until the set screws become aligned with
      a different pair of holes, after which the set screws are again tightened
      so as to become projected into such holes. However, manual shifting of the
      adjustment sleeves or carriers is frequently extremely difficult due to
      such factors as the collection of dirt or other foreign matter within the
      sleeve-like carriers and the necessity for shifting both ends of the reel
      in timed relation to each other so that there will be no binding of either
      carrier on its associated support arm. Forward uphill shifting of the
      bearing carriers on the support arms is particularly difficult because of
      the weight of the reel. Set screw manipulation also presents a problem
      since set screw and hole alignment must be observed by the operator while
      carrier shifting operations are being carried out, final adjustment of the
      carriers usually being effected by tapping the adjustment brackets with an
      impact tool such as a hammer.
PAR  The present reel adjusting and locking mechanism obviates these reel
      adjusting difficulties and a preferred form of such mechanism is disclosed
      in its entirety in both FIGS. 1 and 2 of the drawings and designated at
      70, the details thereof and its mode of operation being clearly shown in
      the latter view. The mechanism 70 is comprised of but two parts, namely
      the aforementioned adjustment and locking sleeve or carrier 40 and an
      operating tool 72 in the form of a cam lever, the details of which will be
      described subsequently.
PAR  The adjustment sleeve or bearing carrier 40 is in the form of a relatively
      short open-ended tubular member of approximately square configuration
      which conforms to the cross sectional shape of the tubular support arm 26
      which it loosely surrounds. Relatively sturdy outwardly extending rim
      flanges including a forward reinforcing flange 76 and a rear flange 78 are
      formed on the sleeve and are provided with upstanding lugs 80 and 82
      respectively which serve as reaction members to assimilate the cam thrust
      which is offered to them by the operating tool 72 as will be described
      presently. The tubular bearing carrier 40 is provided with vertical side
      walls 84 and top and bottom walls 86 and 88 which overlie and underlie the
      top and bottom walls 32 and 34 of the support bar 26.
PAR  The top wall 86 of the bearing carrier 40 is provided with a pair of
      locking holes including a forward hole 90 which lies close to and is
      disposed in substantially tangential relationship with respect to the
      forward upstanding lug 80, and a rearward hole 92 which lies close to and
      is disposed in substantially tangential relationship with respect to the
      upstanding lug 82. Similar holes 94 and 96 are formed in the bottom wall
      88 of the carrier 40 in vertical alignment with the holes 90 and 92
      respectively. The holes 90, 92, 94 and 96 constitute storage and locking
      holes for the operating tool 72 as will become clear presently. The top
      wall 32 of the tubular support bar 26 is formed with a series or row of
      equally and longitudinally closely spaced apart holes 98 while the bottom
      wall 34 of the bar 26 is formed with a similar row of holes 100, the holes
      98 and 100 being arranged in vertically aligned pairs. The
      center-to-center distance between the holes 90 and 92 in the top wall 86
      of the sleeve-like adjustment carrier 40 is a multiple of the
      center-to-center distance between adjacent holes 98 in the top wall 32 of
      the support arm, the particular multiple being a function of the selected
      length of the carrier 40. In the illustrated form of the invention the
      distance between the two holes 90 and 92 is equal to the distance between
      any given hole 98 and a hole three times removed therefrom.
PAR  The operating tool 72 is in the form of a length of cylindrical rod stock
      bent to L-shape form and having a vertical leg or shank portion 102 and a
      horizontal leg or lever portion 104. Welded to the vertical leg 102
      approximately midway between its ends is a laterally extending
      displacement cam 106 of generally elliptical configuration, the major
      elliptical axis of the cam 106 extending radially of the leg 102. The free
      end portion of the leg 102 is tapered as indicated at 108. The radial
      extent of the cam 106, i.e. the distance which it projects radially
      outwardly of the vertical leg 102 is precisely equal to the edge-to-edge
      distance between adjacent holes 98 in the top wall 32 of the support arm.
      Stated otherwise, the effective length of the cam 106 is equal to the
      center-to-center distance between adjacent holes 98 in the top wall 32 of
      the reel supporting arm 26. The longitudinal or axial extent of the
      adjusting or locking sleeve or carrier 40 may vary within reasonable
      limits but in any event it is essential that its effective width be equal
      to an edge-to-edge measurement between two holes 98 in the top wall 32
      which are several times removed from each other as clearly shown in FIG. 3
      and for a purpose that will be made clear when the operation of the tool
      72 is described. In the illustrated form of the carrier 40, the width of
      the carrier is equal to the edge-to-edge distance between two holes 98
      which are five times removed from each other.
PAR  Considering now the operation of the herein described reel adjusting and
      locking mechanism 10, and assuming that the reel lift cylinder 46 has been
      operated to maintain the support arm 30 in its raised position, reel
      adjusting operations by means of which the reel may be set so as to
      maintian the proper alignment and distance between the various bats 20 and
      the cutter mechanism of the platform 12 may be carried out by simultaneous
      adjustment of the right and left hand carriers 40, utilizing a workman on
      each side of the combine, or they may be conducted by a single workman
      operating first on one side of the combine and then on the other. Insofar
      as the left hand bearing carrier 40 of FIG. 2 is concerned, such carrier
      may be worked or indexed either forwardly or rearwardly along the support
      arm 26 in step-by-step fashion in order to bring the adjacent end of the
      reel to its proper adjusted position. The manner in which a single
      rearward stop of adjustment of such carrier is accomplished is disclosed
      schematically in both FIGS. 2 and 3.
PAR  Assuming that the carrier 40 initially is disposed in its dotted line
      position as shown in FIG. 3, a single rearward step of movement of the
      carrier may be accomplished by first removing the operating tool 72 from
      its stored and locking position in the holes 90 and 94 of the carrier 40
      and inserting the shank portion 102 thereof into the hole 98 which is
      disposed immediately forwardly of the rim flange 76 of the carrier and
      causing the underneath side of the cam 106 to seat squarely on the top
      wall 32 of the support arm 26 so that such cam lies alongside such flange
      in substantially tangentail relation with respect thereto as shown in
      dotted lines. The cam 106 is disposed sufficiently high on the vertical
      shank portion 102 of the tool 72 that the lower end region thereof may
      project through the hole 100 in the bottom wall 34, the pointed end 108 of
      the tool serving to facilitate location of such hole and to minimize any
      "fishing" operations.
PAR  After the tool 72 has been thus positioned in the holes 98 and 100, the
      tool 72 will be rotated through an angle of approximately 90.degree. to
      shift the cam 106 to its full line position as shown in FIGS. 2 and 3.
      During such swinging movement of the cam, the rearward side edge thereof
      will engage the reaction lug 80 on the forward rim flange 76 of the
      carrier and, by a camming action, cause the entire carrier to be shifted
      or indexed bodily to its full line position wherein the holes 90 and 96 in
      the top and bottom walls 86 of the carrier will register with the
      vertically aligned holes 98 and 100 which are twice removed rearwardly
      from the tool 72. The tool may then be withdrawn from the support arm 20
      and inserted in such four aligned holes, thereby securely locking the
      carrier in its adjusted position on the support arms 26.
PAR  It is to be noted that in its newly adjusted position, the aligned holes 98
      and 100 which are once removed from the original holes lie immediately
      forwardly of the rim flange 76 so that if a second rearward adjustment
      step is required before locking the carrier 40 in position on the support
      arm 26, these latter vertically aligned holes may be utilized for a
      repetition of the carrier shifting operation before the tool 72 is
      inserted through the hole 90 for locking purposes. It is also to be noted
      that at the same time, the rearward rim flange 78 will also assume a
      position wherein it lies immediately forwardly of a hole 98 in the top
      wall 32 of the support arm 26 so that in any adjusted position of the
      carrier there will be a hole 98 available for tool shank reception if it
      is desired to shift the carrier 40 forwardly on the support arm 26.
      Forward shifting of the carrier takes place in substantially the same
      manner as has been described in connection with rearward shifting thereof.
PAR  The dimensional aspects of the present reel adjusting and locking mechanism
      whereby hole alignment at the commencement and at the completion of any
      given adjusting operation takes place have previously been set forth but
      at the risk of repetition it is pointed out that the effective length of
      the cam 106 is equal to the center-to-center distance between adjacent
      holes 98 in the top wall 32 of the carrier 40, that the center-to-center
      distance between the two locking holes 90 and 92 is equal to the
      center-to-center distance between holes 98 which are three or more times
      removed from each other, and that the longitudinal extent of the carrier
      40 is equal to a measurement between two holes 98 in the top wall 32 which
      are five or more times removed from each other.
PAR  It will be understood, of course, that normal reel adjusting operations are
      predicated upon the fact that for any given adjustment of the reel, the
      locking tools at opposite sides of the platform or header will assume
      their locking positions in corresponding holes 98 in the right and left
      support arms 26, i.e. holes which are equally counted from the ends of the
      rows of holes in the support arms. Thus when a signle operator is
      effecting the reel adjustment, he may work the reel ends in the desired
      direction alternately so that no excessive binding of the reel shaft in
      the bearing 42 occurs and, when the final reel adjustment has been
      attained the two operating tools 72 may be set in place to effect the
      final locking operation.
PAR  The invention is not to be limited to the exact arrangement of parts shown
      in the accompanying drawings or described in this specification as various
      changes in the details of construction may be resorted to without
      departing from the spirit of the invention. For example, although the use
      of two locking holes 90 and 92 afford convenience in that the operating
      toll 72 may be placed in a lcking position close to the flanges 76 and 78
      when rearward and forward adjustments of the carrier 40 are made, a single
      centrally located locking hole would suffice for either forward or
      rearward adjustment. Furthermore, the use of support arms which are of
      tubular construction is not essential although it is desirable where
      original reel supporting equipment is concerned. Where the invention is
      applied to existing platform or header equipment, the channel shape
      support arms commonly employed on such existing equipment will suffice,
      providing of course, that locating holes 98 and 100 be provided in both of
      the channel flanges. Finally, it is to be noted that although the reel
      bearing 42 is disclosed herein as being suspended beneath the bottom wall
      34 (FIG. 1) so that such hearing assumes a position below the general
      level of the support arm 26, if desired the entire reel carrier 40 and its
      associated bearing 42 may be inverted and applied to the support arm for
      sliding movement therealong, in which case the bearing 42 does not
      obstruct entrance of the operating tool 72 into the locking holes 90, 92,
      94 and 96. In such an instance it might be found expedient to provide
      reaction lugs similar to the lugs 80 and 82 on the wall 34 which then
      would become the top wall of the carrier. Therefore, only insofar as the
      invention has particularly been pointed out in the accompanying claims is
      the same to be limited.
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STM  What is claimed is:
NUM  1.
PAR  1. In an agricultural implement, the combination with an adjustable bearing
      support for one end of a harvester reel associated with a combine
      platform, said support embodying an elongated reel-supporting arm having a
      longitudinal row of closely and equally spaced reaction holes formed
      therein, and an open-ended tubular sleeve-like carrier slidable
      longitudinally on said arm, a reel bearing being fixedly mounted on the
      carrier, an operating tool for effecting step-by-step indexing movements
      of the carrier on the supporting arm in increments of movement equal to
      the center-to-center distance between adjacent reaction holes, said tool
      including a shank adapted to be projected into a reaction hole next
      adjacent to either end of the carrier and exteriorly of the latter, a
      radially extending cam on said shank in the medial region thereof and
      effective when the shank is disposed in said next adjacent reaction hole
      to engage the adjacent end of the carrier and, by a camming action, index
      the carrier bodily throughout one increment of movement, and a crank arm
      on said shank for manually applying torque to the shank to rotate the
      same.
NUM  2.
PAR  2. In an agricultural implement, the combination set forth in claim 1,
      wherein said carrier is provided with at least one locking hole therein
      designed for selective register with the reaction holes in said
      reel-supporting arm whereby, after an indexing movement of the carrier,
      projection of the shank through said locking hole and its adjacent
      reaction hole will serve to lock the carrier against longitudinal shifting
      movement.
NUM  3.
PAR  3. In an agricultural implement, the combination set forth in claim 2,
      wherein said reel-supporting arm and carrier are both rectangular in cross
      section and are provided with vertical side walls and horizontal top and
      bottom walls, the reaction holes are formed in the top wall of the
      supporting arm, and the locking hole is formed in the top wall of the
      carrier.
NUM  4.
PAR  4. In an agricultral implement, the combination set forth in claim 3,
      wherein an additional reaction hole is formed in the bottom wall of the
      supporting arm in vertical register with each reaction hole in the top
      wall thereof, an additional locking hole is formed in the bottom wall of
      the carrier in vertical register with the locking hole in the top wall
      thereof, and the linear extent of the tool shank below the cam is greater
      than the vertical extent of the carrier whereby the shank may be projected
      during carrier indexing operations through aligned reaction holes in the
      supporting arm and, during carrier locking operations, through aligned
      reaction and locking holes in the supporting arm and carrier respectively.
NUM  5.
PAR  5. In an agricultural implement, the combination set forth in claim 4,
      wherein the tubular carrier is formed with reinforcing rim flanges
      therearound at its opposite ends which are designed for camming engagement
      with the cam on said operating tool.
NUM  6.
PAR  6. In an agricultural implement, the combination set forth in claim 5,
      wherein each rim flange is provided with an upstanding lug which projects
      upwardly above the level of the top wall of the carrier, and the cam is of
      sufficient vertical thickness that when it rests on the top wall of the
      supporting arm incident to projection of the shank through a pair of
      reaction holes, the cam is in direct register with an adjacent lug for
      indexing purposes.
NUM  7.
PAR  7. In an agricultural implement, the combination set forth in claim 6,
      wherein the effective radial extent of the cam is equal to the
      center-to-center distance between adjacent reaction holes in the top wall
      of the supporting arm.
NUM  8.
PAR  8. In an agricultural implement, the combination set forth in claim 7,
      wherein the longitudinal extent of the carrier is equal to a multiple of
      the distance between adjacent reaction holes in the supporting arm.
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ABST
PAL  Yarn is continuously supplied to a measuring system with an applied twist
      of at least 100 turns per meter. A beam having a continuous spectrum from
      the visible region to the near-infrared region is impinged upon the yarn
      and measurements are taken on the beams reflected from the yarn. The
      refected beams are divided into two parts. The characteristics of the
      near-infrared region are applied to one part, and luminosity
      characteristics are applied to the other. The ratio of intensity of the
      former to that of the latter is determined. This ratio corresponds to the
      uniformity of physical characteristics in the direction of the length of
      the yarn.
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PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a process and apparatus for measuring
      uniformity of physical properties of yarn, and to promptly and precisely
      measuring uniformity in production or processing steps in the direction of
      the length of the yarn.
PAR  The physical properties of yarn vary even though it is produced
      continuously from the same material unless many operating conditions are
      carefully kept constant. However, in order to maintain these conditions
      strictly, very complicated and expensive means are required, even with all
      the advanced technology available at present. Even then, it is not
      practical or even possible to obtain perfect uniformity and a
      predetermined fluctuation range is established. Accordingly, the physical
      properties of yarn are controlled so that they normally vary within this
      range.
PAR  When this variation of physical properties of yarn is considered with
      reference to drawing of synthetic filaments, fluctuation of conditions
      such as draw ratio and drawing or cooling temperatures greatly affects the
      physical properties of the drawn yarn, such as the degree of molecular
      orientation, tensile strength, hooking strength, knotting strength,
      coefficient of expansion and modulus of elasticity, for example.
PAR  However, there are many causes of such fluctuation of physical properties,
      and it is nearly impossible to analyze each as it occurs. Further, such
      analysis is usually unnecessary, because the yarn product is graded on the
      basis of its final physical properties.
PAR  This determination of the physical properties of yarn may be carried out by
      measuring the degree of unevenness with which it accepts dye. Variations
      of physical properties correspond well to variations of dye unevenness.
PAR  The physical properties of interest in this determination are those
      possessed by the yarn product per se, the individual physical properties
      in the individual steps of the yarn producing process, for example, degree
      of molecular orientation in the drawing step.
PAR  Measurement of dye unevenness of yarn is carried out by visual observation,
      by a skilled worker, of fabric obtained by weaving or knitting these
      yarns, and the yarn is graded and classified as first grade, second grade
      or below standard.
PAR  However, knitting or weaving for the sole purpose of yarn inspection is not
      only complicated, but also requires many hours to provide the results.
      Also, because the measurement per se depends upon human preceptions of
      luminosity, subjective human factors intervene and the results vary in
      reliability depending upon human observation.
PAR  According to the present invention the defects of conventional measuring
      technologies are eliminated. The invention comprises:
PAR  1. applying a twist of at least 100 turns per meter to yarn continuously
      supplied to the measuring system,
PAR  2. impinging on the yarn a beam having a spectrum which is continuous from
      the visible region to the near-infrared region, and
PAR  3. dividing the beams reflected from the twisted yarn into two parts,
      imparting the characteristics of the near-infrared region to one of these
      parts and imparting luminosity characteristics to the other part, and
      sensing the ratio of the intensity of the former to the intensity of the
      latter.
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PAC  DRAWINGS
PAR  FIG. 1 is a schematic representation of one example of the present
      invention.
PAR  FIGS. 2 and 3 are graphs showing the relationship between change of shape
      of the yarn and measured values.
PAR  FIG. 4 is a schematic view showing another example of the invention.
DETD
PAR  In the specification which follows, specific terms will be used to describe
      specific parts and features that are illustrated in the drawings. These
      are intended to be exemplary rather than limiting; the scope of the
      invention is not intended to be limited other than as defined in the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, 1 is a bobbin carrying the yarn to be measured. 2 is a yarn
      take-out guide, 3A and 3B are yarn guide rollers, 4 is a dye bath which
      contains liquid dye 5, 6 is a pair of nip rollers, 7 is a false twist
      machine, conveniently of the spindle type, 8 is a yarn winding bobbin, 9
      is a motor for driving bobbin 9, 10 is an incandescent lamp, 11 is a lens,
      12 is a half mirror, 13A is a luminosity filter, 13B is a near-infrared
      interference filter, 14A and 14B are photoelectricity converters, 15A and
      15B are voltage amplifiers, 16 is a logarithmic calculator and 17 is an
      analogue recorder.
PAR  Yarn (Y.sub.M) from bobbin 1 is guided by yarn take-out guide 2 and guide
      rollers 3A - 3B, passed through said dye liquid and dyed. The dyed yarn
      (Y.sub.M) is false twisted by false twister 7 and wound up on bobbin 8.
PAR  A light beam is directed by incandescent lamp 10, at an angle of 45.degree.
      upon the false twisted yarn (Y.sub.M). The reflected beams are directed at
      an angle of 45.degree. of the initial beam, or 90.degree. relative to the
      yarn, introduced to the half mirror 12 by lens 11. The half mirror 12
      converts the reflected ray into two parts.
PAR  One such part is passed through luminosity filter 13A which has the same
      characteristics as those observed by the human eye and the other part of
      the reflected beam is passed through filter 13B having a peak in the
      near-infrared region (750 - 1200 m.mu.). The intensities of the resulting
      beams are converted to electrical signals (voltage signals) E.sub.1,
      E.sub.2 which are amplified to conveniently high voltages by voltage
      amplifiers 15A, 15B, and such voltages are fed as E.sub.1 ', E.sub.2 '
      into the logarithmic calculator 16.
PAR  By the logarithmic calculator 16 the logarithm of the ratio of the
      amplified electric signals (namely, log E.sub.1 '/E.sub.2 ') is determined
      and the result is continuously recorded and charted by the analogue
      recorder 17. This recorded value corresponds to the dye unevenness of the
      yarn in the direction of its length, which is equivalent to variations of
      physical properties in the direction of length of the yarn.
PAR  A further detailed explanation will be made with reference to the following
      example.
PAR  In this example, the logarithmic calculator 16 is used and the logarithm of
      the ratio of the two electric signals is determined. There are good
      reasons for adopting such means.
PAR  One reason is that, by using the ratio of the voltage signals, the
      influence of fluctuations of the source beam is minimized. The influence
      of change of shape of the yarn exerted is also minimized. When the
      intensity of the light beam source varies, the intensity of the reflected
      beam varies even if there is no dye unevenness in the yarn. Therefore, the
      measured result suggests dye unevenness even when no real dye unevenness
      exists. However, using divided reflected beams according to this
      invention, the divided beams fluctuate at the same ratio and therefore,
      the measured ratio is not affected at all.
PAR  Another reason is that, by carrying out logarithmic calculations, even a
      small input signal may be taken out as a large output signal.
PAR  However, even when treating the signals as heretofore described, when yarn
      shape fluctuates greatly during measurement, the measuring means cannot be
      called entirely sufficient for all purposes. Depending upon the shape of
      yarn, the light beam reflects in unexpected directions and sometimes the
      photoelectric converter cannot catch the reflected beam at all; even if
      the reflected beam is caught, it is likely to be very feeble, and it is
      necessary to use a high sensitivity photoelectric converter or voltage
      amplifier. In general, the higher the sensitivity of the photoelectric
      converter or voltage amplifier, the more expensive it becomes. Also, high
      sensitivity photoelectric converters or voltage amplifiers tend to be
      affected by various disturbances and to provide a low signal-to-noise
      ratio.
PAR  When twist is applied to the yarn this limits the fluctuation of its shape.
      When the dyeing conditions are uniform, reflected beams of the same
      intensity are always obtained. Further, the direction of the reflected
      beams becomes constant.
PAR  The relationship between the number of turns of twist and the measured
      value is of importance, as will now be discussed.
PAR  FIG. 2 illustrates measurements of dye unevenness of twisted yarn having a
      twist of 10 - 20 turns per meter (even yarn not positively twisted has
      this much twist) using the apparatus of FIG. 1. However, the yarn is not
      subjected to false twisting. The yarn used in this measurement is
      polyester yarn (75D, 36F, number of turns 20/M).
PAR  As will be apparent from FIG. 2, the measured value greatly fluctuates at
      points B. These fluctuations are not brought about by actual dye
      unevenness (hereinafter referred to as "apparent fluctuation") and this is
      confirmed by other measurements.
PAR  This apparent fluctuation is caused by development of stagnant twist, and
      by intermittent surging of twist. When such low twist as mentioned above
      is passed through a guide and a tension controlling device, friction
      developed by the guide and the tension device cause the twist to
      concentrate at one place. Such phenomenon is usually called "stagnant
      twist". When the torque due to twisting becomes larger than the friction
      forces, a surge of twist temporarily flows in the direction of length of
      the yarn, and the shape of the yarn at the point of measurement fluctuates
      wildly.
PAR  FIG. 3 illustrates measurements showing how the apparent fluctuation
      changes, using the apparatus of the example shown in FIG. 1. The yarns
      used in these measurements were polyester yarns (75D, 36F, number of turns
      20 T/M), and bulky yarn obtained by processing such polyester yarn.
PAR  As will be apparent from FIG. 3, in both polyester yarn (curve A) and
      processed yarn (curve B), it is possible to prevent said apparent
      fluctuation by applying a twist of about 100 turns per meter. This
      phenomenon applies to almost all other yarns, as confirmed by experiments.
      This fact indicates that when a twist of at least 100 turns per meter is
      applied to the yarn, it is possible to curb the stagnant twist and the
      twist surging within ranges not affecting the measurements.
PAR  Next, the respective components of the apparatus shown in FIG. 1 will be
      explained in more detail.
PAR  Concerning the yarn supply system (namely, from bobbin 1 to the nip rollers
      6), various modifications may be made. For example, when measuring already
      dyed yarn, it is unnecessary to provide the dye bath. It is also possible
      to supply yarn from a plurality of bobbins wound with yarns of different
      types by switching the bobbins successively, or such bobbins may be
      interconnected in advance.
PAR  Any conventional false twisting machine 7 may be used, including spindle
      type and pin type false twist machines. The ring traveler type, flyer type
      and uptwist type false twist machines may be used also, but they tend to
      be complicated and unwieldy.
PAR  Various forms of light beam may be used; the beam should have a visible
      region and a near-infrared region (wave length within the range of about
      200 - 1200 m.mu.). Also, the beam should have a continuous spectrum which
      is necessary to impart the needed luminosity characteristics to one of the
      divided reflected beams. The continuous near-infrared region is necessary
      to impart the near-infrared characteristics to the other divided reflected
      beam.
PAR  The incidence angle of the impinging beam and the angle of the reflected
      beam are not limited. However, the angles shown in FIG. 1 are convenient
      when the structure is made as illustrated, because of convenience in
      establishment of beam 10, of uniting the optical axes of the reflected
      beams, and of positioning the lens 11, half mirror 12, filters 13A and 13B
      and photoelectric converters 14A and 14B.
PAR  The direction of the light beam is not limited to the direction of movement
      of the yarn (i.e. along the length of the yarn), but it may be, for
      example, perpendicular to the running direction.
PAR  Regarding the photoelectric converters 14A, 14B, they are selected by
      taking into account the wave length of the impinging beam or its
      intensity. They may be photomultipliers or solar batteries.
PAR  When the intensity of the beam source is designated I.sub.O and the
      distribution of the intensity of the wave length of said beam is called
      P.sub.O (.eta.), the following equation applies:
      ##EQU1##
      where .eta. indicates wave length and .eta..sub.1, .eta..sub.2 indicate
      measured regions of the wave length.
PAR  Next, when the ratio of change of the amount of reflected beam according to
      the shape of yarn (shape coefficient) is called S and the distribution of
      the intensity of the reflected beam selectively absorbed by the yarn is
      called P (.eta.), the amounts of the beam permeating and reflecting the
      half mirror I.sub.H1, I.sub.H2 are expressed by the following two
      equations:
EQU  I.sub.H1 = C.sub.1 SP(.eta.)                               (2)
EQU  i.sub.h2 = c.sub.2 sp(.eta.),                              (3)
PAL  where C.sub.1 designates the permeation ratio of the half mirror, and
      C.sub.2 designates the reflection ratio of the half mirror.
PAR  Next, the intensity of the beam I.sub.1 permeating the filter 13A and the
      intensity of the beam I.sub.2 permeating the filter 13B are expressed by
      the following equations:
      ##EQU2##
      where Y designates the Y value (brightness), y.sub.1 (.eta.) designates
      the wave length characteristics of the filter 13A, y.sub.2 (.eta.)
      designates the wave length characteristics of the filter 13B, and k.sub.1
      and k.sub.2 are constants.
PAR  Accordingly, the ratio .rho. of I.sub.1 to I.sub.2 is
      ##EQU3##
      where K is a constant.
PAR  Although in general the brightness of a reflected beam is expressed as a
      brightness value L which is more in accord with the psychological sense
      than said Y value, it has been confirmed that this L value has a definite
      relation to said Y value, as expressed by the following equation:
EQU  L=100.sqroot.Y                                             (7)
PAR  when the reflected beam from the yarn is divided and the characteristics of
      the wave length are imparted to each reflected beam, this makes it
      possible to measure the brightness value Y. Further, it is simple to cause
      this value to correspond to the aforementioned L value.
PAR  Now, even by such example, it is difficult to make up for measurement
      differences that occur in dyeing conditions as time goes by due to
      changes.
PAR  For example, the concentration of the dye liquid in the dye bath usually
      changes as time goes by. It is necessary to compensate the measured
      difference accordingly.
PAR  FIG. 4 shows a means that is advantageous. In FIG. 4, like parts are
      similarly numbered and the yarn supply means and the yarn winding means
      are omitted.
PAR  FIG. 4 shows a simultaneous and continuous supply of yarn to be measured
      (Y.sub.M) and also a standard yarn (Y.sub.S). Measuring systems M, S like
      those shown in FIG. 1 are provided. The outputs of the respective
      measuring systems M, S (i.e. outputs of the logarithmic calculator 16) are
      introduced into integrators 18.sub.M, 18.sub.S connected to the respective
      measuring systems M, S and the outputs of the integrators 18.sub.M,
      18.sub.S are introduced into a subtractor 19 and subtracted.
PAR  There is good reason why the measured difference due to change of dyeing
      conditions as time goes by may be compensated for by such structure.
PAR  When each signal is determined as shown in FIG. 4, the following equations
      apply:
      ##EQU4##
      where K.sub.1 is a constant and T is the integration time.
PAR  Therefore, when the difference between Y.sub.S and Y.sub.M is:
      ##EQU5##
PAR  Next, assuming that the dyeing conditions and the values of the respective
      signals fluctuate as follows:
      ##EQU6##
      where k.sub.1 and k.sub.2 are fluctuation constants.
PAR  Then, rewriting equation (10):
      ##EQU7##
PAR  As will be apparent upon comparing equation (10) with equation (11), the
      output .DELTA. Y of the subtractor 19 is not affected even if the dyeing
      conditions fluctuate in the assumed manner.
PAR  The yarn to be measured and the standard yarn in this example must have
      experienced exactly the same dyeing conditions. Accordingly, the two yarns
      are usually dyed simultaneously.
PAR  The measuring means of this example may be used also, with certain changes,
      as the measuring means of the first example. For example, the measuring
      system S of standard yarn (Y.sub.S) is severed so as to move only the
      measuring system M of the yarn to be measured (Y.sub.M) and the output of
      the logarithmic calculator 16 may be introduced into the analogue recorder
      17. Of course, the measuring system S of the standard yarn (Y.sub.S) only
      may be used, contrary to the foregoing.
PAR  As will be apparent from the foregoing explanations, according to the
      present invention, upon measuring uniformity of the physical properties of
      yarn represented by the unevenness of its dye reception many remarkable
      functional effects occur, such as
PAR  1. knitting or weaving the yarn for visual checking is entirely
      unnecessary; measurements may be made on the yarn per se; they may be made
      promptly and the results may be fed back promptly to the quality control
      department,
PAR  2. because the measurement does not depend upon subjective human responses,
      there is no lack of uniformity due to individual differences,
PAR  3. by applying twist of at least 100 turns per meter to the yarn, accurate
      measurements may be carried out regardless of the type or shape of the
      yarn and independently of external elements such as noise, and
PAR  4. the dye unevenness of the yarn may be measured regardless of change of
      dyeing conditions as time goes by.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. A process for measuring uniformity of the physical properties of a yarn
      to be tested, said yarn having a twist of at least about 100 turns per
      meter, which comprises the steps of:
PA1  1. applying to the running yarn a beam which has a spectrum that is
      continuous from the visible region to the near-infrared region, said beam
      being applied at such an angle that it is reflected from said yarn,
PA1  2. dividing said reflected beam into two,
PA1  3. imparting the characteristics of the near-infrared region to one of said
      divided beams,
PA1  4. imparting luminosity characteristics to the other of said divided beams,
      and
PA1  5. sensing the ratio of the intensity of said reflected beams.
NUM  2.
PAR  2. In a process for producing yarn of improved uniformity, said process
      having a control parameter which affects said uniformity, the steps which
      comprise sensing said uniformity as a ratio in accordance with claim 1 and
      changing said parameter in response to changes of said ratio.
NUM  3.
PAR  3. A process according to claim 1 wherein plural kinds of yarn are measured
      by interchanging them successively.
NUM  4.
PAR  4. A process according to claim 1 further characterized by sensing the
      logarithm of said ratio.
NUM  5.
PAR  5. A process according to claim 1 including the step of continuously dyeing
      said yarn to be measured and imparting a twist of at least about 100 turns
      per meter to said yarn.
NUM  6.
PAR  6. A process for measuring non-uniformity of the physical properties of
      yarn which comprise the steps of
PA1  1. imparting a twist of at least about 100 turns per meter to the yarn to
      be measured and also to a standard yarn supplied continuously and
      simultaneously,
PA1  2. impinging upon both said yarns a beam whose spectrum is substantially
      continuous from the visible region of the near-infrared region,
PA1  3. impinging said beams so that they are reflected from said yarns,
PA1  4. dividing each of said reflected beams into two parts,
PA1  5. imparting characteristics of the near-infrared region to one of each of
      said divided parts,
PA1  6. imparting luminosity characteristics to the other of each of said
      divided parts,
PA1  7. sensing for each said yarn the ratio of the intensity of the beam having
      the characteristics of said near-infrared region to the intensity of the
      beam having said luminosity characteristics,
PA1  8. for each said yarn integrating said ratios during a predetermined period
      of time, and
PA1  9. subtracting the integrated value for said yarn to be measured from the
      integrated value for said standard yarn.
NUM  7.
PAR  7. A process according to claim 6, further including the steps of
      simultaneously dyeing said yarns before the measurements are made.
NUM  8.
PAR  8. An apparatus for measuring uniformity of the physical properties of yarn
      comprising:
PA1  1. means for continuously supplying yarn to be measured,
PA1  2. meams for winding said supplied yarn,
PA1  3. means between said yarn supplying means and said yarn winding means for
      imparting a twist of at least about 100 turns per meter to said yarn to be
      measured,
PA1  4. an incandescent lamp arranged for irradiating a beam to said twisted
      yarn,
PA1  5. a half mirror for dividing the beam reflected from said yarn into two
      reflected beams,
PA1  6. a near-infrared filter provided in the path of one divided beam of said
      reflected beam,
PA1  7. a luminosity filter provided in the path of the other divided beam of
      said reflected beam,
PA1  8. photoelectric converters arranged for converting the beams passing
      through said near-infrared and said luminosity filters to create electric
      signals for each, and
PA1  9. a calculator connected to receive said electrical signals for sensing
      the ratio of said electric signals.
NUM  9.
PAR  9. Apparatus according to claim 8 including voltage amplifiers between said
      respective photoelectricity converters and said calculator.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said calculator is arranged for
      sensing the logarithm of said ratio.
NUM  11.
PAR  11. Apparatus for measuring uniformity of physical properties of yarn
      comprising:
PA1  1. means for supplying the yarn to be measured along with a standard yarn
      both being supplied continuously and silmultaneously,
PAR  2. means for winding both said yarns,
PA1  3. false twist means between said yarn supply means and said yarn winding
      means for imparting a twist of at least about 100 turns per meter to each
      of said yarns,
PA1  4. for each of said yarns
PA2  a. an incandescent lamp arranged for impinging a beam upon the twisted yarn
      so that the beam can be reflected from each yarn,
PA2  b. a half mirror for dividing the beam reflected from each said yarn into
      two parts,
PA2  c. a near-infrared filter provided in the path of one part of each said
      reflected beam,
PA2  d. a luminosity filter provided in the parth of each of the other parts of
      the reflected beam,
PA2  e. photoelectric converters for converting the beams passing through said
      near-infrared filter and through said luminosity filter into electric
      signals,
PA2  f. a calculator having means for sensing the ratio of the electric signals
      obtained by said respective photoelectric converters, and
PA2  g. integrators arranged for integrating each ratio obtained in (f), for a
      predetermined period of time, and
PA1  5. a subtractor connected to receive the output of each said integrator and
      having means for subtracting the output of said integrator for said yarn
      to be measured from the output of said integrator for said standard yarn.
NUM  12.
PAR  12. An apparatus according to claim 11 comprising voltage amplifiers
      between the respective photoelectric converters and said calculator.
NUM  13.
PAR  13. An apparatus according to claim 11, wherein said calculator includes
      means for sensing the logarithm of said ratio.
NUM  14.
PAR  14. The apparatus according to claim 11, including means for changing a
      process parameter in the production of the yarn, and means responsive to
      the measured ratio connected to change said parameter.
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ABST
PAL  This flyer bow is for a machine used for twisting together communication
      cable wires to make conductor pairs, or twisting together large numbers of
      wires. The bow has a recess into which the twisted wires can nest and be
      held by centrifugal force in a position away from the windage caused by
      the rapid rotation of the bow in an orbital path. This prevents a loop
      from forming in the twisted wires as sometimes occurs in machines where
      windage overcomes the centrifugal force and wire tension. This invention
      permits operation of twisting machines with lower wire tension.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Communication cables are made with large numbers of wires in a common core
      and often with wires twisted together to form pairs. Depending upon the
      amount of twisting, the pairs have their relationship along helical paths
      and the distance of the successive helixes constitute the "lay" of the
      pair.
PAR  The invention can be used for pairing, tripling, quadding, and bunching
      machines used for twisting wires. It will be described on a twisting
      machine for making pairs; the operation being similar where more wires are
      used. Wires are twisted to form pairs by passing them through twisting
      machines where the pairs of conductors are moved through orbital movement
      by a flyer bow which causes the conductors entering the flyer to be
      twisted. The flyer can also be constructed to impart additional twist and
      shorter lay to the pairs as they exit from the flyer.
PAR  One of the common problems encountered with twisting machines is that the
      windage caused by the rapid rotation of the flyer bow through its orbital
      path causes the conductors to be displaced from the bow and to accumulate
      a loop which may catch on adjacent structure and cause the wires to break.
PAR  In order to make it impossible for such windage to overcome the centrifugal
      force, that holds the conductors against the flyer bow, the construction
      of this invention provides a groove on the inner surface of the flyer bow;
      and this groove is deep enough to permit the conductors to nest into the
      groove out of the wind that sweeps across the surface of the bow as it
      rotates rapidly through its orbital path.
PAR  This invention provides a flyer bow which can be used on conventional
      twisting machines. The groove extends for most of the length of the bow
      but in the preferred embodiment it terminates short of the ends of the bow
      so that the ends can be constructed with the usual flat surfaces for
      connection with the end plates of a conventional twisting machine.
PAR  Other objects, features and advantages of the invention will appear or be
      pointed out as the description proceeds.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing, forming a part hereof, in which like reference characters
      indicate corresponding parts in all the views:
PAR  FIG. 1 is a diagrammatic view of a wire twisting machine equipped with an
      improved flyer bow in accordance with this invention;
PAR  FIG. 2 is a side elevation, partly broken away, showing the flyer bow;
PAR  FIG. 3 is a plan view, partly broken away, of the inside face of the flyer
      bow shown in FIG. 2; and
PAR  FIGS. 4 and 5 are greatly enlarged sectional views taken on the lines 4--4
      and 5--5, respectively, of FIGS. 2 and 3, resepctively.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  There are two payoff reels 10 and 12 from which insulated communication
      conductors 14 and 16 are supplied to a twisting machine flyer 20 across a
      metering capstan 21.
PAR  The wires 14 - 16 pass through a hollow shaft 22 of an upstream rotor 24.
      Part of the upstream rotor 24 comprises a sheave 26 which acts as a guide
      around which the conductors 14 - 16 are deflected through an acute angle
      away from an axis of rotation 27 about which the flyer 20 rotates. The
      surface of the sheave 26, about which the conductors 14 and 16 pass, is
      tangent to the axis 27.
PAR  The flyer 20 has a downstream rotor 30 that rotates about the axis 26 at
      some longitudinal distance from the upstream rotor 24.
PAR  The downstream rotor 30 has a sheave 32 about which the conductors 14 - 16
      pass and from which they are discharged along the axis 27 and at varying
      angles to the axis 27 to a takeup reel 34 on which the paired conductors
      are wound. The sheave 32, where the conductors 24 and 16 leave its guide
      surface, is substantially tangent with the axis 27.
PAR  A traversing guide 36 moves back and forth along a shaft 38 to apply the
      paired conductors 14 - 16 to the takeup reel 34 in even and successive
      layers.
PAR  A flyer bow 40 is attached at its opposite ends to the upstream rotor 24
      and downstream rotor 30. The wires 14 - 16 pass along the inside surface
      of the flyer bow 40 as they travel from the guide sheave 26 to the second
      guide sheave 32. The opposite ends of the flyer bow 40 are detachably
      connected to the rotors 24 and 30, and these rotors are equipped with
      pulleys 42 driven by belts 43 from other pulleys 44 secured to a counter
      shaft 46. Counter shaft 46 is driven by a belt 48 from a motor 50 which
      has a speed control 52 for regulating the speed of the motor 52 and the
      resulting speed of rotation of the flyer 20.
PAR  The takeup reel 34 is driven by a motor 56, through a belt and pulley drive
      58, to wind the wire on the reel 34 as fast as the wires come through the
      twisting machine. This motor 56 has a torque control 60. The speed of
      advance of the conductors 14 - 16 through the twisting machine is
      controlled by the rate of rotation of the metering capstan 21. The capstan
      21 is driven from the motor 50 through motion transmitting connections
      including gear boxes 64 and 66 which can be adjusted to change the ratio
      of the wire feed to flyer speed. This correlation determines the amount of
      twist for a given length of wire and thereby controls the lay of the twist
      imparted to the pair of conductors 14 - 16.
PAR  From the construction illustrated, it will be apparent that the rotation of
      the flyer 20 causes the conductors 14 and 16 to twist about each other at
      a point just before the sheave 26.
PAR  The takeup reel 34, motor 56 and traversing guide 36, together with the
      motion transmitting means between these parts, are all carried in a
      floating cradle within the flyer; and this cradle does not rotate. This
      causes a second twist to the wires 14 - 16 as they approach the second
      sheave 32.
PAR  The structure thus far described is a conventional twisting machine and no
      further details of its construction are necessary for a complete
      understanding of this invention. No further description of the operating
      mechanism for the metering capstan 21 is necessary in connection with this
      invention.
PAR  FIGS. 2 and 3 show the bow 40. This bow is of arcuate shape in the
      direction of its length and is transversely substantially flat except for
      a groove 70 which is formed in the inside face; that is, the face of the
      flyer bow which faces toward the axis of rotation 27; and there is a
      corresponding ridge 72 on the opposite or outer side of the flyer bow 40,
      as best shown in FIG. 4. This depression on one side and protrusion on the
      other side has the effect of an embossed cross-section but the flyer bow
      may be made either by stamping the groove 70 and protrusion 72 as a reel
      embossment, or it may be made by molding the flyer bow to the desired
      cross-section.
PAR  The groove 70 is deep enough so that the twisted wires 14 - 16 can nest
      within the groove 70 where they are protected from the windage which
      sweeps transversely across the upper and lower surfaces of the flyer bow
      40 as the flyer bow rotates rapidly along its orbital path. The
      centrifugal force on the wires 14 - 16, as the flyer rotates, holds the
      wires 14 - 16 against the inside surface of the bow 40 and down in the
      groove 70. With flyer bows of the prior art, this centrifugal force was
      sometimes insufficient to overcome the force of the windage and the
      twisted wires would be displaced on the flyer bow and form a loop in the
      wire which would cause the wire to break if the loop should catch on any
      structure located near the flyer bow. To avoid this displacement by
      windage, it was necessary to operate prior art twisting machines with more
      tension in the wire.
PAR  In order to make the bow 40 suitable for use on conventional twisting
      machines, the bow 40 has rectangular end portions 78 which are the same as
      those of conventional flyer bows. These rectangular end portions are
      obtained by having the groove 70 extend for only a portion of the length
      of the bow 40. The extent of the groove 70 is across the major portion of
      the bow 40 and across that part of the bow with which the conductors 14
      and 16 contact. The ends 78 have the usual fastening openings 80 which are
      part of detachable fastening means for securing the flyer bow to the
      upstream and downstream rotors 24 and 30, respectively (FIG. 1).
PAR  The tension on the conductors 14 and 16 can be controlled by the amount of
      torque applied to the takeup spool 34 by the motor 56.
PAR  The reduced wire tension required by the grooved structure of the bow 40,
      for preventing displacement of the wires 14 and 16 by windage, is one of
      the outstanding advantages of the present invention. Increased tension in
      twisting machines is detrimental to the quality of the pairs of conductors
      that pass through the machine.
PAR  Flyer bows can be made of metal; but the preferred embodiment of this
      invention is a flyer bow made of "glass cloth" with epoxy resin and formed
      by vacuum bag molding. This produces a bow of very high strength in both
      tension, compression and flexure.
PAR  The preferred embodiment of the invention has been illustrated and
      described, but changes and modifications can be made, and some features
      can be used in different combinations without departing from the invention
      as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for twisting communication conductors together including in
      combination means for supplying the conductors to a twisting zone, a flyer
      that rotates about a longitudinal axis at the twisting zone, said flyer
      comprising a first guide at an upstream end of the flyer and around which
      the wires pass to a direction at an acute angle to the axis of rotation of
      the flyer, a second guide at a downstream end of the flyer and around
      which the wires are brought back into line with the axis of rotation of
      the flyer, means for advancing the wire under tension, a flyer bow
      extending along a generally arcuate path between the guides and having
      orbital movement around the axis of rotation of the flyer, the bow having
      one face which is the part of the bow that is closest to the axis of
      rotation, said face having a groove therein, extending lengthwise thereof,
      and which is a recessed part of said face and which is open to the ambient
      atmosphere, and with which the wires are held in contact by centrifugal
      force during their travel from one end of the flyer to the other during
      operation of the machine, and the groove being deep enough for the wires
      to nest therein and be shielded from the windage caused by the orbital
      movement of the bow whereby the wires remain in contact with the bow and
      protected from displacement and looping caused by transverse windage when
      the flyer is rotating.
NUM  2.
PAR  2. The machine described in claim 1 characterized by each of the guides
      being a sheave, and both of the sheaves being substantially tangent to the
      axis of rotation of the flyer.
NUM  3.
PAR  3. The machine described in claim 1 characterized by means for reeling the
      twisted conductors after they have passed through the flyer.
NUM  4.
PAR  4. The machine described in claim 3 characterized by the means for reeling
      the twisted conductors comprising a spool, a power drive for the spool,
      the spool and power drive being located within the orbit traversed by the
      bow.
NUM  5.
PAR  5. The machine described in claim 4 characterized by the spool and the
      driving means therefor being located on a support that remains stationery
      while the flyer rotates about it, whereby a second twist is imparted to
      the conductors as they advance from the flyer bow to the spool on which
      the twisted pair is reeled.
NUM  6.
PAR  6. The machine described in claim 1 characterized by the bow being a
      one-piece strip of material of generally rectangular cross-section except
      at the groove and being of substantially the same thickness at the groove
      as along the length of the flyer beyond both sides of the groove.
NUM  7.
PAR  7. The machine described in claim 6 characterized by the groove extending
      for most of the length of the bow, but terminating short of both ends of
      the bow, the ends of the bow beyond the groove having fastening means by
      which the bow is connected to rotating parts at opposite ends of the
      flyer.
NUM  8.
PAR  8. The machine described in claim 1 including means for advancing the wires
      through the machine and means for rotating the flyer at a controlled speed
      with respect to the speed of the means for advancing the wires through the
      machine whereby the wire is twisted with a predetermined lay.
NUM  9.
PAR  9. The machine described in claim 8 characterized by means for changing the
      ratio of the speed of the means for advancing the wire through the machine
      and the speed of rotation of the flyer to change the lay of the wire
      twisted by the machine.
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ABST
PAL  When spinning is to be started or restarted after interruption, an operator
      places a combination spool support and electronic pack on tracks at the
      spinning station, locates the pack in spool-supporting position,
      electrically connects the pack with a spinning station connection, draws a
      predetermined length of thread from the takeup spool, inserts it into the
      drawoff tube, and actuates a switch on the pack. The pack contains an
      electronic timing circuit, which sequentially effects starting of the
      fiber supply to the spinning chamber, and, after a predetermined time
      delay, effects reengagement of the thread takeup spool with its drive
      roller.
BSUM
PAR  The present invention relates to a method for starting a thread in an
      open-end spinning device, and to apparatus for performing such method.
PAR  In accordance with known procedure, when a thread breaks or tension in the
      spun thread is relaxed, a yarn reserve mechanism located between the
      drawoff rollers and the winding spool is actuated by a thread tension
      detector to free the yarn from the nip of the drawoff rollers and to drop
      a reserve stretch of thread into the open-end spinning device, as
      disclosed in U.S. Pat. No. 3,680,300. Such reserve devices are expensive,
      and a device must be supplied for each spinning station of a spinning
      machine.
PAR  Other devices for engaging thread on a winding spool and guiding such
      thread back into the spinning chamber are disclosed in U.S. Pat. No.
      3,810,352 and U.S. Pat. No. 3,695,017. Such devices are completely
      automatic and may be supplied for each spinning station, but they have the
      same high cost effect as the reserve device described above. More
      commonly, one of such automatic devices is mounted on a carriage for
      travelling along a track to service a plurality of spinning stations. Even
      though cost is somewhat reduced thereby, such automatic devices are
      limited in usefulness by the fact that shutdown of a station usually
      indicates the need for servicing by an operator before spinning can be
      restarted. Consequently, the value of the automatic device is
      substantially nullified.
PAR  Another arrangement, disclosed in U.S. Pat. No. 3,782,089, includes a
      switching unit located to cooperate with the spool-holder for manual
      actuation after a spinning station shutdown. However, the coordination and
      timing of activating the switch returning a thread stretch to the spinning
      chamber and lowering of the spool-holder are all performed manually, and
      the success or lack of success of the starting procedure depends on the
      particular experience and ability of the operator. The higher the working
      speeds for the spinning machine, the greater must be the skill of the
      operator to effect successful startup.
PAR  It is the principal object of the present invention to provide a procedure
      and facilitating apparatus which assures reliable startup of the spinning
      process in all instances of shutdown by a thread-tension detector.
PAR  An additional object is to provide reliability independently of the skill
      and experience of the operator.
PAR  Another important object is to provide such startup method and apparatus
      which reduces cost substantially below the cost of prior devices and
      methods for spinning startup.
PAR  A further object is to provide automatic startup mechanism which is simple
      in construction and, therefore, less subject to breakdown.
PAR  The foregoing objects can be accomplished by having the operations of
      locating the thread end and returning it to the spinning chamber performed
      manually upon completion of station servicing. Thereupon, manual operation
      of a switch initiates automatic control of fiber feed and subsequent
      engagement of the thread takeup spool with its drive. In this manner,
      startup can be performed by an unskilled helper.
PAR  The automatic control apparatus of the present invention may be a portable
      pack including a thread-release element, a takeup spool-supporting element
      and mechanical mechanism for actuating the thread-release element and
      retracting the spool-supporting element, which mechanism is operable by a
      pack-contained solenoid. The pack further carries a trigger for switching
      a pack-contained electronic circuit, including time-delay circuits for
      energizing the solenoid. The pack further carries a plug receivable in a
      receptable on the spinning station to connect the pack circuit with the
      circuit for an electromagnetically-operable sliver clamp. When the trigger
      is pulled to switch on the pack circuit, such circuit is effective
      sequentially to release the sliver clamp and, after a predetermined time
      delay permitting adequate fiber from the sliver to be supplied to the
      spinning chamber to resume spinning, to retract the spool-supporting
      element and actuate the thread-release element, whereby the thread end is
      dropped into the spinning chamber to unite with the fiber and the takeup
      spool is engaged with its drive roller to wind the thread being spun. The
      pack includes spring clips for attaching it to rails on the spinning
      machine, which locate and support the pack in position to perform its
      spool-supporting and thread-reserve-holding function. The pack plug is
      preferably rigidly supported by the pack so that, as the pack is attached
      to the rail, the plug will automatically connect with its receptacle,
      eliminating an additional hand operation.
PAR  While a separate electromagnetic connection could be provided for the
      thread-release element, it is preferred that the spool-supporting element
      have a camming surface engageable with a cam on the thread-release element
      so that retracting movement of the spool support simultaneously actuates
      the thread release. To prevent startup at the wrong time through
      accidental brief actuation of the pack trigger switch, a safety device is
      interposed between the switch and the sequential startup circuit. While
      such safety device could be mechanical, it is preferably an additional
      time-delay electronic circuit. It is preferred that one or both of the
      time-delay circuits be adjustable, and thus it is most advantageous that
      they be electronic circuits, and preferably include an adjustable RC
      (resistance-capacitance) coupling.
PAR  The startup pack is sufficiently lightweight and compact so that the
      operator or a helper can carry it in a pocket making it always available
      and ready for use on any one of a number of spinning stations. The
      operator or helper draws a definite length of thread from the spool in
      normal fashion, drops the end in the drawoff tube of the spinning chamber,
      guides the thread stretch around the thread-release member on the pack and
      pulls the trigger to actuate the electronic circuit. Thereafter, release
      of the sliver, release of the thread reserve and lowering of the takeup
      spool onto its drive roller are effected in temporally precisely
      determined sequence, so that starting mistakes by the service person are
      excluded.
DRWD
PAR  FIG. 1 is a vertical section through a spinning station showing the
      thread-starting device of the present invention in side elevation.
PAR  FIG. 2 is a vertical section through the thread-starting device of the
      present invention.
PAR  FIG. 3 is a section through a detail of the thread-starting device, and
PAR  FIG. 4 is a similar view showing parts in different positions.
PAR  FIG. 5 is a front elevation of a spinning station and the thread-starting
      device, parts being broken away.
PAR  FIG. 6 is a schematic representation of the thread-starting device and
      electrically cooperative components of the spinning station in connection
      with a representative circuit diagram for the thread-starting device.
DETD
PAR  Although the present invention is illustrated in connection with an
      open-end spinning machine working in a subatmospheric pressure chamber, it
      can be used with various types of spinning devices, such as the spinning
      turbine disclosed in U.S. Pat. No. 3,440,812,which could have a rotatable
      spinning funnel, as shown in Czechoslovakian Pat. No. 87947, or a
      stationary funnel, as shown in Japanese published application No.
      24051/63. The invention is further usable with an
      electrostatically-operable spinning element, as shown in British Pat. No.
      1,133,710, or a spinning chamber in which the fibers are carried in a
      fluid medium to a freely-rotating thread end, as disclosed in U.S. Pat.
      No. 2,911,783.
PAR  The spinning device with which the present invention is illustrated
      includes a spinning turbine 1, to which fibers are fed with a fiber-supply
      device, which has sliver-resolving mechanism. Spun thread 11 is drawn off
      through tube 10 by a pair of drawoff rollers 8. A winding device to form a
      spool 14 includes a winding drive roller 13 frictionally engageable with
      the spool surface, and the spool is held between a pair of
      spool-supporting arms 15, at least one of which has a handle 16 for
      swinging the spool away from roller 13 while exchanging an empty spool
      core for a full spool.
PAR  Adjacent to the outlet end of the drawoff tube is a thread tension detector
      3 which is connected to an electromagnet 20 of the fiber-supply device 2.
      During spinning, a sliver 26 is fed conventionally to a resolving roller
      25 by supply roller 24 cooperating with a resiliently-mounted pressure
      member 23. When the tension in thread 11 drops below a predetermined
      level, such as when a thread break occurs, detector 3 energizes
      electromagnet 20, by which its plunger moves an arm of bell crank clamping
      member 21, whereby sliver 26 is clamped between the other bell crank arm
      and pressure member 23. The clamping arm of member 21 also presses member
      23 away from roller 24 to release feeding pressure on the sliver. Thus,
      resolving of the sliver is interrupted.
PAR  In conventional apparatus, electromagnet 20 would be deenergized when
      normal spinning tension is again achieved in yarn 11 to change the
      detector 3 from its electromagnet-actuating condition or when a service
      person manually switches off current to electromagnet 20. Upon such
      deenergization, sliver feed to resolving roller 25 resumes, resolved fiber
      is fed to the collecting trough 1' of spinning turbine 1 and fiber is spun
      onto the end of a stretch of thread 11 extending through drawoff tube 10
      into the spinning chamber. Consequently, it is necessary for the fiber
      feed to resume before drawoff rollers 8 and spool-winding roller 13
      becomes effective to draw thread 11 so that the thread end is not pulled
      out of the spinning chamber until sufficient fiber is supplied to be
      picked up by the end of thread 11. If the thread is pulled out too soon,
      another thread break occurs and the startup procedure must be repeated. If
      the thread drawoff is delayed too long, the thread will pick up too much
      fiber at the startup thread end and a low-quality non-uniform thread
      results.
PAR  When a thread break occurs, the end of the thread will have been drawn out
      of the spinning chamber 1 and drawoff tube 10 and must be returned to the
      spinning turbine 1 in a position so that its free end is located at the
      fiber-collecting trough. It is to assure accurate return and location of
      the thread end for which the apparatus of the present invention serves. A
      portable pack 4 can be located at the spinning station where startup is
      required by snapping its resilient hook 40 over upper track 17 and its
      spring leaf 41 under lower track 19. Tracks 17 and 19 are mounted on a
      cover member 18 carried by the spinning machine.
PAR  As shown in FIGS. 1 and 2, pack 4 includes a housing 5 for an electronic
      circuit as described below, which housing is closed by a cover 50. A
      cantilever spool-supporting element 42 is slidably mounted in pack 4 for
      projection and retraction between a projected position to underlie and
      support winding spool 14, as shown in FIG. 1, and a retracted position for
      releasing the spool whereby the spool drops into engagement with its drive
      roller 13. Spool holder 42 is retracted and held in normally-retracted
      position by tension spring 43 connected between pin 44 on slide 42 and pin
      45 carried on a stationary portion of pack 4. A block 46 inserted in slide
      42 has a portion projecting through a slot 51 in the cover 50. When the
      slide is in retracted position (not shown), such block projection can be
      engaged by the operator's thumb to move it manually from the right, as
      seen in FIG. 2, to the left end of slot 51 to project the spool-supporting
      slide 42.
PAR  The block 46 also projects from the opposite side of slide 42 and is
      engageable by a latching lever 47 pivotable about a pin 53. As shown in
      FIG. 2, the end of one arm 48 of lever 47 engages the block 46 to latch
      the slide 42 in its projected spool-supporting position. Such lever arm is
      biased into latching position by compression spring 52. The other lever
      arm 49 is engaged by armature 60 of electromagnet 6. Upon energization of
      the electromagnet, armature 60 is extended to swing lever arm 49 upward to
      disengage arm 48 from latching position, so that spring 43 will be
      effective to retract spool-supporting slide 42. When electromagnet 6 is
      again deenergized, spring 52 returns lever arm 48 to its latching
      position. The upper surface of lever 47 is inclined to form a ramp along
      which block 46 can slide from its retracting position toward projecting
      position. As block 46 is slid to the left, it will press arm 48 downward
      in opposition to the force of spring 52 sufficiently to enable the block
      to move past the lever end, whereupon the spring will snap the lever into
      latching position behind block 46.
PAR  A lever or trigger 62 externally carried on housing 5 can actuate the
      switch 63, which is connected in the circuit of electromagnet 20 of
      fiber-supply device 2 through jack 30, shown in FIGS. 1, 2 and 6, and is
      also connected with a time-delay device 7 (FIG. 6) controlling
      electromagnet 6 of the spool-holder latching mechanism. The power supply
      to the pack 4 is provided by the spinning machine through jack 30 when the
      pack is in operating position at a spinning station.
PAR  FIGS. 3 and 4 are cross-sectional views through a portion of housing 5 and
      spool-holder slide 42 showing a thread-catching member 56 and mechanism
      for effecting release of the thread on the catching member. Member 56 is
      projectible beyond the end of a guide sleeve 59 carried by housing 5. In
      such projected position shown in FIG. 4, a stretch of thread 11 can be
      looped around the projected end of pin 56 for purposes described
      hereinafter. Pin 56 has an enlarged head 57 which forms a cam follower
      biased by a flat spring 58 into engagement with an edge of spool-holding
      slide 42. Such slide edge forms a cam surface including an offset trip cam
      surface 54 and a ramp 55 connecting the slide edge and the offset surface
      54.
PAR  The components of pack 4 described above operate as follows. To start the
      thread after a thread break, or after an interruption in spinning for
      servicing the spinning machine, for example, spool 14 is lifted. Spool
      holders 15 hold the spool in the raised position by conventional latching
      mechanism. The pack 4 is located at the spinning station to be started by
      hooking hook 40 over track 17 and swinging the pack downward about track
      17 as a center until spring 41 engages track 19 and snaps into
      pack-latching position. Pack 4 is positioned close to one end of the spool
      14, as shown in FIG. 5, so that slide 42 can be projected beneath the
      spool, and thread-catching pin 56 and guide sleeve 59 project in a
      direction parallel to the spool axis toward the center of spool 14.
      Locating the pack may be facilitated by a marker or indicator on track 17.
PAR  Block 46 is then moved along slot 51 to project cantilever spool-holding
      slide 42 so that its free end underlies spool 14. As previously described,
      lever 47 snaps into its latching position, shown in FIG. 2, to maintain
      slide 42 in its extended position. Simultaneously, cam follower 57, which
      normally engages cam surface 54, as shown in FIG. 3, rides up ramp 55 and
      onto the principal edge surface of slide 42, in opposition to spring 58,
      as the slide moves relative to follower 57 to project the end portion of
      thread-catching pin 56 opposite its head 57 beyond the guide sleeve 59.
PAR  The service person then grasps the free end of the thread wound on spool 14
      and unwinds the spool as required to provide an ample stretch of thread to
      reach to the spinning turbine. Additionally, it is preferred that the
      thread be withdrawn from the axially central region of the spool. Using
      handle 16 on a spool holder 15, spool 14 is lowered onto spool-supporting
      member 42. Gauging the required stretch of thread is facilitated by an
      indicating mark 81 on cover 80 of the thread-resolving device, as shown in
      FIG. 5. Thread 11 is then guided over thread-catching pin 56 and the
      thread end dropped into drawoff tube 10 so that the thread assumes the
      position of FIG. 1, in which the thread end is spaced from collecting
      trough 1' and the thread stretch between the drawoff rollers 8 and spool
      14 is diverted by pin 56 from a straight line, thereby providing a thread
      reserve of predetermined length.
PAR  After guiding the thread into such position, the service person pulls
      trigger 62 firmly toward holder 5 to actuate switch 63 shown in FIG. 2. By
      actuation of switch 63 electromagnet 20 is deenergized to release clamp
      21, which is then moved by spring 22 to release sliver 26 and pressure
      member 23 to resume feed of sliver to the resolving device and thereby
      resume feed of fiber to the spinning turbine 1. Such fibers are laid in
      the collecting trough 1' in conventional manner to form a fiber ring.
PAR  Switch 63 also actuates timing device 7, so that, after a predetermined
      delay, electromagnet 6 is energized and its plunger 60 swings latching
      lever 47 to release block 46. Spring 43 thereupon effects retraction of
      slide 42 to release spool 14, which drops by gravity onto winding roller
      13. Simultaneously, as shown in FIG. 3, cam follower 57 is urged by spring
      58 down ramp 55 and onto cam surface 54 to retract pin 56 and thereby
      release thread 11 held on such pin. The thread is thereby free to be
      sucked into the spinning chamber 1 by the low pressure therein, where the
      thread end unites with the fiber ring formed during the delay between
      deenergization of electromagnet 20 and energization of magnet 6. When the
      thread tension reaches its normal value by being wound onto spool 14 by
      drive roller 13, tension detector 3 actuates a switch to cut off the power
      supply to pack 4. As shown in FIG. 5, during the startup operation thread
      11 lies alongside an end of drawoff roller 84, which roller end is offset
      from a straight line between the axially central portion of spool 14 and
      the tension detector 3. As thread tension increases, thread 11 tends to
      assume a straight path, and such tendency causes the thread to migrate
      into the nip between drawoff roller 84 and its drive roller 84' and to be
      threaded into thread guides 82 and 83, whereupon the startup process is
      completed.
PAR  The apparatus of the present invention can be altered in many ways. For
      example, the thread catch member 56, instead of being operated by a cam
      surface movable with the spool-holding slide 42, could be operated by the
      plunger of an additional electromagnet actuatable by the timing device 7.
      The thread catch member need not be carried by the pack, but may be of
      conventional type, such as disclosed in U.S. Pat. No. 3,680,300, for
      example.
PAR  In order to avoid accidental energization of the pack startup circuit by
      inadvertent engagement of trigger 62 with switch 63, some form of safety
      device can be connected between the trigger and the timing circuit. For
      example, a relatively stiff spring could be connected to trigger 62, the
      force of which must be overcome in order to actuate switch 63, so that
      only a positive firm grip on the trigger would actuate the switch.
      Alternatively, an electronic safety device for switch 63 may be provided
      to provide a dwell between pulling of trigger 62 and closing of switch 63.
      In either case, it is desirable that the delay of the timing device 7 be
      adjustable to compensate for the effect of a safety device.
PAR  Among other possible variations is the provision of a thread cutter at the
      location of indicator 81 (FIG. 5) by which excess thread could be readily
      cut off to permit the thread 11 to leave the spool more precisely near the
      axially central portion of the spool 14. The biasing springs 43, 52 and 58
      could be replaced by other biasing means, such as pneumatically or
      hydraulically operable biasing members.
PAR  Tracks 17 and 19 could extend past several or all stations of the spinning
      machine, and the pack could simply be slid along the tracks from station
      to station. In such construction, power could be supplied to the pack by
      brushes engageable with a current-carrying track. However, in the
      construction shown and described above, the pack is snapped under tracks
      17 and 19 at a selected spinning station and is connectable through plug
      or jack 30 with the power supply for the fiber supply device 2 and thread
      detector 3. While a flexible cable 64 is shown connecting plug 30 with
      pack 4, the plug could be carried on a rigid bar or rod so that, as the
      pack is swung into position, the plug will automatically engage in a
      corresponding receptable of the spinning station. In such case the plug
      and receptacle connection serves as a locating device to assure that the
      pack will be precisely positioned relative to spool 14 at the right end of
      the spool, as viewed in FIG. 5.
PAR  FIG. 6 illustrates the pack 4 in its operative position relative to the
      cooperating portions of a spinning station together with the circuit
      diagrams for the cooperable electronic members: component 9 shown
      schematically in FIG. 1, thread detector 3, and the component blocks 63
      and 7 shown in FIG. 2. A further component 100 has been added in FIG. 6,
      which is an additional delay device connected between trigger 62 and
      switch 63, serving as a safety device requiring the trigger to be held
      depressed for an appreciable time to prevent accidental actuation of the
      startup circuits. Each of the components 3, 100, 63 and 7 are enclosed by
      a box in dot-dash lines.
PAR  Plug 30 has three contacts 31, 32 and 33. In series between contacts 31 and
      33 are a capacitor 102 and a resistor 103. A switch 104 connected in
      parallel with capacitor 102 is normally closed, and thereby short circuits
      the capacitor. When trigger 62 is squeezed, switch 104 opens, shunting
      current to the capacitor 102 so that it begins to charge. Connected to the
      circuit portion between resistor 103 and capacitor 102 are, in sequence, a
      resistor 105, a Zener diode 106, and the base of a transistor 107. A relay
      101 is connected between contact 31 and the emitter of transistor 107
      while the transistor collector is connected directly to contact 33. Switch
      63 is actuated by relay 101 a predetermined time after capacitor 102 has
      received the threshold charge for actuating the emitter of transistor 107
      through resistor 105 and Zener diode 106. If the trigger 62 were
      inadvertently momentarily squeezed or pushed and then released, switch 104
      would return to its normally closed position, which effects discharge of
      capacitor 102 so that relay 101 fails to actuate switch 63.
PAR  When plug 30 is engaged in the spinning machine receptacle 9, the initial
      circuit to fiber clamp actuating electromagnet 20 is broken in a manner
      described below, and the electromagnet circuit is maintained through
      contact 31, normally closed contact 66 of switch 63 and contact 32.
PAR  Switch 63 has a second contact 65, which is normally closed to short
      circuit a parallel capacitor 70. In series with contact 65 and capacitor
      70 are a resistor 72, a Zener diode 71, and the base of a transistor 73,
      the emitter of which is connected to contact 31 of plug 30. The collector
      of transistor 73 is connected through resistor 74 to the entrance of a
      thyristor 75. Electromagnet 6 operable to release latch lever 47 for
      retraction of spool holder 42 is connected directly to contact 31 and is
      connected to thyristor 75 through contact 33. To ensure reliable quenching
      of thyristor 75 when current to its entrance is interrupted, a quenching
      diode 76 is connected in parallel with electromagnet 6 in a conventional
      manner.
PAR  When relay 101 is operated by transistor 107 to open contacts 66 and 65,
      fiber-clamping electromagnet 20 is immediately deenergized to enable fiber
      feed to begin. Current is simultaneously supplied to capacitor 70 to
      charge it to the threshold quantity for activating transistor 73 which in
      turn conditions thyristor 75 to energize electromagnet 6 a predetermined
      time after switch 63 is opened. The time delay can be adjusted by
      providing a variable resistor or potentiometer 77 in series with capacitor
      70.
PAR  As shown in FIG. 1, a receptable 9 is provided on cover 80 of the resolving
      device 2 at a suitable location relative to track 19 for reception of plug
      30 when the holder is properly positioned relative to spool 14. Receptacle
      9 is enclosed by a solid-line box in FIG. 6 and has a switch 90 which is
      normally closed when no pack plug 30 is engaged in the receptacle. Switch
      90 connects the leads for contacts 31 and 32 for the purpose described
      below. Plug 30 carries a switch actuator 91 which opens switch 90 as the
      plug is inserted to disconnect the potential short circuit between
      contacts 31 and 32.
PAR  Receptacle 9 has six terminals 92, 93, 94, 95, 96 and 97. In the condition
      of the spinning machine shown in in FIG. 6, thread detector 3 has closed
      switch 34, which is open during normal spinning operation. Terminals 94
      and 95 are connected to a power supply. Terminal 94 is connected through
      terminal 93 to one side of switch 34. Terminal 95 is connected through
      signal light 98 and diode 99 to the other side of switch 34 so that
      closing of switch 34 actuates the signal 98, indicating the station at
      which a thread break has occurred. Electromagnet 20 is actuated to effect
      clamping of sliver when switch 34 is closed by completing a circuit from
      power supply terminal 94 through terminal 93, switch 34, terminal 92,
      normally closed switch 90, terminal 96, electromagnet 20, terminal 97 and
      power supply terminal 95.
PAR  In response to signal 98, a service person places the pack in position and
      connects plug 30 with receptacle 9 whereby actuator 91 opens switch 90.
      The electromagnet 20 is maintained in energized condition through power
      supply terminal 94, terminal 93, switch 34, terminal 92, contact 31,
      contact 66 of switch 63, contact 32, terminal 96, electromagnet 20,
      terminal 97 and power supply terminal 95 because contact 66 provides a
      bypass when switch 90 is open. Insertion of plug 30 has no effect on lamp
      98, so that it remains illuminated so long as switch 34 is closed.
PAR  After lifting spool 14 above the path of slide 42 using handle 16,
      projecting spool-supporting slide 42 and, simultaneously, projecting
      thread-catching member 56, measuring the return thread stretch, cutting
      off an unusable or excess thread end portion, dropping the thread end into
      drawoff tube 10, redirecting the thread around thread-catching member 56
      and dropping the spool onto slide 42, trigger 62 is pressed to open switch
      104. The trigger is held at least for a period sufficient to permit
      capacitor 102 to charge to the switching threshold of Zener diode 106,
      whereupon transistor 107 is effective to energize relay 101 and open
      contacts 65 and 66 of switch 63. Opening of contact 66 deenergizes
      electromagnet 20, so that fiber clamp 21 is released and sliver feed to
      resolving roller 25 is resumed. However, the indicator lamp remains
      illuminated and it is preferred that the operator maintain a grip on
      trigger 62 until the lamp goes out.
PAR  Opening of contact 65 diverts current to capacitor 70, which charges at a
      rate determined by the setting of potentiometer 77. After reaching the
      switching threshold of the Zener diode 71, current is supplied to the base
      of transistor 73, whereby the transistor becomes conductive and fires the
      thyristor 75. Thereupon, electromagnet 6 is energized to swing lever 47 to
      unlatch block 46 so that spring 43 will effect retraction of slide 42 for
      release of spool 14 and the thread 11 held on catch 56. Normal thread
      tension is reestablished thereafter as previously described, so that
      contact 34 of detector 3 is opened, and lamp 98 goes out. Once switch 34
      has opened plug 30 can be removed. As long as switch 34 remains open,
      electromagnet 20 remains deenergized so that fiber supply is not
      interrupted. Upon removal of plug 30, switch 90 returns to its closed
      position so that the spinning station is conditioned again to respond to
      any subsequent loss of tension in thread 11.
PAR  The timing device can be modified by using a rotatable, variable capacitor
      in the RC-member (resistance-capacitance coupling member) 70, 77. A fixed
      resistance could be provided in place of potentiometer 77. Similarly, the
      fixed resistance RC-member 102, 103 of safety timer 100 could be replaced
      by a variable resistor or capacitor combination. If desired, the
      time-delay safety device 100 could be omitted, in which case contacts 65
      and 66 of switch 63 would be opened directly by trigger 62.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for automatically actuating components for spinning startup at
      a spinning station having a spinning chamber, a thread drawoff opening, a
      thread tension detector, a thread-winding spool engageable with drive
      means, a sliver feed and fiber-resolving device, electromagnetic means for
      interrupting sliver feed, and an electric circuit connecting the
      electromagnetic means and the thread-tension detector in response to loss
      of tension in the thread, which apparatus comprises a pack for carrying
      retractable supporting means for holding the winding spool out of
      engagement with its drive means, means biasing said supporting means into
      retracted position, means for projecting said supporting means into
      spool-holding position, means for latching said supporting means in
      projected position in opposition to said biasing means,
      electrically-operable latch-releasing means, switch means for actuating
      said latch-releasing means, and timing means connected between said switch
      means and said latch-releasing means for delaying actuation of said
      latch-releasing means a predetermined time after actuation of said switch
      means.
NUM  2.
PAR  2. The apparatus defined in claim 1, in which the pack is portable, and
      pack-locating and supporting track means carried by the spinning station.
NUM  3.
PAR  3. The apparatus defined in claim 2, and plug means for electrically
      connecting the pack to a power supply circuit and further connecting the
      pack in the circuit connecting the thread-tension detector and the
      sliver-feed-interrupting electromagnetic means.
NUM  4.
PAR  4. The apparatus defined in claim 3, in which the plug means includes a
      plug carried by the pack and a receptacle carried by the spinning station,
      said plug being mounted rigidly from the pack and cooperable with said
      receptable for locating the pack in a predetermined operative position
      relative to the pack-supporting track means.
NUM  5.
PAR  5. The apparatus defined in claim 1, retractable thread-catching means
      carried by the pack, and means for retracting and projecting said
      thread-catching means simultaneously with retraction and projection of the
      spool-supporting means.
NUM  6.
PAR  6. The apparatus defined in claim 5, in which the means for retracting and
      projecting the thread-catching means includes a cam follower carried by
      the thread-catching means and a cam supported on the spool-supporting
      means.
NUM  7.
PAR  7. The apparatus defined in claim 1, actuating means for actuating the
      switch means, and safety means connected between said actuating means and
      the switch means for preventing accidental actuation of the switch means.
NUM  8.
PAR  8. The apparatus defined in claim 7, in which the safety means is a second
      timing means.
NUM  9.
PAR  9. The apparatus defined in claim 8, in which the second timing means is
      adjustable to alter the timing.
NUM  10.
PAR  10. The apparatus defined in claim 1, in which the timing means is
      adjustable to alter the timing.
NUM  11.
PAR  11. The apparatus defined in claim 10, in which the timing means is an
      electronic timing device including an adjustable RC-member.
NUM  12.
PAR  12. Apparatus for automatically actuating components for spinning startup
      at a spinning station having a spinning chamber, a thread-winding spool,
      drive means for said thread-winding spool, means actuatable for connecting
      said thread-winding spool with the drive means, a sliver feed and
      fiber-resolving device, means for interrupting sliver feed, means for
      feeding thread back to the spinning chamber and means for actuating said
      thread back-feed means, which apparatus comprises a pack for carrying
      control means for effecting in a predetermined sequence deactuation of the
      sliver feed interrupting means, actuation of the thread feed-back means
      and actuation of the connecting means for the thread-winding spool and the
      drive means.
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ABST
PAL  A textile yarn processing machine, such as a two-for-one twister and the
      like, having spindle assemblies for the processing of yarn and each
      including a carrier mechanism for carrying a pacakge of yarn to be
      withdrawn and processed and defining a passageway therethrough for yarn
      withdrawn from the package and an enlarged cavity forming a part of the
      passageway, includes the combination therewith of an improved,
      self-threading, yarn brake mechanism positioned in the cavity, as follows.
      A stationary braking member forms an inclined braking surface generally
      around the passageway at the entrance to the cavity and a movable braking
      plate cooperates therewith and generally covers the passageway at the
      entrance to the cavity and is adjustably biased toward the inclined
      braking surface for applying a desired tension to the yarn passing
      therebetween. A yarn bypass channel leads from the passageway at the
      entrace to the cavity laterally alongside the stationary braking surface
      for receiving the yarn and eliminating passage of the yarn between the
      braking surface and braking plate during threading of the yarn through the
      passageway for start-up of the spindle assembly. An obliquely extending
      deflection surface extends between the bypass channel and the inclined
      braking surface for deflecting the yarn from the bypass channel into
      position between the braking surface and the braking plate after threading
      of the yarn for start-up of the spindle assembly.
BSUM
PAR  This invention relates to an improved, self-threading, yarn brake mechanism
      in an enlarged cavity of a yarn passageway through a carrier mechanism of
      a spindle assembly of a textile yarn processing machine, particularly a
      two-for-one twister.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, yarn brake mechanisms positioned in an enlarged cavity of a
      yarn passageway in a hollow carrier mechanism of a spindle assembly of a
      textile yarn processing machine, particularly a two-for-one twister, have
      been proposed, such as shown in U.S. Pat. No. 3,490,221, issued Jan. 20,
      1970, and assigned to the assignee of the present invention, and reference
      may be had to that patent for a disclosure of such prior yarn brake
      mechanisms. As may be seen in the aforementioned U.S. Pat. No. 3,490,221,
      this prior yarn brake mechanism included broadly a stationary, inclined,
      braking surface and a movable, pivotally mounted, braking plate for
      cooperation therewith and for receiving the yarn therebetween for applying
      a desired tension to the yarn as it passes through a hollow yarn carrier
      mechanism of a spindle assembly of the two-for-one twister textile yarn
      processing machine.
PAR  While this previously proposed yarn brake mechanism has been commercially
      effective for applying desired tensions to the yarn as it is being
      processed in the yarn processing machine, it required positive movement of
      the movable braking plate away from the stationary braking surface during
      threading of the yarn through the spindle assembly for start-up of the
      spindle assembly prior to yarn processing which was somewhat undesirable.
      Additionally, with the advent of automatic threading mechanisms for such
      spindle assemblies of textile yarn processing machines, such as, for
      example, disclosed in U.S. Pat. No. 3,731,478, issued May 8, 1973, and
      assigned to the assignee of the present invention, this requirement for
      positive movement of the movable braking plate away from the stationary
      braking surface, during threading of the yarn through the spindle assembly
      for start-up of the spindle assembly, has caused additional problems in
      the use of such automatic threading mechanisms.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is the object of this invention to provide an improved yarn
      brake mechanism for use in such, above described, spindle assemblies of a
      textile yarn processing machine, which eliminates the above described
      problems by eliminating the necessity for positive movement of the movable
      braking plate away from the stationary braking surface during threading of
      the yarn through the spindle assembly for start-up of the spindle assembly
      and which is characterized by a self-threading construction.
PAR  It has been found by this invention that the above described object may be
      accomplished by providing, in a textile yarn processing machine, such as a
      two-for-one twister and the like, having spindle assemblies for the
      processing of yarn and each including a carrier mechanism for carrying a
      package of yarn to be withdrawn and processed and defining an elongate
      passageway therethrough for the yarn withdrawn from the package and an
      enlarged cavity forming a part of and enlarging the passageway at the
      cavity, the combination therewith of an improved yarn brake mechanism
      positioned in the cavity for applying a desired tension to the yarn
      passing therethrough and being characterized by a self-threading
      construction, as follows.
PAR  A stationary braking member is positioned in the upper portion of the
      cavity and forms a generally flat, inclined braking surface generally
      around the passageway at the entrance to the cavity. A movable braking
      plate is pivotally mounted within the cavity for cooperation with the
      stationary braking surface and for generally covering the passageway at
      obliquely entrance to the cavity and includes means for adjustably biasing
      the braking plate toward the inclined braking surface for applying a
      desired tension to the yarn passing therebetween during processing. A yarn
      bypass channel is formed in the stationary braking member and leads from
      the passageway at the entrance to the cavity laterally alongside the
      stationary braking surface for receiving the yarn during the threading of
      the yarn through the passageway for start-up of the spindle assembly prior
      to yarn processing and eliminates passage of the yarn between the braking
      surface and the braking plate during such threading. An obiliquely
      extending, deflection surface is formed in the stationary braking member
      between the bypass channel and the inclined braking surface for deflecting
      the yarn from the bypass channel into position between the braking surface
      and braking plate after threading of the yarn and during start-up of the
      spindle assembly.
PAR  Further specific features of the improved, self-threading, yarn brake
      mechanism of this invention will become apparent from the detailed
      description of the preferred embodiments, to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Some of the objects and advantages of this invention having been set forth,
      other objects and advantages will appear, when taken in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a partial, cross-sectional, elevational view of a spindle
      assembly of a two-for-one twister yarn processing machine having an
      improved, self-threading, yarn brake mechanism therein in accordance with
      this invention;
PAR  FIG. 2 is an enlarged, cross-sectional, elevational view of a portion of
      the spindle assembly illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional, elevational, perspective view of the hollow
      yarn carrier mechanism of the spindle assembly illustrated in FIGS. 1 and
      2;
PAR  FIG. 4 is a perspective view of the stationary braking member, with the
      movable braking plate removed for clarity, as illustrated particularly in
      FIG. 3;
PAR  FIG. 5 is a cross-sectional view, taken generally along the line 5--5 of
      FIG. 3;
PAR  FIG. 6 is a cross-sectional view, somewhat like FIG. 2 but taken from the
      other side, illustrating an alternate embodiment of this invention;
PAR  FIG. 7 is a cross-sectional view, somewhat like FIG. 3 but taken from the
      other side, of the alternate embodiment of this invention illustrated in
      FIG. 6;
PAR  FIG. 8 is a perspective view, somewhat like FIG. 4 but taken from the other
      side, of the stationary braking member of the alternate embodiment of
      FIGS. 6 and 7; and
PAR  FIG. 9 is a cross-sectional view, taken generally along the line 9--9 of
      FIG. 7.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  While the drawings and specific description to follow will be related to a
      two-for-one twister yarn processing machine, which is the preferred form
      of machine utilizing the improved yarn brake mechanism of this invention,
      it is to be understood that the improved yarn brake mechanism of this
      invention could be utilized with other types of yarn processing machines
      for which a yarn brake mechanism for controlling the tension of the yarn
      is desired in a hollow carrier member of a spindle assembly.
PAR  Referring now to the drawings, there is illustrated in FIG. 1 a spindle
      assembly 10 at one spindle assembly station of a two-for-one twister yarn
      processing machine. It is to be understood that a plurality of these
      spindle assembly stations are provided in generally side-by-side
      relationship in two rows along the outside of the yarn processing machine.
      A full illustration and description of the entire two-for-one twister yarn
      processing machine is not given herein and is not believed to be necessary
      for an understanding of the present invention, the operation and structure
      of such a two-for-one twister yarn processing machine being well
      understood by those with ordinary skill in the art.
PAR  Generally, each of the spindle assemblies 10 comprises a rotatably driven
      rotor mechanism, generally indicated at 11, which includes a whorl 12
      suitably rotatably mounted on the twister machine frame (not shown) and
      rotated by a continuous drive belt 14 in a manner well known to those with
      ordinary skill in the art. The rotor mechanism 11 further includes a
      generally horizontally-extending reserve disc 16 secured to the whorl 12
      for being rotated thereby and a generally vertically-extending hollow axle
      17. The reserve disc 16 and hollow axle 17 define a generally vertically
      extending yarn passageway 20 extending through the hollow axle 17 and
      partly through the reserve disc 16 and a generally horizontally-extending
      yarn passageway 21 extending through at least a portion of and out of the
      reverse disc 16 and mating with the vertically-extending yarn passageway
      20.
PAR  The spindle assembly 10 further includes a carrier mechanism, generally
      indicated at 25, for carrying a hollow package P of yarn Y and being
      rotatably mounted on the rotor mechanism 11 by bearings 26 so that the
      rotor mechanism 11 may rotate relative to the carrier mechanism 25 which
      is maintained generally stationary. The carrier mechanism 25 includes
      generally a basket device 27 which surrounds the package P of yarn Y and a
      hollow yarn package carrier member 28 onto which the hollow package P of
      yarn Y is supported. The hollow carrier member 28 also includes a hollow
      yarn entry tube 30 and a rotatably mounted flier mechanism 32 which is
      free for rotation relative to the yarn entry tube 30. The yarn entry tube
      30 extends outwardly from the carrier member 28 axially of the supply
      package P supported thereon for receiving the yarn Y from the supply
      package P and providing an axially extending passageway 31 for receiving
      and allowing passage of the yarn Y therethrough and mating with the hollow
      interior of the carrier member 28 which provides a passageway 33 for the
      yarn which mates with the passageways 20 and 21 of the hollow axle 17 and
      the reserve disc 16.
PAR  The spindle assembly 10 further includes a balloon limitor device 34
      surrounding the basket device 27 so as to contain a balloon of yarn Y
      formed around the outside of the basket device 27. A yarn guide eyelet 40
      is positioned above and in axial alignment with the yarn entry tube 30.
      There is further provided take-up mechanisms (not shown) including a
      traversing device and a take-up roll for taking up and forming a package
      of the twisted or processed yarn Y produced by the spindle assembly 10.
      These take-up mechanisms are conventional in a two-for-one twister yarn
      processing machine and an illustration thereof and further explanation
      thereof is not believed necessary herein for a full understanding of this
      invention.
PAR  With the above described mechanisms of the spindle assembly 10, the yarn Y
      passes from the package P, through the rotating flier mechanism 32, into
      and through the yarn entry tube 30 and its passageway 31, through the
      passageway 33 of the carrier member 28, through the vertically-extending
      yarn passageway 20 in the hollow axle device 17, through the
      horizontally-extending passageway 21 in the reserve disc 16 and out of the
      reserve disc 16 in a generally horizontal direction. The yarn then passes
      upwardly between the basket device 27 and the balloon limitor 34 and forms
      a rotating balloon of yarn which is contained by the balloon limitor
      device 34. The yarn then passes through yarn guide eyelet 40 and is taken
      up by the take-up mechanisms. As is well understood by those with ordinary
      skill in the art, a two-for-one twist is inserted in the yarn during the
      abovenoted path of travel due to rotation of the rotor mechanism 11
      causing rotation of the balloon of yarn Y, described above.
PAR  Preferably, the two-for-one twister yarn processing machine includes
      pneumatically operated yarn threading mechanisms operatively associated
      with the spindle assembly 10 for selectively threading a yarn through at
      least a portion of the spindle assembly 10 upon actuation thereof. Such
      pneumatically operated yarn threading mechanisms for a two-for-one twister
      of this type are disclosed in the abovementioned U.S. Pat. No. 3,731,478
      and reference may be had to that patent for a full disclosure of the
      construction and operation of such pneumatically operated yarn threading
      mechanisms.
PAR  Generally, the pneumatically operated yarn threading mechanisms include,
      inter alia, an ejector air nozzle device 42 which selectively is brought
      into engagement with the reserve disc 16 of the rotor mechanism 11, as
      indicated in dotted lines in FIG. 1, for causing a positive air stream to
      flow through the yarn passageway 21 and a negative air stream through the
      yarn passageways 20, 33, 31 for sucking the yarn Y from the supply package
      P through the yarn entry tube 30 and its passageway 31, the passageway 33
      of the carrier member 28 and the passageway 20 of the hollow axle 17 and
      blowing the yarn Y out of the passageway 21 of the reserve disc 16. The
      air stream then engages a generally spoon-shaped deflection guide surface
      43 formed on the bottom of the balloon limitor 34 which deflects the air
      stream and carries it and the yarn Y up through the space between the
      basket device 27 and the balloon limitor 34 to bring the end of yarn in
      position for a knotting operation.
PAR  At this position, the yarn may be received by a suitable knotter mechanism
      45. The knotter mechanism 45, illustrated in FIG. 1, is of the type
      disclosed in U.S. Pat. No. 3,820,315, issued June 28, 1974 and assigned to
      the assignee of the present application or may be any suitable type of
      yarn knotter mechanism, such as, for example, disclosed in U.S. Pat. No.
      3,842,580, issued Oct. 22, 1974 or U.S. Pat. No 3,838,875, issued Oct. 1,
      1974, both of which are assigned to the assignee of the present invention.
      Operation of such yarn knotter mechanisms for knotting of the two ends of
      yarn during threading of the spindle assembly 10 for start-up of the
      spindle assembly may be obtained from the disclosures of the above patents
      and are well understood by those of ordinary skill in the art. If knotting
      of the yarn Y is not required, the yarn may be pneumatically threaded
      through the guide 40 and take-up mechanisms in accordance with the
      above-identified U.S. Pat. No. 3,731,478, or may be manually threaded.
PAR  In accordance with the present invention, an improved yarn brake mechanism,
      generally indicated at 50, is positioned in the hollow yarn carrier 28 for
      applying a desired tension to the yarn passing therethrough during
      processing of the yarn. This brake mechanism 50 is positioned in an
      enlarged cavity 51 forming a part of and enlarging the passageway 33 in
      the carrier member 28. The brake mechanism 50 comprises a stationary
      braking member 54 positioned in the upper portion of the cavity 51 and
      forming a generally flat, inclined, braking surface 55 generally around
      the yarn passageway as it enters the cavity 51. In the embodiment
      disclosed in the drawings, the stationary braking member 54, also defines
      a yarn passageway 56 which is generally of the same dimensions and coaxial
      with the yarn passageway 31 through the yarn entry tube 30 so as to form
      an extension of that passageway for entering into the enlarged cavity 51
      generally centrally of the inclined braking surface 55.
PAR  The brake mechanism 50 further includes a movable, braking plate 58 of
      ferromagnetic material pivotally mounted within the cavity 51 for
      cooperation with the stationary braking surface 55 and for generally
      covering the passageway 56 at the entrance to the cavity 51, as shown
      particularly in FIGS. 2 and 3, and for allowing pivoting movement of the
      movable brake plate 58 toward and away from the stationary braking surface
      55.
PAR  The movable braking plate 58 is under the force of a multi-pole, axially
      magnetized, magnet 60 which is adjustably mounted in magnetically
      attracting proximity to the ferromagnetic braking plate 58 for adjustably
      biasing the braking plate 58 toward the inclined braking surface 55 for
      applying a desired, variable tension to yarn Y passing therebetween during
      yarn processing. The magnet 60 whose bottom is directed parallel to the
      braking surface 55 is secured against rotation by a hollow, threaded
      bushing 62 which is secured to the top thereof and which receives the yarn
      entry tube 30 therein and by a pin 63 which is arranged on the inner wall
      of the carrier member 28 and engages into an axially directed,
      longitudinal groove 64 in the magnet 60.
PAR  A hollow screw cap member 65 forms a part of the carrier mechanism 28 and
      is screwed onto the upper end of the threaded bushing 63 by internal
      threads therein and receives the yarn entry tube 30 through the hollow
      center thereof. The lower face surface 66 of the screw head member 65
      rests on a closure cover 68 of the carrier member 28 while the upper face
      surface of the screw head member 65 serves as an axial bearing for the
      rotatably mounted flier mechanism 32. If the screw head member 65 is
      rotated, the threaded bushing 62, depending upon the direction of
      rotation, turns either axially into or axially out of the screw head
      member 65. This axial movement of the threaded bushing 62 takes place
      under the action of a compression spring 69, which at one end rests on the
      bottom of the closure cover 68 and at the other end on a supporting
      shoulder of the threaded bushing 62 to which the magnet 60 is fastened.
      Thus, by turning the screw head member 65, the magnet 60 may be raised or
      lowered and the bias of the magnet 60 on the movable braking plate 58 may
      be adjusted. It is clear that, as the yarn Y passes through the passageway
      31 of the yarn entry tube 30 and the passageway 56 and into the enlarged
      cavity 51, the yarn will be forced between the biased, pivotally mounted,
      braking plate 58 and the stationary braking surface 55 so that a tension
      will be placed on the yarn in accordance with the adjusted position of the
      magnet 60 toward or away from the braking plate 58.
PAR  In accordance with this invention, the yarn brake mechanism 50 further
      includes a yarn bypass channel 70 formed in the stationary braking member
      54 and leading from the passageway 56 at the entrance to the cavity 51 and
      laterally alongside the stationary braking surface 55 for receiving the
      yarn Y during the above-described pneumatic threading of the yarn Y
      through the passageways 31, 56, 33, 20, 21 for start-up of the spindle
      assembly 10 prior to yarn processing and eliminating the passage of the
      yarn Y between the braking surface 55 and the braking plate 58 during such
      pneumatic threading.
PAR  In accordance with the embodiment of FIGS. 1-5, this bypass channel 70 is
      in the form of a depression in the braking member 54 which extends
      laterally of the normal yarn passage through the above-defined passageways
      and extends obliquely downwardly, as shown particularly in FIG. 4. The
      depression forming the bypass channel 70 extends laterally to and beyond
      the periphery of the braking plate 58. Accordingly, during pneumatic
      threading of yarn Y through the carrier mechanism 28 of the spindle
      assembly 10, the yarn Y will be diverted from its normal path of travel
      and sucked through the bypass channel 70, as indicated in dotted lines in
      FIG. 4, so that the braking plate 58 will not have to be positively moved
      away from the stationary braking surface 55 for such pneumatic threading.
PAR  After pneumatic threading of the yarn Y, knotting of the yarn Y by the
      knotter 45, if required, and upon start-up of the spindle assembly 10 for
      processing of the yarn Y, the yarn Y will necessarily be made taut or will
      have a tension put thereon by the yarn processing which will tend to force
      the yarn Y out of the bypass channel 70 and into its normal path of travel
      between the brake plate 58 and the braking surface 55. To aid in this
      movement, the brake mechanism 50 of this invention further includes an
      obliquely extending, deflection surface 75 formed in the stationary
      braking member 54 between the bypass channel 70 and the inclined braking
      surface 55 for deflecting the yarn Y from the bypass channel 70 into its
      normal position between the braking surface 55 and the braking plate 58.
PAR  In the embodiment of the invention illustrated in FIGS. 1-5, this
      deflection surface 75 includes inclined, transversely and downwardly
      extending grooves 76 which extend between the bypass channel 70 and the
      braking surface 55 for facilitating the deflection of the yarn Y
      therebetween.
PAR  In the embodiment of the yarn brake mechanism 50 illustrated in FIGS. 6-9,
      the bypass channel 70' is opened toward the side and rear with reference
      to the braking surface 55 and makes it possible, upon pneumatic threading
      of the yarn Y, for the yarn Y to be moved laterally past the braking
      surface 55. The deflection surface 75' of the embodiment of FIGS. 6-9 is
      in the form of a projection which is arranged laterally of the braking
      surface 55 and has essentially the shape of a wedge whose front deflection
      surface passes obliquely into the braking surface 55. This deflection
      surface is, as a whole, shaped in such a manner that the yarn Y,
      regardless of its path in case of tension acting on the yarn, slides over
      the front deflection surface of the wedge shaped projection in the
      direction toward the braking surface 55.
PAR  The movable braking plate 55 of both embodiments is preferably in the form
      of a generally circular plate which extends at least partially over, but
      not in contact with, the deflection surface 75 or 75' and is rotatably
      mounted for rotation during deflection of the yarn Y by the deflection
      surface 75 or 75' from the bypass channel 70 or 70' into position between
      the braking surface 55 and the braking plate 58 for facilitating such
      deflection. As shown in the embodiment of FIGS. 1-5, the generally
      circular braking plate 58 may be pivotally and rotatably mounted by a
      generally V-shaped, flexible yoke 80 having the two upper ends thereof
      secured to the stationary braking member 54 and receiving a pin 81 at the
      bottom thereof which is secured generally to the center of the circular
      braking plate 58 for rotatably and pivotally mounting same. In the
      embodiment of FIGS. 6-9, the generally circular braking plate 58 is
      rotatably and pivotally mounted by a flexible lever 84 which is secured at
      its upper end to the stationary braking member 54 and has an aperture in
      the bottom thereof for receiving the pin 81 and mounting the braking plate
      58 for rotary movement with respect thereto.
PAR  In either of the embodiments of FIGS. 1-5 or 6-9, the generally circular
      braking plate 58 may include a generally concave braking surface, as shown
      particularly in FIG. 9, in which only the outer peripheral edges thereof
      cooperate with the stationary braking surface 55 for applying tension to
      the yarn Y and facilitate deflection of the yarn by the deflection surface
      75 and 75' from the bypass channel 70 or 70' into position between the
      braking plate 58 and the braking surface 55. This concave construction
      allows easier passage of the yarn Y into such position.
PAR  The remaining elements of the brake mechanism 50 of the embodiment of FIGS.
      6-9 is the same as that illustrated in the embodiment of FIGS. 1-5 and
      like reference characters have been applied to these elements.
PAR  Thus, this invention has provided an improved yarn brake mechanism 50 for
      the spindle assembly 10 which allows self-threading of the yarn Y
      therethrough during threading of the yarn Y through the spindle assembly
      10 for start-up of the spindle assembly 10 prior to yarn processing and
      which eliminates any positive movement of the movable brake plate 58 from
      the stationary braking surface 55 for such threading up operation.
PAR  In the drawings and specification, there have been set forth preferred
      embodiments of this invention and, although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a textile yarn processing machine, such as a two-for-one twister and
      the like, having spindle assemblies for the processing of yarn and each
      including a carrier mechanism for carrying a package of yarn to be
      withdrawn and processed and defining an elongate passageway therethrough
      for the yarn withdrawn from the package and an enlarged cavity forming a
      part of and enlarging said passageway at said cavity; the combination
      therewith of an improved yarn brake mechanism positioned in said cavity
      for applying a desired tension to the yarn passing therethrough and being
      characterized by a self-threading construction, said yarn brake mechanism
      comprising:
PA1  a stationary braking member in the upper portion of said cavity and forming
      a generally flat, inclined braking surface generally around said
      passageway at the entrance to said cavity;
PA1  a movable braking plate pivotally mounted within said cavity for
      cooperation with said stationary braking surface and for generally
      covering said passageway at the entrance to said cavity and including
      means for adjustably biasing said braking plate toward said inclined
      braking surface for applying a desired tension to yarn passing
      therebetween during processing;
PA1  a yarn bypass channel formed in said stationary braking member and leading
      from said passageway at the entrance to said cavity and laterally
      alongside said stationary braking surface for receiving the yarn during
      threading of the yarn through said passageway for start-up of said spindle
      assembly prior to yarn processing and eliminating passage of the yarn
      between said braking surface and braking plate during threading; and
PA1  an obliquely extending, deflection surface formed in said stationary
      braking member between said bypass channel and said inclined braking
      surface for deflecting the yarn from said bypass channel into position
      between said braking surface and braking plate after threading of the yarn
      and during start-up of said spindle assembly.
NUM  2.
PAR  2. In a textile yarn processing machine, as set forth in claim 1 in which
      said deflection surface includes inclined, transversely and downwardly
      extending grooves therein for aiding in deflecting the yarn from said
      bypass channel into position between said braking surface and braking
      plate after threading of the yarn for start-up of said spindle assembly.
NUM  3.
PAR  3. In a textile yarn processing machine, as set forth in claim 1 in which
      said deflection surface comprises a generally wedge shaped projection
      extending between said bypass channel and said inclined braking surface.
NUM  4.
PAR  4. In a textile yarn processing machine, as set forth in claim 1 in which
      said braking plate comprises a generally circular plate which extends at
      least partially over, but not in contact with, said deflection surface and
      includes means for rotatably mounting said braking plate for rotation
      during deflection of the yarn by said deflection surface from said bypass
      channel into position between said braking surface and braking plate for
      facilitating such deflection.
NUM  5.
PAR  5. In a textile yarn processing machine, as set forth in claim 1 in which
      said braking plate comprises a generally circular plate which extends at
      least partially over, but not in contact with, said deflection surface and
      includes a generally concave braking surface for cooperation with said
      stationary braking surface at the outer edges thereof and for facilitating
      deflection of the yarn by said deflection surface from said bypass channel
      into position between said stationary braking surface and said braking
      plate.
NUM  6.
PAR  6. In a textile yarn processing machine, such as a two-for-one twister and
      the like, having spindle assemblies for the processing of yarn and each
      including a carrier mechanism for carrying a package of yarn to be
      withdrawn and processed and defining an elongate passageway therethrough
      for the yarn withdrawn from the package, an enlarged cavity forming a part
      of and enlarging said passageway at said cavity, and pneumatic means for
      threading yarn through said passageway for start-up of said spindle
      assembly prior to yarn processing; the combination therewith of an
      improved yarn brake mechanism positioned in said cavity for applying a
      desired tension to the yarn passing therethrough and being characterized
      by a self-threading construction, said yarn brake mechanism comprising:
PA1  a stationary braking member in the upper portion of said cavity and forming
      a generally flat, inclined braking surface generally around said
      passageway at the entrance to said cavity;
PA1  a movable, ferromagnetic, braking plate pivotally mounted within said
      cavity for cooperation with said stationary braking surface and for
      generally covering said passageway at the entrance to said cavity;
PA1  magnet means adjustably mounted in magnetically attracting proximity to
      said ferromagnetic braking plate for movement closer to and away from said
      braking plate for adjustably biasing said braking plate toward said
      inclined braking surface for applying a desired tension to yarn passing
      therebetween during processing;
PA1  a yarn bypass channel formed in said stationary braking member and leading
      from said passageway at the entrance to said cavity and laterally
      alongside said stationary braking surface for receiving the yarn during
      pneumatic threading of the yarn through said passageway for start-up of
      said spindle assembly prior to yarn processing and eliminating the passage
      of the yarn between said braking surface and braking plate during
      pneumatic threading; and
PA1  an obliquely extending, deflection surface formed in said stationary
      braking member between said bypass channel and said inclined braking
      surface for deflecting the yarn from said bypass channel into position
      between said braking surface and braking plate after pneumatic threading
      of the yarn and upon additional tension being placed upon the yarn during
      start-up of said spindle assembly.
NUM  7.
PAR  7. In a textile yarn processing machine, as set forth in claim 6 in which
      said deflection surface includes inclined, transversely and downwardly
      extending grooves therein for aiding in deflecting the yarn from said
      bypass channel into position between said braking surface and braking
      plate after threading of the yarn for start-up of said spindle assembly.
NUM  8.
PAR  8. In a textile yarn processing machine, as set forth in claim 6 in which
      said deflection surface comprises a generally wedge shaped projection
      extending between said bypass channel and said inclined braking surface.
NUM  9.
PAR  9. In a textile yarn processing machine, as set forth in claim 6 in which
      said braking plate comprises a generally circular plate which extends at
      least partially over, but not in contact with, said deflection surface and
      includes means for rotatably mounting said braking plate for rotation
      during deflection of the yarn by said deflection surface from said bypass
      channel into position between said braking surface and braking plate for
      facilitating such deflection.
NUM  10.
PAR  10. In a textile processing machine, as set forth in claim 6 in which said
      braking plate comprises a generally circular plate which extends at least
      partially over, but not in contact with said deflection surface and
      includes a generally concave braking surface for cooperation with said
      stationary braking surface at the outer edges thereof and for facilitating
      deflection of the yarn by said deflection surface from said bypass channel
      into position between said stationary braking surface and said braking
      plate.
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ABST
PAL  Open-end spinning is accomplished by means of placing similar static
      electricity charges on an anode member and an inlet anode nose member
      mounted in a spinning chamber near a feed roller, and by placing a charge
      opposite said anode member on a cathode member mounted at a downstream
      portion of the apparatus; introducing an air stream through said inlet
      anode nose member into said spinning chamber and discharging it through an
      outlet opening; within said spinning chamber, separating a single fiber
      from the strand of sliver or roving delivered from feed rollers; charging
      said single fiber with the same charge of static electricity as the inlet
      anode nose member, and; hoisting said single fiber into a yarn extending
      upstream from a twister.
BSUM
PAR  This invention relates to a spinning unit of a textile machine for spinning
      a continuously moving yarn by means of an open-end spinning system using
      static electricity. More particularly it relates to a pneumatic and static
      electricity open-end spinning method and apparatus therefor, which
      apparatus comprises a stationary spinning chamber with large cavity
      arranged downstream of a feed roller, and said chamber is provided with an
      inlet anode nose member and an anode member on its wall near said feed
      rollers, a cathode ring is provided downstream of said chamber, a twister
      is rotatably mounted downstream of said outlet opening of said chamber,
      and a suction source which sucks the air from the spinning chamber.
PAR  Although many attempts have been made to spin a yarn by means of an
      open-end system, using static electricity none have been successful to
      date. However, if successful there would be several advantages to such a
      system. One advantage is the yarn spun by means of a static electricity
      method will have a good orientation of the fibers contained therein. A
      further advantage of this method is that a twisting element running at
      high speed can be used, because such twister has a small mass, which means
      that the amount of power consumed in rotating said twister is small.
PAR  One such device has an apparatus which comprises, feed rollers charged with
      positive static electricity and a rotating twisting member, with an
      cathode member, spaced from said feed roller. By placing a high voltage
      charge on said feed rollers and said cathode member, the separated fiber
      receives a plus charge of static electricity while being transported in
      the electrostatic field to the twisting member and, then, is twisted into
      a yarn by said twisting member. However, even with such an apparatus,
      there are some drawbacks, one of which being that the electrostatic field
      is not enclosed. Therefore, some of the fibers will fly out of the
      electrostatic field and become waste fibers during the spinning operation,
      and such waste fibers make the air surrounding said spinning unit dirty.
      Furthermore, another drawback is that sometimes the free fibers are
      wrapped around the feed rollers, which results from the fact that, two
      adjacent fibers delivered from the feed rollers have a tendency to
      separate from each other, because said two fibers are similarly charged
      with a plus charge received from the feed rollers charged with the
      positive static electricity. Once this wrapping of a fiber around the feed
      rollers occurs, it results in the stable spinning condition being
      disturbed.
PAR  An object of the present invention is to provide an open-end spinning
      method, which has none of the above mentioned drawbacks, using pneumatic
      air and static electricity.
PAR  A further object of the present invention is to provide an open-end
      spinning apparatus which cleans the inside of the spinning chamber
      continuously by generating a vortex air flow.
PAR  A still further object of the present invention is to provide a stabilized
      spinning condition by using an ionized air flow within the cavities of the
      present apparatus.
DRWD
PAR  The invention will be described by reference to specific embodiments
      thereof, as illustrated in the accompanying figures, wherein:
PAR  FIG. 1 is a diagramatic sectional view of the present open-end spinning
      unit;
PAR  FIG. 2 is a sectional view similar to FIG. 1, showing a spinning unit using
      vortex air flow;
PAR  FIG. 3 is a sectional view taken along the line III--III in FIG. 2;
PAR  FIG. 4 is a sectional view similar to FIG. 1, showing an improved
      embodiment of the present invention;
PAR  FIG. 5 is a sectional view similar to FIG. 1, showing another embodiment of
      the present invention as shown in FIG. 4;
PAR  FIG. 6 is a sectional view similar to FIG. 1, showing a further embodiment
      of the present invention as shown in FIG. 4;
PAR  FIG. 7 is a sectional view similar to FIG. 1, showing an improved
      embodiment of the present invention as shown in FIG. 1, and;
PAR  FIG. 8 and FIG. 9 are enlarged sectional views of the ionizers which can be
      used for the embodiment of FIG. 7.
DETD
PAR  In the apparatus as shown in FIG. 1, a strand of sliver or roving 2 is
      attenuated by means of proper apparatus into a lighter strand, and then
      said strand is fed from the feed rollers 3, and 3' to a spinning chamber
      7. Downstream and in the vicinity of said feed roller, there is a spinning
      chamber 7 which is stationarily mounted on the frame of a spinning machine
      (not shown). Said chamber 7 has a large cavity 28 within it, and at the
      top of said cavity there is an inlet anode nose member 19 with a center
      hole 8, while at the bottom of said cavity there is an outlet opening 9. A
      twister 4, rotatably mounted to the frame (not shown), is arranged
      downstream of and concentrically with said outlet opening 9, and said
      twister 4 is turned by a motor (not shown) via an engagement between a
      tangential belt 5 and a wharve 6 of said twister 4. This twister 4 has a
      center hole, to twist the yarn being spun by this apparatus, and said
      twister may be of any conventional type commonly used in the textile
      machinery field.
PAR  At the bottom of said chamber, there is a surrounding cavity 18 which
      communicates with the cavity 28 through a narrow opening defined by the
      inner diameter of said outlet opening 9 and the outer diameter of the
      twister 4, and also communicates with the suction source (not shown) via
      an air discharging tube 13. Said surrounding cavity 18 encircles said
      outlet opening 9 and the top part of said twister 4.
PAR  At the bottom of said spinning chamber 7, a cathode ring 12 is fixedly
      mounted to said chamber, and said cathode ring is arranged concentrically
      with the top part of said twister 4, but with a clearance between the
      inside of said cathode ring 12 and the outside of said twister 4.
      Downstream of said twister 4 there is a winding drum 15 rotatably mounted
      on a frame (not shown), which drives a package 25, on which a yarn spun by
      this apparatus is wound.
PAR  Within the top part of said cavity 28 and a short distance away from the
      inlet anode nose member 19, an anode member 10 is mounted against the top
      inner wall of the spinning chamber 7. By connecting the inlet anode nose
      member 19 and said anode member 10 in series to the plus terminal of an
      electric source, while the cathode ring 12 is connected to the minus
      terminal of the electric source, the inlet anode nose member 19 and said
      anode member 10 are always charged with plus static electricity, while the
      cathode ring 12 is always charged with minus static electricity.
PAR  The open-end spinning operation of the present invention is accomplished as
      follows. By the rotation of feed rollers 3 and 3', the strand 2 is
      delivered into the center hole 8 of the inlet anode nose member 19, and a
      single fiber 1, contained within said strand 2, which is free of the
      holding action by the feed rollers 3 and 3', can be separated from the
      strand 2 and pulled toward the yarn tail 14'.
PAR  Because the inlet anode nose member 19 is always charged with plus static
      electricity, the single fiber 1 is charged with plus static electricity as
      soon as it passes through the center hole 8 of said inlet anode nose
      member 19. A yarn tail 14' of a spun yarn 14 extending upwardly from the
      twister 4 after-passing through the hole of twister 4, alternately touches
      or separates from the anode member 10. Because said yarn tail 14' of said
      spun yarn 14 passes through the center of the cathode ring 12, which
      always carries a minus charge of static electricity, said yarn tail 14' is
      charged with minus static electricity. Therefore, the front end of said
      single fiber 1 charged with plus static electricity adheres to the surface
      of the yarn tail 14'. The air flow 20 flows into the center hole 8 after
      passing through the narrow clearance defined by the outer surface of the
      feed rollers 3 and 3', and the inlet anode nose member 19. This air flow
      flows downwardly along the yarn 14, passes through the opening between the
      outlet opening 9 and the top part of the twister 4, enters into the
      surrounding cavity 18 and, finally, is delivered from the cavity 18 via
      the discharging tube 13 to the suction source (not shown).
PAR  Because the part of the yarn 14 within the chamber 7 is turned according to
      the rotation of the twister 4, a single fiber 1 connected by its front end
      to the outer surface of said yarn tail 14' is twisted around the surface
      of said yarn tail 14' and, thus, said fibers 1 can be spun into a spun
      yarn 14. As the single fiber 1 situated between the strand 2 and the yarn
      14, and also moving toward the yarn 14, is straight, the yarn 14 spun by
      said single fibers 1 is a yarn of good fiber orientation.
PAR  In this embodiment, the feed rollers 3 and 3', are not connected to the
      electric source and, therefore, said feed rollers are never charged by
      static electricity. Consequently the strand 2 just delivered from the feed
      rollers 3 and 3' is not charged with static electricity, but is charged
      with static electricity as soon as it passes through the inlet anode nose
      member 19. Thus the fibers contained in said strand 2 just delivered from
      the feed rollers 3 and 3' will not separate from each other as in the case
      of the conventional apparatus. Therefore, the tendency of the separated
      fibers to wrap themselves around the feed rollers does not exist.
PAR  Furthermore, because the clearance between the feed rollers 3 and 3' and
      the outside of the nose member 19 is very narrow, the velocity of the air
      20 passing through said clearance is very high and the direction of flow
      of said air 20 is opposite the running direction of the surface of the
      feed rollers 3 and 3'. This means that the end of a fiber laying on the
      surface of the feed rollers 3 and 3' is stripped from the surface of the
      feed rollers 3 and 3' by the air 20 and, then, guided to the inside of the
      center hole 8 of the nose member 19 and, finally, into the cavity 28. This
      means that the tendency of the fibers to wrap themselves around the feed
      rollers can be effectively prevented.
PAR  In the arrangement as shown in FIG. 1, the anode member 10, the inlet anode
      nose member 19 and the cathode ring 12 are installed on the spinning
      chamber 7 which is stationarily mounted on the frame (not shown).
      Therefore there is no requirement for a slip ring arranged between the
      electric source and the above mentioned members. This means that the
      electrical connection is very simple, and very steady. In practice, the
      voltage between the anode members and the cathode member is very high,
      such as for example, 30,000 volts.
PAR  The anode member 10 must be arranged as near as possible to the nose member
      19, because by this arrangement the static charges on the anode member 10,
      nose member 19, and the cathode ring 12 act ideally for openend spinning.
      Because the anode member 10 is situated in the vicinity of, but not on, a
      line passing through the centers of the nose member 19 and the twister 4,
      the connection of a single fiber 1 to the yarn tail 14' is done uniformly,
      which results in the produced yarn having good uniformity.
PAR  In an improved embodiment of the apparatus shown in FIG. 1, a plurality of
      inlet holes 16 are formed in the wall of the spinning chamber 7, as shown
      in FIGS. 2 and 3. By providing said inlet holes 16 drilled almost
      tangentially to the inner surface of the cavity 28, a vortex air flow 17
      is easily induced by the air flow passing through the opening defined by
      the outlet opening 9 and the twister 4. Because this vortex air flow 17
      always cleans the accumulated fibers on the inner surface of the cavity 28
      of the spinning chamber 7, such accumulated fibers are never twisted in to
      the yarn 14 and, therefore, the quality of the yarn is never reduced due
      to the inclusion of such fibers therein. An additional advantage of the
      vortex air flow is that said air flow assists the twisting of a fiber 1
      into the yarn 14, which means that the twisting efficiency can be
      improved.
PAR  Although the inlet anode nose member 19 and the twister 4 are arranged
      coaxially to each other in the drawings of FIG. 1 and FIG. 2, a similar
      result can also be expected in the arrangements as shown in FIG. 5 and
      FIG. 6. In the arrangement of FIG. 5, the axis of said inlet anode nose
      member 19 is inclined to the axis of the twister 4. In the arrangement of
      FIG. 6, the incline between the two axes is much larger than in the case
      of FIG. 5, and, further, the anode member 10 is arranged almost in line
      with the axis of the twister 4.
PAR  In the embodiment shown in FIG. 4, a secondary cathode ring 24 is arranged
      concentrically with the outlet opening 9, and is connected in series to
      the cathode ring 12 via a variable resistor 26.
PAR  The secondary cathode ring 24 can operate like so called control pole.
      After many tests of several different arrangements of said ring 24 and the
      voltage for it, the results show that the best effect of the static
      electricity can be obtained by adjusting the position of said ring 24, and
      also by varying the voltage being placed thereon.
PAR  In the embodiment shown in FIG. 7, the inlet anode nose member is replaced
      by an ionizing member 21, as shown in detail in FIG. 8, which member 21 is
      charged with plus static electricity by a separate source. An improved
      embodiment of the nose member 19, is shown in FIG. 9. In this embodiment
      an ionizing anode member 121 is additionally provided the nose member 19.
      In these arrangements, ionized air can flow into the cavity 28 via the
      ionizing member 21 or the ionizing anode member 121 of the nose member 19.
      The strand 2 and the fibers 1 are charged by static electricity as soon as
      they pass through the nose member 19, or ionizing member 21 because of the
      ionized air flowing there through. The ionized air must of course, be
      restricted to within the cavity 28 and the surrounding cavity 18 because
      it is harmful to humans. Therefore, to prevent the discharge of the
      ionized air into the surrounding environment a neutralizer 23 is provided
      in the air discharging tube 13, so that said ionized air is converted into
      non-ionized air prior to being discharged.
PAR  In the apparatus of this invention, the strand of sliver 2 can be fed to
      the feed rollers 3 and 3' by passing through conventional drafting
      assembly 1 or by means of combing roller mounted by the combing teeth.
PAR  As described above, in the present invention, by the combination of the
      single fiber 1 being charged with static electricity and the prevention of
      the wrapping of fibers around the feed rollers by the air flow a good
      open-end spinning condition can be generated. In addition, by providing a
      secondary anode ring 24 at an optimum position and constructing the inside
      surface of the hole of the twister from non-electrically conductive
      material, drawbacks such as the generation of fly waste can be completely
      prevented.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pneumatic and static electricity open-end spinning method,
      characterized in:
PA1  charging an inlet anode nose member and an anode member arranged near said
      nose member and mounted on the wall of a spinning chamber near feed
      rollers, and oppositely charging a cathode member mounted at a downstream
      portion of said chamber;
PA1  introducing an air stream from said inlet anode nose member into said
      spinning chamber and discharging it through an outlet opening;
PA1  within said spinning chamber, charging a single fiber with the same charge
      as the anode nose member which fiber has been separated from a strand of
      sliver or roving being delivered from a feed roller;
PA1  twisting said single fiber into a yarn projecting upwardly from a twister
      rotating continuously and arranged downstream of said spinning chamber.
NUM  2.
PAR  2. An electrostatic and pneumatic open-end spinning apparatus, comprising:
PA1  a feed roller;
PA1  a stationary spinning chamber with a large cavity arranged downstream of
      said feed roller;
PA1  an inlet anode nose member, charged with static electricity, mounted in
      said spinning chamber with a narrow clearance between itself and the feed
      roller;
PA1  an anode member, charged with the same charge as said nose member, arranged
      near but spaced from the inlet anode nose member, and mounted in said
      spinning chamber;
PA1  a rotating twister arranged at a downstream position;
PA1  a cathode ring; charged oppositely from the anode member, arranged
      coaxially with said twister but not in contact with the twister;
PA1  a suction source which draws air through the inlet anode nose member into
      the spinning chamber and then, out of the spinning chamber.
NUM  3.
PAR  3. An electrostatic and pneumatic open-end spinning apparatus, comprising:
PA1  a feed roller;
PA1  a stationary spinning chamber with a large cavity arranged downstream of
      said feed roller;
PA1  an inlet anode nose member, charged with static electricity, mounted in
      said spinning chamber and arranged close to the feed roller with narrow
      clearance;
PA1  an anode member, charged similarly as said nose member, arranged near but
      spaced from the inlet anode nose member, and mounted in said spinning
      chamber;
PA1  a rotating twister arranged at a downstream position, and charged opposite
      to the anode member;
PA1  a suction source draws an air passing through the inlet anode nose member
      and drawn from the spinning chamber.
NUM  4.
PAR  4. An apparatus as claimed in claim 2, further comprising
PA1  a plurality of inlet holes which are formed in the wall of the spinning
      chamber tangentially to the inner wall thereof and which communicate the
      large cavity with the air surrounding the apparatus.
NUM  5.
PAR  5. An apparatus as claimed in claim 2, wherein the inlet cathode nose
      member is arranged coaxially with the twister.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, wherein the cathode member is
      arranged almost in line with the axis of the twister.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, further comprising,
PA1  a variable rheostat which acts to vary the voltage of static electricity
      placed on the secondary cathode member.
NUM  8.
PAR  8. An apparatus as claimed in claim 2, wherein the axis of the inlet
      cathode nose member is inclined to the axis of the twister.
NUM  9.
PAR  9. An apparatus as claimed in claim 2, further comprising,
PA1  a secondary cathode member, which is charged similarly to the cathode
      member, and is arranged between the anode member and the cathode member.
NUM  10.
PAR  10. An apparatus as claimed in claim 2, wherein the inlet cathode nose
      member is replaced by an ionizing member which generates ionized air
      charged with static electricity similar to the anode member.
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ABST
PAL  In the manufacture of twistless yarn a potentially adhesive continuous
      filament yarn is added to an assembly of staple fibres. The fibre mixture
      so obtained is supplied with a solvent which, brings the potentially
      adhesive filament yarn into a plastic state and, enables wet drafting of
      the staple fibre component. After the drafting process the staple fibres
      are bonded.
BSUM
PAR  The present invention relates to a method of manufacturing twistless yarn
      or yarn with a relatively low twist (hereinafter referred to simply as
      twistless yarn) from an assembly of staple fibres, and also to the yarn
      obtained through the application of this method. The process to which
      these fibres are subjected includes at least adding a potentially adhesive
      fibre component to form a mixed fibre ribbon, to enable bonding of the
      yarn to be produced, high-speed wet drafting of the mixed fibre ribbon to
      a thinner fibre ribbon, and bonding this thinner ribbon.
PAR  Such a method is known in essence and is described in detail in the
      co-pending U.S. patent applications Ser. No. 270,152 filed July 10, 1972,
      now U.S. Pat. No. 3,877,214, and 404,342 filed Oct. 9, 1973. In this
      method the potentially adhesive fibre component consists of staple fibre
      material.
PAR  The object of the invention is to provide a method of manufacturing yarn in
      which the use of such staple fibre material for bonding of the yarn is
      eliminated. It is therefore possible to use an inactive adhesive material
      which is subjected to an activating treatment in a later phase of the
      production process of twistless yarn as described in U.S. Pat. No.
      3,447,310. This possibility has, however, many disadvantages, such as an
      uncontrolled distribution of the adhesive, large losses of adhesive
      material, the use of a complicated adhesive supply and removal system,
      etc.; moreover, it implies a step backward in respect of the use of
      potentially adhesive fibre components.
PAR  According to the present invention, the potentially adhesive fibre
      component is formed by a continuous filament yarn, which is activated to
      assume at least a plastic state through a solvent used also for the wet
      drafting. As a result of such activation the staple fibre component of the
      fibre ribbon can be drafted while the filamentary potentially adhesive
      component, being in a plastic state, is capable of being extended.
PAR  Upon preliminary consideration, it may appear necessary to add the solvent
      during the process phase following the phase in which the mixed fibre
      ribbon is obtained. This solvent has thus to perform two functions: first,
      to bring the continuous component in the mixed fibre ribbon at least into
      a plastic state; and second, to wet the staple fibre component in the
      mixed fibre ribbon for the purpose of drafting. However, the solvent may
      also be added to the staple fibres during a process phase preceding that
      in which the mixed fibre ribbon is obtained. In this case the continuous
      filament softens through the contact with the wet staple fibres. The
      first-mentioned method of adding the solvent is, however, preferred.
PAR  The continuous filament yarn can be added to the assembly of staple fibres
      in different process phases; for example:
PA0  a. direct to a sliver drawn from the assembly of staple fibres. This is
      possible when using a card sliver; the mixed fibre ribbon is obtained by
      adding this sliver and the continuous filament yarn during the
      feed-through between rollers.
PA0  b. to a drafted sliver drawn from the assembly of staple fibres. The mixed
      fibre ribbon is obtained by adding the continuous filament yarn to the
      sliver at the final drafting rollers, used for the drafting of the sliver.
PA0  c. to a roving obtained through drafting and twisting of a sliver drawn
      from the assembly of staple fibres. The mixed fibre ribbon is obtained by
      adding the continuous filament yarn to the roving during a feed-through
      between rollers.
PAR  Before the present invention, mixing of continuous filament yarn with
      staple fibres was of no use in the aforementioned process phases, as no
      yarn could be produced from a mixed fibre ribbon thus obtained; the
      presence of continuous filament yarn rendered drafting of the mixed fibre
      ribbon impossible. It is found that this obstacle can be removed by
      employing a continuous filament yarn which can provide for the bonding of
      the yarn and which can be brought into a plastic state prior to the
      drafting of the mixed fibre ribbon, such that the drafting of the mixed
      fibre ribbon actually amounts to the drafting of the staple fibre
      component of the mixed fibre ribbon. The continuous filament yarn can be
      brought into this plastic state for example by the supply of hot water if
      the filament yarn consists of continuous unstabilized polyvinyl alcohol or
      alginate fibres, or by the supply of a heated mixture of water and
      suitable organic solvents (such as acetone, formic acid, acetic acid) if
      the filament yarn consists of di- or tri-acetate fibres. The way in which
      the bonding of the yarn itself is performed is described, for example, in
      the co-pending U.S. application Ser. No. 404,342 and therefore needs no
      further explanation.
PAR  The mixture of continuous filament yarn with a drafted roving is previously
      known. Such mixing occurs during "core spinning". In this process the
      continuous filament yarn (core) is added to the staple fibre material at
      the final drafting rollers used for drafting the roving or the sliver (if
      the phase in which the roving is produced is skipped). This method is
      applied to the production of twisted yarn and is executed on a ring
      spinning machine, where the staple fibre material is wrapped around the
      filament yarn. Hence, this method cannot be used for the production of
      twistless yarn.
DRWD
PAR  The invention will now be further explained in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 shows schematically a part of an apparatus used for the manufacture
      of twistless yarn wherein a continuous filament yarn is added to a roving,
      and
PAR  FIG. 2 shows schematically a part of such an apparatus wherein the
      continuous filament yarn is added to a drafted sliver at the final rollers
      used for the drafting of the sliver.
DETD
PAR  FIG. 1 illustrates how a roving 1 composed of staple fibres is drawn from a
      roving reel 2 and combined with continuous filament yarn 4 also drawn from
      a reel 3. The roving may be obtained through drafting and twisting a
      sliver drawn from an assembly of a staple fibres in the conventional way.
      The combination of roving 1 and continuous filament yarn 4 occurs during
      feed-through between rollers 5 and 6. A mixed fibre ribbon 7 thus obtained
      is brought into a wet condition by supplying a heated solvent 8, or
      passing it through this solvent, and fed to drafting rollers 9. The
      drafting method and the subsequent process phases for the manufacture of
      twistless or practically twistless yarn can further proceed as, for
      example, described in the co-pending U.S. applications Ser. Nos. 270,152
      or 404,342. It should be noted that here, for instance, a card sliver
      instead of roving 1 can be added direct to rollers 5 and 6. Such a sliver
      is drawn from a funnel via two rollers, to which funnel a film, in which
      the staple fibres are situated randomly, is supplied and assembled.
PAR  FIG. 2 illustrates how a mixed fibre ribbon can be obtained through adding
      continuous filament yarn 4 to a drafted sliver 10 at the final rollers 11
      of drafting rollers 12. These rollers are used for drafting of a sliver 13
      drawn from an assembly of staple fibres. The mixed fibre sliver 7 produced
      by the rollers 11 is used in further processes required for the production
      of yarn. These processes are identical to those indicated in FIG. 1.
PAR  In the method illustrated in FIGS. 1 and 2 the process can be interrupted.
      For example, the card sliver or the roving can be coiled in a can or
      wound, respectively, and be withdrawn or unwound for subsequent
      processing. It is immaterial to the invention whether the process is
      interrupted or is carried out fully integrated.
PAR  It should be noted that the distance between the position at which the
      mixed fibre sliver is brought into a wet condition and the position at
      which the drafting is started should be such that the continuous filament
      yarn can assume a plastic state. This distance will therefore depend on
      the selection of the continuous filament yarn, the solvent, the
      temperature of this solvent and the thickness of the continuous filament
      yarn.
PAR  The method described above can be used with the various staple fibre
      materials referred to in the patent and patent applications incorporated
      herein by reference, such as natural fibres such as cotton, artificial
      fibres such as viscose rayon, or synthetic fibres such as polyamide,
      polyester or stabilized polyvinyl alcohol fibres. Solvent/potentially
      adhesive filament combinations can likewise be (eventually hot) water with
      unstabilized PVA or alginate materials; or water and suitable organic
      solvents (such as acetone, acetic acid, formic acid) with di- or
      tri-acetate materials.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of manufacturing twistless yarn from a staple fibre material
      and a continuous filament yarn which is potentially adhesive upon
      application at least of moisture, including the sequential steps of:
PA1  combining the continuous filament yarn with the staple fibre material to
      obtain a mixed fibre ribbon,
PA1  activating said continuous filament yarn to bring it at least into a
      plastic state,
PA1  drafting the mixed fibre ribbon in a wet condition to form a thinner fibre
      ribbon, and
PA1  bonding said thinner fibre ribbon.
NUM  2.
PAR  2. A method according to claim 1, wherein the staple fibre material
      comprises a sliver drawn from an assembly of staple fibres and the
      combining step comprises combining the continuous filament yarn with the
      sliver during a feed-through between rollers.
NUM  3.
PAR  3. A method according to claim 1, wherein the staple fibre material
      comprises a sliver drawn from an assembly of staple fibres, and comprising
      additionally the step of drafting said sliver, the continuous filament
      yarn being combined with the sliver at the final rollers of a drafting
      means used for drafting the sliver.
NUM  4.
PAR  4. A method according to claim 1, wherein the staple fibre material
      comprises a roving obtained by drafting and twisting a sliver drawn from
      an assembly of staple fibres, the continuous filament yarn being combined
      with the roving during a feed-through between rollers.
NUM  5.
PAR  5. A method as claimed in claim 1, wherein said activating step comprises
      applying solvent to said continuous filament yarn in a first zone, said
      solvent being of the same kind used for wet drafting of the ribbon, and
      moving said yarn from the first zone to a drafting zone such that the time
      of travel between said zones allows said continuous filament yarn to
      assume at least a plastic state.
NUM  6.
PAR  6. A method as claimed in claim 5, wherein said step of applying solvent
      comprises supplying solvent to the ribbon after said yarn has been
      combined with the staple fibre material.
NUM  7.
PAR  7. A yarn manufactured by the application of the method as claimed in claim
      1.
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ABST
PAL  A textile spindle comprising a spindle housing supporting a collar bearing
      and a footstep bearing through the agency of elastic bearing elements
      formed of a yieldable or resilient material. The elastic bearing elements
      support a rigid bearing tube which houses the collar bearing and the
      footstep bearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of textile
      spindle of the type incorporating a spindle housing supporting a collar
      bearing and a footstep bearing through the agency of elastic bearing
      elements formed of resilient material.
PAR  In German Pat. No. 1,118,669 there is taught to the art a textile spindle
      of this type wherein the collar bearing and footstep bearing are directly
      supported via the elastic bearing elements at the spindle housing.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved
      construction of such type textile spindle.
PAR  Another and more specific object of the present invention aims at the
      provision of a new and improved construction of textile spindle which,
      without the need for any appreciable considerable expenditure, i.e. while
      retaining a simple construction, permits operations at very high
      rotational speeds.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates a textile spindle of the previously mentioned type
      wherein the bearing elements support a rigid bearing or support tube which
      houses the collar bearing and the footstep bearing.
PAR  According to a further advantageous constructional manifestation of the
      invention the bearing tube is surrounded at the region of at least one of
      the bearing elements by a damping element.
PAR  According to a preferred embodiment of the invention the upper bearing
      element which neighbors the collar or neck bearing is constructed as a
      ring member, the effective cross-section of which possesses approximately
      the same dimensions in the axial and radial direction. The lower bearing
      element which neighbors the footstep or vertical bearing can be
      constructed so as to take-up axial- or compressive forces which are
      produced especially by the weight of the spindle and at the same time to
      take-up radial- or thrust forces. For the purpose of taking-up the thrust
      forces there is maintained free a ring-shaped or annular gap between the
      outer circumference of the lower bearing element and a stop accommodated
      in the spindle housing for limiting the radial deflection. The lower
      bearing element is thus preferably connected with its upper side or
      surface at a portion which is axially displaceable relative to the bearing
      tube however radially non-displaceable and with its lower side or surface
      at a portion of the spindle housing. The lower bearing element can also
      only bear against the aforementioned portions. This is sufficient for
      transmitting the thrust forces which do not exceed the frictional forces
      between the mutually contacting surfaces and brought about by the weight
      of the spindle and which is sufficient for transmitting the compressive or
      pressure forces in axial direction.
DRWD
PAC    BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein the single FIGURE of the drawing
      illustrates an axial sectional view of a preferred exemplary embodiment of
      textile spindle designed according to the teachings of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, the actual textile spindle has been
      conveniently designated by reference numeral 1. The rotatable spindle 1 is
      coaxially housed within a rigid, nonrotatable bearing or support tube 2
      and in relation to such bearing tube is mounted in a footstep or vertical
      bearing 3 constructed as a sliding bearing and at its upper end in a
      roller bearing 4 received at a widened portion 5 at the upper end of the
      rigid bearing or support tube 2.
PAR  The rigid bearing tube 2 is supported in a likewise tubular-shaped spindle
      housing 6 through the agency of elastic bearing elements 7, 8 formed of a
      resilient or yielding material such as rubber for instance. Between the
      lower end of the rigid bearing tube 2 and the spindle housing 6 there is
      arranged a conventional damping element, for instance in the form of a
      spiral coil or spring 9.
PAR  The rigid bearing tube 2 is not directly supported at the lower ring-shaped
      bearing element 8. In fact, it will be observed that in the lower open end
      of the rigid bearing tube 2 there is accommodated so as to be axially
      displaceable and radially non-displaceable a sleeve 10 against which bears
      the lower end or surface 11 of the footstep bearing 3, and which sleeve
      possesses a flange 12. The lower bearing element 8 is accommodated between
      the lower surface 13 of the flange 12 and the upper surface 14 of a flange
      15' provided at a housing-fixed sleeve 15.
PAR  Between the outer circumference or periphery of the lower bearing element 8
      and the spindle housing 6, and in the embodiment under discussion between
      the outer circumference of the lower bearing element 8 and a spacer sleeve
      16 arranged in the spindle housing 6 there is left free a ring-shaped or
      annular gap 17. The bearing element 8 can be fixedly connected, for
      instance adhesively bonded, with the surfaces 13 and 14. The weight of the
      spindle acts via the footstep bearing 3 and the sleeve 10 upon the bearing
      element 8 and squeezes such together in the axial direction. The
      compressive force produces a frictional force between the end surfaces of
      the bearing element 8 and the surfaces 13, 14 which counteract a
      transverse displacement of the bearing element between the sleeves 10 and
      15 when there is present a thrust load. In those instances where such
      thrust load, for instance owing to bending oscillations of the spindle 1,
      is smaller than the frictional forces, then, it is also sufficient if
      there is provided a loose reception of the bearing element between the
      sleeves 10 and 15. The bearing element 8 could also be positively radially
      held or centered at one of the components, for instance in that a collar
      or pin at one of the sleeves 10, 15 piercingly extends for a certain
      distance into the bore of the ring-shaped bearing element. It is also to
      be recognized that instead of constructing the bearing element 8 so as to
      be ring-shaped it could be designed so as to also be completely
      cylindrical or a solid cylinder.
PAR  The described construction of textile spindle allows operating the spindle
      1 at very high rotational speeds. It has been found that the two primarily
      effective critical rotational speeds are sufficiently below the operating
      rotational speed and it is possible to pass through such rotational speeds
      without disturbance. The bearing elements are dimensioned such that they
      are capable of withstanding the belt pull or tension.
PAR  Below the upper bearing element 7 there is mounted a ring member or ring 18
      in the spindle housing 6. The inner diameter d of the ring member 18 is
      greater than the outer diameter of the bearing or support tube 2 at this
      location, so that between the ring member 18 and the bearing tube 2 there
      is present a ring-shaped or annular gap. The ring member 18 thus forms a
      deflection stop or limit means for the bearing tube 2 at the upper end of
      the housing 6, similar to the stop provided via the gap 17 at the lower
      bearing element 8.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may otherwise variously embodied and practiced within
      the scope of the following claims. ACCORDINGLY,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A textile spindle comprising:
PA1  a elongate tubular spindle housing;
PA1  a first elastic bearing element fitted in the housing at one end thereof;
PA1  a second elastic bearing element fitted in the housing at the other end
      thereof and located between first and second engagement members;
PA1  a rigid support tube extending within the housing and supported therein by
      the first and second elastic bearing elements, the rigid support tube
      having one end region protruding from said one end of the housing and
      being enlarged at said one end region, and the first engagement member
      being between the second elastic bearing element and the support tube and
      being connected to the support tube in such a manner that it is
      displaceable axially of the support tube yet is substantially fixed
      against displacement radially thereof;
PA1  a collar bearing fitted in the enlarged end region of the support tube;
PA1  a footstep bearing fitted in the support tube at the other end thereof; and
PA1  a spindle blade supported within the rigid support tube by the footstep
      bearing and the collar bearing.
NUM  2.
PAR  2. A textile spindle as claimed in claim 1, wherein said first elastic
      bearing element is in the form of a ring accommodated in the spindle
      housing and surrounding the rigid support tube, the effective
      cross-section of the ring having substantially the same axial dimension as
      its radial dimension.
NUM  3.
PAR  3. A textile spindle as claimed in claim 2, comprising a ring member
      mounted in the spindle housing and surrounding the rigid support tube
      between the first elastic bearing element and the second elastic bearing
      element, the internal diameter of the ring member being larger than the
      external diameter of the support tube where it is surrounded by the ring
      member.
NUM  4.
PAR  4. A textile spindle as claimed in claim 1, wherein the first engagement
      member has a rod-form portion fitted in the support tube at said other end
      thereof and a flange portion having a main face directed away from the
      rod-form portion and engaging the second elastic bearing element.
NUM  5.
PAR  5. A textile spindle as claimed in claim 1, wherein the second elastic
      bearing element and the first and second engagement members are each of
      generally circular cross-section, the maximum diameter of the first
      engagement member being approximately equal to the maximum diameter of the
      second elastic bearing element but being smaller than the maximum diameter
      of the second engagement member.
NUM  6.
PAR  6. A textile spindle as claimed in claim 5, wherein a substantially
      ring-shaped gap is maintained free surrounding the first engagement member
      and the second elastic bearing element, and the gap is bounded by a stop
      for limiting radial deflection of the second elastic bearing element.
NUM  7.
PAR  7. A textile spindle as claimed in claim 6, comprising a ring-shaped
      damping element mounted in the housing and surrounding a region of the
      support tube at said other end thereof, and a spacer sleeve surrounding
      the second elastic bearing element and the first engagement member and
      extending between the second engagement member and the damping element.
NUM  8.
PAR  8. A textile spindle as claimed in claim 1, wherein the second elastic
      bearing element has opposite surfaces secured to the first and second
      engagement members respectively.
NUM  9.
PAR  9. A textile spindle as claimed in claim 1, wherein the second elastic
      bearing element is ring-shaped.
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ABST
PAL  Method of spinning threads consisting at least partially of synthetic
      fibers comprising stretch-breaking continuous filaments to obtain fibers
      having staple length distribution similar to that of natural fibers,
      crimping said fibers, and open-end spinning them into thread. The
      invention includes machinery for carrying out this process and its
      product.
BSUM
PAR  This invention relates to a method of spinning artificial and synthetic
      textile fibers from continuous filaments alone or from mixtures thereof
      with natural fibers.
PAR  The invention also relates to the threads produced in accordance with this
      process and to means for carrying out this process.
PAR  The spinning of fibers of the cotton type, that is to say, cotton fibers or
      fibers of other types having a range of staple lengths similar to that of
      cotton, is generally carried out on continuous spinning machines with the
      passage through the continuous spinning machine being preceded by the
      steps of opening the fibers, beating, and carding, and followed by drawing
      and spindling steps.
PAR  For several years spinning frames of the open end type have been in use.
      Open end spinning consists in drawing a ribbon of fibers by means of a
      licker-in, for example, and then transporting the fibers in a rotating
      device, such as a turbine, in which they accumulate in the form of a very
      thin ribbon of parallel fibers, after which they are twisted together to
      form a thread which is then received on a bobbin.
PAR  While the spinning process utilizing an open end spinning frame has many
      advantages, there are also disadvantages because of the complex apparatus
      required from the time the fibers are opened until they are wound on the
      bobbin and this has a substantial effect on the cost of the machines.
      Moreover, this apparatus takes up considerable space, thus reducing the
      space available for other purposes in the mills.
PAR  Furthermore, these processes yield only limited results with respect to
      both the bulk of the threads and their other characteristics. Finally, in
      the case of synthetic fibers, the results are rendered even less
      satisfactory because of the distribution of the staple lengths of these
      fibers, which does not coincide prefectly with the distribution of staple
      lengths in fibers of the cotton type, which are preferable for these open
      end spinning processes.
PAR  There is also a known process which uses an open end spinning turbine to
      produce a thread from flat strips mechanically cut from a continuous film
      of synthetic material. This process does not make it possible to obtain
      textile threads of a good quality such as those utilized in the clothing
      industry.
PAR  The present invention seeks to overcome these disadvantages and provide a
      new spinning process which makes it possible to obtain threads of improved
      quality and increased bulk from artificial and/or synthetic fibers alone,
      or from mixtures of such fibers with natural fibers.
PAR  It is the object of the invention to provide a method of spinning
      characterized by the fact that continuous artificial or synthetic
      filaments are stretch broken, and after the broken strip has been
      subjected to a vaporizing treatment, if desired, this ribbon is spun by
      the open end method.
PAR  In accordance with an advantageous characteristic of the invention the
      filaments are so broken as to have a staple length distribution of the
      cotton type.
PAR  In accordance with one preferred embodiment of the invention the continuous
      filaments are advantageously stretch broken by passage of the tow over a
      stretch break converter which produces a staple length distribution of the
      wool type, followed by passage over a rebreaker which yields a staple
      length distribution of the cotton type. As an alternative, the filaments
      may be broken by a stretch break converter provided at its output end with
      trains of cylinders which are sufficiently close together to directly
      produce breaking according to a cotton staple length distribution.
PAR  In a particularly advantageous embodiment of the invention the strip, after
      cracking to produce a staple length distribution of the wool type is
      passed through a machine of the gill or intersecting type. This step
      consists in feeding the strip at a speed controlled, for example, by a
      single or double needle field travelling at substantially the same linear
      speed at which the material is supplied, the strip being drawn through the
      needle field at a greater speed by a train of cylinders. After this
      passage the thin film obtained is then directly rebroken to produce a
      staple length distribution of the cotton type.
PAR  It is easy to produce mixtures with different natural fibers at the input
      of the intersecting machine so as to produce after rebreaking a
      longitudinally regular mixture even if this mixture is transversely
      irregular. Perfect transverse regularity is then obtained during the open
      ended spinning step without any need for mixing passages.
PAR  It is thus possible to produce a particularly regular and homogeneous strip
      comprising parallel fibers, even when it is formed from fibers of a
      heterogeneous nature, and one which is particularly well adapted to open
      end spinning.
PAR  In accordance with a preferred embodiment of the invention in which a
      crimping box of a conventional type is used at the output of the stretch
      break converter or the rebreaker means, the feed means and the supply
      licker-in for the turbine of the open end spinning have a width
      substantially equal to the width of the output of the crimping box and
      preferably slightly greater than said width. Thus, the width of the
      licker-in should be not more than 5% more or 5% less than the width of the
      crimping box. It is preferable that the width of the licker-in be slightly
      (for example 5%) greater than that of the crimping box.
PAR  Under these conditions it is possible to maintain substantially constant,
      on the one hand, the width of the strip which supplies the licker-in and,
      on the other hand, the homogeneity of the rectangular section of this
      strip, so that the work inside the turbine takes place under optimum
      conditions, thus permitting the production of a thread of improved
      quality.
PAR  This results, in particular, in a better feeding of the strip which passes
      through a funnel having a section identical to that of the ribbon before
      the latter is fed to the licker-in by a feeding cylinder equipped with a
      pressure finger.
PAR  Preferably, in order to improve the homogeneity of the metric number of the
      thread delivered by the open end spinning frame the ribbon is
      advantageously placed under tension before its introduction into the open
      end spinning frame.
PAR  In this manner the crimped strip is homogenized. This strip has, as a
      result of the folds of large amplitude which occur in the crimping box,
      defects in linear homogeneity so that this homogenization is required in
      order to give the output thread a substantially constant metric number.
PAR  The tensioning effect may advantageously be produced by a breaking device
      acting on the strip and consisting for example of bars making it possible
      to apply an adjustable pressure by suitable elastic means.
PAR  Aside from the long term regularity in the weight of the thread this
      tensioning device also improves its short term longitudinal regularity
      when measured, for example, on a regularity meter of the Zellweger Uster
      type.
PAR  This tension may, in certain cases, result in stretching the strip. In a
      preferred embodiment of the invention the open end spinning of the
      stretch-broken strip is carried out by means of a spinning machine having
      an air turbine supplied by a licker-in or a breaking cylinder.
PAR  However, the thread may be spun with other spinning frames of the open end
      type.
PAR  The diameter of the licker-in which feeds the turbine of the open end
      spinning frame may advantageously be increased as compared with the
      diameters of the lickers-in of the open end spinning frames now in actual
      use.
PAR  This is especially advantageous because of the fact that certain fibers of
      the staple lengths used, especially those of the cotton type, are
      relatively long and are more satisfactorily carded on a licker-in having a
      large diameter. It has been found that for fibers having a length of 45 mm
      the diameter must be greater than 60 mm and, in general, the relationship
      between the length of the fibers and that of the diameter is preferably 1
      and 1.5.
PAR  The rectangular section of the rebroken ribbon makes it possible to feed
      the turbine with a greater weight per meter than in previous open end
      spinning processes of a conventional type, which at the present time use
      only strips of substantially circular section.
PAR  Without departing from the basic principle of the invention it is also
      possible to subject the broken strip to one or two drawing steps before
      introducing it into the open end spinning frame. However, in this case,
      the slight advantage which may result from the drawing is counterbalanced
      by the disadvantage that the strip supplied to the spinning frame has a
      circular section instead of a flat rectangular section offering the
      advantages already set forth.
PAR  The threads obtained by the process according to the invention are
      characterized in part by improved qualities as compared with those of
      threads of the same nature produced by the conventional spinning of
      continuous filaments or by open end spinning as heretofore practiced.
      Moreover, the threads according to the invention have a greater bulk which
      may be still further increased by suitable vaporization before passage
      through the open end spinning machine. This bulk improves the covering
      power of the thread and makes it possible to provide fabrics or tricots
      which are lighter and thus less expensive.
DRWD
PAR  Other advantages and characteristics of the invention will become apparent
      from a reading of the following description, given purely by way of
      illustration and example, with reference to the accompanying drawings in
      which FIGS. 1, 2 and 3 schematically represent a spinning method according
      to the invention and FIG. 4 illustrates a variation of a process according
      to the invention.
DETD
PAR  As shown in FIG. 1 a tow 1 composed of acrylic filaments having a circular
      or multilobular section and a titre of 2.2 Dtex is acted upon by a stretch
      break converter 2 comprising in a conventional manner three first groups
      of cylinders 3, 4, 5 and three second groups of cylinders 6, 7, 8. The
      space between the groups 3, 4 and 5 decreases successively and the speeds
      of the cylinders in the different groups increase so as to produce
      ruptures of continuous filaments by successive stretchings. The speeds of
      the different trains of cylinders as well as the spacings are adjusted so
      as to obtain at the output of the stretch break converter 2 a staple
      length distribution of the wool type, that is to say a distribution of
      fibers having lengths varying from 40 to 200 mm with an average length of
      about 70 to 100 mm. The aforesaid stretch break converter may, for
      example, be a machine of the type "671 S" marketed by the SEYDEL Company
      of Bielefeld, Germany. The strip of wool-type fibers 9 which leaves the
      stretch break converter 2 is received in a pot 10 and then fed to a
      machine 11 (FIG. 2) of the intersecting type such, for example, as the
      "Intersecting GN 5" preferably equipped with an automatic regulator of the
      weight of each meter produced sold by the French company N. SCHLUMBERGER &
      CIE, 68, Guebwiller. Such a machine comprises two feed cylinders 12 and
      three stretching cylinders 13 driven at a greater speed so as to stretch
      the strip 9. The linear speed of the cylinders 13 is five to 12 times
      greater than the speed of the cylinders 12.
PAR  Between the cylinders 12 and 13 are two transverse needle fields, an upper
      field 15 and a lower field 16, each field carrying a plurality of needles
      vertically directed toward the bottom and top respectively so as to extend
      through the path of travel of the strip 9. The needle bars 15, 16 are
      driven in the direction of the arrows at a speed substantially equal to
      the linear speed of the input cylinders 12. Known mechanisms make it
      possible to release the needle bars at the end of the path of travel and
      bring them back to insure continuous circulation of the bars.
PAR  The film of fibers 17 which leaves the intersecting machine 11 at the speed
      of the cylinders 13 comprises parallel fibers which have a reduced mass
      and an excellent homogeneity with respect to both shape and mass. This
      strip 17 is introduced into a rebreaking machine 18 comprising for example
      four trains of cylinders 19, 20, 21, 22 driven at increasing speeds so as
      to rebreak the fibers to transform the strip from the wool type 17 into a
      strip of the cotton type 23, that is to say one having fibers 10 to 60 mm
      in length with an average length of about 25 to 50 mm.
PAR  The rebreaking machine 18 may, for example, be a machine of the SEYDEL 750
      type sold by the SEYDEL Company of Bielefeld, West Germany. The end
      cylinders 22 are driven at a speed about twice as great as that of the
      initial cylinders 19. The strip 23 is then crimped in a crimping box. It
      is then introduced into a open end spinning machine 24 (FIG. 3) for
      example of the type BD 200 sold by the Czechoslovakian company, INVESTA,
      and comprising a condenser in the form of a funnel 25, a grooved feeding
      roller 26 and a licker-in 27 driven at a variable speed, generally about
      7,000 rpm.
PAR  In accordance with the invention the transverse width of the licker-in 27
      is preferably slightly greater (at most 5% greater) than the width of the
      outlet orifice of the crimping box. The diameter of the licker-in 27 is
      from 1 to 11/2 times that of the length of the principal fibers
      constituting the strip 23.
PAR  The strip is reformed in an inclined duct 28 which leads excentrically into
      a turbine 29 having a horizontal axis and driven at a speed of the order
      of 40,000 rpm. This turbine 29 has air openings 30 and is so constructed
      that the fibers of the strip which enter thereinto become separated and
      spaced over the surface 31 of the turbine in order to be reformed in a
      duct 32 leading out of the turbine 29.
PAR  Thanks to the torsion caused by the rotation of the turbine 29, the fibers
      in the duct 32 form a thread 33 which is removed by a pair of extractor
      cylinders 34, after which the thread is wound on a bobbin, not shown.
PAR  By way of example a tow 1 composed of synthetic continuous acrylic
      filaments having a circular section of 1.6 Dtex is introduced at a linear
      speed of 30 meters per minute into the stretch break converter 2. It
      leaves this converter at a speed of 150 meters a minute in the form of a
      strip which is then united with other strips of the same origin or
      different origin constituted by acrylic fibers or any other natural,
      artificial or synthetic textile materials so as to form a layer which
      comprises six to a dozen strips for example. This layer enters the
      intersecting machine 11. The new ribbon leaving the intersecting machine
      with a linear speed of 100 meters a minute enters the rebreaking machine
      from which it leaves through a crimping box in the form of a strip 23 of
      the cotton type at a speed of 200 meters per minute. This strip is then
      vaporized for 10 minutes at 115.degree. C. The speed of rotation of the
      licker-in 27 is 7,000 rpm and the speed of rotation of the turbine 29 is
      40,000 rpm. The linear speed of extraction of the cylinders 34 is 55
      meters per minute. The resulting thread having a metric number of 40 has
      the following characteristics:
TBL  U % Uster               9 to 9.5%                                         
     Kilometric resistance   About 9                                           
     Coefficient of variation of resistance                                    
                             7 to 9%                                           
PAR  By comparison, a thread obtained from identical filaments by conventional
      spinning has a bulk which is clearly about 30% less and the following
      characteristics:
TBL  U % Uster               11 to 13%                                         
     Kilometric resistance   About 15                                          
     Coefficient of variation of resistance                                    
                             10 to 11%                                         
PAR  A thread obtained from the same filaments by the cutting open, drawing,
      carding, and open end spinning process has the following mechanical
      characteristics:
TBL  U % Uster               10 to 11%                                         
     Kilometric resistance   About 9                                           
     Coefficient of variation of resistance                                    
                             9%                                                
PAL  but a bulk about 15 to 20% less than in the case of the process according
      to the invention.
PAR  Referring now to FIG. 4, a tow 35 leaving a card 36 and composed of
      continuous filaments having a multilobular section of a unitary titre of
      1.6 Dtex reaches the stretch break converter 2, while the strip of the
      woolen type 37 enters a machine of the "Intersecting 11" type either
      directly or after having been received in a pot.
PAR  The parallelized strip which leaves the "Intersecting 11" machine is then
      introduced either directly or after passage through a pot into a
      rebreaking machine 18. The ribbon 38 of the cotton type is introduced into
      a rectangular crimping box of a conventional type 39 within which the
      ribbon tends to pack down to form a crimp, as is well known. In such
      crimping boxes 39, in addition to the small undulations which constitute
      the crimpings proper, it will be seen that the strip also has large
      undulations which are clearly smaller in number.
PAR  These undulations having a large amplitude are the more important because
      it is preferred in accordance with the invention to very strongly crimp
      the ribbon in the crimping box 39.
PAR  The ribbon 40 which comes out of the crimping box and which is taken in
      charge by the feed rollers 41 thus has, in addition to small undulations
      of small amplitude, periodic variations in structure corresponding to the
      folds of large amplitude which are inevitably formed in the crimping box
      39. The crimped ribbon 40 is delivered to a tension device 42 comprising
      two fixed transverse bars 43, 44 and a movable transverse bar 45, the
      three bars 43, 44 and 45 being positioned, in the example illustrated, so
      as to compel the strip 40 to travel through a substantially right angle.
PAR  The movable bar 45 is elastically biased in the direction of the arrows F,
      that is to say transversely with respect to the strip 40, by elastic means
      such for example as springs, the tension thus imparted being adjustable by
      a means for adjusting the force applied by said elastic means.
PAR  The tension thus applied to the strip 40 homogenizes the strip by
      eliminating the influence of the fold of large amplitude produced in the
      crimping box. Moreover, a favorable effect is exerted on the distribution
      of the undulations of small amplitude constituting the crimping. The
      invention is of course capable of being modified in many ways. It is thus
      possible, while less clearly advantageous, to eliminate the passage
      through the intersecting machine. In like manner, the open end spinning
      may be carried out by machines, which are already known, by mechanical
      means, or by hydraulic or electrostatic means.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of spinning threads consisting at least partially of synthetic
      textile fibers which comprises the steps of stretch breaking continuous
      filaments of substantially circular section into fibers having a staple
      length distribution approximating that of natural cotton to obtain a strip
      of parallel fibers, crimping said strip, and open end spinning said
      crimped and stretch broken strip.
NUM  2.
PAR  2. Process as claimed in claim 1 in which the continuous filaments are
      stretch broken on a stretch break converter into fibers having a staple
      length distribution approximating that of wool, after which they are
      rebroken on a rebreaker into fibers having a staple length distribution
      approximating that of cotton.
NUM  3.
PAR  3. Process as claimed in claim 2 in which the broken fibers are passed
      through a machine of the intersecting or gill type after breaking and
      before rebreaking.
NUM  4.
PAR  4. Process as claimed in claim 1 after breaking, a strip of said fibers is
      crimped in a crimping box and the width of the feed means and the
      licker-in supplying the open end spinning frame is substantially equal to
      the width of the crimping box.
NUM  5.
PAR  5. Process as claimed in claim 4 in which the difference in width between
      the licker-in and the crimping box is as equal at most to 5% with the
      width of the licker-in being the greater.
NUM  6.
PAR  6. Process as claimed in claim 1 in which, before feeding the strip to the
      open end spinning frame, the strip is passed over a device for placing it
      under tension.
NUM  7.
PAR  7. Process as claimed in claim 6 in which the strip is passed over a
      tensioning device comprising a tensioning bar biased transversely with
      respect to the ribbon.
NUM  8.
PAR  8. Process as claimed in claim 1 in which the open end spinning is carried
      out on a machine comprising an air turbine.
NUM  9.
PAR  9. Process as claimed in claim 1 in which the strip is passed over a
      licker-in to an open end spinning frame having a diameter such that the
      ratio between the length of the longest fibers and said diameter lies
      between 1 and 1.5.
NUM  10.
PAR  10. Process as claimed in claim 1 in which the strip is vaporized after
      stretch breaking and before open end spinning.
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PAL  Fancy yarns such as knop or stripe yarns are produced by supplying an
      effect yarn or roving to a foundation yarn or roving during the operation
      of spinning but before the foundation yarn reaches the twisting spindle.
      The effect yarn is kept under a tension which is adjusted to cause the
      yarn to oscillate with respect to the foundation yarn. Oscillation builds
      up layers of effect yarn at intermittently spaced locations along the
      foundation yarn which constitute irregular knops or stripes on the yarn.
      The twist of the effect yarn in the finished fancy yarn will be found to
      reverse with each succeeding layer in the knop. The invention enables
      fancy yarns to be readily produced on ordinary spinning frames without the
      provision of interrupted feeds or other special features on the frame.
BSUM
PAR  This invention relates to a method of forming fancy yarns, such as knop or
      stripe yarns, and to the yarns formed thereby.
PAR  Knop and stripe yarns are forms of fancy yarns and are defined in "Textile
      Terms and Definitions", fifth edition published by the Textile Institute.
PAR  Knop yarns are normally made in a fancy twisting frame. Two yarns, a
      `foundation` and an `effect ` yarn, are fed via independently operable
      pairs of rollers to a single twisting spindle, the yarns meeting and
      twisting together some distance above the twisting spindle. The rollers
      controlling the foundation yarn are intermittently stopped while the
      rollers controlling the effect yarn are operated continuously. The
      foundation yarn continues twisting even when it is not moving forward and
      this has the effect of causing the effect yarn to wrap around it at one
      point forming a knop. The position at which the effect yarn joins the
      foundation yarn is controlled by a knopping bar placed below the rollers
      and above the spindle, over which bar the effect thread passes. The knop
      yarn so made may be bound with a further thread or yarn in the reverse
      direction to the initial stage to secure the knops which are not stable to
      mechanical action.
PAR  Defined broadly, the present invention provides a method of producing a
      fancy yarn which comprises passing a foundation yarn from a feeding
      mechanism to a twisting spindle and feeding an effect yarn onto the
      foundation yarn at a point between the feeding system and the spindle, the
      effect yarn being held at a tension which causes it to oscillate with
      respect to the foundation yarn.
PAR  The foundation yarn may be a yarn fed from the rollers of a conventional
      twisting frame, in which case a knop yarn can be produced without needing
      a fancy twisting frame.
PAR  According to a further aspect of the present invention, a method of
      producing a knop or stripe yarn on a spinning frame comprises spinning a
      foundation yarn from a drafting system onto a twisting spindle and feeding
      an effect yarn onto the foundation yarn at a point between the drafting
      system and the spindle, the effect yarn being held at a tension which
      causes it to oscillate with respect to the foundation yarn.
PAR  The preferred yarns used in the process of the invention are wool yarns,
      but any textile which is spun and any effect yarn may be used.
PAR  According to the present invention there is also provided a knop or stripe
      yarn which comprises a spun foundation yarn having spaced irregular knops
      or stripes of effect yarn formed thereon, the knops or stripes consisting
      of a plurality of layers of effect yarn wrapped about a portion of the
      foundation yarn each successive layer of effect yarn having an opposite
      twist to the previous layer.
PAR  A preferred form of knop yarn of the invention has knops principally
      consisting of three layers of effect yarn.
DRWD
PAR  The invention will be described further, by way of example, with reference
      to the accompanying drawing in which the sole FIGURE is a diagrammatic
      side elevation of the last stage of a spinning frame operating a process
      embodying the invention.
DETD
PAR  Wool worsted roving 10 is passed through the nip of a pair of first
      drafting rollers 12. The roving 10 is guided and controlled by apron
      rollers 14 and passes through a second pair of drafting rollers 16. The
      rollers 12, 14 and 16 form a conventional double apron drafting system.
      After leaving rollers 16 the roving is spun onto a twisting spindle 18 via
      a yarn guide pigtail or pot-eye 20 and traveller 21. The second drafting
      rollers 16 are set run at about twenty times the speed of rollers 12 to
      produce a fine yarn, and in order to prevent the wool from parting a nylon
      multi filament 22 is introduced to the wool roving just prior to the
      rollers 16 via an eyelet or pigtail 23, to add strength to the resultant
      yarn.
PAR  On leaving the drafting rollers 16, the roving 10 is in the process of
      being spun into a yarn 24 which will be the foundation yarn of the final
      knop yarn. As the foundation yarn 24 passes from the drafting rollers 16
      to the pigtail 20, an effect yarn 26 is twisted onto the foundation yarn.
      The effect yarn 26 is of a similar type to the foundation yarn but may be
      of a different colour. The effect yarn 26 passes through two pigtails 28,
      30 which are adjustable relative to one another to control the tension of
      the effect yarn.
PAR  The foundation yarn 24 leaving the drafting rollers 16, which operate
      continuously, is of course being twisted by the rotation of the spindle 18
      and the effect yarn 26 is therefore wrapped round it. However as the
      effect yarn 26 has the same direction of twist (e.g. a Z twist) as the
      foundation yarn 24 it tends to twist the effect yarn further causing
      "snarls" and alterations in tension with the effect that it oscillates
      irregularly through an angle as shown in the FIGURE and consequently
      deposits irregular lumps (knops) 32 on the foundation yarn 24.
PAR  Although in the example described above reinforced wool worsted core yarn
      is employed as the foundation yarn it will be appreciated that any yarn
      that is spun may be used as the foundation yarn, although a core yarn is
      preferred when the process is operated on a spinning frame. Similarly, the
      effect may be of any type and may be of the same type as or a different
      type from the foundation yarn. Likewise the colour of the effect yarn may
      be the same as or different from that of the foundation yarn depending
      upon the type of knop yarn it is desired to produce.
PAR  The type of knop or stripe yarn produced is dependent upon several factors.
      The distance between the pigtail 30 and the effect yarn 24 determines the
      average length of the knops or stripes as this distance controls the angle
      through which the effect yarn can oscillate.
PAR  The amount of twist of both the effect and foundation yarns also affects
      the type and size knops or stripes formed.
PAR  The tension of the effect yarn is also critical but can readily be adjusted
      by simple trial. Too high a tension will result in the effect yarn being
      evenly twisted onto the foundation yarn producing a homogeneous colour
      twist type yarn. Too low a tension will produce large, loose knops which
      are not mechanically stable, i.e. they can easily be moved with respect to
      the foundation yarn.
PAR  When the tension is in the optimum range a knop or stripe consisting of
      about three lengths of effect yarn overlying and twisted in with the
      foundation yarn is produced. Such knops are stable to mechanical action
      and do not need to be bound with a further thread. It has been found that
      the tension may be adjusted within the correct range by using a pair of
      pigtails or eyelets, such as pigtails 28, 30, to alter the angular path
      through which the effect yarn travels.
PAR  When the tension is in the operative range the knops are formed by the
      effect yarn wrapping round the foundation yarn first with the direction of
      twist of the foundation yarn, and then the effect yarn snarls and reverses
      its direction of travel with respect to the foundation yarn, giving a
      second layer covering the first with the opposite direction of twist.
      Finally the foundation yarn again revises its direction of travel and the
      two layers are covered by a third layer of effect yarn winding with the
      original direction of twist.
PAR  It will also be noted that the effect yarn is preferably fed substantially
      at right angles to the foundation yarn whereas in the conventional
      knopping bar method the effect yarn is fed to the foundation yarn at an
      acute angle. The perpendicular feed allows the effect yarn to oscillate
      evenly up and down the foundation yarn.
PAR  An important advantage of the process of the invention is that it
      eliminates the need for a separate operation on a fancy twisting frame to
      produce a knop yarn. The knop yarn can be produced on the spinning frame
      as the foundation yarn is being spun. Furthermore it is unnecessary to
      bind the knop yarns of the invention. The invention therefore produces
      considerable economies both in reducing the number of process steps and
      eliminating the need for a fancy twisting frame.
PAR  The knop yarn of the invention does not need to be twisted with a further
      yarn or yarns as it is strong enough for knitting or weaving without
      additional two-folding.
PAR  The knop yarn produced according to the invention has knops randomly
      distributed along its length. The length of individual knops or stripes
      also varies but the average length may be controlled as described above.
PAR  In the embodiment described the effect yarn had the same direction of twist
      as the foundation yarn, i.e. Z twist. However if the effect yarn has S
      twist and the foundation yarn Z twist a knop will still be produced. In
      this case the twisting of the foundation yarn will tend to untwist the
      effect yarn and less snarls, and therefore less knops per unit length,
      will be produced. Furthermore the knops produced will be more fluffy as
      the effect yarn will be at least partially untwisted.
PAR  When using a wool foundation yarn on a spinning frame it is preferred to
      use a reinforcing thread as described above, i.e. a core yarn, as
      otherwise the additional tensions introduced by the winding of the effect
      yarn may lead to breakage of the foundation yarn.
PAR  The draft setting of the spinning frame is not critical and is chosen to
      give a suitable foundation yarn count for the roving used. The twist
      setting should be such as to give a yarn sufficiently bound together and
      with enough twist to produce adequate knops. The traveller weight and
      spindle speed are chosen by normal criteria to give efficient running
      conditions.
PAR  Another suitable path for the effect yarn is from a supply package then
      down over the front of the drafting unit over the top of the front
      drafting roller to join the foundation yarn as before. In this case a
      suitable guide, e.g. a pigtail, is required to keep the yarn located above
      the front drafting roller. If necessary the effect yarn tension can be
      increased by increasing the wrap of the effect yarn round this guide or by
      any other suitable means.
PAR  There are several variations of this basic technique which yield yarns of
      different character. For example, two differently coloured effect yarns
      can be applied to the one foundation yarn. If both effect yarns are
      applied to the foundation yarn at the same point then a yarn with compact
      knops of two colours is formed. If the effect yarns are fed onto the
      foundation yarn at two points which are suitably separated then the yarn
      formed will have knops of the colour of yarn fed first onto the foundation
      yarn overlaid by the effect yarn fed last onto the foundation yarn. It is
      also possible to obtain a yarn in which each coloured yarn alternates in a
      random fashion as the topmost yarn. This last situation occurs when the
      points of application of the effect yarn onto the foundation yarn are
      close together but the yarns are kept separate so that they do not twist
      and feed on together.
PAR  Yet another variation can be produced by feeding the effect yarn onto the
      foundation yarn below the pot-eye, or yarn guide, immediately above the
      spindle. In this case the knops formed are shorter in length,
      approximately 1 cm or less, and more frequent in distribution. It may be
      necessary to provide another guide near the pot-eye so that the effect
      yarn and foundation yarn do not twist together above the pot-eye and thus
      cause a yarnbreak.
PAR  An example of the basic type of knop yarn is as follows:
PA1  Foundation yarn -- core yarn 19 tex resultant count:
PA2  14 tex wool dyed black.
PA2  Nylon 50 d.tex, 15 filaments.
PA2  Yarn twist 726 t.p.m. Z.
PA1  Effect yarn -- 37 tex, Z twist, orange.
PA1  Resulant knop yarn -- 70 tex, black/orange twisted yarn with orange knops.
PAL  In the above example it will be noted that the count of the resultant knop
      yarn (70 tex) exceeds the combined count (56 tex) of the foundation and
      effect yarns which is, of course, due to the knop. It has been found that
      for a given apparatus and setting the ratio:
      ##EQU1##
      is usually approximately constant and is dependent upon the yarn feed
      path. In one experimental apparatus this ratio was found to be about
      1.8-2.0.
PAR  Of course, if desired, the knop yarn of this invention can be produced on
      an ordinary or fancy twisting frame starting with an already-spun
      foundation yarn. In this case the effect yarn is fed onto the foundation
      yarn between the feeding rollers of the frame and the twisting spindle.
      Nevertheless, where reference has been made in the foregoing specification
      to foundation and effect yarns, the term "yarn" in this context has been
      used merely for brevity and convenience, and it will be realized that the
      use of this term is not intended to imply that the strand supplied at the
      feed system or drafting rollers is necessarily already in the form of a
      previously spun yarn or that the invention is restricted to this special
      case.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of producing a knop yarn comprising the steps of:
PA1  supplying an untwisted first fibrous strand to a drafting device;
PA1  drafting said first strand in said device;
PA1  drawing said drafted first strand from said drafting device onto a twisting
      spindle thereby spinning it to form a foundation yarn on said spindle;
PA1  supplying a second fibrous strand under tension to said first strand
      between said drafting device and said twisting spindle and causing it to
      be wound about said first strand while said first strand is spun into
      yarn;
PA1  and adjusting said tension until said second strand oscillates with respect
      to said first strand and forms thereon intermittent knops of effect yarn
      comprising layers of said second strand.
NUM  2.
PAR  2. A method according to claim 1 wherein said tension is adjusted to cause
      three oscillations of said second strand in each spaced location whereby
      knops are formed having three layers of effect yarn wound about said
      foundation yarn.
NUM  3.
PAR  3. A method according to claim 1 including the step of:
PA1  introducing into said first fibrous strand during drafting a fibrous
      reinforcing strand whereby said foundation yarn when formed is a core
      yarn.
NUM  4.
PAR  4. A method according to claim 1 wherein said second fibrous strand is fed
      onto said first strand in a direction substantially at right angles
      thereto.
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ABST
PAL  A switch mechanism for an electronic timepiece which makes use of an
      electro-optical display element. The switch mechanism serves to effect
      erasure, correction and the like of the display and comprises an
      exteriorly operated member provided in its axial direction with a
      plurality of stable positions and rotatable about its axis at the stable
      positions and provided in its rotating sense with stable positions. An
      erasing switch is provided for erasing the display at the stable positions
      when the exteriorly operated member is rotated at one of the stable
      positions in its axial direction. A correction switch corrects the display
      at the stable position when said exteriorly operated member is rotated at
      at least one other stable position in its axial direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to a switch mechanism for an electronic timepiece
      which makes use of an electro-optical display element such as a liquid
      crystal, photodiode and the like capable of displaying date, time, week
      days and the like. The switch mechanism serves to effect an erasure,
      correction and the like of the display.
PAR  2. Description of the prior art
PAR  This display element used for this kind of electronic timepiece can be made
      small so that it is particularly applicable to a wristwatch whose size is
      small. In addition, the display element must be operated with the aid of a
      battery for a long time and must easily be discernible. Particularly, a
      liquid crystal display element consumes less electric power when compared
      with the other kind of display and is only several tens of microns in
      thickness and provides the advantage that it can be made small in size and
      easily discernible even in the bright light. The liquid crystal, however,
      has the disadvantage that it becomes less discernible in the dark, and
      that its life is rather short because deterioration of the liquid crystal.
PAR  In order to easily discern the display in the dark, a timepiece comprising
      a liquid crystal display element has heretofore been proposed which makes
      use of a light source for illuminating the liquid crystal display element
      and incorporated in the timepiece and a switch mechanism which, when
      operated energizes the light source so as to illuminate the display
      surface.
PAR  A display element composed of a photodiode can be clearly seen in the dark,
      but has the disadvantage that the electric power consumed is large so that
      the battery for use with the wrist watch can not be used for continuous
      display over a long time.
PAR  In order to avoid this disadvantage an electronic timepiece makes use of
      the photodiode display element and in which for the sake of economy of the
      electric power the display is normally erased or cancelled and a switch
      mechanism is operated only when the user wishes to know time. The user
      then operates the display element and hence displays the time.
PAR  Such prior-art switch mechanism, however, has the disadvantage that
      provision must be made of an exteriorly operated member for each switch
      independently of another exteriorly operated member serving as a display
      correction switch, and as a result, the exteriorly operated members for
      all of the switches become large in number. There is also the risk that
      the exteriorly operated members may be erroneously operated and, in
      addition, that the electronic timepiece may be of poor design.
PAR  Moreover, the prior-art electronic timepiece which can display not only the
      hour and minutes but also seconds, date, weekday and the like creates the
      need for a number of places to be corrected which makes the correction of
      each display complex; as a result, there is the risk that other displays
      will be erroneously effected. In order to prevent such erroneous operation
      due to the increase in number of the display elements, it has been
      proposed to provide a mark for indicating the correction display element
      at the periphery of the time display element for the purpose of indicating
      the display element being corrected. The use of such mark for the purpose
      of confirming the place to be corrected results in an addition of displays
      not required for the time display. As a result, the display part, switch
      part, electrical circuit and the like become highly complex, thereby
      making the electronic timepiece expensive.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a switch mechanism for an
      electronic timepiece, which comprises not only a correction switch for all
      of the display parts necessary for the electonic timepiece and a display
      control switch for preventing consumption of the battery and deterioration
      of the liquid crystal but also a display change over switch, and which can
      control all of these switches by means of one exteriorly operated member
      only.
PAR  Another object of the invention is to provide a switch mechanism for an
      electronic timepiece, which comprises a display change-over switch which
      can operate when the display is corrected and in which the display part
      normally displaying days is changed over to the display relating to the
      date in case of correcting the day and weekday and is changed over to the
      display relating the seconds display to the correction in case of
      correcting the hour and minute.
PAR  The switch mechanism for an electronic timepiece according to the
      invention, is so constructed that the exteriorly operated member is
      provided in its rotating direction with at least one stable position so as
      to rotate the exteriorly operated member in a stepwise manner.
PAR  According to the invention the switch mechanism for an electronic timepiece
      is constructed such that if the exteriorly operated member is operated to
      make the switch ON or OFF, even when the exteriorly operated member is
      erroneously pushed down or pulled up, the exteriorly operated member is
      prevented from being moved in its axial direction toward another axial
      stable position.
PAR  The switch mechanism for an electronic timepiece according to the invention
      makes use of a setting lever spring and in which, when the exteriorly
      operated member is pushed down or pulled up to operate a switch the
      setting lever spring serves to effect switch, operations at more than two
      places in a simple and reliable manner.
PAR  The switch mechanism makes use of a thin or thick film resistive body vapor
      deposited or printed on one resistive timepiece substrate as a level shift
      resistive body capable of shifting the logic value form 0 to 1 and which
      can easily be manufactured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1A is a plan view of an electronic timepiece provided with a switch
      mechanism according to the invention and showing the display part in its
      operated condition;
PAR  FIG. 1B shows similarly to FIG. 1A the electronic timepiece provided with
      the switch mechanism according to the invention and showing the display
      part in its erased condition after the exteriorly operated member has been
      rotated so as to operate the display erasing switch;
PAR  FIG. 2 is a plan view of one embodiment of the switch mechanism according
      to the invention;
PAR  FIG. 3 is its back view;
PAR  FIG. 4 is a section taken along line IV -- IV of FIG. 2;
PAR  FIG. 5 is a perspective view showing the switch wheel holding plate used in
      the switch mechanism according to the invention;
PAR  FIG. 6 is a section taken along line VI -- VI of FIG. 2;
PAR  FIG. 7 is a section taken along line VII -- VII of FIG. 3;
PAR  FIG. 8 is a section taken along line VIII -- VIII of FIG. 3;
PAR  FIG. 9 is circuit diagram showing a prior-art device for holding a display
      correction circuit in its stable state;
PAR  FIGS. 10A and 10B are circuit diagrams showing modified devices for holding
      the display correction circuit shown in FIG. 9 in stable state.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One embodiment of the invention will now be described with reference to the
      accompanying drawings.
PAR  As shown in FIG. 1A, the electronic timepiece according to the invention
      makes use of a liquid crystal or photodiode and the like for effecting an
      electronic display at a time display part 1 composed of a display portion
      1a for the unit digit of minutes, a display portion 1b for the tens digit
      of minutes, a display portion 1c for the unit digit of hours and a display
      protion 1d for the tens digit of hours, a colon display part 2 flashing at
      a period of 1 second, a date display part 3 for normally displaying the
      date and also for displaying the second by the operation hereinafter
      described, a day of-the-week display part 4 with day names printed in the
      same color as the color display to be effected by display elements and for
      displaying a given week day by concealing those week days which should not
      be displayed for the view, and an AM-PM display part 5.
PAR  In FIG. 1B are shown all of the display parts 1 to 5 shown in FIG. 1A which
      are erased by rotating a winding crown 6 and operating a display-erasing
      switch according to the invention as described later. In FIG. 1A,
      reference numeral 7 designates a zero second resetting button.
PAR  The switch mechanism according to the invention will now be described with
      reference to FIGS. 2 to 5. Reference numeral 8 designates a timepiece
      support, and 9 an exteriorly operated member composed of a threaded
      portion 9a, an annular groove 9b and a square sleeve portion 9c. The
      exteriorly operated member 9 is slidably and rotatably mounted on the
      timepiece support 8 and provided in its axial direction with at least one
      stable position. In the present embodiment, the exteriorly operated member
      9 is a winding stem carrying with the winding crown 6 shown in FIGS. 1A
      and 1B. Reference numeral 10 designates a switch step cam plate provided
      with a roof shaped projection 10a and slidably mounted on the square
      sleeve part 9c of the exteriorly operated member 9 whose axial movement is
      limited by the timepiece support 8.
PAR  Reference numeral 11 designates a switch step leaf spring provided at its
      center with a square hole 11a and at its center with a depressed and
      partially broken portion 11b which is in turn provided at the both sides
      of the square hole 11a. The switch step leaf spring 11 is provided at each
      end with an elongate groove 11c. Screws 13 each extend through the
      respective elongate groove 11c and threadedly engage a sleeve 12 to cause
      the switch step leaf spring 11 to normally bear against the projection 10a
      of the switch step cam plate 10 with a given spring force. The switch step
      leaf spring 11 has a position at which the roof shaped end of the
      projection 10a engages with the square hole 11a to permit the exteriorly
      operated member 9 to be axially moved. If the exteriorly operated member 9
      is rotated about its axis to bring the side edge of the projection 10a
      into engagement with a corner 8a of the timepiece support 8, the rotary
      angle of the exteriorly operated member 9 is limited. In addition, the
      front end of the projection 10a comes into engagement with either one of
      the depressed and partially broken portions 11b. This position is a stable
      position of the exteriorly operated member 9 in its rotating direction.
      Reference numeral 14 designates a holding plate for the switch step cam
      plate 10 and secured to the lower surface of the timepiece substrate 8 by
      means of screws 15. The holding plate 14 serves to hold the switch step
      cam plate 10 when assembling or disassembling the exteriorly operated
      member 9 until the exteriorly operated member 9 is inserted.
PAR  Reference nemeral 16 (FIG. 6) designates a switch wheel composed of a
      radially extending projection 16a, a right side projection 16b, a left
      side projection 16c and an annular groove 16d and slidably mounted on the
      square sleeve 9c of the exteriorly operated member 9.
PAR  Reference numeral 17 (FIG. 5) designates a plate for holding the switch
      wheel 16 and provided with notches 17a, 17b and 17c adapted to be engaged
      with the right side projection 16b and left side projection 16c of the
      switch wheel 16 when the switch wheel 16 is located at its three stable
      positions determined by the three stable positions of the exteriorly
      operated member 9 in its axial direction and by the exteriorly operated
      member 9 rotated. The holding plate 17 is secured to the timepiece
      substrate 8 by means of screws 18 (FIG. 2).
PAR  Reference numeral 19 designates a setting lever which is rotatably mounted
      on the timepiece substrate 8 by means of pivot 20 and is at its one end
      engaged with the annular groove 9b of the exteriorly operated member 9 and
      is provided at another end with a pin 19a. Reference numeral 21 designates
      a setting lever spring whose one end is secured to the timepiece substrate
      8 and whose free end portion is provided with a plurality of, for example,
      three depressions 21a, 21b and 21c formed adjacent with each other. When
      the pin 19a of the setting lever 19 engages with the depression 21a as
      shown in FIG. 2, that is, when the pin 19a of the setting lever 19 is at
      its normal condition and the exteriorly operated member 9 is pulled out,
      the setting lever 19 is rotated about its pivot 20 in a counter clockwise
      direction. As a result, the pin 19a becomes engaged with the depression
      21b or 21c to hold the exteriorly operated member 9 at one of three stable
      positions inclusive of its initial position in its axial direction.
PAR  In addition, it is possible to bring the pin 19a into engagement with an
      inclined edge 21d of the setting lever spring 21 or push down the
      exteriorly operated member 9 from its normal position so as to rotate
      setting lever 19 about its pivot 20 in a clockwise direction. If the force
      for pushing down the exteriorly operated member 9 is released, a return
      spring 22 provided for the timepiece substrate 8 and engaged with the
      exteriorly operated member 9 and a resilient member 21e of the setting
      lever spring 21 cause the exteriorly operated member 9 to return to its
      normal position.
PAR  The setting lever spring 21 is provided at its another end with a forked
      portion 21f which engages with the pivot 20 of the setting lever 19 so as
      to resiliently urge the setting lever 19 against the exteriorly operated
      member 9.
PAR  Reference numeral 23 designates a clutch lever whose one end is pivotally
      mounted on the timepiece substrate 8 and whose another end 23a engages
      with the annular groove 16d of the switch wheel 16. The clutch lever 23 is
      provided at its intermediate portion with an elongate groove 23b with
      which is engaged the setting lever pin 19a. The clutch lever 23 is swung
      around three positions corresponding to the three stable positions of the
      exteriorly operated member 9 in its axial direction and is capable of
      holding the switch wheel 16 by means of the end 23a.
PAR  Reference numeral 24 designates a display change over switch leaf spring
      disposed on an upper circuit substrate 25 and insulated from the timepiece
      substrate 8. The display change over switch leaf spring 24 is secured to
      the upper circuit substrate 25 by means of a screw 26 and electrically
      connected to a LSI to be described later by means of a pin 27. The display
      change over switch leaf spring 24 is normally urged against the switch
      wheel holding plate 17 when it is pulled up from its normal position by
      two steps and pushed down from its normal position by one step, against
      the pin 28. That is, the shape of the depression 21c and the inclined
      surface 21d with which is engaged the pin 19a  causes the resilient part
      21e of the setting lever spring 21 to bend, and as a result, the forward
      end 21g of the setting lever spring 21 comes into contact with the
      insulation portion 24a of the display change over switch leaf spring 24,
      thereby performing the above mentioned operation.
PAR  In FIG. 3 are shown those parts which are located at the back side of the
      timepiece substrate 8 shown in FIG. 2. A lower circuit substrate 29 is
      secured to the timepiece substrate 8. This display erase switch leaf
      spring 32 is secured to the lower circuit substrate 29 by means of pins
      30, 31 at a position which corresponds to the position of the projection
      16a of the switch wheel 16 at the normal condition of the exteriorly
      operated member 9. A date correction leaf spring 33, day correction leaf
      spring 34, hour correction leaf spring 35 and minute correction leaf
      spring 36 are secured to the timepiece substrate 8 by means of screws 37
      and 38 at positions which correspond to the projection 16a of the switch
      wheel 16 at the conditions taken when the exteriorly operated member 9 is
      pulled up by one step and two steps, respectively.
PAR  On the lower circuit substrate 29 are printed electroconductive paths 29a
      to 29e and the like for connecting contacts 32a to 36a of the switch leaf
      springs 32 to 36 to a terminal (-) or an electronic circuit to be
      described later.
PAR  Reference numeral 37' designates a resistive substrate made of a thin
      material such as ceramic or material having a similar nature and secured
      to the lower circuit substrate 29 adjoining the switch leaf spring 32 to
      35, 36 by a suitable means such as cementing and the like, 38 an
      electroconductive body deposited on the resistive substrate 37' by a
      process such as vapor deposition or printing and the like, 39 a (-)
      terminal grounded and connected to the electroconductive body 38, R.sub.1
      to R.sub.5 a thin or thick film resistor deposited on the resistive
      substrate 37' by a process such as vapor deposition or printing and always
      connected to the electroconductive body 38, a to e connection terminals
      for the resistive bodies R.sub.1 to R.sub.5, and 40 a LSI composed of a
      correction circuit, a time counting circuit and a decoder. The
      electroconductive path 29a is connected to the (-) terminal 38 and the
      other electroconductive paths 29b to 29e are connected through the
      connection terminals b,c,d,e, to the correction circuit of the LSI 40. The
      connection terminal a is connected to the electroconductive path 29f
      leading to the zero second resetting button 7 shown in FIGS. 1A and 1B.
PAR  Reference numeral 27 designates a pin insulated through an insulating
      member from the timepiece substrate 8 and extending through the timepiece
      substrate 8. The pin 27 is electroconductively connected to the display
      turn over switch leaf spring 24 on the one hand and connected through the
      electroconductive path 29g to the LSI 40 on the other hand.
PAR  The operation of the switch mechanism according to the above described
      embodiment will now be described.
PAR  In FIG. 6, the display change over switch leaf spring 24 is changed over
      from the contact with the switch wheel holding plate 17 to the contact
      with the pin 28 by means of the front end 21g of the setting lever spring
      21 under the conditions that the exteriorly operated member 9 is pulled up
      by two steps and pushed down by step, respectively. That is, the switch
      wheel holding plate 17 is electroconductively connected to the timepiece
      substrate 8 and also to the (+) electrode of the battery Ba (FIG. 2). The
      pin 28 electroconductively connected to the (-) electrode of the battery
      Ba is secured through the insulating sleeve 41 to the time support 8 so
      that the logic condition of the input of the LSI 40 through the display
      change over leaf switch spring 24 and the pin 28 becomes changed, thereby
      changing over the given display. In the present embodiment, the day
      display is changed over to the second display. As shown in FIG. 7, a
      display erasing switch leaf spring 32 is secured at its one end to the
      lower circuit substrate 29 by means of pins 30, 31 each insulated through
      the insulating sleeve 40 from the timepiece support 8. As a result, the
      display erasing switch leaf spring 32 is electroconductively connected at
      its one end to an electroconductive path leading from the correction
      circuit on the lower circuit substrate and urged by its own spring action
      at its other end against the switch step holding plate 14 under normal
      position shown by a full line. The switch step holding plate 14 is secured
      to the timepiece substrate 8 electroconductively connected to one of the
      electrodes of the battery Ba. As a result, the display erasing switch leaf
      spring 32 electroconductively connects the lower circuit substrate 29
      through an electroconductive path to the battery Ba. Under such condition,
      the display mechanism is operated to display. The exteriorly operated
      member 9 in its normal position upon rotation of the winding crown 6
      (FIGS. 1A and 1B), interrupts the contact between the display erasing
      switch leaf spring 32 and the switch step holding plate 14 by the
      projection 16a. The display erasing switch leaf spring 32 is provided at
      its front end with an insulating member 32b which is engaged with the
      projection 16a to interrupt the electroconductive connection with the
      timepiece substrate 8 and comes into contact with the electroconductive
      path 29a connected to the (-) side on the lower circuit substrate 29, and
      as a result, the display mechanism stops its operation to erase the
      display.
PAR  As shown in FIGS. 3 and 8, the day correction switch leaf spring 33 and the
      week day correction switch leaf spring 34 are secured to the timepiece
      support 8 by means of screws 37, 38, respectively. If the exteriorly
      operated member 9 pulled by one step is rotated in a clockwise direction
      as shown by an arrow A, the projection 16a of the switch wheel 16 is urged
      against the day correction switch leaf spring 33 which is then brought
      into contact with the electroconductive path 29b on the lower circuit
      substrate 29. If the exteriorly operated member 9 pulled up by one step is
      rotated in a counter clockwise direction as shown by an arrow B, the
      projection 16a of the switch wheel 16 is urged against the week day
      correction switch leaf spring 34 which is then brought into contact with
      the electroconductive path 29c on the lower circuit substrate 29.
PAR  As seen from the above, the electroconductive connection through the
      electroconductive path on the lower circuit substrate 29 to the correction
      circuit ensures the day correction or the week day correction. Similarly,
      the hour correction leaf spring 35 and the minute correction leaf spring
      36 are capable of effecting the hour and minute corrections, respectively.
PAR  As seen from FIGS. 7 and 8, if the display erase or display correction
      switching is effected, the right side projection 16b or the left side
      projection 16c of the switch wheel 16 comes into contact with the side
      notch 17a or 17b of the switch wheel holding plate 17 so that the
      exteriorly operated member 9 could not be pushed down or pulled up under
      its rotated condition.
PAR  The display correction device of the switch mechanism according to the
      invention is capable of receiving the signal delivered when the switch
      member becomes ON and OFF by the operation of the exteriorly operated
      member 9, delivering an output signal relaing to the display corresponding
      to the switch member to the timepiece circuit, and operating the decoder
      and the display circuit, thereby correcting the display concerned. The
      correction circuit for effecting the above described operation becomes
      unstable when the switch member is OFF and there is a risk of the
      correction circuit being erroneously operated when the switch member
      becomes ON. As a result, when the switch member is OFF the correction
      circuit must be held in its stable state.
PAR  In FIG. 9 is shown a device for holding the correction circuit in its
      stable state when the switch member is OFF. The device comprises switch
      members SW.sub.1 to SW.sub.5 which are connected through level shift
      resistors R.sub.1 to R.sub.5 to the (-) side, that is, to ground. The
      resistors R.sub. 1 to R.sub. 5 are adapted to make the logic value of the
      part of the correction circuit 40a coresponding to each of the switch
      members SW.sub.1 to SW.sub.5 0 or 1 irrespective of ON or OFF condition of
      the switch members SW.sub.1 to SW.sub.5.
PAR  The device shown in FIG. 9, however, takes up much space and hence provides
      a limitation to the other members or other electronic circuit of an
      electronic wrist watch, thereby making the electronic wristwatch thick in
      depth and large in size.
PAR  In FIG. 10A is shown a modified device for holding the correction circuit
      in its stable state when the switch member is OFF. In the present device,
      between each circuit element of a correction circuit 40a and each switch
      member SW is inserted a special circuit 42 for holding the correction
      circuit 40a in its stable state even when the switch member SW becomes
      OFF. The circuit arrangement of this device, however, is expensive owing
      to the presence of the special circuit 42.
PAR  In FIG. 10B is shown another modified device in which the switch member SW
      is a change over switch capable of always connecting the circuit element
      of the correction circuit 40a to (+) side or to (-) side so as to hold the
      circuit 40 in its stable state. The circuit arrangement of the present
      device has also the disadvantage that the switch member SW is large in
      size and complex in construction so that the timepiece becomes large in
      size and thickness and hence becomes expensive.
PAR  In the present invention, on the same substrate is disposed a resistive
      body for level shift required for a plurality of switch members, the
      resistive body bing arranged adjoining the switch member. That is, the
      thin film resistive bodies R.sub.1 to R.sub.5 are arranged on the
      resistive substrate 37 by vapor deposition, printing or like process and
      are connected each other by the electroconductive body 38 as shown in FIG.
      3 which is similar in the circuit arrangement to the prior art device
      shown in FIG. 9. The resistive substrate 37 is arranged adjoining the
      display erase switch leaf spring 32, date correction leaf spring 33, week
      day correction leaf spring 34, hour correction leaf spring 35, and minute
      correction leaf spring 36 so that the circuit arrangement as a whole is
      compact. In addition, the exteriorly operated member 9 is rotatable in a
      direction opposite to its rotating direction for operating the display
      erase switch leaf spring 32 in its normal position. This rotation of the
      exteriorly operated member 9 may be used to ignite a light source through
      a switch and hence clearly discern the display of the liquid crystal in
      the dark.
PAR  As stated hereinbefore, the switch mechanism for the electronic timepiece
      according to the invention has the following advantages.
PAR  1. Provision is made of a correction switch for each display part required
      for an electronic timepiece, an erase switch for a display for preventing
      consumption of a battery or deterioration of a liquid crystal, and a
      display change over switch and all of these switches are controlled by one
      exteriorly operated member. This construction renders it unnecessary to
      provide a plurality of exteriorly operated members, has no limitation as
      to design, and is compatible in operation with the prior art mechanical
      type timepiece.
PAR  2. The display change over switch is operated in response to the operation
      of the exteriorly operated member so that the display part normally
      indicating the date causes the date display to be changed over to the
      display related to the date display in case of day and week day correction
      and causes the second display to be changed over to the display related to
      the second display in case of hour and minute correction, and as a result,
      the stable position taken by the exteriorly operated member when it is
      moved in its axial direction is clearly indicated, thereby preventing any
      other display from being erroneously corrected by the user.
PAR  3. The exteriorly operated member is provided in its rotating direction
      with stable positions which cause the exteriorly operated member to rotate
      step by step and ensures a reliable switch operation. In addition, it is
      possible to prevent the switch mechanism from becoming broken due to the
      overrun of the exteriorly operated member. If the display is automatically
      corrected by pulse signals whose inervals are constant, the exteriorly
      operated member is not required to be held by the user's hand when the
      switch is closed.
PAR  4. The step mechanism composed of the switch step cam plate 10 and the
      switch step leaf spring 11 is independent of the axial movement of the
      exteriorly operated member 9 and operates in the same manner at any stable
      position of the exteriorly operated member 9 taken by it when it is moved
      in its axial direction, thereby constituting a step mechanism free from
      play.
PAR  5. If the exteriorly operated member is operated to make the switch ON or
      OFF, such erroneous operation of the exteriorly operated member as to move
      it to another axial stable position is prevented so that the switch
      mechanism or the timepiece or any other constitutional element is not
      accidentally broken. This ensures a protection of the switch mechanism and
      mechanisms related thereto in a safe manner.
PAR  6. In case of operating switches by pushing down or pulling up in
      exteriorly operated member, the use of the setting lever spring 21
      provides the advantage that more than two switches can be operated in a
      simple and reliable manner, and that the setting lever spring becomes
      firmly engaged with the setting lever 19, thereby easily stepping the
      winding stem.
PAR  7. The level shift resistive body is of a thin or thick film resistive body
      vapor deposited or printed on the resistive substrate so that the level
      shift resistive body can be made spaceless and can easily be manufactured
      in a less expensive manner.
PAR  8. As seen from the above mentioned embodiment, the same display part is
      capable of effecting the change over the display from day to second and
      vice versa and also effecting a plurality of displays so that the display
      part can be simplified.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A switch mechanism for an electronic timepiece comprising an electric
      optical display, an exteriorly operated member having a square pillar
      portion and provided in its axial direction with a plurality of stable
      positions and rotatable about its axis at at least one of said stables
      positions of axial direction and provided in its rotating direction with
      stable positions of rotational direction, an earasing switch for erasing
      the display at the stable positions of rotational direction of said
      exteriorly operated member, a correction switch for correcting the display
      at a stable position of axial direction, and a change over switch for
      changing over the display when said exteriorly operated member is moved
      from one of said stable positions of axial direction to another stable
      position of axial direction and vice versa.
NUM  2.
PAR  2. A switch mechanism for an electronic timepiece as claimed in claim 1 and
      further comprising a holding mechanism including a switch step cam plate
      secured to the square pillar portion of said exteriorly operated member
      and co-rotatably connected to said exteriorly operated member and made
      stationary when said exteriorly operated member is moved in its axial
      direction and a resilient member secured to a timepiece substrate and
      engaged with said switch step cam plate and permitting a stepwise rotation
      of said switch step cam plate, whereby said exteriorly operated member is
      held at one of its stable positions of rotational direction.
NUM  3.
PAR  3. A switch mechanism for an electronic timepiece as claimed in claim 1 and
      further comprising a switch wheel mounted on the square pillar portion of
      said exteriorly operated member and rotatable in response to the rotation
      of said exteriorly operated member, a clutch lever engaged with said
      switch wheel and for determining that position of said switch wheel which
      corresponds to each of the stable positions of said exteriorly operated
      member of axial direction, switch contacts arranged selectively in
      correspondence with the positions of said switch wheel, and a switch wheel
      holding plate provided with notches, whereby when said exteriorly operated
      member is rotated at the stable position of axial direction, said switch
      wheel causes each of said switches to effect ON and OFF by rotation and is
      held at the stable position of rotational direction of said exteriorly
      operated member and becomes engaged with said notch of said switch wheel
      holding plate so as to limit the movement of said exteriorly operated
      member in its axial direction.
NUM  4.
PAR  4. A switch mechanism for an electronic timepiece as claimed in claim 1 and
      further comprising a setting lever spring having portions which are
      engaged with a pin provided for a setting lever operatively connected to
      said exteriorly operated member, whereby at at least two positions of said
      exteriorly operated member in its axial direction said depressed or
      inclined portions cause the resilient portion of said setting lever spring
      to be bent so as to effect said switch operation.
NUM  5.
PAR  5. A switch mechanism for an electronic timepiece as claimed in claim 1 and
      further comprising a plurality of switch members controlled by said
      exteriorly operated member, and a plurality of level shift resistors
      mounted on a resistive substrate mounted on said timepiece substrate
      adjoining said plurality of switch members.
NUM  6.
PAR  6. A switch mechanism for an electronic timepiece as claimed in claim 1 and
      further comprising a display change over switch capable of changing over a
      date display to a second display displayed by display elements of two
      figures which are identical with those of the date display.
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ABST
PAL  This disclosure depicts an electronic timepiece having complementary
      electro-optical and electro-mechanical displays. The electro-mechanical
      time display comprises a stepping motor driving hour and minute hands to
      continuously display the hours and minutes of the day, the most used time
      functions. The electro-optical display is a normally off two-digit LED
      display which is activated by user command to display at least one
      additional time-related function having a lower normal use factor than
      hours or minutes. The complementary electro-optical and electro-mechanical
      time displays are controlled from a common control means.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of a copending application Ser. No. 432,935,
      filed Jan. 14, 1974 now U.S. Pat. No. 3,911,665, entitled "Electronic
      Timepiece Having Complementary Electro-Optical and Electro-Mechanical
      Displays," assigned to the assignee of this invention and which is now
      Pat. No. 3,911,665.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electronic timepieces, herein intended to mean
      timepieces of the type having an electronic oscillator, such as a quartz
      crystal oscillator, serving as a stable source of regular electrical
      pulses which constitute the time standard for the timepiece. To receive
      reasonable consumer acceptance, a modern electronic wristwatch or other
      body-worn timepiece must have certain basic features and capabilities,
      including the following (not necessarily in the order discussed). It must
      be accurate--errors of less than about 10 seconds per month are expected.
      Secondly, the power requirements must be sufficiently low so that frequent
      replacement of the battery or batteries is not required. Thirdly, in the
      case of wristwatches, the timepiece must be compact, particularly in the
      thickness dimension, in order that the watch does not interfere with
      clothing and is not otherwise burdensome to wear. Fourthly, the timepiece
      must be convenient in its operation and have a highly visible time
      display--preferably a display which is highly visible under low as well as
      high level ambient lighting conditions. Fifthly, the cost of acquiring and
      maintaining the timepiece must be reasonable.
PAR  This invention is applicable to horological instruments in general,
      however, it is believed to be most advantageously adapted for exploitation
      in a wristwatch; accordingly, the ensuing discussion will be based on
      wristwatch implementations of the invention. This invention is directed to
      providing an improved electronic watch, i.e., a watch having an electronic
      oscillator as a time standard and having either an electro-mechanical or
      an electro-optical time display. One type of commercially available
      electronic watch utilizes an electro-mechanical time display comprising a
      pulse-driven stepping motor coupled through a transmission (typically a
      gear train) to a set of hour, minute and second hands. The stepping motor
      may also drive ancillary time display devices such as day and/or date
      dials. Typically, the stepping motor input is a stable train of electrical
      pulses supplied from a logic circuit at a 1 Hz rate. The pulses cause the
      stepping motor rotor to incrementally advance one step per second. The
      rotor drives the watch second, minute and hour hands through an
      intermediate gear train.
PAR  A second general type of electronic watch is sometimes termed the "all
      electronic" or "all solid state" type which does not effect conversion of
      electrical energy to mechanical energy to display time functions, but
      rather employs an electro-optical time display. "Electro-optical" displays
      are herein intended to mean solid state or liquid state displays in which
      an optical pattern is created by the application of a pattern of voltages.
PAR  In such electro-optical displays the light-emitting or light-affecting
      (light-reflecting or light-absorbing) elements are arranged in segments,
      typically seven segments per digit displayed. The individual segments are
      selectively energized in patterns according to patterns of applied
      voltages to determine the digit displayed. There is typically provided
      between a quartz crystal oscillator and the electro-optical display a
      system of frequency dividers, counters and other appropriate logic
      circuitry and switches for appropriately determining the output reading of
      the electro-optical displays.
PAR  Each of the above-described types of electronic watches, i.e., those with
      electro-mechanical displays and those with electro-optical displays, are
      plagued by their own set of problems and limitations. The electronic
      watches which employ electro-mechanical displays are considered to be
      undesirably bulky and to consume an undersirably large amount of electric
      power. Such watches are non-innovative in the visual appearance of their
      time displays (typically conventional second, minute and hour hands with
      or without day or date dials), and thus hide from the consumer the
      innovative characteristics of the drive system for such watches. They also
      suffer from the long-recognized shortcoming of being difficult to read
      under low ambient lighting conditions.
PAR  Conventional electronic watches which have stepping-motor-driven displays
      and conventional date or day/date read-outs typically suffer also from a
      motor torque overloading at midnight. That is, at midnight, energy which
      has been stored in a spring by the stepping motor during the day is
      triggered to advance the day/date dial(s). The requirement that the
      stepping motor load the dial(s) advance spring is severe and can be as
      great as 4-5 times the normal motor loading.
PAR  The other type of electronic watch, namely the type having an
      electro-optical display for presenting time functions, also have drawbacks
      which have, to date, limited the market for such watches. The watches
      which employ LED (light-emitting diode) displays suffer from having
      undesirably large power requirements which necessitate that the time
      display be operated only on command. This is considered by many consumers
      to be a great inconvenience since he has not been accustomed to be thus
      inconvenienced to learn the time of day. Secondly, watches of the type
      having LED displays are more bulky than the consumer would like. They
      have, however, enjoyed prestige as a result of the novel, eye-catching
      light-emissive character of their displays. Electronic watches having LED
      displays are readable at night and thus have a significant advantage in
      this respect over non-self-illuminated time display devices.
PAR  Thirdly, in contrast with watches having a conventional mechanical display,
      the user of a watch with an electro-optical display is deprived of the
      advantage of computing the time interval between the present time and a
      future point in time by using the minute hand and the dial of his watch.
      Subconsciously nearly every watch user tends to do this. For example, if
      one has an appointment at 2:45 and one's watch indicates 2:25, the user
      simply determines the number of minutes left by counting on his dial the
      number of minutes between 2:25 and 2:45. This is definitely simpler than
      subtracting 2:25 from 2:45. Fourthly, LED displays cannot be read if the
      ambient light is very strong.
PAR  Electronic watches having electro-optical displays of the LC (liquid
      crystal) type utilize less power than watches employing LED's, however to
      date liquid crystal displays have not yet proven to have a satisfactorily
      long life. Liquid crystal displays also suffer from being inconvenient to
      read due to the low contrast of the display at certain viewing angles and
      in adverse lighting conditions. Electronic watches having LC displays have
      also proven to be undesirably cumbersome and bulky.
PAR  Attempts have been made to combine in an electronic watch the most
      favorable properties of electro-mechanical and electro-optical time
      displays. For example, U.S. Pat. No. 3,668,861--Mitsui, discloses an
      electronic watch which has electro-mechanically driven day and date
      displays and a pair of electro-optical hour/minute displays. The
      electro-optical hour/minute displays comprise discrete,
      parallel-functioning LC and LED displays. The parallel LC and LED displays
      are automatically switched by a phototransistor between the LC display
      during the day and the LED display when ambient lighting drops below a
      predetermined threshold level. The electro-optical displays present the
      hour and minute time functions on command only.
PAR  This prior art electronic watch thus suffers from the inconvenience of
      non-continuous presentation of the time functions and the high cost of
      providing parallel time displays for high and low ambient lighting
      conditions.
PAR  There is believed to be in commercial use in Japan today an electronic
      wristwatch having hour, minute and second hands driven by a train of
      pulses generated by a quartz crystal pulse generator, and in addition
      having an LED flashing seconds marker. This watch suffers from an
      unnecessarily larger power consumption and a low degree of utility and the
      redundancy of the information provided by the LED display.
TBL  ______________________________________                                    
     Other Prior Art                                                           
     U.S. Patents                                                              
     ______________________________________                                    
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     3,738,099         Tanaka                                                  
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PAR  Hewlett Packard Measurement News, January/February, 1971.
PAC  OBJECTS OF THE INVENTION
PAR  It is a general object of this invention to provide an improved electronic
      timepiece, especially a timepiece of the wrist-worn variety.
PAR  It is a less general object to provide an electronic watch which has the
      consumer prestige of watches having electro-optical displays and yet has
      the relatively lower power requirements and continuous readability
      favorably associated with electronic watches having electro-mechanical
      displays.
PAR  It is yet another object to provide an electronic watch in which the hours
      and minutes time displays are, or may be caused to be, readily visible
      under any lighting conditions without the need for ancillary dial lighting
      apparatus. Stated more broadly, it is an object to provide an electronic
      watch having a non-light-emissive display and a complementary
      light-emissive display displaying complementary time-related functions,
      the light-emissive display serving to provide a source of illumination for
      the non-light-emissive display in low ambient lighting conditions.
PAR  It is yet another object to provide an electronic watch which has an
      electro-optical time display, which presents continuously the most-used
      time functions (hours and minutes) for wearer convenience, and yet which
      has relatively modest power requirements.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded, somewhat schematic, perspective view, shown partly
      in structure and partly in block diagram form, of an electronic watch
      embodying the principles of this invention;
PAR  FIG. 2 is a view of the FIG. 1 watch as it would appear from the top with
      the crystal and dial removed; and
PAR  FIg. 3 is a section view taken generally along the lines 3--3 in FIGS. 1
      and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention has applicability to electronic timepieces in general, but
      is considered to be most advantageously implemented in a wristwatch. FIG.
      1 depicts an electronic watch representing a preferred execution of the
      principles of the invention. The FIG. 1 watch is illustrated as comprising
      a housing 10 adapted to receive over the open top side thereof a dial 12
      and a protective transparent crystal 14. As will be explained in much
      greater detail below, the watch embodies, in accordance with the teachings
      of this invention, means including an electronic oscillator for generating
      a train of highly regular pulses serving as the time standard for the
      watch, and complementary electro-mechanical and electro-optical displays
      for presenting time-related functions.
PAR  Before engaging in a detailed discussion of the structure and operation of
      the watch, a discussion of certain principles underlying the construction
      and operation thereof will be set forth. It was suggested above that
      conventional electronic watches having electro-mechanical displays suffer
      from having an undesirably high power consumption due to theiir
      simultaneous and continuous presentation of the "seconds" time function
      along with the "minutes" and "hours" time functions, and that such
      electro-mechanical displays also suffer from a lack of innovative
      appearance and poor visibility in adverse lighting conditions.
PAR  It was also noted that electro-optical displays suffered from their own set
      of drawbacks, including high power consumption in the case of LED
      (light-emitting diode) displays, and poor visibility and short life in the
      case of today's LC (liquid crystal) displays. It was also noted that
      conventional electronic watches having either electro-optical or
      electro-mechanical displays are undesirably bulky and inconvenient to
      wear.
PAR  Underlying this invention is the recognition that there are certain time
      functions which have a much higher use factor than others. For example, in
      a vast majority of the occasions upon which the wearer of a timepiece
      wishes to learn the time of day, he cares only to known the hours and
      minutes and does not need a reading to the nearest second. The frequency
      with which he seeks to know the day of the week or the date is relatively
      low by comparison with the frequency with which he wishes to know the time
      of day.
PAR  In accordance with one aspect of this invention, the time functions
      normally associated with body-worn timepieces, namely hours, minutes,
      seconds, day and date, are divided into two categories according to their
      normal or expected use factor. In one category, which is herein termed the
      high use factor or high duty category, is placed the hours and minutes
      time functions -- those time functions which are necessary and sufficient
      to indicate the time of day to a degree of accuracy which is satisfactory
      except perhaps on rare occasions. In a second category are placed the
      remaining time functions which have a relatively low use factor -- namely,
      seconds, day and date. These latter time functions are sought relatively
      infrequently by comparison with the frequency with which the time of day
      is sought. Another latter category time function is lapsed time.
PAR  For the convenience of the wearer, the time functions in the first category
      (hours and minutes) are presented continuously by means of an
      electro-mechanical display, preferably a stepping motor driving hour and
      minute hands through a conventional gear train. By relegating the seconds
      time function to the aforedescribed second category, the
      electro-mechanical display need only be actuated once per minute, rather
      than once per second, yielding a 60-fold reduction in motor power
      consumption over that required to continuously present the seconds time
      function as well as the hours and minutes time functions. This is
      accomplished without sacrificing the continuous readability of the time of
      day which the consumer has come to expect to be associated with
      timepieces.
PAR  One or more of the constituents of the second category of time functions
      (seconds, day and date) are presented to the wearer by means of an
      electro-optical display such as an LED (light-emitting diode) or LC
      (liquid crystal) display either intermittently or on command. Because the
      time functions in the second category have a relatively low use factor, it
      is not a major inconvenience to the wearer to have to access these time
      functions by command to the timepiece, or to be presented with these time
      functions by an intermittent readout. By this expedient of presenting the
      low use factor time functions on command or intermittent presentation
      only, substantial economies in power consumption are achieved.
PAR  As will become more obvious as this description proceeds, the allocation of
      time functions to complementary electro-mechanical and electro-optical
      displays according to their use factor achieves not only economies in
      power consumption but results in a watch which is highly compact, which
      has high visibility of all time functions under all lighting conditions,
      and which offers the prestige of electro-optical displays without the
      inconvenience of on-command-only readability associated with conventional
      electronic watches with electro-optical displays.
PAR  Turning now to a detailed discussion of the FIG. 1 watch -- the watch is
      illustrated as comprising an electro-mechanical display 16 and a separate
      electro-optical display 18. The electro-mechanical and electro-optical
      displays 16, 18 are driven from a common electrical energy source, here
      shown as a pair of serially connected batteries 20, 22 which power a
      common source of electrical drive pulses. The common source of drive
      pulses includes an electronic oscillator, here shown in the form of a
      quartz crystal oscillator 24 which may, for example, be chosen to
      oscillate at a predetermined frequency such as 32,768 Hz. The quartz
      crystal oscillator 24 supplies pulses at 32,768 Hz to a frequency divider
      26, here shown to have the capability of dividing by 32,768. At the output
      of the divider 26 there is developed regular pulses at the rate of 1 per
      second.
PAR  The 1 Hz pulses are supplied to a minute counter 28. From the minute
      counter pulses at the rate of 1 per minute are developed which are
      supplied to the electro-mechanical display 16.
PAR  The electro-mechanical display 16 is here shown as comprising a stepping
      motor 32 which drives a minute hand 33 and an hour hand 34 through a
      conventional gear train. The minute hand 33 is driven through a pinion 36,
      spur gear 38 and minute gear 40, to which is affixed a sleeve 43 carrying
      the minute hand 33. The sleeve rotates about a support post 41. The pinion
      36 and gears 38, 40 effect a 10:1 gear reduction.
PAR  The hour hand 34 is driven at a 1/12 the rate of the minute hand 33 through
      gear 42 affixed to gear 38 which drives hour gear 44. A sleeve 46 affixed
      to the hour gear 44 carries the hour hand 34. A crown 47 provides for time
      setting; the associated gearing may be of conventional construction and is
      not shown.
PAR  In operation, the 1/60 Hz pulses emitted by the minute counter 28 cause the
      stepping motor 32 to rotate by 60.degree. per pulse, resulting in a
      6.degree. rotation of the minute hand 33 for each minute pulse. The hour
      hand 34 is driven at a rate of 0.5.degree. per minute pulse.
PAR  The electro-optical display 18 and the electronic circuitry associated
      therewith will now be described in detail. The electro-optical display 18
      is illustrated as comprising a light-emissive cell and display drive
      circuitry 54 for driving the display cell. The drive circuitry 54 is, per
      se, constructed according to well-known circuit design principles,
      receiving pulses from a date divider 55 at 1 pulse per day, from the
      minute counter 28 at 1 pulse per minute and from the frequency divider 26
      at 1 pulse per second and developing therefrom patterns of voltages
      determinative of the digits diplayed by the cell.
PAR  The cell is preferably of the light-emissive type such as LED's
      (light-emitting diodes) as shown. The cell is illustrated as comprising a
      pair of seven segment digits 56, 58, each segment (one of which is shown
      as 60) comprising a row of discrete light-emitting diodes (one of which is
      shown as 62). The seven segments of the digits and the ground electrodes
      are coupled by leads to the drive circuitry 54. As is conventional,
      corresponding segments of the digits 56, 58 are coupled together and
      separate ground electrodes provided to permit sequential energization of
      the digits and consequent reduction in the cost of the display.
PAR  The drive circuitry 54 comprises a system of counters, shift registers and
      other logic functions which act in accordance with a predetermined logic
      program, all as is well known, to convert the received 1 Hz, 1/60 Hz and
      one per day pulses to a pattern of voltages applied through the leads to
      determine the digit displayed.
PAR  The electronic circuitry for the watch (preferably wholly of integrated
      circuit form), i.e., those components shown schematically in FIG. 1 within
      the dotted line box 57, in actual structure are contained within package
      57'.
PAR  The cell, in the illustrated preferred embodiment, also includes a single
      light-emitting diode, or group of diodes, acting as a seconds marker 64
      which is caused to flash at a 1 Hz rate. In the illustrated preferred
      embodiment, the two digits 56, 58 are used to display the date on command
      by depression of a date select switch 66. The date select switch is shown
      schematically at 66 and is shown as it might appear in structure at 66',
      mounted on the watch housing for manual actuation by the user.
PAR  In accordance with one aspect of this invention, both of the time-related
      functions presented by the electro-optical display, namely the two digit
      date display and the seconds marker, are normally off and are energized
      only on command. The date display is energized by a manual command issued
      by the user; the flashing seconds marker 64 flashes automatically on
      commands from the drive circuitry 54. In both cases, since the
      electro-optical displays are activated on command only and have a
      relatively low duty cycle, rather than being continuously activated as is
      the case of the electro-mechanical display 16, presentation of the
      least-used time functions (by the electro-optical display 18) drain the
      batteries, 20, 22 only commensurately with their relative use factor.
PAR  The FIG. 1 system is illustrated as including, coupled to the drive
      circuitry 54, a date set switch 68 (shown in more structural form at 68').
      Since the drive circuitry 54 and the associated switches 66, 68 constitute
      no part, per se, of this invention, they are disclosed herein only
      schematically. The construction of the drive circuitry 54 is within the
      routine skill of logic designers.
PAR  For a more detailed description and explanation of LED digital displays of
      a type suitable for use in the FIG. 1 watch, reference may be had to the
      abundant technical literature on the subject.
PAR  It is noted that whereas relatively low power consumption is a
      characteristic for the watches constructed according to this invention,
      nevertheless two batteries 20, 22 are illustrated. The reason for this
      lies in the fact that in the preferred embodiment, the electro-optical
      display 18 is of the LED variety. LED displays of the type commercially
      available at this time require a voltage which can only be obtained by
      adding in series two batteries of the commercially available type suitable
      for use in wristwatches.
PAR  It is desired to provide an electronic watch movement which is more compact
      than conventional electronic watch movements with comparable functions.
      The compactness of watch movements implementing this invention is achieved
      by two provisions. First, battery 20 has a relatively large physical size
      and storage capacity, however, the battery 22, which is connected in
      series with battery 20, is preferably caused to have a relatively small
      physical size and storage capacity. The collective space occupied by the
      watch batteries is substantially reduced over what it would be if two
      relatively large batteries were employed.
PAR  An electronic watch as shown in FIGS. 1-3, incorporating the teachings of
      this invention preferably includes the following components with the
      indicated major dimensions: motor 32 -- 7 .times. 3.2 mm; quartz crystal
      24 -- 13.8 .times. 3.3 .times. 4.3 mm; two digit LED display 18 -- 9
      .times. 6.5 .times. 1.5 mm; trimming capacitor (not shown) -- 5 .times. 2
      mm; integrated circuit package 57'  -- 10 .times. 6.6 .times. 3.6 mm;
      battery 20 (silver oxide, 1.5 volts, 120 mAH) -- 11.4 .times. 4.3 mm; and
      battery 22 (silver oxide, 1.5 volts, 38 mAH) -- 7.6 .times. 3.5 mm.
PAR  If two batteries having the specifications of battery 20 were employed, the
      described electronic watch would have a movement outer diameter of about
      32 mm. By causing the battery 22 to be a relatively small, low capacity
      battery, having the described specifications for battery 22, the movement
      outer diameter may be reduced to about 28 mm.
PAR  The electro-optical display 18 requires a voltage equal to the sum of the
      voltages produced by the batteries 20, 22; therefore the electro-optical
      display 18 is coupled across the series combination of batteries 20 and
      22. The integrated circuit components 57 comprising the quartz crystal
      oscillator 24, frequency divider 26, minute counter 28, date divider 55,
      and part of the drive circuitry 54, are all coupled across only the
      battery 20, as shown schematically by the ground symbol and battery
      connection conductor on each of these components. The battery connection
      conductors are shown in interrupted form for clarity of illustration; the
      interruptions are tied by the break symbols a--a, b--b, c--c, d--d and
      e--e, respectively. The electro-mechanical display may be coupled across
      battery 20 or the series combination of batteries 20 and 22 since its
      current drain is low compared with that of either the LED display 18 or
      the components 57.
PAR  The power drain by the LED electro-optical display is relatively low, since
      it is read out on command only; the motor 32 requires a drive pulse only
      once per minute. The series combination of batteries 20 and 22, as
      described, is very adequate to power the watch. The lifetime of the
      batteries 20, 22 under normal use is expected to be 1 year or greater.
PAR  As described, the teachings of this invention result in an electronic watch
      having an LED display and having the favorable characteristics described,
      yet which consumes so little power that the unusually small batteries
      described may be used. This results in an extremely small watch by
      comparison with other electronic watches having LED displays. There is set
      forth below a comparison of the sizes of the batteries used in the FIGS.
      1-3 watch movement with the sizes of the batteries used in certain
      commercially now available quartz crystal controlled, all-LED display
      wristwatches:
TBL                 Battery   Battery                                          
            Number of                                                          
                    Diameter  Thickness                                        
            Batteries                                                          
                    in mils   in Mils                                          
     ______________________________________                                    
     Brand A  2         709       190                                          
     Brand B  2         455       220                                          
     Brand C  2         455       220                                          
     FIGS. 1-3                                                                 
              1         455       170                                          
     watch                                                                     
     movement 1         305       140                                          
     ______________________________________                                    
PAR  The above table reveals the substantial space economies made possible by
      the teachings of this invention.
PAR  It is an object of this invention to provide illumination for a
      non-light-emissive display in low ambient lighting conditions (here shown
      as being the electro-mechanical display 16) without the need for a lamp or
      other special purpose lighting apparatus. This objective is met by the use
      of an electro-optical display of the light-emissive type, such as the LED
      display described. The electro-optical display may be operated in a number
      of modes to achieve this end without causing unnecessary drain on the
      batteries 20, 22. A first mode is to cause the electro-optical display, in
      whole or in part, to flash intermittently. This mode is performed by the
      above-described seconds marker 64 which is caused to flash at a 1 Hz rate.
PAR  A second mode is implemented in the date display portion of the
      electro-optical display 18 which is energized only on command by the user.
      In low light level conditions, the date may be accessed by closing date
      switch 66 to obtain a reading of hours and minutes in the light cast by
      the activated digits 56, 58. It is contemplated that in alternative
      embodiments, other user-commandable displays may be used to achieve the
      afore-stated object of providing a light-emissive time display acting
      secondarily as a source of illumination for a complementary
      non-light-emissive time display.
PAR  Whereas a number of alternative embodiments of the invention have been
      described above, many others are contemplated. The particular structure of
      the electro-optical displays, the nature of their presentations, and the
      switches and logic for accessing these functions may be varied from the
      above disclosures. By way of example, a single pair of electro-optically
      displayed digits (without a flashing seconds marker) can be presented
      which are capable of displaying, on command by the user, either the
      seconds of the day, or alternatively the date. The teachings of this
      invention may be employed in timepieces other than wristwatches, however
      for the above reasons it is manifest that the invention is most
      advantageously exploited in a wristwatch.
PAR  The invention is not limited to the particular details of construction of
      the embodiments depicted and other modifications and applications are
      contemplated. Certain other changes may be made in the above-described
      apparatus without departing from the true spirit and scope of the
      invention herein involved and it is intended that the subject matter in
      the above depiction shall be interpreted as illustrative and not in a
      limiting sense.
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STM  What is claimed is:
NUM  1.
PAR  1. A compact electronic watch capable of displaying multiple time-related
      functions at relatively low levels of power consumption, comprising within
      a housing;
PA1  battery means for storing electrical energy;
PA1  pulse-drivable electro-mechanical time display means for displaying only
      the hours and minutes of the day, said electro-mechanical time display
      means comprising an hour hand and a minute hand, a stepping motor, and
      means including a gear train for mechanically coupling said stepping motor
      to said hour and minute hands;
PA1  a normally-off, two-digit LED (light-emitting diode) display for displaying
      at least one additional time-related function having a lower normal use
      factor than hours and minutes, such as seconds or the date;
PA1  manually operable switch means for causing said LED display to be activated
      only on command by the user; and
PA1  control means coupled directly to said battery means, directly to said
      stepping motor, and indirectly to said LED display through said switch
      means, said control means including pulse generating means for generating
      a train of highly regular electrical pulses for supply to said stepping
      motor to drive said hour and minute hands in order that hours and minutes,
      the most-used time functions, are displayed continuously for the
      convenience of the user, said control means developing a control signal
      for activating said LED display upon closure of said switch means.
NUM  2.
PAR  2. The watch defined by claim 1 wherein said pulse generating means
      includes a quartz crystal oscillator and a frequency dividing means for
      deriving pulses at a 1/60 Hz frequency for supply to said stepping motor,
      said control means including pulse processing circuitry for receiving said
      1/60 Hz pulses from said frequency dividing means and for developing
      patterns of voltages for application to said LED display.
NUM  3.
PAR  3. The watch defined by claim 2 wherein said LED display being disposed
      such that light emitted thereby illuminates said hour and minute hands,
      whereby in dark ambient lighting conditions, said switch means may be
      activated to effect an illumination of said hour and minute hands.
NUM  4.
PAR  4. The watch defined by claim 3 wherein said battery means includes a first
      electric storage battery having a relatively large physical size and
      storage capacity connected in series to a second electric storage battery
      having a relatively small physical size and storage capacity, said watch
      including connecting means for coupling said control means across said
      first battery only and for coupling said LED display across said first and
      second batteries in series.
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PAL  Gear drive enclosure, preferably for battery-operated clocks whose drive is
      supported in and on both sides of a single base plate, and wherein the
      latter has a plastic housing cover or capsule and a support plate
      coordinated thereto. The plastic capsule limits one side of the gear
      mechanism, which has an indicator mechanism provided thereat, while the
      support plate limits the other side of the gear mechanism.
BSUM
PAR  The present invention relates to a gear drive enclosure, preferably for a
      battery-operated clock whose gear drive is supported in and on both sides
      of a single base plate, and wherein the latter has a plastic housing cover
      or capsule and a support plate coordinated thereto.
PAR  From Swiss Pat. No. 334,217 it has become known to support a gear drive of
      a clock on a single base plate. The gears and drives in that case are
      located on both sides of the base plate and are interconnected by means of
      shaft ends so as to form respective gear components. In this manner the
      base plate alone can guide the gear drive also axially.
PAR  For assembly, the gears or drives must be individually pressed onto the
      shaft ends that are introduced into the guide holes of the base plate.
      This, however, is extremely uneconomical during assembly, as well as upon
      disassembly, if need be, such as for repair purposes.
PAR  From German Laid-Open Specification No. 1,523,847, it has become known that
      the gear drive may be supported by only a base plate constituted of
      plastic material. For this purpose, the base plate is provided with
      elongated bores or cylindrical hubs in which and/or on which the gear
      drive elements are guided.
PAR  The gear drive is similarly distributed to both sides of the base plate,
      namely so that the minute wheel together with the hour and change wheels
      is located on one side, and the remaining gears on the opposite side.
      Axially they are limited on the one side by the base plate itself, and on
      the other side by a bottom and also an auxiliary plate, wherein the
      first-named plate covers the plastic housing that encompasses the
      operative parts on the indicator mechanism side. This battery-operated
      clock in addition includes a support plate fastened to the base plate.
PAR  This type of support of the gear drive components is in general fully
      adequate for battery-operated clocks in view of the journaling forces, and
      provides a satisfactory cost-wise advantage. This however is reduced to a
      considerable extent by the additional plates.
PAR  Accordingly, it is an object of the present invention to provide a
      single-base-plate clock drive in which the aforementioned auxiliary and
      base plates are eliminated that enclose the gear drive.
PAR  The foregoing is inventively achieved in that the gear drive is limited on
      the indicator side by the plastic housing cover, and by the support plate
      on the gear-drive side.
PAR  In accordance with an exemplary embodiment of the invention, the limiting
      points or areas of the plastic housing cover are formed through inward or
      outward attachments, and such a point for the support plate is constituted
      in at least one plate through a leaf-spring fastened thereto.
PAR  By means of the newly inventive extended function of the plastic housing
      cover and of the support plate, the above-mentioned cost-wise advantage is
      not reduced, and moreover the assembly of the gear drive is substantially
      simplified as a result of the formation at the limiting positions of the
      plastic housing capsule.
PAR  This construction permits a pre-placement of the gear-drive elements,
      belonging to the indicator mechanism, with respect to the support
      positions of the base plate subsequently built into the plastic housing
      cover. In this manner, the gear drive and base plate assembly may be
      accomplished in an extremely simple and rational manner within a single
      operating sequence.
PAR  The operating speed and quality are superior to those of assembly machines
      which latter tend to disturbances when plastic gear drives are assembled.
PAR  By means of a leaf spring pre-mounted on the gear side of the support plate
      there is achieved the further advantage that the prestressing of the
      spring is not dependent upon the tolerance of the plate thickness. Thus,
      there are achieved equal frictional conditions for various support plate
      types.
PAR  In a specific, exemplary embodiment of the invention a gear enclosure is
      provided for clocks which have a gear mechanism and an indicator mechanism
      associated therewith, the enclosure comprising a single base plate in and
      on both sides of which the gear mechanism is mounted; a plastic housing
      capsule for limiting one side of the gear mechanism, which has the
      indicator mechanism provided thereat; and a support plate associated and
      substantially parallel with the base plate, for limiting the other side of
      the gear mechanism.
PAR  According to further, optional features of the invention the plastic
      capsule may have on the one side at least one projection with at least one
      of the base plate and the support plate. The projection may be ring-shaped
      to surround a portion of one of the plates.
PAR  Also, the support plate may have thereon, namely on the other side, at
      least one leaf spring for outwardly biasing a portion of the indicator
      mechanism, thereby to prevent trembling thereof. The leaf spring
      preferably has an arm secured to the inner surface of the support plate,
      which faces the base plate.
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PAR  Reference may now be had to the detailed description of an inventive,
      preferably battery-operated clock with a balancewheel mechanism, taken in
      conjunction with the accompanying drawing that shows an exemplary
      embodiment thereof, in which:
PAR  FIG. 1 is a plan view of a clock, taken toward its support plate side;
PAR  FIG. 2 is a section taken along line A--A in FIG. 1; and
PAR  FIG. 3 is a section taken along line B--B in FIG. 1.
DETD
PAR  Referring now to the drawing, a single base plate 1 made of a plastic
      material has journaled therein a balance wheel 2 by means of arms 3. The
      wheel 2 drives a gear mechanism consisting of a second gear 5, a small
      main gear 6, a minute gear 7, a change gear 8 and an hour gear 9, in the
      usual manner through the intermediary of a switching wheel 4. These
      gear-drive components are supported in a conventional manner in bores 10,
      11 and on preferably cylindrical attachments 12, 13 and 14 of the plate 1.
PAR  Axial limitation of the gear-drive components is performed on both sides of
      the plate 1, in a new inventive manner for such a clock, a usual support
      plate 15 and a plastic housing capsule 16 being provided, after all three
      components are interconnected by means of a screw 17.
PAR  The limiting positions or points of the housing capsule 16 show preferably
      ring-like projections 18 and 19, serving for assembly purposes, the
      projections connecting to a usual central screw or thread 20.
PAR  Interiorly of the inner side of the plate 15 a leaf spring 22 assumes the
      axial limiting of the second shaft, fastened to plate 15 at a location 21,
      whereby at the same time trembling of the second pointer or hand is
      avoided.
PAR  A pointer setting shaft is designated by numeral 23, which is journaled in
      the plates 1 and 15.
PAR  In accordance with the above-mentioned inventive exemplary embodiment, the
      support plate 15 also has the purpose of supporting the pointer setting
      shaft 23 as well as the additional limiting of the gear drive, further to
      its inherent task of supporting and electrically connecting the electronic
      components of the clock.
PAR  However, it is also possible that the purpose of the plate 15 be increased
      in that it can also serve as a support, indirectly or directly, for other
      not illustrated components that can be attached from the inner and/or
      outer sides.
PAR  It may be understood by those skilled in the art that various modifications
      and changes can be made in the inventive gear enclosure without departing
      from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gear enclosure for clocks having a gear mechanism and an associated
      indicator mechanism, the enclosure comprising, in combination: a single
      base plate in and on both sides of which said gear mechanism is mounted; a
      plastic housing capsule for limiting one side of said gear mechanism,
      which has said indicator mechanism provided thereat, and for both axially
      and radially guiding and journeling portions of said indicator mechanism;
      and a support plate associated and substantially parallel with said base
      plate, for limiting the other side of said gear mechanism.
NUM  2.
PAR  2. The gear enclosure as defined in claim 1, wherein said plastic capsule
      has on said one side at least one projection in a limiting area of contact
      with at least one of said plates, said projection serving in part for the
      guiding of said portions of the indicator mechanism.
NUM  3.
PAR  3. The gear enclosure as defined in claim 1, further comprising a common
      screw for interconnecting both said plates and said capsule upon final
      assembly of said mechanisms.
NUM  4.
PAR  4. The gear enclosure as defined in claim 2, wherein said at least one
      projection is ring-shaped to surround at least one portion of said plates.
NUM  5.
PAR  5. The gear enclosure as defined in claim 1, wherein said support plate has
      on said other side at least one leaf spring for outwardly biasing a
      portion of said indicator mechanism, thereby to prevent trembling thereof.
NUM  6.
PAR  6. The gear enclosure as defined in claim 5, wherein said leaf spring has
      an arm secured to the inner surface of said support plate, which faces
      said base plate.
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ABST
PAL  A holder unit of an electronic watch for holding a battery for the latter
      in position within the interior space of the casing of the watch, in which
      a holding member is attached to the watch casing, main portion of the
      holding member being arranged in a hollow cylinder enclosing with small
      idle gaps around said battery and mounted in the manner mechanically
      independent from the driven device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in and relating to a battery holder
      as used in or on an electronic watch which comprises a battery, a driven
      device therefrom, such as watch movement, alarm device or the like, and a
      casing for housing and positioning said device.
PAR  Generally speaking over 95%, the batteries adapted for use as a power
      source for the electronic watch take the form of button-shaped products.
      These are generally the mercury or silver batteries and are mounted on the
      watch movement. When assembled, the battery, and the necessary electrical
      connections with the driven device must be established and maintained.
PAR  The holder must hold the battery in an easily overhaulable way and at the
      same time must bear substantial shocks and vibrations coming from outside.
PAR  The weight of the battery occupies a substantial part of the electronic
      watch including same, such as one third to one fifth of the total weight
      of the watch assembly.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of the present invention to provide a battery holder by
      which the battery is retained in position and mechanically independent
      from the electrically driven device, such as the watch movement.
PAR  A further object is to provide the battery holder of the above kind and
      capable of housing the battery in a highly stabilized, yet, when
      necessary, detachable way.
PAR  Still a further object is to provide the battery holder which holds the
      battery in a highly protected way against outside shocks and vibrations.
      It is proposed to provide, according to this invention, a battery holder
      for an electronic watch, characterized in that said battery is detachably
      mounted in a holding member, the main portion of which is arranged in a
      hollow cylinder enclosing with small idle gaps around said battery, said
      holding member being attached to a watch casing of said watch and mounted
      mechanically independent from the driven device, namely the watch movement
      contained in the watch casing.
PAR  These and further objects and features will become more apparent when read
      the following detailed description of several preferred embodiments of the
      invention by reference to the accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a substantially sectional view of a first embodiment of the
      invention.
PAR  FIG. 2 is a similar view to FIG. 1, yet illustrating a second embodiment of
      the invention.
PAR  FIG. 3 is an inverted plan view of several main constituent parts of the
      second embodiment shown in FIG. 2.
PAR  FIG. 4 is a similar view to FIG. 1, yet illustrating a third embodiment of
      the invention.
PAR  FIG. 5 is a perspective view of a battery holding member as employed in the
      third embodiment.
PAR  FIG. 6 is a similar view to FIG. 1, yet showing a fourth embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to accompanying drawings, several preferred embodiments of
      the invention will be described in detail.
PAR  In FIG. 1, showing the first embodiment, numeral 1 represents a
      conventional button type battery, having a positive pole 1a and a
      projecting negative pole 1b.
PAR  Numeral 2 represents a device driven by the battery, preferably an
      electronic watch movement, an electric alarm device or the like. This
      driven device 2 has been shown, only partially and schematically and as if
      it be a solid mass. However, it comprises various known inner working
      parts which do not constitute part of the invention and thus have been
      omitted from the drawing for simplicity.
PAR  Numeral 5 represents only partially a conventional watch case having a
      circular opening 5a cut therethrough, and numeral 6 represents only
      partially a watch dial.
PAR  A cup-shaped holder element 7 is fixedly held by its upper thickened flange
      portion 7c at the reception opening 5a of the watch case, by press fit or
      the like conventional means. The holder element 7 is formed with a
      concentric bottom opening 7a for keeping the negative pole 1b of the
      battery 1 held in position within the interior space of the cup 7, leaving
      a small ring idle gap formed around the pole 1b. The upper flange portion
      7c of the holder element is formed with female threads 7b for tightly
      receiving a correspondingly threaded male portion 8a of a disc-like cover
      8 in position as shown. Thus, these elements 7 and 8 constitute in
      combination a battery holder.
PAR  The driven device, preferably watch movement, 2 is formed with a space 2a
      for substantially surrounding the battery holder 7 and 8 which houses, in
      turn, the battery 1, and a bottom opening 2b kept in free communication
      with the said space 2a. As seen from FIG. 1, there is provided a gap
      between the outer peripheral surface of holder element 7 and the inner
      wall surface of the device 2, defining said space 2a. A sealing ring 9 is
      placed between the holder elements 7 and 8.
PAR  A positive side resilient terminal strip 3 is fixed at its root end to the
      device 2 by means of a set screw 10, the tip end of said strip being kept
      in pressure contact with the bottom of the cup 7 for current-conducting
      service. The threaded connection between the both elements 7 and 8 may be
      replaced by a snap joint or bayonet connection, although not shown.
PAR  Numeral 4 represents a negative resilient terminal strip the root end
      portion of which is fixedly attached to screw terminal 100 mounted on a
      part of the device 2, as shown. Although not shown, a lead extends from
      the terminal 100 to a selected point of an electronic drive circuit
      contained in the device 2 for the completion of the current passage.
PAR  A ring spring 101 having a plurality of radial arms 101a is inserted under
      pressure between the positive electrode 1a of the battery and the bottom
      surface of cover 8, for holding the battery in position and for serving at
      the same time as a current conductor. A further lead, not shown, extends
      from the set screw 10 acting as a terminal, for conducting current
      therefrom to the said electronic circuit, although not shown.
PAR  It will thus be seen from the foregoing, current will flow from the
      positive pole 1a through the constituting members 101; 8; 7 and 3 to the
      positive terminal post 10, thence to the electronic drive circuit. On the
      other hand, current will flow from the circuit to the negative terminal
      post 100, thence through negative contact strip 4 to the negative pole 1b
      of the battery.
PAR  For testing the inner working elements of the device 2 before insertion of
      the battery, an outside current source can be connected to the resilient
      contacts 3 and 4. Or alternatively, proper auxiliary conducting means such
      as metallic jig means can be utilized for conducting connection of a
      battery to the resilient contacts.
PAR  After testing the device 2, the battery 1 is inserted in the first holder
      element 7 and the cover 8 or second holder element, together with pressure
      spring ring 101, is coupled with the first holder element. The thus
      preassembled battery-holder sealed unit can be inserted from above through
      the corresponding opening 5a into the casing 5, or more specifically into
      the space 2a until the bottom of the first holder element 7 is brought
      into pressure contact with the resilient contact 3 and the battery brought
      into contact with contact 4.
PAR  For removal of the battery 1 from position, it suffices to release the
      cover or second holder element 8. This procedure is highly convenient. In
      the conventional battery holder, several small screws must be unscrewed.
      Thus, the second holder element serves as a battery exchange service
      means.
PAR  Since the battery is held in position firmly within the mechanically rigid
      holder assembly 7; 8 which is held in turn by and within the watch casing
      5, outside shocks and vibrations as applied to the battery could not be
      transmitted to the driven device 2 which may generally be a kind of
      delicate and highly sensitive one, such as a watch movement. Therefore, it
      is not necessary to fit certain delicate battery holder means to the
      device 2 per se.
PAR  In the conventional technique, at least a mechanically rigid support member
      must be provided between the dial and the battery. According to the
      invention, the provision of such rigid mechanical means can be dispensed
      with. It suffices to provide a thin resilient conducting means such as
      contact 4 or the like. These means may serve substantially exclusively as
      electricity conducting means. Thus, there is no mechanical rigidity
      between the battery and the dial.
PAR  On the other hand, the holder assembly 7;8 represents effects dust sealing
      and moisture proof functions as well as mechanical protection and
      current-conducting performance. In addition, its unique structure
      guarantees against a false electrical connection. The user may not fear,
      therefore, of an occurence of the polarity-reversed connection.
PAR  Conventional troublesome use of small screws which must be manipulated at
      each battery exchange can be avoided according to this invention, as was
      referred to hereinbefore.
PAR  Although not specifically referred to, these merits are also obtained in
      the case of further several embodiments to be described.
PAR  Next, referring to FIGS. 2 and 3, the second embodiment will be described
      in detail.
PAR  It should be mentioned that each corresponding part to that employed in the
      foregoing first embodiment will be denoted with the same reference numeral
      as before, yet having been added with 10.
PAR  In this embodiment, numeral 17 represents a first holder element formed
      into a hollow cylinder having an inner ring groove 17a and being fixedly
      attached at its upper end, by welding or the like means, with a watch case
      15 only partially shown. Numeral 18 represents a second holder element
      formed into a dished ring having a central large opening 18a and a
      plurality of radially and outwardly extending projections 18b kept in
      pressure engagement with said ring groove 17a. The second holder element
      18 is further formed with an outwardly and downwardly projecting tongue
      contact 18c adapted for establishing electrical and pressure contact with
      a conducting spot on a driven device 12, said spot which, although not
      specifically shown, may take a conducting strip or post as at 10 shown in
      FIG. 1.
PAR  Numeral 11 represents a battery having a positive pole 11a and a projecting
      negative pole 11b. Numeral 14 represents a negative resilient contact
      strip 14 which may be similar to that shown in 4 in FIG. 1. Numeral 15
      represents a watch cover which may be similar to that shown at 5 in FIG.
      1. 12a and 12b represent a housing space and a bottom opening,
      respectively, as shown at 2a and 2b in FIG. 1.
PAR  When assembling, before insertion of the device 12 in position the battery
      11 is inserted, into the first holder element 17, and then, the second
      holder element 18 is bridged under pressure between the battery, excluding
      the downwardly projecting negative pole 11b, and the ring groove 17a for
      keeping the battery in position as shown. Then, the device 12 is inserted
      in position within the interior space of the watch casing 15 so that the
      battery-holder assembly 11; 17 is substantially housed in the space 12a of
      the device 12. In this position, the positive tongue connector 18c will
      make a resilient, positive electrical connection with the device 12. On
      the other hand, the negative connection of the negative pole 11b and the
      device 12 is brought about through the intermediary of the resilient strip
      contact 14, in a similar manner with the contact strip 4 in the first
      embodiment. Thus, in the present second embodiment, use of the positive
      contact strip 3 as employed in the first embodiment has been dispensed
      with, for attainment of a more easy assembly with least possible number of
      constituting parts. If necessary, however, a similar resilient positive
      contact as at 3 may be added.
PAR  The member 15 may be a detachable back cover of the watch. In this case, a
      disengagement of the back cover from position will also remove the holder
      17;18, holding the battery in position, may be shifted correspondingly
      from position. The battery 11 is disconnected naturally from the device
      12. Then, the battery can be disengaged from the holder assembly after
      execution of such removal of the back cover.
PAR  In the case of the third embodiment shown in FIGS. 4 and 5, it should be
      noted that each of the corresponding constituent parts is denoted with the
      same reference numeral as used in the first embodiment, yet having been
      added with 20.
PAR  In this embodiment, the first and second holder elements used in the
      foregoing embodiments have been united into a single holder 27 which is
      fixedly attached to a watch case 25 as by welding, riveting or the like
      conventional fixing means, although not shown. This holder 27 has a bottom
      opening 27a for allowing the negative projecting pole 21b of a battery 21
      to project downwards with a small peripheral idle gap as before. The
      holder 27 is formed with a downwardly and inwardly projecting connection
      tongue 27b, acting as a resilient contact as at 18c shown in FIG. 2.
PAR  As seen from FIG. 5, the holder 27 has a simple resemblance to a rough
      cage, thus representing a general resiliency as well as a local
      flexibility at each projecting part. Therefore, the removal of the battery
      21 from the holder can be easily performed by resiliently deforming the
      whole structure or one or more battery-holding projections as at 27a. By
      employing the overall resilient one piece structure of the holder 27, the
      manufacture and assembly thereof can be highly economized. In addition,
      the overall occupying space of the holder can be minimized. Other
      constituent parts are similar to those adopted in the first embodiment so
      that any person skilled in the art can easily be understood the structure
      and function of the present invention, without further detailed analysis.
PAR  In FIG. 6, the fourth embodiment is shown.
PAR  It should be noted that each of the corresponding constituent parts to
      those employed in the first embodiment has been denoted with the same
      reference numerals as before, yet being added with 30.
PAR  In this embodiment, a holder 37 has a similar structure as that of the
      foregoing holder 27, but it has been fixedly attached to the bottom
      surface of a screw cap 38, by welding, riveting or the like conventional
      fixing means. This cap 38 is threadedly attached to a watch casing 35 at
      its female threaded opening 35a.
PAR  The holder 37 is formed with a central bottom opening 37a which is similar
      to that shown at 27a in FIG. 4. It is further formed with a resilient
      tongue 37b which has similar structure and function as those of the
      foregoing tongue contact shown at 27b in FIG. 6. Positive and negative
      poles 31a and 31b are similar to those shown at 12a and 12b in FIG. 4.
      Negative contact strip 34 corresponds to that shown at 24 in FIG. 4.
PAR  By detaching the screw cap 38, the battery-holder assembly 31; 37 can be
      easily taken out from outside of the watch casing.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. In a battery powered watch having a case on one side, a dial on an
      opposite side, a watch mechanism disposed between the case and dial, and a
      battery having a first pole and a second pole protruding from one side of
      the battery, the improved battery holder comprising:
PA1  a. means attached to said case to attach said battery to said case wherein
      said battery is located on the side of said case facing the dial, such
      that said battery remains attached to the case upon removal of the case
      from the watch, said attachment means being in electrical contact with
      said first pole of said battery;
PA1  b. first flexible terminal means electrically connecting said attachment
      means to said watch mechanism; and
PA1  c. second flexible terminal means electrically connecting the second,
      protruding pole of said battery to said watch mechanism.
NUM  2.
PAR  2. The improved battery holder of claim 1, wherein said attachment means
      comprises:
PA1  a. a cup shaped member defining a battery chamber, having a hole through
      the closed end wall, said hole having a diameter larger than the diameter
      of said second pole protruding from said battery but smaller than the
      outer diameter of the battery so as to engage an end of the battery while
      allowing the pole to protrude therethrough; the outer periphery of the
      open end of said member being attached to the inner periphery of a hole
      through said case;
PA1  b. a cover portion removably engaging said open end of said cup shaped
      member; and
PA1  c. spring means interposed between said cover portion and said battery to
      urge said battery toward said closed end wall of said cup shaped member.
NUM  3.
PAR  3. The improved battery holder of claim 1, wherein said attachment means
      comprises:
PA1  a. a generally cylindrical member having one end attached to said case to
      define a battery chamber, and a groove about the inner periphery adjacent
      the opposite end of said member; and
PA1  b. a generally annular shaped holder element having an inner diameter
      larger than the diameter of the protruding pole of the battery, but
      smaller than the outer diameter of the battery and having a plurality of
      tabs radially projecting from the outer periphery, said tabs engaging said
      groove in said cylindrical member to retain said holder element and said
      battery therein.
NUM  4.
PAR  4. The improved battery holder of claim 3, wherein said first flexible
      terminal means is integrally formed with said annular shaped holder
      element.
NUM  5.
PAR  5. The improved battery holder of claim 1, wherein said attachment means
      comprises:
PA1  a. an annular member having a plurality of depending legs, each of said
      legs having a radially inwardly curved end portion, the curved ends of
      said legs defining a circle having a diameter larger than that of the
      battery protruding pole but smaller than the outer diameter of the battery
      so as to retain the battery between the curved ends and said annular
      member; and
PA1  b. means to attach said annular member to said case.
NUM  6.
PAR  6. The improved battery holder of claim 5, wherein said first flexible
      terminal means is formed integrally with one of said plurality of
      depending legs.
NUM  7.
PAR  7. The improved battery holder of claim 5, wherein said annular member has
      a plurality of spring members protruding radially inwardly therefrom to
      urge the battery toward said curved end portion of said depending legs.
NUM  8.
PAR  8. The improved battery holder of claim 5, wherein said means to attach
      said annular member to said case comprises a cap having said annular
      member attached thereto, said cap threadingly engaging the inner threaded
      periphery of a hole through said case.
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ABST
PAL  This relates to a quartz clock having a frequency divider IC with an
      adjustable and programmable dividing factor. The adjustable dividing
      factor is reached by suppression of the pulses to be divided in such a
      manner that the distribution of the suppressed pulses is optimized.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a quartz clock having a frequency divider
      integrated circuit with an adjustable and programmable dividing factor and
      more particularly to the problem of replacing, in electronic quartz clocks
      with integrated circuits containing a crystal oscillator and an
      asynchronous frequency divider, the series trimmer for frequency fine
      adjustment by making the division ratio between crystal-oscillator
      frequency and frequency-divider-output frequency adjustable in steps
      within predetermined limits. The integrated circuits of such quartz clocks
      are preferably complementary insulated-gate field-effect-transistor
      circuits, i.e., so-called C-MOS circuits.
PAR  Several proposals have been made to solve this problem, as disclosed in
      German Published applications Nos. 1,946,166, 2,211,441, 2,219,493,
      2,233,800, 2,241,514 and 2,250,389 as well as Swiss Pat. No. 534,913. It
      is a common feature of all solutions of the known prior art except of the
      first one that the normally m-stage frequency divider must have additional
      divider stages which, together with a programmable memory circuit and a
      comparision circuit, influence the m stages of the frequency divider as
      desired.
PAR  In the known prior art this is done in various ways. In the arrrangement
      disclosed in German Published application No. 2,241,514, for example, the
      oscillator frequency is chosen to be always lower than the frequency
      divider's input frequency corresponding to an m-stage binary frequency
      division, and additional pulses are added at the output or at individual
      stages of the frequency divider so that the frequency divider's output
      frequency equals the divided nominal frequency.
PAR  In another known solution, namely that disclosed in German Published
      application No. 2,233,800, the actual oscillator frequency is also chosen
      to be lower than the nominal frequency, and by intermittently
      short-circuiting individual frequency-divider stages, the frequency
      divider is caused to count faster and, thus, the output frequency is
      approximated to the divided nominal frequency. The duration of the short
      circuit of individual frequency divider stages is determined by an
      additional counter, i.e., again by additional frequency-divider stages.
PAR  Arrangements disclosed in the other German Published applications mentioned
      above (except German Published application No. 1,946,166) also influence
      individual frequency-divider stages in response to signals from comparison
      or memory circuits by cutting off individual divider stages during certain
      counting times, which comparison or memory circuits, in turn, are
      controlled by additional frequency divider stages.
PAR  As the aforementioned known solutions to the problem described require at
      least additional divider stages and other additional circuits large
      additional circuitry must be provided which, in principle, is
      monolithically integrable but increases energy consumption to such an
      extent that such circuits are disadvantageous, particularly for
      wristwatches.
PAR  The above-mentioned German Published application no 1,946,166 discloses
      another solution to the known no. which requires only one m-stage
      frequency divider as is used in oscillator circuits with a series trimmer.
      In that arrangement, the actual oscillator frequency must be higher than
      the nominal frequency, and at the input of the frequency divider or of a
      frequency-divider stage near the input, pulses are suppressed
      intermittently by means of a blanking circuit, with the blanking time
      being determined by the pulse duration of the output signal of a
      monostable or bistable multivibrator to which the output signal of the
      frequency divider is fed as the input signal.
PAR  That multivibrator is designed so that the duration of the output pulses
      can be adjusted from outside by means of an adjustable resistor.
      Furthermore, the multivibrator is proportioned so as to be able to
      compensate for changes in oscillator frequency which are due to aging and
      temperature variations.
PAR  It is obvious that the accuracy of this known solution depends on the
      accuracy of the duration of the multivibrator's output pulses. However,
      since this multivibrator can be realized only with components having the
      usual tolerances if the expense is to be kept within reasonable limits,
      the blanking time is both temperature, age, and supply-voltage-dependent.
      Furthermore, accuracy is dependent on the accuracy of adjustment of the
      external adjusting element, which may be an adjustable resistor, for
      example, so that another factor of uncertainty is created.
PAR  Finally, in this known arrangement, the input pulses and the output pulses
      of the frequency divider are in phase only if the frequency divider is a
      synchronous counting circuit, while no such phase relationship exists when
      asynchronous counters are used as frequency dividers. The latter case is
      generally preferred for frequency dividers in clocks.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate the disadvantages of
      the last referred to known arrangement. In particular, the anologous
      influence on the pulse duration of the multivibrator is to be replaced by
      an arrangement which permits digital, and thus more accurate, adjustment.
      Furthermore, in the case of asynchronous frequency-divider circuits, the
      locked phase relation between input pulses and blanking pulses is to be
      established.
PAR  According to a broad aspect of the invention, there is provided an
      electronic quartz clock wherein there is provided a frequency divider
      integrated circuit having an adjustable and programmable dividing factor
      comprising: a source of negative voltage; a crystal oscillator; an
      asynchronous frequency divider having a predetermined number of stages; a
      blanking circuit coupled between a first predetermined number of divider
      stages and a second predetermined number of divider stages; an electronic
      switch coupled between said second predetermined number of stages and a
      third predetermined number of stages such that a portion of said second
      predetermined number of stages can be cut out of said frequency divider;
      an adjustment circuit for generating a number of control signals, said
      number being equal to said third predetermined number; and multiple gate
      logic means having as inputs said control signals and the outputs of said
      third predetermined number of stages, said logic means having an output
      coupled to said blanking circuit for suppressing a number of pulses
      generated by said oscillator in an evenly distributed manner.
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an embodiment of the invention;
PAR  FIG. 2 shows the pulse diagram of the blanking circuit of FIG. 1, and
PAR  FIG. 3 shows the pulse diagram of the last frequency-divider stages and of
      the multiple gate of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The embodiment of FIG. 1 consists of the oscillator circuit A, the m-stage
      frequency divider B, B', B", the blanking circuit D, the changeover switch
      E, the multiple gate F, the adjustment circuit X, and the AND gate G, H.
      The crystal-oscillator circuit A consists, in known manner, of the
      inverter V, between whose input and output the resistor R and the crystal
      Q are connected in parallel, with input and output grounded via the
      capacitors C1 and C2, respectively.
PAR  The m-stage frequency divider consists of the stage m ahead of the blanking
      circuit D, the stages m-1 to n + 1 between the blanking stage D and the
      changeover switch E, and the stages n to 1 following the changeover switch
      E. The two latter frequency-divider sections are designated B' and B".
PAR  The frequency-divider stage m is driven directly from the output of the
      crystal-oscillator circuit. The input of the frequency-divider stage m-1
      and the inputs of the other frequency-divider stages are driven after the
      manner of an asynchronous counter, i.e., the input of a following stage is
      driven directly from the output of a preceding stage. Since the
      above-mentioned C-MOS circuits are clock-pulse-operated circuits which
      mostly use two clock pulses which are square waves and shifted with
      respect to each other by one-half period, the frequency-divider stage m-1
      is driven both directly from the output of the blanking circuit D and via
      the inverter W so that the two aforementioned clock signals are obtained.
PAR  The blanking circuit D, which, in the embodiment of FIG. 1, is effective
      between the stages m and m-1, essentially comprises a two-stage
      synchronous shift register with the stages J, K, an inverter L, which
      generates the two out-of-phase clock signals of the synchronous shift
      register in the same manner as the inverter W, the NAND gates P, S, and
      the inverters Q, R. The blanking circuit may also be effective ahead of
      the stage m or of any one of the other frequency-divider stages near the
      input.
PAR  The multiple gate F connects the outputs of the n last frequency-divider
      stages with the same number of stages of the adjustment circuit X. The
      logic equation of the multiple gate F is:
EQU  F = [[&lt;{[(I+1+2)&(II+2)] +3}& (III+3)&gt; . . . . +n]] & (N+n)
PAR  In this equation, the sign +  denotes the inclusive OR and the sign & the
      logic AND. The multiple gate consists of the OR gates 11,12, 13, 14, 15
      and 16 and of the AND gates 17, 18, 19. From the above equation and the
      circuit diagram, the logic equation underlying the multiple gate easily
      follows so that it is also possible to interconnect more than four stages
      in analogous manner. As can be seen from the drawing and the logic
      equation, the output of the frequency-divider stages 1 to n and the
      respective stages I to N of the adjustment circuit X are interconnected,
      as stated above, by means of the above-mentioned AND and OR gates. Thus,
      during a counter cycle, i.e. during 2.sup.m pulses, 2.sup.n.sup.-1 pulses
      can be blanked. The inputs I to N of the multiple gate F are weighted in
      the binary code, so that each number between 0 and 2.sup.n.sup.-1 can be
      adjusted. Also, the output signal of the frequency divider behind the
      stage 1 exhibits no jitter, while, if the divided output frequency is
      taken off a stage ahead of the stage 1, the multiple gate F insures that
      the blanked pulses are distributed as evenly as possible among the total
      number of pulses 2.sup.m.
PAR  By means of the changeover switch E, which, for clarity, is shown in FIG. 1
      as a mechanically operable switch, but is, of course, an electronic
      switch, the stages k to n+1 can be taken out of the frequency divider.
      This has the advantage that during adjustment of the frequency-divider
      circuit in combination with its corresponding oscillator circuit, a
      considerably shorter measure time is needed because the output frequency
      of the frequency divider is only 2.sup.m.sup.-k times lower than the
      oscillator frequency, the output frequency thus being k times higher than
      the output frequency of the entire frequency divider. This does not,
      however, result in a loss of accuracy.
PAR  With the aid of the synchronous shift register J, K the blanking circuit D
      is designed so that a fixed phase relation exists between the output
      pulses of the frequency-divider stage m and the blanking pulses. The
      output frequency of the frequency-divider stage m serves as the clock
      frequency for the synchronous shift register J, K. Via the AND circuit G,
      H, which consists of the NAND circuit G and the inverter H, the
      synchronous shift register J, K receives input pulses from the multiple
      gate F only if a signal is applied to the inverting input of the
      frequency-divider stage n, with the positive-going pulse edges being the
      controlling edges. Thus, any undesireable spikes at the output of the gate
      F, which may be caused by delays in the n last divider stages, are
      rendered ineffective.
PAR  The adjustment circuit X contains one n-channel transistor for each value
      to be adjusted, namely the transistors T1, T2, T3 and Tn. Depending on
      whether the drain electrode is not wired or connected to the negative
      terminal of the supply voltage source U.sub.B, a logic ONE or a logic ZERO
      is applied to the multiple gate F. If the drain electrode is connected to
      the negative terminal of the supply-voltage source U.sub.B as in the case
      of the transistors T1 and T3, a logic ZERO is applied to the multiple
      gate, while, if the drain electrode is not wired as in the case of the
      transistors T2 and Tn, a logic ONE is applied to the multiple gate.
PAR  FIG. 2 shows the pulse diagram of the blanking circuit D; the waveforms
      shown are the output voltages of the gates specified in the subscript of
      the respective voltage. The voltages u.sub.R, u.sub.L form the clock
      signals for the synchronous shift register J, K, which, as mentioned
      hereinbefore, are 180.degree. out of phase and square waves. The output
      voltage u.sub.H of the inverter H serves as input voltage of the shift
      register. The voltage u.sub.J is developed at the output of the first
      shiftregister stage J, and the voltage u.sub.K appears at the inverting
      output of the second shift-register stage. From these two voltages the
      voltage u.sub.P is obtained at the output of the NAND circuit P; it must
      have the waveform shown because two pulses shifted by one clock period of
      the clock signals u.sub.R, u.sub.L are processed in the NAND circuit P.
      Thus, the voltage u.sub.S appears at the output of the NAND gate S, which
      voltage contains, between the pulses with the clock frequency, a pulse of
      one and a half times the clock period, during which time a clock pulse is
      thus blanked. The inverter W generates from the voltage u.sub.S the
      second, inverted clock signal for the stage m-1.
PAR  It can be seen that by the choice and wiring of the synchronous
      shift-register stages J, K and of the NAND circuit P, a pulse is
      suppressed only whenever the output signal of the inverter H has a leading
      pulse edge, while the length of this pulse is insignificant. Thus, the
      equidistribution of the pulses to be blanked is optimized.
PAR  FIG. 3 shows the pulse diagram of the n last outputs of the frequency
      divider (upper half of FIG. 3) and the pulse diagram of the output of the
      multiple gate F (lower half of FIG. 3). In this example it is assumed that
      there are seven last frequency-divider stages and seven inputs of the
      adjustment circuit X, i.e., both n and N are equal to seven.
PAR  As can be seen, the pulse diagram of the upper half of FIG. 3 is that of a
      binary frequency divider. By contrast, the lower half of FIG. 3 shows the
      pulse diagrams which are obtained if the individual adjusting inputs of
      the adjustment circuit X are activated. For example, if the adjusting
      input V is activated, the pulse train designated 16 is obtained, i.e., 16
      blanking pulses are obtained during each complete frequency-divider cycle.
      Analogously, if the other inputs are activated, 1, 2, 4, 8, 32 or 64
      blanking pulses are obtained. If several adjusting inputs are activated
      simultaneously, the sum of the blanking pulses allotted to them is
      obtained.
PAR  The logic equation beside the number of pulses blanked shows in detailed
      form the interconnection of the frequency-divider outputs and of the
      adjusting inputs, which can be reduced by simplification to the above
      logic interconnection of the multiple gate F.
PAR  The arrangement according to the invention thus permits the
      component-tolerance-, temperature- and battery-voltage- dependent
      properties of the multivibrator provided in German Published application
      no. 1,946,166 to be eliminated and allows safe adjustment of the frequency
      divider's output frequency.
PAR  The adjustment of the frequency divider's output frequency to the nominal
      value can be effected as follows. First, the actual input frequency of the
      the adjustable part is measured at the output of the inverter stage R of
      the blanking circuit D; from the difference from the nominal frequency
      those inputs of the adjustment circuit X are then determined in
      binary-coded fashion which must be activated to obtain the correct output
      frequency. These inputs, which may first be internally connected to ground
      via the transistors T1 to Tn, for example, are then connected to the
      negative supply voltage by a suitable contacting technique, i.e., by
      soldering or thermocompression bonding. The same adjustment may, of
      course, also be effected by opening some of the previously existing
      permanent connections to the negative supply voltage, e.g., by stamping,
      sandblasting or by means of a laser beam. This manner of adjustment
      insures that the adjustment once effected remains unchanged during the
      operation of the quartz clock, which is not necessarily the case with the
      arrangement disclosed in the aforementioned German published application,
      because adjustments of variable resistors may be changed through heavy
      shocks, as is well known.
PAR  The gates used may, of course, be replaced by the gates complementary
      thereto without departing from the scope of the invention. In that case,
      the respective complementary input signals must be used. This applies in
      particular to the multiple gate F of FIG. 1.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic quartz clock, a frequency divider integrated circuit
      having an adjustable and programmable dividing factor comprising:
PA1  means for providing a negative voltage;
PA1  a crystal oscillator;
PA1  an asynchronous frequency divider having a predetermined number of stages;
PA1  a blanking circuit coupled between a first predetermined number of divider
      stages and a second predetermined number of divider stages;
PA1  a switch coupled between said second predetermined number of stages and a
      third predetermined number of stages such that a portion of said second
      predetermined number of stages can be cut out of said frequency divider;
PA1  an adjustment circuit for generating a number of control signals, said
      number being equal to said third predetermined number; and
PA1  multiple gate logic means having as inputs said control signals and the
      outputs of said third predetermined number of stages, said logic means
      having an output coupled to said blanking circuit for suppressing a number
      of pulses generated by said oscillator in an evenly distributed manner.
NUM  2.
PAR  2. A frequency divider according to claim 1 wherein said adjustment circuit
      contains for each input of said multiple gate logic means a transistor
      having a source coupled to ground, a gate coupled to said means for
      providing, and a drain coupled to a corresponding adjusting input.
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ABST
PAL  In an electronic watch having a body of substantially reduced thickness
      obtained by having portions of the top surface of the watch extend above
      the remainder of the top surface, a liquid crystal or other passive
      display extends into one of the portions of the top surface extending
      above the remainder of the top surface. In addition to having the top
      surface of this portion substantially transparent, side walls of the
      portion are also substantially transparent in order to allow light to
      enter the display from the sides of the portion as well as its top. The
      sides may be shaped to concentrate light entering them on the display.
      Additional light entering the display from the sides of the raised portion
      enhances visibility of the display substantially, particularly in dim
      light conditions.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application covers an improvement in the invention described and
      claimed in a concurrently filed, copending, commonly assigned application
      Ser. No. 540,370, filed on Jan. 13, 1975, in the name of R. Gary Daniels
      and entitled "Ultra Thin Electronic Watch."
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to an electronic watch. More particularly, it
      relates to such a watch having a body of substantially reduced thickness
      obtained in part by having the display element of the watch extend above
      the remainder of the top surface of the watch. Most especially, it relates
      to such a watch of reduced thickness in which visibility of the display
      element is enhanced.
PAR  The above referenced Daniels application describes an electronic watch of
      reduced thickness in which a portion of the top surface of the watch
      extends above the remainder of the top surface of the watch. The display
      for the watch extends into this portion above the remainder of the top
      surface of the watch.
PAR  Electronic watches employing liquid crystal or other passive (i.e., which
      do not actively generate light) display elements are known in the prior
      art. In such liquid crystal displays, light entering the display from its
      top is typically allowed to pass through the display and be reflected back
      to the observer. This light is selectively blocked in portions of the
      display to create visible numbers or other indicia.
PAR  While such liquid crystal display (LCD) watches are presently commercially
      available, they have not achieved the same degree of consumer acceptance
      as the older light emitting diode (LED) watches. A primary reason for the
      difference in consumer acceptance of these two major types of electronic
      watches lies in the difference in visibility of LCDs compared with LEDs.
      The lesser visibility of LCD displays is especially of significance in dim
      lighting conditions. Thus, any improvement in the design of LCD watches
      which will increase the visibility of the LCDs in dim light conditions is
      of substantial importance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an electronic
      watch of reduced thickness having a passive display of improved
      readability.
PAR  It is another object of the invention to provide an electronic watch of
      reduced thickness having a liquid crystal display in which light enters
      the display from both its top and its sides.
PAR  It is a further object of this invention to provide an LCD watch in which
      the display has improved visibility under dim light conditions.
PAR  These and related objects may be achieved through use of the electronic
      watch structure herein disclosed. The present invention is an improvement
      in ultra thin electronic watches of the type in which a watch body of
      substantially reduced thickness is obtained in part by having a portion of
      the top of the watch body extend above the remainder of the top and having
      the display element extend above the remainder of the top of the watch
      body into the raised portion. In such a structure, the top of the raised
      portion is substantially transparent to allow viewing the display. In
      accordance with the improvement of this invention, the sides of the raised
      portion are also transparent, and the display extends a sufficient amount
      into the raised portion to allow light entering the sides of the raised
      portion to enter the display. The sides of the raised portion are
      preferably shaped to concentrate the light entering them on the display.
      The additional light entering the display from the sides of the raised
      portion noticeably enhances visibility of the display, particularly in dim
      light conditions.
PAR  The attainment of the foregoing and related objects, advantages and
      features of the invention should be readily apparent after review of the
      following more detailed description of the invention, taken in conjunction
      with the drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a watch in accordance with the invention;
PAR  FIG. 2 is a side view of the watch in FIG. 1; and
PAR  FIG. 3 is an enlarged cross section view of the watch in FIG. 1, taken
      along the line 3--3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, more particularly to FIGS. 1-3, there is shown
      an embodiment of an electronic watch utilizing the invention. The watch 10
      has a case 12 with a top surface 14 and a bottom surface 16 (see FIGS. 2
      and 3). It can be seen that the top surface 14 and bottom surface 16
      define an overall thickness for the main body of the watch.
PAR  Portions 18 and 20 extend above the remainder of top surface 14. As is best
      shown in FIG. 2, LCD 22 extends up into the portion 18. In a similar
      manner, battery 24 extends up into the raised portion 20.
PAR  Raised portion 20 is friction fit into top surface 14 of the watch so that
      it can be easily removed for access to battery 24. Alternatively, top
      surface 14 and portion 20 could be screw threaded or keyed for easy
      removal of portion 20. Raised portion 20 is also a desirable location for
      a trademark for the watch, such as the stylized M 26, a trademark of
      Motorola, Inc.
PAR  The raised portion or cover 18 having LCD 22 extending into it has a
      transparent upper surface 28 to allow observation of the LCD. As is best
      shown in FIG. 3, sides 30 of raised portion 18 are transparent as well.
      This improves visibility of the LCD by allowing light to enter it from the
      sides 30 of raised portion 18 as well as its upper surface 28.
PAR  The watch has a demand switch 32 for initiating the display of seconds by
      LCD 22, rather than hours and minutes as are usually displayed. If
      desired, the second demand switch 32 may also cause the date to be
      displayed momentarily after the seconds display has been terminated and
      before return to the usual hours and minutes. Inset switches 34 and 36 are
      provided to set the hours and minutes of the watch, respectively. They are
      actuated by depressing them with a sharp object, such as a pin or a pencil
      point. The switches 32, 34 and 36 also extend above the top surface 14 of
      the watch.
PAR  A quartz crystal 38 is mounted in the case beneath seconds demand switch
      32. High frequency oscillations of the quartz crystal 38 are divided down
      to lower frequencies in the watch in order to provide the indication of
      time. A flexible printed circuit board 40 connects battery 24 and quartz
      crystal 38 to substrate 42 by means of wire 44. Substrate 42 has one or
      more integrated circuit chips 46 mounted on one side, which contain
      frequency divider circuit, decoder circuits and the like necessary for
      operation of the watch. LCD 22 is connected to the other side of substrate
      42. Case 12 is grounded, as shown schematically by connection 48.
PAR  Detailed operation of the circuitry in the present watch will not be
      explained, since operation of the circuitry is known in the art and does
      not constitute a part of the present invention. Basic operation of the LCD
      22 is also known in the art. Operation of such displays is summarized in,
      for example, Gurtler and Maze, "Liquid Crystal Displays," IEEE Spectrum,
      November 1972, p. 25, the disclosure of which is incorporated by reference
      herein. The display 22 operates in a reflective mode, in which light
      represented by arrows 50 enters the display from its top and is reflected
      from its back surface. In order to provide the display of numerals to
      indicate time, reflection of the light is selectively blocked by selective
      application of an electric field to a conventional seven segment pattern
      for each numeral. Additionally, by virtue of the present invention, light
      is allowed to enter the display 22 from transparent sides 30 of cover 18,
      as indicated by arrows 52. Some of this light is reflected back out of the
      display as indicated by arrows 54, and some of this light merely increases
      the background light intensity of the display 22 as indicated by arrow 56.
      When compared with both a conventional LCD watch in which the display is
      not raised above the top surface of the watch and a watch in which the
      display is raised above the top surface of the watch but in which the
      cover of the display does not have transparent sides, a noticeable
      increase in brightness of the display, particularly in dim light
      conditions, is observed.
PAR  It should now be apparent that an improved electronic watch capable of
      achieving the stated objects of the invention has been provided. By having
      the display of the watch extend above the top surface of the watch case
      and providing transparent sides on the cover for the display, improved
      readability of the LCD display is obtained.
PAR  While the invention has been described in detail with reference to a
      preferred embodiment thereof, it will be apparent to those skilled in the
      art that various changes in form and details may be made therein. It is
      intended that such modifications be covered within the spirit and scope of
      the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electronic watch:
PA1  a case having top and bottom surfaces generally parallel to each other, the
      distance between the top and bottom surfaces defining a body of thickness
      of said watch,
PA1  a cover having a substantially transparent top and four sides substantially
      transparent occupying a first portion of and extending above the top
      surface of said case, and
PA1  a passive display extending into said cover above the top surface of said
      case a sufficient extent to allow light entering the sides of said cover
      to enter said display, thereby increasing its brightness and making said
      display easier to read, and a second portion of said case adjacent one of
      said four sides of said cover and extending above the top surface of said
      case, a part of said battery extending above the top surface of said case
      into said second portion of said case.
NUM  2.
PAR  2. The electronic watch of claim 1 in which said display is a liquid
      crystal display.
NUM  3.
PAR  3. An electronic watch comprising:
PA1  a case having top and bottom surfaces generally parallel to each other, the
      top and bottom surfaces defining a body thickness of said watch;
PA1  a lens having a substantially transparent top and substantially transparent
      occupying a first portion of and extending above the top surface of said
      case,
PA1  a passive display extending into said lens above the top surface of said
      case a sufficient amount to allow light entering the sides of said lens to
      enter said display, thereby increasing its brightness and making the
      display easier to read,
PA1  a battery partially in said case,
PA1  a quartz crystal in said case which oscillates at a predetermined
      frequency,
PA1  electrical circuitry operatively connecting said battery, quartz crystal
      and display, and a second portion of said case adjacent one of said four
      sides of said cover and extending above the top surface of said case, a
      part of said battery extending above the top surface of said case into
      said second portion of said case.
NUM  4.
PAR  4. The electronic watch of claim 3 in which said display is a liquid
      crystal display.
PATN
WKU  039451968
SRC  5
APN  4743970
APT  1
ART  214
APD  19740530
TTL  Universal solid state time-keeping package
ISD  19760323
NCL  17
ECL  1
EXP  Jackmon; Edith Simmons
NDR  5
NFG  13
INVT
NAM  Wood; John R.
CTY  San Jose
STA  CA
INVT
NAM  Morris, Sr.; James B.
CTY  San Jose
STA  CA
INVT
NAM  Massoletti; Arnold M.
CTY  Santa Clara
STA  CA
ASSG
NAM  American Microsystems, Inc.
CTY  Santa Clara
STA  CA
COD  02
CLAS
OCL   58 50R
XCL   58 23R
XCL   58 55
XCL  339 17R
EDF  2
ICL  G04B 1930
ICL  G04C  300
ICL  G04B 3700
ICL  H02K  107
FSC   58
FSS  23 R;50 R;53;55
FSC  174
FSS  68.5
FSC  339
FSS  17 R;17 LM;17 LN
FSC  340
FSS  336
UREF
PNO  3680037
ISD  19720700
NAM  Nellis et al.
OCL  339 17R
UREF
PNO  3750383
ISD  19730800
NAM  Kakizawa
OCL   58 23BA
UREF
PNO  3757510
ISD  19720700
NAM  Dill
OCL   58 23R
UREF
PNO  3759031
ISD  19730900
NAM  McCullough et al.
OCL   58 23R
UREF
PNO  3861135
ISD  19730200
NAM  Seeger Jr. et al.
OCL   58 50R
LREP
FRM  Owen, Wickersham & Erickson
ABST
PAL  An assembly of electronic components and a method of packaging such
      components to form a solid state time-keeping device capable of being
      housed in watch cases having different external configurations. The
      assembly includes a sub-assembly component which combines and
      interconnects an integrated semiconductor device with other discrete
      elements required to perform basic timing function in a compact package.
      This sub-assembly and the various other electronic components are readily
      removable and interchangeably replaceable with simple jeweler's hand
      tools.
BSUM
PAR  This invention relates to electronic time-keeping assemblies and more
      particularly to a method for packaging components of a solid state
      electronic time-keeping wrist watch to form such assemblies that are
      adaptable for use within a variety of watch cases or frames of different
      sizes and shapes.
PAR  Electronic watch assemblies have been previously devised utilizing well
      established electronic digital principles and circuitry for time-keeping.
      Such assemblies have utilized a continuous time display such as a liquid
      crystal electro-optics device driven by a time base signal produced by
      frequency divider circuits from a time base signal produced by a stable
      quartz crystal controlled oscillator. Power for the time-keeping circuitry
      was supplied by a small battery cell, and a higher voltage required for
      the display was produced by a small toroidally wound step-up transformer.
      A constant time display with very low power consumption and very small
      physical size and weight was achieved by using a single large scale
      integrated (LSI) complementary metal oxide silicon (CMOS) semi-conductor
      micro-circuit mounted within and connected directly to a small printed
      circuit substrate containing all electronic components required for
      time-keeping except a quartz crystal, power cell, step-up transformer and
      liquid crystal display (LCD) device. Specifically, the present invention
      is directed to the direct packaging and electrical interconnection of the
      substrate, quartz crystal, LCD, power cell and step-up transformer (when
      required) within wrist watches of a variety of different shapes and sizes
      and through the use of component packaging modules, hereinafter referred
      to as "nests". These nests have exterior contours designed to fit closely
      within a watch shell of predetermined size and shape and have interior
      contour configurations designed to demountably secure the substrate,
      quartz crystal, LCD, power cell and step-up transformer in electrically
      interconnecting engagement. A different nest is used with each different
      watch shell whereas the aforesaid discrete electronic components remain
      the same for all watches, and are designed to be directly interchangeable
      with other components of the same kind.
PAR  A principal limitation of solid state timepiece assemblies heretofore
      devised was that they fit only one watch shell design. Such time piece
      assemblies were typically assembled with the aid of microscopes in
      laboratory "clean-room" environment and were then completely encapsulated
      or hermetically sealed within a container adapted to fit within a watch
      shell of only one predetermined size. Another limitation inherent in all
      such assemblies was that the testing, repair and replacement of any
      components of the watch was virtually impossible by any jeweler outside of
      the laboratory of the manufacturer of any given electronic watch assembly.
      Moreover, many of the prior art watch assemblies were made so that repair
      thereof was essentially impossible, necessitating the replacement of the
      entire assembly when a failure of any component occurred.
PAR  Another principal drawback of prior art solid state time piece assemblies
      was the relatively large size and transverse thickness of the total
      package required to contain all of the separate components. Also, the many
      discrete internal components of such prior art watch assemblies caused
      them to have an excessive weight compared with conventional mechanical
      wrist watches. Further, in prior art electronic watches the many discrete
      components and the interconnections thereof necessitated numerous and
      involved manufacturing operations which increased production costs well in
      excess of those for mechanical watches.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  One primary object of the present invention is to provide a method of
      packaging solid state electronic time-keeping wrist watch assemblies into
      a variety of different package configurations in a way that solves the
      aforesaid problems and limitations of the prior art.
PAR  Another important object of the present invention is to provide a module of
      standard electronic components in electrically interconnecting engagement
      which is adapted to be demountably secured within functional time-keeping
      assemblies having different layouts and physical configurations.
PAR  It is a further object of the present invention to provide nests of any
      number of different layouts with internal contours for interconnecting the
      standard electronic components of a solid-state time-keeping device into a
      functional watch assembly.
PAR  Another object of the present invention is to provide an electronic
      time-keeping assembly suitable for simplified mass production
      manufacturing processes and readily repairable by jewelers and watch
      makers in the field without need for a high level of skill and exotic
      electronic equipment, tools or measuring devices.
PAR  The aforesaid and other objects are accomplished with a small printed
      circuit substrate assembly which can support all of the electronic
      components of the time-keeping device thereon except for a liquid crystal
      display and a power cell. The size of this substrate in length, width and
      thickness is such that it can readily fit within standard size wrist watch
      cases of different configurations. This is made possible in part because
      of the technique of mounting a single LSI CMOS semiconductor device
      entirely within the substrate in accordance with the invention disclosed
      in assignee's co-pending United States patent application Ser. No.
      469,460, filed May 13, 1974, entitled "Combined Semiconductor Device and
      Printed Circuit Board Assembly", the disclosure of that co-pending
      application being incorporated herein by reference.
PAR  The aforesaid substrate of time-keeping subassembly consists of a
      structural member having a top surface and a bottom surface on which a
      plurality of electrical display contactors are spaced to engage similarly
      spaced display contactors on the back side of a liquid crystal (LCD)
      device. In a time keeping assembly according to the present invention the
      LCD is placed into a central recess of the package nest so that the time
      display segments on the front of the LCD are viewable through a display
      window in the nest. The substrate is then placed into the nest so that the
      display contactors thereof are connected to the display contactors of the
      LCD through a frame carrying plural transverse elastomeric conductors
      which provides electrical interconnection of the substrate and the display
      unit. The display unit is held against the interior chamber surfaces of
      the nest by contactor engagement within the substrate. The LCD device may
      contact the substrate directly or a separate interconnect device between
      the substrate and the LCD may be used.
PAR  Connector pins are located on the top surface of the substrate whereby the
      quartz crystal, a step-up transformer (if required) and the power cell may
      be electrically connected to the substrate. Interconnection of the crystal
      unit, step-up transformer and power cell is preferably accomplished
      through wire conductors whose ends are attached by suitable quick
      disconnect means to connector pins on the top surface of the substrate.
PAR  The quartz crystal unit utilized to provide a time base fequency of 32,768
      hertz is preferably contained in its own hermetically sealed vacuum can to
      reduce its series resistance, improve its activity for any given drive
      current, and minimize any natural aging effects on the crystal. In
      alternative embodiments the quartz crystal may be supported on the
      substrate or within the nest adjacent to the substrate.
PAR  The power cell and step-up transformer are wired to the substrate in the
      same manner as the crystal. Pins mounted in the nest and engaging the
      battery and transformer are connected to corresponding connection pins on
      the substrate through suitable conductors.
PAR  An appropriate switch device is provided on the watch for controlling the
      operation and setting of the electronic time-keeping circuit. One form of
      rotary switch is mounted in the back plate of the watch shell in a
      position so that contactors on the switch bottom engage certain terminal
      control pads on an inner surface of the substrate. When the switch is
      moved manually to different positions, its contactors engage different
      combinations of terminal pads on the substrate to put the circuit in the
      "run" or "hold" modes or for setting the hours or minutes on the watch
      display. Other forms of switches are also useable for watches utilizing
      the components assembly of the present invention.
PAR  When installed within a watch case according to the invention, a package or
      assembly comprising the LCD, substrate, quartz crystal, power cell and
      battery are held together in close physical proximity by a nest made of
      lightweight non-conducting material such as plastic. Each standard
      component fits closely within the nest so as to engage the other
      components in such a manner so as to provide the necessary electrical
      interconnections. The time-keeping components of the assembly are also
      retained within the nest by the front and back members of the watch shell
      which are held in a normal interlocking engagement. When in such
      engagement, the time setting control switch is in position for contacting
      the various control terminals on the substrate. The overall assembly is
      one that is unusually compact, easy to assemble and repair without the
      necessity of specialized skills or tools and yet one that is easily
      adaptable to a wide variety of watch case sizes and styles.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following detailed description thereof presented in
      conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view in elevation of a typical wrist watch utilizing a
      time-keeping assembly in accordance with the present invention;
PAR  FIG. 2 is a simplified block diagram showing the circuit path of the
      electronic components comprising the time-keeping assembly of the present
      invention;
PAR  FIG. 3 is an exploded view in elevation and perspective of the wrist watch
      of FIG. 1;
PAR  FIG. 4 is an enlarged plan view of the back of a solid state time-keeping
      package of the present invention adapted to fit within the wrist watch of
      FIG. 1;
PAR  FIG. 5 is a view in elevation and in section taken along line 5--5 of FIG.
      4;
PAR  FIG. 6 is a view in elevation and in section taken along line 6--6 of FIG.
      4;
PAR  FIG. 7 is a view in elevation and in section taken along line 7--7 of FIG.
      4;
PAR  FIG. 8 is an enlarged plan view of the back of another solid state
      time-keeping package of the present invention showing a modified component
      assembly;
PAR  FIG. 9 is a front view in elevation of a wrist watch shaped to contain the
      package of FIG. 8;
PAR  FIG. 10 is a simplified top plan view of another solid state time keeping
      package according to the invention;
PAR  FIG. 11 is another simplified top plan view of an oval solid state time
      keeping package;
PAR  FIG. 12 is yet another simplified top plan view of a rectangular solid
      state time keeping package; and
PAR  FIG. 13 is an enlarged top plan view showing the back of another solid
      state time keeping package with the quartz crystal mounted on the
      substrate.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings, a wrist watch constructed in accordance with the
      present invention and generally indicated by reference numeral 10 in FIG.
      1 comprises a nest 12 which is sized to fit closely into a watch case 14,
      as shown by the dotted lines marking the outer circumference of the nest
      and the inner circumference of the watch case. The exposed portion of the
      nest 12 serves as the watch face and defines a display window 16 through
      which the digital segments 18 of a series of display characters may be
      observed indicating substrate time in hours and minutes.
PAR  FIG. 2 is a simplified block diagram showing the electrical circuit paths
      of the standard electronic components within a package or time-keeping
      assembly constructed in accordance with the present invention. The circuit
      comprises a quartz crystal 20 controlling the frequency of a time base
      generator 22 which in turn provides a time base signal to a frequency
      divider and counter circuit 24. The counter circuit outputs are used to
      drive a four digit liquid crystal display unit 26. In this embodiment a
      voltage step-up and supply circuit 28 is used for providing a seven and a
      half volt potential to the time base generator 22, the frequency divider
      and counter circuit 24, and the liquid crystal display 26. A step-up
      transformer 30 and a one and a half volt power cell 32 are connected to
      the voltage step-up and supply circuit 28. As will be shown and described
      later different power cells with increased output capabilities as well as
      display devices with lower voltage requirements can also be used within
      the scope of the invention. Thus, some embodiments of the present
      invention will not require the step-up transformer.
PAR  An important component of the time-keeping assembly according to the
      invention is printed circuit substrate 34 which in this embodiment
      contains all circuit components for the time-keeping package except the
      quartz crystal 20, the liquid crystal display 26, the step-up transformer
      30, the power cell 32. A time set switch 36 is also provided which
      electrically engages the circuitry of the substrate 34 so that the correct
      time may be entered into the counters within the substrate 34 and
      displayed by the liquid crystal display 26.
PAR  FIG. 3 is an exploded view in front elevation and perspective of the wrist
      watch of FIG. 1. The watch case 407,147 comprises a frame 38 defining a
      cylindrical hole sized to receive the nest 12 entirely therewithin, and an
      inwardly extending flange 40 on the frame to retain the nest 12. A
      removable back plate 42 is provided with two lips 44 normal to and
      extending along the periphery thereof so that it may be removably secured
      to the watch frame 38. In the embodiment shown the backplate 42 contains
      time set switch 36 and a power cell access cover 46. The set switch shown
      is described in greater detail in assignee's co-pending U.S. patent
      application, Ser. No. 407,147 filed on Oct. 17, 1973 and entitled "Switch
      for Electronic Watch", now U.S. Pat. No. 3,884,033.
PAR  As shown in the embodiment of FIG. 3 all electronic components including
      the LCD 26, the substrate 34, the quartz crystal 20, the step-up
      transformer 30 and the power cell 32 fit closely within the nest 12. The
      LCD 26 is first placed into nest 12 with display segment surface 48 held
      against the interior surface of the nest 12 containing the display window
      16 shown in FIG. 3 in hidden view. On the back surface of the LCD 26 are
      two rows of spaced metallic connection pads 50 adjacent to the lengthwise
      edges of the LCD 26. These pads 50 are electrically contacted by
      hemispherical contactors or terminals mounted on the bottom side of a
      U-shaped interconnector 52. Each such hemispherical contactor extends
      transversely through the interconnector 52 and forms a corresponding
      contactor 54 on the top side of the interconnector 52 for electrical
      contact with two rows of spaced metallic connection pads 56 (shown in
      hidden view in FIG. 3) corresponding to the pads 50 on LCD 26. This
      provides electrical interconnection of the LCD 26 with the substrate 34.
      The interconnector 52 is sandwiched between LCD 26 and substrate 34 within
      nest 12 and may be movably mounted therein. Crystal 20 fits into an
      elliptical chamber 156 of the nest 12 adjacent to the upper lengthwise
      edges of the LCD 26, interconnect 52 and substrate 34 combination within
      the nest 12. The step-up transformer 30 fits into a semicircular chamber
      58 adjacent to the lower lengthwise edges of the LCD 26, interconnect 52
      and substrate 34 combination within the nest 12 and is secured therein by
      pin 60 pressed into the nest 12. The power cell 32, such as commercially
      available AgO or Ag.sub.2 O type batteries, fits into a circular chamber
      62 within the nest 12 formed by a semicircular right edge of the substrate
      34 and an opposite adjacent semicircular interior wall of nest 12. The
      size and output of power cells useable for time-keeping devices according
      to the invention can vary, and in some instances more than one power cell
      may be used. The LCD 26, interconnect 52 and the substrate 34 are secured
      to the nest 12 by four screws 64 threaded into the nest.
PAR  FIG. 4 is a plan view of the interior of the assembled wrist watch 10 of
      FIG. 1 as it would appear with its back cover removed. The substrate 34,
      the quartz crystal 20, the step-up transformer 30 and the power cell 32
      are shown installed within the nest 12. The LCD 26 is entirely hidden from
      view by the substrate 34, which is secured to the nest 12 by the four
      screws 64.
PAR  The substrate 34 is made as a separate component of the assembly in
      accordance with the materials and method steps described in the aforesaid
      U.S. patent application Ser. No. 469,460. The substrate is essentially a
      small printed circuit board within which is a CMOS integrated circuit
      device that incorporates the time-keeping circuitry including the time
      base generator 22 and the frequency dividers 24. The semiconductor device
      is supported on a small carrier secured within the board and the terminals
      or pads of the semiconductor device are connected, as by wire bonding,
      directly to the ends of conductor paths on the substrate board. The wire
      bonds and the semi-conductor device itself are surrounded by an
      encapsulation material. Other elements of the electronic circuitry are
      fixed to the substrate 34 which, as shown in FIG. 4, is preferably
      provided with a curved convex edge at one end and a curved concave edge at
      its opposite end. These convex and concave edges enable the substrate to
      fit with the nest 12 with a minimum waste of space and in a position to be
      readily connectable to other components.
PAR  FIG. 4 illustrates the manner of electrical interconnection between the
      four standard components visible within the nest 12. In this embodiment
      detachable spiral end wound connection wires 70 engage upright connection
      pins 72 to form the necessary electrical interconnection paths. The wires
      70 are readily removed with the aid of small "needle-nose" pliers
      generally available to jewelers and watchmakers. Other quick disconnect
      means for connecting the ends of wires 70 to the pins 72 could be used, if
      desired.
PAR  As shown in FIG. 5, two connection wires 70a, 70b interconnect pins 72a and
      72b on the crystal 20 and the corresponding pins 72c and 72d on the
      substrate 34. In addition, the transverse double hemispherical contactors
      54 are shown passing through the interconnector 52, thereby electrically
      interconnecting the LCD 26 with substrate 34 as well as mechanically
      securing the LCD within the nest 12. One of the four screws 64 which lock
      substrate 34, interconnector 52 and LCD 26 in combination within the nest
      12 is also shown in FIG. 5.
PAR  In FIG. 6, another view in diametrical section, at right angles with the
      section view of FIG. 5, and and elevation of the package of FIG. 4 along
      line 6--6 is given. This view illustrates the positioning of the quartz
      crystal 20 and the step-up transformer 30 with respect to the LCD 26,
      interconnector 52 and substrate 34 combination within nest 12. The
      connector wire 70a and connector pins 72a and 72b are also shown in FIG.
      6.
PAR  FIG. 7 is provided for the purpose of illustrating plaacement of and
      electrical interconnection with the power cell 32 in this embodiment. A
      contact strap 74 made of conductive material such as beryllium copper
      follows the contour of the bottom surface of the power cell chamber 62
      within the nest 12 and continuing up the right interior sidewall thereof
      to a point where it bends over to contact a connector pin 72. Three
      pointed deformations 76 within the contact strap 74 engage one terminal 78
      of the power cell 32. The other connection to the power cell 32 to its
      case is made by a contact strap 80 containing pointed deformations 82
      which contact the side of the cell 32.
PAR  In accordance with the method of the present invention wrist watches of
      differing physical sizes and shapes may be designed and constructed using
      the electronic components previously described herein in various physical
      layouts. For example, different layout of these components is illustrated
      in the plan view of FIG. 8. In this illustration nest 90 is designed for
      insertion within a wrist watch of a rounded rectangular contour as
      illustrated in FIG. 9. In FIG. 8, the substrate 34 overlies the
      interconnector 52 and the LCD 26 in the same manner as is illustrated in
      FIG. 6. However, in the nest 90 of FIG. 8 the step-up transformer 30 is
      placed adjacent to the power cell 32. The quartz crystal 20 remains in the
      same general position as is shown in FIG. 4.
PAR  FIGS. 10, 11 and 12 are simplified plan views illustrative of other nest
      configurations made possible with the present invention.
PAR  In FIG. 10, the quartz crystal 20 is adjacent to the upper lengthwise edge
      of the substrate as in the nest 12 of FIG. 4; however, the power cell 32
      has been positioned adjacent to the step-up transformer 30 along the lower
      lengthwise edge of the substrate 34. In the oval shaped nest of FIG. 11,
      the quartz crystal 20 is mounted in the same relation to the substrate 34
      as shown in FIG. 4; however, the position of the step-up transformer 30
      and the power cell 32 have been reversed over the respective position of
      FIG. 4. Finally, in a square nest shown in FIG. 12, the four components
      shown follow the general layout of the nest of FIG. 10.
PAR  In some instances it may be advantageous to provide a quartz crystal 20a of
      reduced size which as shown by the watch 10a in FIG. 13, may be mounted
      directly on the inner side of the substrate or board 34. In this
      embodiment of the present invention even less space is required for the
      entire watch assembly, and it is therefore adaptable for installation in
      even a wider range of watch cases of differing sizes and shapes. Also,
      with the use of a power cell of higher voltage output coupled with display
      devices requiring a lower drive voltage, the step-up transformer 30 can be
      eliminated. Consequently, all of the essential components of the watch,
      except the display and power cell, are supported by or attached to the
      substrate 34 which is connected to these other components when installed
      in a suitable nest 12a. As with the previous embodiments the nest retains
      the LCD 26 so that it electrically interconnects with the substrate 34.
      Although the connector 52 is particularly effective for providing this
      interconnection it may be accomplished using other connection means. For
      example, the substrate terminals points may be provided with built up
      hemispherical portions or projections which extend far enough to contact
      the pads on the LCD device.
PAR  From the foregoing, it is apparent that the present invention provides an
      electronic time-keeping assembly that is unique in its simplicity and
      adaptability for high volume, low cost production. Yet, the assembly can
      be of the highest quality and should provide a highly accurate time-piece
      capable of long, trouble-free service. Moreover, should failure of any
      component occur, its replacement can be quickly and easily accomplished by
      a relatively unskilled person, a feature heretofore unavailable in prior
      art time-keeping devices.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic digital solid state watch assembly comprising:
PA1  a. a watch frame having a front time display side thereof with a display
      opening therein and defining an interior cavity, and a backplate removably
      mounted on a back side thereof and closing said cavity;
PA1  b. a nest member located entirely within and occupying said cavity and
      having a time display window visible through the display opening of said
      frame, said nest member including somewhat irregular interior portions
      contoured to form a plurality of recesses;
PA1  c. digital display means for providing a visual time display, said display
      means packaged in a unit having two flat and generally parallel surfaces
      with means forming digital time display segments that are viewable on a
      front surface, and electrical connection points on a back surface, said
      display means being sized to fit closely within a display unit recess of
      said nest, said nest having means in said display unit recess for holding
      said display unit in place so that said time display segments may be
      viewed through the display window of the nest; d. a crystal unit mounted
      within said nest;
PA1  e. power supply means retained within said nest;
PA1  f. a printed circuit substrate containing electronic circuitry powered by
      said power supply means for generating time signals from said crystal unit
      and for driving said digital display means and substrate having two flat
      generally parallel surfaces with a front surface containing contact means
      for providing an electrical interconnection with said display means, and a
      back surface having electrical conductor paths with interconnection means
      for said quartz crystal unit and for said power supply means, said
      substrate overlying said display unit recess within said nest and secured
      therein, and
PA1  g. means between said display unit and said substrate for electrically
      interconnecting said display means to said substrate and for
      simultaneously mechanically locking said display unit in place in said
      nest when said substrate is secured within said nest.
NUM  2.
PAR  2. The wrist watch assembly of claim 1 wherein said quartz crystal unit is
      mounted within said nest adjacent to said substrate.
NUM  3.
PAR  3. The wrist watch assembly of claim 1 wherein said quartz crystal unit is
      mounted directly on said back surface of said substrate.
NUM  4.
PAR  4. The wrist watch assembly of claim 1 including a transformer means
      connected to said power supply means and mounted on said substrate.
NUM  5.
PAR  5. The wrist watch assembly of claim 1 including a transformer means
      connected to said power supply means and supported within said nest member
      adjacent to said substrate.
NUM  6.
PAR  6. The wrist watch assembly of claim 1 wherein said substrate has a convex
      surface at one end and a concave surface at its other end which fits
      adjacent to said power supply means.
NUM  7.
PAR  7. The watch assembly of claim 1 wherein said electrical connection points
      on the back surface of said display unit are arranged generally adjacent
      at least two opposite edges thereof; wherein said contact means on the
      front surface of said substrate are provided adjacently opposite to said
      connection points; and wherein said means between said display unit and
      said substratae comprises generally U-shaped connector means having spaced
      apart conductive contactors on opposite segments of said U-shaped
      connector means, said contactors being mounted and aligned for
      interconnecting said substrate and said display means and for locking said
      display unit when said connector means is held within said nest by said
      secured substrate.
NUM  8.
PAR  8. The wrist watch assembly of claim 1 wherein said nest means has an outer
      configuration that is similar in shape but slightly smaller than said
      watch frame and fits therein.
NUM  9.
PAR  9. The wrist watch assembly of claim 1 wherein said electronic circuitry of
      said substrate is a single integrated circuit CMOS device supported within
      said substrate and electrically connected to conductive paths and discrete
      elements on said substrate.
NUM  10.
PAR  10. An electronic sub-assembly for use in combination with a power cell,
      means for fixing a standard frequency signal, a watch frame, and a digital
      display to provide a solid state watch, comprising:
PA1  a nest member retained within said frame, said member having a display
      recess with a display window for holding said digital display in a
      predetermined position therein, and a substrate recess for holding a
      printed circuit substrate in a predetermined registration with said
      display; and,
PA1  a printed circuit substrate removably secured within said member, said
      substrate containing electronic circuitry for generating time signals from
      said standard frequency signal and for driving said digital display, said
      substrate having two flat generally parallel surfaces with a front surface
      containing contact means for electrical interconnection with said display
      means when said substrate is secured in said predetermined registration
      with said display, and a back surface having electrical conductor paths
      with interconnection means extending to said power, cell; and
PA1  means extending between said substrate and said display for electrically
      interconnecting said contact means and said display and for locking said
      display in place when said substrate is secured within said nest.
NUM  11.
PAR  11. The sub-assembly of claim 10 wherein said means for fixing a standard
      frequency signal comprises a quartz crystal unit mounted directly on said
      back surface of said substrate.
NUM  12.
PAR  12. The sub-assembly of claim 10 wherein said electronic circuitry for
      generating time signals comprises an integrated circuit semiconductor
      device supported within said substrate and electrically connected to
      conductive paths and discrete elements on said substrate.
NUM  13.
PAR  13. The sub-assembly of claim 12 including a step-up coil mounted in a
      recess in said nest and connected to said substrate.
NUM  14.
PAR  14. The sub-assembly of claim 10 wherein said means between said substrate
      and said display for providing electrical interconnections with said
      display are spaced apart contactors arranged along opposite sides of said
      front surface.
NUM  15.
PAR  15. The sub-assembly of claim 10 wherein said substrate has a convex end
      surface at one end and a concave end surface at its opposite end.
NUM  16.
PAR  16. The wristwatch assembly of claim 1 wherein said means between said
      display unit and said substrate comprises a removable insulating member
      carrying a series of spaced apart conductuve elastomeric interconnectors,
      the spacing thereof providing the locking of said display means in place.
NUM  17.
PAR  17. The sub-assembly of claim 10 wherein said means between said substrate
      and said display comprises a removable insulating member carrying a series
      of spaced apart conductive elastomeric interconnectors, the spacing
      thereof providing the locking of said display in place.
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ABST
PAL  A timepiece including a casing having a main part with an element in relief
      to receive the timepiece movement. The casing element supports at least a
      part of the shafts of the timepiece movement gearing. The element has at
      least one bridge of the movement frame to maintain the gearing with at
      least one other bearing surface for another element of the movement.
BSUM
PAR  The present invention relates to a timepiece.
PAR  This timepiece is characterized by the fact that the main part of the frame
      of its movement is constituted by an element of its casing showing a
      relief adapted to the relief of the elements of the movement, this element
      of the casing supporting at least a part of the shafts of the gearing of
      the movement and being provided with at least one bearing surface for at
      least one bridge of the frame of the movement maintaining the said gearing
      and with at least one bearing surface for an element of the movement.
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PAR  The drawing shows, by way of example, one embodiment of the object of the
      invention.
PAR  FIG. 1 is a perspective view of a part of a wrist-watch.
PAR  FIG. 2 is a plan view thereof, at a larger scale.
PAR  FIG. 3 is an exploded view thereof, at the scale of FIG. 1.
PAR  FIG. 4 is a plan view of a part of this watch, during its mounting, and
PAR  FIGS. 5, 6 and 7 are sectional views along lines V--V, VI--VI and VII--VII,
      respectively, of FIG. 2, at a larger scale.
DETD
PAR  The casing of the watch represented is constituted by a cap 1, made of
      plastic material, provided with a bottom 1a and with an annular edge 1b
      carrying the glass, designated by 2, which maintains in place the dial,
      designated by 3, resting by its periphery on an inner shoulder of the edge
      1b (FIG. 7), on which it is angularly positioned by a stud 4 (FIG. 2).
      This cap 1 constitutes, with the glass 2, a casing of the type known under
      the name of "container" intended to be located either in an outer casing
      or merely in a middle part provided, especially, by the means of attaching
      of the bracelet.
PAR  The bottom 1a of the cap 1 constitutes an element of the frame of the
      movement, more precisely the main part of this frame. As shown by FIG. 3,
      this bottom 1a has a relief which depends from the topography of the
      movement, that is to say which is provided with portion situated at
      different levels giving passage to elements of the movement. Thus, the
      bottom 1a is provided with a circular recess 5 intended to receive the
      barrel containing the motor spring, a circular recess 6 in which is
      located the balance-wheel, a zone 7 receiving the bearings of the several
      shafts of the gearing of the movement, an intermediary zone 8 constituting
      a stiffening extra thickness, and two bearing surfaces 9 and 10, the role
      of which will be indicated later, which are parallel to the plane of the
      movement and which are situated in a common plane.
PAR  The motor spring, represented at 11 in FIG. 7, is located in a barrel
      constituted merely by a ring 12, opened on its both sides, partially
      engaged in the recess 5 of the bottom 1a of the cap 1. The shaft of the
      barrel, designated by 13, is pivoted on the one hand in an embossment 1c
      shown by the bottom 1a of the cap 1, at the centre of the recess 5, and on
      the other hand in a metallic bridge 14 bearing on the bearing surfaces 9
      and 10 of the bottom 1a of the cap 1. This bottom 1a is provided with two
      tubular studs 1d, substantially diammetrically opposed with respect to the
      centre of the movement, ensuring the centering of the bridge 14, which is
      maintained in place by two screws 15. This bridge being situated under the
      dial, it plays, partially, the role of the base-plate of the conventional
      movements while the bottom 1a of the cap 1 plays, partially, the role of
      the conventional bridges.
PAR  The shaft 13 of the barrel carries, forced thereon, a wheel 16 meshing with
      the pinion, designated by 17, of the minutes, which is not situated in the
      centre of the movement, as in the conventional watches, but out from this
      centre. The shaft 17a of the minutes, made of one piece with the pinion
      17, is pivoted between the bottom 1a of the cap 1 and a small plate 18
      secured, by a screw 19 (FIG. 7), to the bridge 14. This shaft 17a carries
      a wheel 20 meshing with the pinion 21 of the third wheel, the shaft of
      which, designated by 21a, is pivoted between the bottom 1a of the cap 1
      and the bridge 14. This shaft carries a wheel 22 meshing with the pinion
      23 of the centre seconds, the shaft 23a of which, carrying the seconds
      hand, designated by 24, is supported on the one hand by the bottom 1a of
      the cap 1 and on the other hand by a sleeve 25 secured to the bridge 14.
PAR  The minutes shaft 17a being not situated in the centre of the movement, as
      it has been said, it carries a cannon-pinion 26, meshing with an
      intermediate wheel 27 (FIG. 7) meshing with a second cannon-pinion 28, the
      cannon of which carries the minutes hand designated by 29. The hour-wheel,
      designated by 30, carrying the hand 31 of the hours, is engaged on the
      second cannon-pinion 28. Its wheel 32 is meshing with the pinion of a
      dial-train, not represented, the wheel of which is meshing with the second
      cannon-pinion 28.
PAR  The regulating device of the watch as disclosed and represented is
      constituted by an independent modular element, represented in 33 in FIG.
      3. The frame of this modular element comprises a metallic main plate 34, a
      metallic bridge 35, secured to the plate 34, and a balance-cock 36,
      secured to the bridge 35 which operates as a distance-piece. This
      regulating module comprises an escape wheel 37 forced on the shaft 38a of
      a pinion 38 meshing with a seconds wheel 39 carried by the shaft 23a of
      the centre seconds. The shaft 38a is pivoted between the main plate 34 and
      the bridge 35, as is also the shaft, designated by 40, of the pallets 41.
      The balance-wheel, designated by 42, is pivoted between the main plate 34
      and the balance-cock 36. As a modification, the regulating module could be
      provided with means permitting to adjust the timing of the watch,
      permitting to act on the active length of the hair-spring.
PAR  The regulating module is supported by the bottom 1a of the cap 1 bearing on
      the two bearing surfaces 9 and 10 of this bottom 1a. The surface 9 is
      provided with a tubular stud 1e, similar to the studs 1d ensuring the
      centering of the bridge 14 and on which is engaged, by means of a hole 43
      provided therein to this effect, the main plate 34. A screw 44 maintains
      it in position. At its opposite end, the plate 34 is maintained in place
      by a screw 45 screwed in a hole 46 provided in the bearing surface 10 of
      the bottom 1a of the cap 1; this screw 45, sectionally shown in FIG. 2, is
      provided with a conical bearing surface by means of which it engages the
      edge of the hole, designated by 47, of the plate 34 traversed by this
      screw. Owing to this arrangement, the main plate 34 of the frame of the
      regulating module is pressed, in the direction of the arrow 48 of FIG. 2,
      towards the bridge 14. It bears, by means of a nose 34a constituting a
      centering means, against a gearing surface 49 (FIG. 4) perpendicular to
      the plane of the movement, provided on the bridge 14. There results that
      the penetration of the toothing of the seconds wheel 39 into the pinion 38
      of the escape wheel 37 is very precisely determined by the dimension of
      the centering nose 34a and by the position of the bearing surface 49,
      independently from any other dimension of the several elements of the
      movement. As a modification, one could also have the centering ensured not
      by means of the nose 34a of the plate 34, which is situated close from
      point of pivoting of the escape wheel 37, but by a portion 34b of this
      plate which is coaxial to the escape wheel. This head 34b would then
      cooperate with a bearing surface of the bridge 14 similar to the bearing
      surface 49, that would have the advantage that the operating of the
      regulating device would not be troubled by imprecisions of manufacture
      which could bring its position to vary angularly with respect to the axis
      of the escape wheel.
PAR  The watch represented comprises moreover a control stem 50 (FIG. 5),
      perpendicular to the plane of the movement, able to occupy several axial
      positions, permitting to effect, according to its position, the winding,
      the setting or the correction of the indicating members of a calendar, the
      mechanism of which has not been represented. The stem 50 carries a control
      crown 51 by means of which it is rotatably mounted in a sleeve 52 forced
      in the bottom 1a of the cap 1. The stem 50 is provided, at its end
      opposite to this one carrying the crown 51, with a portion of larger
      diameter 50a rotating in a small plate 53 carried by the lateral part 1b
      of the cap 1.
PAR  The sleeve 52 carries, rotatably mounted on its inner end, a pinion 54
      traversed by a toothing 50b provided on the stem 50, this pinion meshing
      with a toothing 12a of the ring 12 constituting the barrel. In one of the
      axial positions of the stem 50, represented in FIG. 5, its toothing 50b is
      meshing with a corresponding inner toothing of the pinion 54, that
      permits, while operating the control crown 51, to effect the winding. A
      pole 55 (FIG. 3) acts on the pinion 54 for retaining the motor spring 11,
      the return spring of this pole, designated by 56, cooperating, like a
      jumper, with one or the other of several conical surfaces 57 of the stem
      50, for ensuring the stability of the several axial positions of this
      stem. The stem 50 carries, at its end opposed to this one carrying the
      control crown 51, a wheel 58 meshing, in the pulled position of the stem,
      with a setting intermediate wheel 59, carried by the bridge 14, the axis
      of which is inclined with respect to the plane of the movement, and which
      is meshing with the intermediate wheel 27 connecting the cannon-pinion 26
      carried by the minutes shaft 17a to the second cannon-pinion 28 coaxial to
      the centre of the movement.
PAR  The mounting of the timepiece as disclosed and represented is effected
      while mounting first the several elements of the control mechanism, that
      is to say the stem 50 and the pinions 54 and 58. One can then effect a
      checking of the tightness of this mechanism, this tightness being ensured
      by a joint 60 interposed between the crown 51 and the sleeve 52, without
      the other elements of the movement being already in place and without,
      therefore, there is a risk of damaging them by this checking which is
      effected, generally, by deeping into a liquid. This checking will be so
      more useful that the stem 50 has not, later, to be separated anew.
PAR  The mounting is then continued while placing the barrel, the shaft of the
      barrel, and the three first elements of the gearing. The bridge 14 is then
      put in place, that maintains the whole. One can then check all the
      operations of the control mechanism as well as the freedom of the gearing
      of the movement.
PAR  The mounting is continued while putting in place the regulating module 33,
      which will have been mounted and checked previously, which is engaged in
      the space provided for it in the position represented in FIG. 4, in which
      the pinion 38 of the escape wheel is not meshing with the wheel 39 of the
      seconds. Thus, the regulating module can be put in place entirely mounted,
      without there is a risk that any of its elements be damaged. It is
      maintained by the screw 44, which is not tightened, then the screw 45 is
      put in place, moving the regulating module in the direction of arrow 61 of
      FIG. 4. When the centering nose 34a of the main plate 34 is strongly
      applied against the bearing surface 49 of the bridge 14 by the conical
      bearing surface of the screw 45 acting on the edge of the hole 47 of the
      plate 34, the screw 44 is then tightened. It is to be noted that, owing to
      this arrangement, the main plate 34 constitutes, with the bridge 14, a
      rigid assembly, these two elements contributing, together, to ensure the
      rigidity of the frame of the movement.
PAR  In the example as disclosed and represented, the cap 1 is made of plastic
      material and the bridge 14 of metal, but the reverse could be executed as
      well as the whole could be made of metal or the whole of plastic material.
PAR  In this example, the bearing members of the bearings of the gearing are
      secured on element 1a of the frame or on the bridge 14. They could, when
      these portions of the frame are made of plastic material, be made of one
      piece therewith or be molded in situ thereon.
PAR  As a modification, one could provide the case where the regulating module
      will be definitely and unremovably secured to the bottom 1a of the cap 1,
      by means of studs, or by welding or sticking for example.
PAR  The present arrangement will be usable not only for wrist-watches, but also
      for pocket watches pendant watches or other timepieces as, for instance,
      minature clocks.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A timepiece including in combination, a casing (1) forming a part of the
      movement frame with the casing bottom (1a) forming the main part of the
      movement frame, the casing bottom including a relief formed therein and
      adapted to the relief of the elements of the movement, said casing bottom
      supporting at least a part of the shafts of the gearing of the movement
      and being provided with at least one bearing surface (9) for supporting at
      least one bridge (14) of the frame of the movement and for maintaining the
      said gearing in position and with at least one bearing surface (10) for an
      element (33) of the movement, the bearing surface (10) of the element (33)
      of the movement constitutes a second bearing surface for the said bridge
      (14) of the frame, while the bearing surface (9) for the bridge (14)
      constitutes a second bearing surface for the said element (33) of the
      movement.
NUM  2.
PAR  2. A timepiece including in combination, a casing (1) forming a part of the
      movement frame with the casing bottom (1a) forming the main part of the
      movement frame, the casing bottom including a relief formed therein and
      adapted to the relief of the elements of the movement, said casing bottom
      supporting at least a part of the shafts of the gearing of the movement
      and being provided with at least one bearing surface (9) for supporting at
      least one bridge (14) of the frame of the movement and for maintaining the
      said gearing in position and with at least one bearing surface (10) for an
      element (33) of the movement, said element (33) of the movement bearing on
      the bearing surface (10) of the main portion (1a) of the frame of the
      movement is constituted by a regulating module.
NUM  3.
PAR  3. A timepiece including in combination, a casing (1) forming a part of the
      movement frame with the casing bottom (1a) forming the main part of the
      movement frame, the casing bottom including a relief formed therein and
      adapted to the relief of the elements of the movement, said casing bottom
      supporting at least a part of the shafts of the gearing of the movement
      and being provided with at least one bearing surface (9) for supporting at
      least one bridge (14) of the frame of the movement and for maintaining the
      said gearing in position and with at least one bearing surface (10) for an
      element (33) of the movement, the two bearing surfaces (9 and 10) of the
      main portion (1a) of the frame of the movement being situated in the same
      plane.
PATN
WKU  039451984
SRC  5
APN  5170044
APT  1
ART  321
APD  19741022
TTL  Chain making apparatus
ISD  19760323
NCL  1
ECL  1
EXA  Walkowski; Joseph A.
EXP  Lanham; C. W.
NDR  2
NFG  2
INVT
NAM  Linden; Sven-Erik
CTY  Laxa
CNT  SW
INVT
NAM  Schalling; Hans Erik Otto
CTY  Hasselfors
CNT  SW
ASSG
NAM  Elektriska Svetsningsaktiebolaget
CTY  Gothenburg
CNT  SW
COD  03
PRIR
CNT  SW
APD  19731025
APN  7314459
CLAS
OCL   59 16
XCL   59 18
XCL   59 19
XCL   59 22
XCL   59 29
EDF  2
ICL  B21L  700
FSC   59
FSS  16;18;19;20;22-26;29;30;35;8
UREF
PNO  3701251
ISD  19721000
NAM  Andreasson et al.
OCL   59 16
FREF
PNO  1,206,703
ISD  19651200
CNT  DT
OCL   59 22
LREP
FRM  Cameron, Kerkam, Sutton, Stowell & Stowell
ABST
PAL  A chain making plant for the manufacture of two chains at a time by means
      of a series of operating stations arranged along a substantially straight
      course. Two conveyor units are provided, each of which successively
      presents a depending portion of one chain to the operating stations. Each
      of the conveyor units comprises a carriage running on a track extending
      along the course and a transverse chain conveyor supported by said
      carriage, said transverse chain conveyor being arranged to feed the chain
      outwards step by step and being capable of being shifted transversely as a
      unit with respect to the carriage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for making chains, particularly large
      chains made from bar stock having a diameter of 30 mm or more. More
      particularly, the invention relates to a plant for manufacturing two
      chains at a time comprising a pair of substantially parallel tracks
      arranged one at each side of a central space or course, a first carriage
      running on one of said tracks for moving a depending end portion of one
      chain previously formed along said course to be presented successively to
      a plurality of operating stations provided in said course for performing a
      succession of operations including inserting a heated piece of bar into
      the lowest link of said depending portion, bending said piece of bar to
      form a link, flash butt welding the joint of said link and trimming the
      joint to remove the welding burr or bulge, and a second carriage running
      on the other track for moving a depending portion of the other chain along
      said course to be presented to said operating stations.
PAR  In a published design for a plant of this general type, each of the
      carriages is provided with a single chain wheel for carrying the chain.
      The space separating the tracks is amply sufficient to ensure that the
      carriages, with their chain wheels and the chain carried by them, can be
      shifted along their respective tracks without interfering with each other.
      As the chain end, when hanging straight down from the chain wheel of the
      carriage, is out of alignment with the operating stations, the operator
      has to pull the depending chain end sidewards to cause the lowermost link
      to be presented to the operating machine in the proper position to be
      gripped by the clamping means of the operating machine. This is a
      laborious and awkward operation which, while still possible for chains
      made of, say, 30 mm bar stock, becomes increasingly difficult or
      impossible for still larger chains, such as the very large chains
      frequently required as mooring chains for large tankers, oil boring
      platforms etc. Such chains are made from 50 mm diameter or still heavier
      bar stock, and the weight of one link may amount to 500 kgs.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides, in a chain making plant of the general type above
      specified, the improvement comprising a transverse frame movably supported
      by each of said carriages, and conveyor means supported by each of said
      transverse frames for advancing the chain outwards from said course in the
      transverse direction, said conveyor means including a take-up member
      supporting the depending portion of the chain, each of said transverse
      frames being displaceable transversely to adjust the transverse position
      of said take-up member within a range allowing proper positioning of the
      vertically depending chain portion with respect to the operating stations
      and also allowing adjustment of the take-up members to a transverse
      position with respect to each other in which there is a transverse
      clearance between said take-up members permitting of unobstructed shifting
      of one carriage past the other carriage.
PAR  Other features and advantages of the invention will appear from the
      following description and from the accompanying drawings representing
      somewhat schematically a preferred embodiment of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a chain making plant,
PAR  FIG. 2 is a side view of the plant on a larger scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, a group of operating machines 1 to 4 is arranged
      along an aisle or course A on a shop floor. Said group comprises a bending
      machine 1, a flash welding machine 2, a trimming machine 3 and a stud
      press 4. All of said machines are represented schematically only and do
      not have to be described, as such machines are well known to those skilled
      in the chain making art. A piece of bar cut to the proper length to form a
      link is heated in a heater 5 placed beside the bending machine 1, inserted
      into the last link of a chain and bent to form a C-shaped link. Said link,
      as well as the end of the chain to which it is attached, is then shifted
      to the welding machine 2, in which the flash welding of the joint is
      performed. The welding burr is removed in the trimming machine 3. Finally,
      the link is provided with a stud in the stud press 4.
PAR  To utilize the capacity of the machines as well as possible, two chains (K1
      and K2, FIG. 2) at a time are manufactured in the plant. A pair of
      conveyor units 6, 7 serve to support the ends of the chains and to shift
      them as required between the operating machines. Each of the conveyor
      units comprises a carriage 8, 9, respectively, running on a pair of
      parallel rails 10, 11, respectively, extending along the course A. Each of
      the carriages 8, 9 is provided with a pair of transverse rails 12, 13,
      respectively, for a trolley 14, 15, respectively, supporting a transverse
      conveyor frame 16, 17, respectively, equipped with three chain wheels 18a,
      18b, 18c, and 19a, 19b, 19c, respectively, supporting the chain K1, K2,
      respectively. At least one of the three chain wheels 18a, 18b, 18c, and
      19a, 19b, 19c, of each of the conveyors is provided with a suitable power
      drive (not shown) for advancing the chain step by step in the direction
      away from the course A towards a receiving site 20, 21, respectively. The
      ends of the chains to which additional links are to be added depend freely
      from the innermost chain wheels 18a, 19a through drums 22, 23, each of
      which is rotatable about its vertical axis and provided at its lower end
      with a cruciform guide slot by means of which the chain can be rotated
      through 90.degree. to put the bottom link into the proper position with
      respect to the operating machine.
PAR  FIGS. 1 and 2 represent the plant in a situation in which one conveyor unit
      6 has just been moved away from the bending machine 1 and is on its way
      towards the flash butt welding machine 2, while the other conveyor unit 7
      has just left the flash butt welding machine 2 to be shifted to the
      trimming machine 3. To make the conveyor unit 6 go clear of the conveyor
      unit 7 when the units are moved past each other, the trolley 14 of the
      unit 6 is shifted back into the withdrawn position represented in FIG. 2.
      As soon as the conveyor unit 6 has reached the longitudinal position
      required for the welding operation, the trolley 14 and the transverse
      conveyor 16 carried by said trolley are shifted back into the operative
      position to place the link to be welded within the reach of the chuck or
      clamping mechanism of the welding machine 2.
PAR  While welding of the last link of the chain K1 is in progress, the bottom
      link of the other chain K2 supported by the conveyor unit 7 is trimmed,
      shifted to the stud press 4, fitted with a stud, and shifted to the
      bending machine, in which a fresh link is added. Prior to the addition of
      the fresh link in the bending machine, the depending chain end has to be
      raised a distance equal to the pitch of the chain. Said raising operation
      is performed by advancing the chain by means of the power driven chain
      wheel or wheels of the transverse conveyor 17.
PAR  When the link closing operation has been performed in the bending machine,
      the trolley 15 of the conveyor unit 7 and the transverse conveyor 17
      carried by said trolley are shifted rearwards into the withdrawn position
      to provide the clearance required to allow the conveyor unit 7 to move
      past the conveyor unit 6 which is not to be shifted to the trimming
      machine 3.
PAR  The movability of the transverse conveyor frames 16 and 17 provided by the
      trolleys 14, 15 can, of course, also be employed to effect the transversal
      adjustment of the position of the depending chain ends which may be
      necessary to get the bottom link into the proper position with reference
      to the chuck or clamping mechanism of the operating machine to which the
      link is to be presented.
PAR  In the embodiment described, the transverse conveyor frames are supported
      for translatory transverse motion with respect to their respective
      carriages. It is equally possible to support the transverse conveyor
      frames for angular motion in a transverse plane, for instance angular
      motion about the axis of the outer, or rear, chain wheel of the transverse
      conveyor. In this respect as well as in other respects, the invention is
      not limited to the embodiment shown in the drawings but comprises any
      arrangement within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a plant for the manufacture of two chains at a time comprising a pair
      of substantially parallel tracks at either side of a course, a first
      carriage running on one of said tracks for moving a depending end portion
      of one chain previously formed along said course to be presented
      successively to a plurality of operating stations provided in said course
      for performing a succession of operations including inserting a heated
      piece of bar into the lowest link of said depending portion and bending
      said piece of bar to form a link, flash butt welding the joint of said
      link and trimming the joint to remove the welding burr or bulge, and a
      second carriage running on the other track for moving a depending end
      portion of the other chain along said course to be presented to said
      operating stations, the improvement comprising a transverse frame movably
      supported by each of said carriages, and conveyor means supported by each
      of said transverse frames for advancing the chain outwards from said
      course in the transverse direction, said conveyor means including a
      take-up member supporting the depending portion of the chain, each of said
      transverse frames being displaceable transversely to adjust the transverse
      position of said take-up member within a range allowing proper positioning
      of the vertically depending chain portion with respect to the operating
      stations and also allowing adjustment of the take-up members to a
      transverse position with respect to each other in which there is a
      transverse clearance between said take-up members permitting of
      unobstructed shifting of one carriage past the other carriage.
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ABST
PAL  A load on the flyweight transmitted through the pilot valve to preload the
      thrust bearings of a speed sensor serves to prevent the fuel control for a
      turbine type of power plant from shifting to its emergency schedule from
      the starting or normal schedule or vice versa at an indeterminant speed.
      Thus, the preload assures that the transition from one schedule to the
      other always occurs at a predetermined compressor rotational speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to speed sensors and particularly to speed sensors
      of the flyweight type utilized in a turbine type of power plant's fuel
      control.
PAR  As is generally well known in technology encompassing fuel controls for
      turbine types of power plants, the fuel controls such as the JFC-12,
      JFC-25 and JFC-60 manufactured by the Hamilton Standard Division of the
      assignee and the type exemplified in U.S. Pat. No. 2,822,666 granted to S.
      G. Best on Feb. 11, 1958 and also assigned to the same assignee are
      designed on the W.sub.f/P .times. P principal,
PA1  Where W.sub.f = fuel flow in pound/hr.
PA1  P = compressor discharge pressure
PAL  This type of control which can be considered as having a logic network or
      computer section and a metering section monitors certain engine operating
      parameters such that during steady-state W.sub.f/P is made a function of
      compressor speed (N) and during acceleration W.sub.f/P is made a function
      of compressor speed and compressor inlet temperature (T.sub.T2). Thus, the
      fuel control serves to schedule fuel flow so as to achieve the desired
      engine speed while assuring that the flow of fuel does not permit surge,
      overheating, rich or lean blowout.
PAR  Under certain circumstances, one of the requirements of the fuel control is
      to provide for overspeed protection which may be needed during an
      emergency situation, such as where the flyweight speed sensor drive shaft
      malfunctions. In this event, the computer section positions the control
      linkage to an adjustable stop, generally known as the low speed saturation
      point which serves as the point where the speed servo provides the
      emergency schedule, based on a function of temperature manifested by the
      existing acceleration cam.
PAR  The problem encountered in certain fuel controls, however, is that the
      point at which the transition from the normal schedule to the emergency
      schedule occurs has been indiscriminate, inasmuch as the point at which
      the emergency schedule was activated or deactivated occurred over a wide
      variation of low speed saturations and that the speed of this transition
      was not repeatable. For purposes of starting the engine at a predetermined
      speed and prevention of overspeed at the low end of the speed spectrum, it
      is abundantly important that a particular speed at this transitory point
      and the repeatability of this speed be obtained.
PAR  By discovering the source of the problem which not only prevented the
      heretofore known fuel control to achieve the transitory point at a
      predetermined speed but repeating the speed at which the transitory point
      occurred we were able to obviate this problem in existing fuel controls.
      Thus, we found that a torsional spring applying a force to the flyweights
      at the low end of the speed spectrum served to define the transitory point
      so that it always occurred at substantially the same speed. By virtue of
      the torsional spring the loads applied to each face of the flyweights
      summed at its toes produce a force greater than the flyweight force at the
      low speed saturation condition, thus insuring that the thrust bearing is
      always preloaded and could not shift occasioned heretofore by the moment
      on the bearing caused by the feedback spring. Additionally, the torsion
      spring allows use of existing hardware with slight modifications and fits
      into the existing envelope which is not so for conventional leaf springs,
      or compression springs that require seats or method of attachment
      extraneous to useful functional hardware.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an improved speed sensor.
PAR  A still further object of this invention is to provide for fuel controls
      for a turbine type of power plant which fuel control provides a steady
      state/acceleration schedule and an emergency schedule, means for assuring
      that the transition from the steady state/acceleration schedule to the
      emergency schedule or vice versa occurs at a predetermined compressor
      speed.
PAR  A still further object of this invention is to provide for a fuel control
      of the type that includes a flyweight speed sensor, a pilot valve
      supported by a thrust bearing and where a speeder spring imparts a force
      through the pilot valve to match the force imparted by the flyweights,
      means for imparting a load on the flyweights through the pilot valve to
      preload the thrust bearing.
PAR  A still further object of this invention is to provide means for improving
      the accuracy and repeatability of existing fuel controls so as to assure
      that the emergency schedule is actuated or deactivated at a predetermined
      compressor speed by preloading the thrust bearing of the speed sensor
      pilot valve by a torsion spring biasing the flyweights and transmitting
      the biased force through the pilot valve to the thrust bearing, which
      means are characterized as simple, fits into existing hardware, is
      economical while incurring a minimal of additional weight.
PAR  Other features and advantages will be apparent from the specification and
      claims and from the accompanying drawings which illustrate an embodiment
      of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical illustration plotting W.sub.f/P vs. N showing the
      scheduling performed by the fuel control computing section.
PAR  FIG. 2 is a view partly in section, partly in elevation and partly in
      schematic illustrating the preferred embodiment of this invention.
PAR  FIG. 3 is a sectional view, not necessarily drawn in proportion, taken
      along lines 3--3 of FIG. 2.
PAR  FIG. 4 is a plan view of FIG. 2 showing the flyweight assembly.
PAR  FIG. 5 is a perspective view of the torsion spring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention may best be understood by considering the problem that is
      solved as illustrated in the FIG. 1 graph. The fuel control serves to
      schedule steady state and acceleration as a function of certain engine
      operating parameters. For the details of typical fuel controls and their
      operation reference should be made to U.S. Pat. No. 2,822,666 supra and
      the above mentioned control models. Inasmuch as this aspect is not
      important to the understanding of this invention, for the sake of clarity
      and simplicity suffice it to say that the computer section, which monitors
      certain engine parameters, including power lever position, compressor
      inlet temperature, compressor discharge pressure and compressor speed,
      regulates fuel flow in accordance with the steady state schedule
      represented by curve A and the acceleration schedule represented by curves
      B. Additionally, the control at some determinant speed, say 10% of speed,
      is designed to switch from the acceleration schedule to the emergency
      schedule (left of vertical line C) in the event of certain malfunctions.
      However, it was found that the heretofore designed controls would reach
      the threshold of the transition points, instead of at the predetermined
      speed, at various speeds. At some times it was found that the point of
      transition occurred below the line C and at other times it occurred above.
      Not only would this result in an unwanted and intolerable overspeed
      situation at the low speed spectrum but also it hindered or prevented
      starting the engine if the switching from the schedule occurred beyond the
      engine start up point D.
PAR  What takes place in the fuel control can better be understood by referring
      to FIG. 2 which shows that portion of the computing section of a typical
      fuel control which manifests the acceleration schedule illustrated as
      curves B (FIG. 1) by positioning three dimensional cam 10 as a function of
      N and T.sub.T2. This value is picked-off of the cam profile and
      transmitted to the other portion of the computer and metering section
      illustrated by box 14 by follower 12 where it is computed into the proper
      fuel flow in a well known state of the art manner. This cam also serves to
      provide the emergency schedule noted as curves E which vary as a function
      of T.sub.T2.
PAR  As shown in FIG. 2, when follower 20 and flange 22 of 3-D cam 10 separate
      at the point where the platen 24 of the feedback link 26 bears against the
      adjustable low speed servo saturation stop 28, the speed of the compressor
      should be at or lower than the value of the transition line represented by
      vertical line C of the FIG. 1 graph, and the emergency schedule will
      control. However, owing to the nature of the speed sensor generally
      illustrated by numeral 30, the forces on the thrust bearing are
      substantially zero at this point of operation, so that it has the tendency
      to distort or shift, and any slight movement, although minute, adversely
      affects the accuracy and repeatability of the control.
PAR  It is to this problem that this invention affords a solution. As noted in
      FIGS. 2-5 speed sensor 30 comprises flyweights 34, pilot valve 36 and
      speeder spring 38. A buffer spring 40 opposing the compressor force of
      speeder spring 38 may be incorporated and serves to balance the load on
      pilot valve 36.
PAR  The flyweights in this particular configuration are mounted in a cup-like
      opened top member 42 which has depending therefrom shaft 44 rotary
      supported by bearings 46. Gear 48 secured to shaft 44 is driven by the
      driving mechanism 50 suitably driven by the compressor of the engine (not
      shown). Flyweight elements 52 and 54 are pivotally supported by bearing 51
      to upstanding bifurcated member 56 integral with cup member 42 so that the
      centrifugal force is transmitted to the end of pilot valve 36 through the
      toes 58 and 60 of the flyweight elements 52 and 54 respectively. Thus, in
      operation, as the flyweights rotate, they transmit a load to the pilot
      valve, and obviously a change in RPM will cause this load to change and
      cause an unbalance. This in turn, positions pilot valve 36 to port
      regulated pressure obtained from a suitable source via line 60 either to
      chamber 62 (as shown) via annular passage 64, port 66, line 68, drilled
      passage 70 in stem 72 or to chamber 74 via annular passage 64, port 76,
      line 78 and drilled passage 80 in stem 72. The cylinder in this embodiment
      is cam 10 and it slides on stem 72 moving in the upward direction for a
      decrease in speed and in the downward direction for an increase in speed.
      Piston 82, suitably fixed to stem 72 separates chambers 62 and 74.
PAR  Obviously, when chamber 62 communicates with high pressure, chamber 74 will
      communicate with drain and vice versa. Hence, land 84 serves to direct
      fluid into port 76 through aperture 88, to drain port 86 (as shown) and
      land 90 directs flow to drain via aperture 92.
PAR  Thus, in normal governing operation the position of cam 10 is a direct
      function of compressor speed and follower 20 will be abutted against
      flange 22 to feedback this position through feedback linkage 26 to set the
      height of speeder spring 38. This obviously sets the compression load on
      spring 38 so that the load produced by flyweights 52 and 54 together with
      buffer spring 40 will ultimately equalize at which point the lands 84 and
      90 will move on their line-on-line position with their adjacent ports, so
      that substantially no flow will be directed to or from chambers 62 and 74.
PAR  In accordance with this invention torsion springs 100 and 102 are
      incorporated to augment the force of buffer spring 40 by urging flyweights
      52 and 54 radially outward so as to urge pilot valve 36 upwardly and
      preload bearings 32. In this particular embodiment the torsion spring is
      shaped in a substantially U-shaped member and the end of each of the legs
      of this U are bent to fit into a hole drilled into the faces of flyweight
      elements 52 and 54. Each spring may be designed to wrap around the stop
      bar 102. Since the diameter of the spring wire is relatively small it is
      fitted adjacent the side edges of the flyweight, requiring no changes in
      size of existing speed sensor and the only modification to the hardware is
      the drilled holes in the face of the flyweights. In another design, a
      single torsion spring was made to extend across the face of each of the
      flyweight elements and no holes were necessary.
PAR  By the addition of this spring load to the flyweights to preload bearings
      32 it was found that the switching from one schedule to the other always
      occurred at substantially the same compressor speed.
PAR  It should be understood that the invention is not limited to the particular
      embodiments shown and described herein, but that various changes and
      modifications may be made without departing from the spirit or scope of
      this novel concept as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuel control for a turbine type power plant having a computer section
      including a speed sensor for monitoring said power plant's operating
      parameters for scheduling the flow of fuel to said power plant during
      acceleration and steady state conditions of said power plant, said
      computer section also provided an emergency schedule at the low speed
      spectrum of the entire operating schedule, said speed sensor including a
      pilot valve, means acting on said pilot valve to urge it in a first
      direction, at least two rotatably and pivotally mounted flyweights
      adjacent said pilot valve, means for imparting rotary action to said
      flyweights to urge said pilot valve in a direction opposite to said first
      direction in response to centrifugal force on said flyweights resulting
      from said rotary motion, and means biasing said flyweights to produce a
      force thereon urging said pilot valve in said opposite direction for
      providing the power plant speed value at which said computer section
      switches from and to said emergency schedule.
NUM  2.
PAR  2. A fuel control as claimed in claim 1 wherein said biasing means includes
      a torsional spring.
NUM  3.
PAR  3. A fuel control for a turbine type power plant having a computer section
      including a speed sensor for monitoring said power plant's operating
      parameters for scheduling the flow of fuel to said power plant during
      acceleration and steady state conditions of said power plant, said
      computer section also providing an emergency schedule at the low speed
      spectrum of the entire operating schedule, said speed sensor including at
      least two pivotally mounted flyweights, a rotatable platform supporting
      said flyweights, a rod on said platform providing the low speed stop for
      said flyweights, a torsional spring biasing said flyweights in a
      predetermined direction to produce a force thereon for providing the power
      plant speed value at which said computer section switches from and to said
      emergency schedule, said torsional spring including a substantially
      U-shaped spring wire having a portion thereof wrapped around said rod and
      each of the legs of said U bearing against the inner face of each of said
      flyweights, and means for imparting rotary motion to said flyweights.
NUM  4.
PAR  4. A fuel control for a turbine type power plant having a computer section
      including a speed sensor for monitoring said power plant's, operating
      parameters for scheduling the flow of fuel to said power plant during
      acceleration and steady state conditions of said power plant, a three
      dimensional cam movable in one direction in response to a power plant
      operating parameter and in the other direction in response to said speed
      sensor, a lever system interconnecting said three dimensional cam and said
      speed sensor, means disconnecting said lever system from said three
      dimensional cam, said computer section providing an emergency schedule at
      the low speed spectrum of the entire operating schedule, said sensor
      including a pilot valve, a speeder spring acting on said pilot valve to
      produce a force in one direction, at least two pivotally mounted
      flyweights having toes acting on said pilot valve to produce a force in
      the opposite direction, a thrust bearing mounted adjacent said pilot valve
      between said speeder spring and said toes, means biasing said flyweights
      in a predetermined direction to produce a force thereon for providing the
      power plant speed value at which said computer section switches from and
      to said emergency schedule, the force of said biasing means being
      transmitted from said flyweight, through said toes and pilot valve to said
      thrust bearing whereby said thrust bearing is preloaded during said low
      speed spectrum, said biasing means controlling the speed at which
      disconnection of said lever system from said three dimensional cam occurs
      and means for imparting rotary motion to said flyweights.
NUM  5.
PAR  5. A speed sensor having a pilot valve including a spool element movable
      rectilinearly, a thrust bearing supporting said spool element, a speeder
      spring acting on one end of said spool element to urge said spool element
      in a first direction, at least two pivotable flyweights mounted adjacent
      the other end of said spool element, means for imparting rotary motion to
      said flyweights, said flyweights having toes acting on the other end of
      said spool element to urge said spool element in a direction opposite to
      said first direction when said rotary motion produces a predetermined
      centrifugal force level, and resilient means interposed between said
      flyweights for forcing said toes against said other end of said spool
      element to urge said spool element in said opposite direction to impart a
      preload on said thrust bearing through said spool element regardless of
      centrifugal force level.
NUM  6.
PAR  6. A speed sensor as claimed in claim 5 wherein said resilient means is a
      torsional spring.
NUM  7.
PAR  7. A speed sensor having a pilot valve including a spool element movable
      rectilinearly, a thrust bearing supporting said spool element, a speed
      spring acting on one end of said spool element, at least two pivotable
      flyweights having toes acting on the other end of said spool element, a
      torsional spring interposed between said flyweights to impart a preload on
      said thrust bearing through said spool element, a platform rotary
      supporting said flyweights, a rod mounted on said platform extending below
      said toes away from said spool element and defining a stop for said toes,
      and means for rotating said flyweights, said torsional spring having a
      substantially U-shaped wire having at least one coil wrapped around said
      rod adjacent one edge of each of said flyweights and each of the legs of
      said U extending to the face of each of said flyweights to impart a force
      thereto which force is in the same direction as the centrifugal force when
      said flyweights are rotated.
NUM  8.
PAR  8. A speed sensor as claimed in claim 7 including a buffer spring
      surrounding said thrust bearing interposed between said flyweights and
      said speeder spring.
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ABST
PAL  A propulsion system useful, for example, for automobiles, comprising an air
      compressor, a rotary engine, and a multiple stage turbine mounted upon a
      common shaft, and an infuser section comprising a plurality of nozzles for
      injecting air into the exhaust gases from the turbine to reduce the
      temperature and consequently the pressure of the exhaust gases prior to
      passage into an exhaust pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to propulsion systems, and more
      particularly to a propulsion system for vehicles such as automobiles
      wherein a turbine is combined with a rotary engine.
PAR  Many efforts have been made to improve propulsion system efficiencies. For
      example, efforts have been made to employ the principle of the water
      wheel, which is an efficient type of turbine, in conjunction with burning
      oil or gas. Thus, the steam turbine employs a boiler for heating water to
      steam and then blowing the steam against turbine blades. A jet aircraft
      engine employs a series of fans, one after another, and the thrust of
      expanding gas against the blades to turn the fans. A substantial part of
      the fuel is utilized to turn the fans with the remainder producing an
      exhaust jet to propel the aircraft. Also, only after the aircraft reaches
      speeds of 400 miles per hour does the engine get sufficient compression
      from the thrust to completely burn the fuel, and before this the engine is
      even more inefficient. The above-mentioned engines are, nevertheless,
      considerable improvements over conventional reciprocating engines which
      have efficiencies of only about 20%.
PAR  Certain rotary engines have now been developed which employ a planetary
      gear arrangement to achieve compression, however, this causes a reduction
      in efficiency, and such engines are difficlut to seal against loss of
      compression. Nevertheless, such engines are still more efficient than
      conventional reciprocating engines.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a novel, efficient
      engine and turbine propulsion system.
PAR  Another principal object of the inventin is the provision of a rotary
      engine in conjunction with a turbine for extracting work from the exhaust
      gases from the engine, which apparatus is relatively compact and suitable
      for use in propelling vehicles such as automobiles.
PAR  Still another object of the invention is to provide an infuser section in
      which additional air is mixed with combustion gases leaving a turbine in
      order to lower the temperature and pressure of the gases prior to entry
      into an exhaust pipe.
PAR  The above and other objects, features and advantages of this invention will
      become more apparent as this description proceeds.
PAR  In accordance with the present invention, a suitable fuel, which may be,
      for example, a mixture of diesel oil and water from a carburetor or
      homogenizer, is fed into the inlet chamber of a compressor vane type of
      rotary engine with an eccentric offset of the shaft relative to the
      housing to achieve compression and vacuum. The outer sections of the vanes
      are movable radially to accommodate the offset of the shaft and keep the
      tips of the vanes in contact with the inner surface of the engine housing.
      Preferably the fuel mixture is initially passed through a remix section in
      which the fuel is warmed and which is designed to prevent droplets of
      water from separating from the fuel mixture. The engine interior is
      subdivided into an intake section, a compression section, a power section,
      and an exhaust section by the radially adjustable rotating vanes. After
      the fuel is burned to provide the power stroke in the rotary engine, the
      exhaust gases are passed to a multi-stage turbine. The first stage of the
      turbine comprises a plurality of rotary blades disposed in front of
      stationary blades which redirect the gases. The second turbine stage
      comprises a second set of rotary blades which are larger in size than
      those of the first stage since the gases are now at lower pressure than
      when passing through the first stage. From the turbine the exhaust gases
      enter an infuser section where warm fresh air is injected through nozzles
      so that the exhaust gases are cooled and their pressure reduced. The
      infuser section functions to form a partial vacuum to eliminate back
      pressure at the first stage turbine rotary blades. The introduction of air
      into the infuser section has the further advantage of serving to reduce
      the pollutant level by oxidizing pollutants. Infuser nozzles of different
      length project into this section from an arcuate dome-like wall. The
      common shaft for the engine and turbine passes through the center of this
      wall to transmit power to the power shaft. A final stage turbine wheel may
      be disposed in this arcuate wall at the point of gas exit around the
      shaft.
PAR  In addition to the rotary engine and turbine being mounted on common shaft,
      a radiator and other accessories, such as a rotary distributor, may be
      positioned on the common shaft along with a fan for drawing air through
      the radiator and passing the warmed air to the infuser section.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of an engine and turbine
      assembly in accordance with the presently preferred embodiment of the
      invention.
PAR  FIG. 2 is a transverse cross-sectional view taken on the line 2--2 of FIG.
      1 showing the arrangement of the nozzles in the infuser section.
PAR  FIG. 3 is a side view of one of the longer infuser nozzles.
PAR  FIG. 4 is a top view of the infuser nozzle of FIG. 3.
PAR  FIG. 5 is a transverse cross-sectional view taken on the line 5--5 of FIG.
      1, showing the arrangement of the vanes in the engine.
PAR  FIG. 6 is a detail view, partly in section, showing the construction of one
      of the vanes.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and, more particularly, to FIG. 1, reference
      numeral 10 generally designates an engine and turbine assembly in
      accordance with a presently preferred embodiment of the invention. The
      assembly comprises an outer housing 12 of generally cylindrical
      configuration over most of its length. At one end of the housing,
      extending over essentially its entire cross section, is a dust filter 13
      and a finned heat exchanger, e.g., a radiator 14. The other end of the
      housing comprises an arcuate, dome-shaped section 16 merging into a
      smaller cylindrical exhaust pipe housing 18.
PAR  A combustible mixture such as a mixture of air combined with a fuel mix,
      for example, of water and diesel oil from a carburetor (not shown) is
      passed through an inlet conduit 20 in the housing 12 into a remix chamber
      22. In the remix chamber, the combustible mixture is warmed by indirect
      heat exchange with air which has been drawn through radiator 14 by suction
      fan 24 which functions as an air compressor and warmed by extracting heat
      from the coolant in the radiator. The warm air leaving fan 24 which is an
      impeller fan with fixed blades passes around the housing 26 in which the
      chamber 22 is located so that there is indirect heat exchange through the
      walls of housing 26. The combustible mixture is drawn through the chamber
      22 by an impeller fan 28 and introduced through inlet ports 30 into the
      intake region within an engine housing 32. The remix section serves to
      prevent droplets of water separating out of the combustible mixture, helps
      to vaporize and preheat the fuel mixture, and provides the engine with a
      large charge of the fuel-air mixture.
PAR  With housing 32 there is a compressor vane type of rotary engine 34 (FIG.
      5) which is located in the housing with an eccentric offset of its shaft
      36 relative to the center of the housing 32. Shaft 36 is supported by
      suitable bearings at its ends and where the shaft passes through
      stationary parts of the system. The engine 34 has four radially extending
      partitions or vanes 38 which divide the housing 32 into four sections.
      With the vanes 38 in the position shown in FIG. 5, the lower left chamber
      40 comprises the intake section, the upper left chamber 42 is the
      compression section, the upper right chamber 44 is the power section, and
      the lower right chamber 46 is the exhaust section. It will of course be
      understood that the areas of the chambers vary as the vanes rotate.
PAR  A suitable packaged accessory system 47 may be attached to the shaft 36.
      For example, this system 47 may comprise a starter which functions as a
      motor while starting and then as a generator while the engine is running.
PAR  FIG. 6 illustrates an arrangement for sealing the various chambers from
      communication with each other by means of adjusting the length of the
      vanes. Each vane 38 has a radial bore 48 in which there is a compression
      spring 50 and one end of a blade 52. This inner end of blade 52 slides
      within a ceramic seal 53 in radial bore 48. At the outer end of blade 52
      there is a sealing member comprising a ceramic vane rocker 54 which is in
      sealing engagement with the inner wall of housing 32 and maintains such
      engagement as the ceramic member wears by virtue of the compression spring
      forcing this member outwardly. As a given vane 38 rotates from a position
      of maximum extension of blade 52, which occurs when the blade is in the
      inlet chamber 40; the blade 52 is pushed further into bore 48 against the
      bias of spring 50. When the vane reaches the region which serves to define
      the power section 44, the blade 52 is essentially completely retracted
      into bore 48 with only the ceramic vane rocker 54 extending out beyond the
      end of the respective vane 38. Thus, FIG. 5 shows the upper vane 38 with
      the blade 52 in an essentially completely retracted position.
PAR  After the combustible mixture is compressed in compression chamber 42, the
      mixture is swept into the power chamber. The right side blade 52 is
      slightly extended since the shaft 36 is eccentric and closer to the top of
      the housing 32 than to the right side of the housing. In this fashion a
      greater area is acted upon by the gases to rotate the vanes clockwise. The
      combustible mixture is then ignited by spark plug 56 and burned in known
      fashion, producing power which rotates the vanes and consequently the
      shaft 36 to provide power for the propulsion system. The exhaust gases are
      then swept out of the exhaust chamber 46 through exhaust ducts 58. The
      exhaust gases impinge upon a first set of appropriately contoured rotating
      turbine blades 60 which are fixed to the shaft 36. The hot exhaust gases,
      which are under high pressure and still expanding, turn the blades in a
      direction to augment the power from the rotary engine while the gases are
      themselves redirected in another direction. The exhaust gases now contact
      a set of stationary blades 62 which redirect the lower pressure exhaust
      gases to a second set of rotating turbine blades 64 also mounted on shaft
      36. The turbine blades 64 are larger in size than the blades 60 in view of
      the reduction in pressure of the gases by the time the second set of
      turbine blades is reached.
PAR  The exhaust gases leaving the turbine blades 64 enter a dome-shaped inner
      housing 66 containing an infuser chamber 68. Housing 66 is spaced inwardly
      out of contact with the dome-shaped section 16 of the outer housing 12 in
      order to provide an air passage or duct 71 therebetween.
PAR  The air passed by fan 24 around the housing 26 to heat the incoming
      combustible mixture is also passed around the engine housing 32 into duct
      71 between the arcuate outer housing section 16 and the inner housing 66.
      From duct 71 the warm air, which is at a considerable lower temperature
      than that of the exhaust gases, is injected into the infuser chamber 68
      through a plurality of different size nozzles. The nozzles include a first
      set of relatively short tubular nozzles 70 projecting radially inwardly
      from a region close to the discharge side of the rotary turbine blades 64.
      Downstream of the short nozzles 70 there are a plurality of intermediate
      length nozzles 72, and finally longer nozzles 74. These nozzles direct the
      incoming air toward a third or final stage turbine consisting of a turbine
      wheel 76 located contiguous to the exhaust pipe and tubular discharge
      housing 18. It is believed that a generally conically shaped area of lower
      pressure or vacuum is formed about shaft 36 with the point of the cone
      being contiguous to the turbine wheel 76, and it is believed that along
      the edges of this region there is an increased incidence of oxidation of
      pollutant particles. In the vicinity of the turbine wheel 76, further
      minor ignition may occur of any unburned fuel.
PAR  FIGS. 2 through 5 further illustrate the location of the nozzles and
      schematically indicate the influence of the incoming air on the exhaust
      gases. Thus, FIGS. 3 and 4 show an aspirating effect in which the incoming
      air draws along the exhaust gases which are directed toward the turbine
      wheel 76. The nozzles are positioned so that the air and consequently the
      exhaust gases are directed in a direction to turn the blades of turbine
      wheel 76. The incoming air greatly reduces the temperature of the exhaust
      gases and consequently the pressure of the gases. In the infuser section
      68, the incoming warm air from duct 71 acts upon exhaust gases similarly
      to a condenser forming a vacuum to some degree which eliminates back
      pressure at the first stage turbine.
PAR  Additional energy is extracted from the gases by the turbine wheel 76 which
      is mounted on the shaft 36. Thereafter the exhaust gases enter exhaust
      pipe 80. Additional warm air from duct 71 enters exhaust pipe 80 behind
      turbine wheel 76 through inlets 82. Thus, there may be a further partial
      vacuum formed behind the turbine wheel 76. Additional oxidation of
      pollutants and condensation may occur in this region. These gases then
      pass about a shaft 84 which in essence is an extension of the shaft 36 and
      which constitutes the power shaft of the propulsion system.
PAR  All parts of the system are constructed of materials to withstand the
      operating conditions at that point in the system. For example, the infuser
      tubes may be made of steel tubing such as 1/2 inch tubing with provision
      for screwing 3/8 inch diameter nozzles onto the ends of the tubes.
PAR  There is an oil passage 86 in the center of shaft 36 for supplying oil
      which is also a coolant to full flow bearings 88 via radial oil
      passageways 87. The oil is supplied from an oil reservoir adjacent and
      beneath (as viewed in FIG. 1) the heat exchanger 14.
PAR  All bearings are of the roller full flow type (oil in one side and out the
      other) and are preferably triple sealed and made to withstand
      1,000.degree. F. Such bearings are commercially available.
PAR  Four arcuate axial oil passageways 90, one for each vane, supply oil to
      lubricate the ceramic seals 54. The oil from passageways 90 flows through
      radial orifices 92 into bores 48 in vanes 38. The oil then flows laterally
      in blades 52 into a pair of radial orifices 96 in each blade which lead to
      a slot 98 in the face of the ceramic vane rocker 54. The reciprocation of
      the blades 52 results in these members functioning as internal oil pumps.
      Centrifugal force also aids in lubricating the rockers at the ends of the
      blades.
PAR  While a presently preferred embodiment of the invention has been shown and
      described with particularity, it will be appreciated that various changes
      and modifications may readily suggest themselves to those of ordinary
      skill in the art upon being apprized of the present invention.
      Accordingly, it is intended to encompass all such changes and
      modifications as fall within the scope and spirit of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus comprising a rotary engine and a multi-stage turbine mounted
      on a common shaft, said rotary engine comprising a housing containing a
      plurality of rotating radially extending vanes, extension means
      telescoping within the ends of said vanes and having ends thereof
      maintained in engagement with the inner surface of said housing during
      rotation of said vanes, said shaft being offset relative to the center of
      said engine housing, said multi-stage turbine comprising a first set of
      rotary blades, a second set of rotary blades, and a set of stationary
      blades disposed on said shaft between said first and second sets of rotary
      blades, means to pass exhaust gas from said engine through said turbine, a
      housing containing a chamber receiving the exhaust gases passed through
      said turbine, a plurality of nozzles disposed around the periphery of said
      chamber for introducing air into the exhaust gases in said chamber, and
      discharge means at one end of said chamber.
NUM  2.
PAR  2. Apparatus according to claim 1, further comprising additional turbine
      means mounted on said shaft contiguous to said discharge means, and
      wherein said nozzles comprise at least a first set of nozzles comprising
      short tubes projecting into said chamber around the periphery thereof and
      a second set of nozzles comprising longer tubes disposed around the
      periphery of said chamber downstream of said first set of nozzles, at
      least some of said nozzles being positioned to direct air and gases toward
      said additional turbine means.
NUM  3.
PAR  3. Apparatus according to claim 1, further comprising additional turbine
      means mounted on said shaft contiguous to said discharge means from said
      chamber.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said nozzles include a plurality
      of nozzles provided at the ends of tubes projecting into said chamber, and
      said nozzles being positioned to direct air towards said additional
      turbine means.
NUM  5.
PAR  5. Apparatus according to claim 1, wherein said engine has a housing, and
      further comprising an outer housing disposed around said engine housing
      and spaced therefrom to provide an air duct communicating with said
      nozzles.
NUM  6.
PAR  6. Apparatus according to claim 5, further comprising an air compressor
      mounted on said shaft to supply compressed air to said air duct.
NUM  7.
PAR  7. Apparatus according to claim 6, further comprising inlet means to
      introduce a combustible mixture into said engine, said inlet means
      including a chamber upstream of said engine, said chamber being positioned
      to be in indirect heat exchange relationship with air from said
      compressor.
NUM  8.
PAR  8. Apparatus according to claim 7, further comprising heat exchange means
      upstream of said compressor to heat air drawn in by said compressor.
NUM  9.
PAR  9. Apparatus according to claim 1, further comprising oil passage means
      provided in said shaft, and means to supply oil from said oil passage
      means radially outwardly through orifice means in said vanes to lubricate
      said extension means in contact with the inner surface of said engine
      housing.
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ABST
PAL  A marine jet drive unit includes a continuously running pump. A reversing
      gate is positioned partially or wholly within the forward jet to establish
      a corresponding reverse jet. For neutral drive, the gate is positioned
      such that the reverse jet just balances the forward jet. A remote shift
      control unit includes a detent means for locating and holding a rotatable
      shift lever in neutral. The detent means includes a pair of detent pins
      carried by a plate which is connected to a support wall by a slot and bolt
      lost motion connection. The pins are located to opposite sides of the
      lever and the connection permits angular adjustment about the pivot axis
      of the lever. The plate supports the detent pin in alignment with a
      circular outer periphery of the lever plate having oppositely located
      radial detent grooves. The lever is connected by a push-pull cable to the
      gate. The precise neutral position of the lever may vary for different
      drive units. The lever and gate are positioned to establish neutral
      setting for the particular engine-pump unit. The detent plate is then
      adjusted to align the detent pins with the grooves and the bolts drawn up
      to lock the detent plate in a fixed neutral position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to marine jet drive shift control apparatus
      for accurately shifting of the jet drive into a neutral position.
PAR  Marine jet propulsion drive systems have recently been commercially
      developed for propelling relatively small recreational type vehicles and
      the like. Generally, the jet propulsion drive system is mounted to the aft
      or stern portion within the boat with an internal combustion engine
      driving a suitable pump unit for drawing water upwardly through a bottom
      intake opening and discharging of the water rearwardly through a
      transom-mounted jet nozzle unit. For forward movement, the jet is
      discharged, through a nozzle, longitudinally rearwardly of the boat. For
      reversing the direction of boat travel, a diverting means is employed for
      reversing the direction of the jet stream toward the front of the boat and
      thereby reversing the thrust created by such jet stream. Generally, a lid
      or gate is pivotally mounted to the forward thrust jet forming nozzle and
      is adapted to be moved downwardly into the jet path so as to deflect and
      redirect the jet downwardly into a reverse thrust jet forming nozzle. The
      gate may be a simple plate-like member pivotally mounted to the sidewalls
      of the forward jet nozzle and adapted to be pivoted downwardly into
      partial or complete overlying relationship to the discharge end of the
      forward jet nozzle. An internal gating system may also be employed for
      redirecting of the output of the pump flow from the forward forming jet
      nozzle to a reverse jet nozzle, such as shown in the pending application
      of William L. Woodfill, entitled, "MARINE JET DRIVE PROPULSION APPARATUS"
      which was filed with SER. No. 317,200, on DEC. 21, 1972, and which is
      assigned to the same assignee as the present application. In each
      construction, a remote control lever or other means is coupled to the gate
      for selective positioning thereof. Generally, a pivotally mounted lever is
      coupled to the gate by a suitable push-pull cable unit in the same general
      manner as remote controls for conventional propeller driven systems.
PAR  Generally, all marine jet drives include a continuously running pump which
      operates as long as the drive engine is operating. The thrust output is
      thus maintained and differs from the more conventional marine prop drive
      where the propeller is operatively disconnected from the engine to stop
      the propulsion or thrust forces. In order to hold a neutral setting for
      holding a jet driven boat stationary, the reversing gate means is
      positioned partially within the forward jet stream to establish a partial
      reverse jet which will just balance the forward jet thrust forces. This
      not only requires a reasonable sensitive setting of the control but the
      setting will tend to vary with the idle speed of the engine. When the
      shift control apparatus is formed for various jet drives on a production
      basis, the connection means will often not provide precise positioning of
      the gate means, to create equal and opposite forward and reverse thrust
      forces. Tailoring or customizing of the shift control connection to the
      engine is, therefore, generally required. Further, engine operation may
      tend to vary with time and require readjustment of the gate setting which
      will normally demand restructuring of the linkage.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to a jet drive shift control
      apparatus with a convenient initial adjustment means for reliable and
      accurate setting of the jet control in a neutral position. Generally, in
      accordance with the present invention, a remote shift control unit or
      apparatus includes a releasable holding means for holding of a movable
      shift setting means in a predetermined neutral position. The shift setting
      means is movable therefrom to provide forward and reverse drive setting of
      the jet diverting means. In accordance with the present invention, the
      releasable holding means includes interacting elements which are
      adjustably coupled to the shift means and a support to adjust the holding
      position with respect to the movable shift setting means. In practice, the
      remote shift control apparatus is coupled to the jet drive with a rough
      setting between the movable shift setting means the jet diverting means.
      The reversing or diverting means accurately positioned by moving of the
      shift setting means to establish the precise neutral point for that
      particular combination of engine and jet drive unit. The releasable means
      is then reoriented to engagement and set to establish a fixed holding
      neutral position. Thereafter, placing of the movable control in the
      neutral position will repeatedly produce the desired neutral positioning
      of the jet diverting means.
PAR  In accordance with a particularly novel feature and construction of the
      present invention, the remote control unit includes a support wall with a
      pivotally mounted shift lever thereon. The lever is connected to the
      remote end of a suitable coupling cable unit which extends from the remote
      control unit and is coupled to the jet diverting means. The holding means
      is of a mechanical type and includes a holding element which is secured to
      the lever support wall to resiliently engage a holding element on the
      lever. At least one of the holding elements is adjustably mounted for
      positioning in the path of the holding element traversed as the lever
      moves. In a practical construction a detent means was employed with a
      detent pin carried by a plate connected to the support wall by a suitable
      lost motion connection permitting angular adjustment of the plate relative
      to the orientation of the lever. The plate supported the detent pin in
      alignment with a circular outer periphery of the lever plate. In the
      operation, the neutral position is determined by engagement of the holding
      or detent means which can be readily detected by movement of the lever
      into and from the holding position. For fine adjustment, the lever and the
      diverting means are positioned to provide opposite thrust forces. The
      detent means is then adjusted to align the detent pin carried by the plate
      with the detent means of the lever plate. The detent plate is then fixed
      in position with the pressure engaging detent pin accurately positioned in
      accordance with the neutral position.
PAR  The jet shift control means of this invention has been found to provide a
      simple and reliable means of permitting the precise accurate adjustment of
      the shift mechanism for various jet drive systems and, in particular,
      readily permits adjustment to compensate for the necessary manufacturing
      tolerances required for producing of jet drive systems and the like, as
      well as any subsequent readjustment as the result of wear or changing
      operating conditions.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The drawings furnished herewith illustrate the best mode presently
      contemplated by the inventor for carrying out the subject invention in
      which the above advantages and features are clearly disclosed as well as
      others which will be readily understood from the following description of
      the embodiments shown.
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary side elevational view of a recreational boat with a
      jet drive means and a remote control constructed in accordance with the
      teaching of the present invention;
PAR  FIG. 2 is an enlarged top elevational view with parts broken away and
      sectioned to illustrate inner details of construction;
PAR  FIG. 3 is a rear elevational view of the remote control unit and taken
      generally on line 3--3 of FIG. 2, with parts broken away and sectioned;
      and
PAR  FIG. 4 is view similar to FIG. 3 showing an alternate setting of the
      control.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly to FIG. 1, the present invention
      is shown in connection with a jet propulsion drive unit 1 secured to the
      aft portion of a boat 2 such as a small recreational boat. The boat
      operating controls are normally provided adjacent the front of the boat at
      a steering station 3. Generally, the drive unit 1 includes a water pump
      unit 4 mounted immediately within the aft end of the boat and driven from
      an adjacent internal combustion engine 5. The pump unit 4 is of any
      suitable construction adapted to draw water upwardly from a bottom opening
      6, pressurize and discharge the water as a high force jet 7 through a jet
      nozzle 8 which is secured to the stern or transom 9 of the boat 2. A
      reverse thrust nozzle 10 is secured to the underside of the forward jet
      nozzle unit 8. A reversing gate 11 is pivotally secured to the jet nozzle
      8. The gate 11 is adapted to move downwardly into the path of the forward
      jet 7, for diversions thereof into the reverse nozzle  10, to thereby
      generate a reverse jet 12. Complete diversion of the output of the pump 4
      into the reverse nozzle 10 establishes a maximum reverse movement of the
      boat 2. Intermediate positioning of the gate 11 establishes both the
      forward and reverse jets 7 and 12 with a corresponding relative movement
      of the boat 2. The positioning of the gate 11 is generally controlled by a
      shift rod 13 which extends through the boat transom 9 and is coupled or
      connected by a push-pull cable unit 14 or the like to a remote shift
      control unit 15 at the front control or steering control station 3. In the
      illustrated embodiment of the invention, the push-pull cable assembly or
      unit 14 is connected by a coupling means 16 within the control unit 15 to
      a shift lever 17 projecting upwardly therefrom. Lever 17 is rotatably
      mounted, as hereinafter described, to permit the positioning of the gate
      11 in any desired overlying relationship to the output of the jet nozzle 8
      for selective diversion of the output of the pump 4 into reverse nozzle
      10.
PAR  In the illustrated embodiment of the invention, the remote shift control
      unit 15 is shown as a single lever unit solely controlling the shifting of
      the drive between neutral, forward and reverse. In actual practice, a
      separate throttle control for the engine may be provided, or a single
      lever throttle and shift control means can, of course, be provided with
      suitable lost motion coupling means between the elements providing for
      shifting of the drive prior to acceleration, if desired. Such a
      construction is well-known in the conventional outboard motor and stern
      drive systems and, consequently, no further description or illustration
      thereof is given.
PAR  The particular gate structure and construction of the drive unit 1 may also
      be widely varied in accordance with any known or desired construction.
      Similarly, the connection or coupling unit 14 for connecting of the remote
      control unit 15 to the gate 11 may similarly be any well known or desired
      construction. Consequently, no further description or details of such
      elements are given other than as necessarily to explain the present
      invention.
PAR  The present invention is particularly directed to the provision of a unique
      coupling means 16 to permit the initial setting of the control lever 17
      and the gate element 11 to accurately establish and maintain the neutral
      position by merely moving the lever 17 to a predetermined, repeatable
      position. The construction of a preferred embodiment of the control unit
      15 is shown and described to clearly illustrate one construction of the
      present invention.
PAR  Referring more particularly to FIGS. 2 and 3, the illustrated remote shift
      control unit 15 includes a supporting housing structure including a
      generally, U-shaped front support wall 18, having a bearing hub 19 which
      projects forwardly therefrom. The remote control unit 15 is adapted to be
      mounted behind an internal wall 20 within the boat 2 with the hub 19
      projecting through an opening in such wall and the adjacent hub wall
      portion abutting the inner surface of the wall 20. The unit 15 is rigidly
      afixing to the wall by suitable attachment screws 20a, shown passing
      through the wall 20 and into suitably tapped openings in the adjacent
      support wall 18. A suitable bezel 21 is slipped over the hub portion 19 to
      the outer or exterior side of the wall 20 to maintain a pleasing
      appearance.
PAR  The U-shaped front wall 18 opens rearwardly behind the wall 20 with a
      removable back wall or plate 22 releasable secured thereto. In the
      illustrated embodiment, the U-shaped front wall 18 includes a pair of
      longitudinally spaced side elements or walls 23 to which plate 22 is
      secured as presently described.
PAR  A lever shaft 24 is journaled in the hub 19 and the back wall 22, with
      suitable radial and thrust bearings 25 and 26 secured to the opposite ends
      of the hub 19 and a suitable radial bearing 27 secured within an
      appropriate opening in back wall 22. The bearings 25 and 26, as most
      clearly shown in FIG. 2, include a radial or cylindrical portion located
      within the corresponding end of the hub 19 and an outwardly projected
      flange portion defining a thrust bearing support. The bearing 27 in turn
      is a conventional split bearing having a generally U-shaped configuration
      telescoped over the edge of the opening in the back wall 22.
PAR  A shift lever plate 28 is provided with a mounting hub 29 secured to the
      shaft 24 and located between the front and back walls 18 and 22 between
      the sidewalls 23. The shaft 24 and mounting hub 29 are knurled as at 30,
      and the mounting of 29 is press fitted onto the shaft 24 to provide a firm
      physical interengagement therebetween. In the assembled relations, the
      base of the shift lever plate 28 adjacent to front wall 18 abuts the
      flange portion of the corresponding bearing 26.
PAR  The shaft 24 is provided with a knurled outer end portion 31 to receive the
      lever arm 17 which is correspondingly provided with hub 32 which
      telescopes over the shaft which may be secured thereto in any suitable
      manner such as a set screw 32a which passes through the lever hub 32 into
      an abutting engagement with an annular recess on the shaft 24. The lever
      hub 32 abuts the front flange of the outer hub bearing 25 and thereby
      serves to clamp the shift lever plate 28 in position within the support,
      as shown most clearly in the FIG. 2.
PAR  A shift lever arm 33 housing an outer bifurcated end is integrally formed
      with the mounting hub 29 and projects radially upward through the open end
      between the sidewalls 23 for coupling to unit 14, as shown in FIGS. 3 and
      4.
PAR  A conventional pivot connection 34 connects the outer end of a cable 35 of
      the push-pull cable unit 14 to the outer end of the lever arm 33. The
      cable 35 extends rearwardly from the arm through a cable sheave 36 which
      is secured against longitudinal movement to the support wall 18. Thus the
      cable sheath 36 is shown provided with a conventional clamping pin 37
      located within a clamping hub member 38. The member 38 has an opening
      permitting limited pivotal movement of the sheath 36 but preventing
      longitudinal movement thereof. The clamp hub member 38 is formed as an
      integral part of a bracket 39 secured to the adjacent back side of the
      wall 18 as by bolts 40.
PAR  The shift lever plate 28 is shown as a generally circular plate having the
      centrally located hub 29 and the lever arm 33 extending radially upwardly
      therefrom. The outer periphery of the plate is formed as a slightly offset
      bearing rim 41 which extends downwardly over the inner bearing hub portion
      of the front wall 18. Resilient detent means 42 and 43 are located to the
      opposite sides of the control shift lever arm 33 and releasably couple the
      plate 28 to the back wall 22 to hold the plate 28 with lever arm 33 in a
      neutral position.
PAR  Each of the detent means 42 and 43 is similarly constructed and
      consequently the unit 42 will be described in detail with corresponding
      prime numbers identifying corresponding elements of the opposite element
      or unit 43. The detent means 42 includes a generally radial groove or
      recess 44 formed in the rim 41 of plate 28. The radially extended recess
      44 generally has a generally circular cross-section configuration and is
      adapted to receive the semi-cylindrical end 45 of a detent pin 46 which is
      formed of a similar radius to that of the recess and is carried by the
      rear or back wall 22 in alignment with rim 41. pin 46 may also be formed
      as an elongated plate-like projection with a rounded edge mating with the
      recess 44. Pin 46 is shown resiliently mounted to define one form of a
      releasable holding means as follows: The back wall 22 is formed with an
      inwardly projecting cylinder 47 which terminates in slightly spaced
      relation to the offset rim 41. The inner end of the cylinder 47 is
      provided with a reduced opening 48 corresponding to the diameter of the
      detent pin 46, which projects through said opening into the detent recess
      44. The pin 46 includes an inner flange 49 abutting the adjacent wall of
      the reduced opening. The pin 46 is resiliently forced outwardly by a coil
      spring 50 located and secured within the hub 47 by a small pressure screw
      51 threaded or otherwise adjustably secured within the outer end of the
      cylinder 47. The screw 51 is accessible from the aft side of the control
      and as shown is provided with a suitable allen wrench opening 52 for
      presetting of the compression of the coil spring 50, and the detent
      holding pressure.
PAR  The wall or plate 22, as most clearly shown in FIGS. 2 and 3, is secured to
      the opposite side walls 23 by a pair of clamping bolts 53 which pass
      through the sidewalls 23 plate 22 and receive clamping nuts 53 a. The
      plate 22 is provided with arcuate slots 54 in alignment with each of the
      attachment bolts 53 which allows angular orientation of the back plate 22
      about the axis of the shaft 24 and the shift lever arm 33 of the shift
      lever plate 28.
PAR  The clamping bolts 53 and particularly slotted heads 55 are accessible
      through aligned front wall openings 56 in the bezel 21 and mounting wall
      20. The back wall 22 is formed with an arcuate recess 57 defining a
      confining wall means for nut 53a, shown as a Hex nut unit. The bolt 53 may
      therefore be readily tightened and released from the front of the unit.
      The release holding means and particularly the illustrated embodiment of
      detent pins 46 and 46' may therefore be oppositely positioned from the
      illustrated horizontal orientation. The neutral setting position of the
      shift lever arm 33 may be correspondingly angularly oriented from the true
      vertical to accommodate the necessary precise location of the diverting
      gate 11 over the forward jet nozzle 8, as shown in FIGS. 3 and 4.
PAR  During the assembly, the detent means 42 and 43 may be released to allow
      convenient and ready movement of the shift lever 33 and interconnected
      plate 28. The lever 17 is located in the vertical position and arm 33 is
      coupled to the connecting cable 35 with gate 11 generally in a neutral
      throttle position to provide an initial rough neutral adjustment. A fine
      adjustment is then established by movement of the shift lever 17 to
      provide the precise positioning of the gate 11 to establish a neutral or
      stop position. The particular neutral position of arm 33 may vary slightly
      from a precise vertical position of FIG. 3 to an angle position as shown
      in FIG. 4 and the detent recesses 44 and 44' will be correspondingly
      rotated from the horizontal position illustrated in FIG. 4. The recesses
      44 and 44' are then moved from alignment with pins 46 and 46'. The back
      wall or plate 22 which carries the detent pins 46 and 46' is angularly
      reoriented to align such pins with the offset recesses 44 and 44', after
      which the plate 22 is locked in position by tightening of bolts 53, as
      shown in FIG. 4. The detent means 42 and 43 form a holding means which
      continuously loads the plate to hold it in any position with an increased
      loading at the neutral position.
PAR  The desired neutral position or setting of the control has then been
      created and the operator can readily locate the neutral position as a
      result of the force created by moving the lever to engage the detent
      means.
PAR  The illustrated detent means with the movable back wall provides a simple
      and reliable construction. However, within the broadest aspect of this
      invention any other releasable means having separable elements coupled to
      the shift control member and to a relatively fixed member may be employed,
      with either one or both of the separable elements having an adjustable
      fixed attachment to the related member. For example, the plate may be
      constructed with a rotatably lockable outer rim portion carrying a holding
      means releasably engaging a fixed holding member riding on the peripherial
      edge. Further, although shown as a mechanical interlock any other suitable
      releasable holding means which can create a unique and detectable selected
      position of the shift means may be employed within the broadest aspects of
      this invention.
PAR  This structure has been found to provide a relatively simple and
      inexpensive means for making the necessary fine adjustment to compensate
      for manufacture tolerances, differences in engine idle speeds and the
      like. The present invention is particularly adapted to compensate for
      manufacturing tolerances such as necessary in the commercial production of
      jet drive systems with remotely controlled jet diverting means.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A remote shift control assembly for a marine jet drive system having a
      diverting control element including movable input means for adjustably
      positioning thereof, comprising a support means, a moveable shift means
      moveably mounted to said support means and having means adapted to be
      coupled to said moveable input means for moving the input means from an
      initial position, a releasable holding means having interacting elements
      secured to said moveable shift means and said support means and
      establishing a releasable holding of said moveable shift means in the
      initial position, at least one of said interacting elements being moveable
      in a path parallel to the element secured to the moveable shift means to
      permit setting of the interacting elements in any one of a plurality of
      initial positions of said shift means, and releasable locking means to
      hold the moveable interacting element in said adjusted position.
NUM  2.
PAR  2. In the control assembly of claim 1 wherein said holding means is a
      detent means having a recess means and pin means defining the interacting
      elements.
NUM  3.
PAR  3. In the control assembly of claim 1 wherein said moveable shift means
      includes a rotatable shift lever plate having a detent recess means
      defining one of the interacting elements, and a detent pin means
      adjustably secured to the support means.
NUM  4.
PAR  4. The remote control apparatus of claim 1 wherein said support means
      includes a front support wall having a pair of spaced sidewalls and having
      a back wall, a shift plate including a shaft journaled in said front and
      back walls and including a shift lever projecting radially therefrom
      between said sidewalls, said releasable holding means including a detent
      means to the opposite sides of said lever, each detent means including a
      radial recess means in the outer periphry of the plate and a detent pin
      means mounted in said back wall and resiliently urged into engagement with
      said face of the plate for selective releasable holding engagement with
      said recess means, and said locking means releasably securing said back
      wall to said side walls and including means permitting angular orientation
      of the back wall about the axis of said shaft.
NUM  5.
PAR  5. A remote shift control assembly for a marine jet drive system having a
      jet diverting means for diverting the output of a jet pump means between a
      forward jet forming drive means and a reverse jet forming drive means and
      having a coupling means connected to said jet diverting means and a
      linkage for adjustably positioning thereof, comprising a support means, a
      moveable shift element moveably mounted to said support means and coupled
      to said linkage to shift said coupling means, said moveable shift element
      being oppositely moveable from a neutral position to affect a forward
      drive and a reverse drive setting of the jet diverting means, a releasable
      holding means secured to said moveable shift element and said support
      means and establishing a releasable holding of said moveable shift element
      in the neutral position, said moveable holding means being movable with
      said shift element for corresponding setting in any one of a plurality of
      possible neutral positions, and releasable locking means to lock the
      releasable holding means in any one of said neutral settings.
NUM  6.
PAR  6. The remote shift control assembly of claim 5 wherein said releasable
      holding means includes a continuous loading on said shift element with an
      increased loading at said neutral position.
NUM  7.
PAR  7. The remote shift control assembly of claim 5 wherein said shift element
      includes a rotatably mounted shift lever, said holding means includes a
      resiliently loaded detent means including a recess and an intergageable
      detent pin means, separate attachment means connecting one each of the
      recess means and pins means to said rotatable lever and the support means,
      and at least one of said attachment means being adjustable along the
      circular path of the detent means connected to said shift lever.
NUM  8.
PAR  8. The remote shift control assembly of claim 5 wherein said releasable
      holding means includes a plurality of circumferentially spaced,
      resiliently loaded pressure means for loading of shift element to define
      said neutral position.
NUM  9.
PAR  9. In the control apparatus of claim 5 wherein said moveable shift element
      includes a rotatable shift lever plate, a shaft co-axially secured to said
      plate and journaled in said support means, a lever secured to said plate
      and having an outer end coupling for coupling to said linkage means, the
      outer periphery of one face of said plate including a radially extended
      groove forming a part of said holding means, said holding means including
      a detent pin resiliently mating with said groove, and pin mounting means
      adjustably secured to said support means for angular orientation about the
      axis of said plate.
NUM  10.
PAR  10. The remote control apparatus of claim 5 wherein said shift means
      includes a lever, said support means includes a pair of spaced support
      walls connected by a sidewall and including attachment means releasably
      securing one of said support walls to said sidewall, a shift lever shaft
      means journaled in said support walls and including said shift lever
      projecting radially therefrom between said sidewalls, said attachment
      means permitting angular orientation of the corresponding support wall
      about said shaft means axis, said releasable holding means including a
      pair of interacting elements connected one each to said shift lever and to
      said adjustably mounted support wall.
NUM  11.
PAR  11. The remote control apparatus of claim 10 wherein said coupling means
      includes an elongated push-pull linkage having one end connected to the
      outer end of the lever and the second end connected to the diverting
      means.
NUM  12.
PAR  12. The remote control apparatus of claim 10 wherein said interacting
      elements define a detent means including a radial recess means in a face
      of the lever opposed to said one support wall and a detent pin means
      mounted in said support wall and resiliently urged into engagement with
      said face for selective releasable holding engagement with said recess
      means.
NUM  13.
PAR  13. The remote control apparatus of claim 12 wherein said pin means
      terminate in an essentially semicircular bearing end and said recess is
      generally formed with a radius corresponding to that of the end of the pin
      means.
NUM  14.
PAR  14. The remote shift control apparatus of claim 5 wherein said support
      means includes a front support wall having a pair of spaced sidewalls and
      having a back wall bolt means releasably securing said back wall to said
      side walls, a shift plate including a shaft journaled in said front and
      back walls and including a shift lever projecting radially therefrom
      between said sidewalls, said back wall including arcuate means permitting
      angular orientation of the back wall about said shaft axis, said
      releasable holding means including a detent means to the opposite sides of
      said lever, each of said detent means including a radial recess means in
      the radially outer face of the plate and a detent pin means mounted in
      said back wall, and each detent means including an adjustable spring
      engaging said pin means and resiliently forcing of said pin means into
      engagement with said face of the plate for selective releasable holding
      engagement with said recess means, and said front support wall having
      bearing means to rotatably support said plate with said pin means engaging
      said plate.
NUM  15.
PAR  15. In a remote shift control assembly for a marine jet drive system having
      a diverting gate for diverting the output of a jet pump means between a
      forward jet forming drive means and a reverse jet forming drive means,
      comprising a mechanical coupling means having a push-pull element
      connected to said jet diverting maeans for adjustably positioning thereof,
      support means, a shift lever rotatably mounted to said support means and
      coupled to the opposite end of said push-pull element, of said coupling
      means, to shift said moveable shift lever being oppositely moveable from a
      neutral position to affect a forward drive and a reverse drive setting of
      the gate, said lever including a circular coaxial plate, a detent means
      including a recess formed in said plate and a pin means attached to said
      support means and establishing a releasable holding of said moveable
      element in the neutral position, said pin means being moveable in a path
      parallel to the recess means of the lever plate to permit setting of the
      detent means in any one of a plurality of possible neutral positions of
      said lever, and releasable locking means to hold the pin means in said
      adjusted position.
NUM  16.
PAR  16. The remote control apparatus of claim 15 wherein said support means
      includes a front support wall having a pair of spaced sidewalls and having
      a back wall, bolt means releasably secure said back wall to said side
      walls, said back wall including arcuate slots permitting angular
      orientation of the back wall about said lever axis, said arcuate slots
      being formed within a generally correspondingly shaped recess, and said
      mounting wall includes opening aligned with said bolt means for in-place
      adjusting of said back wall.
NUM  17.
PAR  17. The apparatus of claim 16 wherein said lever includes a shaft journaled
      in said front support and back walls and locating said shift lever
      projecting radially therefrom between said sidewalls, said detent means
      being located to one side of said shaft and a second corresponding detent
      means located to the opposite side of said shaft.
NUM  18.
PAR  18. The remote control apparatus of claim 17 wherein each detent means
      includes a radial recess means in the outer radial portion of the plate, a
      detent support cylinder integral formed in said back wall with the pin
      means located therein, a spring within said cylinder resiliently forcing
      the pin means outwardly into engagement with the plate for selective
      releasable holding engagement with said recess means.
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ABST
PAL  A propellant including a binder, a curative for the binder (whenever
      necessary), an oxidizer and a fuel additive are provided. The oxidizer has
      a relatively high value of specific gravity or density and is stable even
      at relatively high temperatures and is capable of supplying relatively
      high amounts of oxygen to the fuel additives or the reducing agents in the
      propulsion material. The propellant provides density-impulses greater than
      the density-impulses provided by the propellants of the prior art.
PARN
PAR  This a continuation of application Ser. No. 67,494 filed Aug. 27, 1970, now
      abandoned.
BSUM
PAR  This invention relates to materials for providing efficient propulsion of
      vehicles such as rockets and to methods of producing such materials. The
      invention particularly relates to materials having a high density and
      stable properties at ambient temperatures and providing considerable
      energy at elevated temperatures for producing an efficient propulsion of
      vehicles such as rockets.
PAR  For many rocket applications, the amount of propulsion energy capable of
      being stored in a limited volume is of prime importance. By increasing the
      amount of energy in each cubic inch of volume, the volume required to
      store a particular amount of energy can be accordingly reduced. This in
      turn allows the rocket to be reduced in size and in weight, thereby
      causing the drag imposed on the rocket during the flight of the rocket
      through a fluid such as air or water to be correspondingly reduced. Since
      the drag imposed on the rocket is reduced, the amount of energy required
      to propel the rocket through a particular distance is reduced so that the
      amount of propulsion material required becomes correspondingly reduced.
      This in turn allows a further reduction in the size of the vehicle, with a
      corresponding reduction in drag. For the above reasons, a rocket required
      to push a heavy payload or move through a dense or viscous medium may have
      an increased efficiency if its propulsion material can be stored in a
      relatively small volume.
PAR  The propulsion energy of a meterial is commonly measured in pound-seconds
      of force per pound of propellant (lb.sec/lb.). For example, if a
      propellant has a "specific impulse" of 200 lb.sec./lb., it could produce
      in a rocket motor 200 pounds of thrust (or force), per pound of weight of
      the propellant, for a duration of 1 second. It could also produce any
      combination of thrust and time which, when multiplied, equalled 200
      lb.sec. per pound of propellant.
PAR  Various attempts have been made to increase the efficiency of propellants.
      For example, attempts have been made to increase the temperature of
      combustion of the different materials in the propellant. One broad line of
      effort has been to use in the propellant materials which have a low heat
      of formation or a low bond energy so that an increased amount of energy is
      available to be converted into heat. However, in order to have a low heat
      of formation, the materials generally must have a low margin of stability
      so that they are more dangerous to process, to store and to use than
      conventional materials.
PAR  Another approach toward increasing the specific impulse of the propulsion
      material has been to decrease the average molecular weight of the exhaust
      products. For example, attempts have been made to combust highly energetic
      materials such as beryllium. However, these metals are quite toxic when
      vaporized and greatly increase the health hazards of anyone using such
      metals. Furthermore any use of such metals in a combustible material would
      tend to add to contaminations in the atmosphere if they should become
      adopted on a widespread basis.
PAR  When materials such as magnesium, beryllium and titanium are used in the
      propulsion material, the density of the propulsion material tends to be
      reduced since magnesium, titanium and beryllium are relatively light. This
      has tended to be disadvantageous since the amount of energy obtained per
      cubic inch of volume becomes reduced. In other words, even though such
      metals as beryllium, titanium and magnesium have a high energy, the
      available energy per cubic inch of the propulsion material has not tended
      to be increased in view of the decreased density of the material.
PAR  When metals such as beryllium have been used in the propulsion material,
      gases such as hydrogen have been added to the material, generally as a
      hydride of the metal. These hydrides tend to be somewhat unstable,
      requiring considerable care and special equipment for safe handling of
      them.
PAR  An extensive list of metallized solid propellants was published in 1966 by
      Reinhold Publishing Corp. in a book entitled, "Propellant Chemistry". This
      book was written by Stanley F. Sarner, Senior Research Chemist and
      Theoretical Analyst of Thiokol Chemical Corporation of Elkton, Maryland.
      This book lists values of specific impulse and density for approximately
      twenty formulations of solid propellants which allegedly provide a high
      energy. The values of specific impulse for these formulations range
      upwardly to approximately 313.8 lb. sec. per pound of propellant
      formulation. The values of density are as high as approximately 0.0737
      lb/inch.sup.3. However, the maximum value of density impulse capable of
      being provided by any of these formulations is less than approximately
      17.9 lb.sec/in.sup.3. Furthermore, these formulations involve the use of
      toxic materials. Actually, practical and operable formulations now
      available provide maximum values of density impulse of approximately 15
      lb.sec/in.sup.3. As will be appreciated, values of density-impulse are
      important since they indicate the amount of energy available for
      propulsion per cubic inch of propulsion material.
PAR  This invention provides propulsion materials which overcome the above
      disadvantages. The propulsion materials have a high density and provide a
      high value of specific impulse. They can be safely and easily formulated
      and are stable at ambient and elevated temperatures. They are not toxic in
      their formulation, storage or use. Furthermore, density-impulses as high
      as approximately 24 lb.sec. per pound of formulation are obtained from the
      propulsion materials constituting this invention.
PAR  The propulsion materials of this invention include a binder, a curative for
      the binder (whenever necessary), an oxidizer and a fuel additive. One of
      the features of the invention is the use in the propulsion materials of an
      oxidizer with a relatively high value of specific gravity or density and
      with stable properties and with properties of supplying relatively high
      amounts of oxygen per unit of volume to the fuel additives of the reducing
      agents in the propulsion material. Suitable oxidizers may be selected from
      a list including potassium iodate (KIO.sub.3), lead nitrate
      (Pb(NO.sub.3).sub.2), potassium perchlorate (KClO.sub.4), strontium
      nitrate (Sr(NO.sub.3).sub.2), barium nitrate (Ba(NO.sub.3).sub.2), cesium
      nitrate (Cs(NO.sub.3), and rubidium nitrate (Rb(NO.sub.3).
PAR  Some of the materials included in this invention are similar to materials
      included in a "Smoke Producing Propellant" disclosed in U.S. Pat. No.
      3,418,184, which issued on Dec. 24, 1968, for use in influencing the
      weather. However, this invention includes other materials which are
      different from the materials included in the invention disclosed and
      claimed in U.S. Pat. No. 3,418,184. Furthermore, the percentages of the
      materials common to this invention and the invention of U.S. Pat. No.
      3,418,184 are quite different, the materials of this invention having a
      different range than the materials of the invention in U.S. Pat. No.
      3,418,184. The results obtained from this invention are also distinctly
      and unexpectedly different from the operation of the invention in U.S.
      Pat. No. 3,418,184 in seeding clouds to influence weather.
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PAR  In the drawings:
PAR  FIG. 1 illustrates the configuration of the test equipment in which the
      formulations specified in FIG. 1 have been tested; and
PAR  FIG. 2 constitutes curves showing the relationship between the pressure of
      the exhaust gases from the burning propellant and the rate at which the
      propellant burns.
PAR  FIG. 3 is a curve illustrating the relationship between time and pressure
      of the exhaust gases from the burning propellant;
PAR  FIG. 4a is a chart illustrating various formulations of propulsion material
      which have been tested with a polybutadiene binder and further
      illustrating certain results obtained from such formulations.
PAR  FIG. 4b is a chart illustrating various formulations of propulsion material
      which have been tested with a polysulfide binder and further illustrating
      certain results obtained from such formulation;
PAR  FIG. 4c is a chart illustrating various formulations of propulsion material
      which have been tested with a polybutadiene binder and with multiple
      oxidizers and further illustrating certain results obtained from such
      formulations;
PAR  FIG. 4d is a chart illustrating various formulations of propulsion material
      which have been tested with a polysulfide binder and with multiple
      oxidizers and further illustrating certain results obtained from such
      formulations.
DETD
PAR  The material constituting this invention includes a binder having
      properties of providing hydrocarbon linkage and of being cured at a
      particular temperature. The binder may be selected from a group including
      polysulfides, carboxy-terminated polybutadiene polymers,
      tetrafluorethylene, polyfluroethylene propylene and acetal homopolymers
      (which do not cure but remain thermoplastic). These binders are
      advantageous since they retain good physical properties even in
      environments at high temperatures. For example, acetal homopolymers
      designated by the trademark or tradename "Delrin" melt at approximately
      354.degree.F and tetrafluorethylenes designated by the trademark or
      tradename "Teflon" melt at temperatures above 600.degree.F. Certain of
      these binders such as the polysulfides and the carboxy-terminated
      polybutadiene polymers are castable and have been cured at ambient
      temperatures and also at oven temperatures with other materials to form
      the propellant formulations constituting the invention.
PAR  A number of propulsion materials have been formulated successfully with a
      mixture of a binder such as polybutadiene with carboxy-terminated linkages
      and a curing agent such as 1, 2, 4 Tris [2-(1-Aziridinyl)Ethyl]
      Trimellitate. The polybutadiene has been designated as "Butarez CTL Type
      II". Such a binder constitutes a liquid rubber polybutadiene with
      carboxy-terminated linkages. It has carboxy end-groups on both ends of the
      polymer chain, as illustrated as follows:
      ##EQU1##
      The binder has a relatively narrow molecular weight distribution and is
      not easily crystallized. This allows the cured composition of the polymer
      to remain rubbery to very low temperatures.
PAR  As seen in FIG. 4, the percentage of the binder in the propulsion
      formulation has varied between approximately 8% and 27%. Furthermore, as
      seen in FIGS. 4a and 4c the percentage of the polybutadiene in the
      propulsion formulation has varied between approximately 6% and 13% and the
      percentage of triacetin in the formulation has varied between
      approximately 1% and 4%. The percentage of 1, 2, 4, Tris [2-(1-Aziridinyl]
      Trimellitate has generally been less than one percent (1%) in the
      formulation. Furthermore, as shown in FIGS. 4b and 4d, the percentage of
      polysulfide has varied from approximately 9% to approximately 27%.
PAR  Different types of oxidizers may be used in the propulsion materials
      constituting this invention and mixtures of these various types of
      oxidizers may also be used. Tests have primarily been performed on lead
      nitrate, lead peroxide and potassium perchlorate as the oxidizer. In these
      tests, as indicated in FIG. 4c, the percentage of the oxidizer has varied
      between approximately 60% and 75%. In these tests, the amount of potassium
      perchlorate has varied between 0% and approximately 20% by weight of the
      propulsion formulation and the amount of lead dioxide has varied between
      0% and 2% by weight of the formulation, as may be seen from the charts
      constituting FIG. 4. The remainder of the Oxidizer in each of these tests
      has generally been lead nitrate.
PAR  In addition to the tests discussed above and indicated in FIGS. 4a and 4c,
      the feasibility of using other oxidizers has been indicated. For example,
      the feasibility of providing propulsion formulations with oxidizing agents
      as high as approximately 85% of the weight of the formulations has been
      indicated. These feasibility studies have involved the use of potassium
      iodate alone or in combination with lead nitrate, and the use of lead
      iodate (Pb(IO.sub.3).sub.2) alone or in combination with lead dioxide
      (PbO.sub.2). Some of these formulations are listed in FIG. 4c with their
      indicated values of density impulse. Other oxidizers such as strontium
      nitrate, barium nitrate, cesium nitrate, rubidium nitrate, ammonium
      perchlorate potassium permanganate, potassium chlorate, potassium
      periodate, potassium nitrate, urea nitrate and guanidine nitrate can also
      be used as secondary oxidizers to alter the ballistic and physical
      properties as desired.
PAR  The oxidizers described above have certain important advantages. For
      example, they are dense and have high concentrations of oxygen per unit of
      volume and they are stable even at relatively high temperatures. They
      further have a relatively low heat of formation so that a substantial
      portion of the heat liberated by the oxidizers during their use in the
      propulsion formulations is available for use in providing propulsion.
      Specifically, lead nitrate has approximately 0.041 moles of oxygen per
      cubic centimeter. It has a specific gravity of approximately 4.53 grams
      per cubic centimeter. It has a decomposition temperature of approximately
      470.degree.C and has a heat of formation of only approximately 107.35
      kilocalories per mole of oxygen. It can be reacted to produce reasonably
      good enthalpy. Furthermore, lead can be vaporized at a temperature of
      approximately 1750.degree.C so that it can flow through the rocket nozzle
      in the gaseous phase.
PAR  The decomposition temperatures of the oxidizers are sufficiently higher
      than the melt temperatures of the binder to permit processing as a
      propellant mixture with reasonable safety. For example, lead nitrate
      decomposes at approximately 878.degree.F, strontium nitrate at
      approximately 1058.degree.F and barium nitrate at approximately
      1097.degree.F. WIth this relationship of temperatures in comparison to the
      melting temperatures of the binders, it is feasible to extrude, mold by
      injection or press the propellants with conventional plastic processing
      machinery.
PAR  The fuel additive has primarily been aluminum, which becomes oxidized to
      aluminum oxide by the oxidizer. This fuel additive has ranged in weight
      from approximately 8% to approximately 30% of the propulsion formulation.
      Although such metal is commonly added as a powder, it could be added as
      filaments of fine wire or as sheets of thin foil. When used as filaments
      or sheets, the aluminum provides substantial physical reinforcement to the
      propellant. In these forms, the aluminum could provide composites or
      laminates of high strength. This is desirable since considerable forces
      must be withstood by a propellant in various applications such as
      antimissile rocket applications.
PAR  Other metals than aluminum are also theoretically useful as the fuel
      additive in some propulsion formulations. These include beryllium,
      magnesium, lithium and titanium. All of these metals are advantageous
      since they have high melting temperatures. For example, aluminum has a
      melting temperature of approximately 1220.degree.F and strontium has a
      melting temperature of approximately 1202.degree.F. In this way, the
      propulsion materials can be formulated with reasonable safety when these
      additives are included.
PAR  Various additives have been used to control the rate of propellant burning
      or to change the sensitivity of the burning rate to pressure. These
      additives have included copper manganite, cupric oxide and iron oxide, and
      a liquid iron containing burning rate catalyst designated by the trademark
      or tradename "HYCAT 6". The amount of additive used has varied between 0%
      and 5% by weight of the propulsion formulation, but in certain
      formulations the amount of additive has been as high as approximately 15%,
      as may be seen from the chart constituting FIG. 4a. Other additives tested
      have included chromium oxide, manganese dioxide, cuprous oxide, n-butyl
      ferrocene, cupric acetylacetonate, molybdenyl-bis-acetylacetonate,
      titanium acetylacetonate, calcium oxalate, and lead oxalate.
PAR  The propulsion formulations have several advantages in addition to those
      described above. Although the values of specific impulse for the
      propellants using the oxidizers constituting this invention range from 190
      lb.sec./lb. to 260 lb.sec./lb. and accordingly are within the range of
      previous propellants, the high density of the propellants using these
      oxidizers produces theoretical values of density-impulse from
      approximately 22 lb.sec./in..sup.3 to 27.6 lb.sec./in..sup.3. Comparing
      these values with current practical values of approximately 15
      lb.sec/in..sup.3 for the density-impulse of conventional propellants now
      in use, an increase of 60% can be easily realized over these conventional
      propellants.
PAR  FIG. 1 illustrates a chamber in which the propellants constituting this
      invention have been combusted. As will be appreciated, the gases combust
      in the burning area and escape through the throat area. FIG. 2 illustrates
      the relationship between the pressure of the gas escaping from the burning
      area into the throat area and the rate at which the propellant is
      combusted in the burning area.
PAR  FIG. 3 illustrates the pressure of the gases at progressive instants of
      time in the chamber illustrated in FIG. 1. As will be appreciated, the
      term t.sub.a represents the time between an initial pressure of 10% of
      maximum pressure during pressure build-up and 10% of maximum pressure
      during the period of pressure reduction.
PAR  FIGS. 4a - 4d are charts illustrating various compositions of the
      propellants constituting this invention. FIG. 4a illustrates various
      formulations of propellants which have been tested with polybutadiene as a
      binder and with lead nitrate as the oxidizer. FIG. 4c illustrates various
      formulations of propellants which have been tested with polybutadiene as a
      binder and with a mixture of lead nitrate and other materials such as
      potassium perchlorate, ammonium perchlorate and lead dioxide as the
      oxidizers. FIG. 4b illustrates various formulations of propellant which
      have been tested with polysulfides as the binder and with lead nitrate
      essentially as the oxidizer. FIG. 4d illustrates various types of
      propellants which have been tested with polysulfides as the binder and
      with a mixture of lead nitrate and ammonium perchlorate as the oxidizer.
PAR  FIGS. 4a to 4d, inclusive, illustrates the values of important parameters
      for such different materials. These parameters include the burning rates
      (r.sub.b) of the propellants at a pressure of one thousand (1,000) pounds
      per square inch, the slope (n) of the burning rate curves as shown in FIG.
      2 at the pressure of one thousand (1,000) pounds per square inch, the
      ratio (K.sub.n) of the burning area to the throat area in the structure
      shown in FIG. 1, specific impulse, density, and density-impulse.
PAR  As will be appreciated, multiple rocket motors of each individual
      propellant were tested to confirm the results of the previous tests on
      these formulations. In the charts constituting FIG. 4a - 4d:
PA1  C* = characteristic exhaust velocity in feet/second. This value indicates
      how fast the exhaust gas is being passed out of the burning chamber. The
      value is derived from the pressure-time curve of FIG. 3.
PAR  Furthermore,
PA1  p.sub.b = average pressure of the exhaust gas over the time t.sub.b
      ##EQU2##
PAR  Although this application has been disclosed and illustrated with reference
      to particular applications, the principles involved are susceptible of
      numberous other applications which will be apparent to persons skilled in
      the art. The invention is, therefore, to be limited only as indicated by
      the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination for producing propulsion,
PA1  a closed combustion chamber having a hollow configuration and including a
      restricted throat opening to the atmosphere to provide for the passage of
      combustion gases from the combustion chamber to the atmosphere through the
      restricted throat,
PA1  a propulsion-producing material disposed in the combustion chamber and
      having properties of being combusted to produce combustion gases in the
      absence of atmospheric oxygen in the member and of passing the combustion
      gases into the atmosphere through the restricted throat in the combustion
      chamber to produce propulsion of the combustion chamber,
PA1  the propulsion-producing material including:
PA1  a binder providing hydrocarbon linkages,
PA1  a lead compound oxidizer formed from inorganic lead oxidizer salts and
      having dense characteristics and stable properties at ambient temperatures
      and through a particular temperature range above ambient, and
PA1  a particulate metal fuel additive having properties of being oxidized by
      the oxidizer, the binder having a range of percentages by weight between
      eight percent (8%) and seventeen percent (17%) and the particulate metal
      fuel additive having a range of percentages by weight between eight
      percent (8%) and thirty percent (30%) and the remainder constituting the
      oxidizer.
NUM  2.
PAR  2. The combination set forth in claim 1, wherein the binder is selected
      from a group consisting of polysulfides, carboxy-terminated polybutadiene
      polymers, polytetrafluoroethylene, polyfluoroethylene-propylene copolymers
      and acetal homopolymers.
NUM  3.
PAR  3. The combination set forth in claim 1 wherein the oxidizer is selected
      from a group consisting of the nitrate and iodate of lead.
NUM  4.
PAR  4. The propulsion material set forth in claim 3, wherein the particulate
      metal fuel additive is selected from a group consisting of aluminum,
      beryllium, magnesium and titanium.
NUM  5.
PAR  5. In combination for producing propulsion,
PA1  a closed combustion chamber including a restricted throat opening to the
      atmosphere, the to provide for the passage of combustion gases through the
      restricted throat into the atmosphere, and
PA1  a propulsion-producing material having properties of being combusted to
      produce combustion gases for escape of the combustion gases through the
      restricted throat in the combustion chamber to provide propulsion of the
      combustion chamber,
PA1  the propulsion-producing material including:
PA1  a binder providing hydrocarbon linkages to become oxidized, the binder
      being selected from a group consisting of polysulfides and
      carboxy-terminated polybutadiene polymers, polytetrafluoroethylene,
      fluorothylene-propylene copolymers and acetal homopolymers,
PA1  an oxidizer formed from an inorganic lead oxidizer salt and having dense
      characteristics and stable properties at ambient temperatures and through
      a particular temperature range above ambient and having a low heat for
      formation, and
PA1  a particulate metal fuel additive having properties of being oxidized by
      the oxidizer, the particulate metal fuel additive being selected from a
      group consisting of aluminum, beryllium, magnesium and titanium.
NUM  6.
PAR  6. The combination set forth in claim 1 wherein the binder has a range of
      percentages by weight between eight percent (8%) and seventeen percent
      (17%) and the particulate metal fuel additive has a range of percentages
      by weight between eight percent (8%) and thirty percent (30%) and the
      remainder constitutes the inorganic lead oxidizer salt.
NUM  7.
PAR  7. The combination set forth in claim 5 wherein further additives are
      included to control the rate at which the propulsion material burns, the
      additives being selected from a group consisting of copper manganite,
      cupric oxide, manganese dioxide, cuprous oxide, n-butyl ferrocene, cupric
      acetylacetonate, molybdenyl-bis-acetylacetonate, titanium acetylacetonate,
      calcium oxalate and lead oxalate.
NUM  8.
PAR  8. The combination set forth in claim 7 wherein the further additives
      constitute between approximately zero percentage (0%) and five percent
      (5%) by weight.
NUM  9.
PAR  9. In combination for producing propulsion,
PA1  a closed combustion chamber including a restricted throat, the combustion
      chamber being constructed to provide for the passage of combustion gases
      from the combustion chamber into the atmosphere through the restricted
      throat, and
PA1  a propulsion-producing material having properties of being combusted to
      produce combustion gases for escape of the combustion gases through the
      restricted opening in the combustion chamber to provide propulsion of the
      combustion chamber,
PA1  the propulsion-producing material including:
PA1  a binder providing hydrocarbon linkages and capable of being cured at a
      first particular temperature, the binder including a curative for
      providing a curing of the binder,
PA1  an oxidizer formed from an inorganic lead oxidizer salt and having dense
      characteristics and stable properties at ambient temperatures and through
      a particular range of temperatures greater than the first particular
      temperature and having a low heat of formation and a relatively great
      amount of oxygen to provide an oxidizing action,
PA1  a particulate metal fuel additive having properties of being oxidized by
      the inorganic lead oxidizer salt, and
PA1  an additive having properties of controlling the rate at which
      propulsion-producing material is combusted.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein the binder is selected
      from a group consisting of polysulfides and carboxy-terminated
      polybutadiene polymers.
NUM  11.
PAR  11. The combination set forth in claim 10 wherein the inorganic lead
      oxidizer salt is selected from the group consisting of the nitrate and
      iodate of lead.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein the fuel additive is
      selected from a group consisting of aluminum, beryllium, magnesium and
      titanium.
NUM  13.
PAR  13. The combination set forth in claim 12 wherein the additives to control
      the rate of burning are selected from a group consisting of copper
      manganite, cupric oxide, iron oxide, chromium oxide, manganese dioxide,
      cuprous oxide, n-butyl ferrorene, cupric acetylacetonate,
      molybdenyl-bis-acetylacetonate, titanium acetylacetonate, calcium oxalate
      and lead oxalate.
NUM  14.
PAR  14. The combination set forth in claim 13 wherein the binder had a range of
      percentages by weight between eight percent (8%) and seventeen percent
      (17%) and the particulate metal fuel additive has a range of percentages
      by weight between eight percent (8%) and thirty percent (30%) and the
      additive to control rate of burning has a percentage by weight up to five
      percent (5%) by weight and the remainder constitutes the inorganic lead
      oxidizer salt.
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ABST
PAL  A liquid-fueled rocket has a storage tank for the fuel components of a
      liquid fuel and the storage tank is able to communicate with the
      combustion chambers of the rocket via normally closed valves. The storage
      tank is enclosed and the fuel components only in part fill the latter. A
      body of gas is confined in the storage tank and has a pressure exceeding
      that in the combustion chambers. Thus, when the valves are opened, the
      fuel components are caused to flow from the storage tank to the combustion
      chambers by virtue of the difference between the pressure of the gas and
      the pressure in the combustion chambers.
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PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to liquid-fueled rockets. More
      particularly, the invention relates to a method and an arrangement for
      conveying the liquid fuel of a liquid-fueled rocket from the storage tanks
      of the rocket to the combustion chambers of the latter.
PAR  The fuel components of a liquid-fueled rocket, that is, the combustible
      component and the oxidizer constituting the liquid fuel, must be forced
      into the power plant of the rocket by suitable conveying means. In the
      known rockets of this type, this is accomplished by pumping or by
      pressurizing the storage tanks for the fuel components.
PAR  Various methods have been proposed and used for pressurizing the fuel
      components in the storage tanks. In these methods, the fuel components are
      subjected to the action of a pressure gas which latter is, for example,
      produced by a separate gas generator or a separate solid-gas generator.
PAR  The known methods have several disadvantages. The use of pumps is expensive
      and structurally prohibitive and, in addition, decreases the useful pay
      load of the rocket because of the weight of the pumps.
PAR  Where a pressure gas is used for conveying the fuel components from the
      storage tanks to the combustion chambers, it is necessary to provide
      separate containers for the fuel required to generate the pressure gas and
      it is also necessary to provide a gas generator. In addition, the methods
      using a pressure gas require an active regulating circuit for regulating
      the quantity of pressure gas to be introduced into the storage tanks.
PAR  In all of the known methods for conveying the fuel components via
      pressurization, the requisite energy for conveying the fuel components is
      supplied to the storage tanks from an external source. These methods are
      expensive and require additional fuel for generating the pressure gas as
      well as valves, conduits, generators and additional fuel containers. Aside
      from the structural and operational difficulties associated with the use
      of these methods, their use causes an increase in the weight of the rocket
      and, hence, a reduction in the useful pay load.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the invention to provide a novel
      method and arrangement for conveying the liquid fuel of a liquid-fueled
      rocket from the storage tanks of the rocket to the power plant or
      combustion chambers of the latter.
PAR  Another object of the invention is to provide a method and arrangement
      whereby the liquid fuel of a liquid-fueled rocket may be conveyed from the
      storage tanks of the rocket to the power plant of the latter in simple
      manner.
PAR  A further object of the invention is to provide a method and arrangement
      for conveying the liquid fuel of a liquid-fueled rocket from the storage
      tanks of the rocket to the power plant of the latter without significantly
      reducing the useful pay load of the rocket.
PAR  An additional object of the invention is to provide a method for conveying
      the liquid fuel of a liquid-fueled rocket from the storage tanks of the
      rocket to the power plant of the latter which does not require complicated
      and expensive equipment.
PAR  A concomitant object of the invention is to provide an arrangement for
      conveying the liquid fuel of a liquid-fueled rocket from the storage tanks
      of the rocket to the power plant of the latter which is simple in its
      construction and inexpensive.
PAR  In accordance with the objects outlined above and others which will become
      apparent hereafter, the invention provides a method of conveying the fuel
      components of a liquid-fueled rocket from the storage tanks to the
      combustion chambers of the rocket wherein fuel components to be conveyed
      to a combustion space are confined in an enclosed space so as to only
      partially fill the latter. A quantity of gas sufficient to cause the
      pressure of the same to exceed the pressure in the combustion space is
      also confined in the enclosed space. A flow path is established between
      the enclosed space and the combustion space and this causes the fuel
      components to flow from the enclosed space to the combustion space by
      virtue of the difference between the pressure of the gas and the pressure
      in the combustion space. Also disclosed is a novel arrangement for
      conveying the fuel components of a liquid-fueled rocket from the storage
      tanks to the combustion chambers of the rocket.
PAR  Thus, according to the invention, the fuel components are forced into the
      combustion chamber or chambers of the rocket by a gas which is confined
      under pressure in the same storage tank or tanks as the fuel components
      themselves. Suitable gases for this purpose are, for example, nitrogen,
      helium, air or the like.
PAR  The initial pressure of the gas, that is, the pressure of the confined gas
      before the fuel components have begun to flow into the combustion
      chambers, is dependent upon the type of power plant used for the rocket
      and may lie, for example, between about 5 and 100 bars. The initial
      pressure of the gas is favorably between about 20 and 40 bars and,
      advantageously, is equal to approximately 30 bars. However, the invention
      is not limited to the values given above. As an example, the initial
      pressure of the gas may be higher for a rocket which operates in the
      atmosphere than for a rocket which operates in vacuum.
PAR  In a suitable arrangement for carrying out the method according to the
      invention, at least one of the storage tanks of the rocket includes at
      least one portion for accommodating the gas and which is in communication
      with, or may be brought into communication with, the portions of the
      storage tank which accommodate the fuel components.
PAR  Where the storage tanks of the rocket include more than one portion for
      accommodating the gas, it is possible to interpose suitable valves between
      these portions and the initial pressure of the gas may be different in the
      various portions.
PAR  Advantageously, the initial volume of the gas, that is, the volume of the
      confined gas before the fuel components have begun to flow into the
      combustion chambers, amounts to approximately 20 to 50% of the total
      volume of the storage tanks.
PAR  The portion or portions of the storage tanks accommodating the combustible
      fuel component may be sealed with a membrane which tears open when the
      rocket begins to operate or, in other words, when the valves interposed
      between the storage tanks and the combustion chambers are opened.
PAR  The invention not only makes it possible to eliminate special pumps for
      conveying the fuel components but also makes it possible to eliminate the
      additional storage tanks, as well as the corresponding conduits and
      generators, which it would be necessary to provide for the generation of a
      pressure gas when using those methods wherein the fuel components are
      conveyed by such a gas and where additional fuel for generation of the
      latter is required. Furthermore, by utilizing the invention, there is no
      need to provide special regulating circuits for regulating the quantity of
      pressure gas introduced into the storage tanks so as to produce the
      requisite pressure in the latter.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a section through a fuel storage tank of a rocket schematically
      illustrating an arrangement according to the invention; and
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating another arrangement
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a storage tank or container for the liquid fuel of a
      liquid-fueled rocket is indicated generally at 10 and is seen to be of
      so-called parallel construction. The storage tank 10 includes two portions
      12 and 14 for accommodating the combustible fuel component of the liquid
      fuel and the portions 12 and 14 extend parallel to the longitudinal axis
      of the storage tank 10. In the illustrated embodiment, the portions 12 and
      14 are located diametrically opposite one another. However, instead of
      being provided with two portions for accommodating the combustible fuel
      component, the storage tank 10 may be provided with a plurality of such
      portions, for example, four portions, or may be provided with only one
      portion for the combustible fuel component. The portions 12 and 14 are
      only partially filled with the combustible fuel component, for instance,
      to the level indicated at 15.
PAR  The storage tank 10 includes another portion 16, 18, the part 16 of which
      is filled with the oxidizing fuel component or the oxidizer to the level
      indicated at 17, that is, the oxidizer only partially fills the portion
      16, 18. The part 18 of the portion 16,18 is filled with a body of gas. It
      will be seen that the storage tank 10 defines an enclosed space in which
      the fuel components and the gas are confined.
PAR  In the illustrated embodiment, the portions 12 and 14 are closed at their
      upper ends with membranes 19 and 21, respectively, so that the gas in the
      portion 16,18 does not communicate with the combustible fuel component.
      However, it is also possible to eliminate these membranes so that the gas
      in the portion 16,18 is in direct communication with the combustible fuel
      component. The only purpose of the membranes 19 and 21 is to keep the
      combustible fuel component separated from the oxidizer during storage and
      when the rocket is transported. The membranes 19 and 21 may be of a thin
      synthetic resin foil or a synthetic resin sheet such as, for example,
      polyester. Below the lower end of the storage tank 10 there are located
      the propulsion means for the rocket including the combustion space or
      combustion chambers 20 and 22. Suitable valves 24 are interposed between
      the combustion chambers 20 and 22 and the portions 12 and 14, as well as
      the portion 16,18, of the storage tank 10. The valves 24 are normally
      closed, that is, the valves 24 will usually be closed until the rocket is
      to be operated, and when the valves 24 are opened a flow path is
      established between the combustion chambers 20 and 22 and the portions 12
      and 14, as well as the portion 16,18, of the storage tank 10.
PAR  It is pointed out here that the construction and arrangement of the
      combustion chambers and the valves, as well as of the conduit system for
      introducing the fuel components into the combustion chambers, do not form
      part of the invention per se and, hence, are only schematically
      illustrated.
PAR  In operation of the embodiment of FIG. 1, the portions 12 and 14 of the
      storage tank 10 are filled with a combustible fuel component to the level
      15 and the portion 16,18 is filled to the level 17 with an oxidizer. The
      part 18 of the portion 16,18 is then filled with a gas such as, for
      example, nitrogen, in a quantity sufficient that the gas is at a
      superpressure. The important consideration is that the pressure of the
      confined gas exceeds the pressure in the combustion chambers 20 and 22.
      The gas is thus in direct communication with the oxidizer and, if the
      membranes 19 and 21 are not used, will also be in direct communication
      with the combustible fuel component.
PAR  When the rocket is to be started or fired, the valves 24 are opened as a
      result of which the pressure in the portions 12 and 14, which are closed
      by the membranes 19 and 21 in the embodiment being discussed, decreases.
      This decrease in pressure, in conjunction with the fact that the pressure
      of the gas in the portion 16,18 exceeds that in the combustion chambers 20
      and 22, causes the membranes 19 and 21 to tear open. The combustible fuel
      component and the oxidizer then flow into the combustion chambers 20 and
      22 by virtue of the difference between the pressure of the gas confined in
      the portion 16,18 and the pressure in the combustion chambers 20 and 22.
PAR  As the fuel components flow out of the respective portions 12 and 14 and
      16,18, the volume available to the confined gas increases and, as a
      consequence, its pressure decreases. According to the law governing the
      adiabatic expansion of gases, the initial pressure of the gas, that is,
      the pressure of the confined gas at the time that the fuel components
      begin to flow out of the storage tank 10, and the final pressure of the
      gas, that is, the pressure of the gas when the storage tank 10 has been
      substantially emptied, are in a ratio which is equal to the ratio of the
      total volume of the storage tank 10 to the initial volume of the confined
      gas. It will be understood that the quantity and the initial pressure of
      the confined gas are such as to permit the fuel components to be
      substantially entirely emptied from the storage tank 10.
PAR  The initial volume of the confined gas in the part 18 of the portion 16,18
      may, for example, amount to about 20 to 50% of the total volume of the
      storage tank 10. The initial pressure of the confined gas may, for
      instance, lie between 20 and 40 bars and advantageously is equal to
      approximately 30 bars. However, the initial pressure of the confined gas
      is dependent upon the type of power plant with which the rocket is
      provided, that is, the initial pressure of the gas depends upon the size
      and construction of the power plant and upon the requirements imposed upon
      the power plant. With these considerations in mind, it is pointed out that
      the initial pressure of the confined gas may suitably be between about 5
      and 100 bars, although the values for the initial pressure of the gas
      given here are not to be construed as limiting the invention in any
      manner.
PAR  Referring now to FIG. 2, the storage tank or container for the liquid fuel
      of a liquid-fueled rocket is here seen to include two sections 30 and 32
      arranged in tandem. The section 30 has a portion 34 which is filled with a
      combustible fuel component to the level indicated at 35 and another
      portion 36 which is filled with a body of gas.
PAR  The section 32 has a portion 38 which is filled to the level indicated at
      39 with an oxidizer, and the section 32 also has a portion 40 filled with
      a body of gas.
PAR  The propulsion means for the rocket is located below the section 32 and
      includes a combustion space or combustion chamber 48. The section 30 is
      connected with the combustion chamber 48 via a conduit 46. A valve 50 is
      provided in the conduit 46 as well as in the conduit connecting the
      section 32 with the combustion chamber 48. The valves 50 are normally
      closed until the rocket is to be started. It will be appreciated that the
      sections 30 and 32 define an enclosed space in which the fuel components
      and the gas are confined.
PAR  Again, the construction and arrangement of the combustion chamber, the
      valves and the conduit system for conveying the fuel components from the
      storage tank to the combustion chamber do not form part of the invention
      per se and are not, therefore, illustrated in detail.
PAR  In operation of the embodiment shown in FIG. 2, the sections 30 and 32 are
      respectively filled with a combustible fuel component and an oxidizer to
      the respective levels 35 and 39, that is, the fuel components only
      partially fill the sections 30 and 32. The portions 36 and 40 of the
      sections 30 and 32, respectively, are then filled with a gas the quantity
      of which is sufficient in each instance to raise the pressure of the gas
      in each of the sections 30 and 32 to a value which exceeds the value of
      the pressure in the combustion chamber 48.
PAR  When the rocket is to be started or fired, the valves 50 are opened
      whereupon the fuel components are forced into the combustion chamber 48 by
      virtue of the difference between the pressure of the confined gas in the
      respective sections 30 and 32 and the pressure in the combustion chamber
      48. The initial pressure of the gas in the section 30 may be different
      from that of the gas in the section 32 and, in the illustrated tandem
      construction, the initial pressure of the gas in the section 30 is
      advantageously lower than that of the gas in the section 32 in order to
      provide compensation for the greater hydrostatic pressure head of the fuel
      component in the section 30 as opposed to the lower hydrostatic pressure
      head of the fuel component in the section 32, i.e. in order to provide an
      equalization of pressure. (The hydrostatic pressure head in the section 32
      falls off to substantially zero which, with regard to the section 30, is
      not the case because of the presence of the conduit 46 which latter is
      usually not completely emptied). It will be understood that the quantity
      and initial pressure of the gas in the respective sections 30 and 32 are
      such as to permit the fuel components to be substantially completely
      emptied therefrom.
PAR  In many circumstances, the sections 30 and 32 may be connected by a conduit
      42 so as to permit an equalization of the pressures in the sections 30 and
      32 through the conduit 42. Advantageously, the conduit 42 is provided with
      a valve 44.
PAR  If desired, the initial volume of the gas in the section 30 and the initial
      volume of the gas in the section 32 may be so selected that the ratio of
      the initial volume of the gas in the section 30 to the total volume of the
      section 30 equals the ratio of the initial volume of the gas in the
      section 32 to the total volume of the section 32.
PAR  By utilizing the invention, the total energy required for conveying the
      fuel components to the combustion chamber or chambers is already stored,
      in form of the compression of the gas, before the rocket is started or
      fired and, therefore, this energy need not be supplied to the storage tank
      or tanks from an external source. This manner of conveying the fuel
      components, that is, conveying the fuel components without introducing a
      gas or supplying energy to the storage tanks from externally, is
      structurally simpler and also cheaper than the conveying methods used for
      rockets heretofore. Furthermore, the entire operation is considerably more
      reliable when using the invention since there is no need to provide active
      regulating elements such as, for example, pressure reducing valves or gas
      generators. Such reliability is, of course, of great importance in
      rockets.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      construction and operations differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      liquid-fueled rocket, it is not intended to be limited to the details
      shown, since various modifications and structural changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
PAR  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid-fueled rocket, a combination comprising propulsion means
      including a combustion chamber; enclosed container means for accommodating
      the fuel components of a liquid fuel and including two container portions;
      a membrane separating said portions; normally closed valve means
      interposed between said combustion chamber and said container means; fuel
      components of a liquid fuel in said container means and only in part
      filling the same, one of said fuel components being accommodated in one of
      said container portions and another of said fuel components being
      accommodated in the other of said container portions; and a body of gas
      confined in said container means in one of said container portions only
      and having a pressure in excess of the pressure in said combustion chamber
      so that when said valve means is opened the pressure differential due to
      the difference between the pressure of said gas and the pressure in said
      combustion chamber causes tearing of said membrane and flow of the fuel
      components from both of said container portions into said combustion
      chamber.
NUM  2.
PAR  2. In a rocket as defined in claim 1, wherein the gas confined in said
      container means comprising a single body of gas.
NUM  3.
PAR  3. In a rocket as defined in claim 1, wherein said gas comprises a gas
      selected from the group consisting of nitrogen, helium and air.
NUM  4.
PAR  4. In a rocket as defined in claim 1, wherein said pressure of said gas is
      between substantially 20 and 40 bars.
NUM  5.
PAR  5. In a rocket as defined in claim 4, wherein said pressure of said gas is
      about 30 bars.
NUM  6.
PAR  6. In a rocket as defined in claim 1, said container means having a
      predetermined volume; and wherein the volume of said gas amounts to
      substantially 20 to 50% of said predetermined volume.
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ABST
PAL  A process for reducing the concentration of undesirable components in the
      exhaust gases of an internal combustion machine. The process provides
      injecting fuel into the hot exhaust gases within the exhaust system and
      controlling the quantity of this additional fuel by means of an oxygen
      sensor located within the exhaust system and by appropriate settings of
      the primary fuel metering system of the engine. A catalyzer unit for
      chemical interaction with the exhaust gases may also be provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for the detoxification of the exhaust
      gases of an internal combustion engine including a fuel metering system
      which is controlled by an oxygen measuring sensor disposed on the exhaust
      side of the engine.
PAR  As is well known, the concentration of toxic hydrocarbon compounds and
      carbon monoxide is especially low in a slightly leaned-out air-fuel
      mixture. On the other hand, it is especially in this mixture domain that
      toxic nitrogen oxide components are present in large quantity. In richer
      air-fuel mixture domains, the nitrogen oxide components are present in
      lesser quantity. Thus, it has been proposed to operate a fuel metering
      system at a setting which provides a slightly enriched mixture,
      (.lambda.&gt;1) so that the exhaust gas will contain relatively few NO.sub.x
      components and to oxidize any remaining excess of carbon monoxide and
      hydrocarbon compounds by admitting a secondary stream of air to the
      exhaust gas. The parameter .lambda. is called the "air number" and is
      defined as being proportional to the ratio of the mass of air to the mass
      of fuel. When the air-fuel mixture is a stoichiometric mixture, .lambda. =
      1.0. Aside from the fact that such a process necessitates high fuel
      consumption, difficulties arise during the warm-up operation of the
      internal combustion engine and also when very low outside temperatures
      prevail, because under those conditions, regulartory deviations may occur
      due to the wide control region involved and the dead-time of the control
      process also becomes too large.
PAC  OBJECT AND SUMMARY OF INVENTION
PAR  It is an object of the invention to improve a process of the type disclosed
      above in such a way that the time constant of the corrective action within
      the regulator is as large as possible in the stationary case, so that the
      regulatory deviation during the dead-time does not become too large. On
      the other hand, the time constant must not be too large, so that, in the
      non-stationary case, after a deviation has occurred, the transition to the
      new .lambda. = 1 state can occur sufficiently rapidly. It must also be
      considered that the transition time of the engine is rpm-dependent and
      also load-dependent owing to the moving gas volume between the exhaust
      valve and the oxygen measuring sensor.
PAR  This object and others are achieved according to the invention in that the
      fuel measuring system regulates an air-fuel mixture in which the masses of
      fuel and air are such as to satisfy .lambda.=1, especially .lambda.=1.02,
      and, further, in that a second oxygen measuring sensor is disposed in the
      exhaust side of the engine, which controls a fuel metering process
      admitting fuel directly into the exhaust gas.
PAR  Whenever an air-fuel ratio corresponding to .lambda.= 1.02 is supplied by
      the regulator, an internal combustion engine runs satisfactorily and, in
      any case, very favorably regarding the toxic components, especially carbon
      monoxide and hydrocarbon compounds. Since the exhaust gas detoxification
      process takes place essentially on the exhaust side of the engine, it is
      possible to keep the expenses for fuel metering regulators on the primary
      side relatively low. Injecting fuel on the secondary (exhaust) side of the
      engine results in a substantial reduction of nitrogen oxides in the
      exhaust gas.
PAR  Since the quantity of fuel admitted directly to the secondary side of the
      engine amounts to only approximately 2 percent of the main fuel quantity,
      a second advantageous embodiment of the invention provides that the fuel
      quantity admitted to the exhaust side of the engine (secondary side) is
      precontrolled in throughput-dependent manner by the main fuel metering
      system on the primary side of the engine.
PAR  Further objects and advantages of the invention will become apparent from
      the following detailed description of the invention taken in conjunction
      with the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a schematic and cross-sectional view of the entire fuel
      injection system; and
PAR  FIG. 2 is a diagram to illustrate the method of operation of the oxygen
      measuring sensor.
DETD
PAC  BRIEF DESCRIPTION OF THE EMBODIMENTS
PAR  FIG. 1 is a representation of a greatly simplified fuel injection system
      including a suction tube 1 belonging to an internal combustion engine 2
      which includes an exhaust system 3 and a fuel metering system 4. The
      combustion air aspirated by the internal combustion engine 2 flows past an
      arbitrarily actuated butterfly valve 5 and an air measuring member 6, both
      disposed within the suction tube 1. The suction tube 1 branches off into
      suction tube sections 7 leading to the individual cylinders of the engine.
      The present example deals with a four-cylinder engine which, accordingly,
      has four suction tube sections 7. A pump 9 delivers fuel from a fuel
      reservoir 10 to the fuel metering system 4 where it is metered out to the
      fuel injection valves 11 which are disposed in the internal combustion
      engine 2 in the vicinity of the intake valve 12 as is shown in the example
      of one of the four injection valves. The fuel metering system 4 meters out
      the same amount of fuel to each of the valves 11, substantially
      independently of the different opening pressures of these valves, and this
      amount of fuel corresponds, in each case, to the air quantity aspirated by
      the engine. This is a known process. The pump 9 delivers more fuel than is
      actually injected so that a portion of the fuel flows through a pressure
      control valve 13 and returns to the fuel reservoir 10. The pressurized
      fluid is also used for resetting the measuring member 6, in a direction
      opposite to the direction of the air-flow through the suction tube.
      Whenever the pressure in the pressure control valve 13 is changed, the
      ratio of the air quantity to the metered-out fuel quantity is also
      changed.
PAR  The combusted exhaust gases flow from the engine 2 through the exhaust
      valve 15 into the exhaust pipe 3 within which there is installed a
      double-layer catalyzer 16. A first oxygen measuring sensor 17 is disposed
      in the exhaust system between the exhaust valve 15 and the catalyzer 16
      and this sensor controls the pressure control valve 13.
PAR  FIG. 2 illustrates the method of operation of an oxygen measuring sensor of
      this type. The curve 18 is obtained from an oxygen measuring sensor of a
      known type using a solid electrolyte consisting of zirconium dioxide. A
      sensor of this type exhibits a sharp bend in the curve when the air number
      .lambda. attains the value .lambda.= 1.0. As has been stated above, the
      air number .lambda. is defined as being proportional to the ratio of the
      mass of air to the mass of fuel and it assumes the value .lambda. = 1.0
      when the air-fuel mixture is stoichiometric. Thus, when the air number
      .lambda. is larger than 1.0, the internal combustion engine is being
      fueled with a leaned-out mixture. According to the invention, the setting
      of pressure control valve 13 is adjusted only if the actual value of the
      air number, as measured by the oxygen measuring sensor 17, deviates from
      the nominal value .lambda. = 1.02. In that case, and depending on the
      sense of the deviation, the amplifier 19 causes an increase or a decrease
      of the control pressure setting within the pressure control valve 13,
      which alters the ratio of the aspirated air quantity to the metered-out
      fuel quantity until the nominal value .lambda. = 1.02 has again been
      reached. The fuel metering system 4 maintains a somewhat lean mixture as
      controlled by the oxygen measuring sensor 17. However, an oxygen measuring
      sensor can be used which has a characteristic shown by the curve 20 in
      FIG. 2.
PAR  The fuel metering system 4 also supplies fuel to a separate injection valve
      22 which injects fuel into the hot exhaust gases within the exhaust pipe 3
      at a point downstream of the oxygen sensor 17 but upstream of the
      catalyzer 16. The purpose of this separate and additional injection
      process is a reduction of the nitrogen oxides on the first layer 23 of
      catalyst 16. If required, the second layer 24 of the catalyzer serves to
      oxidize (combust) hydrocarbon compounds and carbon monoxide. For this
      purpose, a second oxygen measuring sensor 25 is disposed within catalyzer
      16, behind layer 23. The output voltage of the sensor 25 is amplified by
      an amplifier 26 and fed to a setting member 27 which controls a throttle
      28 disposed in the fuel line 29 leading from the fuel metering system 4 to
      the injection nozzle 22. In this way, favorable exhaust gas
      characteristics are achieved while keeping fuel consumption low. The fuel
      quantity injected into the exhaust system 3 amounts to approximately 2% of
      the fuel quantity injected into the primaryr, suction side of the engine.
      Since the exhaust gas detoxification process takes place substantially on
      the secondary side of the engine, the dead times of the control loop 25,
      26, 27 28 are very small. On the other hand, the large time constants of
      the other regulating system 17, 19, 13, 4 do not have deleterious effects
      because the purpose of this regulating system is merely the presetting of
      a lean air-fuel mixture.
PAR  The above description is of preferred embodiments of the invention and
      modifications may be made thereto without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the detoxification of the exhaust gases of an internal
      combustion engine which includes a fuel metering system controlled by a
      first oxygen measuring sensor disposed in the exhaust system of the
      engine, comprising the steps of:
PA1  a. controlling the fuel metering system so that the ratio of the mass of
      the air to the mass of the fuel tends to a nominal value for which
      .lambda. equal 1.02;
PA1  b. providing exhaust injection means for injecting supplementary fuel into
      the exhaust system of the engine;
PA1  c. providing a second oxygen measuring sensor in the exhaust system of the
      engine for the purpose of controlling the quantity of fuel injected by
      said exhaust injection means; and
PA1  d. adjusting the fuel metering system to precontrol the delivery of fuel to
      said exhaust injection means in dependence on the fuel-throughput.
NUM  2.
PAR  2. A process as defined in claim 1, comprising the further additional step
      of providing a catalyzer for the chemical treatment of the exhaust gases,
      said catalyzer being located within the exhaust system, and wherein said
      injection of supplementary fuel into the exhaust system of the engine
      takes place ahead of said catalyzer.
NUM  3.
PAR  3. A process as defined in claim 1, wherein the first oxygen measuring
      sensor, the exhaust injection means and the second oxygen measuring sensor
      are positioned within the exhaust system of the engine such that said
      first oxygen measuring sensor is upsteam of said exhaust injection means
      and said exhaust injection means is upstream of said second oxygen
      measuring sensor.
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ABST
PAL  A secondary air control device which comprises an air passage communicating
      an air pump with a recombustion device and having a resistor such as an
      orifice provided midway of the passage and a control valve for maintaining
      substantially constant the pressure ratio of the pressure on the upstream
      side of the aforesaid resistor to that on the downstream side thereof,
      said control valve being so designed as to be operated in association with
      the pressure of the secondary air and that of exhaust gas, thereby
      eliminating fluctuation in pressure in the secondary air due to reduction
      in the discharging performance of the air pump, and thus the secondary air
      proportional in quantity to the exhaust gas from an engine may be
      supplied.
BSUM
PAR  Hitherto, to control a quantity of secondary air, a control valve has been
      used which is adapted to vary a secondary air supply cross-sectional area
      in response to suction pressure of an engine. Such a valve, however,
      involves a problem that, if the control valve passage area is initially
      set in accordance with the initial performance of an air pump, the
      difference in pressure between in the upstream passage of the control
      valve and in the downstream passage thereof is increased to a great extent
      due to the fact that the discharging performance of the air pump become
      lower as running time goes on, thereby leading to a large change in
      quantity of a secondary air supply. Now referring to FIG. 1, a character A
      is an initial quantity of discharged air from the pump and a character B
      is a quantity of discharged air which was measured after some running time
      goes on, respectively to the same discharging pressure. A character C
      denotes an optimum quantity of secondary air for the purpose of mere
      reference. Therefore, it can be seen that the degree of change of quantity
      of discharged air from the pump to a constant discharging pressure became
      larger as running time goes on, so that the lowering of the pumping
      performance is enlarged to such an extent that a quantity of secondary air
      is much less than that the optimum quantity C required for re-combustion,
      thus resulting in the failure of the exhaust gas purifying function.
PAR  In view of the aforesaid shortcomings, it is an object of the present
      invention to provide a device for controlling a quantity of secondary air,
      which is free from such a fluctuation in a secondary air which results
      from reduction in discharging performance of an air pump, thereby
      constantly providing an optimum recombustion condition.
PAR  Another object of the invention is to provide a secondary air control
      device, in which the quantity of a secondary air supplied is increased in
      association with the purifying action of an exhaust gas when accelerating
      a car.
PAR  A further object of the present invention is to provide a secondary air
      control device which permits adjustment of an air quantity to a required
      level, when such an air quantity need be restricted at the time of
      deceleration of a car or for protection of catalyst.
PAR  The features of the present invention exist in that a quantity of secondary
      air substantially proportional to the flow rate of exhaust gas may be
      supplied at predetermined ratio, so as to provide an optimum condition for
      an exhaust gas purifying performance in a recombustion device, such as a
      catalyst converter or a thermal reactance, and in that the characteristics
      of the secondary air supply may be determined irrespective of the
      discharging characteristic of an air pump, thereby accomodating the
      occurance of variation in the characteristics of an air pump and the
      time-dependent reduction in its performance as well.
DRWD
PAR  FIG. 1 is a plot illustrating a quantity of secondary air according to a
      conventional air pump;
PAR  FIG. 2 is an explanatory view of an embodiment of a secondary air control
      device according to the present invention;
PAR  FIGS. 3 and 4 are illustrations of further embodiments of the secondary air
      control device according to the present invention;
PAR  FIG. 5 are plots illustrating the condition of associated factors versus
      time; and,
PAR  FIG. 6 is a longitudinal sectional view of an embodiment of an
      acceleration-detecting device suited for the present invention.
DETD
PAR  The description will hereunder be given on the embodiments of the present
      invention with reference to the accompanying drawings. Referring to FIG.
      2, shown at 1 is an air pump, and at 2 a surge tank in which a secondary
      air from the air pump 1 is received for equilibrium. Designated at 3 is a
      control valve for adjusting pressures in the surge tank 2 and a
      re-combustion device 4, and at 5 an air passage communicating the surge
      tank 2 with the re-combustion device 4 and having a resistor 6 such as an
      orifice and a check valve 7 which are provided midway of the passage. The
      aforesaid re-combustion device 4 receives therein an exhaust gas from an
      engine and preserves a pressure P.sub.R, commensurate with the exhaust gas
      by means of a resistor 8 provided in an outlet port thereof. Designated at
      9 is a valve which acts to close an air passage 10 of the surge tank
      normally and connected by way of a rod 11 to diaphragm 12 and 13 which are
      provided within the aforesaid control valve 3, said diaphragm 13 being
      equipped with springs 14. Shown at 15, 16, and 17 are pressure chambers,
      respectively. The pressure chamber 15 is communicated by way of a pressure
      passage 18 with the surge tank, the pressure chamber 16 is communicated
      with atmosphere, and the pressure chamber 17 is communicated by way of a
      pressure passage 19 with the re-combustion device, respectively.
      Designated at 20 is a passage leading to atmosphere, through which the air
      within the surge tank is bled to atmosphere when the valve 9 is in the
      open position. Designated at 21 and 22 are three-way valves, which are
      disposed on the pressure passages 19 and 18, respectively and which are
      adjusted for varying pressure in the aforesaid respective pressure
      chambers. Shown at 23 and 24 are switching passages provided in the
      three-way valves 21 and 22, respectively.
PAR  In operation of the device of the present invention, the secondary air
      discharged from the air pump 1 is stored in the surge tank for
      equilibrium, then is subjected to pressure adjustment by the control
      valve, and supplied, past the orifice 6 and check valve 7 disposed in the
      air passage 5, to the re-combustion device 4. The re-combustion device 4
      preserves the pressure P.sub.R, commensurate with an exhaust gas quantity
      with the aid of the resistor 8, and hence an air quantity proportional to
      the exhaust gas quantity is supplied thereto from the surge tank. In FIG.
      2, assume that Q.sub.E represents the flow rate of exhaust gas,C.sub.R
      does the flow coefficient in the orifice 8, A.sub.R does the
      cross-sectional area of the orifice 8, .rho..sub.E does the specific
      gravity of exhaust gas, P.sub.R does the pressure in the re-combustion
      device, Q.sub.A does the flow rate of secondary air, C.sub.A does the flow
      coefficient in the orifice 6, A.sub.A  does the passage cross-sectional
      area in the orifice 6, .rho..sub.A does the specific gravity of secondary
      air and P.sub.C does the pressure in the surge tank. Then, the
      above-described relationship is represented by the following formulae. The
      flow rate of exhaust gas
EQU  Q.sub.E = C.sub.R A.sub.R .sqroot.2 .rho..sub.E P.sub.R    (1)
PAL  the flow rate of secondary air
EQU  Q.sub.A = C.sub.A A.sub.A .sqroot.2 .rho..sub.A (P.sub.C - P.sub.R) (2)
PAL  from the formulae (1) and (2), the relationship between P.sub.R and P.sub.C
      is represented by:
      ##EQU1##
      wherein Q.sub.A /Q.sub.E is a secondary air supply rate, S.sub.AE, and if
      ##EQU2##
      then, the formula (3) will be:
EQU  P.sub.C = P.sub.R {1+K (S.sub.AE).sup.2 }                  (4)
PAL  p.sub.c is proportional to P.sub.R taking S.sub.AE (the secondary air
      supply rate) as a parameter. The above formula signifies that, by
      providing the resistor such as an orifice midway of the secondary air
      supply pipe leading to the exhaust gas re-combustion device, so as to vary
      the pressure in the upstream passage of the orifice in association with
      the pressure in the re-combustion device, in other words, by determining
      P.sub.C for P.sub.R as represented in the formula (4), Q.sub.A (the
      secondary air) may be supplied at the secondary air supply rate S.sub.AE
      equal to the exhaust gas quantity Q.sub.E. As is obvious from the formula
      (4), because of the freedom from the factor of the air pump performance
      P.sub.A, the secondary air quantity may be independent of the air pump
      performance, and thus, a proper quantity of air is ensured.
PAR  A pressure adjusting mechanism will be referred to hereunder. Assume that
      S.sub.1 represents an effective area of the diaphragm 12, S.sub.2 does an
      effective area of the diaphragm 13, S.sub.3 does an effective area of the
      valve 9, P.sub.O does atmospheric pressure, and F.sub.S does a spring
      force of the springs 14. Then, the adjusted pressure may be represented by
      the following formula:
      ##EQU3##
      In detail, the air passage 10 is normally closed by the valve 9. Upon
      opening of the air passage 10, the pressure in the surge tank will be bled
      in the passage leading to atmosphere 20, thereby adjusting the pressure in
      the surge tank. The valve 9 is connected by way of the rod 11 to the
      diaphragms 12 and 13, with the diaphragm 12 being communicated by way of
      the pressure passage 18 with the pressure chamber 15 as well as with the
      surge tank, such that a force commensurate with P.sub.C acts on the valve
      9 in the direction of opening same. While, the diaphragm 13 is
      communicated by way of the pressure passage 19 with the pressure chamber
      17, such that a force is exerted on the valve 9 by P.sub.R in the
      direction of closing same. The springs 14 act under the spring force
      F.sub.S to set an initial position of the valve, while the pressure
      chamber 16 remains open to atmosphere. Furthermore, P.sub.C acts on the
      valve in the direction of opening same under the situation described,
      P.sub.C will be such as is expressed by the formula given above, wherein
      since P.sub.O is an atmospheric pressure, the second term results in zero,
      and in addition, since F.sub.S is 100 to 300 g or thereabout, the third
      term is negligible, in comparison with the first term. Then, the formula
      (5) will be equal to the formula (6):
      ##EQU4##
PAR  As is obvious from the formula (6), P.sub.C may be selected to a proper
      rate depending on the areas of the diaphragms 12 and 13 and the valve 9,
      to thereby attain the relationship given by the formula (4). One of
      features of the invention, in this respect, is that for adjusting
      pressure, air is discharged to atmosphere, with the resultant reduction in
      the load to be exerted on the air pump.
PAR  Upon acceleration of a car, a quantity of secondary air which is supplied
      to the re-combustion device should be increased. This fact is also taken
      into consideration in the present invention. FIG. 5 are plots illustrating
      the condition of associated factors versus time when accelerating the car.
      Suppose that the acceleration is effected in a manner as is shown in the
      plot (a), then C.sub.O concentration increases due to the increase in the
      concentration of fuel, as plotted in (b), and hence the secondary air
      supply rate need be increased as plotted in (c). On the other hand, the
      suction pressure is subjected to a change as plotted in (d) when in
      acceleration. By detecting signals representing the variation, a switch is
      rendered on or off when in acceleration, as plotted in (e), thereby
      controlling the quantity of the secondary air. An acceleration switch used
      to this end is exemplified by FIG. 6. Designated at 101 is an
      acceleration-detecting device having a negative pressure passage 102
      communicated with a suction pipe of engine. With increase in the internal
      pressure in a pressure chamber 106 when in acceleration, a movable member
      104 will be urged right-wardly against the spring force of springs 107,
      and a micro-switch 109 is pushed by a rod 108, whereby the signals as
      plotted in FIG. 5(e) are produced through a lead wire 110. A duration,
      during which the signals are being produced is determined to a proper
      value by adjusting the duration, during which the pressures in both
      pressure chambers 105 and 106 come to an equilibrium by means of an
      opening, i.e. a jet 103 provided in the movable member 104 in a manner to
      communicate both pressure chambers with each other. The acceleration
      signal thus detected is fed by the lead wire 110 to the three-way valve
      21. By closing the valve 21, the pressure in the surge tank 2 no longer
      acts on the pressure chamber 15 and the force acting on the valve 9 in the
      direction of opening same becomes reduced. Thus, the force which is
      exerted by the exhaust gas on the valve 9 in the direction of closing same
      becomes increased, to thereby bring the control valve 3 into a fully
      closed position, whereby discharge air from the air pump may be supplied,
      in quantity commensurate with acceleration, to the re-combustion device.
      In the above embodiment, the switching-on or -off of the acceleration
      switch is effected by resorting to the suction negative pressure, and it
      may be effected in association with the factors such as the r.p.m. of the
      engine, a relationship between a car speed and throttle open rate, etc.
PAR  In case there arises a requirement for restricting a secondary air supply
      quantity, from the viewpoint of the catalyst protection, the three-way
      valve 22 is operated to block the re-combustion gas pressure acting on the
      pressure chamber 17, to thereby open the valve 9, whereby the discharge
      air from the air pump 1 will be delivered into atmosphere, thereby
      reducing the quantity of secondary air supply. In this case, control for
      the quantity of secondary air may be effected by detecting the factors
      such as temperature in the re-combustion device or oxygen contained in the
      exhaust gas.
PAR  FIGS. 3 and 4 show further embodiments of the present invention,
      respectively. These embodiments are discriminated from the first
      embodiment described in whether air in the surge tank is delivered into
      atmosphere or not. This will be described with reference to the embodiment
      of FIG. 3. Upon starting of an engine, the internal pressure in a
      re-combustion chamber 4A increases due to the exhaust gas produced and is
      then transmitted by way of a pressure passage 19A to a pressure chamber
      17A, whereby a movable member 13A is biased rightwardly. With the movement
      of the movable member 13A, a valve 9A is opened, and the secondary air of
      a quantity commensurate with the exhaust gas is fed to the re-combustion
      device. In the event that a quantity of secondary air which is supplied to
      the re-combustion device becomes increased more than required, the
      pressure within an air passage 5A becomes increased, and transmitted by
      way of a pressure passage 18A to a pressure chamber 15A. Thus, the
      pressure in the chamber 15A acts on the valve 9A in the direction of
      closing same, such that a proper quantity of secondary air commensurate
      with the exhaust gas may be supplied to the re-combustion device. The
      embodiment of FIG. 4 operates as in the embodiment of FIG. 3.
PAR  According to the present invention, a resistor is provided midway of the
      secondary air supply passage connecting the surge tank with the
      re-combustion device, and the pressure on the upstream side of the
      resistor is associated by way of a control valve or the like with the
      pressure on the downstream side thereof, whereby an adverse influence due
      to the time-dependent reduction in the air pump characteristic may be
      avoided, with the result that the secondary air of a quantity proportional
      to the flow rate of exhaust gas may be fed to the recombustion device
      constantly at a predetermined rate, thereby maintaining the purifications
      by the exhaust gas in optimum condition, while extending a service life of
      the air pump. In addition, there is provided in the secondary air control
      device means for increasing a quantity of secondary air or interrupting
      the supply thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a secondary air control device in which secondary air from an air
      pump is supplied through an air passage to an exhaust gas purifying
      re-combustion device to burn combustible components contained in the
      exhaust gas from an engine within the re-combustion device, the
      improvement comprising an orifice mounted in the air passage, and control
      valve means operatively associated with the air passage communicating the
      air pump with the orifice for varying pressure on the upstream side of the
      orifice in response to pressure in the re-combustion device and
      maintaining a substantially constant ratio of the pressure on the upstream
      side of the orifice to the pressure in the re-combustion device.
NUM  2.
PAR  2. In a secondary air control device according to claim 1, wherein a surge
      tank is connected with said air passage, and said control valve means
      comprises a vent passage for discharging air from the surge tank into the
      atmosphere and means for controlling the quantity of air discharged
      through said vent passage in response to pressure in the re-combustion
      device.
NUM  3.
PAR  3. In a secondary air control device according to claim 2, wherein said air
      quantity discharge controlling means includes a valve housing, a valve
      body in the valve housing for varying the quantity of air discharged into
      the atmosphere, and a pair of diaphragms connected with the valve body to
      define three independent pressure chambers in the valve housing.
NUM  4.
PAR  4. In a secondary air control device according to claim 3, wherein a first
      passage means communicates a first of the pressure chambers with the surge
      tank, a second passage means communicates a second of the pressure
      chambers with the re-combustion device, and a third pressure chamber
      located between the first and second pressure chambers communicates with
      the atmosphere.
NUM  5.
PAR  5. In a secondary air control device according to claim 4, wherein a
      three-way valve means is associated with the first passage means for
      actuation in response to means for detecting the acceleration condition of
      the engine and communicating the first pressure chamber with the
      atmosphere at times of acceleration.
NUM  6.
PAR  6. In a secondary air control device according to claim 5, wherein a
      three-way valve is associated with the second passage means for actuation
      in response to means for detecting the quantity of secondary air and
      opening the valve body to discharge the secondary air into the atmosphere
      when it becomes necessary to protect a catalyst associated with the
      re-combustion device.
NUM  7.
PAR  7. In a secondary air control device according to claim 6, wherein an
      orifice is provided at the outlet portion of the re-combustion device.
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ABST
PAL  A control system for hydraulic presses comprising a plurality of press
      rams, an intensifier having a primary chamber which is connected by a
      supply conduit to a pump, and a valve which is associated with the primary
      chamber and when open permits the liquid under pressure to return through
      a return conduit into a reservoir, the primary chamber being constantly
      supplied by the pump with high-pressure liquid at a constant rate, and the
      valve associated with the primary chamber being controlled to move in
      synchronism with the reciprocating motion of the press rams so that it is
      closed during the forward stroke and open during the return stroke of the
      press rams.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A control system for hydraulic presses comprising a plurality of press
      rams, each of which defines a rear pressure chamber connected to a
      high-pressure conduit and a forward pressure chamber connected to a
      low-pressure conduit. The high-pressure conduit includes an intensifier
      having a piston chamber which at its primary end is constantly supplied
      with high-pressure liquid and at that primary end is connected in
      alternation to a return conduit and to the low-pressure conduit by a valve
      which is controlled to move in synchronism with the press rams.
PAC  BACKGROUND OF THE INVENTION
PAR  Forging machines are known in which the forging tools must be moved toward
      each other so that they are always at the same distance from the axis of
      the workpiece to be forged, particularly when they are at their inner dead
      center. In such forging machines, a synchronized movement of the rams must
      be ensured and the distance between the inner dead centers of the forging
      tools (this distance is also referred to as the final size of the
      workpiece) and the stroke of the forging tools, i.e., the length of stroke
      and the stroke position of the press rams, should be adjustable. In a
      forging machine, the forging tools are reciprocated at high speed so that
      the number of forging cycles per unit of time is relatively high. It
      should also be possible to change the stroke frequency.
PAR  It is known that this object cannot be accomplished with sufficient
      accuracy by a control of the hydraulic fluid supplied to the rear end of
      each ram. On the other hand it is known to provide pump pistons which are
      associated with respective press rams and which have the same areas and
      are driven in unison. In such an arrangement, a column of liquid pulsates
      in the connecting conduit, which is long in most cases, and this column
      must be controlled. Besides, the stroke frequency can be changed only by a
      change of the drive speed. When a crank mechanism is used as drive means,
      the pressure force is not constant throughout the stroke.
PAR  It is also known to provide a plurality of positive-displacement pumps,
      which are associated with respective press rams and in most cases run at
      high speed. These pumps are driven in unison. Whereas some of the
      disadvantages mentioned hereinbefore are avoided in such an arrangement,
      it does not enable a sufficiently precise synchronization because the
      press rams are supplied with hydraulic fluid at different rates owing to
      manufacturing tolerances and different oil leakage rates.
PAR  It is also known to connect an intensifier between the source of
      high-pressure liquid and the press rams. This intensifier serves equally
      to distribute the energy supplied by the source of liquid to a plurality
      of press rams so that the latter are subjected to equal forces and move
      equal distances. The intensifier may comprise primary pistons and rigidly
      coupled secondary pistons. One arrangement of the kind described last
      comprises an intensifier provided with a valve which is electrically
      shifted during each stroke and serves to supply the primary chamber with
      liquid under pressure and enables a return flow of the liquid under
      pressure.
PAR  It is desirable to provide stepped pistons on the secondary side and to
      attach the primary pistons directly to the secondary pistons because a
      leakage to the outside will be avoided in that case.
PAR  A press ram is associated with each secondary chamber. Particularly in
      forging machines having oppositely moving, similar press rams the latter
      will have equal effective piston areas so that the effective piston areas
      on the secondary side of the intensifier must also be equal if the rams
      are to move at the same speed.
PAR  In this arrangement comprising an intensifier, the source of high-pressure
      liquid may comprise one pump or a plurality of pumps connected in
      parallel. Commercially available, high-speed pumps are preferred. The flow
      rate tolerance of said pump or pumps will not be significant.
PAR  If the secondary areas are provided in a number which is equal to the
      number of press rams and the total secondary area equals the entire
      primary piston area, the pressure applied to the press rams will equal the
      pressure applied to the primary side of the intensifier. On the other
      hand, it is of advantage to increase the pressure. For this purpose, part
      of the primary piston area is opposite to an area subjected to atmospheric
      pressure. Where a stepped piston is used, this may be accomplished by the
      provision of an outwardly extending piston rod. In this case the pressure
      applied to the press rams will exceed the discharge pressure of the pump.
      This will not involve any difficulty because the pressure applied to the
      press rams is not controlled. The intensifier may be disposed closely
      beside the press ram because particularly if the intensifier comprises
      stepped pistons there will be no point of leakage along the piston rod or
      the latter is well sealed at any such point. The connecting conduits
      leading to the press rams are short just as the columns of pulsating
      liquid.
PAR  In the known arrangements, pulsating pressure is also applied to the
      primary side and the supply conduits are relatively long because for
      reasons of safety the source of high-pressure liquid must not be located
      close to the press owing to the high temperature of the forgings. Whether
      the pump discharges a pulsating flow or the flow delivered by the pump is
      pulsed by valve means in the conduit, the relatively long conduits will
      conduct a pulsating liquid.
PAR  It is an object of the invention so to improve the arrangement which has
      been described hereinbefore that liquid flows at a constant rate in the
      relatively long conduits between the source of high-pressure liquid and
      the primary side of the intensifier during an operation in which the press
      rams move at a predetermined forward speed.
PAR  The invention relates to a control system for hydraulic presses comprising
      a plurality of press rams, an intensifier having a primary chamber which
      is connected by a supply conduit to a pump, and a valve which is
      associated with the primary chamber and when open permits the liquid under
      pressure to return through a return conduit into a reservoir. In such a
      control system it is a feature of the invention that the primary chamber
      is constantly supplied by the pump with high-pressure liquid at a constant
      rate and that the valve associated with the primary chamber is controlled
      to move in synchronism with the reciprocating motion of the press rams in
      such a manner that the valve is closed during the forward stroke of the
      press rams and is open during their return stroke.
PAR  Further features of the invention will be explained more fully with
      reference to the drawing, which is a simplified representation showing by
      way of example a press comprising two press rams and provided with the
      control system according to the invention. For the sake of clearness, the
      scavenging conduits are not shown.
PAR  The press comprises two press cylinders 1, 1' and an intensifier 8
      connected between said cylinders. Each press cylinder 1, 1' contains a
      press ram 2 or 2', which in the present case is a stepped piston having a
      small end which defines a chamber 3 or 3' for low-pressure liquid and a
      large end defining a chamber 4 or 4' for high-pressure liquid. The press
      rams 2, 2' are equal in diameter. The chambers 3, 3' are interconnected
      and are subjected to constant pressure from a low-pressure system. The
      chambers 3 and 3' are connected to a low-pressure conduit 5 by conduits 6,
      6', which incorporate pressure accumulators 7 and 7', respectively, which
      are disposed near the press cylinders 1, 1'.
PAR  The intensifier 8 comprises a stepped cylinder 9 and a stepped piston 10,
      which is freely slidable in the cylinder 9 and separates the two sections
      9', 9" of the stepped cylinder 9. These sections constitute pressure
      chambers and are connected to the pressure chambers 4 and 4',
      respectively. The ratio of the effective cross-sectional areas of the
      pressure chambers 9', 9" is the same as the ratio of the effective piston
      areas of the press rams 2, 2'. It is preferable to provide equal effective
      piston areas by a selection of proper diameters, as in the present case.
PAR  The primary cylinder chamber 11 defined by the large primary end of the
      stepped piston 10 is connected by a valveless discharge conduit 12 to a
      pump 13, which on its suction side draws oil through a conduit 15 from a
      reservoir 14.
PAR  The rear wall 16 of the primary chamber 11 has an aperture 17, which forms
      a valve seat of a shut-off valve 18 comprising a cup-shaped valve member
      18'. The latter is guided for approximately one-half of its length by a
      cylindrical extension 19 of the cylinder 9 of the intensifier 8.
PAR  The valve member 18' extends through an auxiliary chamber 20, which is
      connected by an oil return conduit 21 to the reservoir 14, which is under
      atmospheric pressure. The interior 22 of the valve member 18' is connected
      to a control conduit 23.
PAR  To prevent the high pressure in the primary chamber 11 of the intensifier
      from forcing open the simple shut-off valve 18 which is shown, the valve
      member 18' is formed in its bottom with a constricted passage 18", which
      permanently communicates with the primary chamber 11. A spring 24 tends to
      close the shut-off valve 18.
PAR  The shut-off valve 18, more particularly its valve member 18", is
      controlled by a control valve 25 having a valve member which connects the
      conduit 23 selectively to a conduit 26, which opens into the auxiliary
      chamber 20, or to a connecting conduit 32 leading to the low-pressure
      conduit 5.
PAR  The valve member of the control valve 27 is shifted to one or the other of
      its end positions by control pistons 29 and 30, which are controlled by a
      solenoid-controlled pilot valve 28. The latter is pulsecontrolled in
      response to the operation of the press rams 2, 2'. A spring 31 is
      provided, which in case of trouble moves the valve member of the control
      valve 27 to the position shown or holds it in said position. In that
      position, as will be described more fully hereinafter, the shut-off valve
      18 is held open and oil under pressure can flow from the primary chamber
      11 into a reservoir, in the present case the oil reservoir 14.
PAR  The system also comprises a check valve 33 and a pressure accumulator 34 in
      the connecting conduit 32 and a check valve 35 in the low-pressure conduit
      5.
PAR  It will be understood that auxiliary means such as accumulator pressure
      valves, means for preventing overpressure, and the like are not described
      in connection with the present system.
PAR  The control system which has been described has the following mode of
      operation:
PAR  Liquid under pressure is constantly delivered by the pump 13 to the primary
      chamber 11 of the intensifier 8. Constant pressure is applied from the
      low-pressure system to the chambers 3, 3'. In the position shown, the
      control valve 27 connects the chamber 22 via conduit 23 and the auxiliary
      chamber 20 to the atmosphere. The force of the spring 24 is selected so
      that the pressure in the primary chamber 11 holds the valve open when the
      control valve 27 is in this position so that the liquid under pressure can
      then flow through the auxiliary chamber 20 into the reservoir 14. To
      initiate the press operation, the control valve 27 is shifted to the left
      in the drawing by the pilot valve 28.
PAR  In the resulting position, the control valve 27 connects the chamber 22 to
      the low-pressure conduit 5 so that the pressure in the latter and the
      force of the spring 24 cooperate to hold the valve 18 closed against the
      action of the pressure in the primary chamber 11.
PAR  If the primary pressure in the intensifier 8 exceeds the control pressure
      applied to the valve 18, the high pressure will also be effective on the
      other side of the valve member 18' so that the check valve 33 in the
      conduit 32 closes and an equalization of pressure results. The valve 18
      remains closed with a contact pressure which is due to the different
      sealing areas with respect to the auxiliary chamber 20 and the action of
      the additional spring 24.
PAR  When the valve 18 is closed, the pistons 10 and the press rams 2, 2' are
      moved in the forward direction.
PAR  When the forward stroke has been completed, the pilot valve 28 causes the
      control valve 27 to assume the position which is shown on the drawing and
      in which the chamber 22 is connected by the conduit 23 to the oil
      reservoir 14 so that the force tending to close the valve 18 is reduced by
      the pressure in conduit 5. As a result, the valve 18 is opened under the
      action of the pressure in the primary chamber 11.
PAR  When the valve 18 is open, the constant pressure applied from conduit 5 via
      the forward chambers 3, 3' to the press rams 2, 2' forces the latter and
      the piston 10 of the intensifier 8 in the opposite direction toward their
      initial position. The liquid which is thus displaced and the liquid
      discharged by the pump 13 flow through the valve 18.
PAR  Whereas the pump discharges at a constant flow rate, its discharge pressure
      at any given time of the forging cycle is only as high as is actually
      required at that time. During the idle forward movement performed before
      the tools contact the workpiece, it is sufficient to overcome the pressure
      in the chambers 3, 3'. The pump 13 discharges against zero backpressure
      during the return stroke. As a result, the energy consumption is
      minimized.
PAR  The reversal in the end position is controlled by known suitable means of
      mechanical, electric, electronic or photoelectric type in response to the
      position of the press rams. The length of stroke and the stroke position
      can be controlled in this manner.
PAR  According to the invention the forward speed of the piston 10 of the
      intensifier 8 and of the press rams 2, 2' can be changed by a change of
      the flow rate at which the high-pressure liquid is delivered from its
      source. During an operation with a given length of stroke, the return
      speed will determine the number of forging cycles per unit of time.
      Various means are known for changing the discharge rate of a pump.
PAR  Slight leakages of oil at different rates may result in different stroke
      positions of the press rams after a plurality of strokes. According to the
      invention the pressure chambers between the intensifier pistons and press
      rams are scavenged when this condition has been detected by suitable
      sensing and indicating means, or said pressure chambers may be
      automatically scavenged after a predetermined number of strokes. For this
      scavenging operation the shut-off valve is opened and all pistons are
      moved toward their rear end position. Liquid under pressure is then forced
      through valves into the pressure chambers on one side, e.g., the secondary
      pressure chambers defined by the stepped piston 10, and is drained, e.g.,
      through controlled check valves, from the other side, e.g., from the
      pressure chambers 4, 4' defined by the press rams 2, 2'. During this
      operation all pistons and rams return until they engage inner stops so
      that the press rams are again in the same relative position. The
      scavenging operation also causes fresh oil to replace the oil which has
      been heated as a result of the pulsating pressure in the closed pressure
      chambers.
PAR  An important feature of the invention is the design of the controlled
      shut-off valve 18 because it must conduct large quantities of liquid
      within a short time. For this reason it is a feature of the invention to
      insert this valve directly in the wall of the primary chamber 11 of the
      intensifier 8.
PAR  Because it is not desirable to use liquid under the high pressure produced
      by the pump 13 for auxiliary operations, such as the return of the press
      ram, the control of the shut-off valve, and scavenging, it is a feature of
      the invention to use for these purposes a liquid which is under a lower
      pressure and supplied from a separate pressure system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control system for hydraulic presses comprising a plurality of press
      rams, which are movable in a forward direction toward each other and in a
      rearward direction away from each other in alternation, comprising a
      high-pressure conduit and a low-pressure conduit, said high-pressure
      conduit incorporating an intensifier and communicating with first
      chambers, which are associated with respective press rams and adapted to
      apply pressure to said press rams so as to urge them in said forward
      direction, said low-pressure conduit communicating with second chambers,
      which are associated with respective press rams and adapted to apply
      pressure to said press rams so as to urge them in said rearward direction,
      said intensifier comprising a piston which is displaceable in a housing
      under the action of the pressure fluid in the high-pressure conduit and
      which defines in said housing a primary chamber and at least one secondary
      chamber, said primary chamber being constantly supplied with high-pressure
      liquid from said high-pressure conduit throughout the operation of the
      press, said secondary chamber communicating with said first chambers
      associated with said press rams, said primary chamber being connected by a
      first valve to a control conduit, and a second valve being provided, which
      is adapted to connect said control conduit in alternation to said
      low-pressure conduit and a return conduit in synchronism with the
      reciprocating motion of said press rams.
NUM  2.
PAR  2. A control system as set forth in claim 1, in which said primary chamber
      has a wall opening which is adapted to be closed by said first valve and
      said first valve is disposed in an auxiliary chamber connected between
      said primary chamber and said control conduit leading to said second
      valve.
NUM  3.
PAR  3. A control system as set forth in claim 2, in which said first valve
      comprises a cylindrical member which is open at one end and guided in a
      cylindrical extension of said auxiliary chamber, and said control conduit
      leading to said second valve is connected to said extension.
NUM  4.
PAR  4. A control system as set forth in claim 2, in which said first valve has
      a bottom formed with a constricted passage through which said primary
      chamber communicates with said control conduit.
NUM  5.
PAR  5. A control system as set forth in claim 1, in which said control conduit
      is connected by a check valve to said low-pressure conduit.
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ABST
PAL  A hydraulic system for use in the propulsion of motor vehicles includes at
      least two volume multipliers each having a high pressure port, a low
      pressure port, and a piston in a chamber separating the high and low
      pressure ports. A prime mover and associated main hydraulic pump is
      arranged to alternately supply high pressure fluid to the high pressure
      ports of the multipliers, so as to produce a reciprocating motion in the
      pistons and create a continuous flow of high pressure fluid from a
      reservoir through the pump, into the high pressure port of one volume
      multiplier, out of the high pressure port of the other multiplier, and
      back to the reservoir. The reciprocating pistons are used to create a
      second, separate continuous flow of low pressure hydraulic fluid which
      circulates from the low pressure port of one volume multiplier through one
      or more hydraulic driving motors adapted to propel the vehicle, and back
      to the low pressure port of the remaining multiplier.
PAL  During deceleration of the vehicle, the prime mover may be turned off,
      whereupon the pistons no longer reciprocate. Low pressure fluid is
      directed through a path that includes the driving motors, now acting as
      pumps, and a brake motor mechanically coupled to a regenerative pump
      connected in the high pressure system. The latter is used to pump fluid
      from the reservoir into one or more accumulators disposed in the high
      pressure system, so as to store energy therein for later use.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to power transmission mechanisms, and,
      more particularly, to hydraulic systems for transmitting the power
      generated by a prime mover to the wheels of a motor vehicle, thereby
      propelling the same, or to a load driving motor, thereby moving the load.
PAR  2. Description of the Prior Art
PAR  While various hydraulic systems have been proposed for use in the
      transmission of motive power from a prime mover such as an internal
      combustion engine or a battery powered electric motor to the wheels of the
      vehicle being propelled, such systems have gained little, if any,
      commercial significance. A wide variety of factors undoubtedly account for
      this lack of acceptance, including, of course, the characteristic inertia
      of industry in adopting innovations that deviate markedly from a widely
      used product such as the mechanically driven automobile. However, numerous
      technical problems also hindered commerical exploitation of prior art
      hydraulic propulsion systems. For example, most systems were bulky and
      consequently heavy; the tanks needed to store large volumes of hydraulic
      fluid required in low pressure systems occupied vehicle space needed for
      other purposes. If high pressure was used instead, the volume of fluid
      flow needed to propel the vehicle at reasonable speeds (with reasonable
      accelerating power) was not available, without massive pump installations.
      In addition, although a great deal of attention was given in prior art
      systems to harnessing the energy normally lost during braking or down hill
      driving, the apparatus needed to effect energy conservation was often too
      expensive, complicated and cumbersome to justify the desired result.
PAR  In view of the foregoing, it is the broad object of the instant invention
      to provide a power transmission mechanism capable of propelling a motor
      vehicle or other load at reasonable speeds and with reasonable
      accelerating power without the problems normally associated with similar
      low or high pressure systems known in the prior art.
PAR  Other objects of the invention are to enable the transmission of motive
      power from a prime mover to the wheels or propellers of the vehicle
      without requiring apparatus of undue size or weight, to provide in such
      apparatus the capability of capturing and storing energy normally wasted,
      in an efficient manner, for later use in propulsion of the vehicle, and to
      generally improve the efficiency of the entire system by allowing the
      prime mover to shut down during time periods when power is not required.
PAC  SUMMARY OF THE INVENTION
PAR  Each of the foregoing and additional objects are achieved in accordance
      with the principles of the instant invention by a hydraulic vehicular
      propulsion system which includes two separate and distinct paths or
      circuits of fluid flow, one at a relatively high pressure, and the other
      at a relatively low pressure. More specifically, the system includes at
      least two volume multipliers each having a high pressure port, a low
      pressure port, and a piston in a chamber separating the ports, a reservoir
      of fluid for use in the high pressure system, and a prime mover and
      associated main hydraulic pump for alternately supplying the fluid from
      the reservoir to high pressure multiplier ports to set up a reciprocating
      motion in the pistons. The pistons, in turn, are used to pump a separate
      body of fluid at low pressure, circulating that fluid in a path from the
      low pressure port of one multiplier through one or more hydraulic driving
      motors adapted to propel the vehicle, back to the low pressure port of the
      remaining multiplier.
PAR  The system may advantageously further include at least one hydraulic
      accumulator disposed along the path of high pressure flow, capable of
      storing energy for later use. During deceleration of the vehicle, the
      prime mover may be rendered inoperative, whereupon the pistons cease to
      reciprocate. Simultaneously, low pressure fluid now driven by the
      hydraulic driving motors acting as pumps may be directed through a brake
      motor mechanically coupled to a regenerative pump connected in the high
      pressure system. This pump directs fluid from the reservoir into the
      accumulator, thereby storing energy therein.
PAR  By arranging the system as described above, many advantages are derived.
      For example, the low pressure system is ideally suited for vehicle
      propulsion at desired speeds, since a high volume flow may be developed;
      the high pressure system can be most efficiently driven by a high RPM
      prime mover such as a small internal combustion engine, and readily
      permits insertion of a hydraulic accumulator therein, since the
      accumulator volume required to store appreciable energy is reduced. Also,
      the provision of the accumulator allows the prime mover to shut down when
      a desired pressure is reached in the high pressure system, while still
      propelling the vehicle on stored energy. Accordingly, no relief valve or
      similar device wasteful of energy is needed in the high pressure system.
      Still further, the high pressure/low volume flow is efficiently converted
      to low pressure/high volume flow by at least two volume multipliers which,
      in accordance with the invention are simple and inexpensive to construct.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Each of the foregoing and additional advantages of the present invention
      will be better understood by reference to the following detailed
      description, when read in light of the accompanying drawing in which:
PAR  FIG. 1 is a schematic diagram of a hydraulic propulsion system constructed
      in accordance with the principles of the present invention;
PAR  FIGS. 2 and 3 are similar to FIG. 1, but show the paths of high and low
      pressure fluid flow during vehicle acceleration and deceleration,
      respectively;
PAR  FIG. 4 is a longitudinal cross-sectional view of a volume multiplier used
      in the system of FIG. 1;
PAR  FIGS. 5 and 6 are end views of the volume multiplier of FIG. 4; and
PAR  FIG. 7 is a wiring diagram of the electrical system used in the operation
      of the apparatus of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, there is shown a schematic diagram of a
      hydraulic propulsion system constructed in accordance with the principles
      of the instant invention. A pump 2, mechanically driven by an internal
      combustion engine 3, or any other suitable prime mover, is arranged to
      draw hydraulic fluid from a reservoir 5, and apply the fluid at high
      pressure to the primary side of a directional valve 7. A customary suction
      filter 1 may be located in the inlet line 8 near reservoir 5, and a check
      valve 6 may be located on the high pressure or output side of pump 2.
PAR  Fluid reaching valve 7, which is of conventional two position, two sided
      design, is directed into the input/output port 9, 10 of one or the other
      of a pair of energy accumulators 11 and 12, respectively, depending upon
      the valve position. In the position shown in FIG. 1, high pressure fluid
      is directed into input/output port 9, and, as will be explained
      hereinafter, fluid is simultaneously dissipated or discharged from
      input/output port 10 through the opposite side of valve 7 and on through
      valve 13 to the primary side of directional valve 14 assuming valve 13 has
      moved to the right from the position shown in FIG. 1. When valve 7 is
      shifted, fluid reaching the valve is instead routed into input/output port
      10 of accumulator 12, and fluid is simultaneously discharged from
      input/output port 9 through the opposite side of valve 7 and, as before,
      on through valve 13 to valve 14 assuming valve 13 has moved to the right
      from the position shown in FIG. 1.
PAR  Accumulator 11 is comprised of a housing which defines an inner cavity
      having a fluid chamber 15, a gas chamber 16, and a piston 17 separating
      the chambers. Piston 17 is arranged for longitudinal movement within the
      cavity which changes the relative volumes of the fluid and gas chambers,
      and also is provided with "O" rings or other seals (not shown) which
      prevent intermixing of the fluid and the gas. An inlet/outlet port 9
      communicates with chamber 15. A pressure switch 19 is arranged to sense
      the pressure in gas chamber 16.
PAR  As high pressure fluid from pump 2 is applied to port 9 via valve 7, fluid
      enters chamber 15 and forces piston 17 to move from its initial position
      and compress the gas in chamber 16. When the pressure in that chamber
      reaches a predetermined level, pressure switch 19 shifts valve 7, and high
      pressure fluid is thus directed into chamber 20 of accumulator 12, moving
      piston 22 and compressing the gas in chamber 21 thereof. Simultaneously,
      the energy stored in the gas of accumulator 11 is used to move piston 17
      back towards its initial position, discharging fluid from port 9 through
      valves 7 and 13 to valve 14. When piston 22 compresses the gas in chamber
      21 sufficiently to reach the aforesaid predetermined pressure, switch 23
      shifts valve 7 back to its original position, and the cycle is repeated.
      Accordingly, it is seen that the arrangement of pressure switches 19 and
      23 and valve 7, which is responsive thereto, results in a reciprocating
      action in pistons 17 and 22 of accumulators 11 and 12 under the conditions
      specified above.
PAR  Valve 14, like valve 7, is of conventional two position, two sided design.
      By this it is meant that in one valve position, the two inlet ports or
      sides are connected directly to the two outlet ports or sides, so that,
      for example, the right side inlet and outlet are in communication, as are
      the left side inlet and outlet. In the second valve position, these
      connections are reversed, i.e., the right side inlet now communicates with
      the left side outlet, and the left side inlet with the right side outlet.
      Once the valve has taken a position, it maintains that position until
      shifted to its opposite position by actuation of an associated solenoid,
      not shown. Thus, depending upon the position of valve 14, high pressure
      fluid applied thereto is routed to the high pressure port 24, 25 of one of
      a pair of volume multipliers 26 and 27, respectively, which will be
      described in more detail hereinafter, and fluid discharged from the other
      multiplier high pressure port flows back through the opposite side of
      valve 14 to reservoir 5, via line 28 and filter 29. As shown in FIG. 1,
      but with valve 13 moved to the right from that depicted, flow is into high
      pressure port 25 of multiplier 27, and out of high pressure port 24 of
      multiplier 26, but of course this flow is reversed when the position of
      valve 14 changes.
PAR  To understand the arrangement by which the position of valve 14 is
      controlled, the construction of volume multipliers 26 and 27 must first be
      described. Referring to FIGS. 4-6, each volume multiplier includes a
      housing generally designated at 101 which defines inner cavity 102 having
      two generally cylindrical chambers 102a and 102b of different
      cross-sectional area. As shown, high pressure chamber 102a is of smaller
      cross-sectional area, and low pressure chamber 102b is of larger
      cross-sectional area. A longitudinally moveable piston designated
      generally at 103 is positioned within cavity 102, the piston comprising a
      cylindrical head section 103b adapted to fit within chamber 102b and an
      integral cylindrical tail section 103a adapted to fit within chamber 102a
      of cavity 102. Sections 103a and 103b are appropriately dimensioned in
      length so that piston 103 may travel freely to its end or limit position
      in either direction, at which time the working or active volumes of
      chambers 102a and 102b are maximum/minimum or vice-versa.
PAR  Housing 101 may be constructed from a cylinder of aluminum or other
      suitable material into which a first or smaller bore is made
      longitudinally from one end and a second or larger bore is made
      longitudinally from the other end, the chambers thus formed meeting near
      the central transverse plane of the cylinder. Accurately dimensioned steel
      sleeves 104, 105 may then be inserted in cavity chambers 102a and 102b,
      respectively, so that the inner surfaces of the chambers are of uniform
      diameter and resistant to wear. Piston 103 is placed within cavity 102,
      and a number of chevron type seals 106 or O rings 107 may be fitted around
      the circumference of tail section 103a and head section 103b,
      respectively, so that there is no leakage between the head and tail
      sections of the piston and the sleeves 104, 105. Assembly is completed by
      bolting or otherwise securing circular end plates 108 and 109 to the end
      faces of housing 101, and by forming an aperature or high pressure
      inlet/outlet port 110 in plate 108 which communicates with chamber 102a,
      and a pair of aperatures or low pressure ports 111 and 112, one an inlet
      and the other an outlet, in plate 109 which each communicate with chamber
      102b.
PAR  A limit switch rod 113 is also inserted through plate 109, with appropriate
      seals 114 and 115 preventing leakage from chamber 102b. Rod 113 is spring
      biased by means (not shown) so shoulder 116 formed integral therewith is
      normally held in contact with the outer surface of end plate 109, and a
      portion of the rod protrudes into chamber 102b. When piston 103 reaches
      its rightmost point of travel, head section 103b of piston 103 engages and
      outwardly extends rod 113, which, as will be seen hereinafter, actuates a
      limit switch.
PAR  The function of the volume multiplier of FIG. 4 is to convert a high
      pressure/low volume flow directed into high pressure port 110 into a low
      pressure/high volume flow emanating or being discharged from low pressure
      outlet port 111. (Low pressure inlet port 112 is equipped with a check
      valve which prevents discharge flow therethrough, as will be described
      hereinafter). To more fully understand this operation, assume that piston
      103 is at its leftmost point of travel, and that chamber 102b, having a
      maximum working volume at this position, is filled with low pressure
      hydraulic fluid at pressure, p.sub.l. Assume further that the
      cross-sectional area of chamber 102a is a.sub.h, that the cross-sectional
      area of chamber 102b is
EQU  a.sub.l = na.sub.h,                                        (1)
PAL  where n is a number greater than unity, and that a high pressure fluid at
      pressure p.sub.h is directed into high pressure port 110. Under these
      conditions, the force exerted by the high pressure fluid on tail section
      103a of piston 103 is p.sub.h a.sub.h, which of course must equal the
      force exerted by head section 103b of piston 103 on the low pressure
      fluid. Accordingly,
EQU  p.sub.h a.sub.h = p.sub.l a.sub.l                          (2)
PAL  and, from Equation (1),
EQU  p.sub.l = p.sub.h a.sub.h /a.sub.l = p.sub.h /n,           (3)
PAL  so that the pressure in chamber 102b is reduced from that in chamber 102a a
      factor of 1/n. Similarly, when piston 103 is moved to the right a distance
      d by the high pressure input applied thereto, a volume of fluid
EQU  V.sub.h = d a.sub.h                                        (4)
PAL  enters chamber 102a. At the same time, the volume displaced by piston 103
      in chamber 102b is given by
EQU  V.sub.l = d a .sub.l.                                      (5)
PAL  Combining Equations (1), (4) and (5),
EQU  V.sub.l /V.sub.h = da.sub.l /da.sub.h = na.sub.h /a.sub.h = n, (6)
PAL  so that the volume discharged at low pressure from outlet port 111 is n
      times the volume applied at high pressure.
PAR  The pressure reduction and volume multiplication described above is only
      effected until piston 103 has moved to its rightmost point of travel; at
      this point, chamber 102a is at maximum working volume and is filled with
      high pressure fluid, and chamber 102b is at minimum working volume and is
      exhausted, or nearly so, of low pressure fluid. If, however, the high
      pressure flow to the volume multiplier of FIG. 4 is now shifted to the
      high pressure port of another volume multiplier, and that multiplier is in
      an initial condition wherein its piston is at its leftmost point of
      travel, the multiplier action will continue.
PAR  Returning now to FIG. 1, it will be recalled that by shifting the position
      of valve 14, high pressure flow is directed into the high pressure port of
      either multiplier 26 or multiplier 27. Valve 14 is conrolled by limit
      switches 30 and 31, which are mechanically linked to limit switch rods 32
      and 33, respectively, which are similar to rod 113 of FIG. 4.
      Specifically, when piston 34 of multiplier 27 reaches its rightmost point
      of travel, the piston actuates switch 31 via rod 33 in a manner so that
      valve 14 is shifted from the position shown in FIG. 1 to its other
      operating position. High pressure fluid is then directed into port 24 of
      multiplier 26, assuming valve 13 has moved to the right from the position
      shown in FIG. 1, causing piston 35 to travel toward and finally actuate
      limit switch 30 via rod 32, again reversing the position of valve 14 and
      repeating the abovedescribed cycle. Pistons 35 and 34 of multipliers 26
      and 27 thus will reciprocate, one piston moving in the direction toward
      its limit switch rod under the force of the applied high pressure fluid
      and the other piston moving in the opposite direction, expelling high
      pressure fluid, provided that the aforesaid other piston is being urged by
      a flow of low pressure fluid entering the low pressure inlet port of the
      particular volume multiplier involved.
PAR  The reciprocating action occuring in pistons 35 and 34 sets up a flow of
      fluid at low pressure beginning in the low pressure chamber of the volume
      multiplier being driven by high pressure fluid, and ending at the low
      pressure chamber of the volume multiplier driving high pressure fluid back
      to reservoir 5. The path followed by this low pressure fluid in the
      apparatus of FIG. 1 is as follows: from the low pressure outlet port 36
      (or 37) of the high pressure driven multiplier 27 (or 26), through check
      valve 38 (or 39), one side of reversing valve 40, one or more driving
      motors such as driving motors 41-44 shown connected in serial arrangement,
      the other side of valve 40, valve 45, check valve 46, check valve 47 (or
      48), and back to the low pressure inlet port 62 (or 63) of the high
      pressure fluid driving multiplier 26 (or 27). When the position of valve
      14 is shifted, low pressure flow is through the parts of the system
      indicated in parentheses above. If desired, a small accumulator 64 may be
      located in the low pressure system on the primary side of valve 40. This
      accumulator serves to maintain a constant pressure and fluid flow to the
      driving motors, as the directions of motion of pistons 34 and 35 change
      when valve 14 is actuated.
PAR  Driving motors 41-44, driven by the low pressure/high volume flow, are used
      to propel the vehicle or other load, either directly, or through suitable
      mechanical transmission or gear arrangements (not shown). If it is desired
      to reverse the direction of travel of the vehicle, valve 40 is shifted,
      thus directing low pressure flow through motors 44-41 (in that order),
      thereby reversing the direction of shaft rotation.
PAR  The aforedescribed mode of operation, which applies when the system is
      being used to accelerate the vehicle being propelled, can be readily
      summarized by reference to FIG. 2, which shows the paths of flow of high
      pressure and low pressure fluid under this condition.
PAR  In the high pressure system, fluid is drawn from reservoir 5 and applied
      under pressure from pump 2 via valve 7 to one accumulator, while the other
      accumulator is discharging fluid. Flow then proceeds back through valve 7,
      through valves 13 and 14, to the high pressure port of one volume
      multiplier. Simultaneously, the other multiplier is discharging fluid,
      which returns to reservoir 5 via valve 14 and filter 29, thus completing
      the high pressure circuit. As stated previously, the pistons in
      accumulators 11 and 12 are reciprocating, as are the pistons in
      multipliers 26 and 27.
PAR  In the low pressure system, a separate and distinct body of fluid is passed
      through a circuit which originates at the low pressure outlet of the
      multiplier being driven by the high pressure system and proceeds thence
      through valve 40, motors 41-44, back through valve 40, valve 45, check
      valve 46 to the low pressure inlet of the other multiplier. The low
      pressure/high volume flow through the motors propels the vehicle.
PAR  Returning once again to FIG. 1, the operation of the system will now be
      described when it is desired to decelerate or slow down the vehicle. In
      this event, the vehicle operator will first remove pressure applied to an
      accelerator linkage 49, allowing the linkage to return to a normal
      condition under the urging of a bias spring 50. With the linkage fully
      released, valve 45, previously open in response to linkage depression, is
      closed, and simultaneously, a valve 51 is opened. As a result, low
      pressure flow from motors 41-44 does not flow in the circuit toward check
      valve 46, but instead follows a path through flow switch 52, braking motor
      53, valve 54, check valve 55 to the low pressure multiplier inlets. The
      fluid flow through switch 52 is sensed thereby, and as a result, valve 13
      is moved to a closed position as shown in FIG. 1. Accordingly, high
      pressure fluid can no longer be applied to the high pressure ports of
      multipliers 26 and 27, and the reciprocating motion of pistons 35 and 34
      consequently ceases. The multiplier low pressure chambers now simply act
      as reservoirs of low pressure fluid. Fluid flows in the circuit specified
      above under the propulsive force of motors 41-44 now acting as pumps which
      are mechanically driven by the vehicle wheels.
PAR  Braking motor 53 is mechanically linked to a regenerative pump 56 disposed
      in the high pressure system. Pump 56 draws fluid from reservoir 5 via
      filter 57, and as shown in FIG. 3 applies the fluid through valve 58 and
      check valve 59 to the primary side of valve 7. As stated previously, this
      valve directs fluid into the fluid chamber of either accumulator 11 or 12,
      depending upon which one is being charged. Assuming that accumulator 11 is
      the first to be fully charged, pressure switch 19 will sense this
      condition, and reposition valve 7 so as to shift the high pressure flow to
      accumulator 12. As that accumulator begins to charge, accumulator 11
      cannot discharge, because valve 13 is closed. Accordingly, when
      accumulator 12 also becomes fully charged, fluid flow toward the primary
      side of valve 7 will build up the pressure thereat. This pressure buildup
      is sensed by a pressure switch 60 disposed in the line between pump 2 and
      valve 7. Switch 60 is arranged to shut down engine 3, which is not then
      needed, in order to conserve fuel. When both accumulators are fully
      charged, vehicle deceleration becomes very rapid. If the operator so
      desires, accelerator linkage 49 can now be depressed, in order to maintain
      a gradual stopping action. On the other hand, if it should be desired to
      decelerate or brake the vehicle even more quickly, valve 54 may be closed
      by depression of a brake linkage 65. This blocks fluid flow from motors
      41-44, and stops the vehicle.
PAR  The paths followed by low and high pressure fluid during vehicle
      deceleration can be readily summarized by reference to FIG. 3.
PAR  In the low pressure system, fluid is drawn from the low pressure chambers
      of multipliers 26 and 27 by motors 41-44 acting as pumps. Flow from the
      low pressure chambers is through check valves 38, 39, valve 40, motors
      41-44, valve 40, valve 51, flow switch 52, brake motor 53, valve 54, check
      valve 55 and back to the low pressure chambers via check valves 47 and 48.
      In this mode of operation, valve 13 has been closed as shown in FIG. 3,
      and pistons 34 and 35 are stationary. If a full vehicle stop is desired,
      valve 54 is closed.
PAR  In the high pressure system, fluid is drawn by regenerative pump 56 (driven
      by motor 53) from reservoir 5 and applied through valves 58 and 7 to the
      fluid chambers of accumulators 11 and 12, until both are fully charged. At
      this time, back pressure on brake motor 53 will stop its rotation. In
      addition, valve 58 is then shifted under the control of flow switch 52
      which detects the stoppage of fluid flow therethrough, so that pump 56 now
      draws fluid from reservoir 5 and returns it directly thereto, if brake
      motor 53 should continue to rotate.
PAR  When it is again desired to increase the speed of the system shown in FIG.
      1, accelerator linkage 49 is again depressed, thereby opening valve 45 and
      closing valve 51. The flow through switch 52 is thus cut off, and valve 13
      is therefore reopened to the position shown in FIG. 2. Energy stored in
      the accumulators 11, 12 can now be used to drive multipliers 26, 27 in the
      manner specified previously. The pressure sensed by switch 60, which drops
      as the stored accumulator energy is expended, will again cause engine 3 to
      turn on to provide prime motive power.
PAR  Although the foregoing description is directed to system operation during
      acceleration (valve 45 open, valve 51 closed) and deceleration (valve 45
      closed, valve 51 open), it is to be clearly understood that operation
      between these extremes is also possible. With partial depression of
      linkage 49, valves 45, 51 are each partially open, in which case a steady
      vehicle speed may be obtained. Of course, as the balance between valves 45
      and 51 is changed, acceleration or deceleration result. Thus, linkage 49
      operates in much the same way as an accelerator pedal on a conventional
      automobile. In addition, as described above, brake linkage 65 operates in
      a manner similar to that of a conventional brake pedal.
PAR  Referring now to FIG. 7 there is shown a wiring diagram of the electrical
      system used in the operation of the apparatus of FIG. 1. The system uses a
      storage battery 201 as a power source, the positive battery terminal being
      connected to an alternator 202 mechanically coupled either to engine 3 of
      FIG. 1 or to the vehicle wheels through a suitable belt or other driving
      arrangement (not shown). The negative battery terminal is connected to a
      chassis ground. A conventional voltage regulator 203 maintains the
      alternator output at a proper voltage level to insure battery charging.
PAR  When a key switch lever 204 is moved from its OFF position to a "pressure
      position." an electrical path is completed from the positive battery
      terminal through contacts 205a of switch 205 and the normally closed
      contacts of pressure switch 60 to (1) to a conventional ignition system
      206, and (2) through the contacts of a centrifugal switch 207 to the coil
      of solenoid 208b. The solenoid contacts 208a thus close, energizing a
      starting motor 209. When engine 3 is started, the contacts of centrifugal
      switch 207 open, and the motor 209 is de-energized. Should pressure switch
      60 sense a pressure buildup in the high pressure system, its contacts will
      open, and the ignition system will become disabled, shutting off engine 3.
PAR  In the pressure position, pump 2 supplies high pressure fluid to
      accumulators 11 and 12, fully charging them. Pressure switch 60 thereafter
      shuts off engine 3.
PAR  When switch lever 204 is moved further to its drive position, contacts 205b
      of switch 205 also close, applying positive battery potential to three
      subcircutis 208, 209 and 210.
PAR  In subcircuit 208, current flows through normally closed contact 211 of
      flow switch 52, thereby opening valve 13 and allowing fluid to enter the
      high pressure multiplier ports. If flow switch 52 is energized, as by
      vehicle deceleration, contacts 211 open to reposition valve 13 to a closed
      condition. Simultaneously, contacts 212 close, permitting a current flow
      therethrough which actuates valve 58 so that fluid expelled from
      regenerative pump 56 may reach accumulators 11 and 12.
PAR  In subcircuit 209, current flows through normally closed contacts 213 of
      pressure switch 19, thereby positioning valve 7 to allow high pressure
      flow into the fluid port of accumulator 11. When that accumulator becomes
      fully charged, contacts 213 open and contacts 214, also controlled by
      switch 19, are closed. Current flows through contacts 214 and normally
      closed contacts 215 associated with pressure switch 23, shifting the
      position of valve 7 and allowing accumulator 12 to become charged. When
      that accumulator is fully charged, contacts 215 and 214 open, contacts 213
      close, and the cycle is repeated.
PAR  In subcircuit 210, current can be applied to change the position of valve
      14 in two ways: through contacts 216 associated with limit switch 30 or
      contacts 217 associated with limit switch 31. If limit switch 30
      associated with multiplier 26 is actuated, valve 14 is positioned to
      direct high pressure flow into multiplier 27; if limit switch 31
      associated with multiplier 27 is actuated, valve 14 is repositioned to
      direct flow into multiplier 26.
PAR  In the drive position, the system operates as described in detail above.
PAR  Having thus described the construction and arrangement of the hydraulic
      propulsion system in accordance with the present invention, its many
      features and advantages should be readily apparent to those skilled in the
      art. In general terms, the system is capable of propelling a 4000 pound
      vehicle at maximum speeds of approximately 70 mph, while requiring a prime
      mover such as an internal combustion engine capable of developing only
      8-15 h.p. Accordingly, an order of magnitude improvement in fuel economy
      is possible. Energy ordinarily wasted during deceleration is captured in
      the accumulators for later use, also adding to efficiency. This increased
      efficiency will have direct anti-polution benefits, due to the small
      engine size and the stability of the system to operate on stored energy.
PAR  The use of separate and distinct high and low pressure systems which
      interact only in the volume multipliers, where high pressure/low volume
      flow is converted to low pressure/high volume flow, also possesses several
      important advantages: First, the accumulators may be disposed in the high
      pressure system, so that a significant amount of energy can be stored in a
      small volume. Second, the driving motors are located in the low pressure
      system, and can operate efficiently on the high volume flow. Third, the
      engine may operate at high speed, where its efficiency is highest, since
      the pump driven thereby is advantageously of high speed, low displacement
      design. Fourth, the engine can be shut down when sufficient pressure
      builds up in the high pressure system; no energy wasteful relief valve is
      required.
PAR  Many modifications and adaptations of the instant invention will be readily
      apparent to those skilled in the art. Accordingly, it is intended that the
      invention be limited only by the appended claims. For example, in addition
      to its use in automobiles, the invention can be practiced in almost any
      wheeled vehicle, and in other applications where large internal combustion
      engines are now employed to put weight in motion. Also, various system
      details may be varied: the accumulators may employ an extensible diaphragm
      in lieu of a floating piston; indeed, no separation is required if the
      liquid and gas used in the accumulators are immiscible. Different valve
      and control arrangements than those shown may prove equally satisfactory.
      Finally, the fluid utilized, if a gas, would necessitate minor
      modifications well known to persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An energy transmission system comprising
PA1  a. a motive power
PA1  b. a reservoir containing a first body of fluid,
PA1  c. first and second volume multipliers each having a high pressure chamber,
      a low pressure chamber and a piston separating said chambers, said pistons
      of said first and second multipliers arranged for movement independent of
      each other,
PA1  d. a valve having first and second positions,
PA1  e. a pump driven by said prime mover arranged to supply fluid from said
      reservoir through a pump output to said valve,
PA1  f. means for directing said fluid to said high pressure chamber of said
      first multiplier when said valve is in said first position,
PA1  g. means for directing said fluid to said high pressure chamber of said
      second multiplier when said valve is in said second position,
PA1  h. means for controlling said position of said valve whereby said pistons
      are driven in a reciprocating motion,
PA1  i. a second body of fluid driven by said pistons and emanating from said
      low pressure chambers, and
PA1  j. means including at least one motor for receiving said second body of
      fluid.
NUM  2.
PAR  2. The invention defined in claim 1 further including
PA1  a second valve having first and second positions,
PA1  first and second accumulators for storing under pressure excess fluid
      generated by said pump, said accumulators each comprising a housing
      defining an internal chamber, an inlet/outlet port permitting
      communication between said chamber of one of said accumulators and said
      pump output, depending upon the position of said second valve, and a
      variable volume of gas in said chamber, and
PA1  means for controlling the position of said second valve to direct said
      excess fluid to the one of said first and second accumulators having less
      excess fluid stored therein, and to direct said excess fluid stored in the
      other one of said accumulators toward said multipliers.
NUM  3.
PAR  3. The invention defined in claim 2 further including a moveable piston in
      said chamber of said accumulators for separating said fluid from said gas.
NUM  4.
PAR  4. An energy transmission system comprising
PA1  first means including a pump driven by a prime mover for establishing a
      first circuit of high pressure/low volume fluid flow,
PA1  second means responsive to said flow of high pressure/low volume fluid for
      establishing a second circuit of low pressure/high volume fluid flow, and
PA1  at least one fluid motor disposed in said second circuit for receiving
      energy generated by said prime mover,
PA1  wherein said second means includes first and second volume multipliers each
      having a high pressure chamber, a low pressure chamber and a piston
      separating said chambers,
PA1  said pistons of said first and second multipliers are arranged for movement
      independent of each other,
PA1  said high pressure chambers are connected to third means disposed in said
      first circuit, said third means are arranged to receive said flow of high
      pressure/low volume fluid and to alternately direct said high pressure/low
      volume flow into said high pressure chambers of said first and second
      volume multipliers, whereby said pistons of said first and second
      multipliers reciprocate, and
PA1  said low pressure chambers are connected in said second circuit to
      discharge said flow of low pressure/high volume fluid driven by said
      pistons.
NUM  5.
PAR  5. The invention defined in claim 4 further including fourth means disposed
      in said first circuit for storing excess fluid generated by said pump.
NUM  6.
PAR  6. A vehicular propulsion system comprising
PA1  a reservoir of fluid,
PA1  first means including a pump for generating a high pressure/low volume flow
      of said fluid,
PA1  a second body of fluid,
PA1  second means driven by said high pressure/low volume flow of said fluid for
      driving said second body of fluid at low pressure/high volume, and
PA1  third means including at last one motor for receiving said low
      pressure/high volume fluid and for propelling said vehicle,
PA1  wherein said second means includes first and second volume multipliers each
      defining an internal cavity having a high pressure chamber for receiving
      said high pressure/low volume fluid, a low pressure chamber for
      discharging said low pressure/high volume fluid, and a piston
      communicating with and separating said chambers,
PA1  said pistons of said first and second multipliers arranged for movement
      independent of each other,
PA1  said system further including
PA1  a valve having first and second positions,
PA1  means for directing said fluid to said high pressure chamber of said first
      multiplier when said valve is in said first position,
PA1  means for directing said fluid to said high pressure chamber of said second
      multiplier when said valve is in said second position, and
PA1  means for controlling said position of said valve whereby said pistons are
      driven in a reciprocating motion.
NUM  7.
PAR  7. Apparatus for converting a first fluid flow at pressure p.sub.i to a
      second fluid flow at pressure np.sub.i comprising
PA1  first and second volume multipliers each including
PA1  a housing defining an internal cavity,
PA1  a piston in said cavity separating said cavity into first and second
      chambers,
PA1  said piston having first and second active areas communicating with said
      first and second chambers, respectively, the ratio of said first and
      second areas being l:n,
PA1  said pistons of said first and second multipliers arranged for movement
      independent of each other,
PA1  means for alternately applying said first fluid flow to said first chambers
      of said multipliers whereby said pistons are driven in a reciprocating
      motion,
PA1  means for receiving said second fluid flow driven by said pistons from said
      second chambers of said multipliers,
PA1  a first reservoir of fluid for continuously supplying fluid to and
      receiving fluid from said first chambers, and
PA1  a second reservoir of fluid for continuously supplying fluid to and
      receiving fluid from said second chambers,
PA1  wherein said first and second fluid flows are separate and distinct.
NUM  8.
PAR  8. The invention defined in claim 1 wherein
PA1  each of said pistons of said first and second multipliers has a position at
      which its travel is limited, said limit position being indicated by a
      maximum volume in said high pressure chamber and a minimum volume in said
      low pressure chamber, and
PA1  said controlling means includes means for sensing the attainment of said
      limit position by one of said pistons of one of said multipliers, and
      means responsive to said sensing means for directing said fluid to the
      other of said multipliers.
NUM  9.
PAR  9. The invention defined in claim 5 further including
PA1  a braking motor
PA1  fifth means for diverting a portion of said low pressure/high volume flow
      in said second circuit to drive said braking motor,
PA1  a regenerative pump by said braking motor arranged to generate a second
      circuit of high pressure/low volume fluid flow, and
PA1  sixth means for directing said second high pressure/low volume flow to said
      fourth means.
NUM  10.
PAR  10. The invention defined in claim 9 further including seventh means
      disposed in said second high pressure/low volume circuit and adapted to
      restrict the fluid flow therein, whereby the energy received by said at
      least one fluid motor is controlled.
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ABST
PAL  A hydraulic filtering and reservoir means to accommodate changing rates of
      hydraulic fluid flow through a variable displacement pump. A constant
      displacement pump and a variable displacement pump are used in the system
      to provide filtered pressurized fluid for hydraulic motors.
BSUM
PAR  This invention relates to a hydraulic system and more particularly to
      filtering means with a hydraulic fluid reservoir to avoid cavitation of
      the pump and fluid hammering as the flow rate of the variable displacement
      pump is varied.
PAR  A large modern tractor has hydraulically actuated brakes and clutches and
      forced lubrication of brakes, clutches, bearings and gears. The hydraulic
      fluid used is often the power train lubricant fluid and the reservoir is
      the rear axle housing. In using a load-sensitive hydraulic system
      operating in this manner, a problem of reliability is presented.
      Commercially available hydraulic components require fluid cleanliness
      levels not usually associated with the tractor power train reservoirs.
      Accordingly, this invention provides a filtering system which was
      developed to protect dirt sensitive hydraulic components from the power
      train generated contaminants.
PAR  The filtering system provides single stage filtration of all hydraulic
      components and two stage filtration for the piston pump charge oil. In
      this manner, the piston pump is protected from contamination which could
      enter from the remote couplers, cylinders or motors. The piston pump is
      supplied with a charge oil from the return line of the piston pump and
      also from a gear pump which has a coarse filter in its suction side. A
      surge tank is connected to the main reservoir and dissipates the energy of
      fluid deceleration of the piston pump inlet flow when the pump rapidly
      destrokes and provides an alternate source of clean change oil for the
      piston pump when inlet demand exceeds return flow from the piston pump and
      gear pump.
PAR  A suction filter which is a coarse filter, filters fluid to the gear pump
      and protects all hydraulic components with nominal 12 micron filtration.
      This protects all components from contaminants generated by the power
      train reservoir. The hydraulic fluid from the gear pump is returned
      through the fluid return filter which is the second stage filtering at
      piston pump inlet. The return flow filter is a fine filter of
      approximately 5 microns which protects the charge fluid to the piston
      pump. A bypass valve is provided with a bypass indicator to provide an
      indication to the operator that the bypass valve is in operation. The
      charge fluid for the piston pump can also be partially supplied from the
      surge tank to avoid cavitation when the pump stroke is increased.
PAR  It is an object of this invention to provide a surge tank in a hydraulic
      system to accommodate variations in the flow rate in all portions of the
      load-sensitive closed center hydraulic system.
PAR  It is another object of this invention to provide double filtering means
      and means to accommodate variable flow rate to a variable displacement
      pump in a hydraulic system.
PAR  It is a further object of this invention to provide suction and return line
      filters in a hydraulic system and a reservoir means to accommodate
      variation in flow rates to a variable displacement pump.
PAR  The objects of this invention are accomplished in an integrated hydraulic
      system wherein a constant displacement pump, preferably a gear pump,
      provides pressurized fluid for the power steering of the vehicle. A flow
      divider valve provides priority flow to the power steering and secondary
      flow for lubrication of the brakes, a power takeoff clutch and then return
      to the reservoir. A power steering motor provides continuous flow of
      hydraulic fluid through the power steering motor or valving means and is
      returned through a return flow filter. The constant displacement pump is
      supplied with hydraulic fluid from the reservoir through a coarse filter
      in the suction line.
PAR  The secondary filter is a fine filter of approximately 5 microns filtering
      capability which charges the variable displacement pump, preferably a
      piston pump. The variable displacement pump is connected to a surge tank
      in the reservoir. The variable displacement pump supplies pressurized
      hydraulic fluid to the hitch control ram and the low pressure control
      hydraulic actuators such as the brakes, the differential lock and the
      power takeoff clutches. The hitch and remote hydraulic actuators return
      fluid through the fine filter to the charging side of the variable
      displacement pump.
PAR  The two pumps one in each of the two circuits of the hydraulic system are
      integrated into one system in which the main reservoir supplies the
      hydraulic fluid for both pumps. The integrated hydraulic system provides
      common fluid for operating all the hydraulic functions and a filtering
      system to maintain long life of the hydraulic components in the system.
DRWD
PAR  The preferred embodiment of this invention is illustrated in the attached
      drawing. The drawing illustrates schematically the integrated hydraulic
      fluid system.
DETD
PAR  Referring to the drawing, the hydraulic fluid system is illustrated. The
      system includes a constant displacement pump 1 such as a gear pump in one
      circuit which provides constant displacement at a given engine speed. A
      variable displacement pump 2 is shown in the other circuit of a hydraulic
      system. The variable displacement pump is more commonly a piston pump with
      a variable swash plate to control the displacement of the pump. A
      compensator 3 which is pressure responsive varies the angle of the swash
      plate of the displacement of the pump in response to pressure in the
      hydraulic system through the pilot line 4.
PAR  A reservoir 5 is preferably located in the rear axle housing. A surge tank
      6 provides a source of fluid free from contamination to assure long life
      of the hydraulic components in the system. The surge tank 6 is positioned
      in communication with reservoir 5 which normally receives fluid from the
      hydraulic circuit subsequent to filtering in the return filter 7. The
      surge tank 6 is connected to the inlet conduit 8 for the variable
      displacement pump 2 through the conduit 9 to accommodate variations of
      flow in the charging fluid of the variable displacement pump 2.
PAR  The power steering circuit includes the gear pump 1 which receives
      hydraulic fluid through the conduit 10 from the reservoir 5. The gear pump
      draws fluid through the suction filter 11 which is a coarse filter of
      approximately 12 microns filtration and supplies fluid to inlet conduit
      12. Bypass valve 13 and auxiliary filter 111 assure a supply of fluid to
      the gear pump 1 in the event of excessive restriction to flow through the
      filter 11.
PAR  The gear pump 1 pressurizes fluid which is supplied to the flow divider
      valve 14 which provides priority flow to the conduit 15 connected to the
      power steering motor 16. The power steering motor includes means for
      continuous flow of pressurized fluid through the motor 16 and valve means
      from the gear pump 1. The continuous flow of fluid passes through the
      cooler 17 to the return line 18 to the filter 7. The check valve 19
      permits flow from the conduit 18 for lubrication of the brakes and the
      power takeoff clutch through the lubrication circuit 20 at low engine
      speed when secondary flow is low. The flow divider 14 also diverts a
      portion of the fluid through the lubrication circuit 20 to the return line
      21 to the main reservoir 5.
PAR  The hitch control circuit which includes the hydraulic actuators for the
      hitch, brakes, differential lock and the power takeoff clutch are operated
      through the variable displacement pump 2. The variable displacement pump 2
      receives fluid through the return filter 7 which is a fine filter
      approximately 5 microns filtering capacity. The fluid for charging the
      variable displacement pump is returned through the filter 7 and check
      valve 75. A bypass valve 23 assures a fluid supply to the pump in the
      event of filter failure. A bypass indicator 24 associated with the bypass
      valve 23 indicates to the operator that the filter is defective. The surge
      chamber 6 assures a source of hydraulic fluid to prevent cavitation of the
      variable displacement pump 2.
PAR  The variable displacement pump 2 pressurizes fluid for operating the brakes
      on the vehicle, a differential lock through a hydraulic clutch on the
      differential of the tractor and for operating the power takeoff clutch.
      Pressurized fluid passing through the brake, differential lock and power
      takeoff clutch are returned to the reservoir 5.
PAR  The hydraulic actuators in the three-point hitch and any remote hydraulic
      actuators such as hydraulic lifts on the implement are operated from this
      circuit. The pressures for these operations are controlled by the pilot
      line 4 which operates the compensator in the variable displacement pump 2.
PAR  Return fluid from the three-point hitch is returned to the conduit 26 which
      in turn supplies charging fluid to the filter 7 for recirculation through
      the variable displacement pump 2. Excessive fluid can be returned to the
      bypass valve 27 and conduit 28 to the reservoir 5. The operation of the
      integrated hydraulic fluid system will be described in the following
      paragraphs.
PAR  The hydraulic fluid system illustrated in the drawings includes a power
      steering circuit having a constant displacement pump 1. The constant
      displacement pump 1 receives hydraulic fluid from the reservoir 5 which is
      drawn through the suction filter 11. The pressurized fluid flows through
      the flow divider 14 with priority flowing to the power steering unit. The
      fluid is transmitted through the power steering motor and through the
      cooler 17 and returned through the return filter 7. The power steering
      motor is constructed in such a manner that the fluid constantly flows
      through the power steering servomotor or valve means. Reference may be had
      to a hydraulic steering circuit similar to that shown in the drawings but
      in more detail as shown in the U.S. Pat. No. 3,528,521, Hydraulic Steering
      System by H. P. Ellis. Return flow of the hydraulic fluid from the power
      steering system goes through the cooler 17 and returns through the return
      filter 7 to charge the variable displacement pump 2.
PAR  The flow divider 14 supplies fluid for lubrication of the brakes and power
      takeoff clutch and is returned directly to the reservoir 5.
PAR  The variable displacement pump 2 is supplied with hydraulic fluid from the
      conduit 8 receiving fluid from the filter 7. The variable displacement
      pump 2 can be charged with fluid from the surge tank 6 to avoid cavitation
      while in operation. Normally, however, no fluid is required from the surge
      tank 6 and only in extreme cases would fluid be drawn from the surge tank
      6 to avoid cavitation of the pump 2.
PAR  The return filter 7 is a fine filter which eliminates any contamination in
      the hydraulic fluid to assure long life of the variable displacement pump
      2. When the filter 7 is loaded with contamination and is inoperative, the
      bypass valve 23 will open which in turn will activate a bypass indicator
      24 to indicate to the operator that hydraulic filter 7 is not properly
      operating.
PAR  The surge tank 6 stores excess fluid returning to the pump 2 on the return
      side of the circuit. The energy of the decelerating fluid is dissipated as
      it reaches the surge tank 6. The variable displacement pump supplies fluid
      to the three-point hitch hydraulic actuator and any remote hydraulic
      actuators in this circuit. The hydraulic fluid returns through the return
      conduit 26 and is returned through the return filter 7. Excessive fluid,
      however, can be directly returned through the relief valve 27 and conduit
      28 to the reservoir 5.
PAR  Reference may be had to a Filter Bypass Indicator as shown in U.S. Pat. No.
      3,644,915, James R. McBurnett. Reference may also be had to a flow divider
      valve with priority flow control to the steering unit in the U.S. Pat. No.
      3,597,921, James R. McBurnett, Priority Flow Control Valve.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A hydraulic system including, a fluid reservoir, a constant displacement
      pump, a fluid supply filter connected between the low pressure side of
      said constant displacement pump and said reservoir, at least one hydraulic
      fluid motor connected to the high pressure side of said constant
      displacement pump, a variable displacement pump including a pressure
      compensator, at least one hydraulic fluid actuator connected to the high
      pressure side of said variable displacement pump, means connecting said
      pressure compensator to said hydraulic fluid actuator to vary the
      displacement of said variable displacement pump responsive to load
      pressures on said hydraulic fluid actuator, a fluid return filter
      connected on one side to the return side of said hydraulic fluid motor and
      to the return side of said hydraulic fluid actuator and on the other side
      to the low pressure side of said variable displacement pump for filtering
      returned hydraulic fluid supplied to said variable displacement pump, a
      surge tank in communication with said fluid reservoir, a hydraulic conduit
      means connected to said surge tank and connected between said return
      filter and said variable displacement pump to provide a filtered reserve
      supply of hydraulic fluid to compensate for variations of flow rate
      between said return filter and said variable displacement pump.
NUM  2.
PAR  2. A hydraulic system as set forth in claim 1 including a relief valve
      connected between the return side of said hydraulic fluid actuator and
      said reservoir.
NUM  3.
PAR  3. A hydraulic system as set forth in claim 1 including a bypass valve
      bypassing said return filter to prevent cavitation of said variable
      displacement pump in the event of defective operation of said return
      filter.
NUM  4.
PAR  4. A hydraulic system as set forth in claim 1 wherein said return filter
      includes a filtering means of finer porosity as compared to said supply
      filter.
NUM  5.
PAR  5. A hydraulic system as set forth in claim 1 including a fluid cooler
      connected between the return side of said hydraulic fluid motor and the
      low pressure side of said variable displacement pump for cooling fluid
      from said constant displacement pump for cooling fluid in said hydraulic
      system.
NUM  6.
PAR  6. A hydraulic system as set forth in claim 1 including a bypass valve and
      an auxiliary filter connected in parallel arrangement with said fluid
      supply filter between said constant displacement pump and said reservoir.
NUM  7.
PAR  7. A hydraulic system as set forth in claim 1 wherein said surge tank
      includes means communicating with said reservoir to allow fluid from said
      surge tank to flow into the said reservoir.
NUM  8.
PAR  8. A hydraulic system as set forth in claim 1 including a check valve
      connected between said fluid return filter and the low pressure side of
      said variable displacement pump permitting unidirectional flow from said
      filter to said variable displacement pump.
NUM  9.
PAR  9. A hydraulic system as set forth in claim 1 wherein said constant
      displacement pump includes a gear pump.
NUM  10.
PAR  10. A hydraulic system as set forth in claim 1 wherein said variable
      displacement pump includes a piston pump.
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ABST
PAL  A hydraulic linkagae for transmitting reciprocating motion comprising a
      master unit, a slave unit, the master and slave units each comprising a
      pair of interconnected rod pistons reciprocally moveable within the
      cylinders in opposite directions by a force applied to the pistons,
      hydraulic lines connecting one master cylinder to one slave cylinder for
      transmitting motion from master to slave, a reservoir, a pair of one-way
      pressure valves mounted in opposite directions and in parallel between the
      reservoir and each master-slave connection so that volumetric increases in
      the fluid in the system will be forced out through a first valve of each
      valve pair and to the reservoir, and volumetric decreases in the fluid in
      the system will draw fluid from the reservoir through a second valve of
      each valve pair, thereby providing volume change compensation. A two-way
      pressure valve comprising a housing having a pair of openings connected by
      a bore for passage of fluid therethrough, a pair of plungers located
      within the bore and biased against each other so that the first plunger is
      seated against the housing and the second plunger is seated against a hole
      in the end of the first plunger, each plunger having a chamber
      communicating with one opening and a passageway connecting the chamber in
      the direction of the other opening, so that a predetermined amount of net
      fluid pressure within the second plunger chamber will urge the second
      plunger against the first plunger to unseat the first plunger from the
      housing and thereby permit the passage of fluid from the second plunger
      chamber through the passageway into the bore, and then through a gap
      between the housing and the first plunger created by the unseating and out
      of the other opening, and so that predetermined pressure within the first
      plunger chamber will unseat the second plunger from the first plunger,
      permitting fluid to flow through the hole in the opposite direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to master-slave hydraulic linkages.
PAR  Hydraulic systems are known for transmitting motion at a distance. Since
      such systems operate on the principle that the hydraulic fluid is
      incompressible, many schemes have been proposed to compensate for unwanted
      changes in fluid volume, caused by such factors as temperature change,
      introduction of foreign matter, and fluid leakage, in order to keep the
      master and slave always synchronized. One such scheme, shown in Hebel et
      al., U.S. Pat. No. 3,363,418, utilizes pairs of oppositely acting check
      valves connecting a master cylinder to a reservoir kept under pressure,
      the valves acting either to release excess fluid or to make up for a fluid
      deficiency from the reservoir. Stark et al., U.S. Pat. No. 3,579,989,
      shows a similar scheme using a check valve and a pressure relief valve in
      parallel to vent or fill a master-slave circuit.
PAR  The systems described are generally for power steering applications. When
      it is desired to transfer rapidly reciprocating motion, up to 200 cycles
      per minute, to several locations, such as in the tooling of an indexing
      turret machine, it is desirable to move as little fluid as possible by
      having as small a piston diameter as possible and to have an easily
      controlled piston diameter in both directions. Conventional pistons with
      rods are difficult to build below 3/4 inch diameter, and because of the
      rod size requirement, the piston area on the head end is not the same as
      the area on the rod end. There is also the possibility of leakage past a
      conventional piston, causing lack of synchronization between master and
      slave. Also, it is desirable to insure that synchronization of master and
      slave is maintained on every stroke by having a compensation scheme that
      would operate effectively under rapid cycling. Compensation circuitry that
      remains inactive until needed is generally not reliable. Finally, it is
      desirable to use controllable fluid pressures to have protection against
      overload at the workpiece.
PAR  In transmitting reciprocating motion, pneumatic cylinders and mechanical
      linkages are also well known. Pneumatic cylinders require fairly complex
      control systems, including interlocks to prevent sticking valves, and at
      higher speeds (on the order of 2 linear feet per second), cushioned
      cylinders become ineffective in preventing impact, and it is necessary to
      add hydraulic snubbers to absorb impact. Cam driven mechanical linkages
      require many moving parts where the required motions are located at
      various points and at various angles in a machine. It would be desirable
      to transmit the positive motions of cams without needing a variety of
      different cranks, links, levers, and bearings.
PAR  Finally, the use of rod pistons in hydraulic systems is not, stated that
      broadly, new. However, their use has been in slow, high pressure
      applications where a heavy rod was desired and the rod was on the order of
      six inches in diameter.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a simple, compact, rugged, self-synchronizing,
      accurate, and reliable hydraulic linkage having few components and a
      two-way combination valve which compactly and reliably acts as a check
      valve in one direction and a pressure valve in the other direction for use
      in a fluid compensation arrangement as part of the hydraulic linkage.
PAR  The linkage can be used to transmit reciprocating motion to a number of
      remote places, the motion having a frequency up to about 200 cycles per
      minute. The linkage automatically compensates during each stroke for
      undesired changes in fluid volume. The compensation valving operates
      reliably even at rapid cycling. The use of a pair of opposed rod pistons
      in independent cylinders in the master and slave units enables the piston
      diameter to be made small, even down to 1/4 inch, and the piston diameters
      in both directions to be identical. It also provides for positive action
      in either direction. Only one seal is needed per cylinder, where the rod
      enters the cylinder. There is no problem of fluid crossover, as there
      would be with a conventional piston where fluid can leak from one side of
      the piston to the other. A smaller piston diameter means less fluid is
      moved per stroke, thereby permitting faster operation with less heat
      build-up. The stroke length and stroke force of the slave are easily
      adjusted by varying the master-slave piston diameter ratio and also by
      varying the size of the stop on the slave. Multiplied force or
      displacement is thus possible, and the master and slave can be made in
      standard sizes.
PAR  The system is kept air free. A cam designed for use with the master and
      slave prevents slave moving parts from hard impacting against the
      stationary parts. A variety of cams can be run from one power source and
      be connected to several masters to provide several different motions
      simultaneously. The settings of the valves can be adjusted to provide
      overload protection to avoid, for example, smashing tools, and retraction
      safeguards when, for example, a tool is caught in the machine.
PAR  The two-way combination valve integrates two valves into one valve having
      fewer total parts and requiring two lines for a parallel connection
      instead of four. The pressure settings of the two valve parts of the valve
      are independent.
PAR  In general the invention in one aspect features a hydraulic linkage for
      transmitting reciprocating motion comprising a master unit, a slave unit,
      the master and slave units each comprising a pair of interconnected rod
      pistons reciprocally moveable within the cylinders in opposite directions
      upon the application of a force to each pair of pistons, hydraulic lines
      for containing hydraulic fluid connecting one master cylinder to one slave
      cylinder and the other master cylinder to the other slave cylinder for
      transmitting the motion from the master unit to the slave unit, a
      reservoir of hydraulic fluid connected to the hydraulic lines, a first
      pair of one-way pressure valves mounted in opposite directions and
      connected in parallel between the reservoir and the hydraulic line
      connecting one master cylinder to one slave cylinder, and a second pair of
      one-way pressure valves mounted in opposite directions and connected in
      parallel between the reservoir and the hydraulic line connecting the other
      master cylinder to the other slave cylinder, so that volumetric increases
      in the hydraulic fluid in the lines and cylinders will be forced out
      through a first valve of each pair of pressure valves and pass to the
      reservoir, and volumetric decreases in the fluid in the lines and
      cylinders will draw fluid from the reservoir through a second valve of
      each pair of pressure valves, thereby providing volume change
      compensation. In another aspect the invention features a two-way pressure
      valve comprising a housing having a pair of openings connected by a bore
      for passage of fluid therethrough, a pair of plungers located within the
      bore and biased against each other so that a first plunger is seated
      against a seat in the housing and the second plunger is seated against a
      hole in the end of the first plunger, each plunger having a fluid chamber
      therein communicating with one opening and further having a passageway
      connecting the chamber in the direction of the other opening, so that a
      predetermined amount of net fluid pressure within the second plunger
      chamber will urge the second plunger against the first plunger to unseat
      the first plunger from the housing and thereby permit the passage of fluid
      from the second plunger chamber through the passageway into the bore, and
      then through a gap between the housing and the first plunger created by
      the unseating and out the other opening, and so that a predetermined
      amount of net fluid pressure within the first plunger chamber will unseat
      the second plunger from the first plunger permitting fluid to flow through
      the hole in the opposite direction.
PAR  Preferred embodiments feature a pressure relief valve as the first valve of
      each pair and a check valve as the second valve of each pair; a longer
      stroke length for the master pistons than for the slave pistons so that
      each compression stroke of one master piston forces out more fluid from
      its cylinder than can be received by the slave cylinder connected to it so
      that an excess of fluid is forced out through the first valve to the
      reservoir and further so that each withdrawal stroke of one master piston
      creates a vacuum which cannot be filled completely by the slave cylinder
      connected to the master cylinder so that the unfilled vacuum draws fluid
      from the reservoir through the second valve, the valves thereby being
      operated during each cycle comprising a compressive and withdrawal stroke
      of both master pistons; a stop connected to the slave pistons to make
      their stroke length shorter than that of the master pistons; a reservoir
      pressurized at above atmospheric pressure to bias the second valve and to
      prevent entry of air into the fluid; master and slave units each
      comprising a housing containing the pair of cylinders and a shaft
      connecting the members of each pair; a cam adapted to impart reciprocating
      to the master pistons, the cam having a pair of dwells, a rise, and a
      fall, each dwell dividing the rise and fall into a pair of sectors, one
      sector providing motion corresponding to the stroke length of each slave
      piston, the other sector providing motion corresponding to the additional
      stroke length of each master piston relative to the slave piston stroke
      length; cam rise and fall sectors providing motion corresponding to the
      slave piston stroke length shaped to provide accelerated and then
      decelerated motion in advance of each dwell, thereby to lessen the impact
      of each slave piston against the slave unit at the end of each stroke; rod
      pistons having a diameter from 1/4 inch to 1/2 inch; the two-way pressure
      valve acting as a pressure relief valve in one direction and as a check
      valve in the other direction; a spring for biasing each plunger of the
      two-way valve, the springs being independently selected to provide a range
      of pressure settings for each direction of flow; and the second plunger
      having a male front portion and the other plunger having a female front
      portion containing the hole and adapted to receive the male portion when
      the plungers are biased against each other.
PAR  Other advantages and features of the invention will be apparent from the
      description and drawings herein of a preferred embodiment thereof.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view, broken away along a vertical plane, of one
      embodiment of the invention;
PAR  FIG. 2 is a view, partially schematic, of the hydraulic circuitry of FIG.
      1;
PAR  FIG. 3 is a plan view, broken away along a horizontal plane, of the master
      unit of FIGS. 1 and 2;
PAR  FIG. 4 is a side elevation view of the cam track of the cam of FIG. 1;
PAR  FIG. 5 is a side elevation view, broken away along a vertical plane, of
      another embodiment of the invention;
PAR  FIG. 6 is a schematic view of a modification in the valves of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There is shown in FIG. 1 a hydraulic linkage comprising master unit 10,
      slave unit 12, reservoir assembly 14, hydraulic lines 16, two-way pressure
      valves 18, and cam assembly 20.
PAR  Master unit 10 is connected to cam assembly 20, which in turn is connected
      by conventional linkage to a source of power, such as an electric motor
      (not shown). Master unit 10 is likewise connected (the hydraulic circuitry
      being shown schematically in FIG. 2) by hydraulic lines 16 to slave unit
      12. Each line 16 is connected through hydraulic line 22 to a two-way
      pressure valve 18, which is in turn connected to reservoir assembly 14,
      comprising manifold 15 and reservoir 17, by line 23.
PAR  Cam assembly 20 comprises path cam 24, rotatable by shaft 26, rocker arm
      28, rotatable on shaft 30, linkage 32, and cam box 34. Rocker arm member
      28a follows the cam track of path cam 24 by means of roller 36 seated
      within the cam track and fastened to arm member 28a by nut 38. Rocker arm
      member 28b is twice the length of member 28a so that the displacement
      imparted to arm member 28b is twice that imparted to arm member 28a.
      Linkage 32 comprising two side links pinned at each end connects arm
      member 28b to master unit 10. Hence the greater displacement of arm member
      28b is imparted to master unit 10. Shafts 26 and 30 are supported in
      bearings in opposing walls of cam box 34, and master unit 10 is connected
      to plate 35 of cam box 34. Plate 35 is long enough to mount additional
      master units, and additional cams can be mounted on shaft 26 so that
      several different motions can be transmitted from one source of power.
PAR  Master unit 10, as shown in more detail in FIG. 3, comprises metal cylinder
      housing 40 having three holes drilled therethrough, cylinders 41 for
      receiving rod pistons 42 and bore 43 for receiving shaft 44. Rod pistons
      42 are each joined to shaft 44 through crossheads 46 secured to the end of
      each piston 42 by collars 48, pinned to the piston, and to threaded end
      portions of shaft 44 by nuts 50.
PAR  Block 51, threadably connected to the end portion of shaft 44, is pinned
      between the side links of linkage 32, which in turn is connected to the
      rest of cam assembly 20 (not shown in FIG. 3). Movement of shaft 44
      relative to housing 40 moves one piston 42 into its cylinder 41 and the
      other piston 42 out of its cylinder 41.
PAR  At one end of each cylinder 41 is a counterbored section for press-fittedly
      seating bushing 52. Seal 54 rests in an inner circumferential groove in
      bushing 52. Piston 42, riding within bushing 52 and seal 54, does not
      touch the wall of cylinder 41. At the opposite end of cylinder 41 is
      threaded outlet 56 for receiving a threaded hydraulic line fitting (not
      shown in FIG. 3). Shaft 44 is supported by bushings 58, which are
      press-fitted in counterbored ends of bore 43. Retainer plates 60, secured
      to each end of housing 40 by screws 61, insure retention of bushings 52
      and 58.
PAR  Rod pistons 42 have a diameter of 1/4 inch. The stroke length of the master
      pistons is 2 5/8 inches. Slave unit 12 is identical to master unit 10,
      with the exceptions that there is no or cam linkage connected to shaft 44
      and a stop 62 is provided (shown in phantom in FIG. 3) to limit the stroke
      length of the slave pistons to 1/8 inch less than the master stroke
      length, or 2 1/2 inches. Using 3 inch stroke cylinders, with cam 24 moving
      the master pistons 2 5/8 inches, stop 62, which is a bushing secured to
      housing 40 and receiving shaft 44, should be 1/2 inch long to give the
      master piston the "overtravel" of 1/8 inch.
PAR  Cam 24 is designed to produce the overtravel of the master pistons with
      respect to the slave pistons. The shape of its track, shown in FIG. 4,
      includes a rise sector divided into rises R and O.sub.1 by dwell D.sub.1
      and a fall sector divided into falls F and O.sub.2 by dwell D.sub.2. Rise
      R gives a displacement of 1 1/4 inches, which becomes a 2 1/2 inches
      displacement on master pistons 42 by the 2:1 rocker arm 28 ratio. Rise
      O.sub.1, the overtravel, is 1/16 inch, or 1/8 inch on the master with the
      rocker arm ratio. Fall F is likewise 1 1/4 inches, or 2 1/2 inches on the
      master, and fall O.sub.2, the return overtravel, is 1/16 inch, or 1/8 inch
      on the master.
PAR  Rise R and fall F are shaped to give smoothly accelerating, then
      decelerating harmonic motion. Thus when the master piston travels 2 1/2
      inches, the slave piston likewise travels 2 1/2 inches, and slave
      crosshead 46 hits stop 62. By decelerating through the cam and arriving at
      the dwell, the impact of the slave crosshead against stop 62 is
      substantially eliminated. The cam then goes through the dwell in which no
      motion is transmitted to master 10. Then the cam goes through one of its
      overtravels (O.sub.1 or O.sub.2), moving the master piston 1/8 inch, but
      since slave crosshead 46 is already resting against stop 62, it cannot
      move, and no banging of the crosshead against the stop occurs.
PAR  Two-way pressure valve 18, shown in detail in FIG. 5, operates to relieve
      excess fluid pressure caused by increases in fluid volume, and to admit
      fluid from reservoir 17 when demanded because of a decrease in fluid
      volume in the system. Valve 18 comprises housing 64, pressure relief cap
      66, spring 68, pressure relief plunger 70, check plunger 72, spring 74,
      and check cap 76. Housing 64 has a bore 78 extending throughout its
      length. Transversely connecting into said bore is threaded opening 80,
      which is connected by a hydraulic line 23 to reservoir assembly 14 (not
      shown). Threaded opening 82 of check cap 76 is connected by hydraulic line
      22 to a master and slave cylinder outlet 56 (not shown). Check cap 76 is
      threadably received at its other end by the threaded female end portion of
      housing 64. On the other end of the housing 64, pressure relief cap 66 is
      threadably received by the male threaded end of housing 64. Seated within
      bore 78 is pressure relief plunger 70. Pressure relief plunger 70 is bored
      throughout lengthwise, and has four passageways 71 transverse to the
      central counterbored fluid chamber 73. Counterbored spring chamber 75
      holds spring 68, the other end of which seats against the counterbored
      inner side of check cap 66. Cap 66 can be turned to adjust the spring
      force, and hence the pressure setting. Lock-and-seal nut 88 is then
      tightened against cap 66, with O-ring seal 90 held therebetween in an
      annular groove in cap 66.
PAR  Pressure relief plunger 70 is countersunk at its nose 77, into which female
      portion fits nose 92, the male portion of check plunger 72. Plunger 72 is
      bored through part of its length to fluid chamber 93 to which are
      connected four passageways 94, which lead to bore 78. Counterbored spring
      chamber 95 and check cap counterbored chamber 96 cooperate to retain check
      spring 74. O-ring 98, fitted in an annular groove in check cap 76,
      provides the seal between check cap 76 and housing 64.
PAR  In operation, the hydraulic lines are filled with fluid. Bleeders 100
      enable air to be purged completely from the system in the conventional
      manner, as it is essential that the lines and cylinders be air-free. The
      system is then pressurized with air from line 19 to insure operation of
      the check valves as described below. The source of power is then turned
      on, rotating cam 24, and imparting reciprocating motion to master shaft 44
      through linkage 32 and block 51. During cam rise R, shaft 44 moves,
      thereby pushing one master piston into its cylinder, forcing fluid out of
      the cylinder, while at the same time withdrawing the other master piston
      from its cylinder. Fluid forced out of the first cylinder transmits the
      force through line 16, and fluid enters the slave cylinder connected to
      that line, the fluid pushing out on the slave piston. Outward movement of
      this slave piston, through crossheads 46 and shaft 44, causes an inward
      movement of the other slave piston, forcing fluid out of its cylinder,
      through its line 16, and into the master cylinder where the master piston
      was withdrawing. On each stroke, one of the two master pistons is always
      moving inward so that, regardless of the direction of movement of master
      shaft 44, the master unit always transmits motion by positive action, that
      is, by pushing against the fluid.
PAR  At the end of cam rise R or cam fall F, one master piston and one slave
      piston have moved inward 2 1/2 inches. The cam then goes through a dwell
      before it pushes the master piston inward another 1/8 inch. During the
      dwell, one slave crosshead 46 is resting against slave stop 62 so that the
      slave pistons can travel no further. The cam then goes through an
      overtravel (O.sub.1 or O.sub.2), which pushes one master piston inward 1/8
      inch and withdraws the other master 1/8 inch. Since the slave pistons
      cannot move, the effect of the extra 1/8 inch inward for one master piston
      is to force a small amount of fluid through the pressure relief part of
      one valve 18 and the effect of the extra 1/8 inch outward for the other
      master piston is to create a vacuum in the master cylinder which sucks
      fluid from reservoir 17 through the check valve part of the other valve
      18. Thus on each stroke, one valve 18 acts as a pressure relief valve, and
      the other valve 18 acts as a check valve. Additional apparent increases in
      fluid volume due to temperature rise and decreases in fluid volume due to
      temperature drop are automatically compensated for on each stroke, since
      the overtravel of the master pistons keeps valves 18 operating on every
      stroke and any changes in fluid volume will be reflected in the amount of
      fluid expelled or sucked in by the overtravel. When reciprocating motion
      is being transmitted, up to about 200 cycles per minute, the vacuum
      created at overtravel would be insufficient to operate the check valve
      part of valve 18 which is set at 6 psig differential. Hence, to remedy
      this, reservoir 17 is pressurized with 40 psig air, shown entering through
      air line 19 (the compressor not shown). With the check valves so biased,
      they will continue to operate effectively. The pressure relief valve part
      of valve 18 is set much higher, anywhere from 200 psi to 3000 psi. In the
      embodiment shown, one pressure relief valve in one valve 18 is set from
      200 psi to 400 psi and the other in the other valve 18 is set from 1000
      psi to 2000 psi. The valve set at the lower range setting is connected to
      the master piston which, on its compression stroke, moves the slave unit
      and a tool attached to it. Thus if a foreign object interferes with the
      tool, the extra pressure built up will actuate the pressure relief valve,
      set at the lower setting, rather than cause the slave to damage the tool.
      On the other hand, the pressure relief valve set at the higher range
      setting is connected to the master piston which, on its compression
      stroke, pulls the tool away from a machine. Thus if the tool should become
      stuck for any reason, the master piston can cause the slave to pull back
      the tool with a high degree of force before the pressure relief valve
      actuates from the increased pressure. Other settings of the pressure
      relief valves can be made depending on the desired application for the
      slave.
PAR  The operation of valve 18 in performing the functions of both pressure
      relief valve and check valve will now be considered. If the master piston
      overtravels inwardly or if any increase in fluid volume in that line
      occurs, fluid will flow into opening 82 of check cap 76, through spring
      chambers 96 and 95 (spring 74 being a hollow compression spring), then
      into fluid chamber 93, and out passageways 94 into bore 78. Because spring
      68 biases pressure relief plunger 70 against seat portion 89 of housing
      64, the fluid can go no farther. However, when fluid pressure in chamber
      93 and bore 78 is sufficiently high to overcome the force of spring 68,
      the fluid pushes plunger 72 against plunger 70 and thus compresses spring
      68, unseating plunger 70, and permitting fluid to travel between seat 89
      and plunger 70 and out opening 80 to manifold 15 and then to reservoir 17.
PAR  When, however, a vacuum occurs in the cylinder or line connected to opening
      82, the oil from the manifold and reservoir, under air pressure from line
      19, enters opening 80, passes through passageways 71 in plunger 70 to
      fluid chamber 73, and then into the hollow nose 77 of plunger 70, where
      the fluid bears against solid nose 92 of plunger 72, which in turn bears
      against spring 74. At a sufficient pressure, plunger 72 is pushed back,
      compressing spring 74, allowing fluid to pass from the nose of plunger 70
      into bore 78, and then into passageways 94, to chamber 93, to spring
      chambers 95 and 96, and out opening 82, into the system to fill the
      vacuum. As noted, by operating the check valve or the pressure relief
      valve part of valve 18 on each stroke, synchronization of master and slave
      pistons is constantly effected in advance of the next stroke.
PAR  It is not necessary that either the master unit or the slave unit be
      contained in a single housing. Each member of the pair of master or slave
      cylinders could be put in a separate housing so long as the two pistons
      were connected to move in opposition, that is, one master or slave piston
      moving into its cylinder as the other master or slave piston is
      withdrawing from its cylinder. Also, the piston diameters can be varied.
      Preferably they should be from 1/4 inch to 1/2 inch. Also, the ratio of
      master piston diameter to slave piston diameter can be adjusted to
      multiply or reduce the displacement of the slave relative to the master
      and the force of the slave relative to the master. Thus if the master
      diameter is 1/2 inch and the slave 1/4 inch, the displacement of the slave
      will vary as the square of the diameters, or, here, will be 4 times that
      of the master with 1/4 the force.
PAR  The stroke length of the slave piston can be easily modified by changing
      the stop without the need to go to a different length cylinder. Likewise,
      one stop per unit can be used effectively, or one for each crosshead.
PAR  The hydraulic apparatus described has a capability for reciprocating action
      of over 200 cycles per minute. Different size cylinders can be used,
      giving up to 12 inch strokes. The linear velocity of the master and slave
      can be up to 24 inches per second, or more.
PAR  Though not preferred, separate pressure relief and check valves can be used
      in place of the two-way valve shown, as shown schematically in FIG. 6.
PAR  Other embodiments within the invention will be apparent to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydraulic linkage for transmitting reciprocating motion comprising:
PA1  a master unit,
PA1  a slave unit,
PA2  said master and slave units each comprising a pair of cylinders and a pair
      of interconnected rod pistons reciprocally moveable within said cylinders
      in opposite directions upon the application of a force to each said pair
      of pistons,
PA1  hydraulic lines for containing hydraulic fluid connecting one said master
      cylinder to one said slave cylinder and said other master cylinder to said
      other slave cylinder for transmitting said motion from said master unit to
      said slave unit,
PA1  a reservoir of hydraulic fluid connected to said hydraulic lines,
PA1  a first pair of one-way pressure valves mounted in opposite directions and
      connected in parallel between said reservoir and said hydraulic line
      connecting one master cylinder to one slave cylinder, and
PA1  a second pair of one-way pressure valves mounted in opposite directions and
      connected in parallel between said reservoir and said hydraulic line
      connecting said other master cylinder to said other slave cylinder, so
      that volumetric increases in said hydraulic fluid in said lines and
      cylinders will be forced out through a first valve of each pair of
      pressure valves and pass to said reservoir, and volumetric decreases in
      said fluid in said lines and cylinders will draw fluid from said reservoir
      through a second valve of each pair of pressure valves, thereby providing
      volume change compensation.
NUM  2.
PAR  2. The linkage of claim 1 wherein said first valve of each said pair is a
      pressure relief valve and said second valve of each said pair is a check
      valve.
NUM  3.
PAR  3. The linkage of claim 1 wherein said master pistons have a longer stroke
      length than said slave pistons so that each compression stroke of one
      master piston forces out more fluid from said one master cylinder than can
      be received by the slave cylinder connected to said one master cylinder so
      that an excess of fluid is forced out through said first valve to said
      reservoir and further so that each withdrawal stroke of one master piston
      creates a vacuum which cannot be filled completely by the slave cylinder
      connected to said one master cylinder so that said unfilled vacuum draws
      fluid from said reservoir through said second valve, said valves thereby
      being operated during each cycle comprising a compressive and withdrawal
      stroke of both said master pistons.
NUM  4.
PAR  4. The linkage of claim 3 wherein said slave unit further comprises a stop
      connected to said slave pistons to make the stroke length of said slave
      pistons shorter than the stroke length of said master pistons.
NUM  5.
PAR  5. The linkage of claim 1 wherein said reservoir is pressurized at above
      atmospheric pressure to bias said second valve and to prevent entry of air
      into said fluid.
NUM  6.
PAR  6. The linkage of claim 1 wherein said master and slave units each further
      comprise a housing containing said pair of cylinders and a shaft
      connecting said pair of pistons.
NUM  7.
PAR  7. The linkage of claim 3 further comprising a cam adapted to impart said
      motion to said master pistons, said cam having a pair of dwells, a rise,
      and a fall, each said dwell dividing said rise and said fall into a pair
      of sectors, one said sector providing motion corresponding to the stroke
      length of each said slave piston, said other sector providing motion
      corresponding to the additional stroke length of each said master piston
      relative to said slave piston stroke length.
NUM  8.
PAR  8. The linkage of claim 7 wherein said cam rise and fall sectors providing
      motion corresponding to said slave piston stroke length are shaped to
      provide accelerated and then decelerated motion in advance of each said
      dwell, thereby to lessen the impact of each said slave piston against said
      slave unit at the end of each said stroke.
NUM  9.
PAR  9. The linkage of claim 1 wherein said rod pistons have a diameter from 1/4
      inch to 1/2 inch.
NUM  10.
PAR  10. The linkage of claim 2 wherein said pressure relief valve and said
      check valve are made integral into one two-way valve, said check valve
      part of said two-way valve opening at a lower pressure than said pressure
      relief valve part.
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ABST
PAL  System for recovering waste heat energy produced by an internal combustion
      engine or other waste heat source. Heat energy present in the engine
      coolant or engine exhaust is used as a power source for a closed secondary
      power circuit operating on the Rankine cycle. The secondary power circuit
      incorporates a high efficiency compact evaporator system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, only a small fraction of the energy developed in an
      internal combustion engine such as a piston engine, now in practically
      universal use in automotive applications, produces usable shaft
      horsepower. The major portion of the energy is dissipated to the
      atmosphere through the engine coolant system or the engine exhaust system.
PAR  In the past, many attempts have been made to reduce these losses or to
      convert the otherwise wasted energy to useful form, often by using the
      waste heat as a power source for a secondary power system. Examples of
      such prior proposals are disclosed in U.S. Pat. Nos. 3,228,189 and
      3,479,817.
PAR  As far as is known, neither proposal nor other proposals of a similar
      nature have been used on a commercial scale. It is believed that the
      failure of the industry to adopt these proposals and similar proposals is
      due to their complexity, cost, lack of reliability, and the physical bulk
      of the equipment which renders their use, particularly in automotive
      applications, impractical.
PAC  SUMMARY OF THE INVENTION
PAR  With the foregoing considerations in mind, it is the principal purpose and
      object of the present invention to provide improved secondary power
      systems for recovering waste energy produced by a primary power system
      such as an automobile engine, the secondary power system being
      mechanically uncomplicated, relatively inexpensive and of sufficiently
      compact construction to permit its installation in the engine compartment
      of a conventional automobile where space limitations may be quite severe.
PAR  It is further object of the present invention to provide improved apparatus
      for evaporating the motive fluid in a Rankine cycle power system which,
      for a given size, has substantially increased capacity and efficiency.
PAR  While the invention in certain aspects is of general application and broad
      utility, it is expected that its principal utility may reside in its use
      to recover the waste heat energy produced by a conventional automobile
      engine.
PAR  In such an application, the invention comprises a closed circuit power
      system operating on the Rankine cycle and preferably using as a motive
      fluid a refrigerant such as FREON 11.
PAR  The fluid is superheated and evaporated utilizing the heat of the engine
      coolant or engine exhaust or both, the fluid in gaseous state being
      delivered to a fluid motor and then to a condenser for return to the
      evaporator through a pump. Preferably the power produced by the motor is
      returned to the engine by a direct mechanical connection between the motor
      and the engine.
PAR  Optionally, the secondary power system is also utilized to provide the
      vehicle air conditioning thus providing greater overall operating
      efficiency. An important component of the secondary power system of the
      present invention is an evaporator and capillary control system described
      in detail below.
PAR  Additional advantages of the present invention will appear as the
      description proceeds.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 illustrates schematically a typical application of the system of the
      present invention in association with an automobile engine;
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating a modification of the
      invention; and
PAR  FIG. 3 is an enlarged view, partly in section, illustrating the evaporator
      and capillary system utililzed in the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical embodiment of the invention in which the heat
      energy of the coolant in a conventional automobile engine 10 is utilized
      to drive a motor 12 to return power to the engine 10 to assist the engine
      in driving its load. In addition to the motor 12, which may be of any
      conventional construction, the system comprises a closed circuit
      containing a motive fluid such as FREON 11, the circuit including a
      two-stage heater-evaporator having a heater section 14 and an evaporator
      section 16, a condenser 18 which may be the usual automobile radiator and
      a pump 20. The heated engine coolant is delivered to the heater section 14
      by a pipe 22 and flows through the heater 14 in a series of small tubes in
      counterflow relation with the FREON which is supplied to the heater
      through a conduit 24 leading from the high pressure side of the pump 20.
PAR  The pump 20 may be driven directly by the engine 10 or by a separate
      electric motor, not shown.
PAR  After passing through the heater 14, the engine coolant, at reduced
      temperature, is returned to the usual engine driven pump 26 through a
      conduit 28.
PAR  The heated FREON passes through the heater 14 to the evaporator 16,
      described in detail below, through a conduit 30 and passes through the
      series of small tubes in counterflow relation with the surrounding engine
      coolant delivered to the evaporator 16 through a conduit 32. This portion
      of the engine coolant then returns to the engine through conduits 34 and
      28.
PAR  The FREON which exits from the evaporator 16 in a gaseous state is
      delivered to the motor 12 through a conduit 36 and after passing through
      the motor is delivered through the conduit 38 to the condenser 18.
PAR  It is a feature of the invention that because of its high efficiency, the
      evaporator is of extraordinarily compact construction. Accordingly, a unit
      sufficiently small to be accommodated under the hood of an automobile
      still has sufficient capacity to recover a significant amount of energy.
PAR  As best shown in FIG. 3, the evaporator 16 comprises an elongated
      cylindrical shell 42 closed at its ends by headers 44 and 46 through which
      the opposite ends of FREON carrying tubes 48 extend the FREON passing from
      right to left as viewed in FIG. 3. Inlet and outlet connections 50 and 52,
      respectively, are provided for the engine coolant which thus passes
      through the unit in counterflow relation with the FREON. In a typical
      case, the shell 42 is approximately 12 inches long and 21/8 inches in
      diameter. A unit of this size may have 137 tubes 48 of copper or like
      material, tubes being 1/8 inch OD and 3/32 inch ID.
PAR  The evaporator or control section 16 incorporates a unique capillary
      control section which, contrary to prior practice, is positioned adjacent
      the outlet end of the unit. The unit is formed by a series of two or more
      telescoped tubes inserted one within the other. In the embodiment shown,
      the unit includes 37 of the main tubes 49, 12 inches long and having an OD
      of 3/32 inch and an ID of 1/16 inch. One shorter tube 54 which is
      approximately 4 inches in length and has an inside diameter of 1/32 inch
      is telescoped within each main tube adjacent its outlet end. Because of
      the position of the capillary at the outlet end of the evaporator, the
      refrigerant is maintained in a liquid state upstream of the capillary.
      Thus, throughout the major portion of the length of the evaporator, the
      unit functions as a high efficiency liquid-to-liquid heat exchanger. As
      the heated refrigerant enters the capillary control formed by the inner
      tubes 54, its velocity is increased and its pressure is reduced.
      Accordingly, the refrigerant flashes into a gaseous state in the capillary
      tube and is superheated.
PAR  This arrangement has proved to be adequate for handling refrigerant
      supplied at a pressure in the range of 100 psi. To assure proper control
      in systems operating at higher pressures additional flow restriction is
      required. This can be achieved by the insertion of one or more additional
      short tubes within the tubes 54. When such additional tubes are used their
      upstream ends are staggered to obtain progressive flow restrictions toward
      the outlet end of the unit.
PAR  Further improvements in efficiency are realized by the utilization of the
      preheater 14. Typically, this unit is 24 inches long, 21/8 inches in
      diameter and contains 137 tubes (not shown) of 1/8 inch OD and 3/32 inch
      ID. In this unit, the engine coolant is delivered to the interior of the
      tubes, tubes being surrounded by the liquid refrigerant delivered by the
      pump 20. The provision of a relatively large number of small thin-walled
      tubes affords maximum practical heat exchange surface area and promotes
      maximum heat exchange efficiency. The tubes can be relatively thin-walled
      since the FREON, which is at relatively high pressure, is outside the
      tubes which thus need not have high bursting pressure resistance.
PAR  The unit thus far described is capable of recovering 20,000 to 40,000 BTUs
      per hour of useful work. Accordingly, as much as 10 horsepower can be
      returned to the engine through the operation of the motor 12. Since
      approximately 12 to 18 horsepower is required to propel a standard
      passenger vehicle on a level road at a constant moderate highway speed,
      the recapture of 10 horsepower results in a dramatic increase in overall
      efficiency in the engine and a corresponding decrease in fuel consumption.
PAR  The system of the present invention is also ideally suited to furnish the
      air conditioning to the vehicle. To this end, a conventional air
      conditioner evaporator 60 is connected to the output of the pump 20
      through a capiallary 62. The downstream side of the evaporator is
      connected through a conduit 64 to a conventional engine driven compressor
      66 which in turn is connected through a conduit 68 to the conduit 38
      leading to the condenser 18. The air conditioning system functions in
      conventional manner with the exception that the compressor 66 operates
      against reduced head pressure thus reducing the power requirements and
      increasing the efficiency of the system by as much as 80% with a
      corresponding decrease in fuel consumption.
PAR  FIG. 2, to which detailed reference will now be made, illustrates a further
      embodiment of this system similar to the embodiment previously described
      but including additional fluid circuitry for protecting the engine 10
      against overheating in the event of malfunction of a portion of the
      secondary system. The modified system also includes an arrangement for
      utilizing the exhaust heat of the engine as a power source for the
      secondary system. As in the previously described embodiment, the heated
      engine coolant is delivered through the conduit 22 to the main heat
      exchange 14. From the downstream side of the unit 14, the coolant is
      delivered through a conduit 70 to a thermostatically controlled valve 72
      which delivers the coolant either through conduit 74 to the radiator 40 or
      through a conduit 76 to a return line 78 leading to the engine driven
      coolant pump 26. Normally, the valve 72 blocks flow to conduit 74 and
      connects conduits 70 and 76. However, in the event secondary system
      malfunctions or the heat exchanger 14 does not extract sufficient heat
      from the engine coolant, the thermostatically controlled valve 72 permits
      all or a portion of the coolant to pass through conduit 74 and then
      through the radiator 18 where additional cooling takes place. From the
      radiator 18, the coolant is returned to the return line 78 through a
      conduit 80. Thus the engine is automatically fully protected against
      overheating regardless of the operation of the secondary system. The
      evaporator unit 16 may be of the construction previously described.
      However, it is arranged to receive a portion of the engine exhaust gases
      rather than a portion of the engine coolant as in the previously described
      embodiment.
PAR  Finally, in this embodiment of the invention, a gas-to-liquid heat
      exchanger 82 is utilized as the refrigerant condenser. This unit, which
      may be of the same construction of the heat exchanger 14, is supplied with
      a portion of the engine coolant by a pump 84 which may be driven by the
      engine 10 or by a separate electric motor. The coolant is returned to the
      radiator 18 by conduit 86. It will be noted that the coolant circuit for
      the condenser 82 is essentially independent of the main engine coolant
      circuit and thus is effective regardless of the position of the
      thermostatic valve 72.
PAR  This embodiment of the invention also includes the air conditioning system
      as previously described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A secondary power system for recovering the waste heat energy of the
      coolant in a primary power system comprising: means forming a closed
      motive fluid circuit, said circuit containing motive fluid and, in series,
      a pump, a preheater, an evaporator, a motor and a condenser; means for
      passing a portion of said coolant directly from said primary system
      through said preheater in heat exchange relation with said motive fluid,
      and means for passing another portion of said coolant directly from said
      primary system through said evaporator in heat exchange relation with said
      motive fluid to vaporize said motive fluid for passage to said motor as a
      power source therefor.
NUM  2.
PAR  2. A system according to claim 1 wherein said evaporator comprises a
      plurality of tubes through which said motive fluid passes, and a flow
      restrictor in each of said tubes adjacent the downstream end thereof.
NUM  3.
PAR  3. The system according to claim 2 wherein said preheater comprises a
      plurality of tubes through which said coolant passes.
NUM  4.
PAR  4. The system according to claim 1 wherein said primary power system is an
      internal combustion engine, together with means for returning the coolant
      to said internal combustion engine after passage through said preheater
      and said evaporator.
NUM  5.
PAR  5. For use with an internal combustion engine having a coolant circuit
      including a radiator, a secondary power system for recovering the waste
      heat energy in said coolant, said secondary power system including a
      closed motive fluid circuit having, in series, a pump, a heat exchanger
      and a motor, means for passing said coolant through said heat exchanger in
      heat exchange relation with said motive fluid and means for returning said
      coolant to said engine including temperature response means effective when
      the temperature of said coolant leaving said heat exchanger exceeds a
      predetermined value for preventing the direct return of said coolant to
      said engine and for causing said coolant to pass through said radiator
      before return to said engine.
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ABST
PAL  A system for generating power in a variable volume engine using a liquid
      solvent and a soluble gas. Power is generated by decreasing the pressure
      within one or more variable volume chambers through the solution of
      ammonia in water when each chamber is at or near a maximum volume. The
      resulting differential between the atmospheric pressure and the reduced
      pressure within the chamber is used to generate mechanical power. The
      combing of the water and ammonia gas may take place within a conventional
      cylinder at a point in time when the associated piston is approximately
      bottom dead center. In a second embodiment, the ammonia and water is mixed
      in a tank at a remote location from the piston and cylinder. The cylinder
      is operatively connected with the tank such that the vacuum developed in
      the tank may be employed within the cylinder for the production of power.
BSUM
PAR  The present invention is directed to a variable volume engine employing the
      vacuum created through the solution of a gas in a liquid to derive power.
PAR  Water-ammonia engines have been developed which employ the pressure derived
      from heating ammonia water solutions. When the solution is heated, ammonia
      gas is driven off. This pressurized ammonia is employed to drive a
      variable volume engine. The ammonia is then redissolved in water and the
      process is repeated.
PAR  The present invention employs a system whereby power is derived from the
      vacuum created through the solution of ammonia in water. A range of
      configurations may be employed to operably derive power from the solution
      of ammonia in water. A plurality of conventional cylinders and pistons
      employing a water injection system may be used. Alternately, a remote
      solution tank may be used to develop a vacuum. The vacuum may then be
      employed to run any one of a number of variable volume engines.
PAR  Accordingly, it is an object of the present invention to provide a variable
      volume engine employing the solution of a gas in a liquid solvent to
      provide power.
PAR  It is another object of the present invention to provide a variable volume
      engine employing the vacuum created by the solution of ammonia in water to
      derive power.
PAR  It is a further object of the present invention to provide a method for
      producing power using the vacuum generated by the solution of a gas in a
      solvent.
DRWD
PAR  FIG. 1 illustrates a schematic flow system for the present invention.
PAR  FIG. 2 illustrates a variable volume chamber employing the present
      invention.
PAR  FIG. 3 schematically illustrates a second embodiment of the present
      invention employing a remote water-ammonia solution chamber.
DETD
PAR  Turning first to the embodiment illustrated in FIGS. 1 and 2, a variable
      volume chamber arrangement generally designated 10 is illustrated. The
      chamber arrangement 10 illustrated in FIG. 2 and schematically shown in
      FIG. 1 includes a double acting piston 12 located within a cylinder 14.
      Naturally, a single acting piston may be employed and any number of
      chamber arrangements may be associated in any given engine. The present
      invention may also be practiced with a variable volume rotary engine as
      well. The principles of the present invention are simply duplicated by
      multiple cylinders; consequently, only a single cylinder 14, will be
      discussed. Further, because of the effects of the pressure differential
      across the piston 12, the more complex yet advantageous use of the double
      acting piston will be specifically set forth.
PAR  In FIG. 2, a first chamber is defined by the cylinder 14, a first head 16
      and the piston 12. A second chamber is formed from the piston, the
      cylinder 14 and a second head 17. The volumes thus defined vary inversely
      as the piston 12 moves in the cylinder 14. Power may be transferred
      through a piston rod 18 in a conventional manner. Intake manifolds 20 and
      21 are positioned in association with the heads 16 and 17 respectively to
      provide intake passageways to the variable volumes within the cylinder 14.
      Valve ports 22 and 23 provide communication between the cylinder 14 and
      the intake manifolds 20 and 21. The intake passageways are controlled by
      means of valves 24 and 25 which may be conventionally driven by cams (not
      shown). The seats for the intake valves 24 and 25 are positioned outside
      the ports because a vacuum rather than a pressure is created within the
      cylinder 14. A conventional popet valve could be employed where it is
      found to be more convenient or practical. However, a substantial spring
      would be required to prevent leakage into the cylinder.
PAR  Exhaust passageways are also provided by exhaust manifolds 26 and 27.
      Similarly, exhaust ports 28 and 29 provide communication between the
      exhaust manifolds and the cylinder 14. Valves 30 and 31 cooperate with the
      exhaust ports 28 and 29 to provide controlled exhaust passageways from the
      cylinder 14. The exhaust ports 28 and 29 are preferably at the lower end
      of the cylinder 14. In this way, any liquid which may build-up in the
      cylinder will be assured of exhausting immediately therefrom.
PAR  Means are provided for mixing a liquid with the gas which is provided to
      the chambers. Injector systems 32 and 33 such as presently used to inject
      gasoline or diesel fuel into an internal combustion engine are here
      employed and the mixing occurs within the cylinder in the present
      embodiment. The injector systems 32 and 33 include injector nozzles 34
      extending through the heads 16 and 17 to communicate with the interior
      volumes of the cylinder 14. It is believed advantageous to provide a high
      pressure injection of liquid in order that the liquid will be well
      distributed in the cylinder for interaction with the gas therein. Thus, an
      intake passageway and exhaust passageway and a liquid injector are
      provided for each variable volume chamber.
PAR  Each variable volume chamber experiences a sequence of events resulting in
      the production of useful power by the engine. The sequences in the
      present, double acting piston configuration must also be timed relative to
      one another as will be discussed below. A gas is provided to the intake
      manifolds 20 and 21. Further, a liquid is provided to the injector systems
      32 and 33. The gas is of a type soluble in the liquid. In the present
      embodiment, it is contemplated that ammonia gas will be employed with
      water wherein the temperature of the resulting solution is maintained at a
      level such that the vapor pressure of the ammonia is as low as is
      practical. The resulting mixture creates a substantial reduction in
      pressure which may be advantageously employed to create mechanical power.
PAR  Looking first to the first chamber as seen in FIG. 2 on the left, when the
      piston 12 is near its closest approach to the cylinder head 16, the
      corresponding intake valve 24 is opened. Thus communication is provided
      between the intake manifold 20 and the small volume defined by the
      cylinder 14, the piston 12 and the adjacent cylinder head 16. The piston
      is then allowed to move away from the cylinder head 16 thereby drawing
      ammonia gas into the volume created. Once the piston 12 has reached the
      outer end of its stroke, the intake valve 24 is closed. Water is then
      dispersed into the cylinder 14 through the injector nozzle 34. This
      injection is preferably made under extreme pressure in order that
      substantial defusion of the incoming water in the ammonia gas will result.
      Instantaneously, the ammonia gas will start to dissolve in the water. This
      results in a reduction of pressure within the chamber 14. This reduction
      in pressure creates a differential across the piston with the pressure
      present on the other side of the piston 12. This differential causes the
      piston to be driven toward the cylinder head 16. The force of the pressure
      on the piston 12 is transferred to the piston rod 18 and is conventionally
      derived as rotational power by the engine. As the piston 12 closely
      approaches the cylinder head 16, the exhaust valve 30 is actuated, thereby
      creating communication between the exhaust manifold 26 and the interior
      portion of the cylinder 14. In this way, the water-ammonia mixture may be
      exhausted from the cylinder. At this time, a new charge of ammonia gas is
      allowed to flow into the cylinder 14.
PAR  Turning to the second chamber as seen in FIG. 2, the same sequence of
      events occurs. However, as the differential pressure across the piston is
      important, consideration must be given to the operation of the two
      chambers together. When the water is dispersed into the first chamber
      resulting in the reduction of pressure within the chamber, the inlet valve
      25 is opened to provide communication between the intake manifold 21 and
      the second chamber. This chamber is at or near a minimum volume at this
      time. Consequently, ammonia gas under atmospheric (or higher) pressure can
      then enter this chamber through inlet valve 25. The pressure differential
      across the piston 12 causes the piston 12 to be driven toward cylinder
      head 16. The force of this gas pressure in the second chamber on piston 12
      is transferred to piston rod 18 and is derived as power by the engine.
      Once the piston 12 has reached the end of its stroke, the intake port 23
      is closed and water is dispersed into cylinder 14 through the other
      injector nozzle 35. This results in a reduction of pressure within the
      second chamber and the new charge of ammonia gas flowing in through intake
      valve 24 drives the piston 12 back toward cylinder head 17.
PAR  As seen in FIG. 1, the intake manifolds 20 and 21, the exhaust manifolds 26
      and 27 and the injection systems 32 and 32 are coupled with a means of
      providing ammonia gas to the engine. This means, generally designated 36
      is illustrated schematically. Several alternative systems may be employed
      as a means for providing ammonia gas and water to the engine. These means
      are conventionally provided and do not constitute an individual portion of
      the present invention. One configuration would include separate tanks. The
      first tank would contain pressurized ammonia gas, the second would contain
      water and the third would receive ammonia water exhausted from the engine.
      In such an instance, stations may be provided throughout a community to
      receive the exhausted ammonia gas tanks and the full ammonia water tanks
      and reconvert the ammonia water to ammonia gas and water which could be
      resold to the customer. Alternately, a small conversion plant may be
      established immediately adjacent the engine. In this case, the schematic
      block 36 in FIG. 1 would represent such a plant. Fuel could be used to
      heat the exhausted ammonia water to create new ammonia gas for use in the
      engine. The water may then be recycled to the injector system 32. In such
      a closed system, only combustable fuel will be required to sustain
      operation.
PAR  A second embodiment using the same principles of the present invention is
      schematicaly illustrated in FIG. 3. In the embodiment of FIG. 3, ammonia
      gas and water are not mixed within the conventional cylinder 14a. Rather,
      a separate solution tank 38a is provided at a remote location from the
      cylinder 14a. The solution tank 38a is charged with water 40a. A pipe
      leads from the exhaust manifold 26a into the solution tank 38a to a
      position within the water 40a. This pipe 42a  thereby provides
      communication between the cylinder 14a in which is located the piston 12a
      and the solution tank 38a. Ammonia gas is supplied to the cylinder 14a
      through an intake manifold 20a from the means for providing gas 36a. The
      ammonia gas may be supplied at whatever pressure is available through the
      intake manifold 20a. As the incoming gas is supplied to the cylinder 14a
      when the piston 12a is moving downwardly, any pressure in the ammonia gas
      20a will be converted to power in the engine. Once the piston has reached
      bottom dead center, the exhaust valve 30a is opened and the ammonia gas is
      allowed to flow through the pipe 42a to the solution tank 38a.
PAR  As the ammonia gas enters the solution tank 38a, it comes into association
      with the water 40a located therein. The ammonia then goes into solution
      creating a vacuum. The solution tank 38a is sealed in order that the
      vacuum may be maintained. Because of the vacuum, the ammonia within the
      cylinder 14a also experiences a decrease in pressure. The piston 12a is
      exposed to atmospheric pressure from beneath and consequently experiences
      a differential pressure between the two sides thereof. Because of the
      differential pressure, the piston 12a is forced upwardly in a power
      stroke.
PAR  A fresh water supply pipe 44a is provided to the solution tank 38a in order
      that the supply of unsaturated water may be replenished. Further, an
      exhaust pipe 46a draws ammonia water from the solution tank 38a. This
      ammonia water may be processed to separate the water and the ammonia for
      recycling. It is advantageous to provide an initial vacuum within the
      solution tank. This prevents any air which would otherwise remain from
      reducing the efficiency of the system. This vacuum will then remain for
      repeated uses of the engine. Naturally, it is important to keep the entire
      system sealed.
PAR  This second embodiment may also be employed in a double acting piston
      configuration such as shown in FIG. 2. Naturally, the injectors 32 and 33
      would be removed. Exhaust manifolds 26 and 27 are connected to the
      solution tank 38a by pipe 42a (as shown in FIG. 3). When piston 12 reaches
      the end of its stroke toward cylinder head 17, the intake valve 24 is
      closed and outlet valve 30 is opened. Because of the vacuum in tank 38a,
      the gas leaves the first chamber 14 through outlet port 28 and pipe 42a
      creating a vacuum in said chamber. At this time, intake valve 25 is opened
      and ammonia gas enters the chamber on this side of piston 12 driving it
      toward cylinder head 16. At the moment the piston reaches the end of its
      stroke towards cylinder head 16, the outlet valve 30 closes and intake
      valve 24 opens; intake valve 25 closes and outlet valve 31 opens
      connecting the cylinder, which is now at maximum volume, to the solution
      tank 38a and the vacuum therein, resulting in a low pressure area within
      the cylinder. Gas entering through open intake valve 24 now drives piston
      12 back towards cylinder head 17.
PAR  Because of the vast differences in cycles of the present invention over
      gasoline engines and the like, different procedures are necessary for both
      starting and stopping the engine. In the first embodiment, control of the
      water injector systems 32 may be used to both stop and start the engine.
      It is further necessary from a practical sense that a conventional starter
      be incorporated to force the piston to initiate gas flow. in the second
      embodiment illustrated in FIG. 3, the engine may be stopped by a valve 48a
      in pipeline 42a to cut off communication between the cylinders and the
      vacuum in tank 38a. Opening this valve will cause the engine to start
      again; however, a starter motor can be employed as well.
PAR  Thus, a variety of configurations are disclosed employing the vacuum
      generated by the solution of a gas in a solvent to derive power therefrom.
      While embodiments and applications of this invention have been shown and
      described, it would be apparent to those skilled in the art that many more
      modifications are possible without departing from the inventive concepts
      herein described. The invention, therefore, is not to be restricted except
      by the spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An engine comprising:
PA1  at least one variable volume chamber;
PA1  a controlled intake passageway communicating with said chamber to be closed
      during contraction of said variable volume chamber;
PA1  a controlled exhaust passageway communicating with said chamber;
PA1  means for providing a gas to said intake passageway;
PA1  a solution tank containing a volume of solvent, said exhaust passageway
      extending into said volume of solvent; and
PA1  power train means for deriving power from the vacuum which is created in
      said chamber.
NUM  2.
PAR  2. The engine of claim 1 wherein a vacuum is initially formed in said
      solution tank.
NUM  3.
PAR  3. An engine comprising:
PA1  at least one variable volume chamber;
PA1  a controlled intake passageway communicating with said chamber, said intake
      passageway being controlled to open during expansion of said variable
      volume chamber;
PA1  a controlled exhaust passageway communicating with said chamber, said
      exhaust passageway being controlled to be open when said chamber is near
      the minimum volume thereof;
PA1  means for dispersing water in said chamber, said dispersing means being
      controlled to operate when said chamber is near the maximum volume
      thereof, said controlled intake passageway and said controlled exhaust
      passageway being closed during the contraction of said variable volume
      chamber; and
PA1  means for providing ammonia gas to said intake passageway.
NUM  4.
PAR  4. An engine comprising:
PA1  at least one variable volume chamber;
PA1  a controlled intake passageway communicating with said chamber, said intake
      passageway being controlled to be open during expansion of said variable
      volume chamber and to be closed during contraction of said variable volume
      chamber;
PA1  a controlled exhaust passageway communicating with said chamber, said
      exhaust passageway being controlled to be open during contraction of said
      variable volume chamber;
PA1  a solution tank, said solution tank being sealed and in communication with
      said exhaust passageway for the passage of gas therebetween; said solution
      tank containing only water and the exhausted gases from said chamber said
      solution tank including means for physically dispersing exhausted gases
      below the level of said water; and
PA1  means for providing ammonia gas to said intake passageway.
NUM  5.
PAR  5. A method of generating mechanical power in a variable volume engine
      including the steps of:
PA1  filling a variable volume chamber with a gas;
PA1  dispersing a liquid solvent for the gas into the chamber when the volume
      thereof is near a maximum;
PA1  allowing the soluble gas to dissolve in the solvent liquid;
PA1  deriving power from the resulting decrease in pressure experienced within
      the chamber;
PA1  exhausting the solvent and dissolved gas from the volume; and
PA1  repeating the above said steps.
NUM  6.
PAR  6. A method of generating mechanical power in a variable volume engine,
      including the steps of:
PA1  supplying a variable volume chamber through a passageway with a gas;
PA1  closing the passageway to cut off the supply of gas to the variable volume
      chamber;
PA1  establishing an initial vacuum in a remote solution tank;
PA1  placing the variable volume chamber in communication with the remote
      solution tank;
PA1  dispersing the gas in a solvent for the gas in said remote solution tank;
PA1  deriving power from the resulting decrease in pressure experienced within
      the chamber; and
PA1  repeating the above steps.
NUM  7.
PAR  7. An engine comprising:
PA1  an intake passageway;
PA1  an exhaust passageway;
PA1  means located between said intake passageway and said exhaust passageway
      for deriving power from a gas pressure differential between said intake
      passageway and said exhaust passageway;
PA1  means for providing a gas to said intake passageway;
PA1  a solution tank, said solution tank being sealed and in communication with
      said exhaust passageway, said solution tank containing a solvent for the
      gas and an initial vacuum above said solvent said exhaust passageway
      extending into said solvent for dispersing gas passing through said
      exhaust passageway with said solvent for the gas.
NUM  8.
PAR  8. The engine of claim 7 wherein said means for deriving power from a gas
      pressure differential includes at least one variable volume chamber having
      a controlled intake in communication with said intake passageway.
NUM  9.
PAR  9. The engine of claim 8 wherein said variable volume chamber includes:
PA1  means for controlling communication with said intake passageway allowing
      communication during the expansion of said variable volume chamber and
      preventing communication during contraction of said variable volume
      chamber; and
PA1  means for controlling communication with said exhaust passageway allowing
      communication during contraction of said variable volume chamber and
      preventing communication during expansion of said variable volume chamber.
NUM  10.
PAR  10. The engine of claim 7 further including conversion means for removing
      the gas from the solvent for the gas and passageway means communicating
      said removed gas to said intake passageway, the separated solvent to the
      solution tank and mixed gas and solvent from the solution tank to said
      conversion means.
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ABST
PAL  This invention provides a caisson adapted to bear against the sea floor,
      constructed such that it contacts the sea floor with a minimum of motion.
      The caisson includes downwardly protruding members which make first
      contact with the sea bottom, thereby reducing the motion of the caisson by
      an acceptable level when the more fragile portions reach the sea floor.
BSUM
PAR  The present invention relates to an improved version of marine structures
      placed on the sea floor and particularly used as storage tanks or
      foundation for structures like platforms, breakwaters, lighthouses or the
      like. These marine structures will also be referred to hereinafter as
      caissons.
DRWD
PAR  FIG. 1 is a side elevational view of a caisson constructed in accordance
      with the present invention.
PAR  FIG. 2 is a vertical sectional view taken along line 2--2 of FIG. 3.
PAR  FIG. 3 is a horizontal sectional view taken along line 3--3 of FIG. 1.
PAR  FIG. 4 is a partial sectional view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a horizontal sectional view taken along line 5--5 of FIG. 4.
PAR  FIG. 6 is a side elevational view with a portion showing in section a
      modification of the invention.
PAR  FIG. 7 is a horizontal sectional view taken along line 7--7 of FIG. 6.
PAR  FIGS. 8 through 17 illustrate the steps in a method of making and
      installing a caisson in accordance with the present invention.
PAR  FIG. 18 is a side elevational view of another modification of the
      invention.
PAR  FIG. 19 is a central longitudinal sectional view of FIG. 18.
PAR  To place a caisson on the sea floor for the above mentioned purposes is
      known, for example from U.S. Pat. application Ser. No. 232,665, filed Mar.
      8, 1972, which issued on July 23, 1974 as U.S. Pat. No. 3,824,795. As
      shown in FIGS. 1-5, such caissons most often will be furnished with
      cutting edges (skirt) 3 in order to reduce the danger of washing out of
      the sea floor material from under the caisson. FIGS. 6-7 show a caisson
      equipped with long skirts whose main purpose is to transfer the forces far
      down into the ground. Such skirts can also have as purpose to form a
      constraint for injected material.
PAR  In many cases such skirts will have to be made very thin; otherwise, it
      will be impossible to insert them into the ground. Such thin skirts,
      however, will be very sensitive during the insertion phase because waves,
      current and wind will cause the caisson to be in motion as it contacts the
      sea floor. This motion will mainly be in the horizontal direction and it
      is evident that a thin skirt, made for instance of 20 mm steel plate, will
      be destroyed when it is subjected to a transverse edge load of several
      hundred tons. In order to make use of such skirts possible, it is
      necessary that the caisson has no horizontal movement as it hits the sea
      floor.
PAR  The present invention solves the above mentioned problem by equipping the
      caisson with strong protruding members, for instance piles, which extend a
      few meters down past the lower edge of the skirt. These piles will be the
      first to hit the sea floor. Depending on its length, however, there is a
      limit to the load that such a pile can be subjected to. In sand or clay,
      the pile will only plow a furrow in the sea floor and thereby slow down
      the horizontal motion without the pile being subjected to large inertia
      forces due to the deceleration. As the caisson is lowered further slowly,
      the piles will be driven down into the ground while the caisson's motion
      will be less and less. Finally, the ground pressure on the pile will be
      larger than the horizontal forces on the caisson from waves etc. and the
      caisson's lower edge will no longer have horizontal motion. If the skirt
      does not hit the sea floor before this stage, it will be possible to use
      very thin and fragile skirts without any danger that these will break due
      to transverse forces.
PAR  FIGS. 1-5 show a proposed design for an oil field in the North Sea. This
      platform was supposed to be installed in a place where the ground
      consisted of very hard sand which is easily subjected to erosion. It was
      assumed that no washing out of the sand would occur if a skirt 4 meters
      deep could be used. At this depth, however, the sand had a firmness
      corresponding to good concrete; therefore, it would not have been possible
      to press down a skirt having a thickness of more than a few centimeters
      since sufficient penetration force would otherwise not be available. It
      may have been possible to flush out material under the skirt, but this
      would have been excessively expensive. The problem was suggested solved by
      the use of piles 2 in accordance with the invention. Calculations showed
      that three piles of 2 meter's diameter would receive sufficient pressure
      from the sand if they extended 4-5 meters down into the sand. The platform
      could therefore be equipped with a thin steel skirt 3 when piles extending
      5 meters below the lower edge of the skirt were concurrently installed. In
      this case, the piles were supposed to be made of steel pipe of 2 meter's
      diameter cast in place at their upper end.
PAR  The piles will obviously increase the penetration resistance. By using
      steel pipe for the piles, however, the increase will be minimal. Also, it
      is relatively simple to flush out room for a small number of piles. The
      pile can also be made telescopical.
PAR  The piles in accordance with this invention must not be mistaken for usual
      piles for the purpose of taking up forces in the finished structure. On
      the other hand, it is clear that when the piles in accordance with the
      invention are installed, they will act as usual piles and be of use also
      after having served their real purpose.
PAR  The protruding members in accordance with the invention can obviously be
      implemented in a number of ways. Piles in the form of open steel pipe has
      been mentioned. Concrete piles can also be imagined. It can also be
      imagined that the skirt itself is reinforced and is made deeper than the
      lower edge of the skirt on a number of places. Such a solution would be
      natural when the skirt is made of concrete like in FIGS. 6 - 7. If a
      special pile were used in this case, it could be stiffened by the concrete
      skirt because the skirt is strong in places where more skirts join
      together. FIGS. 18 and 19 illustrate an arrangement wherein the pile is
      formed by reinforcing one of the skirts in the foundation by elongating
      this skirt down below the remaining skirts.
PAR  The parts to be protected do obviously not have to be a skirt but can be
      any fragile construction placed under the bottom of the caisson. One can
      imagine geotechnical measuring instruments and protruding flushing
      devices.
PAR  Normally, the shown caisson will be made by first making the bottom part in
      a dry dock and thereafter towing it into deep water where the work can be
      finished, see FIGS. 8-17. FIG. 8 shows the construction of the bottom
      sections in a dry dock and FIG. 9 shows removal of the dry dock gate for
      floating the bottom sections. FIG. 10 shows anchoring of the new
      construction at the site and FIG. 11 shows the arrangement of the
      construction equipment at the sight. FIG. 12 shows the slipform work on
      the walls while FIG. 13 illustrates the construction of a caisson top
      slab. FIG. 14 illustrates the slipform workshaft while FIG. 15 illustrates
      the construction of the decks. FIG. 16 illustrates towing the caisson to
      the location at which it is to be placed into the sea floor and FIG. 17
      shows the actual lowering of the caisson to the selected location at the
      sea floor. It is also possible to make the entire caisson in a dock. By
      this method, piles in accordance with the invention will increase the
      necessary depth of the dock by several meters, which is disadvantageous.
      This can be avoided by making the caisson in the normal way, towing the
      structure out into deep water and adding the piles when the structure is
      afloat (FIG. 12). In the version shown in the figures, the caisson has
      several through-going vertical openings. The piles can be constructed by
      lowering steel pipes down through these openings to the prescribed depth
      and filling the lower part of the opening with concrete, so that the upper
      part of the pile is cast in place. This casting can be done as underwater
      casting in the usual known way. If the pile is equipped with flushing
      devices, geotechnical measuring instruments or the like, these can be
      mounted in advance so that the subsurface work becomes minimal.
PAR  If the pile is made of concrete, the form and reinforcing materials can be
      lowered in the same way as a steel pile, and the casting can be done in
      the form of underwater casting or by pumping the form empty.
PAR  In the above, the major importance is placed on the fact that the piles
      prevent horizontal motion when the structure reaches the sea floor. The
      piles will also be useful in dampening vertical motion for instance
      created by waves. Large vertical motion can be dangerous if the skirt for
      instance hits a stone. Such motion could also create high pressure in the
      water trapped inside the skirt and this pressure can in turn damage the
      ground.
PAR  It will be evident that the embodiments shown on the drawings and described
      above are only meant to illustrate the invention and that a large number
      of variations are possible within the scope of the invention.
PAR  The term "caisson" used in this description and in the claims is meant to
      include all forms of larger containers, tanks, submergable barges or ships
      or the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of placing at a given location on the sea floor a marine
      structure of the type for supporting a deck, said marine structure having
      a large volume and weight and having very thin skirts which project down
      below the structure, the skirts being intended to penetrate the sea floor
      to a stable depth which is sufficient to transfer the main sea forces
      caused by motion of the sea water to the ground of the sea floor so that
      the marine structure is stable against movement under the action of such
      forces, comprising the steps of:
PA1  transporting the marine structure in erected position to a point in the sea
      above the said location with the skirt structure extending downwardly, and
      with pile means extending downwardly below the bottom of the skirt, the
      pile means being substantially stronger than the skirt and of sufficient
      size and strength to withstand the initial sea forces causing a horizontal
      movement during penetration, said pile means having a cross-section
      substantially smaller than the cross-sectional area of the marine
      structure,
PA1  lowering the marine structure until the bottom of the pile means engages
      the sea floor, and continuing to move the marine structure downwardly as
      the pile means penetrate the sea floor to a depth sufficient to receive
      the said initial sea forces and transfer them to the ground before the
      skirt reaches the sea floor, thus reducing to an acceptable level the
      motion of the marine structure caused by the initial sea forces before the
      bottom of the skirt reaches the sea floor,
PA1  and continuing to lower the marine structure until the said thin skirt
      penetrates the sea floor to said stable depth.
NUM  2.
PAR  2. The method of claim 1, including the step of attaching the pile means to
      the marine structure at the place above said location.
NUM  3.
PAR  3. The method of claim 2, in which the marine structure is made up of a
      plurality of sections secured together with at least some openings between
      some of said sections, and the step of attaching the pile means includes
      lowering piles down through at least some of said openings.
NUM  4.
PAR  4. The method of claim 1, including fabricating a floating portion
      including at least the bottom of the marine structure in a dry dock and
      towing the same by floating it to deep water and attaching the pile means
      to the marine structure at said deep water.
NUM  5.
PAR  5. A marine structure of the type for being firmly secured to the sea floor
      for supporting a deck, comprising:
PA1  a large base having a large cross-section and weight, intended to rest on
      the sea floor, a superstructure projecting up from the base and extending
      up above sea level and supporting the deck,
PA1  a skirt attached to the base and extending downwardly therefrom, said skirt
      being sufficiently thin and having a height extending below the base such
      that it penetrates the sea floor to a depth which is sufficient to
      transfer to the sea floor main sea forces caused by the motion of the sea
      water so that the marine structure is stable against movement under the
      action of such forces,
PA1  pile means attached to the marine structure and extending downwardly below
      the bottom of the said skirt, said pile means being substantially stronger
      than the skirt to withstand initial sea forces causing a horizontal
      movement during penetration, and having a cross-section considerably
      smaller than that of the base,
PA1  whereby the pile means engage the sea floor to reduce horizontal movement
      of the marine structure in the installation phase under the action of said
      initial sea forces before the bottom of the skirt engages the sea floor,
      so that the skirt can move downwardly into the sea floor to said stable
      depth.
NUM  6.
PAR  6. A marine structure according to claim 5, said marine structure being a
      floating structure such that it can be floated to the selected location
      before being lowered to the sea floor.
NUM  7.
PAR  7. A marine structure to claim 6, said pile means comprising at least one,
      vertically extending pile.
NUM  8.
PAR  8. A marine structure according to claim 7, wherein said pile means is
      formed as a hollow pipe.
NUM  9.
PAR  9. A marine structure according to claim 8, wherein said pipe has circular
      cross-section.
NUM  10.
PAR  10. A marine structure according to claim 8, wherein said pipe has a
      polygonal cross-section.
NUM  11.
PAR  11. A marine structure according to claim 8, wherein the pile means are
      filled with concrete after having been put in place.
NUM  12.
PAR  12. A marine structure according to claim 5, wherein the pile means is
      formed by reinforcing and elongating a section of the skirt.
NUM  13.
PAR  13. A marine structure according to claim 5, wherein the pile means is
      formed of concrete.
NUM  14.
PAR  14. A marine structure according to claim 7, wherein the pile means is
      formed by steel.
NUM  15.
PAR  15. A marine structure according to claim 5, wherein the pile means is
      formed as a combination of steel and concrete.
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ABST
PAL  Apparatus is disclosed for shielding subsea wellheads from shock loads due
      to accidental impact due to the landing of retrieval gear. The present
      invention shields the wellhead from vertical impact loads by means of a
      generally conical outer structure and utilizes a shock absorbing material
      between a portion of the outer structure and the wellhead to minimize
      lateral impact loads. The total structure comprising the present invention
      completely surrounds the wellhead extension and provides a flexible,
      energy absorbing structure to protect the wellhead from the impact loads.
      More specifically the present invention provides supporting guide
      structure which is rigidly mounted on the wellhead. The supporting guide
      structure provides means for transmitting the impact loads to the
      wellheads. Resilient material that exhibits high damping characteristics
      and which is compatible with a subsea environment is used for absorbing
      shocks so as to reduce the lateral impact forces sufficiently to prevent
      failure of the wellhead. The present invention is particularly
      advantageous for reducing the possibility of oil spill by affording
      protection to the subsea wellheads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to oil wells and more particularly to
      means for shielding a subsea wellhead and for mitigating impact loads
      applied thereto.
PAR  2. Description of the Prior Art
PAR  In the art of recovering oil from a subterraneous formation, various
      methods of geophysical exploration are employed. In the drilling of a
      well, either of two common systems may be employed. The first system
      utilizes cable tool drilling in which a heavy drilling bit which may be
      many feet in length is moved up and then is allowed to drop so as to
      produce the hole by displacement. The cuttings are then bailed out after
      periodical sinking of the hole. In a second or "rotary" system, an
      enlarged bit at the end of a drill stem or drill pipe is rotated while it
      is let down in the hole to be formed. A drilling fluid is pumped down in
      the drill pipe. The drilling fluid is passed through holes or eyes in the
      bit and then rises outside of the drill pipe to the surface carrying the
      cuttings with it. These cuttings are then separated from the "mud" or
      fluid by gravity separation along a settling ditch or passed over a screen
      or both. The drilling fluid then proceeds to a sump for recirculation.
PAR  In the cable tool system described hereinabove a drilling fluid may also be
      employed. The drilling fluid performs a number of functions such as
      carrying the cuttings to the surface as described above and also lining
      the bore hole by a filtering action of the liquid part of the fluid in the
      bore wall. Where an aqueous fluid is employed in order to give it body,
      various solids may be used. In order impart specific gravity to the
      drilling fluid, a heavy material such as barytes may be used. To control
      the viscosity of the drilling fluid a polyphosphate may be used. When the
      liquid part of the drilling fluid is oil, such as fuel oil, various
      viscosity imparting agents and barytes may be employed.
PAR  During the course of drilling, the bore hole is cased at various stages in
      the sinking of the well. The casing operation is performed by a steel
      casing being let down into the hole. The steel casing is cemented in place
      to shut off water formations and to prevent caving. There may be a number
      of "strings" of casings in a well.
PAR  To complete the well for production, the drilling fluid is bailed out of
      the well leaving a coating of clay, etc. on the bore walls which then must
      be removed at the producing formation. To accomplish this the well may be
      "swabbed" by letting down a swabbing tool which will take off the drilling
      fluid solid from the bore hole at the producing formation. Another method
      for completing the well for production is to employ acid together with a
      corrosion inhibitor. Still another method for completing the well for
      production is to apply shots of nitroglycerine. The formation may then be
      expanded at the producing formation by a suitable expanding instrument.
PAR  The bottom of the hole is then provided with a "gravel pack" and this may
      be partially done before the screen leading to the tubing is let down into
      the well. This tubing is smaller than the well bore including the casings
      and, where the pressure is not sufficient to cause the well to flow to the
      top, a pump cylinder and a piston are provided proximate the bottom of the
      well. Below the pump cylinder and piston is a screen around which gravel
      may be packed. The piston is provided with a pump rod which extends to the
      top of the well and is connected to a suitable pumping mechanism although
      in some cases gas and airlifts are used. The tubing passes through a cap
      which is called a "casing head" that is provided with a packing around the
      tubing. The tubing itself is also provided with a cap which may be packed
      around the pump rod. Extending from the tubing is the flow line which is a
      pipe or series of pipes leading from the tubing to the storage means.
PAR  In prior art subsea wellhead installations guidelines were used for guiding
      the package which defines the impacting loads so that, optimumly, the
      package landed axially on the wellhead. However, due to water currents,
      the weight of the material being landed and other external forces, axial
      landing on the wellhead landing surface could not be assured so that when
      the package did land on the wellhead, damage thereto was sustained.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above-noted shortcoming of the prior
      art by providing a supporting guide structure that is rigidly mounted on
      the wellhead. In one embodiment of this invention the guide structure is
      at least partially conical. The supporting guide structure provides means
      for transmitting the impact loads to the wellhead. Resilient material
      which exhibits high damping characteristics and which is compatible with a
      subsea environment is used for shock absorbing purposes. In the embodiment
      illustrated blocks of neoprene impregnated canvas laminations are used.
      The shock absorbing blocks may be cylindrical or rectangular in shape and
      serve to reduce the impact forces sufficiently so as to prevent failrue of
      the wellhead. The required flexibility and resiliency of the shock
      absorbing blocks is determined through a dynamic analysis which considers
      the inertial properties and flexibilities of the impacting masses that are
      involved. Since the equipment which lands on the wellhead is freely
      tethered, the impact loads on the wellhead may be applied from any
      direction, for example, horizontal, vertical, or a combination of both.
      The supporting guide structure comprising the present invention is
      flexibly and resiliently attached to the wellhead and is supported in a
      vertical direction by shock absorbing blocks which isolate the generally
      conical outer structure from the wellhead itself.
PAR  Accordingly, it is an important object of the present invention to provide
      improved means for shielding a subsea wellhead from and for mitigating the
      shocks or loads applied thereto.
PAR  Another object of the present invention is to provide improved subsea
      wellhead shock mitigating means for loads applied to the wellhead from any
      direction.
PAR  Still another object of the present invention is to provide a shield for
      mitigating vertical impact loads applied to a subsea wellhead.
PAR  Still another object of the present invention is to provide an improved
      subsea wellhead shock mitigating system that utilizes a shock absorbing
      material for minimizing lateral impact loads applied thereto.
PAR  With the above and other objects of this invention in view, the invention
      consists in the novel construction, arrangement and combination of various
      devices, elements and parts, as set forth in the claims hereof, one
      embodiment of the same being illustrated in the accompanying drawings and
      described in the specification.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic, elevational view illustrating the basic concept of
      the present invention;
PAR  FIG. 2 is a plan view of the structure shown schematically in FIG. 1 for
      the purpose of illustrating the rotational effect of a lateral impact
      force against the structure comprising the present invention.
PAR  FIG. 3 is a fragmentary elevational view, partially in section and
      partially broken away, illustrating a portion of a typical subsea wellhead
      with the structure of the present invention applied thereto;
PAR  FIG. 4 is an enlarged, fragmentary sectional elevational view of a portion
      of the present invention shown in FIG. 3; and
PAR  FIG. 5 is an enlarged, fragmentary sectional elevational view illustrating
      another portion of the present invention which is shown in FIG. 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference may now be had to FIG. 1 and to FIG. 2 for an understanding of
      the theoretical aspect of the present invention. As shown for example in
      FIG. 1 there is provided a subsea wellhead 10 to which is rigidly secured
      a first, supporting guide structure 12. As will be described more fully
      hereinafter, a second outer structure 14 is resiliently and flexibly
      mounted on the first supporting structure 12 by means of resilient, shock
      absorbing, annular blocks 16 and 18. The second, outer structure 14
      shields the wellhead 10 from vertical impact loads while the annular,
      resilient blocks 16 and 18 act as shock absorbers between the second,
      outer structure 14 and the wellhead 10 in order to minimize the harmful
      effects of lateral impact loads.
PAR  Under a lateral impact load separated from the center of rotation, such as
      shown in FIG. 2 for example, the second outer structure 14 will tend to
      rotate or pivot about a theoretical horizontal line of rotation labeled X
      in FIG. 2 which is tangent to and coincidental with the point of contact
      between the second, outer structure 14 and the first supporting guide
      structure 12. This rotation is resisted by a force that is required to
      accelerate the weight of the second, outer structure 14, by the force
      required to accelerate the weight of the sea water involved and by the
      force required to deform the shock absorbing blocks 16 and 18. The force
      reacting on the wellhead 10, is that which is transmitted by the shock
      absorbers 16 and 18. By properly sizing, by suitably selecting the
      material and by properly shaping the shock absorbers 16 and 18, the
      effects of the anticipated maximum impact load can be reduced to an
      acceptable value.
PAR  It should be noted at this time that the shock absorbing blocks 16 and 18
      isolate the outer structure 14 from the wellhead 10. The shock absorbing
      blocks 16 and 18 are made from a flexible and resilient material having
      high damping characteristics such as neoprene. The shock absorbing blocks
      16 and 18 are sized and shaped to obtain the desired flexibility for
      impact mitigation.
PAR  As will be explained more fully hereinafter, the second, outer structure 14
      is flexibly attached to the wellhead 10 and is supported vertically by
      means of the upper shock absorber block 16 shown in FIG. 1 until such time
      as the wellhead 10 is installed on the well. At that time the second outer
      structure 14 becomes freely supported by the first guide structure 12.
PAR  Reference may now be had to FIG. 3 for a better understanding of the
      application of the present invention. In the structure shown in FIG. 3,
      the wellhead is generally designated by the reference character 20 and
      corresponds to the wellhead 10 shown in FIG. 1. A first ring 22 is secured
      to the wellhead 20 by means of suitable fasteners 24 such as shown in FIG.
      3 and in FIG. 4. An outer structure in the form of a cap 26 is suitably
      secured to a ring 28 by means of a sleeve 30. The lower end of the sleeve
      30 is rigidly connected to a third ring 32 that is positioned
      concentrically about the wellhead 20. A first shock absorber 34, in the
      form of an annular member, is mounted on the first ring 22 and is secured
      thereto by a first annular clamp 36. A group of fasteners 38, extending
      through the annular clamp 36 secures the annular clamp 36 and the first
      shock absorber 34 to the first ring 22. A second retaining clamp 40 is
      secured to the third ring 32 by means of a plurality of fasteners 42.
PAR  The cap 26 is provided with a plurality of angularly spaced apart,
      downwardly depending columns 44 that terminate at their lower end in a
      fourth ring 46. A first, outer, sleevelike member 48 is rigidly secured to
      and depends downwardly from the fourth ring 46. A second sleeve 50, which
      is spaced radially inward of the first sleeve 48 defines an annular space
      52 in which is positioned a second, annular shock absorber 54. The second
      inner sleeve 50 is suitably secured to the wellhead 20 such as by welding.
PAR  Generally, the cap 26 and columns 44 taken together correspond to the
      structure 14 shown in FIG. 1.
PAR  As shown best in FIG. 5, the lower end of the first, outer sleeve 48
      terminates at and is secured to a fifth ring 56 in which is mounted a
      third annular, resilient shock absorbing member 58. The member 58
      corresponds to the shock absorbing block 18 shown in FIG. 1. A plurality
      of fasteners 60 extend through a portion of a supporting guide structure
      62 for capturing the third shock absorber 58, as shown in FIG. 5. The
      supporting guide structure 62 is rigidly secured by any suitable means to
      a well casing 64 which is permanently installed in the sea floor around
      the well production line. The well casing 64 corresponds to the first
      supporting guide structure 12 shown in FIG. 1.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact detailed construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what we claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. A subsea wellhead shielding and shock mitigating system for use with a
      subsea wellhead, comprising:
PA1  a. a first supporting guide structure adapted to be secured to the wellhead
      in at least partially surrounding relationship;
PA1  b. a second, outer structure operative to be pivotally secured to said
      first structure and adapted to enclose the wellhead; and
PA1  c. biasing means disposed between said second outer structure and said
      wellhead for biasing them with respect to each other, whereby the wellhead
      is shielded by said first and said second structures against impact from
      objects.
NUM  2.
PAR  2. The system according to claim 1 further including resilient means
      disposed between said first structure and said wellhead and operative to
      absorb mechanical shocks to said first structure.
NUM  3.
PAR  3. The system according to claim 2 wherein said resilient means comprises a
      ring-shaped member.
NUM  4.
PAR  4. The system according to claim 1 wherein said second structure includes
      an upper section that is at least partially conical and which is
      positioned above the wellhead.
NUM  5.
PAR  5. The system according to claim 1 wherein said biasing means comprises at
      least one resilient, ring-shaped member that is in contact with said
      second structure and the wellhead.
NUM  6.
PAR  6. The system according to claim 1 wherein said biasing means comprises two
      ring-shaped members spaced apart axially from each other relative to the
      axis of the wellhead and in contact with said second structure and the
      wellhead.
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ABST
PAL  The present invention relates to methods and a system for cooling a gas for
      the purpose of effecting the liquefaction of one or more components of
      this gas. The invention is more precisely concerned with the prevention of
      losses by evaporation from the tanks of methane-carrier ships during the
      transport of liquid methane. For this purpose, the evaporation leakages
      from the tanks in gaseous form are re-liquefied by ad hoc liquefaction
      apparatus aboard the ship. The apparatus utilizes a cascade frigorific
      cycle of the open type working with a single refrigerant having a
      plurality of components. The refrigerant comprises the pure substance to
      be re-liquefied, and at least one heavy component, less volatile than the
      said substance, and absent from the composition of the gas treated.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is concerned with the cooling of a gas for the
      purpose of ensuring the liquefaction of at least one component or all of
      the components of this gas. More precisely, the invention relates to the
      liquefaction of the evaporations from a storage of liquefied natural gas.
PAC  BACKGROUND OF THE INVENTION
PAR  For at least 10 years, the transport by sea of natural gas in the liquid
      form has entered an industrial era. At the present time, there exists an
      important world trade in natural liquefied gas, in which this source of
      energy is liquefied in the producer countries, conveyed by sea by means of
      ships specially designed for that purpose to the consumer countries, and
      finally vaporized in the latter countries so as to be determined towards
      the various points of utilization.
PAR  This sea transport is carried out by means of methane ships comprising
      reception tanks for the liquefied natural gas, thermally insulated in such
      manner as to be able to keep this cargo under a pressure in the vicinity
      of atmospheric pressure and at temperatures in the neighborhood of
      -160.degree.C.
PAR  The thermal insulation employed is of course not perfect, and a small part
      of the cargo necessarily becomes vaporized during the course of storage in
      the methane ship. Furthermore, another part of the liquefied gas becomes
      vaporized voluntarily or accidentally during the exploitation cycle of the
      methane ship, for example during the return of the empty ship to a
      producer country by maintaining the tanks under cold by vaporization of
      liquefied natural gas along their walls, or during the loading of the
      cargo of liquefied gas.
PAR  By way of example, a methane ship carrying 125,000 cu.m. of liquefied
      natural gas loses about 0.25% of its cargo per day. For this same ship, 2%
      of the volume carried is lost for an outward and return journey, each of 4
      days.
PAR  Under normal conditions of utilization of methane ships, the quantities of
      vaporized natural gas are thus not negligible, and the problem thus arises
      of recovering these evaporations, composed in general of methane with
      possibly a small proportion of nitrogen.
PAR  Up to the present time, the natural gas vaporized on board the ship was
      either discharged to the atmosphere or burned in the boilers of the ship.
      This solution is becoming less and less satisfactory for the following
      reasons. On the one hand, in view of the shortage of natural gas and its
      increasingly high cost, it is becoming prohibitive to definitely lose
      these evaporations or to burn them in the boilers when other fuels are
      better suited or less expensive. On the other hand, in view of the
      increasingly high cost of liquefied natural gas, resulting from the
      production, transport and delivery of this source of energy, it is
      becoming imperative to make the necessary capital investments more
      profitable, by increasing the carrying capacity of the methane ships for
      the available volume of storage.
PAR  For all these reasons, it has now become economically very advantageous to
      liquefy the evaporations arising from the storage of liquefied natural gas
      on board the methane ship. The cost of liquefying apparatus utilized is
      low compared with the gain obtained by increasing the carrying capacity of
      the methane ship.
PAC  PRIOR ART
PAR  Numerous systems and methods of liquefaction are available at the present
      time, but as will be examined below, none would appear to be suitable for
      the surroundings and the conditions of utilization of a methane ship.
PAR  In fact, the utilization on land of a liquefying apparatus, for example for
      liquefying the evaporations from a fixed storage, does not in general
      create any particular difficulty, in view of the existence of a generally
      qualified staff to ensure the operation of the installation, and the
      possibility of the intervention of specialists in the event of an accident
      or breakdown. This is not the case for a liquefying apparatus mounted on
      board a ship, the design of which must comply with the following necessary
      conditions:
PA1  1. the liquefying apparatus can be operated by a staff not qualified for
      the operation of this type of installation;
PA1  2. it does not necessitate any action of specialists for long periods of
      time, and in particular during at least one cycle of exploitation of the
      methane ship;
PA1  3. it is self-sufficient in refrigerant fluid for the periods during which
      the methane ship is at sea;
PA1  4. it in no way affects the safety of the ship, in particular by the use of
      excessively high working pressures;
PA1  5. it does not necessitate any considerable auxiliary apparatus, such as
      pumps, compressors, etc.;
PA1  6. the composition of the re-liquefied evaporations is substantially
      identical with that of evaporations taken from the storage, in order to
      preserve the initial composition of the cargo during the course of
      transport.
PAR  All these conditions thus necessitate the design of a liquefaction
      equipment having great reliability and a high degree of simplicity in
      operation.
PAR  It may be contemplated initially to liquefy the evaporations of the
      liquefied natural gas by means of an open frigorific cycle, by free
      expansion of the natural gas from a high pressure to a low pressure. In
      this case, the high pressure required is too high, of the order of 150
      bars, in order to satisfy the conditions of safety required for the use of
      methane ships.
PAR  The pressure necessary for the liquefaction of the evaporations can be
      reduced by utilizing a frigorific cycle of the closed cascade type, in
      which each stage works with a pure substance during the course of
      vaporization (for example, a first stage working with propane, and a
      second stage working with ethylene). However, in this case, the result is
      a liquefying device having a limited reliability in view of the number of
      rotating machines (one compressor per stage), and having a relative
      complexity of operation.
PAR  It has already been proposed to liquefy the evaporations from a storage of
      liquefied natural gas by means of a closed frigorific cycle working by
      isentropic expansion (that is to say by expansion with simultaneous
      production of work) of an appropriate fluid such as nitrogen. In this
      case, the evaporations are condensed at atmospheric pressure by exchange
      with the expanded gaseous nitrogen in course of re-heating. In this case
      also, however, the reliability of the liquefying apparatus is limited
      since it utilizes three rotating machines (compressor and an expansion
      turbine associated with a brake-compressor). Furthermore, liquefaction
      under atmospheric pressure necessitates the employment of equipment
      accessory to the liquefying apparatus, such as a pump working at low
      temperature for returning the liquefied evaporations to the storage tanks.
PAR  It is also possible to liquefy these evaporations by means of a single-flow
      cascade cycle known as an "incorporated cascade cycle," utilizing a single
      refrigerant comprising a plurality of pure substances. A cycle of this
      kind has formed the subject of U.S. Pat. Nos. 3,218,816 and 3,274,787, and
      also of U.S. Pat. No. 3,364,685.
PAR  In this case, the incorporated cascade cycle utilized may be of the closed
      type and the evaporations are then condensed under pressure, and
      separately with respect to the refrigerant, by exchange of heat with the
      latter during the course of vaporization.
PAR  A cycle of this kind is incompatible with the conditions of exploitation of
      a methane ship for the following reasons:
PA1  in view of the inevitable losses of refrigerant (by leakages, etc.), this
      cycle necessitates the utilization of a number of independent auxiliary
      storages for each of the components of the refrigerant (for example,
      ethane, propane, butane and possibibly nitrogen). While the methane can be
      readily obtained from the cargo of liquefied natural gas, a pump is,
      however, necessary in order to introduce this component into the
      liquefying apparatus at the low pressure of the cycle, in spite of the
      possibility of providing the liquefying apparatus with numerous regulating
      devices, manual regulation of the compositions of the refrigerant remains
      constantly necessary in order to obtain an optimum composition of the
      refrigerant. Therefore, this necessitates the presence of a qualified
      staff on board the methane ship.
PAR  The problem of the regulation of the composition of the refrigerant and of
      the auxiliary storages in pure substances can be partly resolved by the
      utilization of an incorporated cascade cycle of the open type.
PAR  According to this method, the evaporations are cooled in order to liquefy
      the methane and subsequently the nitrogen of this gas, by utilizing a
      frigorific cycle of the open type working with a single multicoponent
      refrigerant comprising methane, ethane, propane, butane, and possibly
      nitrogen. This cycle consists of:
PA1  1. compressing at least the refrigerant from a low pressure (one of several
      atmospheres) to a higher pressure (for example, of the order of 30
      atmospheres);
PA1  2. subjecting a gaseous mixture comprising at least the compressed
      refrigerant to a fractional condensation under said higher pressure,
      thereby obtaining a plurality of condensed fractions; a first condensed
      fraction is obtained after partial condensation of at least the compressed
      refrigerant, in heat-exchange with a refrigerant external to the said
      cycle, such as water; and the gaseous fraction separated from said first
      condensed fraction follows the fractional condensation;
PA1  3. expanding each condensed fraction to the low pressure;
PA1  4. combining under the low pressure, at least one expanded condensed
      fraction with at least the refrigerant circulating under this pressure;
PA1  5. vaporizing at least said expanded fraction combined with the
      refrigerant;
PA1  6. heating at least the refrigerant which is under low pressure, in
      heat-exchange with the gaseous mixture in course of fractional
      condensation at the higher pressure.
PAR  This cycle is of the open type. Consequently, the refrigerant is
      simultaneously combined with the evaporations; and the methane to be
      liquefied (and possibly the nitrogen) is separated after condensation, at
      the end of the fractional condensation, from a residual gaseous portion of
      the refrigerant, and removed from the frigorific cycle.
PAR  The re-combination of the refrigerant and the gas to be liquefied may be
      effected under the low pressure, for example at the suction of the
      compressor after heating the gas treated to the ambient temperature and
      re-compression at the low pressure, or under the high pressure, for
      example at the delivery of the compressor after heating to the ambient
      temperature and re-compression at the higher pressure, or during the
      course of cooling of the refrigerant, in which case the gas treated is
      cold or previously cooled by heat exchange with the refrigerant.
PAR  This cycle simplifies the problem of auxiliary storage and the regulation
      of the composition of the refrigerant, since the methane and possibly the
      nitrogen are present in the evaporations and are directly introduced
      without auxiliary apparatus into the frigorific cycle.
PAR  While this solution appears at first sight to be advantageous for the case
      of a liquefying apparatus intended for installation on board a methane
      ship, it is, however, unsuitable due to the following problem. It is
      impossible to separate completely the ethane of the refrigerant and the
      re-liquefied methane of the evaporation at the end of the fractional
      condensation. The evaporations thus carry away with them towards the
      storage a significant portion of the ethane of the refrigerant, which is
      incompatible with the maintenance of a cargo of liquefied natural gas
      having a fixed composition.
PAR  At the end of this analysis of the various solutions available for
      resolving the problem set, none would therefore appear to be really
      suitable under the conditions of exploitation and surroundings of a
      methane ship.
PAR  In consequence, the need for a liquefaction cycle specifically adapted for
      methane ships remains unsatisfied, and the present invention therefore
      proposes to define essentially a method of liquefaction satisfying the
      necessities of exploitation defined above, and more particularly a process
      of liquefaction comprising one single rotating machine, which can be fully
      regulated, this process thus being especially reliable and permitting
      completely automatic operation.
PAR  According to the invention, it has been discovered that these objectives
      could be entirely satisfied by improving the incorporated cascade cycle of
      the open type previously detailed, and more precisely by simplifying the
      latter.
PAC  SUMMARY OF THE INVENTION
PAR  Within the framework of an incorporated cascade cycle of the open type, it
      has in fact been discovered that by utilizing a refrigerant which does not
      contain either ethane or ethylene, and is thus constituted by methane and
      possibly nitrogen, but also by propane and butane, it is possible on the
      one hand to comply with the requirements formulated above, and on the
      other hand to liquefy the evaporations without substantially effecting
      their composition.
PAR  More precisely, according to the invention, the refrigerant mixed with the
      evaporations comprises main components distributed exclusively between:
PA1  a light fraction comprising methane (the least volatile light component,
      identical with the least volatile main component of the treated gas to be
      cooled and/or condensed), and optionally nitrogen;
PA1  a heavier fraction comprising propane (the most volatile heavy component)
      and butane (another heavy component). These are essentially absent from
      the gas to be cooled. Their normal boiling points are separated from that
      of methane by a gap of 119.degree.C. and 162.degree.C., respectively.
PAC  SPECIFIC EMBODIMENTS OF THE INVENTION
PAR  The evaporations are combined in the refrigerant thus defined and the
      mixture thus constituted is compressed at the high pressure of the cycle
      and is then subjected to a fractional condensation. This mixture before
      the separation of the first condensed fraction thus exclusively comprises
      a heavy portion comprising the heavy fraction (propane and butane) of the
      refrigerant and a light portion comprising the components of the gas to be
      liquefied and the light fraction of the refrigerant (methane and nitrogen,
      if present) of the evaporation.
PAR  The mixture according to the invention, subjected to a fractional
      condensation, is thus characterized by a large discontinuity in the
      volatilities of the components circulating in the frigorific cycle, this
      being due to the absence of ethane and ethylene. There exists in fact a
      discontinuity of 119.degree.C. between the normal boiling point under
      atmospheric pressure of methane (-161.degree.C.), constituting the least
      volatile component of the light fraction of the refrigerant, and the
      normal boiling point of propane (-42.degree.C.) constituting the most
      volatile component of the heavy fraction of the refrigerant.
PAR  The result is that, during the process of fractional condensation, the
      heavy portion (propane and butane) is very easily separated from the light
      portion (methane and nitrogen, if present) and it is thus very easy to
      re-constitute the heavy fraction and the light fraction of the refrigerant
      in the gaseous state under the low pressure, while separating the
      components of the treated gas under the high pressure, the components
      being produced in the liquid state.
PAR  In this way, the re-liquefied evaporations delivered by the liquefying
      system have a substantially identical composition, in methane (and
      nitrogen, if present), to that of the evaporations extracted from the
      storage of liquefied natural gas, and contain only a negligible proportion
      of propane and butane (less than 0.3% by volume).
PAR  In view of the very good separation of the propane and the butane with
      respect to the methane, a liquefaction cycle according to the invention is
      therefore original in that it behaves thermally substantially like a free
      expansion cycle permitting the final liquefaction of the methane,
      co-operating with a separate flow cascade cycle comprising two stages
      working with butane and propane, ensuring the initial cooling of the
      methane.
PAR  In this case, however, the frigorific cycle according to the invention
      makes it possible to eliminate the drawbacks attached at the same time to
      the free expansion cycle and to the separate flow cascade cycle previously
      discussed.
PAR  In a surprising manner and contrary to what might have been expected, it
      has been found that the consumption of a liquefaction cycle in accordance
      with the invention is not prohibitive, especially taking into account the
      low capacity of the liquefaction installation, and that it is in any case
      comparable to that of an isentropic expansion cycle of nitrogen, as
      previously referred to.
PAR  In order to obtain a good power efficiency, it is in fact generally
      admitted for an incorporated cascade cycle, that the refrigerant must
      have, for the low pressure, a vaporization curve (that is to say, a curve
      expressing the quantity of heat recovered by the refrigerant as a function
      of the temperature) having a form similar to that of the condensation
      curve of the gaseous mixture in course of cooling under high pressure
      (that is to say, a curve expressing the quantity of heat delivered by the
      gaseous mixture as a function of the temperature), in such manner that the
      differences of temperature in the exchangers are small.
PAR  This results, for example, from the publication by Kleemenko to the Tenth
      International Cold Congress at Copenhagen in 1959 (Pergamon Press, 1960,
      Vol. 1, pages 34 to 39). This condition can only be satisfied for a
      refrigerant comprising a large number of components, the respective
      volatilities of which do not show with respect to each other any
      considerable discontinuity, that is to say, in which the intervals between
      the successive boiling temperatures are relatively uniform.
PAR  Thus, it is surprising, within the scope of the invention, to find that for
      a low liquefaction capacity, the energy performances are not substantially
      affected for a refrigerant which does not contain ethane or ethylene, and
      which thus has a discontinuity of 119.degree.C. on the plan of the
      absolute volatilities of the components of the cycle mixture.
PAR  In conclusion, the invention provides a liquefying system specially adapted
      to a methane ship for the following reasons:
PA1  the composition of the cargo is not substantially affected by the
      re-liquefaction of the evaporations, due to the good separation of the
      refrigerant from the liquefied gas;
PA1  by virtue of the easy separation of the components utilized, the
      liquefaction cycle only comprises two stages. The operation of the
      liquefying system can therefore be easily made automatic, and it then
      necessitates no qualified staff. In particular, its operation is then not
      more complicated than that of a domestic refrigerator;
PA1  since the methane of the refrigerant is extracted from the evaporations, it
      necessitates only a limited storage of propane and butane, which may be a
      single container when these components are mixed together in
      pre-determined proportions, and which furthermore can be carried out at
      atmospheric temperature;
PA1  it ensures the liquefaction of the evaporations at a relatively-low high
      pressure (for example of the order of about 30 atmospheres), which does
      not affect the safety of the ship;
PA1  when the low pressure is higher than the storage pressure, the re-liquefied
      evaporations can be correctly returned and distributed to the tanks,
      without the aid of auxiliary equipment such as cryogenic pumps.
PAR  While the invention which has just been described has been explained within
      the framework of the re-liquefaction of evaporations in methane ships, it
      has also been discovered that the principles given above can be applied
      generally to any cooling of a gas playing the part of the evaporations, in
      order to liquefy at least one component of the said gas, playing the part
      of the methane, utilizing a single flow frigorific cycle of an
      incorporated cascade cycle of the open type, working with a refrigerant
      comprising a plurality of components.
PAR  Very generally, in order to be able to liquefy easily at least one
      component of the gas treated, it is only necessary that the refrigerant
      chosen should possess main components distributed exclusively between a
      light fraction, of which the least volatile light component is identical
      with the least volatile main component of the gas to be cooled, and a
      heavy fraction, the most volatile heavy component of which is essentially
      absent from the gas to be cooled, and has a normal boiling point separated
      from that of the least volatile light component by a discontinuity of at
      least 70.degree.C. The refrigerant utilized thus has an average molecular
      weight higher than that of the gas treated.
PAR  By virtue of the fundamental characteristic of the invention, it is thus
      possible to simplify to a great extent the use of an incorporated cascade
      frigorific cycle of the open type, and to make this cycle perfectly suited
      to the liquefaction of a single pure substance.
PAR  The invention thus makes it possible to convert this frigorific cycle to a
      liquefying cycle, that is to say, to a liquefaction installation of small
      capacity compared with the production capacity of an installation for the
      production of liquefied natural gas of the "peak-shaving" or "base-load"
      type. In consequence, the invention permits the introduction of the
      incorporated cascade cycle of the open type in a new technical branch of
      liquefaction and cooling.
PAR  By utilizing the principle of the invention, it is thus possible to liquefy
      nitrogen (component to be liquefied) by means of an incorporated cascade
      cycle of the open type, in which the heavy fraction of the refrigerant
      comprises for example ethane, propane, and possibly butane (heavy
      components). Similarly, according to the same principle, it is possible to
      liquefy ethylene (component to be liquefied) by utilizing butane (heavy
      component). It is also possible to liquefy ethane by the use of isobutane,
      etc.
PAR  Throughout all the present description and in the claims, there will
      therefore be understood by:
PA1  "refrigerant", a mixture of several pure substances or main components,
      physically identifiable or not, circulating continuously in the
      incorporated cascade cycle of the open type, and the sole function of
      which is too produce cold;
PA1  "gas to be cooled", a gas comprising one or more pure substances or main
      components, of which it is desired to ensure the partial or total
      liquefaction, the various components to be liquefied being condensed in a
      fractional manner, that is to say, successively, or in a total manner,
      that is to say, simultaneously and together;
PA1  "light component", a pure substance or main component of the refrigerant,
      identical to a main component of the gas to be cooled, and especially
      identical to the least volatile main component of the gas to be cooled;
PA1  "heavy component", a pure substance or main component of the refrigerant,
      and essentially absent from the gas to be cooled, the normal boiling point
      of which is at least 70.degree.C. higher than that of the least volatile
      main component of the gas to be cooled and therefore than that of the
      least volatile light component of the refrigerant;
PA1  "mixture", the mixture which is to be subjected to fractional condensation
      at the high pressure, and more precisely the mixture isolated before the
      separation of the first condensed fraction, and after the partial
      condensation effected by exchange of heat with an external refrigerant.
      This concerns the refrigerant in the pure state when the gas to be cooled
      is mixed with the refrigerant under the high pressure, after partial
      condensation, or during the fractional condensation of the said
      refrigerant. It is concerned with the mixture of the refrigerant and the
      gas to be cooled, when said gas is mixed with the refrigerant after its
      compression and before partial condensation, or when said gas is mixed
      with the refrigerant at the low pressure before compression.
PAR  By "composition by volume", there is meant a composition expressed in
      percentages by volume as opposed to a composition expressed in molar
      percentages. By "main component", there is meant a component, the
      percentage by volume of which (in the refrigerant, or the gas to be
      cooled, or the gaseous mixture) is higher than 1%; the components having a
      percentage by volume lower than 1% are considered as secondary components
      or impurities having only a negliggible influence on the thermal
      efficiency of the method, and in consequence are not taken into account in
      the definition of the invention.
PAR  When it is said that a said heavy component is essentially absent from the
      gas to be cooled, there must be understood that said heavy component is
      not met in the composition by volume in main components of the gas to be
      cooled.
PAR  By "composition by volume in main components", there is therefore meant a
      composition limited to the components in which the percentage by volume is
      higher than 1%.
PAR  The refrigerant under low pressure becomes gradually enriched in heavy
      components from the cold extremity of the liquefying system up to the hot
      extremity at ambient temperature of said system, due to the addition of
      several condensed expanded fractions, while the refrigerant at the high
      pressure becomes gradually poorer in heavy components from the hot
      extremity to the cold extremity, due to the fractional condensation. Thus,
      the composition and the flow-rate of the refrigerant are not fixed, and
      furthermore, the refrigerant is only rarely identifiable as such, but may
      be mixed with the gas to be liquefied.
PAR  In consequence, when the refrigerant is not identifiable in the pure state,
      by composition, mean molecular weight, flow-rate, etc., there is
      understood an estimation of these values which can be effected in the two
      following ways:
PA1  by the addition of the gaseous or liquid or two-phase portions obtained
      from the mixture subjected to fractional condensation under higher
      pressure, expanded to at least one low pressure, and returned to a
      compression stage of the compressor utilized;
PA1  by the difference between the mixture subjected to fractional condensation
      and the sum of the ingoing fractions (including the gas to be liquefied)
      or the sum of the outgoing fractions (including the gas liquefied).
PAR  Thus, in the case of the accompanying drawing, the flow-rate and the
      composition of the refrigerant can be evaluated:
PA1  either by adding the portions expanded by the valves 15a, 15b and the
      portion re-cycled through 18, and adding together the quantities of each
      component, contained by each portion;
PA1  or by subtracting the ingoing fraction 24 from the mixture coming out of 6,
      and subtracting the quantities of each component of the ingoing fraction
      from those of the mixture.
PAR  The present invention will now be described with reference to the single
      figure representing diagrammatically a system for the cooling of
      evaporations coming from a storage of liquefied natural gas, and
      permitting the methane (and nitrogen, if present) of the gas treated to be
      liquefied.
PAR  The system shown comprises a frigorific system of the open type comprising:
PA1  1. a compressor 1 of the centrifugal type, driven by means of a steam
      turbine 43, of which the suction 2 and the delivery 3 work respectively
      under a low pressure (of the order of 1.2 atmospheres absolute) and a
      higher pressure (of the order of 30 atmospheres absolute);
PA1  2. a condensor 5, cooled by an external circulation of a refrigerant
      distinct from that of the frigorific system (water, for example), the
      input 4 of which communicates with the delivery 3 of the compressor 1;
PA1  3. two modules of fractional condensation, arranged successively in cascade
      in the direction of circulation of the gaseous mixture to be condensed,
      the elements of the first module and of the second module being reference
      by numbers comprising as a respective index the letter a and the letter b.
      Each module comprises, in the direction of circulation of the gaseous
      mixture to be condensed, a separator 7, the two-phase input 8 of which
      communicates with a preceding condensation line (12a for the second
      separator 7b, outlet 6 of the condensor 5 for the first separator 7a); a
      condensation line 12 communicating at one extremity with the gaseous
      outlet 9 of the said separator, and at the other extremity with the
      two-phase input 8 of the following separator; a vaporization line 14 in
      heat-exchange relation with the condensation line 12; a sub-cooling
      passage l3 communicating at one extremity with the liquid outlet 10 of the
      separator 7, and at the other extremity with the upstream side of an
      expansion valve 15, in heat-exchange relation with the vaporization
      passage 14.
PAR  The condensation lines 12, the sub-cooling passages 13 and the vaporization
      lines 14 are arranged in the interior of the same exchanger 11. The
      expansion valve 15 communicates on the upstream side through the
      intermediary of the sub-cooling passage 13 with the liquid outlet 10 of
      the separator 7, and on the downstream side with the vaporization line 14
      by means of a conduit 36 and a separator 41, the function of which will be
      explained below.
PAR  The conduits 18, 36b, 14b, 37, 16, 36a, 14a, 17, form a unitary
      vaporization passage communicating at one extremity with the gas outlet 20
      of a final separator 19, and at the other extremity through the
      intermediary of a safety separator 44 with the suction 2 of the compressor
      1.
PA1  4. the final separator 19, of which the two-phase inlet 22 communicates by
      means of an expansion valve 47 with the condensation line 12b of the
      second module of fractional condensation.
PA1  5. a supply conduit 24 for gas to be cooled, communicating at one extremity
      through the intermediary of the blower 23 with a storage 42 of liquefied
      natural gas, as at the other extremity with the circuit of the gaseous
      mixture treated by the compressor 1, and more precisely with the
      vaporization passage previously defined between the first module and the
      second module of fractional condensation.
PA1  6. an extraction conduit 50 for the liquefied methane, communicating at one
      extremity with the liquid outlet 21 of the final separator 19, and at the
      other extremity with the storage 42 of liquefied natural gass.
PA1  7. a storage vessel 25 associated with the first condensation module of the
      frigorific system, comprising at inlet 31 provided with an expansion valve
      32 communicating with the liquid outlet 10a of the first separator 7a, and
      a gaseous outlet 27 together with a liquid outlet 26 communicating,
      through the intermediary respectively of the expansion valves 28 and 29,
      with the portion 36a of the vaporization passage.
PAR  The apparatus shown is further provided with a free air connection conduit
      34 communicating with the gaseous outlet 20 of the final separator 19
      permitting periodic blow-outs to be effected if necessary and enabling the
      blow-out gas to be sent towards the boilers (not shown) as fuel.
PAR  The exchangers 11a and 11b may be plate-exchangers and in this case it is
      appropriate to separate the refrigerant under low pressure, coming from
      the conduit 36, in a separator 41, and to distribute separately the
      gaseous and liquid phases in the vaporization passages 14 of the
      exchanger.
PAR  In operation, according to the invention, by means of a frigorific cycle of
      the open type working with a single refrigerant comprising a plurality of
      components, the evaporations (gas to be cooled) extracted from the storage
      42 by means of the blower 23 and the conduit 24 are therefore cooled in
      order to liquefy the methane and possibly the nitrogen of these
      evaporations, and to evacuate these condensed components towards the
      storage 42 through the conduit 50.
PAR  The refrigerant chosen, circulating in the interior of the frigorific
      system previously described, comprises main components exclusively
      distributed between a light fraction comprising methane (the least
      volatile component of the light fraction) and possibly nitrogen, a heavy
      fraction comprising propane (the most volatile component of the heavy
      fraction) and butane. The result is that the mean molecular weight of the
      refrigerant employed is in general substantially higher than that of the
      evaporations treated and coming from the storage 42.
PAR  The evaporations to be cooled and condensed are brought towards the
      frigorific cycle, under the low pressure of this latter (about 1.5
      atmospheres absolute), through the intermediary of the blower 23 (which
      can serve if necessary for the direct despatch of the evaporations to the
      boilers through the conduit 62), at an intermediate temperature comprised
      between the ambient temperature measured at the outlet 6 of the condenser
      5 and the lower temperature delivered by the frigorific cycle, measured in
      the final separator 19.
PAR  The evaporations are combined in these conditions with a portion of the
      refrigerant at the low pressure circulating in the vaporization passage
      (18, 36b, 14b, 37, 16, 36a, 14a, 17) between the first exchanger 11a and
      the second exchanger 11b, the refrigerant then being at a temperature
      intermediate between the lowest temperature and the ambient temperature,
      previously defined, equal to or different from the intermediate
      temperature of introduction of the evaporations 24.
PAR  The mixture thus constituted, circulating in the conduit 16, is heated in
      the vaporization line 14a  of the first exchanger 11a, and sent through
      the conduit 17 towards the suction 2 of the compressor 1. This mixture is
      then compressed to the high pressure of the frigorific cycle (about 30
      atmospheres absolute).
PAR  The compressed mixture, subjected to a fractional condensation,
      identifiable between the outlet 6 of the condensor 5 and the inlet 8a of
      the separator 7a, comprises essentially a heavy portion comprising the
      heavy fraction of the refrigerant (propane and butane) together with a
      light portion comprising the light fraction of the refrigerant and the gas
      to be liquefied (methane and nitrogen, if present).
PAR  This mixture thus possesses an important discontinuity with respect to the
      respective volatilities of its components, since the normal boiling point
      of propane (the most volatile component of the heavy fraction) and the
      normal boiling point of methane (the lease volatile component of the light
      fraction) are separated by a gap of 119.degree.C.
PAR  Since the refrigerant in gaseous form and the evaporations have been
      compressed together from the low pressure to the higher pressure, the
      mixture thus obtained is subjected to a fractional condensation at the
      higher pressure by means of the condensor 5 and the two modules of
      fractional condensation previously defined. After partial condensation of
      the compressed mixture in the condensor 5, in heat-exchange with a
      refrigerant external to the cycle (water, for example), and after the
      separation in the separator 7a of a gaseous fraction 9a, continuing the
      fractional condensation, there is obtained a first condensed fraction 10a.
PAR  After condensation in the line 12a of the gaseous fraction 9a, and
      separation in the separator 7b of another gaseous fraction 9b, there is
      obtained a second condensed fraction 10b. Each condensed fraction 10a or
      10b, after sub-cooling in a passage 13, is expanded to the low pressure in
      a valve 15. Each expanded fraction is combined at the low pressure with
      the refrigerant coming from the vaporization line 14 of the previous
      exchanger, and vaporized with the refrigerant in a vaporization line 14 of
      the following exchanger, in heat-exchange with the gaseous mixture in
      course of fractional condensation under the higher pressure circulating in
      a line 12 of the said following exchanger.
PAR  The refrigerant is thus gradually heated in the lines 14 of the
      vaporization passage defined with respect to the frigorific system
      previously described, by exchange of heat with the mixture in course of
      condensation.
PAR  Finally, the last gaseous fraction 9b separated is partially condensed in
      the line 12b of the exchanger 11b, by exchange with the second condensed
      fraction 10b in course of vaporization in the line 14b, is then expanded
      to the low pressure in the valve 47 and finally separated in the final
      separator 19 into a residual gaseous portion of the refrigerant, evacuated
      through the outlet 20, and a liquid portion having substantially the same
      composition as the initial evaporations 24. This liquid portion is
      returned to the storage 42 after expansion in the valve 61 to a pressure
      in the vicinity of atmospheric pressure.
PAR  In operation, there is retained in the vessel 25, in the liquid form and at
      a pressure intermediate between the higher and low pressures, a reserve
      quantity of the heavy fraction of the refrigerant, comprising propane and
      butane. This reserve quantity preferably comprises, in molar percentages,
      between 62 and 67`% of propane and between 33 and 38% of butane (not
      including possible impurities). This reserve can be supplied from the
      exterior by means of a valve 33.
PAR  This reserve quantity of refrigerant contributes to the flexibility of
      operation of the frigorific cycle. In fact, when the frigorific power
      delivered is in excess with respect to the frigorific power necessary for
      cooling and liquefying the evaporations, the vessel 25 is fed by
      extraction of a quantity of liquid from the first condensed fraction 10a
      at high pressure, by expansion in the valve 32. Conversely, when the
      frigorific power delivered is deficient with respect to the frigorific
      power necessary, there is restored, by means of the expansion valves 28
      and 29, a part of the fluid retained in the storage 25 (in the liquid and
      gaseous form), which is combined with the first condensed fraction 10a,
      expanded to the low pressure in the valve 15a.
PAR  Tables 1 and 2 below indicate the characteristics of operation of a cycle
      such as previously described, respectively for the liquefaction of
      evaporations constituted essentially of methane, and for evaporations
      comprising approximately 80% of methane and approximately 20% of nitrogen.
PAR  The compositions, expressed in percentages by volume, the flow-rates
      expressed in normal cu.m. per hour (that is to say, under normal
      conditions of temperature and pressure), the temperatures expressed in
      .degree.C. and the pressures expressed in atmospheres absolute (one
      atmosphere absolute = 1.013 bar), have been indicated for the fluid
      circulating in the different parts of the frigorific circuit, referenced
      numerically in the drawing accompanying the present description. In the
      first case, the power consumed is 5,100 kW, and in the second case 5,700
      kW.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
           Composition                 Pressure                                
     Circuit                                                                   
           by volume %     Flow-rate                                           
                                Temperature                                    
                                       in abs.                                 
     reference                                                                 
           C.sub.1                                                             
                 C.sub.3                                                       
                      n-C.sub.4                                                
                           in N m3/hr                                          
                                .degree.C.                                     
                                       atmospheres                             
     __________________________________________________________________________
      3    70    11   19   30,110      33.5                                    
      6                    30,110                                              
                                37     33.0                                    
     10a   12.4  19.3 68.3 3,412                                               
                                37     33.0                                    
      9a   77.4  9.9  12.7 26,698                                              
                                37     33.0                                    
      8b                   26,698                                              
                                -84    32.4                                    
     35a                   3,412                                               
                                -84    32.5                                    
     10b   67.1  14.4 18.5 18,334                                              
                                -84    32.4                                    
      9b   99.7  0.2  0.04 8,364                                               
                                -84    32.4                                    
     40                    8,364                                               
                                -148   32                                      
     35b                   18,334                                              
                                -148                                           
     36b                   18,978                                              
                                -151   1.55                                    
     21    100   0    0    7,720                                               
                                -155   1.55                                    
     20                    644  -155   1.55                                    
     37                    18,978                                              
                                - 94.5 1.45                                    
     24    100   0    0    7,720                                               
                                -137.4 1.5                                     
     36a                   30,110                                              
                                -100   1.45                                    
     17                    30,110                                              
                                27     1.2                                     
     __________________________________________________________________________
     Evaporations mean                                                         
     molecular weight 16.0                                                     
     Refrigerant mean                                                          
     molecular weight 30.8                                                     
     Refrigerant,                                                              
               C.sub.1                                                         
                      59.7 Calculated by material                              
     composition by                                                            
               C.sub.3                                                         
                      14.8 balance-sheet on each of                            
     volume %  C.sub.4                                                         
                      25.5 the constituents, carried out                       
                           by comparison between 3                             
                           and 24                                              
     __________________________________________________________________________
TBL                                         Pressure                           
     Circuit                                                                   
           Composition by volume %                                             
                                Flow-rate                                      
                                     Temperature                               
                                            in abs.                            
     reference                                                                 
           C.sub.1                                                             
                 C.sub.3                                                       
                      n-C.sub.4                                                
                           N.sub.2                                             
                                in N m3/h                                      
                                     in .degree.C.                             
                                            atmospheres                        
     __________________________________________________________________________
      3    56.4  15.2 15.6 12.8 33,000      33.5                               
      6                         33,000                                         
                                     37     33.0                               
     10a   9.8   27.4 62.0 0.8  2,733                                          
                                     37     33.0                               
      9a   60.6  14.1 11.4 13.9 30,267                                         
                                     37     33.0                               
      8b                        30,267                                         
                                     -98    32.4                               
     35a                        2,733                                          
                                     -98    32.5                               
     10b   58.8  20.0 16.3 4.9  21,157                                         
                                     -98    32.4                               
      9b   65.0  1.1  0.01 34.9 9,110                                          
                                     -98    32.4                               
     40                         9,110                                          
                                     -160   32.0                               
     35b                        21,157                                         
                                     -160   32.0                               
     36b                        23,107                                         
                                     -165   1.55                               
     21    80.5  0.15 0.01 19.4 7,160                                          
                                     -179.6 1.55                               
     20                         1,950                                          
                                     -179.6 1.55                               
     37                         23,107                                         
                                     -116   1.45                               
     24    80.6            19.4 7,160                                          
                                     -135   1.5                                
     36a                        33,000                                         
                                     -118   1.45                               
     17                         33,000                                         
                                     32     1.2                                
     __________________________________________________________________________
     Evaporations, mean                                                        
     molecular weight 18.3                                                     
     Refrigerant, mean                                                         
     molecular weight 31.1                                                     
     Refrigerant,                                                              
     composition by             Calculated by material                         
     volume %    C.sub.1                                                       
                      49.7      balance sheet on each of                       
                                the constituents, carried                      
                 C.sub.3                                                       
                      19.4      out by comparison                              
                                between 3 and 24.                              
                 C.sub.4                                                       
                      19.9                                                     
                 N.sub.2                                                       
                      11.0                                                     
     __________________________________________________________________________
PAR  The liquefying system previously described is capable of working in a
      completely automatic manner, according to the following principles.
PAR  Quite obviously, the operating parameters of the liquefaction cycle
      (pressures, temperatures, compositions) are calculated so as to cool a gas
      treated under nominal conditions of temperature, pressure and composition,
      and to obtain at least one component of the said gas in the liquid state
      under pre-determined final conditions. Similarly, the equipment utilized
      (compressor, exchangers, etc.) is defined for these same nominal
      conditions.
PAR  However, in exploitation, the characteristics of the gas to be cooled are
      capable of varying in considerable proportions; thus, in the case of a
      methane ship, the flow-rate and the composition of nitrogen in the
      evaporations may fluctuate over a considerable range. It is therefore
      necessary to be able to adapt the operation of the liquefying system
      automatically to these variations.
PAR  According to the invention, the regulation of a liquefaction installation
      is effected by the following method, in the case of evaporations of a
      liquefied natural gas, and for a pre-determined range of variations of the
      characteristics (for example, flow-rate and/or nitrogen content) of the
      gas treated. There will correspond to this range a pre-determined interval
      of variations of the suction pressure 2 of the compressor 1 (for example,
      between 1.2 atmospheres and 1.4 atmospheres absolute).
PAR  In this interval, in the first place the speed of rotation of the
      compressor 1 is kept constant, and secondly the ratio between the loss of
      pressure detected at the suction of the compressor on the conduit 17 by a
      depression-producing device (not shown) and on the other hand the delivery
      pressure is maintained constant by simultaneous action in the same
      direction on the valves 15b and 47 (excluding the valve 15a) working
      between the higher pressure and the low pressure.
PAR  Maintaining constant the speed of rotation of the compressor, and also the
      ratio between the loss of pressure of the depression-producing device and
      the delivery pressure, the volumetric flow-rate at the suction and also
      the compression ratio of the compressor remain constant.
PAR  This method of regulation makes it possible automatically to adapt, for a
      pre-determined range of operation, the parameters of the liquefaction
      process as a function of the characteristics of the gas to be cooled. In
      fact, if it is assumed, for example, that the flow-rate of the
      evaporations introduced through the conduit 24 increases with respect to
      the nominal flow-rate, the suction pressure and the delivery pressure of
      the compressor 1 increase correlatively in a proportional manner between
      each other.
PAR  The result is that the mass flow-rate treated by the compressor 1 increases
      in a corresponding manner, and the frigorific power delivered increases
      gradually so as to compensate for the excess flow-rate of the evaporations
      treated. Thus, by virtue of the regulation utilized, the liquefaction
      system evolves naturally towards a new state of equilibrium, characterized
      by higher working pressures, permitting the whole of the new flow-rate of
      gas treated to be liquefied. The same phenomena appear in the opposite
      sense when the flow-rate of the evaporations diminishes with respect to
      the nominal flow.
PAR  Similarly, when the content of nitrogen in the evaporations increases with
      respect to the nominal content, the pressure at the suction 2 of the
      compressor 1 increases correspondingly, since the final temperature
      reached in the separator 19 is not sufficient to evacuate the whole of the
      nitrogen introduced in the liquid form through the conduit 50, and in
      consequence, the excess nitrogen becomes re-cycled through the conduit 18
      to the compressor 1.
PAR  For the same reasons as previously, the delivery pressure 3 of the
      compressor 1 increases in a proportional manner with that of the suction
      2, and the increased higher pressure of the frigorific cycle thus obtained
      permits the condensation of the evaporations which have become more
      volatile by enrichment in nitrogen. In this case also, the liquefying
      device evolves naturally towards a new state of equilibrium.
PAR  If the suction pressure 2 of the compressor 1 becomes less than the minimum
      value (for example, 1.2 atmospheres) assigned for the pre-determined
      interval of variations of this pressure, the volumetric flow sucked in by
      the compressor is automatically reduced by any appropriate means, by
      reducing its speed of rotation. In particular, this makes it possible to
      prevent the centrifugal compressor 1 reaching its surge zone.
PAR  If this same suction pressure becomes greater than the maximum value (1.4
      atmospheres, for example) assigned for this same interval, the gaseous
      outlet 20 of the final separator 19 is then caused to communicate
      automatically, for example by means of a valve 60, with the exterior of
      the frigorific system. This takes place especially when the content of
      nitrogen in the evaporations becomes too large (greater than 20 %) or when
      the flow-rate treated becomes largely in excess with respect to the
      nominal flow-rate.
PAR  However, it must be noted in this case that in view of the extraction point
      of the blow-out operations effected, the evacuated gas comprises very
      little methane (for example, of the order of 10 %) and that thus this
      extraction does not substantially affect the liquefaction efficiency of
      the frigorific cycle.
PAR  In addition, the frigorific system is regulated in the following manner.
      The ratio of the liquid flow-rates respectively extracted by the expansion
      valve 15 of the second liquefaction module (in the direction of
      circulation of the gaseous mixture treated), and by the expansion valve 47
      arranged between the two-phase inlet 22 of the final separator 19 and the
      condensation passage 12b of the second condensation module, is held
      substantially constant; the expansion valve 15a of the first condensation
      module is regulated as a function of the difference in temperature
      detected between the hot extremity of the first condensation line 12a and
      the hot extremity of the first vaporization line 14a.
PAR  In addition, the stocking-up quantities of refrigerant stored in the
      storage vessel 25 are regulated in the following manner. The liquid
      expansion valve 29 associated with the liquid outlet 26 of the vessel 25
      is controlled as a function of the level of the liquid existing in the
      separator 7a of the first condensation module, while the gaseous expansion
      valve 28 associated with the gaseous outlet 27 of the vessel 25 is
      controlled by the level of the liquid existing in the separator 7b of the
      second condensation module.
PAR  Moreover, the present invention is concerned with a multicomponent
      refrigerant the main components of which are exclusively distributed
      between:
PA1  a light fraction (i) comprising a least volatile light component,
PA1  a heavier fraction (i.i) comprising a most volatile heavy component having
      a normal boiling point at least 70.degree.C higher than the normal boiling
      point of said least volatile light component of (i).
PAR  Such a multicomponent refrigerant comprises in approximate percent by
      volume:
PA1  45 .ltoreq. CH.sub.4 .ltoreq. 75
PA1  5 .ltoreq. c.sub.3 h.sub.8 .ltoreq. 25
PA1  10 .ltoreq. n-C.sub.4 H.sub.10 .ltoreq. 30
PAR  While the liquefying system forming the subject of the invention is
      especially adapted to the re-liquefaction of the evaporations in a methane
      ship, it nonetheless remains true that it can be utilized for numerous
      other applications, in particular for the liquefaction of pure substances,
      as previously indicated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An open-type frigorific system for liquefying at least a light fraction
      of a mixture of gas to be cooled and liquefied, comprising in combination:
PA1  a. a compressor the suction and the delivery lines of which are,
      respectively, at a low pressure and a higher pressure,
PA1  b. a condenser the inlet of which communicates with the delivery line of
      said compressor, and the outlet of which communicates with a two-phase
      inlet of a first separator of a first fractional condensation module,
PA1  c. said first fractional condensation module comprising in the direction of
      circulation of a gaseous mixture to be condensed:
PA2  said first separator,
PA2  a condensation line, one end of which communicates with the gaseous outlet
      of said first separator, and the other end of which communicates with a
      two-phase inlet of a second separator,
PA2  a vaporization line in heat exchange relation with at least said
      condensation line, said vaporization line communicating at one extremity
      thereof with a gaseous outlet of the vaporization line of a second
      fractional condensation module, and at the other extremity thereof with
      the suction line of said compressor,
PA2  at least one expansion valve communicating on the upstream side with the
      liquid outlet of said first separator, and on the downstream side with
      said vaporization line,
PA1  d. a second fractional condensation module comprising in the direction of
      circulation of a gaseous mixture to be condensed:
PA2  said second separator,
PA2  a second condensation line, one end of which communicates with the gaseous
      outlet of said second separator, and the other end of which communicates
      with a two-phase inlet of a third separator,
PA2  a second vaporization line in heat exchange relation with at least said
      second condensation line, said vaporization line communicating at one
      extremity thereof with an inlet of the vaporization line of the first
      fractional condensation module,
PA2  at least one expansion valve communicating on the upstream side with the
      liquid outlet of said second separator, and on the downstream side with
      the inlet of said second vaporization line,
PA1  e. a gas supply conduit communicating with at least one of said
      vaporization lines, and supplied with said light fraction of mixture of
      gas to be liquefied,
PA1  f. a conduit for the extraction of said liquefied fraction communicating
      with the liquid outlet of said third separator,
PA1  g. a storage vessel associated with at least one of said condensation
      modules, having an inlet line communicating with at least one liquid
      outlet of a said separator, and having at least one outlet line
      communicating with at least a said vaporization line, said storage vessel
      being at least partially filled with a liquefied gas having a normal
      boiling point at least 70.degree.C. higher than that of a main constituent
      of said light fraction of said gas mixture to be liquefied.
NUM  2.
PAR  2. A system of claim 1, wherein the inlet and outlet lines of said storage
      vessel are each provided with an expansion valve.
NUM  3.
PAR  3. A system of claim 1, wherein said storage vessel has an inlet line, a
      liquid outlet line and a gas outlet line, each of said lines being
      equipped with an expansion valve.
NUM  4.
PAR  4. A system of claim 3, wherein the expansion valve of said liquid outlet
      line is controlled as a function of the liquid level of the separator of
      at least one condensation module, and the expansion valve of said gas
      outlet line is controlled as a function of the liquid level of the
      separator of at least one other condensation module.
NUM  5.
PAR  5. A system according to claim 1, comprising an expansion valve mounted at
      the outlet end of the condensation line of said second fractional
      condensation module before the two-phase inlet of said third separator.
NUM  6.
PAR  6. A system according to claim 5, wherein said gas supply conduit
      communicates with the gaseous phase of a liquefied gas storage tank, and
      said conduit for extraction of said liquefied fraction communicates with
      said storage tank.
NUM  7.
PAR  7. A system according to claim 1, wherein said storage vessel communicates
      with the liquid outlet of said first separator.
NUM  8.
PAR  8. A system according to claim 1 wherein sid light fraction of gas mixture
      to be liquefied comprises essentially methane and said liquefied gas
      contained in said vessel comprises essentially propane and butane.
NUM  9.
PAR  9. A method of liquefying at least a light fraction of a mixture of a gas
      by employing an open-type frigorific cycle, which comprises:
PA1  a. compressing at least said light fraction of gas from a low pressure to a
      higher pressure,
PA1  b. storing in a storage vessel a liquefied heavier gas having a normal
      boiling point at least 70.degree.C. higher than that of said light
      fraction of gas mixture,
PA1  c. expanding in substantially gaseous form a part of said liquefied gas and
      mixing with said light fraction of gas mixture at said low pressure before
      compression thus forming a multicomponent refrigerant in gaseous form,
PA1  d. subjecting said compressed multicomponent refrigerant to a fractional
      condensation under said higher pressure, thereby obtaining a plurality of
      condensed fractions, a first condensed fraction of which is obtained in
      heat exchange with a refrigerant external to said cycle, and the gaseous
      fraction separated from said first condensed fraction continues said
      fraction condensation,
PA1  e. expanding each condensed fraction to said low pressure,
PA1  f. combining, at said low pressure, at least one expanded condensed
      fraction with a recycled gaseous part of said refrigerant,
PA1  g. vaporizing at least said expanded condensed fraction combined with at
      least a gaseous fraction of said refrigerant,
PA1  h. heating at least said refrigerant under said low pressure in heat
      exchange with said light fraction of gas mixture in the course of being
      fractionally condensed under said higher pressure,
PA1  i. separating at least a part of said light fraction to be liquefied, after
      its condensation in a final fractional condensation, from one gaseous
      recycled portion of said refrigerant, and removing said liquefied part
      from said frigorific cycle, and
PA1  j. returing to said storage vessel at least a part of said heavier gas
      liquefied in said first separation in d.
NUM  10.
PAR  10. The method of claim 9 to provide substantially complete liquefaction of
      the light fraction evaporating from the gas mixture, stored in said
      storage tank comprising:
PA1  maintaining a substantially constant volumetric gas charge flow-rate at the
      suction of said compressor,
PA1  maintaining a substantially constant compression ratio of said compressor,
      and
PA1  varying accordingly the pressure at the suction and delivery ends of said
      compressor.
NUM  11.
PAR  11. The method of claim 10, wherein the volumetric flow-rate sucked in by
      said compressor is maintained as a function of the suction pressure of
      said compressor.
NUM  12.
PAR  12. The method of claim 10, wherein release of a gaseous fraction from a
      gaseous outlet of said third separator is controlled as a function of the
      suction pressure of said compressor.
NUM  13.
PAR  13. The method of claim 10, wherein the ratio of the liquid flow-rates
      extracted respectively through the expansion valve of said second
      condensation module, following the direction of circulation of the gaseous
      mixture being condensed, and through the expansion valve positioned
      between the two-phase inlet of the said third separator and the
      condensation line of the said second module, is maintained substantially
      constant; and the expansion valve of said first condensation module is
      regulated as a function of the difference of temperature of the hot
      extremity of the first condensation line and the hot extremity of the
      first vaporization line.
NUM  14.
PAR  14. The method of claim 9 wherein:
PA1  said light fraction gas is introduced into said cycle at said low pressure
      and at a first temperature intermediate between the ambient temperature
      and the lowest temperature delivered by said cycle, and is so combined
      with said refrigerant at said low pressure and at a second intermediate
      temperature which is intermediate between the ambient temperature and said
      lowest temperature
PA1  said mixture so subjected to fractional condensation comprises said
      refrigerant and said gas.
NUM  15.
PAR  15. The method of claim 9, wherein:
PA1  said heavier gas stored in said storage vessel is maintained in liquid form
      at a pressure intermediate between said low and higher pressures and,
      during said cycle, said heavier gas maintained in liquid form is fed by
      extraction from at least one of said condensed fractions at said higher
      pressure when the frigorific power delivered in said cycle is in excess of
      the frigorific power required to cool said gas mixture, and said heavier
      gas maintained in liquid form is extracted by recombining a part thereof
      with at least one of said condensed fractions expanded at said low
      pressure when the frigorific power delivered in said cycle is less than
      the frigorific power required to cool said gas mixture.
NUM  16.
PAR  16. The method of claim 15, wherein the heavier gas of the refrigerant is
      comprised essentially of propane and butane.
NUM  17.
PAR  17. The method of claim 16, wherein the heavier gas of the refrigerant
      comprises from 62% to 67% of propane and from 33% to 38% of butane, in
      molar percentages.
NUM  18.
PAR  18. The method of claim 9 wherein said light fraction of gas comprises
      essentially methane, and the most volatile component of said heavier gas
      is propane.
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ABST
PAL  A helium transfer line adapted to be constructed in extended lengths and to
      carry liquid helium and/or 4.2.degree.K helium gas with minimum loss of
      refrigeration capacity due to heat leaks into and through the line. The
      transfer line, in its basic structure, comprises a fluid helium process
      line, radiation shielding, vacuum jacketing and a cryogenic coolant line
      in thermal contact with the radiation shielding and carrying a cryogenic
      coolant such as liquid nitrogen. Line components, comprising
      heat-stationed bayonets with or without LN.sub.2 bypass lines,
      expansion/contraction joints, and flexible sections and, if desired,
      valves, ell-sections and tee-sections, are designed to be integrated into
      the basic structure so that this structure may be carried through
      essentially the entire length of the line. Various combinations of these
      components in the transfer line make it possible to adapt the transfer
      line to a wide range of requirements dictated by such factors as space,
      and the relative positions of the two or more points of connection, i.e.,
      a source of liquid helium and a refrigeration load to be cooled by the
      liquid helium.
BSUM
PAR  This invention relates to the transfer of a cryogenic fluid between two
      points such as a source and a refrigeration load and more particularly to
      a transfer line suitable for conducting liquid helium and 4.2.degree. K
      helium gas between a source and load over an extended distance with
      minimum loss due to vaporization.
PAR  The transfer of liquid helium and/or helium gas at 4.2.degree. K from a
      source (a liquefier or an insulated storage vessel) to a refrigeration
      load and back to a reservoir presents few problems in those cases where
      the source and load are separated by only a few feet and where the
      transfer line and its connections with the source and load remain
      relatively fixed. However, when the distance between the liquid helium
      source and the refrigeration load is greater than about 25 feet,
      expansions and contractions in the transfer line brought about by periodic
      heating and cooling present sealing problems; and when it is necesssary to
      make additional connections to the transfer line or to incorporate
      sufficient flexibility into the line to allow for some shifting of the
      relative positions of the load and the source, these problems of expansion
      and contraction become even more pronounced. Connections between transfer
      line sections, between the line and the source and load as well as between
      the line and such auxiliary equipment as valves and the like have always
      been made by so-called "bayonet" connectors which in turn have introduced
      relatively large heat leaks into the system. Moreover, the longer the
      transfer line and the more connections made, the greater all heat leaks
      become and they finally reach a level which makes the transfer of liquid
      helium impractical if not impossible. Although it has been customary to
      provide radiation shields for some sections of the prior art transfer
      lines normally no more than about twenty feet in length and to cool these
      sections if desired, it has not been possible to provide a transfer line
      of extended length having cooled radiation shielding along essentially its
      entire length. One of the primary reasons that it is has not been possible
      to provide an essentially continuous, cooled radiation shield on prior art
      transfer lines has been the fact that the various components (connectors,
      valves, etc.) in the line have not been designed and constructed to retain
      the basic structure of the transfer line throughout its entire length.
PAR  With the advent of the use of liquid helium to cool industrial-sized
      equipment (superconducting magnets, superconducting transmission lines,
      and superconducting loops for electrical storage, and the like) there
      arises the need for transferring large quantities of liquid helium and/or
      4.2.degree. K helium gas to provide the refrigeration required to maintain
      such equipment incorporating superconductors in their superconducting
      state. Since it is not always feasible to locate one or more helium
      liquefiers immediately adjacent the equipment which embodies the
      refrigeration load; and since it is desirable to be able to use one liquid
      helium source to supply refrigeration to more than one load either
      simultaneously or alternatively, or to use more than one liquid helium
      source in connection with single or multiple loads, it is necessary to be
      able to change transfer line connections without sacrificing the
      efficiency of the over-all line. This in turn requires a degree of
      flexibility in a transfer line to compensate for any changes in the
      relative position of the liquid helium source and refrigeration load.
PAR  The steady refrigeration of a load such as a superconducting magnet must be
      provided by helium in the liquid state and/or as 4.2.degree. K gas. Thus
      it is essential for efficient refrigeration of such a load to deliver as
      much as possible of the liquid helium from the source to the load in the
      liquid state, a requirement which in turn demands minimizing heat leaks
      along the entire transfer line into the process line carrying the liquid
      or cold gaseous helium. Since the latent heat of vaporization of liquid
      helium is extremely low (82.46 joules per mole at 4.2.degree. K) the need
      for minimum heat loss is immediately apparent. Although refrigeration is
      accomplished by the use of liquid helium and/or 4.2.degree. K gas, it will
      be convenient hereinafter to refer to this refrigerant as "liquid" helium,
      it being understood that the term includes 4.2.degree. K gas as well and
      that the transfer line of this invention is suitable for carrying both
      liquid helium and 4.2.degree. K gas.
PAR  Refrigeration on an industrial or large scale by use of liquid helium
      requires a relatively large input of energy to develop the liquid helium.
      Thus for example, some 1500-2000 Btu of power is required to develop one
      watt of refrigeration (using for example a large helium cryostat such as
      described in U.S. Pat. No. 2,458,894). It therefore becomes of paramount
      importance to maintain liquid helium losses at a minimum during transfer.
      The minimizing of transfer losses means that a smaller liquefier can be
      used to refrigerate a given load or that a liquefier of a given size can
      refrigerate a larger load.
PAR  The transfer line of this invention achieves minimum heat loss, can be made
      in extended lengths, and is flexible in design. As will be evident in the
      following detailed description, this transfer line is formed of several
      different components, each designed to accomplish a specific function in
      the transfer line, connected by unique bayonet connectors. The entire line
      is protected by a cryogenically cooled radiation shield made possible
      through the construction and use of these line components.
PAR  It is therefore a primary object of this invention to provide and improved
      helium transfer line for conducting liquid helium as well as 4.2.degree. K
      gaseous helium between a source and one or more loads. It is another
      object to provide a transfer line of the character described which may be
      formed in extended lengths and which achieves a very low loss in
      refrigerant capacity in transfer and thus results in a saving of energy
      required in the refrigeration of a load. Yet another object of this
      invention is to provide a liquid helium transfer line which incorporates a
      cryogenically-cooled radiation shield, which is easily adaptable to change
      in location of either the source or the load, which can be used to supply
      liquid helium to a plurality of loads either simultaneously or
      alternatively, and which is flexible in its construction so that is may be
      used in situations where refrigeration demands may change. Other objects
      of the invention will in part be obvious and will in part be apparent
      hereinafter.
PAR  The liquid helium transfer line of this invention comprises, in
      combination, a liquid helium process line, expansion coupling means for
      joining discrete lengths of the line, heat-stationed bayonet connecting
      means and cryogenically-cooled radiation shielding means extending
      essentially continuously throughout the length of the transfer line.
      Optionally, the transfer line may also include one or more flexible
      sections for making adjustments in source or load positioning, one or more
      fluid flow control valves, ell-sections and tee-sections to connect branch
      transfer lines.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
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PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation of a helium transfer line for
      delivering liquid helium from a source to two different refrigeration
      loads and for returning liquid helium from the loads to the helium source
      showing an exemplary assembly and arrangement of the line components
      constructed in accordance with this invention;
PAR  FIG. 2 is a cross section of the basic transfer line of this invention
      taken normal to the direction of liquid helium flow;
PAR  FIG. 3 is a cross section of the basic transfer line of this invention
      taken along the direction of liquid helium flow;
PAR  FIG. 4 is a lengthwise cross sectional view of the female section of the
      heat-stationed bayonet connector used in the transfer line of this
      invention;
PAR  FIG. 5 is a lengthwise cross sectional view of the male section of the
      heat-stationed bayonet connector;
PAR  FIG. 6 is a lengthwise cross sectional view of the assembled bayonet
      connector with the sections fully engaged showing the use of a thermal
      conducting ring joining heat stations in each section;
PAR  FIG. 7 is a cross section of the thermal conducting ring which may be used
      to join the bayonet connector sections when only one section of the
      bayonet connector is cooled;
PAR  FIG. 8 is a cross sectional view of a liquid nitrogen bypass attached to
      the fully engaged heat-stationed bayonet connector;
PAR  FIG. 9 is a side elevational view of an expansion/contraction joint;
PAR  FIG. 10 is a cross sectional detail of the expansion/contraction joint of
      FIG. 9 taken along the axis of the transfer line;
PAR  FIGS. 11 and 12 in combination constitute a cross sectional view of a
      flexible section used in conjunction with a removable bayonet;
PAR  FIGS. 13, 14 and 15 are cross sectional views taken through planes 13--13,
      14--14 and 15--15, respectively, of FIG. 11;
PAR  FIG. 16 is a detailed cross sectional view of an adsorption unit;
PAR  FIG. 17 is a cross section of a portion of a transfer line showing the
      construction of an ell-section and the incorporation of a fluid flow
      control valve;
PAR  FIG. 18 is a detailed cross sectional view of an inner flex segment used
      with the valve; and
PAR  FIG. 19 is a cross section showing the construction of a tee-section for
      connecting a branch transfer line.
PAR  The liquid helium transfer line diagrammed in FIG. 1 is to be viewed only
      as exemplary of the transfer line of this invention. It is illustrated to
      include all of the essential components of the line along with several
      optional additional components; and it shows the delivery of liquid helium
      to two refrigeration loads I and II which may be supplied alternatively or
      simultaneously with liquid helium refrigerant. It is, of course, within
      the scope of this invention to eliminate the second refrigeration load and
      the branch transfer line connecting it, or to use more than one branch
      line and direct the liquid helium refrigerant from a single source to more
      than two loads. It is also, of course within the scope of this invention
      to refrigerate one load with liquid helium delivered over more than one
      transfer line from one or more sources.
PAR  It will be seen that FIG. 1 illustrates a duplicate liquid helium return
      line inasmuch as the helium refrigerant will almost always be returned to
      a reservoir associated with the liquid helium source, and in the case
      where the liquid helium source is a helium liquefier, the returning helium
      (generally as cold, i.e., 4.2.degree. K gas) will be returned through the
      heat exchanger of the liquefier. Thus it will usually be advantageous to
      return the cold gas through a transfer line which also achieves minimum
      heat leak and therefore a negligible rise in temperature.
PAR  As will be apparent from the following detailed decription of the
      components making up the transfer line, it will be possible for anyone
      skilled in the art to assemble a liquid helium transfer line according to
      the teaching of this invention to fit any situation requiring a
      refrigeration load to be connected to a liquid helium source using the
      various components in proper combination.
PAR  Since FIG. 1 includes all of the components it may be taken as an exemplary
      transfer line. The liquid helium source 20 may be a large liquid helium
      storage dewar or it may be a helium liquefier such as described, for
      example in U.S. Pat. Nos. 2,458,894, 2,966,035; 3,250,079 and 3,438,220.
      U.S. Pat. Nos. 3,250,079 will be taken as an example of one of these
      liquefiers in the description of the transfer line shown in FIG. 1. The
      supply transfer line 18 is connected to conduit 68 of FIG. 1 of U.S. Pat.
      No. 3,250,079 by means of the heat-stationed bayonet connector 21 which
      may have a liquid nitrogen (LN.sub.2) bypass 22 associated with it as
      explained below. This heat-stationed bayonet is the subject of patent
      application Ser. No. 442,326 filed concurrently herewith in the names of
      Paul R. Doherty and Robert W. Johnson and assigned to the same assignee as
      this application. The heat-stationed bayonet and the LN.sub.2 bypass are
      illustrated in detail in FIGS. 4-8.
PAR  In the case of transfer lines of extended length, e.g., more than about 25
      feet it is necessary to place expansion/contraction joints 23 periodically
      along the line, for example about every twenty feet. As will be seen in
      FIGS. 9 and 10 which detail the expansion/contraction joint of this
      invention, the LN.sub.2 line associated with the radiation shield is
      constructed to have a sufficient degree of flexibility to permit it to
      adjust to a change in length of the helium process line and the radiation
      shield.
PAR  If one or more branch lines are connected, this is done through a suitable
      tee-section 24, such as the one shown in cross section in FIG. 19. Before
      discussing those components which may be incorporated in a branch line,
      however, it will be convenient to complete the description of the direct
      transfer line.
PAR  In order to accommodate the refrigeration load 25 which may not always
      occupy the same position relative to the helium source or which may change
      from time to time, it may be necessary to make the bayonet connector 26,
      which forms the final connection with the line leading to the load, easily
      removable and adaptable to load locations. This may be done by including a
      flexible section 27 between removable bayonet 26 and the main transfer
      line. This flexible section which is illustrated in detail in FIGS. 11-15
      gives maneuverability to the heat-stationed bayonet, allowing it to be
      engaged and disengaged at will.
PAR  With the optional use of a branch line it is generally necessary to provide
      a valve 28 to control the flow of liquid helium through the branch line.
      It is, of course, also within the scope of this invention to use a valve
      in the main transfer line if this is required. Because the valve 28
      requires elements which will be positioned normal to the direction of
      liquid helium flow and since at least some of these elements are
      maintained near liquid helium temperature, it is necessary to provide a
      section of the line with the capability of taking an offset in that
      direction (normally vertical) which is normal to the direction of liquid
      helium flow. This is done by using what are termed inner flex sections 29
      on either side of the valve 28. A valve and its associated inner flex
      sections are detailed in FIGS. 17 and 18.
PAR  The use of an ell-section 30 may be convenienent to accommodate certain
      spaces; and when one or more of these optional components is used, the
      ell-section must be constructed to provide a liquid helium line and
      radiation shielding capable of remaining so positioned within the section
      during periodic expansion and contraction such that no thermal shorting
      occurs. Such an ell-section is illustrated in detail in FIG. 17. The
      incorporation of a branch line will require a tee-section as detailed in
      FIG. 19.
PAR  The flow of the LN.sub.2 coolant from LN.sub.2 sources 35 along the
      transfer line to nitrogen reservoirs 36 is shown by dotted lines in FIG.
      1. It is within the scope of this invention to locate these LN.sub.2
      sources and nitrogen reservoirs at predetermined points along the transfer
      line, the primary consideration in choosing their locations being that of
      providing sufficient liquid nitrogen so that most of it remains in the
      liquid state during its use in cooling the radiation shielding. This is
      desirable because it is much easier to move liquid nitrogen than gaseous
      nitrogen, the latter requiring some suitable pumping means. The relatively
      high latent heat of vaporization of liquid nitrogen (5600 joules per mole
      at 77.3.degree. K) makes it ideally suited for this purpose. Although FIG.
      1 shows the LN.sub.2 coolant moving in a direction from the refrigeration
      load to the liquid helium source 20, the flow may just as well be in the
      opposite direction.
PAR  The transfer line used to return the 4.2.degree. K helium gas from the
      refrigeration load to a liquefier/refrigerator is shown in FIG. 1 to be a
      duplicate of the transfer line carrying the liquid helium to the load.
      Therefore, the components have been identified by the same reference
      numerals, with a prime marking added, used in identifying them for the
      liquid helium delivery line. In all cases, the same construction is used
      for the corresponding components, i.e., bayonet connector 21 is identical
      to bayonet connector 21', etc.
PAR  When a liquid helium source such as the helium liquefier of U.S. Pat. No.
      3,250,079 is used, the return transfer line 19 is joined through bayonet
      connector 21' to the cold low-pressure side of the main liquefier heat
      exchanger, i.e., to conduit 72 of FIG. 1 of U.S. Pat. No. 3,250,079.
PAR  The basic construction of the transfer line of this invention is
      illustrated in the two cross sectional views of FIGS. 2 and 3. An inner
      tubing 40, formed preferably of an austenitic-type stainless steel,
      carries the liquid helium and will be referred to for convenience as the
      "liquid helium process line." Concentric with tubing 40 and spaced
      therefrom is a copper tubing 41 which serves as the radiation shielding
      means. A third tubing 42 concentric with tubings 40 and 41, surrounding
      them and spaced from tubing 41 serves as the vacuum jacketing means. The
      annular spacing 43 defined between tubings 40 and 41 and the annular
      spacing 44 defined between tubings 41 and 42 are evacuated, these spacings
      43 and 44 being periodically connected through gas passages 45 cut in
      radiation shielding means 41. Multilayer insulations 48 and 49 each in the
      form of several layers of an aluminized plastic film (e.g., an ethylene
      glycol terephthalate polymer) shaped into tubular form are located in
      spacings 43 and 44. Throughout the remaining drawings this insulation will
      be omitted for clarity of presentation. It is to be understood, however,
      that this insulation is always present. As seen in FIG. 3, spacing 44 is
      connected to a vacuum pumping system (not shown) by way of an evacuation
      line 46 through a seal-off valve 47. A plurality of these connections to a
      suitable vacuum system are made along the line. A copper tubing 50 is
      bonded for thermal contact with the outer surface of radiation shielding
      means 41 and it serves as the LN.sub.2 line designed to carry the liquid
      nitrogen for cooling the radiation shielding. This line will, for
      convenience, be referred to hereinafter as the "LN.sub.2 line." It is,
      however, within the scope of this invention to use any other suitable
      cryogenic liquid coolant so that line 50 is more generally defined as a
      cryogenic coolant line.
PAR  It will be seen in the following detailed description of the various
      components which are incorporated into this basic transfer line structure,
      that the elements making up this structure are always present, although
      they may be in a somewhat modified form to accommodate some specific need
      at various points of connection and within various components. Thus, with
      the exception of the bayonet connector, the same reference numerals will
      be used throughout to identify the liquid helium process line, the
      radiation shielding means, the vacuum jacketing means, evacuated spacings
      and LN.sub.2 line in order clearly to indicate how these components are
      integrated into a transfer line, whether it is a liquid helium delivery or
      return line.
PAR  FIGS. 4-7 show the heat-stationed bayonet connector in detail; and FIG. 8
      illustrates the LN.sub.2 bypass line and its connection to the
      heat-stationed bayonet connector.
PAR  The transfer line of this invention is connected to the liquid helium
      source and to the refrigeration load through a heat-stationed bayonet
      connector. This bayonet connector is also used to connect other components
      into the line.
PAR  Bayonet connectors are known in the art. However, in these prior art
      connectors, each section is formed as one continuous tube extending
      continuously from a room temperature station down to the cold seal. This
      large temperature difference over a relatively short distance results in a
      conductive heat leak along the metallic tubes which in many applications
      is quite significant. The heat leak thus set up can be reduced, but not
      eliminated, by increasing the length of the bayonet. However, there are
      practical limitations on the bayonet's length, limitations which affect
      the efficiency of this type of connector when constructed according to the
      prior art teaching.
PAR  The heat-stationed bayonet used in the transfer line of this invention is
      constructed so that it is possible to intercept the transfer of heat along
      the length of the assembled bayonet. This interception is effected along
      both the male and female sections by the inclusion of heat stations which
      are cooled through radiation shields in the two sections. The radiation
      shields are in turn cooled by liquid nitrogen (or other suitable cryogenic
      coolant) which is shunted around a portion of the heat-stationed bayonet
      through an LN.sub.2 bypass to allow the bayonet sections to be engaged and
      disengaged. The use of such an LN.sub.2 bypass means that both sections of
      the bayonet connector may be cooled separately. However, the heat stations
      of the two bayonet sections may be placed in indirect thermal contact
      through the use of a thermal conducting ring, in which case it will be
      necessary to cool the radiation shielding of only one of the sections, the
      radiation shielding of the other section being cooled through this
      connection of heat stations.
PAR  The construction of the two bayonet sections is shown in detail in FIGS. 4
      and 5; and the assembled bayonet is shown in FIG. 6. The attachment of the
      LN.sub.2 bypass is illustrated in FIG. 8.
PAR  FIG. 4 is a longitudinal cross section through the center of the female
      section of the bayonet connector. This section is formed of a mating
      flange 58 constructed to have a central passage 59 with an inwardly
      directed rim 60 terminating in a narrow lip 61 serving as a seat for
      thin-walled extension tube 62 formed of a low heat conductive material
      such as stainless steel. Tube 62 is sized and constructed to reduce the
      heat leak to the heat station. Flange 58 has an outer annular recess 63 in
      its mating surface 64 to seat an elastomeric sealing ring 65 and a
      peirpheral shoulder 66 to seat a vacuum jacket (shown in FIG. 6). Tube 62
      terminates in an annular heat station 67 configured to define a rim seat
      68 to seat a compressible thermal conducting ring 69 shown in expanded
      form in cross sectional detail in FIG. 7. This thermal conducting ring
      comprises an annular ring with an angled cross section. Heat station 67 is
      also configured to provide an inwardly directed lip 70 adapted to seat a
      thin-walled, stainless steel extension tube 71, and a transition piece 72,
      in the form of a skirt, used to connect copper tubing 73, which serves as
      the radiation shielding associated with the female section, to heat
      station 67. Radiation shielding 73 extends for the remaining length of the
      bayonet connector and it is adapted for connection to the radiation
      shielding of the transfer line.
PAR  Inner extension tube 71 ends within a mating seat 74 welded on one end to
      inner tube 71 and on the other end to a short tubing section 75 adapted to
      be coupled to the liquid helium process line. Internally, mating seat 74
      (from its connection with tube 71 to its connection with tubing section
      75) has a slightly decreasing-diameter section 76, a constant-diameter
      section 77 and a short sharply decreasing-diameter section 78. A series of
      ports 79 provide fluid communication between spacing 80 defined between
      tubes 71 and 73 so that when the volume around tube 73 is evacuated
      spacing 80 will also be evacuated. Multilayer insulation 81 is located in
      spacing 80, only a fragment being shown.
PAR  The male section of the heat stationed bayonet connector is shown in FIG.
      5. It will be seen to have a mating flange 85 with mating surface 86,
      adapted to engage surface 64 of the female section, and a short annular
      ring extension 87 of this mating surface is adapted to fit snugly against
      the outer wall the larger diameter section of central passage 60 of the
      female section. Flange 85 has a peripheral shoulder 88 adapted to seat a
      vacuum jacket. Seated onto lip 89, extending inwardly into flange central
      passage 90, is a thin-walled stainless steel extension tube 91 which is
      connected to an annular heat station 92 configured to provide an internal
      lip 93 and a transition piece 94 in the form of a skirt. Radiation
      shielding 95 formed as a copper tube is bonded for thermal connection to
      transition piece 94, and this radiation sheilding extends through tubing
      91 and beyond mating flange 85. An inner thin-walled stainless steel
      extension tube 96 extends from heat station 92 to an annular nose piece 97
      shaped to have an external surface which defines a shoulder 98 for seating
      tube 96, a constant-diameter section 99 and a decreasing-diameter section
      100, the latter having an annular groove cut in it to seat an elastomertic
      o-ring seal 101. A liquid process line 102, formed perferably of an
      austenitic stainless steel, extends from nose piece 97 through tube 96,
      and through and beyond radiation shield 95. The annular space 103 defined
      between the external wall of process line 102 and the internal wall of
      radiation shielding 95 is in fluid communication through a series of ports
      104 with the annular space 105 defined between radiation shielding 95 and
      outer tubing 91. When a vacuum jacket is affixed to flange 85, both
      spacings 103 and 105 are evacuated. Multilayer insulation 106, shown only
      fragmentarily, is located in spacings 103 and 105.
PAR  In FIG. 6, in which the elements forming the female and male sections are
      identified by the same reference numerals used in FIGS. 4 and 5, the
      heat-stationed bayonet connector is shown in complete engagement. With the
      full insertion of the male section into the female section, mating
      surfaces 64 and 86 engage, and o-ring seal 65 contacts surface 86 to form
      a fluid-tight seal. Heat station 67 of the female section makes indirect
      contact with heat station 92 of the male section through thermal
      conducting ring 69 which is compressed between the two heat stations.
PAR  This thermal conducting ring may be omitted in those cases where radiation
      shielding 73 associated with the female section and radiation shielding 95
      associated with the male section are each cooled separately. In such
      cases, the indirect thermal contact between heat stations 67 and 92,
      through thermal conducting ring 69, is not necessary. However, in those
      cases where the radiation shielding of only one section (either male or
      female) of the bayonet connector is cooled directly through and LN.sub.2
      line or by other suitable means, then thermal conducting ring 69 is used
      so that the radiation shielding of the other section is cooled indirectly.
      For example, where the bayonet is used to make a connection between the
      transfer line and the refrigeration load and the radiation shielding of
      one section (e.g., female section) of the bayonet is thermally connected
      to a cooled radiation shielding associated with the load, then by using
      thermal conducting ring 69 between heat stations 67 and 92 it will be
      unnecessary to provide cooling for radiation shielding of the other
      section (e.g., male section).
PAR  When the sections are engaged as shown in FIG. 6, the o-ring seal 101 in
      nose piece 96 at the end of the male section forms a liquid-tight, cold
      seal with the internal wall of constant-diameter section 77 of mating seat
      74 of the female section. It will be seen that so long as o-ring 101
      engages the internal wall of constant-diameter section 77 of mating seat
      74 a liquid-tight seal will be formed. This provides a degree of tolerance
      in the length of tube 96 relative to tube 71. The short tubing section 75
      of the female section, serving as a portion of a liquid process line, is
      in fluid communication with the process line 102 of the male section
      through the small chamber 110 defined within the mating seat and limited
      by the line of engagement of the internal wall of mating seat 74 and
      o-ring 101.
PAR  One narrow annular space 111 is defined between tubes 96 and 71 and another
      annular space 112 is defined between tubes 91 and 62. These spaces are of
      sufficient width to make an easy slide fit between the respective tubes
      defining them, and space 111 must also provide for room to deform o-ring
      101 to form a liquidtight seal.
PAR  FIG. 6 also illustrates the incorporation of the heatstationed bayonet
      connector into a liquid helium process line 40. Thus the fluid process
      line 102 extending thoughout the length of the male section of bayonet is
      coupled to main liquid helium process line 40 by a union socket 113,
      typically formed of an austenitic stainless steel. The radiation shielding
      means 41 of the transfer line is shaped for making a bonded connection
      over the end of radiation shield 95 of the male section. In a similar
      manner the short tubing section 75 of the female section is joined through
      union socket 114 to process line 40 and radiation shield 73 is joined to
      radiation shielding 41. Sections of vacuum jacketing 42 are fit on to
      mating flanges 58 and 85 at peripheral shoulders 66 and 88, respectively.
PAR  The two sections of the bayonet connector are retained in their engaged
      position by means of a clamp member comprising a series of grippers 116
      held by a cricular band 117 which is tightened around the grippers by a
      nut and bolt (not shown).
PAR  As will be evident from FIGS. 4-6, the heat-stationed bayonet of this
      invention may be described as being formed, in addition to a process line,
      of radiation shielding means (comprising a first radiation shield 73
      associated with the female section and a second radiation shield 95
      associated with the male section) intersected by heat transfer means 115
      (comprising heat stations 67 of the female section and 92 of the male
      section along with thermal connecting ring 69 if used) and a series of
      concentic thin-walled extension tubes of low heat conductivity (62, 71, 91
      and 96) defining annular spacing on either side of the heat station means
      and providing with minimum heat leak the necessary structure to support
      the heat station means and the nose piece and its mating seat forming a
      liquid seal. The radiation shielding means is adapted for connection to
      the radiation shielding of the transfer line, of a line leading from the
      fluid cryogen source or of various components in the line; and the process
      line is adapted for connection to the process line of the transfer line
      system and/or the process line of the cryogenic fluid source or of the
      refrigeration load.
PAR  As pointed out previously, the bayonet connector used in the transfer line
      of this invention is designed to intercept the flow of heat along its
      length by the use of heat station means which may in effect be a
      combination of heat station 67 of the female section and heat station 92
      of the male section. As explained in the description of FIG. 6, these two
      heat stations may be in indirect thermal contact through thermal
      conducting ring 69, if it is used. The combined heat station means,
      designated by reference numeral 115, is also in thermal contact with
      radiation shield 73 through transition piece 72 and with radiation shield
      95 through transition piece 94. By cooling radiation shields 73 and 94
      through the use of liquid nitrogen circulating in the LN.sub.2 line bonded
      in thermal contact therewith or by cooling one or the other of radiation
      shields 73 and 94 alone and incorporating thermal conducting ring 69, the
      heat station means 115 is cooled to essentially liquid nitrogen
      temperature, thus serving as an effective means for intercepting any heat
      leak along the length of the bayonet. As an alternative to the use of
      liquid nitrogen, cold helium gas may be used as a radiation shielding
      coolant. Thus the heat-stationed bayonet may be relatively short compared
      to prior art bayonets designed for minimun heat leak. It is, moreover,
      more efficient than prior art bayonets in that it reduces liquid helium
      losses to a level heretofore not attainable in connectors of this type.
      Finally, and very importantly, the heat-stationed bayonet connector is
      adapted for use in the transfer line of this invention which incorporates
      an LN.sub.2 -cooled radiation shield protecting essentially its entire
      length.
PAR  Since the bayonet is a connector and must be disengageable, it is not
      possible to associate an LN.sub.2 line along its entire length. In the
      transfer line of this invention, a flexible LN.sub.2 bypass line is used
      in connection with each heatstationed bayonet to join the LN.sub.2 line
      associated with the radiation shields on each side of heat station means
      115. The bypass line and its attachment to the bayonet are shown in FIG.
      8.
PAR  As will be seen in FIG. 8, the LN.sub.2 line 50 breaks contact with bayonet
      radiation shield 73 just short of heat station means 115 and rejoins
      bayonet radiation shield 95 just beyong mating flange 85 shown without the
      clamping member of FIG. 6. The LN.sub.2 bypass connects the two ends of
      LN.sub.2 line 50 at these points. The bypass is comprised of two bayonet
      connectors 125 and 126, constructed in accordance with the prior art
      teaching, and a flexible insulated section 127 between bayonets 125 and
      126.
PAR  The construction of bayonet 125 is shown in FIG. 8. Bayonet 126 is an exact
      duplicate of 125 and need not be described. The female section of bayonet
      125 is comprised of a mating flange 130 having a mating surface 131 which
      is grooved to seat an o-ring seal 132. Extending from the central opening
      of flange 130 is a tube 133 which terminates in a mating seat 134 having
      an LN.sub.2 line extension 135 suitable for joining to LN.sub.2 line 50
      through a union socket 136. The male section of bayonit 125 comprises
      mating flange 140 with mating surface 141, and concentric inner tube 142
      and outer tube 143 which are welded at the cold end at 144. Mating flanges
      130 and 140 are maintained in engagement by a clamp member (not shown)
      similar to the clamp member shown in FIG. 6. Inner tube 142 which is the
      LN.sub.2 transfer line extends beyond flange 140 for easy connection.
      Spacing 146 defined between tubes 142 and 143 is open at the warm end for
      communication with an evacuated volume defined within vacuum jacket 147
      which is elbow shaped. Spacing 148 is defined between tubes 143 and 133
      and serves as insulation; while spacing 150, which is defined between tube
      133 and a vacuum jacket 151 extending from the female section mating
      flange 130 through the transfer line vacuum jacketing 42, is evacuated by
      virture of its connection with the evacuated main transfer line.
PAR  LN.sub.2 transfer line 142 of the bayonet is joined to an elbow section 155
      of LN.sub.2 transfer line through a union socket 156. Connected to bayonet
      126 is an allochiral arrangement of the elements attached to bayonet 125,
      comprising elbow shaped vacuum jacket 157, an elbow section 158 of the
      LN.sub.2 line, and coupling 159 joining the transfer line 142 of bayonet
      126 to section 158. Between these two facing elbow sections is flexible
      section 127 comprising an inner bellows 160 joining LN.sub.2 line sections
      155 and 158, and outer bellows 161 joining vacuum jackets 147 and 157.
      Protective wire screenings 162 and 163 are placed around inner bellows 160
      and outer bellows 161, respectively. Multilayer, insulation 164, such as
      several layers of a crinkled aluminized plastic film formed of an ethylene
      glycol terephthalate polymer, is placed in the evacuated spacing 165
      defined between bellows 160 and 161.
PAR  It will be seen from FIG. 8 that the evacuated spacing around the bayonet
      connector is not in fluid communication with the evacuated spaces defined
      within bayonets 125 and 126 and flexible connection 127. It is therefore
      necessary to provide separate means such as a seal-off valve and line to a
      vacuum pump (not shown) for evacuating the bypass line. The female section
      of bayonet 125 is in effect connected to female section of heat-stationed
      bayonet 21; while the female section of bayonet 126 is connected to the
      male section of the heat-stationed bayonet. This connection makes it
      possible to provide the required refrigeration through the LN.sub.2 line
      to the radiation shields and heat station means of the heat-stationed
      bayonet. In such an arrangement it is not necessary to use a thermal
      conducting ring in the heat station means of the bayonet connector 21.
      Although FIG. 1 illustrates an LN.sub.2 bypass associated with bayonets 21
      and 26, it is possible that it may not be required for one or both of
      these bayonet connectors if the radiation shielding of one section of the
      connector is in thermal contact with a cold radiation shielding associated
      with a line leading from or to the liquid helium source or the
      refrigeration load, provided a thermal conducting ring is used to effect
      the indirect thermal connecting of the heat stations in the two bayonet
      sections when they are engaged.
PAR  The flexible section 127 of the LN.sub.2 bypass makes it easy to disengage
      bayonets 125 and 126 as well as to disengage the sections of the
      heat-stationed bayonet 21. The flexible section also provides
      accommodation for misalignment and/or slight offset of the mating portions
      of the bayonet. This arrangement of the LN.sub.2 bypass with the
      heat-stationed bayonet is one of the primary features which makes it
      possible to use a cryogenically cooled radiation shield in the transfer
      line of this invention.
PAR  When long lengths of transfer lines are used, there arises the very serious
      problem of contraction of the line elements with cooling and subsequent
      expansion when the elements are brought back to room temperature. In the
      transfer line of this invention this problem is solved by periodic
      placement of unique expansion/contraction joints which incorporate both
      the radiation shielding means and the LN.sub.2 line, thus making it
      possible to achieve one of the principal objects of this invention, namely
      the construction of a liquid helium transfer line shielded throughout its
      entire length by liquid nitrogen-cooled radiation shielding means.
PAR  This unique expansion/contraction joint is shown in FIGS. 9 and 10, FIG. 9
      being primarily a side elevational view and FIG. 10 being a partial cross
      sectional view showing the locale of the radiation shield movement with
      change in temperature. In forming the expansion/contraction joint, the
      radiation shielding is cut to form two abutting sections, designated 41a
      and 41b in FIGS. 9 and 10. At the juncture of the two sections of the
      radiation shielding means, a copper coupling 175 in the form of a sleeve
      is placed around the ends of the radiation shielding. As shown in FIG. 10,
      the internal wall of coupling 175 is configured to have a first section
      176 with an internal diameter of a dimension to make a snug fit with the
      external surface of radiation shielding section 41a which is brazed to
      coupling 175 directly at several points such as at 177 and indirectly such
      as at point 178 where the LN.sub.2 line, which is in turn brazed to
      coupling 175, is brazed to radiation shielding section 41a. The internal
      wall of coupling 175 is configured to have a second section 179 having a
      diameter of such a dimension as to define a narrow spacing 180 between it
      and the external wall of radiation shielding section 41b. A short,
      inwardly extending lip 181 joins sections 176 and 179 of the coupling and
      serves as a guide for locating radiation shielding section 41b for room
      temperature assembly and as a stop for the axial motion of section 41b.
PAR  Since the LN.sub.2 line must be continuous across the expansion/contraction
      joint, a section of it is wound as a coil 182 to give to the LN.sub.2 line
      the capability of axial expansion and contraction. As noted above, the
      LN.sub.2 line is attached to coupling 175, and this is done by brazing a
      section of LN.sub.2 coil 182 at 183 where the coil extends around the end
      of the coupling. The other end of coil 182 is brazed at 184 to the movable
      section 41b of the radiation shield. Therefore, as radiation shield
      section 41b experiences axial motion within the coupling (as indicated by
      the arrows and dotted line position of FIG. 10), the LN.sub.2 coils act as
      a spring and move with it.
PAR  By placing expansion/contraction joints of this type in the transfer line
      wherever required the line may be extended as desired.
PAR  In order to impart a degree of flexibility in the attachment of the
      transfer line to the refrigeration load, a so-called "flexible section"
      component is incorporated into the transfer line. In FIG. 1 this is shown
      to be used in connection with a so-called "removable bayonet" which
      terminates the transfer line at the point of the refrigeration load. In
      actual practice, all bayonets are in fact disengageable; however, the
      final heat-stationed bayonet used to make the connection between the
      transfer line and a line associated with the refrigeration load must be
      removable in the sense that it can break contact with the load line and
      can further be moved into various positions. By combining the flexible
      section illustrated in detail in FIGS. 11-15 with the bayonet of FIG. 8
      (with or without an LN.sub.2 bypass) and by connecting the flexible
      section with the main transfer line through another heat-stationed bayonet
      with an LN.sub.2 bypass, the desired degree of flexibility in attaching
      the transfer line to the load is attained.
PAR  The flexible section of the transfer line of this invention is shown in
      cross section in FIGS. 11 and 12 which must be viewed in combination to
      represent a single flexible section. Generally, that portion of the
      flexible section shown in FIG. 12 will be rotated 90.degree. from the
      position illustrated. It is, however, more convenient and more easily
      visualized to illustrate it in the manner used in FIGS. 11 and 12.
PAR  Flexibility in this flexible section is derived from the relative positions
      of the two rigid ell-segments generally designated 190 and 191, as well as
      from the flexible midsegment 192 which permits axial and some twisting
      motion. One ell-segment, i.e., that shown in FIG. 11, is connected to the
      refrigeration load through a heat stationed-bayonet 26 such as shown in
      detail in FIG. 6, the elements of which are shown in FIG. 11 being
      identified by the same reference numerals used in FIG. 6. This heat
      stationed-bayonet of FIG. 11 may have an LN.sub.2 bypass identical to that
      illustrated in FIG. 8 as indicated by a partial showing of bayonet 126 and
      the connection to LN.sub.2 line 50. However, as previously noted the
      LN.sub.2 bypass may be omitted. The other ell-segment, i.e., that shown in
      FIG. 12, is connected in a similar manner to the transfer line through
      another heat stationed-bayonet 26 having a LN.sub.2 bypass 22.
PAR  In constructing an ell-segment such as used here where an essentially
      continuous, liquid nitrogen-cooled radiation shielding is used, it is
      necessary to provide for axial movement of the tubings making up to two
      arms 193 and 194 of the lines which are oriented perpendicularly to each
      other as well as to ensure that these tubings remain out of contact to
      prevent thermal shorting during such axial motion. This arrangement must,
      of course, be achieved with minimum heat leak.
PAR  In describing the flexible segment of FIGS. 11 and 12 it will be convenient
      to detail each tubing system, working from the center outwardly. The same
      reference numerals will be used in both FIG. 11 and FIG. 12 and since the
      same arrangement obtains in both of these parts of the flexible section,
      it will be necessary only to describe FIG. 11 in detail.
PAR  An elbow-segment 200 of liquid helium process line 40 is coupled to process
      line 102 of the male section of heat-stationed bayonet 26 by means of
      union socket 113. This elbow segment 200 is in turn, coupled through union
      socket 201 to a straight segment 202. This segment 202 is welded to an
      adapter coupling 203 which joins it to process line bellows segment 204
      brazed to the internal surface of the adapter coupling at 205. Bellows
      204, forming a flexible process line, are protected and strengthened by
      being enclosed by wire cloth 206.
PAR  The radiation shielding 95, which is part of the male section of heat
      stationed-bayonet 26, is coupled through an adapter coupling 210 to a
      straight segment 211 of radiation shielding 41 positioned in arm 193. A
      comparable straight segment 212 of the radiation shelding in arm 194 is
      connected to segment 211 through an elbow segment 213, the latter being
      configured on its ends to fit over the ends of segments 211 and 212. The
      concentricity of the helium process line is maintained by the use of
      spacers 214 and 215, spacer 214 which is typical being shown in the cross
      section of FIG. 13. Spacers 214 and 215 are spot welded to straight
      segment 211 and eblow segment 200, respectively, and are shaped to make at
      least 3 point contacts with the internal wall of the radiation shielding.
PAR  In the elbow section the radiation shielding means are prevented from
      contacting the liquid helium process line during contraction and expansion
      and are therefore prevented from causing a thermal short circuit which
      would result from such contact. This is accomplished through the use of a
      series of concentric stainless steel spacer tubings and spacer means. Thus
      smaller-diameter spacer tubing 220 formed of stainless steel is located
      within radiation shielding section 212 and larger-diameter spacer tubing
      221, also formed of stainless steel, is placed around radiation shielding
      212. A series of spacer means is used between these concentric tubings and
      they are bonded to the vacuum jacketing and to all of the tubings which
      they contact except the helium process line segment 202.
PAR  The cross sections of the spacer means in FIGS. 14 and 15 illustrate two
      embodiments of this component. In FIG. 14 the spacer means is shown as a
      solid ring 222; while in FIG. 15 it is shown as a series of spacers 223
      joined through a connector ring 227. One of the spacers 223 has a passage
      226 drilled through it to permit LN.sub.2 line 50 to pass through it (see
      FIG. 15).
PAR  The LN.sub.2 line 50 is wrapped around and bonded to radiation shielding
      212, passes through opening 226 in spacer 223 and then is wrapped to form
      a coil segment 230 which extends throughout the length of flexible segment
      192. Multilayer insulation 231 is positioned between wire cloth 204 and
      the inside of coil segment 230 of the LN.sub.2 line. This insulation
      typically comprises several layers of a crinkled aluminized plastic film,
      e.g., an ethylene glycol terephthalate sold for example under the
      tradename MYLAR.
PAR  In similar manner the vacuum jacketing means, generally designated by the
      reference numeral 42, is formed in segments including a reducing segment
      235, an elbow segment 236, and a coupling 237. Throughout the length of
      the flexible segment 192, the vacuum jacketing, like the helium process
      line, takes the form of stainless steel bellows 238 welded at 239 to
      coupling 237; and like process line bellows segment 204, vacuum jacketing
      bellows segment 238 is protected and strengthened by a wire cloth covering
      240. Multilayer insulation 241 is interposed between LN.sub.2 line coil
      230 and the inner wall of vacuum jacketing bellows 238. Thus in the
      flexible segment 192 the liquid nitrogen cooled multilayer insulation 231
      and 241, which is flexible, serves also as a form of radiation shielding
      means.
PAR  By the use of the spacer means and spacer tubings 220 and 221, the
      radiation shield segment 212 and the vacuum jacketing are all maintained
      in desired relative positions while the process line segment 202 may
      expand and contract relative to the radiation shielding. This, then, makes
      it possible to introduce cold helium into the process line and liquid
      nitrogen into the LN.sub.2 transfer line in any desired order without
      facing the possibility of thermal shorting. For example, it may be desired
      to use the process line without using LN.sub.2 cooling, or to cool the
      radiation shield prior to the introduction of liquid helium into the
      process line. The arrangement of these spacer elements thus imparts
      flexibility of operation.
PAR  The use of the thin-walled spacer tubings formed of a low heat conductivity
      metal minimizes the heat leak along radiation shield segment 212 due to
      the differences in temperatures between spacers 222 and 223 and between
      spacers 224 and 225. The coiling of the LN.sub.2 line provides for
      expansion and contraction as well as flexibility of that component.
PAR  The maximum degree of flexibility is to be realized when the flexible
      section has the two elbow segments as shown in FIGS. 11 and 12. However,
      it is also within the scope of this invention to construct a flexible
      section using but one elbow section, e.g., by eliminating elbow segment
      191 of FIG. 12 and continuing helium process line 200 and radiation
      shielding segment 213 as straight segments beyond spacers 222. The
      connection with heat-stationed bayonet 26 of FIG. 12 would remain as
      shown.
PAR  Although FIG. 1 shows a flexible section associated with the heat stationed
      bayonet connector which terminates the transfer line at the refrigeration
      load, it is also within the scope of this invention to use a flexible
      section in association with the heat-stationed bayonet which terminates
      the transfer line at the liquid helium source. Moreover, since the
      flexible section itself terminates at each end in a heat-stationed
      bayonet, it is possible to readily remove or install such a section in the
      line.
PAR  Evacuation of the volume defined within the helium transfer line
      surrounding the liquid helium process line is, of course, used to prevent
      heat leaks into the process line through conduction. Generally, vacuums in
      the range of about twenty torr can be achieved by the use of a vacuum pump
      to evacuate this volume. Once evacuation is acieved in this manner, the
      line is sealed off through one or more seal-off valves such as shown in
      FIGS. 17 and 19. Thereafter, the vacuum in the transfer line is reduced to
      about 10.sup.-.sup.5 torr through cryopumping, i.e., the condensing of the
      condensible gases on the outer surface of the liquid helium process line.
      Any traces of helium gas present may be adsorbed in a series of adsorbing
      units, such as illustrated in FIG. 16, which are placed periodically at
      convenient locations along the liquid helium process line 40. These
      adsorbing units consist of a formaminous tubing 250 surrounding and
      concentric with line 40 and held thereon by two end caps 251. The caps 251
      is filled with adsorbing charcoal 252 which is, of course, maintained at
      or near liquid helium temperature when liquid helium is flowing in process
      line 40.
PAR  In the detailed discussion of FIG. 1 it was pointed out that it may be
      desirable to incorporate such optional components as a valve, and to
      construct the line to have ell- and tee-sections to form branch lines, to
      accommodate the line to a particular space situation, or for any other
      desired purpose. The incorporation of a valve and the construction of an
      ell-section are illustrated in FIG. 17 and construction of a tee-section
      is shown in FIG. 19.
PAR  The valve 28, shown in FIG. 17, is a commercially available cryogenic valve
      and need not be described in detail. If one or more of such valves are
      used they must, however, be integrated into the transfer line to minimize
      heat leak into the line system and provide for offset motion in the valve
      due to expansion and contraction. Since during line use that portion of
      the valve outside the vacuum jacketing is at normal room temperature while
      the other end in contact with the helium process line is near liquid
      helium temperature, a temperature gradient, with its attendant heat leak,
      could extend along the entire length of the valve. As in the case of
      bayonet connectors, this heat leak can be reduced to some extent by
      lengthening the valve stem, but this is not only not practical beyond
      certain limits but it may also not be possible in some space situations.
      In the valve installation of this invention the temperature gradient is
      greatly reduced and the heat leak is intercepted by providing a liquid
      nitrogen-cooled heat station.
PAR  In FIG. 17 valve stem 255, encased in tubing 256, extends in a direction
      normal to the direction of liquid helium flow and terminates in a valve
      actuating wheel 257. It passes through a sealed bushing 258 which in turn
      is fluid-tightly sealed to a flanged collar 259 by means of an o-ring 260.
      Tubing 256, which serves as a low-temperature valve extension and
      contributes added stiffness to take some of the load off the radiation
      shielding, is welded to collar 259 to provide a rigid connection between
      the room temperature end of the valve and the valve block 261. Because
      this is a rigid connection and because expansion and contraction will
      occur in the two directions normal to each other (e.g., in the vertical
      and horizontal directions as shown in FIG. 17) it is necessary to provide
      inner flex segments 262 and 263 on either side of the valve body which are
      capable of taking an offset in the direction normal to the axis of the
      liquid helium process line 40. The construction of these inner flex
      segments is shown in FIG. 18. The process line within the inner flex
      segment is constructed as bellows 264 which are welded at 265 to a
      coupling member 266 which fits over the end of the process line tubing
      section 267. Wire cloth 268 is wound around bellows 264 and multilayer
      insulation 269 is used to cover the wire cloth. Bellows 264 are brazed at
      the other end at 270 to coupling member 271 which is in turn connected to
      the inlet of valve body 261 through a connecting member 272. The inherent
      flexibility of the inner flex seqments 262 and 263 permits the vertical
      offset required while maintaining the concentricity of the valve stem and
      transfer line.
PAR  The radiation shielding associated directly with the valve comprises a
      tee-segment 275, two arms of which fit over reducing segments 276 and 277
      which in turn are joined to continuing sections of the radiation shielding
      means generally indicated by reference numberal 41. In the case of
      reducing segment 276, it is joined to the ell-section described below; and
      in the case of reducing segment 277, it is joined to straight section 278.
      Where required, a support mechanism is provided for the radiation
      shielding means and this is illustrated by support ring 279 placed around
      the shielding and support rod 280 which connects support ring 279 to the
      vacuum jacketing 42.
PAR  The third arm of tee-section 275 of the radiation shielding fits around a
      straight tubing segment 285 which surrounds the lower part of valve stem
      tubing 256 and terminates in a thick copper plate 286 through which tubing
      256 passes. This copper plate is a heat station, the purpose of which is
      to intercept heat flow along tubing 256. Heat station 286 is cooled by the
      liquid nitrogen coolant circulating in LN.sub.2 line 50 which is bonded to
      radiation tubing segment 285 which in turn is bonded to the heat station.
      The radiation shielding means around the valve stem is continued in the
      form of tubing 287 which is bonded, as is valve extension tubing 256, to
      both radiation shielding and flanged collar 259. The annular spacing 288
      defined between tubings 256 and 287 is in fluid communication through
      openings 289 with spacing 290 which is in turn in fluid communication with
      the evacuated volume 44 of the transfer line. The volume 291 defined
      within valve extension tubing 256 contains helium gas.
PAR  The LN.sub.2 line 50 is looped around tee-segment 275 and reducing segments
      276 and 277 of the radiation shielding means to pass around the front
      (dot-dash lines) then in back (dotted lines) and then in front and it
      extends up shielding 285 to almost the height of heat station 286.
PAR  The vacuum jacketing means, generally shown at 42 of this tee-section of
      the transfer line comprises a vacuum jacket tee-segment 295 welded at the
      end of its two horizontal arms to appropriate line sections such as a
      reducing segment 296 and regular straight line segment 297. The vertical
      arm of vacuum jacket tee-section is welded to a straight vertical segment
      298 which in turn is affixed to a cap segment 299 welded to valve stem
      collar 259.
PAR  It will be seen from FIG. 17 that the construction of an ell-section 30 is
      similar to that used in one arm of the flexible section of FIGS. 11 and
      12. Thus the problems of expansion and contraction and prevention of
      thermal shorts must be solved. The liquid helium process line comprises an
      elbow segment 300 making a fit over a vertical segment 301. Although elbow
      segment 300 is shown here to be connected directly to inner flex segment
      262 because of the proximity of the valve, it is, of course, within the
      scope of this invention to connect the elbow segment to another section of
      the process line, to a bayonet connector, an expansion joint, or other
      appropriate component of the line.
PAR  The radiation shielding means of the ell-section 30 comprises an elbow
      segment 305 connected to the reducing segment 276 of the valve radiation
      shielding through a connector piece 306. As in the case of the liquid
      helium process line, this radiation shielding elbow segment may be
      connected to other appropriate radiation shielding configurations in place
      of segment 276 designed for the proximity of the valve. The other arm of
      radiation shielding elbow 305 forms a brazed connection with radiation
      shielding 307 with which there are associated a series of stainless steel
      spacer tubings 308 and 309 and spacers 310, 311, 312 and 313, the
      constructions and functions of which are identical to the spacer shields
      220 and 221 and spacers 222, 223, 224 and 225 described in conjunction
      with FIG. 11. Thus spacers 310 are bonded to the inner wall of vacuum
      jacket means (generally indicated at 42) and to the outer wall of spacer
      tubing 309; spacers 311 are bonded to the inner wall of spacer tubing 309
      and to the outer wall of radiation shielding 307; spacers 312 are bonded
      to radiation shielding 307 and to spacer tubing 308; and spacers 313 are
      bonded to spacer tubing 308 but are free to slide on the outer surface of
      liquid helium process line section 301.
PAR  In the ell-section shown in FIG. 17, the LN.sub.2 line 50 has a coil
      segment 315 to provide flexibility in expansion and contraction. The
      vacuum jacketing of the ell-section comprises an elbow segment 316 joined
      at one arm to the reducing segment 296 or to any other appropriately
      configured section and at the other arm to a straight section 317 of the
      vacuum jacketing means.
PAR  FIG. 17 also illustrates the incorporation of an expansion/contraction
      joint into the line joined by the ell-section. This joint is identical to
      that illustrated in FIGS. 9 and 10. Also shown is a seal-off valve 318 and
      a vacuum line 319 leading to a vacuum pump, not shown.
PAR  One embodiment of a tee-connection for incorporating a branch transfer line
      such as illustrated diagrammatically in FIG. 1 is shown in detailed cross
      section in FIG. 19. In what may, for convenience, be termed the main
      transfer line (horizontal line of FIG. 19) the liquid helium process line
      40 is cut and joined through inner flex segments 325 and 326 (such as
      shown in FIG. 18) to short process line segments 327 and 328 which are
      joined by two arms of union tee-socket 329. The liquid helium process
      branch line 330 is also connected into socket 329.
PAR  The radiation shielding means 41 and the vacuum jacketing means 42 are also
      cut and joined by radiation shielding tee-segment 331 and vacuum jacketing
      tee-segment 332, respectively. Radiation shielding 333 and vacuum
      jacketing 334 are joined to their respective tee-segments and serve as
      these components for the branch transfer line.
PAR  The inner flex segments 325 and 326 permit an offset in the branch line in
      a direction normal to the axis of the main transfer line in the same
      manner as explained in conjunction with the valve of FIG. 17. As an
      alternative to the use of the inner flex sections 325 and 326 of FIG. 19
      it may be desirable to omit these flex sections and attain the desired
      flexibility of movement in the branch line by incorporating an
      expansion/contraction joint such as shown in FIGS. 9 and 10 in the branch
      line.
PAR  The LN.sub.2 line 50 for the main transfer line may be wrapped one-half or
      one full turn around the radiation shielding. It will generally be
      desirable to provide a separate LN.sub.2 line 355 (equivalent in all
      respects to LN.sub.2 50) for the branch line. LN.sub.2 line 335 is shown
      terminating near the tee-connection. It is coupled by a union socket 336
      to a discharge line 337 which passes through the cap end of a vacuum
      jacketing 338 to be connected with a check valve 339. As pointed out in
      connection with the discussion of FIG. 1, a transfer line may incorporate
      more than one source and reservoir to supply the liquid nitrogen coolant.
      The same arrangement as shown in FIG. 19 may be used to connect the liquid
      nitrogen sources (e.g., large storage dewars) with the LN.sub.2 line, the
      check valve being replaced by a connection to the LN.sub.2 source.
PAR  Transfer lines constructed in accordance with this invention incorporating
      heat stationed-bayonets, expansion/contraction joints and valves and being
      about 130 feet long have exhibited a total heat leak of 5 watts as
      compared with about 20 watts for a conventional prior art transfer system
      of substantially the same general configuration. This clearly illustrates
      that long liquid helium transfer lines are not only practical but highly
      efficient when constructed in accordance with this invention.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim
NUM  1.
PAR  1. A fuild helium transfer line capable of transferring fluid helium
      between first and second terminals over extended distances with low loss,
      comprising in combination
PA1  a. a helium process line;
PA1  b. radiation shielding means surrounding said process line throughout
      essentially the entire length of said process line and defining a first
      annular spacing therewith;
PA1  c. cryogenic coolant transfer line means for circulating a cryogenic
      coolant in indirect heat exchange with said radiation shielding means;
PA1  d. vacuum jacketing means defining an evacuatable volume around said
      process line, said radiation shielding means and said coolant transfer
      line means, said evacuatable volume including a second annular spacing
      between said radiation shielding means and said vacuum jacketing means;
PA1  e. expansion-contraction joint means in said radiation shielding means and
      said coolant transfer line means; and
PA1  f. heat-stationed bayonet connector means terminating each end of said
      transfer line and arranged to connect said transfer line at said first and
      second terminals.
NUM  2.
PAR  2. A fluid helium transfer line in accordance with claim 1 wherein said
      expansion/contraction joint means comprises, in combination
PA1  a. first and second abutting sections of said radiation shielding means;
PA1  b. coupling means in the form of a sleeve around said abutting sections of
      said radiation shielding means and internally configured to define.
PA2  1. a first section, the diameter of which is sized such that said coupling
      means forms a close fit over said first section of said radiation
      shielding means,
PA2  2. a second section, the diameter of which is sized such that said coupling
      means defines a small annular spacing with said second section of said
      radiation shielding means whereby said second section of said radiation
      shielding means is free to experience axial motion in said coupling, and
PA2  3. a lip between said first and second sections of said coupling to limit
      said axial motion of said second section of said radiation shielding
      means, said coupling means being fastened to said first section of said
      radiation shield means; and
PA1  c. a coil segment of said coolant transfer line affixed near one of its
      ends to the external surface of the open end of said second section of
      said coupling and near the other of its ends to said second section of
      said radiation shield means; said coolant transfer line being fastened to
      said first section of said radiation shielding means.
NUM  3.
PAR  3. A fluid helium transfer line in accordance with claim 1 wherein said
      heat-stationed bayonet connector means comprises male and female sections
      engageable to form a continuous fluid helium process line, radiation
      shielding means therearound and heat station means positioned intermediate
      between the ends of said radiation shielding means and bonded thereto,
      whereby when said radiation shielding means are cooled said heat station
      means is cooled to intercept heat flow along the bayonet connector.
NUM  4.
PAR  4. A fluid helium transfer line in accordance with claim 3 wherein said
      heat station means comprises a first annular heat station in said female
      section intermediate its length and a second annular heat station in said
      male section intermediate its length and said radiation shielding means
      comprises a first radiation shield thermally bonded to said first annular
      heat station and a second radiation shield thermally bonded to said second
      heat station.
NUM  5.
PAR  5. A fluid helium transfer line in accordance with claim 4 including
      cooling means to cool at least one of said radiation shields.
NUM  6.
PAR  6. A fluid helium transfer line in accordance with claim 5 including a
      compressible thermal conducting ring between said first and second heat
      stations providing thermal engagement of said first and second annular
      heat stations and cooling means to cool one of said radiation shields.
NUM  7.
PAR  7. A fluid helium transfer line in accordance with claim 6 wherein said
      cooling means comprises said cryogenic coolant transfer line thermally
      bonded to said one of said radiation shields.
NUM  8.
PAR  8. A fluid helium transfer line in accordance with claim 6 wherein said
      cooling means comprises radiation shield cooling means associated with
      said terminals.
NUM  9.
PAR  9. A fluid helium transfer line in accordance with claim 5 including
      cooling means to cool both of said radiation shields separately.
NUM  10.
PAR  10. A fluid helium transfer line in accordance with claim 9 wherein said
      cooling means comprises separate sections of said cryogenic coolant
      transfer line bonded to said first and second radiation shields and bypass
      means connecting said separate sections of said cryogenic coolant transfer
      line.
NUM  11.
PAR  11. A fluid helium transfer line in accordance with claim 10 wherein said
      bypass means comprises in combination, first and second bayonet connector
      means having coolant process line means and vacuum jacketing means and
      being joined through a flexible section formed of inner bellows means
      coupled to said vacuum jacketing means and insultation means interposed
      between said inner and outer bellows means.
NUM  12.
PAR  12. A fluid helium transfer line in accordance with claim 1 including
      flexible section means associated with at least one of said bayonet
      connector means terminating said line, said flexible section means being
      joined to said transfer line through a second heat-stationed bayonet
      connector means.
NUM  13.
PAR  13. A fluid helium transfer line in accordance with claim 12 wherein said
      flexible section means comprises in combination
PA1  a. two rigid segments of said transfer line, at least one of which is
      configured as an elbow;
PA1  b. a flexible segment, joining said rigid segments, wherein said liquid
      helium process line comprises inner bellows means, said vacuum jacketing
      means comprises outer bellows means and said cryogenic coolant line is in
      the form of a coolant line coil interposed between said inner and outer
      bellows means, and including insulation means between said inner bellows
      means and said collant line coil and between said coolant line coil and
      said outer bellows means;
PA1  c. first adapter coupling means joining said liquid helium process line in
      said rigid segments to said inner bellows means;
PA1  d. second adapter coupling means joining said vacuum jacketing means of
      said rigid segments to said outer bellows means;
PA1  e. aligning means within the ends of said rigid segments adjacent said
      flexible segment for preventing contact between said helium process and
      said radiation shielding means in said rigid segments; and
PA1  f. means at the ends of said rigid segments remote from said flexible
      segment for coupling said liquid helium process line, said radiation
      shielding means and said vacuum jacketing means to said bayonet connector
      means terminating said line and to said second bayonet connector means.
NUM  14.
PAR  14. A fluid helium transfer line in accordance with claim 13 wherein both
      of said rigid segments are configured as elbows.
NUM  15.
PAR  15. A fluid helium transfer line in accordance with claim 13 wherein said
      aligning means comprises concentric, low thermal conductivity spacer
      tubings located between said liquid helium process line and said radiation
      shielding means and between said radiation shielding means and said vacuum
      jacketing means thereby forming within said transfer line a series of
      concentric annular spaces defined between the walls of said process line,
      said radiation shielding means and said vacuum jacketing means; and
      spacers within said annular spaces, each of said spacers except the
      innermost spacer being bonded to the said walls defining the annular space
      within which it is located, said innermost spacer being free to slide on
      the outer surface of said process line.
NUM  16.
PAR  16. A fluid helium transfer line in accordance with claim 13 wherein said
      inner and outer bellows means are covered by wire cloth.
NUM  17.
PAR  17. A fluid helium transfer line in accordance with claim 12 wherein said
      second heat-stationed bayonet connector means comprises, in combination;
PA1  a. male and female sections engageable to form a continuous fluid helium
      process line;
PA1  b. a first annular heat station in said female section intermediate its
      length;
PA1  c. a second annular heat station in said male section intermediate its
      length;
PA1  d. a first radiation shield thermally bonded to said first annular heat
      station;
PA1  e. a second radiation shield thermally bonded to said second annular heat
      station;
PA1  f. separate sections of said cryogenic coolant transfer line means
      thermally bonded to said first and second radiation shields; and
PA1  g. bypass means connecting said separate sections of said cryogenic coolant
      transfer line means.
NUM  18.
PAR  18. A fluid helium transfer line in accordance with claim 1 wherein said
      radiation shielding means is periodically apertured to provide fluid
      communcation between said first and second annular spacings.
NUM  19.
PAR  19. A fluid helium transfer line in accordance with claim 1 including
      insulation means located within said first and said second annular
      spacings.
NUM  20.
PAR  20. A liquid helium transfer line in accordance with claim 19 wherein said
      insulation is multilayer insulation formed of a plurality of layers of an
      aluminized resin film.
NUM  21.
PAR  21. A liquid helium transfer line in accordance with claim 1 including
      helium adsorbing means affixed to said helium process line.
NUM  22.
PAR  22. A liquid helium transfer line in accordance with claim 21 wherein said
      helium adsorbing means comprises a foraminous tubing surrounding said
      helium process line and defining therewith an annular spacing, cap means
      terminating said spacing, and an adsorbent charcoal in said spacing.
NUM  23.
PAR  23. A fluid helium transfer line in accordance with claim 1 including valve
      means for controlling the flow of helium within said helium process line,
      said valve means comprising, in combination
PA1  a. valve body means having fluid inlet and outlet ports;
PA1  b. valve stem means extending in a direction normal to the direction of
      helium flow in said helium process line;
PA1  c. flexible helium process line segments connecting said helium process
      line to said inlet and outlet ports of said valve body;
PA1  d. valve stem vacuum jacketing means coupled to said vacuum jacketing means
      surrounding the greater part of the length of said valve stem means and
      defining an evacuatable space therearound;
PA1  e. valve stem radiation shielding means coupled to said radiation shielding
      means and having heat station means bonded thereto;
PA1  f. tubing means defining a fluid-tight spacing around said valve stem means
      bonded to said heat station means;
PA1  g. said cryogenic coolant transfer line being in the form of a loop around
      said valve stem radiation shielding means extending to within a short
      distance of said heat station.
NUM  24.
PAR  24. A fluid helium transfer line in accordance with claim 23 wherein
      flexible helium process line segments comprise, in combination;
PA1  a. bellows means;
PA1  b. wire cloth covering said bellows mean; and
PA1  c. multilayer insulation wrapped around said wire cloth.
NUM  25.
PAR  25. A fluid helium transfer line in accordance with claim 1 including an
      ell-section comprising, in combination
PA1  a. a transfer line segment having a helium process line segment, a
      radiation shielding means segment and a vacuum jacketing means segment
      joined through elbow means to said helium process line, said radiation
      shielding means and said vacuum jacketing means, respectively; and
PA1  b. alignment means within said transfer line segment adjacent said elbow
      means for preventing contact between said helium process line and said
      radiation shielding means.
NUM  26.
PAR  26. A fluid helium transfer line in accorance with claim 25 wherein said
      aligning means comprises concentric, low thermal conductivity spacer
      tubings located between said helium process line segment and said
      radiation shielding means segment and between said radiation shielding
      means segment and said segment vacuum jacketing means segment thereby
      forming within said segment transfer line a series of concentric annular
      spaces defined between the walls of said segment process line, said
      radiation shielding means segment and said vacuum jacketing means segment;
      and spacers within said annular spaces, each of spacers except the
      innermost spacer being bonded to the said walls defining the annular space
      within which it is located, said innermost spacer being free to slide on
      the other surface of said process line segment.
NUM  27.
PAR  27. A fluid helium transfer line in accordance with claim 1 including a
      tee-section comprising, in combination a branch transfer line having a
      branch liquid helium process line, branch radiation shielding means, and
      branch vacuum jacketing means, said branch radiation shielding means and
      said branch vacuum jacketing means being joined through tee-shaped means
      to said radiation shielding means and said vacuum jacketing means,
      respectively, and said branch liquid helium process line being joined to
      said helium process line through a union tee-socket; and means to permit
      offset motion of said branch transfer line in a direction normal to the
      direction of helium flow in said helium transfer line.
NUM  28.
PAR  28. A fluid helium transfer line in accordance with claim 27 wherein said
      means to permit offset motion comprises a flexible helium process line
      segment including, in combination
PA1  a. bellows means;
PA1  b. wire cloth covering said bellows means; and
PA1  c. multilayer insulation wrapped around said wire cloth.
NUM  29.
PAR  29. A fluid helium transfer line capable of transferring fluid helium
      between first and second terminals over extended distances with low loss,
      comprising in combination:
PA1  a. a helium process line;
PA1  b. radiation shielding means surrounding said process line throughout
      essentially the entire length of said process line and defining therewith
      an inner evacuatable spacing;
PA1  c. thermal insulation within said inner evacuatable space;
PA1  d. vacuum jacketing means defining an outer evacuatable spacing in fluid
      communication with said inner evacuated spacing;
PA1  e. thermal insulation within said outer evacuatable spacing;
PA1  f. cryogenic coolant transfer line means for circulating a cryogenic
      coolant in indirect heat exchange with said radiation shielding means;
PA1  g. expansion/contraction joint means in said radiation shielding means and
      said coolant transfer line means;
PA1  h. heat-stationed bayonet connector means terminating each end of said
      transfer line and arranged to connect said transfer line at said first and
      second terminals; and
PA1  i. flexible section means associated with at least one of said bayonet
      connector means terminating said line and joined to said line through a
      second heat-stationed bayonet connector means.
NUM  30.
PAR  30. A fluid helium transfer line in accordance with claim 29 including
      valve means for controlling the flow of helium within said helium process
      line.
NUM  31.
PAR  31. A fluid helium transfer line in accordance with claim 29 including a
      tee-section.
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ABST
PAL  Vehicle air-conditioning and other refrigerator systems utilizing specified
      helical screw compressors and operated under specified conditions and
      using specified refrigerants and oils. Also disclosed are improved
      hydrocarbon compressor systems which also utilize specified helical screw
      compressors and are operated under specified conditions using specified
      oils selected in relation to the hydrocarbon being compressed.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 480,400
      filed June 18, 1974 and now abandoned.
BSUM
PAR  This invention relates to helical screw type compressors including a
      working gaseous medium of the hydrocarbon or halocarbon compound type, and
      a lubricating oil medium circulating through the compressor for
      apositively sealing clearances present in the compressor under working
      conditions.
PAR  The invention is particularly, but not exclusively concerned with a method
      for improving the low tip speed characteristics of compressors of the
      above-mentioned type.
PAR  Moreover, the invention is particularly, but not exclusively, concerned
      with refrigeration and air conditioning systems and methods employing a
      refrigerant, for example the medium pressure refrigerant widely known as
      R12, or the high pressure refrigerant widely known as R22, and including a
      helical screw compressor having oil injection facilities, an oil
      separator, a condenser, an expansion valve and an evaporator. The
      invention is also concerned with apparatus and methods for use in
      industrial processes requiring compression of hydrocarbon or halocarbon
      gases, such as compression of hydrocarbon gases which are then condensed
      to form liquified gas and the storage of liquid propane gas and pipeline
      transport of natural gas.
PAR  Air conditioning apparatus including screw compressors have been widely
      used in relatively large refrigeration and air-conditioning plants.
      However, up to now it has not been feasible to use screw compressors in
      air-conditioning plants having a refrigeration capacity of less than
      300,000 kcal/hour and, in certain instances for refrigeration plants less
      than 100,000 kcal/hour.
PAR  This lower limit of refrigeration capacity depends upon the specific
      characteristics of the screw compressor. It is well known that a screw
      compressor is a positive displacement type of compressor in which a
      certain internal leakage always takes place through clearances existing
      between the rotors and surrounding casing walls. The sealing is referred
      to as apositive sealing. The amount of leakage is a function of, among
      others, the size of the clearances, the output pressure, and the
      peripheral rotor (tip) speed. The rotors must be run at a high peripheral
      speed in order to reduce the internal leakage and achieve a sufficiently
      high volumetric efficiency which is necessary for obtaining an acceptable
      overall efficiency. In dry running compressors acting upon air or other
      gases as the working fluid it has been found that the tip speed of the
      male rotor should not fall below about 80 m/s. In compressors acting on
      air or other gases and fitted with means for injecting oil during
      compression, and utilizing such means, the cooling of the rotors and the
      housing is improved and smaller clearances can therefore be accepted
      between the relatively movable members. Additionally, the oil acts
      partially to "seal" such clearances and reduce such internal leakage. In
      such so-called wet compressors the tip speed of the male rotor can then be
      reduced to about 25-30 m/s with retained satisfactory overall efficiency.
      Owing to the fact that refrigeration compressors are usually directly
      driven by electric motors, the maximum speed of which is normally about
      2900 rpm or 3600 rpm depending on the frequency of the current, the
      diameter of such compressors is normally no less than 160 mm, which
      compressor size corresponds to the minimum refrigeration capacity
      100,000-300,000 kcal/hour mentioned above.
PAR  One particular application of an air conditioning apparatus in which it has
      hitherto not been suitable to use a screw compressor is in automotive air
      conditioning plants, where the required refrigeration capacity is in the
      region of 3,000 kcal/hour. A solution of the performance problems at low
      tip speeds, that could make it possible to use the screw compressor for
      this purpose, would be highly desirable, owing to the small bulk, the low
      weight and the vibration free operation of the screw compressor compared
      with conventional reciprocating piston compressors now used for such
      purposes. The underlying reasons for the unsuitability of the screw
      compressor in automotive air conditioning installations are, on one hand,
      that the refrigeration capacity required is so small and amounts only to
      about 3-1% of the normal minimum capacity, referred to previously, and, on
      the other hand, that the compressor in such a plant is normally driven
      from the engine of the car via a belt transmission, which means a very low
      compressor speed at motor idling.
PAR  The capacity of the compressor will of course increase with the operating
      speed. However, the capacity needed for cooling the air in a car has to be
      available even at low engine speed. This means that the compressor will
      give more refrigeration capacity than needed at higher engine speeds. This
      is a problem which is common for all types of compressors, but use of the
      screw compressor offers a very attractive way of capacity regulation in
      that a slide valve or other efficient means for capacity control may be
      used, which is an additional reason for the suitability of the screw
      compressor for use in automotive air conditioning systems.
PAR  Assuming a step up gear ratio between the compressor input speed and the
      engine speed of 2:1, the compressor input speed at 1400 rpm engine speed
      will be 2800 rpm. If the refrigerant R12 is used and if the refrigeration
      capacity demand at this speed is 3,000 kcal/hour at 70.degree.C condensing
      temperature and 0.degree.C evaporating temperature the requisite
      compressor displacement volume to obtain this refrigeration capacity is
      about 11 m.sup.3 /h, which corresponds to a rotor diameter of about 45 mm,
      giving a tip speed at 2800 rpm of about 10 m/s. (L/D = 1.0)
PAR  However, in an automotive air conditioning apparatus the compressor has to
      operate at engine speeds from 700 rpm to 7000 rpm. This means a compressor
      input speed of 1400 to 14000 rpm, corresponding to a male rotor tip speed
      of 5.0 m/s to 50 m/s. The corresponding tip speeds for the female rotor
      are 3.3 to 33 m/s. In this example we have assumed a "4 + 6 lobe
      combination" and "female rotor drive". This means that the male rotor has
      four lands and the female rotor six grooves and that the compressor is
      driven on the female rotor. The speed ratio between the male rotor speed
      and the female rotor speed is consequently 1.5:1.
PAR  On cars fitted with automatic transmission the engine speed seldom exceeds
      3000 rpm, corresponding to a male rotor tip speed of 21 m/s. This means
      that the compressor will operate at tip speeds below 20 m/s 95% of the
      time.
PAR  In a typical screw compressor having a rotor diameter of 200 mm, the mean
      clearances in the rotor mesh and at the rotor tops and at the rotor ends
      is generally approximately 0.15 mm. When the rotor diameter is decreased
      to 50 mm, the mean clearances generally would be designed to be about 0.05
      mm to provide for economic manufacturing and operating tolerances.
      Unfortunately, the efficiency characteristics of 50 mm rotor machines when
      tested with the conventional combination of halocarbon refrigerant gases
      and oils were not acceptable. Similar poor efficiency characteristics were
      found with even the larger rotor machines when attempts were made to
      compress hydrocarbon gases using conventional oils. Various suggestions to
      improve efficiency have been made, including designing smaller clearances,
      e.g., a mean clearance of 0.05 mm for a 200 mm rotor machine, and of 0.01
      mm for a 50 mm rotor machine. Such small clearances require tight
      manufacturing tolerances which excessively increase manufacturing cost.
      They also introduce operating difficulties. In order to use the screw
      compressor for small capacities it has also been suggested to use internal
      step up gears in combination with small size rotors with or without such
      smaller clearances.
PAR  Such suggested measures to improve efficiency are not practically suitable.
      As a consequence, it has not been possible to provide a helical screw
      compressor which would provide the desired output capacities at the range
      of tip speeds found in automotive air-conditioning applications, and which
      would also have the small capacity level required in automotive
      applications without requiring excessively tight clearance tolerances in
      the machine. Similar difficulties were found with small rotor diameter
      compressors for other air conditioning and refrigeration purposes such as
      room air conditioners.
PAR  It is an object of the present invention to provide helical screw
      compressors and methods of operation thereof with halocarbon or
      hydrocarbon gaseous working mediums which are more efficient than those of
      the prior art. It is also an object of the present invention to provide
      improved compressor systems and methods, including refrigeration (which
      term includes air-conditioning) systems and methods.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides efficient small and large refrigeration
      systems utilizing halocarbon refrigerants and screw compressor oils having
      specified solubility and viscosity relationships to the refrigerant and
      compressor characteristics. The invention also provides improved
      hydrocarbon compressor systems based on similar relationships. It has been
      unexpectedly found that by circulating oil of a special quality in the
      compressor, which oil has limited solubility in and for halocarbon
      refrigerants, and for hydrocarbons and which generally has a considerably
      higher viscosity compared to other oils used for such purposes, the
      volumetric efficiency of the compressor and thereby the capacity of the
      compressor shows a decided improvement. At the same time the compressor
      input torque and thereby the compressor input power remains equal or even
      decreases which is quite opposite from what one would expect when a more
      viscous oil is used. This means that the overall efficiency of the
      compressor will increase to a level which is acceptable for use in
      automotive air-conditioning plants and advantageous for use in other
      refrigeration plants and in hydrocarbon compression plants. After further
      investigation of this amazing effect, general and optimal relations have
      been found between the oil quality, the oil viscosity, the gaseous media
      on which the compressor is working, the compressor (male rotor) tip speed
      and the actual working conditions. By using these relations for compressor
      plants, operating on hydrocarbon or halocarbon compounds, it is possible
      to use the screw compressor for capacities down to about 1,000 kcal/hour
      and/or 4 m.sup.3 /h and to improve the overall efficiency of oil injected
      screw compressors operating on halocarbon or hydrocarbon compounds to a
      superior efficiency level.
PAR  According to the invention, this improved efficiency is obtained in the
      system by the oil and the working gaseous medium satisfying various
      interrelationships such that said oil with said gaseous medium dissolved
      in said oil has a viscosity which is sufficiently high to maintain a high
      overall efficiency of said compressor. Thus, the invention eliminates the
      use of very small clearances, very small rotor diameters in combination
      with internal step up gears and other undesirable measures, previously
      suggested in order to improve the overall efficiency of helical screw
      compressors. Normal clearances can be used in the compressors according to
      the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a-1d are curves illustrating the compressor characteristics using
      three oils with the refrigerant R12;
PAR  FIGS. 2a-2d are curves illustrating the compressor characteristics using
      three oils with the refrigerant R12 under conditions different from those
      of FIGS. 1a-1d;
PAR  FIG. 3 are curves illustrating the efficiency versus tip speed for two
      compressors using different oils under specified working conditions;
PAR  FIGS. 4a and 4b illustrate the minimum oil viscosity requirements for a
      compressor working under various operating conditions, FIG. 4a referring
      to the use of the compressor with the refrigerant R12 and FIG. 4b
      referring to the use of the compressor with the refrigerant R22;
PAR  FIG. 5 is a schematic diagram of a typical refrigeration system operating
      in accordance with the present invention; and
PAR  FIG. 6 is a sectional view of a typical compressor.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 5 generally illustrates a refrigeration system in which the present
      invention is useful. The compressor 1 illustrated in FIG. 5 is a helical
      screw rotary compressor of the type generally disclosed in U.S. Pat. Nos.
      3,129,877; 3,241,744; 3,307,777; 3,314,597; 3,423,017; 3,423,089; and
      3,462,072, an end view of a typical rotary compressor being shown in FIG.
      6 in order to illustrate the various clearances involved. The
      refrigeration system includes the compressor 1, an oil separator 2, a
      condenser 3, an expansion valve 4, an evaporator 5, and an oil cooler 6
      interconnected as generally illustrated in FIG. 5. The oil may be injected
      through the slide valve as disclosed in U.S. Pat. No. 3,314,597 (FIGS. 1
      and 4) and/or through the casing, e.g. as disclosed in U.S. Pat. No.
      3,129,877 (FIG. 1) and U.S. Pat. No. 3,241,744 (FIG. 9) which are
      incorporated herein by this reference. As is generally known in the art,
      the discharge temperature of the compressor is a function of the discharge
      pressure of the working fluid and the pressure ratio. Therefore, by
      specifying the discharge pressure of the compressor, given the
      characteristics of the compressor and the system, the output temperature
      of the system can be readily determined by one ordinarily skilled in the
      art.
PAR  The following discussion of the present inventive concept is given with
      respect to, but is not limited to, a machine using "normal clearances" as
      discussed hereinabove. Of course, if the rotor diameter is other than 50
      mm or 200 mm, the normal mean clearance will vary accordingly, as is
      readily apparent to those ordinarily skilled in the art in fabricating
      compressors operating according to known techniques.
PAR  The suitability of a particular oil under specified compressor operating
      conditions is dependent upon its viscosity and the relationship between
      the relative capacitivity of (i) the oil, and (ii) the liquified gaseous
      medium (which is a halocarbon or hydrocarbon gas) being compressed. The
      relationship (1) below governs the solubility of the gas (halocarbon or
      hydrocarbon) in the oil. This strongly effects the working viscosity of
      the oil in the screw compressor.
PAR  It is preferred that the relationship between the relative capacitivity of
      the oil, .epsilon..sub.r    , and that of the liquified gaseous medium,
      .epsilon..sub.r    both measured at 50.degree.C, is as follows:
EQU  .vertline. 1n .epsilon..sub.r   - 1n .epsilon..sub.r   .vertline. = x
      .gtoreq. 1                                                (1)
PAL  where 1n is the natural logarithm. The "relative capacitivity" of a
      material is the preferred term for the property often referred to as the
      dielectric constant. This property of a material, as specified in data
      collections, is the ratio of the capacitance of a condenser with said
      material as the dielectric to its capacitance with vacuum as the
      dielectric. The specified (or experimentally determined) "dielectric
      constant" values are the relative capacitivity values .epsilon..sub.r for
      the liquified gas and oil, respectively. Although it is preferred that x
      should be greater than or equal to 1, values of x of less than 1 may be
      useful as specified hereinafter. The value x is an absolute value and
      therefore it is immaterial whether it is positive or negative.
PAR  When x is equal to or greater than 1, the kinematic viscosity, v, of the
      pure oil measured in centistokes (cSt) at 50.degree.C must not drop below
      the value obtained from the formula
EQU  v = 25 .sup.. e .sup.[.sup.(c .sup.. p.sub.1) /u.sup.]     (2)
PAL  where p.sub.1 is the discharge pressure of the compressor, u is the tip
      speed of the male rotor, e is the base of the natural system of logarithms
      and c is a constant equal to
      ##EQU1##
      if p.sub.1 is measured in kp/cm.sup.2 and u is measured in m/sec. The
      kinematic viscosity v of the "pure oil" refers to the viscosity of the oil
      without any dissolved refrigerant or hydrocarbon gaseous medium i.e., the
      oil as received in the can. The kinematic viscosity is determined by ASTM
      D-445-65 and DIN 51 562.
PAR  The tip speed u is preferably a maximum of about 40 m/sec in oil-injected
      refrigeration screw compressors. The minimum pressure p.sub.1 is above
      about 10 kp/cm.sup.2 when operating with a halocarbon gaseous medium (a
      refrigerant) and above about 8 kp/cm.sup. 2 when operating with a
      hydrocarbon gaseous medium. The maximum pressure is preferably about 30
      kp/cm.sup.2.
PAR  The present invention provides small refrigeration systems and apparatus
      having a screw compressor with male rotor diameters of below about 105 mm
      with a lower limit of about 30 mm and preferably about 40 to 105 mm which
      operate at male rotor tip speeds of between about 5 and 30 m/sec. The
      value of the kinematic viscosity v is preferably within the range
      determined by the formula
EQU  v = Y .sup.. e .sup.[.sup.(c .sup.. p.sub.1) /u.sup.]      (3)
PAL  where Y is between 25 and 200 (and preferably about 50 to 100) when x is
      equal to or greater than 1. When x is less than 1 the minimum kinematic
      viscosity is determined by the formula
      ##EQU2##
PAR  The preferred value of Y in said formula is between 50 and 100. These
      ranges will be suitably modified by the term .sqroot.x when x is less than
      1 as per the above formula (4).
PAR  The small refrigeration systems (as illustrated in Examples 1 and 5)
      utilizing the halocarbon refrigerant gases include the automobile air
      conditioners in which the compressor is driven at variable speed. These
      would have small rotor diameters, e.g., between about 40 and 55 mm and be
      driven at a speed of between about 1,200 and 14,000 rpm (below about 5,000
      rpm 95% of the time. Other small refrigeration systems, e.g. small
      refrigerators and residential, office and warehouse air-conditioners (as
      illustrated in Examples 2 and 6) utilizing the halocarbon refrigerant
      gases are usually driven by two-pole electric motors at about 2,900 and
      3,500 rpm.
PAR  The present invention also provides large refrigerator systems and
      apparatus (as illustrated in Examples 3 and 7) having compressor male
      rotor diameters of between about 105 and 300 mm which operate at male
      rotor tip speeds of between about 15 and 50 m/sec and preferably between
      about 25 and 40 m/sec, and utilize the halocarbon refrigerant gases. The
      minimum and preferred viscosities v are determined as in formulas 1, 3 and
      4 except that Y is between about 30 and 200 and preferably between about
      40 and 100. Such compressors will usually be driven by two-pole motors at
      between about 2,900 and 3,500 rpm.
PAR  The improved hydrocarbon compressor systems and apparatus of the present
      invention (as illustrated in Example 4) have compressor male rotor
      diameters of between about 150 and 350 mm which operate at male rotor tip
      speeds of between about 22 and 65 m/sec and preferably between about 25
      and 40 m/sec. The minimum and preferred viscosities are those determined
      in formulas 1 and 3. The Y values are between 25 and 200 with 50-100 being
      preferred. The value of x must be equal or greater than 1. They are also
      usually driven by two-pole motors at between about 2,900 and 3,500 rpm.
PAR  The small and large refrigeration systems and the hydrocarbon compression
      systems and the improved refrigeration systems of the present invention
      may be equal to or more efficient than the most efficient of comparable
      sized systems having similar system characteristics utilizing the most
      efficient of presently available compressors. In some cases, however, the
      efficiency may drop to a value between about 90% and 100% of said
      efficiency. In other cases, the systems of the present invention, and
      particularly the refrigeration systems, may be simpler (more economic)
      and/or more efficient than known systems.
PAR  Automobile air-conditioners have a refrigeration capacity demand of about
      1,000-5,000 kcal/h. The male rotor diameter is between 40 and 55 mm.
      Operation is between 1,200 and 14,000 rpm. The preferred refrigerant is
      R12. The condenser is cooled by ambient air. The evaporator temperature is
      preferably between about -5.degree.C and 10.degree.C, and operates at a
      pressure above 1 atmosphere. The preferred oil has an .epsilon. value of
      between 4.9 and 8 and a v value of between 270 and 660. The preferred oils
      are polyglycol oils.
PAR  Small stationary compressors used in residences, offices and small
      warehouses have a capacity of about 2.5 to 50 tons of refrigeration and
      generally use R22 as the refrigerant and use an oil having an .epsilon.
      value between 1.3 and 2.2 (and most preferably about 2.1) and a v value of
      between about 80 and 550. The synthetic hydrocarbon oils are preferred.
PAR  It is further preferable that the viscosity index of the oil (according to
      ASTM D 2270) is at least 90 so that effective sealing is maintained at
      working temperatures up to at least 150.degree.C.
PAR  With apositive sealing, in contrast with positive sealing such as that
      effected by the piston rings of positively sealed reciprocating piston
      compressors, volumetric efficiency of the machine is dependent upon the
      extent of the pressure rise in the compression chambers during any one
      cycle, or in other words, the value of the compression ratio, since the
      leakage from the apositively sealed compression chambers will obviously
      increase with increase in the pressure rise in a single stage.
PAR  Representative halocarbons (which are the fluorine substituted hydrocarbons
      with or without additional chlorine or bromine substitution) and
      hydrocarbons include:
     Designation Compound     .epsilon..sub.r(liq) (at 50.degree.C)            
     ______________________________________                                    
     R11         CCl.sub.3 F  1.9                                              
     R12         CCl.sub.2 F.sub.2                                             
                              1.8                                              
     R13         CClF.sub.3   1.8                                              
     R13B1       CBrF.sub.3   2.3                                              
     R21         CHCl.sub.2 F 4.9                                              
     R22         CHClF.sub.2  6.0                                              
     R290        propane      1.3                                              
                 n-heptane    1.6                                              
                 n-hexane     1.5                                              
                 octane       1.6                                              
     ______________________________________                                    
PAR  The .epsilon..sub.r at 50.degree.C for R12, R22 and propane were determined
      (measured) by the Royal Institute of Technology, Stockholm. The other r
      values at 50.degree.C were determined by extrapolation from published
      data, largely in Lange's Handbook of Chemistry.
PAR  The substituted methane halohydrocarbons and particularly R12 and R22 are
      the most widely used and preferred refrigerant gases. The hydrocarbons are
      sometimes used as refrigerant gases, usually when they are readily and
      cheaply available, e.g., in oil refineries and chemical plants. High
      pressure compressors used for compressing hydrocarbon gases (including
      those specified as refrigerants hereinbefore) for purposes other than
      cooling, e.g., compressing in industrial processing storage, and transport
      (including long distance pipelines) and compressing hydrocarbons in gas
      liquifaction and vapour recovery plants, also require an oil having the
      relationships between the oil and refrigerant specified in formulas (1)
      and (3). Such hydrocarbon gases include among other commercial gases,
      natural gas, propane and the saturated and unsaturated C.sub.4 and C.sub.5
      hydrocarbons.
PAR  The kinematic viscosities v which satisfy the equations (2), (3) and (4)
      are generally high. The oils specified hereinafter are suitable for use in
      the systems of this invention when the values of p.sub.1, u, x and Y
      satisfy the said equations. The effect of certain of these variables is
      illustrated in FIGS. 4a and 4b.
TBL  ______________________________________                                    
     Polyglycol Oils                                                           
                 viscosity  v(50.degree.C)                                     
                 index      cSt       .epsilon..sub.r (50.degree.C)            
     ______________________________________                                    
     Glygoyle 22 *                                                             
                 164        100        4.85                                    
     Glygoyle 30 *                                                             
                 165        148       5.0                                      
     EXD 62/127J 241        278       5.7                                      
     EXD 62/127K            660       6.0                                      
     Synthetic Hydrocarbon Oils (SHC) *                                        
     ______________________________________                                    
     EXD 62/114K 160        550       2.1                                      
       "  J      154        360       2.1                                      
       "  F      148        114       2.1                                      
       "  E      147         80       2.1                                      
       "  C      148         41       2.1                                      
     ______________________________________                                    
      * Trademarked products of the Mobil Oil Corporation.                     
PAR  According to the invention an oil of the synthetic hydrocarbon type is
      preferably used in combination with refrigerant R22 and an oil of the
      synthetic polyglycol type is preferably used in combination with
      refrigerant R12 or hydrocarbon gases.
PAR  An example of a synthetic hydrocarbon oil are the Mobil SHC oils and the
      improved efficiency obtained by using one type of this oil in combination
      with refrigerant R12 is shown in FIG. 1 (condensation temperature
      40.degree.C, oil quality EXD 62/114J) as compared with a naphthenic
      mineral oil, Mobil Gargoyle Arctic 300.
PAR  The synthetic polyglycol oils are exemplified by the Mobil Glygoyle oils.
      The improved efficiency obtained by using one type of this oil in
      combination with refrigerant R12 is shown in FIG. 2 (condensing
      temperature 70.degree.C, oil quality EXD 62/114J and EXD 62/127K) as
      compared with a naphthenic mineral oil, Mobil Gargoyle Arctic 300.
PAR  The use of SHC and Glygoyle oils has a marked effect on the volumetric
      efficiency (.eta..sub.vol), the total adiabatic efficiency (.eta..sub.ad
       ) and the coefficient of performance (COP) as shown in FIGS. 1a, 2a; 1c,
      2c and 1d, 2d respectively. The input torque (T) is substantially equal
      to, as shown in FIG. 1b, or lower than, as shown in FIG. 2b, the torque
      obtained with a standard refrigeration oil of the naphthenic base type
      such as Mobil Gargoyle Arctic 300.
PAR  The improved volumetric (.eta..sub.vol) and adiabatic (.eta..sub.ad    )
      efficiencies are also shown in FIG. 3 for two compressors, operating at
      60.degree.C condensing temperature, namely compressor A (rotor diameter =
      47 mm, rotor length (L)/diameter (D) ratio = 1.7:1, Vs = 0.0825 1/rev),
      using a polyglycol oil (EXD 62/127J) and compressor B (rotor diameter =
      102 mm. L/D radio = 1:1Vs = 0.516 1/rev), using a standard mineral oil
      (Arctic 300). It is believed that injection of the polyglycol oil into
      compressor B would give even better results than that indicated for
      compressor A due to the scale factor, and consequently, the improvement
      would be even greater than that shown in FIG. 3.
PAR  The oils meeting the specified relationships are illustrated by following
      examples:
PAR  It is possible, according to the preferred formula (1) to combine R22
      (.epsilon..sub.r = 6.0) with SHC oil (.epsilon..sub.r = 2.1) but not with
      Arctic 300 (.epsilon..sub.r = 2.3) because
EQU  .vertline. 1n 6.0 - 1n 2.1 .vertline. = 1.05 &gt; 1 and
EQU  .vertline. 1n 6.0 - 1n 2.3 .vertline. = 0.96 &lt;1, respectively.
PAL  Arctic 300 having a v value of 32 cSt at 50.degree.C would not meet the
      requirements of Formula (4) unless the value of u is above the specified
      limits.
PAR  It is possible to combine R12 (.epsilon..sub.r = 1.8) with EXD 62/127J)
      (.epsilon..sub.r = 5.7), and propane (.epsilon..sub.r = 1.3) with Mobil
      Glygoyle 30 (.epsilon..sub.r = 5.0) because
EQU  .vertline. 1n 1.8 - 1n 5.7 .vertline. = 1.15 &gt; 1 and
EQU  .vertline. 1n 1.3 - 1n 5.0 .vertline. = 1.35 &gt; 1, respectively,
PAL  but not with paraffinic mineral oils such as Mobile Arctic 300, because
EQU  .vertline. 1n 1.8 - 1n 2.3 .vertline. = 0.25 &lt; 1; and
EQU  .vertline. 1n 1.3 - 1n 2.3 .vertline. = 0.57 &lt; 1;
PAL  since the  formula (4) for v cannot be met as Arctic 300 has a viscosity of
      about 32. This results in a negative exponent requirement for the term e
      .sup.[(c .sup.. p.sub.1) /u.sup.] which cannot be satisfied.
PAR  The application of formula (2) is illustrated in FIGS. 4a and 4b for
      refrigerants R12 and R22. The pressure curves corresponding to different
      condensating temperatures are shown as well as the viscosity values of
      some oils.
PAR  From FIGS. 4a and 4b it is evident that common mineral oils such as Mobil
      Gargoyle Artic 300 are excluded.
PAR  Referring to FIG. 5, a typical set of operating characteristics and
      conditions is as follows:
TBL  Example            1      2      3      4                                 
                        Small Refrigeration                                    
                                      Large  Hydrocarbon                       
                        Compressor    Refr.                                    
     __________________________________________________________________________
                        Automotive                                             
                               Stationary                                      
                                      Compressor                               
                                             Gas Compressor                    
     Male Rotor Diameter (mm)                                                  
                        47     64     163    204                               
     Male Rotor Length/Diameter Ratio                                          
                        1.7:1  1.3:1  1.5    1.65                              
     Male Rotor (No. of Lands)                                                 
                        4      4      4      4                                 
     Female Rotor (No. of Grooves)                                             
                        6      6      6      6                                 
     Driving Rotor      Female Female Male   Male                              
     Displacement Volume V.sub.S                                               
     (L/Male Rotor Rev) 0.084  0.161  3.16   6.81                              
     Motor Speed (rpm)  1.100  3.500  3.550  2.950                             
     Gear Ratio (Compressor Drive                                              
     Shaft rpm/Motor rpm)                                                      
                        1.8:1  1:1    1:1    1:1                               
     Male Rotor Tip Speed (m/s)                                                
                        7.3    17.6   30.3   31.5                              
     Gas                R-12   R-22   R-22   Propane                           
     Dielectric Constant of Liquified                                          
     Gas at 50.degree.C 1.8    6.0    6.0    1.3                               
     Oil Type           Polyglycole                                            
                               SHC    SHC    Polyglycole                       
     Oil Quality        EXD62/127J                                             
                               EXD62/114J                                      
                                      EXD62/114F                               
                                             Glygoyle 30                       
     Oil Viscosity at 50.degree.C (cSt)                                        
                        278    360    114    148                               
     Dielectric Constant of Oil                                                
     at 50.degree.C     5.7    2.1    2.1    5.0                               
     Value of x         1.15   1.05   1.05   1.35                              
     Oil Flow Injected (1/min)                                                 
                        2.0    3.5    60     100                               
     Condensing Temperature (.degree.C)                                        
                        60     50     40.6   41                                
     Evaporating Temperature (.degree.C)                                       
                        0      +3     0      --                                
     Compressor Discharge Pressure                                             
     (kp/cm.sup.2  abs) 15.6   19.8   15.9   14.4                              
     Compressor Inlet Pressure                                                 
     (kp/cm.sup.2 abs)  3.15   5.6    5.0    2.4                               
     Compressor Discharge Temperature                                          
     (.degree.C)        78     82     68     68                                
     Compressor Inlet Temperature (.degree.C)                                  
                        5      8      5      -8                                
     Oil Temperature at Separator                                              
     Outlet (.degree.C) 77     80     67     66                                
     Temperature of Injected Oil (.degree.C)                                   
                        60     60     45     45                                
     Subcooling of Liquid in Conden-                                           
     ser (.degree.C)    1      0      0      --                                
     Superheat of Refrigerant in                                               
     Evaporator (.degree.C)                                                    
                        5.6    5      5      --                                
     Sucked-in Gas Volume in                                                   
     Compressor (m.sup.3 /h)                                                   
                        11.8   42.7   605    1070                              
     Refrigeration Capacity (Kcal/h)                                           
                        4.800  34.000 474.000                                  
                                             --                                
     Compressor Input Torque (NM)                                              
                        13.5   32.0   333    700                               
     Compressor Input Power (KW)                                               
                        2.8    11.7   124    216                               
     COP                2.0    3.4    4.4    --                                
     __________________________________________________________________________
PAR  When the gaseous working fluid is compressed and discharged from the
      compressor with the admixed oil, the temperature of the compressed gaseous
      medium and oil is high. In a conventional refrigeration or air
      conditioning cycle working with R12 or R22 it is often in the range of
      between 70.degree.C and 100.degree.C with conventional condenser
      temperatures of between about 40.degree.C and 50.degree.C. When the oil is
      separated from the compressed gas in the oil separator, the temperature of
      the separated oil is essentially the same as it was when discharged from
      the compressor, aside from a small drop as a result of heat loss in the
      line. It has been considered necesssary that the oil when injected into
      the compressor should be relatively cool, e.g., about 45.degree.C. The
      reasons for requiring cool oil was that it is known that the viscosity of
      oil decreases with increased temperature and this would adversely affect
      efficiency. It was also considered desirable that the oil should be cool
      to obtain the benefit of cooling during compression to aboid overheating
      the discharge end of the compressor otherwise require external cooling.
      The discharge temperatures of such compressors are between about
      70.degree.C and 100.degree.C. Since the recycled oil from the oil
      separator is also used to cool the bearings which support the rotors, cool
      oil was necessary, e.g., bearing failure on a 205 mm rotor screw
      compressor occurred with injection of conventional oil at a temperature of
      61.degree.C.
PAR  An oil cooler was used between the oil separator and the compressor to cool
      the air to be recycled to the desired low temperature. Since the use of an
      oil cooler introduces additional equipment and operating costs into the
      system, it has been desirable to avoid the use of such equipment or to
      minimize the size thereof. This has been attempted by providing means for
      cooling the mixture of compressed gaseous working medium and oil before
      the inlet to the oil separator. Said U.S. Pat. NO. 3,811,291 discloses a
      means for accomplishing the foregoing by injecting cold liquid refrigerant
      into the compressor and/or into the line between the compressor discharge
      and the oil separator.
PAR  I have now discovered that in refrigeration systems utilizing halocarbon
      refrigerants and oil in which the relationship between refrigerant and the
      oil set forth in formula (1) results in a value of x between 1 and 1.5,
      and when v meets the requirements of formula (3), the compressor will
      operate efficiently at higher discharge and oil temperatures, i.e., about
      70.degree.C to 130.degree.C. The compressor having a discharge temperature
      and an oil injection temperature of about 70.degree.C to 110.degree.C will
      operate at an efficiency substantially equal to (or even higher than) that
      obtained with injection of cool oil. When the oil and working gaseous
      medium meet the relationship set forth in this paragraph, some of the gas
      is dissolved in the oil the amount being dependent on the temperature in
      the oil separator, resulting in an oil containing dissolved refrigerant
      which oil has a working viscosity that appears to be substantially
      constant in the range of 70.degree.C to 110.degree.C. The efficiency is
      somewhat lower when the temperature increases from 110.degree.C to
      130.degree.C.
PAR  One of the functions of the oil in oil-injected compressors is to cool the
      discharge end by lowering the temperature of the gas which is discharged.
      When the temperature of the injected oil is raised, the discharge
      temperature of the mixture of gas and oil also is higher. It has been
      found that as the temperature of the injected oil is increased, the
      differential between the temperature of the oil which is injected and the
      discharged oil decreases until an equilibrium condition is reached in
      which the injected oil is substantially at the same temperature as the
      discharged oil (disregarding line losses). It has also been found that the
      compressor will operate efficiently at this equilibrium temperature, i.e.,
      about 70.degree.C to 130.degree.C (and more usually 80.degree.C to
      110.degree.C) which would have been considered excessively high before
      this invention. As noted there is some drop in efficiency at oil injection
      temperatures above about 110.degree.C. For automobile airconditioning
      compressors, operating at extremely high condensing temperatures of about
      70.degree.C to 80.degree.C, the equilibrium temperature may exceed
      130.degree.C. Thus a compressor running at a low speed (2000 rpm) and with
      a condensing temperature of 75.degree.C will have an equilibrium
      temperature of 130.degree.C to 150.degree.C but will still provide
      sufficient cooling capacity.
PAR  When the equilibrium temperature at the usual operating conditions is above
      110.degree.C the oil from the oil separator may be cooled to a temperature
      between 105.degree.C and 110.degree.C.
PAR  The line heat losses between the compressor discharge and oil separator and
      between the oil separator and compressor oil inlet may each be between
      about 1.degree.C and 5.degree.C, and usually about 2.degree.C for each
      loss, with a total temperature drop of not more than 5.degree.C. With
      hermetic or semihermetic compressors with internally located oil
      separators and even with small open type compressors that are not of the
      hermetic or semi-hermetic type but have an internally located oil
      separator which latter type could preferably be used for automotive air
      conditioning compressors the total difference between the compressor
      discharge temperature and the oil injection temperature may be not more
      than about 2.degree.C. Compressors having an internally located oil
      separator position the oil separator and the compressor casing (which
      encloses the rotors) in a common housing.
PAR  In a refrigeration cycle utilizing R22 and SHC oils, for example EXD
      62/114J or R12 and polyglycol oils for example EXD 62/127K the system has
      been found to operate efficiently at a discharge temperature of between
      about 70.degree.C and 130.degree.C without any cooling of the oil which is
      obtained from the oil separator and injected into the compressor. The only
      cooling are the minor line and equipment heat losses. Operation without an
      oil cooler is for cost saving reasons particularly important in low
      capacity refrigeration systems such as vehicle air conditioners,
      residential air conditioners, etc., e.g. refrigeration systems having a
      compressor rotor diameter of up to about 105 mm. This corresponds to the
      se of the line 7 bypassing the oil cooler 6 of FIG. 5. Illustrative
      operating conditions for the system of FIG. 5 in which the oil cooler 6 is
      eliminated are as follows:
TBL  Example                 5      6      7                                   
                             Small Refrigeration                               
                                           Large                               
                             Compressor    Refr.                               
     __________________________________________________________________________
                             Automotive                                        
                                    Stationary                                 
                                           Compressor                          
     Male Rotor Diameter (mm)                                                  
                             47     64     204                                 
     Male Rotor Length/Diameter Ratio                                          
                             1.7:1  1.3:1  1.65:1                              
     Male Rotor (No. of Lands)                                                 
                             4      4      4                                   
     Female Rotor (No. of Grooves)                                             
                             6      6      6                                   
     Driving Rotor           Female Female Male                                
     Displacement Volume V.sub.S (L/Male Rotor Rev)                            
                             0.084  0.161  6.81                                
     Motor Speed (rpm)       1.100  3.500  2.950                               
     Gear Ratio (Compressor Drive Shaft                                        
     rpm/Motor rpm)          1.8:1  1:1    1:1                                 
     Male Rotor Tip Speed    7.3    17.6   31.5                                
     Gas                     R-12   R-22   R-22                                
     Dielectric Constant of Liquified Gas at 50.degree.C                       
                             1.8    6.0    6.0                                 
     Oil Type                Polyglycole                                       
                                    SHC    SHC                                 
     Oil Quality             EXD62/127K                                        
                                    EXD62/114J                                 
                                           EXD62/114K                          
     Oil Viscosity at 50.degree.C (cSt)                                        
                             660    360    114                                 
     Dielectric Constant of Oil at 50.degree.C                                 
                             6.0    2.1    2.1                                 
     Value of x              1.20   1.05   1.05                                
     Oil Flow Injected (1/min)                                                 
                             2.0    3.5    60                                  
     Condensing Temperature (.degree.C)                                        
                             60     40     40.1                                
     Evaporating Temperature (.degree.C)                                       
                             0      0      0.8                                 
     Compressor Discharge Pressure (kg/cm.sup.2 abs)                           
                             15.5   15.6   15.7                                
     Compressor Inlet Pressure (kg/cm.sup.2 abs)                               
                             3.15   5.0    5.2                                 
     Compressor Discharge Temperature (.degree.C)                              
                             91     84     86                                  
     Compressor Inlet Temperature (.degree.C)                                  
                             5      5      6                                   
     Oil Temperature at Separator Outlet (.degree.C)                           
                             90     83     84                                  
     Temperature of Injected Oil (.degree.C)                                   
                             87     81     82                                  
     Subcooling of Liquid in Condenser (.degree.C)                             
                             0      0      0                                   
     Superheat of Refrigerant in Evaporator (.degree.C)                        
                             5      5      5                                   
     Sucked-in Gas Volume in Compressor (m.sup.3 /h)                           
                             12.4   43.7   1.115                               
     Refrigeration Capacity (Kcal/h)                                           
                             5.000  34.000 900.000                             
     Compressor Input Torque (NM)                                              
                             13.5   26.5   810                                 
     Compressor Input Power (KW)                                               
                             2.8    9.7    250                                 
     COP                     2.1    4.1    4.2                                 
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. Refrigeration apparatus comprising in combination:
PA1  an oil injected helical screw compressor for compressing gaseous halocarbon
      refrigerant, an oil separator connected to said compressor to receive a
      mixture of compressed gaseous refrigerant and oil containing dissolved
      refrigerant for separating said compressed gaseous refrigerant from said
      oil containing dissolved refrigerant, a condenser connected to said oil
      separator to receive said compressed gaseous refrigerant for liquifying
      said refrigerant, an evaporator connected to said condenser by a conduit
      means containing an expansion valve for evaporating said liquified
      refrigerant to the gaseous state, means for returning said evaporated
      gaseous refrigerant to the suction end of said compressor, and means for
      recycling said oil containing dissolved refrigerant to said compressor,
PA1  said compressor having a male rotor and a female rotor, said male rotor
      having a diameter of up to about 105 mm and means for being rotated to
      provide a male rotor tip speed of between about 5 and 30 m/sec, said
      compressor having a discharge pressure of between about 10 and 30
      kp/cm.sup.2,
PA1  the dielectric constants of said oil (.epsilon..sub.r    ) and said
      liquified refrigerant (.epsilon..sub.r    ), and the viscosity of the oil,
      satisfying the following relationships
EQU  .vertline. 1n .epsilon..sub.r    - 1n .epsilon..sub.r     .vertline. = x
PAL  and when x .gtoreq. 1
EQU  v = Y .sup.. e .sup..sup.[(c . P.sbsp.1 ) /u.sup.]
PAL  and when x &lt; 1
      ##EQU3##
      wherein Y is a value between 25 and 200, 1n is the natural logarithm,
      .epsilon..sub.r is the dielectric constant at 50.degree.C, v is the
      kinematic viscosity of the pure oil in centistokes at 50.degree.C, P.sub.1
      is the discharge pressure of the compressor, u is the tip speed of the
      male rotor, e is the base of the natural system of logarithms, and c is a
      constant equal to
      ##EQU4##
      when P.sub.1 is measured in kp/cm.sup.2 and u is measured in m/sec.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the rotor diameter is between 30 and
      105 mm; and wherein Y is between 50 and 100.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the rotor diameter is between 40 and
      105 mm; x .gtoreq. 1; and Y is between 50 and 100.
NUM  4.
PAR  4. The apparatus of claim 1 adapted to be used as a vehicle air-conditioner
      having a capacity of between 1,000 and 5,000 kcal/h; said condenser is
      cooled by ambient air; said male rotor has a diameter between 40 and 55 mm
      and is operated at at least 1,200 rpm; said refrigerant is
      difluorodichloromethane; and said oil has a dielectric constant between
      about 4.9 and 8 and a v value between about 270 and 660 cSt.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said oil is a synthetic polyglycol oil.
NUM  6.
PAR  6. The apparatus of claim 1 adapted to be used as an air-conditioner having
      a capacity of between 2.5 and 50 tons of refrigeration, wherein said male
      rotor has a diameter of between 40 and 105 mm and is operated at between
      about 2900 and 3600 rpm; said refrigerant is difluoromonochloromethane;
      and said oil has a dielectric constant between about 1.3 and 2.2 and a v
      value of between about 80 and 550 cSt.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said oil is a synthetic hydrocarbon oil
      having a dielectric constant of about 2.1.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  9.
PAR  9. The apparatus of claim 4 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  10.
PAR  10. The appartus of claim 6 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  11.
PAR  11. A method of operating a vehicle air-conditioner comprising:
PA1  condensing compressed gaseous difluorodichloromethane refrigerant to a
      liquid in a condenser cooled by ambient air,
PA1  evaporating said liquified refrigerant in an evaporator at a temperature
      between about -5.degree.C and 10.degree.C to form gaseous refrigerant,
PA1  compressing said gaseous refrigerant in a helical screw compressor having a
      male rotor with a diameter between 40 and 55 mm operated at between 1,200
      and 14,000 rpm while admixing oil containing dissolved refrigerant with
      said gaseous refrigerant to form a mixture of compressed gaseous
      refrigerant and oil containing dissolved refrigerant at a discharge
      pressure of at least 10 kg/cm.sup.2,
PA1  separating said compressed gaseous refrigerant from said oil containing
      dissolved refrigerant and feeding said compressed gaseous refrigerant to
      said condenser to be liquified, and
PA1  recycling said oil containing dissolved refrigerant from said oil separator
      to said compressor,
PA1  said oil having a dielectric constant at 50.degree.C of between 4.9 and 8
      and a kinematic viscosity at 50.degree.C of between about 270 and 660 cSt.
NUM  12.
PAR  12. The method of claim 11 wherein said oil containing dissolved
      refrigerant is recycled to said compressor from said oil cooler without
      any applied cooling.
NUM  13.
PAR  13. The method of claim 12 wherein said oil containing dissolved
      refrigerant is recycled to said compressor at a temperature not more than
      5.degree.C below the compressor discharge temperature.
NUM  14.
PAR  14. A method of operating small refrigeration systems comprising:
PA1  condensing compressed gaseous halocarbon refrigerant to a liquid in a
      condenser,
PA1  evaporating said liquified refrigerant in an evaporator to form gaseous
      refrigerant,
PA1  compressing said gaseous refrigerant in a helical screw compressor having a
      male rotor with a diameter between 30 and 105 mm operated at between about
      2,900 and 3,600 rpm while admixing oil containing dissolved refrigerant
      with said gaseous refrigerant to form a mixture of compressed gaseous
      refrigerant and oil containing dissolved refrigerant at a discharge
      pressure of between about 30 and 10 kg/cm.sup.2,
PA1  separating said compressed gaseous refrigerant from said oil containing
      dissolved refrigerant and feeding said compressed gaseous refrigerant to
      said condenser to be liquified,
PA1  recycling said oil containing dissolved refrigerant from said oil separator
      to said compressor,
PA1  the dielectric constants of said oil and liquified refrigerant, and the
      viscosity of the oil, satisfying the following relationships
EQU  .vertline. 1n .epsilon..sub.r     - 1n .epsilon..sub.r     .vertline. = x
PAL  and when x .gtoreq. 1
EQU  v = Y .sup.. e .sup..sup.[(c . P.sbsp.1 ) /u.sup.]
PAL  and when x &lt; 1
      ##EQU5##
      wherein Y is a value between 25 and 200, 1n is the natural logarithm,
      .epsilon..sub.r is the dielectric constant at 50.degree. C, v is the
      kinematic viscosity of the pure oil in centistokes at 50.degree. C,
PA1  p.sub. 1 is the discharge pressure of the compressor, u is the tip speed of
      the male rotor, e is the base of the natural system of logarithms, and c
      is a constant equal to
      ##EQU6##
      when P.sub.1 is measured in kp/cm.sup.2 and u is measured in m/sec.
NUM  15.
PAR  15. The method of claim 14 wherein said refrigerant is
      difluoromonochloromethane and wherein said oil has a dielectric constant
      at 50.degree.C of between 1.2 and 2.2 and a viscosity of v of between
      about 80 and 550 cSt.
NUM  16.
PAR  16. The method of claim 15 wherein said oil containing dissolved
      refrigerant is recycled to said compressor at a temperature not more than
      5.degree.C below the compressor discharge temperature.
NUM  17.
PAR  17. The method of claim 14 wherein said oil containing dissolved
      refrigerant is recycled to said compressor without applied cooling at a
      temperature not more than 10.degree.C below the compressor discharge
      temperature.
NUM  18.
PAR  18. Refrigeration apparatus comprising in combination:
PA1  an oil injected helical screw compressor for compressing gaseous halocarbon
      refrigerant, an oil separator connected to said compressor to receive a
      mixture of compressed gaseous refrigerant and oil containing dissolved
      refrigerant for separating said compressed gaseous refrigerant from said
      oil containing dissolved refrigerant, a condenser connected to said oil
      separator to receive said compressed gaseous refrigerant for liquifying
      said refrigerant, an evaporator connected to said condenser by a conduit
      means containing an expansion valve for evaporating said liquified
      refrigerant to the gaseous state, means for returning said evaporated
      gaseous refrigerant to the suction end of said compressor, and means for
      recycling said oil containing dissolved refrigerant to said compressor,
PA1  said compressor having a male rotor and a female rotor, said male rotor
      having a diameter of between about 105 and 300 mm and means for being
      rotated to provide a male rotor tip speed of between about 15 and 50
      m/sec, said compressor having a discharge pressure of between about 10 and
      30 kp/cm.sup.2,
PA1  the dielectric constants of said oil and liquified refrigerant, and the
      viscosity of the oil, satisfying the following relationships
EQU  .vertline. 1n .epsilon..sub.r   .varies. - 1n .epsilon..sub.r    .vertline.
       = x
PAL  and when x .gtoreq. 1
EQU  v = Y .sup.. e.sup.[.sup.(c . P.sbsp.1) /u.sup.]
PAL  and when x &lt; 1
      ##EQU7##
      wherein Y is a value between 30 and 200, 1n is the natural logarithm,
      .epsilon..sub.r is the dielectric constant at 50.degree.C, v is the
      kinematic viscosity of the pure oil in centistokes at 50.degree.C, P.sub.1
      is the discharge pressure of the compressor, u is the tip speed of the
      male rotor, e is the base of the natural system of logarithms, and c is a
      constant equal to
      ##EQU8##
      when P.sub.1 is measured in kp/cm.sup.2 and u is measured in m/sec.
NUM  19.
PAR  19. The apparatus of claim 18 wherein Y has a value between 40 and 100, and
      u has a value between 25 and 40.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said refrigerant is
      difluorodichloromethane, and wherein said oil has a dielectric constant
      between about 4.9 and 8 and a v value between about 40 and 330 cSt.
NUM  21.
PAR  21. The apparatus of claim 19 wherein said refrigerant is
      difluoromonochloromethane, and wherein said oil has a dielectric constant
      between about 1.3 and 2.2 and a v value between about 80 and 550 cSt.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  23.
PAR  23. The apparatus of claim 20 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  24.
PAR  24. The apparatus of claim 19 wherein said means for recycling said oil
      containing dissolved refrigerant is a direct pipe connection between said
      oil separator and said compressor and x has a value between 1 and 1.5.
NUM  25.
PAR  25. A method of operating refrigeration systems comprising:
PA1  condensing compressed gaseous halocarbon refrigerant to a liquid in a
      condenser cooled by ambient air,
PA1  evaporating said liquified refrigerant in an evaporator to form gaseous
      refrigerant,
PA1  compressing said gaseous refrigerant in a helical screw compressor having a
      male rotor with a diameter between 105 and 300 mm operated at between
      about 2,900 and 3,600 rpm while admixing oil containing dissolved
      refrigerant with said gaseous refrigerant to form a mixture of compressed
      gaseous refrigerant and oil containing dissolved refrigerant at a
      discharge pressure of between about 10 and 30 kg/cm.sup.2,
PA1  separating said compressed gaseous refrigerant from said oil containing
      dissolved refrigerant and feeding said compressed gaseous refrigerant to
      said condenser to be liquified,
PA1  recycling said oil containing dissolved refrigerant from said oil separator
      to said compressor,
PA1  the dielectric constants of said oil and liquified refrigerant, and the
      viscosity of the oil, satisfying the following relationships
EQU  .vertline. 1n .epsilon..sub.r    - 1n .epsilon..sub.r    .vertline. = x
PAL  and when x .gtoreq. 1
EQU  v = Y .sup.. e .sup..sup.[(c . P.sbsp.1 ) /u.sup.]
PAL  and when x &lt; 1
      ##EQU9##
      wherein Y is a value between 25 and 200, 1n is the natural logarithm,
      .epsilon..sub.r is the dielectric constant at 50.degree.C, v is the
      kinematic viscosity of the pure oil in centistokes at 50.degree.C, P.sub.1
      is the discharge pressure of the compressor, u is the tip speed of the
      male rotor, e is the base of the natural system of logarithms, and c is a
      constant equal to
      ##EQU10##
      when P.sub.1 is measured in kp/cm.sup.2 and u is measured in m/sec.
NUM  26.
PAR  26. The method of claim 25 wherein said refrigerant is
      difluorodichloromethane and the oil has a dielectric constant of between
      4.9 and 8 and a v value between about 270 and 660 cSt.
NUM  27.
PAR  27. The method of claim 26 wherein said oil is a polyglycol oil.
NUM  28.
PAR  28. The method of claim 25 wherein said refrigerant is
      difluoromonochloromethane and wherein said oil has a dielectric constant
      at 50.degree.C of between 1.2 and 2.2 and a viscosity v of between about
      80 and 550 cSt.
NUM  29.
PAR  29. The method of claim 28 wherein said oil has an .epsilon..sub.r of 2.1.
NUM  30.
PAR  30. The method of claim 29 wherein the compressor discharge temperature is
      between about 70.degree.C and 110.degree.C and wherein said oil containing
      dissolved refrigerant being recycled from said oil separator has not been
      cooled and is at a temperature of not less than 5.degree.C below said
      compressor discharge temperature when it is recycled to said compressor.
NUM  31.
PAR  31. The method of claim 25 wherein the compressor discharge temperature is
      between about 70.degree.C and 110.degree.C and wherein said oil containing
      dissolved refrigerant being recycled from said oil separator has not been
      cooled and is at a temperature of not less than 5.degree.C below said
      compressor discharge temperature when it is recycled to said compressor.
NUM  32.
PAR  32. The method of claim 25 wherein x has a value between 1 and 1.5 and
      wherein the compressor discharge temperature is between about 70.degree.C
      and 110.degree.C and wherein said oil containing dissolved refrigerant
      being recycled from said oil separator or has not been cooled and is at a
      temperataure of not less than about 10.degree.C below said compressor
      discharge temperature.
NUM  33.
PAR  33. The method of claim 25 wherein said recycled oil is at a temperature
      not less than about 5.degree.C below said compressor discharge
      temperature.
NUM  34.
PAR  34. The method of claim 25 wherein x has a value between 1 and 1.5 and
      wherein the compressor discharge temperature is between about 70.degree.C
      and 130.degree.C and wherein said oil containing dissolved refrigerant
      being recycled from said oil separator or has not been cooled and is at a
      temperature of not less than about 10.degree.C below said compressor
      discharge temperature.
NUM  35.
PAR  35. The method of claim 25 wherein x has a value between 1 and 1.5 and
      wherein the compressor discharge temperature
NUM  36.
PAR  36. The method of claim 12 wherein x has a value between 1 and 1.5 and
      wherein the compressor discharge temperature is between about 70.degree.C
      and 130.degree.C and wherein said oil containing dissolved refrigerant
      being recycled from said oil separator has not been cooled and is at a
      temperature of not more than about 10.degree.C below said compressor
      discharge temperature.
NUM  37.
PAR  37. The method of claim 36 wherein said recycled oil is at a temperature
      not more than about 5.degree.C below said compressor discharge
      temperature.
NUM  38.
PAR  38. The method of claim 36 wherein said compressor discharge temperature is
      between about 80.degree.C and 130.degree.C.
NUM  39.
PAR  39. The method of claim 17 wherein x has a value between 1 and 1.5 and
      wherein the compressor discharge temperature is between about 70.degree.C
      and 130.degree.C and wherein said oil containing dissolved refrigerant
      being recycled from said oil separator has not been cooled and is at a
      temperature of not more than about 10.degree.C below said compressor
      discharge temperature.
NUM  40.
PAR  40. The apparatus of claim 8 wherein said oil separator is an internally
      located oil separator.
NUM  41.
PAR  41. The apparatus of claim 13 wherein said oil separator is an internally
      located oil separator.
NUM  42.
PAR  42. The apparatus of claim 14 wherein said oil separator is an internally
      located oil separator.
NUM  43.
PAR  43. The apparatus of claim 18 wherein said oil separator is an internally
      located oil separator.
NUM  44.
PAR  44. The apparatus of claim 25 wherein said oil separator is an internally
      located oil separator.
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PAL  A refrigeration system having an improved defrost control including a
      thermal relay, a bimetal thermostat, and a thick film/hybrid
      microelectronic element responsive to cumulative humidity of the
      refrigerated air comprising a moisture sensor/cumulator portion and a
      control circuit portion on a ceramic substrate. The sensor/cumulator
      absorbs water vapor at a rate proportional to the relative humidity of the
      refrigerated air and activates a heater element of the thermal relay to
      initiate a defrost period. The element is reset by thermally removing a
      preselected amount of the absorbed water vapor. The defrost period is
      terminated by a bimetal thermostat. Alternatively, a thermal responsive
      resistor may be included in the control circuit to terminate the defrost
      period.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refrigeration apparatus, and in particular, to
      means for automatically controlling defrosting of such apparatus.
PAR  2. Description of the Prior Art
PAR  United States Letters Patent pertinent to the present invention include:
TBL  2,229,612                                                                 
              Pearce     Refrigerating Apparatus                               
     2,295,570                                                                 
              Dunmore    Humidity Variable Resistance                          
     2,424,735                                                                 
              Boothroyd  Humidity Control Apparatus                            
     2,444,030                                                                 
              Burch      Humidity and Temperature                              
                         Responsive Device                                     
     2,510,018                                                                 
              Gillingham Electrolytic Humidostat                               
     2,927,524                                                                 
              Gregor     Polyelectrolyte Water                                 
                         Indicating Devices                                    
     3,029,610                                                                 
              Armentrout Refrigerating Apparatus                               
                         Including Defrosting Means                            
     3,120,108                                                                 
              Pansing    Refrigerating Apparatus                               
                         Including Defrost Control                             
     3,335,576                                                                 
              Phillips   Defrost Control for                                   
                         Refrigeration Apparatus                               
     3,460,352                                                                 
              Lorenz     Defrost Control                                       
     3,474,638                                                                 
              Dodge III  Electronic Refrigeration                              
                         System Defrost Control                                
     3,622,523                                                                 
              Amin       Air Fireable Compositions                             
                         Containing Vanadium Oxide                             
                         and Boron, and Devices                                
                         Therefrom                                             
PAR  It is conventional to provide means for automatically defrosting
      refrigeration systems utilizing evaporator-type cooling means, such as in
      refrigerators, freezers, and the like. One means for controlling the
      defrosting operation therein has been a clock-type control which has the
      disadvantage of requiring the setting thereof for worst case climate and
      usage conditions so that often too many defrost periods of too long a
      duration result causing unnecessary power consumption and food thermal
      cycling. Such clock controls have been found to require substantial
      maintenance and create a potential noise problem.
PAR  Other prior art demand defrost controls have proven to be unreliable and
      costly. One such control utilizes a hygrometer for sensing the humidity
      condition of the refrigerated air and an E-Cell coulometer for integrating
      the humidity information. Such coulometers permit resetting the stored
      charge thereof for recycling the control during the defrost operation. The
      electrical circuitry of such controls is relatively complex and costly.
PAR  Another prior art control utilizes a photoelectric means for detecting the
      presence of frost. Such controls have been found to require substantial
      maintenance. Further, light energy from the lamp tends to heat and distort
      the formation of frost in the area being monitored.
PAR  Another prior art control utilizes one or more thermistor type thermal
      responsive devices to sense the presence of frost at specific points in
      the evaporator. It has been found, however, that sensing frost at a given
      point is unreliable as frost may form irregularly on the evaporator.
PAR  Thermal responsive devices have been utilized in connection with defrosting
      means for controlling termination of the defrost operation. Typically, a
      bimetal thermostat may be mounted in thermal transfer association to the
      evaporator and wired in series with the defrost heater to open the heater
      circuit when the evaporator reaches a high temperature. A clock has been
      conventionally provided therewith for timing a remainder portion of the
      defrost period. This remaining period, known as the run-off period, allows
      melted frost to drain away. One disadvantage of the above system is that
      the run-off period normally must be longer than that necessary to complete
      an optimum draining operation. However, the above system has the safety
      advantage that both the clock and the bimetal thermostat must fail before
      the refrigeration system would be subjected to unduly high temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved demand defrost control for
      controlling the operation of a defrosting means in a refrigeration system
      eliminating the disadvantages of the prior art defrost controls in a novel
      and simple manner.
PAR  More specifically, the present invention comprehends providing such a
      control means including means for absorbing atmospheric moisture from the
      refrigerated air and defining a moisture responsive electrical resistance
      inversely proportional to the amount of absorbed moisture, and control
      means responsive to the resistance reaching a preselected low value to
      initiate operation of the defrosting means.
PAR  The control means illustratively comprises a thermal relay, a bimetal
      thermostat, and a thick film/hybrid microelectronic element having a
      moisture sensor/cumulator portion for absorbing atmospheric moisture and a
      control circuit portion carried on a common substrate, illustratively
      comprising a ceramic substrate.
PAR  The moisture absorbing means illustratively comprises a filter which
      consists of one or more bodies, such as pellets, beads, sheets, etc., of
      desiccant material with an outer interface exposed to the refrigerator
      atmosphere and an inner interface in close moisture transfer association
      with a moisture responsive resistance element provided with thick film
      interdigital electrodes which is located in an otherwise enclosed air
      space. The filter means may be pervious for improved moisture transfer.
PAR  Illustratively, the desiccant material may be formed of polycrystalline
      synthetic zeolite having extremely small pore size.
PAR  The thick film interdigital conductor electrodes of the moisture responsive
      resistor may be coated with a hygroscopic film providing electrical
      conductivity when moist.
PAR  The moisture absorbing means may advantageously be disposed in the ambient
      air adjacent the cooling means of the refrigeration system.
      Illustratively, where the refrigeration system comprises a refrigerator
      having an evaporator cooling means, the moisture absorbing means may be
      disposed adjacent the evaporator. Where the refrigeration system utilizes
      air moving means for circulating refrigerating air therethrough, the
      moisture absorbing means may be disposed in the path of the flowed air,
      and preferably at or near the coldest spot in the refrigeration system for
      improved sensing of the moisture condition.
PAR  The thermal relay may be located outside of the refrigerated space remote
      from the sensor. Alternatively, the thermal relay contacts and heater may
      be an integral part of the thick film control element.
PAR  More specifically, the control circuit means may comprise a thermal relay
      with a heater element and a single pole double throw, or a double pole
      single throw switch element capable of activating the defrosting means,
      and a solid state sensitive gate silicon controlled rectifier or triac
      component capable of activating the thermal relay heater element and
      having a gate triggering circuit responsive to the moisture responsive
      resistor. A thick film heater resistor may be located on the same thick
      film substrate as the moisture responsive resistor and desiccant filter
      means to provide means for thermally regenerating the sensor/cumulator
      means each defrost cycle by driving off absorbed moisture. In the
      illustrated embodiment, the regeneration operation is effected
      concurrently with the defrost operation.
PAR  The invention comprehends providing a plurality of components on a single
      ceramic thick film substrate spaced to achieve optimal functioning of the
      control. Illustratively, a short thermal path is provided between the
      thick film regeneration heater and the thick film moisture responsive
      resistance and desiccant filter. A long thermal path is provided between
      the regeneration heater and the silicon controlled rectifier to avoid
      overheating of the rectifier. Connector leads to and from the thick film
      element may be attached to the substrate near the silicon controlled
      rectifier to function as a heat sink for cooling the silicon controlled
      rectifier. A negative temperature coefficient resistor may be included in
      the gate trigger circuit of the silicon controlled rectifier and arranged
      to have a long thermal path to the regeneration and defrost heater.
PAR  Means are provided to preclude damage to the moisture absorbing means such
      as by impingement of drops or similar larger quantities of water on the
      desiccant filter. Baffle means may be provided for adjusting the flow of
      air to the sensor and for preventing such impingement.
PAR  The present invention is simple and economical of construction while yet
      providing the highly desirable features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a front elevation of a refrigerator-freezer provided with a
      defrost control embodying the invention;
PAR  FIG. 2 is a schematic wiring diagram of the control circuitry thereof;
PAR  FIG. 3 is a top plan view of a thick film/hybrid microelectronic element
      thereof;
PAR  FIG. 4 is a side elevation thereof;
PAR  FIG. 5 is a bottom plan view thereof; and
PAR  FIG. 6 is a graph showing the temperature-resistance characteristics of the
      vanadium oxide resistor thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      refrigeration system is illustratively shown to comprise a
      refrigerator-freezer apparatus 10 including a cabinet 11 defining an
      above-freezing temperature portion 12 and a below-freezing portion 13.
      Suitable doors 14 and 15 are provided for providing controlled access to
      the respective refrigeration apparatus portions. Refrigeration of the
      chambers may be effected by a conventional cooling means, such as
      evaporator 16, which may be mounted behind the rear liner 17 of the
      freezer chamber 13 in the conventional manner. Means for circulating the
      air in heat transfer association with the evaporator and to the respective
      chambers 12 and 13 may be provided in the form of a conventional fan 18.
PAR  The evaporator is defrosted from time to time by means of an electric wire
      heater defrosting element 19. The present invention comprehends an
      improved means for controlling the defrosting operation which comprises a
      thermal relay 20, a bimetal thermostat 21, and a thick film/hybrid
      microelectronic circuit element 22. Thermal relay 20 may be located behind
      a removable front grill beneath cabinet 11 for ease of servicing. As
      shown, the bimetal thermostat 21 is disposed in heat transfer association
      with evaporator 16.
PAR  The thick film element 22 may advantageously be mounted at the coldest
      portion of the air stream adjacent the evaporator 16. Thick film element
      22 comprises a moisture sensor/cumulator portion 23 and a control circuit
      portion 24. The moisture sensor/cumulator portion 23 may comprise a thick
      film regeneration heater resistor 25, a moisture responsive resistance
      element 26, a desiccant filter 27, and a plastic shroud 28 which holds the
      desiccant filter 27 and defines an enclosed air space 29. The control
      circuit portion 24 of thick film element 22 may consist of a sensitive
      gate silicon controlled rectifier 30, two silicon diodes 31 and 32, a
      capacitor 33, a vanadium oxide negative temperature coefficient thick film
      resistor 34, thick film current limiting resistors 35, 36, 37, 38, 39 and
      40, and a thick film circuit resistor 41. The silicon controlled rectifier
      30, diodes 31 and 32, and capacitor 33 are microelectronic components
      which may be attached to element 22 by reflowing solder.
PAR  The control components on element 22 are illustratively interconnected by
      thick film silver-palladium conductor patterns screened and fired on the
      top and bottom sides of an alumina substrate 42 with a single feedthrough
      interconnection from top to bottom which may be through a hole in the
      substrate 42 at point 43. Illustratively, substrate 42 may be
      approximately 35 mils thick 1 inch wide and 2 inches long. Four copper
      lead wires 44, 45, 46, and 47 for providing electrical connection between
      element 22 and other portions of the refrigeration system are attached to
      thick film silver-palladium solder pads which surround the silicon
      controlled rectifier 30 and perform the additional heat sink function of
      conducting and diverting heat away from the silicon controlled rectifier
      30.
PAR  The moisture responsive resistance element 26 consists of a thick film,
      gold interdigital conductor grid which is coated with a hygroscopic film
      or emulsion 48. On one side of the gold interdigital grid, the conductors
      49 are shorted together while the conductors 50, 51, 52, 53, 54 and 55 on
      the other side of the grid are connected in series with thick film
      resistors 35, 36, 37, 38, 39 and 40, respectively, to insure that no one
      portion of the film 48 is conducting an excessive current in the event
      that one portion of the film 48 becomes moist before the remainder of the
      film. Resistors 35, 36, 37, 38, 39 and 40 are connected together at point
      56 and collectively limit the conductivity of the film 48 to a safe low
      value.
PAR  The hygroscopic film 48 may be formed by placing a drop of water solution
      of lithium chloride and sodium silicate on the grid, spreading the drop
      evenly over the entire interdigital grid surface, and allowing the film to
      dry for two hours in a low humidity environment. The solution may be
      formulated by stirring 4 grams of lithium chloride and 6 grams of sodium
      silicate in 150 cc of water. The lithium chloride salt is hygroscopic,
      thereby attracting and holding water vapor which may be in air space 29
      and accounts for most of the electrical conductivity of the film 48 when
      the film is moist. The sodium silicate which may advantageously have a
      2.00 weight ratio of silicon dioxide to sodium oxide, functions as a
      binder agent to prevent the hygroscopic salt from creeping or
      agglomerating when moist. The solution may also include small quantities
      of special purpose additives. Illustratively, glycerin may be added as a
      water soluble plasticizer to prevent cracking or crazing of the coating;
      boric acid may be added to prevent discoloration of the coating; and/or a
      nonionic detergent, such as Triton X-100, may be added to prevent
      electrical polarization. Polyvinyl acetate may be used as the binding
      agent instead of sodium silicate, thereby forming a hygroscopic emulsion.
PAR  The desiccant filter 27 may advantageously consist of two circular
      disc-shaped pellets 27a and 27b with the outer surfaces 56a and 56b of
      each pellet exposed to the refrigerated air flow and the inner surfaces
      57a and 57b of each pellet in close moisture transfer association with the
      enclosed air space 29 and the hygroscopic film 48. An example of such
      preform filter pellets 27a and 27b is that marketed under the trademark
      "Natrasorb" by Multiform Desiccant Products, Inc., consisting essentially
      of Molecular Sieve desiccant with a 3 Angstrom pore size and an inorganic
      clay binder. Such a 3A Molecular Sieve desiccant is marketed by the Linde
      Division of the Union Carbide Corporation in powder and bead form and
      consists generically of a polycrystalline metal aluminosilicate synthetic
      zeolite with potassium cations. In the preferred embodiment, the desiccant
      filter 27 consists of pellets 27a and 27b with no macropores or air
      channels which might alter moisture transfer through the pellets from the
      outer surface, refrigerated air side 56 to the inner surface, hygroscopic
      film side 57. However, the desiccant may be formulated or processed into
      bead or other forms which do contain macropores or air channels for
      improved moisture transfer. Additional desiccant pellets may be attached
      to the plastic shroud 28 within the air space 29 to provide additional
      surface for absorption of water vapor to decrease the rate of moisture
      absorption by the hygroscopic film 48.
PAR  The shape of the shroud 28 and desiccant filter 27 may be modified to
      provide a shorter thermal path between the desiccant filter 27 and the
      regeneration heater 25. Alternatively, the shroud may be formulated of
      desiccant and binder.
PAR  In all cases, however, the moisture absorbing means comprises a filter 27
      which consists of powdered desiccant or one or more bodies (such as
      pellets, beads, sheets, etc.) of desiccant material with an outer surface
      or interface 56 exposed to the refrigerator atmosphere and an inner
      surface of interface 57 in moisture transfer association with a moisture
      responsive resistance element 26.
PAR  Operation of the improved automatic defrost control of the present
      invention is best understood with reference to the schematic wiring
      diagram of control 22 shown in FIG. 2. Power to the control is provided
      from a conventional alternating current power supply 58 which may be
      provided with a ground 59. Power supply leads L1 and L2 may comprise the
      incoming power supply to the refrigerator-freezer. Lead L1 is connected to
      the moving contact 60a of a single pole, double throw switch 60 of thermal
      relay 20 also having a resistance heater 61 connected to power supply lead
      L1. Illustratively, relay 20 may comprise a Klixon model 60000 single
      pole, double throw thermal relay with a positive temperature coefficient
      thermistor heater element 61. One normally closed fixed contact 60c of
      switch 60 is connected through the freezer thermostate 62 and compressor
      motor 63 to power supply lead L2. The other normally open fixed contact
      60b of switch 60 is connected through the evaporator defrost heater 19 and
      the evaporator bimetal thermostat switch 21 to power supply lead L2.
PAR  The thermal relay heater 61 is connected to the anode 31a of diode 31 on
      thick element 22 by lead wire 44. The cathode 31c of diode 31 is connected
      to the anode 30a of silicon controlled rectifier 30. The cathode 30c of
      silicon controlled rectifier 30 is connected to a common terminal
      connecting the evaporator defrost heater 19 and the evaporator bimetal
      thermostat switch 21 by lead wire 45.
PAR  The common side 49 of the moisture responsive resistance element 26 is
      connected to the normally closed fixed contact 60c of switch 60 by lead
      wire 46. Interdigital conductor fingers 50, 51, 52, 53, 54, and 55 of
      moisture responsive resistor element 26 are connected in series with thick
      film resistors 35, 36, 37, 38, 39 and 40, respectively. Resistors 35, 36,
      37, 38, 39 and 40 are connected in common at point 56 and connected to the
      gate 30g of silicon controlled rectifier 30. A thick film vanadium oxide
      resistor 34 is connected from the gate 30g to the cathode 30c of silicon
      controlled rectifier 30. Capacitor 33 and diode 32 are connected in
      parallel with resistor 34 and the anode 32a of diode 32 is connected to
      the cathode 30c of silicon controlled rectifier 30. Cathode 32c of diode
      32 is connected to the gate 30g of silicon controlled rectifier 30. The
      thick film regeneration heater resistor 25 is connected from cathode 30c
      of silicon controlled rectifier 30 to lead wire 47 which is connected to
      the normally open contact 60b of thermal relay switch 60. Circuit resistor
      41 is connected from lead wire 47 to the gate 30g of silicon controlled
      rectifier 30.
PAR  The positional relationships between components on alumina substrate 42 may
      best be understood by reference to FIGS. 3, 4 and 5. Thick film
      regeneration heater resistor 25 and thick film circuit resistor 41 are
      both located on the bottom side of substrate 42 directly beneath the
      moisture responsive resistance element 26 and desiccant filter pellets 27a
      and 27b such that resistors 25 and 41 are in close heat transfer
      association with the moisture sensor/cumulator portion 23 of thick film
      element 22. The negative temperature coefficient resistor 34, however, is
      spaced away from resistors 25 and 41 to effect a longer heat transfer path
      therebetween. The silicon controlled rectifier 30 is preferably spaced as
      far away from resistors 25 and 41 on substrate 42 as is practical and
      rectifier 30 is surrounded by copper lead wires 44, 45, 46 and 47 to
      provide maximum thermal isolation of rectifier 30 from heater resistors 25
      and 41.
PAR  Diode 31 has a large peak inverse voltage rating and protects the silicon
      controlled rectifier 30 from negative voltage transients which may
      occasionally emanate from the alternating current power supply 58. While
      positive voltage transients may also occasionally emanate from power
      supply 58 and cause the silicon controlled rectifier 30 to conduct current
      to the thermal relay heater element 61 for a half cycle, such a short
      application of power to element 61 does not have detrimental effect on the
      desired operation of switch 60.
PAR  Capacitor 33 prevents radio frequency voltage which may be present on the
      L1 and L2 power supply leads from falsely triggering the silicon
      controlled rectifier 30. Capacitor 33 may be approximately 0.01
      microfarad.
PAR  Diode 32 clamps the gate (30g) to cathode (30c) voltage of silicon
      controlled rectifier 30 to a safe low value on negative voltage half
      cycles, thereby further protecting the silicon controlled rectifier.
PAR  Thick film current limiting resistors 35, 36, 37, 38, 39 and 40 may each be
      approximately 300k ohm resistors. Illustratively, the 13 interdigital gold
      fingers of the moisture responsive resistance element 26 may be 10 mils
      wide with a 40 mil spacing. Heater and circuit resistors 25 and 41 may be
      5.7k ohm and 68k ohm resistors, respectively, to provide a regeneration
      temperature of approximately 250.degree.F. at the hygroscopic film 48.
PAR  When the refrigerator-freezer 10 is installed, the moisture sensitive
      resistor 26 may be in a low resistance, moist condition due to normal
      moisture absorption of the inactive sensor/cumulator 23. Similarly, the
      bimetal switch contact 21 may be in the open, high temperature position. A
      defrost period cannot be initiated when bimetal contact 21 is in the open
      position because of the absence of a current path to energize the thermal
      relay heater element 61. Hence, when the refrigerator-freezer 10 is
      installed, the compressor 63 may run for some time without initiating a
      defrost cycle.
PAR  However, when a low temperature is reached causing bimetal contact 21 to
      close and moving arm 60a of switch 60 is making contact with the normally
      closed contact 60c, voltage is now made available to power the moisture
      responsive resistance element 26 and trigger the gate 30g of the silicon
      controlled rectifier 30. On positive voltage half cycles (i.e., L1 is
      positive with respect to L2) and with resistor 26 moist, sufficient
      current will be available to trigger the gate 30g of silicon controlled
      rectifier 30, thereby energizing the thermal relay heater element 61. The
      thermal regeneration heater resistor 25 and circuit resistor 41 are not
      energized at this time because contact 60b of switch 60 is not connected
      to L1.
PAR  After approximately two minutes of continuous energization of the thermal
      relay heater 61 on positive voltage half cycles, the moving arm 60a snaps
      from contact 60c to contact 60b thereby de-energizing the compressor motor
      63 and the moisture responsive resistor 26 and energizing the evaporator
      heater 19, the thick film regeneration heater 25, and the thick film
      circuit resistor 41. With resistor 26 de-energized, resistor 41 now
      provides sufficient current to trigger the gate 30g of silicon controlled
      rectifier 30, thereby continuing to energize the thermal relay heater
      element 61 during the defrosting operation.
PAR  During the next several minutes, the sensor/cumulator portion 23 of thick
      film element 22 is thermally regenerated both by heat from thick film
      resistors 25 and 41 and to a lesser extent by heat from the main
      evaporator heater 19. During the thermal regeneration process, the
      temperature of the hygroscopic film 48 reaches a high temperature, such as
      approximately 250.degree.F., to drive most of the absorbed moisture out of
      the hygroscopic film 48, into the enclosed air space 29, and back through
      the desiccant filter 27, thereby drying the film 48 and to a lesser extent
      drying the desiccant filter 27. Thus, the moisture absorbing means of the
      sensor/cumulator 23 is substantially dried, or thermally regenerated,
      while the evaporator heater 19 is in the process of heating the evaporator
      16 and the bimetal thermostat 21. This action continues until the
      evaporator 16 temperature is sufficiently high as to cause the bimetal
      contact 21 to open.
PAR  When bimetal contact 21 opens, electrical energy is no longer applied to
      the main evaporator heater 19, the thermal regeneration heater 25, the
      circuit resistor 41, and the thermal relay heater element 61 so that the
      thermal relay begins to cool. After approximately 2 minutes, moving arm
      60a of thermal relay switch 60 snaps back to make connection with the
      normally closed switch contact 60c, re-energizing the compressor motor 63.
      The moisture responsive resistance element 26 is not reenergized at this
      time because bimetal contact 21 is still open. Resistor 26 is re-energized
      several minutes later, however, when the evaporator 16 temperature has
      dropped sufficiently to cool the bimetal thermostat 21 and causes the
      bimetal contacts 21 to close.
PAR  Closure of bimetal contact 21 re-energizes the moisture responsive
      resistance element 26. At this time, however, resistor 26 is in a dry,
      multimegohm high resistance state and the resistance thereof is too high
      to provide sufficient current to the gate 30g of silicon controlled
      rectifier 30 to disturb the high resistance, blocking state of rectifier
      30. Hence, the next defrost period will not be triggered until sufficient
      moisture has been reabsorbed by the moisture responsive resistance element
      26 as a result of moisture transfer through the desiccant filter 27 from
      the refrigerated air stream. This may require from several hours to a
      number of days depending upon all of the factors which may affect the
      relative humidity of the refrigerated air inside the refrigerator-freezer,
      such as the number and duration of refrigerator and freezer door openings,
      icemaker ice consumption, freezer thermostat temperature setting, external
      ambient humidity and temperature, moisture leakage through door gaskets
      and seals, and moisture emanation from the stored food load. The present
      control, however, assures that the defrosting operations are initiated
      only on an actual demand, or requirement basis.
PAR  The sensitivity of the gate 30g circuit of the control circuit portion 24
      of thick film element 22 depends, to a large extent, upon the resistance
      value of gate-to-cathode resistor 34. When the resistance of resistor 34
      is low, more current is required from the moisture responsive resistance
      element 26, or from the circuit resistor 41, to trigger the silicon
      controlled rectifier 30. Conversely, if the resistance of resistor 34 is
      high, gate 30g circuit is more sensitive and less current from resistor 26
      or 41 is required to trigger the silicon controlled rectifier 30 and
      thereby energize the thermal relay heater 61.
PAR  In the preferred embodiment of the present invention, resistor 34 comprises
      a thick film vanadium oxide resistance element with a negative temperature
      coefficient of resistance as illustrated in FIG. 6. A vanadium oxide thick
      film paste for such use is that marketed as "Tyox" by duPont. At normal
      operating temperatures of approximately 0.degree.F., the gently sloping
      negative temperature coefficient of resistor 34 counteracts the negative
      temperature coefficient of resistance of the lithium chloride hygroscopic
      salt component of the hygroscopic film 48 portion of moisture responsive
      resistance element 26, thereby making the control circuit 24 substantially
      insensitive to temporary temperature transients such as may be caused by
      refrigerator or freezer door openings, or by the cycling of compressor
      motor 63 by the freezer thermostat 61.
PAR  As best seen in FIG. 6, at temperatures near 158.degree.F, the resistance
      of the vanadium oxide resistor 34 decreases sharply. This characteristic
      provides herein a secondary, failsafe means of terminating the defrost
      period in the event that bimetal contact 21 fails in the closed position
      or the temperature setting of the bimetal thermostat 21 is too high. As
      shown in FIG. 5, resistor 34 is spaced sufficiently from heater resistors
      25 and 41 so that the combined heat from resistors 25 and 41 and the main
      evaporator heater 19 will cause the temperature of resistor 34 to reach
      158.degree.F. within several minutes after bimetal contact 21 normally
      opens. When this happens, the resistance of resistor 34 is low enough to
      prevent sufficient current from resistor 41 from triggering the gate 30g
      of the silicon controlled rectifier 30 so that the defrost cycle will
      terminate after the thermal relay cools sufficiently to cause switch 60 to
      return to its normally closed position. Illustratively, the cool down
      period may be approximately 2 minutes. At 75.degree.F., the resistance of
      resistor 34 may be approximately 2k ohms.
PAR  When the bimetal thermostat 21 is functioning in a normal manner, the
      approximately 2 minute cool down time required by the thermal relay 20
      concurrently effectively times a water run-off period for eliminating
      frost which may have accumulated in the sump area beneath the evaporator
      by permitting it to melt and drain away. Such run-off period is not
      required when the bimetal 21 has failed to open as in the above discussed
      fail-safe mode, as all frost will have melted and drained away by the time
      such a defrost period is terminated.
PAR  In the exemplary control circuit, voltage is not applied across the
      moisture responsive resistor element 26 (1) while element 26 is being
      thermally regenerated during defrost periods, and (2) during the period
      immediately following each defrost cycle when the temperature of element
      26 may still be high. Thus, except when the bimetal 21 has failed, voltage
      is only applied across the moisture responsive resistor element 26 when
      the element is relatively cold, thereby improving element life and
      minimizing maintenance. The voltage applied across element 26 is
      alternating current at 50 or 60 cycles per second with little or no direct
      current component, thereby minimizing the possibility of polarization of
      the electrodes 49, 50, 51, 52, 53, 54, and 55 of element 26.
PAR  The word "absorption," as used herein, characterizes both (1) the physical
      adsorption of water vapor on the large solid internal surfaces of the
      synthetic zeolite filter 27, and (2) the chemical-like absorption of water
      vapor by the hygroscopic film 48, As the synthetic zeolite has a 3
      angstrom pore size, only water vapor and air may readily pass to the
      enclosed air space 29. The atmosphere in space 29 in contact with the
      hygroscopic film 48 is thereby kept relatively free of ammonia, hydrogen
      sulphide, and other larger molecules which may be present in the
      refrigerated air stream as contaminants.
PAR  During thermal regeneration, outer surface 56 of desiccant filter 27
      desorbs water vapor and effectively carries away contaminants which may
      have accumulated on the outer surface 56 in the manner of steam cleaning.
PAR  The total mass of the water vapor accumulated by both the hygroscopic film
      48 and the desiccant filter 27 during the interval between defrost periods
      may be less than approximately 1/30th of 1 gram, while the evaporator may
      accumulate in excess of 400 grams of frost. However, the rate of water
      vapor accumulation by the sensor/cumulator 23 is an effective analog of
      the rate of frost formation on the evaporator 16, as both rates are
      determined primarily by the temperature and humidity of the refrigerated
      air. As will be obvious to those skilled in the art, the invention
      comprehends different methods of modifying the performance of the demand
      defrost control 22 to optimize this analogy to achieve maximum efficiency
      of the refrigeration system. Illustratively, the interval between defrost
      periods may be shortened as by (1) increasing the lithium chloride/binding
      agent ratio in the hygroscopic film formula, (2) decreasing the thickness
      of the desiccant filter 27, (3) increasing the cross-sectional area of the
      desiccant filter 27, (4) decreasing the spacing between interdigital
      conductors comprising the electrodes of the moisture responsive resistance
      element 26, (5) increasing either the number of interdigital fingers or
      the finger lengths, (6) decreasing the resistance of series connected
      resistors 35, 36, 37, 38, 39, and 40, (7) increasing the resistance of the
      gate to cathode resistor 34, (8) locating the sensor/cumulator element 23
      in a warmer region of the refrigeration system 10, (9) increasing the rate
      of air flow in the vicinity of the outer surface 56 of the desiccant
      filter 27, (10) increasing the number of macropores or air channels within
      the desiccant filter 27, and/or (11) decreasing the wattage of the
      regeneration heater 25.
PAR  Conversely, the interval between defrost periods may be lengthened by
      varying any or all of the above parameters in the opposite manner except
      number (8) wherein the preferred location of the sensor/cumulator 23 is at
      or near the coldest portion of the refrigerated air stream.
PAR  Variations in performance may also be achieved by altering the thickness of
      the hygroscopic film 48, accompanied by a suitable variation in the
      lithium chloride/binding agent ratio so that (1) the control will
      eventually initiate a defrost period under the lowest usage and humidity
      conditions to which the refrigeration system might be subjected, and (2)
      the control will not initiate a continuous string of defrost periods under
      the highest usage and humidity conditions to which the refrigeration
      system might be subjected with the bimetal 21 failed in the closed
      position. It has been found to be advantageous to use a thin hygroscopic
      film 48 to avoid cracking or crazing of the film due to (1) thermal
      cycling or (2) the physical expansion of lithium chloride which occurs
      when moisture is absorbed. Too small a spacing between interdigital
      conductors has been found to cause discoloration of the film 48 due to
      excessive heating. When the hygroscopic salt/binding agent ratio is too
      high, the hygroscopic salt may creep or agglomerate, causing an
      irreversible, undesirable change in calibration of the moisture responsive
      resistance element 26.
PAR  The air flow rate in the vicinity of the outer surface 56 of the desiccant
      filter is preferably just fast enough to provide a continual freshening of
      the air over surface 56 when the fan 18 is operating but not so fast as to
      permit contaminants present in the refrigerated air to accumulate on
      surface 56.
PAR  The resistance of the gate-to-cathode resistor 34 must be small enough to
      prevent random noise triggering of silicon controlled rectifier 30. The
      series resistors 35, 36, 37, 38, 39 and 40 must be large enough to limit
      the power dissipation of the moisture response resistor element 26 to a
      safe low value under all normal long term operating conditions and also in
      the event of a water drop impingement on the desiccant filter 27. A baffle
      63 may be attached above the thick film element 22 to prevent such drop
      impingements and control the air flow over the outer surface 56 of
      desiccant filter 27 to optimize the overall performance of the control.
PAR  The demand defrost control of the present invention provides an improved
      low cost moisture integrating means for effecting controlled operation of
      a refrigeration system as a function of accumulated moisture. The present
      control provides such improved functioning while yet comprising means
      extremely simple and economical of manufacture and yet requiring minimal
      maintenance.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Improved control means adapted to be responsive to humidity conditions
      of refrigerated air in a refrigeration system for controlling the
      operation of the refrigeration system defrost means, comprising: moisture
      sensing and accumulating means defining a variable electrical resistance
      varying as an inverse function of the amount of moisture absorbed thereby;
      means defining a closed chamber confronting said moisture sensing and
      accumulating means; circuit means responsive to said variable resistance
      including a thermal relay having a heater element and a switch for
      controlling the defrosting operation, and means responsive to said
      resistance reaching a preselected low resistance for actuating said heater
      element; and means providing controlled communication between said chamber
      and the refrigerated air including absorption means spaced from said
      moisture sensing and accumulating means for absorbing moisture from the
      refrigerated air for retarding transfer of moisture to said moisture
      sensing and accumulating means and thereby delaying the dropping of said
      resistance until a preselected total amount of moisture has been absorbed
      from said refrigerated air by said moisture sensing and accumulating means
      and said absorption means.
NUM  2.
PAR  2. The control means of claim 1 wherein said responsive means comprises a
      controlled rectifier for activating said thermal relay heater element
      having a gate triggering circuit.
NUM  3.
PAR  3. The control means of claim 1 wherein said responsive means comprises a
      sensitive gate silicon controlled rectifier for activating said thermal
      relay heater element having a gate triggering circuit.
NUM  4.
PAR  4. The control means of claim 2 wherein said moisture sensing and
      accumulating means and said rectifier are carried on a ceramic thick
      film/hybrid microelectronic substrate.
NUM  5.
PAR  5. The control means of claim 2 wherein said moisture sensing and
      accumulating means and said rectifier are carried on a ceramic thick
      film/hybrid microelectronic substrate and electrical conductor lead wires
      are attached to the substrate adjacent the controlled rectifier to define
      a heat sink.
NUM  6.
PAR  6. The control means of claim 1 wherein the refrigeration system includes a
      cooling means and said thermal relay switch controls the operation of the
      cooling means to reactivate the cooling means a preselected period of time
      subsequent to a de-energization of the thermal relay heater element.
NUM  7.
PAR  7. The control means of claim 2 wherein said moisture sensing and
      accumulating means, a thermal responsive resistor connected to the gate of
      the rectifier, and said rectifier are carried on a ceramic thick
      film/hybrid microelectronic substrate.
NUM  8.
PAR  8. The control means of claim 7 wherein said thermal responsive resistor is
      spaced remotely from said moisture sensing and accumulating means.
NUM  9.
PAR  9. The control means of claim 1 wherein the refrigeration system includes a
      cooling means and said thermal relay is spaced remotely from said cooling
      means.
NUM  10.
PAR  10. The control means of claim 1 wherein the thermal relay is disposed in
      heat transfer association with said moisture sensing and accumulating
      means for removing absorbed moisture from the moisture sensing and
      accumulating means.
NUM  11.
PAR  11. Improved control means adapted to be responsive to humidity conditions
      of refrigerated air in a refrigeration system for controlling the
      operation of the refrigeration system defrost means, comprising: moisture
      sensing and accumulating means defining a variable electrical resistance
      varying as an inverse function of the amount of moisture absorbed thereby;
      means defining a closed chamber confronting said moisture sensing and
      accumulating means; means providing controlled communication between said
      chamber and the refrigerated air including absorption means spaced from
      said moisture sensing and accumulating means for absorbing moisture from
      the refrigerated air for retarding transfer of moisture to said moisture
      sensing and accumulating means and thereby delaying the dropping of said
      resistance until a preselected total amount of moisture has been absorbed
      from said refrigerated air by said moisture sensing and accumulating means
      and said absorption means; regeneration means for selectively removing
      absorbed moisture from said moisture sensing and accumulating means; a
      ceramic substrate element carrying said moisture sensing and accumulating
      means; and a thermal response control for controlling the length of a
      defrost cycle comprising a bimetal thermostat which opens when the
      temperature sensed thereby rises to a preselected temperatures.
NUM  12.
PAR  12. Improved control means adapted to be responsive to humidity conditions
      of refrigerated air in a refrigeration system for controlling the
      operation of the refrigeration system defrost means, comprising: moisture
      sensing and accumulating means defining a variable electrical resistance
      varying as an inverse function of the amount of moisture absorbed thereby;
      means defining a closed chamber confronting said moisture sensing and
      accumulating means; means providing controlled communication between said
      chamber and the refrigerated air including absorption means spaced from
      said moisture sensing and accumulating means for absorbing moisture from
      the refrigerated air for retarding transfer of moisture to said moisture
      sensing and accumulating means and thereby delaying the dropping of said
      resistance until a preselected total amount of moisture has been absorbed
      from said refrigerated air by said moisture sensing and accumulating means
      and said absorption means; regeneration means for selectively removing
      absorbed moisture from said moisture sensing and accumulating means; a
      ceramic substrate element; and a thermal responsive control carried on
      said substrate element for controlling the length of a defrost cycle
      comprising a gated rectifier and a thermal responsive resistor connected
      to the gate of the rectifier for permitting firing of the gated rectifier
      only when the resistor is below a preselected temperature.
NUM  13.
PAR  13. Improved control means adapted to be responsive to humidity conditions
      of refrigerated air in a refrigeration system for controlling the
      operation of the refrigeration system defrost means, comprising: moisture
      sensing and accumulating means defining a variable electrical resistance
      varying as an inverse function of the amount of moisture absorbed thereby;
      means defining a closed chamber confronting said moisture sensing and
      accumulating means; means providing controlled communication between said
      chamber and the refrigerated air including absorption means spaced from
      said moisture sensing and accumulating means for absorbing moisture from
      the refrigerated air for retarding transfer of moisture to said moisture
      sensing and accumulating means and thereby delaying the dropping of said
      resistance until a preselected total amount of moisture has been absorbed
      from said refrigerated air by said moisture sensing and accumulating means
      and said absorption means; and regeneration means for selectively removing
      absorbed moisture from said moisture sensing and accumulating means, said
      refrigeration system including an evaporator, said control including an
      evaporator bimetal thermostat arranged to prevent activation of the
      defrost means when said bimetal is in an open circuit, high temperature
      position thereby avoiding an immediate defrost cycle which might otherwise
      occur when said refrigeration system is installed or when said
      refrigeration system is reactivated after a period of discontinued usage
      and spurious defrost cycles which may occur as a result of temporary cool
      down transients in said resistance following thermal regeneration of said
      element.
NUM  14.
PAR  14. Improved control means adapted to be responsive to humidity conditions
      of refrigerated air in a refrigeration system for controlling the
      operation of the refrigeration system defrost means, comprising: moisture
      sensing and accumulating means defining a variable electrical resistance
      varying as an inverse function of the amount of moisture absorbed thereby;
      means defining a closed chamber confronting said moisture sensing and
      accumulating means; means providing controlled communication between said
      chamber and the refrigerated air including absorption means spaced from
      said moisture sensing and accumulating means for absorbing moisture from
      the refrigerated air for retarding transfer of moisture to said moisture
      sensing and accumulating means and thereby delaying the dropping of said
      resistance until a preselected total amount of moisture has been absorbed
      from said refrigerated air by said moisture sensing and accumulating means
      and said absorption means; and regeneration means for selectively removing
      absorbed moisture from said moisture sensing and accumulating means, said
      defrost means providing heat to said moisture sensing and accumulating
      means during a defrosting cycle for removing absorbed moisture from the
      moisture sensing and accumulating means.
NUM  15.
PAR  15. In a refrigerated system having cooling means, air moving means for
      flowing air in heat exchange relationship with the cooling means, and
      defrosting means for defrosting the cooling means, means for controlling
      the operation of the defrosting means comprising: moisture accumulating
      means for accumulating moisture from the refrigerated air at a rate
      proportional to the relative humidity of the refrigerated air; means in
      moisture-receiving spaced relationship to said accumulating means and
      defining an electrical resistance varying inversely as the amount of
      moisture delivered thereto by said moisture accumulating means, said
      moisture accumulating means retarding transfer of moisture to said
      resistance means; control circuit means responsive to said resistance
      reaching a preselected low value as the result of the delayed transfer of
      moisture from said moisture accumulating means to initiate operation of
      the defrosting means; regeneration means for removing moisture from said
      moisture accumulating means subsequent to initiation of operation of the
      defrosting means; and control means for terminating operation of the
      defrosting means.
NUM  16.
PAR  16. The refrigeration system of claim 15 wherein said moisture accumulating
      means comprises a filter.
NUM  17.
PAR  17. The refrigeration system of claim 15 wherein said moisture accumulating
      means comprises a filter formed of desiccant material.
NUM  18.
PAR  18. The refrigeration system of claim 15 wherein said regeneration means is
      arranged to remove moisture from said moisture accumulating means during
      the operation of the defrosting means.
NUM  19.
PAR  19. In a refrigeration system having cooling means and first heating means
      for defrosting the cooling means, means for controlling the operation of
      the defrosting means comprising: means for absorbing atmospheric moisture
      and defining an electrical resistance inversely proportional to the amount
      of absorbed moisture; control means responsive to said resistance reaching
      a preselected low value to initiate operation of the defrosting means;
      second heating means separate from said first heating means for removing
      moisture from the moisture absorbing means for regeneration thereof; and
      means responsive to said cooling means reaching a preselected high
      temperature as a result of the defrosting operation to terminate
      energization of said first heating means to terminate the defrosting
      operation, said high temperature responsive means further controlling
      operation of said moisture removing second heating means.
NUM  20.
PAR  20. The refrigeration system means of claim 19 wherein said high
      temperature responsive means causes initiation of operation of the
      moisture removing means upon said cooling means reaching a preselected
      high temperature.
NUM  21.
PAR  21. The refrigeration system means of claim 19 wherein said high
      temperature responsive means causes initiation of operation of the
      moisture removing means upon said cooling means reaching said preselected
      high temperature.
NUM  22.
PAR  22. The refrigeration system means of claim 19 wherein said moisture
      absorbing means is disposed adjacent said high temperature responsive
      means.
NUM  23.
PAR  23. The refrigeration system means of claim 19 wherein said control means
      includes an electronic switch having a gate and said resistance controls
      the current delivered to said gate.
NUM  24.
PAR  24. The refrigeration system means of claim 19 wherein said moisture
      absorbing means is disposed adjacent said cooling means.
NUM  25.
PAR  25. The refrigeration system means of claim 19 further including means for
      preventing momentary temperature increases adjacent the moisture absorbing
      means for initiation operation of the defrosting means.
NUM  26.
PAR  26. The refrigeration system means of claim 19 wherein said control means
      includes means for limiting current flow through said moisture absorbing
      means to preclude damage to the moisture absorbing means in the event
      liquid in drop form impinges thereon.
NUM  27.
PAR  27. The refrigeration system means of claim 19 wherein said moisture
      absorbing means is disposed adjacent the defrosting means to permit
      regeneration of the moisture absorbing means by the defrosting means.
NUM  28.
PAR  28. The refrigeration system means of claim 19 wherein said moisture
      removing means comprises means for heating said moisture absorbing means.
NUM  29.
PAR  29. The refrigeration system means of claim 19 wherein said control means
      includes means for causing operation of the moisture removing means each
      operation of the defrosting means.
NUM  30.
PAR  30. In a refrigeration system having cooling means and defrosting means for
      defrosting the cooling means, means for controlling the operation of the
      defrosting means comprising: first selector control means for selectively
      alternatively energizing the cooling means and energizing the defrosting
      means; operating means for disposing said first control means to energize
      the defrosting means; second control means for permitting energization of
      the defrosting means and disposing of said operating means to energize the
      defrosting means only when the temperature of the cooling means is below a
      preselected low temperature; controlled switch means permitting operation
      of said operating means to dispose said first control means to energize
      the defrosting means only when said controlled switch means is switched
      on; means for switching said controlled switch means on when said first
      control means is arranged to energize said cooling means and need for
      initiating a defrosting operation is indicated; and means for preventing
      said controlled switch means from being switched on for more than a
      preselected maximum time when said first and second control means are
      arranged to effect energizing of the defrosting means.
NUM  31.
PAR  31. The means for controlling the operation of a refrigeration system
      defrosting means of claim 30 wherein said operating means comprises time
      delay means maintaining said first control means disposed to energize the
      defrosting means for a preselected period of time after operation of said
      operating means by said controlled switch means is terminated.
NUM  32.
PAR  32. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said means for switching said
      controlled switch on comprises means responsive to accumulation of a
      preselected amount of moisture from said refrigeration system for
      switching said controlled switch on.
NUM  33.
PAR  33. In a refrigeration system having cooling means and defrosting means for
      defrosting the cooling means, means for controlling the operation of the
      defrosting means comprising: a selector control switch selectively
      disposable in a first, normal position for energizing the cooling means,
      and in a second, thrown position for energizing the defrosting means;
      operating means for throwing said control switch to said second position;
      a thermostat switch responsive to the temperature of the cooling means
      connected to permit energization of the defrosting means and operation of
      said operating means to throw said control switch to said second position
      only when said temperature is below a preselected low temperature; a gated
      electronic switch connected between said thermostat switch and said
      operating means permitting actuation of said operating means only when
      said gated switch is gated on; defrostneed responsive means gating said
      gated switch on when said control switch is in said first position and
      need for initiating a defrost operation is sensed; and means for
      preventing gating of said gated switch on for more than a preselected
      maximum time when said control switch is thrown to said second position
      and said thermostat switch is arranged to permit energization of the
      defrosting means.
NUM  34.
PAR  34. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said control switch operating means
      comprises time delay means maintaining said control switch in said second
      position for a preselected period of time after actuation of said
      operating means is terminated.
NUM  35.
PAR  35. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said control switch comprises a
      thermally responsive switch and said operating means comprises a heater.
NUM  36.
PAR  36. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said defrost-need responsive means
      comprises means responsive to accumulation of a preselected amount of
      moisture from said refrigeration system for gating said gated switch on.
NUM  37.
PAR  37. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said defrost-need responsive means
      comprises means defining a resistance varying inversely as a function of
      moisture accumulated from said refrigeration system and electrically
      associated with said gated switch to gate said switch on when the
      resistance thereof reaches a preselected low value.
NUM  38.
PAR  38. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said defrost-need responsive means
      comprises means defining a resistance varying inversely as a function of
      moisture accumulated from said refrigeration system and electrically
      associated with said gated switch to gate said switch on when the
      resistance thereof reaches a preselected low value, and said defrosting
      operation controlling means further includes means for removing
      accumulated moisture from said defrost-need responsive means during the
      operation of the defrosting means to restore the resistance means to a
      high resistance value above said preselected low value.
NUM  39.
PAR  39. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein aid defrosting means comprises
      heating means, and said means maintaining gating of said gated switch
      includes thermally responsive means permitting gating of the gated switch
      only when the temperature of the thermally responsive means is below a
      preselected temperature, said thermally responsive means being in heat
      exchange relationship with said defrosting heating means so as to prevent
      gating of the gated switch as the result of a continuation of the
      defrosting operation beyond a preselected maximum period of time.
NUM  40.
PAR  40. The means for controlling the operation of a refrigeration system
      defrosting means of claim 33 wherein said means maintaining gating of said
      gated switch includes thermally responsive means permiting gating of the
      gated switch only when the temperature of the thermally responsive means
      is below a preselected temperature, said defrosting controlling means
      includes means for regenerating the defrost-need responsive means
      subsequent to initiation of a defrosting operation, said regenerating
      means including heater means for heating the defrost-need responsive means
      during the defrosting operation and said thermally responsive means being
      in heat exchange relationship with said heater means so as to prevent
      gating of the gated switch as the result of a continuation of the
      defrosting operation beyond a preselected maximum period of time.
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PAL  This invention relates to an environment control system utilizing the
      elevation differences and available temperatures on the earth's surface,
      such as occur in a mountainous region with a nearby valley or a desert.
      The system includes heat rejection means, as for example, a condenser
      located at a higher elevation (a mountain top). Means for supplying heat
      to the system may be provided at a lower elevation (in a valley or desert
      region below). A geothermal source of heat, such as a hot spring, may be
      used. Liquid flowing from the condenser at a relatively high pressure will
      be expanded, vaporized and cooled. The cooled vapor will absorb heat from
      the heat supply means and then be returned to the condenser on the
      mountain top.
PAL  The heat supply means or heat exchanger in the valley may be utilized as an
      evaporator to provide cooling for a buildingn, as for example, a hotel or
      factory. In some instances in this application, it may be necessary to
      supply additional heat or work to the vapor in order to assist the return
      of same to the mountain top.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an environmental control arrangement utilizing
      the elevation differences and available temperatures on the earth's
      surface.
PAR  For some time, concern has been expressed regarding the availability of
      natural resources to provide the inreasing power demands for environmental
      control by the inhabitants of the earth. The recent oil crisis brought
      into focus the increasing demands for power in our country and elsewhere
      and the necessity for conservation of existing fuel supplies and tapping
      of new sources for fuel and power. In considering the various means of
      generating power or taking advantage of natural phenomena it occurred to
      me that effective use could be made of the earth's topgraphy and that an
      efficient environment control system could be provided that utilized the
      elevation differences on the earth's surface and the available temperature
      potentials on the earth's surface. A number of regions in the United
      States and elsewhere in the world have relatively high mountains which are
      relatively cool at the top and nearby relatively low valleys which are
      relatively warm. These regions have tremendous potential energy that can
      be tapped to provide an efficient environmental control system.
PAR  An object of the present invention is to provide a novel environmental
      control system utilizing the elevational differences and available
      temperatures on the earth's surface.
PAR  Another object of the present invention is to provide an improved
      environmental control system that includes a first heat exchanger disposed
      at a relatively cool high place on the earth's surface, a second heat
      exchanger disposed at a relatively warm lower level on the earth's
      surface, refrigerant expansion means at the lower level, a relatively
      small diameter conduit communicating the first heat exchanger with the
      refrigerant expansion means, and a relatively large diameter conduit
      communicating the second heat exchanger with the first heat exchanger,
      whereby liquid flowing through the small diameter conduit will pass
      through the expansion means and be flashed into vapor, with heat being
      added at the second heat exchanger to assist in returning the vapor to the
      first combination heat exchanger.
PAR  Yet another object of the present invention is to provide an improved
      system for heating and cooling a building, as for example, a hotel or
      factory on the earth's surface in an efficient manner.
PAR  Other objects and advantages of the present invention will be made more
      apparent hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  There is illustrated in the attached drawing a presently preferred
      embodiment of the present invention, wherein:
PAR  FIG. 1 is a perspective view of the present system illustrating the
      essential components thereof and the relationship between the components
      on the earth's surface.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is illustrated an environmental control
      system embodying principles of the present invention. The present system
      is adapted to be utilized on the earth's surface in an area where there
      are relatively large elevation differences between the proximate points on
      the earth's surface, as for example, a mountain top and the valley below.
      It is know, for example, the Ashrae Guide and Data Book 1963, page 39,
      that the definition of a standard and atmosphere is T = To - 0.003566Z,
      where T is temperature in .degree. F at some elevation Z; To is
      temperature in .degree. F at sea level; and Z is elevation in feet. The
      practical limit for this relationship is 35,332 feet. Relating this
      equation to temperatures at different elevations the relationship is
      expressed as follows: T.sub.2 = T.sub.1 - 0.003566 (Z.sub.2 - Z.sub.1);
      where T.sub.1 is a temperature in degrees Fahrenheit at a lower elevation,
      as for example, at sea level; and Z.sub.1 is the lower elevation in feet.
      T.sub.2 is the temperature at the upper elevation in degrees Fahrenheit
      and Z.sub.2 is the elevation at the upper level in feet.
PAR  One area with large available heat and elevation differences would be Peru
      and Chile in South America where the Andes Mountain are on the order of
      Twenty-thousand (20,000) feet high, thus providing a substantial elevation
      difference. Here, there are relatively cool temperatures in the mountains
      and relatively warm temperatures in the valleys or Pacific Ocean below.
      Many areas within the United States would similarly be suitable, as for
      example, the Death Valley region. Death Valley is below seal level and
      reaches temperatures in the daytime on the order of 135.degree. F. Not far
      away is Telescope Peak, which is eleven-thousand forty-five (11,045) feet
      high. The elevation differences between the valley and mountain top is in
      excess of eleven-thousand three-hundred (11,300) feet providing a
      temperature difference of about 40.degree. F. Regions such as this provide
      the necessary temperatures and elevational differences required for
      efficient operation of my improved environment control system.
PAR  Referring to FIG. 1, the mountain 10 is provided at a location proximate
      the top thereof with a heat exchanger or condenser 14, which is preferably
      of the air cooled type, so as to take advantage of the natural air
      currents available. It is within the scope of this invention to utilize a
      water-cooled condenser. A building for example a hotel, may be located
      adjacent the heat exchanger 14 and function to use heat discharged from
      the heat exchanger 14 to supplement or supply heat to the hotel. Thus, the
      hotel building may in effect form a part of the desired heat transfer
      between the fluid in the heat exchanger 14 and the surrounding environs
      and the building 12 and heat exchanger 14 may be regarded to be first
      combination heat exchanger means. The condenser 14 provides heat rejection
      means when the building 12 is not used in the system. With sufficient heat
      transfer capacity, several buildings may be heated by my novel system.
      Alternatively, the system can provide auxiliary heat in winter or when the
      sun sets, to reduce use of fossil fuel for heating purposes at high
      elevations.
PAR  A building 18 is provided in the valley 20 below along with additional heat
      exchanger or evaporator means 26. The building 18 and evaporator means 26
      may cooperate in a fashion similar to the building 12 and condenser 14 and
      may be regarded as second combination heat exchanger means. Preferably,
      there is a maximum elevation difference between the lower level building
      18 and evaporator means 26 and the building 12 and the condenser 14. Heat
      exchanger 14 is connected by conduit 22 to building 18 which functions
      with evaporator 26 to supply heat to the fluid in the system. Building 18
      is connected to evaporation means 26 by conduit 28.
PAR  Liquid entering the building 18 will be expanded through expansion means,
      for example, a thermal expansion valve and the liquid will be cooled and
      vaporized providing cooling means for building 18. Heat drawn from
      building 18 will warm the vapor. The vapor will flow through conduit 28 to
      heat exchanger 26, which is provided in the valley 20, at as low an
      elevation as possible relative to the mountain top. Heat exchanger 26 will
      draw relatively warm air from the valley 20 and thereby further heat the
      vapor received from the building 18 via the conduit 28. Heat exchanger 26
      functions as heat supply means for the system. The heat exchanger 26 may
      use air to heat fluid flowing from conduit 28 or the heat exchanger 26 may
      be connected to a geothermal source, for example, a hot spring, in order
      to draw heat from within the earth. Alternatively, heat may be obtained
      from a large body of water such as a lake or ocean. The concept is to heat
      the vapor in the system and in so doing cool the air in the region about
      the heat exchanger 26 or cool the large body of water, thus providing
      cooler air or water that might be used for environmental cooling.
PAR  Vapor is returned from the heat exchanger 26 to the combination heat
      exchanger means 12, 14 through the relatively large diameter insulated
      pipe 30. Vapor pump means 32 may be provided at a point intermediate to
      the heat exchanger 26 and the combination heat exchanger means 12, 14 to
      assist return of the vaporous fluid from the heat exchanger 26 to the
      combination heat exchanger 12, 14.
PAR  A charge adjustment tank 36 may be provided in the valley 20 and
      operatively connected to the conduit 22 by means of a conduit 38. A pump
      means 40 is provided in the conduit 38 in order to control the flow of
      fluid from the charge adjust tank to the system and vice versa. Conduit 38
      is connected upstream of expansion means. The charge adjustment tank 36,
      conduit 38 and pump 40 provide charge adjustment means for the system.
PAR  Turning now to a consideration of the operation of the system, it is noted
      that different types of fluid may be utilized. The fluid will have a vapor
      form at one temperature and pressure and a liquid form at another
      temperature and pressure.
PAR  Assuming that the fluid is R-12 and that there is an elevation difference
      between the mountain top and the valley below of eleven-thousand
      three-hundred twenty-six (11,326) feet, as there would be between the
      bottom of Death Valley and the top of Telescope Peak, for every 1.8 feet
      of elevation in a R-12 column there would be one pound per square inch of
      pressure. Therefore, eleven-thousand three-hundred twenty-sic (11.326)
      feet divided by 1.8 equals six-thousand two-hundred ninety-two (6,292)
      pounds per square inch of pressure at the bottom of conduit 22 which
      connects heat exchanger 14 with the building 18. Within the building 18 is
      provided a thermally responsive expansion means 46. The R-12 in liquid
      form, passing through the relatively small diameter conduit 22, passes
      into the expansion means and heat exchanger which cools the lower level
      structure. The liquid or vapor or liquid vapor combination from the
      building 18 will pass through the conduit 28 and further be flashed into
      vapor in heat exchanger 26. The vapor will then return to the building 12
      in the relatively large diameter pipe 30 and then to condenser 14. The
      atmosphere on the mountain top, which is relatively cool, will cool and
      condense the vapor into R-12 droplets which will pass into the liquid line
      22 and return to the valley below. Liquid line 22 is not insulated when it
      is desired to supply heating to hotel or building 12 but it is preferably
      insulated if cooling is to be supplied to a building 18.
PAR  The pipe 30 is insulated so as to prevent R-12 vapor from condensing into
      R-12 droplets and falling back down into the heat exchanger 26 in valley
      20 and adversely affecting operation of the system.
PAR  In one form of the invention, the pipe 22 will be on the order of 1 to 2
      inches in inner diameter and the pipe 30 will be on the order of 12 to 18
      inches in inner diameter.
PAR  Considering the operation further, it is noted that there was six-thousand
      two-hundred ninety-two (6,292) pounds per square inch of pressure to be
      expanded in the building 18.
PAR  The cooling is determined by the flow rate per unit of time and mainly the
      pressure drop of the vapor line and the sizes of the heat exchangers in
      the environment control system. With a forty-five thousand six-hundred
      twenty-seven (45,627) lbs. per hour flowing through the expansion valve
      there would be 200 tons of refrigeration or 2,400,000 BTU per hour. If the
      flow rate were four-hundred fifty-six thousand two-hundred seventy
      (456,270) lbs. per hour, there would be 2,000 tons of refrigeration. It is
      seen from these figures that substantial amounts of cooling will result
      from operation of the system of the present invention.
PAR  Though the cycle of operation has been described utilizing R-12 as the
      refrigerant, it is apparent that other refrigerants may be utilized in
      place of R-12, as for example, R-113, butane, propane, or carbon dioxide.
PAR  Sample calculations for the amount of available cooling considering Pikes
      Peak are very impressive in terms of cooling potential. Pikes Peak is
      14,110 feet high and the foot of the mountain is Colorado Springs is at an
      elevation of 5,000 feet. Thus, there is a differential height of 9,110
      feet. An average temperature differential on the order of 32.5.degree. F
      exists. Dividing the height differential by 1.8 feet results in 5,061
      pounds per square inch of pressure at the 5,000 foot elevation.
PAR  The cooling generated if 59 pounds of R-12 is flowing per second through
      building 18 is 12,000,000 BTU per hour or 1,000 tons of refrigeration.
      This calculation is based on a flow rate of 59 pounds of R-12 per second
      and would be increased in direct proportion to the increase in flow rate.
PAR  If the fluid utilized in the system is R-113, then depending on the height
      differential there would ordinarily be sufficient heat picked up by the
      heat exchanger 26 to return the vapor to the first heat exchanger means
      12, 14 (or to condenser 14 in the event there is no building 12 on the
      mountain. However, if insufficient flow is encountered, vapor pump means
      may be employed.
PAR  It is sometimes necessary to adjust the charge in the system to accommodate
      changes in seasons, as well as the wide temperature fluctuations of a hot
      warm day and a cool night. This may be accomplished by means of the charge
      adjust tank 36 and pump means 40 which communicates to the liquid line 22.
      (The charge adjustment means comprising tank 36 and pump 40 will adjust
      the charge in the system to optimize operation depending upon heat
      radiation as occurs through daily, seasonal and/or geothermal change.)
PAR  Another part of the invention is that the structure at the mountain top can
      be heated with the warm vapor coming from the valley 20 below. Using the
      same example of Pikes Peak where some 1,000 tons of cooling was available
      at the lower level, there will likewise be approximately 1,000 tons of
      heat for heating the structure at the mountain top assuming no losses.
      Heat exchanger 26 may be a grid of pipes laid on dry desert land and black
      asphalt laid over and in thermal contact with the pipes.
PAR  There has been provided by the present invention an improved system for
      cooling and heating utilizing the elevation differences and available
      temperatures on the earth's surface. As evidenced from the calculations
      presented above, tremendous cooling or heating potentional is available
      utilizing applicant's system with relatively little power input required
      and hence, little use of fossil fuels. It is seen that the heat exchangers
      at the lower level in the applicant's system utilize the available heat
      from the structures in the valley or the heat from a geothermal source. It
      is contemplated that solar heat could be used in this combination.
PAR  The potential of the applicant's heating and cooling arrangement is very
      broad in terms of desirable topographical locations. In the United States,
      some typical sites have desirabley elevation and temperature differentials
      are Mt. Shasta, Mt. McKinley, and Mt. Ranier.
PAR  While there has been disclosed a presently preferred embodiment of the
      invention, it will be understood that the invention is not limited thereto
      since it may be otherwise embodied within the scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An environment control system utilizing the elevation difference between
      a higher elevation and a lower elevation and available temperatures on the
      earth's surface comprising heat rejection means at a higher elevation,
      heat supply means at a lower elevation, refrigerant expansion means at
      substantially the same level as the heat supply means, relatively small
      diameter conduit means communicating the heat rejection means and the
      refrigerant expansion means and the heat supply means respectively,
      relatively large diameter insulated conduit means communicating the heat
      supply means with the heat rejection means, the elevation difference
      creating a pressure head of liquid refrigerant in said small diameter
      conduit means and charge adjustment means for controlling flow of fluid to
      or from the system to optimize operation depending on said charge
      adjustment means including pump means, whereby liquid refrigerant flowing
      through the relatively small diameter conduit means is expanded through
      said expansion means and vaporized and cooled and the cool vaporized
      refrigerant will absorb heat from the heat supply means and flow to the
      heat rejection means.
NUM  2.
PAR  2. An environment control system as in claim 1 including vapor pump means
      in the relatively large diameter conduit means for helping vaporized fluid
      to be returned to the heat rejection means.
NUM  3.
PAR  3. An environment control system as in claim 1 wherein the heat supply
      means comprises a heat exchanger.
NUM  4.
PAR  4. An environment control system as in claim 2 wherein the heat supply
      means comprises a heat exchanger.
NUM  5.
PAR  5. An environment control system as in claim 2 wherein the small diameter
      conduit means is insulated.
NUM  6.
PAR  6. An environment control system as in claim 5 wherein the heat supply
      means comprises a heat exchanger.
NUM  7.
PAR  7. An environment control system as in claim 1 wherein a chamber to be
      cooled is disposed at the lower elevation, with the interior thereof in
      heat exchange relationship with the relatively small diameter conduit
      means and the relatively small diameter conduit means is insulated.
NUM  8.
PAR  8. An environment control system as in claim 7 wherein the heat supply
      means to the system comprises a heat exchanger.
NUM  9.
PAR  9. An environment control system as in claim 1 wherein a chamber to be
      heated is disposed at the higher elevation in heat transfer relationship
      with the heat rejection means for receiving heat discharged therefrom.
NUM  10.
PAR  10. An environment control system as in claim 9 wherein the heat rejection
      means includes a heat exchanger.
NUM  11.
PAR  11. An environment control system as in claim 1 wherein the refrigerant is
      from the group comprising water, a fluorinated hydrocarbon, butane,
      propane, or carbon dioxide.
NUM  12.
PAR  12. An environment control system as in claim 1 wherein the charge
      adjustment means is connected to the system between the refrigerant
      expansion means and the heat rejection means at said higher elevation.
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ABST
PAL  A method of prevention of overheating of an electric motor for a compressor
      comprising the steps of introducing into the case of the electric motor of
      the closed type for driving the screw compressor part of the refrigerant
      which is introduced into an evaporator so as to cause said part of the
      refrigerant to expand directly therein, and permitting the expanded gas
      which has absorbed heat to be drawn by suction into a screw blade groove
      space of the screw compressor in a position in which the screw blades of
      the screw compressor is meshing engagement with one another have sealed
      gas.
PARN
PAR  This is a continuation of application Ser. No. 409,059 filed Oct. 24, 1973,
      now abandoned, which is a continuation of application Ser. No. 171,923,
      filed Aug. 16, 1971, also now abandoned.
BSUM
PAR  This invention relates to methods of and apparatus for preventing
      overheating of electric motors for compressors as used in refrigerating
      machines, and more particularly it is concerned with a method of and an
      apparatus for preventing overheating wherein part of the refrigerant is
      caused to expand directly in an electric motor for a screw compressor in
      order that the heat therein may be absorbed.
PAR  Heretofore, the electric motor of a refrigerating machine has been cooled
      as follows: In the case of an electric motor of the closed type for
      refrigerating machines, gas of relatively low temperature is permitted to
      pass through the case of the electric motor before being introduced into
      the compressor so that the gas may be drawn by suction into the compressor
      after passing through the electric motor case. This arrangement has a
      disadvantage in that the gas drawn by suction into the compressor is at an
      elevated temperature because it absorbs heat in the electric motor case,
      thereby reducing the ability of the compressor. In the case of an electric
      motor of the open type for refrigerating machines, a fan is built in the
      refrigerating machine for effecting cooling of the electric motor case by
      air, irrespective of whether the drive is a direct drive or belt drive.
      This arrangement is not without disadvantages either. The fan produces
      noises; parts surrounding the electric motor case are heated; and the
      dimension of the electric motor is increased.
PAR  This invention obviates the aforementioned disadvantages of the prior art
      arrangements. The invention has as its object the provision of a method of
      and an apparatus for preventing overheating wherein a refrigerant is
      caused to expand directly in an electric motor for a screw compressor to
      cool the electric motor, and the gas which has absorbed heat is fed into a
      screw rotor in a position which is posterior to a position in which a gas
      introduced through a low pressure gas suction port in the screw rotor has
      been compressed, without the heated gas being introduced into the suction
      port of the screw compressor.
DRWD
PAR  Additional objects as well as features and advantages of this invention
      will become evident from the description set forth hereinafter when
      considered in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a view in explanation of one embodiment of this invention; and
PAR  FIG. 2 is a view in explanation of the other embodiment of this invention.
DETD
PAR  FIG. 1 shows a combined compressor of the sealed electric motor type
      incorporating one embodiment of this invention. 1 is a rotary compressor,
      such as a screw compressor, for example, 2 a case for providing a seal to
      the compressor 1, 3 a sealed electric motor, and 4 a case of the motor 3.
      Compressor 1 and electric motor 3 are directly connected to each other by
      a rotary shaft 5. Cases 2 and 4 are connected together by a partition wall
      6.
PAR  An outlet line 8 connected at one end thereof to an outlet port 7 of
      compressor 1 is connected at the other end thereof to an oil separator 9.
      A gas line 10 connected at one end thereof to an upper portion of oil
      separator 10 is connected at the other end thereof to a condenser 11. The
      condenser 11 is connected to a suction port 19 of compressor 1 through a
      high pressure receiving vessel 12, liquid outlet line 13, electromagnetic
      valve 14, expansion valve 15, evaporator 16, liquid separator 17 and low
      pressure gas suction line 18 arranged in the indicated order.
PAR  A liquid return line 20 connected at one end thereof to a lower portion of
      liquid separator 17 is connected at the other end thereof to evaporator
      16, with a check valve 21 being mounted in liquid return line 20. An oil
      line 22 connected at one end thereof to a lower portion of oil separator 9
      is connected at the other end thereof to an oil cooler 24, with an oil
      pump 23 being mounted in oil line 22. A cooled oil line 25 connected at
      one end thereof to oil cooler 24 branches off into oil lines 26 and 27
      connected to an oil ejection port 28 of compressor 1 and a bearing portion
      29 of electric motor 3 respectively, such oil line 26 delivering oil for
      use with the bearing of the compressor and for ejection and such oil line
      27 delivering oil for use with the bearing of the electric motor.
PAR  A branch liquid line 30 branching off from liquid outlet line 13 in a
      position which is posterior to electromagnetic valve 14 is connected to an
      upper portion of case 4 of electric motor 3, with an expansion valve or
      throttle valve 31, such as a capillary tube, for example, being mounted in
      branch liquid line 30.
PAR  Formed in partition wall 6 between cases 2 and 4 is a communication opening
      32 for permitting gas and oil to pass therethrough which opening 32 is
      maintained, through a communication line 33 inserted in case 2, in
      communication with a gas suction port 34 disposed adjacent a screw blade
      groove space at which gas pressure is higher than at lower pressure gas
      suction port 19 but lower than at oil ejection port 28 and which is
      disposed nearer to suction port 19 than ejection port 28.
PAR  Operation of the embodiment constructed as aforementioned will now be
      explained. Refrigerant gas (which in this case is a freon gas for
      preventing corrosion of electric motor 3) drawn by suction through suction
      port 19 of compressor 1 is compressed by the screw rotor, mixed with oil
      ejected through oil ejection port 28 while the gas is being compressed,
      and discharged through outlet port 7 in the form of a gas-oil mixture
      after being further compressed. The gas-oil mixture is introduced into oil
      separator 9 where oil is separated from gas which is introduced into
      condenser 11 to undergo liquefaction, storage and evaporation successively
      before being drawn into compressor 1 by suction.
PAR  The oil discharged through the bottom of oil separator 9 is introduced into
      oil cooler 24 by oil pump 23 to be cooled therein. After cooled, the oil
      passes through cooled oil line 25 to be introduced into oil ejection port
      28 of compressor 1 and bearing portion 29 of electric motor 3. After used
      for lubrication of the motor and the screw rotor, the oil in the
      compressor is discharged from the compressor through outlet port 7
      together with gas. The oil in electric motor 3 passes, after used for
      lubrication purposes, through opening 32 together with the cooling gas in
      4 into communication line 33, from which it is led to gas suction port 34
      disposed in a position at which gas pressure is higher than at low
      pressure gas suction port 19.
PAR  The liquid bypassed from liquid outlet line 13 through branch liquid line
      30 has its pressure reduced by throttle valve 31 and passes to case 4 of
      electric motor 3, where the liquid is gasified to absorb heat in electric
      motor 3. Then, the gas is introduced, together with the oil in case 4,
      into communication line 33 through opening 32 in partition wall 6, so that
      it is led to a gear blade groove space in which gas has been compressed by
      the screw blades of the screw rotor meshing with one another.
PAR  The oil in cooled oil line 25 has a pressure head by virture of the high
      pressure in oil separator 9 which pressure head is sufficiently high to
      permit ejection of oil into compressor 1 and bearing portion 29 of
      electric motor 3. Therefore, the provision of oil pump 23 is not
      necessarily essential.
PAR  A second embodiment shown in FIG. 2 will now be described. This embodiment
      is similar to the first embodiment except that case 2 of compressor 1 and
      case 4 of electric motor 3 are independent of each other, and that
      communication line 33 extending outwardly of case 4 of electric motor 3
      extends into case 2 of compressor 1 so as to be connected to gas suction
      port 34 of compressor 1 which is nearer to the suction side than oil
      ejection port 28 thereof.
PAR  The second embodiment operates in a manner similar to the manner of
      operation of first embodiment. The refrigerant evaporated in case 4 of
      electric motor 3 absorbs heat in case 4 and is led, together with oil,
      through communication line 33 to gas suction port 34 of compressor 1.
PAR  This invention permits introduction into case 4 of electric motor 3, part
      of the refrigerant which is passed on to evaporator 16, so that part of
      the gas is caused to expand directly in case 4 by virtue of the
      arrangements described above. This invention permits cooling the electric
      motor case more satisfactorily than a conventional method in which the
      electric motor case is cooled by part of suction gas introduced into
      compressor 1. Besides, since the gas in casing 4 of electric motor 3 which
      has absorbed heat is drawn by suction into compressor 1 through gas
      suction port 34 disposed in a position in which the screw blades of screw
      compressor 1 have compressed suction gas, there is no fear of reduction of
      volume efficiency when suction gas is drawn into the compressor. In
      addition, the fact that suction gas is not overheated makes it unnecessary
      to provide a fan for cooling electric motor 3, thereby eliminating a
      potential source of noises.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compressor system including apparatus for preventing overheating of an
      electric motor for a compressor, comprising
PA1  a rotary screw compressor,
PA1  an electric motor of the closed type having a rotary shaft connected to a
      rotary shaft of said screw compressor for driving said compressor, and a
      sealing case for housing said electric motor,
PA1  an oil separator connected to an outlet port of said compressor,
PA1  a condenser, the top portion of which is connected to an upper portion of
      said oil separator, said condenser also connected to an inlet suction port
      of said compresser by means including:
PA1  a high pressure receiving vessel, an electromagnetic valve, an expansion
      valve, an evaporator, and a liquid separator, which are respectively
      connected in series in said order, and a liquid return line including a
      check valve connected between said liquid separator and said evaporator;
PA1  a first oil return line including an oil pump and an oil cooler, connecting
      said oil separator and said motor,
PA1  a second oil return line connecting an oil ejection port of said compressor
      with said first oil return line at a point downstream of said oil pump and
      oil cooler,
PA1  a branch liquid line connected downstream from said electromagnetic valve
      and upstream of said expansion valve, said line including a throttle
      valve, and connected to an upper portion of the sealing case for said
      motor,
PA1  and means connecting the downstream end of said motor case with a second
      gas suction port of said compressor, said second gas suction port located
      in a gear blade groove space of said screw compressor at a position where
      the screw blades of said compressor in meshing engagement with one another
      have at least partially compressed gas entering said screw compressor
      through said inlet suction port.
PATN
WKU  039452204
SRC  5
APN  5658446
APT  1
ART  344
APD  19750407
TTL  Injection cooling arrangement for rotary compressor
ISD  19760323
NCL  4
ECL  1
EXA  Capossela; Ronald C.
EXP  O'Dea; William
NDR  1
NFG  2
INVT
NAM  Kosfeld; Milton M.
CTY  Colts Neck
STA  NJ
ASSG
NAM  Fedders Corporation
CTY  Edison
STA  NJ
COD  02
CLAS
OCL   62505
XCL  418 63
XCL  418 97
EDF  2
ICL  F25B 3100
FSC   62
FSS  505
FSC  418
FSS  63;97
UREF
PNO  2669384
ISD  19540200
NAM  Dills
OCL  418 63
UREF
PNO  2883101
ISD  19590400
NAM  Kosfeld
OCL  418 63
UREF
PNO  3105633
ISD  19631000
NAM  Dellario
OCL   62505
UREF
PNO  3109297
ISD  19631100
NAM  Rinehart
OCL   62505
LREP
FRM  Ryder, McAulay, Fields, Fisher & Goldstein
ABST
PAL  Liquid refrigerant is injected into the high-pressure side of a rotary
      compressor so as to cool the refrigerant being compressed to allow it to
      be useful in cooling the compressor motor. The injection port is located
      on the bottom face of the compressor chamber, within an area removed from
      the compressor chamber wall, immediately adjacent the compressor chamber
      discharge. The feed to the injection port is through a larger tube
      containing two non-connected capillaries, the first capillary being
      connected to the inlet of the tube and the second capillary being
      connected to the injection port. In this manner, a column of liquid
      remains in the second capillary. The combination of the placement of the
      injection port and the form of the inlet tubing to the injection port
      prevents liquid from being carried over into the suction side of the
      compressor, where efficiency and economy would be diminished, avoids the
      necessity for a check valve in the suction line to the compressor chamber,
      and allows for the parts of the compressor chamber to be used with varying
      compressor rollers without remachining.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With compressors in general, and rotary compressors in particular, both the
      operating mechanism of the compressor and the motor for driving this
      operating mechanism are located within a sealed, hermetic casing. Because
      of this arrangement, some provision must be made for cooling of the motor
      or it will become damaged by overheating. One manner of doing this,
      generally accepted by the prior art, is to conduct the compressed
      refrigerant from the compressor chamber over the motor so as to provide
      cooling. However, generally, in the compression operation, the refrigerant
      is heated to such a point that it does not effectively cool the motor.
      Accordingly, to overcome this, liquid refrigerant from the condensation
      stage is frequently admixed with the compressed refrigerant before it is
      conducted over the motor.
PAR  Because of the high pressure on the discharge side of the compressor
      chamber and, particularly, the varying pressure within this chamber, care
      has to be taken as to the point of introducing or injecting this liquid
      refrigerant into the compressor. Care must also be taken that this liquid
      refrigerant is now carried over into the suction side of the compressor
      where it would decrease the efficiency of the compressor and thus its
      economy of operation.
PAR  One structure employed for the introduction of liquid refrigerant into the
      compressed refrigerant, for the purpose of cooling that compressed
      refrigerant, is shown in Rinehart, U.S. Pat. No. 3,109,297. According to
      that patent, a liquid discharge inlet 31 is located on the lower face of
      the compression chamber and, except for a portion of the cycle, that
      injection port is covered by the face of the roller which moves in an
      eccentric motion around the compression chamber. While this location of
      the injection port has frequently proven effective, it is so close to the
      vane which separates the high- and low-pressure sides of the compressor
      that there is great danger of the liquid refrigerant being carried over to
      the suction side of the compressor, thus diminishing its efficiency. In
      addition, the face of the compressor must be separately machined for each
      roller size, as the time of uncovering of the injection port is totally
      dependent upon the size of the roller.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the present invention, a generally standard rotary compressor
      is provided. This compressor has, within a hermetically sealed casing, an
      electric motor for driving the operating parts of a compressor. Attached
      to the motor casing, by means well known in the art, are a compression
      chamber including upper and lower flat faces, and a generally circular
      wall. Within the compression chamber is a roller which moves about the
      wall of the chamber under the action of an eccentric driven by the motor.
      Also provided as a part of the compressor casing are a suction inlet for
      gas to be compressed, an outlet for compressed gas, and a slideable vane,
      urged to bear against the roller in its various positions, which separates
      the suction and discharge sides of the chamber. As the roller moves from
      the suction port, it continually compresses the gas which it then forces
      out at the discharge port. The structure and operation thus far described
      are generally standard in rotary compressors.
PAR  With the construction of the present invention, a portion of the compressor
      chamber wall at the entrance to the discharge port is removed, as by
      milling, or the wall is formed with a depression in the wall at that
      point. An opening is drilled in the lower case of the compressor chamber,
      within this depression, to provide for the entrance of liquid refrigerant
      to be used in cooling of the compressed refrigerant.
PAR  This opening is in contact, at the outside of the compressor chamber, with
      a piece of tubing adapted to carry liquid refrigerant from a condensing
      portion of the overall refrigeration system. Two capillaries are provided
      in this tube, one adjacent its inlet and one adjacent the compressor
      chamber. A gas pocket will form in the portion of the outer tubing
      immediately surrounding the capillary adjacent the compressor chamber,
      that gas pocket acting to smooth out vibrations in liquid flow caused,
      particularly, by alternating injections of liquid refrigerant to the
      compressor chamber. A head of liquid will, however, remain in both of the
      capillaries and in that portion of the larger tube between the capillaries
      and surrounding the entrance capillary.
PAR  When the pressure within the compressor chamber is lower than that of the
      liquid being fed from the condenser to the injection port, that liquid
      normally being at about 280 pounds pressure, liquid will be injected into
      the compressor chamber. When the pressure in the compressor rises above
      the liquid refrigerant pressure, there will be a tendency for the liquid
      refrigerant to be driven back into the feed tube. However, because of the
      inertia of the liquid column previously described, it will not be moved
      far enough for any substantial portion of the compressed gas in the
      high-pressure side of the compressor chamber to be lost.
PAR  Because of the location of the liquid injection port essentially within the
      discharge outlet, there is little, if any, danger of the liquid being
      carried over to the low-pressure side of the compressor, as is entirely
      possible with prior art arrangements. Thus, there is no diminishment of
      compressor efficiency or economy. Further, because of the particular
      location of the injection port, varying compressor roller sizes can be
      employed without the necessity for re-machining the injection port or its
      area of entry.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a plan view, partially in section, of a compressor, including a
      hermetic casing; and
PAR  FIG. 2 is a sectional view along the line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the accompanying drawings, a compressor 1 is shown as mounted
      within a hermetic casing 2. Within the upper portion of hermetic casing 2,
      designated 3, a motor for driving the operating parts of the compressor is
      located. The suction inlet port to the compressor is shown at 4, and the
      compressed refrigerant outlet at 5. As well known in the art, the
      refrigerant from the outlet may be conducted directly to the motor chamber
      3 for cooling of the motor.
PAR  The compressor includes a lower face plate 10, an upper face plate 11, and
      a member 12 to define the chamber wall 13, these three pieces defining the
      compression chamber 14. The lower face plate 10, upper face plate 11, and
      member 12 are connected by one or more bolts 15. Means for mounting of the
      compressor to the motor frame or to the case 2 are well known in the art.
PAR  Mounted within the compressor chamber 14 are a roller 20 an eccentric 21,
      and a portion of the motor shaft 22 which drives the eccentric and,
      therefore, the roller. Because of the manner of mounting and driving, as
      the roller moves in a clockwise direction, as illustrated in FIG. 2, a
      portion of it is always in contact with wall 13 of the compression
      chamber, except when it is adjacent the discharge outlet. Also provided is
      a vane 25 which is urged, by means not shown, into contact with the face
      of the roller so as to provide a suction side and a discharge in the
      compression chamber.
PAR  A recess 30 is formed in the portion of the wall 13 at the discharge
      outlet. The size of this recess is not critical and need merely be large
      enough to accommodate the opening 31 for the injection of liquid
      refrigerant. The recess can be formed, for example, merely by milling out
      that portion of the wall in the member 12 adjacent the discharge port.
PAR  The liquid for injection through opening 31 is carried to that opening
      through tube 40 within which are formed a first capillary 41, attached to
      the inlet, and a second capillary 42, the latter being attached to the
      opening 31. The liquid refrigerant is conducted to tube 40 from a
      condensing portion of the overall refrigeration system (not shown) of
      which the compressor is a part. A portion of the liquid refrigerant
      entering the tube 40 will form a gas pocket 43 above the liquid level 44
      shown in the tube. This gas pocket 43 will act to take up the surges
      caused by liquid entering the compressor chamber and the back pressure
      caused by compression of the gas within the chamber to a pressure above
      that of the liquid in tube 40. The capillary 43, however, is filled with
      liquid, the level 44 defining the liquid level in the space between
      capillary 43 and tube 40.
PAR  In operation, gaseous refrigerant to be compressed will enter compressor
      chamber 14 through inlet 4. The roller 20, starting from a point where its
      high side is adjacent vane 25 will move clockwise, as defined by its high
      point moving along wall 13. During the first approximately 240.degree. of
      movement, the inlet 31 will be in communication with the high-pressure
      side of the chamber 14, but the pressure in that high-pressure side will
      be less than the pressure of the liquid refrigerant, which is about 280
      pounds. Thus, liquid refrigerant will be injected into the high side of
      the compressor for mixing with the gas being compressed. The cooler
      temperature of the liquid refrigerant entering the compression chamber, as
      well as the evaporation of a portion of this refrigerant, will result in a
      cooling of the gas being compressed. As the pressure on the high-pressure
      side becomes great enough, the outlet valve (not shown) will open,
      allowing the gas to be forced through outlet 5.
PAR  The location of the liquid injection port 31 in recess 30, as opposed to
      placing it below the roller, has a number of advantages. As a first
      matter, even absent the liquid injection port, the roller will lose its
      seal with the side wall of the compression chamber at the outlet port.
      Thus, forming the recess at that point, there are no additional places
      where the seal is lost. Further, the tendency is for the liquid being
      injected either to enter the high-pressure side of the compression chamber
      or to be directly discharged through the outlet. In the prior art systems,
      where the port was placed between the outlet and the vane, there was great
      danger of the liquid carrying over to the low-pressure side of the
      compressor, thus reducing its efficiency and the economy of operation.
PAR  As is apparent, there will be a point during operation of the compressor,
      on each cycle, when the pressure in the high-pressure chamber is greater
      than the pressure of liquid being fed through the injection port. The
      tendency, during that small portion of the cycle, will be for the
      high-pressure gas to be forced back through the injection port. However,
      the standing column of liquid formed by the combination of tube 40 and
      capillaries 41 and 42 provides sufficient inertia that there is only a
      small backward movement of this column, and that movement is not
      sufficient to seriously reduce the efficiency of operation of the
      compressor.
PAR  The placement of the injection port in the manner described, and the
      overall construction of this injection port and its feed tube, allows for
      elimination of the check valve which is normally necessary in the suction
      line to the compressor chamber. As is well known, the compressor will
      generally not operate continually. Rather, there will be times during
      operation of the refrigerating system when the compressor will be shut
      down. At the time of shutdown, because of the differential gas pressures
      in the compression chamber, there is a tendency for the compressor roller
      to "run backwards." In prior art systems, such as shwon in previously
      referenced U.S. Pat. No. 3,109,297, as the roller ran backwards, the
      injection port would be periodically covered and uncovered by the moving
      roller. Under those circumstances, there would be intermittent entry of
      liquid refrigerant which would then vaporize and continue the backward
      movement of the roller.
PAR  It is most desirable during a compressor shutdown to equalize the
      compressor chamber pressure as quickly as possible. The intermittent
      admission of compressed refrigerant in the prior art systems did not allow
      this without placement of the check valve in the suction line to the
      compression chamber, as just described. Hwoever, with the present system,
      where the injection port is now covered by the roller, liquid refrigerant
      will enter the chamber at the time of shutdown and will cause the roller
      to run backward. However, when the roller has reached the point that the
      suction inlet is uncovered, it will be in contact with the injection port,
      and pressure will be, essentially, instantaneously equalized. This is most
      desirable from a standpoint of compressor life as it avoids the vibrations
      caused by the continued firing and backward movement of the roller.
PAR  In accordance, herewith, a novel structure for use in injecting liquid
      refrigerant into a compressor so as to cool the compressed refrigerant and
      allow it to be employed for cooling of the compressor motor, located
      within the same hermetic casing, has been shown and described. The
      invention should not be considered as limited to the specific embodiments
      shown and described but only as limited by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rotary compressor having a compression chamber formed by a lower
      face plate, an upper face plate, an an intermediary wall-defining means,
      an eccentrically driven roller, a motor for driving said roller, and a
      vane urged into contact with the surface of said roller so as to divide
      said compression chamber into high- and low-pressure sides, a refrigerant
      inlet in contact with said low-pressure side, and a refrigerant outlet in
      communication with said high-pressure side, said outlet connecting with
      said wall-defining means, the improvement which comprises a recess formed
      in said wall-defining means at the entrance to said refrigerant outlet and
      a liquid refrigerant injection port formed in the lower face plate of said
      compressor chamber within said recess.
NUM  2.
PAR  2. The compressor of claim 1 wherein said liquid refrigerant injection port
      is in fluid communication with the condensing portion of a refrigerant
      system of which the compressor forms a part, through a connecting tube.
NUM  3.
PAR  3. The compressor of claim 2 wherein a capillary tube is located within
      said connecting tube in the area closest to said liquid refrigerant
      injection port, said capillary tube being in direct contact with said
      liquid refrigerant injection port.
NUM  4.
PAR  4. The compressor of claim 3 wherein a further capillary tube is located
      within said connecting tube, said further capillary tube being connected
      to the inlet of said connecting tube, there being no contact between said
      capillary tubes.
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PAL  The invention relates to a coupling device comprising a sliding member
      sliding mounted on one driving shaft but adapted to slide axially thereon
      for varying the angular timing of another driven shaft in relation to said
      one driving shaft, notably in the case of a valve gear timing system of
      internal combustion engine. A bevel gear is rotatably mounted integral
      with said other shaft, at the adjacent end of said one shaft, a pair of
      bevel-toothed segments meshing with diametrally opposed sectors of said
      bevel gear and pivotally mounted to a diametral pin carried by said other
      shaft, each bevel toothed segment being rotatably solid with a lever
      formed with a fork-shaped cavity for receiving a driving pin carried by
      said sliding member, the cavities provided for said pair of segments being
      opposed to each other and formed on either side of said other shaft,
      whereby the translation of said sliding member is attended by opposite
      angular movements of said bevel-toothed segments.
BSUM
PAR  This invention relates to shaft couplings specific reference to a device
      for coupling together two coaxial rotary shafts while permitting a
      controlled variation of the relative angular timing of said shafts during
      their operation, notably for driving the valves of an internal combustion
      engine. In this last case, the device of this invention is directed to
      shift angularly the camshaft in relation to the shaft driving same during
      the engine operation, within certain limits. However, this device is
      applicable to any other mechanism in which it is desired to vary the
      angular setting between a driving shaft and a driven shaft during the
      operation of the mechanism.
PAR  In the French patent No. 2.209.395, there has been disclosed a valve gear
      wherein the timing variation is obtained by using a helical ramp of cam
      face.
PAR  It is a primary object of the present invention to provide a more compact
      and sturdier device having better wear-resisting properties and a
      satisfactory response sensitiveness.
PAR  Basically, the coupling device according to this invention for operatively
      interconnecting a pair of coaxial rotary shafts, comprising a sliding
      member adapted to move axially in relation to said shafts for varying
      their relative angular setting or timing, is characterised in that it
      comprises a bevel gear rotatably integral with one shaft, at one end
      thereof, a pair of toothed segments having bevel teeth in constant meshing
      engagement with diametrally opposed portions of said bevel gear, said
      segments being pivoted by means of a diametral pin carried by the other
      shaft, each bevel-toothed segment being rotatably solid with a lever
      having a fork-shaped cavity engageable by a driving pin carried by said
      sliding member. The cavities of said levers are diametrally opposed and
      disposed on either side of said other shaft, whereby any movement of
      translation impressed to said sliding member is attended by opposite
      angular movements of said tapered or bevel toothed segments, thus varying
      the relative angular timing of said shafts.
DRWD
PAR  A typical form of embodiment of a coupling device according to this
      invention will now be described by way of example with reference to the
      attached drawing, in which:
PAR  FIG. 1 is a general external view of the device;
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1;
PAR  FIG. 3 is another external view but taken in the direction of the arrow III
      of FIG. 1;
PAR  FIG. 4 is a fragmentary section taken along the line IV--IV of FIG. 1;
PAR  FIG. 5 is an external view of the sliding member, as seen in the direction
      of the arrow V of FIG. 3;
PAR  FIG. 6 is a section taken along the line VI--VI of FIG. 5;
PAR  FIG. 7 is a diagrammatic perspective view of one of the control levers;
PAR  FIG. 8 is a similar view of one of the toothed segments, and
PAR  FIG. 9 is a section taken along the line IX--IX of FIG. 2.
DETD
PAR  The coupling device illustrated comprises a driving shaft 1 formed with
      straight splines 2 on which a driving sliding member 3 formed with
      corresponding splines 3a is adapted to slide. Thus, the sliding member 3
      is rotatably driven from shaft 1 through said splines. Furthermore, the
      sliding member 3 is adapted to be shifted in the axial direction, along
      said shaft 1, by means of a control fork 4, this fork and sliding member
      assembly being of conventional design.
PAR  The end of shaft 1 which extends beyond said sliding member 3 comprises two
      opposite flat faces 6 through which a pivot pin 7 extends, as shown. This
      pin 7 has pivotally mounted thereon a pair of levers 8 and a pair of
      toothed segments 9 provided with bevel teeth and disposed on either side
      of shaft 1. Said levers 8 comprise each of the one hand a rectangular
      cavity 10 in which a matching rectangular shank 9a of the corresponding
      toothed segment 9 is fitted, and on the other hand a forked portion 11
      adapted to receive a driving pin 12 carried by said sliding member 3.
PAR  The pivot pin 7 has one end provided with a head 13 and the other end
      threaded. This other threaded end is engaged by a nut 14 tightened on a
      washer 15 engaging a shoulder of said pin 7, whereby each assembly
      comprising a segment 9 and a lever 8 is adapted to pivot about the pin 7
      with a moderate coefficient of friction. To this end, self-lubricating
      bushings 16 are provided between the shanks 9a and pivot pin 7.
PAR  The toothed segments 9 are in constant meshing engagement with a bevel gear
      17 rotatably solid with the driven shaft 18, said bevel gear comprising to
      this end a flat shank or tenon 19 engaging a corresponding slot 20 formed
      in the end portion of driven shaft 18. This bevel gear further comprises a
      hub 21 centered to the cylindrical end portion 22 of driving shaft 1. The
      teeth of gear 17 are cut only in the sectors thereof which are adapted to
      be engaged by said toothed segments 9.
PAR  The gear 17 is positioned longitudinally in relation to the toothed
      segments 9 meshing therewith by means of a key 23 fitted in a
      corresponding slot 24 formed in the hub 21 of gear 17. The key 23 engages
      a groove 25 formed in the end portion 22 of driving shaft 1. As shown in
      FIG. 9, the shape of key 23 is so designed that the key permits a relative
      angular shift A between the gear 17 and the end 22 of driving shaft 1. The
      key 23 is retained in its slot 24 and in groove 25 by a ring 26 retained
      in turn by a screw 27 engaging a tapped hole formed in the gear hub 21.
PAR  The driving pins 12 are mounted on a pair of supports 28 secured laterally
      to the sliding member 3; each support 28 comprises a bore 29 having fitted
      therein a pin 30 carrying a roller 31 engaging in turn the fork 11 of the
      corresponding lever 8.
PAR  The above described coupling device operates as follows:
PAR   When the sliding member 3 is moved in one or the other direction along the
      driving shaft 1 by actuating the control fork 4, the rollers 31 of driving
      pin 12 which engage the forks 11 of levers 8 cause the lever 8 and
      therefore the toothed segments 9 to pivot in opposite directions about the
      pin 7. The toothed segments 9 cause in turn the bevel gear 17 to pivot
      about the driving shaft 1 whereby the driven shaft 18 rigid with said gear
      17 is shifted angularly in relation to driving shaft 1. Considering the
      specific application of this coupling device to the drive of an engine
      camshaft having a variable angular timing, the camshaft would in this case
      be the driven shaft 18. In this application, the position of fork 4 may,
      if desired, be controlled automatically by servo means of any suitable and
      known type, as a function of the speed of the engine driving said shaft 1,
      and also of the engine depression or of the throttle aperture. This servo
      action, not within the scope of the present invention, may be obtained
      through mechanical, hydraulic or electric means.
PAR  Although a specific form of embodiment of this invention has been described
      hereinabove and illustrated in the accompanying drawing, it will readily
      occur to those skilled in the art that various modifications and changes
      may be brought thereto without departing from the scope of the invention
      as set forth in the appended claims.
CLMS
STM  What is claimed as new is:
NUM  1.
PAR  1. Device for coupling together two coaxial rotary shafts and permitting of
      varying within certain limits the relative angular timing of said shafts
      under running conditions, notably for driving the valves of internal
      combustion engines, which comprises a sliding member adapted to move
      axially in relation to said shafts for varying their relative angular
      timing, said device further comprising a bevel gear rotatably integral
      with one shaft, at one end thereof, a pair of toothed segments having
      bevel teeth in constant meshing engagement with diametrally opposed
      portions of said bevel gear, said segments being pivoted by means of a
      diametral pin carried by the other shaft, each bevel-toothed segments
      being rotatably solid with a lever having a fork-shaped cavity engageable
      by a driving pin carried by said sliding member, the cavities of said
      levers being diametrally opposed and disposed on either side of said other
      shaft, whereby any movement of translation impressed to said sliding
      member is attended by opposite angular movements of said bevel toothed
      segments, thus varying the relative angular timing of said shafts.
NUM  2.
PAR  2. Device according to claim 1, wherein said sliding member is mounted
      through splines on said one shaft carrying said bevel toothed segments,
      adjacent said segments.
NUM  3.
PAR  3. Device according to claim 1, wherein each bevel toothed segment
      comprises a shank portion opposite the segment teeth and fitted in a
      cavity formed on the corresponding lever, said shank receiving said
      diametral pin therethrough, said fork-shaped driving-pin receiving cavity
      being adjacent and perpendicular to the cavity receiving the corresponding
      segment shank.
NUM  4.
PAR  4. Device according to claim 1, wherein said bevel toothed gear is centered
      to the end portion of the shaft carrying the bevel toothed segments and
      comprises key means affording a relative angular clearance as a function
      of the desired maximum angular timing variation.
NUM  5.
PAR  5. Device according to claim 1, wherein said bevel gear is provided with an
      integral tenon engaging a diametral slot formed in the adjacent end of the
      driven shaft.
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ABST
PAL  A pattern for a pattern wheel used in a circular knitting machine is set by
      detecting a blade of the pattern wheel to actuate a tape reader which has
      been patterned in advance, and pushing a jack of the pattern wheel in
      response to the signal from said tape reader.
BSUM
PAR  The present invention relates to an apparatus for setting a pattern for a
      pattern wheel in a circular knitting machine, which comprises
      automatically setting an indicated pattern by pushing jacks of the pattern
      wheel.
PAR  Heretofore, it has been known generally to set a pattern by manually
      pushing a jack of a pattern wheel and by visual observation of an
      indicated pattern by the naked eye of the worker, and by using a special
      tool.
PAR  However, this manual pattern setting is operationally inefficient.
      Moreover, operators tend to make mistakes.
PAR  The art has also developed an apparatus for setting a pattern to a pattern
      wheel, which comprises a key arranged to rotate a fixed pattern wheel, and
      another key arranged to push a jack of the pattern wheel. Means are
      provided for operating these keys alternately to set the pattern. This
      apparatus has been found more efficient than manual pattern setting, but
      the tendency to make mistakes still remains.
PAR  Another known apparatus for setting a pattern to a pattern wheel includes a
      means for rotating the pattern wheel stepwise through a fixed angle of
      360.degree. divided by the number of jacks, using a pulse motor, and, at
      the same time, causing the stepwise rotation of this pattern wheel to stop
      temporarily at the location pressing device for pushing a jack directly
      connected to a solenoid adjacent thereto on the circumference of the
      pattern wheel, causing the solenoid to be actuated by an electric signal
      from a tape reader to actuate the presser which is directly connected to
      the solenoid and arranged to push the jack of the pattern wheel.
PAR  The latter apparatus is much more efficient than the others referred to.
      However, because this apparatus automatically sets a pattern, it has the
      following drawbacks. Because the pattern wheel rotates stepwise at a
      predetermined fixed angle, when the blades are bent or the spaces between
      the blades are lacking in uniformity, the jack is not precisely pushed,
      but the blades are pushed or touched, an erroneous action is carried out
      and the resulting pattern is defective.
PAR  In order to prevent such erroneous action, devices have been provided which
      give warning and stop further motion. However, the apparatus accordingly
      stops whenever there is a difference in blade spacings, and this procedure
      has accordingly been very inefficient.
PAR  Again, the pattern wheel differs with respect to spaces between the jacks
      in different kinds of knitting machines, and in the number of gauges.
      Accordingly, the pattern setting device must have an indexing mechanism
      which is adaptable to the number of kinds of pattern wheels, or to the
      number of pattern setting devices, with the result that the apparatus
      becomes complicated and expensive.
PAR  The strongest reason for this drawback resides in the necessity for
      rotating the pattern wheel through a fixed angle of rotation, which is a
      characteristic of this pattern setting apparatus.
PAR  In order to overcome the foregoing drawbacks wherein a pattern wheel is
      rotated through a fixed angle of rotation, the pattern which is indicated
      in advance by an electric operation is detected and actuated and jacks are
      pushed by a presser, the present invention provides a means for detecting
      the presence of the blades.
PAR  The present invention relates to an apparatus for setting a pattern to a
      pattern wheel in a circular knitting machine which comprises means for
      supporting a pattern wheel with a detecting means adjacent to the pattern
      wheel, means for driving a tape reader in response to an electric circuit
      signal generated by the detecting means, means emitting an electric signal
      for reading a pattern which has been set in advance to actuate a member
      for pushing jacks of the pattern wheel, and means for pushing the jacks of
      the pattern wheel.
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PAC  DRAWINGS
PAR  FIG. 1 is a block diagram of an electrical system in an apparatus
      comprising one embodiment of the present invention;
PAR  FIG. 2 shows the wave shapes of electrical signals at various parts of the
      apparatus of FIG. 1 and a fragmentary diagram of the spatial relations of
      the blades and jacks;
PAR  FIG. 3 is a sketch showing a typical punched paper tape adapted to be fed
      into a tape reader; and
PAR  FIG. 4 is a view in perspective showing a mechanism for rotating a pattern
      wheel and the relationship between the presser for pushing the jacks and
      the blade detecting section in the apparatus.
DETD
PAR  In FIGS. 1 and 4, a pattern wheel 1 for setting a pattern is placed on a
      disc 3 directly connected to a motor 2. The pattern wheel, as will be
      apparent, is a part of a circular knitting machine and is connected in a
      manner well known in the art to control the operation of the working parts
      of the knitting machine. When a starting switch 4 is turned on, an
      electric current runs the motor 2 via a relay 5. At the same time, the
      pattern wheel starts to rotate. Referring to FIG. 4, the pattern wheel 1
      has a series of outwardly projecting spaced radial blades 6 constituting
      pattern wheel walls between which radial jacks 15 are confined, as more
      clearly shown in FIG. 2. A pick-up head 8 of a high-frequency proximity
      switch 7 is provided close to and under a blade 6 of the pattern. Whenever
      the motor 2 rotates, and the blade 6 of the pattern wheel passes over the
      pick-up head 8, an alternating current voltage as shown at A in FIG. 2 is
      generated as an output of the high-frequency proximity switch 7. The
      voltage A is shaped in a wave form shaping circuit 9 in FIG. 1 into a
      rectangular wave pulse voltage B in FIG. 2, which is added as a driving
      pulse to a tape reader 10, forwarding a paper tape 11 as shown in FIG. 3
      set with said tape reader 10 by one character per single pulse B.
PAR  Accordingly, when one blade 6 passes the pick-up head 8, one pulse B is
      generated, the paper tape 11 (FIG. 3) of the tape reader 10 advances by
      one character. When there is a hole in the paper tape 11 at this time, the
      output of the tape reader 10 becomes as indicated at C-1(a) in FIG. 2, and
      a pulse voltage is generated. This voltage is amplified by an amplifier 12
      and then applied to a solenoid 13.
PAR  When the solenoid 13 is thus actuated as shown in FIG. 4, a presser 14 of
      which the solenoid 13 is the driving portion, is actuated to push jack 15
      in. When the voltage applied to the solenoid 13 runs out, the solenoid is
      deenergized and presser 14 is returned to its original position by a
      spring 16 which constitutes a member for bringing back the driving portion
      13;  The sequence of operation of the presser 14 is such that a respective
      jack 15 is pushed in just after the time when the immediately adjacent
      leading blade is detected by the pick-up head 8 of the proximity switch 7,
      and the presser 14 is then returned by the spring 16 to its original
      position before the time when the next successive blade is detected by the
      proximity switch.
PAR  Whenever one blade 6 passes the detecting station, the paper tape 11 of the
      tape reader 10 is advanced by one character. The sprocket holes of the
      paper tape are read by the tape reader 10, generating pulse voltages as
      shown as C-2 in FIG. 2. This voltage is amplified by another amplifier 17
      to actuate a counter 18.
PAR  Accordingly, when the detector is so set that whenever a blade portion
      passes by an amount corresponding to the number of total jacks of the
      pattern wheel 1, a point of contact of said counter is created, when the
      pattern wheel 1 makes one round, the point of contact of said counter
      actuates a relay 5, opening the circuit which provides power to the motor
      2, and stopping rotation of the motor 2 to complete the setting of the
      pattern of the pattern wheel.
PAR  FIG. 3 shows one example of the punched paper tape, wherein the line
      d.sub.1 shows the sprocket holes, from which the signal for the counter 17
      is taken, while lines (a.sub.1) - (c.sub.1) and (e.sub.1) - (i.sub.1) are
      used for emitting the signals for pushing jack 15 of the pattern wheel 1.
PAR  For example, holes are provided in a row of the (a.sub.1) line. Therefore,
      when the tape reader 10 reads them at a position passing the blade 6, a
      pulse voltage is generated as shown by C-1 in FIG. 2, the solenoid 13
      opens, the jack 15 is pushed by the presser 14, to the inside of the
      pattern wheel 1.
PAR  When the pattern wheel 1 further rotates as driven by the motor 2 to pass
      the next blade, the tape reader 10 advances the paper tape 11 by one
      character and transfers to line (b) of the paper tape 11, where there is
      no hole, therefore, the jack 15 is not pushed in because the presser 14
      does not operate.
PAR  Accordingly, the jack 15 of the pattern wheel 1 is either pushed or not
      pushed by the presser 14, depending upon the punched pattern on the paper
      tape 11, and the pattern is applied to the pattern wheel 1.
PAR  In the above embodiment, the pattern wheel 1 is rotated by the motor 2, the
      blade 6 of the pattern wheel 1 is detected by the pick-up head 8 of the
      high-frequency proximity switch 7, the tape reader 10 is driven and the
      jack 15 of the pattern wheel is actuated by a signal from the tape reader
      10 which has been provided with a pattern in advance.
PAR  However, when the pattern wheel 1 is fixed and both the pick-up head 8 of
      the high-frequency proximity switch 7 and the presser 14 are caused to
      have relative speeds to the pattern wheel to set a pattern, no
      inconvenience is experienced, and it is possible to obtain a similar
      effect.
PAR  In the above embodiment, a solenoid is used as the driving means for
      pushing the jack 15. However, it is possible to use other driving means,
      such as an air cylinder, a pressure oil cylinder or a pulse motor, for
      example.
PAR  Again, in the above embodiment, it is possible to fix the means for
      detecting the blade of the pattern wheel and the member for pushing the
      jack of the pattern wheel and rotate the pattern wheel in a clockwise
      direction. However, this invention is not limited thereto; the pattern
      wheel may be rotated in a counterclockwise direction, or it is possible to
      fix the pattern wheel and rotate the blade detecting means of the pattern
      wheel and the means for pushing the jack of the pattern wheel in a
      clockwise or counterclockwise direction.
PAR  For pushing the jack of the pattern wheel, we have disclosed the
      combination of a solenoid as driving means, a presser for pushing the jack
      and a spring as a member for bringing back the presser after it has pushed
      in the jack. However, when a solenoid is used as said member for bringing
      back the presser after the jack has been pushed, better performance is
      obtained than when a spring is used.
PAR  As disclosed, the position of the detecting section of the detecting means
      adjacent to the pattern wheel is under the blade as shown in FIG. 4.
      However, it may be provided above the blade as well. The preferred
      position is under the blade.
PAR  As mentioned above, according to the present invention, it is possible to
      apply a pattern to a pattern wheel by complete automation. Moreover, the
      operations for applying the pattern are simple.
PAR  Again, because in the present invention the position of the blade of the
      pattern wheel is detected by the detecting means such as the
      high-frequency proximity switch, and the jack is directly pushed in
      setting the pattern, even when the blade of the pattern wheel is somewhat
      bent, or the intervals between the blades are different and not uniform,
      it is possible precisely to set a pattern at a high speed without
      committing any error.
PAR  The apparatus of the disclosed embodiment of the present invention was so
      used as to set a pattern at a speed of 10 jacks per second. The presser
      did not actuate any blade by mistake, nor was there any erroneous action.
PAR  Further, because the present invention is characterized by detecting the
      blades of the pattern wheel in setting a pattern, no complicated index
      mechanism is required. Therefore, no troublesome operation is required to
      apply patterns to pattern wheels having different numbers of jacks. In the
      conventional index mechanism, whenever the number of jacks of the pattern
      wheel is different, the operations of the index mechanism are
      re-established one after another. In contrast, the present invention can
      establish the operations by merely changing the position of the detecting
      section in each case.
PAR  Because there is no erroneous action and no necessity to correct such
      action in the present invention, the operational efficiency is greatly
      improved as compared with the conventional apparatus.
PAR  Moreover, because the detecting means of the blade of the pattern wheel of
      the present invention is cheaper than the conventional index mechanism, it
      is possible to reduce the cost of the entire apparatus drastically.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an apparatus for applying a pattern through a tape reader to a
      rotatable pattern wheel having a plurality of spaced-apart blades for a
      circular knitting machine, said blades constituting walls between which
      jacks are movably confined, the combination which comprises means
      supporting said pattern wheel, said means including a holding member, a
      high-frequency proximity switch for detecting the positions of the blades
      of said pattern wheel and for transmitting a signal, said proximity switch
      including a pick-up head arranged and positioned near said pattern wheel
      and operatively associated with said blades to detect the proximity
      thereof to said pick-up head, a first blade adjacent to said pick-up head,
      a first jack adjacent to said first blade and operative for setting the
      pattern of said pattern wheel, a presser connected for pushing said jack
      radially inwardly of the pattern wheel, means for advancing said presser
      to push said first jack just after the time when said first blade is
      detected by said proximity switch and then retracting said presser before
      the next successive blade is detected by said proximity switch, and means
      for transmitting said signal from said proximity switch through said tape
      reader and to said presser actuating means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein said signals are voltage
      pulses and said tape reader is provided with spaced characters, and means
      are provided for advancing said tape reader by one character for each of
      said voltage pulses emitted by said proximity switch.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein counting means are provided
      for counting the number of blades of said pattern wheel.
NUM  4.
PAR  4. The apparatus as claimed in claim 3, wherein means are provided for
      stopping said pattern wheel when the number of counted blades reaches a
      predetermined value.
NUM  5.
PAR  5. The apparatus as claimed in claim 1, wherein said position of said
      pick-up head of said proximity switch near said pattern wheel is under and
      close to said blades of said pattern wheel.
NUM  6.
PAR  6. The apparatus as claimed in claim 1, wherein said position of said
      pick-up head of said proximity switch near said pattern wheel is above and
      close to said blades of said pattern wheel.
NUM  7.
PAR  7. The apparatus as claimed in claim 1, wherein said means for advancing
      said presser for pushing said jack of said pattern wheel is a solenoid
      arranged to displace said presser and said means for retracting said
      driving portion is a spring.
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ABST
PAL  A needle bed is provided with laterally spaced apart longitudinally
      extending needle grooves in which there is slidably positioned a needle, a
      jack and a multiplier rocker between the jack and the needle, the rocker
      pivoting forwardly-rearwardly about a pintle inwardly of the bed. The jack
      has a contact at its forward end which contacts the rocker between the
      pintle and the outer rocker end and the rocker has a contact near its
      outer end for contacting the rear of the needle whereby forward movement
      of the jack pivots the rocker to cause the rocker to move the needle
      forwardly a greater distance than did the jack. Each jack is provided with
      a control butt and at least one pattern butt, each jack having plural
      sites at which a pattern butt can be located. The cam portion for
      actuating the jacks and needles has a multiple patterning raceway having
      longitudinally spaced apart pattern camming segments individually movable
      between an operative and an inoperative position. A pattern camming
      segment at an operative position will coact with a pattern butt at a
      corresponding site to move the jack forwardly sufficiently to move the
      corresponding needle from the welt position to the tuck position. The cam
      portion also has a needle butt raceway including camming for optionally
      moving needles forwardly from the tuck position to the clearing position
      and for moving each needle from its forward position rearwardly to the
      cast off position. The cam portion also has a jack butt raceway including
      camming for cooperating with the control butt on the jack for moving the
      jack from its rearward position sufficiently forwardly to move its
      corresponding needle from the cast off position to the welt position. The
      camming of the jack butt raceway also returns each jack from its forward
      position to its rearward position no later than the needle corresponding
      thereto is returned to the cast off position.
PARN
PAR  This is a continuation, of application Ser. No. 315,237, filed Dec. 14,
      1972 now abandoned.
BSUM
PAR  The present invention is directed to an apparatus and method of knitting
      and elements thereof. More particularly, it is directed to a needle bed
      having a particular arrangement of needles and jacks, the camming for
      operating such needles and jacks, as well as various elements of the
      apparatus and the method of knitting.
PAR  In recent years there has been a great increase in the demand for knitted
      fabrics containing patterns or designs, especially for those known as
      jacquard patterns. In order to meet this demand, there has been a desire
      to increase the productivity of the knitting machines and at the same time
      to increase the versatility of the machines in the production of patterns.
      Such fabrics are primarily produced on multifeed circular knitting
      machines, comprising one or more needle beds. The needles of such machines
      are actuated by cam assemblies and a portion of a cam assembly containing
      all the camming elements for knitting one course is called a cam portion.
      Each cam portion feeds one yarn to the bank of needles during each
      revolution of the machine and therefore each cam portion is usually called
      a yarn feed. The number of yarn feeds in the cam assembly determines the
      number of courses which the machine knits each revolution. Obviously, an
      increase in the number of yarn feeds increases the number of courses knit
      during each revolution. However, because of space requirements and other
      physical limitations in the machine, the maximum number of yarn feeds in
      prior art machines has been limited.
PAR  In general, the width of a cam portion or yarn feed, this being the
      distance from leading end to trailing end of the cam portion, determines
      the number of yarn feeds which a particular machine can accommodate. The
      width of the cam portion is, in turn, related to the camming angles of the
      cams. During each knitting cycle needles go through a projection cycle and
      a retraction cycle. Since, according to the invention, the improvements
      are made in the projection cycle, only such projection cycle need be
      discussed at this time. If, by way of example, the camming angle of the
      projection part of the cam portion is 45.degree. and the needles, in the
      projection cycle, are projected about one inch, it will be appreciated
      that such projection part of the cam portion will have to be about one
      inch in width and about one inch in height. The height of the projection
      part of the cam portion is the longitudinal distance or spacing between
      the leading end and trailing end and is normally equal to the distance the
      needles are projected. Obviously, an increase in the camming angle will
      serve to reduce the width of the projection part of the cam portion and
      thereby reduce the width of the entire cam portion. However, an increase
      in camming angle does not effect the height of the camming. Because of
      problems inherent in the knitting operation, camming angles cannot be
      significantly increased.
PAR  According to one aspect of the invention, although the camming angle is not
      increased, means are provided for increasing the camming effect produced
      by the camming angles used during the projection cycle. This is
      accomplished by providing means for projecting the needles a greater
      distance than they would normally be projected with the camming angles
      used. This produces two results. First, it reduces the cam width and
      thereby enables the number of yarn feeds to be increased. Secondly, there
      is a reduction in the height of the camming necessary to produce a needle
      projection of any given distance.
PAR  More specifically, according to one aspect of the invention, the needles
      are projected at least a portion of their projection cycle by means of
      jacks acting on the needles through distance multipliers. The camming
      projects the jacks, the jacks acting against the distance multipliers
      which, in turn, act against the needles to project the needles a further
      distance than the jacks were projected. The construction of the multiplier
      is such that the needles can be projected more than twice the projection
      distance of the jack. This multiplication of the projection distance
      produces an effect equivalent to increasing the camming angle, thereby
      reducing the width of the part of the cam portion used to project the
      needles and permitting the use of more yarn feeds. It is noted that
      although this effect is the same as would be produced by increasing the
      camming angle, the camming angle cannot actually be increased sufficiently
      to permit a similar amount of reduction of cam width. Stated differently,
      the camming angles used in the projection cycle cannot be significantly
      increased beyond 45.degree.. In addition to producing an effect equivalent
      to increasing the camming angles, the use of the multiplier permits the
      camming height to be reduced because the camming height, although equal to
      the distance the jacks are projected, is less than the distance the
      needles are projected. This result cannot be obtained by increasing the
      camming angles even if machine construction could permit the use of
      increased camming angles. In the illustrated embodiment the distance
      multiplier does not project from the needle bed. Although multiplier
      devices have been proposed, such multipliers are outside the needle bed
      and such multipliers are not acted on by jacks so as to augment the
      distance the needles are projected relative to the distance the jacks are
      projected.
PAR  Many devices have been used to increase the patterning ability of the
      machine. In order to produce patterns, in selected courses selected
      needles must have a different movement cycle from needles in that course
      or in other courses, the selection depending upon the pattern desired. The
      patterning versatility is also a function of the number of yarn feeds. One
      system for producing patterns involves providing the camming with plural
      raceways, each raceway being a complete raceway for acting on butts of
      selected needles, so that the needles move through cycles as determined by
      the raceway which actuates them. Since each raceway is a complete raceway,
      the height of the cam portion is obviously increased over the height of a
      single raceway cam. Because of space limitations, it is impractical to
      have more than three such complete raceways.
PAR  It is obvious that an increase in the number of raceways will increase the
      patterning ability of the machine. According to another aspect of the
      invention, the number of effective pattern raceways is greatly increased
      while keeping the total height of the cam portion at a convenient limit.
      This is accomplished by separating the movement cycle of the needles into
      a plurality of stages and providing a multiple patterning raceway which
      functions only during part or all of the projection cycle, with the
      remainder of the movement cycle of the needles being effected by at least
      one additional raceway. In the preferred embodiment of the invention, the
      pattern camming elements of the multiple patterning raceway only act to
      move the needles from the welt position to the tuck position. By providing
      a plurality of pattern cam sites in the multiple pattern raceway, each
      site providing the effect of a raceway, and selecting the sites at which
      the cam elements are located, there can be obtained the desired patterning
      for each cam portion. In the preferred aspect of the invention, the
      multiple patterning raceway is used together with the multiplier
      previously mentioned, thereby reducing the height of the individual
      pattern cam elements and therefore reducing the height of the entire cam
      portion. In such a combination there can be provided the equivalent of
      seventeen patterning raceways in a cam portion height about that of prior
      art machines having three complete patterning raceways.
PAR  It is pointed out that in a machine where each revolution repeats the
      pattern knit in the previous revolution, an increased number of yarn feeds
      increases the number of courses over which a pattern can be distributed
      before the pattern repeats. An increase in the number of selections
      possible increases the number of wales over which a pattern can be spread.
      It is apparent, therefore, that the present invention provides not only
      increased productivity of fabric per revolution of machine, but provides
      increased versatility or flexibility of patterning.
PAR  It is therefore an object of the present invention to provide a means and
      method for increasing the camming effect of the cams during the projection
      of the needles so as to reduce the width of the cam portion.
PAR  It is another object of the invention to provide a means and method for
      increasing the camming effect of the cams during the projection of the
      needles so as to reduce the height of the camming required for effecting
      such projection.
PAR  It is another object of the invention to provide a means and method for
      forwardly moving needles at least a portion of their projection cycle by
      means of jacks with the forward movement of the jacks being converted into
      a greater forward movement of the needles.
PAR  It is another object of the invention to provide movement multiplier means
      interposed between needles and jacks to cause the needles to move
      forwardly a greater distance than the jacks.
PAR  It is another object of the invention to provide a structure where the
      movement multiplier between the jacks and needles is located inwardly of
      the needle bed.
PAR  It is another object of the invention to increase the patterning ability of
      the knitting machine by providing a structure which greatly increases the
      number of needle selections possible for each cam portion without unduly
      increasing the height of the cam portion.
PAR  It is another object of the invention to increase the number of yarn feeds
      and at the same time increase the number of patterning combinations
      available.
PAR  It is still another object of the invention to provide a cam construction
      including a multiplier patterning raceway which produces the effect of a
      plurality of conventional raceways with said multiple patterning raceway
      occupying less height of the cam construction than the equivalent number
      of conventional complete raceways.
DRWD
PAR  These and other objects and aspects of the invention will be readily
      apparent from the following description in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a fragmentary elevation of a portion of a dial and cylinder
      knitting machine wherein the needle bed is on the outer surface of the
      cylinder and wherein the cams surround the cylinder, the view being taken
      from outside the machine looking toward the needle bed, the dial being
      omitted with only some of the cylinder needles being diagrammatically
      shown. This figure shows one complete cam section and fragments of two
      adjacent ones;
PAR  FIG. 2 is a fragmentary vertical cross section taken along the line 2--2 of
      FIG. 1, with a fragment of the dial being added. The cylinder needle shown
      therein is in the clearing position and for purposes of clarity only three
      pattern selector cams are shown in the cam support;
PAR  FIG. 2A is a fragmentary horizontal cross section taken along the line
      2A--2A of FIG. 1, showing a cross section of the pattern camming with the
      needle bed and jacks omitted;
PAR  FIG. 3 is a fragmentary vertical section along the line 3--3 of FIG. 2,
      showing in elevation a portion of the cylinder bed together with the jacks
      and needles therein, the horizontal scale being somewhat distorted;
PAR  FIG. 3A is an enlarged fragmentary horizontal cross section taken along the
      line 3A--3A of FIG. 2, showing a portion of the needle bed and the jacks
      therein, one jack being omitted to show an empty needle groove;
PAR  FIG. 4 is a fragmentary vertical section taken along the line 4--4 of FIG.
      2, showing in elevation the inner face of a complete cam section and
      fragments of adjacent sections and showing in phantom the movement of a
      needle-jack pair across the section:
PAR  FIG. 5 is a fragmentary vertical cross section comparable to FIG. 2, but
      with the dial and camming omitted, and taken at a different section line
      so as to show a jack and its corresponding needle in a needle groove
      wherein the needle is at the welt position;
PAR  FIG. 6 is a vertical cross section similar to FIG. 5, but showing the
      needle in the tuck position;
PAR  FIG. 7 is a vertical cross section similar to FIG. 5, but showing the
      needle in the cast off position;
PAR  FIG. 8 is a perspective view of a needle groove wall;
PAR  FIG. 9 is a perspective view of a jack showing pattern butts at all the
      pattern butt sites;
PAR  FIG. 10 is a perspective view of the multiplier rocker;
PAR  FIG. 11 is an elevation of a pattern selector cam;
PAR  FIG. 12 is an enlarged fragmentary cross section corresponding to a portion
      of FIG. 7, showing a modification of the pintle means for the rocker;
PAR  FIG. 13 is an enlarged fragmentary perspective view of the needle groove
      wall used in the modification of FIG. 12;
PAR  FIG. 14 is an enlarged fragmentary cross section of the needle bed showing
      in detail the structure for mounting the pintle means of the embodiment of
      FIGS. 2, 5, 6 and 7;
PAR  FIG. 15 is a fragmentary cross section of the needle bed of a modification
      permitting the jack and rocker to move the needle past the tucking
      position;
PAR  FIG. 16 is a perspective view of the clearing cam;
PAR  FIG. 17 is a fragmentary elevation of the inner face of a cam section
      showing a modified needle cam construction.
DETD
PAR  The drawings accompanying the application, except for FIGS. 3A, 12, 13 and
      14, are substantially to scale and are substantially full size. Although a
      cylinder needle bed and its operative cams are actually circumferentially
      curved, they are shown in the accompanying drawings, except for FIG. 3A,
      as if they were flat, for purposes of clarity. As a practical matter, with
      a cylinder machine having a cylinder 30 inches in diameter, the curve of
      the portions shown in the accompanying drawings is not readily apparent.
PAR  The invention will be particularly described in connection with the
      cylinder needle bed of a multifeed dial and cylinder circular knitting
      machine. However, the invention can be used in connection with other types
      of multifeed knitting machines comprising a needle bed, whether or not
      there are additional needle beds and whether or not the invention is
      applied to more than one needle bed in such machine. Circular machines are
      of two types, in one type the needle beds are stationary with the cams
      rotating and in the other type, the needle beds rotate with the cams being
      stationary. The invention is applicable to both types, although it will be
      described in connection with a machine wherein the needle bed rotates and
      the cams are stationary. Therefore, it should be borne in mind that it is
      merely necessary to provide relative lateral movement between the needle
      bed and the cams. Furthermore, the cylinder needle bed can have the
      needles on the outer surface thereof with the cams being outside the
      cylinder or the cylinder can have the needles on the interior surface
      thereof with the cams being inside of the cylinder. Similarly, a dial can
      be constructed either with the needle hooks projecting from the outer
      periphery of the dial during the knitting operation or, alternatively,
      with the needle hooks projecting toward the center of the dial during the
      knitting operation. The illustrated embodiment will be directed to a
      cylinder wherein the needle grooves are on the outer surface with the cams
      being outside the cylinder.
PAR  Since the invention is applicable to various types of needle beds, it is
      highly desirable to use terminology appplicable to all these types. The
      hook end of the needle is the forward end and the other end of the needle
      is the rear end, the end of the needle bed from which the needle hooks
      project during knitting being the forward end, and the other end of the
      needle bed being the rear end. The forward direction is the direction away
      from the rear end of the needle bed toward the forward end and the
      rearward direction is the direction opposite the forward direction.
      "Longitudinal" is the forward-rearward direction along the length of the
      needle grooves and needles. In a conventional cylinder machine, the needle
      grooves are equidistantly spaced from each other throughout their length
      and the longitudinal direction is therefore constant throughout the needle
      bed. Normally, in a cylinder the longitudinal direction is the vertical
      and this is so in the accompanying drawings. In a dial the needle grooves
      are radially disposed so that the longitudinal direction is along the
      radials. "Lateral" is the direction across the needle grooves connecting
      corresponding points of each groove. In a cylinder the lateral direction
      is the horizontal and this is so in the accompanying drawings. In a dial
      the lateral direction is defined by a series of concentric circles or
      arcs. In both cylinder and dial the cams and the needle bed move relative
      to each other in the lateral direction. The outer side or face of a needle
      bed is the face or surface having the needle grooves and the inner side or
      face is the opposite side or face of the needle bed. Therefore, inwardly
      refers to a direction from the outer surface towards the inner surface,
      and outwardly refers to the opposite direction. "Transverse" refers to the
      inward-outward direction.
PAR  All the elements of the needle bed, needles, jacks, multiplier, etc., and
      all the elements of the cams will be described as if the machine is set up
      for operation and consistent terminology will be used throughout, so that,
      for example, the surface of the cams closest the needle grooves is the
      inner surface and the surface of the cams remote from the grooves in the
      outer surface. The inward and outward direction is always the same,
      whether referring to needle bed, cams or any elements thereof. Referring
      to a cylinder, the lateral direction is actually the circumferential
      direction. Nevertheless, it will occasionally be convenient to use the
      word "circumferential" primarily to indicate a structure which extends all
      around a needle bed.
PAC  THE NEEDLE BED AND BASIC OPERATION OF NEEDLES, JACKS AND MULTIPLIERS
PAR  As pointed out previously, the invention will be particularly described in
      connection with a dial and cylinder circular knitting machine wherein the
      cylinder needle bed has the novel construction of the invention.
PAR  Referring particularly to FIG. 2, there is provided a cylinder needle bed
      10 which in the illustrated embodiment, has a bed body comprising a
      circumferential forward body section 11 and a circumferential rear body
      section 12, the forward portion of the rear body section 12 being formed
      with a forwardly and inwardly inclined circumferential shoulder 13 which
      begins at the outer surface of the rear body section and extends inwardly
      to a forwardly projecting circumferential flange 14 at the inner side of
      the forward end of rear body section 12. The inner surface of the rear of
      the forward body section 11 is provided with a circumferential rabbet 15
      for receiving the forward portion of the flange 14. Bolts 15A passing
      transversely through flange 14 and the rear of forward section 11 secure
      the two body sections together to provide a unitary needle bed body for
      needle bed 10. At the rear end of rear body section 12 there is provided a
      circumferential rabbet 16 extending inwardly from the outer surface. The
      transverse depth of rabbet 16 is relatively shallow, being of the order of
      1/8 inch or so.
PAR  As can be seen from the drawings, the rear end of the forward body section
      11 is spaced apart from the shoulder 13 to provide a circumferential space
      defining a circumferential open recess or access channel 17, said access
      channel 17 opening on the outer surface of the bed body. The rear end of
      the forward body section 11 is provided with a downwardly depending
      circumferential outwardly beveled rim or lip 18 which overhangs access
      channel 17 to reduce the longitudinal extent of the opening of access
      channel 17 at the outer side of the needle bed body. The forward body
      section 11 is provided, intermediate its forward and rear ends, with a
      circumferential recess 19 extending from the outer surface inwardly, the
      forward end of said recess being forwardly and inwardly inclined so as to
      provide a beveled lip or overhand 20. The transverse depth of recess 19 is
      somewhat greater than the depth of rabbet 16.
PAR  A plurality of laterally spaced apart longitudinally extending grooves or
      channels 21 of uniform lateral width are cut into the bed body, each
      channel 21 extending from rabbet 16 forwardly until a short distance past
      overhang 20, the outer surface of the bed body between adjacent channels
      21 defining lands 21A (see FIG. 3A). Obviously, such channels and lands
      are interrupted by access channel 17 and recess 19. The transverse depth
      of each channel is substantially uniform from the rabbet 16 to overhang
      20, the depth being about that of the rabbet. The transverse depth of the
      channel is gradually reduced beginning at the rear edge of overhang 20.
      The cutting of the channels 21 into the needle bed body divides lip 18
      into a plurality of spaced apart teeth 18A whose outer surfaces are part
      of the lands 21A. The cutting of the channels 21 also divides overhang 20
      into contiguous alternating short teeth 20A and long teeth 20B, with each
      short tooth 20A lying beneath a channel and with each long tooth 20B
      extending between said channels, the outer surfaces of long teeth 20B
      being part of the lands 21A.
PAR  Beginning at the forward edge 22 of the needle bed body there are provided
      a plurality of laterally spaced apart outwardly and rearwardly extending
      combing teeth 22A, the combing teeth corresponding in number and being
      aligned with channels 21. The construction of the combing teeth is
      conventional and they may be either formed integrally with the needle bed
      body or, as more frequently constructed, comprise tempered hardened needle
      plates inserted in slots (not shown) at the forward end of the bed body.
      At the rear end of forward section 11 there are provided a plurality of
      laterally spaced apart downwardly depending transversely extending ears
      23, said ears projecting into access channel 17 and corresponding in
      number to channels 21. Each ear 23 is aligned with a channel 21 and the
      spaces between adjacent ears are aligned with lands 21A, the lateral width
      of each ear 23 being substantially the same as the lateral width of
      channel 21. Each ear 23 has a notch or recess 24 (see FIG. 14) extending
      forwardly from the rear extremity of the ear, the notch extending
      laterally through the ear. A laterally extending wire or rod 25 is
      positioned in notches 24 so that said rod 25 passes through all the ears
      and the spaces therebetween. The metal at the opening of recess 24
      rearward of the wire is then upset or peened to firmly secure the rod in
      each ear to prevent it from moving and from falling out of the notches 24.
      As will be later described, the portions of the rod 25 which extend
      laterally through the spaces between adjacent ears define pintle means
      about which a rocker can pivot.
PAR  In each channel 21 there is removably positioned an inserted needle groove
      wall 26 whose shape is clearly shown in FIG. 8, with FIGS. 2, 5, 6 and 7
      showing the wall 26 inserted into the needle bed body. The position and
      location of the various elements of wall 26 with relation to the needle
      bed body are particularly clearly shown in FIG. 5. Each wall 26 is made of
      tempered steel of uniform thickness, the thickness being substantially
      equal to the width of channel 21 so that it can be wedged into channel 21
      and frictionally held therein. Wall 26 is provided with a first inwardly
      extending tongue 27 which, as can be seen from FIG. 5, extends into access
      channel 17, and a second inwardly extending tongue 27A which is received
      within recess 19. Wall 26 is provided with a recess 28 rearwardly of
      tongue 27A. The forward end of wall 26 is provided with a notch 28A
      corresponding in shape to short tooth 20A so that said tooth can be
      received within said notch. The outer edge of wall 26 is recessed at 29
      and then is provided with an inwardly and forwardly extending bevel 29A. A
      tail 30 is provided at the inner side of the rear end of wall 26, said
      tail lying in rabbet 16.
PAR  When a wall is inserted into groove 21, the forward end is placed into
      recess 19 until tooth 20A is seated in notch 28A, recess 28 providing
      clearance for this operation. Then the remainder of wall 26 is forced into
      channel 21. A plurality of laterally extending cover members or plates 16A
      are then fastened in rabbet 16 by bolts (not shown), said plates overlying
      the tails 30 of the walls to firmly keep the walls in place. The cover
      plates 16A have a lateral extent sufficient to extend across a plurality
      of walls, there being enough plates to cover all the walls. In this
      manner, when a wall has to be replaced only the cover plate for the
      lateral portion of the needle bed body need be removed. The distance
      between outer edge 31 and inner edge 31A is such that when the walls are
      inserted into channels 21, each wall will extend outwardly from the needle
      bed body a distance of the order of 3/16 inch or so, the outer edges 31 of
      the walls being aligned.
PAR  The portions of wall 26 extending from the surface of the needle bed body
      define the walls of longitudinally extending needle grooves 32 with the
      lands 21A between the walls defining the bottoms of the needle channels or
      grooves 32 (see FIG. 3A). Each ear 23 was originally aligned with a
      channel 21, and each ear 23 is therefore now aligned with a wall 26. Since
      there are no lands or groove bottoms 21A opposite access channel 17, it
      will be appreciated that each needle groove 32, where it crosses access
      channel 17, in effect extends inwardly between tongues 27 of adjacent
      walls 26 and extends further inwardly to the space between adjacent ears
      23 with such inwardly extended groove being interrupted only by the
      lateral portion of rod 25 defining the pintle means.
PAR  It is pointed out that the structure of the walls 26 and the described
      method of inserting them in the grooves 21 is conventional, except for the
      addition of tongue 27. Conventional needle beds would have no access
      channel 17 and therefore there would be no tongue 27.
PAR  The structure which has been described above, namely, forward body section
      11, rear body section 12, ears 23, and walls 26, comprise the structure
      defining needle bed 10 to thereby provide a needle bed having a plurality
      of laterally spaced apart longitudinally extending needle grooves 32, the
      outer edges 31 of the walls 26 defining the outer face or surface of
      needle bed 10. In the illustrated embodiment one of the purposes of
      providing teeth 18A and teeth 20B is so that their outer surfaces, which
      comprise lands 21A, serve to increase the longitudinal extent of the
      bottoms of the needle grooves 32 to provide the maximum bearing surface
      for the inner surface of the needles during the knitting operation. It is
      also noted that the pintle means defined by rod 25 are located in the
      needle bed inwardly of the bottoms 21A of the needle grooves 32.
PAR  At this point it is convenient to described an alternative needle bed
      construction (see FIGS. 12 and 13). In the alternative construction the
      ears 23 and the rod 25 are omitted and the inserted needle walls are
      slightly modified. In the modification, needle bed 10' is provided with
      walls 26' each having a tongue 27' which extends inwardly into access
      channel 17' a greater distance than corresponding tongue 27 on wall 26
      extended into access channel 17. Near the inner end of wall 27' there is
      provided a laterally extending stud 25' which is slightly shorter than the
      lateral space between adjacent channels 21'. Therefore, when these walls
      26' are inserted into the needle bed body the stud 25' on one wall 26'
      extends substantially to the next wall 26' so that said stud 25'
      constitutes the pintle means. Therefore, in both embodiments the pintle
      means extends at least part way across the needle groove.
PAR  This alternative construction is particularly advantageous for several
      reasons. First, in the embodiment shown in FIGS. 2, 5, 6 and 7, in the
      event the rod 25 breaks it is necessary to dismantle substantially the
      entire needle bed to replace the rod. In the alternative embodiment shown
      in FIGS. 12 and 13, if a stud 25' breaks it is merely necessary to remove
      that wall 26' and replace it with a new wall. A second advantage is that
      it renders it possible to more easily make the needle bed body in one
      piece. Because of the ears 23 in the first described embodiment, it is
      difficult to machine the needle bed body in one piece and this is why two
      body sections 11 and 12 are provided. It will be appreciated that the two
      embodiments, when each is assembled, are full equivalents so that the
      needle bed 10 shown in FIGS. 2, 5, 6 and 7 can be replaced by needle bed
      10' and whenever any further reference is made to needle bed 10, it will
      be understood that needle bed 10' can be substituted without any other
      changes being required, unless the contrary is clearly stated.
PAR  In each needle groove 32 there is inserted an arrangement comprising a
      needle 33, a jack 34 and a movement multiplier rocker 35 between the
      needle and the jack. Although each needle groove 32 accommodates a needle,
      jack and rocker, such groove 32 can still appropriately be called a needle
      groove since this is conventional terminology in the art. It is also noted
      that the terminology which will be used in connection with the description
      of these elements, such as "inward", "outward", "rearward", "forward",
      "longitudinally", etc., are used when considering these elements in their
      position in the needle bed.
PAR  The multiplier rocker 35 is a flat metal plate having a thickness such that
      it can freely slide in the needle groove 32 and shaped, as can be seen
      from FIG. 10, somewhat like an inverted duck having an intermediate
      portion 36, an outer portion or neck 37 and an inner portion 38. The
      intermediate portion has a convexly curved rear surface defining a
      rearwardly facing first rocker contact 39. The outer portion or neck 37 is
      curved and extends outwardly from the intermediate portion terminating in
      a free end 40 having a forwardly facing edge defining a second rocker
      contact 41. The rear edge 42 of the neck is convex with the forward
      surface of the neck being concave and defining a recess 43. The inner
      portion of the rocker extends inwardly from the intermediate portion and
      is provided with a slot or keyway 44 extending outwardly from the inner
      end. The keyway 44 is provided with an enlargement intermediate its ends,
      said enlargement defining a bearing 45 for receiving the pintle means
      defined by rod 25 or stud 25', said keyway immediately outwardly of said
      bearing being narrower than the diameter of said pintle. Immediately
      inwardly of said bearing, at 46, the keyway 44 is also narrower than the
      diameter of the pintle, with the size of the keyway gradually increasing
      inwardly of the bearing until the size of the keyway is greater than the
      diameter of the pintle to thereby provide an entry 47 for easily receiving
      the pintle. The keyway divides the inner portion 38 into two opposed arms
      48 capable, by virtue of the resiliency of the metal of the rocker, of
      being temporarily resiliently urged apart sufficiently to permit the
      pintle to pass from the entry into the bearing, the arms then snapping to
      their original position to releasably lock the pintle in the bearing. The
      diameter of the bearing is just sufficiently greater than the diameter of
      the pintle to permit the rocker to freely pivot about the pintle. A rocker
      is inserted into each needle groove 32 at a position aligned with access
      channel 17 until the pintle is received within the rocker entry 47 and
      then the rocker is slid further inwardly until the pintle snaps into the
      bearing. When so mounted in the needle bed, the rocker is free to
      oscillate, forwardly-rearwardly about the pivot axis defined by pintle, in
      the plane of the needle channel, said first and second rocker contacts
      similarly oscillating. It is pointed out that the opposed tongues 27 which
      define the needle groove walls act as lateral bearing surfaces for the
      rocker during its oscillation. If a rocker need be replaced, it can easily
      be snapped out.
PAR  In the rear of each needle groove 32 there is slidably positioned a jack 34
      provided at its forward end with an inwardly and forwardly extending wing
      49 which terminates in a forwardly directed free end whose forward edge
      defines a jack contact 50 (see FIG. 9). Another forwardly extending wing
      51 is provided at the outer edge of the jack with wings 49 and 51 being
      transversely spaced apart so as to provide a recess 52 at the forward end
      of the jack outwardly of the jack contact 49. Each jack 34 is provided
      with butt means which, in the illustrated embodiment, comprise at least
      one outwardly extending control butt 53 and one or more outwardly
      extending pattern butts 54 longitudinally spaced apart from each other and
      from control butt 53. Referring to FIG. 9, it will be noted that there are
      seventeen longitudinally equidistantly spaced pattern butts 54, the
      location of each butt defining a pattern butt site. In actual operation of
      the machine one or more of these butts will not be provided. FIG. 9 is an
      example of a jack which could be supplied to the user of the machine and
      the user will grind off whichever pattern butts 54 are not to be used.
      Alternatively, the user of the machine can be provided with jacks having
      pattern butts only at the desired site or sites. The purpose of these
      pattern butts 54 and the arrangement thereof will be explained later.
PAR  Each jack is inserted into a needle groove 32 with wing 49 extending into
      access channel 17 as shown in FIGS. 2, 5, 6 and 7, the wing 49 being
      rearward of the rocker 35. Forwardly of rocker 35 there is slidably
      positioned a needle 33 having at its forward end a hook 55 and a latch 56.
      Each needle is provided with needle butt means comprising at least one
      outwardly extending needle butt 57. The jacks and needles are slidable in
      the grooves for forward-rearward reciprocation.
PAR  The function and operation of the needles, jacks and rockers will now be
      briefly described in connection with FIGS. 2, 5, 6 and 7. When the jacks
      and needles are positioned in the needle bed, their outer edges are
      slightly inward of the outer edge 31 of the walls which define the needle
      grooves 32, with only the butts on the jacks and needles projecting
      outwardly from the outer edges 31. A jack, needle and rocker in the same
      groove 32 are coplanar and are said to correspond to each other. In this
      brief description, reference will be made to the corresponding elements in
      the single needle groove 32. Referring to FIG. 7, each of jack 34, rocker
      35 and needle 33 are shown in their rearward position, the hook 55 of the
      needle being retracted into the cylinder, being rearward of the forward
      edge 22 of the cylinder, at which location the needle is in the cast off
      position. Note that the rear edge of the needle abuts or rests on second
      rocker contact 41, the rear edge of the needle defining a rearwardly
      facing needle contact 58 at the rear end of the needle which abuts or is
      abutted by second rocker contact 41. Also note that the curved rear edge
      42 of the rocker neck is received within recess 52 at the forward end of
      the jack.
PAR  These parts have been shaped as illustrated so as to minimize the
      longitudinal extent of the portion of the needle groove which they occupy.
      The rear edge of the needle outwardly of needle contact 58 is very close
      to, but does not make contact with, the forward edge of wing 51 of the
      jack. Wing 51 has no function in the movement process, serving only to
      help keep the jack in the groove, as will be later described. Jack contact
      50 abuts the convex rear surface of the rocker which defines first rocker
      contact 39. Any conventional camming forces can be used to move the jack
      34 forwardly. For example, it can be moved by another jack located further
      rearwardly. However, in the illustrated form of the invention, jack 34 is
      moved forwardly by the application of first camming forces to control butt
      53. When such first camming forces are applied jack 34 is moved forwardly
      a short distance from the position shown in FIG. 7 to the position shown
      in FIG. 5 and, of course, jack contact 50 moves forwardly the same
      distance. During this first forward movement jack contact 50 constantly
      abuts first rocker contact 39 to cause the rocker to pivot forwardly about
      the pintle. The forward pivoting of rocker 35 in turn moves second rocker
      contact 41 forwardly and during this forward movement the second rocker
      contact 41 makes continuous contact with the needle contact 58 to urge the
      corresponding needle forwardly to the welt position wherein the needle
      hook is about flush with the forward edge 22 of the needle bed. As will be
      explained hereinafter, because of the multiplying effect of the rocker the
      needle moves forwardly a greater distance than did the jack.
PAR  Second camming forces are then applied to one of the pattern butts 54 of
      the jack to further move the jack forwardly from the position shown in
      FIG. 5 to FIG. 6, and during this movement jack contact 50 still abuts
      first rocker contact 39 to pivot the rocker further forwardly to further
      advance second rocker contact 41 which in turn, by virtue of its abutment
      with needle contact 58, advanaces the corresponding needle forwardly from
      the welt position to the tuck position, the needle again moving forwardly
      a greater distance than did the corresponding jack. In this position tooth
      18A extends at least part way into recess 43 in the front surface of the
      rocker neck. In the embodiment illustrated in FIGS. 2, 5, 6 and 7, the
      jack cannot be moved further forwardly than the distance shown in FIG. 6,
      because such further movement would bring the forward surface of the
      rocker in contact with the rear surface of forward body section 11. In
      other words, in this embodiment movement of the jack cannot serve to
      project the needle further forwardly beyond the tuck position. In order to
      move the needle further forwardly to the clearing position the needle is
      moved independently of the jack by applying third camming forces to the
      butt 57 on the needle. FIG. 2 shows the movement of the needle after it
      has been moved by the third camming forces from the tuck position to the
      latch clearing position. Note that the jack and rocker in FIG. 2 remain in
      the same position as they were in in FIG. 6. It is also noted that because
      of the offset in section line 2--2 of FIG. 1 along which the cross section
      of FIG. 2 was taken, the needle shown in FIG. 2 does not correspond to the
      jack, since they are in different needle grooves. However, in cross
      sectional view the relationship between the needle and jack shown in FIG.
      2 is the same as it would be if the needle and jack were in the same
      groove.
PAR  As soon as a needle reaches the tuck position, that shown in FIG. 6, the
      jack and rocker have fulfilled their function and the camming forces which
      were applied to the jack are removed or relieved, the jack and rocker not
      moving forwardly as the needle moves from the tuck to the clearing
      position. In the event it is desired, during knitting of a particular
      knitting cycle, that a particular needle only tucks and does not clear,
      the third camming forces are not applied to the butt on such needle and
      such needle remains in the position shown in FIG. 6. Thereafter, whether a
      needle is left at the tuck position (FIG. 6) or has been advanced to the
      clearing position (FIG. 2), fourth camming forces are applied to the
      needle butt 57 to move it rearwardly from its respective forward position
      (FIG. 6 or FIG. 2) to the cast off position and during this rearward
      movement needle contact 58 moves second rocker contact 41 rearwardly to
      pivot the rocker rearwardly so that first rocker contact 39 moves jack
      contact 50 rearwardly to move jack 34 rearwardly to its rearward position
      so that all the elements are once again in the position shown in FIG. 7.
      In a preferred embodiment of the invention, instead of utilizing the
      rearward movement of the needle to return the jack to its rearward
      position, fifth or return camming forces are applied to jack control butt
      53 at any appropriate time after the jack has brought its corresponding
      needle to the tuck position to move the jack rearwardly to its rearward
      position no later than its corresponding needle is brought to the cast off
      position by the fourth camming forces. Further, in a preferred embodiment
      of the invention, if any needle is brought to the welt position (FIG. 5)
      and not advanced forwardly so that the needle does not knit, the fourth
      camming forces also move such needle rearwardly from the welt position to
      the cast off position.
PAR  Each time the needle is moved forwardly by the jack, because of the
      multiplying effect of the rocker, the needle moves forwardly a greater
      distance than did the jack. In other words, if a jack is moved forwardly a
      predetermined distance, the corresponding needle is moved forwardly by the
      multiplier a distance greater than the predetermined distance. It will be
      appreciated, of course, that the machine can be operated and designed so
      that the predetermined distance a jack moves is different from the
      predetermined distance another jack moves. The rocker produces a
      multiplying effect because the rocker acts as a lever whose fulcrum is the
      axis of the pintle. If the distance between the axis of the pintle and
      second rocker contact 41 is called A, and the distance between the pintle
      axis and jack contact 50 is called B, the multiplier effect is the ratio
      A/B. In the illustrated embodiment distance A is about 2.5 times distance
      B, giving a ratio of about 2.5. This means that each time a jack moves
      forwardly a certain distance the corresponding needle will move forwardly
      about 2.5 times that distance. The multiplier effect can be increased by
      moving jack contact 50 closer to the pintle. In the illustrated embodiment
      the needle is moved by direct contact with the rocker. Obviously, direct
      contact is not necessary. For example, another jack or jack-like element
      (not shown) can be interposed between the rear of the needle and the
      second rocker contact. It is merely necessary to provide rearwardly facing
      needle contact means for abutment by the second rocker contact to receive
      the movement of the rocker and to transmit the rocker movement to the
      needle. In the illustrated embodiment such needle contact means is
      represented by needle contact 58 on the needle itself.
PAR  The above description of the movement of the jack, rockers and needles
      briefly describes the function and effects of the various parts,
      particularly when actuated in the preferred manner. Other variations will
      be set forth in detail when describing the actual cooperation between the
      various elements and the novel camming of the invention.
PAR  One complete forward-rearward reciprocation of either the jack or the
      needle is called a movement cycle of the jack or needle. A movement cycle
      of the needle is called a knitting cycle when the needle in such cycle is
      moved forwardly at least to the tuck position (FIG. 6) because at the tuck
      the needle can pick up the yarn for that course. Therefore, a needle
      movement which starts at FIG. 7 (cast off), then successively proceeds
      forwardly to the position shown in FIG. 5 (welt) to FIG. 6 (tuck),
      optionally to FIG. 2 (clearing), and then rearwardly to the starting
      position, FIG. 7 (cast off) defines a knitting cycle. Since a movement
      cycle begins and ends at the same point, the beginning point of the cycle
      (also the end point) can be arbitrarily designated so that, for example, a
      knitting cycle can be considered to begin at the welt position (FIG. 5)
      and proceed successsively forwardly to tuck, optionally to clearing, then
      rearwardly to cast off and forwardly to welt. The welt position is a
      particularly good starting point for a cycle because a needle at welt is
      usually considered at rest. A movement cycle of a needle excluding the
      tuck position, such as one beginning at cast off, then forwardly to welt,
      then rearwardly to cast off, is not a knitting cycle, since such a needle
      cannot take on yarn. During a knitting cycle which includes clearing a
      needle must pass through the tuck position whether or not it pauses at
      tuck.
PAR  Needle bed 10 or 10' is secured to a conventional cylinder ring 59 (only a
      fragment is shown) by bolts 60. In the illustrated embodiment cylinder
      ring 59 rotates, thereby causing the cylinder or needle bed 10 to rotate.
      The construction of the cylinder ring 59 and means for rotating it are
      conventional and will not be further described or shown. For the purpose
      of orientation there is shown in FIG. 2 a small portion of the dial 61,
      the forward end of the dial 61 having dial needles 62 mounted thereon. The
      remainder of the dial and the structure of the dial camming are
      conventional and will not be further described or illustrated. Since the
      dial is not an essential part of the invention, the dial is not shown in
      any of the other figures. Of course, in machines in which the cylinder
      rotates the dial also rotates. If the distance multiplier effect as above
      described in desired for the dial, the dial can be constructed in
      substantially the same manner as the novel cylinder which has just been
      described.
PAC  THE CAMMING STRUCTURE AND OPERATION OF MACHINE
PAR  Although, as will be hereinafter pointed out, the novel jacks and needles
      can be operated with substantially conventional camming means, they are
      preferably operated by particular cam portions constituting another aspect
      of the invention.
PAR  Referring particularly to FIGS. 1, 2, 2A and 4, the machine is provided
      with a cylinder cam assembly comprising a plurality of particular cam
      sections 70, a cam section being a separate member which can independently
      be removably secured to cylinder cam ring 71 by bolts 72. Adjacent cam
      sections of the cam assembly substantially abut each other along their
      longitudinal margins to provide continuous camming raceways and in FIGS. 1
      and 4 there are shown fragmentary portions of two cam sections 70A and 70B
      between which completely illustrated cam section 70 is positioned. As
      previously described, in the illustrated embodiment the cylinder rotates
      and therefore cam ring 71 is stationary. If the cylinder were stationary,
      the cam ring would be rotated about the cylinder in the conventional
      manner. In either event, the cam assembly moves relatively to the cylinder
      and in the drawings arrow 73A shows the direction of relative movement of
      the cylinder and arrow 73B shows the direction of relative movement of the
      cam assembly. In view of this, cam section 70A is the section which moves
      or operates the needles before cam section 70 operates them and therefore
      cam section 70A is called the preceding cam section. Cam section 70B,
      called the following or subsequent cam section, moves the needles after
      cam section 70 moves them. In a similar manner the leading end, edge or
      surface of any particular element of a cam section is the end, edge or
      surface closest to the preceding cam section and the trailing end, edge,
      or surface is the one remote from the preceding cam section. Reference
      character 74A represents the trailing longitudinal margin or edge of cam
      section 70A, as well as the leading longitudinal margin or edge of cam
      section 70, and reference character 74B represents the trailing
      longitudinal margin or edge of cam section 70 as well as the leading
      longitudinal margin or edge of cam section 70B. That part of a cam
      assembly which has sufficient cam means for moving needles through one
      knitting cycle to knit one course during each revolution of the machine is
      called a cam portion and defines one yarm feed. As is well known in the
      art, a cam section may contain a part of a cam portion, or one or more
      complete cam portions, depending upon the design of the machine. In the
      illustrated embodiment, each cam section contains sufficient cam means for
      knitting two courses so that it consists of two cam portions and therefore
      defines two yarn feeds. The cam means of cam section 70 described herein
      begin at the tuck position so that each cam section has sufficient camming
      means for moving needles successively from tuck, to clearing (optional),
      to cast off, to welt, to tuck, to clearing (optional), to cast off, to
      welt, and finally to tuck.
PAR  The cylinder cam assembly surrounds the needle bed with the inner faces of
      the cam elements which constitute the camming means being as close as
      possible, when in the operative position, to the outer edges 31 of the
      walls 26 without actually touching such outer edges, the needle butts and
      jack butts extending outwardly into the cam raceways. In the following
      description, the cam section will be described as if it were in the cam
      assembly adjacent the needle bed and therefore an "inner" location will be
      a location closest to the needle bed and an "outer" location will be a
      location remote from the needle bed.
PAR  A camming surface is a surface of a cam element or cam track at an angle to
      the lateral and which cooperates with an edge of either a needle butt or a
      jack butt to move such needle or jack forwardly or rearwardly. A surface
      of a cam track or cam element which is lateral, i.e., horizontal in the
      drawings, cannot cooperate with a butt to move it forwardly or rearwardly
      and is therefore a dwell surface. A cover surface is a surface which can
      cooperate with an edge of a butt to limit or control movement of that butt
      in the direction which it is urged by a cam surface. Generally, a cover
      surface is opposed to a camming surface and cooperates with the edge of
      the butt opposed to the edge of that butt being cammed by the camming
      surface. A cover surface may be at an angle to the lateral or may be
      lateral. occasionally, a dwell surface may also act as a cover surface.
PAR  Each cam section 70 comprises a support 75 which, in the illustrated
      embodiment, comprises a cam support body 76 made up of rear body section
      77A and forward body section 77B bolted together by bolts 78. Cam support
      body 76 is provided, intermediate its longitudinal edges, with a first
      longitudinally extending cutout 79 which extends transversely through the
      entire thickness of the cam support body. A similar longitudinally
      extending cutout 80 is provided at the trailing edge of cam section 70 so
      that cutout 80 has no longitudinal wall at the trailing edge. A
      longitudinally extending U-shaped insert 81 having transversely spaced
      apart parallel lateral webs 82A and 82B is inserted in each cutout 79 and
      80, the longitudinal edges of webs 82A and 82B being received in
      longitudinal rabbets 83A and 83B, respectively, on the cam support body
      and secured thereto by bolts 84. For purposes of later discussion, the
      U-shaped insert 81 in cutout 79 is also identified as insert 81B, while
      the insert in cutout 80 is identified as insert 81C. Each U-shaped insert
      81 is mounted in its cutout so that inner web 82A is substantially flush
      with the inner face of the cam support body and outer web 82B is
      substantially flush with the outer face of the cam support body. Each web
      82A and 82B of each U-shaped insert is provided with an identical series
      of longitudinally equidistantly spaced apart parallel oblique slots, each
      slot being at an angle of about 45.degree. to the lateral in the
      illustrated embodiment. Each slot 85 on web 82A is aligned with its
      opposed or corresponding slot 85 on web 82B, and each such pair of
      corresponding slots defines a transversely extending passageway or guide
      for slidably receiving a pattern cam element or selector 86.
PAR  The cam support body is provided at its forward end with an inwardly
      extending overhang 87. When the cam section is in its operative position
      adjacent the needle bed, the overhang 87 extends inwardly forwardly of
      recess 29 of inserted needle groove walls 26. The overhang performs no
      camming function but merely serves as a protective cover to keep stray
      materials out of the needle bed - cam interface. The cam support body 76
      and the pair of U-shaped inserts 81 secured thereto define the cam support
      75 on which the various cam elements are mounted.
PAR  Referring particularly to FIGS. 1, 2, 2A and 11, a longitudinally extending
      retainer plate 88 is mounted on the outer side of the cam support 75, said
      retainer plate being spaced apart from the cam support by spacer element
      89. Retainer plate 88 is provided with a plurality of longitudinally
      spaced apart horizontally elongated bores 90 near its leading edge 91,
      each retainer plate being releasably fastened to the cam support by bolts
      92 passing through bores 90 and in threaded engagement with the cam
      support. A retainer plate 88 is mounted adjacent each U-shaped insert 81
      so that the trailing edge 93 of the retainer plate partially overhangs
      slots 85 of outer web 82B of that insert. When bolts 92 are loose, the
      horizontal bores 90 permit the retainer plate to be slid laterally between
      a first position and a second position, in the first position the trailing
      edge 93 of the retainer plate overhanging the slots 85 a greater extent
      than it does in the second position.
PAR  Each pattern cam element or selector 86 is provided, intermediate its inner
      edge 94 and outer edge 95, with a projecting shoulder or stop 96
      projecting at its trailing edge 97. The cross sectional shape of the
      selector, inwardly of shoulder 96 is substantially the same as the shape
      of slot 85 in order to permit the selector to be slidable in the
      passageway opened by a pair of corresponding slots 85 and at the same time
      prevent any significant lateral and/or longitudinal movement of the
      selector when it is in its operative position. The selector is in the
      operative position when it has been moved inwardly until shoulder 96 abuts
      the outer surface of the outer web 82B adjacent slot 85, the inner edge 94
      projecting inwardly from the inner face of the cam support sufficiently
      for the selector to perform its camming function (see the trailing element
      86 at the left of FIG. 2A).
PAR  The leading edge 98 of the selector is provided with a first cutout 99 and
      a second cutout 100, said cutouts defining between them a foreshortened
      tongue 101. When a selector 86 is in the operative position and the
      retainer plate 88 is moved to its first position and the bolts 92 are
      tightened, the trailing edge 93 of the retainer plate overlaps the outer
      edge 102 of tongue 101, thereby preventing the selector from being slid
      outwardly and fixing the selector in the operative position. When the
      bolts 92 are loosened and the retainer plate 88 is slid laterally to its
      second position, the selector can be slid outwardly, because tongue 101 is
      foreshortened, the tongue passing the trailing edge 93 of the retainer
      plate, until surface 103 defining the inner edge of first cutout 99 abuts
      the trailing edge 93 to limit further outward movement of the selector and
      prevent its removal from the cam support. In this position the selector is
      in the inoperative position (see the leading selector at the right of FIG.
      2A), wherein its inner edge 94 is substantially flush with the inner face
      of the cam support. The transverse dimension of the cutout 99 measured
      from surface 103 to tongue 101 is just sufficient for the cutout to
      receive therein the trailing edge 93 of the retainer. When the selector is
      in the inoperative position and retainer plate 88 is moved to its first
      position and the bolts 92 tightened, the trailing edge 93 of the retainer
      is received incutout 99 to keep the selector fixed in the inoperative
      position. If it is desired to remove or insert one or more selectors into
      the cam support, the bolts 92 and the retainer plate are removed. A
      U-shaped insert can have mounted therein any number of selectors (from
      zero to all) in the operative position, with the remainder in the
      inoperative position and the retainer plate for that insert when in its
      first position will lock every selector in the insert in its respective
      operative or inoperative position. Obviously, selectors may be omitted
      entirely from selected sites.
PAR  When a selector 86 is in the operative position, the leading surface
      thereof defines a forwardly directed camming surface 104, the trailing
      surface 105 having no camming function. The thickness of each selector at
      its leading edge 98 is reduced by providing a bevel 105A at the leading
      edge of the portion of the trailing surface 105 which extends inwardly
      from the inner face of the cam support when the selector is in the
      operative position.
PAR  Slots 85 and therefore the passageways defined by each pair of
      corresponding slots 85, and the selector 86 positioned therein, are
      longitudinally spaced apart so that the longitudinal distance between the
      leading or camming surface 104 of one selector 86 and the trailing surface
      105 of the selector 86 immediately forwardly thereof is slightly greater
      than the longitudinal length of each jack pattern butt 54. In this manner,
      when two adjacent selectors 86 of a U-shaped insert 81 are in the
      operative position they can receive between them a pattern but 54 of a
      jack 34, the camming surface 104 of the rear selector coacting with said
      pattern butt to move jack 34 forwardly. This camming action provides the
      second camming forces previously described for moving a jack 34 a
      sufficient distance to move its corresponding needle from the welt
      position to the tuck position. In the embodiment just described, the
      selectors comprise jack pattern cam means for cooperating with pattern
      butts on jacks for moving the jacks forwardly a sufficient distance to
      move their corresponding needles from thewelt position to the tuck
      position. As will be described later in connection with the embodiment of
      FIG. 15, the jack pattern cam means can move the jacks sufficiently to
      move their corresponding needles past the tuck position. The purpose of
      bevel 105A is to increase the entranceway for the pattern butt between two
      adjacent selectors.
PAR  Each passageway defined by a pair of corresponding slots 85 in each insert
      81 provides or defines a pattern cam site at which a pattern cam element
      or selector can be located. In the illustrated embodiment there are
      seventeen pairs of corresponding slots 85 so that the slots in each
      U-shaped insert 81 define seventeen longitudinally spaced apart pattern
      cam sites, the same number as the number of the pattern butt sites 54 of
      jack 34 shown in FIG. 9. The on center longitudinal spacing of the slots
      85 and therefore of the selectors and pattern cam sites, is the same as
      the on center longitudinal spacing of the pattern butt sites 54 on jack
      34. If each jack butt site is counted consecutively, calling the rearmost
      site the first site, and if each pattern cam site is similarly counted, it
      will be appreciated that the first pattern butt site corresponds tothe
      first pattern cam site, etc.
PAR  A pattern butt is considered aligned with a pattern cam site when a pattern
      butt 54 on that butt site and a selector 86 at that pattern cam site are
      so longitudinally located that, when the selector is about to operate that
      butt, that butt can be received within the entranceway defined by the
      leading edge of that selector and the leading edge of the selector at the
      site immediately forwardly thereof to enable the camming surface of the
      selector to coact with the butt. In the illustrated embodiment each of the
      pattern butt sites is aligned with each of the corresponding pattern cam
      sites at the time when the jack has been moved forwardly to the position
      wherein its corresponding needle is at the welt position. Therefore,
      during the relative movement of the cam portion and the needle bed, a
      selector in the operative position at any particular pattern cam site will
      only cooperate with a pattern butt at a corresponding pattern butt site.
      For example, if there is a selector in the operative position at the first
      pattern cam site, such selector will only cooperate with jacks having a
      pattern butt at the first pattern butt site and all jacks not having a
      pattern butt at the first site will not be moved by the selector at the
      first site. If a particular jack does not have a pattern butt at a site
      corresponding to a pattern cam site at which a cam portion has an
      operative selector, such jack will not be acted on by the selectors of
      that cam portion, and the corresponding needle will normally remain at
      welt position and not knit during the course represented by that cam
      portion.
PAR  The height of camming surface 104, that is, the longitudinal distance
      between the leading and trailing edges of the camming surface (the length
      of the longitudinal projection of the camming surface), is equal to the
      distance the jack is moved forwardly during the camming operation. The
      height of the camming surface of each selector must be such that the
      trailing edge of camming surface 104 does not extend forwardly past the
      location of the edge of jack butt 54 in the site corresponding to that of
      the selector immediately forwardly thereof. The purpose of this can be
      easily explained with reference to the first and second sites of the jack
      butts and of the selectors. If the first selector is in the operative
      position and the second selector is in the inoperative position, and there
      is a jack buttat the second pattern butt position but not at the first,
      such a jack will not be moved forwardly by the first selector. However, if
      the trailing edge of the camming surface of the first selector extends
      forwardly past the rear edge of the jack butt in the second position, such
      rear edge would strike the camming surface of the first selector near its
      trailing end although it is not supposed to. It is for this reason that
      the height of the selector camming surfaces must be within the limits set
      forth. It is apparent from the preceding description that the array of
      pattern cam sites, seventeen in the illustrated embodiment, defines a
      multiple patterning raceway 106 equivalent to seventeen raceways for
      receiving jack pattern butts 54.
PAR  In the illustrated embodiment, selectors have been omitted from the
      fifteenth, sixteenth and seventeenth sites of insert 81B and 82B of FIGS.
      1 and 4 merely to show that they can be omitted and to show the appearance
      of the structure without selectors. In insert 81B of these figures, the
      first and second selectors are in the operative position and the remaining
      are in the inoperative position. In insert 81B of these figures, the first
      and second selectors are in the operative position and the remaining are
      in the inoperative position. In insert 81c of these figures, the second
      and eighth selectors are in the operative position and the remaining ones
      are in the inoperative position. In FIG. 2, the only selectors shown are
      the first and second in the operative position and the eighth in the
      inoperative position, the rest being omitted for purposes of clarity. In
      each figure, the inner or outer edges of the selectors in the operative
      position are stippled.
PAR  To the inner face of cam support 75 there is secured a first jack cam
      element 107 whose forward surface defines a forwardly directed jack welt
      control cam track 108. A second jack cam element 109 is secured to the
      inner face of the cam support 75 longitudinally spaced apart from the
      first jack cam element, said second cam element 109 having a rearwardly
      directed surface defining a rearwardly directed jack return control cam
      track 110. Cam tracks 108 and 110 are opposed so as to define a jack
      control raceway 111 for receiving jack control butts 53. Jack welt control
      cam track 108 is defined by lateral dwell surfaces 112A, 112B, and 112C;
      rearwardly inclined cover surfaces 113A and 113B; lateral dwell surfaces
      114A and 114B; and forwardly inclined welt camming surfaces 115A and 115B.
      Jack return control cam track 110 is defined by lateral cover and dwell
      surfaces 116A, 116B and 116C; rearwardly inclined return cam surfaces 117A
      and 117B; forwardly inclined cover surfaces 118A and 118B inclined at a
      small angle; and forwardly inclined cover surfaces 119B and 119C at a
      greater angle.
PAR  The precise function of each of the surfaces of cam tracks 108 and 110 will
      be later described in detail. Briefly, each camming surface 115A and 115B
      of cam track 108 provides the first camming forces for cooperating with
      jack control butt 53 to move a jack forwardly sufficiently to move its
      corresponding needle from cast off to welt (from the position in FIG. 7 to
      the position in FIG. 5). Therefore, cam track 108 can be called a jack
      welt control track. Each camming surface 117A and 117B of cam track 110
      provides the fifth camming forces for cooperating with jack control butt
      53 for returning the jack to its rearmost position either from its forward
      position wherein the corresponding needle was brought to tuck, or from its
      forward position wherein the needle was at welt. Therefore track 110 can
      be called a jack return control track. The jack control raceway,
      therefore, defines jack welt control cam means for cooperating with a jack
      control butt to move the jack forwardly sufficiently to move its
      corresponding needle from cast off to welt and jack return control cam
      means for cooperating with a jack control butt to move the jack rearwardly
      from its forward position to its rearward position. It is also apparent
      that the invention provides jack cam means for cooperating with jacks for
      moving jacks forwardly a sufficient distance to move the corresponding
      needles forwardly at least a portion of the forward movement of the
      movement cycle of the needles, the jack control cam means moving the jack
      part way and the pattern cam means moving the jack part way in the
      illustrated embodiment.
PAR  A reserve or standby cam element 120 is secured to the inner face of cam
      support 75 forwardly from the foremost slot 85, said third cam element
      having a forwardly directed surface defining a forwardly directed cam
      track 121 having a purpose which will be later described.
PAR  Forwardly of third cam element 120 there is a spring biased latch clearing
      cam 122B (see FIGS. 2, 4 and 16) substantially triangular in shape and the
      cam support 75 is provided with a cam receiving recess 123B outwardly of
      clearing cam 122B, said recess extending transversely from the inner face
      of the cam support only part way through the cam support, and terminating
      at recess bottom 124 and having a shape for receiving clearing cam 122B. A
      guide stud 125 extends inwardly into the recess from bottom 124 to about
      the inner face of the cam support, and is received within guide bore 126
      in clearing cam 122B.
PAR  A bore 127 extends transversely through the cam support 75, constantly
      bottom 124 through the outer surface of the cam support, said bore being
      of reduced diameter adjacent said outer surface to provide a shoulder
      forming a spring seat 128. A bolt 130 passes through bore 127, the inner
      end of the bolt being threaded into the outer side of clearing cam 122B,
      the diameter of the bolt being reduced outwardly of the outer side of the
      cam to provide another spring seat 128A. A compression coil spring 129
      surrounds bolt 130 in bore 127, the outer end of the spring being seated
      against spring seat 128 with the inner end thereof being seated against
      spring seat 128A to constaantly urge the bolt and therefore the cam away
      from bottom 124. A nut 132 is threaded onto the outer end 131 of the bolt
      which projects outwardly from the cam support.
PAR  When the cam 122B is to be in the operative position with its inner face
      projecting out of the recess, nut 132 is screwed onto the bolt a
      sufficient distance to prevent the spring from moving the cam further
      inwardly past the operative position. When in the operative position the
      cam 122B can be depressed into the recess against the resilient force of
      the spring. When the cam 122B is to be maintained in the inoperative
      position wherein its inner face is substantially flush with the inner face
      of the cam support, nut 132 is further screwed onto the bolt, to thereby
      retract the bolt and to retract the cam into the recess. In FIG. 2
      clearing cam 122B is shown in the operative position in solid lines and in
      the inoperative position in phantom.
PAR  Very frequently a particular cam element of a cam section is mounted on
      that cam section but projects laterally beyond the longitudinal margin of
      that cam section so that it overhangs or overlies the adjacent cam
      section. Cam section 70, in the illustrated embodiment, is provided by
      another spring biased latch clearing cam 122A which so overhangs the
      preceding cam section 70A. In order to permit overhanging cam 122A to be
      moved outwardly to the inoperative position the adjacent cam sections 70A
      and 70 are jointly provided with a recess 123A comparable to recess 123B,
      the leading part of recess 123A being formed in the cam support of
      preceding cam section 70A with the remainder of the recess being formed in
      cam support 75 of cam section 70. The remaining structure mounting
      clearing cam 122A, namely, guide stud, spring, bolt, bore for spring and
      bolt, etc., are mounted or formed on that portion of recess 123A which is
      formed in the cam support 75 of cam section 70. A similar construction is
      provided for clearing cam 12.sup.2 C which is physically secured to
      subsequent cam section 70B but overhangs or overlies the trailing margin
      of cam section 70. Recess 123C for receiving clearing cam 122C is divided
      between cam section 70 and cam section 70B.
PAR  The inner face of each clearing cam 122A, 122B and 122C (see FIG. 16) is
      milled down so as to leave at the inclined leading side of the cam an
      inwardly projecting oblique border 133 which extends from the apex 134 of
      the cam and terminates in an outwardly inclined or beveled tip or lip
      133A, and extends inwardly from cam face 134A. The free end 133B of the
      tip projects laterally out of the plane defined by the leading surface of
      the projecting border 133 a very small distance toward the preceding cam
      section. The inner face 133C of the bevel is inclined from its leading
      side inwardly and laterally toward the trailing side of the cam to
      provide, in effect, a camming face inclined relative to the inner face of
      the clearing cam. The inclined surface of the leading side (including the
      border 133) of the clearing cam from apex 134 to the beginning of lip 133A
      defines a forwardly directed camming surface 135. The inclined surface of
      the trailing side of the clearing cam defines a forwardly directed cover
      surface 136, for guiding butts being rearwardly cammed by camming surface
      138 of stitch cam 137A or 137B.
PAR  Cam surface 135 of the clearing cam, when in the operative position,
      provides the third camming forces for acting on needle butts 57 for moving
      the needles forwardly from the tuck position to the clearing position. The
      application of third camming forces is optional since in one or more
      courses it may be desired not to project needles forwardly past the tuck
      position so that such needles tuck. When the third camming forces are not
      to be applied to clearing cam is retracted into its recess to the
      inoperative position or, alternatively, the clearing cam is removed.
PAR  Occasionally a needle which is supposed to remain at the welt position will
      move forwardly to a misaligned position intermediate the welt and the tuck
      position. The relative movement of the cam portion and the needle bed will
      cause the side of the butt 57 of such a needle to strike the leading edge
      of camming surface 135 to cause damage to the needles and/or cams.
      However, by providing the construction of lip 133A, any butt 57 raised to
      such a misaligned position will instead coact with inner or camming face
      133C to urge the clearing cam outwardly against the action of spring 129
      to render the clearing cam inoperative and prevent damage. When such butt
      passess projecting border 133, the spring 129 will urge the clearing cam
      partially inwardly, while that butt continues to pass across the milled
      inner face 134A of the clearing cam until that butt passes the clearing
      cam, at which time the clearing cam is urged by spring 129 further
      inwardly to its normal position. As soon as that butt passes border 133
      the clearing cam becomes sufficiently operative to coact with needles
      following the misaligned needle so that the machine can continue its
      proper operation.
PAR  Adjustable stitch cams 137A and 137B, trapezoidal in shape, each have at
      their leading side a rearwardly directed camming surface 138 at an angle
      with the horizontal about the same as the angle of the opposed cover
      surface 136 of clearing cam elements 122A and 122B, respectively. Each
      stitch cam is mounted on a stitch cam carrier or slide 139 which is
      slidably mounted in an oblique recess 140 in the cam support 75
      immediately outwardly of the corresponding stitch cam, recess 140 being at
      the same angle as cumming surface 138 to permit the carrier to be moved
      forwardly-rearwardly in the recess while the angle of cam surface 138
      remains constant. An oblique slotted bore 141 communicating with the
      bottom of the recess and the rear of the cam support has a bolt 142
      passing therethrough in threaded engagement with a carrier. The bore 141
      is at the same angle as camming surface 138 to permit the forward-rearward
      movement of the stitch cam carrier in recess 140. Tightening bolt 142
      fixes the carrier, and therefore the stitch cam, in its appropriate
      position, depending upon the length of the stitch to be drawn. The maximum
      length stitch is drawn when the stitch cam is in its rearmost position.
      Moving the cam forwardly shortens the length of the stitch.
PAR  Each camming surface 138 provides the fourth camming forces for cooperating
      with the needle butt 57 to move the needle rearwardly from its forward
      position to the cast off position. Camming surface 138 cooperates in this
      manner with the needle butt whether the needle has been brought to the
      clearing position, or whether the needle has been brought only to the tuck
      position, or whether the needle is at the welt position, or whether the
      needle is intermediate of welt and tuck (inadvertent), the forward
      position of the needle therefore being the respective forward position of
      the needle during that course.
PAR  On each cam support 75 there are mounted cover cams 143B and 143C, each
      having a rearwardly directed first cover surface 144 and a rearwardly
      directed second cover surface 145. Cover cam 143B is mounted forwardly of
      clearing cam 122B and cover cam 143C is mounted forwardly of clearing cam
      122C. Each cover surface 144 cooperates with the needle butt 57 to limit
      forward movement thereof when the needle is moved to the tuck position by
      a pattern cam element or selector 86 acting on its corresponding jack 34
      and second cover surface 145 controls forward movement of the needle butt
      57 as the needle butt 57 is being moved by the camming surface 135 of the
      clearing cam from the tuck to the clearing position.
PAR  Standby cam track 121, which has no essential function during the normal
      knitting operation, is defined by lateral dwell surfaces 146A, 146B and
      146C; rearwardly inclined cover surfaces 147A and 147B; lateral dwell
      surfaces 148A and 148B; and forwardly inclinded camming surfaces 149B and
      149C. Lateral dwell surfaces 146A, 146B and 146C dwell the needle butt at
      the welt position. Lateral surfaces 148A and 148B represent the maximum
      limit for drawing a stitch. If the stitch cam is not set to its maximum
      position, the rear edge of the needle butt will not extend rearwardly to
      these surfaces. Surfaces 149B and 149C are camming surfaces but in the
      normal operation of the machine they serve no function. Their only
      purposes is to be available, on a standby basis, in the event the
      respective camming surface 115A or 115B of jack welt control cam track 108
      fails to move a jack sufficiently to move its corresponding needle
      forwardly to the welt position, because of a broken jack butt or some
      other accident. In such an event the needle butt 57 will coact with
      camming surface 149B or 149C and the needle will be raised from the cast
      off to the welt position and thereby prevent damage to the needles. To be
      effective on a standby basis, camming surfaces 149B and 149C must trail
      camming surfaces 115A and 115B respectively. The height of standby camming
      surfaces 149B and 149C is greater than that of surfaces 115A and 115B
      because the former does not utilize the multiplier, since they act
      directly on the needle butt.
PAR  The structure which has just be described for acting on needle butts,
      namely, clearing cams, stitch cams, and cover cams, define a needle butt
      raceway 150 for receiving needle butts. The invention therefore provides
      needle cam means for cooperating with needle butts, independently of the
      jacks, for optionally moving the needles from the tuck position forwardly
      to the clearing position and then for moving needles rearwardly from their
      respective forward positions to the cast off position. The respective
      forward position of a needle may be the clearing position, or the tuck
      position, or a position intermediate the tuck and welt, or the welt
      position, depending upon the particular movement cycle of that needle. In
      other words, the needle cam means cooperates with the needle butt means on
      each needle for continuing the forward movement of the needle, if any is
      needed for the movement cycle of the needle, as well as for then returning
      the needle to the cast off position from its forward position.
PAR  The forward surface of cam element 109 and the rear surface of cam element
      120 which appear to be shaped as cam tracks are not cam tracks. The
      cutouts 151 and 152, respectively, on these surfaces are there merely to
      provide clearance for pattern butts at the rearmost and foremost pattern
      butt sites, respectively. Cam element 120 is particularly made to extend
      rearwardly as much as possible from its forward surface in order to cover
      as much as possible of the opening of access channel 17 (see FIG. 2). The
      inner surface of cam element 120 is opposed to the outer surface of wing
      51 of jack 33 so that the inner surface of cam element 120 can act as a
      cover surface for wing 51 to help keep the jack in its groove when the
      camming forces applied to the jack tend to swing the jack out of its
      groove.
PAR  The preceding discussion has covered all the necessary structure of the
      invention. There will now be discussed the relationship and cooperation of
      the described structure in the actual knitting process, with particular
      reference to FIGS. 3 and 4. In the following discussion the knitting cycle
      will be considered as beginning and ending with the needle at the welt
      position and the discussion will be confined to one designated or chosen
      cam portion for knitting such a cycle.
PAR  This chosen cam portion is the one constituted by surfaces 112B, 113B, 114B
      and 115B of cam track 108; surfaces 119B, 116B, 117B and 118B of cam track
      110; surfaces 146B, 147B, 148B and 149B of standby cam track 121; U-shaped
      insert 81B, the pattern cam sites and selectors thereon, only the
      selectors in the first and second positions being in the operative
      position; clearing cam 122B and the surfaces thereof; stitch cam 137B and
      the surfaces thereof; and cover cam 143B and the surfaces thereof. The
      surfaces of cam tracks 108, 110 and 121 which have the same numerals as
      the surfaces of the chosen cam portion but with the suffix "A" are
      identical in function to those of the chosen cam portion but are part of
      the preceding cam portion, while those surfaces the suffix "C" are part of
      the succeeding cam portion. Similarly, clearing cam 122A and stitch cam
      137A are part of the preceding cam portion and clearing cam 122C and cover
      cam 143C are part of the succeeding cam portion.
PAR  This discussion will be directed to jacks 34 having a control butt 53, one
      pattern butt 54 and needles 33 corresponding thereto having a needle butt
      57. Some of these jacks have the pattern butt at the first pattern butt
      site and others have a pattern butt at the eighth pattern butt site. FIG.
      4 shows the needles and jacks in phantom with the various positions of the
      needles and jacks being indicated by the reference letters A through H.
      FIG. 4 can be construed in two ways. It either can be considered as
      showing the position of a particular needle-jack pair as such pair moves
      across the cam portion, or it can be construed as showing the simultaneous
      appearance of needle-jack pairs at positions A through H. FIG. 4 also
      shows one needle-jack pair at position C', the jack of this pair having a
      pattern butt at the eighth site while positions A through H relate to
      needle-jack pairs wherein the jack has a pattern butt at the first site.
      Positions A through G cover one knitting cycle or the chosen cam portion.
PAR  FIG. 3 shows a portion of the needle bed immediately underlying the chosen
      cam portion and a fragment of the succeeding cam portion. In alternate
      grooves of the needle bed there are positioned needle-jack pairs wherein
      the jacks have a pattern butt at the first pattern butt site, while in the
      intervening grooves there are positioned needle-jack pairs wherein the
      jacks have a pattern butt at the eighth pattern butt site. Positions A
      through H show the pairs wherein the jack has the pattern butt at the
      first site and positions A' through G' show the pairs wherein the jack has
      the pattern butt at the eighth site. In order to accommodate the primed
      positions the horizontal scale of FIG. 3 between the respective positions
      has been distorted.
PAR  The beginning of the chosen cam portion, and therefore the beginning of the
      knitting cycle to be discussed, is represented by a needle-jack pair at
      position A. In this position the jack and the needle are as shown in FIG.
      5, the welt position. The rear edge of jack control butt 53 is on the
      leading end of dwell surface 112B and pattern butt 54 is aligned with the
      entranceway between the first and second selectors 86. The rear edge of
      needle butt 57 is spaced forwardly from surface 148A and is horizontally
      aligned with surface 146B. As the needle jack pair moves in the direction
      of arrow 73A relative to the cam portion, from position A to position B,
      camming surface 104 of the first selector will act on the rear edge of
      pattern butt 54 to provide the second camming forces to move the jack
      forwardly. During this forward movement surface 119B acts as a cover
      surface for the forward edge of jack 53, the jack completing its forward
      movement with the forward edge of the butt 53 at the leading end of dwell
      surface 116B. During this movement the jack moves rocker 35 to move the
      needle forwardly, with surface 144 of cover cam 143B acting as a cover for
      the needle butt, so that in position B needle butt 57 is aligned with the
      leading end of the camming surface 135 of clearing cam 122B. The needle
      and jack are now in the tuck position, as shown in FIG. 6.
PAR  with the clearing cam 122B being in the operative position, further
      movement of the needle-jack pair relative to the cam portion moves the
      pair to position C. During the movement to position C jack butt 53 dwells
      on surface 116B while needle butt 57 is cammed forwardly by cam surface
      135 of clearing cam 122B, under cover of cover surface 145 of cover cam
      143B, until the needle butt reaches the apex 134 of the clearing cam, at
      which position the needle is now at the clearing position, as shown in
      FIG. 2. The coaction between cam surface 135 and the needle butt provides
      the third camming forces.
PAR  If the jack of the needle-jack pair did not have pattern butt 54 at the
      first position, the first selector would not have coacted with that jack
      so that as the needle-jack pair moved from position A toward the position
      corresponding to position C, jack butt 53 of that pair would dwell on
      dwell surface 112B and the needle butt 57 would dwell at the welt position
      on dwell surface 146B and not be moved through a knitting cycle by the
      chosen cam portion. The position of such a non-knitting needle-jack pair
      is shown at C'.
PAR  As the needle-jack pair moves further along the cam portion from position C
      to position D, the needle butt 57 is acted on by camming surface 138 of
      stitch cam 137B to cam the needle butt rearwardly, under cover of cover
      surface 136 of clearing cam 122B. After camming surface 138 has started
      moving the needle rearwardly, camming surface 117B starts acting on
      control butt 53 of the jack to move the jack rearwardly. In the position
      shown at D, the needle butt 57 is laterally aligned with the position it
      was in in position B (the tuck position). If clearing cam 122B of the
      chosen cam portion were in the inoperative position, the camming surface
      135 of the clearing cam would not have moved the needle forwardly from the
      tuck position to the clearing position so that the needle would have
      remained at the tuck position. Further movement of such a needle-jack pair
      along the cam portion would keep the needle at the tuck position until the
      needle arrived at position D where it would be then available to be cammed
      rearwardly by the camming surface 138 of stitch cam 137B.
PAR  As the needle-jack pair moves from position D to position E, whether the
      needle previously advanced to the clearing position or only advanced to
      the tuck position, camming surface 138 of stitch cam 137B moves the needle
      further rearwardly to the welt position. At the same time, camming surface
      117B moves butt 53 to its rearward position at dwell surface 114B. It is
      noted, therefore, that at position E the jack has returned to the rearward
      position but the needle has not yet returned to its rearward position.
PAR  As the non-knitting needle-jack pair moves from the position shown in C' to
      the position corresponding to position E, its needle would be at the
      position identical to that shown in position E, so that needle butt 57
      would be available for further rearward camming by camming surface 138 of
      stitch cam 137B. The butt 53 of the jack of that pair as it approached the
      position corresponding to position E would strike camming surface 117B
      near its trailing end and thereby move that jack rearwardly to the
      position shown at position E.
PAR  As the needle-jack pair moves from position E to position F, camming
      surface 138 of stitch cam 137B rearwardly cams the needle butt to move the
      needle to the cast off position while jack butt 53 dwells on dwell surface
      114B. The needle and jack are now in the position shown in FIG. 7, the
      cast off position.
PAR  Camming surface 138 of stitch cam 137B provides the fourth camming forces
      to move each needle from its forward position to its cast off position,
      whether the forward position be the clearing position, or the welt
      position, or any intermediate position. Camming surface 117B provides the
      fifth or return camming forces to return the jack to its rearward position
      from its forward position, whether the forward position is that wherein
      the jack is at maximum possible forward position or at any position
      rearwardly thereof.
PAR  As the needle-jack pair moves from position F to position G, jack butt 53
      is cammed forwardly by cam surface 115B under cover of cover surface 118B,
      until the butt is at the leading end of dwell surface 116C of the
      following cam portion. The forward movement of the jack pivots rocker 35
      forwardly and the rocker in turn moves the needle forwardly from the cast
      off position to the welt position (FIG. 5) so that position G represents
      the end of the cycle and the needle and the jack of the pair are in the
      same position they were in at the beginning of the cycle, position A.
      Position G represents the final position of the chosen cam portion and the
      initial position of the succeeding cam portion. Camming surface 115B
      provides the first camming forces to move the jack and needle forwardly to
      the welt position.
PAR  The needle-jack pair at position G knitted during the chosen cam portion
      because of the correspondence between the operative selector at the first
      pattern cam site and the jack butt 54 at the first pattern butt site.
      However, the jack of this pair does not have a pattern butt at a site
      corresponding to any pattern cam site at which there is a selector in the
      operative position in the following cam portion. Therefore, as this
      needle-jack pair moves from position G to position H, the needle and jack
      remain at the welt position (FIG. 5).
PAR  Referring to FIG. 3, positions A through H are the same as those described
      in connection with FIG. 4, and show the positions of the needle-jack pair
      wherein the jack has a pattern butt corresponding to a pattern selector in
      the operative site. The needle-jack pairs wherein the jack has a pattern
      butt at the eighth site and which are not moved through a knitting cycle
      by the chosen cam portion, are shown in the primed positions. This
      non-knitting pair is at the welt position in positions A', B', C' and D'.
      Note that the primed positions lead the non-primed positions and therefore
      at position E' the non-knitting needle-jack pair has been moved rearwardly
      to the cast off position. At position F' this pair has been moved
      forwardly sufficiently to move the needle to the welt position (the
      position of FIG. 5) and therefore position F' shows the beginning of the
      next cycle for this pair. At position G' this needle-jack pair has been
      moved forwardly a short distance because the pattern butt on that jack at
      the eighth site has coacted with the selector at the eighth site in the
      cam portion following the chosen cam portion.
PAR  In the preceding discussion no reference was made to downwardly inclined
      surface 113B of track 108. This surface can be considered a cover surface
      for the control butt on the jack as it is being returned to its rearward
      position. However, in reality it is a transition surface between dwell
      surfaces 112B and 114B, since surface 114B must be disposed rearwardly of
      surface 112B. Surface 114 B is located sufficiently rearwardly to
      accommodate the maximum possible length stitch which can be drawn by the
      stitch cam.
PAC  EXAMPLE OF KNITTING A SPECIFIC PATTERN
PAR  An example will be set forth showing the knitting of a specific pattern
      with the machine of the invention. Beginning at any arbitrary point in the
      needle bank a needle and its corresponding jack are called No. 1. The next
      needle-jack pair is called No. 2 and the following needle-jack pairs are
      consecutively numbered in this manner. The jack corresponding to each
      needle is provided with only one pattern butt. The butt of jack No. 1 is
      at the 1st pattern butt site, the butt of jack No. 2 is at the 2nd pattern
      butt site, and so on until the butt of jack No. 17 is at the 17th pattern
      butt site. The butt of jack No. 18 is at the 16th site, with the site
      numbers decreasing successively for each succeeding jack so that jack No.
      33 will have a butt at the 1st site. Jack N0. 34 then will have its butt
      at the 2nd site and so on in ascending order until jack No. 49 has its
      butt at the 17th site; then in decreasing order for the next 16 jacks
      until jack No. 65 (site No. 1); then in ascending order for the next 16
      jacks, and so on.
PAR  The machine is provided with 64 feeds numbered consecutively from No. 1 to
      No. 64. The odd numbered feeds furnish white yarn and the even numbered
      feeds furnish black yarn. Feed No. 1 has the selector in the operative
      position at the 1st pattern cam site, the remaining selectors being in the
      inoperative position. Feed No. 2 has the selector in the 1st pattern cam
      site in the inoperative position with the remaining selectors being in the
      operative position, so that feed No. 2 is the reverse of feed No. 1. Feed
      No. 3 has an operative selector at the 2nd site, the remaining being
      inoperative, while feed No. 4 is the reverse of feed No. 3. Each even
      numbered feed is the reverse of the preceding odd numbered feed. The site
      of the operative selector in the odd numbered feeds ascend so that feed
      No. 5 would have the operative selector in the 3rd site, etc., up to feed
      No. 33, which will have the operative selector at the 17th site and feed
      No. 34 will be the reverse. The sites of the operative selectors in the
      odd numbered feeds then descend so that feed No. 35 will have the
      operative selector in the 16th site and feed No. 36 will be the reverse,
      etc.
PAR  When these feeds knit the arrangement of needles just described, the 1st
      feed will knit with white yarn needles No. 1, No. 33, No. 65, etc., while
      the 2nd feed will knit, with black yarn, all the needles except those
      which knitted with the first feed. Successsive feeds operate the needles
      in a similar manner. This arrangement will produce a fabric having a
      repeated white diamond pattern, in outline, against a black ground with
      each diamond being 32 courses in length and 32 wales in width.
PAC  GENERAL CONSIDERATIONS AND VARIATIONS
PAR  The preceding description has covered preferred embodiments of the
      invention. It is apparent that numerous changes, including additions and
      omissions, can be made without departing from the spirit or concept of the
      invention. Most of these variations will not be described in detail nor
      illustrated, since they are within the obvious skill of a worker in the
      art.
PAR  Obviously, the number of pattern cam sites and corresponding pattern butt
      sites can be varied, depending upon the versatility which it is desired to
      have in the machine. As previously described, the needles, as they are
      being moved rearwardly by the stitch cam, automatically return the jacks
      to the rearward position and therefore, obviously, the jack return cam
      track can be omitted. Nevertheless, it is desirable to include such a
      track to relieve the load on the stitch cam, needle butt, and needle. It
      is well known that when knitting certain patterns with certain yarns, the
      elasticity of the fabric acts to move the needles forwardly from the cast
      off position to about the welt position. However, this movement caused by
      the fabric is not necessarily precise and often leaves a line on the
      fabric. If the elasticity of the fabric is to be used for moving the
      needles from cast off to welt, then, obviously, the jack welt control cam
      track can be eliminated. However, it is preferred to use such a track at
      least to move the needles to the welt position from a position rearwardly
      thereof. When using the multiple patterning raceway of the invention the
      pattern jacks must be carefully aligned with the selectors and the use of
      the jack welt control track serves to carefully align the jacks.
PAR  In the preceding description some of the cam elements, such as elements 107
      and 109, have sufficient camming for more than one cam portion while other
      elements, such as selectors 86 and clearing cam 122B, provide the
      necessary camming for only one cam portion. It is well known in the art
      that cams can be assembled from a plurality of pieces. To avoid any
      misconception, it is desirable to refer to each part of a cam track which
      performs a particular function for one cam portion as a cam segment,
      whether such cam segment be made up of a plurality of pieces or elemnts,
      or whether it is made up of only one piece or element, or whether it is
      only part of a larger element. Obviously, in this fashion each selector 86
      is a pattern cam segment, each clearing cam 122A, 122B or 122C is a
      clearing cam segment, etc. In a similar manner, camming surfaces 115A and
      115B which are parts of a single piece or element 107 can be considered as
      defining two segments, with surface 115A defining the jack welt control
      segment of the cam portion preceding the chosen cam portion, while camming
      surface 115B defines the jack welt cam segment of the chosen cam portion.
PAR  As is well known in the art, a cam section can comprise one or more cam
      portions. Each cam section can begin and end the camming at any desirable
      point in the knitting cycle, the selection being made according to
      conventional considerations as to where it would be more convenient to
      begin the cycle.
PAR  The invention comprehends two rather distinct aspects, the first being the
      movement multiplier for increasing the movement of the needle relative to
      the jack, and the second being the multiple patterning raceway for
      providing selectivity. Each of these aspects can be used without the
      other. If the multiplier or rocker is not used, the machine can still be
      provided with a needle bed identical with that disclosed but with the
      rockers being removed. Alternatively, a conventional needle bed can be
      used. The camming for such an arrangement could still utilize the multiple
      patterning raceway substantially as disclosed. However, without the
      multiplier it would be necessary to increase the height and width of the
      camming segments which move the jacks forwardly. With such a modification
      there would be no increase in the number of yarn feeds but it would still
      be possible to increase the number of effective raceways which can be used
      for patterning compared to conventional machines having plural complete
      raceways.
PAR  If the multiplier is used without the multiple patterning raceway,
      conventional camming can be used. This will still permit the use of cam
      portions of reduced width and thereby permit increased yarn feeds. It will
      also permit the use of reduced cam heights. For example, if no patterning
      is desired, the jack need only be provided with one butt and there need be
      only one jack butt raceway which will move the jack from its rearward
      position forwardly a sufficient distance to move the needle to tuck
      position. The needle butt raceway can be the same as disclosed. If
      patterning is desired, several conventional raceways can be used for the
      jack butts and the jack will have pattern butt sites corresponding to the
      raceways.
PAR  According to the disclosed embodiment, the jack cannot raise the needle
      past the tuck position because the rocker would abut the rear end of the
      forward body section 11 of the needle bed. If it is desired to use the
      multiplier to raise the needles forwardly of the tuck position, e.g., the
      clearing position, the needle bed needs to be slightly modified, and such
      a modification is shown in FIG. 15. In such a modification the needle bed
      10A is modified by providing a circumferential or laterally extending
      cutout 11B at the rear end of forward body section 11A outwardly of the
      pintle to provide clearance for the forward edge of the rocker 35 when the
      jack is advanced forwardly of the position shown in FIG. 6. Obviously, in
      order to project the needles further forwardly by means of the jack and
      rocker, the height of cam surface 104 of the selectors 86 would have to be
      increased. If the selectors are of a sufficient height to cause the
      needles to be moved to the clearing position, the clearing cam can be
      omitted. In the event certain needles are to tuck in such a modification
      the height of the selectors which actuate the jacks of such needles would
      be the same as that illustrated.
PAR  In view of the above, it is apparent that the multiplier rocker can be used
      for all or any part of the projection cycle of the needle. Preferably, it
      is used for moving the jack sufficiently to move the corresponding needle
      from at least the welt position to at least the tuck position.
PAR  In the illustrated embodiment, the fifth or return camming forces provided
      by camming surfaces 117A and 117B always return the jack to a dwell
      surface 114A or 114B regardless of the length of the stitch drawn by the
      stitch cam and, as previously described, surfaces 114A and 114B are
      located sufficiently rearwardly to accommodate the maximum possible length
      stitch which can be drawn by the stitch cam. When the stitch cam is
      adjusted to draw a shorter stitch, the needle in the cast off position and
      the jack in its maximum rearward position on surface 114A or 114B are so
      spaced apart that rocker contacts 39 and 41 cannot simultaneously be
      abutting the respective jack contact 50 and needle contact 58. Obviously,
      the rocker can only transmit the jack movement to the needle when jack
      contact 50 is abutting rocker contact 39 at the same time rocker contact
      41 is abutting needle contact 58. Therefore, as camming surface 115A or
      115B starts moving th jack forwardly from its rearwardmost position the
      initial forward movement of the jack is not transmitted to the needle and
      the initial forward jack movement does not cause needle movement. Once the
      four contacts make their respective abutment, the further forward movement
      of the jack is multiplied and transmitted to the needle to move the needle
      forwardly a greater distance than the jack moved forwardly while its
      movement was being transmitted. Stated differently, during at least part
      of the jack forward movement, the jack is moved forwardly a predetermined
      distance during which time the four contacts are making their respective
      abutment to cause the corresponding needle to move forwardly a distance
      greater than the predetermined distance. The distance the needle moved
      depends on the degree of multiplication and the length of the
      predetermined distance the jack moved, that is, the longer the
      predetermined distance, the longer will be the distance the needle is
      moved.
PAR  It is apparent that all the actions of the multiplier rocker and the
      interaction of the jack, multiplier, and needle (the receipt of the
      movement from the jack, the multiplication of the movement, and the
      application or transmission of the multiplied movement to the needle) are
      effected or produced by the interaction of solid surfaces. Actions
      effected or produced by the interaction of solid surfaces, without the use
      of hydraulic or electric means are called "mechanical". The invention is
      directed to the use of mechanical movement multiplier means for
      mechanically receiving the forward jack movement and mechanically
      transmitting it to the needle while mechanically multiplying the length of
      the movement.
PAR  It is apparent that the invention comprehends the steps of moving each of
      at least some of the jacks forwardly at least a respective predetermined
      distance, mechanically converting the forward movement of the jack while
      it is moving said respective predetermined distance into a respective
      second forwardly directed movement whole length depends on and is longer
      than the respective predetermined distance the jack moved, and
      mechanically applying the respective second movement resulting from the
      moved jack to the needle corresponding thereto so as to move the needle
      forwardly a greater distance than the respective predetermined distance
      the jack is moved, the needle moving forwardly at least a portion of the
      forward movement of its movement cycle. It will be appreciated that the
      predetermined distance a jack moves may be different from the
      predetermined distance another jack moves. It is for this reason that the
      distances have been identified as "respective" predetermined distances,
      "respective" relating to the particular jack.
PAR  After the jack has moved its corresponding needle forwardly, according to
      the pattern being knit, the needle cam means further moves each needle
      forwardly, independently of the jack, through the remainder of the forward
      movement, if any, of the movement cycle of that needle. It will be
      appreciated that in some instances the needle is moved forwardly only by
      means of the jack, as it is in the illustrated embodiment where the
      needles only tuck and do not clear. In other words, in some movement
      cycles there is no further forward movement of the needles. It is also
      emphasized that reference to "further forward movement" means the
      remainder of the projection cycle immediately following the point where
      the needle was brought by the jack and up to the clearing position. It
      does not refer to movement after the stitch has been drawn. The needle cam
      means, e.g., the stitch cam, returns each needle to the cast off position
      from whatever forward position to which the needle was advanced during its
      movement cycle.
PAR  It will also be appreciated that in the illustrated embodiment a cam
      portion can move all needles to the clearing position, or can move
      selected needles to the clearing position with the remainder staying at
      the welt position, or can move all needles to the tucking position, or can
      move some needles to the tucking position with the remainder staying at
      the welt position. In the illustrated embodiment the cam portion cannot
      tuck some needles and clear others.
PAR  However, according to another embodiment of the invention (see FIG.17), a
      tucking cam segment can be provided in order to enable some needles to be
      moved to clearing while other needles are only moved to the tuck position.
      In each cam portion wherein it is desired to have such a tucking cam
      segment, cam element 120 is replaced by cam element 120' whose forward
      surface defines forwardly directed cam track 121' having a tucking cam
      segment 153 whose leading side defines the tucking camming surface 154
      beginning at the trailing end of standby camming surface 149B'. The
      trailing side of tucking cam segment 153 defines a forwardly directed
      inclined cover surface 155. It is noted that tucking cam segment 153 is
      positioned inwardly of the inner face 134A' of a clearing cam such as
      clearing cam 122B'. In order to accommodate the tucking cam segment the
      inner face of clearing cam 122B' is milled down further than was the
      corresponding clearing cam 122B. The slightly modified clearing cam has a
      clearing camming surface 135' at its leading side and inclined surface
      136' on the trailing side, which, because the decreased thickness of the
      clearing cam, no longer acts as a cover surface for camming surface 138 of
      stitch cam 137B.
PAR  The leading end of tucking camming surface 154 trails the leading ends of
      the camming surfaces 104 provided by the selectors 86. Therefore, during
      relative movement of the cam portion, any jack which has a pattern butt at
      a site corresponding to a pattern cam site having an operative selector
      will move its corresponding needle to the tucking position where the
      needle butt will be acted on by camming surface 135' of the clearing cam.
      Those jacks not having a pattern butt at a site corresponding to an
      operative selector will remain at the welt position but their needle butts
      57 will then be acted on by tucking camming surface 154 to raise them to
      the tucking position while the clearing cam is raising the other needles
      to clearing. The needles tucked by the tucking cam and the needles cleared
      by the clearing cam will be moved rearwardly by the camming surface 138 of
      stitch cam 137B under cover of cover surface 155. It will be apparent that
      a cam portion having such a tucking cam segment will tuck some needles and
      clear others with no needles remaining at welt.
PAR  Since tucking cam surface 154 raises the needles from welt to tuck without
      using the multiplier, it is apparent that the height and width of this
      surface must be greater than camming surface 104 of the selectors 86.
      Nevertheless, there is sufficient height and width available in the cam
      portion to accommodate this tucking cam surface because, as is apparent
      from FIG. 17, this surface is located in the same area as the clearing cam
      but does not have to have the same height as the clearing cam. The tucking
      cam segment can be included in a manner comparable to that illustrated in
      any cam portion where such a segment is desired. It is apparent,
      therefore, that the tucking cam segment may be optionally included in the
      cam portion for providing tucking cam forces which, when applied to a
      needle, move such needle independently of the jack corresponding to the
      needle from the welt position to the tuck position. The tucking cam
      segment cooperates with the needle butt during this movement and therefore
      the tucking cam segment can be considered part of the needle cam means.
PAR  Obviously, other standard means can be used with the machine to vary the
      patterning ability thereof and the invention comprehends such additions.
      For example, pattern wheels and similar devices can be used. If is is
      desired to provide the automatic changing of the camming during selected
      revolutions of the machine, the machine can be provided with pattern drum
      means and similar devices to effect automatic changing during the
      revolution of the machine. In the illustrated embodiment the cam portion
      has one needle butt raceway and one jack control butt raceway. Obviously,
      there can be more than one needle butt raceway and more than one control
      butt raceway to give additional flexibility. If the number of needle butt
      raceways or control butt raceways is increased, the number of butt sites
      on the needles and the number of control butt sites on the jacks would
      have to be comparably increased. Another conventional variation which can
      increase the selectivity is the use of high and low butts and high and low
      cam segments.
PAR  The cam assembly can comprise a plurality of the particular cam portions
      embodying the invention, as well as one or more special cam portions or
      special yarn feeds for performing special functions on special needles.
PAR  Normally, every needle groove in the needle bed during the knitting
      operation contains a knitting needle and in the instant case it would
      therefore contain a jack, a corresponding needle and the multiplier when
      used. However, as is well known, occasionally it is desired to knit a
      fabric having a lesser number of wales than the number of needle grooves.
      In such an event, needles are removed from selected grooves. This is done
      with the needle bed of the invention. Both the needle and jack can be
      removed from selected grooves, or just the jack alone, or just the needle.
      When using the particular cam portion described herein, such jacks without
      needles or needles without jacks, although they would go through a
      movement cycle, would not take part in the knitting of the pattern and
      therefore they are inoperative and for practical purposes are the
      equivalent of vacant grooves. Furthermore, one or more grooves may have
      therein the needle and jack but they are rendered inoperative during the
      knitting of a particular pattern by other conventional means. Such
      needle-jack pairs are also considered inoperative. In one or more selected
      grooves there may be a needle without a jack wherein the needle does go
      through a knitting cycle during the knitting of a particular fabric but
      such needle is not activated by the particular cam portions but is
      actuated by a special cam portion having conventional camming. Such a
      needle is then considered operative but is merely an added element outside
      of the present invention. This invention is directed to the use of
      operative needle-jack pairs, namely, pairs wherein both the needle and the
      jack have a function during the knitting of the fabric which the machine
      is set up to knit. A jack, of such an operative needle-jack pair, which is
      moved through a movement cycle whether or not its corresponding needle
      goes through a knitting cycle, by a particular cam portion is called an
      active jack relative to that particular cam portion. Stated differently,
      an active jack is the jack of an operative needle-jack pair which goes
      through the movement cycle during the knitting of a particular course. A
      pattern jack is an active jack having one or more pattern butts thereon
      and normally each active jack is a pattern jack. However, it is possible
      to have one or more active jacks which are not pattern jacks. Stated
      differently, a pattern jack is a jack capable of being acted on by the
      second camming forces.
PAR  A particular cam portion is a cam portion embodying the present invention,
      namely, a cam portion having one or more pattern cam sites at which a
      pattern cam segment 86 in the operative position could cooperate with a
      pattern butt on a corresponding jack butt site. Each jack of an operative
      needle-jack pair which is moved by that particular cam portion is an
      active jack. An operative particular cam portion is one which has at least
      one pattern cam segment in the operative position for cooperating with
      pattern butts on at least some pattern jacks during the knitting of the
      fabric which the machine is set up to knit. A particular cam portion is
      considered inoperative if it has no pattern cam segments in the operative
      position or if all the pattern cam segments thereof in the operative
      position are at sites which do not correspond with pattern butt sites
      having butts thereon. Such cam portions are considered inoperative cam
      portions because they would not raise any needles to the tuck position by
      means of a pattern cam segment. The effect of such an inoperative cam
      portion is equivalent to a blank in the cam assembly, since it serves no
      knitting function. A cam portion having no operative selectors, but having
      a tucking cam segment, will bring the needle to the tuck position, but
      nevertheless is not considered an operative particular cam portion, since
      the pattern cam segments are not utilized.
PAR  A particular course is a course equivalent to that knit by an operative
      particular cam portion. In other words, a particular course is one in
      which needles are brought to the tuck position by means of the second
      camming forces and in which the first camming forces are applied to each
      active jack to move its corresponding needle to the welt position after it
      has been brought back to the cast off position.
PAR  In view of the foregoing, it will be appreciated that a cam assembly having
      a plurality of operative particular cam portions may also have one or more
      inoperative particular cam portions and may also have one or more special
      cam portions (cam portions not encompassing the novel camming of the
      invention).
PAR  A pattern jack may have one or more pattern butts thereon and each
      particular cam portion may have one or more selectors in the operative
      position. The arrangement of the needle-jack pairs in the needle bed or
      bank, the arrangement of the pattern butts at appropriate sites, and the
      selection of the operative pattern cam segments depends, of course, on the
      pattern to be knit by the machine and such selection is well understood by
      a worker in the art. It is pointed out that if each pattern jack has a
      butt at the first site, as well as butts at one or more other sites, a cam
      portion having a selector in the operative position at the first site
      would cooperate with all the pattern jacks for that course. The other
      butts and other selectors would cooperate in other courses. Alternatively,
      if it is desired for a particular course to move all the needles to at
      least the welt position, all the pattern cam segments can be placed in the
      operative position so that all pattern jacks will be actuated.
PAR  The diameter of the cylinder of a cylinder machine is the diameter of a
      circle defined by the bottoms of the needle grooves, while the
      circumference of the cam assembly is measured at about the mid point of
      the depth of the cam elements. A 30 inch cylinder machine can therefore
      accommodate a cam assembly about 96 inches in circumference and such
      assembly can have 96 cam portions or yarn feeds if the width of each cam
      portion is about one inch. In the illustrated embodiment the needles
      reciprocate about 11/16 inch in the knitting cycle with the major part
      (cast off to tuck) of the needle movement during the projection cycle
      being effected by the jacks and multipliers. A 30 inch cylinder machine
      cannot accommodate 96 conventional cam portions for such a needle
      reciprocation distance. Because of the multipliers, the width of the part
      of the cam portion for effecting this major part of the projection cycle
      equals about 40% of the distance the needle is projected from cast off to
      tuck and the width of the part of the cam portion for effecting the total
      projection cycle is about 50% of the total needle projection distance.
      This renders it possible to have a cam portion whose total width is just
      about one inch and 96 cam portions can be accommodated in the cylinder cam
      assembly of a 30 inch cylinder machine.
PAR  By constructing the pattern cam segments in the illustrated manner, that
      is, fashioning them from relatively thin plates of metal, the trailing
      surface 105 of the selector 86 is substantially parallel to the camming
      surface 104 of the selector and the distance therebetween is minimal. This
      construction permits adjacent "raceways" of the multiple patterning
      raceway to, in effect, overlapso that the butt of a jack being raised by
      one selector can extend forwardly into some of the space occupied by the
      selector forwardly thereof. This permits economy of height in the multiple
      patterning raceway.
PAR  In the foregoing description only an incidental mention has been made of
      the dial. As has been indicated, the invention can be used with single
      needle bed machines such as a cylinder machine and the patterning effect
      can be used to knit jersey fabric. If the machine is a cylinder and dial
      machine, one needle bed need only be used if a jersey fabric is desired.
      If the cylinder and dial machine is to be operated to knit rib or double
      knit fabrics, both cylinder and dial will have to be used. In such a case
      both the cylinder and dial can utilize the present invention. In most
      instances, double knit fabrics would not require that the dial have a
      needle bed or camming according to the present invention, because
      patterning flexibility is not necessary for the dial and it is therefore
      possible to use a conventional dial with known camming arrangements such
      as, for example, that shown in U.S. Pat. No. 3,026,695.
PAR  The flexibility of patterning becomes particularly important when it is
      desired to have at least three patterning sites. If only one or two, and
      perhaps three, patterning sites are desired, conventional plural raceway
      camming with complete raceways can be conveniently accommodated in a
      reasonable cam section height. If the number of conventional raceways were
      to be increased beyond three, the height of the cam section would become
      unreasonable.
PAR  In the illustrated embodiment the camming forces applied to the jacks and
      needles are applied directly thereto by means of their respective butts.
      Obviously, camming forces can be applied thereto directly or indirectly.
PAR  Although the illustrated embodiment involves the use of jacks, it is
      apparent that a cam portion having the multiple paterning raceway
      construction of the invention has a degree of utility with machines not
      using jacks. The needles themselves could have plural butt sites for
      cooperating with the selectors. In other words, the pattern cam segments
      can cooperate with needle butt means or jack butt means for moving needles
      at least a portion of their projection cycle.
PAR  It is emphasized that the maximum advantages of the invention can be
      obtained when there are used both the multiplier and the particular
      camming of the invention. When using the total invention it is possible to
      make a machine having many more yarn feeds than comparable prior art
      machines and at the same time provide sufficient patterning versatility to
      produce jacquard patterns. Whereas the present invention permits the
      manufacture of machines having 96 feeds, the prior art has resulted only
      in the production of machines for jacquard patterning havong only 48
      feeds, although the prior art has been able to make 72-feed machines when
      using pattern wheels to obtain the jacquard pattern. The invention permits
      distribution of the pattern over many more courses during a single
      revolution of the machine and also provides for distribution of the
      pattern over more wales without the use of complicated automatic devices.
      Although in the specific example 64 feeds were used, it should be borne in
      mind that this was merely an example and does not indicate the limits of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a multifeed knitting machine, a needle bed having a plurality of
      laterally spaced apart longitudinally extending needle grooves, each of at
      least some of said grooves having positioned therein an arrangement
      comprising a jack, a knitting needle corresponding thereto, and a movement
      multiplier rocker between said jack and needle for transmitting the
      movement of said jack to said needle while multiplying the length thereof,
PA1  a. said jack being slidably mounted in said groove for forward-rearward
      reciprocation and having adjacent its forward end inwardly extending means
      defining a forwardly facing jack contact for abutting said rocker to
      transmit the movement of said jack to said rocker,
PA1  b. said needle being slidably mounted in said groove forwardly of said jack
      for forward-rearward reciprocation and having outwardly extending butt
      means thereon,
PA1  c. rearwardly facing needle contact means for abutment by said rocker to
      receive the movement of said rocker and to transmit said rocker movement
      to said needle,
PA1  d. said rocker having an inner portion, an outer portion and an
      intermediate portion therebetween,
PA1  e. said intermediate portion of said rocker having at the rear thereof a
      rearwardly facing first rocker contact for abutment by said jack contact
      to receive the movement of said jack,
PA1  f. said outer portion of said rocker having a forwardly facing second
      rocker contact for abutting said needle contact means to transmit movement
      of said forward portion of said rocker to said needle,
PA1  g. means pivotally mounting said inner portion in said needle bed about a
      pivot axis inwardly of said first rocker contact so that said first and
      second rocker contacts can oscillate forwardly-rearwardly about said pivot
      axis,
PA1  h. whereby when said jack is moved forwardly said jack contact abuts said
      first rocker contact to pivot said rocker forwardly to cause said second
      rocker contact to abut said needle contact means and urge said needle
      forwardly a greater distance than said jack was moved forwardly.
NUM  2.
PAR  2. A combination according to claim 1, wherein said intermediate portion of
      said rocker has a rear convexly curved surface, said surface defining said
      first rocker contact.
NUM  3.
PAR  3. A combination according to claim 2, wherein said outer portion of said
      rocker is constituted by a neck extending outwardly from said intermediate
      portion, said neck terminating in a forwardly directed free end whose
      forward edge defines said second rocker contact, the rear surface of said
      neck being convex.
NUM  4.
PAR  4. A combination according to claim 3, wherein said inwardly extending
      means on said jack is an inwardly and forwardly extending wing terminating
      in a forwardly directed free end whose forward edge defines said jack
      contact, said wing defining a recess at the forward end of said jack
      outwardly of said contact, said recess receiving said neck of said rocker
      when said jack and said rocker are in the rearward position.
NUM  5.
PAR  5. A combination according to claim 4, wherein said inner portion of said
      rocker has a keyway extending laterally therethrough, said keyway
      extending from an inner edge of said inner portion outwardly to provide
      said inner portion with opposed inwardly extending arms, said keyway
      having an enlargement intermediate its ends, said enlargement defining a
      bearing for receiving pintle means, and wherein pintle means is mounted in
      said needle bed inwardly of said needle and jack and extending laterally
      at least part way across said groove, said rocker being removably inserted
      into said needle bed by passing said keyway about said pintle means until
      said pintle means is received within said bearing, said pintle means
      having a diameter less than the diameter of said bearing but greater than
      the width of the keyway at least immediately inward of said bearing,
      whereby said rocker is removably snapped onto said pintle means and
      pivotable thereabout.
NUM  6.
PAR  6. A combination according to claim 1 and including a cam assembly and
      means for causing relative lateral movement between said needle bed and
      said cam assembly to operate at least some of said jacks and their
      corresponding needles, said cam assembly comprising jack cam means for
      cooperating with each of at least some of said jacks for moving said jack
      forwardly a sufficient distance to move its corresponding needle forwardly
      at least a portion of the forward movement of the movement cycle of said
      needle.
NUM  7.
PAR  7. A combination according to claim 6, wherein said cam assembly also
      comprises needle cam means for cooperating with said butt means on each of
      said moved needles for continuing said forward movement of said moved
      needle, if needed for the movement cycle of said needle, and for
      subsequently moving each of said moved needles from its forward position
      rearwardly through the rearward portion of its movement cycle to bring it
      to the cast off position.
NUM  8.
PAR  8. A combination according to claim 7, wherein said jack cam means
      cooperates with at least some of said jacks for moving them forwardly a
      sufficient distance to move their corresponding needles forwardly from at
      least the welt position to at least about the tuck position.
NUM  9.
PAR  9. A combination according to claim 7, wherein, after said needle cam means
      moves said moved needles to the cast off position, said jack cam means
      cooperates with said moved jacks for moving them forwardly a sufficient
      distance to move their corresponding needles forwardly from rearward of
      the welt position to the welt position.
NUM  10.
PAR  10. A combination according to claim 9, wherein said jack cam means
      comprises pattern cam means and control cam means, and wherein at least
      some of said jacks are active jacks for being moved by said control cam
      means, each of said active jacks having at least one outwardly extending
      control butt, at least some of said active jacks being pattern jacks
      having at least one outwardly extending pattern butt longitudinally spaced
      apart from said control butt; said pattern cam means cooperating with
      pattern butts on at least some of said pattern jacks for moving said jacks
      a distance sufficient to move their corresponding needles from the welt
      position to at least about the tuck position; said needle cam means moving
      each needle corresponding to an active jack rearwardly from its respective
      forward position to the cast off position; said control cam means
      cooperating with said control butts on all of said active jacks for moving
      them forwardly a sufficient distance to move their corresponding needles
      forwardly from rearward of the welt position to the welt position.
NUM  11.
PAR  11. A combination according to claim 10, wherein said pattern cam means
      cooperates with said pattern butts for moving said jacks moved thereby
      forwardly only a sufficient distance to move their corresponding needles
      from the welt position to the tuck position.
NUM  12.
PAR  12. A combination according to claim 11, wherein said control cam means
      cooperates with said control butts for moving said active jacks forwardly
      a sufficient distance to move their corresponding needles forwardly from
      the cast off position to the welt position.
NUM  13.
PAR  13. A combination according to claim 12, wherein said needle cam means
      cooperates with said butt means on each needle moved to the tuck position
      by its corresponding jack for moving each needle further forwardly from
      the tuck position to the clearing position and then from the clearing
      position rearwardly to the cast off position, and wherein said needle cam
      means cooperates with said butt means on each needle, if any, not moved to
      the tuck position by its corresponding jack for moving such needle from
      the welt position rearwardly to the cast off position.
NUM  14.
PAR  14. A combination according to claim 12, wherein said needle cam means
      cooperates with said butt means on each needle moved to the tuck position
      by its correponding jack for moving each needle from the tuck position
      rearwardly to the cast off position, and wherein said needle cam means
      cooperates with said butt means on each needle, if any, not moved to the
      tuck position by its corresponding jack for moving such needle from the
      welt position rearwardly to the cast off position.
NUM  15.
PAR  15. A combination according to claim 12, wherein said needle cam means
      cooperates with said butt means on each needle moved to the tuck position
      by its corresponding jack for moving each needle further forwardly from
      the tuck position to the clearing position and then from the clearing
      position rearwardly to the cast off position, and wherein said needle cam
      measn cooperates with said butt means on each needle not moved to the tuck
      position by its corresponding jack for moving such needle further
      forwardly from the welt position to the tuck position and then from the
      tuck position rearwardly to the cast off position.
NUM  16.
PAR  16. A combination according to claim 12, wherein said cam assembly
      comprises a plurality of operative particular cam portions, each of said
      cam portions defining one yarn feed and including sufficient needle cam
      means, jack control cam means and pattern cam means for moving at least
      some of said pattern jacks and their corresponding needles through one
      cycle of their movement for knitting one course and for moving each of
      said active jacks through its movement cycle, each cycle beginning at the
      welt position; said pattern cam means of each said cam portion including
      at least one pattern cam segment for cooperating with said pattern butts
      on at least some of said pattern jacks for moving said jacks forwardly a
      sufficient distance to move their corresponding needles forwardly from the
      welt position to the tuck position; said needle cam means of at least some
      of said cam portions including at least one clearing cam segment for
      cooperating with said needle butt means on at least some of said needles
      brought to the tuck position by said moved jacks for moving said needles
      forwardly from the tuck position to the clearing position; said needle cam
      means of each said cam portion including at least one stitch cam segment
      for cooperating with said needle butt means on each needle corresponding
      to an active jack for moving said needle rearwardly to the cast off
      position from its respective forward position; and said control cam means
      of each cam portion including at least one welt cam segment for
      cooperating with said jack control butts on said active jacks for moving
      said active jacks forwardly a sufficient distance to move their
      corresponding needles from the cast off position to the welt position.
NUM  17.
PAR  17. A combination according to claim 16, wherein said control cam means for
      each of said cam portions indludes a return cam segment for cooperating
      with said jack control butt on each active jack for moving said jack
      rearwardly from its forward position to return it to its rearward position
      no later than said stitch cam segment returns its corresponding needle to
      the cast off position.
NUM  18.
PAR  18. A combination according to claim 16, wherein each of said pattern jacks
      provides a plurality of longitudinally spaced apart pattern butt sites,
      each jack having a pattern butt occupying at least one of said sites, the
      number of pattern butts and the sites which they occupy being
      independently selected for each jack, depending upon the pattern to be
      knit; each of said cam portions providing a plurality of longitudinally
      spaced apart pattern cam sites corresponding to said pattern butt sites,
      each of said cam portions having a pattern cam segment operatively
      occupying at least one of said pattern cam sites, the number of pattern
      cam segments and the pattern cam sites they occupy being independently
      selected for each said cam portion, depending upon the pattern being knit;
      and wherein, during the relative movement of said cam assembly and needle
      bed, each pattern cam segment of each said cam portion cooperates only
      with those pattern butts of the site corresponding to and aligned with the
      site of said pattern cam segment.
NUM  19.
PAR  19. A combination according to claim 18, wherein each said cam portion is
      provided with a pattern cam segment operatively occupying each pattern cam
      site and means are provided for independently selectively removing each
      pattern cam segment from its operative position, to thereby select the
      pattern cam segments which will cooperate with selected pattern jacks.
NUM  20.
PAR  20. A combination according to claim 19, wherein each said cam portion
      includes support means on which said pattern cam segments are mounted,
      said support means having a plurality of longitudinally spaced apart
      passageways extending transversely therethrough for defining said pattern
      cam sites; a pattern cam segment slidably mounted in each of said
      passageways, each of said pattern cam segments being independently
      slidable toward said needle bed to an operative position, slidably away
      from said needle bed to an inoperative position, or removable from said
      support; and means for maintaining each pattern cam segment in its
      operative or inoperative position.
NUM  21.
PAR  21. A combination according to claim 19, wherein each said cam portion is
      provided with at least three pattern cam sites and each pattern jack is
      provided with at least three corresponding pattern butt sites.
NUM  22.
PAR  22. A combination according to claim 21, wherein each of said cam portion
      includes a clearing cam segment, said clearing cam segment being
      selectively placeable in an operative position for cooperating with said
      needle butt means or removable from said operative position.
NUM  23.
PAR  23. In a method of knitting with a multifeed knitting machine comprising a
      needle bed including laterally spaced apart longitudinally reciprocable
      jacks and longitudinally reciprocable needles corresponding to said jacks,
      the improvement comprising the steps of moving each of at least some of
      said jacks forwardly at least a respective predetermined distance,
      mechanically converting said forward jack movement of each moved jack
      while it is moving said respective predetermined distance into a
      respective second forwardly directed movement whose length depends on and
      is longer than the respective predetermined distance the jack moved, and
      mechanically applying said respective second movement resulting from each
      moved jack to its corresponding needle to move said corresponding needle
      forwardly a greater distance than said respective predetermined distance
      its jack was moved to move said needle forwardly at least a portion of the
      forward movement of its movement cycle.
NUM  24.
PAR  24. A method of knitting according to claim 23, including the steps of
      continuing the forward movement of each of at least some of said moved
      needles, independently of its corresponding jack, forwardly through the
      remainder of the forward movement of its particular movement cycle, then
      moving each of said moved needles rearwardly to the cast off position, and
      returning each moved jack to its rearward position at a time no later than
      the time its corresponding needle is moved to the cast off position.
NUM  25.
PAR  25. A method of knitting according to claim 24, wherein said jacks are
      moved forwardly by applying camming forces to said jacks, said needles
      whose forward movement is continued are so moved forwardly by applying
      needle camming forces thereto independently of said jacks, and each of
      said moved needles are moved rearwardly to the cast off position by
      applying other needle camming forces thereto.
NUM  26.
PAR  26. A method of knitting according to claim 25, wherein said application of
      said second movement to its corresponding needle moves at least some of
      said needles from at least the welt position to at least about the tuck
      position.
NUM  27.
PAR  27. A method of knitting according to claim 25, wherein each needle to be
      moved forwardly is at the welt position; wherein said camming forces
      applied to said jacks include first and second camming forces; wherein
      said second camming forces are applied to each jack corresponding to a
      needle to be moved to move said jack forwardly a distance sufficient for
      the corresponding second movement to move the needle corresponding to said
      jack from the welt position to at least the tuck position; and wherein,
      after said other needle camming forces have been applied to move said
      moved needles rearwardly to the cast off position, said first camming
      forces are applied to said moved jacks to move them forwardly a distance
      sufficient for the corresponding second movement to move the needles
      corresponding to said jacks forwardly to the welt position.
NUM  28.
PAR  28. A method of knitting according to claim 27, wherein said second camming
      forces move said jacks moved thereby forwardly sufficiently to cause their
      corresponding needles to move from the welt position to only the tuck
      position.
NUM  29.
PAR  29. A method of knitting according to claim 28, wherein said first camming
      forces are applied to each moved jack to move its corresponding needle
      from the cast off position to the welt position.
NUM  30.
PAR  30. A method of knitting according to claim 29, wherein said needle camming
      forces include third camming forces and said third camming forces are
      applied, independently of the jacks, to at least some of said needles
      which have been moved to the tuck position by said second camming forces
      acting on their corresponding jacks, said third camming forces moving the
      needles moved thereby forwardly from the tuck position to the clearing
      position.
NUM  31.
PAR  31. A method of knitting according to claim 30, wherein said other needle
      camming forces include fourth camming forces and said fourth camming
      forces are applied to at least each of said moved needles to move it
      rearwardly from its forward position to the cast off position.
NUM  32.
PAR  32. A method of knitting according to claim 31, wherein a plurality of
      particular courses are knit and wherein at least some of said jacks are
      active jacks for being moved through a movement cycle in each of said
      particular courses, the movement cycle of the corresponding needles
      beginning at the welt position; wherein in each of said particular courses
      said second camming forces are applied to at least some of said active
      jacks whereby their corresponding needles are moved forwardly from the
      welt position to the tuck position; wherein in at least some of said
      particular courses said third camming forces are applied to at least some
      of the needles moved to the tuck position by the application of said
      second forces to their corresponding jacks, to move such needles forwardly
      from the tuck position to the clearing position; wherein in each said
      particular course said fourth camming forces are applied to each needle
      corresponding to an active jack to move each such needle rearwardly to the
      cast off position from its respective forward position; and wherein said
      first camming forces are applied to each active jack to move its
      corresponding needle forwardly from the cast off position to the welt
      position.
NUM  33.
PAR  33. A method of knitting according to claim 32, wherein in each of said
      particular courses return camming forces are applied to each of said
      active jacks to move it rearwardly from its forward position at a time no
      later than the time its corresponding needle is moved to the cast off
      position.
NUM  34.
PAR  34. A method of knitting according to claim 33, wherein in each of said
      particular courses the jacks to which said second camming forces are
      applied are independently selected.
NUM  35.
PAR  35. In a multifeed knitting machine,
PA1  a. a needle bed having a plurality of laterally spaced apart longitudinally
      extending grooves, an active jack and a needle corresponding thereto
      slidably positioned in each of at least some of said grooves for
      forward-rearward reciprocation, each needle having outwardly extending
      butt means, and each active jack having at least one outwardly extending
      control butt, at least some of said active jacks being pattern jacks
      having at least one outwardly extending pattern butt longitudinally spaced
      apart from said control butt,
PA1  b. a cam assembly,
PA1  c. means for causing relative lateral movement between said needle bed and
      said cam assembly to operate said active jacks and their corresponding
      needles;
PA1  d. said cam assembly comprising a plurality of operative particular cam
      portions, each of said cam portions defining one yarn feed and including
      sufficient needle cam means, jack control cam means and pattern cam means
      for moving at least some of said pattern jacks and their corresponding
      needles through one cycle of their movement for knitting one course and
      for moving each of said active jacks through its movement cycle, each
      cycle beginning at the welt position;
PA1  e. said pattern cam means of each said cam portion including at least one
      pattern cam segment for cooperating with said pattern butts on at least
      some of said pattern jacks for moving said jacks forwardly a sufficient
      distance to move their corresponding needles forwardly from the welt
      position to the tuck position;
PA1  f. said needle cam means of at least some of said cam portions including at
      least one clearing cam segment for cooperating with said needle butt means
      on at least some of said needles brought to the tuck position by said
      moved jacks for moving said needles forwardly from the tuck position to
      the clearing position;
PA1  g. said needle cam means of each said cam portion including at least one
      stitch cam segment for cooperating with said needle butt means on each
      needle corresponding to an active jack for moving said needle rearwardly
      to the cast off position from its respective forward position;
PA1  h. and said control means of each cam portion including at least one welt
      cam segment for cooperating with said jack control butts on said active
      jacks for moving said active jacks forwardly a sufficient distance to move
      their corresponding needles from the cast off position to the welt
      position.
NUM  36.
PAR  36. A combination according to claim 35, wherein said control cam means for
      each of said cam portions includes a return cam segment for cooperating
      with said jack control butt on each active jack for moving said jack
      rearwardly from its forward position to return it to its rearward position
      no later than said stitch cam segment returns its corresponding needle to
      the cast off position.
NUM  37.
PAR  37. A combination according to claim 36, wherein each of said pattern jacks
      provides a plurality of longitudinally spaced apart pattern butt sites,
      each jack having a pattern butt occupying at least one of said sites, the
      number of pattern butts and the sites which they occupy being
      independently selected for each jack, depending upon the pattern to be
      knit; each of said cam portions providing a plurality of longitudinally
      spaced apart pattern cam sites corresponding to said pattern butt sites,
      each of said cam portions having a pattern cam segment operatively
      occupying at least one of said pattern cam sites, the number of pattern
      cam segments and the pattern cam sites they occupy being independently
      selected for each said cam portion, depending upon the pattern being knit;
      and wherein, during the relative movement of said cam assembly and needle
      bed, each pattern cam segment of each said cam portion cooperates only
      with those pattern butts at the site corresponding to and aligned with the
      site of said pattern cam segment.
NUM  38.
PAR  38. A combination according to claim 37, wherein each said cam portion is
      provided with a pattern cam segment operatively occupying each pattern cam
      site and means are provided for independently selectively removing each
      pattern cam segment from its operative position, to thereby select the
      pattern cam segments which will cooperate with selected pattern jacks.
NUM  39.
PAR  39. A combination according to claim 38, wherein each said cam portion
      includes support means on which said pattern cam segments are mounted,
      said support means having a plurality of longitudinally spaced apart
      passageways extending transversely therethrough for defining said pattern
      cam sites; a pattern cam segment slidably mounted in each of said
      passageways, each of said pattern cam segments being independently
      slidable toward said needle bed to an operative position, slidable away
      from said needle bed to an inoperative position, or removable from said
      support; and means for maintaining each pattern cam segments in its
      operative or inoperative position.
NUM  40.
PAR  40. A knitting cam construction comprising at least one cam portion
      defining one yarn feed and having sufficient cam means for cooperating
      with needle and jack butt means for moving needles corresponding thereto
      longitudinally forwardly and rearwardly through one movement cycle for
      knitting one course, said cam portion comprising,
PA1  a. a cam support having an inner face and an outer face,
PA1  b. said cam support having a plurality of longitudinally spaced apart
      passageways extending transversely therethrough from said inner face to
      said outer face, each passageway defining a pattern cam site for slidably
      receiving a pattern cam segment therein for sliding movement between an
      operative position and an inoperative position,
PA1  c. a plurality of pattern cam segments, each segment having an inner end
      and an outer end,
PA1  d. each pattern cam segment having adjacent its inner end a camming surface
      oblique to the longitudinal direction,
PA1  e. said pattern cam segment being in said operative position in a pattern
      cam site when said inner end and said camming surface project from said
      inner face of said cam support sufficiently for said camming surface to
      cooperate with said butt means,
PA1  f. said pattern cam segment being in said inoperative position in a pattern
      cam site when said inner end and said camming surface have been moved
      toward the outer face of said cam support sufficiently to prevent said
      camming surface from cooperating with said butt means,
PA1  g. each camming segment at a pattern cam site being movable between said
      operative and inoperative positions, independently of camming segments at
      other sites,
PA1  h. cooperating means on said pattern cam segments and said cam support for
      maintaining each cam segment in its respective operative or inoperative
      positions,
PA1  i. each camming surface in the operative position cooperating with butt
      means on at least selected jacks for moving them forwardly sufficiently to
      move the needles corresponding thereto forwardly from at least the welt
      position to the tuck position, said cam sites and cam segments therein
      defining a multiple patterning raceway,
PA1  j. needle cam means longitudinally spaced apart from said multiple
      patterning raceway, said needle cam means including (A) at least one
      clearing cam segment for cooperating with butt means on at least some of
      the needles brought to the tuck position by a pattern cam segment for
      moving said needles from the tuck position to the clearing position, and
      (B) at least one stitch cam segment for cooperating with butt means on
      needles for moving them rearwardly to the cast off position form their
      respective forward positions.
NUM  41.
PAR  41. A combination according to claim 16, wherein said needle cam means of
      at least selected particular cam portions cooperates with needle butt
      means on each of said needles brought to the tuck position by said moved
      jacks for moving said needles forwardly from the tuck position to the
      clearing position.
NUM  42.
PAR  42. A combination according to claim 41, wherein said needle cam means of
      at least one of said selected partucular cam portions also includes a
      tucking cam segment for cooperating with said needle butt means on each
      needle corresponding to an active jack not moved to the tuck position by
      its corresponding jack for moving such needle from the welt position to
      the tuck position, said stitch cam segment then moving each needle so
      tucked from the tuck position rearwardly to the cast off position.
NUM  43.
PAR  43. A combination according to claim 41, wherein in at least some of said
      selected particular cam portions, said pattern cam means cooperates with
      pattern butts on pattern jacks corresponding only to selected needles for
      moving said jacks forwardly a sufficient distance to move the selected
      needles forwardly from the welt position to the tuck position, the
      non-selected needles not being moved forwardly from the welt position by
      said cam portion.
NUM  44.
PAR  44. A combination according to claim 41, wherein there is at least one
      particular cam portion whose needle cam means does not include a clearing
      cam segment, and whose pattern cam means cooperates with pattern butts on
      pattern jacks corresponding only to selected needles for moving said jacks
      forwardly a sufficient distance to move the selected needles forwardly
      from the welt position to the tuck position, said cam portion having no
      means for moving the selected and non-selected needles forwardly past
      their respective tuck and welt positions.
NUM  45.
PAR  45. A method of knitting according to claim 24, wherein a plurality of
      particular courses are knit and wherein at least some of said jacks are
      active jacks for being moved through a movement cycle in each of said
      particular courses, the movement cycle of the corresponding needles
      beginning at the welt position; wherein in each of said particular courses
      at least some of said active jacks are moved forwardly sufficiently for
      the corresponding second movements to move their corresponding needles
      forwardly from the welt position to the tuck position; wherein in at least
      selected particular courses each of said needles moved to the tuck
      position by its corresponding jack is further moved forwardly from the
      tuck position to the clearing position independently of its correspondiing
      jack, and in the non-selected particular courses, if any, each needle
      moved to the tuck position by its corresponding jack is not moved
      forwardly beyond the tuck position; and wherein in each of said particular
      courses each active jack and each needle corresponding thereto is moved
      rearwardly to the cast off position from its respective forward position
      and each active jack is subsequently moved forwardly sufficiently for the
      corresponding second movement to move its corresponding needle forwardly
      from the cast off position to the welt position.
NUM  46.
PAR  46. A method of knitting according to claim 45, wherein in each of said
      particular courses the jacks which are moved forwardly sufficiently to
      move their corresponding needles from the welt position to the tuck
      position are independently selected.
NUM  47.
PAR  47. A method of knitting according to claim 46, wherein in each of said
      particular courses each active jack is moved rearwardly to the cast off
      position independently of its corresponding needle at a time no later than
      its corresponding needle is moved to the cast off position.
NUM  48.
PAR  48. A method of knitting according to claim 46, wherein in at least one of
      said selected particular courses, only selected active jacks are moved
      forwardly sufficiently to move their corresponding needles from the welt
      position to the tuck position, and the needles corresponding to the
      non-selected jacks are moved, independently of their jacks, from the welt
      position to the tuck position and are not moved forwardly from the tuck
      position in said course.
NUM  49.
PAR  49. A method of knitting according to claim 46, wherein in at least some of
      said selected particular courses, only selected active jacks are moved
      forwardly sufficiently to move their corresponding needles from the welt
      position to the tuck position, the needles corresponding to the
      non-selected jacks not being moved forwardly from the welt position in
      said some selected particular courses.
NUM  50.
PAR  50. A method of knitting according to claim 46, wherein said particular
      courses include selected and non-selected particular courses, and wherein
      at least some of said non-selected particular courses only selected active
      jacks are moved forwardly sufficiently to move their corresponding needles
      from the welt position to the tuck position, the needles corresponding to
      the non-selected jacks not being moved forwardly from the welt position in
      said non-selected particular courses.
NUM  51.
PAR  51. A knitting cam construction according to claim 40, including a control
      raceway having therein jack welt cam means for cooperating with butt means
      on at least said moved jacks for moving them forwardly a sufficient
      distance to move their corresponding needles from rearward of the welt
      position to the welt position after they have been brought to the cast off
      position.
NUM  52.
PAR  52. A knitting cam construction according to claim 51, wherein said
      clearing cam segment is selectively movable between an operative position
      and an inoperative position.
NUM  53.
PAR  53. A knitting cam construction according to claim 52, wherein said control
      raceway includes jack return cam means for cooperating with butt means on
      each of said moved jacks for moving said jack rearwardly from its forward
      position to return it to its rearward position no later than said stitch
      cam segment returns its corresponding needle to the cast off position.
NUM  54.
PAR  54. In a multifeed knitting machine, a needle bed, a plurality of spaced
      apart jacks and needles corresponding thereto mounted on said bed for
      forward-rearward reciprocation, and a mechanical movement multiplier means
      in said bed between each of at least some of said jacks and its
      corresponding needle for mechanically receiving the forward movement of
      the jack and mechanically transmitting the movement to its corresponding
      needle while mechanically multiplying the forward length thereof to move
      the needle forwardly a greater distance than the jack moved forwardly
      while its movement was being transmitted.
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ABST
PAL  Rotations of a circular knitting machine are counted and encoded into
      electrical signals. After a prescribed number of revolutions a programmer
      and program indicating disc signal a switching mechanism to shift a cam
      drum to the next position in the pattern. A first circuit is provided for
      operating the needle cylinder at a slower speed during the aforesaid
      shifting operation, and a second circuit is provided for running the
      machine at maximum and intermediate speeds during the knitting operation
      in response to a preselected pattern. The programmer includes two types of
      output signals for controlling the production of fabric according to type
      or size.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an electronic and electromechanical
      control apparatus for use with various types of machines, but especially
      designed to replace the mechanical chain programming in circular stocking
      machines and the like. The apparatus includes a needle cylinder, a program
      cam drum and controls to modify the cylinder speed between a minimum speed
      and at least one faster speed. The equipment may be also used for other
      applications where a pre-established program capable of modification, must
      be cyclically repeated, in machine tools, operating machines in general
      and the like.
PAR  The purpose of the present equipment is to simplify the programming unit,
      to facilitate programming modification, and to provide a cheaper and
      smaller system.
PAR  The invention includes basically a counter of the needle cylinder
      revolutions combined with a zero setting means therefore; a programming
      unit which receives pulses from the revolution counter and which is
      selectively programmed by means of removable and/or changeable contacts; a
      cam drum position indicating means including a brush member rotatable with
      respect to a fixed disc member and cooperating therewith by means of
      contacts on said disc in the form of conductive arcuate segments
      corresponding in position to the discreet advances of the cam drum to
      determine signals as a function of the instantaneous drum position and
      corresponding in length to the duration of the desired subsequent
      movements thereof, on corresponding output lines; an assembly of
      coincidence circuits, fed by signals from the programming unit and by
      signals from the output lines from the aforesaid cam drum position
      indicating means, said coincidence circuits transmitting an output signal
      after a programmed number of revolutions scheduled for each cam drum
      stopping position have occurred, so as to initiate the advance of the cam
      drum and brush member by means of a motion take-up apparatus connected to
      the cylinder and/or with a step-step motor or another suitable means, and
      advantageously with an irreversible type drive.
PAR  The assembly of the coincidence circuits includes a plurality of NAND gate
      circuits with some inputs connected to contacts controlled by the program
      disc and other inputs connected to the programming unit outputs; the
      outputs of said gates being re-united to supply signals both to a control
      group or unit for advancing the cam drum, to the zero setting means, and
      to a cylinder speed varying device.
PAR  In a preferred embodiment, a decoding means is connected to the revolution
      counter of the binary output type. The programming unit includes, as
      removable or changeable contacts, both pin contacts and rotary switch
      contacts. The removable pin contacts are utilized to modify the type of
      article to the produced, while the more easily operable rotary switches
      are utilized to modify the dimensions, that is, the programmed article
      size.
PAR  The system may include a cylinder speed control unit with an electronic
      means for inducing minimum speed control and a locking gate means for
      inducing higher speed control wherein the cylinder speed during drum
      advance and the consequent control of the minimum speed take place. The
      minimum speed control advantageously involves a signal logic inverter
      which preferably operates by the annulling of a voltage.
PAR  Some machines include means to drive the cylinder with at least two speeds
      higher than the minimum one. In such cases the system according to the
      invention should include two locking AND gate means for control of said
      two higher speeds, each designed to receive both the coincidence circuit
      signal and the voltage signal coming from certain contacts of the fixed
      disc to preset one of two higher speeds for a selected disc contact
      whereby selected positions of the drum unlock or release the control of an
      intermediate speed, and other positions of the drum release or unlock the
      control of a maximum speed. In either case both controls are locked during
      the cam drum advance state.
PAR  For controlling the cam drum advance, a bistable switch is provided which
      generates a control signal when it receives either a signal, especially
      double and reversed by the presence of a logic switch, from the
      coincidence circuits, or also when it receives a synchronization pulse
      derived from the signals supplied by the needle cylinder to the counter.
      The zero setting means is designed to supply a stop signal of the drum
      advance responsive to the passage of an interruption between two contacts
      on the program disc. The inertia of the counter members, of the
      programming unit, of the coincidence circuits and above all of the
      bistable switch is such that the synchronizing pulse which determines the
      control signal to advance the drum is subsequent to the pulse which is
      received as an output signal from the coincidence circuits to reduce to
      the minimum speed. In this way one obtains the speed reduction of the
      cylinder before the cam drum advances.
PAR  The brush member rotates integrally with the cam drum and includes a double
      brush or another bridge-like grazing or wiping contact. The fixed disc
      member includes a first continuous annular metal track having a voltage
      imparted thereto and second segmented annular metal track concentric with
      the first and having output wires attached thereto. The double brush or
      other bridge-like wiping contact is designed to form a bridge or jumper to
      selectively connect the endless track with one segment of the segmented
      track. Alternatively the segments could operate micro-switches or reed
      contacts or switches of the inductive, capacitive, magnetic,
      photo-electric, pneumatic, piezoelectric type or the like.
PAR  The system according to the invention may thus replace the conventional
      program chain of a circular stocking machine or hosiery machine. This
      sytem, which may be called an "electronic chain", has the fundamental
      function of advancing or stopping the cam drum of a circular stocking
      machine. In the machine of the present invention, a complete rotation of
      the cam drum corresponds to the manufacture of a complete stocking or
      another article of a given type. The drum however does not make its
      complete revolution with a continuous motion, but effects partial
      revolutions with more or less long pauses, therebetween. The needle
      cylinder, on the contrary, is always rotating, both at the moment when the
      cam drum is rotating, and while the cam drum is stopped. The conventional
      program, on the other hand, always advances counting the cylinder
      revolutions, but without operating a control on the cams drum until
      "neutral loops or stitches" are present. When the high loops move beneath
      a feeler, a control is activated.
PAR  The operation of the electronic chain is somewhat similar, attaining
      however both a substantial structural simplicity (in comparison with the
      conventional system) and also a quicker possibility of program
      transformation (both for the article "type" and the "size", that is the
      dimensions of the article of the same type). The electronic chain, thus,
      counts the cylinder revolutions during drum stoppages, and when the
      electronic counter reaches a pre-established number of rotations for that
      portion of the operational cycle, it delivers the advance control to the
      drum while keeping the electronic data stored during the time the drum
      accomplishes the partial rotation. The duration of this drum rotation (and
      thus its angular advance) is tied in to the extent of the advance and
      operated thereby. In particular, the angular advance of the drum may be
      adjusted by the conductive segments of the disc which is fixed with
      respect to the machine. When these brushes, which are advancing with the
      cam drum, contact a portion of insulating material between two adjacent
      segments, a signal is delivered to the electronic unit to cease the drum
      motion (as that determined angular movement required has terminated) and
      also a signal is delivered to the same counter to re-begin the count of
      the cylinder revolutions which must be effected before the next subsequent
      drum movement. Once the selected number of rotations of the next cycle is
      reached, the counter again delivers the advance signal to the drum, which
      then stops at the end of the movement prescribed for that point of the
      cycle. The operation continues for the whole operational cycle.
DRWD
PAR  The invention will be better understood following the description and the
      acoompanying drawing, which illustrates a preferred embodiment but is not
      to be construed as constrictly the scope of the same invention. In the
      drawing:
PAR  FIG. 1 illustrates a block diagram of the electrical system according to
      the present invention;
PAR  FIG. 2 is similar to FIG. 1, but illustrates a more detailed schematic
      diagram;
PAR  FIG. 3 illustrates in section a portion of the program cam drum, the
      brushes and the contact rings;
PAR  FIG. 4 illustrates a sectional view of one example of a coupling between
      the needle cylinder and cam drum;
PAR  FIG. 5 illustrates an enlarged detail of internal members shown in FIG. 4;
PAR  FIGS. 6, 7, 8 and 9 illustrate views and cross-sections taken along the
      lines VI--VI; VII--VII; VIII--VIII of FIG. 5, and explanatory
      cross-section of the coupling.
DETD
PAR  Schematically (see FIGS. 1 and 2) the electronic chain may be divided into
      the following components: a pulse generator 1 for generating a pulse
      signal in synchronization with the rotation of needle cylinder 3; a
      digital type electronic counter 5 which receives the signals from the
      pulse generator 1, and a decoding unit 7 for translating pulses from BCD
      to decimal; a cylinder revolution programming unit 9, which serves as a
      programmer of article types as well as sizes; a cam drum position
      indicating means including a programming disc 10 for generating signals
      responsive to the advances of the cam drum and brush means 12 angularly
      movable with the cam drum relative to the programming disc 10; a plurality
      of coincidence circuits 14, connected to the outputs of programmer 9 and
      programming disc 10; circuits 16 for controlling advances of the cam drum
      and as a result the advances of brushes 12; a speed programmer 18 for
      selecting the rotational speed of the needle cylinder 3 corresponding to
      selected stages of the cam drum; control circuits 20 responsive to the
      speed programmer for altering the speed of the motor 22 of the needle
      cylinder 3; and a zero setting unit 24 for counter 1.
PAR  In the pulse generator 1, an electronic circuit initiates a pulse signal,
      for instance, of + 15 volts at each cylinder revolution. The output of
      this circuit, normally at zero value (or nearly) in voltage, rises during
      a certain time interval (about a fiftieth of the time required by the
      cylinder to complete a revolution) to a prescribed value of + 15 volts.
      This function is obtained by means of conventional set-ups such as a
      magnetic sensor, proximity sensor, reed contact or the like, preferably
      without any mechanical contact.
PAR  The electronic counter 5 may be an electronic circuit which receives the
      signal coming from the pulse generator 1 of the cylinder and generates as
      an output, a state, that is, a group of voltage values on twelve lines
      which, according to the drawing, are in three groups 5A forming three
      decades (units, tens, hundreds). The aforesaid output is dependent upon
      the number of pulses or rotations received until that moment. The cylinder
      3, in its rotation, by means of the pulse generator 1, forwards a pulse to
      the counter 5, which counts it and subsequently modifies the voltage value
      of zero or 15 volts D.C., for instance on each of its outputs 5B. By
      reading the voltage state of these output lines 5B of the counter 5, the
      number of the cylinder revolutions up to that moment is known. This number
      is given in binary form which, for facility of programming, is transformed
      into decimal form in decoding unit 7 from BCD to decimal, to easily
      program certain data by means of rotary switches, as hereafter described.
      In the unit decade of the decoder 7, the electronic circuits receive the
      information from the outputs 5B of the counter 5, that is, they read the
      state of its output lines under binary form, and transform the binary type
      information into decimal information. The decoder 7, for each decade 7A,
      has four inputs which come from the four respective outputs 5B of the
      counter 5 and ten outputs 7B. Each output is normally at 0 voltage and
      assumes a voltage value, for instance, of 15 volts only once for every ten
      pulses which arrive into the counter and remains at 15 volts until the
      next pulse has arrived. For instance, if at a determined moment, the
      output number "4" presents the value of 15 volts, this means that the
      counter has counted four pulses, that is, the cylinder has effected four
      complete rotations. The same is also available of course for the tens
      decade and hundreds decade which pulses are read and decoded on the other
      two units.
PAR  The programmer 9 of the article type and size being produced, is
      substantially a cylinder revolutions programmer. In this unit, connecting
      means are provided allowing an operator to impose as many revolutions of
      the cylinder as desired before starting the next movement of the cam drum,
      whereby a desired length of tubular article between two characteristic
      points may be formed with operations controlled by the cam drum. The
      outputs 7B of the decoding unit 7 extend from the three decades 7A which
      count in units, tens and hundreds (in the case shown up to 999 revolutions
      of the cylinder) and are connected to pin connectors 9A and to the
      contacts of rotary switches 9B (only exemplary connector wires being
      shown). As shown in FIG. 2, the rotary switches 9B are divided into three
      groups, indicated by brackets C, G and P, each of which is adapted to
      count the number of revolutions during the knitting of the various fabric
      areas of the garment, such as the panty, the legs, and the feet of a
      pantyhose. Group C includes switches Cu of units and Cd of tens; group G
      includes switches Gu of units, Gd of tens, and Gc of hundreds; and group P
      includes switches Pu of units and Pd of tens. These rotary switches 9B
      provide manual control of the number of revolutions of the needle cylinder
      3 during which the advance of the cam drum is controlled during the
      knitting of the various portions of the garment. Pin connectors 9A receive
      one end of some pins which have the other end thereof connected to the
      inputs of selected coincidence circuits 14 in such a manner as to count
      the desired number of pulses for each characteristic point. For instance,
      if between the end of the fourth movement of the cam drum and the start of
      the fifth movement, the cylinder must effect fourteen revolutions, two
      pins which come out of the coincidence circuits associated to that time
      period, that is the fifth, will be inserted, one into the connector number
      four of the units connector block and the other into the connector number
      one of the tens connector block.
PAR  The programming disc 10 is a disc 10A formed of insulating or
      non-conductive material, on which are located two concentric rings 10B and
      10C of a conductive material. The ring 10B is continuous, while ring 10C
      has sectors being separated from one another and thus without electric
      continuity. The disc 10 is fixed, while wiping arm contacts 12A, which are
      electrically connected to each other, slide around the two rings 10B, 10C
      borne by the arm 12B which in turn is integrally connected to the cam drum
      and thus rotates therewith. In the continuous ring 10B, there is always
      impressed a fixed voltage, for instance 15 volts, while on the single
      sectors of the sector ring 10C, the applied voltage is zero. As contacts
      12A are moved from segment to segment 10C, by means of arm 12, the 15 volt
      voltage is lead thereto, and said voltage remains on this segment or
      sector during the period while the drum is stopped and also for the entire
      time during movement when a contact 12A is located on the prescribed
      contact. The drum movement is terminated when the contact 12A leaves the
      conductive portion of the segment 10C, that is, when the voltage on that
      sector returns to zero, because the wiping or sliding contact 12A, in its
      movement with the drum, leaves the prescribed segment and intersects the
      subsequent segment. Therefore, the number of segments of the ring 10C
      correspond to the number of movements which the cam drum must effect to
      form a garment, such as a pantyhose, and the segments have an angular
      length corresponding to the number of movements or kicks required by the
      cam drum for knitting the various portions of the pantyhose. Each fixed
      segment 10C of the ring is connected to the assembly 14 of the coincidence
      circuits by means of one of electrical conductors 10E.
PAR  The coincidence circuits 14 are substantially formed by a plurality of NAND
      gates denoted by element number 14A, and inputs to the gates arrive as
      signals in the form of outputs from the programmer 9, and outputs 10E from
      the segments 10C of the program disc 10. The coincidence of the inputs are
      designed to program the drum advances. These gate-circuits also correspond
      in number to the number of segments 10C of the programming disc 10. The
      NAND circuit (as it is known) is a logic circuit which has, as an output,
      a zero voltage only when all its inputs are for instance at the level of
      15 volts. On the other hand the output is at the level of 15 volts when
      the input from the segments 10C is at the level of 15 volts and when any
      one or more than one of its other inputs is at the zero level voltage.
      Thus, considering for instance, the operation of the NAND with relation to
      the fifth movement, one sees that only when the drum has accomplished the
      fourth movement and has remained in that position for the desired time (14
      revolutions in the above example), the output assumes the value of zero
      voltage, a value which electrically permits the next movement of the drum.
      In fact the three inputs of this gate are at the 15 volts level only when
      the input coming from the fifth sector (which is normally at zero volts)
      is at 15 volts (when the sliding contact has reached the fifth sector),
      and the input coming from both of the other two inputs is at 15 volts
      (when the cylinder has accomplished 14 revolutions). The outputs 14B of
      the gates 14A are joined to one another for sending the signal on to the
      control group 16.
PAR  All the outputs 14B of the coincidence circuits arrive at the control
      circuits 16 which advance the cam drum. These signals, with zero voltage
      are received and transformed as a pulse which acts on a suitable mechanism
      (See FIGS. 4-9) designed to advance the drum by selectively connecting the
      shaft 30 of the cam drum mechanically with the cylinder 3 through an
      appropriate reduction mechanism to utilize and reduce the rotational speed
      of the needle cylinder. This pulse must be given only when the cylinder is
      located in a pre-established and precise position relative to its
      rotation. In other words, a reference or zero mark of the cylinder must be
      located in the instant of connection to the cam drum in front of a fixed
      pointer of the machine. The control circuit 16 includes a bistable device
      16A which receives information from the coincidence circuits 14. Such
      information indicates that the revolution count has arrived at the
      predetermined figure for the prescribed segment with both a direct signal
      and a reversed signal by means of a logic inverter 16F. When the bistable
      device 16A receives the double signal, a signal is generated on one of its
      two outputs 16B, for instance a 15 volt voltage. This signal is only
      emitted when a synchronization signal, which has activated circuits 14,
      also arrives from line 26. The signal at the output 16B closes a switch
      which may be a transistor 16C, which in turn operates a relay 16E to
      activate a mechanical connecting member as described hereinafter, (for
      instance, a free wheel, an electromagnetic clutch, or directly an
      electromagnetic coupling or the like) which is directed into connecting
      relationship between the needle cylinder and the cam drum. The bistable
      device 16A remains in the signal received position, even if the signal in
      the meanwhile has been changed, until a zero setting signal arrives from
      line 28A at the bistable device from the unit 24. The same zero setting
      signal is transmitted through the line 28B at the end of the cam drum
      movement to clear the counter 5. The clearing is initiated when a signal
      from one of the gates of output 14B ceases as a result of contact 12A
      leaving the conductive portion of the segment previously contacted. The
      zero setting of the bistable device 16A causes disconnection of the
      mechanical connecting member between cylinder and drum and thus the cam
      drum is stopped.
PAR  Turning now to the speed programmer 18, one may observe the following. In
      the circular stocking machine, when the cam drum rotates, the array of the
      movable cams (latches or rods or the like) also moves, and the movable
      cams are brought into engagement with the needle or jack butts. These
      movements, besides being exact as to time, must also be made at a reduced
      speed of the cylinder in order to avoid violent impacts which could lead
      to consequent shearing of the needles or jack butts. For this purpose and
      as provided for in the present invention, while the cylinder is rotated at
      the maximum speed (depending on the knitting for the textile operation
      being performed) when the cam drum is stationary, it is rotated at a
      reduced speed during the time the cam drum is turning. There may also be
      provided a third speed, intermediate between the two aforesaid, during
      which time the cam drum is stationary but during which time it is
      necessary to operate the needle cylinder at a somewhat reduced speed.
PAR  In the speed programming unit 18, one may schedule the desired speed by
      inserting pins 18A into pin connectors 18B. Pins 18A are connected to
      another set of conductors leading from the segments of ring 10C of the
      program disc 10. Again the number of conductors is the same as the number
      of segments. The outputs from pin connectors 18B are connected to the
      circuits of the speed control unit 20. The pin connectors 18B and the pins
      18A are divided in two groups, each group corresponding to either the
      intermediate or maximum speed depending on the operation being carried on
      during its corresponding segment 10C.
PAR  In speed control unit 20, the speed programming is controlled for each
      operation since the minimum speed is required when all the cam drum
      movements take place, in order to induce the minimum speed, it is
      sufficient to exploit or use the zero voltage leading from the coincidence
      circuits outputs. This zero voltage is carried through the line 32 to a
      logic switch or inverter 34, which transforms the zero voltage signal into
      a signal, for instance, of 15 volts, which is capable of closing the
      switch 20F to induce the minimum speed. Moreover, when the zero voltage
      signal is present in line 32 it serves to prevent the insertion of the
      other two speeds, as it is also supplied to both AND gates 20A and 20B.
PAR  One of the other two speeds may be inserted only when the drum is still,
      that is, when all the outputs of the coincidence circuits are at the 15
      volts voltage and the associated signal arrives from the line 32 to the
      AND gates 20A and 20B. The two gates 20A and 20B form a logic AND circuit
      (that is a circuit which gives a 15 volts output only when all the inputs
      are at the 15 volts level) among all the outputs of the coincidence
      circuits (line 32) and any one of the segments 10C of the drum movement
      programming disc (through 18A and 18B) and one determines the speed to be
      kept in that point of the stocking, relating to a specific sector. Since
      there are two speeds (average and maximum), there are two AND circuits
      (indicated by 20A and 20B) which control with their outputs, first the
      switch 20C of the average speed and second the switch 20E of the maximum
      speed. All the outputs of the coincidence circuits and the lines coming
      from the segments 10C concerned with that speed are sent to the inputs of
      the two AND circuits. For instance, if the fourteen revolutions of the
      cylinder between the fourth and the fifth drum movement must be made at
      the maximum speed, the pin of the fifth sector will be arranged at the
      inputs of AND gate 20B, whose output controls the maximum speed.
PAR  The speed switching from maximum or average to minimum occurs with an
      advance of nearly one cylinder revolution. In fact, when from the unit 1
      the nth pulse arrives, to which an advance of the cams drum must
      correspond, the action of the counter on the units 9, 10, 14 and also on
      the gates 20A and 20B of the unit 20, causing the speed reduction, is
      determined. But the nth pulse on the line 26 does not yet find the
      bistable device 16A conditioned by the coincidence circuits outputs 14,
      this being due to delays caused by the several inertias of the units 5, 7,
      9 and also 14. Consequently only the (n + 1).sup.th pulse determines the
      generation of the signal by the bistable device 16A and thus the action of
      the switch or relay 16E or the like for the drum advancing. Therefore
      while the speed reducing begins on the n.sup.th pulse, the cam drum
      movement does not begin until the (n + 1).sup.th pulse.
PAR  Summarizing, the electronic counter 5, 7 counts the number of revolutions
      of the needle cylinder during the dwell periods of the cam drum, this
      corresponding to the period wherein the neutral loops in the conventional
      mechanical chain slide. When the counter reaches a preestablished value,
      previously imposed in the programmer 9 for that particular point of the
      stocking, a signal is generated from the coincidence circuits 14 to induce
      movement of the drum. A revolution before, by means of the line 32 and the
      members 20A, 20B, 34, a signal is generated to vary the motor speed, i.e.
      the machine, about a revolution before movement of the cam drum, is set at
      the speed at which the delivery has to be made, and on the subsequent
      revolution, the movement of the cam drum is made at the direction of
      control unit 16. This advance of the speed control is required because the
      motor does not instantaneously vary its speed and if the two controls, the
      speed variation control and the drum advance control, were simultaneous,
      one would have an excessive cylinder speed at the start of the cam drum
      movement. In the cam drum movement period (comparable to the high lugs of
      the conventional chain), the electronic counter remains locked or
      inactive, as the number of revolutions which the cylinder effects, is
      mechanically dependent on the length of the drum movement and thus this
      number of revolutions is known because it is set up previously and is
      obtained through the design of the length of segments 10C and the
      kinematic coupling between the cylinder and the drum. At the end of the
      delivery, the electronic counter is returned to zero by means of the zero
      setting unit 24, the new stage of the maximum or average speed begins, and
      a new count begins toward the new number of revolutions pre-set for that
      period. The interruptions between the segments 10C and the brushes 12A are
      pre-arranged to obtain the signal required at the unit 14 to cause the
      zero setting.
PAR  The equipment effects all the functions of the conventional chain, that is,
      it controls the drum deliveries, the motor speed variations, the beginning
      of the restriction zone, and the lengths of the several portions of the
      stocking, i.e. it functions and operates as a size-changer.
PAR  The system may be set to form a single stocking and stop the machine by
      positioning a switch 36 (see FIG. 2) of the chain operational mode on
      "Chain stop", or it may arranged for repetitive cycles by positioning the
      switch 36 on "normal".
PAR  Also the system is adaptable to form a stocking excluding the maximum
      speed, by providing a switch 37 under conditions of locating the control
      of 20B from the unit 20B to the unit 20C.
PAR  There is also provided an oscillator 38, connected by means of a pushbutton
      39 to automatically return the machine to zero. The oscillator 38 when
      activated forwards pulses at a frequency much higher than that of the
      cylinder. With this operation, the machine is run at the minimum speed and
      accomplishes all the deliveries consecutively until the drum is brought
      back to zero. After reaching this point, the machine is automatically
      stopped even if the button 39 is still pressed. When the machine is
      returned to zero, in order to start a new cycle, it is sufficient to
      release the pushbutton 39, if the chain operational mode switch 36 is on
      "normal", or, if the switch 36 is on "stop", the machine begins again by
      moving this switch, or effecting the last cam drum movement manually.
PAR  According to FIGS. 4 to 9, in a casing 41 of a stocking machine a support
      43 is designed to support, by means of bearing 45, a rotary body 47, whose
      outer end 47A is connected to a drive mechanism (not shown) kinematically
      coupled to the needle cylinder motion. This drive may be direct or may
      include a reduction system to reduce the number of revolutions of body 47
      per revolution of the cylinder. A gear 49 is integrally secured to rotary
      body 47 to provide a manual motion, for instance with a handwheel. An
      insulating disc 51 is also an integral part of rotary body 47 and includes
      suitable contacts designed to periodically operatively cooperate with a
      fixed contact 53. This arrangement represents a practical embodiment of
      the pulse generating unit indicated by 1 in the illustrations of FIGS. 1
      and 2. The unit 51, 53 may operate by direct contact, by induction, by
      magnetic or capacitive effect or in any other suitable way. The rotary
      member 47 presents, at the end opposite outer end 47A, a cup-shaped recess
      forming a cylindrical surface 47B designed to form one of the two surfaces
      of a free wheel coupling to kinematically connect the needle cylinder to
      the program cam drum. A shaft 55 extending upwardly from casing 41 forms a
      drive shaft for the actuation of the cam drum 56 (see FIG. 3), to which
      drum (for instance through the shaft 30) the arm 12B is fixedly secured.
      The shaft 55 is coupled by means of a pair of gears 59A, 59B to a shaft 61
      extending coaxial to the rotary member 47 and supported by a needle
      bearing in the interior of the member 47 on one side and by a bearing 63
      on the other side.
PAR  A tubular body 65 is fixedly secured to shaft 61 and extends axially into
      the interior of the cup-shaped recess defined by the surface 47B of the
      body 47. The portion of said body 65, extending into said recess has an
      exterior periphery formed with six flat surfaces 65A joined by six
      cylindrical portions (FIG. 9). The surface 65A of the body 65 represents
      the other of the two surfaces of the free wheel coupling to kinematically
      connect the needle cylinder to the cam drum.
PAR  Rollers 67 are interposed between the surfaces 47B and 65A through which
      the coupling and release of shafts 61, 55 are respectively effected. The
      rollers 67 are retained by a cage formed by arms 69A extending axially
      from an annular member 69. Member 69 is attached to but movable angularly
      with respect to the body 65 and is provided with a series of peripheral
      teeth 69B with a radial side and a continuous profile between the teeth. A
      second annular member 71 is the body 65, and fixedly secured to the rear
      of said member is adjacent the front annular member 69 and has a pin 73
      designed to penetrate into an arcuately elongated slot 69C in the front
      opposite surface of the annular member 69. In this way, it is possible to
      have a restricted angular movement of the cage and roller assembly or
      roller cage 69 with respect to the unit 71, 65, 61, which in turn form the
      driven member of the free wheel coupling and thus drive the cam drum 56.
      The member 71 additionally presents an annular race 71A, in which a
      helical spring 75 is partly accomodated. One of the ends of said spring is
      fixed to a pin 77 of the annular member 69 of the roller cage 69 while the
      opposite end of said spring 75 is fixed to a pin 79 extending outwardly in
      a radial direction from the race 71A of the member 71. The arrangement of
      the spring 75, the pin 73, and the elongated slot 69C are such that the
      spring 75 tends to move the roller cage in the direction which causes the
      wedging of the rollers 67 between the surfaces 47B and 65A. At the same
      time and as a result pin 71 bears against the bottom of the elongated slot
      69C (with a relative movement of the members 69 and 71 in a direction
      opposite the one to which they are angularly urged by the sping 75), to
      position the rollers 67 in an intermediate position of the flats of the
      outer surface 65A of the driven member 65, the free wheel coupling being
      thus unlocked.
PAR  The member 71 is further provided with an outer profile having recesses 71B
      which correspond in number, and approximately in position, to the radial
      sides of the teeth 69B of the member 69 of the rollers cage.
PAR  A support 81 is accommodated in the casing 41 and provides a radial guide
      (with respect to the axis of the members 47, 61) for a locking unit
      comprising a head 83 and a stem 83A, the latter carrying a packing 85 like
      a slidable piston in a cylindrical seat 87, to constitute a
      cylinder-piston system. When said cylinder is fed by compressed air from
      the input 89, the unit 83, 83A is radially urged towards the axis of the
      members 47, 61, while under the discharge conditions from the cylinder, a
      spring 91 radially returns said unit 83, 83A in the centripetal direction
      (downwards looking in the drawing). The head 83 has a stop 93 designed to
      cooperatively engage the radial shoulders of the teeth 69B in such a
      manner as to retain in a prescribed position the cage 69, 69A of the
      rollers 67. The head 83 also has a resilient latch 95, slidable in the
      head 83 and urged by a small spring 97 in such a manner as to project in
      the centripetal direction from the head 83 towards the outer profile of
      the member 71. Extended latch 95 cooperates with the banks of the recesses
      71B. The recesses 71B and correspondingly the active end of the latch 95
      are wedge-shaped in such a manner as to assure the centering of the member
      71 as well as to assure the stopping thereof. For this purpose the bank or
      side of each of the recesses 71B, which is rear with respect to the
      rotational motion direction indicated by the arrows f1, is higher than the
      front bank or side, both to form a positive stop for the latch 95 and to
      allow an eventual settling of the member 71 with a slight return movement
      with respect to the advance rotational direction.
PAR  During the operational stages of the machine, when the needle cylinder must
      rotate but not the cam drum, that is when and until the drive 65, 61, 55
      must be unlocked with respect to the drive member 47, 47A, the unit 83,
      83A is inserted to act on the teeth 69B and on the recesses 71B, in the
      manner shown in FIG. 9. Under these conditions, the kinematic chain formed
      by the members 65 (65A), 61, 59A, 59B, 55 is locked in a predetermined
      angular position. The stop 93 retains the annular member 69 of the rollers
      cage 69A in a pre-established position with respect to the member 71,
      wherein the rollers 67 are positioned approximately at the center of the
      peripheral flats 65A of the member 65, the member 69 pressing a side 69B
      on the stop 93 by effect of the spring 75. In order to obtain and maintain
      these conditions, air pressure is supplied to the ingress 89 for the
      centripetal advance of the head 83.
PAR  Upon a signal from a control pulse, coming in this particular case from the
      unit 16 to advance the drum, air is discharged from the cavity of the
      cylinder 87 and the spring 91 moves unit 83, 83A in the centrifugal
      direction. This causes the release of the members 69 and 71 from the unit
      83, 83A and the immediate coupling of the members 47 and 65 by effect of
      the return of the spring 75 in the same direction of the arrow f1
      indicating the rotation of the drive member 47, 47A. This in turn causes
      the wedging of the rollers 67 between the drive surface 47B and the driven
      surface 65A.
PAR  In order to interrupt the entraining of the output shaft 55 (that is of the
      cam drum), the unit 83, 83A is advanced again in the centripetal
      direction, whereby the stop 93 presses on the teeth of the member 69 and
      by cooperating with the side 69B locks the cage 69, 69A. By the
      centripetal advance of the unit 83, the latch 95 also contacts the outer
      profile of the member 71, said latch returning elastically until it is
      wedged in one of the recesses 71B. This also stops the inertia motion of
      the driven portion of the free wheel coupling. The higher bank of the
      recess 71B and the wedge contour of latch 95 serve to return the member
      71, should the latter be slightly advanced. The motion of the unit 83, 83A
      for the locking of the members 69 and 71 also causes the restricted
      reloading of the sping 75 for the extent this spring has been unloaded for
      the rollers wedging. The rollers return into the intermediate position of
      the flats 65A.
PAR  It is intended that the drawing only illustrates an embodiment given only
      as a practical demonstration of the invention, said invention being in
      conditions as to be varied in the forms and arrangements without however
      departing from the scope of the concept which informs the same invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system for circular stocking machines and the like of the type
      including a needle cylinder, a programming cam drum, and control means to
      modify the cylinder speed between a minimum and a maximum rate, said
      system including:
PA1  a. a counting means for counting needle cylinder revolutions and generating
      pulses responsive to a prescribed number of revolutions, said counting
      means including a zero setting means;
PA1  b. a programming unit receiving the pulses from said counting means and
      including programming means for transmitting output signals responsive to
      a prescribed number of pulses from said counter;
PA1  c. a rotating member integrally connected with said programming cam drum
      and including electrical contact means, and a fixed member including a
      plurality of conductive arcuate segments successively engageable by said
      electrical contact means of said rotating member, said arcuate segments
      having output lines operatively connected to said programming unit to
      indicate drum position to said programming unit, said segments
      corresponding in length to the relative length of movements of said cam
      drum between successive positions; and
PA1  d. an assembly of coincidence circuits, receiving the output signals from
      said programming unit and receiving the output signals from said arcuate
      segments, said coincidence circuits causing an output signal after a
      programmed number of revolutions for each stopping position of said cam
      drum have occurred, so as to initiate the advance of said cam drum and
      said rotating member.
NUM  2.
PAR  2. A control system according to claim 1, including a control unit for
      advancing said cam drum and wherein said coincidence circuits assembly
      includes a plurality of NAND logic gates with a first group of inputs
      connected to said arcuate segments and a second group of inputs connected
      to said programming unit output signals; the outputs of said NAND gates
      being operable to supply signals to said control unit for the cam drum
      advance, to said zero setting means, and to said needle cylinder speed
      control means.
NUM  3.
PAR  3. A control system according to claim 1, wherein said counting means
      includes revolution counters of the binary form, said counting means
      further including a decoding means for translating binary signals into
      decimal signals, wherein said programming means of said programming unit
      includes rotary switch contacts, and wherein said rotary switch contacts
      are operable to modify the dimensions of the article.
NUM  4.
PAR  4. A control system according to claim 1, and further including a speed
      control unit having electronic control means for initiating minimum speed
      and a locking gate means for initiating a higher speed, said electronic
      control means and said locking gate means being selectively activated
      responsive to signals from said coincidence circuits, and said electronic
      control means including a signal logic inverter which is operated by the
      annulling of a voltage.
NUM  5.
PAR  5. A control system according to claim 4 including means to move said
      needle cylinder with at least two speeds higher than the minimum one,
      wherein said locking gate means includes two locking AND gate means, each
      AND gate means operatively controlling one of said two higher speeds, and
      each of said AND gate means receiving selectively a signal from said
      coincidence circuit and a signal from selected ones of said arcuate
      segments of the contact means of said fixed member, whereupon the system
      is operated at either a maximum speed responsive to some preselected drum
      positions or an intermediate speed responsive to other drum positions or
      at the minimum speed during the advance of said cam drum.
NUM  6.
PAR  6. A control system according to claim 5, including a unit for controlling
      the advance of said cam drum, said unit including a bistable switch which
      generates a control signal when it receives both a signal from said
      coincidence circuits and also a synchronization pulse from said revolution
      counters, said zero setting means providing a signal to cease the drum
      advance in response to the movement of said rotating member into a
      non-conductive space between two of said arcuate segments, the inertia of
      said counter members, of said programming unit, of said coincidence
      circuits and of said bistable device being such that the synchronization
      pulse, which initiates the drum advance, is subsequent to the output
      signal from said coincidence circuits which reduces the needle cylinder to
      the minimum speed.
NUM  7.
PAR  7. A control system according to claim 1 wherein said electrical contact
      means on said rotating member includes a double brush wiping contact, and
      wherein said fixed member includes an endless annular metal track bearing
      voltage, said double brush wiping contact including one brush which
      contacts said endless track and a second brush which contacts said arcuate
      segments so that an electrical connection is formed between said endless
      track and successive ones of said arcuate segments.
NUM  8.
PAR  8. A control system according to claim 1 wherein said counting means
      includes a rotating member rotating in timed relationship with said needle
      cylinder, a contact carried by said rotating member, and a sensor
      supported adjacent said rotating member for transmitting an output signal
      upon passage of said contact carried by said rotating member.
NUM  9.
PAR  9. A control system for circular stocking machines of the type including a
      needle cylinder, a programming cam drum, and speed control means to adjust
      the cylinder speed, said system including
PA1  a. counting means operatively cooperating with said cylinder to count the
      rotations thereof and generate electrical pulses responsive thereto;
PA1  b. program means responsive to a prescribed number of pulses from said
      counting means for generating output signals, said program means being
      selectively variable to be responsive to a selected number of pulses from
      said counting means to generate output signals;
PA1  c. cam drum position indicating means for generating output signals
      responsive to said prescribed drum positions;
PA1  d. electronic gate means receiving output signals from said cam drum
      position indicating means and said program means and delivering output
      signals responsive to prescribed conditions;
PA1  e. cam drum control means receiving signals from said gate means and
      initiating the advance of said cam drum; and
PA1  f. electronic speed programming means operatively connected to said speed
      control means for reducing said cylinder speed to a minimum during the
      advance of said cam drum.
NUM  10.
PAR  10. A control system according to claim 9 wherein said electronic speed
      programming means of said speed control means is operatively connected to
      said cam drum position indicating means and includes first and second
      circuits, said first circuit being connected to some of said output
      signals generated by said cam drum positioning means and said second
      circuit being connected to other of said output signals generated by said
      cam drum positioning means, wherey said needle cylinder is run at one
      speed during certain selected drum positions and at another speed during
      other selected drum positions.
NUM  11.
PAR  11. The control system according to claim 9 wherein said cylinder rotation
      counting means includes a pulse generator which generates an electrical
      pulse for each rotation, a counter which counts and stores the pulses as
      binary data, and a decoder which translates the binary data into decimal
      data and delivers it to said program means.
NUM  12.
PAR  12. The control system according to claim 9 wherein said program means
      includes pin connectors and rotary switches selectively connected to said
      electronic gate means.
NUM  13.
PAR  13. The control system according to claim 9 wherein said electronic gate
      means include a plurality of NAND logic gates, the number of gates
      corresponding to the number of drum positions, each logic gate being
      operable to transmit a signal to said cam drum control means upon receipt
      of a first signal from said cam drum position indicating means that the
      drum is in the position corresponding to the selected gate and a second
      signal from said program means that the cylinder has completed a
      prescribed number of revolutions.
NUM  14.
PAR  14. The control system according to claim 13 wherein said cam drum position
      indicating means comprises a stationary disc formed of a non-conductive
      material having two concentric annular tracks of conductive material
      secured thereto, one of said annular tracks being continuous and the other
      segmented, said segmented track comprising a plurality of arcuate segments
      having spaces therebetween, each arcuate segment being connected to one of
      said logic gates and said continuous track having a voltage impressed
      thereon, and a rotary arm rotated synchronously with said cam drum, said
      rotary arm including a pair of brush members electrically connected to
      each other, one of said brush members engaging said continuous annular
      track during rotation of said rotary arm and the other brush member
      sequentially engaging said arcuate segments during rotation of said rotary
      arm, whereby as said rotary arm rotates said voltage is transferred from
      said continuous annular track to successive ones of said arcuate segments
      with a period of no voltage transfer between arcuate segments, said
      transferred voltage being passed on to the corresponding NAND gate to
      indicate drum position.
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ABST
PAL  The apparatus for dyeing textiles, including the dyeing of synthetic or
      partially synthetic textiles with disperse dyes, wherein a dye mixture is
      applied to the textile and subsequently maintained in a gelled but
      unfrozen condition during drying to prevent migration of the dye.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of my copending patent application Ser. No.
      363,985, filed May 25, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known to those versed in the dyeing arts, the dyeing of
      synthetic fabrics, say 100% polyester, by continuous dyeing procedures has
      heretofore been subject to problems, including that of migration, as when
      the hydrophobic materials' resist adsorption and absorption, so that the
      dye migrates, as due to gravity, surface tension phenomenon, or other,
      carrying solids and depositing unevenly to result in uneven colors when
      the dyestuff is fixed. While it has been attempted to avoid migration and
      resultant uneven dyeing by the use of thickeners in the dye stuff mixture,
      this has not been found satisfactory, as the amount of thickener may be
      quite critical and extremely hard to control to obtain desired dyestuff
      penetration of the fibers and wetting of the fabric. Therefore, it has, in
      the past, been required to batch-dye certain fabrics, such as 100%
      polyester in order to obtain desirable results, which substantially
      increases costs in labor, overhead and inventory.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an important object of the present invention to provide a
      textile dyeing apparatus of the type described which overcomes the
      above-mentioned difficulties, assures uniformity of dyeing even of 100%
      synthetic fabrics, and enables the dyeing procedure to be continuous and
      rapid to effect substantial economies in production.
PAR  It is a more particular object of the present invention to provide a
      textile dyeing apparatus wherein a mixture of disperse dye may be applied
      to a synthetic textile, say 100% polyester, achieving necessary fabric
      wetting, and may be dried without migration for fixation with highly
      satisfactory color and uniformity, all at substantial savings in cost over
      heretofore necessary batch procedures.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings,
      which form a material part of this disclosure.
PAR  The invention accordingly consists in the features of construction, and
      combinations and arrangements of parts, which will be exemplified in the
      following description, and of which the scope will be indicated by the
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow diagram illustrating the apparatus of the
      present invention.
PAR  FIG. 2 is a transverse sectional view of fabric at an intermediate stage of
      dyeing in accordance with the teachings of the instant invention, say just
      prior to fixation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now more particularly to the drawings, and specifically to FIG. 1
      thereof, the apparatus illustrated therein includes a textile supply or
      let-off station 10, such as a pedestal type support 11 for a coil or roll
      12 of textile material 13. While the textile may be any desired fabric,
      such as knit or woven, natural or synthetic, the dye problems discussed
      hereinbefore are most severe with 100% synthetic fabric, such as
      polyester, and for purposes of illustration the fabric 13 may be
      ocnsidered as 100% polyester.
PAR  From the let-off station 10, the textile web 13 proceeds downstream, as in
      the direction of arrow 14, to a padding station or machine 15. The pad or
      padding station 15 may apply a dye stuff mixture to the textile web 13, as
      by immersion in a trough 16 containing the mixture 17, and subsequent
      squeezing between the rollers 18, to remove excess mixture. Of course, the
      dyestuff mixture may be applied by other suitable means, as desired.
PAR  The web, as at 13a passes downstream from the pad 15 to a cooling station
      20, at which the continuously moving web is cooled to a desired
      temperature. The cooling station 20 may include cool air blowing means,
      chilled rollers, or other suitable cooling means controlled to maintain a
      desired temperature of the textile web with the dyestuff mixture 17 having
      been applied to the web.
PAR  Continuing downstream from the cooling station 20, the cooled web 13b
      enters a dryer or drying station generally designated 25. The dryer or
      drying station may include a longitudinally extending cabinet, chamber or
      enclosure 26 having an upstream web inlet opening 27, and a downstream web
      outlet opening 28. Suitable web conveyor means, such as a festoon type web
      conveyor 30 may be located in the cabinet 26 for conveying the textile
      through the cabinet. Interiorly of the cabinet may be dividers or
      partitions as at 31 and 32 subdividing the space within the chamber 26
      into a plurality of regions or compartments 33, 34 and 35, located
      longitudinally along the path of web movement. While there have been shown
      a series of three regions or compartments 33, 34 and 35 interiorly of the
      chamber 26, there may be more or less compartments, as desired, and the
      invention may be practiced without compartmentalization, if preferred.
      Associated with the drying station 25 and its cabinet or chamber 26 are
      suitable environmental controls, as at 40, including means for controlling
      temperature, humidity and air movement within the cabinet 26, and more
      specifically, separately controlling the temperature, humidity and air
      movement within compartments 33, 34 and 35, as by suitable connection
      means 41, 42 and 43. Thus, as will appear more fully hereinafter, the web
      13c passes longitudinally downstream through the drying station 25, exits
      therefrom in relatively dry condition, as at 13d, for entry to a fixation
      station 45. The fixation station 45 may be an oven or enclosure 46
      defining an internal space or heating chamber 47 having an inlet opening
      48 and an outlet opening 49. Suitable web conveyor means 50, such as the
      festoon type, or otherwise as desired, may be located in the fixation
      chamber or oven 47 for passing therethrough the textile web 13e. The
      environmental controls 40 may be suitably connected, as at 44 to the
      fixation station 45.
PAR  Upon completion of the dyeing reaction the web leaves the fixation station
      45, as at 13f and passes to a mixture removal or washing station 51. At
      the mixture removal station 51, the mixture of dyestuff 17 remaining in
      the web 13f is removed or washed away, the washed web 13g is then coiled
      or wound up at a wind-up station 52, as on a coil or roll 53.
PAR  In practice, the mixture 17 may be prepared with the inclusion of disperse
      dye, a solvent therefor, and gelatin, or an elastic reversible
      hydrocoiloid of gelatin-like characteristics. Hereinafter the terminology
      gel and gelatin is used in its broad sense of a substance likened to
      gelatin. In practice, it has been found satisfactory to include in the
      mixture 2% dyestuff, 1/2% anionic surface tension agent, 1% acetic acid,
      1% gelatin, and the balance water. This mixture may be maintained in the
      bath of pad 15 at about 120.degree.F to assure saturation of the fabric.
      After application of the mixture 17 to the textile, the squeezing rolls 18
      may remove excess mixture and the web with remaining mixture is passed to
      the cooling station 20. The web 13a may be cooled sufficiently to gel the
      gelatin of the applied mixture, say to 50.degree.F in this example. Rapid
      cooling to below the gelation temperature assures uniform liquid covering
      of the fabric.
PAR  While gelatin may be a preferred gel, other gels could be used, such a
      Algin, the rigidity of the gel being limiting as tending to damage textile
      fibers. In practice, it has been found that between 0.5% and 5% gelatin
      concentrations may be used which, of course, varies the gelation
      temperature. The particular gelatin of the instant example has a
      transition or gelation temperature of about 64.degree.F at 3.4%
      concentration and 55.degree.F at 1.5% concentration. Upon gelation, the
      dyebath water or solvent does not change state, but is merely trapped in
      the gel. Therefore, upon gelling it is not necessary to remove large
      quantities of heat of fusion, but mainly only sensible heat is removed.
      Also when subsequently drying it is not necessary to add heat of melting
      or dispersion.
PAR  In the drying station 25, the gelled dye mixture on the web 13c is
      constantly maintained at a wet bulb temperature or dew point just slightly
      below the gelation temperature, and drying or removal of water solvent
      occurs primarily by air movement, which conditions are suitably maintained
      by the controls 40. As drying progresses downstream along the path of web
      movement interiorly of the drying station 25, as between successive
      compartments 33, 34 and 35, the gel concentration increases, and, thereby,
      the dispersion or melting temperature of the dye mixture increases. Thus,
      as the web 13c moves downstream in the drying station 25, the controlled
      wet bulb temperature of the dryer atmosphere may increase without melting
      or liquifying of the gel, the increasing wet bulb temperature remaining
      slightly below the gelation temperature, so that migration is effectively
      prevented. Further, as the wet bulb temperature, together with the dry
      bulb temperature, increases downstream within the drying station 25, the
      drying rate increases to effectively reduce the necessary length of the
      drying station. Thus, the successive downstream compartments 33, 34 and 35
      may be separately maintained at different, increasing wet bulb
      temperatures as through connections 41, 42 and 43, respectively.
PAR  At the dryer outlet 28, conditions may be the same as those for
      conventional drying processes. However, by the use of gelatin it is
      possible to effect initial drying of the outside of the gel coating to
      form a relatively dry, tough, rubbery outer skin, while the moisture
      gradient increases inwardly. That is, the surface water evaporates first
      so that a dispersion point difference exists between the outside and
      inside of the partially dried coating. This may be the condition of web
      region 13d, so that the dryer station may be smaller and less expensive,
      doing less evaporative work and consuming less fuel.
PAR  In FIG. 2 is shown a cross-sectional configuration including yarn fibers,
      as at 60, an outer relatively dry gelatin skin 61, and an inner dispersed
      liquid central region 62. By sufficiently developing the outer skin 61
      before center dispersion, the partially dried web can be subjected to
      thermal fixation in the oven 45 and contain the pressure developed, say at
      least 100 pounds per square inch gauge, without drying out.
PAR  Following fixation, say in a steam atmosphere at station 45 to exclude
      oxygen, the web exits, as at 13f and then passes to a washing station 51.
      Washing or dissolution of the coating and removal from the web occurs at
      station 51, and it appears that the washing of web samples having the skin
      61, as in FIG. 2, is quicker and easier, as less time is required to
      dissolve the lesser amount of dried gelatin.
PAR  From the washing station 51, the web may be wound or coiled, as upon roll
      53.
PAR  In addition to the foregoing, it is noted that when the subject method and
      apparatus are employed in conjunction with knit and textured woven
      fabrics, the desirable characteristics of soft-hand, flexibility and
      stretch are more effectively maintained, while the conveying problems
      caused by such characteristics are minimized or eliminated. For example,
      as little as 1% gelatin in the dyebath and cooling of the wet-out fabric
      to 50.degree.F sufficiently stiffens most knits to prevent edge curl and
      tension-produced wrinkles. The stitch is sufficiently locked and the
      fabric stable enough to be conveyed on a roll conveyor. Also, the gelled
      wet fabric will not pick off on the rolls, which may be water cooled, and
      cleaning is minimized.
PAR  While the instant invention has been discussed in connection with polyester
      fabrics, it is understood that the method is capable of utilization with
      other fabrics. For example, in application to acrylics with basic or
      cationic dyes, wherein it is thought necessary to have a great deal of
      water present to complete the dye reaction, it is believed that the
      instant gelatin system and control of interior dispersed liquid can
      duplicate, by continuous operation, the results obtained in the past by
      batch pressurized systems. If preferred the operation may not be
      continuous but may be interrupted at a desired station or location. It is
      further appreciated that the instant invention is equally advantageous in
      single or multi-color printing to prevent the undesired transfer or
      migration of dye. Also the term dyeing is used herein to broadly include
      pattern dyeing or printing.
PAR  From the foregoing, it is seen that the present invention provides a dyeing
      apparatus for textiles which permits of continuous operation upon
      synthetic and partially synthetic fabrics to achieve results heretofore
      possible only by batch procedures, to effect substantial reduction in
      initial and continuing costs, and which otherwise fully accomplishes its
      intended objects.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Textile dyeing apparatus comprising: means for applying to textiles a
      mixture of dye, gelatin and solvent; cooling means for cooling the applied
      mixture to a temperature between the gelatin gelation temperature and the
      solvent freezing temperature; drying means for removing solvent and
      gradually raising the gelatin concentration; environmental control means
      for gradually raising the temperature of the applied mixture during
      solvent removal and maintaining the web bulb temperature below the
      gelation temperature; and fixation means for completing the dye reaction.
NUM  2.
PAR  2. Textile dyeing apparatus according to claim 1, in combination with
      conveying means for continuously moving textiles through said applying
      means, cooling means, drying means, control means and fixation means.
NUM  3.
PAR  3. Textile dyeing apparatus according to claim 1, said drying means
      comprising a chamber having a textile inlet and a textile outlet; and
      environmental control means for controlling temperature, humidity and air
      movement in said chamber.
NUM  4.
PAR  4. Textile dyeing apparatus according to claim 3, said chamber including a
      plurality of separate compartments located sequentially along the path of
      textile movement between said inlet and outlet; and said control means
      being operatively connected to respective compartments to differently
      control the same.
NUM  5.
PAR  5. Textile dyeing apparatus according to claim 1, in combination with
      washing means downstream of said fixation means for washing the textile
      after fixation to remove the remaining mixture.
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PAL  A tub for a washing and spin-drying machine having a horizontal spin axis.
      The flanks of the tub are attached to a cylindrical part by a conical
      portion; the cross-section of the tub in a plane through the spin axis is
      rectangular with flattended corners.
BSUM
PAR  The invention relates to a tub for a washing machine, and more particularly
      to a washing machine having a drum with a horizontal shaft, a tub
      resiliently attached to a chassis of the machine and consists of a
      cylindrical part and two flanks, the edges of said flanks being fixed to
      the edges of the cylindrical part.
PAR  From French Patent Specification 1,212,447 a washing machine is known
      having a drum with an inclined shaft and an agitator. The tub consists of
      a cylindrical part which at each side is provided with a frustum of a
      cone. The frustum of a cone which forms the rear of the tub carries the
      drive shaft of the basket and the agitator, while that which forms the
      front part is open towards the inclined front side of the machine,
      constituting the loading opening. The inclination of the shaft relative to
      the horizontal axis is of the order of 35.degree., the dimensions of the
      bottom which has the shape of a truncated cone are such that the water
      level can be higher than the agitator, yet remain below the opening which
      provides access.
PAR  The shape of the drum which dictates that of the tub is such, according to
      the inventor, that it allows an effective and economical washing process
      owing to the fact that the laundry is moved longitudinally, being moved
      upwards along the drum, and that it subsequently drops back vertically in
      a direction which is such that it is taken along towards the agitator. The
      same movement can be obtained by means of a drum having a horizontal shaft
      provided with helical blades which are oblique relative to the shaft.
PAR  Apparently, the shape of the drum and of the tub are dictated only by
      technical requirements as a result of the location of the loading door at
      an oblique panel at the front of the machine and of the use of an agitator
      in the back of the tub. In order to ensure that the agitator continuously
      provides an effective action, it is necessary that it be permanently
      immersed and that it can produce currents in the water.
PAR  The first requirement is met by disposing the agitator below the level of
      the water which reaches almost up to the loading opening, and the second
      by providing a conical back whose diameter corresponds to that of the
      agitator. The function and the object of the conicalness of the tub are
      respectively to produce water currents which move the laundry and to
      obtain a better washing efficiency.
PAR  The tub according to the invention has a shape which resembles that
      described in the previously cited Specification. For connecting the
      substantially cylindrical part to the flanks at either side of said part,
      it is provided with a conical part. The conical shape serves no other
      purpose than to provide a peripheral zone of small width relative to the
      dimensions of the flanks. The shape of the tub has a function and a
      purpose which differ from those aimed at in the prior art, and which will
      be defined hereinafter.
PAR  The tub, in which is mounted a drum movable about a shaft mounted in
      bearings supported by the tub, is held in position by spring and damping
      devices. said devices serve to limit the movements and the vibrations of
      the tub when the drum which contains the load of laundry rotates during
      washing or spin-drying. The movements of the tub cannot completely be
      eliminated because the load of the drum presents an unbalance during
      rotation in the spin-drying mode. A solution might be to substantially
      increase the mass of the tub by means of additional weights, but this
      cannot be considered for several reasons. In order to avoid that the tub
      hits the walls of the machine and causes damage to the housing and to the
      equipments attached thereto, two steps are generally taken between the
      wall of the tub and the housing a comparatively wide clearance is left; a
      contactor device is provided which stops the rotation of the drum at
      spin-drying speed when the amplitude of the movement of tub reaches a
      previously determined value, and restarts it at washing speed and with
      subsequent increase to spin drying speed, or switches the machine back to
      spin drying speed after a certain time. The movements which are most
      difficult to damp are those which are produced in vertical planes parallel
      to the axis of rotation of the drum, that is, due to angular motion of the
      drum axis in a vertical plane. Said displacements are produced when the
      mass causing the unbalance collects at an edge of the drum, and in this
      case the suspension and the shockabsorbers provided for damping movements
      which are preferably disposed in vertical planes perpendicular to the axis
      of rotation are relatively ineffective. If the distance between the sides
      of the tub and the housing is not sufficient, the corners of the tub will
      hit the walls.
PAR  It is an object of the invention to provide a tub which does not have that
      drawback and which consequently allows a smaller distance between the
      flanks of the tub and the walls of the housing.
PAR  The washing-machine tub, particularly adapted to a washing machine having a
      drum with a horizontal shaft, the tub being resiliently attached to the
      chassis of the machine, consists of a cylindrical part and two flanks,
      said flanks being fixed by their edges to the edges of the cylindrical
      part, a plane defined by at least one of the flanks and a plane which is
      determined by the connection of the flank with the cylindrical part being
      different, the plane of the flank being outermost relative to the center
      of the tub, the projection of the contour of the flank in its plane onto a
      plane determined by the connection of the flank with the cylindrical part
      being disposed inside the contour of said connection of the flank with the
      cylindrical part. At least one of the flanks substantially has the shape
      of a truncated cone; the free edge of the flank, which corresponds to the
      large base of the frustum of the cone, being fixed to the cylindrical
      part, the central zone of the flank accommodating the drum bearings.
PAR  The device which secures the flanks to the cylindrical part is disposed in
      a plane which is parallel to the previously defined planes between them
      and nearest to the plane defined by the connection of the flank with the
      cylindrical part.
PAR  The drum for the tub of a washing machine described previously, which
      comprises a perforated cylindrical part and two circular flanks in the
      centres of which the drive shafts are disposed, is characterized in that
      the plane defined by at least one of the flanks and the plane defined by
      the connection of the flank with the cylindrical part are not the same,
      the plane of the flank being the outermost relative to the median plane of
      the tub; the projection of the contour of the flank in its plane onto the
      plane defined by the connection of the flank with the cylindrical part is
      disposed inside the contour of said connection of the flank with the
      cylindrical part.
PAR  The flanks of said drum have the shape of truncated cones, the connections
      between the cylindrical part and the flanks being made in the plane of the
      base of the frustum of the cone, the angle which the conical part of each
      of the flanks of the drum makes with the plane of the flank being at least
      equal to that of the conical part of each of the flanks of the tub, that
      is, the included angle of the conical part of the drum is less than or
      equal to that of the tub.
PAR  A loading funnel is fixed over an opening at the top of the tub, the
      dimensions of said funnel being such that it is not likely to come into
      contact with the housing walls when the lower conical part of the tub
      comes near a housing wall as a result of displacements owing to unbalance.
DRWD
PAR  The following descriptions and drawings are given by way of example in
      order that the invention be more fully understood.
PAR  FIG. 1 is a front elevation cross-section view of a washing machine
      equipped with a tub and a drum according to the invention.
PAR  FIG. 2 is a left side view of the tub.
PAR  FIG. 1 shows a cross-section of a washing machine which comprises a chassis
      1 to which legs 2 are secured which support the tub 3 in which the drum 4
      with a horizontal shaft is located. Around its cylindrical part the drum 4
      is provided with baffles 5 and a loading door 6. The top of the tub 3 has
      an opening adapted to a funnel 7 which is closed by a door 8, which door
      allows loading and unloading the machine. The funnel 7 consists of a part
      with a rectangular horizontal cross-section, obtained by molding from a
      thermoplastic material. The part which is fixed over the opening of the
      tub follows the cylindrical shape of the tub, a seal being interposed
      between the two. The flanks of the tub accommodate bearings 9 which allow
      the drum 4 to be rotated and driven by a pulley 10 which is driven by a
      motor 11 via a belt 12.
PAR  Water heating resistances 13 are provided at the lower part of the tub.
PAR  The assembly of tub and suspension legs is accommodated in a housing 14
      which is closed at the top by a door 15. A console 16 comprises the
      elements required for starting and controlling the washing operations
      which can be performed by the machine.
PAR  A plane defined by an outer planar portion of one flank of the tub, for
      example the flank 17 of FIG. 1, a front view of which is shown in FIG. 2,
      and the plane defined by the connection 18 of the flank 17 with the
      cylindrical part 19 are not the same. The projection of the contour of the
      outer edge 20 of the planar portion of the flank, onto a plane defined by
      the connection 18 of the flank 17 with the cylindrical part 19, is
      disposed inside the contour of the connection 18. This is evident from
      FIG. 2 where the circle 20 is concentric with and located inside the
      circle 18 which represents the connection of the flank 17 with the
      cylindrical part 19 of the tub.
PAR  In an embodiment of the tub, the flanks 17 and 21 substantially have each
      the shape of a truncated cone having a small base 173, 213 and a conical
      surface portion 175, 215, modified to have a depressed central zone 171,
      211 of the small base of the cone, as hereinafter described. The edge of
      the flank which corresponds to the large base of the frustum of the cone
      is fixed to the cylindrical part 19 in accordance with the lines 18 and 22
      (the fixing device 22 in FIG. 1 representing the connection line 22), the
      central zones of the flanks accommodating the bearings 9 of the drum.
PAR  The fixing devices 22 and 23 (FIG. 1), which make the connections between
      the flanks and cylindrical part, are located between, and designed so that
      they do not extend beyond, the planes which are defined by the planar
      portions 213, 173 of the flanks 21 and 17 bounded for example by the edge
      20, which form the small bases of the frustums of the cones. Said fixing
      devices, which are known per se, exist in two types. The fixing device 22
      is obtained by welding the two small flanges provided at the free edge of
      the flank and the cylindrical part of the tub. The fixing device 23 is an
      example of sealing by crimping, the edges of the flank and the cylindrical
      part which cooperate are formed so as to accommodate a seal and a crimping
      channel.
PAR  The conical surface portions 175, 215 which are disposed between the
      plannar portions 173, 213 of the flanks 17 and 21 and the cylindrical part
      4 must have a sufficient width in order to ensure that the arrangement is
      really effective during displacements of the tub as a result of the
      unbalance of the load of laundry in the drum. Said width is determined by
      experiment and depends on the distance of the flanks of the tub to the
      housing, and on the shock-absorbers on which it rests.
PAR  In order to provide as large a drum volume as possible, it is necessary to
      design a drum which is adapted to the shape of the truncated cone of the
      tub surfaces, while it is equally necessary that the drum like the tub has
      such a shape that the plane defined by a plannar portion 243 at least one
      of the flanks, for example 24 (FIG. 1), and the plane defined by the
      connection 25 of the flank with the cylindrical part of the drum 4, are
      not the same; the plane of the portion 243 of the flank 24 is outermost
      relative to the center of the tub. The projection of the contour 26 of the
      outer edge of the planar portion 243 of the flank 24 onto the plane
      defined by the connection 25 of the flank with the cylindrical part of the
      drum 4, is located inside the contour of said connection 25 of the flank
      with the cylindrical part of the drum 4, in the same manner as is shown in
      FIG. 2 with regard to the tub.
PAR  In an embodiment which is adapted to the embodiment of the tub previously
      described the flanks 24 and 27 of the drum have the shape of a truncated
      cone, the connection between the cylindrical part of the drum 4 and the
      flanks being established along the base of the frustum of the cone, the
      angle which the conical parts of the flanks of the drum make with the
      plane of the flank being at least equal to that of the conical parts of
      the flanks of the tub.
PAR  FIG. 1 shows an example in which the angle of the conical part of the drum
      relative to the plannar portion is greater than that of the conical part
      of the tub. Said angle depends on the method of fixation of the flanks to
      the cylindrical part of the drum. In the present case, the flanks are
      fixed by crimping along a projecting edge; it is therefore necessary that
      said projecting edge cannot contact the walls of the tub and consequently
      that the angle of the conical parts of the flanks is greater than that of
      the flanks of the tub. If no projecting edge is required for fixation, the
      angle of the flanks of the drum may be equal to that of the flanks of the
      tub.
PAR  The embodiment of the tub shown in FIGS. 1 and 2 comprises two flanks each
      having a conical part of the same conicalness but it is equally possible
      to have a tub which has only one conical flank or a tub having flanks of
      different conicalness.
PAR  In FIG. 1 it is evident that such an embodiment allows movements of the tub
      in the plane of the drawing of greater amplitude than would be permissible
      with a conventional tub of which the plane of connection of the flanks
      with the cylindrical part of the tub would be the same or even, which is
      frequently the case, of which the connection of the flanks to the tub is
      made in a plane disposed in front of the plane of the flanks in accordance
      with a crimping or welding flange.
PAR  The embodiment described particularly applies to a top-loading machine, but
      it is equally possible to use the invention in a machine of the
      front-loading type.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laundry washing and spin-drying machine having a high ratio of drum
      volume to housing width, comprising a housing, a tub, means for
      resiliently mounting said tub within said housing, a drum mounted within
      said tub for rotation about a horizontal axis, means for driving said drum
      at agitating speed for washing and at high speed for spin-drying, and
      means for obtaining access to the interior of the drum to insert and
      remove laundry, said tub comprising:
PA1  a cylindrical part having two end edges; two flanks, each of said flanks
      comprising a truncated conical surface extending outward, said truncated
      surface having a large base edge and a small base edge, said base edges
      lying in parallel planes, the large base edge of each flank adjoining a
      respective end edge of the cylindrical part, each flank further comprising
      a substantially planar surface having an outer edge fixed to said small
      base edge; and means for fixing each large base edge to the respective end
      edge, said fixing means being entirely located inwardly of the plane in
      which said small base edge lies,
PA1  whereby said fixing means has adequate clearance from said housing despite
      angular movements of said axis due to laundry unbalance during
      spin-drying.
NUM  2.
PAR  2. A machine as claimed in claim 1, wherein said fixing means lies in a
      plane parallel to the planes in which said large and small bases lie,
      closer to the large base.
NUM  3.
PAR  3. A machine as claimed in claim 2, wherein said drum is mounted in
      bearings fitted in a dished central portion of each flank, and said
      substantially planar surface is an annular surface having an inner surface
      connected to said dish central portion.
NUM  4.
PAR  4. A machine as claimed in claim 3, wherein said drum is concentric within
      said tub, and comprises a cylindrical part and two flanks having a
      configuration corresponding to those of the tub, each drum flank being
      adjacent a respective tub flank, said drum flanks each comprising a
      truncated conical surface extending outward, said drum flank truncated
      surface having a large base edge and a small base edge, said drum base
      edges lying in parallel planes, the large base edge of each drum flank
      adjoining a respective end edge of the cylindrical part, each drum flank
      further comprising a substantially planar surface having an outer edge
      fixed to said small drum flank base edge; and means for fixing each large
      drum base edge to the respective drum end edge, said fixing means being
      entirely located inwardly of the plane in which said drum small base edge
      lies, each tub and drum flank conical surface having an included angle,
      the included angle of each drum conical part being at least as small as
      the included angle of the corresponding conical part of the respective tub
      flank, whereby said drum has a volume which is maximized in comparison
      with that of the tub.
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ABST
PAL  A bracket comprising fixed and hinged elements adapted to be secured to a
      support such as the dashboard of an automobile for preventing unauthorized
      removal of an article, such as a radio, tape deck or the like which is
      attached to the support, the hinged elements being adapted for locking
      together in closed position, as by a padlock, in which position detachment
      of the article from the support is prevented. The elements may be
      assembled to receive articles of varying sizes and shapes.
BSUM
PAR  This invention relates to a protective bracket and more particularly to a
      bracket for preventing the removal of an article from a support to which
      it is mounted.
PAR  Certain accessories, such as radio sets and tape decks or other accessories
      are normally mounted beneath the dashboard of an automobile by means of a
      hanger which is screwed to the inwardly extending skirt below the
      insrument panel. Supplementary attachments may also be provided but the
      securement is frequently such that theft of the article can be effected
      quite readily by the use of simple tools, and such thefts are a major
      problem. A similar situation exists in regard to automobile batteries
      which may merely rest in a support where they are held by easily
      releasable wing nuts.
PAR  The protective bracket according to the invention comprises fixed and
      hinged elements, the fixed elements being designed for attachment in
      properly adjusted positions to a metal surface such as the dashboard of an
      automobile, while the hinged elements are adapted for engagement with ends
      of the first elements, for folding around an article to be retained and
      for locking together in closed position, as by a padlock. The arrangement
      of the parts is such that all the screws attaching the article and/or the
      bracket to the support are in positions such that they cannot be unscrewed
      when the bracket is locked in closed position.
PAR  It is an object of the present invention to provide a protective bracket
      which can be screwed into position adjacent a supporting surface and in
      which the article to be supported is held in a manner to prevent theft,
      except by the exercise of destructive force.
PAR  It is a further object to provide such a bracket, the component parts of
      which can be adjusted and assembled to hold articles varying substantially
      in size and shape.
PAR  It is another object to provide a mounting bracket which holds securely an
      article in a case, without damage to or alteration of the case.
PAR  It is a still further object to provide certain improvements in the form,
      construction and arrangement of the several parts by which the above named
      and other objects may effectively be attained.
PAR  The invention accordingly comprises an article of manufacture possessing
      the features, properties, and the relation of elements which will be
      exemplified in the article hereinafter described, and the scope of the
      invention will be indicated in the claims.
DRWD
PAR  Practical embodiments of the invention are shown in the accompanying
      drawings, wherein:
PAR  FIG. 1 represents a front elevation, parts being in vertical section,
      showing the mounting bracket in use to hold a radio, the open position of
      one hinged element being shown in broken lines;
PAR  FIG. 2 is an isometric projection of the bracket alone, in closed position;
PAR  FIG. 3 represents a detail front elevation of a first modified form of the
      bracket, parts being broken away and the open position being shown in
      broken lines;
PAR  FIG. 4 represents an end elevation of the bracket shown in FIG. 3, viewed
      from the left of said figure;
PAR  FIG. 5 represents a detail front elevation of a second modified form of the
      bracket, parts being broken away and the open position being shown in
      broken lines, and
PAR  FIG. 6 represents an end elevation of the bracket shown in FIG. 5, viewed
      from the left of said figure.
DETD
PAR  Referring to the drawings, a support such as the skirt beneath the
      instrument panel of an automobile is shown in section at 10. The article
      to be mounted thereon is represented as a radio R having a box-like case
      11 and an elongated hanger 12, the downturned ends 13 of which are
      traversed by the mounting screws 14 which have flat knurled heads 15, the
      features just described being conventional, and the screws 14 being
      releasable mounting devices.
PAR  The bracket for preventing removal of the radio from its support comprises
      the upper elements 16 in the form of flat straps, provided with
      longitudinally extending slots 17, 18, short downwardly bent end portions
      19 and transverse horizontally disposed slots 20 in said end portions. The
      elements 16 are intended to be secured tightly to the support 10, and are
      referred to herein as "fixed" elements.
PAR  Each hinged element 21 is preferably an assembly of pieces including an
      upper end plate 22, a tie plate 23, an angle plate 24 and a base plate 25,
      the last named piece having a downwardly bent end 26 with a hole 27 to
      receive the bow 28 of a padlock 29. The plates 22, 23, 24, 25 are provided
      with medially disposed rows of uniformly spaced holes 30, 31, 32, 33, 34
      enabling the plates to be securely connected together in a wide variety of
      adjusted positions by means of the rivets 35, 36, 37. The upper end plates
      22 terminate upwardly in outwardly turned downwardly facing hooks 38
      designed to engage in the slots 20, as shown in FIGS. 1 and 2.
PAR  To attach the bracket, described above, to its support the radio R is
      removed from its hanger 12, the support 10 is drilled or punched at
      suitable points 39, corresponding to holes in the hanger, to receive the
      bracket screws 40 (which may be self-threading) and the screws are then
      passed through the hanger and slots 17 or 18 in a pair of upper elements
      16 and screwed into their holes 39. Before tightening the screws the
      elements 16 are adjusted to positions such that the tie plates 23 will
      rest firmly against the heads 15 of the mounting screws 14 when the
      bracket elements are locked in their closed position. Having ascertained
      the proper adjustment to insure that relationship, the screws 39 are
      tightened home. (These screws should be of the slotted head type and
      rounded so that they cannot be turned by a wrench or pliers.) The radio R
      is then replaced in its hanger where it is held by screws 14, projecting
      into sockets in the radio case, as shown in FIG. 1, the hinged elements 21
      are connected to the fixed upper elements 16 by engaging the respective
      hooks 38 in the slots 20, the elements 21 are moved to closed position and
      are locked there by application of the padlock 29.
PAR  If the parts have been sized and assembled correctly, the tie plates 23
      will bear against the heads 15 of screws 14, so that they cannot be
      unscrewed, and the heads of screws 40 will be visible (if at all) only
      through the narrow space remaining between the top of the radio case and
      the lower surface of the hanger, in which position the screws are not
      accessible to tampering.
PAR  While each hinged element could, if desired, be formed from a single strip,
      the provision of separate plates 22-25 with perforations 30-34 makes it
      possible to form, at the point of use, a bracket which has built-in
      reinforcement and which is "custom made" for the particular radio or other
      article being installed. This involves merely ascertaining the dimensions
      of the article, assembling the plates in the relationship required to
      accommodate an article of that size and shape and peening down the rivets
      in their respective pairs of holes. The sturdiest construction will result
      when the rivets of each pair are spaced as far apart as possible (note
      rivets 35 in the upper and lower holes 30 connecting plates 22 and 23).
PAR  In a first alternative form of bracket, shown in FIGS. 3 and 4, the upper
      fixed bracket elements (16 in FIG. 1) are eliminated and the hanger 12 is
      screwed directly to its support 10 by means of the screws 40, the holding
      function of the fixed element 16 being performed by a flat yoke 45, bored
      for attachment to the hanger and radio by a mounting screw 46 (like 14,
      but longer, if necessary). The yoke is bent outward at its upper end and
      provided with a transverse slot 47, while its lower end is narrowed and
      bent out to form a key 48. The hinged element 50 is constituted by an end
      plate 51, an angle plate 52 and a base plate 53, the end plate terminating
      upwardly in a tongue 54, adapted to fit, with minimal play, in the slot
      47, and the plate being provided with a transverse slot 55 adapted to
      receive the key 48. The lower portion of plate 51 has a row of holes 56 to
      permit riveting, in a suitable adjusted position, to the upturned portion
      of the angle plate 52, the latter corresponding to plate 24 in FIGS. 1 and
      2 and base plate 53 corresponding to plate 25.
PAR  The installation of a radio or the like by means of the bracket just
      described is effected by screwing the hanger to its support, mounting a
      yoke 45 on each end of the hanger and radio by mounting screws 46,
      engaging the tongues 54 of each hinged element 50 in the respective slots
      47, folding the elements 50 toward each other to bring the keys 48 into
      the slots 55, and locking the elements 50 together by means of a padlock
      58. The slots 47 are so located that the end plates 51 will bear against
      the heads of mounting screws 46, in the closed position, and the width of
      the plates 51 is such that the screw heads cannot easily be reached for
      turning (see FIG. 4); the frictional engagement of the plates with the
      screw heads can be augmented in various ways, if desired or deemed
      necessary.
PAR  The second alternative form of bracket, shown in FIGS. 5 and 6, differs
      from the form of FIGS. 3 and 4 in requiring a special head on the mounting
      screw 60, the flat-sided head having a cross-bar 61, the ends of which can
      be engaged by the hooks 62 on the clevis-shaped upper end of the end plate
      63 (corresponding to plate 51 in FIGS. 3 and 4) when the cross-bar is in
      fixed horizontal position. The hinged element 64, of which plate 63 is a
      part, is the same in other respects as the element 50 and is constructed
      and operated in the same manner. It will be noted that the cross-bar ends
      61 function similarly to the slots 20 (FIG. 1) and 47 (FIG. 3) in hingedly
      engaging the ends of the hinged elements.
PAR  Each of the brackets described above, in its locked position, makes it
      practically impossible to free the radio or other article from its
      mounting screws, and the evident difficulty of doing so is an effective
      deterrent to persons considering such an attempt.
PAR  In some situations the support is so disposed that an article (radio, etc.)
      must be mounted on its upper surface, or on the side of a vertical
      surface; the brackets shown herein can be used in inverted position, or
      horizontally or vertically with only routine modifications. Specifically,
      the bracket elements of FIGS. 1 and 2 can readily be adapted to the
      securement of a battery, the bracket being either inverted or mounted to
      open laterally.
PAR  It will be understood that various other changes may be made in the form,
      construction and arrangement of the several parts without departing from
      the spirit and scope of the invention, and it is intended that all matter
      contained in the above description and shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bracket for preventing removal of an article from a support on which
      it is mounted, comprising elements fixed to the support, elongated
      elements hinged to the fixed elements, releasable mounting devices
      securing the article to the support, the hinged elements being adapted to
      take a closed position preventing the release of said mounting devices, an
      elongated hanger for the supported article, means attaching the hanger to
      a support, and a lock for holding the hinged elements in closed position,
      the fixed elements being flat strips held between the hanger and the
      support, and having ends projecting beyond the ends of the hanger for
      hinged engagement with ends of the elongated elements, and the mounting
      devices being screws which connect the article to the hanger.
NUM  2.
PAR  2. A bracket for preventing removal of an article from a support on which
      it is mounted, comprising elements fixed to the support, elongated
      elements hinged to the fixed elements, rereasable mounting devices
      securing the article to the support, the hinged elements being adapted to
      take a closed position preventing the release of said mounting devices, an
      elongated hanger for the supported article, means attaching the hanger to
      a support, and a lock for holding the hinged elements in closed position,
      the fixed elements being flat yokes adjacent to the mounting devices and
      held by the mounting devices on the ends of the hanger, and the mounting
      devices being screws which connect the article to the hanger.
NUM  3.
PAR  3. A bracket according to claim 2 wherein each yoke is provided with a slot
      to receive an end of the hinged element and a key to engage a slot in said
      hinged element.
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ABST
PAL  An improved coin-receiving apparatus for vending machines is described
      which provides a tamper-proof locking mechanism in combination with a
      pivotally-detachable front panel for easy access to the coin-receiving
      station.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is an improvement of the invention described in copending application
      Ser. No. 476,423 filed June 5, 1974 now U.S. Pat. No. 3,884,337,
      incorporated herein by reference and relied upon.
PAC  BACKGROUND OF THE INVENTION
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention relates to coin-operated vending machines and, more
      particularly, the locking mechanism for the coin-receiving portion
      thereof. Vending machines have allowed purveyors to widely distribute
      their goods to consumers at numerous, often remote locations without the
      need to incur expenses relating to, for example, overhead and personnel.
      Such features are particularly attractive when the merchant desires to
      sell small, low profit-margin products widely used by numerous consumers
      who desire the convenience of obtaining these goods readily during their
      daily routines.
PAR  However, with such widespread use of coin-operated vending machines, the
      merchant must be able to rely upon the sturdiness of the apparatus to
      protect both the commodity to be dispensed and the currency deposited
      therein. This is particularly true for vending machines such as, for
      example, those used for the dispensing of newspapers which are typically
      located on numerous street corners throughout a city. Thus, vandalism and
      theft become real concerns for the merchant.
PAR  Those vending machines currently available have not proved satisfactory in
      providing a measure of safety to the merchant who must often rely upon
      rather inadequate locking mechanisms or modify the apparatus to render it
      tamper-proof.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of this invention to provide an
      extremely durable locking mechanism for a coin-operated vending machine,
      which locking mechanism provides tamper-proof security in a simple, yet
      efficient manner.
PAR  This and other objects of this invention will become apparent upon
      inspection of the following detailed description of the preferred
      embodiment when taken in conjunction with the figures of drawing.
PAR  According to the present invention, there is provided a positive locking
      mechanism comprised of a lock body member and an independent, cooperating
      lock shaft member adapted for insertion within the lock body and capable
      of effecting secure attachment therebetween. The lock shaft member is
      securely affixed integrally within the coin receptacle of the dispensing
      machine and is positioned in such a fashion that the shaft members
      protrude through the front panel of the coin receptacle cabinet. The front
      panel is provided with a recess closely correspondng to the external
      configuration of the lock body whereby the lock body may be firmly
      attached to the shaft member to achieve positive, tamper-proof securement
      of the front panel to the coin receptacle cabinet.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary front elevational view of a dispensing device
      cabinet illustrating a modification of a removable front panel for
      receiving coins in payment for the merchandise to be dispensed therefrom;
PAR  FIG. 2 is an enlarged fragmentary horizontal sectional view, taken on line
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary vertical sectional view, taken on line 3--3 of FIG.
      2;
PAR  FIG. 4 is an exploded fragmentary vertical sectional view similar to FIG.
      3, but showing the front coin-receiving panel unlocked and removed
      slightly from the cabinet;
PAR  FIG. 5 is an enlarged vertical sectional view, taken on line 5--5 of FIG. 3
      showing the location of the lock spring;
PAR  FIG. 6 is an enlarged fragmentary transverse vertical sectional view, taken
      on the line 6--6 of FIG. 3; and
PAR  FIG. 7 is an exploded perspective view of the keeper elements for the
      staple of the lock.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To more fully describe the essential features of the present invention, the
      following detailed description will be given as an exemplary, preferred
      embodiment. While the improved locking mechanism is capable of
      incorporation in numerous vending apparatus, the description will be made
      with reference to a newspaper vendng machine such as that described in
      copending application Ser. No. 476,423 filed June 5, 1974 now U.S. Pat.
      No. 3,884,337, it being appreciated that same is intended to be
      illustrative and in no way limitative.
PAR  FIG. 1 shows a coin-operated newspaper vending machine designated generally
      as 10 and comprised of a dispensing cabinet 12 and a coin receptacle
      cabinet 14. The cabinet 14 includes a pivotal coin-receiving panel 16
      provided with a coin slot 18 for receiving currency required to actuate
      the latching mechanism (not shown) to effect release of the front panel of
      dispensing cabinet 12. Also provided on front panel 16 are a bent coin
      release button 20 and a bent coin return 22 as is conventional.
PAR  The pivotal coin-receiving panel 16 is further provided with a positive
      locking means indicated generally as 24 in FIG. 1 and comprised of a lock
      body member 26 which cooperates with a lock shaft member 28 as best viewed
      in FIGS. 2 and 4. The lock may be of any conventional design provided,
      however, the body and shaft members are capable of complete disengagement.
      Typically, the lock shaft member will be provided with notches 30 which
      cooperate with corresponding detents (not shown) carried within the lock
      body member. Usually, but not necessarily, the separation of the body
      member 26 from shaft member 28 is accomplished by a key 32.
PAR  The lock shaft member 28 is securely affixed within the coin-receptacle
      cabinet 14 by means of an offset bracket 34 fastened, for example, to an
      interior wall 36 by means of suitable fasteners 38. An outer wall 40 may
      then be provided to preclude tampering with fasteners 38.
PAR  As best viewed in FIG. 4, the coin-receiving panel 16 is provided with a
      recessed area 42 whose configuration closely corresponds to that of the
      cross-section of lock body member 26. The recess 42 is formed with holes
      44 therein whereby the projecting, lock shaft member 28 may protrude
      outwardly from its position within receptacle cabinet 14 through holes 44
      and into locking engagement with lock body member 26. Additionally, there
      is provided a spring member 46 which biases lock body member 26 outwardly
      to facilitate removal thereof.
PAR  As shown in FIGS. 2-4 and 7, lock shaft member 28 is securely affixed to
      offset bracket 34 by means of a semicircular inner guide member 48 in
      cooperation with an outer, concentric guide member 50, each of which is
      positioned by means of fastener 52 thereby defining a U-shaped annular
      channel adapted to receive and positively affix the U-shaped portion of
      shaft member 28. Should the skilled artisan desire to employ a lock whose
      shaft member differs from that of member 28, obvious modifications may be
      made to inner and outer guide members 48, 50 to ensure adequate attachment
      to offset bracket 34.
PAR  As noted above, the front, coin-receiving panel 16 is pivotal to facilitate
      entry to the coin-receptacle cabinet 14. Optionally, the front panel 16
      may be entirely removed from cabinet 14. To achieve these results, the
      front panel 16 is provided with a tongue 54 adapted for insertion within a
      slot 56 formed at the lower edge of coin-receptacle cabinet 14.
      Accordingly, when lock body member 26 is removed from engagement with lock
      shaft member 28, the front panel 16 may be pivoted outwardly about the
      hinge formed by tongue 54 and slot 56. Complete removal of front panel 16,
      should it be desirable, is achieved by simply lifting the panel upwardly
      to disengage tongue 54 from slot 56, as shown in FIG. 4. It should be
      noted that the pivotally-detachable feature will not reduce the
      tamper-proof characteristics of the present invention since it is not
      possible to extract tongue 54 from slot 56 while the panel is locked.
PAR  While the invention has been described and illustrated with reference to a
      certan preferred embodiment thereof, those skilled in the art will
      appreciate that various modifications, changes, omissions and
      substitutions can be made without departing from the spirit of the
      invention. It is intended, therefore, that the invention be limited only
      by the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a coin-operated vending machine including a coin-receiving enclosure
      having a front panel attached thereto allowing access to said enclosure
      and provided with a locking mechanism, the improvement comprising:
PA1  a. locking means having a lock body member including at least one axial
      aperture therein extending at least partially through said body member,
      and a cooperating lock shaft member adapted for insertion into said
      aperture for locking engagement therewith;
PA1  b. recess means having side walls and a bottom wall formed in said front
      panel receiving said lock body member and including apertures in said
      bottom wall corresponding with said aperture in said lock body member,
      said recess means receiving said lock body member in cooperating
      relationship whereby only the outer end face of said lock body member is
      presented for access; and
PA1  c. means disposed interiorly said enclosure securely affixing said lock
      shaft member therein with said lock shaft member extending outwardly
      through said apertures in said recess into locking relationship with said
      lock body member, thereby securely affixing said front panel to said
      coin-receiving enclosure.
NUM  2.
PAR  2. In a vending machine as defined in claim 1, further including spring
      means affixed to said bottom wall biasing said lock body member outwardly
      relatively to said front panel.
NUM  3.
PAR  3. In a vending machine as defined in claim 1, wherein said lock body
      member has two axial apertures and said lock shaft member is U-shaped.
NUM  4.
PAR  4. In a vending machine as defined in claim 3, wherein said affixing means
      includes:
PA1  a. an offset bracket fastened to the interior of said enclosure;
PA1  b. a first guide member fastened to said bracket; and
PA1  c. a second guide member fastened to said bracket, exteriorly concentric
      with said first guide member to define a U-shaped annular guide for
      receiving and affixing said lock shaft member.
NUM  5.
PAR  5. In a vending machine as defined in claim 1, wherein:
PA1  a. said front panel has a tongue formed at its lower peripheral edge; and,
PA1  b. said coin-receiving enclosure has a slot formed at its lower peripheral
      edge for receiving said tongue, whereby said front panel is capable of
      being both pivoted and detached.
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ABST
PAL  Disclosed is a bar-tumbler type safety lock, as well as a key and a coding
      process for said lock. According to a single-key-entry embodiment, this
      lock comprises a body, a two-piece washer, a latch holder and a barrel
      having recesses in which notched tumblers can slide and which is
      maintained rotatingly and removably toward the front of said body by a
      stud and a stopping finger retained in two annular slots made radially in
      this body and which can be retracted by the introduction of a special
      extraction key into the lock; the coding of the lock is obtained by the
      forming, in the annular washer-assembly groove, of notches simultaneously
      in each of the tumblers by a conventional turning process, with the key
      inserted.
BSUM
PAR  This invention relates to a bar-tumbler type safety lock of the type known
      as a Bramah lock, more particularly designed to be manufactured in very
      large series, in a small diameter, of the order of a centimeter, in which
      the rapid assembly of the constituent elements does not require any
      screwing and in which the easily modifiable combination(s) are formed with
      great accuracy and in a simple manner directly from those on the operating
      key(s). The invention also relates to a key for the operation of this lock
      and to a process for coding this lock.
PAR  It is known that in bar-tumbler locks, the rotation of the key, producing
      that of the latch holder, is possible only when the notches made in the
      tumblers mounted to slide longitudinally in the periphery of the barrel
      are aligned opposite the radial teeth of a member called the washer. This
      alignment takes place only if the combination on the key introduced into
      the lock, represented by a suitable length of each of its splines by means
      of which the tumblers are put into position, corresponds to the
      combination or at least to one of the combinations of the lock which are
      represented by the positions of the said notches in the tumblers. In the
      opposite case, at least one of the tumblers remains blocked laterally
      between two successive teeth of the washer which then opposes the rotation
      of the barrel and of the key. These locks are most often relatively large
      in size, delicate in operation and, especially, involving complex
      machining and assembly resulting in a high cost. In particular, as the
      forming of the notches in the tumblers is done independently of the
      splines on the key, it is necessary to code, with discretion, not only the
      lengths of the splines of the key but also the corresponding positions of
      the notches formed in the tumblers, and then to associate with each of the
      keys a given selection of these tumblers, consequently requiring the
      storage of a large variety of tumblers with different notching and
      favouring the risk of error in their selection for the equipment of the
      lock associated with a given key. Moreover, the changing of the
      combination of these locks, for example following the loss of their key,
      is not easy. It is possible only by completely disassembling the lock
      removed from its recess.
PAR  Owing to its simple, new and original design, the lock according to the
      invention overcomes the drawbacks and constraints mentioned above and
      offers both great robustness and a high level of safety. This lock can be
      of the single or double type depending on whether the door is to be opened
      from one or both sides. In the first case, it is particularly intended to
      be mounted in a blind orifice made in one of the sides of a door to be
      locked on one side only whereas in the second case, it can be mounted in
      an orifice made on either side through a door to be locked either from the
      inside or the outside.
PAR  It comprises, in a known manner, at least one hollow body, a rotating
      barrel mounted co-axially within this body and the periphery of which is
      provided with longitudinal recesses in each of which slides a tumbler, in
      opposition to return means, a washer split into two parts and a latch
      holder driven at least indirectly by the barrel.
PAR  This lock is characterised by the fact that the barrel, going
      longitudinally through the body and in the front part of which the key is
      directly engaged, is kept from moving frontward in the said body by
      retractable longitudinal retaining means; and by the fact that the middle
      part of this barrel is provided with a radial annular groove whose width
      is at most equal to that of the notches made in the tumblers and in which
      are grouped the two halves of the washer held together by an internal
      broaching of the body in which the washer is rotatingly blocked but
      allowed to slide longitudinally, driven by the barrel during the
      extraction or the introduction of the latter into the body.
PAR  In a preferred manner, with the barrel pierced with a central key-reception
      channel open toward the front and broached to the profile of the key, and
      the longitudinal plane of symmetry of which is that of the barrel, the
      said longitudinal means for retaining the barrel in the body consist of a
      stud engaged in a blind hole made radially in the periphery of the barrel
      along its lower half-plane of symmetry and the head of which emerges
      radially from the barrel; of a first annular slot made radially in the
      internal surface of the body and in which slides, while held captive
      longitudinally during the major part of the rotation of the barrel, the
      head of this stud; of a rectilinear slot made at the bottom of one of
      those constituting the broaching of the body and which, leading into the
      first annular slot and coming out at the front of the body, allow, by the
      sliding of the head of this stud in this rectilinear slot, the withdrawal
      of the barrel toward the front, for a given angular position of the latter
      with respect to the body; of a stop finger mounted slidingly in a shaft
      made radially through the front part of the barrel along the lower
      half-plane of symmetry of the barrel and opening on the said central
      channel, this stop finger being retractable in this shaft, in opposition
      to return means loading it toward the axis of the said channel; of a
      second annular slot made radially in the front part of the internal
      surface of the body, at the level of the said shaft when the barrel is in
      place, and in which, with the key fully engaged, is secured the base of
      the said finger which then retains the barrel inside the body, even in the
      said given angular position of the latter, angular position in which the
      barrel can be taken out of the body only by introducing a special
      extraction key which, offering no resistance to the finger return means,
      allows them to maintain the base of this finger disengaged from this
      second annular slot.
PAR  Also in a preferred manner, means for locking the key inside the barrel
      during the operation of the lock consist of a hollow of small depth made
      radially in the key at the level of its lower generatrix; the said
      stopping finger; the said second annular slot and one or more orifices for
      the exterior disengagement of the base of this finger in opposition to its
      return means, pierced at the bottom of this second annular slot, the first
      along the lower half-plane of symmetry of the body, the others each at the
      level of the bottom of one of the slots constituting the broaching of this
      body; the assembly is arranged so that the key inserted in the barrel
      retracts the finger in the shaft, the base of this finger engaging one of
      these orifices, and then when fully engaged in the barrel, allows the head
      of the finger to engage in the said hollow and allows the base of the
      finger to become disengaged, under the action of its return means, from
      this orifice and to be maintained by the bottom of the second slot, the
      key remaining locked by the finger during the rotation of the barrel from
      which the key is disengaged only in an angular position of the barrel in
      which the finger is aligned with another orifice or, after a complete
      rotation of the barrel, with the same orifice, thereby allowing the finger
      to retract before the key which can only then be removed from the barrel.
PAR  In another preferred manner, the barrel having a length greater than that
      of the body, the latch holder turns in the manner of a sleeve on the rear
      end of the barrel which drives it rotatingly indirectly through a drive
      member or driver engaged rotatingly with the barrel in an internal
      broaching of the rear part of the barrel; means are provided for angularly
      maintaining the latch holder in position when the barrel is removed from
      the body.
PAR  In another preferred manner, the said longitudinal recesses in which the
      tumblers slide are blind cylindrical holes opening at the rear of the
      barrel, and these tumblers are massive cylindrical blocks the front part
      of which laterally carries a nib on which acts the corresponding spline of
      the key and in the body of each of which, in addition to one or more
      coding notches, are radially provided several annular grooves constituting
      false notches intended to mask the real position of the coding notch(s) of
      the tumbler when an attempt is made to pick the lock; the said tumbler
      return means being composed of helical springs each placed in one of the
      said recesses, directly behind the tumbler, and retained at the bottom of
      the recess by an annular member or retainer which simultaneously blocks
      all these recesses behind the barrel in which this retainer can be crimped
      and which is provided with a central opening traversed by the driver.
PAR  In accordance with a first preferred embodiment of the invention, the
      single lock is provided with a single body and a single barrel and is
      characterised by the fact that the central channel of the barrel, in which
      the key is directly inserted from the front, is separated from broaching
      made in the rear part of this barrel by a massive partition on the front
      face of which bears directly the end of the key fully engaged in the
      barrel and the periphery of which is only pierced with longitudinal
      hollows in which the tumbler nibs can engage, said hollows being extended
      toward the front by longitudinal ports which place each of said recesses
      of the tumblers in communication with the central channel and in which are
      guided and slide these tumbler nibs.
PAR  According to this first preferred embodiment, the lock can moreover be
      characterised by the fact that the driver is partially crimped permanently
      in the internal broaching of the rear part of the barrel and, with the
      latter in place, is maintained engaged in an identical broaching made in
      the central part of the latch holder, the latter being maintained
      rotatingly on a face of the bottom of the lock.
PAR  According to a second preferred embodiment of the invention, the double
      lock is provided with two bodies and two barrels each mounted in one of
      the bodies and is characterised by the fact that the central channel of
      each of these two barrels, the broaching of which reproduces the profile
      of the splines on the key, extends longitudinally over the entire length
      of the barrel and has a radial inset which separates the said central
      channel into two parts, one in front and in which the key is directly
      inserted from the front, the other behind and opening at the back of the
      barrel and in which is slidingly mounted the driver which is provided with
      splines of the same profile as those of the key and is fixed on the tail
      of a pushing member whose middle part slides in the said radial inset and
      whose head, against which bears the end of the key, is retained in the
      said front part by the said inset when the key is fully engaged; a helical
      spring, placed in the rear part of the central channel of one of the two
      barrels, around the middle part of the pushing member and compressed
      between the said radial inset and the driver, tending to maintain this
      latter engaged in a broaching, identical to that of the central channel,
      made in a diametral partition of the latch holder which, having a
      symmetrical configuration, turns in the manner of a sleeve on the rear end
      of each of the two barrels; the assembly is arranged so that, with the
      barrels in place, the latch holder is maintained, in the absence of the
      key, engaged with one of the two barrels which is provided with the said
      helical spring, remains engaged with the latter when the key is engaged in
      this first barrel and is disengaged from this latter to be engaged with
      the second barrel under the action of the key inserted fully into this
      second barrel whose driver, driving that of the first barrel in opposition
      to the said helical spring, then engages, while held by the key, in the
      latch holder; means are provided for keeping the two bodies assembled.
PAR  The key according to the invention is made up, in a known manner, of a
      cylindrical massive body on the periphery of which are made several
      splines, truncated at their end over a depth depending on the combination
      carried by this key and regularly distributed angularly, a higher angular
      distance being allowed at the base of this body between the first and the
      last of these splines.
PAR  This key is characterised by the fact that the said splines have an arched
      cross section and by the fact that a hollow of small depth, intended to
      receive the head of the stopping finger locking the key in the barrel, is
      made radially in the said key body along its lower generatrix; profiles
      formed longitudinally in this body in front of each of the splines,
      resulting from their truncation for the coding of the key.
PAR  The lock coding process according to the invention is characterised by the
      fact that, with the barrel extracted from the body, the said longitudinal
      recesses are equipped with unnotched tumblers, the key is fully engaged
      and held in the barrel and, by turning within the annular groove of the
      middle part of the barrel, the notches of the tumblers are simultaneously
      formed, that is, with the key in place, a conventional turning tool is
      inserted through the annular groove and the barrel is turned or rotated so
      as to form notches in all of the tumblers; the coding of the lock is thus
      achieved quickly and very accurately directly from the combination on the
      key the splines of which maintain the tumblers exactly in their position
      for the operation of the lock during the formation of their notches; other
      codes of the lock corresponding to the combinations of other keys,
      including at least one master key common to several locks and a special
      extraction key, being achievable by the successive formation of notches in
      the same tumblers of the lock.
PAR  As a variant of this coding process, the annular groove of the middle part
      of the barrel can be made by turning simultaneously with the formation of
      the notches of the tumblers corresponding to a first coding of the lock,
      that is, the turning tool can be used to form the annular groove and then,
      as the tool extends inwardly through the groove so formed, to form the
      notches in the tumblers.
DRWD
PAR  The invention will be better understood and other features and advantages
      will more clearly appear through the following description and to the
      appended drawing referring to two preferred embodiments of the said
      invention given by way of nonlimitative examples.
PAR  In the drawing:
PAR  FIG. 1 represents, in longitudinal section, a single lock in accordance
      with the first preferred embodiment of the invention,
PAR  FIG. 1A is a cross section of this lock along IA-IA of FIG. 1,
PAR  FIG. 2 shows, seen from the end or "from profile", the key used for
      operating the lock according to the invention,
PAR  FIG. 3 is an exploded view showing the different components making up one
      of the two halves of a double lock according to the second embodiment of
      the invention,
PAR  FIG. 4 represents, in longitudinal section, the or one of the two bodies of
      the lock according to the first or, respectively, the second embodiment of
      the invention,
PAR  FIG. 5 shows this body seen from the front along V of FIG. 4,
PAR  FIG. 6 represents, in longitudinal section, one of the two barrels of the
      lock according to the second embodiment of the invention,
PAR  FIG. 7 shows the bottom of this barrel along VII of FIG. 6 and,
PAR  FIG. 8 is a longitudinal section of this lock according to the second
      embodiment of the invention.
DETD
PAR  Referring first of all to FIGS. 1, 1A, 4 and 5 and according to the first
      embodiment, comprising a single key entry, the lock according to the
      invention comprises a body 1, a rotating barrel 2 mounted co-axially
      within this body 1, a washer split in two parts 6a and 6b and a latch
      holder 7 driven indirectly by this barrel 2 made to rotate by a key 9
      introduced directly from the front into this barrel 2. The body 1 comes in
      the form of a cylindrical sleeve extended radially at its rear part by an
      external attachment fin 47 and traversed by the barrel 2. The front of
      this body 1 has an entry bore 1' in which fits the front part 39 of the
      barrel 2 which is mounted rotatingly in a central bore 75 of smaller
      diameter made at the back of the first bore 1' along the entire length of
      this body 1. This bore 75 is broached radially to provide five
      longitudinal slots 19 of arched section. These five slots 19 are
      distributed angularly by sixty degrees from the lower generatrix of the
      body 1, an annular spacing of one hundred and five degrees separating the
      first slot from the fifth slot 19, arranged with respect to each other
      symmetrically in relation to the plane of FIG. 1 which is the plane of
      symmetry of the lock. In the middle part of the body 1 a first annular
      slot 28 is made radially. A second annular slot 36 is made radially at the
      front of the body 1 in the entry bore 1'. A rectilinear slot 57 is made at
      the bottom and along the first of the slots 19 of the broaching of the
      body 1.
PAR  The periphery of the barrel 2 is provided with five longitudinal recesses
      made up of blind holes 3 open toward the back of the barrel and in each of
      which slides a tumbler 4. These recesses are distributed angularly by
      60.degree. from the lower generatrix of the barrel 2, a spacing of one
      hundred and five degrees separating the first and the fifth recesses,
      arranged symmetrically with respect to each other in relation to the plane
      of FIG. 1. Each of the tumblers 4 is made up of a massive cylindrical
      block whose front part is provided laterally with a nib 16 on which acts
      the corresponding spline 11 of the key 9 and in the body of each of which
      is made at least one coding notch 18 and, broached radially, several
      annular grooves 20 constituting false notches intended to mask the real
      position of the coding notch(s) 18 during an attempt to pick the lock. An
      annular member or retainer 21 simultaneously closes off all the five
      recesses 3 at the back of the barrel and can be crimped advantageously
      thereto. Between the back of each of the tumblers 4 and the retainer 21 is
      compressed a helical spring 5 which returns the tumbler, and which is
      fitted in the rear part of the corresponding recess 3. The middle part of
      the barrel 2 is provided with a radial annular groove 17 whose width is at
      least equal to that of the notches 18 made in the tumblers 4. The web of
      the barrel is pierced longitudinally with a central channel 8 opening
      toward the front and in which directly engages the key 9, and with a
      broaching 12 made in the rear part of this barrel 2. This central channel
      8, broached to the profile of the key 9 has, as does the broaching 12,
      five longitudinal slots 10 having an arched cross section, distributed
      angularly by sixty degrees from the lower half plane of symmetry of the
      barrel 2, the first and fifth slot 10 being separated angularly by one
      hundred and five degrees. The central channel 8 and the broaching 12 are
      separated by a massive partition 13 on the front face of which directly
      bears the end of the key 9 engaged fully in the barrel. The periphery of
      this partition 13 is pierced with longitudinal hollows 46 in which can
      engage, set back, the nibs 16 of the tumbler 4. These hollows 46 are
      extended toward the front by longitudinal ports 15 which place each of the
      recesses 3 in communication with one of the slots 10 and in which are
      guided and slide these nibs 16.
PAR  The washer is split into two halves 6a and 6b which, grouped in the annular
      groove 17 of the barrel 2, give this washer the appearance of a ring with
      five arched crowns 73 each surrounding a circular hollow 72 in which
      slides one of the tumblers. These two halves of the washer appear clearly
      in perspective in the FIG. 3. They are maintained assembled in the
      broaching of the body in which the washer is blocked rotatingly but in
      which it can slide longitudinally owing to the engagement of the said
      crowns 73 in the slots 19 of this broaching.
PAR  The barrel 2 which is longer than the body 1 extends at the back of the
      latter and its rear part is engaged in the latch holder 7 which turns in
      the manner of a sleeve on this rear part of the barrel 2 and is driven
      indirectly by the latter through a driving member or driver 14 whose
      profile is advantageously the same as that of the key 9. This driver 14 is
      partially crimped in the broaching 12 and, with the barrel 2 in place, is
      kept engaged in an identical broaching 62 made at the centre of the latch
      holder, in the diametral partition 61 of the latter which is maintained
      rotatingly on a face 23 of the bottom 52 of the lock.
PAR  According to an essential characteristic of the invention, the barrel 2 is
      mounted removably toward the front in the body 1 of the lock, thereby
      making it possible, with the body 1, the latch holder 7 and the frame of
      the lock permanently fixed in the blind hole of a door, to easily accede,
      by removing the barrel, to the lock mechanism and, if necessary, to change
      the combination. For this purpose, the invention provides retractable
      means for longitudinally holding the barrel in the body, certain of which
      make it possible to lock the key in the barrel during the operation of the
      lock. They consist of a stud 24 engaged through its base 25 in a blind
      hole 26 made radially in the periphery of the barrel 2 along its lower
      half plane of symmetry and the head 27 of which emerges radially from the
      barrel 2; these means also comprise the said first slot 28 made radially
      in the internal surface of the body 1 in which slides, while held captive
      longitudinally during the major part of the rotation of the barrel 2, the
      head 27 of this stud 24; said means also comprising the said rectilinear
      slot 57 made at the bottom of the first of these, 19, constituting the
      broaching of the body 1 and which, leading to the first annular slot 28
      and coming out of the front of the body 1, allow, by sliding of the head
      27 of this stud 24 in this rectilinear slot 57, the withdrawal of the
      barrel 2 toward the front for a given angular position of the barrel in
      relation to the body 1, which position is sixty degrees back from the
      plane of FIG. 1 in the considered example. These means moreover comprise a
      key stopping finger 30 mounted slidingly in a shaft 33 made radially
      through the front part 39 of the barrel 2 along the lower half plane of
      symmetry of the latter and opening on the central channel 8. This stopping
      finger 30 is retractable in this shaft 33 in opposition to an annular
      return spring 35 mounted in extension in a radial groove 38 made at the
      periphery of this front part 39 of this barrel 2. This annular spring 35,
      engaged in a slot 31' of the base 31 of the stopping finger 30 forces the
      latter toward the axis of the central channel 8. This finger 30 is held in
      this direction by the neck 34 of the shaft 33 in which only the head 32 of
      the finger 30 can slide. With the barrel 2 in place, the shaft 33 opens at
      the level of the second annular slot 36 the bottom of which is pierced
      with at least one orifice 37 in which can be disengaged externally the
      base 31 of the finger 30. A shallow hollow 40 is made radially in the body
      41 of the key 9 at the level of its lower generatrix. This hollow is
      intended to allow the introduction of the head 32 of the finger 30 so as
      to maintain the base 31 of this finger disengaged from the orifice 37 when
      the key 9 is fully engaged in the channel 8 of the barrel 2. A special
      key, not shown, can be used to extract the barrel 2 from the body 1.
      Bearing the combination(s) of the lock, this special key is provided with
      a deeper hollow 40 than that of a normal key, making it possible to keep
      the base 31 of the stopping finger 30 completely disengaged from the
      second annular slot 36. With the barrel 2 initially in place, its
      withdrawal by means of this special key takes place in the following
      manner: with the key introduced fully in the central channel 8, the head
      32 of the stopping finger 30 is engaged sufficiently into the hollow 40 of
      this special key to maintain the base 31 of the finger 30 disengaged from
      the second annular slot 36 under the action of the return spring 35. The
      splines of the special key place the tumblers 4 such that their notches
      are aligned with the washer, as with an ordinary key, thereby allowing the
      rotation of the key and of the barrel which is limited, in the considered
      example, to sixty degrees to the right (retrograde direction of
      trigonometry, with the lock seen from the front). The head 27 of the stud
      24, having slid in the first annular slot 28 is positioned opposite the
      rectilinear slot 57 in which it then slides under the effect of the
      pulling of the key in the direction opposite to that of the arrow F, the
      barrel thus being easily removed from the body. Conversely, it is possible
      to introduce or to reintroduce the barrel 2 into this body 1 by previously
      engaging this special key fully into the channel 8 of the barrel 2 which
      is then presented in an angular position of sixty degrees in relation to
      the body 1 so as to enable the introduction of the head 27 of the stud 24
      into the rectilinear slot 57. The barrel, pushed by the key, then
      progresses into the body 1 in the direction of the arrow F until this head
      27 of the stud 24 reenters the first annular slot 28 and thus again
      retains the barrel in the body of the lock. With a normal key, the
      extraction of the barrel is prevented, even in the angular position of the
      barrel for which the head 27 of the stud 24 is opposite the rectilinear
      slot 57, by the engagement of the base 31 of the stopping finger 30 in the
      second annular slot 36, which engagement, radially blocking the finger 30
      between the bottom of this second annular slot 36 and the hollow 40, locks
      the key 9 in the central channel 8 of the barrel 2 during the operation of
      the lock, the key 9 being unable to disengage until the stopping finger 30
      can be retracted in the shaft 33, which, in the example shown in the
      drawing, is possible only when this finger 30 is aligned with the orifice
      37 in which is then engaged, under the effect of the pulling of the key,
      the base 31 of the said stopping finger. Similarly, the introduction of
      the key into the channel 8, producing the initial retraction of the
      stopping finger 30, is obviously possible only when the barrel is in an
      angular position in relation to the body such that this stopping finger 30
      is aligned with this orifice 37 or with another identical orifice which
      may also be pierced in the bottom of the second annular slot 36. It will
      in fact be noted that even though, in the example shown, the key 9 can be
      introduced or withdrawn from the barrel 2 only in a single angular
      position of the barrel in relation to the body, it is evidently possible,
      by providing other orifices such as the orifice 37, to introduce or
      withdraw the key according to the varied angular positions of this barrel
      2 in relation to the body 1. Depending on utilisations, several possible
      disengagements of the key can be provided according to progressive angular
      positions of the barrel 2.
PAR  As the extraction of the barrel 2 leads to the disengagement of the driver
      14 and of the latch holder 7, for a given angular position of the barrel 2
      in relation to the body 1, it is essential, in order to be able to
      reintroduce the barrel into the body, engaged with this latch holder 7,
      that at the moment of the disengagement of this barrel, the latch holder 7
      should be maintained angularly. For this purpose, it is possible to
      provide, as shown in the drawing, at least one shallow hollow 59 made in
      the front section of the cylindrical sleeve 22 of the latch holder 7 in
      which can be engaged, for the angular position of this latch holder 7
      corresponding to that of the disengagement of the barrel 2, the rounded
      end of a retaining finger 54 mounted slidingly in a blind hole 53 of the
      fin 47 of the body 1, slightly forced against the said front section of
      the cylindrical sleeve 22 of the latch holder 7 by a return spring 55
      fitted in this blind hole 53.
PAR  In order to facilitate the introduction of the driver 14 into the broaching
      62 of the latch holder 7 during the placing of the barrel, the splines 29
      of this driver 14, which in the example considered are cut to the profile
      of those of the key 9, each end in a chamfer 60.
PAR  The frame of the lock, which holds together the body 1 and the latch holder
      7, comprises, in addition to the bottom 52, a front piece 49 and, integral
      respectively with this bottom 52 or this front piece 49, two cheeks 52'
      and 49' each notched at the back to form an opening 50 allowing the
      passage of the latch 56 (FIG. 3). An orifice 48 in the fin 47 of the body
      1 allows the engagement of a pin, not shown, which maintains this body 1
      in the frame of the lock, while an orifice 51, pierced in each of these
      cheeks 52' and 49' allows the assembly of these latter by the introduction
      of a connecting pin or a similar member, not shown, and the fixing of the
      lock in a door.
PAR  Allowing the operation of the lock according to the invention, the key 9
      comprises a massive cylindrical body 41 attached to its head 44 by a neck
      45 and having five longitudinal splines 11 with an arched cross section in
      a circle arc and distributed angularly by sixty degrees from the lower
      half plane of symmetry of the key, the first, 11a, and the fifth, 11b, of
      these splines being separated angularly by one hundred and five degrees at
      the basee 42 of the body 41 of the key, in which base 42 is provided a
      shallow hollow 40 made radially along this lower half plane of symmetry of
      the key and allowing, by the introduction of the head 32 of the stopping
      finger 30, the locking of the key 9 in the barrel during the operation of
      the lock. Profiles 43, formed longitudinally in the body 41 of the key in
      front of each of the splines 11, result from the truncation of these
      latter for the coding of the key. A special key is provided to enable the
      introduction, the extraction or the reintroduction of the barrel in the
      body 1. Coded to the combination or to one of the combinations of the
      lock, this special key is provided with a hollow 40 of sufficient depth so
      that the base 31 of the stopping finger 30 can be entirely disengaged from
      the second annular slot 36 under the action of the return spring 35 during
      the introduction or the extraction of the barrel.
PAR  According to an essential characteristic of the invention, the coding of
      the lock is done directly from the combination on the key. The process
      used consists, with the barrel extracted from the body, of equipping the
      said longitudinal recesses 3 with unnotched tumblers 4, of introducing and
      of maintaining the key 9 engaged fully in the barrel and then, by a
      conventional turning process wherein a turning tool is inserted within the
      annular groove 17 carried by the middle part the barrel, of simultaneously
      forming the notches 18 of these tumblers 4. The coding of the lock is thus
      achieved quickly and very accurately, the splines 11 of the key 9 holding
      the tumblers 4 exactly in their position for the operation of the lock
      during the formation of their notches. Other codes for the same lock
      corresponding to the combinations of other keys also enabling the
      operation of the lock, at least one of which is a master key common to
      several locks and a special extraction key, are also possible by the
      successive formation of notches 18 in the same tumblers of the lock.
PAR  According to a variant of this coding process, the annular groove 17
      carried on the middle part of the barrel is made by the turning technique
      simultaneously with the formation of the notches 18 of the tumblers 4
      corresponding to a first coding of the lock.
PAR  Referring now to FIGS. 3 to 8, and according to the second embodiment, with
      a double key entry, the lock according to the invention comprises two
      bodies 1 identical to that of the lock according to the first embodiment,
      assembled in opposition by the frame of the lock and in each of which is
      mounted rotatingly, and removably toward the front of the body, a barrel
      2' longer than this body, as well as a single latch holder 7 mounted to
      turn in the manner of a sleeve, on either side of its diametral partition
      61, on the rear part of each of these two barrels 2' with each of which,
      alternatively, this latch holder can be engaged. This latch holder is
      maintained captive longitudinally between the two bodies 1 whose different
      elements are given the same references in FIGS. 3 and 8 as in FIGS. 1, 1A
      and 2.
PAR  Each of these barrels 2' is equipped with a washer split into two halves,
      with tumblers, with tumbler springs, with a retainer and with means for
      locking the key 9 and for maintaining the barrel longitudinally in the
      corresponding body, identical to those of the first embodiment of the
      invention and given the same references as in FIGS. 1, 1A and 2. With the
      exception of their central part, these two barrels 2' have the same front
      part 39' and are provided with the same recesses 3', annular grooves 17'
      and 38', blind holes 26', shaft 33' and neck 34' and equipped with the
      same tumblers 4 provided with the same return springs 5 and with the same
      nibs 16 sliding in the same ports 15' as in the first embodiment of the
      invention of the single key entry type.
PAR  The central channel of each of these two barrels 2' is broached to the same
      profile as the splines 11 of the key 9 along five slots 10' extending over
      the entire length of the barrel 2', and has a radial inset 76 which
      separates this central channel into two parts: one, 8', in front, in which
      the key 9 engages directly through the front, and the other, 8", in the
      back, opening at the back of the barrel and in which is slidingly mounted
      a driver 14' or 14" whose splines 29' have the same profile (or cross
      section) as those 11 of the key 9 and which is fixed, by force fitting, by
      its blind orifice 74 (FIG. 3) on the tail 71 of a pushing member 68 whose
      middle part 70 slides in this radial inset 76 and whose head 69, against
      which is applied the end of the key 9, is retained in the front part 8' by
      this radial inset 76 when this key is fully engaged in the barrel, as is
      the case in FIG. 8 for the left-hand half of the lock. A helical spring
      63, fitted in the back part 8" of the central channel of the barrel of
      this left-hand half of the lock and compressed between the said radial
      inset 76 and the driver 14' contained in the rear part 8' of this barrel,
      tends to maintain this driver 14' engaged in the broaching 62 of the
      diametral partition 61 of the latch holder 7. As no corresponding spring
      is provided for the right-hand half of the lock, the latch holder 7
      remains engaged only with the barrel 2' of the left-hand part of the lock,
      in the absence of the key or when the key 9 is introduced into this latter
      barrel 2'. Under the action of the key 9 introduced fully into the barrel
      2' of the right-hand part of the lock and acting on the corresponding
      pushing member 68, the driver 14" carried by this latter pushing member
      drives out of the broaching 62 the driver 14' carried by the barrel of the
      left-hand part of the lock and engages, in opposition to the compressed
      spring 63, only in this broaching 62 of the latch holder 7 which is thus
      engaged only with the barrel 2' of the right-hand part of the lock as long
      as the key 9 is maintained there, loaded to return simultaneously by the
      spring 63 and by the springs 5 associated with the tumblers 4. In order to
      ensure the angular holding of the latch holder 7 in position during the
      extraction of one of the barrels 2' from the corresponding body 1, two
      shallow hollows 58 and 59 (FIG. 3) are made in the front section (toward
      the left in FIG. 8) of the cylindrical sleeve 22 of the latch holder 7 in
      which can engage alternately and respectively, depending on whether the
      barrel which is extracted is that of the right-hand part or that of the
      left-hand part of the lock, the rounded end of the retaining finger 54
      mounted slidingly in the blind hole 53 of the fin 47 of the body 1 of the
      left-hand part of the lock, slightly thrusted against this front section
      of the cylindrical sleeve of the latch holder by a return spring 55 fitted
      in this blind hole 53.
PAR  For the clarity of the drawing have been shown in FIG. 4 the bore 75 made
      in the body 1 or one of the bodies 1 of the lock, and in FIG. 6 the radial
      inset 76 and the bore 77' of the back part 8"  of a barrel 2' according to
      the second embodiment of the invention and, in FIGS. 6 and 8 the bore 77
      of the front part 8' of this same barrel 2'.
PAR  The frame of the lock according to this second embodiment comprises two
      front walls 64 and 64' each extending opposite each other on either side
      of the fins 47 of the bodies 1 by a cheek whose middle part is pierced
      with an upper window 65 in which can pass the latch 56, and with orifices
      66, 66' and 78, the first two, on each of the cheeks 64 and 64', allowing
      the introduction of pins 67 into the corresponding orifice 48 of each of
      these fins 47 to hold the body 1 and, the third, 78, on each of the
      cheeks, enabling the lock to be fixed in a door, by a connection pin or a
      similar device, not shown.
PAR  The coding process for the lock according to this second embodiment of the
      invention, with a double key entry, is evidently the same as that
      described for the first single key entry embodiment.
PAR  Finally, the two preferred embodiments of the invention described and shown
      in the drawing are intended to be illustrative examples, so that it is
      possible for those skilled in the art to make any modifications in form or
      detail or to replace any or all of the constituent elements by equivalent
      elements without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bar-tumbler safety lock comprising:
PA1  a hollow body having an opening at a front end thereof,
PA1  a barrel shaped to move into the said opening in the body and rotatably
      mounted therein, a plurality of recesses extending longitudinally along an
      outward portion of the barrel, a bar-tumbler longitudinally slidable in
      each recess, in a first direction, and return means for opposing movement
      of the tumblers in said first direction, said bar-tumblers each including
      an operative notch therein,
PA1  a split washer located within the body at an operative position surrounding
      the barrel, the outer periphery of the washer engaging the body so as to
      be stationary against rotation relative to the body but movable
      longitudinally therein from said operative position to said opening,
      portions of the inner periphery of the washer being located inwardly of
      the outermost portions of the tumblers, but outwardly of the portions of
      said tumblers exposed by said operative notches, whereby when operative
      notches of the tumblers are longitudinally aligned with the washer, the
      barrel can rotate relative to the washer and the body,
PA1  a radially extending annular groove formed in the barrel at a location
      intermediate to the ends thereof and receiving said split washer therein,
      said annular groove opening into said recesses and permitting access to
      said tumblers when the barrel is removed from the body, the width of said
      groove being no greater than the widths of the operative notches of the
      tumblers,
PA1  a latch holder operatively engaged with the barrel to rotate therewith,
PA1  said barrel with said washer being movable as a unit out of said front
      opening of the body,
PA1  and a restraining means for preventing longitudinal movement of the barrel
      out the front opening of the body in the normal rest position of the
      barrel in the body and for releasing the barrel for removal longitudinally
      out of the body at a certain given rotary position of the barrel,
      angularly displaced from said normal rest position.
NUM  2.
PAR  2. A bar-tumbler safety lock according to claim 1, said restraining means
      comprising a stud extending radially out from said barrel into an annular
      slot in the body which normally prevents longitudinal movement of the stud
      and hence also of the barrel, and including a longitudinally extending
      slot intersecting said annular slot at an angular position which the said
      stud reaches only upon rotation of the barrel to said certain given
      angular position, whereby the stud can move along the longitudinal slot
      upon removal of the barrel from the body.
NUM  3.
PAR  3. A bar-tumbler safety lock according to claim 1, the barrel having a
      central key-reception channel open toward the front and shaped to the
      profile of the key, a stop finger mounted slidingly in an opening made
      radially through the barrel and opening into the said central channel,
      said stop finger being movable outwardly in the said opening in opposition
      to the return means urging it toward the axis of the channel, a second
      annular slot made radially in the front part of the internal surface of
      the body, at the level of said opening when the barrel is in place, and in
      which, with the key fully engaged, is secured the base of the said finger
      which then assists to retain the barrel inside the body, even in the said
      given angular position of the latter.
NUM  4.
PAR  4. A bar-tumbler safety lock according to claim 3, the key and the barrel
      having a common plane of symmetry, said stud and said key being located
      along the lower half-plane of symmetry of the barrel, and including a key
      having a depression to receive said stop finger when in the barrel, to
      remove the stop finger from engaging with the body to permit removal of
      the barrel from the body at said given angular position.
NUM  5.
PAR  5. Bar-tumbler type safety lock according to claim 4, characterised by the
      fact that the means for locking the key inside the barrel during the
      operation of the lock comprises a hollow of small depth made radially in
      the key at the level of its lower generatrix; the said stop finger; the
      second annular slot and one or more orifices for the exterior
      disengagement of the base of this finger in opposition to its return
      means, pierced at the bottom of this second annular slot, the first along
      the lower half-plane of symmetry of the body, the others each at the level
      of the bottom of one of the slots constituting the broaching of this body;
      the assembly is arranged so that the key inserted in the barrel retracts
      the finger in the opening, the base of this finger engaging one of these
      orifices, and then when fully engaged in the barrel, allows the head of
      the finger to engage in the said hollow and allows the base of the finger
      to become disengaged, under the action of its return means, from this
      orifice and to be maintained by the bottom of the second slot, the key
      remaining locked by the finger during the rotation of the barrel from
      which the key is disengaged only in an angular position of the barrel in
      which the finger is aligned with another orifice or, after a complete
      rotation of the barrel, with the same orifice, threby allowing the finger
      to retract before the key which can only then be removed from the barrel.
NUM  6.
PAR  6. Bar-tumbler type safety lock according to claim 5, characterised by the
      fact that the said return means of the stop finger are constituted by an
      annular spring placed in extension at the interior of an annular groove
      made in the periphery of the front part of the barrel and traversing a
      slot formed in the base of the finger.
NUM  7.
PAR  7. Bar-tumbler type safety lock according to claim 1, characterised by the
      fact that, the barrel has a length longer than that of the body, the latch
      holder turns in the manner of a sleeve on the rear end of the barrel which
      drives it rotation indirectly through a drive member engaged rotatingly
      with the barrel in an internal broaching of the rear part of the barrel,
      means being provided for angularly maintaining the latch holer in position
      when the barrel is removed from the body.
NUM  8.
PAR  8. Bar-tumbler type safety lock according to claim 1, characterised by the
      fact that the said longitudinal recesses in which the tumblers slide are
      blind cylindrical holes opening at the rear of the barrel and that these
      tumblers are massive cylindrical blocks the front part of which laterally
      carries a nib on which acts the corresponding spline of the key and in the
      body of each of which, in addition to one or more coding notches, are
      radially provided several annular grooves constituting false notches
      intended to mask the real position of the coding notch(s) of the tumbler
      when an attempt is made to pick the lock, the said return means of the
      tumblers being composed of helical springs each placed in one of the said
      recesses, directly behind the tumbler, and retained at the bottom of the
      recess by an annular member or retainer which simultaneously blocks all
      these recesses behind the barrel in which this retainer can be crimped and
      which is provided with a central opening traversed by the driver.
NUM  9.
PAR  9. Bar-tumbler type safety lock according to cliam 1, with a single key
      entry, provided with a single body and a single barrel and characterised
      by the fact that the central channel of the barrel, in which the key is
      directly inserted from the front, is separated from a broaching made in
      the rear part of this barrel for engaging the latch holder by a massive
      partition on the front face of which bears directly the end of the key
      fully engaged in the barrel and the periphery of which is only pierced
      with longitudinal hollows in which the nibs of the tumbler can engage,
      said hollows being extended toward the front by longitudinal ports which
      place each of said recesses of the tumblers in communication with the
      central channel and in which are guided and slide these nibs of the
      tumblers.
NUM  10.
PAR  10. Bar-tumbler type safety lock according to claim 9, characterised by the
      fact that the driver is partially crimped permanently in the internal
      broaching of the rear part of the barrel and, with the barrel in place, is
      maintained engaged in an identical broaching made in the central part of
      the latch holder, this latch holder being maintained rotatingly on a face
      of the bottom of the lock.
NUM  11.
PAR  11. Bar-tumbler type safety lock according to claim 1, with a double key
      entry, provided with two bodies and two barrels each mounted in one of the
      bodies and characterised by the fact that the central channel of each of
      these two barrels, the broaching of which reproduces the profile of the
      splines of the key, extends longitudinally over the entire length of the
      barrel and has a radial inset which separates the said central channel
      into two parts, one in front and in which the key is directly inserted
      from the front, the other behind and opening at the back of the barrel and
      in which is slidingly mounted the driver which is provided with splines of
      the same profile as those of the key and is fitted on the tail of a
      pushing member whose middle part slides in the said radial inset and whose
      head, against which bears the end of the key, is retained in the said
      front part by the said inset when the key is fully engaged; a helical
      spring, placed in the rear part of the central channel of one of the two
      barrels around the middle part of the pushing member and compressed
      between the said radial inset and the driver, tending to maintain the
      latter engaged in a broaching identical to that of the central channel,
      made in a diametral partition of the latch holder which, having a
      symmetrical configuration, turns in the manner of a sleeve on the rear end
      of each of the two barrels; the assembly is arranged so that, with the
      barrels in place, the latch holder is maintained, in the absence of the
      key, engaged with one of the two barrels which is provided with the said
      helical spring, remains engaged with the latter when the key is engaged in
      this first barrel and is disengaged from this latter to be engaged with
      the second barrel under the action of the key inserted fully into this
      second barrel whose driver, driving that of the first barrel in opposition
      to the said helical spring, then engages, while held by the key, in the
      latch holder; means being provided for keeping the two bodies assembled.
NUM  12.
PAR  12. Key for operating the lock according to claim 3, comprising a massive
      cylindrical body on the periphery of which are made several splines,
      truncated at their end over a depth depending on the combination carried
      by this key and regularly distributed angularly, a higher angular distance
      being allowed at the base of this body between the first and the last of
      these splines, characterised by the fact that the said splines have an
      arched cross section and by the fact that a hollow of small depth, shaped
      to receive the head of the stop finger locking the key in the barrel, is
      made radially in the key body along its lower generatrix; and including
      profiles, formed longitudinally in this body in front of each of the
      splines, resulting from their truncation for the coding of the key.
NUM  13.
PAR  13. Key according to claim 12, specially designed to enable the
      introduction, the extraction or the reintroduction of the barrel in the
      body, characterised by the fact that its hollow is made with a depth such
      that the head of the stopping finger can be introduced sufficiently so
      that the base of this finger is disengaged from the second annular slot
      during this introduction, this extraction or this reintroduction of the
      barrel in the body.
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PAL  Process and apparatus are disclosed for automatically interchanging die
      assemblies in a metal working press having a pair of moving bolsters to be
      used alternately in the press. An initial condition setting device having
      control circuits connected to various portions of the press for setting
      data such as the number of products, the pressing force of the slide of
      the press for working, the die height for different die assemblies, the
      balancer air pressure, the die cushion stroke, the die cushion air
      pressure, the kind of operation of the die cushion for the drawing, the
      locking or the shearing and the blank holder air pressure is provided for
      sequentially carrying out various steps. The steps include moving the
      bolster having the used die assembly thereon out of the press to a
      predetermined exterior position after unclamping the die assembly and
      moving another bolster having a new die assembly to be used next set
      thereon in position into the press for the next operation and clamping the
      die assembly to be ready for the next operation with removal of safety
      pins in the die assembly. The die height adjustment, the die cushion air
      pressure adjustment are carried out fully automatically during the
      operation, thereby permitting the changing of die assemblies in the entire
      press line or the changing of die assembly in an individual press to be
      automatically carried out while the operation of the operator is
      simplified and the safety in operation is insured so as to improve the
      efficiency of the press.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention.
PAR  The present invention relates to a process for automatically interchanging
      die assemblies in a metal working press having a pair of moving bolsters
      alternately used in the press.
PAR  2. Description of the Prior Art.
PAR  The changing of die assemblies in a metal working press has heretofore been
      carried out by operating manual push buttons for successively effecting
      the respective steps of changing die assemblies, switching the operations
      and effecting adjustment while viewing the parts. However, the die
      changing operation is very complicated and requires skill and, if the
      setting of the infeed of the slide for providing the pressing force of the
      slide during the operation is incorrect, may be overloaded the press
      thereby resulting in the danger of destroying the die assembly and the
      parts of the press. Therefore, the die changing operation has been carried
      out by a skilled die setting man.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is developed in view of the above described
      difficulties in the prior art press.
PAR  An object of the present invention is to provide a process for
      automatically interchanging die assemblies in a metal working press which
      can be easily carried out by unskilled worker by merely operating a
      starting push button and in which the respective steps for interchanging
      the die assemblies can be carried out in parallel to each other without
      requiring the operation of push buttons and the switching of operations
      for the respective steps of changing the die assemblies.
PAR  Another object is to provide an apparatus for carrying out the above
      described process.
PAR  A further object is to provide a process and apparatus of the type
      described above by which the die change operation in the entire press line
      or the die changing operation in individual presses can be simultaneously
      and fully automatically carried out.
PAR  A still further object is to provide a process and apparatus of the type
      described above in which the die interchanging operation in a press having
      a pair of bolsters alternately used in the press can be carried out in
      parallel to each other thereby permitting the time required for the
      changing of the die assembly to be extremely shortened and the efficiency
      of the operation of the press line to be extremely improved.
PAR  A further object of the present invention is to provide a process and
      apparatus of the type described above by which the operation required for
      the operator is simplified so that safety is insured thereby preventing
      the damage to the die assembly and the parts of the press, while no
      skilled operator is required for the operation of the present invention.
PAR  The above objects are achieved in accordance with the present invention by
      the provision of a process for automatically interchanging die assemblies
      in a metal working press having a first moving bolster located in position
      in the press and mounting thereon a die assembly consisting of an upper
      die and a lower die which have been used in the preceding operation of the
      press with the slide of the press being located at the upper dead point
      thereof. A second moving bolster is located in position in the exteriorly
      set position and mounting thereon a die assembly consisting of an upper
      die and a lower die which are to be used in the next operation of the
      press. The process comprises the steps of effecting die height adjustment
      for providing a set clearance to the slide for the next die assembly,
      balancer air pressure adjustment, die cushion stroke adjustment and blank
      holder air pressure adjustment for the next die assembly according to the
      respective set values set for the next operation of the press upon receipt
      of signal of interlocking for operating the first and second moving
      bolsters, moving the first bolster out of the press in position to the
      exteriorly set position, moving the second bolster in position in the
      press, moving the slide having been located at the upper dead point
      downwardly to the lower dead point for securing the adapter attached to
      the upper die mounted on the second bolster to the slide by the clamping
      action of the die clamper of the slide, moving the slide again to the
      upper dead point for effecting simultaneously die height readjustment for
      applying a pressing force to the slide, lifting of die cushion pad and die
      cushion air pressure adjustment, carrying out the pressing operation for
      the number of products set preliminarily, moving the slide again to the
      upper dead point for effecting die height adjustment for providing
      clearance for the next die assembly, descending of the die cushion pad
      upon receipt of signal of interlocking for operation of the press and the
      first and second moving bolsters, moving the slide to the lower dead point
      for separating the adapter attaching thereto the upper die from the slide
      by the unclamping action of the die clamper, moving the slide to the upper
      dead point for effecting again the first mentioned step, and interchanging
      the die assembly on the first moving bolster located in at position in the
      exteriorly set position by a new die assembly to be used next during the
      time the above described steps are being effected, wherein all the
      operations included in the above described steps are automatically carried
      out in accordance with the demand preliminarily set thereby permitting the
      changing of the die assembly to be carried out automatically during the
      pressing operation of the press while operation of the manual push buttons
      and switching operations are dispensed with so that the time required for
      changing of the die assembly is extremely shortened.
PAR  In accordance with the present invention, an apparatus for automatically
      interchanging die assemblies in a metal working press having a pair of
      moving bolsters alternately used in the press is provided which comprises
      means provided with an initial condition setting device for setting the
      required die height value and the like and a slide position detecting
      device capable of actuating a slide driving motor intermittently by means
      of a timer through a synchronizing control for automatically adjusting the
      die height and the die cushion stroke, means having a voltage controlled
      reducing valve unit including check valves and a discharging
      electromagnetic valve for automatically adjusting the air pressure in air
      tank for balancer, a die cushion, and blank holder, means having
      electromagnetic valves and a coupling body for automatically connecting
      and disconnecting the flow of working fluid from the press body to the die
      assembly attached thereto, and means having an electromagnetic valve for
      automatically setting the die protecting clearance in the die assembly by
      operating safety pins mounted in the die assembly. The first series of
      operations including the adjustments of the die heights, the blank holder
      air pressure, the balancer air pressure and the die cushion stroke and the
      movement of the moving bolsters out of and into the press body, the second
      series of operations including clearance adjustment for operation of the
      die assembly, removal of the safety pins, die height readjustment for
      applying a pressing force to the slide, lifting of the die cushion pad and
      die cushion air pressure adjustment and the third series of operations
      including readjustment of the clearance for protection of the die
      assembly, locking of the safety pins, the die height adjustment for
      removing the pressing force of the slide and descending of the die cushion
      pad are automatically effected in parallel to each other in accordance
      with the demand preliminarily set in the initial condition setting thereby
      permitting the time required for the changing of the die assemblies to be
      shortened while the simultaneous changing of the die assemblies in the
      entire press line and the changing of the die assemblies in individual
      presses are automatically carried out.
PAR  By the present invention, the changing of die assemblies in the entire
      press line can be automatically and simultaneously carried out while the
      changing of die assemblies in individual presses can be automatically
      carried out.
PAR  Further, the changing of the die assembly in a press can be carried out in
      parallel to the pressing operation of the press thereby shortening the
      time for die changing so that the efficiency of the press line is
      improved.
PAR  Further, the operation by the operator is simplified and safety in
      operation is insured thereby preventing damage to the die assemblies and
      the parts of the press.
PAR  With the present invention, a skilled die setting operator is no longer
      required.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A to 1D are a block diagram showing the sequence of the automatic
      changing of the die assemblies;
PAR  FIG. 2 is a block diagram showing the automatic adjustment of the die
      height and die cushion stroke;
PAR  FIG. 3 is a schematic view showing the automatic adjusting device for air
      pressure in an air tank for balancer, die cushion and blank holder;
PAR  FIG. 4 is a schematic sectional view showing the automatic coupling device
      for connecting and disconnecting the die and the press body;
PAR  FIG. 5 is a schematic sectional view showing the automatic setting device
      for the safety pins in the die assembly;
PAR  FIGS. 6 and 7 are side views showing the safety pins in the die assembly in
      different positions;
PAR  FIG. 8 is a fragmentary side view showing the automatically rotatable
      illuminating device for illuminating the working area in the press;
PAR  FIG. 9 is a front view showing the liftable ladder of the press of the
      present invention;
PAR  FIG. 10 is a side view of FIG. 9; and
PAR  FIG. 11 is a fragmentary diagram showing the circuit of the lifting
      cylinder shown in FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1A to 1D show the block diagrams for carrying out the steps of the
      automatic die changing operation in accordance with the present invention.
PAR  An initial condition setting device A is adapted to set the parameters in
      the operation intended such as the kind of die to be used, the number of
      products to be produced, the pressing force of the slide (infeed of the
      slide for achieving the pressing force), the die height for the die
      assembly to be used, the balancer air pressure, the die cushion stroke for
      the die assembly to be used, the die cushion air pressure, the kind of
      operation of the die cushion (drawing, locking, shearing, etc.) and the
      blank holder air pressure.
PAR  The operation is commenced after setting the respective values in the
      initial condition setting device A.
PAR  Upon receipt of the signal from the interlock 100, the ready for operation
      indicating lamp B is lit, wherein the die assembly 1 having been used in
      the previous pressing operation is placed on the moving bolster 2 located
      in place in the press body and the slide 2' of the press is positioned at
      the upper dead point while the other bolster 3 is placed in position at
      the exteriorly set position outside of the press body with a new die
      assembly 4 to be used in the next operation being placed thereon.
PAR  According to the die setting program, when the automatic operation push
      botton C is manually actuated, the die height adjustment 101 (providing a
      clearance .alpha. between the lower surface of the slide 2' when located
      at the lower dead point and the upper surface of the adapter attached to
      the upper die of the new die assembly placed on the bolster 3), the
      balancer air pressure adjustment 102, the die cushion stroke adjustment
      103, the blank holder air pressure adjustment 104 and the die clamper
      unclamping operation 111 are effected automatically, and then the
      interchanging of the bolsters 3 and 2 into and out of the press body is
      carried out in accordance with the program.
PAR  The moving bolster 2 is first moved to cross point 5 with high accuracy. To
      this end, the moving bolster 2 is stopped adjacent to the cross point by
      stopping the driving motor by means of a limit switch 6, and thereafter,
      the motor is again driven for a time T so that the bolster 2 is abutted
      against a positioning stopper 7 and is held at this abutted position
      during the time set in the timer T, the motor being then deenergized.
PAR  Then, the bolster 2 is brought (116) to the exteriorly set position (120)
      outside of the press body while the bolster 3 is moved (118) to the cross
      point (121). The buzzers are operated (117) (119) while the bolsters 2 and
      3 are moved.
PAR  The bolster 3, after being stopped precisly at the cross point, is moved
      (123) into the press body during the movement of which a buzzer is
      operated (124).
PAR  The bolster 3 is moved in position to the set position in the press body
      (126) and the bolster lifter descends (127) and the bolster clamper clamps
      the bolster (128).
PAR  After clamping of the bolster 3 and upon receipt of the signal from the
      interlock 129, the slide 2' of the press is moved at low speed to the
      lower dead point (130) during which movement the buzzer is operated (131).
PAR  In order to prevent damage or interference between the lower surface of the
      slide 2' and the upper surface of the adapter 3' of the upper die on the
      bolster 3 positioned in position in the press body due to misadjustment of
      the die height setting and the like when the slide descends to the lower
      dead point, interference preventing limit switch 8 provided in the slide
      2' is actuated when the clearance 10 between the slide and the adapter
      reaches a predetermined set value so that the slide 2' is stopped in
      emergency operation.
PAR  When the slide 2' reaches a position adjacent to the lower dead point
      (132), the operation is switched to preloading step (133) so that the
      slide position adjusting motor is driven to independently lower the slide
      from the crank mechanism of the press thereby permitting a predetermined
      pressing force to be applied to the slide 2' by the close pressing contact
      of the slide with the adapter which contact is detected by a detecting
      switch 9 in the slide thereby stopping the adjusting motor. After
      confirmation of the actuation of the switch 9, the die clampers in the
      slide 2' clamp the adapter 3' of the upper die (134).
PAR  Then, the timer T' operates to provide a predetermined timing, and then,
      the slide 2' is lifted by motor of the slide lifter to the upper dead
      point in the forward or reverse rotation of the crank in the press
      effected by the motor (135) depending upon the position of the slide which
      is stopped adjacent to the lower dead point by detecting the actuation or
      non-actuation of the lower dead point limit switch by the crank. The
      buzzer is operated during the movement of the slide (136).
PAR  Thereafter, so as to be ready for operation, the removal of safety pins in
      the die assembly (137), the die height adjustment (providing a pressing
      force or infeed to the slide) (138), the lifting of the die cushion pad
      (139) and the die cushion air pressure adjustment (140) are carried out
      for the die assembly set in the press.
PAR  After all the steps described above have been completed, the die setting
      completion indicating lamp E is lit so as to indicate the readiness of the
      press for pressing operation.
PAR  After completion of the pressing operation (142) of the set number of the
      products, the slide is brought to the upper dead point (143). Upon receipt
      of the signal from the interlock (144), the ready for die changing
      operation lamp F is lit.
PAR  Thereafter, automatic operation push button G is manually operated so that
      the indicating lamp is lit (148) to indicate that the die changing
      operation has commenced.
PAR  The die changing operation is initiated by first moving or projecting the
      safety pins to the operable positions (147), the adjusting die height
      (removing the pressing force or infeed of the slide) (149), and the
      descending of the die cushion pad (150).
PAR  After confirmation of the completion of the above steps, the driving motor
      of the slide lifter is operated to move the slide to the lower dead point
      (151) during which movement the buzzer is operated (152). When the slide
      stops adjacent to the lower dead point whether or not the slide has been
      moved beyond the lower dead point the die height adjustment for removing
      the pressing force or infeed of the slide has already been effected. The
      operation is switched to the preloading operation (154) so that the slide
      adjusting motor is driven so as to lower the slide independently from the
      crank of the press. When the upper die closely contacts with the projected
      safety pins 11 to produce a predetermined pressing force, the motor is
      stopped by the actuation of the zerospeed switch, and the die clamper
      unclamps the adapter 3' (156) so as to separate the same from the slide. A
      limit switch is operated upon completion of the unclamping of the die
      clamper so that a timer is actuated to provide a predetermined timing and,
      thereafter, the slide 2' is moved by the driving motor to the upper dead
      point (158) in the forward or reverse rotation of the motor depending upon
      the position of the crank whether beyond the lower dead point or not.
      During the movement of the slide 2', the buzzer is operated (159). When
      the slide 2' has been moved to the upper dead point, the automatic
      operation completion indicating lamp H is lit to indicate the ready
      condition for the next die changing operation by interchanging the moving
      bolsters.
PAR  In the above described automatic die changing operation, the die height
      adjustment for removing the pressing force or infeed of the slide may be
      dispensed with. In this case, the slide is stopped before it reaches the
      lower dead point with a clearance corresponding to the infeed of the slide
      for providing the pressing force to the slide being left between the upper
      and lower dies, and the slide is lowered by the slide adjusting motor
      independently of the slide to provide the predetermined pressing force to
      the upper die for separating the adapter from the slide by unclamping the
      clamper.
PAR  In order to deal with the repair of the die assembly or the repair or
      adjustment of the automatic devices in the system during the pressing
      operation, manual operation is also made possible in the control circuit
      of the present invention.
PAR  In FIGS. 1A to 1D, single line blocks show the automatic operation while
      double line blocks show the manual operation.
PAR  As to the control circuit of the present invention, an electronic computer,
      pin board system or stepping programmer may be utilized.
PAR  Now automatic adjustment in each part of the system of the present
      invention will be described.
PAR  1. Die height and die cushion stroke adjustment
PAR  As shown in FIG. 2, the die height adjusting motor 26 is coupled with the
      slide (not shown in FIG. 2) through a reduction gear 27, the shaft 28 and
      worm gears 29 with which the worm wheels for driving the slide through
      adjusting nuts (not shown) for adjusting the position of the slide are
      coupled. The initial condition setting device 20 is connected to the motor
      26 through an amplifier 23 and an output relay circuit 24 while a slide
      position detecting device 21 coupled with the shaft 28 is connected to the
      setting device 20 as shown.
PAR  The setting device 20 comprises digital switches 22 for setting the
      required value of the die height.
PAR  Thus, when the die height is set by operating the digital switches 22, the
      synchronizing control transformer (not shown) in the setting device 20 is
      operated to provide the required rotating angle. On the other hand, the
      position detecting device 21 provides the rotating angle corresponding to
      the actual position of the slide. Therefore, when starting button of the
      setting device 20 is pushed, a differential voltage having one or an
      opposite polarity corresponding to the difference in the rotating angle
      between the detecting device 21 and the setting device 20 is produced,
      which is amplified by the amplifier 23 discriminating the polarity of the
      differential voltage, and the output relay 24 is actuated. The output
      relay 24 operates the motor 26 so that the differential angle between the
      set value and the value of the detecting device 21 is reduced to zero.
PAR  Therefore, the worm wheels are driven by the motor to actuate the adjusting
      nuts relative to the connection screws for adjusting the slide position to
      provide the required die height. In adjusting the slide position, the
      slide is first stopped at a position several millimeters spaced from the
      set position before it reaches the set position, and the motor 26 is
      driven intermittently with the aid of a timer so as to permit the slide to
      be positioned at the set position accurately.
PAR  2. Automatic adjustment of air pressure in an air tank for the balancer,
      die cushion and blank holder.
PAR  As shown in FIG. 3, an air tank 37 for supplying air pressure to the
      balancer, the die cushion and the blank holder is connected to voltage
      controlled pressure reducing valve unit 34, and the unit 34 is controlled
      by a comparator supplier 33 to which signals from the setting device 30
      and from the detecting device 32 connected to the air tank 37 are applied
      for the comparison of these signals.
PAR  The voltage controlled pressure reducing valve unit 34 comprises an
      electrically controlled servovalve 35 and a discharging electromagnetic
      valve 36, a pilot type pressure reducing valve 38, and check valves 39 and
      40 arranged as shown.
PAR  The setting device 30 comprises dials 30a for setting the required value
      and a start button 31.
PAR  Thus, when the required air pressure is set in the setting device 30 by
      operating the dials 30a, a voltage corresponding to the set value of the
      air pressure is generated. On the other hand, the detecting device 32 is
      adapted to convert the air pressure in the tank 37 into a voltage
      corresponding to the air pressure in the tank 37.
PAR  Therefore, upon actuation of the start button 31, the voltage generated by
      the setting device 30 and the voltage from the detecting device 32 are
      applied to the comparator amplifier 33 where the two voltages are compared
      and amplified, and the output is supplied to the voltage controlled
      servovalve 35 and the electromagnetic valve 36.
PAR  If the set value is higher than the air pressure in the tank 37, the
      differential voltage corresponding to the difference in the pressure is
      applied to the servovalve 35 so as to adjust the pilot air pressure in the
      pilot reducing valve 38. The valve 38 is opened by the pilot air pressure
      so that the supplied air pressure forcibly opens the check valve 39 so as
      to supply air into the tank 37. When the differential voltage is reduced
      to zero by the supply of air into the tank 37, the pilot valve 38 is
      closed, so that the pressure adjustment is completed.
PAR  To the contrary, if the set value is lower than the actual air pressure in
      the tank 37, the differential voltage corresponding to the difference in
      the pressures is applied to the servovalve 35 and the discharging
      electromagnetic valve 36. Since the set value is lower than the actual air
      pressure in the tank 37, the pilot value 38 will not be opened even though
      the pilot air pressure is applied thereto. On the other hand, the
      electromagnetic valve 36 is actuated by the voltage applied thereto so
      that the check valve 40 is forcibly opened to permit the air in the tank
      37 to be discharged through the opened check valve 40. When the
      differential voltage is reduced to zero by the discharge of air from the
      tank 37, the electromagnetic valve 36 is deenergized to close the check
      valve 40 so that the adjustment of air pressure in the tank 37 is
      completed.
PAR  3. Attachment and detachment of the fluid connection between the press body
      and the die assembly.
PAR  As shown in FIG. 4, a cylindrical member 120 is attached to the press body
      (not shown) for supplying working fluid through passage F'. The member 120
      slidably receives therein a double walled cylindrical movable member 53
      which is urged by a spring 54 toward the left in FIG. 4 so that an annular
      fluid chamber 52 formed between the members 120 and 53 is contracted. A
      cam rod 56 secured to the member 53 extends through the bottom wall of the
      member 120 and is provided with a shoulder 56a at the intermediate portion
      thereof and an enlarged portion 56' at its outer end. Limit switches 57,
      66 are arranged near the path of movement of the cam rod 56 so that the
      limit switch 57 is actuated by the shoulder 56a when the rod 56 moves to
      the right while the limit switch 66 is actuated by the enlarged portion
      56' when the rod 56 moves to the left in FIG. 4.
PAR  The movement of the member 53 is limited by the contraction of the fluid
      chamber 52 and a stopper 55 formed in the member 120.
PAR  The outer cylindrical wall portion of the member 53 slidably receives and
      annular piston 67 so that an annular fluid chamber 42 is formed between
      the end wall of the member 53 and the outwardly extending annular flange
      45 of the piston 67. The piston 67 is urged by a spring 46 to the left so
      as to contract the fluid chamber 42.
PAR  The inner cylindrical wall 60 of the member 53 is adapted to slidably
      receive a coupling body 70 of the die assembly (not shown) when the die
      assembly is moved in position in the press body. The coupling body 70 is
      formed with an annular abutment surface 65 at the outer end thereof which
      is adapted to abut against the mating annular abutment surface 64 formed
      in the inner surface of the inner wall 60 when the coupling body 70 is
      moved in the inner wall 60.
PAR  The movement of the piston 67 is limited by a cam 48 secured thereto and a
      stopper 47 formed in the outer surface of the inner wall 60.
PAR  The coupling body 70 has a concentric annular guide member 70a secured to
      the inner surface of the body 70 by spokes 70'a, and an abutment member 63
      is slidably received in the guide member 70a and urged by a spring 63a so
      as to extend beyond the abutment surface 65 and normally close the annular
      passage F" formed between the abutment surface 65 and the member 63.
PAR  In like manner, a concentric annular guide member 60a is secured to the
      inner surface of the inner wall 60 by spokes 60'a and an abutment member
      62 is slidably received in the guide member 60a and urged by a spring so
      as to extend beyond the abutment surface 64 and normally close the annular
      passage F'" formed between the abutment surface 64 and the member 62.
PAR  A ball 68 is arranged in a slot in the inner wall 60 which is received in a
      slot 69 formed in the outer surface of the body 70 when the same is
      positioned in position in the inner wall 60. The ball 68 is urged in the
      slot 69 by the piston 67 when the same is moved to the left so that the
      connection between the body 70 and the inner wall 60 is insured.
PAR  As is evident, when the body 70 is moved into the inner wall 60 and
      abutment surfaces 65, 64 are abutted, the members 62, 63 are abutted so as
      to be urged against the action of the springs 62a, 63a, thereby opening
      the passages F", F'" to communicate the passage F' with the passage F in
      the body 70.
PAR  A limit switch 49 is located adjacent to the cam 48 so as to be actuated by
      the cam 48 when the piston 67 moves to the right. In like manner, a cam 58
      is secured to the coupling body 70 which actuates a limit switch 59 when
      the coupling body 70 is moved in position in the inner wall 60.
PAR  The fluid chamber 42 is connected by line 43 to a source of working fluid
      (not shown) through a solenoid valve 44 and a parallel circuit of an
      orifice and a check valve while the fluid chamber 52 is connected by line
      51 to the source of fluid through a solenoid valve 50 and a parallel
      circuit of an orifice and a check valve.
PAR  The connection between the limit switches and the solenoid valves described
      above as follows:
PAR  Energization of the solenoid valve 44 causes the working fluid to be
      introduced into the fluid chamber 42 through the line 43 so as to move the
      piston 67 to the right against the action of the spring 46 until the
      piston 67 abuts against the stopper 47. At this time, the cam 48 actuates
      the limit switch 49 so that the solenoid valve 50 is energized to admit
      the fluid into the fluid chamber 52 through the line 51 thereby moving the
      movable member 53 to the right against the action of the spring 54 until
      the member 53 abuts against the stopper 55. At this time, the limit switch
      57 is actuated by the shoulder 56a of the rod 56 so that the die assembly
      on the moving bolster to be used in the next operation is moved into
      position in the press body, i.e., the coupling body 70 is moved into the
      inner wall 60 of the movable member 53. At this time, the limit switch 59
      is actuated by the cam 58 so as to deenergize the solenoid valve 50
      thereby discharging the fluid from the fluid chamber 52 through the line
      51 so that the movable member 53 is moved to the left by the action of the
      spring 54. By this movement, the abutment members 62, 63 first abut
      against each other so as to open the passages F", F'", and then the
      abutment surfaces 64, 65 abut against each other to communicate the
      passage F' with the passage F.
PAR  The movement of the movable member 53 to the left causes the enlarged
      portion 56' of the rod 56 to actuate the limit switch 66 thereby
      deenergizing the solenoid valve 44 so as to discharge the fluid from the
      fluid chamber 42 through the line 43. Thus, the piston 67 is moved to the
      left by the action of the spring 46 so that the ball 68 is urged into the
      slot 69 to insure the positive coupling of the coupling body 70 with the
      member 53 while the passage F' is held communicated with the passage F.
PAR  4. Actuation of safety pins for protection of die assembly
PAR  As shown in FIG. 6, the die assembly comprising upper and lower dies C, D
      is held apart by the safety pins by the distance H.sub.1, while the die
      assembly is stored for preventing interference between the upper and lower
      dies C, D and to prevent fatigue of the springs and the like incorporated
      in the die assembly.
PAR  When the die assembly is used for a pressing operation, the safety pins are
      removed or retracted so tha the distance between the upper and lower dies
      C, D is made H.sub.2 ready for operation.
PAR  The safety pin assembly comprises safety pin 75 having its piston 75a
      slidably received in a bore of safety pin block 99. The piston 45a engages
      with a spring 98 so as to be urged upwards so that the fluid chamber 89
      formed in the bore above the piston 75a is contracted.
PAR  A pair of oppositely arranged pistons 94, 95 are located at a right angle
      to the piston 75a and slidably received in bores in the block 99 as shown
      in FIG. 5 and they are urged by springs 96, 97 towards the piston 75a so
      that the stems 71, 72 of the pistons 94, 95 are normally received in the
      recessed engaging portions 73, 74 formed in the piston 75a thereby holding
      the safety pin 75 in its raised or operable position. Fluid chambers 90,
      91 are formed between the inner surfaces of the pistons 94, 95 and the
      bores receiving the pistons, respectively, and the chambers 90, 91
      communicates with passages 86, 87 opening at 83, 84 in the block 99,
      respectively, while the fluid chamber 89 communicates with opening 82 of
      the block 99 through passage 85.
PAR  The piston 95 is provided with a rod 101 extending outwardly from the block
      99 and a limit switch 100 is located adjacent to the rod 101 so that it is
      actuated by the rod 101 when the piston 95 is moved to the right in FIG.
      5.
PAR  A fluid source (not shown) is connected to the opening 82 through a
      solenoid valve 76, the coupling 77 (shown as being constructed by the
      coupling body 70 in FIG. 4), a line 78 and a parallel circuit 92
      consisting of an orifice and a check valve, when the die assembly is
      positioned in the press body for operation. The source is also connected
      to the openings 83 and 84 through the solenoid valve 76, the coupling 77,
      a line 79 and a parallel circuit 93 of an orifice and a check valve and
      lines 80, 81, respectively.
PAR  In operation, when the safety pin 75 is to be retracted for the operation
      of the die assembly, the solenoid valve 76 is energized so that the
      working fluid is introduced through the coupling 77, lines 78, 79, 80, 81
      to the openings 82, 83 and 84, and then into the fluid chambers 89, 90, 91
      through passages 85, 86 and 87, respectively. In this case, the fluid
      chambers 90, 91 are first expanded by the throttling of the parallel
      circuits 92, 93 so that the pistons 94, 95 are moved apart from each other
      against the action of the springs 96, 97 thereby disengaging the stems 71,
      72 from the engaging portions 73, 74 in the piston 75a. Then, the fluid
      chamber 89 is expanded by the fluid introduced thereinto by the throttling
      of the parallel circuit 92 so that the piston 75a is moved downwardly
      against the action of the spring 98 thereby retracting the safety pin 75
      into the block 99. Thus, the upper die C comes in contact with the upper
      surface of the block 99 to be ready for the operation.
PAR  When the solenoid valve 76 is deenergized, the fluid is discharged from the
      fluid chambers 89, 90, 91. Thus, the safety pin 75 is raised by the spring
      98 and the piston 94, 95 are moved toward each other so that the stems 71,
      72 engage with the engaging portions 73, 74, respectively, so as to arrest
      the safety pin 75 in its operative position.
PAR  The limit switch 100 is connected to the control circuit of the press and
      serves to prevent the pressing operation of the press when the limit
      switch 100 is actuated, i.e., when the safety pin 75 is in the raised or
      operative position in order to prevent the safety pin 75 from being
      damaged or broken by the pressing operation.
PAR  5. Illuminating device
PAR  As shown in FIG. 8, the illuminating device 106 is rotated to the upright
      position shown by the two dot chain line in FIG. 8 when the moving bolster
      is moved in position in the press body for the operation thereof while the
      illuminating device 106 is rotated to the downwardly rotated position
      shown by the solid line in FIG. 8 when the moving bolster is moved out of
      the press body for the die changing operation so as to indicate that the
      press is in the die changing operation.
PAR  To this end, a cylinder 102 is provided on the press body which has a rack
      103 connected thereto.
PAR  The rack 103 engages with a pinion 104 fixedly secured to a shaft 105 which
      is in turn rotatably supported by a bracket mounted on the press body. A
      plate 105a is fixed to the shaft 105 and the plate 105a mounts thereon the
      illuminating device 106.
PAR  The illuminating device 106 has a pair of locking members 105b resiliently
      mounted at the positions diagonal of the device 106, one of which engages
      with the latching member 107 when the device 106 is downwardly rotated so
      as to lock the same in position while the other locking member engages
      with a latching member 108 when the device is rotated to the upright
      position as shown in FIG. 8 so as to arrest the device 106 in its
      position.
PAR  In operation, when the bolster is moved to the right in FIG. 8 to the
      position in the press body for operation, the cylinder 102 is actuated
      manually or automatically by means (not shown) operably connecting the
      cylinder 102 for the positioning operation of the bolster so that the rack
      103 is moved upwardly to rotate the pinion 104 and the shaft 105 in the
      direction indicated by the arrow thereby rotating the illumination device
      106 in the clockwise direction from the position shown by the solid line
      to the position shown by the two dot chain line by disengaging the locking
      member 105b from the latching member 107 and locking the same in position
      by the locking member 105b and the latching member 108.
PAR  When the moving bolster is to be moved out of the press body, the cylinder
      102 is actuated in the reverse direction so that the illuminating device
      106 is moved to the position shown by solid line and locked in position by
      the cooperation of the members 105b and 107.
PAR  6. Up and down movement of the ladder
PAR  In moving the bolster in and out of the press body, the lower upright
      ladder 109a of the ladder assembly 109 for access to the crown of the
      press must be moved upwardly so as to clear the path of movement of the
      moving bolster.
PAR  To this end, a cylinder 111 is mounted on the press body and the piston rod
      111a thereof is provided with a pinion 114 at its outer end. The pinion is
      engaged with a stationary rack 112 mounted on the press body at its one
      side while a rack 113 secured to the up and downwardly movable ladder 109a
      engages with the pinion 114 at the other side as shown in FIG. 9. The
      cylinder 111 is connected to a source of fluid through an electromagnetic
      valve 110 as shown in a FIG. 11.
PAR  In operation, when the moving bolster is moved in or out of the press body,
      the electromagnetic valve 110 is actuated so that the cylinder 111 is
      operated to retract the piston rod 111a . Thus, the ladder 109a is moved
      upwardly by the engagement of the pinion 114 with the racks 112, 113.
PAR  In the apparatus of the present invention, a device is provided beneath the
      bolster in order to collect the scrap generated by the pressing operation
      and dust from the upper surface of the rails.
PAR  Since the present invention is constructed as described above, the die
      changing operation in the entire press line can be carried out fully
      automatically and simultaneously, and the die changing operation in an
      individual press can also be effected.
PAR  Further, the die changing operation can be effected during the operation of
      the press thereby shortening the time required for the die changing so
      that the efficiency is extremely improved. Further, no skill in die
      changing operation is required to eliminate the skilled operator and to
      insure safety in operation. Thus, the danger of damaging the die assembly
      and the parts of the press is avoided.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for automatically interchanging die assemblies, which assemblies
      are to be used in succeeding operations, in a metal working press in which
      a first moving bolster is located in a position in the press having
      mounted thereon a die assembly consisting of an upper die and a lower die
      which have been used in a preceding operation of the press with the slide
      of the press being located at the upper dead point thereof and a second
      moving bolster being located in a position exterior to the press having
      mounted thereon a die assembly consisting of an upper die and a lower die
      which are to be used in a succeeding operation of the press, wherein the
      improvement comprises the steps of adjusting the die assembly on the
      second bolster including effecting die height adjustment for providing a
      set clearance for the next die assembly, balancer air pressure adjustment,
      die cushion stroke adjustment and blank holder air pressure adjustment for
      the next die assembly according to predetermined set values set for the
      next operation of the press using the next die assembly on the second
      bolster upon receipt of an interlocking signal for operating the first and
      second moving bolsters, moving the first bolster out of the press into
      position exterior to the set position, moving the second bolster into
      position in the press, moving the slide which has been located at the
      upper dead point downwardly to the lower dead point for securing an
      adapter attached to the upper die mounted on the second bolster to the
      slide by the clamping action of a die clamper of the slide, moving the
      slide again to the upper dead point for simultaneously readjusting the die
      height for applying infeed or pressing force to the slide, lifting a die
      cushion pad and adjusting the die cushion air pressure, carrying out the
      pressing operation for producing products in accordance with a
      predetermined set number, moving the slide again to the upper dead point
      for adjusting the die height thereby providing a set clearance for the
      next die assembly, lowering the die cushion pad upon receipt of an
      interlocking signal for operation of the press and the first and second
      moving bolsters, moving the slide to the lower dead point for separating
      the adapter attaching thereto the upper die from the slide by the
      unclamping action of the die clamper, moving the slide to the upper dead
      point for readjusting the assembly, and interchanging the die assembly on
      the first moving bolster located in position at the exterior position with
      a succeeding die assembly to be used in a succeeding operation, wherein
      all of the steps are automatically carried out in accordance with a
      predetermined pattern thereby permitting the changing of the die
      assemblies to be carried out automatically during the pressing operation
      by the press.
NUM  2.
PAR  2. Apparatus for automatically interchanging die assemblies in a metal
      working press having a pair of moving bolsters alternately used in the
      press, wherein the improvement comprises means provided with an initial
      condition setting device for setting the required die height value, a
      slide position detecting device for actuating a slide driving motor
      intermittently by means of a timer through a synchronizing control for
      automatically adjusting the die height and the die cushion stroke, means
      having a voltage controlled reducing valve unit including a plurality of
      check valves and a discharging electromagnetic valve for automatically
      adjusting the air pressure in an air tank for a balancer, die cushion and
      blank holder, means having a plurality of electromagnetic valves and a
      coupling body for automatically connecting and disconnecting the flow of
      working fluid from the press body to the die assembly attached thereto,
      and means having an electromagnetic valve for automatically setting the
      die protecting clearance in the die assembly by operating safety pins
      mounted in the die assembly, wherein a first series of operations
      including the adjustments of the die height, the blank holder air
      pressure, the balancer air pressure and the die cushion stroke and the
      movement of the moving bolsters out of and into the press body, a second
      series of operations including clearance adjustment for operation of the
      die assembly, removal of safety pins, die height readjustment for applying
      a pressing force to the slide, lifting of the die cushion pad and die
      cushion air pressure adjustment and a third series of operations including
      readjustment of the clearance for protection of the die assembly, locking
      of the safety pins, die height adjustment for removing the pressing force
      of the slide and lowering the die cushion pad are automatically effected
      simultaneously in accordance with a predetermined pattern thereby
      permitting the time required for the changing of the die assemblies in a
      metal working press to be shortened.
PATN
WKU  039452310
SRC  5
APN  5188849
APT  1
ART  321
APD  19741029
TTL  Process and apparatus for preparation of thin walled cylindrical vessels
ISD  19760323
NCL  19
ECL  1
EXA  Combs; E. M.
EXP  Lanham; C. W.
NDR  5
NFG  22
INVT
NAM  Imazu; Katsuhiro
CTY  Yokohama
CNT  JA
INVT
NAM  Miyata; Masao
CTY  Kawasaki
CNT  JA
ASSG
NAM  Toyo Seikan Kaisha Limited
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731031
APN  48-121620
PRIR
CNT  JA
APD  19740918
APN  49-106786
CLAS
OCL   72 45
XCL   72349
XCL  113120A
EDF  2
ICL  B21C  900
ICL  B21D 2228
FSC   29
FSS  DIG. 46
FSC   72
FSS  DIG. 20;41;43;45;56;285;348;349
FSC  113
FSS  120 A
UREF
PNO  2393131
ISD  19460100
NAM  Vang
OCL   72DIG.20
UREF
PNO  3434329
ISD  19690300
NAM  Goble
OCL   72DIG.20
UREF
PNO  3495427
ISD  19700200
NAM  Balamuth
OCL   72DIG.20
UREF
PNO  3577753
ISD  19710500
NAM  Shah et al.
OCL   72 41
UREF
PNO  3613422
ISD  19711000
NAM  Kendall
OCL   72DIG.20
UREF
PNO  3657910
ISD  19720400
NAM  Isobe et al.
OCL   72DIG.20
UREF
PNO  3774426
ISD  19731100
NAM  Jezik et al.
OCL   72349
UREF
PNO  3820368
ISD  19740600
NAM  Fukuzuda et al.
OCL   72349
LREP
FRM  Diller, Brown, Ramik & Wight
ABST
PAL  In preparing thin walled cylindrical containers, e.g., can bodies, by the
      drawing and ironing processing, the lubricating effect between the metal
      material and tool metal can be highly improved by irradiating ultrasonic
      waves at least to the part to be ironed of the side wall portion of a
      cup-like formed article simultaneously with application of a lubricant.
      With the improvement of the lubricating effect thus attained, the
      manufacturing rate of can bodies can be greatly increased without such
      troubles as breakages of the head portion, the ear edge portion and the
      bottom wall portion of the can body. This improvement of the lubricating
      effect can be further enhanced when ultrasonic waves are irradiated in the
      direction perpendicular to the tapered face of a tapered inlet portion of
      an ironing die.
BSUM
PAR  This invention relates to an improved process and apparatus for preparing
      thin walled cylindrical containers according to the drawing and ironing
      treatment. More particularly, the invention relates to a process for
      preparing thin walled containers according to the drawing and ironing
      treatment in which lubricating properties of portions to be ironed can be
      improved by utilizing ultrasonic vibration to thereby improve the working
      efficiency and various properties of this walled containers, and to an
      apparatus for practising this process.
PAR  It is known to prepare cylindrical containers (drawn and ironed cans)
      having a side wall portion of a relatively small thickness and a bottom of
      a relatively large thickness by a method comprising drawing a metal sheet
      blanked in the form of a disc or the like by means of a drawing punch and
      a drawing die to form a cup-like can body and ironing the side wall of the
      resulting cup-like can body between an ironing punch and an ironing die.
      In this known drawing and ironing forming method, the forming operation is
      generally accomplished by passing the punch carrying and supporting a
      cup-like can body thereon through the fixed ironing die. The lubrication
      (especially friction) between the metal material and tool at this step has
      a great influence on the working efficiency and properties of the
      resulting container.
PAR  In the conventional drawing and ironing forming method, good lubrication is
      accomplished by sparying a lubricating material to the zone where the
      metal sheet is ironed between the ironing die and punch, namely to the
      circumference of the ironing forming zone. According to this lubricating
      operation, however, it is very difficult to distribute the lubricating
      material uniformly between the tool and material, and therefore, there are
      brought about varous disadvantages causing reduction of the working
      efficiency. For instance, tools are readily worn by friction and a great
      processing force is required for exothermic molding.
PAR  The manufacturing cost of cylindrical containers by the drawing and ironing
      treatment is greatly influenced by the manufacturing rate per unit time,
      namely the time required for the ironing operation. In the above known
      forming method, however, such troubles as breakages of containers are
      readily caused when the operation is conducted at a high speed. Therefore,
      in the known forming method, it is necessary to perform the ironing
      operation at a low speed and in a multi-staged manner.
PAR  Moreover, according to the conventional method, it is very difficult to
      uniformalize the thickness of the side wall portion and the surface
      hardness in the resulting can body and hence, can bodies having good
      properties cannot be obtained. Still further, the conventional method is
      defective in that so called scratches are readily formed on the side wall
      portion of the can body.
PAR  We noticed that according to the conventional can body-forming method
      comprising ironing the side wall portion of a cylindrical container by the
      combination of an ironing punch and an ironing die in the presence of a
      lubricating material, it is difficult to form a uniform boundary
      lubricating interface between the metal material and ironing tool and
      hence, it is difficult to overcome the above-mentioned defects. As a
      result of our research works, we found that when the side wall portion is
      irradiated with ultrasonic waves at least at a part to be ironed while a
      lubricating material is fed to the ironing zone, a high lubricating effect
      can be attained and the above-mentioned defects involved in the
      conventional drawing and ironing method can be effectively overcome. It
      has also been found that when ultrasonic waves are irradiated from a
      plurality of ultrasonic wave-irradiating mechanisms disposed and
      distributed around the circumference of an ironing die, concentratedly on
      specific divided portions of the die circumference corresponding to
      respective ultrasonic wave-irradiating mechanisms in the direction
      substantially perpendicular to the inlet angle of the die, the most
      excellent effect can be attained.
PAR  It is therefore a primary object of this invention to prpvide a process and
      apparatus for preparing thin walled cylindrical containers by drawing and
      ironing a metal material, in which the lubricating property of the metal
      material at a portion to be ironed and formed can be highly improved by
      utilizing ultrasonic vibration, whereby the working efficiency of the
      forming operation and the manufacturing rate can be highly improved and
      simultaneously, properties of resulting thin walled cylindrical containers
      can also be improved.
PAR  Another object of this invention is to provide a process and apparatus for
      preparing thin walled cylindrical containers, in which the ironing forming
      operation can be accomplished under application of a much smaller
      processing force at a higher speed than in the conventional ironing
      forming method and thin walled cylindrical containers can be prepared with
      high productivity without such troubles as bottom breaking and the like.
PAR  Still another object of this invention is to provide a process and
      apparatus for preparing thin walled cylindrical containers, in which thin
      wall cylindrical containers having a relatively uniform thickness and a
      substantially uniform surface in the side wall portion and being
      substantially free of so called scratches on the outer surface can be
      prepared at a high manufacturing rate.
PAR  In accordance with this invention, there is provided a process for the
      preparation of thin walled cylindrical containers comprising subjecting a
      cup-like formed article composed of a metal material to the one-staged or
      multi-staged ironing processing between an ironing punch and an ironing
      die to elongate the side wall portion of the formed article and reduce the
      thickness of said side wall portion, wherein a lubricant is fed at least
      to the part to be ironed of the side wall portion and simultaneously,
      ultrasonic waves are irradiated at least on said part of the side wall
      portion.
PAR  In accordance with this invention, there is also provided a process for the
      preparation of thin walled cylindrical containers comprising subjecting a
      cup-like formed article composed of a metal material to the one-staged or
      multi-staged ironing processing between an ironing punch and an ironing
      die to elongate the side wall portion of the formed article and reduce the
      thickness of said side wall portion, wherein a lubricant is fed at least
      to the part to be ironed of the side wall portion and simultaneously,
      ultrasonic waves are irradiated from a plurality of ultrasonic
      wave-irradiating mechanisms disposed and distributed around the
      circumference of the ironing die concentratedly on specific fivided
      portions of the circumference of the die corresponding to respective
      ultrasonic wave-irradiating mechanisms in the direction substantially
      perpendicular to a tapered inlet portion of the die.
PAR  Still further, in accordance with this invention, there is provided an
      apparatus for the production of thin walled cylindrical containers which
      comprises an ironing punch for supporting a cup-like formed article
      composed of a metal material, at least one ironing die disposed circularly
      so that it surrounds the axis of the ironing punch and is engaged with the
      side wall portion of the cup-like formed article supported on the ironing
      punch, a driving mechanism for causing a relative reciprocal movement
      between said ironing punch and ironing die, and a lubricant feed mechanism
      disposed to feed a lubricant at least to the part to be ironed of the side
      wall portion of the cup-like formed article, wherein a plurality of
      ultrasonic wave-irradiating mechanism-supporting members are disposed
      equidistantly and substantially independently from one another on the
      outer periphery of said circular die, and a ultrasonic wave-irradiating
      mechanism comprising an assembly of a ultrasonic vibrator element and a
      horn is disposed on each of said ultrasonic wave-irradiating
      mechanism-supporting members so that the axis of the ultrasonic
      wave-irradiating mechanism is substantially perpendicular to a tapered
      inlet portion of said die.
DRWD
PAR  This invention will now be illustrated in detail by reference to the
      accompanying drawing, in which:
PAR  FIGS. 1a-1d illustrate the sequence of steps in the process of this
      invention;
PAR  FIG. 2 is a sectional diagram illustrating an ironing apparatus, which is
      given for explanation of the ironing processing according to the
      conventional method;
PAR  FIG. 3-A is a schematic diagram illustrating in an enlarged manner the
      lubricating boundary interface between a metal material and an ironing
      tool;
PAR  FIG. 3-B is a schematic diagram illustrating in an enlarged manner the
      lubricating boundary interface between a metal material and an ironing
      tool;
PAR  FIG. 4 is a side view illustrating arrangement of main parts of an ironing
      apparatus to be used for practice of this invention;
PAR  FIG. 5 is a view taken along the line V--V of FIG. 4;
PAR  FIG. 6 is an arrangement view of an embodiment of the apparatus of this
      invention;
PAR  FIGS. 7-A to 7-F are views illustrating some instances of a ultrasonic
      wave-irradiating mechanism-supporting member to be used in the apparatus
      of this invention;
PAR  FIG. 8 is a view illustrating the section of an ironing die of the
      apparatus of this invention;
PAR  FIG. 9 is a sectional view showing the state of attachment of ultrasonic
      wave-irradiating mechanisms to the ironing die in the apparatus of this
      invention; and
PAR  FIGS. 10-A to 10-D are side views showing some instances of a horn of the
      ultrasonic wave-irradiating mechanism of the apparatus of this invention.
DETD
PAR  Referring to FIG. 1 illustrating the step sequence in the process of this
      invention, at the first step (a), a metal material 1 is punched in an
      optional form such as a disc-like form (blanking step), and at the second
      step (b), the disc 1 is subjected to the first drawing to form the disc 1
      into a shallow cup-like formed article 2 having a relatively large
      diameter. Then, at the third step (c), the cup-like formed article 2 is
      subjected to the redrawing to form the formed article 2 into a cup-like
      formed article 2' having a relatively small diameter, and at the fourth
      step (d), the formed article 2' is subjected to the ironing processing to
      iron the side wall portion of the cup-like formed article 2' and form it
      into a seamless can body 5 comprising a can end portion 3 (can bottom
      portion) having a relatively large thickness and a side wall portion 4
      having a relatively small thickness.
PAR  In the process of this invention, as the metal material 1 there can be
      employed, for example, a steel plate, a plate composed of a soft metal
      such as aluminum, and various plated and chemically treated steel plates
      such as a tin-plated sheet, a zinc-plated steel plate and a
      chromium-treated steel plate. In this invention, it is also possible to
      employ composite materials formed by coating these metal sheets or plates
      or applying resin layers such as resin film layers to these metal sheets
      or plates.
PAR  In this invention, because a specific combination of a lubricant and
      ultrasonic vibration is applied to the part to be ironed, it is made
      possible to form uncovered steel plates such as so called black plates.
      This results in great industrial and economical advantages.
PAR  These metal materials are available in the form of flat plates or coils,
      and they can be punched in the optional shape.
PAR  The thickness of the starting plate is varied depending on the use of the
      final product and the kind of the metal material, but it is generally
      preferred that the starting plate has a thickness of 0.2 to 0.6 mm. More
      specifically, it is preferred that the thickness of the starting plate is
      0.25 to 0.4 mm in the case of a steel plate and 0.35 to 0.55 mm in the
      case of a plate of a light metal such as aluminum. The size of the unit
      metal material obtained by blanking is determined based on the calculated
      amount of the metal necessary for the final product.
PAR  Both the second drawing and third redrawing steps are performed under known
      conditions by using an ironing punch and an ironing die in combination.
      The draw ratio defined by the following formula:
      ##EQU1##
      is varied depending on the kind of the metal material and the
      material-preparing conditions. In general, it is preferred that a
      practical draw ratio of 1.89 to 1.67 in the case of aluminum or 2.22 to
      1.82 in the case of a steel plate is adopted. In case it is difficult to
      obtain a cup-like formed article slip-fitting to the top end portion of
      the ironing punch by one-staged draw processing, a cup-like formed article
      formed by the first stage draw processing is subjected to the redraw
      processing, whereby a cup-like formed article suitably applicable to the
      process of this invention can be obtained. Incidentally, when this redraw
      processing is conducted, slight ironing (elongation -- thickness
      reduction) is allowed at the redrawing step.
PAR  The so obtained cup-like formed article is then subjected to ironing
      forming. This ironing forming is accomplished by using an apparatus such
      as shown in FIG. 2. In FIG. 2, an ironing punch 6 and a plurality of
      ironing dies 7a, 7b and 7c coaxial with the ironing punch 6 are disposed
      so that they can move relatively with each other. The outer diameter of
      the acting surface 8 of the ironing punch 6 may be in agreement with the
      inner diameter of the side wall portion of the cup-like formed article
      (see FIG. 1) or may be smaller than the inner diameter of the side wall
      portion. The ironing dies 7a, 7b and 7c are so disposed that the clearance
      between the acting end point 9a, 9b or 9c of the die and the acting
      surface 8 of the ironing punch is smaller than the thickness (t) of the
      side wall portion of the cup-like formed article 2' and the clearance
      between the ironing punch and each die is gradually reduced with the
      movement of the ironing punch. The side wall 10 of the cup-like formed
      article 2' is ironed between the ironing punch 6 and the ironing die 7a,
      whereby the thickness of the side wall 10 is lessened and the side wall 10
      is elongated. Then, the so thinned side wall portion is ironed between the
      next ironing die 7b and the ironing punch 6, and this ironing processing
      is continued until a desired residual thickness can be attained in the
      side wall portion.
PAR  In the conventional ironing formed method, a lubricant-projecting opening
      11 is mounted above each die 7 to feed a lubricant between the side wall
      portion 10 of the cup to be ironed and the top end portion 9 of the die.
      According to such lubricating operation, however, it is difficult to
      distribute the lubricant uniformly between the top end portion of the die
      and the metal material to be processed. The reason is described below by
      reference to FIG. 3-A illustrating schematically the lubricating interface
      in the conventional ironing forming method in an enlarged manner. In the
      boundary area between a tool metal 9 and a metal material 10 being
      processed, there are present local lubricant-sealed portions 12' and
      portions 13 where the tool metal has a direct contact with the metal
      material, and under severe processing conditions such as ironing forming
      conditions, it is very difficult to develop the sealed liquid lubricant
      12' uniformly throughout the boundary interface between both the metals.
      Accordingly, the conventional ironing forming method is still insufficient
      in the working efficiency and the resulting containers are defective in
      that the thickness or surface hardness is uneven and scratches
      (longitudinal strips) are formed on the surface.
PAR  One of important features of this invention is that when a side wall
      portion of a cup-like formed article is ironed between an ironing punch
      and an ironing die, a lubricant is fed to the part to be processed as
      mentioned above and ultrasonic waves are irradiated on said part. By
      irradiation of ultrasonic waves, a certain ultrasonic vibration is given
      between the tool and the metal material to be processed and the lubricant
      which is likely to be sealed in local portions of the interface between
      the tool metal and the metal material is sucked and distributed uniformly
      in said interface, so that the working efficiency in the ironing operation
      and the quality of the product can be highly improved. More specifically,
      in the ironing forming process of this invention, as shown in FIG. 3-B, it
      is made possible to distribute the liquid lubricant uniformly in the
      boundary interface between the tool metal 9 and the metal material 10, and
      hence, the region of the lubricating boundary interface can be enlarged as
      compared with the conventional ironing forming method and the area of the
      direct contact between both the metals can be reduced.
PAR  As illustrated above, according to this invention, by irradiation of
      ultrasonic waves on the part of a side wall portion of a cup-like formed
      article to be ironed, the following great advantages over the conventional
      ironing forming method can be attained:
PAR  1. The lubricating effect is improved between a tool and a metal material,
      and friction can be reduced between both the metals.
PAR  2. The processing time necessary for completion of ironing forming can be
      shortened and the producibility per unit apparatus can be improved.
PAR  3. Any of metal materials for can bodies can be ironed. For example, a
      metal material free of a soft metallic layer, e.g., a tin layer, such as a
      black plate, can be ironed effectively.
PAR  4. The life of tools can be prolonged very much.
PAR  5. The processing force necessary for the ironing operation can be
      drastically reduced and hence, a press having a relatively small capacity
      can be used.
PAR  6. The amount of ironing (amount of deformation) attainable by one ironing
      operation can be increased over the ironing amount attainable in the
      conventional method.
PAR  Various methods can be adopted in this invention for irradiation of
      ultrasonic waves on the part to be ironed. In general, it is preferred to
      adopt a method in which an ultrasonic vibrator element is attached to
      either or both of the ironing die and ironing punch and ultrasonic waves
      are irradiated on the part between the tool and metal material where the
      ironing processing is effected. For example, when a ultrasonic vibrator
      element is attached to the punch through a ultrasonic wave generator such
      as a horn, the ironing punch is vibrated vertically with a certain
      amplitude, and this vibration is transmitted to the side wall portion of
      the cup-like formed article to be ironed which is supported by the ironing
      punch. At this moment, the ironing punch absorbs the ultrasonic vibration
      energy and it is heated by this energy, but the temperature rise in the
      ironing punch by this absorption of the energy is much smaller than the
      temperature rise observed in the conventional ironing method and can be
      neglected. On the other hand, a plurality of ultrasonic vibrators and
      cones are mounted on the ironing die so that every two adjacent assemblies
      of the ultrasonic vibrator and cone are separated from each other with a
      certain angle in the peripheral direction, whereby ultrasonic vibrations
      of the same phase are given to the top end of the acting portion of the
      die. By these ultrasonic vibrations, a so called circular expansion and
      contraction movement is caused in the die. Namely, the die is expanded or
      contracted in the peripheral direction by these ultrasonic vibrations.
      Under these ultrasonic vibrations given to the metal material and/or the
      ironing die, the liquid lubricant fed between them is forcibly sucked in
      the interface therebetween without being locally sealed in narrow regions,
      to form a uniform boundary lubricating interface between the metal
      material and the ironing tool.
PAR  In the process of this invention, it is preferred that ultrasonic vibrators
      are attached to both the ironing punch and the ironing die. Referring to
      FIGS. 4 and 5 illustrating the main parts of the apparatus to be used for
      practice of the ironing forming process of this invention, a chamber 15
      having a sufficient compression strength is mounted on a suitable part of
      a reciprocal movement shaft 14 having an ironing punch 6 disposed at the
      head thereof, and a ultrasonic vibrator element 16 and a cone 17 for
      transmitting ultrasonic vibrations to the punch 6 are diposed in the
      chamber 15. In each of a group of ironing dies 7a, 7b and 7c disposed
      equidistantly on a supporting stand 18 along the moving passage for the
      ironing punch, there are mounted a plurality of assemblies of a ultrasonic
      vibrator element 16 and a ultrasonic vibration-transmitting cone 17 so
      that every two adjacent assemblies are spaced from each other with a
      certain angle in the peripheral direction of the ironing die. This angle
      formed between two adjacent ultrasonic vibrators mounted around the
      prephery of the die is selected within a range of from 15.degree. to
      90.degree., but an angle of about 45.degree. is generally preferred.
PAR  The frequency of the ultrasonic wave irradiated on the ironing punch and
      ironing die is selected within a range of 10 to 30 KHZ, especially 15 to
      25 KHZ, appropriately depending on the kind of the metal material to be
      processed and the desired quantity of lubrication. The output power for
      irradiation of ultrasonic waves is not particularly critical, but it is
      generally preferred that the power is within a range of from 300 W to 1
      KW, because a sufficient lubricating effect cannot be obtained at too
      small an output power and at too large an output power the energy is
      converted to an unnecessary heat, resulting in loss of the energy.
PAR  Feeding of a lubricant to the part of a cup-like formed article to be
      ironed can be accomplished by a known procedure. For example, a liquid
      lubricant is sprayed to the side wall portion of a cup-like formed article
      to be ironed or the part where ironing processing is performed. Any of
      known lubricant can be used in this invention. For example, one or more of
      lubricating components such as mineral oils, plant oils, polysiloxanes and
      polyolefins as they are or, is desired, in the state emulsified at a
      concentration of 20 to 60 % with water or a surface active agent. In this
      invention, even if the amount of the lubricant to be sprayed is
      substantially smaller than the amount of the lubricant used in the
      conventional method, a sufficient lubricating effect can be obtained.
PAR  A seamless cylindrical container 5 comprising a can bottom 3 having a
      relatively large thickness and a side wall portion 4 having a relatively
      small thickness, which has been formed by the above-mentioned ironing
      processing, is separated from the punch 6 during the return travel of the
      punch 6 by a suitable stripper disposed in the lower portion of a
      supporting stand 18 (see FIG. 4). In this invention, separation of the
      seamless container from the stripper can be performed more easily by
      irradiation of ultrasonic waves than in the conventional method. The
      cylindrical container, which has thus been subjected to the ironing
      forming operation, is then subjected to such processing as dooming,
      necking-in and flanging to obtain a final can body.
PAR  In accordance with a preferred embodiment of this invention, a plurality of
      ultrasonic wave-irradiating mechanisms are disposed and distributed around
      the circumference of an ironing die and ultrasonic waves are irradiated
      concentratedly on specific divided portions of the circumference of the
      die corresponding to respective ultrasonic wave-irradiating mechanisms in
      the direction substantially perpendicular to a tapered inlet of the die.
      By this arrangement, a sufficient lubricating effect can be attained with
      the ultrasonic wave-irradiating mechanism of a small output power and
      generation of heat in the ironing tool and metal material by irradiation
      of ultrasonic waves can be controlled at a very low level. Only when a
      plurality of ultrasonic wave-irradiating mechanisms are disposed around
      the circumference of the ironing die, ultrasonic wave-irradiating
      mechanisms of a considerably large output power should inevitably be used
      for imparting sufficient vibrations to the ironing die and improving the
      lubricating effect, and when such large output power ultrasonic
      wave-irradiating mechanisms are employed, generation of heat is
      conspicuous in the ironing die. In contrast, when a plularity of
      ultrasonic wave-irradiating mechanisms are equidistantly disposed along
      the circumference of the ironing die and ultrasonic waves are irradiated
      from them concentratedly on specific divided portions of the circumference
      of the die corresponding to respective ultrasonic wave-irradiating
      mechanisms, the ultrasonic output power can be utilized most effectively
      for distributing and forming a layer of the lubricant throughout the
      interface area between the tool metal and metal material and generation of
      heat in the ironing die by irradiation of ultrasonic waves can be
      controlled and maintained at a very low level. In this preferred
      embodiment of this invention, also the direction of ultrasonic waves to
      the ironing die is important. The ironing die has a tapared inlet portion
      which is gradually tapered in the axial direction of the ironing die,
      namely in the direction of movement of the ironing punch, and this tapered
      portion is engaged with the metal material supported on the ironing punch
      to effect forcible drawing of the metal material. In this preferred
      embodiment of this invention, ultrasonic waves are irradiated in the
      direction substantially perpendicular to the tapered inlet portion of the
      ironing die, so that the improvement of the lubricating effect by
      irradiation of ultrasonic waves can be highly enhanced. When ultrasonic
      waves are irradiated in other directions, for example, in the direction in
      parallel with the inclined face of the tapered inlet portion, no
      conspicuous improvement of the lubricating effect can be expected (see Run
      4 of Example 4).
PAR  According to the above-mentioned preferred embodiment of this invention,
      the following advantages can be attained by adoption of the above specific
      irradiation system in addition to the above-mentioned advantages (1) to
      (6);
PAR  7. A further improvement of the lubricating effect between the tool and the
      metal material can be expected by elevation of the ultrasonic irradiation
      efficiency, and hence, the above advantages (2) to (6) can be enhanced
      conspicuously.
PAR  8. A sufficient lubricating effect can be attained by using ultrasonic
      wave-irradiating mechanisms of a relatively low output power.
PAR  9. Generation of heat in the tools and the like by irradiation of
      ultrasonic waves can be controlled and maintained at a relatively low
      level.
PAR  In this preferred embodiment, in order to perform irradiation of ultrasonic
      waves according to the above specific system, it is preferred that
      ultrasonic wave-irradiating mechanism-supporting members are equidistantly
      disposed separately from one another along the outer periphery of a
      circular ironing die known per se, and that a ultrasonic wave-irradiating
      mechanism comprising an assembly of a ultrasonic vibrator and a horn is
      mounted on each of these supporting members.
PAR  Referring to FIG. 6 illustrating the entire arrangement of the apparatus
      suitable for practising the process of this invention, two facing guide
      rails 21 are disposed to extend in the longitudinal direction of a machine
      frame 20, and an ironing punch-supporting stand 22 is mounted so that it
      can move reciprocally on these guide rails. An ironing punch 23 is fixed
      to this supporting stand 22. A plurality of circular ironing dies 24a, 24b
      and 24c are attached to the machine frame 20 through ironing
      die-supporting members (die back-up plates) 25a, 25b and 25c to surround
      the axis of the ironing punch 23.
PAR  The ironing punch 23 comprises an outer peripheral surface 26 having a
      slip-fitting engagement with the inner face of the side wall portion of a
      cup-like formed article (not shown), a head portion 27 supporting the
      bottom wall of the cup-like formed article, and a shoulder 29 for forming
      a flange portion of the container in a part connecting the outer
      peripheral surface to the ironing punch shaft 28.
PAR  A suitable driving mechanism 30 is mounted on one end portion of the
      machine frame 20 to move the ironing punch stand 22 reciprocally in the
      longitudinal direction of the machine frame 20, namely in the axial
      direction of the ironing punch 23. Any of mechanisms capable of causing a
      reciprocal movement of a constant stroke length to the ironing punch stand
      and hence, to the ironing punch can be used as the driving mechanism 30.
      For example, it is possible to use an optional mechanism for converting a
      rotary movement to a linear reciprocal movement such as cam and crank
      mechanisms driven by a driving pulley, gear or sprocket 31, or a driving
      mechanism including a fluid cylinder such as a hydraulic cylinder.
PAR  A plurality of the above-mentioned circular ironing dies 24 (hereinafter
      alphabetic symbols a, b and c are omitted unless the specific circular die
      is mentioned) are disposed so that they have an axial line in agreement
      with the axial line of the ironing punch 23 making a reciprocal movement
      and a certain clearance from the outer peripheral surface 26 of the
      ironing punch. Further, these circular ironing dies 24a, 24b and 24c are
      located equidistantly in the axial direction so that the clearance between
      the die and punch is gradually reduced. By adoption of such arrangement,
      the side wall portion (not shown) of the cup-like formed article supported
      on the acting side face 26 of the ironing punch can undergo the
      multi-staged ironing processing.
PAR  A cup-like formed article 2 or 2' (see FIG. 1) formed at the drawing step
      or redrawing step is fed between the ironing punch 23 and ironing die 24,
      and for accomplishing this feeding, a cup-like formed article-supporting
      stand 32 is mounted on the approach side of the first ironing die 24a.
      This supporting stand 32 is provided with a compression mechanism (not
      shown) utilizing a fluid, such as air cylinder, and a retaining mechanism
      (not shown) actuated by this compression mechanism, and the supporting
      stand 32 has activites of positioning a cup-like formed article fed from a
      suitable feed device (not shown) correctly on the axis of the ironing
      punch 23 and of establishing a slip-fitting engagement between the side
      wall portion of the cup-like formed article and the side face portion 28
      of the ironing punch inititating the movement for the ironing processing.
PAR  A plurality of lubricant feed nozzles 33a, 33b and 33c are disposed on
      introduction sides of corresponding circular ironing dies 24a, 24b and
      24c, respectively, to feed a lubricant between the cup-like formed article
      making the movement for the ironing processing in the state supported on
      the ironing punch 23 and each of the circular dies 24. Each of lubricant
      feed nozzles 33a, 33b and 33c is connected to a lubricant feed device 35
      through a conduit 34 for feeding of a lubricant. The excessive lubricant
      stored in the ironing apparatus is recycled to the lubricant feed device
      35 through a return conduit 36. It is possible to attach a cooling device
      (not shown) to the lubricant feed device 35 for cooling a lubricant used
      and maintaining it at a suitable temperature.
PAR  In the apparatus of this invention shown in FIG. 6, a doom-forming member
      37 is mounted on the axis of the ironing punch 23 in the machine frame 20.
      This doom-forming member 37 is disposed to beat the bottom of the cup-like
      formed article supported by the ironing punch 23. As shown in FIG. 6, the
      doom-forming member 37 has a shoulder on the peripheral portion and a
      doom-like swollen portion at the central part thereof. In the apparatus
      shown in FIG. 6, at the point of termination of the movement of the
      ironing punch 23 for the ironing processing, beating of the bottom of the
      ironed container is performed by this doom-forming member 37.
PAR  On termination of this movement for the ironing processing, the return
      travel of the ironing punch 23 is initiated, and during this return
      travel, a thin walled cylindrical container formed by the above ironing
      forming is separated from the ironing punch 23. For attainment of this
      separation, a cylindrical container stripper 38 is mounted on the machine
      frame 20 on the discharge side of the final ironing die 25c along the
      plane including the outer peripheral face 26 of the ironing punch 26. This
      cylindrical container stripper 38 comprises an air cylinder 40 actuated by
      compressed air fed from a compressed air feed device 39 and a holding
      mechanism 41 actuated by the air cylinder 40 to hold the ear edge portion
      of the cylindrical container on the ironing punch, namely the open side
      edge portion of the cylindrical container. A thin walled cylindrical
      container formed by the ironing processing is separated from the punch 23
      by means of this stripper 38.
PAR  The most important feature of the apparatus of this invention is that a
      plurality of substantially independent ultrasonic wave-irradiating
      mechanism-supporting members 42 are equidistantly disposed on the outer
      periphery of each circular ironing die and a ultrasonic wave-irradiating
      mechanism comprising an assembly of a ultrasonic vibrator element 43 and a
      horn 44 is mounted on each supporting member 42. A ultrasonic vibrator 45
      is disposed outside the machine frame to feed an electric ultrasonic power
      to ultrasonic vibrator elements 43a, 43b and 43c attached to circular
      ironing dies 24a, 24b and 24c, respectively, and ultrasonic waves from the
      ultrasonic vibrator elements 43a, 43b and 43c are transmitted and
      irradiated on the corresponding circular ironing dies 24a, 24b and 24c
      through respective cones 44a, 44b and 44 c and supporting members 42a, 42b
      and 42c.
PAR  In this invention, in order to enhance the ultrasonic irradiation
      efficiency, it is important that a plurality of ultrasonic
      wave-irradiating mechanism-supporting members 42 are disposed
      equidistantly and substantially independently from one another along the
      outer periphery of each circular ironing die.
PAR  Referring to FIGS. 7-A and 7-F illustrating some instances of the
      ultrasonic wave-supporting member, a member for supporting a ultrasonic
      wave-irradiating mechanism comprising an assembly of a ultrasonic vibrator
      element 43 and a cone 44 (horn) includes a number of projections 42
      mounted on the circumference of the ironing die 24 via void portions 46
      such as notches or holes, and a ultrasonic wave-irradiating mechanism is
      attached to each of the projections 42 (in FIGS. 7-A to 7-F, for
      simplicity a ultrasonic wave-irradiating mechanism is shown only on one of
      the projections). These projections 42 acting as ultrasonic
      wave-irradiating mechanism-supporting members can take an optional form,
      as far as they satisfy the condition that they should be disposed around
      the circumference of the circular ironing die 24 independently from one
      another, and hence, the voids 46 located between every two adjacent
      projections can take an optional form.
PAR  For example, in FIG. 7-A, the projection 42 acting as the ultrasonic
      wave-irradiating mechanism-supporting member has a form of a rectangular
      parallelepiped projecting outwardly from the circumference of the die, and
      triangular notches 46 are present between every two adjacent projections
      42. This projection 42 may have a reverse trapezoid form as shown in FIG.
      7-B or a trapezoid form as shown in FIG. 7-B. In FIGS. 7-A to 7-C, the top
      face 47 of the projection 42, namely the ultrasonic wave-irradiating
      mechanism-supporting face, is a plane surface. This supporting face 47 may
      be a curved surface, for example, a surface of a part of the circumference
      as shown in FIG. 7-D. In FIG. 7-D, projections 42 are formed by providing
      slit-like notches 45 on a disc in the radial direction thereof. Further,
      as shown in FIG. 7-E, the projection 42 acting as the ultrasonic
      wave-irradiating mechanism-supporting member may have a configuration of a
      cycloid curve such as an involute curve. Moreover, the projection 42 may
      have a configuration of a quadratic curve such as a circle, an ellipse and
      a hyperbola, a combination of these quadratic curves, a combination of
      such quarratic curve with a straight line, or the like. Ultrasonic
      wave-irradiating mechanism-supporting members shown in FIGS. 7-A to 7-E
      are formed by forming notches 46 and projections 42 alternately and
      equidistantly on a disc or a polygonal plate. It is also possible to form
      ultrasonic wave-irradiating mechanism-supporting members 42 substantially
      indpendent from one another by perforating holes 46' equidistantly on a
      disc or polygonal plate.
PAR  In the above-mentioned preferred embodiment of this invention, it is
      desired that the circumferential angle between the two adjacent ultrasonic
      vibrator elements disposed around the circular die 24, namely the angle
      approxinating between the two adjacent ultrasonic wave-irradiating
      mechanism-supporting members 42, is selected within a range of from
      15.degree. to 90.degree., especially 30.degree. to 45.degree.. In other
      words, it is desired that 4 to 24, especially 8 to 12, of supporting
      members (projections 42) and corresponding ultrasonic wave-irradiating
      mechanisms are disposed around the circular die. Further, good results are
      obtained when the ratio of the size b in the radial direction of the void
      portion such as a notch or hole to the size a  projection in the radial
      direction of the ultrasonic wave-irradiating mechanism-supporting member
      42 attached around the outer periphery of the circular die, namely the
      ratio b/a, is within a range of from 0 to 1, especially from 0.60 to 0.85.
      When the above ratio is greater than 0.85, it is difficult to attain the
      primary object of this invention, namely the object of improving the
      lubricating effect based on ultrasonic vibration by irradiating ultrasonic
      waves from ultrasonic wave-irradiating mechanisms 43, 44 disposed and
      distributed around the circumference of the circular die 24 concentratedly
      on specific divided regions of the circular die corresponding to the
      ultrasonic wave-irradiating mechanisms.
PAR  In the preferred embodiment of this invention, also the angle of attachment
      of the ultrasonic wave-irradiating mechanisms 43, 44 to the circular die
      24 is important. Referring to FIG. 8 showing the section in the radial
      direction of the circular die 24 is an enlarged manner, the circular
      ironing die 24 to be used in this invention has a tapered inlet portion 48
      on the introduction side thereof, and the ironing processing is
      accomplished by engagement of this tapered portion 48 with the side wall
      portion of the cup-like formed article supported on the side face of the
      ironing punch. The angle .theta. of the tapered inlet portion 48 to the
      movement direction of the ironing punch (the vertical direction in FIG. 8)
      is varied depending on the ironing ratio attained by one ironing
      processing, but it is generally within a range of from 5.degree. to
      20.degree., preferably from 7.degree. to 10.degree.. In the preferred
      embodiment of this invention, ultrasonic waves are irradiated in the
      direction substantially perpendicular to the tapered inlet portion 48 of
      the circular ironing die. It is at this tapered inlet portion 48 that the
      greatest friction occurs between the metal material and tool metal in
      preparing thin walled cylindrical containers by the ironing forming. We
      found that when ultrasonic waves are irradiated in the direction
      substantially perpendicular to this tapered inlet portion 48, the highest
      improvement of the lubricating effect is attained between the metal
      material and tool metal. For attaining this feature, it is preferred that
      in the ironing die shown in Fig. 8, which is used in the apparatus of this
      invention, the angle .alpha. defined by the following formula
EQU  tan .alpha. = l.sub.2 /l.sub.1
PAL  wherein l.sub.1 is the size in the radial direction of the ironing die 24
      and l.sub.2 is the distance between the minimum diameter portion (tip) of
      the tapered inlet portion 48 and the discharge side of the ironing die, is
      substantially equal to the taper angle .theta. of the tapered inlet
      portion 48.
PAR  It is also important that as shown in FIG. 9, the supporting face 47 of the
      ultrasonic wave-irradiating mechanism-supporting member 42 is attached to
      the circular ironing die 24 is inclined substantially in parallel with the
      tapered inlet portion 48 of the die and the axis of the ultrasonic
      wave-irradiating mechanisms 43, 44 is substantially perpendicular to the
      axis of the tapered inlet portion 48. According to this invention,
      ultrasonic waves are irradiated on the circular ironing die from the
      ultrasonic wave-irradiating mechanisms arranged in the above-mentioned
      specific manner, whereby it is made possible to apply ultrasonic
      vibrations to the tapered inlet portion of the ironing die undergoing the
      severest friction while maintaining the loss of the ultrasonic vibrations
      in the die at a very low level, and a maximum elongation and contraction
      movement in the circumferential direction can be caused in the tapered
      inlet portion of the ironing die. Furthermore, it is made possible to
      introduce the lubricant, which is fed between the tapered inlet portion of
      the ironing die and the metal material, uniformly into the interface
      between them without sealing or confining the lubricant in narrow specific
      areas of the interface.
PAR  Known mechanisms can be used as a ultrasonic wave-irradiating mechanism
      comprising assembly of a ultrasonic vibrator element and a horn (cone).
      For example, there are known a conical horn as shown in FIG. 10-A, an
      exponential horn as shown in FIG. 10-B, a catenary horn as shown in FIG.
      10-C and a stepped horn as shown in FIG. 1-D. Any of these known horns can
      be used in this invention as the horn 44 of the ultrasonic
      wave-irradiating mechanism. In these horns, the amplitude magnifying ratio
      is greater in an order of the conical horn, the exponential horn,
      caternary horn and the stepped horn, and the ultrasonic processing area is
      greater in an order reverse to the above. In the ironing forming process
      of this invention, since the processing area is relatively small, it is
      preferred that a conical horn or exponential horn is selected among these
      known horns and is used.
PAR  Referring again to FIG. 6, in the apparatus of this invention, in many
      cases a sufficient improvement of the lubricating effect can be attained
      only by mounting ultrasonic wave-irradiating mechanisms 43, 44 on each of
      the ironing dies 24a, 24b and 24c. If desired, it is possible to irradiate
      ultrasonic waves also on the ironing punch supporting the cup-line formed
      article. For example, as shown in FIG. 6, a chamber 49 for holding a
      ultrasonic wave-irradiating mechanism is mounted in the interior of the
      ironing punch-supporting stand 22, and an assembly comprising a ultrasonic
      vibrator element 50 and a horn 51 (inclusive of a cone) is contained in
      this chamber 49. The axis of the horn 51 (inclusive of a cone) is in
      agreement with the axis of the punch 23. An electric power from a
      ultrasonic vibrator 52 disposed outside the machine frame is converted to
      ultrasonic vibration by the ultrasonic vibrator element 50 and is
      transmitted via the horn 51 (inclusive of a cone) into the axial direction
      of the ironing punch, namely in the direction of the side wall portion of
      the cup-like formed article being processed.
PAR  The preparation of thin walled cylindrical containers by the apparatus
      shown in FIG. 6 is performed in the following manner.
PAR  A cup-like formed article formed at the drawing or redrawing step
      illustrated by referring to FIG. 1 is fed to the position of a cup-like
      formed article-supporting stand 32 by means of a suitable feed device. At
      this point, an air cylinder (not shown) is actuated by compression of air
      fed from a suitable air feed source (not shown), and the cup-like formed
      article is set at a correct position for receiving the ironing punch 23
      therein by means of a clamping member (not shown).
PAR  At this moment, an ironing punch-supporting stand 49 is set at the position
      for initiation of the ironing movement, namely at the most right position
      in FIG. 6. A driving pulley 31 is driven by a suitable power system (not
      shown) and by converting the rotary movement of the pulley 31 to a linear
      movement by a driving member 30, the ironing punch-supporting stand 22
      starts the ironing movement in the left direction along guide rails 21.
PAR  The ironing punch 23 is inserted into the interior of the cup-like formed
      article held by the supporting stand 32, and on releasing the air pressure
      of the air cylinder (not shown) of the supporting stand 32 at this point,
      the cup-like formed article is supported by the head 27 of the ironing
      punch 23 and the outer peripheral surface 26 of the ironing punch 23 and
      is moved together with the ironing punch 23.
PAR  The cup-like formed article being moved in the state supported by the
      ironing punch 23 falls in engagement with a first ironing die 24a to
      subject the side wall portion of the cup-like formed article to the first
      ironing processing. According to this invention, a lubricant is fed to the
      part to be processed of the side wall portion of the cup-like formed
      article and simultaneously, ultrasonic waves are irradiated on the part to
      be processed. In FIG. 6, a lubricant is fed to a first-stage lubricant
      feed nozzle 33a disposed on the introduction side of the first ironing die
      24a from a lubricant feed device 35 through a conduit 33a, and the liquid
      lubricant is applied to the surface of the cup-like formed article just
      before entrance into the first ironing die 24a. Any of lubricant mentioned
      with respect to the embodiment shown in FIGS. 4 and 5 can be used.
PAR  In the ironing processing of the side wall portion of the cup-like formed
      article, an electric power from a ultrasonic vibrator 45 is applied to
      ultrasonic vibrator elements distributed along the circumference of the
      circular die 24a, and ultrasonic vibrations of the same phase are
      transmitted to the circular die 24a through the cone 44a and ultrasonic
      wave-irradiating mechanism-supporting member 42a in the above-mentioned
      specific manner. If desired, it is possible to apply an electric power
      from a ultrasonic vibrator 52 to a ultrasonic vibrator element 50 held in
      a chamber 49 of an ironing punch-supporting stand 22 and transmit
      resulting ultrasonic vibrations to the side wall portion of the cup-like
      formed article through a cone 51 and an ironing punch 23.
PAR  The frequency of the ultrasonic vibration is experimentally decided and
      selected within a range of from 10 to 30 KHZ, especially from 15 to 25
      KHZ, appropriately depending on the kind of the metal material to be
      processed and the desired quantity of lubrication. The power of the
      ultrasonic vibration to be irradiated on the ironing die 24 is not
      particularly critical but it is generally preferred that a power of 300 to
      1000 W, especially 300 to 500 W, is applied per ironing die, because no
      substantial improvement of the lubricating effect can be attained at too
      small a power and because at too large a power the vibration is converted
      to heat and loss of the energy is brought about. In the above-mentioned
      preferred embodiment of this invention, ultrasonic waves are irradiated on
      the ironing die substantially perpendicular to the tapered inlet portion
      of the ironing die through a plurality of ultrasonic wave-irradiating
      mechanism-supporting members disposed around the ironing die independently
      from one another, so that at a relatively small ultrasonic output power
      such as 500 W or lower a sufficient improvement of the lubricating effect
      can be obtained. In this invention, irradiation of ultrasonic waves on the
      ironing punch 23 is optional, but when it is intended to enhance the
      improvement of the lubricating effect, it is preferred to apply a
      ultrasonic power of 500 to 1000 W to the ironing punch 23.
PAR  In the apparatus shown in FIG. 6, since the clearance between the top end
      of the acting portion of the first ironing die 24a and the outer
      peripheral face 26 of the ironing punch is smaller than the thickness of
      the side wall portion of the cup-like formed article, the side wall
      portion of the cup-like formed article falls in engagement with the
      tapered inlet portion 48 (see FIGS. 4 and 5) of the ironing die 24a under
      irradiation of ultrasonic waves through a uniform interface of the
      lubricant, and the metal of the side wall portion is elongated in the
      movement direction of the ironing punch, namely in the axial direction of
      the cup-like formed article. In this manner, the cup-like formed article
      undergoes the first ironing processing. Then, a lubricant is applied to
      the cup-like formed article 2", which has been subjected to the first
      ironing processing, from a lubricant feed nozzle 33b, and the cup-like
      formed article 2" is ironed under irradiation of ultrasonic waves
      transmitted from ultrasonic wave-irradiating mechanisms 43b, 44b by
      engagement with a second ironing die 24b. In this manner, the cup-like
      formed article undergoes the second ironing processing. In the same manner
      as described above, the cup-like formed article 2'", which has been
      subjected to the second ironing processing, is ironed by engagement with a
      final ironing die 24c, and the intended thin walled cylindrical container
      is obtained.
PAR  In this invention, the value of the ironing ratio defined by the following
      formula
      ##EQU2##
      can be maintained at a relatively high level, for example, 20 to 60%,
      especially 30 to 50%, per ironing processing, and the overall ironing
      ratio can be maintained within a range of 60 to 85%, especially 65 to 80%,
      though these values vary to some extent depending on the kind of the metal
      material to be processed. In this invention, even when the ironing ratio
      per stage of the ironing processing is higher than 30% and the overall
      ironing ratio is higher than 70%, by adoption of the above-mentioned
      ultrasonic wave-irradiating system, thin walled cylindrical containers
      free of scratches can be prepared without such troubles as breaking of the
      bottom and breaking of the upper ear edge. In the multi-staged ironing
      processing using a plurality of circular ironing dies, it is generally
      preferred that the number of stages is from 2 to about 4, and good results
      can usually be obtained by the three-staged ironing operation such as
      shown in FIG. 6. Optimum values of the ironing ratio per stage of the
      ironing and the overall ironing ratio in various metal materials are as
      shown in Table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Metal Material      Ironing Ratio (%)                                     
                       per stage                                               
                       of ironing                                              
                                overall                                        
     ______________________________________                                    
     Aluminum (soft)     40 - 48    64 - 82                                    
     Aluminum (hard)     34 - 46    64 - 78                                    
     Tin-plated steel plate (bright)                                           
                         35 - 45    62 - 75                                    
     Tin-plated steel plate (matted)                                           
                         38 - 48    62 - 78                                    
     Black plate         25 - 45    56 - 70                                    
     ______________________________________                                    
PAR  In the apparatus shown in FIG. 6, a thin walled cylindrical container 5,
      the side wall portion of which has thus been ironed, is further moved to
      the left in the state supported by the ironing punch 23, and the bottom of
      the thin walled cylindrical container 5 is beaten into a doom form by
      means of a dooming portion 37.
PAR  In case a flange portion having a relatively great thickness is formed at
      the upper ear edge of the cylindrical container in the apparatus shown in
      FIG. 6, it is preferred that the side wall portion of the cup-like formed
      article is developed to the shoulder 29 of the punch 23 at the final
      ironing step.
PAR  Then, with rotation of the driving pulley 31, the driving portion 30 causes
      the ironing punch-supporting stand  22 to begin the return movement in the
      right direction. At this point, a stripper 38 for thin walled cylindrical
      containers is actuated by air pressure fed from a compressed air feed from
      a compressed air feed device 39 to hold a thin walled cylindrical
      container which has been formed by the above-mentioned ironing forming and
      dooming operations and separate the container from the ironing punch 23.
      If at this point ultrasonic waves are irradiated on the ironing punch 23
      according to the preferred embodiment of this invention, separation of the
      thin walled cylindrical container can be done more easily than in the
      conventional method. Then, the ironing punch-supporting stand 22 is
      returned to the position for initiation of the ironing movement, and the
      above-mentioned procedures are repeated.
PAR  In this invention the stroke number of the ironing punch 23 can be changed
      within a considerably broad range, but in view of elevation of the
      manufacturing rate and uniformalization of the thickness of the side wall
      portion of the container, it is preferred that the stroke number is 60 to
      150 per minute, especially 100 to 130 per minute. In the conventional
      ironing forming method, it is generally difficult to increase the stroke
      number over 120 per minute. In contrast, if the specific ultrasonic
      wave-irradiating system is adopted according to this invention, it is made
      possible to produce can bodies at such a high speed as a stroke number
      exceeding 120 per minute.
PAR  In this invention, thin wall cylindrical containers formed by the
      above-mentioned apparatus are subjected to the necking-in and flanging
      treatments using known means to obtain final can bodies.
PAR  When the ironing processing is conducted by irradiating ultrasonic waves on
      the part to be processed by the specific means according to the process of
      this invention, in addition to the above-mentioned conspicuous improvement
      of the lubricating effect the following advantages can be attained in
      connection with properties of the metal material and the processed
      product.
PAR  i. By performing irradiation of ultrasonic waves in a manner most effective
      for a metal material to be processed, the yield stress can be reduced in
      any of metal materials, so that the processing force can be reduced most
      effectively and occurrence of troubles such as breakage of the metal
      material can be prevented during the forming operation.
PAR  ii. The surface hardness of a container which has been ironed under
      irradiation of ultrasonic waves according to the process of this invention
      is substantially uniform and the work hardening is generally maintained at
      a low level. Accordingly, it will readily be understood that the residual
      stress is very low in the formed container.
PAR  iii. By application of ultrasonic vibrations, the lubricating effect is
      highly improved, and simultaneously, the action of discharging foreign
      materials is attained. Accordingly, dusts or metal powders sticking to the
      vicinity of the inlet of the die or the surface of the metal material are
      automatically cleaned away and discharged and as a result, formation of
      scratches, voids and scars by intrusion of metal powders or the like can
      be much reduced as compared with the conventional method and the surface
      finish (metallic luster and surface smoothness) can be highly improved.
PAR  iv. Since the processing force can be reduced, occurrence of such undesired
      phenomena as the variation of the wall thickness and non-uniformity of the
      plate thickness can be much reduced.
PAR  Various modifications can be made to the process and apparatus of this
      invention as far as they do not deviate from the spirit of this invention.
      For example, though according to the ultrasonic wave-irradiating system of
      this invention generation of heat can be maintained at a very low level in
      the ironing apparatus because the friction is reduced and the efficiency
      of utilization of the ultrasonic vibration can be heightened, it is
      possible to form voids in the interior of the ironing punch 23 and pass a
      cooling medium through them according to need, to thereby effect positive
      cooling.
PAR  This invention will now be illustrated in more detail by reference to the
      following Examples that by no means limit the scope of the invention.
PAC  EXAMPLE 1
PAR  A bright tin-plated steel plate material formed by continuous casting; tin
      coating on the surface being 1.00 lb per base box) having a thickness of
      0.32 mm was blanked into discs having a diameter of about 142 mm, and they
      were formed into cup-like articles having an inner diameter of about 65 mm
      between a drawing punch and a drawing die according to customary
      procedures.
PAR  Then, cup-like formed articles were ironed by using ironing punches and
      ironing dies provided with ultrasonic vibrator elements shown in FIGS. 4
      and 5. The ironing ratio by each ironing die was set as follows:
TBL  Ironing Die          Ironing Ratio                                        
     ______________________________________                                    
     first                18 %                                                 
     second               30 %                                                 
     third                41 %                                                 
     total (overall ironing ratio)                                             
                          66.3 %                                               
     ______________________________________                                    
PAR  The lubricating operation was performed by spraying a lubricant having the
      following composition to cup-like formed articles to be processed from
      lubricant spray nozzles provided above respective dies. Composition of
      Lubricant:
TBL         Mineral oil  3 parts                                               
            Surface active agent                                               
                         1 part                                                
            Water        6 parts                                               
PAR  The frequency of the ultrasonic wave irradiated on the ironing punch was 20
      KHZ and its power was 500 W, and the frequency of the ultrasonic wave
      irradiated on the ironing die was 15 to 20 KHZ and the total power of the
      ultrasonic wave applied to all of ironing dies (8 dies) was 500 W. The
      number of strokes of the ironing punch per minute, namely the rate of
      preparing ironed can bodies per minute, was 150 per minute.
PAR  Various dimensions of seamless cans prepared by the above drawing and
      ironing, the average surface hardness (HR 30I and HV 500 g) of the side
      wall portion, the standard deviation of the surface hardness, the
      appearance of the surface of the side wall portion and the surface
      smoothness of the side wall portion (maximum height roughness Hmax) were
      determined, and these properties were compared with those of seamless cans
      prepared in the same manner as described above except that no ultrasonic
      wave was irradiated. Results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                 Ultrasonic                                                    
                 Wave-Irradiated                                               
                             Non-Irradiated                                    
                 Cans        Cans                                              
     ______________________________________                                    
     Inner Diameter (mm)                                                       
                   65.30         65.30                                         
     Height (mm)   122           122 - 123                                     
     Thickness (mm) of Side                                                    
                   0.10 .+-. 0.02                                              
                                 0.10 .+-. 0.05                                
     Wall Portion                                                              
     Average Surface                                                           
                   74            80                                            
     Hardness (HR 30T)                                                         
     Standard Deviation (.sigma.)                                              
                   1.67          2.83                                          
     Appearance    metallic luster                                             
                                 metallic luster                               
                   on outer surface,                                           
                                 on outer surface                              
                   no scratches  but number of                                 
                   and no voids  scratches and                                 
                                 voids being                                   
                                 observed                                      
     Maximum Height                                                            
                   0.4 .mu.      0.8 .mu.                                      
     Roughness (Hmax)                                                          
     ______________________________________                                    
PAR  From the results shown in Table 2, it will readily be understood that
      according to this invention seamless containers having excellent
      appearance characteristics and uniform thickness and surface hardness can
      be obtained.
PAC  EXAMPLE 2
PAR  Seamless can bodies were prepared in the same manner as described in
      Example 1 except that the number of strokes of the ironing punch was
      changed to 135/min. When the ironing was conducted under irradiation of
      ultrasonic waves according to this invention, none of 675 can bodies were
      broken even though the manufacturing rate was considerably high. In
      contrast, when no ultrasonic wave was irradiated, such troubles as
      breaking of the bottom end, breaking of the upper ear edge and breaking of
      the body wall were observed in 17 can bodies among 675 can bodies.
      Accordingly, it was confirmed that even under severe ironing conditions a
      highly improved lubricating effect can be obtained in this invention.
PAC  EXAMPLE 3
PAR  A rolled aluminum plate (soft 4S aluminum) having a thickness of 0.45 mm
      was blanked into discs having a diameter of about 122 mm, and they were
      formed into cup-like articles having an inner diameter of about 56 mm by
      using a drawing die and a drawing punch according to customary drawing and
      redrawing procedures.
PAR  Then, these cup-like formed articles were formed into can bodies in the
      same manner as in Example 1 except that the ironing ratio was changed as
      follows:
TBL  Ironing Die          Ironing Ratio                                        
     ______________________________________                                    
     first                31 %                                                 
     second               29 %                                                 
     third                43 %                                                 
     total (overall ironing ratio)                                             
                          72 %                                                 
     ______________________________________                                    
PAR  The dimensions and properties of seamless can bodies prepared in the
      above-mentioned manner according to this invention are shown in Table 3.
      For comparison, the dimensions and properties of seamless can bodies
      prepared in the same manner as above except that no ultrasonic vibration
      was irradiated are also shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
                Ultrasonic                                                     
                Wave-Irradiated                                                
                            Non-Irradiated                                     
                Cans        Cans                                               
     ______________________________________                                    
     Inner Diameter (mm)                                                       
                  56            56                                             
     Height (mm)    130 - 130.5   130 - 131.5                                  
     Thickness (mm) of                                                         
                  0.125 .+-. 0.02                                              
                                0.125 .+-. 0.06                                
     Side Wall Portion                                                         
     Average Surface                                                           
                  90.0          96.4                                           
     Hardness (Hv 500 g)                                                       
     Standard Deviation                                                        
                  1.79          3.00                                           
      (.sigma.)                                                                
     Appearance   excellent     scratches and voids                            
     Maximum Height                                                            
                  0.6 .mu.      1.0 .mu.                                       
     Roughness (Hmax)                                                          
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Run:
PAR  A bright tin-plated steel plate (material formed by continuous casting; tin
      coating on the surface being 1.00 lb per base box) having a thickness of
      0.32 mm was blanked into discs having a diameter of about 142 mm and they
      were formed into cup-like articles having an inner diameter of about 65 mm
      between a drawing punch and a drawing die according to customary
      procedures.
PAR  Then, the cup-like formed articles were ironed by using an ironing forming
      apparatus as shown in FIG. 6.
PAR  The lubricating operation was accomplished by spraying a lubricant having
      the following composition to cup-like formed articles to be processed from
      nozzles 33a, 33b and 33c disposed on the inlet sides of respective ironing
      dies.
TBL  ______________________________________                                    
     Composition of Lubricant:                                                 
            Mineral Oil  3 parts                                               
            Surface Active Agent                                               
                         1 part                                                
            Water        6 parts                                               
     ______________________________________                                    
PAR  The angle of the tapered inlet portion 48 of each ironing die 24 was
      8.degree., and ultrasonic wave-irradiating mechanism-supporting members 42
      used had a form as shown in FIG. 7-A (number of projections = 8, the size
      in the radial direction of the projection = 75 mm; the depth of the notch
      = 25 mm ). The supporting face 47 of the supporting member 42 was made in
      parallel with the tapered face of the tapered inlet portion 48 so that
      ultrasonic waves were irradiated perpendicular to the tapered face. The
      frequency and power (the total power of 8 mechanisms ) of ultrasonic
      wave-irradiating mechanisms 43, 44 attached to respective supporting
      members were 15 - 20 KHZ and 500 W, respectively.
PAR  The ironing ratio attained by each ironing die was as shown below.
TBL                Table 4                                                     
     ______________________________________                                    
     Ironing Die         Ironing Ratio (%)                                     
     ______________________________________                                    
     first               18.7                                                  
     second              38.4                                                  
     third               37.5                                                  
     total (overall ironing ratio)                                             
                         68.7                                                  
     ______________________________________                                    
PAR  The stroke number per minute of the ironing punch 23, namely the rate of
      manufacturing ironed can bodies per minute, was 120 per minute.
PAR  The dimensions of the so ironed can bodies, the average surface hardness (
     HR 30T and HV 500 g ) of the side wall portion, the standard deviation of
      the surface hardness, the surface appearance of the side wall portion and
      the smoothness of the side wall portion (maximum height roughness Hmax )
      were determined. Further, the elevation of the temperature of the
      lubricant was measured after the ironing operation had been continued for
      10 minutes. These data were also obtained with respect to the following
      Comparative Runs. Results are shown in Table 5.
PAR  Run 2:
PAR  The ironing forming was conducted in the same manner as in Run 1 except
      that no ultrasonic wave was irradiated on either the ironing die 24 or the
      ironing punch 23.
PAR  Run 3:
PAR  The ironing forming was conducted in the same manner as in Run 1 except
      that an octagonal plate free of a notch was used as the ultrasonic
      wave-irradiating mechanism-supporting member 42.
PAR  Run 4:
PAR  The ironing forming was conducted in the same manner as in Run 1 except
      that the inclination of the supporting face 47 of the ultrasonic
      wave-irradiating mechanism-supporting member 42 was reversed so that the
      ultrasonic wave was irradiated substantially in parallel with the tapered
      inlet portion 48 of the ironing die.
TBL                                    Table 5                                 
     __________________________________________________________________________
                        Run 1      Run 2      Run 3      Run                   
     __________________________________________________________________________
                                                         4                     
     Inner diameter (mm) of cans                                               
                        65.30 .+-. 0.1                                         
                                   65.30 .+-. 0.5                              
                                              65.30 .+-. 0.2                   
                                                         65.30 .+-. 0.2        
     Height (mm) of cans                                                       
                        122 - 123.5                                            
                                   122.5 - 130                                 
                                              122 - 125  122 -126.5            
     Thickness (mm) of side wall                                               
                        0.10 .+-. 0.01                                         
                                   0.10 .+-. 0.05                              
                                              0.10 .+-. 0.02                   
                                                         0.10 .+-. 0.03        
     Average surface hardness (HR 30T)                                         
                        73         81         75.5       77                    
     Standard deviation (.sigma.)                                              
                        1.64       2.85       1.71       1.85                  
     Appearance         metallic luster                                        
                                   metallic luster on                          
                                              metallic luster                  
                                                         metallic luster       
                        on outer surface,                                      
                                   outer surface but                           
                                              outer surface but                
                                                         on outer surface      
                        none of scratches                                      
                                   number of scratches                         
                                              some number of                   
                                                         but scratches         
                        or voids observed                                      
                                   and voids observed                          
                                              scratches observed               
                                                         observed (degree      
                                   (some having cloudy   of formation          
                                   luster)               scratches being       
                                                         intermediate          
                                                         between those         
                                                         observed in Runs      
                                                         2 and 3)              
     Hmax (.mu.)        below 0.4  below 0.8  below 0.5  below 0.5             
     Temperature elevation (.degree.C.)                                        
                        4 - 5      10 - 13    5 - 7      6 - 7                 
     __________________________________________________________________________
PAR  From the results shown in Table 5, it will readily be understood that
      seamless can bodies excellent in the appearance characteristics and the
      uniformity of the plate thickness and surface hardness can be obtained
      without such troubles as excessive elevation of the temperature according
      to this invention.
PAC  EXAMPLE 5
PAR  Seamless can bodies were prepared in the same manner as in Run 1, 2, 3 or 4
      of Example 4 except that the number of strokes of the ironing punch was
      changed to 150 per minute. The number of defective cans having such
      defects as breaking of the bottom end, breaking of the upper ear edge and
      breaking of the body wall among cans prepared by such high speed
      production was counted to obtain results shown in Table 6, where in the
      column of "Defective Cans " the denominator indicates the total number of
      manufactured cans and the numerator indicates the number of defective
      cans.
TBL                Table 6                                                     
     ______________________________________                                    
              Ultrasonic Wave                                                  
     Run No.  Irradiation System                                               
                                Defective Cans                                 
     ______________________________________                                    
     5        Run 1             0/750                                          
     6        non-irradiated (Run 2)                                           
                                16/746                                         
     7        Run 3             2/738                                          
     8        Run 4             5/751                                          
     ______________________________________                                    
PAR  From the results shown in Table 6, it will readily be understood that
      according to this invention a much better lubricating effect can be
      obtained even at a high manufacturing rate and under severe ironing
      conditions than in the conventional ironing forming method.
PAC  EXAMPLE 6
PAR  A rolled aluminum plate having a thickness of 0.45 mm (soft 4S aluminum )
      was blanked into discs having a diameter of 122 mm and they were subjected
      to the customary drawing and redrawing treatments by using a drawing die
      and a drawing punch in combination to obtain cuplike articles having an
      inner diameter of 56 mm.
PAR  Developed and ironed cans were prepared in the same manner as in Run 1, 2,
      3 or 4 of Example 4 except that the ironing ratio was changed as shown
      below.
TBL                Table 7                                                     
     ______________________________________                                    
     Ironing Die         Ironing Ratio (%)                                     
     ______________________________________                                    
     first               31                                                    
     second              41                                                    
     third               39                                                    
     total (overall ironing ratio)                                             
                         75.5                                                  
     ______________________________________                                    
PAR  Results obtained in the above runs are shown in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
                                            Run 11 (corres-                    
                                                        Run 12 (corres-        
                     Run 9    Run 10 (non-irradiated)                          
                                            ponding to Run 3)                  
                                                        ponding to Run         
     __________________________________________________________________________
                                                        4)                     
     Inner diameter (mm) of cans                                               
                     56 .+-. 0.15                                              
                              56 .+-. 0.6   56 .+-. 0.3 56 .+-. 0.5            
     Height (mm) of cans                                                       
                     130 - 130.8                                               
                              130 - 138     130 - 134.5 130 - 135              
     Thickness (mm) of side wall                                               
                     0.11 .+-. 0.02                                            
                              0.11 .+-. 0.07                                   
                                            0.11 .+-. 0.05                     
                                                        0.11 .+-. 0.04         
     Average surface hardness                                                  
                     91       98            93          93                     
     (HV 500 g)                                                                
     Standard deviation (.sigma.)                                              
                     1.75     2.98          1.82        1.91                   
     Appearance      beautiful and                                             
                              full of scratches                                
                                            some of small                      
                                                        degree of formation    
                     excellent                                                 
                              and voids     scratches   of scratches similar   
                                            observed    to that in Run 11      
     Hmax (.mu.)     below 0.5                                                 
                              below 0.9     below 0.6   below 0.7              
     Temperature elevation (.degree.C.)                                        
                     4        10            6           6 - 7                  
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the preparation of thin-walled cylindrical containers
      which comprises the steps of
PA1  a. inserting an ironing punch having an outer peripheral surface into the
      interior of a cup-llke formed article composed of a metal material, said
      outer peripheral surface having a slip-fitting engagement with the inner
      face of the side wall portion of the cup-like formed article,
PA1  b. engaging the side wall portion of the cuplike formed article supported
      by the ironing punch with a plurality of circular ironing dies disposed
      coaxially with the ironing punch thereby to elongate the side wall portion
      of the cup-like formed article and reduce the thickness of said side wall
      portion,
PA1  c. lubricating the side wall portion of the cup-like formed article by
      feeding a liquid lubricant at least to the part of the side wall portion
      to be elongated in advance of engagement thereof by a respective one of
      the ironing dies, and
PA1  d. simultaneously irradiating ultrasonic waves at least on said part of the
      side wall portion and thereby uniformly distributing the liquid lubricant
      on the side wall portion between the side wall portion being elongated and
      the associated ironing die.
NUM  2.
PAR  2. A process according to claim 1 wherein the liquid lubricant is an
      aqueous emulsion of at least one lubricating component selected from the
      group consisting of mineral oils, plant oils, polysiloxanes and
      polyolefins formed by emulsifying said lubricating component at a
      concentration of 20% to 60% in water with a surface active agent.
NUM  3.
PAR  3. A process according to claim 1 wherein ultrasonic waves having a
      frequency of 10 to 30 KHZ are irradiated.
NUM  4.
PAR  4. A process according to claim 1 wherein ultrasonic waves having a power
      of 300 W to 1KW are irradiated.
NUM  5.
PAR  5. A process according to claim 1 wherein ultrasonic waves are irradiated
      from a plurality of ultrasonic wave-generating mechanisms disposed around
      the circumference of the ironing die.
NUM  6.
PAR  6. A process according to claim 1 wherein ultrasonic waves are irradiated
      from a ultrasonic wave-generating mechanism disposed in the axial
      direction of the ironing punch.
NUM  7.
PAR  7. A process according to claim 1 wherein the ironing processing is
      conducted so that the ironing ratio defined by the following formula
      ##EQU3##
      is 20 to 60 % per stage of the ironing processing and the overall ironing
      ratio is 60 to 83 %.
NUM  8.
PAR  8. A process for the preparation of thin walled cylindrical containers
      which comprises the steps of
PA1  a. inserting an ironing punch having an outer peripheral surface into the
      interior of a cup-like formed article composed of a metal material, said
      outer peripheral surface having a slip-fitting engagement with the inner
      face of the side wall portion of the cup-like formed article,
PA1  b. engaging the side wall portion of the cuplike formed article supported
      by the ironing punch with a plurality of circular ironing dies disposed
      coaxially with the ironing punch thereby to elongate the side wall portion
      of the cup-like formed article and reduce the thickness of said side wall
      portion, each of said circular ironing dies having a tapered inlet portion
      of the die,
PA1  c. lubricating the side wall portion of the cup-like formed article by
      feeding a liquid lubricant at least to the part of the side wall portion
      to be elongated, and
PA1  d. simultaneously irradiating ultrasonic waves at least on said part of the
      side wall portion from a plurality of ultrasonic wave-irradiating
      mechanisms disposed and distributed around the circumference of the
      ironing dies through a plurality of ultrasonic wave-irradiating
      mechanism-supporting members disposed equidistantly and substantially
      independently from one another around the circumference of said dies
      corresponding to each of said ultrasonic wave-irradiating mechanisms in
      the direction substantially perpendicular to the tapered inlet portion of
      the dies to uniformly distribute the liquid lubricant on the side wall
      portion between the side wall portion of respectives ones of said ironing
      dies.
NUM  9.
PAR  9. A process according to claim 8 wherein a plurality of ultrasonic
      wave-irradiating mechanismsupporting members are equidistantly and
      substantially independently from one another around the circumference of
      the circular ironing die, a ultrasonic wave-irradiating mechanism
      comprising an assembly of a ultrasonic vibrator element and a horn is
      mounted on each of said supporting members, and ultrasonic waves are
      irradiated on the ironing die through said supporting members.
NUM  10.
PAR  10. A process according to claim 8 wherein ultrasonic waves having a
      frequency of 10 to 30 KHZ are irradiated, the power of said ultrasonic
      waves being 300 W to 1 KW per ironing die.
NUM  11.
PAR  11. A process according to claim 8 wherein the metal material is a black
      plate and the ironing processing is conducted so that the ironing ratio
      per stage of the ironing is 25 to 45 % and the overall ironing ratio is 56
      to 70%.
NUM  12.
PAR  12. A process according to claim 8 wherein the metal material is a soft
      aluminum plate and the ironing processing is conducted so that the ironing
      ratio per stage of the ironing is 40 to 48 % and the overall ironing ratio
      if 64 to 82%.
NUM  13.
PAR  13. A process according to claim 8 wherein the metal material is a hard
      aluminum plate and the ironing processing is conducted so that the ironing
      ratio per stage of the ironing is 34 to 46 % and the overall ironing ratio
      is 64 to 78 %.
NUM  14.
PAR  14. A process according to claim 8 wherein the metal material is a bright
      tin-plated steel plate and the ironing processing is conducted so that the
      ironing ratio per stage of the ironing is 35 to 45 % and the overall
      ironing ratio is 62 to 75 %.
NUM  15.
PAR  15. A process according to claim 8 wherein the metal material is a matted
      tin-plated steel plate and the ironing processing is conducted so that the
      ironing ratio per stage of the ironing is 38 to 48 % and the overall
      ironing ratio is 62 to 78 %.
NUM  16.
PAR  16. A process according to claim 8 wherein the tapered inlet portion of the
      ironing die is inclined with respect to the moving direction of the
      ironing punch with an angle of 5.degree. to 20.degree. and ultrasonic
      waves are irradiated substantially perpendicularly to said tapered inlet
      portion of the ironing die.
NUM  17.
PAR  17. An apparatus for the production of thin walled cylindrical containers
      which comprises an ironing punch for supporting a cup-like formed article
      composed of a metal material, a plurality of circular ironing dies
      surrounding the axis of the ironing punch and engaged with the side wall
      portion of the cup-like formed article supported on the ironing punch, a
      driving mechanism for causing a relative reciprocal movement between said
      ironing punch and ironing dies, a lubricant feed mechanism disposed to
      feed a lubricant at least to the part of the side wall portion of the
      cup-like formed article to be ironed, and means for uniformly distributing
      the lubricant on the part of the side wall portion to be ironed and
      between the side wall part and said circular dies, said means including a
      plurality of ultrasonic wave-irradiating mechanism-supporting members
      disposed equidistantly and substantially independently from one another on
      the outer periphery of said circular dies, and a ultrasonic
      waveirradiating mechanism comprising an assembly of a ultrasonic vibrator
      element and a horn is disposed on each of said ultrasonic wave-irradiating
      mechanism-supporting mechanisms so that the axis of the ultrasonic
      wave-irradiating mechanism is substantially perpendicular to a tapered
      inlet portion of said ironing dies.
NUM  18.
PAR  18. An apparatus as set forth in claim 17 wherein a plurality of said
      ultrasonic wave-irradiating mechanismsupporting members including a number
      of projections disposed around the peripheral portion of said ironing
      dies.
NUM  19.
PAR  19. An apparatus as set forth in claim 17 wherein said ultrasonic
      wave-irradiating mechanism-supporting members are equidistantly arranged
      so that the circumferential angle between the two adjacent supporting
      members disposed on the outer periphery of a respective ironing die is
      15.degree. to 90.degree..
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ABST
PAL  A roll-forming machine includes a plurality of roll-stands for moving
      material along a predetermined path and a plurality of die-stands for
      progressively transforming the material from an initial configuration to a
      desired configuration. The die-stands are mounted on and positioned by an
      elongate, rigid spine which permits conversion of the machine from one
      roll-forming configuration to another by replacing the spine and the
      die-stands mounted thereon with a different spine/die-stand assembly.
PAL  The roll-stands each include at least a pair of lower rollers which are
      selectively positionable transversely with respect to the predetermined
      path to accommodate materials of various widths in the roll-forming
      machine. In certain embodiments of the invention each roll-stand further
      includes a pair of upper rollers which are floatingly supported to
      accommodate materials of various thicknesses in the roll-forming machine
      and which are selectively positionable transversely with respect to the
      predetermined path and in alignment with the lower rollers. In other
      embodiments idler rollers are mounted on the spine for cooperation with
      the lower rollers to drive material through the roll-forming machines. The
      roll-stands may be actuated either by means of a common drive system or by
      means of individual drive motors.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 355,673, filed Apr. 30, 1973 now U.S. Pat. No. 3,823,592, which is a
      continuation-in-part of application Ser. No. 181,838, filed Sept. 20,
      1971, now U.S. Pat. No. 3,748,884.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  U.S. Pat. No. 3,748,884, granted to Dan L. Colbath on July 31, 1973,
      discloses a roll-forming machine including a plurality of roll-stands each
      comprising cooperating non-forming rollers which function to move material
      along a predetermined path. The roll-forming machine further includes a
      plurality of die-stands each comprising non-driven material engaging
      rollers which function to transform the material from an initial
      configuration to a desired configuration. The die-stands are mounted on
      and positioned relative to the path by an elongate, rigid spine. This
      permits conversion of the machine from one roll-forming configuration to
      another by removing the spine and the die-stands attached thereto and then
      installing a different spine/die-stand assembly in the roll-forming
      machine.
PAR  In co-pending application Ser. No. 355,673 there is disclosed a
      roll-forming machine also including roll-stands for transporting material
      along a predetermined path and die-stands for progressively transforming
      the material from an initial configuration to a desired configuration. The
      roll-forming machine is similar to that described above in connection with
      U.S. Pat. No. 3,748,884 in that the die-stands are mounted on a rigid
      spine to facilitate conversion of the roll-forming machine from one
      roll-forming configuration to another. A major difference between the two
      roll-forming machines relates to the fact that in the latter machine the
      roll-stands comprise nonforming lower driving rollers only. Idler rollers
      are mounted on the spine for cooperation with the lower driving rollers to
      drive material through the roll-forming machine.
PAR  Although roll-forming machines incorporating the abovedescribed invention
      have enjoyed substantial commercial success, certain problems have been
      encountered in their use. For example, in both machines the positioning of
      the material driving rollers of the roll-stands transversely relative to
      the direction of material movement is fixed. This is somewhat limiting
      with respect to the width of materials that can be accommodated in the
      roll-forming machine. Another problem relates to the fact that in both of
      the prior roll-forming machines employ a common drive system for all of
      the roll-stands. This has been found to be somewhat cumbersome with
      respect to subsequent changes in the number and/or the positioning of the
      roll-stands.
PAR  The present invention comprises improvements in roll-stands for
      roll-forming machines which overcome these and other problems of the prior
      art. In accordance with the broader aspects of the invention, a roll-stand
      comprises at least one lower roller which is selectively positionable
      transversely with respect to the path of material movement through the
      roll-forming machine. By this means materials of various widths are
      accommodated in the roll-forming machine. The roll-stands may be actuated
      either by means of a common drive system or by means of individual drive
      motors each drivingly connected to the roller in one of the roll-stands.
PAR  In accordance with more specific aspects of the invention, each roll-stand
      may further include a pair of upper rollers which are floatingly supported
      so as to accommodate materials of various thicknesses in the roll-forming
      machine. In such instances the upper rollers are also selectively
      positionable transversely relative to the path of material movement and
      are driven either by the common power source or by an individual drive
      motor. Alternatively, there may be provided idler rollers mounted on the
      spine for cooperation with the lower rollers to move material through the
      roll-forming machine.
PAR  The material driving rollers of the roll-stands may be arranged in pairs,
      and each roller rotatably supported by a bearing block. The bearing blocks
      are selectively positionable transversely with respect to the direction of
      material movement. A drive shaft extends through each pair of rollers and
      structure is provided for constraining the rollers to rotation with the
      drive shaft. The drive shaft is in turn drivingly connected either to a
      drive system common to all of the roll-stands or to a drive motor
      individual to the associated pair of rollers.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by reference to
      the following Detailed Description when taken in conjunction with the
      accompanying Drawings, wherein:
PAR  FIG. 1 is an illustration of a roll-stand incorporating a first embodiment
      of the invention in which certain parts have been broken away more clearly
      to illustrate certain features of the invention;
PAR  FIG. 2 is a side view of the roll-stand shown in FIG. 1;
PAR  FIG. 3 is a somewhat diagrammatic illustration of a roll-forming machine
      incorporating roll-stands of the type shown in FIG. 1;
PAR  FIG. 4 is an illustration of a roll-stand incorporating a second embodiment
      of the invention in which certain parts have been broken away;
PAR  FIG. 5 is a side view of the roll-stand shown in FIG. 4;
PAR  FIG. 6 is an illustration of a roll-stand incorporating a third embodiment
      of the invention in which certain parts have been broken away;
PAR  FIG. 7 is a somewhat diagrammatic illustration of a roll-forming machine
      incorporating roll-stands of the type shown in FIG. 6;
PAR  FIG. 8 is an illustration of a roll-stand incorporating a fourth embodiment
      of the invention in which certain parts have been broken away;
PAR  FIG. 9 is an illustration of a roll-stand incorporating a fifth embodiment
      of the invention;
PAR  FIG. 10 is a sectional view taken along the line 10--10 in FIG. 9 in the
      direction of the arrows;
PAR  FIG. 11 is an illustration of a roll-stand incorporating a sixth embodiment
      of the invention in which certain parts have been broken away;
PAR  FIG. 12 is a sectional view taken along the line 12--12 in FIG. 11 in the
      direction of the arrows; and
PAR  FIG. 13 is a sectional view taken along the line 13--13 in FIG. 11 in the
      direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIG. 1 thereof, there is
      shown a roll-stand 20 incorporating a first embodiment of the invention.
      The roll-stand 20 includes a base 22 which is mounted on the frame 23 of a
      roll-forming machine incorporating the roll stand. The base 22 includes
      four vertically extending guide posts 24. A threaded portion 26 is formed
      at the upper end of each guide post 24.
PAR  A cap piece 28 is slidably supported on the guide posts 24. A nut 30 and a
      lock nut 32 are threadedly engaged with the threaded portion 26 at the
      upper end of each guide post 24, and a compression spring 34 is positioned
      between the cap piece 28 and each nut 30. This permits the cap piece 28 to
      move upwardly on the guide posts 24 against the action of the springs 34.
PAR  Referring to FIG. 2, upper and lower ways 36 and 38 are formed integrally
      with the cap piece 28 and the base 22, respectively. A pair of upper
      bearing blocks 40 are received in the ways 36 and a pair of lower bearing
      blocks 42 are received in the ways 38. The bearing blocks 40 and 42 are
      slidably supported in the ways 36 and 38, respectively, but are normally
      secured against movement relative to the ways by set screws 44, or the
      like.
PAR  Referring again to FIG. 1, a pair of upper rollers 46 are rotatably
      supported in the upper bearing blocks 40 by means of anti-friction
      bearings 48. Similarly, a pair of lower rollers 50 are rotatably supported
      in the lower bearing blocks 42 by means of anti-friction bearings 52. By
      this means, the rollers 46 and 50 are adapted to receive a workpiece WP
      therebetween and drive the workpiece through a roll-forming machine
      incorporating the roll-stand 20. It will be noted in this regard that
      since the cap piece 28 is slidably supported on the guide posts 24, the
      upper rollers 46 are floatingly supported and are adapted to move upwardly
      against the action of the springs 34, thereby accommodating workpieces by
      various thicknesses in the roll-forming machine.
PAR  An upper drive shaft 54 extends through both of the upper rollers 46 and a
      lower drive shaft 56 extends through both of the lower rollers 50. As is
      best shown in FIG. 2, the drive shafts and the rollers are provided with
      suitable keyways which receive keys 58. Thus, by means of the bearing
      blocks 40 and 42 and the keys 58, the rollers 46 and 50 are selectively
      positionable axially along the drive shafts 54 and 56 but are constrained
      to rotation with the drive shafts.
PAR  A gearbox 60 is supported on the base 22. A worm shaft 62 extends through
      the gearbox 60 and functions to drive a worm 64. The worm 64 is mounted in
      mesh both with an upper worm wheel 66 and with a lower worm wheel 68.
PAR  The upper worm wheel 66 is secured to a shaft 70 which is rotatably
      supported in the gearbox 60 by anti-friction bearings 72. The shaft 70 is
      drivingly connected to the upper drive shaft 54 by means of a pair of
      universal joints 74. This permits the upper drive shaft 54 to move
      upwardly with the upper rollers 46 in order to accommodate materials of
      various thicknesses in a roll-forming machine incorporating the roll-stand
      20.
PAR  The lower worm wheel 68 is secured to a shaft 76 which is rotatably
      supported in the gearbox 60 by anti-friction bearings 78. The shaft 76 is
      connected to the lower drive shaft 56 by means of a coupler 80. It will be
      understood that by disengaging the coupler and one or both of the
      universal joints 74, the operating components of the roll-stand 20 may be
      removed from the components housed within the gearbox 60, such as for
      maintenance purposes, etc., and the entire roll-stand 20, including the
      gearbox 60, may be removed from the frame 23 for replacement or
      maintenance etc.
PAR  In FIG. 3 there is shown a roll-forming machine 82 incorporating a
      plurality of roll-stands 20 of the type illustrated in FIGS. 1 and 2. The
      roll-stands 20 are supported on a common frame 23 which also supports the
      remaining components of the roll-forming machine 82. A drive motor 84,
      which may be an electric motor, a hydraulic motor, a pneumatic motor,
      etc., is mounted on the frame 23 and is drivingly connected to the worm
      shaft 62 of the endmost roll-stand 20 by a V-belt drive system 86. The
      worm shafts 62 of the various roll-stands 20 are in turn connected one to
      the other by conventional couplers 88.
PAR  The roll-forming machine 82 further comprises a spine/die-stand assembly
      90. The assembly 90 includes an elongate, rigid spine 92 which supports a
      guide assembly 94 and a plurality of die-stands 96. The guide assembly 94
      functions to guide material into the roll-forming machine 82. Each
      die-stand 96 comprises one or more non-driven material engaging rollers.
PAR  As indicated by the arrow 98, the spine 92 of the spine/die-stand assembly
      90 engages the frame 23 and functions to properly position the guide
      assembly 94 and the die-stands 96 relative to the roll-stands 20. The
      guide assembly 94 and the roll-stands 20 then function to define a
      predetermined path of material movement through the roll-forming machine
      82. The roll-stands 20 operate under the action of the drive motor 84 to
      drive material through the roll-forming machine. During movement of
      material along the predetermined path, the non-driven material engaging
      rollers of the die-stands 96 function to transform the material from an
      initial configuration to a desired configuration.
PAR  At such time as it is desired to convert the roll-forming machine 82 to one
      roll-forming configuration to another, the spine/die-stand assembly 90 is
      disengaged from the frame 23 and is removed from the roll-forming machine
      82 in the manner indicated by the arrow 98. A different spine/die-stand
      assembly 90 is then installed in the roll-forming machine 82, whereupon
      the machine is adapted to perform a completely different roll-forming
      operation. A more complete understanding of the construction and operation
      of the roll-forming machine 82 may be had by reference to U.S. Pat. No.
      3,748,884, granted July 31, 1973, the disclosure of which is incorporated
      herein by reference.
PAR  A primary advantage deriving from the use of roll-stands 20 of the type
      shown in FIGS. 1 and 2 in the roll-forming machine 82 relates to the fact
      that the upper rollers 46 and the lower rollers 50 of each roll-stand 20
      may be selectively located in predetermined positions transversely
      relative to the path of material movement through the roll-forming
      machine. By this means materials of various widths may be received and
      driven by the roll-stands 20. This in turn facilitates the use of the
      roll-forming machine 82 in a substantially greater number of roll-forming
      operations than would be possible if the upper and lower rollers of the
      roll-stands were fixedly positioned transversely relative to the path of
      material movement through the roll-forming machine.
PAR  A secondary advantage lies in the manufacture of the roll-forming machine
      in that the roll-stands are of "unit" construction and may be standardized
      and stocked. The final assembly would then consist of mounting one or more
      standard roll-stands on a "custom" frame.
PAR  A roll-stand 20' incorporating a second embodiment of the invention is
      illustrated in FIGS. 4 and 5. Many of the component parts of the
      roll-stand 20' are equivalent in construction and function to component
      parts of the roll-stand 20 illustrated in FIGS. 1 and 2. Such equivalent
      parts are indicated by reference numerals identical to those utilized
      hereinbefore in connection with the description of the roll-stand 20, but
      are differentiated from the component parts of the roll-stand 20 by means
      of a prime (') designation.
PAR  The primary distinction between the roll-stand 20' and the roll-stand 20
      relates to the fact that rather than incorporating a common drive system,
      the roll-stand 20' utilizes individual drive motors 100 and 102 to actuate
      the upper and lower rollers 46' and 50', respectively. The motor 102 is
      secured to the base 22' by fasteners 104 and has an output shaft 106. A
      worm 108 is mounted on and driven by the shaft 106. A worm wheel 110 is
      mounted in mesh with the worm 108 and is in turn connected to the lower
      drive shaft 56'. Thus, the motor 102 operates through the output shaft
      106, the worm 108, the worm wheel 110, and the lower drive shaft 56' to
      effect rotation of the lower rollers 50'.
PAR  The drive motor 100 is secured to the cap piece 28' by fasteners 112 and
      has an output shaft 114. A worm 116 is mounted on and driven by the shaft
      114. A worm wheel 118 is mounted in mesh with the worm 116 and is in turn
      secured to the upper drive shaft 54'. Thus, the drive motor 100 operates
      through the output shaft 114, the worm 116, the worm wheel 118, and the
      upper drive shaft 54' to actuate the upper rollers 46'. Since the drive
      motor 100 is mounted on the cap piece 28', the entire drive system for the
      upper rollers 46' is free to float upwardly with the rollers 46' against
      the action of the springs 34', thereby accommodating materials of various
      thicknesses in the roll-stand 20'.
PAR  The roll-stand 20' incorporates the same advantages over the prior art as
      the roll-stand 20. Thus, the upper and lower rollers 46' and 50' of the
      roll-stand 20' may be selectively located in predetermined positions
      transversely relative to the path of movement of material through a
      roll-forming machine incorporating the roll-stand 20'. This in turn
      accommodates the roll-forming machine to use in conjunction with materials
      of various widths.
PAR  The roll-stand 20' also incorporates advantages over the roll-stand 20. For
      example, because it is entirely self-contained, the roll-stand 20'
      provides greater flexibility with respect to the number and the placement
      of roll-stands in a roll-forming machine. Another advantage relates to the
      fact that additional roll-stands may be added to existing machines with
      relatively little expense.
PAR  FIG. 6 illustrates a roll-stand 120 incorporating a third embodiment of the
      invention. The roll-stand 120 includes a base 122 which is mounted on the
      frame 123 of a roll-forming machine incorporating the roll-stand. The base
      122 has a pair of opposed ways 124 formed integrally therewith. The ways
      124 may be constructed as illustrated in FIG. 2 in connection with the
      roll-forming machine 20.
PAR  A pair of bearing blocks 126 are slidably received in the ways 124 of the
      base 122 but are normally secured against relative motion with respect to
      the base 122 by set screws or the like. A pair of lower rollers 128 are
      rotatably supported in the bearing blocks 126 by anti-friction bearings
      130. A drive shaft 132 extends through both of the rollers 128. A key 134
      received in keyways formed in the rollers 128 and in the drive shaft 132
      is utilized to constrain the rollers 128 to rotation with the shaft 132
      while facilitating selective positioning of the rollers 128 axially along
      the shaft 132.
PAR  A gearbox 136 is mounted on the base 122 and has a worm shaft 138 extending
      through it. A worm 140 is mounted on and driven by the shaft 138, and a
      worm wheel 142 is mounted in mesh with the worm 140. The worm wheel 142 is
      secured to a shaft 144 which is rotatably supported in the gearbox 136 by
      means of anti-friction bearings 146. The shaft 144 is connected to the
      drive shaft 132 by a coupler 148. Thus, by simply disconnecting the
      coupler 148, the operating components of the roll-stand 120 may be
      disconnected from the components housed within the gearbox 136, such as
      for maintenance purposes, etc., and the entire roll-stand 120 (including
      the gearbox 136) may be removed from the frame 123 for maintenance or
      replacement, etc.
PAR  The roll-stand 120 is intended for use in a roll-forming machine of the
      type incorporating an elongate, rigid spine 150. The spine 150 supports a
      bracket 152 which in turn supports a shaft 154. A pair of idler or upper
      rollers 156 are rotatably supported on the shaft 154 by anti-friction
      bearings 158. Thus, a workpiece WP is received between the idler rollers
      156 and the lower rollers 128 and is driven through a roll-forming machine
      incorporating the roll-stand 120 under the action of the lower rollers
      128.
PAR  Those skilled in the art will appreciate the fact that the roll-stand 120
      incorporates numerous advantages over the prior art. Thus, because the
      lower rollers 128 may be located at predetermined positions transversely
      with respect to the path of material movement through a roll-forming
      machine, the use of the roll-stand 120 adapts the roll-forming machine to
      use with materials of various widths. Another advantage relates to the
      fact that the upper rollers 156 of the roll-stand 120 comprise idler
      rollers. Since the shaft 154 does not comprise a drive shaft, this feature
      permits the use of the roll-stand 20 with a workpiece having substantially
      greater depth than would otherwise be possible.
PAR  Referring to FIG. 7, there is shown a roll-forming machine 160
      incorporating a plurality of roll-stands 120 of the type shown in FIG. 4.
      The roll-stands 120 are supported on a common frame 123 which also
      supports the remaining components of the roll-forming machine 160. A motor
      162, which may comprise an electric motor, a hydraulic motor, a pneumatic
      motor, etc., is mounted on the frame 123 and is drivingly connected to the
      worm shaft 138 of the endmost roll-stand 120 by a V-belt drive 164. The
      worm shafts 138 of the remaining roll-stands 120 are in turn connectd one
      to the other by means of a plurality of conventional connectors 166.
PAR  The roll-forming machine 160 further includes a spine/die-stand assembly
      168. The assembly 168 includes the spine 150 which supports a guide
      assembly 170 and a plurality of die-stands 172. The spine 150 also
      supports the upper rollers 156 of the roll-stands 120 by means of the
      brackets 152.
PAR  As is indicated in the arrow 174, the spine/die-stand assembly 168 is
      received on the frame 123 and functions to position the guide assembly
      170, the die-stands 172, and the upper or idler rollers 156 with respect
      to the remaining components of the roll-stands 120. When the
      spine/die-stand assembly 168 is properly positioned in the roll-froming
      machine 168, the guide assembly 170 and the roll-stands 120 function to
      define a predetermined path of movement for material through the
      roll-forming machine. The roll-stands 120 also function to drive the
      material along a predetermined path. As the material moves through the
      roll-forming machine, the non-driven material engaging rollers of the
      die-stands 172 function to transform the material from an initial
      configuration to a desired configuration.
PAR  Whenever it is desired to convert the roll-forming machine 168 to a
      different roll-forming configuration, the entire spine/die-stand assembly
      168 is disengaged from the frame 123 and is removed from the roll-forming
      machine 160 in the manner indicated by the arrow 174. A different
      spine/die-stand assembly 168 is then positioned in the roll-forming
      machine 160. At this point, the roll-forming machine 160 is ready to
      perform an entirely different roll-forming operation. It will be
      understood that each spine/die-stand assembly 168 intended for use in the
      roll-forming machine 160 is provided with its own set of upper rollers 156
      which are intended for use in conjunction with a particular roll-forming
      operation. A more complete understanding of the construction and operation
      of the roll-forming machine 160 may be had by referring to co-pending
      application Ser. No. 355,673, now U.S. Pat. No. 3,823,592, the disclosure
      of which is incorporated herein by reference.
PAR  In FIG. 8 there is shown a roll-stand 120' incorporating a fourth
      embodiment of the invention. The roll-stand 120' comprises numerous
      component parts which are substantially identical in construction and
      function to component parts of the roll-stand 120 shown in FIG. 6. These
      equivalent parts are identified by identical reference numerals utilized
      hereinbefore in the description of the roll-stand 120 with the parts of
      the roll-stand 120' being differentiated from the parts of the roll-stand
      120 by a prime (') designation.
PAR  The primary difference between the roll-stand 120' and the roll-stand 120
      relates to the fact that rather than being actuated by a common drive
      system, the roll-stand 120' employs a drive motor 176 individual to it.
      The drive motor 176 may comprise an electric motor, a hydraulic motor, a
      pneumatic motor, etc. The motor 176 is secured to the base 122' by a
      plurality of fasteners 178 and has an output shaft 180. A worm 182 is
      mounted on and driven by the shaft 180, and the worm wheel 184 is mounted
      in mesh with the worm 182. Thus, the motor 176 operates through the shaft
      180, the worm 182, the worm wheel 184 and the drive shaft 132' to rotate
      the lower rollers 128'.
PAR  The roll-stand 120' incorporates the same advantages over the prior art as
      the roll-stand 120. Thus, the lower rollers 128' may be located in
      predetermined positions transversely with respect to the path of material
      movement through a roll-forming machine incorporating roll-stands. By this
      means the roll-forming machine is adapted for use in conjunction with
      materials of various widths. Also since the shaft 154' which supports the
      upper rollers 156' does not comprise a drive shaft, the depth of the
      workpiece WP which is driven by the roll-stand 120' is virtually
      unlimited.
PAR  The roll-stand 120' also incorporates certain advantages over the
      roll-stand 120. Thus, the self-contained nature of the roll-stand 120'
      greatly simplifies the location and particularly the relocation of the
      roll-stand in a roll-forming machine. Another advantage involves the fact
      that additional roll-stands may be added to an existing roll-forming
      machine with relatively little difficulty or cost.
PAR  Referring to FIG. 9, there is shown a roll-stand 190 comprising a fifth
      embodiment of the invention. The roll-stand 190 includes a base 192 having
      a plurality of mounting feet 194. This facilitates the mounting of the
      roll-stand 190 on the frame of a roll-forming machine by means of
      fasteners 196 engaged with the mounting feet 194.
PAR  The base 192 of the roll-stand 190 further includes four vertically
      extending guide posts 198. Each guide post 198 has a threaded portion 200
      formed at its extreme upper end. A cap piece 202 is slidably supported on
      the guide posts 198. Downward movement of the cap piece 202 is limited by
      collars 204 secured in place on the guide posts 198 by set screws 206 or
      the like.
PAR  A nut 208 and a lock nut 210 are threadedly engaged with the threaded
      portion 200 of each guide post 198. A compression spring 212 is positioned
      between each nut 208 and the cap piece 202. By this means the cap piece
      202 is permitted to slide upwardly on the guide posts 198 against the
      action of the springs 212.
PAR  Referring now to FIG. 10, the cap piece 202 has a channel-shaped
      cross-section. The frame 192 includes a portion 214 having a substantially
      identical cross-section. A pair of upper bearing blocks 216 are secured to
      the cap piece 202 by L-shaped clamps 218 and fasteners 220. Similarly, a
      pair of identical lower bearing blocks 222 are secured to the portion 214
      of the base 192 by identical L-shaped clamps 224 and fasteners 226.
PAR  A pair of upper rollers 228 are each rotatably supported on one of the
      upper bearing blocks 216. Similarly, a pair of lower rollers 230 are each
      rotatably supported on one of the lower bearing blocks 222. An upper drive
      shaft 232 extends through both of the upper rollers 228, and the lower
      drive shaft 234 extends through both of the lower rollers 230. Keys 236
      are utilized to constrain the rollers 228 and 230 to rotation with the
      drive shafts 232 and 234, respectively.
PAR  Referring again to FIG. 9, a bracket 238 depends from a cap piece 202. A
      gearmotor 240 is secured to the bracket 238 by means of fasteners 242. The
      gearmotor 240 includes a motor portion 244 and a gearbox portion 246
      drivingly connected to the motor portion 244. The gearbox portion 246 is
      in turn drivingly connected to the drive shaft 232 and hence to the upper
      rollers 228. Thus, the gearmotor 240 functions to rotate the upper rollers
      228.
PAR  A bracket 248 extends upwardly from the base 192. A gearmotor 250 is
      secured to the bracket 248 by fasteners 252. The gearmotor 252 includes a
      motor portion 254 having an output drivingly connected to a gearbox
      portion 256. The gearbox portion 256 is in turn drivingly connected to the
      lower drive shaft 234 and hence to the lower rollers 230. Thus, the
      gearmotor 250 functions to effect rotation of the lower rollers 230.
PAR  The primary advantage deriving from the use of the roll-stand 190 relates
      to the fact that by loosening the bolts 220 and 226, the upper rollers 228
      and the lower rollers 230 may be selectively located at predetermined
      points transversely with respect to the path of material movement through
      a roll-forming machine. By this means the roll-forming machine is adapted
      for use in conjunction with materials of various widths. Another advantage
      relates to the fact that the roll-stand 190 is entirely self-contained.
      This has been found to be advantageous both with respect to the
      repositioning of roll-stands in a roll-forming machine and with respect to
      adding additional roll-stands to existing roll-forming machines.
PAR  A roll-stand 260 incorporating the sixth embodiment of the invention is
      illustrated in FIGS. 11, 12 and 13. The roll-stand 260 includes a base 262
      adapted to be mounted on the frame of a roll-forming machine by means of
      fasteners 264. The base 262 includes a pair of vertically extending guide
      posts 266, each having a head 268 at its upper end. A pair of nuts 270 are
      threadedly engaged with the lower ends of the guide posts 266.
PAR  A member 271 is slidably supported on the guide posts 266. The member 271
      is normally positioned as shown in FIG. 12 by a pair of compression
      springs 272. This permits the member 271 to move downwardly on the guide
      posts 266 against the action of the springs 272.
PAR  Referring to FIG. 13, the member 271 is comprised of a pair of channel
      members 273 connected together with two pairs of plates 274 top and bottom
      at both ends. The top plates 274 have holes to fit guide posts 268. The
      bottom plates 274 have holes to fit spacers 275. Springs 272 press member
      271 up against the head 268.
PAR  A pair of bearing blocks 276 are secured to the member 272 by a pair of
      clamps 278 and fasteners 280. The bearing blocks 276 rotatably support a
      pair of lower rollers 282. A drive shaft 284 extends through both of the
      lower rollers 282. The drive shaft 284 is non-circular in cross-section,
      whereby the lower rollers 282 are constrained to rotation with the drive
      shaft 284.
PAR  A gearmotor 286 is supported on the base 282 and is secured thereto by
      fasteners 288. A gearmotor 286 includes a motor portion 290 having an
      output drivingly connected to a gearbox portion 292. The output of the
      gearbox portion 292 is in turn connected to a flexible coupling 294. The
      flexible coupling 294 is connected to the drive shaft 284 and hence to the
      lower rollers 282. Thus, the gearmotor 286 operates through the flexible
      coupling 294 and the drive shaft 284 to effect rotation of the lower
      rollers 282.
PAR  The roll-stand 260 is utilized in conjunction with a roll-forming machine
      of the type including an elongate rigid spine 296. The spine 296 supports
      a bracket 298 which in turn supports a shaft 300. A pair of upper or idler
      rollers 302 for the roll-stand 260 are rotatably supported on the shaft
      300 by means of anti-friction bearings 304. The rollers 302 are positioned
      in alignment with the lower rollers for cooperation with to effect
      movement of material through a roll-forming machine under the action of
      the gearmotor 286.
PAR  The roll-stand 260 incorporates numerous advantages over the prior art.
      First, the lower rollers 282 of the roll-stand may be selectively located
      in predetermined positions transversely with respect to the path of
      material movement through a roll-forming machine. By this means the
      roll-forming machine is adapted for use in conjunction with materials of
      various widths. Second, the lower rollers 282 are adapted to float
      downwardly against the action of the springs 272. By this means a
      roll-forming machine incorporating the roll-stand is adapted for use in
      conjunction with material of various thicknesses. Third, since the shaft
      300 does not extend beyond the rollers 302, workpieces of virtually any
      depth can be accommodated in the roll-stand. Finally, it will be
      appreciated that the roll-stand 260 is entirely self-contained. This is
      highly advantageous both with respect to relocating roll-stands in
      existing roll-forming machines and with respect to adding additional
      roll-stands to existing roll-forming machines.
PAR  From the foregoing it will be understood that the present invention relates
      to improvements in roll-stands for roll-forming machines incorporating
      numerous advantages over the prior art. Perhaps the primary advantage
      deriving from the use of the invention relates to the fact that
      roll-stands constructed in accordance therewith comprise at least lower
      rollers which are selectively positionable transversely with respect to
      the path of material movement through a roll-forming machine. By this
      means the roll-forming machine is adapted for use in conjunction with
      material of various widths. Certain embodiments of the invention relate to
      roll-stands in which the upper rollers are supported on the elongate rigid
      spine of the roll-forming machine. This is advantageous in simplifying and
      reducing the cost of the roll-stand, and also in that it permits
      workpieces of virtually unlimited depth to be accommodated in the
      roll-stand. Finally, certain embodiments of the invention incorporate
      individual drive motors and are therefore entirely self-contained. This is
      advantageous in that it facilitates both the relocation of roll-stands and
      the use of additional roll-stands in existing roll-forming machines.
PAR  Although preferred embodiments of the invention have been illustrated in
      the accompanying drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a roll-forming machine of the type including means defining the path
      of material to be formed, a plurality of die-stands positioned at spaced
      points along the path for progressively transforming material from an
      initial configuration to a desired configuration, and a plurality of
      roll-stands positioned at spaced points along the path for driving
      material therealong and through the die-stands, each of said roll-stands
      comprising at least one non-forming lower roller and power means for
      actuating the lower roller, the improvement comprising means for
      selectively locating at least the lower roller of each roll-stand in
      predetermined positions transversely with respect to the path and thereby
      accommodating materials of various widths in the roll-forming machine.
NUM  2.
PAR  2. In a roll-forming machine of the type including means defining the path
      of material to be formed, a plurality of die-stands positioned at spaced
      points along the path for progressively transforming material from an
      initial configuration to a desired configuration, and a plurality of
      roll-stands positioned at spaced points along the path for driving
      material therealong and through the die-stands, each of said roll-stands
      comprising at least two lower rollers and power means for actuating the
      lower rollers, the improvement comprising means for selectively locating
      at least the lower rollers of each roll-stand in predetermined positions
      transversely with respect to the path and thereby accommodating materials
      of various widths in the roll-forming machine, and further characterized
      by a drive shaft extending through the lower rollers of each roll-stand
      and means constraining both of the lower rollers of each roll-stand to
      rotation with the drive shaft extending therethrough.
NUM  3.
PAR  3. In a roll-forming machine of the type including means defining the path
      of material to be formed, a plurality of die-stands positioned at spaced
      points along the path for progressively transforming material from an
      initial configuration to a desired configuration, and a plurality of
      roll-stands positioned at spaced points along the path for driving
      material therealong and through the die-stands, each of said roll-stands
      comprising at least one lower roller and power means for actuating the
      lower roller, the improvement comprising means for selectively locating at
      least the lower roller of each roll-stand in predetermined positions
      transversely with respect to the path and thereby accommodating materials
      of various widths in the roll-forming machine, and further comprising at
      least one upper roller and means for selectively locating the upper roller
      of each roll-stand in alignment with the lower roller thereof.
NUM  4.
PAR  4. The improvement according to claim 3 wherein the upper roller
      positioning means is further characterized by a drive shaft extending
      through the upper roller of each roll-stand and means constraining the
      upper roller of each roll-stand to rotation with the drive shaft extending
      therethrough.
NUM  5.
PAR  5. The improvement according to claim 1 wherein the roll-forming machine
      further includes an elongate, rigid spine which supports the die-stands
      and wherein each roll-stand is further characterized by at least one ldler
      roller mounted on the spine for cooperation with the lower roller to drive
      material through the roll-forming machine.
NUM  6.
PAR  6. A roll-forming machine comprising:
PA1  a base;
PA1  a plurality of roll-stands mounted on the base at spaced points along a
      predetermined path and each comprising at least one non-forming lower
      roller for driving material along the path;
PA1  power means for actuating at least the lower roller of the roll-stands and
      thereby advancing the material along the predetermined path;
PA1  a plurality of die-stands positioned at spaced points along the path for
      progressively transforming material moving along the path from an initial
      configuration to a desired configuration and each comprising at least one
      non-driven material engaging roller; and
PA1  means for selectively locating the lower roller of each roll-stand in
      predetermined positions transversely with respect to the path of material
      movement and thereby accommodating materials of various widths in the
      roll-forming machine.
NUM  7.
PAR  7. The roll-forming machine according to claim 6 further characterized by a
      plurality of non-forming upper rollers each positioned for cooperation
      with the lower roller of one of the roll-stands to receive material
      therebetween and thereby drive the material along the predetermined path.
NUM  8.
PAR  8. The roll-forming machine according to claim 7 further characterized by:
PA1  an elongate spine extending adjacent to the predetermined path; and
PA1  means rigidly securing each of the die-stands to the spine.
NUM  9.
PAR  9. The roll-forming machine according to claim 8 further characterized by
      means secured to the spine for positioning the upper rollers with respect
      to the lower roller of the roll-stands, and for rotatably supporting each
      upper roller.
NUM  10.
PAR  10. The roll-forming machine according to claim 7 wherein each roll-stand
      is further characterized by means supporting the upper roller for
      cooperation with the lower roller of the roll-stand to receive material
      therebetween and means for selectively locating the upper roller in a
      predetermined position transversely with respect to the path.
NUM  11.
PAR  11. The roll-stand according to claim 10 wherein each roll-stand further
      includes:
PA1  upper and lower drive shafts extending through the upper and lower roller
      of the roll-stand, respectively;
PA1  means constraining the upper roller to rotation with the upper drive shaft;
      and
PA1  means constraining the lower roller to rotation with the lower drive shaft.
NUM  12.
PAR  12. The roll-stand according to claim 11 further characterized by means
      floatingly supporting the upper roller and thereby accommodating materials
      of various thicknesses in the roll-forming machine.
NUM  13.
PAR  13. A roll-forming machine comprising:
PA1  a base;
PA1  a plurality of roll-stands mounted on the base at spaced points along the
      predetermined path and each comprising at least two non-forming lower
      rollers and at least two non-forming upper rollers positioned for
      cooperation with the lower rollers to receive and drive materials
      therebetween;
PA1  power means for actuating the upper and lower rollers of the roll-stands
      and thereby advancing material along the predetermined path;
PA1  means for selectively locating the upper and lower rollers of each
      roll-stand in predetermined positions transversely with respect to the
      predetermined path and thereby accommodating material of various widths in
      the roll-forming machine; and
PA1  a plurality of die-stands positioned at spaced points along the path of
      progressively transforming material moving along the path from an intial
      configuration to a desired configuration and each comprising at least one
      non-driven material engaging roller.
NUM  14.
PAR  14. The roll-forming machine according to claim 13 further including means
      floatingly supporting the upper rollers of each roll-stand and thereby
      accommodating materials of various thicknesses in the roll-forming
      machine.
NUM  15.
PAR  15. The roll-forming machine according to claim 14 wherein each roll-stand
      of the roll-forming machine is further characterized by:
PA1  upper and lower drive shafts extending through the upper and lower rollers,
      respectively;
PA1  means constraining the upper rollers to rotation with the upper drive
      shaft; and
PA1  means constraining the lower rollers to rotation of the lower drive shaft.
NUM  16.
PAR  16. The roll-forming machine according to claim 15 wherein the power means
      is further characterized by:
PA1  common drive means for all of the roll-stands; and
PA1  means drivingly connecting the upper and lower drive shafts of each
      roll-stand to the common drive means.
NUM  17.
PAR  17. The roll-forming machine according to claim 15 wherein the power means
      is further characterized by:
PA1  a plurality of drive motor means each individual to one of the drive shafts
      of one of the roll-stands and each having an output; and
PA1  means drivingly connecting the output of each drive motor means to its
      associated drive shaft.
NUM  18.
PAR  18. The roll-forming machine according to claim 15 further characterized
      by:
PA1  a plurality of bearing means each rotatably supporting one of the rollers;
      and
PA1  means for selectively securing each bearing means in a predetermined
      position transversely with respect to the predetermined path.
NUM  19.
PAR  19. A roll-forming machine comprising:
PA1  a frame;
PA1  an elongate, rigid spine;
PA1  a plurality of die-stands each secured to the spine and positioned thereby
      at spaced points along a predetermined path and each comprising at least
      one roller mounted for engagement with material moving along the
      predetermined path to at least partially transform the material to an
      initial configuration to a desired configuration;
PA1  a plurality of roll-stands mounted on the frame at spaced points along the
      predetermined path and each comprising a pair of lower rollers supported
      on a base for engagement with material moving along the predetermined path
      and at least one roller mounted on the spine and positioned thereby for
      cooperation with the lower rollers to receive material therebetween;
PA1  power means for actuating the lower rollers of each roll-stand and thereby
      advancing material along the predetermined path; and
PA1  means for selectively locating the lower rollers of each roll-stand in
      predetermined positions transversely with respect to the predetermined
      paths and thereby accommodating materials of various widths in the
      roll-forming machine.
NUM  20.
PAR  20. The roll-forming machine according to claim 19 wherein each roll-stand
      further includes:
PA1  a drive shaft extending through both of the lower rollers of the
      roll-stand; and
PA1  means constraining the lower rollers of the roll-stand to rotation with the
      drive shaft extending therethrough.
NUM  21.
PAR  21. The roll-forming machine according to claim 20 wherein the power means
      is further characterized by:
PA1  common drive means for actuating all of the roll-stands; and
PA1  means drivingly connecting the drive shaft of each roll-stand to the common
      drive means.
NUM  22.
PAR  22. The roll-forming machine according to claim 20 wherein the power means
      is further characterized by:
PA1  a plurality of drive motor means each individual to one of the roll-stands;
      and
PA1  means drivingly connecting the drive shaft of each roll-stand to its
      associated drive motor means.
NUM  23.
PAR  23. The roll-forming machine according to claim 20 wherein each roll-stand
      is further characterized by:
PA1  a pair of bearing means each rotatably supporting one of the lower rollers;
      and
PA1  means for selectively securing each bearing means on the frame in a
      predetermined position transversely with respect to the predetermined
      path.
NUM  24.
PAR  24. The roll-forming machine according to claim 20 further characterized by
      means floatingly supporting the lower rollers and thereby accommodating
      materials of various thicknesses in the roll-forming machine.
NUM  25.
PAR  25. For use in a roll-forming machine of the type in which material moving
      along a predetermined path is progressively transformed from an initial
      configuration into a desired configuration, a roll-stand comprising:
PA1  a base;
PA1  a pair of lower rollers;
PA1  means supporting the lower rollers on the base for engagement with material
      moving along the predetermined path of thr roll-forming machine;
PA1  power means for actuating the lower rollers and thereby propelling the
      material along the predetermined path;
PA1  means for selectively locating the lower rollers at predetermined positions
      transversely relative to the predetermined path and thereby accommodating
      materials of various widths in the roll-forming machine;
PA1  a pair of upper rollers;
PA1  means supporting the upper rollers for cooperation with the lower rollers
      to receive material traveling along the predetermined path therebetween;
PA1  a drive shaft extending through both of the lower rollers;
PA1  means constraining the lower rollers to rotation with the drive shaft;
PA1  bearing means rotatably supporting each of the lower rollers; and
PA1  means for selectively securing each bearing means in a predetermined
      location transversely with respect to the predetermined path.
NUM  26.
PAR  26. The roll-stand according to claim 25 further including drive motor
      means mounted on the frame and having an output and means drivingly
      interconnecting the output of the drive motor means to the drive shaft
      extending through the lower rollers.
NUM  27.
PAR  27. The roll-stand according to claim 25 further characterized by means
      floatingly supporting at least one of the pairs of rollers and thereby
      accommodating materials of various thicknesses therebetween.
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ABST
PAL  A lightweight inexpensive metal rolling apparatus for sheet metal including
      a lightweight elongate frame, a series of forming rolls secured to shaft's
      journaled in metal roller wheels secured to the frame and depending
      therefrom, and a second series of metal-forming rolls operatively
      positioned in association with the first by metal bars adjustably engaging
      said metal wheels and dependant therefrom and having shafts fixedly
      connected thereto and extending therebetween. Inlet guide means are
      provided for the metal strip and an outlet adjustable roller guide is
      provided to aid in forming an accurate, straight end product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, there have been many different kinds of strip metal
      roll-forming apparatus provided, but most of such apparatus has been quite
      massive and costly. When forming sheet metal members, it obviously is
      desirable to have lighter weight, lower cost roll-forming apparatus than
      would be required in shaping heavier gauges of metal.
PAR  One prior metal strip roll-forming apparatus is shown in my previous U.S.
      Letters Pat. No. 3,785,191. Many other shapes of metal also must be
      provided than that shown in my prior Patent, and it naturally is desirable
      to use as inexpensive but sturdy members as possible in forming strip
      metal to the desired contours.
PAR  The general object of the present invention is to provide a lightweight,
      inexpensive, but efficiently functional roll apparatus for contouring
      metal strips to desired shapes.
PAR  Another object of the invention is to use commercially available members
      such as metal wheel units in positioning roll-carrying shafts in the
      apparatus.
PAR  Another object of the invention is to provide inexpensive but sturdy
      adjustable means for positioning second forming rolls of a pair of forming
      rolls in operative association with first rolls that are non-adjustably
      positioned in the apparatus.
PAR  Other objects of the invention are to provide simplified, lightweight inlet
      guide means for the metal strip to feed it into the apparatus properly; to
      provide guide and straightening members adjacent the output of the roll
      stand to contour the end product as accurately as possible to the desired
      cross sectional shape and to aid in axially straightening the end product;
      to provide roll-forming apparatus for metal strips wherein the apparatus
      will form, for example, either end products of substantially U-shape or
      L-shape in section; and to provide roll forming means in apparatus of the
      type described wherein one edge roll in the female forming rolls of the
      roll stand are separate units removably positioned in the roll-forming
      apparatus to open one side edge of each roll-forming pair and permit
      variation in the cross sectional shape of the end product.
PAR  The foregoing and other objects and advantages of the present invention
      will be made more apparent as the Specification proceeds.
DRWD
PAR  Reference now is particularly directed to the accompanying drawings
      wherein:
PAR  FIG. 1 is a somewhat diagrammatic side elevation of apparatus embodying the
      principles of the invention;
PAR  FIG. 2 is a fragementary vertical section taken on line 2-2 of FIG. 1;
PAR  FIG. 3 is a fragmentary plan of an inlet guide means provided for apparatus
      of the invention and shown to reduced scale;
PAR  FIG. 4 is a fragmentary vertical section taken on line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary section taken on line 5--5 of FIG. 1;
PAR  FIGS. 6 through 10 are fragmentary sections through the pairs of
      roll-forming means of the invention for progressively shaping the metal
      strip to desired contour;
PAR  FIG. 11 is a view of the roll of FIG. 10 with one edge forming roll thereon
      removed; and
PAR  FIG. 12 is a section on line 12--12 of FIG. 5.
DETD
PAR  When referring to corresponding members shown in the drawings and referred
      to in the specification, corresponding numerals are used to facilitate
      comparison therebetween.
PAR  The pairs of rolls shown in FIGS. 6 through 10 are separated from each
      other and are not in closely spaced relation as would be required when the
      pairs of rolls are operatively positioned. These rolls may be of any
      desired contour but preferably they form an end product of angular shape
      in section.
PAC  SUBJECT MATTER OF THE INVENTION
PAR  The invention, as one embodiment thereof relates to strip metal rolling
      apparatus including a frame having opposed side members, several pairs of
      rotatable wheel members fixedly secured to opposed longitudinally shaped
      portions of the side rails and depending therefrom, a shaft carrying an
      upper forming roll thereon journalled in and extending between each of the
      pairs of wheel members, a plurality of roll-mounting bars each secured to
      and extending between pairs of adjacent wheel members, which metal bars
      are secured to each of the pairs of wheel members for vertical adjusting
      movement therebetween, a positioning shaft carrying a lower forming roll
      fixedly secured to and extending between opposed sections of a pair of
      laterally opposed bars to provide two roll-carrying shafts on each of
      these bars in spaced longitudinal relation, and the upper and lower
      forming rolls on said shafts being operatively associated in pairs in the
      apparatus for progressively forming a metal strip fed into and through the
      rolling apparatus. The invention includes rolls formed in two parts
      whereby an edge forming roll section can be removed to vary the shape of
      the roll formed product. Special straightening means are provided adjacent
      the discharge end of the apparatus to engage the rolled metal strip, and
      inlet guide means are present in the apparatus.
PAR  Regarding the details of the apparatus shown in the drawings, the strip
      metal rolling apparatus is indicated as a whole by the numeral 10 and it
      includes a frame 12. The frame 12 has a pair of opposed side members 14
      and 16 extending the substantial length thereof and a plurality of pairs
      of metal forming rolls are operatively positioned on this apparatus with
      the pairs of rolls being in longitudinally spaced relationship to each
      other so that a strip of metal S fed into the apparatus will be
      progressively shaped to substantially U-Shape or other angular form in
      section by the apparatus of the invention.
PAR  The apparatus of the invention is driven in any conventional manner as by
      an electric motor 18 that connects by suitable speed reducer or the like
      20 to a drive chain 22 which extends along one side of the apparatus for
      engaging and driving one roll positioning shaft of each of the plurality
      of pairs of forming rolls provided in the apparatus.
PAR  Specifically, the metal strip S is fed into the apparatus between a pair of
      vertically spaced or sandwiched plates 24 and 26 that are secured together
      as by bolts 28 and wherein the bolt shanks position a plurality of washers
      30 in the portions of the bolt shank positioned between the plates to
      space the same a desired distance.
PAR  A plurality of edge guides or rolls 32 are provided on each lateral margin
      of an open center portion of the plates 24 and 26 so that these rolls 32,
      that are carried on vertically extending bolts 34 or the like, are
      rotatably positioned in and suitably spaced in the inlet means for
      engaging opposed lateral margins of the metal strip fed into the
      apparatus.
PAR  The individual forming rolls in the apparatus are preferably positioned by
      means of substantially conventional, commercially available components.
      That is, the side members 14 and 16 in the frame preferably are T-shaped
      angles and a plurality of metal wheel members 40 are secured to the
      dependant flanges of these side members 14 and extend therebelow. Each
      metal wheel 40 includes an annular outer section (or wheel) 42 that
      suitably journals a rotatably positioned center tubular section or ring 44
      therein. The metal section or ring 42 is secured as by welding to one of
      the side members to depend therefrom and suitable support shaft 46 is
      positioned in and extends between the inner rings 42 of a pair of the
      metal wheels 40. Such wheels 40 include a bearing case usually used to
      support the sections 42 but which now journal the center rings 44 on the
      fixed outer rings. These metal wheels 40 are secured to laterally opposed
      portions of the side members in longitudinally spaced relation whereby
      each pair of metal wheels has a roll support shaft journalled therein and
      extending transversely of the frame between the opposed side members. One
      end of each of these shafts 46 protrudes laterally beyond the frame a
      short distance and carries a sprocket 48 thereon for engaging the drive
      chain 22 for driving one roll of each of the pairs of forming rolls
      provided in the apparatus.
PAR  FIGS. 1 and 2 of the drawings best show that the second roll of each of the
      pairs of forming rolls in the apparatus is positioned by means such as
      individual support bars 50 secured to lower portions of the metal wheels
      40 as herein described. These support bars 50 are positioned in the
      apparatus so that one such bar is secured to and extends between pairs of
      adjacent metal wheels on the same side of the apparatus and with only one
      of such support bars being secured to each of the metal wheels.
      Specifically, cap screws 52 are provided at each end of each support bar
      and extend therethrough for threaded engagement with tapped sockets
      provided in lower parts of the rings 42 of the wheel members 40. Coil
      springs 54 are carried by the shanks of each of the cap screws 52 to urge
      the support bar into resilient engagement with a peripheral portion of the
      associated wheel members but with the vertical position of the support bar
      being controllable, for example, by a threaded engagement of the cap screw
      shank with a tapped aperture in the support bar to move it toward and from
      the adjacent wheel member. Shims or washers 55 are placed between the bars
      50 and the wheels 40 to aid in varying the position of the roll support
      shaft. The coil springs 54 urge the support bars vertically upwardly at
      all times whereby small adjustment in the positions of the support bars
      can be provided. These support bars 50 each position an upstream roll
      positioning metal ring 56 and a downstream metal ring 58 thereon with the
      metal wheels or rings 56 and 58 being, for example, welded to laterally
      inner edges of the support bars and with the metal sleeves or rings
      extending downwardly therefrom to position a roll support shaft 60 in and
      extending between each of the pairs of opposed metal rings provided in the
      apparatus.
PAR  FIGS. 6 through 10 show a plurality of the associated support shafts 46 and
      60 that position the pairs of forming rolls in operative association with
      each other. These drawings further show male forming rolls 62, 64, 66, 68
      and 70 positioned on the individual driven support shafts 46 in the
      apparatus whereas the associated female forming rolls 72, 74, 76, 78 and
      80 are carried on the individual support shafts 60 that are positioned in
      longitudinally spaced parallel relationship in the apparatus and with
      these various female forming rolls being suitably journalled on the
      support shafts provided therefor, or with the shafts being journalled in a
      pair of opposed rings 56 or 58.
PAR  As another feature of the invention, each of the female forming rolls as
      shown comprises or has been formed in two parts, each of annular form.
      Thus, an edge forming roll 73, 75, 77, 79 and 81 is provided as a portion
      of each of the female forming rolls and individual set screws 82 engage
      with each of these edge forming rolls and they bear against the support
      shafts 60 to lock the edge forming rolls in position, but yet to permit
      removal of such edge forming rolls when desired. That is, normally the
      forming rolls as shown are adapted to provide an end member having a
      vertical flange, a horizontal flange and a second vertical flange therein,
      but yet when it is not desired to form the substantially U-shaped member,
      the edge forming rolls can be removed and then a substantially L-shaped
      end product is formed.
PAR  So as to aid in guiding and straightening the end product of the roll
      stand, FIG. 5 shows a straightening means or assembly used in the
      apparatus. Thus, an end roll 90 is positioned in a vertical plane and
      carried on a shaft 92 journalled in two of the metal wheel units 94 and 96
      so that the roll 90 can engage the shaped metal part S preparatory to
      discharge of the same. A straightening roll 98 which is horizontally
      positioned and has a vertical axis is carried on a vertically positioned
      shaft 100 and is suitably journalled thereon. Such shaft or rod 100 in
      turn is carried on a cantilevered positioned cross bar 102, one end of
      which is secured to the side member 14 as shown and with the cross bar
      extending over and termining adjacent the second side member 16. In order
      to adjust the position of the horizontal forming or guide roll 98, a set
      screw 104 or the like engages the side member 16 and bears on the free end
      of the cross bar. Thus, adjustment of the set screw 104 will change the
      bend or positioning of the cross bar 102 and likewise adjust the position
      of the guide and straightening roll 98 which is used to urge the
      vertically extending flange of the shaped metal part S against the roll 90
      and straighten or finalize the shape thereof to provide the desirable end
      product.
PAR  This apparatus of the invention is relatively low in cost and light in
      weight. The apparatus will function effectively for rapidly shaping light
      gauge metal to desired contours and the rolls provided will permit
      variation in the contour of the shaped metal to at least the two different
      contours as described herein. Thus, it is believed that the objects of the
      invention have been achieved.
PAR  While one complete embodiment of the invention has been disclosed herein,
      it will be appreciated that modification of this particular embodiment of
      the invention may be resorted to without departing from the scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a strip metal rolling apparatus, a frame means including opposed side
      members, several pairs of metal wheel members fixedly secured to opposed
      portions of said side members and depending therefrom, a shaft carrying an
      upper forming roll thereon journalled in and extending between each of
      said pairs of metal wheel members, a plurality of roll mounting bars, each
      secured to and extending between pairs of adjacent metal wheel members
      positioned on the same one of said side members, means securing each of
      said bars to said pairs of said wheel members for vertical adjusting
      movement, a positioning shaft carrying a lower forming roll thereon
      fixedly secured to and extending between opposed forward sections of a
      pair of laterally opposed bars and a second lower roll carrying shaft
      similarly secured to and extending between rearward portions of said bars,
      said upper and lower forming rolls being operatively associated in
      operative paris in the apparatus.
NUM  2.
PAR  2. In strip metal rolling apparatus as in claim 1, a metal inlet guide
      means on said frame and comprising a pair of sandwiched plates, having an
      axially open center area, spaced apart to receive the metal strip therein,
      and opposed side roller means positioned between said plates to engage
      side edges of said metal strip and center it in the apparatus.
NUM  3.
PAR  3. In strip metal rolling apparatus as in claim 1 for forming an angular in
      section end member, a vertical cylindrical end guide roll journalled on a
      support and positioned to engage the angular end member, a horizontally
      positioned guide roll, a cantilevered cross bar carried by one of said
      frame side members and extending to the other of said side members, a
      vertically extending shaft having said last named guide roll journalled
      thereon depending from said cross bar and operatively engaging said end
      member adjacent said first named guide roll to aid in the final shaping of
      said end member as it moves along the apparatus.
NUM  4.
PAR  4. In strip metal rolling apparatus as in claim 1, where male and female
      rolls are present for engaging and progressively shaping a metal strip
      passing therethrough, said rolls being adapted to form a metal strip to
      U-shape in section adn characterized by each of said female rolls being
      made of two parts, one being an edge roll and the second being a combined
      base and edge roll to enable removal of said edge rolls to produce a
      section of generally L-shape.
NUM  5.
PAR  5. In strip metal rolling apparatus for forming an end member having a
      vertical and a horizontal flange therein, a frame having opposed side
      members, an end guide roll journalled on a support and positioned to
      engage the flanges of the end member, said guide roll defining a vertical
      plane, a horizontally positioned guide roll having a vertical axis, a
      cantilevered cross bar secured at one end to one of said side members and
      extending at its other end to the other of said side members, and a
      vertically extending shaft having said last named guide roll journalled
      thereon depending from said cross bar and operatively engaging the
      vertical flange of said end member adjacent said first named guide roll to
      aid in straightening said end member as it moves along the apparatus.
NUM  6.
PAR  6. In apparatus as in claim 5 and including an adjustment member engaging
      said other side member and extending therefrom to engage the other end of
      said cross bar, and vary its position to control the position of said
      horizontally positioned guide roll.
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PAL  Alternative tandem arrangements of rolling mill stands are formed by
      supporting a plurality of separate and independently operable rolling mill
      stand assemblies upon one or more pedestals extending along a given
      passline. In one disclosed embodiment, a single pedestal extends along the
      passline and includes an angularly-shaped plate extending parallel to the
      passline and including inclined surfaces for carrying rolling mill
      assemblies at spaced locations. Auxiliary adapter pedestals are disclosed
      to position a rolling mill stand such that the rotational axes of its
      rolls are inclined in a different relation to the horizontal than when the
      mill stand is supported directly by the angularly-shaped plate on the
      pedestal. In a second embodiment, a plurality of side-by-side pedestals
      extend along a passline. Each pedestal defines a separate rolling mill
      support surface with the support surfaces of adjacent pedestals lying in
      intersecting support planes. An improved rolling mill stand assembly is
      disclosed. The mill stand assembly includes a box-like frame with housing
      plates located in a spaced-apart relation for resisting a separating force
      developed between a pair of rotating rolls supported thereby. A separate
      motor and gear drive are supported by the frame of each mill. The housing
      plates have aligned bores that receive eccentric bushings for adjusting
      the gap between the rolls. One housing plate is a permanent part of the
      frame while the other housing plate is attached by bolts to the frame for
      removal during roll changing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus to provide tandem rolling mill
      arrangements wherein the relative disposition of one rolling mill stand
      relative to another is independently and readily changeable to orientate
      the rotational axes of the rolls, hence the roll pass design, relative to
      a given passline. More particularly, the present invention relates to an
      improved construction for separate and independent rolling mill stands and
      to pedestal means for the support of such mill stands at preselected
      locations and inclined relationships to provide a desired tandem
      arrangement of rolling mill stands.
PAR  A tandem arrangement of rolling mill stands is defined for the purpose of
      this invention to mean a plurality of mill stands supported and arranged
      so that during the rolling process a workpiece will progress from one
      stand to the next along a continuous straight path. The features and
      advantages of the present invention are particularly useful for numerous
      tandem arrangements forming continuous jobbing-type mill trains including
      universal mill trains for rolling metallic workpieces to produce products
      commonly referred to in the art as flats, rebars, angles, channels, round
      and squares. Modern high-speed and high-production bar mills incorporate
      massive and specially designed individual mill stands arranged to form a
      continuous mill train with alternate mill stands providing
      horizontally-and vertically-arranged rolls to alleviate the necessity for
      twisting the bar or workpiece between adjacent mill stands. When it is
      necessary to twist the bar between mill stands, guides are specially
      designed for this purpose but they have inherent disadvantages including
      marking of the bar or other forms of workpieces. The guides represent a
      substantial and added expense for each mill stand and the guides must be
      periodically replaced due to different roll pass designs and due to wear
      of the guiding surfaces. In the standard horizontal-vertical continuous
      mill arrangement, the horizontal mill stands are driven by heavy-duty
      drives that are independently supported at spaced locations from the mill
      stands and the vertical mill stands are coupled to a separate drive
      usually located within a pit below the mill stand itself or on a massive
      steel structure above the mill. There are still other numerous forms of
      rolling mill arrangements particularly, for example, in regard to the
      rolling of smaller workpieces such as rods wherein the mill stands are
      arranged at a 45.degree. angle to the horizontal with adjacent mill stands
      being offset at 90.degree. to each other. This mill arrangement permits
      the rolling of rod using roll passes without the need to twist the rod
      between pairs of rolls. Variations to this arrangement of rolls for a rod
      mill cannot be provided since the arbors for the rolls are rotatably
      carried by a single rigid structure and it is not possible to alter or
      change the disposition of one pair of rolls in a given mill stand with
      respect to another pair of rolls in a different mill stand.
PAR  These tandem or otherwise continuous arrangements of rolling mills are
      typically used in steel producing facilities where high tonnage output
      from the mills is expected and where the product produced by a tandem mill
      does not change to any great extent on a day-to-day basis. Such mill
      arrangements are not, however, suitable for continuous jobbing-type mill
      trains where a variable rolling schedule demands consecutive passes to be
      provided by rolls with their rotational axes angularly disposed at
      90.degree. to each other but in different angular relations to the
      horizontal. In other words, a given rolling schedule may require that the
      mill stands are disposed at alternate vertical sides of a given passline
      and that each mill stand forms an angle of 45.degree. to the horizontal.
      The next rolling schedule will require a tandem mill train, for example,
      wherein a given rolling mill stand has the rotational axes of its rolls
      arranged parallel to the horizontal while the next succeeding rolling mill
      stand has the rotational axes of its rolls arranged vertically or
      perpendicular to the horizontal. In the jobing mill type of tandem mill
      trains, there are other instances which render it desirable, if not
      necessary, that the rolls in the mill stands have their rotational axes
      disposed at different angles other than as just described. For example,
      for special products, a rolling sechedule may provide that a first mill
      stand has the rotational axes of its rolls arranged at an angle of
      30.degree. to the horizontal and then the next succeeding rolling mill
      stand has the rotational axes of its rolls arranged at an angle of
      60.degree. to the horizontal. Other considerations, together with rolling
      schedules, may render it necessary to arrange all the mill stands at one
      vertical side of the passline.
PAR  The capital investment for facilities required to convert one tandem mill
      arrangement into another and the time needed to accomplish the change are
      important factors that affect the production costs of the rolling mill
      facility. Thus, it becomes highly desirable to not only provide apparatus
      which is versatile in its use but also designed for providing such
      facilities at a minimum of capital investment so as to be economically
      feasible to produce rolled products at low tonnage volumes.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a low-cost continuous
      rolling mill arrangement wherein a plurality of rolling mill stand
      assemblies are separately and independently operable while supported at
      preselected locations along a passline at one of a variety of different
      angularly-disposed relations with respect to the horizontal.
PAR  It is a further object of the present invention to substantially reduce the
      cost and capital investment needed for providing a continuous jobbing-type
      mill train wherein tandem mill stand arrangements for the continuous
      rolling of a variety of products can be changed in a rapid and efficient
      manner.
PAR  It is still a further object of the present invention to provide an
      improved construction and arrangement of parts for separate and
      independent rolling mill stands employed in a versatile tandem mill
      arrangement for an efficient and rapid roll changing so that the mill
      stands can be readily manipulated and supported at desired positions to
      form part of different tandem rolling mill arrangements for producing
      workpieces with a variety of rolled shapes or sizes.
PAR  It is still another object of the present invention to provide a tandem
      rolling mill for carrying out successive rolling operations by employing a
      plurality of separate and independent mill stands, each supported by
      pedestal means for the selective positioning thereof so that the
      rotational axes of the rolls are disposed at preselected angular planes to
      the horizontal while each roll pass defined by the rolls lies along a
      preestablished passline.
PAR  It is still a further object of the present invention to provide pedestal
      means defining a plurality of rolling mill support surfaces at
      spaced-apart locations along a preselected passline for the independent
      support of separate mill stands at desired angularly-disposed relations to
      the passline for providing alternative tandem arrangements of the mill
      stands.
PAR  According to the present invention, there is provided apparatus for
      alternative tandem mill arrangements of rolling mill stands to process
      workpieces by successive rolling operations along a given passline. The
      apparatus comprising, in combination, a plurality of separate and
      independently operable rolling mill stand assemblies each including
      housing means for rotatably supporting a pair of rolling mill rolls which
      defines a roll gap wherein a workpiece is processed, and separate drive
      means including a motor for rotating the rolls of each rolling mill stand
      assembly, and pedestal means defining a plurality of separate support
      surfaces each adapted to support and independently position one of a
      plurality of rolling mill stand assemblies at a preselected location along
      the passline, certain of the support surfaces being at different angular
      positions with respect to others and each of the rolling mill stand
      assemblies being removable from an associated one of the support surfaces
      independently of other rolling mill stand assemblies.
PAR  In one embodiment of the present invention, the aforesaid pedestal means
      take the form of a single pedestal having at the upper end thereof two
      angularly-arranged plates with their adjoined longitudinal edges extending
      parallel to the passline and with the plates forming inclined surfaces to
      the horizontal for the support of rolling mill stands. These plates either
      directly support a rolling mill stand assembly or one of a plurality of
      auxiliary adapter pedestals forms an intermediate support member for a
      given rolling mill stand assembly.
PAR  In a second embodiment of the present invention, the aforesaid pedestal
      means take the form of a plurality of separate pedestals extending in a
      side-by-side relation along the passline for the independent support of a
      rolling mill stand assembly. The support surfaces of adjacent pedestals
      being angularly disposed and lying with intersecting planes of support for
      a mill stand whereby the rotational axes of the rolls of a mill stand
      while supported by a given pedestal lie in a fixed relation to the
      horizontal and a different angular relation when that mill stand is
      supported by an adjacent pedestal.
PAR  The present invention further provides an improved rolling mill stand
      assembly comprising the combination of a frame having side walls forming a
      generally box-like structure with internal portions including a permanent
      housing plate and remote thereto spaced-apart drive support plates, the
      frame further including a removable housing plate secured to the side
      walls of the frame in a spaced-apart relation to the permanent housing
      plate, a pair of rolls having workpiece-engaging bodies extending between
      the housing plates, drive gears supported between the drive support
      plates, coupling means between the permanent housing plate and one of the
      drive plates for rotatably interconnecting the rolls with the drive gears,
      and a motor supported by the frame to rotate at least one of the drive
      gears for driving the rolls while engaging a workpiece passing
      therebetween.
PAR  These features and advantages of the present invention as well as others
      will be more readily understood when the following description is read in
      light of the accompanying drawings, in which:
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PAR  FIG. 1 is a perspective view of a support pedestal according to one
      embodiment of the present invention for a tandem mill arrangement;
PAR  FIG. 2 is a view similar to FIG. 1 and illustrating the use of the support
      pedestal to form a second tandem rolling mill arrangement;
PAR  FIG. 3 is a side elevational view, in section, of a rolling mill stand
      assembly embodying the features of the present invention;
PAR  FIG. 4 is an end elevational view of the rolling mill stand illustrated in
      FIG. 3;
PAR  FIG. 5 is a perspective view of side-by-side pedestals according to a
      second embodiment of the present invention for providing a tandem mill
      arrangement;
PAR  FIG. 6 is an end elevational view of the pedestals shown in FIG. 5 and
      further illustrating the rolling mill stands supported thereby; and
PAR  FIG. 7 is a view similar to FIG. 5 and illustrating a modified arrangement
      of side-by-side pedestals.
DETD
PAR  In FIG. 1, there is illustrated a vertically-extending pedestal base 99
      that takes the form of a rectangularly-shaped block-like structure made of
      concrete or other suitable materials. The top surface of the pedestal base
      9 carries a pedestal assembly 10 which is welded or otherwise constructed
      from steel plate consisting of an equal angle plate 11 having equal length
      legs 11A and 11B that are welded or otherwise secured to a base plate 12
      so as to form a roof-like pedestal assembly. This assembly is secured by
      nuts 13 cooperatively engaging foundation bolts embedded within the
      concrete of the base pedestal 9. The plates 11A and 11B form equal angles
      to the horizontal, each at 45.degree.. The exposed face surfaces of plates
      11A and 11B define pedestal support surfaces at horizontally spaced-apart
      locations for separate and independent rolling mill stand assemblies 15.
      The actual support surfaces provided by these pedestal assemblies 10 may
      be defined in a number of different ways. For example, a machined pad may
      be attached to the plates. In certain instances, the machined pad can be
      defined by the actual plate surface or the rolling mill support surfaces
      may be defined by a series of drilled holes 14 to receive suitable
      fastening means such as nut and bolt assemblies for attaching a given
      rolling mill stand to the pedestal assembly. To facilitate the mounting of
      a rolling mill stand, an access hole 16 is provided in the plate opposite
      the plate which is actually employed to support the rolling mill stand.
      The acess holes 16 are also useful to pass coolant supply lines from the
      enclosed space under the roof for use with a rolling mill stand. In this
      way, workmen gain access to the undersurface of the plates to torque the
      nut and bolt assemblies. Alternatively, the holes 14 may be threaded to
      receive mounting bolts for securing a rolling mill housing to a pedestal
      support surface.
PAR  The separate and independent rolling mill stand assemblies 15 are supported
      by the pedestal at spaced locations along the length thereof and these
      rolling mill stand assemblies can be oriented with respect to each other
      to form pedetermined tandem rolling mill arrangements according to a given
      schedule. Thus, for example, as illustrated in FIG. 1, a first rolling
      mill stand in the tandem arrangement is inclined at 45.degree. to the
      horizontal at one side of the pedestal while the next succeeding rolling
      mill stand is inclined at 45.degree. to the horizontal but at the other
      side of the pedestal. The next succeeding rolling mill stand is located on
      the same side of the pedestal as the immediate adjacent stand but the
      rotational axes of the rolls lie in a plane that is parallel to the
      horizontal. To accomplish this, an auxiliary adapter pedestal 17 is
      provided and includes a base plate 17A with drilled holes 17B located for
      an aligned relation with the holes 14 in the plate 11A. The base plate 17A
      carries two angular bracket plates 18 which, in turn, support a rolling
      mill support plate 19 having its supporting surface arranged coplanar with
      the horizontal and defining holes 19A disposed in the same spaced-apart
      relation as the holes 14.
PAR  The rolling mill stands 15 are constructed such that they maintain basic
      dimensional relations constant for each rolling mill stand when they are
      supported by a pedestal or an auxiliary adapter pedestal whereby a
      preselected passline 20 extends horizontally between each mill stand while
      passing through the gap defined by the roll pass of the rolls.
PAR  As will be described in greater detail herinafter, the rolling mill stand
      assemblies are constructed to form separate and independent rolling mill
      assemblies that can be oriented independently in a desired relation to the
      passline without regard to an adjacent mill stand or drive requirements
      therefor. FIG. 1 illustrates one of many possible tandem mill arrangements
      utilizing the support surfaces provided by the pedestal 10. For example,
      when a given rolling mill schedule requires rolling mill stands
      alternatively disposed at 45.degree. from the horizontal along the
      passline, such a tandem mill arrangement can be quickly provided by
      attaching the mill stands directly upon the pedestal. The rolling mill
      stands can be supported at opposite sides of the pedestal or,
      alternatively, the mill stands can be supported at the samd side of the
      pedestal through the agency of suitable auxiliary adapter pedestals. In
      this regard, those skilled in the art will readily understand that the
      plates 18 of auxiliary adapter pedestal 17 can be dimensioned so that
      plates 17A and 19 form an angle of 90.degree. instead of 45.degree. which
      FIG. 1 is intended to illustrate. As will be seen, the mill stands are
      designed in such a manner that the rolls can be rapidly and efficiently
      changed so that at the conclusion of production according to a given
      rolling schedule, a particular mill stand can be quickly readied for the
      next rolling schedule by changing the rolls to make available the mill
      stand for use with a desiredd roll pass design.
PAR  FIG. 2 illustrates the same base pedestal 9 and pedestal assembly 10 as
      illustrated by FIG. 1 but employed to provide a tandem arrangement wherein
      the mill stands are arranged such that the rotational axis of one roll
      stand is vertical while the next adjacent roll stand has the rotational
      axes of its rolls disposed parallel to the horizontal. FIG. 2 illustrates
      only a portion of a tandem rolling mill arrangement. The tandem mill
      arrangement shown in FIG. 2 includes the use of the auxiliary adapter
      pedestal 17 to support a rolling mill stand with the rotational axis
      thereof parallel to the horizontal. The pedestal 10 also supports a
      rolling mill stand 15 by an auxiliary adapter pedestal 21. The pedestal 21
      is constructed to position and form an intermediate support for a mill
      stand so that the rotational axes of its rolls form an angle of 90.degree.
      with the horizontal. Adapter pedestal 21 includes a base plate 22 with
      vertically-extending arms 23 that carry at their upper ends a rolling mill
      support plate 24 with the support surface thereof lying in a vertical
      plane to which a rolling mill stand is independently attached by bolts
      utilizing holes 24A. These holes are located in the same spaced-apart
      relation as holes 14.
PAR  FIGS. 3 and 4 illustrated in greater detail the construction and
      arrangement of parts forming each of the rolling mill stands 15. It is
      important to note that each mill is driven by its own separate drive and
      motor which are an integral part of the mill stand. In this way, the mill
      stand is operatively independent of its particular location and angular
      disposition. This has not been possible in the past where a combined form
      of drive was foundation-mounted in a permanent fashion apart from the mill
      stands driven thereby.
PAR  Each rolling mill stand includes a welded steel, box-like spacer frame 40
      including a bottom support plate 41 adapted to rest on and be firmly
      secured to the support surfaces defined by a pedestal. A slot 42 in the
      bottom plate 41 is arranged for locating the mill stand on the support
      surfaces of the pedestal so that the usual passline formed by the rolls of
      the mill stand will be in registry with the passline of the mill train.
      The mill stand includes two rolls 43 and 44 with body portions which are
      machined to provide a desired shape to a roll pass opening at the gap
      between the rolls. The opposite ends of the rolls are rotatably supported
      by bearings 43A and 44A, respectively, that are received in aligned
      annular bores formed in spaced-apart housing plates 45 and 46 that resist
      the rolling forces produced during the processing of a workpiece between
      the rolls. The rolls are positioned by fitting the bearing on the journals
      therefor within eccentrically bored sleeves 47 positioned within the
      annular openings in the housing plates. By rotating the eccentric sleeve
      within the annular opening in the housing plates, the spacing between the
      rolls is changeable. Each of the eccentric sleeves 47 includes a collar
      with an enlarged diamenter that overlaps the face surface of the
      associated housing plate. Gear teeth 48 are machined in these collars so
      that the top and bottom eccentric sleeves mesh and rotate together for
      adjusting the roll gap. A set of small gears connected by a shaft rotates
      the front and rear eccentric sleeves together, so that all four eccentric
      sleeves move together. The connecting shaft is rotated by a worm gear
      reducer 49 having a large speed reduction so as to be self-locking. If
      desired, the drive input shaft may have flats on the end so that the small
      gears can be rotated with a wrench. A locking device, such as a lock
      screw, will prevent movement of the eccentric sleeves after the
      adjustment.
PAR  It is an important feature of the present invention that the outer housing
      plate 46 is independent of the integral frame 40. A row of spaced-apart
      holes along the top and bottom edges of the plate 46 receives bolts used
      to attach the housing plate 46 to flange 46A that is part of the frame 40.
      In this way, the housing plate 46 can be quickly removed in an efficient
      manner for the changing of the roll or roll sleeves. The housing plate 45
      is welded or bolted to the spacer frame 40. The box-like form of frame 40
      has side walls 40A and internal portions. Also welded or bolted to the
      spacer frame is plate 50 which is part of the gear case. An end wall is
      formed by a drive support plate 51 and the opposite end wall is formed by
      the housing plate 46 when bolted to the flange 46A. The top and bottom
      side walls 40A are continuous and extend between the housing plates 46 and
      47 while the vertical side walls do not extend between the housing plates
      so that workpieces can enter and exit from the roll gap. Within the frame
      40 spindles 52 and 53 are coupled to an end of the rolls 43 and 44,
      respectively. The spindles are, in turn, coupled to shafts 54 and 55 that,
      in turn, carry meshing pinion gears 54A and 55A, respectively. Depending
      on the particular power requirements, speed requirements and other
      consideration, the pinion gear 54A may be driven by a gear 56 secured to
      the shaft of a motor 57. It is preferred, however, to utilize the space
      between the drive support plates 50 and 51 to form a gear case in which an
      additional train of gears is rotatably supported by these plates for
      drivingly interconnecting the gear 56 to the pinion gear 54A. As
      illustrated in FIG. 3, the motor 57 is supported by a bracket 58 extending
      in a cantilevered fashion from the frame 40. It will thus be observed that
      the motor, the gear drive, spindles and the rolling mill rolls are an
      integral unit that can be moved from place-to-place and specifically, this
      unitary rolling mill can be positioned on any one of the support surfaces
      provided by the previously-described base. The rolling mill stand
      assemblies of the present invention can be manufactured at a relatively
      low cost as compared with known designs of rolling mills for comparable
      rolling operations. To obtain a low-cost design the gears for driving the
      rolling mill rolls are relatively small and have good wear properties such
      as by case-hardening the teeth of the gears. To offset the lower strength
      of the smaller gears during sudden but momentary emergency overloads, an
      overloading device is incorporated into the mill assembly. The function of
      the overload device is to isolate the momentum of the motor, i.e., the
      WR.sup.2 of the rotating motor mass, from the relatively low mass of the
      rotating parts of the mill stand. The overload device can be a shear pin
      coupling, an undercut area in a gear shaft or a non-breaking slip coupling
      device. FIG. 3 illustrates a non-breaking slip coupling device 56A which
      is associated with pinion gear 56.
PAR  The economical features of the present invention are particularly enhanced
      by the use of plates instead of the conventional cast steel housings for
      rolling mills. The housing plates 45 and 46 of the present invention have
      the advantage that they can be machined from steel plate at a relatively
      low cost. Such housing plates can easily resist a separating or rolling
      force of the order of 12,000 pounds per square inch as compared with the
      usual practice of using cast steel housings which are usually designed to
      resist a separating force of only about 1000 pounds per square inch. Thus,
      the present invention provides a versatile, lightweight, low-cost unitary
      rolling mill with an equal or greater capacity as compared with known mill
      designs.
PAR  In FIG. 5, there is illustrated vertically-extending pedestals 101-112
      arranged in a side-by-side relation to extend below and along the
      direction of a rolling mill passline generally indicated at 113. The
      pedestals may be united together to form one integral unit or they may be
      separate and independent of one another. In their preferred form, the
      pedestals are foundation-like structures comprised of reinforced concrete
      with bolts or other forms of fastening means embedded within the concrete
      to secure a rolling mill stand asseembly to planar support surfaces of the
      pedestals which are identified in FIG. 5 as 114A-114L. Thus, it can be
      seen that the support surface 114A is inclined at an angle of 45.degree.
      to the horizontal; surface 114B is horizontal; surface 114C is inclined at
      45.degree. opposite to the inclination of surface 114A; surface 114D is
      horizontal; surface 114E is inclined at 45.degree. to the horizontal
      opposite to the inclination of surface 114C; surface 114F is horizontal;
      surface 114G is inclined at 45.degree. opposite to the inclination of
      surface 114E; surface 114H is horizontal; surface 114I is inclined at
      45.degree.  to the horizontal opposite to the inclination of surface 114G;
      surface 114J is horizontal; surface 114K is inclined at 45.degree. to the
      horizontal opposite to the inclination of surface 114I and the last
      pedestal defines a horizontal support plate 114L.
PAR  The tandem rolling mill concept illustrated by FIG. 5 provides for the
      support of a given rolling mill at different times upon certain of the
      pedestal support surfaces 114A-114L. Thus, for example, when a given
      rolling schedule requires a rolling process wherein the rolling mill
      stands are alternately disposed at 45.degree. from the horizontal along
      the passline, such a tandem rolling mill arrangement can be quickly
      provided by locating a mill stand 15 upon each of the support surfaces.
      This type of rolling schedule is typically used in the production of
      round, oval or square-shaped workpieces. A different rolling schedule may
      require the use of mill stands such that the rolls thereof rotate about
      parallel axes. This can be readily provided by first removing the mill
      stands from one mounting surface of the base and then fastening them to
      the other surface arranged at a 90.degree. angle from the first surface.
      This tandem rolling mill arrangement is typically used for rolling of
      channel sections, flats and angles. It will also be apparent from the
      foregoing that combinations of parallel mill stand assemblies together
      with mill stand assemblies located perpendicular to them can be utilized
      in a tandem mill train to carry out a given rolling schedule. FIGS. 5 and
      6 illustrate that the support surfaces for two rolling mill stands are
      located at one hroizontal side of line 113 and the next two support
      surfaces are located at the opposite side of the passline. This enables
      greater access by workmen to the mill stands for performing needed
      operations such as adjusting and aligning the rolls, positioning the mill
      stands themselves relative to the passline and performing such other usual
      servicing operations as may be needed from time-to-time.
PAR  FIG. 7 illustrates a second embodiment of the present invention in regard
      to the arrangement of adjacent pedestals for the support of mill stands.
      This embodiment differs from that previously described in that in addition
      to providing a tandem rolling mill arrangement made up of
      alternately-disposed mill stands at 45.degree. to the horizontal, there
      can additionally be provided mill stands supported in horizontal and
      vertical relations for greater flexibility to accommodate desired rolling
      schedules. The pedestals 121-123 extend vertically in a side-by-side
      relation to extend along and below a passline 120 of any given tandem mill
      train. These pedestals define a first mill stand support surface 135A
      which is inclined at 45.degree. to the horizontal. The next adjacent
      pedestal 122 has a horizontal support surface 135B. The next adjacent
      pedestal 123 has an inclined support surface 135C arranged at 45.degree.
      but opposite to the inclination of the support surface 135A. The next
      adjacent pedestal 124 has a vertical support surface 135D. The
      just-described arrangement of support surfaces of the pedestals 121-124
      are twice repeated by two additional series of pedestals 125-128 and
      129-133 whereby these additional series of pedestals define similar
      support surfaces 135E-135H and 135I-135L, respectively. It will be
      understood, of course, that the selection and determination of a rolling
      mill stand to be supported by a given one of the pedestals will be made on
      the basis of at least the particular roll pass defined by the rolls of a
      mill stand.
PAR  Although the invention has been shown in connection with certain specific
      embodiments, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An apparatus for providing alternative tandem arrangements of rolling
      mill stands to process workpieces by successive rolling operations along a
      given passline, said apparatus comprising, in combination:
PA1  a plurality of separate and independently operable rolling mill stand
      assemblies each including housing means to rotatably support a pair of
      rolling mill rolls which defines a roll gap wherein a workpiece is
      processed, and separate drive means including a motor for rotating the
      rolls of each rolling mill stand assembly; and
PA1  pedestal means defining a plurality of separate support surfaces each
      adapted to support and independently position one of said plurality of
      rolling mill stand assemblies at a preselected location along said
      passline, certain of said support surfaces being at different angular
      positions with respect to others and each of said stand assemblies being
      removable from an associated one of said support surfaces independently of
      the others, said separate support surfaces define a support location by
      said pedestal means for each of said rolling mill stands to form part of
      at least two alternative tandem rolling mill arrangements which include a
      first tandem rolling mill arrangement wherein the rotational axes of the
      rolls of at least two separate mill stands form an angle of at least
      45.degree. to the horizontal, and a second tandem rolling mill arrangement
      wherein the rotational axes of the rolls of at least two separate mill
      stands form an angle less than 45.degree. to the horizontal.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein said support surfaces defined
      by said pedestal means are inclined at 45.degree. to the horizontal for
      supporting and positioning at least two of said rolling mill stand
      assemblies for said first tandem rolling mill arrangement.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said pedestal means are
      further defined to include a plurality of vertically-extending pedestals
      such defining an individual one of said separate support surfaces for
      supporting and positioning one of said plurality of rolling mill stand
      assemblies, said vertically-extending pedestals being arranged in a
      side-by-side relation along said passline such that the support surfaces
      of adjacent pedestals are angularly disposed and lie within intersecting
      planes of support for said rolling mill stand assemblies.
NUM  4.
PAR  4. The apparatus according to claim 3 wherein the angularly-disposed
      relation of the individual support surfaces of said pedestals is further
      defined to include an inclined support surface to the horizontal upon a
      first pedestal, a horizontal support surface upon the second and next
      adjacent pedestal, an inclined support surface to the horizontal upon the
      third and next adjacent pedestal, and a horizontal support surface upon
      the fourth and next adjacent pedestal.
NUM  5.
PAR  5. The apparatus according to claim 3 wherein the angularly-disposed
      relation of the individual support surfaces of said plurality of pedestals
      is further defined to include an inclined support surface to the
      horizontal upon a first pedestal, a horizontal support surface upon the
      second and adjacent pedestal, an inclined support surface to the
      horizontal upon the third and next adjacent pedestal, and a vertical
      support surface upon the fourth and next adjacent pedestal.
NUM  6.
PAR  6. The apparatus according to claim 3 wherein the angularly-disposed
      relation of the individual support surfaces between adjacent ones of said
      plurality of pedestals is further defined to include a support surface of
      one pedestal being arranged to support a rolling mill assembly at
      essentially one horizontal side of said passline, and the support surface
      of the next adjacent pedestal being arranged to support a rolling mill
      assembly at essentially the other horizontal side of said passline.
NUM  7.
PAR  7. The apparatus according to claim 3 wherein the angularly-disposed
      relation of the individual support surfaces between adjacent ones of said
      plurality of pedestals is further defined to include the support surfaces
      of two adjacent pedestals being arranged to support rolling mill
      assemblies at essentially the same horizontal side of said passline, and
      the next two adjacent pedestals having their surfaces arranged to support
      rolling mill assemblies at essentially the other horizontal side of said
      passline.
NUM  8.
PAR  8. The apparatus according to claim 3 further comprising means to adjust
      the position of each of the rolling mill stand assemblies relative to a
      support surface defined by said pedestal means for aligning the roll gap
      between the rolls of said assemblies with respect to said passline.
NUM  9.
PAR  9. An apparatus for providing alternative tandem arrangements of rolling
      mill stands to process workpieces by successive rolling operations along a
      given passline, said apparatus comprising, in combination:
PA1  a plurality of separate and independently operable rolling mill stand
      assemblies each including housing means to rotatably support a pair of
      rolling mill rolls which defines a roll gap wherein a workpiece is
      processed, and separate drive means including a motor for rotating the
      rolls of each rolling mill stand assembly; and
PA1  pedestal means defining a plurality of separate support surfaces each
      adapted to support and independently position one of said plurality of
      rolling mill stand assemblies at a preselected location along said
      passline, certain of said support surfaces being at different angular
      positions with respect to others and each of said stand assemblies being
      removable from an associated one of said support surfaces independently of
      the others, pedestal means include a base pedestal and a plurality of
      auxiliary adapted pedestals each having a mounting surface for supporting
      engagement with a support surface defined by said base pedestal.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said support surfaces
      defined by said base pedestal are further defined by the combination of
      two support plates each inclined at 45.degree. to the horizontal and
      secured together along abutted longitudinal edges which extend parallel to
      said passline, and a base plate secured to said support plates.
NUM  11.
PAR  11. The apparatus according to claim 9 wherein said plurality of auxiliary
      adapter pedestals each includes a first support plate for supporting
      engagement with said base pedestal, and a second support plate for
      supporting engagement with one of said rolling mill stand assemblies.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein said second support plate
      for each two of said plurality of auxiliary adapter pedestals defines a
      rolling mill stand assembly support surface lying in a horizontal plane
      when the adapter pedestal is carried by said base pedestal.
NUM  13.
PAR  13. The apparatus according to claim 11 wherein said second support plate
      for each of two of said plurality of auxiliary adapter pedestals defines a
      rolling mill stand assembly support surface which lies in a plane
      perpendicular to the horizontal when the adapter pedestal is carried by
      said base pedestal.
NUM  14.
PAR  14. The apparatus according to claim 9 wherein said separate support
      surfaces define a support location by said pedestal means for each of said
      rolling mill stands to form part of at least two alternative tandem
      rolling mill arrangements which include a first tandem rolling mill
      arrangement wherein the rotational axes of the rolls of at least two
      separate mill stands form an angle of at least 45.degree. to the
      horizontal, and a second tandem rolling mill arrangement wherein the
      rotational axes of the rolls of at least two separate mill stands form an
      angle less than 45.degree. to the horizontal.
NUM  15.
PAR  15. An apparatus for providing alternative tandem arrangements of rolling
      mill stands to process workpieces by successive rolling operations along a
      given passline, said apparatus comprising, in combination:
PA1  a plurality of separate and independently operable rolling mill stand
      assemblies each including housing means to rotatably support a pair of
      rolling mill rolls which defines a roll gap wherein a workpiece is
      processed, and separate drive means including a motor for rotating the
      rolls of each rolling mill stand assembly; and
PA1  pedestal means defining a plurality of separate support surfaces each
      adapted to support and independently position one of said plurality of
      rolling mill stand assemblies at a preselected location along said
      passline, certain of said support surfaces being at different angular
      positions with respect to others and each of said stand assemblies being
      removable from an associated one of said support surfaces independently of
      the others, said pedestal means including a plurality of
      vertically-extending pedestals each defining an individual one of said
      separate support surfaces for supporting and positioning one of said
      plurality of rolling mill stand assemblies, said vertically-extending
      pedestals being arranged in a side-by-side relation along said passline
      such that the support surfaces of adjacent pedestals are angularly
      disposed and lie within intersecting planes of support for said rolling
      mill stand assemblies, the angularly-disposed relation of the individual
      support surfaces of said pedestals is further defined to include an
      inclined support surface to the horizontal upon a first pedestal, a
      horizontal support surface upon the second and next adjacent pedestal, an
      inclined support surface to the horizontal upon the third and next
      adjacent pedestal, and a horizontal support surface upon the fourth and
      next adjacent pedestal.
NUM  16.
PAR  16. An apparatus for providing alternative tandem arrangements of rolling
      mill stands to process workpieces by successive rolling operations along a
      given passline, said apparatus comprising, in combination:
PA1  a plurality of separate and independently operable rolling mill stand
      assemblies each including housing means to rotatably support a pair of
      rolling mill rolls which defines a roll gap wherein a workpiece is
      processed, and separate drive means including a motor for rotating the
      rolls of each rolling mill stand assembly; and
PA1  pedestal means defining a plurality of separate support surfaces each
      adapted to support and independently position one of said plurality of
      rolling mill stand assemblies at a preselected location along said
      passline, certain of said support surfaces being at different angular
      positions with respect to others and each of said stand assemblies being
      removable from an associated one of said support surfaces independently of
      the others, said pedestal means including a plurality of
      vertically-extending pedestals each defining an individual one of said
      separate support surfaces for supporting and positioning one of said
      plurality of rolling mill stand assemblies, said vertically-extending
      pedestals being arranged in a side-by-side relation along said passline
      such that the support surfaces of adjacent pedestals are angularly
      disposed and lie within intersecting planes of support for said rolling
      mill stand assemblies, the angularly-disposed relation of the individual
      support surfaces of said plurality of pedestals being further defined to
      include an inclined support surface to the horizontal upon a first
      pedestal, a horizontal support surface upon the second and adjacent
      pedestal, and inclined support surface to the horizontal upon the third
      and next adjacent pedestal, and a vertical support surface upon the fourth
      and next adjacent pedestal.
NUM  17.
PAR  17. An apparatus for providing alternative tandem arrangements of rolling
      mill stands to process workpieces by successive rolling operations along a
      given passline, said apparatus comprising, in combination:
PA1  a plurality of separate and independently operable rolling mill stand
      assemblies each including housing means to rotatably support a pair of
      rolling mill rolls which defines a roll gap wherein a workpiece is
      processed, and separate drive means including a motor for rotating the
      rolls of each rolling mill stand assembly; and
PA1  pedestal means defining a plurality of separate support surfaces each
      adapted to support and independently position one of said plurality of
      rolling mill stand assemblies at a preselected location along said
      passline, certain of said support surfaces being at different angular
      positions with respect to others and each of said stand assemblies being
      removable from an associated one of said support surfaces independently of
      the others, said pedestal means including a plurality of
      vertically-extending pedestals each defining an individual one of said
      separate support surfaces for supporting and positioning one of said
      plurality of rolling mill stand assemblies, vertically-extending pedestals
      being arranged in a side-by-side relation along said passline such that
      the support surfaces of adjacent pedestals are angularly disposed and lie
      within intersecting planes of support for said rolling mill stand
      assemblies, the angularly-disposed relation of the individual support
      surfaces between adjacent ones of said plurality of pedestals being
      further defined to include the support surfaces of two adjacent pedestals
      being arranged to support rolling mill assemblies at essentially the same
      horizontal side of said passline, and the next two adjacent pedestals
      having their surfaces arranged to support rolling mill assemblies at
      essentially the other horizontal side of said passline.
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ABST
PAL  A hydraulically operable device for stretching a hollow roll arbor to
      slightly reduce the arbor diameter in order to fit rolling sleeves around
      the arbor. The device includes a rod which is inserted into the hollow
      arbor and a hydraulically operable piston and cylinder arrangement at one
      end of the rod to apply a load through the rod to the arbor. A circular
      split collett extends around the piston and cylinder arrangement and
      engages at one end in a reaction block which reacts in response to the
      applied hydraulic pressure and at its other end with the roll arbor. The
      collett is held to the reaction block and to the arbor by annular rings,
      so that when a load is applied to the rod, the arbor is stretched
      longitudinally.
BSUM
PAR  This invention relates to improvements in apparatus for applying a tensile
      load to a hollow shaft. In particular, the apparatus is suitable for
      stretching hollow roll arbors and consequently slightly reducing their
      diameter, so that roll sleeves may be positioned on the arbor whilst the
      arbor is in a stretched condition. The load applied to the arbor may then
      be removed so that the sleeves are located radially of the arbor by the
      subsequent diametral expansion of the arbor.
PAR  It has already been proposed to use a hydraulically operable piston and
      cylinder arrangement to apply a tensile load to a hollow shaft member.
      Known arrangements include a pressure cap surrounding the piston and to
      which a hydraulic pump is in use connected. These pressure caps are
      extremely expensive by virtue of the fact that they are normally
      manufactured from a solid block of forged steel which subsequently has
      most of its interior machined away. Furthermore such pressure cap and
      piston arrangements are useable only for one size of hollow shaft. The
      pressure cap is conventionally secured to the shaft by a screw thread
      fitting, and the pressure cap is only useable with that one particular
      diameter shaft which has the mating thread.
PAR  It is an object of the invention to provide a system which can be used for
      applying a tensile load to hollow shaft members of different diameter.
PAR  According to one aspect of the present invention an apparatus is provided
      for applying a tensile load to a hollow shaft member including, a rod
      adapted to be inserted in said hollow shaft member to apply the load to
      the shaft member, a hydraulically operable piston and cylinder arrangement
      located at one end of the rod, a reaction member spaced from the piston,
      at least two rigid members adapted at one end to engage with the shaft
      member and adapted at the other end to engage with the reaction member,
      and means for holding said rigid members into engagement with the shaft
      member and reaction member.
PAR  The shaft member may have a closed end providing internal abutment means,
      and accordingly the rod may be adapted to apply the tensile load against
      the closed end. Suitably, the means for holding the rigid members into
      engagement with the shaft member and reaction member includes at least one
      ring member surrounding said rigid members. The ring member may be made of
      high tensile steel or other suitable resilient material.
PAR  The rigid members may extend substantially around the whole of the
      cylinder. The cylinder may be supported around at least part of its
      external circumference between rigid members. Alternatively, there may be
      a space between the cylinder and the rigid members.
PAR  The reaction member may comprise two parts, the first part being integral
      with the cylinder, and the second part supporting the first part so that
      the reaction to hydraulic pressure is transmitted through the first part
      to the second part.
PAR  The apparatus may include a spacer block adapted to be positioned between
      the ends of the rigid members adjacent the shaft member and an external
      projection of the shaft member. There may be a series of spacer blocks in
      segments adapted to extend substantially around the whole of the outer
      circumference of the shaft member. The spacer block may be suitably formed
      in two adjacent parts, one adapted to be positioned radially further
      outward from the axis of the shaft member than the other.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 shows partly in cross-section one embodiment of the present
      invention,
PAR  FIG. 2 shows a sectional view of a second embodiment of the present
      invention, and
PAR  FIG. 3 shows an incomplete view of a variation of the embodiment of FIG. 1.
DETD
PAR  In the drawings like reference numbers refer to like parts.
PAR  In FIG. 1 a hollow shaft or roll arbor 10 substantially closed at one end
      102 to provide an internal abutment is shown under tensile load. Three
      annular sleeves 11, each containing a rolling groove 12 suitable for
      rolling rod, are positioned adjacent one another around the arbor 10 and
      are located axially of the arbor by a shoulder 15 forming an integral part
      of the arbor 10. The arbor 10 has an external thread 13 adjacent its
      closed end, and a cooperating nut 14 is located on thread 13 so that it is
      hand tight against the closest sleeve 11. On the side of the shoulder 15
      distant from the sleeves 11, the arbor 10 has a re-entrant portion 22 and
      a projection 23 providing an exterior abutment means.
PAR  A rod 16 extends through the centre of the hollow arbor 10 and bears
      against the closed end of the arbor 10. Rod 16 extends from a piston 17
      which has a rubber seal 18 (or a conventional piston seal) on its side
      distant from rod 16. A pressure cap 19, having a hollow cylindrical
      portion 20 integral with a reaction portion 21, fits over piston 17 so
      that the piston 17 is moveable within the cylindrical portion 20 of
      pressure cap 19. The space between seal 18 and the reaction portion 21 of
      pressure cap 19 contains a hydraulic fluid.
PAR  A circular supporting or reaction block 24 is located adjacent the reaction
      portion 21 of the pressure cap 19. This block 24 has a recessed portion 25
      around its perimeter. A series of rigid segmented members 26 extend
      substantially parallel to rod 16 around the pressure cap 19 and part of
      the arbor 10. The members 26 at one end have a first projection 60 which
      engages with the recessed portion 25 of block 24 and at the other end have
      a second projection 61 which engages with the re-entrant portion 22 and
      projection 23 of the arbor 10. The members 26 extend as a circular split
      collett (one split can be seen at 27) around block 24, the pressure cap 19
      and the arbor 10 up to the plane where the members 26 engage with the
      arbor 10. Two rings 28 and 29 respectively hold the members 26 into
      engagement with the block 24 and the arbor 10 respectively.
PAR  To apply a tensile load to the hollow arbor 10 the procedure is as follows.
      The rod 16, with its associated piston 17 and pressure cap 19 at one end,
      is located in the hollow portion of the arbor 10. The block 24, segmented
      members 26 and rings 28 and 29 are then assembled as shown in FIG. 1. A
      centralising spacer 62 in the form of a complete ring or in segmented
      pieces fits around the open end of the cylindrical portion 20 of the
      pressure cap 19, and acts to locate the rod 16 centrally between the
      segmented members 26. The piston 17 and rod 16 are then subjected to
      pressure resulting from the introduction of hydraulic fluid under pressure
      into the space between piston seal 18 and the reaction portion 21 of the
      pressure cap 19. An inlet 30 in the pressure cap 19 is provided for the
      attachment of a hydraulic fluid supply means (not shown) of conventional
      type. The rod 16 applies a tensile load to the arbor 10, since the
      reaction to the load applied to piston 17 is transmitted through the
      reaction portion 21 of pressure cap 19, through the supporting block 24
      and thence through rigid members 26 to the external projection 23 on arbor
      10. This results in the body of the arbor 10, between the projection 23
      and the closed end, tending to stretch axially, and thus there is a
      diametral reduction in this portion of the arbor 10.
PAR  Whilst the tensile load is maintained, the sleeves 11 are fitted around the
      arbor 10 and the nut 14 is hand-tightened against the sleeves 11. The
      sleeves 11 in an unstressed state have an internal diameter which is
      slightly greater than the external diameter of the portion of the arbor
      they are mounted on, in the stressed state.
PAR  The pressure of the hydraulic fluid is then released, and the arbor 10
      contracts axially and expands radially thereby clamping the sleeves 11 to
      the arbor 10, and at the same time clamping the nut 14 against the sleeves
      11. The apparatus for applying the tensile load can then be dissambled for
      use with another arbor. If different diameter arbors are to be loaded,
      interchangeable steel rings 28 and 29 and interchangeable blocks 24 and
      centralising spacers 62 of different diameters can be available. The same
      piston 17, pressure cap 19 and rigid members 26 can thus be used for
      loading different diameter arbors.
PAR  In the embodiment of FIG. 2, the pressure cap 19 of the first embodiment is
      not used. Instead, a cylinder sleeve 40 is supported radially by the rigid
      members 26, and located axially at one end by seal welding to a reaction
      block 41. The rigid members 26 are held into engagement with the reaction
      block 41 and arbor 10 by steel rings 28 and 29 in a similar manner to the
      embodiment of FIG. 1. The arrangement of FIG. 2 has a special advantage in
      that it avoids the need for the expensive pressure cap shown in FIG. 1.
PAR  In FIG. 3, the rigid members 26 are shown spaced from the arbor 10 by two
      curved spacer blocks 50 and 51. These spacer blocks 50 and 51 form part of
      a series of blocks running substantially around the whole of the outer
      circumference of the arbor 10. The inner block 50 is engaged in the
      re-entrant portion 22 of the arbor 10 between the shoulder 15 and the
      projection 23, and has a lug 52 suitable for handling and locating it. The
      lugs 52 are bolted together to hold the spacer blocks 50 to one another
      around the circumference of the arbor 10. The outer block 51, which in
      use, rests on the inner block 50 and engages with the projection 61 of
      rigid member 26. The use of the spacer blocks 50 and 51 enables the
      apparatus of FIG. 1 to be used with arbors 10 of different diameter,
      provided that the block 24 is of sufficiently large diameter to be used
      with the largest diameter arbor 10 which is envisaged, without the need
      for spacer blocks 50 and 51. Then, for smaller diameter arbors, inner
      spacer block 50 may be used alone or in combination with outer spacer
      blocks 51 of different thickness. The arrangement of FIG. 3 could also be
      used with the embodiment of FIG. 2, with suitable modification of the
      projection 61 and its related re-entrant portion 22 on the arbor 10. The
      use of spacer blocks 50 and 51 obviates the need for supporting blocks 24
      of different diameter in the use of the embodiment of FIG. 1 for different
      diameter arbors. The spacer block arrangement should be substantially as
      follows to avoid a varied pattern of loading on the rings 28, 29 and
      spacer blocks 50, 51, and to avoid large overturning moments on spacer
      blocks 50 and 51:
PAR  The loaded faces of arbor projection 23 and rigid member projection 61
      should be substantially parallel, the theoretical centre line of the load
      should pass directly between them approximately perpendicular to the
      loaded faces, and the load on the faces should be spaced reasonably evenly
      about this load centre line.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for applying a tensile load to a hollow shaft member having
      internal abutment means and external abutment means in order to
      longitudinally stretch said shaft member and reduce the diameter thereof,
      comprising:
PA1  a. a rod having an inner end which in use is inserted into said hollow
      shaft member and abutted against said internal abutment means to apply the
      load to the shaft member,
PA1  b. a piston carried by the other end of the rod which in use extends
      outside the shaft member,
PA1  c. a cylinder within which said piston is slidably moveable,
PA1  d. a reaction member spaced from but adjacent to the head of the piston in
      the direction away from said other end of said rod,
PA1  e. at least two rigid members which in use extend externally of said
      cylinder between said reaction member and the external abutment means on
      said shaft member, each rigid member being shaped at its ends so as to
      operably engage respectively the reaction member and the external abutment
      means on the shaft member,
PA1  f. means for holding the ends of said rigid members into operable, fixed
      engagement with the shaft member and reaction member, and
PA1  g. means for admitting a hydraulic fluid under pressure into said cylinder
      between the head of the piston and the reaction member to actuate said
      piston to thereby apply a tensile load to said shaft member and stretch it
      longitudinally and to reduce the diameter thereof.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which the rod is adapted to apply the
      tensile load against a closed end of the shaft member.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which the means for holding the rigid
      members into operable engagement with the external abutment means on the
      shaft member and reaction member includes at least one ring member
      surrounding said rigid members.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 in which the cylinder is supported
      around at least part of its external circumference between the rigid
      members.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 in which the rigid members extend
      substantially around the whole of the cylinder.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 in which the reaction member comprises
      two parts, the first part being integral with the cylinder and the second
      part supporting the first part so that the reaction to hydraulic pressure
      is transmitted through the first part to the second part.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 including a spacer block positionable in
      use between the ends of the rigid members disposed adjacent the external
      abutment means on the shaft member and the external abutment means of the
      shaft member.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 in which there are a series of spacer
      blocks extending substantially around the whole of the outer circumference
      of the shaft member.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 in which the spacer blocks are formed in
      two adjacent parts, one part being positioned radially further outwards
      from the axis of the shaft member than the other part.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 in which the reaction member is rigid
      with said cylinder.
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ABST
PAL  A flat metal plate is first formed into a suitable segment of a large
      generally spherical body. It is then properly positioned on a horizontal
      cradle and its edges cut vertically as if from infinity, i.e. so that they
      are all parallel. A cutter then traverses the pre-cut edge to form the
      proper contour for welding. The pre-cut edge itself forms an accurate
      fixed reference and cooperates with guides on the face of the curved plate
      to keep the axis of the milling cutter tool substantially perpendicular to
      the surface of the plate at the point of milling contact. When all
      segments are so made and then joined, the resultant generally spherical
      body will be within substantially closer tolerances.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to the formation of segments for substantially
      spherical containers and the like.
PAR  In the art of handling liquified natural gas and other similar materials,
      the gas is often stored in liquid phase in very large generally spherical
      containers fabricated from aluminum. These containers comprise a pair of
      end caps and a plurality of segmental plates which are welded together
      along seams which, in effect, define latitude and longitude lines.
PAR  Heretofore, it has been found to be very difficult to accurately join the
      segments, because of their curved nature and because of their relatively
      large size, such as 12 feet .times. 50 feet. It has been difficult to form
      the segments accurately, since a segment presents a compound curvature and
      it is difficult to know in forming exactly where its edge is. The
      resultant tolerances for the sphere have therefor been larger than
      desired.
PAR  The present invention solves the previous forming problems. In accordance
      with the invention, a flat metal plate is first formed into a suitable
      segment of a large generally spherical body. It is then properly
      positioned on a horizontal cradle and its edges cut vertically as if from
      infinity, i.e. so that they are all parallel. A cutter then traverses the
      pre-cut edge to form the proper contour for welding. The pre-cut edge
      itself forms an accurate fixed reference and cooperates with guides on the
      face of the curved plate to keep the axis of the milling cutter tool
      substantially perpendicular to the surface of the plate at the point of
      milling cutter contact. When all segments are so made and then joined, the
      resultant generally spherical body will be within substantially closer
      tolerances.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the best mode presently contemplated
      by the inventor for carrying out the invention.
PAR  In the drawings:
PAR  FIG. 1 is a schematic side elevation of a large tank for storing liquid
      natural gas or the like;
PAR  FIG. 2 is a perspective view of a flat plate prior to forming;
PAR  FIG. 3 is a schematic end view showing the forming of the plate into a
      segment of a sphere;
PAR  FIG. 4 is a schematic perspective view of a cradle and segment centering
      device;
PAR  FIG. 5 is a schematic end view showing flame or plasma cutting of the edges
      of the spherical segment, as if from infinity;
PAR  FIG. 6 is an enlarged fragmentary edge view of the segment, as first cut;
PAR  FIG. 7 is a schematic perspective view, showing the further cutting of the
      segment edge, and showing the edge and surface guides;
PAR  FIG. 8 is a perspective view of the finished segment; and
PAR  FIG. 9 is an enlarged schematic section showing the two adjacent segments
      set up for welding.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is contemplated for use in the accurate formation of
      substantially spherical bodies, and is presently envisioned for use in the
      fabrication of very large containers 1 having end caps 2 and a plurality
      of segments 3; all of which are joined together by seam welds 4 to form
      the completed container.
PAR  As shown in FIGS. 2 and 3, each finished segment 3 has its origins in a
      flat metal plate 5, which is formed in a suitable press 6 to the desired
      curvature. Although the plurality of peripheral edges 7 of plate 5 are
      shown as generally perpendicular to the plate faces, the act of press
      forming causes these edges to change their relationship to the segment
      faces, which have a compound curve. The changed non-perpendicular edges
      are shown in FIG. 3 as 7a and are angular to the vertical.
PAR  At this point in the operation, the segment edges 7a are only in rough form
      and must be further processed. For this purpose, and as schematically
      shown in FIG. 4, segment 3 is placed on a cradle 8 comprising a base 9
      with a plurality of vertically extending surface supports 10 and a
      plurality of horizontally adjustable edge-engaging stops 11.
PAR  It is important for purposes of final accuracy that the center point 12 of
      segment 3 is on the same vertical axis 13 as the center point 14 of cradle
      8 so that the centers, in effect, coincide vertically. This is assured by
      providing a reference or bench mark 15 on cradle 8 which has a known
      positional relationship with point 14. A marking tool 16 is mounted on a
      support bracket 17 of an overhead carriage 18 of any suitable well-known
      type. A suitable drive, not shown, for carriage 18 functions to move tool
      16 to any position relative to longitudinal and transverse axes. In this
      instance, the drive is programmed to move tool 16 along the periphery of
      an imaginary generally spherical segment which is properly centered. As
      the tool moves along the edge of actual segment 3, if it falls off it is
      apparent that segment 3 is not properly centered and stops 11 are adjusted
      accordingly so that the edges of the real and imaginery plate conform.
PAR  As soon as segment 3 is centered, tool 16 is replaced with a cutting means,
      such as a plasma torch 19 (FIG. 5) which is also mounted on bracket 17 so
      that its axis 20 is vertical. Torch 19 is then traversed around the
      periphery of segment 3 on the same path as tool 16, and at each point cuts
      the edge as if from infinity. That is, all four faces 21 of the cut
      segment edges are in vertical mutually parallel planes 22. See also FIG. 6
      which shows an end view of a cut segment. By so cutting the edges, they
      form in their entirety a suitable known reference to the compound curved
      top and bottom surfaces 23, 24 of segment 3.
PAR  Subsequent to forming of the reference edges, they are then formed into a
      final contour preparatory to welding of adjacent segments. For this
      purpose, a follower-cutter assembly 25 is fixedly mounted, either to
      bracket 17 on carriage 18, as shown, or to the carriage of a suitable
      machine tool capable of performing the desired function.
PAR  As best shown in FIG. 7, assembly 25 comprises a rigid framework 26 on
      which is mounted a milling cutter tool 27 having a generally vertical axis
      and driven through a rotary drive shaft 28 by a motor, not shown. Cutter
      27 comprises a pair of bevel cutting surface 29 joined by a smooth
      cylindrical central guide portion 30.
PAR  As shown, the cutter contour is for the purpose of creating a plate edge
      including a central uncut strip 31 which joins two angular portions 32.
      This is for making a K-type weld. Other edge contours, such as for I, V, X
      or Y type welds, may be formed without departing from the spirit of the
      ivention.
PAR  The smooth guide portion 30 of cutter 27 follows reference edge 21 and
      serves to limit penetration of the cutter into the plate. The portion 30
      establishes the correct geometry between the uncut reference edge 31 and
      the cut angular surfaces 32.
PAR  A stabilizing guide roller 33 is fixedly mounted to frame 26; is mounted on
      a generally vertical axis; and engages either reference edge 21 or 31,
      depending upon whether the roller is disposed fore or aft of cutter 27. As
      shown, roller 33 is mounted ahead of the cutter.
PAR  In addition, there is provided means for simultaneously following one of
      the compound contoured surfaces 23, 24 of the segment closely adjacent
      milling cutter 27. For this purpose, a bracket 34 forms an extension of
      framework 26 and in this instance lies over top face 23. Bracket 34
      supports a pair of spaced generally horizontal axis guide roller-followers
      35 which are fixed relative to roller 33 and tool 27 and are maintained in
      continuous rolling engagement with surface 23. An additional horizontal
      axis stabilizing roller 36 is mounted on frame 26 and also engages surface
      23. A three point contact by rollers 35 and 36 is thus created, forming a
      plane which is perpendicular to cutter axis shaft 28 and substantially
      parallel to surface 23. Since the surface 23 is very close to being flat
      due to the extremely large size of the substantially spherical segment,
      the axis of the tool 27 will be held substantially perpendicular to
      surface 23 adjacent the point of cutter contact at all times during this
      cutting operation.
PAR  The resultant finished spherical segment is shown in FIG. 8. The edges of
      adjacent segments will be substantially identical, and can be joined for
      seam welding (FIG. 9) in a much more accurate manner than previously
      possible. The dotted area 37 shows the weld area.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of forming a compound curved plate-like segment for edge
      attachment to a like segment for use in manufacturing a large body of
      substantially spherical contour, said method comprising the steps of:
PA1  a. forming a plate into a segment having top and bottom surfaces of
      compound curvature and having a plurality of angular peripheral edges,
PA1  b. placing said plate in a generally horizontal position,
PA1  c. cutting said peripheral edges as if from infinity to form edge faces,
      the planes of which are vertical and mutually parallel and which form
      fixed references relative to said surfaces,
PA1  d. and subsequently contour-cutting along said formed edge faces with a
      cutting tool while following said edge faces in a manner to guide the tool
      and control its depth of cut, and while simultaneously following at least
      one of said surfaces in a manner to maintain the tool axis substantially
      perpendicular to the said followed surface adjacent the point of tool
      contact with the edge face.
NUM  2.
PAR  2. The method of forming a compound curved plate-like segment for edge
      attachemnt to a like segment for use in manufacturing a large body of
      substantially spherical contour, said method comprising the steps of:
PA1  a. forming a plate into a segment having top and bottom surfaces of
      compound curvature and having a plurality of angular peripheral edges,
PA1  b. placing said plate in a generally horizontal position in a cradle,
PA1  c. centering said plate relative to said cradle,
PA1  d. cutting said peripheral edges as if from infinity so that the planes of
      the cut edges are vertical and mutually parallel, whereby said cut edges
      form fixed references relative to said surfaces,
PA1  e. and subsequently contour-cutting along said cut edges with a cutting
      tool while:
PAR  1. following said cut edges to control the depth of cut of the tool,
PA2  2. and simultaneously following at least one of said surfaces in a manner
      to maintain the tool axis substantially perpendicular to the said followed
      surface adjacent the point of tool contact with the segment edge.
NUM  3.
PAR  3. The method of claim 2;
PA1  a. in which the centered position of said plate in said cradle is obtained
      by moving a marking tool along the edge of said plate on a path dictated
      by an imaginary centered plate, and adjusting said first-named plate so
      that it's edges conform to those of said imaginary plate,
PA1  b. and in which said peripheral edges are cut as if from infinity by
      traversing a cutting tool along the same path as said marking tool.
PATN
WKU  039452379
SRC  5
APN  5358299
APT  1
ART  321
APD  19741223
TTL  High speed hammer forging machines
ISD  19760323
NCL  15
ECL  1
EXP  Larson; Lowell A.
NDR  2
NFG  8
INVT
NAM  Brignoli; Silvio
STR  Kanton Tessin
CTY  CH-6981 Monteggio
CNT  CH
CLAS
OCL   72402
XCL   72403
XCL   72452
EDF  2
ICL  B21J  732
FSC   72
FSS  402;403;452;76
UREF
PNO  1617890
ISD  19270200
NAM  Abbey
OCL   72402
UREF
PNO  2986051
ISD  19610500
NAM  Appel
OCL   72402
UREF
PNO  3146642
ISD  19640900
NAM  Kralowetz
OCL   72402
UREF
PNO  3263474
ISD  19660800
NAM  Pentland
OCL   72402
FREF
PNO  948,932
ISD  19560900
CNT  DT
OCL   72402
LREP
FR2  Marmorek; Ernest F.
ABST
PAL  In a high-speed hammer, precision forging machine the hammers are radially
      oriented with respect to the axis of the workpiece and are arranged in a
      plurality of opposed pairs. The hammers are positively coupled to each
      other by gearing. Displacement elements such as pairs of wedges that are
      longitudinally positioned between each hammer and its respective die
      holder so that, during the simultaneous movement of the dies towards the
      workpiece, an additional stroke movement is achieved. Mechanical,
      hydraulic, pneumatic or electrical means may be used to control the
      movement of the displacement elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the art of metal forming and more
      particularly to high-speed hammer, precision forging machines.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention provides a high-speed hammer, precision forging
      machine having several advantages over such machines known hitherto. The
      present invention permits burr-free forging of the workpieces, provides a
      larger working stroke, and avoids the lateral thrust components upon the
      guide tracks which occur in the case of eccentric drive systems. Apart
      from the eccentric stroke of the hammers, an additional displacement of
      the die holders in relation to the hammers is provided to increase the die
      strokes. Moreover optimum cooling of the electric motors, the eccentric
      shafts, the bearings therefor and the hammers is taken into consideration.
      The resulting scale can fall freely downwards out of the internal space of
      the machine housing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a high-speed hammer forging machine having
      at least four high-speed hammers that are radially distributed over the
      periphery of the workpiece (workpiece introduction axis) and which are
      driven by eccentric shafts. The hammers are guided in a known manner in
      housing covers by means of the holders receiving the dies, in the machine
      housing, with lateral spacing from the housing being provided, for the
      purpose of achieving the above-mentioned advantages. In order to produce
      burr-free forgings possible mutually opposed high-speed hammers in each
      case are controlled in alternate hammer-blow sequence in relation to other
      pairs of hammers. The electric motors with the eccentric shafts are in
      positive rotational connection with one another for synchronization
      purposes through miter or the lie gearings in the sense of
      synchronisation, which are installed at right angles, that is
      transversely, of the die longitudinal axis or workpiece introduction axis
      with one another in the internal space of the housing. The hammers are
      further connected with one another and with the holders, by means of
      mechanical, pneumatic, hydraulic or electrically controlled displacement
      elements resiliently in relation to the stroke axes in such a way that,
      apart from the forging stroke movements, all die holders with their dies
      are simultaneously displaceable towards the workpiece (incision operation)
      during the forging operation to achieve an additional stroke movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained in greater detail hereinafter by an example
      of a form of embodiment with a variant which are illustrated in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a sectional, elevational view of one embodiment of the forging
      machine comprising the present invention taken along section line I -- I
      in FIG. 3;
PAR  FIG. 2 is a plan view of the structure shown in FIG. 1;
PAR  FIG. 3 is an end elevational view, partially in section, of the interior of
      the housing;
PAR  FIG. 4 fragmentarily and in phantom outline illustrates a detail of the
      present invention;
PAR  FIG. 5 schematically illustrates the die positions during the incision
      operation;
PAR  FIGS. 6 and 7 show, from two sides, an example of a form of a workpiece
      forged with the dies; and
PAR  FIG. 8 illustrates in partial section alternative means for accomplishing
      displacement between hammer and die holder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, the high-speed hammer precision forging machine comprises
      a housing 1 consisting preferably of welded armour plates, with forge
      internal spaces 2 situated therein and enclosed by a housing frame 3. The
      under side of the housing 1 remains open, facing an oil sump 4 and a scale
      collecting vessel 5. The electric motors 6, the eccentric shafts 7 with
      their bearings and the forging hammers 8 are installed in the internal
      spaces 2. The motors 6 and the eccentric shafts 7 together with miter
      gearings 7' or similar gearings which serve for the synchronisation of the
      electric motors 6, are installed at right angles, that is transversely of
      the longitudinal axis of the die (workpiece introduction axis). This
      arrangement renders possible a greater forging stroke of the hammers 8
      than hitherto and also provides for the substantial prevention of the
      lateral thrust components, occurring in eccentric drive systems, upon the
      die holder guides (not shown) of known construction, which die holder
      guides are situated at the ends in the die holders 9 and the confronting
      housing covers 10. The housing covers 10 have central introduction
      openings 11 for the workpieces 12 to be forged. The hammers 8 are
      resiliently connected in the stroke directions with the die holders 9
      through a U-shaped linkage 13. Each U-shaped linkage 13 is preferably
      guided, on both sides thereof, by means of a pair of rollers 31 which are
      disposed in the spaces 2 and which are rotatably mounted on and extend
      from the rear wall to the front wall. Between the hammers 8 and the
      holders 9 there are installed wedge-type displacement elements, for
      example such as are designated by the reference characters 16 in FIGS. 1
      and 2 which are longitudinally displaceable and coupled positively with
      one another at one end by means of cross member 14, and which follow the
      stroke movements of the hammers 8. The displacement elements or wedges 16
      pass through apertures 15 situated in the covers 10. The displacement
      elements can be wedges 16 (FIG. 1) and the catch cross member 14 can be
      controlled, for example as shown in FIGS. 1 and 2, pneumatically or
      hydraulically with a piston 17 and a cylinder 18 or electrically, on a
      rollway 29 so that the hammers 8 and their die holders 9 are displaceable
      resiliently away from and towards one another in the stroke axis and in
      the direction of an additional stroke movement of the dies 19 even during
      the forging action, for the simultaneous feed movement of all dies 19 to
      the workpiece or forging 12 introduced into the machine. At least four
      hammers 8 with the associated holders 9 and dies 19 replaceably seated in
      the holders 9 are provided, and each two mutually opposed hammers 8 act in
      pairs, in alternate hammer-blow sequence in relation to other pairs of
      hammers, upon the workpiece 12 by means of the dies 19, thus preventing
      burr formation on the workpiece. By the achievement of an enlargement of
      the forging stroke of the hammers 8 and the additional stroke movement of
      the holders 9 by means of the displacement elements 16, the use of longer
      and larger dies 19 than hitherto is rendered possible, with consideration
      of greater die depths.
PAR  In place of wedge-type displacement elements 16 the resilient axial shift
      between hammer 8' and holder 9' can take place according to FIG. 8
      pneumatically or hydraulically by means of a cylinder 20 and a piston 21
      in the hammer 8' or equally in another electrical manner, in that for
      example a synchronous motor with a displacement spindle can be installed
      in the hammer itself.
PAR  The workpiece 12 can be fed to the dies 19 from stock by means of a feeder
      device 30 on the rollway 29. The feeder device 30 may be controlled
      pneumatically or hydraulically with piston 22 and cylinder 23, or even
      electro-mechanically. The forging heat is achieved for example with an
      electric induction plant directly before the entry of the forging 12 into
      the machine.
PAR  The scale collecting vessel 5 is situated in the oil sump 4. Reference
      character 24 represents an oil filter and reference character 26
      designates schematically an oil circulation conduit, in which there is
      installed a circulating pump (not shown). Fans 27 situated above the
      internal spaces 2 of the housing 1 ensure an intensive air cooling of the
      electric motors 6, the eccentric shafts 7, the miter gearings 7',
      bearings, hammers 8 and their holders 9, the cooling air at the same time
      cooling the oil in the sump 4, then rising through passages 28 to the fans
      27 again, to recommence the cycle. The circulating oil and leakage oil are
      constantly filtered by the filter 24.
PAR  Apart from the advantages already mentioned, the precision forging machine,
      as described, achieves maximum-precision working of workpieces fed fully
      automatically from the billet magazine, a tenfold life of the dies in
      comparison with dies hitherto, a saving of material due to elimination of
      the burr and thus the elimination of several operations such as stamping,
      deburring and milling, combined with an improvement of quality of the
      forging obtained, from simple to the most complicated shaping.
PAR  If the stroke of the eccentric shafts 7 is for example 50 mm., then the
      additional stroke movement of the holders 9 to the hammer 8 is 25 mm.,
      which corresponds to the die depth. This stroke displacement with the aid
      of the displacement elements in relation to the workpieces 12 may be seen
      from FIG. 5. It serves thus for the simultaneous infeed of all dies 19.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what I claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. A high-speed precision hammer machine for forging a workpiece,
      comprising a housing forming an inner chamber; at least four hammers
      arranged in opposed pairs in said chamber and distributed radially around
      a passage along which the workpiece advances through said chamber; die
      holder means guiding said hammers for radial movement toward and away from
      a workpiece in said passage; means for connecting each hammer with an
      associated die holder means; dies held by the respective die holder means;
      a plurality of eccentric hammer drive shafts arranged in said chamber and
      extending transverse of said passage radially spaced therefrom, said
      shafts being arranged in two pairs, the shafts of each pair extending
      parallel to one another and at right angles to the shafts of the other
      pair; drive means for said shafts, including a plurality of motors each in
      axial alignment with one of said shafts; means for providing positive
      rotational connection of said shafts with one another; means for effecting
      simultaneous radially inward movement of the hammers of each pair in
      alternation with similar movement of the hammers of the other pair;
      forging stroke adjusting means displaceable longitudinally of said passage
      and interposed between each hammer and the associated die holder means
      thereof for effecting simultaneous radial shifting of said die holder
      means and their dies towards and away from said passage during the forging
      operation; and means for controlling the displacement of said adjusting
      means.
NUM  2.
PAR  2. The forging machine according to claim 1, wherein said adjusting means
      comprise longitudinally moveable pairs of wedges, and a cross member
      connecting said wedges in each said pair.
NUM  3.
PAR  3. The forging machine according to claim 2, wherein there is further
      included a rollway for supporting said wedges and cross members during
      back and forth movement thereof.
NUM  4.
PAR  4. The forging machine according to claim 1, wherein said means for
      connecting said hammers and said die holder means are cylinders and
      pistons.
NUM  5.
PAR  5. The forging machine according to claim 4, wherein said cylinders and
      pistons are pneumatic.
NUM  6.
PAR  6. The forging machine according to claim 4, wherein said cylinders and
      pistons are hydraulic.
NUM  7.
PAR  7. The forging machine according to claim 1, wherein said adjusting means
      comprise synchronous motors in said hammers.
NUM  8.
PAR  8. The forging machine according to claim 7, wherein said means for
      connecting said hammers and said die holder means are spindles.
NUM  9.
PAR  9. The forging machine according to claim 1, wherein said chamber of said
      housing includes means for circulating cooling air and wherein there is
      further included an oil sump over which the cooling air sweeps.
NUM  10.
PAR  10. The forging machine according to claim 1, wherein there is further
      included a feed device and a rollway for supporting said feed device
      whereby the workpieces are feedable to the dies from stock.
NUM  11.
PAR  11. The forging machine according to claim 1, wherein said drive means for
      said eccentric shafts comprise gear means.
NUM  12.
PAR  12. The forging machine according to claim 11, wherein said gear means are
      miter gears.
NUM  13.
PAR  13. The forging machine according to claim 1, wherein said means for
      controlling said adjusting means are mechanical.
NUM  14.
PAR  14. The forging machine according to claim 1, wherein said means for
      controlling said adjusting means are pneumatic.
NUM  15.
PAR  15. The forging machine according to claim 1, wherein said means for
      controlling said adjusting means are hydraulic.
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PAL  There is disclosed a dispenser and applicator tool for the dispensing and
      fastening of clips such as hog rings and the like to work elements. The
      applicator mechanism of the tool has pivotal jaw members for clinching the
      clip about the work element and an appropriate mechanism for effecting
      pivotal movement of these jaw members. The dispensing mechanism of the
      tool includes a removable magazine of clips aligned in a stacked,
      face-to-face array with a feeder mechanism to advance the clips to the
      tool. The feeder mechanism and pivotal jaw members are interconnected by a
      slide including a plate mounted for reciprocal movement on the tool body
      and effective to advance the magazine into clip dispensing alignment with
      the jaw members of the tool.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a dispenser and applicator tool for the
      attachment of clip fasteners to work elements and, in particular, relates
      to a clip dispenser and applicator useful for the application of hog rings
      and the like to work elements.
PAR  2. Description of the Prior Art
PAR  A fastener which has wide acceptance is the ubiquous hog ring which is
      formed of metal wire in the shape of a diamond having one of its sides
      open to permit its placement about work elements. This clip fastener is
      employed in construction of fencing, auto upholstery, etc. Despite its
      widespread use, heretofore, there has been no simple, portable dispenser
      and applicator for the placement for the fasteners about work elements. A
      number of devices have been devised to feed the clips to the jaws of
      applicators such as described in U.S. Pat. Nos. 1,451,717; 2,487,475 and
      2,678,443. The tools described in the aforementioned patents have the
      dispensing means permanently mounted on the tool in a fixed relationship
      to the pivotal jaws, and, in this construction, the dispensing means
      limits the accessability of the jaws to work elements. Some attempts have
      been made to provide a clip dispensing station at a location remote from
      the clip applicator station such as described in U.S. Pat. Nos. 3,160,890
      and 3,287,955  where the jaws of the tools are mounted on slides to permit
      their retraction to a clip receiving position. These tools are relatively
      complex and do not have adequate mechanical advantage for manual actuation
      of the pivotal movement of the jaws and, accordingly, require power
      assist. Various other tools have been disclosed which have reciprocating
      slides which receive the clip and force it against the work elements such
      as those described in U.S. Pat. Nos. 2,699,594 and 3,653,117. An attempt
      is made in a recent patent, U.S. Pat. No. 3,064,263, to provide a manual
      tool for the application of hog rings and the like which has a magazine
      element that can be pivoted into a clip dispensing position and into a
      retracted position away from the jaws to permit placement of the clips
      about work elements. Rotation of the clip magazine in this manner can not
      be repeated at a rapid frequency and the extent of movement of the
      magazine is limited by this construction.
PAR  Accordingly, there remains the desirability of providing a simple clip
      dispenser and applicator tool useful with magazines of clips for the rapid
      application of C clips, hog rings and the like, to work elements.
      Desirably, such a tool should be provided for manual actuation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention comprises a tool for the dispensing and applying of C clips
      such as hog rings and the like in a rapid fashion without need for power
      assistance. The tool includes first and second jaw members in pivotal
      connection to receive and crimp C clips about a work element with lever
      means mechanically linked thereto for effecting relative pivotal movement
      of the jaw members. The tool includes clip dispensing means including a
      clip supply means in the form of a magazine of a plurality of clips in a
      stacked, face-to-face array with resilient means biasing the array of
      clips towards the tool. The clip supply means is mounted on a slide
      including a plate reciprocally carried on the tool and mounted for sliding
      movement between a clip dispensing position, with said magazine in
      juxtaposition to said jaws to deliver a clip thereto, and a retracted
      position, freeing said jaws for access to the work elements.
PAR  The tool is preferably adapted for manual actuation and has a pistol grip
      with a juxtapositioned hand lever mechanically linked to the jaw members
      for effecting their pivotal movement. A handle is also provided on the
      reciprocal plate of the clip dispensing means to permit the operator to
      manually advance and retract the clip dispensing means.
PAR  The pivotal jaws of the applicator have clip retaining grooves along
      opposed portions. The retaining grooves have arcuate, vertical walls and
      beveled lower lands for engagement of the clip with the jaws in their open
      position. The beveled lands are operative upon initial closing of the jaw
      members, to urge the stacked array of clip dispensers away from the jaw
      members, releasing the dispensing means and permitting its free retraction
      from the jaw members.
PAR  The invention also includes a magazine of clips in a stacked, face-to-face
      array about a mandrel which is provided as a substantially flat rod having
      opposite, rounded edges to engage opposite, inner apexes of the clips and
      with one central and coextensive rib along a flat surface thereof to
      engage the other, inner apex of the clip. The magazine includes removable
      buttons at opposite ends thereof with means permitting their removable
      attachment to the mandrel and with sufficient lateral dimensions to
      overlie the clips on the mandrel whereby the clips can be secured against
      dislodgement from the mandrel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described by reference to the drawings of which:
PAR  FIG. 1 is a perspective view of the tool;
PAR  FIG. 2 is a view along lines 2--2 of FIG. 1;
PAR  FIG. 3 illustrates the dispensing means positioned in the clip dispensing
      position;
PAR  FIG. 4 is a view along lines 4--4 of FIG. 3;
PAR  FIG. 5 is a view also along lines 4--4 of FIG. 3 showing the initial
      displacement of the pivotal jaws;
PAR  FIG. 6 is a longitudinal cross-section view of the tool with the clip
      dispensing means in the dispensing position;
PAR  FIG. 7 is a view along line 7--7 of FIG. 6;
PAR  FIG. 8 is a perspective view of the magazine of clip fasteners;
PAR  FIG. 9 is a view along lines 9--9 of FIG. 8;
PAR  FIG. 10 illustrates the advance mechanism of the clip dispensing means;
PAR  FIG. 11 is an end view of the tool body; and
PAR  FIG. 12 illustrates an extension accessory for attachment to the tool.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The dispenser and applicator tool of the invention is shown in FIG. 1 as
      formed with a main body 10, rearwardly mounted pistol grip 12 and a
      forward pair of jaw members 14 and 16 which are pivotally connected by
      pivot means in the form of a bolt fastener 18. The tool also carries clip
      dissensing means 20 including removable magazine 22 of clip 24 with a
      feeder means therefor including a coextensive tubular guide member 26 with
      ram means 28 slidably mounted thereon and resiliently biased towards the
      tool body 10. Clip dispensing means 20 is mounted as an assembly on a
      plate, not shown in FIG. 1, carried by tool body 10 for reciprocal
      movement thereon. The plate also carries hand grip 30 to permit the
      operator to effect reciprocal movement of the clip dispensing means 20.
PAR  The jaw members 14 and 16 are shown with jaw member 14 as an extension of
      body 10, grooved at 32 to provide an inset surface 34 for the pivotal
      mounting of the movable jaw member 16. The edges of these jaws can be
      champered as shown at 15 and 17 to provide maximum accessibility to the
      work element.
PAR  The preferred construction of the tool is for manual actuation of the
      pivotal jaw 16. To this end, jaw 16 is connected by link member 36 to a
      hand lever 38 carried at an intermediate position of the tool, immediately
      forward of pistol grip 12. Lever 38 is pivotally mounted on body 10 by pin
      means 40 in the form of a machine screw and the like. Suitable resilient
      means such as spring 42 can be provided for biasing lever 38 into the
      outward position, biasing jaws 16 and 14 open, as shown.
PAR  A longitudinal cross sectional view of the tool is shown in FIG. 2 where
      the tool body 10 can be seen to have a slide 42 in the form of a
      longitudinal groove in which plate 44 is mounted for reciprocal movement.
      Plate 44 as previously mentioned, carries handle 30, attached thereto by
      suitable means such as screw fastener 46 that engages a threaded tap in
      the handle 30. The forward end of plate 44 carries the clip dispensing
      means 20 in the form of a magazine 22 removably mounted on plate 44 by
      attachment means such as indexing detent means in the form of one or more
      pins 48 bearing annular shoulders 50 which engage in mating peripheral
      grooves in the bores 49 in the end of the mandrel of magazine 22. Plate 44
      bears a generally C-shaped slot 52 directly beneath the mandrel for
      receiving and permitting through passage of the clips 24.
PAR  The remaining member of the clip dispensing means 20 comprises the tubular
      guide member 26 which is secured to plate 44 by ring member 54 and screw
      58. The lower end of this tubular member 26 bears pulley 60 rotatably
      mounted thereon and has a wall slot 62 for receiving cord 64 that passes
      about pulley 60 and into tubular member 26 where it is connected to
      resilient means described hereinafter. In the preferred embodiment, means
      are provided to lock ram 28 in its most outboard position and out of
      alignment with the magazine 22. This is shown as sleeve 11 secured on
      tubular guide 26 and bearing an enlarged diameter sleeve 13. The outboard
      end of sleeve 15 of ram 28 bears a washer 17 which can have opposite flat
      edges, as shown. This washer is of sufficient diameter to enter sleeve 13.
      The latter bears retaining means such as ears 19 which engage the washer
      17 when the latter is inserted into sleeve 13 and rotated 90 degrees.
PAR  Body 10 also bears slot 66 that extends longitudinally along a portion of
      main slot 42. Plate 44 carries stop means in the form of pin 68 which
      projects into slot 66 and serves to limit the forward and rearward
      reciprocal travel of plate 44 on body 10. The plate 44 can be secured to
      body 10 by any suitable means, e.g., slot 42 can be a dovetailed slot to
      retain the assembly of plate 44 on body 10.
PAR  The clip dispensing position of dispensing means 20 is illustrated in FIG.
      3. As shown in this view, the clip dispensng means 20 is in its most
      forward end of jaws 16 and 14 so that clips 24 are located in
      juxtaposition to the clip retaining groove carried by the jaw members. The
      alignment of the clips with the jaw members is better illustrated in the
      sectional view shown in FIG. 4. As there illustrated, the plate 44 can be
      seen in its dovetailed engagement with body 10 that carries the lower
      anvil jaw 14 and upper pivotal jaw 16 on pin 18. This view also shows the
      indexing and retaining means for the removable mounting of the mandrel of
      magazine 22 on plate 44 wherein the mandrel is shown to have a plurality
      of bores 49 which receive pins 48 carried by plate 44 and having annular
      shoulders 50 that engage in the detent, peripheral grooves of bores 49.
      The clips 24 carried in a stacked, face-to-face array on the mandrel are
      urged, by sliding ram 28, to advance through the C-shaped groove 52 of
      plate 44 and into the clip retaining groove means of the jaw members which
      are in the form of opposing grooves 70 and 72 on each of these jaw
      members. These grooves are formed with arcuate cross sections and with an
      inclined lands 71 and 73 for receiving the leading clip of the clips 24.
PAR  The inclined lands 71 and 73 are effective, upon initial movement of the
      jaw members, to effect displacement of the array of clip dispensers 24
      outwardly, against the bias of the feeding mechanism, thereby releasing
      the dispensing means from its dispensing position and permitting its free
      retraction. FIG. 5 illustrates the initial movement of the jaw members
      with the resultant displacement of the clips 24. As there illustrated, jaw
      member 16 has been pivoted slightly into the closed position and the
      stiffness of the leading clip 25 of the stacked array of clips 24 is
      sufficient to urge the clip 25 along the inclined lands 71 and 73 of these
      jaw members, seating clip 25 securely in the arcuate side wall of the
      grooves 70 and 72. This movement of the clip along lands 71 and 73 effects
      an outward displacement of the stacked array of clips 24 on the mandrel so
      that the successive clip member 24' can be seen to have been displaced
      entirely into groove 52, thereby freeing plate 44 for reciprocal movement
      on body 10.
PAR  Referring now to FIG. 6, the feeding mechanism of the clip dispensing means
      20 will be further described. FIG. 6 is a longitudinal view along the
      forward end of the tool showing plate 44 and dispensing means 20 in the
      forward, clip dispensing position. The tubular member 26 can be seen to
      support ram 28 which is slidably mounted thereon and which has a foot 29
      that projects about mandrel 23 with its under surface bearing against the
      outboard clip of the stacked array of the clip fasteners 24. The ram 28 is
      biased to move towards the body of the tool by resilient means in the form
      of a compression spring 80 having its lower end resting on stop ring 81
      and its upper end biased against travelling slider 83. The flexible cord
      64 passes about pulley 60 and through a bore in slider 83 and is attached
      to slider 83 by a knot.
PAR  The constructional features of the magazines of clip dispensers are
      illustrated in FIGS. 7-9. As shown in FIG. 7, the magazine 22 comprises a
      mandrel 23 in the form of a generally flat rod having opposite, rounded
      edges 27 and 39 and a central, coextensive rib 31. The clip dispensers as
      shown are generally C-shaped or, more precisely, generally diamond shaped
      with one open side to permit their placement over the work element. These
      clips, therefore, have opposite inner apexes 33, 35 and 37 for receiving
      the rounded shoulders 27, 39 and 31, respectively, of mandrel 23 whereby
      the clips are retained on mandrel 23 and restrained thereon against
      rotational movement. FIG. 7 illustrates the foot 29 of ram means 28 as
      generally comprising a bifrucated member with opposite legs 82 and 84
      which surround the opposite edges of mandrel 23 and bear against the clips
      24 mounted thereon.
PAR  The magazine of clips is also provided with end members, best illustrated
      in FIGS. 8 and 9. These end members 86 comprise a generally flat, circular
      plate 88 and attachment means such as clips 90 for their removable
      attachment to the mandrel. As shown in FIG. 9, the mandrel has a bore 92
      to receive the inboard ends of clips 90 and thereby retain the closure
      members 86 on the mandrel 23. The bore 90 is positioned off center of the
      mandrel 22, preferably in rib 31, so that the circular plate 88 extends
      over the center apex of the clip means, thereby serving as stop means for
      restraining the clip fasteners 24 on mandrel 23.
PAR  FIG. 10 illustrates the dispensing means in the position for feeding the
      last clip fastener 24 from the mandrel 22. This last clip member 24 must
      be advanced through the slot 52 of plate 44 and into the clip receiving
      grooves of the jaw members. The inboard end of clip means 29 of ram 28 is,
      therefore, of slightly reduced cross sectional dimensions to permit its
      passage into the C-shaped groove 52 of plate 44, projecting therethrough
      to dispense the last clip into the clip retaining grooves of the jaw
      members as illustrated in FIG. 10.
PAR  In many applications, it may be desirable to provide extension means for
      the remote actuation of the tool. To this end, the tool is provided with
      accessory attachment means shown in FIG. 11. This view from the rear of
      the tool shows body 10 with longitudinal bores 94 and 96 which are tapped
      with internal threads. FIG. 12 illustrates the extension means that can be
      used in combination with the tool. The extension means has a body 9 with a
      slide means in the form of a dovetailed groove 43 in which is reciprocally
      mounted plate 45 having handle 51 carried thereon. Body 9 also supports
      hand grip means in the form of piston grip 7 and a forward lever 53 which
      is similar in construction to lever 38 previously described. Rods 98 and
      100 project from the forward end of body 9. These rods are rotatably
      carried on body 9 and bear, at their forward ends, external thread means
      97 and 99 for engagement with the internal threads of bores 94 and 96.
      Wrench flats 102 can be provided on each of these rods to permit their
      engagement in the threaded bores 94 and 96. The reciprocally mounted plate
      45 also supports, from its forward end, rod 47 that bears, at its forward
      end, eyelet means 49 which is of sufficient diameter to fit over handle 30
      of the plate 44 to effect reciprocal movement of this plate upon movement
      of plate 45. The hand lever 53 is pivotally attached to the elongated link
      member 55 which has an aperture 57 in its forward end for receiving a
      machine screw such as 41 which replaces machine screw 61 (see FIG. 1)
      carried at the end of link member 36 whereby link 55 can be secured to
      link 36 for effecting pivotal movement of jaw 16.
PAR  The invention has been described with reference to the illustrated and
      presently preferred embodiment thereof. It is not intended that the
      invention be unduly limited by this disclosure of presently preferred
      embodiments. Instead, the invention is intended to be defined by the
      means, and their obvious equivalents, set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tool for applying clips such as hog rings and the like about a work
      element comprising:
PA1  a tool body;
PA1  first and second jaw members in fixed pivotal connection on said tool body
      to receive and crimp said clips about said work element;
PA1  lever means mechanically linked thereto and carried on said tool body for
      effecting relative pivotal movement of said jaw members;
PA1  clip supply means including magazine means supporting a plurality of said
      clips in a stacked face-to-face array and resilient means biasing said
      array of clips toward said tool;
PA1  reciprocable slide means including a plate slidably carried on said tool
      body and supporting said clip supply means whereby said supply means can
      be moved into a clip dispensing position adjacent said jaw members to
      deliver a clip to said jaw members and moved into a spaced apart position
      to permit application of said clip to said work element; and
PA1  clip retaining groove means extending along opposite portions of said jaw
      members to receive a clip from said supply means.
NUM  2.
PAR  2. The tool of claim 1 wherein said clip retaining groove means have
      arcuate vertical walls and beveled lower lands to urge, upon initial
      pivotal movement of said jaws, a retained clip upwardly against the
      resilient bias on said stacked array and release said supply means and
      permit reciprocation of said slide means.
NUM  3.
PAR  3. The tool of claim 2 wherein said plate carries a handle at its rear to
      permit an operator to effect its reciprocation.
NUM  4.
PAR  4. The tool of claim 2 wherein said magazine means is removably mounted on
      said plate and including ram means slidably mounted on said magazine and
      resiliently biased to advance said clips toward said tool.
NUM  5.
PAR  5. The tool of claim 4 wherein said plate carries a tubular guide member in
      juxtaposition to said magazine means with ram means slidably mounted
      thereon and bearing a foot projection surmounting said magazine means.
NUM  6.
PAR  6. The tool of claim 5 wherein said tubular guide member carries resilient
      means urging said ram member toward said tool.
NUM  7.
PAR  7. The tool of claim 6 wherein the outboard end of said tubular guide
      member bears retaining means for releasably retaining said ram member in a
      retracted position against the force of said resilient means.
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ABST
PAL  A metal forming machine for forming wire or metal strip in which the
      machine has two opposed bed supports extending parallel to each other and
      each bed support has a plurality of extended bed surfaces for supporting
      metal forming tools in a variety of arrangements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to metal forming machines and particularly to
      those in which continuous lengths of metal strip or wire are fed between
      reciprocating slides which coact with each other with or without forming
      mandrels to form the metal into desired shapes.
PAR  2. Description of the Prior Art
PAR  The most familiar machines, for metal forming of the same nature as with
      the present machine, are four-slide machines. Typically, a four-slide
      machine has a single horizontal bed surface from which are mounted four
      camshafts parallel to the bed surface and forming a rectangle around it.
      The camshafts are joined by mitre gears to provide a continuous drive
      train rotating the camshafts in unison.
PAR  Four slides, arranged in two opposing pairs perpendicular to each other,
      are reciprocated horizontally on the bed surface by cams mounted on the
      respective camshafts. Continuous lengths of wire or metal strip are fed in
      a straight line parallel to the bed surface and to one pair of opposing
      slides. Thus the wire or strip passes into a common center toward which
      each of the four slides is reciprocated for forming operations.
PAR  While the more common four-slide machine has a horizontal bed, both
      inclined and vertical bed designs have been produced. A vertical bed
      arrangement has the desirable advantage that both formed pieces and waste
      drop readily into provided containers instead of accumulating on the work
      surface.
PAR  A wire forming machine has also been made having a first bed surface
      machined horizontal on a bed support and a second bed surface machined on
      a vertical side of the bed support, both bed surfaces extending along
      parallel axes. It is known to mount four tool supports facing a common
      center on this bed arrangement, however this is accomplished by mounting
      two of the tool supports "piggy-back" on the other two. This piggy-back
      mounting limits versatility and support strength. The piggy-back tool
      support ends up too far from the bed surface to maintain the rigidity
      necessary for forming heavier metal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a metal forming machine is
      provided having four bed surfaces extending along parallel axes and
      positioned so that four reciprocating tools mounted one from each bed
      surface at a common cross section of said axes will face a common center.
      The bed surfaces are provided two to each of two bed supports and four
      camshafts rotatable in unison extend parallel with said parallel axes and
      arranged around the bed supports so that each camshaft carries cams for
      actuating tools mounted from a respective bed surface. The machine is
      arranged for stock material to be fed through the common center along an
      axis parallel to said parallel axes and nonparallel with tools mounted
      from the bed surfaces. The bed supports may each have additional bed
      surfaces and each bed surface may have a plurality of tools mounted at
      different axial positions along the bed surface. Not only simple and
      multiple forming operations, but also assembly operations can be readily
      performed as a result of the greatly increased number of tools that can be
      supported in interacting positions.
PAR  Thus it is an object of the invention to provide a metal forming machine
      capable of mounting a large number of metal forming tools at a variety of
      positions.
DRWD
PAR  Further objects and features of the invention will become obvious upon
      reading the following description together with the Drawing.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the metal forming machine according to the
      invention.
PAR  FIG. 2 is a sectional view through 2--2 of FIG. 1.
PAR  FIG. 3 is a right side elevation with end covers and feed mechanism
      removed.
PAR  FIG. 4 is a simplified illustration in top plan view with cover removed of
      a stock feed mechanism for feeding stock material to the machine of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is an overall perspective view of the present machine. The main
      frame includes horizontal base 10 and vertical end portions 11 and 12.
      Base 10 encloses a drive motor (not shown) and space 14 for receiving
      formed parts. Opening 15 provides access to space 14 through which a
      container for collecting the formed parts can be inserted and removed.
PAR  End portion 11 carries control panel 16 and manual wheel 17. Control panel
      16 carries the switches for powered control while wheel 17 permits manual
      rotation of the machine's main drive shaft for set-up purposes.
PAR  End portion 12 contains the power transmission assemblies. Extension cover
      18 covers the drive from the drive motor to the main drive shaft.
      Extension cover 20 above cover 18 encloses a stock feed mechanism.
      Aperture 21 in cover 20 is provided for feeding stock material into the
      machine.
PAR  Between end portions 11 and 12, bed supports 24 and 25 are secured. Bed
      surfaces 26 and 27 are provided on bed supports 24 and 25 as are bed
      surfaces 28 and 29 with the lead lines partly dashed in FIG. 1 since they
      are unseen surfaces of bed supports 24 and 25. Four camshafts, 31, 32, 33
      and 34 are arranged parallel to bed supports 24 and 25 for operating tools
      secured in tool carriers mounted on bed surfaces 26, 27, 28 and 29.
      Camshafts 33 and 34 can be seen in FIGS. 2 and 3.
PAR  FIG. 2 depicts bed supports 24 and 25 as well as camshafts 31 through 34 in
      section. Bed supports 24 and 25 are cast with a polygonal section having a
      hollow interior such as to have great resistance to flex over an extended
      length. Bed supports 24 and 25 are suitably cast from iron or related
      alloy. Bed surfaces 26, 27, 28 and 29 are machined on at least two
      surfaces of each bed support 24 and 25. Tee-slots 35 are cast in bed
      supports 24 and 25 with slot openings along each of bed surfaces 26
      through 29. FIG. 2 depicts tool slides 36 and 37 mounted on bed surfaces
      26 and 29 respectively. Tool slides 36 and 37 are secured to respective
      bed surfaces by bolts 39 and 40 having heads riding in tee-slots 35.
PAR  Camshaft 31 carries cam 41 adjacent to tool slide 36. Cam 41 has an
      internal eccentric groove 42. Drive pin 43 rides in eccentric groove 42
      and actuates the tool operation of tool slide 36. Eccentric groove 42 has
      both inside and outside cam surfaces to carry drive pin 43 both in and out
      as camshaft 31 rotates. Other types of tool slides readily usable with the
      present apparatus and operated by a cam having an outside cam surface only
      are returned by spring or fluid pressure. Tool slide 37 is actuated
      similarly by cam 45 secured to camshaft 34. Only two opposing tool slides
      are depicted in FIG. 2, however, a great many tool slides may be secured
      to bed surfaces 26, 27, 28 and 29. While tool slides 36 and 37 are
      depicted to provide strictly orthogonal operation, it should be recognized
      that angled tool slide devices are known and can be used with the present
      apparatus to increase the flexibility of operations available. Such angled
      devices provide forming operations along a diagonal as distinguished from
      perpendicular operations with respect to the work.
PAR  Four additional bed surfaces 44, on the reverse sides of bed supports 24
      and 25, are located symmetrically relative to respective bed surfaces 26,
      28, 27 and 29. Bed surfaces 44 contain tee-slots 38 for securing tool
      supports. Tools can be mounted from bed surfaces 44 for ancillary
      operations such as guiding, turning, cutting, holding and assembly
      functions.
PAR  As depicted in FIGS. 2 and 3, bed supports 24, 25 and camshafts 31, 32, 33
      and 34 exhibit bilateral symmetry in cross section. That is, beds 26, 28,
      their respective tee-slots 35 and camshafts 31, 33 are symmetrical, about
      a straight line drawn midway between bed supports 24 and 25, with beds 27,
      29, their respective tee-slots 35 and camshafts 32, 34. Similarly, beds
      26, 27, their respective tee-slots 35 and camshafts 31, 32 are
      symmetrical, about a straight line bisecting beds 24 and 25, with beds 28,
      29, their respective tee-slots 35 and camshafts 33, 34. The straight lines
      in both instances are in the plane of the cross section. It will thus be
      seen that the line formed by the intersecting planes of bed surfaces 26,
      28 of bed support 24 is opposite the line formed by the intersecting
      planes of bed surfaces 27, 29 of bed support 25, and bed supports 24 and
      25 face each other along the two lines so formed in bilateral symmetry.
      This bilateral symmetry exists in both transverse and longitudinal
      section.
PAR  Also depicted in FIGS. 2 and 3 is main drive shaft 46 extending internally
      of bed support 24 throughout its length. The operation of drive shaft 46
      and its interconnections with the main moving components of the inventive
      apparatus is depicted in FIG. 3. FIG. 3 depicts the apparatus of FIG. 1
      looking at it from the right end as depicted in FIG. 1 with extension
      covers 18 and 20 removed as well as the stock feed mechanism which will be
      described below in connection with FIG. 4. Main drive motor 47 is mounted
      in the bottom of base 10 and is suitably an electric motor carrying pulley
      48 on one end. Second pulley 49 is secured to drive shaft 46. The
      diameters of pulleys 48 and 49 are selected relative to the rotational
      speed of motor 47 to provide a preferred speed of operation for the
      machine. Pulley 49 is partially cut away in FIG. 3 to show spur gear 51.
      Spur gear 51 coacts with ring gear 52 which in turn actuates further spur
      gears 61, 62, 63 and 64 which are secured to camshafts 31, 32, 33 and 34
      respectively. Ring gear 52 is completely open in its center and is
      supported on the interior surface of the ring on a bronze or other
      suitable bearing surface 65 supported from right end supporting wall 66.
      Aperture 67 in wall 66 provides entrance passage for stock material and,
      as depicted in FIG. 3, allows a partial view of bed supports 24 and 25
      through end wall 66. It will be noted from FIG. 3 that rotation of drive
      shaft 46 produces simultaneous rotation of all four camshafts 31 through
      34. Supporting wall 66 together with supporting wall 68 on the left end
      (see FIG. 1) provides the main support for bed supports 24 and 25 as well
      as holding bearings carrying camshafts 31 through 34.
PAR  For operation of the present machine, it is necessary to automatically feed
      raw stock through the center of aperture 67 between bed supports 24 and
      25. Any of various types of stock feed apparatus may be utilized and one
      example has been depicted in FIG. 4 for purposes of a full disclosure. The
      example depicted in FIG. 4 was selected primarily for ease of description
      and has particular relation to the present machine only in the means of
      synchronizing the stock feed with the operation of the tool slides of the
      machine. The stock feed mechanism depicted in FIG. 4 is mounted under
      extension cover 20 (FIG. 1) just to the right (outboard) of ring gear 52.
      FIG. 4 is largely diagramatic and the various parts depicted are not all
      in the same plane. FIG. 4 is a top plan view with camshafts 32 and 34 near
      the top and stock 70 substantially lower. Looking at FIG. 3, stock 70
      would be in line with the center of aperture 67. Various of the components
      depicted in FIG. 4 are set at angles to achieve these relative positions.
      Support panels 71 and 72 provide support for the various parts of the feed
      mechanism. Panels 71 and 72 are mounted from supporting wall 66 by
      structural members (not shown).
PAR  Synchronization of the feed mechanism with the tool slides is obtained by
      driving the feed mechanism from the same camshafts operating the tool
      slides.
PAR  Stock advancing slide 74 rides on two cylindrical rods 75 and 76. Stock 70
      passes between rods 75 and 76 through an aperture in slide 74. Slide 74
      includes gripping mechanism 77 which is actuated intermittently during
      reciprocation of slide 74 to effect advance of stock 70. Connecting arm 78
      connects slide 74 to pivot arm 80. Connecting arm 78 is connected to slide
      74 by pivot pin 81 and to pivot arm 80 by further pivot pin 82. Pivot arm
      80, which connects at one end by pivot pin 82 to arm 78, is connected at
      the other end by a further pivot pin 84 to structural member 85 supported
      from support panel 72. Along arm 80, between pivot pins 82 and 84,
      connecting rod 86 is connected to arm 80 by still further pivot pin 87.
      Connecting rod 86 extends through an aperture in panel 72 with its left
      end proximate to panel 71. Mounted from panel 72 is guideway 88 which
      serves to stabilize movement of the left end of rod 86 in conventional
      manner. Connecting rod 86 is additionally connected to crank pin 90
      extending from a rotatable member 91 which in turn is connected by axle 92
      to a first bevel gear 93. Bevel gear 93 meshes at right angles with second
      bevel gear 95 secured to camshaft 32.
PAR  Referring now back to gripping mechanism 77 - gripping mechanism 77
      includes pin 96 on the end of which is gripping prod 97 indicated by
      dashed lines since it is within slide 74. Pin 96 extends perpendicular to
      the direction of motion of slide 74 and has, connected across its end,
      elongated member 98 extending from left to right giving a T-shape. Helical
      compression spring 100 is positioned over pin 96 between member 98 and the
      body of slide 74 so as to normally hold prod 97 clear of stock 70.
      Supported adjacent to member 98 is ball bearing race 101 extending from
      left to right in a straight line. Supported from panels 71 and 72 are
      structural members 102 and 103 holding ball bearing race 101. Members 103
      and 102 include two guide channels 106 and 107 in which ball bearing race
      101 can move toward and away from slide 74. Additionally, helical springs
      108 and 109 are positioned between ball bearing race 101 and extension
      members 103 and 102. Springs 108 and 109 are arranged to urge ball bearing
      race 101 in the direction away from slide 74. The length of elongated
      member 98 is selected so that it will always ride on at least two of the
      ball bearings in race 101.
PAR  Extending from the opposite side of race 101 is arm 110 carrying roller
      bearing 111. Roller bearing 111 rides against cam 112 mounted on camshaft
      34. Springs 108 and 109 pull ball bearing race 101 in the direction that
      forces roller bearing 111 in contact with cam 112. Aperture 115 in end
      portion allows feed from both ends.
PAR  The operation of the machine is as follows: Motor 47 rotates drive shaft 46
      which, through ring gear 52, rotates all of camshafts 31, 32, 33 and 34.
      Cam 112, on camshaft 34, pushes ball bearing race 101 towards slide 74
      forcing prod 97 into gripping contact with stock 70. Rotation of camshaft
      32 rotates crank 90 to the left whereby connecting rod 86 pulls pivot arm
      87 to the left which, in turn, through connecting arm 78, moves slide 74
      and thus stock 70 to the left and in between bed supports 24 and 25. It
      will be recognized that prod 97 moves with slide 74 while member 98 rides
      across ball bearing race 101. At a point during this motion determined by
      the shape of cam 112, ball bearing race 101 retracts and spring 100
      removes prod 97 from stock 70 halting the advance of stock 70. At this
      time cams, rotated by shafts 31, 32, 33 and 34, drive tool slides situated
      on bed surfaces 26, 27, 28 and 29 to provide the desired forming operation
      on the advanced portion of stock 70. As rotation of the camshafts
      continues, the tools are retracted and slide 74 is pulled back to the
      right, due to the operation of rotating crank pin 90, so that the cycle
      may be repeated.
PAR  While the invention has been described with relation to a specific
      embodiment, many variations are possible without departing from the scope
      of the invention. Thus, it will be noted that bed supports 24 and 25 each
      have two surfaces which meet at a 90.degree. angle. This angle in bed
      support 24 is directly below and facing the equivalent angle of bed
      support 25. While this is believed to be the most desirable configuration
      from the point of view of the operating mechanism, the whole arrangement
      can be rotated about its longitudinal axis so that these angles will be
      facing each other, from left to right instead of up and down or in any
      other possible position through a complete 360.degree. rotation. It will
      be seen that in such a rotation the two bed supports and the four
      camshafts must be rotated as a unit without changing their relative
      position. Thus it is intended to cover the invention within the full scope
      of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A metal forming machine for forming metal components from wire or metal
      strip by passing a length of wire or metal strip between reciprocally
      operated forming slides comprising:
PA1  a. a machine frame;
PA1  b. a first bed support extended along a first axis mounted within said
      frame, said first bed support carrying two bed surfaces having planes
      lying perpendicular to each other;
PA1  c. a second bed support extended along a second axis parallel to said first
      axis mounted within said frame, said second bed support carrying two bed
      surfaces having planes lying perpendicular to each other and the bed
      surface planes of said second bed support being parallel to respective bed
      surface planes of said first bed support;
PA1  d. means integral with said first and second bed supports to support a
      plurality of tool carriers from each of said bed surfaces; and,
PA1  e. means to provide reciprocating motion to tools in tool carriers
      supported from said bed surfaces.
NUM  2.
PAR  2. A metal forming machine according to claim 1 wherein said second bed
      support lies vertically above said first bed support, the line formed by
      the intersecting planes of the bed surfaces of the first bed support
      opposite the line formed by the intersecting planes of the bed surfaces of
      the second bed support, and the two bed supports facing each other along
      the two lines so formed with both longitudinal and transverse bilateral
      symmetry.
NUM  3.
PAR  3. A metal forming machine according to claim 1 wherein said means to
      support a plurality of tool carriers is a slot extending longitudinally
      along each bed surface for retaining tool carrier anchor bolts.
NUM  4.
PAR  4. A metal forming machine according to claim 1 wherein each of said first
      bed support and said second bed support carries two additional bed
      surfaces on its reverse side.
NUM  5.
PAR  5. A metal forming machine according to claim 1 wherein said means to
      provide reciprocating motion to said tools is a plurality of cams mounted
      on four camshafts positioned symmetrically around said bed supports and
      extending parallel to said first axis.
NUM  6.
PAR  6. A metal forming machine according to claim 5 further comprising a ring
      gear in driving relationship with said four camshafts, said ring gear
      centered symmetrically between said first axis and said second axis.
NUM  7.
PAR  7. A metal forming machine according to claim 6 wherein said ring gear has
      a central aperture for passage of stock material.
NUM  8.
PAR  8. A metal forming machine according to claim 7 further comprising a drive
      shaft in driving relationship with said ring gear, said drive shaft
      extending internally through the length of said first bed support and a
      motor connected to drive said drive shaft.
NUM  9.
PAR  9. A metal forming machine according to claim 5 further comprising means to
      pass a length of stock material along a central axis midway between said
      first axis and said second axis so as to pass through the operative
      positions of tools in said tool carriers mounted on said bed surfaces.
NUM  10.
PAR  10. A metal forming machine according to claim 9 wherein said means to pass
      a length of stock material is an intermittent advancing mechanism
      connected to be driven by at least one of said four camshafts.
NUM  11.
PAR  11. A metal forming machine according to claim 10 further comprising a
      slide member, a gripping member coacting with said slide member, a first
      mechanical linkage between one of said camshafts and said slide member so
      as to provide reciprocating motion to said slide member and a second
      mechanical linkage between one of said camshafts and said gripping member
      so as to intermittently drive said gripping member into gripping
      engagement with stock material whereby said stock material is locked to a
      portion of the reciprocal motion of said slide member.
NUM  12.
PAR  12. A metal forming machine according to claim 11 wherein said first
      mechanical linkage includes a gear on said one of said camshafts and said
      second mechanical linkage includes a cam on a second one of said
      camshafts.
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PAL  A separator of solid boron nitride is utilized to prevent diffusion bonding
      between an alloy being worked at high temperature and the components of
      working apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to the working or fabrication of metals
      at high temperatures and, more particularly, to means for preventing
      metallurgical bonding between such metals and the working components of
      the fabrication equipment.
PAR  The problem of unwanted metallurgical bonding of alloys to pressing
      apparatus and other elements, such as the protective covering utilized
      around alloy powders in some instances, has long been recognized. Various
      compositions have been utilized in the past to minimize such bonding as
      described, for example, in the patent to Boucher et al. U.S. Pat. No.
      3,380,917.
PAR  As processing temperatures rise, the potential for diffusion bonding
      typically becomes more acute. In forging processes such as that described
      in the patent to Moore et al. U.S. Pat. No. 3,519,503, a combination of
      high temperatures and hot dies, and a high ductility condition of the
      materials being forged, all tend to promote diffusion bonding between such
      materials and the working components of the forging press.
PAR  In an application copending herewith filed on May 10, 1971 for Forging Die
      Lubrication and assigned Ser. No. 141,530, the use of powdered boron
      nitride is suggested as one example of a suitable high temperature
      lubricant for forging operations. This lubricant minimizes the
      metallurgical bonding problem between the dies and the material being
      forged.
PAR  The use of lubricants in powder or paste form is not, however, the answer
      in some applications. First, powders are by their very nature susceptible
      to dislodgment due, for example, to a wiping action during handling or
      working and, in practice, reapplication of lubricant between working run
      is usually required on a periodic basis. The lubricant reapplication
      process may be particularly difficult where large heated components are
      involved.
PAR  Furthermore, in some applications where precise dimensional controls are
      required, the wiping action of the lubricant not only results in the
      scrubbing of lubricant from some areas but also in a buildup of lubricant
      in other areas. The net result is an inability to maintain a precise
      control of dimension where required. A lubricant buildup has, for example,
      been found to prevent the complete filling of a closed die cavity in the
      forging of components of complex contour. In another case where thin
      walled structures were being joined under pressure in a diffusion bonding
      operation between two flat platens, a lubricant buildup so interfered with
      the essential flatness of the platens that uneven deformation of the
      bonded members occurred.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates the use of a solid boron nitride as the
      pressure applying member in metal working or forming apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simple schematic of pressing apparatus suitable for use in
      diffusion bonding operations.
PAR  FIG. 2 is a simple schematic of forging equipment suitable for forming
      shaped parts in closed dies.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Two representative types of metal fabricating or metal working apparatus
      are shown schematically in the drawings. FIG. 1 illustrates a simple stack
      such as has been used in diffusion bonding operations. Two components 2
      and 4 to be diffusion bonded along the faying surfaces 6 are sandwiched
      between two flat platens 8 and 10 of solid boron nitride, which in this
      embodiment comprise the pressure applying surfaces. The platen 10 is
      supported on the base member 12 and pressure is applied to the parts to be
      bonded by the movable member 14.
PAR  The forging press shown schematically in FIG. 2 is similar in overall
      function. In the forging operation an ingot is deformed and shaped into a
      component 20 between and in forging dies 22 and 24 which are formed of
      solid boron nitride. The closure force is exerted by the movable
      pressure-exerting member 26 into the base member 28.
PAR  Utilizing the techniques taught herein unwanted bonding is prevented
      between the part or parts being processed and the process equipment as,
      for example, at the junctures 30 and 32 of FIG. 1 and along die surfaces
      34 and 36 of FIG. 2.
PAR  The basic problem in high temperature pressing operations is, as mentioned,
      the difficulties associated with a lubricant shift or buildup which
      prevent adequate dimensional control. This in turn would suggest that the
      pressing surfaces themselves must be made resistant to metallurgical
      bonding. Unfortunately, however, although the basic theory of problem
      solution was perhaps evident, no ready means of practical implementation
      appeared available, for those materials displaying the necessary lubricity
      did not appear to possess the necessary resistance to deformation or
      structural strength and vice versa.
PAR  There are a substantial number of materials that at first glance might
      appear suitable as bond separator materials for structural applications.
      The refractory oxides such as alumina, magnesia, beryllia and zirconia,
      for example, are known to be resistant to diffusion bonding to metals at
      high temperatures. Unfortunately such materials in solid form have proven
      to lack lubricity, thermal shock resistance or adequate strength and, for
      this reason, are unsatisfactory for such purposes. Hence, the need for a
      suitable solution to the metallurgical bonding problem has escaped the
      industry.
PAR  Applicant has now discovered that solid boron nitride has both the
      structural strength and lubricity to be used as the pressing surfaces in
      high temperature metal fabrication operations. Hot pressed, cast, or
      pyrolitic boron nitride are considered suitable. The superior and unique
      performance of boron nitride is illustrated in the following Table.
TBL  __________________________________________________________________________
     Separator Performance                                                     
                     Maximum                                                   
                            Maximum                                            
     Material        Temperature                                               
                            Pressure                                           
     Tested          (.degree.F)                                               
                            (PSI)                                              
                                 Results                                       
     __________________________________________________________________________
     1.  Green Nicrobraze                                                      
                     2000   3000 Became very hard and - Stop-off   bonded to   
                                 metal sur-                                    
                                 face. Acids, bases,                           
                                 and salts tested could                        
                                 not remove from the                           
                                 metal surface. Did                            
                                 separate from platens.                        
     2.  Milk of Magnesia                                                      
                     2000   3000 Same as first except                          
                                 it turned black                               
                                 during cycle.                                 
     3.  Rockide-Zirconium                                                     
                     2000   3000 Bonded to both the                            
         Oxide                   sample and platens.                           
     4.  Boron Nitride                                                         
                     2150   3000 Worked well for                               
         Powder                  unetched samples but                          
                                 shifted for the                               
                                 etched samples de-                            
                                 pressing surface into                         
                                 coolant passages.                             
     5.  Solid Alumina Discs                                                   
                     2150   3000 Bonded to sample and                          
                                 cracked severely.                             
     6.  Nickel Oxide on                                                       
                     2150   3000 Bonded to sample and                          
         TD Nickel Sheet         could not be removed.                         
     7.  Sodium Dichromate                                                     
                     2100   2000 Bonded to sample over                         
         Coated TD Nickel        approximately 50% of                          
                                 the surface.                                  
     8.  Magnesium Smoke                                                       
                     2150   2000 Separated well from                           
                                 sample and platens                            
                                 but could not be                              
                                 applied evenly. Some                          
                                 surface depression.                           
     9.  Solid Zirconia                                                        
                     2150   2000 Partially bonded to                           
         Discs                   the sample and cracked.                       
     10. Solid Ceramic                                                         
                     2150   2000 Shattered and melted                          
         Glass Discs             to the platen.                                
     11. Solid Beryllia                                                        
                     2150   2000 Partially bonded to                           
         Discs                   the sample and cracked.                       
         Solid Boron Nitride                                                   
                     2150   2000 Separated well and                            
         Discs                   was reusable with a                           
                                 minimum of rework.                            
     __________________________________________________________________________
PAR  In addition to its lubricity qualifications in the diffusion bond separator
      sense, it will be recognized that such property also provides the
      capability of reducing die wear. For this purpose alone it may be
      considered for use in solid form in pressing apparatus possibly as die
      inserts in areas particularly susceptible to heavy die wear.
CLMS
STM  Having thus described this invention what is claimed is:
NUM  1.
PAR  1. Metal deformation apparatus which comprises:
PA1  at least one movable, pressure-exerting member; and
PA1  a pressure-exerting surface on said member for contact with a solid metal
      article being processed, said surface consisting essentially of solid
      boron nitride of substantially full density.
NUM  2.
PAR  2. Apparatus according to claim 1 where:
PA1  the apparatus is a forging press.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein:
PA1  the pressure-exerting surface is formed in the shape of a die cavity.
NUM  4.
PAR  4. Forging dies consisting essentially of cast boron nitride.
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ABST
PAL  A fretting corrosion test fixture for evaluating materials or coatings in
      variable temperature environments and having a load bar and a flexure bar
      rigidly mounted at their respective one ends in the jaws of a vise and
      separated by a shim of selected thickness. The load and flexure bars are
      cantilevered out from the vise, the other end of the flexure bar being
      connected to an eccentric drive assembly for deflecting the flexure bar. A
      pair of material specimens having a combined thickness equal to that of
      the shim are attached, respectively, near the end of the load bar and
      intermediate the ends of the flexure bar and in contact with each other. A
      cylindrical furnace is mounted for enclosing the specimens for high
      temperature evaluation. Fretting corrosion is produced on the attached
      fretting specimens under controlled conditions by deflecting the flexure
      bar a predetermined amount resulting in relative movement and load at the
      interface of the specimens.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to material and coating test fixtures and
      particularly to a fretting corrosion test fixture.
PAR  Fretting describes corrosion damage occurring at contact areas between
      materials under load subjected to small relative movement or slip. The
      fretting corrosion damage appears as pits or grooves in the metal
      surrounded by corrosion debris and is also known as friction oxidation,
      wear oxidation, chafing, and false brinelling. Fretting has been observed
      at the interface of metallic joints in engine components, automotive parts
      and airframe structures. Fretting corrosion is very detrimental because of
      the destruction of metallic components and the formation of oxide and
      metallic particulate. Frequently, the result is a loss of tolerances and
      loosening of mating parts. Further, fretting causes fatigue fractures
      since the loosening of components permits excessive strain, and the pits
      formed by fretting act as stress-raisers.
PAR  The basic requirements for the occurrence of fretting corrosion are:
PAR  1. The interface must be under load;
PAR  2. Vibration or repeated relative motion between the two surfaces must
      occur; and
PAR  3. The load and the relative motion of the interface must be sufficient to
      produce slip or deformation on the surfaces.
PAR  Methods and fixtures for performing fretting corrosion studies primarily
      involve lubrication wear equipment. One other method of inducing fretting
      corrosion wear is to alter fatigue testing equipment by applying normal
      loads to induce fretting fatigue. Testing in high temperature environments
      often require complex and relatively expensive test fixtures not readily
      adaptable for placing test specimens within a high temperature
      environment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a fretting
      corrosion test fixture which localizes fretting action so as to make it
      easily accessible to high temperature studies. Another object is to
      provide a fretting corrosion test fixture which utilizes conveniently
      replaceable fretting specimens whose size and shape can be readily
      modified for the application of differing flexure loads. Yet another
      object is to provide a relatively simple and inexpensive fretting
      corrosion test fixture.
PAR  Briefly, these and other objects are accomplished by a fretting corrosion
      test fixture which evaluates materials or coatings in variable temperature
      environments. The test fixture of the present invention has a load bar and
      a flexure bar rigidly mounted below the load bar at their respective one
      ends in the jaws of a vise wherein the bars are separated by a shim of
      selected thickness in the jaw area. The load and flexure bars are
      cantilevered out from the vise, the other end of the flexure bar being
      connected to an eccentric drive assembly for deflecting the flexure bar. A
      pair of fretting specimens having a combined thickness equal to that of
      the shim are attached, respectively to the end of the load bar and
      intermediate the ends of the flexure bar and in surface contact with each
      other. A cylindrical furnace is mounted on the test fixture for enclosing
      the specimens to provide high temperature fretting corrosion evaluation.
      Fretting corrosion is produced by repetively deflecting the flexure bar a
      predetermined amount resulting in relative movement and load at the
      interface of the specimens. The specimens are easily replaceable on both
      the load and flexure bars and readily modified as to size and shape for
      applying differing fretting loads.
DRWD
PAR  For a better understanding of these and other aspects of the invention,
      references may be made to the following detailed description taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a fretting test fixture constructed in
      accordance with the invention;
PAR  FIG. 2 is a side elevational view of a portion of the fixture shown in FIG.
      1;
PAR  FIG. 3 is a plan view of FIG. 2;
PAR  FIG. 4 is an enlarged fragmentary plan view of the specimen holding portion
      of the flexure bar;
PAR  FIG. 5 is an enlarged and inverted fragmentary plan view of the specimen
      holding portion of the load bar; and
PAR  FIG. 6 is an elevational view illustrating the application of a furnace to
      the test fixture shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a perspective view of a fretting
      test fixture 10 constructed in accordance with the present invention. A
      table 12 has a top surface having a vise 14 rigidly attached thereto. A
      motor 16 is positioned under the top surface of the table 12 and has an
      output shaft 18 connected to an eccentric drive assembly. The eccentric
      drive assembly comprises a variable eccentric disc 20 connected to the end
      of the output shaft 18 and positioned exterior to one end of the table 12,
      a cranking arm 22 connected at one end to the disc 20, an adjustable crank
      end 24 having a radial bearing insert 26, and a clamp 28 connected to the
      bearing 26. A motor speed control 30 is securably attached to a front
      panel of the table 12 and is electrically connected to the motor 16. A
      counting device 32 is also securably attached to the front panel of the
      table 12 and is connected to the eccentric drive assembly in any
      convenient manner such as, for example, a switching mechanism or a
      photocell detector which indicates the strokes produced by the crank arm
      22. The vise 14 comprises a plurality of clamping screws 34, an upper jaw
      36, and a lower jaw 38. Intermediate the jaws 36, 38 and shown clamped in
      the vise 14 is a load bar 40 adjacent the upper jaw 36, a flexure bar 42
      adjacent the lower jaw 38, and a shim 44 intermediate the load bar 40 and
      the flexure bar 42. A first fretting specimen 46 is securably attached by
      screws 48 to the free floating cantilevered end of the load bar 40. The
      end of the flexure bar 42 that is pointing away from the vise 14 is
      securably attached to the clamp 28 by a plurality of screws 50.
      Intermediate the ends of the flexure bar 42 and adjacent the specimen 46
      is a second fretting specimen 52 placed in orthogonal alignment to the
      first specimen 46 and securably attached to the flexure bar 42 by a
      plurality of screws 54.
PAR  Referring now to FIG. 2, there is shown a side elevational view of the test
      fixture shown in FIG. 1. The clamping screws 34 produce a downward force
      on the upper jaw 36 which compressively holds the load bar 40, the shim
      44, and the flexure bar 42 adjacent the lower jaw 38.
PAR  More clearly indicated is the positioning of the first specimen 46 secured
      to the end of the load bar 40 by the screws 48, and the second specimen 52
      in surface contact with the first specimen 46 and attached intermediate
      the ends of the flexure bar 42 by screws 54. Also shown in greater detail
      is the crank end 24 having threads at the end thereof which engage with
      the top portion of the cranking arm 22 so as to shorten or lengthen the
      effective length thereof.
PAR  Referring now to FIG. 3, there is shown a top plan view of that portion of
      the test fixture shown in FIG. 2. The load arm 40 is shown extended in a
      cantilevered fashion from the vise 14 and having a triangulated shape with
      a varying width somewhat smaller than the width of the underlying flexure
      bar 42 which is also triangular in shape. Both the bars 40, 42 are
      preferably triangularly shaped because of the more uniform absorption and
      application of load stress known to be associated with this configuration.
      The respective widths and thicknesses of the bars 40, 42, however, may be
      suitably enlarged or diminished to reflect the designers choice of more or
      less rigidity or surface area. More clearly shown is the positioning of
      the first specimen 46 in longitudinal alignment with the length of the
      load bar 40. Also more clearly shown is the positioning of the second
      specimen 52 in orthogonal alignment with the first specimen 46 and secured
      to the flexure bar 42 intermediate the ends thereof.
PAR  FIG. 4 shows an enlarged fragmentary plan view of the specimen holding
      portion of the flexure bar 42 and more clearly illustrates one possible
      shape of the second specimen 52. In this example, the specimen 52 has been
      narrowed at the mid section thereof to provide a predetermined sample
      cross-sectional area which can readily be altered as to thickness, length
      and width. The specimen 52 may also be readily removed and replaced upon
      the bar 42 by the removal of the screws 54.
PAR  FIG. 5 is an enlarged and inverted plan view of the specimen holding
      portion of the load bar 40. Similar to the view shown in FIG. 4, the
      specimen 46 is securably attached to the end of the bar 40 by the screws
      48 which permit ready removal and replacement of the specimen. Similar to
      the specimen shown in FIG. 4, specimen 46 is also illustrated by way of
      example as having a modified cross-sectional area which may be easily
      formed to provide different thicknesses, lengths, or widths. That portion
      of the load bar 40 underlying the area about each of the screws 48 is
      shown having an arc-like contour due to the desirability of providing
      sufficient bar strength about the threaded holes adapted to receive the
      screws 48. Although in the example of the foregoing embodiment, the
      specimens 46, 52 are shown placed, respectively, on load bar 40 and
      flexure bar 42 in an orthogonal arrangement, the specimens may just as
      easily be placed in any other convenient arrangement which will achieve
      the desired load stresses and relative motion between the interface of the
      contact surfaces of the specimens.
PAR  FIG. 6 illustrates an elevational view of a second embodiment of the
      present invention showing the application of a furnace 56 to the test
      fixture 10. The furnace 56 forms a heated cylinder which encloses the load
      bar 40, the flexure bar 42, and the mounted specimens 46, 52. Appropriate
      openings are provided at the respective ends of the furnace 56 to
      accomodate the bars and also to provide for the necessary freedom of
      movement of the bars during testing operations. The furnace 56 is attached
      to the top surface of the table 12 by a pair of supports 58. A plurality
      of tapping terminals 60 are provided at the top of the furnace 56 and are
      adapted to receive electrical energy which will heat the furnace.
      Temperature control is maintained within the furnace 56 by activating one
      or more of the appropriate terminals 60 to produce the desired amount of
      heat.
PAR  Referring now to FIGS. 1-5, the operation of the present invention will now
      be explained. Fretting specimens of the particular material that is
      desired to be tested such as, for example, titanium are machined to their
      desired shape and thickness. The machined specimens may be of equal
      thickness and are modified as shown in FIGS. 4 and 5 to include a
      predetermined cross sectional area when the specimens are mated in the
      test fixture. The specimens selected may also be constructed of different
      materials such as one from titanium sheet and one from aluminum sheet for
      evaluating a titanium-aluminum interface. Once the type of material and
      the shape of material are selected for the specimens, the shim 44 is sized
      to have a thickness equal to the combined thicknesses of the specimens 46,
      52. Each of the specimens 46, 52 are attached, respectively, to the load
      bar 40 and the flexure bar 42 in the manner shown in the drawings. The
      load bar 40, the selectively sized shim 44, and the flexure bar 42 are
      then clamped in the vise 14 by the screws 34. The other end of the flexure
      bar is then connected to the clamp 28 by means of the screws 50. During
      the actual testing operation by the fixture 10, it is necessary that
      opposing load forces be applied in a normal direction to each of the
      specimen surfaces and at the interface thereof. In addition, it is also
      necessary that relative movement or slip amplitude occur at the interface
      of the specimens 46, 52 thereby producing a fretting corrosion effect.
      Accordingly, the thickness, length, and materials comprising the bars 40,
      42 are preselected to set up initial testing conditions as to the stresses
      and loading forces to be applied to the specimens during the test.
      Moreover, the eccentricity of the cranking arm 22 will be adjusted to
      provide the desired degree of reciprocating stroking action and
      consequential flexing of the flexure bar between the vise 14 and the clamp
      28. The eccentricity of the flexing stroke as produced at the cranking arm
      22 is most easily adjusted in a conventional manner by moving the end of
      the arm 22 either nearer to or farther from the center of the disc 20 as
      permitted by a diametrical slot milled in the disc 20 and securing a bolt
      thereby which forms an axle for the end of the arm 22. Having secured the
      specimens to the respective bars and tightened the vise 14, an adjustment
      is made so as to provide for zero spacing between the specimens 46, 52
      when the cranking arm 22 is at the lowermost position of its stroke. This
      adjustment is most easily accomplished by manually placing the cranking
      arm at the lowermost stroke position and by adjusting the screw threads at
      the end of the arm end 24 so as to provide minimal surface contact at the
      specimens interface. Accordingly, it is intended in the present invention
      that after the foregoing adjustment has been made, the test specimens
      shall always be in contact with each other during the test operation and,
      consequentially, have a compressive load applied at the interface surfaces
      during the entire period of the test. The applied load, however, will
      alternately increase and decrease in a sinusoidal fashion according to the
      position of the flexing stroke.
PAR  To start the test procedure, the motor 16 is activated by the speed control
      30 to provide a desired rpm output at the shaft 18 which rpm will coincide
      with the frequency of the flexing action produced in the load bar 40 and
      flexure bar 42. As the reciprocating cranking arm 22 begins its upward
      stroke the flexure bar is flexed toward and against the load bar in a
      plane formed by the longitudinal axes of both bars. Both the flexure and
      load bar bend in an upward direction with the result that the specimens
      46, 52, which are secured to the respective bars, begin to move relative
      to each other with a shear-like motion. The relative distance over which
      the specimens move is known as the slip amplitude. The opposing loads
      produced by the flexing load bar 40 and the flexure bar 42 at the
      interface of the specimens while testing titanium materials, for example,
      have resulted in normal load forces of up to 850 psi, while the slip
      amplitude at the interface of the titanium specimens has been
      approximately 0.001 inch. The counter 32 is conveniently employed to count
      the number of strokes or flexures at the specimens interface and produces
      an accurate indication of the number of fretting strokes to which the
      specimens have been subjected during the test.
PAR  Referring now to FIG. 6 there is shown a second embodiment of the present
      invention in which a cylindrical furnace 56 is mounted on the test fixture
      table 12 by means of supports 58 to enclose portions of the bars 40, 42 as
      well as the secured specimens 46, 52. In operation, the furnace is heated
      to a temperature which is controlled and selected by application of an
      electrical power source to one or more of the terminals 60 provided at the
      top of the furnace 56. Each of the terminals 60 are connected in a
      conventional manner to various portions of a heating element (not shown)
      within the furnace 56. The furnace 56 is sufficiently sealed at the
      respective ends thereof to contain the heat but provides for openings
      sufficient to pass the bars 40, 42 and allow for unrestricted flexing
      movement. As is well known in the art, fretting corrosion will vary with
      increased temperatures and it is desirable to examine the effects of such
      corrosion upon appropriate specimens at a variety of temperature
      environments. This embodiment of the present invention thus provides a
      convenient method of enclosing the test specimens within a high
      temperature environment, all of which is done in a work area which is
      easily accessible to the test operator.
PAR  Test specimens other than metal such as plastics, coatings, or lubricants
      are easily adaptable for use within the present invention. At the end of
      the test of such specimens, fretting corrosion may be evaluated by noting
      the amount and composition of debris produced by the test or by other
      testing standards such as the reduced weight or volume of the test
      specimens.
PAR  Thus it may be seen that there has been provided a novel fretting corrosion
      test fixture which generates a corrosive action upon a variety of test
      materials and which testing may be conveniently accomplished in high
      temperature environments.
PAR  Obviously, many modifications and variations of the invention are possible
      in light of the above teachings. It is therefore to be understood that
      within the scope of the appended claims the invention may be practiced
      otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test fixture for fretting corrosion testing of first and second
      material specimens, comprising in combination:
PA1  clamping means;
PA1  a flexure bar fixed at one end in said clamping means and formed to secure
      the first specimen intermediate the ends thereof;
PA1  a load bar fixed at one end in said clamping means parallel to said flexure
      bar and formed to secure the second specimen near the other end thereof
      and in abutment with the first specimen; and
PA1  force exerting means connected to the other end of said flexure bar for
      producing a reciprocating force thereon in the plane formed by the
      respective longitudinal axes of said flexure and said load bars, said
      force exerting means including an adjustable means for maintaining a
      compressive load applied at the specimen interface surface during the
      application of said reciprocating force.
NUM  2.
PAR  2. A fretting corrosion test fixture according to claim 1 further
      comprising:
PA1  a shim fixed in said clamping means and positioned intermediate the fixed
      ends of said flexure bar and said load bar, said shim having a thickness
      equal to the combined thicknesses of the first and second specimens
      between said bars for providing a predetermined spacing between said bars.
NUM  3.
PAR  3. A fretting corrosion test fixture according to claim 2 wherein said
      force exerting means further comprises:
PA1  motor means; and
PA1  an eccentric drive assembly drivingly connected between said flexure bar
      and said motor means for producing said reciprocating force.
NUM  4.
PAR  4. A fretting corrosion test fixture according to claim 3 wherein said
      flexure bar is triangular in shape having at said other end an apex
      engaged by said eccentric drive assembly and at said one end a base fixed
      in said clamping means.
NUM  5.
PAR  5. A fretting corrosion test fixture according to claim 3 wherein said load
      bar is triangular in shape having at said other end an apex formed to
      secure the second specimen and at said one end a base fixed in said
      clamping means.
NUM  6.
PAR  6. A test fixture for fretting corrosion testing of first and second
      material specimens in a variable temperature environment, comprising in
      combination:
PA1  clamping means;
PA1  a flexure bar fixed at one end in said clamping means and formed to secure
      the first specimen intermediate the ends thereof;
PA1  a load bar fixed at one end in said clamping means parallel to said flexure
      bar and formed to secure the second specimen near the other end thereof
      and in abutment with the first specimen;
PA1  force exerting means connected to the other end of said flexure bar for
      producing a reciprocating force thereon in the plane formed by the
      respective longitudinal axes of said flexure and said load bars, said
      force exerting means including an adjustable means for maintaining a
      compressive load applied at the speciment interface during the application
      of said reciprocating force; and
PA1  heating means enclosing said load bar and said flexure bar intermediate
      said clamping means and said force exerting means for increasing the
      environmental temperature about the first and second specimens.
NUM  7.
PAR  7. A fretting corrosion test fixture according to claim 6 further
      comprising:
PA1  a shim fixed in said clamping means and positioned intermediate the fixed
      ends of said flexure bar and said load bar, said shim having a thickness
      equal to the combined thicknesses of the first and second specimens
      between said bars for providing a predetermined spacing between said bars.
NUM  8.
PAR  8. A fretting corrosion test fixture according to claim 7 wherein said
      force exerting means further comprises:
PA1  motor means; and
PA1  an eccentric drive assembly drivingly connected between said flexure bar
      and said motor means for producing said reciprocating force.
NUM  9.
PAR  9. A fretting corrosion test fixture according to claim 8 wherein said
      flexure bar is triangular in shape having at said other end an apex
      engaged by said eccentric drive assembly and at said one end a base fixed
      in said clamping means.
NUM  10.
PAR  10. A fretting corrosion test fixture according to claim 8 wherein said
      load bar is triangular in shape having at said other end an apex formed to
      secure the second specimen and at said one end a base fixed in said
      clamping means.
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ABST
PAL  The method of measuring dynamic characteristics of materials consists in
      obtaining, in the course of measurement, a control current which ensures
      oscillations of a specimen of a material at a preset amplitude and
      frequency. Then, real and imaginary components of the control current are
      discriminated, and two restoring currents are generated; these currents
      are summated, and the total current is used to control the movement of the
      specimen; after that, the real and imaginary components of the control
      current are discriminated for the second time, and their value, as well as
      the values of the restoring currents and the preset amplitude and
      frequency of the deformation of the specimen are used to calculate dynamic
      characteristics of the material.
BSUM
PAR  The present invention relates to dynamic studies of materials in the
      infralow frequency range, and more particularly to a method of measuring
      dynamic characteristics of materials and a device for effecting same.
      Measured by means of forced oscillations of a specimen of a material are
      the following dynamic characteristics of materials: the modulus of
      elasticity, the modulus of loss due to uniform deformation, the dynamic
      viscosity and the dynamic loss angle.
PAR  In the prior art, there is a method of measuring dynamic characteristics of
      materials, for example, by means of forced torsional oscillations.
PAR  This prior-art method consists in obtaining an exciting current, which is
      converted into a torque and applied to a tested specimen of a material,
      and in subsequent measuring the angle of twist of the specimen, the
      amplitudes of the exciting current and of the oscillations of the specimen
      and the phase difference therebetween are used to calculate dynamic
      characteristics of the material.
PAR  A disadvantage of the prior-art method is that it is time-consuming, limits
      the frequency range on the side of the low frequencies (which are no less
      than 10.sup..sup.-3 Hz) and fails to ensure a required accuracy of
      measurement.
PAR  In the prior art, there is also an apparatus for effecting the above method
      of measuring dynamic characteristics of a material.
PAR  This apparatus comprises an actuating coil, an infralow frequency
      oscillator, the voltage across the output thereof being proportional to
      the current energizing the actuating coil which is placed in a uniform
      field of a permanent magnet and is rigidly fixed to a specimen of a
      material placed in a thermostatic chamber provided with a temperature
      controller, an angle transducer with an a.c. voltage amplifier, a
      demodulator and an analyzer.
PAR  The voltage across the output of the infralow frequency oscillator
      initiates a current which flows through the actuating coil and interacts
      with the uniform field of the permanent magnet, producing a torque which
      is applied to the specimen. Under the action of the torque, the actuating
      coil oscillates together with the specimen; the transient being over, the
      oscillations acquire a sinusoidal form. By means of the angle transducer,
      the a.c. voltage amplifier and the demodulator, these oscillations are
      registered by the analyzer.
PAR  Simultaneously, with the aid of the a.c. voltage amplifier, the analyzer
      registers oscillations of the exciting current through the actuating coil.
PAR  A disadvantage of this prior-art apparatus is that the value of the torque
      which is applied to a specimen of a material to obtain an amplitude of
      oscillations within the linear deformation range, is unknown, which
      necessitates trial disturbances; that, in turn, results in a substantial
      waste of time, especially when working in the infralow frequency range,
      and also makes it difficult to process the results of measurements and
      prolongs transients which depend upon the properties of the specimen and
      the frequency of the torque.
PAR  It is an object of the present invention to provide a method of measuring
      dynamic characteristics of materials by means of forced oscillations of a
      specimen of a material in the infralow frequency range. Another object of
      the present invention is to provide an apparatus for effecting same.
PAR  The essence of the invention in this case is that the proposed method of
      measuring dynamic characteristics of materials by means of forced
      oscillations of a specimen of a material in the infralow frequency range
      consists in obtaining, according to the invention, in the course of
      measurement, a control current which is converted into a mechanical stress
      of the specimen, ensuring oscillations thereof at a preset amplitude and
      frequency, whereafter a real and an imaginary components of the control
      current are discriminated, analyzed, and two restoring currents are
      generated, one being in phase and commensurable with the real component of
      the control current, whereas the other is in phase and commensurable with
      the imaginary component of the control current, then the control current
      and the two restoring currents are summated, and the total current, which
      is converted into a mechanical stress of the specimen, serves to control
      the movement of the latter, whereafter the real and imaginary components
      of the control current are discriminated for the second time, and the
      values of the components of the control current, the values of the
      restoring currents and the preset frequency and amplitude of the
      deformation of the specimen of a material are used, with due consideration
      to the shape of the specimen, to calculate dynamic characteristics of the
      material, since the sum of the real components of the control and
      restoring current is proportional to the dynamic modulus of elasticity,
      while the sum of the imaginary components of the control and restoring
      currents is proportional to the dynamic modulus of losses.
PAR  The invention also resides in that the proposed apparatus for effecting the
      above method of measuring dynamic characteristics comprises an actuating
      coil made of a wire in the form of a loop with a mirror attached thereto,
      which is placed in a uniform field of a permanent magnet, a
      thermocryostatic chamber with a program temperature controller, a specimen
      of a material and two holders which adjust the specimen inside the
      thermocryostatic chamber, a rod, a normal stress compensator secured by
      means of the rod to a holder of the specimen and, through that holder, to
      one end of the specimen, whereas the other end of the specimen is rigidly
      fixed by means of its second holder and a second rod to the actuating
      coil, and infralow frequency oscillator electrically connected to the
      actuating coil and to an analyzer, a prism, two differentially connected
      photocells optically associated via the prism with the mirror of the
      actuating coil, an a.c. voltage amplifier connected to the two
      differentially connected photocells, and a demodulator connected to the
      a.c. voltage amplifier, the essential feature of the apparatus being that,
      in accordance with the invention, the actuating coil with the mirror
      attached thereto, the prism, the two differentially connected photocells,
      the a.c. voltage amplifier and the demodulator make up a closed follow-up
      circuit which also comprises a galvanometer with a mirror, placed in the
      uniform field of the permanent magnet together with the actuating coil,
      the mirror of the galvanometer being optically associated with that of the
      actuating coil, an optical modulator, a laser optically associated via the
      optical modulator and the mirror of the actuating coil with the mirror of
      the galvanometer, the common load of the two differentially connected
      photocells coupled to the a.c. voltage amplifier, a d.c. voltage amplifier
      connected to the demodulator and the analyzer, a buffer amplifier
      connected to the d.c. voltage amplifier, a summing amplifier connected to
      the buffer amplifier and the actuating coil, whereas the infralow
      frequency oscillator having an output with a stabilized zerophase voltage
      thereacross is incorporated into a means for setting the amplitude and
      frequency of oscillations of the specimen, which also comprises a
      precision attenuator connected to the galvanometer and also coupled to the
      output of the infralow frequency oscillator, with a stabilized zerophase
      voltage thereacross, the infralow frequency oscillator presetting the
      frequency of electric oscillations and the precision attenuator, their
      amplitude.
PAR  It is expedient that the infralow frequency oscillator having an output
      with a stabilized zero-phase voltage thereacross and the actuating coil be
      incorporated into an open circuit for proportional control of the movement
      of the actuating coil, which circuit also incorporate a second precision
      attenuator, a summing amplifier connected to the actuating coil and, via
      the second precision attenuator, to the output of the infralow frequency
      oscillator with a stabilized zero-phase voltage thereacross; it is also
      expedient that the infralow frequency oscillator having another output
      with a stabilized voltage across displaced in phase by 90.degree. with
      respect to the stabilized zero-phase voltage and the actuating coil make
      up another open circuit for proportional control of the movement of the
      actuating coil, which circuit also incorporates a third precision
      attenuator and a summing amplifier connected to the actuating coil and,
      via the third precision attenuator, to the output of the infralow
      frequency oscillator, the stabilized voltage whereacross is displaced in
      phase by 90.degree. with respect to the stabilized zero-phase voltage.
PAR  The application of the proposed method of measuring dynamic characteristics
      of materials and the device for effecting same substantially reduces
      operator man hours and expands the tested frequency range, which has made
      it possible to solve such classical problems as checking the method of the
      superposition of temperature and time, i.e. checking the equivalence of
      variations in dynamic characteristics of materials due to a disturbance
      frequency, on the one hand, and the temperature of materials, on the
      other.
PAR  The present invention permits of testing materials at temperatures ranging
      from -100.degree.C to +300.degree.C with an accuracy of .+-.0.5.degree.C
      and at frequencies ranging from 1.0 to 10.sup..sup.-6 Hz.
DRWD
PAR  The invention will now be explained in greater detail with reference to
      embodiments thereof taken in conjunction with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a block diagram of a device for effecting the proposed method of
      measuring dynamic characteristics, in accordance with the invention;
PAR  FIG. 2 is an electric circuit of the a.c. voltage amplifier of the device,
      in accordance with the invention;
PAR  FIG. 3 is an electric circuit of the demodulator of the device, in
      accordance with the invention;
PAR  FIG. 4 is an electric circuit of the d.c. voltage amplifier of the device,
      in accordance with the invention;
PAR  FIG. 5 is an electric circuit of the analyzer of the device, in accordance
      with the invention;
PAR  FIG. 6 is an electric circuit of the infralow frequency oscillator of the
      device, in accordance with the invention;
PAR  FIG. 7 is an isometric representation of the optical system of the device,
      in accordance with the invention.
DETD
PAR  Consider now the proposed method of measuring dynamic characteristics of
      materials.
PAR  The behavior of specimens of materials, for example, due to shearing
      strains resulting from torsional oscillations is generally described by
      the following formula:
EQU  .tau..theta." + A.sup.. .eta.(.theta.',.theta.).sup.. .theta.' + A.sup.. G
      (.theta.',.theta.).sup.. .theta. = M(t)                   (1)
PAL  where
PA1  .tau. is the main central moment of inertia,
PA1  .theta. is the angle of deflection of a specimen of a material with respect
      to its equilibrium position (the angle of twist of a specimen),
PA1  A is the shape factor of a specimen of a material,
PA1  .eta.(.theta.', .theta.) is the dynamic viscosity of a material,
PA1  G(.theta.', .theta.) is the dynamic modulus of elasticity of a material,
PA1  t is time,
PA1  M(t) is the disturbing moment (the torque).
PAR  With small relative shearing strains, when there is a linear dependence of
      the deformation of a specimen of a material upon an applied mechanical
      stress, the equation (1) assumes the following form:
EQU  .tau..theta." + A.sup.. .eta.(.theta.').sup.. .theta.' + A.sup..
      G(.theta.').sup.. .theta. = M(t)                          (2)
PAR  Changes in the relationships between .eta.(.theta.') and G(.theta.') are
      measured with the aid of a harmonic analysis by means of forced
      oscillations of the specimen at a frequency .omega..
PAR  Now the equation of the movement of the specimen takes the following form:
EQU  .tau..theta." + A.sup.. .eta.(.omega.).theta.' + AG(.omega.).theta. = M
      Sin(.omega.t + .phi.o)                                    (3)
PAL  where
PA1  .theta. is the amplitude of oscillations of the specimen and
PA1  .phi.o is the initial phase angle of the disturbing moment.
PAR  In accordance with the invention, a control current is obtained and is
      converted into a mechanical stress of the specimen, for example, into a
      torque M(t) which ensures oscillations of the specimen at a preset
      amplitude .alpha. and frequency .omega., through comparing actual
      oscillations .theta.(t) of the specimen to preset oscillations .alpha.sin
      .omega.t i.e. the torque.
EQU  M(t) = K[.alpha.sin.omega.t - .theta.(t)]                  (4)
PAL  where k is the proportionality constant.
PAR  In the infralow frequency range, with f .ltoreq. 1.0 Hz, the presence of
      the term of inertia .tau..theta." in the equation (3) is ignored due to
      its small value; now the equation of the movement of the specimen assumes
      the following form:
EQU  .eta..theta.' + G.theta. = k (.alpha.sin .omega.t - .theta.) (5)
PAL  where
PA1  .eta. = A.eta.(.omega.)
PA1  G = ag(.omega.)
PA1  .theta. = .theta.(t)
PAL  or
      ##EQU1##
PAR  Integrating this equation, we obtain the following:
      ##EQU2##
      where
      ##EQU3##
      and
PAR  The attenuation time constant of the transient is
      ##EQU4##
PAR  If we assume, for example, that k = 200 .omega..eta.and G is of any value,
      then
      ##EQU5##
      and
      ##EQU6##
      where T is the period of forced oscillations of the specimen.
PAR  Thus, .tau.&lt;10.sup..sup.-3 T, i.e. the attenuation time constant of the
      transient of stabilizing forced harmonic oscillations is less than
      10.sup..sup.-3 of a period T of preset oscillations.
PAR  The attenuation term .theta. damped of the equation, under these
      conditions, has a maximum amplitude with t = 0.
      ##EQU7##
      assuming that k = 200 .eta..omega..
PAR  Thus, forced angular oscillations of the specimen are stabilized
      practically instantaneously.
PAR  For .theta. steady-state we have:
      ##EQU8##
      where
      ##EQU9##
PAR  In this case, the amplitude error .xi. is proportional to the difference
      between the preset and actual amplitudes of oscillations.
      ##EQU10##
PAR  With k = 200 .omega..eta., .xi..sub..alpha..ltoreq.0.0013, i.e., it does
      not exceed 0.13 percent. This means that the amplitude of oscillations of
      the specimen .theta. is equal, with an error of 0.13 percent, to the
      present amplitude of oscillations .alpha..
PAR  The phase error is equal to the difference between the phases of the preset
      oscillations, whose phase is assumed to be equal to 0.degree., and those
      of oscillations of the specimen, whose phase is equal to arctg
      ##EQU11##
      With k = 200 .omega..eta.. .xi..phi..ltoreq.0.005 radn .apprxeq.17'.
PAR  This means that the oscillations of the specimen lag behind the preset
      oscillations in phase by 17'.
PAR  Under steady-state conditions, the specimen is acted upon by a torque equal
      to M.sub.steady-state.
      ##EQU12##
PAR  If we neglect the phase and amplitude errors, .xi..alpha. and .xi..phi.,
      i.e. if we assume that k .fwdarw..infin., the equation (14) will assume
      the following form:
EQU  M steady-state =-.alpha.G sin.omega.t +.alpha..omega..eta.cos .omega.t (15)
PAR  The control current Iy is proportional to the steady-state moment.
EQU  I.sub.y = K.sub.1 M.sub.steady-state                       (16)
PAL  or
EQU  I.sub.Y = K.sub.1 (-.alpha.Gsin.delta.t+.alpha..omega..eta.cos.omega.t)(17)
PAR  The real and imaginary components of the control current are discriminated.
      To generalize,
EQU  I.sub.y *=-K.sub.1 G + K.sub.1 j.alpha..omega..eta.        (18)
PAL  where K, .alpha.G is the real component of the control current and
      jk.alpha..omega..eta. is the imaginary component of the control currnet;
      the real and imaginary components of the control current are analyzed and,
      to reduce measurement errors, two restoring currents, Ik.sub.1 and
      jIk.sub.2, are generated, one being in phase and commensurable with the
      real component of the control current, while the other is in phase and
      commensurable with the imaginary component of the control current; then,
      the currents Iy, Ik.sub.1 and jIk.sub.2 are summated, and a total current
      is obtained:
EQU  I.sub..SIGMA.* =I.sub.y *.fourthroot.K.sub.1 +jI.sub.K2 +(I.sub.y +I.sub.K1
      -jI.sub.K2)                                               (19)
PAR  the total current I.sub..SIGMA.*. is converted into a mechanical stress of
      the specimen and is used to control the movement of the latter. After
      that, the real and imaginary components of the control current, Iy.sub.1
      and jIy.sub.2, are discriminated for the second time
EQU  I.sub.y1 *=I.sub.y -I.sub.K1 -I.sub.K2 =-K.sub.1 .alpha.G+jK.sub.1
      .alpha..omega..eta.-I.sub.K1 -jI.sub.K.sbsb.2 =I.sub.y1 +jI.sub.y2(20)
PAR  Substituting Eq. (20) into (19), we obtain the following:
EQU  I.sub..SIGMA.*=I.sub.y *=I.sub.K.sbsb.1+jI.sub.K.sbsb.2 +I.sub.y1
      +jI.sub.y2 =(I.sub.K.sbsb.1 +I.sub.y2)+j(I.sub.K.sbsb.2 +I.sub.y2)(21)
PAR  The values of the components Iy.sub.1 and Iy.sub.2 of the control current,
      the values of the restoring currents Ik.sub.1 n and jIk.sub.2 and the
      preset frequency and amplitude of the deformation of the specimen are
      used, with due consideration to the shape A of the specimen, to calculate
      dynamic characteristics of the material.
PAR  Substituting the value of I.sub.y *. from Eq. (18) in Eg. 21, we obtain:
EQU  -K.sub.1 .alpha.G+j.alpha..omega..eta.=(I.sub.K.sbsb.1
      +I.sub.y1)+j(I.sub.K.sbsb.2 +I.sub.y2)                    (22)
PAR  Thus,
EQU   -K.sub.1 .alpha.G=I.sub.K.sbsb.1 +I.sub.y.sbsb.1
EQU  -K.sub.1 .alpha..omega..eta.=I.sub.K.sbsb.2 +I.sub.y.sbsb.2(23)
PAR  Substituting the values of .eta. and G from Eq. (5), we obtain:
EQU  -K.sub.1 .alpha.AG(.omega.)=I.sub.K.sbsb.1 +I.sub.y.sbsb.1
EQU  K.sub.1 .alpha..omega.A(.omega.)=I.sub.K.sbsb.2 +I.sub.y.sbsb.2(24)
PAR  From this, the dynamic modulus of elasticity G(.omega.) of the material is
      obtained:
      ##EQU13##
      the dynamic loss modulus .omega..eta.(.omega.) of the material:
      ##EQU14##
      the dynamic viscosity of the material:
      ##EQU15##
      the loss angle tangent:
      ##EQU16##
PAR  The use of two restoring currents raises the accuracy of measurements and
      the range of relationships between the modulus of elasticity of a material
      under measurement and the loss modulus of that material, i.e.
      ##EQU17##
      where .delta. is the loss angle.
PAR  This results in a greater number of dynamic moduli of materials being
      measured and, consequently, in an enlarged class of materials to be
      measured. Here and elsewhere in the present description, the term "class"
      denotes a group of materials with the utmost diversity of dynamic
      characteristics.
PAR  Consider, for example, a polymer, say, polybutadiene with the value
      ##EQU18##
      where .omega..sub.o is a certain measurement frequency, for example,
      .omega..sub.o = 0.1. In the course of measurement, a control current is
      obtained and converted into a mechanical stress of a specimen of
      polybutadiene to ensure oscillations thereof at an amplitude that differs
      from the preset one, for example, by 0.5 percent; therewith, a real and
      imaginary components of the control current are discriminated with an
      error of, say, .+-.1 percent which is adjusted to the value of the control
      current. Under these conditions, the real component of the control current
      is not determined with a sufficient accuracy, as the real component of the
      control current, which is proportional to the dynamic modulus of
      elasticity G(.omega..sub.o), in our example constitutes 0.01 of the
      imaginary component of the control current, which, in turn, is
      proportional to the loss modulus .omega..sub.o .eta.(.omega..sub.o) and is
      equal to 0.01 of the total control current, whereas the total error of
      measuring the total control current in this example equals to 1 percent +
      0.5 percent = 1.5 percent, or 0.015 of the control current; the imaginary
      component is determined with an error of 1.5 percent. A restoring current
      jIk.sub.2 is generated, which is in phase with the real component of the
      control current Iy and is equal, for example, to 0.99 of the value of the
      imaginary component of control current; these currents are summated
EQU  I.sub..SIGMA.=jI.sub.K2 +(I.sub.y -jI.sub.K2) = jI.sub.K2 +I.sub.y '
PAL  and the total current I.sub..SIGMA. converted into a mechanical stress
      which is applied to the specimen of polybutadiene, is used to control the
      movement of that specimen, therewith, the real and imaginary components of
      the control current Iy.sub.1 and jIy.sub.2 are discriminated for the
      second time.
EQU  Iy' = Iy.sub.1 + jIy.sub.2
PAL  With the same control error of 0.5 percent, in our example Iy.sub.1 =
      jI.sub.2, as the value of the real component Iy.sub.1 remains unchanged
      after the introduction of the restoring current jIk.sub.2 and is equal,
      according to our assumption, to 0.01 of the imaginary component of the
      control current, jIy.sub.2. The error of measuring the components Iy.sub.1
      and jIy.sub.2 equals
      ##EQU19##
      the real component of the total current Iy.sub.1 is determined with an
      error of 1.9 percent, while the imaginary component is determined with an
      error of the determination of jIk.sub.2, for example, 0.1 percent. Thus,
      in our example the relation of dynamic moduli tg .delta. = 100 is measured
      with an error of no more than 2 percent (0.02), and the loss angle .delta.
      error is equal to
      ##EQU20##
PAR  Consider now the proposed apparatus for effecting the above method of
      measuring dynamic characteristics of materials, for example, for measuring
      dynamic characteristics of polymers.
PAR  The apparatus for effecting the above method of measuring dynamic
      characteristics of polymers comprises a thermocryostatic chamber 1
      containing a specimen 2 of a polymer fixed by holders 3 and 4. The
      thermocryostatic chamber I is coupled to a program temperature controller
      5.
PAR  The lower holder 3 of the specimen is attached by a rod 6 to a compensator
      7 of normal stresses which occur as a result of changes in the temperature
      of the specimen 2.
PAR  The upper holder 4 of the specimen is coupled by a rod 8 to an actuating
      coil 9 with a mirror 10 attached thereto. The actuating coil 9 is made of
      a wire in the form of a loop and is placed in a uniform field of a
      permanent magnet 11 by means of a suspension 12.
PAR  In the uniform field of the permanent magnet 11, there is also a
      galvanometer 13 with a mirror 14.
PAR  The mirror 10 of the actuating coil 9 is optically associated with a laser
      15 via an optical modulator 16 to obtain a highly collimated beam
      modulated by a higher frequency. Said mirror 10 is also optically
      associated with the mirror 14 of the galvanometer 13 and, via a prism 17
      made at a critical angle, with photocells 18 and 19 to obtain a voltage
      which is proportional to the difference between rotation angles of said
      galvanometer 13 and said actuating coil 9. The critical angle of the prism
      is indispensable for a complete reflection of a beam.
PAR  The differentially connected photocells 18 and 19 are energized by a d.c.
      current source 20 with a central tap and are connected via a potentiometer
      21 to a common load resistor 22. The potentiometer 21 and the common load
      resistor 22 make up a common load of the two differentially connected
      photocells 18 and 19.
PAR  Connected to said common load resistor 22 is an a.c. voltage amplifier 23
      with the purpose of amplifying the voltage proportional to a difference
      between the rotation angles of said galvanometer 13 and the actuating coil
      9.
PAR  The output of said a.c. voltage amplifier 23 is connected to a demodulator
      24 in order to obtain a voltage of a preset frequency. The output of said
      demodulator 24 is connected to the input of a d.c. voltage amplifier 25
      with circuits for amplitude and phase correction of the voltage
      proportional to the control current flowing through the actuating coil 9.
PAR  The output of said d.c. voltage amplifier 25 is connected to an analyzer 26
      and, via a resistor 27, to an operational amplifier 28, whose feedback
      circuit includes a resistor 28'.
PAR  Said operational amplifier 28 with the resistor 27 at its input and the
      resistor 28' in its feedback circuit make up a buffer amplifier used for
      matching the input and output electric circuits.
PAR  The output of the operational amplifier 28 is connected via a resistor 29
      to the input of a summing amplifier 30 with a resistor 31 in its feedback
      circuit for transmitting thereto a voltage proportional to said control
      current. The output of the amplifier 30 is connected to the actuating coil
      9 to apply the control current to the actuating coil 9.
PAR  Said galvanometer 13 with the mirror 14, said mirror 10 of the actuating
      coil 9 optically associated with the laser 15 via the optical modulator 16
      and also optically associated with the mirror 14 of the galvanometer 13,
      the prism 17, the two differentially connected photocells 18 and 19 with
      the common load resistor 22, which are optically associated via the prism
      17 with the mirror 10 of the actuating coil 9, the series-connected a.c.
      voltage amplifier 23 connected to the common load resistor 22, demodulator
      24, buffer amplifier, summing amplifier 30 and the actuating coil 9 make
      up a closed follow-up circuit.
PAR  The apparatus for measuring dynamic characteristics of polymers also has an
      infralow frequency oscillator 32, connected thereto is the analyzer 26 to
      generate reference voltage.
PAR  Connected to an output 33 of said infralow frequency oscillator 32 are
      precision potentiometers 34 and 35. A cursor 36 of the potentiometer 35 is
      connected via a resistor 37 to the input of an operational amplifier 38
      with a resistor 39 in its feedback circuit.
PAR  Said potentiometer 35, the resistor 37 and the operational amplifier 38
      with the resistor 39 in its feedback circuit make up a precision
      attentuator.
PAR  Said infralow frequency oscillator 32 with the output 33 with a stabilized
      zero-phase voltage thereacross and said precision attenuator make up a
      means for setting the amplitude and frequency of oscillations of the
      specimen 2.
PAR  Connected to the output of the operational amplifier 38 is the galvanometer
      13 for obtaining oscillations of a preset amplitude and frequency.
PAR  A cursor 40 of the potentiometer 34 is connected via a resistor 41 to an
      operational amplifier 42 which is connected via a resistor 43 to the
      summing amplifier 30. One of resistors 44, 45 and 46 is connected to the
      feedback circuit of the amplifier 42 via a switch 47.
PAR  Said potentiometer 34, the resistor 41, the operational amplifier 42, the
      resistors 44, 45 and 46 connected to the feedback circuit of the amplifier
      42 via a switch 47 make up a second precision attentuator.
PAR  Said infralow frequency oscillator 32 with the output 33 with a stabilized
      zero-phase voltage thereacross, said second precision attenuator, said
      summing amplifier 30 and said actuating coil 9 make up an open circuit for
      proportional control of the movement of the actuating coil 9.
PAR  Connected to an output 48 of the infralow frequency oscillator 32 is a
      potentiometer 49 whose cursor 49' is connected via a resistor 50 to an
      amplifier 51 coupled via a resistor 52 to the summing amplifier 30. One of
      resistors 53, 54 and 55 is connected to the feedback circuit of the
      amplifier 51 via a switch 56.
PAR  Said potentiometer 49 resistor 50, operational amplifier 51, and resistors
      53, 54 and 55 connected to the feedback circuit of the amplifier 51 via
      the switch 56 make up a third precision attenuator.
PAR  Said infralow frequency oscillator 32 with the output 48, the stabilized
      voltage whereacross is displaced in phase by 90.degree. with respect to
      the stabilized zero-phase voltage, said third precision attenuator, said
      summing amplifier 30 and said actuating coil 9 make up a second open
      circuit for proportional control of the movement of the acctuating coil 9.
PAR  Connected to the common load resistor 22 of the differentially connected
      photocells 18 and 19 is an input 57 (FIG. 2) of the a.c. voltage amplifier
      23. The input stage of the a.c. voltage amplifier 23 comprises a
      field-effect transistor 58 with an automatic bias resistor 59, a grid leak
      resistance 60, a separating capacitor 61 and a load resistor 62. The load
      resistor 62 is connected via a separating capacitor 63 to an a.c. voltage
      amplifier 64. The transistorized a.c. voltage amplifier 64 is connected
      via a selective circuit. comprising series-connected resistors 65, 66 and
      a capacitor 67 and an inductance coil 68 connected in parallel, to a
      transistorized a.c. voltage amplifier 69.
PAR  Connected to the output of the a.c. voltage amplifier 69 via a separating
      capacitor 70 is a phase shifter comprising a transistor 71 with two load
      resistors 72 and 73. The base of the transistor 71 is connected to a
      voltage divider incorporating resistors 74 and 75. Connected to a terminal
      76 is the negative terminal of a power source (not shown).
PAR  Connected to the resistors 72 and 73 are a series-connected rheostat 77 and
      capacitor 78, respectively, which are also connected via a separating
      capacior 79 to a transistorized a.c. amplifier 80.
PAR  Connected to the output of the a.c. amplifier 80 is a transformer 81 with
      output terminals 82, connected whereto are input terminals 83 (FIG. 3) of
      the demodulator 24.
PAR  The demodulator 24 comprises two identical four-arm diode bridges and a
      transformer 84 connected via terminals 85 to a reference generator (not
      shown). One bridge, comprising diodes 86, 87, 88 and 89, two resistors 90
      and 91 and a potentiometer 92, is connected to the transformer 84 via a
      ballast resistor 93. The other bridge, comprising diodes 94, 95, 96 and
      97, two resistors 98 and 99 and a potentiometer 100, is connected to the
      transformer 84 via a ballast resistor 101. Cursors of the potentiometers
      92 and 100 are interconnected and coupled to an output 102 of the
      demodulator 24.
PAR  Also connected to the output 102 of the demodulator 24 is an input 103
      (FIG. 4) of the d.c. voltage amplifier 25 with amplitude-and-phase
      correction circuits.
PAR  The d.c. voltage amplifier 25 comprises an operational amplifier 104 and
      three amplitude-and-phase correction circuits commutated by switches 105
      and 106 fitted on one axle.
PAR  An amplitude-and-phase correction circuit for fluid polymers comprises
      capacitors 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118 and
      resistors 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
      132, 133 in the input circuit of the operational amplifier 104 and a
      resistor 134 in its feedback circuit. The amplitude-and-phase correction
      circuit for solid polymers comprises capacitors 135, 136 and resistors
      137, 138, 139, 140 in the input circuit of the operational amplifier 104
      and a resistor 141 and a capacitor 142, connected in parallel, in its
      feedback circuit. The amplitude-and-phase correction circuit for elastic
      polymers comprises capacitors 143, 144, 145, 146, 147, 148, 149, 150 and
      resistors 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162 in
      the input circuit of the operational amplifier 104 and a resistor 163 and
      a capacitor 164, connected in parallel in its feedback circuit. An output
      165 of the d.c. voltage amplifier 25 is connected to an input 166 (FIG. 5)
      of the analyzer 26 and, via the resistor 27, to the input of the amplifier
      28 (FIG. 1).
PAR  The analyzer 26 (FIG. 5) comprises two matching seriesconnected operational
      amplifiers 167 and 168 with resistors 169 and 170 in their input circuits
      and resistors 171 and 172 in their feedback circuits, respectively, two
      integrators identically incorporating operational amplifiers 173 and 174,
      two direct-conversion receivers incorporating relays 175 and 176, two
      counters 177 and 178 and two digital voltmeters 179 and 180.
PAR  The relay 175 is connected to the output of an operational amplifier 181
      with an input resistor 182 and a circuit comprising a resistor 183
      connected in series with two semiconductor diodes, which are in series
      opposition in its feedback circuit performing the function of a null
      indicator, whose input 186 is connected to the output 33 (FIG. 1) of the
      oscillator 32 with a stabilized zero-phase voltage thereacross.
PAR  Contacts 187 (FIG. 5) of the relay 175 are connected to the operational
      amplifiers 167 and 168 and to a switch 188, alternately connected whereto
      are resistors 189, 190, 191, 192, 193 and 194 of the input circuit of the
      operational amplifier 173. Alternately connected to the feedback circuit
      of the operational amplifier 173 via a switch 195 are capacitors 196, 197,
      198, 199, 200 and 201 which discharge through contacts 202 of a relay 203
      connected to the counter 177 of alternations of the voltage of the
      oscillator 32.
PAR  Connected to the operational amplifier 173 is the digital voltmeter 179
      coupled to the counter 177 to synchronize the starting of the digital
      voltmeter 179.
PAR  The relay 176 is connected to an operational amplifier 204 which performs
      the function of a null indicator, whose input 205 is connected to the
      output 48 (FIG. 1) of the oscillator 32 stablized voltage whereacross is
      displaced in phase by 90.degree. with respect to the stabilized zero-phase
      voltage. The input circuit of the operational amplifier 204 (FIG. 5)
      comprises a resistor 206, while its feedback circuit incorporates a
      resistor 207 connected in series with semiconductor diodes 208 and 209
      which are connected in parallel opposition.
PAR  Contacts 210 of the relay 176 are connected to the operational amplifiers
      167 and 168 and to a switch 211, alternately connected whereto are
      resistors 212, 213, 214, 215, 216 and 217 in the input circuit of the
      operational amplifier 174. Alternately connected to the feedback circuit
      of the operational amplifier 174 via a switch 218 are capacitors 219, 220,
      221, 222, 223 and 224 which discharge through contacts 225 of a relay 226
      connected to the counter 178.
PAR  Connected to the operational amplifier 174 is the digital voltmeter 180
      which is also connected to the counter 178.
PAR  The infralow frequency oscillator 32 (FIG. 1) comprises a driving
      oscillator 227 (FIG. 6), connected whereto is a synchronous motor 228
      which is mechanically linked through a multiple reduction gear 229 to a
      rotary sine-cosine transformer 230. A stator winding 231 of the rotary
      sine-cosine transformer 230 is shorted out, while another stator winding
      232 is connected to an oscillator 233 with a stabilized amplitude. A rotor
      winding 234 of the rotary transformer 230 is connected to a demolulator
      235 which is coupled to the generator 233 and has the output 33 (FIG. 1)
      with a stabilized zero-phase voltage thereacross. A rotor winding 236
      (FIG. 6) of the rotary transformer 230 is connected to a demolulator 237
      which is also connected to the generator 233 and has the output 48 (FIG.
      1), the stabilized voltage whereacross is dephased by 90.degree. with
      respect to the stabilized zero-phase voltage.
PAR  The herein-disclosed device makes it possible to effect the proposed method
      of measuring dynamic characteristics of materials, for example, polymers,
      in a fluid high-elasticity and solid state.
PAR  Prior measurement, samples of polymers are molded. Solid polymers are
      molded into plates or cylinders. Fluid polymers are introduced into
      conventional cylinder-cylinder or cone-cone systems. High-elasticiy
      polymers are either introduced into a cylinder-cylinder system or molded
      into cylinders.
PAR  The device for effecting the proposed method of measuring dynamic
      characteristics of polymers operates as follows.
PAR  A molded specimen 2 (FIG. 1) of a polymer is fixed in the holders 3 and 4.
      The thermocryostatic chamber 1, which has been open prior to this moment,
      is now shut. The program temperature controller ensures a required
      temperature of the specimen 2.
PAR  A collimated beam from the laser 15 passes through the optical modulator 16
      to the mirror 10 and is reflected therefrom onto the mirror 14 of the
      galvanometer 13. From the mirror 14, the beam proceeds to the mirror 10
      and is reflected therefrom onto the prism 17.
PAR  In the initial (zero) position of the actuating coil 9 and the galvanometer
      13, the beam is reflected from the facets of the prism 17 back to the
      mirror 10. In this position, the photocells 18 and 19 are dimmed, so there
      is no voltage across the common load resistor 22. The potentiometer 21 is
      designed to level out the conversion conductance of the photocells 18 and
      19.
PAR  The amplitude of oscillations of the galvanometer 13 is set by the
      precision attenuator comprising the potentiometer 35 with the isolation
      operational amplifier 38, while the frequency of its oscillations is set
      by the infralow frequency oscillator 32, the stabilized zero-phase voltage
      from the output 33 thereof being applied, via the potentiometer 35, the
      resistor 37 and the operational amplifier 38, to the galvanometer 13.
PAR  Following a deflection of the galvanometer 13 through a certain angle with
      respect to its initial position, the beam partially passes through the
      prism 17 and is caught by one of the photocells 18 and 19, depending upon
      the sense of the rotation of the mirror 14 of the galvanometer 13.
PAR  An a.c. voltage appears across the common load resistor 22. This voltage is
      applied to the output 57 (FIG. 2) of the a.c. voltage amplifier 23.
PAR  The first stage of the a.c. voltage amplifier 23 has a high-resistance
      input and incorporates the field-effect transistor 58. From the load
      resistor 62, the a.c. voltage is applied via the separating capacitor 63
      to the a.c. amplifier 64, is amplified thereby, filtered by the selective
      circuit comprising the capacitor 67 and the inductance coil 68, both
      shunted by the resistors 65 and 66, to stabilize the characteristics of
      the selective circuit, and is then applied to the a.c. amplifier 69.
      Amplified by the a.c. voltage amplifier 69, the voltage is applied via the
      separating capacitor 70 to the base of the transistor 71 incorporated into
      a phase-shifting circuit. The capacitor 78 connected to the load resistor
      73 and the variable resistor 77 connected to the load resistor 72 make up
      a phase-shifting circuit. The alternating voltage from the phase-shifting
      circuit is applied via the separating capacitor 79 to the a.c. amplifier
      80 loaded in the output transformer 81 and having its output 82 connected
      to the input 88 (FIG. 3) of the demodulator 24. The variable resistor 77
      (FIG. 2) sets a phase of the voltage across the output 82, which is equal
      to the phase of the reference voltage applied to the input 85 (FIG. 3) of
      the demodulator 24 from a medium-frequency generator (not shown) which
      also energizes the optical modulator 16 (FIG. 1).
PAR  The voltage applied to the input 85 (FIG. 3) of the demodulator 24 is
      transformed by the transformer 84 and is applied via the ballast resistors
      93 and 101 to both fourarm diode bridges which perform the function of
      diode switches.
PAR  For example, if the four-arm diode bridge comprising the diodes 86 through
      89, the resistors 90, 91 and the potentiometer 92 is rendered conducting
      at a certain moment of time by the reference voltage of the
      medium-frequency generator, i.e. if a current flows through the ballast
      resistor 93 and said four-arm diode bridge, the other four-arm diode
      bridge comprising the diodes 94 through 97, the resistors 98, 99 and the
      potentiometer 100 is non-conducting, i.e. there is no current through the
      load ballast resistor 101.
PAR  On the contrary, if the reference voltage of the medium-frequency generator
      renders the four-arm diode bridge comprising the diodes 86 through 89, the
      resistors 90, 91 and the potentiometer 92 non-conducting, the other
      four-arm diode bridge comprising the diodes 94 through 97, the resistors
      98, 99 and the potentiometer 100 at this moment of time is made conducting
      by the reference voltage of the medium-frequency generator.
PAR  The voltage applied to the input 83 of the demodulator 24 from the output
      82 (FIG. 2) of the a.c. voltage amplifier 23, which is cophasal to or
      opposite in phase with the reference voltage, depending upon which of the
      photocells 18 (FIG. 1) or 19 is illuminated, flows through the four-arm
      diode bridges and is rectified; as a result, a positive voltage appears
      across the output 102 (FIG. 3) if the voltage applied to the input 83 of
      the demodulator 24 is cophasal with the reference voltage across the input
      85, and a negative voltage appears across the output 102 if the voltage
      applied to the input 83 of the demodulator 24 is opposite in phase to the
      reference voltage across the input 85.
PAR  The rectified voltage from the output 102 (FIG. 3) of the demodulator 24 is
      applied to the input 103 (FIG. 4) of the d.c. voltage amplifier 25.
PAR  This voltage passes via the switch 105 to the amplitude-and-phase
      correction circuit comprising the resistors 119, 120, 121, 122, 123, 124,
      125, 126, 127, 128, 129, 130, 131, 132, 133 and the capacitors 107, 108,
      109. 110, 111, 112, 113, 114, 115, 116, 117, 118 in the input circuit of
      the operational amplifier 104 and the resistor 134 in its feedback circuit
      in the case of measuring dynamic characteristics of a fluid polymer, or
      comprising the resistors 137, 138, 139, 140 and the capacitors 135 and 136
      in the input circuit of the operational amplifier 104 and the
      parallel-connected resistor 141 and capacitor 142 in its feedback circuit
      in the case of measuring dynamic characteristics of a solid polymer, or
      comprising the resistors 151, 152, 153, 154, 155, 156, 157, 158, 159, 160,
      161, 162 and the capacitors 143, 144, 145, 146, 147, 148, 149, 150 in the
      input circuit of the operational amplifier 104 and the resistor 163 and
      the capacitor 164 in its feed-back circuit in the case of measuring
      dynamic characteristics of a high-elasticity polymer. The circuits for the
      amplitude and phase correction of the voltage, which is proportional to
      the control current, serve to ensure an accurate following up of
      oscillations of the galvanometer 13 by the actuating coil 9.
PAR  The voltage from the output 165 of the d.c. voltage amplifier 25 is applied
      via the resistor 27 (FIG. 1) to the operational amplifier 28 which serves
      to match the input and output electric circuits. The current passing
      through the resistor 29, which is proportional to the voltage across the
      output of the operational amplifier 28, is applied to the summing
      amplifier 30, across the output whereof there appears a voltage
      proportional to that current.
PAR  That voltage initiates a current through the actuating coil 9, which
      interacts with the uniform field of the permanent magnet 11 and produces a
      torque applied through the rod 8 and the holder 4 to the specimen 2. As a
      result of the torque, the actuating coil 9 turns in the direction of the
      reduction of the displacement angle between the actuating coil 9 and the
      galvanometer 13, or, which is the same, between the mirrors 10 and 14.
PAR  From the output 165 (FIG. 4) of the d.c. voltage amplifier 25, the voltage,
      which is proportional to the control current flowing through the actuating
      coil 9, is also applied to the input 166 (FIG. 5) of the analyzer 26. This
      voltage is amplified by the operational amplifier 167 and inverted by the
      operational amplifier 168. From the operational amplifiers 167 and 168,
      the opposite-phase voltages are applied to the contacts 187 of the relay
      175 and, simultaneously, to the contacts 210 of the relay 176. The
      switching of the contacts 187 and 210 of the relays 175 and 176 is
      synchronous with the frequency of the oscillator 32 (FIG. 1), the
      switching of the contacts 187 (FIG. 5) of the relay 175 being cophasal
      with the stabilized zero-phase voltage across the output 33 (FIG. 1) of
      the oscillator 32, whereas the switching of the contacts 210 (FIG. 5) of
      the relay 176 is cophasal with the stabilized voltage across the output 48
      FIG. 1) of the oscillator 32, displaced by 90.degree. with respect to the
      stabilized zero-phase voltage. There occurs a fullwave rectification of
      the voltage proportional to that across the output 165 (FIG. 4) of the
      amplifier 25.
PAR  The voltage across the output 165 of the amplifier 25 has a real component,
      which is in phase with the stabilized voltage across the output 33 of the
      oscillator 32, and an imaginary component, which is in phase with the
      stabilized voltage across the output 48 of the oscillator 32. The direct
      component of the rectified voltage applied to the switch 188 (FIG. 5) is
      proportional to the real component of the voltage across the output 165
      (FIG. 4), whereas the direct component of the voltage across the switch
      221 (FIG. 5) is proportional to the imaginary component of the voltage
      across the output 165 (FIG. 4) of the d.c. voltage amplifier 25;
      consequently, these are proportional to the components of the control
      current flowing through the actuating coil 9 (FIG. 1).
PAR  The relay 175 (FIG. 5) is connected to the load circuit of the operational
      amplifier 181 which functions as a null indicator, i.e. a former of a
      rectangular voltage which is in phase with the sinusoidal voltage across
      the input 186 of the amplifier 181, whose input 186 is connected to the
      output 33 (FIG. 1) of the infralow frequency oscillator 32.
PAR  At the moment of the sinusoidal voltage being applied to the input 186, the
      shape of the output voltage of the operational amplifier 181 is close to
      rectangular. This voltage is applied to the relay 175 switching it in
      phase with the voltage applied to the input 186.
PAR  Similarly, switched in phase with the voltage applied to the input 205 from
      the output 48 (FIG. 1) of the infralow frequency oscillator 32 is the
      relay 176 (FIG. 5) which is the load of the operational amplifier 204
      whose operating conditions are identical to those of the operational
      amplifier 181.
PAR  The voltage from the outputs of thee operational amplifiers 181 and 204 are
      applied to the counters 177 and 178 of the alternations of the stabilized
      voltage of the oscillator 32, respectively, which control the operation of
      the relays 203 and 226 and the digital voltmeters 179 and 180.
PAR  Following each period of the voltage of the oscillator 32 (FIG. 1), there
      occurs a change in the voltages integrated over that period across the
      outputs of the integrators incorporating the operational amplifiers 173
      (FIG. 5) and 174, and a discharge of the capacitors 196, 197, 198, 199,
      200, 201 and 219, 220, 221, 222, 223 in the feedback circuits of the
      operational amplifiers 173 and 174, respectively, by means of the contacts
      202 of the relay 203 and the contacts 225 of the relay 226.
PAR  The switches 188 and 211 commutate the resistors 189, 190, 191, 192, 193,
      194 and the resistors 212, 213, 214, 215, 216, 127, respectively, while
      the switches 195 and 218 commutate the capacitors 196, 197, 198, 199, 200,
      201 and the capacitors 219, 220, 221, 222, 223, 224, respectively. These
      commutations are necessary to match the integration time constant with the
      frequency of the infralow frequency oscillator 32 (FIG. 1).
PAR  The infralow frequency oscillator 32 comprises the three-phase
      low-frequency oscillator 227 (FIG. 6). Connected to the oscillator 227 is
      the synchronous hysteresis motor 228 which actuates the rotor of the
      rotary sine-consine transformer 230. The stator winding 232 of the rotary
      sine-cosine transformer 230 is energized by the stable-amplitude voltage
      from the oscillator 233 which also generates reference voltages for the
      phase-sensitive demodulators 235 and 237.
PAR  The sine rotor winding 234 of the rotary transformer 234 is connected to
      the phase-sensitive demodulator 235, across the output 33 whereof there
      appears a stabilized zero-phase voltage, whose frequency is proportional
      to the rotational speed of the rotor of the rotary transformer.
PAR  The cosine rotor winding 236 is connected to the demodulator 237, across
      the output 48 whereof there appears a stabilized voltage dephased by
      90.degree. with respect to the stabilized  voltage dephased by 90.degree.
      with respect to the stabilized zero-phase voltage.
PAR  The infralow-frequency stabilized voltage from the output 33 (FIG. 1) is
      applied to the precision potentiometer 34 and, from its cursor 40 via the
      high-resistance resistor 41, to the operational amplifier 42. The switch
      47 commutates the resistors 44, 45 and 46 in the feedback circuit of the
      operational amplifier 42.
PAR  Each commutation of the resistors 44, 45 and 46 results in a ten-fold
      change in the amplification factor of the amplifier 42 and, consequently,
      in a ten-fold change in the voltage applied to the resistor 43.
PAR  From the output 48 of the infralow frequency oscillator 32, the stabilized
      voltage dephased by 90  with respect to the stabilized zero-phase voltage
      is applied to the precision potentiometer 49 and from its cursor 49' via
      the high-resistance resistor 50, to the operational amplifier 51, in the
      feedgack circuit whereof there are the switch 56 and the resistors 53, 54
      and 55. Each commutation of the resistors 53, 54 and 55 results in a
      10-fold change in the amplification factor of the amplifier 51 and,
      consequently, in a 10-fold change in the voltage applied to the resistor
      52.
PAR  The restoring zero-phase current with a phase of 0.degree., which, passes
      via the resistor 43 to the summing operational amplifier, 30 changes
      smoothly within the ten-fold variation range with the aid of the precision
      potentiometer 34 and in a quantified manner, with the aid of the switch
      47.
PAR  The restoring current with a phase displaced by 90.degree.with respect to
      the current with a phase of 0.degree., which passes via the resistor 52 to
      the summing operational amplifier 30, changes smoothly within the 10-fold
      range with the aid of the precision potentiometer 49 and, discretely, with
      the aid of a switch 56.
PAR  The current which flows through the first open circuit for proportional
      control of the movement of the actuating coil 9 and is proportional to the
      stabilized zero-phase voltage of the infralow frequency oscillator 32, is
      applied to the summing amplifier 30 and compensates the real component of
      the current through the closed follow-up circuit, whereas the current,
      which flows through the second open circuit for proportional control of
      the movement of the actuating coil 9 and is proportional to the stabilized
      voltage displaced in phase by 90.degree. with respect to the stabilized
      zero-phase voltage, is applied to the summing amplifier 30 and compensates
      the imaginary component of the current through the closed follow-up
      circuit.
PAR  The precision attenuators select voltages of the open circuits for
      proportional control of the movement of the actuating coil 9, so that the
      real and imaginary components of the voltage, which are proportional to
      the real and imaginary components of the current through the closed
      followup circuit, be commensurable to each other.
PAR  This raises the accuracy of measurement, as the analyzer 26 connected to
      the infralow frequency oscillator 32 and, via the buffer amplifier and the
      summing amplifier 30, to the actuating coil 9,which measures the
      components of the current through the closed follow-up circuit has an
      operational accuracy which is inversely proportional to the difference
      between the real and imaginary components of the current.
PAR  The proposed method of measuring dynamic characteristics and the device for
      effecting same make it possible to measure dynamic characteristics of
      materials in the infralow frequency range below 10.sup.-.sup.3 to
      10.sup.-.sup.4 Hz, substantially cut down operator man hours and raise the
      accuracy of parameters under measurement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for measuring dynamic characteristics of materials, comprising
      a thermocryostatic chamber with a program temperature controller connected
      thereto, a specimen of a material and two holders for adjusting said
      specimen inside said thermocryostatic chamber; a rod; a normal stress
      compensator attached by said rod to said holder of the specimen, for
      relieving normal stresses in said specimen; a second rod coupled to the
      second holder of the specimen to transmit a mechanical moment to said
      specimen; an actuating coil comprised of wire in the form of a loop placed
      in a uniform field of a permanent magnet to obtain a moment by means of
      the interaction of the current flowing through said coil and said uniform
      field of the permanent magnet; a mirror fixed to said actuating coil to
      follow the rotation of said actuating coil, said actuating coil being
      rigidly connected to said second rod to transmit a mechanical moment to
      said rod; an infralow frequency oscillator having an output with a
      stabilized zero-phase voltage thereacross; a precision attenuator; a
      galvanometer with a mirror placed in the uniform field of the permanent
      magnet together with the actuating coil and connected via said precision
      attenuator to the output of said infralow frequency oscillator with a
      stabilized zero-phase voltage thereacross to obtain oscillations of said
      galvanometer at a preset amplitude and frequency; an analyzer connected to
      said infralow frequency oscillator, a laser; an optical modulator; said
      mirror of the actuating coil optically associated via said optical
      modulator with said laser to obtain a collimated beam modulated by a
      higher frequency, said mirror also being optically associated with the
      mirror of said galvanometer; a prism and two differentially connected
      photocells with a common load, optically associated via said prism and
      said mirror of the actuating coil with said mirror of the galvanometer to
      obtain a voltage proportional to the difference between the oscillations
      of said galvanometer and those of said actuating coil; an a.c. voltage
      amplifier connected to said common load of the two differentially
      connected photocells to amplify said voltage proportional to the
      difference between the angles of rotation of said galvanometer and said
      actuating coil; a demodulator connected to said a.c. voltage amplifier to
      obtain a voltage of a preset frequency; a d.c. voltage amplifier with
      circuits for amplitude and phase correction of the voltage proportional to
      the control current, connected to the demodulator and the analyzer; a
      buffer amplifier with its input and output electric circuits connected to
      said d.c. voltage amplifier for matching said input and output electric
      circuits; a summing amplifier connected to said buffer amplifier to
      receive said control current; said summing amplifier being connected to
      said actuating coil to transmit said control current through the actuating
      coil; said galvanometer with the mirror, laser, optical modulator, mirror
      of the actuating coil , prism, two differentially connected photocells
      with the common load and the series-connected a.c. voltage amplifier,
      demodulator, d.c. voltage amplifier, buffer amplifier, summing amplifier
      and actuating coil comprising a closed followup circuit, said infralow
      frequency oscillator having an output with a stabilized zero-phase voltage
      thereacross and the precision attenuator comprising means for setting the
      ampltude and frequency of oscillations of said specimen.
NUM  2.
PAR  2. A device as claimed in claim 1, including a second precision attenuator
      connected to said output of said infralow frequency oscillator with a
      stabilized zero-phase voltage thereacross to change said output voltage,
      said infralow frequency oscillator, said summing amplifier being connected
      to said second precision attenuator to receive current restoring the real
      component of the control current and proportional to the changed voltage
      from the output of said precision atgenuator, and said actuating coil
      being connected to said summing amplifier for the total current to be
      transmitted through said actuating coil and comprising an open circuit for
      proportional control of the movement of the actuating coil.
NUM  3.
PAR  3. A device as claimed in claim 2, wherein said infralow frequency
      oscillator has another output, the stabilized voltage across said other
      output being displaced in phase by 90.degree. with respect to the
      stabilized zerophase voltage, and a third precision attenuator connected
      to said output of said infralow frequency oscillator, the stabilized
      voltage whereacross being displaced in phase 90.degree. with respect to
      the stabilized zero-phase voltage, for changing said output voltage of
      said infralow frequency oscillator, said summing amplifier being connected
      to said third precision attenuator to receive current restoring the
      imaginary component of the control current and proportional to the changed
      voltage across the output of said third precision attenuator, said
      actuating coil being connected to said summing amplifier for the total
      current to be transmitted through said actuating coil and comprising a
      second open circuit for proportional control of the movement of the
      actuating coil, the total current flowing through said actuating coil and
      interacting with said uniform field of the permanent magnet, a mechanical
      moment being produced which is applied to said specimen, thereby ensuring
      oscillations of the specimen at a preset amplitude and frequency and
      proportional to the stabilized zero-phase voltage of said infralow
      frequency oscillator.
NUM  4.
PAR  4. A method of measuring dynamic characteristics of materials in the
      infralow frequency range, comprising the steps of ensuring oscillations of
      a specimen of a material at a preset amplitude and frequency by obtaining,
      in the course of measurement, a control current and converting said
      control current into a mechanical stress of said specimen of a real and an
      imaginary component of said control current, discriminating a first time
      and analyzing said components of said control current, generating two
      restoring currents, one being in phase and commensurable with said real
      component of said control current, whereas the other is in phase and
      commensurable with said imaginary component of said control current,
      summing said control current and said two restoring currents, converting
      the total current into a mechanical stress of the specimen for controlling
      the movement of said specimen for a preset amplitude and frequency,
      discriminating for a second time the real and imaginary components of said
      control current, said values of the components of said control current,
      the values of said restoring currents and the preset amplitude and
      frequency of the deformation of a material being used, in relation to the
      shape of said specimen, to calculate dynamic characteristics of the
      material.
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ABST
PAL  A method and apparatus for the continuous automatic analysis of the
      filterability point of liquid substances such as Diesel oil. The Diesel
      oil flows through a measuring circuit at a constant flow rate by means of
      a volumetric pump. The temperature in the measuring circuit is maintained
      sufficiently below the assumed filterability point of the substance. A
      heating element is provided along the flow path of the Diesel oil for
      melting microcrystals which form on the filter in the filtering chamber of
      the measuring circuit, or alternatively, in a tube of the measuring
      circuit. A differential pressure responsive device with a switch is
      connected between the inlet and outlet of the measuring circuit for
      detecting the pressure drop across the circuit. The switch of the device
      is actuated in response to the pressure drop falling below a predetermined
      level which is caused by a build-up of micro-crystals, for turning on the
      heating element and melting the micro-crystals. The heating element is
      then automatically turned off when all the micro-crystals have melted by
      the corresponding increase in pressure drop across the measuring circuit
      in response to which the device actuates the switch once again back to its
      initial position.
BSUM
PAR  The present invention relates to a method and device for the continuous
      automatic analysis of the "filterability point" of liquid substances,
      particularly Diesel oil in the process of manufacture.
PAR  In the present description the term filterability point generally defines
      the flowability of a liquid substance as its temperature drops.
PAR  Diesel oil intended for use in Diesel engines must pass a particular test,
      called the filterability point test. The filterability point is the point
      at which the filters are clogged. The test carried out on Diesel oil is
      therefore intended to determine the value of the temperature below which
      the appearance of microcrystals of paraffin in the midst of the liquid is
      capable of blocking or clogging the filters protecting the injectors.
PAR  Up to now this analysis has been carried out in the laboratory with the aid
      of equipment whose modus operandi will be given in brief hereinafter with
      reference to FIG. 1 of the accompanying drawings.
PAR  The substance 1 to be analyzed contained in the measuring test-tube 2 is
      immersed in a cooling bath 3 whose temperature is maintained at a value
      sufficiently below the assumed filterability point.
PAR  The substance 1 passes into a tube 4 connected to a chamber 5 and is
      filtered by a filter 6 having a standardized mesh and positioned inside
      the chamber 5.
PAR  Periodically a partial vacuum of constant magnitude is applied to the upper
      part of the chamber 5 until 20 cubic centimeters of liquid has passed
      through the filter. The manometer 10 monitors the value of the partial
      vacuum applied. A graduation 8 located along the suction tube enables
      accurate measurement of volumetric displacement.
PAR  By means of the two-way valve 9 located downstream of the filtering chamber
      5 during suction, when the substance 1 reaches the graduation 8
      corresponding to a quantity of 20 cubic centimeters of liquid, the partial
      vacuum is then cut off by bringing the downstream end of the filtering
      chamber into communication with ambient air, thereby enabling the return
      of the substance displaced back into the test-tube 2.
PAR  In the filtering chamber 5, downstream of the filter itself, a device 7 for
      measuring the temperature is positioned, the principle of measurement
      consists in marking the temperature of the filering Diesel oil above which
      the displacement of 20 cubic centimeters requires more than one minute.
PAR  In the analysis procedure, the energy for filtration (in this case the
      value of the partial vacuum drawing up the liquid) is constant and the
      flow rate is variable. In fact the displacement time for 20 cubic
      centimeters of liquid 1 is a few seconds so long as the Diesel oil is at a
      temperature sufficiently higher than the filterability point, however,
      this time increases rapidly as temperature aproaches the filterability
      point since the clogging of the filter reduces the effective section of
      passage therethrough.
PAR  The equipment is controlled manually by an operator; there are also
      automated setups in which the successive sequences of suction and
      measurement of displacement time are controlled automatically.
PAR  However, these techniques which are very useful in the laboratory cannot be
      used on production sites for continuous quality control, at all times.
PAR  The method and apparatus according to the present invention have been
      conceived precisely to provide continuous automatic control.
PAR  Generally speaking, in the method according to the invention, the flow rate
      of the substance to be analyzed is maintained constant while variations in
      the pressure drop are measured as the temperature of the circulating
      substance drops.
PAR  preferably, the method for the continuous automatic analysis of the
      filterability point of liquid substances, particularly Diesel oil,
      comprises passing a substance to be analyzed through a measuring circuit
      at a constant flow rate, the temperature therein being maintained at a
      value sufficiently below the assumed filterability point of the substance,
      heating means being provided along the flow path of the liquid substance
      in said circuit, automatically turning on and off said heating means at
      two characteristic temperatures, detected by measuring the pressure drop
      of the substance at the inlet and outlet of said circuit, variations of
      the pressure drop being determined as a function of the temperature, the
      values of the pressure drop thus measured being utilized as control data
      for turning on and off the heating means, when the outlet temperature
      reaches one of the two characteristic temperatures, the first
      characteristic temperature corresponding to a temperature slightly below
      than the filterability point, the other characteristic temperature
      corresponding to a temperature sufficiently above the filterability point,
      and continuously recording the temperature of the substance being
      continuously recorded at the outlet of the circuit, this temperature
      constituting a representative value of the filterability point of the
      substance.
PAR  The increase of the pressure drop brings about the closing of pressure
      responsive switching means which controls power supplied to the heating
      means.
PAR  The hysteresis of the pressure responsive switching means is controlled so
      that the heating stops as soon as the value .DELTA. P (pressure drop)
      drops to a value slightly above the initial value.
PAR  An apparatus for carrying out said method generally comprises means to have
      the substance to be analysed flowing at a constant rate along a path
      including measuring means in said path, of flowing substance, said
      measuring means having an inlet and an outlet end means to maintain the
      temperature of said measuring means at a value sufficiently below the
      assumed point of filterability of said substance, heating means provided
      along the said circuit measuring means, means to pick up the values of the
      difference of pressures between said respective inlet and outlet of the
      measuring means said difference being a function of the temperature,
      switching means responsive to said differential values of pressures for
      respectively turning automatically on and off the heating means when the
      temperature of the substance at said outlet reaches the one of two
      characteristic temperatures which correspond respectively slightly below
      and sufficiently above the point of filterability, means to continuously
      record the values of the temperature of the substance at said outlet end,
      whereby said outlet temperatures are representative of the filterability
      point.
PAR  Specifically an apparatus for carrying out the method according to the
      invention may comprise a geared volumetric pump connected at its suction
      side to a source of the liquid substance to be analyzed and at its
      delivery side to the measuring chamber which is located at the lower
      portion of an insulated housing containing a cooling bath, the housing
      being provided with cooling means and temperature measuring means which is
      readable from outside the housing, the measuring chamber includes a
      filtering chamber in which a filter with standardized mesh is provided, a
      thermosensitive element being disposed at the outlet or downstream side of
      the filter along the flow path of the liquid substance and associated with
      a recording device, heating means being disposed in the lower portion of
      the measuring chamber, the said means being connected outside the housing
      to two leads, one of the leads being directly connected to a power supply
      and the other lead being connected to the switch of a differential
      pressure responsive switching means connected between the inlet of the
      measuring chamber, i.e., at the outlet of the volumetric pump and the
      outlet of the measuring chamber, downstream of the filter.
PAR  Alternatively, the apparatus for carrying out the method according to the
      invention comprises at the inlet means for pumping Diesel oil to be
      analyzed and at the delivery side a measuring chamber is connected to the
      inlet by a measuring circuit tube in which a heating element is provided
      extending along the entire length of the tube and into the upstream end of
      the measuring chamber, the measuring chamber being located in an insulated
      housing and including a filtering chamber in which a filter is located, a
      thermosensitive element being disposed at the downstream side of the
      filter along the flow path of the liquid substance and the high pressure
      side of a differential pressure responsive switching means connected at
      the inlet of the measuring circuit tube and the low pressure side the
      outlet of the measuring chamber after flowing by the thermosensitive
      element.
PAR  A preferred embodiment of an apparatus for carrying out the method
      according to the invention comprises a measuring circuit including a
      capillary tube of stainless steel through which the liquid substance to be
      analyzed flows, the flow rate therein being maintained constant by a small
      volumetric pump, the capillary tube being immersed along a large portion
      of its length in a cooling bath contained in a measuring well, the inlet
      and outlet ends of the capillary tube in the well being electrically
      connected outside the well to two leads, one of the leads being connected
      directly to the power supply and the other being connected to a switch
      associated with differential pressure responsive switching means which is
      operatively connected between the inlet and outlet of the capillary tube,
      the thermosensitive element being disposed at the outlet of the measuring
      well along the flow path of the substance to be analyzed and associated
      with a recording device.
PAR  According to preferred complementary features of the above apparatus:
PAR  the thermosensitive element is a thermocouple or thermistor;
PAR  a memory device is associated with the recording device enabling the
      continuous recording of only the outline of the recording curve connecting
      the recording points corresponding to the minimum recorded temperatures,
      i.e. instantaneous filterability points.
PAR  According to the invention the substance to be analyzed is pumped at a
      constant flow rate by a volumetric pump in a measuring circuit which is in
      turn cooled by a cooling bath having a temperature which is maintained at
      a value sufficiently below the estimated or assumed filterability point;
      the substance flows through one or more passages of sufficiently small
      cross-section in the measuring circuit to favor the crystalization of
      paraffin. Heating means constituted by a heating element are controlled by
      differential pressure responsive switching means. After the substance
      passes through this part of the circuit, the change of temperature is
      monitored from outside the housing by means of a thermosensitive element,
      the substance thus analyzed at the outlet of the measuring circuit is
      carried to a recovery circuit. The apparatus is automatic by means of the
      differential pressure responsive switching means mounted between the
      delivery end of the volumetric pump and the outlet of the measuring
      circuit.
DRWD
PAR  Examples of devices for carrying out the method according to the invention
      for the continuous automatic analysis of the filterability point of Diesel
      oil in the process of manufacture are described hereinafter with reference
      to the accompanying drawings in which:
PAR  FIG. 1 shows a prior art device.
PAR  FIG. 2 is a graph showing the temperature pressure drop relationship;
PAR  FIG. 3 represents diagrammatically an apparatus according to the invention;
PAR  FIG. 4 is the result of the continuous recording of the filterability point
      temperature;
PAR  FIG. 5 shows an alternative embodiment of the apparatus;
PAR  FIG. 6 is a schematic illustration of the differential pressure responsive
      switching means;
PAR  FIG. 7 is a schematic illustration of the apparatus according to a
      preferred embodiment;
PAR  FIG. 8 shows the results of a continuous recording of the filterability
      point temperature using the apparatus shown in FIG. 7.
DETD
PAR  FIG. 2 shows the relationship between the temperature and the pressure
      drop. Temperature in centigrade degrees is marked along the X-axis and the
      pressure drop in millibars is marked along the Y-axis. On this graph
      clearly appears the distinct change of direction of the curve: at elevated
      temperatures, about 20.degree.C, the pressure drops being slight, then
      when the temperature drops, the increase in the pressure drop is at first
      slight as long as the temperature is sufficiently above the filterability
      point (F) and then rapid as soon as the temperature drops below the
      filterability point (F) which is in the order of -5.degree.C for the
      substance to be analyzed in a particular apparatus in operation. The other
      values marked on the curve of FIG. 2, pressure drop and temperature, were
      also determined for the particular example given by way of illustration.
PAR  In the curve the operating points P corresponding respectively to the
      values of pressure drop P1 and P2 are indicated on the Y-axis, of the
      differential pressure responsive means, the function of which will be
      described hereinbelow. The point D indicates the beginning of reheating,
      i.e. a pressure drop of about 1400 mbars (P.sub.1) and the point A
      corresponds to end of heating, i.e. a pressure drop of about 250 mbars
      (P2).
PAR  FIG. 3 schematically illustrates an analyzer apparatus.
PAR  A small geared volumetric pump 12 arranged at the inlet end of the
      apparatus is connected to the measuring chamber 13 by a tube. The
      measuring chamber 13 is housed at the bottom of a heat insulated housing
      18 provided to ensure a temperature of about - 30.degree.C in the cooling
      bath 14 filling the housing 18. The insulated housing is provided with a
      cooling circuit or coil 15 connected to the outside with a small cooling
      unit having tubes 16. A device 17 for measuring the temperature is
      immersed in the cooling bath and is readable from outside the housing 18.
PAR  The measuring chamber contains a filtering chamber 19 provided with a
      filter having a standardized mesh 20 and at the outlet or downstream side
      of the filter, a thermosensitive element 21 which may be a thermocouple or
      a thermistor. The thermosensitive element 21 is connected to a recording
      device 22 displaying the changes of the temperature of the substance being
      filtered.
PAR  In the lower portion of the measuring chamber a shrouded Pyrotenax screened
      heating resistance 23 is positioned, said heating element being rather
      powerful, about 200 watts, and the mass of substance to be heated is about
      80 grams. The end of the heating element or resistance heater 23 outside
      the housing 18 is electrically connected to two leads, one of the leads
      being connected directly to a power supply 28 and the other being
      connected to the switch of the differential pressure responsive means
      hooked up between the outlet or delivery side of the volumetric pump 12
      and the outlet of the measuring chamber, the outlet 27 being connected to
      a recovery circuit 24.
PAR  The dynamic action of the apparatus is described herebelow.
PAR  When the apparatus is put into operation, the substance to be analyzed
      which in Diesel oil in the example, is pumped to the measuring chamber 13
      by means of a small geared volumetric pump 12 having a constant flow rate
      which for the pilot set up was about 2 liters/hour. The Diesel oil is
      introduced into the measuring chamber 13 at a temperature near to that at
      which the Diesel oil is produced, the chamber 13 being immersed in a
      cooling bath 14 which, for example, may be glycolated water. The cooling
      bath 14 is kept at a temperature in the order of -30.degree.C, the bath
      being associated with an evaporator circuit 15 operating by means of a
      small cooling unit. The temperature of the cooling bath is monitored by
      means of a thermometer 17 from which one can ascertain that said
      temperature always preserves its desired value whereby the temperature
      inside the heat insulated housing 18 can be read from outside thereof.
PAR  The constant flow rate ensured by the volumetric pump 12 causes a slight
      pressure drop in the circuit, including the filter 20. The cooling bath 14
      cools the Diesel oil circulating in the filter 20 progressively to a
      temperature close to the filterability point temperature which causes an
      accumulation of micro-crystals of paraffin in the filter, thereby rapidly
      increasing the pressure drop across the filter.
PAR  For progressively lowering its temperature, the substance to be analyzed
      flows through a measuring chamber 13 immersed in the cooling bath 14
      rather than directly in a cooling tube immersed in the bath; at the outlet
      of the tube the substance 1 passes into a filtering chamber, the use
      thereof enabling the concentration of the variations in the filtration
      pressure drop across the filter itself.
PAR  Indeed, in the feature utilizing a tube directly immersed in the bath, a
      progressive reduction of the effective section of the cooling tube occurs
      during the temperature lowering sequence. In such a case a spurious
      pressure drop results, limiting the sensitivity of the apparatus owing to
      the accumulation of micro-crystals of paraffin all along the inner wall of
      the cooling tube.
PAR  The increase in pressure drop across the filter is detected by the
      differential pressure responsive switching means 26 having one branch tube
      connected to the outlet 27 of the filtering chamber 19 and another branch
      tube connected to the outlet or delivery side of the volumetric pump 12.
      This increase in pressure drop causes the actuation of the associated
      switch 25 at a pressure corresponding to point D in FIG. 2, i.e. about
      1400 millibars: the value chosen for the pilot during operation.
PAR  Through the intermediary of the switch 26 associated with the differential
      pressure responsive switching means 25, the power supply 28 supplies the
      resistance heater 23 thereby causing a rise in temperature in the circuit
      of the measuring chamber 13, including the filtering chamber, thus
      ensuring the melting of all the micro-crystalls deposited on the filter.
PAR  The hysteresis of the differential pressure responsive means 25 is adjusted
      so that the heating stops as soon as a value .DELTA. P a little greater
      than the initial is reached, the thermal inertia ensuring the return to
      the actual initial condition corresponding to point A in FIG. 2, i.e.
      about 250 millibars.
PAR  A second sequence then begins automatically and so on and so forth.
PAR  The temperature of the Diesel oil being filtered measured by means of the
      thermosensitive element or sensor 21 may be read on a recording device 22,
      the variations thereof being shown in the graph of FIG. 4. This graph
      shows the continuous recording of the filterability temperature. The time
      t is marked along the X-axis and the temperature differential .theta. is
      marked on the Y-axis. Successive sequences of analysis are shown in the
      form of sawteeth having minima corresponding to the values of the
      filterability point since this is the temperature at which there is
      clogging of the filter 20, the resultant increase in pressure drop
      bringing about the start of the preheating cycle.
PAR  It is also possible to associate a memory device with the recording device
      thereby enabling the continuous recording only the minima of the sawtooth
      formation.
PAR  The measuring apparatus according to the invention may possibly be
      incorporated in a Diesel oil use and/or processing installation. For
      example, the arrangement could easily be associated with a device enabling
      the treatment of Diesel oil in order to improve the value of its
      filterability point. The recording device 22 could in such a case be
      connected to a sensor which would automatically actuate the treatment
      device as soon as the filterability point reaches a predetermined value. A
      control system is thus obtained by using the measurement data furnished by
      the apparatus according to the invention.
PAR  There now follows a description of an alternative embodiment of the
      apparatus for the continuous automatic analysis of the filterability point
      of a liquid substance, particularly Diesel oil in the process of
      manufacture. In order to facilitate a better description of the device
      according to the invention, certain details will be specified and various
      numerical values corresponding to the embodiment of FIG. 5 will be given.
      This in no way limits the invention to said details and various numerical
      values, the construction and operation of the device remaining
      substantially unchange.
PAR  The apparatus, for carrying out the method according to the invention
      comprises at its inlet end means for pumping about 2 liters/hour of Diesel
      oil 1 to be analyzed, a measuring chamber 13' at the delivery side of the
      pumping means connected to the inlet end of a mesuring circuit tube 30
      having an inner diameter of about 3 mm. A 24 watt Pyrotenax heating
      element 23' having a 2 mm diameter is mounted in the tube 30 and extends
      along the entire length thereof as well as into the upstream portion of
      the measuring chamber 13'. The measuring chamber 13' is arranged in a heat
      insulating housing 18' containing a cooling bath; the filtering chamber
      19' is also arranged in the measuring chamber 13' and includes a circular
      filter 20' having 19 mm diameter and a 45 .mu.M mesh. The measuring
      chamber 13' also includes a divider 31 in the form of a perforate plate,
      and a thermosensitive element 21' disposed at the downstream side of the
      filter 20' and the divider 31 along the flow path of the liquid substance.
      The high pressure side 32 of a differential pressure responsive means
      connected at the inlet end of the measuring circuit tube 30 and the low
      pressure side 33 is connected at the outlet end of the measuring chamber
      13' after flowing by the thermosensitive element 21' at its low pressure
      side 33.
PAR  The apparatus according to the invention includes a differential pressure
      responsive means which may have different technical constructions.
      Nevertheless the technical solution opted for, insofar as the differential
      pressure actuator is concerned, must offer the possibility of adjusting
      the operating point of the hysteresis loop; a differential pressure
      responsive means is described hereinafter which may be employed in
      carrying out the method according to the invention.
PAR  The differential pressure responsive switch illustrated in FIG. 6 includes
      three chambers 41, 42, 43; the inlet chamber 41 is joined to the high
      pressure connection 32. Chamber 41 is moreover in magnetic association
      with the switch chamber 42 by virtue of a magnet provided in each of these
      two chambers. The closed switch chamber 42 which is in adjacent
      superposition with respect to the chamber 41 houses both a magnetically
      responsive switch 44 connected to the power supply for the heating element
      23 and a polarizing magnet 45. The chamber 41 includes sealed central
      cylindrical zone 46 which is defined by a bellows member 50 which supports
      on its top surface an actuator magnet 47 facing the adjacent wall 49
      common to chambers 41 and 42. The inner side of the sealed cylindrical
      zone 46 is in communication with the outlet chamber 43; a coil spring 48
      is provided in the sealed cylindrical zone between the underside of the
      top surface of the bellows 50 and an adjustment screw 51 with its knurled
      knob accessible to the outside. The outlet chamber 43 is connected to the
      high pressure connection 33.
PAR  The operation of the differential pressure switch will now be described.
PAR  As described above, the constant flow rate at the inlet of the overall
      apparatus causes a slight pressure drop in the measuring circuit; the
      progressive fall in the temperature due to the cooling system brings the
      Diesel oil flowing in the filter 20' to a temperature close to the
      filterability point and causes the accumulation of micro-crystals of
      paraffin on the filter and the rapid increase in the pressure drop across
      the filter. This increase in the pressure drop actuates the differential
      pressure responsive switch means at a pressure corresponding to point D in
      the graph of FIG. 2.
PAR  Indeed, when there is an increase in the pressure drop, the pressure
      differential between the chambers 41 and 43 decreases which causes an
      expansion of the bellows 50 so that the actuator magnet 47 on the top
      surface of the bellows comes closer to the common wall 49 separating the
      chambers 41 and 42. The actuator magnet 47 of polarity opposite that of
      the magnet 45 is pulled farther towards the common wall thereby opening
      the switch magnetically, the switch being normally closed. The heating
      element is then supplied through a reversing relay not shown, the
      temperature in the measuring circuit 13 then increases by the heating
      element thereby melting all the micro-crystals of paraffin previously
      deposited on the filter. The reheating causes the pressure drop across the
      filter to decrease, the pressure in the chamber 41 thus increases with
      respect to the chamber 43, and the bellows 50 contracts carrying with it
      the actuator magnet 47 away from the common wall 49 and the other magnet
      45. The differential pressure switch is adjusted by means of the
      adjustment screw 51 effectively controlling the position of the actuator
      magnet 47 with respect to the common wall 49 of the chambers 41 and 42.
      This adjustment is made so that as soon as the value of .DELTA. P is a
      little greater than the initial value, the distance between the two
      magnets 47, 45 corresponds to the point at which the magnet 45 causes the
      switch 44 to open. The power supply to the heating element 23 is thus cut
      off.
PAR  A second sequence or cycle thus begins automatically and so on.
PAR  A preferred embodiment of the device according to the invention will now be
      described with reference to FIGS. 7 and 8.
PAR  The filterability point analyzer apparatus shown in FIG. 7 comprises a
      measuring circuit including a stainless steel capillary tube 130.
PAR  The substancce to be analyzed flows through the capillary tube 130 which
      passes through a measuring well 113 which is constituted by a limited
      capacity cavity of about 80 cm.sup.3 formed in a solid mass 135 of steel.
      The capillary tube has an outer diameter of 1.5 mm and an inner diameter
      of 1.2 mm and is formed so as to provide a rather substantial surface area
      in the measuring well; the tube 130 may, for example, be of helical
      configuration as illustrated in FIG. 7.
PAR  The measuring well 113 is lined with a Teflon sleeve 134 and filled with a
      non-freezing liquid 136.
PAR  The solid mass 135 of steel is cylindrical and is provided with a tubular
      evaporator 11, for a cooling unit connected at 116 and coiled thereabout.
PAR  The capillary tube is about 100 cm long and has an electrical resistance of
      about 1 ohm. The inlet and outlet ends of the tube are mounted in bushings
      formed of insulating material and are connected across a switch 126 of a
      differential pressure responsive switching means 125 to a 6 true volt
      potential difference. The capillary tube thus constitutes a heating
      element which consumes about 36 watts.
PAR  The capillary tube 130 has a widened portion 130a at the outlet of the
      measuring well, in order to receive a thermosensitive element 121 therein.
      The free end of the thermosensitive element 121 may be connected to a
      temperature recording device 122 and the bushing between the poritons of
      the element 121 located inside or outside the measuring circuit
      hermetically seals the tube 130.
PAR  The capillary tube 130 extends perpendicular to the widened portion 130a
      before communicating with the surambient atmosphere.
PAR  This embodiment of the filterability point analyzer apparatus is preferred
      over the other embodiments previously described because it is of
      simplified construction and its design enables improved results.
PAR  The operation of the last-described analyzer is substantially the same as
      the other described embodiments; the specific aspects will be emphasized
      in the following description.
PAR  A constant flow rate of the substance to be analyzed is provided at the
      inlet which enables the continuous circulation of the substance in the
      capillary tube 130. The continuous circulation in the analyzer apparatus
      causes a pressure drop in the circuit, then the progressive lowering of
      the temperature due to the cooling unit brings the substance circulating
      in the measuring circuit 130 to a temperature close to the value
      corresponding to the filterability point and causes the accumulation of
      micro-crystals of paraffin along the inner wall of the capillary tube 130
      and the rapid increase of the pressure drop in the measuring circuit 130.
PAR  An increase in the pressure drop to about 1400 millibars brings about the
      actuation of the differential pressure responsive means 125, i.e. the
      differential pressure responsive switch connected to the capillary tube
      130 controls the starting of the reheating sequence by applying a
      potential difference of 6 true volts to the terminals of the capillary
      tube 130. The capillary tube has a resistance of 1 ohm; the heating
      element constituted by the tube consumes 36 watts. The metal wall of the
      capillary tube heats up and enables the efficient melting of the
      micro-crystals which were deposited thereon.
PAR  The pressure drop due to the reduction of the effective cross-section
      caused by the crystallization of paraffin along the inner wall thereof,
      for a constant flow rate, rapidly returns to the initial value and in the
      proximity thereof, viz near 700 millibars, the differential pressure
      switch 125 brings the heating sequence to an end, thereby enabling a new
      cooling sequence to begin.
PAR  The cooling is effected by means of the cooling bath 136 which is adapted
      to remove calories from the substance to be analyzed while providing a
      moment of thermal inertia sufficiently large so as to eliminate the
      inevitable variations in temperature resulting from the one and off
      operation of the cooling unit.
PAR  The elimination of variations is brought about by means of the solid mass
      135 of steel. The specific heat of the steel is about one-eighth the
      specific heat of an aqueous solution but its density which is about seven
      times greater gives for an equivalent volume a moment of thermal inertia
      substantially equal to that of the liquid bath 14 in the previously
      described embodiment.
PAR  The measuring well 113 is filled with a non-freezing liquid 136 with a view
      to ensuring that heat transfer between the low temperature source which is
      constituted by the metal mass 135 and the capillary tube 130 immersed in
      the measuring well.
PAR  The temperature of the non freezing liquid is intermediary regulated in the
      course of the sequence by the periodic reheating of the capillary tube
      while the temperature of the solid mass 135 is maintained at a constant
      temperature of -25.degree.C by the thermostat of the cooling unit.
PAR  The thermocouple 121 which measures the filterability point temperature
      remains at the outlet end of the capillary tube 130 and enables the
      continuous recording of the changes of the temperature between the minima
      representing the variations of the filterability point P.F. and the maxima
      representing the maximum temperature reached for ensuring the complete
      melting F of the micro-crystals (FIG. 8).
PAR  This preferred analyzer apparatus demonstrates further advantageous
      characteristic. Indeed, for the pre-adjusted range of .DELTA. P at the
      terminals of the capillary tube, about 700 millibars, the recorded
      temperature varies substantially between a minimum value .DELTA. Tm of
      2.degree. to 3.degree.C and a maximum value .DELTA. T.sub.M which may
      reach 15.degree. to 20.degree.C for the same filterability point. Now,
      since the maximum temperature attained for ensuring the melting of all the
      micro-crystals and the return to the initial .DELTA. P is variable
      according to the distillation cross-section representing the substance to
      be analyzed, the continuous recording of the temperature of the substance
      leaving the capillary tube allows not only the instantaneous value of the
      filterability point to be determined but also the quality of the cracking
      or fractional distillation in the cracking or distillation tower.
PAR  If the molecular weight of the crystallizable paraffins is relatively
      grouped, the difference between the melting points of the lightest and
      heaviest remains slight, thereby proving a good fractional distillation.
      On the other hand, if the distillation tower operates improperly or if
      there is a breakdown, the molecular weight and melting temperature of the
      crystallizable paraffins are more scattered which is transcribed by the
      recording device as a rise in .DELTA. T.
PAR  This phenomenon may be taken advantage of for using the data from the
      analyzer by transmitting it to the control system for the distillation
      tower in order to vary the parameters accordingly and thereby obtain a
      kind of self-regulation or feedback control.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for the continuous automatic measure of the filterability
      threshold temperature of a liquid substance comprising a block made of a
      metal having a high thermal inertia, said block having an external surface
      and a closed recess therein, a cooling liquid substantially filling said
      recess, said cooling liquid having a freezing temperature substantially
      lower than the average filterability threshold temperature of the type of
      liquid to be analyzed, cooling means on said external surface of said
      block adapted to cool said block, an electrically conductive metal
      capillary tube immersed in said cooling liquid and having an inlet end and
      an outlet end emerging from said block, said tube being electrically
      insulated from said block, pump means for delivering the liquid to be
      analyzed to said tube at a constant volume flow rate, electrical
      connecting means to connect both ends of said tube with the terminals of
      an electric power supply respectively, switch means interposed on one of
      said electrical connecting means, pressure responsive meeans in connection
      with said switch means whereby said electric power is supplied to said
      electrically conductive metal capillary tube when the difference between
      the inlet pressure and outlet pressure of said capillary tube exceeds a
      first predetermined value and suspends said supply of electric power when
      said pressure difference reaches a second predetermined value lower than
      said first value, thermosensitive means adapted to measure the temperature
      of the liquid to be analyzed in the outlet end of said capillary tube and
      means for recording the temperature measured by said thermosensitive
      means.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the thermosensitive element
      is a thermocouple.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein the thermosensitive element
      is a thermistor.
NUM  4.
PAR  4. An apparatus according to claim 1, further comprising a memory device
      associated with said recording means enabling the continuous recording of
      only the outline of the recording curve connecting the points
      corresponding to the minimum temperatures recorded, i.e. instantaneous
      filterability points.
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PAL  The leak detector disclosed herein is of the type which detects the
      presence of halogen gases, such as fluorides, by the effect such gases
      have on the color of a flame in the presence of reactive copper. The flame
      is generated by a gas-fueled burner of exceptionally small and rather
      critical proportions, constructed so that the entire air supply for the
      burner may be obtained through a flexible search tube. Further, the
      reactive copper is provided integrally with the burner rather than as a
      separate element heated by the burner. The burner employs a disk-like
      flameholder which is proportioned to provide a stable flame despite the
      small size of the burner and which is itself constructed of copper so as
      to provide the reactive material to obtain flame color sensitivity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flame-type leak detectors and more particularly
      to such a detector having greatly improved sensitivity permitting the
      location of very small leaks of refrigerant gases containing halogens.
PAR  For detecting leaks in large air-conditioning systems employing Freon
      refrigerants, it has been common practice to locate such leaks with a
      flame-type detector. Such leak detectors have essentially comprised a
      conventional propane-type torch provided with a copper-containing reaction
      element located so as to be heated by the torch flame. By bleeding into
      the air supply of the torch air flow drawn through a flexible search tube,
      the presence of Freon in the atmosphere at the distal end of the search
      tube could be detected by noting the effect such gases have upon flame in
      the region of the copper reaction element. As is understood in the art,
      the fluorine in the Freon refrigerant reacts with copper to produce a
      green tint in the normally blue flame. While the leak detectors of the
      type available heretofore would detect leaks substantially smaller than
      those detectable with a soap solution, very small leaks could not be
      reliably located.
PAR  As a result of the need for leak detectors capable of detecting very small
      leaks, electronic leak detectors were evolved which could be adjusted to
      obtain the desired sensitivity. Such detectors, however, were both
      expensive and, for the refrigeration technician, relatively complicated to
      operate. In particular, the apparatus had to typically be calibrated so as
      to offset the presence of Freon in the atmosphere generally, i.e. a signal
      which might be considered "background noise" in the electronic sense.
PAR  One difficulty encountered in locating small leaks with prior art
      flame-type detectors was the dilution of the sample by the relatively
      large amount of air required for satisfactory burner operation. Further,
      the presence of Freon in the general atmosphere around the burner could
      mask the effects caused by Freon in the sample, i.e., some greenish tint
      would be produced by the fluorine in the main flow of combustion air to
      the burner so that the effect of any increased concentration of fluorine
      in the atmosphere at the distal end of the search tube was greatly
      diluted. In accordance with the present invention, a very small burner is
      utilized, i.e., a burner of about 1/10 the fuel and air consumption of
      earlier detectors. The inability of prior art constructions to operate a
      such low levels is believed to be due to the inability of the burners to
      overcome the pressure drop of the search tube and to sufficiently heat a
      reaction element. The present invention overcomes these difficulties
      through a critical design incorporating a novel reactor arrangement.
PAR  Among the several objects of the present invention may be noted the
      provision of a flame-type leak detector which will detect very small
      leaks; the provision of such a leak detector which is relatively
      unaffected by background levels of Freon; the provision of such a leak
      detector which is highly reliable and which is rugged and simple to
      operate; and the provision of such a leak detector which is of relatively
      simple and inexpensive construction. Other objects and features will be in
      part apparent and in part pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention involves a burner-type leak detector for
      locating leaks of halogen containing gases. The detector employs a jet
      orifice to which is provided a halogen-free combustible fuel. A venturi is
      aligned with the orifice, there being an annular cavity of substantial
      diameter between the jet orifice and the venturi, the cavity being closed
      except for the orifice, the venturi and an air inlet port. The venturi
      opens into a flame tube, the flame tube being substantially bridged
      intermediate its ends by a disk-like flameholder. The flameholder is
      constructed of a copper-bearing material and is shaped to occlude the
      flame tube except for a series of circumferentially located notches
      occupying in the order of 14 of percent the area of the tube. The central
      portion of the flameholder generates a downstream zone of recirculating
      burned gases which provide continuous re-ignition of incoming fuel-air
      mixture and which heats the flameholder itself. The flame tube and the
      flameholder are relatively proportioned to cause the flameholder to
      operate in thermal equilibrium at a temperature of about
      600.degree.-900.degree. F. A flexible inlet tube is coupled to the inlet
      port so that all of the air for supporing combustion in the flame tube can
      be drawn, by the action of the venturi, through the inlet tube.
      Accordingly, the color of the flame generated in the flame tube is highly
      sensitive to the presence of halogen, in the atmosphere adjacent the
      distal end of the inlet tube.
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PAC  BRIEF DISCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view, with parts broken away, of a leak detector in
      accordance with the present invention;
PAR  FIG. 2 is a side view, in section and to enlarged scale, of the burner
      portion of the flame detector of FIG. 1;
PAR  FIG. 3 is a top view of the flameholder employed in the burner taken
      substantially on the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a side view of a search probe which may be used with the detector
      of FIG. 1.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the leak detector of the present invention
      comprises a unitary burner and regulator assembly 11 adapted to be mounted
      directly on the top of a standard half-pound cylinder of propane 13 by
      means of a conventional fitting or coupling 15. Other gaseous fuels such
      as acetylene or Mapp gas may also be used. As illustrated in FIG. 1, the
      left hand portion of the assembly 11 comprises the burner, designated
      generally by reference character 17, while the right hand part is the
      regulator portion, designated generally by reference character 19. Fuel
      from the cylinder passes to the burner portion 17 through the regulator
      19, being admitted to the regulator through a passage 21 and flowing at
      regulated pressure of about 24 p.s.i.g. from the regulator 19 to the
      burner 17 through a passage 23. The regulator is generally of the type
      disclosed in co-pending application Ser. No. 500,132 entitled Pressure
      Regulator and filed by Alex F. Wormser on Aug. 23, 1974 and thus is not
      described in greater detail herein.
PAR  The burner 17 is assembled around a generally cylindrical base member 25
      which is sealed to the body of the overall assembly 11 by means of an
      O-ring 27 and is retained by means of a thumbscrew 29. With reference to
      FIG. 2, fuel is metered into the burner itself through a very fine orifice
      31 in a dimpled orifice plate 33. In a preferred construction of the
      detector, the orifice diameter was about 0.0013 inches and was cut in the
      stainless steel orifice plate 33 by means of a laser drill. Fuel is
      admitted to the orifice through a sintered bronze filter 37. Bronze filter
      37 is pressed into a plug 39 which is screwed into the base member 25 so
      as to clamp the orifice plate in position, as illustrated. As an indicator
      of the relative size of the burner of the present invention, it may be
      noted that prior art detectors employ a fuel orifice in the order of 0.004
      inches diameter.
PAR  Aligned with the orifice 31 is a venturi 41 cut into the base 25 itself.
      Venturi 41 has a nominal diameter in the order of 0.033 inches and a
      length in the order of 0.100 inches. The separation between the orifice
      and the mouth of the venturi is about 0.050 inch. The body member 25 is
      further shaped so as to provide, between the orifice 31 and the venturi
      41, an annular cavity 45 which is of substantially larger diameter than
      the venturi 41. (FIG. 2) Cavity 45 is closed except for the jet orifice
      31, the venturi 41 and an inlet port 47. Port 47 is coupled, through a
      tubular hose nipple 49, to a flexible sample inlet tube 51. Tube 51 is in
      the order of three feet long to facilitate the scanning of refrigeration
      components but is of relatively small inside diameter, e.g. in the order
      of 1/8 inch, so that the volume of air in the tube can be purged within a
      reasonable time by jet pump action of the venturi.
PAR  If desired to permit a temporary reducing of sensitivity so as to minimize
      poisoning of the reactive surface, a manually operable bleed port can be
      provided to permit the temporary introduction of a diluting air flow. This
      is preferably provided at the probe end of the search tube so that
      response time is not adversely affected. For example, a probe as
      illustrated at 85 in FIG. 4 may be used, the probe having a port 87 which
      may be selectively uncovered by unscrewing a threaded collar 89, as
      illustrated.
PAR  The venturi 41 opens into a generally cylindrical vertical cavity 61 into
      which is threaded a flame tube assembly 63. The portion of the flame tube
      extending beyond its last contact with the body member 25 has an inside
      diameter of about 0.245 inches and a length of about 0.295 inches and is
      constructed of stainless steel, the wall thickness of this portion being
      in the order of 0.015 inches. A disk-like flameholder 65 is pressed into
      the flame tube so as to be spaced from the open end of the flame tube
      about 0.200 inches. In the preferred embodiment, the flameholder 65 is
      constructed of copper and is about 0.035 inches thick. As may be seen best
      in FIG. 3, flameholder 65 substantially occludes the flame tube 63 except
      for a series of five peripheral notches 67 which open about 14 percent of
      the flame tube cross-sectional area at that point. Preferably, the notches
      67 are inclined as illustrated so as to impart a helical swirling movement
      of the burning gases downstream of the flameholder. As will be understood
      by those skilled in the art, the central portion of hub of the flameholder
      acts as a bluff body so as to generate a zone of recirculating burned
      gases with in the portion of the flame tube downstream from the
      flameholder. These recirculating burned gases both provide a continuous
      and reliable re-ignition of the incoming air-fuel mixture and tend to heat
      the flameholder 65 itself. The overall design of this burner follows the
      principles disclosed in the sole application of Alex F. Wormser entitled
      Wind-Proof Cigarette Lighter Burner Ser. No. 503,611, filed Sept. 6, 1974.
      As described in said application, the dimensions and proportions of a
      small burner, i.e., in the order of 1/4 inch, are quite critical for
      stable and reliable operation.
PAR  As will be understood by those skilled in the art, the flameholder 65 will
      be heated directly by the recirculating gases and, to some extent, by heat
      transferred back from the downstream portion of the flame tube.
      Correspondingly, heat will flow out of the flameholder through the portion
      of the flame tube upstream of the flameholder. This heat loss, as well as
      the rate at which heat is absorbed from the recirculating gases, is also
      affected by the thickness of the flameholder. For example, the operating
      temperature of the flameholder can be reduced by making the flameholder
      thicker or the wall of the flame tube thicker and can be increased by
      making these dimensions thinner. As will be understood, the axial position
      of the flameholder within the flame tube will also influence its
      temperature. Accordingly, it can be seen that the operating temperature of
      the flameholder can be controlled by adjusting relative dimensions. In
      order to provide a temperature facilitating reaction of the copper with
      any Freon present in the combustion mixture, the dimensions of the flame
      tube/flameholder are adjusted to provide operation of the flameholder in
      thermal equilibrium at about 600.degree.-900.degree. F. While pure copper
      is used for the flameholder in the design illustrated, copper-bearing
      alloys such as brass may also be used and will provide sufficient reactive
      copper for usable sensitivity. As will be understood, cleaning of the
      surface of the copper flame-holder may be required from time to time to
      maintain sensitivity.
PAR  In operation, the leak detector disclosed has proven to be exceptionally
      sensitive and is in fact capable of detecting and locating leaks as small
      as 0.3 ounces per year. This sensitivity apparently flows from a
      critically designed burner which is extremely small and yet stable so that
      excessive dilution of the sample is avoided and which can take its entire
      air supply for combustion through the search tube 51. Accordingly, the
      presence of Freon in the air around the regulator and burner assembly has
      no affect on the flame color. Rather, the only background Freon which can
      affect the color of the flame is that immediately in the vicinity of the
      distal end of the search tube 51. Accordingly, incremental changes in
      flame color, e.g. as the distal end of the search tube is moved past an
      actual leak, will be readily visible since there is a one-for-one
      correspondence in the mixture being taken in through the hose and the air
      being provided for combustion. Further, since the burner is exceptionally
      small the total amount of air taken in at the distal end is relatively
      small, thereby increasing the relative concentration of Freon which can be
      generated by a very small leak. The flameholder is heated in a controlled
      manner as described above and hot metal is available for reaction, despite
      the small size of the burner. This is believed to substantially enhance
      the reliable, sensitive and stable operation. Thus, the operation of this
      detector is distinguishable from prior art systems in that the burner
      itself encompasses the reactive copper so that only a single reaction or
      flame region is present. In systems where a separate reaction element is
      heated by a burner, it appears that two separate reaction or flame zones
      are present, one at the burner itself and a somewhat separate flame at the
      reaction element, typically a copper ring.
PAR  A shroud 75 is provided to both protect the burner assembly and to enhance
      visibility and contrast in viewing the very small flame generated by the
      burner. Shroud 75 encloses the burner assembly except for a chimney port
      77 directly above the flame and a viewing port 79 at the end of the shroud
      which permits the operator to look across the end of the flame tube at an
      otherwise darkened background. If desired, a glass window may be included
      in the viewing port. Shroud 75 is held on the assembly 11 by means of a
      friction ring 81.
PAR  In view of the foregoing, it may be seen that several objects of the
      present invention are achieved and other advantageous results have been
      attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it should be understood that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame-type leak detector for locating leaks of fluorine containing
      gases into the atmosphere, said detector comprising:
PA1  a jet orifice;
PA1  means for providing a halogen-free combustible gaseous fuel to said
      orifice;
PA1  means defining a venturi which is aligned with said orifice, there being an
      annular cavity of substantial diameter between said jet orifice and said
      venturi, said cavity being provided with an air inlet port;
PA1  a flame tube into which said venturi opens;
PA1  in said flame tube, a disk-like flameholder substantially bridging said
      flame tube intermediate its ends, said flameholder being constructed of
      copper and being shaped to occlude said flame tube except for a series of
      circumferentially located notches opening a minor portion of the area of
      said tube, said notches being inclined to impart a swirling movement to
      gases passing said flameholder, the central portion of said flameholder
      generating a downstream zone of recirculating burned gases which provides
      continuous re-ignition of incoming fuel-air mixture and which heats said
      flameholder itself, said flame tube and said flame-holder being relatively
      proportioned to cause said flameholder to operate in thermal equilibrium
      at a temperature of about 600.degree.-900.degree. F; and
PA1  a flexible inlet tube coupled to said sample inlet port,
PA1  whereby the color of a flame generated in said flame tube is highly
      sensitive to the presence of halogen compounds in the air immediately
      adjacent the distal end of said inlet tube.
NUM  2.
PAR  2. A detector as set forth in claim 1 further comprising, at the distal end
      of said tube, a probe having a selectively openable port permitting the
      sensitivity of said detector to be temporarily reduced.
NUM  3.
PAR  3. A flame-type leak detector for locating leaks of fluorine containing
      gases into the atmosphere, said detector comprising:
PA1  a jet orifice having a nominal diameter in the order of 0.0013 inch;
PA1  means for providing a halogen-free combustible gaseous fuel at an
      essentially predetermined pressure to said orifice;
PA1  means defining a venturi which is aligned with said orifice, the nominal
      diameter of said venturi being in the order of 0.033 inch, there being an
      annular cavity of substantial diameter between said jet orifice and said
      venturi, said cavity being closed except for said orifice, said venturi
      and an air inlet port;
PA1  a flame tube into which said venturi opens, the nominal inside diameter of
      said flame tube being in the order of 0.245 inch; in said flame tube, a
      disk-like flameholder substantially bridging said flame tube intermediate
      its ends, said flameholder being constructed of copper and being shaped to
      occlude said flame tube except for a series of circumferentially located
      notches opening in the order of 14 percent of the cross-sectional area of
      said tube, the central portion of said flameholder generating a downstream
      zone of recirculating burned gases which provides continuous re-ignition
      of incoming fuel-air mixture and which heats said flame-holder itself,
      said flame tube and said flameholder being in thermal contact between said
      notches and being relatively proportioned to cause said flameholder to
      operate in thermal equilibrium at a temperature of about
      600.degree.-900.degree. F; and
PA1  a flexible inlet tube coupled to said sample inlet port, said tube having a
      nominal inside diameter in the order of 1/8 inch and a length of several
      feet, all of the air for supporting combustion in said flame tube being
      drawable, by the action of said venturi, through said inlet tube,
PA1  whereby the color of the flame generated in said flame tube is highly
      sensitive to the presence of halogen compounds in the air immediately
      adjacent the distal end of said inlet tube.
NUM  4.
PAR  4. A flame-type leak detector for locating leaks of fluorine containing
      gases into the atmosphere, said detector comprising:
PA1  a jet orifice having a nominal diameter in the order of 0.0013 inch;
PA1  means for providing a halogen-free combustible gaseous fuel at an
      essentially predetermined pressure to said orifice; means defining a
      venturi which is aligned with said orifice, the nominal diameter of said
      venturi being in the order of 0.033 inch, there being an annular cavity of
      substantial diameter between said jet orifice and said venturi, said
      cavity being closed except for said orifice, said venturi and an air inlet
      port, the mouth of the venturi being separated from the orifice by about
      0.050 inch;
PA1  a steel flame tube into which said venturi opens, the nominal inside
      diameter of said flame tube being in the order of 0.245 inch, the wall
      thickness of said tube being in the order of 0.015 inches;
PA1  in said flame tube, a disk-like flameholder substantially bridging said
      flame tube intermediate its ends, said flameholder being constructed of
      copper and being shaped to occlude said flame tube except for a series of
      circumferentially located notches opening in the order of 14 percent of
      the cross-sectional area of said tube, the central portion of said
      flameholder generating a downstream zone of recirculating burned gases
      which provides continuous re-ignition of incoming fuel-air mixture and
      which heats said flameholder itself, said flame tube and said flame-holder
      being in thermal contact between said notches and being relatively
      proportioned with the thickness of said flameholder being about 0.035 inch
      to cause said flameholder to operate in thermal equilibrium at a
      temperature of about 600.degree.-900.degree. F; and
PA1  a flexible inlet tube coupled to said sample inlet port, said tube having a
      nominal inside diameter in the order of 1/8 inch and a length of several
      feet, all of the air for supporting combustion in said flame tube being
      drawn, by the action of said venturi, through said inlet tube, whereby the
      color of the flame generated in said flame tube is highly sensitive to the
      presence of halogen compounds in the air immediately adjacent the distal
      end of said inlet tube.
PATN
WKU  039452450
SRC  5
APN  4522540
APT  1
ART  244
APD  19740318
TTL  Method and equipment for detecting deflective nuclear fuel rods
ISD  19760323
NCL  8
ECL  1
EXA  Kreitman; Stephen A.
EXP  Queisser; Richard C.
NDR  3
NFG  7
INVT
NAM  Stehle; Heinz
CTY  Marloffstein
CNT  DT
INVT
NAM  Assmann; Helmut
CTY  Erlangen
CNT  DT
INVT
NAM  Wahode; Peter
CTY  Nurnberg
CNT  DT
INVT
NAM  Janson; Walter
CTY  Erlangen
CNT  DT
ASSG
NAM  Siemens Aktiengesellschaft
CTY  Munich
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730323
APN  2314650
CLAS
OCL   73 714
XCL   73 15R
XCL   73 40
XCL   73 405A
XCL   73 715US
XCL  176 19LD
EDF  2
ICL  G01N 2900
ICL  G01M  304
FSC   73
FSS  71.4;67.5 R;67.6;67.7;67.8 R;67.8 S;71.5 US;15 R;17 A;15.4;73;75;40;40.5 A
FSC  176
FSS  19 R;19 LD;80
UREF
PNO  2718141
ISD  19550900
NAM  Richards
OCL   73 75
UREF
PNO  2979950
ISD  19610400
NAM  Leone
XCL   73 17A
UREF
PNO  3292426
ISD  19661200
NAM  McCann
OCL   73 71.4
UREF
PNO  3459925
ISD  19690800
NAM  Goosey et al.
XCL  176 19R
UREF
PNO  3546924
ISD  19701200
NAM  Nussbaum et al.
OCL   73 67.7
UREF
PNO  3592967
ISD  19710700
NAM  Harris
XCL   73 71.4
UREF
PNO  3597316
ISD  19710800
NAM  Lynworth
OCL  176 19R
UREF
PNO  3666625
ISD  19720500
NAM  Nybo
XCL  176 19LD
UREF
PNO  3813286
ISD  19740500
NAM  Goldman et al.
OCL  176 19R
UREF
PNO  3823068
ISD  19740700
NAM  Worlton et al.
OCL  176 19LD
FREF
PNO  914,380
ISD  19630100
CNT  UK
OCL  176 80
LREP
FRM  Kenyon & Kenyon Reilly Carr & Chapin
ABST
PAL  Nuclear fuel rod ends of water-cooled reactor fuel rods, are heated in the
      region of the fission gas plenums and/or in the region of the upper or
      lower ends of the fuel columns. The moisture present in the case of damage
      to the fuel rods' casings, evaporates and is partly condensed at the end
      caps. In the case of a fuel rod completely filled with water, steam
      bubbles are generated. Both indications of casing leakage or damage are
      ascertained by ultrasonic reflection measurements and/or measurement of a
      temperature-vs-time curve, obtained at the end cap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a method for detecting defective fuel rods
      in a formation of complete fuel assemblies of water-cooled nuclear
      reactors.
PAR  Nuclear reactor fuel rods are the smallest unit in the construction of a
      reactor core; they contain the nuclear fuel, usually in the form of
      pellets, and give off the nuclear fission heat generated in them to the
      surrounding cooling water. It is here of the greatest importance that as
      far as possible, no radioactive fuel substances pass into the cooling
      water. This is achieved principally by a design of the fuel rods such that
      a cladding tube or casing with end caps welded-on gas-tight, surrounds the
      nuclear fuel and shields the latter as well as the fission products
      generated in it from direct contact with the cooling water.
PAR  During extended operation of the reactor, it can, however, not be
      completely precluded that isolated fuel rods develop leaks, so that
      cooling water can enter and possibly also radioactive material can escape.
      The cooling water purification systems provided in every nuclear plant,
      are laid out so that they can remove a certain amount of radioactive
      material from the cooling water circulation. If however, the radioactivity
      becomes so high that these systems are overloaded, there is no other
      recourse than to examine the core for defective fuel assemblies or fuel
      rods during shutdown periods.
PAR  This examination can first be performed purely visually by inspecting the
      fuel assemblies removed from the reactor core, usually under water by
      means of an underwater television camera. By this method, mainly highly
      defective fuel rods can be found, particularly such which are located in
      the outer rows of the fuel assemblies. However, it is very difficult to
      visually inspect fuel rods by this approach, which are located in the
      interior of a fuel assembly. To this must be added that it is also
      important to identify such nuclear fuel rods as defective which have only
      minor leaks, which cannot be detected externally by purely visual
      inspection.
PAR  In this connection, it has already been proposed to provide fuel rods in
      the interior with auxiliary devices which change upon the entry of water
      in such a manner that the change can be ascertained from the outside,
      e.g., magnetically. Such devices, however, increase the manufacturing
      costs of the fuel rods and can, of course, have sources of trouble of
      their own.
PAR  The problem therefore arose to find a method by which it is possible to
      ascertain the entry of water in defective fuel rods which have no special
      internals for this purpose. In this connection, it is particularly
      important that such an examination can be performed on the completed fuel
      assembly. The technical means required for disassembling and re-assembling
      irradiated fuel assemblies would be very great. In completely
      disassembling and re-assembling a fuel assembly, the great danger exists
      furthermore that individual fuel rods and the support structure (spacers)
      might get damaged. It should also be possible to carry out such
      examinations within the time available for fuel changing. For economic
      reasons this time must be kept as short as possible.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, the solution to this problem is that the
      cladding tubes of the fuel rods are heated in the vicinity of an
      accessible end cap, whereby any water present in the interior of defective
      fuel rods is heated up, and that the formation of steam bubbles or
      condensate is determined by means of the ultrasonic pulse echo method at
      the rods' end caps. This method is preferably carried out in the fuel pit,
      which is arranged beside the reactor pit containing the reactor vessel.
      During fuel changing, both pit spaces are filled with water and connected
      with each other under water by a lock for the transport of fuel
      assemblies. Also the examination of these fuel assemblies for defective
      fuel rods takes place under water. The water serves here as a radiation
      shield and for removing the decay heat from the fuel rods. For the testing
      process the fuel rods' ends must be accessible for the test equipment.
      Depending on the design of the fuel assemblies, this means that the fuel
      assembly head or base must be removed. The position best suited for
      carrying out the test procedure depends on the given design of the fuel
      assembly in each case.
PAR  In addition to the use of the pulse echo method, other ways to determine
      the presence of water in the fuel rods may be used. A fuel rod has a
      normally empty fission gas plenum or space above the fuel in its cladding
      tube or casing. Heating of the content of this space when containing
      moisture or water, produces a different thermal response than is produced
      if the space is free from moisture or water, and this response may be
      externally detected. If the thermal response is the formation of vapor
      which condenses on colder parts of the casing and falls as water drops,
      the pulse echo signal is disturbed; the signal is not disturbed in the
      absence of the water drops forming the thermal response; but also, thetime
      rate of temperature rise in the casing is different for the space when it
      contains moisture or water, than when the space is free from moisture, so
      a time-vs-temperature curve can provide readout of the thermal response.
      Further, the power required for a heat input or output to hold the space
      temperature constant at a point removed from the heat input or output
      source, also permits external detection of the thermal response due to the
      absence or presence of moisture or water.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The presently preferred mode for carrying out the invention is illustrated
      schematically by the accompanying drawings, in which:
PAR  FIG. 1 is a vertical section of a currently common pressurized-water
      reactor building;
PAR  FIG. 2 shows three adjacent fuel rods which are part of a fuel assembly,
      one rod being in vertical section and illustrating the fundamentals of the
      invention;
PAR  FIG. 3 shows an oscilloscope picture obtained by ultrasonic testing of a
      heated fuel rod end;
PAR  FIG. 4 shows in vertical section, an example of the equipment of the
      invention;
PAR  FIG. 5 is a graph showing temperature-vs-time curves;
PAR  FIG. 6, in vertical section, shows another example of the new equipment;
      and
PAR  FIG. 7 is a perspective view of a further example.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows schematically a longitudinal or vertical section through a
      circular reactor building such as is common for pressurized-water
      reactors. The fuel assemblies are located in the pressure vessel 1. Above
      the reactor pit a, the charging machine 11, or refueling machine, is
      arranged, as shown, to run over the fuel pit 12, from the reactor pit, and
      to there set down fuel assemblies in vertical positions, taken from the
      opened pressure vessel. For this purpose a storage rack 13 for vertically
      holding the fuel assemblies, is provided, the design of which is made so
      that the fuel assemblies set down there vertically in their entirety
      cannot become critical. To the side of the storage pit the test station 14
      is located, in which the fuel assemblies to be tested are placed. The fuel
      assemblies are always under water in the pit and in the test station. By
      means of the charging machine 11 and a remote-controlled auxiliary
      equipment, not shown, the test equipment of this invention can then be
      placed on the accessible ends of the individual fuel rods within each fuel
      assembly formation while under the water.
PAR  FIG. 2 shows, as a section of a fuel assembly, three adjacent fuel rods 2,
      one of which is shown in a longitudinal cross section. It will be seen
      that the fuel rod consists of a cladding tube 21, the weld-sealed end cap
      24 and the nuclear fuel pellets 22. Below the end cap 24, there is in this
      example a support sleeve 23, which has its purpose to increase the
      strength of the cladding tube in the empty fission gas plenum above the
      pellets 22, against the pressure of the reactor coolant. This component,
      however, is not of special importance for the operation of the method
      according to the invention.
PAR  Let us assume that this fuel rod, shown in cross section, is defective. For
      testing the fuel rod, a tube-like heater element, e.g., a high-frequency
      induction coil 4, is pushed over the end of the fuel rod and the fuel rod
      is thereby locally heated under the protective water. Steam 27 develops
      thereby in the space below the end cap 24 and condenses there, as the
      temperature is lower there due to the cooling of the surrounding water.
      The steam condensed there will fall down in the form of drops 26 and
      evaporate again through the high-frequency heating. To ascertain this
      condition, an ultrasonic head 3, known per se, is placed on the end cap 24
      via a coupling medium 31, e.g., water, plastic, rubber or grease, and
      supersonic pulses are introduced by radiation in the axial direction of
      the fuel rod. Here, the echo from the back of the end cap, i.e., from the
      side facing the interior of the fuel rod, is disturbed by the formation of
      the water drops, so that an accordingly disturbed echo signal is formed.
      This is recorded by an oscilloscope and, in the case of a defective tube,
      yields a disturbed picture such as is reproduced in FIG. 3. A further
      improvement of this method can be achieved by additionally cooling the end
      cap, for instance, by means of a Peltier element. Such cooling aids the
      condensation of the steam at the end cap and thereby enhances the
      formation of drops.
PAR  If the fission gas space is completely filled with water, the rear-wall
      echo is likewise disturbed by rising steam bubbles.
PAR  For the implementation of the method, it is advantageous to combine the
      ultrasonic equipment 3 and the heating element 4 to form an integrated
      structural unit, as shown in FIG. 6, which will be discussed later.
PAR  A further variant of the testing method according to the invention is shown
      in FIG. 4. Here, the end of the fuel rod is likewise heated by a
      predetermined heating power (e.g., 300 W). Due to the relatively large
      heat of evaporation of water, a delay occurs at the boiling point for the
      remainder of the temperature rise. The measurement of the
      temperature-vs-time curve at this end cap is therefore a measure for the
      presence of water in the interior of the fuel rod.
PAR  In FIG. 5, the values obtained on a model fuel rod are shown schematically.
      On the ordinate, the temperatures at the end cap 24 are plotted. On the
      abscissa is plotted the time in minutes. With constant heating power the
      curves shown for the different water contents are obtained. It will be
      seen therefrom that even with traces of water, somewhat more time is
      required to reach the 100.degree.C limit at the end cap than with a fuel
      rod which is completely free of water. The more water present in the fuel
      rod, the more will the temperature rise be delayed, as a greater or
      smaller amount of energy is consumed for heating the water up to its
      boiling temperature and its evaporation.
PAR  The heating element 4 and the temperature measuring device 5 are combined
      together in this example (FIG. 4) via a tubular structure 42 to form a
      rigid testing unit. In addition to handling arrangements, not shown, the
      unit must be connected via lines 41 with the electric energy source and
      via the lines 51 with the temperature recording equipment. The tubular
      structure 42 is advantageously designed here as a heat insulator, so that
      the surrounding water, due to its cooling effect, does not influence the
      resulting indication detrimentally. If this structure is applied under
      water, an air volume will also remain in its interior, which extends up to
      the vicinity of the heating element 4 when placed on the end of the fuel
      rod. In principle, different heating methods can, of course, be used. For
      practical reasons, induction heating is preferred, as the heat is
      generated in the work piece, i.e., in this case in the cladding tube of
      the fuel rod itself. As this cladding tube in turn has a very thin wall,
      its wall thickness being in the order of between 0.5 and 2 mm, the
      frequency of the induction current used should be in the high-frequency
      range, i.e., at about 100 kHz and higher. With such frequencies, the
      number of turns of the inductor 4 can also be kept smaller than with lower
      frequencies, which is a definite advantage here, as the entire test
      fixture must always be pushed over a fuel rod and the distances between
      adjacent fuel rods in a fuel rod assembly are only a few mm.
PAR  Conversely, it would, of course, also be possible to measure the amount of
      heat transferred itself, instead of the temperature curve at the end cap.
      This can be accomplished, on the one hand by combining with the
      temperature sensor 5 a Peltier element 7 with its electrical connections
      71, whose output can be controlled so that a constant temperature adjusts
      itself at the end cap 24. From the power consumed by the Peltier element,
      conclusions can then be drawn as to the presence of water, and also its
      quantity, in the fuel rod. On the other hand, with intermittent operation
      of the heating element, the number of heating pulses required to reach a
      given end cap temperature can be counted automatically.
PAR  FIG. 6 shows a further embodiment of the equipment for carrying out the
      method according to the invention. Here, the induction coil 4 is arranged
      within the tubular structure 42, and also the high-frequency leads 41 are
      brought out upward within this structure. In this case it is advantageous
      to attach shoes 43 for centering, so that uniform heating of the cladding
      tube 21 within the inductor 4 is thereby ensured. Again, the ultrasonic
      measuring head 3 as well as the cooling device 7 or the temperature
      measuring device 5, respectively, are combined here in one structural
      unit. To improve the thermal insulation between the structure 42 and the
      fuel rod cladding tube 21, air can be blown in via the connection 6 in
      this example, which displaces the water completely from the space between
      the inductor 4 and the fuel rod. The advantage obtained thereby benefits
      each of the measuring methods indicated. An O-ring seal 55 takes care that
      the space around the ultrasonic measuring head 3 remains filled with water
      as the coupling medium.
PAR  As already mentioned, the distance between the individual fuel rods in the
      formation of the fuel assembly is very small. A design for the heating
      element must therefore be found which takes as little space as possible.
      Such a possibility is shown for the case of induction heating in FIG. 7.
      Here, the induction coil 81 is machined out by helical slotting of the
      lower end of the tubular structure 8. As in the other examples, electrical
      insulation between the individual inductor parts, for instance, by means
      of a plastic coating, is advantageous here, of course. The inductor lead
      83 is in ribbon form and is brought out at the top. In view of the
      relatively low high-frequency power, separate cooling of the inductor can
      in some cases be dispensed with, and sufficient heat transfer to the
      surrounding pit water is possible via the insulation. The extension 82 of
      the tubular structure is fitted in this example to the shape of the end
      cap of the fuel rod system in question. As described in the preceding
      example, the temperature measuring device as well as the cooling device
      can additionally be accommodated in the interior. The ultrasonic measuring
      head also can be combined structurally with this device.
PAR  To further reduce the testing time, which is required also with this
      method, it is advantageous to arrange the devices depicted in the figures
      by way of example side-by-side parallel to each other and to thereby scan
      a large part of the fuel rods of a fuel assembly simultaneously for the
      entry of water. In this case, a relative comparison of the measured values
      to be interrogated sequentially may be sufficient to detect a defective
      fuel rod immediately. The heating of the moisture that may have entered,
      which is carried out in the method according to the invention via heating
      the cladding tube, can be achieved in specially situated cases via the
      decay heat of the fuel pellets located in the vicinity of the end cap. In
      this case it is necessary to carry out good thermal insulation of the
      upper portion of the fuel rod, as already mentioned in connection with the
      different examples of embodiments.
PAR  In the foregoing, reference is made to fuel assemblies. Such as assembly,
      in more detail, comprises the fuel assembly support structure formed by
      interspaced top and bottom grid-like end pieces between which a bundle of
      closely laterally interspaced fuel rods is vertically mounted, spacers
      being vertically interspaced fuel rods is vertically mounted, spacers
      being vertically interspaced along the bundle to hold the fuel rods. The
      spacers may be made egg-crate fashion with the fuel rods extending through
      the spacer openings. The fuel assembly is an integrated unit and is
      normally handled as such. If detected, a defective fuel rod can be removed
      and replaced by a good fuel rod, by equipment provided at the fuel storage
      pit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for detecting defective fuel rods while in a fuel assembly
      removed from a water-cooled reactor and under water, said assembly
      containing a bundle of closely interspaced fuel rods having end portions
      with end caps accessible under the water; said method comprising heating
      said end portions via their outsides to apply heat to their insides, and
      via the outsides of said end caps detecting possible water inside of said
      fuel rods by measuring a power transmitted through said end caps and which
      is responsive to the action of said heat on the contents of said insides.
NUM  2.
PAR  2. The method of claim 1 in which said power is ultrasonic acoustical
      power.
NUM  3.
PAR  3. The method of claim 1 in which said power is thermal power.
NUM  4.
PAR  4. The method of claim 1 in which said power is thermal power and said end
      caps are cooled by powered means and said detecting is by measuring the
      power required by said means to hold said end caps at a constant
      temperature.
NUM  5.
PAR  5. The method of claim 1 in which said power is thermal power and said
      heating is by measurable power and said detecting is by measuring the
      amount of this power required to hold the fuel rods' said end portions at
      a constant temperature.
NUM  6.
PAR  6. Equipment for detecting defective fuel rods in a bundle of fuel rods of
      a fuel assembly removed from a water-cooled reactor and under water, said
      fuel rods having upper end portions with end caps accessible under the
      water; said equipment comprising a tubular assembly dimensioned to be slid
      over any one of said upper end portions of the fuel rods without
      interference by adjacent fuel rods of said bundle, said assembly having a
      lower portion including an electric induction coil for heating the upper
      end portion of any one of said fuel rods over which the assembly is slid,
      and said assembly having an upper portion having a detector positioned to
      contact the end cap of that upper end portion of the fuel rod over which
      the assembly is slid.
NUM  7.
PAR  7. The equipment of claim 6 in which said detector is an ultrasonic head.
NUM  8.
PAR  8. The equipment of claim 6 in which said detector is
      temperature-responsive.
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ABST
PAL  This invention relates to a vibrating table where a rotary motion vibrator
      is used to provide vertical oscillations. In this table top arrangement
      the vibrator is secured to a frame or lower plate member preferably at or
      about its midpoint. This lower frame member is conventionally supported by
      a support base through vibration isolators such as coil springs provided
      at its corners. To at least two edges of this lower frame member are
      secured transfer pads which also are secured to the like edges of and
      carry the upper table top a spaced distance above the lower frame. The
      resulting vertical motion and frequency are equal or substantially equal
      at all portions of the table top and there is an absence of "dead spots."
      Conventional table tops of vibrating tables to which the vibrator is
      directly secured have a dead spot or spots and the amplitude is unequal
      causing the material or product thereon to walk or move to one side. Where
      the "dead spots" occur on conventional tables the material is neither
      moved or vibrated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  With reference to the classification of art as established by the United
      States Patent Office the present invention is found in the general Class
      of "Measuring and Testing" (Class 73) and more particularly in the
      subclass entitled, "vibration" (subclass 67) and even more particularly in
      the subclass thereunder entitled, "table or platform" (subclass 71.6).
PAR  2. Description of the Prior Art
PAR  Vibration tables and the requirement for their particular attributes are
      well known. In test equipment and in packaging it is very desirable that
      the desired amplitude and frequency are alike at all points of the table
      top. Many horizontal vibration testing tables are shown in U.S. Patents
      among which is U.S. Pat. No. 3,164,984 to GERTEL as issued on Jan. 12th,
      1965. Slip tables are shown in U.S. Pat. No. 3,208,270 to HILL as issued
      on Sept. 28th, 1965. A vibration table employing a plurality of toggle
      lifts is shown in U.S. Pat. No. 3,044,292 to MATTHEWS as issued on July
      17th, 1962. Other vibration table systems of note are shown in U.S. Pat.
      No. 3,534,588 to SCHULZ on Oct. 20th, 1970 and in U.S. Pat. No. 3,534,589
      to GIBBONS also on Oct. 20th, 1970. Typical of many single top vibrating
      table structures is U.S. Pat. No. 3,262,308 to SCHLOSS as issued on July
      26th, 1966. As far as can be ascertained, these and other tables
      commercially available do not provide a vibrating table top whose
      frequency and vertical amplitude are equal at all points of the table.
PAR  In the apparatus of this invention a single rotary vibration unit is
      employed to vibrate a bottom plate or frame. The vibration forces are
      transmitted from this bottom plate to a top plate through edge transfer
      pads. The resulting table vibrations provide substantially equal amplitude
      and frequency at all portions of this top plate and an absence of "dead
      spots".
PAC  SUMMARY OF THE INVENTION
PAR  This invention may be summarized at least in part with reference to its
      objects.
PAR  It is an object of this invention to provide, and it does provide, a
      vibrating table top whose amplitude and frequency are substantially alike
      at all horizontal areas thereof.
PAR  It is a further object of this invention to provide, and it does provide, a
      vibrating table top carried by and secured to two or more edge support
      pads attached to a lower frame. This frame carries and is vibrated by a
      rotary vibrating means.
PAR  The vibrating table of this invention provides a top plate which is
      indirectly supported in a horizontal position by a base or frame.
      Vibration isolation of the table from the base is by springs, rubber shock
      absorbers or inflatable air mounts. These vibration isolators support a
      bottom plate or frame. One or more rotary vibrators, either electric,
      pneumatic or hydraulic are secured to the underside of the bottom plate at
      or near its middle depending on table length. The amplitude and frequency
      of the vibrator are either adjustable or fixed to accommodate the desired
      operating conditions. On at least two of the edges of the bottom plate
      there is secured at each edge a transfer pad which also is attached to
      like edge portions of the top plate to hold this plate in a fixed spacing
      and position to the bottom plate.
PAR  In addition to the above summary the following disclosure is detailed to
      aid in understanding of the invention. This disclosure, however, is not
      intended to cover each new inventive concept therein no matter how it may
      later be disguised by variations in form or additions of further
      improvements. For this reason there has been chosen a specific embodiment
      of the vibrating table top as adopted for use with a rotary vibrator and
      showing a preferred means for retaining the top plate by only its edges to
      a bottom plate or frame. This specific embodiment and alternate
      embodiments thereof have been chosen for the purposes of illustration and
      description as shown in the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents a somewhat diagrammatic plan view of a
      conventionally-shaped vibrating table of this invention and particularly
      indicating the preferred connection of the top plate to the bottom drive
      plate through edge transfer support members;
PAR  FIG. 2 represents a somewhat diagrammatic sectional view taken on the line
      2--2 of FIG. 1 and looking in the direction of the arrows;
PAR  FIG. 3 represents an isometric diagrammatic view of an alternate bottom
      plate configuration in which a frame assembly instead of a solid plate is
      used to carry the rotating vibrator;
PAR  FIG. 4 represents an isometric diagrammatic view of an alternate bottom
      frame construction to carry the vibrating roller and transfer support
      members, this frame being similar to that shown in FIG. 3 but having an
      additional transverse side member;
PAR  FIG. 5 represents an isometric diagrammatic view of yet another alternate
      bottom plate configuration for assemblies in which only the short ends of
      the upper plate are attached to transfer support members;
PAR  FIG. 6 represents an isometric diagrammatic view of a bottom plate assembly
      as an alternate to the construction of the bottom support plate of FIG. 5;
PAR  FIG. 7 represents a sectional view similar to that of FIG. 2 and in
      combination with FIG. 8 shows the operating characteristics of the double
      vibrating plate table;
PAR  FIG. 8 represents an approximate diagrammatic representation of the
      intensity of the amplitude and the vibration characteristics of the upper
      table top of FIG. 7;
PAR  FIG. 9 represents a diagrammatic side view of a typical single table top
      vibrating table;
PAR  FIG. 10 is a diagrammatic representation of the single table top of FIG. 9
      and showing the vibration amplitude and characteristics of the single
      table top, and
PAR  FIG. 11 represents a diagrammatic side view of a single table top vibrating
      table similar to that of FIG. 9 but showing a long table and the vibration
      amplitude and characteristics.
DETD
PAR  In the following description and in the claims various details are
      identified by specific names for convenience; these names, however, are
      intended to be generic in their application. Corresponding reference
      characters refer to like members throughout the several figures of the
      drawings.
PAR  The drawings accompanying, and forming part of, this specification disclose
      certain details of construction for the purpose of explanation but it
      should be understood that these structural details may be modified in
      various respects and that the invention may be incorporated in other
      structural forms than shown.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF FIGS. 1 AND 2
PAR  Referring now to the drawings and in particular to FIGS. 1 and 2, there is
      depicted a preferred arrangement of the double table top vibrating table
      of this invention. A lower plate 20 has mounted midway and on its
      underside a rotating vibrator 22. This vibrator may be powered by air,
      hydraulic or an electrical motor. This lower plate 20 is supported at its
      four corners by like compression springs 24 which on their lower ends rest
      upon and are secured to a support member 26 which is customarily a base
      frame particularly made to support the vibrating double table top. These
      springs support and are attached to the lower plate. The upper surface of
      the lower plate member 20 carries and has attached to its four edges
      spacer bars which are identified as end spacer bars 28 and side spacer
      bars 30. An upper table top member or plate 32 is attached to the end and
      side spacer bars 28 and 30 at only its edges so that there is a determined
      space between the upper and lower plate members 20 and 32. In its
      assembled condition the vibrations induced into the lower plate 20 are
      transmitted to the upper plate 32 at only its edges. Attachment at the
      edges may be by welding bolts, etc.
PAC  ALTERNATE LOWER BASE FRAME OF FIG. 3
PAR  Referring next to FIG. 3, it is to be noted that instead of a solid base
      plate 20, as in FIG. 1, a peripheral frame 40 of less weight may be
      provided. Attached to the end extensions is a channel 42 and to the
      midlength of this channel is secured the vibrator 22. The springs 24 and
      spacer members 28 and 30 are attached to the edges of this frame 40, as
      shown in the embodiment of FIGS. 1 and 2. To spacer bar members 28 and 30
      the upper plate 32 is secured to provide a double plate top, as in FIGS. 1
      and 2. It is also to be noted that channel 42, if desired, may be attached
      to the longitudinal sides or at right angles to the present arrangement.
PAC  ALTERNATE LOWER BASE FRAME AS SEEN IN FIG. 4
PAR  Referring next to FIG. 4, it is to be noted that the frame 40 of FIG. 3 and
      the channel 42 attached thereto may also have transverse support members
      44 and 46 to extend to the longitudinal side portions of the frame 40 to
      provide additional support particularly for larger table top sizes. To the
      midlength of the channel 42, as in the case of FIG. 3, is attached the
      vibrator 22. Springs 24 and side and end spacer bars 28 and 30 are
      attached to this frame 40 as in the manner of FIGS. 1 and 2.
PAC  LOWER PLATE ASSEMBLY OF FIG. 5
PAR  Referring next to FIG. 5, it is to be noted that instead of the rectangular
      lower plate 20 of FIG. 1 the plate may be contoured to provide a lower
      plate 50. Such a contour may be used with smaller size vibrating tables.
      Only the end portions 52 and 53 which are parallel to each other are
      utilized as the support surfaces for spacer bars 28 and to these end bars
      is attached the upper plate 32. Springs 24 are attached to the outer
      corners as in the manner of FIGS. 1 and 2. The upper plate 32 of FIGS. 1
      and 2 is secured to the plate 50 only through the end spacer bars 28.
PAC  ALTERNATE LOWER PLATE ASSEMBLY OF FIG. 6
PAR  Referring next to FIG. 6, there is depicted a lower plate assembly as an
      alternate of the single contoured plate 50, shown in FIG. 5.
      Trapezoidally-shaped plates 56 and 58, which are depicted as mirror images
      of each other, are attached to a channel 60 to whose midlength is attached
      the vibrator 22. As in the manner of FIG. 5, end spacer bars 28 are
      secured to the end edges of the plates 56 and 58. Attached to the spacer
      bars 28 and secured to the plates 56 and 58 is upper plate 32 which is
      fixed to the plates 56 and 58 only at its end. The double plate vibrating
      table is then supported by springs 24 secured to the four resulting
      corners of the assembly of FIG. 6.
PAC  DESCRIPTION OF THE PRIOR ART AS SEEN IN FIGS. 9, 10 AND 11
PAR  FIGS. 9, 10 and 11 diagrammatically represent vibrating table tops where
      the vibrator is secured to a single table top. As seen in FIG. 9, a single
      table top 70 carries a vibrator 22 on its underside and on support member
      26 springs 24 isolate the single table top. Where the table top is a short
      table top in relation to the amplitude provided by the vibrator, the
      resulting amplitude vibration is depicted by the dashed line 72. As
      reduced to practice, the vibrations are greater at the edges than at the
      center. Where a short table is provided a dead spot usually occurs at the
      point of attachment of the vibrator 22 to the single table top 70.
PAR  Referring next to FIG. 11, there is depicted the amplitude and vibration
      cycle of a long table top 74 driven by the vibrators 22 and supported by
      springs 24. This depicted cycle is represented as dashed line 76. There
      are three dead spots on the table top where the amplitude line passes
      through the table top.
PAC  OPERATION OF THE DOUBLE TABLE TOP AS SEEN IN FIGS. 7 AND 8
PAR  Referring next and finally to FIGS. 7 and 8, there is contrasted the
      resulting amplitude and vibration frequency lines of the double top of
      this invention to the single table top of FIGS. 9, 10 and 11 of the prior
      art. The double plate table top of this invention produces an even
      vibration whose amplitude is the area between the dashed line 82 and the
      lower solid line 84. This has been established by exhaustive tests with
      the entire upper plate vibrating at substantially the same amplitude. The
      horizontal motion is minimal and equal and there is no tilting action.
      This is contrary to the single table top where solid objects or powdered
      material placed upon it tends to drift to one side and the vibration is
      not equal over the entire top. Conventionally, vibrating tables using
      rotary vibration inducers are for testing and/or the packing of materials
      as well as determining the security of components such as are found in
      electrical apparatus and the like. Where the single table top gives a
      larger amplitude on one side of the table than on the other, the material
      placed on the table will have a tendency to move to one side of either the
      container or to one side of the table. The double plate vibrating table
      top of this invention permits packing into a container additional material
      to a selected level height. In the double table top the bottom plate
      vibrates in the same manner as in FIGS. 9, 10 and 11, however, the
      transmitting of all of the vibrations only through the transfer pads at
      the edges of the plate results in the vibrations evening themselves out
      and the amplitude at one pad is exactly transmitted to those on the other
      side. Wave deflectors provided in some single plate table tops are
      eliminated and only the vertical vibrations through the spacer bars are
      transmitted to the top plate. It is only by eliminating the horizontal
      vectors produced by a single table top that the tendency for a table top
      to tilt during vibration is eliminated and the dead spot or spots created
      by the vibrator and the resulting sine waves are eliminated.
PAR  It is to be further noted that it is merely a matter of selection as to
      whether mechanical springs, rubber mounts or inflatable air mount
      vibration isolators are used with the double table top. If required, the
      upper plate may be made as a grid or with special patterns. As long as the
      upper plate is spaced from the lower plate and the forces transferred by
      the rotary vibration are only at the edges of the plates, the vibration
      pattern at the upper plate is as in FIG. 8.
PAR  The shape and extent of the top plate is merely a matter of selection. One,
      two or more vibrating units may be provided. As long as the bottom plate
      or frame is the prime vibrated member, the transfer of the vibrations to
      the top plate or member is only by transfer pads at the outer perimeters
      thereof. This means of transferring the vibration forces insures that the
      vertical oscillations of this top plate are substantially equal over the
      entire top surface.
PAR  Terms such as "left," "right," "up," "down," "bottom," "top," "front,"
      "back," "in," "out" and the like are applicable to the embodiments shown
      and described in conjunction with the drawings. These terms are merely for
      the purposes of description and do not necessarily apply to the position
      in which the vibrating table top may be constructed or used.
PAR  While a particular embodiment and alternates thereof have been shown and
      described it is to be understood that modifications may be made within the
      scope of the accompanying claims and protection is sought to the broadest
      extent the prior art allows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibrating table having a dual top and whose top surface is absent dead
      spots as it is vertically oscillated by at least one rotary motion
      vibrator, and as thus vibrated the entire top surface vibrates with
      substantially the same amount of vertical oscillation, said table as
      constructed including: (a) a support base; (b) a multiplicity of vibration
      isolators, each secured at one end to and carried by the support base; (c)
      a lower frame carried by the vibration isolators so as to be at least
      partially independently movable with respect to the support base; (d)
      rigid transfer pads carried by and secured to at least two edge portions
      of the lower frame and spaced from each other to define and provide a
      support plane a fixed short distance above the lower frame; (e) an upper
      table top member secured to and carried by the rigid transfer pads and at
      only said edge portions so that said upper top member is spaced a
      determined distance above the lower frame, all areas of the entire upper
      table top member being moved vertically in accordance with the amplitude
      and frequency of vibrations of the lower frame which are present at those
      edge areas of fixed attachment of the transfer pads to the lower frame,
      and (f) at least one rotary motion vibrator secured to the lower frame and
      when actuated adapted to impart vertical oscillations at a selected
      frequency and amplitude to the lower frame to which it is attached.
NUM  2.
PAR  2. A vibrating table as in claim 1 in which the lower frame has two
      substantially parallel ends and a transfer pad is mounted to and at each
      of these ends and to and at each of the ends of the upper table top
      member.
NUM  3.
PAR  3. A vibrating table as in claim 2 in which the lower frame also has two
      substantially parallel sides and a transfer pad is mounted to and at each
      of these ends and to and at each of the sides of the upper table top
      member.
NUM  4.
PAR  4. A vibrating table as in claim 1 in which the lower frame and top plate
      are substantially like-sized rectangular plates.
NUM  5.
PAR  5. A vibrating table as in claim 1 in which the lower frame is a peripheral
      frame attached to a mid-supporting member.
NUM  6.
PAR  6. A vibrating table as in claim 5 in which the rotary motion vibrator is
      attached to the mid-supporting member.
NUM  7.
PAR  7. A vibrating table as in claim 1 in which the lower frame is a plate-like
      configuration with the longitudinal sides inwardly contoured from a
      straight line with the ends of said frame arranged in a parallel manner,
      the transfer pad means carried at the end portions.
NUM  8.
PAR  8. A vibrating table as in claim 1 in which the vibration isolators are
      compression springs arranged at the four corners of the upper table top
      member.
NUM  9.
PAR  9. A vibrating table as in claim 1 in which the lower frame is a welded
      assembly including trapezoidally-shaped plate forms.
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PAL  A method and apparatus for performing soil percolation tests. A housing
      member has upper and lower portions, with the lower portion adapted for
      insertion into a soil percolation test opening in the soil. A depth
      gauging member is mounted within the housing member for translational
      movement with respect to the housing member. The soil percolation test
      opening is filled to a predetermined level with water and the depth
      gauging member translated to a position indicative of the water level.
      After a predetermined time the water level in the percolation test opening
      falls due to absorption by the soil and the depth gauging member is
      translated to a new position indicative of the new water level.
      Calibration markings on the housing permit a direct reading of the amount
      by which the depth gauging member has been translated, which corresponds
      to the amount the water level in the percolation test opening has fallen.
      The housing member is also provided with a timer and with facilities for
      introducing water into the percolation test opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to a method and apparatus for performing soil
      percolation tests for determining the water absorption characteristics of
      soil.
PAR  The water absorption or percolation characteristics of soil are very
      important in determining the uses to which land can be put. That is, the
      erection of any structure on a plot of land causes water run-off due to
      the elements as well as water run-off from a septic tank or the like, if
      such is provided. The percolation characteristics of soil varies widely,
      and it is important to know what the percolation characteristics are of a
      given piece of land prior to erecting any structure on it. The soil has to
      be such that it can absorb the water run-off, else the structure should
      not be built. Many governmental organizations charged with land use and
      zoning responsibility in fact require a test of such percolation
      characteristics as a prerequisite of obtaining a building permit.
PAR  In the past, soil percolation tests have been performed by augering a test
      opening in the ground to a predetermined depth, and then filling the test
      opening with water to a predetermined depth, i.e., 12 inches. After a
      predetermined time, such as 10 minutes, the drop in water level is
      measured by manually inserting a ruler in the test opening and estimating
      the amount by which the water level has dropped. Then the water level is
      brought back up to its original level by pouring more water in the opening
      so as to perform additional absorption measurements. If this is not very
      carefully done, soil from the sides of the opening can be dislodged by the
      water and fall into the opening, causing errors and distortions in the
      percolation tests.
PAR  This prior percolation test technique did not produce consistent and
      accurate test results because it is necessarily dependent upon the person
      making the measurements, and subject to many errors in the way a ruler is
      inserted into the test opening, trying to read the water level from the
      ruler down in the opening, etc.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method and
      apparatus for performing soil percolation tests which yields accurate and
      consistent data.
PAR  It is another object of this invention to provide soil percolation test
      apparatus having a upper portion which extends out of a test opening and
      gives on this upper portion a direct reading of water level in the test
      opening.
PAR  Briefly, in accordance with one embodiment of the invention, there is
      provided a housing member having top and bottom portions with the bottom
      portion of the housing member adapted for insertion into a percolation
      test opening in the soil. A depth gauging member is mounted within the
      housing member extending into the top and bottom portions thereof, and is
      mounted for transactional movement with respect to the housing member.
      Means are provided to translate the depth gauging member an amount
      corresponding to changes in water level in the test opening, whereby the
      amount of such translational movement serves as an indication of the
      percolation characteristics of the soil under test.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of one embodiment of soil percolation test apparatus
      in accordance with the invention showing it in place in a soil percolation
      test opening.
PAR  FIG. 2 is a top view of the apparatus of FIG. 1.
PAR  FIG. 3 is a perspective view of the depth gauging member in the apparatus
      of FIG. 1.
PAR  FIG. 4 is an elevation of another embodiment of soil percolation test
      apparatus in accordance with the invention showing it in place in a soil
      percolation test opening.
PAR  FIG. 5 is a top view of the apparatus of FIG. 4.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 4.
PAR  FIG. 7 is a sectional view of the bottom portion of the apparatus of FIG.
      4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to a consideration of the drawings, FIGS. 1 through 3 pertain
      to one embodiment of soil percolation test apparatus in accordance with
      the invention. The apparatus includes a housing 11 having a top portion
      11a and a bottom portion 11b. As shown in FIG. 1, the bottom portion 11b
      is adapted to be placed in a soil percolation test opening generally
      devoted by reference numeral 12. The soil percolation test opening may
      have a layer of gravel 13 (say, two inches of gravel) placed in the bottom
      thereof upon which the bottom portion 11b of the housing 11 rests.
      Typically, the test opening 12 has a predetermined depth (36 inches, for
      example). In order to anchor the housing 11 in place and hold it upright a
      plurality of sets of anchor tabs 14, 15 and 16 are provided spaced along
      the length of the bottom portion 11b of the housing member. Three sets of
      anchor tabs are illustrated, although of course more or less than three
      may be provided depending upon the various depth test openings within
      which the apparatus is to be used. The tabs 14 are illustrated in FIG. 1
      as being approximately level with the ground surface and have anchors 17
      anchoring the anchor tabs 14 and hence the housing 11 to the ground.
PAR  A depth gauging member 18 is provided mounted within the housing 11. The
      depth gauging member comprises a top portion 18a and a bottom portion 18b
      including an upturned portion 18c. The top portion 18a of the depth
      gauging member is frictionally mounted in a slot 19 formed in the upper
      portion 11a of the housing member. This frictional mounting enables the
      depth gauging member 18 to be moved or translated with respect to the
      housing 11, but such that the depth gauging member 18 if frictionally held
      at whatever position it is set.
PAR  A reference mark 21 is provided on the upper portion 11a of the housing
      adjacent the top portion 18a of the depth gauging member. The reference
      mark 21 is positioned such that when the turnedup portion 18c of depth
      gauging member 18 is at the bottom of the test opening 12, the very top of
      the top portion 18a of the depth gauging member 18 is exactly adjacent the
      reference mark. The top portion 18a of the depth gauging member is
      provided with scale markings, such as from 0 to 12 inches.
PAR  A water pipe 22 is mounted within the housing 11 and extends from the very
      top down to within a small distance from the bottom terminating in an
      opening 23. A timer 24 is also mounted for convenience in the top portion
      of the housing 11.
PAR  In operation, after the test opening 12 has been suitably formed as by
      augering a hole in the ground, the housing (or at least the bottom portion
      11b thereof) is inserted into the test opening and suitably anchored by
      anchors 17. Next, assuming that the percolation test involves measuring
      the drop in water level from an initial level of twelve inches, the test
      opening 12 is filled with water to a level of 12 inches. This is done by
      manually translating the depth gauging member until the 12 inch scale
      marking therein is opposite the reference marking 21. The upturned portion
      18c of the depth gauging member is correspondingly positioned 12 inches
      from the bottom of test opening 12. Water is then poured into the water
      pipe 22 until an observer looking down into the test opening 12 can just
      see the water level starting to cover the upturned portion 18c. At that
      point there are 12 inches of water in the test opening and no more water
      is poured.
PAR  The timer 24 is then set to whatever period of time is required for the
      percolation test, i.e., 10 minutes. After this time has elapsed, it is
      necessary to measure the distance that the water level has fallen in the
      test opening 12. This is done by translating the depth gauging member 18
      until the upturned portion 18c again is just at the top of the water level
      as seen by an observer. With the depth gauging member at this position,
      then by noting the scale markings on its top portion adjacent the refernce
      marking 21, the amount by which the water level fell is noted.
PAR  Turning now to a consideration of FIGS. 4 through 7, there is illustrated
      another embodiment of soil percolation test apparatus in accordance with
      the invention. A housing 26 has a top portion 26a and a bottom portion
      26b, there being provided a plurality of sets of anchor tabs 27, 28 and 29
      along the length of the bottom portion 26b. Anchors 31 extend between the
      anchor tabs 27 and the ground to anchor the housing to the ground and hold
      it upright within the test opening 32.
PAR  As shown in the drawings, the housing 26 is a cylindrical housing
      constructed of plastic, for example. A hinged door 33 is provided in the
      upper portion 26a of the housing, and a screen 34 is provided across the
      bottom of the housing 26 with an appropriate apertured cap 36 holding the
      screen 34 in place.
PAR  A depth gauging member is mounted within the housing 26. The depth gauging
      member comprises an indicator portion 37 coupled through a member 38 to a
      float assembly 39. The indicator portion 37 fits within a transparent
      indicator housing 41 provided within the housing portion 26a, but can
      translate or move up and down within the indicator housing. Calibrated
      scales 42 and 43 are provided within the housing 26 suitably mounted to
      either side of the indicator housing 41. For convenience, a timer 44 is
      also mounted in the housing 26.
PAR  The float assembly 39 comprises a mass of floatation material 46, such as
      styrofoam, together with a member 47 made of a stronger material such as
      metal, to which the member 38 is suitably attached. A water pipe 48 is
      provided mounted within and extending partially down the interior of the
      housing 26.
PAR  In operation, the test opening is filled to a predetermined level with
      water by pouring water through the water pipe 48 with the water passing
      around the float assembly 39 and through the screen 34 and apertured cap
      36 into the test opening 32. As the water level begins to rise, the float
      assembly 39 rises on the rising water, causing the indicator 37 to rise
      within the indicator housing 41. The tip of the indicator as measured
      against the calibrated scales 42 and 43 provides an indication of the
      position of the water level in the test opening 32. Thus, for example, it
      it is desired to fill the test opening 32 with 12 inches of water, water
      is poured into the water pipe 48 until the tip of indicator 37 is opposite
      the 12 inch marking on scale 42. This corresponds to 12 inches of water in
      the test opening 32. Then the timer 44 is set to whatever elapsed time
      period is desired. After the desired time has elapsed, it is only
      necessary to observe the position of the tip of the indicator 37 against
      the scale 43 to determine the amount by which the water level has fallen,
      since the float assembly 39 and hence indicator 37 follows the falling
      water level.
PAR  Although the invention has been described with reference to certain
      specific embodiments, modifications may be made to the specific
      embodiments disclosed without departing from the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of performing ground percolation tests comprising the steps of
      making a percolation test opening in the ground, inserting an at least
      partially hollow housing having a calibrated depth gauging member mounted
      for translation therein into the percolation test opening, filling the
      percolation test opening with water through the at least partially hollow
      housing to a predetermined level, causing the depth gauging member to be
      continuously translated with respect to the housing corresponding to the
      continuous change in water level in the percolation test opening as water
      is absorbed in the ground, whereby the amount said depth gauging member is
      thus translated during a predetermined time serves as an indication of the
      percolation characteristics of the ground.
NUM  2.
PAR  2. A depth gauge for use in performing ground percolation tests comprising
      an at least partially hollow housing member having top and bottom
      portions, the bottom portion of said housing member adapted for insertion
      into a percolation test opening, an inner calibrated depth gauging member
      mounted within said housing member for translational movement with respect
      thereto, said at least partially hollow housing member having conduit
      means mounted therein for conducting water introduced into the upper
      portion of said housing to the lower portion of the housing where it can
      be discharged to thereby fill the percolation test opening with water
      without any erosion thereof, means for causing said depth gauging member
      to be continuously translated with respect to said housing member
      corresponding to the continuous change in water level in said percolation
      test opening as water therein is absorbed in the surrounding ground,
      whereby the amount of such translational movement during a predetermined
      time period serves as an indication of the percolation characteristics of
      the ground.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said means for causing said
      depth gauging member to be translated comprises a float assembly connected
      to a bottom portion of said depth gauging member, whereby said float and
      hence said depth gauging member is translated in accordance with the water
      level in said percolation test opening.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 wherein said housing member
      includes calibration markings adjacent an upper portion of said depth
      gauging member.
NUM  5.
PAR  5. Apparatus in accordance with claim 2 wherein said conduit means
      comprises an inner water supply pipe extending along a portion of said
      housing member and terminating adjacent the bottom thereof.
NUM  6.
PAR  6. Apparatus in accordance with claim 2 wherein said housing member
      includes provisions for anchors wherein the housing may be anchored to the
      ground in an upright position.
NUM  7.
PAR  7. A depth gauge for use in performing ground percolation tests comprising
      a housing member having top and bottom portions, the bottom portion of
      said housing member adapted for insertion into a percolation test opening,
      water conduit means contained within said housing for carrying water
      introduced into the top portion of said housing into the lower portion of
      said housing and discharging same into the bottom of a percolation test
      opening, a depth gauging member having top and bottom portions mounted
      within said housing member for translational movement with respect
      thereto, said housing member having a calibration marking on the upper
      portion thereof adjacent the upper portion of said housing, whereby when
      the lower portion of said depth gauging member is positioned at the water
      level the position of the upper portion of said depth gauging member with
      respect to the calibration marking is indicative of the water level.
NUM  8.
PAR  8. A depth gauge for use in performing ground percolation tests comprising
      a housing member having top and bottom portions, the bottom portion of
      said housing member adapted for insertion into a percolation test opening,
      an inner calibrated depth gauging member mounted within said housing means
      for translation or movement with respect thereto, said housing member
      including an inner water supply pipe extending along a portion of said
      housing member and terminating adjacently bottom thereof, means for
      causing said depth gauging member to be translated with respect to said
      housing member and amount corresponding to the change in water level in
      said percolation test opening, whereby the amount of such translation or
      movement serves as an indication of the percolation characteristics of the
      ground.
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ABST
PAL  A vacuum operated testing device measures the bond integrity of wires
      connected to integrated circuit modules by applying a known and infinitely
      variable tensile force to the wire under test.
BSUM
PAR  The present invention relates to testing devices and, more particularly, to
      devices for measuring the bond integrity of subminiaturized components.
PAR  In present day microelectronic circuit construction techniques, integrated
      or hybrid circuit chips are attached to electrical conductors, usually
      pins, by means of fine wires. These fine wires are generally bonded to
      discrete sections of the chip by well developed bonding techniques.
      Because of the nature of the bond, testing of the electrical integrity of
      the bond does not necessarily indicate the presence of a poor or defective
      bond. To obtain an accurate determination of the integrity of the bond, a
      pull test on the fine wire must be employed.
PAR  The pull test can be performed manually, of course, but because the applied
      force is measured in terms of grams, destructive testing is essentially
      meaningless and minimum achievable, non-destructive force levels are quite
      inaccurate. Consequently, several devices have been developed, which
      devices apply a force to the fine wire and record the applied force.
PAR  One such testing device is described in U.S. Pat. No. 3,572,108, wherein a
      vacuum is employed to retain the circuit module under test and an
      electrically driven mechanism is employed to exert a pulling force upon
      the wire under test. A recording gauge indicates the force applied to the
      wire at the moment of failure. This tester, although essentially suitable
      for the purposes intended, is relatively expensive as two different types
      of power sources (vacuum and electrical) are required; moreover, gear box
      must be employed to translate the rotary power output of an electric motor
      to linear movement of the hook engaging the wire under test. Another type
      of test apparatus is disclosed in U.S. Pat. No. 3,564,911, wherein highly
      complex mechanical and electromechanical apparatus having multiple
      adjustments are employed. A further type of tester is disclosed in U.S.
      Pat. No. 3,581,557; herein, the force applied to a fine wire is generated
      by means of a pulsed gas discharge.
PAR  Other United States patents generally related to testing machines for use
      in conjunction with subminiature electronic circuitry include U.S. Pat.
      Nos. 3,127,766; 3,321,961; 3,464,261; 3,634,930; 3,718,035; 3,724,265 and
      3,724,264.
PAR  It is a primary object of the present invention to provide a simplified
      wire bond integrity tester.
PAR  Another object of the present invention is to provide a totally vacuum
      operated wire bond integrity tester.
PAR  Yet another object of the present invention is to apply a force to a bonded
      wire at a settable and predeterminable rate.
PAR  Still another object of the present invention is to provide a means for
      instantly relieving the force applied to a specimen under test.
PAR  A further object of the present invention is to provide a means for
      manually controlling the force applied to a specimen under test.
PAR  A yet further object of the present invention is to incorporate the same
      power source for retaining in place the specimen under test and for
      applying the force to the element of the specimen under test.
PAR  An additional object of the present invention is to provide a relatively
      inexpensive testing device for determining the tensile strength between
      two bonded subminiature elements.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention will be described with greater specificity and
      clarity with reference to the following drawings, in which:
PAR  FIG. 1 is a perspective view of the present invention.
PAR  FIG. 2 is a partial cross-sectional view of the platform supporting a work
      piece.
PAR  FIG. 3 illustrates the duct work disposed within the base and its
      relationship to the components mounted upon the base.
PAR  FIG. 4 is a partial cross-sectional view of the present invention.
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5, as shown in FIG. 4
     .
DETD
PAR  The overall arrangement of elements and the general operation of the
      present invention will be described in reference to FIG. 1. A platform 2,
      mounted upon base 1, supports an adaptor 3, which adaptor positions a
      microelectronic module or work piece 4. The application of power in the
      form of a low air pressure source, hereinafter referred to as a vacuum, is
      controlled by a manually operated valve 5. A pedestal 8 supports a piston
      10 within a cylinder 9. Piston 10 is translatable along its longitudinal
      axis at a rate predetermined by a needle valve 19 within the pedestal. The
      needle valve is manually regulated through a kurled knob 11 on valve stem
      12.
PAR  Translatory motion of piston 10 is converted to pivotal movement of arm 14
      about a pivot extending from post 15 by means of a double clevis 13
      intermediate the piston and one end of the arm. A commercially available
      recording ram gauge 16 having a pointer and dial, is attached to the other
      end of arm 14. A gauge such as a Scherr-Tumico dynamometer having a plus
      and minus 0-15 gram maximum reading dial is particularly suitable for use
      in conjunction with the present invention. A lever 17 extends from gauge
      16 and pivotally supports a needle hook 18. The needle hook may be of many
      different configurations but a needle hook manufactured and sold by
      Engineered Technical Products, Inc. is particularly suitable. The hook of
      needle hook 18 is engaged with a fine wire bonded or otherwise attached to
      work piece 4.
PAR  Platform 2 and its related elements will be described with primary
      reference to FIG. 2. The platform rests upon but is not mechanically
      attached to base 1. An O-ring 25 is disposed between the lower surface of
      the platform and the upper surface of the base to establish an air seal
      therebetween. Adaptor 3 is removably slidable into engagement with
      platform 2. An O-ring 26 lodged within a channel in the upper surface of
      the platform contacts the lower surface of the radially extending section
      of the adaptor to prevent air leakage intermediate the adaptor and the
      platform. A generally vertically oriented passageway 30 extends upwardly
      through the adaptor and is terminated by an aperture 31. Aperture 31 is
      disposed generally central within the upper surface of the adaptor and
      supports work piece 4; where the work piece is a microelectronic circuit
      module having leads or pins extending from the case, the leads or pins are
      accommodated within passageway 30, and the header of the module rests upon
      the surface adjacent the opening. By having platform 2 laterally slidable
      with respect to the bore, the work piece 4 within the adaptor can be
      positioned such that the fine wire to be tested will be in general
      alignment with the needle hook. Some latitude in repositioning the needle
      hook is accommodated by the dual roller or bead-like mechanism engaging
      the tip of lever 17.
PAR  The channeling, distribution and operation of the applied vacuum will be
      described with joint reference to FIGS. 1, 2, 3 and 4. A source of low
      pressure or vacuum is introduced through a conduit 42 to fitting 41, which
      fitting extends from base 1. Fitting 41 interconnects conduit 42 with a
      passageway 38. Passageway 27 extends from passageway 38 to one edge of
      base 1 and is sealed by plug 36. A passageway 39 extends from passageway
      38 to another edge of base 1 and is sealed by a plug 40. A passageway 28
      extends upwardly through base 1 from passageway 27 to an opening 24
      circumscribed by platform 2. As may be noted in FIG. 2, the extent to
      which adaptor 3 penetrates into platform 2 is less than the height of the
      platform above the base whereby a chamber 29 is formed intermediate the
      lower end of the adaptor and the upper surface of the base. By
      incorporating such a chamber, platform 2 can be laterally repositioned
      within limits to align the fine wire to be tested with the needle hook and
      yet retain fluid communication intermediate passageways 28 and 30.
PAR  A passageway 43 extends upwardly from passageway 38 into operative
      proximity of valve 5. The valve is defined by a seat 47 at the upper end
      of passageway 38. Seat 47 is in general alignment with a stopper 48
      attached to the underside of a leaf spring 6. By inspection, it will
      become apparent that passageway 38 is vented to the atmosphere unless the
      leaf spring is depressed.
PAR  A passageway 44 extends upwardly from passageway 39 to the surface of base
      1 and provides fluid communication intermediate passageway 39 and a cavity
      50 disposed within pedestal 8. An O-ring 55 is disposed between the lower
      surface pedestal 8 and the base and circumscribes passageway 44 and cavity
      50 to prevent air leakage intermediate the pedestal and the base into
      passageway 44. A needle valve assembly 51 of needle valve 19 is disposed
      intermediate cavity 50 and a passageway 52 extending downwardly from
      chamber 53 within cylinder 9. O-ring 57 prevents air leakage adjacent the
      barrel of the needle valve assembly. The needle valve assembly regulates
      or meters the flow of air intermediate cavity 50 and chamber 53. Piston 10
      is disposed within cylinder 9 and is translatable along its longitudinal
      axis in response to pressure changes within chamber 53.
PAR  From the above discussion, it will be appreciated that passageways 38, 27
      and 39 will become at least partially evacuated due to the vacuum or
      suction introduced through conduit 42 whenever leaf spring 6 is depressed
      to prevent venting of passageway 38. The resulting vacuum within
      passageway 27 will be translated through passageway 28 and chamber 29 to
      passageway 30 and the lower surface of work piece 4. As the ambient air
      pressure will continue to act upon the upper surface of the work piece,
      the pressure differential between the upper and lower surfaces of the work
      pieces will tend to maintain the work piece upon the support.
      Simultaneously, chamber 53 will, via passageway 44, cavity 50 and
      passageway 52, be evacuated at a rate commensurate with the setting of
      needle valve assembly 51. The rate of evacuation of chamber 53 causes a
      commensurate downward movement of piston 10.
PAR  It may be pointed out that a single source of motive force, low pressure
      supplies the power to retain the work piece in place and to exert a pull
      test on the fine wire under test.
PAR  Referring now jointly to FIGS. 3 and 5, it may be noted that pedestal 8 is
      rigidly attached to base 1 by means of a plurality of bolts 56. Similarly,
      post 15 is rigidly attached to base 1 by means of bolts 62. Pivotal
      movement of arm 14 is accommodated by hub 60 secured to the arm by a
      plurality of screws. The hub is pivotally supported on the post by means
      of a shoulder bolt 61. Thereby, arm 14 is free to pivot with respect to
      the post. Through such rigidity, the force moments translated through arm
      14 are precalculatable such that the instrument can be very carefully
      calibrated.
PAR  Although a microscope is not illustrated, the size of the elements being
      tested generally dictate that one be used to inspect the work piece and
      element under test before, during and on completion of the test.
PAR  In operation, on depressing leaf spring 6 of valve 5, the work piece
      becomes firmly retained by adaptor 3. Piston 10, being connected to one
      end of arm 14 by means of ear 54 and double clevis 13, translates
      downwardly to cause a counterclockwise movement of arm 14. The
      counterclockwise movement of arm 14 will tend to raise the other end of
      the arm supporting gauge 16. The gauge itself will, of course, rise but
      lever 17 extending therefrom is prevented from rising by needle hook 18
      engaged to wire 20. The relative movement between lever 17 and gauge 16 is
      resisted by apparatus internal to the gauge with the moment of resistance
      exerted being a function of the force applied to wire 20 and displayed on
      the gauge dial by a pointer. A follower or maximum pointer records the
      extent of excursion of the dial pointer.
PAR  For destructive testing, valve 5 is retained depressed until such time as
      the bond securing wire 20 fails. At that point, the amount of force
      applied to the wire can be read directly from the dial. Where the
      integrity of the wire bond is to be of a certain minimum value, valve 5 is
      retained depressed until the dial reading corresponds to the amount of
      force to be applied. When such a force level is obtained, valve 5 is
      immediately released, which release vents all of the passageways and
      relieves the force applied to the wire under test.
PAR  From the above discussion, it may be apparent that the present invention
      offers capabilities completely foreign to any of the known prior art. To
      wit: the base serves as a manifold for channeling the vacuum; a force can
      be applied at any predetermined rate including that of an impact force;
      any force applied to a bond under test can be immediately relieved by
      simply releasing a normally open spring loaded valve.
PAR  Other benefits of the present invention include the use of a single motive
      force, vacuum, which is available at all testing and manufacturing
      facilities. The orientation and position of the passageways within the
      base were specifically configured to render them easily and inexpensively
      borable. The elements forming the present invention are relatively
      inexpensively manufacturable by artisans of average skill and capability.
PAR  The work piece platform was specifically constructed to incorporate vacuum
      as the retaining force for the adaptor. Thereby, the adaptor can be
      readily and rapidly replaced. By having a plurality of adaptors, each
      having a seat commensurate with the configuration of a differently sized
      work piece, the present invention can be employed to test a plurality of
      differently sized and configured work pieces.
PAR  The present invention can be used efficiently and rapidly to test a large
      number of work pieces as a single valve is depressed once to secure the
      work piece in place and to begin to apply the test force. On release of
      the valve, the applied force is dissipated and the work piece may be
      removed.
PAR  The wire bond tester can be made in sufficiently small sizes for easy
      transportability. Moreover, a small vacuum pump can operate it so there is
      no need for an extensive and expensive source of low pressure or vacuum.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be obvious immediately to those
      skilled in the art many modifications of structure, arrangement,
      proportions, elements, materials, and components, used in the practice of
      the invention which are particularly adapted for specific environments and
      operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A wire bond integrity tester connected to a source of low pressure for
      testing the bond which attaches a fine wire to a microelectronic module,
      said tester comprising in combination:
PA1  a. a base, said base including a manifold in fluid communication with the
      source of low pressure;
PA1  b. a platform mounted upon said base for supporting the module, said base
      including a chamber in fluid communication with said module for applying
      low pressure to the lower surface of the module, whereby, the pressure
      difference between the low pressure and ambient pressure retains the
      module in place;
PA1  c. a pedestal mounted upon said base for housing a piston within a
      cylinder, said piston being axially movable in response to change in air
      pressure within said cylinder;
PA1  d. air flow regulating means disposed intermediate said cylinder and said
      manifold for controlling the axial movement of said piston by regulating
      the flow of air between said cylinder and said manifold;
PA1  e. a pivotable arm mounted above said base for interconnecting said piston
      with the fine wire, said arm applying a force to the fine wire in
      proportion to the axial movement of said piston, said arm having gauge
      means for recording the force applied to the fine wire; and
PA1  f. a normally open vent valve for venting said manifold to ambient air
      pressure and relieving the force applied to the module and the fine wire;
      whereby, on closure of said valve a force is applied to retain the module
      in place and a regulated and recorded test force is applied to the fire
      wire while maintaining the capability of instantly and simultaneously
      relieving the module retaining force and the test force applied to the
      fine wire.
NUM  2.
PAR  2. The tester as set forth in claim 1, wherein said platform includes a
      removeable support, said support having an opening disposed therein for
      receiving the module and includes means disposed intermediate said
      platform and said support for inhibiting airflow intermediate said
      platform and said support.
NUM  3.
PAR  3. The tester set forth in claim 2, wherein said support includes a further
      passageway extending downwardly through said support from the opening into
      fluid communication with said chamber, said further passageway applying
      low air pressure to the module to retain it in place during closure of
      said vent.
NUM  4.
PAR  4. The tester as set forth in claim 2, wherein said platform is laterally
      positionable with respect to said base to accommodate lateral movement of
      the module and obtain general alignment of the module with said gauge
      means, said platform further including air seal means disposed
      intermediate said platform and said base for inhibiting airflow out of
      said chamber intermediate said platform and said base.
NUM  5.
PAR  5. The tester as set forth in claim 4, including a post extending upwardly
      from said base for pivotally supporting said arm.
NUM  6.
PAR  6. The tester as set forth in claim 5 further including clevis means
      disposed intermediate one end of said arm and said piston for
      interconnecting said arm with said piston.
NUM  7.
PAR  7. The tester as set forth in claim 6, wherein said guage means is attached
      to another end of said arm, said guage means including a pivotable lever
      extending therefrom for supporting a needle hook, said needle hook being
      in engagement with the fine wire under test.
NUM  8.
PAR  8. The tester as set forth in claim 1, wherein said vent valve comprises a
      passageway extending from said manifold and terminating at a seat in the
      upper surface of said base, a downwardly depressible spring leaf having
      one end attached to said base and the other end generally coincident with
      said seat, and a stopper extending downwardly from said other end of said
      leaf spring for mating with said seat; whereby, downward depression of
      said other end of said leaf spring positions said stopper within said seat
      to seal said passageway and close the vent for said manifold.
NUM  9.
PAR  9. The tester as set forth in claim 1, wherein said airflow regulatory
      means and said vent valve are manually operable.
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PAL  Testing apparatus for measuring the load bearing capabilities of structural
      members under a uniform load comprises a fixed base that supports one side
      of the structural member; a flexible, inflatable tube engaging the length
      of a second side of the structural member opposite the first side; a
      restraining mechanism extending along the length of the tube and adapted
      to urge the tube against the second side of the structural member as the
      tube is inflated; a suitable air pressure source for inflating the tube;
      and a load sensing device for measuring the load placed on the structural
      member by the inflation of the tube. The restraining mechanism comprises a
      plurality of channel sections arranged end to end and positioned over the
      inflatable tube a predetermined distance from the second side of the
      structural member. The channel sections are mounted on brackets that are
      in turn slidably mounted on parallel guide rails that run transversely to
      the structural member. Fasteners are provided in the mounting brackets so
      that the channels can be fixed in any position at any point along the
      guide rails, thereby permitting the channel sections to be relocated to
      conform with the outer contour of structural members having a variety of
      different shapes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to load testing apparatus for testing the ability of
      a structural member to withstand uniform loads placed along the length of
      the structural member.
PAR  2. Description of the Prior Art
PAR  Prefabricated structural members are used in a number of industries, one of
      which is the mobile home industry. The roof of a mobile home is supported
      by any one of a variety of types of rafter or truss structures, depending
      upon the shape of the roof. Such structures include monopitch, bow truss,
      and A-type rafters.
PAR  It is necessary that such rafter structures be able to support a fairly
      substantial load placed on the roof of a mobile home. Accordingly, the
      load bearing capabilities of prefabricated structural members are tested
      on a regular basis. The test generally employed on prefabricated rafter or
      truss structures is to place each end of the rafter on a support and load
      the middle portion of the rafter at a series of points along the rafter
      with cement blocks or the like until the rafter breaks under the load. The
      amount of weight placed on the rafter and the spacing of the weights is
      predetermined by code, and the rafter must be able to support this load in
      order to be satisfactory. The applicable code specifies that the rafter be
      loaded with weights such as cement blocks or other suitable loading device
      such that any concentrated loads are one foot apart or less. An
      alternative to cement blocks in a series of point loads applied by
      individual hydraulic cylinders spaced along the truss or rafter.
PAR  The principal problem with the types of rafter testers used previously is
      that they test the rafter under unrealistic conditions by placing separate
      loads along the rafter structure. When a rafter structure is covered by
      the roof of a mobile home, the load placed on the rafter structure by snow
      or the like is uniformly distributed over the length of the rafter, and
      the stress generated by such a uniform load could be entirely different
      from the nature of the stress exerted at a series of individual positions
      along the rafter structure. Thus, such testers are inaccurate in
      determining the overall strength or weakness of the rafter structure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, testing apparatus for measuring
      the load bearing capabilities of a structural member under a uniform load
      comprises a fixed base adapted to support one side of the member and a
      pressure applying mechanism adapted to apply a uniform pressure along a
      second side of the structural member opposite the first side. A load
      sensing device is employed to measure the load placed on the structural
      member by the pressure applying mechanism. The pressure applying mechanism
      comprises a flexible, inflatable tube engaging substantially the entire
      length of the second side of the structural member and a restraining
      mechanism positioned adjacent the outside surface of the tube, which has a
      contour that substantially conforms with the outer contour of the second
      side of the structural member. The restraining mechanism restrains the
      outward expansion of the tube away from the second side of the structural
      member upon inflation of the tube so as to urge expansion of the tube
      uniformly against the second side of the member. The contour of the
      restraining mechanism is changeable so that the restraining mechanism can
      be made to substantially conform with the outer contour of structural
      members having different shapes. An air pressure source is employed for
      inflating the tube so as to produce a predetermined load on the member.
PAR  An important feature of the present invention is that the restraining
      mechanism is formed of a series of segmented channel sections arranged end
      to end adjacent the second side of the structural member. Each channel
      section extends downwardly over the tube and is positioned a predetermined
      distance away from the second side of the structural member. Each channel
      section is mounted on a bracket, and each bracket is slidably mounted on a
      guide rail that extends transversely to the longitudinal direction of the
      structural member. Suitable fastening devices are provided for each
      mounting bracket for fixing the bracket in any predetermined position
      along the guide rail. With this type of restraining mechanism, the
      restraining mechanism can be employed for measuring the load bearing
      capabilities of many different shapes of rafters, including monopitch, bow
      truss, and A-type rafters, as well as for testing floor beams and
      measuring the modulus of rupture and the deflection of other studs and
      beams.
PAR  Another important feature of the present invention is that the flexible,
      inflatable tube employed in connection with this invention is of the type
      that expands resiliently upon the continued inflation of the tube. The
      resilient expandability of the tube is important in order to maintain a
      uniform load on the structural member even after the member has deflected
      somewhat under the stress placed on it by the inflation of the tube. In a
      straight structural member, such as a beam or the like, for example, if
      the beam is supported on the base only at each end thereof, placing a
      uniform load along the top side of the beam will cause the beam to bow
      downwardly at the center. If the tube were not continuously expandable
      upon inflation, the tube would reach a maximum outer diameter at the
      center of the beam and after that point it would not continue to exert
      additional pressure on the beam. Thus, as the pressure within the tube
      continued to be increased, the pressure of the tube on the beam would
      become greater at the ends of the beam than at the center of the beam.
      This is an unrealistic situation that should be avoided in testing
      apparatus.
PAR  In accordance with the present invention, the type of tube used in
      connection with the rafter tester is the type of tube that might be used
      as a bicycle inner tube or the like. Such a tube will continue to expand
      until the tube bursts. A tube that would not be satisfactory in the
      present invention is a tube including nonexpandable, fibrous material that
      prevents the diameter of the tube from expanding past a certain point.
PAR  The testing apparatus of the present invention overcomes the deficiencies
      in prior methods for testing rafters and other types of structural
      members. The test need not be destructive of the rafter structure unless
      desired for specific testing purposes, and the test is easy to accomplish,
      thus saving testing time. Also, the load is placed uniformly along the
      entire length of the rafter, which is the same type of load that is placed
      on the rafter under actual operating conditions. This permits a much more
      realistic means for measuring the load bearing capabilities of the rafter
      under actual operating conditions.
PAR  Another advantage of the present invention is that by using segmented
      channel sections slidably mounted along guide rails, the rafter tester can
      be adapted to test many different shapes of rafters and structural
      members, while still retaining the desirable feature of placing a uniform
      load along the entire length of the structural member.
PAR  These and other features and advantages of the present invention will
      hereinafter appear, and for purposes of illustration, but not of
      limitation, a preferred embodiment of the present invention is shown and
      described in detail below and in the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial view showing the manner in which a rafter or truss
      structure is incorporated in the structure of a mobile home.
PAR  FIG. 2 is a pictorial view showing the testing apparatus of the present
      invention in the process of testing the load bearing abilities of a
      bow-shaped truss or rafter structure.
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 2, showing the inflatable
      tube in a deflated condition.
PAR  FIG. 4 is the same view as FIG. 3, showing the tube in an inflated
      condition.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a mobile home 10 having wheels 12 is shown
      in FIG. 1 incorporating a bow-shaped rafter structure 14 in the manner
      that it might be incorporated in actual operating conditions. Other shapes
      of rafters or trusses are used in mobile homes and all can be tested with
      the testing apparatus of the present invention. A single type of rafter
      structure is shown for exemplary purposes.
PAR  Rafter 14 includes a flat base or first side 16 and a curved top or second
      side 18 on the opposite side of the rafter structure. Cross braces 20 are
      provided in order to maintain the rigidity of the structure. Base 16 is
      supported in the mobile home by means of suitable structural members 22 in
      the sides of the mobile home. Thus, the rafter structure is supported in
      the mobile home only at the ends of the structure. The load on the rafter
      structure, on the other hand, is borne uniformly over the top 24 of the
      mobile home. Such a load could be generated by an accumulation of snow or
      other material on the top of the mobile home.
PAR  In order to test the load bearing capabilities of rafter 14 under realistic
      conditions, testing apparatus 24 of the present invention is employed in
      the manner shown in FIG. 2. Testing apparatus 24 includes a base 26 having
      a flat top 28 and legs 30. The base may be formed so as to stand upright
      on its own or it may be mounted against a wall. Vertical guide rails 32
      extend upwardly from the base in a direction transverse to the
      longitudinal direction of rafter 14. Guide rails 32 are attached to the
      base. They also can be rigidly fastened to a wall to provide additional
      support. Guide rails 32 preferably are formed of rectangular tubular
      members formed of steel or the like. In the preferred practice of the
      present invention, the top of the testing apparatus is about 14 feet long
      and 14 guide rails are spaced a foot apart along the length of the top.
      For illustrative purposes, only five guide rails are shown in the
      drawings.
PAR  Rafter 14 is mounted in the testing apparatus by resting the rafter on its
      bottom edge on top 28 of the base. The ends of base 16 are placed on load
      cells 36 (i.e., scales) at each end of the base, such that the rafter is
      supported on its ends, which is the same manner in which the rafter would
      be supported when incorporated in the structure of a mobile home. Load
      cells 36 include gauges 38 which extend outwardly from the testing
      apparatus so as to be easily viewable by an operator of the testing
      apparatus.
PAR  A flexible, inflatable tube 40, such as bicycle inner tube, is laid along
      the entire length of the curved top or second side 18 of the rafter
      structure. The inflatable tube 40 is connected to an air pressure source
      42 such as a source of pressurized air or an air pump or the like. Air
      pressure source 42 is manually operable to inflate the tube.
PAR  In order to prevent the tube from expanding outwardly away from the second
      side of the rafter, thereby exerting no force on the rafter, a restraining
      mechanism 44 is mounted adjacent the outer surface of the tube.
      Restraining mechanism 44 extends along the length of the tube and prevents
      the tube from expanding outwardly when it is inflated. This restraining
      action urges the expansion of the tube downwardly against the top of the
      rafter being tested.
PAR  Restraining mechanism 44 comprises a series of restraining sections 46 in
      the form of inverted channels. The restraining sections or channels 46 are
      positioned end to end along the entire length of the tube and are each
      spaced a predetermined distance away from the second side of the rafter
      structure. Thus, when the tube is inflated, uniform pressure is exerted
      downwardly by the tube against the top or second side of the rafter
      structure.
PAR  Each channel section 46 comprises a base 48 that is generally parallel to
      the section of the rafter adjacent to it and outer and inner side flanges
      50 and 52 respectively extending downwardly from base 48 over tube 40. The
      interior portion of the channel member thus forms a cavity that restricts
      the expansion of the tube 40 in an outward direction when it is inflated
      in the manner shown in FIG. 4.
PAR  Each channel section is mounted for vertical movement along its respective
      guide rail by means of a mounting bracket 54 that slides along the guide
      rails. Each mounting bracket is a tubular member of rectangular
      cross-section that fits closely over the rectangular guide rail.
PAR  Each channel section 46 is mounted on its mounting bracket 54 by means of a
      bolt or threaded rod 53 that extends outwardly from a head 55 which is
      attached to the outer surface of the mounting bracket. The channel section
      is pivotably mounted on bolt 53 by means of a mounting block 57 mounted on
      the top of the channel section. A threaded opening in block 57 engages
      bolt 53. Each channel section can be locked by any desired position on its
      guide rail by means of a locking bolt 56 that engages a nut 58 mounted on
      the mounting bracket and extends through an opening 60 in the mounting
      bracket into engagement with guide rail 32. The channel section can be
      moved to different positions and locked in place by simply loosening an
      tightening locking bolt 56.
PAR  The operation of the testing apparatus of the present invention should be
      self-evident from the foregoing description of the structure, but for
      purposes of clarity, a brief summary of this operation is as follows:
      After a rafter has been manufactured, it is inserted in rafter tester 24
      with channel section 54 being maintained in a raised position. The tube is
      then laid along the top of the rafter structure and the channel members
      are moved downwardly and locked in a position a predetermined distance
      above the upper surface of the rafter structure. In order to avoid the
      necessity of repositioning the channel members with each test conducted,
      it also is possible to leave the channel members in position on the guide
      rail and lower the base by a suitable lowering device (now shown), in
      order to insert the rafter in the rafter tester.
PAR  After the rafter has been inserted in the testing apparatus, air pressure
      is introduced into the tube until the load cells mounted under the ends of
      the rafter structure reach a level sufficient to indicate that the
      structure has adequate load bearing capabilities. The air is then released
      from the tube and the rafter is removed from the testing apparatus.
PAR  Another use of this testing apparatus is to measure the deflection or
      modulus of rupture of studs and beams. For this purpose, suitable
      deflection measuring apparatus (not shown) is employed at appropriate
      points along the beam or stud being tested, in order to measure the
      deflection of the beam when subjected to the uniform load created by the
      inflatable tube.
PAR  It should be understood that the foregoing represents merely a preferred
      embodiment of the present invention and that various changes and
      modifications may be made in the arrangments and details of construction
      of the embodiment shown herein without departing from the spirit and scope
      of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Testing apparatus for measuring the load bearing capabilities of a
      structural member comprising:
PA1  fixed base means adapted to support one side of the structural member;
PA1  flexible, inflatable tube means adapted to engage substantially the entire
      length of a second side of a structural member, said second side being
      opposite the first side;
PA1  restraining means positioned adjacent the outer surface of the tube means
      and having a contour that substantially conforms to the outer contour of
      the second side of the structural member, said restraining means being
      adapted to restrain the outward expansion of the tube means away from said
      second side upon inflation of the tube means so as to urge the expansion
      of the tube means uniformly against the second side of the structural
      member;
PA1  air pressure means for inflating the tube means; and
PA1  sensor means for measuring the load exerted on the member by the inflation
      of the tube means.
NUM  2.
PAR  2. Testing apparatus as claimed in claim 1 wherein the contour of said
      restraining means is changeable such that the contour can be made to
      substantially conform with the outer contour of structural members having
      different shapes.
NUM  3.
PAR  3. Testing apparatus as claimed in claim 2 wherein the restraining means
      comprises:
PA1  a plurality of restraining sections arranged end to end along the length of
      the tube, each section being positioned a predetermined distance away from
      the outer surface of the second side of the structural member;
PA1  a plurality of guide rails, one positioned adjacent each restraining
      section, extending in a transverse direction relative to the longitudinal
      direction of the structural member;
PA1  a mounting bracket attached to each restraining section and slidably
      mounted for longitudinal movement on the guide rail adjacent said
      restraining section; and
PA1  fastening means associated with each mounting bracket adapted to lock the
      mounting bracket in any desired position on the guide rail, whereby the
      positions of the restraining sections can be adjusted to conform with the
      outer contour of structural members having different shapes.
NUM  4.
PAR  4. Testing apparatus as claimed in claim 3 wherein the restraining sections
      are channel sections that fit over the tube means.
NUM  5.
PAR  5. Testing apparatus as claimed in claim 1 wherein:
PA1  the first side of the structural member is supported by load cells mounted
      on the base at each end of the structural member, each load cell providing
      a separate reading of the force exerted on that particular load cell.
NUM  6.
PAR  6. Testing apparatus as claimed in claim 1 wherein the tube means are
      adapted to continue to exert a substantially uniform pressure on the
      second side of the beam even though the contour of the second side changes
      as a result of deflection of the structural member caused by pressure
      exerted by the tube means.
NUM  7.
PAR  7. Testing apparatus as claimed in claim 6 wherein the tube means is an
      elongated tube having substantially uniform cross sectional area prior to
      expansion of the tube, said tube being continuously expandable upon
      inflation of the tube such that a section of the tube adjacent a deflected
      portion of the rafter can expand more than another section of the tube
      adjacent an undeflected portion of the rafter, whereby a continuous
      uniform pressure may be applied to the rafter, even though the contour of
      the rafter changes as a result of rafter deflection.
NUM  8.
PAR  8. Testing apparatus for measuring the load bearing capabilities of rafter
      structure for supporting a roof comprising:
PA1  load cell means mounted in a fixed position and adapted to support the
      bottom of the rafter at predetermined points thereon and measure the load
      on the rafter at each such point; and
PA1  fluid pressure applying means for applying a uniform downward pressure
      along the entire length of the top of the rafter.
NUM  9.
PAR  9. Testing appparatus as claimed in claim 8 wherein the load cell means
      comprise individual load cells that support the rafter at each end
      thereof.
NUM  10.
PAR  10. Testing apparatus as claimed in claim 8 wherein the pressure applying
      means is adapted to continue to apply a uniform pressure on the top of the
      rafter structure even if the contour of the rafter structure changes due
      to deflection of the structure resulting from the pressure applied thereto
      by the pressure applying means.
NUM  11.
PAR  11. Testing apparatus as claimed in claim 10 wherein the pressure applying
      means comprises:
PA1  a flexible, inflatable tube engaging the length of the top surface of the
      rafter, the walls of said tube being continuously expandable on inflation
      of the tube;
PA1  air pressure means for inflating the tube to a predetermined pressure; and
PA1  restraining means positioned over the tube and adapted to urge the
      expansion of the tube uniformly against the top of the beam upon inflation
      of the tube.
NUM  12.
PAR  12. Testing apparatus as claimed in claim 11 wherein the restraining means
      extends substantially the length of the top of the rafter, said
      restraining means having a surface facing the top of the beam that
      conforms substantially with the contour of the top of the rafter and is
      positioned a predetermined distance therefrom, the contour of said surface
      being changable to conform with the contour of the top of a rafter having
      a different shape.
NUM  13.
PAR  13. Testing apparatus as claimed in claim 12 wherein the restraining means
      comprises:
PA1  a plurality of restraining sections positioned end to end along the length
      of the rafter; and
PA1  mounting means for fixing each individual restraining section in a
      predetermined transverse position relative to the rafter structure.
NUM  14.
PAR  14. Testing apparatus as claimed in claim 13 wherein the mounting means
      comprises:
PA1  a fixed guide rail adjacent each restraining section extending transversely
      to the rafter;
PA1  mounting bracket means attached to each restraining section and adapted to
      guide the restraining section in a longitudinal path along its respective
      guide rail; and
PA1  fastener means attached to each mounting bracket for fixing each
      restraining section in any selected position along its respective guide
      rail.
NUM  15.
PAR  15. Testing apparatus as claimed in claim 14 wherein:
PA1  the guide rails are vertically disposed;
PA1  the mounting bracket means comprise tubular members that fit closely over
      the guide rail so as to be slidable along the guide rails, said tubular
      members having horizontal rods extending outwardly therefrom over the tops
      of their respective restraining sections;
PA1  the restraining sections are channel sections that fit over the tube, said
      channel sections comprising means on the top of the channel sections for
      pivotably mounting the channel sections on the rods extending from the
      tubular members; and
PA1  the fastener means comprise bolts that are received in threaded openings
      through the tubular members, said bolts being axially movable by rotating
      the bolts such that the bolts engage the guide rails and lock their
      respective channel sections in desired positions on their guide rails.
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ABST
PAL  This invention relates to a flow velocity transducer particularly adapted
      to the determination of blood flow in blood vessels.
BSUM
PAR  This invention relates to flow velocity transducers and in its presently
      preferred embodiment to blood flow meters.
PAC  BACKGROUND OF THE INVENTION
PAR  Blood flow probes based on the so-called Faraday principle are standard
      devices used to measure blood flow velocity through veins and arteries. In
      one form of these devices, they are in the form of lumens which may be
      placed about the vein or artery. The lumen contains electromagnetic coils
      and electrical terminals. The energizing of the coil generates a magnetic
      field and a potential is generated between suitably placed electrodes
      which is proportional to the volumetric rate of blood flow.
PAR  Reference may be had to Kolin U.S. Pat. No. 3,309,924; Westersten U.S. Pat.
      No. 3,316,762; and Hickman U.S. Pat. No. 3,580,071 for details of
      construction of such flow probes. See also "Single-Coil Coreless
      Electromagnetic Blood Flow Meters" by Kolin and Wisskaupt in IEEE
      Transaction on Bio-Medical Electronics, Vol. BME 10 No. 2, April 1963.
PAR  The prior art probes as illustrated by the above patents had a number of
      difficulties. In order to insert the artery or vein into the lumen, an
      opening is necessary. Two procedures for this purpose have been employed
      in the prior art. In one form (see Kolin U.S. Pat. No. 3,309,924), the
      lumen is split into two parts; and a hinge is provided at adjacent ends of
      the semicircular halves of the lumen, the other end being free. Another
      solution is to provide a window in the lumen through which the artery or
      vein may be passed and a shutter is used to close the window.
PAR  In the hinged form (see, for example, Kolin U.S. Pat. No. 3,309,924), there
      is a problem of holding the free ends of the lumen section in locked
      position to be sure they do not separate. The angle which may be subtended
      by the coils is limited by the space occupied by the hinge.
PAR  Another problem arises from the hazards of injury to the blood vessel by
      the closing of the hinged section about the blood vessel. Another hazard
      resides in the presence of the hinge which may cause injury or irritation
      to the surrounding tissues.
PAR  This type of lumen has been replaced by lumens in which a window is
      provided which may be closed by a plug as referred to above. This type has
      been used in two forms. In the above Kolin type, a single coil has been
      employed. The angle subtended by the coil limits the size of the opening.
      In order to provide a sufficient arcuate angle subtended by the coil and
      also pass the blood vessel, the internal diameter of the lumen must be
      made substantially greater than the opening at the window. For example, in
      the Kolin patent, the window is made somewhat less than 120.degree.; and
      the coil subtends about 240.degree..
PAR  Kolin states (see U.S. Pat. No. 3,309,924) that, in the shutter types using
      two coils, each coil subtends approximately 60.degree.. For example, in
      Hickman U.S. Pat. No. 3,580,071, the magnetic influences of two coils
      subtend approximately 180.degree..
PAR  The sensitivity of the lumen expressed as millivolts of signal output per
      unit of blood flow is related to the angle subtended by the magnetic coils
      so that the greater is the angle about the lumen encompassed by the coils
      the greater is the sensitivity. As a rough approximation, the sensitivity
      may be taken as proportional to the angle subtended by the coils, all
      other parameters being the same.
PAR  All of the above forms of the prior art devices have the disadvantage that
      the internal diameter of the lumen is greater than the opening at the
      window, so that either the blood vessel must be squeezed through the
      window or the lumen will be greater than the diameter of the blood vessels
      which will impair the functioning of the flow probe.
PAR  All of the forms described above have the disadvantage that it requires the
      use of both hands to manipulate the unit to open and close it.
PAR  Another form of probe with shutter-closed openings is the so-called handle
      probe in which the lumen is mounted on a handle which extends along a
      prolongation of a diametric plane of the cylindrical lumen. The shutter is
      mounted on a slide which may be moved away from the lumen to open the
      window. As in the previous shutter-type lumens, the shutter is
      substantially less than 180.degree.; and the coils are all mounted in the
      portion of the lumen attached to the handle. In this form, the opening is
      of the same angular order and the magnetic field is of the same nature as
      is described above for the other forms of shutter lumens.
PAC  STATEMENT OF THE INVENTION
PAR  It is an object of our invention to provide a flow probe transducer of the
      Faraday type which may be opened to install the blood vessel in the lumen
      and which may be closed with the same hand.
PAR  It is another object of our invention to make the opening variable at the
      will of the operator and, if desired, substantiallly equal to the internal
      diameter of the lumen.
PAR  It is another object of our invention to provide a magnetic field generated
      by coils to an angular degree which is substantially in excess of that
      permissible by the prior art.
PAR  We form the cylindrical lumen in two parts. While we prefer to mount to an
      electromagnetic coil in each part, the coil may be positioned in one or
      the other of the lumen parts. We provide means for moving the parts
      relative to each other so as to provide a free space between the adjacent
      ends of the lumen parts. The direction of motion is in a longitudinal
      direction so that no hinge between the parts need be provided.
PAR  In our preferred embodiment, the parts are moved relative to each other so
      as to separate both ends of each part of the lumen. The direction of
      relative motion of the ends of the parts is at an acute angle to the plane
      of the ends of each of the parts when assembled.
PAR  In a preferred embodiment, the electrodes of the probe are mounted in one
      of the parts on a chordal plane of the cylindrical lumen part which may be
      a diametric plane. The longitudinal direction of motion of the other part
      may be at an acute angle to the aforementioned plane. In order to
      accommodate the electrodes, the part containing them may be made to cover
      a greater angle than the complementary part of the lumen.
PAR  In our preferred embodiment, we mount the part containing the electrodes on
      a handle which is attached to the lumen end at an acute angle to the
      aforesaid plane and the other part is mounted on a slide on said handle.
      The angular dimensions and the angular direction of the longitudinal
      motion are such that the free end of the part mounted on the slide will
      not interfere with the other part. In such configuration, the slide
      mounted part may be moved at such angle so that its free end may be moved
      away from the free end of the other part so that the distance between the
      free ends may be equal to or less than or greater than the internal
      diameter of the assembled lumen. The opening is at the will of the
      operator. In the preferred embodiment, one part of the lumen may be
      removed completely from the other part of the lumen.
PAR  This design permits the coils to subtend substantially the entire
      360.degree. of the lumen, limited only by the structural necessity of
      enclosing the coils.
PAR  In our preferred embodiment due to the requirement of the placement of the
      electrodes relative to the magnetic field, we prefer to limit the angular
      extension of the coils so that there is sufficient angular space to place
      the electrodes. The angle subtended by both coils because of structural
      necessity and space for the electrodes may be, for example, up to about
      340.degree.. This is a much greater angle than was possible in the prior
      art.
DRWD
PAC  DETAILED DESCRIPTION
PAR  This invention will be described in connection with the drawings which
      illustrate our presumably preferred embodiment.
PAR  FIG. 1 is a perspective view of our flow probe shown in closed position.
PAR  FIG. 2 is a section taken along broken line 2--2 of FIG. 1.
PAR  FIG. 3 is a section on line 3--3 of FIG. 2.
PAR  FIG. 4 is a section on line 4--4 of FIG. 2.
PAR  FIG. 5 is a perspective view of the probe in open position.
PAR  FIG. 6 is a schematic view of the circuitry.
DETD
PAR  The lumen is formed of two arcuate parts 2 and 3; an arcuate bent coil 4 is
      encapsulated in part 2, and a bent coil 5 is encapsulated in part 3. The
      electrodes 6 and 7 are mounted in the conventional relation to the
      magnetic field for a Faraday type flow probe. For this purpose, they are
      mounted within the body of the part 3 below the free end 8 and the end 9
      of the part 3. The end 9 is connected to or formed integrally with a
      handle 10 which extends at an angle to the chord connecting electrodes 6
      and 7. We prefer to employ a 45.degree. angle. For convenience of holding
      the probe, the handle is joined to a handle part 11 which extends at an
      obtuse angle to the handle part 10.
PAR  The electrical leads 13 connected to the coil 5 are encased by cable sheath
      17' which passes through tube 20 embedded in handle 10 and 11. A ground
      electrode 12 may be provided in the part 3 or an external ground
      connection may be utilized. The leads 15 and 16 connected to the
      electrodes 6 and 7 are encased by a cable sheath 17 which also passes
      through tube 20 for connection to suitable readout. The ground electrode
      is connected to cable sheath 17 and 17'. The leads 19 connected to the
      coil 4 are encased by cable sheath 14.
PAR  The lumen part 2 is mounted on the slide 23 shaped to form a wedge dovetail
      with the handle 10 so that it may slide up and down the handle 10 and may
      be entirely withdrawn from the handle. The slide may be held in a selected
      position on the handle 10 by the screw 24 which fits in the recess 24B
      when the lumen is assembled. The screw is adjusted to permit the slide to
      move. When the screw reaches the recess, it "jumps" into the recess. The
      screw may be made of flexible material, such as nylon. The screw in the
      recess acts to lock the lumen in position.
PAR  As will be seen by sliding the part 23 up the handle, the part moves so as
      to separate the free ends 8 and 25, providing an opening which is in
      direction substantially parallel to the handle 10 and at an acute angle to
      the line connecting 6 and 7. The size of the opening is dependent on how
      far up the handle the slide is moved. The slide and lumen part 2 may be
      removed completely from the handle. This permits the lumen part 3 to be
      maneuvered into position under an artery or other vessel. The slide may
      then be positioned on the handle and slid into position as shown in FIG.
      2.
PAR  The free ends of the lumen halves are formed with parallel ends 8a and 25a
      forming an interface between the lumen halves which are interference
      surfaces. These are entered at an acute angle to the horizontal diameter
      of the lumen. The pulsation of the artery creates a pressure against the
      internal surface of the lumen. The arrangement of the surfaces does not
      permit any substantial relative displacement of the lumen parts and
      eliminates electrical artifacts which would otherwise occur. The fit of 8a
      with respect of 25a may be as close as is practically accomplished in
      manufacture.
PAR  The device has particular utility where it is used as a periarterial probe.
      The slide may be moved to open the lumen and may be held in position with
      one hand. The blood vessel may be inserted without constricting the blood
      vessel unlike a probe of like diameter which is of the shutter type.
CLMS
STM  We claim:
NUM  1.
PAR  1. A blood flow transducer comprising a lumen section, said lumen section
      being split into a pair of arcuate lumen parts, an arcuate electromagnetic
      coil mounted in said lumen section, a pair of electrodes mounted in said
      lumen section, and mounting means for said lumen parts to enable selective
      rectilinear relative displacement therebetween, whereby said parts may be
      separated to provide a gap between adjacent edges thereof and moved
      towards each other to close said gap.
NUM  2.
PAR  2. The flow transducer of claim 1 in which said electrodes are mounted on
      opposite sides of one only of said lumen parts and said other lumen part
      is mounted by said mounting means for movement at an angle to a line
      connecting said electrodes.
NUM  3.
PAR  3. The flow transducer of claim 1 in which said arcuate electromagnetic
      coil is composed of a pair of sections, one section positioned in each
      lumen part.
NUM  4.
PAR  4. The flow transducer of claim 3 in which said electrodes are mounted on
      opposite sides of one only of said lumen parts and said other lumen part
      is mounted by said mounting means for movement at an angle to a line
      connecting said electrodes.
NUM  5.
PAR  5. A blood flow transducer comprising a lumen section, said lumen section
      being split into a pair of arcuate lumen parts, each part having a pair of
      free ends, an arcuate electromagnetic coil mounted in said lumen section,
      a pair of electrodes mounted in said lumen section, and mounting means for
      said lumen parts to enable selective separation of both ends of one lumen
      part from both ends of the other lumen part, whereby said parts may be
      separated to provide a gap between adjacent ends thereof and moved towards
      each other to close said gap.
NUM  6.
PAR  6. The flow transducer of claim 5 in which said electrodes are mounted on
      opposite sides of one only of said lumen parts and said other lumen part
      is mounted by said mounting means for movement at an angle to a line
      connecting said electrodes.
NUM  7.
PAR  7. The flow transducer of claim 5 in which said arcuate electromagnetic
      coil is composed of a pair of sections, one section positioned in each
      lumen part.
NUM  8.
PAR  8. The flow transducer of claim 7 in which said electrodes are mounted on
      opposite sides of one only of said lumen parts and said other lumen part
      is mounted by said mounting means for movement at an angle to a line
      connecting said electrodes.
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ABST
PAL  Velocity of a gas (e.g., wind) is determined as a function of the pulse
      repetition frequency of corona discharge (Trichel) pulses from a discharge
      probe positioned in the gas stream.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Instruments to measure velocity of gases have been the subject of
      investigation for many years. A common method of measuring velocity of
      flow involves use of vanes which are rotated by the gas, much like the
      vanes of a windmill or those of a conventional anemometer. The speed of
      rotation of the vanes gives a measure of the velocity of the driving
      medium. Such devices produce an accurate measure of average gas velocity
      and therefore are highly practical and useful for many applications.
      Windmill type devices have relatively high inertia and therefore do not
      react fast enough to give an accurate indication of the velocity of the
      gas at any given time when the velocity is varying rapidly. Where it is
      important to know instantaneous velocity, therefore, devices which respond
      more rapidly (have less inertia) are required.
PAR  The attempt to improve overall performance of the windmill type of meters
      resulted in the hot wire meters, such as the hot wire anemometer for wind,
      wherein an electric current is passed through a fine conductive wire and
      the wire is subjected to the flowing gas. Changes in velocity of the gas
      passing the wire modify the rate of heat transfer between the wire and the
      gas, thus affecting resistivity of the wire. Thus, changes in velocity of
      the surrounding fluid result in changes in temperature and, consequently,
      resistance of the wire which provide an indication of velocity. The hot
      wire meter or instrument does, in fact, represent a significant
      improvement over the earlier windmill type but still has disadvantages,
      one of which is a certain amount of inertia. A discussion of hot wire
      anemometry and a bibliography on the subject is found in Mark V. Morkovin,
      "Fluctuations and Hot-Wire Anemometry in Compressible Flows" (North
      Atlantic Treaty Organization, Advisory Group for Aeronautical Research and
      Development, AGARDograph No. 24, November 1956).
PAR  Another refinement is represented by the corona discharge anemometer,
      wherein a high voltage is applied to a sharp point exposed to the
      atmosphere. The discharge or corona current from the point depends upon
      the wind velocity at the point. The current is measured and used as an
      indication of wind speed.
PAR  The present invention is an improvement over the now known corona
      anemometers. It is known that when the potential applied to the point of
      the corona discharge anemometer is negative, the nature of the discharge
      is such that it is pulsed, and for a given set of conditions, the pulses
      occur with great regularity. Further, each pulse carries the same quantity
      of charge, and the pulse repetition frequency (PRF) rate is determined by
      the potential or field distribution in the vicinity of the point. The
      pulses are often referred to as Trichel pulses, after G. W. Trichel, an
      early investigator of the phenomenon. For a discussion of the pulsed
      nature of the discharge and the effect of wind speed on discharge current,
      see J. Alan Chalmers, Atmospheric Electricity (2nd ed., Pergamon Press,
      1967), pp 241, 251-252.
PAR  If there is no flowing gas (e.g., wind) in the region of the discharge
      point, only the electric field removes the space charge generated by a
      Trichel pulse, thus permitting a succeeding pulse to occur. A flowing gas,
      however, also removes space charge. The present invention relies upon the
      fact that the variations in pulse rate and, consequently, in current are
      caused by removal of space charge within a very small region close to the
      point, which in turn results in very rapid response to fluctuations in
      wind or gas velocity. The improvement further relies upon the realization
      that the PRF changes in a manner dependent upon the speed of gas flow
      (e.g., wind speed) and that changes in discharge current are in fact the
      result of variations in the PRF, and therefore the PRF is a more
      fundamental measurement of variation of velocity than is current
      variation.
PAR  The corona current as measured by a conventional microammeter is the total
      charge passing divided by the period involved; the response is such that
      only an effective average over a long time period is obtained. On the
      other hand, the almost instantaneous current is the charge (constant) per
      Trichel pulse divided by the time separation between pulses; this is
      exactly equivalent to the product of charge per pulse and PRF. Thus, the
      PRF is highly responsive to rapid velocity changes.
PAR  It is often of particular importance to detect the velocity variations
      associated with changes from laminar to turbulent flow and then to assess
      the degree of turbulence. The rapid response afforded by the present
      invention provides a way to detect such velocity variations.
PAR  The novel features which are believed to be characteristic of the invention
      are set forth with particularity in the appended claims. The invention
      itself, however, both as to its organization and method of operation,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a schematic diagram illustrating an arrangement for carrying out
      the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invention finds a major use in measuring rapid fluctuations in wind
      velocity and, therefore, is described primarily in this context, but the
      use is in no way limited to this application.
PAR  A means of determining wind velocity and measuring, essentially
      instantaneously, variations in wind velocity by generating Trichel pulses
      and monitoring the repetition frequency of the pulses is illustrated in
      the single FIGURE of the drawing. The corona discharge pulses are
      generated between the point electrode 10 and conductive plane 12 by
      applying a high voltage unidirectional potential from a high voltage
      direct current generator 14 in such a manner that the point electrode 10
      is negative relative to the conductive plane 12. This is accomplished by
      connecting the positive (plus) terminal 16 directly to the conductive
      plane 12 by means of conductive lead 18 and the negative (minus) terminal
      20 of the generator 14 to the conductive corona discharge point 10 through
      conductive leads 22, 24 and 26.
PAR  Conductive points 10 which have been successfully utilized in generating
      the Trichel pulses are conical spikes made of unalloyed steel with a
      typical radius of 0.088 millimeter, fine wires (silver plated copper wire)
      snipped to give points of 0.044 millimeter radius, and surgical needles of
      stainless steel (iron-nickel alloy) with a radius of 0.038 millimeter. The
      pulse discharge is obtained for a wide range of distances (d) between the
      point electrode 10 and conductive plane 12 and applied voltages, as
      explained in the literature previously cited.
PAR  The presence of the conductive plane is not essential for the production of
      pulses. Even if it is removed (d effectively infinity), pulses still occur
      provided the point is at a strong negative potential with respect to the
      ambient atmosphere. Thus, if an isolated point is elevated above the
      earth's surface and a negative potential applied between the point and
      ground, Trichel pulses occur and can be used to measure surface winds and
      their fluctuations. Often, however, the conductive plane is desirable or
      necessary, as when flow is measured within a large pipe.
PAR  Typically, then, a separation d of 3.45 centimeters and a voltage
      differential of 20 kilovolts have been found to be satisfactory and to
      produce a discharge with a PRF of 20 kilocycles per second with no wind
      applied between. As long as there is no wind, only the electric field
      removes the space charge and the PRF is constant and is determined by the
      potential distribution between the discharge point 10 and plane 12. When
      wind is applied, however, it also moves the space charge, and the PRF
      increases in a manner dependent upon the wind speed and, further, changes
      very rapidly, since changes are dependent upon removal of the space charge
      within a very small region close to the point.
PAR  For the same applied potential and wind conditions, the PRF is controlled
      by the characteristics of the point, especially sharpness. A factor of ten
      change in PRF can be accomplished by changing point characteristics. With
      the typical arrangement discussed above, however, a PRF of about 20
      kilohertz will occur for zero wind speed; this increases slowly at first
      with increasing wind velocity and then linearly for speeds exceeding 2
      meters per second. Thus, at 20 meters per second the PRF is about 200
      kilohertz. The upper limit of measurability is probably at a PRF around 1
      megahertz, corresponding to a very high wind speed. At 20 meters per
      second and a PRF of 200 kilohertz pulses are separated by 5 microseconds;
      since times down to far less than 1 microsecond are easily measurable,
      even very transient gustiness can be detected.
PAR  In order to measure the average discharge current and hence obtain one
      measure of wind velocity, a microammeter 28 is connected in series (in
      conductor 26) with discharge point 10. The measurement of the average
      current, as previously explained, does not constitute a part of this
      invention. It does not provide as accurate a measurement of the changes in
      wind velocity as does the measurement of changes in PRF.
PAR  Since, under a given set of conditions, the applied voltage is
      determinitive of PRF, a volt meter 30 is connected directly across the
      terminals 16 and 20 of the generator 14 in order to provide a means for
      monitoring the applied voltage.
PAR  The pulses which occur are monitored by connecting a resistor 32 in line
      with the discharge point 10 and between the point and ground to generate a
      voltage having the same PRF as that appearing between point 10 and plane
      12. A conventional oscilloscope 34 is connected by leads 36 and 38 to
      receive the voltage which appears across the resistor 32 so that the
      pulses are displayed on the oscilloscope tube. Thus, the PRF and
      variations in the PRF are displayed in such manner that they are readily
      measured, and hence the velocity of the wind and variations in velocity of
      the wind passing between the discharge point 10 and plane 12 can easily be
      measured. As an aid in making the measurements as well as obtaining a
      permanent record, a moving picture is taken of the oscilloscope display by
      means of a moving film camera 40. The film from the camera 40 then also
      offers a way accurately to measure the PRF and hence wind velocity.
      Alternatively, various electronic devices are available for direct PRF
      measurement; the PRF can also be monitored aurally, either immediately via
      a loudspeaker or after magnetic tape recording.
PAR  Thus, it is seen that the objects of the invention are carried out by using
      simple, inexpensive and readily available equipment. While a particular
      means of carrying out the invention is illustrated and decribed, other
      means are available and the invention is not to be limited by the
      expedients illustrated and described, nor is it to be limited to
      measurement of the velocity of a particular gaseous material. It is
      contemplated that the appended claims will cover any modifications that
      may fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of determining variations is the velocity of a gas, which
      method includes applying an uninterrupted unidirectional negative
      potential to a point electrode, thereby generating a continuing series of
      ionization pulse discharges; subjecting the said pulse discharges to the
      flow of gas, thus determining the frequency of repetition of the said
      pulse discharges in accordance with the velocity of said gas and
      variations in the frequency of the said pulse discharges in accordance
      with variations in the velocity of the said gas; and determining the
      variations in the pulse repetition frequency rate, thereby to determine
      variations in the velocity of the gas.
NUM  2.
PAR  2. The method of measuring the velocity of a gas incorporating the method
      defined in claim 1 and including correlating the velocity of the gas and
      pulse repetition frequency, thereby providing an accurate indication of
      the velocity of the gas by the said step of determining the variations in
      the pulse repetition frequency rate.
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ABST
PAL  Apparatus for measuring the rate of fluid flow through a conduit including
      a flow rate sensor assembly connected to suitable electrical circuitry and
      indicating instrumentation. The sensor assembly includes a heated wound
      resistive element which senses fluid flow rate and a fluid temperature
      compensating wound resistive element, both elements being mounted on a
      common spherically shaped surface which is exposed to the flow media.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for measuring rate of fluid
      flow and more particularly to a novel sensor assembly which is very
      sensitive to changes in flow rates and which automatically compensates for
      temperature variations in the flow media.
PAR  In the past, fluid flow rates have been measured by various type mechanical
      flow meters such as turbine meters, vane type meters, venturi meters, etc.
      Electrical flow measuring systems have also been posposed, as typified by
      U.S. Pat. Nos. 3,199,348; 3,335,606; 3,645,133; and 3,800,592. However,
      such prior known apparati have not been entirely satisfactory and in many
      applications have lacked the sensitivity required for accurate flow
      measurement.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the primary object of the invention resides in the provision
      of novel, highly sensitive fluid flow measuring apparatus capable of
      accurately measuring flow rates.
PAR  Another object of the invention resides in the provision of novel fluid
      flow measuring apparatus including a unique flow rate sensor assembly
      connected to electrical control circuitry such as a Wheatstone bridge and
      suitable indicating instrumentation. The sensor assembly comprises a first
      heated wound resistive flow sensing element and a second fluid ambient
      temperature compensating wound resistive element, both of which are
      mounted on a common convex, spherically shaped surface that is directly
      exposed to the flow media. Consequently, acute sensitivity results from
      exposure of the entire length of the wound elements to the fluid media.
PAR  Still another object of the invention resides in the provision of the
      previously discussed flow rate sensor assembly wherein the wound resistive
      elements are wound within a spiral groove provided in the spherical
      mounting surface. As a result, the resistive elements are protected
      against damage due to foreign particles contained in the measured fluid
      flowing past.
PAR  The sensor assembly of the invention has been found to be especially useful
      in fire fighting apparatus such as pumper trucks to measure flow rates at
      each gate. The invention makes it now possible to control pumping rates
      directly instead of interpreting flow rates from hose size and pressure
      measurements as in present practice. In addition, water additive injection
      systems could now be automatically controlled based on flow rate signals.
PAR  Other objects and advantages will become readily apparent from reading the
      following detailed description of a preferred embodiment of the invention
      wherein reference is made to the accompanying drawings in which like
      numerals indicate like elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary schematic illustration of the flow sensing
      apparatus of the invention;
PAR  FIG. 2 is a fragmented sectional view of the novel flow sensor assembly of
      the invention;
PAR  FIG. 3 is an end view of the sensor assembly taken along line 3--3 of FIG.
      2, illustrating the sensor elements wound on the spherical mounting
      surface;
PAR  FIG. 4 is a fragmentary sectional view taken along line 4--4 of FIG. 3; and
PAR  FIG. 5 is a schematic illustration of typical electrical circuitry which
      may be used in the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the flow sensing apparatus of the invention
      includes a flow rate sensor assembly 10 threaded into a water conduit 12
      and electrically connected to suitable power supply and signal
      conditioning equipment 14 capable of receiving signals from a plurality of
      sensor assemblies 10. The output control signal from equipment 14 could
      then be fed to indicating apparatus 16 which in a fire pumping truck would
      indicate gallons per minute for a number of pumping gates. Alternatively,
      in systems where additives are injected into the water, the control signal
      could operate suitable control valuing so that the amount of additive
      mixed into the water is accurately regulated automatically.
PAR  As shown specifically in FIGS. 2-4, sensor assembly 10 (shown at about 2
      1/2 times actual size) includes a housing 18 formed from hexagonal brass
      stock and having a forward threaded section 20 adapted to be threaded
      directly into the side wall of conduit 12, which in a pumper truck is
      about 2-3 inches diameter. Housing 18 is axially bored to provide a
      forward bored section 22 concentric with an enlarged counter-bored section
      24, the rearward end 26 of which is threaded. A shoulder 28 is located at
      the junction of bored sections 22 and 24.
PAR  A sensor mounting insert 30 constructed of suitable electrical insulating
      material such as nylon is mounted within housing 18 and includes a front
      cylindrical section 32 slidable through bore section 22 and a larger rear
      cylindrical section 34 slidable in bore section 24. An O-ring sealing
      member 35 engages between section 34 and shoulder 28, when insert 30 is
      locked within the housing by spacer ring 36 and lock ring 37 which threads
      into section 26.
PAR  The front face of section 32 is formed to provide a convex spherically
      shaped surface 38 which extends into conduit 12 in direct exposure to the
      water flowing there through. A spiral groove 40 is cut into surface 38 and
      extends from a point adjacent the center of the surface to a point
      adjacent its outer edge.
PAR  A first flow sensing resistive winding 42 is wound within the inner spiral
      turns of groove 40 which are nearest the center of surface 38. Winding 42
      has its ends 44 and 46 extending rearwardly through axial passages 47 in
      insert 30 to a terminal board 48 mounted on the rear of insert 30. A
      second ambient fluid temperature compensating resistive winding 50 is
      wound within the outer turns of groove 40 with its ends 52 and 54 also
      extending through insert 30 to terminal block 48. A space of approximately
      one turn in groove 40 is left between end 46 of winding 42 and end 52 of
      winding 50. Placing flow sensing winding 42 at the center portion of
      surface 38 situates it further into the measured fluid than winding 50,
      and thus makes it more sensitive to flow changes. In addition, positioning
      both windings within groove 40 protects them against damage which might be
      caused by foreign particles contained in the fluid flowing past.
PAR  Both windings 42 and 50 are fine high resistivity wire, approximately .005
      inch in diameter, having a relatively high temperature coefficient of
      resistance. Materials such as pure nickel or the various nickel iron
      alloys have been found suitable.
PAR  Preferably, the comparative lengths of windings 42 and 50 are such that the
      flow sensing winding 42 is substantially shorter than temperature
      compensating winding 50, e.g. winding 42 is about one tenth as long as
      winding 50. The relative initial electrical resistances and sensitivity of
      the windings vary directly with the length and size of wire used, and may
      be varied to provide the most suitable values for a particular design.
PAR  As shown in FIG. 5, flow sensing winding 42 (R2) and temperature
      compensating winding (R3) are connected in a Wheatstone bridge circuit 56
      on circuit board 48 with
      ##EQU1##
      R2 is approximately 1 OHM, R3 is approximately 10 OHMS, and R1 and R4 can
      be varied to establish suitable current levels in R2 and R3 to enable
      their use at design operating temperatures. Since R4 is large in
      resistance compared to R1, relatively smaller currents will flow through
      R4 and R3. R1 will be about one tenth the resistance of R4 so that the
      current through R1 and R2 will normally be approximately ten times the
      current through R4 and R3. As a result of this relationship the operating
      temperature of temperature compensating winding 50 (R3) is normally much
      less than that of the flow sensing winding 42 (R2).
PAR  During operation fluid flow through conduit 12 will have a cooling effect
      on sensing winding 42 (R2). The resistance of which will thus vary with
      the rate of flow. In the circuitry of FIG. 5 with a constant bridge
      excitation voltage, the bridge output from terminals 58 and 60 will vary
      with R2. The bridge output signal may then be amplified by operational
      amplifier 62 for use in instrumentation such as the control equipment of
      FIG. 1.
PAR  An alternative mode of electrical operation would be to use a high gain
      differential amplifier (not shown) to vary the bridge excitation voltage
      so that the bridge is continuously balanced. In effect, this will maintain
      winding 42 (R2) at a constant temperature as the flow rate varies. The
      control signal output from the differential amplifier will thus be
      proportional to the bridge excitation voltage necessary to keep the bridge
      balanced.
PAR  As shown in FIG. 2, the amplifier circuitry may be conveniently housed
      within rings 36 and 37 and protected therein by a rear cover plate 64
      retained on the rear of housing 18 by screws 66. An electrical connector
      68 fastened on cover 64 provides the electrical connections to and from
      the amplifier and bridge 56.
PAR  The flow sensor assembly of the invention described hereinabove provides
      many advantages over known prior art devices. Both the flow rate sensing
      winding 42 and the fluid temperature compensating winding 50 are wound on
      the common convex spherical surface 38. The lengths of the windings afford
      substantial sensor surface area exposed to and in intimate contact with
      the fluid being measured, thus providing maximum sensitivity to changes in
      flow rate and continuous instantaneous ambient temperature compensation.
PAR  Locating windings 42 and 50 in spiral groove 40 protects them against
      damage from foreign particles in the fluid, and thus enhances operational
      reliability and promotes longer service life. Also, locating the flow rate
      sensing winding 42 closer to the center of surface 38 ensures that this
      winding extends farther into the fluid flow in direct contact therewith.
      The comparative lengths of windings 42 and 50 ensuress that the resistance
      winding 42 is more quickly affected by changes in flow rates, thus
      providing desirable instantaneous response, while winding 50 affords a
      fluid temperature compensating factor to the bridge circuit output signal.
PAR  The overall construction of the sensor assembly is relatively simple and
      compact, but yet rugged to withstand severe operating conditions, e.g.
      fluid pressures of 600psi in conduit 12.
PAR  The output signal produced by bridge circuit 56 may be used for various
      purposes, e.g. merely to actuate flow indicators as in FIG. 1, or to
      control suitable valves for additive systems, or to actuate a control
      switch when a predetermined fluid flow is attained.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiment is therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. Flow sensing apparatus comprising support means adapted to be mounted on
      a fluid conduit and having a convex spherically shaped support surface
      exposed to the fluid in said conduit, a first resistive element spirally
      wound on the central section of said surface for sensing the flow rate of
      the fluid, a second resistive element spirally wound on the outer section
      of said surface for compensating for ambient temperature conditions of the
      fluid, both of said elements being directly exposed to the fluid, and
      electrical circuit means for producing an output control signal in
      response to the resistive condition of said elements.
NUM  2.
PAR  2. The flow sensing apparatus defined in claim 1, wherein said surface has
      a spiral groove formed therein and said elements are wound in said groove.
NUM  3.
PAR  3. The flow sensing apparatus defined in claim 1, wherein the electrical
      resistance of said second element is substantially larger than the
      resistance of said first element.
NUM  4.
PAR  4. The flow sensing apparatus defined in claim 3, said circuit means
      including a Wheatstone bridge, two legs of which are formed by said first
      and second elements.
NUM  5.
PAR  5. Flow sensing apparatus comprising support means adapted to be mounted on
      a fluid conduit and having a substantially spherical convex surface
      exposed to the fluid in the circuit, said surface having a spiral groove
      formed therein, electrical sensing means including a first resistive flow
      rate sensing winding wound in the inner turns of said groove adjacent the
      center portion of said surface, and a second resistive fluid temeperature
      compensating winding wound in the outer turns of said groove, said
      windings being directly exposed to the fluid in said conduit.
NUM  6.
PAR  6. Flow sensing apparatus as defined in claim 5, wherein the electrical
      resistance of said first winding is substantially less than the resistance
      of said second winding, and wherein said sensing means includes a
      Wheatstone bridge circuit two legs of which are formed by said windings.
NUM  7.
PAR  7. Flow sensing apparatus as defined in claim 5, said support means
      comprising a housing adapted to be connected into a circuit, electrical
      insulator means mounted within said housing and having one end shaped to
      provide said spherical convex surface, and electric circuit means mounted
      within said housing for producing a control signal in response to said
      windings.
NUM  8.
PAR  8. Flow sensing apparatus as defined in claim 7, wherein the electrical
      resistance of said first winding is substantially less than the resistance
      of said second winding, said circuit means including a Wheatstone bridge
      circuit two legs of which are formed by said windings.
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ABST
PAL  Flowmeter apparatus and method for obtaining accurate measurement of fluid
      flow, not only in the turbulent flow range, but also in the laminar and
      transitional flow ranges by compensation of the meter reading. The meter
      reading is also compensated for change in viscosity of the fluid flowing
      through the meter. The compensation for flow range is based on the
      best-fit straight line approach obtained by matching straight line
      segments to the quantity versus frequency output curve throughout the
      laminar and transitional ranges, and compensating the flowmeter reading in
      accordance with the shape of the straight line segments. The compensation
      for change in kinematic viscosity of the fluid is added to the flowmeter
      output in accordance with the temperature-viscosity relationship for the
      fluid and in accordance with a ratio of compensation factors between the
      actual fluid and a reference fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional flowmeters measure volumetric flowrate by using two factors;
      (1) the output frequency, and (2) the K factor which is defined as the
      calibration constant of the flowmeter. The K factor is determined from
      calibration data or charts and can be considered as being practically
      constant only in the range where turbulence is fully developed. As the
      flow rate decreases to below the turbulent flow regime, the K factor
      varies significantly and frequency output cannot be used as a direct
      indication of flowrate. By confining measurements to within the fully
      developed turbulent flow range, present flowmeters operate only when the
      Reynolds number is high and thereby circumvent the problem of viscous
      effects at lower Reynolds numbers.
PAR  Large hub diameters and smaller blade lengths have been used to achieve
      higher Reynolds number per unit (volume) flow. However, the useful flow
      range of the flowmeter is still restricted, since the bearing thrust also
      increases rapidly according to the square power of the "boosted-up" flow
      velocity. Thus, the upper flowrate of the turbine flowmeter is limited by
      the thrust which the flowmeter bearings can tolerate. Also, the induced
      high flow velocity may also result in unfavorable annular flow resistance,
      eddy diffustivity and possibility of cavitation. Even though such measures
      improve low flow capability of the meter, the lower limit of its
      measurability is still dictated by the critical Reynolds number, where the
      transition from turbulence to laminar flow takes place. When magnetic
      pick-ups are utilized to produce an output frequency, the ability of the
      flowmeter at low flowrates is further affected by the magnetic coupling
      which becomes significant relative to the driving torque at lower
      flowrates. Because of such difficulties as enumerated, most conventional
      turbulent flowmeters restrict their useful flow range between a narrow
      span of approximately ten to one. If the flow range to be covered is a
      wide one, say six hundred to one, several flowmeters must be used.
      However, the cost of multiple flowmeters with associated additional
      plumbing and valves, the inconvenience of constantly assembling and
      disassembling equipment, and the greater complexity of data gathering and
      processing makes the use of multiple flowmeters undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a flowmeter apparatus and method utilizing
      electronic computation techniques to extend the precisely measurable flow
      range from turbulent through transitional to laminar flow regimes with a
      single flowmeter, by superimposing frequency corrective terms
      electronically to the direct output of the flowmeter. The direct reading
      of the true flowrate over an extended wide flow range is possible without
      constantly requiring referencing or reading of a calibration chart or
      requiring post-test manual calculation and calibration. The invention does
      not deal with the full amount of the flowmeter's direct output, but only
      superimposes or algebraically adds a corrective term, thus greatly
      reducing the so-called linearization error which results when the same
      percentage computation error is applied to the entire value of the
      flowmeter output.
PAR  In addition, the invention also provides quantitative correction of
      viscosity effects. Correcting of viscosity effects over a wide range of
      viscosity is accomplished through a single corrective system. Simultaneous
      correction in terms of critical Reynolds number and the amount of
      correction required at any flow rate, are accomplished according to
      established fluid dynamic concept and by means of practical electronic
      technique.
PAR  More particularly, the present invention provides accurate direct
      indication of the true flowrate over extended flow range, and over a range
      of viscosity by using the best-fit straight line principle. This approach
      can satisfy nearly all flowmetering requirements, which is not possible
      with the ordinary linearization approach which often unrealistically
      presupposes that the calibration line passes through zero at zero
      flowrate. The invention is based on the usage of (1) a super linearized
      slope of the "output frequency versus flowrate" calibration curve which is
      made constant and linear throughout the extended flow range and (2) the
      superimposing of several correction frequencies to the flowmeter's
      original output frequency. The output representing the true flow rate is
      expressed in frequency form and the flow rate can be totalized to provide
      the volume flow. With this invention, extended rangeability of turbine
      flowmeters for effective flow measurement has been increased from the
      conventional ten to one range to in excess of six hundred to one.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional schematic of a convention flowmeter having a pick-up;
PAR  FIG. 2 is a plot of calibration factor versus frequency over the laminar
      and transitional flow ranges (Region B) and over the turbulent range
      (Region A);
PAR  FIG. 3 is a plot of quantity flow (Q) versus meter output frequency (f);
PAR  FIG. 4 is a plot of the slope variation (.DELTA. G) against frequency (f)
      illustrating the variation occurring in the laminar and transitional flow
      ranges;
PAR  FIG. 5 is a diagrammatic illustration of the manner in which the
      compensation factors are added to the flowmeter output;
PAR  FIG. 6A is a circuit schematic for computing a compensating factor for the
      laminar and transitional flow ranges;
PAR  FIG. 6B is a block diagram of the circuit of FIG. 6;
PAR  FIG. 6C is a schematic illustration of the principle of the function
      generator incorporated in FIG. 6A;
PAR  FIG. 7 is a plot of .DELTA. G versus (f) with the frequency axis expanded
      to illustrate the curve divided into straight line segments;
PAR  FIG. 8 is a plot of compensating factor voltage (e.sub.o) versus frequency;
PAR  FIG. 9 is a block schematic showing the various compensating factors
      combined with the flowmeter output to obtain a corrected flow value over
      the full flow range;
PAR  FIG. 10 is a plot of calibration factor (K) versus frequency (f) for fluids
      of different kinematic viscosity;
PAR  FIG. 11 is a plot voltage (e.sub.f) versus frequency (f) for two fluids of
      different kinematic viscosity;
PAR  FIG. 12 is a plot of (f.sub.1) versus kinematic viscosity of different
      fluids to be measured;
PAR  FIG. 13 is a diagrammatic diagram of the manner in which the output of
      function generator 47 is corrected for viscosity;
PAR  FIG. 14A is a plot of variation in frequency f.sub.1 and in the value of
      resistor R1 with temperature; and
PAR  FIG. 14B is a schematic circuit diagram for the function generator which
      produces a viscosity compensation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A section of a conventional flowmeter 20 is illustrated in FIG. 1 and has a
      plurality of blades 22 secured to a rotor hub 24 which is centrally
      supported by shaft 25. The movement of each blade 20 past pick-up 26 (for
      example, a magnetic or other type of pick-up such as disclosed in U.S.
      Pat. 3,135,116) produces a pulse output having a frequency which is
      utilized as a measure of flowrate. FIG. 2 is a plot of calibration
      constant K (in units of pulse/gallons) versus frequency output of the
      flowmeter. Since the K factor is defined as the quotient of the frequency
      and volumetric flow, it is clear that in Region A which is the turbulent
      flow region, the frequency output divided by the constant K factor
      (K.sub.o) yields the correct volumetric flowrate. However, in Region B,
      which is the transitional and laminar flow range, the K factor becomes a
      function of Reynolds number or of flowrate, or of the flowmeter's
      frequency output. Since the K factor is constantly changing in Region B,
      calibration factor K.sub.o cannot be used for determination of flow Q
      since erroneous reading of the flowrate would result.
PAR  For most turbine flowmeters, extensive data has shown that the actual flow
      rate versus output frequency can be best expressed as a best-fit straight
      line which is describable by a slope G and an intercept A, so that Q = A +
      f.G. Here G is analogous to (1/K) mentioned above, except that G is always
      described in conjunction with an intercept A. The plot of this
      relationship is illustrated in FIG. 3, and as special cases of this
      equation we have
EQU  Q = A + f.G.sub.o,
PAL  for f &gt; f.sub.1 (turbulent flow range)
PAL  and
EQU  Q = A + f. (G.sub.o +.DELTA.G),
PAL  for f &lt; f.sub.1 (transitional and laminar flow ranges).
PAL  Dividing all the terms by G.sub.o, the following general relation results:
      ##EQU1##
PAR  For constant viscosity, it is apparent that over the turbulent flow range,
      .DELTA. G = 0 and
      ##EQU2##
      Since A, G.sub.o and (A/G.sub.o) are constants, or can be treated as such,
      the correct indication of the actual flowrate can be obtained by
      algebraically adding the term
      ##EQU3##
      is a function of f, allowing
      ##EQU4##
      to be treated as .PHI. (f). Thus,
      ##EQU5##
PAR  The present invention provides for the adding, or, using the frequency
      super-position concept, superimposing two corrective frequency terms of
      (A/G.sub.o) and
      ##EQU6##
      The term "superlinearizer" is used to describe the process, and the word
      "linearizing" is no longer adequate since the best-fit straight line may
      or may not pass through the origin.
PAR  From the flow calibration data over the turbulent flow range, the best-fit
      straight line can be determined (either by calculation or plotting) and
      thus the quantities A and G.sub.o. Knowing these constants, .DELTA. G can
      be determined over the transitional and laminar flow range from the
      equation
      ##EQU7##
      Thus, all of the terms A, G.sub.o and .DELTA. G corresponding to any value
      of (f) can be determined from the flow calibration data. In FIG. 3, it is
      noted that in the laminar and transitional flow range to the left of
      frequency (f.sub.1) line 30, there is a continually changing slope, while
      to the right of line 30 in the turbulent range, the slope is constant at
      G.sub.o. FIG. 4 is a plot of .DELTA. G versus frequency and shows that
      there is a considerable variation in .DELTA. G in the laminar and
      transitional flow range to the left of frequency (f.sub.1) line 32,
      whereas to the right of line 32 in a turbulent flow range, G is equal to
      G.sub.o and .DELTA. G is equal to zero.
PAR  A frequency adder 34 illustrated in FIG. 5 can be used to determine the
      value of (Q/G.sub.o).
PAR  The instrument receives the direct frequency output f (or its multiple)
      from the flowmeter from line 35, and the constant correction term
      (A/G.sub.o) is added through line 36 and the value of
      ##EQU8##
      or .PHI. (f) is added through line 37 in order to obtain the frequency
      output
      ##EQU9##
      in line 38. The frequency output is (Q/G.sub.o) and is multiplied by the
      line constant k in order to obtain a direct reading of flow quantity. The
      resultant output then becomes:
      ##EQU10##
      where A and G.sub.o are all constants. The output frequency
      ##EQU11##
      is directly proportional to the volumetric flow rate Q. The totalization
      or time integration of this frequency output then provides the volume of
      flow during any selected period of time.
PAR  Over the turbulent flow regime, namely for any flow rate above the critical
      Reynolds number, when f &gt; f.sub.1, the value of the superimposed
      correction term .PHI. (f) must be equal to zero. If flow rate is below
      this critical Reynold's, number, namely in the transitional flow or
      laminar flow regime where f &lt; f.sub.1, the amount of correction .PHI. (f)
      becomes a function of the flow rate and therefore of the flowmeter's
      frequency output. The critical Reynolds number for a flowmeter of given
      size and flow configuration is, of course, determined by the viscosity of
      the fluid in question.
PAR  FIG. 6A is a schematic illustration of the circuitry in which the output
      frequency of the flowmeter is converted to a voltage signal which is a
      function of frequency and is equal to
      ##EQU12##
      The frequency input from the flowmeter is received at terminal 40 by a
      diode pump circuit 39 which produces a voltage in line 41 proportional to
      frequency input. The zener diode 42 limits the voltage to 5 volts in line
      43 so that the voltage e.sub.f in line 43 of 5 volts or below is connected
      with differential amplifier 44 which also receives a constant input of 5
      volts in line 45 so that output of the differential amplifier is 5 -
      e.sub.f = e.sub.d and appears in line 46. The pump circuit is so adjusted
      that the output is made precisely 5 volts at critical Reynolds number,
      namely at frequency f.sub.1, so that at f.sub.1, the output of the
      differential amplifier 44 is zero and at all other frequencies, the
      amplifier output is e.sub.d = 5- e.sub.f. Voltage e.sub.d is applied to a
      diode-resistor type function generator circuit 47 through the line 46.
PAR  In FIG. 7, the frequency coordinate of the .DELTA.G versus frequency curve
      has been expanded to illustrate that the frequency up to frequency f.sub.1
      can be divided into a number of break points 1-5 between which straight
      line segments can be drawn to closely approximate the actual curve of FIG.
      4. Each straight line segment has a different slope and extends between
      two break points. Frequencies at which these break points 1 through 5
      occur are determined by the set value of resistors R16, R20, R24, and R32,
      respectively, in the schematic of FIG. 6A. The slope of segment 1 the
      curve up to point 1 is determined by the set value of resistor R15 and the
      slope of the following segments between successive break points is
      determined by the setting resistors R19, R23, R27 and R31, respectively.
      Output of the diode resistor function generator 47 is fed to operational
      amplifiers 48, 50 and 51 and the output at terminal 52 is voltage e.sub.o
      which is equal to
      ##EQU13##
      and to .PHI. (f). In FIG. 8, output e.sub.o
      ##EQU14##
      is plotted against frequency and the break points 1-5 and the curve
      segments 1-5 are designated. It is apparent from FIG. 8 that the function
      generator 47 produces a quantity to be added to the output frequency of
      the flowmeter until the frequency f.sub.1 is obtained and thereafter as
      the output frequency (f) increases, voltage e.sub.o is zero.
PAR  A schematic diagram of the circuit of FIG. 6A is illustrated in FIG. 6B.
      Transistor Q1, together with its associate capacitor, diode and resistive
      circuit elements, forms the frequency to DC converter diode pump circuit.
      The output is applied to a Butterworth filter comprising operational
      amplifier Z.sub.1. Thus, at the output e.sub.f of amplifier Z.sub.1, the
      DC output has been filtered and smoothed, and e.sub.f is linearly
      proportional to the mean value of the input frequency. The voltage e.sub.f
      is then applied to the differential amplifier Z.sub.2 which has at its
      other input a constant voltage of - 5 volts and the output e.sub.d in line
      46 is e.sub.d = -(5-e.sub.f).
PAR  The voltage e.sub.d is then applied to the diode-resistive five segment
      function generator for proper adjustment of the slope and break points. By
      proper additive coupling and impedance transformation with amplifiers
      Z.sub.3 and Z.sub.4, the value .PHI. (f) can then be generated. The
      diode-resistive function generator 47 approximates the function .PHI. (f)
      by means of polygonal functions segment-by-segment.
PAR  FIG. 6C is a schematic diagram of FIG. 6A which illustrates the principle
      (but not the complete circuit) utilized in the function generator 47. The
      basis of the function generator technique is to use a number of diodes as
      voltage sensitive switches, the circuit of each diode is closed if the
      diode's bias voltage is positive, and the circuit is open if the bias is
      negative. The bias voltage can be negative as well as positive, so that
      the breakpoint of the characteristic curve can be adjusted. If the
      resistor in series with the diode is variable, the slope of the
      characteristics curve can be adjusted. The function generator 47 consists
      essentially of the combination of a number of diode-resistor circuits. The
      transfer characteristics (output voltage versus input voltage; or iR
      versus e.sub.d  across the variable resistor) of each resistive network
      containing a biased diode switch is utilized to shape a segment of the
      desired function .PHI. (f). This characteristic is generally linear
      between break points, namely, points corresponding to the input voltage
      levels which cause a diode switch to conduct or to cut-off. The slopes of
      the line segments, as well as the breakoff voltage points, can be adjusted
      by suitable choice of resistances and biased values. Referring to FIG. 6C,
      only two diode resistor circuits are schematically shown for purposes of
      illustration and the resistors R.sub.s for adjusting the slope and the
      resistors R.sub.B for adjusting rhe breakpoints are schematically
      illustrated. By combining a number of such diode resistor networks
      together and using a common resistor R.sub.O for the ouput, the desired
      function .PHI. (f) is obtained.
PAR  One manner in which the voltage e.sub.o can be added to the output
      frequency of the flowmeter and to (A/G.sub.o) is illustrated schematically
      in FIG. 9. Block 55 is a frequency to current (or voltage) converter which
      receives the frequency input from the point 56 connected to the flowmeter.
      A frequency to current (or voltage) converter 58 receives an input signal
      from terminal 59 which is a constant value corresponding to (A/G.sub.o).
      Function generator output voltage e.sub.o (or equivalent current) is added
      through line 60 to the outputs of converters 55 and 58 and the three
      values are summed in summing circuit 62. Current (or voltage) to frequency
      converter 65 then reconverts the total current (or voltage) back into a
      frequency output in line 66 which is the frequency output designated as
      ##EQU15##
      in FIG. 4. Any suitable known type of frequency to current (or voltage)
      converters and adders can be utilized in order to add e.sub.o to the
      frequency derived from the flowmeter and the constant representing
      (A/G.sub.o). Instead of converting the frequency to current (or voltage)
      and then adding the signals and then converting back to frequency, certain
      known devices can be utilized to add the frequencies directly together.
      Such a device is designated as Frequency Adder Model FA-30 produced by
      Elastronics, Co., a Division of Quantum-Dynamics of Tarzana, Calif.
PAC  VARIABLE VISCOSITY COMPENSATION
PAR  In addition to compensating for the changes in flow characters in the
      laminar and transistional regions, it is important to compensate for the
      effects of varying fluid viscosity. For a given flowmeter, Reynolds number
      is a function of the kinematic viscosity and the flow rate Q, which can
      also be expressed by the frequency output (f). If the viscosity varies,
      the critical Reynolds number point corresponding to (f.sub.1) at which
      turbulent flow commences also changes. In other words, one of the
      principal effects of viscosity change is to shift the position of the hump
      68 (see FIG. 10) of the calibration curve along the horizontal axis
      relative to its position when the fluid viscosity is at a reference value,
      such as a kinematic viscosity of ten centistoke. FIG. 10 illustrates the
      change in the shape of the calibration curve (K versus frequency) as the
      frequency f.sub.1 increases to f.sub.1 ' with a change in fluid viscosity.
      The first step in the automatic correction of the viscosity effect is
      therefore to place the "hump" at its proper position along the X axis;
      namely, the axis representing the flowmeter's frequency output (or the
      volumetric flowrate, or Reynolds number). This next step is to use a hump
      of the correct amplitude and shape corresponding to the viscosity under
      the flow condition.
PAR  To accomplish the first step, it can be shown that as the position of the
      hump along the X axis changes, the slope of the line joining the origin of
      the graph to the point f.sub.1 ' (representing the critical Reynolds
      number) varies as illustrated in FIG. 11 which is a plot of e.sub.f versus
      frequency. Higher kinematic viscosity corresponds to a higher frequency at
      which critical Reynolds number is reached (turbulent flow) and produces a
      hump of less magnitude; and, lower kinematic viscosity corresponds to a
      lower frequency at which turbulent flow commences, but the hump has higher
      amplitude. In FIG. 11, a line OC is drawn between frequency f.sub.1 for
      the reference viscosity and this line has a slope m. At higher kinematic
      viscosity .nu.', turbulent flow commences at a higher frequency f.sub.1 '
      and the line OC' has a slope m' which is less than the slope m. Each slope
      m' is associated with a particular frequency region for applying the .PHI.
      (f) or
      ##EQU16##
      correction. The value of the resistor R1 in the frequency-to-D.C.
      converting diode pump circuit of FIG. 6A can be varied to vary the slope
      m' as required by different viscosity. In other words, changing the value
      of R1 (in FIG. 6A) varies the frequency range so that the voltage will
      build up from zero to 5 volts when frequency f'.sub.1 is reached. Beyond
      f'.sub.1, the correction .PHI. (f) is zero since e.sub.d is zero and no
      correction is needed. It is only when e.sub.f is less than 5 volts that an
      amount of .PHI. (f) or
      ##EQU17##
      enters into the correctional process as described previously.
PAR  It is known that the kinematic viscosity .nu. is affected by both the fluid
      temperature and pressure according to the following empirical
      relationship.
PAR  In the high temperature portion of liquid range:
      ##EQU18##
      where .nu. is the kinematic viscosity
      ##EQU19##
      in centistokes and .eta. is absolute viscosity in poises.
PAR  In the lower temperature range:
      ##EQU20##
      where T is temperature, A is an empirical constant, and .rho. is the
      density, which is also a function of temperature. Thus, the
      temperature-viscosity relationship can be utilized to provide automatic
      correction of the viscosity effect. This is done by changing the slope m
      of the "e.sub.f versus f" line OC with the programmable circuit of the
      diode pump. The programmable circuit receives the output T of a
      temperature transducer which is used to control and to vary m' by means of
      an analog function generator, or through a digital function generator such
      as a "Read-only-memory" (ROM). The effect of this control is analogous to
      the control of the resistor R1 in the frequency-to-D.C. diode pump
      circuit, which can be accomplished, for example, by the use of a field
      effect transistor as R1. The setting and design of this programmable
      circuit is obtained from data analyses from calibration tests performed
      over the range of viscosities. As a result, frequency f'.sub.1
      corresponding to the critical Reynolds number at any fluid viscosity, can
      also be shifted relative to f.sub.1 to meet the requirement for viscosity
      effect correction. The position of the hump is thus automatically adjusted
      along the X axis. In a semiautomatic system, the resistor R1 can be
      manually adjusted by use of a temperature or viscosity dial arm 70 in
      accordance with a separate measurement of temperature.
PAR  In the second correctional step, the amplification of the .DELTA.G signal
      according to kinematic viscosity can be accomplished simultaneously with
      the first step of automatically shifting the f'.sub.1 relative to f.sub.1.
      The following empirical relationship between two calibration factors, G
      and G.sub.o, based on the Reynolds number Re can be used for this purpose.
      ##EQU21##
PAR  Since G - G.sub.0 = .DELTA.G and GG.sub.o can be approximated as
      G.sub.o.sup.2 and designating .DELTA.G.sub.(REF) for the value of .DELTA.G
      corresponding to the reference viscosity, then:
      ##EQU22##
      one may also transform R.sub.e by means of the ratio (f/f.sub.1), thus, by
      proportionality:
      ##EQU23##
      For the constant viscosity case, the effects of .DELTA.G are included in
      the corrective term
      ##EQU24##
      which is only valid for a particular viscosity .nu..sub.REF. Designating
      this term as .PHI..sub.REF (f), and substituting:
      ##EQU25##
      The ratio of
      ##EQU26##
      is the amplification, or gain, to be applied to .PHI..sub.REF (f) in order
      to obtain .PHI. (f).
PAR  The circuitry for utilizing the above ratio will now be described. During
      the multi-viscosity universal flow calibration of the flowmeter, it is
      simply to obtain from the calibration curves the value of f.sub.1
      corresponding to kinematic viscosity. The f.sub.1 if determined from the
      point when the calibration factor K or G enters its flat region, shortly
      after the hump. Over the range of viscosity of interest, the plot of FIG.
      12 may be constructed from the empirical data. For each viscosity, the
      value of f.sub.1 is essentially a fixed value and f.sub.1(REF) can be
      chosen for a reference kinematic viscosity, say, corresponding to ten
      centistokes. With this value, each viscosity effect can be described in
      terms of the ratio
      ##EQU27##
      as set forth above.
PAR  In a semi-automatic device for viscosity correction, a potentiometer dial
      can be graduated in units in kinematic viscosity or temperature and each
      dial setting can provide a (non-linear) functon by means of a function
      generator 71 having a voltage output corresponding to
      ##EQU28##
      Any well known circuitry can be utilized and by applying the viscosity or
      temperature value, the output of the function generator 71 can provide
      directly the above value.
PAR  A complete block diagram of the viscosity correction system is illustrated
      in FIG. 13. The function generator 47 (FIG. 6), which is used to generate
      .PHI..sub.REF (f) with input (f) provided by the flowmeter, is illustrated
      in block form and receives the value e.sub.d from line 46. The value of
      the voltage e.sub.f becomes equal to 5 volts at the frequency f.sub.1 '
      corresponding to the setting of the dial 70 of resistor R1 so that the
      value e.sub.d becomes zero at this frequency. The .PHI..sub.REF (f) output
      of function generator circuit 47 is set by using calculated value of
      resistors and diodes. The output of the function generator 47 is fed into
      a multiplier 72 through line 73 and also the value
      ##EQU29##
      corresponding to the flowing fluid viscosity is fed from function
      generator 71 by line 74 to the multiplier 72. The multiplied output in
      line 75 is .PHI. (f) which has been compensated for both fluid viscosity
      and for the laminar and transitional flow range effects. It is understood
      that when the frequency of the flowmeter becomes greater than f.sub.1 the
      input into the function generator 47 is zero and therefore no correction
      .PHI. (f) is applied. However, when the output frequency of the flowmeter
      is less than f.sub.1 of the fluid, a signal output is developed by the
      function generator 47 which is compensated by the quantity
      ##EQU30##
PAR  A block diagram of function generator 71 for generating this quantity is
      shown in FIG. 14B. The output of temperature transducer 80 is applied by
      line 81 to a temperature-to-f.sub.1 analog function generator, so that an
      output f.sub.1 is generated in line 83. This output is applied to an
      analog divider circuit 84 which also receives another input f.sub.1(REF)
      from line 85. The resultant analog computation process yields a quotient
      ##EQU31##
      which is applied by line 86 to squaring circuit 87 which produces the
      output
      ##EQU32##
      in line 88 connecting with line 74.
PAR  During the calibration process, a plot of f.sub.1 versus fluid temperature
      (see FIG. 14A) can be made, since fluid temperature directly affects the
      kinematic viscosity at a given fluid pressure. As also indicated, the
      value for the setting of resistor R1 can be obtained as a function of
      temperature. The temperature transducer 80 is used to provide the required
      fluid temperature measurement which is applied to the function generator
      82. This generator can be an analog multi-segment function generator of
      the diode-resistor type similar to generator 47, except that different
      settings of slopes and breakpoints are used. The output of this function
      generator is f.sub.1 which is applied to a commercially available
      electronic linear four-quadrant multiplier-divider circuit (such as
      motorola MCC1595). This circuit also receives the input f.sub.1(REF) which
      is a constant quantity provided, for example, by setting a graduated
      potentiometer. The squaring circuit 87 can also be of any conventional
      design, such as While analog computation has been disclosed, it is
      understood that digital calculator or computing circuitry could also be
      utilized to accomplish the purpose of the function generator 75.
PAR  It is apparent from the above discussion that the present invention
      provides a means for obtaining an accurate measure of fluid flow, not only
      in the turbulent flow range, but also in the laminar and transitional flow
      ranges. In addition, the reading of the meter is corrected for change in
      viscosity of the fluid flowing through the meter. The correction for flow
      range conditions is obtained by matching a straight line to segments of
      the Q versus f curve through the laminar and transitional ranges and
      compensating the flowmeter reading in accordance with the straight line
      segments. To compensate for the change in viscosity of fluid, the
      frequency range over which flow compensation is added to the flowmeter
      output is varied in accordance with the temperature-viscosity relationship
      for the fluid. The amount of the flow correction in the laminar and
      transitional flow ranges is also varied in accordance with the viscosity
      of the fluid in order to more nearly match the actual flow of the fluid.
      While various circuits have been suggested to accomplish the performance
      of the invention, it is understood that any suitable standard equipment
      can be utilized instead.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for obtaining a measure of fluid flow rate over the
      laminar, transitional and turbulent flow range comprising:
PA1  a turbine flowmeter located in a fluid flow line and producing a frequency
      output signal variable with flow rate;
PA1  means for comparing said output signal with a constant reference value to
      produce a difference signal which is zero throughout the turbulent flow
      range of the fluid through the flowmeter commencing at frequency
      (f.sub.1);
PA1  means responsive to said difference signal for producing a compensating
      signal for compensating said output signal of said flow meter over the
      laminar and transitional flow ranges for variations from quantities
      indicated by the straight line function of flow rate versus frequency in
      the turbulent flow range; and
PA1  means for combining said compensating signal with said flowmeter output
      signal to obtain a correct value of flow rate in the laminar and
      transitional flow ranges.
NUM  2.
PAR  2. An apparatus as defined in claim 1 wherein:
PA1  said comparing means includes means for compensating said comparing means
      for variation in turbulent flow range of a measured fluid.
NUM  3.
PAR  3. An apparatus as defined in claim 1 wherein said compensating signal
      producing means comprises:
PA1  means for producing said compensating signal with values represented by
      successive straight line segments matched to the curve of the actual flow
      rates in the laminar and transitional flow ranges versus said flowmeter
      output.
NUM  4.
PAR  4. An apparatus as defined in claim 1 having means for compensating the
      flowmeter output with a constant value proportional to the constant slope
      of the flow rate versus frequency output curve of the flowmeter throughout
      the turbulent flow range.
NUM  5.
PAR  5. An apparatus as defined in claim 1 having means for modifying said
      compensating signal for changes in viscosity of the flowing fluid;
PA1  said modifying means comprising means for producing a signal equal to the
      squared ratio of frequency (f.sub.1) of a reference fluid to the frequency
      f.sub.1 of the flowing fluid
      ##EQU33##
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein:
PA1  said combining means comprises a multiplier for multiplying said squared
      ratio with said compensating signal.
NUM  7.
PAR  7. An apparatus as defined in claim 1 wherein:
PA1  said comparing means includes means for compensating said comparing means
      for variation in turbulent flow range of a measured fluid; and
PA1  said compensating signal producing means comprises means for producing said
      compensating signal with values represented by successive straight line
      segments matched to the curve of the actual flow rates in the laminar and
      transitional flow ranges versus said flowmeter output.
NUM  8.
PAR  8. An apparatus as defined in claim 1 wherein:
PA1  said compensating signal producing means comprises means for producing said
      compensating signal with values represented by successive straight line
      segments matched to the curve of the actual flow rates in the laminar and
      transitional flow ranges versus said flowmeter output;
PA1  means for modifying said compensating signal for changes in viscosity of
      the flowing fluid; and
PA1  said modifying means comprising means for producing a signal equal to the
      squared ratio of frequency (f.sub.1) of a reference fluid to the frequency
      f.sub.1 of the flowing fluid
      ##EQU34##
NUM  9.
PAR  9. An apparatus as defined in claim 8 wherein:
PA1  said comparing means includes means for compensating said comparing means
      for variation in turbulent flow range of a measured fluid; and
PA1  said modifying means comprises a multiplier for multiplying said squared
      ratio with said compensating signal.
NUM  10.
PAR  10. An apparatus for obtaining a measure of fluid flow rate over the
      laminar, transitional and turbulent flow ranges comprising:
PA1  a turbine flowmeter located in a fluid flowline and producing an output
      frequency (f) variable with flowrate of the fluid;
PA1  means for converting said frequency to a voltage signal which increases
      from zero to selected constant reference voltage over the frequency output
      range produced during laminar and transitional flow through the flowmeter;
PA1  means for subtracting said voltage signal from said reference voltage in
      order to obtain an output voltage which becomes zero at all flowmeter
      output frequencies above the frequency (f.sub.1) at which turbulent flow
      commences;
PA1  means responsive to said output voltage for generating a compensating
      signal for compensating the flowmeter output over the laminar and
      transitional flow ranges in accordance with the deviation of said
      frequency output of said flowmeter from a straight line function of
      flowrate present in the turbulent flow range; and
PA1  means for combining said compensating signal with said flowmeter output to
      produce a correct flowmeter output measured throught the laminar and
      transitional flow ranges.
NUM  11.
PAR  11. An apparatus as defined in claim 10 wherein:
PA1  said generating means produces a compensating signal which is a function of
      the ratio of the constant slope G.sub.o of the flowrate versus frequency
      curve during turbulent flow and the deviation from said constant slope
      .DELTA.G with frequency during laminar and transitional flow ranges, said
      function being
      ##EQU35##
NUM  12.
PAR  12. An apparatus as defined in claim 11 wherein:
PA1  said generating means comprises a dioderesistor function generator for
      producing a value of said ratio as a function of frequency over the
      laminar and transitional flow ranges.
NUM  13.
PAR  13. An apparatus as defined in claim 12 wherein:
PA1  said function generator comprises means for producing a plurality of
      successive straight line segments closely approximating the curve of
      .DELTA.G versus frequency over the laminar and transitional flow ranges;
PA1  said producing means comprising the combination of a number of
      diode-resistor circuits;
PA1  a variable resistor bias for each diode for controlling the frequency range
      over which each diode will conduct; and
PA1  each resistor in said circuits being variable for controlling the slope of
      the line segment produced by each circuit.
NUM  14.
PAR  14. An apparatus as defined in claim 11 wherein:
PA1  said converting means comprises means for varying the frequency output
      (f.sub.1) at which said voltage signal reaches said selected constant
      referenced voltage;
PA1  said frequency (f.sub.1) corresponding to the frequency output at the start
      of the turbulent flow range.
NUM  15.
PAR  15. An apparatus as defined in claim 14 having:
PA1  means for compensating the flowmeter output with a constant value A/G.sub.o
      which is proportional to the intercept A of said curve and inversely
      proportional to said constant slope G.sub.o.
NUM  16.
PAR  16. An apparatus as defined in claim 10 wherein said converting means
      comprises:
PA1  a diode pump circuit, a variable resistance in said circuit, the value of
      said resistance determining the frequency output (f.sub.1) at which said
      voltage signal reaches said selected constant value;
PA1  said frequency (f.sub.1) corresponding to the frequency output at the start
      of the turbulent flow range.
NUM  17.
PAR  17. An apparatus as defined in claim 16 having
PA1  a zener diode for limiting the maximum output of said diode pump circuit to
      a value corresponding to said reference voltage.
NUM  18.
PAR  18. An apparatus as defined in claim 10 having means for compensating the
      flowmeter output with a constant value A/G.sub.o which is proportional to
      the intercept A and inversely proportional to said constant slope G.sub.o
      of the flowrate versus frequency curve for turbulent flow.
NUM  19.
PAR  19. An apparatus as defined in claim 10 having:
PA1  means for compensating for changes in viscosity of the fluid in said flow
      line, said means comprising means for adjusting said converting means for
      varying frequency (f.sub.1).
NUM  20.
PAR  20. An apparatus as defined in claim 19 having:
PA1  means for producing a signal equal to the squared ratio of frequency
      (f.sub.1) of a reference fluid to frequency (f.sub.1) of the flowing fluid
      ##EQU36##
      and means for combining said squared ratio signal with said compensating
      signal in order to compensate the flowmeter output in the laminar and
      transitional flow ranges for variations in fluid viscosity.
NUM  21.
PAR  21. An apparatus as defined in claim 20 wherein:
PA1  said combining means comprises a multiplier for multiplying said squared
      ratio with said compensating signal.
NUM  22.
PAR  22. An apparatus as defined in claim 10 wherein:
PA1  said generating means produces a compensating signal which is a function of
      the ratio of the constant slope G.sub.o of the flowrate versus frequency
      curve during turbulent flow and the deviation from said constant slope
      .DELTA.G with frequency during laminar and transitional flow ranges, said
      function being
      ##EQU37##
      and means for compensating the flowmeter output with a constant value
      A/G.sub.o proportional to said constant slope, A representing the
      intercept of said curve.
NUM  23.
PAR  23. An apparatus as defined in claim 22 wherein:
PA1  means for compensating for changes in viscosity of the fluid in said flow
      line, said means comprising means for adjusting said converting means for
      varying frequency (f.sub.1).
NUM  24.
PAR  24. An apparatus as defined in claim 23 wherein:
PA1  means for producing a signal equal to the squared ratio of frequency
      (f.sub.1) of a reference fluid to frequency (f.sub.1) of the flowing fluid
      ##EQU38##
      and means for combining said squared ratio signal with said compensating
      signal in order to compensate the flowmeter output in the laminar and
      transitional flow ranges for variations in fluid viscosity.
NUM  25.
PAR  25. An apparatus as defined in claim 24 wherein:
PA1  said combining means comprises a multiplier for multiplying said squared
      ratio with said compensating signal.
NUM  26.
PAR  26. A method for obtaining a measurement of fluid flowrate over the
      laminar, transitional and turbulent flow ranges comprising the steps of:
PA1  obtaining a frequency output signal from a turbine flowmeter which is
      variable with flowrate;
PA1  comparing said output signal with constant reference value to obtain a
      difference signal which reduces to zero at the start of the turbulent flow
      range and remains zero throughout the turbulent range; and
PA1  compensating said difference signal with signal which represents the
      difference in actual flow rate in the laminar and transitional flow ranges
      from the flow rate indicated by the straight line function of flow rate
      versus frequency in the turbulent flow range, the compensated signal
      represented the actual flowrate in the laminar and transitional flow
      regions.
NUM  27.
PAR  27. A method as defined in claim 26 including the step of:
PA1  compensating the difference signal for variation in the output signal at
      which turbulent flow commences.
NUM  28.
PAR  28. A method as defined in claim 27 wherein:
PA1  the compensating of said difference signal includes producing with a
      function generator simultaneously successive straight line segments
      matching a plot of said flow rate difference against frequency.
NUM  29.
PAR  29. A method as defined in claim 28 including the step of:
PA1  modifying said compensating signal with a signal which is a function of
      fluid viscosity.
NUM  30.
PAR  30. A method as defined in claim 29 wherein:
PA1  said viscosity signal is the squared ratio of output signal of a reference
      fluid to the output signal of the flowing fluid
      ##EQU39##
      corresponding to the condition when turbulent flow commences.
NUM  31.
PAR  31. A method as defined in claim 30 comprising the step of:
PA1  multiplying the squared ratio with the modified compensating signal.
NUM  32.
PAR  32. A method as defined in claim 26 including the step of:
PA1  compensating the difference signal with a constant signal value
      proportional to the constant slope of said straight line function.
NUM  33.
PAR  33. A method as defined in claim 26 including the step of:
PA1  compensating the difference signal for variation in the output signal at
      which turbulent flow commences;
PA1  compensating the difference signal with a constant signal value
      proportional to the constant slope of said straight line function; and
PA1  modifying said compensating signal with a signal which is a function of
      fluid viscosity.
NUM  34.
PAR  34. An apparatus for obtaining a measure of fluid flow rate over the
      laminar, transitional and turbulent flow range comprising:
PA1  a flowmeter located in a fluid flow line and producing an output signal
      variable with flow rate;
PA1  means for comparing said output signal with a constant reference value to
      produce a different signal which is zero throughout the turbulent flow
      range of the fluid through the flowmeter;
PA1  means responsive to said difference signal for producing a compensating
      signal for compensating said output signal of said flow meter over the
      laminar and transitional flow ranges for variations from quantities
      indicated by the straight line function of flow rate versus output signal
      in the turbulent flow range; and
PA1  means for combining said compensating signal with said flowmeter output
      signal to obtain a correct value of flow rate in the laminar and
      transitional flow ranges.
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ABST
PAL  A device is disclosed for receiving a disposable pipette tip, aspirating a
      supply of liquid into the pipette and dispensing the liquid in precise
      predetermined dosages. The device comprises a housing, a cylindrical
      passage within the housing, a piston extending into the passage from the
      rear end thereof and a plunger extending rearwardly from the piston.
      Actuating means are disposed within the housing for advancing the plunger
      forward in discrete amounts and a trigger extends from the housing
      operatively engaging the actuating means. The device further includes
      means for disengaging the actuating means whereby the plunger may freely
      be moved forward and back to permit a supply of liquid to be aspirated
      into the pipette. A detipping mechanism is also provided which permits a
      pipette tip to be removed without requiring any handling of it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a dispensing device and more particularly
      to a multi-shot pipetter capable of aspirating a quantity of liquid into a
      disposable pipette tip, dispensing the liquid in precise dosages, and
      removing the pipette tip without requiring any direct physical contact
      with the tip.
PAR  There are many laboratory procedures in which it is important to repeatedly
      pipette a precise dosage of liquid. A common procedure of this type is
      employed to identify the source of an infection and an antibiotic capable
      of fighting the infection. To this end, the infectious material is used to
      inoculate a growth media or culture broth whereafter precise quantities of
      the inoculum are reacted in accordance with a predetermined schema with
      various biochemicals, incubated and then examined for classical reactions,
      as for example, a change or lack of change of color which serves to
      provide desired information regarding the inoculum.
PAR  To employ the above described and similar procedures, it is essential that
      a precise dosage of inoculum be repeatedly reacted. In addition, it is
      very often essential that the various instruments that come in contact
      with the inoculum be maintained sterile and that the technician performing
      the procedure not come in direct contact with the inoculum.
PAR  In view of the above, it is a principal object of the present invention to
      provide a mechanical device capable of aspirating a supply of liquid into
      a pipette tip, dispensing predetermined aliquots of the liquid as required
      and thereafter ejecting the tip without requiring any handling of the tip.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other beneficial objects and advantages are attained in
      accordance with the present invention by providing a device for receiving
      a pipette tip and aspirating a supply of liquid into the pipette and
      dispensing the same in precise predetermined dosages. The device comprises
      a housing, a cylindrical passage within the housing, a piston extending
      into the passage from the rear end thereof and a plunger extending
      rearwardly from the piston. Actuating means are disposed within the
      housing for advancing the plunger forward in discrete amounts and a
      trigger extends from the housing operatively engaging the actuating means.
      The device further includes means for disengaging the actuating means
      whereby the plunger may freely be moved back and forth to permit a supply
      of liquid to be aspirated into the tip. A detipping mechanism is also
      provided which permits a pipette tip to be removed without requiring any
      handling of it.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a side elevational view of a device in accordance with the
      present invention;
PAR  FIG. 2 is a front elevational view of the device of FIG. 1;
PAR  FIG. 3 is a fragmentary top plan view of the forward section of the device
      of FIG. 1;
PAR  FIG. 4 is a sectional view taken along reference lines 4--4 of FIG. 1;
PAR  FIG. 5 is a side elevational view partly in section depicting one-half of
      the housing assembly of the present device;
PAR  FIG. 6 is a side elevational view similar to FIG. 5 depicting the other
      half of the housing;
PAR  FIG. 7 is a side elevational sectional view of the present device;
PAR  FIG. 8 is an environmental view depicting how the present device is used to
      aspirate a supply of liquid into a pipette;
PAR  FIGS. 9 and 10 are side elevational views partly in section depicting the
      device during the filling operation;
PAR  FIG. 11 is a fragmentary side elevational sectional view of the device in
      position for dispensing the aspirated liquid prior to depressing the
      trigger;
PAR  FIG. 12 is a view identical with FIG. 11 depicted after the trigger is
      depressed;
PAR  FIG. 13 is an environmental view depicting the dispensing operation;
PAR  FIG. 14 is a side elevational view partly in section of the present device
      and an associated pipette during the dispensing operation; FIG. 15 is an
      environmental view depicting the ejection of an associated pipette;
PAR  FIG. 16 is a sectional view taken along reference lines 16--16 of FIG. 11;
      and,
PAR  FIG. 17 is a sectional view taken along reference lines 17--17 of FIG. 14.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to the drawings wherein similar components bear the
      same reference numeral throughout the several views. In FIG. 1, a device
      10 for aspirating a quantity of liquid into a pipette in accordance with
      the present invention is shown. Device 10 comprises a housing generally
      designated by the number 12 having a handle portion 14, barrel 16, trigger
      18 and plunger 20. The forward portion 22 of the barrel 16 tapers to a
      nozzle 24 defining the front end of the housing. THe housing is formed of
      any suitable material such as plastic and the forward portion 22, which is
      removable, is formed of stainless steel to facilitate autoclaving in the
      event contaminated material inadvertently comes into contact with it.
PAR  Referring to FIG. 7, it can be seen that a cylindrical passage 26 extends
      through the front portion of the housing. The frong end 28 of passage 26
      communicates with an opening 30 extending through the nozzle. A piston 32
      extends into the cylindrical passage 26 from the rear end 34 thereof.
      Referring briefly to FIGS. 11 and 12, it can be seen that the piston is
      provided with a circumferential groove 35 about which an O-ring 36 formed
      of a suitable rubber is provided to insure a firm seal between the piston
      and cylinder walls. A ratchet 38 extends rearwardly from the rear of the
      piston. The ratchet terminates in plunger 20 which extends through a
      suitable opening in the rear of the housing. It should be apparent, when
      the plunger is pushed forward the piston enters the cylindrical passage
      driving all air in front of it out the nozzle opening. Conversely, when
      the plunger moves rearwardly and the piston retracts from the cylindrical
      passage, a vacuum is created sucking air into the cylindrical passage. The
      plunger and ratchet are formed of a suitable stainless steel.
PAR  A spring 40 positioned within the barrel and extending into a recess 42 is
      biased to urge the plunger rearwardly. A longitudinal groove 44 extends
      along the plunger. A spring clip 46 wrapped around the top of the housing
      has an inwardly directed projection 48 which rides in the groove. A ring
      50 disposed about the forward end of the plunger prevents the plunger from
      being totally expelled out the rear of the housing by engaging the
      projection 48.
PAR  Referring to FIGS. 5 and 6, it can be seen that the major portion of the
      housing is formed of two complementary halves 52 and 54. THe halves of the
      housing are held together by spring clip 46, spring clip 47 (at the
      forward end of the barrel) and screw 49 which passes through the halves to
      the handle. The actuating mechanism for the plunger is disposed within
      these halves and comprises a mainspring 56, a spring feed 58 and a back
      stop spring 60, each positioned as shown. Housing half 52 further contains
      a stationary pawl 62 interlocked in position by arm 64 of spring 60. A
      moving pawl 66 contained within housing half 54 is engaged by the leg 68
      of spring 58. A roller 70 is positioned over the leg 68. As will be
      described forthwith, the stationary and moving pawls cooperate with the
      ratchet 38 to advance the plunger 20 each time trigger 18 is depressed. To
      this end, referring to FIG. 11, it can be seen that in the normal
      operating position, the pawl 66 serves to engage the teeth of ratchet 38
      thereby preventing the spring 40 from driving the plunger rearwardly. When
      the trigger is depressed, the stationary pawl 62 is raised as shown in
      FIG. 12 to engage the ratchet. Further pressing of the trigger draws the
      moving pawl 66 rearwardly to engage the next rearwardmost tooth and drive
      the plunger forward a distance between adjacent teeth. Thereafter, the
      stationary pawl returns to its normal position. Thus, repeated pressing
      and releasing of the trigger causes the plunger to advance in discrete
      steps each step comprising the distance between adjacent teeth. An
      important feature of the present invention is the safety pin assembly 72
      which extends through the handle and terminates in a knob 74 on the
      outside of the device. The safety pin has an enlarged shoulder 76 and a
      narrow shoulder 78. As shown in FIGS. 11, 12 and 16, when the safety pin
      assembly is in its normal position, the enlarged shoulder 76 is positioned
      beneath the bottom extension 80 of pawl 66 thereby holding the pawl up to
      engage the ratchet. In this way, the ratchet is prevented from disengaging
      with the pawl.
PAR  When the safety pin is shifted inwardly so that the pawl extension 80
      engages the narrow portion 78 of the pin (as shown in FIGS. 7 and 17)
      spring 58 urges the moving pawl downwardly to disengage from the ratchet
      (as shown in FIG. 7) to permit free back and forth movement of the
      plunger. Thus, with the pin out (as shown in FIG. 16), the plunger can
      advance incrementally each time the trigger is pressed. With the pin in,
      (as shown in FIG. 17), the piston can rapidly be drawn forward or backward
      by depressing and releasing the plunger.
PAR  As stated previously, the present device is designed for use with a
      disposable pipette tip 82 which fits over the nozzle 24. The rear end 84
      of pipette 82 is dimensioned to fit snugly about the nozzle tip. To this
      end, the nozzle tip includes a step 86 which tightly engages the interior
      walls of the pipette. To further insure a tight fit between the pipette
      and nozzle, the pipette 82 is preferably formed of a relatively soft
      plastic material whereas the nozzle tip is formed of stainless steel or
      the like.
PAR  The volume within the pipette bore is greater than that of the cylindrical
      passage 26 so that when the pipette is placed in a liquid and the piston
      advanced and retracted, the quantity of liquid 88 drawn into the pipette
      is maintained at a safe distance below the front end of the pipette as
      shown in FIG. 14.
PAR  Another important feature of the present invention is the ejector
      arrangement 90 provided to automatically remove pipettes from the housing
      when desired. Ejector 90 comprises a wire 92 extending about the forward
      portion of the housing and having a loop 94 immediately behind the nozzle
      step 86. The wire is formed with a pair of wings 96 and 98 on opposite
      sides of the housing with each wing terminating in a post 100 extending
      into a suitable opening in the housing front end. When either of the wings
      is pushed upwardly or downwardly, the loop 94 moves eccentrically forward
      thereby urging the pipette off the nozzle step 86 and enabling it to fall
      freely of the assembly.
PAR  The operation and use of the present invention may best be understood with
      reference to the various environmental views. Thus, a pipette 82 is first
      applied to the nozzle and the safety button 74 is pushed in (to assume the
      position shown in FIG. 17). This disengages the pawls from the ratchet so
      that the operator, by pushing the plunger 20 all the way in with his thumb
      (as shown in FIG. 8), and then slowly releasing the plunger, can aspirate
      a quantity of liquid from associated vial 102. As stated, the volume
      displaced by the piston 32 within cylindrical cylinder 26 is less than
      that of the pipette so that the total fluid drawn into the pipette reaches
      a level below that of the nozzle (as shown in FIG. 10).
PAR  The operator then presses the trigger once. By squeezing the trigger, the
      forward end 104 of the pawl rides along the cam surface 106 of the trigger
      and is raised off the narrow portion of the safety pin thereby enabling
      the safety pin spring 108 to drive the safety pin out (to the position
      shown in FIG. 16). Thereafter, the pawl is held in a raised position by
      the enlarged shoulder 76 of the safety pin so that the pawl remains
      engaged with the ratchet assembly. The operator then squeezes the trigger
      to dispense a precise quantity 110 of the liquid from the pipette by
      virtue of the air within the cylindrical passage bearing down on the fluid
      column within the pipette. When the operator is through, he ejects the
      pipette by rotating the ejector wire. If, for any reason, the operator
      wishes to quickly dispense all of the liquid within the pipette, he need
      merely depress the safety button which will disengage the ratchet and pawl
      mechanism and then press the plunger in.
PAR  Thus, in accordance with the above, the aforementioned objects are
      effectively attained.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A device for aspirating a supply of liquid into a pipette and dispensing
      the same in precise predetermined dosages, said device comprising: a
      housing; a cylindrical passage within said housing, said passage having an
      open front end and an open rear end; a piston extending into said passage
      from said rear end; a plunger extending rearwardly from said piston; means
      on said housing for securing a pipette to said housing in communication
      with said passage front end; first spring means within said housing biased
      to urge said piston toward said rear end; a trigger extending from said
      housing; actuating means disposed within said housing for advancing said
      plunger forward a discrete amount each time said trigger is pressed and
      released; an outlet nozzle attached to said housing; an opening through
      said nozzle in communication with said housing front end; means on said
      nozzle for securing a pipette in position about said nozzle; and means on
      said housing for urging said pipette off said nozzle securing means, said
      pipette urging means comprising a member eccentrically mounted about said
      nozzle, said member having a portion disposed about said pipette securing
      means whereby rotation of said member causes said portion to move
      forwardly to urge said pipette off said nozzle securing means.
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ABST
PAL  A process, such as for instance the operation of a machine, is
      automatically supervised by monitoring at least two of the operational
      parameters which are desired to have a prescribed relationship to each
      other. A curve is formed which graphically represents the actual monitored
      relationship of the parameters, and it is compared to a standard curve
      representing the desired relationship of the parameters. In the event of a
      deviation between the curves, a signal is produced to indicate such
      deviation. An apparatus for carrying out the method is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the monitoring of a process
      involving a plurality of parameters, and more particularly to a method of
      effecting such monitoring and an apparatus for carrying out the method.
PAR  The art already knows of arrangements for automatically monitoring
      processes involving a plurality of parameters. For instance, it is known
      to automatically regulate temperatures or liquid levels or the like. It is
      also known to monitor the operation of machines of various types. Such
      monitoring involves little or no difficulties when the surveillance
      problem involved is restricted to monitoring the deviation of a parameter
      which can vary between two fixed values. An example of this would be if a
      temperature range is being monitored and it must be detected whether the
      temperature falls below a minimum permissible temperature at the lower end
      of the range, or exceeds the maximum permissible temperature at the upper
      end of the range. The same can be said, by way of example, of monitoring a
      pressure.
PAR  However, when the permissible range of magnitude of a parameter is not
      constant, or when the character of the magnitude is not constant, but
      instead is a function of one or more other parameters -- such as time --,
      the problem becomes much more complicated. Where monitoring problems of
      this type were heretofore involved, the prior art required very
      complicated equipment, which had to be the more elaborate the more
      flexible the operation of the equipment was required to be, for instance
      if the equipment was required to be adjustable so that is could be
      programmed according to different functional relationships between various
      parameters.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the disadvantages of
      the prior art.
PAR  More particularly, it is an object of the invention to provide an improved
      method of monitoring a process which involves a plurality of parameters.
PAR  An additional object of the invention is to provide an apparatus for
      carrying out the novel process.
PAR  Both the method and the apparatus are to be usable for monitoring of
      parameters which may vary according to very complex functions.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides in a method of
      monitoring a process which involves a plurality of parameters. In such a
      method, there are provided the steps of monitoring at least two of the
      parameters of the process which are desired to have a prescribed
      relationship to each other. A curve is formed which graphically represents
      the actual relationship of the parameters to each other, that is the
      relationship which has been determined by monitoring the two parameters.
      The thus obtained curve is compared to a standard curve representing the
      desired relationship of the parameters, that is the optimum relationship
      from which deviations should desirably not occur. When a deviation between
      these curves is detected, a signal is produced which may simply be a
      signal serving to call attention to the deviation, or which may be a
      signal that produces an automatic correction of the deviation.
PAR  The standard curve can be empirically determined by operating the process a
      number of times under conditions which are known to be optimum, thus
      producing a curve that can be used as the standard curve for later
      comparison. However, the standard curve can also be obtained by
      calculations which will self-evidently be readily possible for those
      concerned with a particular process that is to be monitored.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic side view illustrating an injection molding
      machine for synthetic plastic material, which machine is provided with an
      apparatus according to the present invention;
PAR  FIG. 2 is a fragmentary perspective view, illustrating those components of
      one embodiment of the invention which provide the graphic representations
      of the parameters being monitored;
PAR  FIG. 3 is a fragmentary perspective view, illustrating details of a further
      embodiment of the invention; and
PAR  FIG. 4 is an axial section, showing a detail of FIG. 2 on an enlarged
      scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIG. 1 it will be seen that in this figure we have
      illustrated a conventional injection molding machine for injection molding
      of synthetic plastic material. The reference numeral 2 identifies the
      actual molding section in which the injection molding takes place.
      Reference numeral 4 identifies a feed hopper into which synthetic plastic
      material is introduced. Reference numeral 6 identifies a tube in which a
      screw (not shown) is located which in conventional manner rotates as well
      as being axially reciprocable. Reference numeral 8 identifies a cylinder
      having a piston (not shown) and a piston rod 10 by means of which the
      screw in the tube 6, with which the piston in the cylinder 8 cooperates,
      can be reciprocated towards and away from the unit 2. This results in the
      successive introduction of quantities of synthetic plastic material, that
      has been received in the tube 6 from the hopper 4 and has been undergoing
      plastification therein by the rotation of the screw into the unit 2.
      Usually such material will be heated, but no particular means for this
      purpose has been shown, since all of these features are well known in the
      art. In view of the conventionality of this type of equipment, no further
      details are believed to be required. Reference for further details may,
      however, be had to the "Plastics Engineering Handbook" of The Society of
      the Plastics Industry, Inc., published by the Reinhold Publishing
      Corporation, New York.
PAR  Under optimum operating conditions of the equipment shown in FIG. 1, a
      certain relationship is to exist between the axial displacement or the
      position of the piston rod 10 and the pressure which exists in the
      cylinder 8. This prescribed relationship is graphically represented in
      accordance with the present invention, that is these two parameters
      (displacement or position of the piston rod 10 and pressure in the
      cylinder 8) are the ones that are being monitored in this exemplary
      embodiment. The monitoring is done by providing a recording surface which
      moves in correspondence with a movable component, i.e. here in
      correspondence with the piston rod 10, and on which the other parameter,
      namely the pressure which is recorded in the cylinder 8 by a pressure
      measuring device of known type, is reproduced to form a curve. The
      recording surface can move in one direction and of course the element
      during the recording on the surface must move in a direction normal to
      this one direction.
PAR  FIG. 2 shows one exemplary embodiment of an apparatus for carrying out the
      invention, and which embodiment is assumed to have been included in the
      equipment of FIG. 1. It will be seen that here there is provided a
      cylindrical member 12 which is provided with an outer circumferential
      surface forming or provided with the recording surface mentioned earlier.
      The member 12 is turnably mounted on a stationary shaft 14 and is
      connected with a pulley 16 that can rotate the member 12 in the direction
      of the doubleheaded arrow. An elongated flexible element 18, such as a
      rope or the like, is trained about the pulley and is connected with the
      movable component whose movement is to be monitored, i.e. here with the
      piston rod 10. Evidently, when the piston rod 10 moves, the movement will
      be transmitted to the pulley 16 and this will cause the cylindrical
      element 12 to be turned in one direction when the piston rod 10 moves
      forwardly (to the left in FIG. 1) in order to cause the screw in the tube
      6 to inject plastic material into the unit 2. When the piston rod 10 is
      retracted, the element 12 is returned in the opposite direction by the
      illustrated spring which acts between the shaft 14 and the element 12, so
      that the latter is restored to its starting position.
PAR  The cylinder 8 acts upon a pressure receiving cylinder 22 having a
      non-illustrated piston and a piston rod 24 which moves against the biasing
      force of a non-illustrated spring and which causes upward and downward
      movement of a recording arm 26 to which the piston rod 24 is pivoted. The
      movement of the arm 26, which is also pivoted at its right-hand end to a
      support as shown, is in correspondence with pressure variations in the
      cylinder 8, which are sensed by the piston in the cylinder 22. The free
      end of the arm 26 carries a component 28 which can be a scribing device or
      the like, as shown in the self-explanatory FIG. 4, and which traces a
      curve 30 on the cylindrical member 12. This results in a graphic
      representation of the actually monitored relationship of the two
      parameters involved, that is the movement of the piston rod 10 on the one
      hand and the pressure in the cylinder 8 on the other hand.
PAR  In normal operation and under optimum conditions the curve 30 should be
      identical during each operating cycle of the machine shown in FIG. 1. This
      means that any deviation from the curve 30 is suspect, as being indicative
      of improper operation of the machine.
PAR  The invention provides means for automatically determining such a deviation
      from the optimum curve which, as outlined earlier, can be obtained either
      by calculation or empirically by operating the machine during several
      cycles and under optimum conditions, and recording the curve which then
      serves as the standard curve against which comparison can be made.
PAR  According to the invention the automatic detection of a deviation can be
      carried out in various ways. One of these would be to make the cylindrical
      member 12 of transparent or translucent material and to coat it on its
      outer circumferential surface with an opaque layer of material, for
      instance an opaque wax, whereupon some of the material corresponding to
      the standard curve 30 is removed so that light can shine through along the
      curve 30. In this case, a light source (i.e., the lamp shown in FIG. 2)
      can be located within the cylindrical element 12, and the component 28 can
      have a light-conducting element which conducts light to a light-detecting
      component such as the illustrated photocell or a photoresistor, which in
      turn can be connected in the illustrated manner with a relay or like
      signal amplifier, in order to produce an alarm and/or machine-control
      signal when the intensity of the light which it receives from the light
      source within the cylindrical element 12 varies, or when the light
      entirely disappears. This would, of course, occur when the arm 26 and
      thereby the component 28 travel along a curve which deviates from the
      standard curve 30 (thus indicating that the actually monitored
      relationship between the parameters differs from the desired
      relationship), in which case the component 28 would be located opposite
      the opaque material of the layer on the element 12, rather than being
      located opposite the curve 30 where it can receive light.
PAR  It is clear that by resorting to the present invention it is possible not
      only to detect whether a particular parameter, that is in the exemplary
      embodiment of the pressure in cylinder 8, follows its desired function in
      the relationship to another parameter, but that it is also possible to set
      the required tolerances and predetermine them in a purely graphical
      manner, that is by making the curve 30 as broad as desired along any
      portion thereof, so that during the actual movement of the component 28 on
      the arm 26 any deviations of the actual relationship monitored for the
      parameters which fall within the permissible tolerance range, will not
      trigger a signal.
PAR  Self-evidently, the cylindrical element 12 or any othe element having a
      corresponding recording surface, for instance a planar surface, can also
      be moved in response to the variation of any parameter in any other
      process. For instance, such movement could be in correspondence with time
      in case of a medical electrocardiogram. For this reason, the term
      "monitoring a process" as employed throughout this disclosure should be
      construed very broadly, since the invention is applicable to any process
      or happening which involves parameters that can be registered or
      reproduced in terms of movements of the elements 12 and/or 28. A further
      example would be, for instance, the monitoring of an automatic tool
      machine, for instance the time required for drilling of a hole, in which
      case the displacement of the drilling head would be compared with an
      optimal time/displacement curve as the standard curve.
PAR  Coming to FIG. 3 it will be seen that this illustrates a further embodiment
      of the invention in which a cam 32 is provided having a cam track which
      represents the standard curve against which comparison of a curve
      representing the actual monitored relationship of the parameters is to be
      made. The cam 32 rotates on a shaft 34 with a speed corresponding to the
      variation of one parameter, for instance a change in time. A follower 36
      is provided which transmits the cam variations of the cam 32 to an arm 38
      which is pivotably mounted at 40 and which carries at its free end a
      contact 42. A further arm 44 extends parallel to the arm 38 and is
      similarly pivotably mounted at 46. The arm 44 is connected with an
      appropirate gauge 48 (shown only diagrammatically) that measures another
      parameter; the free end of the arm 44 carries a further contact 50 which
      is located opposite the contact 42. During the process which is to be
      monitored, the two contacts 42 and 50 should follow each other, which may
      be ascertained by for instance direct electrical contact between them.
      When the contacts move out of engagement, this can trigger a signal, or
      conversely the contacts may normally not be in engagement and may move
      into engagement only when the two curves deviate from one another, in
      which case the electrical contact can be used to trigger a signal. One or
      both of the contacts 42, 50 may be enlarged in its direction of movement
      by such an extent that the acceptable tolerance will thereby be defined.
      Such tolerance will be constant in this case whereas in the embodiment of
      FIG. 2 the tolerance along the curve 30 may vary.
PAR  It is evident that deviations of the measured curve from the standard curve
      can be determined in other ways than those which have been described above
      by way of example. For instance, in FIG. 2 the component 28 could be a
      light source and the light detecting element could be located in the
      interior of the hollow cylindrical element 12. Again, the component 28
      could be replaced by a light beam from a mirror which moves or oscillates
      in correspondence with variations in the particular parameter involved.
      The curve representing the standard curve can also be magnetically
      reproduced on a magnetic carrier, and in this case the component 28 may be
      a pick-up, for instance a device producing a sound in response to
      deviation from the standard curve 30, or a device which will cease
      producing a sound in response to such deviation. A further possibility is
      to represent both the curve showing the actual monitored relationship of
      the parameters, and the standard curve, on the screen of a dual-gun
      cathode ray tube, that is of an oscilloscope, in which case photoelectric
      detecting means may be provided adjacent the screen which produce a signal
      when the two curves deviate from one another.
PAR  In any case, it is advantageous if the movable components of the apparatus
      according to the present invention move along two mutually normal axes
      corresponding to the x-axis and the y-axis of a graph. As a general rule,
      even the most complicated relationships of different parameters can be
      graphically produced for purposes of the present invention, so that the
      range of applicability of the present invention, is very wide, indeed.
      Generally speaking, the invention produces in effect a model of the
      optimum mutual variation of process parameters, which model is expressed
      in form of a curve or otherwise. The actual variation of the parameters is
      compared with this model and in the event of an impermissible deviation of
      the actual variation from the model -- which model represents the optimum,
      as pointed out above -- an alarm signal and/or a control signal is
      produced. The control signal can of course be utilized to correct the
      deviation by acting upon the equipment which is being monitored, or the
      alarm signal can be used to alert an operator or attendant. It will be
      appreciated that the possibilities as to the manner in which such a
      comparison can be made in practice, are almost unlimited.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in an
      apparatus for monitoring a process which involves a plurality of
      parameters, it is not intended to be limited to the details shown, since
      various modifications and structural changes may be made without departing
      in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method of monitoring a process which involves a plurality of
      parameters, comprising the steps of monitoring at least two of the
      parameters of said process which are desired to have a prescribed
      relationship to each other; forming a curve which graphically represents
      the actual relationship of said parameters to each other; comparing the
      thus obtained curve to a standard curve which represents the desired
      relationship of said parameters; and producing a signal in the event of a
      deviation between said curves.
NUM  2.
PAR  2. A method as defined in clain 1, wherein said standard curve is obtained
      empirically.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said standard curve is obtained
      by calculation.
NUM  4.
PAR  4. An apparatus for monitoring a process which involves a plurality of
      parameters, comprising first means for monitoring at least two of the
      parameters of said process which are desired to have a prescribed
      relationship to each other; second means for forming a curve which
      graphically represents the actual relationship of the monitored
      parameters; third means for comparing the thus obtained curve to a
      standard curve which represents the desired relationship of said
      parameters; and fourth means for producing a signal in the event of a
      deviation between said curves.
NUM  5.
PAR  5. An apparatus as defined in claim 4, wherein said second means comprises
      relatively movable elements, and said first means are operative for
      converting changes in the monitored parameters into proportional movements
      of said elements.
NUM  6.
PAR  6. An apparatus as defined in claim 5, wherein said elements are mounted
      for movement along two mutually normal axes corresponding to the x-axis
      and the y-axis of a graph.
NUM  7.
PAR  7. An apparatus as defined in claim 5, wherein said elements include a
      first member having a recording surface and being mounted for movement in
      correspondence with variations in one of said parameters, and a second
      member arranged to trace said recording surface and being mounted for
      movement in correspondence with variations in the other of said parameters
      and in a direction transverse to the direction of movement of said first
      member.
NUM  8.
PAR  8. An apparatus as defined in claim 7, wherein said first member is a
      cylindrical body turnably mounted on a stationary shaft and having a
      circumference provided with said recording surface; said first means
      comprising a pulley fixedly connected with said body and a flexible
      element trained about said pulley and adapted to be pulled in a sense
      turning said pulley is one direction in response to variations in said one
      parameter; and further comprising a restoring spring acting upon said body
      counter to said one direction.
NUM  9.
PAR  9. An apparatus as defined in claim 8, wherein said body is hollow and at
      least translucent, said surface being coated with an opaque layer formed
      with said standard curve therein along said layer is translucent; and
      wherein said third means comprises a light source located within said body
      and a light detector mounted on and travelling with said second member and
      responsive to variations in the intensity of light it receives when said
      second member deviates from said standard curve.
NUM  10.
PAR  10. An apparatus as defined in claim 4, wherein said second means comprises
      a first follower which carries an electrically conductive contact which
      moves in correspondence with said actual relationship so as to form said
      curve representing the same; wherein said third means comprises a cam
      mounted on a shaft for rotation and having a cam track, and a second
      follower engaging said cam track and also carrying an electrically
      conductive contact which moves in correspondence with said desired
      relationship so as to form said standard curve, said contacts being
      adapted to engage one another when said curve and said standard curve
      deviate from one another; and wherein said fourth means comprises an
      electrically operated detector which detects the engagement of said
      contacts with one another.
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ABST
PAL  The method of balancing a rotor having multiple blades and defining an axis
      of rotation, and wherein structure proximate the rotor is subject to
      vibratory motion due to dynamic unbalance of the rotating rotor and an
      out-of-track condition of the rotor blades, the method employing two
      vibration pickups, the method including:
PAL  A. operating the pickups to produce vibratory signals corresponding to up
      and down vibratory motion of the structure at port and starboard sides of
      said axis,
PAL  B. combining said signals to produce a resultant oscillatory output signal
      characteristic of rotor vibratory motion due substantially to only one of
      said conditions,
PAL  C. using said resultant output signal to alleviate said one condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dynamic balancing, on the helicopter,
      of rotors, and more particularly concerns method and apparatus for quickly
      and efficiently determining the amount of weight to be added to or
      subtracted from predetermined positions on the rotor.
PAR  It is a well known fact that a slight out of balance condition of a
      helicopter main rotor or tail rotor can cause roughness and vibration
      leading to premature wear and failure of the machine, and fatigue and
      annoyance of pilot and passengers. In the past, techniques used to correct
      out-of-balance in the field were crude, time consuming and inaccurate. For
      example, the mechanic would randomly add a weight to one of the several
      possible points of weight addition. The pilot and mechanic would hover the
      ship and try to judge whether the ship felt rougher or smoother; or the
      same. If rougher, the weight addition would be shifted to an opposite
      point; if then smoother, more weight would be tried (although it might
      really require less). If the same, another point would be tried.
      Generally, this would not lead to a smooth rotor, so weights would be
      added at another angular position, and the whole operation repeated. By
      repeating this procedure many times, vibration might be lessened, but the
      achievement of desired reduction was extremely unusual, because while the
      pilot could sense vibrational amplitude arising from rotor unbalance, he
      could not readily sense phase characteristics, and thus had not way of
      determining the locations for adding weights.
PAR  An important solution to the above problems, described in U.S. Pat. No.
      3,802,273, concerns the provision of a helicopter main rotor and tail
      rotor dynamic balancing method on the ship, and apparatus characterized as
      enabling rapid and accurate balancing under field conditions. That method
      involves the attachment of an accelerometer to helicopter structure
      proximate the rotor (main or tail) subject to oscillatory motion induced
      by rotor dynamic unbalance; operating the accelerometer to produce an
      electrical signal which is processed to derive a corresponding amplified
      output signal; triggering a stroboscope in synchronism with cyclic
      variations in the output signal and directing the stroboscope at the rotor
      to produce flashes repeatedly illuminating a target rotor blade at a
      characteristic angularity with respect to its axis of rotation; and,
      varying the weighting of the rotor as a function of the magnitude of the
      output signal and the target blade characteristic angularity to achieve
      substantial balance. The varying step may include establishing a
      multi-coordinate system, either analog or digital, characterized in that a
      first coordinate scale delineates peak values of the output signal, a
      second coordinate scale delineates values of target blade angularity about
      its axis of rotation, and other coordinate scale means delineates weight
      values to be added or subtracted to at least one predetermined position on
      the rotor, and further characterized in that any point in the system
      defined by particular coordinates on the first and second scales in turn
      defines particular weighting (on the other scale means) to be added or
      subtracted. Such first and second scales may define a polar coordinate
      system, and the other scale means may include two linear scales
      respectively associated with two sets of symmetric positions on the rotor,
      where weights are to be added or subtracted.
PAR  The method described in that patent contemplates preliminarily adjusting
      the rotor blades to accurately track one another during rotary travel;
      however, such prior adjustment may not always be possible, in practice,
      and in such event it is sometimes found that main rotor dynamic unbalance
      is affected by an out-of-track condition to an extent making satisfactory
      dynamic balance difficult to achieve. Further, main rotor blade
      out-of-track and out-of-balance conditions affect one another, i.e.
      interact, during flight, so that mixed, resultant vibrations are produced
      which are difficult to isolate and eliminate.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the present invention to provide method and
      apparatus enabling in-flight isolation of main rotor out-of-balance
      vibrations from out-of-track vibrations, and vice versa, so that accurate
      tracking and counterbalancing may be achieved, under field conditions.
PAR  Basically, the method involves the employment of two vibration pickups in
      relation to helicopter structure near the main rotor and includes the
      steps of operating the pickups to produce vibration signals corresponding
      to up and down vibratory motion of the structure at port and starboard
      sides of that axis, combining the signals to produce a resultant
      oscillatory output signal characteristic of rotor vibratory motions due
      substantially to only one of the out-of-balance and out-of-track
      conditions; and using the resultant output signal to alleviate said one
      condition.
PAR  As will be seen, the signals may be combined by adding or subtracting them,
      or performing these combinations in sequence in order to permit
      alleviation of both out-of-balance and out-of-track conditions; and the
      pickups may be preliminarily attached to the structure at opposite sides
      (port and starboard) of the rotor axis, relative to the cabin.
PAR  It is another object of the invention to provide apparatus to perform the
      steps or functions referred to, and also to enable determination of blade
      angularity without directing a stroboscope at the main rotor, which is
      oftentimes difficult under actual flight conditions.
DRWD
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments, will be more fully understood from
      the following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a side elevation of a helicopter tail rotor to be balanced;
PAR  FIG. 2 is a top plan view of the FIG. 1 rotor;
PAR  FIG. 3 is a block diagram of circuitry used in the balancing process;
PAR  FIG. 4 is a frequency response diagram;
PAR  FIG. 5 is a coordinate system graph;
PAR  FIG. 6 is another representation of the FIG. 1 tail rotor blade;
PAR  FIG. 7 is a representation of another tail rotor blade configuration;
PAR  FIG. 8 is a perspective showing of a hovering helicopter to which the
      invention is applicable;
PAR  FIG. 9 is an fragmentary elevation showing a helicopter main rotor head;
PAR  FIG. 10 is a plan view of a main rotor;
PAR  FIG. 11 is another coordinate system graph;
PAR  FIG. 12 is a light arrangement.
PAR  FIG. 13 is a vertical section through a helicopter proximate the main
      rotor, and looking forward; and
PAR  FIG. 14 is a block-form circuit diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, a helicopter rotor may take the form of the tail rotor 10
      in FIGS. 1 and 2 carried by helicopter boom structure 11, and defining an
      axis of rotation 12. The rotor 10 may typically have multiple like blades
      such as are indicated at 13 and 14 extending diametrically oppositely from
      axis 12. Power is transmitted to the rotor as for example by shaft 15,
      right angular gearing in gear box 16, and stub shaft 17 to which the
      blades are attached as via grips 18 by means of which the pitch of the
      blades may be changed. Suitable fastener locations are indicated at 19,
      20, 21 and 22. Locations 19 and 22 are symmetrically located at opposite
      sides of axis 12, and locations 20 and 21 are symmetrically located at
      opposite sides of axis 12. Also, locations 19 and 20 are at opposite sides
      of blade axis 23, as are locations 21 and 22, and axis 23 extends normal
      to axis 12. It should be noted that the exact mechanical detail of blade
      attachment, pitch change means, etc. varies greatly from helicopter
      type-to-type, as do the number of blades. These mechanical considerations
      dictate the possible locations for weight addition.
PAR  As described in U.S. Pat. No. 3,802,273, a vibration pickup such as an
      accelerometer is attached to the helicopter structure proximate the rotor;
      and, in the example described an accelerometer 24 is shown attached to
      gear box 16. The instrument is operated to produce an output acceleration
      signal which is a function of oscillatory motion of the helicopter
      structure, as for example the boom structure 11, and which arises due to
      dynamic unbalance of the rotating rotor. Thus, the boom structure may
      undesirably vibrate in one or more directions, it being a prime purpose of
      the invention to significantly reduce or eliminate such vibration.
      Depending on structure, the vibration (motion) may be elliptical, or even
      circular. While the accelerometer is shown as attached to the gear box, it
      will be understood that it may be attached to other structure, so long as
      such structure is subject to rotor unbalance induced oscillatory motion
      which is to be reduced or eliminated. While an accelerometer has been
      referred to any transducer producing a cyclic output signal in response to
      structure vibrations may be used.
PAR  The vibration pickup output is typically an electrical signal varying in
      accordance with the vibration, and therefore constitutes an output signal.
      That signal is typically processed to produce a corresponding output
      signal to be used to operate a meter or other device to indicate
      amplitude, and to display phase and for triggering a stroboscope shown at
      28 in FIGS. 2 and 3. For that purpose processing circuitry may be
      electrically connected between the accelerometer or pickup 24 and the
      stroboscope, and may advantageously include a band pass filter 29 and a
      trigger 35, these individually being well known components. The filter 29
      has the dual functions of passing the accelerometer signal corresponding
      to the structure oscillation frequency to be reduced or eliminated
      (usually the fundamental), while rejecting other signals corresponding to
      other excitation frequencies, and also integrating the selected or passed
      signal to thereby produce an output velocity signal on lead 32. Filter 29
      may be manually tuned, as by rotating knob 33, to select the frequency of
      the structure vibration to be reduced or eliminated; further, the filter
      may be "stagger tuned" to provide a rather broad range of pass frequencies
      as indicated between the limits f.sub.1 and f.sub.2 of response curve 36
      in FIG. 4 rather than a narrow range of pass frequencies as indicated by
      the response curve 37 in that figure. A meter 39 in FIG. 3 indicates
      accelerometer velocity, as for example in inches per second, which may
      represent the maximum velocity of the boom structure as it vibrates back
      and forth. In this regard, and as will be seen, an important advantage in
      converting the maximum accelerometer output to a maximum velocity signal
      (rather than acceleration or displacement) lies in the fact that whereas
      displacement and acceleration outputs for acceptable vibration levels vary
      widely (as a function of rate or frequency and as for example between
      helicopter main rotor and tail rotor applications), velocity outputs for
      acceptable vibrations vary much less widely, and use of the latter for
      balancing purposes enables use of the same instrumentation, without "range
      changing," for all such applications.
PAR  The stagger tuned vs single tuned filter characteristic is used to verify
      tuning, for when the "verify tune" button is depressed, the filter
      converts from its staggertuned characteristic to single tuned. If the rate
      is not set in exact coincidence with the rotor rate, the amplitude and/or
      observed phase will change. Tuning is adjusted as required (front panel
      control) until there is no change when the button is pushed.
PAR  Trigger circuit 35 operates in response to occurrence of positive going
      zero crossing of the velocity signal on lead 32, for cyclically triggering
      the stroboscope 28 to which the trigger circuit is connected as via lead
      40. An example of a known usable stroboscope STROBEX is Model 135M-9 or
      135M-10, a product of Chadwick-Helmuth Co., Monrovia, Cal. The stroboscope
      is directed at the rotor, as in FIG. 2 for example, to produce flashes
      repeatedly illuminating a target blade (13 for example bearing target
      reflector 42) which appears relatively stationary at a "characteristic
      angularity" with respect to axis 12. This characteristic angularity is
      determined by the complex spring (of the supporting airframe) mass (of the
      rotor) system and the rotor rate. Each rotor of each helicopter type has a
      characteristic phase (or angularity) relation. Knowing such angularity,
      which may be expressed as "clock" position (blade 13 being shown at a
      10:30 clock position in FIG. 1) and the magnitude of the maximum output
      velocity signal as it appears on meter 39, one may vary the weighting of
      the rotor to achieve substantial balance. In this regard, a small weight
      or weights may be added to or subtracted from the rotor at any of the
      fastener locations 19-22, the amount of such weighting change and the
      particular fastener locations at which the change is to be effected being
      determined by the reading on meter 39 and the clock position of the
      stroboscopically illuminated target blade. Accordingly, costly and time
      consuming trial and error weight change procedures are eliminated. Such
      weights may consist of washers to be added to or removed from threaded
      fasteners.
PAR  The determination of location and amount of rotor weighting may
      advantageously include the step of establishing a multi-coordinate system
      characterized in that:
PAR  a. a first coordinate scale delineates values of the velocity signal,
PAR  b. a second coordinate scale delineates values of blade angularity (clock
      position) about its axis of rotation; and
PAR  c. other coordinate scale means delineates weight values to be added or
      subtracted at at least one position on the rotor, and further
      characterized in that any point in the system or field defined by
      associated blade angle and velocity value coordinates in turn defines
      particular weighting to be added or subtracted at a position or positions
      on the rotor.
PAR  The referenced multi-coordinate system may be established in analog form
      (as for example graphic), tabular form, or in digital form (as for example
      in a digital computer memory). Thus, in FIG. 5 for example, a polar
      (analog) coordinate system is shown or established, with concentric
      circles delineating inches per second velocity values (0.1 to 1.0), and
      "clock" angles or positions (1 to 12) from a selected radius 42 delineate
      values of stroboscopically stopped target blade angularity. The referred
      to other coordinate scale means delineating weight values takes the form,
      in FIG. 5, of two linear auxiliary scales represented as A and B, and
      respectively corresponding to or associated with predetermined A and B
      weight adding or subtracting positions on the rotor blades 13 and 14 seen
      in FIG. 6.
PAR  Thus, for any point in the coordinate system defined by particular blade
      angle and velocity value coordinates, there is associated or defined
      particular weighting to be added or subtracted at the referenced position
      or positions on the rotor. For example point "P" representing a
      stroboscopically stopped blade angle or clock position 10:30 and velocity
      value 0.6 inches per second on meter 39 in turn defines (via intercept
      line 110) a 12 gram weight to be added to the target blade 13 at the B
      position shown in FIG. 6 (or alternatively a 12 gram weight to be
      subtracted from the blank blade 14 at the symmetrical B position shown),
      and also an 18 gram weight (via intercept line 111) to be subtracted from
      the target blade 13 and A position shown in FIG. 6 (or alternatively an 18
      gram weight to be subtracted from the blank blade 14 at the symmetrical A
      position as shown). FIG. 7 illustrates another tail rotor configuration,
      with A positions at the blade tips, and B positions at the tips of a blade
      pitch control link 112 which rotates with the tail rotor, the chart for
      this configuration not being shown. In this regard, it should be noted
      that each rotor has certain locations, which will always be the same for
      that rotor type, at which weights may be added. The charts "reflect" the
      geometry of those possible points where weight may be added in relation to
      the rotor. Thus each rotor of each type of ship must have its own chart.
PAR  Using the above method, the helicopter tail rotor may be rapidly and
      accurately balanced with minimum cost and delay.
PAR  FIG. 8 illustrates balancing of a helicopter main rotor 50. Initially, the
      main rotor blades 51-54 are tracked to make sure that, as they rotate and
      pass through any given point in the azimuth, they are at the same level.
      Out-of-track condition causes roughness and vibration, affecting the
      balancing of the rotor unless removed prior to such balancing. Vibration
      and roughness arising from out-of-track conditions causes vertical and
      lateral vibration which masks the out-of-balance induced lateral
      vibration, making it impossible to distinguish the desired signal.
PAR  The condition of blade track is first observed with the ship operating as
      it will be during balancing, i.e. on the ground, or during hovering, as by
      aiming a stroboscopically operated light source 55 at the rotating blade
      tip path, the blade tip undersides carrying like retroreflective targets
      56. The latter reflect light from the beam 57 back toward the observer 58
      inside the helicopter, who sees the bright targets in the sky. The blades
      are typically identified by target shape or color and any misaligned blade
      can be identified and the degree of misalignment judged. Thereafter, after
      the helicopter is at rest on the ground, the offending blade can be
      trim-adjusted back into alignment, as by means commonly provided at the
      rotor head 58'.
PAR  The light source 55 may comprise, for example, a STROBEX Model 135 M-9 or
      M-10 product of Chadwick-Helmuth Co., Inc., Monrovia, Cal. Its sync signal
      may be derived from a magnetic pick-up 59 secured to a fixed swashplate 60
      (better seen in FIG. 9), the pick-up projecting near a swashplate 61
      rotated by main drive shaft 62. Swashplate 61 carries a number of
      components (one for each blade) such as soft iron elements 59a, which
      magnetically actuate the pick-up to produce the sync signal, once for each
      blade passage. The sync signal is used to control the stroboscopic lamp
      55. Tilt controls for the fixed swashplate are shown at 65 and operated to
      control pivoting of the rotating blades via pitch control links 66, to
      provide flight direction control of the helicopter as well as lift
      control.
PAR  As described in U.S. Pat. No. 3,802,263, dynamic balance of the main rotor
      may then be attained in a manner similar to that described above for the
      tail rotor. As shown in FIG. 9, an accelerometer 70 is attached to and
      near the top of the non-rotating mast 71 through which the main rotor
      drive shaft 62 passes, to detect lateral vibration of the mast arising
      from rotor dynamic unbalance. The accelerometer may be attached at a 9:00
      o'clock position about the mast, 12:00 o'clock being forward. The
      accelerometer output is processed as in FIG. 3 to operate the stroboscope
      28 which may be directed at the rotating rotor from the pilot's
      compartment in a manner similar to directing of stroboscope 55 in FIG. 8.
      The observed azimuth position at which the target is seen may jitter or be
      somewhat uncertain so it is advantageous to place the reflective target
      close to the blade roots, or on the hub. The target blade when illuminated
      may be located at any position about rotor main drive axis 73 depending
      upon the location of the imbalance.
PAR  Assuming a main rotor 50 having three blades indicated as TARGET, A and B
      in FIG. 10, the latter may have fixed weight addition or subtraction
      positions indicated at 74-76. The determination of the amount of weight to
      be changed at any two of the three positions to overcome dynamic unbalance
      may be made with the aid of a multi-coordinate system as for example is
      shown in FIG. 11. As there seen, a first coordinate scale may be defined
      by concentric circles about center or pole 77, and identified by the
      i.p.s. (inches per second velocity output) number 0.1 to 1.0; and a second
      co-ordinate scale (delineating values of the angularity) is defined by the
      radial lines spaced apart at 30.degree. intervals and identified by "clock
      positions" 12:30, 1:30-- 11:30. Other coordinate scale means delineating
      weight values to be added at at least two positions on the rotors are
      indicated at A, B and TARGET locations along hexagonal lines as shown.
PAR  In an example, assume a point PP representing a stroboscopically stopped
      target blade angle or clock position at 2:30, and also representing a
      velocity signal (derived from the accelerometer, as described) of about
      0.6 inches per second. The two auxiliary scales applicable to this
      position are the A scale and TARGET scale at the top and top right of FIG.
      11. As indicated, the corresponding intercept along line 78 on that A
      scale is approximately 2 weight values (grams, for example) to be added to
      the A blade at position 75, and the corresponding intercept along line 79
      on that TARGET scale is approximately 5.8 weight values to be added to the
      TARGET blade at position 74, in FIG. 10. The intercept lines are parallel
      to the hexagonal scale lines A, B and TARGET in FIG. 11. Note that a point
      PP' would have intercepts on the A and B scales as shown, and that a point
      PP" would have intercepts on the opposite TARGET and B scales, as shown.
      Also note that weights are to be added in every case, rather than
      subtracted.
PAR  To obviate the difficulty of aiming the stroboscope 28 to the target blade
      in any position about axis 73, an auxiliary device 85 may be used as shown
      in FIG. 12. That device, such as Phazor Model 171, a product of
      Chadwick-Helmuth Co., Monrovia, Cal., may include a timer 86 and a ring 87
      with lights or indicators 88 at equi-spaced angular intervals on the ring.
      The timer receives a sync signal once each revolution of the target blade
      51, for example on line 89 to which the sync signal generator 59 may be
      connected. The timer is connected via leads 90 with all twelve (or other
      number) of lights 88 to turn them on in succession and in synchronism with
      the rotating clock position of the target blade; however, the timer also
      receives the trigger signal output on lead 40a as shown in FIG. 3. The
      timer only passes or gates an energizing signal to that light which is
      closest in synchronized position about axis 91 to the target blade
      position about axis 73 at the moment of trigger signal transmission.
      Accordingly, the operator may observe the angular clock position of the
      energized light or indicator, on the ring 87 in the pilot's compartment,
      and use the information as described above in the determination of blade
      weighting.
PAR  The compelling reason for the device 85 (the reason balance must be done in
      the air for some ships) is that the articulated (hinged) rotor systems
      have dampers (shock absorbers) in the lead-lag (azimuth) direction.
      Certain types of dampers have high static friction and don't allow the
      blade to adjust (by the effects of centrifugal force) to their desired
      equal spacing. If the ship is hovered, the necessary working of the
      controls, and loading of the blades "breaks" the static frictions and
      allows the blades to "phase" themselves properly. Thus balancing must be
      done from inside the ship where the device 85 is used.
PAR  The ship may be fitted with hardware to produce a sync signal for each
      blade passage to facilitate the blade tracking measurements. In this case,
      one of the sync signals (normally, the TARGET blade) is made a double
      pulse, and the device 85 includes logic to accept only the double pulse
      for the required one-per-rev. signal.
PAR  Because track and balance must be worked together, especially on main
      rotor, the instruments have been arranged to make this simple and quick to
      do. Tracking by the Strobex, as has been described, required one signal
      per blade from the magnetic pickup, but phase determination by the device
      85 requires only one signal per revolution. Logic is incorporated in the
      device 85 that will response only to a "double pulse" with an interval of
      0.5 to 5 millisecond, and will ignore all single pulses. The Stobex,
      however, has logic such that it responds only to the first pulse.
PAR  Thus by installing, on the rotating swashplate, one double interrupter with
      interval suitable to generate the appropriate double pulse, and the
      required number (n-1 for n blades) of single interrupters the signals
      (pulses) suitable for both track and balance are generated.
PAR  By simple front-panel selection then, either track or balance may be
      accomplished at will, making the operation very quick and simple.
PAR  Referring back to FIG. 9, each blade typically may have three axes of
      rotation designated as the pitch axis 95 extending generally parallel to
      the blade length, the articulation axis 96 extending generally
      horizontally and normal to axis 95, and vertical axis 97, suitable joints
      being provided to facilitate blade rotation about such axes.
PAR  Referring now to FIG. 13, the helicopter 100 includes a fuselage 101, a
      main rotor 102 having blades 102a, an engine 103 suitably connected with
      the fuselage framework 104 at locations 105, and an engine driven main
      drive shaft 106 for the rotor. The rotor axis appears at 107. In
      accordance with the invention, vibration pickups 108 and 109 are connected
      with the framework or structure 104 at generally opposite (port and
      starboard) sides of the upright axis 107, so as to sense up and down
      vibration at those locations. In the drawing, the pickups are located at
      opposite sides of the engine. Accordingly, the pickups produce vibratory
      signals corresponding to up and down vibratory motion of the structure at
      port and starboard sides of the axis 107, such motion being due to an
      out-of-balance condition of the rotor, an out-of-track condition of the
      rotor, or both of these.
PAR  The output signals of the pickups, depicted at 108a and 109a in FIG. 14,
      are then combined to produce a resultant oscillatory output signal
      characteristic of rotor vibratory motion due substantially to only one of
      the two conditions referred to, and the resultant output signal is then
      used to alleviate that one condition. In the FIG. 14 example, the signals
      may be selectively combined as by adding them at 110 or subtracting them
      at 111. For this purpose, ganged switches 112 and 113 may be employed as
      shown, whereby in one position (as illustrated) the switches connect the
      output signals with the ADD device 110, and in the alternate position the
      switches connect the output signals 108a and 109a with the SUBTRACT device
      111. Examples of the devices 110 and 111 are Model 177 M-7 Tracker
      Balancer, a product of Chadwick-Helmuth Electronics, Inc., Monrovia, Cal.
      The output of the device 111 is transmitted on lead 31 to the circuitry as
      seen in FIG. 3, and the output of device 110 on lead 113 is transmitted to
      analyzer 114 for use in correction for out-of-track. Analyzer 114 may be
      as embodied in the above mentioned Model 177 M-7 Tracker Balancer.
PAR  In operation of the two pickups, it is found that rotor out-of-track
      vibration causes both pickups to accelerate up and down together, whereas
      rotor out-of-balance vibration causes one pickup to accelerate relatively
      up while the other accelerates relatively down, and vice versa.
      Accordingly, when added together at 110, the out-of-balance components
      tend to offset or cancel while the out-of-track components reinforce; and
      conversely, when subtracted at 111, the out-of-balance components
      reinforce whereas the out-of-track components cancel or offset one
      another.
PAR  In the above procedure, a tracking chart, similar to the balance chart, may
      be employed to aid the determination as to which blade to raise or lower
      in response to a given "IPS" and clock reading.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of balancing a bladed rotor having multiple blades and
      defining an axis of rotation, and wherein structure proximate the rotor is
      subject to vibratory motion due to a dynamic unbalance condition of the
      rotating rotor and an out-of-track condition of the rotor blades, the
      method employing two vibration pickups, the method including
PA1  a. operating the pickups to produce vibratory signals corresponding to up
      and down vibratory motion of the structure at port and starboard sides of
      said axis,
PA1  b. combining said signals to produce a resultant oscillatory output signal
      characteristic of rotor vibratory motion due substantially to only one of
      said conditions,
PA1  c. using said resultant output signal to alleviate said one condition.
NUM  2.
PAR  2. The method of claim 1 including the step of subsequently combining said
      signals to produce another resultant oscillatory output signal
      characteristic of rotor vibrating motion due substantially to the other of
      said conditions, and using said other output signal to alleviate said
      other condition.
NUM  3.
PAR  3. The method of claim 1 wherein said signals are combined by adding them.
NUM  4.
PAR  4. The method of claim 1 wherein said signals are combined by subtracting
      them.
NUM  5.
PAR  5. The method of claim 1 wherein said resultant signal is used to determine
      the characteristic angularity of one of said blades about said axis once
      each cycle of said signal, and the weighting of the rotor is then varied
      as a function of the magnitude of the signal and of said characteristic
      angularity.
NUM  6.
PAR  6. The method of claim 5 wherein said weighting of the rotor is varied at a
      preselected angularly offset and radially fixed location.
NUM  7.
PAR  7. The method of claim 1 which includes the step of first attaching the
      respective pickups to said structure at generally opposite sides of said
      axis.
NUM  8.
PAR  8. In the method of balancing a bladed rotor having multiple blades and
      defining an axis of rotation, and wherein structure proximate the rotor is
      subject to vibratory motion due to a dynamic unbalance condition of the
      rotating rotor and an out-of-track condition of the rotor blades, the
      method employing two vibration pickups and a stroboscope, the method
      including
PA1  a. attaching the pickups to said structure at generally opposite sides of
      said axis and operating the pickups to produce vibratory signals
      corresponding to the outputs of the respective pickups,
PA1  b. combining said signals to produce a resultant oscillatory output signal
      characteristic of rotor vibratory motion due substantially to only said
      dynamic unbalance condition,
PA1  c. triggering the stroboscope in synchronism with said resultant output
      signal and directing the stroboscope at the rotor to produce flashes
      repeatedly illuminating a target rotor blade at a characteristic
      angularity with respect to said axis, and
PA1  d. varying the weighting of the rotor as a function of the magnitude of
      said signal and said characteristic angularity to achieve substantial
      balance.
NUM  9.
PAR  9. In combination with a helicopter rotor having multiple blades and
      defining an upright axis of rotation and helicopter structure proximate
      the rotor subject to vibratory motion due to a dynamic unbalance
      conditions of the rotating rotor and an out-of-track condition of the
      rotor blades,
PA1  a. a pair of vibration pickups attached to said structure at locations at
      port and starboard sides of said axis to produce vibratory signals
      corresponding to up and down vibratory motion of the structure at said
      locations, and
PA1  b. means for receiving and combining said signals to produce a resultant
      oscillatory output signal characteristic of rotor vibratory motion due
      substantially to only one of said conditions.
NUM  10.
PAR  10. The combination of claim 9 wherein said last named means includes
      adding circuitry, subtracting circuitry, and switch means connected with
      said pickups and movable to selectively transmit said signals to said
      adding and said subtracting circuitry.
NUM  11.
PAR  11. The combination of claim 10 including means connected to receive said
      resultant oscillatory output signal and to process same for determining
      the characteristic angularity of one of the blades about said axis once
      each cycle of said signal.
NUM  12.
PAR  12. The combination of claim 11 wherein said last named means comprises a
      ring of indicators subject to successive energization in synchronism with
      rotor rotation, and timing means for gating the energization of only that
      indicator whose angular position relative to the ring most closely
      corresponds to the characteristic angularity of said one blade.
PATN
WKU  039452573
SRC  5
APN  4878647
APT  1
ART  345
APD  19740712
TTL  Force balance transmitter and method of making the same
ISD  19760323
NCL  22
ECL  2
EXA  McKenzie, Jr.; Frank H.
EXP  Scott; Samuel
NDR  3
NFG  6
INVT
NAM  Rosenfeld; Jacob R.
CTY  Roslyn
STA  PA
ASSG
NAM  Robertshaw Controls Company
CTY  Richmond
STA  VA
COD  02
CLAS
OCL   74 178
XCL   74519
EDF  2
ICL  F16J 1550
FSC   74
FSS  17.8;519;18;18.1;469;388 R;99 R
FSC  340
FSS  187
UREF
PNO  2913909
ISD  19591100
NAM  Schweitzer
XCL   74 17.8
LREP
FRM  Candor, Candor & Tassone
ABST
PAL  A force balance transmitter having a substantially flat base plate
      detachably carrying a primary unit and a secondary unit on an upper
      substantially flat surface thereof. A bell crank flexure pivot operatively
      interconnects a primary arm of the primary unit to a secondary arm of the
      secondary unit.
BSUM
PAR  This invention relates to an improved force balance transmitter and to a
      method of making the same or the like.
PAR  It is well known from the patent to Rosenfeld et al., U.S. Pat. No.
      3,749,109, that a force balance transmitter can be provided wherein a
      relay module of a secondary unit of the force balance transmitter can
      readily be removed from such transmitter and a new relay module
      substituted therefor with such relay module being precalibrated so that
      the same can effectively be utilized with any force balance transmitter
      that is constructed to accomodate the same.
PAR  However, it has been found according to the teachings of this invention
      that a force balance transmitter can now be provided wherein both the
      complete secondary unit and the complete primary unit can be detachably
      secured to a base plate means so that each unit can be readily replaced in
      the field or the like with a precalibrated unit and the same will be
      compatible with the remaining unit of the transmitter to operate with the
      remaining unit in the desired manner.
PAR  In particular, one embodiment of this invention provides a force balance
      transmitter having a base plate means provided with a substantially flat
      upper surface. A primary unit is detachably secured to the flat surface of
      the base plate means and has a primary pivot arm. A secondary unit is also
      detachably secured to the flat surface of the base plate means and has a
      secondary pivot arm. A bell crank flexure pivot means of this invention
      operatively interconnects the primary arm and a secondary arm together
      whereby either the primary unit or the secondary unit or both units can be
      readily replaced should the same become defective and the replacing unit
      will be compatible with the remaining unit.
PAR  Accordingly, it is an object of this invention to provide an improved force
      balance transmitter having one or more of the novel features set forth
      above or hereinafter shown or described.
PAR  Another object of this invention is to provide a method of making such a
      force balance transmitter or the like.
DRWD
PAR  Other objects, uses and advantages of this invention are apparent from a
      reading of this description which proceeds with reference to the
      accompanying drawings forming thereof and wherein:
PAR  FIG. 1 is a cross-sectional view of the improved force balance transmitter
      of this invention.
PAR  FIG. 2 is a fragmentary cross-sectional view taken substantially on line
      2--2 of FIG. 1.
PAR  FIG. 3 is a fragmentary cross-sectional view taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary cross-sectional view taken substantially on line
      4--4 of FIG. 2.
PAR  FIG. 5 is a fragmentary cross-sectional view taken on line 5--5 of FIG. 1.
PAR  FIG. 6 is a fragmentary elevation view taken substantially in the direction
      of the arrows 6--6 of FIG. 2.
DETD
PAR  While the various features of this invention are hereinafter described and
      illustrated as being particularly adaptable to provide a force balance
      transmitter of the pneumatic type, it is to be understood that the various
      features of this invention can be utilized singly or in any combination
      thereof to provide a force balance transmitter of other types such as
      electronic, as desired.
PAR  Therefore, this invention is not to be limited to only the embodiment
      illustrated in the drawings, because the drawings are merely utilized to
      illustrate one of the wide variety of the uses of this invention.
PAR  Refering now to FIG. 1, the improved force balance transmitter of this
      invention is generally indicated by the reference numeral 10 and comprises
      a base plate means 11 having upper and lower substantially flat surface
      means 12 and 13 with the lower surface means 13 including a large base
      part 14 for supporting the base plate 11 in the position illustrated on
      the desired supporting structure, the large section 14 of the base plate
      means 11 including passage means 15 for directing pneumatic fluid through
      the base plate means 11 for controlling a secondary unit that is generally
      indicated by the reference numeral 16 and is detachably secured to the
      upper surface 12 of the base plate means 11 by threaded fastening members
      17 passing through opening means 18 in the base plate means 11 and being
      threadedly received in threaded bores 19 of a frame part 20 of the
      secondary unit 16 as illustrated.
PAR  Similarly, a primary unit of the transmitter 10 is generally indicated by
      the reference numeral 21 and is detachably secured to the upper surface 12
      of the base plate means 11 by threaded fastening members 22 passing
      through opening means 23 in the base plate means 11 and being threadedly
      received in threaded bores 24 formed in a frame part 25 of the primary
      unit 21.
PAR  The primary unit 21 includes a bellows construction 26 having one end 27
      closed by a cup-shaped member 28 and the other end 29 closed by an end
      plate 30 secured to the frame member 21 whereby a chamber 31 is defined in
      the bellows construction 26 and is fluidly interconnected to a conduit 32
      secured to the base plate means 11 and projecting through an opening 33 in
      the base plate means 11, an opening 34 in the frame member 25 and disposed
      in fluid communication with an opening 35 formed in the end plate 30 as
      illustrated whereby a pneumatic control pressure source is adapted to be
      interconnected to the interior 31 of the bellows construction 26 by the
      conduit means 32 for a purpose hereinafter described.
PAR  The frame member 25 of the primary unit 21 includes a surrounding casing 36
      which cooperates with the frame member 25 to define a sealed chamber 37
      outboard of the bellows construction 26 and adapted to be evacuated
      through a conduit means 38 in a conventional manner whereby the bellows
      construction 26 is adapted to be surrounded by a vacuum condition.
PAR  The cup-shaped member 28 of the bellows construction 26 carries a post
      means 39 that is interconnected to one end 40 of a pivotally mounted
      primary arm 41 of the primary unit 21, the primary arm 41 being pivotally
      mounted by a flexible seal 42 of the casing 36 so that up and down
      movement of the end 27 of the bellows construction 26 upon changes in the
      pressure differential across the same will cause pivoting action of the
      primary arm 41 about the flexible seal 42.
PAR  An ambient temperature compensating bimetal member 43 is attached by
      fastening means 44 to the casing 36 of the primary unit 21 and is
      interconnected to a bracket means 45 disposed in telescoping relation on
      the primary arm 41 to tend to cause pivoting action of the primary arm 41
      in response to ambient temperature changes which offset like ambient
      temperature changes in the setting of the bellows construction 26 to
      maintain the primary arm 41 in a position determined solely by the
      pressure differential acting across the bellows construction 26 as will be
      apparent hereinafter.
PAR  The secondary unit 16 includes a pneumatically operated relay module that
      is generally indicated by the reference numeral 46 and is basically of the
      same type as the relay module set forth in the aforementioned U.S. Pat. to
      Rosenfeld et al., No. 3,749,109, whereby the particular details of the
      structure and operation of the same can be obtained by referring to such
      U.S. patent which is incorporated by reference into this application.
      Also, see copending patent application Ser. No. 331,337, filed Feb. 9,
      1973, for structural changes in the relay module of the aforementioned
      U.S. patent that are incorporated in the relay module 46 of the
      transmitter 10 of this invention.
PAR  In any event, it can be seen that the relay module 46 has a pneumatically
      operated piston member 47 bearing against a lower end 48' of a pivotally
      mounted secondary arm 48 of the secondary unit 16 that has its upper end
      49 operatively interconnected to the primary arm 41 of the primary unit 21
      by a bell crank flexure pivot means of this invention that is generally
      indicated by the reference numeral 50, the secondary arm 48 being
      pivotally mounted against an adjustable fulcrum point 51 carried by the
      frame unit 20 and comprising a nut-like structure 52 threadedly disposed
      on a threaded member 53 rotatably mounted to the frame structure 20
      whereby the fulcrum point 51 can be adjusted upwardly and downwardly on
      the threaded member 53 by turning the threaded member 53 in a conventional
      manner.
PAR  The bell crank flexure pivot means 50 connects a pair of flexure arms 54
      and 55 respectively operatively interconnected to the secondary arm 48 and
      the primary arm 41 in a manner hereinafter described and disposed at
      substantially a right angle relative to each other by having adjacent ends
      56 and 57 thereof secured to a pair of angled members 58 and 59
      sandwiching another flexure arm 60 therebetween at an angle that
      substantially bisects the right angle of the flexure arms 54 and 55. The
      flexure arm 60 is secured to the frame structure 20 of the secondary unit
      16 by a threaded fastening member 61 whereby the arms 54 and 55 are
      flexibly mounted by the flexure member 60 to the frame 20 in pivot manner.
      However, a pair of stop members 62 and 63 are respectively secured in
      sandwiching fashion with the flexure arm 60 to the frame structure 20 by
      the threaded fastening member 61 with the stop members 62 and 63
      respectively projecting through openings 64 and 65 formed in the flexure
      arms 54 and 55 so as to limit movement thereof in a pivoting manner about
      the flexure arm 60 as will be apparent hereinafter.
PAR  The flexure 54 is attached to the upper end 49 of the secondary arm 48 and
      is operatively interconnected to a flexure member 66 that is carried on
      the relay module 46 whereby movement of the flexure arm 54 to the right in
      FIG. 1 tends to cause the arm 48 to pivot in a clockwise manner on the
      pivot point 51 and oppose outward movement of the piston 47 of the relay
      module 46. Conversely, movement of the flexure arm 54 to the left in FIG.
      1 tends to cause the secondary arm 48 to pivot in a counterclockwise
      direction on the adjustable fulcrum point 51 by the force of the piston 47
      tending to move outwardly and, thus, to the right in FIG. 1.
PAR  The other flexure arm 55 which is part of a bias adjustment means 70 is
      detachably secured to the primary arm 41 of the primary unit 21 by having
      a reduced end 67 of the primary arm 41 projected through an opening 68 in
      the flexure member 55 and be secured thereon by a fastening nut 69 and is
      the means by which the primary unit 21 is disconnected from the secondary
      unit 16.
PAR  The bias adjustment means 70, which includes the flexure 55, is connected
      at one end to the frame 20 of the secondary unit by fasteners 70' and is
      connected to the bell crank 50 at the other end to bell crank 50 by the
      end 57 of the flexure 55, the bias adjustment means having a tension
      spring means 71 operatively interconnected to the lower end 72 of the
      flexure arm 55 and being adjustable in its tension force being imposed on
      the flexure arm 55 by a threaded adjusting member 73 having an adjusting
      knob 74 on the lower end thereof. Thus, by rotating the adjusting nut 74
      in the desired direction, the force of the tension spring 71 can be
      increased or decreased in its action tending to pull downwardly on the
      flexure arm 55 to be opposed by the force of the spring means and the
      pneumatic pressure in the relay module 46 in a manner conventional in the
      art.
PAR  Therefore, it can be seen that the force balance transmitter of this
      invention can be formed from a plurality of uniquely formed parts to be
      attached to the base plate means 11 as units 16 and 21 in a simple and
      effective manner to operate in a manner now to be described.
PAR  It is well known that a force balance transmitter tends to maintain the
      secondary lever 48 in substantially a true vertical position by having the
      relay construction 46 tend to increase or decrease the pneumatic force
      acting on the piston 47 to oppose the changes in the movement of the
      primary arm 41 caused by changes in the pressure differential across the
      bellows construction 26 so that the relay construction 46 will provide an
      output pressure corresponding to the pressure differential across the
      bellows construction 26.
PAR  Thus, as the pressure in the bellows construction 26 increases by the
      control pressure being fed thereto through the conduit 32 increasing, the
      same tends to move the cup-shaped member 28 upwardly and, thus, cause
      counterclockwise pivoting movement of the primary arm 41 to tend to pull
      downwardly on the flexure arm 55 and, thus movement of the flexure arm 54,
      through the bell crank flexure pivot means 50, to the right and thereby
      tend to cause clockwise pivoting movement of the secondary arm 48 about
      the fulcurm point 51. However, such tendency of the upper end 49 of the
      secondary arm 48 to tend to move to the right in FIG. 1 is transmitted
      through the flexure means 66 and is sensed by a nozzle means 75 of the
      relay construction 46 whereby the relay construction 46 increases the
      pneumatic pressure being directed to the piston 47 to thereby oppose such
      clockwise pivoting movement of the lever 48 so that the lever 48 is
      maintained in the substantially vertical position, the relay construction
      46 now sending a signal corresponding to the change in the pressure now
      being required in the relay construction 46 to counter-balance the change
      in the pressure differential across the bellows construction 26.
PAR  Conversely, should the pressure in the bellows construction 26 decrease,
      the bellows construction 26 tends to collapse whereby downward movement of
      the cup-shaped member 28 causes clockwise pivoting movement of the primary
      pivot arm 41 to thereby move the flexure arm 55 upwardly and, through the
      bell crank flexure pivot means 50, cause movement of the flexure arm 54 to
      the left to tend to cause counterclockwise movement of the secondary pivot
      arm 48 about the fulcrum point 51. Such counterclockwise pivoting movement
      of the secondary arm 48 is sensed by the nozzle means 75 whereby the relay
      construction 46 decreases the pressure acting on the piston 47 maintaining
      the secondary arm 48 in the vertical condition while the relay
      construction 46 indicates through its pneumatic signal that the pressure
      differential across the bellows construction 26 has decreased a certain
      amount.
PAR  Therefore, it can be seen that the force balance transmitter 10 of this
      invention functions in a conventional manner to tend to maintain the
      secondary pivot arm 48 in a substantially true vertical position thereof.
PAR  However, the force balance transmitter 10 of this invention has the unique
      feature of permitting either the secondary unit 16 or the primary unit 21
      or both to be readily replaced from the base means 11 and have another
      unit substituted therefor to be attached to the remaining unit by simply
      removing nut 69 from the primary arm 41 to disconnect the units 16 and 21
      from each other so that one or both can be removed from the base means 11,
      such replacing unit having been precalibrated so that the same can act in
      the manner previously described to permit the transmitter 10 to perform
      its desired function.
PAR  Therefore, it can be seen that this invention not only provides an improved
      force balance transmitter, but also that this invention provides an
      improved method of making such a force balance transmitter or the like.
PAR  While the form and method of this invention now preferred have been
      described and illustrated as required by the Patent Statute, it is to be
      understood that other forms and method steps can be utilized and still
      come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A force balance transmitter comprising a base plate means having a
      substantially flat upper surface, a primary unit detachably secured to
      said surface of said base plate means and having a primary pivot arm, a
      secondary unit detachably secured to said surface of said base plate means
      and having a secondary pivot arm, and means operatively interconnecting
      said primary arm and said secondary arm together, said means operatively
      interconnecting said primary arm and said secondary arm together
      comprising a bell crank flexure pivot means.
NUM  2.
PAR  2. A force balance transmitter as set forth in claim 2 and including a pair
      of flexure arms disposed at substantially a right angle relative to each
      other and respectively being interconnected to said primary arm and said
      secondary arm, said bell crank flexure pivot means interconnecting said
      flexure arms together.
NUM  3.
PAR  3. A force balance transmitter as set forth in claim 3 wherein the flexure
      arm interconnected to said primary arm forms part of a bias adjusting
      means.
NUM  4.
PAR  4. A force balance transmitter as set forth in claim 2 wherein another
      flexure arm is interconnected to said pair of flexure arms by said bell
      crank pivot means and substantially bisects the right angle thereof.
NUM  5.
PAR  5. A force balance transmitter as set forth in claim 2 wherein a pair of
      stops are respectively disposed adjacent said pair of flexure arms to
      limit movement thereof.
NUM  6.
PAR  6. A force balance transmitter as set forth in claim 2 wherein said primary
      arm and said secondary arm are respectively disposed substantially
      perpendicular to their respective flexure arms.
NUM  7.
PAR  7. A force balance transmitter comprising a base means, a primary unit
      carried by said base means and having a primary pivot arm, a secondary
      unit carried by said base means and having a secondary pivot arm, and a
      bell crank flexure pivot means operatively interconnecting said primary
      arm and said secondary arm together.
NUM  8.
PAR  8. A force balance transmitter as set forth in claim 7 and including a pair
      of flexure arms disposed at substantially a right angle relative to each
      other and respectively being interconnected to said primary arm and said
      secondary arm, said bell crank flexure pivot means interconnecting said
      flexure arms together.
NUM  9.
PAR  9. A force balance transmitter as set forth in claim 8 wherein the flexure
      arm interconnected to said primary arm forms part of a bias adjusting
      means.
NUM  10.
PAR  10. A force balance transmitter as set forth in claim 8 wherein another
      flexure arm is interconnected to said pair of flexure arms by said bell
      crank pivot means and substantially bisects the right angle thereof.
NUM  11.
PAR  11. A force balance transmitter as set forth in claim 8 wherein a pair of
      stops are respectively disposed adjacent said pair of flexure arms to
      limit movement thereof.
NUM  12.
PAR  12. A force balance transmitter as set forth in claim 8 wherein said
      primary arm and said secondary arm are respectively disposed substantially
      perpendicular to their respective flexure arms.
NUM  13.
PAR  13. A force balance transmitter as set forth in claim 8 wherein said
      primary arm has temperature compensating means carried thereby.
NUM  14.
PAR  14. A force balance transmitter as set forth in claim 8 wherein said
      primary arm is detachably secured to its respective flexure arm.
NUM  15.
PAR  15. A method of making a force balance transmitter comprising the steps of
      forming a base plate means with a substantially flat upper surface,
      detachably securing a primary unit to said surface of said base plate
      means, detachably securing a secondary unit to said surface of said base
      plate means, and operatively interconnecting a primary arm of said primary
      unit to a secondary arm of said secondary unit with a bell crank flexure
      pivot means.
NUM  16.
PAR  16. A method of making a force balance transmitter as set forth in claim 15
      and including the steps of interconnecting a pair of flexure arms
      respectively to said primary arm and said secondary arm, and
      interconnecting said flexure arms together at substantially a right angle
      relative to each other by said bell crank flexure pivot means.
NUM  17.
PAR  17. A method of making a force balance transmitter as set forth in claim 16
      and including the step of forming the flexure arm that is interconnected
      to said primary arm to be part of a bias adjusting means.
NUM  18.
PAR  18. A method of making a force balance transmitter as set forth in claim 16
      and including the step of interconnecting another flexure arm to said pair
      of flexure arms by said bell crank pivot means so that said other flexure
      arm substantially bisects the right angle thereof.
NUM  19.
PAR  19. A method of making a force balance transmitter as set forth in claim 16
      and including the step of disposing a pair of stops respectively adjacent
      said pair of flexure arms to limit movement thereof.
NUM  20.
PAR  20. A method of making a force balance transmitter as set forth in claim 16
      and including the step of disposing said primary arm and said secondary
      arm substantially perpendicular to their respective flexure arms.
NUM  21.
PAR  21. A method of making a force balance transmitter comprising the steps of
      forming a base means, securing a primary unit to said base means, securing
      a secondary unit to said base means, and operatively interconnecting a
      primary arm of said primary unit to a secondary arm of said secondary unit
      with a bell crank flexure pivot means.
NUM  22.
PAR  22. A method of making a force balance transmitter as set forth in claim 21
      and including the steps of interconnecting a pair of flexure arms
      respectively to said primary arm and said secondary arm, and
      interconnecting said flexure arms together at substantially a right angle
      relative to each other by said bell crank flexure pivot means.
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PAL  Dial gauge for measuring length in two different units, characterized in
      that a first gear and a second gear are mounted to rotate with a pinion
      which meshes with a spindle rack; a center pinion fixed to a first pointer
      meshes with said first gear; a pinion fixed to a second pointer meshes
      with said second gear; and the gear ratio between said center pinion
      fitted with the first pointer and said first gear is different from the
      gear ratio between said pinion fitted with the second pointer and said
      second gear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The conventional dial gauge indicates the measured displacement of the
      spindle in one unit on the dial. Therefore, for conversion of the measured
      result, say, from millimeters to inches, a conversion table has to be
      consulted and accordingly the calculation causes a considerable bother.
PAR  The present invention, in which the measured displacement of the spindle
      can be simultaneously indicated in two different units on the dial, can
      eliminate this trouble.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a dial gauge
      which can indicate the measured displacement of the spindle in two
      different units at the same time.
PAR  Another object of the present invention is to provide a high precision dial
      gauge equipped with a means for eliminating the backlash in the gear group
      rotated by the spindle.
PAR  Other objects of the present invention will become apparent from the
      following description of an embodiment of the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 shows the rear of a dial gauge which embodies the present invention,
      with the back plate removed.
PAR  FIG. 2 is an enlarged view of a section taken along the line II--II of in
      FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The spindle 1 is biased downward by a spring 17 stretched between the frame
      14 and the spindle 1. The pinion 2 meshing with the rack 1' of the spindle
      1 is rotatably supported between the dial gauge frame 14 and the
      supporting plate 15 screwed to said frame 14. The first gear wheel 3 is
      fastened to the shaft of the pinion 2, while the second gear wheel 4 is
      fastened to a portion of said shaft projecting from said frame 14. The
      shaft 11 to which the pinion 5 meshing with said first gear wheel 3 is
      fastened extends through said frame 14 and it is rotatably supported
      between said frame 14 and the supporting plate 15' screwed to said frame
      14. Meanwhile, a driven pinion 6 meshing with said second gear wheel 4 is
      rotatably mounted on said shaft 11; the dial plate 16 is attached on the
      outside of said frame 14; and the second pointer 12 is attached to said
      pinion 6, while the first pointer 13 is attached to said shaft 11.
PAR  The gear ratio between the first gear wheel 3 and the pinion 5 is made
      different from the gear ratio between the second gear wheel 4 and the
      drive pinion 6; and the number of teeth in the first gear wheel 3, the
      second gear wheel 4, the pinion 5 and the drive pinion 6 are appropriately
      determined.
PAR  On the other hand, a gear wheel 7 meshing with said pinion 5 is rotatably
      mounted on the shaft 11' supported between said supporting plate 15 and
      said frame 14; and a gear wheel 8 meshing with said pinion 6 is fastened
      to said shaft 11'.
PAR  A boss 7' adjacent said gear wheel 7 is fixed on said shaft 11'; a hair
      spring 10 is attached at its one end to said frame 14 and at its other end
      to said boss 7'; and the ends of a coil spring 9 stretched on the
      periphery of said shaft 11' between said gear wheel 7 and said boss 7' are
      respectively attached to said gear wheel 7 and said boss 7'.
PAR  Now suppose the spindle is displaced right or left in the figure. Then the
      pinion 2 will convert the linear movement of the spindle 1 to a rotational
      one, which is transmitted to the first gear wheel 3 and the second gear
      wheel 4. With rotation of said first and second gear wheels 3, 4, the
      pinion 5 and the drive pinion 6 respectively meshing with these gear
      wheels 3, 4 are rotated, whereby the displacement of the spindle 1 is
      indicated on the dial plate 16 by the first pointer 13 and the second
      pointer 12.
PAR  If the gear ratio between the first gear wheel 3 and the pinion 5 and the
      gear ratio between the second gear wheel 4 and the drive pinion 6 are
      appropriately determined, the displacement of the spindle 1 can be
      indicated by the two pointers 12, 13 on the dial plate 16 in two different
      units, say, in millimeters and in inches.
PAR  Meanwhile, in accordance with the rotation of said pinion 5 and said drive
      pinion 6, the gear wheels 7, 8 rotate against the hair spring 10 and the
      coil spring 9. Thereby the forces exerted by said hair spring 10 and said
      coil spring 9 which work against the rotation of said gear wheels 7, 8
      have the effect of eliminating the backlash in the engagement between the
      first gear wheel 3 and the pinion 5 and that between the second gear wheel
      4 and the drive pinion 6.
PAR  Such being the composition of the present invention, the present invention
      makes it possible to indicate the measured displacement of the spindle by
      the two pointers 12, 13 on the dial plate 16 in two different units of
      length, say, in inches and millimeters at the same time, or in inches and
      in an enlarged scale of said inches (say, five times), thereby dispensing
      with the bother of consulting a conversion table and improving the
      efficiency of measurement.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Dial guage for measuring length in units belonging to two different
      systems of measurement, said gauge comprising:
PA1  a frame,
PA1  a first shaft rotatably mounted in said frame and carrying a pinion fixed
      thereto,
PA1  a spindle mounted in said frame for longitudinal movement in dependence on
      the length to be measured and carrying a rack which meshes with said
      pinion,
PA1  first and second gears fixed to said first shaft to rotate with said
      pinion,
PA1  a second shaft mounted in said frame and carrying a first pointer,
PA1  a center pinion fixed to said second shaft and meshing with said first
      gear,
PA1  a drive pinion rotatably mounted on said second shaft, carrying a second
      pointer, and meshing with said second gear,
PA1  a dial carrying scales calibrated in units of said two different systems,
      with each scale cooperating with one of said pointers, and the gear ratios
      between the gears on said first shaft and the pinions on said second shaft
      bearing the same proportional relationship as the units of said two
      different systems, and
PA1  backlash eliminating means connected to resiliently resist rotation of one
      of said gears relative to said frame and rotation of the other of said
      gears relative to said one gear.
NUM  2.
PAR  2. Dial gauge of claim 1, wherein said backlash-eliminating means consists
      of a spring-biased shaft (11'); a gear (7) rotatably supported on said
      shaft, connected to said shaft by a spring, and meshing with the center
      pinion; and a gear (8) fitted to said shaft and meshing with said drive
      pinion.
NUM  3.
PAR  3. A dial gauge as claimed in claim 1, wherein said backlash eliminating
      means comprises two additional gears which mesh with said center pinion
      and said drive pinion respectively, and are coaxially and rotatably
      supported on a third shaft, while a boss fixed on said third shaft and one
      of said additional gears are connectecd by a coil spring and one end of a
      helical hair spring is attached to the frame of the dial gauge while the
      other end of said hair spring is attached to said boss.
NUM  4.
PAR  4. A dial gauge as claimed in claim 3, in which the ratio between the
      number of teeth on said additional gears and the pinions which they engage
      is the same as that between said first and second gears and the pinions
      which they engage.
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ABST
PAL  A motor of a vibration generator has a rotary output shaft whose
      revolutions are variable and include a range of revolutions having a lower
      and an upper limit. A first element constitutes a first imbalanced mass
      and is fixedly mounted on the output shaft for rotation with the same. A
      second C-shaped element constitutes a second imbalanced mass and straddles
      the first element and the output shaft, being displaceable relative
      thereto under the influence of centrifugal force in direction
      substantially radially outwardly away from the shaft to a series of
      positions in each of which the generator produces usable vibrations of a
      different magnitude. Elastomeric bodies are interposed between and connect
      the first and second elements with one another, serving to yieldably
      restrain the second element against displacement to the positions of the
      aforementioned series while the revolutions of the output shaft are below
      the lower limit of the range of revolutions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a vibration generator and more
      particularly to a vibration generator which is especially, but not
      exclusively, suitable for use with vibratory conveyors and vibratory
      screens.
PAR  It is known to provide vibration generators of this general type where a
      first imbalanced mass is mounted on the output shaft of a motor for
      rotation with this output shaft, and a second imbalanced mass rotates with
      the first mass and is shiftable radially away from the output shaft under
      the influence of centrifugal force and against the force of prestressed
      springs. Both the first and the second imbalanced mass are in form of
      relatively massive steel members, and the second imbalanced mass is guided
      by four bolts which are strongly enough dimensioned so as to be able to
      reliably withstand the relatively high forces which develop in the
      operation of the vibration generator.
PAR  This prior-art construction has certain disadvantages. Because of the
      rather massive construction of the various involved components, the
      necessity for providing the springs and necessity for providing the guide
      bolts, which all also add to the total mass to be accelerated, this total
      mass is rather large so that the electromotor which drives the generator
      must overcome a large starting moment, thus making it necessary that a
      motor be used having a high starting torque and which is correspondingly
      expensive. An additional disadvantage of this prior-art construction
      resides in the fact that the guide bolts which guide the second imbalanced
      mass during its movements relative to the rotary shaft are subject to
      quite significant wear, so that over a period of time undesirable noises
      will develop during the operation of the vibration generator. Moreover,
      these guide bolts must of course be frequently lubricated.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of this invention to avoid the disadvantages of the
      prior art.
PAR  More particularly, it is an object of this invention to provide an improved
      vibration generator which is particularly, but not exclusively, suitable
      for use in powering vibratory conveyors and screens, and which does not
      possess the aforementioned disadvantages.
PAR  A more particular object of the invention is to provide such a novel
      vibration generator which is at least equally as effective as those known
      from the prior art, but offers a much smaller starting moment and thus
      makes it possible to use a less powerful and less expensive motor.
PAR  A further object of the invention is to provide such a vibration generator
      which in operation is substantially less noisy than the prior-art ones.
PAR  In addition, it is an object of the invention to provide such a vibration
      generator which requires no lubrication.
PAR  In keeping with these objects and with others which will become apparent
      hereafter, one feature of the invention resides in a vibration generator,
      particularly for vibratory conveyors and screens, which comprises a motor
      having a rotary output shaft whose revolutions are variable and include a
      range of revolutions having a lower and an upper limit. A first element
      constitutes a first imbalanced mass and is fixedly mounted on the output
      shaft for rotation with the same. A second element constitutes a second
      imbalanced mass and is proximal to the first element, being displaceable
      relative to the same under the influence of centrifugal force in direction
      substantially radially outwardly from the shaft to a series of positions
      in each of which the generator produces usable vibrations of a different
      magnitude. Elastomeric means connects the elements with one another and is
      operative for yieldably restraining the second element against
      displacement to the aforementioned positions thereof while the revolutions
      of the output shaft are below the aforementioned lower limit.
PAR  The thus briefly characterized vibration generator of the present invention
      has a relatively small total mass that is to be accelerated, and therefore
      offers a reduced starting moment and makes it possible to employ an
      electromotor that can be less powerful than those required in the
      prior-art generators. There is no lubrication required of the moveable
      components at any time, and because the displaceable second element has no
      play during its displacement, and no guide components are provided which
      guide it for its movement and can be subjected to wear, the novel
      vibration generator operates very quietly.
PAR  It is particularly advantageous if the first element constituting the first
      imbalanced mass is configurated as an essentially wedge-shaped member
      having a tip and a rear end portion which is formed at the rearward end of
      its inclined wedge-shaped flanking surfaces with a bore into which the
      output shaft of the motor extends, and to the flanking surfaces of which
      there are vulcanized mirror-symmetrical rubber bodies which in turn are
      straddled -- as are the first element and the output shaft of the motor --
      by the substantially C-shaped second element.
PAR  The novel features which are considered as characteristic for the
      inventionn are set forth in particular in the appended claims. The
      invention itself, however, both as to its construction and its method of
      operation, together with additional objects and advantages thereof, will
      be best understood from the following description of specific embodiments
      when read in connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1A is a vertical section through the vibration-producing components of
      the novel vibration generator according to one embodiment of the
      invention, showing the generator at rest;
PAR  FIG. 1B is a view similar to FIG. 1A, but showing the vibration generator
      rotating at maximum speed;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1A;
PAR  FIG. 3 is a diagrammatic side view of the generator in FIG. 1A, showing a
      drive motor and a control device for the same;
PAR  FIG. 4 is a top-plan view of one of the elements in FIG. 1A;
PAR  FIG. 5 is a perspective view of three other of the elements in FIG. 1A;
PAR  FIG. 6 is a view analogous to FIG. 1A, but illustrating a different
      embodiment of the invention and showing that embodiment in rest position
      at the right-hand side of FIG. 7, and in a condition of maximum rotational
      speed at the left-hand side of that Figure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-5 illustrate one embodiment of the invention. The vibration
      generator according to this embodiment is driven in rotation by the
      diagrammatically illustrated electromotor M (FIG. 3) having the rotary
      output shaft 1. The electromotor may for example be an asynchronous
      three-phase motor. Mounted on the output shaft 1 for rotation therewith is
      a first imbalanced mass 2 in form of an essentially wedge-shaped first
      element 3. In cross-section the element 3 resembles an arrowhead or the
      like and it is provided with a tip and with a pair of lateral flanking
      surfaces 4, 5 which converge towards one another and towards the tip in
      the direction from a rear end portion of the element 3. The surfaces 4, 5
      are formed with a plurality of grooves, as suggested by the broken lines
      in FIG. 1A, and these grooves also extend in the direction from the rear
      end portion of the element 3 towards the tip thereof. This provides for an
      increase in the surface area of the flanking surface 4, 5 which is
      desirable to be able to more firmly vulcanize to these flanking surfaces
      4, 5 respective elastomeric (e.g. rubber) members 6, 7. The members 6, 7
      are unstressed when the device is standing still and, as shown in FIG. 1A
      which shows the device in that condition, the members 6, 7 approximately
      have the form of squares with two parallel inclined sides.
PAR  It is clear from the drawing that the members 6, 7 are arranged
      symmetrically with reference to one another. They, and the member 3 which
      is provided in the region where the flanking surfaces 4, 5 merge with the
      rear portion of the member 3 or their bore extending transversely to the
      member 3 and wherein the shaft 1 is anchored, are straddled by a second
      imbalanced mass 8 in the form of an essentially plate-shaped member 9
      having a more or less C-shaped configuration. The element 3 and the
      members 6, 7 are located in the cutout of the C-shaped element 9 and are
      bounded at the lateral sides by arms 10, 11 of the element 9. The arms 10,
      11 converge towards one another in the direction of the tip of the element
      3 and have inwardly facing surfaces 12, 13 which are also in engagement
      with and vulcanized to the members 6, 7. The surfaces 12, 13 are also
      provided with waves or grooves, that is they are corrugated just as the
      flanking surfaces 4, 5 except that the corrugations on the surfaces 12, 13
      extend in substantial parallelism with the axis of rotation of the shaft
      1, that is substantially normal to the elongation of the corrugations on
      the flanking surfaces 4, 5. The purpose of the corrugations on the
      surfaces 12, 13 is the same as of those on the flanking surfaces 4, 5,
      namely to increase the available surface area to which the members 6, 7
      can be vulcanized.
PAR  The element 9 is further provided with a groove-like central channel 14
      into which the rear end portion of the element 3 extends centrally and
      with spacing. The side faces bounding the channel 14 are slightly inclined
      so that the channel 14 diverges somewhat in the direction towards the tip
      of the element 3, and the rear end portion of the element 3 which is
      located intermediate these side faces of the channel 14 has outer surfaces
      having an inclination similar to that of the surfaces of the channel 14
      with which they are juxtaposed. The gaps which thus exist between the
      faces bounding the passage 14 and the outer side faces of the rear end
      portion of the element 3 are filled by extensions 15, 16 of the members 6,
      7, as long as the generator is in stationary position. It should be noted
      that while there is engagement between the extensions 15, 16 and the
      inwardly facing surfaces bounding the passage 14, there is no bond or
      other connection between them so that they can become disengaged when the
      generator is in operation, as shown in FIG. 1B.
PAR  It is advantageous that the element 3 be made of aluminum to thereby reduce
      its weight and the required starting moment for the motor M, whereas the
      element 9 having the arms 10, 11 is advantageously of steel.
PAR  The rear end portion of the element 3 is formed with a tapped bore into
      which there is threaded a cylinder head screw 18 which passes through a
      bore 17 of the element 9 that is large enough to afford clearance. A
      sleeve 19 is provided and the screw 18 is drawn down and tensioned against
      the sleeve 19. The screw 18 holds an abutment 21 which is preferably
      provided with a member 20 of cushioning material, such as synthetic
      plastic foam material or the like, and the purpose of the members 20 and
      21 is to limit the possibility of radial displacement of the element 9
      relative to the shaft 1, as indicated in FIG. 1B which illustrates the
      device of FIG. 1A in the condition which the various elements will assume
      when the shaft 1 rotates at the highest operational speed. Because of the
      engagement of the member 20 with the element 9, the member 20 is
      resiliently deformed as shown in FIG. 1B.
PAR  The members 6, 7 are connected with one another by a strip or portion 22
      which is advantageously of one-piece with them and which extends about the
      tip of the element 3. The element 3 is provided with a plurality of
      transverse bores 23 which are filled by the material of the members 6, 7,
      as indicated in FIG. 2.
PAR  For better understanding FIG. 4 shows a top-plan view of the element 9,
      FIG. 5 a perspective view of the elements 3, 6, 7.
PAR  When the device of FIGS. 1-5 stands still, that is when the shaft 1 is not
      turning so that the device is in the position shown in FIG. 1A, the common
      center of gravity of the element 9 and of the members 6, 7 is located
      outwardly spaced from the axis of rotation of the shaft 1 on the symmetry
      axis of the device. As soon as the electromotor M is energized and the
      shaft 1 begins to turn, a centrifugal force acting upon this common center
      of gravity begins to shift the element 9 radially outwardly. As this takes
      place, the members 6, 7 are subject to thrust forces and also, because of
      the wedge-shaped configuration of the element 3 and the fact that the
      inner surfaces 12, 13 extend in parallelism with the flanking surfaces 4,
      5, also to a certain amount of pressure. As a result of this, the members
      6, 7 deform and exert sufficient restraining force upon the element 9 to
      maintain the latter in a radial position relative to the shaft 1 -- until
      such time as the lower limit of the range of revolutions of the adjustable
      motor M has been reached -- in which the vibrations and accelerations
      produced by the imbalanced masses 2, 4 are below the level of 1 g (1
      gravity) which is necessary to produce vibrations that are usable in the
      sense that they will operate such components as vibratory conveyors or the
      like. When the number of revolutions of the shaft 1 reaches or moves
      upwardly beyond this aforementioned lower limit, the accelerations
      produced by the imbalanced masses exceed the 1 g value, so that now usable
      vibrations are being produced.
PAR  Since for every number of revolutions of the device within the range of
      revolutions within which the output shaft 1 and the motor M can be
      adjusted, a balance will develop between the restraining force exerted
      upon the element 9 by the members 6, 7 and on the other hand the
      centrifugal force developed by the element 9, different numbers of
      revolutions within the aforementioned range of revolutions will produce a
      different radially outward spacing of the element 9 relative to the axis
      of rotation of the shaft 1, and, hence, a different magnitude of
      vibration. The maximum number of revolutions, and hence the maximum
      vibrations that can be produced, are developed when the element 9 has
      assumed the position illustrated in FIG. 1B in which it engages the
      cushioning member 20 on the abutment 21.
PAR  The purpose of the extensions 15, 16 is to dampen or even make impossible
      transverse vibrations, noises and possibly damage which might occur
      otherwise during starting-up and braking of the device according to the
      invention. The purpose of the portion 22 which connects the members 6, 7
      is to prevent the development of hairline cracks where the members 6, 7
      are vulcanized to the tip of the element 3. In the absence of the portion
      22 such hair-line cracks might otherwise occur because of stresses
      developing in that area, leading to a separation of the members 6, 7 from
      the flanking surfaces 4, 5 of the element 3 and to a decrease in the
      lifetime of the device.
PAR  The screw 18 is advantageously somewhat yieldable in its longitudinal
      direction and therefore can be of lightweight construction, being capable
      of yieldably absorbing stresses resulting from engagement of the element 9
      with the abutment 21. This lightweight construction contributes to the
      possibility of making the element 3 of small weight, and a small moment of
      imbalance.
PAR  The transverse bores or passages 23 in the element 3 evidently improve the
      firmness of connection of the members 6, 7 with the element 3, since the
      material of the members 6, 7 (which might be formed in liquid state while
      the element 3 is immersed into the liquid material to facilitate the
      penetration thereof into the bores 23) enters into these bores. On the
      other hand, the bores 23 have also been found to be very advantageous
      during such manufacture and vulcanization since the not yet fully
      vulcanized rubber mass of the members 6, 7 which is subject to significant
      pressure can flow through the bores 23 from one to the other side of the
      element 3 so that a pressure equalization will occur between the spaces in
      which the members 6 and 7 are being formed.
PAR  FIG. 6, finally, shows a further embodiment of the invention which
      essentially corresponds to the embodiment in FIGS. 1-5. Since the basic
      construction of the novel generator will already be readily understood
      from FIGS. 1-5, FIG. 6 combines the showings of FIGS. 1A and 1B in a
      single Figure, showing at the right-hand side the condition of the device
      when it is at rest, and at the left-hand side the condition of the device
      when it is being rotated at maximum revolutions.
PAR  The embodiment of FIG. 6 is constructed for a substantially greater range
      of usable vibrations, and hence the mass ratios are different as compared
      to the embodiment of FIGS. 1-5. The second imbalanced mass is here
      identified with reference numeral 28 and in form of a substantially
      plate-shaped element 29. Particularly the thickness of the element 29 is
      substantially smaller than its other dimensions, by comparison with the
      element 9 in FIGS. 1-5. By contrast, the mass and dimensions of the
      elastomeric (e.g. rubber) members 26, 27 is substantially greater than
      that of the members 6, 7 in FIGS. 1-5. In addition, the members 26, 27 are
      formed on their free edge faces which are remote from the closed side of
      the cut-out in the element 29, with a pair of grooves of semi-circular
      cross-section which are identified with reference numerals 30 and 31 and
      are located at opposite sides of the tip of the first imbalanced mass 3.
      The purpose of the grooves or kerfs 30, 31 which extend parallel to the
      axis of rotation of the shaft 1, is to serve as a relief for stresses
      which occur at the free edges of the members 26, 27. It will be
      appreciated that the kerfs 30, 31 have the cross-sectional configuration
      shown for the kerf 31 when the device is standing still, but will due to
      the deformation of the members 26, 27 assume the configuration shown for
      the kerf 30 (left-hand side of FIG. 6) when the device rotates at maximum
      revolutions. To obtain a desired mass ratio, material can be removed from
      the second imbalanced mass 33 by forming a relief bore 34 therein, for
      example of the essentially oval configuration that is illustrated. In all
      other respects, the embodiment of FIG. 6 corresponds to that of FIGS. 1-5.
PAR  It is particularly advantageous if two pairs of the first and second
      imbalanced masses are mounted on one and the same output shaft of an
      electromotor, because this increases the effectiveness of the vibration
      generator In such a case it has been found advantageous in terms of
      regulating the revolutions of the motor if an electronic control device is
      used to control the operation of the motor M. Such a control device is
      well known in the art and is diagrammatically illustrated in FIG. 3 where
      it is designated with reference characters CM. This control device will
      have an arrangement which upon energization of the electromotor M will
      automatically and for a brief period of time increase the applied voltage
      to the maximum value of, for example 380 volts. The purpose of this is to
      obtain a reliable synchronization of the two sets of imbalanced masses
      each composed of a first and a second imbalanced mass. This reliably
      prevents the possibility that the two sets might become synchronized in
      their operation at a 90.degree. offset rather than a 180.degree. offset,
      which would lead to the development of vibrations acting in a direction
      transverse to the direction in which they are intended to act.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      vibration generator, it is not intended to be limited to the details
      shown, since various modifications and structural changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. Vibration generator, particularly for vibratory cconveyors and screens,
      comprising a shaft having an axis; means for rotating said shaft about
      said axis at variable angular speeds within a lower and a higher range of
      speeds and including a motor; a first element fixedly mounted on said
      shaft for rotation therewith and imbalanced with respect to said axis; a
      second element also imbalanced with respect to said axis and displaceable
      substantially radially outwardly from said shaft and proximally to said
      first element under the influence of centrifugal forces to a series of
      positions in each of which said generator produces vibrations of a
      different magnitude; and elastomeric means for connecting said elements
      with one another and for yieldably restraining said second element against
      displacement to said positions while the angular speed of said shaft is
      within said lower range.
NUM  2.
PAR  2. Vibration generator as defined in claim 1, wherein said elastomeric
      means comprises at least one rubber body.
NUM  3.
PAR  3. Vibration generator as defined in claim 1, wherein said motor is an
      asynchronous three-phase motor.
NUM  4.
PAR  4. Vibration generator as defined in claim 1, wherein said elastomeric
      means is in unstressed condition when said output shaft is standing still.
NUM  5.
PAR  5. Vibration generator as defined in claim 1, wherein said first element is
      an elongated wedge-shaped body having a tip and an end portion remote from
      said tip, said end portion being provided with a bore in which said shaft
      is received and said wedge-shaped body having flanking surfaces which
      converge from said end portion towards said tip.
NUM  6.
PAR  6. Vibration generator as defined in claim 5, wherein said second element
      is of substantially C-shaped outline and formed with a cut-out which
      straddles said shaft and wherein first element is received with clearance.
NUM  7.
PAR  7. Vibration generator as defined in claim 1; further comprising fastener
      means threaded into said first element and projecting transversely from
      said shaft; and abutment means carried by said fastener means spaced from
      said shaft and first element and positioned for engaging said second
      element and limiting the displacement of the latter to prevent such
      displacement beyond the positions of said series.
NUM  8.
PAR  8. Vibration generator as defined in claim 1, wherein said second element
      is formed with a cutout in which said first element and elastomeric means
      are substantially received so as to be straddled by said second element;
      and wherein said elastomeric means has an edge region located at an open
      side of said cutout and formed with at least one kerf of semi-circular
      cross-section which extends substantially parallel to the axis of rotation
      of said shaft.
NUM  9.
PAR  9. Vibration generator as defined in claim 1, wherein said second element
      and said elastomeric means have a common center of gravity when said shaft
      is standing still, and wherein said common center of gravity is outwardly
      spaced from said shaft.
NUM  10.
PAR  10. Vibration generator as defined in claim 1, wherein said first element
      is of aluminum and said second element is of steel.
NUM  11.
PAR  11. Vibration generator as defined in claim 1, wherein said motor is an
      asynchronous three-phase motor having at a maximum nominal voltage when
      said shaft is to perform maximum revolutions; and further comprising
      electronic control means for briefly operating said motor at said maximum
      voltage in automatic response to energization of said motor.
NUM  12.
PAR  12. Vibration generator, particularly for vibratory conveyors and screens,
      comprising a motor having a rotary output shaft whose revolutions are
      variable and include a range of revolutions having a lower and an upper
      limit; a first element, constituting a first imbalanced mass, fixedly
      mounted on said output shaft for rotation therewith and including an
      elongated wedge-shaped body having a tip and an end portion remote from
      said tip said end portion being provided with a bore in which said output
      shaft is received and said wedge-shaped body having flanking surfaces
      which converge from said end portion toward said tip; a second element,
      constituting a second imbalanced mass, proximal to said first element and
      being displaceable relative to the same under the influence of centrifugal
      forces in direction substantially radially outwardly from said shaft to a
      series of positions in each of which said generator produces usable
      vibrations of a different magnitude, said second element being of
      substantially C-shaped outline and formed with cut-out which straddles
      said output shaft and in which said first element is received with
      clearance; and elastomeric means connecting said elements with one another
      and operative for yieldably restraining said second element against
      displacement to said positions while the revolutions of said output shaft
      are below said lower limit.
NUM  13.
PAR  13. Vibration generator as defined in claim 12, wherein said elastomeric
      means comprises a pair of elastomeric members which are mirror-symmetrical
      with reference to one another and received in said clearance at
      diametrically opposite sides of said first element, said elastomeric
      members each being vulcanized to one of said flanking surfaces and
      embraced by said second element.
NUM  14.
PAR  14. Vibration generator as defined in claim 13, wherein said second element
      is substantially plate-shaped and has a pair of arms partially bounding
      said cut-out and each having an inwardly directed face, said faces being
      inclined towards one another in direction towards said tip and each
      extending parallel to one of said flanking surfaces; and wherein each of
      said elastomeric members is also vulcanized to a respectively adjacent one
      of said faces.
NUM  15.
PAR  15. Vibration generator as defined in claim 14, wherein said second element
      has a transverse portion extending across an inner closed end of said
      cut-out and formed with a central passage which communicates with said
      cut-out and is bounded by side faces; and wherein said end portion is
      centrally located with spacing in said passage and has outer faces which
      each parallel one of said side faces.
NUM  16.
PAR  16. Vibration generator as defined in claim 15, wherein said elastomeric
      members include portions which extend into and fill the space between said
      outer faces and side faces.
NUM  17.
PAR  17. Vibration generator as defined in claim 14, wherein said flanking
      surfaces and said inwardly directed faces are formed with wavy
      corrugations.
NUM  18.
PAR  18. Vibration generator as defined in claim 17, wherein the corrugations on
      said inwardly directed faces extend parallel to the axis of rotation of
      said shaft, and the corrugations on said flanking surfaces extend normal
      to the axis of rotation of said shaft.
NUM  19.
PAR  19. Vibration generator as defined in claim 13, wherein said elastomeric
      means further comprises a strip of elastomeric material of one piece with
      both of said elastomeric members and overlying said tip of said first
      element.
NUM  20.
PAR  20. Vibration generator as defined in claim 13, wherein said first element
      is formed with passages extending inwardly of the respective flanking
      surfaces, and wherein said passages are at least partly filled with the
      material of the respective elastomeric members.
NUM  21.
PAR  21. Vibration generator, particularly for vibratory conveyors and screens,
      comprising a motor having a rotary output shaft whose revolutions are
      variable and include a range of revolutions having a lower and an upper
      limit; a first elment, constituting a first imbalanced mass, fixedly
      mounted on said output shaft for rotation therewith; a second element,
      constituting a second imbalanced mass, proximal to said first element and
      being displaceable relative to the same under the influence of centrifugal
      forces in direction substantially radially outwardly from said shaft to a
      series of positions in each of which said generator produces usable
      vibration of a different magnitude; elastomeric means connecting said
      elements with one another and operative for yieldably restraining said
      second element against displacement to said positions while the
      revolutions of said output shaft are below said lower limit; fastener
      means threaded into said first element and projecting transversely from
      said shaft; and abutment means carried by said fastener means spaced from
      said shaft and first element and positioned for engaging said second
      element and limiting the displacement of the latter to prevent such
      displacement beyond the positions of said series.
NUM  22.
PAR  22. Vibration generator as defined in claim 21, said abutment means
      comprising a cushioning portion positioned for engagement by said second
      element so as to cushion such engagement.
NUM  23.
PAR  23. Vibration generator as defined in claim 21, wherein said fastener means
      comprises a sleeve extending from and abutting said first element, and a
      screw threaded through said sleeve into said first element.
NUM  24.
PAR  24. Vibration generator, particularly for vibratory conveyors and screens,
      comprising a motor having a rotary output shaft whose revolutions are
      variable and include a range of revolutions having a lower and an upper
      limit; a first element, constituting a first imbalanced mass, fixedly
      mounted on said output shaft for rotation therewith; a second element,
      constituting a second imbalanced mass, formed with the cutout in which
      said first element is substantially received so as to be straddled by said
      second element proximal thereto and being displaceable relative to said
      first element under the influence of centrifugal forces in direction
      substantially radially outwardly from said shaft to a series of positions
      in each of which said generator produces usable vibrations of a different
      magnitude; and elastomeric means substantially received in said cutout and
      straddled by said second element and operative for connecting said
      elements with one another and for yieldably restraining said second
      element against displacement to said positions while the revolutions of
      said output shaft are below said lower limit, said elastomeric means
      having an edge region located at an open side of said cutout and formed
      with at least one kerf of semi-circular cross section which extends
      substantially paralle to the axis of rotation of said shaft.
NUM  25.
PAR  25. Vibration generator, particularly for vibratory conveyors and screens,
      comprising a motor having a rotary output shaft whose revolutions are
      variable and include a range of revolutions having a lower and an upper
      limit; a first element, constituting a first imbalanced mass, fixedly
      mounted on said output shaft for rotation therewith; a second element,
      constituting a second imbalanced mass, proximal to said first element and
      being displaceable relative to the same under the influence of centrifugal
      forces in direction substantially radially outwardly from said shaft to a
      series of positions in each of which said generator produces vibrations of
      a different magnitude, said second element having a center of gravity
      outwardly spaced from said shaft; and elastomeric means connecting said
      elements which one another and operative for yieldably restraining said
      second element against displacement to said positions while the revolution
      of said output shaft are below said lower limit, said elastomeric means
      also having a center of gravity coinciding with said center of gravity of
      said second element when said shaft is standing still.
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ABST
PAL  An improved actuator assembly of the type for use in a boat to convert
      rotary motion to rectilinear motion for moving a motion transmitting core
      element to rotate an outboard motor or the like for steering the boat. The
      improved actuator includes a rack and pinion assembly with a housing
      surrounding the rack and pinion. The housing supports the pinion for
      rotation about an axis and supports the rack for movement tangentially of
      the pinion. The housing extends from the axis farther in one direction
      than in the other direction. There is also included a shaft housing
      adapted to be mounted on a bulkhead in a boat and the housing may be
      disposed with either of its sides connected to the shaft housing whereby
      the housing may be disposed so that the short end extends in either
      direction from the axis of rotation of the pinion without dismantling the
      housing and rack and pinion assembly.
BSUM
PAR  This invention relates to an actuator assembly of the type utilized in a
      steering system in a boat whereby the rotary motion imparted to the
      steering wheel is converted to rectilinear motion for rotating the
      propulsion unit of the boat for steering the boat.
PAR  Rack and pinion actuators are known to convert the rotary motion of a
      steering wheel in a boat to rectilinear movement for rotating the
      propulsion unit. The prior art units have, however, been symmetrical about
      a central axis so that the housing extends from the axis of rotation of
      the pinion an equal distance in either direction. The reason for this
      configuration is that the rack may be necessarily moved to the right as
      viewed by the operator of the boat to effect a right turn in one
      configuration whereas in another configuration, the rack may be
      necessarily moved to the left to effect a right turn. More specifically,
      the rack is normally moved upon rotation of the pinion and is connected to
      a flexible motion transmitting core element which is supported in a guide
      conduit and extends to an attachment to the propulsion unit of the boat.
      Such an arrangement is schematically illustrated in FIGS. 9 and 10 of the
      subject application. In FIG. 9 in solid lines, the actuator A operates a
      core element which is attached to a propulsion unit or motor M forward of
      the axis of rotation of the motor so that to effect a right turn of the
      boat as the steering wheel is rotated clockwise the core element must be
      pulled in the direction of the arrow. Thus, the rack must be disposed
      above the pinion in the configuration shown in solid lines in FIG. 9. In
      the configuration shown in phantom lines in FIG. 9, the rack must also be
      disposed above the pinion to effect a right turn as the core element must
      be pushed or placed in compression during the right turn. In FIG. 10, the
      core element is attached rearwardly of the axis of rotation of the motor M
      and, therefore, as illustrated in full lines, the core element must be
      pushed or placed in compression to effect a right turn. This necessarily
      requires the rack to be below the pinion to effect a right turn as the
      steering wheel W is rotated clockwise. Thus, it will be noted that when
      the actuator is in the position illustrated in full lines in FIG. 9 where
      the rack is above the pinion, the guide conduit for the core element
      enters into the actuator at the left end of the housing; yet when in the
      position illustrated in phantom in FIG. 9 where the rack is also above the
      pinion, the guide for the core element must enter the actuator housing
      from the right-hand end. Thus, for a given actuator to accommodate both of
      these situations, it must be capable of being disassembled and
      accommodating the guide conduit for the core into either end of the
      assembly.
PAR  It will also be appreciated that to obtain the necessary stroke in the
      movement of the rack in either direction, the housing must extend an equal
      distance in opposite directions from the axis of rotation of the pinion to
      allow the rack to move an equal distance in either direction from the axis
      of rotation to accommodate either push or pull movement of the core
      element for a turn in a given direction. Thus, since push or pull movement
      of the core element may be required for a right- or left-hand turn,
      depending upon the place of attachment of core element to the propulsion
      unit, the housing must necessarily extend an equal distance in both
      directions from the axis of rotation of the pinion to accommodate either
      of these requirements.
PAR  The dismantling of an actuator assembly by the user to insert the guide
      conduit for the core element into the desired end of the actuator assembly
      is, indeed, very unsatisfactory. It will be appreciated that such a
      dismantling of an actuator assembly subjects the assembly to malfunction
      and, indeed, presents warranty problems to the manufacturer of actuator
      assemblies. Also, there are numerous situations in a boat configuration
      where the space limitations are such that the stroke length necessary
      prohibits the use of such rack and pinion actuators because they are too
      long to fit in the space provided. In such situations, other types of
      actuators are utilized.
PAR  Accordingly, it is an object and feature of this invention to provide an
      improved actuator assembly including a rack, a pinion engaging the rack
      for moving the rack, a housing surrounding and rack and pinion for
      supporting the pinion for rotation about an axis and supporting the rack
      for movement tangentially of the pinion with the housing extending from
      the axis of the pinion in one direction farther than the other, with the
      longest length from the axis being determined by the required stroke so
      that the assembly may fit in smaller spaces than heretofore known rack and
      pinion actuator assemblies.
PAR  In correlation with the foregoing object and feature, it is another object
      and feature of this invention to include in the assembly a mounting means
      for attachment to a support structure with the housing being connectable
      to the mounting means at either side of the housing so that the housing
      may be disposed with the short extension in the proper position regardless
      of the steering requirement.
DRWD
PAR  Other objects and attendant advantages of the present invention will be
      readily appreciated as the same becomes better understood by reference to
      the following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a plan view showing the actuator assembly of the instant
      invention disposed in a boat;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of the actuator
      assembly of the instant invention as it is attached to a support
      structure;
PAR  FIG. 3 is an enlarged view taken along line 3--3 of FIG. 1 with the
      actuator assembly partially broken away and in cross section;
PAR  FIG. 4 is a cross-sectional view taken substantially along line 4--4 of
      FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken substantially along line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a fragmentary cross-sectional view taken substantially along line
      6--6 of FIG. 4;
PAR  FIG. 7 is a cross-sectional view taken substantially along line 7--7 of
      FIG. 3; and
PAR  FIG. 8 is a view showing the actuator assembly mounted on a bulkhead at an
      angle other than perepndicular;
PAR  FIG. 9 is a schematic view showing the actuator assembly in left and right
      positions when the control cable is attached forwardly of the rotational
      axis of the outboard engine; and
PAR  FIG. 10 is a schematic view showing the actuator assembly in left and right
      positions when the control cable is attached rearwardly of the rotational
      axis at the outboard engine.
DETD
PAR  Referring now to the drawings wherein like numerals indicate like parts
      throughout the several views, an improved actuator assembly constructed in
      accordance with the instant invention is generally shown at 10. The
      actuator assembly 10 is connected to a conduit 12 which movably supports
      therewithin a flexible motion transmitting core element 14. The core
      element 14 is connected to a slidable rod 16, which in turn has a
      connection, generally indicated at 18, adapted for connection to the
      propulsion unit of the boat. The propulsion unit being an outboard motor
      or an inboard-outboard motor. A steering wheel 20 is attached to the
      actuator assembly 10 and the actuator assembly 10 converts the rotary
      motion imparted to the steering wheel 20 to rectilinear motion for moving
      a core element 14 for rotating the propulsion unit, the propulsion unit
      being connected to the connector 18. As alluded to hereinbefore, the
      connector 18 may be attached to one side of the axis of rotation of the
      propulsion unit whereby the core element 14 will be pushed or pulled in
      one direction whereas, if the connector 18 is attached on the opposite
      side of the axis of rotation of the propulsion unit, the core element will
      be necessarily pushed or pulled in the opposite direction.
PAR  The actuator assembly 10 includes a rack 22 which includes a plurality of
      teeth 24. A pinion 26 includes a plurality of teeth 28 and engages the
      rack 22 for moving the rack rectilinearly. A rack and pinion housing
      generally indicated at 30 supports and surrounds the rack 22 and pinion 26
      and supports the pinion 26 for rotation about an axis 32. The housing 30
      also supports the rack 22 for movement tangentially of the pinion 26. As
      best illustrated in FIG. 7, the housing 30 comprises two halves 30' and
      30".
PAR  As best illustrated in FIGS. 1 and 3, the housing 30 extends from the axis
      32 of the pinion 26 in one direction farther than in the other direction.
      In other words, the housing 30 has a first end generally indicated at 34
      which is disposed farther away from the axis 32 than the other end
      generally indicated at 36.
PAR  The assembly 10 also includes a mounting means, generally indicated at 38
      in FIGS. 1 and 2, for attachment to a support structure such as the
      bulkhead 40. The housing 30 is connectable to the mounting means 38 at
      either side of the housing. More specifically, there is included
      connection means for connecting the housing 30 to the mounting means 38
      while maintaining the housing 30 in a fixed position relative to the
      mounting means 38. The connection means includes the irregularities
      comprising serrations generally indicated at 42 and 44 disposed on a
      circle (as best viewed in FIG. 3) about the axis 32 on the exterior of the
      sides of the housing 30. The mounting means 38 includes coacting
      irregularities comprising serrations generally indicated at 46 for
      coacting with the serrations 42 or 44 on the housing 30. That is, the
      housing 30 may be disposed with the serrations 44 in engagement with the
      serrations 46, as illustrated, or may be rotated 180 degrees about its
      longitudinal axis whereby the serrations 42 will be disposed in engagement
      with the serrations 46 on the mounting means 38. If the serrations 42 on
      the housing 30 are placed in engagement with the serrations 46 on the
      mounting means 38, the rack 22 would move in the opposite direction for
      the same turning direction of the steering wheel 20. Thus, the rack 22 may
      be moved in either direction for a given direction of rotation of the
      steering wheel 20 by rotating the housing 180 degrees about its
      longitudinal axis so that the short end of the housing 30 is always
      disposed so as to extend in the same direction relative to the steering
      wheel 20.
PAR  In rotating the housing 30 180.degree. about its longitudinal axis, the
      snap ring 48 would be moved from one side of the housing 30 to the other
      as the pinion 26 would be shifted longitudinally of its axis to protrude
      from the side of the housing engaging the mounting means 38.
PAR  A pair of bearing members 49 rotatably support the pinion 26 in the rack
      and pinion housing 30. The bearings 49 are preferably nonrotatable
      relative to the pinion 26 and rotate relative to the housing 30.
PAR  The connection means further includes a pair of bolts 50 which extend
      through the housing 30 and a clamping plate 52 interconnecting the housing
      30 and the mounting means 38. More specifically, the housing 30 includes
      the projections 54 on each side thereof and the mounting means 38 includes
      a shoulder 56 against which the clamping plate 52 bears. The projections
      54 on the housing 30 apply the clamping force evenly over the coacting
      serrations on the housing 30 and the mounting means 38.
PAR  It will be understood, of course, that the housing 30 may be rotated
      relative to the mounting means 38 and secured in position by the
      tightening of the bolts 50 so that the longitudinal axis of the housing 30
      may be disposed at any one of various positions relative to the mounting
      means 38.
PAR  Referring again to FIGS. 9 and 10, it will be appreciated that the actuator
      assembly of the instant invention may accommodate the various positions
      shown in FIGS. 9 and 10 without being dismantled. In other words, the
      actuator assembly of the instant invention will accommodate the various
      positions illustrated in FIG. 9 while the conduit 12 remains secured to
      the same end 34 of the housing 30. When the actuator assembly of the
      instant invention is disposed in the position shown in full lines in FIG.
      9, the rack 22 would be disposed above the pinion 26 and, therefore, the
      serrations 44 would be in engagement with the serrations 46 on the shaft
      housing 38; i.e., the housing 30 would be rotated 180 degrees about the
      shaft axis 32 from the position shown in FIG. 2. In order to accommodate
      the position show in phantom lines in FIG. 9, the rack would be above the
      pinion; however, the serrations 42 would be in engagement with the
      serrations 46 so that the opposite side of the housing 30 engages the
      shaft housing 38 in the respective positions shown in FIG. 9, the
      difference being that in the position shown in full lines. In other words,
      the housing would be rotated end for end between the two positions shown
      in FIG. 9. In a similar manner, the actuator assembly accommodates both of
      the positions illustrated in FIG. 10. Also, the elongated housing 30 need
      not be horizontal but may be disposed in a variety of angular positions as
      accommodated by the spacing of the serrations 46.
PAR  The mounting means 38 includes a shaft housing 58 and a shaft generally
      indicated at 60 rotatably supported by the shaft housing 58. More
      specifically, a split bushing bearing 62 is supported by the shaft housing
      58 and surrounds the shaft 60. The shaft 60 is connected to the pinion 26
      through a keyed or splined connection generally indicated at 64. The shaft
      60 is retained on the pinion 26 by a ring 66 disposed about a shoulder on
      the shaft 60 and a retaining member 68.
PAR  The shaft generally indicated at 60 includes a coupler member 70 which is
      secured to the pinion 26 by the splined connection 64, and a wheel bushing
      72. The wheel bushing 72 is adapted to receive the steering wheel 20 and
      is keyed to prevent rotation of the steering wheel 20 relative thereto.
      Additionally, the bushing 72 is nonrotatably keyed, as by being splined
      but not limited to such a nonrotative connection, to the coupler 70.
      However, the keyed interconnection between the bushing 72 and the coupler
      70 allows the bushing 72 to be removed from the keyed relationship with
      the coupler 70 and rotated relative to the coupler 70 and replaced in the
      keyed relationship with the coupler 70. There is included a fastener
      comprising a bolt 74 threadedly engaging the coupler 70 for retaining the
      bushing 72 to the coupler 70. The purpose of the keyed connection between
      the bushing 72 and the coupler 70 is to facilitate the alignment of the
      steering wheel 20 when the actuator 10 is in the neutral position. In
      other words, if the actuator 10 is in the neutral position so that the
      propulsion unit is in the straight-ahead position and the steering wheel
      20 is not aligned or in a position indicating straight-ahead steering, the
      bolt 74 may be unthreaded from the coupler 70 to remove the bushing 72 and
      rotate it relative to the coupler 70 and to replace it in a keyed
      relationship therewith so that the steering wheel 20 is in the proper
      position.
PAR  Bolts 76 extend through a pair of mounting holes 78 for attaching the shaft
      housing 58 to a planar support structure such as the bulkhead 40. As
      illustrated, the housing 58 is perpendicular to the bulkhead 40. However,
      the shaft housing 58 includes a second pair of mounting holes 80 as shown
      in FIGS. 5 and 8 which are at different angles than the mounting holes 78.
      As shown in FIG. 8, a wedge member 79 may be disposed under the head of
      the shaft housing 58 and the bolts 76' extended through the mounting holes
      80 to mount the assembly at an angle (such as 20.degree.) relative to the
      bulkhead 40. The first pair of holes 78 are spaced the same distance apart
      as the second pair of holes 80. More specifically, the axes of the first
      pair of holes 78 intersect the axes of the second pair of holes 80, the
      axes preferably being at an angle of 20.degree. relative to one another so
      that the shaft 60 may be disposed at an angle of 20.degree. relative to
      the bulkhead 40. The prior art actuator assemblies typically include one
      pair of holes and, therefore, mounting holes must be drilled
      perpendicularly to the bulkhead in one situation and at an angle of
      20.degree. to the bulkhead in the other situation; thus, requiring two
      different patterns for forming the holes in the bulkhead.
PAR  The assembly also includes a bezel 82 adapted for disposition over the
      shaft housing 58 and against the bulkhead or support structure 40 to which
      the shaft housing 58 is attached. The shaft housing 58, as best shown in
      FIGS. 5 and 6, has a plurality of serrations 84 disposed on the exterior
      thereof. More specifically, the serrations 84 are in a plurality of
      circumferentially spaced groups, preferably three such groups disposed
      120.degree. apart. The bezel 82 includes three fingers 86, one of which is
      shown in FIG. 6, with hook portions 87 at the ends thereof for engaging
      the serrations 84 on the shaft housing 58 for retaining the bezel 82 on
      the shaft housing 58 and wedged or pressed against the bulkhead 40. In
      removing the bezel 82 from the shaft housing 58, the bezel 82 is rotated
      to disengage the hook portions 87 from the serrations 84.
PAR  The assembly also includes various additional perfecting features.
PAR  There is included a biasing means comprising an elongated stainless steel
      spring member 88 for urging the rack 22 into engagement with the pinion
      26. The metal spring member 88 slants upwardly from the ends thereof so as
      to be crowned in the middle.
PAR  Additionally, there is included cushioning means comprising the bellville
      washers 90 as illustrated in FIG. 3 at each end of the housing 30 for
      engaging the rack 22 at the extremes of rack traveled.
PAR  The rack 22 has a bore 92 extending therethrough from one end to the other.
      A guide tube 93 is secured 94 to the first end 34 of the housing 30 and
      extends into the bore 92 in the rack at all positions of travel of the
      rack. In other words, when the rack 22 is moved to the extreme right-hand
      position as viewed in FIG. 3, the guide tube 93 will extend into the bore
      92 approximately one-half inch. The flexible motion transmitting core
      element 14 extends through the guide tube 93 and through the bore 92 and
      is secured at 95 to the rack 22 at the end thereof which is opposite to
      the end into which the guide tube 93 extends. The core element 14 is
      secured to a plug 96 which is in turn secured to the rack 22.
PAR  A conduit receiving means comprising a clamped pocket 97 is disposed at the
      first end 34 of the housing 30 for receiving and retaining the conduit 12
      to the housing 30. As mentioned hereinbefore, the conduit 12 movably
      supports the flexible motion transmitting core element 14.
PAR  As mentioned hereinbefore, the bushing 62 is split, meaning that it has
      axially extending slits or slots whereby its circumference can be reduced.
      An adjustment means comprising the threaded rod 98 is threadedly supported
      by the shaft housing 58 and is engagable with the bushing 62 for adjusting
      the frictional resistance applied by the bushing 62 to the rotation of the
      coupler 70. In other words, the rod 98 may force the bushing 62 into
      frictional engagement with the coupler 60 to provide the desired steering
      wheel feel and to compensate for motor torque feedback.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. An improved actuator assembly comprising; a rack, a pinion engaging said
      rack for moving said rack, a rack and pinion housing supporting said
      pinion for rotation about an axis and supporting said rack for movement
      tangentially of said pinion, said housing (surrounding and) extending
      along said rack from said axis farther in one direction than in the
      opposite direction for supporting said rack farther in said one direction
      than said opposite direction.
NUM  2.
PAR  2. An assembly as set forth in claim 1 including biasing means for urging
      said rack into engagement with said pinion.
NUM  3.
PAR  3. An assembly as set forth in claim 1 including cushioning means at each
      end of said housing for engaging said rack at the extremes of rack travel.
NUM  4.
PAR  4. An assembly as set forth in claim 1 wherein said rach has a bore
      extending therethrough and including a guide tube secured to a first end
      of said housing and extending into said bore in said rack at all positions
      of travel of said rack.
NUM  5.
PAR  5. An assembly as set forth in claim 4 including a motion transmitting core
      element extending through said guide tube and through said bore in said
      rack, said core element being secured to said rack at the end thereof
      opposite to the end into which said guide tube extends.
NUM  6.
PAR  6. An improved actuator assembly comprising; a rack, a pinion engaging said
      rack, a rack and pinion housing surrounding said rack and pinion, and
      biasing means reacting between said housing and said rack for urging said
      rack into engagement with said pinion, said biasing means comprising an
      elongated metal spring member disposed in parallel relationship to said
      rack and crowned between the ends thereof.
NUM  7.
PAR  7. An improved actuator assembly comprising; a rack, a pinion engaging said
      rack, a housing surrounding said rack and pinion, and cushioning means at
      each end of said housing for engaging said rack only at the extremes of
      rack travel.
NUM  8.
PAR  8. An assembly as set forth in claim 7 wherein said cushioning means
      comprises a bellville washer at each end of said housing.
NUM  9.
PAR  9. An improved actuator assembly comprising; a rack, a pinion engaging said
      rack, a housing surrounding said rack and pinion, said rack having a bore
      extending therethrough, a guide tube secured to a first end of said
      housing and extending into said bore in said rack at all positions of
      travel of said rack.
NUM  10.
PAR  10. An assembly as set forth in claim 9 including a motion transmitting
      core element extending through said guide tube and through said bore in
      said rack, said core element being secured to said rack at the end thereof
      opposite to the end into which said guide tube extends.
NUM  11.
PAR  11. An improved actuator assembly comprising; actuator means including a
      rack and pinion for converting rotary motion to rectilinear motion, a
      separate coupler for transmitting rotary motion to said pinion, a wheel
      bushing for receiving a steering wheel, said bushing being nonrotatably
      keyed to said coupler and removable from said keyed relationship with said
      coupler to be rotated relative to said coupler any one of various angular
      amounts and replaced in said keyed relationship with said coupler in any
      one of various angular positions relative to said coupler.
NUM  12.
PAR  12. An assembly as set forth in claim 11 including a fastener for securing
      said bushing to said coupler.
NUM  13.
PAR  13. An assembly as set forth in claim 12 wherein said fastener is a bolt
      threadedly engaging said coupler.
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ABST
PAL  An abutment assembly for an internal shoe drum brake, particularly a
      vehicle wheel brake, comprising a pair of opposed abutment members for
      engagement with respective ends of the brake shoes and an arrangement for
      transmitting only part of the input force applied to one abutment member,
      to the other abutment member. The arrangement comprises a plurality of
      individual force-transmitting members each pivotally supported between and
      engaging the said one abutment member and an output member coupled to the
      other abutment member.
BSUM
PAR  This invention relates to abutment assemblies for internal shoes drum
      brakes of the two leading shoe type.
PAR  The abutment load on the trailing edge of the primary shoe cannot be used
      directly to actuate the other shoe, as the servo-effect created by the
      rotation of the wheel would result in the secondary shoe being applied
      with greater force than is desirable causing, for example, erratic braking
      and brake fade. Thus, the abutment load transmitted from one shoe to the
      other is normally reduced.
PAR  In a previously proposed abutment assembly the abutment force is
      transmitted through a single large pivoted lever which introduces a lever
      ratio, and thus a mechanical disadvantage, between the adjacent shoe ends.
PAR  In accordance with the present invention, there is provided an abutment
      assembly for an internal shoe drum brake, comprising first and second
      abutment means for engagement with adjacent ends of respective brake
      shoes, and forcetransmitting means for transmitting forces between the
      abutment means, wherein said force-transmitting means comprises a
      plurality of force-transmitting members each being pivotally supported
      between and engaging the first abutment means and an output member in
      thrust-transmitting relation with the second abutment means, each
      force-transmitting member being so orientated that only part of the input
      force applied to the first abutment means is transmitted by the
      force-transmitting members to the output member.
PAR  With this arrangement, it becomes possible to secure the following
      advantages over abutment assemblies having a single, large pivoted lever
      arrangement: side loading and friction losses are reduced; load bearing
      contact areas are co-axial; the problems arising from stress
      concentrations in a single pivot pin are avoided; and the axial length of
      the strut can be reduced.
DETD
PAR  An abutment assembly in accordance with the invention for an internal shoe
      vehicle drum brake of the two leading shoe type will now be described, by
      way of example, with reference to the accompanying drawing which shows an
      axial cross-section of the abutment assembly.
PAR  The abutment assembly is, in use, fastened to the brake back plate (not
      shown) between adjacent ends of a pair of brake shoes (not shown) of the
      drum brake, a double ended hydraulic actuator (not shown) being positioned
      between the other two ends of the shoes.
PAR  The abutment assembly comprises a housing 1 having a through bore 2 and an
      internal annular shoulder 3 intermediate the ends of the bore, the
      shoulder 3 having opposed abutment surfaces 4 and 5. Tappet assemblies 6
      and 7 are housed within the bore 2, one on each side of the shoulder 3.
PAR  The right hand tappet assembly 6 comprises an abutment member 8 and a
      plurality of identical force-transmitting finger members 9. The radially
      outer end of each finger member 9 is received in an annular cage 10 one
      part 10a of which seats against the abutment surface 4 and another part
      10b of which seats against the adjacent internal surface of housing 1.
PAR  The left hand tappet assembly 7 comprises an abutment member 12 slidable in
      the bore 2 and a spindle 13 having a head 14 screw-threadedly connected in
      a blind bore 15 in the abutment member 12. The spindle 13 extends through
      a gear 11, the spindle and gear being keyed together so that they can move
      axially but not rotatably relative to each other, and through an annular
      collar 16 which abuts a shoulder on the spindle 13 and the finger members
      9. The gear 11 forms part of an adjuster mechanism. The end 13a of the
      spindle is of reduced diameter and is receivable in a bore in the inner
      end of the abutment member 8. The spindle 13 provides a support for the
      finger members 9, as will be hereinafter described.
PAR  Each of the finger members 9 has a pair of spaced curved surfaces 18, 19
      which bear respectively against part 10a of the cage 10 and against the
      collar 16, which constitutes an output member. A further curved surface 20
      engages the right hand abutment member 8 in the operative condition of the
      abutment assembly. The radially inner and outer ends of each finger member
      are preferably curved as at 22, 23, to form arcs of the same circle, these
      ends 22, 23 engaging the end 13a of the spindle 13 and the cage 10,
      respectively, so that each finger member is closely restrained and
      supported. The finger members are advantageously symmetrically arranged
      around the spindle 13 and preferably there are eight arranged
      circumferentially around the spindle end 13a,  with sufficient angular
      clearance that as their positions change during operation the fingers do
      not jam.
PAR  In operation, when the brake is applied while the brake drum is rotating in
      a forward direction (clockwise as seen in the drawing) a servo abutment
      force is applied to the abutment member 8 by its adjacent shoe end. The
      abutment member 8 moves to the left causing each finger member to pivot
      about its spaced curved surfaces 18, 19 and transmit a reduced force
      through the collar 16 and spindle 13 to the left hand abutment member 12.
      The force reduction will depend upon the spacing between the points of
      contact of the curved surfaces 18, 19 with the part 10a of cage 10 and the
      collar 16, respectively, and the position of the application of the force
      to the finger members by the abutment member 8.
PAR  In the inoperative condition of the abutment assembly shown in the drawing,
      the abutment member 8 engages flat surfaces 24 on the finger members 9.
      However, when the abutment member 8 moves to the left these flat surfaces
      24 tend to move away from the abutment member as the finger members pivot
      and the adjacent curved surfaces 20 engage the abutment member 8.
PAR  When the brake is released the abutment assembly is returned to its
      inoperative condition shown under the action of brake shoe return springs
      (not shown).
PAR  If the brake is applied when the drum is rotating in the reverse direction,
      the abutment force on the left hand abutment member 12 is transmitted
      through the spindle and the collar 16 to the radially inner ends 19 of the
      finger members. Since the finger members are prevented from pivoting by
      the engagement of the flat surfaces 22 with the abutment member 8, the
      full abutment force is transmitted to the abutment member 8 to give a full
      duo-serve effect.
PAR  Of course, an abutment force reduction could be achieved in the reverse
      direction of rotation by suitably modifying the left hand tappet assembly
      7 in a manner similar to the right hand tappet assembly 6.
PAR  Although the above described abutment assembly utilises curved surfaces on
      the finger members as fulcrum surfaces, it would be possible to modify the
      abutment assembly to utilise fixed pivots. However, the above described
      assembly has the advantage that the finger members with all the curved
      surfaces formed thereon, can be economically mass produced, for example by
      extrusion.
PAR  The above described abutment assembly also provides a more balanced force
      transmission than known arrangements and makes effective use of space by
      using a plurality of small force-transmitting members 9 acting as levers.
CLMS
STM  I claim:
NUM  1.
PAR  1. An abutment assembly for a shoe drum brake comprising a fixed housing
      having a through bore, first and second abutment members slidably received
      in said bore and having opposed inner ends and exposed outer ends for
      engagement with adjacent ends of respective brake shoes, a fixed annular
      shoulder in said bore between the inner ends of said abutment members, an
      axially extending output member carried by said second abutment member and
      having an annular shoulder coaxial with but of smaller diameter than said
      fixed annular shoulder, both of said shoulders facing in axially spaced
      relationship the inner end of said first abutment member, an axially
      extending cylindrical spindle on said output member extending from the
      shoulder thereof towards the inner end of said first member, and a
      plurality of radially extending force transmitting members arranged
      symmetrically around the axes of said abutment members and having flat
      side faces normal to said shoulders and having curved surfaces on their
      inner and outer ends, an annular cage engaging said fixed shoulder and
      said bore and pivotally receiving the outer ends of said force
      transmitting members, the inner ends of said members engaging the
      cylindrical surface of said spindle, each of said members also having on
      its inner side a pair of radially spaced curved parts respectively
      engaging the part of said cage which engages said fixed shoulder in said
      bore and the movable shoulder on said output member and having on its
      outer side a surface of which the radially inner portion is flat and
      normally in engagement with the inner end of said first abutment member so
      that said force transmitting means is prevented by said flat portion from
      pivoting whereby a force applied to said second abutment member is
      transmitted through said output member and said force transmitting member
      to said first abutment member substantially unchanged, a radially outer
      portion of the outer side of each force transmitting member adjacent said
      flat portion being curved to permit pivoting of said force transmitting
      member on the inner end of said first abutment member whereby said force
      transmitting members are constructed and arranged to provide a lever ratio
      as they fulcrum about that part of the cage engaging said fixed shoulder
      to transmit from said first abutment member through said output member to
      said second abutment member only a part of the force applied to said first
      abutment member.
NUM  2.
PAR  2. An abutment assembly according to claim 1 wherein the curved inner and
      outer end surfaces are sectors of a common circle.
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ABST
PAL  A drive assembly for first and second rolls in a roll laminator includes
      sprocket wheels affixed to each roll, a driven sprocket wheel, a first
      idler sprocket wheel rotatable about an axis, an endless drive element
      trained over the sprocket wheels, and a lever rotatably mounted on the
      axis of the first idler sprocket wheel. The first roll is carried by the
      lever for swinging movement toward and away from the second roll. The
      drive assembly is improved by the addition of a second idler sprocket
      wheel closely adjacent the first idler sprocket wheel, with the endless
      drive element also trained over the second wheel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a drive assembly for rolls in a roll
      laminator, with at least one of the rolls being displaceable. More
      particularly, the drive assembly includes an endless driving element and
      several idler sprocket wheels, with one of the idler sprocket wheels
      positioned to enable the endless drive element to maintain a substantially
      constant path length as the displaceable roll is moved upward.
PAR  2. Description of the Prior Art
PAR  Feed roll apparatus driven by a chain, utilizing idler sprockets and having
      displaceable rolls is known to the art. This type of apparatus has the
      disadvantage of requiring the use of a second chain to drive the
      displaceable roll and/or having to provide substantial slack in the chain
      to allow for movement of the roll and including a tensioning device to
      compensate for the slack (U.S. Pat. No. 3,272,026 to J. K. Hale). What is
      needed is an assembly in which the roll is displaceable without the need
      for a second chain or a tensioning device.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such an assembly which includes first and
      second rolls each having a wheel affixed. The assembly also includes a
      rotatably driven wheel, a first idler wheel rotatable about an axis, an
      endless driving element trained over the wheels, and a lever rotatably
      mounted on the axis of the first idler wheel. The first roll is carried by
      the lever for swinging movement toward and away from the second roll. The
      apparatus is improved by the inclusion of a second idler wheel immediately
      adjacent the first idler wheel. The endless driving element is trained
      over the second wheel.
PAR  In a preferred embodiment of the above assembly, there is included a third
      idler wheel having trained thereover the portion of the endless driving
      element extending between the second idler wheel and the wheel affixed to
      the first roll.
PAR  In other embodiments both upper and lower rolls are carried by levers for
      swinging movement toward and away from each other.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a roll laminator.
PAR  FIG. 2 is a fragmentary end view of the left side of the roll laminator of
      FIG. 1 with the cover assembly removed, showing the improved drive
      assembly of the present invention.
PAR  FIG. 3 is a diagrammatic view of the geometric relationship in FIG. 2 of
      the displaceable upper roll with respect to the first andd second idler
      sprocket wheels, with the displaceable upper roll in both its normal and
      displaced positions.
PAR  FIG. 4 is a schematic view of a drive assembly for a pair of rolls both of
      which are displaceable.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A roll laminator for use with photopolymer film resist is shown in FIG. 1.
      The film resist is typically laminated to one or both sides of copper clad
      insulating boards used in the manufacture of printed circuit boards or for
      chemical machining. The film resist has a polyester sheet covering one
      surface and a polyolefin separator sheet covering the other surface. The
      polyolefin separator sheet is removed prior to the lamination of the film
      resist to the insulating boards. The roll laminator is designated 10 and
      has upper and lower supply mandrels 12, 14 respectively which hold rolls
      of the film resist. Associated with upper and lower supply mandrels 12, 14
      are take-up rolls 16, 18 respectively, which receive the polyolefin
      separator sheet as it is stripped from the film resist prior to the
      laminating process. A pair of electrically heated rolls, upper roll 20 and
      lower roll 22, are positioned adjacent to one another to form a pinch
      point between which the film resist from both the upper and lower supply
      mandrels 12, 14 is fed. Also fed into the pinch point between the two film
      resists is the copper clad insulated board which is guided to the pinch
      point by feed guide 24. The laminating process takes place at the pinch
      point. A cover assembly 26 at one end of roll laminator 10 covers the
      drive mechanism for upper and lower rolls 20, 22. A support plate 28 is
      cut away toward the rear of cover assembly 26 to expose a portion of the
      drive mechanism which forms the basis of the present invention. The
      cutaway portion of support plate 28 exposes, as a part of the drive
      mechanism, a lever 30 which has upper roll 20 rotatably mounted at one
      end.
PAR  FIG. 2 shows a first sprocket wheel 32, with an axis 34, fixedly mounted to
      the end of first upper roll 20. The upper roll 20 is rotatably mounted at
      the end of lever 30. The other end of lever 30 is pivotably mounted about
      an axis 36 around which a first idler sprocket wheel 38 is also rotatably
      mounted. A second idler sprocket wheel 40 is rotatably mounted about an
      axis 42, and is closely adjacent to first idler sprocket wheel 38. A
      second sprocket wheel 44 is fixedly mounted at the end of the second lower
      roll 22 and a third idler sprocket wheel 46 is rotatably mounted in the
      proximity of second sprocket wheel 44. A rotatably mounted driven sprocket
      wheel 48 is below lower roll 22. An endless drive element, chain 50, is
      trained over all of the above-mentioned sprocket wheels with the third
      idler sprocket wheel 46 positioned to reverse the direction of travel of
      endless drive element 50 over second sprocket wheel 44. A spring 52 is
      fixed to lever 30 to provide a downward bias. Upper roll 20 is rotatably
      mounted to one end of lever 30 to allow for displacement of the roll
      upward in an arc when there are changes in thickness of the photopolymer
      film resist and/or insulating boards passing through the pinch point
      between upper and lower rolls 20, 22. The arc has its center of curvature
      at axis 36. Upper roll 20 and lever 30 are shown in phantom in a displaced
      position and the axis 34 of first sprocket wheel 32 becomes a new axis 54.
PAR  FIG. 3 shows the geometric relationship of the axes, 36 of first idler
      sprocket wheel 38, 42 of second idler sprocket wheel 40, and 34 of first
      sprocket wheel 32. The axis 54 of first sprocket wheel 32 in the displaced
      position shown in phantom in FIG. 2 is also shown. The distance from axis
      36 to axis 34 (and 54) and from axis 34 (and 54) to axis 42 approximates
      the lengths of the chain segments extending between first sprocket wheel
      32, first idler sprocket wheel 38, and second idler sprocket wheel 40.
      Lines 34-36 and 54-36 represent the distances (and approximate chain
      lengths) between axis 36 of first idler sprocket wheel 38 and axis 34 (and
      54) of upper roll 20 in its normal and displaced positions. These
      distances are equal. Dotted lines 34-42 and 54-42 indicate distances (and
      approximate chain lengths) between axis 42 of second idler sprocket wheel
      40 and axis 34 (54) of upper roll 20 in its normal and displaced
      positions. These distances are not equal. Line 42-36 represents the
      distance between axis 36 of first idler sprocket 38 and axis 42 of second
      idler sprocket 40. The distance represented by line 42-36 should be a
      small fraction of the distance represented by line 34-36 or 54-36. The
      fraction may vary with the parameters of different mechanical drive
      systems.
PAR  FIG. 4 is an alternative embodiment of the drive assembly of FIG. 1 in
      which both an upper roll 20' and a lower roll 22' are displaceable. The
      drive assembly of FIG. 4 is similar to that described in connection with
      FIG. 2 with several exceptions. The third idler sprocket wheel 46 of FIG.
      2 is replaced in FIG. 4 with a fourth idler sprocket wheel 66 which is
      moved a substantial distance away from lower roll 22'. The lower roll 22'
      is rotatably mounted on a lever 68 so as to be displaceable downward along
      an arc whose center of curvature is at axis 70 of fourth idler sprocket
      wheel 66. Lever 68 is pivotably mounted about axis 70. Finally a fifth
      idler sprocket 72 has been added and positioned immediately adjacent
      fourth idler sprocket wheel 66 in the same manner that first and second
      idler sprocket wheels 38' and 40' have been positioned. Endless chain 50'
      is trained over all of the above-mentioned wheels.
PAR  In operation of the preferred apparatus of FIG. 2, two sheets of film
      resist with the insulated board therebetween are inserted into the pinch
      point between upper roll 20 and lower roll 22. To accommodate varying
      thicknesses of film resist and insulated boards, upper roll 20 is free to
      separate from lower roll 22 and be displaced to a new position as for
      example the position represented in phantom in FIG. 2. When upper roll 20
      is displaced to the raised position the length of the endless drive
      element 50 between first sprocket wheel 32 of upper roll 20 and first
      idler sprocket wheel 38 does not change as is seen from lines 34-36 and
      54-36 in FIG. 3. The length of the endless drive element 50 between first
      sprocket wheel 32 and second idler sprocket wheel 40, however, changes a
      small amount as is seen by the difference between lines 34-42 and 54-42.
      The difference in lines 34-42 and 54-42 indicates how much the path length
      of endless drive element 50 must be increased to allow upper roll 20 to be
      displaced upwardly. By positioning second idler sprocket wheel 40
      immediately adjacent first idler sprocket 38 and hence near the center of
      curvature of the arc traversed by upper roll 20, the difference in the
      path length of endless drive element 50 as indicated by lines 34-42, 54-42
      is minimized. This allows upper roll 20 to traverse its arc with a minimum
      amount of effect on the length of the path of endless drive element 50 and
      hence on its tension. Endless drive element 50 has a certain amount of
      permissible slack which is the extra endless drive element 50 path length
      which may be used when upper roll 20 is displaced. The amount of
      permissible slack must be greater than the amount of path length increase
      for endless drive element 50.
PAR  The positioning of second idler sprocket wheel 40 closely adjacent first
      idler sprocket wheel 38 to minimize the increase in path length of endless
      drive element 50 as upper roll 20 is displaced upwardly has three major
      advantages. It enables the roll drive assembly to operate with one chain
      and not require the use of a second chain to individually drive upper feed
      roll 20. In addition there is no need to use a spring biased chain
      tensioning system to provide for a substantial amount of chain slack.
      Furthermore the direction of rolls 20, 22 and endless drive element 50 can
      be reversed without loss of power or substantial backlash regardless of
      the position of displaceable roll 20. This permits withdrawal of material
      from between rolls 20, 22 in the case of a malfunction.
PAR  In the embodiment shown in FIG. 4 with both upper and lower rolls 20', 22'
      displaceable, the fourth and fifth idler sprocket wheels 66, 72 are
      positioned in the same relationship as first and second idler sprocket
      wheels 38', 40' and both sets of sprocket wheels operate in the same way
      to allow upper and lower rolls 20', 22' to be displaced with only a
      minimum of change in the path length of endless drive element 50'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drive assembly for first and second rolls each having a drive wheel
      attached for driving its associated roller, said drive assembly including:
PA1  a first idler wheel having a fixed axis of rotation,
PA1  means for maintaining a substantially constant spacing between said first
      idler wheel and said first roll, said first roll being movable toward and
      away from said second roll,
PA1  a second idler wheel having a second fixed axis of rotation contiguous said
      first axis of rotation, and
PA1  an endless driving element trained over said wheels, whereby the driving
      element length between said first roll and each of said first and second
      idler wheels remains substantially constant.
NUM  2.
PAR  2. A drive assembly according to claim 1 wherein said means for maintaining
      a constant spacing is a lever pivotable about said first idler wheel fixed
      axis of rotation.
NUM  3.
PAR  3. A drive assembly according to claim 2 wherein said elements between said
      first roll and each of said first and second idlers are substantially
      parallel.
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ABST
PAL  A connection for the ends of strength carriers in conveyor belts of
      synthetic material or rubber. The ends of the strength carriers in the
      form of strands or cables are inserted or clamped into casings or sleeves
      which are connected to each other in pairs in the manner of a hinge with a
      sleeve section containing the end of a cable.
BSUM
PAR  The present invention relates to connections for conveyor belts of rubber
      or synthetic material which belts have wire strands or similar filaments
      or cord-like strength carrying members embedded lengthwise therein while
      being spaced from each other in transverse direction of the belt.
PAR  Heretofore, the so-called steel cable conveyor belt could only be made
      continuous by using a cohesion between the elastomeric material of the
      belt body and the metallic strength carrying members. This is so because,
      as a result of the exclusively lengthwise orientation of the course of the
      wire strands, it is not possible to insert hooks or other connecting
      means. Aside from the quality of the compound and its shear strength and
      the strand distribution, the strength of the connection is, therefore,
      primarily dependent upon the quality and durability of the adhering
      rubber-metal connection. The exacting requirements presuppose accurate
      execution of the connections and make the use of first class experts
      essential. In such an instance, the consumption not only of time, but also
      the cost can be significant. The great length of the connections is
      frequently a drawback, because placing the abutting strands next to each
      other in an overlapping arrangement, necessarily results in a localized
      stiffening of the belt. On the other hand, with regard to the desired
      material to material connection, the belt must be of at least a minimum
      length. Finally, it is also occasionally desired to have a detachable
      connection of the belt ends. This, however, is not possible with the
      heretofore known connections which depend upon the cohesion between two
      different materials.
PAR  It is an object of the present invention not only to be able to quickly and
      easily make continuous steel cable or other stranded conveyor belts, but
      to also provide a detachable connection of the belt ends.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 is a partial top view of a single-stage conveyor belt according to
      the invention in which the top or cover plate indicated by dot-dash lines
      is removed.
PAR  FIG. 2 is an enlarged longitudinal section of a portion of the belt shown
      in FIG. 1, said section being taken along the line II--II of FIG. 1.
PAR  FIG. 3 is a section similar to that of FIG. 2, and illustrates a
      modification thereof.
PAR  FIG. 4 is a cross section through still another embodiment of the invention
     .
DETD
PAR  The conveyor belt connection according to the present invention is
      characterized primarily in that connecting elements known per se are
      inserted in a novel construction and arrangement so that the ends of the
      wire strands which face one another are in the axial direction elastically
      or plastically yieldably inserted into rigid casings or sleeves which in
      pairs are either plastically yieldably hinged or rigidly connected
      together.
PAR  The ends of adjacent wire strands may be offset in the longitudinal
      direction of the conveyor belt in order to prevent the casings or sleeves
      from touching one another. The inside of the sleeves expediently have at
      least a partial clearance from the inserted strands. The gap thus formed
      is filled with an elastic or plastic deformable material. To this end, the
      sleeves may, for instance, have an inner wall conically widening in the
      direction toward the free end of the wire strand, or also, may be provided
      with depressions or recesses which are distributed over the periphery of
      the inside of the sleeves and extend in an essentially axial direction
      along this length.
PAR  Referring now to the drawing in detail, the arrangement shown therein
      comprises a conveyor belt 1 which has a plurality of steel cables or
      strands 2 which are adjacent to and spaced from one another and which are
      embedded in the core rubber layer. The strands 2, which are approximately,
      or practically parallel to the side edges of the belt run the entire
      length of the belt and, in the connection area, are butt-jointed in pairs.
      Steel casings or sleeves 3 are placed or forced upon the ends of the
      strands or cables 2. The sleeves 3 are tapered and are provided with
      linkage ears 4. The annulus formed between the strands and the inside of
      the casings 3 is filled with a plastic or elastically deformable filler 5,
      for example, a synthetic resin plastic, while sufficient free space 6 is
      left to permit the deformation of the belt. Though not shown, by inserting
      joint pins or bolts where the dot-dash lines are shown in FIG. 1 into the
      bores 7 of the respective interfitting ears or plates 4,8 of the
      associated sleeves 3, a pull-resistant connection of the strands or cables
      2 with each other is established.
PAR  The thus prepared connection area may subsequently be covered with a cover
      layer 8 and may be finish-vulcanized.
PAR  The present invention provides a novel connection for steel cable conveyor
      belts which does away with the use of the heretofore prevalent material to
      material force transfer between the strength carrying members and thus
      avoids the frequently experienced disadvantageous dependence upon the
      quality of the elastomeric belt components and, as an indirect result of
      its design, opens up various advantageous possibilities. The hinged
      connection of the sleeves, which surround the ends of the strands or
      cables, with one another by mechanical means allows to maintain a breaking
      strength in the area of the connection of an order of magnitude of the
      pull strength of the strand or cable. Already, the yieldable clamping-in
      of the cable ends within the rigid sleeves will when establishing the
      connection, bring about a desired compensation of the tension differences
      between the individual wire strands or cables over the width of the
      conveyor belts. The yieldable clamping of the cable ends within the rigid
      sleeves additionally acts as a shock absorber when using the completed
      conveyor belt and, consequently reduces the wear of the mechanical
      connecting parts. Even though the preparation of the wire strands requires
      a certain amount of time, the actual establishment of the connection is
      still comparatively fast when normal techniques are used within the
      limitation of average precision requirements. An especially important
      advantage is the ability to restrict the connection point or area to a
      very short section of the belt. In practice, no more than twice the length
      of the sleeve is needed, so that accordingly, the bending ability of the
      belt is only negligibly affected. Moreover, the preferred flexible
      connection of the abutting sleeves aids the flexibility of the conveyor
      belt and the adaptability of the latter to deviating and driving drums
      having an extremely small diameter.
PAR  With the practical design of the sleeves or casings and the fastening means
      associated therewith, it is possible to make the connection detachable.
      The selection may vary depending upon the predominant operating conditions
      and the type of conveyor belt. A certain restriction is, of course,
      present from the start because of the spacing of the strands. More
      clearance or free space may be obtained if the strands or cables are
      staggered or offset lengthwise to each other in appropriate progression.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing of the drawing, but also comprises
      any modifications within the scope of the appended claims.
PAR  It may be further mentioned that while the plastically or elastically
      deformable filling mass 6 may be of any suitable material, a thermosetting
      epoxy resin has been found particularly suitable for this purpose.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An endless conveyor belt having metal cable connection, which includes
      in combination: strength carrier means embedded in said conveyor belt and
      having two ends arranged in spaced alignment to and facing each other, and
      first and second sleeve means respectively yieldably holding said aligned
      ends therein, said first and second sleeve means with said aligned ends
      held completely surrounded therein being connected to each other.
NUM  2.
PAR  2. A conveyor belt in combination according to claim 1, in which said
      strength carrier means comprise a plurality of substantially parallel
      strength carriers extending in the longitudinal direction of said conveyor
      belt and spaced from each other in the direction transverse to the
      longitudinal direction of said conveyor belt, each of said strength
      carriers having two axially aligned and spaced ends and two rigid axially
      aligned sleeve means having the respective pertaining strength carrier
      ends yieldably held therein, each two axially aligned sleeve means of one
      and the same strength carrier being connected to each other.
NUM  3.
PAR  3. A conveyor belt in combination according to claim 2, in which each two
      axially aligned sleeve means of one and the same strength carrier are
      hingedly connected to each other.
NUM  4.
PAR  4. A conveyor belt in combination according to claim 1, in which said
      aligned ends of said strength carriers are elastically yieldably arranged
      in the pertaining sleeve means.
NUM  5.
PAR  5. A conveyor belt in combination according to claim 1, in which said
      aligned ends of said strength carriers are plastically yieldably arranged
      in the pertaining sleeve means.
NUM  6.
PAR  6. A conveyor belt in combination according to claim 2, in which the ends
      of one strength carrier are offset relative to the ends of an adjacent
      strength carrier in the longitudinal direction of said conveyor belt.
NUM  7.
PAR  7. A conveyor belt in combination according to claim 1, in which the inside
      surface of said sleeve means is at least partially spaced from the
      strength carrier ends held in the pertaining sleeve means, and which
      includes elastically deformable material filling in at least some of the
      space between said sleeve means and the strength carrier end portion
      therein.
NUM  8.
PAR  8. A conveyor belt in combination according to claim 1, in which the inside
      surface of said sleeve means is at least partially spaced from the
      strength carrier ends held into the pertaining sleeve means, and which
      includes plastically deformable material filling in at least some of the
      space between said sleeve means and the strength carrier end portions
      therein.
NUM  9.
PAR  9. A conveyor belt in combination according to claim 7, in which said
      elastically deformable material is bonded to the adjacent strength carrier
      and the adjacent sleeve means.
NUM  10.
PAR  10. A conveyor belt in combination according to claim 8, in which said
      plastically deformable material is bonded to the adjacent sleeve means and
      the adjacent strength carrier.
NUM  11.
PAR  11. A conveyor belt in combination according to claim 1, which includes
      deformable rubber material between portions of the two axially aligned
      ends of said strength carriers and the pertaining sleeve means.
NUM  12.
PAR  12. A conveyor belt in combination according to claim 1, in which the inner
      wall surface of each of said sleeve means tapers conically so as to
      converge in the direction away from the very end of the respective
      pertaining strength carrier held therein.
NUM  13.
PAR  13. A conveyor belt in combination according to claim 1, in which each of
      said sleeve means has its inner wall surface provided with recess means
      extending in the longitudinal direction of said sleeve means, said recess
      means being distributed over said inner wall surface.
NUM  14.
PAR  14. A conveyor belt in combination according to claim 1, in which said
      first and second sleeve means pertaining to one and the same strength
      carrier means are detachably connected to each other.
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ABST
PAL  A reaction type support for a pulley holddown for traverse rods providing a
      reaction support for the foot of the holddown as a mounting to either a
      wall or floor surface to take up increase in length of traverse rod cord
      and permit outward pull of the cord during traverse rod adjustment to
      prevent damage to or release of the holddown from the support surface.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Holddowns for pulleys for the operating cords for traverse rods of
      adjustable drapes or curtains have been in use for some time. An
      illustration of such a holddown is shown in U.S. Pat. No. 3,112,103. These
      holdowns have a main support section adapted to be secured to a wall or
      molding and a springbiased pulley arrangement co-operating with the main
      support to place the drapery cord, which passes about the pulley, under
      tension to retain the cord in proper operating position, and the drapery
      or curtain in its proper decorative position. Through continuous use of
      opening and closing the drapes or curtains by operation of the traverse
      rods, the cord will become increased in length. The arrangement, as
      illustrated in U.S. Pat. No. 3,112,103, is designed to not only place the
      cord under tension, but also to take up any slack in the cord occurring
      due to cord wear. The cords themselves are normally made out of cotton and
      braided to normally retain their desired length. Recently, however, due to
      the lack of materials of adequate quality of length retention, the cords
      normally used increase in length to a greater extent than they have in the
      past. Further, the weight and length of drapery material covering a window
      has increased, placing the cord  under greater tension, causing the cord
      to increase in length beyond that normally compensated for by the
      conventional holddowns.
PAR  Further, in the normal operation of the cord, and thus the traverse rod,
      the force applied to the cord is a combined up and down movement, in
      addition to an outward pull on the cord by the operator. This outward pull
      on the traverse rod cord during its operation places additional force on
      the pulley holddown and its attachment means to either a wall or floor
      surface.
PAC  SUMMARY OF INVENTION
PAR  The object of this invention is to provide a wall or floor mounted support
      for receiving and supporting the foot of a pulley holddown. The wall or
      floor mounted support contains a track for receiving the pulley holddown
      foot and a spring-biasing means acting on the foot, and thus the holddown
      and traverse rod cord, to compensate for increase in length of the cord
      and provide a spring reaction to an outward force placed on the cord by
      the operator.
DRWD
PAR  Further, improvements and innovations in this invention will become
      apparent upon reading the accompanying specification and drawing, in
      which:
PAR  FIG. 1 illustrates a side elevational view partly in prospective of a
      combination pulley holddown and a wall mounted reaction support;
PAR  FIG. 2 illustrates a top plan view of the device illustrated in FIG. 1;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 1;
PAR  FIG. 4 is a prospective view of the wall mounted support of FIG. 1;
PAR  FIG. 5 is a sectional view taken along the lines 5--5 of FIG. 4
      illustrating the mounting cap inserted in the end of the wall mounted
      support;
PAR  FIG. 6 is an enlarged prospective view of the mounting cap illustrated in
      FIG. 5;
PAR  FIG. 7 is a side elevational view of the floor mounted reaction support
      embodiment;
PAR  FIG. 8 is a prospective view of the floor mounted support illustrated in
      FIG. 7; and,
PAR  FIG. 9 is an enlarged prospective view of the mounting cap for the floor
      mounted reaction support illustrated in FIG. 7.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Attention is now directed to FIG. 1 of the drawing, which illustrates a
      pulley holddown 10 having a fixed body portion 12 retaining a pulley rod
      14 carrying a pulley 16. The pulley rod 14 is spring-biased within the
      body 12 to place the drapery cord 26 retained on the pulley 16 in tension
      to retain the cord in a proper operative position and to prevent the cord
      from becoming entangled. The pulley 16 is mounted within a support 18
      carried on pulley rod 14 and is mounted on a spindle 20 for free rotation
      within pulley support 18. The pulley support 18 comprises a side member 22
      integral with pulley rod 14 and a removable side portion 24 permitting
      access to the pulley for insertion of the drapery cord. The details of the
      holddown 10 thus described are generally of the type described in U.S.
      Pat. No. 3,112,103.
PAR  Pivotally mounted on the lower end of the pulley holddown 10 is a foot 28
      which, in accordance with the teaching of U.S. Pat. No. 3,112,103, would
      be attached to the wall surface. However, in normal operation of the cord
      and with pulley rod 14 partially or completely extended to take up slack
      in the cord, an outward pull on the cord would place an undesirable amount
      of force on the pulley holddown and its attachment to the wall surface. It
      is, therefore, desirable to provide a spring-biased reaction member
      between the pulley holddown foot and the mounting to the wall or floor
      surface. Further, as will become apparent hereinafter, a partial loading
      of such a spring-biased reaction member can assist in taking up slack in
      the traverse rod cord occurring through wear.
PAR  As illustrated in FIGS. 1 and 7, such a reaction support can be either
      mounted on a wall surface or a floor surface depending on the location for
      desirable operation of the pulley holddown. The wall mounted reaction
      support 30, illustrated in FIG. 1, contains a body portion 32 and a base
      34 having openings 38 for receipt of attaching screws 36 to mount the
      reaction support 30 on the wall surface. The body 32 has a cylindrical
      opening 40 having a closed end 41 with the opening 40 adapted to receive a
      spring 42 resting against closed end 41 of the body 32. The reaction
      support body 32 contains a track 44 along the outer side of the
      cylindrical opening 40 formed by an opening 46 extending outwardly through
      the outer face 48 of the body 32. The track 44 also includes opposed side
      track members 50 and 52 extending into the outer face 48 of the body 32.
PAR  The main body 54 of the pulley holddown foot 28 contains a hub 56 extending
      into the open end of pulley holddown 10, and pivotally supported therein
      by a cross pin 58 extending through the hub 56 and into the sides of the
      holddown 10. The opposite side of foot 28 carries outwardly extending
      guides 60 and 62 which ride in tracks 50 and 52 in the body 32 of reaction
      support 30, enabling foot 28 to maintain the desired relationship in
      respect to reaction support 30. Carried on foot 28, adjacent guides 60 and
      62, is a cylindrical spring stop 64 adapted to ride in cylindrical opening
      40. Spring stop 64 carries extension 66 which rides in the open end of
      spring 42 permitting the spring to act on spring stop 64. The spring 42,
      thus being contained between the enclosed end 41 of body 32 and foot 28
      through spring stop 64, places a downward force on the foot of the pulley
      holddown; or in the alternative, acts as a resilient reaction member to
      upward force on the foot of the pulley holddown, which can be caused by an
      outward pull on the traverse rod cord 26.
PAR  In assembly, after spring 42 is inserted in cylindrical opening 40 of the
      body 32 and spring stop 64 placed in cylindrical opening 40 with guides 60
      and 62 placed in tracks 50 and 52 the open end of the body 32 is closed by
      a cap 70 illlustrated in FIGS. 5 and 6. The cap 70 has a plurality of
      molded fingers 72 extending from the face thereof. The fingers 72 contain
      shoulders 74 and are shaped with a lead 76, as illustrated in FIGS. 5 and
      6. The open end of cylindrical opening 40 contains an annular lip 78
      molded into the body of the support 30. After assembly of support 30 with
      the pulley holddown foot 28 and spring 42, cap 70 is placed adjacent the
      open end of cylindrical opening 40 with the leads 76 on fingers 72
      abutting the lip 78 in the body 32. Pressure applied to the cap 70 causes
      inward movement of resilient fingers 72, which snap-fit into the opening
      40 between shoulders 74 resting on lip 78 in the body 32, as illustrated
      in FIG. 5.
PAR  Attention is now directed to the floor mounted embodiment of the reaction
      support, as illustrated in FIGS. 7, 8, and 9. The floor mounted reaction
      support 80 has a base 82 containing openings 86 adapted to receive
      attaching screws 84 for securing support 80 to the floor surface. The
      support 80 also contains an opening 88 for receipt of a reaction spring
      and tracks 90 are provided in the body of the support 80 for receipt of
      guides on the foot of the holddown. In this embodiment, the spring in the
      support 80 being contained within the body of the support, and acting on
      the foot 28 in the same fashion as the embodiment illustrated in FIGS. 1
      through 6, thus provides a downward force on the foot 28 or a reaction
      member upward movement of the foot 28 due to an outward pull on the
      traverse rod cord. A cap 92 is provided to enclose the open end of the
      opening 88 on the body of the support 80. The cap 92, as illustrated in
      FIG. 9, contains the same shape and configuration as the base 82 of
      support 80 with openings 94 in the cap 92 matching openings 86 permitting
      attachment of the support to the floor surface. In the same fashion as cap
      70, the cap 92 contains resilient fingers 96 having leads 98 and shoulders
      100 adapted to coact with a lip, similar to lip 78, formed in the open end
      of the body of support 80. In this fashion, as with respect to cap 72, the
      cap 92 snap-fits onto the body of the support 80 to retain the pulley
      holddown and the reaction support in assembled condition.
PAR  The respective spring rates of spring 42 and the spring within the body 12
      of the pulley holddown 10 are not critical, but the rate of spring 42 must
      be sufficient to provide a suitable reaction to an outward pull on the
      cord 26. In addition to providing such a reaction support, as described,
      the wall mounted support 30 or floor mounted support 80 can also be
      utilized to assist in taking up slack in the traverse rod cord 26. This
      can be accomplished by pre-tensioning the spring in the reaction support.
      During installation of the traverse rod, cord, and pulley holddown, the
      pulley rod 14 is normally extended fully out of the body 12 of the
      holddown 10 to compress the spring within the body 12 and place the cord
      26 under tension. Additional tension on the cord 26 could also be
      accomplished by compressing the spring within the reaction support by
      upward movement of the holddown foot within the support, thus permitting
      the reaction support to not only function during outward pull on the
      traverse rod cord, but also assist in taking up slack in the cord normally
      resulting from cord wear.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combinatin with a pulley holddown for retaining the operating cord of
      a traverse rod which carries drapery material adjacent a window or wall
      opening, the pulley holddown retaining the operating cord in tension and
      proper operative position:
PA1  a. A separate reaction support adapted to be attached to a wall or floor
      surface and cooperating with the pulley holddown to provide a resilient
      reaction means between the pulley holddown and the wall or floor surface;
      and,
PA1  b. the reaction support comprising an elongated member having a sliding
      coacting engagement with the pulley holddown and a resilient member
      resisting such sliding engagement to provide a reaction means to outward
      pull of the traverse rod cord and upward movement of the pulley holddown.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said reaction support has
      an opening containing a spring and an adjacent track coacting with the
      pulley holddown, said spring forming the resilient reaction member for
      said pulley holddown.
NUM  3.
PAR  3. The combination of claim 2 wherein said reaction support is closed at
      one end with said opening extending from the other end of said support to
      said closed end, said spring being positioned in said opening and abutting
      said closed end, said pulley holddown having means positioned between said
      spring and an open end of said support and a cap closure for the open end
      of said support.
NUM  4.
PAR  4. The combination of claim 3 wherein said open end of said support has an
      annular lip with said cap closure having a plurality of resilient fingers
      adapted to be inserted into said open end and snap-fit onto said annular
      lip.
NUM  5.
PAR  5. The combination of claim 1 wherein said resilient support has an
      enlongated body with a base extending from end to end adapted to be
      secured to a wall surface.
NUM  6.
PAR  6. The combination of claim 1 wherein said resilient support has an
      elongated body with a base at one end thereof adapted to be attached to a
      floor surface.
NUM  7.
PAR  7. A combination pulley holddown and reaction support for mounting the
      pulley holddown to a wall or floor surface to permit upward movement of
      said pulley holddown in response to an outward force on the holddown
      operating cord:
PA1  a. a pulley holddown having a fixed body portion carrying an extendable
      pulley rod and pulley retaining a traverse rod operating cord;
PA1  b. said pulley holddown having a pivotally mounted foot;
PA1  c. a reaction support having an elongated body adapted to slidably receive
      said pulley holddown foot;
PA1  d. said reaction support having a closed end at the top portion thereof;
      and,
PA1  e. a resilient means between said closed end and said pulley holddown foot
      providing a resilient reaction member to upward sliding movement of said
      pulley holddown foot within said reaction support.
NUM  8.
PAR  8. The combination of claim 7 wherein said reaction support has an
      elongated opening containing said resilient means, said pulley holddown
      foot having means positioned in said elongated opening acted upon by said
      resilient means to resist sliding movement of said foot within said
      reaction support.
NUM  9.
PAR  9. The combination of claim 8 wherein said reaction support has track
      members adjacent said elongated opening and said foot has guide members
      riding in said track members to maintain the desired relationship between
      said pulley holddown and said reaction support.
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ABST
PAL  A gear changing system is disclosed for changing the gears in one or more
      automotive or truck transmissions of the mechanical type. Each rail or
      equivalent linkage for supporting and moving the gear changing fork is
      connected to the operating shaft of a fluid actuated cylinder assembly
      which has fluid ports connected to a plurality of control valves. The
      valves are connected, on one side, to a source of fluid under pressure,
      preferably pneumatic, and on the other side are vented to a reservoir or
      the atmosphere. An electrical or electropneumatic control system controls
      the operation of the valves, the control system including a push button
      selector which chooses a shift gear ratio to be attained. The push button
      assembly first operates a "neutral" valve which causes the cylinder means
      to move each shift rail to neutral. A system of microswitches detects the
      neutral condition and, along with a clutch switch, completes a circuit
      which permits fluid under pressure to be delivered to a port selected by
      the push button and its associated valve to move one or more cylinders and
      their associated gear changing rails. The disclosure also contemplates
      providing a gear changing mechanism such as above described in a
      conversion kit form for the modification of existing mechanical gear
      changing devices.
BSUM
PAR  This invention relates to gear changing mechanisms and is particularly
      directed to gear changing control systems and to fluid actuated devices
      for accomplishing gear changes.
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years gear changing mechanisms in conventional automobiles have
      changes in great part from manual transmissions to automatic transmissions
      of a a hydraulic nature. Even in many smaller trucks and buses, the
      mechanical transmission has been replaced.
PAR  However, in larger trucks the change from manual transmissions to those of
      the automatic variety has not been a completely successful effort for a
      number of reasons, a primary one being that the torque range transmitted
      by a hydraulic transmission is simply not adequate to cope with the great
      loads imposed thereon by the inertia of a large highway-type articulated
      trailer vehicle. Thus, in the great majority of the larger trucks manual
      transmissions will still be found.
PAR  Also as a direct result of the large and heavy loads imposed upon the drive
      trains of these trucks, it has been found necessary to use more than one
      transmission. The range of gear ratios needed to cope with the full
      spectrum of operating conditions of a large truck, from initiating
      movement from a stop up to maintaining speeds of 60 miles per hour and
      more, using a power plant of reasonable size, required incorporation of a
      gear changing mechanism having, commonly, 16 or 20 different gear ratios
      or speeds. For various reasons having nothing in particular to do with the
      present invention, the truck manufacturing industry almost universally
      accomplishes this speed change using two transmissions rather than
      attempting to build a single transmission having 16 gear changes.
PAR  As a result of this, the truck driver handling a large vehicle must cope
      with shifting two manual transmissions. The procedure, normally, is to
      place one transmission at one speed and then cause the other transmission
      to be shifted through its range, where upon it is then necessary to again
      shift the first and simultaneously down shift the second so that the
      procedure can be repeated. As will be recognized, this clearly
      necessitates the simultaneous shifting of two transmissions while the
      vehicle is in motion, a task which requires both of the driver's hands or
      the assistance of a second person in the vehicle cab. It should also be
      noted that this changing operation is not an infrequent occurrence;
      beginning from a standing stop, the driver finds it necessary in passing
      through city traffic to make 15 to 20 shifts in an interval of a few
      blocks.
PAR  It will be recognized that the situation outlined above presents a severe
      safety problem, in addition to the obvious requirements of strength and
      skill on the part of the truck driver.
PAR  Also forming a part of the background for this invention is the matter of
      present construction of manual transmissions. An example of a typical gear
      changing mechanism can be found in U.S. Pat. No. 1,372,227, Huggins in
      which yokes 19, 20 and 21 are coupled to movable gears within the
      transmission, the yokes being carried by rails 23, 24 and 25 which are
      moved by an external mechanism. In Huggins, they are moved electrically,
      and in the more usual situation, they are connected to a gear shift lever
      which is attached to the top of the transmission and which extends into
      the range of the driver's reach. Other examples of transmissions and
      techniques for changing the gear ratios therein will be found in U.S. Pat.
      Nos. 2,137,961, Vorech and 2,297,026, Sanford et al. A slightly different
      kind of transmission in which the gear changing forks are connected to a
      different form of linkage is shown in U.S. Pat. No. 2,244,092, Wheeler.
PAR  From these, it will be seen that the degree of motion available at the
      lower end of the gear shift lever is very small and must necessarily be so
      to limit the required extent of motion of the operator-handled end of the
      gear shift lever to a reasonable range of motion. This limited motion of
      the end of the shift lever inside the transmission housing necessitates
      close spacing and limited motion of the rails, or other linkages, and the
      forks carried thereby, requiring that they be placed very close together
      and imposing other design limitations upon the transmission mechanism.
PAR  A further factor in connection with conventional manual transmissions
      relates to the speed with which a shift can be made. It would be ideal if
      a change from one gear to the next could be a substantially instantaneous
      one. With conventional manual transmissions, some time lapse is involved
      simply because the operator cannot move the mechanical elements with
      sufficient speed and precision. As a result, speed changes in the
      components involved occur and it is necessary to return the components to
      matching speeds, or reasonably close to matching speeds, before the
      shifting process can be completed. This necessitates the well-known
      "double-clutching" procedure necessary for many trucks.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a gear
      changing apparatus in which the change can be accomplished automatically
      and rapidly to minimize variations between running speeds of the
      components. Another object of the present invention is to provide a gear
      changing system in which fast shifting of one or more separate
      transmissions of a mechanical type is accomplished, the shifting of
      multiple transmissions being accomplished substantially simultaneously.
PAR  A further object is to provide a gear changing system having an easily
      operated selector of an electrical or electropneumatic type which does not
      present a safety hazard by requiring excessive manual dexterity on the
      part of the operator.
PAR  Another object is to provide a system in which an electropneumatic control
      system delivers fluid under pressure to a plurality of operating cylinders
      of a double acting type, each cylinder being connected to a rail or
      linkage of the gear changing mechanism and each being capable of assuming
      three positively determined positions.
PAR  A still further object is to provide a gear changing system in which unique
      single acting pistons are cooperatively employed in pairs to provide
      pneumatic means for assuming three positively determined positions
      selectively.
PAR  Yet another object is to provide a unique double acting cylinder capable of
      assuming three positively determined positions. A still further object is
      to provide a single acting piston of a unique type which is capable of
      assuming two positively determined positions by itself and which is also
      capable, when used in conjunction with a second identical device to
      provide an apparatus capable of assuming three positively determined
      positions, permitting considerable flexibility in the relative
      orientations of the output shafts thereof.
PAR  A still further object is to provide a technique for converting an existing
      mechanical transmission to an automatic gear changing system in accordance
      with the invention.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the invention contemplates providing a system for
      changing the gear ratio of a transmission of a type having a plurality of
      gears which are movable into and out of positions of meshing engagement
      with other gears to establish a neutral or drive train condition in the
      transmission, movable fork means for repositioning the movable gears, and
      a linkage for supporting and moving the fork means, including a source of
      fluid under pressure, a plurality of pneumatic cylinder means, each having
      an output shaft coupled to a linkage, for positioning the linkage, the
      cylinder means each having three ports for passing fluid under pressure
      and being responsive to the application of fluid under pressure at a first
      one of the ports to move the shaft to a central position, a second one of
      the ports to move the shaft to a position displaced in one direction from
      the central position, and a third one of the ports to move the shaft to a
      position displaced in the opposite direction from the central position, a
      control valve unit having a plurality of valve means for selectively
      directing fluid under pressure from the source to ports of the cylinder
      means, the plurality of valve means including a first valve means for
      simultaneously applying fluid under pressure to the first port of all of
      the cylinder means and the remaining ones of the plurality of valve means
      being operable for individually applying fluid under pressure to selected
      ones of the second and third ports, and shift selector means for
      sequentially actuating the first valve of the control valve means and then
      a selected one of the remaining ones of said valve means to cause a
      selected one of said cylinder means to move its output shaft and the rail
      coupled thereto to a new shift position. The invention also contemplates
      means for detecting the existence of all of the cylinders in a neutral
      condition before permitting the shift to occur. Further in accordance with
      the invention, there is provided a fluid actuated cylinder and piston
      positioning assembly having three positive positions comprising a cylinder
      having end walls, a shaft, first and second pistons attached to the shaft
      and movable therewith, third and fourth pistons slidably mounted on the
      shaft between the first and second pistons with the third piston adjacent
      the first piston and the fourth piston adjacent the second piston, first
      stop means attached to and extending into the cylinder between the first
      and third pistons for limiting axial motion of the first and third
      pistons, second stop means attached to and extending into the cylinder
      between the second and fourth pistons for limiting axial motion of those
      pistons, means carried by the third piston and extending toward the first
      piston for reaching beyond the first stop means and contacting and moving
      the first piston, means carried by the fourth piston and extending toward
      the second piston for reaching beyond the second stop means and contacting
      and moving the second piston, first, second and third means on the
      cylinder for passing fluid under pressure respectively between said third
      and fourth pistons and axially beyond the outer limits of motion of said
      first and second pistons whereby said assembly assumes three different
      positively established positions in response to the application of fluid
      pressure to any one of the first, second and third means with the other
      two vented.
PAR  Also in accordance with the present invention is a piston and cylinder
      positioning assembly comprising a cylinder having end walls and ports
      adjacent the end walls for passing fluid under pressure, a shaft extending
      through one of the end walls, a first piston attached to the shaft for
      axial movement therewith in the cylinder, a second piston surrounding the
      shaft in sliding relationship between the first piston and the one end
      wall, a sleeve extending from and movable with the second piston to and
      through the one end wall, means in the one end wall for providing a fluid
      tight seal with the sleeve, and means for limiting the axial movement of
      the second piston in a direction away from the one end wall, the means
      being ineffective to limit the movement of the first piston. The stop
      means is contemplated as constituting a threaded member on the sleeve
      which is adjustable to alter the stroke relationship.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the manner in which the foregoing and other objects are
      attained in accordance with the invention can be understood in detail,
      preferred embodiments of the invention will be described employing the
      accompanying drawings, which form a part of this specification, and
      wherein:
PAR  FIG. 1 is a schematic diagram, partially in block form, of the fluid
      handling portion of a gear changing system according to the invention;
PAR  FIG. 2 is a schematic diagram of the electrical portion of a control system
      for use with the fluid handling system of FIG. 1;
PAR  FIG. 3 is a side elevation, in partial section and foreshortened, of a
      valve control assembly usable in the apparatus of FIG. 1;
PAR  FIG. 4 is a section of the elevation along line 4--4 of FIG. 3;
PAR  FIG. 5 is a section along lines 5--5 of FIG. 3;
PAR  FIG. 6 is a side elevation, in partial section, of a main air control valve
      usable in the apparatus of FIG. 1;
PAR  FIG. 7 is a perspective view of a double acting fluid actuated cylinder and
      piston assembly in accordance with the invention;
PAR  FIGS. 8-10 are side elevations, in section, showing a double acting fluid
      actuated cylinder and piston assembly in accordance with the present
      invention, illustrating the three positively determined positions thereof;
PAR  FIG. 11 is a side elevation, in partial section, of a single acting piston
      in accordance with the invention;
PAR  FIGS. 12-14 are partially schematic views of pairs of single acting pistons
      as shown in FIG. 11 in the three possible positively determined positions
      assumable thereby;
PAR  FIGS. 15 and 16 are partially schematic views illustrating the application
      of the actuating devices of FIGS. 8-14 in a kit to convert a conventional
      transmission to an automatically actuated system;
PAR  FIG. 17 is a side elevation, in partial section, showing a selector
      mechanism usable in the apparatus of FIG. 2;
PAR  FIG. 18 is a section of an elevation along lines 18--18 of FIG. 17;
PAR  FIG. 19 is a front elevation of a pneumatic selector mechanism as an
      alternative to the apparatus of FIGS. 17 and 18;
PAR  FIG. 20 is a side elevation of the apparatus of FIG. 19;
PAR  FIG. 20a is a detail of FIG. 20 along lines A--A;
PAR  FIG. 21 is a schematic diagram of an electrical system usable with the
      apparatus of FIGS. 19 and 20; and
PAR  FIG. 22 is a schematic diagram illustrating an embodiment of a system
      incorporating two single acting cylinders.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, it will be seen that the basic gear changing
      system includes a source of high pressure fluid 30 which supplies fluid on
      a conduit 31. It will be observed that the fluid to be considered in the
      present application is air and that the system in its various embodiments
      will be considered as a totally pneumatic system. However, it is
      contemplated that the system could take form as a hydraulic system in
      which case substitution of return lines or plumbing to reservoirs for
      atmosphere venting and similar modifications would be effected.
PAR  Conduit 31 can be provided with an air regulator and filter 32 and supplies
      high pressure air to a main control valve unit 33. Unit 33 receives high
      pressure on conduit 31 and vents through a conduit 34 to atmosphere.
      Valves within unit 33, to be described hereinafter in detail, supply
      pressured air on a conduit 35 to shift control valve units 36 and 37, to
      be described in greater detail hereinafter, and also on a conduit 38, to
      the neutral port of a plurality of fluid actuated shift cylinders 40-44.
      It will be observed that unit 33 serves to connect conduits 35 and 38 to
      the source of pressured fluid or else vents those conduits to the
      atmosphere.
PAR  Units 36 and 37 will be described in greater detail hereinafter, but can
      briefly be described as connecting conduits leading from the shift
      cylinders to either pressure fluid or atmosphere, depending upon control
      signals received by the valve elements therein. Of particular significance
      in the functional relationship of these components is the sequence of
      events which occurs upon activation of the system. In response to selected
      controls which will be described, the main shift valve unit 33 first
      provides high pressure air on neutral conduit 38 which supplies air to
      each of units 40-44. Each of these units is designed to respond to this
      application of pressure to assume a neutral state, this state being
      defined as one in which the units assume a central location, midway
      between two extreme locations which each unit is capable of assuming. Each
      of the fluid actuated units is coupled mechanically to a shift rail or
      similar linkage in one of the tramissions 46 and 47, unit 40 being
      connected to a shift rail in rear transmission unit 46 and unit 44 being
      connected to a shift rail in forward transmission unit 47. The
      transmission units control and transmit power from the main power plant 48
      of the vehicle to the differential and drive wheel assembly indicated
      generally at 49. Placement of each of units 40-44 in a neutral position
      also places the associated shift rails and movable gears within the
      transmission units in their neutral positions. These units each include
      sensing means responsive to shift rail position capable of providing an
      electrical signal indicative of the arrival at a neutral position. When
      all such signals have been received, the main shift valves 33 are actuated
      to provide high pressure air on conduit 35, which pressure is received at
      each of the movable valve elements in units 36 and 37. An electrical
      signal is received by one such valve unit in each of units 36 and 37,
      activating a solenoid therein and permitting high pressure air to be
      conducted to one of the ports indicated in FIG. 1 by a letter or number
      representative of the speed of the transmission associated with that port.
      The high pressure air is then conducted via one of the conduits extending
      from valve units 36 and 37 to fluid actuated cylinder means 40-44 and
      operates to move the selected fluid actuated unit to the selected speed.
      The shift rail is thus moved and the appropriate gears engaged in each of
      the transmissions, appropriate to the circumstances of the vehicle, as
      determined by the operator.
PAR  It will be observed that the system is designed to return to neutral and
      thereafter to immediately proceed to the shift position selected. This
      means that any single shift is accomplished as quickly as any other shift,
      regardless of gear level or the like. If desired, lower speed shifts, such
      as from first to second, can be accomplished with a fluid actuated unit
      having a larger diameter than the higher speed units, this having the
      effect of accomplishing the shift less quickly, but with more power, a set
      of circumstances more appropriate to the lower gear ratios. Each of units
      36 and 37 also includes a neutral button N to permit the operator to shift
      the transmission to neutral without selecting any other ratio.
PAR  An electrical control system suitable for use in connection with the
      apparatus of FIG. 1 is shown in FIG. 2 which shows a schematic diagram of
      a simplified selector control circuit for use with one set of shift
      control valves. A set of selector switches indicated generally at 50, 51
      and 52 is provided in a shift control selector module 53 which is located
      in the driver's compartment of the vehicle. Switches 50-52 are
      representative of a larger number which would normally be provided. These
      switches are operated by push buttons and are mechanically coupled as a
      group, to the movable contact of a single-pole, three-position shift
      control switch indicated generally at 55. The mechanical interconnection
      of these switches, an example of which will be described in greater detail
      hereinafter, is such that depression of any single switch, such as switch
      50, by manual depression of its associated push button 54, causes that
      push button and its switch to be mechanically latched in a depressed
      position and, in the process of its being depressed, releases any other
      switch button which might have been previously latched. Additionally, the
      mechanical depression of the push button moves the movable member of
      switch 55 from its central position, in which no electrical connection is
      made, to the lower or neutral position in which the movable contact is
      electrically connected to a conductor 56 which is connected to one
      terminal of a solenoid 57, the other terminal of which is grounded.
      Solenoid 57 is mechanically coupled to a neutral valve in main shift valve
      unit 33 and, when the solenoid is energized, will cause unit 33 to supply
      fluid under pressure on conduit 38 to the various central ports of the
      actuating units as described with reference to FIG. 1. However, the
      movement of switch 55 thus far described does not cause energization of
      solenoid 57. The movable contact of switch 55 is connected to one contact
      of a normally open clutch switch indicated generally at 58, which switch
      is not closed until the clutch pedal is operated. The other side of switch
      58 is connected, as through a fuse 59, to the vehicle battery indicated
      generally at 60.
PAR  The movable contact of switch 55 is also connected to a group of detector
      switches 61, 62 and 63 which are, again, representative of a larger number
      of switches which would normally be employed. Switches 61-63 are neutral
      switches and serve the function of detecting when actuating units such as
      units 40-42 (FIG. 1), for example, have arrived at neutral positions.
      These switches are connected in series with each other and with the
      energizing winding of a relay 65 which is mechanically connected to the
      movable element of switch 55 and, when energized, causes that switch
      element to move to the shift position.
PAR  The fixed contact in the shift position of switch 55 is connected to one
      terminal of a solenoid 66 in unit 33, the other terminal of solenoid 66
      being grounded. Solenoid 66 actuates the main air valve in unit 33 and,
      when energized, permits unit 33 to conduct high pressure air to conduit 35
      (FIG. 1) which delivers air under pressure to shift units 36 and 37.
PAR  The fixed shift contact of switch 55 is also connected to one side of each
      of switches 50-52. The other terminal of each of these normally open
      switches is connected to a solenoid in one of the shift valve units 36 or
      37. For example, switch 50 is connected to one terminal of solenoid 67,
      switch 51 is connected to a solenoid 68 and switch 52 is connected to a
      solenoid 69, the other terminals of each of these solenoids being
      connected to ground. The mechanically movable portions of solenoids 67-69
      are connected to valve elements within, for example, unit 36 to alter the
      air flow therein, as will be subsequently described. Movement of one of
      the valve elements causes the actuation of one of actuators 40-42 and
      movement of a shift fork in transmission unit 46.
PAR  A sequence of operation of the electrical portion of the system will now be
      described using switch 50 as an example. Depression of button 54 closes
      switch 50 and simultaneously moves switch 55 to the neutral position. The
      circuit is not energized but these switches are mechanically latched in
      the positions to which they are moved until something further occurs. It
      will be observed that by the selection of button 54 this is equivalent to
      the selection of ultimate energization of relay 67 and a shift in unit 36
      which will be assumed to be a shift into fifth gear.
PAR  The shift situation is now set up and, when desired, the operator depresses
      the clutch closing switch 58 and energizing the system. Switch 55 being in
      the neutral position, solenoid 57 is energized and the fluid under
      pressure is supplied on conduit 38 to the various actuating cylinders.
      Those cylinders are immediately driven to their neutral positions and the
      arrival thereof is detected by switches 61-63, which switches are closed
      as soon as their associated actuating units and gear assemblies are in the
      neutral position, the completion of this series circuit immediately
      causing energization of relay 65. Relay 65 moves the movable element of
      switch 55 from the neutral to the shift position, causing energization of
      winding 66 and, substantially simultaneously, energization of solenoid 67
      through the circuit including switch 50. The valve associated with
      solenoid 67 is immediately moved to permit air to flow to the appropriate
      actuating cylinder which would be cylinder 42 in this example, causing
      that cylinder to move to the fifth gear position and immediately shifting
      the rear transmission into a fifth gear status.
PAR  It will be observed that this shift occurred in two steps, going to neutral
      and then into the new shift position, but that it occurred in rapid
      sequence, the only delay being the time involved in going to neutral (if,
      in fact, any part of the transmission was not already in neutral) and then
      moving immediately to the new shift position as promptly as the relays and
      solenoids are actuated.
PAR  As will be understood from a subsequent discussion of the fluid actuated
      cylinders themselves, these cylinders and the conventional transmission
      shift rails are detented so that, once moved to a position, they remain in
      that position without the application of further energy. Thus, the
      selected shift valve remains in a pressure-applying position for a
      relatively short interval of time, only long enough to permit the actuator
      to complete the shift. Then, the clutch pedal can be released whereupon
      the control system is deenergized with the transmission in its new ratio.
      From this, it will be seen that the driver can select the next combination
      of gear ratios at his leisure and depress the appropriate buttons in
      advance of the time to shift. Then, when the appropriate shift time
      arrives, the operator need only depress the clutch pedal which immediately
      energizes the system, causes the shift to neutral and then into the new
      selected position almost instantaneously, after which the clutch pedal can
      be released in the new ratio.
PAR  In FIG. 3 is shown in greater detail a preferred embodiment of a shift
      selector valve mechanism of a type which would be used as either unit 36
      or 37, or both, in the system of FIG. 1. In that regard, it will be
      observed that one could provide, in a truck situation wherein, for
      example, 16 gear ratios are needed, a selector box having 16 buttons, a
      valve control unit having 16 valves and an assortment of tubing connecting
      these valves to appropriate cylinders coupled to the front and rear
      transmissions. However, it is regarded as a simpler approach to provide
      two sets of selector buttons and two shift control valve units, as shown
      in FIG. 1, this being an arrangement which is consistent with the
      presently employed techniques of shifting familiar to truck operators.
PAR  As shown in FIG. 3, a valve unit such as unit 36 consists of a body 70 in
      the form of a block of metal or plastic having a generally rectangular
      exterior shape. A vent port is provided in the form of a longitudinal bore
      71 which extends from an opening 72 at one end of body 70, near the upper
      surface thereof, and ends, as a blind bore, at a wall 73 near the opposite
      end of the body. A pressure port is provided in the form of a bore 75
      which extends parallel to bore 71 near the opposite side of the body
      longitudinally from an opening 76 to a wall 77 at the same end of the body
      as wall 73. A plurality of interconnecting transverse openings such as 78,
      79 and 80 interconnect the vent and pressure ports, each such opening
      having a relatively narrow central portion which opens into wider portions
      forming valve seats. In the case of opening 78, a larger diameter section
      81 terminates at a frustoconical surface 82 which extends to narrowed
      portion 83. An oppositely disposed frustoconical portion 84 extends
      outwardly to a larger diameter portion 85 which opens into vent port 71.
PAR  At the bottom of body 70 a continuous plate 87 is provided and firmly
      attached to the body, gasketed as necessary, to close the openings used to
      form the transverse openings. In similar fashion, at the top of the body,
      a plate 88 is provided, this being continuous except for openings 89 which
      provide access for operating the valve members to be placed therein.
PAR  One such valve member 90 is shown in opening 80 and is also shown in FIGS.
      4 and 5, to which reference is concurrently made. Valve member 90 includes
      a central portion 91 which is in the form of a fluted cylinder, the
      specific valve body shown having three longitudinal concave recesses 92.
      At one end of the valve body is a valve member having a frustoconical
      valve surface 93 which is dimensioned and slanted to mate with the valve
      seat in opening 80. At the other end is a similar valve member having a
      surface 94 similarly intended to mate with the valve seat at the vent end.
      An extension 95 of smaller diameter protrudes through an opening 89 in
      plate 88 to permit operation of the valve. A coil compression spring 96
      extends between the lower portion of valve member 90 and plate 87, urging
      the valve in an upwardly direction, causing extensions 95 to protrude
      beyond plate 88.
PAR  The body of the actuator is also provided with a plurality of air passages
      97, 98 and 99 which extend perpendicularly from openings 80 to conduit
      couplings at the exterior of the body. These openings are for the purpose
      of making connection with the conduits extending between valve unit 36 and
      the fluid actuated cylinders 40-42 as shown in FIG. 1 and perform the
      function of either venting those conduits or providing fluid under
      pressure thereto to operate the units.
PAR  Attached to and above each valve location is a solenoid such as solenoid 67
      which is provided with a downwardly extending movable portion 101 which is
      movable further downwardly upon energization of the solenoid to operate
      the valve member. A bracket 102 is provided to support and retain the
      solenoid in the proper location.
PAR  As will be seen, particularly with reference to FIG. 3-5, the operation of
      the valve unit can be discussed with reference to the single valve member
      90 illustrated in its entirety, the other valve members having
      substantially identical operation. It will be assumed that fluid under
      pressure is provided to port 75 through opening 76 so that such fluid
      exists along the entire port. It will also be assumed that each transverse
      opening is occupied by a valve which is in the same position as valve 90,
      and it can further be assumed that the vent port is vented to the
      atmosphere. Opening 99 and its associated conduit is therefore in
      communication with vent port 71 through the fluted portions 92 of valve
      body 91, portion 94 being spaced from its associated valve seat in the
      upper position. The valve is maintained in this position by compression
      spring 96 until subjected to some other force. Upon energization of
      solenoid 67, extension 101 moves downwardly, pressing against extension 95
      and causing the valve body to move downwardly until surface 94 contacts
      the valve seat. At that time, surface 93 is moved away from its associated
      valve seat and a passage is provided for fluid under pressure from port 75
      through the open valve portion at the lower end thereof and along the
      fluted portions 92 of body 91 to opening 99 and its associated conduit.
      The conduit is thereby supplied with fluid pressure and the actuator
      associated therewith is caused to change position. Upon deenergization of
      the solenoid, spring 96 causes the valve to return to the position
      illustrated in FIG. 3 wherein the opening is again vented to atmosphere.
PAR  Turning now to FIG. 6, it will be seen that the main shift valve unit 33 is
      very similar in nature to the shift selector valve unit described with
      reference to FIGS. 3-5 and can, in fact, be incorporated as an additional
      unit or an additional portion of the valve shift unit. Considered,
      however, as a separate device, it will be seen to comprise a body 105
      having longitudinal blind bores 106 and 107 constituting the pressure and
      vent ports, respectively. Transverse openings 108 and 109 including the
      narrow portions and frustoconical valve seat portions identical to those
      described with reference to FIG. 3 provide a location for valve bodies 110
      and 111 which constitute the neutral and shift valves, respectively, which
      control application of fluid pressure to the neutral ports of the fluid
      actuated cylinder units previously described and the application of high
      pressure air to opening 76 of port 75 of unit 36 as described with
      reference to FIG. 3. Solenoids 57 and 66 are provided and function as
      described with reference to FIG. 2 in a manner identical to the solenoids
      described with reference to FIGS. 3-5. A bottom plate 112 and top plate
      113 are similarly provided for the substantially identical purpose.
PAR  The fluid actuated cylinders themselves will now be described with
      reference to FIGS. 7-10. As shown in these Figures, the cylinders include
      a tubular body portion which is conveniently constructed using three tubes
      115, 116 and 117 of substantially identical inner and outer diameter
      joined in co-axial relationship at ring and stop members 118 and 119. Each
      of members 118 and 119 is T-shaped in cross section with the outer cross
      portion of the T forming a flange to which the cylindrical portions are
      joined in rigid mechanical connection. The inwardly extending annular
      portion of member 118 forms a first stop means 120 comprising an annular
      wall which is radial and which defines a central opening 121. A vent 122,
      which is always open, extends through member 118 and the adjacent portion
      of cylindrical member 115. Member 119 similarly forms a radially inwardly
      extending second stop means 123 and has a vent 124 extending therethrough
      and through adjacent cylindrical member 117. A port 125 extends through
      the wall of cylinder 116 and is connectable to a fluid conduit as
      previously indicated.
PAR  The outer casing of the assembly is completed by the addition of end walls
      126 and 127. Ports 128 and 129 are provided in the end walls to permit the
      passage of fluid under pressure to or from the interior of the adjacent
      cylindrical volumes, although such ports can also conveniently be provided
      in the cylindrical members themselves.
PAR  A shaft 130 extends through end wall 126, the outer portion thereof being
      connectable to a shift rail or linkage for movement of a shift fork.
      Within the cylindrical body disc-like pistons 131 and 132 are fixedly
      attached to shaft 130 for movement therewith, piston 132 being at the
      opposite extreme end of shaft 130 from that which protrudes beyond the
      actuating cylinder. Each piston is provided with an annular groove
      carrying a sealing ring 133, in conventional fashion.
PAR  A piston 135 and a piston 136 complete the basic elements within the
      cylinder. Piston 135 includes a first portion which is substantially
      identical in shape to pistons 131 and 132 and also includes an extension
      sleeve 137 which surrounds shaft 130 and protrudes from the left hand face
      of piston 135 toward piston 131. It will be observed that the outer
      diameter of sleeve 137 is smaller than the opening 121 defined by the
      radially inwardly extending portion of ring 118. A sealing ring 138 is
      also provided surrounding piston 135. While sleeve 137 can be provided as
      a separate freely movable body interposed between pistons 135 and 131, it
      will be regarded herein as being integrally formed on piston 135. Piston
      135 and its associated fixedly attached sleeve are provided with a bore
      139 through which shaft 130 can freely slide. Thus, movement of piston 135
      does not directly act upon shaft 130, such action being restricted to
      action upon piston 131 which is fixedly attached to the shaft.
PAR  Piston 136 similarly includes a piston portion substantially identical to
      131 and 132 and a sleeve 140 which extends toward piston 132, the outer
      diameter of the sleeve being smaller than the opening defined by the
      inwardly extending portions of ring 124. Also, piston 136 is provided with
      an inner central bore 141 which is larger than shaft 130 so that the
      piston is in free sliding relationship therewith. Sealing rings 143 and
      144 are fitted in annular grooves in bores 139 and 141 to prevent pressure
      leakage through those bores. Sleeve 140 can also be a separate body.
PAR  As seen in FIG. 7, the end walls can be retained in position by a plurality
      of bolts 142 having threaded end portions extending through the end wall
      to which retaining nuts can be applied.
PAR  FIGS. 8-10 illustrate the three positively determined positions which can
      be assumed by the piston and cylinder assembly. In FIG. 8 there is shown a
      neutral position in which the various piston elements are located
      symmetrically with respect to the center of the assembly. This position is
      assumed whenever pressure is applied to port 125, providing pressure in
      the chamber defined by inwardly facing surfaces of pistons 135 and 136.
      These pistons move in opposite directions toward their respective end
      walls and, if shaft 130 was not already in the neutral position, the
      distal ends of extensions 137 or 140 contact the associated pistons 131 or
      132 and move them to the neutral position as illustrated. Upon arriving at
      this position, the apparatus remains in the state shown.
PAR  Application of pressure to port 129 causes an increase of pressure at the
      end chamber adjacent end wall 127 and results in the position shown in
      FIG. 9. The applied pressure acts against that wall of piston 132 which
      faces end wall 127, causing piston 132 to move to the left, carrying with
      it shaft 130 and, by virtue of contact with the end of extension 140,
      piston 136. Piston 135 is not affected when going to this position from
      the neutral position shown in FIG. 8. Piston 131 is, of course, carried
      along with the shaft and moves to a location adjacent end wall 126. It
      will be observed that the motion of the shaft is positively determined by
      the abutment of piston 132 against annular portion 123 of ring 124. No
      differential balancing of pressure is involved in arriving at this or any
      other position of the piston assembly. It will also be observed that the
      volume existing between pistons 131 and 135 has increased, necessitating
      an influx of fluid. Such influx is facilitated by vent 122 which simply
      prevents any vacuum or pressure established within this cavity from
      delaying operation of the assembly.
PAR  In FIG. 10 is shown the position which is reached by application of
      pressure to port 128, causing an increase of pressure in the chamber
      adjacent end wall 126. Fluid pressure thus applied acts against piston 131
      which moves toward and contacts the extension 137 of piston 135, moving
      shaft 130 and piston 135 toward end wall 127. The shaft also carries
      piston 132 toward that end wall. Motion of piston 131 is positively
      determined by abutment against the radially inwardly extending portion 120
      of ring 118. Again, it will be observed that the decrease of volume
      between pistons 135 and 131, resulting in an increase of pressure therein,
      is vented through vent 122 to prevent any delay in the action of the
      apparatus, and that the increased volume between pistons 132 and 136
      causes an influx of air through vent 124, again preventing any delay due
      to the creation of a vacuum between these components. It will be observed
      that these vents would normally be provided, and would function similarly,
      whether the primary motive power for the fluid actuated cylinders is
      pneumatic or hydraulic in nature. The volume to which these vents is
      exposed is never subjected to either venting or pressurized fluid used as
      the motive power for the system.
PAR  It will further be noted that the three positively determined positions
      described herein have no relationship to pressure balancing and do not
      involve the use of any springs whatsoever.
PAR  A similar function can also be employed using a combination of single
      acting cylinders which have attributes somewhat similar to the double
      acting cylinder previously described but have an additional flexibility
      and capability which is not shared by the double acting apparatus of FIGS.
      7-10. A single acting cylinder in accordance with this invention is shown
      in FIGS. 11-14. Referring specifically to FIG. 11 and the left hand
      portion of FIG. 12, a single acting cylinder of this type is seen to
      include a cylindrical housing 145 which, together with end walls 146 and
      147, defines a cylindrical chamber within which are pistons 148 and 149.
      Piston 148 is disc-like in configuration and is provided with an annular
      groove having a sealing ring 150. Piston 149 has a disc-like portion and a
      sealing ring 151 but also is provided with an extension 152 which is in
      the nature of a sleeve. An output shaft 153 extends through a bore 154
      which extends through sleeve 152 and piston 149 to permit shaft 153 to
      extend therethrough and into piston 148 to which the shaft is fixedly
      attached.
PAR  The end of sleeve 152 extends through end wall 147 and beyond that end wall
      and is provided with an enlarged portion 155. Portion 155 can be
      integrally formed with the sleeve but can also be an internally threaded
      attachment with the end of the sleeve being externally threaded so that
      155 can be rotated to adjust the stroke of the apparatus. The length of
      sleeve 152 in such a situation would be initially selected at a length
      suitable to provide such adjustment.
PAR  End wall 146 is provided with a port 156 and end wall 147 is provided with
      a port 157, these ports being in communication with the interior of the
      cylinder to permit venting or pressurization of the end portions thereof,
      as required.
PAR  As will be seen in FIG. 12, application of fluid pressure at port 157 and
      venting of port 156 will permit the pistons to assume the position shown
      in the left hand portion of FIG. 12 wherein piston 149 has moved as far to
      the left as it can, limitation of that motion being determined by enlarged
      portion 155 which functions as a stop member. Pressurization of port 156
      and venting of 157 will cause both pistons to move to the right as far as
      possible, i.e., to contact with end wall 147, unless otherwise limited by
      the load connected thereto. Thus, the space between pistons 148 and 149 is
      not exposed to the pressure system which controls the operation of these
      pistons and, to prevent any build up of positive or negative pressure
      therein, venting is accomplished through the enlarged bore 154 which
      surrounds shaft 153. That bore can be made more effective as a vent by
      grinding a flat portion on one side of shaft 153 or by providing a groove
      in bore 154 through which air can freely pass. End wall 147, however, must
      be provided with a suitable seal to permit a sliding relationship between
      the end wall and sleeve 152 but to prevent the escape of pressure
      therefrom.
PAR  As indicated above, application of pressure to one or the other of the
      ports in the single acting cylinder causes the apparatus to assume either
      one of two positions in which the piston 149 is as shown in FIG. 12 or is
      fully extended to the right as shown in the left hand protion of FIG. 14.
      Another position which can be assumed by application of external force to
      shaft 153 is shown in the left hand portion of FIG. 13 in which piston 148
      is moved to a location adjacent end wall 146. This constitutes a third
      positively determined position which is limiting in the sense that there
      is physical abutment between the piston and the end wall. It is in
      movement to this position that venting through the sleeve is particularly
      important.
PAR  While the piston can be used alone, it is best and most flexibly employed
      in conjunction with a second identical apparatus indicated in FIG. 12 at
      160. Unit 160 is provided with pressure ports 161 and 162, a piston 163
      attached to shaft 164 and a piston 165 having a sleeve 166 extending
      through the end wall and terminating in an enlarged portion 167. Shafts
      153 and 164 are connected to a load operating device indicated generally
      at 168 which can be, and is illustrated as, a transmission actuating
      member of a type which would be used when mounting the disclosed apparatus
      on top of an existing transmission to convert it from manual to automatic
      operation. In this case, a dog 166 would protrude downwardly into the
      transmission to engage and operate the rails and forks therein.
PAR  In normal operation of a combined apparatus such as shown in 12-14, vents
      157 and 162 would be connected together and would be vented together or
      else concurrently connected to a source of fluid under pressure together.
      Application of fluid pressure concurrently to ports 157 and 162 causes the
      apparatus to assume the neutral position shown in FIG. 12 wherein pistons
      149 and 165 are moved to their furthest in positions (into the cylinders)
      with motion positively limited by enlarged portions 155 and 167.
PAR  Application of fluid pressure to port 161 and venting of all other ports
      produces the situation shown in FIG. 13 wherein fluid pressure is supplied
      to piston 163, causing movement to the left of pistons 163, 165, load
      operating device 168, shaft 164 and 153 and piston 148. As shown in FIG.
      13 dog 169 is thus moved to the position farthest to the left.
PAR  Pressurization of port 156 and venting of all other ports permits the
      apparatus to assume the exact opposite position in which piston 148 is
      moved to its right hand position, dog 169 is also moved to its farthest
      right position and pistons 165 and 163 are moved to their position
      farthest to the right. Each of these positions is positively determined by
      physical abutment, utilizing no pressure balancing or springs whatsoever.
PAR  A typical truck transmission system with which the invention can be
      employed is shown in FIG. 15. As seen therein, a drive shaft 175 provides
      the power input from the engine to a main transmission indicated generally
      at 176, the output of this transmission being connected directly to an
      auxiliary transmission 177 which, for practical purposes, is essentially a
      single unit with the main transmission. The output from the auxiliary
      transmission appears on a shaft 178 which is connected in a conventional
      fashion to the rear axle to drive the vehicle.
PAR  Shifting of the main transmission is normally accomplished by movement of a
      main transmission shift lever 179, the lower portion of which operates
      shift rails, one of which is seen at 180, having devices extending into
      the transmission to move the movable gear portions thereof. Similarly, the
      auxiliary shift lever is connected to a linkage indicated generally at 181
      which is coupled through a cover 182 on the auxiliary transmission to a
      similar assembly of rails 183 and 184 which permits movement of the
      movable portions of the auxiliary transmission.
PAR  This arrangement, as previously described, places the two shift levers
      relatively close to each other so that the driver can simultaneously move
      the levers when a double shift is required.
PAR  The apparatus of the present invention can be employed as schematically
      indicated in FIG. 16 wherein the top portions and cover plates of the
      transmission have been removed and replaced by multiple cylinder units 186
      and 187 which contain multiple cylinders such as those schematically
      illustrated at 40-44 in FIG. 1 and of a type shown in either FIGS. 7-10 or
      FIGS. 11-14. As illustrated in FIG. 16, units of the type shown in FIGS.
      11-14 are contemplated with the housings therefor essentially centrally
      disposed over the downwardly extending linkages into the transmission. If
      cylinder units of the type shown in FIGS. 7-10 are employed the housing
      units would be offset so that the mechanical operators connecting the
      output shafts of these cylinders units to the transmission would extend
      downwardly from an end of, rather than from the center of, the cylinder
      units.
PAR  Suitable fluid conduits indicated generally at 188 and 189 interconnect the
      various portions of the cylinders to the valve units previously described,
      which valve units can be located, along with a source of fluid pressure,
      at any convenient location. Electrical connections can then extend into
      the driver's compartment from the valve units to a push button selector.
PAR  While FIGS. 15 and 16 represent the apparatus as it might be employed in
      converting a transmission of an existing and conventional type to a fluid
      operated apparatus, modifying only the upper extremities of the
      transmission housings, it will be recognized that a transmission initially
      manufactured with the fluid units in mind might assume a configuration
      permitting a more compact overall construction without significantly
      departing from the principles of operation shown in these Figures.
PAR  FIGS. 17 and 18 illustrate one form of selector mechanism 53 which can be
      employed with the system as described with reference to FIG. 2. In FIGS.
      17 and 18 the apparatus is seen to include a housing 190 having a front
      panel 191 which is removable for access to the interior of the unit. A
      push button 54 extends through an opening in an upper wall of housing 190
      and is representative of a plurality of such push buttons, the number
      employed being dependent upon the number of shift positions in the
      transmission. It will be recognized that, as previously indicated, two
      identical units such as unit 53 can be employed, one for the main
      transmission and one for the auxiliary transmission, if desired.
PAR  Button 54 includes an upper cylindrical portion having a tapered lower face
      192 and a stem 193 which is of significantly reduced diameter. A tapered
      frustoconical cam actuating portion 194 is connected to the stem and has
      an upper portion of a diameter substantially equal to the diameter of
      button 54 and a lower portion which is equal to or smaller than the
      diameter of stem 193. An extended stem 195 protrudes downwardly from cam
      194 and extends through an opening 196 in a guide plate 197 attached to a
      wall of housing 190. A compression coil spring 198 surrounds stem 195 and
      extends between plate 197 and cam 194, urging the button and its
      associated components in an upward direction. In the bottom of the housing
      a switch, such as the switch 50 previously referred to, is provided. The
      switch is of a conventional type having a housing 199 and an operating
      button 200 which extends through an upper wall of the housing and is
      movable therein to operate the circuit-completing portions within the
      housing. An operating lever 201 is pivotally mounted at 202 and is movable
      between the position illustrated in FIG. 17 and a downward position,
      illustrated in phantom, in which the switch elements are closed to
      complete a circuit. Arm 201 is operated by stem 195 when the push button
      assembly is moved to its lowest position to cause this switch operation.
PAR  A latch plate indicated generally at 205 is fixedly attached to an axle 206
      which extends through end walls of housing 190 to permit pivotal movement
      of plate 205 between the two positions illustrated in FIG. 17, one in
      solid and one in phantom lines. An extension coil spring 207 is connected
      between the plate and a wall of housing 190 for the purpose of urging the
      plate in the direction of the position shown in solid lines.
PAR  The plate has a generally Z-shaped cross section including a substantially
      horizontal top portion 208, the distal edge of which is slightly tapered
      and is in contact with cam portion 194 of the push button and also in
      contact with similar cam portions of the other push buttons in the
      housing. A second horizontal portion 209 protrudes horizontally from axle
      206 and constitutes a switch actuating arm. A diagonal interconnecting
      portion 210 joins the two horizontal portions of the latch plate and is
      also connected to axle 206.
PAR  An inwardly extending ledge 211 of housing 190 supports a switch such as
      switch 55 which has a movable operating button 212 protruding from one
      face thereof. Switch 55, as shown in FIGS. 17 and 18 is a slide switch of
      a type which is movable to at least two, but preferably three, positions
      by movement of operating button 212, where upon the button and the switch
      remain in the position to which it has been moved until further operated
      upon. In its uppermost position, as illustrated, the button is in contact
      with switch operating arm 209 of the latch plate. A solenoid 65 is mounted
      in the bottom of housing 190 and includes an energizing winding
      surrounding a movable plunger 214 which moves upwardly when solenoid 65 is
      energized. The upper end of plunger 214 is in a position to contact button
      212 and move it to its uppermost position. An extension coil spring 215
      surrounds plunger 214 and extends through a small opening therein to
      return the plunger to its downward position when the solenoid is
      de-energized.
PAR  The apparatus, as illustrated in FIG. 18, is repetitive in some aspects but
      not in all. In particular, a plurality of push buttons having downwardly
      extending stems and cam devices are included, each in a position to
      operate the elongated latch plate 205. The downwardly extending stem 195
      is also provided on the lower end of each of the push buttons and a switch
      such as switch 50 with its operating arm and the like is provided so that
      the operation of each push button operates a different switch. However,
      only one switch 55 is provided, as illustrated in the circuit diagram of
      FIG. 2, as is only one solenoid 65. Thus, arm 209 is unique in the sense
      that it only has one switch to operate.
PAR  To describe the operation of the apparatus of FIGS. 17 and 18, it will be
      assumed that the devices are occupying the positions illustrated in solid
      lines. Push button 54 is then moved in the direction of arrow 216, causing
      stem 195 to operate arm 201 and actuate switch 50. As the push button is
      depressed cam surface 194 causes plate 205 to rotate about axle 206
      against the urging of spring 207 until the push button is pushed
      sufficiently far for the plate to enter the recess adjacent stem 193
      formed by the gap between surface 192 and the upper portion of cam 194, at
      which time the latch plate enters the space and holds push button 54 in
      its downward position. While the push button is being depressed the latch
      plate is being moved from the position shown in solid lines to the
      position shown in phantom lines, permitting lever arm 209 to move button
      212 to the lower position, thereby moving switch 55 to the neutral
      position discussed with reference to FIG. 2. When the latch plate enters
      the recess in push button 54 and latches the push button in its downward
      position, arm 209 returns to its uppermost position but switch button 212
      remains in its lower position momentarily. Then, when the clutch switch is
      actuated, again as described with reference to FIG. 2, the neutral valve
      is operated, the neutral switches are actuated by the cylinders returning
      to their neutral positions, and solenoid 65 is operated, causing plunger
      214 to extend upwardly moving push button 212 and switch 55 to the shift
      position shown in FIG. 2, its uppermost position shown in FIGS. 17 and 18.
      This energizes the main air cylinder 66 and, through the circuit completed
      by switch 50 which is being held in its downward closed position by stem
      195, energizes solenoid 67 in the valve control unit, permitting the
      selected shift to occur. The clutch is then released and the clutch switch
      opened, de-energizing the circuit of FIG. 2. The selector mechanism then
      remains in the position described until a different push button is
      depressed at which time latch plate 205 is pivoted to the position shown
      in phantom lines in FIG. 17, where upon push button 54 is released from
      its downward latched position and urged upwardly by spring 198 to its
      initial position, ready for a new shift selection. It will be observed
      that a completely neutral position can be selected simply by partially
      depressing any selector button to a position in which latch plate 205
      releases any or all previously latched buttons but not sufficiently far to
      latch the newly depressed button. As previously indicated, the apparatus
      of FIGS. 17 and 18 also includes a neutral button which has as its sole
      function the movement of plate 205 to move switch 55 to the neutral
      position. No switch 50 would be associated with that button since no other
      ratio is being selected by operation of that neutral button.
PAR  FIGS. 19 and 20 show a shift selector control unit which can be employed as
      an alternative to the push button selector unit illustrated in FIGS. 17
      and 28, this selector unit being usable in conjunction with a control
      circuit illustrated in the schematic diagram of FIG. 21 in place of the
      control circuit shown in the schematic diagram of FIG. 2. In the control
      unit 217 shown in FIGS. 19 and 20 there is a main housing 218 which is
      generally triangular in shape and includes a flat bottom wall 219. As
      depicted, the unit is intended to be placed with wall 219 in a
      substantially horizontal plane, but there is no reason why that wall could
      not be placed in an essentially vertical plane, or any angle in between,
      depending upon the convenience of installation in the cab of a truck. A
      continuous wall extends perpendicular to bottom wall 219 and forms side
      walls 220 and 221, a relatively short end wall 222 and a relatively long
      arcuate end wall 223. Wall 223 is provided with a plurality of spaced
      apart downwardly extending arcuate recesses 224 which define selector
      positions. An intermediate substantially horizontal wall 225 extends
      roughly parallel to wall 219 and divides the body into a lower closed
      portion and an upper open portion, the lower closed portion having a
      series of valve chambers such as chamber 226 which are equally spaced
      adjacent recesses 224 near wall 223. At the opposite end of the body, near
      wall 222, there is a chamber 227 which is defined by walls 219, 225 and
      222 and by a vertical divider 228 which extends between walls 219 and 225.
      An upstanding annular wall 229 extends through wall 225 from chamber 227
      and surrounds a circular opening 230 which extends between chamber 227 and
      the upper open portion of the body. Opening 230 defines a pivot axis for
      the selector mechanism and receives an axle 231 of a selector arm assembly
      indicated generally at 232. Axle 231 is provided with an annular recess
      which receives a snap ring 233 to prevent the axle from moving upwardly
      and out of opening 230. An enlargement 234, which can be integrally formed
      with the axle or placed thereon as a snap ring or the like limits downward
      movement of the axle.
PAR  Each of the valve cavities such as 226 is formed in a manner similar to the
      openings in the valve units discussed with reference to FIGS. 3-6, each
      cavity including an enlarged lower portion 236 which is joined by a
      frustoconical bearing seat surface 237 to an intermediate smaller
      cylindrical portion 238. The upper portion 239 of the cavity is joined to
      portion 238 by a frustoconical valve seat 240, the upper portion being
      open at its upper end to the open upper portion of the body 218, this
      opening being surrounded by a short upstanding annular wall 241. Portions
      239 of the cavity is vented to atmosphere through a port 242 and the lower
      enlarged portion 236 of the cavity is connected to air under pressure
      through a port 243.
PAR  The cavity is also provided with a central port 244 which joins the cavity
      approximately midway in the smaller diameter portion 238 and connects that
      portion to a conduit leading to a control port on one of the operating
      cylinders.
PAR  A valve body 246 includes a central, substantially cylindrical portion
      which is fluted to permit fluid conduction between one end and the central
      port, and enlarged end portions 247 and 248 which are joined to the
      central portion by frustoconical valve surfaces 249 and 250, respectively.
      A compression coil spring 251 is provided in cavity 226 and extends
      between wall 219 and the bottom of the valve body to urge the body
      upwardly so that valve surface 250 is in contact with valve seat 237
      unless the valve body is being otherwise acted upon.
PAR  Selector assembly 232 includes a generally L-shaped portion 255 having a
      vertical arm 256 which extends upwardly from axle 231 and a horizontal arm
      257 which extends substantially parallel to wall 225. Arm 256 supports a
      solenoid 258 having a plunger 259 which is movable in a horizontal plane
      when the solenoid is energized. Electrical conductors 260 extend from the
      solenoid and through a central opening in axle 231 to control circuits, to
      be described.
PAR  Arm 256 also is provided with a spring support arm 261 to which a leaf
      spring 262 is attached.
PAR  Arm 257 supports a slide switch 263 which has an operating button 264
      extending upwardly therefrom. A boxlike switch operator 265 has a
      substantially upper portion which is provided with an interior cavity 266
      which fits over and mates with button 264. Operator 265 also has
      downwardly extending skirts 267 which maintain the operator in alignment
      with the sides of the switch. Inwardly extending flanges can be provided
      on the lower edges of skirts 267 to extend slightly under the edges of
      switch body 263 to maintain the operator in sliding alignment with the
      switch body, as shown in FIG. 20a.
PAR  It will be recognized that the arms 256 and 257 and the devices supported
      thereon are attached to axle 231 and are rotatable about the axis of axle
      231 within the limits defined by upstanding walls 220 and 221 of body 218.
      Actuation and precise positioning of this structure is afforded by an
      operating lever 270 which is pivotally connected to arm 257 by pin 271
      which extends through arm 257 and through the bifurcated ends 272 of arm
      270. A switch operator cam 273 extends rearwardly from arm 270 toward
      switch operator 265 so that when the arm is pivoted about pin 271 cam 273
      contacts operator 265 and causes it to move toward solenoid 258, operating
      switch 263. A valve operating stem 275 extends perpendicular to lever 270,
      downwardly, and is dimensioned to protrude into opening 239 and contact
      the upper enlarged end 247 of a valve body. An extension 276 of the lever
      is dimensioned to be received in arcuate recess 224 and terminates in a
      knob 277 of a convenient size and shape to be grasped and manually moved
      by the truck operator.
PAR  As shown in FIG. 19, there are several positions, seven being shown, to
      which lever 270 and its associated equipment can be moved, each of these
      positions being defined by an arcuate recess 224 and a valve cavity
      surrounded by an upstanding wall 241, the center line of each valve cavity
      and each associated arcuate recess being aligned on a radius extending
      from the axis of axle 231.
PAR  While the operation of this apparatus is believed to be obvious from the
      foregoing description of the structure, a sequence of operation will be
      briefly described. In the position shown in FIG. 20, air under pressure is
      supplied through port 243 from a source of fluid under pressure and passes
      between valve seat 237 and valve surface 250 along the flutes of body 246
      to port 244 from which it is conducted by a conduit, not shown, to an
      appropriate valve shift cylinder of one of the types previously described.
      The valve body is maintained in the position shown by downward pressure of
      stem 275, the stem and lever 270 being maintained in this position by the
      downward pressure of leaf spring 262. In order to accomplish a shift, knob
      277 is grasped and moved upwardly in the direction of arrow 278, causing
      cam 273 to contact and move switch operator 265, sliding the switch to a
      "neutral" position. Lever 270 and arm assembly 255 is then rotated about
      the axis of axle 231 to a different one of the valve cavities where upon
      it is released, placing extension 276 in the arcuate recess 224 associated
      with that cavity. Stem 275 depresses the valve body to the position shown
      and the apparatus is ready for a shift. As will be described with
      reference to the schematic diagram, but similar in operation to the
      previously described shift mechanism, the electrical and pneumatic
      portions of the system are not yet actuated, awaiting depression of the
      transmission clutch. A clutch switch energizes a neutral relay in a
      control unit, permitting fluid pressure to move the cylinders to their
      neutral positions, the arrival thereat being detected by neutral switches.
      Upon completion of this "neutral switch" circuit, solenoid 258 is
      energized, causing stem 259 to be extended toward lever 270. Stem 259
      contacts and moves switch operator 265, causing the slide switch to be
      returned to the shift position shown in FIG. 20, in which position a valve
      control unit is caused to supply fluid under pressure to port 243, which
      pressure is then applied to port 244 and to the conduit leading to a
      cylinder capable of moving the transmission to its new gear ratio
      position. It will be recognized that each valve body not actually being
      depressed by stem 275 is retained in its uppermost position by spring 251,
      permitting communication of its conduit 244 with the vent port 242 so that
      each cylinder port not being supplied with air under pressure is
      automatically vented in a manner similar to the operation of the push
      button shift selector mechanism.
PAR  A schematic diagram usable with the apparatus of FIGS. 19 and 20 is shown
      in FIG. 21, this being somewhat simpler electrical diagram because a
      greater portion of the control function is performed by the additional
      valves in unit 217. As shown in FIG. 21, a clutch switch 58 controls the
      connection of the circuit to electrical energy through a fuse 59 to a
      battery indicated generally at 60. When closed, the clutch switch supplies
      electrical energy to the movable contact of shift-neutral switch 263
      which, as discussed with reference to FIG. 20, is movable to its neutral
      position by operation of lever 270 and to the shift position by
      energization of solenoid 258. In the neutral position, switch 263 supplies
      energy to a solenoid 280 which mechanically actuates a neutral valve 281.
      In the shift position, switch 263 supplies energy to a solenoid 282 which
      operates a main air pressure valve 283. Solenoid 258 is energized by
      current supplied through a plurality of series-connected neutral switches
      284 which detect the arrival at neutral position of the various actuating
      cylinders of the system, as previously described.
PAR  While the single acting cylinders described with reference to FIGS. 11-14
      can be employed in substantially the same manner as the single acting
      cylinder assemblies previously discussed, the single acting cylinders have
      the additional attribute of significant flexibility in arrangement, an
      example of which is shown in FIG. 22. As illustrated therein, a single
      acting cylinder schematically shown at 300 is pivotally mounted on a base
      plate 301 at a point 302 so that the cylinder itself is capable of
      rotation about point 302 without translational movement. Similarly, a
      single acting cylinder 303 is mounted for pivotal movement about a point
      304 on base plate 301. Each of these single acting cylinders is of the
      type described in FIGS. 11-14, cylinder 300 having an output shaft 305 and
      one piston within the cylinder having a sleeve with an enlarged end
      portion 306, shaft 305 passing through the sleeve and being connected to
      the other piston within the cylinder. Similarly, piston 303 has an output
      shaft 310 connected to one piston within the cylinder, the other piston
      being connected to a sleeve 311 having an enlarged end 312.
PAR  For purposes of example only, the pistons are shown as having their output
      shafts coupled to a simulated load such as a steering mechanism, this
      being illustrated as a plate 314 which is mounted for pivotal movement
      about an axle 315 on plate 301, the direction of the plate being
      additionally indicated by an arrow 316 inscribed thereon. This load might
      be viewed as a boat rudder or other device the angular orientation of
      which is to be controlled by the pistons. Output shafts 305 and 310 are
      pivotally connected to plate 314 at points on either side of axle 315.
PAR  In the solid lines of FIG. 22 a neutral position is illustrated in which
      the output shafts of the two pistons are extended equal amounts, the
      pistons within the cylinders being in the positions illustrated in FIG.
      12. By application of fluid pressure to a port in cylinder 303 at the
      opposite end from the output shaft, shaft 310 is extended by movement of
      both pistons, causing sleeve 311 and enlarged portion 312 to protrude from
      cylinder 303. Whether or not any fluid pressure is applied to the port of
      cylinder 300 adjacent the output shaft end, pivotal motion of plate 314
      causes output shaft 305 to be retracted, this motion also necessitating
      pivotal movement of the cylinder around its pivot point. Full extension of
      shaft 310, as observed in FIG. 22, causes the connection point of the
      output shaft with plate 314 to move to an overcenter position, this
      overcenter position being defined as one in which the pivot point of one
      output shaft crosses a line defined by the center line of the opposite
      output shaft, this center line being indicated by the line 318 in FIG. 22.
PAR  The uniqueness of this situation will be illustrated by the fact that two
      two-port cylinders each having two positions to which they can be
      positively moved and placed in a situation such as that shown in FIG. 22
      would not be able to recover from an overcenter position such as this
      without a more complicated system of pistons and ports. However,
      application of fluid pressure to the forward (output shaft) end of
      cylinder 303 causes retraction from the overcenter position without
      difficulty. The additional flexibility of movement of the output shaft
      piston behind its normal "neutral" position also permits the uniqueness of
      the situation to arise since retraction can occur beyond, or behind, the
      usual positively established "back" or retracted position. It is only
      because of this additional movement available to the piston connected to
      the output shaft that the variation in positions can be arrive at. Thus,
      plate 314 can be moved to three independent positions, each positively
      located by the abutment of pistons against limiting walls in the cylinders
      and involving no spring action or balancing of pressures.
PAR  The apparatus illustrated in FIG. 22 has particular application in the
      present context to those transmissions in which the operating linkage for
      the gear-moving forks is caused to extend laterally through the side of
      the transmission housing rather than being operated through the top of the
      housing. In adapting the pistons and cylinders of the present invention to
      an existing transmission of this type, it is possible to employ an
      arrangement using the principles of FIG. 22 with two single acting
      cylinders without modifying the control circuitry, selector mechanism,
      fluid conducting conduits or other apparatus as previously described.
PAR  While certain advantageous embodiments have been chosen to illustrate the
      invention it will be understood by those skilled in the art that various
      changes and modifications can be made therein without departing from the
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for changing the gear ratio of a transmission of a type having
      a plurality of gears which are movable into and out of positions of
      meshing engagement with other gears to establish a neutral or drive train
      condition in the transmission, a clutch, movable fork means for
      repositioning the movable gears, and a linkage for supporting and moving
      the fork means, the system comprising the combination of
PA1  a source of fluid under pressure;
PA1  a plurality of fluid operated cylinder means, each having an output shaft
      coupled to said linkage, for positioning the linkage,
PA2  said cylinder means each having three ports for passing fluid under
      pressure and being responsive to the application of fluid under pressure
      at a first one of said ports to move said shaft to a central position, a
      second one of said ports to move said shaft to a position displaced in one
      direction from said central position, and a third one of said ports to
      move said shaft to a position displaced in the opposite direction from
      said central position;
PA1  a control valve unit having a plurality of valve means for selectively
      directing fluid under pressure from said source to ports of said cylinder
      means,
PA2  said plurality of valve means including a first valve means for
      simultaneously applying fluid under pressure to said first port of all of
      said cylinder means and the remaining ones of said plurality of valve
      means being operable for individually applying fluid under pressure to
      selected ones of said second and third ports; and
PA1  shift selection means for sequentially actuating said first valve of said
      control valve means and then a selected one of the remaining ones of said
      valve means to cause a selected one of said cylinder means to move its
      output shaft and the linkage coupled thereto to a new shift position.
NUM  2.
PAR  2. A system according to claim 1 wherein said shift selection means
      includes
PA1  means for detecting the arrival of each of said cylinders at said central
      position, and
PA1  means for inhibiting actuation of said selected one of said valve means
      until said means for detecting detects the arrival of all of said
      cylinders at their respective central positions.
NUM  3.
PAR  3. A system according to claim 1 wherein said fluid under pressure is a gas
      and wherein each of said valve means in said control unit has only two
      positions consisting of a first position in which gas under pressure is
      applied to a port of at least one of said cylinder means and a second
      position in which said port is vented to atmosphere.
NUM  4.
PAR  4. A system according to claim 3 wherein said control valve unit further
      includes
PA1  a plurality of solenoid means for operating said valve means,
PA2  each of said solenoid means having an energizing winding and a member
      movable in response to energization of said winding to a position in which
      an associated one of said valve means is operated to apply fluid under
      pressure to a port.
NUM  5.
PAR  5. A system according to claim 1 wherein said fluid under pressure is a
      liquid and wherein each of said valve means in said control unit has only
      two positions consisting of a first position in which liquid under
      pressure is applied to a port of at least one of said cylinder means and
      second position in which said port is vented to a reservoir.
NUM  6.
PAR  6. A system according to claim 5 wherein said control valve unit further
      includes
PA1  a plurality of solenoid means for operating said valve means,
PA2  each of said solenoid means having an energizing winding and a member
      movable in response to energization of said winding to a position in which
      an associated one of said valve means is operated to apply fluid under
      pressure to a port.
NUM  7.
PAR  7. A system according to claim 1 wherein said control valve unit further
      includes
PA1  a plurality of solenoid means for operating said valve means,
PA2  each of said solenoid means having an energizing winding and a member
      movable in response to energization of said winding to a position in which
      an associated one of said valve means is operated to apply fluid under
      pressure to a port.
NUM  8.
PAR  8. A system according to claim 7 wherein said shift selection means
      comprises
PA1  a push button selector unit having a plurality of push buttons, each
      associated with a desired one of a plurality of selectable gear ratios,
PA2  each of said push buttons being movable between a normal position and a
      depressed position;
PA1  a plurality of normally open switches each of said switches being
      associated with one of said push buttons,
PA2  each of said switches being located to be closed when its associated push
      button is moved from its normal to its depressed position; and
PA1  first circuit means for connecting each of said switches in series circuit
      relationship with the energizing winding of one of said solenoid means.
NUM  9.
PAR  9. A system according to claim 1 wherein each of said fluid operated
      cylinder means comprises a fluid actuated cylinder and piston assembly in
      which said output shaft is capable of assuming three positively determined
      positions, said assembly comprising
PA1  a cylinder having end walls;
PA1  a shaft;
PA1  first and second pistons attached to said shaft and movable therewith;
PA1  third and fourth pistons slidably mounted on said shaft between said first
      and second pistons with said third piston adjacent said first piston and
      said fourth piston adjacent said second piston;
PA1  first stop means attached to and extending into said cylinder between said
      first and third pistons for limiting axial motion of said first and third
      pistons;
PA1  second stop means attached to and extending into said cylinder between said
      second and fourth pistons for limiting axial motion of said second and
      fourth pistons;
PA1  means carried by said third piston and extending toward said first piston
      for reaching beyond said first stop means and contacting and moving said
      first piston;
PA1  means carried by said fourth piston and extending toward said second piston
      for reaching beyond said second stop means and contacting and moving said
      second piston;
PA1  first, second and third means on said cylinder for passing fluid under
      pressure respectively between said third and fourth pistons and axially
      beyond the outer limits of motion of said first and second pistons,
      whereby said assembly assumes three different positively established
      positions in response to the application of fluid pressure to any one of
      said first, second and third means with the other two vented.
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ABST
PAL  A mechanism for adjusting the circumferential position of a printing
      cylinder includes first and second meshing helical gears. The helical
      gears are supported coaxially of the printing cylinder. A first one of the
      helical gears is fixed to the printing cylinder to rotate with the
      cylinder. The other of the helical gears is supported for movement axially
      relative to the first helical gear to effect a camming action therebetween
      which rotates the first helical gear and thus rotates the cylinder.
      However, upon axial adjustment of the cylinder, both of the helical gears
      move simultaneously axially with the cylinder.
BSUM
PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  The present invention relates to a mechanism for adjusting the
      circumferential position of a printing cylinder.
PAR  There are many known mechanisms for adjusting the circumferential position
      of a printing cylinder. Typically, such circumferential adjustment
      mechanisms include a sliding helical gear which meshes with another
      helical gear, and upon relative axial sliding movement between the gears,
      the printing cylinder is rotated for purposes of circumferential register
      adjustment of the cylinder. Many such designs are somewhat complicated due
      to the fact that when the cylinder is moved axially for side adjustment of
      the cylinder, one of the helical gears moves relative to the other helical
      gear, and thus axial adjustment of the cylinder could destroy the
      circumferential register of the cylinder, unless compensation is provided.
      Many efforts have been made in order to compensate for the undesired
      circumferential change in cylinder adjustment which occurs upon such axial
      movement of the cylinder. Frequently, compound gearing has been utilized
      to compensate for the circumferential change upon axial movement of the
      cylinder, and U.S. Pat. No. 3,717,092 discloses a known manner of solving
      the problem to which the present invention is directed.
PAR  U.S. Pat. No. 3,630,145 discloses another approach to the solution of the
      above noted problem, however, the complexity and non-coaxial arrangement
      of the gearing is a substantial disadvantage to such a design.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention eliminates the above-noted problem by providing for
      axial movement of both of the helical gears (which effect circumferential
      adjustment) upon movement of the printing cylinder axially. Since both of
      the helical gears move axially simultaneously on axial adjustment of the
      printing cylinder, there is no relative axial movement between the helical
      gears and thus no circumferential shift of the cylinder upon axial
      adjustment of the cylinder. This eliminates the need for any compensation
      structure. The structure of the present invention is such that for
      purposes of circumferential adjustment, one of the helical gears is moved
      axially relative to the other of the helical gears. The one helical gear
      which is moved axially may be moved by a hand-actuated mechanism or,
      preferably, may be powered axially by a suitable motor. The drive
      connection between such a motor and the helical gear for moving the
      helical gear axially includes a slip connection so that the helical gear
      can move axially on axial adjustment of the cylinder, and the motor which
      drives the helical gear does not. However, the motor may also move axially
      with the cylinder, eliminating the need for such slip connection.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the present invention will be apparent
      to those skilled in the art to which it relates from the following
      detailed description of a preferred embodiment thereof made with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 is a sectional view of the mechanism for adjusting a printing
      cylinder circumferentially;
PAR  FIG. 2 is a schematic view illustrating the mechanism for adjusting the
      printing cylinder of FIG. 1 axially; and
PAR  FIG. 3 is a view taken approximately along the line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As noted hereinabove, the present invention is directed to a mechanism for
      circumferentially adjusting a printing cylinder, and the invention is
      illustrated in the drawings as embodied in a mechanism for adjusting a
      printing cylinder 10. The desirability of adjustment of printing cylinders
      is well known, and the reasons for such adjustment will not be set forth
      herein, since they are well known.
PAR  The printing cylinder 10 is adjusted circumferentially by a mechanism
      generally designated 11 in FIG. 1. cylinder cylinder 10 is also adjustable
      axially by a mechanism generally designated 72 in FIG. 2. The
      circumferential adjustment mechanism 11 is located on the right side of
      the cylinder, as illustrated in the drawings, whereas the mechanism 72 for
      adjusting the cylinder axially is located on the left side of the cylinder
      10, as viewed in the drawings.
PAR  The circumferential adjustment mechanism 11 includes a pair of helical
      gears 12, 13. The helical gears 12, 13 are mounted coaxially of the
      cylinder 10 i.e. they rotate about as axis common with the axis of the
      cylinder 10.
PAR  The helical gear 13 is fixedly mounted on the spindle 14 of the cylinder 10
      so as to rotate with the cylinder 10 and also to move axially with the
      cylinder 10. The gear 13 has helical gear teeth mounted on the left end
      thereof which mesh with helical gear teeth on the gear 12, and in
      addition, the gear 13 has a projecting sleeve portion 13a which is keyed
      by a suitable key 15 for rotation with the spindle 14. In addition, the
      gear 13 is fixed against axial movement on the spindle 14 between a
      shoulder 16 on the spindle and a cap 17 suitably secured to the end of the
      spindle 14 and which also engages an internal shoulder 17a on the gear
      sleeve portion 13a. A slight gap can exist between cap 17 and the end of
      spindle 14 in order that the gear 13 be securely held in position.
PAR  The spindle 14 of the cylinder is supported in a suitable bearing 20 in a
      housing member 22. The left side of the cylinder 10 also has a spindle
      projecting therefrom, designed 23, (FIG. 2). The spindle 23 is supported
      in a bearing 24 mounted in a frame member 25. The bearings 20 and 24 are
      supported in the housing and frame mmbers 22, 25 for sliding movement
      therein for purposes of axial adjustment of the cylinder, and, of course,
      the bearings support the cylinder 10 for rotation relative to the members
      22 and 25.
PAR  The cylinder 10, of course, is driven for purposes of printing through a
      main drive gear 30 which is suitably secured to the gear member 12. The
      drive to the cylinder during printing is through the gear 30, the meshing
      helical teeth of the gears 12, 13, through the key 15, to the spindle 14.
      The outer peripheral gear teeth on the gear 30 are spur gear teeth, that
      is, the gear teeth extend parallel to the axis of rotation of the gear.
PAR  Circumferential adjustment of the cylinder 10 occurs upon relative axial
      movement of the gears 12, 13. Upon this relative axial movement, the
      meshing helical gear teeth of the gears 12, 13, cause a camming action to
      occur which results in circumferential movement of the cylinder 10. In the
      embodiment illustrated in FIG. 1, the gear 12 is moved axially relative to
      the gear 13 to effect this camming action. When this axial movement of the
      gear 12 occurs, the gear 30 likewise is moved axially, but since the teeth
      thereon are spur gear teeth, the gear 30 is free to move axially relative
      to its meshing gear, not shown. Also, due to the meshing engagement of the
      teeth of the gear 30 with its meshing gear and the resistance which this
      creates to rotation of the gear 12, on axial movement of the gear 12, the
      gear 13 will be cammed and rotate, rather than the gear 12.
PAR  The gear 12 is moved axially for purposes of circumferential adjustment of
      the cylinder 10 by energization of a motor 30a. The motor 30a has an
      output 31 which includes a pin 32 which is located offset from the axis of
      the cylinder 10, but is rotated about an axis co-extensive with the
      cylinder axis upon energization of the motor 30a. The pin 32 is screwed
      into an opening 33 in a coupling member 34, which coupling member 34 is
      drivingly connected to a drive shaft or rod 35. The pin 32 is slidably
      received in an opening in member 31. The rod on shaft 35 is threadedly
      engaged at 36 in a threaded bore in a bracket member 37. The bracket
      member 37, in turn, has a bearing 38 interposed between the outer
      periphery of the bracket member 37 and a projecting sleeve portion 12a of
      the helical gear 12. The bearing 38 is trapped against axial movement
      relative to the bracket 37, as well as trapped against axial movement
      relative to the sleeve portion 12a of the gear 12. This trapping is
      effected by means of suitable shoulders, a cap and a retaining ring, as
      shown in FIG. 1.
PAR  The leftwardmost end of the rod 35 is supported by a bearing 40 which is
      located intermediate the sleeve portion 13a of the helical gear 13 and the
      outer end of the rod 35. Again, the bearing 40 is suitably supported so as
      not to move axially relative to either the rod 30 or the sleeve portion
      13a of the gear 13. A suitable antibacklash mechanism 35ais associated
      with the shaft 35.
PAR  Accordingly, upon energization of the motor 30, the shaft 35 is rotated
      through the pin 32. When the shaft 35 is rotated, it cannot move axially
      due to the fact that the shaft 35 is fixed at its left end, in effect, to
      the cylinder 10 which holds it from axial movement. However, due to the
      threaded engagement between the shaft 35 and the bracket member 37, the
      bracket member 37 will be moved axially relative to the shaft 35. The
      bracket member 37, when it is moved axially, forces the gear 12, axially
      relative to the gear 13, and as the gear 12 moves axially relative to the
      gear 13, the afore-mentioned camming action between the gear teeth of the
      gears 12 and 13 occurs and the cylinder 10 is moved circumferentially.
PAR  A rod 50 is provided which extends through an opening 51 in the bracket
      member 37, and the rod 50 guides the axial movement of these parts and
      prevents rotation of bracket 37 about shaft 35. Also, a rod 60 is threaded
      at one end into a projecting portion 37a of the bracket 37 and the rod 60
      extends toward the motor 30a. The rod 60 carries a pair of switches 61,
      62. These switches are interposed on opposite sides of a plate 63. The
      switches 61, 62, of course, move axially on circumferential adjustment of
      the cylinder 10 due to the fact that they are carried by the rod 60. The
      switches 61, 62 are merely limit switches which limit the amount of
      circumferential adjustment of the cylinder that can occur. These switches
      61, 62, when tripped by engagement with the plate 63, will de-energize the
      motor 30, thus limiting the amount of circumferential adjustment which can
      occur. A third switch 64 is required to be mounted on rod 60 when closed
      loop digital register is desired. This third switch 64 alerts the
      electronic register controls as to the direction of adjustment from zero,
      whether it be advance or retard.
PAR  The axial adjustment mechanism 72 for adjusting the cylinder 10 axially is
      shown schematically in FIG. 2 and merely comprises a shaft 70 which, when
      rotated relative to a member 71, moves axially relative to the member 71.
      The shaft 70 is associated with the spindle 23. Specifically, the shaft 70
      has a bearing 73 interposed between the end of the shaft 70 and a block
      member 74. The bearing 73 is trapped in the block member 74 on the rod 70
      so as to not move axially relative to either. Accordingly, upon axial
      movement of the shaft 70, the axial force is transmitted through the
      bearing 73 to the block member 74. The block member 74 is secured to the
      spindle 23 so as to cause the spindle 23 to move axially as well. This
      results in the bearings 24 and 20 for the cylinder 10 sliding in the frame
      and housing members 25, 22, respectively, and thus axial movement of the
      cylinder 10 results.
PAR  In addition, the circumferential adjusting mechanism, namely, the gears 12,
      13, are moved axially bodily as a unit upon axial adjustment of the
      cylinder 10. Therefore, there is no relative axial movement between the
      gears 12, 13 upon axial adjustment of the cylinder 10. Accordingly, the
      afore-mentioned problem which has plagued the prior art is avoided in the
      present structure, and no compensating structure as mentioned above is
      required.
PAR  It should be clear that not only are the gears 12, 13 moved axially upon
      axial adjustment of the cylinder 10, but also the rod, 35, the bracket 37,
      and the rod 60, as well as the plate 63 are moved axially. Of course,
      since the rod 60 which carries the switches 61, 62 and the plate 63 all
      move axially, the relative position between the plate 63 and the switches
      61, 62 does not change.
PAR  The motor 30, however, on axial adjustment of the cylinder 10 does not
      necessarily have to move axially. The motor 30 is securely bolted to a
      motor housing which, in turn, is mounted to a gear shield member 80, and
      it does not move axially. There is a slip connection between the pin 32
      and the member 31, and due to the fact that there is relative axial
      slipping motion between the pin 32 and the member 31, the axial adjustment
      of the cylinder 10 can occur without axial movement of the motor 30.
PAR  Thus, it should be clear that the present invention provides a rather
      compact circumferential adjustment mechanism where the helical gears 12,
      13 which effect the circumferential adjustment on relative axial movement
      therebetween are located coaxially with the cylinder 10.
PAR  In addition to being located coaxially relative to the cylinder 10, these
      gears are bodily adjusted as a unit upon axial adjustment of the cylinder
      10 so that the circumferential adjustment of the cylinder 10 is not
      detrimentally affected by axial adjustment of the cylinder 10.
CLMS
STM  Having thus described the invention we claim:
NUM  1.
PAR  1. Apparatus comprising a printing cylinder, a first member and a second
      member, means supporting said first and second members coaxially of the
      printing cylinder, means fixing a first one of said members to said
      cylinder to rotate said cylinder and to move axially with said cylinder,
      means for moving said second member axially relative to said first member,
      said first and second members having cooperating engaging parts which
      effect a camming action therebetween upon relative axial movement and
      rotation of said member and said cylinder, and means for moving said
      cylinder and both of said members simultaneously axially.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said means for moving said
      second member axially relative to the first member to effect said camming
      action therebetween comprises a motor, a drive shaft drivingly rotated by
      said motor, a bracket member, cooperating engaged threads between said
      drive shaft and bracket member, means for resisting axial movement of the
      drive shaft, and means interconnecting said bracket member and said second
      member to effect axial movement of said second member upon axial movement
      of said bracket member.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said first and second members
      comprise helical gears.
NUM  4.
PAR  4. Apparatus comprising a printing cylinder, first and second meshing
      helical gears, means supporting said first and second helical gears
      coaxially of the printing cylinder, means fixing a first one of said gears
      to said cylinder to rotate said cylinder and to move axially with said
      cylinder, means for moving said second helical gear axially relative to
      said first helical gear to effect a camming action therebetween and
      rotation of said first gear and said cylinder, and means for moving said
      cylinder and both of said gears simultaneously axially, said means for
      moving said second helical gear axially relative to the first helical gear
      to effect said camming action therebetween comprising a motor, a drive
      shaft drivingly rotated by said motor, a bracket member, cooperating
      engaged threads between said drive shaft and bracket member, means for
      resisting axial movement of the drive shaft, means for guiding axial
      movement of said bracket member, and means interconnecting said bracket
      member and said second helical gear to effect axial movement of said
      second helical gear upon axial movement of said bracket member.
NUM  5.
PAR  5. Apparatus comprising a printing cylinder, first and second meshing
      helical gears, means supporting said first and second helical gears
      coaxially of the printing cylinder, means fixing a first one of said gears
      to said cylinder to rotate said cylinder and to move axially with said
      cylinder, means for moving said second helical gear axially relative to
      said first helical gear to effect a camming action therebetween and
      rotation of said first gear and said cylinder, and means for moving said
      cylinder and both of said gears simultaneously axially, and further
      including a motor and a drive means interconnecting said motor and said
      second helical gear to effect axial movement of said helical gear upon
      energization of said motor, said drive means including a slip connection
      therein enabling axial movement of a portion of said drive means and said
      second helical gear relative to said motor upon axial movement of said
      cylinder.
NUM  6.
PAR  6. Apparatus as defined in claim 5 further including means for securing
      said motor against axial movement.
NUM  7.
PAR  7. Apparatus as defined in claim 5 including limit means for limiting the
      amount of axial movement of said second helical gear, said limit means
      terminating operation of said motor, means supporting said limit means for
      axial movement with said second helical gear and a member carried by said
      shaft and engageable with said limit means to actuate said limit means
      upon engagement therewith.
NUM  8.
PAR  8. Apparatus comprising a printing cylinder, first and second meshing
      helical gears, means supporting said first and second helical gears
      coaxially of the printing cylinder, means fixing a first one of said gears
      to said cylinder to rotate said cylinder and to move axially with said
      cylinder, means for moving said second helical gear axially relative to
      said first helical gear to effect a camming action therebetween and
      rotation of said first gear and said cylinder, and means for moving said
      cylinder and both of said gears simultaneously axially, and wherein said
      means for moving said second helical gear axially comprises an electric
      motor and a drive means interposed between said motor and said second
      helical gear.
NUM  9.
PAR  9. Apparatus as defined in claim 8 further including limit switches for
      deenergizing said motor to limit the amount of axial movement of said
      second helical gear relative to said first helical gear and thereby
      limiting the amount of circumferential adjustment of said cylinder.
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ABST
PAL  A connector adjustably engages a wire which interconnects a control arm and
      a lever member in an automobile control system. Upon initial operation,
      proper adjustment of the components relative to each other is achieved
      automatically.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to an adjustable connector and to the
      installation thereof, particularly in automobile control systems for
      securing a wire, cable, conduit or other member in adjustable yet operable
      engagement with respect to another component to which the connector is
      also attached.
PAR  There are a number of control systems or mechanisms to be found in
      automotive vehicles and elsewhere that are coupled through wires or the
      like to manually operable members, such as push buttons, handles, knobs,
      rotatably mounted arms or other suitably mounted lever means. For example,
      automobile heating and cooling systems utilize wire connector to move
      levers and cranks or the like between various positions for control
      purposes. It is common to use a selectively movable control arm and crank
      interconnected by a length of wire for opening and closing doors, dampers,
      valves and the like in this and other systems. Manually operable control
      arms are usually mounted on the automobile dashboard at some distance from
      the crank and mechanism to be operated. The wire is fixedly secured at
      each of its ends to the control arm and lever to be operated respectively
      when the system is assembled. If the connections at the ends of the wire
      are made too close together or too far apart for the intended travel
      requirements of the system, the predetermined travel of these components
      will not be attained without further adjustment. Adjustment, due to the
      types of connection used heretofore, has required that the components be
      disconnected at one end of the wire.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary purpose and object of this invention to provide systems of
      the aforesaid general type which allows for automatic adjustment of the
      components relative to each other when the mechanism is first operated
      thus eliminating the need for manual adjustments of the type previously
      necessary. This is attained in the preferred embodiment disclosed by
      providing a connector which may be deformed to align a plurality of
      openings for receiving a wire or similar member therethrough in yieldable
      engagement. Generally speaking, the preferred connector must include
      openings for receiving the wire. These openings must be positioned in
      oppositely urged members of the connector in such a way that they are
      biased in opposite directions while engaging the wire thereby forcing
      opposite sides of the openings against the wire and causing engagement of
      the wire therebetween.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1 and 2 are perspective views of a preferred connector for use in
      accordance with this invention showing it as it normally appears and in
      engagement with a wire.
PAR  FIG. 3 is an end view of the connector shown in FIGS. 1 and 2.
PAR  FIG. 4 is an illustrative partial showing of an automobile control system
      showing the connector embodiment of the preceding Figures in combination
      with other components of the system.
PAR  FIG. 5 is a partial showing of a system similar to that of FIG. 4 showing
      the connector in an alternate position with respect to the other
      components of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  To accomplish the purposes of this invention the connector must yieldably
      and adjustably engage the wire when the normal travel requirements of the
      system are not attained. With such a connector it is a simple matter to
      provide any necessary adjustment by initially "setting" or positioning the
      connector on the wire through the operation of the system.
PAR  Referring to FIGS. 1-3, a connector 11 is shown which takes the general
      form of a spiraloid made from a single sheet or strip of resilient
      material, such as plastic or sheet metal. The spiraloid may be circular,
      square or as shown in the preferred embodiment of FIG. 3, it may be
      generally elliptical. The connector includes an inner portion 12 and outer
      portions 13 and 14 disposed to each side of inner portion 12 and is shaped
      to provide a spring-like deformable structure by means of which certain
      parts of these portions may be aligned. Openings 15, 16, and 17 are
      provided in the inner portion 12 and the outer portions 13 and 14
      respectively. The openings are shaped to receive and engage a wire or
      other component as shown in FIG. 2. Openings 16 and 17 are generally
      oppositely disposed with respect to each other while opening 15 in inner
      portion 12 is unaligned with the other openings in order to allow for a
      spring-like action when the connector is deformed by forcing inner portion
      12 downwardly and aligning the three openings to receive a wire member 21
      or the like as shown in FIG. 2. The openings preferably take the form of
      spaced notches formed in a common edge of the sheet from which the
      connector is made and should preferably include small detents 18 near the
      ends thereof in portions 13 and 14 to facilitate connection on the wire.
PAR  Referring now to FIGS. 4 and 5, an illustrative system and preferred
      embodiment is described and its advantages are pointed out in more detail.
PAR  For installation in the system of FIG. 4 connector 11 is placed on wire 21
      in yieldable or slidable engagement with it by squeezing or deforming the
      connector to align the three openings for receiving the wire. The
      connector is then mounted on another component, such as a crank 22. Crank
      22 operates a door 23 between open and closed positions (full open
      position shown with door against a stop in order to control the flow of
      air through the system. The system is more or less schematically indicated
      here as including an enclosed box 24 having an air inlet opening 25 and an
      air outlet opening 26. Wire 21 is connected at its other end to another
      component, such as control arm 27. The wire housing or sleeve 28 is
      attached to a control mounting plate 29 by a bracket or the like. Control
      arm 27 is pivotally mounted on mounting plate 29 to provide for rotation
      between the "open" and "closed" positions indicated Rotation of control
      arm 27 moves wire 21 and changes the position of crank 22 and the position
      of door 23.
PAR  Crank 22 has a normal predetermined distance of travel, indicated by the
      arrow, through which it must move to provide the full open and closed
      positions of door 23. If wire 21 is engaged at the proper point by
      connector 11, door 23 will be placed in the closed position when control
      arm 27 is rotated to the position indicated as closed on mounting plate
      29. Likewise, door 23 will be placed in the open position when the control
      arm 27 is rotated to open.
PAR  However, if the system is misadjusted so that the travel of crank 22 is
      prematurely limited and door 23 is only partially open when control arm 27
      is in the open position due to the engagement of connector 11 on wire 21
      at a point which makes the wire too long between the crank and control arm
      one can force control arm 27 to a full closed position moving wire 21
      through connector 11 because of its yieldable engagement therewith. The
      proper adjustment of the system components relative to each other is then
      automatically and surely provided. A similar adjustment may be made if the
      travel of crank 22 is prematurely limited and door 23 is only partially
      closed when control arm 27 is in the closed position.
PAR  As shown in FIG. 5, connector 11 may alternately be mounted on control arm
      27 and engage wire 21, the other end of the wire being fixedly secured to
      crank 22 (not shown in the Figures). Now if the system is misadjusted so
      that the travel of control arm 27 is limited by door 23 prematurely
      reaching its open or closed positions, one can force the control arm past
      this point by forcing control arm 27 to the desired position thus sliding
      the wire through the connector and achieving proper adjustment
      automatically.
PAR  In most automobile systems, it has been found satisfactory for the
      connector to be designed to engage a control wire or cable at forces of
      about 6-8 pounds and to yieldably engage the wire above that force such
      that slippage of the connector along the wire is possible. Sheet metal
      steel of about 0.020 stock thickness may be readily formed to a desired
      shape to provide a connector meeting these optimum requirements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination; a wire, a connector engaging the wire and a member upon
      which the connector is mounted, the member being movable between at least
      two positions, the connector comprising a sheet of resilient material
      having the general form of a spiraloid and including an inner portion and
      outer portions disposed to each side of the inner portion, the inner
      portion defining an encircling loop for mounting the connector on the
      movable member, the outer portions defining oppositely disposed openings,
      the inner portion further defining an opening which is out of alignment
      with the other openings, the openings being adapted to cooperatively
      engage the wire when the connector is deformed such that the openings are
      substantially aligned and the wire is inserted therethrough whereby the
      wire is connected to the movable member by the connector and the connector
      is automatically adjustable to a predetermined position on the wire when
      the movable member is moved between the two positions.
NUM  2.
PAR  2. The combination of claim 1 wherein the movable member is a control arm
      in an automobile control system for selectively controlling the flow of
      air through the system and the arm has first and second control positions,
      the connector is mounted on the control arm and yieldably engages the wire
      whereby the connectos is automatically moved to the proper point on the
      wire to allow full travel of the arm between the control positions after
      the arm is initially operated.
NUM  3.
PAR  3. The combination of claim 1 wherein the movable member is a lever in an
      automobile control system for operating a door and controlling the flow of
      air in the system and the lever has first and second positions in which
      the door is substantially open or closed respectively; the connector is
      mounted on the lever and yieldably engages the wire whereby the connector
      is automatically moved to the proper point on the wire to provide full
      travel of the lever between the positions after the wire is initially
      operated to move the lever.
NUM  4.
PAR  4. In a combination of the type including a control member movable between
      at least two positions over a predetermined travel distance, an operating
      member movable between at least two positions over a predetermined travel
      distance and a wire connecting the two members together such that movement
      of the control member causes movement of the operating member, the
      improvement comprising yieldable connector means carried by one of the
      members for yieldably and operably engaging the wire to connect the member
      thereto whereby initial movement of the control member will cause the wire
      to slide through the connector means to provide a certain connecting
      length of wire between the two members, when the connecting length is not
      provided initially, so that the full predetermined travel of both members
      is assured during subsequent operation.
NUM  5.
PAR  5. The combination of claim 47 wherein the connector means comprises a body
      of resilient material having three portions for engaging the wire, two
      outer portions and an inner portion positioned between the outer portions,
      said outer portions having aligned openings therein for receiving the
      wire, the inner portion having an opening which may be brought into
      alignment with the others for receiving the wire by deforming the body
      slightly, the resiliency of the body causing the wire to be yieldably
      engaged by the body portions when the deforming action ceases.
NUM  6.
PAR  6. In a control system having movable control means in the form of a
      flexible cable comprising a wire and wire sheath, the wire being
      operatively connected to a movable actuator device at one end and to a
      remotely located movable actuable device at the other end, the movable
      actuator device being movable by application of a normal manipulation
      force between first and second extreme selection positions, and the
      movable actuable device being movable between first and second extreme
      operating positions in response to movement of the actuator device, the
      invention of adjustment means to locate and correlate the extreme
      selection positions of the movable actuator device relative to the extreme
      operating positions of the movable actuable device so that the movable
      actuator device is located in at least one of the extreme selection
      positions at the same time that the movable actuable device is located in
      one of the extreme operating positions and comprising:
PA1  first connection means connecting said wire to said movable actuable device
      whereby manipulative movement of said wire causes responding manipulative
      movement of said movable actuable device,
PA1  second connection means connecting said wire to said movable actuator
      device whereby manipulative movement of said movable actuator device
      causes responding movement of said wire,
PA1  and at least one of the connection means comprising a separate one-piece
      adjustment clip means having self-releasing resilient spring-like gripping
      jaw means adjustably connecting the wire to one of the devices and
      permitting sliding positional adjustment between the wire and the one of
      the devices by self-release upon application of a predetermined adjustment
      force in excess of the normal manipulation force when the positions of the
      devices are not properly correlated thereby to adjust the relative
      positions of the devices and thereafter permanently holding the wire and
      the one of the devices in the adjusted position during subsequent
      applications of normal manipulation forces, said self-releasing resilient
      spring-like gripping jaw means being formed on the edges of opposite
      spaced side walls of said clip means and defining an open wire receiving
      channel permitting the wire to be associated with said jaw means of the
      clip means by movement transverse to the actuating movement of the wire.
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ABST
PAL  A motion transmitting remote control assembly including a flexible conduit,
      tubular end members at each end of the conduit, load bearing members
      comprising a plurality of helically wound wire members surrounding a
      portion of the conduit and attached to the end members, a motion
      transmitting core element supported for axial movement within the conduit,
      antifriction members for engaging the core element for facilitating
      movement thereof, retainer members for retaining the antifriction members,
      and unanchored, freely axially movable race members disposed between the
      antifriction members and the conduit whereby bending of the assembly is
      relatively unrestricted by the race members.
BSUM
PAR  This invention relates to a motion transmitting remote control assembly of
      the type which includes a flexible conduit, a core element supported for
      axial movement within the conduit, antifriction members for facilitating
      movement of the core element, and race members between the antifriction
      members and the conduit.
PAR  Assemblies of this type generally include end fittings at both ends of the
      flexible conduit for attaching the assembly to a bulkhead. Currently, at
      least one of the race members is anchored or otherwise securely connected
      to the end fittings to provide a load path between the end fittings so
      that forces caused by the operation of the translating core element are
      transmitted to the end fittings for reaction. Due to this arrangement,
      flexing or bending of the conduit is restricted or limited. In other
      words, since at least one of the race members is anchored to the end
      fittings, the total degree of bending is dependent upon the mechanical
      properties of the material used in the race members and particularly the
      yield strength. Since the race members must be capable of supporting
      loads, they are generally made of metal which has the required tensile
      strength. Such metal race members, however, have a very limited range of
      elastic deformation. Consequently, the degree of bending of the assembly
      is severely limited. In other words, when the assembly is bent, the race
      member on the outer side of the bend is placed in tension while the race
      member on the inner side of the bend is placed in compression. The tensile
      and compressive forces increase as the degree of bending increases. Should
      these forces exceed the yield strength of the material, plastic
      deformation will occur and the race members will be permanently deformed.
      Consequently, the degree of bending of the assembly is restricted by the
      anchored race member.
PAR  In some motion transmitting control assemblies, such as those shown in the
      U.S. Pat. Nos. to Bratz 3,154,966 issued Nov. 3, l964 and Richoux
      3,128,637 issued Apr. 14, 1964, the end of one of the race members is
      provided with an axially extending slot which cooperates with a tongue in
      the end fitting of the assembly to permit limited axial movement of the
      race member. It is noted, however, that the other race member is fixed or
      anchored to the end fitting. The degree of bending of these assemblies,
      therefore, is also dependent upon the ability of the "fixed" race member
      to elasticly deform even though one of the race members is unanchored. The
      reason that one race member must remain anchored to the end fittings is
      that no other element of the assembly is capable of transmitting the
      operational loads to the end fittings.
PAR  The instant invention provides a motion transmitting remote control
      assembly which has superior bending characteristics than assemblies
      heretofore known. To accomplish this result, the race members are totally
      unanchored and freely axially movable. Accordingly, the degree of bending
      of the assembly is not restricted by the race members. The assembly also
      includes load bearing means surrounding a portion of the flexible conduit
      and attached to the end fitting. The load bearing means provides a load
      path between the end fittings for transmitting operational loads to the
      end fittings for reaction. The load bearing means in the preferred
      embodiment of the instant invention includes a plurality of helically
      wound wires.
DRWD
PAR  Other purposes and functions of the instant invention will be readily
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is an elevational view, partially broken away, of a preferred
      embodiment constructed in accordance with the instant invention;
PAR  FIG. 2 is a longitudinal cross-sectional, elevational view of a portion of
      the instant embodiment shown in FIG. 1;
PAR  FIG. 3 is a transverse cross-sectional view taken generally along line 3--3
      of FIG. 2;
PAR  FIG. 4 is a transverse cross-sectional view taken generally along line 4--4
      of FIG. 1; and
PAR  FIG. 5 is a longitudinal, cross-sectional view showing a modification of
      the instant invention.
DETD
PAR  Referring to the drawings, a motion transmitting remote control assembly
      constructed in accordance with the instant invention is generally shown at
      10.
PAR  The assembly includes flexible conduit means, generally indicated at 12,
      which consists of a hollow, flexible casing member 14, flexible load
      bearing means, generally indicated at 16, comprising a plurality of
      helically wound wire members 18, and a flexible covering or sheath 20
      surrounding the wire members 18.
PAR  Tubular end members or end fittings, such as end fitting 22, are attached
      at each end of the conduit means 12. The end member 22 is tubular and
      includes external threads 24 and a nut 26 for securing the end member 22
      to a bulkhead. Since both ends of the assembly are substantially
      identical, only one end is shown. In the embodiment shown, the attachment
      between the end member 22 and the conduit means 12 is effected by
      providing an internal swaging sleeve 28 in the countersunk end of the end
      member 22. An annular space is thus defined between the swaging sleeve 28
      and the interior wall of the end member 22 into which the wire members 18
      extend. As shown in FIG. 1, the sheath 20 and the casing 14 abut the end
      member 22 and swaging sleeve 28 respectively. A mandrel (not shown) is
      positioned within the swaging sleeve 28 and the end member 22 is swaged so
      that a relatively permanent connection is formed between the end member
      22, the wire members 18, and the swaging sleeve 28. A sleeve member 30 is
      then disposed about the connection. It is noted that other methods may be
      employed to connect the load bearing wire members 18 to the end member 22.
      It is only necessary that the connection be one which permits the
      transmission of operational forces from the wire members 18 to the end
      member 22 for reaction. In other words, the conduit means 12 is reinforced
      by means, such as the wire members 18, so that it can carry the
      operational loads. The connection between the wire members 18 must,
      therefore, be capable of transmitting loads to the end fitting 22.
PAR  A motion transmitting core element 32 is supported for axial movement
      within the conduit means 12. The ends of the core element 32 are connected
      to a control rod member 34 by suitable means, such as a pair of pins 36
      which extend through the control rod member 34 and core element 32. The
      control rod member 34 extends out of the end member 22 and is adapted for
      attachment either to a control or a controlled member. For this purpose,
      the end of the control rod member 34 may be provided with external threads
      38 or some other means for attachment.
PAR  To facilitate axial movement of the core element 32, the assembly is
      provided with a plurality of antifriction members, generally indicated at
      40, comprising a plurality of ball bearings 42 which are retained in
      spaced relationship by retaining means 44 consisting of a standard ball
      retainer. As shown, the core element 32 includes suitable grooves 46 in
      which the ball bearings 42 ride. The purpose of the antifriction members
      40, of course, is to facilitate axial movement of the core element 32 by
      reducing friction.
PAR  The assembly also includes race members, generally indicated at 48, which
      provide a rolling surface for the ball bearings 42 of the antifriction
      members 40. As shown in FIGS. 2 and 5, these race members 48 are
      unanchored and freely, axially movable with respect to the conduit means
      12. Accordingly, the race members 48 are not subjected to tensile or
      compressive forces when the conduit means 12 is flexed or bent.
PAR  More specifically, and referring particularly to FIG. 2, the race members
      48 terminate within the end members 22. The ends of the race members 48
      are supported in radial, spaced relation with respect to the core element
      32 by support means which comprise the shoe members 50. To provide the
      attachment between the race members 48 and the shoes 50, each shoe 50 is
      provided with a post 52 which extends into an aperture 54 in the race
      member 48. It is noted that the undersides of the shoe members 50
      slidingly engage the core element 32. The ends of the race members 48 are
      consequently prevented from drooping toward the core element 32 and
      possibly interfering with the axial movement thereof.
PAR  To prevent the race members 48 from moving out of the end member 22, the
      end member 22 is provided with four circumferentially disposed
      indentations 56. These indentations 56 merely act as stops to keep the
      race members 48 within the conduit means 12.
PAR  It is pointed out that in the assembly described, the race members 48 are
      not called upon to transmit loads to the end members 22. For this reason,
      it is unnecessary that they be anchored or otherwise in force transmitting
      relationship with the end members 22. The load bearing or load
      transmitting function is accomplished by the load bearing means 16 which
      reinforces the conduit means, comprising the wire members 18. The
      helically wound wire members 18, therefore, constitute a load path between
      the end members 22. Furthermore, the wire members 18 are capable of
      flexing and bending to a much greater extent than "anchored" race members.
      Bending of the assembly is, therefore, relatively unrestricted by the race
      members 48. As a consequence, the use of unanchored race members 48 and
      the wire members 18 permits a greater degree of bending than motion
      transmitting remote control assemblies having fixed or anchored race
      members.
PAR  The race members 48 include a race portion 58 which is arcuate in
      transverse cross section to provide a race or path for the ball bearings
      42. The race members 48 also include resilient means for urging the race
      portion 58 toward the ball bearings 42 and, consequently, the ball
      bearings 42 are urged toward the core element 32. This, therefore, ensures
      positive rolling action between the ball bearings 42 and the core element
      32 which results in maximum efficiency in motion transmission.
PAR  The resilient means includes two return bends 60 which extend inwardly from
      the outer edges of the race portion 58. The return bends 60 are spaced
      from the race portion 58 and are in engagement with the conduit means 12.
      More specifically, the return bends 60 are generally parallel to the race
      portion 58. Furthermore, the return bends 60 are arcuate and conform
      generally to the curvature of the conduit means 12. That is, the curvature
      of the return bends 60 corresponds closely to the curvature of the inner
      surface of the flexible casing 14.
PAR  Due to the resilience of the return bends 60, the return bends push against
      the flexible casing 14 to urge the ball bearings 42 into positive rolling
      engagement with the core element 32. In other words, the race member 48
      acts as a spring member for preloading the ball bearings 42. That is, the
      return bends 60 are flexed inwardly to some extent in the assembled
      position as shown in FIGS. 3 and 4.
PAR  In the event that the conduit means 12 is bent, the return bends 60 of the
      race members 48 will continue to urge the ball bearings 42 toward the core
      element 32 to facilitate positive rolling action therebetween.
PAR  The invention has been described in an illustrative manner, and it is to be
      understood that the terminology which has been used is intended to be in
      the nature of words of description rather than of limitation.
PAR  Obviously, many modifications and variations in the instant invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that the invention may be practiced otherwise than as
      specifically described and yet remain within the scope of the depending
      claims.
CLMS
STM    The embodiments of the instant invention in which an exclusive property
      or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A motion transmitting remote control assembly comprising: flexible
      conduit means, tubular end members at each end of said conduit means, load
      bearing means surrounding a portion of said conduit means and attached to
      said end members, a motion transmitting core element supported for axial
      movement within said conduit means, antifriction means for engaging said
      core element for facilitating movement thereof, retainer means for
      retaining said antifriction means, and unanchored, freely axially movable
      race members disposed between said antifriction means and said conduit
      means whereby bending of said assembly is relatively unrestricted by said
      race members.
NUM  2.
PAR  2. An assembly as set forth in claim 1 wherein said load bearing means
      includes a plurality of helically wound wire members.
NUM  3.
PAR  3. An assembly as set forth in claim 1 including support means for
      supporting the ends of said race members.
NUM  4.
PAR  4. An assembly as set forth in claim 3 including control rod members
      attached to the ends of said core element and extending out of said
      tubular end members.
NUM  5.
PAR  5. An assembly as set forth in claim 4 wherein said support means includes
      a portion of said control rod member.
NUM  6.
PAR  6. An assembly as set forth in claim 5 wherein said load bearing means
      includes a plurality of helically wound wire members.
NUM  7.
PAR  7. An assembly as set forth in claim 6 wherein said conduit means includes
      a flexible casing member surrounded by said wire members.
NUM  8.
PAR  8. An assembly as set forth in claim 7 wherein said conduit means includes
      a flexible sheath member surrounding said wire members.
NUM  9.
PAR  9. An assembly as set forth in claim 8 wherein said race member includes a
      race portion engaging said antifriction means and resilient means for
      urging said race portion toward said antifriction means and said roller
      members toward said core element.
NUM  10.
PAR  10. An assembly as set forth in claim 9 wherein said resilient means
      includes two return bends extending inwardly from the outer edges of said
      race portion, said return bends being spaced from said race portion and in
      engagement with said conduit means.
NUM  11.
PAR  11. An assembly as set forth in claim 10 wherein said return bends are
      generally parallel to said race portion.
NUM  12.
PAR  12. An assembly as set forth in claim 11 wherein said return bends are
      arcuate and conform generally to the curvature of said conduit means.
NUM  13.
PAR  13. An assembly as set forth in claim 3 wherein said support means includes
      a shoe member fixed to said race member and slidably engaging said core
      element.
NUM  14.
PAR  14. An assembly as set forth in claim 13 including control rod members
      attached to the ends of said core element and extending out of said
      tubular end members.
NUM  15.
PAR  15. An assembly as set forth in claim 14 wherein said load bearing means
      includes a plurality of helically wound wire members.
NUM  16.
PAR  16. An assembly as set forth in claim 15 wherein said conduit means
      includes a flexible casing member surrounded by said wire members.
NUM  17.
PAR  17. An assembly as set forth in claim 16 wherein said conduit means
      includes a sheath member surrounding said wire members.
NUM  18.
PAR  18. An assembly as set forth in claim 17 wherein said race member includes
      a race portion engaging said roller members and resilient means for urging
      said race portion toward said antifriction means and said antifriction
      means toward said core element.
NUM  19.
PAR  19. An assembly as set forth in claim 18 wherein said resilient means
      includes two return bends extending inwardly from the outer edges of said
      race portion, said return bends being spaced from said race portion and in
      engagement with said conduit means.
NUM  20.
PAR  20. An assembly as set forth in claim 19 wherein said return bends are
      generally parallel to said race portion.
NUM  21.
PAR  21. An assembly as set forth in claim 20 wherein said return bends are
      arcuate and generally conform to the curvature of said conduit means.
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ABST
PAL  A torsional vibration damper for internal combustion engines. An annular
      inertia member is attached to a hub by an annular elastic member assembly
      having an interleaf. In one embodiment, the interleaf is thicker at the
      middle than at its ends. In another embodiment the interleaf is thinner at
      its middle than at its ends. The elastomer is radially deformed at
      different axial portions. Axial movement of the inertia member relative to
      the hub is inhibited, as is sliding out of the elastomer from the inertia
      and hub members.
BSUM
PAR  This invention relates to torsional vibration dampers of the type employed
      in internal combustion engines. Such dampers find wide application in
      internal combustion engines for automobiles, as well as the diesel engines
      commonly employed in the trucking industry.
PAR  The crankshaft of an internal combustion engine is usually subject to
      torsional vibrations. Such vibrations arise from the sequential explosion
      of combustible gases in the several cylinders. After one cylinder has
      fired a certain length of time elapses before the firing of another
      cylinder. The application of forces of rotation to the crankshaft of an
      engine is accordingly not smooth and continuous. Only if the number of
      cylinders were nearly indefinitely increased would such torsional
      vibrations be substantially eliminated. While the crankshaft is turning
      at, for example, 3000 rpm, delivering power to the wheels of the vehicle,
      it is executing torsional oscillations of, for example, one-fourth of one
      degree at a frequency of 150-250 cycles per second. In certain cases, the
      natural frequency of torsional vibration of the crankshaft may coincide
      with a particular firing frequency of the cylinders of the engine with the
      result that resonance may occur. Such an action can cause appreciable
      strains in the crankshaft and lead ultimately to its fatigue failure.
PAR  For a long number of years, workers in this art have recognized this
      problem and have constructed a variety of devices to lessen such torsional
      vibrations. One common form of torsional vibration damper is that defined
      by a hub coupled to the crankshaft either directly or indirectly. The hub
      carries an elastomer element around its rim, and the elastomer element is,
      in turn, coupled to an outermost annular member. This outermost annular
      member is often termed the inertia member. In the case of torsional
      vibrations, the hub executes such vibrations in phase with the crankshaft
      because it is rigidly coupled to it. The inertia member is coupled to the
      hub by the elastomer and accordingly there is a phase lag between the
      oscillations of the hub and the corresponding oscillations of the inertia
      member. In the case of an ideal vibration damper of this type, the energy
      of the torsional vibrations would be transferred into heat in the
      elastomer member and thereby dissipated. The heat arises in the elastomer
      member by virtue of internal friction within it. This is caused by the
      phase difference between the inertia member and the hub member, with these
      members stretching or deforming the elastomer due to their non-synchronism
      of oscillation.
PAR  In the construction and use of this type of torsional vibration damper, it
      has been known that the heat generated in the elastomer by virtue of such
      internal friction may be dissipated by the use of an element which is
      termed an interleaf. Such an interleaf element is disclosed in for
      example, U.S. Pat. Nos. 2,882,747, 3,041,889 and 3,058,371,  all issued to
      Haushalter. An interleaf may be described as a relatively thin strip of
      metal bent into the shape of a hoop or annulus. The interleaf extends into
      the space between the inertia member and the hub and thus divides the
      elastomer into generally two radially spaced annular portions. The
      interleaf may be annularly continuous while the elastomer is annularly
      discontinuous or, the elastomer may be continuous annularly while a
      plurality of interleaf elements could be employed. The interleaf is
      generally of metal and is accordingly a relatively good conductor of heat
      and extending it axially beyond the elastomer there is a transfer of heat
      between the elastomer to the interleaf and from the interleaf to the
      ambient air.
PAR  In torsional vibration dampers of the general type having a hub, an outer
      inertia member and an elastomer member joining these two elements, the
      problem of axial displacement of the inertia member relative to the hub
      has occured. Due to vibrational forces of several kinds the inertia
      element may tend to move axially relative to the hub and thereby place
      undesired additional deformations on the elastomer. Such undesired axial
      slip has also engaged the attention of workers in this art. One solution
      is illustrated by U.S. Pat. No. 2,972,904 issued to Troyer. There, the
      radially facing surfaces of both the hub and of the inertia member are
      curved in a complementary manner so as to inhibit axial motion of the
      inertia member relative to the hub. Another problem encoutered is that of
      the elastomer slipping out from between the inertia and hub members.
PAR  According to the practice of this invention, an interleaf member is
      employed in a torsional vibration damper construction wherein the
      interleaf performs the dual function of conducting heat away from the
      elastomer and of inhibiting axial movement of the inertia member relative
      to the hub. Elastomer slippage is also inhibited. In carrying out the
      invention in one embodiment, the interleaf is thicker at its middle
      portion than at its ends. The elastomer members which sandwich the
      interleaf are radially deformed so that the elastomer portions adjacent
      the central interleaf portion are deformed a greater amount than the
      elastomer portions adjacent the axial ends of the interleaf. According to
      another embodiment of the invention, an interleaf thinner at its mid
      portion than at its axially extending ends is employed, with the two
      elastomer members which sandwich the interleaf undergoing maximum radial
      deformation at their axial ends. By virtue of this mode of construction,
      axial motion of the inertia member relative to the hub causes increased
      deformation of the elastomer with corresponding increase in resistance to
      such axial motion.
PAR  In another embodiment, similar to the Troyer configuration of U.S. Pat. No.
      2,972,904, an interleaf is positioned in the elastomer wherein the
      interleaf follows the contour of the opposed radial faces of the inertia
      member and the hub to thereby increase resistance to axial motion of the
      inertia member relative to the hub.
PAR  According to yet another embodiment, the interleaf is of uniform radial
      thickness throughout its axial extent in the elastomer. The interleaf may
      be a simple arc in cross section or it may be wave-shaped in cross
      section. In either of these two configurations, the action is the same,
      namely, that axial motion of the inertia member relative to the hub is
      resisted by causing an increase in an already existing deformation of the
      elastomer.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a partial longitudinal cross section and illustrates a torsional
      vibrator damper of this invention according to a first embodiment.
PAR  FIGS. 2 and 3 illustrate a method of assembly.
PAR  FIGS. 4 and 5 illustrate a mode of assembly of a second embodiment.
PAR  FIGS. 6 and 7 illustrate third and fourth embodiments, respectively.
PAR  FIGS. 8, 9 and 10 illustrate a modification of the metallic interleaf of
      the embodiments of FIGS. 6 and 7.
DETD
PAR  Referring now to FIG. 1 of the drawings, the numeral 10 denotes generally
      the torsional vibration damper according to one embodiment of this
      invention. A hub member 12 having an aperture 13 is customarily formed of
      metal and is adapted to be secured to a shaft passing through aperture 13
      by suitable shaft coupling. The numeral 14 denotes an outermost annular
      element, also commonly formed of metal such as iron, coupled to the hub
      through a pair of annular elastomer members 16 and 18. A metal interleaf
      member having a thickened central portion 20 is in the general form of a
      hoop or annulus and has a thinned portion 22 at one axial portion which
      terminates in a projection 24. It has a thin rim portion 26 projecting
      axially in the other direction. The central elastomer portions of the
      members 16 and 18 are deformed in a radial direction by the thickened
      portion 20 of the metal interleaf. The axial ends of the elastomer members
      16 and 18 are accordingly under less radial deformation and in the
      embodiment shown are not radially compressed.
PAR  The operation of the torsional damper illustrated at FIG. 1 is well-known,
      and accordingly only the briefest description will be given. The crank
      shaft which is subject to torsional vibrations and which is coupled to hub
      12 is rotating and, simultaneously, executing torsional vibrations. With
      rotation of hub 12, inertia member 14 also rotates but, because of the
      elastic connection between the hub and inertia member does not oscillate
      in phase. Elastomer members 16 and 18 are accordingly subject to internal
      friction and heat is generated therein. At least a portion of the heat is
      transferred to the interleaf member for dissipation by means of contact of
      the axial ends of the interleaf with ambient air.
PAR  Any external forces acting on inertia member 14 to move it axially with
      respect to hub 12 are resisted by the elastomer members 16 and 18. This
      resistance to such relative axial motion arises from the resistance of the
      elastomer to shearing forces on the convex faces of the interleaf. For
      example, motion of inertia member 14 towards the right as viewed at FIG, 1
      would be resisted by the elastomer at the left portion of FIG. 1 bearing
      against the ever-increasing radius of the interleaf with such continued
      axial movement. As known to workers in this art, the elastomer elements 16
      and 18 may be adhesively bonded to, respectively, inertia member 14 and
      hub 12. Or, forces arising soley from their radial deformation may secure
      them in place. Similarly, there may be a bond between the surfaces of the
      interleaf and the elastomer. Bonding adhesives and techniques are
      well-known to workers in the art and form no part of the invention and
      accordingly are not described here.
PAR  Reference now to FIGS. 2 and 3 of the drawings illustrates a mode of
      assembly of the embodiment shown in FIG. 1. Referring now to FIG. 2, a
      fixture or jig 32 in the general form of a plate having an annular recess
      34 and at least a flat face on the right portion thereof receives the left
      portion of the hub and inertia member, as illustrated. The interleaf is
      held in the fixture 32 by a close fit between the left portion 24 of the
      interleaf and the complementary groove 34 in the fixture 32. The other
      axial face of what will become the torsional vibration damper is clamped
      by other fixture members 36 and 38 which are so configured as to exhibit
      an annular cavity 19 which receives elastomer members 16 and 18 as
      indicated. A movable fixture or mandrel 40 is provided with an annular
      groove 42 having a shape complementary to the right-hand rim 26 of the
      interleaf. With the elements positioned as shown at FIG. 2, a suitable
      lubricant may be applied to facilitate the sliding of the elements now to
      be described. The nature and manner of application of such lubricants, if
      desired, are well-known to workers in this art and accordingly are not
      described here.
PAR  Reference now to FIG. 3 shows that the mandrel 40 has been moved to the
      left from the position shown at FIG. 2. Such motion forces the elastomer
      elements 16 and 18 to the left until the left edges of the elastomer
      elements about the face of fixture 32, the elastomer elements now filling
      the annular cavities between the hub 12 and inertia member 14. The
      fixtures 32, 36, 38 and mandrel 40 are now removed and the result is the
      torsional vibration damper shown at FIG. 1.
PAR  The amount of radial deformation (recalling that an elastomer cannot be
      compressed, only deformed) is clearly dependent upon both the original
      radial thickness of the elastomer elements 16 and 18 and the distance
      between the facing surfaces of the interleaf and the hub and inertia
      member radial faces. In a preferred embodiment, the initial radial
      thickness of elastomer members 16 and 18 at their axial ends is the same
      as their final radial thickness after deformation, as is shown at FIG. 2.
      Thus, in the assemblied condition, the axial ends of the elastomer members
      are not deformed. The deformation of the elastomer members in passing from
      the stage illustrated at FIG. 2 to the final assembly stage illustrated at
      FIG. 3 will cause them to expand along an axial direction and the reader
      may verify that the axial length of these elastomer members prior to
      assembly is less than subsequent to assembly by observing their difference
      in length in the drawings.
PAR  Reference now to FIGS. 4 and 5 shows an embodiment employing the same
      general principles but exhibiting a different configuration of the
      interleaf member. At FIG. 4, the numeral 50 denotes a fixture 50 having at
      least a plain right face which is provided with an annular groove 52. The
      numeral 54 denotes an inertia member, similar to inertia member 14, while
      numeral 56 denotes a corresponding hub which, again, is adapted to be
      coupled to the crankshaft of an internal combustion engine subject to
      torsional oscillations during rotation. A continuous circumferential space
      58 is thus defined between the hub and the inertia member, with both axial
      faces of the space 58 being chamfered as indicated by the numerals 60 and
      62. It will be understood that the inertia member 54 is identically
      chamfered. The numeral 64 denotes a fixture which along with another
      fixture 66 functions to engage the right face of what will become a
      torsional vibration damper which includes members 54 and 56.
PAR  The numeral 68 denotes a metal interleaf in the form of a hoop having a
      thin central portion and two axial portions of equal thickness. The
      numeral 70 denotes another fixture or mandrel element and is movable in a
      direction from right to left as indicated by the arrow. The left face of
      mandrel 70 has a complementary annular recess which receives the right
      axial portion of interleaf 68. With the elements positioned as shown at
      FIG. 4, mandrel 70 is now moved so that the elastomer elements 16 and 18,
      along with the interleaf 68, move into annular zone 58. Again, if desired,
      lubricants known to workers in this art may be employed and additionally a
      binding adhesive may be employed, all of which are known in this art. At
      the conclusion of the process, the final configuration of the damper is
      shown at FIG. 5 and it is only necessary to remove the fixture and mandrel
      elements. The device thus formed is a torsional vibration damper, similar
      to that of FIG. 1, except that the elastomer members 16 and 18 are
      deformed their maximum amount just axially interiorally of both axial
      faces. At the flush axial faces, the elastomer is not deformed, because
      the distance shown at FIG. 5 is the same as the radial thickness of the
      elastomer members 16 and 18 as shown at FIG. 4 prior to deformation. The
      central portion of the elastomer discs is, similarly, not deformed but may
      be by making the thinned central portion somewhat thicker.
PAR  The mode of operation of the completed torsional vibration damper indicated
      at FIG. 5 is the same as that described with respect to FIG. 1. Namely,
      upon torsional oscillation of hub 56 inertia member 54 oscillates (while
      rotating) out of phase with hub 56, thereby generating heat within the
      elastomer members. The resultant internal frictional heat is at least
      partially dissiptated by conduction from the elastomer to the metal
      interleaf 68 and thence to ambient air through the axially projecting
      surfaces of the interleaf. Again, axial motion of the inertia member
      relative to its hub is resisted by the elastomer in an obvious manner.
PAR  Referring now to FIG. 6 of the drawings, an embodiment is illustrated
      wherein the configuration of the torsional vibration damper is similar to
      that shown at U.S. Pat. No. 2,972,904 issued to Troyer. The numeral 80
      denotes an inertia member coupled to hub element 82 and the latter adapted
      to be connected to the crankshaft of an internal combustion engine.
      Numeral 84 denotes an outermost annular elastomer member while the numeral
      86 denotes an innermost annular elastomer member. An interleaf is denoted
      by the numeral 88 and formed of metal. It will be observed that the
      interleaf extends axially beyond the axial faces of the hub and inertia
      member and of the elastomer elements. The thickness of the interleaf is
      substantially uniform throughout its axial extent and follows a curvature
      complementary that exhibited by the facing radial surfaces of the hub and
      inertia member. The manner of assembly is similar to that previously
      described.
PAR  In operation, the vibration damper shown at FIG. 6 functions in a manner
      similar to that previously described in damping torsional oscillations.
      The interleaf functions to both dissipate heat in the elastomer 84 and 86,
      and also to inhibit axial motion of the inertia member with respect to the
      hub. As indicated by dashed lines 90 and 92, any motion in an axial
      direction of the inertia member the hub is resisted by increased shearing
      forces in the region indicated by the lines 90, 92. It will be understood
      that the axes 90 and 92 designate imaginary right circular cylinders which
      define a region of increased shear upon such axial motion.
PAR  Referring now to FIG. 7 of the drawings, another embodiment is illustrated.
      This embodiment is similar to that of FIG. 6, except that the radial,
      facing surfaces of the inertia member and hub are plain, i.e., they form
      coaxial right-cylindrical surfaces. The annular region between them is as
      before filled with elastomer members here designated by numerals 104 and
      106. A metal interleaf member 108 of shape similar to that shown in FIG. 6
      is employed and is assembled in a known manner. If desired, the axial
      entrance to the annular space between the hub and inertia member may be
      chamfered, as indicated by the numeral 110.
PAR  The reader will now be in a position to recognize that interleaf 108
      functions to conduct heat away from the elastomer members during operation
      of the device and at the same time serve as a compression lock against the
      axial motion of the inertia member and the hub. Any such motion is
      resisted by the curvature of the interleaf 108. Thus any axial motion of
      the inertia member will cause an increase in the radial deformation of the
      elastomer members. Such deformation is resisted by the elastomer.
PAR  Referring now to FIGS. 8, 9 and 10 of the drawings, a modification of the
      interleaf is illustrated. At FIG. 8 the numeral 120 denotes a metallic
      interleaf in its unrolled or flat condition and provided with a plurality
      of notches 122 which are equally spaced along one edge of the strip. The
      strip is transversely bowed and then rolled to form the hoop-shaped
      interleaf. Numeral 130, at FIG. 9, denotes an inertia member and numeral
      132 denotes the hub member of a torsional vibration damper. As before, the
      hub 132 is adapted to be coupled to the crankshaft of an internal
      combustion engine. The numerals 134 and 136 denote annular elastomer
      members. The construction is generally similar to that illustrated at FIG.
      6 of the drawings, except for the presence of notches 122. When a metallic
      strip (such as 120 of FIG. 8) is transversely bowed or curved, shown at
      FIG. 6 and 9, for example, there is a tendency for its axial edges to
      wrinkel or buckle. By empolying an interleaf having notches 122, however,
      the transverse cross-section (an arc) of the interleaf as shown at FIG. 9
      may be obtained without such buckling. The edges of the notches move
      together somewhat, as may be seen by reference to FIG. 10 wherein the
      width of the notches 122 after rolling and bowing is less that that shown
      at FIG. 8 prior to rolling and bowing.
PAR  In each embodiment radial deformation of the elastomers during assembly of
      the dampers is utilized to maintain axial positioning among the inertia
      member, the elastomers, the interleaf, and the hub. Such radial
      deformation gives rise to friction forces in a generally axial direction
      which resist relative axial movement of these elements. If desired, such
      frictional forces may be increased by using bonding compositions, i.e.,
      adhesives, on the several surfaces. At the present state of bonding
      technology for torsional vibration dampers of the type here described, it
      is not practical to rely on bonding adhesives alone to maintain axial
      alignment. The reader will recognize, however, that the novel interleaf
      configurations of this invention would also yield the same advantages as
      above described without the necessity of radial deformation during
      assembly should better bonding adhesive and technology evolve.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A torsional vibration damper of the type defined by a hub adapted to be
      rotatably coupled to the crankshaft of an internal combustion engine, the
      hub carrying on its outer periphery an inertia member coupled to it by
      elastomer, an annular interleaf within the elastomer to divide it into two
      annular elements which sandwich the interleaf, the outer radial surface of
      the hub and the inner radial surface of the inertia member each define a
      cylinder, the improvement comprising, the interleaf being of non-uniform
      cross-section to thereby radially deform the elastomer different amounts
      at different axial positions therealong.
NUM  2.
PAR  2. The damper of claim 1 wherein said interleaf is of an axial extent
      greater than said elastomer.
NUM  3.
PAR  3. The damper of claim 2 wherein the cross-section of said interleaf has a
      thickened central portion midway axially thereof.
NUM  4.
PAR  4. The damper of claim 3 wherein the elastomer is of maximum radial
      deformation adjacent said thickened central portion of said interleaf and
      is of a lesser radial deformation axially of said thickened central
      interleaf portion.
NUM  5.
PAR  5. The damper of claim 3 wherein the elastomer of both axial ends thereof
      is not radially deformed where it is flush with the axial faces of the
      inertia member and the hub.
NUM  6.
PAR  6. The damper of claim 2 wherein the cross-section of said interleaf has a
      thinned central portion midway axially thereof.
NUM  7.
PAR  7. The damper of claim 6 wherein the elastomer is of maximum radial
      deformation laterally of said thinned central interleaf portion and is of
      a lesser radial deformation at said thinned central interleaf portion.
NUM  8.
PAR  8. The damper of claim 7 wherein the elastomer of the axial center of the
      said interleaf is not radially deformed.
NUM  9.
PAR  9. A torsional vibration damper of the type defined by a hub adapted to be
      rotatably coupled to the crankshaft of an internal combustion engine, the
      hub carrying on its outer periphery an inertia member coupled to it by
      elastomer, an annular interleaf within the elastomer to divide it into two
      annular elements which sandwich the interleaf, the improvement comprising
      at least one of the radial distances between the inertia member inner
      surface and interleaf and the radial distances between the interleaf and
      the outer surface of the hub varying over the axial extent of the surface
      contact of the elastomer and the interleaf.
NUM  10.
PAR  10. The damper of claim 9 where the inner surface of the inertia member and
      the outer surface of the hub are each cylindrical.
NUM  11.
PAR  11. The damper of claim 10 where the interleaf is of uniform cross section
      throughout its axial extent.
NUM  12.
PAR  12. A torsional vibration damper of the type defined by a hub adapted to be
      rotatably coupled to the crankshaft of an internal combustion engine, the
      hub carrying on its outer periphery an inertia member coupled to it by
      elastomer, the outer surface of the hub being curved, the inner surface of
      the inertia member being curved, said curved surfaces being complementary,
      the improvement comprising, an interleaf of uniform radial cross-section
      positioned in said elastomer and extending from one axial face thereof to
      the other axial face of the elastomer, said interleaf being parallel at
      all axial portions thereof with the complementary surfaces of the hub and
      the inertia member.
NUM  13.
PAR  13. The damper of claim 12 wherein said interleaf is provided along one
      axial edge thereof with a plurality of notches which extend from said one
      axial edge axially toward the other axial edge a distance sufficient to
      inhibit buckling of said interleaf during assembly.
NUM  14.
PAR  14. The torsional vibration damper of claim 2 wherein said interleaf is of
      metal, whereby at least a portion of the heat generated within the
      elastomer is transferred to the interleaf and thence to ambient.
NUM  15.
PAR  15. The torsional vibration damper of claim 9 wherein said interleaf is of
      uniform radial thickness and is of metal and is of an axial extent greater
      than said elastomer, whereby heat generated within the elastomer is
      transferred to the interleaf and thence to ambient.
NUM  16.
PAR  16. The torsional vibration damper of claim 12 wherein said interleaf is of
      metal, whereby heat generated within the elastomer is transferred to the
      interleaf and thence to ambient.
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ABST
PAL  A rotary motion transmitting device including traction rollers for
      transmitting motion in either direction from an input shaft to an output
      shaft. One shaft carries an internal traction ring and the other shaft,
      whose axis is parallel to, but slightly spaced from, the traction ring
      shaft, extends into the traction ring and carries an inner roller to form
      a varying annular space. Three intermediate traction rollers are angularly
      disposed within this annular space and are urged into firm Hertzian
      contact with both the traction ring and the inner roller by means of the
      torque transmitted through the device. The five traction rollers have a
      sum of degrees of freedom of movement in a plane perpendicular to the axes
      of the rollers equal to 8, 9 or 10.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Useful tangential forces transmitted between two friction wheels depend on
      the properties of the surfaces in engagement with each other and the
      amount of contact force compressing the engaging surfaces together. For a
      given coefficient of friction between engaging surfaces and a fixed amount
      of contact force, there is a limit to the size of the tangential force
      that can be transmitted before slip occurs.
PAR  The engineering theory of the geometry, deformations and state of stress of
      two elastic bodies with curved surfaces in tangential contact is dealt
      with in "FORMULAS FOR STRESS AND STRAIN" by R. J. Roark, Chapter 13,
      McGraw-Hill, New York, 1954. The term "Hertzian Contact" used in the
      specification refers to the intimate surface contact zone between loaded
      traction rollers which follows the engineering theory referenced above.
      "Hertzian Zone" is the contact zone itself. Hertz was the mathematician
      who developed the theory of surface stresses in "H. Hertz: `GESAMMELTE
      WERKE`, Volume 1, Leipzig, 1895."
PAR  Fixed ratio friction wheel transmissions are of two types:
PA1  The first is where the friction wheels are arranged so as to be engaged
      with each other with a fixed predetermined contact force chosen to prevent
      slip at the maximum load. Unnecessarily large contact forces are imposed
      at lower transmitted loads resulting in lower life expectancy.
PA1  The second type has the friction wheels arranged so that they are firmly
      engaged by contact forces that are developed by internal reactions to
      torque being transmitted. This type can be further classified as to
      whether the friction wheel bearings must carry very high contact forces
      found between the friction wheels or relatively low tengential forces
      delivering the useful work in the transmission.
PAR  The present invention is of the second type where the bearings carry only
      low tangential forces.
PAR  Examples of various fixed ratio friction wheel transmissions are described
      in "MECHANICAL DESIGN AND SYSTEMS HANDBOOK" by Harold A. Rothbart, pp.
      14-8 and 14-9, McGraw Hill, New York, 1964.
PAR  Essential to successful operation of the present and prior inventions of
      this type is that the traction roller elements be permitted sufficient
      freedom of movement so each roller can share in load carrying.
PAR  Advantages of these transmissions, if they can be made to work, include:
PA1  1. Contact forces between all traction rollers are torque responsive.
      Therefore, the tractive capability of the transmission to deliver torque
      automatically changes to exactly meet the load level demanded. This makes
      gross slippage of traction rollers nearly impossible under normal
      operating conditions.
PA1  2. The design arrangement is simple and reflects in low manufacturing and
      assembly costs.
PA1  3. High bearing loads are virtually eliminated since major contact forces
      between rollers are internally counter-balanced by the traction rollers
      and are not reacted out into bearings.
PA1  4. Increase or reduction speed ratios can be obtained ranging from less
      than 2:1 to over 25:1.
PA1  5. Extremely high speeds can be handled at relatively low surface
      velocities thus offering new design alternatives for high speed machinery.
PAR  Numerous attempts have been made by past inventors in proposing design
      approaches that utilize traction roller arrangements resembling the
      present invention in order to gain some of these advantages. However,
      virtually all of the prior art has failed to take into account the adverse
      influence of elasticity of engineering materials used in traction roller
      drive designs on the actual operating geometry. Previous designs strongly
      suggest poor load sharing capability of the power rollers. When the
      traction rollers are not free to adjust position to accommodate the
      various elastic deformation effects inevitably induced by the transmitted
      load, they experience high wear, excessive creep, rapid heat generation,
      noise and poor speed and torque efficiency.
PAR  Since the key feature that differentiates the present invention from prior
      art is essentially the number of degrees of freedom permitted the five
      traction rollers, specific definitions and clarifications are hereby made:
PA1  In general, the number of degrees of freedom possessed by a moving body
      relative to a fixed frame of reference is determined by the number of
      independent variables that are required to define its position. Of
      interest in the present invention and in prior art are those degrees of
      freedom present in the principle plane of rotation of the rollers which is
      that plane which is perpendicular to the roller axes. The only degrees of
      freedom possible in the principle plane of rotation in devices of the type
      under consideration are: one in rotation about the roller axis, and
      either, none, one or two, in translation of the geometric center of the
      roller from the fixed reference. "Geometric center", as used herein is
      defined as the center of a circle formed by the intersection of a plane
      and the traction surface of the roller with the plane intersecting the
      traction surface at a right angle to the roller axis.
PA1  Only the degrees of freedom in translation are of specific interest here.
      For further clarification, consider the three cases shown in FIG. 6 in
      which graphic illustrations of degrees of freedom are made.
PAR  There are very subtle, but vitally important reasons why consideration of
      the number of degrees of freedom is essential in the design of traction
      drives of the type described in the present invention:
PA1  It has been found that the actual dynamic operating geometry assumed by the
      rollers under load and speed is significantly different from that present
      in the static, unloaded state. The differences are not easily discovered
      except by careful analysis and testing.
PAR  Elastic deformations occur in the rollers, bearings, shafts, etc., such
      that the operating geometric centers of the rotating parts shift to new
      dynamic positions. Unless these displacements can be accommodated in a
      predictable fashion in the design of the device, it will experience wear,
      noise and other related operating problems. Undoubtedly inventors in prior
      art were faced with the dilemma of either accepting poor performance or
      building the devices so heavy and cumbersome to control deformations that
      they became impractical. Also, as components are made stiffer, they must
      also be made more accurate and, therefore, more costly. It is probably
      noteworthy that none of the devices proposed by the prior art has
      exhibited any significant commercial success to date.
PAR  One prior invention, Barske U.S. Pat. No. 3,380,312, requiring a total of
      not more and not less than 6.degree. of freedom, clearly shows that the
      two reaction rollers, in a five roller system, always have 0.degree. of
      freedom each and thus correspond to the FIG. 6a example. The inventor very
      clearly illustrates by diagram and by description when he is intending
      either 0, 1 or 2 degrees of freedom. His definitions of degrees of freedom
      are substantially in agreement with those in FIGS. 6a, b and c.
PAR  A more recent invention, Kraus U.S. Pat. No. 3,776,051, of a somewhat
      related roller arrangement involving six traction roller elements does not
      discuss essential degrees of freedom per se, except for the wedging
      roller; but does clearly illustrate by diagrams that the device, depending
      on interpretation, has either 4 or 5 degrees of freedom at most and will
      not care for the adverse effects of elastic deformation previously
      discussed.
PAR  A very early invention of related construction Dieterich U.S. Pat. No.
      1,093,922 clearly shows a five roller device with an internal ring with
      2.degree. of freedom, an intermediate roller with 1.degree., an inner sun
      roller with 0.degree. and the remaining two intermediate rollers with
      either 1 or 2 degrees each. Therefore, the total degrees of freedom of
      movement for this early system are either 5 or 7, but definitely not 8, 9
      or 10.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a rotary motion transmitting device for
      transmitting power in either direction of rotation at a fixed transmission
      ratio by means of frictionally engaging motion transmittting surfaces.
PAR  The present invention transmits power through smooth cylindrical traction
      rollers arranged such that an inner sun roller is positioned eccentrically
      within an internal traction ring roller thus forming a narrowing annular
      space into which three intermediate planetary rollers are angularly
      disposed in force equilibrium so that each are in firm Hertzian contact
      simultaneously with both the internal ring roller and the inner sun
      roller. Contact forces between all traction rollers are torque responsive.
      Therefore, the tractive capability of the transmission to deliver torque
      automatically changes to exactly meet the load level demanded. This makes
      gross slippage of traction rollers substantially impossible under normal
      operating conditions. The design arrangement of the motion transmission
      device is simple and reflects in low manufacturing and assembly costs.
      High bearing loads are virtually eliminated since major contact forces
      between rollers are internally counterbalanced by the traction rollers and
      are not reacted out into bearings. Extremely high transmitting speeds can
      be handled by this invention at relatively low surface rolling velocities,
      thus offering new alternatives to high speed machine designers. Basic
      design novelty provides proper degrees of freedom for the power rollers
      and allows the rollers to evenly share transmitted loads which reflects in
      quieter, longer life operation of the device. Novel design techniques
      provides balanced roller contact stresses which results in more
      economical, lighter weight transmissions.
PAR  Virtually all previous efforts in designing power transmitting devices
      utilizing traction roller arrangements of the type contemplated by this
      invention have failed to take into account the adverse influence of
      elasticity of engineering materials used in the traction roller elements.
      Small, but predictable deformations occur at the loaded traction surfaces
      and in the roller and traction ring blanks which cause predictable changes
      in the geometric operating position of the loaded rollers.
PAR  Unless traction rollers are free to adjust position to accommodate the
      various elastic deformation effects on operating geometry, traction
      surfaces on the rollers experience high wear, excessive creep, rapid heat
      generation, noise and poor speed and torque efficiency. The present
      invention overcomes these deficiencies contained in prior art by designing
      the transmitting device so that:
PA1  1. The sum of the degrees of freedom of movement of the geometric centers
      of the five traction rollers in their principle planes of rotation must be
      equal to either 8, 9 or 10;
PA1  2. The five traction roller diameters and coordinate positions of their
      geometric centers must follow definite mathematical relationships
      heretofore not defined by prior art; and
PA1  3. Traction contact stresses must be balanced at the various contact lines
      between the rollers according to definite mathematical equations if
      optimum design proportions and transmission performance are to be
      realized.
PAR  The present invention always provides the two essential reaction roller
      members with at least 1.degree. of freedom each making the total degrees
      for the system equal to a minimum of 8. The system is still statically
      determinate and provides the needed accommodation for the troublesome
      elastic deformations.
PAR  Accordingly, it is an object of this invention to provide a rotary motion
      transmitting device having quiet, substantially vibration free operating
      characteristics.
PAR  Another object of this invention is to provide a friction rotary motion
      transmitting device having a long operative life.
PAR  Still another object of this invention is to provide friction rotary motion
      transmitting devices in which the fixed speed ratios can vary from less
      than 2:1 to over 25:1.
PAR  And still another object of this invention is to provide a rotary motion
      transmitting device of economical construction.
PAR  Other objects of this invention will become apparent when reading the
      following description and Claims.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration showing the essential components of
      the invention.
PAR  FIG. 2 is a longitudinal sectional view of the transmission device taken
      along line 2--2 of FIG. 3.
PAR  FIG. 3 is a cross sectional view taken along line 3--3 of FIG. 2.
PAR  FIG. 4 is a free body force diagram of the rollers of the transmitting
      device under load during operation.
PAR  FIG. 5 is a diagram showing the mathematical coordinate system and symbols
      used in equations included in the specification.
PAR  FIGS. 6a, 6b and 6c are diagrammatic illustrations of the concepts of
      "degrees of freedom of movement".
PAR  FIGS. 7a, 7b and 7c are illustrative of three additional embodiments of the
      present invention for accomplishing 2.degree. of freedom of movement with
      rollers of the transmitting device.
PAR  FIG. 8 is a longitudinal sectional view showing traction roller contacts
      and balancing of stresses by use of stress reliefs.
PAR  FIG. 9 is a longitudinal sectional view of interleaving intermediate
      rollers.
PAR  FIG. 10 is a longitudinal sectional view of a cantilevered roller
      embodiment of the present invention.
PAR  FIG. 11 is a longitudinal sectional view of a rotating housing embodiment
      of the present invention.
PAR  FIG. 12 is a longitudinal sectional view of a multiple input and/or output
      shaft embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiments illustrated are not intended to be exhaustive or
      to limit the invention to the precise forms disclosed. They are chosen and
      described in order to best explain the principles of the invention and its
      application and practical use to thereby enable others skilled in the art
      to best utilize the invention.
PAR  FIG. 1 is an elementary diagram showing the basic principle by which the
      transmission operates. In its simplest form, the transmission consists of
      a high speed axis of rotation 1, a low speed axis of rotation 2 offset and
      parallel to axis 1, three roller support hole centers 3, 4 and 5, all
      parallel to axes 1 and 2 and each angularly spaced about low speed axis 2.
      The power transmitting members are substantially rigid cylindrical bodies
      containing smooth traction contact surfaces which when brought into
      intimate Hertzian contact with like surfaces, will have the capacity to
      transmit useful tangential forces about the axes of rotation of the
      contacting bodies. In FIG. 1, the power transmitting members take the
      configuration of external and internal cylindrical traction rollers 6, 8,
      9-11.
PAR  The inner traction sun roller 6 rotates about axis 1 and is positioned
      eccentric to and within an internal traction surface 7 contained on the
      ring roller 8 operating on axis 2. Intermediate rollers 9, 10 and 11 are
      nominally located on support hole centers 3, 4 and 5 within the narrowing
      annular space formed between ring roller 8 and sun roller 6 so that each
      intermediate roller g-11 remains firmly engaged in Hertzian contact
      simultaneously with both the ring and sun rollers in such a manner that
      the normal contact forces between the rollers are directly proportional to
      the torque transmitted by the transmission device. To obtain these torques
      responsive Hertzian contact forces between rollers, the following
      conditions are essential:
PA1  A. at least one of the intermediate rollers 9-11, known as the wedging
      roller, must have 2.degree. of freedom of translational movement in the
      principle plane of rotation of the roller.
PA1  B. the remaining two intermediate rollers, known as the reaction rollers,
      must each have at least 1.degree. of freedom of translational movement, in
      the principle plane of rotation of the rollers.
PA1  C. the sun roller 6 and ring roller 8 each must have 2.degree. of freedom
      of translational movement in the principle plane of rotation of the
      rollers.
PAR  From the above description, it becomes apparent that this transmission
      device must have a minimum total of 8.degree. of freedom of movement in
      the principle plane of rotation of the rollers. The term "degree(s) of
      freedom of translational movement" or simply "degree(s) of freedom of
      movement" as used in the specification and Claims refer to the number of
      independent variables required to define the position of the geometric
      center of a roller traction surface relative to the geometric center of
      its fixed support within the principle plane of rotation of the roller.
      "The principle plane of rotation of a roller" is defined as a plane which
      is perpendicular to the axis of the roller. By this definition, each
      roller can have but 1, 2 or no degrees of freedom of movement. Examples of
      various degrees of freedom of movement are shown in FIGS. 6a, 6b and 6c.
      In FIG. 6a, the shaft "V" of roller "Q" seats snugly in its race support
      "U", permitting no degrees of freedom of movement. In FIG. 6b, shaft "V"
      of roller "Q" contacts its race support "U" at one point, with the
      location of the geometrical center of the roller being determined by one
      independent variable "E". Therefore, roller "Q" in FIG. 6b has 1.degree.
      of freedom of movement. In FIG. 6c, shaft "V" of roller "Q" does not
      contact its race support "U" so that the location of the geometrical
      center of the roller must be determined by two independent variables "X"
      and "Y". Therefore, roller "Q" in FIG. 6c has 2.degree. of freedom of
      movement.
PAR  FIGS. 6a, 6b and 6c are illustrative of the principle of degrees of freedom
      of movement by the use of one specific arrangement of a roller, a bearing
      and a shaft.
PAR  In practice, freedom of translational movement of rollers can be
      accomplished in several ways: shaft bearing seats can be machined slightly
      undersize and/or bearing bores can be made oversize to acquire needed
      clearance as shown in FIGS. 6a, b, c. Likewise, bearing outside diameters
      can be made undersize and/or mating housing bores can be made oversize.
      Still another method is to use standard anti-friction bearings with extra
      internal clearances obtained by adjustment during bearing installation.
PAR  The transmission device illustrated in FIG. 1 works as follows: Roller 9 is
      fixed tightly to shaft 12 and rotates about axis 3. The design geometry of
      the device is such that under operating loads, roller shaft 12 has
      clearance 14 relative to the locating hole in the fixed frame 13. Shaft
      12, and therefore, roller 9 are free to move in translation in any
      direction in the plane of the drawing or the principle plane of rotation
      of the roller so long as clearance 14 remains a measurable value. Roller
      9, therefore, has 2.degree. of freedom of movement in translation and is
      the wedging roller of the device. Roller 10 is likewise fixed tightly to
      shaft 15 and rotates about axis 16. During operation, shaft 15 remains in
      contact at point 17 with the locating hole surface 18 in the fixed frame
      13. Anti-friction bearings could, of course, be used but FIG. 1 shows a
      simple hole and shaft for purposes of clarity. To accommodate deformations
      under varying transmitted loads, roller 10, which has 1.degree. of freedom
      of movement, can freely move on a single constrained circular path
      described by hole surface 18. In so moving, contact point 17 changes
      location about hole perimeter 18 to provide a reaction point that is
      self-adjusting to imposed loads and deformations on the rollers. Roller 10
      is known as a reaction roller. Roller 11 is fixed tightly to shaft 19 and
      rotates about axis 20. Operation of roller 11 is similar to that of roller
      10 in that it has 1.degree. of freedom of movement and is also a reaction
      roller. Rollers 10 and 11 thus provide a balancing internal reaction
      couple to the externally applied input and output torque moments on the
      system. Sun roller 6 has 2.degree. of freedom of translational movement.
      Ring roller 8 also has 2.degree. of freedom of translational movement in
      its principle plane of rotation. Rotation of sun roller 6 in the direction
      of arrow 47 will cause rotation of rollers 9-11 and the resulting rotation
      of ring roller 8 in the direction of arrow 46.
PAR  FIGS. 2 and 3 are views of one of many possible embodiments of this
      invention. The rotary motion transmission device depicted in these figures
      includes a main housing 26 to which is firmly secured a housing end cover
      21. The main housing 26 is provided with an opening through which extends
      one end of a ring shaft 23. Shaft 23 is internally supported by bearings
      27 trapped in axial position by secured seal carrier 28, retaining ring
      29, spacer 30 and shoulders 31. Housing cover 21 has a clearance opening
      20 containing an oil seal 22 and through which extends the inner sun
      roller 6. Roller 6 has clearance 20 with cover 21 thus permitting
      2.degree. of freedom of movement in its plane of rotation. Roller 6 is
      constrained axially by means external to the transmitting device and is
      depicted by thrust washer 85 and shoulders 86. Inside of the enclosed
      housing formed by cover 21 and housing 26, the ring roller 8 is secured to
      ring shaft 23 by means of fastener screws or devices 24 which extend with
      clearance 25 through holes in the ring shaft so that the ring roller will
      have 2.degree. of freedom of movement in its principle plane of rotation.
      Clearance gap 44 also allows ring 8 to float axially to the extent of the
      clearance.
PAR  The axis 1 of roller 6 is parallel with but displaced from axis 2 of ring 8
      by a determinable distance described by mathematical equations that
      follow. Intermediate rollers 9, 10 and 11 are angularly spaced in the
      annular path of varying width formed by the internal traction surface 7 of
      roller 8 and external traction surface 32 of roller 6, as shown in FIG. 3.
      Rollers 9 and 10 may be different sizes as shown in FIG. 3, or of the same
      size as shown in FIG. 1, the design choice being guided by the performance
      characteristics desired of the transmission.
PAR  In FIGS. 2 and 3, rollers 9, 10 and 11 all rotate on bearings 33 which are
      positioned on non-rotatable shafts 34, 35 and 36. The end portions of
      shafts 34-36 extend into accurately machined clearance holes 37, 38 and 39
      in housing cover 21 and a support cover 40 which is firmly secured by
      screws or fasteners 41 to housing end cover 21. Internal surfaces of
      clearance holes 38 and 39 function as limit stops for self-adjusting
      roller alignment with each roller 10 and 11 having 1.degree. of freedom of
      movement each when the said shaft end portions make contact with the
      internal surface of the clearance holes. Hole 37 is made large enough to
      always provide positive operating clearance with shaft 34 so that roller 9
      always has 2.degree. of freedom of movement. Rollers 9, 10 and 11 retain
      their axial positions relative to ring 8 and housing cover 21 by means of
      shaft shoulders 42 and fitted spacers 43 on the opposite side of rollers
      9-10. Gap 44 is a controlled axial clearance between ring 8 and ring shaft
      23 permitting ease of radial movement of ring 8 in 2.degree. of freedom of
      movement. The same play or freedom could also be achieved by means of an
      articulated joint formed by a loose spline or other means used in
      connecting the ring 8 and shaft 23.
PAR  Roller 9 requires a light energizing force to urge it into initial
      engagement with surface 7 of ring 8 and surface 32 of ring 6. For this
      purpose, a spring 45, which is pivotally secured at one end with pin 87
      and simply supported against a second pin 88 at the other end, is
      deflected against the end of roller shaft 34. A second identical
      functioning set of spring 45 and pins 87 and 88 are provided at the
      opposite end of shaft 34 in such a manner that the forces developed by the
      deflected springs are additive and together provide the total initial
      urging force for roller 9. When rotation and torque sense are reversed,
      reaction roller 10 becomes the wedging roller and a similar set of springs
      45 are used to act on shaft 35 to provide the initial energization. When
      either roller 9 or 10 is acting as a reaction roller, it fully deflects
      its own set of energizing springs 45 until its roller supporting shaft
      firmly contacts the inner surface of its clearance hole, as seen for
      roller 10 in FIG. 3. Roller shafts 34 and 35 are prevented from rotating
      by shaft flats 52 which nest springs 45.
PAR  A force analysis of the roller elements provides further insight into how
      this invention works. Referring to FIG. 4, assume that applied to the ring
      roller 8 is a resisting or holding torque moment 49, and applied to the
      sun roller 6, is a driving torque moment 47. Both quantities are
      externally applied clockwise torques as shown. A free body force diagram
      of wedging roller 9 shows that the roller has four main forces acting on
      it: a normal force N and a tangential force T acting at the contact point
      89 with ring 8; and equivalent forces N and T acting at the contact point
      90 with the roller 6. Because the forces N are applied at the wedging
      angle .alpha., they have force components equal in magnitude but opposite
      in direction to tangential work forces T. The net result of this free-body
      analysis is that the wedging roller 9 remains in "dynamic equilibrium" and
      does not require the use of bearings to absorb residual reaction. In
      practice, bearings and axel shafts will be used with wedging rollers to
      help keep them properly aligned to enable them to be used alternately as
      reaction rollers in bi-directional drives and to prevent a roller from
      falling out of engagement with the other rollers under its own weight at
      zero transmission load if so oriented with gravity.
PAR  A similar free-body analysis of reaction roller 10 shows the same normal
      and tangential forces acting at its corresponding two points of contact
      but the tangential forces T and the tangential components of normal forces
      N are in the same direction and are, therefore, additive. Thus, an
      opposing reactive force must be applied to roller 10 equal to 4 times the
      tangential force to maintain force equilibrium. This is accomplished by
      using a shaft 36, bearing 33 and clearance holes 39 to support shaft 36 as
      seen in FIGS. 3 and 4. A similar force analysis of the second reaction
      roller 11 will show there is a resultant force 2T or 2 times the
      tangential force which must be transmitted into its roller supports.
PAR  It is, therefore, seen that the wedging force acting on wedging roller 9 is
      proportional to the useful tangential forces which are proportional to the
      transmitted torque. By controlling the wedging angle .alpha. in design, a
      preselected ratio of tangential to normal forces may be specified. The
      wedging angle can be selected to match the probable coefficient of
      traction obtainable with certain lubricants, finishes, rolling speeds and
      Hertz stresses. For average commercial quality design utilizing traction
      lubricants and where rolling speeds are under 5,000 feet per minute,
      wedging angles between 3.degree. and 5.degree. may be used.
PAR  The offset distance between ring roller axis 1 and sun roller axis 2
      directly controls the wedging angle .alpha.. The smaller the offset
      distance, the larger the normal force N available for a given amount of
      torque to prevent slip.
PAR  It is understood that if the direction sense of the input and output
      torques are made opposite of the directions assumed in FIG. 4, the roles
      of wedging roller 9 and reaction roller 10 interchange. Roller 11 would
      remain a reaction roller in either case but the reactive force would
      become oppositely directed.
PAR  In the power train of this invention, the speed ratio is determined by the
      ratio of the diameter of the internal traction surface 7 of roller 8 to
      the diameter of the external traction surface 32 of the sun roller 6.
      Either the ring shaft 23 or the sun roller shaft 6 may be the input shaft,
      depending on whether a speed increase or reduction is desired. The system
      of rollers is non-self-locking at any ratio if anti-friction bearings are
      used.
PAR  Non-self-locking, as used in this specification, means the power train may
      be freely driven from either the sun roller shaft 6 or from ring shaft 23.
      Anti-friction bearings can be used in place of sleeve bearings 33 to
      improve over-all efficiency and to minimize any tendency for self-locking.
PAR  The device can transmit power in both clockwise and counterclockwise
      rotations of the input shaft. Transmission ratios can cover the range from
      less than 2:1 to over 25:1 in a single stage transmission and much higher
      in multiple stage transmissions. For ratios above about 12:1, it is
      necessary to interleave the intermediate rollers such as shown in FIG. 9.
PAR  This can be accomplished by replacing the solid roller construction of
      reaction roller 11 with a stacking of narrow roller discs 49 alternately
      with spaces 50 and providing accommodating clearance spaces 51 in the
      remaining intermediate rollers 9 and 10.
PAR  A further variation of the present invention allows additional freedom of
      displacement or movement in the intermediate rollers to care for both
      unusual elastic deformations in the transmission and for dampening of
      drive line vibrations. This is accomplished by increasing the number of
      degrees of freedom of movement for either or both reaction rollers 10 and
      11 from 1 to 2 degrees each, making the total degrees for the five roller
      system equal to 9 or 10. In practice, a reaction roller may be provided
      with 2.degree. of freedom instead of one by designing controlled
      elasticity or flexure into the reaction roller and shaft assembly.
      Practical design approaches to accomplish this are shown in FIGS. 7a, 7b
      and 7c.
PAR  FIG. 7a shows a composite material roller design in which the outer
      metallic traction race 70 and an inner metallic hub 72 are joined by a
      resilient, non-metallic substance 74 that permits 2.degree. of freedom of
      movement of the outer race 70 relative to the inner hub 72.
PAR  Another related construction, shown in FIG. 7c, is to provide a resilient,
      non-metallic substance 76 interposed between shaft 78 and the fixed frame
      or housing 82. In this case, the roller 70 rotates on a fixed shaft 78 and
      obtains its 2.degree. of freedom of movement indirectly from the resilient
      mounted shaft.
PAR  Still another approach, as shown in FIG. 7b, does not use an intermediate
      non-metallic substance but utilizes the principle of design configuration
      control, in that the basic roller body 84 is uniquely shaped with complete
      circular grooves 91 as shown in FIG. 7b to provide 2.degree. of freedom of
      movement in the principle plane of rotation due to the resulting
      extra-ordinary resiliency or flexure made possible.
PAR  The structural design of the transmission device of this invention is
      determinable by precise mathematical computations. These computation
      formulae, referring to FIG. 5, are as follows:
PA1  .theta. :Polar Angle
PA1  .mu..sub. T :Geometric Coefficient of Traction
PA1  R.sub.R :Radius of Internal Ring Race Surface 7
PA1  K :Transmission Speed Speed Ratio
EQU  1..alpha. = tan.sup.- .sup.1 .mu..sub.T
PAL  (where .alpha. is the Wedging Angle)
      ##EQU1##
      (Where R.sub.P is the Smaller Intermediate Roller)
      ##EQU2##
      (Where Y.sub.S is the Offset Distance Between Axis 2 of the Ring Roller 8
      and Axis 1 of Sun Roller 6)
      ##EQU3##
      (Where R.sub.S is the Radius of Sun Roller 6)
      ##EQU4##
      (Where R.sub.SR is the Radius of the Largest Intermediate Roller)
PAR  It can be seen that by specifying the transmission ratio, the size of
      internal ring 8, the polar angular spacing of intermediate rollers 9, 10
      and 11 and the desired coefficient of traction, it is possible to
      determine the size of the remaining rollers and the offset of the sun
      roller and ring roller axes.
PAR  When the roller sizes and offset axis distance are specified, the polar
      angle of the intermediate rollers and the geometric coefficient of
      traction may be determined as follows:
PA1  Given: r.sub.r, r.sub.s, r.sub.p, y.sub.s
PA1  find:
PA1  .theta. :polar Angle (FIG. 5)
PA1  .gamma. :angle in FIG. 5
PA1  .alpha. :wedging Angle (FIG. 5)
PA1  .mu..sub. t :geometric Coefficient of Traction
      ##EQU5##
EQU  9. .mu..sub. T = tan.alpha.
PAR  Another important design aspect of the present invention is to proportion
      the various roller traction surfaces in such a manner that each has
      approximately the same total operating life. In general, this means the
      stresses in the Hertzian contact zones of all rollers should be, nearly as
      possible, the same. Since the combination of relative curvatures, number
      of stress cycles and contact forces differ for each contact zone, it is
      desirable to adjust the effective face width of various rollers until the
      contact stresses are more nearly equal. The effective face width is the
      axial direction summation of length of Hertzian contact zone between two
      rollers with allowances being made for interruption by grooves, chamfers,
      undercuts, etc.
PAR  The present invention provides mathematical means for determining the
      effective face width between each intermediate roller 9, 10 and 11 and the
      inner tractive surface 7 of the ring roller 8 so that the resulting
      operating life will be nearly the same as that occurring between the sun
      roller surface 32 and the intermediate rollers 9, 10 and 11. This may be
      determined from the following formula:
      ##EQU6##
PAR  WHERE:
PA1  f.sub.eS is the total effective face width in Hertzian contact between the
      sun roller and intermediate rollers.
PA1  F.sub.eR is the total effective face width in Hertzian contact between the
      ring roller and intermediate roller.
PA1  R.sub.eS is the relative radius of curvature between the sun and
      intermediate rollers as determined by
      ##EQU7##
      R.sub.eR is the relative radius of curvature between the ring and
      intermediate rollers as determined by
      ##EQU8##
      .beta. is an empirical stress balance factor depending on materials,
      lubricant, rolling speed, alignment and surface finish.
PA2  For hardened steel, traction lubricants, less than 2,000 feet per minute
      rolling speed, 32 RMS finish rollers, and good commercial quality, use
      .beta. = 1.0.
PA2  For rolling speeds between 2,000 and 5,000 feet per minute with other
      factors being equal, use .beta. = 0.9.
PAR  The effective face width is adjusted in an actual design by providing
      profile relief as shown in FIG. 8. The effective face F.sub.eR between
      traction surface 7 of ring 8 and intermediate roller 9 is the summation of
      the contacting lands P formed by profile reliefs 48. Profile reliefs may
      be provided singly or in combination in any or all of the five traction
      rollers 6, 8-11 depending on stress balancing requirements. The depth of
      profile relief is determined by considerations of the magnitude of the
      contact shear stresses.
PAR  A variation in the construction of the present invention which has the
      advantages of simplicity in design and minimum cost is shown in FIG. 10.
      Stationary housing 97 has secured to it housing cover 98 forming the main
      housing enclosure. All three intermediate rollers 9, 10 and 11 are
      cantilever supported by stationary axel shafts 92 which have constraining
      flanges 93 to keep rollers aligned with ring 8. Shafts 92 are press-fitted
      into housing cover 98. Sun roller 94 is floating with the required
      2.degree. of freedom of movement and is constrained axially by flanges 95.
      Item 22 is a shaft seal. Ring 8 is articulated at connection 96 to provide
      2.degree. of freedom of movement. Reaction rollers 10 and 11 in FIG. 10
      are each provided with at least 1.degree. of freedom of movement by hole
      clearance gaps 99. The wedging roller assembly is provided with sufficient
      hole and shaft clearance to permit 2.degree. of freedom of movement and is
      provided with biasing means for urging the wedging roller into initial
      engagement.
PAR  Another variation in design of the present invention which is useful when
      space envelope is limited and a rotating housing is permissible is shown
      in FIG. 11. Applications of this type include winches, floor polishers and
      scrubbers, and power driven wheel hubs.
PAR  Rotating housing 100 is supported at one end by bearing 102 mounted on
      stationary shaft 103 which is an integral part of fixed carrier 101. At
      the other end, housing 100 is supported by the traction contact 104 of the
      three intermediate rollers 9-11 with ring 8 which is press fitted in
      housing 100. Sun roller 105 is free-floating and has 2.degree. of freedom
      of movement. Ring 8 has 2.degree. of freedom of movement due to a
      combination of internal clearance in bearing 102 and clearance gap 106
      between the bearing outside surface and the housing bore. The three
      intermediate rollers are provided with means for obtaining a total of at
      least 4.degree. of freedom of movement similar to that shown in FIGS. 2
      and 3. Item 107 is an input shaft coupling and Items 108 and 109 are oil
      seals. Power may be taken off or put in at any point on the rotating
      housing 100. In this example, driving lugs or teeth 110 are a power
      take-off point.
PAR  Still another variation in design of the present invention which permits
      multiple input or output shafts is shown in FIG. 12. Sometimes in the
      design of mechanical power transmission equipment, it is desirable to have
      a divided power path so that some portion of the main power is fed through
      power-take-off shafts to drive auxiliary equipment such as generators,
      fuel pumps, compressors, etc. On the other hand, it may be desirable to
      put power into the transmission through more than one shaft and take it
      out through more than one shaft. The present invention is adaptable to
      satisfy these requirements.
PAR  FIG. 12 shows a transmission design similar in general construction to that
      of FIGS. 2 and 3 except provision has been made to permit more than one
      auxiliary shaft to protrude from housing end cover 21. Sun shaft 110 and
      ring shaft 111 have been the principal shafts described in the invention
      to this point and either may be an input or an output shaft. In the
      variation presently being described, any or all of the five traction
      rollers in this invention may have a drive shaft extended external to the
      housing enclosure for the purpose of being an input or output power shaft
      singly or in combination. For example, in FIG. 12, ring shaft 111 could be
      the input shaft and shaft 112 could be a higher speed output shaft. If a
      second still higher speed output shaft was needed, then sun shaft 110
      could be extended as shown in dotted outline. Flexible couplings or
      connections to all shafts can be used to preserve the necessary degrees of
      freedom designed into the various roller components.
PAR  It is to be understood that the invention above described may be modified
      in accordance with the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A rotary motion transmission device, operable in either direction of
      rotation with a fixed transmission ratio, comprising input and output
      shafts having spaced parallel axes of rotation, a ring roller having a
      cylindrical internal traction surface carried by one of said shafts, an
      inner roller having a cylindrical external traction surface carried by the
      other of said shafts, the traction surface of said inner roller extending
      into said ring roller such that an annular path of varying width is formed
      between the ring roller and said inner roller, three intermediate traction
      rollers positioned within said annular path in angularly spaced relation
      to each other, said five rollers having parallel axes of rotation, each
      intermediate roller contacting simultaneously said ring roller traction
      surface and said inner roller traction surface, one of said intermediate
      rollers being a wedging roller having 2.degree. of freedom of movement in
      a plane perpendicular to the axis of the rollers, the two remaining
      intermediate rollers being reaction rollers each having at least 1.degree.
      of freedom of movement in said plane, said ring roller having 2.degree. of
      freedom of movement in said plane, the sum of the degrees of freedom of
      movement in said plane for all five said rollers being at least eight and
      not more than 10 when notional lines connect the centers of the said ring
      roller and said inner roller with the center of said wedging roller, said
      notional lines forming an angle which does not exceed twice the angle
      whose tangent is equal to the coefficient of traction.
NUM  2.
PAR  2. The rotary motion transmission device of claim 1, wherein said three
      intermediate rollers have external traction surfaces of different
      diameters, the centers of said intermediate rollers being spaced from a
      plane extending through the input and output shaft axes.
NUM  3.
PAR  3. The rotary motion transmission device of claim 1, wherein said three
      intermediate rollers have external traction surfaces of different external
      diameters, the center of the intermediate roller having the largest
      external diameter lying in a plane extending through the input and output
      shaft axes.
NUM  4.
PAR  4. The rotary motion transmission device of claim 1, wherein two of said
      intermediate rollers have the same external diameter and are generally
      symetrically positioned about the plane extending through said input and
      output shaft axes, the third intermediate roller having a larger external
      diameter with its center positioned on the said plane, means for
      permitting one of said two intermediate rollers to function as said
      wedging roller and means for permitting the other of said two intermediate
      rollers to function as a said reaction roller.
NUM  5.
PAR  5. The rotary motion transmission device of claim 4, and resilient means
      for urging at least one of said two intermediate rollers into engagement
      with both said ring roller and said inner roller.
NUM  6.
PAR  6. The rotary motion transmission device of claim 5, wherein said resilient
      means is a spring.
NUM  7.
PAR  7. The rotary motion transmission device of claim 1, including a housing,
      and means for constraining the said ring roller, inner roller and three
      intermediate rollers from excessive movement in the direction along the
      roller axes of rotation and departure in alignment and means for
      transmitting said constraining forces into said housing.
NUM  8.
PAR  8. The rotary motion transmission device of claim 7, wherein at least one
      of said ring roller and said inner roller has opposing thrust shoulders
      which contact the side faces of the peripheral portions of the said three
      intermediate rollers.
NUM  9.
PAR  9. The rotary motion transmission device of claim 1, wherein said ring
      roller and said inner roller each include spaced traction surface portions
      and said intermediate rollers are extended in the direction along their
      axes to cooperate in traction contact with said spaced traction surface
      portions.
NUM  10.
PAR  10. The rotary motion transmission device of claim 1, including a housing,
      a shaft with an inner roller extending into said housing and each
      intermediate roller having opposite ends supported in said housing.
NUM  11.
PAR  11. The rotary motion transmission device of claim 1, and bearing means for
      supporting one of said shafts which carries said ring roller and, means
      connecting said ring roller to said one shaft wherein said ring roller has
      two degrees of freedom of movement.
NUM  12.
PAR  12. The rotary motion transmission device of claim 1, wherein said inner
      roller has 2.degree. of freedom of movement, each ring roller and inner
      roller having a floating orientation relative to said shafts.
NUM  13.
PAR  13. The rotary motion transmission device of claim 1, wherein one of said
      three intermediate rollers of largest diameter has 1.degree. of freedom of
      movement, biasing means provided for each of the other two rollers for
      urging the first of said other two rollers into wedging contact between
      the said ring roller and said inner roller when transmitted torque sense
      is in one direction and when said torque sense is in opposite direction,
      the second of said other two rollers is urged into wedging contact between
      the said ring roller and said inner roller and where one of said other two
      rollers is a reaction roller with at least 1.degree. of freedom of
      movement.
NUM  14.
PAR  14. The rotary motion transmission device of claim 1, wherein one of said
      three intermediate rollers of largest diameter is a wedging roller and has
      2.degree. of freedom of movement, biasing means provided for said wedging
      roller for urging said wedging roller into wedging contact between said
      ring roller and said inner roller when transmitted torque sense is in
      either direction, other two of said three intermediate rollers are
      reaction rollers each with at least 1.degree. of freedom of movement.
NUM  15.
PAR  15. The rotary motion transmission device of claim 1, wherein one of said
      three intermediate rollers of largest diameter has spaced traction
      surfaces extending into peripheral recesses in other two of said three
      intermediate rollers and abuts said inner roller.
NUM  16.
PAR  16. The rotary motion transmission device of claim 1, wherein said inner
      roller is supported on a shaft extending inward from a housing and said
      intermediate rollers are supported in cantilever fashion from said
      housing.
NUM  17.
PAR  17. The rotary motion transmission device of claim 1, including a rotatable
      housing, a fixed housing cover, wherein said rotatable housing is
      supported at one location by a bearing mounted on a stationary shaft
      portion of said cover and supported at a second location by said ring
      roller.
NUM  18.
PAR  18. The rotary motion transmission device of claim 1, including a housing,
      wherein at least one of said three intermediate rollers being provided
      with connecting means to a rotatable axel shaft that extends external to
      said housing and said axel shaft may be used as an input or output shaft.
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PAL  A thread-rolling method as well as thread-rolling dies and method for
      manufacturing the dies. The shank on which the thread is rolled has a
      tapered free end region, and the dies which are used for rolling the
      thread are initially made up of a pair of individual sections having flat
      and inclined die faces with these sections subsequently joined to each
      other to form the complete die. The threads may be of lobular
      configuration, and during the rolling of the thread itself the lobes are
      simultaneously formed. The lobes for the threads are achieved directly
      from the thread-rolling dies by pressing across the ridges thereof tools
      which form in the ridges indentations having a predetermined pattern of
      distribution which will achieve the required distribution of the lobes on
      the thread which is rolled.
PARN
PAR  This is a division of application Ser. No. 7,280  filed Jan. 30, 1970 and
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to screws.
PAR  In particular, the present invention relates to the threading of screws.
PAR  In the manufacture of screws, bolts, and any threaded fasteners, it is most
      common to employ thread-rolling dies in order to form threads on the screw
      shank.
PAR  In machines which are manufactured for this purpose, a headed blank is fed
      into a working position between a pair of opposed thread-rolling dies.
      These dies are simultaneously moved in opposite directions so that the
      screw shank which is to be threaded is rolled therebetween, and the dies
      are pressed toward each other, so that the thread which is on the dies is
      impressed into the blank screw shank. As a result the screw emerges from
      the dies with whatever thread was on the die faces. With structures of
      this type the shape of the thread may have any desired conformation, and
      the same is true of the particular helix angle of the thread.
PAR  Thread-rolling dies are conventionally manufactured by crush grinding in
      the case of a screw which has a straight cylindrical shank along its
      entire length. Thus, in the case of a machine screw it is possible to use
      such thread-rolling dies. However, the thread-rolling dies may also be
      manufactured by milling operations while the die blocks are in a soft
      condition. After the milling operations are completed the dies are
      hardened.
PAR  Dies of the above type, which have flat die faces, are simple dies and are
      not expensive to manufacture. However, when manufacturing screws which
      taper at the free end regions of the shanks so as to have a lead-in tip
      portion, the thread-rolling dies must have a configuration capable of
      forming the thread on the tapered tip region of the screw shank as well as
      on the non-tapered cylindrical shank portion which is of constant diameter
      all the way from the tapered tip region up to the head. Dies which can
      roll threads on such screw shanks obviously cannot be made by crush
      grinding or simple milling operations. Instead it is essential to
      manufacture such dies with a tool having a single cutting point, with the
      successive ridges and valleys being formed in the die face one at a time.
      There is machinery for carrying out operations of this type where, by
      means of a cam, the tool is caused to rise at the required angle at the
      areas where the die face is inclined so as to form the thread on the
      tapered free end region of the screw shank.
PAR  Equipment of this latter type is extremely expensive, and the operations in
      connection with cutting of the die faces of the thread-rolling dies is
      extremely tedious and extremely expensive as compared with the simple
      milling of a die which has a simple flat surface into which the
      thread-rolling ridges and valleys are milled, in a manner well-known in
      the manufacture of dies for thread-rolling simple machine screws which
      have non-tapered shanks of constant diameter throughout their entire
      length.
PAR  In recent years there has been the development of screws which are
      self-tapping and which form a thread not by cutting but by a swaging
      action. These results have been brought about by providing screw threads
      of lobular configuration in that the crests of the threads have lobular
      projections formed thereon according to a given pattern of distribution
      along the thread. The lobes may be distributed in a triangular pattern so
      that each thread convolution has three lobes, or more or less lobes may be
      provided. The lobes may be arranged axially along the screw thread, along
      lines parallel to the axis of the screw, or the lobes may be arranged
      along spiral lines having any desired inclination with respect to the
      helix along which the thread extends.
PAR  At the present time, screws of this latter type, where lobes are oriented
      along straight or spiral lines, are manufactured with extremely involved
      and costly methods and apparatus, requiring, for example, the use of
      essentially predrawn triangular wire, with trilobular guides, cut-off
      blades, and cold-heading dies. All of the tools of this latter type are
      quite expensive when they require conformations of this latter type in
      order to achieve a trilobular configuration for the screw thread.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      screw manufacturing method as well as dies to be used in the manufacture
      of screws and methods for manufacturing the dies which greatly reduce the
      costs which are involved in the manufacture of screws such as screws which
      have tapered tip regions at their shanks and screws which have lobular
      projections along the crests of the screw threads.
PAR  In particular, it is an object of the invention to provide a method which
      makes it possible to manufacture a screw thread with lobular conformations
      thereon in a single rolling operation, so that in the single rolling
      operation which heretofore was required in the manufacture of simple
      machine screws it is also possible with the method of the invention to
      achieve lobular screw threads.
PAR  Yet another object of the present invention is to provide relatively
      inexpensive thread-rolling dies capable of forming threads on shanks with
      tapered tip regions as well as capable of forming threads with lobular
      conformations.
PAR  Also it is an object of the invention to provide an exceedingly inexpensive
      method for manufacturing such dies.
PAR  According to the invention the thread-rolling die is initially in the form
      of a pair of separate blocks on which the die faces are individually
      formed, with one of these die faces being inclined. After the dies are
      formed by milling while the metal is relatively soft, the die blocks are
      joined together so that the ridges and valleys formed on the inclined die
      face register properly with the ridges and valleys formed on the flat die
      face, and with the die blocks thus joined to each other, the entire unit
      is hardened and the sides and bottom is then ground so that the die will
      be ready for use. In order to form threads with lobular conformations,
      before the blocks are joined to each other suitable tools are pressed
      across the ridges at the die faces to form therein indentations of
      predetermined configuration and distribution which will achieve for the
      finished screw the required conformation and distribution of lobular
      projections. Thus, with this construction it is possible to manufacture a
      screw having a tapered tip region at its shank with a screw thread formed
      on the shank in a single rolling operation during which lobular
      conformations are also formed, so that the latter are formed
      simultaneously with the thread during the single operation.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a fragmentary schematic top plan view of a pair of bodies which
      together form a thread-rolling die of the invention;
PAR  FIG. 2 is a schematic top plan view of the thread-rolling die of the
      invention in its completed condition;
PAR  FIG. 3 is a transverse sectional elevation of the die of FIG. 2 in the
      direction of the arrows and showing the structure at an enlarged scale;
PAR  FIG. 4 is a schematic top plan view of a thread-rolling die similar to that
      of FIGS. 2 and 3 except that the die of FIG. 4 is capable also of forming
      lobular conformations on the thread;
PAR  FIG. 5 is a fragmentary longitudinal sectional elevation taken along line
      5--5 of FIG. 4 in the direction of the arrows and showing at a greatly
      enlarged scale, as compared to FIG. 4, the configurations of the die
      ridges which result in the formation of the desired lobular conformations
      with the particular example illustrated in FIG. 4;
PAR  FIG. 6 is a fragmentary schematic top plan view of a thread-rolling die of
      the invention according to which the indentations which form the lobular
      conformations are arranged in a different pattern from FIG. 4;
PAR  FIG. 7 is a fragmentary schematic top plan view of a die of the invention
      similar to FIGS. 4 and 6, except that in FIG. 7 the lobe-forming
      indentations are arranged in yet another different pattern in the die
      ridges;
PAR  FIG. 8 is a perspective illustration of a pressing tool used for pressing
      the lobe-forming indentations into the ridges of the inclined die face
      section;
PAR  FIG. 9 is a perspective illustration of the tool used to press the
      lobe-forming indentations in the ridges of the flat die face section; and
PAR  FIG. 10 is a transverse section, at an enlarged scale, of a screw shank
      provided with the thread which has the lobular conformation achieved with
      the method and apparatus of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1-3, the thread-rolling die 20 shown in FIG. 2
      initially is made from a pair of individual die blocks 22 and 24 which are
      shown fragmentarily separated from each other in FIG. 1. FIG. 1 is a plan
      view illustrating the die faces of the blocks 22 and 24. Thus these die
      blocks 22 and 24 are initially in the form of blocks of a suitable metal
      with the block 24 having a flat die surface to receive the ridges and
      valleys 26 and 28 apparent from FIG. 3. The die block 22 has an upper
      inclined surface which receives the ridges and valleys 30 and 32 apparent
      from FIG. 3. While the metal of the die blocks 22 and 24 is still
      relatively soft, the ridges and valleys 26, 28 are milled into the die
      face of the block 24 and the ridges and valleys 30, 32 are milled into the
      inclined die face of the block 22. It will be noted that the right legs of
      the ridges 30, as viewed in FIG. 3, are longer than the left legs, so that
      in this way it is possible for the ridges and valleys to progress upwardly
      along the inclined surface of the block 22 while maintaining for the
      ridges and valleys 30, 32 the same construction as the ridges and valleys
      26, 28.
PAR  Once these ridges and valleys are milled into the die faces, the die blocks
      22 and 24 are placed against each other, so that they are no longer in the
      separate condition illustrated in FIG. 1. In placing the die blocks one
      next to the other, care is taken to see to it that the ridges of the block
      22 form precise continuations of the ridges of the block 24, as is
      apparent from FIG. 2. With the blocks thus properly and precisely
      positioned with respect to each other and in engagement with each other,
      the blocks are united to form a single die unit 20, and any possible
      structure may be used for this purpose. In the illustrated example
      suitable dowels 34 are pressed into aligned bores of the die blocks so
      that they are permanently held together in the condition illustrated in
      FIGS. 2 and 3.
PAR  With the blocks 22 and 24 thus assembled to form the thread-rolling die 20,
      the entire unit is hardened, and then the sides and bottom of the unit are
      ground so that the thread-rolling die is then ready for use.
PAR  It is thus apparent that with the above-described method of manufacture of
      the thread-rolling die 20 shown in FIGS. 1-3, considerable economies are
      achieved as contrasted with conventional die-manufacturing operations. It
      is unnecessary to provide expensive machines which have a tool with a
      single point required to cut only one valley at a time, and with a cam
      required to cause the tool to rise upwardly along the inclined surface.
      Instead the milling operations are carried out in an extremely inexpensive
      manner on the separate blocks 22 and 24, and after these blocks are joined
      together the hardening of the unitary assembly achieves the full
      equivalent of thread-rolling dies which heretofore required the expensive
      manufacturing operations of the above type. With this construction it is
      possible to roll threads onto shanks which terminate in tapered tip
      regions, the tapered tip region having the thread rolled into the same at
      the inclined die face portion while the non-tapering cylindrical shank has
      the thread rolled into the latter at the flat die face portion.
PAR  While it is possible with a pair of dies of the type shown in FIGS. 1-3 to
      roll threads into a screw shank having a tapered tip region, these threads
      will have a simple helical crest free of any projections of any type. It
      is highly desirable for many purposes, however, to roll a thread which has
      projections such as the trilobular conformation illustrated in FIG. 10.
      Thus, referring to FIG. 10, there is illustrated in section a screw shank
      36 formed at its exterior with a thread 38. The thread 38 is of a constant
      height around the entire circumference of each convolution. The crest of
      the thread is formed with the lobular conformations 40, and of course the
      root of the thread is formed with a corresponding conformation to maintain
      the constant height of each thread between its root and crest.
PAR  A thread of the type shown in FIG. 10 may be achieved in accordance with
      the method and apparatus of the invention in a single rolling operation
      with thread-rolling dies having the construction shown in FIGS. 4 and 5.
      The die 42 shown in FIGS. 4 and 5 has its ridges 44 formed with a series
      of indentations 46. These indentations 46 have a relatively sharp drop 48
      at one end and a gradually rising portion 50 reaching the straight portion
      52 at the crest of the ridge before the next drop 48 is reached. These
      indentations 46 are arranged angularly with respect to the ridges 44 along
      the lines 54 shown in FIG. 4. Thus, with dies of this construction when
      the shank with the tapered tip region is rolled between the oppositely
      moving dies which are pressed toward each other, the thread will be formed
      with the lobular conformations apparent from the enlarged illustration in
      FIG. 10. It is apparent from FIG. 10 that the threads have at each
      convolution the gradual rise followed by relatively sharp drop to produce
      the lobular conformations 40 illustrated in FIG. 10.
PAR  The indentations 46 along the lines 54 in the flat die face region by the
      tool 56 shown in FIG. 9. This tool 56 has the teeth 58 the configuration
      of which will provide indentations 46 as shown in FIG. 5 at an enlarged
      scale. This tool 56 is pressed across the ridges 44 to achieve the lines
      of indentations 46 illustrated at 54 in FIG. 4.
PAR  In order to achieve the indentations 46 at the inclined region of the die
      face, the tool 60 shown in FIG. 8 is used. This tool 60 has the
      indentation-forming points 62 the configuration of which will result in
      indentations 46 as shown in FIG. 5 but located along the inclined section
      of the die face.
PAR  The lobular conformations 40 achieved with the dies 42 are developed
      spirally along the thread 38 formed on the shank 36. In the event that it
      is desired to have the lobular conformations distributed so that they are
      arranged along straight lines which are parallel to the axis of the screw,
      then an arrangement as shown in FIG. 6 is provided. According to this
      arrangement the die 64 is identical with the die of FIGS. 4 and 5, the
      only difference being that the indentations 46 are arranged along the
      lines 66 which extend straight across the die faces. Thus, when a screw
      shank is rolled between a pair of dies having the construction of FIG. 6,
      the lobular conformations are developed and axially distributed as three
      areas of conformations uniformly distributed about the shank axis and
      extending parallel thereto.
PAR  If it is desired to reverse the inclination of the spiral distribution of
      the lobular conformation, then instead of a die as shown in FIGS. 4 and 5
      it is possible to use a die 68 as shown in FIG. 7. With this die the
      construction again is identical with that of FIGS. 4 and 5 except that in
      this case the indentations are pressed into the ridges along the lines 70
      which are inclined oppositely to the lines 54. Thus this arrangement also
      will result in a spiral distribution of the lobular conformations but at
      an inclination which is opposite to that of the screw thread achieved from
      the die 42.
PAR  It is apparent, therefore, that with the method and apparatus of the
      invention it is possible to achieve in an extremely inexpensive manner
      screw threads having lobular conformations distributed therealong
      according to any predetermined pattern. It is emphasized that with the
      method of the invention in the single thread-rolling operation not only is
      the thread formed at the exterior of the screw shank but in addition the
      lobular conformations, such as the conformations 40 of FIG. 10 are also
      simultaneously formed, so that without requiring any preformed wire of
      triangular cross-section, for example, it is possible to directly roll in
      a simple inexpensive manner not only conventional threads but also threads
      having lobular conformations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a thread-rolling die having flat and inclined
      die face regions for rolling threads onto screw shanks which have tapered
      free end regions the steps of milling ridges and valleys into blank
      surfaces of a pair of die blocks, one of which has a flat face into which
      the ridges and valleys are milled and the other of which has an inclined
      face into which the valleys and ridges are milled, placing the thus milled
      blocks one next to the other with the milled die faces thereof in proper
      registry to achieve the required continuity between ridges and valleys
      which extend onto the die faces of both blocks, fastening the blocks
      together, then hardening the thus-fastened blocks, and finally grinding
      the sides and bottoms of the blocks prior to use thereof, and prior to
      joining of the blocks to each other, but subsequent to the milling of the
      ridges and valleys therein, causing pressing tools to be pressed across
      the ridges for forming therein indentations arranged along lines extending
      at given angles with respect to the ridges, so that the completed
      thread-rolling die will form lobular threads arranged according to a
      predetermined pattern.
NUM  2.
PAR  2. In a method for manufacturing a thread-rolling die, the steps of milling
      into a blank surface of die block ridges and valleys extending along the
      milled surface to form a die face, then pressing across the thus-formed
      ridges a tool which forms in the ridges indentations distributed along
      lines which extend at a given angle across the ridges, so that the die can
      be used for forming lobular threads and then hardening the block, and
      finally grinding the sides and bottom thereof to prepare the block for
      use.
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ABST
PAL  A tire repair tool having a tube for insertion into a vehicle tire, and
      through which tire repair material may be inserted into a tire. The tube
      has one end fastened to a handle by a member which is removable whereby
      the tube may be replaced without replacing the handle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, tire repair tools have included a tube which is adapted to be
      inserted into a tire to provide a passageway for the introduction of tire
      repair material. Such tubes have been rigidly connected to a handle by
      means of which the tube could be inserted through the wall of the tire.
      With the advent, however, of steel belted tires, the tubes, being
      relatively thin in wall thickness, have fractured easily due to the
      increase in pressure required to force the tube through the tire wall.
      When such fracture occurred, it was necessary to discard the entire
      assembly of tube and handle thus requiring each tire repair station to
      maintain a supply of the handle and tube assemblies for replacement
      purposes.
PAC  SUMMARY OF THE INVENTION
PAR  The invention of the present application has reduced the loss incident to
      the fracture of a tube by making the tube removable from the handle and
      enabling the replacement tube to be quickly installed on the handle. This
      reduces the necessity for the customer to carry tube and handle assemblies
      in stock and to carry only relatively inexpensive tubes for replacement
      purposes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a top plan view of a tube assembled onto a retainer or handle in
      accordance with the invention set forth in the present application;
PAR  FIG. 2 is an end view of the assembly shown in FIG. 1;
PAR  FIGS. 3 and 4 are sections taken on planes indicated by the correspondingly
      numbered lines in FIG. 1;
PAR  FIG. 5 is a section taken on a plane indicated by the line 5--5 in FIG. 3;
PAR  FIG. 6 is a side view of the assembly of FIG. 1 with a tire wall piercing
      member having a threaded shaft which is affixed to a second handle for
      coacting with the assembly of FIG. 1, in making a tire repair; and
PAR  FIG. 7 is a section taken on a plane indicated by the line 7--7 in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tire repair tool which embodies the invention of the present
      application includes a hand actuated tubular member which is adapted to be
      inserted through the wall of a vehicle tire at the point of injury to the
      tire. The tube, when inserted into the tire, provides a passageway through
      which a tire repair strip may be inserted by means of a forked needle
      until the trailing part of the material is approximately flush with the
      outer surface of the tire. The needle is then withdrawn, whereupon the
      tube is withdrawn, thereby leaving the tire repair material embedded
      within the tire.
PAR  In the embodiment shown in the drawings, a tube 10 is fastened at one end
      to a retainer 11 which in FIGS. 1, 2 and 3 is shown as an open frame
      embodying a one-piece structure having a portion 12 which is provided with
      an aperture 13 through which the tube extends. Arms 15 and 16 extend
      laterally from the ends of the portion 12 and terminate in inturned
      portions 17 and 18 respectively and provide finger grips by means of which
      the tool may be manipulated.
PAR  The tube 10 is shown as being cylindrical except for the portion thereof
      adjacent the retainer, the latter of which is non-circular in shape and
      preferably is rectangular in cross-section as shown at 20 in FIG. 5, and
      as fitting into a complementary shaped opening 21 in the portion 12. Such
      arrangement provides a shoulder 22 in the portion 12 which serves to limit
      movement of the tube in an axial direction outwardly from the retainer,
      and also serves to prevent rotation of the tube with reference to the
      retainer.
PAR  The tube is shown as being attached to the retainer by a fastener which has
      a generally rectangular base 25 with upwardly projecting resilient fingers
      26 which yield sufficiently to enable the tube to be passed through the
      opening between the ends of the fingers and which then grip the tube
      frictionally so as to prevent it from moving axially in a direction
      inwardly of the retainer. Such fastener may be removed for replacing the
      tube 10 by prying upwardly upon the fingers 26 and sliding the fastener
      off the tube, whereupon the fastener may be re-used for attaching a new
      tube to the retainer.
PAR  To facilitate introduction of the tube 10 through the wall of the tire, the
      threaded end 30 of a gimlet is inserted through the tube until the end 36
      of an enlarged shank portion 37 engages one end of the tube 10 at which
      time the handle 31 of the gimlet engages the inturned portions 17 and 18
      respectively of the retainer. At the same time the inner side walls 32 and
      33 of the handle 31 engage the top and bottom faces 34 and 35 respectively
      of the retainer inturned portions 17 and 18. At such time, the handle of
      the gimlet and the retainer are interlocked against rotation with respect
      to each other, thus enabling the assembly to be manually rotated until the
      spiral portion of the gimlet shank has passed through the wall of the
      tire. The assembly is then pushed axially into the tire, thereby moving
      the tube through the tire wall until the retainer portion 12 engages the
      outer face of the tire wall. During such operation, the end 36 of the
      shank portion 37 is pushing against the adjacent end of the tube 10 and is
      operating to restrain the tube from moving with relation to the retainer
      and away from the tire. Tire repair material may then be inserted through
      the tube after which the tube is withdrawn, thus leaving the repair
      material embedded in the wall of the tire.
PAR  A suitable form of tire repair material may comprise a strip of flat
      rubber-like material which is fitted into a forked opening at the end of a
      needle in the customary manner. After the repair material is inserted, the
      needle is withdrawn and the tube is withdrawn, thereby leaving the repair
      material embedded within the wall of the tire and filling the opening
      therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tire repair tool comprising,
PA1  a tube adapted to be inserted into a tire and to form a passageway through
      which tire repair material may be inserted through a wall of the tire,
PA1  a tube retainer including a handle,
PA1  an attaching member for attaching one end of the tube to the handle,
PA1  said attaching member being detachable from the handle to permit
      replacement of a fractured tube,
PA1  the handle has an aperture through which the tube extends and has a
      shoulder adjacent the aperture,
PA1  the tube has a shoulder which engages the shoulder on the handle to limit
      movement of the tube axially with respect to the handle in one direction,
      and wherein,
PA1  the attaching member operates to limit movement of the tube axially with
      relation to the handle in the opposite direction.
NUM  2.
PAR  2. A tire repair tool according to claim 1, wherein
PA1  at least a portion of the aperture being non-circular in cross section and
PA1  the tube having a portion adjacent one end thereof non-circular in
      cross-section and coacting with the non-circular portion of the aperture
      to prevent rotation of the tube with relation to the handle.
NUM  3.
PAR  3. A tire repair tool according to claim 1, wherein
PA1  the aperture in the handle is non-circular in cross section for a portion
      of its length and is cylindrical for the remaining portion of its length,
PA1  the junction of the cylindrical and non-circular portions forming the
      shoulder which operates to limit movement of the tube axially with
      reference to the handle.
NUM  4.
PAR  4. The tire repair tool according to claim 1, wherein
PA1  the attaching member has a base and has resilient fingers which are
      integral with the base and project outwardly therefrom to receive and grip
      the tube,
PA1  said attaching member being slidable along the tube toward the handle until
      the base engages the handle.
NUM  5.
PAR  5. . A tire repair tool according to claim 4, wherein
PA1  said fingers project inwardly toward one another defining an opening
      therebetween for receiving said tube therein,
PA1  said fingers being deformable outwardly in a direction away from said tube
      retainer to increase the size of said opening to enable said attaching
      member and tube to move relative to one another.
NUM  6.
PAR  6. A tire repair tool according to claim 1, including
PA1  a gimlet for assembly with the tube retainer,
PA1  said gimlet having a shank which is adapted to extend through the tube and
      having a handle with shoulders thereon which coactingly engage the tube
      retainer for preventing rotation of the gimlet with respect to the tube
      retainer, when the gimlet is assembled onto the tube retainer.
NUM  7.
PAR  7. A tire repair tool according to claim 1, including
PA1  a gimlet adapted for assembly with said tube retainer,
PA1  said gimlet having a shank which is adapted to extend through the tube, and
PA1  said shank has a shoulder thereon which is adapted to engage one end of the
      tube and to resist movement of it outwardly from the tire and relative to
      the tube retainer, when the tube and gimlet are moved as a unit through
      the wall of the tire.
NUM  8.
PAR  8. A tire repair tool according to claim 6, wherein
PA1  said tube retainer comprises an open frame including a pair of arms which
      extend laterally outwardly from said aperture, and
PA1  said arms terminate in inturned portions defining said handle for
      manipulating said tool.
NUM  9.
PAR  9. A tire repair tool according to claim 8, wherein
PA1  said shoulders of said handle of said gimlet are adapted for interlocking
      engagement with said inturned portions of said tube retainer to prevent
      rotation of said gimlet with respect to said tube retainer when said
      inturned portions and said handle of said gimlet are interlocked with one
      another.
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ABST
PAL  A hand tool of the ratchet type is provided with a planetary gear system to
      enable the user to vary the output speed of the tool. In the preferred
      embodiment a ratched type socket wrench is provided with a planetary gear
      system and a hand grip in the form of a cap covering the system, with the
      sun gear coupled to the output, the tool handle coupled to the planet
      carrier and the hand grip coupled to the ring gear. If the hand grip is
      held against rotation by the operator while the handle is turned, the
      output will be driven at a speed greater than that of the handle, thus
      over-running the ratchet. If the resistance offered by the driven object,
      e.g. a nut, becomes large enough so that the hand grip may not
      conveniently be held, the operator may release the hand grip or slacken
      his hold thereof thus allowing the ratchet to engage and lock the handle
      to the output so that the handle will directly drive the output.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is a hand tool of the ratchet type wherein a planetary gear
      system is provided to enable the user to selectively vary the output speed
      for a given input. In its preferred form the tool is a ratchet type socket
      wrench.
PAR  Hand and power tools have previously been provided with planetary gear
      systems for the purpose of increasing or decreasing output torque with
      resultant change in output speed. In some cases, multiple or variable
      output torques have been provided by the user selectively controlling the
      rotation of one or more of the members in the gear system. In the prior
      art, however, the means for selectively controlling one or more of the
      gear system members has involved the use of clutches or shifting means or
      other mechanical means.
PAR  In the present invention a hand tool of the ratchet type is provided with
      planetary gear means controlled by a hand grip in such a way that the user
      may conveniently control the output speed without having to select or
      adjust separate control means.
PAC  SUMMARY OF THE INVENTION
PAR  In the preferred embodiment a ratchet type socket wrench is provided with a
      planetary gear system controlled by a hand grip in the form of a knob or
      cap covering the system. The handle (input) is coupled to the planet
      carrier, the output is coupled to the sun gear and the cap is coupled to
      the ring gear so that the cap is rotatable with respect to the handle.
PAR  In use, the cap may be hand held against rotation as the handle is turned
      or reciprocated in a normal manner. This will cause the output to be
      driven at a speed substantially greater than that of the handle, thus
      overrunning the ratchet mechanism. If enough resistance is offered by the
      object to which the tool is applied so that the user may not conveniently
      hold the cap, it may be released or allowed to slip the user's hand, thus
      allowing the ratchet mechanism to engage and directly couple the handle to
      the output. While the handl is coupled directly to the output, the user
      may exert substantial torque to the load; however, at any time that the
      load is sufficiently small the user may hold the cap against rotation to
      multiply the output speed. Thus, at low load the output is driven at
      increased speed relative to handle movement but at high load the handle
      may be directly engaged to the output for direct drive, with no speed
      increase.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical section of one embodiment of this invention, taken
      along line 1--1 of FIG. 2;
PAR  FIG. 2 is a sectional view taken at the line 2--2 shown in FIG. 1;
PAR  FIG. 3 is a sectional view taken at the line 3--3 shown in FIG. 1;
PAR  FIG. 4 is a vertical section of another embodiment of this invention;
PAR  FIG. 5 is a detail of the handle of the ratchet pawl in the embodiment
      illustrated in FIG. 4;
PAR  FIG. 6 is a perspective view of the embodiment illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The preferred embodiment of this invention is an improvement to a
      conventional ratchet wrench which provides for variable speed of the
      output of the wrench. The conventional portion includes a handle 10, an
      output member, generally designated 12 and ratchet means 14. Typically,
      handle 10 has an enlarged integral end portion 16 with cavity 18 therein
      for receiving the output member 12, and the ratchet means 14. The output
      member 12 is of circular cross section and rotatable in cavity 18.
      Generally, output member includes a ratchet gear portion of relatively
      large diameter with ratchet teeth around its periphery, and an adapter 22
      which extends through an opening in the end portion 16. Adapter 22 is
      shaped to accept a driving attachment such as a socket, or the like (not
      shown).
PAR  The ratchet means 14 may comprise a pawl 24, including an extension forming
      a stub shaft 25, rotatably received in cavity 18, an adjuster bar 26, and
      a spring and ball detent 28. Pawl 24 conventionally may have a tooth 30 in
      engagement with a notch in the adjuster bar 26 so that sliding movement of
      the adjuster bar 26, between detent positions, imparts limited rotative
      movement to the pawl 24. The pawl 24 may also have ratchet teeth to
      cooperatively engage the teeth on the ratchet gear portion 20 of the
      output member 12, comprising a conventional ratchet drive mechanism. This
      mechanism will allow the output member 12 to turn freely, relative to the
      handle, in one direction (clockwise with the ratchet means 14 in the
      position shown in the drawings) but not in the opposite direction.
      Typically, a sufficient amount of lost motion is built into the ratchet
      mechanism so that as the output member 12 rotates in one direction
      relative to the handle 10, the teeth of the pawl 24 will be pushed out of
      engagement with each successive tooth of the ratchet gear 20 without
      moving the adjuster bar 26 out of its detent position. When an attempt is
      made to turn the output member 12 in the opposite direction, however, the
      teeth of the pawl 24 and output member 12 lock up preventing relative
      rotation. In an ordinary ratchet wrench the ratchet mechanism acts as a
      one-way direct drive coupling between the handle and the output so that
      reciprocating motion of the handle is converted to intermittent one-way
      motion of the output.
PAR  It should be recognized that the foregoing is a brief description of a
      conventional ratchet type socket wrench having a handle 10 disposed at a
      right angle to the adapter 22. This description is provided for clarity
      and understanding of Applicant's improvement; however, the invention is
      not limited to this form of ratchet mechanism, or even to a socket wrench.
      The invention is easily adapted for use with ratchet screw drivers, drills
      or other tools regardless of the specific ratcheting mechanism or the
      disposition of the handle with respect to the output of the tool.
PAR  In the preferred embodiment, an improvement is provided to a conventional
      ratchet tool comprising a planetary gear system received within a shell or
      cap 32 associated with the ratchet mechanism. The planetary system
      includes a sun gear 34, at least one planet gear 36, a planet carrier 38
      and a ring gear 40. The sun gear 34 is connected to the output member 12
      and may be attached to or formed from an extension of output member 12
      opposite to, but concentric with the axis of adapter 22. the planet gear
      36 is supported in engagement with sun gear 34 by planet carrier 38 which
      is connected to the end portion 16 of handle 10. Advantageously, planet
      carrier 38 may comprise a single shoulder bolt for each planet gear 36,
      which is screwed into the end portion 16 in a conventional manner. The
      ring gear 40 is connected to the interior surface of the head 32 by
      screws, a press fit, or the like, so as to engage the planet gear 36.
      Preferably, ring gear 40 is mounted on the cap 32 so that its upper
      surface forms a shoulder 42, and upper and lower plates 44, 46 are
      provided to retain the entire assembly in proper position. With this
      arrangement the lower plate 46 abuts the end portion 16; the planetary
      gear system including the ring gear 40 is sandwiched between the upper and
      lower plates 44, 46, with the upper plate 44 bearing on the shoulder 42.
      The shoulder bolts (planet carrier) 38 extend throught he upper plate 44,
      planet gear 36 and lower plate 46 into the end portion 16 of the handle
      10. It should be clear that other means may also be constructed to hold
      the planetary system and cap together; however, the cap 32 and ring gear
      40 affixed thereto must be rotatable with respect to the end portion 16 of
      handle 10.
PAR  Spacers 58 may be provided between the lower plate 46 and the planet gear
      36 to allow free rotation of the planet gear 36 on the planet carrier 38.
      A washer 68 may also be provided to close the bottom of end portion 16,
      and it may be held in place with snap ring 70.
PAR  The tool described, representing a preferred form of this invention, allows
      the application of variable speed to the driven object, e.g. a nut. If a
      nut is sufficiently loose and it is desired to turn it quickly, the
      operator may place one hand on the cap 32 and hold it against rotation as
      handle 10 is oscillated or turned in a conventional manner. While the
      operator holds the cap 32 fast, ring gear 40 will also be held and turning
      handle 10 will turn the planet carrier 38 in the same direction. Planet
      gear 36 will respond to the difference in rotation between the ring gear
      40 and planet carrier 38 and drive sun gear 34, again in the same
      direction but at a greater speed than handle 10. Therefore, the output
      member 12, being connected to the sun gear 34, will also turn faster than
      handle 10. Since the output member 12 turns faster than handle 10, under
      these conditions a conventional ratcheting action will occur in ratchet
      mechanism 14, as earlier described. In effect the ratchet mechanism allows
      the output member 12 to overrun the ratchet mechanism 14 and consequently
      the handle 10.
PAR  If the resistance presented by the nut or other workpiece becomes too
      great, the operator will not be able to conveniently hold the cap 32
      against rotation. Under these conditions, the operator may simply release
      or loosen his grip on the cap 32 and allow it to turn freely. When this
      occurs the ratchet mechanism 14 will immediately engage so that the handle
      10 will directly drive the output member 12 as in a conventional ratchet
      wrench.
PAR  It may be seen that much greater speed of the output member 12 will result
      from holding cap 32 against rotation (depending on the planetary gear
      ratio selected), but with a consequent reduction in torque as compared
      with a conventional tool. If the cap 32 is freed, or allowed to slip in
      the user's hand, greater torque may be applied, but at a lower speed,
      directly through the ratchet mechanism. Of course, the limit of the amount
      of torque which may be applied while the cap 32 is held will depend on the
      strength of the operator. It should also be apparent that the output speed
      may be further increased if the operator is able to counter-rotate the cap
      32 with respect to the handle 10.
PAR  Numerous variations of this invention may be conceived and should be
      apparent to those skilled in the art. The cap 32 may be shaped in various
      manners to provide a secure and comfortable grip, or an extension handle
      may be associated with the cap 32 to provide greater leverage. A quick
      eject mechanism may be added, as shown in FIG. 1, to provide for ejecting
      a socket or other tool from the adapter 22. As shown in FIG. 1, the output
      member 12 is drilled along its axis to accept push rod 48. Push rod 48
      extends vertically out through an opening in the cap 32 to expose to the
      operator a push button 50 which is preferably integral with the push rod
      48. A spring 52 biases push rod 48 and push button 50 away from the
      adapter end of the tool and push rod 48 is also provided with a notch 54
      to receive the detent ball or rod 56 in the adapter 22 when push button 50
      is depressed. Quick eject mechanism, such as the one briefly described
      here, are known in the art and any of them may be adapted to this
      invention.
PAR  FIG. 4 illustrates an alternative embodiment of this invention, including a
      quick eject mechanism for a socket attachment. In this FIG. 4, parts which
      are equivalent to parts shown in FIGS. 1 through 3 are numbered in like
      fashion, except that the prefix 1 has been added thereto. Items numbered
      without this prefix have no closely related counterpart described
      previously. In this embodiment the sun gear 134 is formed from or attached
      to the push rod 148 and the push rod 148 is drivingly connected to the
      output member 112. The spring 152 biases the push rod 148 in the same
      manner but it is relocated in a well 62, and it bears against a shoulder
      160 on push rod 148. Bearings 64 and 66, and spacers 158 are also provided
      in this embodiment to more accurately align the push rod 148 and allow
      easy rotation of the parts. Additionally, the previously described
      adjuster bar 26 is replaced by lever 126 for control of the position of
      ratchet pawl 124. With this arrangement the adjuster lever controls pawl
      124 through the split stub shaft 125 and the spring and ball detent 128
      seats directly in depressions in the surface of the pawl 124.
PAR  While this invention has been described with inputs to each of the ring
      gear 40 and planet carrier 38, and with an output from the sun gear 34, it
      should be understood that the association of the inputs and output to each
      element of the planetary system may be changed subject to obtaining the
      same or similar function of the assembly. Additionally, the planetary
      system of this invention may utilize conical or hypoid gears, as well as
      ordinary straight tooth gears.
PAR  Numerous other embodiments and variations of this invention may be
      conceived by one skilled in the art. Therefore, it should be understood
      that the above descriptions are intended to be illustrative and not to
      limit the scope of the invention as claimed in the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hand tool of the type having a rotatable output member and a handle
      connected by a ratchet means, the output member being selectively driven
      in either of two rotational directions by the ratchet means as the handle
      is turned, the improvement comprising:
PA1  a. a planetary gear system, including a ring gear, at least one planet
      carrier retaining and supporting a planet gear, and a sun gear connected
      to the output member;
PA1  b. a hand grip connected to the ring gear for restraining the ring gear
      against rotation at torques below a value determined by the restraining
      force applied to the hand grip by the hand of the operator;
PA1  c. means to couple said handle and said hand grip to an element of the
      planetary gear system so that turning the handle while the hand grip and
      the ring gear are held against rotation causes the output member to rotate
      at a greater rotational speed than the handle and thus to overrun the
      ratchet means, said ratchet means being automatically effective to engage
      the handle to the output member directly with no increase in rotational
      speed of the output member relative to the handle, when the torque on the
      ring gear exceeds the restraining force of the operator's hand on the hand
      grip.
NUM  2.
PAR  2. The device of claim 1 further comprising an adaptor connected to the
      output member for receiving a socket tool, a detent ball supported by the
      adapter for retaining the socket tool on the adapter, a push rod supported
      within the adapter and having a notch therein for receiving the detent
      ball when the push rod is moved against bias means normally biasing the
      push rod away from a position where the notch will receive the detent
      ball.
NUM  3.
PAR  3. The device of claim 2 wherein the push rod extends through the hand grip
      to form a push button which may be depressed to move the notch into
      position to receive the detent ball.
NUM  4.
PAR  4. The device of claim 2 wherein the sun gear is attached to the push rod
      and the push rod is drivingly connected to the output member.
NUM  5.
PAR  5. A hand operated ratchet tool comprising:
PA1  a. a handle;
PA1  b. a body portion affixed to the handle and having a cavity therein;
PA1  c. an output member rotatable in said cavity;
PA1  d. ratchet means connecting the handle and the output member so that when
      the handle is turned the output member may be driven directly through the
      ratchet;
PA1  e. a planetary gear system having a sun gear, at least one planet gear, at
      least one planet carrier and a ring gear;
PA1  f. a hand grip;
PA1  g. means connecting the hand grip and the planetary gear system to couple
      the handle, the hand grip and the output member to elements of the
      planetary gear system so that when the hand grip is restrained against
      rotation by the frictional force of the operator's hand on the hand grip
      the output member will rotate in the same direction as, but faster than
      the handle, thus overrunning the ratchet means, as the handle is turned
      and so that when the torque applied to the hand grip exceeds the said
      frictional restraining force the hand grip will slip within the operator's
      hand and slow the speed of rotation of the output member relative to the
      handle to the point whereat the ratchet engages automatically to provide a
      direct drive between the handle and the output member.
NUM  6.
PAR  6. The device of claim 5 further comprising an adapter connected to the
      output member for receiving a socket tool and holding means to retain the
      socket on the adapter.
NUM  7.
PAR  7. The device of claim 6 further comprising means to control the holding
      means including a push rod supported within the adapter and extending
      through the head to form a push button, said control means being operable
      to release the holding means when the push button is depressed.
NUM  8.
PAR  8. The device of claim 7 wherein the sun gear is coupled to the push rod
      and the push rod is drivingly connected to the output member.
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PAL  A rotary jaw chuck work holder for a machine tool or the like, with a
      central opening through which stock is fed and a detector sensitive to the
      presence of sufficient stock for safe gripping by the chuck jaws beyond
      the opening. A rod is movable by air pressure in a passage of the chuck
      that communicates with the central opening. The extent to which the rod
      moves depends upon the presence or absence of a workpiece in the central
      opening. Air is supplied to the rod passage of the work holder through an
      annular manifold part of which is movable into contact with the work
      holder in response to air flow to the manifold. When moved against the
      work holder, the manifold supplies air to the rod passage without regard
      to the rotational position of the work holder. In the absence of
      sufficient stock, the air pressure will move the rod to a position that
      vents the rod passage, causing a loss in pressure that is sensed by a
      pressure responsive switch in a control circuit, which then prevents
      operation of the machine that rotates the work holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a rotary jaw chuck for machine tools or the like
      with a detector for determining the presence of stock.
PAR  In machining operations involving bar stock or the like, the bar is
      typically fed through a work holder from one side so as to extend from the
      other side or end of the work holder, where the stock is machined. The
      feeding is done in steps, automatically, and the workpiece is gripped
      after each step or advance, rotated and machined. The work holder is
      required to hold and rotate the workpiece against the force developed
      during cutting or machining and adequate gripping depends upon sufficient
      bar stock remaining within the work holder after each advance. Thus, it
      becomes necessary to detect when the bar has become too short to be
      advanced and safely gripped to machine an additional part.
PAR  Detectors for determining the presence of stock for gripping are known, but
      have typically been mechanically complex or have required rotary joints or
      slip rings to bridge a connection between the rotary holder and a
      sationary detector and control, if the detectors are electrically or air
      operated. In certain collet type work holders the above problems have been
      circumvented with a detector sensitive to air pressure in a conduit of the
      work holder within which a stock detecting sensor moves to detect the
      presence of work gripped internally of the chuck body. In such an
      arrangement air is supplied from a stationary source when the work holder
      is stopped and pressure builds up in the supply passage if a workpiece
      blocks movement of the sensor. The pressure build up is sensed and permits
      continued operation.
PAR  It will be appreciated that detectors for present purposes must be rugged
      and simple enough to function under machining conditions, i.e., in the
      presence of chips, coolant, vibration, heat, and the like. They must also
      be reliable because of the safety hazard created when a workpiece is
      inadequately gripped. Where the stock is gripped beyond the chuck body, as
      in a jaw chuck, arranging a satisfactory location of and construction for
      the detector without interfering with the operating mechanisms and without
      wasting undue lengths of stock which could be adequately gripped becomes a
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides in a jaw chuck a reliable bar stock detector
      that operates simply and effectively. In its preferred form, it utilizes
      fluid pressure in sensing and signalling the presence or absence of stock
      in a central opening of the chuck closely adjacent the jaws, yet
      eliminates any need for rotary joints or seals and avoids interfering with
      the jaw operating mechanisms. Further, the detector is effective for a
      variety of bar diameters without adjustment, and can be incorporated into
      existing work holder designs with a minimum of modifications.
PAR  The invention is embodied in a jaw chuck type work holder with a central
      opening through which the work, such as bar stock, passes. The chuck is
      rotatably supported on a machine tool spindle. Work gripping jaws of the
      chuck grip the stock after is is advanced through the chuck so that the
      stock rotates with the chuck during a machining operation. A chuck of this
      type is shown in the copending application of George J. Ovanin, Ser. No.
      371,367, filed June 19, 1973, entitled "Self Centering and Compensating
      Chuck".
PAR  Basically, the present invention provides (1) a member carried with a jaw
      chuck and movable in the absence of a workpiece into a location normally
      occupied by a workpiece of adequate size when the workpiece is gripped by
      the jaws, and (2) non-rotated means associated with the machine tool,
      sensitive to the position of the movable member carried by the chuck, for
      controlling rotation in response to the position of the movable member. In
      the preferred embodiment, a fluid passage is provided in a segment of the
      chuck body between adjacent jaws, with a vent, and the movable member is
      within the fluid passage. The extent of movement of the member is
      dependent upon the presence of a portion of the workpiece in the central
      opening and the position of the member in the fluid passage controls the
      pressure in the passage by selectively blocking or opening the vent.
      Hence, the pressure in the passage is indicative of the presence or
      absence of the workpiece, and in a preferred embodiment a build up of
      pressure indicative of the presence of a workpiece operates a
      pressure-sensitive switch in a contol circuit of the machine tool that
      permits rotation of the chuck. Conversely, when the passage is vented
      indicating the absence of a workpiece, rotation is prevented. Ideally,
      movement of the member is directly blocked by the workpiece in the central
      opening and the member itself isolates or blocks the vent controlling the
      pressure. Preferably, the member is moved into a sensing position relative
      to the workpiece in responsive to the supply of fluid to the passage and
      the buildup of pressure by that fluid operates the pressure switch of the
      control circuit.
PAR  Structurally, the fluid passage is located closely adjacent a front face of
      the chuck, in which master jaws carrying the work-gripping jaws are
      slidable. The passage opens into the central opening closely adjacent to
      where the jaws grip the workpiece and is located where it will not
      interfere with the jaw operating mechanisms, yet is located internally of
      the chuck body.
PAR  Fluid pressure is made available to the passage in the chuck through a port
      in the external surface, which most conveniently is in a rearward
      transverse face. Communication from a source of fluid under pressure to
      the port of the passage is established when rotation of the chuck is
      stopped and is independent of the rotational position of the chuck. To
      this end, an annular manifold is utilized that forms a continuous ring of
      pressure about a circular zone that can communicate with the port of the
      fluid passage in the chuck. A part of the manifold that directly receives
      fluid is stationary and a part is movable toward and away from contact
      with the chuck when the chuck is stationary. In a preferred embodiment,
      such movement is in response to the application of the fluid pressure to
      the manifold. Thus, the flow of fluid under pressure at a stationary
      location of the machine tool establishes communication with the rotatable
      jaw chuck and then flows into the chuck passage to determine the presence
      of a workpiece and control rotation.
PAR  Accordingly, it is an object of this invention to provide a stock detector
      system in a jaw chuck, which is rugged and reliable, simple in operation,
      which avoids interference with the operation of the chuck jaws, which
      senses the workpiece close to the external jaws, and which requires
      minimal modifications to existing jaw chucks for incorporation.
PAR  The above and other features, advantages and objects of this invention will
      become more apparent as the invention is better understood from the
      detailed description that follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a rotary jaw chuck incorporating the
      present invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1; and
PAR  FIG. 3 is an elevational view taken from the plane of line 3--3 of FIG. 2
      showing the non-rotative structive carried by the machine tool or other
      work holder driving mechanism and showing a block diagram of an associated
      machine tool control.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference now to the drawings, the invention is embodied in a jaw
      chuck 10 with a central opening and self centering action, especially
      useful for machining bar stock or the like.
PAR  The chuck 10 has a cylindrical body 12 with a central opening 14 extending
      axially through the body, three work gripping and centering jaws 16
      adjacent a front face 17 of the body, and a backplate or adaptor 18 on the
      back face, supporting the body on a rotary spindle 20 of a machine tool.
      The jaws 16 include work gripping portions 16a and master portions 16b
      slidable in ways in the front surface, operated from a draw tube 24 that
      extends through the backplate 18 and through the spindle 20 of the machine
      tool. The workpiece, such as a bar W, extends through the draw tube and
      spindle of the machine tool, forwardly of the front face of the body 12 of
      the chuck, where it is gripped by the jaw portions 16a. The draw tube is
      attached to a tubular cam operator 26 that is secured to an annular cam 28
      within the chuck body. The cam is guided by a dust bushing 30 extending
      inwardly from the front face 17 of the chuck body, through which the work
      passes. The particular construction shown is adapted to permit conversion
      of the chuck to a compensating type action, but that feature does not form
      a part of and is not utilized in the present invention, and is more
      particularly disclosed and claimed in the copending application Ser. No.
      371,367, filed June 19, 1973, the disclosure of which is hereby
      incorporated by reference.
PAR  Axial movement of the cam 28 by the draw tube rocks radial levers 32 within
      the chuck body, pivoted on pins 34. The levers, which enter the master
      jaws 16b, move the jaws 16b and the work gripping jaws 16a radially when
      the draw tube is actuated to grip bar work W fed through the central
      opening 14 from the back of the work holder.
PAR  A stock detector 40 is carried in the chuck body 12 and an associated
      assembly 42, which functions as an actuator for the stock detector and as
      part of a sensing mechanism, is carried by the machine tool. The assembly
      42 is rotationally stationary but in part is axially movable relative to
      the chuck body 12. The assembly 42 and the stock detector 40 together
      serve to detect the presence or absence of bar stock within the central
      opening 14 of the chuck body and control operation of the machine tool
      each time the bar stock forming the workpiece is advanced, so that the
      machine tool can be controlled to not operate if there is insufficient
      stock to be securely gripped. With the spindle stopped, the assembly 42
      serves to supply air under pressure to the stock detector 40, which either
      blocks or vents the pressure and flow depending upon whether or not stock
      is present at a particular location within the central opening 14. A
      control circuit (FIG. 3) association with the machine tool and sensitive
      to the pressure in the associated assembly 42, then prevents or allows
      rotation of the spindle.
PAR  The stock detector 40 includes a slidable pin 44 with an attached collar 46
      that acts as a piston. Both are received in a radial bore 48 of the chuck
      body 12 and are movable in response to a flow of air under pressure
      supplied through a passage 50 to the end of the bore 48. As shown in FIGS.
      1 and 2, the radial bore 48 is located in a segment of the chuck between
      adjacent jaws 16 and closely adjacent the front face 17. A workpiece W in
      the central opening 14 of the chuck body will block movement of the pin
      44, as long as a portion of the workpiece extends a short distance behind
      the front face and will prevent the piston 46 from moving past a vent 52
      in the bore 48. Pressure in the bore on the supply side of the piston then
      serves as an indication of the presence of a workpiece within the central
      opening of the chuck body, adjacent the location where the pin 44 extends
      into the central opening. As long as bar stock is present at that location
      there is adequate stock for gripping and excess stock beyond that required
      for safe gripping need not be present to obstruct the pin 44 and hence
      stock waste is minimized.
PAR  The piston-forming collar 46 is suitably secured adjacent the end of the
      pin 44, as by a small screw 53. The pin is guided both by the piston 46
      and a bearing surface formed by an opening 60 in the dust bushing 30
      through which the pin slides. The pin and piston are biased radially
      outwardly by a compression spring 56 that surrounds the pin and acts
      between a seal 54 and the piston 46. The bore 48 is closed at the outer
      end by a plug 58. The pin 44 is movable into the central opening 14 of the
      chuck body through the opening 60. The actuating cam 28 is also cut away
      at 62, to facilitate movement axially, without obstructing radial movement
      of the pin 44. The vent passage 52 communicates between the passage or
      bore 48, and the front face of the chuck body. A vented plug 66 at the
      front face prevents the entrance of foreign material. The vent is located
      at a point of the passage that the piston 46 will pass only after the pin
      44 moves radially inwardly of the chuck body, beyond the surface or
      location of the smallest diameter workpiece to be gripped by the work
      holder.
PAR  The air supply passage 50 to the outer end of the radial bore 48 that
      extends generally in an axial direction of the chuck body, and opens
      through the back surface, is aligned with a passage 70 in the backplate
      18. An annular sealing plate 72 is secured to the backplate 18 by screws
      73 and has an aperture 74 aligned with the passage 70. The annular sealing
      plate 72 provides a flat radial face against which a movable portion 96 of
      the assembly can seat, to supply air under pressure to the passage 50.
PAR  The assembly 42 has a housing ring 80 with a rear surface 82 facing the
      machine tool, and a front surface 84 with an annular chamber 86 facing the
      chuck or work holder 10. The housing ring 80 is secured to the machine
      tool by screws 88 (FIG. 3) and is located with the front surface 84 close
      to but spaced from the outer surface of the plate 72 on the chuck body. In
      a preferred embodiment, the spacing is approximately 0.020 inch. A passage
      90 from the outer peripheral surface of the housing ring 80 to the annular
      chamber 86 serves as a supply conduit for air from a source indicated by
      the conduit 92, to the annular chamber 86. An annular recess 94, smaller
      in depth and width than the chamber 86, is provided at the base of the
      chamber and directly communicates with the passage 90.
PAR  An annular piston 96 is closely received in the chamber 86 and is slidable
      axially of the chuck body. O-ring seals 97, 98 in the inner and outer
      peripheral surfaces of the annular piston serve to provide an air-tight
      sliding seal between the piston and the housing ring 80. The annular
      piston 96 is secured for axial movement but maintained in an assembled
      relationship with the housing ring 80, by three screws 100 in bores 102 of
      the piston, the screws serving to guide the piston in axial movement.
      Springs 104 surrounding each screw 100 bias the piston into the chamber
      86. Five sets of double holes 106, 107 extend axially through the piston,
      providing air passages from the chamber 86 through the piston to a zone
      adjacent the seal plate 72. Two spaced seal rings 110, 111 extend from the
      front face 112 of the piston 96, adjacent the seal plate 72. These rings
      are preferably of Teflon to provide a good seal, and are concentric, being
      spaced apart in the plane of the face 112, a distance greater than the
      diameter of the opening 74 in the sealing plate 72 and located to lie on
      opposite sides of the opening, considered in a radial direction from the
      center of the chuck body.
PAR  In operation, when air pressure is introduced through the passage 90 into
      the annular recess 94, it will provide pressure against the opposed inner
      face of the piston 96. Sufficient air pressure is provided to overcome the
      bias of the springs 104 and the pressure will then drive the annular
      piston toward the chuck body, away from the recess 94. The seal rings 110,
      111 will then seat against the outer face of the seal plate 72 to form an
      annular plenum of air fed through the holes 106, 107, the plenum being in
      direct communication with the opening 74. The area of the holes 106, 107
      is small enough so that adequate pressure will be maintained behind the
      annular piston to maintain it in an extended position against the seal
      plate 72. The air flow through the assembly 42 is thus received by the
      passage 50 in the chuck body, regardless of the rotational location of the
      passage.
PAR  Air is supplied through the passage 90 to drive the piston outward into
      contact with the chuck body only when the rotation of the work holder is
      stopped and after the workpiece has been advanced within the central
      aperture 14 of the chuck body. The air pressure so supplied to the passage
      50 drives the piston 46 and the connected pin 44 toward the center of the
      chuck body. If a workpiece is adjacent the aperture 60 at the central
      passage of the chuck body, indicating the presence of adequate stock, the
      pin is stopped, with the piston in a location radially outwardly of the
      vent passage 50, and in the housing ring and supply passage 90. This
      pressure buildup in the passage 90 is detected by a pressure operated
      switch in the air supply. The pressure operated switch is connected
      electrically to the control circuit of the machine tool, so that the
      machine tool will not begin rotation of the work holder, as by driving the
      spindle, until the pressure switch has been tripped by a buildup of
      pressure in the passage 90 and conduit 92. Thus, the next cycle of
      operation and rotation of the work holder can begin only if the pin 44 is
      obstructed by work in the central passage of the work holder. If the
      workpiece is not of sufficient length to obstruct the inward movement of
      the pin, the pin moves centrally until the piston 46 passes the vent
      passage 52, allowing the flow of air in the passage 48 to escape and
      preventing buildup of pressure through the system, and into the supply
      passage 90 and conduit 92. As a result, the pressure switch in the control
      circuit will not be actuated and a subsequent cycle of the machine tool
      cannot be initiated.
PAR  While a preferred embodiment of the invention has been described in detail,
      it will be understood that various modifications or alterations can be
      made therein without departing from the spirit and scope of the invention
      set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary work holder comprising a chuck body adapted to be rotatably
      driven, a central opening through the body for receiving a portion of
      workpiece and through which the workpiece can be fed, a movable jaw
      carried by the chuck body adjacent a front face and movable relative to
      the chuck body to grip the workpiece beyond said opening, means within the
      chuck body about said opening movable relative to the body for actuating
      said jaw, a member movable in the absence of a workpiece into said central
      opening at a location normally occupied by a workpiece gripped by the jaw,
      and means, with respect to which the chuck body is rotatable, sensitive to
      the position of said member in said central opening, to selectively permit
      or prevent work holder
NUM  2.
PAR  2. A work holder as set forth in claim 1 wherein said means to prevent work
      holder rotation includes a control circuit and switch, arranged to prevent
      work holder rotation when said member is in said location.
NUM  3.
PAR  3. A rotary work holder comprising a chuck body adapted to be rotatably
      driven, a central opening in the body for receiving a portion of a
      workpiece, radially movable jaws, carried by the chuck body adjacent a
      front face and movable relative to the chuck body to grip the workpiece
      beyond said opening, means within the chuck body about said opening
      movable relative to the body for actuating said jaws, a passage within the
      chuck body transverse to and opening into said central opening and located
      in a segment of the chuck body between adjacent jaws, a member in said
      passage movable in the absence of a workpiece into said central opening at
      a location normally occupied by a workpiece gripped by the jaws, and
      means, with respect to which the chuck body is rotatable, sensitive to the
      position of said member in said central opening, to selectively permit or
      prevent work holder rotation.
NUM  4.
PAR  4. A work holder as set forth in claim 3 wherein said means to prevent work
      holder rotation includes a control circuit and switch, arranged to prevent
      work holder rotation when said member is in said location, said passage
      acts as a conduit for fluid flow, said member controls flow through said
      conduit, and operation of said switch is responsive to fluid pressure in
      said conduit.
NUM  5.
PAR  5. The combination as set forth in claim 4 further including a manifold
      movable into engagement with said chuck body to supply fluid under
      pressure to said conduit independently of the rotational position of the
      work holder.
NUM  6.
PAR  6. A rotary work holder, comprising a chuck body adapted to be rotatably
      driven, a central opening in the body for receiving a portion of a
      workpiece, a movable jaw carried by the chuck body adjacent a front face
      and movable relative to the chuck body to grip the workpiece beyond said
      opening, means for actuating said chuck jaw, means defining a passage for
      carrying a flow of fluid in said body, means responsive to the presence of
      a workpiece in a portion of said opening for changing the flow
      characteristics of said passage, means movable in response to the supply
      of fluid pressure thereto and engageable thereby with the chuck body when
      the chuck body is stationary to supply fluid under pressure to said
      passage, and means sensitive to the fluid pressure within said passage to
      control rotation of said body.
NUM  7.
PAR  7. A rotary work holder as set forth in claim 6 wherein said means
      responsive to the presence of a workpiece includes a movable obturating
      member in said passage positionable to selectively block the flow of fluid
      through said passage, and means engageable by a workpiece in said portion
      of said opening for controlling the position of said obturating member.
NUM  8.
PAR  8. A rotary work holder as set forth in claim 7 wherein said obturating
      member and means engageable by a workpiece are interconnected and movable
      as a piston within said passage in response to a fluid pressure
      differential on opposite sides thereof to a first position that prevents
      fluid flow through the passage when said last-mentioned means engages a
      workpiece and to a second position that permits fluid flow through the
      passage when said last-mentioned means does not engage a workpiece.
NUM  9.
PAR  9. For use in a machine tool, a rotary jaw chuck adapted to be supported by
      a spindle for rotation, and having a central opening for receiving a
      workpiece and work gripping jaws movable radially of said opening to grip
      the workpiece beyond said opening, a fluid passage in said chuck
      communicating with an outside surface thereof that is disposed
      transversely to the rotational axis of the chuck, means carried by said
      chuck to control fluid flow through said passage in response to the
      presence of a workpiece at a predetermined location in said central
      opening, an annular manifold adapted to be supported by a machine tool
      about the spindle with an annular face opposing said transverse surface of
      the work holder, a portion of said manifold being movable relative to
      another portion perpendicular to the plane of the annular face in response
      to the supplying of fluid pressure to the manifold, and means to supply
      fluid under pressure to said manifold, said annular face having at least
      one outlet for fluid to communicate with said fluid passage when said
      annular face is juxtaposed to said transverse surface.
NUM  10.
PAR  10. Apparatus as set forth in claim 9 wherein said movable portion of the
      annular manifold has two concentric ring seals that project therefrom and
      establish a circular zone of fluid pressure opposite said transverse
      surface when the movable portion is extended from said another portion,
      the fluid passage opening through said transverse surface at a location
      between said concentric rings.
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ABST
PAL  The present invention relates to the removal of an under-the-sink waste
      disposer; and more particularly relates to a tool for facilitating the
      removal of such a waste disposer that must be removed for replacement or
      for repair. The disclosed tool obviates the need for a plumber to crawl
      into a small cabinet, and to struggle with corroded and rusted fasteners.
      Instead, the disclosed tool permits the plumber to work from above the
      sink, where there is plenty of room.
PAL  A portion of the disclosed tool is dropped into the sink drain; and cuts
      away the element that supports the waste disposer. In this way, the
      plumber may work with ease; and may remove the waste disposer from the
      under-the-sink cabinet when the disposer has been completely freed from
      the sink.
PARN
     This is a division of application Ser. No. 400,312, filed Sept. 24, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that kitchen-type wastes are a nuisance to dispose;
      comprising mixtures of bones, pits, cobs, husks, rinds, stalks, fats, meat
      trimmings, and other miscellaneous items. For many years, the accepted
      disposal method was to accummulate these wastes; and to carry them, often
      dripping, to an outdoor garbage can.
PAR  A much improved present-day method of disposing kitchen wastes is to use a
      electromechanical waste disposer that mounts onto the sink, and fits into
      an under-the-sink cabinet. The disposer grinds up all of the wastes; and a
      stream of water from the sink faucet is then used to flush the resultant
      particles into the drainage system of the building. As may be expected,
      these waste disposers have a long but limited life; since they involve a
      motor, grinding teeth, anti-leak seals, plumbing pipes, electric wires,
      etc; and are exposed to acids, detergents, drain solvents, and to a
      more-or-less constant vibration. As a result, it is often necessary to
      bodily remove the waste disposer--either for repair or replacement.
PAR  By the time that a waste disposer is ready for removal, the mounting
      devices thereof are generally badly corroded, rusted, or otherwise
      permanently bonded to each other. Therefore, it is a plumber's nightmare
      to have to work in a small under-the-sink cabinet, midst pipes and
      electrical wiring; and to try to use the various tools at his command for
      removing the inoperable waste disposer.
PAR  It is therefore apparent that there is a need for an improved tool for
      removing waste disposers from under-the-sink cabinets.
PAC  OBJECTIVES AND DRAWINGS:
PAR  It is therefore the principal objective of the present invention to provide
      an improved tool for removing waste disposers.
PAR  It is another objective of the present invention to provide an improved
      waste-disposer removal-tool that is easy to use.
PAR  It is still another objective of the present invention to provide an
      improved waste-disposer removal-tool that is used from above the sink.
PAR  It is a further objective of the present invention to provide an improved
      waste-disposer removal-tool that may be used on all types of disposer
      mountings.
PAR  It is a still further objective of the present invention to provide an
      improved waste-disposer removal-tool that is simple, and is simple to use.
DRWD
PAR  The attainment of the above objectives and others will be realized from a
      study of the following description, taken in conjunction with the drawings
      of which
PAR  FIG. 1 shows a partially cross-sectional view of a waste-disposer mounted
      in a sink;
PAR  FIG. 2 shows a cross-sectional view of the subject waste disposer removal
      tool;
PAR  FIG. 3 shows a pictorial view of the cutter arrangement;
PAR  FIG. 4 shows a partial cross-sectional bottom view of the disclosed tool.
DETD
PAC  SYNOPSIS
PAR  Broadly speaking, the disclosed tool for the removal of an under-the-sink
      waste disposer comprises a body portion that is dropped into the sink
      drain; this body portion containing a plurality of cutters that are
      extended to engage the inner surface of the throat portion of the sink
      flange. Suitable pressure is produced between the cutters and the engaged
      throat portion of the sink flange; and rotation of the tool causes the
      cutters to cut through the throat of the flange. The waste disposer then
      settles onto the piping; and may be easily removed by cutting or
      uncoupling the piping and the electrical wiring.
PAC  INTRODUCTION
PAR  Referring now to FIG. 1, there is shown a waste disposer 10 mounted under a
      sink 11; the bottom portion 12 of the sink 11 having an upper surface 13,
      a lower surface 14, and a drain opening 16 that is usually about 31/2
      inches in diameter. A sink flange 17, that resembles a hollow rivet, has
      an annular supporting rim 18 and a cylindrical throat portion 19; the
      flange 17 fitting into sink drain opening 16, with its annular supporting
      rim 18 resting on the upper surface 13 of the sink bottom 12, and with its
      throat portion 19 fitting within the sink drain hole 16--the throat
      portion 19 extending downward beyond the sink bottom 12. Usually, a putty,
      a mastic, a cauking compound, or the like 21, is spread between the
      underside of the supporting rim 18 and the sink bottom upper surface
      13--in order to provide a leak-proof arrangement.
PAR  While the installations of waste disposers vary, depending upon the model
      and the manufacturer, FIG. 1 shows a typical installation of a waste
      disposer 10 into a sink 11. In general, the sink flange 17, in practically
      all waste disposer installations, is designed to support the weight of the
      waste dispenser--at least until the plumping is completed; at which time
      the pipes support some of the weight of the waste dispenser.
PAR  It will be noted that the throat portion 19 of the sink flange 17 is
      illustrated as having a recessed annular groove 22; a spacer ring 23 and a
      support ring 24 having been slid over the throat portion 19 before a
      compressible/expansible snap ring 26 is sprung into the recessed groove
      22. Now, by turning a plurality (usually three) of threaded studs 27,
      their upper ends force the upper spacer ring 23 upwards against a gasket
      28 that bears against the lower surface 14 of the sink bottom 12. The
      support ring 24 is simultaneously forced downward against the snap ring
      26. This arrangement affixes the sink flange 17 to the bottom of the sink
      11; and simultaneously affixes the support ring 24 against the snap ring
      26--the support ring 24 now seating the snap ring 26, and forcing it
      further into the recessed groove 22.
PAR  Once the support ring 24 has been firmly affixed by pressure of studs 27,
      the waste disposer 10 has its mounting flange 29 bolted onto the studs 27;
      a suitable resilient collar 31 or equivalent device being used to minimize
      leakage and to isolate the sink from vibration of the waste disposer 10.
      Suitable piping 32 is then coupled to the waste disposer 10.
PAR  While FIG. 1 has illustrated the typical mounting for a waste disposer, it
      will be realized that other mountings are used; however, practically all
      of the various mountings are designed for easy mounting, while everything
      is new and clean; and none of the mountings seem to have given any thought
      to the need and process of removing the waste disposer.
PAR  The basic concept of the present invention is as follows. Rather than
      trying to remove the waste disposer by working beneath the sink, with all
      the attendant disadvantages thereof, the present invention discloses a
      tool that permits the waste disposer to be removed by a person working
      above the sink, where there is plenty of room.
PAR  A tool for achieving this result is also shown in FIG. 1. Here the tool 36
      comprises a pair of angled opposed handles 17 attached to a, preferably
      cylindrical, tool body 38 whose upper portion 39 is larger in diameter
      than the sink drain opening 16, so that the annular bearing surface 41 of
      the upper body portion 39 of the tool rests upon the upper surface of the
      supporting rim 18 of the sink flange 17. The tool 36 also comprises a
      lower--also preferably cylindrical--body portion 43 of a smaller diameter,
      that fits into the throat portion 19 of the sink flange 17. The upper tool
      body 39 and the lower tool body 43 interface at a body line 44. The
      structure and function of the lower tool body 43 will be discussed later
      in greater detail.
PAR  Thus, the handles 37 may be used to rotate the tool 36; the weight of the
      tool being carried by the supporting rim 18 of sink flange 17. The angled
      handles and the sink itself provides sufficient room for operating the
      tool.
PAR  It is now desirable to digress for a moment, in order to further discuss
      the sink flange 17. It is of course desirable to make the sink flange of a
      material that is rust-proof, corrosion-proof, and strong enough to support
      the weight of the waste disposer.
PAR  Early waste disposers were relatively light-weight; so the sink flange 17
      was originally made of brass. However, as the weight of the waste
      disposers increased (they now range up to about 30 lbs.), it became
      necessary to form the sink flanges 17 of stainless steel having
      appreciable strength and thickness.
PAR  The present invention mounts cutters, one of which is indicated at 45, on
      the lower tool body 43; and the rotation of the tool handles 37 causes the
      cutters 45 to press against the inner surface of the throat 19 and to cut
      an angular groove 46 that eventually penetrates through the throat portion
      19 of the same flange 17. When the cutting operation has been completed,
      the waste disposer 10 is now free of the sink, and sags to be supported by
      the piping 32 attached to it. It is now relatively easy to cut or uncouple
      the pipes and the electrical wiring, to remove the waste disposer, and to
      remove the cut-apart sink flange 17.
PAR  In those cases where the sink flange throat 19 is made of brass or of some
      other relatively soft material, the cutters 45 of the tool may take the
      form of scrapers; but it is preferrable that the cutters 45 take the form
      of a plurality of rotatably cutting wheels (preferably three that are
      equally spaced). The cutters 45 are preferrably mounted in such a way that
      they are normally retracted into the tool body; but may be forcibly
      extended for the cutting function.
PAR  The structure of the tool itself may be better understood from a study of
      FIG. 2. Here, the cross-sectional view shows the tool 36, its upper body
      portion 39, the handles 37, and the bearing surface 41 of the upper body
      portion. FIG. 2 also shows the tool's body interface line 44, a cutter
      holder 52 that will be more fully discussed later, and a cutting wheel 45.
      The double-ended arrow 48 indicates that the cutter 45 may be moved
      radially into and out of the lower tool body 43; being normally retracted
      into the lower body portion 43 as by means of a compression spring 49
      whose outer end bears on an internal set-and-lock in screw combination 51
      in the lower body portion 43. The inner end of spring 49 bears upon a
      portion of the radially slidable cutter holder 52 that holds the cutter
      45. In this way, the plurality of cutters 45 are normally retracted for
      protection and convenience during tool storage, and during the insertion
      of the lower tool body into the sink flange.
PAR  As indicated above, the cutter holder 52 is preferably slidably positioned
      in the lower body 43; so that the holder 52 and its cutter 45 may move
      inward for normal storage, for protection of the cutters, and for
      facilitating the insertion of the tool into the sink directly. The
      cutters, as will be shown later, may be extended for their actual cutting
      operation.
PAR  It will be realized that an appreciably extending force must be applied to
      the cutter holders 52 in order for the cutters 45 to perform their cutting
      operation; and such extending forces may be provided as follows.
PAR  The tool comprises a threaded extender rod 53 that is threadedly engaged
      with the upper body portion 39; so that by rotating the rod 53, the end of
      the rod may be forcefully moved downward. The lower end of rod 53 has a
      conical configuration 54; and as the conical configuration 54 moves
      downward, its conical sloping surfaces press against the inner ends of the
      cutter holder 52--thus equally forcing apart the holders 52, and causing
      all of the cutters 45 to simultaneously engage the throat 19 of the sink
      flange 17.
PAR  It may be desirable to slope or taper the inner shoulder portions of the
      cutter holders 52 as indicated at 56, in order to improve the expander
      action of the cutter by the conical configuration 54 of the extender rod
      53.
PAR  In this way, the tool is automatically centered in the sink flange; and the
      various cutters 45 produce substantially equal cutting action to form the
      cutting groove 46. Thus, while the cutters 45 are normally retracted into
      the tool body, they may be forcibly extended by the conical tip of the
      extender shaft 53.
PAR  Attention is now directed to FIG. 3, which shows a pictorial view of a
      typical cutter holder 52. As illustrated, cutter holder 52 has an L-type
      configuration; the horizontal arm 57 thereof having a cutter 45 positioned
      at the outer extremity thereof, and the vertical leg 58 being adapted to
      be engaged by the compression spring 49. When the cutter holder 52 is
      assembled into the subject tool, the holder 45 is adapted to slide
      radially outward under the influence of the conical tip 54 of the extender
      rod 53; and to slide radially inward under the influence of the
      compression spring 49. Thus, the cutter 45 may be extended beyond the
      periphery of the tool--as indicated in FIG. 2--in order to perform its
      cutting operation.
PAR  Attention is now directed to FIG. 4, which illustrates a partially
      cross-sectional bottom view of the tool 36. This view shows a plurality,
      three in the present case, of cutter holders 52 positioned in radial guide
      slots 59 that permit radial movement of the cutter holders 52. In FIG. 4,
      the cutters 45 are illustrated in their extended positions; projecting
      slightly beyond the periphery of the tool's lower body 43 under the action
      of the conical end 54 of the extender rod 53.
PAR  It has been found advantageous to form the tool body 38 of a driving upper
      body portion 39 and a driven lower body portion 43 (see FIGS. 1 and 2); as
      in this way the handles 37 may be easily attached to the driving body
      portion 39, and the cutter holders 52 may be easily fitted to their guide
      slots 59 in the lower driven tool body portion 43.
PAR  In order to assemble the upper and lower tool bodies 39 and 43, a plurality
      of assembly bolts 61 of FIGS. 2 and 4 may be used; but it has been found
      desirable to use these bolts as merely assembly devices, rather than as
      torque transmitters.
PAR  Therefore, a plurality of driving pins 62 have been used to provide the
      torqueing connections between the upper driving body portion 39 and the
      lower driven body portion 43. In this way, by using driving torque pins of
      suitable material, strength, dimensions, etc, they may be easily
      incorporated into the tool without presenting demands for unreasonable
      space requirements.
PAR  When the tool is stored, its extender rod 53 is normally backed off; this
      action permitting the compression springs 49 to move the cutter holders 52
      radially inward, to position the cutters 45 safely within the periphery of
      the lower driven tool body portion 43.
PAR  When the tool is to be used, its lower driven body portion 43 is
      positioned, from above, within the throat 19 of the sink flange 17; and
      the tool is then lowered until its bearing surface 41 of the upper driving
      tool body 39 comes to rest on the surface of the support rim 18. At this
      time, the cutters 45 are automatically positioned at a suitable level to
      engage the throat 19.
PAR  Now, the extender rod 53 is rotated to move its conical tip 54 downward
      until the sides of the conical tip contact the sloped shoulder surfaces 56
      of the cutter holders 52. The extender rod 53 is then lowered still
      further; until the cutters 45 are suitably pressed against, and engaged
      with, the inner surface of throat 19.
PAR  At this time, the handles 37 are used to rotate the driving upper body
      portion 39; and the driving pins 62 drive the lower driven body portion 43
      into rotation. In this way, the cutters 45 press against, and cut into,
      the inner surface of the throat 19 to produce the angular cutting groove
      46. The extender rod 53 is now screwed down a bit more, and the rotation
      of the tool is resumed. This procedure is repeated until the cutting
      groove 46 penetrates the throat 19.
PAR  At this time, the waste disposer is supported by the piping 32; and these
      pipes, and the electrical wiring (not shown) may now be cut or uncoupled.
      The upper cut-away portion of the sink flange 17 may now be easily
      removed. The waste disposer is now ready to be replaced or repaired.
PAC  SUMMARY
PAR  The disclosed apparatus has a large number of advantages over prior-art
      means for removing under-the-sink waste disposers. First of all, it
      facilitates the removal of the waste disposer in a matter of minutes.
      Second, it permits the easy removal of the cut-away sink flange. Third, it
      obviates possible damage to the sink, to the plumbing, and to the
      electrical wiring. Fourth, the disclosed tool works on practically any
      type of waste-disposer mounting. Fifth, the disclosed tool has a very
      positive action. Sixth, the disclosed tool requires no maintenance or
      expertise. Seventh, the disclosed tool obviates the need for having the
      plumber work in a small under-the-sink cabinet. Eighth, it obviates the
      need for having the plumber use poorly adapted tools for loosening or
      cutting rusted or corroded fasteners. Ninth, it obviates the need for the
      plumber to work by feel in a semi-dark quarters. Tenth, it obviates the
      need for a plumber to work in an uncomfortable position. Eleventh, it
      permits the plumber to work from above the sink. Twelfth, it permits the
      plumber to work in a practically-erect, comfortable position. Thirteenth,
      it permits the use of an easy rotary movement of a specially designed
      tool. Fourteenth, it permits the use of conveniently-placed angled
      handles. Finally, the disclosed tool is economical to manufacture.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of removing a waste disposer from a kitchen sink, in which
      the disposer is secured to the bottom ends of the threaded studs that are
      screwed into a support ring surrounding the cylindrical throat of a sink
      flange and resting on a snap ring seated in a circumferential groove in
      the outer surface of the flange throat, said threaded studs bearing
      upwardly at their top ends against a spacer ring abutting against the
      underside of the sink, said method comprising the steps of:
PA1  inserting a cutting tool, from above the sink, down into the throat of the
      sink flange;
PA1  positioning the cutters of the tool at a level between said spacer ring and
      said support ring;
PA1  rotating said tool from the sink, while gradually expanding the cutters
      outwardly until said sink flange throat has been cut through;
PA1  allowing said waste disposer with attached support ring, threaded studs,
      and the severed bottom end of the sink flange throat to drop away from the
      bottom of the sink, supported solely by the waste pipe;
PA1  removing the severed top end of the sink flange from the drain opening of
      the sink; and
PA1  removing the waste disposer from the waste pipe to which it is connected.
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PAL  Method and apparatus for conditioning a tire for truing by removing flat
      spots, and for subsequently truing the tire. Tire conditioning is
      accomplished by applying heat directly to the tire sidewalls and by
      concurrently rotating the tire while laterally maintaining tire position
      with rollers. Tire truing apparatus includes a mandrel which may be
      adjustably supported by the tire conditioning apparatus, and a truing
      cutter mounted at an elevated location to reduce or eliminate clogging
      with removed rubber.
PARN
PAR  This is a division of application Ser. No. 283,808, filed Aug. 25,1972, and
      now U.S. Pat. No. 3,865,527.
BSUM
PAR  The present invention relates to a method and apparatus for operating on
      tires, and more particularly relates to a method and apparatus for use in
      conditioning and truing tires such as vehicle tires.
PAR  It has long been known to operators of automobiles and other motor vehicles
      that the service life of the vehicle tires can be substantially extended
      if certain preventive measures are taken. By way of example, one of such
      preventive measures is the balancing of the tires to insure that the load
      applied to the tire is substantially uniform at rotational speed.
PAR  Automotive tires have become increasingly expensive in recent years,
      particularly with the introduction and/or popularization of relatively
      expensive types of tires such as the belted tire and the radial tire. The
      cost of such tires further emphasizes the need for the motorist to take
      all measures necessary to enhance the service life of the tire.
PAR  One of the measures which is becoming increasingly popular is known as
      "tire truing". Although a tire is obviously nominally round, certain
      imperfections in mass-produced tires typically result in tires which are
      not exactly round. Furthermore, even an exactly-round tire may become
      distorted to an out-of-round condition when mounted on a non-round wheel.
      Tire truing is the name which describes the removal of rubber from the
      tire tread to the extent necessary to make the tire "exactly-round" with
      respect to the axis of rotation of the wheel on which the tire is mounted.
      Obviously, a tire which is to be both trued and balanced should first be
      trued since the balance of the tire will be affected by the removal of
      tread rubber in the truing operation.
PAR  It is known in the tire art generally, and with application to the tire
      truing art particularly, that a tire develops a flat spot when the vehicle
      on which the tire is mounted remains stationary for a short while. These
      so-called flat spots, which result from a temporary stress-induced "set"
      in the tire cords, is relaxed or removed by operating the tire for a while
      at highway speeds which apply both heat and flexure to the tire. It can be
      seen, however, that any attempt to true a tire in which a flat spot has
      not been completely removed will result in truing the tire to a reference
      determined by the flat spot. Not only will an excessive and unnecessary
      amount of tread rubber be removed in this way, but the former flat spot
      may become a "high spot" in the tire when the flat spot becomes relaxed.
PAR  Because of the foregoing problems relating to tire flat spots, it has been
      known in the art that a tire should be conditioned to remove the flat
      spots prior to being trued. Such tire conditioning can take the simple
      expedient of driving the vehicle at highway speeds for a sufficient time
      to remove the flat spots, but the numerous disadvantages of this expedient
      are so apparent as to need no elaboration. Tire conditioning apparatus is
      also known to the prior art, such apparatus typically including some
      device for rotating the tire while simultaneously heating the tire tread
      to simulate highway travel of the tire. Many disadvantages of such
      prior-art tire conditioning apparatus, such as an inability to rotate the
      tire without wobble or other unwanted motion and also such as an excessive
      amount of time required to adequately "condition" the tire, have prevented
      such tire conditioning apparatus from reaching widespread acceptance.
PAR  The tire truing apparatus of the prior art, exemplified by a tire
      supporting spindle for supporting the tire in a vertical plane and a
      rubber removing apparatus positioned proximately beneath the spindle to
      engage the periphery of the tire tread, has also proven less than
      satisfactory because the removed tread rubber tends to accumulate on or
      around the rubber removing apparatus to clog and foul its effective
      operation.
PAR  Accordingly, it is an object of the present invention to provide improved
      tire conditioning apparatus.
PAR  It is another object of the present invention to provide tire conditioning
      apparatus for rapid and effective removal of flat spots from tires. It is
      still another object of the present invention to provide tire conditioning
      apparatus which effectively conditions tires while preventing wobble or
      other unwanted movement of a tire.
PAR  It is still another object of the present invention to provide tire
      conditioning apparatus in combination with tire truing apparatus of novel
      design and function.
PAR  It is yet another object of the present invention to provide improved tire
      truing apparatus.
DRWD
PAR  These and other objects of the invention will become apparent from the
      description of preferred embodiments thereof in the following
      specification, together with the accompanying drawings, wherein like parts
      are referred to and indicated by like reference characters, and wherein:
PAR  FIG. 1 is a perspective view of the tire unit of the present invention,
      with parts broken away and in section;
PAR  FIG. 2 is a sectional view taken on the line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 2;
PAR  FIG. 5 is a front elevational view of the tire unit of the present
      invention;
PAR  FIG. 6 is an isometric view of another embodiment of the present invention,
      showing tire truing apparatus in combination with tire conditioning
      apparatus; and
PAR  FIG. 7 is a sectional view taken along line 7--7 of FIG. 6.
DETD
PAR  Stated in general terms, the tire conditioning method and apparatus of the
      present invention applies heat directly to the sidewalls of the tire while
      such sidewalls are undergoing flexure. Suitable guides such as
      laterally-disposed rollers are positioned to engage the sidewalls while
      the tire is being rotated, so that the tire rotates in a true,
      non-wobbling manner and additionally so that the sidewalls are flexed to
      enhance the removal of tire flat spots. The tire truing apparatus of the
      present invention is arranged to eliminate or reduce unwanted buildup of
      removed tread rubber on the truing apparatus, and this truing apparatus is
      advantageously constructed in combination with the tire conditioning
      apparatus of the present invention.
PAR  Stated more particularly and with reference to the disclosed embodiment of
      the present invention, as depicted in the drawings, the numeral 20
      generally indicates a tire conditioning apparatus according to a disclosed
      embodiment of the present invention and including a hollow housing 21
      having horizontally disposed top and bottom walls 22 and 23, as well as
      vertically disposed sidewalls 24 and 25, FIGS. 1 and 3. The housing 21
      includes vertically disposed flange portions 26 at the rear of the housing
      and vertically disposed flange portions 27 and 28 at the front of the
      housing 21.
PAR  As shown in FIGS. 2 and 4, there is provided in the lower rear portion of
      the housing 21 a horizontally disposed platform 29 which has an electric
      motor 30 mounted thereon, and the motor 30 includes shaft 31 having a
      pulley 32 on an end thereof. An endless belt 33 engages the pulley 32, and
      the belt 33 also engages a pulley 34 on a horizontally disposed shaft 35.
      The shaft 35 has a roller 36 thereon. The ends of the shaft 35 are
      journalled in bearings 37 that may be arranged as shown in FIG. 4.
PAR  Mounted in the lower front portion of the housing 21 is a compartment 38,
      best shown in FIGS. 1 and 4, which is partially defined by a wall portion
      39 upstanding from the bottom wall 23 and having an inclined wall section
      40 adjacent its upper edge. A pair of sidewall sections 41a and 41b are
      arranged extending forwardly from said wall portion 39 at an acute angle
      with respect to each other, so that the front portions of the walls 41a
      and 41b are spaced further apart than the rear portions of such walls as
      best shown in FIG. 4. The open front ends of the wall portions 41a and
      41b, along with the front flange portions 27 and 28, define a tire
      receiving opening 81 in the front of the apparatus 20. A ramp 42 supported
      in part by a brace member 43 is provided adjacent from lower portion of
      the opening 81.
PAR  A pair of heater elements 44a and 44b are mounted in diametrically opposed
      relation with respect to each other, in the sidewalls 41a and 41b, with
      the heater elements being connected through wires as at 45 to a
      suitably-switched source of electrical energy. A horizontally-disposed
      idler roll 47 is mounted on a shaft 46 which extends through the sidewalls
      41a, 41b to be journalled in suitable bearings 46a, 46b. It can be
      particularly seen from FIGS. 1 and 4 that the rollers 36 and 47 are
      disposed in spaced-apart relation from each other, and that an object
      positioned in the space between such rollers may be subjected to heat
      applied by the heater elements 44a and 44b. The sidewalls 41a and 41b may
      be provided with horizontal top portions correspondingly designated at 48a
      and 48b.
PAR  As best shown in FIGS. 1 and 2, there is provided a vertically disposed
      actuator 49 such as a hydraulic or pneumatic cylinder or the like, having
      a rod 51 pivotally connected to an end piece 53 of the frame 54. The frame
      54 includes a pair of rearwardly disposed first sections 55a and 55b which
      diverge outwardly to connect with or to continue as a pair of forwardly
      dispoed spaced-apart parallel second sections 56a and 56b. A horizontal
      pressure roller 59 is mounted on a shaft 58 is journalled on the bearings
      57a and 57b to be disposed adjacent the open ends of the second sections
      56a and 56b. The frame 54 is mounted for pivotal movement around a shaft
      60, so that the frame 54 and the associated pressure roller can be
      selectively moved by the actuator 49 to assume either of the positions
      shown in solid line and in broken line in FIG. 2.
PAR  A pair of U-shaped bracket members 61a, 61b are suitably affixed as by
      welding to the inner surface of the housing sidewalls 24 and 25. A pair of
      support arms 63a and 63b are pivotally connected as at 64a, 64b to the
      respective brackets 61a, 61b, and each of the support arms has an upwardly
      projecting bar 65a, 65b respectively affixed to or formed integrally with
      the front ends thereof. Each of the projecting bars 65a, 65b has a
      respective roller 66a, 66b journalled thereto, and these rollers 66a, 66b
      are disposed in spaced-apart confronting relation at an angle tending
      toward convergence at the upper portion of the opening 81, as best seen in
      FIGS. 3 and 5. A suitable actuator 68, such as a hydraulic or pneumatic
      cylinder, is pivotally interconnected between the lugs 67a and 67b fixed
      to the rearward end portions of the support arms 63a, 63b. An equalizer
      bar 72 is pivotally connected between a location 73, situated on the
      support arm 63a in front of the pivot 64a, and a location 74, situated on
      the support arm 63b behind the pivot 64b thereof. It will be understood
      that the equalizer bar 72 functions to position and define a scissors
      movement of the support arms 63a and 63b as motive force is applied from
      the actuator 68.
PAR  The various controls required for operating the present tire conditioning
      apparatus may advantageously be located on the front of the apparatus as
      depicted in FIG. 5. The heater elements 44a and 44b may advantageously be
      connected with a suitable time switch 75, for example, to enable a
      predetermined operating time to be preset. The operation of the motor 30
      is controlled through a switch 76. If the actuators 49 and 68 are provided
      by pneumatically-powered cylinders as is appropriate in view of the ready
      availability of an air pressure source in any tire maintenance shop, these
      two actuators may be connected in parallel to receive pressurized air
      adjustably supplied through an appropriate pressure regulator 77.
      Alternatively, these actuators may be separately controlled. An air
      pressure gauge 78 may be provided to monitor the air pressure actually
      applied to the actuators.
PAR  Considering the operation of the tire conditioning apparatus as described
      above, the actuator 49 is operated to place the frame 54 in the position
      shown in broken-line in FIG. 2 and the actuator 68 is likewise operated to
      provide maximum spacing between the rollers 66a and 66b. The workpiece,
      consisting of an inflated tire 90 appropriately mounted on a conventional
      rimmed wheel, is then inserted through the opening 81 to be supported by
      the rollers 36 and 47. The air pressure regulator 77, or other appropriate
      control, is then operated to apply power to the actuator 49, whereupon the
      frame 54 is moved to substantially assume the position shown in solid line
      in FIG. 2, with the pressure roller 59 bearing upon the tread surface of
      the tire 90. The actuator 68 is also operated to move the facing pressure
      rollers 66a and 66b toward each other. As seen in FIG. 5, these pressure
      rollers 66a and 66b are mounted to exhibit an angle of convergence which
      approximates the cross-section sidewall configuration adjacent the tread
      of a typical inflated tire; the scissors action imparted to the arms 63a
      and 63b by the equalizer bar 72 causes the pressure rollers 66a and 66b to
      substantially center the tire 90 with respect to the pressure roller 59
      and the lower rollers 36 and 47.
PAR  The motor 30 is now energized to rotate the roller 36 in a
      counter-clockwise direction for example, as viewed in FIG. 2. Since the
      tire 90 is forced by the pressure roller 59 into engagement with the drive
      roller 36 and the idler roller 47, it will be seen that the tire 90 is
      rotated in a clockwise direction in the given example. The heater elements
      44a and 44b are energized for a predetermined time by operation of the
      time switch 75.
PAR  Since the heater elements are positioned in opposed, proximate relation to
      the sidewalls of the tire 90, heat from these heater elements is applied
      by radiation and otherwise directly to the tire sidewalls which are
      undergoing flexure by being forced against the drive roller 36 and the
      idler roller 47. This location of the heater elements to impart heat
      directly to the sidewalls of the tire, rather than being disposed to
      direct heat onto the tread surface of the tire, has been found to provide
      a more rapid and thorough conditioning of the tire to relax or otherwise
      remove any flat spots which may be present therein. The rollers 66a and
      66b, in addition to maintaining the tire 90 substantially centered in the
      apparatus, also impart flexure force directly to the tire sidewalls to
      further enhance the conditioning process. Moreover, the contact maintained
      between the tire and all of the rollers 36, 47, 59, 66a and 66b causes
      additional heating of the tire resulting from direct frictional contact
      between the tire and the rollers and from the internal friction generated
      by such flexure.
PAR  The time switch 75 may be provided with a bell or other signal device which
      indicates the termination of a preset time period, so that an operator of
      the present tire conditioning apparatus may direct his attention to truing
      an already-conditioned tire, or to some other activity, while the tire 90
      is undergoing conditioning. At the end of the desired conditioning time
      period, the motor switch 76 is turned off and the pressure regulator 77 or
      other control is operated to cause the pressure roller 59, as well as the
      rollers 66a and 66b, to be withdrawn from the tire 90. The tire is then
      ready to be withdrawn from the apparatus through the opening 81, and can
      next be mounted on a suitable truing apparatus.
PAR  According to the embodiment of the present invention as depicted in FIGS. 6
      and 7, tire conditioning apparatus of the type exemplified in FIGS. 1-5 is
      combined with novel tire truing apparatus as disclosed herein. The tire
      truing apparatus of the present invention, both taken by itself and as
      used in combination with the present tire conditioning apparatus, provides
      many operational advantages.
PAR  As shown in FIG. 6, the tire conditioning apparatus indicated generally at
      20 is provided with a wheel mounting mandrel 100 which extends through an
      elongated slot 101 formed in the sidewall 25 of the tire conditioning
      apparatus. The mandrel 100 is provided with conventional apparatus such as
      the cone sets 102 to facilitate rapid attachment and detachment of a
      wheel-mounted tire as shown in broken line at 103.
PAR  The mandrel 100 extends through the slot 101 and into the hollow housing 21
      of the tire conditioning apparatus to be journalled for rotation in
      bearings 104 and 105. The bearings 104 and 105 are mounted upon a plate
      106 having a dimension in length extending across a substantial portion of
      the width of the conditioning apparatus. A pair of parallel slide bars 107
      and 108 are rigidly mounted to extend in a front-rear direction within the
      tire conditioning apparatus, and the plate 106 is mounted for sliding
      movement along the slide bars by means of the slide guides 109, 110, 111,
      and 112. The front-rear position of the plate 106, and thus the
      corresponding position of the mandrel 100, is determined by a threaded rod
      113 rotatably mounted within the tire conditioning apparatus in
      substantially parallel relation with the slide bars 107 and 108. The
      threaded rod 113 engages one or more nut members 114, 115 attached to the
      plate 106, and an end of the threaded rod preferably extends externally of
      the housing 21 to be equipped with a hand wheel or other appropriate
      device for rotating the threaded rod.
PAR  Turning once again to FIG. 6, it can be seen that an arm 120 is pivotally
      attached as at 121 to a location adjacent the rear of the tire
      conditioning apparatus. An actuator 122, which may also be provided by an
      appropriate hydraulic or pneumatic cylinder, is pivotally connected
      between the arm 120 and the tire conditioning apparatus to adjust the
      relative position of the arm. A drive wheel 123 is mounted on a shaft 124
      extending through and into the outer end 125 of the arm 120, and the
      interior end of the shaft 124 is connected by a suitable drive member such
      as a belt and pulley arrangement to receive rotational force imparted by
      the motor 126 disposed adjacent the pivoted end of the arm 120. Since the
      drive wheel 23 rotates the tire 103 by frictional engagement therewith,
      the peripheral surface of the drive wheel may be suitably roughened to
      enhance frictional driving engagement.
PAR  A support arm 130 extends outwardly from the sidewall 25 at an elevation
      thereof which is approximately the same as the elevational location of
      mandrell 100. Mounted on the support arm 30 is a truing motor assembly 131
      including a rotating cutter 132, which may be of conventional tire truing
      cutter design. A hand wheel 133 is connected to a rotatable threaded rod
      (not shown) extending through the support arm 130, and it will be
      understood by those skilled in the art that the truing motor assembly 131
      includes a nut member extending into the support arm to engage the
      threaded rod therein so that the position of the truing motor assembly and
      the cutter 132 can be adjusted by rotating the hand wheel 133. It will
      also be understood by those skilled in the art that the truing motor
      assembly 131 may additionally be equipped for transverse movement,
      relative to the support arm 130, so that the spacing between the cutter
      132 and the tread of the tire 103 can be selectively adjusted.
PAR  Considering the operation of the tire truing apparatus as herein described,
      a tire 103 which has previously been conditioned in the apparatus 20 is
      now mounted on the mandrel 100 through the use of appropriate cones 102.
      The threaded rod 113 is then rotated to the extent, if any, necessary to
      adjust the position of the mandrel 100 to place the thread of the tire 103
      in proximate relation with cutter 132, thereby providing a coarse
      positioning of the tread-cutter spacing. The actuator 122 is next
      energized by application of suitable fluid pressure, for example, moving
      the arm 125 downwardly to place the drive wheel 123 into engagement with
      the tread surface of the tire 103. The motor 126 is actuated to rotate the
      drive wheel 123 in the counter-clockwise direction, as viewed in FIG. 6,
      thereby causing the tire 103 to rotate in the clockwise direction past the
      cutter 132. The truing motor assembly is next energized to rotate the
      cutter 132; the hand wheel 133 and/or the transverse motion adjustment of
      the truing motor assembly is operated in the conventional manner to cause
      the cutter 132 to traverse the tread width of the rotating tire 103, thus
      removing rubber as necessary to accomplish the truing operation.
PAR  It can be seen that the tread rubber removed by the truing process
      according to the tire truing apparatus of the present invention is
      directed substantially downwardly and away from the truing motor assembly,
      the support arm 130, the drive wheel 123, and the operator of the
      apparatus. This removed rubber can be accumulated either in a suitable
      container or by suction or other removal apparatus as appropriate. This
      disposition of the removed rubber results from the positioning of the
      truing motor assembly approximately on a plane with the mandrel 100,
      rather than at a position substantially below the mandrel at or
      approaching the bottom wall 23 of the conditioning apparatus.
PAR  Since the tire drive wheel 123 is positioned above the truing motor
      assembly and contacts the tire at a location thereon "upstream" from the
      downwardly-directed tread rubber removed by the truing operation, clogging
      and other interference resulting from accumulations of removed rubber is
      eliminated according to the present invention.
PAR  Apparatus as depicted in FIGS. 6 and 7 can additionally be employed to
      balance tires mounted on the mandrel 100, if the bearings 104 and 105 are
      selected for minimum rotational friction.
PAR  The specific hydraulic, pneumatic, or other operating conduits connected to
      the several actuators in the disclosed embodiment of the present invention
      have not been disclosed herein, since a particular configuration of
      conduits and associated control apparatus is not critical to the design or
      the operation of the present invention.
PAR  It will additionally be understood that the foregoing relates only to
      preferred embodiments of the present invention, and that numerous
      alterations and modifications may be made therein without departing from
      the spirit and the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Tire conditioning and truing apparatus comprising:
PA1  housing means defining an interior region dimensioned to receive a tire to
      be conditioned;
PA1  rotatable support roller means mounted in said housing means to rotatably
      support a tire received in said interior region;
PA1  motive means operably disposed in said housing means to impart rotation to
      a tire disposed on said support roller means;
PA1  pressure roller means disposed in said housing means to selectively apply
      force tending to resiliently deform a tire disposed on said support roller
      means;
PA1  heater means dispositioned in said housing means to apply heat directly to
      each of the sidewalls of a tire disposed on said support roller means;
PA1  a mandrel rotatably mounted in a horizontal plane on said housing means and
      including a tire connective portion;
PA1  cutting means supported by said housing means in proximate relation with
      respect to a certain location on the tread surface of a tire received on
      said connective portion; and
PA1  drive means mounted on said housing means for selective engagement with the
      tire tread surface in elevated relation to said certain location for
      imparting rotation to a tire received on said connective portion.
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ABST
PAL  An apparatus for making relief cuts on prescored glass sheets is disclosed,
      having an elongated beam extending above the previously scored glass pane;
      a horizontal, pressure medium operated cylinder and piston unit disposed
      on the beam and extending substantially over the entire length thereof to
      advance the cutting wheel to a starting position adjacent the previously
      scored outer contour of the pane, and then to effect the relief cut; a
      cutting head which bears the cutting wheel and can be displaced
      horizontally by the horizontal cylinder and piston unit; a vertical,
      pressure medium operated cylinder and piston unit disposed in the cutting
      head for raising and lowering the cutting wheel out of and into its
      working position, and a control system for the controlled, automatic
      operation of the cylinder and piston units.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an apparatus for the application of rectilinear
      relief cuts to previously scored glass sheets, especially those having a
      curvilinear external contour, such as motor vehicle windowpanes or the
      like.
PAR  In the large-scale production of glass sheets, especially motor vehicle
      windowpanes, the cutting out or the preliminary scoring of the windowpane
      shape from suitably dimensioned, usually rectangular glass blanks is
      performed with automatic cutting machines in which, after the insertion of
      the blanks, a cutting wheel mounted in a cutting head is lowered onto the
      blank and is guided on a suitably shaped pattern. At the end of the
      cutting process, the cutting wheel, which has returned to its starting
      position, is raised again. The scored blank is carried from the automatic
      cutting machine by means of a roller conveyor or other transporting means
      to a breaking station in which the marginal waste portion is then broken
      off.
PAR  If the windowpane shapes are suitably simple, the breaking off of the
      marginal waste can be performed automatically by machine. Certain
      windowpane shapes, however, especially windshields, back windows and
      specially shaped side windows of motor vehicles, when they have
      curvilinear or arcuate edges, cannot be broken out in this manner.
      Instead, one or more relief cuts must be made at suitable places on the
      marginal waste portion to prevent damaging the outlined windowpane.
PAR  Hitherto the relief cuts have been made by an operator using a manual glass
      cutter, after which the margin is then broken away by hand. The making of
      the relief cuts requires the special attention of an experienced operator,
      because the start of the relief cut must be located precisely at the outer
      contour of the windowpane which has been scored by the automatic cutting
      machines. If the cut is made too far from the machine-scored line,
      projecting sharp points often develop when the marginal waste is broken
      away, which then have to be ground off. But if the cut begins inside of
      the machine-scored windowpane contour, the windowpane becomes useless,
      because this scratch is the starting point for later cracking of the glass
      during hardening or under bending stresses after installation in the motor
      vehicle.
PAR  The fact that an experienced operator is required in order to make the
      relief cuts by hand results in relatively high production costs. Also, the
      quality of the windowpanes produced will vary according to the care which
      the workman actually exercises.
PAC  THE INVENTION
PAR  The invention is addressed to the problem of creating an apparatus of the
      kind described in the beginning, which permits the automatic breaking away
      of the marginal waste even in the case of windowpane shapes which have not
      been suitable hitherto for such an operation.
PAR  In accordance with the invention, this problem is solved by an apparatus of
      the initially described kind, which is characterized by an elongated beam
      extending above the previously scored glass pane and supported alongside
      the latter on the table of an automatic cutting machine or the like; a
      horizontal, pressure medium operated cylinder and piston unit which is
      disposed on the beam and which, in the extended position, extends
      substantially over the entire length thereof to advance the cutting wheel
      to a starting position adjacent the previously scored outer contour of the
      pane, and then to effect the relief cut; a cutting head which bears the
      cutting wheel and can be displaced horizontally by the horizontal cylinder
      and piston unit; a vertical, pressure medium operated cylinder and piston
      unit disposed in the cutting head for raising the cutting wheel out of its
      working position and lowering same into its working position, and a
      control system for the controlled, automatic operation of the cylinder and
      piston units.
PAR  A preferred embodiment of the invention is characterized by the fact that
      the cylinder and piston units are pneumatically operated, which permits
      the apparatus to be manufactured at especially low cost.
PAR  In further development of the invention it is proposed that the horizontal
      cylinder and piston unit be provided with a differential piston which is
      constantly biased by the pressure medium into its withdrawn position, it
      being possible furthermore to provide the differential piston and its
      piston rod carrying the cutting head at its free end with a longitudinal
      axial bore communicating at its one end with the cylinder chamber of the
      vertical cylinder and piston unit on the side of the piston facing away
      from the cutting wheel, and at its other end with a valve controlling the
      compressed air feed through a tube feeding the compressed air to the
      vertical cylinder and piston unit, which tube is centrally disposed in the
      cylinder chamber of the horizontal cylinder and piston unit and enters
      slidingly into the longitudinal bore.
PAR  This embodiment can be improved still further by providing the control
      system with a magnetic valve for feeding compressed air to the horizontal
      cylinder and piston unit. It may be desirable for the control valve to be
      operable by a connecting rod lying parallel to the differential piston and
      capable of limited longitudinal displacement, which has two stops disposed
      in spaced-apart relationship for limiting the movement of an actuating
      member affixed to the piston rod, the connecting rod being able to have an
      elongated slot engaged by a pin disposed on the piston rod.
PAR  The apparatus of the invention creates for the first time the possibility
      of relieving the operator from the necessity of making the relief cuts and
      from the work of breaking off the marginal waste, and even makes it
      possible to dispense with such an operator. The automatic scoring
      apparatus of the invention for making the relief cuts permits the
      automatic breaking off of the marginal waste also from windowpanes of
      shapes which have hitherto been unsuitable for the purpose, since the cuts
      can be placed precisely, without intervention by an operator, at the outer
      contour of the pane which has previously been scored according to the
      pattern that was provided.
PAR  The scoring apparatus of the invention can be made so small and compact
      that it is not only suitable for automatic glass cutting machines which
      are to be newly constructed, but it can also be retrofitted to machines of
      this kind which are already in use. The apparatus can be fastened either
      to the cutting table of the automatic cutting machine or, if this
      interferes with the insertion of the blanks, it can be mounted overhead on
      the structure holding the pattern. Preferably, the apparatus of the
      invention will have a flexible connecting cable containing the necessary
      hoses and lines for compressed air, electricity and cutting oil, which can
      be connected to an appropriately disposed terminal.
PAR  The manner of operation of the new apparatus is the same in principle as
      that of the automatic cutting machine. The cutting wheel, which in the
      rearward starting position is in the raised position, is first advanced to
      the forward position which is fixed by a stop and has been precisely
      established by the rotatable and displaceable holding means.
PAR  Then the cutting wheel is lowered onto the glass, drawn rearwardly by the
      operation of the horizontal cylinder and piston unit, and, after the rear
      stop has been reached and the vertical cylinder and piston unit has been
      dumped, is lifted away by means of a spring which biases the piston of the
      vertical cylinder and piston unit into its withdrawn position raising the
      cutting wheel out of its working position. The backward and forward
      movement of the cutting wheel is controlled by a magnetic valve (3/2-way
      valve), while the upward and downward movement is performed by means of a
      mechanically operated control valve, as it will be understood from the
      description that follows of the preferred embodiment of the invention.
DRWD
PAR  Additional features and advantages of the invention will be seen in the
      claims and in the following description in which an embodiment of the
      invention is explained in detail with the aid of the drawings, wherein
PAR  FIG. 1 is an elevational view of the apparatus of the invention in the
      starting position, the method by which it is fastened on the table being
      indicated by broken lines;
PAR  FIG. 2 is an end elevational view of FIG. 1;
PAR  FIG. 3 is a side elevational view of the apparatus, corresponding to FIG.
      1, showing the cutting wheel advanced and lowered onto the glass at the
      beginning of the rearward movement, the method by which it is mounted on
      the overhead cutting pattern holder being indicated by broken lines;
PAR  FIG. 4 is an end elevational view of FIG. 3;
PAR  FIG. 5 is a longitudinal cross sectional view taken through the apparatus
      of the invention showing the advanced cutting head before the descent of
      the cutting wheel; and
PAR  FIG. 6 is a top plan view corresponding to FIG. 5, the letters A and B in
      FIGS. 5 and 6 indicating the connection points for the lines
      diagrammatically connecting the figures.
DETD
PAR  With reference, now, to the drawing, the scoring apparatus in the preferred
      embodiment represented has a channel-shaped beam 1 to which a
      compressed-air jack cylinder 2 is affixed, in which a differential piston
      3 is disposed for sliding movement and is constantly biased by compressed
      air fed to cylinder end 4 through line 5 into its withdrawn position, and
      which transmits its movement through a piston rod 6 to a cutting head 7.
      The cutting head 7, which bears against the beam 1, has a cutting wheel
      holder 8 having a cutting wheel 9 mounted therein, which is connected by a
      piston rod 10 to a piston 11 of a vertical cylinder and piston unit which
      is also compressed-air operated. The cutting wheel holder 8 is secured
      against canting by a straight guiding means 12. The working cylinder
      chambers are identified by the reference numbers 13 and 14. While the
      differential piston 3 of the horizontal cylinder and piston unit is acted
      upon by compressed air on both sides, the piston 11 operating the cutting
      wheel holder 8 is biased by a return spring 16 into the upper position,
      shown in FIG. 5, in which the cutting wheel 9 is raised from the glass.
PAR  The operation of the scoring apparatus is controlled by a magnetic valve 17
      which can supply compressed air to the cylinder chamber 14 of the
      horizontal cylinder and piston unit through a line 18. The magnetic valve
      is a 3/2-way valve which, when shifted from position d shown in the
      drawing, enters into position c. When the cutting head has been brought to
      its forward position, in which the front face of the piston is in contact
      with the stop edge a on cylinder 2, the magnetic valve 17 is returned to
      position d by a return spring after a time delay controlled by a
      time-delay relay, thereby releasing the air from the cylinder chamber 14
      so that the cutting head is drawn rearwardly, thus making the relief cut.
      In the meantime, the cutting head with the cutting wheel holder 8 and the
      cutting wheel 9 has been lowered onto the glass in the manner to be
      described below.
PAR  A pin 19 provided on the cutting head or on the piston rod 6 engages a slot
      21 in a connecting rod 23 which operates a compressed-air control valve 24
      which, when pin 19 encounters the forward end 20 of the slot 21, comes
      into the position shown in FIGS. 5 and 6, for example. By means of the
      control valve 24, compressed air is delivered in a controlled manner
      through passages 25, 26, 27 and 28 to the cylinder chamber 13, so that the
      cutting wheel 9, upon being drawn rearwardly from the position shown in
      FIG. 3 into the position shown in FIG. 1, provides the glass 29 with the
      relief cut. The rearward end 30 of the slot 21 serves for the operation of
      the control valve 24 to lift the cutting wheel 9 upon completion of the
      relief cut.
PAR  The cutting oil that is needed for the cutting operation is fed through a
      line 31 to the cutting head 7, drips through a bore 32 into a felt-filled
      recess 33, and is delivered through a bore 34 to the cutting wheel 9. The
      scoring apparatus of the invention can be fastened to the cutting table 35
      of the automatic cutting machine, as shown in FIGS. 1 and 2 for example,
      by means of a slotted angle iron; as an alternative, FIG. 4 shows the
      scoring apparatus fastened to the mounting of the cutting pattern 36. An
      especially simple and rapid alignment and fastening means is afforded by
      the use of a permanent electromagnetic bar 37 whose exciter coil, when
      energized, neutralizes the magnetic field at the contact face and thus
      permits removal and alignment. An especially advantageous feature of the
      invention is to be seen herein.
PAR  The passage 27 consists of an axial longitudinal bore through the
      differential piston 3 and piston rod 6, which bore communicates with the
      control valve 24 through a feed tube 38 which fits slidingly into the
      longitudinal bore 27.
PAR  The scoring apparatus of the invention operates as follows.
PAR  In the starting position, illustrated in FIG. 1, the cylinder chambers 13
      and 14 are not under pressure. The piston 3, under the action of the
      cylinder end 4 which is constantly under pressure, is in the position 15
      indicated in broken lines in FIG. 5, while the cutting wheel holder 8 with
      cutting wheel 9 is held in the raised position indicated in FIG. 5 by the
      action of the return spring 16.
PAR  To actuate the scoring apparatus, the magnetic valve 17 is energized
      thereby delivering compressed air to the cylinder chamber 14 through line
      18, so that the differential piston 3 is moved forward by the differential
      effect and brings the cutting head 7 into the forward position shown in
      FIG. 5. Shortly before reaching the end position, the pin 19 provided on
      piston rod 6 or on the cutting head 7 abuts against the forward end 20 of
      the slot 21, thereby moving the connecting rod 23 forwardly in its guiding
      means 22 and bringing the control valve 24 into the position shown in
      FIGS. 5 and 6.
PAR  The cylinder chamber 13 is thereby fed compressed air through the passages
      25, 26, 27 and 28, so that the piston 11, overcoming the pressure of the
      return spring 16, moves the cutting wheel holder 8 downwardly and places
      the cutting wheel on the glass workpiece, this position being represented
      in FIG. 3.
PAR  After the cutting wheel has made contact with the glass workpiece, the
      magnetic valve 17 is de-energized by the action of an adjustable
      time-delay relay and discharges the pressure from cylinder chamber 14, so
      that the cutting head is drawn rearwardly by the pressure that is being
      constantly applied in cylinder end 4, and the cut is executed, completing
      the transition between the horizontal positions of cutting head 7 which
      are shown in FIGS. 3 and 1. Shortly before the rearward end position is
      reached, pin 19 encounters the end 30 of slot 21 in connecting rod 23 and
      returns the control valve 24 to its starting position, thereby discharging
      the air from the cylinder chamber 13 of the vertical cylinder and piston
      unit. Accordingly, the cutting wheel is raised again under the action of
      the return spring 16, thus restoring the starting condition represented in
      FIG. 1.
PAR  All of the above-described actions are controlled entirely automatically by
      the corresponding control systems.
PAR  The features of the invention disclosed in the above description, in the
      drawing and in the following claims can be important both individually and
      in any desired combination for the realization of the invention in its
      various embodiments.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for making relief cuts on pre-scored glass sheets,
      comprising: elongated support means, first cylinder and piston means
      supported by said support means, cutting head means reciprocable by said
      first cylinder and piston means along said elongated support means in a
      first plane, a cutting roller carried by said cutting head, second
      cylinder and piston means arranged at said cutting head for moving said
      cutting roller relative to said support means in a plane substantially
      perpendicular to said first plane, and means for controlling said first
      and second cylinder and piston means, whereby said cutting roller is
      adapted to be moved into a starting position adjacent the pre-scored sheet
      by said first cylinder and piston means moving in one direction in said
      first plane, said roller moved to a cutting position by said second
      cylinder and piston means, and said sheet relief-cut by said cutting
      roller in said cutting position during movement of said first cylinder and
      piston means in said first plane in a direction opposite to said one
      direction.
NUM  2.
PAR  2. An apparatus according to claim 1, which includes means for
      pneumatically controlling said first and second cylinder and piston means.
NUM  3.
PAR  3. An apparatus according to claim 1, which comprises means for biasing
      said piston of said first cylinder and piston means in a direction
      opposite to said one direction, to thereby bias said first cylinder and
      piston means into a withdrawn position, said biasing means being pressure
      medium operable.
NUM  4.
PAR  4. An apparatus according to claim 3, wherein said first cylinder and
      piston means comprises a piston rod connected at one end to said piston of
      said first cylinder and piston means and at the other end to said cutting
      head means, said piston rod and said piston being provided with
      longitudinal passage means, said second cylinder and piston means
      comprising a chamber located on that side of the piston thereof which
      faces away from said cutting roller and communicating with said passage
      means, said first cylinder and piston means having a chamber, conduit
      means located in said last-mentioned chamber and having one end slidably
      received in said passage means, said control means including control slide
      means arranged adjacent the other end of said conduit means, for admitting
      a pressure medium through said conduit means and said passage means to
      said chamber in said second cylinder and piston means.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein said control means comprises
      magnetically operable valve means for admitting a pressure medium to set
      first cylinder and piston means.
NUM  6.
PAR  6. An apparatus according to claim 4, which comprises a connecting rod
      operatively connected to said control slide means, said rod being
      reciprocable and located substantially parallel to said first cylinder and
      piston means, actuating means operably connected with said piston rod, and
      stop means arranged in spaced relationship  to each other on said
      connecting rod for abutment by said actuating means.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein said connecting rod is
      provided with a longitudinal slot and wherein said actuating means
      comprises a pin connected to said piston rod, the ends of said slot
      forming said stop means.
NUM  8.
PAR  8. An apparatus according to claim 1, wherein said second cylinder and
      piston means comprises spring means for biasing the piston of said second
      cylinder and piston means in a direction away from the glass sheet to be
      cut.
NUM  9.
PAR  9. An apparatus according to claim 1, wherein said cutting roller is
      connected to the piston of said second cylinder and piston means, and
      guide means for vertically guiding said piston of said second cylinder and
      piston means and for preventing rotation of said last mentioned piston.
NUM  10.
PAR  10. An apparatus according to claim 1, which comprises a machine frame,
      permanent electro-magnetic means for detachably connecting said support
      means to said frame, said magnetic means comprising a neutralizing exciter
      coil, said support means being detachable from said frame upon actuation
      of said exciter coil.
NUM  11.
PAR  11. An apparatus according to claim 1, which comprises conduit means for
      feeding cutting oil to said cutting roller.
NUM  12.
PAR  12. An apparatus according to claim 1, which comprises a combined conduit
      for feeding electric current, a medium under pressure and cutting oil to
      said apparatus.
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ABST
PAL  Retarding markings are provided alongside a linear pattern to be cut out by
      an automatic device guided by a photoelectric scanner. The markings are
      disposed a short distance ahead of the changes in direction of the pattern
      line, which is greater than the resultant decelerating path of the advance
      motors from the original faster advance speed to the resultant slower
      advance speed. A timing circuit initiates the change in advance speed
      after the retarding mark is detected and a second timing circuit changes
      the overhang of the line-scanning photocells from an initial greater
      magnitude to the lesser required magnitude correspond to the slower
      advance speed. Acceleration marks may also be provided after directional
      changes in the pattern to accelerate the advance speed back to the
      original advance speed after the changes in directions are accomplished. A
      third timing circuit is then provided to subsequently increase the advance
      speed and overhang of the photoelectric cells ahead of the axis of
      rotation of the scanning head back to their original magnitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and an apparatus for automatically
      cutting out work pieces in accordance with a pattern, which contains the
      cutting information in the form of a line to be scanned by means of a
      photoelectric scanner.
PAR  The invention furthermore relates to a process for automatically cutting
      out materials or the like in accordance with a patterned template, which
      contains the cutting information in the form of a single, continuous,
      uncrossable line to be scanned by means of a scanner, and wherein, with a
      specified directional change of the line, a deceleration of the scanning
      and cutting procedure is brought about.
PAR  A process for the automatic cutting, wherein the work pieces are textile
      fabrics, is already known from the German DAS 1,460,140, the procedure
      being conducted with a drawing pattern (template) wherein the areas to be
      cut out are darker than the remaining areas, so that the scanning of the
      lines containing the cutting information occurs in accordance with the
      so-called border-scanning process.
PAR  In this known process, a scanning member in the form of a single
      photoelectric cell is arranged in the scanning direction ahead of the
      rotational axis of the scanning device and overhangs the junctions of the
      inside corners of the cutting pattern template, so that it precedes the
      arrival over the dark area of the cutting pattern template. The change in
      the output signal of the scanning member causes a delayed stopping of the
      scanning device, and indeed in such a manner that its rotational axis
      arrives at a standstill over the junction at the inside corner, whereupon
      a rotational movement of the scanning device is then begun, which is
      continued until the scanning meember is again situated over the edge to be
      scanned, whereupon the scanning device again takes up its movement along
      the edge to be scanned.
PAR  Such known process is limited in its possibilities of application, because
      on the one hand it may only be used in border scanning, while in many
      present instances, line scanning is employed, which in many respect is
      more advantageous. On the other hand, it enables the determination of only
      sharp edges of the border to be scanned, while the sharp curves (where a
      deceleration of the scanning and cutting process would equally be
      desirable), it cannot accomplish such a deceleration. In addition, such
      known process has problems with high cutting speeds, because the distance
      between the scanning member and the rotational axis of the scanning device
      -- subsequently designated as overhang -- is definitely specified, so that
      only a relatively short stretch is available for the deceleration to a
      standstill. Finally, such known process offers no possibility of effecting
      a deceleration of the scanning and cutting processes which does not lead
      to a complete standstill of the scanning and cutting devices.
PAR  In addition, the German DAS 1,147,664 discloses a device for
      photoelectrically scanning of lines of a drawing pattern wherein the
      offset is variable. In this connection, in the setting of a certain
      advance speed, the overhang is also adjusted, and in particular in such a
      manner that with a fast advance speed, a greater overhang exists, and with
      slower advance speed, a lesser overhang exists. However, with such known
      devices, it is not possible to automatically decelerate the advance
      speeds, (and consequently the scanning and cutting process) in sharp
      corners or in narrow curves in the line to be scanned and to accelerate
      the advance speed again to the initially set factor upon passing the
      curve.
PAR  Furthermore, German Pat. No. 1,563,556 discloses an electrical copying
      control device for finishing machines, wherein a mechanism is provided for
      correcting the advance speed depending on the degree of deflection of the
      curved line, which is affected by the output signal of the photoconductive
      cell scanning the line, the correctional signal being added to the output
      signal of the electrical scanner.
PAR  A combination of the device of the German DAS 1,147,664 with the electrical
      copying control device disclosed in German Pat. No. 1,563,556
      theoretically leads to an arrangement wherein the overhang and the advance
      speed are variable depending on the degree of curvature of the line.
      However, in practice it has been shown that such an arrangement is
      unsuitable for reproducing smaller radii curves or sharp-edged corners by
      a curved line. This is particularly affected by the fact that the overhang
      is reduced simultaneously with a controlled deceleration of the advance
      speed from a maximum magnitude (e.g. 6 m/min.) to a relatively low
      magnitude for rounding the curve (e.g. 0.5 m/min.). The overhang
      reduction, however, occurs in a much shorter time than the controlled
      reduction of the advance speed, because in decelerating the advance speed,
      the mass of the entire cutting machine as well as the deceleration time of
      the advance motors must be taken into account in the control process. The
      result is that the smallest overhang is already obtained while the advance
      speed is still of relatively high magnitude (e.g. 3 m/min.). This makes
      the scanning system become unstable and it begins to oscillate and cannot
      provide optimum scanning efficiency. The smaller the radius of the curve
      to be rounded, the greater are the problems. Even a delayed variation of
      the overhang does not eliminate this disadvantage because as a result of
      the relatively great stopping distance (with 6 m/min. advance speed there
      is about a 20 mm stopping distance), the scanning head would already have
      passed over the line to be scanned.
PAR  With curve radii smaller than 10 mm, such system is completely unstable.
PAR  Particularly in the cutting of textiles by means of a cutting knife, laser
      beam or the like, as well as in the plasma and laser cutting of metal work
      pieces, synthetic substances and the like, it is necessary, however, to
      scan and reproduce very small curve radii, e.g. 2 to 4 mm, as well as
      sharp-edged corners.
PAR  The object of the invention is to avoid the abovementioned disadvantages
      and to provide a flexible control of the speed in scanning the line
      containing the cutting information or in automatic cutting, by means of
      which even the smallest curves may be reproduced.
PAC  SUMMARY
PAR  Such object is solved in accordance with the invention by a process of the
      initially described type, which is characterized in that in the traveling
      direction of the scanning device, there are provided retarding markings at
      a specified distance before points at which a direction change of the line
      occurs which is greater or equal to a predetermined magnitude of the
      directional change, the markings being detected and utilized for the
      actuation of a predetermined deceleration of the scanning and cutting
      procedure. The retarding markings are preferably arranged, in this
      connection, at a distance from the directional change points which is
      somewhat greater than the path (e.g. 18 mm) which is traveled by the
      advance motors in the arresting period from a specified advance speed
      (e.g. 6 m/min.) to a reduced advance speed (e.g. 0.5 m/min.). By means of
      the retarding markings, a control impulse is generated which changes the
      advance speed to a reduced advance speed for rounding the curve.
      Simultaneously, a timing circuit is started, which (once the reduced
      advance speed is obtained) changes the overhang from a greater to the
      required lesser magnitude. Such novel procedures provides in each case a
      reduced advance speed prior to reaching the curve to be traversed, and
      only then does an overhang adjustment occur. By means of the markings, the
      arresting time of the motors is taken into consideration at the beginning
      of the retarding procedure and no longer exerts any influence during the
      retarding process. This invention makes it possible to round the smallest
      curves and sharpest corners and the scanning system remains stable during
      the entire scanning process.
PAR  As an advantageous further development of the invention, it is proposed to
      provide (after the points at which a directional change of the line has
      occured), acceleration markings which are detectable in the scanning
      process and may be utilized for the triggering of a predetermined
      acceleration of the scanning and cutting process. By means of these
      markings it is advantageously achieved that after rounding the curve, the
      overhang and advance speeds are again changed back to the original
      magnitude. Preferably, the acceleration markings are arranged directly
      (several mm) past the curves.
PAR  It has been found particularly suitable if the retarding or accelerating
      markings are provided at a predetermined lateral spacing from the line and
      preferably have a length which is greater than the width of the line to be
      scanned.
PAR  The advantage is thereby achieved that a signal is given for the
      retardation or acceleration only when the entire length of the marking has
      been scanned. Consequently, it is possible to also scan lines crossing
      each other at right angles.
PAR  For carrying out the novel process, furthermore, an apparatus has been
      demonstrated to be particularly well suited, which is characterized in
      that the scanning device has at least one additional scanning member for
      detecting the retarding and accelerating markings as well as control
      devices, which (upon the detection of one of the markings by the
      additional scanning member) initiate a deceleration or acceleration of the
      scanning and cutting process. The scanning device preferably has a
      scanning head, rotatable about a pivoted axis, wherein, (preferably viewed
      in the scanning direction), two differential pairs of photoelectric cells
      are arranged one after the other and displaced ahead of the axis of
      rotation, and furthermore wherein, preferably next to the pairs of
      photoconductive cells or photoresistors of the first differential pair of
      photoelectric cells, at least one signal photoconductive cell is provided
      for the detection of markings.
PAR  A particularly advantageous control device is provided by a first timing
      circuit which switches the advance motors to a reduced advance speed, and
      furthermore by a second timing circuit which switches the overhang to a
      lesser magnitude after the speed of the advance motors are reduced.
PAR  If acceleration markings are also provided, it is advantageous to provide a
      third timing circuit for switching the advance speed and overhang from the
      reduced magnitude back to the original larger magnitude. The timing
      circuits are advantageously constructed in this connection as monostable
      multivibrators.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is a block schematic diagram of a portion of a photoelectric copying
      control apparatus which is one embodiment of this invention;
PAR  FIG. 2 is a block schematic diagram of another embodiment of a control
      apparatus for performing the novel process of this invention;
PAR  FIG. 3 is a block schematic diagram of another embodiment of this
      invention; and
PAR  FIG. 4 is a top plan schematic diagram of the scanning head in accordance
      with the invention traversing a linear pattern applied in accordance with
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, is shown a photoelectric scanning head 10 for emitting control
      signals, which characterize the relative position of scanning head 10 in
      relation to the line to be scanned (shown in FIG. 4) and which is
      connected by means of leads 11 to an amplifier stage 12. The structural
      assembly of scanning head 10 is not illustrated in detail because it is
      not essential for this present invention.
PAR  Scanning head 10 is mechanically coupled, for example, in a known manner
      with a follower motor 13, which rotates scanning head 10 and the
      particular tool connected thereto (cutting knife for soft material, laser,
      plasma or autogenous cutting torch or the like) in accordance with the
      supplied control signals, which are conducted to motor 13 from amplifier
      12 by means of leads 14 in accordance with the changing direction of
      tangents to the curved line being scanned. Follower motor 13 is
      furthermore mechanically connected with a function generator (resolver)
      15, which effects a resolution of the adjusting motion of motor 13 into X
      and Y components. The two X and Y coordinate motors (advance motors) 16 or
      17 are controlled by the output signals of resolver 15.
PAR  Scanning head 10 swivels about axis 18, and viewed in the forward direction
      of scanning 19, has two differential pairs of photoelectric cells or
      photoresistors 20, 21 and 22, 23 disposed one after the other, ahead of
      swivel axis 18. The distance between differential cells 20 and 21 and
      between differential cells 22 and 23 is less than the width of the line of
      the drawing pattern to be scanned, as shown in FIG. 4. The signal
      photoresistor 24 or signal photoresistors 24 and 25 are connected with
      control devices, which are illustrated in more detail in FIGS. 2 and 3.
PAR  The control device of FIG. 2 includes an amplifier 26, connected with the
      signal or photoresistor 24. A first timing circuit componenet or
      monostable multivibrator 27 is connected to the amplifier. Output 28 of
      multivibrator 27 is connected by means of lead 29 with switching
      transistor 30, which is operatively connected to relay coil 32 whose
      switching contact 33 is situated in the power supply 34 for resolver 15 as
      illustrated in FIG. 1 and provides rapid switching. Furthermore, output
      28, of M.V. 27 is connected by means of a branched lead 35 with a second
      timing circuit component (monostable multivibrator) 36 (lead 35a) as well
      as with AND gate 37 (lead 35b). The AND gate 37 is furthermore connected
      by means of lead 38 with the Not-output 39 of multivibrator 36. To the AND
      gate 37 is connected a switching transistor 40 whose collector lead 41 is
      located a relay coil 42 which actuates the switching contacts 43a and 43b
      which provide the switching action from the first differential pair of
      photoelectric cells to the second (see FIG. 1).
PAR  The control device of FIG. 3 consists of amplifiers 44 and 45, respectively
      connected to signal photoconductive cells or photoresistors 24 and 25. The
      outputs of amplifiers 44 and 45 being connected with a first AND gate 46.
      Output 47 of AND gate 46 is connected by means of lead 48 with a first
      timing component (monostable multivibrator) 49, whose output 50 is
      connected with a switching transistor 51 with relay coil 53 arranged in
      the collector circuit 52. Coil 53 is provided for the switching contact,
      designated in FIG. 1 as 33.
PAR  Furthermore, output 47 of the first AND member 46 is connected by means of
      a branched lead 54 with a third timing circuit component (monostable
      multivibrator) 55 (lead 54a) and with a second AND gate 56 (lead 54b).
PAR  The second input of the AND gate 56 is in contact with the Not-output 57 of
      multivibrator 55. To the AND gate 56 is connected a switching transistor
      58, whose relay coil 59 actuates switching contact 60, arranged parallel
      to the first switching transistor 51.
PAR  Connected to the collector circuit 52 of the first switching transistor 51
      is a branched lead 61, which on the one hand is in contact with a second
      timing circuit component (monostable multivibrator) 62 (lead 61a) and on
      the other hand with a third AND gate 63 (lead 61b). The other input of the
      AND gate 63 is in contact with the Not-output of multivibrator 62.
PAR  To the AND gate 63 is connected switching transistor 64 in whose collector
      circuit 65 is included coil 66, which actuates the switching contacts 43a
      and 43b (FIG. 1).
PAR  The manner of operation of the above-described devices (according to FIGS.
      2 and 3) is explained in FIG. 4, wherein is illustrated a partially shown
      drawing pattern, for example, a template.
PAR  The line to be scanned or the two line segments to be scanned are
      designated in FIG. 4 by 70. In FIG. 4, furthermore, there is indicated the
      scanning head 10 of the scanning device, containing the differential pairs
      of photoelectric cells 20, 21 and 22, 23 as well as an additional scanning
      member in the form of the signal photoconductive cells or photoresistors
      24, 25. When differential photoconductive cells or photoresistors 20, 21,
      22, 23 closely abut line 70 or partially cover it, the signal
      photoconductive cells or photoresistor 24 or 25 is a predetermined
      distance away from line 70, such as, for example, a distance of about 2 to
      4 mm. At the same lateral distance from line 70, delay markings 71 are
      provided according to the invention. The delay markings 71 are situated in
      the direction of movement of the scanning device, indicated by the arrows
      alongside line 70, at predetermined distance ahead of points at which a
      directional change of a predetermined magnitude of line 70 is achieved. In
      the example shown, these points are all constituted by the junctions of
      right-angled corners, and the distance of the delay markings 71 from these
      corners is about 20 mm.
PAR  In using the exemplary embodiment illustrated in FIG. 2 for detecting a
      delay marking 71 by the signal photoconductive cell 24, a signal is
      produced which actuates the multivibrator 27, so that it emits a signal L
      for a time t.sub.1 adjustable by changing the setting of variable resistor
      72. Signal L energizes transistor switch 30, whereby coil 32 is energized
      and contact 33 (FIG. 1) is switched into Position I. Thus, resistor 73 is
      switched into the resolver supply circuit, the resolver supply voltage
      becomes lower and consequently the advance speed of the motors is reduced.
      The extent of the speed reduction is adjustable by varying the value of
      resistor 73.
PAR  Simultaneously, as shown in FIG. 2, Signal L is conducted by means of lead
      35a to the second monostable multivibrator 36, which after a time t.sub.2,
      adjustable by means of variable resistor 75, becomes nonconductive and
      then emits a Signal L.sub.1. Time t.sub.2 is adjusted so that Signal
      L.sub.1 results only when the advance speed has been reduced the
      predetermined amount. Signals L and L.sub.1 are conducted to the AND gate
      37 to open it and energize switching transistor 40. This energizes coil 42
      and opens contact 43a (FIG. 1) and closes contact 43b. Consequently,
      thereafter it is no longer the first differential pair of photoelectric
      cells 20, 21 with the greater frontal overhang V.sub.1 relative to axis of
      rotation 18 (about 6 mm) which determines the scanning of line 70 but
      instead the second pair of differential photoelectric cells 22, 23 with
      their smaller frontal overhang V.sub.2 (about 0.5 mm).
PAR  The corner is now rounded with reduced speed and smaller control
      differential. Upon the expiration of time t.sub.1, which is predetermined
      in such a way that it insures that the scanning head rounds the corner
      with reduced magnitude control factors, Signal L becomes zero. Thereby
      both switching transistors 30 and 40 are closed and contact 33 is switched
      to Position II, contact 43a is closed and contact 43b is opened. The
      originally high advance speed as well as the greater scanning overhang
      become effective again.
PAR  In the exemplary embodiment of FIG. 3, the delay markings 71, arranged
      alongside line 70, are picked up simultaneously by both of signal
      photoresistors 24 and 25, and a Signal L is conducted by means of the
      first AND gate 46 to the first monostable multivibrator 49. In this
      connection it is preferred to have the length of the delay markings 71
      greater than the thickness of line 70. The advantage in this is that line
      segments 70, crossing at right angles, may be traversed. Furthermore, it
      is advantageous that because of the two signal photoresistors 24, 25 and
      of AND gate 46, no signal is then emitted if only one of the signal
      photoresistors is influenced, e.g. by a second line 70a situated near line
      70.
PAR  The AND gate 46 controls multivibrator 49, so that it emits a signal L for
      a time t.sub.1 (10 millisec.), adjustable by means of resistor 76. Signal
      L actuates switching transistor 51, whereby coil 53 is energized and is
      held energized (by way of contact 60 and contact 60a, which are closed by
      coil 53), and contact 33 (FIG. 1) is switched into Position I. The advance
      speed is thereby reduced, as accomplished in the exemplary embodiment of
      FIG. 2.
PAR  At the same time, a Signal L.sub.1 is conducted from collector circuit 52
      of transistor switch 51 by means of lead 61a to the monostable
      multivibrator 62, which becomes nonconductive after a time t.sub.2 set by
      variable resistor 78 and then emits a Signal L.sub.2 at the Not-output.
      Time t.sub.2 is set in such a way that Signal L.sub.2 results only when
      the advance speed has the predetermined reduced value. Signals L.sub.1 and
      L.sub.2 are conducted to the AND gate 63 to energize switching transistor
      64. Coil 66 is thereby energized, contact 43a (FIG. 1) is opened, contact
      43b is closed, and thus the operative photoelectric cell scanning is
      switched to the smaller overhang. The corner is now rounded at a reduced
      speed and smaller overhang in front of the axis of rotation. Upon reaching
      the acceleration marking 71a, a Signal L.sub.3 is conducted to the second
      monostable multivibrator 55 by means of AND gate 46, and simultaneously
      this signal is directed to one input of a second AND gate 56. After a time
      t.sub.3 set by resistor 79, multivibrator 55 becomes nonconductive and
      emits a Signal L.sub.4. In this connection, time t.sub.3 is set in such a
      way that it is shorter than the time in which a Signal L.sub.3 is produced
      on the basis of a specified length of the acceleration marking 71a. By
      means of Signals L.sub.3 and L.sub.4, the second AND gate 56 becomes
      conductive, the switching transistor 58 becomes energized, coil 59 is
      energized and contact 60 is opened.
PAR  Signal L.sub.1 thereby becomes zero, contact 43a (FIG. 1) is closed by the
      deenergized relay coil 66 and contact 43b opens to switch the differential
      photocell overhang to the greater distance. Furthermore, the holding of
      relay coil 53 is released, contact 33 (FIG. 1) is switched into Position
      II by the deenergized coil 53, and the speed is again increased. In this
      connection, in order to assure the flawless functioning of the control
      circuit shown in FIG. 3, the length of the acceleration marking is greater
      than the length of the retarding marking.
PAR  In the exemplary embodiments shown, such a deceleration of the scanning and
      cutting processes should be brought about upon the detection of a delay
      marking 71 by the signal photoresistor 24 or 25, that a minimum speed
      should be provided at the junction of the right-angled corners, and in a
      particular case, the scanning and cutting device should be even briefly
      brought to a standstill.
PAR  It is also easily possible to provide retarding markings along line 70 of
      the template also at such places which are situated at a specified
      distance from a sharp curve of line 70, which is then scanned and
      traversed with correspondingly reduced speed.
PAR  In the exemplary embodiments according to FIGS. 2 and 3, the output signal
      of the signal photoresistor 24 or 25 is conducted upon the traversal of a
      retarding marking 71 to a timing circuit, which immediately or with a
      certain delay, initiates a deceleration of the scanning and the cutting
      process and, which at a specified time after the initiation of the
      deceleration, again switches back to the normal speed. If necessary,
      several timing circuits may also be provided, in which case the
      possibility results particularly of bringing about a gradual deceleration
      of the scanning and cutting process with the help of several delay
      markings, situated in the direction of scanning, one after the other, and
      then to return to the original speed again under the control of the timing
      circuits, gradually, if necessary. A variably timed operating sequence of
      the deceleration of the scanning and cutting process may further be
      brought about in that further scanning members are provided, which scan
      other delay markings provided at corresponding dispositions. It is
      furthermore advantageously feasible to lower or again to accelerate the
      advance speed by means of linear function generators in accordance with a
      specified function (curve).
PAR  Although the invention has been explained above in connection with the
      process of line scanning, it is understood that the invention may
      advantageously be employed also in operating in accordance with the
      so-called contrast process, in which a contrast scanning is carried out.
      In contrast scanning, the work is generally done with a template, wherein
      the sections to be cut out are darker than the bordering sections or in
      the reverse. With a respective line thickness, border scanning may also be
      carried out with a template which has only lines, with the scanning then
      occurring along the border of the line.
PAR  The possibility also exists of providing retarding marks directly on the
      line or edge to be scanned.
PAR  Finally, it is, of course, possible to employ electronic switching units in
      place of the illustrated mechanical switching units (relays).
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for controlling a cutting device which is automatically
      traversed by a drive mechanism controlled by a photoelectric scanning
      apparatus to cut a work piece in accordance with a pattern having a linear
      element comprising the steps of providing speed-changing marks alongside
      the linear element, detecting the speed-changing marks by means of the
      scanning apparatus, and generating a control signal in the scanning
      apparatus in response to its detection of a speed-changing mark whereby
      the speed of the drive mechanism is correspondingly changed, the scanning
      occurs at variable overhanging distances at the front of the photoelectric
      scanning apparatus, and wherein the overhanging distance is varied after
      the speed of the drive mechanism has been changed, whereby the overhanging
      distance is longer for faster speeds of drive mechanism and shorter for
      slower speeds of the drive mechanism.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein the speed-changing marks are
      disposed ahead of changes in direction of the linear element, and the
      control signal generated in response to its detection is a speed-retarding
      signal.
NUM  3.
PAR  3. A process as set forth in claim 2 wherein speed-accelerating marks are
      disposed after the changes in direction of the linear element, and the
      control signal generated in response to the detection of a speed
      accelerating-mark is a speed-accelerating signal.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein the photoelectric scanning
      apparatus has an axis of rotation, the scanning occurs at an overhanging
      distance ahead of the axis of rotation, and wherein the overhanging
      distance is varied after the speed of the drive mechanism has been
      changed.
NUM  5.
PAR  5. A process as set forth in claim 4 wherein the magnitude of the
      overhanging distance is changed a predetermined time after the control
      signal is initiated.
NUM  6.
PAR  6. A process as set forth in claim 5 wherein the speed-changing mark is
      disposed ahead of a change in direction of the linear element in the path
      of travel of the cutting device, the control signal is a speed-retarding
      signal, and the overhanging distance is reduced a predetermined time after
      the speed-retarding control signal is generated.
NUM  7.
PAR  7. A process as set forth in claim 6 wherein a speed-changing mark is
      disposed after a change in direction of the linear element in the path of
      travel of the cutting device, the control signal is a speed-accelerating
      signal, and the overhanging distance is increased a predetermined time
      after the speed-accelerating control signal is generated.
NUM  8.
PAR  8. A process as set forth in claim 7 wherein the speed-retarding control
      signal is generated a predetermined time after the speed-retarding mark is
      detected, the overhanging distance reducing signal is generated a
      predetermined time after the speed-retarding signal is generated, and the
      speed-accelerating signal and overhanging distance increasing signal are
      generated a predetermined time after the speed-accelerating mark is
      detected.
NUM  9.
PAR  9. An apparatus for controlling a device for automatically cutting out a
      work piece in accordance with a pattern having a linear element with
      speed-changing marks disposed alongside which is automatically scanned by
      a scanning device having photodetecting line detecting means comprising a
      photoelectric mark detecting element, a variable speed drive for
      traversing the cutting and scanning devices and an operating control
      device connected to the photoelectric mark detecting element and to the
      drive whereby the drive is caused to change its speed when a
      speed-changing mark is detected, the speed-changing mark is disposed ahead
      of a change in detection of the linear element and comprises a speed
      retarding mark, the photoelectric scanning device has a scanning head,
      first and second photoelectric detectors in the scanning head, the first
      photoelectric detector being disposed a predetermined overhanging distance
      ahead of the second photoelectric detector, the operating control system
      including means for alternatively activating either the first or the
      second photoelectric detector, and the operating control system being
      constructed and arranged to normally maintain the first photoelectric
      detector activated and to activate the second photoelectric detector and
      inactivate the first photoelectric detector a predetermined time after a
      speed retarding mark is detected.
NUM  10.
PAR  10. An apparatus as set forth in claim 9 wherein the scanning head being
      rotatable about an axis of rotation, the first photoelectric detector
      being disposed a predetermined overhanging distance ahead of the axis of
      rotation, and the second photoelectric detector being disposed a shorter
      overhanging distance ahead of the axis of rotation.
NUM  11.
PAR  11. An apparatus as set forth in claim 10 wherein speed-changing marks are
      also disposed after a change in direction of the linear element and
      comprise speed-accelerating marks, the operating control system is
      constructed and arranged to reactivate the first photoelectric detector
      and inactivate the second photoelectric detector a predetermined time
      after a speed-accelerating signal is detected.
NUM  12.
PAR  12. An apparatus as set forth in claim 10 wherein the operating control
      system includes a first timing circuit for actuating the reduction in
      speed of the drive, and a second timing circuit for deactivating the first
      photoelectric detector and activating the second photoelectric detector.
NUM  13.
PAR  13. An apparatus as set forth in claim 12 wherein the operating control
      system includes a third timing circuit for changing the speed of the drive
      back to the original speed and reactivating the first photoelectric
      detector a predetermined time after a speed-accelerating mark is detected.
NUM  14.
PAR  14. An apparatus as set forth in claim 13 wherein the timing circuits are
      constructed and arranged as multivibrators.
NUM  15.
PAR  15. An apparatus as set forth in claim 14 wherein the multivibrators are
      monostable.
NUM  16.
PAR  16. An apparatus as set forth in claim 9 wherein the photoelectric mark
      detecting element is disposed a predetermined scanning distance ahead of
      the photodetecting line detecting means.
NUM  17.
PAR  17. An apparatus as set forth in claim 16 wherein a pair of photoelectric
      mark detecting elements are provided, one of the photoelectric mark
      detecting elements being activated by the beginning of the mark and the
      other being activated by the end of the mark.
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ABST
PAL  A method and apparatus for cutting threads, particularly threads formed of
      mineral substances such as glass, are disclosed. A rotating drum carrying
      a plurality of radially extending cutting blades operates in conjunction
      with a rotating support drum which carries and supports the thread for
      cutting by the cutting blades. Ejector elements carried by the cutting
      drum and positioned in the spaces between the cutting blades are urged
      radially outwardly by centrifugal force and compress the thread against
      the surface of the support drum. The ejector elements then serve to strip
      cut sections of the thread from between the blades as the cutting blades
      move away from the support drum. Compressed air is supplied to the spaces
      between the cutting blades to remove waste material resulting from the
      cutting operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cutting threads into short sections, particularly
      threads in the form of rovings of untwisted or slightly twisted strands of
      a mineral substance such as glass fibers.
PAR  Short pieces of glass fiber rovings, usually in lengths between three to 6
      millimeters have been found to be useful as a reinforcement material in
      synthetic polymeric resins which are cast or molded into complex shapes.
      Rovings possess relatively little cohesion, and as a consequence, the
      individual strands of which they are constituted tend to separate during
      the cutting operation in which the pieces are cut from a continuous length
      of roving. This results in the formation of a considerable quantity of
      waste material in the form of fibers and particles which, as the cutting
      operation proceeds, tends to fill and to be packed into the spaces between
      cutting blades carried by a rotating cutting drum, and this tends to make
      the cutting process faulty.
PAR  2. Description of the Prior Art
PAR  It has been known to cut rovings into short lengths by the use of a
      rotating drum having radially extending cutting blades, which drum acts in
      conjunction with a rotating support drum; the rovings being carried on the
      support drum and being cut by the blades as the blades come into contact
      with the surface of the support drum.
PAR  U.S. Pat. No. 3,555,947 shows such roving cutting apparatus employing means
      for ejecting the cut pieces from between adjacent cutting blades. In that
      device, a drum formed of a plurality of ejecting bars is mounted for
      rotation eccentrically with respect to the axis of rotation of the drum to
      which the cutting blades are attached. Ejection of the cuttings is
      confined to a very narrow area immediately adjacent the point of cutting.
      Further, this device has no means for preventing the waste material
      resulting from the cutting action from accumulating in the spaces between
      the blades. The buildup of waste material between the blades can be quite
      considerable, particularly where short lengths are being cut, and it is
      difficult to remove because of the formation of electrostatic fields which
      tend to cause the waste material to be retained in the spaces between the
      cutting blades.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of this invention is to provide a method and means for
      accurately and reliably producing short length cuttings, reliably and
      completely ejecting the cuttings from cutting drum, and inhibiting the
      collection of waste material between the cutting blades.
PAR  In the process according to the invention, rovings are carried by a
      supporting device to a primary zone in the immediate vicinity of cutting
      elements, and while in the primary zone, are compressed against the
      surface of the supporting element. This facilitates the process of
      ejecting the cut piece and also improves the cutting process. After the
      roving is cut, it is carried to a secondary zone where the cut pieces are
      ejected from the cutting element by the action of ejector elements which
      are driven radially outwardly by centrifugal force. The formation of waste
      between the blades is inhibited by supplying a compressed gas, for
      instance air, to the spaces between the cutting blades.
PAR  Apparatus for carrying out the method set forth above includes a supporting
      element comprised of a rotatable drum, and a cutting element comprised of
      a second drum which is rotatable about an axis parallel to the axis of
      rotation of the support drum and which is provided with a plurality of
      radially outwardly extending cutting blades. Ejector elements are located
      between the cutting blade and are movable radially outwardly by the
      centrifugal force developed by the rotating drum. The ejector elements
      compress the rovings against the surface of the supporting drum and strip
      the cut pieces from the spaces between the cutting blades.
PAR  The cutting drum is provided with slots or channels through which
      compressed air may pass from the interior of the drum outwardly through
      the spaces between the cutting blades, thereby dislodging and carrying
      away fibers and particles accumulating in the inter-blade spaces.
PAR  In a particularly advantageous embodiment of apparatus, the ejector
      elements are comprised of plates or rods fastened to the cutting drum at
      their two ends but unattached at the center, the central section thereof
      being displaced radially outwardly by the action of centrifugal forces
      developed by the rotation of the cutting drum.
PAR  According to one embodiment of the invention, compressed air that inhibits
      the accumulation of waste in the spaces between blades is supplied through
      a hollow shaft about which the cutting drum rotates. The hollow shaft is
      supplied with longitudinal slots for supplying compressed air to the
      interior of the drum.
PAR  In another embodiment of the invention, the cutting drum carries a blower
      that produces compressed air which is in turn supplied to the spaces
      between the cutting blades.
PAR  Other characteristics and advantages of the invention will become evident
      from a consideration of the detailed description of several embodiments
      that follows, which description is given by way of example and not
      intended to limit the scope of the invention.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a partial schematic view showing the general layout of apparatus
      embodying the invention.
PAR  FIG. 2 is a schematic drawing of a cutting drum, some of the cutting blades
      of which are used to constitute a centrifugal blower.
PAR  FIG. 3 is a schematic drawing of another form of cutting drum wherein a
      centrifugal blower is located inside the drum.
PAR  FIG. 4 is a detail view of an ejector element showing the element in a
      relaxed condition.
PAR  FIG. 5 is a perspective view of one embodiment of a cutting drum assembly
      having an internal blower and slots for supplying compressed air to the
      spaces between cutting blades, some parts being shown in section and some
      being broken away to disclose other parts within the drum assembly.
PAR  FIG. 6 is an axial sectional view of a cutting drum similar to that shown
      in FIG. 5, with the exception that the grooves in the drum for supplying
      air are replaced by space apertures.
PAR  FIG. 7 is a transverse sectional view taken as indicated by the line
      VII--VII of FIG. 6.
PAR  FIG. 8 is a detail view of a section of a cutting drum showing angularly
      disposed slots in the drum for supplying air to the spaces between cutting
      blades.
PAR  FIG. 9 is a detail view of a section of a cutting drum showing how cutting
      blades are installed on the drum.
PAR  FIG. 10 is a detail view of another embodiment which utilizes ejector
      elements comprised of rods having a circular cross section.
PAR  FIG. 11 is a perspective view, partially cut away, of an assembly
      comprising a cutting drum and a cooperating roving support drum mounted on
      a base.
PAR  FIGS. 12 and 13 are schematic drawings showing cutting apparatus according
      to the invention in operating environments, according to Examples I and II
      respectively, set forth below.
DETD
PAR  FIG. 1 is a schematic representation of a device for carrying out the
      process according to the invention which device is comprised of a
      supporting element or "anvil", which usually consists of a support or
      anvil drum 1, rotatable around an axis in the direction of the arrow f,
      and a cutting drum 2 that turns about an axis in the direction of the
      arrow f.sub.1. The cutting drum has a plurality of radially extending
      cutting blades 3 mounted thereon and an ejector means that is comprised of
      a plurality of ejector elements such as plates 4. Each of the plates is
      located in a space between adjacent cutting blades and is fastened only at
      its two ends, and may be flexible so that when the cutting drum is at
      rest, the central portion of each plate is depressed and may be in contact
      with the surface of the drum 2. When the cutting drum is rotating at its
      normal speed, the central portions of plate 4 are urged radially outwardly
      by centrifugal force to the level of the cutting edges of the blades 3.
PAR  The rovings 5 are introduced into the apparatus and pass over the support
      drum 1. They first pass through a primary zone A where they are subjected
      to compression. This compression is produced by the plates 4 which press
      the rovings against the surface of the drum 1 by reason of the centrifugal
      force to which the plates are subjected by the rotation of the drum 2. The
      cutting blades cut the rovings into short sections, after which the cut
      sections pass into a secondary zone B, where the cut pieces are ejected
      and where the waste is eliminated by the passage of compressed air through
      slots 6 located in the drum 2, as will hereinafter be described in more
      detail.
PAR  Because of the action provided by the ejector plates 4, which are
      positioned between the blades 3 at the moment of cutting and which
      thereafter regain their outward position so that their surfaces are more
      or less at the level of the cutting edge of blades 3, the cut pieces are
      forcefully ejected from the cutting drum. This action is supplemented by
      the centrifugal forces acting on the cut pieces. Furthermore, the jets of
      compressed air issuing from the slots 6 inhibit the accumulation of any
      waste material.
PAR  Air at greater than atmospheric pressure can be obtained by making use of
      the rotation of the drum. For example, in FIG. 2, there is shown a cutting
      drum wherein some of the cutting blades 3a, are longer than the normal
      cutting blades 3 and constitute the vanes of a centrifugal blower. In this
      case, the drum 2 may not be slotted, and the compressed air passes
      directly between the cutting blades 3 and the ejector plates 4 to remove
      waste material.
PAR  According to another arrangement shown in FIG. 3, a centrifugal blower 7 is
      provided inside the drum. The blower rotates with the drum and the
      compressed air issuing from the blower passes through the drum, via the
      slots 6, into the spaces between cutting blades 3.
PAR  The compressed air may also be supplied from outside the apparatus and may
      be introduced inside the drum 2 via the passage 25 in the hollow shaft 20
      shown in FIG. 5. In this embodiment, a distributor (not shown) may be
      provided that directs the compressed air, so that it is concentrated on
      the zone where the cut pieces are ejected.
PAR  The ejector elements 4 may have any cross section that is suitable from the
      standpoint of mechanical strength. If the cross section of the ejector
      elements has a low moment of inertia in the direction in which the
      centrifugal force acts, such as the flat plates as shown in the foregoing
      FIGS. 1-4, it has been found to be advantageous to shape the ejector
      elements so that they have a longitudinal curvature as indicated by the
      arrow f.sup.1 in FIG. 4. The degree of curvature is dependent on the
      desired speed of rotation of the cutting drum to which the ejector element
      is to be attached. Preferably, the curvature indicated by the arrow
      f.sup.1 will then be neutralized and the ejector element will be
      substantially straight when the cutting drum has reached its normal
      operating speed.
PAR  It should be understood that the anvil drum 1 and the cutting drum 2 are
      driven by suitable drive means (not shown).
PAR  FIG. 5 is a view in perspective of one embodiment of a cutting drum
      according to the invention. In this figure and also in several of the
      other figures, the supporting drum or amvil 1 is not pictured. It should
      be realized that the drum 1 can be a cylindrical body of flexible
      material, for instance rubber, mounted on a shaft or may be a cylindrical
      drum coated or covered with a flexible material, such as rubber, both of
      such drums being types which are currently utilized for purpose herein
      disclosed.
PAR  In FIG. 5, the ejector elements comprising plates 10, are installed on the
      drum 2, on which are mounted the cutting blades 3, the ejector plates 10
      being located in the spaces between the cutting blades. The plates 10 are
      held at their extremities inside grooves 11 of the covers 12, as shown in
      FIG. 5 and 6. The plates 10 are precluded from longitudinal movement by
      the covers 12, but are movable in a radial direction by the centrifugal
      forces arising from the rotation of drum 2. The depth of each space
      between the cutting blades corresponds to the height of the cutting blades
      3 projecting beyond the surface of the drum 2, and the thickness of the
      ejector plates 10 in a radial direction is significantly less than this
      height. Thus plates 10 can sweep the entire depth of the space from the
      outer surface of the drum 2 to the cutting edges of the cutting blades 3.
PAR  As shown in FIGS. 6 and 9, the cutting blades 3, are mounted on the drum 2
      in grooves 13 and are retained in the grooves by means of corrugated
      springs 14. The blades 3 are held at their ends by two flanges 15 having
      tapered projections 16. The wall of the drum 2 is traversed by grooves 6,
      which are positioned between each of the cutting blades and which are
      directed toward the ejector plates 10.
PAR  The drum 2 is cylindrical and is mounted for rotation about its axis by two
      flanges 17, which are rotatably mounted to a central shaft 20 by bearings
      such as ball bearings 18. The assembly comprised of the drum 2 and the
      flanges 17 is secured together by tie rods 19, and this assembly is
      attached to the covers 12 by bolts 21. The ball bearings 18 allow the
      assembly comprised of the drum 2, flanges 17 and covers 12 to turn freely
      in relation to the central shaft 20.
PAR  The shaft 20 has longitudinal slots 22 positioned at its center section for
      reasons as will hereinafter be explained.
PAR  In the space between the inner wall of the drum 2, the flanges 15, and the
      shaft 20 is mounted a centrifugal blower 23. This blower is held in
      position with respect to the flanges 15 by the tie rods 19, which pass
      through end plates 23a of the blower as shown in FIGS. 5 and 6.
PAR  The flanges 15 are held in position in relation to the drum 2 by means of
      projections or keys such as key 24 shown in FIG. 6.
PAR  When the drum assembly is rotated about the fixed shaft 20, the blades of
      the blower 23 draw air through the passage 25 of the shaft 20 and thence
      through the slots 22. When the air comes in contact with the blades of the
      turbine, it is impelled by centrifugal force through the slots 6 of the
      drum 2 and escapes through the gaps between the edges of the plates 10 and
      the cutting blades 3, carrying with it any waste material which is
      present.
PAR  FIGS. 6 and 7 illustrate an embodiment analogous to that described in
      connection with FIG. 5. In this embodiment the slots 6 which permit the
      passage of compressed air to the spaces between the cutting blades are
      replaced by holes 26 spaced at regular intervals along the surface of the
      drum 2.
PAR  In the preceding description, the slots 6 or the holes 26 are machined so
      as to be perpendicular to the tangent passing through the intersection of
      the axis of the groove or hole with the inner wall of the drum 2.
      Alternatively, as shown in FIG. 8, the holes or slots can be made so that
      the axis thereof is disposed at an angle with respect to the tangent
      passing through the intersection of the axis of the slot or hole with the
      inner wall of the drum 2, so that the angle .alpha. has a value other than
      90.degree..
PAR  As is shown in FIG. 9, the openings of the grooves 6 between the cutting
      blades 3 can be V-shaped in form, with the point of the V disposed toward
      the bottom of the groove. Conversely, the exits of the holes 26 may have a
      tapered form (not shown).
PAR  As may also be seen from FIG. 9, the plates 10 may have a shallow V-shape
      in cross section, the apex at the V being disposed downwardly toward the
      grooves or holes.
PAR  In FIG. 10 there is shown another form of ejector element in the form of a
      rod 27 having a circular cross section. Of course, the rod 27 could be of
      any cross sectional shape which yields the desired flexibility and
      mechanical strength.
PAR  FIG. 11 is a perspective view of an assembled cutting apparatus in
      conformity with the invention. In this apparatus there is provided a base
      member 35 which has mounted thereon a pair of parallel rails 29, one of
      which is shown in FIG. 11. Slidably mounted on rails 29 are a pair of
      bearing blocks 34 which rotatably support the respective ends of shaft 30
      on which support drum 1 is mounted Longitudinal positioning of the support
      drum 1 relative to the base 35 is accomplished by means of threaded
      adjustment members 31 coactive between the base 35 and the blocks 34.
      Similarly, blocks 32 are slidably mounted on rails 29 and support
      respective ends of shaft 20 of the cutting drum 2. Longitudinal
      positioning in the cutting drum 2 is accomplished by threaded adjusting
      members 33.
PAR  Hingedly secured to the base 35 by means of the shaft 37 are a pair of arms
      38. Fixed to the arms 38 is a protective cover 36. A compression roll 28
      is rotatably mounted between the arms 38. The arms 38 are held in position
      during operation by the spring 39 which is affixed at one to the curved
      handle 38a joining the arms 38.
PAR  In operation, roving 5 is drawn into the apparatus in the direction as
      indicated and is pressed against the support drum 1 by the compression
      roll 28. The roving 5 is carried to the point of intersection of the knife
      blades 3 and the surface of support drum 1 and the cut pieces 5a are
      ejected vertically downwardly out of the apparatus.
PAR  Some examples are given below of applications utilizing the above described
      invention.
PAC  EXAMPLE I
PAR  Cut threads are produced, 3--6 mm in length, from glass fiber rovings. The
      equipment utilized, which is represented schematically in FIG. 12, has a
      comb 40 used to guide a plurality of rovings 41 onto the support drum 1.
      An exhaust or vacuum system 42 is connected to the hood or top of the
      housing 43, which housing encloses the support drum 1 and the cutting drum
      2, for reasons as will hereinafter appear. A transverse back and forth
      motion is imparted to the comb 40 and this in turn causes the rovings to
      move back and forth over the surface of the drum 1. This reduces wear on
      the cutting blades and permits them to wear more evenly. The exhaust
      system 42 carries off the dust and waste material formed by the cutting
      operations and maintains the air in the working area free of such
      material.
PAR  Rovings are fed to the cutting apparatus from a creel, a number of these
      rovings being equivalent to 10,000 tex. The equipment is located in an air
      conditioned environment having a relative humidity of 80-90%, and a
      temperature of about 18.degree.-20.degree.C. The volume of air drawn off
      by the exhaust 42 is about 0.1 cubic meters per second.
PAR  The cut pieces thus obtained have a low waste content, the waste being
      removed and evacuated by the compressed air issuing from the cutting drum
      2 and the exhaust equipment 42. The products collected in the bin 44 are
      free of waste material and have an excellent appearance. The situation of
      pieces being cut more than once, which often occurs when pieces less than
      3 mm are being produced, is eliminated by the action of the ejector
      elements.
PAR  During tests, a total of 50 hours or operation was achieved without any
      interruption for cleaning the cutting drum. After shutdown following the
      50 hours of operation, it was found that the cutting drum did not have the
      slightest trace of textile waste or size deposits.
PAR  On this type of equipment, it has been found that shut downs need be made
      only for the purpose of changing the cutting blades or the rubber jacket
      of the supporting drum, when these have become worn from use.
PAC  EXAMPLE II
PAR  Cuttings of 3-6 mm in length were made from rovings coming from a creel,
      one roving being equivalent to 10,000 tex. Referring to FIG. 13, the
      threads of material 45 coming from the spools were guided through rings to
      a comb 46, over which they were distributed. These threads were passed
      through an enclosure 47, having a plurality of water sprayers 48 and the
      threads were given a moisture content equivalent to air saturated with
      water.
PAR  The threads were then passed over a selector comb 40 and drawn into the
      apparatus comprised of the support drum 1 and the cutting drum 2, this
      assembly being of the same type as used in Example I. The machinery is
      likewise equipped with an exhaust or vacuum system 42, as in Example I.
PAR  The results with respect to the quality of cut sections, the anti-waste
      effect of the cutter drum, and the duration of operation are identical to
      those of Example I.
PAR  In these two examples the speed of rotation of the cutting drum was 1,300
      rpm, which corresponds to an unwinding speed for the roving to be cut of
      500 meters per minute. It is thus possible to obtain a rate of flow, with
      a roving of 10,000 tex., of 300 kg/hr. of cut thread.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for cutting thread into short lengths comprising, a support
      element for supporting the thread to be cut, a rotatable cutting drum
      having a plurality of radially extending cutting blades positioned to
      engage the support element, means for supplying compressed gas from the
      interior of the cutting drum to the spaces between adjacent cutting blades
      for dislodging waste material from said spaces, and ejector means,
      including elongate ejector elements movable radially outwardly responsive
      to centrifugal force generated by rotation of the drum and positioned
      between the cutting blades for compressing the thread against the support
      element and for ejecting cut sections of thread from between the cutting
      blades.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the means for compressing and
      ejecting the thread comprises a plurality of flexible plates.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein portions of the plates are
      radially movable to positions even with the cutting edges of the cutting
      blades.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the means for compressing and
      ejecting the thread comprises rods having a circular cross section.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the cutting drum is rotatable
      about a hollow shaft, means in the shaft for allowing gas to pass from the
      shaft into the interior of the cutting drum, blower means for compressing
      gas issuing from the shaft, the cutting drum including apertures
      positioned between adjacent cutting blades for delivering gas from the
      blower means to the space between the cutting blades, a pair of cover
      plates, means rotatably mounting the cover plates on the shaft, and means
      mounting the blower means, the cutting drum, and the ejector means on the
      cover plates.
NUM  6.
PAR  6. Apparatus as in claim 1 and further comprising exhaust means adjacent
      the cutting drum for carrying dislodged waste material away from the
      cutting drum.
NUM  7.
PAR  7. A cutting drum for cutting threads into short lengths comprising a drum,
      a plurality of spaced radially extending cutting blades mounted on the
      drum, ejector means for stripping cut pieces of thread from the spaces
      between adjacent cutting blades comprising a plurality of elongate,
      flexible ejector elements, each one of the elements being positioned in a
      space between two adjacent cutting blades, and means mounting the ejector
      elements for radial movement in response to centrifugal forces generated
      by rotation of the drum, said mounting means including means for securing
      the ends of the ejector elements on the drum.
NUM  8.
PAR  8. Apparatus as in claim 7 wherein the members are resilient and curved so
      that, when the drum is at rest, portions of the members are disposed
      adjacent the drum and when the drum is rotated at its operating speed the
      members are urged to a substantially straight condition, level with the
      cutting edges of the blades, by centrifugal forces generated by the
      rotating drum.
NUM  9.
PAR  9. Equipment for cutting thread into short lengths comprising, a cutting
      drum having spaced, radially projecting cutting blades, a cooperating
      anvil drum, means for feeding thread between the drums to effect cutting
      thereof into short lengths, the cooperating drums rotating in opposite
      directions and delivering the cut lengths vertically downwardly and means
      for separating waste material from the cutting drum comprising an exhaust
      system adjacent the cutting drum including a hood disposed over the
      cutting drum above the region of downward delivery of the cut lengths and
      means for dislodging waste material from the cutting drum into the exhaust
      system including supply passages in the cutting drum for supplying gas
      under pressure to the spaces outwardly between the radially projecting
      cutting blades.
NUM  10.
PAR  10. Apparatus for cutting thread into short lengths comprising, a support
      element for supporting the thread to be cut, a rotatable cutting drum
      having a plurality of radially extending cutting blades positioned to
      engage the support element, means for supplying compressed gas from the
      interior of the cutting drum to the spaces between cutting blades, ejector
      means positioned between the cutting blades for compressing the thread
      against the support element and for ejecting cut sections of thread from
      between the cutting blades, blower means positioned interiorly of the drum
      and driven by rotation of the drum for compressing the gas and delivering
      the gas to the supply means.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein the blower means includes vanes
      formed by radially inwardly extending portions of at least some of the
      cutting blades.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein the blower means comprises a
      centrifugal blower mounted within the cutting drum.
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ABST
PAL  Improved form of dust collector for radial arm saws in which a
      funnel-shaped hood positioned at the rear of the work table is held in
      place by a clamp mounted so as to overlie the spacer board which is at the
      rear of the work table. In a preferred embodiment, the clamp has an
      inverted L-shaped cross-section, a vertical portion of the clamp being
      gripped between the back of the rear table and the spacer board, and a
      horizontal portion of the clamp extending over the floor of the hood. Dust
      and wood particles generated when the saw is used in a ripping position
      are advantageously and efficiently collected by connecting a vacuum hose
      to the saw blade guard by a suitable adapter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to radial arm saws, and is particularly concerned
      with improved dust collection systems for such saws.
PAR  My previously issued U.S. Pat. No. 3,401,724 discloses what I believe to be
      the first really effective dust collecting system for use in connection
      with radial arm saws. My said patent discloses a flat-bottomed
      funnel-shaped hood positioned at the rear of the work table on or slightly
      above the upper surface, the wide inlet end of the hood opening towards
      the front of the work table and the narrow outlet end of the hood opening
      oppositely. The hood is horizontally pivotally connected to the radial arm
      saw assembly so that it can be arcuately rotated to align with the saw
      blade. At the time I filed the application which matured into my said
      patent, I believed that it was desirable to mount the funnel-shaped hood
      on a horizontally disposed sheet metal support having a downwardly turned
      lip which clamped between the rip fence and the back table of the saw
      assembly. The hood was mounted on this support and connected to it by a
      bolt and thumb screw, permitting the hood to be pivoted so as to align
      with the saw blade.
PAR  While the device just described proved extraordinarily effective in
      commercial practice, my experience over the past several years led me to
      discover that it also had some negative aspects. For example, I found that
      the saw blade could come into contact with the support member when the saw
      was aligned at angles to the left of 0.degree. , thereby posing a safety
      hazard. In addition, the thumb screw attachment of the hood to the support
      member allowed the center of the hood floor to bulge upward, particularly
      at the inlet. Some dust then escaped under the hood into the room, while
      other dust wedged between the hood floor and the support member,
      interfering with the positioning of the hood. The thumb screw also tended
      to stick and bind, making it somewhat difficult and inconvenient to use.
      Still another disadvantage was the fact that the support member extended
      over the table clamping device which is located at the rear of the table
      in some saw assemblies, thereby making table spacing and fence adjustments
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  After a great deal of experimentation with more complicated devices, I have
      now devised an improved dust collector for radial arm saws which retains
      the advantages possessed by my earlier dust collector while avoiding the
      disadvantages. As a result, dust collectors made in accordance with the
      present invention are outstandingly effective in preventing the escape of
      dust to the surrounding room and do so in an elegantly simple manner. The
      entire support member which I previously felt was essential has been
      eliminated, thereby reducing the size and cost of the unit, increasing
      effectiveness of dust collection, allowing for easier and more positive
      installation and insuring that any table clamping device at the rear of
      the table will remain exposed. Indeed, this improved dust collector and
      attaching means is universally suited for simple and rapid attachment to
      every brand of radial arm saw of which I am aware, preferred embodiments
      of the collector assembly not even requiring the use of any tools for
      installation.
PAR  In the broadest concept of my improved invention, the flat-bottomed
      funnel-shaped hood of the dust collector is positioned at the extreme rear
      of the saw table so that the lower surface of the hood floor is in close
      contact with the upper surface of the spacer board. A clamp, comprising a
      horizontal member, is held in predetermined position above the upper
      surface of the spacer board. The lower surface of the hood floor contacts
      the spacer board, and the lower surface of the horizontal member extends
      over and snugly engages the upper surface of the hood floor so as to hold
      the hood floor firmly in a desired position, leaving no gap through which
      dust can escape. The width of the horizontal member is usually a minor
      fraction of the width of the floor of the dust collector hood, permitting
      the hood to be slid laterally pivoted, or both depending upon the angle at
      which the saw is to be used. The dimensions of the clamp also obviate
      inadvertent contact with the saw blade. The device has no threads to strip
      or become wedged with dust, simplifying both use and maintenance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Understanding of the invention will be further aided by referring to the
      accompanying drawings, in which like numbers refer to like parts in the
      several views, and in which:
PAR  FIG. 1 is a perspective view of a radial arm saw showing the presently
      preferred embodiment of my improved dust collector in position;
PAR  FIG. 2 is a perspective view of a portion of the device shown in FIG. 1,
      pointing out the manner in which the clamp holds the dust collector hood
      in position;
PAR  FIG. 3 is a perspective view of the presently preferred hood-holding clamp
      used in connection with the invention;
PAR  FIG. 4 is a perspective view of another form of clamp suitable for use in
      connection with my invention; and
PAR  FIG. 5 is a perspective view of still another clamp suitable for use in
      connection with my invention; and
PAR  FIG. 6 is a perspective view of the saw in ripping position, showing a
      novel means for collecting dust.
DETD
PAC  DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
PAR  Understanding of the invention will be further facilitated by consideration
      of the best mode presently contemplated. It is to be understood, of
      course, that the forms of the device described are illustrative and not
      limitative.
PAR  In the drawings, radial arm saw assembly 10 comprises work table 11, made
      up of front table 11a and rear table 11b, between which is positioned rip
      fence 12. Spacer board 11c is located at the back of rear table 11b, and
      clamps (not shown) draw the subparts of table 11 and rip fence 12 snugly
      together. Table 11 is supported by a frame (not shown) which also supports
      vertically extensible column 13, located at the rear of table 11.
      Extending horizontally from the top of column 13 is radial arm 14, which
      is capable of rotating through 360.degree., but which is generally
      positioned over the top of table 11. Mounted on arm 14, so as to move
      therealong, is saw carriage 15, including rotary saw blade 16 and guard
      17. Typically a discharge elbow extends from some portion of guard 17,
      permitting sawdust carried by blade 16 to be discharged away from the
      operator's face during ripping operations (when saw carriage 15 is held in
      fixed position, with blade 16 parallel to fence 12). The entire assembly
      10 as just described, comprises conventional equipment and forms no part
      of my invention per se.
PAR  Positioned at the rear of table 11, and supported by spacer board 11c, is
      generally funnel-shaped hood 20, having a relatively large inlet opening
      21 and a narrow outlet opening 22. Hood 20 comprises floor 24, ceiling 25,
      rear wall 25, left side 27 and right side 28, the latter side being
      foreshortened and provided with laterally outwardly extending lip 29. Hose
      23 of a conventional shop or other vacuum cleaner (not shown) is connected
      to outlet 22 to insure the more effective removal of saw dust directed
      into hood 20.
PAR  The lower surface of floor 24 of hood 20 is in snug contact with the upper
      surface of spacer board 11c, thereby insuring that there will be
      substantially no gap between the two contacting surfaces through which saw
      dust might escape. To hold the bottom of floor 24 in contact with spacer
      board 11c, clamp 30 -- which lies at the heart of the present invention --
      is employed. Clamp 30 comprises vertical member 31 and horizontal member
      32, joined along isthmus 33 so as to have a generally L-shaped cross
      section. At one end of horizontal member 32 is downwardly turned edge 24,
      the other end portion of horizontal member 32 being bent upward at a
      slight angle to form hold-down portion 32a, a distal edge portion being
      still more sharply bent upward to form lip 32b.
PAR  In use, clamp 30 is positioned with vertical member 31 located between rear
      table 11b and spacer board 11c, the right edge of clamp 30 being
      positioned approximately in front of column 13. Horizontal member 32
      extends backward over spacer board 11c, edge 24 lifting the end it adjoins
      so that hold-down portion 32a is substantially parallel to and snugly in
      contact with spacer board 11c. Hood 20 is held in a desired location by
      simply sliding floor 24 between the upper surface of spacer board 11c and
      the lower surface of hold-down portion 32a, lip 32b and shortened hood
      wall 28 facilitating this maneuver. Hood 20 can then be moved laterally or
      rotated to achieve optimum alignment with saw blade 16, the absent portion
      of vertical member 31 to the left of isthmus 33 increasing the degree of
      adjustment possible. In normal operating, then, clamp 30 can be once
      positioned and allowed to remain in the same place.
PAR  Clamp 30 is fabricated from material possessing the combined attributes of
      strength and stiffness, so that it can occupy minimum space. While sheet
      metal--e.g., 14 gauge cold-rolled or spring steel--is highly satisfactory,
      it is generally preferred to use fiberglass-reinforced polyester resins,
      tough ABS polymers, epoxy resins, polyoxymethylene, etc., obviating any
      possibility of damaging saw blade 16 in the remote possibility of its
      encountering clamp 30.
PAR  An alternate form of clamp is shown in FIG. 4, where clamp 40 comprises
      vertically extending leg member 41, which is adapted to be firmly gripped
      between the back edge of rear table 11b and the front edge of spacer board
      11c. Extending rearwardly from the upper edge of vertical member 41 is
      horizontal member 42, which has a relatively smooth and planar upper
      surface with a slightly upturned distal edge. Portion 43 of horizontal
      member 42, immediately adjacent the juncture with vertical member 41, is
      somewhat thicker than the remaining portion 44 of horizontal portion 42,
      the difference in thickness being slightly less than the thickness of hood
      floor 24. This arrangement permits clamp 40 to remain permanently in
      position, the leading edge of floor 24 being wedged beneath portion 44 and
      butted against the edge formed by thickened portion 43. The friction fit
      is sufficiently great to hold hood 20 in whatever position is desired,
      and, in addition to being slid to the right or left it may be pivoted
      either clockwise or counterclockwise to align outlet 22 with the direction
      in which blade 16 is driven.
PAR  Located in portion 43 of horizontal member 42 are countersunk screw holes
      45, through which wood screws may be inserted to fasten clamp 40 to spacer
      board 11c. If this means of attaching clamp 40 is employed, vertical
      member 41 may, if desired be eliminated, greatly simplifying the clamp
      construction but making it necessary to employ tools in mounting it.
PAR  FIG. 5 shows clamp 50, which provides another means for gripping floor 24
      of hood 20. To some extent, clamp 50 resembles a mirror image of clamp 30,
      comprising vertical member 51 and horizontal member 52, joined along
      corner 53. At one end of horizontal member 52 is downwardly turned edge
      54, the lower edge of which is bent outward to form tab 55. The opposite
      end portion of horizontal member 52 is bent upward at a slight angle to
      form hold-down portion 52a, the distal edge of which is bent still more
      sharply upward to form lip 52b.
PAR  To aid in mounting clamp 50 vertical member 51 is provided with holes 56,
      and tab 55 is provided with holes 57. Screws 58 inserted through holes 56
      can be threaded into the back edge of spacer board 11c, while screws
      inserted through holes 57 can be threaded into the top of spacer board
      11c. Either or both of these means of attaching clamp 50 to spacer board
      11c may be employed; if only one such means of attachment is employed, of
      course, clamp 50 can be simplified by constructing it so that it has only
      vertical member 51 or only tab 55.
PAR  When a radial arm saw is employed in the ripping position, blade 16, as
      previously indicated, is oriented parallel to rip fence 12. Saw carriage
      15 is then held in fixed position above table 11a, with blade 16 so
      adjusted that it cuts slightly below the upper surface of work table 11a.
      For all practical purposes, there is no good way to align hood 20 with the
      direction in which blade 16 is rotating, and ripping operations are hence
      notoriously dirty. This fact is exacerbated by the fact that the dust
      generated in ripping tends to follow the saw, to leave the blade at all
      angles, and to be extremely difficult to collect. In the past, it has been
      common to mount a discharge elbow in an outlet in the peripheral portion
      of saw guard 17, aiming it away from the operator. When a dust collector
      was employed, the discharge elbow might either be directed toward hood 20
      or connected to a flexible hose leading from guard 15 to the opening of
      hood 20, thereby channeling dust which passed through the outlet toward
      the desired collection site. While such arrangements represent a slight
      improvement over making no attempt to collect the sawdust, they have still
      been eminently unsatisfactory in ripping operations. I have now devised
      the simple expedient of normally capping the saw guard outlet but, during
      ripping operations, connecting vacuum hose 23 directly thereto, employing
      reducer 50 if necessary. I am thereby able to collect substantially all
      dust, wood fibers, chips, etc. during ripping operations. Elementary as
      this approach may seem in retrospect, to the best of my knowledge and
      belief no manufacturer or user of radial arm saws has previously
      appreciated the significant advantages which flow from this simple
      modification.
PAR  Reducer 50 is desirably constructed from a tough, but flexible and
      conformable rubber or synthetic polymeric material, permitting it to
      conform to circular or noncircular saw guard outlets of varying
      dimensions. If the change in size between the two ends of reducer 50 is
      effected via a conoidal or hyperboloidal transition, reducer 50 may also
      be used for other purposes. For example, the large end can be connected to
      outlet 22 of hood 20, permitting the attachment of a conventional home
      vacuum cleaner to the small end for dust collection in normal operations.
PAR  While several illustrative embodiments of the invention have been shown and
      described, it will be readily appreciated that it is impractical to set
      forth every possible type which is functional and that numerous variations
      can be made without departing from the spirit of the invention.
      Accordingly the scope of the invention is limited only by the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination with a radial arm saw assembly comprising a horizontal
      work table which includes a front table, a rear table and a spacer board,
      a vertical column at the rear of said table, a horizontally adjustable arm
      rotatably attached to the upper end of said column so as to be positioned
      over said table, a rotary saw protected by a saw guard carried by said
      arm, a dust collector positioned at the rear of said table, said collector
      comprising a generally flat-bottomed funnel-shaped hood having a wide
      inlet which opens towards the front of said table, said inlet being
      positioned entirely above the plane of said table, said hood being
      arcuately movable,
PA1  the improvement which comprises said dust collector so positioned that the
      lower surface of the hood floor is in close contact with the upper surface
      of the spacer board, a clamp comprising a horizontal member, means holding
      said horizontal member in predetermined position above the upper surface
      of the spacer board, the lower surface of the hood floor contacting the
      spacer board and the lower surface of said horizontal member snugly
      engaging the upper surface of the hood floor so as to hold the hood firmly
      in a desired position.
NUM  2.
PAR  2. The combination of claim 1 wherein the clamp comprises a vertical member
      connected to the horizontal member and extending downwardly therefrom,
      said vertical member being held firmly in contact with an edge of the
      spacer board.
NUM  3.
PAR  3. The combination of claim 2 wherein the vertical member is firmly gripped
      between the back surface of the rear table and the front surface of the
      spacer board.
NUM  4.
PAR  4. The invention of claim 1 wherein the dust collector hood comprises a
      left side and a right side, said right side being shorter front-to-back
      than said left side.
NUM  5.
PAR  5. The invention of claim 2 wherein a lip extends to the right from the
      front edge of the left wall.
NUM  6.
PAR  6. The invention of claim 3 wherein the vertical member and the horizontal
      member are joined along an isthmus, said horizontal member having a
      downturned edge at one end and the portion of said horizontal member
      adjacent its opposite end being turned up slightly to provide a hold-down
      portion.
NUM  7.
PAR  7. The invention of claim 6 wherein a distal edge portion of the hold-down
      portion is sharply upturned to form a lip facilitating insertion of the
      hood floor therebeneath.
NUM  8.
PAR  8. The invention of claim 3 wherein the upper surface of the horizontal
      member of said clamp is substantially planar and the lower face of said
      horizontal leg member has a thickened portion immediately adjoining its
      juncture with the vertical member, said thickened portion exceeding the
      thickness of the remainder of said horizontal leg member, by slightly less
      than the thickness of the hood floor, whereby said clamp may be left
      permanently in position and said dust collector may be removed or
      repositioned as desired.
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PAL  This disclosure relates to an indexing feed mechanism for a cutting machine
      comprising an indexing vise for gripping a workpiece and moving it forward
      into a cutting position. The mechanism includes a lead screw interengaged
      with complementary means formed on a stopper means adapted to limit the
      rearward extent of the stroke of the indexing vise. Rotation of said screw
      will, therefore, cause translation of said stopper means thereby varying
      the rearward limit of travel of the indexing vise during its stroke. The
      lead screw extends from a rotatable shaft and means located at the
      operating station of the cutting machine are provided for rotating the
      shaft. The shaft is operably connected to a digital indicator which
      indicates in digital numerals the predetermined stroke of the indexing
      vise as a function of the angular position of the shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to indexing feed mechanisms which are used
      for cutting machines such as horizontal bandsaw machines to indexing feed
      or index materials to be cut into the cutting position thereof to
      automatically cut lengths of materials into pieces of predetermined
      uniform length.
PAR  2. Description of the Prior Art
PAR  In cutting machines such as horizontal bandsaw machines, the indexing feed
      mechanism has been so constructed that a vise usually called a stationary
      vise and fixedly mounted just behind the cutting plane of the cutting tool
      grips and holds the material to be cut during the cutting operation and
      another vise usually referred to as an indexing vise and movably mounted
      behind the stationary vise is reciprocated to feed or index the material
      to be cut into the cutting zone through the stationary vise. The length of
      the pieces cut from the material is determined by the distance the
      material is pushed out beyond the cutting plane by the indexing vise.
      Accordingly, in order to cut the material into pieces of a desired length,
      the stroke or distance the indexing vise advances with the material held
      thereby must be adjusted. Usually, suitable stopper means provided with
      limit switches are employed to limit the stroke of the indexing vise, and
      usually the stopper means for defining the limit of the forward or feeding
      travel of the indexing vise is fixed and the stopper means for limiting
      the rearward travel of the same is adjustably mounted for the adjustment
      of the stroke of the indexing vise.
PAR  Heretofore, in order to adjust the position of the stopper means for the
      rearward limit of the indexing vise, an elongated scale means has been
      provided in parallel with the travel way of the indexing vise which is
      located behind and apart from the front of the machine where the machine
      is designed to be operated, and the adjustment of the stopper means has
      been done by setting a pointer to the scale.
PAR  Accordingly, when operating the machine provided with the conventional
      indexing means, the operator has to go to the back of the machine away
      from his operating position each time when it is desired to change or
      determine the length of the pieces cut from the material. Also, it is very
      troublesome to adjust the pointer to the fine graduation of the scale.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a material
      indexing feed mechanism for cutting machines such as horizontal bandsaw
      machines which can be most easily operated.
PAR  More particularly, it is an object of the present invention to provide a
      material indexing feed mechanism in which the indexing amount or the
      length of the pieces cut from the material can be easily changed or
      determined from the operating position of the machine provided therewith
      without going to the back of the machine.
PAR  It is another object of the present invention to provide a material
      indexing feed mechanism in which the indexing amount or the length of the
      pieces to be cut from the material is indicated by digital numerals
      through a digital indicator that is easy to see.
PAR  Other and further objects and advantages of the present invention will be
      apparent from the following description and accompanying drawings which,
      by way of illustration, show a preferred embodiment of the present
      invention and the principle thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a horizontal bandsaw machine embodying the
      principles of the present invention.
PAR  FIG. 2 is a plan view of the horizontal bandsaw machine shown in FIG. 1,
      with upper portions thereof being omitted for clarity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Only for the purpose of clear description, the indexing feed mechanism
      according to the present invention will be described as applied to a
      horizontal bandsaw machine. However, it will be understood that the
      invention is not limited in application to horizontal bandsaw machines but
      it is applicable to any types of cutting machines such as hacksawing
      machines and circular sawing machines, etc.
PAR  Referring to the Figures, a horizontal bandsaw machine generally designated
      by the numeral 1 is so constructed that a cutting head 3 enclosing therein
      two wheels (not shown) over which an endless bandsaw blade 5 is trained as
      a cutting tool is lowered during the cutting operation so that the bandsaw
      blade 5 may cut into a material M to be cut which has been gripped by a
      vise 7 mounted on an elongated base 9. Since in operating the horizontal
      bandsaw machine the bandsaw blade 5 and the material M to be cut have to
      be watched, the horizontal bandsaw machine 1 is so designed as to be
      operated at the position in the vicinity of the bandsaw blade 5, and the
      portion of the machine where the bandsaw blade 5 is to operate is usually
      regarded as the front. Also, in the horizontal bandsaw machine 1, the
      material M to be cut is fed from the rear side of the vise 7 to the front
      side of the same, and therefore a so-called front work table 11 is
      provided in front of the vise 7 to receive pieces cut from the horizontal
      material M.
PAR  Thus, the bandsaw machine is similar in many respects to other cutting
      machines such as hacksawing machines and circular sawing machines and
      differs from them in that the cutting tool is an endless band and is
      trained over the wheels.
PAR  As is conventional, the vise 7, which will be hereinafter called stationary
      vise from another vise, is fixedly mounted on the base 9 and comprises a
      fixed vise jaw 13 and a movable vise jaw 15. As implied by the names, the
      fixed vise jaw 13 is fixedly provided and the movable vise jaw 15 is
      movably mounted on two guide plates 17 and 19 so as to be reciprocated by
      a hydraulic cylinder 21 through a piston and piston rod enclosed therein
      towards and away from the fixed jaw 13 to hold and releast the material M
      to be cut. Also, in order to make the stroke of the piston and piston rod
      of the hydraulic cylinder 21 shorter, the movable vise jaw 15 is connected
      with the hydraulic cylinder 21 by means of a rack 23 and a pawl 25, by
      which the stroke of the movable vise jaw 15 is adjusted.
PAR  As shown in the Figures, an elongated rear base 27 is integrally combined
      with the back of the front base 9 in a manner such that it is
      perpendicular to the front base 9, and also two rails 29 and 31 are
      disposed on the top of the rear base 27 in parallel with each other and at
      right angles to the cutting plane where the bandsaw blade 5 operates.
PAR  Another vise 33 called indexing vise is slidably mounted on the rails 29
      and 31 on the rear base 27. This indexing vise 33 is quite identical to
      the stationary vise 7 in that it comprises a fixed vise jaw 35, a movable
      vise jaw 37, guide plates 39 and 41, a hydraulic cylinder 43, a rack 45
      and a pawl 47. However, the indexing vise 33 is so designed as to be
      reciprocated on the rails 29 and 31 towards and away from the front
      stationary vise 7 by a piston and piston rod 49 of a double-acting
      hydraulic cylinder 51 mounted on a rear end portion of the rear base 27.
PAR  Thus, the arrangement is such that the indexing fixe 33 grips the elongated
      material M to be cut and advances it into the stationary vise 7 which has
      been previously opened and then the stationary vise 7 grips the material M
      to hold it during the cutting operation and indexing vise 33 is returned
      preparatory to the next feeding stroke. Also, in order to support the rear
      portion of the material M to be cut, freely rotatable rollers 53 and 55
      are provided at the rear end portion of the rear base 27 and above the
      hydraulic cylinder 51.
PAR  To those skilled in the art, it will now be apparent that the length of the
      pieces cut from the material M is determined by the distance the material
      M to be cut is pushed out beyond the cutting plane of the bandsaw blade 5
      by the indexing vise 33 and it is also determined by the stroke of the
      indexing vise 33 that is the distance the indexing vise 33 travels with
      the material M in its hold.
PAR  As shown in FIG. 2, in order to define the limit of the forward or feeding
      travel of the indexing vise 33, there is provided on a portion of the
      stationary vise 7 a limit switch 57 which is so designed as to work to
      stop the extension of the piston and piston rod 49 when touched by a
      projection 59 provided on a portion of the indexing vise 33. Also, on
      bringing the projection 59 provided thereon into contact with the limit
      switch 57, the indexing vise 33 is firmly stopped by the inner or rear end
      face of the stationary vise 7 from further advancing forwards. Thus, the
      forward limit of the stroke or travel of the indexing vise 33 is always
      fixed.
PAR  On the other hand, the rearward limit of the stroke of the indexing vise 33
      is variably defined by a movable stopper member 61 which is provided with
      a limit switch 63 which is designed to stop the retraction of the piston
      and piston rod 49 when touched by a projection 65 provided on a portion of
      the indexing vise 33.
PAR  The stopper member 61 is so constructed as to be moved on the top of the
      rear base 27 along the rail 31 in either direction by a lead screw 67s
      formed on an elongated shaft 67 which is rotatably provided beneath the
      stationary vise 7 and the indexing vise 33 and in parallel with the rails
      29 and 31 and extends outward to the front of the stationary vise 7.
PAR  In order to rotate the lead screw 67s to move the stopper member 61 in
      either direction, the shaft 67 is provided at its outer end with a
      sprocket 69 which is connected through a chain 71 with another sprocket 73
      which is in turn coaxial with a handwheel 75. Accordingly, the lead screw
      67s can be rotated in either direction by turning the handwheel 75 to move
      the stopper member 61 in either direction in order to change or adjust the
      stroke of the indexing vise 33. Also, for the purpose of locking the
      handwheel 75, there is provided in the vicinity of the handwheel 75 a
      locking member 77 which is shown in the Figures as a member rotatable on a
      threaded projection.
PAR  On the other hand, in order to make it easy to set the stroke of the
      indexing vise 33, the lead screw shaft 67 is connected through a
      connecting shaft 79 with a digital indicator 81 which has been so designed
      as to indicate in digital numerals the stroke of the indexing vise 33
      according to the rotation of the lead screw shaft 67. In the preferred
      embodiment, the digital indicator 81 is mounted on the underside of the
      front work table 11 and it is connected by the connecting shaft 79 with
      the outermost end of the lead screw shaft 67 by means of universal joints
      83 and 85. However, the digital indicator 81 can be located most visibly
      at any portion of the machine, and, if desired, the digital indicator 81
      can be connected by the connecting shaft 79 with the lead screw shaft 67
      at right angles thereto by means of any suitable means such as bevel gears
      in place of the universal joints 83 and 85.
PAR  Thus, it will now be understood that the stroke of the indexing vise 33 can
      be easily changed or determined by rotating the handwheel 75 and its
      amount can be most easily and visibly seen from the digital indicator 81.
PAR  Stated more particularly, when the handwheel 75 is manually turned, it
      turns the lead screw shaft 67 through the sprocket 73, the chain 71 and
      the sprocket 69, and accordingly the lead screw shaft 67 will on the one
      hand work the digital indicator 81 for the desired length of the pieces
      cut from the material M and on the other hand it will make the lead screw
      67s move the stopper member 61 to the position corresponding to the
      desired length. When positioned where the digital indicator 81 gives
      digital numerals of the desired length, the stopper member 61 will define
      the stroke of the indexing vise 33 so that the same may index the desired
      length of the material M to be cut, since the digital indicator 81 has
      been so programmed as to indicate always length of the pieces cut from the
      material M. Also, it will be readily understood that the stroke of the
      indexing vise 33 is always determined only by the position of the stopper
      member 61 which defines the rearward limit of the travel of the indexing
      vise 33, since the limit switch 57 defining the forward limit of the same
      is always fixed.
PAR  Accordingly, when it is desired to change or determine the length of the
      pieces cut from the material M, it is only necessary for the operator to
      turn the handwheel 75 in either direction with his eyes upon the digital
      indicator 81 at his operating position until the digital indicator 81
      gives numerals of the desired length of the pieces to be cut.
PAR  As has been described, the material indexing feed mechanism according to
      the present invention is so designed that the length of pieces to be cut
      from the material M or the stroke of the indexing vise 33 can be easily
      changed or determined at the operating position of the machine equipped
      therewith by means of the visible indicator 81 without goind to the back
      of the machine.
PAR  Although a preferred form of the present invention has been illustrated and
      described, it should be understood that the device is capable of
      modification by one skilled in the art without departing from the
      principles of the invention. Accordingly, the scope of the invention is to
      be limited only by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A material indexing feed mechanism for a cutting machine such as a
      horizontal bandsaw machine or the like comprising an indexing vise for
      gripping a workpiece and moving it forward toward an operating station of
      said machine into a cutting position, means defining a path of travel for
      said indexing vise, means for moving said indexing vise back and forth
      along said path, stopper means for limiting the rearward extent of said
      indexing vise along said path in a direction away from said cutting
      position, means carried by said stopper means operatively connected with
      said moving means for stopping the operation of said moving means upon
      engagement therewith by means carred by said vise, a lead screw
      interengaged with complimentary means on said stopper means and extending
      parallel to said path for adjusting the position of said stopper means,
      said lead screw being connected to a rotatable shaft which extends to said
      operating station of said machine, and means located at said operating
      station for rotating said shaft, whereby rotation of said lead screw
      through said shaft will cause translation of said stopper means along said
      path thereby varying the rearward limit of travel of said indexing vise.
NUM  2.
PAR  2. A material indexing feed mechanism as defined in claim 1, wherein said
      shaft is operably connected to digital indicator means for indicating in
      digital numerals the predetermined stroke of said indexing vise as a
      function of the angular position of said shaft.
NUM  3.
PAR  3. A material indexing feed mechanism as defined in claim 1, wherein said
      means carried by said stopper means is a limit switch, and said means
      carried by said vise is a projection extending therefrom adapted to
      activate said limit switch.
NUM  4.
PAR  4. A material indexing feed mechanism as defined in claim 3, wherein said
      moving means includes an hydraulic cylinder having piston rod means
      connected to said vise, said piston rod means being retractable into said
      cylinder during the rearward movement of said vise away from said
      operating station, and wherein the retraction of said piston rod means is
      stopped upon activation of said limit switch.
NUM  5.
PAR  5. Apparatus for cutting material in incremental lengths comprising a feed
      table, cutting means mounted at a cutting position and movable in a plane
      extending generally transverse to said table, a first vise fixed with
      respect to said table for holding the material in position to be cut, a
      second vise movable with respect to said table for indexing the material
      in incremental lengths along a path to said cutting position, means for
      moving said movable vise back and forth along said path, stop means for
      limiting the rearward extent of said movable vise along said path in a
      direction extending away from said cutting station, means for adjusting
      the position of said stop means along said path thereby varying the length
      of the indexing increment, said adjusting means including operating means
      disposed on the opposite side of said cutting plane from said first and
      second vises.
NUM  6.
PAR  6. Apparatus as defined in claim 5, wherein said adjusting means includes a
      lead screw interengaged with complimentary means on said stop means and
      extending parallel to said path, said lead screw being formed on a
      rotatable shaft which extends to said cutting position, and wherein said
      operating means includes means for rotating said rotatable shaft.
NUM  7.
PAR  7. Apparatus as defined in claim 6, further including digital indicator
      means readable from said cutting position and operably connected to said
      shaft for indicating in digital numerals the length of said indexing
      increment as a function of the angular position of said shaft.
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ABST
PAL  An axial lead component dispensing apparatus having a simultaneously
      adjustable pair of guide plates, advancing mechanism and lead severing
      mechanism mounted on a support. Two racks and a pinion actuate and
      synchronize the simultaneous lateral adjustment of the guide plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to axial lead component dispensing
      heads and more specifically to adjustable devices for severing axial lead
      components from their transport medium.
PAR  2. Description of the Prior Art
PAR  Axial lead components, as used in industry, come from stock with the ends
      of the leads taped between parallel portions of links of adhesive tape
      taped to one another. The leads are longer than the insertion requirements
      so that they may be taped and handled.
PAR  Standard techniques encompass feeding the leads on a dispensing mechanism
      which presents them in a horizontal fashion after the ends, which have
      been taped, have been severed from the remaining or body portion of the
      lead. Such components are used in pantograph type insertion equipment and
      the tape sequencing and numerically controlled insertion equipment. The
      instant invention contemplates all of these uses and is essentially
      employed to sever the end portions of the leads and to present the
      components in their predetermined taped order.
PAR  One of the problems with existing equipment has been their inability to
      handle varying center distance components; in other words, the length of
      the axial leads from the components may vary depending on the center
      distance to be employed in the insertion apparatus itself. Center distance
      is defined as the distance between the holes in the printed circuit board
      into which the ends of the leads are bent and pushed and secured. In
      Europe, the Common Market, the center distance in numerous applications is
      a lot larger than the normal center distance used in domestic industry.
PAR  One device designed to solve these problems is disclosed in U.S. Pat. No.
      3,730,041 (Zemek et al), commonly assigned to the assignee of the present
      invention. Zemek et al shows adjustment of the guide unit, advancement
      unit and severing unit by stopping the dispenser, loosening and sometimes
      removing the units from the support member and resecuring and attaching
      the units in their new position to the support member. Each unit comprises
      a pair of sub-units which must be adjusted individually to a limited
      number of selected positions. The adjustment is time consuming, which
      unduly and unnecessarily increases the downtime of the system in which the
      dispenser head is used. No adjustment is provided for off-center typed
      components.
PAC  SUMMARY OF THE INVENTION
PAR  The present axial lead dispensing head overcomes a majority of the
      difficulties of the prior art by providing an actuator which
      simultaneously adjusts a pair of guide plates without the use of tools and
      during the operation of the dispenser head. The actuator includes two
      racks and a pinion with each rack having one of the guide plates secured
      thereto. The racks and pinion may be moved as a unit so as to adapt the
      dispensing head to advance, sever and dispense electrical components where
      the midpoint between the ends of the leads is offset from the centerline
      of the dispensing head.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to overcome the aforementioned
      difficulties of the prior art.
PAR  Another object is to provide a dispensing head wherein the size of the
      guide channel is adjustable without shutting down the machine.
PAR  A further object of this invention is the provision of an adjustment of an
      axial lead dispensing head for handling components where the equal distant
      point of the ends of the leads does not coincide with the centerline of
      the dispensing head.
PAR  A still further object is to provide an expedient adjustment of guide
      channels without the use of tools.
PAR  An even further object is to provide guides adjustable simultaneously an
      equal distance from an established centerline while maintaining a parallel
      relationship.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a preferred embodiment of the present invention
      showing the interrelationship of the various elements;
PAR  FIG. 2 is a rear view of the guide and actuator assemblies of FIG. 1
      positioned to accommodate short lead components; and
PAR  FIG. 3 is a rear view of the guide and actuator assemblies of FIG. 1
      positioned to accommodate long lead components.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the dispensing apparatus of the instant invention
      is shown and designated by numeral 10. The apparatus is housed between two
      end portions 11 and 12 which are connected by a web portion 18. The
      bracket 11, 12 and 18 forms the support for the other mechanism or
      assemblies of the present invention.
PAR  It should be noted that the numbers in FIG. 1 are those used in the
      previously discussed patent, U.S. Pat. No. 3,730,041, which is
      incorporated herein by reference. Since the dispensing head is described
      in detail therein, the operation of the dispensing head will be discussed
      with the details of the actuator assembly and the guide assembly discussed
      in detail herein.
PAR  A portion of the guide assembly, as well as the advancement assembly, are
      mounted adjustably on shaft 180. The severing or cutter assembly is
      mounted on shaft 190 which is connected to shaft 180 by link 195. The
      advancement and cutting assemblies are actuated by the rotation of bar 182
      which lifts elements 132 and 102 against the spring elements 216 and an
      additionally added spring 314. Shaft 180 is rotated by the movement of
      element 132 through link 159 whose other end is secured around shaft 180.
      As previously mentioned, the rotation of shaft 180 is transmitted to shaft
      190 through link 195.
PAR  The advancement assembly and the portion of the guide assembly which is
      attached to the shaft 180 and the severing or cutting assembly attached to
      shaft 190 are adjustably mounted thereon by pins. A spring 316 has been
      added between cutters 211 and 311 to force them into alignment against
      dies 50. If the apertures for the cutter pins are elongated, the spring
      would guarantee proper alignment of the die and cutters. By removing the
      pins and then by sliding the assemblies laterally, adjustment of the
      advancement and the cutter assembly is achieved for various center lead
      components. Similarly, the guide blocks 61 and 312 of the cutter assembly
      are adjustably mounted to the web 18.
PAR  The main guide assembly of the present invention differs from the guide
      assembly in the previously mentioned patent. The right half of the guide
      assembly will be designated 500 and the left half will be designated 600.
      Support plates 502, 602 are mounted to web 118 by four fasteners 506, 604
      which are received in apertures 29 and 30 (not shown) in the web 18. A
      pair of horizontal slots 506, 606 and 508, 608 are provided in the support
      plates 502, 602. Flanged elements 510, 610 are secured to the support
      plates 500, 600 by fasteners 512, 612.
PAR  The guide assembly includes guide plates 514, 614 secured to plate
      retainers 516, 616 by fasteners 518, 618. The guide assemblies 500, 600
      are connected to the actuator assembly 70 by a pair of pins 520, 620 which
      traverse the horizontal pairs of slots 506, 606 and 508, 608 The guide
      assemblies 500, 600 are biased against the face of support plates 502, 602
      by springs 522, 622, which are retained around pins 520, 620 by snap
      washers 524, 624. As will be explained more fully, the springs 522, 622,
      by biasing the guide assemblies to the face of support plates, offer a
      resistance to the lateral movement of the actuator assembly 700. This
      resistance to lateral adjustment or movement of the guide assemblies
      maintains the guide assemblies in their selected or adjusted position and
      prevents the guide assemblies from lateral movement which may occur from
      the vibrations set up in the dispenser head during operation.
PAR  The actuator assembly 70 consists of two parallel racks 702 and 704 driven
      off a common pinion 706. Secured to the ends of racks 702 and 704 by
      fasteners 520 and 620 are the guide assemblies 500 and 600, respectively.
      Two tabs 708 on rack 704 provide a guide for the rack 702. The channel
      defined by tabs 708 provide additional horizontal alignment of the racks
      and prevents any misalignment between the respective racks and guide
      assemblies. It is obvious from the drawings that since the racks 702 and
      704 are parallel and engage opposite sides of pinion 706, the racks move
      simultaneously in opposite directions to increase or decrease the distance
      between the guide assemblies. The pinion is mounted between two retainers
      710 and 712. Whereas 712 may be a plate, retainer 710 has two shoulders
      714 which act as an additional guide for rack 702 and rack 704. The
      shoulders 714 also maintain the rack 702 and 704 in contact with the teeth
      of pinion 706. Retainer 712 is secured to plate support 602 by fasteners
      716 through slotted openings 718 in legs 720 of retainer 712.
PAR  As shown in FIG. 2, the actuator is positioned so as to accommodate a small
      lead axial component between the guide plates 514 and 614. By applying a
      right-to-left pressure on rack 702 in FIG. 1, the guide plates 514 and 614
      are simultaneously moved in opposite directions to increase the distance
      therebetween, having a final limit position as illustrated in FIG. 3.
      Synchronization of the motion is achieved by the transmission of the
      lateral momvement from rack 702 to rack 704 through pinion 706. As
      explained previously, the springs 522, 622 apply a force to the guide
      plates 514, 614 to resist initially the lateral adjustment or movement of
      the rack 702 and rack 704. The springs also exert a force on the ends of
      rack 702 and 704 to pull these ends into the rear of guide supports 502
      and 602.
PAR  By using the simple rack and pinion concept, adjustment of the guide plates
      has been achieved without the use of tools and assembly and re-assembly of
      the guide plates. This allows for the adjustment of the relative distance
      between the plates during the operation of the machine and thus without
      shutting down the assembly system to which the dispenser head is mounted.
      By using the rack and pinion, the guide plates 514, 614 may be
      simultaneously and accurately adjusted to the same position relative to
      the center line of the dispenser head.
PAR  The provision of slots 718 in leg 720 of retainer plate 714 allows for the
      adjustment of the total actuator assembly and guide assembly relative to
      the support plates. This adjustment allows the equidistant point between
      the two guide plates 514 and 614 to be offset relative to center line of
      the dispenser head. This adjustment may be necessitated by axial lead
      components wherein one lead is longer than the other lead in the taped
      configuration. The adjustment is achieved by loosening fastener 716 and
      moving the actuator assembly relative to the support plate 602 and
      tightening the fastener. Similarly, the adjustment of the equidistant
      point of the guide plates relative to the center line of the dispensing
      head will provide an axial lead component which will be cut having two
      different length leads. This may be advantageous in certain printed
      circuit layouts. Heretofore this feature has not been available in
      dispensing heads.
PAR  The axial lead components, for example, are resistor shown in FIG. 1 in
      phantom as R having leads L which are supported by and between two pairs
      of tapes T. The tapes components are fed into the dispensing head where
      they are severed from the tapes and presented to the remainder of the
      system for further processing. The present dispensing head provides
      synchronous adjustment of the guide plates as well as off-center
      adjustment. The simultaneous adjustment of the guide plates for different
      lengths leads may be achieved while the machine is operative.
PAR  From the preceding description of the preferred embodiments, it is evident
      that the objects of the invention are attained. Although the invention has
      been described and illustrated in detail, it is to be clearly understood
      that the same is by way of illustration and example only. For example,
      though the actuator assembly 70 has been described as manually activated
      by force applied to the ends of racks 702 or 704, it is obvious that a
      mechanism may be attached directly to the pinion 706 to rotate the pinion
      to produce the lateral motion of the rack 702 and 704. The spirit and
      scope of this invention are limited by the terms of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an axial lead component dispensing apparatus having a support means,
      guide means including a pair of guide plates mounted on said support means
      for receiving a length of taped axial lead components between said plates,
      advancement means mounted on said support means for sequentially advancing
      said length of components, lead severing means mounted on said support
      means for severing the taped portions of said leads from the remainder
      thereof, the improvement comprising actuator means mounted to said support
      means and connected to said pair of guide plates for moving said guide
      plates in the opposite lateral directions simultaneously relative to said
      support means to accommodate various length component leads, said
      activator means being laterally adjustably mounted to said support means
      for shifting the equidistant point of said guide plates relative to the
      centerline of said support means to accommodate unequal lead length
      components.
NUM  2.
PAR  2. The apparatus as in claim 1 wherein said actuator means includes a
      pinion adjustably mounted to said support means and a pair of racks
      engaging said pinion and each having one of said guide plates connected
      thereto; lateral adjustment of said pinion shifts of equidistant point of
      said guide plates relative to the centerline of said support means, and
      rotation of said pinion moves said guide plates in opposite lateral
      directions simultaneously.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said support means includes a pair of
      lateral slots, a pair of connector means, each traversing one of said
      slots for connecting one of said guide plates to one of said racks, and a
      pair of biasing means, one for each connector means biasing said plates
      and a portion of said rack against said support means for resisting
      lateral movement of said guide plates.
NUM  4.
PAR  4. The apparatus as in claim 2 wherein said pinion is located laterally
      outside the area between said pair of guide plates and said racks each
      include a portion extending beyond said pinion whereby manual adjustment
      of said guide plates is accomplished by applying directly manual force to
      the extended portion of one of said racks.
NUM  5.
PAR  5. In an axial lead component dispensing apparatus having a support means,
      guide means including a pair of guide plates mounted on said support means
      for receiving a length of taped axial lead components between said plates,
      advancement means mounted on said support means for sequentially advancing
      said length of components, lead severing means mounted on said support
      means for severing the taped portions of said leads from the remainder
      thereof, the improvement comprising a pair of lateral slots in said
      support means; a pair of connector means, each traversing one of said
      slots and having one of said guide plates mounted thereon; actuator means
      mounted to said support means and connected to said connector means for
      moving said guide plates in the opposite lateral direction simultaneously
      relative to said support means to accommodate various length component
      leads; and a pair of biasing means, one for each connector means for
      biasing said plates against said support means to resist lateral movement
      of said guide plates.
NUM  6.
PAR  6. The apparatus as in claim 5 wherein said actuator means includes a
      pinion adjustably mounted to said support means and a pair of racks
      engaging said pinion and each having one of said guide plates connected
      thereto; lateral adjustment of said pinion shifts the equidistant point of
      said guide plates relative to the centerline of said support means, and
      rotation of said pinion moves said guide plates in opposite lateral
      directions simultaneously.
NUM  7.
PAR  7. The apparatus as in claim 5 wherein said actuator means causes said
      guide plates to move in the opposite lateral directions simultaneously
      whereby said guide means can accommodate various length component leads.
NUM  8.
PAR  8. The apparatus as in claim 6 wherein said pinion is located laterally
      outside the area between said pair of guide plates and said racks each
      include a portion extending beyond said pinion whereby manual adjustement
      of said guide plates is accomplished by applying directly manual force to
      the extended portion of one of said racks.
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ABST
PAL  Parting device for severing a traveling elongated material into
      predetermined lengths, including track means, a tool slide carrying a
      parting tool and mounted on said track means for traveling thereon in a
      direction parallel to a path along which the elongated material travels
      past the parting device, the tool slide being displaceable at a speed in
      synchronism with that of the traveling elongated material as a
      predetermined length is being severed from the elongated material by the
      parting tool and being displaceable back to a starting position after the
      predetermined length has been severed, control means for initiating the
      foregoing displacements of the tool slide, reversible, flexibly yielding
      drive means ever actuatable for the severing operation and capable of
      imparting a travel speed to the tool slide greater than the synchronized
      speed without braking the tool slide, a member traveling at a speed
      continously in synchronism with the travel speed of the elongated
      material, and over-running clutch means interposed between the tool slide
      and the member for limiting the speed of the tool slide from exceeding the
      synchronous speed while permitting the tool slide to lag behind the
      member.
BSUM
PAR  The invention relates to a parting device for severing elongated material
      traveling from a processing machine into predetermined lengths and, more
      particularly, to such a device having a tool slide carrying a parting tool
      and displaceable on a track in a direction parallel to the direction of
      travel of the elongated material, the tool slide being displaceable in
      synchronism with the elongated material as the latter is being severed and
      being displaceable back to a starting position after the severing
      operation has taken place, and including control means for initiating the
      displacements of the tool slide.
PAR  Processing machinery that can be furnished with such a parting device
      include rolling mills, drawing plants, pipe welding apparatus,
      straightening equipment and the like. In such machinery, the production
      process is not halted during the parting operation, and the parting
      devices must travel a given distance along the direction of travel of and
      in synchronism with the material being processed. If the synchronism is
      not sufficiently accurate, danger arises that the parting tools may break.
      Parting tools that may be involved in such an operation are especially
      saws or shears.
PAR  The synchronism need only be maintained during the severing operation per
      se. The tool slide is set in motion from a starting position at rest prior
      to the actual severing operation, is displaced during the parting or
      severing operating per se at a speed synchronized with that of the
      traveling material, and is returned to its starting position after the
      parting or severing operation has been completed. In order to attain an
      adequately accurate synchronism, costly hydraulically or electronically
      driven feeding devices for the tool slide with suitable control devices,
      are being employed with conventional parting devices of this general type.
      Feeding devices are known wherein the tool slide is connected to the drive
      of the processing or production machine associated therewith a system of
      transmissions and clutches in order to produce the synchronism in the
      speeds of travel to the material and of the tool slide. The relatively
      high frequency of clutch engagements and the masses of the clutch
      components that are continuously being accelerated and decelerated cause
      considerable wear within the clutch components and within the clutches.
      This is all the more significant because the heretofore known devices of
      this general type are, in any event, very costly and take up considerable
      space. Furthermore, the servicing of these heretofore known devices and
      equipment can be effected only by trained personnel.
PAR  It is accordingly an object of the invention to provide a parting deivce
      for severing traveling elongated material into predetermined lengths,
      according to the invention, which is of such construction that the
      acceleration, synchronous displacement and return motion of the tool slide
      is effected by relatively simple means yet with great accuracy and, in
      fact, also with the everincreasing operating speeds and very high
      frequency of clutch engagement occurring today, and that minimizes wear.
PAR  With the foregoing and the other objects in view, there is provided, in
      accordance with the invention, a parting device for severing a traveling
      elongated material into predetermined lengths, comprising track means, a
      tool slide carrying a parting tool and mounted on the track means for
      traveling thereon in a direction parallel to a path along which the
      elongated material travels past the parting device, the tool slide being
      displaceable at a speed in synchronism with that of the traveling
      elongated material as a predetermined length is being severed from the
      elongated material by the parting tool and being displaceable back to a
      starting position after the predetemined length has been severs, control
      means for initiating the foregoing displacements of the tool slide,
      reversible, flexibly yielding drive means actuatable to perform the
      severing operation and to impart a travel speed to the tool slide greater
      than the synchronized speed without braking the tool slide, a member
      traveling at a speed continuously in synchronism with the travel speed of
      the elongated material, and over-running clutch means interposed between
      the tool slide and the member for limiting the speed of the tool slide
      from exceeding the synchronous speed while permitting the tool slide to
      lag behind the member.
PAR  By means of the overrunning clutch, the synchronously driven member is able
      to carry out the synchronous motion thereof without entraining the tool
      slide, while the tool slide is in the rest or starting position thereof.
      When the parting or severing operation is initiated, the flexibily
      yielding drive accelerates the tool slide until the overrunning clutch
      engages automatically and the slide forcibly carries out its motion at the
      synchronous speed of the synchronously driven member, because the slide is
      prevented by the overrunning clutch from exceeding the synchronous speed
      while it is permitted by the flexibly yielding drive to adopt a speed
      slower than the synchronous speed. After the termination of the parting
      operation, the flexibly yielding drive reverses the direction thereof, at
      which the overrunning clutch is again automatically released and effects
      the return displacement of the tool slide to the starting or rest position
      thereof, while the synchronously driven member continues to be driven at
      synchronous speed.
PAR  The construction of the parting device of the invention is relatively
      simple and clear. The functioning of the inventive parting device is very
      reliable actually also because of the relatively simple construction
      thereof. Also, maintenance of the parting device according to the
      invention is relatively easy to perform and can be effected by unskilled
      servicing personnel. The reliability of the inventive parting device of
      this application is assured also at very high operating speeds as is
      necessary due to the demands for ever faster production plants. It has
      been determined by tests that the parting device of the invention of the
      instant application readily affords material traveling speeds exceeding
      150 meters per minute and that, at these speeds, synchonism between the
      material and the parting tool is reliably assured. The reversing i.e.
      double-acting, flexibly resilient drive for the tool slide can have a very
      simplified construction, for example, by the use of spring forces. The
      synchronous driven member which is continuously driven at a speed
      synchronizing with the speed of the material is subject to little wear
      through mass acceleration forces and mass deceleration forces. The
      over-running clutch is virtually not stressed at all during free-wheeling
      and, when engaged, except for the driving force, needs only to overcome
      the braking forces which result during the engagement of the clutch from
      the then briefly occurring difference in the speeds of the tool slide and
      the synchronously driven member. Tests have shown that the braking forces
      are relatively small. The driving forces which are then needed to maintain
      synchronism are ever smaller. All of these forces, however, cause very
      little wear in comparison to the wear that occurs in conventional parting
      devices wherein the transmission system and clutches for each parting or
      severing operation, must be accelerated from zero to the nominal speed and
      then decelerated from the nominal speed to zero. Even conventional
      oil-hydraulic feeding devices for the tool slide have deficiencies. They
      tend to become excessively hot and must be additionally cooled.
      Furthermore, over a period of time, oil leaks are unable to be avoided.
PAR  All of the foregoing shortcomings of the heretofore known parting devices
      are avoided in the parting device of the invention of the instant
      application.
PAR  In accordance with a preferred embodiment of the invention of this
      application, the flexibly yielding drive means for the tool slide
      comprises a cylinder operable by compressed air and having a reversing
      piston having mechanical means continuously connecting the piston to the
      tool slide. With this type of flexibly yielding drive, the accelerating
      forces required for operating the tool slide can be produced without
      difficulty. The drive is, nevertheless, sufficiently yielding so as to
      prevent the speed of the synchronously driven member from being
      significantly affected when the over-running clutch engages.
PAR  In accordance with a further feature of the invention, the mechanical means
      connecting the piston to the tool slide comprises a cable extending over
      reversing rollers and simultaneously serving as piston rods for the
      reversing piston, the cable having an outer portion secured to the tool
      slide and extending parallel to at least part of the track means. The
      construction and force transmission are extremely simple therein. Even
      during lengthy operation and with high travel speeds of the material, only
      minimal wear is produced. The cable or rope is preferably a steel cable.
      Advantageously, it may be provided with a coating of synthetic material
      for sealing the passage openings in both end faces of the cylinder.
PAR  In accordance with added features of the invention, actuating means are
      provided having contacts cooperable for initiating the severing operation
      and controlled valve means for simultaneously supplying compressed air to
      the cylinder. Furthermore, the cylinder and the piston are adapted to
      accommodate given air pressures and air quantities to effect an optimally
      short accelerated travel (for example, less than 100 mm) of the tool slide
      with substantially smooth engagement of the over-running clutch means.
      Tests have established that these two requirements can be brought into
      agreement with one another. The shorter the path during which acceleration
      takes place, the smaller will be the axial or longitudinal tolerances when
      severing the elongated material into the predetermined lengths.
PAR  In accordance with yet another feature of the invention, the traveling
      elongated material is delivered by a processing machine to the parting
      device, and the synchronously traveling member comprises a roller chain
      revolving over sprocket wheels and having a run traveling at synchronous
      speed with the elongated material and parallel to the track means, one of
      the sprocket wheels serving as means for synchronously driving the member
      and being connected for positive rotation to a main shaft of the
      processing machine.
PAR  In accordance with an additional feature of the invention, the positive
      rotational connection comprises a main shaft for the parting device, and
      transmission gear means (preferably meshing bevel gears) drivingly
      connecting the main shaft of the parting device to the one sprocket wheel
      which serves as the synchronously driven means. The synchronism is speed
      between that of the material throughput and that of the main shaft of the
      processing machine can be effected with adequate accuracy. The
      synchronously driven sprocket wheel and the roller chain will then also
      run very accurately in the same direction and at synchronous speed with
      the material. All the wheels taking part in the synchronous drive run
      continuously at uniform speed and exhibit no wear manifestations as a
      result of mass accelerations and decelerations. The main shaft driving the
      parting device of the invention may be identical with the main shaft of
      the material processing machine.
PAR  The over-running clutch in the parting device of the invention of the
      instant application and the means for effecting the cooperation thereof
      with the synchronously driven member and the tool slide can be constructed
      in various ways.
PAR  In accordance with a concomitant feature of the invention, the over-running
      clutch comprises a radial roller bearing having an inner and an outer
      bearing race and includes wedge member mounted on the inner bearing race
      and having surfaces inclined in the direction of freewheeling of the
      over-running clutch, the inner bearing race being non-rotatably mounted on
      the tool slide, and including a sprocket wheel seated on the outer bearing
      race and being connected therewith non-rotatably relative thereto, the
      last-mentioned sprocket wheel being in continuous meshing engagement with
      the synchronously traveling run of the roller chain. In accordance with
      another feature of the invention, the parting device comprises two
      diverting sprocket wheels mounted on the tool slide, the diverting
      sprocket wheels being idly rotatable and being spaced from the sprocket
      wheel non-rotatably connected to the outer bearing race so as to extend
      the synchronously traveling run of the roller chain in an increased
      looping angle about the sprocket wheel non-rotatably connected to the
      outer bearing race.
PAR  In accordance with an additional feature of the invention, the roller chain
      is at least of double (possibly triple) construction, and the sprocket
      wheels have a corresponding structure to accommodate the roller chain. The
      pitch of such a chain and that of the chain wheels may be smaller and the
      transfer of forces in mesh will then be especially smooth and even,
      thereby assuring a synchronism that is particularly good and accurate.
      Basically, not all of the sprocket wheels need to accommodated to the
      construction of the roller chain. It is quite sufficient, for example,
      merely for the sprocket wheel imparting the drive and the sprocket wheel
      mounted on the outer bearing race of the over-running clutch to be
      sprocket wheels that are constructed to mesh with the roller chain. The
      wheels which serve only to divert the travel of the chaim may have smooth
      peripheral surfaces containing no sprocket teeth.
PAR  In an especially advantageous embodiment of the invention, the slide track
      and the tool slide per se are disposed in a vertical plane, and the
      compressed-air cylinder as well as the axes of the diverting or reversing
      wheels associated with the cable driven by the reversing piston and the
      axes of the sprocket wheels are all disposed horizontally. In such an
      assembly, all the components are readily accessible and a minimum of labor
      and time is required for servicing. It is also possible, however, to
      dispose the axes of the diverting rollers for the cable in vertical
      direction.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      parting tool for severing traveling elongated material into predetermined
      lengths, it is nevertheless not intended to be limited to the details
      shown, since various modifications and structural changes may be made
      therein without departing from the spirit of the invention and within the
      scope and range of equivalents of the claims.
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PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic front elevational view, partly in section, of the
      complete parting device of the invention, as seen from the operator's side
      thereof;
PAR  FIG. 2 is a top plan view, partly in section, of the parting device of FIG.
      1;
PAR  FIG. 3 is an enlarged sectional view of FIG. 2 taken along the Line
      III--III in the direction of the arrows;
PAR  FIG. 4 is a much enlarged fragmentary view of FIG. 1, partly in section,
      showing the disposition of the over-running clutch of the parting device,
      and
PAR  FIG. 5 is a diagrammatic view of the parting device corresponding to that
      of FIG. 1 and showing schematically the system for initiating the severing
      operation and for controlling the supply of compressed air to the cylinder
     .
DETD
PAR  Referring now to the drawing and first, particularly to FIGS. 1 and 2
      thereof, there is shown a tool slide 2 carrying a parting tool that is
      secured by any suitable means to a face 2' of the slide 2. The tool slide
      2 is mounted on antifriction bearings 3 for travel along guide rails of a
      track 4 supported in a machine frame 5. The tool slide 2 is reciprocable
      with a maximum stroke or travel distance 51.
PAR  A reversing piston 18 has a working stroke in a cylinder 17 equal to the
      maximum stroke 51 of the tool slide 2. The tool slide 2 is securely
      connected to the ends 20 of a steel cable 19 sheathed with synthetic
      material. The steel cable 19 extends over reversing rollers or pulleys 21
      to the piston 18 of the cylinder 17. The steel cable 19 is tautly secured
      at its ends 20 to the tool slide 2. The moment the piston is displaced in
      the cylinder 17 due to the introduction of compressed air into the latter,
      the tool slide 2 is automatically displaced therewith, however, the travel
      directions of the piston 18 and the tool slide 2 are always opposite to
      one another.
PAR  An endless roller chain 14, at reversing locations thereof, travels over
      sprocket wheels 9 and 10. The sprocket wheel 9 serves simultaneously for
      tensioning the chain 14, and is mounted in a tensioning device 6, 7, 8
      which is supported on the machine frame 5. The sprocket wheel 10 is driven
      through bevel gears 11 and 12 by a main shaft 13. The chain 14 and a
      traveling strand of material 1 have a synchronized speed which is assured
      for every speed due to the connection with the main shaft 13. If the
      travel speed of the material 1 should vary, the speed of the chain 14
      synchronized therewith varies in the same manner. The upper run of the
      chain 14, as viewed in FIG. 1, has a constant travel direction represented
      by the arrow 52 which is the same as that of the material strand 1, as
      represented by the arrow 53.
PAR  As shown more clearly in FIG. 4, the sprocket wheel 16 is mounted through
      the intermediary of an over-running clutch 25 on a pivot 24 which is
      secured to the tool slide 2. The chain 14 is passed over diverting or
      deflecting sprocket wheels 15 so that a satisfactory loop of the chain 14
      about the sprocket wheel 16 is available. The diverting sprocket wheels 15
      are also mounted on the tool slide 2 but they are free to swivel in any
      direction, for example, by being loosely mounted on their shafts.
PAR  The sprocket wheel 16 can freely revolve only in the direction represented
      by the arrow 54. In the opposite direction represented by the arrow 55,
      the over-running clutch 25 will engage. Shaft keys 26 and 27 prevent
      unwanted torsion or slip.
PAR  Referring again to FIG. 1, the tool slide 2 is shown therein in starting
      position i.e. in position of rest. The moment the parting or severing
      operation is initiated by making a contact, the cylinder 17 is supplied
      with compressed air through a pipeline 28 so that the piston 18 is
      displaced in direction of the arrow 56. The tool slide 2 is displaced at
      the speed of the stroke of the piston 18 in direction of the arrow 53
      because of the steel cable 19 connected to the tool slide 2. As the speed
      of the tool slide 2 is accelerated, the sprocket wheel 16 turns all the
      more slowly until it reaches the point at which the over-running clutch
      engages. The over-running clutch maintains the speed of the slide 2 at
      that of the speed-determining chain 14 until the piston 18 changes its
      direction of travel i.e. reverses its stroke.
PAR  The quantity of air and the air pressure are adjustable by conventional
      control devices so that, depending upon the speed of travel of the
      material 1 a substantially uniform or constant acceleration of the speed
      of the tool slide 2 is obtained over the distance from the rest or
      starting position of the tool slide 2 to the point at which the speed of
      the tool slide 2 equals that of the material 1.
PAR  The tool slide 2 can travel a distance corresponding to that of the maximal
      stroke 51. The full length of the stroke is not required, however. The
      particular length of stroke 51' required for every parting or severing
      operation depends upon the time necessary to complete the operation.
PAR  The length of stroke 51' includes the distances traversed during
      acceleration of the tool slide 2, which is optimally less than 100 mm
      during travel of the tool slide 2 at a speed synchronized with that of the
      material strand 1, during slow-down or deceleration of the tool slide 2
      and during return travel of the tool slide 2 to the rest or starting
      position thereof. The severing operation per se takes place during the
      period of travel at a speed synchronized with that of the material 1. A
      parting or severing operation performed by means of a saw 22, 22' will
      take more time than a parting or severing operation performed by means of
      shears 23, 23'. Thus, under equal conditions, the length of stroke 51' is
      longer with sawing than with shearing.
PAR  The moment a conventional control switch signals that the parting or
      severing operation has ended, control means reverse the supply of
      compressed air, which is then delivered to the cylinder 17 through the
      pipeline 20 causing a reversal in the direction of travel of the piston
      18. The tool slide 2 is thereby restored to the rest or starting position
      thereof. The required length of the distance 51 depends upon the maximal
      traversal speed of the material and the maximal time required for the
      parting or severing operation.
PAR  Referring now to FIG. 5 of the drawing, when the end of a material strand 1
      contacts the conventional control switch shown as a releasing or tripping
      member 60, the latter transmits an electric pulse through the line 61 to a
      magnetic valve 62 which is energized to exert a magnetic attractive force
      which opens the valve to admit compressed air from a compressed air pipe
      system 63 to the cylinder 17 through a pipeline 28 so that the operating
      piston 18 is displaced in direction of the arrow 56 and, therewith, the
      severing tool slide 2 is displaced in direction of the arrow 53 which is
      the same direction as that in which the material strand 1 travels. After
      the resulting severing or parting operation, the severed material strand 1
      is rapidly transported away by a non-illustrated conventional transporting
      or conveying device so that the releasing or tripping member 60 is freed
      and produces a electrical reversal pulse which is transmitted through the
      line 61 to the magnetic valve 62 and reverses the latter so that the
      compressed air through the line 20 displaces the operating piston 18 back
      to its initial position.
CLMS
STM  We claim:
NUM  1.
PAR  1. Parting device for severing a traveling elongated material into
      predetermined lengths, comprising track means, a tool slide carrying a
      parting tool and mounted on said track means for traveling thereon in a
      direction parallel to a path along which the elongated material travels
      past the parting device, said tool slide being displaceable at a speed in
      synchronism with that of the traveling elongated material as a
      predetermined length is being severed from the elongated material by said
      parting tool and being displaceable back to a starting position after the
      predetermined length has been severed, control means for initiating the
      foregoing displacements of said tool slide, reversible, flexibly yielding
      drive means ever actuatable for the severing operation and capable of
      imparting a travel speed to said tool slide greater than the synchronized
      speed without braking said tool slide, a member traveling at a speed
      continuously in synchronism with the travel speed of the elongated
      material, and over-running clutch means interposed between said tool slide
      and said member for limiting the speed of sid tool slide from exceeding
      said synchronous speed while permitting said tool slide to lag behind said
      member.
NUM  2.
PAR  2. Parting device according to claim 1 wherein said felxibly yielding drive
      means comprises a cylinder operable by compressed air and having a
      reversing piston displaceable therein, said reversing piston having
      mechanical means continously connecting said piston to said tool slide.
NUM  3.
PAR  3. Parting device according to claim 2, wherein said mechanical means
      comprises a cable extending over reversing rollers and simultaneously
      serving as piston rods for said reversing piston, said cable having an
      outer portion secured to said tool slide and extending parallel to at
      least part of said track means.
NUM  4.
PAR  4. Parting device according to claim 1 including actuating means having
      contacts cooperable for initiating said severing operation and controlled
      valve means for simultaneously supplying compressed air to said cylinder.
NUM  5.
PAR  5. Parting device according to claim 2, wherein said cylinder and said
      piston are adapted to accommodate given air pressures and air quantities
      to effect an optimally short accelerated travel of said tool slide with
      substantially smooth engagement of said over-running clutch means.
NUM  6.
PAR  6. Parting device according to claim 1, wherein the traveling elongated
      material is delivered by a processing machine to the parting device, and
      wherein said synchronous traveling member comprises a roller chain
      revolving over sprocket wheels and having a run traveling at synchronous
      speed with the elongated material and parallel to said track means, one of
      said sprocket wheels serving as means for synchronously driving said
      member and being connected for positive rotation to a main shaft of the
      processing machine.
NUM  7.
PAR  7. Parting device according to claim 6, wherein said positive rotational
      connection comprises a main shaft for the parting device, and transmission
      gear means drivingly connecting said main shaft of the parting device to
      said one sprocket wheel which serves as said synchronously driving means.
NUM  8.
PAR  8. Parting device according to claim 6, wherein said over-running clutch
      comprises a radial roller bearing having an inner and an outer bearing
      race and including wedge members mounted on said inner bearing race and
      having surfaces inclined in direction of freewheeling of said over-running
      clutch, said inner bearing race being non-rotatably mounted on said tool
      slide, and including a sprocket wheel seated on said outer bearing race
      and being connected therewith non-rotatably relative thereto, said
      last-mentioned sprocket wheel being in continuous meshing engagement with
      said synchronously traveling run of said roller chain.
NUM  9.
PAR  9. Parting device according to claim 8 comprising two diverting sprocket
      wheels mounted on said tool slide, said diverting sprocket wheels being
      idly rotatable and being spaced from the sprocket wheel non-rotatably
      connected to said outer bearing race so as to extend said synchronously
      traveling run of said roller chain in an increased looping angle about the
      sprocket wheel non-rotatably connected to said outer bearing race.
NUM  10.
PAR  10. Parting device according to claim 6 wherein said roller chain is at
      least of double chain construction, and said sprocket wheels have a
      corresponding construction to accommodate said roller chain.
NUM  11.
PAR  11. Parting device according to claim 3 wherein the traveling elongated
      material is delivered by a processing machine to the parting device, and
      wherein said synchronously traveling member comprises a roller chain
      revolving over sprocket wheels and having a run traveling at synchronous
      speed with the elongated material and parallel to said track means, one of
      said sprocket wheels serving as means for synchronously driving said
      member and being connected for positive rotation to a main shaft of the
      processing machine and, wherein said over-running clutch comprises a
      radial roller bearing having an inner and an outer bearing race and
      including wedge members mounted on said inner bearing race and having
      surfaces inclined in direction of freewheeling of said over-running
      clutch, said inner bearing race being non-rotatably mounted on said tool
      slide, and including a sprocket wheel seated on said outer bearing race
      and being connected therewith non-rotatably relative thereto, said
      last-mentioned sprocket wheel being in continuous meshing engagement with
      said synchronously traveling run of said roller chain and further
      comprising two diverting sprocket wheels mounted on said tool slide, said
      diverting sprocket wheels being idly rotatable and being spaced from the
      sprocket wheel nonrotatably connected to said outer bearing race so as to
      extend said synchronously traveling run of said roller chain in an
      increased looping angle about the sprocket wheel non-rotatably connected
      to said outer bearing race, said track means and said tool slide being
      both disposed in a vertical plane, and said cylinder operable by
      compressed air, the axes of rotation of said reversing rollers for said
      cable and the axes of rotation of said sprocket wheels being all
      horizontally disposed.
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PAL  An upright rectangular frame has a roller conveyor in its lower horizontal
      member, carries hydraulically operated clamps on its upright members, and
      movably supports a carrier for a tilting circular saw on its upper
      horizontal member. A panel of plywood and the like can be cut horizontally
      into two sections while the lower edge of the lower section rests on the
      roller conveyor and the upper section is clamped to the frame. The lower
      section may then be shifted horizontally on the roller conveyor in the
      original plane of the panel and further divided into parts by vertical saw
      cuts, whereupon the upper panel section is lowered to the roller conveyor,
      and the procedure is repeated until the panel is entirely divided into
      portions of desired size.
PARN
PAR  This is a continuation, division of application Ser. No. 438,557, filed
      Feb. 1, 1974.
BSUM
PAR  This invention relates to carpentry, and particularly to a method and
      apparatus for sawing a panel into portions by several cuts in at least two
      directions transverse to each other.
PAR  Radial arm saws having a horizontal table permit panels of plywood and like
      large, planar bodies to be divided into smaller portions quickly and
      conveniently, but the table of a radial arm saw capable of accomodating a
      standard panel, 8 feet long and 4 feet wide, or panels of even larger
      size, requires much floor space. Where such space is not available, it has
      been common practice to stand the panel on one of its long edges while
      backed by an upright saw frame. The panel is divided into several sections
      by a series of horizontal cuts, beginning near the top edge and working
      down, and the long sections are removed from the frame as they are severed
      from the remainder of the panel. They are then returned to the frame one
      by one and cut transversely into the desired individual pieces. The
      procedure is slow, and usually requires more than one man if the original
      panel is large.
PAR  A primary object of the invention is the provision of a method for dividing
      a panel into individual pieces by longitudinal and transverse saw cuts in
      a faster and less labroious manner than was available heretofore while
      retaining the advantage of modest floor space requirements inherent in the
      afore-described conventional method.
PAR  Another important object is the provision of apparatus for performing the
      method outlined above with a minimum of manual labor.
PAR  With these and other objects in view, the invention, in one of its more
      specific aspects, resides in a method of dividing a substantially planar
      panel having an edge which comprises standing the panel on a support in a
      position in which the afore-mentioned edge is at least approximately
      horizontal, and the panel extends upward from the edge. The panel is first
      cut spacedly parallel to the edge into a lower section and an upper
      section, while the upper section is secured in its position relative to
      the support. Another edge is formed thereby on the upper section. The
      lower section thereafter is cut transversely to the first cut into at
      least two, but usually more, pieces which are removed from the support.
      The upper section thereafter is lowered until its newly formed edge rests
      on the support. The initially upper section thereafter is cut spacedly
      parallel to its newly formed edge into two parts, and the procedure is
      repeated until the entire panel is divided into the desired pieces.
PAR  The apparatus employed for performing the above method may include a
      supporting frame which defines a vertically extending plane of support for
      the panel to be divided. A saw unit is mounted on the frame for
      simultaneous or sequential movement in horizontal and vertical paths in
      cutting engagement with a panel extending in the plane of support.
      Releasable clamps on the frame permit the panel to be secured in that
      plane, and a moving device mounted on the frame permits a panel to be
      moved relative to the clamping device in the plane in a vertically
      extending direction.
DRWD
PAR  Other features, additional objects, and many of the attendant advantages of
      this invention will readily be appreciated, as the same becomes better
      understood from the following detailed description of preferred
      embodiments, when considered in connection with the appended drawing in
      which:
PAR  FIG. 1 shows apparatus of the invention and a panel to be cut in front
      elevation;
PAR  FIG. 2 illustrates the apparatus and panel of FIG. 1 in a different
      operating condition;
PAR  FIG. 3 illustrates a modification of the apparatus of FIGS. 1 and 2 in a
      fragmentary perspective view; and
PAR  FIG. 4 shows the apparatus of FIGS. 1 and 2 on a larger scale in greater
      detail, and without the panel.
DETD
PAR  Referring initially to FIG. 1, there is seen an elongated, rectangular
      frame 10 whose long horizontal bottom member 3 rests on the ground, the
      two short members 18, 18' of the frame extending upward from the bottom
      member 3 in a vertical, or almost vertical direction and carrying the
      horizontal top member 12. The latter serves as a guide or support for a
      saw carrier 1 which includes an approximately vertical guide rail 14 for a
      circular saw assembly 2. A base portion of the saw assembly slides
      vertically on the rail 14, and may be secured in an adjusted vertical
      position as is conventional and not specifically shown. The motor and
      circular saw blade are mounted on the base portion by means of a hinge 16.
      In the position seen in FIG. 1, the saw assembly is arranged for making
      horizontal cuts as indicated by the arrow 50.
PAR  Each short frame member 18, 18' carries a clamping device 6. In the
      condition of the apparatus seen in FIG. 1, the clamping devices 6 hold a
      panel 5 of plywood. The bottom edge of the rectangular panel stands on the
      bottom member 3 of the frame, and the cutting line indicated by the arrow
      50 is parallel to the bottom edge and on a level between the bottom edge
      and the clamping devices 6. An adjustable abutment 4 is mounted on the
      frame in the plane of support for the panel 5 defined by the frame and its
      devices, but outside the portion of the plane occupied by the panel 5 in
      FIG. 1.
PAR  FIG. 2 shows the device of FIG. 1 in a condition after the saw assembly 2
      has been moved horizontally back and forth in the direction of the arrow
      50 so as to divide the panel 5 into an upper section 5' secured in its
      position by the clamping devices 6, and a lower section 5" resting on the
      bottom frame member 3. A horizontally elongated gap 44 is formed by the
      teeth of the circular saw in the saw arrangement 2 between the panel
      sections 5', 5". As seen in FIG. 2, the lower section 5" was shifted on
      the bottom frame member 3 in the direction of the horizontal arrow 60 in
      the original plane of support toward the abutment 4, the saw arrangement
      was tilted for vertical cutting in the direction of the arrow 51, and for
      thereby dividing the lower section 5" into individual pieces which may
      then be removed from the frame 10.
PAR  As is shown in more detail in FIG. 4, the bottom member of the frame 10
      consists of two parallel bars 3b and a row of rollers 3a mounted between
      the bars for rotation about respective parallel axes transverse to the
      afore-mentioned plane of support. The bottom frame member, in effect,
      constitutes a roller conveyor which permits the lower section 5" to be
      shifted into the position shown in FIG. 2 with minimal effort.
PAR  The abutment 4 consists of a horizontal cylindrical bar 42 from which a
      stop 43 extends into the path of a panel section traveling on the rollers
      3a. The stop 43 may be shifted along the bar 42 and secured in any desired
      position by means of a set screw, not explicitly shown and conventional.
PAR  The short frame member 18 fixedly connects the top and bottom members 12,
      3, but the longitudinal mounting ends of the frame member 18' are
      bifurcated movably to receive edge portions of the long frame members. The
      member 18' thus may be shifted horizontally together with the clamping
      device 6 mounted thereon for accomodating panels of different length. The
      clamps of the two clamping devices 6 are each operated by hydraulic
      cylinders 62. Hoses 40 connect the cylinders 62 with control valves and
      the positive displacement pump of a conventional hydraulic circuit, not
      shown.
PAR  The top frame member 12 and the bottom frame member 3 are connected by two
      spacedly parallel guide rails 20 slidably engaged by brackets 22 which
      project from the guide rails into the plane of support for the panel
      omitted from the showing of FIG. 4. The brackets 22 are attached to
      respective links of two parallel chains 28 each trained over respective
      sprockets 26 near the top and bottom members of the frame 10. The output
      shaft of an electric motor 24 mounted on the frame member 3 carries one of
      the lower sprockets. The two upper sprockets are fixedly connected by a
      common shaft 32 journaled in the frame in a manner not shown and
      conventional. The other lower sprocket is also mounted on the frame in a
      manner not explicitly illustrated. The disc 34 of a hydraulic disc brake
      36 is mounted on the shaft 32, the stationary portion of the brake being
      fastened on the frame 10 in a manner not shown. A hose 38 provides
      operating fluid for the disc brake 36 from the aforementioned,
      non-illustrated hydraulic system.
PAR  As is seen in FIG. 4, the frame 10 is not precisely vertical, but tilted
      back slightly so that a panel resting on the rollers 3a is safely secured
      on the frame by gravity. After the panel 5 is cut horizontally into upper
      and lower sections 5', 5", as described above with reference to FIGS. 1
      and 2, the lower section 5" is moved on the rollers 3a toward the left, as
      viewed in FIGS. 1, 2, and 4, until its leading upright edge abuts against
      the suitably set stop 43. It is then cut vertically into two parts, the
      leading part is removed, and the remainder of the lower section 5" is
      moved against the stop 43 and vertically cut until it is divided into the
      desired number of smaller parts.
PAR  Thereafter, the motor 24 is energized to raise the brackets 22
      simultaneously and in horizontal alignment into engagement with the
      freshly cut lower edge of the upper panel section 5'. The hydraulic
      cylinders 62 are vented to a sump by the non-illustrated hydraulic system,
      so that the clamps 6 release the upper panel section, and the motor 24 is
      deenergized so as to permit the initially upper panel section 5' to
      descend under gravity at a rate that may be controlled by means of the
      brake 36 until the section 5' rests on the rollers 3a. It may then be
      clamped by the devices 6 whose position may be adjusted vertically for
      this purpose, and another horizontal cut may be made between the clamps 6
      and the rollers 3a. This procedure of alternating horizontal and vertical
      cuts performed in the same plane is repeated as often as is needed to cut
      the panel into individual pieces whose size is determined by shifting the
      saw assembly 2 vertically on the rail 14 prior to horizontal cuts, and by
      horizontally shifting the stop 43 on the rod 42.
PAR  A modification of the apparatus of FIGS. 1, 2, and 4 which makes it
      unnecessary to provide guide rails for the brackets 22 is shown in FIG. 3,
      the apparatus being identical with that described above as far as not
      specifically stated otherwise.
PAR  The short frame member 18' carries a vertical, or approximately vertical
      hydraulic cylinder 7 whose piston rod 19 carries a bracket 22. The other
      bracket 22 is supported in the same manner on the frame member 18, not
      itself seen in FIG. 3. The dimensions of the piston 7 and the piston rod
      19 are chosen to permit movement of the bracket 22 into the position shown
      in broken lines in which the bottom edge of a panel being lowered by the
      brackets as indicated by the arrow 61 is deposited on the rollers 3a for
      further horizontal movement in the direction of the arrow 60.
PAR  While the apparatus of the invention and its operation have been described
      with reference to plywood panels, it is capable of cutting panels of other
      material subject to minor modifications, such as the replacement of saw
      blades. When marble slabs or like heavy panels are to be cut, the severed
      lower section of a panel may not conveniently be moved manually on the
      roller track of the lower frame member 3, and the use of motor-driven
      conveyor rollers is specifically contemplated. Depending on specific
      operating conditions, the roller conveyor may also be inclined slightly to
      the horizontal to facilitate or impede movement of a cut panel section in
      the direction of the arrow 60.
PAR  The illustrated clamping devices 6 have each one jaw
PAR  A modification of the apparatus of FIGS. 1, 2, and 4 which makes it
      unnecessary to provide guide rails for the brackets 22 is shown in FIG. 3,
      the apparatus being identical with that described above as far as not
      specifically stated otherwise.
PAR  The short frame member 18' carries a vertical, or approximately vertical
      hydraulic cylinder 7 whose piston rod 19 carries a bracket 22. The other
      bracket 22 is supported in the same manner on the frame member 18, not
      itself seen in FIG. 3. The dimensions of the piston 7 and the piston rod
      19 are chosen to permit movement of the bracket 22 into the position shown
      in broken lines in which the bottom edge of a panel being lowered by the
      brackets as indicated by the arrow 61 is deposited on the rollers 3a for
      further horizontal movement in the direction of the arrow 60.
PAR  While the apparatus of the invention and its operation have been described
      with reference to plywood panels, it is capable of cutting panels of other
      material subject to minor modifications, such as the replacement of saw
      blades. When marble slabs or like heavy panels are to be cut, the severed
      lower section of a panel may not conveniently be moved manually on the
      roller track of the lower frame member 3, and the use of motor-driven
      conveyor rollers is specifically contemplated. Depending on specific
      operating conditions, the roller conveyor may also be inclined slightly to
      the horizontal to facilitate or impede movement of a cut panel section in
      the direction of the arrow 60.
PAR  The illustrated clamping devices 6 have each one jaw mounted on the
      associated frame member 18, 18' for vertical adjustment, and another jaw
      member mounted on the obscured piston rod of a cylinder 62 so that the two
      jaws are moved toward each other under hydraulic pressure, and are moved
      apart by a non-illustrated return spring in the cylinder 62 when the fluid
      pressure is relaxed. However, pivotally connected, hydraulically operated
      clamps are known and may be used to advantage if a panel is to be placed
      in its cutting position by horizontal movement at right angles to the
      plane of FIG. 1. The illustrated clamps are intended for use in an
      arrangement in which the panel to be divided is supplied by a hoist on a
      monorail conveyor and slid into the clamps 6 from above.
PAR  For light panels, such as 1/4 inch plywood and thin wood composition
      panels, a hydraulic clamping system is unnecessary, and the clamps may be
      replaced by suction cups connected to a vacuum system. Such cups may be
      mounted on a common horizontal bar vertically slidable on the frame 10
      proper.
PAR  Removing the severed lower panel portions in the plane of support defined
      by the frame 10, as is shown in FIGS. 1, 2, and 4, is usually most
      convenient and permits the same saw assembly 2 to be used for making
      vertical as well as horizontal cuts. However, these advantages may be
      retained, and further advantages gained by providing hydraulically
      operated brackets, as shown in FIG. 3, which pull the severed lower panel
      section at right angles to the plane of FIG. 1 to a suitable extension of
      the bottom frame member 3 to permit the upper section to be lowered and
      further cut horizontally, whereupon an entire stack of severed sections
      may be sliced vertically in a single cut by the saw assembly 2.
      Hydraulically operated brackets are not needed for moving severed lower
      sections of light plywood panels out of the support plane of the frame 10,
      and such lower sections may be moved out manually to permit the upper
      section to be lowered.
PAR  Other modifications of the apparatus illustrated and described will readily
      suggest themselves to those skilled in the art without departing from the
      spirit and scope of this invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for dividing a panel comprising, in combination:
PA1  a. a supporting frame defining a vertically extending plane of support for
      a panel to be divided;
PA1  b. saw means mounted on said frame for movement in horizontal and vertical
      paths in cutting engagement with a panel extending in said plane;
PA1  c. releasable clamping means on said frame for securing a panel in said
      plane; and
PA1  d. moving means mounted on said frame for moving a panel relative to said
      clamping means in said plane in a vertically extending direction.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, further comprising pressure-fluid
      operated actuating means connected to said clamping means for operating
      the same.
NUM  3.
PAR  3. Apparatus as set forth in claim 2, wherein said supporting frame
      includes a plurality of frame members, and mounting means securing one of
      said frame members to the other frame members for horizontally extending
      movement parallel to said plane, said clamping means including a clamping
      device mounted on said one frame member.
NUM  4.
PAR  4. Apparatus as set forth in claim 1, wherein said supporting frame
      includes a plurality of elongated frame members, said clamping means
      include a clamping device, and said moving means including a lifting
      device, said devices being mounted on the same one of said frame members,
      said one frame member being elongated in a vertically extending direction.
NUM  5.
PAR  5. Apparatus as set forth in claim 1, wherein said moving means include two
      brackets transverse to said plane for engaging a lower edge of a panel to
      be divided, and commmon drive means for simultaneously raising and
      lowering said brackets in said plane while maintaining said brackets in
      substantially horizontal alignment.
NUM  6.
PAR  6. Apparatus as set forth in claim 1, wherein said frame includes a roller
      conveyor having a row of upwardly exposed rollers rotatable in said plane
      about respective axes transverse to said plane.
NUM  7.
PAR  7. Apparatus as set forth in claim 6, further comprising abutment means for
      limiting horizontally extending movement of a portion of a panel in said
      plane while supported by said rollers.
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PAL  A radial arm saw features light weight, portability and simplicity of
      construction. A standard supports a one-piece radial arm that comprises a
      pair of horizontal, vertically spaced cantilever rails rigidly joined at
      their outer ends by an integral connecting member. A sliding runner spans
      the rails and has vertically spaced bearing parts receiving corresponding
      rails. A vertical spindle on the runner is connected at its lower end to
      the top of a cage that receives a conventional portable circular saw,
      thereby suspending the saw unit beneath the rails and above the work
      surface. The spindle permits the cage to be rotated for either cross-cut
      or ripping operations, and the radial arm is adjustable in a horizontal
      plane by a special detent arrangement on the standard that allows the
      elevation of the saw unit to be varied in any selected radial position.
BSUM
PAR  This invention relates to a radial arm saw which is portable and relatively
      uncomplex mechanically without sacrificing versatility of operation and
      the ruggedness required of saws of this type.
PAR  The radial arm saw is a standard shop tool that is useful in a wide variety
      of applications, but it is not inherently portable nor inexpensive. Though
      desirable, commercially available saws of this type have a cost beyond the
      reach of many hobbyists and do-it-yourself enthusiasts. Much of the
      mechanical complexity is in the construction of the radial arm and the
      reciprocal carriage that contains the cutting blade and drive.
      Furthermore, the inherent weight normally associated with conventional
      radial arm saws is due to the radial arm construction and the amount that
      it requires.
PAR  It is, therefore, the primary object of the present invention to provide a
      radial arm saw which overcomes the disadvantages heretofore considered
      inherent in saws of this type, and to thereby provide a saw of simplified
      construction which renders the saw apparatus lightweight and portable.
PAR  As a corollary to the foregoing object, it is an important aim of this
      invention to provide a saw as aforesaid which overcomes the mentioned
      disadvantages without sacrificing versatility of operation or structural
      strength of the components of the mechanism.
PAR  Still another important object of the invention is to provide a saw as
      aforesaid wherein the construction of the radial arm is materially
      simplified and a substantial weight reduction is realized, thereby
      contributing significantly to the portability of the overall assembly and
      a reduction in its cost.
PAR  Yet another important object of the invention is to provide a saw as
      aforesaid wherein the radial arm is of one-piece construction and presents
      a pair of horizontally extending, cantilever rails spaced apart in a
      vertical plane, the outer ends of the rails being spanned by an integral
      connecting member that maintains the ends fixed relative to each other.
PAR  Additionally, it is an important object of the invention to provide a means
      of suspending the cutting unit beneath the aforesaid rails, wherein such
      means employs a runner spanning the rails and having bearing parts
      receiving corresponding rails for sliding movement of the runner
      therealong, the bearing parts being rigidly supported in vertically spaced
      relationship so that the weight of the suspended cutting unit is supported
      by both rails held in a fixed spaced relationship.
PAR  Furthermore, it is an important object of the invention to provide a
      special mount for the suspended cutting unit, in the form of a cage
      particularly adapted to receive a conventional portable circular saw
      utilized as the power driven cutting unit.
PAR  Other important objectives are to provide selectivity as to crosscut or
      ripping operations, adjustability of the angular position of the radial
      arm in a horizontal plane, and a simple height control for varying the
      elevation of the radial arm and hence the elevation of the cutting unit
      with respect to the work surface.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of the saw apparatus of the present
      invention, movement of the power driven saw unit and its supporting cage
      along the radial arm being indicated by the broken line illustration;
PAR  FIG. 2 is a fragmentary, end view of the apparatus shown in FIG. 1, the
      ripping position being indicated in broken lines;
PAR  FIG. 3 is a side elevational view of the runner, cage and saw unit from the
      side opposite that seen in FIG. 1;
PAR  FIG. 4 is an enlarged, fragmentary, vertical sectional view taken along
      line 4--4 of FIG. 1;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 4, the
      detent being shown in plan for clarity;
PAR  FIG. 6 is a view of the runner casting from which the cage is suspended,
      showing the same partially in plan and partially in horizontal section and
      on the same scale as FIGS. 4 and 5;
PAR  FIG. 7 is a vertical sectional view taken along line 7--7 of FIG. 1 and on
      the same scale as FIGS. 4-6, the spindle and certain other components
      being shown in elevation for clarity;
PAR  FIG. 8 is a detail view of the releasable saw lock;
PAR  FIG. 9 is an enlarged, fragmentary, cross-sectional view taken along line
      9--9 of FIG. 3; and
PAR  FIG. 10 is a fragmentary, cross-sectional view along line 10--10 of FIG. 9.
DETD
PAR  Referring initially to FIG. 1, the saw apparatus includes a tubular
      standard or post 20 which supports a radial arm broadly denoted 22. A
      relatively short tubular component 24 having a closed upper end 26 is
      telescoped over the upper portion of the standard 20 and is formed with a
      pair of upper and lower bosses 28 and 30 respectively. The radial arm 22
      is of one-piece construction and, as viewed in FIG. 1, has an appearance
      resembling the slide of a slide trombone. The arm 22 may be formed from
      cold rolled steel, either solid or tubular stock.
PAR  By virtue of its configuration and construction, the arm 22 presents a pair
      of upper and lower cantilever rails 32 and 34 respectively which extend
      horizontally in parallelism from the standard 20. As may be appreciated
      from a comparison of FIGS. 1 and 2, the rails 32 and 34 lie in a common
      vertical plane as does the integral connecting member 36 that spans the
      outer ends 38 and 40 of the rails 32 and 34 respectively. The member 36 is
      longitudinally arcuate and extends outwardly beyond the rail ends 38 and
      40. Representative spacing between the parallel rails 32 and 34 would be
      approximately three inches (7.6 cm.) for a total arm length of 24 inches
      (61 cm.).
PAR  Referring to FIGS. 1, 4 and 5, it may be seen that the inner ends 42 and 44
      of the respective rails 32 and 34 are externally threaded and secured to
      the tubular component 24 at the bosses 28 and 30. The bosses extend
      horizontally and are bored to receive the ends 42 and 44, which are then
      firmly secured by pairs of nuts 46 and 48 on the respective ends 42 and 44
      engaging opposite ends of the horizontal bosses 28 and 30. The component
      24 is coaxial with the standard 20 but is prevented from rotating thereon
      by a detent 50 which is biased by a spring 52 into any one of three
      vertical slots 54 in the standard 20. The slots 54 are angularly spaced
      about the vertical axis of the standard 20, the center slot 54
      establishing the normal position of the radial arm 22 for regular crosscut
      operations (as shown). An integral knob 56 on the detent 50 permits the
      same to be manually shifted against the bias of the spring 52 so that the
      arm 22 may be swung in a horizontal plane to a 45.degree. position either
      left or right of center established by the two outer slots 54.
      Intermediate positions may also be selected by withdrawing the detent 50
      and locking the component 24 to the standard 20 through the use of a set
      screw 58 provided for this purpose.
PAR  Variation of the elevation of the radial arm 22 is accomplished by a
      vertical screw 60 threaded through the upper end 26 of the component 24 in
      coaxial relationship with such component and the standard 20. A crank
      handle 62 (FIG. 1) on the upper end of the screw 60 permits the operator
      to readily rotate the screw in either direction to raise or lower the
      component 24 on the standard 20. As may be seen in FIG. 4, this is
      accomplished by the lower end of the screw 60 in that it bears against a
      center recess in a disc 64 overlying the upper end of the standard 20. A
      small screw 66 is loosely received in a central opening through the disc
      64 and is threaded into the lower end of the elevating screw 60 in order
      to serve as a retainer to prevent separation of the disc 64 from the screw
      60 (and possible loss of the disc 64) upon disassembly of the standard 20
      and component 24.
PAR  Now referring particularly to FIGS. 1-3, 6 and 7, the cutting assembly of
      the present invention includes a runner 68 which rides on the rails 32 and
      34 and suspends a carrier 70 therebeneath, such carrier being in the
      nature of a cage that serves as a mount for a conventional portable
      circular saw unit 72. The runner 68 is a casting of vertically elongated
      configuration that spans the rails 32 and 34 and is provided with upper
      and lower sleeve bearings 74 and 76 respectively receiving corresponding
      rails 32 and 34. A lug 78 projects laterally from the top of the runner 68
      and a flange 80 likewise projects from the bottom thereof, the lug and
      flange being bored to receive a vertical spindle 82 which is welded to the
      top 84 of the cage 70 at its lower end. A locking pin 86 extends through
      any one of three holes 88, 90 and 92 in the flange 80 and is received by
      an opening 94 in the cage top 84. The holes 88, 90 and 92 are spaced apart
      at angular intervals of 45.degree. about the axis of the spindle 82, the
      hole 90 when aligned with the opening 94 (as illustrated) defining the
      position of the cage 70 for crosscut operations. The locking pin 86 may be
      removed and the cage 70 rotated until the opening 94 is aligned with
      either hole 88 and 92 and the locking pin reinserted, either of these
      latter positions being used for ripping. The broken line illustration in
      FIG. 2 corresponds to alignment of hole 88 with opening 94 which places
      the handle 96 on the right side as viewed in FIG. 2. A set screw 97 is
      threaded into the upper sleeve bearing 74 and is used to hold the runner
      68 stationary on the radial arm 22 during ripping operations.
PAR  The top 84 of the cage 70 is held in flush engagement with the horizontal
      bottom surface presented by the flange 80 by a coil spring 98 telescoped
      over the upper end portion of the spindle 82. The spring 98 is loaded in
      compression between the lug 78 and a pair of nuts 100 threaded on the
      upper end of the spindle 82.
PAR  The cage 70 as illustrated is made from a strip of metal plate stock formed
      into a closed, generally rectangular frame configuration. The ends of the
      strip join at the lower righthand corner of the cage 70 as viewed in FIG.
      1, and are welded at that point. The top 84 is flat, as is the bottom 102,
      and both extend horizontally in parallelism except for the three rounded
      corners. Likewise, the opposed side members 104 and 106 are disposed in
      parallelism but at right angles to the top 84 and bottom 102, the handle
      96 being secured to the member 106. It may be appreciated that the cage 70
      circumscribes the saw unit 72 with its bottom 102 serving as a mounting
      base for the unit as will now be described in detail.
PAR  The saw unit 72 has a frame consisting of a motor housing 108, a fixed
      blade guard 110 and a handle 112 as basic components. A rotary blade 114
      is attached to the driven shaft 116 of the motor drive, the electric motor
      itself and the gear drive to the shaft 116 not being illustrated herein in
      detail. The particular unit 72 shown is a model 574, 71/4 inch power saw
      manufactured by Skil Corporation of Chicago, Ill., and sold under the
      trademark SKILSAW. The unit 72 has a baseplate 118 of rectangular
      configuration which presents a pair of opposed end edges 120 and 122. The
      baseplate 118 directly overlies the bottom 102 of the cage 70, with the
      edge 120 being inserted under a pair of screws 124 in the side member 106
      which project into the cage 70. The opposite edge 122 (see FIG. 8) is
      captured beneath a locking catch 126 which is biased toward the locked
      position illustrated by a coil spring 128. A knob 130 on the outer end of
      the stem of the catch 126 provides a convenient means whereby the catch
      may be withdrawn against the bias of the spring 128 to disengage the inner
      end of the catch 126 from the edge 122, thereby releasing the saw unit 72
      from the cage mount. The unit 72 is further stabilized by a pair of
      upstanding pins 132 on the cage bottom 102 which are received within
      openings in the baseplate 118. In the particular unit illustrated, such
      openings in baseplate 118 exist in the unit as manufactured and thus are
      employed in the present invention in conjunction with the appropriately
      positioned pins 132. It will be appreciated that other circular saw units
      may also be employed and, in that case, the pins 132 would be relocated as
      necessary. A counterspring 134 is attached to a stud 136 on the movable
      blade guard of the unit 72 to maintain the movable guard in a raised
      position (hidden from view in FIG. 1) where it does not interfere with the
      portion of the blade 114 projecting below the baseplate 118.
PAR  Circular saws such as illustrated at 72 provide for vertical adjustability
      of the rotary blade 114 as may be seen in FIG. 3. This adjustment is
      accomplished by loosening the wing nut 140 on the handle 112 to permit the
      frame of the saw unit to pivot about the axis of a hinge pin 142.
      Similarly, tilting of the saw blade 114 relative to the plane of the
      baseplate 118 is accomplished by loosening a wing nut 144 so that the
      frame of the unit can pivot about a horizontal axis provided in the unit
      which extends in parallelism with the baseplate 118 longitudinally thereof
      (parallel to the radial arm 22 when the cage 70 is in the crosscut
      position illustrated in FIGS. 1 and 3 and in FIG. 2 in full lines).
PAR  The electric motor within the housing 108 is activated by a trigger 146
      which, when depressed, closes an internal electric switch (not shown). For
      the convenience of the operator since handle 96, not the handle 112 of the
      saw unit 72, is used in the operation of the saw apparatus of the present
      invention, means is provided to hold the trigger depressed to maintain the
      motor energized. This is illustrated in FIGS. 9 and 10 where it may be
      seen that a U-shaped clasp 148 holds a plate 150 against one side of the
      handle 112 adjacent the trigger 146, the plate 150 serving as a mount for
      a rotatable crank 152. The shaft of the crank 152 extends through the
      plate 150 and into the hollow of the handle 112 where the trigger 146 is
      located, the inner end of such shaft being provided with an eccentric cam
      154 which engages the trigger 146 and depresses the same when the crank
      152 is rotated to the broken line position thereof illustrated in FIGS. 3
      and 10. Due to the interference between the cam 154 and the trigger 146
      created by the internal return spring (not shown) of the trigger 146, the
      cam 154 remains in the actuated position to hold the trigger depressed
      until the crank 152 is returned by the operator to the position
      illustrated in full lines.
PAR  In FIG. 1 it may be seen that a table base structure for the saw apparatus
      comprises an angle iron frame 156 to which the lower end of the standard
      20 is welded at the center of the inner frame member 158. The frame 156 is
      preferably square and holds two square pieces of particle board 160
      stacked one on top of the other within the frame 156. Each piece of
      particle board 160 may be turned 90.degree. four times and inverted;
      accordingly, 16 surfaces are effectively provided to compensate for wear
      in normal use. A stop block 162 is secured to the work surface by any
      suitable means adjacent the base of the standard 20 and extends along the
      inner margin of the surface to provide a guide for the work piece (not
      shown).
PAR  In the utilization of the present invention, it is evident that the saw
      apparatus may be disassembled into its major components for convenient
      portability, or transported as an assembled unit. At such time, the
      circular saw 72 would normally be removed from the cage 70 for
      conventional use as a portable hand saw. It may be appreciated that the
      circular saw is very quickly returned to the cage 70 by withdrawing the
      locking catch 126, placing the baseplate 118 on the cage bottom 102 in
      proper position on the pins 132 with the end edge 120 inserted beneath the
      retaining projections provided by the screws 124, and then releasing the
      catch 126 to engage the same with the end edge 122 and lock the baseplate
      118 to the bottom 102.
PAR  The work piece is placed on the supporting surface provided by the stacked
      pieces of particle board 160 against the stop block 162 and cutting
      operations proceed in the usual manner for saws of the radial arm type.
      For crosscut operation, which is the mode illustrated in FIG. 1, the
      operator grasps the handle 96 on the cage 70 and advances the blade 114 as
      desired along the path defined by the rails 32 and 34. The angular
      position of the radial arm 22 (rails 32 and 34) in a horizontal plane is
      quickly and conveniently set by withdrawing the knob 56 of the detent 50
      and rotating the arm to the desired position. At 45.degree. left or right
      of center, the detent 50 snaps into the respective outer slot 54 (FIGS. 4
      and 5); the set screw 58 is employed for other angles.
PAR  At the primary angular positions defined by the three slots 54, the radial
      arm 22 remains locked in place during height adjustments. This feature is
      provided by the vertical elongation of the slots 54 in cooperation with
      the detent 50 which rides in the respective slot as the screw 60 is
      rotated in either direction by the crank handle 62. The slots 54,
      therefore, define a wide range of elevation adjustment to facilitate
      different diameters of the saw blade 114 or different saw units 72 that
      might be employed.
PAR  For ripping operations, as mentioned above, the spindle 82 permits rotation
      of the cage 70 as illustrated in broken lines in FIG. 2. The locking pin
      86 is momentarily removed from the hole 90 and reinserted through either
      hole 88 or 92 and the underlying opening 94 in the cage top 84. The set
      screw 97 holds the runner 68 and cage 70 at the desired position along
      radial arm 22, and the work piece is advanced through the blade 114.
PAR  It should be particularly noted that the radial arm 22, although cantilever
      supported and of lightweight construction, remains stable and does not
      bend or deflect when the cage 70 is adjacent its outboard end as
      illustrated in full lines in FIG. 1. The stability imparted is due to
      several factors including the one-piece construction of the radial arm and
      the location of the spaced rails 32 and 34 in a common vertical plane. The
      connecting member 36, being integral with the rails 32 and 34, is rigidly
      joined to the outer ends 38 and 40 of the rails and maintains such ends
      fixed relative to each other. This further contributes to the stability of
      the radial arm since the vertical spacing of the rails 32 and 34 is fixed
      at both the inner and outer ends; accordingly, for the upper rail 32 to be
      placed in tension, the lower rail 34 must be placed in compression and the
      rails thus resist any tendency to bend or deflect. Additionally, the upper
      and lower sleeve bearings 74 and 76 on the runner 68 are rigidly supported
      by the runner casting in fixed spaced relationship aligned with and
      receiving the corresponding rails. This maintains the rail spacing at the
      runner 68 at intermediate positions thereof along the length of the radial
      arm as illustrated, for example, by broken lines in FIG. 1.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. Radial arm saw apparatus comprising: a work-supporting surface;
PA1  an upright support adjacent said surface;
PA1  a pair of vertically spaced, upper and lower cantilever rails fixed to said
      support, extending generally horizontally therefrom above said surface,
      and each presenting an outer end remote from said support,
PA1  said rails lying in a common vertical plane;
PA1  a connecting member spanning the outer ends of said rails, rigidly joined
      to said ends and maintaining the same fixed relative to each other;
PA1  a power-driven saw unit;
PA1  a carrier beneath said lower rail receiving said unit and mounting the same
      in an operational position; and
PA1  means on said rails movable therealong and suspending said carrier
      therebeneath, whereby the carrier and hence the saw unit can be advanced
      along a path defined by said rails to make a cut in a workpiece positioned
      on said surface.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein the outer ends of said
      rails are in substantial vertical alignment, and wherein said connecting
      member lies in said plane.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein said rails and connecting
      member present a radial arm of onepiece, unitary construction.
NUM  4.
PAR  4. The apparatus as claimed in claim 3, wherein the outer ends of said
      rails are in substantial vertical alignment, and wherein said connecting
      member lies in said plane.
NUM  5.
PAR  5. The apparatus as claimed in claim 4, wherein said rails are in
      parallelism, and wherein said connecting member is elongated and
      longitudinally arcuate and extends outwardly beyond said outer ends.
NUM  6.
PAR  6. The apparatus as claimed in claim 1, wherein said rails are in
      parallelism, and wherein said movable means includes a runner spanning
      said rails and having vertically spaced, upper and lower bearing parts
      receiving corresponding rails for sliding movement of the runner
      therealong.
NUM  7.
PAR  7. The apparatus as claimed in claim 6, wherein said runner has structure
      between the rails rigidly supporting said bearing parts in spaced
      relationship aligned with corresponding rails.
NUM  8.
PAR  8. The apparatus as claimed in claim 6, wherein said movable means further
      includes a vertical spindle on said runner having a lower end secured to
      said carrier to suspend the latter beneath the rails, said spindle
      establishing a vertical axis for rotation of said carrier about said axis
      to a selected position for crosscut or ripping operations, and means
      releasably locking the carrier to the runner in the selected position.
NUM  9.
PAR  9. The appartus as claimed in claim 8, wherein said saw unit has a rotary
      blade, and wherein said carrier comprises a cage circumscribing said unit
      and having a bottom supporting the unit with said blade projecting below
      said bottom toward said surface, and a top to which said lower end of the
      spindle is secured.
NUM  10.
PAR  10. The apparatus as claimed in claim 1, wherein said saw unit has a
      baseplate and a rotary blade projecting through said baseplate, and
      wherein said carrier comprises a cage circumscribing said unit and having
      a bottom receiving said baseplate thereupon and a top secured to said
      movable means, and means releasably locking said baseplate to said bottom.
NUM  11.
PAR  11. The apparatus as claimed in claim 10, wherein said cage has a side
      member provided with a handle to facilitate advancement of the cage in
      making a cut.
NUM  12.
PAR  12. The apparatus as claimed in claim 1, wherein said support includes a
      standard and a tubular component telescoped thereon, said rails having
      inner ends secured to said component, said standard presenting a vertical
      axis and having vertically extending slots therein angularly spaced with
      respect to said axis, said component being provided with detent means
      selectively receivable in individual slots upon rotation of said component
      about said axis to permit the rails to be releasably held in a selected
      angular position in a horizontal plane, and wherein is provided means for
      raising and lowering said component on said standard whereby, over a range
      permitted by said slots, the elevation of the saw unit may be varied with
      said detent means engaged.
NUM  13.
PAR  13. The apparatus as claimed in claim 1, wherein said support includes a
      standard and a coaxial, tubular component telescoped thereon having a
      closed upper end, said rails having inner ends secured to said component,
      and wherein is provided screw means extending axially of said standard and
      component and threaded through said upper end of the component for raising
      and lowering the latter on said standard to vary the elevation of the saw
      unit.
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ABST
PAL  A metal plate shears for cutting large sheets of metal includes a fixed
      blade, and a movable blade cooperable therewith. The movable blade is
      mounted on a plate having a plurality of circular apertures therein. Discs
      are mounted in these apertures, the discs being eccentrically supported,
      the axes of the eccentrics being in the same angular relation to and the
      same angular relation from, the centers of the discs. Arms are secured to
      the discs, and hydraulic means are provided for rotating the discs about
      their eccentric axes. Rotation of the discs lowers the plate bearing the
      movable cutting knife past the fixed knife, shearing off a sheet inserted
      between the blades.
BSUM
PAR  This invention relates to a plate shear and deals particularly with a shear
      adapted to cut off plates of metal for the like which may be of
      substantial thickness and considerable width.
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of working metal, it is often necessary to cut off plates which
      are of considerable thickness and considerable width. This is normally
      accomplished by providing a fixed blade over which the plate to be cut is
      inserted, and providing a movable blade which normally moves downwardly in
      a vertical direction against the plate to be sheared, shearing the plates
      between the fixed blade and the vertical and movable blade.
PAR  Numerous devices have been used for this purpose. For example, U.S. Pat.
      No. 3,678,792 issued July 25, 1972 to Frank Dvorak discloses a frame
      having opposite end portions which are fixed to a supporting base which
      includes end members which extend upwardly to support a vertically
      slidable plate having a movable shearing edge along its lower edge. A
      fixed shearing blade is mounted upon the base. The movable plate includes
      a series of ramps which are spaced and similarly inclined. By forcing
      rollers against the ramp, and moving the rollers in unison up the ramp,
      the movable plate is forced downwardly to shear off the plate inserted
      between the shearing blades.
PAR  Numerous other forms of plate shears have been produced, one of the
      important differences being in the particular means of raising and
      lowering the movable shearing plate relative to the frame.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention lies in the provision of a plate shear including a
      base portion having upwardly extending ends secured thereto which support
      a pair of spaced parallel supporting means between which the movable plate
      may move. The movable plate is preferably provided with a series of
      circular apertures therethrough, the apertures being preferably at
      substantially equal distances from the top of the movable plate. Discs are
      supported in these apertures by suitable bearing means so that the discs
      can pivot readily within the apertures. The discs are mounted upon axes
      which are eccentric relative to the centers of the discs. The distance
      between the pivotal supports and the centers of the discs is equal, as is
      the angularity between the pivotal supports and the centers of the discs.
      The pivots supporting the discs are supported by the supporting means on
      opposite sides of the movable plate, means are provided to rotate the
      pivots in unison, and rotation discs acts to raise and lower the movable
      plates.
PAR  In view of the fact that the discs are readily rotatable in the movable
      plates, and in view of the fact that the eccentricity of the pivot means
      supporting the discs is identical on each of the discs, the rotation of
      the pivots will tend to lower the movable plate on one direction of
      pivotal movement, and to raise the movable plate when the discs are
      rotated in the opposite direction.
PAR  A feature of the present invention resides in the fact that the discs are
      provided with pivots which are aligned on opposite sides of the discs and
      which are preferably supported in suitable bearings in the supports on
      opposite sides of the movable plate. The pivots preferably extend through
      the fixed sides, and are keyed to arms which extend in parallel relation
      from the pivots. The arms are connected by a connecting member which is
      pivotally attached to the opposed arms extending from each disc. By
      movement of ths connecting member, the discs are rotated, moving the
      movable plate in a direction to shear off the plate between the blade, and
      returning the discs to their normal position.
PAR  A feature of the present invention resides in the provision of guides which
      extend through the movable plate, and extend through slots which are
      shaped to guide the plate during its up and down movement as the discs
      rotate.
PAR  A further feature of the invention resides in the provision of means such
      as a hydraulic cylinder connected to an end of the connecting means
      connecting the various arms so that the arms may be pivoted to extreme
      positions to move the movable plate from a position above the fixed
      shearing blade to a position adjoining the same or in side by side
      relation thereto, after the plate has been sheared.
PAR  A further feature of the present invention lies in the use of circular
      discs to pivot in the movable plate and to act as the moving means. This
      permits circular bearings to be used between the discs and the apertures,
      and permits the discs to rotate readily within the movable plate.
PAR  These and other objects and novel features of the present invention will be
      more clearly and fully set forth in the following specification and claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming a part of the specification.
PAR  FIG. 1 is a front elevational view of the apparatus with a portion of one
      of the plate supports broken away to show the movable plate and the discs
      therein.
PAR  FIG. 2 shows in full line the movable plate in its elevated position and
      shows in broken lines the position of the plate in its lowered position.
PAR  FIG. 3 is a sectional view through the shear, the position of the section
      being indicated by the line 3--3 of FIG. 1.
PAR  FIG. 4 is a diagrammatic view of a means for actuating the hold down plate
      for holding the plate in position while it is being sheared.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The bar shear is indicated in general by the letter A. As indicated in FIG.
      1 of the drawings, the shear includes a pair of opposed end plates 10 and
      11 between which are positioned a T-shaped frame member 12 including a
      vertical plate 13, and a horizontal top plate 14. Parallel side plates 15
      and 16 extend from the top plate 14 to a portion of the end plates 10 and
      11 as illustrated in FIG. 3 of the drawings, thus providing a sturdy top
      capable of sustaining the force of the shearing action. Gusset plates 18
      reinforce the top plate 14 to further reinforce the base of the apparatus.
PAR  A channel 17 is provided including a top web 19, a bottom web 20, and a
      vertical connecting web 21. A shearing plate 22 is bolted or otherwise
      secured to the vertical web 21 of the channel 17 as indicated at 23.
PAR  A pair of side supports 24 and 25, which in the present form are shown as
      plates, extend between the end plates 10 and 11, one of these supports
      such as 25, being removable to provide access to the space between these
      plates and the movable plate. A slideable plate 26 or movable plate, as it
      has been sometimes described is movable between the supports 24 and 25.
PAR  With reference to FIGS. 1 and 2 of the drawings, the movable plate 26 is
      provided with a series of circular apertures 27 extending therethrough.
      The lower edge of the movable plate 26 is provided with a shearing blade
      28 which is designed to cooperate with the shearing blade 22 to cut a
      plate of metal inserted therebetween.
PAR  Discs such as 29 are supported by bearings 30 in the circular apertures 27.
      The discs 29 are provided with opposed pivots 31 and 32 which are integral
      with, or keyed to, the discs 29. The pivots 31 and 32 extend through
      aligned bearings 33 and 34 in the supporting members 24 and 25
      respectively and project beyond these supporting members. Arms 35 and 36
      are keyed or otherwise secured to the pivots 31 and 32 and are connected
      thereto through a connecting member 37, and are pivotally connected
      thereto by pivots 39. The connecting member 37 connects the ends of the
      arms 36 which are entirely parallel at all times. It should be mentioned
      that the pivots 34 and 35 are eccentric with respect to the centers of the
      discs 29, and equal distance from the centers, the axes of the pivots 34
      and 35 being at the same angular relation from the centers of the discs 29
      at all times.
PAR  A V-shaped mounting bracket 40 extends outwardly from the frame end 11. A
      pivot plate 42 extends upwardly from the bracket 40 and is pivotally
      connected at 43 to a cylinder 44. The cylinder 44 contains a piston 45,
      the piston rod 46 of which is pivotally connected to the connecting member
      37 at 47. The cylinder 44 is preferably double acting so as to operate the
      connecting member 37 in either direction.
PAR  A cylinder 44 is diagrammatically indicated as being actuated by a pump 50
      mounted upon a reservoir 51 on a shelf 52 on the end member 11. A motor 53
      also resting upon a shelf 54 on the end member 11 is connected by a belt
      55 to the pump 50 to actuate the same. Control means are provided, not
      illustrated, which control the pump and the cylinder 44 which actuates the
      connecting member 37. A stabilizing bearing 56 slidably supports a shaft
      57 pivotally connected by a link 59 to the end of the connecting member
      37. The side plates 24 and 25 are connected by bolts or other fastening
      means 60 which extend through slots 61 in the movable plate 26. These
      fastening means quide the movable plate in a diagonal shearing movement.
PAR  When the connecting member 37 is urged to the left as indicated in the
      drawings, the arms 36 are swung into the position indicated by the broken
      lines 62 which indicate the axes of these arms. This rotates the discs 29
      which move from the position shown at full lines in FIG. 2 to the position
      shown in dotted outline therein. Thus the pivoting of the pivots 31 and 32
      act to lower the movable plates 26, acting to shear off a plate inserted
      between the cutting blades 22 and 27.
PAR  FIGS. 3 and 4 of the drawings disclose a hold down bar 63 designed to clamp
      the plate against the upper flange 19 of the channel 17 during the
      shearing operation. The bar 63 is provided at its ends with transverse
      slots 64 designed to accommodate bolts 65 extending through the ends of
      bell crank levers 66 pivotally supported to the frame as indicated at 67.
      Hydraulic cylinders such as 69 (see FIG. 3) pivots the levers 66 in a
      manner to clamp the plate to be sheared in proper position before the
      shearing action has started.
PAR  The operation of the apparatus is believed obvious from the foregoing
      description. A plate of metal or other suitable material is inserted
      between the cutting blades 22 and 28, and the plate is positioned so that
      the line to be sheared is in line with the blades. Fluid is applied to the
      cylinders 69 to clamp the plate. Fluid is also applied to the cylinder 44
      in a direction to rotate the various discs 29 in a counter clockwise
      direction as viewed in the figures. This action causes the disc 29 to
      rotate about the axes of the pivots 31 and 32 and to lower the movable
      plate 26, this moves the cutting jaws 22 and 27 into overlapping relation,
      shearing off the plate.
PAR  The use of the relatively large diameter circular discs has several
      advantages. In the first place, the discs rotate freely in the needle
      bearings or the like providing a minimum of friction between these parts.
      Secondly, the leverage provided by the parallel arms 36 on the discs 29
      causes a pressure sufficient to shear a relatively thick metal plate. The
      structure while in itself is extremely sturdy, is inexpensive to produce,
      and the entire device may be produced at a cost which is considerably less
      than the plate shears which are at present on the market. Any difficulty
      which is experienced with the apparatus can be readily repaired by
      removing the removable side of the support which provides access to the
      entire interior of the device.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my Sheet Shear and while I have endeavored
      to set forth the best embodiments, I desire to have it understood that
      obvious changes may be made within the scope of the following claims
      without departing from the spirit of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A metal plate shears comprising in combination:
PA1  a frame including a pair of parallel end plates and a transverse frame
      member connecting said frame members,
PA1  a fixed connecting web supported by said transverse frame member,
PA1  a fixed blade supported by said connecting web,
PA1  a pair of spaced plates forming support means connecting said end plates
      above the level of said fixed blade,
PA1  a movable plate between said spaced plates and supported for slideable
      movement therebetween and having a cutting edge on its lower edge
      cooperable with said fixed blade to shear a plate therebetween,
PA1  said movable plate having a plurality of circular apertures therethrough,
PA1  disc means rotatably supported in said circular apertures,
PA1  means pivotally supporting said discs to said fixed support means for
      movement about axes which are eccentric relative to the centers of said
      discs, said pivotal supporting means being equidistant from the centers of
      the discs and at the same angular relation thereto,
PA1  means connected to said discs and extending through at least one of said
      spaced plates for rotating said discs about said eccentric axes, and
PA1  means connecting said connecting means for pivoting said discs in unison.
NUM  2.
PAR  2. The structure of claim 1 and in which said means pivotally supporting
      said discs is supported by both of said support means.
NUM  3.
PAR  3. A metal plate shears comprising in combination:
PA1  a frame including a base, end members extending upwardly from said base, a
      pair of fixed supporting means extending between said end members in
      spaced parallel relation in spaced relation to said base,
PA1  a movable plate slidably supported between said spaced supporting means and
      engaged thereby for guidance in movement,
PA1  a movable shearing blade supported by said movable plate along the lower
      edge thereof,
PA1  a fixed shearing blade supported by said base cooperable with said movable
      shearing blade,
PA1  said movable plate having a series of circular apertures of equal diameter
      therethrough,
PA1  discs in each of said apertures and rotatable therein,
PA1  pivot means eccentric with respect to the centers of said discs, the pivot
      means being fixed relative to said discs and spaced from the centers of
      said discs on equal distance and in the same angular relation with respect
      thereto,
PA1  said pivot means being supported by said supporting means and extending
      through both of them,
PA1  means connected to said pivot means to rotate said discs in unison,
PA1  and means connecting said connecting means for rotating said discs in
      unison about said eccentric pivot means to move said movable plate from
      position in spaced relation to said fixed shearing blade to a position
      adjacent to said fixed shearing blade to shear a plate inserted between
      said blades.
NUM  4.
PAR  4. The structure of claim 3 and in which said means connected to said pivot
      means includes arms secured to said pivot means in parallel relation, and
      means pivotally connecting said arms for movement in unison.
NUM  5.
PAR  5. The structure of claim 4 and including a hydraulic cylinder connected to
      said means pivotally connecting said arms for actuating the same.
NUM  6.
PAR  6. The structure of claim 4 and in which said arms extend generally
      vertically, and said means pivotally connecting said arms extends
      generally horizontally.
NUM  7.
PAR  7. The structure of claim 3 and including bearings between said discs and
      said circular apertures.
NUM  8.
PAR  8. The structure of claim 3 and including bearing means between said discs
      and said supporting means.
NUM  9.
PAR  9. The structure of claim 3 and including guide means extending between
      said supporting means and extending through slots in said movable plate.
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ABST
PAL  The bi-directional saw chain is made up of two links, a cutting link and a
      connecting link. The cutting link is symmetrical about its vertical center
      line and includes an L-shaped cutting section having cutting surfaces
      along both the leading and trailing edges. Legs extend outwardly from the
      cutting link on either side of the cutting section. These legs terminate
      in a surface which acts as a depth gauge. Each leg also includes a stop
      shoulder for engagement with the connecting link. The connecting link
      includes two offset and parallel sections, each having an outwardly
      extending flange. The outwardly extending flanges of adjacent connecting
      links form side by side parallel and spaced flanges which accommodate a
      perimetric trackway on the saw blade. Each connection is pivotal so that
      the leading leg acts as the depth gauge and the trailing leg engages the
      connecting link to form the stop and position the cutting link for proper
      functioning.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My invention relates to saw chains and, more particularly, to saw chains
      having bi-directional cutting links.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The basic saw chain employed today is made up of three basic links
      connected together serially to form an endless chain. The cutting link
      includes a generally L-shaped leading edge cutting surface and a forwardly
      positioned depth gauge to engage the bottom of the saw kerf to control the
      depth of the cut made by the cutting surface and prevent undue digging of
      the cutting link. In addition to the cutting link, a connecting link and a
      drive link are used. The drive link includes an outwardly extending flange
      and is centrally positioned along the longitudinal center line of the saw
      chain to ride in a groove in the saw blade. The remaining link is a
      standard connecting link or side link as it is called since it is
      generally used in pairs to connect the drive links or used singly in side
      by side relationship with a cutting link. Each of the links are pivotally
      connected to adjacent links and the saw chain is operable in a single
      direction.
PAR  A few bi-directional saw chains are known in the prior art, but these are
      made up of a series of complex links and/or components and for this reason
      have not proved practical or successful.
PAC  SUMMARY OF THE INVENTION
PAR  My saw chain provides a bi-directional cutting link so that the saw chain
      is totally reversible. The reversibility of the saw chain is achieved with
      a minimum number of links with each link being noncomplex in design.
      Because of the simplicity of design, my saw chain can be operated in a
      first direction, thereafter reversed and operated in a second direction
      and thereafter discarded and replaced by an identical saw chain. This
      avoids the necessity of sharpening since the noncomplex design results in
      an ease of manufacturing and resultant lower cost which permits the blade
      to be replaced at an expense favorable to repeated sharpening.
PAR  In accordance with the present invention the saw chain is made up of a
      cutting link and a connecting link. The cutting link has a central section
      substantially L-shaped having cutting surfaces along both the leading and
      trailing edges. Legs extend outwardly on either side of the cutting
      section. The leading leg serves as a depth gauge and the trailing leg
      functions as a positioning stop for cooperation with the connecting link.
      The connecting link includes two parallel and offset sections joined
      through an intermediate section and each having an outwardly extending
      flange. When the links are connected through pivotal connections, the
      outwardly extending flanges of adjacent connecting links form side by
      side, parallel and spaced flanges to accommodate a perimetrical trackway
      on the saw blade.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a chain saw;
PAR  FIG. 2 is a plan view of a prior art saw chain;
PAR  FIG. 3 is an elevation of the prior art saw chain;
PAR  FIG. 4 is a plan view of the bi-directional saw chain;
PAR  FIG. 5 is an elevation of the bi-directional saw chain;
PAR  FIG. 6 is an elevation of the connecting link;
PAR  FIG. 7 is an end view of the connecting link;
PAR  FIG. 8 is an elevation of the cutting link;
PAR  FIG. 9 is an end view of the cutting link;
PAR  FIG. 10 is a partly exploded view showing the links in assembled condition
      and about the blade; and
PAR  FIG. 11 is a plan view of the connecting link.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  My saw chain is intended for use on a chain saw, normally of the portable
      type and the details of which do not form a part of my invention. Such a
      chain saw, generally designated 10, includes a power providing means 11, a
      blade 12 and an endless saw chain 15 which is operative about the blade
      12, FIG. 1. Handles 13 are normally provided about the power providing
      means 11 which is commonly an internal combustion engine 14. The saw chain
      is driven by a sprocket (not shown) within the power providing means
      housing and which in turn is driven by the output shaft of the engine 14.
PAR  The prior art saw chain 16 for such chain saws 10 normally comprises a
      cutting link 17, side links 18 and a central drive link 19, FIGS. 2 and 3.
      The cutting link 17 has a cutting surface 20 along its leading edge and a
      depth gauge 21 in advance of the cutting surface 20 to control the depth
      of the cut. The links are joined by pivot pins 22. The assembled linkage
      normally includes a cutting link 17 and side link 18 in side by side
      relationship connected to a central drive link 19 which in turn is
      connected to side links 18 in side by side relationship. The side links 18
      are then connected to a central drive link 19 which in turn is connected
      to the next cutting link 17, etc. The cutting link 17 is generally
      L-shaped and the cutting links 17 are alternately positioned on opposing
      sides of the saw chain 16.
PAR  My bi-directional saw chain, generally designated 24, is comprised of a
      cutting link 25 and a connecting link 35 joined by a pivot pin 40, FIGS. 4
      and 5.
PAR  The cutting link 25 comprises a main body 26 having a hole 27 therethrough
      to accommodate the pivot pin 40, FIGS. 8 and 9. Extending outward from the
      body 26 is the cutting section 28, generally L-shaped. Cutting section 28
      initially extends outward in a plane laterally angular to the body 26 and
      then reverse turns and terminates substantially in and above the plane of
      the body 26. The cutting section 28 has leading cutting edges 29 and
      trailing cutting edges 30. The cutting section 28 and the cutting link 25
      itself is symmetrical about a vertical center line 31 so as to permit the
      saw chain 24 to be used in either direction.
PAR  Also extending outward from the body 26 of the cutting link 25 are legs 32,
      FIGS. 8 and 9. These legs 32 extend outward at an angle to and in the same
      plane as the body 26 and on either side of the cutting section 28. Each
      leg 32 forms at its distal end a depth gauge 33. Opposite the depth gauge
      33 on leg 32 is shoulder 34 which is substantially adjacent the body 26.
      Shoulder 34 acts as a positioning stop as will be described hereinafter.
PAR  The connecting link 35 is comprised of two connecting link sections 36
      which are parallel and offset from each other and connected through an
      intermediate connecting section 37 which is angularly displaced with
      respect to both sections 36, FIGS. 6, 7 and 11. Each connecting link
      section 36 has an outwardly extending flange 38 which is gradually tapered
      to terminate in a point, FIG. 6. Each connecting link 35 also has a
      connecting link section 36 with a hole 39' of substantially the same
      diameter as hole 27 of the cutting link 25 and a cutting link section 36
      with a hole 39 slightly smaller in diameter.
PAR  The connecting links 35 and the cutting links 25 are pivotally joined by a
      rivet 40, FIG. 10. Rivet 40 has a head 46, an intermediate section 41
      smaller than the head 46 and terminating in a shoulder 47 and a smaller
      diameter terminal shank 48 extending from intermediate section 41.
PAR  Each connecting link 35 is pivotably joined by pin or rivet 40 at one end
      to an adjoining connecting link 35 and at the other end to a cutting link
      25 and a connecting link 35. Specifically, the connecting link section 36
      having the larger hole 39' is positioned in alignment with the hole 27 of
      the cutting link 25. The holes 39' and 27 accommodate the enlarged
      intermediate section 41 of the rivet 40. The connecting link section 36
      with the smaller hole 39 of an adjacent link 35 is positioned in alignment
      so that the smaller hole 39 accommodates the terminal shank 48 of rivet
      40, FIGS. 4, 5 and 10.
PAR  The connecting link section 36, not connected to the cutting link 25, is
      connected to an adjacent connecting link 35, FIGS. 4 and 5. In this
      connection an identical rivet 40 is used and the intermediate section 41
      accommodates the large hole 39' of one of the links and the terminal shank
      section 48 accommodates the smaller hole 39 of the adjacent connecting
      link. A spacer 45 is employed between the respective connecting links to
      maintain the proper spacing as the saw chain 24 moves about the blade 12,
      thereby avoiding any binding in the area of the socket (not shown).
PAR  Flanges 38 of adjacent connecting links 35 are therefore positioned in
      parallel, spaced and side by side relationship with adjacent flanges 38
      whether the connection includes the cutting link 25 or not. In other
      words, the connecting links themselves constitute an endless chain and the
      cutting links 36 are appropriately positioned along the length of the
      chain.
PAR  The blade 12 includes a perimetrical trackway 44 which accommodates the
      spaced flanges 38 which ride thereover during operation, FIG. 10. The
      trackway 44 is a flange extending outwardly along the longitudinal center
      line of the blade. The flange is dimensioned with respect to the flanges
      38 of the connecting links 35 so as to permit free pivotal movement of the
      cutting link 25 as described hereinafter.
PAR  The operation of my saw chain is as follows. The cutting links 25 and
      connecting links 35 are serially connected as described hereinabove so as
      to form an endless chain. The cutting links 25 are alternately positioned
      on opposing sides of the chain, FIGS. 4 and 5. The side by side spaced
      flanges 38 of respective connecting links 35 are positioned so as to
      accommodate the trackway 44 of the blade 12. The chain extends around the
      sprocket (not shown) which is driven by the power assembly of the chain
      saw. As the leading cutting edge 29 of the cutting link 25 is engaging the
      wood, the shoulder 34 on the trailing leg 32 is abutting against the
      intermediate joining section 37 of connecting link 35 so as to properly
      position and retain the cutting edge 29 in cutting position. When the saw
      chain 24 is reversed so that the trailing cutting edge 30 becomes the
      leading cutting edge, the leg 32 which originally acted as the depth gauge
      now acts as the stop as its shoulder 34 engages the connecting section 37
      of connecting link 35.
PAR  Because of the few number of components and the simplicity of the parts,
      the saw chain is generally used, reversed and then discarded in favor of a
      new saw chain.
CLMS
STM  I claim:
NUM  1.
PAR  1. A saw chain made up of a series of pivotally connected links including a
      plurality of bi-directional cutting links and a plurality of connecting
      links pivotally connected to and extending outward from opposing ends of
      each cutting link, each cutting link having an L-shaped cutting element
      with cutting edges along both the leading and trailing edges and legs
      extending angularly outward on opposite sides of the cutting element and
      each terminating in a depth gauge at its distal end and including a stop
      shoulder adapted for engagement with the connecting link.
NUM  2.
PAR  2. The saw chain in claim 1 wherein each connecting link comprises two
      offset and parallel sections joined by a connecting section adapted for
      engagement with the stop shoulder of the cutting link.
NUM  3.
PAR  3. The saw chain of claim 2 wherein each offset section includes an opening
      therethrough to accommodate a pivot pin and an outwardly extending flange
      which forms side by side parallel and spaced flanges with adjacent links
      to accommodate a trackway of a saw blade.
NUM  4.
PAR  4. In a chain saw having a blade with a perimetrical trackway, the
      improvement comprising a saw chain made up of two basic links, the first
      link being a bi-directional cutting link having an L-shaped cutting
      section with cutting surfaces on both leading and trailing edges and a leg
      extending outward on opposite sides of the cutting section to form a depth
      gauge at the distal end thereof and a stop substantially adjacent the
      cutting section, the second link being a connecting link having two offset
      and parallel sections joined by a connecting section adapted for
      engagement with the cutting link stop, each offset section having an
      outwardly extending flange, said links being pivotally connected so that
      the connecting sections define side by side parallel and spaced flanges
      which accommodate the perimetrical trackway.
NUM  5.
PAR  5. The improvement of claim 4, wherein the connecting links are pivotally
      and serially connected to form an endless chain and the cutting links are
      spaced along the endless chain.
NUM  6.
PAR  6. The improvement of claim 5 wherein the cutting link forms a spacer for
      the flanges of certain adjacent connecting links and a spacer means is
      positioned between a remainder of the flanges of adjacent connecting
      links.
NUM  7.
PAR  7. The improvement of claim 4 wherein the cutting link is symmetrical about
      a vertical center line and the direction of the L-shaped cutting section
      is opposingly alternated along the chain.
NUM  8.
PAR  8. A saw chain made up of a series of connecting links pivotally connected
      by pins to form an endless chain and cutting links pivotally spaced along
      the endless chain, each connecting link including two offset and parallel
      sections joined by an intermediate section angularly disposed
      therebetween, each offset section including a hole therethrough to
      accommodate the pivot pin and an outwardly extending flange, said
      connecting links formed so that offset sections of adjacent links are
      positioned in spaced, parallel and side by side relationship.
NUM  9.
PAR  9. The saw chain of claim 7, wherein the cutting link includes an apertured
      body having an L-shaped cutting section with cutting surfaces on both
      leading and trailing edges thereof and legs extending outward from the
      body on opposite sides of the cutting section, each leg having a distal
      end which forms a depth gauge and a shoulder portion substantially
      adjacent the body adapted to engage the intermediate section of the
      connecting link, said cutting link being symmetrical about a vertical
      center line and being positioned between adjacent spaced connecting links
      on a pivot pin.
NUM  10.
PAR  10. A bi-directional saw chain cutting link symmetrical about a vertical
      center line and comprising:
PA1  A. a perforated base portion to accommodate a pivot pin;
PA1  B. two legs extending angularly outwardly from opposite ends of the base
      portion in substantial planar relationship therewith, each leg terminating
      in a depth gauge at its distal end and including a stop shoulder on a
      surface opposite from the distal end and substantially adjacent the base
      portion; and
PA1  C. an L-shaped cutting element extending outward from the base portion
      along the vertical center line and between the legs, the cutting element
      having cutting edges along both the leading and trailing edges.
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ABST
PAL  A saw tooth of truncated rectangular pyramidal configuration, affixed at
      its smaller base to a saw body; the larger base, facing the work, is of
      concave configuration in the longitudinal direction, the direction of
      cutting movement; further, either the end surfaces of the tooth or the
      larger base surface of the tooth are concave in the transverse direction,
      affording four cutting points at the corners of the larger base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A wide variety of different forms of saws and similar cutting devices are
      generally known and used. Conventional manual saws, as used for cutting
      both wood and metal, have saw teeth inclined in one direction. In use, the
      saw moves reciprocally; movement in one direction constitutes a cutting
      stroke whereas movement in the opposite direction merely returns the saw
      blade to the beginning of another cutting stroke.
PAR  Saw teeth are often bent outwardly of the plane of the saw blade,
      alternately left and right, to produce a cut wider than the saw blade, so
      that the blade can slide through the cut easily without jamming. For
      carpentry and metal work, the saw usually has a single handle and is
      operated by one person; for felling trees larger two-handled saws are
      employed, worked by two people. In the latter, some of the teeth may be
      inclined in one direction and the balance inclined in the other so that a
      partial cutting action is achieved in each stroke of the saw.
PAR  Mechanically driven saws of various types operate on the same basic
      principles. Thus, the teeth of circular saws, including planing and
      smoothing saws, are usually all inclined in a single direction and the saw
      is consistently rotated in one direction. The same characteristics apply
      to chain saws, in which the saw teeth are mounted on an endless chain
      driven either by an electric motor or an internal combustion engine. For
      bench work, an endless band is often employed as the carrier of the saw
      teeth, with a unidirectional drive. It is also known to provide gang saws
      consisting of several parallel blades held in a single frame, with the
      blades actuated in a reciprocating movement to cut the material
      simultaneously in several locations. The variety of mechanically driven
      saws is almost endless, including saber saws, jig saws, and many other
      examples.
PAR  In any of these known saws and similar cutting devices, the saw teeth are
      subject to substantial wear. This is true even with respect to saws
      employed in cutting relatively soft woods, since the wood is at least
      somewhat abrasive and continuously erodes the saw teeth. In metal saws,
      harder metals are employed for the saw teeth, but the problem of wear is
      nevertheless present.
PAR  In virtually any conventional saw that is used regularly, the wear on the
      teeth necessitates periodic sharpening in order to maintain an efficient
      cutting operation. Saw sharpening requires specialized machinery and
      trained personnel; precision alignment and shaping of the teeth is
      essential to effective operation. Moreover, care must be exercised in
      grinding the saw teeth, in a sharpening operation, to avoid overheating of
      the teeth with consequent possible annealing and softening of the cutting
      elements of the saw.
PAR  One particular application in which the necessity for regular re-sharpening
      of a saw is highly disadvantageous is in the felling, cutting, and shaping
      of trees for railroad ties. This is particularly true in tropical and
      subtropical locations, where work conditions are quite difficult and
      skilled personnel are frequently unavailable. In applications of this
      kind, and especially where the trees are of hardwood varieties, the cost
      of saw maintenance may be an appreciable element of the overall cost of
      operation, and may be so high as to preclude economical use of available
      resources. Most conventional saws are inadequate and uneconomical,
      particularly for the cutting and shaping of tropical hardwoods, because
      the useful life of the saw is quite short and frequent re-sharpening and
      setting is necessary.
PAR  Another disadvantage of conventional saws is that the saw teeth have no
      point of support other than the actual cutting edges. This is particularly
      true with respect to planing saws, which often exhibit excessive vibration
      caused by the lack of support for the saw teeth, other than the cutting
      edges.
PAR  One saw construction in which these difficulties are partially alleviated
      is described in Topolinski U.S. Pat. No. 2,795,247, issued June 11, 1975.
      In the construction shown in the Topolinski patent, the saw teeth are
      inclined alternately in opposite directions, and alternate pairs of the
      saw teeth are bent outwardly of opposite sides of the saw blade. With this
      construction, the trailing teeth of each pair are partly self-sharpened as
      they ride through the cut made by the other teeth of the pair, and the saw
      can be reversed in direction to afford an extended period between
      re-sharpening operations. However, the use of the conventional laterally
      bent construction for the teeth to widen the saw cut limits the
      effectiveness of the self-sharpening operation and allows for undesirable
      vibration. Moreover, the individual teeth still have no support other than
      the actual cutting edge of the tooth itself.
PAC  Statement of the Invention
PAR  It is a primary object of the present invention, therefore, to provide a
      new and improved saw tooth construction that is inherently reversible and
      self-sharpening in operation and that affords a full-width cut with each
      individual tooth, so that the requirement for specialized personnel and
      machinery for sharpening is effectively eliminated.
PAR  A further object of the invention is to provide a new and improved
      reversible self-sharpening full-cut saw tooth in which the cutting
      elements of each tooth are effectively and closely supported by other
      elements of the same tooth to minimize vibration.
PAR  A specific object of the invention is to provide a new and improved
      reversible saw construction in which each tooth comprises four point
      cutting elements, two facing in one direction and two in the opposite
      direction, with two of the cutting elements being continuously sharpened
      while the other two are cutting and with all four cutting elements being
      continuously maintained as points.
PAR  Accordingly, the invention pertains to a reversible self-sharpening saw
      tooth of truncated rectangular pyramidal configuration, with the smaller
      base adapted to be mounted on a carrier and with the larger base facing
      outwardly of the carrier. The outwardly facing surface of the larger base
      of the saw tooth is of concave configuration in a longitudinal direction,
      corresponding to the direction of movement of the saw tooth in a cutting
      operation. Further, at least one surface of the saw tooth is of concave
      configuration in a transverse direction, so that the saw tooth affords
      four distinct cutting points located at the corners of the larger base,
      which four cutting points are maintained throughout substantial wear on
      the saw tooth. In one preferred construction, the surface having a concave
      configuration in the transverse direction is the outwardly facing surface
      of the larger base of the saw tooth. In another, the surfaces having a
      concave configuration in the transverse direction are the end surfaces of
      the saw tooth, intersecting the larger base surface at its opposite ends.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a circular saw blade constructed in
      accordance with one embodiment of the invention and incorporating saw
      teeth constructed in accordance with one embodiment of the invention;
PAR  FIG. 2 is a fragmentary perspective view of a reciprocating saw blade
      incorporating teeth constructed in accordance with the present invention;
PAR  FIG. 3 is a fragmentary perspective view of a chain saw cutting element
      including a saw tooth constructed in accordance with the present
      invention;
PAR  FIG. 4 is a side elevation view of a saw tooth utilizing the construction
      illustrated in FIGS. 1-3;
PAR  FIG. 5 is an end elevation view of the saw tooth of FIG. 4;
PAR  FIG. 6 is a plan view of the saw tooth of FIG. 4;
PAR  FIG. 7 is a bottom view of the saw tooth of FIG. 4;
PAR  FIG. 8 is a side elevation view, similar to FIG. 4, of a saw tooth
      constructed in accordance with another embodiment of the invention; and
PAR  FIG. 9 is a bottom view of the saw tooth of FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Fig. 1 illustrates a circular saw 10 constructed in accordance with one
      preferred embodiment of the invention. Saw 10 comprises a circular carrier
      disc or blade 11 having a central hub 12 in which a mounting aperture 13
      is formed. Hub 12 may include a keyway 14 or other appropriate means for
      affixing saw 10 to a drive shaft for rotation of the saw.
PAR  A plurality of saw teeth 15 are mounted around the rim of the carrier disc
      11 of saw 10. The inner part of each saw tooth 15 comprises a wedge-shaped
      segment 16 that is press fit or otherwise securely mounted in the rim of
      the saw blade. The particular mounting technique used and the
      configuration of mounting segment 16 are not critical to the present
      invention and any appropriate means may be adopted for this purpose.
PAR  The present invention is particularly directed to the configuration and
      construction of the outwardly projecting working portions of each of the
      saw teeth 15. As best shown in FIGS. 4-7, each saw tooth 15 is of
      truncated rectangular pyramidal configuration. The saw tooth has a smaller
      base 17 from which two end surfaces 18 and 19 and two side surfaces 21 and
      22 project. The end surfaces 18 and 19 are inclined away from each other
      and the side surfaces 21 and 22 are also inclined away from each other,
      all of these surfaces terminating at the edges of the larger base surface
      23.
PAR  The outwardly-facing larger base surface 23 of each saw tooth 15 is of
      concave configuration in a longitudinal direction, this direction being
      the direction of movement of the saw tooth in the course of cutting
      operation. This longitudinal direction is the direction indicated by the
      arrows A (clockwise rotation) and B (counterclockwise rotation) in FIG. 1.
PAR  The outwardly facing larger base surface 23 of each saw tooth 15 is also of
      concave configuration in a transverse direction, normal to arrows A and B.
      This additional concavity is specifically indicated by dash line 23' in
      FIGS. 4 and 5. Thus, each saw tooth 15 affords four distinct cutting
      points 24, 25, 26 and 27 (FIGS. 1 and 4-7) located at the corners of the
      larger base surface 23 of the rectangular pyramid.
PAR  In considering the operation of the circular saw 10 and its teeth 15, it
      may first be assumed that the saw is rotating clockwise, in the direction
      of the arrow A. For this mode of operation, the cutting of the wood,
      metal, or other material is accomplished by the two cutting points 25 and
      27 at what presently constitutes the leading end or edge 18 of each saw
      tooth. The points 24 and 26 at the trailing end or edge 19 of each tooth
      ride on the surface cut by the point cutting elements 25 and 27. Thus,
      elements 24 and 26 afford a support for saw tooth 15. This support action
      effectively limits the depth of the saw cut and materially reduces
      vibration of the saw, particularly because points 24 and 26 are integral
      with and closely spaced with respect to the cutting points 25 and 27.
PAR  With continued operation of saw 10, in the direction of arrow A, the
      cutting points 25 and 27 are subjected to some wear; ultimately, the
      points become somewhat blunted and cutting efficiency is reduced. When
      this occurs, it is a relatively simple matter to remove saw 10 from its
      drive shaft (not shown) and reverse the mounting of blade 11 on the shaft
      so that the saw is now driven in the direction of arrow B. When this has
      been done, points 24 and 26 become the leading points on each of the saw
      teeth and function as the cutting elements of the saw. With the reversal
      of movement, points 25 and 27 are located at the trailing end of the saw
      tooth and ride in the saw cut, performing the support, stabilization, and
      cut-limiting functions previously carried out by points 24 and 26. In
      addition, the abrading action to which points 25 and 27 are now subjected,
      as they ride along the surface of the saw cut, wears away the inside
      portions of the surface 23 adjacent the points 25 and 27. Because surface
      23 is of concave configuration in both the longitudinal and transverse
      directions, this abrasive action sharpens points 25 and 27 and prepares
      them for subsequent cutting operations.
PAR  Thereafter, when points 24 and 26 have worn down to an extent sufficient to
      reduce the cutting efficiency of the saw 10, the saw is again reversed and
      returned to operation moving in the direction of arrow A. With this
      reversal points 25 and 27, having been sharpened during the prior
      operation in the direction of arrow B, become the cutting points. Points
      24 and 26 are now the trailing points, and are sharpened in the course of
      subsequent cutting operations.
PAR  From the foregoing structural and operational description of the circular
      saw 10 and its teeth 15, it will be apparent that each saw tooth 15 is
      inherently self-sharpening. The support afforded the cutting elements of
      each saw tooth minimizes vibration of the saw in the course of its
      operation, stabilizing and supporting each saw tooth from its own trailing
      edge. The point cutting elements of each saw tooth are inherently more
      efficient than conventional cutting edges. The usual requirement for
      alternate deflection of the saw teeth to provide a kerf or cut wider than
      the body of the saw blade is eliminated, due to the basic pyramidal shape
      of each tooth, so that resetting of the saw teeth is eliminated along with
      any necessity for separate sharpening operations.
PAR  In many applications, particularly in cutting hard woods or in saws
      intended for the cutting of metals, the selection of the material used in
      forming the saw teeth 15 may become rather important. Indeed, even in saws
      intended for use with soft woods the saw tooth material should be selected
      so that the heat to which the teeth are subjected, particularly as a
      result of the abrading or self-sharpening action on the trailing cutting
      points, will not soften the teeth and thereby render them subject to
      deformation or excessive wear. To this end, each of the saw teeth 15
      should preferably be formed from a high temperature alloy, one capable of
      withstanding temperatures up to 500.degree.F. without marked change in
      operating characteristics. Moreover, the metal from which the saw teeth 15
      are formed should preferably be one which exhibits significant
      work-hardening properties, so that the cutting points 24-27 will become
      even harder and more efficient in their cutting operation with continued
      use of the saw. Some of the alloys that have been developed for turbine
      blades and like applications can be used. The "Stellite" alloys of Haynes
      Stellite Co., as described in "Handbook of Material Trade Names,"
      Industrial Research Service, Dover, New Hampshire, 1953 Ed. p. 538, are
      generally suitable. These alloys contain 40-80 % cobalt, 20-35 % chromium,
      0-25 % tungsten, 0.75-2.5 % carbon, and 0-3% silicon. One alloy that has
      been effectively employed for the saw teeth 15, "Stellite 12," has the
      following constituency:
TBL  Nickel      3% max.    Chromium   28-32%                                  
     Silicon     1%         Tungsten    7-9.5%                                 
     Iron        3%         Carbon     1.1-1.7%                                
     Manganese   1%         Cobalt     Balance                                 
PAL  However, other high temperature alloys can also be successfully employed,
      though relatively brittle materials (e.g. tungsten carbide) are not
      particularly desirable.
PAR  FIG. 2 illustrates a linear saw blade 28 and may be considered to represent
      a segment of the blade of a manual saw, a saber saw, or a band saw. A
      series of saw teeth 15A are affixed to the carrier or saw blade 28 at
      spaced intervals. In this instance the saw teeth 15A are welded, brazed,
      or otherwise fixedly mounted on one edge of the saw blade, a portion of
      that edge of the saw blade being relieved between teeth for cleaner,
      smoother operation of the saw. The saw teeth 15A are of the same
      configuration and afford the same self-sharpening and
      vibration-stabilizing operation as the teeth of the circular saw 10
      described above.
PAR  As a segment of a manual saw or a saber saw blade, member 28A would be
      actuated in a reciprocating motion, alternately in the directions of the
      arrows A1 and B1, so that the cutting points 24 and 26 would be sharpened
      on one stroke of the saw (arrow A1) and the other two cutting points 25
      and 27 would be sharpened on the next stroke of the saw (arrow B1). In a
      band saw construction, of course, the band would be reversed periodically
      to utilize the self-sharpening benefits of the saw teeth as described
      above with respect to circular saw 10.
PAR  FIG. 3 illustrates one linkage 29 from a chain saw equipped with saw teeth
      15B. Each saw tooth 15B along the chain is of similar configuration; only
      one has been shown. Further, the construction and configuration of each
      saw tooth 15B is essentially similar to the saw teeth 15 described in
      detail above, affording a complete self-sharpening, self-supporting
      reversible operation corresponding to that of circular saw 10.
PAR  FIGS. 8 and 9 illustrate a saw tooth 35 that is somewhat different from saw
      tooth 15 but that affords the same basic operating characteristics and
      advantages and hence constitutes another preferred embodiment of the
      invention. As before, the saw tooth 35 is of truncated rectangular
      pyramidal configuration having a smaller base 37 joined to a larger base
      43 by end surfaces 38 and 39 and side surfaces 41 and 42. The end and side
      surfaces all slope outwardly away from the smaller base 37 so that the
      outer base 43 is larger in all dimensions than base 37. As before, the
      larger base surface 43 of tooth 35 is of concave configuration in a
      longitudinal direction (arrow A). However, in this tooth the larger base
      need not be formed with a concave configuration in a transverse direction.
      Instead, each of the side surfaces 38 and 39 is formed to be of concave
      configuration in the transverse direction, as particularly indicated by
      the dash lines 38' and 39' in FIG. 8. As a consequence, saw tooth 35
      affords four distinct cutting points 44-47.
PAR  When tooth 35 is subjected to wear in ordinary operation, the trailing edge
      cutting points (points 44 and 46 for operation in direction A) are
      effectively sharpened. Consequently, when the direction of cutting
      movement is reversed, these cutting points are fully effective without
      requiring dismounting of the saw for grinding or other sharpening and
      setting procedures. Furthermore, as in the case of tooth 15, tooth 35
      provides a support at the trailing edge of the tooth that limits the depth
      of cut and that effectively minimizes or eliminates vibration that would
      otherwise be present in operation of a saw incorporating the tooth.
      Concave surfaces in both the vertical and horizontal surfaces of the
      tooth, combining the features of teeth 15 and 35, may also be employed.
PAR  In forming the saw teeth 15 or 35 of the invention, it is preferable that
      the end edges of the greater base of each tooth, which are symmetrical, be
      separated from the center line of the tooth by a distance of at least six
      times the overall kerf of the tooth. Further, the dimensions os the tooth
      should be coordinated to the tangential velocity of the saw and the
      anticipated depth of cut, in accordance with known principles.
PAR  In operation, saws constructed in accordance with the present invention
      substantially reduce lost time which would otherwise be necessary for
      sharpening and setting of the saws. Indeed, the expense and difficulty of
      sharpening and setting operations are almost entirely eliminated. A
      circular saw of the general kind illustrated in FIG. 1 has been employed
      for continuous operation in the cutting of tropical hardwoods for railroad
      ties for a period of several months, in contrast with conventional saws
      that require resharpening and resetting virtually on a daily basis. At the
      same time, vibration is materially reduced because of the self-supporting
      characteristics of the saw teeth of the present invention, and this
      reduction in vibration is also beneficial in minimizing wear on the saw
      teeth.
CLMS
STM  I claim
NUM  1.
PAR  1. A reversible self-sharpening saw tooth of truncated rectangular
      pyramidal configuration, with the smaller base adapted to be mounted on a
      carrier with the larger base facing outwardly of the carrier,
PA1  the outwardly facing surface of the larger base of the saw tooth being of
      concave configuration in a longitudinal direction corresponding to the
      direction of movement of the saw tooth in a cutting operation,
PA1  and at least one surface of the saw tooth being of concave configuration in
      a transverse direction so that the saw tooth affords four distinct cutting
      points located at the corners of the larger base, which four cutting
      points are maintained throughout substantial wear on the saw tooth.
NUM  2.
PAR  2. A saw tooth according to claim 1 in which the surface having a concave
      configuration in the transverse direction is the outwardly facing surface
      of the larger base of the saw tooth.
NUM  3.
PAR  3. A saw tooth according to claim 1 in which the surfaces having a concave
      configuration in the transverse direction are the end surfaces of the saw
      tooth, intersecting the larger base surface at its opposite ends.
NUM  4.
PAR  4. A saw tooth according to claim 1 in which the tooth is formed of a high
      temperature alloy having significant work-hardening properties.
NUM  5.
PAR  5. A saw tooth according to claim 4 in which the approximate constituency
      of the alloy is:
TBL  Cobalt               40-80%                                               
     chromium             20-35%                                               
     tungsten             0-25%                                                
     carbon               0.75-2.5%                                            
     silicon              0-3%                                                 
NUM  6.
PAR  6. A saw tooth according to claim 4 in which the approximate constituency
      of the alloy is:
TBL  nickel               3% maximum                                           
     silicon              1%                                                   
     iron                 3%                                                   
     manganese            1%                                                   
     chromium             28-32%                                               
     tungsten             7-9.5%                                               
     carbon               1.1-1.7%                                             
     cobalt               balance.                                             
NUM  7.
PAR  7. A reversible self-sharpening saw comprising:
PA1  a carrier having a plurality of saw teeth mounted thereon,
PA1  each saw tooth being of truncated rectangular pyramidal configuration with
      the smaller base affixed to the carrier and the larger base facing
      outwardly of the carrier,
PA1  the outwardly facing surface of the larger base of each saw tooth being of
      concave configuration in a longitudinal direction corresponding to the
      direction of movement of the carrier in a cutting operation,
PA1  and at least one surface of each saw tooth being of concave configuration
      in a transverse direction so that the saw tooth affords four distinct
      cutting points located at the corners of the larger base, which four
      cutting points are maintained throughout substantial wear on the saw
      tooth.
NUM  8.
PAR  8. A saw according to claim 7 in which the surface of each saw tooth having
      a concave configuration in the transverse direction is the outwardly
      facing surface of the larger base of the saw tooth.
NUM  9.
PAR  9. A saw according to claim 7 in which the surfaces of each saw tooth
      having a concave configuration in the transverse direction are the end
      surfaces of the saw tooth, intersecting the larger base surface at its
      opposite ends.
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ABST
PAL  The invention relates to an apparatus for producing a vibrato effect in
      acoustic signals, particularly for electronic organs, in which the output
      signals are obtained by successively scanning a plurality of points of a
      delay line fed by the acoustic signals. The apparatus includes a scanning
      matrix having a field of first inputs each connected to one of the points
      to be scanned, a field of second inputs to each of which a scanning
      impulse can be successively fed by a scanning impulse generator, and a
      linking circuit associated with each pair of second inputs, which linking
      circuits, upon the occurrence of a scanning impulse at the second input,
      transmit the acoustic signal of the associated first input to a common
      output, the scanning impulse generator producing impulses of a shape in
      which the rising and falling flanks are in the form of transition sections
      extending over a predetermined period, each linking circuit comprising a
      control stage which is controlled by the scanning impulse and influences
      the amplitude of the acoustic signal fed to the output. The individual
      points of the delay line are scanned electronically by means of the
      scanning matrix. The scanning impulses not only serve to select the
      desired point but also for gradually blending in and out the acoustic
      signal at the selected point. Consequently, one obtains a complex vibrato
      which is pleasant to listen to, without superpositioning background noise
      caused by the switching frequency.
PARN
PAR  This application is a continuation of application Ser. No. 444,375, filed
      Feb. 21, 1974, and now abandoned.
BSUM
PAR  The invention relates to an apparatus for producing a vibrato effect in
      acoustic signals, particularly for electronic organs, in which the output
      signals are obtained by successively scanning a plurality of points of a
      delay line fed by the acoustic signals.
PAR  If an acoustic signal passes through the delay line, it changes its
      amplitude and phase position. This change depends on the frequency of the
      acoustic signal. If, now, different points of the delay line are scanned
      periodically then, by reason of the multiplicity of reflections,
      resonances and transit time displacements that are possible in such a
      delay line, a complex vibrato will be produced in which amplitude,
      frequency and phase changes are influential. This apparatus has an effect
      similar to that of a mechanical vibrato of the kind that can be produced
      by rotating loudspeakers or rotating sound-diverting baffles but will be
      effective with a much lower volume, weight and power consumption.
PAR  In a known apparatus of this kind the individual points of the delay line
      are successively scanned with the aid of a rotary condenser. For this
      purpose the points to be scanned are each connected with a fixed condenser
      segment while the output is connected to a continuously rotatable
      condenser plate. Here, too, one requires a mechanical drive of which the
      rotary speed is variable to change the tremolo.
PAR  The invention aims to provide an apparatus of the aforementioned kind in
      which the complex vibrato effect can be produced without mechanically
      moved components.
PAR  According to the invention, the apparatus comprises a scanning matrix
      having a field of first inputs each connected to one of the points to be
      scanned, a field of second inputs to each of which a scanning impulse can
      be successively fed by a scanning impulse generator, and a linking circuit
      associated with each pair of second inputs, which linking circuits, upon
      the occurrence of a scanning impulse at the second input, transmit the
      acoustic signal of the associated first input to a common output, the
      scanning impulse generator producing impulses of a shape in which the
      rising and falling flanks are in the form of transition sections extending
      over a predetermined period, each linking circuit comprising a control
      stage which is controlled by the scanning impulse and influences the
      amplitude of the acoustic signal fed to the output.
PAR  In this apparatus the individual points of the delay line are scanned
      electronically by means of the scanning matrix. The scanning impulses not
      only serve to select the desired point but also for gradually blending in
      and out the acoustic signal at the selected point. Consequently, one
      obtains a complex vibrato which is pleasant to listen to, without
      superpositioning background noise caused by the switching frequency.
PAR  It is a particular advantage if the scanning impulse generator produces
      impulses in which the successive impulses of adjacent outputs overlap.
      This will mean that while the acoustic signal derived from one point is
      blended out, the acoustic signal occurring at the next point is blended
      in. By appropriately shaping and overlapping the scanning impulses one
      obtains a transition of the individual scanning operations and this will
      appear to be continuous to the ear.
PAR  In a preferred embodiment, each control stage comprises a diverting control
      transistor which, by means of the transition sections of a scanning
      impulse, is gradually brought from the conductive to the blocking state
      and back again, and an amplifier stage leading to the common output is
      branched from that side of the transistor which is adjacent to the first
      input. While no scanning impulse is present, the acoustic signal occurring
      at the respective point of the delay line is diverted past the amplifier
      stage. However, as soon as the transistor is gradually brought to the
      blocking state by the scanning signal, the voltage at the input of the
      amplifier stage increases so that the amplitude of the acoustic signal fed
      to the output increases accordingly.
PAR  It is of particular advantage if a field effect transistor is used as the
      diverting control transistor. This, inter alia, has a high input
      resistance so that there will be a good separation between scanning
      impulses and acoustic signals.
PAR  Good results will be obtained if in each linking circuit a signal
      proportional to the outgoing acoustic signal is returned to the control
      input of the control stage. In this way non-linearities in the control
      stage will be balanced out. There will be linear dependence on the
      instantaneous value of the scanning voltage and on the damping factor. The
      non-linear distortions are reduced to a minimum.
PAR  Such recycling is recommended particularly when using a field effect
      transistor which has an inherent non-linear characteristic. In a preferred
      embodiment the amplifier stage comprises a transistor which, through an
      emitter resistance, is connected to the same power supply lines as is one
      of the terminals of the drain-source path of the field effect transistor,
      and the emitter of which is connected, through a return resistance, to the
      field effect transistor gate connected to receive the scanning pulse
      through a preliminary resistance.
PAR  As a development of the invention, the scanning impulse generator comprises
      an impulse forming portion in which stepped curves corresponding to the
      scanning impulses are composed of successive square wave impulses of
      different sizes. Scanning impulses of any desired shape can be very
      accurately obtained with a large number of square wave impulses. However,
      a small number of square wave impulses per scanning impulse, for example
      three square wave impulses, will suffice if the impulse forming portion
      comprises a smoothing circuit with the aid of which the flanks of the
      stepped waves can be smoothed out.
PAR  It is of particular advantage if the square wave impulses are derivable
      from the outputs of an electronic counter of which the input is fed by a
      cycle generator.
PAR  The cycle generator may comprise setting elements for manually or
      automatically setting the cycle frequency. The larger the cycle frequency,
      the more rapidly will the points of the delay line be scanned. A starting
      effect, similar to that obtained by a rotating loudspeaker which is
      switched from a low speed to a high speed, is obtained if the cycle
      frequency is changed automatically, for example with the aid of a charging
      or discharging condenser.
PAR  In many cases it is preferred to apply an auxiliary voltage higher than the
      output voltage of the electronic counter to the unidirectionally
      conductive outputs of the electronic counter through a respective load
      resistance. In this way the auxiliary voltage will normally be applied to
      the outputs and this will be superposed in the negative sense by the
      scanning impulses. This enables even control stages having a comparatively
      high control voltage to be brought to the fully conductive state. The
      electronic counter may have a larger number of outputs than the impulse
      forming portion and a resistance matrix may be provided in which
      resistances connected unilaterally to a counter output are associated in
      groups to the outputs of the impulse forming portion. If the counter
      outputs become conductive successively, one obtains differently large
      square wave signals which depend on the size of the resistances and which
      lead to a scanning signal through the group arrangement.
PAR  It is of particular advantage if the resistance groups are associated with
      the outputs of the impulse forming portion in such a way that, during
      passage of the counter, the output terminals of the impulse forming
      portion energized successively in a forward and backward sequence. With a
      minimum number of points to be scanned, this will result in continuous
      transitions even at the extreme locations so that the effect of rotating
      loudspeaker or a rotating sound deflecting baffle is achievable with a
      minimum of equipment.
PAR  In a further form of the invention, the tremolo apparatus is associated
      with switches by means of which individual parts of the organ (upper
      manual, lower manual, pedal) are selectively switchable through them or
      directly to the organ output.
DRWD
PAR  Examples of the invention will now be described with reference to the
      accompanying drawings, wherein:-
PAR  FIG. 1 is a block diagram in simplified form of an electronic organ
      equipped with the tremolo apparatus of the invention;
PAR  FIG. 2 is a block diagram of the vibrato apparatus;
PAR  FIG. 3 is a block diagram of a combining circuit, and
PAR  FIG. 4 is a fragmentary circuit diagram of the vibrato apparatus.
DETD
PAR  The organ diagrammatically illustrated in FIG. 1 comprises a sound
      generator 1 producing 96 individual tones. These are available at the
      upper manual 2, the lower manual 3 and the pedal manual 4. The organ
      components 2 to 4 are associated with switches 5, 6 and 7 by means of
      which the tones can be fed directly to the terminal amplifier 8 and the
      loudspeaker 9 or through the vibrato apparatus 10 of the invention. For
      example, it is possible to have the lower manual 3 working through the
      tremolo apparatus 10 while the upper manual 2 and the pedal 4 act directly
      on the terminal amplifier 8. In addition, special effects can be fed to
      the terminal amplifier 8 by an organ component, in the present case a
      percussion circuit 11.
PAR  FIG. 2 is a block diagram of the vibrato apparatus 10. A sound signal S1 is
      fed through an amplifier 12 to an L-C delay line 13. This has nine outputs
      A1-A9 at which respectively different sound signals are available in a
      predetermined period. Each of these outputs is connected to a first input
      E1-E9 of a scanning matrix 14 to which scanning signals T can be fed
      through nine second inputs E10-E18. A sound signal S2 having a vibrato
      effect can be derived from a common output A10 through an output amplifier
      15.
PAR  To form the scanning impulses T there is a cycle generator 16 of which the
      cycle frequency can be set manually or automatically. It gives cycle
      impulses U to an electronic counter 17 having 32 outputs A11-A42 at which
      square wave impulses V will appear successively. After each passage, the
      counter 17 starts counting afresh. The counter outputs are connected to 32
      inputs E19-E50 of an impulse forming portion 18 in which, by appropriately
      combining square wave voltages of different sizes and subsequently
      smoothing the flanks, the scanning signals T will appear successively and
      partially overlapping at the nine outputs A43-A51.
PAR  FIG. 3 diagrammatically illustrates a linking circuit with which a pair of
      first and second inputs E2 and E11 are interlinked in the scanning matrix
      14 see FIGS. 2 and 4. The linking circuit comprises an electronic control
      stage 19 which, when a scanning signal is present at the input E11,
      permits the sound signal at the input E2 to pass to the output A10. This
      produces a sound signal S3 of which the amplitude is governed by the
      instantaneous voltage of the scanning signal T. The output circuit
      includes a switch element 20 with which one obtains a return signal W
      proportional to the controlled sound signal S3. This return signal W is
      mixed in a mixing circuit 21 with the scanning signal T, resulting in
      linear operation even with non-linear elements in the control stage.
PAR  FIG. 4 first of all shows the scanning impulse generator. The cycle
      generator 16 feeds a counter 17 consisting of two parts. Each part
      consists of a conventional decoder IC1 and IC2 (for example a 4-bit-binary
      decoder SN74I54 manufactured by Texas Instruments). The outputs A11-A42 of
      this counter are additionally referenced by their numerical value 1-32.
      Each output is connected through a load resistance R1 to a collecting line
      22 which is fed with an auxiliary voltage +U1 which is larger than the
      normal output voltage of the counter 17. Further, the outputs are
      connected to groups of three resistances R2, R3 and R3 the first and third
      of which are of identical value. Each group has a common output line 23.
      These output lines are also connected to adjacent groups through
      transverse resistances R4. If negative individual impulses are
      successively available at the outputs of the counter 17, there is obtained
      in the line 23 a signal X of which the stepped wave Y corresponds to the
      scanning signal. With the aid of the screening condensers C1 and C2 as
      well as the resistance R5 the flanks of the stepped wave Y are smoothed
      out so that the desired scanning signal T will be obtained at the control
      input E11 of the linking circuit of the scanning matrix 14.
PAR  Nine such lines 23 are provided in the scanning matrix, each leading to one
      of the inputs E10-E18. A scanning impulse is successively obtained at each
      of these, the impulses overlapping to a larger or smaller extent. As
      indicated by the connecting line 24, the input E11 is fed by two groups of
      the resistances R2 and R3. Accordingly, during passage of the counter 17
      from 1 to 32, the control inputs E10-E18 can be fed with scanning impulses
      in this sequence and subsequently back again from E18 to E10, the inputs
      E11-E17 being in each case doubly tied up.
PAR  The outputs A1-A9 of the delay line 13 are connected directly to junctions
      between the chokes and condensers.
PAR  To serve as a control stage there is here a field effect transistor T1 of
      which the source is connected to a mains supply 25, the drain is connected
      to the input E2 through a resistance R6, and the gate is connected to the
      input E11 through a preliminary resistance R7. The power supply line has a
      supply voltage +U2 applied to it and this is stabilised by a condenser C3.
      The base of a transistor T2 is connected through a condenser C4 to a point
      26 between the drain and resistance R6. The emitter of the transistor T2
      is connected to the mains supply 25 through a resistance R8 and its
      collector is grounded through a resistance R9. The common output line A10
      which branches from the collector is also fed by the transistors of the
      other linking circuits of the matrix 14. Between the emitter of the
      transistor T2 and the gate of the field effect transistor T1 there is a
      return resistance of 10. The operating point of the transistors T1 and T2
      is set with the aid of a potentiometer P1 which is applied to the mains
      voltage U2 in series with a resistance R11. The control auxiliary voltage
      +U3 so derived is stabilized with a condenser C5 and passed on through
      preliminary resistances R12 and R13.
PAR  In the normal case a high voltage will be applied to the gate of the field
      effect transistor T1 which is therefore fully conductive. The sound signal
      at the input E2 is therefore taken off. When the voltage drops as a result
      of the scanning impulse T, the conductivity of the transistor T1 will
      drop. The voltage at the point 26 decreases and a corresponding part of
      the sound signal is applied to the base of the transistor T2. When the
      transistor T1 blocks completely, this controlled sound signal has its
      largest amplitude. By means of the feedback through the resistance
      combination R8-R10-R7, the non-linear characteristic of the field effect
      transistor T1 is compensated.
PAR  By appropriately selecting the shape and overlap of the scanning impulses,
      it is possible to produce a vibrato effect which gives the impression of a
      continuous transition from the sound signal of one control stage to the
      sound signal of an adjacent control stage. There are many ways of
      influencing the vibrato effect, whether by changing the cycle frequency of
      the generator 16 or by changes in the delay line 13.
PAR  The apparatus as described is suitable not only for producing a vibrato
      effect in electronic organs but also for other musical instruments having
      an electronic output, i.e. in all cases where sound signals are processed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for producing vibrato effect acoustic signals, the apparatus
      comprising: delay means having an input to which in use said acoustic
      signals are supplied, and a plurality of outputs at which differently
      delayed output acoustic signals are developed when an acoustic signal is
      supplied to said input; a scanning matrix having a plurality of first
      inputs respectively connected to said outputs of the delay means, an equal
      plurality of second inputs, an output, and an equal plurality of signal
      coupling circuits each having a first input connected to a respective one
      of said first inputs of the scanning matrix, a second input connected to a
      respective one of said second inputs of the scanning matrix and an output
      connected to said output of the scanning matrix; and a scanning impulse
      generator having a plurality of outputs respectively connected to said
      second inputs of the scanning matrix and comprising signal generator means
      for generating pulse signals comprising individual pulses having sloping
      flanks, which pulse signals are successively applied to said outputs of
      the scanning impulse generator; each said signal coupling circuit
      comprising control means operative in dependence on the pulse signal
      applied to said second input of the signal coupling circuit to control the
      amplitude of the acoustic signal passed from said first input to said
      output of the signal coupling circuit.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said signal generator is
      operative such that said pulses in said signals successively applied to
      adjacent said outputs of the scanning impulse generator overlap in time.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said control means comprises a
      first transistor the conductivity of which is controllable by an applied
      said pulse and an amplifier connected between said first transistor and
      said output of the signal coupling circuit.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said first transistor is a field
      effect transistor.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein each control means comprises a
      field effect transistor and a feedback path connected between the output
      of said control means and said second input of the signal coupling circuit
      to provide a feedback signal proportional to an acoustic signal supplied
      to said output of the signal coupling circuit.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said amplifier comprises a second
      transistor.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said signal generator means
      comprises means to generate a plurality of square wave signals and
      combining means to combine said square wave signals to form said pulse
      signals.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said signal generator comprises
      smoothing means for smoothing said flanks.
NUM  9.
PAR  9. Apparatus according to claim 7 wherein said signal generator comprises
      an oscillator for generating a cyclic signal and electronic counter means
      for developing said square wave signals from said cyclic signal.
NUM  10.
PAR  10. Apparatus according to claim 9 comprising means to control the
      frequency of said cyclic signal.
NUM  11.
PAR  11. Apparatus according to claim 9 wherein said electronic counter means
      comprises unidirectionally conductive means.
NUM  12.
PAR  12. Apparatus according to claim 9 wherein said electronic counter means
      has a larger number of outputs than said combining means, and said signal
      generator means comprises a resistance matrix comprising resistances
      individually connected to said outputs of said electronic counter means
      and associated in groups for connection to said outputs of said combining
      means.
NUM  13.
PAR  13. Apparatus according to claim 12 wherein said resistance groups are
      associated with said outputs of said combining means such that during a
      cycle of said electronic counter means said outputs of said combining
      means are each activated twice.
NUM  14.
PAR  14. An electronic organ comprising: means to generate a plurality of
      acoustic signals; output means; manual and foot control means for
      controlling selection of said acoustic signals; a vibrato apparatus; and
      switch means selectively providing a first path for direct transmission of
      acoustic signals selected by said control means to said output means and a
      second path for transmission of acoustic signals selected by said control
      means to said output means via said vibrato apparatus; said tremolo
      apparatus comprising: delay means having an input to which in use said
      switch means supplies said acoustic signals selected by the control means,
      and a plurality of outputs at which differently delayed output acoustic
      signals are developed when an acoustic signal is supplied to said input; a
      scanning matrix having a plurality of first inputs respectively connected
      to said outputs of the delay means, an equal plurality of second inputs,
      an output, and an equal plurality of signal coupling circuits each having
      a first input connected to a respective one of said first inputs of the
      scanning matrix, a second input connected to a respective one of said
      second inputs of the scanning matrix and an output connected to said
      output of the scanning matrix; and a scanning impulse generator having a
      plurality of outputs respectively connected to said second inputs of the
      scanning matrix and comprising signal generator means for generating pulse
      signals comprising individual pulses having sloping flanks, which pulse
      signals are successively applied to said outputs of the scanning impulse
      generator; each said signal coupling circuit comprising control means
      operative in dependnce on the pulse signal applied to said second input of
      the signal coupling circuit to control the amplitude of the acoustic
      signal passed from said first input to said output of the signal coupling
      circuit.
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ABST
PAL  A kettle-shaped drum has an annular recess adjacently below the top end of
      its hollow body. The flexible drum head includes a peripheral rib disposed
      in the recess and engaged at the top by a bracket. A plurality of recessed
      tensioning screws that extend downwardly from the bracket are threaded
      into a shoulder beneath the recess to permit adjustment of the head
      tension.
PAL  A framework for supporting a drum assembly includes a series of elongate
      frame members that are interconnected by a plurality of identical joints.
      Each component of the drum assembly is supported on a rod which is in turn
      received by a joint mounted on one of the frame members. The construction
      of the joints permits the frame members to be assembled in any desired
      arrangement and also permits universal positioning of the drum assembly.
PARN
PAR  This is a division, of application Ser. No. 511,217, filed Oct. 2, 1974.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an improved drum construction and also to a
      framework for supporting the components of a drum assembly.
PAR  The tension in the head of a drum is of great importance because the pitch
      of the instrument is determined by the head tension. In order to permit
      adjustment of the tension in the drum head, conventional drums are
      provided with a flange or lug that projects outwardly near the top of the
      drum body to present an area for receiving screws or similar adjustable
      tensioning devices. This conventional arrangement detracts considerably
      from the appearance of the drum since the flange and the unsightly screws
      are located in particularly noticeable positions outwardly of the drum
      body. In addition, a substantial interference problem is presented when it
      is desired to position a number of drums in close proximity to one
      another. Adjacent drums must be separated far enough to provide sufficient
      clearance between the respective flanges and permit access to the
      tensioning screws. Consequently, the drums must be spaced apart farther
      than most drummers would prefer.
PAR  The conventional manner in which drum assemblies are supported has further
      added to the problem of obtaining a desirable spacial relationship among
      the various components. Specifically, the supports currently used to mount
      drums and associated instruments such as cymbals typically lack a means
      for universally positioning each individual instrument. This deficiency
      has been particularly serious because each drummer has his own personal
      preference as to the exact spacing, height, and angular orientation of the
      components of the drum assembly. Furthermore, conventional drum supports
      are generally lacking in stability and structural strength, as well as
      requiring considerable time and difficulty to assemble and dismantle.
PAR  In view of the foregoing deficiencies in the prior art, it is an object of
      the present invention to provide a drum having adjustable tensioning
      devices that are recessed inwardly of the drum body. The attainment of
      this important object eliminates the outwardly projecting flange or lug
      associated with existing drums and permits adjacent drums to be positioned
      more closely together. Also, due to their recessed location, the screws
      cannot become accidentally engaged and moved out of adjustment.
PAR  In conjunction with the preceding object, it is another object of the
      invention to provide a drum having an improved appearance. The novel drum
      construction provided by the instant invention locates the tensioning
      screws in a recessed position where they are not as noticeable as in
      existing drums.
PAR  Still another object of the invention is to provide a drum having improved
      strength and rigidity. The normally weak top portion of the drum is
      recessed inwardly from the remainder of the drum body and is structurally
      reinforced by a horizontal shoulder and a short vertical wall.
PAR  Yet another object of the invention is to provide a structurally improved
      drum support for the components of a drum assembly.
PAR  A further object of the invention is to provide a drum support that permits
      independent and universal positioning of each component of a drum
      assembly. It is a particular feature of the invention that the drums and
      cymbals may be set at any desired horizontal, vertical and angular
      position.
PAR  A still further object of the invention is to provide a drum support of the
      character described that may be quickly and easily assembled and
      disassembled.
PAR  Other and further objects of the invention, together with the features of
      novelty appurtenant thereto, will appear in the course of the following
      description.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the accompanying drawing which forms a part of the specification and is
      to be read in conjunction therewith, and in which like reference numerals
      are employed to indicate like parts in the various views:
PAR  FIG. 1 is a perspective view of a drum supporting framework embodying the
      invention, with a kettle-shaped drum constructed in accordance with the
      invention and a cymbal supported thereon;
PAR  FIG. 2 is an enlarged, fragmentary elevational view of one side of the drum
      taken generally along line 2--2 of FIG. 1 in the direction of the arrows;
PAR  FIG. 3 is an enlarged, fragmentary view taken generally along line 3--3 of
      FIG. 1 in the direction of the arrows and showing a joint included in the
      framework, with portions of the joint broken away to more clearly
      illustrate the internal structure thereof;
PAR  FIG. 4 is a fragmentary cross-sectional view taken generally along line
      4--4 of FIG. 2 in the direction of the arrows; and
PAR  FIG. 5 is an enlarged, fragmentary horizontal cross-sectional view taken
      generally along line 5--5 of FIG. 4 in the direction of the arrows.
DETD
PAR  Referring now to the drawing in detail, FIG. 1 illustrates a drum 10 and a
      cymbal 12 supported on a framework which is generally designated by
      reference numeral 14. With initial reference to the construction of drum
      10, the majority of the drum body is formed by a hollow shell 16. Shell 16
      is of generally kettle or bowl-shaped configuration and is preferably
      constructed of fiberglass or a similar material possessing adequate
      strength and suitable acoustical properties. Referring particularly to
      FIGS. 2 and 4, the top of the bowl-shaped shell 16 presents a circular
      periphery 17, above which an annular recess 18 is formed in the drum body.
      A flat, horizontal shoulder 20 of annular configuration extends inwardly
      from periphery 17. Shoulder 20 curves entirely around the drum body in a
      horizontal disposition to present a flat, upwardly facing surface at the
      underside of recess 18. The annular shoulder 20 terminates inwardly in a
      circular edge 21 which is concentric with periphery 17 and disposed
      inwardly thereof. A short vertical wall 22 extends upwardly from the
      inward circular edge 21 of shoulder 20 to define the inward side of recess
      18. Wall 22 curves in a circular manner entirely around the drum body at
      an inwardly recessed location relative to periphery 17. Wall 22 terminates
      upwardly in a circular peripheral edge 24 that extends around the open top
      end of the drum body. It is pointed out that the structural reinforcement
      provided by the horizontal shoulder 20 and the recessed vertical wall 22
      adds considerable strength and rigidity to the top end of the drum body,
      which is normally the structurally weakest part of a drum having a kettle
      shape.
PAR  A flexible drum head 26 is drawn tightly over the open top end of shell 16.
      An enlarged peripheral rib 28 of substantially square cross section is
      formed integrally with head 26 and extends entirely around the circular
      periphery thereof. Rib 28 is disposed in the top portion of recess 18.
      Peripheral edge 24 engages the underside of head 26 slightly inwardly of
      rib 28, while a corner of the rib engages wall 22 somewhat below the top
      end of the wall.
PAR  A circular, ring-like bracket 30 forms the rim of drum 10. Bracket 30 is of
      slightly greater diameter than the top end of the drum body and is
      positioned outwardly of edge 24 in continuous engagement with the top of
      rib 28 to maintain the tension in head 26. Bracket 30 includes an upper
      wall section 32 which extends vertically above edge 24 and which curves
      entirely around the drum body slightly outwardly of edge 24. Wall section
      32 terminates upwardly in a small outwardly projecting lip 34. An integral
      shoulder 36 extends outwardly from the bottom edge of section 32 with its
      flat underside engaging the top of rib 28. Shoulder 36 is disposed
      horizontally in the top portion of recess 18 and is spaced upwardly from
      shoulder 30 in parallel relation thereto.
PAR  A plurality of integral lugs 38 extend horizontally outwardly from the
      outer edge of shoulder 36. Lugs 38 are spaced equally from one another
      around bracket 30. A vertical skirt 39 (FIG. 2) forms the bottom section
      of bracket 30. Skirt 39 extends downwardly from the outer edge of shoulder
      36 and is spaced slightly outwardly of rib 28 to cover same. A pair of
      gussets 40 and 41 (FIG. 2) are formed integrally with each lug 38 on the
      respective opposite sides thereof. Gussets 40 and 41 angle downwardly and
      inwardly from each lug 38 to integrally join with skirt 39 and thereby
      structurally reinforce the lugs.
PAR  Each lug 38 is rounded on its outer edge, and an aperture is formed through
      each lug inwardly of the rounded edge. Lugs 38 are disposed horizontally
      in the upper portion of recess 18 and are spaced above shoulder 20 in
      parallel relation thereto. Directly below the aperture in each lug 38, an
      aperture 42 is formed through shoulder 20. A small bolt 44 having an
      enlarged head 46 is fitted in each shoulder aperture 42. The enlarged head
      46 of each bolt 44 is disposed below shoulder 20 in engagement with the
      underside thereof. A flat edge 46a (FIG. 5) is formed on each bolt head to
      engage the interior surface of shell 16 and prevent the bolt from turning.
      The shank of each bolt 44 is threaded to receive a nut 48 which is
      tightened against the top surface of shoulder 20.
PAR  A screw 50 having an elongate shank is inserted through the aperture of
      each lug with the enlarged screw head engaging the top of the lug. Each
      bolt 44 is provided with a threaded central bore which receives the
      threaded shank of a corresponding screw 50. Each screw 50 may be tightened
      or loosened to respectively move bracket 30 a short distance toward or
      away from shoulder 20. Accordingly, the engagement of bracket shoulder 36
      with the top of rib 28 causes either an increase or decrease in the
      tension in drum head 26, depending on the direction that screws 50 are
      turned.
PAR  In FIG. 1, it is seen that one side of shell 16 includes an integral
      rectangular boss 52 that projects outwardly adjacently below shoulder 20.
      A substantially square metal plate 54 is suitably fixed to the flat
      forward surface of boss 52 at a central location thereon. A rectangular
      mounting bracket 56 includes an upper section 56a and a lower section 56b
      which is spaced slightly below section 56a. Bracket 56 is secured to plate
      54 by a pair of screws 58 and 60 which extend through boss 52 and plate 54
      and are threaded into respective holes in lower bracket section 56b. The
      enlarged heads of screws 58 and 60 are located internally of shell 16 in
      engagement with the inside surface of boss 52.
PAR  A circular opening 61 (FIG. 4) is formed through boss 52 and plate 54 to
      receive the end of a cylindrical rod 62. Bracket sections 56a and 56b are
      provided with respective semicircular openings which together define a
      circular opening 63 that is aligned with opening 61. Referring to FIG. 2,
      lower bracket section 56b is provided with a pair of threaded vertical
      holes, while upper section 56a is provided with a pair of vertical holes
      that are aligned thereabove. A screw 64 is freely inserted through each
      hole in section 56a and threaded into the aligned hole of section 56b to
      connect the two bracket sections. Section 56a preferably includes
      respective counterbored areas which permit the enlarged head of each screw
      64 to be recessed. Screws 64 may be tightened to cause the two bracket
      sections 56a and 56b to firmly clamp rod 62 in opening 63 and thereby lock
      the rod in a desired position. It is noted that when screws 64 are
      loosened, drum 10 may be pivoted about the axis of rod 62 to any desired
      angular orientation.
PAR  Drum 10 may be of any desired size, including the relatively small size of
      conventional two-headed snare drums. It is contemplated that a plurality
      of these small drums 10 will be included in a multi-drum assembly, along
      with a considerably larger bass drum (not shown). As a result, the overall
      sound quality of the drum assembly will be enhanced due to the improved
      acoustical properties of kettle-shaped drums as compared to two headed
      drums.
PAR  In use, drum 10 is mounted on the end of rod 62, which is inserted into
      openings 61 and 63. After drum 10 is properly positioned on rod 62, screws
      64 are tightened to lock the drum on the end of the rod by means of the
      engagement of bracket sections 56a and 56b with the rod. The tensioning
      screws 50 may be manipulated to adjust the tension in head 26 as desired.
      When screws 50 are threaded into bolt 44, bracket 30 is moved slightly
      downwardly. The movement imparted to shoulder 36 of the bracket, which
      bears against the top of rib 28, thereby exerts a downward force on rib 28
      and tightens head 26. Conversely, if screws 50 are loosened, rib 28 is
      permitted to move upwardly, and the tension in head 26 is relaxed
      somewhat.
PAR  Turning now to the construction of framework 14, an elongate cylindrical
      rod 66 (FIG. 1) is located near the floor in horizontal disposition. A
      joint 68 is received on rod 66 near its left end. With particular
      reference to FIG. 3, joint 68 includes a first pair of flat, circular
      discs 70 and 72 which are disposed adjacently to form one section of the
      joint. Each disc 70 and 72 has a blunt peripheral edge of circular
      configuration. Discs 70 and 72 have respective semicircular openings
      extending therethrough at a location offset from the center of the discs
      and in a direction that is perpendicular to an axis passing through the
      centers of the discs. The two semicircular openings cooperate to define a
      cylindrical opening 73 of a size to closely receive rod 66 therein.
      Another pair of adjacent discs 74 and 76 having blunt circular edges and
      flat opposite sides cooperate to form the second section of joint 68.
      Discs 74 and 76 are provided with respective semicircular openings which
      together define a cylindrical opening 77 extending through the discs in a
      direction perpendicular to a central axis and at a location offset from
      the center of the discs. The bottom end of a cylindrical rod 78 is
      extended through opening 77 and is preferably angled slightly with respect
      to vertical.
PAR  Discs 70, 72, 74 and 76 are of identical circumference and are disposed in
      a side-by-side or stacked relationship, with the flat sides of adjacent
      discs in engagement. The discs are provided with aligned central bores
      which form a continuous opening that is perpendicular to both of the
      cylindrical openings 73 and 77. A screw 80 is freely inserted through the
      central bores of discs 72, 74 and 76. Disc 70 is of slightly greater width
      than the other discs, while its bore is reduced in diameter and threaded
      to engage the threads on screw 80. Screw 80 may be tightened to lock the
      four discs against one another and also to firmly clamp rods 66 and 78 in
      the respective openings 73 and 77, thereby locking joint 68 at the desired
      position on the respective rods. It is noted that the utilization of
      circular discs 70, 72, 74 and 76 in the joint structures is particularly
      advantageous because no sharp edges are presented. It is further pointed
      out that the flat opposite sides of each circular disc present large
      surfaces to firmly grip against the flat side of an adjacent disc when
      screw 80 is tightened to lock the discs together. Moreover, discs having
      the disclosed construction tightly grip against the rods that are inserted
      in openings 73 and 77 due to the relatively large internal areas of the
      discs that bear against the rods that are disposed in said openings.
PAR  Referring again to FIG. 1, another joint 82 is received on rod 78 near the
      top end thereof. Joint 82 and all other joints referred to hereinafter are
      constructed identically to joint 68. An elevated horizontal rod 84 extends
      between joint 82 at its left end and another joint 86 at its right end.
      Another rod 88 extends downwardly from joint 86 and is preferably parallel
      to rod 78. Near its bottom end, rod 88 receives a joint 90 which is in
      turn received on the right end of rod 66.
PAR  A joint 92 is received on rod 78 above the center thereof. A leg 94 in the
      form of a cylindrical rod angles downwardly from joint 92 and engages the
      floor at its bottom end. Similarly, an intermediate portion of rod 88
      receives a joint 96. A second leg 98 that is substantially parallel to leg
      94 extends downwardly from joint 96 to engage the floor at its bottom end.
      Rods 78 and 88 cooperate with legs 94 and 98 to provide a stable base for
      framework 14, while rod 66 adds further stability and structural support.
PAR  The various components of the drum assembly are supported on framework 14
      for universal positioning thereon. The rod 62 on which drum 10 is mounted
      has its opposite end received in a joint 100. Joint 100 is in turn
      received on rod 84 at an intermediate portion of the rod. Cymbal 12 is
      suitably mounted on the top end of a substantially vertical rod 102 which
      is received by a joint 104 at its bottom end. A short rod 106 extends from
      joint 104 to another joint 108 that is received on an intermediate portion
      of rod 88. It is contemplated that the actual drum assembly will include
      other components (not shown) which will be supported at various positions
      on the rigid framework structure by means of additional joints and rods.
      Preferably, the rods included in the framework structure comprise hollow
      tubes constructed of steel or a similar sturdy material.
PAR  In use, framework 14 may be easily assembled in the desired arrangement.
      For example, joint 68 may be adjusted to orient rods 66 and 78 at any
      desired angle with respect to one another. If screw 80 is loosened, discs
      74 and 76 may be rotated together about the axis of screw 80 to dispose
      opening 77 at any selected angle relative to opening 73. In addition, the
      entire joint 68 may be rotated about the axis of rod 66 to position rod 78
      in any desired plane, and joint 68 may also be rotated about the axis of
      rod 78. It is further pointed out that joint 68 may be slid longitudinally
      along either rod 66 or 78 to move the joint to any desired longitudinal
      position on the respective rods. It is noted that only a single adjustment
      is necessary in order to lock rods 66 and 78 in the desired positions,
      since the tightening of screw 80 immobilizes joint 68 and causes rods 66
      and 78 to be tightly engaged and firmly held in position in the respective
      openings 73 and 77. When all of the joints of framework 14 are tightened,
      the framework is fixed in a rigid disposition to provide a sturdy, stable
      support for the drum assembly.
PAR  The components of the drum assembly may be similarly set at any desired
      position with respect to the framework members from which they are
      supported. With reference to FIG. 1, rod 62 may by pivoted about the axis
      of the central screw in joint 100 after the screw has been loosened. Also,
      joint 100 may be pivoted about rod 84, and rod 62 may be retracted or
      extended relative to joint 100 to move drum 10 toward or away from the
      joint. Drum 10 may be oriented at the desired angle either by rotating rod
      62 within its receiving opening in joint 100 or by loosening bracket 56
      and pivoting the drum about the axis of rod 62. Of course, cymbal 12 and
      the additional components of the drum assembly may be universally
      positioned with respect to framework 14 in a similar manner. A large bass
      drum (not shown) may be mounted on rod 66 by any convenient means which
      permits positional adjustment of the bass drum.
PAR  From the foregoing it will be seen that this invention is one well adapted
      to attain all the ends and objects hereinabove set forth together with
      other advantages which are obvious and which are inherent to the
      structure.
PAR  It will be understood that certain features and subcombinations are of
      utility and may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  Since many possible embodiments may be made of the invention without
      departing from the scope thereof, it is to be understood that all matter
      herein set forth or shown in the accompanying drawings is to be
      interpreted as illustrative and not in a limiting sense.
CLMS
STM  Having thus described my invention I claim:
NUM  1.
PAR  1. A framework for supporting a drum above a floor, said framework
      comprising:
PA1  a base engaging said floor;
PA1  at least one elongate frame member supported by said base and disposed
      upwardly of said floor;
PA1  a first joint member received on said frame member for selective pivotal
      and longitudinal movement with respect thereto, said first joint member
      including a pair of separable blocks having substantially flat surfaces
      positioned against one another, said blocks cooperating to present a bore
      through said first joint member of a size to closely receive said frame
      member;
PA1  a second joint member coupled to said first joint member at a location
      offset from said frame member, said second joint member being selectively
      pivotal with respect to said first joint member about a pivot axis
      oriented substantially perpendicular to said frame member, said second
      joint member including a pair of separable blocks having substantially
      flat surfaces positioned against one another, the blocks of said second
      joint member cooperating to present a bore through said second joint
      member, each block of each joint member being independently movable
      relative to the other blocks;
PA1  a rod member closely received in the bore of said second joint member in an
      orientation substantially perpendicular to said pivot axis, said rod
      member being selectively movable longitudinally and rotatively;
PA1  means for coupling said drum to said rod member at a location offset from
      said second joint member; and
PA1  releaseable means for locking the blocks of said first and second joint
      members against said frame and rod members to retain the frame and rod
      members in place in said bores.
NUM  2.
PAR  2. A framework as defined in claim 1, wherein each of said blocks comprises
      a disc member, each of said disc members having flat opposite sides and a
      blunt peripheral edge of substantially circular configuration.
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ABST
PAL  An optical metronome with a transparent continuous belt carrying vertical
      markings carried between rollers, supported between rigid transparent
      plates, and passing behind a translucent sheet of music through which the
      vertical markings are viewed. The lighting behind the belt is from
      horizontally extending tube type lamps and reflectors, or flat faced neon
      lamps which form one of said rigid transparent supporting plates with
      their flat faces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for aiding the teaching of the
      time or duration in the study of music. Such time or duration is generally
      determined by a metronome.
PAR  Optical metronomes have been used to point out the notes to the student at
      the time and for the duration that they are to be played. But in many
      cases these devices have not acclimated the student to the music sheet as
      he will observe and play it after he no longer requires such a teaching
      device.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a teaching device which
      will impart timing and rhythm to the student in the study of music by
      indicating the timing when each note is to be played.
PAR  It is also an object of the present invention to allow the student to view
      the whole music sheet without impediment to the view of any of the notes
      thereon, with the same view that he will have after he no longer has need
      for the present device.
PAR  It is a further object of the present invention to allow lighting of the
      sheet of music so as to obtain better diffraction effects and concentrate
      the lighting for clarity along the lines of music and also concentrate the
      student's attention on these lines of music.
PAR  It is a still further object of the present invention to provide support
      for a transparent belt carrying time markings thereon to prevent
      distracting oscillations in the belt and in those moving line markers.
PAR  Another object of the present invention is to provide such support by flat
      faced horizontally extending lamps with the duo purpose of lighting and
      support.
PAR  And another object is to provide the timing indication without any
      travelling marks in front of the sheet being viewed thus eliminating such
      distractions.
PAR  Basically the device of the present invention uses a transparent continuous
      belt with vertical markings carried between rollers, supported between
      rigid transparent plates or by the face of a lamp extending horizontally,
      and passing behind a translucent sheet of music through which the vertical
      markings are viewed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above, as well as further objects and advantages which are inherent in
      the invention, will become apparent from the following description,
      reference being had to the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of the optical metronome of the present
      invention as it appears in its case and in use;
PAR  FIG. 2 is an enlarged side elevational sectioned view along lines 2--2 of
      FIG. 1;
PAR  FIG. 3 is a partial perspective view of a portion of the device of FIGS. 1
      and 2 but without its case for additional clarity; and
PAR  FIG. 4 is a second embodiment of the device of FIG. 1 shown in an enlarged
      side elevational sectioned view as taken along lines 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1 there is shown therein the optical metronome 10
      in case 11 with a sheet of music 12 supported on case 11 by a glass or
      clear plastic cover plate 13 in an open top frame 14. Also shown in FIG. 1
      are vertical lines 15 which are seen through the translucent sheet 12
      which may be of paper but not of such heavy weight and thickness as to
      obliterate such vertical lines. Vertical lines 15 are each at least the
      width of the range of musical notations and may be broken to the width of
      each single or grand staff on music sheet 12. Additional sets or at least
      another set (not shown) may be used.
PAR  Vertical lines 15 are drawn on transparent belt 20 which may be of a clear
      plastic and is shown in the side elevational view shown in section in FIG.
      2. Referring also to FIG. 3 for clarity it is shown that transparent belt
      20 is a continuous belt stretched between two rollers (only one of which
      is shown) wherein one roller 21 is driven by a motor shown in its motor
      case 22 in timed relationship to the spacing between the notes on music
      sheet 12. Mounted between the rollers are horizontal tube type lighting
      means 23 backed by reflectors 24. Between the portion of transparent belt
      20 passing by the front of case 11 and reflectors 24 with horizontal tube
      type lighting means 23 is a glass or plastic transparent support 25
      presenting a flat support surface to transparent belt 20 allowing the
      light to shine therethrough with diffraction characteristics of the
      horizontal lighting such as to allow easy observation and following of
      vertical lines 15 on belt 20 through music sheet 12.
PAR  Music sheet 12 is supported in frame 14, and easily removable therefrom,
      between cover plate 13 and glass or plastic transparent window 26 closing
      the front of case 11. The inside of transparent window 26 facing
      transparent belt 20 presents a firm support surface to belt 20 so that
      belt 20 has its front portion supported against oscillation between
      opposing surfaces of window 26 and transparent support 25.
PAR  In the embodiment of FIG. 4 all parts similar to the first embodiment are
      numbered as in FIGS. 1-3. The device as shown in FIG. 4 eliminates the use
      of transparent support 25 and in its stead uses a long lamp 33 such as a
      neon gas tube light shaped to have a flat face 36 and with all of the
      remaining mechanism as previously described in the first embodiment. The
      long lamps 33 with flat faces 36 present flat surfaces to the portion of
      belt 20 for support of belt 20 between faces 36 and transparent window 26
      and with their horizontal lighting also produce the diffraction
      characteristics of the horizontal tube type lighting means 23.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical metronome for use with a sheet of music having lines of notes
      thereon and having at least translucent light characteristics for the
      passing of light therethrough comprising a belt allowing light to pass
      therethrough and having vertical lines thereon extending transversely of
      said belt,
PA1  rollers of which at least one is driven having said belt mounted thereon,
PA1  horizontal lighting means mounted between said rollers and behind said
      belt,
PA1  flat holding means for the sheet of music to hold the sheet of music in
      front of said belt,
PA1  said horizontal lighting means including a plurality of elongated
      horizontally extending lamps with each of said lamps substantially
      centered behind one of the lines of notes on said sheet of music.
NUM  2.
PAR  2. The optical metronome of claim 1, further characterized by
PA1  support means allowing light to pass therethrough mounted between said
      horizontal lighting means and said sheet music holding means,
PA1  said sheet music holding means including
PA2  a window backing the sheet of music and presenting a surface for support of
      said belt between said surface and said support means.
NUM  3.
PAR  3. The optical metronome of claim 1, further characterized by
PA1  said horizontally extending lamps each having a front flat face surface
      presenting a surface for support backing said belt.
NUM  4.
PAR  4. The optical metronome of claim 3, further characterized by
PA1  said sheet holding means including
PA2  a window backing the sheet of music and presenting a surface for support of
      said belt between said surface of said window and said front flat face
      surfaces of said horizontally extending lamps.
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ABST
PAL  A heavy duty fastener is provided especially suitable for outdoor uses such
      as in heavy timber including utility poles. For example, it may be in the
      form of a staple for securing a telephone ground wire cover to a pole. It
      has along each leg or prong a series of longitudinally spaced interlock
      notches for engagement therein of the severed bent-in edges of growth
      rings of the timber member in which the fastener is secured, the notches
      having shoulders facing generally toward and interlocked with the severed
      edges which thoroughly resist withdrawal of the fastener from the wood
      member.
PAL  Tearing of the fiber structure of the wood during driving in of the
      fastener is minimized by having all laterally projecting surfaces along
      the prongs smoothly rounded, including shoulder lips and lateral side
      shoulder projections generally aligned with the notches.
PAL  Manufacture of the fastener by coining of the interlock notches is
      facilitated. The interlock notches are formed in preferably square rod or
      wire stock between complementary dies contoured to indent the notches in
      opposite sides of the fastener prongs, shape arched sloping walls and
      shoulders in the notches, displace material from the notches to provide
      the shoulder lips and shoulder projections, and coin harden the material
      along the prongs.
BSUM
PAR  This invention relates to heavy duty fasteners and method of manufacturing
      same, and is more particularly concerned with staples such as may be
      especially useful in the electrical utilities industries, for example to
      secure ground wire covers and other members to utility poles.
PAR  Fasteners as heretofore provided have had various and sundry disadvantages,
      deficiencies, shortcomings and have presented various problems both
      structurally and economically. Some staples have barbs of such roughness
      as to unduly tear the wood during driving so that the wood cannot properly
      recover and grip the fastener whereby poor holding power results, and
      weathering can creep into the wood along the staple prongs to accelerate
      deterioration. Where the fastener prongs or legs are inadequately
      anchored, they will not resist pulling out sufficiently to withstand abuse
      such as severe weathering conditions, brushing thereagainst of objects
      such as lawn mowers, linemen's boots, animals rubbing thereagainst,
      vibrations, bending stresses, etc. Round wire types of staples have had as
      one shorcoming the single point contact on the head for driving hammer
      impact so that there is undue concentration at such point and thus the
      liability of flattening until enough flat results to secure full power of
      blows to drive the staple into denser types or denser areas of wood. This
      may result in undesirable bending distortions of the head.
PAR  Prior structures have often been difficult to make, or at least require
      slow manufacturing techniques, such, for example as round wire staples
      with rolled barbs in the production of which the wire must first but cut
      to length, then points formed on the legs, after which roll forming of the
      barbs is effected by rolling entirely around the perimeter of the wire,
      and the piece then finally formed into a staple. Production thus depends
      on how fast the roll forming tools can advance and return to the original
      position to pick up the next blank.
PAR  It is therefore an important object of the present invention to overcome
      the foregoing and other disadvantages, deficiencies, inefficiencies,
      shortcomings and problems in respect to fasteners of the type indicated
      and to attain important improvements and advantages and new and improved
      results in the structure of and in a method of making, such fasteners.
PAR  Another object of the invention is to provide a new and improved heavy duty
      staple especially useful for securing members to heavy timbers such as
      utility poles.
PAR  A further object of the invention is to provide a new and improved heavy
      duty staple which is relatively easy to drive into wood and which
      maintains an unusually secure anchorage in the wood.
PAR  Still another object of the invention is to provide a new and improved
      anchoring shoulder structure on fastener prongs affording improved
      strength and resistance to undesirable bending or deflection during
      driving and with improved holding coaction in the wood into which driven.
PAR  A yet further object of the invention is to provide a new and improved
      fastener having novel retaining structure along its driving prong or
      prongs offering minimum resistance to driving into wood but providing
      strong resistance to withdrawal from the wood.
PAR  It is also an object of the invention to provide a new and improved method
      of making heavy duty fasteners for driving into wood.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodied in the disclosure, and in which:
PAR  FIG. 1 is an enlarged sectional detail view showing a fastener in staple
      form according to the present invention partially driven into a wood
      member such as a utility pole;
PAR  FIG. 2 is a face elevational view of the fastener;
PAR  FIG. 3 is a side elevational view of the fastener;
PAR  FIG. 4 is a fragmentary sectional detail view taken substantially along the
      line IV--IV of FIG. 2;
PAR  FIG. 5 is a fragmentary sectional detail view taken substantially along the
      line V--V of FIG. 3;
PAR  FIG. 6 is a fragmentary sectional detail view taken substantially along the
      line VI--VI of FIG. 3; and
PAR  FIG. 7 is an illustrative view demonstrating coining of the interlock
      indentations in square sectioned stock in making the fasteners.
DETD
PAR  As depicted in FIG. 1, a heavy duty fastener 10 embodying feature of the
      present invention is especially constructed and adapted to be driven into
      anchored relation in a timber member such as a utility pole 11, for
      example, to secure a ground wire cover 12. The fastener 10 is provided
      with at least one leg or prong 13 having a sharp penetrating tip 14 which
      may be of generally spade edge shape as shown. In this instance the
      fastener 10 is of the U-shape staple form having a pair of the prongs 13
      in coextensive relation and connected together by an integral arcuately
      shaped head 15. In practice, the staple 10 is placed with the prongs 13 in
      straddling relation to the member to be fastened such as the ground wire
      cover 12 and the staple is then driven home by means of a tool such as a
      hammer applied against the crown of the head 15. As the prongs 13
      penetrate into the wood of the pole 11 they cut across and penetrate
      through growth rings 17 in the wood.
PAR  By reason of the cross sectional mass of the respective prongs 13, they
      must compress and displace a corresponding mass of the wood fibers. The
      denser growth rings 17 resist compression and as shown bend at their
      severed edges along the prongs 13 in the direction in which the prongs
      were driven into the wood member. This characteristic is taken advantage
      of by the present invention by providing the prongs 13 on at least one
      side and preferably both sides thereof with anchoring notches 18 spaced
      apart sufficiently to receive in each of the notches a bent edge of one or
      more of the growth rings 17 and more particularly the dense annual rings.
      To facilitate thorough anchoring engagement of the turned, bent growth
      ring edges with the prongs 13 in the notches 18, each of the notches is
      defined by a shoulder 19 facing generally toward the head end of the
      respective prong and a surface 20 slanting in from the side of the prong
      to a juncture with the shoulder. In a desirable construction, the
      shoulders 18 may be spaced apart about 1/8 inch and the width of the
      shoulders may be about 1/32  of an inch. By way of example, the fastener
      10 so equipped may be made from square wire or rod stock of suitable
      dimensions such as on the order of from 1/8 inch to 7/32 inch cross
      section, with the leg prongs 13 on the order of 11/2  to 4 inches long,
      and the space between the prongs 13 on the order of from 1/4 to 1 3/16
      inches.
PAR  Anchoring retention of the prongs 13 by the bent edges of the growth rings
      17 interlocking with the shoulders 19 is improved by a sloping shoulder
      angle of about 15.degree. relative to a plane normal to the longitudinal
      axis of the associated prong 13, and with the slope directed away from the
      head end of the prong and generally in the direction of the penetrating
      tip end of the prong. This has been found to just about match the
      inclination of the bent growth ring edges toward the shoulder 19, thereby
      effecting maximum shouldering efficiency and interlocking of the growth
      ring edges with the shoulder 19 and maximizing the shear forces required
      to remove the fastener. An included angle of about 90.degree. between the
      shoulders 19 and the slanting surfaces 20 has been found desirable to hold
      the growth ring edges bent toward the shoulders 19.
PAR  In the fastener 10 exemplifying the invention, the penetrating tips 14 are
      formed by cutting the tip end portions of the prongs 13 along diagonally
      inclined faces 21 (FIGS. 2 and 5) to the tips 14. A face angle of about
      15.degree. relative to the prong axis is satisfactory. Although shown
      oppositely angled across the notched prong sides, the faces 21 may be
      otherwise disposed such as between the notched sides and slanting in the
      same direction. Each of the prongs 13 may have the series of notches 18
      terminate short of the faces 21 or formed continuous to the tips 14.
PAR  For manufacturing efficiency the interlock notches 18 are located in
      alignment along generally normal planes relative to the shank axis of the
      respective prongs. Weakening of the prongs 13 in the areas therealong
      provided with the interlock notches 18 is substantially minimized by
      having the slanting surfaces 20 transversely arched outwardly at 20a
      intermediate the opposite sides of the notches 18, as best visualized in
      FIG. 6. Nevertheless, the shoulders 19 are not diminished in anchoring
      effectiveness because they are of maximum shoulder surface, that is of
      greatest depth, at the opposite sides of the notches 18 where they are of
      upmost effectiveness, taking advantage of not only pressure of the wood
      into which driven expanding toward the sides of the prongs 13 in which the
      notches 18 are formed, but also gaining advantage of the wood expanding
      and crowding in from the sides of the prong 13 at which the sides of the
      notches 18 run out.
PAR  Contributing to the holding efficiency of the fastener 10 are projections
      of the shoulders 19 beyond the original planes of the four sides of the
      respective leg prongs 13. Lip projections 22 (FIGS. 2, 3, 5 and 6) are
      provided along the outer edges of the shoulders 19 to increase the
      effective shoulder depth, and shoulder extensions 23 are provided at the
      opposite sides of the shoulders 19 increasing their width, even though the
      actual depth to which the notches 18 are formed is limited.
PAR  Holding efficiency of the prongs 13 is further improved by providing
      lateral shoulder projections 24 at the opposite sides of the slanting
      surfaces 20. As best seen in FIG. 2, by reason of the slanting
      relationship of the projections 24, they provide shouldering surfaces
      facing generally toward the head 15 of the fastener. Thereby the wood
      fibers of a penetrated member, and more particularly the growth ring edges
      crowding against those faces of the fastener prongs 13 from the planes of
      which the projections 24 extend, effect a desirable interlocking
      relationship with the projections 24 supplemental to the interlocking
      relationship of the edges with the shoulders 19. Interlocking efficiency
      of the shoulder projections 24 is enhanced by their generally convergent
      relation on both of the sides of the prongs 13 between the sides which
      have the notches 18 therein.
PAR  In manufacturing the fastener 10, preformed four-sided wire or rod may be
      used, but the stock from which the fastener is made may comprise an
      inexpensive grade of round wire, as schematically indicated at B in FIG.
      4, which is suitably shaped as by rolling to provide the desired
      four-sided configuration, thereby hardening the material. Such hardening
      will not, however, interfere with bending the material into the U-form
      staple shape and which will finally harden the area of the head 15.
      Further hardening of the prongs 13 is effected by coining the interlock
      notches 18 therein. Coining may be effected along longitudinally spaced
      areas of the four-sided wire blank while the wire is straight and before
      the blanks are cut apart along the prong faces 21 and bent into the U-form
      of the staple. Suitable complementary simultaneously oppositely acting,
      opposed coining dies 25 (FIG. 7) are used having forming or working
      surfaces 27 shaped complementary to the shoulders 19 and the notch
      surfaces 20 to be formed thereby. More particularly, the forming die
      surfaces 27 are arched concavely to strike the convexly arched
      configuration 20a for each of the surfaces 20. This transversely arched
      relationship between the die surfaces 27 and the notch surfaces 20, 20a
      lowers the necessary coining tonnage required because of easier coining
      displacement of material from the notches 18, results in smoother
      formation of the displaced material projections 21, 23 and 24 and permits
      increase in production speed.
PAR  In the coining operation, material displaced from the notches 18 becomes
      the projecting lips 22, the laterally extending shoulder projections 23
      and the slanting shouldering projections 24. Of considerable practical
      value is that the projections 22, 23 and 24 are formed with rounded
      contours resulting from free coining displacement of the material without
      development of sharp edges. Thereby, tearing destruction of wood fibers in
      driving the fastener is substantially avoided, but penetration of the
      prongs 13 occurs cleanly. This preserves maximum value of the inherent
      recovery capability of the wood fiber structure after penetration of the
      fastener prongs for exceptionally thorough gripping retention of the
      fastener against pulling or working out of the wood.
PAR  The use of square wire in forming the fastener 10 offers the considerable
      advantage that the notches 18 can be formed deep at the four corners of
      the square wire stock for maximum holding efficiency with substantial
      economy that cannot be matched by shaping prongs on round wire.
PAR  By having a straight across crown on the head 15, a driving tool, i.e.
      hammer, can make contact over the full width of the head. This resists
      flattening and permits driving the fastener with less force and minimum
      time.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A coined fastener having an elongated prong with a head at one end and a
      penetrating tip at its opposite end, and especially suitable for driving
      into wood across and into interlocking relation with the growth rings
      therein, comprising:
PA1  a series of longitudinally spaced coined interlock notches in at least one
      side of said prong, the prong being essentially of a uniform square-shaped
      cross-section;
PA1  each of said notches being defined by a shoulder facing generally toward
      but sloping away from the head end of the prong and a surface slanting in
      from said side to a juncture with said shoulder;
PA1  each of said surfaces being transversely arched outwardly intermediate the
      opposite sides of the notches whereby weakening of the prong is minimized;
      and
PA1  said shoulders being deepest at said opposite sides of said notches,
      including lateral projections aligned with the notches and derived from
      material displaced from said notches, wherein said projections are located
      at each side of said shoulders, and at each side of said surfaces, and
      provide projecting lips along the edges of said shoulders, wherein the
      included angle between said shoulders and said surfaces is about
      90.degree., each notch being further defined as extending completely
      across the side of the fastener with the outer edge of the shoulder being
      generally convexly rounded at opposite ends thereof.
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ABST
PAL  An anchor bolt having an expandable housing containing a fluid material and
      disposed in a casing arrangeable extending through a floor or other
      partition. Compression of the fluid material in the expandable housing
      causes the material to expand the housing through one or more slots
      provided in the casing and prohibit the housing from passing back through
      the floor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an anchor suitable for fastening loads
      to a floor, and the like, and particularly to an anchor bolt especially
      intended for mounting heavy machinery, and the like, which is subject to
      vibration on concrete floors and similar structures.
PAR  2. Description of the Prior Art
PAR  Conventional anchor bolts used to secure machinery and the like structures
      to a, for example, concrete floor expand within the bore of a hole drilled
      in the concrete. That is, the bolt does not pass all the way through the
      concrete slab or other mounting structure. Normally, an anchor using the
      entire slab or reinforced concrete as a support has to be installed at the
      time the concrete is poured.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an anchor bolt that
      extends below the level of a floor or other partition being used as a
      supporting element.
PAR  It is another object of the present invention to provide a passthrough
      expandable anchor bolt that may be installed either at the time of or
      subsequent to construction of the support element.
PAR  It is still another object of the present invention to provide an
      expandable anchor bolt of simple yet rugged and reliable construction.
PAR  These and other objects are achieved according to the present invention by
      providing an anchor bolt having: an expandable housing; a fluid material
      arranged in the expandable housing; a casing arrangeable extending through
      a partition for positioning the expandable housing adjacent the partition;
      and an actuator arrangement associated with the casing for compressing the
      fluid material and causing same to expand the expandable housing when the
      latter is adjacent the partition and prohibiting the housing from passing
      back through the partition.
PAR  The casing is advantageously provided with one or more slots arranged for
      permitting the expandable housing to expand therethrough.
PAR  An actuator arrangement according to the present invention advantageously
      includes a piston movably disposed in the casing, a screw-threaded rod
      connected to the piston and extending out of the casing in a direction
      away from the expandable housing, and a cap mounted on an end of the
      casing spaced from the expandable housing. The cap may be provided with a
      screw-threaded bore with which the rod threadingly engages to permit
      movement of the piston toward and away from the expandable housing by
      rotation of the screw-threaded rod.
PAR  The cap is advantageously provided with claws which prevent rotation of the
      cap, and its associated casing, relative to a partition in which the
      anchor bolt is inserted.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numrals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing an anchor bolt according to the
      present invention.
PAR  FIG. 2 is a sectional view taken generally along the line 2--2 of FIG. 1,
      but drawn to a larger scale.
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary, partly vertical sectional view showing the anchor
      bolt of FIGS. 1 through 3 arranged in a concrete slab.
PAR  FIG. 5 is a sectional view taken generally along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a fragmentary, perspective view showing a modified embodiment of
      an anchor bolt according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to FIGS. 1 through 5 of the drawings, an
      anchor bolt 10 according to the present invention has an expandable
      housing 12 in which is arranged a fluid material 14. This material 14 is
      advantageously the illustrated plurality of spheres or balls 16, which may
      be conventional ball bearings, and the like. It is to be understood,
      however, that any suitable fluid, or fluent, material may be used as
      material 14. While material 14 is preferably incompressible, it is even
      possible to employ a compressible fluid, such as a gas, in place of the
      illustrated balls 16. A casing 18 arrangeable extending through a
      partition P for positioning housing 12 adjacent partition P encloses
      expandable housing 12 in the illustrated manner. Advantageously, casing 18
      is a length of tubing, or a hollow cylinder, provided with a plurality of
      lengthwise extending slots 20. Expandable housing 12 is a sleeve
      constructed from a ductile material, such as soft metal, arranged in
      casing 18 for expansion through slots 20. Copper, aluminum, steel mesh,
      and the like, have been found suitable for construction of housing 12.
PAR  An actuator arrangement 22, to be described in detail below, is associated
      with casing 18 for compressing material 14 and causing same to expand
      housing 12 when the latter is adjacent the partition and prohibiting the
      housing from passing back through the partition.
PAR  The expanded position of housing 12 is illustrated in FIGS. 4 and 5 of the
      drawings.
PAR  Arrangement 22 includes a piston 24 movably disposed in casing 18, a
      screw-threaded rod 26, which may be the illustrated conventional bolt,
      connected to piston 24 and arranged extending out of casing 18 in a
      direction away from housing 12 and material 14, and a cap 28 mounted on
      the upper, outer, or front end of casing 18 which is spaced from housing
      12. This cap 28 is provided with a screw-threaded bore 30 with which rod
      26 threadingly engages. Any suitable fastening technique, such as welding,
      brazing, and the like, may be used to attach cap 28 to casing 18. In this
      manner, the cap 28 and casing 18 will form a single unit.
PAR  Casing 18 is also advantageously provided with a plug 32 at the end of
      casing 18 adjacent housing 12 for enclosing that end of casing 18 and
      forming an end of housing 12. Plug 32 advantageously has a conical portion
      34 directed into casing 18 for wedging balls 16 toward slots 20. In other
      words, portion 34 forms a point extending into housing 12 which performs a
      wedging action on balls 16 when piston 24 is moved toward plug 32 and
      compresses balls 16 to cause housing 12 to expand to its FIG. 4 position.
      Plug 32 may be attached to a respective end of casing 18 in any suitable,
      known manner, such as welding, brazing, and the like.
PAR  Alternatively to the illustrated solid, cylindrical piston 24 and conical
      portion 34, a pair of large balls (not shown) could be used to compress
      the fluid material 14. One ball would be under the influence of rod 26,
      while the other ball would be arranged adjacent a plug similar to plug 32.
PAR  The sides of cap 28 are advantageously crimped so as to form claws 36 which
      grip into the material of partition P and prevent rotation of the cap and
      its associated casing 18 relative to the partition P.
PAR  Referring now to FIG. 6 of the drawings, an anchor bolt according to the
      present invention may have a casing 38 similar to casing 18, but wherein
      slots 40 are arranged in spiral orientation.
PAR  As mentioned above, the sleeve forming housing 12 may be constructed with
      either a continuous surface or as a, for example, wire mesh. The important
      consideration here is that balls 16, or other material used in place of
      balls 16, cannot jump out or otherwise be removed from the housing.
PAR  As can be readily understood from the above description and from the
      drawings, an anchor bolt 10 functions as an anchor for fastening loads to
      a point below the level of a floor or similar partition. The anchor bolt,
      which may be constructed from steel and the like, has an inner housing 12
      which is filled with, for example, steel ball bearings and is compressed
      as the bolt forming rod 26 is tightened so as to force the soft inner
      housing 12 full of ball bearings to expand through slots 20, 40 and up
      towards the bottom of the concrete floor. By having the lower portion of
      the bolt expand beneath the concrete floor rather than in the concrete
      floor, much greater holding power is provided and the anchor bolt is not
      subject to loosening because of vibration.
PAR  An anchor bolt according to the present invention may be used for different
      size bolts; that is, for different size bolts forming rod 26. This is
      accomplished merely by providing a threaded bore 30 to fit the size of
      bolt employed. Rotation of a bolt forming rod 26 will tighten piston 24
      against balls 16 by forcing the piston down against the balls and cause
      the balls to push out in all directions. Plug 32 prevents the balls 16
      from being forced out of casing 18 through the end associated with plug
      32, and conical portion 34 of plug 32 pushes balls 16 outward so as to
      spread the inner, expandable housing 12, as well as casing 18 (FIG. 5),
      outwardly.
PAR  Sleeve 12 could be made of rubber or plastic and the whole anchor made of
      plastic.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An anchor bolt, comprising, in combination:
PA1  a. an open ended expandable housing;
PA1  b. a fluid material arranged in the expandable housing;
PA1  c. support means including a casing provided with at least one slot
      arrangeable extending through a hole in a partition for positioning the
      expandable housing through the partition; and
PA1  d. actuator means for compressing the fluid material and causing same to
      expand the expandable housing when the latter is through the partition and
      prohibiting the housing and casing from passing back through the hole in
      the partition, the expandable housing being arranged in the casing for
      expansion through the slot, said casing being in the form of a length of
      tubing provided with a plurality of substantially parallel coextensive,
      lengthwise extending, normally closed slots adjacent an end of the tubing,
      the expandable housing is a sleeve arranged in the end of the tubing
      provided with the slots and constructed from a ductile material, and the
      fluid material is a plurality of balls, said actuator means including a
      generally cylindrical elongated piston movably and guidingly disposed in
      the casing and abutting an end of the expandable housing, a screw-threaded
      bolt connected to the piston and arranged extending from the casing in a
      direction away from the expandable housing, said bolt having a rounded end
      received in a socket in the end of the piston remote from the balls to
      maintain the threaded bolt in alignment with the piston and a cap mounted
      on an end of the casing spaced from the expandable housing, the cap being
      provided with a screw-threaded bore with which the bolt threadingly
      engages, said casing being provided with a plug arranged at an end of the
      casing adjacent the expandable housing and spaced from the cap, the plug
      having a conical portion directed into the other open end of the
      expandable housing within the casing for wedging the balls toward the
      slots said cap being provided with means for preventing rotation of the
      cap relative to the partition, said actuator means being arranged
      extending from the casing at one side of the partition, and the casing
      extends through the partition, with the slots being arranged in a portion
      of the casing extending beyond the partition from a side of the partition
      spaced from the one side with the casing expanding to a size larger than
      the hole through the partition with the slots opening to permit the
      housing to expand to a size larger than the hole for engaging the
      periphery of the hole with a substantially continuous area of contact.
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ABST
PAL  An improved solenoid release mechanism for air dropped ordnance apparatus
      d the like has two pivoted jaws which are locked in closed position when
      the solenoid coil is energized and are spring biased to the closed
      position with sufficient force such that a force of about nine pounds in a
      downward direction will open them when the solenoid coil is not energized.
      An adjustment device is provided for the biasing means for each of the
      jaws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many bomb arming solenoids are found in the prior art and one of the more
      popular at the present time is disclosed in U.S. Pat. No. 3,200,707 issued
      17 Aug. 1965 to W. F. West. The device of U.S. Pat. No. 3,200,707 is
      designed to hold an arming wire in a slot by means of a plunger co-acting
      with one wall of the slot. Should something cause the plunger to bind, the
      arming wire may not be released even though the solenoid is in "Unlocked"
      condition. According to the present invention the arming wire is held
      between two jaws so that movement of either jaw will allow removal of the
      arming wire. Some prior art devices are known which suggest the use of two
      jaws. One example of the two jaw construction is found in U.S. Pat. No.
      2,992,594 issued 18 July 1961 to L. L. Anderson et al. The Anderson
      device, however, was rather complex and the point of contact of the jaws
      was placed on the opposite side of the pivot points from the locking means
      and the means biasing the jaws to a closed position.
PAR  According to the present invention, a two jaw release mechanism is provided
      which is simple and easy to manufacture, is lighweight and compact in
      structure and which achieves a desired closing force by means of simple
      wire springs, the force of which can be individually adjusted.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a side elevation with parts broken away and partly in cross
      section of a solenoid actuator according to the present invention;
PAR  FIG. 2 is a front elevation partly in cross section of the solenoid in FIG.
      1.
PAC  DESCRIPTION AND OPERATION
PAR  A practical embodiment of a solenoid actuator device according to the
      invention is shown in FIG. 1 generally designated by the numeral 10. The
      parts of the actuator mechanism are contained in a body 12 which is
      chambered in the upper portion to receive a coil form 14. Coil form 14 has
      an annular recess 16 in which is wound a coil 18. The two ends of the coil
      18 are led through the coil form 14 to external contact screws 20, 22
      which are separated by an insulation block 24.
PAR  Coil block 14 is bored to receive a core or armature 26 of magnetic
      material for sliding movement therein. Core 26 is bored to receive one end
      of a plunger 28 of non-magnetic metal such as stainless steel. Plunger 28
      has a central portion sufficiently smaller than the inner bore of coil
      body 14 to accommodate a compression spring 30 between the opposing walls.
      Spring 30 is confined between the lower portion of armature 26 and a flat
      metal washer 32 loosely fitted onto a chamfered portion of plunger 28. The
      end of plunger 28 remote from armature 26 is bored to provide locking
      surfaces the function of which will appear later.
PAR  The end of body 12 opposite the solenoid is slotted and bored to receive
      parts of an arming wire latch mechanism. This latch mechanism comprises
      two jaws 34, 36 pivoted on respective pins 38, 40 and urged to the
      position shown by wire springs 42, 44. One end of each of the springs is
      hooked into a hole (46, 48) provided in the respective jaw. The other end
      of each of the spring abuts against an adjustment screw such as shown at
      50 which is contained in a threaded hole 52 in body 12.
PAR  Remote from the pivot pin, each jaw terminates in a contour designed to
      present a semicylindrical surface to a cylindrical stop member 54 and an
      interrupted planar surface contiguous to the other said jaw when the jaws
      are in closed position. This end of the jaws is further configured such
      that, in the closed position, they jointly present opposite surfaces which
      may be enclosed by the lower end of plunger 28 to lock the jaws in closed
      position. The jaws are shown in FIG. 1 in closed position with the loop of
      an arming wire 56 in place between the jaws.
PAR  As shown in FIG. 2, the lower portion of body 12 has a rectangular
      configuration and is pierced by two mounting holes 59, 60 through which
      screws may be placed to fasten the solenoid to a bomb rack or the like.
PAR  By the above construction, the manufacture of the solenoid actuator has
      been greatly simplified. To this end the body 12 consists of a unitary
      piece of metal board, counterbored and slotted to receive the various
      components. The upper portion of body 12 receives the coil and plunger
      assembly and the lower receives the safety wire retaining mechanism.
PAR  The armature-plunger assembly is put together before placing in the body
      12. The washer 32 is placed over plunger 28 followed by spring 30 and core
      or armature 26. The end of plunger 28 is then upset or peened over as
      shown so that the core 26 is confined between the upset portion and a
      shoulder 55 on the plunger. The coil form 14 carrying coil 18 is then
      placed over the subassembly and fastened in place by an adhesive 58. The
      ends of coil 18 are led through the adhesive 58 and attached to sockets
      (not shown) in which are mounted screws 20, 22.
PAR  In the lower half of the body 12 the stop pin 54 is inserted through access
      hole 55 as shown in FIG. 2 and jaws 34, 36 are then positioned in slot 57
      and pinned in place by pins 38, 40. The upper ends of springs 42, 44 are
      then pressed in place by adjustment screws 50 are adjusted to a point
      where the jaws 34, 36 will release arming wire 56 when a predetermined
      downward force is applied on the arming wire. The specified pull necessary
      to meet some requirements is nine pounds.
PAR  In operation, the coil 18 is not energized and the plunger 28 remains in
      its upper "unlocked" position as urged by spring 30. The arming wire 56 is
      then pushed into the opening as shown in FIG. 1, forcing the jaws 34, 36
      to open against the force of springs 42, 44. When the force needed for
      removing arming wire 56 is set at nine pounds, for example, the force
      necessary to remove the lock wire from a bomb will be about fourteen
      pounds. Therefore, if the jaws 34, 36 are not locked before the bomb is
      dropped, the arming wire will stay with the bomb.
PAR  If, on the other hand, it is desired that the arming wire be pulled loose
      from the bomb, coil 18 is energized before drop, plunger 28 is forced
      downwardly and the lower end of plunger 28 fits over the upper ends of
      jaws 34, 36 locking them securely in place. In the locked position the
      arming wire cannot be pulled from the jaws even by a force several times
      greater than the breaking strength of arming wire 56.
PAR  The cost of producing ordinance release mechanisms has been decreased
      because of the simplicity of design and reliability has been increased by
      the use of the two jaw system. Thus, if one jaw were to freeze in place in
      the unlocked position, the arming wire could still be pulled from the
      assemble by flexion of the other jaw. Other two jawed release mechanisms
      have been proposed but the instant device differs from the prior art
      devices by having the clamping surfaces on the same side of the pivot
      points on which the spring forces are exerted. This arrangement not only
      shortens the lever arms needed but also allows simpler spring devices and
      allows an external rather than internal locking device. That is to say, in
      known prior devices, since the arming wire was between jaws depending from
      the pivot point and urged together by a spring means on the other side of
      the pivot point, the internal ends of the jaws had to be forced together
      to remove the arming wire and, thus, the inner ends needed to be wedged
      apart in the "locked" position. By comparison, the instant device is much
      simpler in construction and compact in size.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A release mechanism comprising:
PA1  support means;
PA1  two substantially parallel support pins mounted in spaced relationship in
      said support means;
PA1  a retaining arm pivotally mounted on each of said pins;
PA1  a stop member mounted in said support means and having a longitudinal axis
      parallel to the axis of said pins; and lying in a plane equidistant
      between said pins;
PA1  said longitudinal axis being spaced from the plane containing the axis of
      said pins;
PA1  said arms having complementary shaped upper free ends mating with said stop
      means and meeting each the other along surfaces in said plane equidistant
      between said pins;
PA1  each said arm having a relieved portion along said surface between said
      stop and said plane containing the axis of said pins and forming, in
      closed position of said arms, an opening therebetween formed by
      semicircular surfaces adjacent said stop means and tapered surfaces and
      terminating in contiguous surfaces remote from said stop means and between
      said stop means and said plane containing the axis of said stop means;
PA1  secondary shaped surfaces on said arms opposite the surfaces engaging said
      stop means and said secondary surfaces being parallel to the mating planes
      of said first mating surfaces;
PA1  latching means mounted on said support and selectively movable from a
      normal position free of said secondary surfaces to a latching position
      engaging the said secondary surfaces to prevent separation as said arms;
      and
PA1  spring means urging said arms to said closed position.
NUM  2.
PAR  2. The release mechanism of claim 1 wherein said biasing means include a
      wire spring associated with each said arm and having one end connected to
      said arm intermediate said stop and said pin, looping around said pin and
      extending back in the same direction; and adjustment means acting against
      the other end of each spring to adjust the force necessary to move said
      arm from said stop.
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ABST
PAL  A piston such as a gas piston of a firearm. The piston includes a
      substantially rigid cylindrical body having an end region which
      fluid-tightly and slidably engages one surface while extending from the
      latter surface toward but terminating short of a second surface which is
      fluid-tightly and slidably engaged by an elastic sealing ring of the
      piston. The end region of the piston member is formed with a groove
      receiving a flange of the sealing ring and the latter has a wall extending
      from the flange to define with a lip situated on one side of the groove a
      gap of a predetermined radial width. Situated in this groove between the
      lip and the flange of the sealing ring is a snap ring which has between
      its peripheral edges a radial width greater than the width of the gap for
      securely maintaining the sealing ring in its operative relationship with
      respect to the piston member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to pistons.
PAR  In particular, the present invention relates to pistons of the type which
      are used to serve as gas-operated pistons of firearms.
PAR  As is well known it is conventional to provide certain types of firearms
      with gas-operated pistons. Such a piston is displaced by part of the gas
      resulting from the firing of a projectile, so that the energy resulting
      from the explosion in the firearm is used to move the gas piston. This
      movement of the gas piston is utilized in a known way to cock the firearm
      automatically in preparation for firing the next round. Thus, with such a
      firearm upon firing of one round part of the gas under pressure is
      deflected from the barrel to a gas-operated piston which is displaced to
      cock the firearm and place it in a condition ready for firing the next
      round.
PAR  Pistons of this type are subject to extremely great stresses. Thus in the
      above example when a round is fired the gas piston is subject to a
      considerable impact stress, this stress being a variable magnitude as a
      result of the different magnitudes or strengths of the charges which are
      fired. A piston of the above general type is required to have a
      fluid-tight sliding engagement with outer and inner cylindrical surfaces.
      For manufacturing purposes such a piston has a substantially rigid part
      fluid-tightly engaging one of these surfaces and an elastic sealing ring
      which engages the other of these surfaces. Thus, by providing a
      construction where the piston includes interconnected rigid and elastic
      components for respectively fluid-tightly and slidably engaging coaxial
      cylindrical surfaces one of which surrounds the other, it is possible to
      simplify the manufacture since precise coaxial relationships between the
      sealing surfaces of the piston need not be maintained and thus maintenance
      of extremely strict manufacturing tolerances can be avoided. However,
      while the manufacturing of pistons including a pair of such components
      provides certain advantages, there are disadvantages in that up to the
      present time no satisfactory structure has been found to maintain the
      piston components reliably assembled with each other. Thus, in view of the
      stresses which are encountered during operation considerable difficulty
      has been encountered in maintaining the elastic sealing ring properly
      assembled with the rigid part of the piston. As a result, conventional
      assemblies cannot withstand the large impact stresses over a long period
      of time, and the result is that the sealing ring of the piston does not
      remain properly assembled with the rigid part of the piston so that a
      desired seal is not maintained and the assembly comes apart in time to
      such an extent that proper operation cannot be assured and repairs are
      required.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      construction which will avoid the above drawbacks.
PAR  In particular, it is an object of the present invention to provide a piston
      with a construction which will enable it to withstand reliably over a long
      period of time even the substantially large impact stresses of the type
      which are encountered in connection with firearms.
PAR  Moreover, it is an object of the present invention to provide a piston
      construction of the above type which is made up of components which can be
      readily assembled without any danger of disassembly occurring due to large
      impact stresses.
PAR  In particular it is an object of the present invention to provide a
      construction of the above general type which will permit the parts to
      become disassembled from each other only shearing of relatively strong
      components such as an end lip of a substantially rigid piston member or a
      springy metal snap ring.
PAR  According to the invention the piston is designed to be used with coaxial
      inner and outer bodies arranged with the outer body surrounding and spaced
      from the inner body and having an inner cylindrical surface coaxially
      surrounding and spaced from an outer cylindrical surface of the inner body
      to define with the latter surface a cylindrical space of given thickness.
      The piston includes a substantially rigid cylindrical member which extends
      at least partly into the latter space and which has in this space an end
      region fluid-tightly and slidably engaging one of the above surfaces while
      extending from this one surface toward but terminating short of the other
      surface so that the thickness of the end region of the piston member is
      less than the thickness of the space which receives this end region. The
      end region of the piston member is formed inwardly of an end face thereof
      with a circular groove directed toward the other of the surfaces and
      defining with the end face a lip which has a peripheral edge also directed
      toward this other of the surfaces of the above bodies. A sealing ring
      fluid-tightly and slidably engages this other surface and has a flange
      extending into the groove of the end region of the piston member with this
      sealing ring having a wall extending from its flange toward the lip and
      defining with the peripheral edge thereof a circular gap of predetermined
      radial width. Situated in the groove between the lip and the flange of
      this sealing ring is a snap ring which has inner and outer peripheral
      edges between which the snap ring has a width which is greater than the
      predetermined width of the above gap. As a result of this construction it
      is not possible for the sealing ring to become disassembled from the
      piston member except by shearing of the snap ring and/or shearing of the
      piston member.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1 is a partly schematic longitudinal sectional elevation fragmentarily
      illustrating part of a firearm which is provided with a piston of the
      invention which is shown in an axial section in FIG. 1;
PAR  FIG. 2 is a partly sectional illustration of the piston of the invention
      shown in FIG. 2 in an operating position on a schematically illustrated
      body tube with FIG. 2 indicating the diameters of various components as
      well as the radial width thereof;
PAR  FIG. 3 is a fragmentary sectional elevation of an end region of the piston
      of the invention, FIG. 3 illustrating operations in connection with the
      assembly of the components; and
PAR  FIG. 4 is an end view of FIG. 3 as seen from the right of FIG. 3 with FIG.
      4 also illustrating how the assembly operations go forward.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is shown particularly in FIG. 1 a
      cylindrical body 3 which is fixed, as by brazing, to the barrel 1 of a
      firearm. The barrel 1 and the body 3 are formed with a common bore 2
      providing communication between the interior space 10 of the cylindrical
      body 3 and the interior of the barrel 1. The body 3 is closed at its right
      end, as viewed in FIG. 1, by a suitable end wall. Thus, the bore 2 forms a
      gas passage through which part of the gas under pressure will flow into
      the body 3 when a round is fired. An elongated body tube 5 extends
      coaxially into the body 3 and has a fixed relationship with respect
      thereto. The relationship between bodies 3 and 5 is such that while the
      outer body 3 is coaxially spaced from and surrounds part of the body 5,
      the body 3 has an inner cylindrical surface of circular cross section 3a
      which coaxially surrounds and is spaced from an outer surface 5a of the
      body 5, this outer surface 5a also being cylindrical and of a circular
      cross section so that between these surfaces 3a and 5a the space 10 has an
      elongated cylindrical configuration.
PAR  The piston 4 of the present invention includes a substantially rigid
      cylindrical member 8 shown in FIG. 2 in somewhat greater detail than in
      FIG. 1. This piston member 8 extends partly into the space 10. The body 5
      has beyond the interior of the body 3 an elongated portion which has a
      larger diameter than the portion provided with the exterior cylindrical
      surface 5a, and the left end of the piston member 8 slides along the
      exterior surface of the larger diameter portion of the body 5. This end of
      the member 8 terminates in an outwardly directed flange engaging the left
      end of the body 3, as shown in FIG. 1, so that in this way movement of the
      piston member 8 to the right, as viewed in FIG. 1, is limited, thus
      assuring that the gas which enters through the bore 2 will engage the
      right end of the piston 4, as viewed in FIG. 1. At its right end, as
      viewed in FIGS. 1 and 2, the substantially rigid cylindrical piston member
      8 terminates in a circular end face directed toward the right, as viewed
      in FIGS. 1 and 2, and this end face forms part of an end region of the
      piston member 8 which extends from the surface 3a toward but terminates
      short of the surface 5a, coaxially surrounding the latter and of course
      being spaced therefrom. This end region of the piston member 8 is formed
      at its interior with a circular groove 9 which defines with the right end
      surface of the piston member 8, as viewed in FIGS. 1 and 2, a lip 12 which
      has an inner peripheral edge directed toward and surrounding the surface
      5a and being coaxial therewith.
PAR  An elastic sealing ring 6, made of any suitable resilient elastic material
      capable of being compressed and capable of expanding back to its original
      condition has at its left end, as viewed in the drawings, a flange
      extending into the groove 9. This flange of the sealing ring 6 engages at
      its left end surface, as viewed in the drawings, an interior flange of the
      piston member 8 situated at the left end of the groove 9. The sealing ring
      6 includes a wall 14 which fluid-tightly and slidably engages the surface
      5a and which extends from the flange at the left end region of the sealing
      ring 6 toward and into the space surrounded by the lip 12. The lip 12
      defines with the wall 14 a circular gap 16 which has a predetermined
      radial width and which coaxially surrounds the wall 14. As may be seen
      from FIG. 2, the width of the gap 16 is equal to 1/2 the difference
      between the diameter D.sub.1 of the inner peripheral edge of the lip 12
      and the outer diameter d of the wall 14.
PAR  Situated in the groove 9 between the flange of the sealing ring 6 and the
      lip 12 is a snap ring 7 which serves to lock the sealing ring 6 in the
      assembled condition shown in FIGS. 1 and 2 with respect to the piston
      member 8. Thus, the piston 4 includes the substantially rigid piston
      member 8, the snap ring 7, and the elastic sealing ring 6. As will be
      apparent from the description which follows, the relationship between the
      components is such that it is impossible for the sealing ring 6 to emerge
      out of the groove 9 unless there is shearing of the snap ring 7 or the lip
      12. The snap ring 7 is made of a springy metal and extends almost through
      a complete circle. As is shown in FIG. 4, the snap ring 7 has a pair of
      free ends 7a located closely adjacent to and directed toward each other
      and being spaced from each other only by a small distance so that in this
      way it is possible for the snap ring 7 to spring inwardly or outwardly,
      this snap ring 7 thus having a construction similar to that of a
      conventional piston ring. Also, as is shown in FIGS. 2 and 4, between its
      inner and outer peripheral edges the snap ring 7 has a radial width b. The
      advantages achieved by the present invention result from the fact that
      this width b of the snap ring 7 is greater than the width of the circular
      gap 16. Thus, the inner diameter of the snap ring 7 is at least equal to
      the outer diameter d of the wall 14, and since the width b of the snap
      ring 7 is greater than the width of the snap 16, the outer circular
      peripheral portion of the snap ring 7 is necessarily at all times situated
      behind the lip 12 in overlapping relationship therewith, so that the
      sealing ring 6 cannot move out of the groove 9 except by shearing of the
      snap ring 7 and/or the lip 12.
PAR  FIGS. 3 and 4 illustrate how the components of the piston 4 are assembled.
      The assembly of the components is carried out before the tube 5 is
      connected with the body 3 so that after the piston components are
      assembled the piston 4 is introduced into the body 3 and then the tube 5
      is introduced through the piston 4 to be connected with the right end wall
      of the body 3, as shown schematically in FIG. 1. During the assembly of
      the components, the sealing ring 6 is first introduced into the groove 9
      and is then pressed to one side. Thus, FIG. 3 as well as FIG. 4 illustrate
      how the sealing ring 6 is displaced downwardly as viewed in FIGS. 3 and 4.
      The result is that the gap between the outer surface of the wall 14 and
      the inner peripheral edge of the lip 12 has a minimum width at the side
      toward which the sealing ring is pressed and a maximum width at the
      diametrically opposed side, this being the top of the assembly with the
      position of the parts shown in FIGS. 3 and 4. At this location where the
      gap 16 has its greatest width, the sealing ring 7 is introduced and pushed
      inwardly in the direction indicated by the arrow F in FIG. 3. In this way
      it is possible to push the snap ring 7 through the widest part of the gap
      into the groove 9 until a part of the ring 7 snaps behind the lip 12. This
      operation is continued while the ring 7 and the sealing ring 6 are turned
      through suitable increments, and of course the snap ring 7 can spring
      inwardly during this operation. Thus after one end of the snap ring 7 has
      been introduced in this way the snap ring 7 and the ring 6 are turned
      through successive angular increments while continuing to push the snap
      ring 7 into the groove 9 until finally the opposite end of the snap ring 7
      passes through the gap and the snap ring 7 then springs outwardly to its
      original unstressed diameter where it will circularly and coaxially
      surround the axis of the piston member 8 with the ring 6 of course at this
      time returning also to a position where its axis coincides with the axis
      of the piston member 8. Of course the inner diameter of the sealing ring 6
      has a magnitude which provides the sliding fluid-tight engagement between
      the inner surface of the sealing ring 6 and the surface 5a, so that once
      all of the parts are assembled as shown in FIG. 1, the surface 5a will
      reliably center the sealing ring 6 with respect to the piston member 8.
PAR  As a further feature of the present invention, in order to facilitate the
      assembly of the components the radial width b of the snap ring 7 is
      slightly smaller than 1/2 the difference between the diameter D.sub.2 of
      the innermost circular surface of the groove 9 and the outer diameter d of
      the wall 14. As a result of this feature once the first part of the snap
      ring 7 is displaced through the gap 16 it can snap into the groove 9 to
      engage the innermost surface thereof and facilitate the introduction of
      the remainder of the snap ring 7. When the snap ring 7 springs outwardly
      to its fully assembled condition located in its entirety to the left of
      the lip 12, as viewed in FIG. 2, the outer peripheral edge of the snap
      ring 7 can directly engage the innermost surface of the groove 9 with the
      outer diameter of the ring 7 in its unstressed condition being
      substantially equal to the diameter D.sub.2, so that in this way the
      maximum area of contact between the snap ring 7 and the lip 12 is achieved
      while at the same time the fact that the width b of the ring is greater
      than the width of the gap 16 reliably maintains the parts in their
      assembled condition. Of course the outer diameter of the flange at the
      left end of the sealing ring 6 as viewed in the drawings, is greater than
      the inner diameter of the snap ring 7, this outer diameter of the latter
      flange being approximately equal to the diameter D.sub.1 so that in this
      way the sealing ring 6 can be introduced into the right end portion of the
      piston member 8 by being easily displaced through the space surrounded by
      the lip 12. It is to be noted in this connection that the groove 9 is
      limited on its right side by the lip 12 and on its left side by the
      inwardly directed flange 20 of the piston member 8. This flange 20 has an
      inner diameter which is only slightly greater than the diameter of the
      surface 5a and which is smaller than the outer diameter d of the wall 14
      of the sealing ring 6, so that the groove 9 has a much greater depth at
      its side limited by flange 20 as compared to the depth of the groove 9 at
      its side limited by the lip 12. Therefore, the sealing ring 6 is to be
      considered as received within the interior of the groove 9 even if the
      flange at the left of the sealing ring 6 has an outer diameter
      substantially equal to the diameter D.sub.1, and in fact it will be seen
      that the sealing ring 6 has a large area of contact with the flange 20.
PAR  Furthermore, it is to be noted that the axial thickness of the flange at
      the left end of the sealing ring 6, as viewed in the drawings, plus the
      axial thickness of the snap ring 7 provide a total thickness which is
      equal to the axial length of the groove 9 between the lip 12 and the
      flange 20, so that the space between the lip 12 and the flange 20 is
      completely occupied by the sealing ring flange and the snap ring. As a
      result of this feature during reciprocation of the piston there will be no
      relative axial reciprocation between the components 6, 7, and 8 of the
      piston, and this feature also contributes to the security of the assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a firearm, outer and inner coaxial bodies arranged with said outer
      body surrounding and spaced at least partly from said inner body with said
      outer body having an inner cylindrical surface of circular cross section
      surrounding and spaced from an outer cylindrical surface of circular cross
      section of said inner body so that said surfaces define between themselves
      a cylindrical space of a given thickness, a piston comprising a
      substantially rigid cylindrical member extending at least partly into said
      space and having in the latter space an end region fluid-tightly and
      slidably engaging one of said surfaces and extending from said one surface
      toward but terminating short of the other of said surfaces so that said
      end region has a thickness less than said predetermined thickness, said
      end region of said member terminating in an end face and being formed
      inwardly of said end face with a circular groove directed toward said
      other surface and defining with said end face a lip having a peripheral
      edge also directed toward said other surface, an elastic sealing ring
      fluid-tightly and slidably engaging said other surface and having at one
      end a flange extending into said groove and spaced from said lip, said
      sealing ring having a cylindrical wall extending from said flange toward
      said lip and defining with said lip a circular gap of predetermined radial
      width, and a springy snap ring situated in said groove between said flange
      and lip, said snap ring having inner and outer peripheral edges one of
      which is situated in said groove between said lip and flange and the other
      of which is situated adjacent said wall of said sealing ring, and said
      snap ring having between said peripheral edges thereof a radial width
      greater than the predetermined width of said gap, said end region of said
      member engaging the inner surface of said outer body while said sealing
      ring engages the outer surface of said inner body so that said end region
      of said member surrounds said sealing ring and said snap ring.
NUM  2.
PAR  2. The combination of claim 1 and wherein said member has at the innermost
      part of said groove a circular surface surrounding said flange of said
      sealing ring and defining with said wall thereof a second circular gap of
      a predetermined radial width occupied by said snap ring, the width of the
      latter between said peripheral edges thereof being smaller than said width
      of said second gap.
NUM  3.
PAR  3. The combination of claim 2 a barrel to which said outer body is fixed,
      and said outer body and barrel being formed with a common bore providing
      communication between the interior of said outer body and said space
      between said inner and outer bodies at a part of the latter space which is
      in communication with said end face of said member.
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PAL  A simple method and apparatus is disclosed for the calibration of a
      numerically controlled milling machine or the like, to determine the
      compliance for a particular set-up of the machine. The apparatus includes
      a hydraulic cylinder mounted on the machine bed, with the end of the
      hydraulic piston bearing against a non-rotating cutting tool that is
      mounted in the spindle. A pressure gauge or pressure switch indicates
      fluid pressure in the hydraulic cylinder to determine force of the piston
      on the cutting tool, and a deflection sensor measures the static
      deflection of the spindle. In one apparatus, hydraulic fluid from a high
      pressure source passes through a pressure-reducing valve into the rear of
      the hydraulic cylinder to push the piston rod end against the cutting
      tool, without requiring motion of the spindle relative to the bed, the
      valve being adjusted to maintain a desired fluid pressure behind the
      piston despite leakage of fluid past the piston.
PARN
     This is a division, of application Ser. No. 268,743, filed July 3, 1972,
      now U.S. Pat. No. 3,827,293.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for measuring the static cutter
      compliance of a machine tool.
PAR  It is generally desirable to operate numerically controlled machine tools
      and the like att the highest possible feed rate. The feed rate is often
      limited by the maximum force which the cutting edge of the cutting tool
      can apply to the work without causing breakage of the cutter. In finishing
      operations, the feedrate must also be maintained below a certain level to
      keep the surface roughness of the finished work surface below a
      predetermined level.
PAR  Direct measurement of the force on the cutting edge of the tool is
      desirable but not always attainable in practice. Instead of measuring
      force on the cutter, some machines measure deflection produced by the
      force on the cutter. Some machines have deflection sensors that measure
      the deflection of the spindle during cutting to limit the feed rate. In
      order to determine the force on the cutting tool with such sensors, it is
      necessary to determine the compliance of the spindle/tool system, or in
      other words, the relationship between the force on the cutting tool and
      the deflection sensed by the spindle deflection sensor. This relationship
      varies according to the particular cutter used, the method of cutter
      mounting on the spindle, the location and length therealong at which it
      contacts the work, and other factors. Thus, it is generally desirable to
      calibrate the compliance of the spindle apparatus for each particular
      cutting tool set-up.
PAR  The on-line calibration of compliance can be accomplished by applying a
      known force at a location on the machine system near the active region of
      the nonrotating cutter and measuring the spindle deflection. It is
      desirable that any such force-applying apparatus be accurate to at least a
      few percent, and that it retain such accuracy in spite of a relatively
      hostile environment encountered in actual usage, where dirt, oil, coolant,
      chips, and the like may be present and where the calibration apparatus may
      be subjected to rough handling.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, an apparatus
      and method is provided for measuring the compliance of a machine system,
      which is simple and which maintains its accuracy under the conditions
      encountered in a machining environment. A cutting tool is mounted in the
      spindle of the machine, and a force measuring apparatus which includes a
      hydraulic cylinder is mounted on the bed of the machine with the rod end
      of the piston disposed against a region of the non-rotating cutter that
      will encounter the work in actual machining. A pressure gauge connected to
      the cylinder measures the pressure of hydraulic fluid therein, to indicate
      the force of the piston on the cutter. The spindle can be moved against
      the outer end of the piston to increase the force and therefore the fluid
      pressure. When the force reaches a predetermined level, the amount of
      spindle deflection is read from a deflection sensor and entered into the
      machine control as a measurement of the static cutter compliance.
PAR  In another embodiment of the invention, the spindle and machine bed are not
      moved towards one another, but instead hydraulic fluid is pumped into the
      hydraulic cylinder so that the piston is moved against the non-rotating
      cutter. Fluid from a high-pressure source flows through a pressure
      reduction valve into the hydraulic cylinder, and pressure in the hydraulic
      cylinder is read from a gauge. Although fluid may leak past the piston,
      the pressure reduction valve is opened to an extent that allows for
      replenishment of the leaked fluid while maintaining the desired pressure
      on the piston and thus a predetermined force on the non-rotating cutter.
      The external supply of pressured fluid allows for a higher rate of leakage
      past the piston, permitting lubrication so that the friction of the piston
      on the cylinder can be maintained at a low level. The movement of the
      piston by a constant flow of fluid to the cylinder also simplifies
      measurements, because it eliminates the need for actively moving the
      spindle or bed during measurements, and for closely controlling the
      initial position of the cutter relative to the piston rod end.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of calibration apparatus constructed and
      utilized in accordance with the invention;
PAR  FIG. 2 is a partial side elevation view of the apparatus and method
      illustrated in FIG. 1;
PAR  FIG. 3 is a perspective view of the calibration apparatus of FIG. 1, shown
      utilized on another type of machine;
PAR  FIG. 4 is a partial side elevation view of a calibration apparatus and
      method in accordance with another embodiment of the invention;
PAR  FIG. 5 is a partial side elevation view of still another embodiment of the
      invention; and
PAR  FIG. 6 is a partial side elevation view of yet another embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a milling machine 10 which includes a bed 12 for holding
      work that is to be machined, and a spindle apparatus 14 that includes a
      spindle 16 and cutter 18 for machining the work. The spindle apparatus 14
      can move along the bed, and its movements are controlled by a milling
      machine controller 20. The machine includes a sensor 22 that measures
      deflection of the spindle apparatus in one direction, to provide feedback
      for the milling machine controller 20. Force on the cutter 18 produces a
      deflection at the spindle that the deflection sensor 22 can sense, and the
      milling machine controller 10 can be designed and/or programmed to control
      the feed rate so that the force on the cutter can be maintained at or held
      below a predetermined level. However, this requires that the relationship
      be known between force on the cutter 18 and deflection as measured by the
      deflection sensor 22.
PAR  The compliance, or relationship between force on the cutter 18 and
      deflection measured by the deflection sensor 22, varies for different
      tooling set-ups. The diameter of the cutter, number of cutting edges, the
      method of attachment to the spindle, the amount by which the cutter
      projects from the spindle, and the portion of the cutter that contacts the
      work, are among the factors affecting the relationship between force on
      the cutter and the measured deflection of the spindle apparatus. Thus, it
      is often useful to measure this relationship on-line, that is, for the
      actual tooling set-up tto be used in machining. By applying a known force
      to the cutter 18, measuring the resulting spindle deflection as sensed by
      the sensor 22, and entering this into the milling machine controller 20,
      it is possible to design and/or program the milling machine controller 20
      in a manner so as to achieve efficient utilization of the machine while
      maintaining the required tolerances and cutter life for the actual
      operations to be performed.
PAR  A variety of devices can be utilized to apply a desired high level of force
      to the spindle apparatus 14. However, many of the devices that can be
      utilized cannot withstand the rough usage and hostile environment
      encountered in the machining area of a machine tool. The machining area is
      likely to contain dirt, oil, coolants, chips and the like that can
      interfere with any delicate mechanisms and limit their accuracy over an
      extended period. Furthermore, the apparatus must withstand considerable
      handling, since it may have to be mounted and then removed each time the
      machine set-up is changed.
PAR  In accordance with the present invention, a hydraulic cylinder apparatus 30
      is provided which can be mounted on the bed 12 of the machine to provide
      the required force to the spindle apparatus, and particularly to the
      cutter 18. As shown in FIG. 2, the cylinder apparatus 30 includes a
      hydraulic cylinder 32 and a piston 34 which can slide along the cylinder.
      The piston 34 has a rearward end portion 36 which slides within the
      cylinder, and an outer rod end 38 which can bear against the cutter 18 of
      the spindle apparatus 14. A pressure gauge 40 is mounted on the cylinder
      at a location behind the rear end 36 of the piston, to measure the fluid
      pressure behind the piston.
PAR  In order to measure the compliance of the cutter 18 mounted on the spindle
      apparatus 14, the non-rotating cutter 18 is moved towards the outer rod
      end 38 of the piston 34 while the cylinder apparatus 32 is firmly mounted
      by a bracket 42 on the machine bed 12. As the spindle apparatus moves
      towards the cylinder, the cutter 18 pushes the piston 34 in a direction to
      compress the fluid in the hydraulic cylinder 32. The fluid pressure in the
      cylinder 32, which is indicated by the gauge 40, is proportional to the
      force applied by the cutter 18 to the piston rod end 38. If desired, the
      dial of the pressure gauge 40 can be marked in units of force applied to
      the cutter 18. When a predetermined force is reached, as indicated by the
      gauge 40, the deflection of the spindle apparatus is measured by the
      deflection sensor 22. The compliance is proportional to the ratio of the
      spindle deflection to the force applied by the cutter 18. This measurement
      can be entered into the controller 20, to determine how the controller
      operates the drive that translates the spindle relative to the bed. For
      example, the controller can limit the feedrate of the spindle so that the
      deflection sensed by the sensor 20 does not exceed a level at which the
      force on the tool would be excessive.
PAR  After the compliance measurement is taken, a workpiece can be mounted on
      the machine bed 12 and machining can proceed. The cutting tool is
      preferably held at substantially the same position in the spindle during
      machining as during compliance measuring, and the same portion of the
      cutter which contacted the piston during measuring preferably contacts the
      work during machining. The controller 20 can be constructed by utilizing a
      common variable speed milling machine drive which includes a lead-screw
      motor that turns a lead-screw which advances the workpiece-holding bed 12.
      Where the speed of the lead-screw motor depends upon the current applied
      to it and the spindle deflection sensor is a strain gauge whose resistance
      increases with spindle deflection, the feed rate is controlled by applying
      a voltage across the strain gauge, amplifying the current through the
      strain gauge, and applying the amplified current to the motor. As spindle
      deflection increases, less current is applied to the motor so its speed
      cannot increase past a predetermined value. The motor speed for a given
      spindle deflection, is determined by varying the voltage across the strain
      gauge. An even simpler method of practicing the invention is for the
      machinist to write down the deflection measurement during calibration.
      During actual machining, the machinist begins cutting at a low feed rate
      and continually increases the feed rate until the deflection reaches the
      limit. Of course, the deflection can be merely read on a meter which
      senses the output of a strain gauge or proximity sensor. Closer control of
      operation can often be achieved by a computer-controlled controller, but
      either of the above two methods could instead be used.
PAR  When a force is applied to the piston 34 of the hydraulic cylinder
      apparatus 30, some hydraulic fluid will leak around the rearward end
      portion 36 of the piston to the region in front of this portion. Such
      leakage can be easily exhausted through a pipe 44 that leads to a fluid
      reservoir, or can be allowed to accumulate in front of the piston rearward
      portion 36. However, the constant leakage of fluid results in the
      necessity for constantly moving the spindle apparatus 14 in order to
      maintain the predetermined fluid pressure in the hydraulic cylinder. It
      would be somewhat easier to take measurements if the spindle apparatus did
      not have to be moved or if the pressure dropped only very slowly when the
      spindle movement stopped. This can be achieved by utilizing a hydraulic
      cylinder apparatus with a tighter sealing piston. However, if the piston
      is made to fit tighter its friction with the walls of the cylinder may
      also increase and this results in lower accuracy. FIG. 4 illustrates an
      apparatus and method constructed in accordance with another embodiment of
      the invention for facilitating measurements while maintaining accuracy.
PAR  In the apparatus of FIG. 4, a source 50 of high pressure hydraulic fluid is
      utilized to provide a constant flow of hydraulic fluid into the cylinder
      32 of the cylinder apparatus 30. This flow of hydraulic fluid into the
      cylinder 32 can be utilized to move the piston 34 against the cutter 18 of
      the spindle apparatus 14 to provide the required contact force. The
      constant flow of fluid makes up for the fluid that leaks past the rearward
      portion 36 of the piston, so that the applied force on cutter 18 is
      maintained despite leakage around the piston rearward portion 36. The
      mechanism is utilized by mounting the cylinder apparatus 30 on the bed 12
      of the machine, with the cutter rod end 38 of the piston adjacent to the
      cutter 18 of the machine tool. However, instead of moving the spindle
      apparatus 14 (or the bed 12 in the case of machine tools wherein the bed
      is moved), both the spindle apparatus 14 and bed 12 are maintained
      stationary. A pressure reduction valve 52 which connects the source of
      high pressure fluid 50 to the cylinder is opened to a degree necessary to
      allow hydraulic fluid to flow into the cylinder and move the outer rod end
      38 of the piston 34 against the cutter 18. A control 54 on the pressure
      reduction valve 52 is adjusted so that the pressure read on the gauge 40
      remains at the desired force level at which measurements of the deflection
      sensor 22 are to be taken. Hydraulic fluid will continue to leak past the
      rearward portion 36 of the piston and be exhausted through the line 44.
      However, such leakage will be constantly made up by new fluid flowing into
      the region behind the piston to maintain the desired pressure in the
      cylinder. The pressure reduction valve 52 is adjusted to provide for this.
PAR  The pressure reduction valve 52 allows a source 50 of high pressure
      hydraulic fluid to be utilized to operate the force-producing device.
      Sources of high pressure hydraulic fluid are often readily available in
      machine shops, so that generally a separate source does not have to be
      purchased to be used with the calibration apparatus. The pressure
      reduction valve 52 enables the reduction of fluid pressure and control of
      fluid flow from the high pressure source 50 to the required pressure
      level. This provides sufficient fluid flow for slowly moving the piston
      outer rod end 38 against the cutter 18 and, when motion stops, for
      thereafter maintaining the pressure in the hydraulic cylinder 32 and the
      force on cutter 18 at a desired level. The fact that hydraulic fluid can
      be constantly flowed into the cylinder means that a cylinder apparatus
      with a relatively loosely fitting piston can be utilized to minimize
      friction of the piston on the cylinder walls and to assure reliable
      operation under a wider variety of conditions (e.g. temperature changes,
      or the iclusion of dissolved air and/or small dirt particles in the
      hydraulic fluid).
PAR  The automatic measurement of compliance by a milling machine controller 20
      can be accomplished automatically by apparatus of the type shown in FIG.
      5. This apparatus is similar to that of FIG. 2, except that instead of a
      gauge, a pressure limit switch 60 is utilized that is connected directly
      to the milling machine controller 20. The pressure limit switch 60 is set
      to operate at a predetermined pressure level in the hydraulic cylinder 32
      corresponding to the predetermined force on the cutter 18. When the
      pressure limit switch 60 operates, the milling machine controller 20 reads
      the deflection from the deflection sensor 22. In many applications, a
      pressure transducer may be utilized in place of the pressure limit switch
      60, and the controller 20 can be constructed or programmed to note the
      pressure and deflection measurement at a certain point. For example, the
      controller may read the output of the sensor 22 when a particular pressure
      level is reached. Of course, a setup of the type illustrated in FIG. 4 can
      be utilized, with a pressure limit switch or transducer employed instead
      of (or in addition to) a single gauge.
PAR  FIG. 6 illustrates another apparatus and method for the automatic
      measurement of compliance by a controller 20. This apparatus is similar to
      that of FIG. 4, except that instead of a gauge, an analog pressure
      transducer 62 is utilized, and instead of a mechanically adjustable
      pressure reducing valve, a valve 64 is utilized whose degree of opening
      can be controlled by an electrical or other signal, such valves often
      being referred to as servo valves. The analog-pressure transducer 62
      generates an electrical signal which passes through a negative feedback
      servo amplifier 66 to the servo valve 64. So long as the pressure in the
      cylinder 32 is low, the output of the transducer 62 is low and the servo
      valve remains open to allow fluid to flow into the cylinder and move the
      piston 34. When the piston bears against the cutter 18 and the fluid
      pressure rises, the output of the transducer 62 increases and the opening
      of the servo valve decreases. The apparatus maintains a preset fluid
      pressure in the cylinder, at which the valve 64 is opened only far enough
      to make up for fluid leakage at that pressure. Once equilibrium is
      established, the controller 20 can be commanded to read the deflection
      sensed by the deflection sensor 20. The particular pressure at which
      equilibrium will be established can be varied by adjusting the gain of the
      amplifier 66. Instead of completing the feedback circuit through the
      amplifier 66, the circuit can be completed through the automatic machine
      control 20 through lines 67 so that the machine control determines the
      pressure to be maintained.
PAR  Thus, the invention provides a simple and reliable apparatus and method for
      applying a measured force to a spindle apparatus or other tool holding
      means to measure the compliance of a set-up. The use of hydraulic
      cylinders enables the maintenance of accuracy even in the hostile
      environment at the cutting area and in spite of rough handling. The
      reliability is achieved with an apparatus which is relatively simple and
      inexpensive. In one embodiment of the invention wherein the hydraulic
      cylinder is passive, the apparatus involves only a simple hydraulic
      cylinder and pressure gauge or pressure limit switch and means for
      mounting it on the bed of the machine tool. In another embodiment of the
      invention, which facilitates measurements by not requiring movement of the
      spindle apparatus or bed, the only addition to the apparatus is a
      controllable pressure reduction valve and a line for connecting it to a
      source of hydraulic fluid such as is commonly found in machine shops. The
      compliance measurement can be taken in a variety of machine tool types.
      For example, FIG. 3 illustrates another milling machine of a type wherein
      movement of a spindle relative to a bed 82 is accomplished by moving the
      bed, as by operating an axis feed drive 84 on the machine. The apparatus
      and method also can be applied to shapers, planers, lathes and a variety
      of other machines.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for accurately operating a machine tool that includes a
      workpiece-holding bed, as rotatable spindle, a drive that produces
      relative translation of the spindle to the bed, a spindle deflection
      sensor, and a machine control which controls the drive, comprising:
PA1  mounting a cutter on said spindle;
PA1  mounting force measuring apparatus on said bed of said machine tool;
PA1  creating movement of said spindle apparatus relative to said bed so that a
      predetermined portion of said cutter contacts and is forced against said
      force measuring apparatus;
PA1  measuring the deflection of said spindle sensed by said spindle deflection
      sensor when said force measuring apparatus is forced against said cutter;
PA1  mounting a workpiece on said bed;
PA1  rotating said cutter while it is held in substantially the same position on
      said spindle as it had when it contacted said force measuring apparatus;
      and
PA1  operating said machine control to move said cutter into said workpiece at a
      rate which causes said spindle to be deflected by an amount which is a
      predetermined ratio of the deflection of said spindle which was sensed
      when said force measuring apparatus was forced against said cutter.
NUM  2.
PAR  2. A method for accurately operating a machine tool that includes tool
      holding means for holding a cutter tool, a workpiece holder, and a drive
      that produces relative translation of the tool holding means to the
      workpiece holder, comprising:
PA1  mounting a cutting tool in said tool holding means;
PA1  mounting a force indicating apparatus having a force-receiving member, on
      said workpiece holder of said machine with the force-receiving member
      adjacent to said cutting tool;
PA1  creating movement of said tool holding means relative to said
      force-receiving member so that said force-receiving member receives force
      from said cutting tool;
PA1  monitoring the force indicated by said force indicating apparatus;
PA1  measuring the deflection of said tool holding means produced by said force
      on said force-receiving member and cutting tool, and recording the
      deflection value when said force indicating apparatus indicates a
      predetermined force level;
PA1  mounting a workpiece on said workpiece holder; and
PA1  operating said drive to create relative movement of said cutting tool to
      said workpiece so that the cutting tool moves into the workpiece, while
      monitoring the deflection of said tool holding means, said drive being
      operated at a rate limited so that the deflection of the tool holding
      means does not exceed a value dependent upon said deflection value
      recorded when said force indicating apparatus indicated said predetermined
      force level.
NUM  3.
PAR  3. A method for accurately operating a machine tool that includes a
      workpiece - holding bed, a spindle apparatus which includes a rotatable
      spindle, and a drive that produces relative translation of the spindle
      apparatus to the bed, comprising:
PA1  mounting a cutting tool in said tool holding means;
PA1  mounting a hydraulic cylinder apparatus which includes a hydraulic cylinder
      member and hydraulic piston member, on said bed, with a predetermined one
      of said hydraulic members adjacent to said cutting tool;
PA1  creating movement of said predetermined hydraulic member relative to said
      cutting tool while said spindle is substantially nonrotating, so that said
      cutting tool and predetermined hydraulic member apply force to each other;
PA1  measuring the pressure of fluid in said hydraulic cylinder to thereby
      measure the level of force of the cutting tool on the predetermined
      hydraulic member;
PA1  measuring the deflection of said spindle apparatus at a predetermined level
      of force of the cutting tool on the predetermined hydraulic member;
PA1  mounting a workpiece on said bed;
PA1  rotating said spindle to rotate the cutting tool; and
PA1  measuring the deflection of said spindle apparatus while operating said
      drive at a rate which is limited to a rate that produces spindle apparatus
      deflection of the value occuring at the time when said predetermined level
      of force was produced at the cutting tool and the predetermined hydraulic
      member.
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ABST
PAL  An apparatus for producing copies of keys comprises a pair of vertically
      spaced clamps, one of which clamps the key to be duplicated and the other
      of which clamps the key blank to be cut. A movable carriage carries, in
      vertically spaced relationship, a stylus for tracing the contours of the
      key being duplicated and a driven cutter for cutting the key blank. A
      drive mechanism drives the carriage through a working stroke carrying the
      stylus and cutter, respectively, along the length of the key and key blank
      so as to cut the key blank into the shape of the key, and a cam
      arrangement thereafter displaces the carriage laterally so that the drive
      mechanism returns the carriage through a return stroke while maintaining
      the stylus and cutter out of contact with the keys.
BSUM
PAR  This invention relates to key-cutting machines.
PAR  According to one aspect of the invention a method of producing copies of
      cut-keys comprises the steps of clamping a cut key at a stylus station;
      clamping an uncut key at a cutting station; causing a stylus to follow the
      contours of the cut key in a longitudinal direction, which stylus controls
      the movement of a cutter, so that the cutter cuts the same contours into
      the uncut key as are present in the cut key; causing the stylus and cutter
      to return to their original positions in the opposite longitudinal
      direction with the stylus and cutter travelling out of contact with cut
      key and uncut key respectively during movement in the opposite direction;
      and unclamping the two keys.
PAR  According to another aspect of the invention an apparatus for carrying out
      the above method of producing copies of cut keys comprises first and
      second clamping means for respectively clamping a cut key and an uncut
      key; a stylus for engagement with the contours of the cut key held in the
      first clamping means; a power driven cutter for engagement with the uncut
      key held in the second clamping means, the stylus and cutter being so
      connected that the cutter moves through the same distance as the stylus in
      any direction; driven mechanism adapted to move both the stylus and the
      cutter in a longitudinal direction relatively to the cut key and the uncut
      key; the stylus and cutter being free to move laterally with respect to
      the said longitudinal direction to enable the stylus to follow the
      contours of the key, and both the stylus and the cutter being adapted to
      travel in the opposite longitudinal direction laterally displaced
      respectively from the contours of the key and cut key.
PAR  Preferably, the stylus is adapted to follow the contours of the cut key in
      one direction of its movement in the longitudinal direction and take up a
      position laterally displaced from the contours of the cut key during its
      movement in the opposite direction.
PAR  According to a further aspect of the invention an apparatus for carrying
      out the above method of producing copies of cut keys first and second
      clamping means for respectively clamping a cut key and an uncut key; a
      stylus for engagement with the contours of the cut key held in the first
      clamping means; a power driven cutter for engagement with the uncut key
      held in the second clamping means, the stylus and cutter being so
      connected that the cutter moves through the same distance as the stylus in
      any direction; driven mechanism adapted to move both the stylus and the
      cutter in a longitudinal direction relatively to the cut key and the uncut
      key; the stylus and cutter being free to move laterally with respect to
      the said longitudinal direction to enable the stylus to follow the
      contours of the key, the freedom for lateral movement being provided by
      the mounting of the stylus and the cutter upon support means which is or
      are guided normally to the said longitudinal direction.
DRWD
PAR  One construction of an apparatus for carrying out a method of key cutting
      in accordance with the invention and its method of operation will now be
      described by way of example only, and with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic perspective view of a key-cutting machine, with
      the casing removed to show the working parts,
PAR  FIG. 2 is a diagrammatic front view of a lifting cam shaft of the machine
      shown in FIG. 1,
PAR  FIG. 3 is a diagrammatic perspective view of clamping and positioning means
      for holding keys to be processed by the machine shown in FIG. 1,
PAR  FIG. 4 is a diagrammatic side view of locating means for keys to be
      processed by the machine shown in FIG. 1, and,
PAR  FIG. 5 is a vertical section through the upper clamping and positioning
      means shown in FIG. 3.
DETD
PAR  A machine for cutting keys has a general framework 1 which carries various
      inter-related mechanisms as will be hereinafter described. The framework 1
      is enclosed by an outer case (not shown).
PAR  A carriage 2 is located within this frame and is slideable vertically
      within guides 3 which in turn are carried on horizontal rods 4 and are
      slideable longitudinally thereof from front to rear of the machine. A
      bottom plate 5 of the carriage supports an electric motor 6 and a rotary
      milling cutter 7 is located on the spindle of this motor. Above the rotary
      cutter 7 a stylus is held in position on a stylus block 8 fastened to a
      top plate 9 of the carriage.
PAR  A second electric motor 10 is provided within the framework 1 at the rear
      of the carriage 2 and this motor drives a crank wheel 11 through a
      reduction gear box 12 and a shaft 12a. The crank wheel 11 is connected by
      a connecting rod 13 to a rod 14 fastened to the rear of the carriage 2 so
      that the crank wheel 11 is adapted to cause slow horizontal reciprocation
      of the carriage 2.
PAR  A chain sprocket wheel 32 is fastened to the shaft 12a and a chain 31
      passes around this sprocket wheel 32. The chain also passes around a
      sprocket wheel 29 which is fastened onto a lifting cam shaft 30. The
      lifting cam shaft 30 extends across the whole width of the machine and
      passes below the top plate 9 of the carriage. At a position along the
      lifting cam shaft 30 beneath the top plate 9 of the carriage there is
      provided a lifting cam 34. The top plate 9 of the carriage rests on the
      periphery of this lifting cam 34.
PAR  Thus for each revolution of the shaft 12a, the carriage is reciprocated
      horizontally once, that is to say it moves from its rearmost position to
      its foremost position and back to its rearmost position.
PAR  The shape and situation of the lifting cam 34 is such that during the
      movement of the carriage from its rearmost position to its foremost
      position the carriage 2 is lifted to a predetermined height above the
      normal path it moves through on the return stroke when resting on the
      lifting cam. However the carriage is free to move through an undulating
      path if acted upon to do so during the return stroke.
PAR  At the front of the frame work 1 there are provided two sets of clamping
      means 15 and 16 associated respectively with each of the stylus block 8
      and the rotary cutter 7 as shown in FIG. 3. The two sets of clamping means
      are identical so that only one will be described in detail.
PAR  Two jaws 17 and 18 are provided for clamping the cut key or blank as the
      case may be, the jaw 18 being fixed to part of the fixed frame work of the
      machine, and the jaw 17 being slideable on a short horizontal guide rod
      19, which extends laterally from the fixed jaw 18.
PAR  A rebate or recess 20 is formed in the top of the fixed jaw, and the
      slideable jaw has a complementary formation 21, so that when the slideable
      jaw 17 closes onto the fixed jaw 18, there is a narrow slot between the
      side of the rebate 20 and the facing portion of the slideable jaw 17
      between which the shank of a cut key or key blank can be nipped. The jaws
      17 and 18 therefore, provide a means of holding the cut key or key blank
      in a position such that the shank of the key is generally horizontal with
      its flanks in vertical planes, and the contoured edge uppermost.
PAR  The guide rod 19 is secured in the fixed jaw 18 and extends into the
      slideable jaw 17 and a compression spring 51 surrounds the guide rod 19
      and acts between the jaws. Beyond the slideable jaw 17 there is a ram head
      22 which is fastened to one end of a cam follower rod 24. A rubber or like
      resilient pad 56 is positioned between the slideable jaw 17 and the ram
      head 22.
PAR  A bearing block 23 at one side of the jaws supports the cam follower rod 24
      which is slideable in the same sense as the slideable jaw 17. The cam
      follower rod is screw-threaded at the opposite end to that end holding the
      ram head 17 and a cam follower block 26 is screwed onto the cam follower
      rod. The cam follower block carries an axle 52 upon which is rotatably
      mounted a cam follower 53. The cam follower 53 engages with a clamping cam
      25. A locking nut 54 is also provided on the screw threaded portion of the
      cam follower rod 24.
PAR  The effective length of the cam follower rod can thus be adjusted in the
      following manner. The locking nut 54, which is normally screwed tightly
      against the cam follower block 52, is slackened. The cam follower rod is
      rotated which effectively changes the distance between the ram head 22 and
      the cam follower block 52. The locking nut 54 is then again tightened
      thereby securing the cam follower rod 22 to the cam follower block 52 in
      the adjusted position.
PAR  Two clamping cams 25 are fastened to a vertically disposed clamping cam
      shaft 55 (as shown in FIG. 3). A bevel gear 27 is keyed to the top of the
      cam clamping shaft 55 and this bevel gear engages with a bevel gear 28
      which is fastened to a front shaft 33. A chain sprocket wheel 59 is also
      keyed on the front shaft and a chain 57 passes around this chain sprocket
      wheel 59 and around a chain sprocket wheel 50. The latter is fastened to
      the lifting cam shaft 30, and the drive to the clamping means is thus
      derived from the lifting cam shaft 30.
PAR  Key feeding mechanisms 40 and 41 are provided one in front of each clamping
      means. These key feeding mechanisms are similar to that type of coin
      feeding mechanisms common on amusement machines. This type of mechanism
      has two flat plates slideable relatively to one another, a first of the
      plates having a hole formed through it to accept a coin and the second
      plate providing a rest surface for the coin. When the coin is in position
      abutting the second plate, the first plate holding the coin is slid along
      the second plate and the coin is thus carried along into the machine.
PAR  However in the present mechanism the two plates are disposed vertically and
      the first plate has a recess formed in it to accept the head of the cut
      key blank respectively. The recess is aligned with the recess 20 formed
      between the jaws 17 and 18 so that when the first plate holding the cut
      key or key blank is slid inwardly the cut key or key blank is correctly
      positioned within the jaws of the clamping means.
PAR  A further positioning device is provided above the upper set of jaws of the
      clamping means which will hold the already cut key. This key positioning
      device comprises a friction wheel 37, carried on a spring loaded lever 35
      which is pivoted about an axis 36. The friction wheel 37 is constantly
      rotated by means of a chain drive 38 driven by a sprocket wheel 39 carried
      on the lifting cam shaft 30.
PAR  The lever 35 is urged downwardly, by means of its associated spring,
      towards the jaws of the clamping means and will thus contact the top of
      any key placed therein. When the wheel contacts the key it tends to pull
      the key further into the jaws, thereby ensuring that the key is in the
      correct position.
PAR  When the second motor 10 is operative, it drives the crank wheel 11, the
      clamping cams 25 and the lifting cam 34. These items are pre-set so that
      the apparatus can carry out a predetermined sequence of operations which
      will now be described.
PAR  When commencing to cut a key on the machine, the carriage 2 is at a rear
      upper position, the two sets of clamping means 15 and 16 are open. Both
      electric motors 6 and 10 are started and an already cut key is placed in
      position between the jaws of the upper clamping means 15 and a blank to be
      cut is placed between the jaws 17 and 18 of the lower clamping means 16 as
      previously described. The second electric motor 10 rotates the crankwheel
      11 and operates the chain drive 31 through the speed reduction gears.
PAR  During the first part of the sequence, the clamping cams 25 push their
      respective follower rods 24 to close the slideable jaws 17 towards the
      fixed jaws 18 for the purpose of clamping the cut key and the key blank.
      Each follower rod 24 pushes its ram head 22 (against the action of the
      spring acting between the jaws 17 and 18). Initially both the ram head 22
      and the slideable jaw 17 move together, but when the jaw 17 encounters the
      resistance of the key or blank, the jaw ceases to move but the ram head 22
      continues to move. This places the rubber pad between the slideable jaw 17
      and the ram head 22 in compression and provides a knuckling effect which
      ensures that the key or blank is tightly held. The arrangement is such
      that the ram head 22 does not engage with the slideable jaws which ensures
      that the key or blank is necessarily under pressure.
PAR  The crank wheel 11 then pushes the carriage to its upper foremost position,
      where the stylus block 8 contacts the lever 35 and pushes it forwardly
      thereby moving the friction wheel 37 out of contact with the cut key. The
      cam drive then turns the lifting cam 34 through such an angle that the
      carriage is lowered until the stylus in block 8 bears upon the top edge of
      the cut key and takes the weight of the carriage 2. The machine is then
      ready to commence its cutting action, and during this part of its cycle,
      the lifting cam 34 is out of engagement with the carriage 2, so that the
      latter is supported only by the cut key engaging with the stylus. The
      carriage is then pulled along the length of the cut key by the action of
      the crank wheel 11 and crank rod 13 fastened to the carriage. As a result
      the carriage 2 is lifted in accordance with the contours of the cut key
      because the weight of carriage 2 is taken by the stylus 8. This has the
      effect of moving the rotary cutter 7 through the same undulating path as
      the stylus 8 and so this cutter cuts copy contours in the blank.
PAR  When the carriage 2 reaches the extremity of its rearward horizontal
      traverse and the blank has been cut into a copy of the original cut key,
      the lifting cam 34 lifts the carriage 2 back to its upper-most position
      when the stylus is clear of the cut key and the cutter is clear of the
      blank. The clamping cams 25 are then turned to release the jaws, the
      follower rod 24 and ram head 22 first move away thus releasing the
      compressional force on the rubber pad 22 and then the jaw 17 moves away
      from the jaw 18 under the action of the spring 51. Then the clamping cams
      25 release the cut key and the blank which is at that stage a newly cut
      key. The machine is thus reset in its starting position. The two keys can
      then be removed and be substituted by another cut key and blank when
      required.
PAR  It will be understood that the above described machine can be equipped with
      a coin freed mechanism such that in its inoperative position both motors
      are stopped and the carriage 2 is in its rearmost and uppermost position.
      On release of the coin freed mechanism a blank will be released and both
      motors started. The purchaser will then place his own cut key and the
      blank which has been provided in the clamping means.
PAR  The above cutting sequence will then be carried out and when finished the
      motors will be stopped only to be started when the coin freed mechanism is
      again operated.
PAR  The coin freed mechanism could also include visual indicators for instance
      a green light adapted to be illuminated when the machine is inoperative
      and a red light adapted to be illuminated when the machine is operative.
      With this arrangement immediately the coin freed mechanism is operated the
      green light is extinguished and the red light illuminated. The red light
      will stay on until the key is cut and the apparatus returned to its
      inoperative position whereupon the green light will again be illuminated
      and the red light extinguished.
PAR  It will be understood that various modifications could be made to the
      machine without departing from the scope of the invention as set out in
      the appended claims, for instance the carriage could be adapted to have a
      counter balance weight or springs to help relieve the load on the stylus.
CLMS
STM  I claim:
NUM  1.
PAR  1. Appparatus for producing copies of cut keys, the apparatus comprising:
PA1  cut key clamping means for clamping a cut key which is to be copied during
      use of the apparatus;
PA1  uncut key clamping means for clamping an uncut key which is to be cut;
PA1  a stylus engageable with the contours of the cut key held by said cut key
      clamping means; a power driven cutter engageable with the uncut key held
      by said uncut key clamping means; a carriage coupling the stylus and power
      driven cutter together for movement in unison;
PA1  a driving mechanism operable to drive the carriage and thereby drive the
      coupled stylus and cutter through a working stroke along the length of the
      cut and uncut keys respectively, and then drive the coupled stylus and
      cutter through a return stroke;
PA1  mounting means mounting the carriage to permit movement of the coupled
      stylus and cutter transversely of the cut and uncut keys respectively
      during the working stroke; and displacement means which acts on the
      carriage on commencement of the return stroke to move the stylus and
      cutter laterally clear of the cut and uncut keys respectively.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, in which the displacement means
      comprises a cam means drivingly connected with said driving mechanism for
      the carriage.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, in which at least one clamping means
      has a rotary friction wheel operable to draw a key into the clamping
      means.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, in which at least one clamping means is
      drivingly connected to said driving mechanism for the carriage for
      operation by said driving mechanism prior to a working stroke.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, in which said clamping means has means
      for biasing the same into the open position, and cam means drivable by
      said driven mechanism to urge said clamping means into the closed position
      against the action of the bias.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, in which the said driving mechanism has
      a coin freed starter mechanism.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, in which there is an uncut key supply
      mechanism controlled by said coin freed starter mechanism.
NUM  8.
PAR  8. An apparatus for cutting a blank key into a cut key so as to duplicate a
      master key comprising: first clamping means for releasably clamping a
      master key which is to be duplicated; second clamping means spaced-apart
      from said first clamping means for releasably clamping a blank key which
      is to be cut; and means for tracing the contour of the master key and
      simultaneously effecting cutting of the blank key so as to produce a cut
      key whose contour duplicates that of the master key comprising a stylus
      engageable with the master key for tracing the contour thereof, a driven
      cutter engageable with the blank key for cutting the same into a cut key,
      a movable carriage having said stylus and cutter mounted thereon in
      spaced-apart relationship, means mounting said carriage for reciprocable
      movement through a working stroke along the length of the master and blank
      keys to effect simultaneous tracing of the master key by said stylus and
      cutting of the blank key by said cutter and through a return stroke and
      for transverse movement in a direction transverse to said working and
      return strokes so as to move said stylus and cutter out of contact with
      the master and blank keys, drive means for driving said carriage through
      said working and return strokes to thereby effect cutting of the blank key
      into a cut key having a contour which duplicates that of the master key,
      and means for effecting transverse movement of said carriage during its
      return stroke so as to move said stylus and cutter out of contact with the
      master key and cut key.
NUM  9.
PAR  9. An apparatus according to claim 8; wherein said first and second
      clamping means are vertically spaced apart a given distance; and said
      stylus and cutter are vertically spaced apart on said carriage a distance
      equal to said given distance.
NUM  10.
PAR  10. An apparatus according to claim 9; wherein said means mounting said
      carriage includes means mounting said carriage so that it rests, through
      said stylus and cutter, on the master and blank keys during said working
      stroke.
NUM  11.
PAR  11. An apparatus according to claim 8; wherein said means for effecting
      transverse movement of said carriage comprises a driven lifting cam acting
      on said carriage to lift the same during each return stroke thereof
      thereby moving said stylus and cutter out of contact with the master key
      and cut key, respectively, during each return stroke.
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ABST
PAL  A positioning apparatus includes a master hydraulic positioning cylinder
      having a relatively long stroke capability and a train of additively
      connected, short-stroke pneumatic control cylinders for controlling the
      length of stroke of the master cylinder and thus the positioning of a
      variable-position tool such as a band saw. One end of the cylinder train
      is connected by a feedback rod to an extensible portion of the master
      cylinder. A connecting rod connects the opposite end of the train directly
      to the spool of a three-position servo valve which controls the flow of
      hydraulic fluid to and from opposite sides of the master cylinder. When
      air pressure is admitted to a selected side of a selected control
      cylinder, at least a portion of the train shifts initially in a direction
      to move the servo valve to an operating position to begin stroking the
      master cylinder in a desired direction. Stroking movement of the master
      cylinder is transmitted through the feedback rod to the train to stroke
      the selected control cylinder until its piston bottoms out, after which
      continued stroking of the master cylinder shifts the train to close the
      servo valve and stop the master cylinder when it has stroked through a
      distance corresponding to the full stroke of the selected control
      cylinder. The cylinder train includes a pair of "lost motion" cylinders
      enabling movement of the train beyond the limits of movement of the servo
      valve. This lost motion of the train activates a high-speed valve in the
      hydraulic circuit to stroke the master cylinder at high speed and a "final
      set" cylinder in the train to ensure that final stroking of the master
      cylinder to a selected setting always occurs from the same direction to
      eliminate setting errors from lost motion in the system. A lockout valve
      in the hydraulic system overrides the servo and high-speed valves when the
      controlled tool is in an operating condition to block flow to the master
      cylinder and prevent possible damage to the tool or positioning apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a linear positioning device for moving a
      tool or other load to selected predetermined positions.
PAR  2. Description of the Prior Art
PAR  The use of a relatively long-stroke master hydraulic cylinder operated by
      relatively high pressure and a servo control system including a train of
      additive, short-stroke pneumatic cylinders operated by a relatively low
      pressure to control the stroking of the master cylinder and thus the
      variable positions of a tool or other controlled load is known. Such a
      prior positioning apparatus is shown, for example, in U.S. Pat. No.
      3,361,034.   Positioners of this type have inherent advantages in
      compactness, simplicity and accuracy as compared to other, more
      conventional types of positioning setworks.
PAR  Nevertheless, such prior positioners commonly include as part of the servo
      control, in addition to the pneumatic control cylinder train, a complex
      combination of pneumatic, electrical, mechanical and hydraulic components
      which are exceedingly difficult for plant maintenance personnel to
      understand and thus service. Such complexities have also effected
      adversely the accuracy and dependability of prior such positioners.
PAR  Another shortcoming of prior such positioners is the lack of any built-in
      safeguard to prevent operation of the positioner when the controlled tool
      is in an operating or other condition under which movement could damage
      the tool, workpiece or positioning apparatus.
PAR  Accordingly there us a need for an improved linear positioner of the
      general type utilizing a master hydraulic positioning cylinder and a train
      of pneumatic servo control cylinders which eliminates or at least
      minimizes the foregoing deficiencies of prior such positioners.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improved linear positioner of the type having a
      hydraulic positioning or master cylinder whose stroke is controlled by a
      train of additive short-stroke pneumatic cylinders.
PAR  The linear positioner of the present invention is an improvement over prior
      such positioners in simplicity, accuracy, dependability and ease of
      maintenance.
PAR  The linear positioner of the invention features a direct mechanical
      connection between the servo control cylinder train and a servo valve for
      controlling the flow of hydraulic fluid to and from the set master
      cylinder in direct response to movement of the cylinder train. This
      feature eliminates any other intervening complex mechanical, electrical or
      fluid servo mechanism common with prior such positioners, thus reducing
      the possibility of introducing undesired lost motion into the system,
      increasing the system's responsiveness, reducing its complexities and
      increasing its dependability and accuracy.
PAR  Another feature of the linear positioner of the invention is a servo valve
      which operates to provide an initial and final stroking of the master
      cylinder at slow speed, and a high-speed valve which operates to provide a
      high-speed stroking of the master cylinder through most of its stroking
      movement. The servo and high-speed valves are operated sequentially, the
      latter through movement of the cylinder train beyond that necessary to
      shift the servo valve to operating position, as permitted by a pair of
      "lost motion" cylinders in the train.
PAR  Still another feature of the positioner of the invention is a "final set"
      cylinder in the cylinder train operable to ensure that the final stroking
      of the master cylinder to its selected position always occurs from the
      same direction to eliminate the effects of any lost motion in the system.
      The final set cylinder is activated by a predetermined movement of the
      train in one direction as permitted by the lost motion cylinders.
PAR  Another feature of the invention is a lockout valve in the hydraulic system
      which operates to override the servo and high-speed valves and to block
      flow to or from the master cylinder when the tool or other load whose
      position is controlled by the master cylinder is in a condition such that
      the tool or load should not be moved.
PAR  The foregoing and other features, objects and advantages of the invention
      will become more apparent from the following detailed description which
      proceeds with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  In the drawing the single FIGURE is a schematic diagram of a linear
      positioning apparatus in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAC  Hydraulic System
PAR  The illustrated apparatus includes a master hydraulic positioning or set
      cylinder 10 anchored at one end at 12 and having a positioning rod 14
      extending from the opposite end. Such positioning rod forms a continuation
      of an extensible piston rod 14a  of a piston 16 of the cylinder.
      Positioning rod 14 may be connected directly to a band saw, edger, line
      bar, chipper head or other tool in a sawmill or to tools or loads in other
      applications where incremental positioning of the tool or load is desired.
      Such tools or loads, the positioning rod 14 and any intervening
      connections comprise a means positionable by the master cylinder.
PAR  The flow of a hydraulic fluid to and from the opposite ends of the
      double-acting master cylinder 10 is controlled by a servo valve 18 and a
      high-speed valve 20. Hydraulic pressure fluid is supplied to these valves
      from a pump 22 through a primary supply line 24 and a branch supply line
      26 which connect the two valves in parallel with one another. Downstream
      of the servo and high-speed valves flow is through lines 28, 30, and 32 to
      the fixed end of the master cylinder and through lines 34, 35, 36 to the
      rod end of such cylinder. A return line 38 leads from servo valve 20 to a
      connection with the primary return line 40 leading from high-speed valve
      20 back to reservoir 42.
PAR  A lock-out valve 44 intersected in lines 30, 32 between the servo and
      high-speed valves and the fixed end of master cylinder 10 overrides the
      operation of such two valves and blocks flow to or from the master
      cylinder under certain conditions. As shown, lockout valve 44 is a
      two-position spool valve spring biased to a flow-blocking position. The
      valve is solenoid actuated to its open position when a limit switch 46 of
      an electrical circuit 48 is closed. Limit switch 46 is normally closed but
      is opened to permit flow, for example, when a tool, such as a band saw T,
      positionally controlled by the master cylinder, operates on a workpiece,
      such as the log L. Under such operating conditions any attempted stroking
      of the master cylinder would likely either damage the saw or the
      positioning apparatus.
PAR  Primary hydraulic supply line 24 includes a variable flow control valve 50
      and check valves 51, 52 on opposite sides of the quick disconnect coupling
      53. The primary return line 40 of the hydraulic system includes check
      valves 54, 55 on opposite sides of the quick disconnect coupling 56. Such
      line also includes a flow switch 58 which is normally open when the system
      is operational but which closes in response to any movement of the master
      cylinder after final positioning to prevent flow through the return line.
      Couplings 53, 56 separate the hydraulics of the potitioning unit from the
      plant hydraulic supply.
PAR  High-pressure relief valves 60, 61 in lines 62, 63, respectively, bypassing
      the servo and high-speed valves, relieve system pressure such pressure
      exceeds a predetermined maximum. Such relief valves return flow through
      their lines 62, 63 and primary return line 40 to reservoir 42.
PAR  A flow-metering valve 65 in a line 66 interconnecting fluid lines 30, 36
      leading from the servo and high-speed valves to opposite sides of the
      master cylinder serves to equalize pressure on opposite sides of piston 16
      during extension and retraction of cylinder 10 os that stroking in both
      directions is at about the same speed. Although line 66 is connected to
      bypass return lines 62, 63, flow bypassing the servo and high-speed valves
      is prevented by check valves 67, 68.
PAR  Both servo valves 18 and high-speed valve 20 are threeposition spool valves
      normally centered to flow-blocking positions as shown to lock master
      cylinder 10 against extension and retraction. The two operating positions
      of the two valves are identical, with the illustrated left-hand positions
      directing flow to the fixed end of the master cylinder and the right-hand
      positions directing flow to the rod end of such cylinder. The high-speed
      valve functions to increase the rate of flow of hydraulic fluid to and
      from the master cylinder when such valve is shifted to one of its two
      operating positions, thereby increasing the stroking speed of the
      cylinder. The high-speed valve is programmed always to shift in the same
      direction as the servo so that both valves are always in the same
      operating mode. The high-speed valve is also programmed to shift to an
      operating position after the servo valve shifts and to return to its
      neutral position before the servo valve returns to its neutral position,
      so that the beginning and end of any stroke of the cylinder is always at
      slow speed.
PAR  The servo valve is mechanically operated by a servo control system. Such
      system controls the variable length of a stroke of the master cylinder.
      The high-speed valve is solenoid-actuated to its operating positions, by
      the same servo control system in a manner to be described.
PAC  Pneumatic-Mechanical Servo Control System
PAR  The servo control system is basically a pneumatic-mechanical system, the
      heart of which is a train of mechanically interconnected small-stroke
      pneumatic control cylinders indicated generally at 70. These cylinders are
      additively connected so that the total stroke capability of the train
      approximates and is only slightly less than the full stroke of master
      cylinder 10. One end 72 of the servo cylinder train is rigidly connected
      by a feedback rod 74 to positioning rod 14 of the master cylinder. The
      opposite end 76 of the servo cylinder train is directly connected to the
      operating stem 18a of servo valve 18 by a connecting rod 78. The
      individual servo control cylinders of the train 70 are interconnected such
      that an expansion or contraction of one such cylinder through its full
      stroke effects a corresponding expansion or contraction of the total
      length of the train.
PAR  Extension and retraction of the individual servo control cylinders is
      effected through a bank of corresponding air valves indicated generally at
      80. Each air valve in the bank is solenoid actuated, although such valves
      could be actuated manually or by other means. Each valve in bank 80 is
      connected by an air supply line 82 to an air supply manifold 84 and by
      dual air exhaust lines 86, 87 to a pair of exhaust manifolds 88, 89
      respectively. Air manifold 84 is connected to a primary air supply line 90
      leading from a source of air pressure (not shown).
PAR  Just upstream of the manifold an air pressure regulator 92 in air supply
      line 90 reduces the air pressure to the manifold to a predetermined
      operating level, such as, for example, 100 p.s.i. Just downstream from the
      first pressure regulator 92 a branch air supply line 94 leads to a second
      air pressure regulator 96, which reduces the air pressure in line 94 to a
      level of, for example, 20 to 30 p.s.i., and in any case substantially
      below the level of operating pressure in air manifold 84. This low
      pressure is then directed through branch air supply lines 97, 98 to a pair
      of back-to-back connected short-stroke single-acting air cylinders 100,
      102 in the train 70. Low-pressure line 98 leads to the rod end of
      control-cylinder 102, and low-pressure line 97 leads to the cap end of air
      cylinder 100. Thus cylinder 102 is normally maintained in a retracted
      condition, and cylinder 100 is normally maintained in an extended
      condition as shown. These pairs of low-pressure air cylinders serve as a
      means of introducing a controlled degree of lost motion in the cylinder
      train to initiate operation of high-speed valve 20 in a manner that will
      soon be apparent.
PAR  Each air valve in bank 80 includes a pair of flexible supply-return air
      lines 104, 106 leading from ports in the valve to the rod and cap ends of
      its corresponding air cylinder. In the diagram, when the solenoid at the
      lower end of one such air valve 85 is energized, the valve shifts upwardly
      so that air from supply line 82 flows through the valve to line 104 and
      thus to the rod end of the corresponding air cylinder 110. At the same
      time the valve connects line 106 to exhaust line 86 and through a variable
      flow control orifice 83 to exhaust manifold 88 so that the cylinder is
      retracted as shown. When the upper solenoid of the same air valve 85 is
      energized, the valve shifts downwardly so that it connects air supply line
      82 with line 106 leading to the cap end of the corresponding cylinder.
      Line 104 connects with exhaust line 87, and the cylinder tends to extend.
PAR  When the servo system is energized, there is a constant supply of air at
      operating pressure in manifold 84, and each air valve in bank 80 is
      maintained by one or the other of their solenoids or other means in one of
      its two operating positions so that air is maintained on one or the other
      side of each servo cylinder in train 70. Thus each servo cylinder, except
      when shifting, is maintained in either its fully extended or its fully
      retracted condition, depending on the stroke setting of master cylinder
      10. From the foregoing description it will be apparent that each air valve
      in bank 80 is a two-position, five-ported valve with three ports on the
      manifold side and two ports on the cylinder side of the valve. The
      function of variable flow controls 83 in the exhaust lines 86, 87 of the
      air valves controlling all but certain minor servo cylinders 122-128 is to
      control the speed of shifting of the cylinders so that their piston rods
      are not damaged or broken during shifting movement.
PAR  Each control cylinder of train 70 has a predetermined stroke for stroking
      the set cylinder 10 through a corresponding distance. For example, the
      illustrated servo cylinder train, air cylinder 110 has an 8-inch stroke,
      its adjacent cylinder 112 has a 4-inch stroke. Continuing in succession,
      the other cylinders in the train include cylinder 114 with a 2-inch
      stroke, cylinder 116 with a 1-inch stroke, cylinder 118 with a 1/2-inch
      stroke, cylinder 120 with a 1/4-inch stroke, cylinder 122 with a 1/8-inch
      stroke, cylinder 124 with a 1/16-inch stroke, cylinder 126 with a
      1/32-inch stroke, and cylinder 128 with a 1/64-inch stroke. The next
      cylinder down the line in the train is a special-purpose "final set"
      cylinder 130 with a 1/4-inch stroke. The two previously mentioned
      special-purpose lost motion cylinders 100, 102 each have a 1/2-inch
      stroke. From the foregoing it will be apparent that the total additive
      stroke of air cylinders 110-128 is approximately 16 inches. This means
      that the cylinder train is capable of moving master cylinder 10 through a
      total stroke of approximately 16 inches. This determination does not take
      into consideration the strokes of special-purpose cylinders 130, 100, 102
      since these cylinders are not used to determine the length of stroke of
      the master cylinder. However, because of the action of final set cylinder
      130 and the lost motion cylinders, the master cylinder should have a total
      stroke capability slightly greater than the total stroke of the servo
      train, in this case about one inch greater.
PAR  Final set cylinder 130 of the train is controlled by a special final set
      air valve 132 in bank 80. Air valve 132 is spring biased to a position
      wherein air supply line 82 for such valve supplies air to a line 134
      leading to the rod end of cylinder 130 to maintain the cylinder in a
      retracted condition. However, in a static condition of cylinder train 70,
      a switch actuator 136 carried by the pair of lost motion cylinders 100,
      102 maintains a limit switch 138 closed to complete an electrical circuit
      140 including the solenoid of valve 132. The solenoid when energized
      maintains valve 132 in an upper position to direct air pressure to the
      fixed end of final set cylinder 130 through a line 133.
PAR  The coupled piston rods 142 interconnecting the pistons of final set
      cylinder 130 and high-speed cylinder 100 carry a mechanical switch
      actuator 144 including actuating cam arms 146, 147. These arms close
      normally open limit switches 148, 149, respectively, in electrical
      circuits including the solenoids for actuating high-speed valve 20 in the
      hydraulic system.
PAR  The fractional stroke cylinders 126, 128 serve as zero positioners for a
      saw or tool subject to wear. For example, after a saw is sharpened, it is
      not unusual for the teeth of the saw, which are reset after sharpening, to
      have a changed reference position with respect to the log or other
      workpiece. The reset saw may be offset up to 1/32 of an inch from the
      centerline of the cut desired. Thus when a saw is replaced on a band mill
      or other sawing machine, the zero position of positioning rod 14, and thus
      the saw blade, can be adjusted by appropriate use of the zero positioning
      cylinders 126, 128. The zero positioning cylinders are not used in the
      ordinary course of shifting rod 14 after they have once been used to
      adjust the zero position of the saw. The zero positioning cylinders could
      be omitted, for example, where adjustment for tool wear, or for resetting
      of saw teeth or the like is not required.
PAR  A stop means is provided at a position along the length of connecting rod
      78 between the end 76 of the cylinder train and the servo valve 18 to
      limit shifting movement of such connecting rod to the length of travel
      required to shift the servo valve from its centered position to its
      operating positions, Such stop means includes a stop block 150 at a fixed
      position along the connecting rod and a pair of abutment members or
      bumpers 152, 153 on the rod and spaced equally on opposite sides of stop
      150 when servo valve 18 is centered. Each bumper might be spaced, for
      example, 0.012 inches from the stop block with the servo valve centered,
      such spacing being the required travel to shift the servo valve in either
      direction from its centered position to one of its two operation
      positions. However, as previously mentioned, the two low-pressure air
      cylinders 100, 102 serve as a lost motion means to permit movement of the
      cylinder train beyond the limits of travel of rod 78 permitted by bumpers
      152, 153, in order to fulfill additional functions of the system.
PAR  Although thirteen servo air valves are used in the train 70, with such
      cylinders having specific strokes for purposes of illustration, it should
      be appreciated that the servo cylinder train could have any number of air
      cylinders of any desired stroke to meet the stroke setting requirements
      and total stroke requirement of a specific master cylinder used to meet
      the specific requirements of a given controlled tool or load. Thus if a
      very large number of servo cylinders is required in a servo train, such
      cylinders may be arranged in stacked tiers for compactness, with the last
      cylinder in the lower tier being connected by a suitable rigid connecting
      rod to the first cylinder in the next higher tier and so on until all of
      the required number of servo cylinders are accomodated. In any case, the
      last cylinder of the uppermost tier would be directly connected by the
      equivalent of the connecting rod 78 to the servo valve. For clarity of
      illustration, all of the servo cylinders are shown in a single line, which
      in practice will usually not be objectionable so long as the line does not
      exceed to any appreciable extent the overall length of the set cylinder.
PAR  From the foregoing description it will also be apparent that the servo
      cylinders must be capable of free movement between the opposite ends of
      the train. Only the first and last cylinders of the train are attached to
      something, the first to the positioning rod of the master cylinder and the
      last to the servo valve. It is thus important in practice that the servo
      cylinders be mounted for free sliding movement without binding along a
      support surface or track (not shown) having a low coefficient of friction,
      such as a low-friction plastic.
PAC  OPERATION
PAC  Basic Operation
PAR  For purposes of illustrating the operation of the positioning apparatus, it
      is assumed that master cylinder 10 is operated under a hydraulic pressure
      of approximately 1,000 p.s.i. and that all of the air cylinders controlled
      by air valves in bank 80 are operated under an air pressure of about 100
      p.s.i. Further, it is assumed that the two single-acting, low-pressure air
      cylinders 100, 102 are subjected to an operating air pressure of about 20
      p.s.i., as determined by pressure regulator 96. It is also assumed that
      the air cylinders and master cylinder are in the positions shown, which is
      with the master cylinder one inch to the left of its fully retracted
      position because of the 1-inch air cylinder 116 being the only primary
      servo cylinder extended.
PAR  Now assuming that it is desired to shift positioning rod 14 8 inches to the
      left in the diagram, air is admitted to the right side of 8-inch servo
      cylinder 110 and exhausted from the opposite side by shifting air valve 85
      in bank downwardly from its initial upper position. However, air pressure
      in the right side of cylinder 110 cannot extend the piston of such
      cylinder because the piston rod 72 is rigidly connected to the positioning
      rod 14 of the master cylinder, and the master cylinder's piston 16 is
      locked in a fixed position by balanced hydraulic pressure on opposite
      sides thereof because the servo and high-speed valves are in their
      flow-blocking centered positions. Thus air pressure behind the piston in
      air cylinder 110 causes the cylinder body to shift to the right in the
      diagram. This shifting movement shifts the entire cylinder train to the
      right because the other cylinders of such train are rigidly interconnected
      by their piston rods, which are held in fixed positions by air pressure on
      one side or the other of the pistons of such cylinders. The shifting of
      the cylinder train to the right in turn causes connecting rod 78 to shift
      servo valve 18 to the right, to an operating position admitting flow of
      1,000 p.s.i. pressure fluid from supply lines 24 and 26 through the valve
      and into line 28 to the lockout valve 44. Assuming that the lockout valve
      is open, flow continues through such valve and through line 32 to the cap
      end the master cylinder 10. At the sam time, exhaust flow from the rod end
      proceeds through lines 36 and 35, valve 18, lines 38 and 40 to reservoir
      42. Thus piston 16 of the master cylinder begins stroking toward the left
      in the diagram. As it does so, it permits the piston of servo cylinder 110
      to advance to the left also until such piston bottoms out against the rod
      end wall of such cylinder. Thereafter continued stroking of the master
      cylinder to the left shifts the entire servo cylinder train to the left,
      returning servo valve 18 to its centered, flow-blocking position to stop
      the stroking of the master cylinder. At this point master cylinder piston
      16 and positioning rod 14 will have moved through a total distance of
      eight inches from its initial position, the full stroke of servo cylinder
      110.
PAR  To stroke master cylinder 10 in the opposite direction, air is admitted to
      the opposite side of the selected servo cylinder, causing an initial
      shifting movement of the cylinder train to the left in the diagram and
      thus shifting the servo valve to the left. This admits hydraulic pressure
      fluid to the rod end of the master cylinder to stroke such cylinder and
      the selected servo cylinder to the right until the servo cylinder bottoms
      out. Thereafter, continued stroking of the master shifts the cylinder
      train to the right to return servo valve 18 to its centered flow-blocking
      position, stopping stroking movement of the master cylinder after is has
      retracted through a total distance corresponding to the full stroke of the
      selected servo cylinder.
PAR  If positioning rod 14 of the set cylinder is to be shifted 12 inches to the
      left, air is admitted to the right or fixed end of servo cylinder 110 and
      also to the left or cap end of servo cylinder 112. This causes an initial
      shifting movement of the cylinder train, connecting rod 78 and servo valve
      18 to the right, admitting hydraulic fluid under 1,000 p.s.i. to the right
      or cap end of set cylinder 10 to extend positioning rod 14 to the left.
      Extension of rod 14 continues until the pistons of servo cylinders 110,
      112 bottom out at the rod ends of their respective cylinders. Thereafter
      continued extension of positioning rod 14 pulls the cylinder train to the
      left and thus the servo valve back to its centered position. At this point
      piston 16 and positioning rod 14 will have moved through a total distance
      of twelve inches to the left, the sum of the strokes of air cylinders 110,
      and 112. The remaining servo cylinders 114-128 operate in a similar manner
      to control the extension and retraction of the master cylinder through
      distances corresponding to the strokes of such cylinders.
PAC  High-Speed Function
PAR  Operation of the servo system to provide high-speed stroking of the master
      cylinder for position changes greater than a predetermined minimum will
      now be described. The low-pressure servo cylinders 100, 102 come into play
      to trigger high-speed operation of the master cylinder. Assume first that
      master cylinder 10 is to be shifted two inches to the left from its
      position shown. Air is thus admitted to the cap or left end of 2-inch
      servo cylinder 114. This moves the piston of such cylinder and thus the
      portion of the train connected to it to the right in the diagram about
      0.012 inches, until bumper 153 abuts stop block 150. At this point servo
      valve 18 has shifted to an operating position admitting hydraulic fluid to
      the fixed end of the master cylinder.
PAR  However, when bumper 153 strikes stop 150, the piston of servo cylinder 114
      continues its travel toward the right because it is being moved under 100
      pounds pressure whereas the piston in low-pressure cylinder 100 is being
      resisted by a much lower 20 p.s.i. air pressure. Thus the piston in
      cylinder 100 shifts to the right, producing the previously mentioned lost
      motion which premits the train between cylinder 114 and cylinder 100 to
      continue shifting toward the right. When such train portion travels a
      predetermined distance to the right of, for example, 3/8 inch, arm 146 of
      switch actuator 144 carried by piston rod 142 closes limit switch 148 to
      energize the left-hand solenoid of high-speed valve 20. The solenoid
      shifts such valve toward the right, thereby increasing the rate of flow of
      hydraulic fluid to the right end of the master cylinder to increase the
      stroking speed of its pistons 16.
PAR  As the master cylinder begins stroking to the left, it permits air cylinder
      114 to shift to the left also, with cylinders 110, 112. This continues
      until the piston of cylinder 114 bottoms against the right end of such
      cylinder. Thereafter continued stroking of master cylinder 10 to the left
      returns the piston of cylinder 100 to its extended position at the left
      end of such cylinder, reopening switch 148 to return high-speed valve 20
      to its spring-centered neutral position and thus slow the stroking of the
      master cylinder. Thereafter, continued slow-speed stroking of the master
      cylinder to the left shifts the cylinder train and connecting rod 78 to
      the left to return servo valve 18 to its centered position, thereby
      stopping the cylinder. At this point the master cylinder will have stroked
      two inches to the left, the full stroke of servo cylinder 114, with the
      start and finish of the stroke being at slow speed, but with the major
      intermediate portion of the stroke being at high speed.
PAR  When the master cylinder is stroked in the opposite direction through a
      predetermined distance, high-speed stroking occurs through lost motion
      induced in the low-pressure servo cylinder 102 after bumper 152 abuts stop
      150. The continued movement of the train to the left in the diagram pulls
      cylinder 102 to the left relative to its piston against the low pressure
      in such cylinder until switch-actuating arm 147 of actuator 144 closes
      limit switch 149 to energize the right-hand solenoid of the high-speed
      valve 20. This shifts the valve to the left, increasing the rate of flow
      to the rod end of the master cylinder to increase the retracting speed of
      piston 16.
PAC  Final Set Function
PAR  The final set cylinder 130 ensures that the final stroking movement of the
      piston on master cylinder 10 during any change in position of such piston
      always occurs from the same direction to eliminate cumulative errors in
      positioning caused by any lost motion in the system. In the illustrated
      system the final set cylinder 130 operates to ensure that the direction of
      final stroking of the master cylinder 10 is always toward the left in the
      diagram during both retraction and expansion of the cylinder to a new
      position. When cylinder train 70 is in the normal static condition shown,
      the pair of low-pressure cylinders 100, 102 are positioned so that switch
      actuator 136 maintains limit switch 138 in electrical circuit 140 closed
      to maintain air pressure on the left side of the piston of final set
      cylinder 130. Assuming now that it is desired to stroke master cylinder 10
      1 inch to the right in the diagram, air is admitted to the left side of
      one-inch air cylinder 116. This causes an initial shifting of cylinder 116
      and its connected train of cylinders toward the left, shifting servo valve
      18 to an operating position to direct fluid into the left or rod end of
      the master cylinder. Continued movement of cylinder 116 to the left after
      bumper 152 strikes stop 150, as permitted by low pressure cylinder 102,
      opens limit switch 138 in circuit 140, shifting final set air valve 132
      downwardly under the influence of its spring. This causes air under 100
      p.s.i. pressure to enter line 134 and the rod or right end of final set
      cylinder 130 while the opposite side of such cylinder is exhausted to
      shift its piston to the left end of such cylinder, also as permitted by
      cylinder 102.
PAR  At this time fluid flow to the rod end of master cylinder 10 strokes piston
      16 toward the right, whereby positioning rod 14 also permits the piston of
      servo cylinder 116 to shift right also until such piston bottoms against
      the right end of such cylinder. Thereafter the portion of cylinder train
      70 including cylinders 116-130 and 100, 102 continues to move to the right
      as permitted by the movement or cylinder 102 relative to its piston until
      such piston bottoms against the left end of cylinder 102, thereby
      overstroking master cylinder 10 to the right 1/4 inch, the full stroke of
      still-retracted air cylinder 130. At this time cylinder 102 recloses limit
      switch 138, returning air valve 132 to its upper position to reverse air
      flow to air cylinder 130. As air cylinder 130 extends, it shifts servo
      valve 18 to the right, through its neutral position to its left-hand
      position, reversing flow to the master cylinder so that such cylinder
      strokes to the left. Master cylinder 10 continues stroking to the left
      until the piston of air cylinders 130 bottoms against the right end
      thereof. Thereafter, continued stroking of the master cylinder returns
      servo valve 18 to its neutral position to stop the stroking of the master
      cylinder. Thus, under the example given, the master cylinder first stroked
      11/4  inches to the right followed by a final positioning stroke of 1/4
      inch to the left for a net stroke to the right of 1 inch, corresponding to
      the full stroke of one-inch servo cylinder 116.
PAR  When the master cylinder is stroked to the left, the foregoing-described
      overstroking does not occur because the initial movement of the servo
      cylinder train is to the right, in which case limit 138 remains closed and
      final set cylinder 130 remains in the position shown. Thus regardless of
      the direction of stroking of the master cylinder 10, the final phase of
      its stroking is always to the left in the diagram.
PAC  Lockout Function
PAR  Lockout valve 44 is inserted in the hydraulic fluid supply line 32 leading
      to the fixed end of the master cylinder 10 downstream and in series with
      the servo and high-speed valves 18, 20. Thus such lockout valve overrides
      the action of the servo and high-speed valves to block flow to or from the
      master cylinder when the lockout valve is in its flow-blocking position as
      shown. Assuming that master cylinder 10 is connected to a band saw T to
      position such saw relative to a log L to be cut into lumber, it would be
      damaging to the saw and possibly the positioning apparatus if the master
      cylinder were operated while the saw T is in the log L. To prevent this,
      normally closed limit switch 46 in circuit 48 opens when the log or other
      workpiece L is in the area of the saw T, thereby causing lockout valve 44
      to shift under the influence of a spring 44a to the flow-blocking position
      shown, preventing shifting movement of master cylinder 10. The presence of
      a log L at the saw may be sensed photoelectrically or by any other
      suitable means.
PAR  Although the present invention has been described with a hydraulic master
      cylinder and pneumatic servo cylinders, it will be appreciated that the
      invention applies broadly to any fluid-operated master and servo
      cylinders, whether operated by air, hydraulic fluid or any other liquid or
      gas.
PAR  Having illustrated and described what is presently one preferred embodiment
      of the invention, it should be apparent to those persons skilled in the
      art that the same permits of modification in arrangement, detail and
      application. We claim as our invention all such modifications as come
      within the true spirit and scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a positioning apparatus having a large-stroke fluid-operated,
      double-acting master cylinder means for controlling the position of a
      variable position controlled device, a train of smaller-stroke
      fluid-operated control cylinder means additively interconnected and
      mounted for axial linear movement, means for selectively extending and
      retracting selected individual control cylinder means to determine the
      total length of said train, and servo valve means for controlling the flow
      of pressure fluid to and from said master cylinder means, characterized
      by:
PA1  said train of control cylinder means including a series of double-acting
      control cylinder means each normally biased by internal fluid pressure in
      either one of its two bottomed positions and each being selectively
      movable independently of the others under internal fluid pressure to the
      other of its two bottomed positions,
PA1  one end of said cylinder train being rigidly connected by feedback means to
      a means positionable by said master cylinder means and the other end of
      said cylinder train being mechanically connected to said servo valve means
      for controlling the operating positions thereof such that admission of
      pressure fluid to one side of a selected said control cylinder means in
      sequence (1) first causes said selected control cylinder means to begin
      stroking toward the opposite side thereof by moving at least a portion of
      said train in one direction to shift said servo valve means to an
      operating position to begin stroking said master cylinder means, (2) then
      causes said selected control cylinder means to continue stroking toward
      said opposite side to a bottomed position as induced by continued stroking
      of said master cylinder means acting through said feedback means and (3)
      finally causes said train to shift said servo valve in an opposite
      direction to a neutral position through continued stroking of said master
      cylinder means acting through said feedback means to block flow to and
      from said master cylinder means whereby said master cylinder means is
      stroked through a distance corresponding to the full stroke of said
      selected control cylinder means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said servo valve means comprises
      a three-position spool valve including a centered said neutral position
      and two said operating positions including a first operating position on
      one side of said neutral position for directing flow to one side of said
      master cylinder means to extend said master cylinder means and a second
      operating position for directing flow to the opposite side of said master
      cylinder means to retract said master cylinder means.
NUM  3.
PAR  3. Apparatus according to claim 2 including connecting rod means directly
      interconnecting one control cylinder means at said other end of said train
      and said spool valve such that movement of at least a portion of said
      train including said one control cylinder means in opposite directions
      causes a corresponding shifting of said spool valve between its neutral
      and operating positions.
NUM  4.
PAR  4. Apparatus according to claim 3 including stop means positioned along
      said connecting rod means for limiting travel of said spool valve in
      opposite directions from said neutral position to said operating
      positions, and said cylinder train including lost motion means for
      enabling movement of said train in opposite directions beyond the limits
      of travel of said spool valve.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said lost motion means comprises
      a pair of air-operated cylinder means in said cylinder train operable
      under an air pressure less than the operating fluid pressure of the
      remaining control cylinder means in said train.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said control cylinder means of
      said cylinder train are air-operated, a pair of adjacent said control
      cylinder means being single-acting with one of said pair being air-biased
      to an extended condition and the other of said pair being air-biased to a
      retracted condition by air pressure less than the operating air pressure
      of the remaining said control cylinder means.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said train of control cylinder
      means includes a final set cylinder means operable to cause said master
      cylinder means to stroke to its final setting from the same direction
      during both extension and retraction of said master cylinder means, said
      final set cylinder means being operable in response to bodily shifting
      movement of said pair of single-acting control cylinder means in one
      direction.
NUM  8.
PAR  8. Apparatus according to claim 6 including a series of air control valves
      for controlling the supply of air under operating pressure to said control
      cylinder means, and air supply and exhaust manifold means leading to and
      from said air valves, said air valves being connected in parallel to an
      air supply and including a first pressure regulator means for controlling
      the operating air pressure to said double-acting control cylinder means
      and a second pressure regulator in series with said first pressure
      regulator for controlling the air pressure to said pair of single-acting
      cylinder means.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said means for selectively
      extending and retracting includes a series of air control valves for
      controlling a supply of air under operating pressure to said control
      cylinder means, at least some of said air valves each including an air
      supply line leading to said valve and an air exhaust line leading from
      said valve, said air exhaust line including a variable flow control means
      for regulating the rate of flow of exhaust air from an associated said
      control cylinder means.
NUM  10.
PAR  10. Apparatus according to claim 1 including high-speed valve means
      connected in parallel with said servo valve means for increasing the rate
      of flow of pressure fluid to and from said master cylinder means to
      increase the stroking speed thereof, said high-speed valve means normally
      being positioned to block fluid flow therethrough to and from said master
      cylinder means but being movable to an operating position upon a
      predetermined shifting movement of a portion of said cylinder train in
      either direction to direct flow therethrough during and in the same
      directional mode as the flow through said servo valve means to and from
      said set cylinder means.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said cylinder train is operable
      upon a first predetermined movement in either direction to shift said
      servo valve means to an operating position to stroke said master cylinder
      means at a low speed and is operable upon a second predetermined movement
      greater than said first movement in the same said direction to shift said
      high-speed valve means to an operating position corresponding to said
      operating position of said servo valve means to stroke said master
      cylinder means at a high speed.
NUM  12.
PAR  12. Apparatus according to claim 10 wherein said high-speed valve means is
      normally biased to a neutral flow-blocking position and is electrically
      operated for movement to either one of two positions for directing flow to
      the opposite sides of said master cylinder means, a pair of electrical
      limit switch means for operating said high-speed valve means, and
      switch-actuating means carried by said cylinder train for operating one of
      said pair of limit switch means upon said predetermined movement of said
      train in one direction and for operating the other of said pair of limit
      switch means upon said predetermined movement in the opposite direction.
NUM  13.
PAR  13. Apparatus according to claim 10 connecting rod means interconnecting
      said other end of said cylinder train and said servo valve means, stop
      means limiting travel of said connecting rod means in opposite directions
      through a limited distance sufficient only to move said servo valve means
      from its neutral position to an operating position, said cylinder train
      including lost motion means enabling movement of said train in opposite
      directions through a distance greater than said limited distance, and
      valve-operating means associated with said cylinder train and operable
      upon predetermined movement of said train in opposite directions through a
      distance greater than said limited distance to move said high-speed valve
      means to an operating position.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said lost motion means includes
      a pair of single-acting cylinder means in said cylinder train, said pair
      of cylinder means being subjected to a continual fluid pressure
      substantially less than the fluid-operating pressure of the remainder of
      said control cylinder means in said train, one of said pair of cylinder
      means being normally maintained in an extended condition and the other of
      said cylinder means normally being maintained in a retracted condition by
      said continual pressure.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein said pair of single-acting
      cylinder means are positioned at said other end of said train.
NUM  16.
PAR  16. Apparatus according to claim 14 wherein said cylinder means of said
      pair have equal strokes.
NUM  17.
PAR  17. Apparatus according to claim 14 wherein said valve-operating means
      includes limit switch means in a fixed position adjacent said train and
      limit switch-actuating means carried by a portion of said train movable
      relative to said pair of single-acting cylinder means.
NUM  18.
PAR  18. Apparatus according to claim 10 including final set means including one
      of said control cylinder means for controlling the operation of said
      master cylinder means such that both extension and retraction of said
      master cylinder means through a selected distance occurs with a final
      stroking of said master cylinder means from the same direction.
NUM  19.
PAR  19. Apparatus according to claim 1 including lockout means operable
      independently of said servo valve means to prevent stroking of said master
      cylinder means in response to a predetermined condition of said controlled
      device.
NUM  20.
PAR  20. Apparatus according to claim 19 wherein said lockout means comprises a
      lockout valve means in a fluid passage means between said source of
      pressure fluid and said master cylinder means, said lockout valve means
      being normally positioned to permit fluid flow between said source and
      said master cylinder means but being movable to a position to block said
      flow in response to said predetermined condition.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said lockout valve means is
      electrically operated and is in a fluid passage means between said servo
      valve means and said master cylinder means.
NUM  22.
PAR  22. Apparatus according to claim 10 including lockout valve means
      positioned for blocking fluid flow between said master cylinder means and
      said servo and high-speed valve means to prevent stroking of said master
      cylinder means in response to a predetermined condition of said controlled
      device.
NUM  23.
PAR  23. Apparatus according to claim 1 including final set means for
      controlling the operation of said master cylinder means such that
      extension and retraction of said master cylinder means to a final setting
      always occurs with a final stroking of said master cylinder means from
      only one direction.
NUM  24.
PAR  24. Apparatus according to claim 23 wherein said final set means includes a
      final set control cylinder means in said cylinder train, said final set
      control cylinder means being operable upon a stroking of said master
      cylinder means in a selected direction opposite the said one direction of
      final set to cause an initial overstroking of said master cylinder means
      in said selected direction followed by a final stroking of said set
      cylinder means in said one direction of final set.
NUM  25.
PAR  25. Apparatus according to claim 24 including final set cylinder-operating
      means including final set air valve means normally positioned to maintain
      said final set cylinder means in one of its two fully stroked conditions,
      and valve-actuating means operable upon a shifting movement of said
      cylinder train in said direction of final set to reposition said final set
      valve to stroke said final set cylinder means to its other said fully
      stroked condition to cause said overstroking.
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ABST
PAL  This invention relates to a telescopic jack constituted by a main cylinder,
      a first piston sliding in said main cylinder, a first piston rod fast with
      the first piston which passes in tight manner through a first bottom of
      the cylinder, a second piston which may be disposed in a bore of the first
      rod and is mounted to slide with respect to the first piston, and by a
      second piston rod which is fast with the second piston.
PAL  The second piston rod passes through the second bottom of the cylinder
      whilst the piston is separable from the rod.
PAL  One application of the invention is the production of an inexpensive
      telescopic jack.
BSUM
PAR  The present invention relates to a telescopic jack.
PAR  Various types of telescopic jacks are already known, of which the
      characteristic resides in that, save for the first piston mounted to slide
      in the main outer cylinder, each piston is mounted to slide in the rod of
      the preceding piston, the rods, fast with the various pistons, all
      extending on the same side with respect to the main cylinder.
PAR  It is generally expensive to produce such jacks, since numerous machining
      operations are to be effected on almost all the parts. Furthermore, it is
      not possible to impose a simple sequence of extension of the various
      piston rods.
PAR  It is to remedy these drawbacks that the invention proposes a novel type of
      telescopic jack.
PAR  This fluid-controlled telescopic jack is constituted by:
PA1  A main cylinder defined by two bottoms,
PA1  A first piston mounted to slide in said main cylinder,
PA1  A first piston rod, fast with the first piston, which passes in tight
      manner through a first of said two bottoms, in such a manner that its end
      is disposed outside the main cylinder and in which a bore is made,
PA1  A second piston, which may be disposed in said bore and is mounted to slide
      with respect to said first piston and first piston rod, and
PA1  A second piston rod, fast with the second piston, whose end is also
      disposed outside the main cylinder, and which passes in tight-manner
      through the second of said two bottoms, its end being disposed on the side
      opposite that of the first piston rod with respect to the main cylinder.
PAR  The section of the opening of the bore of the first piston rod through
      which said bore opens out into the main cylinder is at least equal to the
      section of the second piston, whilst said first piston rod and said second
      piston are then separable and are effectively separated when the first
      piston is in abutment on the first bottom and when the second piston is
      itself in abutment on the second bottom.
PAR  The first piston and the first piston rod preferably define in the main
      cylinder, on the one hand, with the first bottom, a first chamber and, on
      the other hand, with the second bottom, a second chamber. Similarly, when
      the jack is in retracted position, the second piston defines, on the one
      hand, with the bottom of said bore, a third chamber, and on the other
      hand, on the side opposite this third chamber, a fourth chamber. Finally,
      three conduits are made in the first piston rod and possibly in the first
      piston and connect the outer end of this first rod, viz. the first conduit
      to the first chamber, the second conduit to the second chamber and the
      third conduit to the third chamber.
PAR  It is advantageous for a connecting conduit, made in the first piston, to
      connect the first and second chambers. A calibrated valve is then disposed
      in said connecting conduit, is provided with a return member whose effect
      tends to maintain this connecting conduit closed, and is coupled to a
      proximity detector controlling its opening when the first piston is
      disposed near the second bottom.
PAR  A feed conduit connects the part of said connecting conduit between the
      second chamber and the calibrated valve to the fourth chamber, whilst a
      non-return valve is disposed in this feed conduit and allows passage of
      the fluid from the connecting conduit towards the fourth chamber.
PAR  Finally, it is also advantageous for a cylindrical projection to be fast
      with the inner face of the second bottom, of diameter equal to that of the
      bore and to be contained in said bore, when the first piston is in
      abutment on this second bottom.
DRWD
PAR  The invention will be more readily understood on reading the following
      description with reference to the accompanying drawings, in which:
PAR  FIGS. 1 to 5 are axial sections through the same jack, in accordance with
      the invention, in five distinct configurations;
PAR  FIG. 6 shows, in axial section, an assembly applying the jack of FIGS. 1 to
      5.
DETD
PAR  The elements of the jack shown in FIGS. 1 to 5 are referenced by the same
      number in these five Figures, followed by the letter a, b, c, d or e,
      respectively.
PAR  In FIG. 1, the jack is entirely retracted. It is constituted by:
PA1  a body 1a, in which a cylinder 2a is made,
PA1  a first piston 3a mounted to slide in the cylinder 2a,
PA1  a first piston rod 4a which is fast with the piston 3a, leaves the body 1a
      through a first bottom 5a of the cylinder and the end 6a of which is
      outside the body 1a,
PA1  a bore 7a coaxial to the rod 4a and piston 3a,
PA1  a second piston 8a which is introduced into the bore 7a,
PA1  a second piston rod 9a which is fast with the second piston 8a, mounted to
      slide in a bearing 10a of the body 1a and which emerges from the body 1a,
      passing through the second bottom 11a of the cylinder, its end 12a being
      outside said body 1a,
PA1  and a projection 13a which is fast with the bottom 11a, is fixed to its
      inner face and is introduced into the bore 7a.
PAR  The first piston 3a defines in cylinder 2a a first chamber 14a (in
      cooperation with the first bottom 5a) and a second chamber 15a (in
      cooperation with the second bottom 11a). Similarly, the second piston 8a
      defines in the bore 7a a third chamber 16a (in cooperation with the bottom
      17a of said bore) and a fourth chamber 18a.
PAR  It is noted that a connecting conduit 19a is made in the first piston 3a
      and connects the first chamber 14a to the second chamber. A calibrated
      ball valve 20a is disposed in this connecting conduit 19a and is coupled
      to a rod 21a. The end of this rod 21a is, in the present case, in abutment
      on internal face 22a of the bottom 11a, this causing the ball valve 20a to
      open. A feed conduit 23a connects the conduit 19a to the fourth chamber
      18a, whilst a non-return valve 24a, disposed in this feed conduit 23a,
      allows passage of the fluid only from the connecting conduit 19a towards
      the fourth chamber 18a.
PAR  It will also be noted that a first conduit 25a permanently connects the
      outer end of the rod 4a to the first chamber 14a (opening near the first
      piston 3a), that a second conduit 26a permanently connects the outer end
      of said rod 4a to the second chamber 15a and that finally a third conduit
      27a permanently connects the second conduit 26a to the third chamber 16a.
      All three of these conduits 25a, 26a and 27a are made in the first piston
      rod 4a and first piston 3a only.
PAR  Outside the jack, there is an elementary feed circuit which comprises:
PA1  a pump 28,
PA1  a fluid tank 29,
PA1  and a three-way distributor 30a.
PAR  The pump 28 is connected to the tank 29 by its suction conduit 31 and to
      the distributor 30a by its delivery conduit 32. The first conduit 25a and
      the second conduit 26a of the jack are connected to the distributor 30a by
      secondary conduits 33 and 34. Finally, the distributor 30a is connected to
      the tank 29 by a discharge conduit 35.
PAR  The three positions of the distributor 30a corresponds as follows:
PA1  the first position, to the communication of conduits 32 and 34, and of
      conduits 33 and 35;
PA1  the second position, in which the distribution 30a is shown, to the
      communication of conduits 32 and 35, and to the closures, at distributor
      30a, of conduits 33 and 34;
PA1  and the third position, to the communications of conduits 32 and 33, and of
      conduits 34 and 35.
PAR  The lay-out of FIG. 2 corresponds to the first phase of extension of the
      jack from the lay-out of FIG. 1. The distributor has come to 30b, in its
      first position. The second chamber, fed with pressurised fluid by conduits
      32, 34 and 26b, has come to 15b. The first piston 3b is now sufficiently
      distant from the bottom 11b for the rod 21b no longer to be in abutment
      thereon, and consequently, the calibrated ball valve 20b is again in
      position where the connecting conduit 19b is closed. It is noted that the
      piston 3b has made a partial stroke in the cylinder 2b, which has caused
      the projection 13b to leave the bore 7b completely. Furthermore, the
      second piston rod 9b has remained immobile with respect to the body 1b.
      This disposition results in the second chamber 15b and fourth chamber 18b
      communicating. It should be noted, by way of indication, that the initial
      fluid feed to the second chamber 15a, then 15b, and third chamber 16a,
      then 16b, causes the extension of the first piston rod 4a, then 4b out of
      the body of the jack, only in consideration of the relationships selected,
      in the present case, between the sections of the various faces of the
      first and second pistons. The first chamber 14b, being isolated from the
      second chamber 15b by the ball valve 20b and from the fourth chamber 18b
      by the non-return valve 24b, the fluid that it contains may return freely
      to the tank 29 via conduits 25b, 33 and 35.
PAR  The jack continues to extend, therefore, by the first piston rod 4c
      completely leaving the body 1c (FIG. 3), the distributor 30c still being
      in its first position. The first piston 3c is now in abutment on the inner
      face of the first bottom 5c of the cylinder 2c, and the volume of the
      first chamber 14c is now very small, almost zero. The second piston rod 9c
      has still not moved with respect to the body 1c.
PAR  The jack then continues to extend by this second piston rod 9d completely
      leaving the body 1d until the second piston 8d comes into abutment on the
      projection 13d (FIG. 4). The first chamber 14d has a volume equal to that
      of the chamber 14c, thus a very small one. On the other hand, the second
      piston 8d has come entirely out of the bore 7d, this causing the other
      three chambers, the second, third and fourth ones, to combine to form a
      large single chamber 36d. When the jack has finished its extension, the
      distributor 30d has, furthermore, been replaced in its second position. It
      is to be noted that the calibrated valve 20d and the nonreturn valve 24d
      remain closed and consequently that the connecting and feed conduits 19d
      and 23d respectively remain closed. On the contrary, the conduit 25d still
      opens out into the first chamber 14d in the same way as conduits 26d and
      27d open out into the large chamber 36d.
PAR  Starting from its configuration where it is completely extended (FIG. 4),
      the jack retracts, passing through the lay-out of FIG. 5, until it returns
      to the lay-out of FIG. 1.
PAR  In FIG. 5, the distributor 30e is maintained in its third position.
      Initially, the large chamber 36d, then subsequently the second chamber 15e
      and third chamber 16e are communicated with tank 29, via conduits 26e and
      27e and 34 and 35. On the contrary, the first chamber 14e is placed in
      communication with the delivery of pump 28 via conduits 25e, 33 and 32. In
      this way, the pressurised fluid acts on the section of the first piston
      3e, which defines the chamber 14e and causes the first piston rod 4e to
      retract inside the body le, until the piston 3e abuts on the face 22e of
      the bottom 11e. When the rod 4e has finished retracting, the rod 21e is
      also in abutment on the face 22e and opens the calibrated ball valve 20e
      and the connecting conduit 19e. The pressurised fluid pushes the
      non-return valve 24e which opens and, from the first chamber 14e, is
      directed towards the fourth chamber 18e. The effect of this fluid on the
      face of the second piston 8e, which defines said fourth chamber 18e, is to
      bring about the return of the second piston rod 9e inside the body 1e (and
      the bore 7e). The lay-out of FIG. 5 therefore changes into the initial,
      entirely retracted lay-out of FIG. 1.
PAR  The extension or retraction of the jack which has just been described
      corresponds to a relative order of extension or retraction of the various
      elements which depends essentially on the distribution of the fluid in the
      second chamber 15a and third chamber 16a from the single conduit 34. This
      distribution depends in its turn on the relationships of the sections of
      the faces of the two pistons. If it is desired not to follow this imposed
      order, a flow distributor known per se may be used which maintains a given
      relationship between the flows.
PAR  Finally, FIG. 6 shows an assembly applying the jack that has already been
      described, to the manoeuvring of a telescopic jib having three sections
      56, 57 and 58. The end 6a of the first piston rod 4a is articulated to the
      rear of the main outside section 56, the body 1a is articulated at 59 to
      the rear of the intermediate section 57 and the end 12a of the second rod
      of the piston 9a is articulated to the front of the inside section 58.
PAR  The advantages of the above-mentioned piston will now be described, as
      follows:
PAR  Structural advantages will firstly be discussed. In fact, it will have been
      noted that the conduits 25a, 26a and 27a are made in one piece, the first
      piston rod 4a (and the first piston 3a with which it is fast). It is
      already obvious that, from the standpoint of the manipulation of
      workpieces for machining, this disposition is particularly favourable,
      since it limits the said machining operations to one workpiece only. From
      the standpoint of the dimensions of the jack, it is known that the
      necessity of making a conduit in a piston rod leads to having to increase
      the thickness of the material constituting this piece. There again, the
      jack which has been described is advantageous, since the increase of the
      thickness will concern only one piston rod 4a, and not several piston rods
      as is the case for prior known jacks.
PAR  As the various phases of the extension, then retraction, have been shown
      and explained with reference to FIGS. 1 to 5, it is unnecessary to come
      back to this point, except to ascertain that the jack described is indeed
      a telescopic jack.
PAR  Similarly, its application to the control of the telescoping of the
      sections of a telescopic jib is sufficiently shown in FIG. 6, this
      rendering any further explanation unnecessary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid controlled telescopic jack comprising a main cylinder having
      first and second opposite end portions, a first piston rod located in said
      main cylinder and extending through the first end portion thereof in fluid
      tight relation for sliding movement between extended and retracted
      positions, said first piston rod having a hollow bore formed therein
      opening towards the second end portion of said main cylinder, a first
      piston surrounding a portion of said first piston rod and slidable in said
      main cylinder housing in liquid tight relation with the interior walls
      thereof, said first piston being located on said first piston rod, when
      the first piston rod is in its retracted position, adjacent and slightly
      spaced from said second end portion of the main cylinder to define a first
      chamber between the first piston and the first end portion of the main
      cylinder and a second chamber between the first piston and the second end
      portion of the main cylinder; a second piston located in the bore of the
      first piston rod and slidable therein in fluid tight relation; a second
      piston rod secured to said second piston and extending therefrom through
      the second end portion of the main cylinder in fluid tight relation for
      movement between extended and retracted positions, said second piston
      defining, in the retracted position of said piston rods, a third chamber
      in the bore of said first piston rod and a fourth chamber between the
      second piston and the second end portion of said main cylinder, whereby
      said first piston rod and said second piston are separable and are
      separated when the first piston rod is extended to move the first piston
      adjacent said first end portion of the main cylinder and the second piston
      rod is extended and the second piston is adjacent the second end portion
      of the main cylinder, said first piston rod having three fluid flow
      conduits formed therein and adapted to be connected to a source of fluid
      under pressure, said conduits including a first conduit connecting said
      source of fluid to said first chamber, a second conduit connecting said
      source of fluid to said second chamber and a third conduit connecting said
      second conduit to said third chamber whereby said second and third
      chambers are simultaneously supplied with fluid to extend said first
      piston rod before said second piston rod.
NUM  2.
PAR  2. The jack as defined in claim 1 wherein said first piston has a
      connecting conduit formed therein providing communication between said
      first and second chambers, resiliently biased calibrated check valve means
      located in said connecting conduit for normally closing the connecting
      conduit to fluid flow; proximity detector means in said connecting conduit
      for opening the check valve means when said first piston is adjacent the
      second end portion of the main cylinder; a feed conduit formed in said
      first piston connecting said connecting conduit between the second chamber
      and the calibrated check valve means to the fourth chamber; and non-return
      valve means located in said feed conduit for normally closing the feed
      conduit and allowing fluid flow from the connecting conduit to the fourth
      chamber when said check valve means is opened whereby during retraction of
      the jack, the first piston rod is first fully retracted to open said check
      valve means and then fluid flows from the first conduit into the first
      chamber through the check valve means and non-return valve means to the
      fourth chamber to retract the second piston rod.
NUM  3.
PAR  3. A jack as defined in claim 2 including a projection located on the inner
      face of the second end portion of the main housing and being dimensioned
      to be received in liquid tight relation in the bore formed in the first
      piston rod when the first piston is adjacent said second end portion to
      separate said fourth chamber from said second chamber and aid in the
      sequential extension and retraction of said piston rods.
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ABST
PAL  A hydraulic brake booster is disclosed for use in a vehicle hydraulic
      braking system. The booster provides a spool valve having spaced lands and
      grooves cooperating with corresponding lands and grooves on the booster
      housing to control communication between an inlet port, an outlet port, an
      exhaust port, and the booster pressure chamber. The spool valve has an
      internal passage which communicates the booster pressure chamber to one of
      the aforementioned ports depending upon the position of the spool valve. A
      check valve is provided in a branch passage communicating with the groove
      communicated with the booster inlet port so that the pressure level in the
      pressure chamber never exceeds the pressure level at the inlet regardless
      of the position of the spool valve. This feature enhances spool stability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a hydraulic brake booster for automotive
      vehicles.
PAR  Because of their inherent advantages, hydraulic brake boosters are
      replacing the more conventional vacuum type boosters on certain automotive
      applications. A typical hydraulic brake booster design provides a spool
      valve, the position of which is controlled by the vehicle operator to
      establish a desired fluid pressure level in the pressure chamber of the
      booster to thereby effect a controlled brake application. Hydraulic brake
      boosters are capable of modulation; that is, the pressure level in the
      booster pressure chamber is responsive to changes of the operator-applied
      input force on the brake pedal. However, if the vehicle operator rapidly
      changes the pedal force, such as by fully applying the brakes and then
      partially releasing them, a situation may occur when the spool valve
      becomes unstable. Also, when the hydraulic brake booster is used in a
      braking system which includes a hydraulically actuated adaptive braking
      modulator, pressure impulses may be transmitted to the booster pressure
      chamber during cycling of the modulator. While these pressure impulses are
      so small that they cannot be felt by the vehicle operator, they do
      generate a hydraulic applying force on the spool valve, supplementing the
      operator-applied force on the spool valve. Although these pressure
      impulses may be very small in magnitude, their rapid occurrence sometimes
      causes an unstable condition in the spool valve.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an important object of our invention is to improve the stability
      of the spool valve used in a conventional hydraulic brake booster.
PAR  Another important object of our invention is to insure that the pressure
      level in the booster pressure chamber of a hydraulic brake booster never
      exceeds the pressure level in the inlet port of the latter.
PAR  Still another important object of our invention is to prevent unpleasant
      pedal "feel" and annoying noises due to valve instability in the spool
      valve of the hydraulic brake booster.
PAR  A still further important object of our invention is to permit the vehicle
      operator to quickly apply and then partially release the vehicle's brakes
      without causing a valve instability.
PAR  A still further object of our invention is to permit operation of a
      hydraulic brake booster in a braking system including a hydraulically
      actuated adaptive braking system while preventing the spool valve used in
      the booster from becoming unstable.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a vehicle hydraulic system with a
      brake booster made pursuant to the teachings of our present invention
      illustrated in cross section;
PAR  FIG. 2 is an enlarged, fragmentary view of circumscribed portion of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary view similar to FIG. 2, but illustrating
      the prior art brake booster with the spool valve in one position;
PAR  FIG. 4, is a view similar to FIG. 3, but illustrating the spool valve
      disposed in another position; and
PAR  FIG. 5, is a graphical representation of the relationship between spool
      valve travel and pressure generated in the booster inlet.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings, the brake booster generally indicated by the
      numeral 10 includes a housing 12 having an inlet port 14, an outlet port
      16, and a return or exhaust port 18. The inlet port 14 is communicated to
      the outlet or high pressure side of the vehicle power steering pump 20,
      and the outlet port 16 is communicated to the inlet of the vehicle power
      steering gear 22. The exhaust port 18 and the outlet of the gear 22 are
      each connected to a reservoir (not shown) at the inlet or low pressure
      side of the pump 20.
PAR  The housing 12 defines first and second bores 24 and 26 therewithin. A
      piston 28 is slidably mounted in the bore 24 and is provided with a
      connecting rod 30 which transmits movement of the piston 28 to a
      conventional automotive master cylinder (not shown) which is mounted just
      to the left of the housing 12, viewing FIG. 1. Of course, movement of the
      piston 28 to the left generates pressure in the aforementioned master
      cylinder in the conventional manner. One end of another rod 32 is slidably
      received in a blind bore 34 in the piston 28, and the opposite end of the
      rod 32 is connected to a conventional brake pedal (not shown) mounted in
      the vehicle operator's compartment. A bracket 36 is slidably mounted on
      the rod 32 and is urged into engagement with a stop ring 38 by a spring
      40. A first pivot 42 connects one end of lever means 44 to a bracket 46
      which is integral with the piston 28, and a second pivot 48 connects the
      intermediate portion of the piston means 44 with the bracket 36.
PAR  A spool valve generally indicated by the numeral 50 is slidably mounted in
      the bore 26 and is adapted to control fluid communication into the booster
      pressure chamber 52. A secondary valve 54 is slidably mounted on the end
      of the spool valve 50 extending into the pressure chamber 52, and a third
      pivot 56 connects the lever means 44 with the secondary valve 54. A spring
      58 yieldably urges the secondary valve 54 away from openings 60 in the
      body of the spool valve 50. Another spring 62 yieldably urges the spool
      valve 50 into a first or brake-released position defined by the engagement
      of a stop 64 carried on the spool valve 50 with a shoulder 66 provided on
      the wall of the bore 26. The second or brake fully applied position of the
      spool valve 50 is defined by the engagement of the left hand end of the
      spool valve 50 with a plug 68 which closes the bore 26.
PAR  The spool valve 50 is provided with a groove 70 which communicates with the
      exhaust port 18 and a groove 72 which communicates with the inlet port 14.
      Spool valve 50 further includes a pair of lands 74, 76 which define the
      edges of the groove 72. Grooves 70 and 72, and lands 74, 76 cooperate with
      corresponding grooves 78, 82 and lands 84, 86 on the wall of the bore 26
      to control communication into the pressure chamber 52. For example, groove
      78 communicates with passage means 80 defined within the spool valve 50
      which communicates the groove 78 with the openings 60, and groove 82
      communicates with the outlet port 16. Lands 84, 86 define the edges of the
      grooves 78 and 82. A branch 88 of the passage means 80 communicates with
      the groove 72, and a check valve 90 permits communication from the passage
      into the groove, but prevents communication in the reverse direction.
PAC  MODE OF OPERATION
PAR  When a brake application is effected, rod 32 is urged to the left, viewing
      the Figure, thereby pivoting lever means 44 about pivot 42, to shift spool
      valve 50 to the left viewing FIG. 1. When this occurs, the orifice defined
      between the lands 76 and 84 is narrowed, thereby restricting communication
      between the grooves 72 and 82 to thereby increase the fluid pressure level
      in the groove 72. As can be seen in FIG. 5, pressure developed in the
      groove 72 is a function of spool travel, but most of the pressure
      development occurs within a relatively small range of spool travel. The
      position of the spool, and therefore the size of the orifice between the
      grooves 72 and 82, is controlled by the force exerted on the brake pedal
      by the vehicle operator. At the same time, land 74 moves away from land
      84, to thereby communicate the groove 72 with the groove 78 and therefore
      to the pressure chamber 52 through passage 80. The land and grooves are
      designed such that just before the land 74 opens from the land 84, the
      land 74 closes against land 86 to thereby prevent communication between
      the groove 78 and the groove 80. Therefore, fluid pressure developed in
      the groove 72 is communicated into the pressure chamber 52 wherein it
      reacts on the right hand end face of the piston 28 to urge the latter to
      the left viewing FIG. 1, thereby developing pressure in the aforementioned
      master cylinder in the normal manner. When the vehicle operator releases
      the brakes, spring 62 urges spool valve 50 to the right, viewing FIG. 1,
      toward the brake release position wherein the communication between
      grooves 72 and 82 is unrestricted and the pressure chamber 52 is vented to
      the exhaust port 18 through the grooves 78 and 70. When this occurs,
      return spring 92 urges the piston 28 to the right viewing the Figure,
      toward the brake release position. In case of failure of fluid pressure to
      communicate into the pressure chamber 52, due either to a malfunction in
      the power steering pump 20, such as would occur when the vehicle's engine
      dies, or to a sticky spool valve, a brake application may still be
      effected manually. When this occurs, the increased actuating force
      required on rod 32 collapses the spring 40 to permit the left-hand end of
      rod 32 to engage the closed end of the blind bore 34, to thereby provide a
      direct mechanical link between the brake pedal and the aforementioned
      master cylinder. When this occurs, lever means 44 slides the fixture 54
      relative to the spool valve 50 to close the opening 60 to thereby prevent
      an abrupt power brake application should the sticky spool valve free
      itself or should the pump 20 suddenly begin operation.
PAR  Although the valve 50 normally modulates the pressure level in the pressure
      chamber 52 quite well in response to changes in the force applied to the
      input rod 32, there are situations when the valve 50 may become unstable
      if the force applied to the rod 32 is changed quickly, thereby causing
      abrupt changes in the pressure level in the chamber 52. If this occurs,
      these abrupt changes will be felt by the vehicle operator since the
      pressure level in the chamber 52 reacts upon the rod 32 to provide braking
      "feel." These rapid changes in pressure in the pressure chamber 52 also
      act upon the right-hand end of the spool valve 50, to hydraulically urge
      the latter to the left viewing the Figure, driving the left-hand end of
      the valve 50 into engagement with the plug 68, causing an unpleasant
      "clicking" noise. This most often occurs when the vehicle operator
      initiates braking with a relatively large force on the input rod 32,
      thereby moving the spool valve 50 towards its extreme leftwardmost
      position, and then relieves the pedal force somewhat to establish the
      valve in an intermediate pressure position. When the initial hard
      application occurs, the valve is moved to a condition in which the land 76
      laps the land 84 to rapidly build pressure in the groove 72, which in turn
      is communicated into the pressure chamber 52 to initiate a hard brake
      application. When this high force on rod 32 is abruptly removed, the valve
      returns to some intermediate position, but momentarily "overshoots" this
      intermediate position and momentarily occupies the position illustrated in
      FIG. 3. In this position, the passage between land 74 and land 86 is still
      severely restricted, and the communication between the pressure chamber 52
      and the exhaust 18 is cut off, and therefore, the relatively high pressure
      level generated in the pressure chamber 52 during initial hard application
      is maintained. However, the orifice between the land 84 and the land 86 is
      substantially increased, thereby causing the pressure level in the groove
      72 to drop substantially. Consequently, the pressure level in the pressure
      chamber 52 is then much higher than is the pressure level in the groove
      72. The spool valve remains in the position illustrated in FIG. 3 only
      momentarily, and quite quickly moves to the position illustrated in FIG.
      4, which is the position established by the force on the input rod 32. In
      this position, the orifice defined between the lands 84 and 76 is
      substantially reduced from the size of the orifice established in FIG. 3,
      and consequently, brake pressure builds in groove 72 again. However,
      before pressure has a chance to build to any substantial amount in the
      groove 72, the passage between the lands 86 and 74 is opened, thereby
      communicating the high pressure fluid trapped in pressure chamber 52 with
      the relatively low pressure in the groove 72. When this occurs, the
      pressure difference between the pressure chamber 52 and the pressure level
      in groove 72 is immediately equalized to some intermediate value causing a
      sharp drop in the pressure level in chamber 52. Immediately following the
      sharp drop in boost pressure, the pressure level in chamber 52 begins
      building again at the same rapid rate as the pressure in groove 72
      increases, due to the orifice between lands 84 and 76. This rapid increase
      in pressure in the pressure chamber 52, which reacts upon the input rod
      32, is felt as an unpleasant "kick" by the vehicle operator. This rapid
      increase in the pressure level in pressure chamber 52 also acts on the
      right-hand end of the spool valve 50, driving it to the left viewing the
      Figure, to drive left-hand end of the spool valve into engagement with the
      plug 68, causing unpleasant "clicking" noise. A similar effect occurs, as
      has been described hereinabove, when the valve is first released abruptly
      and then abruptly reapplied. Also, when the brake booster 10 is used in a
      vehicle hydraulic system having a hydraulically actuated adaptive braking
      modulator, actuation of the modulator may generate sharp pressure changes
      in the pressure chamber 52. Although the magnitude of these pressure
      changes is small enough that they usually cannot be felt by the vehicle
      operator, they do provide a hydraulic actuation force on the spool valve
      50, which may drive the spool valve to a condition illustrated in FIGS. 3
      and 4, thereby magnifying the effect of the pressure impulses in the
      chamber 52 due to the alternating initiating and termination of
      communication between the booster chamber 52 and the alternating high and
      low pressure in the groove 72. When this occurs, the pressure changes in
      the pressure chamber 52 are so great that they are felt by the vehicle
      operator as the aforementioned unpleasant "kicking" force.
PAR  It will be noted that the reason for the unpleasant "kickback" force and
      the unpleasant "clicking" noise is the rapid decay of pressure in chamber
      52 followed by rapid rebuilding of pressure in chamber 52 due to movement
      of the spool valve from the position illustrated in FIG. 3 to the position
      illustrated in FIG. 4. To eliminate this problem, the check valve 90 vents
      the pressure chamber 52 to the inlet 14 whenever the pressure level in
      groove 72 is less than the pressure level in the pressure chamber 52. In
      this situation, a high pressure level cannot be maintained in the pressure
      chamber 52 while the pressure in the groove 72 is reduced, as would occur
      in the prior art brake booster when the valve in the latter is disposed in
      the position illustrated in FIG. 3. Since, due to the check valve 90, the
      pressure level in pressure chamber 52 is reduced to a relatively low value
      when the spool valve is disposed in the position illustrated in FIG. 3,
      there will be no abrupt drop and then rebuilding of the pressure in the
      chamber 52 when the spool valve moves to the position illustrated in FIG.
      4. Therefore, there also will be no "kickback" force on the input rod 32
      and no hydraulic force will act upon the right-hand end of the spool valve
      50. Although it would initially seem that it would be relatively unlikely
      that the spool valve would ever be in the positions illustrated in FIGS. 3
      and 4, it must be remembered, as illustrated in FIG. 5, that substantial
      change in pressure is attained by moving the spool valve a very small
      amount. It is in this relatively small amount of movement that the spool
      valve will be disposed in the positions illustrated in FIGS. 3 and 4, and
      consequently, it is quite possible that the aforementioned rapid decrease
      and then rapid increase in the pressure level in chamber 52 will occur in
      the absence of the check valve 90.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hydraulic brake booster:
PA1  a housing defining a pressure chamber therewithin;
PA1  said housing having an inlet communicated to a fluid pressure source and an
      outlet;
PA1  valve means movable within said housing from a first position venting said
      pressure chamber and preventing communication from the inlet to the
      pressure chamber to a second position, said valve means communicating
      successively higher fluid pressure levels from said inlet into said
      pressure chamber as the valve means is shifted from said first position;
PA1  an output piston slidably mounted in said pressure chamber and responsive
      to the fluid pressure communicated into the latter;
PA1  operator-actuated means for operating said valve means; and
PA1  means for releasing the fluid pressure level in the pressure chamber when
      the pressure level at the inlet is less than the pressure level in the
      pressure chamber;
PA1  said last-mentioned means being check valve means controlling communication
      between said pressure chamber and the inlet;
PA1  said check valve means permitting communication between the pressure
      chamber and the inlet whenever the pressure level in the pressure chamber
      exceeds the pressure level in the inlet, but prohibiting communication in
      the reverse direction;
PA1  passage means extending through said valve means to communicate said inlet
      with said pressure chamber as the valve means is moved away from the first
      position, said passage means venting the pressure chamber when the valve
      means is in the first position and communication from said inlet through
      said passage means is prevented, said valve means controlling
      communication through said passage means to control the pressure level in
      the pressure chamber;
PA1  said passage means including a branch communicated with said inlet
      independently of the position of said valve means, said check valve means
      being located in said branch.
NUM  2.
PAR  2. The invention of claim 1, wherein said releasing means equalizes the
      pressure levels in said pressure chamber and in said inlet.
NUM  3.
PAR  3. The invention of claim 1:
PA1  said valve means being a spool valve slidably mounted in said housing, said
      spool valve having spaced grooves and lands cooperating with corresponding
      grooves and lands on said housing, one of said grooves communicating with
      said inlet, said valve means communicating said one groove to said
      pressure chamber through said passage means when said valve means is
      shifted from said first position, said branch extending through said valve
      means to communicate with said one groove.
NUM  4.
PAR  4. The invention of claim 1:
PA1  said housing further including an exhaust communicating with a fluid
      pressure reservoir, said housing defining a bore therewithin communicated
      with said inlet, said outlet, and said exhaust;
PA1  said valve means being a spool valve slidably mounted in said bore and
      having spaced grooves and lands cooperating with corresponding grooves and
      lands on the wall of the bore, one of said grooves communicating with said
      inlet, another groove communicating with said passage means, said valve
      means in said first position blocking communication between said one and
      another grooves but permitting communication therebetween as said spool
      valve is shifted away from said first position, said branch communicating
      said one groove with said passage means.
NUM  5.
PAR  5. In a hydraulic brake booster:
PA1  a housing defining a pressure chamber therewithin;
PA1  said housing having an inlet communicated to a fluid pressure source, and
      an outlet;
PA1  valve means movable within said housing from a first position venting said
      pressure chamber and preventing communication from the inlet to the
      pressure chamber to a second position, said valve means communicating
      successively higher fluid pressure levels from said inlet into said
      pressure chamber as the valve means is shifted from said first position;
PA1  an output piston slidably mounted in said pressure chamber and responsive
      to the fluid pressure communicated into the latter;
PA1  operator-actuated means for operating said valve means;
PA1  a check valve controlling communication between said pressure chamber and
      the inlet;
PA1  said check valve permitting communication between the pressure chamber and
      the inlet whenever the pressure level in the pressure chamber exceeds the
      pressure level in the inlet, but prohibiting communication in the reverse
      direction;
PA1  passage means extending through said valve means to communicate said inlet
      with said pressure chamber as the valve means is moved away from the first
      position, said passage means venting the pressure chamber when the valve
      means is in the first position and communication from said inlet through
      said passage means is prevented, said valve means controlling
      communication through said passage means to control the pressure level in
      the pressure chamber;
PA1  said passage means including a branch communicated with said inlet
      independently of the position of said valve means, said check valve being
      located in said branch.
NUM  6.
PAR  6. The invention of claim 5:
PA1  said valve means being a spool valve slidably mounted in said housing, said
      spool valve having spaced grooves and lands cooperating with corresponding
      grooves and lands on said housing, one of said grooves communicating with
      said inlet, said valve means communicating said one groove to said
      pressure chamber through said passage means as said spool valve is shifted
      from said first position, said branch extending through said valve means
      to communicate with said one groove.
NUM  7.
PAR  7. The invention of claim 5:
PA1  said housing further including an exhaust communicating with a fluid
      pressure reservoir, said housing defining a bore therewithin communicated
      with said inlet, said outlet, and said exhaust;
PA1  said valve means being a spool valve slidably mounted in said bore and
      having spaced grooves and lands cooperating with corresponding grooves and
      lands on the wall of the bore, one of said grooves communicating with said
      inlet, another groove communicating with said passage means, said valve
      means in said first position blocking communication between said one and
      another grooves but permitting communication therebetween as said spool
      valve is shifted away from said first position, said branch communicating
      said one groove with said passage means.
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ABST
PAL  The disclosure illustrates a tool which permits the adjustment of a
      pressure responsive flow controlling diaphragm assembly while the
      diaphragm is pressurized. The tool is used to adjust the position of a
      central shaft threaded through the diaphragm and held in place by a
      locking jam nut. The central shaft and locking nut are received in a
      center bolt having a hexagonal head which holds the diaphragm assembly
      together. The tool comprises a base that is mounted over the pressurized
      face of the diaphragm in place of its normal cover. A series of concentric
      sockets extend through the base for engaging the center bolt and the lock
      nut. A center shaft extends through the sockets and has a section of an
      allen wrench received in a corresponding recess of the central shaft of
      the diaphragm assembly. Suitable passages in the base enable the diaphragm
      to be pressurized to a desired adjustment pressure. Manipulation of the
      various sockets and center shaft permits the central diaphragm shaft to be
      adjusted upon actual operating conditions.
BSUM
PAR  The present invention relates to adjustment tools and more particularly to
      tools which are used to adjust relative positions of elements on pressure
      responsive diaphragm assemblies.
PAR  The diaphragm assembly has proved to be an extremely effective device for
      translating a fluid pressure input to a mechanical displacement output. A
      typical arrangement of such a device consists of a flexible disc extending
      across a recess in a housing and a center section movable with respect to
      the sides of the recess. The center section supports a central shaft
      providing a displacement output. One side of the flexible diaphragm may be
      spring loaded and the other exposed to a source of pressure providing a
      pressure input.
PAR  The linear displacement of the central shaft therefore is a predetermined
      function of the level of pressure applied to the diaphragm. Since it is a
      control device, the position of the central shaft relative to the
      diaphragm assembly must be maintained within precise limits to achieve a
      proper and predictable function.
PAR  In the past, adjustments of diaphgragms were performed using a number of
      different approaches. One approach is to physically adjust the position of
      the central shaft relative to the diaphragm assembly by taking the cover
      off of the diaphragm. The other involves placing shims in the connections
      between the spring and the diaphragm to vary the position of the entire
      assembly relative to its housing.
PAR  The problem with both of the above approaches is that they require
      adjustments under non-pressure conditions. Variations in spring
      characteristics can effect the accuracy of such an adjustment since it is
      not performed under actual operating conditions.
PAR  These problems are solved by an adjustment tool for a diaphragm assembly of
      the above general type. The tool comprises a base plate that is secured
      over a recess containing a diaphragm assembly so that it may be
      pressurized. A first element is telescoped through the base and a second
      element is telescoped through the first element. The first element
      connects with a locking means to permit it to be selectively engaged and
      disengaged. The second element connects with the central shaft of the
      diaphragm assembly permitting its position to be adjusted. The elements
      are sealed with respect to one another and the housing to permit adjusting
      of the central shaft when the diaphragm is pressurized.
DRWD
PAR  The above and other related features of the present invention will be
      apparent from a reading of the following description of the disclosure
      shown in the accompanied drawings, and the novelty thereof pointed out in
      the appended claims:
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal section view of a diaphragm adjusting tool
      embodying the present invention, along with a diaphragm assembly with
      which it is used.
PAR  FIG. 2 is a plan view of the adjusting tool of FIG. 1; and
PAR  FIG. 3 is a greatly enlarged cross sectional view of the adjusting tool of
      FIG. 1 taken on lines 3--3 of FIG. 1.
PAR  FIG. 4 is a plan view of a diaphragm adjusting tool showing a different
      embodiment of the present invention.
DETD
PAR  FIG. 1 illustrates a diaphragm assembly with which the present invention
      may be used. The diaphragm assembly is used to control the flow of fluid
      between an inlet 10 and outlet 12 of a housing 14. A plunger 16 is
      displaceable in a bore 18 in a valve sleeve 20, mounted in housing 14.
      Plunger 16 is displaceable to uncover a metering groove 22 connected with
      inlet port 10. Plunger element 16 is integral with a central shaft 24
      extending out of valve sleeve 20 and to a diaphragm assembly generally
      indicated at 26.
PAR  Diaphragm assembly 26 comprises a center bolt 28 threaded onto threads 30
      at one end of central shaft 24. Bolt 28 has a shoulder 32 which receives a
      washer 34. A flexible circular diaphragm 36 is sandwiched between washer
      34 and a cup 38 by a washer 40, and nut 42 threaded onto center bolt 28.
      The periphery of the flexible diaphragm 36 is mounted to housing 14 having
      a cover plate (not shown) and suitable mounting screws 44. A spring 46
      abuts the bottom wall of a recess 48 in housing 14 to urge the center bolt
      28 and connected elements in a direction out of the recess, thus
      restricting flow into housing 14 by way of inlet 10.
PAR  Fluid pressure applied to the outer face of the flexible diaphragm 36 acts
      against the spring force to produce a flow area at metering groove 22
      which is some predetermined function of the pressure level. The position
      of central shaft 24 relative to the central bolt 28 is varied by rotating
      the central shaft through a hexagonal recess 52. The threaded
      interconnection causes the shaft to be displaced longitudinally to a
      desired position. A locking jam nut 50 is threaded over the section 30 on
      central shaft 24. Nut 50 may be loosened to permit adjustment of central
      shaft 24 or may be tightened to lock it into place.
PAR  To permit the center shaft to be adjusted in accordance with the present
      invention, an adjusting tool generally indicated at 54 is provided. As
      shown in FIGS. 1, 2, and 3 the adjusting tool 54, comprises a base 56 that
      is secured over the outer face of the diaphragm 36 by the screws 44
      extending through holes 57. The lower face of base 56 is sufficiently
      smooth so that the periphery of the flexible diaphragm 36 is sealed. Base
      56 has a circular opening 58 generally in line with the center sections of
      the diaphragm assembly 26. A generally cylindrical socket 60 is received
      in opening 58 and sealed with respect to it by a suitable "O" ring 62.
      Socket 60 has at least a hexagonal recess 64 and preferably a twelve point
      recess permitting the socket 60 to be received over a hexagonal head 66 on
      center bolt 28 to restrain its rotation. Socket 60 is rotatable with
      respect to base 56 but is locked in place by a screw 68 threaded through a
      nut 70 on base 56 and urging socket 60 toward a brace 72.
PAR  Socket 60 has a circular through opening 74 which receives an elongated
      cylindrical socket 76. An "O" ring 78 seals socket 76 with respect to
      socket 60. The lower end of socket 76 has a suitable recess 80 adapted to
      fit over locking jam nut 50 and permit torque to be applied to tighten or
      loosen it. A handle 82 at the upper end of socket 76 permits the
      application of torque by an operator to the locking jam nut 50. A snap
      ring 84 is positioned about the lower end of socket 76 to limit its
      movement in an axial direction away from housing 14.
PAR  Socket 76 has a circular through bore 86 which receives a central shaft 88.
      An "O" ring 90 provides a sealed connection between the two elements. The
      lower end of shaft 88 mounts a section of a hexagonal allen wrench 92 by
      means of a set screw 94. A wrench 92 is adapted to be received in socket
      52 in the end of central shaft 24. Knob 96 on the upper end of shaft 88
      permits shaft 24 to be rotated and thus vary its linear position with
      respect to the center bolt 28. Shaft 88 has a annular recess 98 bounded by
      shoulders 100 which abut a set screw 102 projecting inward from socket 76
      to limit the displacement of shaft 88.
PAR  To adjust central shaft 24 the base 56 is placed over housing 14 of the
      normal cover. The screw 68 is loosened to permit relative rotation of
      socket 60 in base 56. Socket 60 is rotated until its recess 64 matches up
      with the hexagonal head 66 of center bolt 28. It is pushed over the head
      66 and the screw 68 tightened to hold it in place. Base 56 is secured in
      place and a source of fluid pressure is applied to the outer face of
      diaphragm 36 via a fitting inlet 104 and port 106 in base 56 (see FIG.
      2.). The pressure will displace the center section of the diaphragm
      assembly 26 a given amount against spring 46. The desired linear
      displacement of shaft 24 is measured either directly, or indirectly, by
      determining pressure flow characteristics reflected through outlet port
      12. In other words, if the pressure in inlet port 10 is known, the outlet
      pressure 12 gives a value that is some function of the flow area at the
      metering groove 22. If the metering area is not at the required level,
      shaft 24 is adjustably positioned with respect to center bolt 28 by first
      loosening locking jam nut 50 and then turning knob 96. When the correct
      position is achieved, handle 82 is manipulated to tighten the locking jam
      nut and fix the proper position of shaft 24. In the application
      illustrated, the position of central shaft 24 is adjusted at an
      intermediate pressure level during which the deflection of the diaphragm
      assembly away from base 56 is not great enough to prevent engagement of
      sockets 60, 76, and central shaft 86 with the corresponding diaphragm
      elements. There is sufficient axial movement in these elements to permit
      intermediate deflections of the diaphragm assembly. If even greater
      deflections during adjustment are desired, it is simply necessary to
      lengthen socket 60 and if necessary the sockets 76 and central shaft 86.
PAR  FIG. 4 illustrates an alternate embodiment of the present invention showing
      a different arrangement for positioning socket 60 with respect to the head
      66 of center bolt 28. A modified socket 60' is received in a base 56'
      through a circular bore 58' suitably sealed. However, socket 60' is
      restrained from rotating relative to base 56 by a pin 110 extending from
      socket 60' and received in a notch 112 of base 56'. A plurality of arcuate
      slots 114 are provided in base 56' and receive mounting screws 44. Slots
      114 permit limited rotation of the base 56' with respect to housing 14.
      Socket 60' has a 12 point socket recess 64' adapted to be placed over
      hexagonal head 66 of center bolt 28. The length of the slots 114 is made
      long enough to permit rotational movement at least as great as the
      relative rotational movement required to index socket recess 64' and head
      66 between adjacent positions. In practice it has been found that arcs of
      approximately 30.degree. give sufficient freedom of rotational movement so
      that any given position of the center bolt 28 can be accomodated.
PAR  Thus we see that the tools described above permit correct adjustment of a
      diaphragm under dynamic operating conditions during which the diaphragm is
      pressurized. This permits extremely accurate and rapid adjustments of the
      diaphragm assembly. While the tools above have been described in
      connection with particular socket and head arrangements it should be
      apparent that other types may be employed within the scope of this
      invention.
CLMS
STM  Having thus described the invention what is claimed as novel and desired to
      be secured by letters patent of the United States is:
NUM  1.
PAR  1. Apparatus for adjusting the relative position of a central shaft of a
      pressure responsive diaphragm assembly positioned in a recess in a
      housing, said diaphragm assembly including locking means for selectively
      engaging and disengaging said central shaft with said diaphragm assembly,
      said apparatus comprising:
PA1  a base plate releasably and sealingly secured to said housing over said
      recess, said base plate having means defining an opening therethrough
      generally in line with said central shaft and locking means;
PA1  a first element telescoped through and sealingly engaging said opening,
      said first element being connectable with said locking means and
      displaceable relative to said base plate for selectively engaging and
      disengaging said locking means, said first element having an opening
      therethrough,
PA1  a second element telescoped through and sealingly engaging the opening
      through said first element, said second element including means for
      interconnecting said second element with said central shaft and
      displaceable relative to said base plate for varying the position of said
      central shaft relative to said diaphragm assembly when said locking means
      is disengaged;
PA1  said base plate including means for connecting a source of pressurized
      fluid to said recess whereby the position of said central shaft is
      adjustable under conditions in which said diaphragm is exposed to
      pressure.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said central shaft threadedly engages
      said diaphragm assembly and wherein:
PA1  the opening through said first element is a circular opening; and,
PA1  said second element has a cylindrical outer surface sealingly engaging the
      opening through said first element whereby said second element may be
      rotated with respect to said base plate thereby permitting the adjustment
      of said central shaft relative to said diaphragm assembly.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said locking means comprises an element
      coaxial with and threaded over said central shaft and rotatable to abut
      said diaphragm assembly thereby locking said central shaft, and wherein:
PA1  the opening defining means on said base plate defines a circular opening;
PA1  said first element has a cylindrical outer surface sealingly engaging said
      opening defining means thereby permitting said first element to be rotated
      relative to said base plate, said first element having means permitting an
      interconnection between said first element and said locking means to
      permit the application of torque thereto;
PA1  whereby said first element may be rotated to selectively engage and
      disengage said locking means.
NUM  4.
PAR  4. Apparatus as in claim 1 wherein said diaphragm assembly has a rigid
      center section receiving said central shaft and locking means and an
      outwardly extending flexible and resilient section secured about the
      recess in said housing and wherein said opening defining means further
      comprises means extending from said opening defining means and
      interconnectable with the rigid center section of said diaphragm assembly
      for restraining the movement thereof during adjustment of said central
      shaft.
NUM  5.
PAR  5. Apparatus as in claim 4 wherein said central shaft is rotated relative
      to said center section to adjust its position relative thereto and said
      locking means is rotated to selectively engage and disengage the locking
      means and wherein said restraining means comprises a means engageable with
      said center section to prevent rotation relative to said base plate.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said restraining means comprises:
PA1  a third element engageable with said center section to prevent rotation
      thereof, said third element having a circular opening through which said
      first element is telescoped, said first element sealingly engaging said
      third element, said third element having a cylindrical outer surface
      sealingly received in a circular opening through said base plate;
PA1  and means fixed on said base plate for selectively clamping said third
      element with respect to said base plate.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein the center section of said diaphragm has
      a hexagonal head and said third element has a recess receiving said head
      and restraining rotation thereof.
NUM  8.
PAR  8. Apparatus as in claim 5 wherein said restraining means comprises:
PA1  means non-rotatably secured to said base plate and having a central opening
      through which said first element is telescoped, said restraining means
      having a recess therein in which said center section of said diaphragm is
      received to prevent rotation thereof;
PA1  said center section of said diaphragm and said restraining means having
      interengaging configurations with respect to one another permitting
      interengagement in one of a plurality of indexed positions,
PA1  said base plate being releasably secured to said housing by a plurality of
      elements extending through said base plate, said base plate having arcuate
      slots through which said securing means extends permitting rotation of
      said base plate,
PA1  said slots extending through an arc at least as great as the relative arc
      between said center section and said restraining means from one indexed
      position to the next;
PA1  whereby said restraining means prevents rotation of said center section of
      said diaphragm in any one of a plurality of initial positions.
NUM  9.
PAR  9. Apparatus as in claim 1 further comprises means for preventing
      withdrawal of said first and second elements from said base plate whereby
      said elements will be restrained from displacement out of said base plate
      when said recess is pressurized.
NUM  10.
PAR  10. Apparatus as in claim 9 wherein said withdrawal prevention means
      comprises:
PA1  a snap ring secured over said first element adjacent the end thereof
      connectable with said locking means, said snap ring extending beyond the
      opening defined in said opening defining means; and,
PAR  a protrusion extending inward from the opening through said first element,
      said second element having a recess bounded at either end by shoulders
      which abut said protrusion for limiting the movement of said second
      element with respect to said first element.
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ABST
PAL  The bearing surface of each piston is provided with hydrostatic pressure
      medium during operation to maintain the axis of the piston perpendicular
      to the guide surface. The pressure medium is supplied through throttle
      passages which terminate in feed openings at the corners or at uniformly
      distributed points remote from the piston axis. Cooperating guide ledges
      are also provided on each foot and on the guide member to prevent the
      piston bearing surfaces from falling away from their respective guide
      surfaces of the guide member.
BSUM
PAR  This invention relates to a hydrostatic piston machine.
PAR  Heretofore, various hydrostatic piston machines have been known in which
      pistons are slidably mounted in the periphery of a cylinder block against
      a surrounding rotatable guide member having flat guide surfaces for the
      bearing end surfaces of the pistons. As is known, the cylinder and guide
      member are eccentric to each other so that the pistons move in and out as
      the guide member rotates relative to the cylinder block. Generally, each
      piston has a foot at the outer end on which the bearing surface is formed.
      A piston machine of this kind is disclosed, for example, in German
      Offenlegungsschrift No. 2,134,944. This known machine, however, requires a
      guide mechanism which allows radial movements of the cylinder block in
      relation to the guide member but prevents any relative rotation. The
      disadvantage of this guide mechanism, which is a complication of the
      machine, is that it is a superfluous factor in the construction of the
      piston guide and, more particularly, leads to the risk of the pistons
      jamming in the cylinder bores of the cylinder block. Also, the guide
      mechanism cannot take Coriolis accelerations which occur on each
      revolution of the machine and make the pistons tend to tilt with respect
      to their cylinders with simultaneous tilting of the bearing surfaces of
      the feet with respect to their guide surfaces. These accelerations result
      in forces which may have a detrimental effect on the operation of the
      machine.
PAR  Accordingly, it is an object of the invention to provide a piston machine
      in which the axes of the pistons are maintained perpendicular to their
      associated guide surfaces so that the piston feet can always be
      satisfactorily supported hydrostatically on the guide surfaces.
PAR  It is another object of the invention to dispense with the need for a guide
      mechanism between the cylinder block and guide member.
PAR  It is another object of the invention to make the guided length of the
      pistons of a hydrostatic piston machine very short.
PAR  It is another object of the invention to provide a hydrostatic piston
      machine of compact construction.
PAR  It is another object of the invention to provide a hydrostatic piston
      machine capable of absorbing Coriolis accelerations.
PAR  Briefly, the invention provides a hydrostatic piston machine having a guide
      member with guide surfaces, a cylinder block rotatably mounted within the
      guide member about an axis of rotation eccentric to the axis of the guide
      member, pistons in the cylinder block and a hydrostatic stabilizing means
      in each piston for maintaining the axis of the piston perpendicularly of
      an adjacent guide surface of the guide member during operation.
PAR  The guide surfaces of the guide member are plane and are disposed
      tangentially of a common circle eccentric to the cylinder block axis. In
      addition, each piston has a foot at an outer end on which a bearing
      surface is formed. Preferably, the piston bearing surfaces are rectangular
      and their major dimension is disposed in the peripheral direction of the
      machine. Also, each foot has at least one guide ledge which extends in the
      peripheral direction of the machine and which cooperates with a guide
      ledge on the guide member to ensure that the bearing surfaces do not move
      away from the guide surfaces under unfavorable operating conditions. This
      prevents the pistons from tilting and the bearing surfaces from lifting
      away from the guide surfaces even under unfavorable operating conditions
      if, for example, the hydrostatic stabilization means is inoperative
      because of inadequate pressure of the hydraulic medium.
PAR  For purposes of hydrostatic stabilization, each bearing surface is provided
      with feed openings for the hydraulic pressure medium. These openings are
      situated in a uniform distribution pattern at points of the feet remote
      from the piston axis and are connected to the inner endface of the piston
      by separate throttle passages. The feed openings may, for example, form
      hydrostatic bearing pockets which are situated outside the piston axis. In
      a preferred arrangement, the bearing surfaces in the region of the piston
      axis are provided with a hydrostatic bearing pocket which is concentric
      therewith and which serves to receive an appreciable part of the axial
      load of the piston. The pocket also communicates with the endface of the
      piston via a throttle passage. Also, the feed openings are disposed in the
      corner zones of the rectangular bearing surfaces.
PAR  With such an arrangement, the main load from the piston force is taken
      directly in the region of the piston axis. The central bearing pocket may
      be surrounded by a wide supporting surface which, on the one hand, greatly
      reduces the hydraulic losses due to escaping oil while, at the same time,
      preventing a metal contact between the piston bearing surface and the
      guide member guide surface under unfavorable operating conditions, for
      example low cylinder pressure, by the pinch effect of the oil situated
      between the surfaces. The pressure medium supplied via the feed openings
      ensures the required stabilization, a favorable factor being that these
      openings may be situated at a considerable distance from the piston axis
      and thus have a large lever arm. As a result, the moment of the hydraulic
      force is increased while at the same time there is a large change of gap
      in the event of the piston assuming a skew position.
PAR  The feet of the pistons may be provided with lateral guide surfaces which
      extend in the direction of the major dimension of the bearing surfaces,
      are parallel to one another, are perpendicular to the bearing surfaces and
      are guided along corresponding guide surface of the guide member. The
      pistons are thus guided in the tangential direction of the machine while
      any jamming or tilting is prevented.
PAR  Passages for the discharge of hydraulic pressure medium may be formed in
      the region of a fillet between the plane guide surfaces and the lateral
      guide surfaces of the guide member. This allows the pressure medium
      serving for the hydrostatic support of the piston foot to flow away
      unhindered on all sides of the piston foot.
PAR  Preferably, the throttle passages may be formed in a pin which is secured
      in the piston. In this case, the throttle passages have the bearer pocket
      and hydrostatic stabilizing feed openings connected thereto in a suitable
      manner. This simplifies the production of the throttle passages while at
      the same time allowing the possibility of a simple alteration of the
      cross-section of the throttle passages, for example by replacing or
      re-machining the pin.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 schematically illustrates a partial section of a piston machine
      according to the invention viewed in the axial direction of the cylinder
      block and guide member;
PAR  FIG. 2 illustrates a view taken on line II--II of FIG. 1;
PAR  FIG. 3 illustrates a sectional view of the piston of FIG. 2 to an enlarged
      scale;
PAR  FIG. 4 illustrates a view taken on line IV--IV of FIG. 3;
PAR  FIG. 5 illustrates a smaller-scale view of the piston in FIG. 4 viewed in
      the direction of arrow P; and
PAR  FIG. 6 illustrates a similar view to FIG. 5 showing another embodiment of
      the piston according to the invention.
DETD
PAR  Referring to FIG. 1, the hydrostatic piston machine is of a type described
      in German Offenlegungsschrift No. 2,134,944 and has a cylinder block 1
      including a plurality of radial cylinder bores 2 in the periphery in which
      pistons 3 are movably mounted. Each piston 3 has a foot 4 at the outer end
      which includes a plane bearing surface 5.
PAR  A guide member 7 of drum shape is rotatably mounted about the cylinder
      block 1 as is known and includes guide surfaces 6 for guiding each bearing
      surface 5 of a piston 3. The guide member 7 is rotatable about an axis
      parallel to the axis of the cylinder block 1 but eccentrically spaced
      therefrom. When the guide member 7 and the cylinder block 1 rotate jointly
      about their axes during operation, reciprocating movements of the pistons
      3 occur in the cylinder bores 2.
PAR  As will be apparent from FIGS. 3, 4 and 5, the foot 4 of each piston 3 is
      provided with a central hydrostatic bearer pocket 10 which communicates
      via a throttle passage 11 with an inner endface 12 of the piston 3 and,
      hence, a cylinder chamber of the cylinder bore 2.
PAR  In order to stabilize the pistons 3 during operation of the machine, a
      hydrostatic stabilizing means is provided. This includes feed openings 13
      in each piston bearing surface 5 at the corner zones of the foot 4 which
      communicate via throttle passages 14 with the cylinder chamber of the bore
      2. As shown in FIGS. 3 and 4, the throttle passages 11, 14 are formed in a
      pin 16 secured in the piston 3.
PAR  The foot 4 and the bearing surface 5 are rectangular, the major dimension
      of the foot 4 being disposed in the peripheral direction of the machine.
      This arrangement gives very great stability to the piston 3 in the
      peripheral direction of the machine such as is required for relative
      guidance of the cylinder block 1 and of the guide member 7 during
      operation.
PAR  The piston 3 has an axis A which during operation is perpendicular to its
      associated guide surface 6 of the guide member 7.
PAR  With a piston of this construction, the force acting on the piston endface
      12 is taken directly by the hydrostatic cushion of the pocket 10. This
      pocket 10 is surrounded by a relatively large bearing surface 5 which,
      together with the guide surface 6 of the guide member 7, forms a bearing
      gap which contains the pressure medium, for example oil, during operation.
      As a result of the large supporting surface, only a little oil can flow
      out of the pocket 10 through the long gap.
PAR  The feed openings 13, from which pressure oil can also emerge, serve to
      stabilize the piston 3 with respect to the guide member 7. These openings
      13 are on a large lever arm with respect to the axis of the piston 3 to
      produce a large bearing moment.
PAR  Referring to FIGS. 1, 2 and 3, the foot 4 of each piston 3 is provided with
      lateral guide surfaces 20 which cooperate with corresponding guide
      surfaces 21 of the guide member 7. The guide surfaces 20 serve to guide
      the piston foot 4 in parallel relationship in the guide member 7. A guide
      ledge 22 is also formed on at least one side of the piston foot 4 and
      cooperates with a ledge 23 of the guide member 7. The ledges 2 and 23
      prevent the piston foot 4 from lifting or tilting laterally from the guide
      surface 6. There is a risk of such movement when the machine is idling at
      high speeds since the pistons are subject to high acceleration forces
      during this time while there is a low pressure operative in the cylinder
      2.
PAR  Referring to FIGS. 1 and 2, discharge passages 24 are formed in the region
      of the fillet between the guide surface 6 and the lateral guide surfaces
      21 of the guide member 7. These passages 24 serve to discharge the
      pressure medium energing laterally through the gap between the surfaces 5
      and 6. The passages 24 ensure that oil leaves without obstruction so that
      the hydrostatic stabilizing means, i.e., foot support system, operates
      satisfactorily.
PAR  Although FIGS. 3 and 5 show a piston embodiment with four openings 13 for
      lateral support of the piston by means of the hydrostatic fluid pressure,
      the hydrostatic stabilizing system may, of course, be embodied in some
      other way. As shown in FIG. 6, in principle just two openings 13' are
      sufficient. These openings are disposed laterally of the axis A of the
      piston 3 with respect to the peripheral direction of the machine. Of
      course, the central pocket 10 may also be omitted and be replaced, for
      example, by two or more pockets which may be situated, for example, at the
      positions of the openings 13, 13'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hydrostatic piston machine comprising
PA1  a guide member having an axis and a plurality of internal plane guide
      surfaces thereon, said guide surfaces being disposed tangentially of a
      common circle;
PA1  a cylinder block mounted within said guide member about an axis eccentric
      to the axis of said common circle;
PA1  a plurality of pistons movably mounted in the periphery of said block in a
      radiating pattern, each said piston having a foot at an outer end
      including a plane rectangular bearing surface guided along a respective
      one of said guide surfaces of said guide member, each said piston having
      an axis disposed perpendicularly of said respective guide surface; and
PA1  a hydrostatic stabilizing means in said bearing surface of each said piston
      for maintaining said axis of each said piston perpendicularly of said
      respective guide surface during operation, said means including a
      hydrostatic bearing pocket concentric to said piston axis, a plurality of
      feed openings in corner zones of said bearing surface, a throttle passage
      communicating said pocket with an inner end face of said respective piston
      and a plurality of throttle passages for a flow of hydraulic pressure
      medium extending through a respective piston from said inner end face and
      terminating in said feed openings.
NUM  2.
PAR  2. A hydrostatic piston machine as set forth in claim 1 wherein each said
      bearing surface has a major dimension in the peripheral direction of said
      machine and each said foot has at least one guide ledge extending in said
      direction and wherein said guide member includes a guide ledge adjacent
      each respective guide ledge of a respective foot to prevent said bearing
      surface of said respective foot from moving away from a respective guide
      surface.
NUM  3.
PAR  3. A hydrostatic piston machine as set forth in claim 1 wherein each foot
      has a pair of parallel lateral guide surfaces perpendicular to said
      bearing surface thereof, and said guide member has a corresponding pair of
      lateral guide surfaces guiding said guide surfaces of each piston
      therealong.
NUM  4.
PAR  4. A hydrostatic piston machine as set forth in claim 3 which further
      comprises fillets between said plane guide surfaces and said lateral guide
      surfaces of said guide member and discharge passages for discharging
      hydraulic pressure medium in the region of said fillets.
NUM  5.
PAR  5. A hydrostatic piston machine as set forth in claim 1 wherein said
      throttle passages are each formed in a pin secured within each said
      piston.
NUM  6.
PAR  6. A hydrostatic piston machine as set forth in claim 1 wherein said feed
      openings are uniformly distributed at points of each respective foot
      remote from said piston axis thereof.
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PAL  An actuator has force amplifying means coupled between piston and piston
      rod. The force amplifying means may be a mechanical linkage, a system of
      screw threads, or a hydraulic arrangement utilizing differential piston
      areas and may lock the piston rod at one or both stroke extremities. The
      mechanical advantage of the force amplifying means may vary during the
      stroke.
PARN
PAR  This is a continuation of application Ser. No. 269,225 filed July 5, 1972
      now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to actuators.
PAR  According to the invention an actuator includes
PA1  A cylinder,
PA1  A piston slidable in the cylinder,
PA1  A piston rod, and
PA1  Force amplifying means disposed within the cylinder and arranged to
      transmit force between the piston and the piston rod.
PAR  The force amplifying means may include a mechanical linkage such as a lazy
      tongs or a toggle mechanism. With a toggle mechanism the mechanical
      advantage may vary during the piston stroke, there may be a positive
      mechanical advantage during only a part of the piston stroke, and the
      mechanism may lock at one or both extremities of the piston stroke.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  By way of example only, several embodiments of the invention will now be
      described with reference to the accompanying drawings of which:
PAR  FIG. 1 is a sectional side elevation of a first actuator,
PAR  FIG. 2 is a sectional side elevation of a second actuator,
PAR  FIG. 3 is a sectional side elevation of a third actuator,
PAR  FIGS. 4A, 4B and 4C are sectional side elevations of a fourth actuator and
      show the piston at the top, middle and bottom of its stroke.
PAR  FIG. 4D is a cut-away perspective view of the fourth actuator,
PAR  FIG. 4E is a similar view to FIG. 4A but is drawn to a larger scale and
      shows the loci followed by actuator components during movement of the
      piston,
PAR  FIG. 4F is a plot of piston displacement x  against piston rod displacement
      y to linear scales,
PAR  FIGS. 5A and 5B are sectional side elevations of a fifth actuator, and
PAR  FIG. 6 is a sectional side elevaton of a sixth actuator
PAR  Like parts have the same reference numerals throughout the drawings.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  Referring to FIG. 1, the first actuator includes a piston 1 in a cylinder
      2, the piston having a lug 3 on its underside by which it is connected to
      one end of a lazy tongs linkage 4. The lazy tongs 4 comprise two and a
      half rhombic sections, the free ends having pins which are received in
      sliding engagement in a groove 5 in an end-plate 6 of the cylinder. The
      piston rod 7 of the actuator passes through the end-plate 6 and is
      connected to the lazy tongs 4 at the lowermost pivot thereof. The cylinder
      2 has working fluid ports 8 and 9 disposed beyond the extremes of travel
      of the piston 1.
PAR  Referring to FIG. 2, the second actuator includes a single-acting piston 1
      within the skirt 10 of which slides a subsidiary piston 11 mounted on a
      piston rod 7. The piston rod passes through a seal 12 in the crown of the
      piston 1. The space 13 between the end of the cylinder 2, the annular
      extremity of the skirt, and the crown of the piston 1 contains hydraulic
      fluid, the space 14 between the other end of the cylinder 12 and the crown
      of piston 1 having a working fluid port 8. Because of the difference in
      surface area between the crown of the piston 11 and the annular extremity
      of the skirt 10 a force applied to the crown of piston 1 results in a
      greatly increased force on the crown of piston 11, the force applied to
      the piston rod 7 thus being amplified. To enable air to escape from the
      space between the pistons on air duct (not shown) passes axially through
      the piston rod 7 of the outside of the cylinder. A compression spring
      (also not shown) is disposed axially between the two pistons to separate
      them when working pressure is removed from port 8.
PAR  Referring to FIG. 3, the third actuator includes a piston 1 constrained to
      slide on a coarse-pitch buttress thread on the piston rod 7 without
      rotating relative to the cylinder 2. The piston rod 7 engages the lower
      end-plate of the cylinder 2 via a thread of comparatively fine pitch.
      There are seals 12 between the piston rod 7 the piston and between the rod
      7 and the lower end-plate. The cylinder 2 has working fluid ports 8 and 9
      disposed beyond the extremes of travel of the piston 1. Rotation of the
      piston rod 7 caused by the descending piston 1 will screw the piston rod 7
      outwards through the end-plate. The difference between the pitches of the
      two threads means that a force applied to the piston is amplified during
      transmission to the piston rod. The pitch of the end-plate thread is
      usually selected such that movement of the piston rod can only be effected
      by the application of pressure to the piston.
PAR  The fourth actuator, shown in FIGS. 4A to 4D, employs a toggle mechanism
      arranged to vary the force amplification throughout the stroke such that
      near the end of the working stroke when the piston nears the bottom of the
      cylinder the force amplification is large whereas during the first part of
      the working stroke the force amplification is small or even negative. Such
      an actuator has application to, for example, a punch in which the upper
      part of the stroke is required only for the purpose of giving clearance to
      enable workpieces to be inserted in and removed from the dies.
PAR  Referring now to FIGS. 4A and 4D, a piston 1 is slidable within a cylinder
      2, the lower end-plate 6 of the cylinder slidably supporting a piston rod
      7. Pivotally connected to the upper end of the piston rod 7 are a pair of
      triangular plates 17, the triangular plate being in turn connected to the
      piston 1 via a connecting rod 16 and to the lower end-plate 6 by a pair of
      swing links 18.
PAR  Referring to FIGS. 4E and 4F, the connecting link 16 is coupled to the
      piston 1 by pivot E and to the triangular plates 17 by pivot D. The
      triangular plates 17 are coupled to the piston rod 7 by pivot B and to the
      swing links 18 by pivot A. The swing links 18 are anchored to the
      end-plate 6 by pivot C. As the piston 1 descends pivot E moves to position
      E', and the triangular plates 17 rotate clock-wise such that pivot D
      follows to position D' the locus 19 shown in FIG. 4E. Pivot A moves first
      to the left and then to the right along locus 20 to position A' and pivot
      B, the upper end of the piston rod 7, moves down to B'.
PAR  It will be noticed that position A' represents a condition in which the
      swing links 18 are very near to moving across the axis of the piston rod
      7. Were they to do so the piston rod would of course be locked by an
      over-center action. It has in fact been found with the actuator described
      with reference to FIGS. 4A to 4D that provided angle .theta. is less than
      approximately 10.degree., friction will lock the piston rod
      notwithstanding that an over-center action does not quite take place.
PAR  It should also be noted that the upper end of the locus 19 has a distinct
      downward turn only a little to the left of point D. In order that the
      mechanism shall not be inadvertantly locked by the pivot D moving further
      to the left than is shown in FIG. 4E it is necessary to provide a piston
      stop to limit travel of the piston; usually the piston stop will be a
      surface of the upper end-plate of the cylinder 2.
PAR  Referring particularly to FIG. 4F the plot of piston displacement x against
      piston rod displacement y has been performed for three lengths of swing
      link 18. The origin of the graph represents the top of the stroke, and it
      will be seen that all three curves show that during the first part of a
      downward piston stroke the piston rod moves more quickly than the piston
      but that toward the end of the stroke the piston rod moves very much more
      slowly than the piston and that a large amplification of force is
      obtained. This will also be apparent from the relative piston and piston
      rod positions shown in FIGS. 4A and 4C. It will be appreciated that the
      ratio AC:AB can be varied to suite particular applications for the
      actuator. Curve number 3 represents a special case in which the second
      half of the piston stroke provides no piston rod movement.
PAR  Referring to FIGS. 5A and 5B, there is shown a fifth actuator which is a
      modification of the fourth. The swing links 18 are freed from the
      triangular plates 17 such that during most of the piston stroke there is
      no force amplification, the triangular plates 17 resting on shoulders 23
      machined on the piston rod 7. A tension spring 21 is provided to ensure
      correct parking of the connecting rods 16 and the triangular plates 17.
      Only toward the bottom of the piston stroke do cut-outs 24 in the
      triangular plates 17 engage a pin carried by the upper ends of the swing
      links 18; after this contact is established the remainder of the downward
      stroke is identical to that described with reference to FIGS. 4E and 4F.
      When the piston is retracted the toggle mechanism reverses until the
      cut-outs 24 disengage, a spring 22 then serving to maintain the pin
      through the swing links 18 in contact with the piston rod 7 ready for
      subsequent re-engagement during the next downward piston stroke.
PAR  In practice, piston stability may be improved either by providing a piston
      skirt or by coupling two pistons together.
PAR  Another modification (not illustrated) of the actuator described with
      reference to FIGS. 4A and 4D has elongate slots in the triangular plates
      17 in place of the cut-outs 24 shown in FIG. 5A.
PAR  Referring finally to FIG. 6, the sixth actuator is in effect a further
      modification of the fourth and is intended particularly for heavier
      loadings. The inner end of the piston rod 7 is enlarged to accommodate a
      large diameter bearing pin 25. Carried eccentrically by a pin 25 is a
      smaller pin 26 which serves as a pivot for the upper ends of swing links
      18. The larger pin 25 is rigidly connected to a pair of intermediate links
      17, which in turn are pivotally coupled to a connecting link 16. Because
      of the very small offset of the center of pin 26 from the center of pin 25
      this embodiment provides an especially large force amplification. The
      swing links 18 are anchored to the lower end-plate 6 of the cylinder 2 at
      a point offset relative to the piston rod 7, the arrangement permitting a
      single, continuous pin to be used at this point.
PAR  While all six actuators herein described are primarily intended for
      pneumatic use, it will be appreciated that the invention also has
      application to hydraulic actuators, particularly those intended for use at
      comparatively low hydraulic pressures.
CLMS
STM  I claim:
NUM  1.
PAR  1. An actuator which comprises:
PA1  a. a cylinder,
PA1  b. a piston slidably mounted in the cylinder,
PA1  c. a piston rod slidably mounted in the cylinder, and
PA1  d. a mechanical linkage arranged within the cylinder,
PA1  e. the mechanical linkage including a rigid link on which, during at least
      part of the piston stroke, a first point is coupled to the piston, a
      second point is coupled to the piston rod and a third point is coupled to
      a wall of the cylinder,
PA1  f. the distance of the first point from the third point being greater than
      the distance of the third point from a line through the second point
      parallel to the direction of movement of the piston rod and during at
      least part of the stroke the first point and the third point are on
      opposite sides of the said line so that the mechanical advantage of the
      link is transmitting force from the piston to the piston rod is greater
      than one.
NUM  2.
PAR  2. An actuator which comprises:
PA1  a. a cylinder,
PA1  b. a piston slidably mounted in the cylinder,
PA1  c. a piston rod having an axis slidably mounted in the cylinder and a
      mechanical linkage arranged within the cylinder,
PA1  d. the mechanical linkage including a rigid link on which, during at least
      part of the piston stroke, a first point is coupled to the piston, a
      second point is coupled to the piston rod and a third point is coupled to
      a further link which is pivotally connected to a wall of the cylinder
      about a fixed axis,
PA1  e. the distance of the first point from the third point being greater than
      the distance of the third point from the second point and during at least
      part of the stroke the first point and the third point being on opposite
      sides of the axis of the piston rod so that the mechanical advantage of
      the linkage is transmitting force from the piston to the piston rod is
      greater than one.
NUM  3.
PAR  3. An actuator as claimed in claim 11, wherein the said fixed axis of the
      pivoted connection intersects the axis of the piston rod and the length of
      the further link is in the range from one to one and one-third times the
      distance of the second point to the third point.
NUM  4.
PAR  4. An actuator as claimed in claim 3, wherein the coupling between the
      third point on the rigid link and the further link is disengageable so
      that the rigid link engages the further link when the piston is in a
      position between its top-dead-center and bottom dead center positions.
NUM  5.
PAR  5. An actuator comprising:
PA1  a. a cylinder,
PA1  b. a piston slidably mounted in the cylinder,
PA1  c. a piston rod having an axis and being slidably mounted in the cylinder,
      and
PA1  d. a mechanical linkage arranged within the cylinder and interconnecting
      said piston and piston rod,
PA1  e. said linkage comprising a rigid member, a first link pivoted at one end
      to said member at a first pivot point and at its other end to said piston,
      said rigid member being pivoted to said piston rod at a second pivot
      point, a second link pivoted at one end to said cylinder and being, at its
      other end, pivotally engageable with said member at a third pivot point in
      at least some relative axial positions of the piston and piston rod,
PA1  f. said pivot connection between said second link and said cylinder being
      at all times further from the piston than the third pivot point, and
PA1  g. said first pivot point being at all times on the same side as the piston
      rod axis of a line through the third pivot point parallel to the axis of
      the piston rod.
NUM  6.
PAR  6. An actuator as claimed in claim 5 and having
PA1  a permanent pivotal connection between said second link and said member at
      said third pivot point.
NUM  7.
PAR  7. An actuator as claimed in claim 5 and comprising
PA1  a recess in said member at said third pivot point said other end of said
      second link being pivotable in said recess.
NUM  8.
PAR  8. An acutator as claimed in claim 5 wherein
PA1  said member comprises a bearing, a pin and an arm,
PA1  said bearing being rotatably mounted in the end of the piston rod with the
      axis of the bearing being the second pivot point, said pin eccentrically
      mounted on the bearing, the second link being pivoted on the pin and
PA1  the pin comprising the third pivot point, and
PA1  said arm extending from the bearing on the opposite side of the axis of the
      piston rod from the pin, the arm carrying the first pivot point.
NUM  9.
PAR  9. An actuator as claimed in claim 5 wherein
PA1  the axis of the pivotal connection of the second link to the cylinder
      intersects the axis of the piston rod.
NUM  10.
PAR  10. An actuator as claimed in claim 5 wherein
PA1  the pivotal connection of the second link to the cylinder is on the
      opposite side of the axis of the piston rod from the third pivot point.
NUM  11.
PAR  11. An actuator as claimed in claim 2 wherein
PA1  said fixed axis is located at a position radially spaced from the axis of
      the piston rod.
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ABST
PAL  In a cardboard blank folding machine for folding up the extreme transverse
      panels of a blank, e.g. for a carton, along longitudinal fold lines, and
      comprising a pair of longitudinal beams whose spacing is adjustable in
      dependence on the spacing of said fold lines, a pair of lateral elements
      whose spacing relative to said longitudinal beams is adjustable in
      dependence on the transverse dimensions of said extreme transverse panels,
      and a pair of folding bars each forming a longitudinally extending ramp
      for forcing said extreme transverse panels to fold about said fold lines
      as said blank passes along said machine, the improvement wherein said
      folding bars are each supported at the upstream end on a support fixed to
      said corresponding lateral element and at the downstream end on a support
      which is vertically movable in a guide supported by said corresponding
      beam, and vertical displacement of each said downstream support is
      directly and proportionally tied to transverse displacement of said
      corresponding lateral element relative to said corresponding beam.
BSUM
PAR  The present invention concerns improvements in machines for folding sheets
      of cardboard, particularly but not exclusively for folding up the blanks
      of packing cartons of corrugated cardboard.
PAR  The increase in the use of corrugated cardboard packing cartons requires
      faster and faster rates of production. The machines are capable of
      producing cartons at a great rate, starting from a sheet of card roughly
      in the form of the blank for the carton. These machines are becoming more
      and more continuous in their action, with the roughly shaped blank passing
      successively from stage to stage without intermediate stockpiling. The
      blank is thus impressed, cut to form rebates and auxiliary cut-outs,
      gummed on its closing faces, folded and struck together, and finally
      packed for delivery to the customer. Continuous production on such a
      machine has the disadvantage of requiring the machinery at all the stages
      to be reset to correspond whenever the dimensions of the finished product
      are changed. One thus progresses from motorisation to automation, and then
      to preselection of the settings of the cutting machine which is coupled to
      correspondingly set the "folder" and the "slotter impresser" which
      performs the cutting out and impressing.
PAR  In the folding part of the machine, the extreme transverse panels of the
      shaped blank are folded towards the middle and glued one to the other. The
      folding is generally performed with the box blanks being conveyed along
      longitudinal "folding beams" which support the blank along the folding
      lines in such a fashion that while holding the central part, the extreme
      panels can be supported upon inclined bars which move them up or down,
      depending upon whether the fold is upwards or downwards. The extreme
      panels can thus be brought to the vertical where they are then engaged by
      other bars which complete the fold to the horizontal. At the entry to the
      machine, where the card blank is still flat, the extreme edges pass
      between lateral elements, called pasters, because one of these elements
      carries the device for applying adhesive to the area of the closure. It is
      these longitudinal folding beams and the lateral pasting elements which
      must be displaced transversely at the same time as the cutting parts of
      the slotter in order to adapt to the corresponding dimensions of the
      carton.
PAR  It will be appreciated that the inclinations of the folding bars, whether
      vertical or transversal, must also be modified at each change of
      dimensions of the carton being made. In existing machines, each folding
      bar is attached to the longitudinal folding beam situated on the same side
      of the machine, by means of supports that can be pivoted and can slide and
      for each new dimension of carton, it is necessary to find, by trial and
      error, the best position for these supports to make the desired fold in
      the panel which rests upon it. This is a relatively long operation which
      above all needs the attention of a qualified person and is not readily
      capable to automation. In practice this operation must be performed twice
      for each new setting of the machine, since the two extreme panels of a
      carton are generally of different dimensions for the most usual cartons
      having rectangular bases.
PAR  It is an object of the invention to provide a device which overcomes the
      above disadvantage and which automatically adjusts the position of the
      folding bars to the dimensions of the extreme panels concerned, at the
      same time that the transverse setting of the beams and the lateral
      elements of the folder is adjusted.
PAR  According to the invention there is provided in a machine for folding a
      cardboard blank, in which a flat blank with fold lines impressed into it
      enters said machine and extreme lateral panels of said blanks are folded
      towards the centre of said blank along said fold lines, said machine
      comprising:
PA1  means for advancing said blanks in the direction of extent of said fold
      lines,
PA1  two longitudinal beams disposed one on each side of said machine,
PA1  means permitting transverse movement of said beams to enable said beams to
      be set transversely according to the dimensions of said blank at right
      angles to said fold lines,
PA1  two lateral elements disposed one on each side of said machine,
PA1  means permitting transverse movement of said elements to enable said
      elements to be set transversely according to said dimensions of the blank
      and adjacent the lateral edges of said blank before folding,
PA1  two folding bars disposed one on each side of said machine, each said bar
      forming a ramp, inclined to the horizontal and vertical planes, for
      forcing said extreme lateral panel to fold itself along said fold line as
      said blank advances in the machine, the improvement wherein each folding
      bar is supported upstream by a support means fixed to said corresponding
      lateral element and downstream by a support means which is movable
      vertically in a guide supported by said corresponding beam, and vertical
      displacement of each said movable downstream support means is directly and
      proportionally tied to transverse displacement of said corresponding
      lateral element relative to said corresponding beam.
PAR  In a preferred embodiment of the invention each said downstream support
      means is suspended from one end of a cable, the other end of which is tied
      to said corresponding transverse element via return pulleys, one of which
      is fixed to said beam such that said cable extends substantially
      perpendicularly from a point of attachment to said lateral element to said
      one pulley.
PAR  The invention will be more fully understood from the following description
      of an embodiment thereof, given by way of example only, with reference to
      the accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a simplified longitudinal sectional view of the folding part of a
      machine for making cardboard packing cartons;
PAR  FIG. 2 is an even more simplified plan view of the machine part of FIG. 1;
PAR  FIG. 3 shows the arrangements for setting a folding bar. FIG. 3 is a
      lateral elevation along the line III--III of FIG. 2; and
PAR  FIG. 4 is a section along the line IV--IV of FIG. 3.
DETD
PAR  Referring to FIGS. 1 and 2, blanks for cardboard packing cartons enter into
      the folding part of the machine in the form of a flat sheet 1, coming from
      the slotter part of the machine where the cutting and impressing have been
      done. The flat blanks are brought into the folding part of the machine by
      known arrangement of endless belts and pressure fingers which have been
      shown only in simplified fashion at 3 in FIG. 1.
PAR  The driving arrangements are mounted on two longitudinal folding beams 4
      and 5 which serve to support the folding lines of the carton blank. As
      shown the extreme panels a and d of blank 1 are to be folded towards the
      centre along fold lines f and g. The blank must thus be held along lines f
      and g. The beams 4 and 5 are set separately, in appropriate transverse
      positions, respectively by means of screws 7 and 8, and screws 9 and 10
      which extend at right angles to the folding lines f and g. At the entry to
      the machine, the extreme edges of the blank also have to be supported.
      This is done by lateral elements 12 and 13 which can be similarly set in
      position by means of the double screw 14. It is observed that, whatever
      the actual dimensions of the carton may be, for a rectangular carton,
      panels b and d are equal, and similarly panels a and c are equal. The
      result of this is that the fold line separating panels b and c is always
      disposed along the central axis of the machine, and that the extreme edges
      of the panels a and d are always disposed symmetrically with regard to the
      central axis of the machine. Therefore, the transverse displacement of the
      lateral elements 12 and 13 can be made by the same screw 14 with opposite
      screw-threads, whilst the elements 4 and 5 must be displaced independently
      of each other. It is observed that the relative distance between the
      lateral element 13 and the beam 5 corresponds to the transverse dimension
      of panel d, just as the distance between element 12 and beam 4 reflects
      the transverse dimension of panel a.
PAR  The elements 12 and 13 are often called pasting supports because one of
      them, often in interchangeable fashion, supports a gluing device which
      applies adhesive to the area of the closure.
PAR  In the case of a combined machine directly coupled to a slotter, the
      transverse setting of the elements 4, 5, 12 and 13 is carried out at the
      same time as the setting of the cutting mechanisms of the slotter by
      mechanical coupling of the rotary movements of screws 7, 8, 9, 10 and 14
      with similar controls of the slotter.
PAR  In the course of its movement through the machine, the edge of panel d, for
      example, encounters oblique folding bar 15 which forces it to bend
      upwards, the folding line g being held by guide strips 16. Overall, the
      precision of the fold in the neighbourhood of line g is assured by a
      complementary guide in the form of an auxiliary folding bar 17 which is
      fixed. The same arrangement is provided on the other side of the machine
      for the panel a which is folded by bar 18.
PAR  We refer now to the drawings for the description of the two points of
      support for folding bar 15, one being "upstream" on lateral element 13,
      the other being "downstream" on a column 20 supported by beam 5. Referring
      to FIG. 3, the upstream support of bar 15 is constituted by a ball 22
      carried by a support 23 fixed on the lateral element 13. The folding bar
      15 is constituted by a tube 24, split at the end and engaged on the ball
      22 so that the neck joining ball 22 to its support 23 passes through the
      split in the tube 24. It is seen that the tube can pivot in different
      directions in relation to support 23 and that it can slide upon ball 22.
      At its downstream end, tube 15 is tied by a ball-and-socket joint 25 to a
      supporting member 26 which is vertically movable in column 20. The
      supporting member 26 is suspended at the end of cable 27 which passes over
      a return pulley 28 at the upper end of column 20, and is then wrapped
      around a pulley 30. This latter is fixed to another pulley 31 of larger
      diameter around which is similarly wrapped another cable 33 which runs
      along the length of beam 5 and then passes around a return pulley 34
      carried with its axis vertical on supports 35 fixed to beam 5, the end of
      cable 33 being fixed at 36 to element 13.
PAR  It can be seen that if it is desired to set a larger dimension for panel d,
      the distance between element 13 and beam 5 has to be increased. This
      exerts a pull on cable 33 which then rotates double pulley 30, 31 in the
      direction causing a tension in cable 27 and the raising of support 26 and
      the ball-and-socket joint 25. If the distance is decreased, support 26
      acts as a counterweight, any reduction in the relative distance between
      element 13 and beam 5 producing a lowering of the downstream joint 25 of
      the folding bar 15.
PAR  Thus it can be seen that it is not necessary to make any manual adjustment
      of folding bar 15 because its vertical and transverse inclination is
      varied by the relative transverse displacement of the lateral element 13
      and the folding beam 5. As shown, the vertical displacement of the
      downstream joint 25 of the bar 15 is proportional to the transverse
      displacement of the upstream support 22 in the ratio of the diameters of
      the pulleys 30 and 31. The articulation of the joint 25 together with the
      sliding articulation of ball 22 allows the bar to be located in a new
      position automatically without risk of jamming.
PAR  It will be understood, the invention is not strictly limited to the
      embodiment which has been described above, but it covers equally other
      embodiments which differ only by variations of execution or by the use of
      equivalent means. It will be appreciated that it is not necessary to have
      two return pulleys 30, 31 of different diameters, a single cable could be
      used running from transverse element 13 to the movable support 26. The
      ratio between the displacements of the upstream support and the downstream
      support of the folding bar can be chosen as a function of the nature of
      the cardboard of the cartons generally made on the machine, and it will
      suffice to give the same ratio to the diameters of the pulleys 30 and 31.
PAR  It will be appreciated that the control of the vertical movement of the
      downstream support of the folding bar in relation to the transverse
      movement of the upstream support could be effected for instance by a
      device such as a toothed rack connected to the transverse element 13 which
      causes rotation of a shaft parallel to beam 5 and which controls vertical
      movement of support 26 by another arrangement of cables and pulleys, or by
      a screw arrangement or by any other mechanical device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a machine for folding a cardboard blank, in which a flat blank with
      fold lines impressed into it enters said machine and extreme lateral
      panels of said blanks are folded towards the centre of said blank along
      said fold lines, said machine comprising:
PA1  means for advancing said blanks in the direction of extent of said fold
      lines,
PA1  two longitudinal beams disposed one on each side of said machine,
PA1  means permitting transverse movement of said beams to enable said beams to
      be set transversely according to the dimensions of said blank at right
      angles to said fold lines,
PA1  two lateral elements disposed one on each side of said machine,
PA1  means permitting transverse movement of said elements to enable said
      elements to be set transversely according to said dimensions of the blank
      and adjacent the lateral edges of said blank before folding,
PA1  two folding bars disposed one on each side of said machine, each said bar
      forming a ramp, inclined to the horizontal and vertical planes, for
      forcing said extreme lateral panel to fold itself along said fold line as
      said blank advances in the machine, the improvement wherein each folding
      bar is supported upstream by a support means fixed to said corresponding
      lateral element and downstream by a support means which is movable
      vertically in a guide supported by said corresponding beam, and vertical
      displacement of each said movable downstream support means is directly and
      proportionally tied to transverse displacement of said corresponding
      lateral element relative to said corresponding beam.
NUM  2.
PAR  2. The improvement according to claim 1, wherein each said downstream
      support means is suspended from one end of a cable, the other end of which
      is tied to said corresponding transverse element via return pulleys, one
      of which is fixed to said beam (5) such that said cable extends
      substantially perpendicularly from a point of attachment to said lateral
      element to said one pulley.
NUM  3.
PAR  3. The improvement according to claim 2, wherein each said cable is in two
      parts which are interconnected by a differential pulley which introduces a
      constant ratio between displacement of said respective movable support and
      displacement of said corresponding lateral element relative to said
      corresponding beam.
NUM  4.
PAR  4. The improvement according to claim 1, wherein each said lateral element
      carries a toothed rack extending perpendicular to said corresponding beam,
      and which engages a pinion fixed to a shaft which is parallel to said beam
      and provided at its outer end with means to cause the vertical movement of
      said downstream support means proportional to rotation of said shaft.
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ABST
PAL  In the room of a building, a channel extends across above ceiling level and
      supports ceiling panels which form the ceiling itself, part of the channel
      being concealed by ceiling panels extending beneath the channel. Lighting
      elements are mounted in the other part of the channel, and air injection
      apertures extend along and outside each side of this part of the channel,
      for injecting air into the room.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a ceiling light arrangement in a building,
      comprising an inverted channel with at least one light fitting therein,
      for mounting one or more lighting elements such as fluorescent tubes.
PAR  Normally, the channel is an item which is mounted on the ceiling once the
      ceiling support grid has been placed in position, and the lighting
      connections, etc., are made by working up through the grid. Separate
      air-circulation arrangements are usual, the air circulation arrangements
      permitting injection of air into the room beneath the ceiling and
      withdrawal of air from the room.
PAR  It is a general object of this invention to provide an integrated ceiling
      light arrangement and air-circulation arrangement which is
      constructionally simple and can be installed when constructing the
      ceiling.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention provides a building including a ceiling light
      arrangement comprising an inverted channel which acts as a structural
      member and supports ceiling panels, the lowermost part of the channel
      being substantially above the ceiling level, and at least one light
      fitting in the channel, for mounting one or more lighting elements, and
      also a method of providing a ceiling light arrangement in a building,
      comprising incorporating in the building an inverted channel to act as a
      structural member, supporting ceiling panels by means of the inverted
      channel in such a manner that the ceiling level is substantially below the
      lowermost part of the channel, and providing at least one light fitting in
      the channel, for mounting one or more lighting elements.
PAR  The invention enables the ceiling to be taken straight across beneath the
      channel at positions where there is no lighting element; smaller ceiling
      support members, running at right angles to the channel, can pass beneath
      the channel and ceiling panels can be secured with a secret fix (i.e.
      secured so that the securing arrangement cannot be seen from below); this
      is easier to construct and enables one to use standard products, and the
      ceiling panels, where they run beneath the channel, can protect items in
      the channel from fire. The channel itself can have a satisfactory fire
      rating if steel is used for the channel and, because the channel is a
      structural member, it can be continuous across the room or building and
      provide a long length for the actual positioning of the light and thus
      more flexibility. Raw edges can be masked, and in general, the light
      arrangement can have a good architectural effect as well as providing a
      low-glare, recessed light. The arrangement can be used to mount secondary
      equipment such as smoke detectors and the channel can house wiring so that
      it is accessible.
PAR  The light arrangement can be pre-assembled, and the connections, etc., can
      be made merely by working up through the bottom of the channel. This
      contrasts with present practice, where it is normal to put up a ceiling
      support grid and to arrange the lighting connections, etc., by working up
      through the grid.
PAR  The light arrangement preferably also includes at least one aperture for
      injection of air into a room or for the withdrawal of air from a room,
      thus providing an integrated lighting and air-circulation arrangement.
PAR  The aperture(s) may be in the upper part of the channel, particularly for
      the withdrawal of air as this cools the lighting elements whilst avoiding
      blowing the so heated air into the room; the ceiling void (i.e. the space
      above the ceiling but below the roof or floor above) preferably acts as a
      low pressure plenum chamber. The aperture(s) may be adjustable for the
      initial balance of the air circulation through the room, e.g. by having a
      number of aligned holes in the channel and a slide which slides in contact
      with the channel and has corresponding holes.
PAR  Alternatively, or preferably in addition, at least one of the apertures or
      a series of apertures can extend along the respective side of, and
      outside, the channel, particularly for the injection of air. At least one
      duct can be provided, adjacent the respective side wall(s) of the channel,
      for the aperture(s). Preferably the or each duct is of generally
      triangular shape, apex uppermost, in side view, with an inlet (or outlet)
      at the apex portion; such a shape can give an overpressure at the lower,
      outer end of the ducts, increasing the injection of air to zones between
      adjacent, aligned light arrangements. The duct can be very thin (relative
      to its length, the dimension measured parallel to the axis of the
      channel). If there is a duct on each side of the channel, the ducts can be
      interconnected by the cross-bar of a T-piece inlet (or outlet) and the
      limb of the T can be say horizontal or inclined to the vertical to reduce
      the depth of the ceiling void required. Interconnecting the ducts enables
      one to have a single connection for two inlet apertures (or series of
      inlet apertures), which is advantageous, requiring only half the number of
      distribution points.
PAR  In general, the height of the aperture(s) extending along the respective
      side of the channel is preferably adjustable relative to the channel
      itself. If there are respective apertures or series of apertures extending
      along each side of the channel, and ducts for the apertures, the ducts can
      be interconnected by one or more cross-members which are in turn connected
      to the top of the inverted channel by one or more adjustable members such
      as vertical screw-threaded members, for adjusting the vertical distance
      between the cross-member(s) and the channel top. The cross-members can be
      bridge-shaped, having a horizontal cross-piece and two vertical limbs
      depending therefrom, and ceiling support members, for supporting a ceiling
      on either side of the light arrangement, can be secured to the bottom
      portions of the limbs.
PAR  The or each duct may have a single long (generally slot-shaped) opening in
      its bottom, and a diffuser can be fitted in the opening to form a said
      aperture - the diffuser can be adjustable for the initial balance of the
      air circulation through the room. The diffusers can be connected by
      cross-members to form a frame.
PAR  A reflector for the lighting element(s) can be fitted in the interior of
      the channel and can have an open top or apertures in its top for air
      circulation. The arrangement preferably has internal projections (which
      may be continuous or nearly continuous projections) for supporting the
      reflector. The light fittings can be brackets which may be secured to the
      top of the inverted channel, but which are preferably secured to the
      reflector itself so that they can be removed with the reflector.
PAR  The present invention also provides a component support arrangement for
      supporting one or more components (for instance lighting control gear such
      as starters, chokes and capacitors, smoke detector equipment, or parts of
      sound generating equipment such as loudspeakers) in the ceiling of a
      building, the arrangement comprising a slidable member supported within an
      inverted channel for mounting in the ceiling; the channel may be the
      channel referred to above. The present invention also provides a building
      having the component support arrangement.
PAR  The slidable member (which may be referred to as a tray) can have
      projections which engage internal projections on the channel; the internal
      projections are preferably continuous except for spaced gaps which allow
      the projections on the slidable member to pass up and down therethrough.
      Preferably, the slidable member has two projections on each side, one
      adjacent each end, so that one pair of projections can be passed down
      through the respective gaps and the tray swung down about the other
      projections for inspection, maintenance or replacement of the components
      supported by the slidable member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described, by way of example, with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a ceiling light arrangement and component
      support arrangement in accordance with the invention, the light reflector
      and support trays being shown below the positions they would occupy in the
      assembled arrangement;
PAR  FIG. 2 is a section along the plane II--II of FIG. 1, the ceiling supports
      on either side being shown and being slightly different to one another;
PAR  FIG. 3 is a perspective view, showing a detail of FIG. 1; and
PAR  FIG. 4 is a section along the plane IV--IV of FIG. 1, showing a possible
      ceiling construction.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The ceiling light and support arrangement will be described in the sequence
      in which it is assembled.
PAR  Two air inlet ducts 1 of generally triangular shape are connected by a
      cross T-piece 2 which acts as an air inlet to both ducts, and by
      bridge-shaped cross-members in the form of support brackets 3 which may be
      pop-riveted to the outer sides of the respective ducts 1. The inlet ducts
      1 and the cross T-piece 2 are made up in any suitable manner, and each air
      inlet duct 1 contains a baffle 4 which strengthens the fixing of the
      T-piece to the respective duct 1 but does not reach to the bottom of the
      duct. The ducts 1 can for instance be formed in 0.036 in. thick
      pre-galvanised steel which is welded or pop riveted.
PAR  A standard "Ozonair" one slot diffuser 5 is fitted into the bottom of each
      duct 1 and is sealed in position by suitable sealant 6 such as a foamed
      plastic strip adhered to the diffuser. The diffuser 5 may for instance be
      made out of extruded aluminium and can contain an arrangement for
      adjusting the air flow cross-section and/or for adjusting e.g. through
      180.degree. the angle at which the air is injected into the room, in
      particular in order to inject air across the ceiling into zones between
      adjacent, side-by-side ceiling light arrangements and adjacent, aligned
      ceiling light arrangements; the ducts 1 are tapered so that there is a
      greater air pressure at their ends than at their middles and more air
      passes out of their ends than their middles. The two diffusers 5 are
      interconnected by two cross-members or returns 7 to make a rigid frame -
      this interconnection will normally be made before fitting the diffusers 5
      into the bottoms of the ducts 1. The returns 7 can then be secured to the
      ends of the ducts 1, e.g. by riveting.
PAR  An inverted channel 8, for instance rolled or pressed from pre-galvanished
      steel, is now inserted longitudinally between the ducts 1. The ducts 1 are
      supported on the top of the inverted channel 8 by means of screwed rods 9;
      the rods 9 pass through transverse slots in the support brackets 3 and
      longitudinal slots in the top of the inverted channel 8, enabling the
      ducts 1 to be adjusted in height, longitudinal position and transverse
      position relative to the inverted channel 8, and also enabling the ducts 1
      to be tilted slightly in any direction with respect to the inverted
      channel 8, if required.
PAR  The end of the channel 8 has bolted thereto a channel connecting shoe 10,
      which enables the channel 8 to be bolted end-to-end to other similar
      channels - as an alternative, a flanged connection (not shown) could be
      used. The channel 8 has internal projections in the form of lips 11 which
      run the whole of its length apart from gaps or interruptions which are
      described in more detail below. The channel 8 may have a length equal to
      one module, for instance 12 ft. or 3.6 meters.
PAR  The channel 8 is now fitted into position to form a ceiling support member,
      the connecting shoes 10 (of which only one is shown) being suspended from
      a main beam 12 by screwed rods 12a(see FIG. 4); a pressure connection can
      be made to the inlet T-piece 2. Standard T-section subsidiary ceiling
      support members 13 are positioned e.g. so that they are aligned with outer
      lips 14 on the ducts 1 (right-hand side of FIG. 2) and are suspended from
      the support brackets 3 by screwed rods 15. If any such subsidiary ceiling
      support members run under the part of the channel 8 which is now not
      occupied by the light elements, the subsidiary ceiling support members can
      be secured to the channel 8 in any suitable manner, for instance as shown
      in FIG. 4, where a channel section 16 runs under the part of the channel 8
      which is not occupied by light elements, and is connected to the shoe 10
      by a screwed rod 17. Fire resistant ceiling panels 18 are secured to the
      subsidiary ceiling support members 13, preferably in such a manner that
      the securing devices cannot be seen and such that the panels abut one
      another beneath the subsidiary ceiling support members 13 and thus conceal
      the subsidiary ceiling support members 13. As can be seen in FIG. 2, outer
      lips 19 on the diffusers 5 engage just below the adjacent ceiling panels
      18. To provide a component support arrangement, components 25 such as
      lighting control gear, smoke detection equipment or an acoustic generator
      such as a pink noise generator are now mounted on top of sliding trays 26
      - the trays 26 can be prewired for all the lighting control gear; two bars
      27 are bolted across the top of each tray 26, thus providing two spaced
      projections on each side of the tray. The internal lips 11 of the channel
      8 have two pairs of gaps or interruptions, referred to as notches, on
      either side, one pair of notches being adjacent one end of the lighting
      fitting and the other pair of notches being adjacent the other end. These
      notches are just wide enough to allow the projecting ends of the bars 27
      to pass up or down therethrough. In this way, one end of the first tray 26
      is passed up into the interior of the channel 8 and then slid along so
      that the projecting ends of the bars 27 rest on the lips 11, the tray 26
      then hanging down, supported by the respective bars 27. The other end of
      the tray 26 can likewise be passed up into the interior of the channel 8
      and the tray 26 can be slid along to the respective end of the channel 8.
      The other tray 26 can now be inserted, if required.
PAR  The channel 8 can have any suitable internal support 28 for wiring or other
      conduits, and the wiring arrangments of the light fitting can now be
      completed, working up through the bottom of the channel 8.
PAR  A standard parabolic reflector 29, with an open top, is now inserted up
      from below into the channel 8, so that the reflector bottom lips 30 rest
      on the inner lips 31 of the diffuser 5. The reflector 29 can be fixed in
      position for instance by a screw at each end passing through the hole 32.
      Bracket-mounted light fittings 33 can be secured directly to the reflector
      29 so that the light fittings 33 and for instance fluorescent tubes 34 are
      removed when the reflector 29 is removed, leaving the space clear for
      access to the trays 26. A reflector strip (not shown) can be secured to
      the underside of the channel 8, above the reflector 29. The reflector 29
      can have any suitable baffling or diffusing arrangement 35 for control of
      the light.
PAR  In use, the ceiling void is exhausted by a fan which will normally
      discharge the air to atmosphere; the low pressure in the ceiling void
      draws air up through the open top of the reflector 29 and through a series
      of apertures in the top of the channel 8, which series of apertures
      extends along the full length of the reflector 29. A slide 37 (see FIG. 2)
      having corresponding apertures 38 (see FIG. 1) is retained on top of the
      channel 8 by two joggled (offset) strips 39 which are pop riveted or spot
      welded to the top of the channel 8. Any suitable arrangement can be used
      for adjusting the slide 37. Air can also be arranged to be drawn along the
      channel section 8 and over say the components 25 to cool them.
PAR  The T-piece 2 is connected to the distribution (high pressure) side of any
      suitable ventilation, air heating or air conditioning system.
PAR  Prior to use, an air balance test is carried out on the room and the air
      flow cross-section of the diffusers 5 and of the apertures in the top of
      the channel(s) 8 are adjusted for proper balance.
PAR  If it is necessary to inspect the components 25 on a tray 26, the reflector
      29 is removed, with if necessary prior removal of the light elements 34,
      the tray 26 is slid along into the gap so left, and its near end is swung
      down by passing the projecting ends of the near bar 27 down through
      respective notches in the channel lips 11.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a building having a load-bearing building structural framework and a
      plurality of rooms, in integrated ceiling light and air-circulation
      arrangment comprising:
PA1  an inverted ceiling support channel extending across the distance of at
      least one said room and carried by the framework;
PA1  ceiling panels;
PA1  ceiling panels mounting means carried by said channel and mounting said
      ceiling panels beneath the level of the lowermost portion of said channel,
      said panels extending beneath a first part of the length of said channel;
PA1  lighting element mounting means within said channel for mounting at least
      one lighting element within a second part of the length of said channel;
PA1  air injection means comprising injection aperture means extending along and
      outside each side of said second part of said channel, for injecting air
      into said room; and
PA1  air withdrawal aperture means in the upper portion of said second part of
      said channel, for withdrawing air from said room.
NUM  2.
PAR  2. The arrangement of claim 1, wherein said air injection means also
      comprises ducts terminating in said injection aperture means, and said
      arrangement further comprises mounting means passing over the top of said
      channel and secured to both said ducts, and adjustable connecting means
      connecting said mounting means to said channel, whereby the position of
      said injection aperture means relative to said channel can be adjusted.
NUM  3.
PAR  3. The arrangement of claim 2, wherein said mounting means are
      bridge-shaped and each comprises a horizontal cross-piece to which said
      adjustable connecting means are secured, and two vertical limbs depending
      from respective ends of said cross-piece, said ducts being secured to said
      vertical limbs and at least some said ceiling panel mounting means being
      secured to the bottom ends of said limbs.
NUM  4.
PAR  4. The arrangement of claim 2, wherein each said duct defines a horizontal,
      slot-shaped opening in its base, said opening extending parallel to said
      channel, and wherein said air injection means further comprises a diffuser
      fitted in each said opening and defining said injection aperture means,
      said diffuser being interconnected by cross-members extending beneath said
      channel, thereby forming a frame.
NUM  5.
PAR  5. The arrangement of claim 1, wherein said air injection means also
      comprises ducts terminating in said injection aperture means, said ducts
      being thin and of triangular shape as seen in elevation and extending
      along respective sides of said channel, the bases of said ducts being
      horizontal and providing said injection aperture means, and an inlet
      T-piece which comprises a horizontal cross-bar and an inlet limb, the
      respective ends of said cross-bar communicating with the apices of
      respective said ducts.
NUM  6.
PAR  6. The arrangement of claim 2, wherein said ducts are thin and of
      triangular shape as seen in elevation and extend along respective sides of
      said channel, the bases of said ducts being horizontal and providing said
      injection aperture means, and an inlet T-piece which comprises a
      horizontal cross-bar and an inlet limb, having the respective ends of said
      cross-bar communicating with the apices of respective said ducts.
NUM  7.
PAR  7. The arrangement of claim 1, and further comprising removable reflector
      means fitted into said second part of said channel, said lighting element
      mounting means being fixed to said reflector means, whereby said lighting
      element mounting means are removed when said reflector means is removed.
NUM  8.
PAR  8. The arrangement of claim 1, wherein said channel has internal lips
      defining at least one pair of interruptions therein, one interruption
      being on each side of said channel, said arrangement further comprising a
      slidable component support member having two lateral projections on each
      side thereof, said lateral projections resting on said lips and at least
      one pair of said lateral projections being able to pass through said
      interruptions.
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ABST
PAL  The present invention provides a new and useful arrangement for a chimney
      cover and damper for the outlet from the flue of a chimney which provides
      an open frame of substantially rectangular shape to be received on the top
      of the chimney defining an outlet opening from the chimney having a damper
      flap cooperatively and pivotably carried by the frame where the frame
      includes a generally channel shaped lip around the outlet end and the
      damper flap includes an upstanding lip to be received within the opening
      defined by the channel member, substantially along the length thereof, to
      prevent air and water from flowing over the damper flap and into the
      chimney. The damper flap is advantageously pivoted to assume a normally
      open position with respect to the frame when unrestrained and closure
      means which can include chain means are provided and adapted to be
      attached to the damper flap to pull the damper flap to a closed position
      with respect to the frame member when the chain is pulled. The invention
      can include a spring means attached to the damper flap and the chain means
      to provide a selected tnesion urging the damper flap toward a closed
      position when the chain is pulled and can further include a hammer means
      carried by the chain means to abruptly strike the damper flap on release
      of the chain means to release the damper flap if it is stuck in a closed
      position such as when ice, which may tend to hold the damper flap in
      closed position, has formed between the frame and the damper flap.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that rain, insects, animals, and birds often enter a home
      or other building through an open chimney. Further it is well known that
      severe heat loss occurs through an open chimney during the winter when a
      damper or other means is not provided to close off the chimney opening
      when there is not fire in the associated fireplace.
PAR  Various means have been provided for closing a chimney or flue when not in
      use such as the well known fire box damper, and various other prior
      arrangements. Some such prior arrangements are illustrated in U.S. Pat.
      No. 2,704,502, RAINEY; and U.S. Pat. No. 2,856,839, SODERBERG, as well as
      U.S. Pat. No. 3,267,832, HINKLE.
PAR  Such prior arrangements have certain disadvantages and it is an object of
      the present invention to overcome many of the difficulties encountered in
      the use of the prior art arrangements.
PAR  Specifically, such previous arrangements have permitted wind blown rain to
      enter the chimney even though the damper located at the top of the chimney
      is closed. Moreover in most such arrangements it has been provided for the
      damper to be normally closed so that when the means to secure the damper
      are not functioning the damper is in a closed position and if a fire is
      built in the fireplace, when the damper is closed, the associated rooms
      are filled with smoke.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a damper arrangement to be received by the
      top of a chimney where a generally rectangular frame is provided defining
      an opening from the chimney and having a substantially U-shaped inwardly
      turned channel member around a portion of the opening defined by the frame
      to receive an upstanding lip of an associated damper flap which is
      pivotably mounted on the frame. The arrangement prevents wind blown rain
      from entering the chimney and likewise prevents a common difficulty
      encountered with previous arrangement namely the situation where the
      damper flap is frozen closed during cold weather and cannot be opened.
      Furthermore the present invention provides an arrangement where the damper
      flap is pivotably mounted on the frame member to be retained in a normally
      opened position so that in the event of failure of the means provided to
      close the damper flap, the damper flap moves to an open position.
PAR  Moreover, the present invention can provide the chain means connected to
      the damper flap by means of a spring. By pulling the chain when the damper
      flap is closed a selected tension can be securely retained to provide the
      damper flap when the chimney is not in use.
PAR  Likewise, the present invention can advantageously provide a cooperative
      hammer means which can be carried by the chain so that when the spring is
      extended the chain is released the force of the spring causes the hammer
      means to abruptly strike the damper flap to release the flap in the event
      it is lodged in closed position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a perspective view partly in section of one example of a
      damper in accordance with the present invention as described hereinafter.
DETD
PAR  The example of the present invention shown in the FIGURE, includes a
      generally rectangular frame member 1 which is provided to rest on the top
      at the outlet of the flue of a chimney (not shown) in which the damper
      arrangement is installed. A depending flange 2 can be provided to extend
      downwardly from frame 1 over the outer surface of the chimney flue. Frame
      1 likewise includes an upstanding generally rectangular flange 4 provided
      with an inverted channel member 6 at the top edge thereof, which extends
      partially around the periphery of flange 4 as shown. A sleeve 3 can be
      provided, as shown, to extend downwardly into the flue liner adjacent the
      walls of the chimney.
PAR  As shown, damper flap 7 is provided to be pivotably mounted in cooperation
      with flange 4 for example by means of a pivot 9. Pivot 9 is advantageously
      journaled, for example in flange 7 so that when damper flap 7 is
      unrestrained, the damper flap is rotatable in a clockwise direction out of
      engagement with channel 6 to open generally vertical position exposing the
      opening defined by flange 4 and opening the chimney flue, a weight 17 can
      be provided to provide additional force tending to open flap 7.
PAR  As shown, damper flap 7 includes a downwardly extending lip 5 which can,
      advantageously extend substantially around a portion of damper flap 7
      which extends beyond the limits of flange 4. An upstanding flange 8 is
      provided around a portion of the periphery of flap 7 to be received in
      channel 6 to provide a seal between flange 4 and damper 7 extending
      substantially around flange 4 and the periphery of damper 1 from one end
      of pivot 9 to the other.
PAR  An arm 12 can be provided on the underside of flap 7 to be connected to a
      chain 11 by means of a spring 13. Chain 11 extends downwardly to the
      chimney to fireplace associated with the chimney for closing damper 7 and
      can be retained therein by latch means (not shown).
PAR  Spring 13 is provided among other purposes to provide a selected tension
      when chain 11 is pulled after damper 7 is closed, to provide additional
      basis to hold damper 7 in a closed position and securely fasten damper 7
      when chain 11 is pulled to extend spring 13.
PAR  In accordance with another advantageous feature of the present invention a
      hammer means, for example a cup 15, can be provided adjacent the upper end
      of chain 11. In the example shown the end of spring 13 extends through a
      slot 16 provided in cup 15 and the end of spring 13 extending through slot
      16 is adapted to be attached to chain 11. Cup 15 can advantageously, be of
      a selected weight so that when chain 11 is pulled, to extend spring 13,
      and then released, cup 15 abruptly strikes the underside of damper flap 7
      to urge damper 7 in a clockwise direction (as view in the drawing) to
      disengage damper flap 7 from flange 4.
PAR  This arrangement is particularly useful in cold weather when moisture may
      have accumulated between damper 7, and flange 4 and particularly between
      upstanding lip 8 and channel lip 6 and frozen to damper 7 in a closed
      position.
PAR  In accordance with another feature of the present invention a sealing
      compound 14 can be provided on the underside of frame 1 between flange 2
      and sleeve 3 to seal the underside of flange 1 to the top of the chimney
      to which the apparatus is placed. In the alternative bolts (not shown) can
      be provided to extend through cooperative openings in sleeve 3 and
      fastened to the chimney flue to secure the damper arrangement in place.
PAR  In operation, frame 1 is received on the chimney to which the damper
      arrangement to be installed, with flanges 2 extending downwardly along the
      outer surface of the chimney while sleeve 3 is received by the flue
      defined within the chimney.
PAR  Damper flap 7 is previously described is normally open, and is closed by
      pulling spring 11 and fastening the spring to suitable fastener means and
      which is located within the fire box in the fireplace (not shown).
PAR  As further previously described, chain 11 can then be pulled further to
      extend spring 13 to provide a resultant force urging damper flap 7 into
      closed position.
PAR  Upon release of chain 11 damper flap 7 is then rotated by gravitational
      force resulting from the location of pivots to an open position extending
      generally vertically into collar 3 and the chimney flue so that the flue
      is open and ready for use. It will be noted that in the event spring 11
      breaks damper flap 7 will always "fail safe" by rotating to an open
      position so that the chimney is available for use. In arrangements where
      the damper is opened by pulling a chain or similar means considerable
      difficulty is experienced when the chain breaks so the damper return to
      normally closed position. Extreme difficulties arise when the opening
      means break after a fire is already set in the associated fireplace.
PAR  It will be further noted that the arrangement described herein in
      accordance with the present invention provides an arrangement, most
      notably lip 5 and cooperative flange 8 received by channel 6 to prevent
      air blown water from entering the chimney by leakage around the outer
      surfaces of the flange 7.
PAR  Moreover in the event water accumulates on the upper surface of flange 7
      and freezes damper flap closed, chain 11 can be drawn to extend spring 13
      where the chain is then released so hammer 15, as previously described
      strikes the underside of damper flap 7 to urge the damper flap to open
      position. On some occasions, successive repetition of the procedure may be
      required to break the damper flap loose.
PAR  It will be recognized that various other arrangements in accordance with
      the present invention will occur to those skilled in the art upon reading
      the disclosure set forth hereinbefore. Accordingly, the scope of the
      present invention is to be limited only by the claims appended hereto.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A chimney flue damper and closure arrangement including:
PA1  a. frame means of substantially rectangular shape to be disposed within the
      outlet from a chimney flue to define an outlet from said chimney flue;
PA1  b. sleeve means extending downwardly from said frame means into said flue;
PA1  c. damper flap means pivotably carried by said frame means to rotate from a
      first position closing said outlet defined by said frame means to a second
      position wherein a first portion of said damper flap means is disposed
      within said chimney flue and a second portion of said damper flap means of
      lesser mass than said first portion is rotated to extend outwardly from
      said frame means so said outlet defined by said frame is open to flow of
      fluid from said chimney flue;
PA1  d. first and second pivot means connected to said damper flap means and
      said frame means to pivotably connect said damper flap means to said frame
      means;
PA1  e. upstanding lip means carried around a portion of the periphery of the
      first portion of said damper flap to extend generally laterally from said
      damper flap;
PA1  f. downwardly opening channel means carried by said frame means around a
      portion of said outlet defined by said frame means to receive said
      upstanding lip means of said damper flap means to provide seal means when
      said damper flap is in said first position.
NUM  2.
PAR  2. The invention of claim 1 wherein:
PA1  a. an underside of said second portion of said damper flap is adapted to
      engage an outlet edge of said frame means and second portion of said
      damper flap means extends beyond the periphery of said portion of said
      frame means engaged by said second portion of said damper flap means; and
PA1  b. said second portions of said damper flap includes downwardly extending
      lip means around a portion of said second portion of said damper flap.
NUM  3.
PAR  3. The invention of claim 1 wherein said first portion of said damper flap
      means is heavier than said second portion of said damper flap means so
      said first portion of said damper flap, when unrestrained rotates about
      said pivot means to open the opening defined by said frame means.
NUM  4.
PAR  4. The invention of claim 3 including control means to selectively close
      said damper flap means.
NUM  5.
PAR  5. The invention of claim 4 wherein said control means include chain means
      connected to said second portion of said damper flap means and extending
      through said chimney flue to selectively close said damper flap means when
      said chain is pulled.
NUM  6.
PAR  6. The invention of claim 5 wherein said chain means are connected to said
      second portion of said damper means by extensible spring means so that by
      pulling said chain means and extending said spring means said second
      portion of said damper flap means is urged to tightly engage said frame
      means.
NUM  7.
PAR  7. The invention of claim 6 including hammer means carried by said spring
      means to abruptly strike said second portion of said damper flap means
      when said spring means is extended and released.
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ABST
PAL  In an exhaust system for removing smoke and pollutant fumes from the area
      surrounding the discharge of coke from a coke oven in which air, solids,
      and gaseous pollutants are moved through an exhaust manifold gated at its
      inlets, through treating apparatus for removing contaminants from the air,
      with the cleaned air subsequently discharged to the atmosphere, a method
      and means are provided for maintaining continuous induced draft within the
      exhaust system. A means for inducing exhaust flow operates continuously
      between a minimum flow and maximum capacity depending on whether the inlet
      gates of the exhaust manifold are closed or open, respectively. A flow
      control damper located at the suction of the means for inducing exhaust
      flow is controlled to permit the flow inducing means to operate in
      accordance with its performance curve up to drawing a predetermined
      maximum amperage. Upon approaching the predetermined maximum amperage the
      damper acts to restrict the suction flow and maintain the predetermined
      maximum amperage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various systems have been proposed for moving the solid and gaseous
      pollutants produced by the discharge of a coke oven to a location removed
      from the oven with removal of the contaminants from the air and discharge
      of the cleaned air back to the atmosphere. Most of these systems entail a
      means for enshrouding the coke guide carriage and coke transfer car at the
      discharge of the coke furnace and means with an exhaust manifold through
      which flow can be induced to a treatment facility. In the treatment
      facility, the gas flow is contacted with a flow of liquid which wets and
      removes the solid particles and absorbs the gaseous contaminants.
      Generally, a flow is induced through the exhaust system by a high capacity
      exhaust fan or blower and the exhaust manifold is operated with gated
      openings above the enshrouded areas to allow flow only from the area in
      which coke is being discharged. In these systems a method for protecting
      an individual blower drive from running continuously above its safe upper
      limit is an important desideratum.
PAR  Interlocking control systems have been devised for such exhaust
      arrangements in which an exhaust blower is activated at the time the oven
      is discharged and an inlet gate or gates in the exhaust manifold opened to
      permit transfer of pollutants generated during the discharge. Such a
      control system has the inherent disadvantage of requiring a time delay
      before exhaust draft is produced throughout the exhaust system. This delay
      precludes being able to discharge a coke oven at the time the exhaust
      blower is activated without excessive loss of pollutants to the atmosphere
      at the oven.
PAR  We have devised an exhaust system in which continuous suction or draft is
      provided within the exhaust manifold. This continuous draft allows
      simultaneous opening of specified inlet gates in the exhaust manifold and
      beginning of discharge of a coke oven served by the specified inlet gates
      with no time delay on application of the exhaust draft.
PAR  Referring now to the drawing which schematically represents an exhaust
      system suited to the limited control arrangement of this invention, an
      exhaust manifold 1 containing a multiplicity of gated inlets 2 with a
      canopy 3 enshrouding a coke oven discharge area are shown. The exhaust
      duct 1 is connected by duct work 4, 4' to a pair of treatment facilities
      comprising scrubber 5, 5' and separator 6, 6' which are in turn connected
      by duct work 7, 7' to electrically driven means 8, 8' for inducing exhaust
      flow.
PAR  The exhausting means are usually duplicate high capacity fans or blowers
      which discharge to the atmosphere.
PAR  Looking at one side of the parallel systems, damper 9 is located in the
      duct work 7 at the suction of the blower 8. The motor or drive means 10
      for the blower has associated with its inlet wiring 11 a current
      transformer 12 for measuring the amperage drawn by the blower motor during
      operation of the blower. The amperage is measured continuously during
      operation. A signal is produced and transmitted to means 13 in which it is
      translated into corresponding power output for actuating control mechanism
      14 which positions damper 9. Damper 9 can be a single or multiple vane
      volume gas flow regulating device. When the blower is operating under
      conditions in which the exhaust system is closed-in, i.e., the inlet gates
      2 are closed and the only inlet flow is leakage around the gates of the
      multiplicity of gas manifold inlets and other system leakage, the damper
      opens to a position that permits the fan to achieve a predetermined loaded
      condition and consequently the fan driver draws a predetermined current.
      Under such operating conditions the blower will pull a substantially
      constant draft and the blower motor will draw a substantially constant
      amperage.
PAR  Upon the opening of the inlet gates 2 specified for exhausting the
      discharge gases of a coke oven, the gas flow within the exhaust system
      increases even though damper 9 has not changed its position. The increase
      in flow requires a greater flow of current to the blower motor 10. As the
      increase in current flow is sensed by current transformer 12 a signal
      corresponding to the current flow is produced and transmitted through
      means 13 to actuate the damper controller 14. In response to the signal,
      damper 9 is partially closed thereby prohibiting the fan from being
      excessively loaded which would have, in turn, required a greater flow of
      current to the blower drive. In other words, the flow inducing apparatus
      is allowed to follow its performance curve using increased current to move
      an increased volume of flow. This operation continues until a
      predetermined maximum amperage is reached at which time the maximum
      permissible flow of gases can take place.
PAR  In an operating installation, the exhaust blower can be sized so that when
      the maximum volume that the exhaust system is designed to handle is being
      processed, blower motor 10 does not require a current flow greater than
      the maximum amperage. On the other hand, a duct system is usually designed
      so that it will handle greater gas flow than the blower can handle without
      exceeding the maximum current rate for the blower. Further it can be seen
      that in an exhaust system such as the one illustrated in the drawing in
      which two exhaust blowers divide the work of accommodating the total
      volume handled in the exhaust system, a misfunction in one of the systems,
      such as improper operation of a damper vane, could cause an excess flow to
      be moved by the blower in the properly performing system. It is also
      possible that under other circumstances, the current in one or both motors
      could rise above the maximum set amperage.
PAR  In any event, upon sensing a current flow approaching the predetermined
      maximum, the controlled action of the damper 9 is reversed causing the
      damper to move toward closed position thereby restricting the blower
      suction volume so that the rate of increase in current flow required by
      the blower motor is reduced. If the amperage to motor 10 continues to
      increase despite the movement of damper 9 toward closing, the closing of
      the damper continues until the amperage requirement of the drive is
      stabilized at the predetermined maximum. This mode of operation permits
      continuous draft to be applied to a large capacity exhaust system or to a
      parallel exhaust system without danger of overloading a blower motor.
PAR  In essense, the exhaust flow inducing means is allowed to operate in
      accordance with its performance curve with the suction volume of the flow
      inducing means controlled in direct relation to the indicated amperage
      requirement of the electric drive within a range limited at the upper end
      by a predetermined maximum amperage requirement of its electrical drive.
      This upper limit is set at an amperage such that continuous operation at
      the upper limit will not harm the exhaust means or its drive.
PAR  As an illustration of the operation of an exhaust system according to this
      invention a system with two exhaust blowers 8, 8', as shown in the
      drawing, is operated with the blower motors 10, 10' designed to operate
      safely at a horsepower requiring a current flow of 54 amperes maximum. The
      system is designed so that with the gates required to exhaust pollutants
      during the discharge of a coke oven fully open, the maximum volume
      required to be moved by each of the two system blowers requires less than
      54 amperes maximum current flow to drive each of the blowers. The system
      is also designed so that with the exhaust gates all closed and the control
      damper 9, 9' of each blower set partially open, the total flow, equally
      divided between the two blowers should not cause either blower to draw
      more than the maximum predetermined amperage nor operate on the
      instability portion of their performance curve.
PAR  Upon opening the gates 2 associated with the discharge of a particular oven
      each of the blowers is allowed by its control damper to move an increasing
      volume of gas up to the point that the damper is fully opened and the flow
      controlling factor is the capacity of the duct work to pass the flow.
      Conversely, as the flow through the system is restricted by closing the
      gates 2 and the amperage requirement of the blower motor drops, the
      controller returns the suction damper to a larger opened position that
      would reflect the predetermined maximum amperage of the motor.
PAR  On start-up, damper 9 is completely closed until the motor and blower are
      up to rated speed. At that time, if the gates 2 are closed, damper 9 will
      open toward the full open position to keep the over-all system at the same
      over-all static pressure loss. Thus the damper tries to keep the blower
      loaded with the same mass of air. As gates 2 are opened the system
      pressure loss is less. Damper 9 moves toward closed position to prevent
      the blower motor from being overloaded. Another factor influences the
      operation of this system, namely, the temperature of the gases being
      exhausted. The damper 9 would open to a greater extent when higher
      temperature gas, during a coke push, would pass through the fan lessening
      the load and resulting motor amperage. This feature would permit greater
      draft at the ventilation hood 3 when collection was most required. Once
      the pushing sequence was completed, colder air would infiltrate the
      system, the damper 9 would then begin closing until the preset amperage
      would be achieved.
PAR  In the event the flow between the two systems becomes unbalanced by, for
      instance, an obstruction developing in the scrubber 5' or separator 6' in
      one half of the divided system, the blower 8 in the unobstructed system
      operating along its performance curve will continue to move an increasing
      volume of air up to the point that it approaches a requirement of the
      predetermined 54 amperes as sensed on the electrical feed line 11 to the
      motor 10. A signal corresponding to the sensed amperage is generated and
      transmitted to means 13. The controller 14 is actuated by the signal to
      begin closing the damper 9 thereby reducing the flow. The closing of the
      damper 9 is continued until the current flow to the blower motor 10
      reaches the predetermined maximum. Thus the direct relationship control of
      the damper changes to an inverse relationship control as the amperes
      approach the predetermined maximum current value. Upon completion of the
      discharge operation and closing of the gated inlets of the exhaust
      manifold, the flow is reduced so that the current requirement is reduced
      below the predetermined maximum and the system reverts to control in the
      range below the predetermined maximum.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for maintaining a continuous subatmospheric gas pressure in a
      gas exhaust system comprising
PA1  a. a canopy for enshrouding a coke oven discharge area, the canopy having
      portions in communication with the atmosphere,
PA1  b. an exhaust manifold having a plurality of gated inlets,
PA1  c. a duct connected at one end to the interior of the exhaust manifold,
PA1  d. blower means connected to the interior of the duct at a point spaced
      from the exhaust manifold for applying subatmospheric gas pressure to the
      interior of the exhaust manifold through the duct,
PA1  e. means for periodically selectively connecting one or more gated inlets
      to the interior of the canopy to place the interior of the exhaust
      manifold in gaseous communication with the interior of the canopy to
      thereby cause a draft to flow through the canopy from the atmosphere,
      through the exhaust manifold, through the duct and through the blower,
      there being no opening in the duct nor the exhaust manifold other than the
      connected gated inlet or inlets,
PA1  f. electric motor means connected to the blower means for driving the
      blower means,
PA1  g. valve means in the duct for controlling the flow of gases through the
      duct to the blower means,
PA1  h. control means for actuating valve means (g),
PA1  i. means for continuously measuring the amplitude of the current drawn by
      the electric motor means and producing a signal proportional to the
      amplitude of the current drawn by the electric motor means,
PA1  j. means for translating the signal produced by means (i) into a power
      output for actuating control means (h), and
PA1  k. means associated with the means (j) for varying the power output to
      actuate means (h) and thereby valve means (g) to control the flow of gases
      in direct relation to signals corresponding to amplitude of current within
      a predetermined range of indicated current amplitude and responding to
      signals indicating an approach to predetermined maximum current amplitude
      by controlling the flow of gases in inverse relationship to prevent the
      current from exceeding the predetermined maximum current amplitude.
NUM  2.
PAR  2. The system of claim 1 in which each of the means (c), (d), (e), (f),
      (g), (h), (i), (j) and (k) of claim 1 is duplicated to form a parallel
      path for applying subatmospheric gas pressure to the interior of the
      exhaust manifold.
NUM  3.
PAR  3. A method for maintaining a continuous draft in an exhaust system
      comprising an exhaust manifold with a multiplicity of gated inlets
      connected to an electrically driven means for inducing an exhaust draft
      within the manifold, the method comprising:
PA1  a. continuously operating the means for inducing an exhaust draft within
      the manifold,
PA1  b. continuously measuring the current amperage drawn by the electrical
      drive of the draft inducing means,
PA1  c. producing a signal corresponding to the current amperage drawn by the
      electrical driven means,
PA1  d. transmitting the signal to a means for controlling the suction flow to
      the draft inducing means,
PA1  e. controlling the suction flow to vary in direct relationship to the
      variation of the current amperage drawn by the electrical drive within a
      range below a predetermined maximum amperage thereby allowing the draft
      inducing means to operate in accordance with its performance curve, and
PA1  f. controlling the suction flow upon the current amperage approaching the
      predetermined maximum amperage in inverse relationship to prevent the
      current amperage from exceeding predetermined maximum amperage.
NUM  4.
PAR  4. The method of claim 3 in which the means for inducing the exhaust draft
      comprise a plurality of parallel paths and steps (a), (b), (c), (d), (e)
      and (f) are carried out in the plurality of paths.
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ABST
PAL  Cooking apparatus for loose food products comprises a bowl having support
      means resting on the top or rim thereof carrying downwardly extending
      prongs for breaking up loose product carried by a scraper blade rotatable
      over the bottom of the bowl, and also carrying downwardly extending
      paddles which remove product carried by the scraper blade. A drive shaft
      extending upwardly from below the bottom of the bowl is detachably
      connected to a hub to which the scraper blade is connected. The support
      means for the prongs and paddles is removably mounted on the top rim or
      edge of the bowl to enable ready detachment for cleaning purposes.
      Disconnection of the drive shaft from the blade hub permits ready removal
      of the bowl for cleaning purposes; the bowl being removably mounted on a
      support stand. The drive shaft includes a detachable connection so that
      the bowl may be tilted on the stand to pour grease therefrom. Heating
      means, desirably a gas burner, is provided below the bowl bottom to heat
      the contents as they are mixed.
BSUM
PAR  This invention relates to cooking apparatus; particularly adapted for the
      heating and mixing of loose products such as ground meat used in
      hamburgers and tacos, and refried beans.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  Summarizing the invention, it comprises a bowl which is removably mounted
      by suitable means on a support stand so that the bowl may be removed for
      cleaning purposes. Removably mounted support means is provided on the top
      edge or rim of the bowl carrying downwardly extending prongs for breaking
      up cold chunks and mixing the loose product as it is carried by blades
      rotatable about an axis and which scrape the product from the bottom of
      the bowl to prevent sticking thereof to the bowl bottom, as well as mixing
      the product. Also extending downwardly from the removable support means
      are paddles which, as the blades rotate, serve to remove product carried
      thereby.
PAR  The scraper and mixing blades are detachably connected to a drive shaft
      extending upwardly through the bowl bottom, thus enabling the bowl to be
      disconnected and removed for cleaning purposes or otherwise; and the drive
      shaft includes a detachable connection whereby the bowl may be tilted on
      the support stand for pouring grease or other liquids therefrom which may
      accumulate.
PAR  A burner, desirably a gas burner, is carried by the bowl support stand
      below the bottom of the bowl, and a heat distribution flame shield is
      provided over the burner. With the described construction, the prongs and
      the paddles as well as the bowl may be readily removed for cleaning or
      other purposes.
PAR  From the preceding it is seen that the invention has as its objects, among
      others, the provision of an improved cooking apparatus for loose products
      in which parts thereof are constructed and arranged for ready
      disconnection to allow cleaning thereof, and wherein a drive shaft through
      the bottom of the bowl does not necessitate handling drive means above or
      on top of the bowl when the bowl is to be removed for cleaning, and which
      is of simple, economical and efficient construction. Other objects will
      become apparent from the following more detailed description and
      accompanying drawings of a preferred embodiment, in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the cooking apparatus;
PAR  FIG. 2 is a transverse vertical section taken in a plane indicated by line
      2 -- 2 in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional elevation taken in a plane indicated by
      line 3 -- 3 in FIG. 1;
PAR  FIG. 4 is a top plan view of a bar removably supported on the top rim of
      the bowl and carrying downwardly extended breaker teeth or prongs;
PAR  FIG. 4A is a side elevational view of the structure of FIG. 4;
PAR  FIG. 5 is a top plan view of another bar removably supported on the rim of
      the bowl and carrying downwardly extending paddles;
PAR  FIG. 5A is a side elevational view of the structure shown in FIG. 5;
PAR  FIG. 6 is a fragmentary plan view of a rotatable hub and scraper blades
      rigidly attached thereto, which are rotated about the axis of the hub over
      the bottom of the bowl;
PAR  FIG. 6A is a side elevational view of the structure shown in FIG. 6;
PAR  FIG. 7 is a top plan view of a gas burner positioned below the bottom of
      the bowl for heating the product therein;
PAR  FIG. 7A is a transverse section taken in a plane indicated by line 7A -- 7A
      in FIG. 7;
PAR  FIG. 8 is a top plan view of a flame shield employed over the burner;
PAR  FIG. 8A is a transverse vertical section taken in a plane indicated by line
      8A -- 8A in FIG. 8; and
PAR  FIG. 9 is an enlarged fragmentary vertical sectional view of drive means
      for scraper blades of the bowl, and of the burner below the bowl bottom.
DETD
PAC  DETAILED DESCRIPTION
PAR  The cooking apparatus comprises a bowl 2 of metal, desirably aluminum, and
      which has a substantially flat bottom 3 joined to cylindrical side wall 4
      by curved lower edge 6, and which is open or uncovered at the top which is
      bounded by cylindrical top edge or rim 7. Bowl 2 is removably mounted on a
      support stand 8 by means of downwardly extending metal legs 9 which are
      formed of angle irons welded to the bowl to thus seat against open angled
      corners 11 formed in the top of support stand 8. Open corners 11 provide
      sockets in which the legs engage to hold the bowl against rotation but
      they permit ready detachment of the bowl as a unit for cleaning purposes
      when desired.
PAR  Metal scraper blades 12, desirably of aluminum, shaped to conform to the
      bottom of the bowl and having upwardly extending curved ends 13 which are
      shaped to conform to the curved lower edge 6 of the bowl are fixedly
      secured to, such as by welding, and extend radially at diametrically
      opposite points from a hub 14, desirably of aluminum. As can be seen best
      from FIG. 9, blade hub 14 is journalled for rotation about a metal hub 16
      which is upstanding from and fixedly secured to bowl bottom 3, desirably
      by welding. Blades 12 are oppositely angled or pitched as can be seen from
      FIG. 6A; and the leading edge 15 of each blade is coated with a slip
      producing agent, such as "Teflon".
PAR  Means is provided for rotating or turning the blades 12 about the axis of
      hubs 14 and 16, comprising a shaft 21 extending upwardly through an
      aperture in the bowl bottom, through the top of bowl hub 16 and through
      the top of blade hub 14. The top end portion 22 of shaft 21 is of lesser
      diameter than the rest of the shaft and terminates at a lower beveled
      shoulder 23; a bushing 24 being provided in hub 16 underneath the top
      thereof to pilot shaft 21.
PAR  As can be seen best from FIG. 6, the top of bowl hub 14 is formed with a
      non-circular key hole 26, desirably square shaped, through which extends
      the upper end 21 of shaft 22 which is similarly square shaped. This
      provides a readily removable key connection fixedly connecting blades 12
      for rotation with shaft 21. A conventional removable lock pin 27 is
      provided in the projecting top end 22 of the shaft. Upon disconnection of
      lock pin 27, it is seen that the bowl and blade structure 12, 14 can be
      individually removed for cleaning purposes.
PAR  Means is provided for rotating shaft 21 to move blades 12 over the bowl
      bottom, comprising a conventional electric motor 28; shaft 21 containing a
      conventional detachable joint and torque limiter coupling 29. By virtue of
      this connection, the bowl may be tilted on stand 8 to pour grease from the
      bowl without removing the entire bowl from the stand.
PAR  As was previously related, the cooking apparatus hereof is advantageously
      used for heating loose food products such as ground meats, as well as
      mixing the product during heating. Heat is applied to the bottom of the
      bowl, advantageously by a gas burner comprising a frame 31 mounted on
      support stand 8 by means of support lugs 32 (FIG. 7) and through which
      extend burner jets 33 connected to gas inlet pipe 35; frame 31 having an
      aperture 34 through which shaft 21 projects. A metal flame shield 37 is
      removably supported on burner frame 31 by means of downwardly extending
      flanges 38 resting on the frame. Shield 37 also has a cylindrical aperture
      39 through which shaft 21 projects.
PAR  When loose product is being cooked, the rotating scraper blades 12 are
      continuously driven in one direction by motor 28; and the bottom and the
      curved lower edge 6 of the bowl are thus continuously scraped by the
      scraper blades 12 to prevent sticking of product thereto. At the same time
      some of the product is carried by the blades. Means is provided for
      breaking up continuously the product being cooked, particularly solid cold
      chunks present during initial cooking, and to remove product from the top
      of the blades which may be carried by or stuck thereto.
PAR  Such means comprises a set of downwardly projecting spaced apart teeth or
      prongs 41 extending across the bowl, which are fixedly secured to a cross
      bar 42 extending diametrically across the open top of the bowl, being
      supported by rim 7, and also a transversely extending set of relatively
      wide paddles 43 which remove product which may collect on the top faces of
      blades 12. Paddles 43 are fixedly attached to a second cross bar 44
      supported on bowl rim 7. Thus it is seen that bars 42 and 44 provide
      support means for prongs 41 and for paddles 43.
PAR  These bars 42 and 44 are removably mounted on rim 7 of the bowl by quick
      detachable latching means. As is best shown in FIGS. 1 and 3, a pair of
      latching lugs 46 is provided at diametrically opposite points on the rim
      7. Each lug is fixed at one end to the rim by suitable means, such as
      welding, and is open at 47 at its opposite end. One of said bars 42 shown
      in the drawings has an offset end portion 48 enabling such offset portions
      to be inserted underneath lugs 46 through the openings 47 which face in
      opposite directions. Therefore, bar 42 will remain fixed as the blades are
      rotated, but may be readily removed by twisting their ends 48 from under
      lugs 46.
PAR  Although similar latching means may be provided for bar 44 carrying paddles
      43, this is not necessary because it may be readily fixedly detachably
      connected at the intersection with bar 42, by means of a conventional
      clamping pin 49 screw threaded into bar 42 and having a clamping hub 51.
      Instead of latching bar 42 in the manner described, bar 44 may be so
      latched, and bar 42 attached thereto where they intersect. It is only
      necessary to latch at least one of said bars to rim 7.
PAR  Usual automatic control mechanism of a conventional nature may be provided
      including a timer 61, on and off control switch 62, and automatic
      temperature control means (not shown).
PAR  From the preceding, it will be noted that when it is desired to clean the
      bowl and its apertenances, this may be readily done by disconnecting the
      prong and paddle support means 42, 44, removing them, and disconnecting
      shaft 21 from blade hub 14 by removing pin 27. Since the drive for the
      scraper blade 12 is from below the bottom of the bowl, no drive mechanism
      need be carried on support means on the bowl top or disconnected
      therefrom, as would otherwise be the case with an overhead drive. Also, it
      will be noted that the top of the bowl is uncovered. Therefore, vapors
      evolved from the product during heating may readily be vented through a
      vacuum hood under which the bowl may be positioned, or into the atmosphere
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for processing loose food products comprising a bowl, a
      rotatable drive shaft extending through the bottom of the bowl and which
      is drivable from below said bowl bottom, a scraper blade fixed for
      rotation with said drive shaft adjacent the bowl bottom to scrape product
      off the bottom, support means removably mounted on the rim of the bowl,
      and a plurality of downwardly extending prongs carried by said support
      means and extending across said bowl to break up product carried by the
      blade as the drive shaft is rotated, said support means comprising a first
      bar extending across the top of the bowl carrying said downwardly
      extending prongs, a second bar extending across the top of the bowl
      transversely with respect to the first bar so as to intersect the first
      bar and carrying downwardly extending paddles, means for securing said
      bars together at their intersection, and means for latching the respective
      ends of at least one of said bars to the top rim of the bowl.
NUM  2.
PAR  2. The apparatus of claim 1 wherein a central hub is fixed to the bowl
      bottom, a plurality of scraper blades is provided each of which is fixed
      for rotation with a blade hub journalled for rotation on said bowl hub,
      said drive shaft projects through said bowl hub and through said blade hub
      and is removably connected to said blade hub whereby the bowl may be
      disconnected and removed from said shaft for cleaning purposes.
NUM  3.
PAR  3. The apparatus of claim 1 wherein a support stand is provided for the
      bowl, means is provided to removably mount the bowl on the stand, and said
      drive shaft includes a detachable connection to enable the bowl to be
      tilted on said stand to pour grease therefrom.
NUM  4.
PAR  4. The apparatus of claim 3 wherein heating means is provided on said bowl
      support stand below the bottom of the bowl.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said heating means is a gas burner and
      said drive shaft extends upwardly through said burner.
NUM  6.
PAR  6. The apparatus of claim 3 wherein said support stand includes openings
      which provide sockets, and said bowl has fixed thereto downwardly
      extending legs removably engaging in said sockets.
NUM  7.
PAR  7. The apparatus of claim 1 wherein each of said latching means for at
      least one of said bars comprises a latching lug fixed at one end to the
      top rim of the bowl and open at its opposite end into which a bar end is
      removably insertable.
NUM  8.
PAR  8. Apparatus for loose food products comprising a cooking bowl, a support
      stand for said bowl having openings which provide sockets, legs fixed to
      said bowl extending downwardly therefrom and removably engaging in said
      sockets for removably supporting said bowl on said support stand, a
      central upstanding hub fixed to the bottom of the bowl, a scraper blade
      support hub journalled for rotation on said bowl hub, scraper blades
      extending substantially radially from and fixed to said scraper blade
      support hub adjacent the bowl bottom to scrape product off the bottom, a
      first bar extending across the top of the bowl, a second bar extending
      across the top of the bowl transversely with respect to the first bar so
      as to intersect the first bar, means for securing said bars together at
      their intersection, means for removably latching the ends of at least one
      of said bars to the top rim of said bowl, a plurality of prongs extending
      across the bowl downwardly from one of said bars to break up product
      carried by the blades, paddles extending downwardly from the other of said
      bars to remove product carried by said scraper blades, a drive shaft
      projecting through said bowl hub and through said scraper blade support
      hub and which is drivable from below said bowl bottom, means removably
      connecting said drive shaft to said scraper blade hub, a detachable
      connection in said drive shaft below the bowl bottom enabling the bowl to
      be tilted on said support stand to pour grease therefrom, and a gas burner
      on said support stand below the bowl bottom positioned about said drive
      shaft.
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ABST
PAL  Apparatus for the continuous production of curds for use in cheese making,
      wherein renneted or acidified milk or mixture thereof is introduced under
      pulsation into a conduit whose wall is deformed under the effect of the
      pulsations and in which the curd is formed, and wherein the curd is
      collected at the outlet end of this conduit.
PARN
PAR  This is a division, of application Ser. No. 393,848, filed Sept. 4, 1973
      now U.S. Pat. No. 3,899,595.
BSUM
PAR  This invention relates to apparatus for the continuous production of curds
      for making cheese.
PAR  The production of curds for making cheese traditionally involves a
      succession of batch operations such as heating the milk to the renneting
      temperature, renneting, coagulation, slabbing the coagulum, more or less
      pronounced syneresis of the curd and moulding thereof. This traditional
      method is attended by various disadvantages, including dispersion of the
      physico-chemical and bateriological characteristics of the various batches
      of curd obtained, and the difficulty of rationalising the various stages
      of production. Accordingly, these problems have to be solved by developing
      processes and apparatus which ensure continuity of the various
      manufacturing stages by circulating the treated product, whilst at the
      same time seeking to reproduce the chronology of the operations and the
      physical and chemical parameters of the various stages involved in the
      traditional manufacture of curds. Unfortunately, these processes come up
      against a serious difficulty due to the fact that the coagulum sticks to
      the walls of the coagulation chamber, generally tubular in shape, in which
      the product circulates. This is because the formation of aggregates
      adhering to the wall of the coagulation chamber is an obstacle to the
      normal circulation of the product and can result in more or less
      pronounced blockage of the coagulation unit. In addition, when these
      aggregates drop off the wall of the coagulation chamber, they form lumps
      of curd whose physicochemical characteristics differ from those of the
      rest of the product and impair the homogeneity of the curd obtained.
PAR  The present invention seeks to obviate these disadvantages, and relates to
      apparatus for the continuous product of curds by which it is possible to
      obtain a curd of uniform quality without any blockage of the coagulation
      unit. More particularly, the invention relates to apparatus for the
      continuous production of cheese-grade curds from milk, distinguished by
      the fact that renneted and/or acidified milk is introduced under pulsation
      into a conduit whose wall is deformed under the effect of the pulsations
      and in which the curd is formed, and by the fact that the curd is
      collected at the output end of this conduit.
PAR  In the context of the invention, the term "milk" is intended to designate a
      milk produced by female mammals, such as cows, she-goats, ewes or cow
      buffaloes. The milk constituting the starting product according to the
      invention can be either in its natural state or treated by known methods.
      Thus, it can be subjected to filtration, pasteurisation and, if necessary,
      to regulation of its composition before renneting and/or acidification.
PAR  The expression "renneted or acidified milk" means that one or more
      substances promoting the formation of a coagulum have been added to the
      milk. These substances, known among experts, are either enzymatic systems,
      such as rennet, or acid substances or lactic ferments producing a certain
      degree of acidity in the milk. Although curdling of the milk can be
      satisfactorily carried out by adding one or other of these coagulating
      agents, it is generally preferred in cheesemongery to use rennet and
      lactic ferments in combination with one another. In the interests of
      simplification milk with one or more of these coagulating agents added to
      it will hereinafter be referred to as "renneted milk".
PAR  Although the invention is particularly well suited to the techniques of
      producing curd which are based on slow coagulation involving a greater
      risk of the coagulum sticking to the walls of the coagulation chamber, it
      has also proved to be of interest when the kinetics of coagulation are
      faster. It can be used for example when the milk is renneted cold and then
      heated.
PAR  In a first embodiment of the invention, the renneted milk is introduced
      into the coagulation chamber under a pulsating effect, which produces
      appreciable variations in the rate of flow of the milk, by means of a
      suitable device such as a variable-output pump, for example a piston pump,
      or a valve which is alternately opened and closed and whose throughflow
      cross-section is periodically varied. The coagulation chamber is formed by
      a conduit in which the milk circulates during coagulation. The geometry of
      this conduit and the material of which its walls are made are selected in
      such a way that this wall is deformed under the influence of the
      pulsations applied to the milk. These pulsations produce elastic
      expansions and contractions in the wall which are reflected in particular
      in slight localised variations in the throughflow cross-section of this
      conduit. These variations in the throughflow cross section counteract the
      phenomena which cause the coagulum to adhere to the wall, and prevent
      blockage of the coagulation unit.
PAR  This conduit, whose throughflow cross-section is preferably circular, can
      be in the form of an optionally linear tube whose wall is made of a
      material with a relatively low modulus of elasticity, for example a
      plastics material such as polyvinyl chloride. The diameter of tube and the
      thickness of its wall are selected in such a way that, by virtue of the
      mechanical characteristics of the material used, the wall is able to
      undergo local deformation under the effect of the pulsations applied to
      the flow of renneted milk introduced into the tube.
PAR  The throughflow cross-section, the length and the general layout of the
      conduit (winding, bends, determining its loss of pressure) are of course
      selected in such a way that the flow pattern of the product, more
      particularly its linear rate of flow at all points, is compatible with the
      cohesion requirements of the coagulum formed, and in such a way that the
      residence time of the product in the conduit is sufficient to enable the
      coagulum to be formed. On the other hand, the general layout of the
      conduit is preferably selected in such a way that the milk circulating in
      the conduit follows an ascending course.
PAR  The renneted milk introduced into the coagulation conduit can be prepared
      either by heating to the so-called renneting temperature, which is of the
      order of 25.degree. to 40.degree.C, followed by renneting (addition of
      rennet and/or lactic ferments), or by cold renneting followed by heating.
      Since these various methods of treating the milk have an appreciable
      influence upon the kinetics of coagulation, it is advisable to adapt the
      geometric characteristics of the conduit to these kinetics, in particular
      the length of this conduit which, for a given rate of supply, determines
      the residence time of the product in the coagulation unit.
PAR  The rate at which the milk is introduced into the coagulation unit and the
      form of pulsation applied to the flow of milk should be selected in
      dependence both upon the kinetics of coagulation and upon the geometric
      and mechanical characteristics of the conduit so as to obtain local
      deformation of the conduit without at the same time adversely affecting
      the cohesion of the coagulum formed. The pressure under which the milk is
      introduced into the coagulation unit should of course be above a minimum
      value so that it is possible to overcome the loss of pressure introduced
      by the conduit and the hydrostatic pressure generated if necessary by the
      difference in level between the inlet end and the outlet end of this
      conduit.
PAR  The coagulum formed is collected at the outlet end of the coagulation
      conduit by an arrangement which allows draining and then moulding, or
      moulding and then draining.
PAR  In a modification of the first embodiment of the invention, additional
      deformation can be produced in the coagulation conduit by applying
      mechanical forces to it, for example by using a helically wound conduit
      and by locally modifying the winding diameter through the application of
      radial pressures to the conduit.
PAR  It is of course possible to arrange several coagulation units parallel to
      one another downstream of the systems delivering the milk under pulsation,
      the performances of these systems being selected in dependence upon the
      number of coagulation units and their geometric characteristics.
PAR  As described above, the coagulum formed is generally fragmented on leaving
      the coagulation conduit under the effect of its own weight, for example
      when it is collected on a draining screen. A number of differently sized
      particles or lumps is formed under these conditions, their distribution
      being fairly heterogeneous so that they offer a fairly large syneresis
      surface. A coagulum of this kind is thus particularly suitable for rapid
      draining and, after draining, forms a curd whose mineral substance,
      especially calcium, content is relatively high. A curd of this kind,
      generally referred to in cheesemongery as a "rennet-like curd" can be used
      with advantage for the manufacture of such cheeses as Pont-l'Eveque or
      Reblochon.
PAR  However, it can be of advantage, for example in the manufacture of such
      cheeses as camembert or brie, to obtain a curd whose mineral substance
      content, and especially its calcium content, is considerably lower. A curd
      of this kind, known in cheesemongery as a "lactic curd", is generally
      obtained by slow draining which leaves the calcium enough time to react
      with the lactic acid to form lactates which are eliminated during
      draining.
PAR  It can also be of interest to obtain by controlled draining curds of an
      intermediate type semi-rennet/semi-lactic in character which are suitable
      for the production of such cheeses as Carre de l'Est or Coulommiers.
PAR  In a second embodiment of the invention, it is possible continuously to
      obtain a curd whose degree of fragmentation, which determines the draining
      rate and, hence, the mineral substance content of the curd, can be
      adjusted as required. This second embodiment of the invention is
      distinguished by the fact that the coagulable protein content of the milk
      is increased, after which the milk is introduced under pulsation, after
      renneting or acidification or both, into the conduit having a wall which
      can be deformed under the effect of the pulsations.
PAR  In the context of the invention, the expression "coagulable proteins" is
      intended to designate the proteins, such as casein in its native or
      non-degraded state, which are able to coagulate under the effect of an
      enzyme or an enzymatic system responsible for coagulation of the milk,
      such as rennet, or under the effect of acidification, optionally combined
      with an enzymatic action. Accordingly, this definition does not include
      serum proteins (such as lactalbumin) which coagulate under the effect of
      heat, but are not coagulated either by rennet or by acidification.
      However, the expression "the coagulable protein content of a milk is
      increased" by no means excludes the possibility of increasing the content
      in the milk both of coagulable proteins such as have just been described,
      and such proteins as serum proteins.
PAR  It has been found that the cohesion characteristics of the curd formed in
      the coagulation conduit, i.e. the ability of this curd to withstand
      uncontrolled fragmentation, occurring for example spontaneously at the
      outlet end of the coagulation conduit under the weight of the curd itself,
      is greatly influenced by the coagulable protein content of the treated
      milk. This resistance to uncontrolled fragmentation increases when the
      coagulable protein content of the treated milk increases. Accordingly, it
      is possible, by adjusting the coagulable protein content of the milk to a
      suitable value, to collect a coagulum with improved cohesion, which can be
      more or less pronounced according to requirements, at the outlet end of
      the coagulation conduit. If necessary, a coagulum of this kind can be
      subsequently fragmented, for example by slabbing, into pieces of suitable
      size offering a syneresis surface such that draining takes place at the
      required rate to give a curd with a suitable mineral substance content
      after draining.
PAR  If, on the other hand, the coagulable protein content of the milk is
      adjusted to high values, corresponding for example to total concentrations
      of non-fat solids of the order of 25 to 30 %, it is possible to collect at
      the outlet end of the coagulation conduit a coagulum of extremely firm
      consistency which can be cut into unitary slabs corresponding in volume to
      the required volume of coagulum to obtain, after draining, a unitary
      cheese. This modification has proved to be of particular interest in the
      manufacture of cheeses intended to be sold "by the piece", because it
      enables unitary slabs of curd to be obtained whose weights show greatly
      reduced dispersion.
PAR  This embodiment of the invention also has other advantages, including an
      improvement in the hourly output of the coagulating machine, which is
      directly related to the increase in coagulable material content, and
      simplification of the draining operations because draining can be carried
      out directly in the moulds by virtue of the relative reduction in the
      quantity of serum to be eliminated, whilst at the same time controlling
      the draining rate.
PAR  The coagulable protein content of the milk can be increased either by
      adding a suitable quantity of coagulable proteins to the milk or by
      treating the milk by a selective filtration process, such as
      ultrafiltration.
PAR  Coagulable proteins can be added to the milk in the form of an aqueous
      solution of these proteins in their native or non-degraded state in which
      the concentration of these proteins is higher than in the milk. An aqueous
      solution of this kind can be obtained by subjecting milk to
      ultrafiltration or by filtering on gel a milk of which the first elution
      fraction is collected. It is also possible to add to the milk a dried
      product, for example in powder form obtained from an aqueous solution of
      these proteins by drying under such conditions that the coagulable
      proteins do not undergo any appreciable changes modifying their behaviour
      with respect to the coagulating agents.
PAR  Irrespective of whether it is in the form of an aqueous solution or in the
      form of a dry product, the coagulable protein concentrate can contain
      other substances than the coagulable proteins, for example serum proteins.
      For example, an aqueous solution rich in proteins obtained by
      ultrafiltration of a skimmed milk is particularly suitable for carrying
      out the process. A solution such as this can contain for example 18.2 % by
      weight of coagulable proteins and 6.1 % by weight of serum proteins for a
      total non-fat solids content of 30 % (the other substances present in this
      solution being essentially lactose and mineral salts). This solution added
      in a suitable quantity to the treated milk enables the coagulable protein
      content to be adjusted to the required value.
PAR  If, on the other hand, the coagulable protein concentration of the milk to
      be treated is increased by subjecting the milk to ultrafiltration, the
      serum protein content of the milk is increased correlatively in
      proportions governed by the characteristics of the semi-permeable membrane
      (s) used.
PAR  Such an increase in the serum protein content can prove to be of advantage
      because it enables a curd to be obtained whose protein content is greater
      than that of a curd obtained from an equivalent quantity of milk by
      conventional means. This is also true if the milk has been enriched in
      proteins by the addition of a protein concentrate containing serum
      proteins, the comparison having to be made in this case in relation to a
      curd obtained by a traditional process from the total quantity of milk
      used, including the quantity of milk used to prepare the protein
      concentrate.
PAR  In one particularly advantageous modification of the second embodiment of
      the invention, a milk is subjected to an ultrafiltration treatment to
      increase its coagulable protein content. This treatment comprises
      separating the milk, by filtration through one or more semi-permeable
      membranes, into two liquid fractions differing in their chemical
      composition, and collecting the fraction retained by the semi-permeable
      membrane, the retained fraction having an appreciably increased protein
      content. The other fraction, known generally as the "permeate", is an
      aqueous solution containing substances of relatively low molecular weight,
      such as lactose and mineral salts, together with certain
      nitrogen-containing substances. If necessary, the fraction collected can
      also be subjected to one or more additional ultrafiltration treatments so
      that it has the required chemical composition. Although the
      ultrafiltration treatment can be carried out effectively with whole milk,
      it is generally preferred to use skimmed milk to eliminate the need for
      frequent cleaning of the semi-permeable membranes.
PAR  Ultrafiltration can be carried out by means of a membrane whose
      permeability is such that the low molecular weight constituents of the
      milk (lactose, mineral salts, non-protein nitrogen-containing substances)
      are able to pass through it whilst the constitutents of higher molecular
      weight, notably the coagulable proteins such as casein, are retained. It
      is possible for this purpose to use standard commercially available
      membranes, for example those which have been proposed for separating
      proteins from whey by ultrafiltration. Membranes of this kind can be made
      of cellulose acetate or synthetic polymers such as polyvinyl chloride or
      polyacrylonitrile.
PAR  The ultrafiltration installation can comprise porous tubes whose internal
      or external surface is covered by the semipermeable membrane and which are
      arranged in bundles, or can be formed by porous plates each supporting a
      semi-permeable membrane and arranged in adjacent frames leaving a suitable
      interval between the plates. These various types of ultrafiltration
      systems are also available on the chemical industry market.
PAR  The milk is brought into contact with the semi-permeable membrane under
      pressure and preferably in a state of turbulence so as to avoid the
      polarisation phenomena which adversely affect the output of the operation.
      The temperature of the milk during ultrafiltration is not a critical
      parameter providing it remains compatible with the viscosity requirements
      of the milk and does not in any way impair the integrity of the product
      treated and of the membranes. This temperature can be adjusted to a value
      of from 2.degree.C to 70.degree.C, although in the interests of
      simplification it is generally preferred to carry out ultrafiltration at
      ambient temperature.
PAR  The ultrafiltration treatment is repeated as often as is necessry,
      depending upon the composition of the product it is desired to obtain,
      either by arranging an adequate number of membranes in the path followed
      by the milk or by recycling the milk into the ultrafiltration apparatus.
      The composition of the liquid product retained, in particular its solids
      content, is selected in dependence upon the cohesion characteristics of
      the curd which it is desired to obtain, and upon the type of cheese
      required. In the case of skimmed milk treated by ultrafiltration, the
      solids content can reach values of from 10 to 30 % by weight.
PAR  If the liquid product has been prepared by ultrafiltration of skimmed milk,
      a suitable quantity of edible fats is if necessary added to the skimmed
      milk. These facts can be either of animal origin (for example cream of
      milk or oil of butter), or vegetable origin (for example peanut oil). The
      required quantity of fat is selected in dependence upon the type of cheese
      required. For example, it can be of the order of 45 to 50 % of the weight
      of the total solids which will be retained in the cheese.
PAR  The liquid product, which in the interests of simplification is referred to
      hereinafter as "ultrafiltered milk", is then heated to the so-called
      coagulation temperature, which is of the order of 25.degree. to
      50.degree.C, followed by the addition of rennet or suitable lactic ferment
      or mixture thereof selected according to the type of cheese required.
      Ferments of this kind are well known among experts so that there is no
      need to describe them in detail here. The addition of rennet or lactic
      ferments on mixture thereof can of course be carried out continuously by
      means of metering pumps which introduce these ingredients into the
      circulating ultrafiltered milk before it enters the actual coagulation
      conduit. In another modification, the ultrafiltered milk accommodated in a
      storage tank is inoculated with suitable lactic ferments and then left
      standing to incubate for a period long enough to ensure that the lactic
      ferments develop a certain acidity, this period being itself governed by
      the incubation temperature. When the required pH-value (for example 6.2
      for cheese of the camembert type) is reached, the inoculated,
      ultrafiltered milk is heated to the coagulation temperature, renneted by
      means of a metering pump as it circulates towards the coagulation conduit
      and introduced under pulsation into the coagulation conduit.
PAR  It is pointed out that the pH-value of the ultrafiltered milk at the
      renneting stage and its subsequent development have a considerable
      influence upon the consistency and structure of the curd obtained at the
      outlet end of the coagulation conduit. For this reason, it is advisable in
      each case to determine the optimum pH range, especially during renneting
      and introduction of the ultrafiltered milk into the coagulation chamber,
      and the coagulation time which determines the condition of the curd at the
      outlet end of the coagulation chamber, so as to obtain a curd with the
      required firmness and cohesion.
PAR  It has been found that certain characteristics of the curd obtained are
      closely associated with the non-fat solids content of the ultrafiltered
      milk. Thus, if the non-fat solids content of this ultrafiltered milk is
      greater than 15 % by weight, the curd will not readily reintegrate, in
      other words if this curd is fragmented it will be difficult to obtain a
      homogeneous curd mass from several fragments. By contrast, if the non-fat
      solids content of the ultrafiltered milk is less than 15 % by weight, it
      is possible to cut the curd into slabs of suitable size and to
      reconstitute a homogeneous curd mass from these slabs by introducing them
      for example into a draining mould in which they spontaneously reintegrate.
PAR  These differences in behaviour of the curd arising out of the non-fat
      solids content of the ultrafiltered milk enable the second embodiment of
      the invention to be divided into two principal modifications.
PAR  The first modification comprises using an ultrafiltered milk whose non-fat
      solids content is less than 15 % by weight. After renneting, the
      ultrafiltered milk is introduced under pulsation into the coagulation
      conduit. The coagulum formed, whose firmness is more pronounced, the
      higher the non-fat solids content of the ultrafiltered milk, is obtained
      at the outlet end of the coagulation conduit in the form of a continuous
      cylinder which is cut into slabs of suitable size selected in dependence
      upon the draining rate which it is desired to obtain. These slabs are
      collected on a moulding and draining arrangement, such as draining moulds
      in which the slabs of curd drain and reintegrate to form a homogeneous
      curd mass corresponding to a cheese.
PAR  The second modification comprises using an ultrafiltered milk whose non-fat
      solids content is greater than 15 % by weight. This ultrafiltered,
      renneted milk is introduced under pulsation into the coagulation conduit.
      The coagulum formed is obtained at the outlet end of the coagulation
      conduit in the form of a continuous cylinder. This continuous cylinder is
      cut into unitary slabs, whose weight corresponds substantially to that of
      the required cheese, and not into slabs of more or less large dimensions.
      Thus, to produce cheese of the camembert type for example, the coagulation
      conduit used is circular in shape with a diameter of approximately 100 mm,
      and slabs of constant thickness are cut, for example by means of a wire
      cutter adapted to the rate of advance of the cylinder emerging from the
      coagulation conduit, whose terminal section is vertically arranged.
PAR  The slabs cut, whose consistency and firmness are such that they are easy
      to handle, can be separated and collected in suitable moulds whose
      dimensions are preferably slightly greater than those of the cut slabs.
      The slabs of coagulum arranged in the moulds are slowly deformed to follow
      the geometry of the moulds and each form a cheese of predetermined weight.
      In one modification, which can be used when the coagulation conduit has a
      vertical terminal section, the coagulum is cut without separation of the
      slabs and, continuing its vertical progression in the form of a stack of
      unitary slabs, enters a second vertical chamber of identical cross
      section. This second chamber can then be used as a unit for storing and
      transporting an assembly of unitary slabs of curd.
PAR  So far as this second modification is concerned, it is pointed out that it
      is preferred to use an ultrafiltered milk whose non-fat solids content is
      greater than 20 % by weight. The reason for this is that, for a non-fat
      solids content of this order, the quantity of serum to be removed by
      draining is small so that there is no need to slab the curd to eliminate
      this serum.
PAR  If, by contrast, an ultrafiltered milk with a non-fat solids content of
      from 15 to 20 % by weight is used, the quantity of serum to be removed
      generally necessitates fragmentation of the coagulum. This fragmented
      coagulum, which is not able to reintegrate, cannot be used for reforming a
      homogeneous curd mass. However, it is possible to use ultrafiltered milk
      with a non-fat solids content of from 15 to 20 % by weight in the
      manufacture of cheese in divided form, such as cottage cheese.
PAR  The curd obtained by one or other of these modifications then undergoes the
      usual operations required to produce the required cheese, such as
      acidification, salting and ripening.
PAR  The invention also relates to an apparatus and comprises at least one
      coagulation unit in the form of a conduit, in which the coagulum is
      formed, and means for introducing and circulating the renneted or
      acidified or renneted and acidified milk in this conduit, and is
      distinguished in particular by the fact that it comprises means for
      applying pulsation to the flow of milk entering the conduit, and by the
      fact that the wall of this conduit is capable of deforming under the
      effect of these pulsations.
PAR  The coagulation conduit is preferably in the form of a circular tube whose
      constituent material is a material with a low modulus of elasticity which
      is capable of undergoing elastic deformation under the effect of
      relatively weak stresses, such as a polyvinyl or polyethylene polymer for
      example. Although this coagulation conduit can be arranged in a straight
      line, it is preferred to wind it helically to save space.
PAR  The milk can be introduced into and circulated in the coagulation conduit
      by means of any suitable device, such as a centrifugal pump or the like,
      or simply by the application of pressure.
PAR  The pulsating effect applied to the flow of milk can be obtained by means
      of numerous types of devices such as pulsating pumps, for example piston
      pumps which not only circulate the milk, but also pulsate it in the
      required manner. It is also possible to use, in combination with a
      circulating means (pump or pressurisation), a valve which can be
      alternately opened and closed or whose throughflow cross-section can be
      periodically varied, for example a pneumatically or electrically
      controlled valve.
DRWD
PAR  Several embodiments of the apparatus according to the invention are
      illustrated by way of example in the accompanying drawings, wherein:
PAR  FIG. 1 diagrammatically illustrates a first embodiment of the invention.
PAR  FIG. 2 is a plan view of the coagulation unit shown in FIG. 1.
PAR  FIG. 3 is a curve showing the variation, as a function of time, in the
      output per second of product obtained at the outlet end of the coagulation
      unit shown in FIG. 1.
PAR  FIG. 4 diagrammatically illustrates a second embodiment of the invention.
PAR  FIG. 5 is a partial view of an installation constituting a modification of
      the installation illustrated in FIG. 4.
DETD
PAR  As shown in FIG. 1, the installation comprises the following components
      connected in series in the order listed by a pipeline 11: a storage tank 1
      equipped with a stirrer 2 and a device for keeping it at a constant
      temperature (not shown), a constant-level chamber 3, a centrifugal pump 4,
      a plate heater 5, a centrifugal pump 6, a pneumatically controlled valve
      7, a variable-opening valve 8, and a coagulation unit 9 in the form of a
      helically wound tube 10 of polyvinyl chloride. This tube 10, which has a
      diameter of 100 mm, a thickness of 2 mm and a length of 20 m, is arranged
      in an octagonal frame 12. This frame is subjected to the action of
      pneumatic jacks 13 (shown in FIG. 2) and is capable of deforming to such
      an extent that the radius of curvature of the helical tube 10 is modified
      by about 30 %.
PAR  The installation also comprises two pipelines 14 and 15 connected in
      parallel to that section of the pipeline 11 situated between the heater 5
      and the pump 6. By means of the pipelines 14 and 15 equipped with metering
      pumps 16 and 17, respectively, it is possible to introduce the quantities
      of lactic ferment and rennet required to obtain the type of cheese
      desired. These additives are intimately mixed with the milk by the
      centrifugal pump 6.
PAR  Finally, the installation comprises a drainage screen 18 in the form of a
      moving belt which is permeable to liquids. A perforated hopper 19, whose
      cross-section is several times greater than that of the required cheese,
      is arranged beneath the screen 18 to collect the drained curd.
PAR  The installation shown in FIG. 4 comprises a certain number of components
      arranged in series and connected by a pipeline 21. These components,
      listed in the order in which they are arranged in the downstream
      direction, are the following:
PA1  - a storage tank 22 for the ultrafiltered milk equipped with a stirrer 23
      and a device for keeping it a constant temperature (not shown),
PA1  - a centrifugal pump 24,
PA1  - a plate heater 25,
PA1  - a centrifugal pump 26,
PA1  - a pneumatically controlled valve 27,
PA1  - a variable-opening valve 28,
PA1  - a coagulation unit in the form of a polyvinyl chloride tube 29 wound
      helically on a metal frame 30,
PA1  - a slabber 31 in the form of a blade or stretched wire displaced
      vertically by a pneumatic jack (not shown),
PA1  - a receptacle 32 in the form of a perforated hopper or a mould whose
      perforated wall allows the serum to flow out.
PAR  This installation comprises a pipeline 33 equipped with a variable-output
      pump 34 and connected to the pipeline 21 between the tank 22 and the
      centrifugal pump 24. This pipeline 33 enables the required quantity of
      fats to be continuously added to the ultrafiltered milk. The installation
      also comprises two pipelines 35 and 36 connected in parallel to the
      pipeline 21 between the heater 25 and the centrifugal pump 26. These
      pipelines 35 and 36, equipped with metering pumps 37 and 38, respectively,
      enable the required quantities of lactic ferment and rennet to be
      continuously introduced.
PAR  FIG. 5 is a view of the coagulation and slabbing unit of one modified
      embodiment of the installation. This modified embodiment is particularly
      suitable for use with ultrafiltered milk whose non-fat solids content is
      relatively high, for example of the order of 20 to 30 % by weight.
PAR  The first section of an installation of this kind, i.e. the components
      situated upstream of the coagulation unit which are not shown in FIG. 5,
      is similar to that illustrated in FIG. 4.
PAR  The coagulation unit is in the form of a polyvinyl chloride tube 39 wound
      helically on a metal frame 40. The upper part of the tube 39 is wound
      around the frame 40 with a higher pitch, and terminates in a vertical
      section 41 so that the curvature of this upper section is not more
      pronounced than that of the lower spirals so as not to interfere with the
      advance of the coagulum through the tube.
PAR  The installation also comprises a cutting unit with a cutter 42 displaced
      horizontally by a pneumatic jack 43 equipped with a return spring 44. This
      pneumatic jack is connected through a pipe 45 equipped with an electric
      valve 46 to a source 47 of compressed air. The electric valve 46 is
      regulated by an electric control device 48 which is itself connected to a
      photoelectric cell 49. This photoelectric cell is arranged at a
      predetermined height d above the outlet end of the tube 39 in relation to
      a light source 50 emitting a light beam directed horizontally towards the
      cell 49. When the cylinder of curd emerges from the tube 39 at the height
      d, it interrupts the light beam so that the photoelectric cell transmits a
      signal which, through the electric control device 48, closes or opens the
      electric valve 46 and operates the cutter 42. The following signal
      operates the cutter in the opposite direction. Accordingly, it is possible
      by this arrangement to cut unitary slabs of curd of constant thickness.
PAR  The following examples illustrate the invention, although it is by no means
      confined to the conditions described therein.
PAC  EXAMPLE 1
PAR  A milk containing 34 g/l of fats, stored at 10.degree.C in the tank 1, is
      heated to 35.degree.through circulation in the plate heater 5. 1 % by
      volume of a ferment consisting of an association of Streptococcus lactis,
      Streptococcus cremoris, Streptococcus citrovorus and Streptococcus
      diacetilactis, and 0.03 % by volume of a rennet with a strength of
      1/10,000, are then introduced into the milk circulating in the pipeline 11
      by means of the metering pumps 14 and 15. The lactic ferment and the
      rennet are intimately mixed with the milk by the centrifugal pump 6 whose
      output is at least twice the total output of the installation. The
      pneumatically controlled valve 7 is operated by an automatic device which
      closes it for 1 second and then opens it for 1 second in repetitive
      fashion. This operation of the valve produces a pulsating effect upon the
      flow of milk which in turn produces deformation of the coagulation conduit
      10 reflected in local variations in the diameter of the conduit of the
      order of 0.15 %. The opening of the valve 8 is regulated to adjust the
      rate of flow to 940 liters per hour, which corresponds to an average
      linear rate of flow of the milk during coagulation in the tube 10 of the
      order of 2 meters per minute, and to a residence time of the product in
      the coagulation unit of the order of 10 minutes.
PAR  The pulsating effect produced by opening and closing the valve 7, which is
      reflected in a periodic variation in the output of product at the outlet
      end of the coagulation unit, is illustrated in FIG. 3.
PAR  On the other hand, pressures are periodically applied to the frame 12 by
      means of the jacks 13, thus modifying the radius of curvature of the
      helical conduit by about 30 %.
PAR  The curd collected at the outlet end of the conduit 10 is distributed onto
      the drainage screen 18 whose drainage rate is regulated to 2 meters per
      minute. The drained curd then drops into the hopper 19 where it is
      available for moulding and the subsequent operations involved in the
      manufacture of cheese.
PAC  EXAMPLE 2
PAR  This Example, illustrates the use of in the installation shown in FIG. 4.
PAR  2000 liters of a skimmed milk containing 9 % by weight of non-fat solids
      are subjected to an ultrafiltration treatment to obtain 947 liters of an
      ultrafiltered milk containing 13 % by weight of non-fat solids.
PAR  The ultrafiltration treatment is carried out in an apparatus comprising, in
      series, 10 sub-assemblies, each sub-assembly being formed by 5 porous
      plates arranged parallel to one another and supporting on their two
      surfaces a semi-permeable membrane with a surface area of about 0.1
      m.sup.2. This ultrafiltration system is manufactured by Societe Rhone.
      Poulenc (Paris), and the membranes, which have a total surface area of 10
      m.sup.2, bear the name "type Iris 3069". The skimmed milk is introduced
      into the ultrafiltration arrangement at a rate of 6000 liters per hour,
      which makes it possible to establish suitable turbulence conditions, and
      is recycled in this arrangement for 13 hours by way of a buffer tank. The
      947 liters of ultrafiltered milk collected in the buffer tank are
      transferred to the tank 22 where they are stored at 20.degree.C. The
      ultrafiltered milk has the following composition:
PA1  lactose 5.0 %
PA1  mineral salts 0.7 %
PA1  casein 5.75 %
PA1  soluble proteins 1.55 %
PAR  The ultrafiltered milk is then introduced at a rate of 300 liters per hour
      into the conduit 21 where cream of milk containing 60 % of fats is added
      to it continuously at a rate of 28 liters per hour through the pipeline 33
      by means of the pump 34.
PAR  The ultrafiltered milk with the fats added to it is then transported by
      means of the pump 24 and enters the heater 25 in which it is heated to
      35.degree.C. 1% by volume of a ferment consisting of an association of
      streptococcus lactis, Streptococcus cremoris, Leuconostoc citrovorum and
      Streptococcus diacetylactis, and 66 cm.sup.3 /h of a rennet of strength
      1/10,000, are then introduced into the heated, ultrafiltered milk by means
      of the metering pumps 37 and 38. The lactic ferment and the rennet are
      intimately mixed with the ultrafiltered milk by the pump 26.
PAR  The pneumatically controlled valve 27 is operated by means of an automatic
      device which opens it for 0.5 seconds and then closes it for 0.5 seconds
      in a repetitive manner. This repeated opening and closing of the valve
      produces a pulsating effect in the flow of ultrafiltered milk which in
      turn produces deformations in the coagulation tube 29 which has an
      internal diameter of 80 mm, a thickness of 1.5 mm and a length of 22 m.
      The opening of the valve 28 is regulated to adjust the rate of flow of
      product through the coagulation tube to 334 l/h, which corresponds to an
      average linear velocity of the product of the order of 1.1 meter per
      minute, and to a residence time of the product in the coagulation unit of
      around 20 minutes.
PAR  The curd collected at the outlet end of the conduit 29 is in the form of a
      homogeneous cylinder which is fragmented by the cutter 31 into
      approximately 15 cc. pieces which are collected in drainage moulds
      arranged on a turntable. The curd deposited into these moulds drains and
      reintegrates. It is then subjected to the conventional operations involved
      in the manufacture of cheese.
PAC  EXAMPLE 3
PAR  1000 liters of a skimmed milk containing 9 % of non-fat solids are
      subjected to an ultrafiltration treatment to obtain 185 liters of an
      ultrafiltered milk with a non-fat solids content of 25.5 % by weight.
PAR  This ultrafiltration treatment is carried out in the apparatus described in
      Example 2. The skimmed milk is introduced into the ultrafiltration
      apparatus at a rate of 6000 liters per hour and is recycled in this
      apparatus for 10 hours by way of a buffer tank. The 185 liters of
      ultrafiltered milk collected are transferred to the tank 22 where they are
      stored at 20.degree.C. The ultrafiltered milk has the following
      composition:
PA1  lactose 5.0 %
PA1  mineral salts 0.7 %
PA1  casein 15.6 %
PA1  soluble proteins 4.2 %
PAR  The milk is introduced at a rate of 100 liters per hour into the pipeline
      21 where cream of milk with a 60 % fat content is added to it continuously
      at a rate of 30 liters per hour through the pipeline 33 by means of the
      pump 34.
PAR  The ultrafiltered milk then enters the heater 25 where it is heated to a
      temperature of 35.degree.C. 2 % by volume of the lactic ferment described
      in Example 2 and 26 cc/h of a rennet of strength 1/10,000, are then
      continuously introduced into the ultrafiltered milk by means of the
      metering pumps 37 and 38. The pneumatically controlled valve 27 is
      operated in the same way as described in Example 2 to produce a pulsating
      effect in the flow of ultrafiltered milk. The average rate of flow of the
      ultrafiltered milk is adjusted to 132 liters per hour by means of the
      valve 28.
PAR  The coagulation and cutting untis used in this Example are shown in FIG. 5.
      The coagulation unit is in the form of a coagulation tube 39 of polyvinyl
      chloride with an internal diameter of 80 mm, a thickness of 1.5 mm and a
      length of 6.5 m. The product circulates in the coagulation tube at an
      average linear velocity of 44 cm per minute, which corresponds to a
      residence time of the product in the coagulation unit of 15 minutes.
PAR  The curd emerging at the outlet end of the vertical section 41 of the tube
      39 is in the form of a firm, homogeneous cylinder which is cut into
      unitary slabs 30 mm thick by means of the cutter 42 controlled by the
      photoelectric cell 49.
PAR  These unitary slabs are removed and deposited into moulds whose diameter is
      slightly greater than theirs and subsequently undergo the conventional
      operations involved in the manufacture of cheese.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for the continuous production of curds for use in cheese
      making, comprising at least one coagulation unit in the form of a conduit
      in which the coagulum is formed, means for introducing and circulating
      renneted milk in this conduit, the term "renneted milk" indicating herein
      milk to which has been added one or more substances promoting the
      formation of a coagulum, such substances including enzymatic systems of
      which rennet is an example, acid substances and lactic ferments, and means
      for applying a pulsating effect to the flow of milk introduced into the
      conduit, and wherein the wall of this conduit is capable of being deformed
      under the effect of these pulsations.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein the means applying
      pulsations to the flow of milk entering the conduit also circulate the
      milk.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein the aforementioned means are
      in the form of at least one pulsating pump.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein the means applying the
      pulsating effect to the flow of milk entering the conduit consist of at
      least one valve positioned in the path followed by the milk circulating
      upstream of the aforementioned conduit.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, further comprising automatic control
      means for controlling said valve.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, further comprising an automatic
      device adapted for periodically opening and closing said valve.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, wherein the conduit is in the form
      of a tube made of a material with a low modulus of elasticity.
NUM  8.
PAR  8. The apparatus as claimed in claim 1, further comprising a frame about
      said conduit, said conduit being in the form of a helically wound tube
      accommodated in said frame.
NUM  9.
PAR  9. An apparatus as claimed in claim 8, further comprising means for
      applying external mechanical forces to said conduit in order to deform it,
      and wherein the means for applying the mechanical forces are adapted to
      cooperate with said frame to modify the winding diameter of the conduit.
NUM  10.
PAR  10. An apparatus as claimed in claim 1, wherein said apparatus comprises
      means for applying external mechanical forces to the conduit in order to
      deform it.
NUM  11.
PAR  11. An apparatus as claimed in claim 1, wherein said conduit has a vertical
      terminal section with an upper edge, and said apparatus further comprises
      a cutting unit positioned above said upper edge of said conduit for acting
      in a substantially horizontal plane.
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ABST
PAL  An apparatus to preheat food products prior to actual cooking which is
      characterized by a tray for carrying the food products mounted for
      reciprocation within a reservoir filled with water at a given temperature.
      The reciprocating movement effects efficient mixing of the hot water
      entering the reservoir to assure that the food products are efficiently
      exposed to the hottest water available in the reservoir. The apparatus
      also includes unique combination of valve means and flow control means to
      effect reciprocation of the tray at given time intervals and a continuous
      addition of hot water to the reservoir during a complete pre-heating
      cycle.
BSUM
PAC  BACKGROUND
PAR  The present commercial cooking time for chickens at an original temperature
      of 32.degree. F. is approximately 16 minutes. By pre-warming chickens to
      room temperature 72.degree. F, the cooking time can be shortened by at
      least 5 minutes. This permits the backlog of cooked chicken to be built up
      sooner than before. Also the shorter cooking time is convenient when
      demand exceeds the supply of cooked chickens. The customer is kept waiting
      as short a time as possible.
PAR  Another advantage of reduced cooking time is that parking lot spaces are
      occupied a shorter time. Many of the fast food stores have limited parking
      spaces, therefore, the sooner the customer is served, the sooner his
      parking space is available. Many potential customers may drive on if no
      parking space is available.
PAR  Many store managers have been known to allow the chicken to warm up to room
      temperature by bringing the boxed, uncooked chickens out of the cooler and
      allowing them to remain at room temperature for several hours. This not
      only is inconvenient from the standpoint of many boxes sitting in the
      kitchen, but can be harmful to the chickens. As soon as the temperature of
      chicken gets above 35.degree. F., enzyme action occurs and the bacteria
      growth increases rapidly. This affects the flavor and could result in
      spoilage. Also the natural juices have a tendency to drain off when the
      uncooked product sets for long periods. Some store managers place the
      chickens in the sink and run hot water over them to increase the
      temperature prior to cooking. This method not only prevents the sink from
      being used for its intended purposes, but also could cause problems with
      the Board of Health. In addition, the skin of the chicken becomes tough
      when it is exposed to hot water temperatures (approximately 160.degree.
      F). Further, this method is not exact and requires at least some
      significant time by an employee to watch over the product.
PAR  Fast food services such as chickens or the like require efficient as
      possible preparation time to be successful.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to means for reducing the cooking time of
      refrigerated food products, chicken for example, as commercially prepared
      in the fast food industry.
PAR  In accordance with the present invention, a reservoir to be filled with
      warm water is provided and includes a cylinder means in the bottom
      thereof. A tray designed to hold the food products is removably disposed
      in the reservoir and includes piston means adapted to reciprocate in the
      cylinder means.
PAR  A plurality of valve means are employed to control the level of water that
      enters the reservoir. One of the valve means in cooperation with a
      separate chamber provided with an orifice communicating with said
      reservoir also functions to effect the reciprocation of the piston
      connected to the tray to raise and lower the tray. This provides a mixing
      action of the water in the tray to obtain efficient heating of the food
      products disposed thereon.
PAC  OBJECTS
PAR  It is a primary object of the present invention to provide an apparatus
      which pre-heats refrigerated foods prior to actual cooking to effectively
      reduce cooking time.
PAR  It is another object of the present invention to provide an apparatus of
      the type described which is of relatively inexpensive construction and
      which is simple and dependable in operation.
PAR  It is a further object of the present invention to provide an apparatus of
      the type described wherin a unique combination of simple valve means
      provides not only control of hot water into a reservoir in which the food
      products are disposed but which also cooperate to effect reciprocation of
      the food products in the reservoir to efficiently mix the water therein to
      maintain a relatively even temperature in the water.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is
      clearly shown.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of an apparatus for pre-warming
      refrigerated food products constructed in accordance with the present
      invention;
PAR  FIG. 2 is a perspective view of a portion of the apparatus shown in FIG. 1
      illustrating the basic valve means and associated conduits which form a
      portion of the present invention;
PAR  FIG. 3 is a side elevational view partially in section illustrating a
      typical valve which is employed in the apparatus of the present invention;
      and
PAR  FIG. 4 is a diagrammatical view of an apparatus constructed in accordance
      with the present invention illustrating the cooperation and function of
      the various valve means and associated structures.
DETD
PAC  DETAILED DESCRIPTION
PAR  An apparatus for warming refrigerated food products prior to cooking
      constructed in accordance with the present invention is illustrated in
      FIG. 1, and includes a housing means which comprises a base cabinet 20
      which supports a pre-heat reservoir 22 which may be fixed to cabinet 20 in
      any suitable conventional manner. Cabinet 20 is preferably provided with
      castor wheels such as 24 to provide convenient mobility to the structure.
PAR  Reservoir 22 includes a cylinder means 26 provided in the bottom surface. A
      food tray 28 includes a downwardly extending pin 30 which is adapted to
      receive a piston means 23. Product baskets 34 are adapted to hold a
      predetermined amount of the food product and are adapted to rest upon the
      surface of tray 28 with the handle portion 36 being at a height above the
      top of reservoir 22 to permit convenient handling of the baskets.
PAR  A plurality of valve means, indicated generally at 38, are provided to
      control the flow of water into reservoir 22, to cooperate with a chamber
      and orifice to cause reciprocation of the cylinder 32 in piston 26, and to
      shut-off the flow of water after a predetermined time cycle has occurred.
PAR  Referring now specifically to FIGS. 2 and 3, a pair of water supply
      conducts 40 and 42, which are preferably connected to a source of
      conventional cold and hot tap water not shown communicates with a
      conventional mixing valve 44. Adjustment of lever 46 permits the
      adjustment of the temperature of the water exiting valve 44. The outlet of
      valve 44 is communicated via conduit 48 to a conventional on-off master
      valve 50 which inturn communicates to a maximum level control valve 52 via
      conduit 54.
PAR  Water is communicated from the outlet of valve 52 to a fill valve and to a
      piston control valve 58 via conduits 60, 61 and 62.
PAR  A drain 64 is provided with a handle 66 which is connected by a linkage
      means 68 to master valve 50. The linkage is constructed such that the
      opening of drain 68 via handle 66 also operates to close master valve 50
      so that no water can enter the reservoir via the other valve means.
PAR  FIG. 3 illustrates the conventional float valve which may be utilized for
      valves 52, 56 and 58.
PAR  Each valve is provided with an inlet 70 which communicates with a valve
      seat 72 which is opened or closed by a valve element 73. Element 73 is
      responsive to a lever 74 connected to a float 76. In the open position,
      water exits valve chamber 78 via holes 80 and then proceeds outwardly via
      outlet 82. As best seen in FIG. 4, piston control valve 58 includes a
      modification in that it is provided with a second outlet 84 which
      communicates with a chamber 86 which will be described more fully later
      herein.
PAR  As previously described, closing the drain 64 by manipulating handle 66
      also opens master valve 50 to permit hot water to flow into maximum level
      control valve 52.
PAR  Water is thereby introduced into fill valve 56 and into piston control
      valve 58. The float on valve 56 is disposed at a level such that when a
      sufficient quantity of water has entered reservoir 22, it is designed to
      close. Then the only water that can enter reservoir 22 is derived from
      valve 58.
PAR  Water is emitted from valve 58 via the first outlet 82 which is connected
      to an opening in the lower portion of cylinder 26 via conduit 88.
      Simultaneously therewith, a flow of water occurs through orifice 84 which
      communicates with chamber 86.
PAR  The float associated with valve 58 is disposed in chamber 86 which also
      includes an opening or orifice 90 communicating with reservoir 22. The
      orifices 84 and 90 are designed such that the flow rate through orifice 84
      is greater than the flow rate through orifice 90. Therefore the level of
      water will gradually increase in chamber 86 until the float connected to
      valve 58 arises to a shut-off position to stop the flow of water. Then
      with valve 58 in the off position, water will flow only through orifice 90
      until the level of water is equal to the height of orifice 90. The float
      is disposed in chamber 86 such that when this above mentioned condition is
      reached, it has lowered sufficiently to actuate the opening of valve 58 to
      permit water to flow out of orifice 84.
PAR  When valve 58 is in the open position described, water is also introduced
      into cylinder 26 via outlet 82 and conduit 88. This flow of water
      increases the pressure in cylinder 26 to effect the rise of piston 32 and
      therefore tray 28 in reservoir 22.
PAR  Preferably piston 32 is of relatively loose fit in cylinder 26 such that
      when water is no longer communicated into cylinder 26, as when valve 58 is
      closed, piston 32 will settle downwardly. However, to assure a relatively
      slow rate of rise and fall of piston 32, and to limit the height to which
      piston 32 will rise, a slot 92 is provided in a lower portion of the side
      wall of cylinder 26. This permits water to exit cylinder 26 via slot 92
      and equalize the water pressure to permit the cylinder to fall.
PAR  Since the differential flow rates between orifices 84 a and 90 effect the
      repetitive opening and closing of valve 58, piston 32 is caused to
      reciprocate in cylinder 26 as water pressure is alternately increased and
      decreased in cylinder 26.
PAR  Since the cold food products which are to be placed on tray 28 soon create
      a temperature differential in the water immediately surrounding them, the
      reciprocation of piston 32 and tray 28 serves to gently agitate the water
      in reservoir 22 to maximize the contact of the food products with the
      warmer water in reservoir 22.
PAR  The flow rates of orifices 84 and 90 are predetermined to effect
      approximately a 15 to 20 second cycle time between the rise and fall of
      piston 22. It should also be pointed out that the rise and fall of piston
      32 is relatively gentle so that the food products on tray 28 are never
      stationary for more than a few seconds at a time. While in a given
      application, the time cycle of the reciprocation of piston 32 may be
      adjusted by varying the flow rates of the orifices 84 and 90, it has been
      found that an approximately twenty second cycle works well when chicken
      parts representing 26 chickens are to be pre-warmed from 32.degree. F to
      about 120.degree. F.
PAR  The total batch time for the pre-warmer of the present invention is
      automatically determined by the level of water in reservoir 22. As soon as
      the water level reaches a predetermined height, the float associated with
      valve 52 will rise to cause the closing of valve 52 which prevent water
      from reaching valve 58. At this point, no water can enter reservoir 22
      from any source and the warming cycle is completed. The flow of water into
      reservoir 22 via valve 58 is regulated in such a manner that the total
      cycle time is sufficient to warm the food product capacity from
      approximately 32.degree. F to 120.degree. F. A typical complete warming
      cycle for an apparatus constructed in accordance with the present
      invention with a capacity for 20 chickens is approximately ten minutes.
PAR  After the total run is completed, the operator merely actuates handle 66 to
      open drain 64 which also closes master valve 50. As the reservoir 22 is
      permitted to drain empty, the food products are removed via vaskets 34 and
      a new batch can be readied as needed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for pre-heating refrigerated food products comprising, in
      combination, housing means including a reservoir; a supply of water at a
      predetermined temperature that can be introduced into said reservoir at
      less than approximately 160.degree. F; valve means communicating with said
      reservoir and with said supply of water to control the flow rate
      introduced into said reservoir; tray means mounted in said reservoir and
      adapted to receive said food products; a piston mounted for reciprocating
      in a cylinder, said piston being in force-transmitting engagement with
      said tray means for predetermined repetitive movement of said tray means
      in said reservoir; and control means for effecting reciprocation of said
      piston including a chamber provided with an inlet and an outlet and valve
      means communicating a source of water to said chamber and to said
      cylinder, said valve means being responsive between on and off positions
      to the level of water in said chamber which in turn is responsive to the
      relative flow rates between said chamber inlet and outlet.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said cylinder is formed in the
      bottom surface of said reservoir and wherein said piston includes a side
      wall provided with a vertically disposed slot spaced from the upper
      portion of said piston; said slot forming a passage means communicating
      said cylinder with said reservoir when said piston rises a predetermined
      distance in said cylinder to effectively limit the upward travel of said
      piston.
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ABST
PAL  A method is characterized by causing a container with grain loaded therein
      to perform two rotary motions, that is a rotary motion about its own axis
      and a rotary motion about an axis of rotation extending in parallel with
      and in the same plane as its own axis, with subsequent positive removal of
      seed covers. The method enables the separation of seed cover from
      endosperm of grain of various cereal crops without destructing endosperm.
      An apparatus for carrying out this method is provided with at least two
      containers mounted in a hollow casing in parallel relative to each other
      for rotation about their common axes and interconnected for combined
      rotation about a common axis of rotation extending in parallel with their
      own axes. The apparatus has means for charging grain communicated with the
      containers, as well as collectors for seed covers and endosperm of grain
      communicated with the containers.
BSUM
PAR  The present invention relates to the grain milling and storage industry,
      and in particular to a method and apparatus for separating seed cover from
      the endosperm of grain of various cereal crops.
PAR  It is known that the seeds of all cereal crops consist of a coat including
      the floral envelope, pericarp and seed cover, as well as endosperm
      including the aleurone stratum and farinaceous stratum. The amount of
      cohesion between the seed cover and endosperm of grain varies from one
      cereal crop to another.
PAR  It is known to separate seed cover from the endosperm by using an apparatus
      comprising a hollow casing accommodating a rotatable container. The
      apparatus has a means for charging grain, communicating with the container
      and collectors for the removed seed covers and endosperm.
PAR  This known method of separating seed cover from the endosperm consists in
      the following.
PAR  Grain is fed, through charging means, into the container which is made to
      rotate. Thus, the grains, which are also made to rotate, are repelled by
      centrifugal force to the container walls and urged thereagainst to form a
      grain layer.
PAR  A rotating rotor accommodated in the container displaces the grain layer
      formed during the rotation so as to crush them and separate the seed cover
      in the form of small-sized pieces. Then the mass of partially cleaned
      grains and seed covers removed therefrom is screened on seaves where
      positive separation of seed covers from the endosperm takes place.
PAR  The application of the above-described method cannot ensure complete
      cleaning of the endosperm from seed cover.
PAR  One of the most important characteristics of grain is its ash content
      value. By the ash content of grain is meant the quantity of inorganic
      substances contained therein. These inorganic substances characterizing
      the ash content of grain are mainly present in the cover and in the
      aleurone stratum of the grain. High content of ash in the grain is
      indicative of low quality thereof.
PAR  Ash content of partially cleaned grain according to the above-described
      method is lowered only to 0.04% as compared to the ash content of grain
      which is not subjected to such treatment, so that the requirements imposed
      on the grain cleaned from seed cover cannot be met. Therefore, in order to
      further reduce the ash content, the grain is subjected to a repeated
      treatment in the above-described apparatus resulting in increased losses
      of the product, unproductive power consumption and longer time required
      for separation of seed covers.
PAR  During the separation of seed covers by the above-described method, due to
      difference in the shape and size of the grains and constant spacing
      between the inner surface of the peripheral wall of the container and
      rotor, concurrently with the removal of seed cover, the destruction of the
      endosperm of grain occurs in a part of grains, which are discharged along
      with the removed covers.
PAR  In addition, an important quantity of grains retain their seed covers
      intact so that the process of separating seed covers from the endosperm is
      to be repeated resulting in a longer time required for separation of seed
      cover.
PAR  The apparatus employed for carrying out this known method is only suitable
      for processing grains of a specific crop, such as wheat.
PAR  The apparatus is characterized by a low efficiency which is about 0.1 and
      large size, and is inconvenient in operation and maintenance.
PAR  It is an object of the invention to provide a method which enables the
      separation of seed cover from the endosperm of grain without destroying
      the endosperm.
PAR  Another object of the invention is to provide an apparatus for carrying out
      this method which will permit the productivity of the apparatus to be
      improved as compared to the known ones.
PAR  Yet another object of the invention is to provide an apparatus which will
      ensure the separation of seed covers from all grains charged into the
      container during a single processing cycle.
PAR  Still another object of the invention is to provide an apparatus having a
      smaller size than the known apparatus.
PAR  A further object of the invention is to provide an apparatus having an
      improved efficiency as compared to the known ones.
PAR  These and other objects are accomplished by the provision of a method for
      separating seed cover from the endosperm of grain of various cereal crops,
      wherein grain is charged into a container, then a rotary motion is
      imparted to the container with subsequent positive removal of the seed
      cover, wherein, according to the invention, concurrently with the rotation
      of the container about its own axis, an additional rotation is imparted to
      the container about an axis extending in parallel with and in the same
      plane as the axis of the container, the maximum acceleration of the grain
      in the container being selected within the range from 100 to 1000 g.
PAR  The above objects are also accomplished by the provision of an apparatus
      for carrying out the method according to the invention, comprising a
      hollow casing accommodating a container rotatable about its axis,
      communicating with means for charging grain and collectors for the removed
      seed covers and endosperm, wherein, according to the invention, there is
      provided at least one more container mounted in parallel with the first
      container for rotation about its axis, connected to the first container
      for combined rotation about a common axis extending in parallel with the
      axes of the containers, the ratio of the angular speeds of rotation of
      each container about its axis and about their common axis, respectively,
      complying with the condition:
EQU  .OMEGA..sup.2 (R- r) &gt; .omega..sup.2 r, wherein
PAR  .OMEGA. is the angular speed of rotation of the containers about their
      common axis;
PAR  R is the distance from the common axis of rotation to the axis of rotation
      of the container;
PAR  .PHI. is the angular speed of rotation of the container about its axis; r
      is the radius of the container.
PAR  The transmission to the container with grain of two types of rotary motion
      ensures the application of two fields of centrifugal forces to the grain.
      Therefore, the grains in the container are subjected to the action of
      three-dimensional compression with an effort exceeding the ultimate
      strength of seed cover with concurrent displacement of the grains relative
      to the container and to each other.
PAR  The seed covers of the grains subjected to said threedimensional
      compression are destroyed, whereafter, as a result of the relative
      displacement of the grains, the seed covers are separated from the
      endosperm. Concurrently with the removal of seed covers, they are
      separated from the mass of endosperm due to the difference in specific
      gravities thereof.
PAR  The method according to the invention permits separation of the seed cover
      from the endosperm without destroying the latter, whereby the quality of
      the endosperm is improved and the presence of pieces of endosperm among
      the removed seed covers is eliminated.
PAR  The proposed method provides for all grains charged into the container to
      be completely cleaned from seed cover. Therefore, no repeated treatment is
      required, whereby the time for separating seed cover from the endosperm is
      reduced as compared to the known method, while obtaining high quality of
      separation.
PAR  Complete separation of seed cover results in the reduction of ash content
      of the endosperm by 0.3 to 0 % so that the cleaned endosperm may be
      subjected to further processing immediately after the separation of seed
      covers.
PAR  The selection of the ratio of angular speeds of rotation of each container
      about its axis and about the common axis, respectively, on the basis of
      the condition .OMEGA..sup.2 (R-r) &gt; .omega..sup.2 r ensures the
      displacement of grains in the container along closed paths during their
      three-dimensional compression. This can be achieved in the case where
      accelerations caused by the rotation of the containers about the common
      axis for grains located at a minimum distance from this axis of rotation
      are greater than the accelerations of the same grains caused by the
      rotation of the containers about their axes, which is expressed by the
      above-given condition.
PAR  The possibility of imparting maximum acceleration to the grains within the
      range from 100 to 1000 g enables the process of separation of seed cover
      from the endosperm to be accelerated.
PAR  The efficiency of the apparatus according to the invention is about 0.6,
      which is greater than the efficiency of the known apparatus.
PAR  The apparatus according to the invention is suitable for any kind of cereal
      crops. This is possible due to the employment of individual drives for
      rotation of containers about their common axis and about their individual
      axes, respectively, so that the gear ratio of each drive may be
      independently varied to control the separation of seed covers from the
      endosperm.
PAR  The apparatus according to the invention is considerably smaller in size
      and easier in maintenance than the known one.
PAR  According to the invention, the containers are mounted in the apparatus
      between upper and lower discs which are journalled on a column defining
      the common axis of rotation, each container having coaxially arranged
      loading and unloading throats for communication with means for charging
      grain and with a collector for the removed seed covers, respectively, the
      throats being journalled in the upper and lower discs, respectively, and
      each serving as an axis of rotation of a respective container.
PAR  The arrangement of the containers between the upper and lower discs permits
      distribution of the inertia forces, appearing during the rotation of the
      containers with grain about the common axis, among these discs, whereby
      the conditions for operation of support bearings are improved and the
      rigidity of the system is increased so that the process of separation of
      seed covers from the endosperm can be conducted with greater overloads
      than in the case of the cantilevered arrangement of the containers in the
      known apparatus.
PAR  According to the invention, the charging means is mounted on the upper disc
      and comprises a central pipe and radial troughs wherethrough it
      communicates with the loading throats of the containers.
PAR  Arranging the charging means on the upper disc enables the utilization of
      forces of gravity for feeding grain into the containers, while the central
      location of the pipe disposed in the zone of minimum rotational speeds
      ensures smooth transition from the linear motion of the grain to the
      rotary motion.
PAR  According to the invention, each container of the apparatus is provided
      with a perforated portion of the peripheral surface thereof for
      discharging the endosperm of grains during the rotation of the container
      into a collector for endosperm which is formed by the outer peripheral
      surface of the container and inner surface of the casing, and a collector
      for seed covers is formed between the inner surface of the casing and
      lower disc.
PAR  The perforated portion is located in that zone of the container, where the
      grain is cleaned from seed cover. The arrangement of the collectors for
      endosperm and seed covers between the outer peripheral surface of the
      containers and the inner surface of the casing, and between the inner
      surface of the casing and the lower disc, respectively, makes it possible
      to dispense with the use of independent collectors, whereby the
      construction of the apparatus is simplified and its cost is reduced.
PAR  According to the invention, in order to impart to the containers rotary
      motion about their axes, the apparatus is provided with a mechanism
      comprising a central gear driven by an individual drive, said gear being
      journalled on the column and meshing with planetary pinions mounted on the
      throats, and for imparting to the containers the rotary motion about the
      column, which is the common axis of rotation, there is provided an
      individual drive which is operatively connected to the upper disc by means
      of a belt transmission, the upper disc being used as a pulley.
PAR  The employment of individual drives for rotating the containers about the
      common axis and about their respective axes enables an independent
      variation of the gear ratio of each drive so as to control the process of
      separation of seed covers from the endosperm.
PAR  The interconnection of the central gear and planetary pinions is effected
      by means of the external gearing, whereby the efficiency of the apparatus
      according to the invention is improved as compared to the known apparatus,
      and the size of the apparatus is reduced.
PAR  The location of the central gear level with the planetary pinions allows
      the unloading throats to be shorter and of the same length, whereby the
      path of movement of seed cover during its removal from the container after
      the separation is shortened to accelerate the separation cycle.
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PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of a specific embodiment thereof with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic front elevation view partially in section of an
      apparatus for separating seed cover from the endosperm of various cereal
      crops;
PAR  FIG. 2 is a sectional view taken along the line II--II of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 1.
DETD
PAR  The apparatus for carrying out the method according to the invention
      comprises a hollow casing 1 (FIG. 1) and two containers 2 accommodated
      therein for rotation about their axes.
PAR  Each of the containers 2 is provided with a loading throat 3 and an
      unloading throat 4 coaxially disposed in the top and bottom parts thereof,
      respectively, the throats serving as rotational axes of the containers 2.
PAR  The containers 2 are mounted between two parallel discs 5 journalled by
      means of bearings 6 on a column 7 serving as a common axis of rotation of
      the containers 2.
PAR  Each of the containers 2 can rotate about its axis due to its being
      journalled by means of bearings 8 of the loading throats 3 and unloading
      throats 4, respectively, in the upper and lower discs 5.
PAR  Rotary motion about a respective axis is imparted to the containers 2 by
      means of a mechanism comprising a central gear 9 journaled by means of
      bearings 10 on the column 7. The gear 9 is in permanent engagement with
      planetary pinions 11 rigidly fixed to the unloading throats 4. The central
      gear 9 is rotated by an electric motoro (not shown) by means of a belt
      transmission 12 (FIG. 1).
PAR  Rotary motion about the column 7, which is the common axis of rotation, is
      imparted to the containers 2 by means of an independent drive comprising
      an electric motor (not shown) and a belt transmission 13 (FIG. 1), the
      upper disc 5 being used as pulley.
PAR  The transmission of two types of rotary motion to the containers 2 with
      grain provides for application of two fields of centrifugal forces to the
      grain. Thus, the grains in the container 2 are subjected to a
      three-dimensional compression with an effort exceeding the ultimate
      strength of seed cover with concurrent displacement of the grains relative
      to the container and to each other, thereby resulting in the destruction
      of seed covers and their removal from the endosperm simultaneously with
      the separation of the removed seed covers from the endosperm.
PAR  The arrangement of the containers 2 with the planetary pinions 11 mounted
      thereon between two paralle discs 5 enables the distribution of inertial
      forces, appearing during the rotation of the containers 2 with grain about
      a common aixs, among these two discs. This facilitates the operation of
      the bearings 8, improves the rigidity of the system and permits to conduct
      the process of separation of seed covers from the endosperm with greater
      overloads corresponding to accelerations within the range from 100 to 1000
      g.
PAR  The ratio of the angular speeds of rotation of each container about its
      axis and about their common axis should comply with the condition:
EQU  .OMEGA..sup.2 (R-r) &gt; .omega..sup.2 r,
PAL  , wherein
PAR  .OMEGA. is the angular speed of rotation of the containers about their
      common axis; R is the distance from the common axis of rotation to the
      axis of rotation of a container; .omega. is the angular speed of rotation
      of the container about its axis; r is the radius of the container.
PAR  The compliance with the above-given condition is necessary to conduct the
      process of separation of seed cover from the endosperm.
PAR  The selection of the ratio of angular speeds of rotation of each container
      about its axis and about the common axis in accordance with the
      above-given condition ensures the displacement of grains in the container
      along closed paths with their three-dimensional compression. This can be
      achieved in the case, where acceleration caused by the rotation of the
      containers about their common axis of rotation for grains located at
      minimum distance from this axis of rotation are greater than accelerations
      of the same grains caused by the rotation of the containers about their
      axes, which is expressed by the above-given condition.
PAR  For feeding grain into the containers 2, there is provided a charging means
      14 which is mounted on the upper disc 5. The means 14 comprises a central
      pipe 15 and radical troughs 16 through which it communicates with the
      loading throats 3 of the containers 2.
PAR  The arrangement of the charging means 14 on the upper disc 5 enables the
      utilization of forces of gravity for feeding grain into the containers 2,
      while the central location of the pipe 15 disposed in the zone of minimum
      speeds rotation of the containers about their axes ensures smooth
      transition from the linear motion to the rotary motion.
PAR  The peripheral surfaces of the containers 2 are provided, in the zone where
      the grain is cleaned from seed cover, with a perforated portion 17 for
      discharging the endosperm during the rotation of the containers 2 into a
      collector 18 for endosperm (FIGS. 1, 2). The collector 18 is formed by the
      outer peripheral surface of the containers 2 and inner surface of the
      casing 1. The bottom wall 19 of the collector 18 comprises a cylindrical
      shell rigidly fixed to the casing 1. The shell is provided with a pipe 20
      for discharging the grain from the collector 18.
PAR  For collecting seed covers separated from the endosperm, a collector 21 for
      seed covers (FIGS. 1, 3) is provided between the inner surface of the
      casing 1 and the lower disc 5, the collector comprising a ring with a pipe
      22 fixed thereto for discharging seed cover from the apparatus.
PAR  The arrangement of the collectors for endosperm and seed covers between the
      outer peripheral surface of the containers and inner surface of the
      casing, as well as between the inner surface of the casing and lower disc,
      respectively, makes the apparatus simpler and more compact.
PAR  The apparatus according to the invention carries out the method according
      to the invention in the following manner.
PAR  The electric motor is energized to rotate the containers 2 about their axes
      (FIG. 1). The rotary motion is transmitted from the electric motor
      connected to the central gear 9 by means of the belt transmission 12 to
      rotate this gear, and then to the containers 2, via the planetary pinions
      11 meshing therewith, to rotate the containers.
PAR  Due to the presence of friction forces in the gearing of the gear 9 and the
      planetary pinions 11, as well as in the bearings 8, the containers 2 start
      rotating about the common axis of rotation, and this rotation is
      transmitted to the discs 5. When the rotational speed of the discs attains
      100 rpm, the second electric motor is energized to transmit, via the belt
      transmission 13, and additional rotation to the discs 5, and hence to the
      containers 2 journalled in the discs by means of the loading throats 3 and
      unloading throats 4.
PAR  Then the apparatus is pre-adjusted to grain predetermined operating
      conditions which are as follows:
EQU  .OMEGA..sup.2 (R- r) &gt; .omega..sup.2 r
PAR  The direction of rotation of the discs 5 and containers 2 is of no
      importance.
PAR  Then grain is fed through the central pipe 15 and the troughs 16 of the
      charging means 14 into the loading throats 3 of the containers 2.
PAR  As the grain accumulates in the containers 2, their angular speeds of
      rotation about a respective axis and about the common axis start changing.
      During this period of fluctuation of the ratio of the angular speeds of
      rotation of the containers about the axes and about the common axis, the
      reguired operating conditions of the apparatus are restored by varying the
      angular speeds of the electic motors. The control of the ratio of the
      angular speeds is effected until the amount of grain entering the
      containers 2 becomes equal to the total amount of seed covers and
      endosperm of grain leaving the containers.
PAR  The grain charged into the containers 2 is subjected to the action of two
      types of rotary motion thereon. Two fields of centrifugal forces act on
      the grain. Thus, the grains in the container are subjected to a
      three-dimensional compression with an effort exceeding the ultimate
      strength of seed cover with concurrent displacement of the grains relative
      to the container and to each other.
PAR  Seed covers of the grains subjected to said three-dimensional compression
      are destroyed, whereafter seed covers are removed from the endosperm as a
      result of the relative displacement of the grains. Concurrently with the
      removal of seed covers, they are separated from the mass of endosperm of
      grains due to the difference in specific gravities.
PAR  Having a low specific gravity and a large specific surface, the seed covers
      are accumulated adjacent to the axes of rotation of the containers 2 and,
      due to a pressure difference in the air medium appearing as a result of
      movement of the unloading throats about the common axis of rotation and/or
      due to a positive suction through the pipe 22, the seed covers are
      discharged through the unloading throat 4 into the collector 21 and
      therefrom through the pipe 22 (FIG. 3), from the apparatus.
PAR  As the grain descends in the container under gravity, it is completely
      cleaned from seed covers and reaches the perforated portion 17 of the
      container 2.
PAR  The endosperm which is now cleaned from seed cover, is expelled through the
      perforation under the action of centrifugal forces into the collector 18
      for endosperm (FIG. 2) and is then discharged from the apparatus under
      gravity or by a pneumatic transporting means.
PAR  The destruction of seed covers and their removal from the endosperm occur
      with acceleration of the grains in the container within the range from 100
      to 1000 g. Acceleration is selected depending on the crop.
PAR  Thus, for wheat, acceleration is selected within the range from 100 to 180
      g. For White-Grained wheat the acceleration is selected equal to 120 g,
      for Rock wheat 170 g.
PAR  For rice, acceleration is selected within the range from 400 to 600 g. For
      Dalnevostochnyj rice the acceleration is selected equal to 560 g.
PAR  For barley acceleration is selected within the range from 800 to 1000 g.
      For "spring" barley this acceleration is 940 g.
PAR  The results of tests for determination of the ash content of wheat and rice
      are given in the following tables.
PAR  The method according to the invention permits to separate seed covers from
      endosperm of grain without destroying the latter. This improves the
      quality of the endosperm and eliminates its presence in the removed seed
      covers after their separation.
PAR  With the employment of the method according to the invention all grains
      charged into the containers of the apparatus are completely cleaned from
      seed cover during a single processing cycle so that no repetition thereof
      is required.
PAR  The method according to the invention permits to reduce the ash content of
      the endosperm to 0.3-0.6% so that the cleaned endosperm can be subjected
      to further processing immediately after the separation of seed covers.
PAR  The possibility of imparting acceleration within the range from 100 to 1000
      g to the grains permits to accelerate the process of separation of seed
      cover from the endosperm grains and to separate seed covers of any cereal
      crop.
TBL                                    Table 1                                 
     __________________________________________________________________________
                         Ash con-                                              
                               Ash                                             
                   Ash   tent  content                                         
                                    % of                                       
         Crop, Sample                                                          
                   content                                                     
                         after reduc-                                          
                                    crashed                                    
     Origin                                                                    
         variety                                                               
               No. of sample                                                   
                         treatment                                             
                               tion grains                                     
     __________________________________________________________________________
     USA Wheat 1   1.62  1.42  0.20 0                                          
         "White-                                                               
               2   1.62  1.31  0.31 0                                          
         Grained"                                                              
               3   1.62  1.43  0.19 0                                          
               4   1.62  1.28  0.34 0                                          
               5   1.62  1.37  0.25 0                                          
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
                             Ash con-                                          
                                   Ash                                         
                       Ash   tent  content                                     
                                        % of                                   
           Crop,   Sample                                                      
                       content                                                 
                             after reduc-                                      
                                        crashed                                
     Origin                                                                    
           variety No. of sample                                               
                             treatment                                         
                                   tion grains                                 
     __________________________________________________________________________
     Australia                                                                 
           Wheat   1   1.51  1.40  0.11 0                                      
           "South- 2   1.58  1.41  0.17 0                                      
           Australian"                                                         
                   3   1.54  1.44  0.10 0                                      
           "White- 4   1.58  1.40  0.18 0                                      
           Grained"                                                            
                   5   1.60  1.46  0.14 0                                      
     __________________________________________________________________________
TBL                Table 3                                                     
     ______________________________________                                    
           Crop,          Ash con-                                             
                                 Ash con-                                      
                                        Ash con-                               
                                               % of                            
           vari-  Sample  tent of                                              
                                 tent after                                    
                                        tent re-                               
                                               crashed                         
     Origin                                                                    
           ety    No.     sample treatment                                     
                                        duction                                
                                               grains                          
     ______________________________________                                    
     Rice     1       1.35     0.66   0.69   0                                 
              2       1.35     0.69   0.66   0                                 
              3       1.35     0.56   0.79   0                                 
     ______________________________________                                    
PAR  The efficiency of the apparatus according to the invention is as high as
      0.6. The apparatus is simple and compact. What is claimed is:
CLMS
NUM  1.
PAR  1.  An apparatus for separating seed cover from endosperm of grain of
      various cereal crops comprising: a hollow casing; a container for grain
      mounted in said casing for rotation about its own axis; at least one more
      container for grain mounted in said casing in parallel with the first
      container for rotation about its own axis, said second container being
      associated with the first container for combined rotation therewith about
      a common axis of rotation extending in parallel to the own axes of
      rotation thereof; means for charging grain communicated with said
      containers; a collector for the removed seed covers communicated with said
      containers; a collector for endosperm of grains communicated with said
      containers; means for rotating said containers about their own axes; means
      for rotation said containers about said common axes of rotation thereof
      extending in parallel with their own axes; the ration of the angular
      speeds of rotation of each said container about its own axis and about the
      common axis of rotation of the containers complying with the condition:
EQU  .OMEGA..sup.2 (R-r) &gt; .omega.r ,
PAL  wherein
PA1  .omega. is angular speed of rotation of the container about the common axis
      of rotation;
PA1  R is distance from the common axis of rotation to the own axis of rotation
      of the container;
PA1  .omega. is angular speed of rotation of the container about its own axis; r
      is radius of the container.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein the containers are mounted
      between upper and lower disc journalled on a column, which is the common
      axis of rotation, and each container is in communication with said means
      for charging and with said collector for the removed seed covers, and each
      container has coaxially arranged loading and unloading throats journalled
      in the upper and lower discs, respectively, said throats serving as said
      own axes of rotation of said container.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said means for charging is
      mounted on said upper disc and comprises a central pipe and radial troughs
      communicating the pipe with said loading throats of said containers.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein the peripheral surface of
      each said container is provided with a perfortated portion for discharging
      endosperm of grains during the rotation of said container into said
      collector for endosperm of grains said endosperm collector is formed
      between the outer peripheral surface of said containers and the inner
      surface of said casing, and the collector for seed grains is formed by the
      inner surface of said casing and said lower disc.
NUM  5.
PAR  5. An apparatus according to claim 1, wherein, in order for said containers
      to impart said rotary motion about their own axes, there is provided a
      mechanism comprising a central gear driven by an individual drive, which
      is journalled on said column and in permanent engagement with planetary
      pinons mounted on said throats of said containers, and, in order to impart
      to said containers said rotary motion about said column, which is said
      common axis of rotation, there is provided an individual drive operatively
      connected to said upper disc by means of a belt transmission, the upper
      disc being used as pulley.
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PAL  A vertically acting baler adapted particularly to bale waste paper
      products. The baler provides for ram alignment on three sides, bale tying
      by pre-placed ties and bale relief for easy ejection by a unique
      bell-crank type ejecting mechanism.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  A. FIELD OF INVENTION
PAR  This invention relates generally to stationary, vertically acting balers
      and particularly to such devices that provide pre-positioned ties and bale
      relief for ejection at support floor level.
PAR  B. DESCRIPTION OF PRIOR ART
PAR  Mechanical balers of one sort or another have been known since the very
      early periods of mechanics, and with this long historicity the generic
      device has tended to evolve into quite distinctive species, each generally
      related to quite a specialized function and usually to a specific product.
      With the advent of the present day philosophy espousing environmental
      protection, and our culture having the sophisticated merchandising systems
      that it does, the disposal of wastes created by these merchandising
      systems has become a problem. The instant invention was created to and has
      found commercial success in baling waste packaging materials, particularly
      of a paper-like nature, to simplify its handling, storage and disposal.
PAR  Our baler has evolved from the general principles known in the prior art to
      provide specific novel structures that well adapt it to the
      particularities of the baling of the waste that it is created for. The
      baler is of a stationary type with a vertical baling stroke as it normally
      is used by positionally established businesses in a location that has
      adequate vertical clearance. The baler is formed with peripheral baling
      chamber surfaces of a slat-like nature to aid the baling operation by
      reducing friction during its course and to allow the pre-placement of ties
      about the baling area before the bale is formed so that they need not be
      placed after bale formation. This materially increases both the ease and
      safety of operation of the device. Our baler provides guidance support for
      the compressing ram on three sides to require foul proof, non-binding ram
      motion while yet allowing for bale relief from the restraining peripheral
      elements of the baling chamber after bale formation for simple bale
      ejection. The bale is ejected by a novel bell-crank type ejector system
      that is and may be of simple economic construction because of the bale
      relief system.
PAR  These features, though not necessarily novel per se, have been combined in
      our baler to create the specific structure that has found ready market
      acceptance for its intended purpose. The novelty of our invention over the
      prior art devices resides in the union of all of these various structural
      elements acting in combination to create a complete machine not heretofore
      known, either structurally or functionally.
PAC  SUMMARY OF INVENTION
PAR  Our invention provides a baling chamber, peripherally defined by bottom and
      four vertical sides, with a ram adapted for vertical motion therein. The
      lower portion of the first vertical side or front is pivotably mounted at
      one lateral edge and releasably fastenable at the other to open for bale
      removal. Above this lower front panel is a vertically movable gate that
      opens for access and closes during operation to serve as a guard. The
      lower portion of the side of the bale chamber, adjacent to the fastening
      edge of the front, is similarly pivotably mounted so that it may move
      outwardly to relieve pressure on a bale to be ejected. The ram is slidably
      guided on three sides by rails to maintain aligned motion within the
      baling chamber.
PAR  The peripheral elements of the baling chamber are formed of spaced slats to
      reduce baling friction and provide channels for establishment of bale
      ties. Plural hooks are established in the upper portion of the channels
      between slats on the rearward wall to hold bale ties that pass vertically
      downward across the bottom and up the front edge of the baling chamber, to
      a position above the effective baling area, so that they may be tied
      across the top of the bale when completed. The baling ram may be operated
      only when the safety gate is closed and ceases operation in response to
      position sensitive switch activation indicating a bale of completed size.
PAR  An ejector mechanism provides a bell-crank lever operated by a simple winch
      mounted on the frame exterior to move a bell-crank arm positioned between
      the bottom baling chamber slats vertically upward to eject a bale
      forwardly from the baling chamber.
PAR  In providing such a mechanism it is:
PAR  A principal object of our invention to provide a stationary vertical baler
      particularly adapted to bale waste packaging products.
PAR  A further object of our invention to provide such a baler that guides a
      baling ram on three sides for alignment but yet allows front opening for
      bale ejectment and side opening for bale relief prior to ejection.
PAR  A further object of our invention to provides such a mechanism that allows
      pre-placement of bale ties for simple and safe tying after bale formation.
PAR  A still further object of our invention to provide a novel winch operated
      bell-crank type mechanism for ejection of formed bales at the level of
      baler support.
PAR  A still further object of our invention to provide such a baler that is of
      new and novel design, of rugged and durable nature, of simple and economic
      manufacture and otherwise well adapted for the uses and purposes for which
      it is intended.
PAR  Other and further objects of our invention will appear from the following
      specification and accompanying drawings which form a part of this
      specification. In carrying out the objects of our invention, however, it
      is to be remembered that its accidental features are susceptible of change
      in design and structural arrangement with only one preferred and practical
      embodiment being illustrated in the accompanying drawings, as is required.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the accompanying drawings which form a part hereof and wherein like
      numbers of reference refer to similar parts throughout:
PAR  FIG. 1 is an isometric surface view of our baler showing its various parts,
      their configuration and relationship.
PAR  FIG. 2 is a horizontal cross-sectional view of the baler of FIG. 1, taken
      on the line 2--2 thereon in the direction indicated by the arrows, to show
      the details of the internal structure of our baler.
PAR  FIG. 3 is an isolated isometric view of the winch operated bell-crank
      ejector system of our invention showing its structure and operation in
      greater detail.
PAR  FIG. 4 is a somewhat enlarged, detailed view of the latch mechanism of the
      front bale removal door and lower side relief panel of our baler.
PAR  FIG. 5 is an enlarged isometric view of one of the tying wire holders of
      our invention.
PAR  FIG. 6 is a diagrammatic representation of the electrical and hydraulic
      circuitry of our invention, illustrated in normal symbology.
DETD
PAC  BRIEF DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings in more detail and particularly to that of
      FIG. 1, it will there be seen that our invention comprises generally baler
      frame structure 10 defining vertical baling chamber 15 in which baling ram
      11 is vertically moved by hydraulic system 13 responsively to electrical
      control system 14; the completed bale is removed from the baling chamber
      by bale ejector mechanism 12.
PAR  Baler frame structure 10 provides front 16, opposed similar sides 17, 18
      and back 19 all structurally communicating with bottom 20 to define open
      topped, vertically extending baling chamber 15. These frame members are
      formed of elongate slat-like elements 21 maintained in parallel spaced
      adjacency by external frame 22 so that there are elongate voids or
      channels 23 opening into the baling chamber between each of the slat-like
      elements. The slat-like elements 21 of bottom 20 are aligned in such
      fashion that their channels 23 align with the channels between the slats
      in front and back elements 16, 19 to provide continuous channels extending
      along these three surfaces to allow pre-placement of ties as hereinafter
      described. The upper portions of both sides 17, 18 and back 19 are
      provided with medially positioned vertically extending siderails 24 to
      direct motion of the baling ram in the baling and maintain proper
      alignment therein.
PAR  The lower portion of front 16 provides bale removal door 25 supported at
      edge 26 by plural hinges 27 carried on baler side 18 for swing about a
      vertical axis to allow the bale removal door to swing horizontally
      outwardly to completely open the front of the bale chamber. The opposite
      vertical edge 28 of the door carries pivotably mounted latch mechanism 29
      to cooperate with the pivotably mounted latch bar 30 carried by the
      forward edge of side 17 to fasten all parts securely together by yet
      provide for simple unfastening.
PAR  The lower portion of side 17 provides bale relief door 31. This door is
      pivotably mounted on plural hinges 32 structurally carried by the lateral
      edge part 33 of back 19 to swing in a horizontal plane about a vertical
      axis to some slight degree to relieve pressure upon a formed bale. Latch
      bar 30 is pivotably mounted, inwardly adjacent the forward edge of bale
      relief door 31, so that it may swing in a horizontal plane over latch
      mechanism 29 on the bale removal door 25 to be solidly, yet releasably,
      latched thereby.
PAR  Baler front 16 immediately above bale removal door 25 provides input door
      35. This door is mounted by plural opposed, lever type hinge bars 36,
      pivotably communicating with the lateral edges of door 35 at one end and
      with baler frame 10 at the other to provide a vertical pivotably motion
      for the imput door from the open position, as illustrated in FIG. 1 in
      solid line, to the closed position illustrated as dotted line. The method
      of mounting and pivoting this door, and in fact the bale relief door and
      bale removal door, is not critical and various other mounting means may be
      used so long as the doors have the motion specified to accomplish their
      purposes.
PAR  The bale frame structure described is preferably formed from mild steel
      elements of the configuration specified and illustrated. These elements
      are structurally joined by welding in the preferred embodiment
      illustrated. The inwardly facing surfaces of the various baler frame
      members defining the baling chamber should be reasonably smooth to reduce
      friction during the baling operation, but it has been found that the
      surface of normally available commercial structural steel is quite
      appropriate for this purpose. The sizing of the various structural
      elements is not critical to our invention so long as it be such as to
      provide sufficient strength and rigidity to accomplish its purposes.
      Particular structural parameters may be readily determined by methods well
      known in the mechanical arts, and are not per se a part of our invention.
PAR  Plural baling wire hooks 67 are carried by the baler frame structure in the
      upper part of back, above the normal top of a bale, in channels 23 between
      slat-like elements 21. Plural wire holders 68 are carried by the baler
      frame structure at spaced distances in the channels in the back below
      hooks 67 and in the channels of the bottom and bale removal door of the
      front 16. Each wire holder is formed from resilient material defining
      central wire hole 63 communicating through the holder by channel 64 to the
      edge of the holder facing the baling chamber as particularly illustrated
      in FIG. 5.
PAR  Baling wires 65 are elongate elements of length sufficient to pass about a
      bale with sufficient surplus to allow fastening of the ends by twisting or
      otherwise. One end of each baling wire is formed with a loop 66 to allow
      fastening on baling wire hooks 67. The baling wires found most desirable
      are of galvenized iron wire of approximately 14 gauge.
PAR  Baling ram 11 provides substantial planar baling platten 37 activated
      through medially positioned ram stem structure 38. The baling platten is
      again formed with elongate slat-like elements maintained in spaced
      parallel position by supportative peripheral frame 39 to create channels
      between the slats. Peripheral frame 39 of the baling ram is provided with
      three channel-type sliding bearings, appropriately positioned in the
      medial part of the two sides and back, to slide upon guide rails 24
      carried thereby to provide three point alignment for the ram during its
      course of vertical motion in the baling chamber. The peripheral
      configuration and sizing of the ram should be just slightly smaller than
      the inside dimension of a horizontal plane through the baling chamber so
      that it may move readily therein but yet compress unconsolidated matter
      carried within that chamber. The baling ram, again, is preferably formed
      from mild steel elements joined by welding and is of size and
      configuration as determined by normal methods of mechanics.
PAR  Hydraulic system 13 provides, in this instance, at least one vertically
      oriented hydraulic cylinder 41 structurally carried by the upper part of
      the baler frame structure with its piston rod mechanically linked to ram
      stem structure 38 to move the baling ram 11 vertically within the baling
      chamber. Cylinder 41 is of the double acting variety and must have a
      stroke sufficient to move the platten 37 of baling ram 11 from its
      lowermost baling position to its uppermost position above or substantially
      above imput door 35 to allow imput of material to be baled. Again, the
      exact nature of the hydraulic pressing system of our invention is not
      critical to it and it may comprise a single cylinder as illustrated, a
      plurality of vertically disposed cylinders or in some instances where
      vertical clearance is a problem there may be an angularly disposed
      grouping of cylinders working through a scissors type linkage to provide
      the vertical motion of the baling ram.
PAR  Bale ejector mechanism 12 provides the ejector bell-crank having elongate
      rod-like body portion 43 structurally connecting rearwardly extending bale
      ejector arm 44 at its laterally inner end and rearwardly extending
      activating arm 45 at its laterally outer end, both ejector arm and
      activator arm extending substantially in parallel directions. Body portion
      45 is pivotably carried by journals 46 along the forward upper edge of
      bottom 20 with bale ejector arm 44 designed to fit within one of the
      channels 23 in the bottom element so that in its null position it is below
      the baling surface thereof.
PAR  Activating winch 47, carried on bracket 48 by the medial forward part of
      side 17, communicates with the lateral end part of the activating arm 45
      by cable 49. A part of the upper surface of bale ejector arm 45 normally
      is provided with tooth-like protuberances 50 to contact a formed bale to
      prevent slippage and assure ejectment.
PAR  Electrical control circuitry 14 of our invention is diagrammatically
      illustrated in FIG. 6. An external source 51 furnishes electrical current
      through three-pole single throw switch 52. This current is then supplied
      through upper limit switch 53 to solenoid controlled hydraulic valve 55
      controling the downstroke of cylinder 41 and through lower limit switch 54
      controlling hydraulic valve 56 on the other side of the piston of cylinder
      41 to control its upstroke. Current is supplied through the third pole of
      switch 52 to pump 57 which pressurize hydraulic fluid received from
      reservoir 58 to supply it to the hydraulic cylinder through valves 55 and
      56 from whence it is returned to the reservoir 58. With this circuitry the
      up and down motion of the baling platten may be controlled either by the
      limit switches or by two poles of switch 52 and the pump may be controlled
      by the third pole of that switch. Safety switch 59 is normally included in
      the circuitry for use, in most areas, to insure safety of operation of the
      device. This switch must be closed to furnish any power for motion of the
      platten and it is normally activated by closure of the imput door 35. The
      hydraulic system will normally be furnished with pressure by-pass 60
      controlled by pressure sensitive valves 61 to allow continued holding
      operation of the baling ram at a predetermined pressure.
PAR  Having thusly described the structure of our invention, its operation may
      be more readily understood.
PAR  Firstly, a structure is formed according to the foregoing specification,
      positioned on an appropriate supportative surface, and furnished with
      electric current. If the baling ram be in the downward position it is
      manually raised to its upward position by manual operation of switch 52.
PAR  In this condition imput 35 is opened for access and plural baling wires 65,
      normally 4 in number, are placed by their loops 66 upon baling wire hooks
      67. The wires are then brought downwardly in the channels between baling
      chamber slats and held in position by insertion through the respective
      wire holders 62. Each wire passes forwardly through the channel in bottom
      20 and upwardly on the inside of the front 16 with the surplus end of each
      tie bent forwardly across the top of the bale removal door 25 to be
      maintained there by an appropriately placed wire holder. The doors are
      then all shut and locked into place.
PAR  Imput door 35 is then opened by moving it upwardly and waste to be baled is
      inserted through the opening created thereby and downwardly into the
      baling chamber. As the operation progresses imput door 35 is periodically
      closed and baling ram 11 moved downwardly by manual operation of the
      appropriate pole of switch 52 to compress matter in the baling chamber. It
      is to be noted that as this is done the ram's downward course of travel
      will be limited by the maximum pressure thereon by reason of the pressure
      by-pass route 60 controlled by settable pressure sensitive valves 61. The
      operation is continued until sufficient baled matter is present in the
      chamber so that in its downward course the baling ram does not operate the
      lower limit switch 54 because the bale is too large to allow it to pass
      downwardly past the switch. When this condition occurs the ram will remain
      down against the bale to signal completion of a bale of appropriate size.
PAR  At this point the ram is manually raised, the imput door 35 opened and the
      wire ties removed from their holding hooks 67 and brought forwardly across
      the top of the completed bale. The imput door is then shut and the baling
      ram brought down upon the bale to hold it while it is being tied. With the
      ram in a downward position and the bale being held by it, the bale removal
      door 25 is opened and the ends of each baling tie are fastened together in
      some fashion known in the baling arts. Imput door 35 is then closed, if
      necessary, the ram raised and the bale is ready for ejectment.
PAR  To eject the bale, the baler ejectment door and imput door if necessary are
      opened, winch 47 is operated to move activation arm 45 of the bale ejector
      forwardly and this in turn moves the bale ejector arm in an upward and
      forward direction to tip the bale out of the baling chamber in front of
      the bale removal door. The cycle is then completed, the baler may be
      closed and is then ready for repeat of the operation.
PAR  It is to be noted that with the operation of our baler the baling ram may
      be maintained in a down or pressure position if desired for extended
      periods of time. It has been found that this is desirable in baling waste
      paper as if it be held under pressure for some period of time it tends to
      maintain its compressed status and lose some of its plastic elasticity.
PAR  Having thusly described our invention, what we desire to protect by Letters
      Patent, and
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STM  What we claim is:
NUM  1.
PAR  1. A baler for waste products comprising, in combination:
PA1  a baler frame structure having a bale removal door and providing spaced
      slat-like elements defining the bottom, two vertical sides, the front and
      back of a rectilinear baling chamber, the slats in the vertical surfaces
      being vertically oriented and those in the bottom being aligned with the
      vertical slats to form continuous channels in the baling chamber periphery
      with plural baling wire hooks carried by the baler frame structure in the
      said channels in the upper part of the back and plural spaced wire holders
      adapted to releasably hold baling wire in plural channels extending
      downwardly along the back from the baling wire hooks across the bottom and
      upwardly on the front to the top of said bale removal door, and vertically
      positioned guide rails carried in the medial part of the chamber defining
      surfaces of the opposed sides and back of the baler to guide the vertical
      motion of a baling ram therein;
PA1  said bale removal door being in the lowermost part of the front pivotably
      mounted for horizontal swing motion at one side edge and having first
      latching means at the second side edge;
PA1  an input door immediately above the bale removal door hingably mounted at
      its lateral edges on the baler frame structure for opening motion upward
      and outwardly;
PA1  a baling ram having a flat lower baling surface vertically movable within
      the baling chamber with bearing surfaces to fit upon and be slidably
      guided by the guide rails carried on the baling chamber facing surfaces of
      the baler frame structure; and
PA1  hydraulic means of vertically moving the baling ram within and above the
      baling chamber responsive to manually activated electric controls.
NUM  2.
PAR  2. The invention of claim 1 having bale ejector means comprising:
PA1  a bell-crank with an elongate body journaled for pivotable motion at the
      upper forward edge of the bottom element of the baler frame structure with
PA1  a bale ejector arm extending perpendicularly therefrom into a medial
      channel between slats forming the bottom;
PA1  an activator arm extending perpendicularly from the bell-crank body
      substantially parallel to the bale ejector arm at a spaced distance
      laterally outward from the outer surface of the baler frame structure; and
PA1  winch means mounted on the baler frame structure and communicating by cable
      with the activator arm to turn the activator arm and thusly the bale
      ejector arm upward and forward responsive to winch action to eject a bale
      from the bale chamber.
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ABST
PAL  A waste compactor comprising a cabinet having an extendible ram assembly
      mounted adjacent the upper end thereof and a removable dolly associated
      with the lower end thereof. The dolly is adapted to support a vertically
      elongated support device which is adapted to be inserted into the interior
      of a disposable flexible bag for supporting the bag in an open and upright
      position for permitting trash to be deposited therein when the support
      device and bag is disposed on the dolly and positioned under the ram
      assembly. The support device also acts as a liner for protecting the bag.
      A chute is swingably mounted on the cabinet for permitting waste to be
      deposited into the bag. The chute is movable into a closed position
      wherein it substantially closes the front wall of the cabinet and, when in
      the closed position, coacts with a safety device to permit energization of
      the ram assembly. The safety device prevents actuation of the ram assembly
      when the chute is open or when the dolly is removed from the cabinet.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is related to my copending application Serial No. 297,823,
      filed concurrently herewith now U.S. Pat. No. 3,827,348.
PAR  1. Field of the Invention
PAR  This invention relates to a waste disposal device for compacting paper and
      related compressible products and, in particular, relates to an improved
      waste compacting device which is of compact size and provides maximum
      operator safety.
PAR  2. Background of the Invention
PAR  My above-mentioned copending application Ser. No. 297,823 now U.S. Pat. No.
      3,827,348 discloses therein a waste compacting device which is of compact
      size and provides maximum operator safety. In this prior compacting
      device, the flexible disposable bag is supported on a ring which is
      removably positioned within the cabinet in alignment under the ram
      assembly for permitting trash to be compacted within the bag. When the bag
      is full, the ring is slid from the cabinet to permit securing of the bag,
      with the filled bag then being manually removed to a suitable location and
      a new empty bag is again mounted on the ring. While this waste compactor
      has proved highly successful and desirable, both in terms of safety,
      efficiency and mode of operation, nevertheless it has been discovered that
      in some situations the necessity of having to pull or carry the bag filled
      with compacted trash can be difficult and unduly time consuming, and thus
      in some situations there exists a need for a structure which permits a
      more efficient disposal of the filled bags without requiring carrying of
      same.
PAR  Accordingly, the present invention relates to an improved waste compacting
      device similar to the device disclosed in my above-mentioned application,
      but wherein the device incorporates still further improvements to make the
      device more adaptable for use in various use situations, and so as to
      still further simplify the overall handling and manipulation of the filled
      bags of trash.
PAR  Thus, it is an object of the present invention to provide an improved waste
      compacting device which incorporates all of the advantages of my prior
      device, and which includes still further improvements and advantages to
      facilitate the compacting of the trash and the handling and the
      manipulation of the filled bags.
PAR  Particularly, it is an object of the present invention to provide an
      improved waste compacting device, as aforesaid, which incorporates therein
      a dolly structure which is useable for supporting the bag during the
      filling and compacting of the trash therein with the dolly being separable
      from the compactor housing to enable the filled bag of trash to be easily
      transported to a different location without requiring lifting or manual
      manipulation of the filled bag.
PAR  Another object of the present invention is to provide an improved
      compactor, as aforesaid, which includes an improved support device for the
      flexible disposable bag, which support device functions both for
      supporting the empty bag in an upright position to facilitate filling of
      same and for protecting the bag from tearing and ripping when the trash is
      being compacted therein.
PAR  Still another object of the present invention is to provide an improved
      compactor, as aforesaid, wherein the support device comprises a pair of
      members pivotally connected adjacent their upper edges to form a
      clamshell-like device, which device can be easily inserted into the
      interior of an empty bag and is effective for supporting the empty bag in
      an upright position when positioned on the dolly, with the clamshell-like
      device also functioning as a liner for protecting the bag during the
      compacting of the trash therein.
PAR  A further object of the present invention is to provide an improved
      compactor, as aforesaid, wherein the support device is of lightweight to
      facilitate its insertion into and removal from the bag, and wherein the
      clamshell construction of the support device permits the device to assume
      a downwardly diverging tapered shape when the bag is filled with trash to
      facilitate the removal of same from the filled bag.
PAR  Other objects and purposes of the present invention will be apparent to
      persons acquainted with devices of this type upon reading the following
      specification and inspecting the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the improved compacting device constructed
      according to the present invention, same being illustrated in the closed
      position.
PAR  FIG. 2 is a fragmentary, perspective view of a portion of a compacting
      device and illustrating the loading chute in its open position.
PAR  FIG. 3 is a side, central sectional view of the compacting device, same
      being illustrated in its closed position and with the ram in its upwardly
      retracted position.
PAR  FIG. 4 is a fragmentary, side sectional view similar to FIG. 3 and
      illustrating the loading chute in its open position.
PAR  FIG. 5 is a fragmentary sectional view taken substantially along the line
      V--V of FIG. 3.
PAR  FIG. 6 is a perspective view of the dolly structure with the bag support
      device mounted thereon.
PAR  FIG. 7 is a further perspective view of the dolly structure but with the
      bag support device removed.
PAR  FIG. 8 is a perspective view of the improved bag support device.
PAR  FIG. 9 is an enlarged sectional view take substantially along the line
      IX--IX of FIG. 3.
PAR  FIG. 10 is a sectional view taken along substantially the line X--X of FIG.
      9.
PAR  FIG. 11 is a perspective view of a modified bag support device.
PAR  FIG. 12 is a perspective view of the bag support device having a bag
      positioned thereon.
DETD
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. For example, the
      words "rightwardly", "leftwardly", "upwardly" and "downwardly" will refer
      to directions in the drawings to which reference is made. The word "front"
      will refer to the front side of the machine, same being the left side as
      appearing in FIGS. 3 and 4, with the word "rear" being used to refer to
      the back side of the machine as appearing on the right side of FIGS. 3 and
      4. The words "inwardly" and "outwardly" will refer to the geometrical
      center of the machine and to designated parts thereof. Said terminology
      will include the words above specifically mentioned, derivatives thereof
      and words of similar import.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and purposes of the present invention are met by providing a
      waste compactor comprising a cabinet having a fluid pressure-operated
      extendible ram assembly mounted adjacent the upper end thereof and having
      a removable dolly assembly adjacent the lower end thereof for supporting a
      disposable bag under the ram assembly. The bag is supported on the dolly
      by a support device which includes a pair of opposed members which are
      pivotally connected at their adjacent upper edges to form a clamshell-like
      structure. The support device is positionable in the interior of the bag
      with the friction between the device and the bag being sufficient to
      support the bag in an open upright position under the ram assembly. The
      support device, which is freestanding on the dolly and resembles a
      vertically elongated tubular structure, also functions as a liner for
      protecting the bag. A chute is swingably mounted on the cabinet and
      disposed directly above the dolly for permitting waste to be deposited
      into the bag. The chute and the dolly substantially close the front wall
      of the cabinet. The chute, coacts with a safety interlock device which
      permits energization of the ram assembly only when the chute is closed.
      The chute is totally removable from the cabinet to permit the dolly and
      the filled bag mounted thereon to be rollingly removed from the cabinet.
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a waste compactor 10 constructed according to the
      present invention, which compactor includes a substantially box-like
      housing 11 containing therein a ram assembly 12 (FIG. 3) for permitting
      waste to be compacted within a disposable receptacle, such as a flexible
      plastic bag.
PAR  The housing 11 includes a pair of opposed and substantially parallel
      sidewalls 13 and 14 fixedly interconnected by a back wall 16 and a top
      wall 17. An intermediate partition 18 is disposed within the housing and
      extends thereacross in substantially parallel relationship with the back
      wall 16 and divides the housing into a front trash receiving compartment
      19, in which is positioned the ram assembly 12, and a rear equipment
      compartment 21.
PAR  The upper portion of the front side of the housing 11 is closed by means of
      a removable upper panel 22. The lower front side of the housing is closed
      by means of a panel 31 which comprises a portion of a removable dolly 23.
      A removable loading chute 24 is disposed between the panel 22 and the
      dolly 23 for enabling waste to be loaded into the device. The chute 24,
      when in the closed position illustrated in FIGS. 1 and 3, results in the
      front side of the housing 11 being totally closed. However, the chute 24
      is swingably movable into an open position, as illustrated in FIGS. 2 and
      4, to enable trash to be deposited through the device. To receive the
      trash which is deposited through the chute 24 into the device, the dolly
      23 is adapted to have a flexible bag 26 supported thereon, which bag is
      supported in an open upright position on the dolly by means of a removable
      support device 27.
PAR  Considering first the dolly 23, the front panel 31 thereof is provided with
      substantially perpendicular flanges 32 extending along the opposite
      vertical edges thereof, which flanges are designed to overlap the adjacent
      front edges of the housing sidewalls 13 and 14. The dolly further includes
      a floor 33 which, in the illustrated embodiment, is of a corrugated
      construction to increase the strength and rigidity of same. The floor 33
      preferably has the forward edge thereof upturned to form a flange 34. The
      floor 33 and front panel 31 are additionally fixedly interconnected by a
      pair of spaced and substantially parallel angle plates 36 which are
      disposed adjacent the opposite sides of the dolly.
PAR  The dolly 23 is further provided with a plurality of rollers of casters 37
      thereon to permit same to be rollingly moved about on a suitable support
      surface, such as on the floor or on the ground. When the dolly is disposed
      within the housing 11, the floor 33 of the dolly is supported upon a pair
      of elongated guide rails 38 and 39 which are fixedly secured to the lower
      inner ends of the housing sidewalls 13 and 14, respectively. The guide
      rails 38 and 39 are suitably vertically spaced above the floor so as to
      assume the weight of the dolly 23, whereby the rollers 37 are thus
      maintained out of engagement with the supporting floor or surface. To
      facilitate movement of the dolly 23 onto the guide rails 38 and 39, the
      guide rails are preferably provided with inclined cam rams 41 (FIG. 3) on
      their forward ends. Further, the guide rails 38 and 39 are preferably
      provided with a strip of low friction material, such as nylon, on their
      upper surface to facilitate the free sliding movement of the dolly into
      and out of the housing.
PAR  The dolly 23 is fixedly connected to the housing 11 by a pair of releasable
      locking devices 42, which locking devices are disposed on opposite sides
      of the dolly in a position for locking engagement with the opposite
      sidewalls 13 and 14. Each locking device 42 includes a shaft 43 (FIGS. 9
      and 10) which is rotatably supported in an opening 44 formed in the front
      panel 31. The outer end of the shaft 43 is threaded and has a control knob
      46 adjustably but fixedly secured thereto. The inner end of the shaft 43
      has a pair of radially extending pins 47 and 48 fixedly secured thereto,
      which pin are axially spaced from one another and are also angularly
      offset from one another by a substantial angle, particularly by an angle
      of approximately 90.degree. in the illustrated embodiment. The locking
      device further includes an adjustable nut 49 threaded on the shaft 43 for
      permitting the knob 46 of the locking device to be suitably adjusted to
      enable the dolly 23 to be locked to the housing 11 with the desired degree
      of tightness. To enable the locking devices to coact with the sidewalls of
      the housing, each sidewall 13 and 14 of the housing is provided with a
      sidewardly projecting flange 51 containing a vertically elongated slot 52
      therein, which slot is designed to enable the pins 47 and 48 to be
      slidably moved therethrough. Further, the pins 47 and 48 are axially
      spaced from one another by a sufficient distance to accommodate the
      thickness of the flange 51 and the front panel 31 therebetween so that the
      pin 47 is initially axially inserted into the elongated slot 52, with the
      shaft 42 then being rotated approximately 90.degree. so that the pin 47
      extends transversely of the slot, while the pin 48 is aligned with the
      slot. The shaft 43 is then pushed axially inwardly a further amount to
      cause the pin 48 to pass through the slot 52, whereupon the shaft 43 is
      then again rotated through an angle of approximately 90.degree.  to cause
      the pin 48 to extend transversely of the slot, thereby fixedly
      interconnecting the dolly to the housing.
PAR  Considering now the support device 27, same includes (in the embodiment of
      FIG. 8) a pair of substantially identical elongated channel-like elements
      53 and 54, which elements are disposed in opposed relationship to one
      another so that they form a substantially vertically elongated and
      upwardly extending tubelike structure having a substantially square or
      rectangular cross section. The elements 53 and 54 are substantially
      identical except that the element 53 is slightly wider than the element 54
      so that the elements 53 and 54 can be slidably telescopically received one
      within the other. The elements 53 and 54 have their upper adjacent corners
      pivotally interconnected by a pivot pin or rivet 56, which rivet 56
      permits the elements 53 and 54 to be swung outwardly away from one another
      substantially as illustrated in FIG. 8. Alternately, the lower ends of the
      elements 53 and 54 can be pivotally swung inwardly toward one another so
      that they substantially overlap, whereupon the opposed sides of the
      support device 27 converge in the downwardly extending direction.
PAR  The support device 27 preferably has the channel-like elements 53 and 54
      constructed from a light sheetlike metal, such as steel or aluminum,
      whereupon the device is relatively durable but of light weight. The device
      27 is adapted to be disposed in the interior of the empty bag 26,
      whereupon the friction which exists between the exterior walls of the
      device 27 and the interior wall of the bag 26 results in the bag 26 being
      maintained in an open upright condition in surrounding relationship to the
      device 27 as illustrated in FIG. 12. Further, the device 27 with the bag
      surrounding same is adapted to be positioned on the floor 33 of the dolly
      23, the device 27 being self-supporting on the floor of the dolly for
      maintaining the bag in an open and upright position.
PAR  To facilitate the handling of the support device 27, one or both of the
      channel-like elements 53 and 54 are provided with elongated angle members
      57 and 58, respectively, fixedly secured thereto and extending
      longitudinally along the upper edges thereof. The angle members 57 and 58
      function as handles to permit insertion or removal of the device relative
      to the bag. The angle members 57 and 58 also effectively function as
      deflectors for causing the deposited trash to be deflected toward the
      center of the bag. Alternately, the handles 57 and 58 can be eliminated
      and replaced by elongated hand openings 59 for permitting gripping of the
      device 27.
PAR  FIG. 11 illustrates therein a modified support device 27' which is
      substantially similar to the support device 27 illustrated in FIG. 8 in
      that it again comprises a clamshell-like structure formed by two
      vertically elongated elements 53' and 54' which have their upper adjacent
      ends pivotally interconnected by means of pivot pins or rivets 56'.
      However, in this embodiment, the one element 53' is formed as a deep
      channel-shaped element having leg portions which define the complete width
      or thickness of the support device 27'. On the other hand, the other
      element 54' comprises a shallow channel-shaped element wherein a flat
      sheetlike member is formed with small flanges or tabs on the opposed edges
      thereof, which flanges enable the two elements 53' and 54' to be pivotally
      interconnected. The flanges preferably overlap the free edges of the
      sidewalls of the element 53' so that when the elements 53' and 54' are
      pivotally swung inwardly into their closed position, the support device
      27' has a substantially uniform cross section throughout the complete
      length thereof. Support device 27' thus has an opening extending
      vertically throughout the length thereof, which opening is of a
      substantially rectangular configuration and is of a substantially uniform
      size throughout the complete length of the support device.
PAR  Considering the loading chute 24, same includes a front wall structure
      which comprises a pair of superimposed front plates 61 and 62 which are
      fixedly connected together. The frontmost plate 61 has a flange 63 fixedly
      secured along the lower front edge thereof which flange 63 projects
      outwardly and downwardly. Further, the rearmost plate 62, as illustrated
      in FIGS. 3 and 4, projects downwardly beyond the lower edge of the plate
      61 whereupon the front flange 63 and the lower edge of the rearmost plate
      62 define a space therebetween into which extends the upper edge of the
      front panel 31 of the dolly 23. This structure effectively acts as a hinge
      to enable the chute 24 to be swingably moved between the open and closed
      positions illustrated in FIGS. 3 and 4, respectively.
PAR  The chute 24 also has a further flange 64 secured to the front side of the
      plate 61 adjacent the uppermost edge thereof. Flange 64 extends outwardly
      and downwardly and functions as a handle to enable manual gripping of the
      chute 24 for permitting swinging of same between its open and closed
      position. As illustrated in FIG. 3, the upper edge of the flange 64 and
      the uppermost edge of the plate 61 are designed to overlap the lowermost
      edge of the upper panel 22 when the chute is in its closed position. The
      purpose of this structure will be explained hereinafter.
PAR  To assist in guiding the deposited trash into the bag 26, the chute 24
      includes a pair of substantially parallel and identical side plates 66
      positioned internally of and directly adjacent the opposite sidewalls 13
      and 14. The side plates 66 each include a tapered upper edge 67 which
      enables the chute 24 to be freely pivotally swung between its open and
      closed position. The tapered edge 67 also enables the chute 24, after same
      has been swung a small distance away from its closed position, to be
      vertically lifted upwardly to clear the upper edge of the panel 31,
      whereupon the chute 24 can be totally disconnected and removed from the
      housing 11. Each sidewall 66 also has a shoulder 68 formed on the rearward
      edge thereof which functions as a stop member and engages the lower inner
      edge of the upper panel 22 for maintaining the chute in its open position.
      In the open position, the front plates 61 and 62 project outwardly and
      upwardly relative to the housing to thus enable trash to be deposited
      thereon, whereupon the trash slides inwardly into the housing so as to be
      deposited into the interior of the support device 27, which device in turn
      is surrounded by the bag 26.
PAR  To further assist in guiding the trash into the bag 26, the housing has
      rails 91 and 92 (FIG. 5) fixed on the inner surfaces of the opposite
      sidewalls 13 and 14, and a further rail 93 is fixed to the interior
      partition 18. These rails 91, 92 and 93 extend substantially horizontally,
      and the rear rail 93 extends between the rearward ends of the side rails
      91 and 92. Each of these rails has an upper surface thereon which slopes
      inwardly and downwardly. These rails project inwardly of the housing so as
      to substantially overlap the upper end of the waste receiving receptacle
      formed by the bag 26 and the support device 27, so that the waste thus
      falls into the bag and does not pass along the outside thereof. These
      rails also assist in holding the waste receiving receptacle on the dolly
      since the rails, by being positioned closely adjacent the upper edge of
      the support device 27, prevent any substantial upward movement of the
      support device, such as might occur due to the expansion of waste when the
      compaction pressure is relieved.
PAR  The ram assembly 12, as illustrated in FIG. 3, is disposed adjacent the
      upper end of the compartment 19 and is substantially coaxially aligned
      with the longitudinal axis of the support device 27 when the support
      device is mounted on the dolly and the dolly is locked within the housing.
      Thus, energization and extension of the ram assembly causes the ram to
      extend downwardly into the interior of the support device 27 and into the
      interior of the surrounding bag 26 for compacting the waste therein. The
      ram assembly 12 includes a fluid pressure cylinder 71 which is preferably
      a telescopic, double-acting, hydraulic cylinder having the upper end
      thereof fixedly secured to the top wall 17 and having a compacting shoe 72
      on the lower end thereof. The construction of the fluid cylinder 71 is
      explained in greater detail in my copending application Ser. No. 874,940,
      filed Nov. 7, 1969 now U.S. Pat. No. 3,734,006.
PAR  Pressure fluid is supplied to and from the cylinder 71 by conduits 73 and
      74 which are connected to a conventional solenoidoperated four-way valve
      76. The four-way valve 76 is connected to a power unit which, as
      illustrated in FIG. 3, includes a conventional rotary pump 77 disposed
      within an oil reservoir 78 and driven by a conventional electric motor 79.
      The valve 76 has a conventional pressure switch (not shown) associated
      therewith for causing the valve to be automatically shifted upon
      attainment of a predetermined pressure to thus cause automatic reversal in
      the direction of travel of the compacting ram.
PAR  The compactor 10 of the present invention also includes a control system
      associated therewith, which control system includes actuator means 81 for
      permitting actuation of the power unit for causing activation of the ram
      assembly and also includes safety interlock means 82 for positively
      preventing activation of the ram assembly except when the chute is in its
      closed position.
PAR  The actuator means 81 includes an enlarged actuator knob 83 disposed
      externally of the upper panel 22. The actuator knob 83 is fixedly secured
      to the forward end of an elongated control rod 84, which rod extends
      through an opening formed in the panel 22 and is axially slidably
      supported on a bearing sleeve 86 fixedly secured to the inner side of the
      panel 22. The rearward end of the control rod 84 is positioned in
      engagement with the actuator lever of a conventional on-off electrical
      switch 87. The switch 87 is a conventional three-position switch which is
      electrically interconnected to the motor 79 for controlling energization
      thereof.
PAR  To insure that the actuator means cannot be activated to cause energization
      of the ram assembly when the chute is in its open position, the compactor
      10 is additionally provided with the safety interlock means 82 associated
      therewith. The safety means 82 includes a conventional magnetically
      actuated switch 88 which is mounted adjacent the inside surface of the
      panel 22 adjacent the lower edge thereof, substantially as illustrated in
      FIGS. 3 and 4. To permit actuation of the magnetic switch 88, a
      conventional permanent magnet 89 is secured to the upper edge of the chute
      24, such as by being positioned between the plate 61 and the flange 64.
      The switch 88, in one embodiment of the invention, may be connected in
      series with the relay which is used for energizing the motor 79. Thus, so
      long as the switch 88 remains in an open position, such as whenever the
      chute is open or removed from the housing, then the motor 79 cannot be
      activated irrespective of the position of the on-off actuator switch 87.
      However, when the chute is closed, magnet 89 causes closure of switch 88
      so that the motor can then be energized by actuation of the actuator
      switch 87.
PAC  OPERATION
PAR  The operation of the compactor constructed according to the present
      invention will be briefly described to insure a complete understanding
      thereof.
PAR  It will first be assumed that the compactor 10 is in an inoperative
      position wherein the chute 24 is disconnected from the housing 11 and the
      dolly 23 is also removed from the housing. To ready the compactor 10 for
      use, the support device 27 or 27' is inserted into the interior of a
      flexible bag 26 and the sidewall of the bag is pulled upwardly in
      surrounding relationship to the device (see FIG. 12). The support device
      27 or 27' with the bag 26 surrounding same is then positoned on the floor
      33 of the dolly 23, the free ends of the elements 53 and 54 being confined
      between the front panel 31 and the upturned flange 34 substantially as
      illustrated in FIG. 6. The friction which exists between the bag 26 and
      the support device 27 and 27' maintains the bag in an upright condition in
      surrounding relationship to the support device.
PAR  The dolly 23 is then wheeled into a position directly in front of the
      housing 11, the dolly being pushed into the housing so that the floor of
      the dolly is cammed upwardly by the rams 41 so that the floor of the dolly
      is slidably supported on the guide rails 38 and 39. The dolly is slidably
      inserted into the housing until the flange 34 substantially abuts the
      intermediate partition 18. With the dolly 23 fully inserted into the
      housing substantially as illustrated in FIG. 3, the locking devices 42 are
      then suitably manipulated substantially as explained above, so as to
      fixedly lock the opposite sides of the dolly to the opposed sidewalls 13
      and 14. The dolly is thus fixedly secured to the lower portion of the
      housing 11 with the support device 27 or 27' and surrounding bag 26 being
      disposed within the housing in substantial alignment with and beneath the
      ram assembly 12.
PAR  The chute 24 is then mounted on the housing 11 by inserting the side plate
      66 between the sidewalls 13 and 14 and by positioning the chute so that
      the upper edge of the front panel of the dolly 23 extends into the opening
      between the flange 63 and the lower edge of the front plate 62. The chute
      is then swung outwardly so that the stops or shoulders 68 engage the lower
      edge of the upper panel 22, thereby placing the chute in the open position
      illustrated in FIGS. 2 and 4. The compactor 10 is thus in condition to
      enable trash and waste to be deposited therein.
PAR  The waste which is deposited into the chute 24 slides downwardly and
      inwardly along the chute so as to fall into the interior of the tubular
      support device 27 or 27', which device is surrounded by the bag 26. After
      a sufficient amount of waste has been deposited into the device 27 or 27'
      so as to loosely fill same, then the chute 24 is manually swung inwardly
      to its closed position as illustrated in FIG. 3, whereupon the upper edge
      of the chute overlaps the lower edge of the panel 22. In this overlapped
      position, the chute is maintained in its closed position by the magnet 89.
      The magnet 89 also causes the switch 88 to be magnetically actuated and
      moved to its closed position, thereby deactivating the safety means. The
      operator can then pull the actuator knob 83 axially outwardly, which thus
      causes closure of switch 87 and energization of a relay to thus actuate
      the motor 79. This causes rotation of the pump 77 so that pressure fluid
      is supplied through the valve 76 to the pressure cylinder 71 to cause
      extension of the ram assembly 12. The pressure fluid supplied to the
      pressure cylinder 71 causes the shoe 72 to be moved downwardly as
      illustrated by dotted lines in FIG. 3 to cause the waste to be compacted
      within the support device 27. The device 27 or 27' also functions as a
      liner and protects the sidewall of the bag 26 to prevent tearing or
      ripping of the sidewall by the waste which is being compacted. The
      compacting force as imposed on the waste by the ram is transmitted onto
      the floor 33 of the dolly, which force is then transmitted onto the rails
      38 and 39 of the housing 11. The compacting forces are thus not imposed
      upon the supporting surface of the floor. When a predetermined pressure is
      developed within the cylinder 71, irrespective of the extension of the
      ram, then the valve 76 is automatically shifted by the pressure switch
      (not shown) to cause pressure fluid to be supplied to the lower end of the
      cylinder 71 so that the ram assembly is then retracted upwardly into its
      original position as illustrated by solid lines in FIG. 3. The motor 79
      will then be de-energized by a further pressure switch when the ram is
      fully retracted.
PAR  After the ram assembly has been de-energized, the operator can then
      manually grip the handle or flange 64 and swing the chute 24 into its open
      position to permit further waste or trash to be deposited into the bag.
      The opening of the chute 24 again causes the magnetic switch 88 to return
      to its normally open position, thereby preventing energization of the
      motor-pump unit and of the ram assembly irrespective of the position of
      the actuator switch 87. Further, if the operator should inadvertently
      attempt to open the chute 24 when the ram assembly is energized, the
      initial opening movement of the chute 24 will result in the magnetic
      switch 88 being immediately returned to its normally opened position,
      which thus completely de-energizes the electrical system and completely
      de-energizes the motor and the ram assembly so that the ram assembly will
      be immediately stopped in whatever position that it occupies at that time.
      This thus prevents the operator from depositing trash into the compactor
      while the ram assembly is energized and thus provides for optimum operator
      safety.
PAR  After sufficient waste has been deposited and compacted within the support
      device 27 or 27' so as to substantially fill same, which quantity of waste
      is also sufficient to substantially fill the surrounding bag 26, and
      assuming that the chute 24 is in the open position as illustrated in FIG.
      4, the operator will then swing the chute 24 toward its closed position.
      However, the chute will not be fully closed but rather will be swung
      between its fully open and fully closed position, whereupon the operator
      will then manually grasp the chute and lift same vertically (as permitted
      by the tapered edges 67) a sufficient extent to enable the rearmost front
      plate 62 to be disposed above the upper edge of the dolly panel 31. When
      this position is reached, then the complete chute 24 can be manually
      withdrawn and disconnected from the compactor 10. The operator will then
      manually unlock the locking devices 42 and, by using same as handles, will
      manually slide the dolly 23 outwardly from the housing 10 until the dolly
      23 rests on its rollers 37. With the dolly 23 completely removed from the
      housing 11 and resting on its own rollers 37, then the operator will
      manually grasp the device 27 or 27', either by handles 57-58 or by hand
      openings 59, and vertically lift the support device upwardly a slight
      distance from the floor 33 of the dolly 23. After the support device 27 or
      27' has been lifted by a sufficient extent to clear the upper edge of the
      upturned flange 34, then the waste as compacted within the support device
      will tend to expand, thereby causing the lower ends of the elements 53-54
      or 53'-54' to pivotally swing outwardly away from one another about the
      pivot axis defined by the rivets 56. The support device 27 or 27' as
      disposed within the bag 26 will thus assume a somewhat tapered
      configuration with the taper diverging in a downward direction, the amount
      of taper being dependent upon the surrounding bag 26 and the amount of
      expansion imposed on the support device by the waste compacted therein.
      This slight downward divergent configuration of the support device 27 or
      27' facilitates the complete removal of the support device from the bag
      26, which removal can be easily completed merely by pulling the support
      device straight upwardly so as to cause same to be completely withdrawn
      from the bag 26. The compacted waste is thus left in the bag 26 whereupon
      the free edge of the bag can then be suitably secured, as by means of a
      flexible tie. Since the disposable bag 26 containing the compacted waste
      therein is still seated on the dolly 23, the dolly can then be suitably
      rolled to any remote location to permit storage or disposal of the filled
      bag.
PAR  After the filled bag has been removed from the dolly, then the support
      device 27 or 27' is again inserted into an empty bag and the support
      device and empty bag are then positioned on the dolly. The dolly is then
      repositioned in the housing in substantially the same manner as described
      above so as to permit further utilization of the compactor.
PAR  For positioning a bag 26 on the support device 27 or 27', it is preferrable
      to position the device in an inverted freestanding manner on a suitable
      support surface, such as on a table or on the floor. The operator thus has
      both hands free so as to manipulate the bag to slip it over the inverted
      support device. After the bag as been slipped over the support device,
      then the free edge of the bag is preferrably folded over into an
      overlapping position as illustrated in FIG. 12.
PAR  The compactor of the present invention thus permits the bags to be
      supported on a removable dolly to facilitate the removal of the filled
      bags without requiring lifting of same. Further, the device utilizes a
      light weight removable support device which is effective in maintaining
      the bag in an upright open position to facilitate the depositing of waste
      therein, while at the same time the support device effectively functions
      as a liner to protect the bag during the compacting of the waste. Still
      further, the compactor provides for the complete safety of the operating
      personnel by positively preventing energization of the ram assembly
      whenever the compactor is in its open position.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A waste compactor for permitting the depositing and compacting of waste
      within a flexible bag, comprising:
PA1  housing means;
PA1  extendible ram means mounted on and positioned adjacent the upper end of
      said housing means, said ram means being movable downwardly for permitting
      compacting of waste;
PA1  removable dolly means coacting with the lower end of said housing means and
      including bottom wall means positionable directly beneath said ram means
      when said dolly means is in a first position permitting compacting of
      waste, said dolly means having support roller means thereon and being
      movable outwardly relative to said housing means to a second position
      wherein said dolly means is laterally spaced from said ram means, said
      dolly means when in said second position permitting a flexible bag to be
      mounted thereon or removed therefrom;
PA1  support means removably positioned and supported on said bottom wall means
      of said dolly means in a free-standing manner for supporting a flexible
      bag in an open upright position to permit waste to be deposited and
      compacted therein, said support means comprising an elongated tubelike
      assembly of substantially rectangular cross section and having an
      unobstructed vertical opening extending therethrough, said tubelike
      assembly being positioned in the interior of said bag for maintaining said
      bag in an open upright condition in surrounding relationship to said
      tubelike assembly, said tubelike means and said surrounding bag being
      supported on said bottom wall means and disposed beneath said ram assembly
      when said dolly means is in said first position;
PA1  said tubelike assembly being of a clamshell-like construction and including
      a pair of vertically extending elements positioned in opposed relationship
      to one another so as to define said vertical opening therebetween, at
      least one of said elements having a channel-shaped cross section, and
      means hingedly interconnecting said pair of elements adjacent the upper
      ends thereof for enabling the lower ends of said elements to be vertically
      pivotally swung toward and away from one another; and
PA1  said dolly means including stop means fixed thereon for overlapping the
      lower free ends of said elements when the tubelike assembly is positioned
      on the bottom wall means for preventing said elements from swinging
      outwardly away from one another when waste is being compacted in the
      interior thereof by said ram means.
NUM  2.
PAR  2. A waste compactor according to claim 1, wherein said pair of elements
      are both of channel-shaped cross section and are disposed in opposed
      relationship to one another.
NUM  3.
PAR  3. A waste compactor according to claim 1, further including chute means
      swingably mounted on said housing means at an elevation between the upper
      and lower ends thereof for permitting waste to be deposited into said
      tubelike assembly when said dolly means is disposed in said first
      position, said chute means being swingable between a substantially closed
      position wherein same is disposed substantially coextensive with the front
      side of said housing means and an open position wherein same projects
      outwardly and upwardly from the front side of said housing means for
      permitting waste to be deposited in said assembly; and
PA1  said dolly means including a front wall portion fixedly secured to the
      front edge of said bottom wall means and extending upwardly therefrom,
      said front wall portion of said dolly means being normally disposed
      substantially flush with the front side of said housing means for at least
      closing the lower part of the front side thereof when said dolly means is
      in said first position, said front wall portion being disposed directly
      below said chute means.
NUM  4.
PAR  4. A waste compactor according to claim 3, further including power means
      operatively interconnected to said ram means for supplying pressure fluid
      thereto to cause actuation thereof, and control means for permitting
      extension of said ram means only when said chute means is in its closed
      position;
PA1  said control means including switch means operatively connected to said
      power means for controlling activation thereof, said switch means being
      movable between a first position wherein said power means is deactivated
      and a second position permitting activation of said power means;
PA1  said control means further including safety means preventing activation of
      said power means whenever said chute means is spaced from its closed
      position irrespective of the position of said switch means.
NUM  5.
PAR  5. A waste compactor according to claim 4, wherein said safety means
      includes a magnet mounted on said chute means and a magnetic switch device
      mounted on said housing means and disposed for coaction with said chute
      means for overriding said switch means whenever said chute means is spaced
      from said closed position, said magnetic switch device being normally
      maintained in a first position preventing actuation of said power means
      whenever said chute means is spaced from said closed position movement of
      said chute means to said closed position causing said magnetic switch
      device to be moved to a second position for permitting activation of said
      power means whenever said switch means is moved to its second position.
NUM  6.
PAR  6. A waste compactor according to claim 3, wherein said chute means has
      support means associated therewith for hingedly but removably supporting
      said chute means on the upper edge of the front wall portion of said dolly
      means, said chute means being totally disconnectible and removable from
      said housing means and said dolly means.
NUM  7.
PAR  7. A waste compactor according to claim 1, wherein said dolly means has a
      plurality of said support roller means mounted thereon and disposed for
      rolling engagement with a support surface, such as a floor, for permitting
      said dolly means to be rollingly moved about, said roller means permitting
      the dolly means to be rollingly moved about in a free-standing and
      selfsupporting manner;
PA1  said housing means including support rail means fixed to said housing means
      adjacent the lower end thereof and disposed for engaging and supporting
      said dolly means when same is in said first position, whereby loads
      imposed on said dolly means due to downward extension of said ram means
      are transmitted directly to said housing means.
NUM  8.
PAR  8. A waste compactor according to claim 7, wherein said dolly means
      includes a front wall portion fixedly secured to said bottom wall means
      adjacent the front edge thereof and extending upwardly therefrom, said
      front wall portion of said dolly means being normally disposed
      substantially flush with the front side of said housing means for at least
      partially closing the lower part of the front side of said housing means
      when said dolly means is in said first position and said stop means
      including a short flange fixed to and projecting vertically upwardly from
      the bottom wall means adjacent the rear edge thereof.
NUM  9.
PAR  9. A waste compactor according to claim 1, wherein said tubelike assembly
      consists solely of said pair of vertically extending elements, each of
      said elements having a channel-shaped cross section.
NUM  10.
PAR  10. A waste compactor according to claim 1, wherein said dolly means
      includes a front wall portion fixedly secured to the front edge of said
      bottom wall means and extending upwardly therefrom, said front wall
      portion being normally disposed substantially flush with the front side of
      said housing means for at least closing the lower part of the front side
      thereof when said dolly means is in said first position; said stop means
      including a vertically extending flange fixed to said bottom wall means
      and projecting upwardly from the rear edge thereof so that said flange is
      substantially parallel with said front wall portion, said flange
      projecting upwardly through only a small vertical distance relative to
      said front wall portion;
PA1  said dolly means further including a pair of partial sidewall portions
      extending from the opposite edges of said front wall portion and being
      interconnected to the opposite side edges of said bottom wall means, said
      sidewall portions extending vertically upwardly from said bottom wall
      through a small distance relative to the height of said front wall
      portion;
PA1  said roller means as mounted on said dolly means including a pair of
      rollers mounted on said dolly means adjacent the front edge of said bottom
      wall means and a further roller mounted on said bottom wall means adjacent
      the rear edge thereof; and
PA1  chute means swingably mounted on said dolly means when same is in said
      first position for permitting waste to be deposited into the bag, said
      chute means being swingable between a substantially closed position
      wherein same is disposed substantially coextensive with the front side of
      said housing means and an open position wherein same projects outwardly
      and upwardly from the front side of said housing means for permitting
      waste to be deposited into said bag, said chute means having means
      associated with the lower edge thereof for defining a downwardly opening
      channel-shaped portion which is disposed in engagement with the front wall
      portion of said dolly means for hingedly supporting said chute means on
      said dolly means, said chute means being separable from both said dolly
      means and said housing means by lifting said channel-shaped portion
      upwardly out of engagement with the upper edge of the front wall portion.
NUM  11.
PAR  11. In a waste compactor having housing means and a fluid pressure operated
      ram assembly mounted on said housing means and vertically movable
      downwardly for compacting waste within a movable waste receiving
      container, comprising:
PA1  said housing means including a plurality of walls defining a substantially
      closed housing having a vertically extending compartment in the interior
      thereof, said walls defining an access opening communicating with at least
      the lower part of said compartment;
PA1  said ram assembly being disposed in the upper portion of said compartment
      and having a portion thereof fixedly connected to said housing;
PA1  removable dolly means coacting with the lower end of said housing and
      including a front wall portion for closing at least a part of said access
      opening, said dolly means being rollingly movable between a first position
      wherein the dolly means coacts with the housing so that the front wall
      portion at least partially closes the access opening and a second position
      wherein the dolly means is laterally displaced from said first position
      and is disconnected from the housing;
PA1  said dolly means including substantially horizontally extending bottom wall
      means fixedly connected to said front wall portion and being removably
      mounted on said housing adjacent the lower portion of said compartment
      when said dolly means is in said first position, said bottom wall means
      being spaced downwardly from said ram assembly when said dolly means is in
      said first position;
PA1  waste receiving means removably positioned and supported on said dolly
      means for permitting waste to be deposited and compacted therein, said
      waste receiving means being supported on said bottom wall means and
      projecting upwardly therefrom in an upright free-standing manner, the
      upper edge of said waste receiving means being spaced downward from the
      upper edge of said front wall portion;
PA1  chute means mounted on said housing means at an elevation between the upper
      and lower ends thereof for permitting waste to be deposited into said
      waste receiving means when said dolly means is disposed in said first
      positions, said chute means being positioned directly above said front
      wall portion of said dolly means and projecting upwardly and outwardly
      from the front side of said housing for permitting waste to be deposited
      into said waste receiving means; and
PA1  guide rail means fixed to said housing to assist in guiding waste into said
      waste receiving means, said guide rail means including a horizontally
      elongated guide rail fixed to the inner surface of each of the sidewalls
      and the rear wall of said housing, said guide rails being disposed
      substantially within a common horizontal plane which is located below said
      chute means but closely adjacent the upper edge of said waste receiving
      means, said guide rails projecting inwardly into said compartment so as to
      overlie the upper edge of said waste receiving means, each of said guide
      rails having an upper surface thereon which slopes inwardly and downwardly
      away from the respective housing wall to deflect the trash inwardly for
      deposit into the waste receiving means.
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ABST
PAL  In a hydraulic scrap shearing machine having scrap shears at one end of an
      open feed channel which is wider than the mouth of the shears and which
      has one of its opposite side walls movable towards the other to squash
      scrap placed in the feed channel to a final width which will allow the
      scrap to be pushed by a feeder ram along the feed channel and into the
      mouth of the shears, the movable side wall is formed by the working faces
      of a main hydraulic ram and an auxiliary hydraulic ram which can be
      advanced independently of the main ram, the working face of the auxiliary
      ram being situated adjacent the mouth of the shears and being shorter than
      the working face of the main ram measured in the direction of the feed
      channel. Normally the main and auxiliary hydraulic rams are operated so
      that their working faces, together forming the whole of the movable side
      wall, are advanced and retracted together. However, if this operation
      fails to squash sufficiently the scrap in the feed channel, the auxiliary
      ram is operated so that its working face advances relative to the face of
      the main ram to squash further the scrap in the region adjacent the mouth
      of the scrap shears.
BSUM
PAR  Manufacturing costs of hydraulic scrap-shearing machines depend largely on
      the width of the mouth of the scrap shears. This determines not only the
      dimensions of the shearing cutters, but also the power requirements, and
      therefore the cost, of the hydraulic system which operates the machine. To
      reduce manufacturing costs it is known to use an open feed channel which
      is wider than the mouth of the shears, and to arrange the feed channel so
      that it functions as a sideways-acting press, thereby squashing the scrap
      sideways in the channel to reduce its width before feeding it into the
      comparatively narrow mouth of the shears. A machine of this kind can
      handle, for example, scrap in the form of containers and pipes of large
      diameter. In one known machine of this kind the two side-walls of the feed
      channel are pivoted so that they form jaws, and when the jaws are open,
      the distance between them is considerably greater than the width of the
      mouth of the shears. Consequently, large-diameter scrap such as tanks and
      pipes can be charged to the feed channel, and bringing together of the two
      side-walls to close the jaws then squashes the charge of scrap to a
      sufficiently narrow width to allow it to be fed through the mouth of the
      shears. It is also known, as an alternative, to arrange the side-walls so
      that they can slide towards and away from each other, rather than
      pivoting.
PAR  However, these arrangements have the disadvantage that a very high thrust
      is required for squashing the scrap, particularly if the scrap occupies
      the entire length of a large fraction of the length, of the side-walls. To
      reduce the thrust required, it has been proposed that only a short portion
      of one of the side-walls of the feed channel acts to squash the scrap from
      the side. This portion of the side-wall is provided by the working face of
      a sideways acting hydraulic ram and is situated just in front of the mouth
      of the shears, that is to say just upstream of the mouth of the shears.
      The scrap is advanced stepwise towards the mouth of the shears, and at
      each step the sideways-acting ram, which is comparatively short in the
      longitudinal direction of the channel, squashes together the forward or
      leading end-portion of the scrap, reducing its width enough to allow this
      portion of the scrap to be pushed through the mouth of the shears, which
      thereupon cut off this portion of the scrap. The process is repeated
      stepwise along the length of the scrap. Scrap-shearing machines of this
      construction function well enough, but comparatively slowly because for
      economic reasons the scrap cannot be simultaneously squashed and cut. This
      would require the machine to have two hydraulic systems, making it
      excessively costly to manufacture. In practice, a scrap-shearing machine
      can be manufactured at reasonable cost only if it is equipped with a
      single hydraulic system.
PAR  The aim of the present invention is to provide a hydraulic scrap-shearing
      machine equipped with an open feed channel which is wider than the mouth
      of its scrap shears and in which the scrap is squashed sideways to reduce
      its width sufficiently for the scrap to be pushed into the mouth of the
      shears, the machine being free from the disadvantages of the machines of
      known construction mentioned above. The aim is achieved by the invention,
      by combining to a certain extent the constructions of the known machines
      mentioned above.
PAR  According to the invention therefore, we provide a hydraulic scrap-shearing
      machine having scrap shears at one end of an open feed channel which is
      wider than the mouth of the shears and which has one of its opposite
      side-walls movable towards the other to squash scrap placed in the feed
      channel to a final width which will allow the scrap to be pushed by a
      feeder ram along the feed channel and into the mouth of the shears, the
      movable side wall being formed by the working faces of a main hydraulic
      ram and an auxiliary hydraulic ram which can be advanced independently of
      the main ram, the working face of the auxiliary ram being situated
      adjacent the mouth of the shears and being shorter than the working face
      of the main ram measured in the direction of the feed channel.
PAR  The machine functions as follows. Let it be assumed that a piece of scrap
      has been charged into the feed channel and that the scrap is too wide to
      be pushed into the mouth of the shears. Also let it be assumed that the
      movable side-wall of the feed channel, advancing as a whole laterally
      inwards to squash the scrap sideways in the channel, cannot squash the
      scrap enough to allow the scrap to be pushed into the mouth of the shears.
      The side-wall of the feed channel is therefore brought to a standstill by
      the scrap, and the auxiliary ram is then operated on its own, advancing
      its working face forming the shorter portion of the side-wall further so
      that the scrap is squashed together more in this region. In this way the
      leading portion of the scrap, just upstream of the mouth of the shears is
      squashed more than the remainder of the scrap. The auxiliary ram exerts a
      greater squashing pressure because its working face has a smaller area
      than the working face of the main ram. The auxiliary ram squashes the
      forward portion of the scrap to a width which is less than the width of
      the mouth of the shears, and is then retracted to its original position,
      relative to the main ram. The scrap is then pushed forwards into the mouth
      of the shears by a distance at least equal to the length of the working
      face of the auxiliary ram.
PAR  The scrap now remaining in the feed channel is shorter than it was before,
      and consequently it is easier to squash further together. It should be
      observed that the action of the auxiliary ram deforms the portion of scrap
      remaining in the feed channel and this also reduces the unsquashed length
      of scrap remaining in the feed channel, that is to say reduces the length
      of contact over which the main ram now acts on the remaining scrap. In
      practice it has been found that after one or two strokes of the auxiliary
      ram the remaining scrap can often be squashed sufficiently merely by
      advancing the side-wall as a whole, that is to say with the retracted
      auxiliary ram locked, mechanically or hydraulically, to the main ram. In
      other words, the movable side-wall of the feed channel, acting as a single
      unit, is now able to squash the remaining scrap to the width necessary for
      it to pass through the mouth of the shears.
DRWD
PAR  Two examples of scrap-shearing machines in accordance with the invention
      will now be described with reference to the accompanying drawings, in
      which:
PAR  FIG. 1 is a longitudinal section through one of the scrap-shearing
      machines;
PAR  FIG. 2 is a plan view of the machine of FIG. 1 during a first phase of its
      operation;
PAR  FIG. 3 is a view similar to that of FIG. 2, but showing the machine in a
      second phase of operation;
PAR  FIG. 4 is a section taken in the plane IV--IV of FIG. 3;
PAR  FIG. 5 is a longitudinal section through the second scrap-shearing machine;
PAR  FIG. 6 is a plan view of the machine of FIG. 5; and
PAR  FIG. 7 shows, on a larger scale, the detail indicated at VII in FIG. 6;
PAR  The scrap-shearing machine shown in FIGS. 1 to 4 consists, as is
      conventional, of a shear-stand 1 in the form of a portal in which the
      holder 2 of an upper cutter 3, together with a combined stamper and
      hold-down 4, are driven to move up and down by double-acting hydraulic
      cylinders 5 and 6. The upper cutter 3 is arranged to cooperate with a
      stationary lower cutter 7, and the stamper and hold-down 4 is arranged to
      cooperate with a machine table 8 for supporting the scrap adjacent the
      cutter 7. The machine is equipped with a feed channel 9 along which the
      scrap is pushed into the mouth of the shears, which comprise the cutters 3
      and 7, by a ram head 11 driven by a double-acting ram cylinder 10. The
      scrap, which in the example shown is indicated as a cylindrical steel
      container 12, is fed stepwise to the shears. Very little thrust is
      required for feeding the scrap to the shears, compared with the downward
      thrust which has to be applied to the upper shearing cutter 3. The general
      construction described so far is well known.
PAR  In this example in accordance with the invention, the feed channel 9, which
      is open at the top, comprises a stationary bottom 13, a stationary
      side-wall 14 (FIG. 2), and, opposite the wall 14, a main side-ram 15 which
      squashes the scrap sideways in the feed channel 9 by advancing
      transversely of the channel towards the stationary side-wall 14 under the
      action of a double-acting hydraulic cylinder 16. The working face of the
      main side-ram 15 is shown at 17 in FIGS. 2 and 3. During the sideways
      squashing operation the cylinder 16 advances the working face 17 of the
      side-ram 15 at least as far as the chain line 17a shown in FIG. 3.
PAR  The cylinder 16 of the main side-ram 15 is fixed to a portion 18 of the
      machine frame, and fixed to the main side-ram 15 is the double-acting
      hydraulic cylinder 20 of an auxiliary side-ram 19 whose working face, when
      the auxiliary side-ram 19 is retracted, forms a continuation of the
      working face 17 of the main side-ram 15 at its end nearest the mouth of
      the shears. The total working surface of the two side-rams 15 and 19
      extends substandially the length of the feed channel 9 and comprises a
      longer section x provided by the ram 15 and a considerably shorter section
      y provided by the ram 19 just upstream of the mouth of the shears.
PAR  As shown in FIG. 4, the maximum width B of the feed channel 9 is
      considerably greater than the width b of the mouth of the shears. The
      function of the auxiliary side-ram 19 is to ensure that the scrap is
      squashed sideways at its leading end sufficient to enter the mouth of the
      shears, as will be explained in greater detail further below. The
      scrap-shearing machine as is conventional in such machines having an open
      feed channel, is equipped with a downthrust plate 22, as shown in FIG. 4,
      pivoted about an axis 21 for squashing the scrap downwards in the channel
      9 before it enters the mouth of the shears. This is necessary in case the
      scrap bulges upwards as a result of transverse or axial thrusts on the
      scrap. The downthrust plate 22 is powered by a hydraulic cylinder 23 which
      is pivoted by a pin 24 on an arm 25 fixed to the machine frame.
PAR  The scrap-shearing machine described so far functions as follows. Let it be
      assumed that the scrap is in the form of an elongated cylindrical
      container 12, as indicated in chain lines in FIGS. 1 to 3. If this is a
      comparatively thin-walled container, the auxiliary side-ram 19 need not be
      brought into action on its own. Powered by the cylinder 16, the side-ram
      15 is advanced so that the combined working surfaces of the rams 15 and 19
      squashes the container sideways until it is a little narrower than the
      width b of the mouth of the shears. The ram head 11 then pushes the
      squashed scrap stepwise into the mouth of the shears, if necessary with
      the help of the downthrust plate 22.
PAR  On the other hand, if the container 12 is comparatively thick-walled, so
      that the combined working surfaces of the side-rams 15 and 19 are unable
      to squash the scrap sideways sufficiently solely under the action of the
      cylinder 16, the scrap bringing the side-ram 15 to a standstill while the
      scrap still has a width greater than the mouth of the shears, then the
      auxiliary side-ram 19 is advanced independently of the ram 15. Due to its
      smaller working surface, the ram 19 is able to squash the leading
      end-portion of the scrap container 12 together more, as indicated by the
      chain lines in FIG. 2, using comparatively little hydraulic pressure. The
      auxiliary side-ram 19 squashes the leading end of the scrap enough for it
      to be pushed through the mouth of the shears, and the squashed leading
      portion of the scrap 12 is then pushed into the mouth by the ram head 11.
PAR  The remaining portion of the scrap is now easier to squash sideways,
      firstly because its length has been reduced by a distance y, and secondly
      because the leading portion of what remains of the container has already
      been deformed slightly by the previous action of the auxiliary side-ram
      19, as shown at H in FIG. 2. It will be observed that the length of scrap
      which the working face 17 of the main side-ram 15 has to squash together
      is even further reduced by this deformation. In many cases the scrap
      remaining in the feed channel 9 can now be squashed sideways to the
      desired size simply by using the side-rams 15, 19 together, without
      separate actuation of the auxiliary side-ram 19, the combined working
      faces of the side-rams 15, 19 now squashing the remaining scrap in one
      operation down to the width less than the width b of the mouth of the
      shears.
PAR  In many cases it is desired to squash the scrap sideways to a width which
      is less by a definite amount than the full width b of the mouth of the
      shears. To arrange this, the scrap-shearing machine is equipped with a
      barrier plate 26 which can be inserted when desired, as shown in FIGS. 3
      and 4, to reduce the effective width of the mouth of the shears. The
      stroke of the auxiliary side-ram 19 will of course be adjusted to match
      the reduced width of the mouth.
PAR  In the scrap shearing machine shown in FIGS. 5 and 6, parts which
      correspond to parts of the machine shown in FIGS. 1 to 4 are given the
      same reference numerals. In this second example the auxiliary side-ram, in
      this case numbered 27, is supported by the portion 18 of the machine
      frame, rather than by the main side-ram 15, and the hydraulic system which
      controls the operation of all the hydraulic cylinders is arranged to
      ensure that the auxiliary side-ram 27 moves so that the machine functions
      essentially as described for the first example. The movements of the two
      side-rams 15 and 27 operating over the two axial portions x and y of the
      feed channel 9 may be coordinated in the desired manner solely by the
      hydraulic control system. On the other hand, if desired, the mechanical
      arrangements shown in FIGS. 6 and 7 can be included, giving a positive
      mechanical connection between the two side-rams 15 and 19. As shown in
      FIG. 7, the auxiliary side-ram 27 has a projecting pin 28 which projects
      into a slot 29 in the wall of the main side-ram. The arrangement limits
      the stroke of the auxiliary side-ram 27, relative to the main side-ram 15,
      to the effective slot length c.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hydraulic scrap-shearing machine comprising an open feed channel
      having two opposing side walls, scrap shears at one end of said feed
      channel and having a mouth narrower than the normal width of said feed
      channel between said side walls, hydraulic means for moving at least one
      of said side walls towards the other of said side walls whereby scrap
      placed in said feed channel can be squashed to a final width no greater
      than the width of said mouth of said scrap shears, and a feeder ram for
      pushing scrap along said feed channel into said mouth of said scrap
      shears, the improvement consisting of said movable one of said side walls
      being divided into two longitudinal portions of different lengths, and
      said hydraulic means comprising a main hydraulic ram having a working face
      forming the longer portion of said movable side wall, and an auxiliary
      hydraulic ram having a working face forming the shorter portion of said
      movable side wall just upstream of said mouth of said scrap shears, said
      auxiliary hydraulic ram being capable of operation independently of said
      main hydraulic ram.
NUM  2.
PAR  2. A scrap shearing machine as claimed in claim 1, wherein said other of
      said side walls of said feed channel is stationary, and said mouth of said
      scrap shears is positioned eccentrically whereby one side of said mouth
      coincides with said stationary side wall of said feed channel.
NUM  3.
PAR  3. A scrap shearing machine as claimed in claim 1, wherein said auxiliary
      hydraulic ram is mounted on said main hydraulic ram.
NUM  4.
PAR  4. A scrap shearing machine as claimed in claim 1, wherein said auxiliary
      hydraulic ram is mounted independently of said main hydraulic ram.
NUM  5.
PAR  5. A scrap shearing machine as claimed in claim 1, wherein said machine
      includes a barrier plate mounted for insertion when desired into said
      mouth of said scrap shears to reduce the effective width of said mouth.
PATN
WKU  039453162
SRC  5
APN  4342097
APT  1
ART  337
APD  19740117
TTL  Portable transaction-log recorder
ISD  19760323
NCL  15
ECL  1
EXA  Coven; Edward M.
EXP  Burr; Edgar S.
NDR  6
NFG  20
INVT
NAM  Thomson; Morton W.
CTY  Castro Valley
STA  CA
INVT
NAM  Trout; Mitchel A.
CTY  Albany
STA  CA
ASSG
NAM  Dymo Industries, Inc.
CTY  San Franciso
STA  CA
COD  02
CLAS
OCL  101 45
XCL  101272
XCL  101407BP
EDF  2
ICL  B41F  304
FSC  101
FSS  45;56;407 BP;269-274
UREF
PNO  2982205
ISD  19610500
NAM  Maul
OCL  101269
UREF
PNO  3280739
ISD  19661000
NAM  Hu
XCL  101 45
UREF
PNO  3358596
ISD  19671200
NAM  Davis
OCL  101269
UREF
PNO  3608485
ISD  19710900
NAM  Schulze
OCL  101269
UREF
PNO  3709144
ISD  19730100
NAM  Sims
XCL  101269
UREF
PNO  3762316
ISD  19731000
NAM  Spradlin
OCL  101 45
UREF
PNO  3776130
ISD  19731200
NAM  Tamiya
XCL  101 56
UREF
PNO  3824922
ISD  19740700
NAM  Van Acker
OCL  101 45
LREP
FR2  Zimmerman; Harris
ABST
PAL  An improved apparatus for the recording of credit card transactions at
      point of sale, and for reporting said transactions to a central accounting
      and processing activity. The instant invention includes a self contained,
      compact, portable and lightweight cassette-like transaction log recorder
      which is adapted to be releasably and operatively engageable with an
      imprinter mechanism. The recorder contains both an external duplicate
      sales ticket and an internal continuous form log sheet for the sequential
      recording of individual transactions at the time various data is applied
      to successive sales tickets. The recorder is also provided with external
      receiving means for receiving the customer's credit card at a receiving
      station, means for translating the card from the receiving station to an
      imprinting station, means for latching the card immovably at the
      imprinting station to an external removing station. The recorder is
      further provided with a safety interlock system which prevents the human
      error of recording two discrete transactions on the same portion of the
      log sheet. This interlock system includes means for effectively disabling
      the card latching means until the log sheet is deliberately incrementally
      advanced, thereby displacing the record of the previous transaction from
      the imprint station and presenting an unused portion of the log sheet for
      recording of the next sequential transaction. Unless the card latching
      means is operative, no imprinting can occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to an improved apparatus and method for
      the recording of credit card transactions at point of sale, and for
      facilitating the reporting of such transactions to a central accounting or
      other processing activity.
PAR  Using the automotive service station industry as an example, commonly used
      practices call for a customer's purchase to be manually recorded by an
      attendant on a perforated triplicate copy sales ticket interspersed with
      two carbon leaves. Variable information, such as the monetary amount of
      sale, are recorded manually on the ticket with pen or pencil, and then
      imprinted thereon by an imprinting apparatus in a quality susceptible of
      optical character recognition equipment processing. Constant information,
      such as dealer name and code, and customer name and credit card account
      number, are respectively obtained from a fixed plate secured to the
      imprinting apparatus and from the customer's credit card when the latter
      is inserted into the imprinting apparatus.
PAR  Once the imprinting is completed, the multicopy sales ticket is usually
      presented to the customer on a clipboard, for authorizing signature. After
      signature, the attendant separates the perforated triplicate copies. The
      top, original copy is presented to the customer when his credit card is
      returned to him. The bottom, second copy is retained by the attendant for
      station records. The middle, third copy is retained by the attendant for
      an arbitrary time, such as one business day, and then transmitted with
      other similarly accumulated copies to a central accounting activity for
      subsequent billing of the customer's account and crediting of the
      station's account.
PAR  Considerable difficulties are encountered by the central accounting
      activity in batch processing the accumulated third copies. For example,
      such copies do not always arrive in chronological sequence, necessitating
      hand sorting by date of transaction. Individual copies are sometimes lost,
      resulting in expensive reconcilement efforts. And, most important, the
      sheer physical bulk and weight in handling of individual transaction
      copies results in significant handling, postage or other expense.
PAR  To overcome those problems, the instant invention concentrates the
      transmittal document information by providing a single sheet, continuous
      form transaction log sheet which carries certain significant information
      for each transaction such as date, amount of sale, credit card number and
      signature on a single line of the log sheet. The transactions are listed
      chronologically, and each transaction may be assigned a printed sequential
      transaction number. Finally, the invention reduces the physical number of
      transmittal documents that must be accumulated and mailed to and processed
      by the central accounting activity, thereby reducing probability of loss
      and handling expense.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention generally comprises a self contained, portable,
      cassette like transaction log recorder for use with a relative stationary
      imprinter mechanism. The recorder contains both an external duplicate
      sales ticket and an internal continuous form log sheet for the sequential
      recording of individual transactions at the time the sales ticket is
      completed. The recorder is lightweight, so as to be capable of being
      handled with one hand, and of minimal exterior dimension to permit its
      passage through an automobile window for customer signature.
PAR  The apparatus of this invention is provided with external receiving means
      for receiving the customer's credit card at a receiving station, means for
      translating the card from the receiving station to an imprinting station,
      means for latching the card immovably at the card from the imprinting
      station to an external removing station. The recorder is further provided
      with a safety interlock system which prevents the human error of recording
      two discrete transactions on the same line or portion of the log sheet.
      This interlock system includes means for effectively disabling the card
      latching means until the log sheet is deliberately incrementally advanced,
      thereby displacing the record of the previous transaction from the imprint
      station and presenting an unused portion or the next line of log sheet for
      recording of the next sequential transaction. When the card latching means
      is inoperative or disabled, no imprinting can take place.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the transaction log recorder apparatus of
      the instant invention, with a credit card receiving tray in the card
      imprinting position.
PAR  FIG. 2 is a top plan view of a form of sales ticket which may be used in
      conjunction with the instant invention.
PAR  FIG. 3 is a top plan view of a form of transaction log sheet which may be
      used in conjunction with the instant invention.
PAR  FIG. 4 is a top plan view of the anvil member of the recorder apparatus,
      with a log sheet take-up roller in place.
PAR  FIG. 5 is a front cross-sectional view of the take-up roller taken on line
      5--5 of FIG. 4.
PAR  FIG. 6 is a front cross-sectional view of the credit card receiving tray
      taken on line 6--6 of FIG. 4.
PAR  FIG. 7 is a front cross-sectional view of a portion of the interlock
      mechanism of the instant invention, with the credit card receiving tray
      latched in its operative imprinting position, taken on line 7--7 of FIG.
      4.
PAR  FIG. 8 is a top plan view of a portion of the structure shown in FIG. 7.
PAR  FIG. 9 is an end view of the credit card receiving tray.
PAR  FIG. 10 is an end cross-sectional view of a driven sector gear and return
      spring comprising a portion of the log sheet advance mechanism, and taken
      on line 10--10 of FIG. 5.
PAR  FIG. 11 is a side view similar to FIG. 7, but with the credit card
      receiving tray unlatched and in position for removal of the credit card.
PAR  FIG. 12 is an end view of a portion of the log sheet and roller advancement
      mechanism taken on line 12--12 of FIG. 4.
PAR  FIG. 13 is a front cross-sectional taken on line 13--13 of FIG. 12.
PAR  FIG. 14 is a front cross-sectional view of the roller gear train assembly
      of the instant invention, taken on line 14--14 of FIG. 4.
PAR  FIG. 15 is a cross-sectional view taken on line 15--15 of FIG. 14.
PAR  FIG. 16 is a perspective view of the transaction log recorder of the
      instant invention with the top cover lid open, and the credit card tray in
      the imprinting position.
PAR  FIG. 17 is a perspective view of the recorder with the top cover closed,
      and the credit card tray in position for receiving or removal of the
      credit card.
PAR  FIG. 18 is a perspective view of an imprinter mechanism with the recorder
      in place and the upper imprinter frame raised.
PAR  FIG. 19 is a view similar to FIG. 18, but with the upper frame lowered into
      the imprint position.
PAR  FIG. 20 is an end view of the take-up roller of the instant invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing the details of the apparatus, reference may first be made
      to one example of a sales ticket and a log sheet which may be used with
      the apparatus. A sales ticket 136 which may be used in conjunction with
      the instant invention is seen in FIG. 2 and comprises, for example, a
      duplicate two-sheet form both bound and having locating perforations 139
      at their left edges. Said sheets may be either of impact-imaging paper, or
      a translucent paper imaging from a separate double faced carbon leaf
      between said sheets. Thus, upon imprinting as is hereinafter discussed,
      transaction identification information is simultaneously transferred to
      the top customer's copy by carbon impression on the back side of the copy,
      and to the lower service station's copy by carbon impression of the front
      side of the copy. The reverse side of the service station's copy may also
      be provided with a carbon backing to simultaneously transfer all or any of
      the imprinted information to a generally continuous transaction log sheet
      44, seen in FIGS. 3 and 16 when the latter is positioned below the sales
      ticket. By selective sizing of said carbon backing, various items of
      information can be prevented from imprinting on the transaction log sheet,
      as desired.
PAR  Referring to FIGS. 1, 16 and 17, the transaction log recorder 2 of the
      instant invention comprises a lower rigid shell 4, and a complementary
      upper cover lid 6 hinged to said shell along only one edge thereof by
      hinges 7 seen in FIG. 4. A generally rectangular aperture is provided in
      the top surface of lid 6 wherein is secured a planar mask 10 slightly
      recessed from said top surface to form a slight ledge 12 in said lid 6.
      Mask 10 is provided with a central imprinting aperture 134, and two
      transaction obliteration apertures 5. When in the closed orientation, as
      shown in FIGS. 1 and 17, the lid 6 may be releasably secured to lower
      shell 4 by means of standard bayonet and slot fasteners or the like, not
      shown.
PAR  Also disposed within the lower shell 4 is a rigid anvil 14, best seen in
      FIGS. 4, 8 and 16, with a generally planar top writing surface 16, a
      rounded frontal edge 18, a recessed planar, inclined ramp surface 20, a
      recessed horizontal surface 24, a left side aperture 26, a track slot 28,
      a spring-retaining groove 30, and a central aperture 32. The writing
      surface 16 forms a desk top for customer signature of the sales ticket.
      The rounded edge 18 forms a guide for the transaction log sheet 44 as it
      advances across the anvil, while the ramp surface 20 forms a guide for a
      credit card holding tray hereinafter described. The horizontal surface of
      the anvil also defines and forms a location pad wherein is secured the
      service station's fixed printing plate, listing constant information such
      as dealer name, address and identification-code number.
PAR  Anvil 14 is secured to the lower shell 4 by a plurality of machine screws
      threaded in tapped bosses 33. Also rotatably secured to the underside of
      anvil 14 is a bank of tandem sequential transaction number imprinter
      wheels 144. Upper portions of said wheels extend upwardly through the
      central aperture 32 in anvil 14 to contact the lower surface of log sheet
      44. Vertically extending from the top surface of mask 10 are two
      cylindrical locating pins 137 upon which the locating perforations 139 in
      ticket 136 center when the ticket is placed into position directly above
      mask 10 in the recess formed by ledge 12. When in this position, aperture
      134 in the mask is directly below a portion of said ticket, and permits
      imprinting contact by said service station plate, the sequential
      transaction imprinter wheels 144, the customer's credit card, and other
      additional imprinting wheels desired so as to imprint transaction data and
      variable monetary amount of the sale.
PAR  Also disposed within lower shell 4 is a log sheet take-up roller 34, whose
      detail is best seen in FIGS. 4, 5 and 20. Referring to FIG. 20, the roller
      may be seen to comprise a central bearing shaft extension 36
      longitudinally extending from a member 38 having a flat surface 37.
      Generally enveloping the member 38 along a central length thereof is a
      generally right-circular cylindrical sleeve 40. The sleeve 40 is recessed
      into the member 38 along the annular circumference thereof, so that the
      sleeve has a diameter equal to the major diameter of said member 38. A
      linear portion 41 of said sleeve runs parallel to said flat surface 37 of
      the chordal member, and an annular portion 39 of the sleeve overhangs said
      linear portion and is spaced therefrom. Radially extending from the
      chordal member 38 at the distal extremities of said sleeve are a plurality
      of locating pins 42 upon which corresponding perforations 43 in the upper
      edge of the sheet of transaction log paper may be located. As is seen in
      FIG. 16, the body of the log paper is laid flat, planar, and generally
      above and tangent to the top writing surface 16 of anvil 14, and the
      remainder of said sheet is curled in a reversed roll and disposed in a
      cavity 45 formed in lower shell 4. Thus it may be appreciated that, when
      said log paper is so located, and the chordal member 38 is rotated
      clockwise in the direction of the arrow in FIG. 20, the paper will wrap
      itself in a spiral of concentric circles whose radii will vary only by the
      paper thickness of the log sheet. Accordingly, constant angular
      advancement of roller 34 will incrementally advance said log sheet a
      generally constant linear amount equal to the interlineal transaction
      spacing shown in FIGS. 3 and 16. And, in the instant invention, the
      distance between the locating perforations 43 and the first transaction
      line is fixed so that, when an unused log sheet is initially affixed to
      said roller and the take-up roller advancement lever, hereinafter
      described, is cycled, the first transaction line will be appropriately
      indexed at the imprinting station immediately subjacent aperture 134 in
      mask 10.
PAR  Referring to FIGS. 1, 4, 12, 16 and 17, operatively connected to said
      take-up roller 34 is a roller advancement lever 46 disposed outside lower
      shell 4 in a complementary recess in said shell. The lever is connected to
      the roller by a gear train assembly best seen in FIGS. 4, 5, 10, 12, 13,
      14 and 15.
PAR  As shown in FIGS. 2 and 13, lever 46 is keyed by a threaded pin 54 to a
      sector pinion gear 48 having a tandem cam lobe 50 in fixed angular
      relationship therewith. As shown in FIGS. 10 and 14, pinion 48 is meshed
      with a complementary driven sector gear 52 which is rotatably fitted about
      the circumference of a cylindrical barrel 54. Said barrel is coaxial with
      the bearing shaft extension 36 and secured thereto by a set pin 55, as
      best seen in FIG. 15. Extending from one lateral surface of said gear is a
      cylindrical spring pad 56. Extending from the other lateral surface of
      said gear is a cubic anchor lug 58 from which extends a cantilevered leaf
      spring 60. Also extending from said other lateral surface is a pivot pin
      62 about which is rotatably fastened an advancement pawl 64. As seen in
      FIGS. 14 and 15, the pawl is spring biased by the leaf spring 60 to engage
      a ratchet wheel 66 which is secured to and rotates with the barrel 54.
PAR  When assembled as in FIG. 14, the barrel 54 is supported at its one
      extremity near bearing shaft extension 36 by a perforated stanchion 68.
      Said stanchion has a cam surface 70 at its upper extremity, and a notch 72
      at its lower extremity, said notch receiving and locating upon a rib 74
      formed into the lower shell 4. The barrel is supported near its other
      extremity by a bearing rib 76, also formed in the lower shell 4. As seen
      in FIG. 14, a terminal portion of barrel 54 extends beyond rib 76. As best
      seen in FIG. 10, a helical torsion return spring 78 is fitted about the
      outer circumference of the barrel immediately adjacent said rib. The lower
      extremity 82 of said spring is held immovably against an inner wall 80 of
      lower shell 4, while the upper extremity of said spring contacts the
      cylindrical spring pad 56 on sector gear 52. Thus, said spring biases
      sector gear 52 in the counterclockwise direction, as viewed in FIG. 10.
PAR  Referring to FIGS. 4, 6, 7, 9 and 11, the credit card receiving and holding
      tray 84 is a generally rectangular receptable with a horizontal planar top
      surface 85 having a peripheral lip edge 86 for laterally containing a
      credit card, and a cutaway notch 88 for ease of insertion and removal of
      the card while holding same between the thumb and index finger. As best
      seen in FIG. 6, the tray is spring-biased by a compression spring 92 which
      is laterally restrained by the walls of aforementioned spring-retaining
      groove 30 in anvil 14, and which exerts axial force against a spring pad
      94 which depends from the lower surface 90 of the tray. As is best seen in
      FIGS. 7 and 11, tray 84 is of wedge-shaped cross section, the lower
      surface 90 thereof slidingly cooperating with the aforementioned recessed
      planar inclined-ramp surface 20 in anvil 14. The tray is guided in the
      track slot 28 in anvil 14 by two parallel guide protrusions, 102 and 103
      respectively, which depend from lower surface 90 in the tray's upper
      surface 85, and depend completely through the track slot between the guide
      protrusions and engage a keeper member 100. Said keeper member spans
      between said two guide protrusions in cantilever fashion, as best seen in
      FIGS. 9 and 11. Thus, it may be appreciated that, as said tray 84 is moved
      against spring bias from the card receiving and removal position,
      illustrated in FIGS. 7 and 16, said tray and a card supported thereon will
      remain in a horizontal attitude.
PAR  The transaction log recorder 2 of the instant invention is intended for
      cooperative use with a relatively stationary imprinter mechanism 130 seen
      in FIGS. 18 and 19. Said imprinter mechanism comprises a stationary lower
      frame member 132, with a plurality of slidable transaction amount keys 133
      mounted therein. Said keys are operatively connected to a corresponding
      number of conventional imprint wheels, not shown, which are rotatably
      carried by the frame member. Thus, when the transaction amount is set by
      keys 133, the corresponding amount will be presented by said wheels in an
      upwardly facing attitude. Chordal portions of such wheels are adapted to
      extend through the left side aperture 26 of anvil 14 to contact the lower
      surface of log sheet 44 for imprinting action thereupon.
PAR  The imprinter mechanism 130 also includes an upper frame member 138
      pivotably secured to said lower frame member. Slidably secured to said
      upper frame member is a slidable grip 140 from which is suspended a right
      circular cylindrical imprinting roller 142 which translates in unison with
      said grip. The central cylindrical axis of said roller is, of course,
      generally normal to the direction of translation of said grip along said
      upper frame member. Upper frame member 138 is shown in a raised
      inoperative orientation in FIG. 18, as when the transaction log recorder 2
      is to be inserted into or removed from the lower frame member 132. Upper
      frame member 138 is shown in the operative imprint orientation in FIG. 19,
      as when the transaction log recorder is in place within the lower frame
      member 132 and awaiting an imprinting stroke by the grip 140.
PAR  Also contained within lower frame member 132 is a mechanism, now shown,
      which operatively cooperates with the sequential transaction imprinter
      wheels 144. When the grip 140 is translated through a complete imprint
      stroke, this mechanism increments the sequence count by a single digit,
      thereby imprinting each line on the transaction log sheet with a discrete
      sequential transaction number.
PAC  Interlock System
PAR  Referring to FIGS. 12 and 16, the cam lobe 50 on section pinion gear 48
      moves in unison with take-up roller advancement lever 46. Said cam is so
      angularly positioned with respect to the lever that, when the lever is
      manually angularly rotated from the generally horizontal position shown in
      FIGS. 1, 12, 16 and 17, to the phantom line position shown in FIG. 12,
      said cam lobe is rotated to extend in a generally horizontal attitude as
      also shown in FIG. 12. As the cam is rotated to this attitude, it
      laterally displaces a spring biased cam follower 101 which comprises a
      terminal portion of a laterally extending connecting rod 104. As is best
      seen in FIGS. 7, 11 and 16, the other extremity of the connecting rod is
      secured in an anchoring perforation in a pivotable latch plate 106. The
      latch plate is itself pivotably secured to a lower surface of anvil 14 by
      a pivot pin 108, and is further spring biased by a compression spring, not
      shown, to oppose the action of said cam against the follower and
      connecting rod. It is this spring bias which provides the aforementioned
      spring bias of the cam follower against the cam lobe.
PAR  Also comprising part of the interlock mechanism is a pivotable latch member
      110 shown in FIGS. 7, 8 and 11. The latch member has a bearing shaft 112
      which pivotably cooperates with bearing bosses 114 integrally formed in a
      lower surface of anvil 14. At one distal extremity of the latch member is
      formed a rectangular upper step 116 and a bevelled lower step 118. At the
      other distal extremity of said latch member is formed a pushactuated
      button 120 which is spring biased generally vertically downwardly by a
      compression spring 122.
PAR  When the customer's credit card has been inserted in the tray 84 and it is
      desired to move said tray and said card into the imprinting position, the
      aforediscussed interlock system becomes active. In its normal position
      between imprint cycles, the latch plate 106 and latch member 110 are
      disposed as shown in FIG. 11 and perform no latch action. Thus when the
      tray and card are manually pushed into the imprint position, the bias of
      spring 92 against pad 94 forces said tray back to the credit card
      receiving-removal position. That is, the tray cannot be latched into the
      imprint position until the lever 46 is advanced through its full cycle to
      advance the transaction log sheet by one line increment. This safety
      interlock feature prevents the possibility of the inadvertent imprinting
      of two discrete transactions on the same single line of the log sheet.
PAR  To latch tray 84 in the imprint position, the advancement lever must be
      manually advanced through its full cycle. This measurement causes the cam
      lobe 50 to displace connecting rod 104 which, in turn, pivotally rotates
      latch plate 106 to the position shown in FIG. 7. With the latch plate in
      this position, the bevelled lower step 118 of latch member 110 will
      respond to the bias of spring 122 and pivot generally upwardly past the
      edge latch plate 50, to the position also shown in FIG. 7. At this
      juncture, the tray 84 is manually moved from the card insert-removal
      position shown in FIG. 11 to the imprint position shown in FIG. 7. Thus it
      may be appreciated that the guide protrusion 103 will, as the tray is so
      moved, ride over and abut against rectangular upper step 116 of latch
      member 110, as shown in FIG. 7, thereby effectively latching said tray in
      the imprint position for imprinting operations. When said imprinting
      operations have been completed, the tray and card may be returned to the
      external receiving-removal position by mere fingertip depression of push
      button 120 which protrudes through aperture 124 in lower shell 4. When
      said button is so depressed, the rectangular upper step 116 of latch
      member 110 is removed from the path of guide protrusion 103, thereby
      permitting the tray and card to return to the external insert-remove
      position under the bias of spring 92.
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  Referring to the aforediscussed structure of the present invention,
      operation of the instant embodiment is as follows:
PAR  At the beginning of a business period, such as the start of each business
      day, the attendant will set a date imprint wheel to that day's date. An
      unused transaction log sheet 44 is inserted into the recorder and located
      upon pins 42 on the take up roller. The recorder cover lid is closed and
      secured to the recorder lower shell. The roller advancement lever is
      advanced and returned through one or more complex cycles to index the
      first transaction line of the fog sheet to the imprint position.
PAR  When a sales transaction is to be recorded, an unused duplicate sales
      ticket 136 is inserted atop mask 10 on the recorder and located upon pins
      137. The customer's credit card is inserted in tray 84 at the receiving
      position, and said tray and card are moved together to the imprint
      position above the anvil so that the raised or embossed characters on the
      card extend upwardly to contact the lower surface of sheet 44. Since the
      take up roller has already been advanced to the next available transaction
      line, the safety interlock system will permit and said tray to latch
      fixedly in place in said imprint position.
PAR  The recorder is now physically placed on the imprinter mechanism, and the
      transaction value amount is set on the keys 133 which, in turn, set the
      imprinter wheels to the corresponding amount. The imprinter upper frame
      member is then pivoted downwardly to positon the imprinting roller
      immediately above mask 10. The grip 140 and roller 142 are then slidably
      translated through the imprinting cycle, thereby imprinting both the
      duplicate sales ticket and the transaction log sheet with the desired
      variable and constant information, the mask 10 preventing the roller from
      smudging the log sheet. After said imprinting cycle, the upper frame
      member 138 is automatically pivoted to the raised orientation, by means
      not shown, or manually raised to the position shown in FIG. 18 for removal
      of the recorder.
PAR  The recorder 2 is now removed from the imprinter and handed to the customer
      through his automobile window aperture for signature on the sales ticket.
      When so signed by the customer, a facsimile carbon signature is produced
      on the log sheet 44. The attendant, holding the recorder in one hand, now
      manually pushes push button 120 to release the card and tray from the
      latched imprint position to the card removal position. The card is then
      removed from the recorder and returned to the customer, along with the top
      original copy of the sales ticket. The attendant retains the second
      duplicate copy of the sales ticket for his records. The log sheet,
      containing the transaction details in sequential line order, with one
      transaction per line, is retained in the recorder for recording of future
      transactions of the business period. At the end of the business period, or
      when the log sheet is full, sheet 44 is removed and mailed to the central
      accounting activity for billing of the listed customers and crediting of
      the dealer's account. Depending upon the requirements of the central
      accounting activity, the sequential transaction wheels may be reset when a
      log sheet is changed; at the end of business period; or not at all to
      sequence transactions over multiple business periods.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable transaction log recorder apparatus for use with an embossed
      credit card for applying data simultaneously both to a sales ticket and to
      a segment of a continuous form log sheet, comprising: an outer housing
      including a card receiving station and a card imprinting station;
PA1  credit card tray means slidably secured in said housing for sequentially
      receiving a credit card at said card receiving station, transferring and
      retaining said credit card at said imprinting station, and returning said
      card to said receiving station;
PA1  means in said housing adapted to support a continuous form log sheet;
PA1  means operatively connected to said sheet support means and adapted for
      indexing a segment of said log sheet incrementally past said imprinting
      station and including interlock means for enabling retaining said credit
      card at said imprinting station only after actuation of said indexing
      means;
PA1  means on said housing adapted for receiving and supporting a sales ticket
      at said imprinting station in overlying relation to said log sheet
      supporting means; and
PA1  at least one imprinter wheel contained within said housing at said
      imprinting station.
NUM  2.
PAR  2. The apparatus of claim 1 further including an anvil comprising a central
      structural member of said apparatus, said anvil having at least one planar
      writing surface, said log sheet overlying and being supported on said
      anvil means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said means for indexing said log sheet
      comprises a generally cylindrical roller rotatably secured within said
      housing, said roller having means thereon adapted for releasable
      connection to said log sheet and a pivotable advancement lever operatively
      connected to said roller and disposed outside said housing for
      incrementally rotating said roller means and advancing a log sheet carried
      thereby.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said roller comprises a member having a
      chordal cross section and at least one generally planar surface, a central
      bearing shaft longitudinally extending from said chordal member, a
      partially cylindrical sleeve generally enveloping said chordal member
      along the central length thereof, said sleeve being received into said
      chordal member along the annular circumference thereof, said sleeve having
      a diameter equal to the major diameter of said chordal member, and a
      planar portion of said sleeve extending parallel to said planar surface of
      said chordal member and an annular portion of said sleeve overhanging said
      planar portion and being spaced therefrom.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said log sheet connection means on said
      roller comprises at least one locating pin radially extending from said
      chordal member at a location adjacent a distal extremity of said sleeve,
      said pin being adapted to engage an aperture in a log sheet.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for receiving said sales
      ticket comprises an externally opening recess in said housing means, and
      at least one locating pin normally extending from said recess and adapted
      to engage an aperture in a sales ticket.
NUM  7.
PAR  7. The apparatus of claim 1, wherein said interlock means comprises a
      pivotable latch member spring biased to a detent position to retain said
      credit card tray means at said imprinting station, and a latch plate
      pivotably secured in said housing to engage and retain said latch member
      out of said detent position, further including connecting means extending
      between said latch plate and said indexing means for pivoting said latch
      plate out of said retaining engagement of said latch member upon actuation
      of said indexing means.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said credit card tray means comprises a
      slidable tray with a protrusion depending therefrom.
NUM  9.
PAR  9. The apparatus of claim 8, wherein said latch member in said detent
      position engages said protrusion to retain said slidable tray at said
      imprinting station.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said latch member has a bevelled lower
      step, and a rectangular upper step including means engageable with said
      protrusion to retain said slidable tray at said imprinting station; and
      said lower step including means engageable with said latch plate to retain
      said latch member with said upper step out of engagement with said
      protrusion.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said lower step and said upper step
      are formed at a first distal extremity of said latch member, a manually
      actuable push button is formed at a second distal extremity of said latch
      member, and wherein said latch member is pivotable from a first position
      at which said button is contained within said housing to said detent
      position at which said button extends through an opening in said housing,
      said button releasing said latch member for moving said credit card tray
      means to said first position.
NUM  12.
PAR  12. The apparatus of claim 7 wherein said interlock means includes a
      connecting rod extending from said indexing means and joined to said latch
      plate, and including a cam operable by said indexing means, said
      connecting rod including a cam follower at one extremity thereof for
      effecting translation of said connecting rod and actuation of said latch
      plate.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said latch plate has a perforation
      therein, the other extremity of said connecting rod being adapted for
      engagement with said perforation.
NUM  14.
PAR  14. The apparatus of claim 1 further including a mask means having an
      aperture therein and adapted to be disposed generally between a log sheet
      and a sales ticket at said imprinting station.
NUM  15.
PAR  15. The apparatus of claim 1 wherein said credit card tray means comprises
      a tray having a wedge-shaped cross section, and further including an anvil
      comprising a central structural member of said apparatus, said anvil
      having at least one planar writing surface and a recessed planar inclined
      ramp surface, a lower surface of said tray slidably engaging said ramp
      surface, said ramp surface being complementary to said lower surface of
      said tray to maintain said tray in a horizontal attitude at any position
      of said slidable engagement.
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ABST
PAL  Automatic registration of the web of sheet material on a printing cylinder
      is effected in a silk screen printing apparatus which includes a printing
      frame reciprocably movable in an impressing and return cycle. A printing
      cylinder is arranged for carrying a web of sheet material in impression
      receiving relation to said printing frame during the impression-forming
      portion of its movement. Web guide rollers are arranged to direct the web
      to and from said printing cylinder. A first drive arrangement, including a
      first motor, is connected both to drive the printing frame reciprocably
      and said printing cylinder unidirectionally in the impression-receiving
      direction. The printing cylinder is disengaged from the first drive during
      the reverse travel of the printing frame so that the web is stationary. A
      second drive arrangement is provided, including a second motor, connected
      to drive the printing cylinder in a second direction, that is the reverse
      of the printing direction. A photocell is positioned to scan the web
      downstream of said printing cylinder and is operable upon said second
      motor to de-energize the same when said printing cylinder has been
      reversed to a predetermined position of said web. Indicia carried by said
      web is sensed by said photocell to effect said de-energization.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to silk screen printing apparatus of the
      type used to form serigraphs and more particularly concerns the provision
      of means for establishing automatic registration of the image receiving
      paper web on the printing cylinder to enable repeated passes of the same
      impressions successively to form multicolored serigraphs in proper
      registration.
PAR  The serigraphic art of printing involves the preparation of color separated
      silk screens carrying images to be applied to paper web or sheet material.
      A multitone or multicolor original work of art is utilized prepare a
      series of silk screens each containing one color separated image. All
      colors are separated to provide one screen for each represented color.
      Prints are made by impressing the particular colored ink through the
      screen using suitable application techniques to a continuous web of sheet
      material, usually paper. A limited number of impressions are serially
      made. Thereafter, the web carrying the first series of impressions is
      rewound, the second color separated screen substituted for the first and
      the second image is applied in registration with the first image until the
      series is completed. This process is repeated for as many colors as
      required to provide the multicolor serigraph print.
PAR  Considerable difficulty has heretofore been encountered in achievement of
      color registration in the course of making serigraphic prints. While color
      registration devices, web guide means, and similar adjustment means are
      well known in the printing art, particularly related to the high speed
      printing arts, none have been suitable for use to achieve proper
      registration in the serigraphic printing art. There are web guide
      problems, slippage and looping problems, successive rewinding and back
      tracking contribute to errors in registration in the serial process. Where
      there is a high speed run, waste is possible until the alignment is
      corrected. Moreover, the colors are serially successively applied inn a
      continuous stream process. In the serigraphic art, every print counts and
      complete rewinding and after a run with one color is required for
      application of the second color, and on with as many as twenty different
      colors all requiring complete rewind and proper registration during the
      next run. Ordinarily the process of serigraphic print making is a hand
      operated art not conducive to automation. Thus it would be highly
      advantageous to provide means whereby registration can be achieved
      automatically in the formation of serigraphic prints.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of the silk screen printing apparatus
      illustrating the registration control according to the invention at the
      immediate post impression stage of the printing process.
PAR  FIG. 2 is a schematic representation of the silk screen printing apparatus
      shown in FIG. 1 but illustrating the registration control according to the
      invention at the final or registration stage of the printing operation.
PAR  FIG. 3 is a fragmentary detail illustrating the notches formed in the web.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The serigraphic printing apparatus carrying the registration control means
      according to the invention is designated generally in FIG. 1 by reference
      character 10. The printing apparatus 10 comprises a printing frame 7
      arranged for reciprocating movement alternatingly in the direction
      represented by the arrows B in the Figures. The printing frame 7 carries a
      silk screen 12 suitable for color separation printing techniques. The
      screen 12 is mounted thereon for movement therewith. A suitable ink
      applicator or spatula 8 is arranged to cooperate with a suitable doctor or
      scraper 9 so that ink may be applied through the screen to a web of sheet
      material passing below said screen.
PAR  A printing cylinder 1 is provided mounted for driven rotation in one
      direction indicated by arrow A. Cylinder 1 is positioned proximate the
      printing frame 7 so that the web 2 is placed in position to receive the
      impression of the image 14. The web 2 preferably is formed of paper and is
      unwound from a source roll (not shown) past guide roller 4 and under
      tensioned roller 3 which holds the web against the printing roller 1. The
      web 2 is then detached, that is self-detached, from the print cylinder 1
      from whence it passes through pressure rollers 5 and 6 to the drying stage
      (not shown)
PAR  A successive series of impressed images 14 are printed upon the continuous
      length of sheet or web 2. Subsequent to the completion of the series of
      predetermined number, the first screen 12 is replaced and another color
      separated screen substituted. The color of ink is changed and the second
      series of impressed images is intended to be superimposed upon the first
      images successively with both first and second series in perfect
      registration.
PAR  Clearly, if the web 2 carrying the series of first images is wound on a
      roller subsequent to the drying stage, and then that last mentioned roller
      is used as the source roller, the web containing the first images is drawn
      of said last mentioned roller and passed along the guide train -- rollers
      4,3,1,5 and 6. Adjustment of the web positioning is required so that the
      successive images pass in proper registration below the silk screen at the
      time the impressing is carried out. It is to this purpose that the
      registration control means of the invention is directed.
PAR  The web 2 is provided with a plurality of notches 18 or other readable
      indicia which are capable of being read by the scanner element 9' located
      on the downstream side of the printing cylinder 1. Here the scanner
      element 9' takes the form of a photocell. Element 9' is coupled
      operatively to slowly reverse the direction of movement of the printing
      cylinder 1 by energizing a small electric motor 20 connected by known
      transmission means, including a differential (not shown) to operate the
      printing cylinder. When the first drive means including motor 20' which
      operates the printing frame in the impression direction B.sup.1 and
      unidirectionally operates the printing cylinder in the direction of arrow
      A is reversed when the impression stage has been completed, the printing
      frame 7 is translated in the reverse direction. At the same time, the
      first drive means represented as conventional motor 20', drivingly coupled
      to the printing cylinder, is disengaged from said printing cylinder as
      diagrammatically represented by the operation of switch means 24 or other
      disabling means well known in the art thus during the return movement of
      the frame, the said printing cylinder remains stationary. Obviously during
      the return movement of the frame, conventional means (not shown) are
      provided to prevent the screen and the ink-applying means 8 and 9 from
      engaging the web. When the impression has been applied to the web, the
      image 14 is positioned with its adjacent registration notch 18 past the
      scanning element 9'. Now, when the frame 7 moves in the reverse direction
      . . that is toward its initial condition, the print cylinder does not
      rotate in the direction of arrow A. Now the small electric motor 20 is
      energized and takes over the operation of the print cylinder so as to
      cause the print cylinder to rotate in the direction opposite to the arrow
      A, that is to back-track. The small motor 20 is de-energized when the
      scanning element 9' senses the notch 18 and the web and screen are placed
      properly for the next impression.
PAR  On the re-runs, the same notch-scanning element relationship attends and
      hence, successive runs always have the successive images 14 in proper
      registration.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Means for automatically registering a paper web on a printing cylinder
      of a silk screen serigraphic printing machine comprising, means for
      feeding a web of sheet material to a printing cylinder for receiving a
      printed impression thereupon and with the web in contact with said
      cylinder at all times, indicia means carried by said web for indicating
      proper registration positioning for receipt of the next successive
      impression thereupon, first drive means including a first drive motor, for
      rotating said printing cylinder in one direction and thereby advancing
      said web to a position where said indicia means is located beyond the
      proper registration position, second drive means including a second drive
      motor, for rotating said printing cylinder in the opposite direction,
      retracting said web therewith, means for operatively disengaging said
      first drive means from said printing cylinder after each impression
      applied to said web is completed, means operatively engaging said second
      drive means with said printing cylinder for reversing said printing
      cylinder carrying the web therewith when said first drive means is
      disengaged therefrom, said first drive means remaining thus disengaged
      during operation of said second drive means, and scanning means for
      sensing said indicia when said web is retracted, said scanning means
      coupled to said second drive means for operatively disengaging same from
      said printing cylinder when said indicia reaches the proper registration
      position, said scanning means being located in monitoring position
      relative to said web and said indicia means.
NUM  2.
PAR  2. The structure as claimed in claim 1 in which said indicia comprise
      notches formed at spaced locations on the web.
NUM  3.
PAR  3. The structure as claimed in claim 1 in which there is a reciprocable
      printing frame carrying a silk screen and said first drive means is
      coupled to drive said printing frame in a first direction to advance said
      screen in image applying relation to said web simultaneously with
      operation of said printing cylinder advancing said web for application of
      an impression to said web by application of selected color ink through
      said silk screen, said first drive means being operable also to return
      said printing frame to its initial position when the printing cylinder is
      disengaged from said first drive means.
NUM  4.
PAR  4. The structure as claimed in claim 3 in which said scanning means
      comprises a photocell positioned downstream of said cylinder in sensing
      relation thereto.
NUM  5.
PAR  5. The structure as claimed in claim 3 in which said second drive means
      includes a small electric motor so that the retraction of the web is
      performed at a speed substantially lower than the speed of advance of the
      web.
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ABST
PAL  This is a lithographic printing plate blank adapted to be processed by
      applying a beam of laser radiation through a radiation transparent sheet
      to transfer selected portions of a combustible coating material on the
      sheet onto a lithographic surface; the lithographic surface provides a
      hydrophilic background on which oleophilic printing areas are provided by
      the transferred material. In the composite blank the coated sheet is held
      electrostatically in intimate contact with the lithographic surface, which
      is a grained surface, so that the coated surface and lithographic surface
      are maintained in intimate contact in spite of the generation of gases
      therebetween due to the laser initiated combustion which would ordinarily
      tend to separate the surfaces and reduce resolution. The coated sheet is
      provided with an electrostatic charge during manufacture of the composite
      sheet, either by manually inducing the charge or by building the charge
      into the sheet to make it an electret.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to lithographic printing plate blanks and
      particularly to a type of lithographic printing plate blank which consists
      of a radiation transparent transfer sheet, coated on one side with a
      oleophilic material, and a receptor sheet having a lithographic
      hydrophilic surface, and in which a laser is applied through the transfer
      sheet to cause coating material on the transfer sheet to blow off onto the
      lithographic surface of the receptor sheet in a selected image pattern.
      The plate blank thus processed is thereafter inked and used for printing
      in a conventional manner.
PAR  For this laser processing the lithographic surface of the receptor sheet is
      placed in at least close proximity to coated surface of the transfer
      sheet; the laser beam is scanned over the uncoated side of the radiation
      transparent transfer sheet and is modulated for causing blow off of the
      coating in a selected pattern. Suitable laser scanning apparatus for this
      purpose is illustrated by U.S. Pat. No. 3,816,659 for Scanning Apparatus
      issued June 11, 1974, in the name of the present inventor.
PAR  It is known to transfer an ink like substance from one surface to another
      using laser radiation applied through a radiation transparent sheet to
      cause selected portions of the ink like material coated on the sheet to
      blow off onto an adjacent receptor sheet. Such a technique is decribed in
      U.S. Pat. No. 3,745,586, July 10, 1973 in the name of R. S. Braudy which
      relates to non-impact writing and in which the image thus produced is the
      final printed image desired. It is also previously known to use a
      lithographic surface as the receptor surface and to have the material
      transferred thereto by laser irradiation of an oleophilic or ink receptive
      material so that the resultant plate is a lithographic printing plate
      which is thereafter inked and applied to reproduce multiple printed copies
      in a conventional manner.
PAR  In the prior art, as illustrated by the aforementioned U.S. Pat. No.
      3,745,586, it has been felt necessary to space the receptor sheet from the
      transfer sheet for the transfer step in order to provide an exit space for
      the gases generated by the combustion which accomplishes the transfer. If
      the gaseous combustion products do not disperse or do not disperse fast
      enough, they force the sheets apart or otherwise affect the transfer of
      coating material so that the resolution of the transfer image is
      non-uniform or totally degraded. However, it has been demonstrated in the
      art that a suitably well defined image can be formed with the transfer and
      receptor sheets in intimate contact for the transfer step if: (1) the
      surface of the receptor sheet is grained or otherwise slightly roughened
      so as to provide passages for the gaseous combustion products to disperse
      from between the sheets and (2) the critical surfaces of the transfer and
      receptor sheets (ie. the surface areas at which the transfer occurs) are
      maintained uniformly in contact. If the sheets are not kept in uniform
      contact, if gas buildup causes the sheets to bulge apart in a localized
      area, the resolution of the transfer image will be distored at that point.
      Since the uncoated surface of the transfer sheet must be exposed to the
      beam of laser radiation which initiates the combustion transfer, it is a
      problem to find suitable means for holding the sheets together. The
      transfer and receptor sheets may be stored separately and assembled into a
      composite plate on the laser scanning apparatus, for example by making the
      transfer sheet larger than the receptor sheet and using a vacuum holddown,
      but for commercial and practical purposes it is more desirable to have the
      two sheets assembled and held together as a composite blank during
      manufacture. This would simplify packaging, handling and storing and would
      mean that the person processing the blank would not have to assemble
      separate sheets, but would simply mount a single composite blank on the
      laser scanning apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of this invention to provide composite printing
      plate blanks, consisting of transfer sheets and receptor sheets, of the
      type described above, in which the transfer and receptor sheet in each
      assembled composite blank remains held in intimate contact with sufficient
      force that they remain so during shipment, storage and mounting on the
      laser processing apparatus for processing into a finished planographic
      plate.
PAR  A further object is to provide a composite printing plate blank of the
      subject type in which the transfer and receptor sheets remain in uniform
      and intimate contact during processing despite the presence of gaseous
      combustion products produced between the sheets by the processing, but in
      which the two sheets are easily pulled apart after the laser processing is
      completed.
PAR  The foregoing objects are realized by a composite printing plate blank in
      accordance with this invention, in which the receptor sheet has a
      lithographic surface that is grained or roughened and in which the
      transfer and receptor sheets are held in intimate contact
      electrostatically.
PAR  In accordance with the invention, at least one of the sheets, or a surface
      thereof, is a material which holds an electrostatic charge and the other
      sheet, or a surface reacts electrostatically. In the usual case the
      radiation transparent sheet is the material which holds the electrostatic
      charge, either by being a material such as a polyester which may be
      electrostatically charged by mechanical rubbing or scuffing or by being
      made an electret, by applying a polarizing electric field across the sheet
      or across the coating thereon during manufacture of the sheet itself or
      during the application of the coating thereon. The composite plate blank
      is then assembled. In the usual commercial practice of the invention the
      receptor sheet will be a sheet of aluminum, which has a grained or
      roughened lithographic surface. The transfer sheet is suitably a thin (3
      mil, for example) sheet of Mylar polyester having one side coated with
      carbon black particles in a self-oxidizing binder, such as nitrocellulose.
      The polyester sheet is electrostatically charged as by rubbing or by
      placing it in a polarizing electric field while it is being formed or
      while it is being coated. The coated polyester transfer sheet being an
      insulator retains the charge so that the two sheets are held together
      electrostatically when one is placed on the other to form the composite
      plate blank of the invention.
PAR  It will be appreciated, that the specific materials used for the transfer
      and receptor sheets and the selection of the one which is
      electrostatically charged and the one which is relatively
      electrostatically conductive is not critical to the invention. It is only
      essential that one of the two sheets be electrostatically charged so that
      the two are held together electrostatically when placed in intimate
      contact.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in more detail below with respect to an
      illustrative embodiment shown in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a coated transfer sheet and a receptor
      sheet preparatory to being placed together in intimate contact to form a
      composite lithographic printing plate blank of this invention.
PAR  FIG. 2 is a perspective view illustrating the manner in which a composite
      printing plate blank of this invention is processed by a laser for
      transferring portions of the coating material from the transfer onto the
      lithographic surface of the receptor sheet in a selected pattern defining
      the image to be reproduced by printing, and
PAR  FIG. 3 is a perspective view showing the transfer sheet pulled apart from
      the receptor sheet after the laser processing step illustrated in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, a lithographic printing plate blank 10 in
      accordance with the invention consists essentially of a receptor sheet 11,
      having, a grained or roughened lithographic surface 12, and a transfer
      sheet 13, which is a radiation transparent sheet 14, such as Mylar
      polyester, having on one side a coating 15 of a mixture of a radiation
      absorbent material, an oleophilic material and a self-oxidizing binder.
      FIG. 1 shows the receptor sheet 11 and transfer sheet 13 separated,
      preparatory to being brought together to form the composite plate blank 10
      of this invention in which, as illustrated in FIG. 2, the coating 15 of
      the transfer sheet 13 is in intimate contact with the lithographic surface
      12 of the receptor sheet 11.
PAR  In the composite blank 10 the transfer sheet 13 and the receptor sheet 11
      are held together by electrostatic attraction, one of them being a
      material which holds an electrostatic charge and the other being a
      material which reacts electrostatically. In accordance with present and
      expected practice of the invention the receptor sheet 11 can be either
      electrostatically conductive or nonconductive relative to the transfer
      sheet 13 and the transfer sheet 13 is electrostatically charged.
PAR  In the preferred form of the invention the receptor sheet 11 is a sheet of
      aluminum, such as a 4 mil sheet of aluminum foil, having a grained surface
      12 which is the lithographic, hydrophilic, surface. As used herein grained
      means that the surface 12 is slightly roughened so as to have a
      multiplicity of minute interconnecting troughs which provide passages for
      gaseous combustion products of the self-oxidizing binder of the coating 15
      to disperse between the transfer and receptor sheets, 13 and 11, when the
      composite blank 10 is laser processed, as in the manner described in more
      detail below with reference to FIGS. 2 and 3. The surface 12 of the
      receptor sheet 11 may be grained or roughened in any suitable manner, such
      as by being sandblasted, acid etched or by passing it under a rough
      surfaced roller against which the surface of the sheet is pressed during
      manufacture.
PAR  The radiation transparent sheet 14 of the transfer sheet is a material
      which holds an electrostatic charge; Mylar polyester is a particularly
      suitable material, but other materials, such as polycarbonates and nylon,
      could also be used.
PAR  The coating 15 on the sheet 14 of the transfer sheet 13 must include: a
      self-oxidizing binder, such as nitrocellulose, a material which will
      absorb the laser radiation applied for initiating combustion of the
      self-oxidizing binder, and an oleophilic material. Carbon black is a
      particularly good material for the coating since it performs both the
      latter two functions; specifically, it absorbs a wide range of laser
      radiation and is also oleophilic. A suitable formulation for the coating
      15 would include approximately equal parts by weight of carbon black and
      nitrocellulose.
PAR  In one form of the invention the transparent sheet 14 of the coated
      transfer sheet 13 is a material, such as Mylar polyester, a polycarbonate
      or nylon, which can be electrostatically charged mechanically by rubbing
      or scuffing it, for example, by passing the coated sheet 13 under a
      scuffing roller 16 as illustrated in FIG. 1, or by other suitable means,
      such as by passing the coated sheet 13 through an interdigitated electric
      field.
PAR  An electrostatic charge placed on the sheet 13 mechanically in the
      aforementioned manner has the drawback that it dissipates in time and
      would probably be unreliable for holding the sheets together so that they
      could be relied upon to hold firmly together for laser processing after a
      long period (eg. a year or more) in storage, for example. In a preferred
      form the sheet 13 is given a longer lasting electrostatic charge by making
      it an electret. This may be done by passing the transparent sheet 14
      through a polarizing electric field when the sheet is being formed, as
      when the sheet material emerges from the sheet forming die of an extruder.
      Alternatively, a polarizing electric field could be applied to the coating
      15 at the time liquid or viscous coating material is spread onto the sheet
      14 by a conventional coating process.
PAR  When the transfer sheet 13 has an electrostatic charge on it the composite
      plate blank 10 is assembled by placing the transfer sheet 13 on the
      receptor sheet 11 with the coating 15 in intimate contact with the grained
      lithographic surface 12.
PAR  The manner of processing a plate blank 10 of this invention for producing
      an imaged lithographic printing plate is illustrated in FIGS. 2 and 3. The
      composite printing plate blank 10 is mounted on laser scanning apparatus
      as illustrated in the aforementioned U.S. Pat. No. 3,816,659 and a beam 17
      of radiation from a laser indicated at 18 is applied in a raster pattern
      to the outward uncoated surface of the radiation transparent sheet 14 of
      the transfer sheet 13.
PAR  The laser beam 17 passes through the radiation transparent sheet 14 to the
      coating 15 where it is absorbed by the carbon black particles thereon (or
      by other radiation absorbent material used alternatively for this purpose)
      and initiates combustion of the self-oxidizing binder in the coating.
      Combustion of the binder causes it to blow a portion of the coating 15,
      including the oleophilic material therein, onto the lithographic surface
      12 of the receptor sheet 11 where it adheres. As previously mentioned the
      gaseous combustion products escape from between the transfer and register
      sheets, 13 and 11, through the passages provided by the grained nature of
      the surface 12. As already noted, carbon black in the coating 15 serves
      the dual function of being the radiation absorbent material as well as the
      oleophilic material; the carbon black might, of course, be supplemented or
      replaced by other materials for either or both these functions.
PAR  The beam of laser radiation that is applied is normally radiation in the
      infrared region; and suitable lasers are YAG (yttrium-aluminum-garnet)
      lasers which have an effective wavelength on the order of 1.06 micrometers
      or argon lasers which have an effective wavelength on the order of about
      0.5 micrometers, for example. As the laser beam 17 scans the surface of
      the transfer sheet 13 of the plate blank 10 it is modulated in accordance
      with signals representing the material to be imaged on the lithographic
      surface 12. Apparatus adapted for performing this function is described in
      U.S. Pat. No. 3,739,088.
PAR  After a desired image pattern has been formed on the lithographic surface
      12 of the receptor sheet 11 by the laser processing, the transfer sheet 13
      is readily stripped from the receptor sheet 11; since the sheets are held
      together by electrostatic attraction and since there is no mechanical
      adhesion, the sheets are easily separated without damage to either
      surface.
PAR  FIG. 3 illustrates the separated parts of the laser processed printing
      plate. An image pattern of oleophilic material transferred from the
      coating 15 and adhered to the lithographic surface 12 is illustrated at
      19. This transfer leaves a correspondingly patterned clear area 20 on the
      transfer sheet 13 from which the coating material 15 has been removed. The
      receptor sheet 11 with the oleophilic image 19 thereon is thus a positive
      printing plate, which when inked is used to produce printed copies in the
      conventional manner, and the transfer sheet 13, having clear image area
      20, is thus a negative which is useful in the production of proof copies
      or for imaging conventional photolithographic printing plates, for example
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A printing plate blank comprising a hydrophilic receptor sheet of
      material having a grained surface, and a transfer sheet of material that
      is transparent to a beam of laser radiation of a particular wavelength
      range and having on one side thereof a coating consisting essentially of a
      combustible mixture of a material which absorbs said laser radiation, and
      a self-oxidizing binder, said grained surface including a multiplicity of
      raised areas separated by troughs which will receive any gases generated
      during further processing of the blank, said transfer sheet comprising
      electrostatic means holding said sheets in intimate contact thereby
      positioning said transfer sheet in contact with said raised areas and
      bridging said troughs so that said transfer sheet does not prevent
      dispersion of gases to the troughs, and said coating comprising means
      which, in response to application of said beam of laser radiation to a
      portion of said coated sheet in contact with said surface area, effects
      combustion of said coating at said portion and also effects a change in
      the character of the receptor sheet surface that is in contact with said
      portion of said coated side of said transfer sheet, so that in response to
      selective application of said laser beam to said coated sheet the receptor
      sheet will have transferred to it, and adhered to it, oleophilic surface
      areas while leaving the receptor sheet with other hydrophilic areas so
      that said receptor sheet thereby is capable, upon removal of said transfer
      sheet, of functioning as a printing plate.
NUM  2.
PAR  2. The printing plate blank of claim 1 in which said radiation transparent
      transfer sheet is a material from the group consisting of polycarbonates,
      polyesters, and nylon.
NUM  3.
PAR  3. The printing plate blank of claim 1 in which said coating material which
      absorbs said laser radiation is carbon and in which said grained surface
      of the receptor sheet is essentially aluminum.
NUM  4.
PAR  4. The printing plate of claim 1 in which at least one of the radiation
      transparent sheet and the coating of the transfer sheet is an electret.
NUM  5.
PAR  5. The method of making a printing plate from a receptor sheet of a type
      having a hydrophilic surface comprising:
PA1  providing small cavities in one surface of the receptor sheet to relieve
      high pressure effects resulting from the generation of gases;
PA1  providing a transfer sheet transparent to a laser beam;
PA1  coating one face of the transfer sheet with a substance which in response
      to laser beam radiation passing through said transfer sheet emits gases
      and produces a material capable of adhering to said receptor sheet;
PA1  applying the coated face of the transfer sheet to said one surface of the
      receptor sheet;
PA1  applying an electrostatic charge to one of said sheets to effect adherence
      of the sheets;
PA1  selectively applying a laser beam through said transfer sheet to said
      substance to thus produce gases and said material and cause said material
      to adhere to the receptor sheet to provide said receptor sheet with a
      printing configuration, the gases dispersing into said cavities; and
PA1  removing the transfer sheet thereby rendering said receptor sheet a
      printing plate.
NUM  6.
PAR  6. A method of making a printing plate by applying a beam of laser
      radiation for transferring a selected pattern of oleophilic material from
      a transfer sheet onto a receptor sheet in the form of a lithographic
      plate, said method comprising:
PA1  forming a transfer sheet by coating one side of a sheet of material that is
      transparent to said beam of laser radiation with a coating consisting of
      an oleophilic material, a material which absorbs said laser radiation and
      a self-oxidizing binder such that combustion of the self-oxidizing binder
      is initiated by said laser radiation absorbed by said absorbent material;
PA1  providing a receptor sheet having a lithographic printing surface that is
      grained;
PA1  selecting said transparent sheet and the coating material thereon and said
      plate so that one will hold an electrostatic charge and the other is
      electrically conductive;
PA1  placing an electrostatic charge on at least one of said sheets;
PA1  placing the transfer sheet with its coated side in intimate contact with
      the grained lithographic surface of the receptor sheet whereby the two
      sheets are held electrostatically together in said intimate contact; and
PA1  directing a laser beam on the coated side of said transfer sheet in
      accordance with a configuration of the subject matter to be printed to
      effect said combustion and for applying the solid products of said
      combustion onto the receptor sheet to provide a printing surface thereon.
NUM  7.
PAR  7. The method of claim 6 in which said radiation transparent sheet of said
      transfer sheet is a material from the group consisting of polycarbonates,
      polyesters and nylon and in which an electrostatic charge is placed on the
      transfer sheet by scuffing the uncoated surface of the radiation
      transparent sheet thereof.
NUM  8.
PAR  8. The method of claim 6 in which said electrostatic charge is placed on
      said one of said sheets by making at least a portion of said one sheet an
      electret.
NUM  9.
PAR  9. The method of claim 8 in which an electrostatic charge is placed on the
      transfer sheet by making the radiation transparent sheet thereof an
      electret.
NUM  10.
PAR  10. The method of claim 8 in which an electrostatic charge is placed on the
      transfer sheet by making the coating thereof an electret.
NUM  11.
PAR  11. A printing plate blank comprising
PA1  receptor sheet means having a multiplicity of raised areas separated by
      troughs which will provide relief from excessive gas pressure generated
      therein during further processing of the blank,
PA1  a transfer sheet,
PA1  said transfer sheet comprising electrostatic means holding said transfer
      sheet to said multiplicity of raised areas while bridging said troughs so
      that the transfer sheet does not preclude the dispersion of gases to said
      troughs,
PA1  said transfer sheet comprising means which, in response to predetermined
      irradiation, releases gases between the first named means and the transfer
      sheet and also forms a printing plate by changing the character of the
      surface area of said first named means that is in contact with the portion
      of the transfer sheet which received the predetermined irradiation,
      whereby in response to selective application of said predetermined
      irradiation certain portions of the surface area of the first named means
      are changed in character to thereby form a printing plate.
NUM  12.
PAR  12. The method of making a printing plate from a receptor sheet of a type
      having a hydrophilic surface comprising
PA1  providing small cavities in one surface of the receptor sheet to relieve
      high pressure effects resulting from the generation of combustion gases,
PA1  providing a transfer sheet transparent to a laser beam,
PA1  coating one face of the transfer sheet with a mixture of carbon and a
      self-oxidizing binder which is sufficiently absorbed by the carbon to
      effect combustion of the mixture in response to laser beam radiation
      passing through said transfer sheet and impinging on said mixture,
PA1  applying the coated face of the transfer sheet to said one surface of the
      receptor sheet,
PA1  applying an electrostatic charge to one of said sheets to effect adherence
      of the sheets,
PA1  selectively applying a laser beam through said transfer sheet to said
      mixture effecting combustion thereof and adhering combustion products to
      the receptor sheet to provide it with a printing configuration, the
      combustion gases dispersing into said cavities, and
PA1  removing the transfer sheet thereby rendering said receptor sheet a
      printing plate.
NUM  13.
PAR  13. The method of claim 12 in which the wavelength of the laser beam is in
      the range of about 0.4 to about 1.1 micrometers.
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ABST
PAL  A modular section for use in assembling a blasting mat. The section is
      elongated with upper and lower faces and a pair of parallel side faces.
      Each side face is curved in a plane normal to the longitudinal axis of the
      section to form an overhanging portion along one lateral face and an
      outwardly projecting lower portion along the other lateral face, whereby
      sections may be fitted together in abutting relationship. Each section
      includes pressure port means and means allowing the interconnection a
      plurality of the sections to form the mat. Preferably the ends of the
      section are also parallel and curved in the vertical plane of the
      longitudinal axis of the section.
BSUM
PAR  This invention relates to a blasting mat.
PAR  Blasting mats are used in excavating where areas of rock are being broken
      up by explosives. The purpose of the mat is to contain flying rock
      fragments. Presently such mats are constructed by sectioning the side
      walls of tires and stringing them together as shown in U.S. Pat. No.
      3,331,322 issued July 18, 1967 to L. Belanger. A disadvantage of such mats
      is that, for the usual size used in blasting operations, they must be
      assembled beforehand, moved to the blasting site using a low truck bed,
      and lifted onto the site by crane. Also, such mats are prone to breakage
      by flying pieces of rock, generated by the blast, which penetrate between
      individual tire pieces and cut the stringers holding the pieces together.
PAR  It is an object of the present invention to provide a blasting mat which is
      sectional for ease of transportation and assembly.
PAR  It is another object of the present invention to provide a blasting mat
      which is rugged in use.
PAR  In its broadest aspect the invention consists of a modular section for use
      in assembling a blasting mat. The section is elongated with upper and
      lower faces and a pair of parallel side faces. Each side face is curved in
      a plane normal to the longitudinal axis of the section to form an
      overhanging portion along one lateral face and an outwardly projecting
      lower portion along the other lateral face, whereby sections may be fitted
      together in abutting relationship. Each section includes pressure port
      means and means allowing the interconnection a plurality of the sections
      to form the mat. Preferably the ends of the section are also parallel and
      curved in the vertical plane of the longitudinal axis of the section.
DRWD
PAR  An example embodiment of the invention is shown in the accompanying
      drawings in which:
PAR  FIG. 1 is a perspective view of a blasting mat according to the invention;
PAR  FIG. 2 is a side view of one section of the mat taken in the direction of
      arrow 2 in FIG. 1;
PAR  FIG. 3 is an end view of the mat section shown in FIG. 2, and
PAR  FIG. 4 is a perspective view of the mat of FIG. 1 showing an alternate
      arrangement of the mat sections.
DETD
PAR  The embodiment shown in the drawings consists of a mat 10 comprising a
      plurality of uniform sections 12 which fit together in modular manner to
      form the mat. Each section is elongated and four-sided in transverse
      cross-section with a planar upper side 14, a planar lower side 16 parallel
      to upper side 14, a pair of parallel lateral sides 18 and 20, and a pair
      of parallel ends 22 and 24. Lateral sides 18 and 20, are curved in
      vertical cross-section whereby the upper portion of section 12 overhangs
      the bottom portion of the section on side 18, as seen in FIG. 3 of the
      drawings. Ends 22 and 24 are also curved in vertical cross-section whereby
      the upper portion of section 12 overhangs the bottom portion of the
      section on side 22, as seen in FIG. 2.
PAR  Each section 12 is recessed on both lateral edges of upper side 14 to form
      opposed pairs of wells 26 adjacent ends 22 and 24 of the section. A
      horizontal bore 28, extending through section 12 parallel to upper side
      14, and normal to the longitudinal axis of the section, opens into each
      opposed pair of wells 26. A vertical bore 30 extends through each section
      12 adjacent each horizontal bore 28. A plurality of sinous recesses 32 are
      located in opposed pairs on lateral sides 18 and 20 of each section 12.
      Each recess 32 is semi-circular in transverse cross-section and terminates
      at the lateral edges of upper and lower sides 14 and 16 respectively.
      Although only one bore 28 and one bore 30 may be present in section 12,
      two of each are preferable.
PAR  Lower side 16 of each section 12 comprises a face formed by a shoe 34 fixed
      by force-fitting wedge strips 36 of the shoe into corresponding wedge
      slots 38 in the section.
PAR  The material of each section 12 is preferably slightly flexible, for
      example hard rubber, which may be reinforced with wire stands. By using a
      shoe 34 of a lower grade rubber to absorb most of the shock, a less
      flexible material needs to be used for section 12.
PAR  In use, a number of sections 12 are placed side by side in abutting
      relationship as seen in FIG. 1 to form mat 10 covering a blast area. By
      abutting sides 18 and 20 of a pair of sections 12, recesses 32 are matched
      together to form air pressure relief passages 40. To secure sections 12
      together, a tying cable 42 is threaded through bores 28 which are aligned.
      The ends of cables 42 are threaded to receive nuts 44 which lie in
      recesses 26 in those sections 12 which lie at the ends of assembled mat
      10. Bores 30 receive anchor pins 46 which are secured by bolts 48. Anchor
      pins 46 are used to lift an assembled mat 10 onto the blast area if the
      mat is assembled adjacent the site rather than on top of the blasting area
      itself. To extend mat 10 in a second lateral direction two assembled rows
      of sections 12 may be used in abutting relationship with ends 22 abutting
      ends 24, or additional sections 12a may be placed laterally in abutting
      relationship as shown in FIG. 4 of the drawings. Tie cables 50 may be used
      with anchor pins 46, as seen in FIG. 4, to attach sections 12a to the main
      body of mat 10.
PAR  It will be appreciated that the device of the present invention provides a
      blasting mat which may be easily and quickly assembled adjacent the site,
      or on the site, thus avoiding the need for low bed truck transportation.
      The curved shape of the side and end faces of each section of the mat
      prevents rock fragments from passing through the mat and also protects the
      tying cables from being cut by such fragments. Even if a tying cable is
      broken the mat can be repaired on the site. Also, the shape of the
      sections allows them to be assembled at 90.degree. orientations as seen in
      FIG. 4, thus enabling small remaining exposed portions of a blasting area
      to be covered.
PAR  Preferably each section 12 is 4 feet long, 10 inches in vertical thickness
      and 8 inches in lateral thickness. Pressure relief ports 40 are preferably
      3 inches in diameter, i.e. recesses 32 are 11/2 inches deep, the recesses
      being spaced 3 inches apart. Cables 42 are preferably three-quarters of an
      inch thick and about 10 to 20 feet long with a bolt head at one end and a
      thread at the other end. Eye bolts are also preferably three-quarters of
      an inch in diameter. The preferable size of each section 12 enables it to
      be carried by an ordinary truck.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in assembling a blasting mat, an elongated section of slightly
      flexible material having an upper side and a lower side and a pair of
      parallel lateral sides, each lateral side being curved in a plane normal
      to the longitudinal axis of the section to form an overhanging upper
      portion along one of said lateral sides and an outwardly projecting lower
      portion along the other of said lateral sides, pressure relief port means
      in the section, and means allowing the reception of interconnecting means
      for assembling a plurality of the sections in abutting relationship to
      form the mat.
NUM  2.
PAR  2. A section as claimed in claim 1 in which the ends of the section are
      parallel and curved in the vertical plane of the longitudinal axis of the
      section.
NUM  3.
PAR  3. A section as claimed in claim 1 in which the pressure relief port means
      comprises a plurality of sinuous recesses located in opposed pairs on the
      lateral sides of the section, each recess extending from the lower side to
      the upper side of the section.
NUM  4.
PAR  4. A section as claimed in claim 1 in which the lower side of the section
      carries a shoe of flexible material forming a face thereon.
NUM  5.
PAR  5. A section as claimed in claim 1 in which the means allowing the
      reception of interconnecting means comprises at least one bore extending
      between the lateral sides of the section parallel to the upper side
      thereof and normal to the longitudinal axis of the section.
NUM  6.
PAR  6. A section as claimed in claim 5 in which the bore terminates in a well
      located in each side of the section.
NUM  7.
PAR  7. A section as claimed in claim 1 including at least one vertical bore
      allowing the reception of gripping means.
NUM  8.
PAR  8. A section as claimed in claim 1 in which the slightly flexible material
      of the section is hard rubber.
NUM  9.
PAR  9. A section as claimed in claim 4 in which the flexible material of the
      shoe is low grade rubber.
NUM  10.
PAR  10. A blasting mat comprising a plurality of modules secured together in
      abutting relationship, each module comprising an elongated section of
      slightly flexible material having an upperside and a lower side and a pair
      of parallel lateral sides, each lateral side being curved in a plane
      normal to the longitudinal axis of the section to form an overhanging
      upper portion along one of said lateral sides and an outwardly projecting
      lower portion along the other of said lateral sides, cable means passing
      through the plurality of sections and securing the sections together, and
      relief port means interconnecting the upper and lower sides of the
      assembled mat.
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ABST
PAL  A water-resistant explosive fuse-cord having water-soluble or
      water-swellable macromolecular material adjacent to textile material
      surrounding the explosive core.
BSUM
PAR  This invention relates to explosive fuse-cord and to a method of
      manufacturing explosive fuse-cord. The invention is especially useful for
      providing fuse-cords for underwater use.
PAR  In the well known dry process for the manufacture of detonating fuse-cord a
      core of dry particulate explosive material is encased in a thin tube of
      paper or plastics material. reinforced with wrapping material usually
      comprising one or more spun layers of textile yarns surrounded by an outer
      sheath of thermoplastics material. In the manufacture of cords of this
      construction, the thin tube is continuously formed from tape, usually
      longitudinal tape, which is curved around its longitudinal axis to form
      the tube by passing it through a die. The explosive is continously fed
      from a hopper into the tube as the tube is being formed and is
      consolidated by passing the tube through dies to form the explosive core.
      Textile yarns on bobbins rotating around the tube are continuously
      helically wound around the tube and the outer sheath is extruded around
      the yarns. Detonating cords produced by this process are described in the
      art as dry spun fuse-cords (and are thereby distinguished from fuse-cords
      made by the wet process in which the explosive core is formed from a
      slurry of explosive suspended in thickened water).
PAR  The explosive materials normally used in fuse-cords are readily
      desensitised by water. Thus a fuse-cord with a core of crystalline
      pentaerythritol tetranitrate will become waterlogged and fail to propagate
      detonation if the end of the cord is immersed in water for a period of
      time. To counteract this the explosive powder has been treated with
      waterproofing coating agents but these were only effective to a depth of
      15 cm of water. For use at greater water depths it was preferable to mix
      about 1 to 2% by weight of a water-gellable material, for example guar
      gum, with the explosive powder and this had the effect of forming a
      relatively impenetrable barrier of gelled material at the exposed end of
      the explosive core and thereby slowing the ingress of water. This
      treatment has not, however, been completely successful because, although
      the water is prevented from migrating through the end of the explosive
      core, it has been surprisingly found that water migration still occurs
      along the textile layer. Since the aforementioned thin tube is water
      permeable, water penetrates the explosive core from the side over a long
      distance from the end and the explosive material becomes waterlogged and
      insensitive. Thus, detonating cord may fail to ignite from a detonator,
      or, if successfully ignited, may fail to propagate detonation.
PAR  It is an object of this invention to provide an improved construction of
      explosive fuse-cord which is more resistant to water migration through
      textile materials in the cord when the cord is used underwater.
PAR  In accordance with this invention, an explosive fuse-cord comprises a core
      of explosive material surrounded by at least onelayer of textile material,
      the textile material having watersoluble or water-swellable macromolecular
      material in contact therewith, or sufficiently near to flow into contact
      therewith on dissolution in water. When the end of such a fuse-cord is
      immersed in water, the macromolecular material forms an aqueous gel which
      slows the migration of water through the textile layer.
PAR  The macromolecular material may be applied to the textile material as a dry
      powder which may be coated on the textile material or sprinkled into it as
      it is wound around the explosive core. It may also, if desired, be coated
      on the textile material as a solution and the solvent dried to leave the
      material coated or impregnated with the macromolecular material. However,
      in a preferred construction of cord the macromolecular material is carried
      by a substrate which is wrapped around the explosive core adjacent to the
      textile layer.
PAR  The substrate may have macromolecular material on one or both sides and it
      may be porous, non-porous, woven or non-woven. Preferably, however, the
      substrate is a porous substrate which may be impregnated with at least
      part of the macromolecular material. An especially convenient substrate is
      porous cloth or paper. It may conveniently be provided as a tape applied
      continuously around the fuse-cord core as the fuse-cord is being
      manufactured in the same manner as the aforementioned thin tube is formed
      immediately around the explosive core in conventional fuse-cords and, if
      desired, it may replace this tube. However, the preferred fuse-cord has at
      least two layers of textile wrappings and the substrate tape carrying the
      macromolecular material is located between the two layers.
PAR  The macromolecular material may conveniently comprise such water-soluble
      thickening materials as polysaccharides, for example natural gums and
      cellulose derivatives, but the preferred material is a water-soluble
      alginate, for example sodium alginate. The alginate is especially
      advantageous in that it can remain as a dry coating on a substrate tape
      without becoming sticky and the tape can be easily used in roll form in
      the fuse-cord manufacturing process without `blocking` in the roll.
      Alginate is further advantageous in that it is effective to prevent that
      ingress of oil into a fuse-cord either through the end of the cord or
      through the side and this is beneficial with plastics coated fuse-cord
      used in contact with ammonium nitrate/fuel oil (ANFO) where the fuel oil
      tends to penetrate the plastics wrapping.
PAR  The explosive core is preferably in powder form and may, for example,
      comprise blackpowder in a safety fuse-cord or crystalline pentaerythritol
      tetranitrate in detonating cord. In detonating cord the explosive powder
      may be coated with a waterproofing agent, for example silicone, but for
      use in deep water the powder should preferably be mixed with a
      water-gellable material, for example guar gum, or a salt of carboxymethyl
      cellulose.
PAR  In addition to the explosive core, textile wrappings and macromolecular
      material, the fuse-cord may have other wrapping layers, for example for
      reinforcing or waterproofing the cord. Thus, as in conventional
      fuse-cords, there is conveniently a thin tube of paper or plastics
      immediately surrounding the explosive core and an outer waterproof
      envelope, for example, of plastics material such as polyethylene or PVC.
      In some constructions of fuse-cord where the explosive material in the
      core is in dry powder form, a central textile yarn is introduced to assist
      the flow of the core material in the manufacture of the fuse-cord, and it
      is in some cases beneficial to apply water-soluble macromolecular material
      to this yarn also.
PAR  The invention also includes a method of manufacturing an explosive
      fuse-cord which comprises continuously forming a fuse core of explosive
      material, surrounding the core with at least one layer of textile material
      and placing water-soluble macromolecular material in contact with the said
      layer of textile material, or sufficiently close to flow into contact with
      the textile material on dissolution in water.
PAR  Preferably the macromolecular material is carried on a tape substrate which
      is continuously formed into a tube around the explosive core and in
      contact with the layer of textile material as the fuse-cord is
      manufactured. Thus, the tape may be convoluted longitudinally into tubular
      form by passing it through a forming die through which the explosive core
      is also being fed.
DRWD
PAR  In order to illustrate the invention further, the construction and
      manufacture of a preferred form of detonating fuse-cord is hereinafter
      described, by way of example only, with reference to the accompanying
      drawing which shows diagrammatically a length of fuse-cord with one end
      dissected.
DETD
PAR  The fuse-cord has a central core 1 of crystalline pentaerythritol
      tetranitrate enclosed in a thin tube 2 formed by continuously passing a
      longitudinal paper tape through a die which folds it around its
      longitudinal axis so that the edges overlap. The core 1 is formed by
      continuously feeding PETN into the tube 2 as the tube is being formed. In
      the centre of the core 1 is a central yarn 3 to assist the flow of PETN
      into the tube 2.
PAR  The tube 2 is surrounded by a spun layer of textile yarns 4, a counter-spun
      layer of textile yarns 5 and a waterproof plastics sheath 6. As shown in
      the drawing a tube 7 consisting of a substrate tape carrying water-soluble
      macromolecular material is positioned between the textile layers 4 and 5,
      but it will be understood that the tube 7 could occupy different positions
      adjacent to the textile layers 4 and 5 and could, if desired, be used in
      place of the tube 2. The water-soluble macromolecular material could also
      be incorporated in the textile yarns 4 and 5 without a substrate tape. The
      fuse-cord is redily manufactured using the apparatus normally used in the
      manufacture of spun fuse-cords.
PAR  The following specific examples of detonating cords of the aforedescribed
      construction further illustrate the invention.
PAR  In the Examples, the explosive core 1 was crystalline PETN, loaded at a
      charge rate of 10 g per meter into a tube 2 formed from 13 mm wide .times.
      0.08 mm thick glazed Kraft paper transport tape. The yarn 3 was 1,000
      denier polypropylene tape 3.0 mm wide and 0.08 mm thick having a twist of
      80 turns per meter. The wrapping yarns in the layers 4 and 5 were 1,000
      denier polypropylene tape (as yarn 3 but without twist), the layer 4
      consisting of 10 yarns helically wound at 26 turns per meter and the layer
      5 consisting of eight yarns helically wound at 39 turns per meter. The
      sheath 6 was extruded polyethylene.
PAR  The tube 7 consisted of porous paper tape substrate 14 mm wide coated on
      one side with sodium alginate (plasticised with about 1% of glycerine) and
      positioned as described in the accompanying table. The water resistance of
      the fuse-cords of the Examples was tested by measuring the extent of water
      penetration into a length of fuse-cord when one exposed end was immersed
      in water at depths of 2 and 15 meters respectively with the other end
      above the water surface. Details of the tests are given in the table.
      Unless otherwise indicated, the macromolecular material in the textile
      layers was introduced between the layers 4 and 5. The sodium carboxymethyl
      cellulose in Example G had a viscosity of 3,700 cps in 1% aqueous solution
      at 20.degree.C. For comparison, the table includes details of tests on
      Examples H and J, fuse-cords not containing water-soluble macromolecular
      material in contact with the textile wrapping layers 4 and 5 and therefore
      not in accordance with the invention, but otherwise identical to Examples
      A to G.
PAR  The results show that the introduction of water-soluble macromolecular
      material into the textile wrapping materials of the fuse-cord markedly
      improves the water resistance of the cord.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Example                                                                   
          Macromolecular Material                                              
                        Amount and Mode                                        
                                   Macromolecular                              
                                             Water Pene-                       
          in Textile Layer                                                     
                        of Application                                         
                                   Material in                                 
                                             tration (cm)                      
                                   Explosive core                              
                                             at                                
                                             2 m   15 m                        
     __________________________________________________________________________
     A    Sod Alginate  0.385 g/m on tape                                      
                                   Nil       3.0   30.0                        
     B    "             0.193 g/m on tape                                      
                                   Nil       5.0   47.0                        
     C    "             0.385 g/m on each                                      
                                   Nil       1.5   22.0                        
                        of 2 tapes                                             
     D    "             0.385 g/m on tape                                      
                                   2% Sod Alginate                             
                                             2.5   15.0                        
     E    "             0.3 g/m loaded as                                      
                                   Nil       5.0   45.0                        
                        powder                                                 
     F    "             0.3 g/m loaded as                                      
                                   2% Sod Alginate                             
                                             2.5   32.0                        
                        powder                                                 
     G    SCMC          0.3 g/m solution                                       
                                   Centre Yarn                                 
                                             6.5   47.0                        
                        coated on indivi-                                      
                                   SCMC coated                                 
                        dual yarns in                                          
                        layers 4 and 5                                         
     H    Nil           --         2% Sod Alginate                             
                                             30.0  63.0                        
     J    Nil           --         Nil       135.0 700.0                       
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A dry-spun detonating fuse-cord comprising a core of dry particulate
      explosive material, supporting materials comprising at least one layer of
      textile material surrounding said core, and at least one water-gellable
      macromolecular material disposed around said core in contact with said
      textile material whereby, when the end of said fuse-cord is immersed in
      water, an aqueous gel of macromolecular material is formed which slows
      water migration through the textile layer.
NUM  2.
PAR  2. A fuse-cord as claimed in claim 1 where in the macromolecular material
      is in the form of a dry powder.
NUM  3.
PAR  3. A fuse-cord as claimed in claim 1 wherein the macromolecular material is
      in the form of a coating applied as a solution to the textile material.
NUM  4.
PAR  4. A fuse-cord as claimed in claim 1 wherein the macromolecular material is
      carried by a substrate wrapped around the explosive core adjacent to the
      textile layer.
NUM  5.
PAR  5. a fuse-cord as claimed in claim 4 wherein the substrate is a porous
      substrate impregnated with at least part of the macromolecular material.
NUM  6.
PAR  6. A fuse-cord as claimed in claim 4 wherein the substrate is porous cloth
      or paper.
NUM  7.
PAR  7. A fuse-cord as claimed in claim 4 wherein the substrate comprises a tape
      applied continuously around the fuse-cord.
NUM  8.
PAR  8. A fuse-cord as claimed in claim 7 wherein the tape is disposed
      immediately around the explosive core.
NUM  9.
PAR  9. A fuse-cord as claimed in claim 7 wherein there are two layers of
      textile wrappings and the tape is located between the two layers.
NUM  10.
PAR  10. A fuse-cord as claimed in claim 1 wherein the macromolecular material
      comprises a polysaccharide.
NUM  11.
PAR  11. A fuse-cord as claimed in claim 10 wherein the macromolecular material
      is selected from the group consisting of natural gums, water-soluble
      cellulose derivatives and water-soluble alginates.
NUM  12.
PAR  12. A fuse-cord as claimed in claim 11 wherein the macromolecular material
      is selected from the group consisting of sodium alginate and sodium
      carboxymethyl cellulose.
NUM  13.
PAR  13. A fuse-cord as claimed in claim 1 wherein the explosive core comprises
      an explosive selected from the group consisting of blackpowder and
      pentaerythritol tetranitrate.
NUM  14.
PAR  14. A fuse-cord as claimed in claim 1 wherein the explosive core comprises
      a core of detonating explosive powder coated with a waterproofing agent.
NUM  15.
PAR  15. A fuse-cord as claimed in claim 1 having a central textile yarn treated
      with water-soluble macromolecular material.
NUM  16.
PAR  16. An explosive fuse-cord comprising a core of explosive material,
      supporting materials comprising at least one layer of textile material
      surrounding said core, and at least one water-gellable macromolecular
      material in close proximity to said textile material, said macromolecular
      material being carried by a substrate wrapped around the explosive core
      adjacent the textile layer, whereby, when the end of said fusecord is
      immersed in water, an aqueous gel of macromolecular material is formed
      which slows water migration through the textile layer.
NUM  17.
PAR  17. A fuse-cord as in claim 16 wherein the substrate is a porous substrate
      impregnated with at least part of the macromolecular material.
NUM  18.
PAR  18. A fuse-cord as in claim 16 wherein the substrate is porous cloth or
      paper.
NUM  19.
PAR  19. A fuse-cord as in claim 16 wherein the substrate comprises a tape
      applied continuously around the fuse-cord.
NUM  20.
PAR  20. A fuse-cord as claimed in claim 19, wherein the tape is disposed
      immediately around the explosive core.
NUM  21.
PAR  21. A fuse-cord as in claim 19 wherein there are two layers of textile
      wrappings and the tape is located between the two layers.
NUM  22.
PAR  22. In the dry spinning process for the manufacture of detonating fuse-cord
      wherein an explosive core is continuously formed from dry particulate
      explosive material and surrounded by supporting material comprising at
      least one layer of textile material, the improvement comprising the step
      of disposing around said explosive core in contact with said textile
      material at least one water-gellable macromolecular material whereby, when
      the end of said fuse-cord is immersed in water, an aqueous gel of
      macromolecular material is formed which slows water migration through the
      textile layer.
NUM  23.
PAR  23. A method as claimed in claim 22 wherein the macromolecular material is
      carried on a tape substrate which is continously formed into a tube around
      the explosive core and in contact with the layer of textile material.
NUM  24.
PAR  24. A method as claimed in claim 23 wherein the tape is convoluted
      longitudinally into tubular form by passing it through a forming die
      through which the explosive core is also fed.
NUM  25.
PAR  25. A method as claimed in claim 22 wherein the macromolecular material is
      applied to the textile material as a dry powder.
NUM  26.
PAR  26. A method as claimed in claim 25 wherein the powdered macromolecular
      material is coated or sprinkled on the textile material as the textile
      material is wound around the explosive core.
NUM  27.
PAR  27. A method as claimed in claim 22, wherein the textile material is coated
      or impregnated with a solution of the macromolecular material and dried.
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ABST
PAL  A shell possessing a substantially cylindrical shell casing in which there
      is contained an explosive mass and at the inner wall of which casing there
      bears a layer of substantially spherical-shaped projectiles of the same
      size which are partially embedded in the explosive mass and between which
      there is locacted a filler mass. The projectiles which are partially
      embedded in the filler mass are exposed to axial pressure in the finished
      fabricated shell in order to avoid displacement and detachment of the
      projectiles from the shell casing and the thereby resulting imbalance
      during firing of the shell.
PAL  The method of fabricating such shell contemplates inserting a guide sleeve
      into the shell casing and between the shell casing and the guide sleeve
      there are embedded equal size spherical-shaped projectiles. The
      projectiles after being filled into the shell are exposed to pressure in
      the axial direction and thereafter the guide sleeve is removed. A filler
      mass is filled into the shell casing while the same rotates for such
      length of time until the projectiles are partially embedded in such filler
      mass and an explosive mass is filled in a liquid state into the shell
      casing so that the projectiles have the remaining portions thereof
      embedded in the explosive mass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of shell
      of the type having a cylindrical shell casing in which there is contained
      an explosive mass and at the inner wall of the shell casing there bears a
      layer of substantially equal size, spherical-shaped projectiles which are
      partially embedded in the explosive mass and between which there is
      located a filler mass. The invention also relates to a method of
      manufacturing the shell of this invention.
PAR  According to a state-of-the-art shell the spherical-shaped projectiles are
      provided with six flattened portions at their equator zone in such a
      manner that a section through the equator forms a hexagon, wherein each
      projectile at its six neighboring projectiles bears against such flattened
      portion and the projectiles are adhesively bonded or glued to one another.
      The insertion of such projectiles into the shell casing constitutes a
      difficult mosaic work associated with tolerance problems which can be
      hardly solved. Additionally, it is hardly possible to secure these
      projectiles in the shell such that they do not tend to shift or displace
      when the shell is fired, something which must be avoided since otherwise
      due to friction between the projectiles and the explosive mass it is
      possible for the shell to prematurely detonate.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide an improved
      construction of shell and method of fabricating the same which is not
      associated with the aforementioned drawbacks and limitations discussed
      above.
PAR  Another and more specific object of the invention aims at the provision of
      a shell in which the layer of projectiles cannot shift when firing the
      shell due to the acceleration forces and wherein the projectiles are
      uniformly distributed at the shell casing such that there cannot occur any
      imbalance.
PAR  Now in order to implement these and still further objects of the invention
      which will become more readily apparent as the description proceeds, the
      shell of this development is manifested by the features that the
      projectiles which are partially embedded in the filler mass are exposed to
      an axial pressure in the finished fabricated shell in order to avoid
      displacement and detachment of the projectiles with respect to the shell
      casing and thus to equally avoid the resultant imbalance during firing of
      the shell.
PAR  As explained above the invention is also directed to an improved method of
      manufacturing such shell which contemplates inserting a guide sleeve into
      the shell casing and between the guide sleeve and the shell jacket there
      is inserted a layer of equal size projectiles. A liquid filler mass which
      hardens upon cooling is filled between the projectiles and an explosivel
      mass is introduced into the interior of the shell. According to the
      invention the projectiles after having been filled are subjected to
      pressure in axial direction and then the guide sleeve is removed. The
      filler mass is filled, while the shell casing rotates, for such length of
      time until the projectiles are partially embedded in such filler mass. The
      explosive mass is filled in a liquid state so that the remaining portions
      of the projectiles are embedded in such explosive mass.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a longitudinal sectional view through a first embodiment of shell
      equipped with projectiles;
PAR  FIG. 2 is a fragmentary cross-sectional view of such shell;
PAR  FIG. 3 is a fragmentary longitudinal sectional view through a shell
      according to a further exemplary embodiment;
PAR  FIG. 4 is a cross-sectional view of the shell of FIG. 3 taken substantially
      along the line IV--IV thereof;
PAR  FIG. 5 is a cross-sectional view of the shell of FIG. 3, taken
      substantially along the line V--V thereof;
PAR  FIG. 6 is a longitudinal sectional view through the shell shown in FIGS. 1
      and 2 during the fabrication thereof; and
PAR  FIG. 7 is an illustration corresponding to the showing of FIG. 6 of a
      further exemplary embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, according to FIG. 1 the front portion of a
      bushing 1 is stepped in diameter and possesses a shoulder 2. A shell
      casing or jacket 3 is threadably connected by threading 3a with the
      bushing 1 and bears against the shoulder 2. The internal diameter of the
      shell jacket 3 is larger than the internal diameter of the bushing 1. In
      the shell casing or jacket 3 there are arranged in rows next to one
      another ring-shaped layers of substantially spherical-shaped projectiles 4
      which are of the same size. The projectiles 4 bear against the inner wall
      3b of the shell casing or jacket 3. The diameter and number of projectiles
      4 of a layer are the same and such that neighboring projectiles 4 are
      separated from one another by small intermediate spaces. The projectiles 4
      of the mutually neighboring layers contact one another. The projectiles 4
      are located externally of a cylinder, the diameter of which is equal to
      the internal diameter of the bushing 1. The hollow spaces between the
      individual projectiles 4 are filled with wax 5. The wax layer 5 is limited
      by the inner wall 3b of the shell jacket 3 and by a cylindrical surface,
      the radius of which is preferably equal to the spacing of the centers of
      the projectiles 4 from the lengthwise axis of the shell jacket 3. The
      hollow compartment or space 20 bounded by the projectiles 4 and the wax
      layer 5 contains an explosive mass or charge 6. The projectiles 4 are thus
      partially, preferably one-half thereof, embedded in the explosive mass 6.
PAR  Above the uppermost layer of projectiles 4 there is arranged an elastic
      deformable felt ring 7. A collar 9 of a sleeve 8 likewise filled with the
      explosive mass 6 bears upon the felt ring 7. The sleeve 8 extends into a
      head 10 which is threaded to the sleeve 8. The end surface 11 of the head
      10 bears against the sleeve collar 9 and thereby transmits a pressure or
      compressive force to the felt ring 7 and thus to the jacket formed by the
      projectiles 4. A detonator 12 is threaded into the head 10.
PAR  The method of producing a shell with spherical-shaped projectiles 4 resides
      in the features that firstly a cylindrical guide sleeve 13 is inserted
      into the upright positioned shell casing 3 and into the bushing 1 (FIG.
      6), the outer diameter of which corresponds to the inner diameter of the
      jacket formed by the projectiles 4. Secondly, a ring 14 is threaded into
      the shell casing 3 and thus there is exerted a pressure upon the
      projectiles 4. Thirdly, the guide sleeve 13 is extracted out of the shell
      and such is placed in a horizontal position. Fourthly, the shell is
      rotated about its lengthwise axis, and fifthly, there is poured into the
      shell so much liquid wax 5 defining the filler mass that after
      solidification thereof such wax at least partially surrounds the
      projectiles 4, preferably one-half of the outer surface of such
      projectiles, and sixthly, after the ring 14 has been removed the explosive
      mass 6 is then poured into the hollow compartment or space now bounded by
      the wax layer 5.
PAR  By virtue of the pressure exerted by the ring 14 upon the projectiles 4 the
      latter bear against the inner wall of the casing 3 and the projectile
      jacket becomes self-supporting. The shell, after removing the guide sleeve
      13, can be therefore tilted into the horizontal position without the
      projectiles 4 falling under the action of gravity into the interior of the
      shell and the projectile jacket being destroyed. The loading of the
      projectiles 4 of the finished shell according to FIG. 1 by means of a
      pressure or compressive force provides, apart from the wax 5, an
      additional safeguard that the projectiles 4 will also then remain in
      mutual contact with one another and with the shell casing 3 even if the
      shell during transport or when handled is subjected to jarring or shaking,
      or that the shell casing 3 will expand during temperature fluctuations.
      The requirements that the projectiles 4 should remain in contact with one
      another is based upon the fact that no explosive mass 6 should penetrate
      between the projectiles 4 since otherwise such upon being jarred are
      loaded by shock force and could result in premature detonation of the
      shell.
PAR  With the shell according to FIGS. 1 and 2 the projectiles 4 are propelled
      away in radial direction so that their scatter range has a width
      corresponding to the length of the projectile jacket. A shell having a
      wider scatter range of the projectiles 4 can be constructed according to
      the showing of FIGS. 3 to 5.
PAR  In the shell casing 3 there are machined or otherwise suitably formed at
      the inside recessed or grooved portions 15 which are delimited by the
      jacket of sphere zones, the centers of which are located at the shell
      axis. The spacing of the centers of the recessed portions 15 are
      preferably of the same size. Between the recessed portions 15 the inner
      wall of the casing is cylindrical. The fabrication of the jacket formed of
      projectiles 4 is identical to that for a projectile jacket according to
      FIGS. 1 and 2. Under the action of the pressure force exerted by the ring
      14 upon the projectiles 4 such not only bear against the cylindrical
      portions 16 of the inner wall 3b of the casing 3 rather also in the
      recessed portions 15. The projectiles 4 extending into the recessed
      portions 15 are then embedded by somewhat less than one-half of their
      outer surface in the explosive mass 6 than those which bear at the
      cylindrical portions 16 of the casing inner wall.
PAR  If it is desired to increase the strength of the combination of the shell
      casing 3 and the jacket formed of the projectiles 4, or with the same
      strength of such combination in favor of for instance the explosive charge
      content of the shell to reduce the weight of the projectile casing 3 by
      reducing its wall thickness, then for instance the following techniques
      are possible.
PAR  The projectiles 4 are bonded with foils 17 (FIG. 7) which adhere to the
      inside of the shell casing or jacket 3. The projectiles 4 also can be
      mutually soldered with one another and with the casing 3. In so doing the
      necessary solder is applied in the form of a foil 18 to the inner wall 3b
      of the casing 3.
PAR  In both cases after the fixation of the jacket formed of the projectiles 4
      by the pressure force exerted by the ring 14 there is poured into the
      shell, according to the previously described fabrication techniques for
      both of the shells according to FIGS. 1 to 5, the wax mass 5 and the
      explosive mass 6.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shell comprising a substantially cylindrical shell casing having an
      inner wall, an explosive mass disposed within the shell casing,
      substantially equal size, spherical-shaped projectiles bearing against
      said inner wall of the shell casing and partially embedded in the
      explosive mass, a filter mass disposed between the projectiles, said
      projectiles being partially embedded in said filler mass, the projectiles
      partially embedded in the filler mass being exposed to an axial pressure
      at the finished shell in order to prevent displacement and detachment of
      the projectiles from the shell casing and the thus resultant imbalance
      during firing of the shell.
NUM  2.
PAR  2. The shell as defined in claim 1, wherein the diameter of the projectiles
      is accommodated to the periphery of the shell casing in such a manner that
      in the peripheral direction there prevail spaces between the individual
      projectiles, whereas the projectiles of neighboring rows contact one
      another.
NUM  3.
PAR  3. A method of fabricating a shell having a cylindrical shell casing
      wherein a guide sleeve is inserted into the shell casing, equal size
      spherical-shaped projectiles are introduced in layer formation between the
      shell casing and the guide sleeve, a liquid filler mass which hardens upon
      cooling is filled between the projectiles and an explosive mass is
      introduced into the interior of the shell, the improvement comprising
      subjecting the projectiles after the filling thereof to pressure in axial
      direction, then removing the guide sleeve, filling the filler mass, with
      the shell casing rotating, into the shell for such length of time until
      the projectiles are partially embedded in such filler mass, and filling
      the explosive mass in a liquid state into the shell so that the remaining
      portions of the projectiles are embedded in the explosive mass.
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ABST
PAL  A device which transmits an explosion across a bulkhead through a solid
       hetic barrier while maintaining the barrier integrally intact and without
      perforating or rupturing it. The barrier separates a first chamber which
      receives an output explosive-charge from a second chamber which receives a
      detonating cord. When the detonating cord is ignited it causes an
      explosive shock wave to cross the barrier and detonate the output
      explosive charge. The end of the second chamber has a configuration and
      dimensions congruent with the output end of the detonating cord so that
      the explosive shock wave directly crosses the barrier without the need for
      an explosive charge intermediate the cord and barrier wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for causing an explosion on one side
      of a bulkhead by initiating an explosion on the other side of the bulkhead
      and transmitting the explosive shock wave through the barrier. This is
      known in the aerospace industry as through-bulkhead initiation (TBI). In
      TBI technology it is desired to detonate an explosion on one side of a
      bulkhead and transmit that explosion through to other side of the bulkhead
      while maintaining the bulkhead structurally intact, that is without being
      cracked, ruptured or penetrated. Thus while an explosion is transmitted
      across the bulkhead, no gases, liquids or particles should be permitted to
      escape from one side to the other. On aerospace vehicles a TBI capability
      has many uses but finds its primary application in igniting the fuel
      contained within the fuel chamber of the rocket motor by initiating an
      explosion on the outside of the chamber.
PAR  Previous TBI devices use a variety of means to transmit the energy of an
      explosion across a bulkhead barrier. One device uses a pair of mating
      acceptor and donor charges to transmit the explosion. The donor charge on
      one side of the bulkhead is detonated by an explosive detonating cord and
      sends an explosive shock wave through the barrier setting off the acceptor
      charge on the other side. The acceptor charge in turn detonates an output
      explosive-charge. Two U.S. Pats. of this type are Allen, No. 3,238,876 and
      Webb, No. 3,209,692. While these devices have been shown to be operative,
      several problems have arisen in connection with their use. First, high,
      leak-promoting stress levels are experienced in the bulkhead area when the
      devices are actuated. Second, a number of small cracks in the barrier,
      caused by the passage of the explosive shock wave, have been observed.
      Third, the devices are complex and expensive to fabricate.
PAC  DEFINITIONS
PAR  For the purposes of accuracy and clarity the following definitions are
      provided for selected terms which are used in both the specification and
      claims of this application:
PAR  HERMETIC -- Made perfectly closed or airtight so that no matter, gas,
      liquid or solid, can enter or escape.
PAR  BARRIER -- That solid portion of the bulkhead or TBI device across and
      through which the explosive shock-wave is transmitted.
PAR  SHOCK WAVE -- A violent, moving disturbance which advances through a medium
      by transmission between particles of that medium.
PAR  BULKHEAD -- An upright partition separating two compartments.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a through-bulkhead initiation device which
      has a barrier separating a first chamber for the receipt of an output
      explosive-charge from a second chamber for the receipt of an explosive
      detonating-cord. The second chamber is so dimensioned and configured as to
      be congruent with the output end-segment of the explosive detonating-cord,
      thereby bringing the end-segment of the cord in mating arrangement with
      one wall of the barrier, as a hand mates with a glove. When the detonating
      cord is ignited, it generates an explosive shock wave which is directly
      propagated across the barrier, without the necessity for an intervening
      booster or donor charge. When the shock wave crosses the barrier it causes
      the output explosive-charge which fills the chamber across the barrier to
      detonate. The explosion of the output explosive-charge is used to set off
      the rocket-fuel primer.
PAR  In one embodiment of the invention the output explosive-charge has two
      separate charges, one an acceptor charge and the other an output
      ignition-mix, without the need for a donor charge on the other side of the
      barrier.
PAR  In another embodiment of the invention, the acceptor charge is entirely
      eliminated, and due to a unique chamber configuration and use of a
      deflagrating output-charge, only the output-charge is detonated by the
      shock wave crossing the barrier. The further elimination of a component
      lowers extremely high leak-promoting stress levels experienced in the
      bulkhead area and minimizes the size and number of cracks in the barrier
      thereby enhancing the reliability of the device. Such elimination of a
      component also reduces the cost of the TBI device.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to lower the extremely high leak-promoting
      stress levels experienced in the bulkhead due to the passage of the
      explosive shock wave across the barrier.
PAR  Another object of the invention is to minimize the number and size of
      cracks in the barrier due to the passage of the explosive shock wave
      across the barrier.
PAR  Another object of the invention is to eliminate the donor charge in a
      through-bulkhead initiation device thereby enhancing the reliability and
      reducing the cost of the device.
DRWD
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration, in cross-section, of one embodiment of the
      through-bulkhead initiator of the invention.
PAR  FIG. 2 is an illustration, in cross-section of a second embodiment of the
      through-bulkhead initiator of the invention.
PAR  FIG. 3 is a view along sectional line 3--3 of FIG. 2 illustrating the end
      portion of the chamber containing the output explosive-charge formed by
      four lower chambers protruding into the barrier.
PAR  FIG. 4 is a sectional view similar to that of FIG. 3 illustrating a
      modification of the embodiment of FIG. 2 in which the end portion of the
      chamber containing the output explosive-charge is formed by two lower
      chambers protruding into the barrier.
PAR  FIG. 5 is also a sectional view similar to that of FIG. 3 illustrating a
      modification of the embodiment of FIG. 2 in which the end portion of the
      chamber containing the output explosive is formed by an annular chamber
      protruding into the barrier.
PAR  In the drawings the same parts are designated by the same reference
      numerals while equivalent parts have prime designations.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The through-bulkhead initiator of the invention includes a housing 10, a
      first chamber 12, a second chamber 14 and a barrier 16. First chamber 12
      and second chamber 14 have end portions 18 and 20 respectively which
      define the first wall 19 and second wall 21 of barrier 16. The housing 10
      is fabricated from a metallic structural material, such as a
      stainless-steel alloy. Some alloys which may be used are 304L ASTM
      low-carbon stainless-steel or 341 ASTM stainless-steel. The barrier 16
      will thus form an integral, hermetic partition between first chamber 12
      and second chamber 14. The housing 10 of the TBI is provided with a flange
      or flanges 22 for attachment to a bulkhead by means of conventional
      fasteners, such as screws or the like. An annular recess 24 in the housing
      10 allows the housing to be sealed hermetically to the bulkhead, thereby
      preventing the passage of gases, fluids or particles between the two sides
      of the bulkhead. The first chamber 12 is provided with a mating
      end-closure 36 to contain output exlosive-charge 34. End closure 36 has
      recessed propellant-trap 40 capped at one end by metallic foil 42, a
      frangible, narrowed portion 44, and is sealed to housing 10 by means of a
      seal 46 and annular land 45. The end portion 18 of first chamber 12
      defines the first wall 19 of barrier 16. First chamber 12 may have a
      variety of configurations and may contain varying compositions of
      explosive charges, as shown by the two embodiments of FIG. 1 and FIG. 2.
      The configuration of first chamber 12 and the composition of explosive
      charge 34 will be described hereinafter in greater detail. Directly across
      the barrier 16 from the first chamber 12 and coaxial with it lies the
      second chamber 14. Second chamber 14 is provided with threaded portion 26
      and end portion 20 and is configured to accomodate explosive detonating
      cord 28 which is coupled to housing 10 by nut 30. Detonating cord 28 may
      be flexible, known as a flexible-confined detonating-cord, or rigid, known
      as a shielded-mild detonating cord, either of which is commercially
      available. End portion 20 of second chamber 14 which defines the second
      wall 21 of barrier 16 has dimensions and a configuration selected to be
      congruent with and to mate with the dimensions and configuration of end
      segment 32 of detonating cord 28. Thus, end segment 32 of detonating cord
      28 will directly follow the contours and mate with the second wall 21 of
      the barrier 16, as a hand mates with a glove. The end segment of the cord,
      however, has a length which is slightly smaller than the length of end
      portion 20, allowing a slight clearance gap 23, or a proximate
      relationship between the end face of the cord and the second wall of the
      barrier. Gap 23 permits the shock wave to travel across it, impinge on the
      barrier wall 21, be transmitted through barrier 16 to acceptor charge 50
      and ignite output explosive-mix 48 while concurrently preventing barrier
      rupture caused by a backup force or backlash pressure returning across the
      barrier when the output explosive-charge detonates.
PAR  FIGS. 1 and 2 of the drawings disclose two embodiments of the invention
      which differ only in the configuration and dimensions of the first chamber
      and first wall of the barrier, and in the composition of the output
      explosive-charge.
PAR  In FIG. 1, the output explosive-charge 34 has two parts, an output
      explosive-mix 48 and an acceptor charge 50. The output explosive-mix 48
      may be any of a number of handy and well recognized loose-grained
      explosive materials, and should be insensitive to light shocks due to
      handling. For example, a mixture of magnesium, potassium perchlorate,
      cupric oxide and and aluminum may be used without a binder or in a small
      amount of binder. (It is preferable not to use a binder at all since a
      binder acts to inhibit the initiation transfer from the explosive input 32
      to the deflagrating mixture 48.) The acceptor charge 50 is an explosive
      such as a crystalline high explosive which is sufficiently sensitive to
      detonate in response to a shock wave transmitted across the barrier 16.
      Examples of such explosives are pentaerythritol tetranitrate (PETN),
      cyclonite (RDX), hexanitro stilbene I, II (HNSI, II) and trinitroglycerine
      (TNT). Acceptor charge 50 fills the entire end portion of first chamber 12
      so that the acceptor charge is directly in contact with the barrier 16,
      and coaxial with and directly across the barrier from the end portion of
      chamber 14. The remainder of first chamber 12 is filled with the output
      explosive mix, as described above.
PAR  In the operation of the embodiment of FIG. 1 when it is used to ignite the
      fuel-primer of a rocket motor, a remote command ignites the leading edge
      (not shown) of detonating cord 28. The detonating cord transmits the
      explosion through to the end segment 32 of the cord. The explosion at the
      tip of end segment 32 inside second chamber 14 produces an explosive
      shock-wave inside the chamber which travels across gap 23 and impinges on
      the second wall 21 of the barrier 16. The shock wave of the explosion is
      propagated longitudinally through barrier 16, without physically rupturing
      the barrier. When the shock wave crosses the barrier and reaches first
      wall 19 of the barrier, acceptor charge 50 will detonate in response to
      the shock wave, and will then detonate output explosive-mix 48. When mix
      48 ignites, the pressure of the gaseous reaction products of the explosion
      ruptures metallic foil 42, forces the products through propellant trap 40,
      and ruptures the narrow, frangible portion 44 of end closure 36. This
      pressure carries along the metallic components of mix 48 which have been
      highly heated by the explosion, but leaves unheated propellant particles
      behind in propellant trap 40. The pressure then shoots both gaseous
      reaction products and highly heated metallic components out through the
      ruptured portion 44 of the end closure, igniting the rocket-motor
      fuel-primer (not shown).
PAR  The thickness of barrier 16 is of great importance in assuring a successful
      TBI. A compromise between a thick barrier which is less likely to crack or
      rupture under pressure of the explosive shock wave, and a thin barrier
      which will insure initiation of the acceptor charge must be made. Tests
      varying only barrier thickness were performed to obtain statistical data
      useful in determining optimal barrier thickness. Using this data as a
      guide, combined with empirical engineering data and safety factors, a
      barrier thickness of 0.100 of an inch has been established as the optimum,
      although barrier thicknesses may range from 0.050 to 0.140 of an inch.
PAR  FIGS. 2 and 3 depict an additional embodiment of the invention which
      eliminates the acceptor charge 50 of the embodiment of FIG. 1. FIGS. 2
      shows a first chamber 12 with output explosive-charge 34 consisting only
      of uniform output explosive-mix 48 and absent any additional acceptor
      charge. To detonate without benefit of an acceptor charge, output
      explosive-mix must be sufficiently sensitive to the explosive shock
      produced by the detonating cord only. A sensitive deflagrating explosive
      is therefore required, for example a mixture of magnesium, potassium
      perchlorate, cupric oxide and aluminum preferably without a binder or in a
      small amount of binder. Additionally the deflagrating explosive must be
      placed in relation to the detonating cord so as to efficiently absorb the
      full effects of the shock wave as it crosses the barrier 16. As seen in
      FIG. 2 first chamber 12 has an end portion 18.sup.1 which communicates
      with chamber 12 and which protrudes into barrier 16 so that end portion
      18.sup.1 overlaps the end portion 20 of second chamber 14 and the end
      segment 32 of cylindrical detonating-cord 28. Additionally, end portion
      18.sup.1 extends parallel to and along an appreciable portion of the
      length of end portion 20 and end segment 32. This protruding configuration
      allows the output explosive-mix 48 in chamber 12 to receive the explosive
      shock wave transmitted both longitudinally from the flat end face of the
      detonating cord and radially from the circular peripheral face of the
      cord. The end portion 18.sup.1 of first chamber 12 may be formed in a
      number of ways with a variety of cross-sectional shapes. In the embodiment
      of FIG. 3, for example, end portion 18.sup.1 is formed by boring four
      holes in the housing, all located substantially 90.degree. apart on the
      periphery of an imaginary circle coaxial with second chamber 14. FIGS. 4
      and 5 show two other possible transverse cross-sectional shapes for end
      portion 18.sup.1 of chamber 14. In FIG. 4, end portion 18.sup.11 is formed
      by boring two holes in the housing, each located on an imaginary circle
      coaxial with second chamber 14 and space substantially 180.degree. apart.
      FIG. 5 shows an additional modification in which end portion 18.sup.111
      has an annular transverse cross-section and is coaxial with second chamber
      14. In each of these modifications, end portions 18.sup.11 and 18.sup.111
      protrude into the barrier and extend parallel to and along an appreciable
      portion of the length of end portion 20 of first chamber 12 and end
      segment 32 of explosive detonating-cord 28. The operation of the
      embodiment of FIG. 2 and of the modifications shown in FIG. 4 and FIG. 5
      of the TBI is similar to the operation described above for the embodiment
      of FIG. 1. When detonating-cord 28 is remotely ignited, the explosion is
      transmitted to end segment 32, causing an explosion in the end portion 20
      of chamber 14. The explosion generates a shock wave which travels across
      gap 23 and then impinges on the second wall 21 of chamber 14 across
      barrier 16 where it causes detonation of the output explosive-charge 34.
      The shock wave of the explosion, while traveling longitudinally from the
      end face of detonating cord 28 through barrier 16, also travels radially
      from the circular periphery of the side face of end segment 32 of the cord
      across the barrier to end portions 18.sup.1 to 18.sup.111 of first chamber
      12. When the shock reaches end portions 18.sup.1 to 18.sup.111 it has a
      crushing effect on these portions of the chamber, igniting the
      deflagrating output explosive-mix 48 contained therein. The explosion of
      the output explosive-mix then ruptures foil 42, frangible portion 44 of
      end closure 38 and ignites the rocket-motor fuel-primer (not shown).
PAR  Modifications and variations of the present invention are possible in light
      of the above teachings. It is therefore to be understood that, within the
      scope of the appended claims, the invention may be practiced otherwise
      than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A through-bulkhead detonation device comprising:
PA1  a. a hermetic metallic barrier disposed in the housing of the device, said
      barrier having a first wall and a second wall,
PA1  b. a first chamber in the housing for the receipt of an explosive
      output-charge, located on one side of the barrier, said first chamber
      being defined on one end by the first wall of the barrier,
PA1  c. a second chamber in the housing for the receipt of an explosive
      detonating-cord which has an end segment, said second chamber being
      coaxial with and located on the opposite side of the barrier from the
      first chamber, said second chamber being defined on one end by the second
      wall of the barrier, said end segment having exterior dimensions slightly
      smaller than and congruent with the interior dimensions of said second
      chamber so as to enable said end segment to be placed proximate the
      barrier along the entire length of said end portion and forming a gap
      between the periphery of said end segment and said second chamber whereby
      said end segment initiates a shock wave which travels across said gap and
      across said barrier to detonate this output charge, aid device being
      distinguished by the absence of a donor charge between said end segment
      and said barrier.
NUM  2.
PAR  2. The device of claim 1 in which the explosive output-charge comprises an
      output explosive mix and an acceptor charge, said acceptor charge being
      disposed between and in contact with the first wall of the barrier and the
      explosive output-mix.
NUM  3.
PAR  3. The device of claim 2 in which the housing is fabricated from
      stainless-steel.
NUM  4.
PAR  4. The device of claim 2 in which the explosive detonating-cord is a
      shielded-mild detonating-cord.
NUM  5.
PAR  5. The device of claim 2 in which the explosive detonating-cord is a
      flexible-confined detonating-cord.
NUM  6.
PAR  6. The device of claim 2 in which the acceptor charge is a crystalline high
      explosive selected from a group consisting of pentaerythritol
      tetranitrate, cyclonite, hexanitro stilbene (I), hexanitro stilbene (II)
      and trinitroglycerine.
NUM  7.
PAR  7. The device of claim 2 wherein the barrier has a thickness which is the
      range of 0.050 to 0.140 of an inch.
NUM  8.
PAR  8. A through-bulkhead detonation device comprising:
PA1  a. a hermetic metallic barrier disposed in the housing of the device, said
      barrier having a first wall and a second wall,
PA1  b. a first chamber in the housing for the receipt of an explosive
      output-charge located on one side the barrier, said chamber being defined
      on one end by the first wall of the barrier,
PA1  c. a second chamber in the housing for the receipt of an explosive
      detonating-cord which has a cylindrical end segment with a flat end face
      and a circular peripheral face, said second chamber being coaxial with and
      located on the opposite side of the barrier from the first chamber, said
      second chamber being defined on one end by the second wall of the barrier,
      said end segment having exterior dimensions slightly smaller than and
      congruent with the interior dimensions of said second chamber so as to
      enable said end segment to be placed proximate the barrier along the
      entire length of said end portion and forming a gap between the periphery
      of said end segment and said second chamber, whereby said end segment
      initiates a shock wave which travels across said gap and said barrier to
      thereby detonate the output charge, said device being distinguished by the
      absence of a donor charge between said end segment and said barrier,
PA1  d. an end portion of said first chamber for the receipt of said output
      explosive-charge, communicating with said first chamber and protruding
      into the barrier so as to extend parallel with and along an appreciable
      portion of the length of the end portion of said second chamber and the
      end segment of said detonating cord, to enable said end segment to
      initiate a shock wave which travels across said gap and across the barrier
      longitudinally from the flat end face and radially from the circular
      peripheral face to thereby detonate the output charge in the first chamber
      and in the end portion thereof, said device being further distinguished by
      the absence of an acceptor charge between said barrier and said first
      chamber.
NUM  9.
PAR  9. The device of claim 8 in which the housing is fabricated from
      stainless-steel.
NUM  10.
PAR  10. The device of claim 8 in which the explosive detonating-cord is a
      shielded-mild detonating-cord.
NUM  11.
PAR  11. The device of claim 8 in which the explosive detonating-cord is a
      flexible-confined detonating-cord.
NUM  12.
PAR  12. The device of claim 8 in which the end portion of the first chamber
      comprises four chambers, said chambers having their longitudinal axes
      parallel with the longitudinal axis of said second chamber.
NUM  13.
PAR  13. The device of claim 8 in which the end portion of the first chamber
      comprises of two chambers, said chambers having their longitudinal axes
      parallel with the longitudinal axis of said second chamber.
NUM  14.
PAR  14. The device of claim 8 in which the end portion of the first chamber
      comprises an continuous annular orifice said annular orifice being coaxial
      with said second chamber.
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ABST
PAL  An omnidirectional impact and self-destruct fuze for initiation of a
       gren has a primer which after being initiated ignites a delay column. The
      delay column melts an eutectic metal arming plug which unlocks a ball
      detent to permit a striker assembly to be responsive to an impact sensor.
      If upon impact the inertial force of an impact weight fails to displace an
      impact spring so that it will release the spring biased striker against a
      detonator, the burning delay column will subsequently ignite a flash mix
      and melt a self-destruct nut, thereby releasing a retainer screw and the
      striker assembly therefrom so that the latter will forcibly hit the
      detonator causing the grenade to self-destruct.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various means have been used in the prior art to insure the initiation of a
      grenade upon impact and its self-destruction after a period of time after
      impact to prevent the grenade from being picked up by unfriendly troops
      and thrown back. One of the problems with prior art devices has been that
      in order to accomplish these two functions in their proper sequence
      required the use of mechanisms which had many complicated parts. Such
      prior art devices because of their numerous parts and complexity are
      costly to make and are particularly unsuitable for use in low cost
      reusable practice grenades. Another problem with prior art fuzes utilizing
      delay columns has been the premature detonation of the device because of
      malassembly, missing parts, or abuse. The present invention overcomes
      these aforementioned problems by its unique design.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a low cost multi-directional impact
      self-destruct fuze suitable for use in reusable practice grenades. The
      fuze has a tubular case which holds a primer assembly in a first end and a
      detonator assembly in its other end. An arming-firing assembly, containing
      a pyrotechnic delay column and arming plug and ball, is operatively
      positioned against the primer assembly. An impact sensor assembly is
      attached to the arming-firing assembly by means of a screw threadedly
      attached to a self-destruct nut. A striker assembly is biasedly held by
      the arming-firing assembly by means of a screw threadedly attached to a
      self-destruct nut. A striker assembly is biasedly held by the
      arming-firing assembly when the device is in a "safe" condition. When the
      fuze is placed in an "armed" condition the striker assembly can be
      actuated either by an inertial force acting on the impact sensor assembly
      or as the result of the pyrotechnic delay column initiating the
      self-destruct nut so that the nut releases the biased striker assembly to
      forcibly impact against a detonator.
PAR  An object of the present invention is to provide a multi-directional impact
      and self-destruct fuze.
PAR  Another object of the present invention is to provide a multi-directional
      impact and self-destruct fuze which insures against premature detonation.
PAR  Another object of the present invention is to provide a multi-directional
      impact and self-destruct fuze which is low in cost.
PAR  Another object of the present invention is to provide a fuze which will
      function during a first interval of time by impact and in the event of
      failure to function as a result of impact to function after a second
      interval of time.
PAR  Another object of the present invention is to provide a multi-directional
      impact and self-destruct fuze which is completely safe while in storage.
PAR  Another object of the present invention is to provide a multi-directional
      impact and self-destruct fuze capable of operating after a prolonged
      period of storage.
PAR  A further object of the present invention is to provide a multi-directional
      impact and self-destruct fuze which insures arming of the fuze by the
      melting of an eutectic metal arming plug.
DRWD
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is made to the following
      description taken in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of the fuze in a safe
      position.
PAR  FIG. 2 is a longitudinal cross-sectional view of the fuze in an armed
      position.
PAR  FIG. 3 is a longitudinal cross-sectional view of the fuze in its
      self-destruct functioning position.
PAR  FIG. 4 is a longitudinal cross-sectional view of the fuze in its
      omnidirectional impact functioning position after it has experienced a
      side impact.
PAR  FIG. 5 is a partial longitudinal cross-sectional view of the fuze in its
      omnidirectional impact functioning position after it has experienced a
      detonator end impact.
PAR  FIG. 6 is a partial longitudinal cross-sectional view of the fuze it its
      multi-directional impact functioning position after it has experienced a
      primer end impact.
PAR  Throughout the following description like reference numerals are used to
      denote like parts of the drawings.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 a tubular housing 10 has five subassemblies
      contained therein. A primer assembly 12 is held in housing first end 14
      and a detonator assembly 16 is positioned in the housing's second end 18.
      An arming-firing assembly 20 is axially aligned in the housing 10 and
      fixedly held against the primer housing 22 by housing shoulder 24 pressing
      against delay housing shoulder 26 of delay housing 28. An impact sensor
      assembly 30 comprises an impact weight 32, an impact spring 34 having
      cup-shaped leaves, and a screw 36, which passes through the spring 34. The
      screw 36 fixedly holds spring 34 to the forward end 38 of delay housing 28
      by engagement with the self-destruct nut 40. Striker assembly 42 comprises
      a cup-shaped striker body member 44 having an open end 46, a closed end 48
      and a longitudinal slot 49. Striker body 44 slidably fits within housing
      10 and is slidably positioned over delay housing 28. A striker 50 is
      screwed into striker body closed end 48 and extends axially and
      longitudinally therefrom toward detonator assembly 16. A striker release
      washer 52 is positioned intermediate striker head 54 and impact spring
      L-shaped prongs 56. Detonator assembly 16 comprises a detonator holder 58
      stakedly held by housing 10 in its second end 18, and a detonator 60
      axially positioned within holder 58. In a similar manner a primer 62 is
      axially positioned in primer housing 22, and retained therein by a primer
      retainer disc 64. Primer 62 communicates with flash disc 78 through axial
      flash hole 23. The arming-firing assembly 20 utilizes a biased firing
      spring 66 to urge the striker body 44 toward the detonator assembly 16. In
      the safe position, as shown by FIG. 1, a ball 68 is positioned in a delay
      column transverse bore 69, a delay housing transverse bore 70 and in a
      transverse body bore 72. The ball 68 is held in this safe position by a
      eutectic metal arming plug 74. A hollow delay column member 76 is held
      intermediate flash disc 78 and self-destruct nut 40. An initiator charge
      80 is located in delay column rear end 81, and a delay charge 82, which is
      intermediate initiator charge 80 and flash charge 84; the latter is
      located in delay column forward end 83.
PAR  Referring now to FIG. 2 the fuze primer 62 is initiated by a buchon striker
      86 of a grenade (not shown). The primer 62 fires through flash hole 23,
      ruptures flash disc 78 and ignites initiator charge 80 which in turn
      ignites the delay charge 82. The delay charge 82 melts eutectic metal
      arming plug 74 thereby allowing the firing spring 66 to force the arming
      ball 68 out of striker assembly body bore 72. The movement of the striker
      assembly 42 away from the impact sensor assembly 30 activates the impact
      sensor assembly 30 by withdrawing impact cup-shaped spring leaves 34 from
      counterbore 41. This separation between striker assembly 42 and impact
      sensor assembly 30 permits the release washer 52 and the striker assembly
      42 to be restrained only by the L-shaped spring prongs 56.
PAR  FIG. 3 shows the fuze in its self-destruct functioning position. In the
      event that impact functioning does not occur within a first interval of
      time the delay column 82 continues to burn. The first interval of time
      aforementioned constitutes the time it takes for delay column 82 to ignite
      flash charge 84 after delay column 82 has melted eutectic metal arming
      plug 74 and placed the fuze in an armed position by actuating impact
      sensor assembly 30 as aforedescribed. At the end of this first interval of
      time the delay column 82 ignites the flash or heat producing charge 84
      which in turn melts the eutectic metal self-destruct nut 40 thereby
      freeing screw 36. The length of time it takes flash charge 84, after
      initiation by delay column 82, to melt the eutectic metal self-destruct
      nut 40 constitutes a second interval of time. Once the screw 36 is
      released firing spring 66 forces the striker assembly 42 with the impact
      sensor assembly 30 to impact detonator 60. Detonator 60 fires through
      flash hole 86 initiating the booster or main grenade charge (not shown).
PAR  Referring now to FIGS. 4, 5 and 6 the fuze after being armed, as shown by
      FIG. 2, is capable of multi-directional impact functioning. FIG. 4 shows
      the operation of the impact sensor assembly 30 in the event that the fuze
      is subject to side impact during the first interval of time and before the
      end of the second interval of time. A side impact causes the impact weight
      32 to exert an inertial force against the leaves 34, which pushes at least
      one of the leaves 34 into slot 49. The spreading apart of a prong or
      prongs 56 permits release washer 52 to swivel sufficiently free of the
      other prongs 56. The unrestrained washer 52 releases the striker assembly
      42 so that firing spring 66 drives it toward detonator 60 and causes
      striker 50 to impact therewith. In FIG. 5 the impact weight 32 is shown in
      its forward position spreading apart leaves 34 as a result of the inertial
      forces caused by a detonator end impact. FIG. 6 shows the weight 32 moving
      the leaves 34 apart as a result of inertial forces caused by a primer end
      impact. In both of the last two aforementioned modes of impact the effect
      on release of washer 52 and movement of the striker assembly 42 are the
      same as aforedescribed for the side impact condition.
PAR  The foregoing disclosure and drawings are merely illustrative of the
      principles of this invention and are not to be interpreted in a limiting
      sense. I wish it to be understood that I do not desire to be limited to
      the exact details of construction shown and described for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  Having thus fully described this invention, what is claimed as new and
      desired to be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. An impact and self-destruct fuze for initiating a grenade which
      comprises:
PA1  a tubular housing having a first end and a second end;
PA1  primer means fixedly positioned in said first end for initiating said fuze;
PA1  arming-firing means axially and fixedly positioned against said primer
      means and responsive thereto for placing said fuze in an armed condition
      during a first interval of time and for firing said fuze after a second
      interval of time which includes;
PA1  a delay housing axially aligned and positioned against said primer means,
      said delay housing having a transverse delay housing bore therein, a rear
      end and a forward end;
PA1  a flash disc positioned intermediate said primer means and said delay
      housing;
PA1  a hollow delay column member axially positioned in said delay housing, said
      column having a transverse delay column bore therein communicating with
      said transverse delay housing bore;
PA1  an initiator charge axially positioned adjacent said flash disc in the rear
      end of said column member;
PA1  a flash charge axially positioned in said forward end of said delay column
      member;
PA1  a delay charge positioned in said column member intermediate said initiator
      charge and said flash charge;
PA1  a eutectic metal arming plug positioned in said delay column transverse
      bore in juxtaposition to said delay charge;
PA1  an arming ball operatively positioned in the transverse bores of said delay
      housing and said delay column;
PA1  a self-destruct nut positioned within said forward end and adjacent said
      flash charge said nut being intermediate said delay column and said delay
      housing;
PA1  impact sensor means releasably connected to said arming-firing means for
      actuating said fuze in the event of an impact during said first interval
      of time; and before the end of said second interval of time
PA1  a screw threadedly connected to said self-destruct nut for releasably
      connecting said delay housing to said impact sensor means;
PA1  detonator means axially fixedly positioned in the second end of said
      tubular housing for exploding said grenade; and
PA1  biased striker means, mechanically restrained by said arming-firing means
      when said fuze is in a safe condition, said striker means being releasably
      held by said impact sensor means during said first interval of time and
      before the end of said second interval of time for initiating said
      detonator means upon impact of said fuze and after passage of said second
      interval of time;
PA1  wherein said plug melts when heated by said delay charge releasing said
      arming ball so that it is not in interference with said striker means and
      places said fuze in said armed condition, and said self-destruct nut melts
      during said second interval of time releasing said striker means to impact
      said detonator means, thereby causing said fuze to self-destruct.
NUM  2.
PAR  2. A fuze as recited in claim 1 wherein said primer means comprises:
PA1  a primer housing;
PA1  a primer axially positioned in said primer housing; and
PA1  a primer retainer disc positiond against said primer and primer housing for
      holding said primer and primer housing in said tubular housing.
NUM  3.
PAR  3. A fuze as recited in claim 1 wherein said impact sensor means comprises:
PA1  a spring having a plurality of cup-shaped leaves, with L-shaped prongs
      thereon for preventing release of said striker means when said fuze is in
      said safe condition, said screw holding said spring fixedly attached to
      said arming-firing means when said fuze in in said safe and armed
      condition; and
PA1  an impact weight slidably held within said cup-shaped leaves, which spreads
      said leaves apart and releases said striker means from said sensor means
      during said first time interval upon receipt of a substantial impact to
      said fuze.
NUM  4.
PAR  4. A fuze as recited in claim 3 wherein said striker means comprises:
PA1  a cup-shaped body member slidably positioned in said tubular housing having
      a first open end, a second end, a longitudinal slot and a transverse body
      bore through the side wall of said member;
PA1  a spring biasedly positioned intermediate the open end of said body member
      and said delay housing for urging said striker means towards said
      detonator means;
PA1  a striker positioned in said second end of said body member and partially
      protruding therethrough, said striker being axially aligned with said
      detonator means; and
PA1  a washer member positioned intermediate said prongs and said striker for
      restraining said striker assembly from moving toward said detonator
      assembly when said fuze is in said safe condition and releasing said
      striker assembly to impact said detonator assembly when an impact of
      substantial force is given to said fuze when said fuze is in said armed
      condition.
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ABST
PAL  A fuse assembly for use with projectiles such as shells, bombs, torpedoes
      and the like provided with an elongated extension rod which imparts to the
      fuse mechanical proximity characteristics and which is so dimensioned as
      to maintain optical ballistic characteristics.
BSUM
PAR  This invention relates to projectiles such as shells, bombs, torpedoes and
      the like. The invention relates particularly but not exclusively to fin or
      spin stabilized projectiles such as mortar or artillery shells.
PAR  It has been increasingly realised that where the fragmentation effect of
      the projectile is of importance the fragment dispersion efficiency of the
      projectile is increased by having the projectile explode some distance
      from the target. In this connection reference can be made to FIG. 1 of the
      accompanying drawings which is a characteristic curve showing the
      variation of the area covered by fragments with height of explosion. It
      can be readily seen from this characteristic curve that this area rapidly
      approaches a maximum as the height of explosion increases from ground
      level to about a few meters and then gradually declines. Various methods
      have been proposed and, in some cases, adopted in order to achieve this
      objective of having the projectile explode some distance from the target.
      Thus the projectiles have been provided with electronically operated
      proximity fuses which are designed to be actuated when the projectile has
      arrived to within a certain minimum distance from the target. Such
      electronically operated proximity fuses are, however, very expensive and
      effective operation can be interfered with during flight by jamming and
      the possibility exists of exploding the projectile fitted with such a fuse
      in mid-flight. Furthermore, the fitting of a projectile with an
      electronically operated device opens up the possiblity of detecting the
      projectile in flight.
PAR  It has furthermore been proposed to provide aerial bombs with a so-called
      fuse extension consisting of a metal tube rigidly secured to the nose of
      the bomb and containing a bomb fuse. Whilst such a proposal is capable of
      limited application to aerial bombs in view of the practically minimal
      ballistic requirements of such bombs there has hitherto been no
      application of this proposal to fin or spin stabilized shells where the
      ballistic requirements are critical. This is in view of the fact that the
      addition of any element to such a shell seriously interferes with its
      ballistic characteristics. Furthermore the provision of such fuse
      extensions containing as they do explosive fuses is objectionable from a
      safety point of view and introduces difficulties in handling.
PAR  It is an object of the present invention to provide a projectile fuse
      assembly for a projectile designed to ensure the explosion of the
      projectile a predetermined distance from a target whilst at the same time
      maintaining optimal or adequate ballistic characteristics of the
      projectile.
PAR  According to the present invention there is provided a projectile fuse
      assembly comprising a fuse body and an enlongated extension rod adapted to
      extend therefrom and to be responsively coupled to a fuse detonating
      arrangement said rod being so dimensioned that the ratio R.sub.1 /R.sub.o
      as hereinafter defined is not less than unity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph of burst height versus area of fragment dispersion of a
      projectile;
PAR  FIG. 2a is a side view of a fin stablized shell without an elongated
      forward extension rod;
PAR  FIG. 2b is a side view of a fin stabilized shell with an elongated forward
      extension rod;
PAR  FIG. 3 is a partially sectioned side elevation of a shell fuse assembly in
      accordance with the present invention shown prior to firing;
PAR  FIG. 4 shows the assembly, shown in FIG. 3 during firing and prior to
      arming;
PAR  FIG. 5 shows the assembly shown in FIG. 3 after arming and at the instant
      of impact;
PAR  FIG. 6 is a partially sectioned side elevation of a modified fuse assembly
      in accordance with the invention prior to firing; and
PAR  FIG. 7 is a view of the assembly shown in FIG. 6 at the moment of impact.
DETD
PAC  DETAILED DESCRIPTION
PAR  The present invention is based on considerations which are best understood
      by reference to FIGS. 2a and 2b of the drawings. The main parameters which
      govern the ballistic performance or stability of a shell are its moment of
      inertia I, its diameter d and the location of its centres of gravity and
      pressure CG and CP.
PAR  In FIG. 2a the distance of the centres of gravity and of pressure from a
      fixed reference position on the nose of the shell (not provided with an
      extension rod) are respectively X.sub.CG and X.sub.CP whilst the moment of
      inertia of such a shell is I. With the attachment of an extension rod to
      the shell as shown in FIG. 2b both the centres of gravity and pressure are
      moved towards the nose of the shell and the relevant distances are now
      X.sub.1CG and X.sub.1CP whilst the moment of inertia of the combined shell
      and extension rod is now I.sub.1.
PAR  If now we define a stability factor R for the shell wherein
      ##EQU1##
      then this factor will have a minimum value
      ##EQU2##
      below which the shell will no longer be stable. Thus any variation of the
      various dimensional parameters of the shell must always be governed by the
      requirements that
EQU  R &gt;&gt; Ro
PAL  and bearing in mind this requirement the three individual factors,
      X.sub.CP, X.sub.CG and I can be separately varied.
PAR  If R &gt;&gt; Ro then the shell is overstable whilst if shell Ro then the sehll
      is close to the stability limit.
PAR  If now the stability factor for the shell to which the extension rod has
      been fitted is defined as R.sub.1 then
      ##EQU3##
      and it can be shown that the addition of the extension rod does not
      deleteriously affect the ballistic performance of the shell if it is
      ensured that the ratio R.sub.1 /R.sub.o is not less than unity.
PAR  It can be readily seen from the relationship given above that the addition
      of the extension rod introduces several parameters into the stability
      factor which tend to act in opposite directions. Thus whilst on the one
      hand the stability factor tends to increase as a result of the
      displacement of the centre of gravity towards the nose of the projectile,
      on the other hand this stability factor decreases as a result of the
      similar displacement of the centre of pressure towards the nose. In
      particular the stability factor is deleteriously affected as a result of
      the increase of the moment of inertia I.sub.1 of the projectile when
      fitted with the extension rod. It can be readily seen that an optimal set
      of dimensions for the extension rod can be arrived at for which the
      stability factor R.sub.1 is at the worst not reduced and at best is
      increased.
PAR  In addition the extension rod must be sufficiently robust to withstand
      buckling thereof due to the considerable inertial forces acting thereon
      upon firing.
PAR  In the case of spin stabilized projectiles the extension rod and the
      projectile must be balanced so that the combined projectile-extension rod
      remain stable even at the highest rotational velocity.
PAR  In general, the provision of the projectile with the extension rod affects
      the drag of the projectile this drag increasing at subsonic speeds and
      decreasing at trans- and supersonic speeds leading at such speeds to an
      increased range.
PAR  Within the limitations defined above the extension rod can be made of any
      suitable length and in fact, as can be seen from FIG. 1, in order to
      achieve a high degree of fragment dispersion the extension rod should be
      relatively long. Practical considerations such as handling, packaging and
      logistical considerations in addition to the stability considerations
      referred to above limit the length of the rod and in practice the rod is
      generally not longer than the length of the projectile itself.
PAR  In accordance with a preferred embodiment of the present invention an end
      portion of this rod which can be releasably retained within the fuse body
      is floatingly retained in the fuse body so as to be capable of limited
      axial movement with respect to the body. With such an embodiment the
      merest contact of the tip of the extension rod with the target surface
      irrespective of the nature of that surface results in the immediate
      transmission of a shock wave through the floatingly held extension rod
      which is at once transmitted to a floating striker pin so as to strike a
      previously armed detonator. Thus, with such a floating arrangement,
      detonation is ensured at the instant of impact and the projectile equipped
      with such a floating extension rod can be used irrespective of the nature
      of the target, i.e. whether it is hard or soft.
PAR  In addition to its main function as a mechanical proximity fuse the
      extension rod can also serve as a grip or handle thereby facilitating
      easier handling of the projectile and easier extraction of a shell fitted
      therewith from a gun or mortar barrel seeing that the rod can be gripped
      by the extractor. In this way the use of an extractor having a shorter
      extractor handle is facilitated avoiding the necessity of providing the
      projectile itself with a special extraction groove.
PAR  Furthermore even when the shell is to be fired without an extension rod and
      has to be extracted from the barrel, an extension rod can be introduced
      into the extractor prior to lowering into the barrel which rod can be
      releasably secured to the fuse by being pushed down.
PAR  As seen in FIGS. 3, 4 and 5 of the drawings a shell fuse 1 comprises a
      two-piece fuse body 2, 3 the body portion 2 being fitted within and
      secured to the body portion 3 which has a tapering end portion 3a. In the
      body portion 2 there is formed a detonator cavity 4 which is located
      transversely of the longitudinal axis of the fuse 1. A detonator housing 5
      is located in the detonator cavity 4 and is formed with a pair of cavities
      6 and 7 so located that in the unarmed condition of the detonator the
      cavity 6 is aligned with a longitudinal axis of the fuse 1 whilst in the
      armed condition of the fuse the cavity 7 is aligned with a longitudinal
      axis of the fuse 1. The cavity 7 accommodates a detonator 8. A compression
      spring 9 is located in an end cavity of the detonator housing 5 and bears
      at one end on the detonator housing 5 and at the other end on the fuse
      body 2 and serves to bias the detonator housing 5 into an armed position.
      The means for arming the detonator is not of relevance to the present
      invention and is therefore not shown.
PAR  Slidable in an axial bore 10 formed in the housing portion 2 is an
      elongated striker 11 which consists of a main portion 11a, a pin portion
      11b which is of smaller diameter than the main portion 11a, an
      intermediate portion 11c which is of greater diameter than the main
      portion 11a, and, which merges via a conical shoulder 11d with an end
      portion 11e. A compression spring 12 surrounds the pin portions 11a and
      11b and bears at one end against a shoulder of the cavity 10 and at the
      other end against a shoulder formed between the pin portions 11a and 11c.
      As can be seen the tip of the striker pin 11b projects towards the
      detonator housing 5 but is biased away therefrom by the compression spring
      12. The striker 11 is capable of limited axial movement in the bore 10
      between one position shown in FIG. 3 of the drawings where the conical
      portion 11d thereof bears against a corresponding conically flared mouth
      of an axial bore formed in a conical end piece 13 and a position wherein
      the tip of the striker pin projects into one or other of the cavities 6, 7
      formed in the detonator housing 5.
PAR  The axially bored conical end piece 13 is held in position be means of a
      flanged rim 13a between juxtaposed shoulders of the body portions 2 and 3.
PAR  The conical end portion 3a of the body portion 3 has formed therein an
      axial bore 15 in which is slidably fitted a solid end portion 16 of a
      tubular extension rod 17 formed with an end spike 18. The free end of the
      solid end portion 16 is formed with a conical axial recess 19 in which is
      accommodated the conical end piece 13. Secured to the end portion 16 and
      extending through the conical recess 19 is a transmission pin 20 which
      extends into the axial bore formed in the conical end piece 13.
PAR  A circumferential groove 22 is formed in the solid end portion 16 near the
      free end thereof. A spring ring 23 surrounds the outer wall of the body
      portion 3 one end of this ring (not shown) being anchored to the body
      portion 3 and the other end 24 being bent round so as to project somewhat
      away from the body portion 3 and is then passed through a transversely
      directed aperture 25 formed in the body portion so that its tip is located
      in the circumferential groove 22. In this way the solid portion 16 of the
      extension rod 17 is retained within the fuse body but is axially
      displaceable therein within limits defined by the width of the groove 22.
      On the other hand, the rod 17 can be rapidly and easily removed from the
      fuse body by pulling the projecting portion 23a of the ring out of the
      fuse body thereby releasing the rod for withdrawal.
PAR  In the embodiment shown the transmission pin 20 abuts the end of the
      striker 11 and the compression spring 12 biases the rod 17 away from the
      fuse body.
PAR  Prior to firing the fuse assembly is in the position of FIG. 3 of the
      drawing. Upon firing but prior to arming of the fusing the extension rod
      17, which is effectively floating with respect to the fuse body, is
      subject to set back forces and is displaced inwardly with respect to the
      body and the position thereupon adopted by the extension rod 17 and
      striker 11 is shown in FIG. 4 of the drawings. During flight inertial and
      aerodynamic forces appear and the compression spring 12 has to overcome
      the difference between the aerodynamic forces which push the rod into the
      fuse and the inertial forces which tend to pull the rod out of the fuse.
      The fuse becomes armed, i.e. the detonator 8 moves under the influence of
      spring 9 into an axial position directly opposite the striker 11.
PAR  Upon the instance of impact of the spike 18 of the extension rod 17 on the
      target surface a shock wave is transmitted along the length of the rod 17
      and this shock wave is transmitted from the transmission pin 20 to the
      striker 11 and causes the striker 11 to move forward against the spring
      biasing force into the cavity 7 and thereby to detonate the detonator 8.
      It will be realised that this movement of the striker 11 takes place as a
      result of the transfer of momentum from the floating extension rod 17 to
      the floating striker 11 and is not directly dependent on the displacement
      of the extension rod 17 into the fuse body although this displacement does
      take place. In consequence the transfer of momentum which leads to the
      displacement of striker 11 is effectively independent of the nature of the
      target and the contact of the spike 18 with any target such as, for
      example, soft sand or even water is sufficient to cause this displacement.
      In this way it can be ensured that the fuse is effectively detonated and
      the shell explodes at the precise height required which is in fact
      determined by the length of the extension rod 17. The length of the rod 17
      is determined by considerations outlined above. In practice if the spike
      hits a penetrable target such as soft sand the degree to which the spike
      penetrates the target depends essentially on the very small distance which
      the striker has to travel before it strikes the detonator and in practice
      the degree of penetration is small if not negligible.
PAR  It is to be noted that the fuse shown in FIGS. 3 to 5 of the drawings can
      be provided with a conventional delay mechanism so that when not provided
      with the extension rod the fuse operates in a normal manner with a
      predetermined delay. Furthermore the provision of this conventional delay
      mechanism ensures the explosion of the shell even if the proximity fuse
      fails to operate.
PAR  The provision of the axially bored conical piece 13 is for the situation
      when the fuse is not fitted with the extension rod and is intended to be
      operated with a conventional delay mechanism. Under these circumstances
      the entry of soil, dirt, etc. into the open end of the fuse body merely
      blocks the narrow mouth of the axial bore of the end piece but cannot
      actuate the firing pin 11 before the operation of the conventional delay
      mechanism.
PAR  As indicated above the rod must be capable of resisting plastic buckling
      whilst under certain circumstances elastic buckling might be permitted.
      For this purpose the rod which can be tubular or solid can, for example,
      be made of steel or aluminium. In a characteristic example an extension
      rod formed of aluminium tubing of 20 mm diameter and 430 mm length and
      weighing 180 g was successfully employed with fuses designed for use with
      the following projectiles.
PA1  i. A 120 mm fin stabilized mortar shell weighing 14 kg and having an
      overall length of 508 mm,
PA1  ii. A 160 mm fin stabilized mortar shell weighing 41.5 kg and having an
      overall length of 797 mm, and
PA1  iii. A 155 mm.sub.sp in stabilized artillery shell weighing 43 kg and
      having an overall length of 716 mm.
PAR  In all cases the extension rod dimensions were such that the ballistic
      characteristics of the shell to which it was fitted were not impaired and,
      in fact, a tendency could be detected that the stability of the projectile
      was increased and dispersion with respect to the target as a consequence
      reduced. Furthermore, the provision of the extension rod decreased the
      drag of the projectile at transsonic and supersonic speeds and thereby led
      to an increase of range.
PAR  Whilst as indicated above it is preferred that the extension rod be
      retained in a floating condition with respect to the fuse body under
      certain circumstances the extension rod can be formed integrally with the
      fuse body. With such an arrangement the disadvantage exists that the
      extension rod is only effective as a proximity fuse when impacting a
      relatively hard surface seeing that with a soft surface such as sand or
      water the extension rod becomes embedded before detonation takes place.
PAR  Such an arrangement is shown in FIGS. 6 and 7 of the drawings. In this
      arrangement an extension rod 31 which is dimensioned on the basis of the
      considerations outlined above is formed integrally with a fuse body 32
      into which it projects and to which is rigidly secured in an axial
      position a firing stab 33. Slidable in an axial cavity 34 in the fuse body
      is a detonator 35 which is biased away from the firing stab 33 by means of
      a compression spring 36. During firing the detonator 35 moves to the end
      of the fuse body remote from the firing stab under the combined influences
      of the compression spring and the inertial forces. Upon impact of the
      extension rod 31 on a hard target the decelleration of the shell striking
      the target results in the detonator 35 being thrown on to the firing stab
      33 against the biasing effect of the compression spring 36.
PAR  In a still further modification of the embodiment wherein the extension rod
      is formed rigidly with the fuse body the tip of the extension rod
      incorporates a piezo electric crystal whilst the tubular extension rod
      accommodates a conductor the rod itself constituting a second conductor
      the two conductors being electrically coupled to an electric detonating
      mechanism located in the fuse. Thus directly upon impact the piezo
      electric crystal generates a current which passes through these conductors
      to the electrical detonating mechanism initiating the detonation train.
      With this arrangement detonation cannot take place as a result of
      accidental impact with the tip of the extension rod seeing that under
      those circumstances the detonator is unarmed, mechanically by not being
      aligned with the striker and electrically by being short circuited.
PAR  Whilst in the specific example above the application of the invention to
      fin stabilized shells has been particularly considered the invention is
      equally applicable to all forms of projectiles wherein the detonation is
      desired at a predetermined distance from the target and wherein it is
      desired to ensure that the addition of the extension rod in accordance
      with the invention does not have any deleterious effect on the ballistic
      stability of the projectile.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fuze assembly adapted to be attached to the nose of a spin-stabilized
      projectile comprising:
PA1  a. a fuze body having an axial aperture with which a detonator is adapted
      to be aligned when the fuze assembly is armed;
PA1  b. an extension rod aligned with the aperture and projecting axially
      forwardly from the body and having a base by which the rod is mounted on
      the body for limited axial movement;
PA1  c. striker pin means slidably mounted in the body aperture, and having a
      maximum cross-section smaller than the maximum cross-section of the base;
      and
PA1  d. spring means acting on the striker pin means for resiliently urging the
      latter in the forward direction into direct engagement with the base of
      the rod whereby an axial impulse in the rearward direction applied to the
      extension rod is transmitted by the base to the striker pin means causing
      the latter to move rearwardly independently of the rod and into engagement
      with the detonator when the firing assembly is armed.
NUM  2.
PAR  2. A fuze assembly according to claim 1 wherein the striker pin means
      comprises an impulse transmission pin and a separate striker pin, the
      transmission pin being interposed between the extension rod and the
      striker pin, and the spring means urging the striker pin, the transmission
      pin and the base of the rod into direct engagement.
NUM  3.
PAR  3. A fuze assembly according to claim 2 wherein the length of the extension
      rod is of the same order of magnitude as the length of the projectile
      before the fuze assembly is attached.
NUM  4.
PAR  4. A fuze assembly according to claim 2, wherein the extension rod is
      essentially tubular and the base is solid and is provided with means for
      releasably attaching the rod to the body.
NUM  5.
PAR  5. A fuze assembly according to claim 4 wherein the means for releasably
      attaching the rod to the body includes means defining a circumferential
      groove in the base and a connection pin removably mounted in the body, the
      connection pin being smaller than the groove and projecting thereinto for
      effecting the limited axial displacement of the rod.
NUM  6.
PAR  6. A fuze assembly according to claim 4 wherein the base of the rod has a
      central conical recess and the body includes a fixed central boss matching
      the recess, the transmission pin being slidably mounted in an axial bore
      in the boss.
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ABST
PAL  A railway vehicle bogie comprising a main transverse beam and two axles
      each carrying a pair of wheels, each axle being linked to the beam by two
      radius arms, one on each side of the bogie, each radius arm being pivoted
      to the respective axle and to the beam in a manner permitting vertical and
      lateral swinging of each arm relative to the beam, and a leaf spring at
      each side of the bogie, each leaf spring being fixed at its center to the
      transverse beam and having each of its two ends linked to a respective
      radius arm by a respective unit, each unit comprising a wire cable which
      is secured to the radius arm and to the leaf spring, and abutments which
      are attached to the radius arm and which engage the cable between the
      radius arm and the leaf spring when the radius arm is swung laterally
      relatively to the transverse beam of the bogie.
PARN
PAR  This is a continuation-in-part application of application Ser. No. 392,648,
      filed Aug. 29, 1973 which was a continuation application of application
      Ser. No. 149,924, filed June 4, 1971, now abandoned.
BSUM
PAR  This invention relates to bogies for railway vehicles, especially for
      railway wagons, in which the pairs of wheels are guided by radius arms.
PAR  The U.S. application Ser. No. 392,648 describes a railway vehicle bogie
      comprising a main transverse beam and two axles each carrying a pair of
      wheels, each axle being linked to the beam by two radius arms, one on each
      side of the bogie, each radius arm being pivoted to the respective axle
      and to the beam, and a leaf spring at each side of the bogie, each leaf
      spring being fixed at its centre to the transverse beam and having each of
      its two ends linked to a respective radius arm by swinging links.
PAR  For the lateral springing of the radius arms, spring bars are provided
      which extend substantially parallel to the beam and are fixed near their
      ends to the radius arms. On lateral deflection of the radius arms, the
      spring bars exert a restoring force upon the wheel axles which is
      independent of the load in the wagon, while the swinging links exert a
      force which is dependent upon the load.
PAR  The present invention is based upon the problem of producing a bogie for
      railway vehicles, especially for railway wagons, with which the sudden
      loads which act laterally upon a bogie can be taken up better than
      hitherto.
PAR  According to this invention each end of a leaf spring is linked to a
      respectice radius arm not by swinging links but by a unit comprising a
      wire cable which is secured to the radius arm and to the leaf spring, and
      abutments which are attached to the radius arm and which engage the cable
      between the radius arm and the leaf spring when the radius arm is swung
      laterally relatively to the transverse beam of the bogie.
PAR  Preferably each wire cable is endless, and each free end of a leaf spring
      carries a transverse bolt on which are two pulleys which are embraced by
      the respective cable.
PAR  Preferably each unit comprises a cable guide element which is integral with
      two of the abutments, the integral element includes cable channels, and
      the abutments have curved surfaces for engaging the cable.
DRWD
PAR  The accompanying drawing shows, in a simplified manner, a bogie embodying
      the invention. In these drawings:
PAR  FIG. 1 is a partial side elevation;
PAR  FIG. 2 is a partial plan;
PAR  FIG. 3 is a section through a radius arm along the line III--III in FIG. 1.
DETD
PAR  As shown in FIGS. 1 and 2, the bogie 1 has a transverse beam 2 which is
      provided at its two ends with ball joints 3, on which radius arms 5
      serving to receive pairs of track wheels 4 are pivotably mounted. The
      pivotal mounting is described in more detail in my U.S. application Ser.
      No. 392,648. A ball swivel socket 6 serving to receive and support the
      wagon superstructure is arranged on the transverse beam 2. At their free
      ends the radius arms 5 have self-aligning roller bearings 7 for the axles
      8 of the wheel pairs 4.
PAR  The ends of the radius arms 5 adjacent to the beam 2 are of fork-shaped
      formation and connected with one another by a spring bar 9 of suitable
      cross-section with its ends fixed in the radius arms 5 and extending
      parallel with the transverse beam 2. This bar 9 serves at the same time
      for connecting the radius arms 5 with the ball joints 3. The spring bars 9
      are bent elastically out of their normal position into as S-shape in plan
      under transverse impacts acting upon the wheels.
PAR  For the springing of the bogie 1 in the vertical direction there is a leaf
      spring 12 at each side. A clamp 13 at the centre of each spring is secured
      to the respective end of the transverse beam 2 by bolts 14.
PAR  Bolts 15 are inserted into eyes at the ends of the leaf spring 12. On each
      of the two ends of a bolt 15 protruding from a spring eye there is
      rotatably mounted a cable pulley 16. On the upper side of the radius arms
      5 there is a cable guide element 17 of curved form with two
      parallel-extending cable channels 18. This element 17 is detachably
      secured by screws 19. On both sides of the cable guide element 17 there
      are provided cable holding means such as abutments 20 for an endless cable
      21 which is looped into the cable channels 18 on the radius arm 5 and
      around the cable pulleys 16 on the end of the leaf spring 12, so that the
      end of the radius arm can swing to both sides in relation to the end of
      the leaf spring 12 within the range limited by the endless cable 21.
PAR  The abutments 20 are integral with the cable guide element 17, and have
      curved surfaces 22 for engaging the cable 21, see also FIG. 3.
PAR  The distance between the contact of the cable 21 with the abutments 20 and
      with the cable pulleys 16 varies during lateral deflection of the radius
      arm 5. That is to say, this distance decreases on one side of the radius
      arm 5 while it increases on the other side thereof. The curved surfaces 22
      can be shaped to give a desired progressive characteristic to the
      relationship between the lateral deflection and the horizontal component
      of force in the cable 21, which acts as a restoring force.
PAR  As a result of the decrease in the distance between the contact of the
      cable 21 with the abutments 20 and with the cable pulleys 16, the cable 21
      between these contacts deviates increasingly from the vertical, which
      results in an increasingly progressive characteristic of the restoring
      force provided by the cable 21.
PAR  Thus the restoration of the radius arms 5 into the initial position is
      caused partly by the linking unit formed from the parts 16 to 22, which
      acts in proportion to the loading of the bogie, and partly by the spring
      bars 9 acting as flexure springs, which have substantially a linear
      characteristic.
PAR  The manner operation of the bogie as described above is as follows:
PAR  Whenever lateral impacts act upon the pairs of wheels, for example as a
      result of lateral deviation of the track from its normal position, or in
      the case of a sinusoidal course of the bogie, or on entry into bends,
      these impacts seek to vary the rectilinear direction of travel of the
      bogie and thus to cause displacement of the pairs of wheels transversely
      of the longitudinal direction of the bogie. For each wheel pair, the
      respective two radius arms 5 thereupon swing laterally about the ball
      joints 3, against the restoring forces acting progressively upon the
      cables 21 and the linearly acting restoring forces of the spring bar 9.
      This is rendered possible by the fact that the axles 8 of the wheel pairs
      4 are mounted in the selfaligning roller bearings 7 on the ends of the
      radius arms 5.
PAR  With the aid of the linking units 16 to 22 having an increasingly
      progressive characteristic, it has now become possible to take up
      relatively great loads acting laterally upon the bogie, with small
      deflections.
PAR  The cable guide elements 17 are replaceable by other cable guide elements
      17 adapted to a specific wagon type. The cable guide elements 17 adapted
      to the different wagon types differ from one another in the shape of the
      abutments 20 and in particular the different curve of the surfaces 22.
PAR  Due to the replaceability of the cable guide elements 17 it is possible to
      adjust the increasingly progressive characteristic of the linking units 16
      to 22 in the desired manner. Replaceability is for example especially
      expedient if the bogie is to be assembled with a wagon superstructure of
      different weight. The formation of the linking units is not confined to
      the example as shown in FIGS. 1 to 3, since this merely represents one of
      several possible variants. In this connection it should also be pointed
      out that the abutments 20 with the curved surfaces 22 can be made
      separately from the cable guide element 17, and can be secured detachably
      to the radius arms 5.
PAR  With the aid of the invention it has now become possible with relatively
      simple means to take up lateral impacts acting upon the radius arms 5
      better than hitherto over the entire range of travel of the radius arms 5.
      Furthermore the possibility of exchanging abutments 20 of different
      formations and adapted to the different wagon types with one another if
      desired is advantageous.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A railway vehicle bogie comprising
PA1  a main transverse beam and
PA1  two axles each carrying a pair of wheels,
PA1  each axle being linked to the beam by two radius arms, one on each side of
      the bogie,
PA1  each radius arm being pivoted to the respective axle and to the beam in a
      manner permitting vertical and lateral swinging of each arm relative to
      the beam and including cable holding means secured thereo, and
PA1  a leaf spring at each side of the bogie, each leaf spring being fixed at
      its center to the transverse beam and having each of its two ends linked
      to a respective radius arm by a respective unit,
PA1  each unit comprising a flexible, unextendable cable which is secured to the
      radius arm and to the leaf spring,
PA1  said cable holding means engaging the cable.
NUM  2.
PAR  2. A bogie according to claim 1, in which each cable is endless.
NUM  3.
PAR  3. A bogie according to claim 2, in which each end of the leaf spring
      carries a transvere bolt on which are two pulleys, the respective cable
      engaging each pulley and said cable holding means.
NUM  4.
PAR  4. A bogie according to claim 1, in which said cable holding means have
      curved bearing parts defined therein to receive said cable.
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ABST
PAL  The vehicle disclosed herein is provided with a running gear composed of
      two transverse aligned drive units each provided with a wheel axle having
      mounted on the outer end thereof a rail wheel and a tire wheel. The inner
      ends of the drive units are connected by means forming a movable joint
      between such inner ends to enable the units to be moved from positions in
      which the rail wheels are operable and the tire wheels are inoperable to
      positions in which the tire wheels are operable and the rail wheels are
      inoperable, such connecting means also including means to restrict the
      relative movements of the two drive units. The two drive units are
      pivotally connected to the vehicle by means which enables lateral movement
      of such units during the pivotal movements of the latter in one direction
      or the other. Means are provided to raise the jointed inner ends of the
      drive units to transfer the drive of the vehicle from rail wheels to tire
      wheels and to lower such jointed inner ends of the drive units from their
      raised position to return the drive of the vehicle to rail wheels. The
      rail wheels each have a riding surface which converges toward the flange
      thereof so that a line projecting inwardly from such surface is disposed
      at a given acute angle to the central longitudinal axis of the wheel axle.
      The tire wheels have a tread surface which converges outwardly so that a
      line projecting outwardly from such surface is disposed at a given acute
      angle to the central longitudinal axis of the wheel axle. The tire is
      mounted on a frusto-conically shaped rim of such angularity that a line
      projecting outwardly from such rim is parallel to said projecting tread
      surface line.
BSUM
PAC  THE INVENTION
PAR  This invention relates to railway vehicles and provides distinct advantages
      for those urban and suburban transportation systems which are based upon
      the use of a vehicle designed for both rail and road operations such as
      the type of vehicle disclosed in my U.S. Pat. No. 3,434,432 granted Mar.
      25, 1969.
PAR  In the operation of the vehicle disclosed in my aforesaid patent, it made
      its transfer from the rail tracks to the roadway and vice versa, at given
      locations by means of ramps constructed to cause the pneumatic tires
      riding thereon to lift the rail wheels associated therewith onto and off
      the rails depending on the direction in which the vehicle was traveling on
      the ramp. This method of transferring the vehicle required major changes
      to the rail right of way, in the removal of switches and modification of
      the same, that were costly and impractical.
PAR  A further problem, and this is not limited to the type of vehicle disclosed
      in my aforesaid patent, but applies also to the standard railroad cars now
      in use, is the side-cutting of rails and switches and the wear on the
      wheel flanges due to the construction of the present type of rail wheel.
      Not only is this resulting wear on tires and rails a costly burden to the
      railroads, but the sharp-edged tire flanges produced by this wear are the
      cause of many derailments. The high frictional resistance involved in such
      unwanted wear also generates a disconcerting wheel squeal and causes
      considerable resistance to the operableness of the train. The added drag
      to a train caused by this friction necessitates that the fuel consumption
      thereof be greatly increased over that otherwise required. The only known
      method presently employed to cope with this problem is lubrication of the
      tracks.
PAR  One of the principal objects of the present invention is to provide in a
      vehicle of the indicated type an improved running gear construction that
      will enable the vehicle to be used on existing rail beds without
      necessitating that any changes be made in the latter or the use of ramps.
PAR  Another object of the invention is to provide an improved rail wheel design
      which will lessen the disadvantages of the presently constructed rail
      wheel and enable the vehicle to operate satisfactorily without the front
      guide wheels provided on the vehicle disclosed in my aforesaid prior
      patent.
DRWD
PAR  Other objects of the invention as well as the novel features thereof will
      appear from a consideration of the following description, when read in
      connection with the accompanying drawings, in which
PAR  FIG. 1 is an elevational view of one of the wheel trucks of the vehicle and
      shows the manner in which the rail wheels of the truck are mounted on the
      rails of a railway on which the vehicle is traveling; and
PAR  FIG. 2 is a view similar to FIG. 1 and shows the arrangement of the parts
      when the wheel truck is traveling on a roadway.
DETD
PAR  It will be understood that while certain features of the invention are
      applicable to all rail vehicles, when the features of the invention are
      embodied in a vehicle of the type disclosed in my aforesaid U.S. Pat. No.
      3,434,432, such vehicle will include a bus body mounted on a frame
      supported through front and rear mountings on the running units or wheel
      trucks. The front and rear mountings will be each composed of two
      relatively movable, circular bearing surfaces and will be connected by
      crossed steering cables. A conventional steering wheel in the bus may be
      connected to one of the bearing surfaces of the front mounting in the
      manner disclosed in said patent.
PAR  In accordance with this invention, the front and rear mountings for the
      front and rear running gear unit each comprise an annular bearing member
      25 fixedly secured to the frame 14 of the vehicle body 26 in any suitable
      manner. The annular member 25 is provided with two depending peripheral
      guide flanges defining on the underside of the member 25 a circular
      bearing surface 27 against which is rotatably seated the upper surface of
      a circular annular bearing plate 28. The bearing plate 28 is mounted on a
      transverse frame 30 having at its ends depending arms 30' which are
      secured at their lower ends to the upper ends of two depending pneumatic
      springs 31 of standard construction. Secured to the lower end of each
      pneumatic spring 31 are two depending straps 34 which at their lower ends
      are pivotally connected at 5 to the drive housing 32 containing the motor
      for driving the associated rail wheel 1 and pneumatic wheel 2. Thus, the
      entire weight of the vehicle will through the frame 14, bearing members 25
      and 28, frame 30 and its arms 30', pneumatic springs 31, straps 34 and
      pivot connections 5, bear on the outer end portions of the two drive
      housings 32,32 in each of the front and rear running gear units of the
      vehicle.
PAR  The two drive housings 32,32 in each running gear unit are connected
      together at their inner ends by a ball joint elbow connection 3 of known
      construction to permit of pivotal movement of such housings about the
      pivots 5 in a vertical plane at right angles to the longitudinal
      centerline of the bus. During such pivotal movement of the drive housings
      the pivotal axis 33 of such elbow connection 3 reciprocates vertically in
      a vertical plane containing such centerline. This toggle-like movement of
      the drive housings 32,32 is facilitated by the action of the pneumatic
      springs 31 which in addition to their cushioning functions, permit the
      minor lateral changes in position of such housings which are necessary to
      enable them to effect such movement. The elbow connections 3 in each of
      the running gear units is provided with two sets of coacting dogs, one set
      22 coacting to limit the downward movement of the elbow connection, pivot
      axis 33 as is shown in FIG. 1 of the drawings, and the other set 22' of
      such dogs coacting to limit the upward movement of the pivotal axis 33 as
      shown in FIG. 2 of the drawings. Upward movement of the pivotal axis 33
      and of the inner ends of the housings 32,32 about the pivots 5 to the
      positions shown in FIG. 2, is attained by transversely extending cable
      lengths 11,11' attached at their outer ends to the outer end portions of
      such housings at the points 20,20', respectively. The points of cable
      attachment 20,20' are located outwardly of the two pivot points 5,5 of
      such housings. The inner ends of the cables 11,11' are connected to a
      conventional hydraulic piston unit 12 which is driven by a servo pump 13
      of known construction and connected by electrical wiring 23 to an operator
      controlled switch mounted on the dashboard of the bus in a manner known to
      the art. When the hydraulic pressure in the piston unit 12 is released to
      enable the housings 32,32 to assume the positions shown in FIG. 1 of the
      drawings, the weight of the vehicle on the pivot points 5 forces the
      points 20,20' apart and the elbow connection downwardly, thereby causing
      the housings 32,32 to pivot downwardly until the dogs 22,22 engage to stop
      such movement. It will be understood that such downward movement of the
      housings may be rendered more positive by connecting cable lengths to the
      upper outer end portions thereof in the manner of the cables 11,11' and
      controlling their operation by a piston unit and servo pump controlled
      from the dashboard of the bus in the manner above described with respect
      to the unit 12 and pump 13.
PAR  In a manner similar to that shown in my U.S. Pat. No. 3,434,432, each of
      drive housings 32 contains a wheel axle 35 that is driven through a fluid
      drive or other suitable torque converter transmission by an electrical
      motor also contained in the housing. On the outer end of each axle 35 is a
      wheel assembly composed of a hollow rail wheel 1 having an outwardly
      extending portion 36 terminating in an offset central wall portion 37
      which abuts and is secured by lug bolts 38 to the inner wall 39 of a
      hollow rim 6 for the pneumatic tire 2. Thus, the outer end of each axle 35
      has mounted on the outer end thereof as a unit, a rail wheel 1 and a tire
      wheel 2. Conventional brakes are associated with the connected pairs of
      pneumatic and rail wheels in the manner shown in my aforesaid patent.
PAR  It is to be noted in FIG. 1 of the drawings that when the rail wheels 1 are
      resting on the rail tracks 15 they tilt inwardly from the vertical in the
      upward direction so that the axle 35 associated with each wheel is
      disposed at an angle to the horizontal less than 90.degree.. It is also to
      be noted that the riding surface 8 of each wheel 1 converges or inclines
      inwardly toward the flange 42 of the rail wheel. As is shown in FIG. 1 of
      the drawings, a line 41 forming an inward extension of such riding surface
      8 is disposed at an acute angle .alpha. to an axial centerline 40
      projecting inwardly from such rail wheel and common to the central
      longitudinal axle of the wheel axle 35. It has been found that in a
      vehicle of the type above described, if this angle .alpha. is between
      5.degree. and 25.degree. there will result a proper and securer seating
      alignment of the rail wheel riding surfaces with the running surfaces of
      the rails, while at the same time, the flanges on the rail wheels will be
      disposed at such curved relationship to the inside vertical surface on the
      head of the rail that there is substantially less area of contact
      therebetween than normally occurs between said rail surface and the flange
      of the customary type of rail wheel. This, it is believed effects a
      substantial reduction in friction between such two contacting surfaces
      resulting in less flange and rail wear and squeal. The preferred angular
      disposition of the riding surfaces 8 of the rail wheels when such wheels
      are mounted on a bus as above described is approximately 10.degree., but
      this angular disposition may be increased substantially above 25.degree.
      when such wheels form part of the usual running gear used solely for
      railroading purposes.
PAR  The pneumatic wheels 2 also have an acute angle relationship between the
      tread surfaces 7 thereof and the axial center lines thereof, but in a
      direction opposite to that of the rail wheel riding surfaces 8. Thus, as
      shown in FIG. 1 of the drawings, while the pneumatic wheels 2 are tilted
      inwardly upwardly so that as a whole each wheel tire is disposed
      substantially parallel to each tire wheel as a whole, the tread surface 7
      of each tire converges or inclines outwardly toward the outwardly
      projecting portion 40' of the axial centerline of that tire wheel. The
      angular relation is preferably such that a line 43 forming an outward
      extension of the tread surface 7 will form with the outwardly projecting
      axial centerline 40' an acute angle substantially similar to the aforesaid
      angle .alpha.; that is, between 5.degree. and 25.degree.. With the tread
      surfaces 7 disposed in this angular fashion, the tires will properly
      engage the road surface when the running gear parts are arranged as shown
      in FIG. 2 of the drawings. Proper use of the tires, together with
      efficient traction and improved tire side roll characteristics will be
      achieved if the tire rims 6 are also constructed to conform to this
      angular relation. Thus, as is shown in FIG. 1, the outside retainer lip 18
      of the rim 6 is made smaller in diameter than the rims inside retainer lip
      19 and the dimensions thereof are so related that a line 44 forming an
      outward extension of the resulting frusto-conically shaped tire seat of
      the rim 6 will also form with the axial line 40' the acute angle .alpha..
PAR  It will be understood from the foregoing, that when the parts of the front
      and rear running gear units of the bus are arranged as shown in FIG. 1 of
      the drawings with the rail wheels 1 in their lowermost position and riding
      on the tracks 15, the elbow connectors 3 will be in their lowermost
      positions with the dogs 22 associated therewith in abutting engagement,
      and the pneumatic wheels 2 will be in a raised position and located above
      the rail tracks. In such arrangement of the running gear parts, the bus
      can properly travel on the railroad tracks without the pneumatic wheels 2
      coming into contact with rail switches 16 in FIG. 1 or rail crossings 21
      in FIG. 2. As previously indicated, such travel, due to the unique
      configuration of the riding surfaces 8 of the rail wheels, will be
      accomplished with a minimum or friction, flange wear and squeal and with a
      sureness of seat by the wheels on the rails that the possibility of
      derailment is minimized.
PAR  When the bus arrives at a rail crossing 21 in FIG. 2 at which the operator
      is to leave the railroad for travel on the highway, and while the bus is
      still in motion, the operator activates the servopump 13 to cause the
      piston unit 12 and cables 11,11' to pivot the drive housings 32 about
      their pivotal axes 5 and raise the elbow connection 3 until the dogs 22'
      come into engagement and stop such movement. It is to be noted that the
      points 20,20' to which the outer ends of the cables 11,11' respectively,
      are connected, are located on the underside of the drive housing 32
      outwardly of the pivots 5,5, and that such cables are in engagement with
      abutments 45,45' provided on the underside of such drive housings 32
      inwardly of the pivots 5,5. When the parts are arranged in the manner
      shown in FIG. 1, the abutments 45,45' will be lower vertically than the
      points 20,20'. Accordingly, when the piston unit 12 exerts contracting
      forces on the cables 11,11', an upward force will initially be exerted by
      such cables on the abutments 45,45' and then as the cables become
      horizontal between the points 20,20', at which time the abutments 45,45'
      and the housings 32,32 will be horizontally aligned, the contracting
      forces exercised by the piston unit 12 on the cables 11,11' will be
      applied directly on the points 20,20' to pivot the housings 32 and raise
      the joint 3 until the dogs 22' come into engagement, as shown in FIG. 2 of
      the drawings. Thus, the housings 32, their elbow joint 3, the cables
      11,11', the piston unit 12, the connections 20,20' and the abutments
      45,45', function in the nature of a toggle joint to pivot the housings 32,
      within a range the limits of which are determined by the dogs 22,22'. The
      pneumatic springs 31 permit the housings 32 during such upward movement to
      shift laterally outwardly as the pivotal axis 33 passes through a
      horizontal plane momentarily containing the longitudinal axes of such
      housings and then move the housings laterally inwardly as the inner ends
      of the housings move above such plane. During such upward pivotal movement
      of the housings 32, the pneumatic tires 2 will pivot downwardly about the
      pivots 5 until the tread surfaces 7 thereof come into engagement with the
      crossing 21 and then as the housings complete their turning movement the
      tires 2 will press on the crossing 21 and cause the rail wheels 1 to be
      raised from the rails 15 in the manner shown in FIG. 2 of the drawings.
      The bus will then be in a condition to proceed on its journey along the
      highway.
PAR  When the bus is to be remounted on the rail tracks, it is driven onto the
      crossing 21 where this transfer is to take place and properly aligned with
      the rail tracks. While the bus is still in motion, the operator then
      actuates the servo pump 13 to cause the piston unit 12 to release its
      contracting force on the cables 11,11', whereupon the weight of the
      vehicle bearing on the pivots 5,5 will force the inner ends of the
      housings 32 and the elbow joint 3 downwardly until the parts assume the
      arrangement shown in FIG. 1 of the drawings. As previously explained this
      action may be made more positive by installing above the housings 32 an
      arrangement similar to that shown with respect to the cables 11,11',
      piston unit 12, servo pump 13, points 20,20' and abutments 45,45'.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle adapted to travel on rail or highway, a running gear
      composed of two transverse wheel axles, first means movably connecting the
      inner ends of said wheel axles together, a first pair of rail wheels
      mounted on the outer ends of said axles, a second pair of tire wheels
      mounted on the outer ends of said axles, said first connecting means
      having a lowered position in which one of said pairs of wheels are
      rendered operable and the other pair inoperative, and having a raised
      position in which said one pair of wheels are rendered inoperative and
      said other pair operative, second means movably connecting said wheel
      axles to the vehicle, and means operable to raise said first connecting
      means and to move said shafts about said second connecting means to bring
      one of said pairs of wheels into operative position, and operable to lower
      said first connecting means and to move said shafts about said second
      connecting means to bring the other of said pairs of wheels into operative
      position.
NUM  2.
PAR  2. In a vehicle adapted to travel on a railway or a highway, a running gear
      composed of two transverse aligned drive units each provided with a wheel
      axle having mounted on the outer end thereof a wheel unit constituted of a
      rail wheel and a tire wheel, first means connecting the inner ends of the
      said drive units, said first connecting means having a lowered position in
      which said rail wheels are rendered operable and said tire wheels
      inoperative, and having a raised position in which said rail wheels are
      rendered inoperative and said tire wheels operative, second means
      pivotally connecting said drive units to the vehicle, and means operable
      to raise said first connecting means and thereby turn said drive units
      about said pivotal connections thereof with said vehicle to bring said
      tire wheels into operative position, and operable to lower said first
      connecting means and thereby turn said drive units about said pivotal
      connections to bring said rail wheels into operative position.
NUM  3.
PAR  3. In a vehicle as defined in claim 2, in which said first connecting means
      comprises means forming a movable joint between the inner ends of said
      drive units and means to restrict the movements of said joint means so as
      to confine the rising and lowering movements of the inner ends of said
      drive units to a given range of movement.
NUM  4.
PAR  4. In a vehicle as defined in claim 3, in which said second connecting
      means includes means enabling lateral movement of said units during the
      rising and lowering movements of the latter.
NUM  5.
PAR  5. In a vehicle as defined in claim 2, in which said second connecting
      means is constructed and arranged to apply the weight of the vehicle at
      the pivotal connections of said means with said drive units, and in which
      said operable means is constructed and arranged to utilize the vehicle
      weight at said pivotal connections during the lowering of said first
      connecting means.
NUM  6.
PAR  6. In a vehicle as defined in claim 2, in which said rail wheel has a rail
      flange on the inner periphery thereof, and in which the riding surface of
      said rail wheel converges toward said flange and a line projecting
      inwardly from such surface is disposed at a given acute angle to the axial
      centerline of such rail wheel.
NUM  7.
PAR  7. In a vehicle as defined in claim 2, in which said tire wheel has a tread
      surface converging outwardly so that a line projecting outwardly from such
      surface is disposed at a given acute angle to the axial centerline of said
      tire wheel.
NUM  8.
PAR  8. In a vehicle as defined in claim 7, in which said tire wheel has a
      frusto-conically shaped rim of such angularity that a line projecting
      outwardly from such rim is parallel to said projecting tread surface line.
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ABST
PAL  The invention pertains to a suspension device of side members on axle-boxes
      for railway carriages, said side members having openings therein with a
      central bead, encompassing two lateral housings and the axle boxes being
      provided, at the front and at the rear, with a collar which forms a bead,
      rubber rolls being pressed in between the side housings of the side
      members by aforesaid collars, adaptors being fitted between said rolls and
      said boxes.
BSUM
PAR  The main patent reveals a suspension device of side members on axle-boxes
      for railway carriages or similar appliances, whereby this device is
      characterized by the fact that the housings in the side members consist of
      openings with a central bead, encompassing two lateral housings and the
      axle boxes are of a general cylindrical shape provided, at the front and
      at the rear, with a collar which forms a bead, rubber rolls being pressed
      in between said side housings of the side members by said collars of the
      axle-box.
PAR  One of the collars of the axle-box may be part of a cover which can be
      removed for the purpose of fitting or removing the suspension device.
      However, standard outwardly cylindrical axle-boxes currently exist,
      sometimes called cartridges, which do not have the circular ledges for
      supporting the rubber rings.
PAR  The subjects of the present invention are improvements which offer to this
      problem a simple solution, which is both efficient and economical.
PAR  These improvements can be adapted just as well for the fixing of complete
      annular elements as for the fixing of elastic ring portions. Aforesaid
      improvements consist in fitting, between the box and aforesaid elastic
      rings or ring portions, a special part which, for convenience's sake, will
      be called hereinafter an adaptor.
PAR  In the case of a complete ring, the adaptor is built in two parts, fitting
      on the one hand by means of its front surface against the cylindrical body
      of the box, and being provided on the other hand, on the outside and at
      both ends, with circular ledges which provide a support for elastic rings.
      In this case the adaptor is in two parts to enable the fitting thereof on
      the box. These two parts are for instance attached to each other by means
      of bolts. In order to prevent any disturbing lateral displacement of the
      adaptor with respect to the box, it is provided with an internal circular
      ledge at both ends. In the case of ring portions, on the other hand, the
      adaptor is made up of part of the adaptor used for complete elastic rings.
PAR  It is of course quite obvious that the adaptor may have shapes and
      dimensions which are essentially variable according to the suspension
      characteristics under consideration and to the load which has to be
      transmitted.
DRWD
PAR  It is thus merely as an example, without the slightest intent at
      limitation, that a form of embodiment is described hereinafter in greater
      detail with reference to the appended drawings in which:
PAR  FIG. 1 shows a side view of the essential elements of a bogie to which have
      been applied the improvements which are the subject of the invention;
PAR  FIG. 2 is a top view thereof;
PAR  FIG. 3 is a section, to a larger scale, taken on line III--III in FIG. 2;
PAR  FIG. 4 shows a section taken on line IV--IV in FIG. 3;
PAR  FIG. 5 is a side view of an adaptor according to the invention;
PAR  FIG. 6 illustrates a top view of same;
PAR  FIG. 7 is a section taken on line VII--VII in FIG. 5.
DETD
PAR  In this form of embodiment, provided for the use of complete elastic rings
      1-2, adaptor 3 is fitted between side member 4 and box 5 and is made up of
      two half shells 6-7 joined together by tabs 8-9 and bolts 10. The adaptor
      is such that it defines two outside border ledges 11-12 which are capable
      of providing support surfaces for elastic rings 1-2, which on the other
      hand press against the adjacent parts of aforesaid side member 4. Finally,
      each half of the adaptor is further provided with two inside border
      ledges, respectively 13-14, which prevent any inadvertent lateral
      displacement of the adaptor with respect to the box.
PAR  In the case of semi circular elastic ring portions, use will be made of an
      adaptor consisting of one single shell.
PAR  The invention is concerned, as a novel industrial product, with any adaptor
      consisting of a complete annular element or of a semi-annular element, as
      well as with any suspension which applies such an adaptor.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A suspension device for a railway carriage having a side frame and a
      generally cylindrical axle box, comprising:
PA1  said side frame having a circular portion spaced from and surrounding said
      axle box and provided with an inwardly extending circumferential central
      rim and inwardly facing circumferential recesses on opposite sides of said
      rim;
PA1  said axle box having axially spaced circumferential shoulders;
PA1  an adaptor comprising semi-cylindrical portions, releasably secured
      together, surrounding said axle box and having inner peripheral ledge
      portions engaging said shoulders to prevent axial displacement of said
      adapter relative to said axle box;
PA1  said adaptor having outwardly extending circumferential rims adjacent the
      axial ends thereof; and
PA1  circular rubber beads, between said adaptor and circular portion of said
      frame, seated in said recesses and being held on said adaptor by said
      circumferential rims.
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ABST
PAL  The crank arm of a hinge lock mechanism acts as an over-center latch for a
      folding leg when the leg is in its extended position perpendicular to the
      table top and also in its retracted position parallel to the table top.
      The crank arm is pivotally connected at one end to a support plate on the
      bottom of the table and is pivotally linked to a support arm on the
      folding leg. When the crank arm is rotated downwardly, it moves the
      folding leg far enough away from an apron or abutment so that the leg can
      be manually swung from its extended position to its retracted position and
      vice versa. The crank arm is subsequently rotated back to its upper limit
      in either case to latch the leg in position. The hinge lock mechanism is
      entirely hidden from view by aprons when the table is upright.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hinge lock mechanisms for folding table legs. In
      the past, some mechanisms of this category have been exposed to view when
      the table was standing upright so that there was an obvious difference
      between the folding table and a fixed table. Also, some of the prior art
      hinge lock mechanisms had appreciable play which made the folded table
      wobbly with respect to fixed tables.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, the foregoing disadvantages are overcome
      by providing a novel hinge lock mechanism including a crank arm which is
      pivotally connected at one end to a support plate attached to a side
      apron, secured to the bottom of the table and is pivotally linked to a
      support arm on the folding leg. The support arm is also pivotally linked
      to the support plate by another link. The pivot axes linking the support
      arm to the support plate and to the crank arm are positioned so that
      downward rotation of the crank arm moves the leg away from an abutment to
      a position in which the leg is sufficiently spaced from the abutment to be
      manually rotated from its extended position to its retracted position and
      vice versa, and upward rotation of the crank arm moves the leg toward the
      abutment and presses the leg against the abutment to anchor the leg in its
      extended position.
PAR  Further objects, advantages and features of the invention will become
      apparent from the following disclosure.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a folding table utilizing the hinge lock
      mechanism of this invention.
PAR  FIG. 2 is a perspective view of one embodiment of the invention as seen
      from below with the folding table leg latched in its extended position.
PAR  FIG. 3 is a side elevation view of the embodiment of FIG. 2 with the
      folding table leg latched in its extended position.
PAR  FIG. 4 is a side elevation view of the embodiment of FIG. 2 with the crank
      arm moved to its lower position.
PAR  FIG. 5 is a side elevation view of the embodiment of FIG. 2 with the
      folding table leg latched in its retracted position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although the disclosure hereof is detailed and exact to enable those
      skilled in the art to practice the invention, the physical embodiments
      herein disclosed merely exemplify the invention which may be embodied in
      other specific structure. The scope of the invention is defined in the
      claims appended hereto.
PAR  FIG. 1 shows a folding table 10 having a top 12, legs 14, which can be of
      any desired cross-sectional shape, end aprons 16, and side aprons 18. The
      legs and aprons can be constructed of stainless steel or metal extrusions.
      One important advantage of the hinge lock mechanism of this invention is
      that it can be completely concealed under aprons 16 and 18 when the
      folding table 10 is in upright position for use as shown in FIG. 1 so that
      the folding table 10 looks like a table with fixed legs. FIG. 2 is a
      perspective view of an embodiment of the hinge lock mechanism of this
      invention as seen from below.
PAR  Referring to FIGS. 1 and 2, in this embodiment of the invention, the legs
      14 are rigidly attached to the adjacent ends of end aprons 16, which move
      together with the corresponding legs 14. This is not a necessary feature
      of the invention, since end aprons 16 could be fixed rather than movable
      if desired. In this particular embodiment, leg 14 and end apron 16 are
      joined together by a right angle bracket 20 (FIG. 2) which is welded at 22
      (FIG. 3) to leg 14 on one side and is attached by rivets 24 (FIG. 2) to
      apron 16 on the other side. A support arm 26 (FIG. 2) is also welded to
      leg 14 at 22 (FIG. 3) and projects transversely from leg 14.
PAR  Side apron 18 is attached to the bottom of table top 12 by screws 28 or the
      like and has a support plate 30 welded thereto beside the end of support
      arm 26. Apron 18 extends downwardly below the bottom margin of support
      plate 30 to hide the same from view. A crank arm 32 having a handle 34 on
      one end is pivotally connected to support plate 30 by a pivot pin 36 and
      can be rotated upwardly and downwardly about the axis defined by pivot pin
      36. Crank arm 32 is linked to the end of support arm 26 by a link 38 which
      is pivotally connected at one end by pivot pin 40 to the inner end of
      support arm 26 and is pivotally connected at the other end by pivot pin 42
      to crank arm 32. The inner end of support arm 26 is also pivotally linked
      to support plate 30 by a second link 44 which is pivotally connected at
      one end to support arm 26 by pivot pin 40 and which is pivotally connected
      at the other end to support plate 30 by pivot pin 46. Link 44 is offset
      inwardly at 48 and crank arm 32 is offset inwardly at 50 so that link 38
      will clear the head of pivot pin 36 so as to provide unobstructed movement
      of link 38. Crank arm 32 is also offset inwardly at 52 to prevent arm 32
      from obstructing the movement of leg 14 when it is moved from its extended
      position perpendicular to table top 12 to its retracted position parallel
      to table top 12.
PAR  The axes of pivot pins 36, 40, 42, and 46 are positioned as best shown in
      FIGS. 3, 4, and 5 to enable crank arm 32 to be used as an over-center
      latch when leg 14 is in its extended position (FIG. 3) and when leg 14 is
      in its retracted position (FIG. 5). Pivot pins 36, 40, 42, and 46 are also
      positioned to enable leg 14 to be easily manually moved between its
      extended and retracted positions when crank arm 32 is rotated downwardly
      to the unlatched position shown in FIG. 4. As crank arm 32 is rotated
      downwardly, the downward rotation moves leg 14 away from the end 54 (FIG.
      4) of side apron 18 to a position in which leg 14 is sufficiently spaced
      from end 54 to be manually rotated from its extended position (FIG. 3) to
      its retracted position (FIG. 5) and vice versa. The dotted lines in FIG. 4
      show an intermediate position in which leg 14 is approximately half way
      between its extended and retracted positions.
PAR  When crank arm 32 is rotated upwardly from the position shown in solid
      lines in FIG. 4, the mechanical advantage of crank arm 32 is used to draw
      leg 14 solidly against the abutment formed by the end 54 of side apron 18.
      The mechanical advantage of crank arm 32 stems from the fact that the
      distance from pivot pin 36 to pivot pin 42 is less than the length of
      crank arm 32. Therefore, a force applied to the end of crank arm 32
      develops a greater force at pivot pin 42. Link 38 is of such length that
      it applies inward pressure to leg 14 to press it against end 54 of side
      apron 18 when crank arm 32 and leg 14 are in the position shown in FIG. 3.
      This provides a solid leg connection without wobble. Pivot pins 36, 40,
      42, and 46 are positioned to provide an over-center latching action for
      latching leg 14 in position. To accomplish this, pivot pins 36, 40 and 42
      are positioned so that they will lie along a straight line shortly before
      crank arm 32 reaches it upper limit of rotation and will move out of
      linearity as crank arm 32 continues to its upper limit of rotation,
      thereby providing an over-center latching action. The dotted lines in FIG.
      3 show the position of crank arm 32 at which pivot pins 36, 40 and 42 form
      a straight line, and the solid lines in FIG. 3 show the upper limit of
      rotation of crank arm 32 at which position pivot pins 36, 40 and 42 are
      moved slightly out of linearity. As shown in FIG. 5, the over-center
      latching action of crank arm 32 also works when leg 14 is in its retracted
      position parallel to the table top 12.
PAR  It should be noted in FIGS. 3, 4, and 5 that leg 14 does not rotate about a
      fixed pivot axis but rather rotates about a movable axis defined by pivot
      pin 40, which moves in a circular arc around pivot pin 46 as crank arm 32
      is rotated between its upper position (FIG. 3) and lower position (FIG.
      4). The movable pivot axis for leg 14 is an important feature of this
      invention since it enables leg 14 to be firmly locked against the end 54
      of side apron 18 in the extended position of leg 14 and yet to be swung
      clear of end 54 when leg 14 is moved from its extended to its retracted
      positions as shown by the dotted lines in FIG. 4.
PAR  To move leg 14 from its extended position (FIG. 3) to its retracted
      position (FIG. 5), crank arm 32 is rotated from its upper position (FIG.
      3) to its lower position (dotted lines in FIG. 4). This moves leg 14 far
      enough away from the end 54 of side apron 18 so that it can be manually
      swung from its extended to its retracted position (FIG. 5). Crank arm 32
      is then moved back to its uppermost position to latch leg 14 in its
      retracted position as shown in FIG. 5. In this particular embodiment of
      the invention, end apron 16 moves the leg 14 and also moves the leg 14 on
      the opposite end of apron 16. The other leg 14 has a hinge lock mechanism
      (not shown) identical with that described above which is moved in
      synchronism with the hinge lock described above when legs 14 are being
      swung from their extended to their retracted position or vice versa.
      However, it is not necessary to tie two legs 14 together with end apron
      16. If desired, end aprons 16 can be attached to the bottom of table top
      12 and legs 14 can be free to move independently and to be latched in
      their extended or retracted positions by their respective hinge lock
      mechanisms.
PAR  To move leg 14 from its retracted position (FIG. 5) to its extended
      position (FIG. 3), crank arm 32 is first moved from its upper position to
      the lower position shown in dotted lines in FIG. 4. Legs 14 and end apron
      16 are then manually rotated from the retracted position (FIG. 5) to the
      position shown in solid lines in FIG. 4, and crank arm 32 is then rotated
      to its uppermost position to draw leg 14 against the end 54 of side apron
      18 and latch it thereagainst.
PAR  As used in the specification and claims, "upward" rotation of crank arm 32
      means rotation of crank arm 32 toward table top 12 regardless of whether
      the table is right side up or upside down. "Downward" rotation of crank
      arm 32 similarly means rotation away from table top 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A table construction comprising a table top, an abutment attached to
      said table top, a leg, means for connecting said leg to said table top for
      movement between an extended position perpendicular to the table top and a
      retracted position parallel to the table top, said means including a crank
      arm, first pivot means connecting said crank arm to said abutment, a first
      link, second pivot means connecting said first link to said leg about
      which said leg can be pivoted from its extended to its retracted position
      and vice versa, and including a second link connected at one end to said
      second pivot means, a third pivot pivotally connecting said first link to
      said crank arm at a point spaced from said first pivot, and a fourth pivot
      connecting said second link to said abutment with said crank arm being
      movable between a first position in which said leg is secured against
      abutment and said second link is secured against movement and a second
      position in which said leg is free from said abutment and said second link
      is movable about said fourth pivot to afford movement of said leg between
      its extended and retracted positions.
NUM  2.
PAR  2. A hinge lock mechanism for a folding table leg which is pivotable
      between an extended position perpendicular to the top of said table and a
      retracted position parallel to the top of said table, said hinge lock
      mechanism comprising a support arm rigidly attached to said leg near the
      top thereof and extending inwardly therefrom, a support plate rigidly
      attached to the bottom of said table near said leg and extending
      downwardly therefrom adjacent to said support arm, an abutment attached to
      the bottom of said table top near said leg, a crank arm pivotally attached
      to said support plate about a first pivot axis, a first link pivotally
      attached at one end to the inner end of said support arm about a second
      pivot axis and pivotally attached at the other end of said crank arm about
      a third pivot axis, and a second link pivotally attached at one end to
      said support arm and said first link about said second pivot axis and
      pivotally attached at the other end to said support plate about a fourth
      pivot axis, said pivot axes being so located that downward rotation of
      said crank arm moves said leg away from said abutment to a position in
      which the leg is sufficiently spaced from said abutment to be manually
      rotated from its extended position to its retracted position and vice
      versa, and upward rotation of said crank arm moves said leg toward said
      abutment and into contact with said abutment when the leg is in its
      extended position.
NUM  3.
PAR  3. The hinge lock mechanism of claim 2 and further comprising a first apron
      attached to the bottom of said table top adjacent to said support plate
      and extending downwardly below the bottom margin of said support plate,
      and a second apron attached to the bottom of said table top adjacent to
      one side of said leg and oriented at right angles to said first apron,
      said second apron extending downwardly to the same level as said first
      apron whereby said hinge lock mechanism is hidden from normal view by said
      aprons when the table is upright with the legs thereof in their extended
      position and said crank arm in its uppermost position.
NUM  4.
PAR  4. The hinge lock mechanism of claim 3 wherein said abutment comprises the
      end edge of said first apron adjacent to said leg.
NUM  5.
PAR  5. The hinge lock mechanism of claim 2 wherein said first, second, and
      third pivot axes are positioned so that they will lie along a straight
      line shortly before said crank arm reaches its upper limit of rotation and
      will move out of linearity as the crank arm continues to its upper limit
      of rotation, thereby providing an over-center latching action.
NUM  6.
PAR  6. The hinge lock mechanism of claim 2 wherein said first link is
      dimensioned to cause said leg to press against said abutment as said crank
      arm is pivoted toward its upper limit of rotation, thereby firmly
      anchoring said leg to said abutment and preventing the leg from wobbling.
NUM  7.
PAR  7. The hinge lock mechanism of claim 2 wherein the distance from said first
      pivot axis to said third pivot axis is less than the length of said crank
      arm whereby a force applied to said crank arm to move the same upwardly
      causes a larger force to be applied to said leg due to the mechanical
      advantage of said crank arm.
NUM  8.
PAR  8. The hinge lock mechanism of claim 4 wherein said support plate is
      attached to said first apron and wherein said leg is attached to said
      second apron.
NUM  9.
PAR  9. The hinge lock mechanism of claim 2 wherein said crank arm and said
      second link are offset inwardly to space said first link inwardly from the
      pivoted end of said crank arm to permit free movement of said first link.
NUM  10.
PAR  10. The hinge lock mechanism of claim 2 wherein said fourth pivot axis is
      located below said first pivot axis and said second link is transverse to
      said first link.
NUM  11.
PAR  11. The hinge lock mechanism of claim 6 wherein said first, second, and
      third axes are positioned so that they will lie along a straight line
      shortly before said crank arm reaches its upper limit of rotation and will
      move out of linearity as the crank arm continues to its upper limit of
      rotation, thereby providing an over-center latching action.
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ABST
PAL  A water barrier for floor safes comprising a removable lid having an
      elastomeric sealing O-ring extending around the periphery of a relatively
      rigid rim thereof to engage the inner surface of the case of a floor safe,
      the lid having a hollow central knob which facilitates removal of the lid
      and which extends over the safe door lock. The portion of the lid within
      the peripheral rim is relatively flexible whereby to flex in response to
      changes in atmospheric pressure against the lid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to floor safes or the like and has particular
      reference to means for preventing the seepage of water or other liquids
      into the safe.
PAR  2. Description of the Prior Art
PAR  Floor safes have long been used, particularly in stores, garages, service
      stations, etc. to store and protect money and other valuables against
      burglarization and fire. They are particularly desirable since they are
      normally embedded in a concrete floor, making it extremely difficult to
      break into or remove such a safe. Also, in the event of a fire, the
      surrounding concrete tends to prevent excessive temperature changes to be
      transmitted to the contents of the safe.
PAR  Floor safes generally comprise a vertical metal case having a normally
      locked, removable door which is secured within the case somewhat below the
      level of the floor. A dust cover plate which is removably mounted on the
      top of the case and flush with the top surface of the floor to form a
      continuous floor surface over the safe and to exclude dust and dirt from
      falling onto the door.
PAR  Such floor safes are generally satisfactory. However, it if often desirable
      to wash down the surrounding floor surface, particularly in service
      stations, garages, etc., and at other times, water may run over or flood
      such floors, resulting in the water seeping past the dust cover plate,
      past the safe door and into the interior of the safe with the obvious
      possibility of damaging or destroying the contents.
PAC  STATEMENT OF THE INVENTION
PAR  A principal object of the present invention is to provide a removable
      barrier to prevent water or other liquids from seeping into the interior
      of a floor safe.
PAR  Another object is to provide a removable water barrier which may be used in
      existing floor safes.
PAR  Another object is to overcome the effects of changing atmospheric pressure
      on a water barrier of the above type.
PAR  A further object is to provide a simple and economically manufactured water
      barrier for floor safes.
PAR  According to the invention, a simple and economically manufactured water
      barrier is provided which may be used in existing as well as in new floor
      safes or the like and comprises a lid, preferably of plastic, having an
      elastomeric sealing ring extending around a peripheral rim thereof and
      engaging the inner wall of the safe. An upwardly extending hollow knob is
      formed in the center of the lid to facilitate removal and replacement of
      the lid. Such knob encompasses the usual locking means provided on the
      door so that the lid takes up a minimum amount of space and will thus fit
      between existing safe doors and the overlying dust cover plates.
PAR  The portion of the lid intermediate the knob and the periphery is formed in
      a flat plane and is depressed to accumulate any liquid which might seep
      down the inner wall of the safe. Such depressed portion is of sufficient
      flexibility to flex in response to changes in atmospheric pressure so as
      to reduce the tendency for such pressure to bodily shift the lid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner in which the above and other objects of the invention are
      accomplished will be readily understood on reference to the following
      specification when read in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a sectional view through a floor safe and a water barrier
      embodying a preferred form of the present invention.
PAR  FIG. 2 is a plan view of the safe with part of the cover plate broken away.
PAR  FIG. 3 is a side view of the water barrier lid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, the floor safe in which the present invention is
      embodied, comprises a cylindrical metal case 11 which is closed at its
      lower end at 12 and is embedded in a concrete floor 13. The case has an
      inwardly extending annular flange 14 near its upper end and a series of
      stepped counterbores 15, 16, 17 and 18 therein located above the flange
      14. The upper end 20 of the case 11 preferably extends flush with the
      upper surface 21 of the floor 13.
PAR  A removable cylindrical safe door 22 is slideably fitted within the
      counterbore 18 and rests on the annular flange 14. A series of retractable
      lock bolts 23 are carried by the door 22 and normally project under the
      flange 14 to lock the door in place.
PAR  A combination lock, including a combined rotational dial and knob 24, is
      mounted on the door 22 centrally thereof. When the knob 24 is turned to
      the proper combination of dial settings, the lock is effective to retract
      the bolts 23 within the door to permit withdrawal of the door. To
      facilitate removal or replacement of the door 22, a bail type handle 19 is
      pivotally mounted thereon at 25 and 26 and normally lays against the upper
      surface of the door.
PAR  A flat removable dust cover plate 28 normally rests within the upper
      counterbore 15 and extends flush with the floor surface 21 to present an
      unbroken floor surface over the safe. Such plate 28 also excludes dust and
      dirt and small objects from falling onto the door 22.
PAR  According to the present invention, a water barrier lid, generally
      indicated at 30, is provided to prevent water or other liquids from
      seeping down past a cover plate 28 and onto or past the door 22. The lid
      30 normally fits within the counterbore 17 and is preferably formed of a
      generally flexible plastic such as polyethene or polypropylene. The lid 30
      has an outer relatively rigid rim 31 with a frusto-conical outer surface
      32 which converges downwardly. The rim 31 may rest on the upper surface of
      the door 22. A circumferentially extending groove 33 is formed in the rim
      31 to receive an elastomeric O-ring 34. The latter sealingly engages the
      inner surface of the counterbore 17 when the lid 30 is in place.
PAR  A hollow upwardly extending knob 35 is formed centrally of the lid 30 and
      an outwardly extending flange 36 is formed thereon to permit gripping the
      same to remove or replace the lid 30.
PAR  The portion 37 of the lid 30 intermediate the knob 35 and rim 31 is flat
      and is depressed below the level of the upper edge 38 of the rim 31. Such
      portion 37 is preferably on the order of .125 inches thick so as to be
      flexible enough to flex up and down as the atmospheric pressure above the
      lid changes relative to that existing within the safe, thus reducing the
      possibility of atmospheric pressure bodily shifting the lid.
PAR  In the event that water or other liquids seep past the cover 28 due to
      washing or flooding the floor surface 21 and passes along the inner
      surface of the case 11, it will be arrested by the sealing ring 34 and
      will fill the minute crevice 40 existing between the O-ring 34 and the
      upper edge 38 of the rim 31. As further water seeps in, it will overflow
      the rim 31 and will accumulate over the depressed portion 37 from which it
      can be safely removed after the lid 30 is removed from the safe.
PAR  The frusto-conical surface 32 of rim 31 facilitates centering of the lid
      during replacement thereof over the safe door 22.
PAR  Having thus described the invention, it is not intended that it be so
      limited since changes may be made therein without departing from the scope
      of the invention. Accordingly, it is intended that the subject matter
      described above and shown in the drawings be interpreted as illustrative
      only and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid barrier for a floor safe or the like having
PA1  a cylindrical case,
PA1  a lockable door removably mounted in the said case,
PA1  said door having a lock means thereon,
PA1  comprising
PA1  a removable lid fitted in said case above said door,
PA1  said lid having an elastomeric sealing ring around the periphery thereof
      and extending in sealing engagement with the inner surface of said case,
      and
PA1  means on said lid forming a hollow upwardly extending knob to facilitate
      removal and replacement of said lid,
PA1  the underportion of said knob at least partly encompassing said lock means,
      and
PA1  the portion of said lid between said knob and said periphery being
      depressed whereby to accumulate liquid.
NUM  2.
PAR  2. A liquid barrier according to claim 1 wherein the portion of said lid
      within said periphery is flexible whereby to flex in response to
      atmospheric pressure against said lid.
NUM  3.
PAR  3. A liquid barrier as defined in claim 1 wherein said knob is located
      centrally of said lid and said depressed portion surrounds said knob.
NUM  4.
PAR  4. A liquid barrier as defined in claim 3 wherein said depressed portion is
      flexible whereby to flex in response to atmospheric pressure against said
      lid.
NUM  5.
PAR  5. A liquid barrier as defined in claim 1 wherein said periphery is
      relatively rigid and the portion of said lid within said periphery is
      relatively flexible whereby to flex in response to atmospheric pressure
      against said lid.
NUM  6.
PAR  6. A liquid barrier for floor safes or the like having
PA1  a cylindrical case,
PA1  a door removably mounted in the upper end of said case,
PA1  said door having lock means thereon, and
PA1  a cover plate removably mounted on said case above said door,
PA1  comprising
PA1  a removable lid intermediate said door and said cover plate,
PA1  said lid having a circumferentially extending groove around the periphery
      thereof,
PA1  an elastomeric sealing ring in said groove and extending in sealing
      engagement with the inner surface of said case, and
PA1  means on said lid forming a handle to facilitate removal and replacement of
      said lid,
PA1  a portion of said lid within said periphery being depressed  whereby to
      accumulate liquid.
NUM  7.
PAR  7. A liquid barrier as defined in claim 6 wherein said handle means
      comprises
PA1  a hollow upwardly extending knob,
PA1  the under portion of said knob at least partly encompassing said lock
      means.
NUM  8.
PAR  8. A liquid barrier according to claim 6 wherein said lock means and said
      knob are located centrally of said lid and said depressed portion
      surrounds said knob.
NUM  9.
PAR  9. A liquid barrier as defined in claim 5 wherein the surface of said
      periphery is frusto-conical and converges downwardly.
NUM  10.
PAR  10. A liquid barrier as defined in claim 7 wherein said depressed portion
      is flexible whereby to flex in response to atmospheric pressure against
      said lid.
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ABST
PAL  A seed planting unit carries a seed planter that dispenses a predetermined
      amount of seed into the ground at predetermined intervals in response to
      the coupling between a ground engaging wheel supporting the unit and the
      drive means of the seed planter. A film dispenser is also carried by the
      unit for laying film on the ground over the planted seeds; and a
      transmission is provided for synchronizing the perforating of the film
      before it is laid with the dispensing of the seeds by the seed planter so
      that the apertures in the film are aligned with the seeds deposited in the
      ground.
BSUM
PAR  This invention refers to a seed planting unit of the kind comprising a seed
      planter carried by a displaceable structure and actuatable, upon
      displacement of said structure, so as to seed an area over which the
      structure is displaced with predetermined amounts of seed and at
      predetermined spatial intervals and/or densities.
PAR  A problem arises when it is desired to coordinate the operating of seeding
      with an associated operation which is to take place simultaneously or
      sequentially with the seeding operation. Such an associated operation can,
      for example, be constituted by the covering of the row which has been or
      is to be seeded by a plastic film. Covering a seeded bed with a plastic
      film carries with it certain distinct advantages such as raising the bed
      temperature and retaining an adequate degree of moisture within the bed.
PAR  In the past this technique has involved laying the plastic film, manually
      aperturing it at desired intervals and sewing the seed in the bed through
      the apertures thus formed. Alternatively, the bed can be preliminarily
      covered with a pre-apertured strip and the seeds are subsequently sewn
      through the apertures. In a still further alternative the bed is seeded
      continuously along its length and is then covered with a pre-apertured
      strip which is formed of a light absorbing material and in this case
      germination and growth only take place in the region of the apertures.
PAR  With all these prior proposals, separate steps are involved of seeding,
      strip laying and aperturing and these are obviously time consuming and
      expensive.
PAR  It has been furthermore proposed simultaneously to effect seeding and
      aperturing by means of a combined aperturing and seeding tool which
      penetrates through the laid plastic strip into the bed and deposits the
      seeds in the hole made in the bed and then withdraws. This proposal has
      been found to be impractical seeing that, on the one hand, the aperturing
      tool tends to become clogged with earth and on the other hand no effective
      means are provided for ensuring that the seeds are subsequently covered
      with earth.
PAR  It is accordingly an object of the present invention to provide a new and
      improved seed planting unit capable of carrying out, simultaneously or
      sequentially, seeding and at least one associated operation such as, for
      example, film laying and aperturing and in which the above referred to
      disadvantages are substantially avoided or reduced.
PAR  According to the present invention there is provided a seed planting unit
      comprising
PAR  A. A SUPPORT STRUCTURE,
PAR  B. AT LEAST ONE WHEEL COUPLED TO THE STRUCTURE AND ROTATABLE UPON
      DISPLACEMENT THEREOF,
PAR  C. A SEED PLANTER CARRIED BY THE STRUCTURE,
PAR  D. AN AUXILIARY MECHANISM CARRIED BY THE STRUCTURE, AND
PAR  E. A TRANSMISSION, COUPLING SAID WHEEL, ON THE ONE HAND TO THE SEED PLANTER
      AND, ON THE OTHER HAND, TO SAID MECHANISM SO AS TO IMPART ACTUATING DRIVES
      TO THE PLANTER AND TO SAID MECHANISM.
PAR  Preferably there is furthermore provided a plastic film dispenser carried
      by the structure and from which plastic film can be continuously dispensed
      and laid as the unit is displaced and wherein the auxiliary mechanism is
      constituted by a plastic film aperturing mechanism, the actuating drives
      serving to actuate the mechanism and the planter in synchronism.
PAR  Preferably the aperturing mechanism is constituted by an electric heating
      element which is rotatably displaceable into and out of engagement with
      adjacently located plastic film.
PAR  With such a preferred embodiment of a seed planting unit the displacement
      of the unit, either as a trailer attached to a tractor or under self or
      manual propulsion results in the actuation of the seed planter. As a
      consequence, predetermined quantities of seeds are laid along the path of
      travel of the unit at predetermined intervals and/or densities. At the
      same time plastic film is dispensed from the unit and prior to its being
      laid, is apertured by the aperturing mechanism which is actuated in
      complete synchronism with the actuation of the planter. Thus apertures are
      formed in the plastic film at spacings corresponding completely to the
      spacing between the separate seedings. If now the aperturing mechanism and
      planter are preliminarily synchronised so as to ensure that the first
      apertured portion of the film coincides with the first seeding it will
      follow automatically that subsequent seedings are substantially aligned
      with subsequent and successive apertured portions of the film. Any
      slipping which may take place in the travel of the planting unit is
      uniformly transmitted both to the planter and to the aperturing mechanism
      and in this way it is ensured that full coordination of the seeding and
      the aperturing is achieved.
PAR  In this way and on the basis of a single continuous operation an extended
      bed is sequentially seeded and covered with apertured plastic strip, the
      aperturing coinciding completely with the seeding regions.
PAR  Preferably the unit is additionally provided with means such as a pressure
      wheel carried thereby, downstream of the aperturing mechanism, which
      presses down on the apertured portions of the strip thereby ensuring that
      the seeds are pressed down via the strip. The unit is additionally
      provided with means by means of which earth on each side of the elongated
      bed is strewn on the longitudinal edges of the strip thereby retaining it
      in position on the bed.
DRWD
PAR  One embodiment of a seed planting unit in accordance with the present
      invention will now be described by way of example and with reference to
      the accompanying drawings in which,
PAR  FIG. 1 is a schematic perspective view of a seed planting unit in
      accordance with the present invention coupled to a tractor,
PAR  FIG. 2 is a longitudinally sectioned view of the unit shown in FIG. 1, and
PAR  FIG. 3 is a plan view from above of the unit shown in FIG. 1.
DETD
PAR  As seen in the drawings the seed planting unit comprises a displaceable,
      frame-like, support structure 1 which is adapted to be coupled via a
      trailer coupling 2 to a tractor 3. Journalled in one end of the support
      structure is an axle 4 on which are rotatably mounted a pair of transport
      wheels 5.
PAR  A seed planer 6 (which can conveniently be of the hill drop kind such as
      are, for example, manufactured by International Farm Harvester) is coupled
      to and carried by the support structure 1 and is provided with its own
      transport wheels 7.
PAR  A plastic film dispenser unit 8 comprises means (not shown) for rotatably
      supporting a plastic film roll 9 the film 10 thus dispensed passing
      between a pair of rollers 11 and underneath a roller 12 into a laying
      position, the rollers 11 and 12 being journalled in the support structure.
      Rotatably mounted on the support structure in planes inclined to the
      longitudinal axial plane of the unit and rearwardly of the transport
      wheels 5 is a pair of discs 13 located adjacently a pair of inclined
      guides 14.
PAR  Mounted on an axle 15 journalled to the support structre 1 is a looped
      heating element 16 located adjacent a central portion of the extended
      plastic strip as this passes between rollers 11 and 12. The heating
      element 16 is fed with supply current via slip-ring contacts (not shown)
      from a generator 17 to which it is coupled by a supply line 18, the
      generator being actuated via a transmission 19 coupled, by means of a
      power take off 20, to the tractor 3.
PAR  The rotary axle 4 of the transport wheels 5 is coupled via a transmission
      21 to the seed planter 6 and the axle 15 of the heating element 16.
PAR  The transmission 21 comprises a first transmission wheel 22 mounted on the
      axle 4 and coupled by means of a drive chain 23 to a second transmission
      wheel 24 which is fixedly mounted on a drive shaft 25 of the planter 6. A
      third transmission wheel 26 is also fixedly mounted on the drive shaft 25
      and is coupled via a transmission chain 27 to a fourth transmission wheel
      28 fixedly mounted on the end of the axle 15.
PAR  In operation, the planting unit is towed by means of the tractor 3 and
      plastic film is dispensed from the roller 16 onto the ground along a row
      which constitutes a seed bed. The transport wheels 5 press down the
      longitudinal edges of the plastic film, the discs 13 displace inwardly
      earth onto the edges so as to hold down the edges of the laid strip whilst
      the guides 14 are instrumental in preventing the displacement of the earth
      beyond the edges of the strip.
PAR  With the displacement of the unit, a drive is simultaneously transmitted
      from the transport wheels 5 through the transmission 21 to the seed
      planter 6 on the one hand and the heating element axle 15 on the other
      hand. As a result of this drive the planter is actuated so as to dispense
      predetermined amounts of seed at predetermined spaced apart intervals. At
      the same time the axle 15 rotates so as to bring the U-shaped element 16
      into contact with the plastic film so as to make therein a U-shaped
      incision. As a result of the coordination of the drives to the planter and
      the heating element the U-shaped apertures are formed in the film at
      spaced apart intervals which correspond completely to the intervals
      between the seed dispensing. Complete coordination between the aperturing
      and seed dispensing is obtained initially by manually rotating the axle 15
      or alternatively the heating element mounted thereon so as to ensure that,
      as the apertured strip is laid upon the seeded bed the first apertured
      portion is located above the first set of seeds. Once this initial
      coordination has been achieved the subsequent coordination of aperturing
      and seeding is effected automatically. Thus any slipping of the transport
      wheels is transmitted simultaneously both to the planter and to the
      aperturing mechanism.
PAR  In this manner and in a single sequential operation a longitudinal row is
      seeded at spaced apart intervals and there is immediately thereafter laid
      on the seeded bed a plastic strip which has been apertured in such a
      manner that the apertures coincide correctly with the regions of seeding.
      The plastic strip itself is held in position and the seeds are pressed
      down by means of the central pressure wheel. The U-shaped aperture formed
      in the strip by means of the aperturing element 16 implies that there is
      left, retained on the strip, a tongue which should it cover the aperture
      is pushed aside by the sprouting plant without interfering with
      germination. This incomplete aperturing of the strip and leaving the
      tongue attached thereto is advantageous in avoiding undesirable littering
      of the site as a result of aperturing.
PAR  It will be appreciated that with the mechanism just described aperturing
      can be effected at any required interval in coordination with the
      intervals of seeding. Similarly, by adjusting the size of the aperturing
      element the aperture formed can equally well be adjusted.
PAR  Whilst in the arrangement described above a heating element has been used
      in order to effect aperturing, this operation can be effected in other
      ways such as, for example, by using a rotating punch or the like.
PAR  It will furthermore be appreciated that whilst in the arrangement described
      above seeding and aperturing have been fully synchronized the mechanism
      described is applicable to the case where, for example, seeding takes
      place continuously whilst aperturing takes place at predetermined
      intervals. In such a case complete synchronism between seeding and
      aperturing is not essential but the present mechanism allows such an
      operation to take place more effectively than in the past where two
      separate operations were required.
PAR  Finally, whilst in the specific embodiment described above, seeding has
      been associated with a synchronized auxiliary operation which is
      constituted by the aperturing of an overlaying plastic strip, the
      inventive concept can be applied to other forms of auxiliary operations
      such as, for example, where it is desired to surround a seeded area with a
      herbicide or the like. In such a case the auxiliary operation would
      involve the synchronous application of the herbicide to the region
      surrounding the seeds.
CLMS
STM  We claim:
NUM  1.
PAR  1. A seed planting unit comprising:
PAR  a. a support structure carrying a ground engaging wheel that rotates in
      response to displacement of the structure on the ground;
PAR  b. a seed planter carried by said structure and having operable means for
      depositing seeds in the ground;
PAR  c. film dispenser means carried by said structure downstream of the seed
      planter for dispensing film and laying it on the ground over the seeds
      deposited by the seed planter as said structure is displaced;
PAR  d. a film aperturing mechanism having operable means for making apertures
      in said film before it is laid on the ground; and
PAR  e. transmission means coupling rotation of the groung engeging wheel to the
      operable means of both the seed planter and the film aperturing mechanism
      for synchronizing their operation such that the apertures in the film laid
      on the ground by the film dispenser are aligned with the seeds deposited
      in the ground by the seed planter.
NUM  2.
PAR  2. A seed planting unit according to claim 1 wherein said unit furthermore
      comprises a pair of transport wheels mounted on said structure rearwardly
      of said dispenser in the direction of travel of said unit and so located
      as to pass over respective longitudinal edges of the laid film, and a
      centrally disposed pressure wheel mounted on said structure rearwardly of
      said dispenser in the direction of travel of said unit intermediate said
      transport wheels and so located as to pass over a central axial portion of
      the laid film.
NUM  3.
PAR  3. A seed planting unit according to claim 1 wherein said aperturing
      mechanism is mounted on a rotary axle journalled with respect to said
      structure and coupled to said transmission means so as to be driven
      thereby.
NUM  4.
PAR  4. A seed planting unit according to claim 3 wherein said aperturing
      mechanism is constituted by an electric heating element rotatably
      displaceable by said axle into and out of engagement with adjacently
      located film.
NUM  5.
PAR  5. A seed planting unit according to claim 4 wherein said heating element
      is constituted by a U-shaped open loop.
NUM  6.
PAR  6. A seed planting unit according to claim 1 wherein said transmission
      means includes a positive drive linking rotation of the ground engaging
      wheel to the operable means of the seed planter, and a positive drive
      linking the operable means of the seed planter to the operable means of
      the aperturing mechanism.
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ABST
PAL  A dual function thermal recovery system for reducing pollutant emissions to
      the ambient and for utilizing normally wasted heat energy for beneficial
      purposes. A simple and efficiently operative assemblage of components for
      directly transmitting outlet stack gasses from an incinerator to a point
      of utilization such as a wood drying kiln, heat exchanger, or the like. A
      conduit connected directly to the outlet gas stack of the incinerator
      directs such outlet gas to the inlet of a constant volume centrifugal gas
      pump. Proximate the inlet of the gas pump, a branch conduit intersects the
      hot gas conveying conduit. An automatically thermostatically controlled
      valve is located within the branch conduit in selectively blocking
      relationship to relatively cool ambient air. An exhaust conduit is
      connected directly to the outlet of the gas pump for directing the output
      of such pump to a point of direct utilization, such as a drying kiln. By
      thermostatically controlling the valve which controls gas passage through
      the ambient air inlet branch conduit, the proportion of hot and relatively
      cool ambient gasses and consequently the temperature of the mixed gasses
      will be regulated since the gas pump or fan continues to transmit a fixed
      gas volume to the drying kiln.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a dual purpose thermal recovery system for
      reducing industrial air pollution and for advantageously utilizing
      normally wasted heat energy. In particular, the invention relates to a
      thermal recovery system which directly utilizes hot exhaust gasses from a
      cyclone incinerator for drying lumber in a kiln.
PAR  Increased public awareness of the need to protect the environment by
      drastically reducing industrial air pollution and by conserving the
      earth's natural resources as well as specific legislation such as the Air
      Pollution Control Agency regulations have made it incumbent upon industry
      to develop new methods and means for operating within reasonable
      environmental guidelines.
PAR  In industrial operations wherein waste product production is voluminous,
      the problem is particularly vexatious. Due to the impracticability of
      ocean dumping and in view of the many difficulties connected with the
      sanitary land fill operations, incineration of waste materials has
      traditionally been industry's solution to the disposal problem. However,
      many present day incinerating operations do not meet environmental
      standards inasmuch as they often involve direct exhaustion of high
      temperature pollutant laden products of combustion into the atmosphere.
      Such systems are also generally wasteful of the energy contained in such
      combustion products.
PAR  Many prior attempts have been made to address these and other related
      problems. Examples of such attempts are found in U.S. Pat. Nos. 1,809,628;
      2,171,535; 2,553,452 2,933,826; 2,938,714; 3,233,664; 3,486,841 to
      Johnson, Berg et al, Guthrie, Justuce, Gerrish, Jacobs, and Betz,
      respectively.
PAR  While many of the prior systems attempted to recover waste heat and to
      utilize such energy for beneficial purposes, none have provided a simple
      and practical means for directly using hot waste gasses for a particular
      purpose by means of controlling the temperature and volume of such gasses
      sent to the point of utilization through the controlled mixture of such
      gasses with cool ambient air and by the constant volume pumping of the
      mixed gasses to the point of utilization. Such a system which appears to
      have eluded industry thus far, represents an economically viable add-on or
      accessory means for attachment to existing incinerator structures without
      prohibitively expensive plant modifications or scrapping of existing
      apparatus.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The instant invention provides a thermal recovery system which, when
      attached to an industrial waste incinerator, directly transmits hot waste
      gasses from the incinerator to a point of direct utilization. The system
      includes a constant volume gas pump having an inlet connected to a pair of
      branched conduits, one of which directly communicates with the exhaust
      stack of the incinerator and the other of which communicates directly with
      relatively cool ambient air. An automatically actuated thermostatically
      controlled butterfly valve is disposed within the inlet of the ambient air
      branch conduit for constantly and selectively controlling the ingress of
      the relatively cool ambient air and consequently the proportion of hot
      exhaust gas which, after mixing, reaches the inlet of the gas pump. Hot
      and cool gas mixing occurs primarily in a mixing chamber leading to the
      inlet of the gas pump and complete mixing occurs within the pump itself.
      The controlled temperature mixed gasses are then transmitted to a point of
      utilization such as a lumber drying kiln or the like.
PAR  Accordingly, the primary object of this invention is to provide means for
      controlling industrial air pollution and for recovering and directly using
      heat energy from waste product incineration.
PAR  Another object of this invention is to provide a thermal recovery system
      particularly applicable to the lumber mill industry wherein there is a
      need to incinerate large quantities of waste wood products and
      corresponding need for hot, relatively clean gas for lumber drying
      purposes.
PAR  A further object of this invention is to provide an add-on thermal recovery
      system utilizable as an accessory to any industrial incinerator having a
      direct hot gas exhaust system.
PAR  Still another object of the present invention is to provide a simple,
      relatively inexpensive thermal recovery system having few moving parts
      which is readily adaptable to a plurality of applications with minor
      structural modifications.
PAR  Other objects and advantages of the invention will become readily apparent
      from the following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially sectioned elevation of the instant thermal recovery
      system used in a lumber mill operation; and
PAR  FIG. 2 is a sectional view taken along the lines II--II of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The drawing shows the present thermal recovery system utilized in a lumber
      mill operation. The operation includes a waste products incinerator 1,
      which could be of any conventional design, but is illustrated as a
      so-called "cyclone" incinerator.
PAR  The incinerator includes a waste products admission hood 2 which receives
      refuse from a conveyor or like means and transfers it to the interior of
      the incinerator for combustion. Combustion supporting air is forced into
      the incinerator by means of a plurality of blowers 3, which are most
      suitably centrifugal fans. Access to the various exterior components of
      the incinerator is provided by a ladder and catwalk system shown generally
      at 4 and 6 and access to the interior of the incinerator is provided by
      door means 5. The products of combustion of the burning refuse in the
      incinerator would normally be conveyed through a stack and spark arrestor
      means 7 to the ambient. It is to this stack means that the instant thermal
      recovery system is directly connected by means of a conduit or duct 8.
PAR  Depending upon the size of the incinerator and the heat output thereof, the
      recovery conduit 8 may be provided with one or more thermal expansion
      joints 9 for automatic dimension adjustments under the influence of high
      temperatures. The recovery conduit may also be provided with suitable
      insulating material 11 to minimize heat losses in transmission of hot
      gasses from the incinerator. The recovery conduit may be attached to the
      incinerator by any suitable means such as a plurality of support bracket
      means 10 or the like.
PAR  By reference to the drawing, it may be seen that the recovery conduit 8,
      which comprises the first major component of the recovery system, directly
      communicates with a laterally disposed length of conduit 16 which serves
      as a pre-mixing duct. As best shown in FIG. 2, the pre-mixing duct 16 also
      communicates directly with a short conduit section which directly
      communicates with the relatively cool ambient air through an inlet 14.
      Disposed directly within the inlet 14 is a valve means, such as a
      butterfly valve or the like, capable of moving between a position allowing
      full influx of ambient air to the premixing duct to a position in which
      flow of such air is totally blocked. The position of such valve within the
      air inlet duct is suitably thermoststically controlled, as will be
      explained more fully hereinafter.
PAR  Immediately downstream of the premixing duct 16 is a constant volume gas
      pumping means 12 such as a centrifugal compressor or the like. The
      pre-mixing duct is connected to the inlet of such pump and suitable
      conventional filtering means are also provided adjacent the connection.
      The pumping means is conveniently driven by means of a suitable electric,
      internal combustion, or fluid motor means 13.
PAR  Directly connected to the outlet of the pumping means 12 is a manifold or
      mixing chamber 17 which chamber is directly communicated with a mixed gas
      duct 18, suitably insulated as in the case of the recovery duct 8. The
      duct 18 is provided with a suitable filter bank 24 as shown. The mixed gas
      duct leads directly to a point of utilization such as a lumber drying kiln
      2, or the like. Aside from suitable filters or screen means, the
      controlled temperature gasses from the mixed gas duct 18 are directly
      transmitted through outlets 19 into the drying kiln chamber as shown.
PAC  OPERATION
PAR  The hot gasses normally issuing from the exhaust stack 7 are diverted under
      the influence of the pumping means 12 into the recovery duct 8. The
      recovery conduit is connected to a point in the incinerator stack wherein
      relatively clean high temperature gasses exit from the incinerator's
      normal final filtering system. A combination of jet pump action and the
      constant volume pumping means 12 induces ambient air flow through the
      inlet conduit 14. The volume of ambient air permitted to enter the inlet
      duct 14 is directly controlled by the butterfly valve 15. Such valve may
      advantageously be a solenoid driven means responsive directly to the
      temperature and/or other load conditions found within the drying kiln or
      other related point of utilization. The thermostatically controlled
      butterfly valve controls the inflow of ambient air to the pre-mixing duct
      16 and to the inlet of the constant volume pumping means and thus controls
      the proportion of hot to cold gasses and the end temperature of the fluid
      mixture in the mixed gas duct 18. Primary mixing of hot and cool gasses
      occurs in the pre-mixing duct 16 and subsequent mixing occurs in the
      constant volume pumping means itself and in the outlet manifold 17 and
      mixed gas duct 18.
PAR  It will be apparent to those skilled in the art that the particular
      dimensions of the components of the instant thermal recovery system have a
      direct bearing on its performance in particular applications and that such
      dimensions vary with each application. For example, in the typical lumber
      mill operation where an incinerator stack provides exhaust gasses within a
      temperature range of from 1000.degree. to 1400.degree. fahrenheit, the
      various gas ducts must be dimensioned so as to carry a sufficient volume
      of gas to satisfy the particular heat requirements of the end use which
      may be a drying kiln or other space heating user. Such end utilizations
      might require a gas temperature in the vicinity of 80.degree. to
      110.degree. fahrenheit and a moderate flow velocity of from 25 to 50 cubic
      feet per second. Through appropriate calculations of heat losses and
      transmission lengths through standard thermodynamic formulae, the precise
      dimensions of the ducting may be readily determined.
PAR  In terms of design criteria, it should be noted that the mixing of
      relatively cool ambient air and hot gas from the recovery stack 8 is
      initiated in the pre-mixing duct 16 in order to assure that the gas
      pumping means 12 will not be exposed to prohibitively high temperatures.
      The pre-mixing duct 16 is dimensioned so as to allow turbulent flow of the
      gasses therein and proper mixing thereof. In a typical installation, a
      suitable pre-mixing duct is approximately eight times greater in length
      than diameter.
PAR  It may be seen that the present invention provides relatively simple and
      inexpensive means for reducing air pollution and for conserving energy by
      directly utilizing waste heat gasses for useful purposes. Although the
      invention has been described with reference to particular preferred
      embodiments, it should be apparent to those skilled in the art that many
      variations and modifications are possible within the spirit of the
      inventive concepts. No limitation is intended with respect to such
      variations and modifications except as comprehended by the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pollution reducing-thermal recovery system having a source of heated
      gaseous fluid and user means for said fluid, said thermal recovery system
      comprising in combination and in stated order; recovery fluid
      communication means for communicating said user means directly with said
      source of heated gaseous fluid, ambient fluid communication means
      connected with said recovery fluid communication means at a point of
      confluence, said ambient fluid communication means connected with said
      recovery fluid communication means downstream of said source for
      communicating ambient fluid to said recovery fluid communication means at
      said point of confluence, automatic valve means for automatically
      controlling the flow of said ambient fluid through said ambient fluid
      communication means in response to a system load condition of said user
      means, primary mixing means disposed downstream of said point of
      confluence and upstream of said user means for mixing said ambient fluid
      from said ambient fluid communication means and said heated gaseous fluid
      from said recovery fluid communication means, pump means having inlet
      means and outlet means, said inlet means being in direct communication
      with said primary mixing means for pumping mixed ambient and heated
      gaseous fluids from said primary mixing means to said outlet means, mixed
      fluid communication means connected with said outlet means for directly
      communicating said mixed ambient and heated gaseous fluids to said user
      means.
NUM  2.
PAR  2. The invention of claim 1 wherein said source of heated gaseous fluid is
      a waste products incinerating means having a gas outlet stack in direct
      communication with said recovery fluid communication means.
NUM  3.
PAR  3. The invention of claim 2 wherein said recovery fluid communication means
      include a plurality of lengths of fluid conduit, said lengths of fluid
      conduit being provided with thermal expansion means.
NUM  4.
PAR  4. The invention of claim 3 wherein said lengths of fluid conduit are at
      least partially covered by thermal insulation means for blocking the flow
      of heat energy from said lengths of fluid conduit.
NUM  5.
PAR  5. The invention of claim 2 wherein said user means include a drying kiln.
NUM  6.
PAR  6. The invention of claim 1 wherein said pump means include a constant
      volume gas pump.
NUM  7.
PAR  7. The invention of claim 6 wherein said constant volume gas pump is a
      centrifugal compressor.
NUM  8.
PAR  8. The invention of claim 6 wherein said automatic valve means include a
      movable valve member disposed within said ambient fluid communication
      means and positionable in any of a plurality of positions between first
      and second communication means fully open and fully closed positions, said
      automatic valve means further including actuator means for actuating said
      movable valve member to any of said plurality of positions.
NUM  9.
PAR  9. The invention of claim 8 wherein said automatic valve means further
      include load signal means for sensing a load indicating parameter at a
      first predetermined location in said user means and for causing said
      actuator means to actuate said movable valve member to one of said
      plurality of positions.
NUM  10.
PAR  10. The invention of claim 9 wherein said actuator means include an
      electrically operated solenoid.
NUM  11.
PAR  11. The invention of claim 9 wherein said load indicating parameter is
      temperature and wherein said load signal means include a temperature
      responsive device positioned to measure the temperature of said user
      means.
NUM  12.
PAR  12. The invention of claim 1 further including filter means located between
      said pumping means and said user means for filtering out large particles
      and impurities from said heated gaseous fluid before passage of said fluid
      to said user means.
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ABST
PAL  An implement for dispensing liquid and liquid-like materials, as liquid
      manure and the like, into and below the surface of the soil. The implement
      has a transverse hollow bar supporting a plurality of earthworking tools.
      Lift arms controlled with hydraulic cylinders connect the tool bar to a
      vehicle carrying the material. The vehicle delivers the material through a
      hose to the hollow tool bar. Separate hoses connected to the tool bar and
      to nozzles attached to the earthworking tools carry the material from the
      tool bar to the nozzles for discharge below the surface of the soil behind
      the earthworking tools.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Maximum effectiveness of agricultural chemicals, herbicides and liquid
      manure is attained when these materials are dispensed into the ground.
      Liquid manure injectors are used to dispense liquid manure into the ground
      behind earthworking tools. The implements are mounted on vehicles which
      include a tank for carrying the liquid manure. An example of a manure
      spreader having a device for supplying liquid manure to an area under the
      ground surface is disclosed in U.S. Pat. No. 3,793,967. Several commercial
      liquid manure injectors utilize a tool bar for carrying furrow-opening
      tools. A plurality of elongated hoses are used to carry the liquid
      material from a tank directly to dispensing structure connected to the
      tools. The tool bars are not utilized to carry the liquid material from
      the tank to the dispensing structure.
PAR  Implements in the nature of vehicles carrying tanks and a plurality of
      earthworking tools are used to inject liquid and gaseous fertilizers, as
      anhydrous ammonia, into the soil. Examples of these implements are shown
      in U.S. Pat. Nos. 2,857,863; 2,973,728; 3,148,642; 3,435,785 and
      3,610,184. The implements shown in these patents utilize tool bars for
      carrying earthworking tools. The tool bars are not tubular members which
      are utilized to carry the material to be injected into the soil.
PAC  SUMMARY OF INVENTION
PAR  The invention is directed to an apparatus for dispensing material below the
      surface of the soil. More particularly, the apparatus is usable to inject
      fluid, as liquids and gases, into the soil. The apparatus is adapted to be
      connected to a vehicle or similar means for carrying the fluid material.
      The apparatus has a tool bar having a passage for carrying material. Means
      connect the tool bar to the vehicle so that the tool bar moves with the
      vehicle. A plurality of earthworking tools are mounted on the tool bar for
      making furrows in the soil. A first means connected to the tool bar
      carries the material from the storage container on the vehicle to the tool
      bar passage. A second means connected to the tool bar and the earthworking
      tools carries the material from the tool bar passage to a location below
      the surface of the soil behind the earthworking tools.
PAR  An object of the invention is to provide an apparatus for dispensing
      material, as liquid manure, into the soil in a manner which minimizes
      runoff, odors, fly and insect problems, as well as the unsightly
      appearance of surface spreading of manure. Another object of the invention
      is to provide an apparatus for dispensing material into the soil with a
      tool bar having a passage for carrying the material as it moves from a
      material storage means to a nozzle for discharging the material into the
      soil. A further object of the invention is to provide a tool bar which
      carries material and thereby adds weight to the tool bar to improve the
      soil penetration of the tools mounted on the tool bar. An additional
      object of the invention is to provide a tool bar with a plurality of
      earthworking tools that are adjustable relative to the tool bar and usable
      in sod, row crops and stubble fields. A still further object of the
      invention is to provide a tool bar with a passage for carrying material to
      be injected into the soil which has material flow characteristics and
      turbulence which keeps the material in the tube agitated to prevent
      plugging of the passage. Yet another object of the invention is to provide
      an apparatus for injecting material into the soil in a manner to obtain
      maximum fertility value from the liquid manure.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of a liquid material carrying vehicle
      equipped with the apparatus for injecting liquid material below the
      surface of the soil;
PAR  FIG. 2 is an enlarged sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged sectional view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged sectional view taken along the line 4--4 of FIG. 1;
PAR  FIG. 5 is an enlarged sectional view taken along the line 5--5 of FIG. 1;
PAR  FIG. 6 is an enlarged plan view of one end of the tool bar in the apparatus
      of FIG. 1;
PAR  FIG. 7 is a fragmentary elevational view, partly sectioned, of a modified
      tool bar usable with the apparatus of FIG. 1;
PAR  FIG. 8 is a rear elevational view, partly sectioned, of the right end of
      the tool bar of FIG. 7; and
PAR  FIG. 9 is a sectional view taken along the line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawing, there is shown in FIG. 1 the apparatus of the
      invention indicated generally at 10 for dispensing material below the
      surface of the soil. Apparatus 10 is mounted on a vehicle 11. Vehicle 11
      has a material storing tank 12 supported on the ground by a pair of wheels
      13. The wheels 13 are connected to a frame 14 supporting tank 12. The tank
      12 has a material outlet 16 for allowing the material to move from the
      tank 12 to the apparatus 10 for dispensing material below the surface of
      the soil.
PAR  The vehicle 11 can be a liquid manure spreading apparatus as disclosed in
      U.S. application Ser. No. 500,133 filed Aug. 23, 1974. The disclosure of
      this invention is hereby incorporated by reference. The liquid manure
      spreading apparatus has a tank having an inside chamber for storing liquid
      manure. The tank is supported on a wheel structure and is connectable to a
      tractor or towing unit for moving the vehicle along the ground. A pump is
      operable to selectively evacuate air from the tank and supply air under
      pressure to the tank. A manure discharge assembly mounted on the tank is
      operable when the air under pressure is supplied to tank to spread manure
      onto the ground. A valve structure operably connected between the pump and
      the tank is operable to selectively permit the removal of air from the
      tank or the supply of air under pressure to the tank.
PAR  The vehicle 11 can be an apparatus for spreading material as disclosed in
      U.S. application Ser. No. 435,843 filed Jan. 23, 1974. The disclosure of
      this application is hereby incorporated by reference. The apparatus has a
      tank having a chamber for carrying material such as liquid manure. A
      slinger structure carrying a spreader assembly and a pump is operable to
      remove material from the tank and discharge the material onto the ground.
      The pump is operated by the towing vehicle.
PAR  Other types of vehicles used to carry bulk material to be dispensed into
      the ground can be used with the apparatus 10 of the invention. For
      example, machines having a tank for carrying anhydrous ammonia and
      chemical fertilizers, herbicides and insecticides can be used with the
      apparatus 10. The above examples are given by way of illustration and do
      not limit the utility of the apparatus 10 nor the use of particular fluids
      or fluid-like materials.
PAR  Apparatus 10 has an elongated transverse tool bar 17 located behind vehicle
      11. As shown in FIG. 2, tool bar 17 is an elongated linear tube having a
      square cross sectional configuration and has an elongated longitudinal
      unobstructed passage 18. The passage 18 extends the full length of tool
      bar 17. The tool bar 17 can have other cross sectional shapes, as
      rectangular, round or circular, oval and hexagonal.
PAR  A hitch assembly indicated generally at 19 mounts the tool bar 17 to the
      rear of vehicle 11. Hitch assembly 19 has a pair of movable linkages
      indicated generally at 21 and 22. Referring to FIG. 2, linkage 21 includes
      an upright bar 23 secured at its lower end to the rear end of vehicle
      frame 14. Located rearwardly of bar 23 is an upright plate 24. A clamp 26
      having nut and bolt assemblies 27 mounts plate 24 on tool bar 17. The
      upper ends of bar 23 and plate 24 are connected with a link 28. A pivot
      pin 29 pivotally connects the forward end of link 28 to the top of bar 23.
      In a similar manner, a pivot pin 31 connects the rear end of link 28 to
      the top of plate 24. Located below the top link 28 is a bottom link 32. A
      pivot pin 33 connects the forward end of link 32 to the bottom of bar 23.
      The rear end of link 32 is connected to the lower end of plate 24 with a
      pivot pin 34. The links 28 and 32 form parallel linkages which permit the
      plate 24 to carry and hold the tool bar 17 at a selected elevation.
PAR  The second linkage 22 is identical in structure to the first linkage 21.
      The corresponding parts shown in FIG. 1 are identified with the same
      numbers having the suffix A.
PAR  Returning to FIG. 2, an upwardly directed lock bar 36 is pivoted to the
      midsection of the lower link 32. Lock bar 36 is adapted to be connected to
      the upright bar 23 with a fastener, such as a pin, extended through hole
      37. When the lock bar 36 is connected to bar 23, the tool bar 17 is in its
      raised or transport position.
PAR  A hydraulic ram or cylinder indicated generally at 38 is used to control
      the elevation of tool bar 17. As shown in FIG. 2, hydraulic cylinder 38
      has a cylinder 39 connected to a downwardly directed ear 41 with a pivot
      pin 42. The ear 41 is secured to a bottom portion of vehicle frame 14.
      Slidably positioned in cylinder 39 is a piston rod 43. The outer end of
      piston rod 43 is pivotally connected to an arm 44 with a pivot pin 46. Arm
      44 is secured by means of welds or the like to the bottom link 32. The arm
      44 extends downwardly and forwardly so that the hydraulic cylinder 38,
      when expanded, does not move up into the frame 14. The second linkage 22
      is connected to a similar hydraulic cylinder in the manner shown in FIG.
      2.
PAR  Referring to FIG. 1, three earthworking tools indicated generally at 47, 48
      and 49 are mounted to portions of the tool bar 17. The transverse
      locations of the tools 47, 48 and 49 on the tool bar 17 can be adjusted to
      provide suitable spacings between tools to accommodate sod, row crops and
      stubble fields. The number of earthworking tools used with the tool bar
      can vary from one to a plurality of tools. The earthworking tools are
      operative to make longitudinal furrows in the soil on forward movement of
      the vehicle 11. The material is dispensed into the furrows immediately
      behind the tools so that the material is incorporated into the soil below
      the surface of the soil. Earthworking tools 47, 48 and 49 are identical in
      structure. Earthworking tool 48 is shown in detail in FIG. 3.
      Corresponding parts of earthworking tool 47 are identified with the same
      reference numerals having the suffix A and the corresponding parts of
      earthworking tool 49 are identified with the same reference numerals
      having the suffix B.
PAR  Referring to FIG. 3, earthworking tool 48 has a downwardly arcuate shank
      51. A chisel shovel 52 is secured to the lower end of shank 51 with a
      plurality of bolts 53. The upper end of shank 51 has a generally
      horizontal forward end 54 attached to a connector assembly 56. The
      connector assembly 56 is mounted on the tool bar 17. Connector assembly 56
      has a first clamp plate 57 located in engagement with the bottom of tool
      bar 17 and a second clamp plate 58 positioned over the top of tool bar 17.
      A plurality of nut and bolt assemblies 59 clamp plates 57 and 58 to tool
      bar 17. The forward end 54 of shank 51 is located below plate 57 and rests
      on a fulcrum 60. A biasing means comprising a pair of springs 61 acts on
      U-bolt 62 to bias the forward end 54 into engagement with the bottom of
      plate 57. In the event that shovel 52 strikes an obstruction, the forward
      end 54 will pivot about fulcrum 60 against the biasing force of spring 61
      and thereby allow shovel 52 to move out of the ground over the
      obstruction. As soon as the shovel is free of the obstruction, the spring
      61 will bias the shovel 52 back to its normal earthworking position, as
      shown in FIG. 3.
PAR  Referring to FIG. 4, the outlet 16 of the tank 12 is connected to a valve
      63. Valve 63 has an actuator 64 which is operable to open and close the
      valve. The actuator 64 is manually operated through rods and levers (not
      shown) from the towing vehicle. A rearwardly directed nipple 66 is
      attached to the outlet end of valve 63. A material carrying hose 67 fits
      over a portion of the nipple 66 and is attached thereto with a clamp 68.
      Hose 67 extends rearwardly and fits over a nipple or short tube 69 secured
      to the top of tool bar 17. The passage of nipple 69 is open to the passage
      18. A clamp 71 secures the hose 67 to nipple 69. The valve 63 can be
      mounted on the tube 69 or directly on the tool bar 17. Hose 67 connects
      the valve to the tank outlet 16.
PAR  As shown in FIG. 5, a short tube or nipple 72 extends rearwardly from tool
      bar 17 and has a passage open to the tool bar passage 18. Hose 73 fits
      over nipple 72 and is clamped thereon with clamp 74. The discharge end of
      hose 73 is connected to a downwardly directed nozzle 76. The hose 73 fits
      over the upper end of nozzle 76 and is clamped thereto with a clamp 77.
      The nozzle 76 is an elongated, generally flat tubular member having an
      open bottom discharge end 78. The material flows through nozzle 76 and is
      discharged below the surface of the soil, as shown at 79, behind shovel
      52. The nozzle 76 is secured to the back of shank 51 with a bracket 81.
      The lower end of bracket 81 is attached to shank 51 with nut and bolt
      assemblies 53. The upper end of the bracket is connected to a clamp 82
      attached to the shank 51. Hoses 73A and 73B can be mounted on short tubes
      or nipples attached to opposite ends of the tool bar 17 as shown in FIG.
      9.
PAR  The ends of the tool bar 17 are closed with end caps 83 and 85. The hoses
      73A and 73B are connected to end caps 83 and 85, respectively, to deliver
      the material to the furrows behind the earthworking tools 47 and 49. As
      shown in FIG. 6, end cap 83 has a right angle coupling connected to a
      plate 84. The plate 84 has a plurality of holes to accommodate threaded
      studs 86 secured to the corners of tool bar 17. Nuts 87 threaded on studs
      86 clamp gasket 88 into engagement with plate 84 and the end of the tool
      bar 17. Gasket 88 and plate 84 have aligned openings whereby the liquid
      material in the passage 18 will flow through the cap 83 into hose 73A.
PAR  Referring to FIGS. 7-9, there is shown a modification of the tool bar
      indicated generally at 91 which operates to carry the earthworking tools
      and provide a means for distributing the material to be injected below the
      surface of the soil to separate hoses leading to the earthworking tools.
      Tool bar 91 is an elongated, square member having a continuous passage 92.
      As shown in FIG. 7, an upright short tube or nipple 93 is secured to the
      top of tool bar 91. Nipple 93 has a passage 94 open to the passage of a
      hose 96. A clamp 97 serves to hold the hose 96 on the nipple 93. The hose
      96 is connected to the tank of the vehicle in a manner similar to hose 67
      so that the material in the tank is delivered through hose 96 to passage
      92 of the tool bar 90.
PAR  Referring to FIG. 8, the end of tool bar 91 is closed with an end plate or
      cap 98. A bolt 99 extended through cap 98 and threaded into a support or
      nut 101 secured to tool bar 91 is used to hold end plate 98 in engagement
      with the end of tool bar 91. The plate 98 can be readily removed by
      removing bolt 99, thereby permitting passage 92 to be cleaned or flushed.
      End plate 98 can be attached to the end of tool bar 91 with threaded studs
      similar to studs 86 shown in FIG. 6. The opposite end of tool bar 91 is
      closed with an end plate similar to end plate 98.
PAR  Tool bar 91 has a plurality, preferably three, rearwardly extended outlet
      tubes or nipples 102. As shown in FIGS. 8 and 9, each nipple 102 has a
      passage 103 open to the passage 92. A hose 104 is mounted on nipple 102
      and secured thereto with a clamp 106. The material in passage 92 flows
      through nipple 102 into hose 104. Hose 104 leads to the earthworking tool
      and a nozzle located behind the tool, as shown in FIG. 3.
PAR  In use, the tank 12 is filled with material in liquid or semi-liquid form
      and transported to a location for dispensing the material, such as an
      agricultural field. During transport of vehicle 11, the apparatus 10 is
      elevated and held in the transport position with the links 36 connected to
      the upright bars 23. The links 36 are released to allow the earthworking
      tools 47, 48 and 49 to be lowered to their normal earthworking position,
      as shown in FIG. 3. This is achieved by actuation of the hydraulic
      cylinders 38. The material in the tank is placed under pressure and, with
      the valve 63 open, flows through hose 67 to tool bar passage 18 shown in
      FIG. 4. Tool bar 17 carries the material to the outlet nipples and into
      the discharge hoses 73, 73A and 73B. The tool bar 17 serves the dual
      function of carrying the earthworking tools 47, 48 and 49 and providing a
      passage for carrying and distributing fluid and fluid-like materials to a
      plurality of hoses connected to material dispensing nozzles. The material
      in passage 18 increases creases the weight or force applied to the
      earthworking tools, providing for increased soil penetration. The hoses
      73, 73A and 73B deliver the material under pressure to nozzles 76 which
      direct the material a substantial distance below the surface of the soil
      behind the earthworking chisel tools 52. The material is continuously
      supplied to the nozzles 76 as long as the valve 63 is open and the
      pressure in the tank 12 is maintained. When materials, as liquid manure,
      are injected below the surface of the soil, there is a minimum of runoff
      of the material with rain water runoff. Also, liquid manure located below
      the surface of the soil has a minimum of odor.
PAR  In tank vehicles having a pump for discharging the material from the tank,
      the valve 63 is mounted on the discharge portion of the pump. The pump
      operates to remove the material from the tank and deliver the material
      under pressure into the hose 67.
PAR  While there have been shown and described preferred embodiments of the
      invention, it is understood that changes in size, material and parts, as
      well as the use of the structure, may be made by those skilled in the art
      without departing from the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An apparatus for dispensing material below the surface of the soil
      usable with a machine having a tank for carrying the material, a frame
      secured to the tank, said frame having rear portions located adjacent the
      rear of the tank, wheel means mounted on the frame for supporting the
      machine on the ground, and means to deliver material under pressure from
      the tank to the apparatus comprising: a tool bar having a longitudinal
      passage for carrying material, means connecting the tool bar to the rear
      portions of the frame and locating the tool bar transversely adjacent the
      rear of the tank, and means connecting the tool bar to the frame operable
      to selectively raise and lower the tool bar, fluid power means connected
      to the frame, means for connecting the tool bar passage to the means to
      deliver material under pressure to the apparatus, a plurality of
      earthworking tools mounted on the tool bar adapted to dig into the soil,
      first means connected to the tool bar for carrying material from the means
      to deliver material under pressure to the apparatus to the tool bar
      passage, and second means connected to the tool bar and the earthworking
      tools to carry material from the tool bar passage, said second means
      including nozzles having bottom discharge openings and means mounting the
      nozzles on the back of the tools with the discharge openings located
      adjacent the lower ends of the tools whereby the material is discharged
      below the surface of the soil behind the earthworking tools.
NUM  2.
PAR  2. The apparatus of claim 1 wherein: the tool bar is a transverse linear
      tubular member.
NUM  3.
PAR  3. The apparatus of claim 1 wherein: the means for connecting the tool bar
      to the rear portions of the frame includes a plurality of link means and
      means pivotally connecting the link means to the frame and tool bar.
NUM  4.
PAR  4. The apparatus of claim 1 wherein: the earthworking tools include
      arcuately curved standards having lower ends, shovel means mounted on the
      lower ends of the standards, and means for yieldably mounting the
      standards to the tool bar.
NUM  5.
PAR  5. The apparatus of claim 1 wherein: the first means includes a tubular
      hose connected to the tool bar and the means to deliver material under
      pressure to the apparatus.
NUM  6.
PAR  6. The apparatus of claim 1 wherein: the second means includes a plurality
      of tubular hose means connected to the tool bar for carrying material from
      the tool bar passage to the nozzles.
NUM  7.
PAR  7. The apparatus of claim 1 including: tubular nipple means secured to the
      tool bar, said first means including a hose attached to the nipple means.
NUM  8.
PAR  8. The apparatus of claim 1 including: tubular material outlet nipple means
      secured to the tool bar, said second means including hoses attached to the
      outlet nipple means.
NUM  9.
PAR  9. In combination: material transport means including tank means for
      carrying fluid and fluid-like materials, said tank means having a material
      outlet, frame means secured to the tank means, and means associated with
      the tank means for moving the material from the tank means through the
      outlet; a tool bar having a passage, first tubular means connecting the
      outlet to the passage to carry material to the passage, means connecting
      the tool bar to the frame means, power means connected to the means
      connecting the tool bar to the frame means and the frame means operable to
      selectively raise and lower the tool bar, earthworking tool means attached
      to the tool bar, said tool means having portions for digging into the
      soil, material discharge means having bottom material discharge openings
      located adjacent the earthworking tool means, means mounting the material
      discharge means on the tool means with the discharge openings located
      adjacent the lower ends of the portions of the tool means, and second
      tubular means connecting the tool bar with the material discharge means
      for carrying material from the passage to the material discharge means and
      into the soil.
NUM  10.
PAR  10. The combination of claim 9 wherein: the tool bar is an elongated linear
      tubular member having an elongated passage.
NUM  11.
PAR  11. The combination of claim 9 wherein: the outlet includes valve means to
      control the flow of material through the outlet means.
NUM  12.
PAR  12. The combination of claim 9 wherein: the first tubular means is a hose
      connected to the outlet and the middle section of the tool bar.
NUM  13.
PAR  13. The combination of claim 12 including: tubular nipple means secured to
      the tool bar, said hose being mounted on the nipple means.
NUM  14.
PAR  14. The combination of claim 9 wherein: the material discharge means
      comprise nozzles having bottom discharge outlets connected to the tool
      means with the discharge outlets being located below the surface of the
      soil when the tool means are in groundworking position.
NUM  15.
PAR  15. The combination of claim 9 wherein: the means connecting the tool bar
      to the frame includes a plurality of link means and means pivotally
      connecting the link means to the frame means and the tool bar.
NUM  16.
PAR  16. The combination of claim 9 including: means for mounting the tool means
      on the tool bar at selected positions whereby the transverse spacing
      between the tool means can be adjusted.
NUM  17.
PAR  17. The apparatus of claim 1 including: means to mount the tools on the
      tool bar at selected positions whereby the spacing between the tools can
      be adjusted.
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ABST
PAL  A mobile crane has a multisection telescopic boom and an optionally useable
      lattice jib storable alongside the boom with the base end of the jib
      adjacent the point end of the boom. One side of the boom base section is
      provided with a pair of longitudinally spaced apart jib storage support
      assemblies to facilitate storing and installing the jib. The point end of
      the boom fly section and the base end of the jib are provided with
      cooperating disconnectable hinge members for attaching the jib to the boom
      so that the jib can be swung horizontally between stored and installed
      positions. The point end of the boom fly section and the base end of the
      jib are provided with connection means, including a cylindrical rod on the
      boom fly section and cooperating journal bearings on the jib, for securing
      the jib to the boom in either axial aligned position or in downwardly
      tilted position, and adjustable strut means is detachably connected
      between the boom and the jib to limit the extent to which the jib can tilt
      downwardly. The jib is provided with a self-storing and self-erecting jib
      mast which is pivotally mounted on the upper side of the jib and
      cooperates with guy lines to support the jib during set-up and operation
      of the crane. Releasable locking means are provided on the boom fly
      section and the next adjacent boom section to prevent the extended boom
      sections from accidentally telescoping under the weight of the jib in the
      event of a hydraulic system failure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Use
PAR  This invention relates generally to means and method for storing and
      connecting an optionally useable jib for a multisection telescopic boom of
      a mobile crane.
PAR  2. Description of the Prior Art
PAR  Some mobile cranes have a multisection telescopic boom and a jib attachable
      or swingable into a position at the end of the boom to extend its working
      length. In some cases the jib is permanently connected to the boom and is
      swingable into and out of working position. In other cases the jib is
      completely detachable and is stored alongside the telescoped boom during
      road transport but can be readied for use by pivotally connecting the base
      end of the jib to the point end of the boom, whereupon the jib is swung
      into alignment with the boom secured in place. U.S. Pat. Nos. 3,366,250,
      3,698,569, 3,785,505 and 3,830,376 exemplify boom and jib arrangements of
      the aforesaid types.
PAC  SUMMARY OF THE INVENTION
PAR  Generally considered, a mobile crane in accordance with the present
      invention comprises a multisection telescopic boom extendable to about 105
      feet, including a base section, a plurality of intermediate sections, and
      a fly section, and an optionally useable lattice jib about 30 feet long,
      including jib base section and a detachable jib point section, storable
      alongside the boom with the base end of the jib adjacent the point end of
      the boom. Additional jib sections about 20 feet long can be connected
      between the jib base section and the jib point section, such additional
      jib sections being mounted elsewhere on the mobile crane or transported
      separately.
PAR  Improved jib storage support means are provided to facilitate storing and
      installing the jib. One side of the boom base section is provided with a
      pair of longitudinally spaced apart jib storage support assemblies to
      facilitate storing and installing the jib. Each support assembly is
      pivotally mounted so that it can be swung between a jibsupporting position
      and a stored position. Each support assembly includes a laterally
      extending member which is tiltable between a horizontal and a downward
      position so that the jib can be easily swung thereonto for storage and
      then subsequently locked into horizontal position, whereupon locking
      brackets secure the jib on the support assembly.
PAR  Improved hinge means are provided for connecting the jib so that it can be
      swung horizontally between stored and installed positions. The point end
      of the boom fly section and the base end of the jib are provided with
      cooperating disconnectable hing members for attaching the jib to the boom
      so that the jib can be swung horizontally between stored and installed
      positions. The hinge means enable the jib to be pivotally connected to the
      boom while still in stored position and then swung between the stored
      position and a position in alignment with the boom. The hinge means are
      disconnectable during storage so that the boom can be used independently
      of the jib. The hinge means are also disconnectable after the jib has been
      secured to the boom so that the jib can be placed in a downwardly tilted
      position with respect to the boom either for the purpose of connecting
      additional jib sections or for the purpose of allowing the jib to be
      offset from the boom axis to suit particular job conditions.
PAR  Improved connection means are provided for securing the jib to the boom in
      either axially aligned position or in downwardly tilted position. The
      point end of the boom fly section and the base end of the jib are provided
      with connection means, including a horizontally disposed cylindrical rod
      or pivot pin on the bottom fly section and cooperating journal bearings on
      the jib for engagement therewith, for securing the jib to the boom in
      either axial aligned position or in downwardly tilted position, and safety
      backstop strut means, including two struts, are detachably connected
      between the boom and jib to limit the extent to which the jib can be
      tilted downwardly for erection and upwardly to prevent overtopping of the
      jib. The connection means for securing the jib to the boom enable the jib
      to also facilitate self-alignment of the end of the jib with the boom as
      the jib is being swung into position. Each strut includes a rod pivotally
      connected at one end to the bottom and telescopable within a sleeve
      pivotally connected at one end to the jib and pinning means to prevent the
      rod and sleeve from telescoping inwardly beyond a certain point.
PAR  An improved self-storing and self-erecting jib mast is provided for
      supporting the jib during rigging and operation of the crane. The mast has
      its lower end pivotally connected to the top side of the upper side of the
      base end of the jib and cooperates with guy lines to support the jib
      during set-up and operation of the crane. The jib mast can assume a stored
      position wherein it lies flat on the jib and can automatically be raised
      into supporting position by the guy lines as the boom is extended. In
      practice, forward guy lines are connected between the upper end of the
      mast and the forward end of the jib base section. Rearward guy lines are
      connected to the upper end of the mast and to the forward end of an
      intermediate boom section into which the boom fly section retracts so
      that, upon extension of the fly section of the boom, the mast is
      automatically raised and the forward and rearward guy lines are tightened
      thereby supporting the jib either for working purposes or while additional
      jib sections are being connected. If more than one jib section is
      employed, the forward guy lines which are connected between the mast and
      the forward end of the jib base section are replaced by longer forward guy
      lines connected between the mast and the point end of the jib, after the
      additional jib sections have been connected to the jib base section.
PAR  Improved releasable locking means are provided on the boom fly section and
      the next adjacent intermediate boom section to prevent the extended boom
      fly section from accidentally telescoping under the weight of the jib in
      the event of a hydraulic system failure or inadvertent operation of
      retract telescope means by the operator. The locking means take the form
      of a jam plate near the base end of the extended boom fly section, which
      jam plate is engageable in interfering relationship with a selectively
      movable spring biased locking member mounted near the forward end of the
      adjacent intermediate boom section.
PAR  A mobile crane in accordance with the present invention offers many
      advantages over prior art arrangements. For example, all of the aforesaid
      improved features cooperate in such a manner that a single operator can
      carry out the attachment or detachment of the jib to the boom or attach
      additional jib sections. Furthermore, the connection means for securing
      the jib to the boom insure self-alignment and also enable the jib to be
      tilted between several operating positions thereby enhancing the
      versatility of the crane. Furthermore, the strut elements and the locking
      means make for safer operation of the crane since the boom and jib are
      more safely interconnected and accidental tilt of the jib beyond a certain
      downward angle during erection and telescoping of the boom fly section
      under the weight of the jib or in the event of hydraulic failure cannot
      occur. Furthermore, the strut elements serve as tension member jib
      backstops to restrain the jib from an upward tilt exceeding 4.degree.
      which could occur if the jib load line were suddenly relieved of its load
      (i.e., due to hoist loadline failure). Other objects and advantages of the
      invention will hereinafter appear.
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PAC  DRAWINGS
PAR  FIG. 1 is a side elevational view of a mobile crane having a multisectioned
      telescopic main boom and having a jib disposed alongside the main boom in
      stored position according to the invention;
PAR  FIG. 2 is a front end view of the mobile crane shown in FIG. 1;
PAR  FIG. 3 is a side elevational view of a portion of the mobile crane shown in
      FIG. 1 but showing the crane upper section reversed and showing the jib
      swung into alignment with the main boom;
PAR  FIG. 4 is a view similar to FIG. 3 but showing the fly section of the main
      boom partially extended and the jib mast erected;
PAR  FIG. 5 is a view similar to FIG. 4 but showing the main boom fully extended
      toward the ground and showing the jib point section detached;
PAR  FIG. 6 is a view similar to FIG. 5 but showing the main boom partially
      retracted and several jib sections disposed on the ground;
PAR  FIG. 7 is a view similar to FIG. 6 and showing the main boom fully extended
      and four jib sections connected together to form the jib;
PAR  FIG. 8 is a side elevational view of the mobile crane with its main boom
      fully extended and fully raised and with a multisectioned jib disposed in
      operating position.
PAR  FIG. 9 is an enlarged top plan view of the point end of the boom and the
      base end of the jib taken on line 9--9 of FIG. 1;
PAR  FIG. 10 is a top plan view of the point end of the boom and the base end of
      the jib taken on line 10--10 of FIG. 3;
PAR  FIG. 11 is a detailed view of a portion of the hinge means shown in FIG. 9
      and showing the hinge means in an alternate position;
PAR  FIG. 12 is a side elevational view of the point end of the boom and the
      base end of the jib taken on line 12--12 of FIG. 10;
PAR  FIG. 13 is a view of the point end of the boom and the base end of the jib
      taken on line 13--13 of FIG. 10;
PAR  FIG. 14 is an exploded isometric view of the point end of the boom and the
      base end of the jib;
PAR  FIG. 15 is an isometric view of the lower side of the point end of the boom
      and shows the fly safety latch;
PAR  FIG. 16 is an enlarged cross sectional view of the fly safety latch shown
      in FIG. 15;
PAR  FIG. 17 is a view of the fly safety latch taken on line 17--17 of FIG. 16
      with certain parts in cross section;
PAR  FIG. 18 is an enlarged cross sectional view of the front jib storage
      support assembly taken on line 18--18 of FIG. 1;
PAR  FIG. 19 is an enlarged detailed view of a portion of the jib storage
      support assembly taken on line 19--19 of FIG. 18;
PAR  FIG. 20 is a top plan view of the jib storage support assembly shown in
      FIG. 18 and showing it in an alternate or stored position;
PAR  FIG. 21 is a perspective view showing the jib storage support assembly in
      stored position; and
PAR  FIG. 22 is a perspective view showing the jib being moved onto the jib
      storage support assembly.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAC  General Arrangement
PAR  Referring to FIGS. 1 through 8, there is shown apparatus such as a mobile
      crane in accordance with the invention and which comprises a lower unit 10
      in the form of a vehicle such as a truck and an upper unit 11 which is
      mounted for horizontal rotation in either direction on the lower unit by
      means of a conventional turret 17. Truck 10 comprises a chassis 12 on
      which are mounted ground wheels 13, extendable outriggers 14, a driver's
      cab 15 and an internal combustion engine 16 beneath the cab for driving
      the ground wheels. Upper unit 11 comprises a supporting framework 20 on
      which are mounted a telescopic boom B, main and auxiliary winches W1 and
      W2, respectively, on which load hoist lines MH and AH, respectively, are
      wrapped, a crane operator's cab 21, and an internal combustion engine 22
      for driving a hydraulic pump 23 which supplies operating fluid for the
      winches W1 and W2 and hydraulic cylinders hereinafter described.
PAR  Boom B, which is shown in a generally horizontal telescoped and stored
      position lengthwise of truck 10, comprises four hollow boom sections,
      namely: a base section BI, an inner midsection BII, an outer midsection
      BIII, and a fly section BIV. Boom base section BI is pivotally connected
      to framework 20 of upper unit 11 by pin means 24. Extendable and
      retractable hydraulic boom hoist cylinders 25 are provided to raise and
      lower boom B and each is pivotally connected to and between framework 20
      and boom base section BI by pin means 26 and 27, respectively. Fly section
      BIV is provided with a working head 34 at the boom point on which a sheave
      35 for load hoist line MH is rotatably mounted. In an actual embodiment,
      for example, boom B is fully extendable to about 105 feet.
PAR  As FIG. 8 shows, extendable and retractable hydraulic boom extension
      cylinders 30, 31 and 32 are located within boom B and are connected to
      boom sections BII, BIII and BIV, respectively, to effect axial extension
      and retraction of the latter. Control means (not shown) are understood to
      be provided to operate the cylinders 30, 31 and 32 either individually or
      in unison, depending upon the crane operator's choice.
PAR  Generally considered, the mobile crane has an optionally useable
      lattice-type jib J storable alongside boom B, with the base end of the jib
      adjacent the point end of the boom. Jib J is shown in FIGS. 1 through 5 as
      comprising two hollow lattice-type jib sections, namely a jib base or foot
      section JI about 20 feet long and a jib fly or point section JIV about 10
      feet long. When jib J is stored, as shown in FIGS. 1 and 2, it is
      reversely disposed with respect to boom B, i.e., its foot end is adjacent,
      near or toward the point of boom B and its point end is adjacent, near or
      toward the base of foot end of boom B. Jib fly section JIV is provided
      with a working head 34A at the jib point on which a sheave 35B for load
      hoist line AH is rotatably mounted, Jib J is adapted, for example, to
      extend the length of boom B by about 30 feet or more, depending on the
      number of jib sections used. In FIG. 8, jib J comprises four sections, JI,
      JII, JIII and JIV.
PAR  The point end of jib point section JIV is also provided, as FIGS. 1, 3 and
      4 show, with a fan-shaped cable support member 39 in the form of a pair of
      plates which are rigidly secured to the jib section and is provided with a
      plurality of holes to which the forward guy lines may be anchored as
      hereinafter explained. The jib point section JIV is detachably secured to
      jib base section JI by suitable removable pins.
PAR  One side of the boom base section BI is provided with a pair of
      longitudinally spaced apart jib storage support assemblies 36 to
      facilitate storing and installing the jib J. As FIGS. 9 through 14 show,
      the point end of the boom fly section BIV and the base end of the jib J
      are provided with cooperating disconnectable hinge members 37 and 38,
      respectively, for attaching the jib J to the boom B so that the jib can be
      swung horizontally between stored and installed positions, as comparison
      of FIGS. 1 and 4 shows. The point end of the boom fly section BIV and the
      base end of the jib J are provided with connection means, including a
      cylindrical rod 40 on the boom fly section head 34 and cooperating journal
      bearings 41 on the jib, for securing the jib to the boom in either axial
      aligned position, shown in FIG. 3, or in downwardly tilted position, shown
      in phantom in FIG. 8, and adjustable strut means or members, shown in
      FIGS. 7, 8, 12 and 13, are detachably connected between the boom and jib
      to limit the extent to which the jib can be tilted. The jib J is provided
      with a self-storing and self-erecting jib mast M which is pivotally
      mounted on the upper side of the jib which cooperates with forward and
      rearward guy lines GF and GR, respectively, to support the jib during
      set-up and operation of the crane. Releasable locking means 43, best seen
      in FIGS. 15, 16 and 17, are provided on the boom fly section BIV and the
      next adjacent intermediate boom section BIII to prevent the extended boom
      fly section from accidentally telescoping under the weight of the jib J in
      the event of a hydraulic system failure.
PAC  THE JIB STORAGE MEANS
PAR  Improved jib storage support means are provided to facilitate storing and
      installing the jib J. As FIG. 1 shows, one side of the boom base section
      BI is provided with a pair of longitudinally spaced apart front and rear
      identical jib storage support assemblies 36 to facilitate storing and
      installing the jib. As FIGS. 18 through 22 make clear, each support
      assembly 36 comprises a mounting bracket 75 and a hollow rigid support
      member or beam 76 which is pivotally mounted thereon so that it can be
      swung between a supporting position (FIG. 18) and a stored position (FIG.
      20). Each support assembly 36 further includes a laterally extending
      member 77 which is pivotally mounted on support member 76 and tiltable
      between a horizontal position (shown in solid lines in FIG. 18) and a
      downward position (shown in phantom lines in FIG. 18) so that the jib J
      can be easily swung thereonto for storage and then subsequently locked
      into horizontal position by locking clamps 78 to secure the jib on the
      support assembly. Each storage assembly 36 comprises a mounting bracket 75
      which is rigidly secured to the side of boom base section BI. The bracket
      75 comprises a rear plate 79, two laterally extending vertically spaced
      apart upper and lower hinge plates 80 which are rigidly secured, as by
      welding, to the rear plate, and suitable gussets 81 which are rigidly
      secured between the rear plate and the hinge plates. The hinge plates 80
      are each provided with a hole 82 for accommodating a vertically extending
      hinge pin 83. The hollow rectangular support or box beam 76 has its inner
      end disposed between the upper and lower hinge plates 80 and is pivotally
      secured thereto by means of the hinge pin 83 which extends through holes
      84 in the beam 76. The beam 76 is movable between an extended position
      wherein it projects outwardly from the side of the boom as shown in FIG.
      22, and a stored position wherein it is disposed alongside the boom, as
      shown in FIG. 20. The beam is provided with a pair of longitudinally
      spaced apart pin holes 86 and 87 therethrough for accommodating a locking
      pin 89 and a pivot pin 90, respectively. U-shaped member 77 for directly
      supporting the jib J in stored position is pivotally connected to the box
      beam 76 by pin 90. The U-shaped member 77 is provided with a pair of holes
      92 and 93 which register with the pair of holes 86 and 87, respectively,
      in the box beam 76. When the jib J is in stored position, as shown in FIG.
      18, the U-beam 77 is parallel with the box beam 76 and both the pins 89
      and 90 are in place. To facilitate the placement or removal of the jib on
      or from the support assemblies 36, only the pivot pin 90 is kept in place
      and this allows the U-beam 77 to move between the horizontal and the
      downwardly tilted positions shown in FIG. 18. To store, the jib J is swung
      across the downwardly tilted U-beam 77 which rides up the inclined plane
      partially braking the rotational momentum. The U-beam 77 then assumes the
      horizontal position and the locking pin 89 may then be secured in place.
      Conversely, to unstore, the locking pin 89 is removed and beam 77 tilts
      downwardly to reduce friction as the jib J swings away from the side of
      the boom B. The U-beam 77 is provided with a pair of generally L-shaped
      clamps 78, one of which is pivotally connected at one end thereof by a pin
      93A and which is movable to a position clear of the jib (as shown in FIGS.
      21 and 22) when the jib is being stored or unstored. After the jib J has
      been properly positioned for storage on the support means 36, the clamp 78
      is swung to the locking position shown in FIG. 18 and secured in place by
      means of the locking bolt 95. The inner clamp 78 is also provided with a
      locking bolt 95. The box beam 76 is lockable in either its extended or
      stored position by means of a removable lock pin 97 which is extendable
      through a hole 98 in a plate 99 attached to plate 79 and a hole 100 in box
      beam 76. Pin 97 can be removed after a pin 97A is withdrawn.
PAC  THE HINGE MEANS AND CONNECTION MEANS
PAR  As FIG. 14 best shows, the working head 34 on boom section BIV comprises a
      rear plate 50 which is rigidly secured, as by welding, to the outermost
      forward end of the fly section and two laterally spaced apart side plates
      51 which are rigidly secured, as by welding, to the rear plate 50. The two
      side plates 51 are further rigidified by a plurality of cross members 52
      which are welded therebetween. The working head 34 supports the
      cylindrical rod 40 which extends through a tube 53 which is welded between
      the plates 51. The rod 40 extends outwardly for a short distance from the
      outer ends of tube 53 and is secured to the tube by a pin 53A. The
      outwardly extending ends of rod 40 serve as a means by which the jib J is
      connected to boom B as hereinafter explained.
PAR  Improved hinge means are provided for connecting the jib J so that it can
      be swung horizontally between stored and installed positions. The point
      end of the boom fly section BIV and the base end JI of the jib J are
      provided with cooperating disconnectable hinge assemblies 37 and 38,
      respectively, for attaching the jib to the boom so that the jib can be
      swung horizontally between stored and installed positions. The hinge
      assemblies 37 and 38 enable the jib J to be pivotally connected to the
      boom B, by hinge links 56, while still in stored position and then swung
      between the stored position and a position in alignment with the boom. The
      hinge assemblies 37 and 38 are disconnectable from each other by
      detachment of the links 56 during jib storage so that the boom B can be
      used independently of the jib J. The hinge assemblies 37 and 38 are also
      disconnectable after the jib J has been secured to the boom B so that the
      jib can be placed in a downwardly tilted position with respect to the
      boom, either for the purpose of connecting additional jib sections such as
      JII and JIII or for the purpose of allowing the jib axis to be offset from
      the boom axis to suit particular job conditions.
PAR  As FIGS. 9 through 14 show, the outer side of one side plate 51 of working
      head 34 is provided with a pair of vertically spaced apart substantially
      identical hinge assemblies 37 for pivotally connecting the base end of jib
      J to head 34 at the point end of boom B. Each hinge assembly 37 comprises
      a back plate 57 which is welded to its associated side plate 51 and two
      horizontally disposed vertically spaced apart laterally extending upper
      and lower plates 54 and 55, respectively, which have a plurality of holes
      58, 59, 60 and 61 therethrough, the holes in upper plate being in registry
      with the holes in the lower plate. Each hinge assembly 37 is adapted to
      accommodate a detachable hinge link 56 which can be disposed between the
      plates 54 and 55 and pivotally secured thereto by means of a central hinge
      pin 63 through the central hole 59 in the plates 54 and 55 and a hole 65
      in the link. During road transport of the jib J the link 56 is secured in
      the forward position shown in phantom in FIG. 9 by means of a second hinge
      pin 63A in the front hole 61 in the plates 54 and 55 and the center hole
      64 in link 56 and is not attached to the jib. As FIGS. 9 and 10 show,
      however, when the jib J is to be swung from its stored position to its
      installed position, the outermost end of the link 56 is connected to the
      associated hinge member on the base end of the jib. As the jib J is swung
      into position, it is capable of pivoting about hinge pin 63A, which is
      then disposed in hole 66 in link 56 and the holes 68 in the hinge assembly
      38 on the jib J.
PAR  The base end of the jib base section JI is provided with a pair of
      vertically spaced apart hinge assemblies 38 which are welded thereto and
      cooperate with the hinge assemblies 37 on the working head 34 of the boom
      B. Each hinge assembly 38 comprises a pair of horizontally disposed
      vertically spaced apart rigid plates 108 having the aligned holes 68
      therein and between which plates 108 and link 56 can be fitted.
PAR  Improved connection means are provided for securing the jib J to the boom B
      in either axially aligned position (see FIGS. 3 through 8) or in
      downwardly tilted position (see FIG. 8 phantom showing). The point end of
      the boom fly section BIV and the base end of the jib J are provided with
      connection means, including the cylindrical rod 40 on the boom fly section
      and the cooperating journal bearings 41 on the jib, for enabling the jib
      to be secured to the boom in either axial aligned position or in
      downwardly tilted position, and adjustable detachable strut means,
      including a pair of laterally spaced apart struts 105, are detachably
      connected between the boom and jib to limit the extent to which the jib
      can be tilted for erection and to provide backstop means. The connection
      means for securing the jib J to the boom B also enable the jib to be
      self-positioned as it is swung into axial alignment with the boom. As
      hereinbefore explained, the base end of the base section JI is provided
      with shimmed journals 41 which are adapted for mating with and connection
      to the outwardly projecting ends of the cylindrical member 40. Each
      journal 41, which is secured to the jib J by bolts 111, comprises a
      semicircular groove 112 for engagement with an end of the pin or member
      40. Each journal 41 is further provided with a pair of spaced apart
      threaded holes 114 for accommodating, as FIG. 13 shows, bolts 115 which
      secure a complementary journal cap 116 to the journal 41 into position
      thereon to encircle the end of member 40 and secure the jib to the boom.
      This arrangement permits the jib J to be pivotally movable with respect to
      the boom B for two purposes, namely: to enable the jib to be pivoted
      downwardly (by slacking off on the rear guy lines GR) and supported on the
      ground when the boom is horizontal so that additional jib sections can be
      attached or removed, and to allow the jib to be pivoted to the position
      shown in FIG. 8 when circumstances so require. Spacers 42 are provided to
      prevent lateral shifting of the jib J.
PAR  As FIGS. 12 and 13 best show, means are provided to prevent the jib J from
      assuming an excessively tilted position with respect to the boom B. During
      erection such means comprise a pair of laterally spaced apart struts 105,
      each of which is pivotally connected to and removably detachable from a
      pin 161 on the working head 34 of the boom B and a pin 109 near the base
      end of the jib section JI. In FIGS. 12 and 13 a strut 105 is shown in its
      nearly extended position. It is to be understood, however, that each strut
      can be telescoped to the position shown in FIG. 8 in phantom to limit the
      tilt angle of the jib J either downwardly or upwardly. Backward tilt of
      the jib is limited to 5.degree. backward tilt by federal regulations. Each
      strut 105 comprises a hollow sleeve portion 106 which is pivotally
      connected at one end, as by pin 109, to a bracket 110 rigidly secured to
      jib J. Each strut 105 further comprises a rod 107 which is adapted to move
      within sleeve 106 between two extreme positions. Rod 107 is pivotally
      connected at one end, as by pin 161 and a cap 107A, so as to be secured to
      working head 34 of the boom B.
PAC  THE MAST
PAR  An improved self-storing and self-erecting jib mast M is provided on jib J
      for supporting the jib during rigging and operation of the crane. The jib
      mast M is pivotally mounted on the upper side of the jib J and cooperates
      with the guy lines GR and GF to support the jib during set-up and
      operation of the crane. The jib mast M has its lower end pivotally
      connected by pins 120 to brackets 121 located on the top side of the base
      end of the jib J so that it can assume a stored position wherein it lies
      on the jib (see FIGS. 1 and 3) and from which it can automatically be
      raised into supporting position, as shown in FIG. 4 and elsewhere. In
      practice, the rear and front guy lines GR and GF, respectively, are
      connected between a bracket 122 at the upper end of the mast M and to
      brackets 123 on boom section BIII and an erection link 124 on the jib J,
      respectively, while the mast is in lowered or stored position. The rear
      guy line GR is anchored to bracket 123 on the intermediate boom section
      BIII so that, upon extension of the fly section BIV of the boom B, the
      mast M is automatically raised and the guy lines GR and GF are tightened
      thereby supporting the jib either for working purposes or while additional
      jib sections are connected. If more than one jib section such as JI is to
      be employed, the front guy line GF which is normally connected between the
      mast M and the end of the jib base section JI is replaced by a longer
      front guy line (as FIG. 7 shows) which is connected between the mast M and
      the point end of the jib point section JIV after the additional jib
      sections JII and JIII have been connected. As FIG. 14 shows, jib mast M
      comprises a pair of laterally spaced apart rigid side members 126 which
      are interconnected by a plurality of lateral support braces 127. The
      uppermost end of each side member 126 is provided with a bracket 122 which
      is rigidly secured, as by welding, to the side member and is provided with
      a pair of holes 128 (shown in FIGS. 1 and 4) for facilitating the
      attachment of the guy wires. A sheave 130 is provided on the mast M to
      accommodate the load line AH, as FIG. 8 shows, and prevent it from being
      snagged if the jib J is tilted from the axially aligned position shown in
      FIG. 8 to a tilted position indicated by the phantom lines in FIG. 8. The
      sheave 130 is rotatably supported on a pin 131 which, in turn, is mounted
      on a pair of brackets 132 which are rigidly secured between a pair of
      adjacent cross braces 127, as FIG. 14 best shows. FIG. 14 also shows that
      the lower ends of the side members 126 of the mast M are pivotally
      connected by means of pins 120 to brackets 121 which are rigidly secured
      in spaced apart relationship at the base end of jib section JI.
PAC  SAFETY LOCKING MEANS
PAR  As FIGS. 15, 16 and 17 best show, the improved releasable safety locking
      means for preventing the extended boom fly section BIV from accidentally
      telescoping inwardly into its adjacent intermediate boom section BIII
      under the weight of the jib J in the event of a hydraulic system failure
      or inadvertent operation of the retract telescope means by the operator
      (which allows the fly cylinder to retract) take the form of a jam plate
      140 rigidly mounted at or near the base end of the extended boom fly
      section BIV, which plate 140 is engageable in interfering relationship
      with a selectively movable spring-biased locking member 141 of a locking
      assembly 142 mounted at or near the outer end of the adjacent intermediate
      boom section BIII.
PAR  The jam plate 140 is on the underside of the base end of the boom fly
      section BIV to prevent the fly section from accidentally telescoping back
      into the intermediate section BIII after the fly section BIV has been
      extended to the position shown in FIG. 8 in the event that a holding valve
      (not shown) in the hydraulic operating circuit for holding the fly section
      BIV extended fails or the retract telescopic lever is accidentally engaged
      for the fly section. The jam plate 140 is adapted to cooperate with the
      locking assembly 142 which is provided on the underside of the
      intermediate boom section BIII near the forward end thereof. The locking
      assembly comprises a base plate 143 which is secured, as by welding, to
      intermediate boom section BIII and a pair of laterally spaced apart
      downwardly depending side plates 144 which are rigidly secured, as by
      welding, to the base plate 143. Each side plate 144 is provided with a pin
      hole 145 for rotatably accommodating the end of a pin 146 therethrough.
      One end of the pin 146 is provided with a pin lever 147 which is rigidly
      secured thereto, as by welding, and the other end of the pin 146 is
      provided with a cotter key 148 in a hole therethrough. The locking member
      141 is rigidly secured to and extends radially outwardly and rotatable
      with a sleeve 149 which is mounted on the pin. The hollow cylindrical
      sleeve 149 is disposed on pin 146 between the side plates 144 and is
      connected thereto for movement therewith by a pin 150. The radially
      extending member 141 is rigidly secured to the sleeve 149 as by welding at
      152. In FIGS. 15, 16 and 17 the boom section BIV is shown as fully
      extended from the intermediate boom section BIII, and the locking member
      141 is shown in locking position wherein it is disposed in the path of the
      jam plate 140 and would prevent retraction of the fly section. The locking
      member 141 is maintained in locking position by means of the coiled
      tensioning spring 154 which has one end connected to a bracket 155 rigidly
      secured to a side plate 144 and has its opposite end connected to a pin
      157 extending outwardly of the lever 147. The biasing spring 154 holds the
      locking member 141 in the locking position shown in solid lines in FIG. 16
      during operation of the crane. However, when it is desired to release the
      locking member to permit retraction of boom fly section BIV, the locking
      member 141 is rotated manually in a clockwise direction to its alternate
      position, as shown in phantom lines in FIG. 16, out of the path of the jam
      plate 140. As the locking member 141 is rotated, the biasing spring 154 is
      caused to extend slightly and moves overcenter into an alternate position
      wherein it subsequently biases the locking member 141 against a lateral
      brace plate 160.
PAC  OPERATION
PAR  The crane operates in the following manner, assuming that all components
      are in the condition shown in FIGS. 1 and 2, the boom B is fully
      retracted, and the jib J is swung into stored position on the boom support
      assemblies 36 and locked thereon. Further assume that the hinges are in
      the condition shown in FIG. 11 wherein the hinge elements 38 on jib J and
      the hinge elements 40 on boom B are disconnected and the link 56 is
      secured in open position by means of pin 63A.
PAR  To set up the jib J for operation it is preferable to swing the crane upper
      11 from the position shown in FIG. 1 to the reversed position shown in
      FIG. 3 and to extend the outriggers 14. The locking clamp bolts 95 shown
      in FIG. 18 are then removed and the outermost clamp 78 is swung down to
      its open position. The hinge links 56 are then moved from the position
      shown in phantom in FIG. 9 and attached to the jib J as shown in FIG. 9,
      whereupon jib J is swung horizontally manually to the position shown in
      FIG. 10 into alignment with boom B. It is to be understood that prior to
      swinging of jib J to the position shown in FIG. 10 the journal caps 116
      must be removed from the journals 41 so that the latter can make proper
      engagement with the ends of the horizontal pin 40. Thereafter, with the
      jib J in the position shown in FIG. 10, the caps 116 are secured to the
      journals 41.
PAR  Before an attempt is made to swing jib J horizontally from the jib support
      assemblies 36 it is necessary to remove the locking pins 89 of the jib
      support assemblies so that the members 77 can tilt downwardly as the jib
      slides outwardly thereacross. The downwardly tilting action of the members
      77 reduces frictional forces between the jib J and the upper surfaces of
      the members 77 and facilitates removal of the jib from the jib storage
      assemblies 36. When the jib J is clear of the jib support assemblies 36,
      each assembly may be placed and locked in the stored position shown in
      FIG. 20. If the jib is to be employed in axial alignment with boom B, the
      links 56 must be swung to the rearward position and the furnished guy
      lines, properly connected, will provide the aforementioned alignment.
PAR  At this point jib J is in the position shown in FIG. 3 and mast M is still
      in stored position. It will be noted, however, that the guy lines GR and
      GF are attached as hereinbefore described. To erect the mast and render
      the guy lines taut, boom fly section BIV is extended from the position
      shown in FIG. 3 to the position shown in FIG. 4, whereupon rear guy lines
      GR become taut and raise mast M and forward guy lines GF become taut to
      effectively support jib J. It will be noted from FIG. 4 that, with boom
      fly section BIV fully extended, the locking means 142 are brought in play
      and prevent inadvertent or accidental retraction of boom fly section BIV
      which would cause the guy lines to slacken.
PAR  When jib J has assumed the position shown in FIG. 3, the struts 105 are
      installed as shown in FIGS. 12 and 13. Once the jib J is secured with the
      journal caps 116 secured to pin 40 as shown in FIG. 4 and the struts 105
      are in place, then the jib guy line GF is disconnected from the erection
      link 124 by retracting boom section BIV to slacken the guy lines or cables
      and an additional jib JIV guy line is connected to guy line GF and fan
      item 39, made reasonably taut, and the links 56 swung to the jib operating
      position as shown in FIG. 11. The crane may be used in the conventional
      manner by rigging the hoist lines as desired and by extending the various
      boom sections to the desired length for the basic 30' jib length.
PAR  FIGS. 5, 6 and 7 show the manner in which the jib J may be extended by the
      addition of other intermediate jib sections thereto. As FIG. 5 shows, boom
      B is extended to its full length in a slightly downward direction so that
      the jib point section JIV rests on the ground and can be detached from jib
      base section JI. Boom B is then retracted, as shown in FIG. 6, to provide
      space for insertion, for example, of additional jib sections JII and JIII
      between the jib sections JI and JIV. When the sections JI, JII, JIII and
      JIV have been interconnected, the relatively short forward guy line GF is
      replaced by additional guy lines GF1, GF2, GF3, GF4, as shown in FIG. 7.
      GF4 is then connected to fan 39 in a hole stamped to indicate jib length.
      FIGS. 7 and 8 show jib J in an arrangement where it is in axial alignment
      with boom B. However, jib J can also be employed in a downwardly tilted
      arrangement as shown in phantom lines in FIG. 8. To accomplish tilting of
      jib J it is necessary that the point of the jib J be rested on the ground
      as shown in FIG. 7. It is also necessary to then retract fly BIV, after
      the latch is released, so that the guy line GR will slacken to allow
      insertion of suitable links between GR and 123 to use a relatively longer
      guy line in order for the multisection jib J, shown in FIGS. 7 and 8, to
      assume the tilted position indicated in FIG. 8. The connector 39 permits
      forward guy lines to be attached to the point end of jib J for purposes of
      adding extra jib sections with guy lines of corresponding equal length to
      be added.
PAR  Jib J is disassembled and stored by reversing the procedural steps
      indicated above. More specifically, if a multisection jib J has been used
      the procedures shown in FIGS. 5, 6 and 7 are reversed. If a jib J
      comprising merely a base section JI and a point section JIV is employed,
      as shown in FIGS. 1, 3 and 4, then the procedural steps shown in those
      figures are reversed. Before boom fly section BIV can be retracted into
      intermediate boom section BIII it is necessary that the locking member 141
      of the locking means 142 be swung from the locking position shown in solid
      lines in FIG. 16 clockwise to the unlocked position shown in phantom lines
      in FIG. 16. When this is done it is possible for jam plate 140 to move
      past the position formerly occupied by locking member 141. When jib J is
      ready to be swung from the position shown in FIG. 3 to the stored position
      shown in FIG. 1, it is necessary beforehand to swing the jib support
      assemblies 36 into proper position and to lock them in place by the
      locking pins 97 and to remove the locking pins 89 so that the members 77
      thereof can assume their downwardly tilted position, shown in FIG. 18.
      This allows jib J to slide into engagement with the members 77 while
      gradually moving them into their horizontal jib storage position and into
      a position where the locking pins 89 can again be inserted. When jib J is
      finally in place the outermost locking clamp 78 may be swung into the
      position shown in solid lines in FIG. 18, and the locking bolts 95 may be
      inserted to fully engage the clamps 78 around the longitudinal members of
      jib base section JI.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a mobile crane: a multisection telescopic boom including a boom fly
      section, an adjacent boom into which said fly section can telescope, and
      selectively operable means for moving said fly section relative to said
      adjacent boom section, said fly section having a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      said boom with said base end of said jib near said point end of said fly
      section; hinge means on said fly section and on said jib for pivotally
      connecting said base end of said jib to said point end of said fly section
      whereby said jib can be swung off said jib storage means and into
      alignment with said boom; connection means for securing said jib to said
      fly section when said jib is swung into alignment with said boom; a mast
      pivotally connected to said jib and swingable between a stored position
      alongside said jib and an upright position; at least one forward guy line
      connected between said mast and said jib; at least one rear guy line
      connected between said mast and said adjacent boom section; said rear guy
      line effecting erection of said mast to upright position wherein said
      forward guy line supports said jib when said fly section is extended
      relative to said adjacent boom section and selectively releasable locking
      means on said fly section and on said adjacent boom section to prevent
      telescoping of said fly section with respect to said adjacent boom section
      when said fly section is extended, said releasable locking means
      comprising abutment means on said fly section near said point end of said
      fly section and a locking assembly on said adjacent boom section, said
      locking assembly comprising a selectively movable spring-biased locking
      member.
NUM  2.
PAR  2. A crane according to claim 1 wherein said locking member is selectively
      movable into one position wherein it is engageable with said abutment
      means but permits said boom fly section to be moved to said extended
      position while preventing said boom fly section from being moved to said
      retracted position, said locking member being selectively movable into
      another position wherein it is out of the path of said abutment means and
      permits said boom fly section to be moved to said retracted position.
NUM  3.
PAR  3. A crane according to claim 2 wherein said locking assembly comprises a
      support, said locking member being rotatably mounted on said support, and
      biasing means connected between said locking member and said support for
      maintaining said locking member in either of its two positions, said
      biasing means enabling said locking member to be moved out of the path of
      movement of said abutment means as said one boom section is being extended
      while said locking member is in its said one position.
NUM  4.
PAR  4. In a mobile crane: a multisection telescopic boom including a boom fly
      section, an adjacent boom into which said fly section can telescope, and
      selectively operable means for moving said fly section relative to said
      adjacent boom section, said fly section having a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      said boom with said base end of said jib near said point end of said fly
      section, said jib storage means comprising at least one jib storage
      assembly disposed adjacent said boom and comprising a first support member
      extending laterally in a direction outwardly of said boom and a second jib
      support member pivotally connected to said first support member and
      movable by said jib between a horizontal jib storage position and a
      downwardly tilted jib loading and unloading position; hinge means on said
      fly section and on said jib for pivotally connecting said base end of said
      jib to said point end of said fly section whereby said jib can be swung
      off said jib storage means and into alignment with said boom; connection
      means for securing said jib to said fly section when said jib is swung
      into alignment with said boom; a mast pivotally connected to said jib and
      swingable between a stored position alongisde said jib and an upright
      position; at least one forward guy line connected between said mast and
      said jib; and at least one rear guy line connected between said mast and
      said adjacent boom section; said rear guy line effecting erection of said
      mast to upright position wherein said forward guy line supports said jib
      when said fly section is extended relative to said adjacent boom section.
NUM  5.
PAR  5. A crane according to claim 4 including means for releasably locking said
      second jib support member in said horizontal storage position when said
      jib is disposed thereon.
NUM  6.
PAR  6. A crane according to claim 5 including means for releasably securing
      said jib on said first support member when said jib is disposed thereon.
NUM  7.
PAR  7. A crane according to claim 4 including mounting means for said first
      support member whereby said first support member is movable horizontally
      between a position wherein it extends in said direction outwardly of said
      boom and a storage position alongside said boom.
NUM  8.
PAR  8. A crane according to claim 7 including means for locking said first
      support member in either the position wherein it extends outwardly of said
      boom or said storage position alongside said boom.
NUM  9.
PAR  9. In a mobile crane: a boom having a base end and a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      of said boom with said base end of said jib near said point end of said
      boom; first hinge means on said boom near said point end of said boom;
      second hinge means on said jib near said base end of said jib; link means
      pivotally connected by first pin means to said first hinge means and
      selectively movable between at least one link storage position and an
      outwardly extending link connecting position; and second pin means for
      pivotally and releasably connecting said link means to said second hinge
      means when said link means is in said outwardly extending link connecting
      position to enable said jib to be swung between its stored position
      alongside said boom and a position in alignment with said boom.
NUM  10.
PAR  10. In a mobile crane: a boom having a base end and a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      of said boom with said base end of said jib near said point end of said
      boom; first hinge means on said boom near said point end of said boom;
      second hinge means on said jib near said base end of said jib; link means
      pivotally connected to said first hinge means and selectively movable
      between at least one link storage position and an outwardly extending link
      connecting position; and means for pivotally and releasably connecting
      said link means to said second hinge means when said link means is in said
      outwardly extending link connecting position to enable said jib to be
      swung between its stored position alongside said boom and a position in
      alignment with said boom, said means for pivotally and releasably
      connecting said link means to said second hinge means comprising pin
      means, said pin means being further usable to releasably secure said link
      means in said link storage position.
NUM  11.
PAR  11. A mobile crane according to claim 10 wherein said second hinge means
      comprises a first pin hole, wherein said link means comprises a second pin
      hole for selective registration with said first pin hole when said link
      means is in link connecting position, wherein said first hinge means
      comprises at least one third pin hole, and wherein said link means further
      comprises at least a fourth pin hole for selective registration with said
      third pin hole when said link means is in said link storage position.
NUM  12.
PAR  12. In a mobile crane: a boom having a base end and a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      of said boom with said base end of said jib near said point end of said
      boom; first hinge means on said boom near said point end of said boom;
      second hinge means on said jib near said base end of said jib; link means
      pivotally connected to by first pin means to said first hinge means and
      selectively movable to a link stored position, to an outwardly extending
      link connecting position and to a link disconnected position, said link
      means extending toward said point end of said boom when in link stored
      position for road travel of said crane and extending toward said base end
      of said boom when in said link disconnected position and out of
      interfering relationship with said second hinge means; and second pin
      means for pivotally and releasably connecting said link to said second
      hinge means when said link means is in said outwardly extending connecting
      position to enable said jib to be swung between its stored position
      alongside said boom and a position in alignment with said boom.
NUM  13.
PAR  13. In a mobile crane: a boom having a base end and a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      of said boom with said base end of said jib near said point end of said
      boom; first hinge means on said boom near said point end of said boom;
      second hinge means on said jib nenar said base end of said jib; link means
      pivotally connected to said first hinge means and selectively movable
      between at least one link storage position and an outwardly extending link
      connecting position, said link means extending toward said point end of
      said boom when in link stored position for road travel of said crane and
      extending toward said base end of said boom when in said link disconnected
      position and out of interfering relationship with said second hinge means;
      and means for pivotally and releasably connecting said link means to said
      second hinge means when said link means is in said outwardly extending
      link connecting position to enable said jib to be swung between its stored
      position alongside of said boom and a position in alignment with said
      boom, said means for pivotally and releasably connecting said link means
      to said second hinge means comprising pin means, said pin means being
      further usable to releasably secure said link means in either link stored
      position or in link disconnected position.
NUM  14.
PAR  14. A mobile crane according to claim 13 wherein said first hinge means on
      said boom comprises a pair of first pin holes, each of said pin holes in
      said first pair corresponding to either a link stored position or a link
      disconnected position; wherein said second hinge means on said jib is
      provided with a second pin hole; wherein said link means comprises a third
      pin hole for selective registration with said second pin hole in said
      second hinge means when said link means is moved to link connecting
      position; wherein said link means is provided with a fourth pin hole for
      registration with either of said first pin holes in said first hinge
      means.
NUM  15.
PAR  15. In a mobile crane: a multisection telescopic boom including a boom fly
      section, an adjacent boom into which said fly section can telescope, and
      selectively operable means for moving said fly section relative to said
      adjacent boom section, said fly section having a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      said boom with said base end of said jib near said point end of said fly
      section; hinge means on said fly section and on said jib for pivotally
      connecting said base end of said jib to said point end of said fly section
      whereby said jib can be swung off said jib storage means and into
      alignment with said boom, said hinge means comprising a first pair of
      vertically spaced apart hinge assemblies on said fly section, a second
      pair of vertically spaced apart hinge assemblies on said jib, and
      detachable links for connecting said first pair of hinge assemblies to
      said second pair of hinge assembiles; connection means for securing said
      jib to said fly section when said jib is swung into alignment with said
      boom, said connection means comprising horizontally disposed pin means
      mounted on said point end of said fly section and journal means mounted on
      said base end of said jib for releasable engagement with said pin means,
      to enable said jib to be tilted downwardly when said hinge means are
      disconnected, said journal means on the base end of said jib comprising a
      pair of laterally spaced apart shimmable journals and a cap for each said
      shimmable journal, which cap is releasably connectable thereto to secure a
      respective shimmable journal to said pin means on said fly section; a mast
      pivotally connected to said jib and swingable between a stored position
      alongside said jib and an upright position; at least one forward guy line
      connected between said mast and said jib; and at least one rear guy line
      connected between said mast and said adjacent boom section; said rear guy
      line effecting erection of said mast to upright position wherein said
      forward guy line supports said jib when said fly section is extended
      relative to said adjacent boom section.
NUM  16.
PAR  16. In a mobile crane: a multisection telescopic boom including a boom fly
      section, an adjacent boom into which said fly section can telescope, and
      selectively operable means for moving said fly section relative to said
      adjacent boom section, said fly section having a point end; a jib for
      optional use with said boom, said jib having a base end and a point end;
      jib storage means near a side of said boom for storing said jib alongside
      said boom with said base end of said jib near said point end of said fly
      section; hinge means on said fly section and on said jib for pivotally
      connecting said base end of said jib to said point end of said fly section
      whereby said jib can be swung off said jib storage means and into
      alignment with said boom, said hinge means comprising a first pair of
      vertically spaced apart hinge assemblies on said fly section, a second
      pair of vertically spaced apart hinge assemblies on said jib, and
      detachable links for connecting said first pair of hinge assemblies to
      said second pair of hinge assemblies; connection means for securing said
      jib to said fly section when said jib is swung into alignment with said
      boom; a mast pivotally connected to said jib and swingable between a
      stored position alongside said jib and an upright position; at least one
      forward guy line connected between said mast and said jib; and at least
      one rear guy line connected between said mast and said adjacent boom
      section; said rear guy line effecting erection of said mast to upright
      position wherein said forward guy line supports said jib when said fly
      section is extended relative to said adjacent boom section.
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ABST
PAL  This disclosure relates to the forming of folds in a container panel for
      the purpose of providing a protective fold both about the periphery of a
      removable panel segment and about the portion of the container panel from
      which the removable segment has been removed. The two folds are formed in
      a continuous operation with first one fold being formed and then the other
      fold being formed without effecting the rupture of the container panel
      intermediate the folds along a previously formed line of weakening. A die
      set is provided for properly supporting the various portions of the
      container member and for applying pressures on the various panels so as to
      effect a first folding and then a second folding while supporting that
      panel of the container member containing the line of weakening so as to
      prevent rupture thereof along the line of weakening.
BSUM
PAR  This invention relates in general to new and useful improvements in the
      formation of easy opening container ends and more particularly to an easy
      opening container end wherein both the removable segment and the remaining
      portion of the end panel are provided with a protective fold which
      overlaps the raw edge which results from the tearing of the removable
      segment along the weakening line.
PAR  This invention particularly relates to the formation of a container end of
      the easy opening type such as that disclosed in the U.S. Pat. to Albert J.
      Holk, Jr., No. 3,696,961 granted Oct. 10, 1972. The invention particularly
      relates to the problem of preventing rupture of the container end alonng
      the weakening line formed therein while folding the metal of the container
      end, both in the removable panel segment and in the remaining portion of
      the end panel so as to effect a double folding of the metal in the manner
      shown in the Holk, Jr. patent. It is to be understood that the necessary
      folding operation must be accomplished automatically by means of a
      suitable die set.
PAR  In accordance with this invention, it has been determined that the
      necessary formation of the twin double folds as required in accordance
      with the disclosure of this application, it is necessary to properly
      support that panel containing the line of weakening so as to prevent
      stressing the panel and thus accidentally rupture the panel along the line
      of weakening.
PAR  It has been found that the panel containing the line of weakening may be
      best supported if the necessary twin folding operation is accomplished in
      sequence. By first folding the metal outboard of the weakening line,
      adequate support can be given to the metal of the can end inwardly of the
      weakening line so as to prevent twisting of the panel containing the
      weakening line. After the first fold has been formed, the second fold may
      be readily formed.
PAR  A principal feature of the invention is the provision of a die set which
      includes suitable supports and suitable pressure members and wherein
      certain of the supports and pressure members are relatively movable with
      respect to others and wherein a complete supporting of the end unit may be
      obtained while at the same time applying the necessary pressure to effect
      the sequential folding of the metal of the end unit in a continuous
      operation utilizing a single die set for the final folding.
PAR  With the above and other objects in view that will hereinafter appear, the
      nature of the invention will be more clearly understood by reference to
      the following detailed description, the appended claims and the several
      views illustrated in the accompanying drawings:
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a plan view of an end unit formed in accordance with this
      invention.
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view taken through the
      end unit of FIG. 1 in a first forming operation.
PAR  FIG. 3 is a fragmentary sectional view similar to FIG. 2 and shows the
      details of a second forming operation.
PAR  FIG. 4 is another view similar to FIG. 2, but on a smaller scale, showing a
      third operation.
PAR  FIG. 5 is an enlargement of the encircled area of FIG. 4 designated FIG. 5.
PAR  FIG. 6 is another view similar to FIG. 2 on a reduced scale showing a
      fourth operation.
PAR  FIG. 7 is an enlargement of that portion of FIG. 6 designated FIG. 8
      showing the operation only partially completed.
PAR  FIG. 8 is an enlargement like FIG. 7, but showing the details of the
      completed operation.
DETD
PAR  Referring now to the drawings, it will be seen that there is illustrated in
      FIG. 1 an end unit, generally identified by the numeral 10 of the easy
      opening, full opening type. The end unit 10 includes a peripheral curl 11
      of a conventional construction for engagement with the flange of a can
      body and for combining with such flange to define a conventional double
      seam. Inwardly of the curl 11 is the usual chuck wall 12 which surrounds
      an end panel 13. The end panel 13 has formed therein a removable panel
      portion or segment 14 which is of the full opening type and which is
      defined by a peripheral weakening line or score 15 (FIG. 8). Formed about
      the periphery of the removable segment 14 is a double fold 16 and a
      similar double fold 17 is formed in the end panel 13 about the removable
      segment 14.
PAR  In order to facilitate the opening of the end unit 10 and the removal of
      the removable segment 14, the removable segment is provided with an
      integral rivet 18 through which a pull tab (not shown) is attached to the
      removable segment 14. Adjacent the rivet 18, the removable segment 14 is
      provided with a conventional type of vent score 20 and associated
      anti-fracture score 21. Finally, the central portion of the end unit 10 is
      provided with the usual stiffening offset or recess 22. Referring now to
      FIG. 2, it will be understood that a can unit blank will initially be
      drawn by means of a die set, generally identified by the numeral 23, to
      the configuration shown in FIG. 2 with the curl 11 being partially formed
      and wherein the end panel 13 is upwardly offset to define in order an
      outer upstanding panel 24, an intermediate peripheral panel 25, an inner
      upstanding panel 26 and an inner panel 27.
PAR  Following the operation of FIG. 2, in another operation, the inner panel 27
      has formed therein a bubble (not shown) from which the rivet 18 is finally
      formed. Also, the shaping of the curl 11 is completed. Inasmuch as this
      operation forms no part of this invention, no attempt has been made to
      illustrate the die set utilized for the method of forming the same.
PAR  Referring now to FIG. 3, it will be seen that there is illustrated another
      die set, generally identified by the numeral 28. The die set 28 includes a
      lower die unit, generally identified by the numeral 30 and an upper die
      unit 31. The die unit 31 includes anvils 32,33 and 34 with the anvil 34
      having a central opening 35 therein, and additionally, carrying a pin type
      anvil 36. The die unit 31 includes a pressure member or punch 37 which
      cooperates with the anvil 32 to shape the chuck wall 12 and to flatten the
      end panel 13 adjacent the chuck wall 12.
PAR  The die unit 31 also includes a pressure member or punch 38 engageable with
      the intermediate peripheral panel 25 and cooperable with the anvils 32 and
      33 to both flatten the intermediate peripheral panel 25 and to reshape the
      upstanding wall 24 so that the upstanding wall 24 now slopes upwardly and
      outwardly from the end panel 13 to the intermediate peripheral panel 25.
PAR  The die unit 31 also includes a pressure member or punch 40 which in
      cooperation with the punch 38 and the anvils 33 and 34 re-shape and
      reposition the inner upstanding panel 26 so that it also slopes upwardly
      and outwardly.
PAR  The punch 40 is provided with an opening 41 which cooperates with the anvil
      pin 36 to reshape the previously formed bubble (not shown) into the rivet
      18. Further, the punch 40 carries a punch 42 which cooperates with the
      opening 35 in the anvil 34 to form the depression 22.
PAR  Reference is now made to FIG. 4 wherein there is illustrated the details of
      a die set for forming the weakening line or score 15 and the scores 20,21.
      The die set is generally identified by the numeral 43 and includes anvils
      44 and 45 which cooperate with punches or pressure members 46 and 47,
      respectively, to form these various scores.
PAR  It is to be noted that the anvil 44 has an upper surface thereof provided
      with a scoring projection 48 which opposes that portion of the punch 46
      which bears against the intermediate peripheral panel 25. This is best
      illustrated in FIG. 5. It is to be noted that the intermediate peripheral
      panel 25 is adequately supported during the formation of the score 15.
      Further, it is to be noted that the end panel 13 and the inner upstanding
      panel 24, in addition to the intermediate peripheral panel 25 are
      adequately supported by an anvil 50 and another pressure member or punch
      51 which cooperate with one another and with the anvil 44 and the punch
      46.
PAR  With respect to the formation of the scores 20,21, it is to be noted that
      the punch 47 has formed thereon scoring projections 52,53 which engage the
      upper surface of the inner panel 27, which inner panel is backed up by the
      anvil 45.
PAR  Reference is now made to FIGS. 6, 7 and 8, wherein there are illustrated
      the details and function of a further die set generally identified by the
      numeral 54. The function of the die set 54 is to move the intermediate
      peripheral panel 25 and the inner panel 27 back towards the general plane
      of the end panel 13 with the resultant folding of the outer upstanding
      panel 24 into overlying relation with respect to the end panel and the
      folding of the inner upstanding panel 26 into overlying relation with
      respect to the intermediate peripheral panel 25. The results of the
      operation of the die set 54 are best illustrated in FIG. 8.
PAR  The die set 54 includes a lower die unit, generally identified by the
      numeral 55, and an upper die unit, generally identified by the numeral 56.
      The lower die unit 55 includes a vertically fixed base 57 on which there
      are mounted anvils 58, 60 and 61. The anvil 58 is fixed relative to the
      base 57 while the anvils 60 and 61 are resistedly movable towards the base
      57. The anvil 61 also carries an upstanding button 62 which is receivable
      within the rivet 18 so as to assure the proper location of the end unit 10
      during the further formation thereof by the die set 54.
PAR  The upper die unit 56 includes a head 63 which is vertically movable with
      respect to the base 57 and which carries pressure members or punches 64,
      65 and 66. The punch 66 is fixedly secured to the head 63 for positive
      movement therewith while the punches 64 and 65 are suitably mounted in a
      manner not shown for resistive movement towards the head 63 and for
      movement together with the head 63.
PAR  As is clearly shown in FIGS. 7 and 8, the punch 64 cooperates with the
      anvil 58 to both position the end unit 10 and to clamp the other portion
      of the end panel 13 in a fixed position. It is to be noted that the anvil
      58 extends under the end panel for the full width thereof so as to provide
      full support for the end panel 13.
PAR  The punch 65 is aligned with the inner portion of the anvil 58 for
      engagement with the intermediate peripheral panel 25 outwardly of the
      weakening line 15. It is to be noted that at the beginning of the
      operation utilizing the die set 54, the outer upstanding panel 24 lies
      fully within a projection of the punch 65.
PAR  The anvil 61 is dimensioned to closely fit within the intermediate
      peripheral panel 25 and to engage the underside of the inner panel 27 in
      full supporting relation. The anvil 60 is positioned between the anvils 58
      and 61 for bearing against the underside of the intermediate peripheral
      panel 25 generally from the weakening line 15 inwardly and the inner
      upstanding panel 26 lies fully within the projection of the anvil 60.
PAR  After the end panel 13 is clamped between the punch 64 and the anvil 58,
      further downward movement of the head 63 towards the base 57 results in
      the punch 65 exerting a downwardly directed pressure on the intermediate
      peripheral panel 25 and the punch 66 exerting a downward pressure on the
      inner panel 27. The net result is that the intermediate peripheral panel
      25, the inner upstanding panel 26 and the inner panel 27 move downwardly
      in unison in fully supported relation with the outer upstanding panel 24
      being collapsed and the central portion thereof assuming a position
      clamped between the intermediate peripheral panel 25 and the end panel 13,
      as is shown in FIG. 7 while the inner upstanding panel 26 remains
      undeformed. The ends of the displaced panel 24 are in the form of the
      first bends 67,68 which generally bear radially against the punch 64 and
      the anvils 60, respectively.
PAR  It is to be understood that during the collapsing of the outer upstanding
      panel 24 to the shape illustrated in FIG. 7, the intermediate peripheral
      panel 25 is retained at all times in planes disposed substantially
      parallel to the general plane of the end panel 13 and without the metal
      thereof being unduly stressed so as to in any way initiate fracture in
      alignment with the weakening line of the score 15.
PAR  After the folding of the outer upstanding panel 24 has been effected to
      form the outer double fold 17, the continued downward movement of the head
      63 results in the continued downward movement of the punch 66 relative to
      the punches 64,65 with the anvil 61 being forced downwardly while still
      cooperating with the punch 66 to support the inner panel 27. As a result,
      the inner upstanding panel 26 is collapsed and folded to the position
      illustrated in FIG. 8 to form the inner double fold 16. It is to be noted
      that in the inner double fold 16, the central portion of the inner
      upstanding panel 26 lies between the intermediate peripheral panel 25 and
      the inner panel 27 with the ends of the inner upstanding panel 26 defining
      inner and outer reverse folds 70,71. These folds are positioned by the
      punch 65 and the anvils 61, respectively.
PAR  Inasmuch as the double fold 17 is fully supported by the anvil 58 and the
      inner portion of the intermediate peripheral panel 25 is fully supported
      by the anvil 60 during the folding of the inner upstanding panel 26, it
      will be seen that no undue pressure is exerted upon the intermediate
      peripheral panel 25 which could possibly initiate fracture thereof in
      alignment with the weakening line or score 15.
PAR  From the foregoing, it will be readily apparent that there has been devised
      a die set and a method of utilizing the same wherein the necessary double
      folding of an end panel of a can end on opposite sides of a previously
      formed weakening or score line may be readily accomplished without unduly
      distorting the intermediate peripheral panel carrying such score line and
      without unduly stressing such intermediate peripheral panel so as to
      produce undesired stresses therein which would result in premature
      rupturing of the intermediate peripheral panel in alignment with the
      weakening line.
PAR  Although only a preferred embodiment of the invention has been specifically
      illustrated and described herein, it is to be understood that minor
      variations may be made in the folding method and the die set utilized
      therein without departing from the spirit and scope of the invention, as
      defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a container panel with a removable segment defined
      by a weakening line and with a protective fold in said panel and said
      removable segment on opposite sides of and adjacent said weakening line,
      said method comprising the steps of providing a generally planar container
      panel lying in a first general plane, deforming said panel about a
      predetermined outline to define an inner panel lying in a second general
      plane offset from the first general plane, an intermediate peripheral
      panel lying in a third general plane intermediate the first general plane
      and the second general plane, an outer upstanding panel joining said
      intermediate peripheral panel to said container panel, an inner upstanding
      panel joining said inner panel to said intermediate peripheral panel, and
      with said weakening line in said intermediate peripheral panel; and then
      moving said intermediate peripheral panel and said inner panel towards the
      general plane of said container panel with said inner and outer upstanding
      panels being sequentially folded to positions at small angles to said
      general plane of said container panel.
NUM  2.
PAR  2. The method of claim 1 wherein said folding of said inner and outer
      upstanding panels is effected in a single continuous operation.
NUM  3.
PAR  3. The method of claim 1 wherein the general plane of said intermediate
      peripheral panel is substantially parallel to the first general plane, and
      said intermediate peripheral panel is maintained substantially parallel to
      the first general plane during the movement of said intermediate
      peripheral panel towards said container panel.
NUM  4.
PAR  4. The method of claim 1 wherein said outer upstanding panel is the first
      to be folded upstanding panel.
NUM  5.
PAR  5. The method of claim 4 wherein said intermediate peripheral panel and
      said inner panel are moved in unison until folding of said outer
      upstanding panel is completed, and thereafter said inner panel is
      separately moved to effect said folding of said inner upstanding panel.
NUM  6.
PAR  6. The method of claim 5 wherein said intermediatperipheral panel is
      supported during the movement thereof.
NUM  7.
PAR  7. The method of claim 5 wherein said intermediate peripheral panel and
      said inner panel are both supported during the movement thereof.
NUM  8.
PAR  8. The method of claim 7 wherein the supporting of said intermediate
      peripheral panel and inner panel are separate.
NUM  9.
PAR  9. The method of claim 5 wherein said movement of said intermediate
      peripheral panel and said inner panel is effected by forces separately
      applied thereto.
NUM  10.
PAR  10. The method of claim 5 wherein said movement of said intermediate
      peripheral panel and said inner panel is effected by forces separately
      applied thereto and wherein said intermediate peripheral panel and said
      inner panel are both supported during the movement thereof.
NUM  11.
PAR  11. A die set for effecting folding of a container panel having an inner
      portion thereof deformed to define in sequence an outer upstanding panel,
      an intermediate peripheral panel offset from the container panel, an inner
      upstanding panel, and an inner panel offset from both the container panel
      and the intermediate peripheral panel, said die set comprising a
      relatively fixed die unit and a cooperating relatively movable die unit;
      said fixed die unit including a base carrying a first support for a
      container panel, a second support for an intermediate peripheral panel and
      a third support for an inner panel; said movable die unit including a head
      carrying a first pressure member for a container panel, a second pressure
      member for an intermediate peripheral panel, and a third pressure member
      for an inner panel.
NUM  12.
PAR  12. The die set of claim 11 wherein said first and second pressure members
      are generally aligned with said first support and said third pressure
      member being generally aligned with said second and third supports.
NUM  13.
PAR  13. The die set of claim 12 wherein said first support is fixed relative to
      said base, and said second and third supports are separately movable under
      pressure towards said base wherein an intermediate peripheral panel and an
      inner panel may be supported during movement thereof towards an associated
      container panel seated on said first support.
NUM  14.
PAR  14. The die set of claim 13 wherein said first and second pressure members
      are separately movable under pressure towards said head and said third
      pressure member is fixed relative to said head for positive movement
      therewith wherein a container panel may be positioned against said first
      support by said first pressure member and an intermediate peripheral panel
      and an inner panel may be moved towards the plane of an associated
      container panel while supported.
NUM  15.
PAR  15. The die set of claim 12 wherein said first and second pressure members
      are separately movable under pressure towards said head and said third
      pressure member is fixed relative to said head for positive movement
      therewith wherein a container panel may be positioned against said first
      support by said first pressure member and an intermediate peripheral panel
      and an inner panel may be moved towards the plane of an associated
      container panel while supported.
NUM  16.
PAR  16. The die set of claim 11 wherein said first support is fixed relative to
      said base, and said second and third supports are separately movable under
      pressure towards said base wherein an intermediate peripheral panel and an
      inner panel may be supported during movement thereof towards an associated
      container panel seated on said first support.
NUM  17.
PAR  17. The die set of claim 16 wherein said first and second pressure members
      are separately movable under pressure towards said head and said third
      pressure member is fixed relative to said head for positive movement
      therewith wherein a container panel may be positioned against said first
      support by said first pressure member and an intermediate peripheral panel
      and an inner panel may be moved towards the plane of an associated
      container panel while supported.
NUM  18.
PAR  18. The die set of claim 11 wherein said first and second pressure members
      are separately movable under pressure towards said head and said third
      pressure member is fixed relative to said head for positive movement
      therewith wherein a container panel may be positioned against said first
      support by said first pressure member and an intermediate peripheral panel
      and an inner panel may be moved towards the plane of an associated
      container panel while supported.
NUM  19.
PAR  19. The die set of claim 11 wherein said second support and said second
      pressure member are offset relative to one another.
NUM  20.
PAR  20. The die set of claim 16 wherein the movement of said second support
      relative to said base is limited and and less than that of said third
      support for cooperation with said third pressure member to effect folding
      of an inner upstanding panel therebetween.
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ABST
PAL  A device for use with a conventional loop-provided boat line to effect
      docking or mooring of boats comprising a pair of rigid arms for detachable
      engagement upon opposed portions of the strands of the loop near the base
      thereof; there being a pivotal connection between each of the rigid arms
      adjacent their rearward or loop remote ends for swingable movement of the
      same away from and toward each other, or into open or closed condition,
      respectively. The rearward ends of these arms are formed to provide
      cooperating jaws for clamping relationship upon an interposed implement as
      the arms are moved away from each other for loop opening through a pulling
      force upon the line.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates in general to boat line handling and, more
      particularly, to a device for use in docking or mooring boats.
PAR  It is an object of the present invention to provide a device for
      facilitating the securing of a boat line to a mooring connection, such as
      a post, piling, cleat, or the like; the operation of which does not
      require developed skill on the part of the user.
PAR  It is another object of the present invention to provide a device of the
      character stated which may be readily affixed upon a conventional boat
      line without requiring modification thereof.
PAR  It is a further object of the present invention to provide a device of the
      character stated which is uniquely adapted for operation in conjunction
      with the customary boat hook so that the same is completely functional
      with equipment normally contained in a boat.
PAR  It is another object of the present invention to provide a device of the
      character stated which is reliable in usage; which is comprised of
      wear-resistant parts, which do not interfere with the normal storage of
      the associated line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a docking device constructed in accordance
      with and embodying the present invention illustrating the same in open
      condition with the associated line loop received about a piling.
PAR  FIG. 2 is an enlarged fragmentary top plan view of the device as shown in
      FIG. 1.
PAR  FIG. 3 is a perspective view of the docking device in closed condition with
      the associated line loop fast about a piling.
PAR  FIG. 4 is an enlarged, fragmentary top plan view of the device as shown in
      FIG. 3.
PAR  FIG. 5 is a vertical transverse sectional view taken on the line 5--5 of
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by reference numerals to the drawings which illustrate the
      preferred embodiment of the present invention, A designates a docking
      device for use with a conventional boat line 1 in securing boats to
      mooring connections, such as, posts, cleats, pilings, and the like. Boat
      line 1, being fabricated of rope, plastic, or like flexible material, is
      provided at its outer end with the usual loop 2 formed as by doubling the
      line upon itself with the development of strands 3,3' which progress from
      a loop base 4, or branch from a point of jointure resulting from
      securement of the normally outer free end of the line upon the body
      thereof; said strands 3,3' unitarily merging in their outer portions.
      Proximate, but spacedly from, loop base 4, there is mounted upon each
      strand 3,3' upon its inwardly directed portion, a docking device arm 5,5',
      respectively, made of rigid wear-resistant material, such as plastic,
      metal, and the like; with each arm comprising a body 6,6' on the outer
      surface of which is disposed a substantially coextensive outwardly opening
      groove 7,7', respectively, for receiving a portion of the related strand
      3,3' whereby the reliability of engagement of arms 5,5' is relatively
      enhanced. Arms 5,5' are maintained upon the respective strands 3,3' as by
      lacing 8,8', respectively, as constituted of cord or the like, which is
      threaded through a series of apertures as indicated broadly at 9,9',
      respectively, arranged lengthwise of arms 5,5' as within a fin-like
      projection 10,10' on the inner portion of body 6,6', respectively, of arms
      5,5' as well as within the rearward portions of bodies 6,6', as at 11,11';
      there being at the forward or loop adjacent end of projections 10,10' a
      recess 12,12', respectively, for securing the normally outer knotted end
      of each lacing 8,8' to prevent inadvertent loosening thereof.
PAR  By means of lacing 8,8', arms 5,5' of docking device A are detachably
      mounted upon the related strands 3,3' so as to be resistant to both axial,
      as well as rotative displacement. It is to be recognized that the
      disclosure concerning the utilization of lacing 8,8' as a means of
      steadfastly interengaging strands 3,3' and arms 5,5' is for purposes of
      illustration only, as it is obvious that resort may be made to numerous
      expedients for effecting such securement. The lacings provide a very
      simple means for permitting facile application of arms 5,5' of docking
      device A upon a boat line. At their rearward end, or loop base-adjacent
      portions, the bodies 6,6' of each arm 5,5' is integrally provided with a
      flat plate 13,13', respectively, projecting inwardly therefrom, that is,
      toward the opposite arm; each of said plates 13,13' being planarwise
      parallel with the related fin projection 10,10' and commencing at the
      rearward end thereof. Plates 13,13' are substantially laterally offset
      from the associated fin projection 10,10' and have a thickness
      approximately one-half that of the transverse dimension of the related arm
      body 6,6'. Each plate 13,13' is provided with a leading edge 14,14' which
      is substantially axially perpendicular to the longitudinal axis of the
      respective arm 5,5'; with an outer lateral edge 15,15', respectively,
      which throughout substantially its length, is perpendicular to the
      associated leading edge 14,14', respectively, and which in its rearward
      end portion is continuous with the rearward end or trailing edge 16,16' of
      plates 13,13', respectively, through an arcuate or rounded corner 17,17',
      respectively. Said rearward end edges 16,16' are each contoured to present
      a generally V-shaped, rearwardly opening recess 18,18' having converging
      sides 19,20 and 19',20', respectively, the sides 20,20' terminate at the
      rearward ends 21,21' of arms 5,5', respectively.
PAR  Each arm 5,5' on its inner surface adjacent the associated plate 13,13' is
      provided with a shoulder 22,22', respectively, having a transverse extent
      substantially the same as the thickness of the related plate 13,13'; each
      of said shoulders is continuous with a forwardly directed abutment 23,23',
      respectively, on the adjacent rearward end portion of the respective arm
      5,5'. As may best be seen in FIG. 4, each plate 13,13' has formed therein
      an elongated slot-like aperture 24,24', respectively, the longitudinal
      axis of each of which is at an angle of less than 90.degree. to the
      longitudinal axis of the associated arm 5,5'.
PAR  In presenting arms 5,5' to each other for interengagement one is merely
      turned through an angle of 180.degree. to the other so that plates 13,13'
      are brought into surface abutment upon their shoulder adjacent faces, as
      at 25,25'; and with their respective lateral edges 15,15' abutting against
      shoulders 22',22, respectively, of the other arm 5,5' (see FIG. 4) in
      which condition it will be observed that the rearward arcuate corners
      17,17' engage abutments 23',23, respectively, and with the axes of slots
      24,24' in intersecting relationship. Said slots 24,24' are of such length
      that their normally forward end portions as at 26,26' are in registration
      (FIG. 4) when said plates 13,13'  are disposed as immediately above
      described for accepting a pivot pin 27 extending therethrough. Pin 27 is
      headed at its opposite ends, or normally upper and lower ends, as at
      28,29, respectively, to prevent disengagement.
PAR  Pin 27 has a diameter less than the minimum transverse dimension of
      slot-like apertures 24,24' so as to be relatively freely movable therein
      without causing any binding action, whereby arms 5,5' are easily movable
      with respect to each other. With plates 13,13' in alignment, and plate
      edges abutting the opposed shoulders 22,22', arms 5,5' are in axial
      parallel relation with recesses 18,18' in registration. In such condition,
      arms 5,5' are at the inner limit of their arc of swing about pin 27, which
      condition is sometimes referred to herein as "loop closed condition"
      wherein loop 2 is closed.
PAR  It will be seen that the rearward ends 21,21' of arms 5,5' are spaced
      forwardly of loop base 4 to define, together with the included portions of
      strands 3,3', a relatively enlarged eyelet 30.
PAR  Device A is peculiarly adapted for utilization with a conventional boat
      hook indicated broad at at B, and which comprises the usual, elongated
      pole or rod 31 having a hook 32 affixed adjacent its normally dock
      engaging end 33. Hook 32 is of the customary, generally L-shape, having a
      leg portion 34 substantially perpendicular to the axis of pole 31 and an
      outer leg portion 35 turned rearwardly in axially normal relationship to
      leg 34.
PAR  In actual usage, arms 5,5' of docking device A are, as by hand, brought
      toward each other into closed condition (FIG. 4) and the outer or dock
      engaging end 33 of boat hook B is passed through eyelet 30 to present leg
      portion 34 of hook 32 within the composite recess as formed by the
      registering recesses 18,18' or plates 13,13', respectively. The inner or
      loop remote end of line 1 is gripped in one of the user's hands, while
      with the other hand boat hook B is held so as to urge hook leg portion 34
      against the registering recesses 18,18'. By pulling and, hence, applying
      tension upon line 1, with movement thereof being inhibited by hook leg
      portion 34, strands 3,3' will tend to spread with arms 5,5' being swung
      away from each other as plates 13,13' swing about pivot pin 27 causing the
      sides 19,20' and 19',20 of recesses 18,18' to act as jaws effecting a snug
      clamping engagement upon hook leg portion 34. The extent or degree of
      swing is controlled by the length of slot-like apertures 24,24', as with
      arms 5,5' in full open position (FIG. 2), pin 27 will abut against the
      opposite now registering ends of the related apertures 24,24', having
      traveled relatively therealong. Thus, with pin 27 in such position, and
      with the axes of apertures 24,24' in substantially parallel relation, arms
      5,5' will have reached the outer limit of their swing and thus be in full
      opened condition. The length of apertures 24,24' permit of substantially
      wide parting of arms 5,5' by which loop 2 is correspondingly opened so
      that it may be easily disposed about a mooring connection, such as a post,
      stanchion, cleat, and the like. Thus, in this state, with boat hook B
      retained in engaged position with respect to arms 5,5', the operator will
      suitably throw the opened loop about the mooring connection. With loop 2
      so engaged thereabout, FIG. 1, the operator will then withdraw boat hook B
      relieving the pressure upon arms 5,5' so that upon a continued line
      tension, such as by movement of the docked boat, the said arms may draw
      freely toward each other into closed condition (FIG. 3) rendering the
      mooring all the more fast.
PAR  Conversely, when it is desired to disengage line 1, boat hook 32 will be
      reinserted through eyelet 30 and leg portion 34 received within the
      rearward end recess. Thus, by applying tension upon line 1, arms 5,5' will
      move away from each other to thereby spread loop 2 into open condition to
      facilitate its being lifted from the mooring connection.
PAR  In view of the foregoing it is readily apparent that the present invention
      markedly easily promotes mooring and disengaging operations by the simple
      expedient of a device used in conjunction with conventional equipment,
      namely a boat line with the usual loop and a customary boat hook.
      Furthermore, it is to be particularly observed that arms 5,5' are of but
      limited dimensions so that the same do not interfere with the storage of
      line 1 during periods of disuse as when coiled upon a deck or the like. It
      may be additionally observed that the device of the present invention is
      useful with lines of all types and easily applied to existing lines
      without requiring time-consuming or costly modification of the same.
PAR  Although not requisite for effective functioning, the sides 20,20' may have
      inwardly concave portions, as at r, for conformity to the rounded
      character of leg portion 34 of hook 32 to enhance the engagement therewith
     .
CLMS
STM  Having described my invention, what I claim and desire to obtain by letters
      patent is:
NUM  1.
PAR  1. The combination of a flexible boat line having a loop formed in one end
      portion thereof encirclable about a mooring device, said loop having a
      base portion with opposing strands progressing therefrom, and of a docking
      device comprising a pair of rigid arms in correspondence to said strands,
      each arm having outer and inner ends, the outer ends of said arms
      terminating spacedly inwardly of the bight portion of said loop, means
      securing each of said arms rigidly on the related line strand, said
      securing means inhibiting relative movement of said arms with respect to
      the engaged strands so that the same at all times act unitarily, said arms
      having their inner ends relatively proximate said loop base portion, and
      means pivotally interengaging said arms at their inner end portions
      premitting swinging of the same together with the engaged portions of said
      strands away from each other for opening of said loop.
NUM  2.
PAR  2. The combination defined in claim 1 and further characterized by said arm
      mounting means permitting ready detachability of said arms.
NUM  3.
PAR  3. The combination defined in claim 2 and further characterized by said arm
      mounting means being lacing threaded about said arms and the associated
      line strand.
NUM  4.
PAR  4. The combination defined in claim 1 and further characterized by each of
      said arms having an outwardly opening substantially coextensive groove for
      receiving the inner portion of the related line strand and means for
      limiting the movement of said arms toward each other.
NUM  5.
PAR  5. The combination defined in claim 4 and further characterized by said
      arms being mounted upon the related line strands so as to present their
      loop base proximate ends spacedly from the loop base.
NUM  6.
PAR  6. The combination defined in claim 1 and further characterized by a plate
      portion being provided upon each arm in the end portion thereof proximate
      the loop base, the plate portions of said arm being disposed in planar
      parallel relationship, said means pivotally interengaging said arms being
      provided within said plate portions.
NUM  7.
PAR  7. The combination defined in claim 6 and further characterized by said
      plates having a leading edge, a lateral edge, and a trailing edge, said
      trailing edge contoured to define an end opening recess.
NUM  8.
PAR  8. The combination defined in claim 7 and further characterized by said
      trailing edge recess being of general V-shape having converging edge
      portions whereby upon outward swinging of said arms, edge portions of the
      trailing edge of the said plate portions will move toward each other in
      the manner of clamping jaws.
NUM  9.
PAR  9. The combination defined in claim 8 and further characterized by edge
      portions of the trailing edge of said plate portions having concave
      indentations.
NUM  10.
PAR  10. The combination defined in claim 9 and further characterized by each of
      said arms having a shoulder for abutment with the lateral edge of the
      plate portion of the opposite leg for limiting the movement of said arms
      toward each other.
NUM  11.
PAR  11. The combination defined in claim 6 and further characterized by each of
      said plate portions having an opening, and a pivot pin extending through
      said plate portion openings with its axis normal to the plane of said
      plate portions.
NUM  12.
PAR  12. The combination defined in claim 11 and further characterized by said
      plate portion opening being of elongated slot-like character and with
      their axes forming an angle of less than 90.degree. with the longitudinal
      axis of the related arm.
NUM  13.
PAR  13. The combination defined in claim 12 and further characterized by said
      openings being in axial intersecting relationship when said arms are in
      closed condition and being in axial parallel relation when said arms are
      open.
NUM  14.
PAR  14. The combination defined in claim 13 and further characterized by said
      openings having an extent substantially greater than the diameter of the
      pivot pin whereby the latter moves along said openings during opening and
      closing movement of said arms.
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ABST
PAL  A bicycle safety device which indicates not only the presence of a bicycle
      but the minimum distance that should be maintained by other vehicles in
      passing the bicycle; the safety device includes a vertical member
      attachable at its bottom end to the frame of a bicycle and a horizontal
      member attached to, and cantilevered from, the top end of the vertical
      member, said horizontal member having a marker at its distal end to
      indicate the recommended minimum distance other vehicles should maintain
      from the bicycle when passing.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a safety device for bicycles for indicating the
      presence of bicyclists to motorists and, in particular, to a safety device
      that is attachable to the frame of a bicycle which includes both a
      vertical member to signal the presence of a bicyclist and a horizontal
      member outwardly extending from the side of the bicycle to designate the
      recommended minimum distance that should be maintained by motorists in
      passing the bicyclist.
PAR  It is a common experience that the low profile of bicyclists, particularly
      younger cyclists riding smaller than standard-sized bicycles, presents a
      problem to motorists who often fail to detect their presence. One common
      method of remedying this problem has been to attach an antenna-like wand
      to the rear portion of the bicycle frame. The antenna-like wand
      customarily includes a flag or pennant at its distal end to draw the
      attention of motorists to the presence of the cyclist. However, the rakish
      pennant device does not convey sufficient information which would
      adequately protect very young riders and, particularly, learners or
      novices who are inexperienced in handling a bicycle.
PAR  The use of a safety device which not only indicates the presence of a
      rider, but designates the suggested minimum distance from the rider that
      should be maintained by a passing motorist, has the added effect of
      altering the motorist to the apparent inexperience of the rider. The
      motorist will then naturally exert an unusual degree of caution when
      passing the cyclist.
PAR  The safety device of this invention comprises a vertical member having a
      lower end connectable to the frame of a bicycle. At an upper end of the
      vertical member is attached a cantilevered, horizontal cross member. The
      cross member has a length designating the very minimum distance that
      should be maintained between the bicyclist and a passing motorist. In the
      preferred embodiment, a second vertical segment is attached to the distal
      end of the cross member to clearly define the designated distance. The end
      of the vertical member and the horizontal cross member include reflectors
      to provide an adequate signal during evening or night use. Depending from
      the cross member of the preferred embodiment is an attachment plate to
      which a sign may be mounted with a cautionary message. These and other
      features will become apparent in the detailed description of the
      invention.
PAR  The principal members forming the safety device are fabricated from a
      lightweight material, such as aluminum, to insure that the safety device
      does not interfere with the balance of the bicycle to which it is attached
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the bicycle distance safety device
      attached to a bicycle.
PAR  FIG. 2 is a sectional view taken on the lines 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged cross-sectional view taken on the lines 3--3 of FIG.
      1.
PAR  FIG. 4 is a cross-sectional view taken on the lines 4--4 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a bicycle 10 is shown having the safety device 12
      attached to the rear hub 14 of the bicycle. The safety device 12, shown
      also in FIG. 2, includes a tubular vertical member 16 having a flattened
      bottom end 18 with holes 20 for selective attachment of the vertical
      member to the axle stud 22 of the rear hub 14. The vertical member 16 is
      attached to the stud 22 through a center hole (not visible) and secured by
      the axle nut 24. Additional support is provided to the vertical member 16
      by a brace 26. The brace simply comprises a flat element having a collar
      hole (not visible) at one end through which the seat stem 28 is inserted
      and a rim collar 30 at the other end which encircles the vertical member.
      The ring collar 30 includes a thumb screw 32 which locks the collar 30 to
      the vertical member.
PAR  Fixed to the top end of the vertical member is a tubular socket 34.
      Inserted in the socket 34 is a journal 36 which is affixed to the end of a
      horizontal cross member 38. At the distal end of the cantilevered cross
      member is attached vertical T-segments 40. The T-segments 40 are secured
      in sockets 42 at the end of the cross member 38, one segment extending a
      short length above the cross member and the other extending below the
      cross member. The ends of the T-segment are capped with rubber caps 43 to
      prevent damage to or from the ends of the tubular T-segment during
      careless operation or storage of the bicycle and safety device. Together,
      the cross member and T-segments clearly define the recommended minimum
      distance that should be maintained when passing a cyclist on the bicycle
      10.
PAR  As an additional safety indicator, reflectors 44 are attached to both the
      distal end and anchored end of the cross member 38. The reflectors insure
      proper protection during nighttime riding. For young or novice riders, a
      warning sign 46 is attached to the cross member and depends therefrom. The
      warning sign contains a suitable warning such as "CAUTION, STAY OUTSIDE
      ARM." The warning sign 46 is attached to the cross member 38 by rivets 48,
      as shown in FIGS. 3 and 4.
PAR  Referring to FIG. 3, the construction of the various interconnected members
      is shown in greater detail. The reflectors 44 are mounted on brackets 52
      and attached to the cross member 38 by threaded fasteners 54. The journal
      36 is fixed at the end of the cross member in a collar brace 56 and
      downwardly projects for removable insertion in the socket 34 fixed at the
      top end of the vertical member. The journal 36 is pivoted in the journal
      in order that the safety arm 58, comprising the cross member and
      associated elements, may be positioned to either the left or right side of
      the bicycle depending on the cycling conditions. Further, the safety arm
      may be pivoted longitudinally along the overall length of the bicycle for
      convenient storage.
PAR  In order to lock the safety arm in the above described positions, two
      perpendicular holes 60 and 62, shown in FIG. 3, are drilled through the
      journal. By select alignment with a hole 64 through the socket 34, shown
      in dotted line in FIG. 1, the arm can be locked in position by insertion
      of a pin 66 through the aligned holes. The pin 66 is carried by a bracket
      68 attached to the outside of the socket 34.
PAR  The construction of the safety arm is not entirely rigid. Since the cross
      member 38 is flat, the safety arm 58 is somewhat resilient, providing a
      bounce to the arm when riding which will attract the attention of a
      motorist. If desired, the sign may have perforations 70, as shown in FIG.
      3, to reduce air resistance. Further, the sign may be brightly colored or
      coated with a reflective material dispensing with the warning caption.
PAR  While in the foregoing specification an embodiment of the invention has
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A bicycle distance safety device attachable to bicycles for indicating a
      minimum safe distance to be maintained from inexperienced bicycle riders,
      comprising: an elongated vertical member having a top end and bottom end,
      said bottom end having an aperture therethrough and including means for
      attaching said vertical member to the rear portion of a bicycle frame with
      said top end extending substantially above the bicycle; over end of an arm
      member connected between the ends of said vertical member and the other
      end thereof connected to the bicycle; a cross member having a base end and
      distal end, said base end having means for attaching said cross member to
      the top end of said vertical member with said distal end horizontally
      extending outwardly from the side of said bicycle a predetermined distance
      indicating a minimum safe distance to be maintained from the bicycle; and,
      indicator means on the distal end of said cross member for indicating the
      recommended minimum distance to be maintained in passing a bicycle
      equipped with said safety device, said safety device being fabricated
      predominantly of a lightweight material to minimize interference of said
      safety device with the balance of the bicycle to which it is attached.
NUM  2.
PAR  2. The bicycle distance safety device of claim 1 wherein said indicator
      means comprises a vertical member attached to the distal end of said cross
      member, said vertical member extending segmentally above and below said
      cross member.
NUM  3.
PAR  3. The bicycle distance safety device of claim 2 wherein said indicator
      means comprises additionally at least one reflector on said cross arm.
NUM  4.
PAR  4. The bicycle distance safety device of claim 2 wherein said cross arm
      includes a warning sign.
NUM  5.
PAR  5. The bicycle distance safety device of claim 1 wherein said top end of
      said vertical member has a socket and said means for attaching said cross
      member to the top end of said vertical member comprises a journal
      insertable in said socket, said journal and socket having locking means
      for select positioning of said cross member with said vertical member.
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ABST
PAL  A substantial arch; attached to handlebars or front portion of any cycle;
      having reflective, illuminative, or decorative attachments; the purpose of
      which is to make the cycle highly visible at a distance, to other
      vehicular drivers.
BSUM
PAC  BACKGROUND, SUMMARY AND OBJECTS OF THE INVENTION
PAR  Many autoists allow just inches between the cyclists and the right edge of
      the automobile, thus driving the cyclists off the road. Safety regulations
      now being considered would require light-reflecting devices to make cycles
      (motor or other) both visible and identifiable in the dark. Experts have
      found that motorists have a tendency to overlook, or simply see through,
      motorcyclists, and bicyclists. A study made by the University of North
      Carolina found that in accidents between cars and motorcycles, cars were
      at fault 62 percent of the time. The best solution to this, they say, is
      to wear bright clothing, drive with headlights on at all times -- and
      still assume that the car about to pull out in front of you will pull out,
      even though the driver is looking right at you.
PAR  There have been many kinds of reflective devices, and lighting devices
      devised to be used on cycles as a means of letting motorists know of
      another vehicle in the vicinity, but most of these have been attached to
      the rear, pedal, or wheel areas, and have not given the appearance of
      either heighth or breadth of the cycle, so as to cause the autoist to
      allow enough space for the cylist. The SAFETY ARCH, described herein
      provides a means by which the autoist may see the cycle as a large vehicle
      and thereby will allow plenty of room to pass. The above is the primary
      purpose of the SAFETY ARCH, but a secondary purpose is to add glamour,
      variety, or individuality to the cycle. Most small children do not ride
      their vehicles in the streets and therefore do not need this device as a
      safety feature, but they would enjoy the bright colors and the look of the
      adult vehicles nevertheless.
PAC  GENERAL DESCRIPTION
PAR  The SAFETY ARCH can be of tubular material identical to handlebars and can
      be made as an integral part of the cycle. It can be made of any thin or
      heavy; flexible or rigid material. It can be attached to the vehicle in
      many ways and in many positions on the vehicle (not necessarily the
      handlebars). It can have reflectors, colored beads, reflecting tape,
      buttons, tassles, fringe, and/or lights for night illumination. In its
      simplest form (for instance, for children's vehicles) the SAFETY ARCH may
      be made of heavy wire, plastic, fibres, reeds, or bamboo, and may be
      braided, tubular, or other forms, or of any material which will support
      the beads, buttons, tassles, reflectors, pin wheels, noise makers, and/or
      lights. Any variety of small ornaments may be used so long as the SAFETY
      ARCH will support the weight without sagging. The more elaborate forms of
      the SAFETY ARCH may be made of suitable coated or plated ferrous material,
      painted or unpainted, tubular in form or of any other cross section which
      may be formed into an arch and which will support the above reflectors and
      decorations. The material itself may be reflective, or may be stamped into
      a form that will reflect from a design such as a star or diamond repeated
      the length of the SAFETY ARCH. It may hold electric lights -- also may
      hold safety glass or plastic for deflecting the wind and weather. These
      arches can be made in a variety of shapes such as H, M, upside down U,
      square, heart shaped, or other, however, the preferred embodiment is shown
      in the figures herewith.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a typical cycle showing
      handlebar structure with SAFETY ARCH attached.
PAR  FIG. 2 shows an enlarged view of the preferred means of attaching the
      SAFETY ARCH to the handlebars.
PAR  FIG. 3 shows another form of the SAFETY ARCH
PAR  FIG. 4 shows a simple clamp to hold the SAFETY ARCH of FIG. 3.
PAR  FIG. 5 shows one simple brace as a means of attaching the SAFETY ARCH to
      the handlebars.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the forward portion of a cycle with SAFETY ARCH attached to
      handlebars at points A and B to designate left and right sides of the
      handlebars. The preferred embodiment is a rounded arch form constructed of
      tubular cross section as is common in the handlebars, and can be
      manufactured as an integral part of the handlebars. It should be
      understood that the arch form could be squared or of any other generally
      arched shape which would give visual heighth and breadth to the vehicle.
      It should also be understood that any suitable cross section could be
      used. FIG. 1-A (left-hand side) shows plug 3, batteries 4--4, electric
      wire 5, and lamps 6-6-6-6, inserted into the tubular section of the SAFETY
      ARCH. Not shown is an ON-OFF switch similar to those used in flashlights.
      This arrangement for illumination does not preclude the use of a
      generating device (already in use) attached to the main wheel(s) of a
      cycle -- for powering the lights. Also, ordinary flashlights or other
      lighting arrangements may be used. FIG. 1-B (right-hand side) shows
      reflecting tape 7 wound around the SAFETY ARCH. This could be used in
      addition to the electric lights, or alone, or in combination with any
      other reflective, decorative, noise making, or eye catching devices.
PAR  FIG. 2 shows an enlarged view of one means of attachment. This consists of
      a screw 1 inserted through holes in the handlebars at points 2 into a plug
      3 inside the ends of tubular material forming the SAFETY ARCH. This does
      not restrict the type of means for attaching any safety arch to any
      forward portion of any small vehicle. It is understood that any other
      suitable means such as rings and screws, clamps, nuts and bolts, rivets,
      or other fastening devices of conventional form commonly used to provide a
      secure joining of SAFETY ARCH to vehicle, may be used. Above plug 3 are
      shown batteries 4--4, and electric wire 5.
PAR  FIG. 3 shows another shape and other means of attaching the SAFETY ARCH.
      101 is a clamp with ordinary nuts and bolts. This clamp can be attached at
      either A or B (FIG. 3) of the main post which holds the handlebars; and it
      secures the SAFETY ARCH to the front portion of the cycle. This second
      form of SAFETY ARCH includes eyelets 102, holes 103, decorative stamping
      104, and other reflective devices. The purpose of the eyelets and/or holes
      is so that eye-catching devices; wind and rain deflecting safety glass; or
      plastic shields - may be attached.
PAR  FIG. 4 is an enlarged view of clamp numbered 101 in FIG. 3.
PAR  FIG. 5 shows a common brace which is pushed under the handle grip and which
      uses either friction or other ordinary means, i.e., nuts and bolts,
      rivets, with which to attach the SAFETY ARCH to the handlebars.
      Illustrated is the brace with tapered end pointing toward the left 201,
      but this brace could be so positioned near the end of the handlebar so as
      to point the tapered end to the right. This would place the ends of the
      SAFETY ARCH on the extreme outward ends of the handlebars, giving even
      more apparent width to the vehicle.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A reflective safety-signal device for the front of a vehicle of the type
      adapted to have a rider seated thereon and having handlebars, comprising a
      reflective member of inverted, substantially U-shaped form, having a width
      approximately that of said handlebars, and a height greater than said
      rider's head when said rider is seated on said vehicle, and means to
      attach said member on the front of said vehicle, whereby said signal is
      easily apparent to approaching drivers, apprising them of the presence,
      position and width of said vehicle.
NUM  2.
PAR  2. A safety-signal device, as defined in claim 1, wherein said reflective
      member is integral with said handle bars of said vehicle.
NUM  3.
PAR  3. A safety-signal device, as defined in claim 1, wherein said attaching
      means is for joining the reflective member to the handlebars.
NUM  4.
PAR  4. A safety-signal device, as defined in claim 1, wherein said reflective
      member is integral with hand grips adapted to be used on said handlebars.
NUM  5.
PAR  5. A safety-signal device, as defined in claim 1 which can be telescoped.
NUM  6.
PAR  6. A safety-signal device, as defined in claim 1, wherein said attaching
      means is for joining the reflective member to the main post of said
      vehicle.
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ABST
PAL  A location indicator for lost aircraft comprises a deflated balloon stored
      within an aircraft is connected to an inflator which is capable of
      generating a large quantity of lighter-than-air gas in less than one
      second in response to an omnidirectional crash sensor to inflate the
      balloon. The balloon is connected to the aircraft by a reeled line which
      becomes unreeled as the inflated balloon rises from the aircraft. The
      balloon is thus maintained at a predetermined height above the aircraft so
      as to be clearly visible for a long distance.
BSUM
PAR  The present invention relates to a location indicator for lost aircraft,
      more particularly, to the immediate and rapid inflation of a balloon in
      response to a crash sensor.
PAR  Because of the widespread use of all forms of aircraft in virtually all
      countries of the world, it is inevitable that mishaps will occur and
      occasionally an aircraft will crash. Many times such aircraft crashes
      occur in jungles, in mountaineous country, or in sparcely settled areas
      which make searching for such a downed aircraft very difficult. Aircraft
      have been known to crash deep in the jungles and the crashed aircraft was
      never located. Occasionally such aircraft are inadvertently located at
      some later time by persons who may be in that part of the country for
      entirely different reasons. Such crashes of aircraft in virtually
      inaccessible areas such as jungles have resulted in great tragedies even
      when many of the passengers on the aircraft actually survived the crash.
PAR  Various proposals have been made in an attempt to facilitate the locating
      of such lost aircraft. One such proposal as disclosed in U.S. Pat. No.
      1,836,495 consisted of a balloon which was inflated from a tank of
      compressed gas located on the aircraft when the aircraft was subjected to
      a sufficient shock or impact such as would occur as a result of a crash.
      The inflated balloon was connected by a line to the aircraft and would
      rise to a height where it would be visible and thus facilitate searching.
      This locator had the disadvantage that the inflating of the balloon was a
      relatively slow operation. The present day speeds of aircraft today would
      cause a crash to occur in such a short period of time that the locator as
      previously known could not possibly function to inflate the balloon in
      time prior to destruction of the aircraft and the inflating mechanism. In
      a crash situation the balloons and the entire system controlling them
      would be damaged or destroyed before they could be released.
PAR  It is well known that the actual crash of an aircraft occurs extremely
      quickly. Survivors have often stated they could not be precisely sure of
      exactly when the crash occurred. It is apparent that under these
      circumstances any locator for lost aircraft must be able to function
      almost instantaneously upon the occurrence of a crash.
PAR  It is therefore the principal object of the present invention to provide a
      novel and improved indicator for lost aircraft.
PAR  It is another object of the present invention to provide a location
      indicator for lost aircraft wherein a balloon is inflated almost
      instantaneously with a lighter-than-air gas in response to a crash impact
      upon the aircraft.
PAR  It is a further object of the present invention to apply to the location of
      lost planes the air cushion principles used lately to minimize the effects
      of motor car accidents, in which the factor speed is the vital one.
PAR  According to one aspect of the present invention a large inflatable balloon
      is positioned in the upper part of the fuselage of the aircraft in
      deflated condition. Should the aircraft be subjected to a crash or impact,
      a crash sensor device would trigger a release mechanism which would
      discharge high pressure gas into the balloon which would then be almost
      instantaneously expelled into the atmosphere. The entire sequence of
      impact, inflation and ascension requires only a fraction of a second
      because of the rapid expansion of the gas in the inflator. The inflator
      combines a small cylinder of stored gas with a solid propellant. In a
      crash, the sensor triggers the inflator, breaking the seals on the gas
      storage cylinder and venting the inert gas into the balloon.
      Simultaneously, the solid propellant ignites and burns to produce a large
      quantity of gas which flows into the balloon inflating it fully. The door
      of the fuselage compartment in which the balloon is stored opens widely
      upon impact. The inflated balloon is violently ejected into the atmosphere
      as a result of its almost instantaneous buoyancy and will remain connected
      to the fuselage by a special line which is unreeled as the balloon rises.
      That portion of the line which is connected directly to the aircraft is
      made of a metallic chain or some other fire-resistant material so as to
      withstand the heat of flames in the event of fire.
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PAR  Other objects and advantages of the present invention will be apparent upon
      reference to the accompanying description when taken in conjunction with
      the following drawings, which are exemplary, wherein;
PAR  FIG. 1 is an overall perspective view of an aircraft incorporating the
      indicator device of the present invention at the moment of impact and
      showing the release of the inflated balloon;
PAR  FIG. 2 is an overall perspective view showing a downed aircraft with the
      balloon in the ascended indicating position;
PAR  FIG. 3 is a longitudinal sectional view of the upper portion of the
      fuselage of the aircraft in FIG. 1 showing the deflated balloon stored in
      a compartment;
PAR  FIG. 4 is a cut-away perspective view of the inflator employed to generate
      gas to inflate the balloon;
PAR  FIG. 5 is an elevational view of the mouth end of the balloon with a
      cut-away portion to show the check valve therein and the reeled line
      attached to the mouth; and
PAR  FIG. 6 is a view similar to that of FIG. 1 but the downed aircraft
      submerged in water.
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PAR  Proceeding next to the drawings wherein like reference symbols indicate the
      same parts throughout the various views a specific embodiment of the
      present invention will be described in detail. As may be seen in FIG. 1
      there is indicated generally at 10 an aircraft of the large passenger type
      having a fuselage 11 in the upper portion of which is a compartment 12
      closed by a lid or door 13 which opens upon impact of the aircraft. The
      compartment should be located in the upper portion of the fuselage or wing
      of the aircraft. Where the invention is incorporated in other types of
      aircraft such as flying boats or high wing monoplanes the compartment may
      be located in the top surface of the wing. Further, while only one
      compartment is shown a plurality of compartments may be located in various
      portions of the aircraft so that in the event one compartment with its
      included mechanism cannot function as a result of damage incurred in the
      crash or otherwise at least one other compartment with its inflatable
      balloon will be able to operate.
PAR  In the compartment 12 there is stored an inflatable balloon 14 which is in
      the deflated condition and properly folded so as to be readily inflatable
      upon the introduction of gas therein. The balloon 14 should be
      sufficiently large so as to be seen from a considerable distance. Such a
      balloon may be similar to a weather balloon which is approximately 8 feet
      in diameter although larger balloons may be employed. The balloon should
      be made of a rubberized material of great resistance and should have
      sufficient elasticity and resiliency to be filled instantly with gas at
      the time of impact. The material should be impermeable to the gas so that
      there will be no seeping of gas through the pores of the inflated balloon.
      It is desirable that the balloon remain inflated for a long period of time
      so as to be visible throughout the course of a search.
PAR  The balloon should be colored so as to be clearly visible and such a color
      might be red or orange. The color should be luminescent in order to
      reflect sunlight and light beams of search planes. In order to facilitate
      identification of the plane each balloon should bear on its surface the
      identification letters and numbers of the plane.
PAR  The balloon 14 is provided with a mouth end 15 (FIG. 5) which is
      releaseably connected to a discharge nozzle 16 (FIG. 3) of an inflator 17
      (FIG. 3) mounted immediately below the top surface of the fuselage 11 and
      adjacent the compartment 12.
PAR  Mounted next to the inflator and connected thereto is a crash sensor 18
      having an omnidirectional sensing capability such that the sensor can be
      set to activate the inflator system from various angles ranging from about
      30.degree. to either side of the travel direction of the aircraft. Such
      sensors are presently employed with motor vehicle air cushion systems.
PAR  The inflator 17 is shown in greater detail in FIG. 4 and comprises a
      typical hybrid air cushion inflation system which combines a small
      cylinder of stored gas with a solid propellant. When the aircraft is
      subjected to an impact, the sensor triggers the inflator, breaking the
      seal on the gas storage cylinder and venting the inert gas into the
      balloon. Simultaneously, the solid propellant ignites and burns producing
      a large amount of gas which quickly flows into the balloon to fully
      inflate it.
PAR  The inflator 17 comprises a tank 19 in which an inert gas is stored under
      pressure. Mounted within the tank 19 is a gas generator 20 within which is
      a powder charge or solid propellant 21 which when ignited will produce a
      gas which is lighter-than air. The generator 20 is mounted within a body
      portion 22 enclosed by a protective cap 23 and retained within end 24 of
      the pressure tank 19.
PAR  Also within the tank 19 is an initiator 23 for igniting the propellant 21
      and connected through 25 through a gas generator circuit to the sensor 18.
PAR  Connected to the other end of the tank 19 within which is an actuator
      retainer 27 is a diffuser 28 which communicates through a pipe 29 to the
      balloon 14 through discharge nozzle 30.
PAR  The balloon mouth 15 is releaseably attached to the discharge nozzle 30 so
      that upon inflating of the balloon the balloon will be readily released
      from the inflator. Disposed within the mouth 15 of the balloon is a check
      valve 15a which may be of the ball check (as shown in FIG. 5) or other
      known type so as to permit the introduction of gas into the balloon but
      will retain the gas once the balloon is inflated.
PAR  An annular container 31 having a reel of cable or other line is attached to
      the mouth 15 of the balloon around the passage leading into the balloon so
      that the line is unreeled at 32 as the balloon becomes buoyant and rises
      from the aircraft. The reeled line may also be mounted within the
      compartment of the aircraft and attached to the balloon. The line should
      be of sufficient length so as to allow the balloon to rise to a height to
      be clearly visible. Preferably the line should be from five to ten
      thousand feet in length. That portion of the line adjacent the aircraft
      and indicated at 33 in FIG. 2 should be of a chain or other flame and heat
      resistant material so as to prevent destruction of the line in the event
      that the aircraft catches fire.
PAR  A sound alarm 34 is connected to the inflator 17 so as to produce a loud
      noise as an audio signal. The alarm may be actuated by batteries of the
      solar type so as to be rechargeable by the suns rays and thus to continue
      to produce a sound alarm for a long period of time.
PAR  For aircraft which are scheduled to fly over large bodies of water the
      locator may comprise a balloon 40 which has attached thereto a weight 41
      of sufficient mass so as to permit the balloon 40 to float on the surface
      of the water 42 in which the craft 10 has fallen. The presence of the
      weight will thus prevent the balloon from continuing to rise in the air
      and the balloon will float on the water. As previously, the balloon is
      attached by cable 32 to the compartment 12 of the aircraft. Otherwise,
      this locator structure is the same as described previously.
PAR  It is also possible to provide a small catapult which is triggered by the
      line of one of the rising balloons which would discharge the weight from
      the aircraft into the water. The balloon and weight may be ejected from
      the aircraft without the line 32. Thus, the balloon would be free to float
      on the surface of the water to indicate the area in which the plane is
      submerged. In view of the known winds and currents on the surface of the
      water it is preferable that the balloon remain attached to the aircraft so
      as to indicate with some degree of certainty the location of the submerged
      aircraft.
PAR  The mechanism for actuating the inflator may also be triggered manually by
      the operator. Under those circumstances when the crew of the aircraft are
      aware that a crash is impending, the crew may actuate the mechanism to
      discharge the locator balloon prior to the balloon being actuated by the
      crash sensor.  An automatically actuated radio transmitter may also be
      attached to the balloon to transmit a signal as a further aid in locating
      the aircraft.
PAR  While the invention has been described for use with aircraft it is to be
      understood that this same locator can be used for other vehicles and
      marine craft, particularly, with submarines. A disabled submarine can thus
      quickly indicate its position by discharging an inflatable balloon as
      described above.
PAR  Thus it can be seen that the present invention has provided an indicator
      for lost aircraft which operates almost instantaneously upon the crash of
      the aircraft to inflate a balloon which is then ejected from the aircraft
      and rises into the air. The balloon is attached to the aircraft by a cable
      which is unreeled as the balloon rises so as to maintain the balloon in a
      spaced relationship to the aircraft to locate its precise position. The
      rapid operation of this device permits reliable operation of the locator
      even during those brief intervals of time upon the occurrence of a crash
      of an aircraft traveling at high speeds. By providing the locator with an
      air cushion inflator such as used in automobiles to inflate the air
      cushion in a fraction of a second it is apparent that the balloon
      similarly will be inflated in less than a second in response to a signal
      generated by a crash sensor located on the aircraft.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A location indicator for lost aircraft comprising omnidirectional crash
      sensor means, means comprising an automobile air cushion inflator for
      generating a charge of lighter-than-air gas in response to said crash
      sensor means, said inflator comprises a small cylinder of stored gas and a
      solid propellant which produces a large amount of gas upon burning, an
      inflatable balloon having a check valve in the mouth thereof releaseably
      attached to said gas generating means in the deflated condition to receive
      said charge of gas so as to become inflated and buoyant in less than 1
      second, and a reeled line connecting the balloon to the aircraft so that
      the balloon is maintained in spaced relation to the aircraft.
NUM  2.
PAR  2. A location indicator as claimed in claim 1 and a weight on the balloon
      so that the balloon will float on the surface of the water should the
      balloon become released when the aircraft is submerged in water.
NUM  3.
PAR  3. A location indicator as claimed in claim 1 and a luminescent coating on
      the balloon.
NUM  4.
PAR  4. A location indicator as claimed in claim 1 and further comprising an
      aircraft fuselage having a compartment in an upper portion thereof, a door
      closing said compartment and opening upon impact of the aircraft, said
      balloon being disposed in said compartment.
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ABST
PAL  Various sizes of dial indicators are assembled from different size casings
      and a single size, interchangeable gear train sub-assembly. The
      sub-assembly includes a gear train mounted to one face of a single size
      plate which, in turn, is mountable to a gauge casing of any one of a
      number of different sizes. In a smaller size casing the sub-assembly is
      mounted directly to the casing while in larger sizes an adapter ring is
      provided. The use of a single-size, interchangeable gear train
      sub-assembly reduces inventory requirements, provides uniformity of parts
      and facilitates servicing of the instruments by mounting the train on one
      face of a single plate. Adustable stop means are provided for the spindle
      to limit its return and thereby allow the same spindle to be used with
      indicators having different operating ranges.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to dial indicators and more particularly
      is directed towards dial indicators of different casing sizes utilizing a
      single size, interchangeable gear train sub-assembly.
PAR  2. Description of the Prior Art
PAR  Dial indicators are instruments used to make small, precise measurements
      for various purposes. In practice, dial indicators are made in a variety
      of sizes depending upon the particlar task involved. For example, dial
      indicators may range in size from 2 inches in casing diameters in the
      number 2 size indicator to a casing 21/2 inches in diameter for the number
      3 size indicator and to a casing about 31/2 inches in diameter for the
      number 3 size indicator. Heretofore each of these sizes has been
      fabricated with a gear train that was unique to that size and each size,
      therefore, was independently assembled from components which, for the most
      part, were unique to that size. This procedure, therefore, required a
      rather large inventory of parts insofar as relatively few components were
      interchangeable between the different sizes. Such an approach not only was
      expensive because of inventory requirements, but also did not allow for
      cost savings from volume buying. Further, the assembly procedures made
      construction both complex and costly.
PAR  Accordingly, it is an object of the present invention to provide dial
      indicators of improved construction and operation. A more specific object
      of this invention is to provide dial indicators of different sizes
      employing a single size, interchangeable, gear train sub-assembly. A
      further object of this invention is to provide a dial indicator with an
      adjustable stop to limit the return of the indicator spindle and thereby
      convert the same indicator to operate within different selected ranges.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a dial indicator assembly system, comprising a
      casing of any one of a variety of different sizes and a single size,
      interchangeable gear train sub-assembly the components of which are
      mounted on one face thereof and assembled to large sized casings in the
      preferred embodiment by means of an adapter ring. A spindle of a length
      selected according to the size of the casing is provided with a plurality
      of spaced, tapped holes allowing the spindle to receive a set screw at a
      preselected stop position to vary the range of travel on the spindle.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a, b, and c are front perspective views of different size dial
      indicators made according to the invention,
PAR  FIGS. 2a, b, and c are rear perspective views of the FIG. 1 instruments,
PAR  FIG. 3 is an exploded perspective view of the instrument illustrated in
      FIGS. 1c and 2c.
PAR  FIG. 4 is an exploded perspective view of the instrument illustrated in
      FIGS. 1b and 2 b,
PAR  FIG. 5 is an exploded perspective view of the instrument illustrated in
      FIGS. 1a and 2a,
PAR  FIGS. 6 a, b, and c are detailed rear elevations showing the adjustable
      spindle stop feature,
PAR  FIG. 7 is a sectional detailed view showing a mounting arrangement between
      the gear train sub-assembly, the adapter ring and the housing.
PAR  FIG. 8 is a view similar to FIG. 7 but showing a modification of the
      invention,
PAR  FIG. 9 is a view similar to the FIG. 7 but showing a further modification
      of the invention, and,
PAR  FIG. 10 is a rear elevation of the gear train sub-assembly.
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PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and to FIGS. 1 a and 2 a in particular, the
      reference character 10 generally indicates a dial indicator for a size
      commonly known as number 2 size and comprised of an outer annular casing
      12 having a radial tubular shank 14 to slidably receive a spindle 16
      disposed within the casing for reciprocation therein and formed with rack
      teeth in mesh with driving gears. The indicator also includes a face 18
      and a movable indicator needle 20 protected by a transparent front cover
      22 held in position by a ring or bezel 24.
PAR  In addition to the larger needle 20 a smaller dial and needle 26 may be
      provided on the same dial face. In the illustrated embodiments, the dial
      face is made up of two components namely, an inner circular face 28 and an
      outer graduated annular scale 30. The annular scale 30 connects with the
      bezel 24 and is rotatable with respect to the fixed face 28 for adjustment
      purposes. The bezel together with the graduated scale 30 may be locked by
      means of a clamp 32 mounted to the casing 12.
PAR  Referring now to FIG. 2 a, which shows the back of the dial indicator with
      the rear cover plate removed, the drive movement is a gear train
      sub-assembly generally indicated by the reference character 34 and
      organized about a circular plate 36 on which the gear train is mounted to
      the rear face thereof. The gear train includes a pair of blocks 38 and 40
      mounted by screws 42 to the plate 36 and spaced in side by side relation
      with sufficient clearance to allow the rack portion of the spindle 16 to
      extend and reciprocate therebetween. The blocks 38 and 40 are employed to
      mount driving gears and pinions which engage both the rack teeth of the
      spindle 16 as well as the indicator needles on the front face of the dial.
      The block 40 also provides a guideway 43 for a boss 44 mounted to the side
      of the spindle to prevent rotation thereof. A return spring 46 is
      tensioned between the boss and a fixed point on the case for returning the
      spindle to a zero position after a measurement.
PAR  Referring now more particularly to FIG. 5, there is shown an exploded
      perspective view of the components for the indicator of FIGS. 1 a and 2 a
      except for the spindle which has been omitted for the sake of clarity. As
      shown in FIG. 5, the bezel 24 is connected to the casing by means of a
      split ring 48 in the manner best shown in FIG. 7. The ring 48 is snapped
      into position between an inwardly extending annular shoulder 50 formed in
      the ring 24 and outwardly projecting shoulder 52 on an adapter ring 62
      used with the larger size casings. With the small casing a shoulder 66 on
      the plate 36 is used to retain the ring. After the split ring, the annular
      graduated scale 30 is mounted and behind this is an annular spring washer
      54 slightly corrugated in order to provide a pressure fit between the
      casing and the graduated scale 30. After the spring washer is mounted the
      circular dial face 28 which is applied directly over the front face of the
      circular mounting plate 36 from which projects a stub shaft 56 to which
      the needle 20 is mounted. Behind the circular dial face 28 is the single
      size, interchangeable gear train sub-assembly unit 34. The plate 36 is
      attached to the casing 12 by means of screws passing through drilled
      openings formed in bosses 58 in the inner side faces of the casing. The
      casing is then closed by means of a circular back cover plate 60 held in
      position by screws also threaded into the bosses 58.
PAR  The dial indicators of FIGS. 1 and 2 are of similar outward appearance, the
      only significant difference being the exterior dimensions. The components,
      as shown in the exploded views of FIGS. 3, 4 and 5, are also similar in
      construction although differing in size with the exception of the gear
      train sub-assemblies 34 including the dial face 28 which, as may be viewed
      in FIGS. 2, 3, 4 and 5, are all of the same size. In this fashion, only
      one size gear train sub-assembly and dial face need be provided for all
      size indicators since they may be freely substituted one with the other.
PAR  In the illustrated embodiment of the invention, the gear train sub-assembly
      34 is adapted for use with the larger sized dial indicators of FIGS. 1 b
      and 1 c. 2 b and 2 c and FIGS. 3 and 4 by means of an adapter ring 62 for
      the intermediate size of FIG. 3. In all of the dial indicators the same
      size interchangeable gear train sub-assembly 34 is employed. The
      sub-assembly is organized about the plate 36 which typically is on the
      order of 21/8 inches in diameter. This dimension is only by way of
      illustration and obviously may be increased or decreased as desired.
      However, for the indicators such as shown, the dimension will be the same
      for all gear train sub-assemblies irrespective of the size of the dial
      indicator to which it is fitted. The plate 36 is formed with an annular
      flange 66 about its outer periphery dimensioned to fit snugly into
      engagement with an annular seat 68 formed on the forward inner face of the
      adapter ring 62 as best shown in FIG. 7. The integral flange 66 not only
      serves to center the plate 36 with respect to the adapter ring but also
      serves to engage the split ring 48 a of the FIG. 5 embodiment where no
      adapter ring is required and the plate 36 mounted directly to the casing
      12. In any event, the plate 36 has a thickness slightly less than the
      thickness of the adapter ring 62 so that the plate 36 may be snugly
      fastened to the adapter ring by means of a screw 68 threaded into a tapped
      hole 70 and passing through a washer 72. The tapped hole 70 is close to
      the periphery of the plate to allow the washer 72 to span the joint
      between the edge of the plate and the rear face of the adapter ring as
      best shown in FIG. 7. As may be seen in FIG. 7, the washer 72 is in a
      slightly tilted position when the screw 68 is tightened in place. In
      practice, a clearance between the two rear faces namely, the inner face of
      the adapter ring and the face of the plate, is on the order of 0.005  inch
      - 0.0008 inch. Again, this is only by way of example and appropriate
      clamping effects may be achieved with different dimensions.
PAR  The adapter ring 62 is formed with a central body portion 74 the width of
      which is determined by the size of the casing to which it is to be fitted.
      In any event, the inside diameter of all of the adapter rings is the same
      insofar as the adapter ring must fit all gear train sub-assemblies 34
      which are all of the same diameter. The outside diameter of the ring will
      vary according to the size of the casing to which it is to be fitted. In
      each instance the adapter ring is formed with an integral flange 52 which
      is of an outside diameter greater than that of the casing in order to lock
      with the split ring 48 by which the bezel ring 24 is mounted. The casing
      12 is formed with an annular shoulder 76, in which the adapter ring is
      seated and secured by screws threaded through the casing bosses 58 into
      pre-formed tapped openings 78 formed in the adapter ring.
PAR  The adapter ring is formed with an annular groove 80 about its inner
      forward face corresponding in width and depth to the plate flange 66 so
      that the forward face of the assembled ring and plate will be flush as may
      be seen in FIG. 7.
PAR  As best shown in FIG. 10 the components of the gear train sub-assembly 34
      are all mounted on the same side of the supporting plate 36 namely, the
      back face thereof. In the illustrated embodiment, a three gear drive
      arrangement is utilized although a different number of gears may be
      employed depending upon the particular application. In FIG. 10 the blocks
      38 and 40 are spaced apart in near parallel relation to allow room for the
      rack portion of the spindle 16 to extend therebetween. The spindle teeth
      mesh with a pinion which, in turn, rotates gears 82, 84 and 86 mounted
      between the blocks 38 and 40 and the plate 36. A coil spring 88 is
      provided to return the gears to the start position and, in the illustrated
      embodiment, the spring 88 is secured at one end to a post 90 and at the
      other end engages the gear 86. The stub shaft 86 is shown pivotally
      mounted to a center block 92 and carries a small pinion gear meshing with
      the larger gear 86 to drive the stub shaft located at the center of the
      plate. The illustrated embodiment includes a second stub shaft 92 offset
      from the center for use in driving the pointer for a secondary dial 26.
      The shaft 92, in this instance, is driven directly by the gear 86.
PAR  Servicing of the parts of the gear train sub-assembly 34 is simplified by
      all of the functional components being mounted on one face of the plate
      where they are readily available for inspection and repair and may be
      removed as a unit from the dial indicator.
PAR  Referring now more particularly to FIG. 8 there is illustrated a
      modification of the invention and, in this embodiment, a casing 12',
      similar in size to the casing 12 b of FIG. 4 has an annular cylindrical
      body portion 96 formed with an inner rearwardly facing annular groove 98
      as in the principal embodiment to receive the back cover 60. In this
      embodiment, however, the adapter ring 62 (or 64) is eliminated and the
      function of the adapter ring is accomplished by means of a flange 100
      formed integral with the casing 12' and extending inwardly from the front
      portion of the casing for a distance equal to the diameter, at the
      shoulder, of the gear train sub-assembly plate 36. The flange 100 is
      formed with an outwardly facing annular groove 102 to receive the flange
      66 of the plate 36 assembled as shown in FIG. 8. As before, the flange 100
      is thicker than the plate 36 in order to allow the mounting screw 68 to
      clamp the washer 72 in a binding position in the manner shown. In addition
      to the inwardly extending flange 100, the forward part of the casing 12 is
      also shown with an outwardly extending flange 104 which provides means for
      locking the bezel 24 by means of the split ring 48 as suggested in FIG. 7.
      While the FIG. 8 embodiment shows a casing with a flange 100 of a width
      corresponding with the flange of the FIG. 4 adapter ring obviously a
      larger size casing can be provided with a flange of even greater width
      depending upon the particular casing size. In either event, the casing of
      the type in FIG. 8 eliminates the need of an adapter ring and further
      simplifies assembly while reducing inventory requirements.
PAR  Referring now to FIG. 9 of the drawings, there is illustrated a further
      modification of the invention, and, in this embodiment a casing 12" is
      formed with a forward and inwardly extending flange 100' similar to that
      of the FIG. 8 embodiment along with an outer locking flange 104' and a
      groove 102'. In the FIG. 9 embodiment the casing size corresponds
      generally with that of the FIG. 3 instrument. The flange 100' eliminates
      the adapter ring 64 of FIG. 3 since it provides a direct mounting for the
      plate 36. It will be understood that the inside diameter of the flange
      100' corresponds with the outside diameter at the shoulder of the plate 36
      as shown in FIG. 8. However, in this embodiment the casing 12" is formed
      with a rear, inwardly extending wall or flange 106 having a width
      generally corresponding with the width of the flange 100'. The rear wall
      106 is formed with a groove 98' to receive the circular cover plate 60.
      The FIG. 9 embodiment, by virtue of the rear wall 106 allows for the same
      size rear cover plate 60 to be used interchangeably with different size
      casings. With this arrangement several different sizes of casings may use
      a single size gear train sub-assembly and a single size rear cover plate.
      This further reduces inventory requirements and results in an extremely
      strong and durable casing for the assembled indicator.
PAR  Referring now to FIGS. 6a, b and c, there is illustrated a further
      modification of the invention and, in this embodiment, means are provided
      for readily altering the operating range of the indicator spindle. In
      practice, dial indicators are made for specific uses in which the
      measurement to be made will be within a specified range and, customarily,
      the user will purchase an indicator having a specific range of travel for
      the spindle. Typically, the spindle of one indicator may have a 1 inch
      operating range while another indicator may be selected to move in a range
      of 3/4 inch while still another may have an operating range of 1/2 inch .
      Heretofore, dial indicators have been provided with spindles in different
      lengths as a means for determining operating ranges. Here again, prior
      practice has necessitated the maintenance of a large inventory of
      different sized parts as well as a large inventory of assembled units in
      different sizes and operating ranges. In accordance with the present
      invention, the inventory requirements are sharply reduced by using a
      single size spindle 16 of a given size indicator and forming in the
      spindle a plurality of spaced, tapped holes 108 and 110 in the lower
      mid-portion thereof to receive a stop screw 112 which may be screwed into
      either of the tapped holes 108 or 110, depending upon the desired range of
      travel. If the spindle is to function over its full range, the screw is
      removed as shown in FIG. 6a. Typically, such an arrangement will allow the
      spindle to travel over a 1 inch range. In FIG. 6b  the stop screw 112 has
      been connected to the upper hole 110 and, when so mounted, limits the
      downward stroke of the spindle by engaging the inner wall of the casing.
      In this arrangement, the spindle typically may travel over a 3/4 inch
      range. If the range is to be limited to a 1/2 inch stroke as suggested in
      FIG. 6c the stop screw 112 is threaded into the lower hole 108. Thus, a
      single spindle may be readily adjusted to any one of several functioning
      ranges.
PAR  The dial indicators disclosed herein substantially reduce the number of
      parts needed to be carried in inventory and greatly facilitates the
      assembly as well as servicing of the instruments since the gear train
      sub-assembly may be removed as a unit from the casing to which it is
      mounted without the need of removing the spindle. Since all of the
      functioning components are mounted to one face only of the gear train
      sub-assembly plate the sub-assembly may be separated from the spindle and
      out of the casing as a unit for easy service.
CLMS
STM  Having thus described the invention, what I claim and desire to obtain by
      Letters Patent of the United States is:
NUM  1.
PAR  1. A dial indicator, comprising
PA1  a. a generally cylindrical casing formed with an internal cavity and at
      least one opening in the walls thereof,
PA1  b. a gear train sub-assembly mountable to said casing through said opening,
PA1  c. said sub-assembly including a substantially flat circular plate
      continuous to said casing and a gear movement mounted to one face only of
      said plate,
PA1  d. means mounting said plate to said casing across said opening with said
      movement disposed within said cavity,
PA1  e. a graduated circular dial having a diameter substantially equal to the
      diameter of said casing mounted to the other face of said plate,
PA1  f. an indicator needle rotatably mounted to said other face and in driving
      engagement with said gear movement, and
PA1  g. a spindle formed with rack teeth mounted in said casing for
      reciprocating motion relative thereto and in driving engagement with said
      gear train, said spindle having at least one end thereof projecting
      through said casing.
NUM  2.
PAR  2. A dial indicator according to claim 1 including adjustable stop means
      engageable with said spindle for selectively varying the range of travel
      of said spindle.
NUM  3.
PAR  3. A dial indicator according to claim 2 wherein said stop means includes a
      plurality of longitudinally spaced tapped sockets formed in said spindle
      and a stop screw mountable therein.
NUM  4.
PAR  4. A dial indicator according to claim 1 wherein said mounting means
      includes an annulus formed with a central opening conforming to the
      outline of said plate for assembly therewith.
NUM  5.
PAR  5. A dial indicator according to claim 4 wherein said annulus is internal
      with said casing.
NUM  6.
PAR  6. A dial indicator according to claim 5 wherein said casing is formed with
      an integral rear annulus wall of a width generally corresponding to said
      annulus said wall being formed with an outwardly facing groove about the
      inner edge thereof and a rear cover plate detachably mounted to said wall
      and within said groove.
NUM  7.
PAR  7. A dial indicator according to claim 4 wherein said annulus is separable
      from said casing and from said plate.
NUM  8.
PAR  8. A dial indicator according to claim 4 wherein said plate is formed with
      an outer peripheral flange and said annulus is formed with cooperating
      annular groove adjacent the central opening and in the outer face thereof
      for mating engagement with said flange.
NUM  9.
PAR  9. A dial indicator comprising
PA1  a. a casing formed with an internal cavity and at least one opening in the
      walls thereof,
PA1  b. a gear train sub-assembly mountable to said casing through said opening,
PA1  c. said sub-assembly including a plate and a gear movement mounted to one
      face only of said plate,
PA1  d. means mounting said plate to said casing across said opening with said
      movement disposed within said cavity,
PA1  e. a graduated dial mounted to the other face of said plate,
PA1  f. an indicator needle rotatably mounted to said other face and in driving
      engagement with said gear movement, and,
PA1  g. a spindle formed with rack teeth mounted to said casing for
      reciprocating motion relative thereto and in driving engagement with said
      gear train, said spindle having at least one end thereof projecting
      through said casing,
PA1  h. said mounting means including an annulus formed with a central opening
      conforming to the outline of said plate for assembly therewith,
PA1  i. said plate being formed with an outer peripheral flange and said annulus
      being formed with a cooperating annular groove adjacent the central
      opening and in the outer face thereof for mating engagement with said
      flange,
PA1  j. said annulus being thicker than said plate, said plate being formed with
      a plurality of tapped holes adjacent the periphery of said plate, a screw
      mounted in each of said holes and a washer mounted to each of said screws
      and spanning the joint between said annulus and said plate in clamping
      engagement.
NUM  10.
PAR  10. A dial indicator according to claim 9 wherein said annulus is formed
      with a peripheral shoulder extending outwardly beyond the periphery of
      said casing, a transparent cover mounted over the dial face of said
      indicator, a bezel ring mounted to the periphery of said transparent cover
      and formed with an inner annular groove extending over said shoulder and a
      split locking ring disposed between said shoulder and bezel for locking
      one to the other.
NUM  11.
PAR  11. A dial indicator according to claim 9 including adjustable stop means
      engageable with said spindle for selectively varying the range of travel
      of said spindle.
NUM  12.
PAR  12. A dial indicator according to claim 11 wherein said stop means includes
      a plurality of longitudinally spaced tapped sockets formed in said spindle
      and a stop screw mountable therein.
NUM  13.
PAR  13. A dial indicator according to claim 9 wherein said annulus is integral
      with said casing.
NUM  14.
PAR  14. A dial indicator according to claim 9 wherein said annulus is separable
      from said casing and from said plate.
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ABST
PAL  A device for striking a bell comprises a hammer head having a head portion
      composed of hard material and another head portion composed of soft
      material to obtain both hard and soft sounding bell rings. The hammer head
      is connected to a rockable striking hammer lever which is driven with a
      rocking motion by a rotating eccentric cam to cause the hammer head to
      strike the bell. The center of rocking motion of the striking hammer lever
      can be shifted both manually and automatically to selectively vary the
      hardness and softness of the bell ring.
BSUM
PAR  The present invention relates to device for striking a bell employed in a
      clock or the like.
PAR  In a conventional bell striking device, in order to change the striking
      sound from soft to hard, a thin leather strip, plastic sheet or the like
      is inserted between a hammer head and a bell. However it is very unsteady
      in operation to move such a thin material, and the structure becomes
      unduly complex.
PAR  The present invention intends to eliminate the conventional defects and
      provide a bell striking device which makes it possible to change the bell
      sound with ease.
PAR  One object of the present invention is to make it possible to change the
      bell sound from soft to hard and vice versa by shifting the center of
      rocking motion of the striking hammer lever.
PAR  Another object of the present invention is to change the bell sound
      automatically.
PAR  According to one feature of the present invention there is provided a
      device for striking a bell comprising a rockable striking hammer lever, a
      driving means for rocking said striking hammer lever including a motor and
      an eccentric cam secured to a driving shaft of said motor, a hammer head
      connected to the end portion of said striking hammer head, and a bell
      disposed to be struck by said striking hammer head.
DRWD
PAR  These objects as well as other objects and characteristic features of the
      present invention will become evident and will be more readily understood
      from the following description and claims taken in conjunction with the
      following drawings, in which,
PAR  FIG. 1 is a plan view of one embodiment of the present invention,
PAR  FIG. 2 is a section along lines II--II in FIG. 1,
PAR  FIG. 3 is a plan view of the embodiment of FIG. 1 showing another state,
PAR  FIG. 4 is a plan view of another embodiment,
PAR  FIG. 5 is an elevational view of the embodiment of FIG. 4,
PAR  FIG. 6 is a perspective view of a change lever,
PAR  FIG. 7 is a plan view of still another embodiment,
PAR  FIG. 8 is a section along lines VIII--VIII in FIG. 7,
PAR  FIG. 9 is a plan view of the embodiment of FIG. 7 showing another state,
PAR  FIG. 10 is a plan view of still another embodiment of the present
      invention,
PAR  FIG. 11 is a explanatory view for showing gear train of the embodiment of
      FIG. 10,
PAR  FIG. 12 is a side view of the embodiment of FIG. 10,
PAR  FIG. 13 is a section along lines XIII--XIII in FIG. 10, and,
PAR  FIG. 14 is a explanatory plan view of the embodiment of FIG. 10.
DETD
PAR  Refering now to FIGS. 1 to 3, one embodiment of the present invention will
      be explained.
PAR  To one portion of a base plate 1, a bell 2 is connected, and to the other
      portion of the base plate a motor 3 is fixed. To a driving shaft 4 of the
      motor, a cylindric eccentric cam 5 is connected. A crank 6 is rotatably
      supported by the base plate 1. A crank pin 7 protrudes from and is
      rotatably supported by the base plate 1, whereas a crank shaft 8
      eccentrically protrude upwards. A washer 9 is rotatably secured about the
      crank shaft 8, and a rockable plate 10 is connected to the washer 9. The
      washer 9 is restrained from axial movement by a stop ring 11. To the top
      end of the crank shaft 8, a button 12 is secured. In the rockable plate
      10, a square shaped cutout 13 is provided. On both sides of the cutout 13,
      cam followers in the form of risings 14, 14 are formed. Between the
      risings 14, 14 is positioned the eccentric cam 5. A striking hammer lever
      15 is provided integrally with the rockable plate 10, and a hammer head 16
      is connected to its end portion. One head portion 17 of the hammer head 16
      is made of hard material such as metal, whereas the other head portion 18
      is made of soft material such as rubber, synthetic resin or the like. The
      hammer head 16 is positioned so as to strike the inside of the bell 2 at a
      right angle thereto.
PAR  In operation and with the parts in the position shown in FIG. 1, when the
      motor 3 operates, the eccentric cam 5 rotates alternately pushing the
      risings 14, 14 and thus the rockable plate 10 rocks about the crank shaft
      8. The striking hammer lever 15 also rocks and the hammer head 16
      alternately strikes opposite sides of the bell 2 with head portions 17, 18
      thereby producing alternate hard and soft rings. The bell sound can be
      changed by rotating the button 12. If the button 12 is rotated in the
      counterclockwise direction, as shown in FIG. 3, the crank shaft 8 also
      rotates with it, and the center of rocking motion of the rockable plate 10
      accordingly shifts so that the hammer head position 17 comes nearer to the
      bell 2 thereby producing hard bell sound. When the button 12 is rotated in
      the reverse direction, the hammer head portion 18 comes nearer to the bell
      2 and the bell sound becomes softer. When the hammer head 16 is positioned
      at the center of the bell 2, both the hard sound and the soft sound may be
      produced.
PAR  Refering FIGS. 4 to 6, another embodiment will be explained.
PAR  In the drawings, parts corresponding to similar parts in the embodiment of
      FIGS. 1 to 3 are given similar numerals increased by 100.
PAR  To the base plate 101, a pillar 119 is connected, and a shaft 120 is
      integral with the pillar 119 extends upward. This shaft 120 penetrates a
      slit 121 provided in a rockable plate 110. Rings 122, 123 are provided
      about the shaft 120 and a coil spring 124 is supported about the shaft
      between the rings 122 and 123. A washer 125 is secured to the upper
      portion of the shaft 120 such that the spring 124 is compressed slightly
      with the spring force applied to the rockable plate 110. A shaft 126 is
      fixed on the base plate 101. A change lever 127 for shifting the center of
      rocking motion of the rockable plate 110 is rotatable about the shaft 126.
      The change lever 127 is provided with two risings 128, 129 and a
      gourd-shaped guide hole 130 having two enlarged portions as shown in FIG.
      6. A pin 131 provided on the base plate 101 slidably engages with the hole
      130.
PAR  In operation, to change the bell sound, the rising 128 of the change lever
      127 is manually pushed in one direction thereby turning the lever about
      the shaft 126. The pin 131 engages with the other enlarged portion of the
      hole 130. The rockable plate 110 is rotated by the change lever 127
      thereby shifting the center of rocking motion of the rockable plate. Thus
      the striking hammer lever is rotated and the hammer head 116 nearer the
      bell. Therefor the bell sound changes from hard to soft and vice versa.
PAR  Refering FIGS. 7 to 9, still another embodiment of the present invention
      will be explained.
PAR  In the drawings, parts corresponding to similar parts in the embodiment of
      FIGS. 1 to 3 are given similar reference numerals increased by 200.
PAR  A shaft 219 is rotatably supported by a base plate 201. A pillar shaped
      eccentric cam 220 is connected to the shaft 219. A washer 221 is rotatable
      about the cam 220. A rockable plate 210 is connected to the washer 221. A
      triangular detent 222 is connected to the lower end portion of the shaft
      219. A spring washer 223 is provided between the detent 222 and the base
      plate 201. The base plate 201 is secured to a case (not shown in the
      drawings) at its legs 201a, 201b by screws 224, 225. The legs 201a, 201b
      define the rotation of the detent 222.
PAR  In operation, when the striking hammer lever 215 is in the state of FIG. 7,
      the hammer head 216 does not strike the bell 202 even if the motor 203 is
      actuated and the hammer lever is rocked. When the shaft 219 is rotated in
      a counterclockwise direction until the detent 222 comes into contact with
      the leg 201a, the eccentric cam 220 is rotated and the washer 221 is also
      eccentrically rotated so that the center of rocking motion of the rockable
      lever 210 shifts as shown in FIG. 9. The striking hammer lever 215 is
      rotated clockwise, and the head portion 218 of the hammer head 216 is
      positioned near the bell 202. If the motor 203 operates under this
      condition, the hammer head 216 strikes the bell 202 only with the head
      portion 218. Therefore the bell sound is soft. In order to change the bell
      sound from soft to hard, the shaft 219 is rotated in the reverse
      direction.
PAR  Refering to FIGS. 10 to 14, an embodiment of the present invention in which
      the bell sound is automatically changed will be explained. A bell 302 and
      a motor 303 are secured to a base plate 301. The driving shaft 304 of the
      motor 303 projects through the base plate 301, and a motor pinion 316 and
      an eccentric cam 305 are respectively secured to the shaft 304. A pillar
      306 is connected and a shaft 307 integral with the pillar extends upward.
      The shaft 307 extends through a slit 343 provided in a rockable plate 308.
      The rockable plate 308 is pushed downward by a coil spring 344. A square
      shaped cutout 309 is provided in the rockable plate 308. Rising
      projections 310, 310 are formed on both sides of the cutout 309. Between
      the rising projections 310, 310, the eccentric cam 305. A striking hammer
      lever 311 is provided integrally with the rockable plate 308, and a hammer
      head 312 is connected to its end portion. One head portion 313 of the
      hammer head 312 is made of hard material such as metal, whereas the other
      head portion 314 is made of soft material such as rubber, synthetic resin
      or the like. The hammer head 312 is positioned so as to strike the inside
      surface of the bell 302 at a right angle thereto.
PAR  The rockable plate 308 is provided with a sliding piece 315. The rotation
      of the motor pinion 316 is transmitted to a sound change gear wheel 327
      through deceleration gear train consisting of a gear wheel 317, a pinion
      318, a gear wheel 319, a pinion 320, a gear wheel 321, a pinion 322, a
      sound intermitting gear wheel 323, a pinion 324, a gear wheel 325 and a
      pinion 326. The sound intermitting gear wheel 323 is provided with a
      projection 328 having a slope 328a descending in the clockwise direction
      in FIG. 10. The sound change gear wheel 327 is provided with a toothless
      portion 329 at its outer periphery, and a pin 330 on its upper surface.
      The sound intermitting gear wheel 323 is rotatably supported by a shaft
      332 fixed on an alarm stop lever 331.
PAR  The alarm stop lever 331 is rockably supported by a pin 333 mounted on the
      base plate 301 and is pulled in the clockwise direction in FIG. 10 by a
      coil spring 334. A coil spring 336 is hitched between a pin 335 standing
      on the lever 331 and the pin 330 on the sound change gear wheel 327. A
      sound change lever 337 is rotatably supported by a shaft 338 fixed on a
      base plate 301. The sound change lever 337 rocks clockwise when it is
      pushed at its end portion 339 by the pin 330 and the sound change lever
      337 is pulled counterclockwise by a coil spring 340. The sound change
      lever 337 is provided with two projections 341, 342 standing on both sides
      of the rockable plate 308 as shown in FIG. 13.
PAR  The operation of the embodiment shown in FIGS. 10-14 will now be explained.
PAR  At an alarm set time, the motor 303 starts rotation. The eccentric cam 305
      also rotates to rock the rockable plate 308 together with the striking
      hammer lever 311. Thus the hammer head 312 begins striking the bell 302.
      Under the state of FIG. 10, the hammer head 312 strikes the bell 302 at
      its head portion 314 producing a soft alarm sound. In proportion to the
      rotation of the motor pinion 316, the sound intermitting gear wheel 323
      rotates through the deceleration gear train. When the projection 328
      slidably pushes up the sliding piece 315, the rising projections 310, 310
      are disengaged from the eccentric cam 305 and the alarm is interrupted. As
      the sound intermitting gear wheel 323 further rotates, the sliding piece
      315 is disengaged from the projection 328 and the hammer head 312 begins
      striking the bell 302 to produce bell sound. In this manner, the bell 302
      rings intermittently.
PAR  As the motor pinion 316 rotates, the sound change gear wheel 327 rotates in
      the direction shown in FIG. 10 and the pin 330 gradually pushes the end
      portion 339 of the sound change lever 337 to turn the sound change lever
      against the spring force of the coil spring 340. The projection 341 turns
      the rockable plate 308 in the counterclockwise direction. The head portion
      313 approaches the bell 302 and the bell sound becomes gradually harder.
      Thus the bell 302 rings intermittently and the bell sound gradually
      changes from soft to hard. When the sound change gear wheel 327 is rotated
      to the position where the toothless part 329 is engaged with the pinion
      326 as shown in FIG. 14, the sound change gear wheel can not rotate any
      more. Therefore the bell continues ringing in the hard sound mode in an
      intermittent manner.
PAR  In order to stop alarm, the alarm stop lever 331 is pushed in the direction
      as shown by an arrow in FIG. 14. At the same time the motor 302 is
      stopped. The alarm stop lever 331 is turned counterclockwise about the pin
      333. Since the sound change gear wheel 327 is moved by the alarm stop
      lever 331, it is disengaged from the pinion 326. The sound change gear
      wheel 327 is restored to its home postion shown in FIG. 10 by the force of
      the coil spring 336 and the sound change lever 337 is released from the
      pin 330 and is restored to its home position.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Device for striking a bell comprising:
PA1  a base plate,
PA1  a rockable striking hammer lever rockably mounted on said base plate,
PA1  driving means for driving said striking hammer lever with a rocking motion
      including a motor and an eccentric cam secured to a driving shaft of said
      motor,
PA1  a hammer head connected to the end portion of said striking hammer lever,
      and
PA1  a bell positioned relative to said hammer head to be struck by said hammer
      head during rocking motion of said striking hammer lever.
NUM  2.
PAR  2. Device for striking a bell according to claim 1 including means for
      shifting the center of rocking motion of said striking hammer lever.
NUM  3.
PAR  3. Device for striking a bell according to claim 2 in which one head
      portion of said hammer head is made of hard material and the other head
      portion is made of soft material.
NUM  4.
PAR  4. Device for striking a bell according to claim 3 in which said means for
      shifting the center of rocking motion of said striking hammer lever
      includes a rotatable crank coacting with said striking hammer lever to
      shift the center of rocking motion thereof in response to turning of said
      crank.
NUM  5.
PAR  5. Device for striking a bell according to claim 3 further comprising a
      shaft connected to said base plate, means defining a slit located at the
      center portion of rocking motion of said striking hammer lever, said slit
      being slidably engaged with said shaft, and a manually operative change
      lever rotatably supported on said base plate for enabling manual turning
      said striking hammer lever.
NUM  6.
PAR  6. Device for striking a bell according to claim 3 further comprising a
      shaft connected to said base plate, means defining a slit located at the
      center portion of rocking motion of said striking hammer lever, said slit
      being slidably engaged with said shaft, a change lever rotatably supported
      on said base plate for effecting turning of said striking hammer lever,
      and a pin mounted on a gear wheel driven by said motor through a
      deceleration gear train so that said change lever shifts the center of
      rocking motion of said striking hammer lever in response to turning of
      said pin.
NUM  7.
PAR  7. Device for striking a bell according to claim 6 wherein said gear wheel
      is rotatably supported on an alarm stop lever, and said gear wheel is
      provided with a toothless portion to limit its rotation for keeping in
      place the shifted center of rocking motion of said striking hammer lever.
NUM  8.
PAR  8. Device for striking a bell according to claim 7 further comprising a
      hitch spring connected between said pin and a pin connected on said alarm
      stop lever so that as said alarm stop lever is turned, said gear wheel
      becomes disengaged from said deceleration gear train thereby releasing
      said change lever and restoring said striking hammer lever to its initial
      position.
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ABST
PAL  A marker device for ejecting a chemical marking substance, such as paint,
      onto nearby unauthorized persons or objects, comprising a chamber means
      for containing an isolated quantity of a chemical marking substance
      therein. The chamber is attached to a main body member. The main body
      contains an evacuating plunger means therewithin which is movable from a
      retracted into an extended position and which is telescopingly received
      within the chamber when moved into the extended position.
PAL  A power mechanism which can be actuated to move the plunger along its
      longitudinal axis is incorporated within the main body along with a
      trigger mechanism for actuating the power mechanism, so that when
      triggered by unauthorized persons, the plunger forces the chemical marking
      substances to be ejected and dispersed in a selected direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most trespassers can be classified as either vandals or thieves. Trepassers
      in general are responsible for a considerable amount of waste in this
      country. Ranchers and farmers must set aside a substantial amount of their
      income each year in order to repair the damage caused by unauthorized
      persons entering their property and either deliberately or inadvertently
      causing harm to growing crops or to livestock. Ranchers and farmers own
      private roadways and trails which are primitive in nature, but
      nevertheless, are subject to unlawful use by unauthorized persons
      including thieves and vandals.
PAR  Often a trespasser can be apprehended only after he has removed himself and
      his vehicle from the property which he has damaged, thereby making it
      difficult for any law enforcement officer to prosecute the guilty party.
      This lack of proof or evidence encourages the malicious tresspasser.
      Accordingly, it is desirable to have made available a dye gun marker
      apparatus which is triggered when one comes in close proximity thereof,
      whereupon the person or vehicle is marked with a suitable chemical marking
      substance, as for example, water soluble paint. This expedient offers
      irrefutable evidence that the trespasser was in close proximity to the
      marker device.
PAC  THE PRIOR ART
PAR  Reference is made to the following patents to show known apparatus which
      are similar to the present invention:
     Poteet 3,340,645   Rhodes 2,731,937                                       
     Marlman 2,145,488  Marlman 3,391,483                                      
PAC  SUMMARY OF THE INVENTION
PAR  A marker device for ejecting a chemical marking substance onto nearby
      objects comprising a chamber means for containing an isolated quantity of
      chemical marking substance therein, and further providing expansible means
      which can be activated for causing the chemical substance to be evacuated
      therefrom with sufficient force to contaminate nearby objects positioned
      several feet away therefrom. The expansible means is an evacuating plunger
      means movable from a retracted into an extended position and telescopingly
      received within said chamber when moved into the extended position.
PAR  A power mechanism which stores energy is actuatable to move the plunger
      along its longitudinal axis when released by a trigger mechanism. The
      trigger mechanism can actuate the power mechanism at a spaced location
      therefrom.
PAR  Accordingly, a primary object of the present invention is the provision of
      a dye marker apparatus for ejecting chemical substance onto nearby objects
      for identification purposes.
PAR  A further object is the provision of a marker device having a chamber means
      within which a chemical substance is isolated and stored until an object
      moving nearby actuates a mechanism for evacuating the substance from the
      chamber thereby causing the chemical substance to be dispersed and contact
      the nearby object.
PAR  Another object of the invention is the provision of mechanism actuatable by
      an object moving into close proximity thereof which ejects a chemical
      substance onto the object to enable subsequent identification.
PAR  A still further object of the invention is to provide a marker device
      actuatable remotely for marking nearby objects.
PAR  The above objects are attained in accordance with the present invention by
      the provision of apparatus fabricated in a manner substantially as
      described in the above abstract and summary.
PAR  These and various other objects and advantages of the invention will become
      readily apparent to those skilled in the art upon reading the following
      detailed description and claims and by referring to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a part schematical, part diagrammatical, side elevational view
      illustrating the present invention in one of its operative configurations;
PAR  FIG. 2 is an enlarged, exploded, fragmentary, broken, part cross-sectional
      view of the present invention;
PAR  FIG. 3 is a broken, part cross-sectional view taken along line 3--3 of FIG.
      2;
PAR  FIG. 4 is an assembled side elevational view of the apparatus disclosed in
      the foregoing figures;
PAR  FIG. 5 is a partially exploded, fragmentary, part cross-sectional side view
      of the apparatus disclosed in the foregoing figures;
PAR  FIG. 6 is a side elevational view of a modification of the apparatus
      disclosed in the foregoing figures; and,
PAR  FIG. 7 is a cross-sectional view taken along line 7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  In FIG. 1 the invention 10 is operatively disposed relative to a primitive
      road 12 upon which an unauthorized vehicle 14 is traveling. Actuating
      lever 16 has been contacted by one of the wheels of the vehicle; and
      accordingly, a chemical marking substance contained within the apparatus
      10 has been expelled as illustrated at 18 to thereby mark the vehicle.
PAR  As seen in FIG. 2, the apparatus 10 comprises a main body 20, to which
      there is affixed a lower ground engaging member 22, and a removable
      chemical container 24. The chemical container has an interial wall surface
      26 which forms a chamber 28 for storing chemical marking substance
      therein. The upper extremity of the container is sealed with a movable lid
      30 which is sealed in seating engagement with the illustrated recess. The
      lower extremity of the chamber is sealed by a movable piston 32 which
      abuttingly engages a circumferentially extending shoulder 34. A female
      threaded surface area 36 threadedly engages a male threaded surface area
      38 of the main body, while the annular area 40 abuttingly engages shoulder
      42 located above neck 43 of the main body.
PAR  A marginal intermediate length of a cotter key 44 engages the neck, to
      releasably affix the main body to the ground engaging member, as will be
      more fully appreciated later on in this disclosure. The main body member
      includes a downwardly opening circumferentially extending skirt member
      which is inturned at 45 for capturing a disk 46 therewithin. Plunger
      passageway 47 is axially aligned with the skirt and disk. The passageway
      enlarges at shoulder 48 to define a power mechanism storage chamber having
      an inside peripheral wall surface 50, which reciprocatingly receives a
      lower marginal end portion of a plunger 52 therewithin.
PAR  The plunger has a circumferentially extending triggering shoulder 54
      extending outwardly therefrom, and downwardly tapers at 56 into a constant
      diameter shaft portion 58 which terminates in an enlarged spring engaging
      disk 60. Spring 62 is compressed between the spaced upper and lower disks
      and forms a means by which energy can be stored within the chamber.
PAR  A trigger mechanism 64 is connected for actuating the power mechanism, and
      has a longitudinally extending shaft having a cutout 66 formed along a
      marginal length thereof which is complementary respective to the curvature
      of the shoulder 54 so that when the shaft is axially rotated, the shoulder
      54 can be moved past the cutout of the trigger. The trigger has a free end
      portion 64' extending through the main body, and another portion which
      extends away from the main body.
PAR  Shoulder 66' defines the upper extremity of the main body. The upwardly
      opening slot 68 extends between and below a pair of spaced apertures 70 so
      that when the main body member is placed within the ground engaging
      member, the cotter key can be placed within the apertures 70, thereby
      loosely attaching the main body to the ground engaging member in a
      releasable manner.
PAR  The trigger mechanism includes an elongated thin member 72, such as a
      conventional dull colored wooden yard stick, which is provided with a pin
      or nail 74 at one end thereof. The pin is loosely received within loop 76
      of the trigger shaft extension 77.
PAR  In operation, the plunger is moved against the compression spring until the
      shoulder of the enlargement clears the cutout of the trigger shaft,
      whereupon the lever 77 is then moved into the illustrated position of FIG.
      2, thereby locking the enlargement at 54 so that the plunger is captured
      but at the same time biased in an outward direction. Movement of the
      trigger lever into the dot-dashed configuration seen at 76' will release
      the stored energy causing the plunger to move in an outward direction, and
      into the chamber.
PAR  Movement of the plunger into the chamber causes the piston 32 to rupture or
      otherwise uncover end 30 of the chamber, whereupon the chemical contained
      therein is forcibly directed away from the gun.
PAR  As best seen in FIGS. 4 and 5, shoulder 40 of the chemical container 24
      abutingly engages the circumferentially extending upper terminal end 41 of
      the ground engaging member. This causes the neck 43 of the main body
      member to bear against cotter pin 44, thereby releasably affixing the
      container, main body, and ground engaging member to one another. The
      trigger lever 77 freely extends through the lower portion of the slot in
      underlying relation to the cotter pin.
PAR  In the embodiment illustrated in FIGS. 6 and 7, the main body 20 is
      provided with diametrically opposed outwardly directed pins 80 and 81
      which are of a size to be snuggly fitted within diametrically opposed
      slots 68 and 76. The slots each have opposed side walls which upwardly
      opens at 69.
PAR  The ground engaging member 122 has an outward projection 84 and an
      outwardly flared marginal free end 82, thereby leaving a minimum diameter
      portion which receives a split spring or keeper 86 thereabout. The split
      spring has terminal end portions 88 and 89 outwardly directed to enable
      engagement therewith so that the diameter of the spring can be momentarily
      forcibly increased to facilitate removal from the flared portion of the
      ground engaging member.
PAR  In operation of the second embodiment, the ground engaging member is driven
      into the ground, after which the main body of the gun is placed into the
      ground engaging member with the opposed pins 80 and 81 registering within
      the complementary formed opposed slots, after which the keeper spring is
      placed into the illustrated position of FIGS. 6 and 7. The sloped portion
      formed between 82 and 84 causes the keeper spring to be biased against the
      opposed pins with the pins abutting the lowermost portion of the slot 68
      and 76, thereby removably attaching the main body portion to the ground
      engaging portion. The lever 77 is actuated as in the before described
      manner of the first embodiment.
PAR  Accordingly, the marker device of the present invention can be used for
      ejecting chemical 18 onto nearby objects 14 by the provision of chamber
      means 28 for containing an isolated quantity of chemical marking substance
      therein. An evacuating plunger means 52 is movable from a retracted into
      an extended position and is telescopingly received within the chamber when
      moved into the extended position. A power mechanism 60 and 62 can be
      actuated by the trigger means 16 and 64 to move the plunger along its
      longitudinal axis and into the chamber, thereby expelling the chemical
      therefrom. The trigger mechanism preferably is remotely actuated by member
      16 when the nearby object comes in close proximity thereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A marker device for ejecting chemical marking substance onto nearby
      objects comprising:
PA1  a main body having a chamber means formed therein for containing an
      isolated quantity of chemical marking substance therein;
PA1  a ground engaging member comprising an outwardly flared tubing having an
      upwardly opening slot formed therein;
PA1  a marginal portion of said main body being received within said ground
      engaging member and having a pin located thereon which is received within
      said slot, a spring member received about said tubing in a position to
      bias said pin toward the closed end of said slot;
PA1  an evacuating plunger means movable from a retracted into an extended
      position and telescopingly received within said chamber when moved into
      the extended position;
PA1  a power mechanism which can be actuated to move the plunger along its
      longitudinal axis;
PA1  a trigger mechanism for actuating said power mechanism;
PA1  and means for remotely actuating the trigger in response to movement of an
      object into contact therewith.
NUM  2.
PAR  2. A marker device for ejecting chemical marking substance onto nearby
      objects, comprising, a main body having opposed end portions and an axial
      passageway formed therethrough, a chamber means removably affixed to one
      end portion of said main body, and a ground engaging member removably
      affixed to the remaining end portion of said main body in aligned
      relationship respective to said chamber;
PA1  said chamber means adapted to contain an isolated quantity of chemical
      marking substance therein;
PA1  an evacuating plunger means movable from a retracted into an extended
      position and telescopingly received within said chamber means when moved
      into the extended position;
PA1  a power mechanism which can be actuated to move said plunger along its
      longitudinal axis;
PA1  a trigger mechanism for actuating said power mechanism;
PA1  means connected to said trigger mechanism for actuating the power mechanism
      in response to movement of an object to be marked;
PA1  said plunger means having opposed ends and spaced enlargements formed
      thereon, said main body having a closure means at one end thereof, said
      power mechanism including a spring compressed between said closure means
      and one end of said plunger means;
PA1  said trigger mechanism releasably engaging said plunger means at a location
      between said enlargements when the plunger means is moved to said
      retracted position, and releasing said plunger means when said trigger
      mechanism is actuated, thereby enabling the power mechanism to move the
      plunger means into the extended position;
PA1  said means connected to said trigger mechanism being an elongated member
      having opposed end portions with one end portion being connected to move
      said trigger mechanism while the remaining end portion thereof is disposed
      away from said main body so that when sufficient force is placed upon the
      last said member, the trigger mechanism moves, causing the plunger means
      to move to the extended position.
NUM  3.
PAR  3. A marker device for ejecting chemical marking substance onto nearby
      objects comprising:
PA1  chamber means for containing an isolated quantity of chemical marking
      substance therein; a ground engaging member, a main body member, means by
      which said main body member is removably affixed to said ground engaging
      member; said chamber means being affixed to said main body member;
PA1  an evacuating plunger means movable from a retracted into an extended
      position and telescopingly received within said chamber means when moved
      into the extended position;
PA1  a power mechanism which can be actuated to cause said plunger means to move
      along its longitudinal axis;
PA1  a trigger mechanism for actuating said power mechanism; means for actuating
      the trigger mechanism in response to movement of an object to be marked
      into contact therewith;
PA1  said ground engaging member having an outwardly directed flange, an
      upwardly opening slot, and opposed apertures formed in underlying
      relationship respective to said flange, and with said slot being located
      therebetween;
PA1  an outwardly directed annular shoulder formed on said main body member in
      underlying relationship to said chamber means for engagement with said
      ground engaging member;
PA1  a fastener means received through said apertures and placed into engagement
      with said annular shoulder, with said annular shoulder bearing against
      said fastener means so that said chamber, main body, and ground engaging
      member are releasably attached to one another.
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ABST
PAL  A magnetic brush support member, the process of making it and a magnetic
      brush apparatus incorporating the support member are provided. The support
      member includes at least one surface for supporting a magnetic brush. The
      support member is formed of a composite comprising a metal binder
      component and a particulate second phase component. The second phase
      material is selected to have a greater abrasion resistance than the metal
      binder. A portion of the second phase protrudes from the metal binder at
      the support surface. The support member may be formed by casting or powder
      metallurgical techniques followed by removing a portion of the metal
      binder from the support surface to allow the second phase particles to
      protrude therefrom. Magnetic brush apparatuses adapted for cleaning or
      developing in electrostatographic machines are provided which include one
      or more of the magnetic brush support members.
PARN
PAR  This is a division of application Ser. No. 414,015, filed 11/8/73, now U.S.
      Pat. No. 3,893,815, which issued July 8, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a magnetic brush support member, the process of
      making it and a magnetic brush apparatus incorporating the support member.
      The support member is formed of a composite which imparts improved
      abrasion resistance to the surface of the member which supports the
      magnetic brush.
PAR  Magnetic brush apparatuses are employed in electrostatographic machines for
      a variety of purposes including developing and cleaning. U.S. Pat. No.
      3,040,704 and 3,246,629 describe apparatuses used for developing
      electrostatic images. In the apparatuses described, the magnetic brush
      support member comprises a cylindrical sleeve which is rotatably supported
      about a stationary magnetic. The sleeve and magnet comprises a magnetic
      brush roll. When the roll is brought into operative contact with developer
      particles which include ferromagnetic particles, the particles are
      attracted to the surface of the cylindrical sleeve and arrange themselves
      thereon in the form of a brush. The brush is employed to bring toner
      particles which adhere to the ferromagnetic particles into contact with an
      electrostatic image in order to develop the image by transfer of the toner
      particles to the image areas so as to render them visible. It is apparent
      from the teachings of these patents that ferromagnetic particles of other
      similar metal particles used as a carrier in the developer exert an
      abrasive influence on the surface of the mag brush roll. Further, it is
      apparent, that it is desirable for the rolls to have a roughened surface
      so as to prevent the particles from slipping. Mechanically roughening the
      roll surface or cutting grooves, or knurls in the surface are inadequate
      since the number of bristle sites are restricted. Further the abrasive
      action of the carrier on the roll surface polishes down the surface
      roughness thereby reducing the effectiveness of the surface. The preferred
      metals for the sleeve are non-magnetic metals such as aluminum, brass and
      other relatively soft alloys and these are rapidly worn down by the
      abrasive action of the developer mix.
PAR  In accordance with the teachings of U.S. Pat. No. 3,246,629, a separate
      coating is provided on the surface of the non-magnetic sleeve which
      comprises a layer of particulate matter of powdered materials such as
      glass, ceramic, plastic and various metals including ferrous metals. The
      layer may be applied by adhering a layer of irregular particulate matter
      using a matrix of bonding adhesive or by flame spraying the particulate
      matter on the roll surface.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a magnetic brush support member having a
      surface adapted to support a magnetic brush is provided as well as a
      magnetic brush apparatus incorporating the member. The support member in
      accordance with this invention, is formed of a composite material
      comprising a metal binder and a particulate second phase wherein the
      second phase comprises a material which has a greater abrasion resistance
      than the metal binder. The second phase is exposed at the surface of the
      support member which supports the magnetic brush. Preferably the metal
      binder comprises the matrix of the composite and the particulate second
      phase is dispersed therein.
PAR  The supporting member preferably is in the form of a roll and the second
      phase comprises particles of a highly abrasion resistant material such as
      oxides, carbides, nitrides, etc. The magnetic brush apparatus, in
      accordance with this invention, includes one or more magnetic brush
      support members as described above and is adapted for use as a developing
      or a cleaning apparatus.
PAR  A process of forming the support member also forms a part of the present
      invention. The process includes forming a magnetic brush support member of
      a composite comprising of a metal matrix and a dispersed particulate
      second phase as previously described followed by removal of a portion of
      the metal matrix from the surface of the member which is adapted to
      support the magnetic brush so that the second phase protrudes from the
      metal matrix. In the preferred process the composite member is formed by
      casting followed by etching of the support surface of the member to remove
      part of the metal matrix thereby leaving the second phase particles
      protruding from the surface of the metal matrix.
PAR  Therefore, it is an object of this invention to provide a magnetic brush
      support member formed of a composite having improved abrasion resistance.
PAR  It is a further object of this invention to provide a magnetic brush
      apparatus including one or more magnetic brush support members as above.
PAR  It is still a further object of this invention to provide a process of
      making magnetic brush support members from a composite as above.
PAR  These and other objects will become more apparent from a consideration of
      the following description and drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a reproducing apparatus incorporating a
      magnetic brush apparatus and magnetic support members in accordance with
      this invention.
PAR  FIG. 2 is a perspective view of a magnetic brush roll in accordance with
      this invention.
PAR  FIG. 3 is a partial cross-sectional view of a magnetic brush roll in
      accordance with this invention.
PAR  FIG. 4 is a partial cross-sectional view of a magnetic brush roll in
      accordance with another embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 there is shown by way of example an automatic
      xerographic reproducing machine 1 which incorporates the magnetic brush
      support member 2 and magnetic brush apparatus 3 of the present invention.
      The reproducing machine depicted in FIG. 1 illustrates the various
      components utilized therein for producing copies from an original.
      Although the magnetic brush support member 2 and magnetic brush apparatus
      3 of the present invention are particularly well adapted for use in an
      automatic xerographic reproducing machine 1, it should become evident from
      the following description that they are equally well suited for use in a
      wide variety of processing systems including other electrostatographic
      systems and they are not necessarily limited in their application to the
      particular embodiment or embodiments shown herein.
PAR  The reproducing machine illustrated in FIG. 1 employs an image recording
      drum-like member 10, the outer periphery of which is coated with a
      suitable photoconductive material 11. One type of suitable photoconductive
      material is disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961.
      The drum 10 is suitably journaled for rotation within a machine frame (not
      shown) by means of shaft 12 and rotates in the direction indicated by
      arrow 13 to bring the image retaining surface thereon past a plurality of
      xerographic processing stations. Suitable drive means M are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material 14 such as
      paper or the like.
PAR  The practice of xerography is well known in the art and is the subject of
      numerous patents and texts including Electrophotography by Schaffert,
      published in 1965 and Xerography and Related Processes by Dessauer and
      Clark, published in 1965.
PAR  The various processing stations for producing a copy of an original are
      herein reprsented in FIG. 1 as blocks A to E. Initially, the drum 10 moves
      the photoconductive surface 11 through a charging station A. In the
      charging station A, an electrostatic charge is placed uniformly over the
      photoconductive surface 11 preparatory to imaging. The charging may be
      provided by a corona generating device of the type described in U.S. Pat.
      No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B wherein the
      charged photoconductive surface 11 is exposed to a light image of the
      original input scene information whereby the charge is selectively
      dissipated in the light exposed regions to record the original input scene
      in the form of a latent electrostatic image. A suitable exposure system
      may be of a type described in U.S. Pat. No. 3,062,110 issued to Shepardson
      et al. in 1962. After exposure drum 10 rotates the electrostatic latent
      image recorded on the photoconductive surface 11 to development station C
      in accordance with the invention wherein a conventional developer mix is
      applied to the photoconductive surface 11 of the drum 10 rendering the
      latent image visible. A suitable development station is disclosed in U.S.
      Pat. No. 3,707,947 issued to Reichart in 1973. That patent describes a
      magnetic brush development system utilizing a magnetizable developer mix
      having ferromagnetic carrier granules and a toner colorant. The developer
      mix is brought through a directional flux field to form a brush thereof,
      the electrostatic latent image recorded on the photoconductive surface 11
      is developed by bringing the brush of developer into contact therewith.
PAR  Further details of the development apparatus which comprises development
      station C will be described later by specific reference to the present
      invention.
PAR  The developed image on the photoconductive surface 11 is then brought into
      contact with the sheet 14 of final support material within a transfer
      station D and the toner image is transferred from the photoconductive
      surface 11 to the contacting side of the final support sheet 14. The final
      support material may be paper, plastic, etc. as desired.
PAR  After the toner image has been transferred to the sheet of final support
      material 14 the sheet with the image thereon is advanced to a suitable
      fuser 15 which coalesces the transferred powder image thereto. One type of
      suitable fuser is described in U.S. Pat. No. 2,701,765 issued to Codichini
      et al in 1955. After the fusing process the sheet 14 is advanced to a
      suitable output device.
PAR  Although a preponderance of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material. The residual toner particles remaining on the
      photoconductive surface 11 after the transfer operation are removed from
      the drum 10 as it moves through a cleaning station E. The toner particles
      may be mechanically cleaned from the photoconductive surface 11 by any
      conventional means as for example the use of a magnetic brush as set forth
      in U.S. Pat. No. 2,911,330 issued to Clark in 1959.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illustrate the general operation of an
      automatic xerographic copier 1 which can embody the magnetic brush support
      member 2 and magnetic brush apparatus 3 in accordance with the present
      invention.
PAR  Referring now to FIGS. 2 and 3 a magnetic brush support member 2 in
      accordance with this invention is shown. The support member 2 shown
      comprises a cylindrical sleeve. The support member is not limited however,
      to the form of a cylindrical sleeve and it could have any desired shape
      adapted for use in supporting a magnetic brush. Therefore, for example, it
      could comprise a tubular type sleeve having any desired cross-section or
      it could comprise a belt or web type of element. In accordance with the
      present invention the support member 3 formed of a composite 20 which
      comprises a metal binder 2 component and a particulate second phase 22
      component of a material having better abrasion resistance than the metal
      binder. In accordance with a preferred embodiment the metal binder
      component 2 comprises the matrix of the composite 20 and the second phase
      component is dispersed therein. Preferably, the particulate second phase
      22 protrudes out from the metal matrix 21 at the supporting surface 23.
PAR  The size and density of the particulate second phase 22 is selected to give
      the appropriate surface roughness so that the member 2 provides a base on
      which can be produced a thick bristle like brush formation capable of
      developing dense visible images or in the alternative cleaning residual
      images in electrostatic apparatuses. The size and morphology of the
      particulate second phase 22 are generally in accordance with the teachings
      of U.S. Pat. No. 3,246,069 for the particles applied therein. Therefore,
      they should be in the range of from about 20 to about 500 microns along
      the largest dimensions. An average particle size of about 150 to about 300
      microns is preferable. The particles need not be uniform in size and can
      vary over a ten-fold or larger range. The particles are preferably of an
      irregular shape with sharp or jagged edges as shown in FIG. 2.
PAR  Preferably, in accordance with this invention the particles 22 are formed
      of any desired material which is compatible with the metal binder
      component 21 and will not be totally dissolved therein and which possess
      sufficient abrasion resistance to provide a support member 2 having
      improved abrasion resistance. Therefore, particles such as carbides,
      oxides, nitrides, etc., such as for example, carbides of tungsten,
      molybdenum, titanium, etc., are particularly well-suited for use in
      accordance with this invention. Other particulate materials which can be
      used in accordance with this invention are set forth in U.S. Pat. No.
      2,793,949, although the invention is not limited to the materials set
      forth therein.
PAR  The metal binder component 21 may be formed of any desired metal or alloy
      which is adapted to provide a magnetic brush supporting surfacce. For
      example, aluminum and its alloys, copper and its alloys, magnesium and its
      alloys, titanium and its alloys, nickel and its alloys, iron and steels,
      particularly stainless steels of the austenitic type (AISI 300 series (are
      well adapted for use as a binder component 21. It is preferable in
      accordance with this invention to alloys a metal binder component 21
      comprising aluminum or its alloyss or copper and its alloys.
PAR  The composite material 20 in accordance with this invention can be formed
      of any well-known metallurgical technique as for example those illustrated
      in U.S. Pat. Nos. 2,793,949; 3,240,592; 3,574,609; and 3,468,658. In
      particular, U.S. Pat. No. 2,793,949 shows a method of preparing composite
      materials 20 in accordance with this invention and includes examples
      employing a wide variety of metal binder components 21 and second phase
      particulate components 22.
PAR  While the particular metallurgical approach employed for forming the
      composite material 20 in accordance with this invention may be
      conventional as previously described, the process of forming the magnetic
      brush support members 2 is quite novel. The process includes the steps of
      (1) forming the composite 20 into the desired support member 2 followed by
      (2) removing a portion of the metal binder over substantially the entire
      support surface 23 so that the particulate second phase 22 protrudes from
      the surface of the metal binder to provide a roughened support 23 as shown
      in FIG. 2.
PAR  Preferably, in accordance with this invention the removal step comprises
      etching the metal binder component to dissolve some of the metal around
      the particulate second phase 22 at the support surface 23. While etching
      comprises the preferred method in accordance with this invention for
      removing the portion of the metal binder component 21, other methods as
      are well-known in the art could be employed as, for example, grit blasting
      or other desired means for abrading the surface 23.
PAR  The step of forming the support member 2 preferably comprises a casting
      process wherein the support member is cast to its desired shape. The
      casting step itself may be carried out in accordance with prior teachings
      as, for example, those of U.S. Pat. No. 2,793,949. The use of a casting
      step to form the support member represents a marked improvement over the
      coating process described in U.S. Pat. No. 3,246,629 in that it enables
      better control of the dimensions of the outer periphery of the support
      member 2. It also provides for a strong band (mechanical or metallurgical
      as the case may be) between the particles 22 and the binder 21.
PAR  In accordance with a still more preferred embodiment of the present
      invention the casting step comprises a centrifugal casting process of a
      conventional nature such that the particulate second phase 22 is
      segregated toward the support surface 23 as shown in FIG. 4.
PAR  While casting comprises the preferred means for forming the support member
      2 of this invention other means for forming the composite 20 into the
      support member 2 as are well-known in the art could be employed. For
      example, it is conventional practice in the art to form such composite
      materials by powder metallurgical techniques wherein powders or particles
      of the metal which is to form the binder 21 and of the second phase
      material 22 are mixed together and are then compressed and bonded into the
      desired final shape. Bonding of the mixture can be provided by sintering
      or by compressing the mixture at an elevated temperature. This process is
      particularly applicable for forming flexible shapes such as belts or the
      like since the composite material 20 may be formed into sheets by powder
      metallurgical techniques. U.S. Pat. No. 3,290,145 is exemplary of a powder
      metallurgy process which could be employed.
PAR  Referring to FIG. 3 a partial cross-section of a magnetic brush support
      member 2 in accordance with this invention is shown. The support member 2
      shown in crosssection was formed by a conventional casting process without
      the aid of centrifugal force. As shown therein, the second phase particles
      22 are substantially uniformly dispersed throughout the matrix 21 and a
      portion of the matrix metal has been removed from over substantially the
      entire support surface 23 so as to allow the particles to protrude
      therefrom.
PAR  As an example, the support member 2 shown in FIG. 3 could be formed of a
      composite comprising a matrix metal 21 such as aluminum, a particulate
      second phase 22 such as tungsten carbide. The etching step for removing
      the matrix metal from the support surface could then comprise applying
      boiling acetic acid to the surface which will attack the aluminum but not
      harm the tungsten carbide particles.
PAR  The casting parameters such as time, temperature and the like will, of
      course, depend on the particular composite 20 which is being employed;
      namely, the particular binder metal 21 and second phase material 22. The
      prior art patents referred to previously clearly give sufficient basis to
      enable one skilled in the art to select the appropriate casting parameters
      and additives if needed in order to obtain the desired composite material
      20.
PAR  Having thus described the magnetic brush support member 2 in accordance
      with this invention and the process of making it, a magnetic brush
      development apparatus 3 incorporating the members 2 of this invention will
      now be described in detail by reference to FIG. 1. While the magnetic
      brush apparatus 3 described hereinafter comprises a development apparatus
      it could, if desired, also comprise a magnetic brush cleaning apparatus
      such as that described in U.S. Pat. No. 2,911,330. The apparatus 3 shown
      in FIG. 1 includes a storage portion or sump 31 in a housing 32 for
      storing the developer material and for enclosing the developer circulating
      system. The top of the housing 32 may include an opening 22 and could have
      a removable cover or cap (not shown). The system could include a toner
      dispenser (not shown) disposed over the opening 33 which periodically
      dispenses toner into the housing 32 in a manner similar to that taught in
      U.S. Pat. No. 3,608,792. Alternatively, the circulating system could be of
      the type where toner and/or toner plus carrier may be added periodically
      by an operator or an attendant to the machine 1. The development apparatus
      3 includes magnetic brush rolls 34 and 36. The magnetic brush applicator
      roll 34 includes rotatably mounted support member 2 in accordance with
      this invention in the form of a cylindrical shell or sleeve and stationary
      permanent magnet 35 suspended within the sleeve 2. The magnetic field of
      the magnet 35 is oriented to form a brushlike structure. The brush roll 34
      is immersed in the sump 31 of developer material 38 comprising
      ferromagnetic carrier particles and a toner colorant. The developer mix 38
      is picked up by the outer support surface 23 of the roll 34 as it passes
      through the sump 31 and formed into a brush-like structure for application
      to the photoconductive surface 11 for development of the latent
      electrostatic image presented thereon. While only one applicator roll 34
      is shown, any number of applicator rolls 34 could be employed as desired.
      Continued rotation of the roll 34 past the development zone brings the
      developer mix 38 into the field of a lifting magnetic brush roll 36. The
      lifting roll 36 attracts the developer mix 38 from the magnetic brush
      applicator roll 34 and carries it upward to be deposited on a slide 39
      from which it flows into a cross-mixer 40 for return to the sump 31. The
      lifting roll 36 is also a magnetic brush roll and comprises a cylindrical
      sleeve support member 3 in accordance with this invention rotatably
      supported in the housing 32 and a fixed permanent magnet 37 supported in a
      stationary position within the sleeve. It is also possible in accordance
      with this invention to employ any desired number of lifting rolls 36. A
      magnetic brush roll as the term is employed in the present invention
      includes both applicator rolls and lifting rolls.
PAR  Further details of the apparatus 3 of FIG. 1 can be gained from a
      consideration of the aforenoted U.S. Pat. NO. 3,707,947. The preferred use
      for the magnetic brush members 2 in accordance with this invention is for
      applicator rolls 34 particularly those which are immersed in the sump 31
      of developer material 38 since these rolls are subject to the greatest
      abrasionary forces.
PAR  Therefore, in accordance with this invention a magnetic brush apparatus 3
      is provided which comprises one or more magnetic brush rolls 34 and 36
      wherein the rolls include a magnetic brush supporting sleeve 2 movably
      supported in a housing 32. The sleeve 2, in accordance with invention, may
      be cylindrical as shown or it may have any other desired cross-sectional
      shape, as for example, the form of a belt or other endless configuration.
PAR  It is essential in accordance with this invention that the sleeve 2 be
      formed of a composite 20 which comprises a metal binder 21 having a
      particulate second phase 22 therein which as been previously described
      with reference to the magnetic brush support member 2. The magnetic brush
      apparatus of this invention basically comprises any of the conventional
      magnetic brush apparatuses heretofore known wherein the magnetic brush
      support surface 23 is formed of a composite as previously described.
PAR  The patents and texts referred to specifically in the detailed description
      of this application are intended to be incorporated by reference into the
      description.
PAR  It is apparent that there has been provided in accordance with this
      invention, a support member process and apparatus which fully satisfies
      the objects, means and advantages set forth hereinbefore. While the
      invention has been described in conjunction with specific embodiments
      thereof, it is evident that many alternatives, modifications and
      variations will be apparent to those skilled in the art in light of the
      foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirity and
      broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic brush apparatus including:
PA1  at least one magnetic brush support member having a surface adapted to
      support a magnetic brush including magnetic particles and means
      cooperating with said support member for providing a magnetic field for
      forming said brush, the improvement wherein; said magnetic brush support
      member is formed of a composite comprising a metal binder component and a
      particulate second phase component wherein: said second phase component is
      formed of a material which has a greater abrasion resistance than said
      metal binder and wherein a portion of said second phase component
      protrudes at said support surface from said metal binder.
NUM  2.
PAR  2. An apparatus as in claim 1 wherein said second phase component is
      uniformly dispersed throughout said metal matrix.
NUM  3.
PAR  3. An apparatus as in claim 1 wherein said second phase component is
      segregated toward the support surface of said member.
NUM  4.
PAR  4. An apparatus as in claim 1 wherein said metal binder component is
      selected from a group consisting of aluminum, aluminum alloys, copper,
      copper alloys, nickel, nickel alloys, iron, and steels.
NUM  5.
PAR  5. An apparatus as in claim 4 wherein said particulate second phase
      component is formed of a material selected from the group consisting of
      carbides, oxides and nitrides.
NUM  6.
PAR  6. An apparatus as in claim 1 which includes a plurality of said support
      members.
NUM  7.
PAR  7. An apparatus as in claim 1 which comprises a development apparatus for
      an electrostatographic machine.
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ABST
PAL  An improved magnetic brush for transferring toner to a latent image in a
      magnetic printing machine comprises a rotatable applicator cylinder
      disposed around a multipole magnetic stator. The two poles of the stator
      lying closest to the image are excited with magnetic fields of like
      polarity to minimize interaction between the magnetic brush field and the
      recorded magnetic image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to structures for distributing toner in magnetic
      printing machines. More specifically, this invention relates to magnetic
      brush structures for transferring dry particulate toner to latent images
      on magnetic recording media.
PAR  Magnetic printing techniques are well known to the copier and facsimile
      arts. In a typical magnetic printing machine, electrical signals are
      applied to magnetic recording heads which induce magnetic field variations
      in the surface of a moving, magnetic recording medium. The field
      variations produce a latent magnetic image on the surface of the recording
      medium which is adapted for attracting and retaining magnetic ink
      particles. An ink toner, which may be in dry particulate form, is applied
      to the latent magnetic image and may be transferred to paper or other hard
      copy media. In many respects, magnetic printing is similar to the more
      common electrostatic, or xerographic, printing wherein toner particles are
      attracted to the electric fields created by latent charge image on a
      dielectric medium.
PAR  High quality magnetic printing requires that the toner particles be
      uniformly distributed on the surface of the recording medium. The toner
      consists of highly mobile, dust-like particles and care must be taken to
      prevent the spread of these particles to other components of the printing
      system with resultant degradation of the printed image.
PAR  Magnetic brush structures have, for many years, been utilized for the
      transfer of toner in electrostatic printing machines. The toner,
      comprising ferromagnetic materials and insulating resins, is attracted to
      the surface of a hollow, applicator cylinder rotatably disposed around a
      magnetic core. The magnetic core structure rotates with respect to the
      surrounding cylinder and carries the magnetic particles to the image
      surface in its magnetic field. More recently, magnetic brush structures
      having a fixed magnetic stator and a rotating applicator cylinder have
      been utilized. U.S. Pat. No. 3,553,464 to Abe describes a typical magnetic
      brush having a rotating core while U.S. Pat. No. 3,643,629 to Kangas
      describes magnetic brush systems having rotating applicator cylinders.
PAR  The magnetic brush structures of the prior art, while suitable for the
      application of toner to electrostatic latent images, produce strong
      magnetic field components in the plane of the recording medium surface.
      These field components will distort and erase the magnetic latent image in
      a magnetic printing machine and prevent the use of prior art magnetic
      brush structures in such magnetic printing machines.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention I provide a magnetic brush
      structure producing magnetic field components in the image plane which are
      greatly reduced with respect to the magnetic field components of prior art
      structures. Furthermore, the magnetic field components of the present
      invention are normal to the image plane and to the magnetic field
      components of the magnetic latent image and thus have reduced tendencies
      for interaction with the latent image.
PAR  The magnetic brush structure of the present invention comprises an
      applicator cylinder rotatably affixed around a multi-pole magnetic stator.
      The stator has a generally multilobe prismatic form; the lobes being
      energized with different magnetic polarities by permanent magnet or
      electromagnet energy sources. The two lobes disposed closest to the
      magnetic latent image are energized with like magnetic polarities and are
      disposed in a plane parallel to the plane of the magnetic latent image.
      The remaining poles are symmetrically disposed about the applicator
      cylinder axis with alternating polarity.
PAR  The applicator cylinder rotates around the stator and through a supply of
      ferromagnetic toner particles which are attracted to and form a layer on
      its surface. The surface of the tone particle layer is shaped by a doctor
      blade and carried adjacent to the latent magnetic image at which point
      inking is effected.
PAR  It is, therefore, an object of this invention to provide a magnetic brush
      structure which is suitable for use in magnetic printing machines.
PAR  Another object of this invention is to provide a magnetic brush structure
      having magnetic field components which are normal to the plane of a latent
      magnetic image.
PAR  Yet another object of this invention is to provide a magnetic brush
      structure, for use in magnetic printing systems, wherein magnetic field
      components at the latent image plane are reduced with respect to the
      magnetic field components of prior art brushes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features of this invention sought to be patented are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof, may be understood from a reading
      of the following specification and appended claims in view of the
      accompanying drawing in which:
PAR  FIG. 1 is a typical magnetic printing system incorporating magnetic brushes
      of the present invention;
PAR  FIG. 2 is an end view of a magnetic brush in accordance with the present
      invention;
PAR  FIG. 3 is a plot of the tangential magnetic field component vs. angle in
      the magnetic brush of FIG. 2; and
PAR  FIG. 4 is a plot of the of the radial magnetic field component vs. angle
      for the magnetic brush of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a typical magnetic printing system incorporating two magnetic
      brushes of the present invention. For purposes of illustration, the
      magnetic printing system of FIG. 1 comprises a rotating magnetic drum as a
      magnetic recording medium. It is to be understood, however, that the
      magnetic brushes of the present invention may be utilized with magnetic
      printing systems incorporating other forms of magnetic recording media;
      for example, moving magnetic recording tape. Likewise, although the
      printing system of FIG. 1 incorporates two magnetic brushes of the present
      invention, magnetic printing systems may be constructed utilizing only one
      magnetic brush of the present invention.
PAR  An image encoder 10 produces electrical signals representative of the
      brightness in an original image. The imaging encoder 10 may, for example,
      comprise an optical scanner for encoding scene information or may comprise
      an electronic character generator for producing type font information.
      Signals from the imaging encoder 10 are applied to a magnetic recording
      head 12 which produces therefrom a magnetic field with spatial variations
      corresponding to the brightness of the encoded image. The magnetic field
      created by the recording head 12 impinges on the surface of a moving
      magnetic recording medium; in this embodiment a rotating magnetic drum 14.
      The magnetic field variations induce a latent magnetic image 16 on the
      surface of the drum 14 which corresponds to the brightness of the original
      image.
PAR  The moving surface of the drum 14 carries the latent magnetic image 16 past
      a first magnetic brush 18. The brush 18, more fully described below,
      functions to transfer dry particulate toner 20 from a reservoir 22 to the
      latent magnetic image 16 on the surface of the drum 14. The toner
      particles 20 are attracted by the magnetic field variations of the latent
      image 16 on the surface of the drum 14, and adhere to the surface of the
      drum forming a toner image 24.
PAR  The toner image 24 is transferred from the surface of the drum 14 to a hard
      copy medium 26 which may, for example, be paper. In the magnetic printing
      system of FIG. 1, the toner image is transferred by pressure exerted by
      roller 28 on the copy medium 26 and the toner image 24. It should be
      understood, however, that any conventional method of toner transfer may be
      used in this magnetic printing system, for example electrostatic transfer.
      The toner image on the surface of the copy medium 26 is then fixed to the
      surface of the medium; for example, in a fusing oven 30.
PAR  A second magnetic brush 32 is positioned adjacent to the surface of the
      magnetic drum 14 after the pressure roller 28. The second magnetic brush
      32 serves to attract and remove residue toner particles from the surface
      of the drum 14. The toner particles are removed from the surface of the
      second brush 32 by a doctor blade 36 and collected in a container 34.
PAR  The first magnetic brush 18 operates in close proximity to the surface of
      the magnetic drum 14 in which is recorded the latent image 16. It is
      necessary, therefore, that any magnetic field created by the operation of
      the first magnetic brush 18 have a magnitude and orientation which will
      not affect, distort, or erase the magnetic latent image 16 on the surface
      of the drum. In many printing operations, the latent magnetic image 16 is
      repetitively inked by the first magnetic brush 18 to produce multiple
      copies. In that case, it is necessary that any magnetic fields associated
      with the operation of the second magnetic brush 32 be of a sufficiently
      small magnitude and oriented so as not to affect the latent magnetic image
      16 in the surface of the magnetic drum 14.
PAR  Further details of the magnetic brushes of FIG. 1 are illustrated in the
      end view of FIG. 2. A rotatable applicator cylinder 38 comprises materials
      of low magnetic permeability which are selected in the manner described in
      the above-referenced patents. Typically, the applicator cylinder 38 may
      comprise brass or aluminum. The cylinder rotates about a magnetic stator
      40 in the form of a multi-lobed prism aligned with the axis of the
      cylinder 38. The stator 40 comprises two magnetic pole lobes 48 and 50
      which are closest to the surface of an associated magnetic recording
      medium 46. The two closest lobes 48 and 50 are disposed in a plane lying
      parallel to the tangent of the applicator cylinder 38 at the point closest
      to the recording medium 46. The remaining lobes 52, 54, 56, 58, and 60 of
      the stator 40 are symmetrically disposed about the axis of the applicator
      cylinder 38. In the present preferred embodiment the stator 40 comprises
      seven magnetic pole lobes spaced at 45.degree. relative separation about
      the cylinder 38 axis. The two lobes lying closest to the recording medium
      48 and 50 are disposed at a relative angle of 90.degree. about the axis of
      the cylinder 38.
PAR  The stator lobes 48-60 are energized with magnetic fields by any
      conventional method, for example, the lobes may comprise permanent magnets
      or may be equipped with electrical windings for the purpose of inducing
      electromagnetic fields. The induced magnetic field is oriented so that the
      outer faces of the two closest lobes 48 and 50 are energized with the same
      sense of magnetic polarity. In the preferred embodiment of FIG. 2, the
      outer faces of the lobes 48 and 50 are energized as north magnetic poles.
      The outer faces of the remaining magnetic poles 52-60 alternate in the
      sense of magnetic polarity in relation to their disposition about the
      cylinder axis.
PAR  The applicator cylinder 38 rotates past a reservoir 22 of dry, particulate,
      ferromagnetic toner 20. The toner particles are attracted to the surface
      of the applicator cylinder 38 and are, in a conventional manner, carried
      by the rotating cylinder 38 to form a layer 42 of toner particles on the
      surface of the cylinder 38. The height of the toner particle layer 42
      above the surface of the cylinder is regulated by a doctor blade 44. By
      way of illustration only, in a typical magnetic brush of the present
      invention the thickness of the toner particle layer 42 on the surface of
      the rotating applicator cylinder 38 is regulated by the doctor blade 44 to
      approximately 5 mm.
PAR  The surface of the rotating applicator cylinder 38 carries the toner
      particle layer 42 proximate to the surface of the moving magnetic
      recording medium 46. Toner particles are attracted from the layer 42 by
      magnetic field variations in the surface of the recording medium 46 and
      form a toner image 62 on that surface. Relative motion between the surface
      of the rotating particle layer 42 and the surface of the recording medium
      46 is not necessary to effect transfer of the toner particles. We have
      determined, however, that the spurious transfer of toner particles to the
      surface of the magnetic medium 46 may be reduced if the relative motions
      of the surface of the toner layer 42 and the surface of the magnetic
      recording medium 46 are parallel at the point of toner transfer.
PAR  The magnetic recording medium 46 in FIG. 6 has, for ease of illustration,
      been represented as a moving magnetic recording tape. It should be
      understood, however, that the magnetic brushes of the present invention
      may operate in printing systems with the magnetic medium is, for example,
      the magnetic drum 14 of FIG. 1 or any other medium commonly used in such
      systems.
PAR  The latent image is recorded in the surface of the recording medium as
      variations in the strength of a magnetic field which is oriented parallel
      to the medium surface. External magnetic fields, such as the magnetic
      field components associated with a magnetic brush, will have a high degree
      of interaction with a recorded latent image if they are also oriented
      parallel to the recording medium surface. Likewise, external magnetic
      fields will have minimum interaction with a recorded latent image if they
      are oriented normal to the recording medium surface. The magnetic brush
      structure of the present invention minimizes magnetic field strength at
      the surface of the magnetic recording medium and orients the magnetic
      field components at that point normal to the surface of the recording
      medium.
PAR  FIG. 3 is a tracing of a plot of the tangential magnetic field strength in
      the vicinity of a magnetic brush of the present invention and illustrates
      the operation of the brush. The vertical scale of FIG. 3 represents
      relative magnetic field strength which is plotted as a function of
      relative angle about the applicator cylinder axis from the surface of the
      recording medium and on a constant radius from the applicator cylinder
      axis. The tangential component of the magnetic field; that is, the
      component which would interact with the latent magnetic image, passes
      through zero on the angle axis which corresponds to the location of the
      magnetic recording surface.
PAR  FIG. 4 represents a similar plot of the radial magnetic field as a function
      of angle in the vicinity of the magnetic brush. The radial field is normal
      to the surface of the magnetic recording medium and has minimum
      interaction with the latent magnetic image which is recorded with magnetic
      field components parallel to the medium surface. The radial magnetic field
      passes through a minimum on the angle axis corresponding to the position
      of the magnetic recording surface. For a typical magnetic brush of the
      present invention, the radial magnetic field strength in the vicinity of
      the surface of the magnetic recording medium is approximately 50 oersteds.
PAR  It may be seen that the present invention provides an improved magnetic
      brush structure which is suitable for use in the application of toner to
      latent magnetic images in a magnetic printing machine. The magnetic field
      components associated with the operation of the brush of the present
      invention are aligned normal to the surface of the magnetic recording
      medium and have smaller intensities than the magnetic field components
      associated with brushes of the prior art.
PAR  While this invention has been described with reference to a particular
      embodiment, other modifications and variations will occur to those skilled
      in the art in view of the above teachings. Accordingly, it should be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than is specifically described.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An improved machine, adapted for applying and removing particulate,
      ferromagnetic toner onto a surface of a magnetic recording medium, of the
      type comprising a multi-pole stator of generally prismatic shape; a hollow
      applicator cylinder rotatably disposed around the stator; and means for
      exciting the poles of the stator with magnetic fields; wherein, as an
      improvement:
PA1  said stator comprises a plurality of poles radially disposed about the axis
      of said cylinder;
PA1  said plurality of poles comprises two principal poles, said principal poles
      being disposed closer to said surface of said recording medium than the
      remainder of said plurality of poles;
PA1  said means adapted for exciting said principal poles with magnetic fields
      having like orientation.
NUM  2.
PAR  2. The improved machine of claim 1 wherein said principal poles are
      equi-distant from said surface of said recording medium.
NUM  3.
PAR  3. The improved machine of claim 2 wherein said means are adapted to excite
      each of said remainder of said poles with a magnetic field having an
      orientation opposite from the orientation of the magnetic field of each
      next adjacent pole.
NUM  4.
PAR  4. The improved machine of claim 3 wherein said plurality of poles are
      symmetrically disposed about a plane of symmetry lying normal to said
      surface of said recording medium and passing through said axis of said
      cylinder.
NUM  5.
PAR  5. The improved machine of claim 4 wherein said remainder of said poles
      comprise a pole disposed most distant from said surface of said recording
      medium and in said plane of symmetry.
NUM  6.
PAR  6. The improved machine of claim 2 wherein said means are permanent magnet
      means.
NUM  7.
PAR  7. The impoved machine of claim 6 comprising seven poles.
NUM  8.
PAR  8. The improved machine of claim 7 wherein said principal poles are
      disposed on radii of said cylinder forming a right angle.
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ABST
PAL  A bird feeder comprises a sheet of stiff paper or paper board, folded to
      form a plurality of inclined walls. The walls incline inwardly toward the
      top, and are of less breadth at the top than at the bottom. The bird
      feeder is a house, having a floor and a roof, forming an enclosure in
      which bird feed is contained. A thin, rigid bird platform surrounds the
      walls at a level above the bottoms of the walls, and is formed of a shaped
      piece having an opening permitting the platform to be assembled by
      movement downwardly over the top of the house, into friction contact with
      the front, back and sidewalls, and held in place by frictional force at a
      location above the bottoms of the walls.
PAL  In a preferred form, the bird feeder has one or more longitudinally
      extending perforations, forming openings for movement of the bird feed
      from inside the house, for access to the birds on the platform.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention relates to a bird feeder preferably of the throw away type,
      which is pre-filled with bird feed or seed, and which may be purchased as
      a self-contained unit complete with bird feed, and may readily be placed
      in use. This invention further relates to a bird feeder of the type
      referred to, wherein the bird feed is readily made available and
      attractive to a wide variety of birds, and wherein the bird feeder after
      its use has been completed can easily and simply be disposed of and
      replaced with a fresh, unitary bird feeder.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Disposable paper board bird feeders are conceptually old in the art. The
      use of cardboard or plastic material, similar to that of a milk container
      for bird feeding structures, appears in the U.S. Pat. Nos. to Woodling
      3,354,868, to Lawalin et al, 3,441,002, and to Early 2,891,711 and
      2,775,226. Further, some of the foregoing references evidence the
      gravitational force feed of the bird food through perforated slots or the
      like, the feed being received by the bird from a receptable, tray or
      perch.
PAR  Further, it is also known to provide bird feeders having outwardly tapered
      walls, as evidenced by the U.S. design Pat. No. 164,707 to Nissen, and
      other U.S. Pat. Nos. such as Crouch et al 3,151,600, Frest 1,528,413 and
      Woodling 3,354,868 additionally suggest replaceable and/or removable
      ledges upon which the bird may perch. However, none of these references,
      or any others to the best of my knowledge, disclose or suggest a
      completely unitary bird feeder which can be purchased at a pet shop or
      hardware store, for example, as a unitary bird feeder complete with bird
      feed or seed already charged therein, and which may simply be placed at a
      suitable outdoor location, and without the need for manipulation or tools,
      be placed immediately into use and which, after its use has been
      completed, can be simply discarded and replaced by another unitary bird
      feeder of the same type. Further, there is a great need in the art for a
      bird feeder which is highly attractive to birds, makes it easy for the
      birds to gain access to the food, but which is so simple and so
      inexpensive to manufacture and to use that it may readily be discarded,
      just as a typical waxed paper milk carton or the like may be discarded
      after use.
PAR  It is accordingly an object of this invention to provide a unitary bird
      feeder of the type described, which is extremely attractive to birds and
      which is so inexpensive that it may readily be discarded after use. Still
      another object of this invention is to provide such a unitary bird feeder
      which the owner can readily and quickly place into operation, without
      requiring complicated manipulations or tools. Other objects and advantages
      of this invention, including the simplicity and economy of the same, and
      the ease with which it may be adapted to various locations and perches,
      will further become apparent hereinafter and in the drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a front view of a bird feeder structure embodying features of
      this invention; and
PAR  FIG. 2 is an end view of the bird feeder appearing in FIG. 1;
PAR  FIG. 3 is a developed view, on a reduced scale, of a blank for forming the
      bird feeder; and
PAR  FIG. 4 is a plan view of the platform of the bird feeder.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although specific terms will be used in describing the particular form of
      this invention shown in the drawings, those terms are not intended to
      limit the scope of the invention, which is defined in the appended claims.
PAR  Turning now to the drawings, the bird feeder there shown comprises a front
      wall 10 and a corresponding back wall, and a side wall 11 together with a
      corresponding side wall on the opposite side. These walls are tapered
      inwardly so that their upper edges 12 are shorter than their lower edges
      13. Thus, each wall is inclined somewhat inwardly in an upward sense, that
      is to say, the walls slope downwardly and outwardly toward the base.
PAR  The bird feeder also has a floor 14 and a roof 15, forming a house
      comprising an enclosure in which the bird feed is initially charged. The
      bottom right-hand corners of FIGS. 1 and 2 have been broken out in order
      to clearly illustrate the side wall 11, the floor 14 and the bird feed F,
      contained within the house.
PAR  The number 16 designates a piece of thin, rigid material forming a bird
      platform surrounding the walls at a level L which is above the bottoms B
      of the walls.
PAR  The bird feeder, as shown, may be provided with designs of any desired
      type, imprinted thereon, such as the designs of doorways 17 and of roofing
      shingles 18, for example, or drawings of birds, etc.
PAR  As will now be clear, each wall of the feeder has a breadth which is
      greater at the bottom than it is at the top. Further, in a preferred
      embodiment, the lower edge 20 of the roof 15 is flush with the walls of
      the house and does not extend outwardly beyond such walls.
PAR  It will further be appreciated that the platform 16 comprises a plurality
      of edge strips 21 connected end to end, each strip having an outer edge 22
      and an inner edge 23, the length of each inner edge being less than the
      breadth of the bottom of the corresponding house wall 11 (at 13) but
      greater than the breadth of the corresponding house wall 11 at its top 12.
      In this manner, the platform 16 is frictionally fitted to and supported by
      the inclined walls 11, at a location L spaced above the bottoms B of the
      walls.
PAR  It will further be observed that each of the walls 11 has a substantially
      horizontally extending perforation 25 subtended by relatively short,
      vertical perforations 26, 26 at the ends thereof. With the use of these
      perforations, the owner of the bird feeder, upon placing it into
      operation, may simply press upon the wall 11, in the area beneath the
      perforations 25, to form one or more openings as indicated at 25a in FIGS.
      1 and 2 in any desired number of walls 11, thus liberating the bird feed
      for movement from within the bird feeder for access to the platform 16.
PAR  Thus, the platform 16 not only provides the pedestal upon which the birds
      may perch during the feeding process, but also provides a support for any
      excess bird feed which flows downwardly and outwardly from within the
      house.
PAR  Accordingly, it will be appreciated that at least one of the walls is
      perforated in a generally horizontal direction, at a level spaced above
      the platform 16, providing an opening for releasing the bird feed from
      within the house, through the wall, above the platform. Desirably all of
      the walls 11 are so perforated, but this is a matter of choice. Further,
      although the perforation as shown in the drawings appears as a horizontal
      perforation having vertical end portions, other geometrical relationships
      may be utilized instead. Further, as appears in the drawings, it is highly
      preferred that each perforation should terminate at a location spaced
      inwardly from the outer edge of the wall, thus preserving the structural
      integrity of the house itself.
PAR  It will be further observed, of course, that the top of the roof includes a
      vertical portion 30 having typical eyelets 31 surrounding openings 32
      which are useful for hanging the bird feeder from any desirable overhead
      support, such as the branch of a tree, for example.
PAR  It will be observed that in FIG. 3, which is a developed view of a
      cross-shaped blank for forming the bird feeder, a means is shown whereby
      the bird feeder can be shipped in a knocked-down condition and opened up
      at a suitable location, such as a pet shop or hardware store for example,
      after shipment. In the form of the invention shown in FIG. 3 the scores
      35, indicated in dark lines, are provided for raising the walls 10 and 11
      upwardly. Similarly, scores 36 are provided for angularly folding the roof
      members 15 inwardly to form the roof. Further, scores 37 are provided for
      folding the tabs 30 into mating vertical position. The access openings for
      the feed are indicated at 25a.
PAR  FIG. 4 illustrates the bird platform 16, the function of which is fully
      described above.
PAR  It is contemplated to provide the blanks of FIGS. 3 and 4 to constitute the
      parts of the kit, enabling the proprietor of a pet shop, for example, or
      even the ultimate user to assemble the bird feeder readily and to insert
      the desired amount of bird feed in accordance with the present invention.
PAC  OPERATION
PAR  It will be appreciated that the operation of the bird feeder in accordance
      with this invention is very simple indeed. It is only necessary to buy a
      bird feeder as a unitary product, complete with bird feed, which has been
      placed into the house with the use of modern mass production techniques,
      which are analogous to those utilized in filling boxes of breakfast
      cereal, for example. The bird feeder is simply placed on or hung from any
      desired support, using the eyelets 31, 31 if desired, and one or more of
      the perforations 25, 26 are opened, liberating the desired quantity of
      bird feed for consumption by the birds. Indeed, it is highly preferable to
      construct the walls 11 of a material having a sufficiently limited
      strength, or to provide the perforations such that they are yieldable to
      the forces exerted by the birds themselves in seeking their feed. Thus,
      the birds themselves are capable of assuring a continued supply of feed,
      by further opening the walls 11 along the lines of perforation, if
      necessary.
PAR  The combination of the outwardly tapered walls and their removable and
      replaceable ledge or balcony cooperating therewith, are important and
      advantageous features of this invention. It is highly preferable to
      package and ship bird feeders in accordance with this invention in a
      semi-knocked down condition, with the platform 16 separate from but
      enclosed in the same package with the house itself. In such a case, in
      order to place the bird feeder into use, the purchaser simply slips the
      platform 16 downwardly over the top of the house, clearing the edges of
      the roof and the upper edges of the walls 11, and slips the platform 16
      downwardly until its inner edges 23 contact and frictionally grip the
      outer surfaces of the walls 11 at a level L, which is spaced slightly
      above the level B at the bottoms of the walls 11.
PAR  Although this invention has been disclosed in connection with one specific
      form thereof, it will be appreciated that a wide variety of changes may be
      made without departing from the spirit and scope of the invention. For
      example, certain parts may be reversed, certain features may be used
      independently of other features, and equivalent elements may be
      substituted for those specifically shown and described in this
      specification, all without departing from the spirit and scope of the
      invention as defined in the appended claims.
CLMS
STM  The following is claimed:
NUM  1.
PAR  1. A bird feeder comprising a flat floor having a plurality of sides, a
      corresponding plurality of walls of stiff sheeting material which are
      inclined inwardly toward the top, said walls forming the walls of a house
      and being secured at their bases to the respective sides of said floor,
      said walls at a predetermined distance above said floor having respective
      integral roof portions foldably inclined inwardly and upwardly and
      interengageable for forming a roof, to form an enclosure in which bird
      feed is contained, a piece of thin, rigid material forming a bird platform
      surrounding said walls at a level above the bottom of said walls, and
      means for providing feed to the outside of the enclosure.
NUM  2.
PAR  2. The bird feeder defined in claim 1, wherein each said wall has a breadth
      which is greater at the bottom than it is at the top.
NUM  3.
PAR  3. The bird feeder defined in claim 1, wherein said platform comprises a
      plurality of angularly related edge strips connected end to end, each
      strip having an outer edge and an inner edge, and the length of each inner
      edge being less than the breadth of the bottom of the corresponding house
      wall but greater than the breadth of the corresponding house wall at its
      top.
NUM  4.
PAR  4. The bird feeder defined in claim 1, wherein said means for providing
      feed includes a perforation in at least one of said walls in a generally
      horizontal direction, at a level spaced above said platform, providing an
      opening for releasing said bird feed from within said house through said
      wall above said platform.
NUM  5.
PAR  5. The bird feeder as defined in claim 4, wherein all of said walls are so
      perforated.
NUM  6.
PAR  6. The bird feeder defined in claim 4, wherein said perforation has
      vertical end portions.
NUM  7.
PAR  7. The bird feeder defined in claim 4, wherein said perforation terminates
      at a location spaced inwardly from the outer edge of said wall.
NUM  8.
PAR  8. The bird feeder defined in claim 1, wherein said platform is a one-piece
      material having an outer periphery corresponding to but larger than the
      periphery of said house, measured at the bottoms of said walls, and having
      an inner periphery corresponding to the periphery of a section of said
      house measured at a location spaced above the bottoms of said walls.
NUM  9.
PAR  9. The bird feeder defined in claim 1, wherein said platform is
      frictionally fitted to and supported by said inclined walls at a location
      spaced above the bottoms of said walls.
NUM  10.
PAR  10. The bird feeder defined in claim 1, wherein a pair of said roof
      portions are opposite each other and have upwardly foldable extensions
      matingly engageable with each other, and wherein means are provided for
      securing said extensions to each other in engaged position and for
      suspending said bird feeder from an overhead support.
NUM  11.
PAR  11. The bird feeder defined in claim 1, wherein said enclosure is formed
      from a unitary blank comprising a flat cross-shaped sheet of stiff paper
      sheeting, said blank having a rectangular central portion constituting
      said floor, and wherein the arms of the cross extend from the sides of
      said central portion and are upwardly foldable at their intersections
      therewith to form said walls.
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ABST
PAL  A seven-phase rotary internal combustion engine for carrying out intake,
      compression-ignition, power or primary expansion, transfer, scavenging,
      afterburning or secondary expansion, and exhaust phases, has an intake
      port, a second intake or scavenging air intake port, an exhaust port and a
      transfer passage.
BSUM
PAR  The present invention relates to internal combustion engines and to method
      of operating the same in a working cycle which includes the four phases of
      intake, compression, expansion and exhaust. More particularly, the present
      invention relates to a rotary internal combustion engine having at least a
      pair of bodies or members mounted, one within the other, for relative
      motion to provide variable volume working chambers, and to method of
      operating such an engine in a working cycle which includes the four phases
      above-mentioned.
PAR  Such a rotary internal combustion engine comprises an outer body having a
      cavity therein and an inner body disposed within the cavity, the inner
      body being rotatable relative to the outer body about an axis spaced from
      but parallel to the axis of the cavity. The outer body has axially spaced
      end walls and a peripheral wall interconnecting the end walls to form the
      cavity, the inner surface of the peripheral wall having a multi-lobed
      profile which preferably is basically an epitrochoid. The inner body has
      end faces disposed adjacent to the outer body end walls for sealing
      cooperation therewith, and has a peripheral surface with a profile having
      a plurality of circumferentially spaced apex portions, each such apex
      portion bearing a radially movable seal element for sealing engagement
      with the inner surface of the peripheral wall to form a plurality of
      working chambers which vary in volume on relative rotation of the two
      bodies. Each such apex seal extends in an axial direction from one end
      face to the other of the inner body. The number of apexes will usually
      exceed the number of lobes of the epitrochoid by one. It is well
      recognized that, in such engines, combustible charge disposed within an
      area at the trailing corner portion is difficult to ignite or burn, and
      thus hydrocarbons and carbon monoxide concentrations in exhaust gases from
      such engines are relatively high.
PAR  The present invention is directed especially to a novel rotary internal
      combustion engine having relatively rotatable bodies providing a number of
      variable volume working chambers and to a novel method of working such an
      engine in a seven-phase cycle which includes the four phases of intake,
      compression, expansion and exhaust. The novel engine enables a two-stage
      expansion of combustion medium in one operational cycle.
PAR  An object of the present invention is to provide a new and improved rotary
      internal combustion of the nature aforesaid, and method of operation
      thereof, in and by which each of the variable volume working chambers
      operates on a seven-phase operational cycle which includes the four phases
      of intake, compression, power or expansion and exhaust.
PAR  Another object of the present invention is to provide a new and improved
      rotary internal combustion engine of the nature aforesaid, and method of
      operation thereof, in and by which each of the variable volume working
      chambers, operates on a seven-phase operational cycle which includes a
      two-stage expansion of combustion medium.
PAR  A further object of the present invention is to provide a new and improved
      rotary internal combustion engine of the nature aforesaid, and method of
      operation thereof, in and by which each of the variable volume working
      chambers operates on a seven-phase operational cycle which includes, in
      addition to the four phases of intake, compression, power or expansion and
      exhaust, an afterburning or secondary expansion phase.
PAR  Another object of the present invention is to provide a rotary internal
      combustion engine of the nature aforesaid, having four variable volume
      working chambers and having two intake ports for supplying separate
      charges of combustion medium to each of said chambers at separate phases
      in operational cycle of each chamber, and to provide a method of operating
      such an engine by which each of the four chambers operates on a
      seven-phase cycle which includes in addition to four phases of intake,
      compression, power or expansion and exhaust, three phases of transfer,
      scavenging, and afterburning or secondary expansion.
PAR  The phases of operation of the cycle, as carried out in sequence in any
      given one of the variable volume working chambers in accordance with the
      method of the present invention, are as follows.
PAL  First phase: An intake phase in which a charge of a fuel-air mixture is
      sucked or drawn into a given chamber.
PAL  Second phase: A compression-ignition phase in which the charge of fuel-air
      mixture in the chamber is compressed and thereafter ignited.
PAL  Third phase: A power or expansion phase in which work is done by expansion
      of the ignited charge in the given chamber.
PAL  Fourth phase: A transfer phase in which a portion of burnt gas in the given
      chamber is transferred to the next preceding chamber.
PAL  Fifth phase: A scavenging phase in which scavenging air is supercharged to
      the given chamber to scavenge a remainder of burnt gas in the given
      chamber to the next preceding chamber from the given chamber.
PAL  Sixth phase: An afterburning or secondary expansion phase in which burnt
      gas is transferred, for mixture with the scavenging air in the given
      chamber, to the given chamber from the next following chamber.
PAL  Seventh phase: An exhaust phase in which exhaust or removal of the
      combustion product from the given chamber takes place.
PAR  It will be understood that the same seven phase cycle is carried out in
      each of the variable volume working chambers, in turn.
PAR  One type of novel rotary engine which may be used for carrying out a
      working cycle composed of the aforementioned seven phases generally
      comprises an outer body or member having axially spaced end walls and a
      peripheral wall interconnecting the end walls and including three
      symmetrically arranged, circumferentially spaced lobe-defining portions on
      its inner surface, and an inner member. The outer member has its
      peripheral surface provided with arched lobe-defining portions, the
      surface being shaped as, preferably, a three-lobed epitrochoid. The inner
      member is generally a four sided figure which has, generally, the form of
      a square. Either the outer member or the inner member may be made the
      stationary member with the other member made the rotary member, or both
      members may be rotary members so long as there is relative rotation of one
      member with respect to the other.
PAR  The outer surface of the inner member and the inner surface of the outer
      member are related to each other to define four variable volume working
      chambers with the inner member having its geometrical center displaced
      from the geometrical center of the outer member and rotatable thereabout
      thereby varying the volume of the four variable volume working chambers.
      An intake port is provided in the outer member shortly after or beyond a
      point at a minimum distance from the geometrical center thereof with
      respect to the direction of rotation of the inner member relative to the
      outer member, and an exhaust port is provided shortly before said point at
      a minimum distance from the center of the outer member in the aforesaid
      direction, the intake port being provided for the insertion of a fuel-air
      mixture and the exhaust port being provided for the removal of burnt gas.
      A transfer passage is provided in the outer member to provide for the
      transfer of burning gas from a given working chamber to the next preceding
      chamber in the direction of rotation of the inner member, the transfer
      passage being positioned in the vicinity of the third point at a minimum
      distance from the geometrical center of the outer member. A scavenging air
      intake port is provided in the outer member and located so as to deliver a
      scavenging air directly into a given working chamber to scavenge or
      transfer burnt gas therein to the next preceding chamber.
DRWD
PAR  The objects, advantages and nature of the present invention will be more
      fully understood from the following description of preferred embodiments
      of the present invention, shown by way of example, in the accompanying
      drawings, in which:
PAR  FIGS. 1A-1L are a series of diagrammatic views illustrating, successively,
      the angular relationship of two relatively rotatable members of a rotary
      internal combustion engine illustrated in FIG. 2;
PAR  FIG. 2 is a sectional diagrammatic view illustrating a rotary engine
      operating in accordance with the angular relationship shown in FIGS.
      1A-1L;
PAR  FIG. 3 is similar to FIG. 2 and illustrates another embodiment of a rotary
      engine; and
PAR  FIG. 4 is similar to FIG. 3 and illustrates still another embodiment of a
      rotary engine.
DETD
PAR  Referring now more particularly to the accompanying drawings, FIGS. 1A-1L
      illustrate the phase relationships or operation steps of an outer member
      12 and an inner member or rotor 14 with respect thereto in an engine
      according to the present invention and demonstrating the presently
      preferred mode of practicing the method of the present invention. In the
      following description, outer member 12 is indicated as the stationary
      member and may be referred to as such and the inner member or body 14 is
      indicated as the rotary member and may be referred to as such to simplify
      the explanation of the method of operation. However it is to be understood
      that it is within the scope of the present invention to make member 12 the
      rotary member and member 14 the stationary member, or merely to provide a
      relative angular velocity between members 12 and 14.
PAR  Referring also to FIG. 2, outer member 12 has its inner peripheral surface
      16 shaped as a three-lobed epitrochoid and hence having three arched
      lobe-defining portions. Member 12 has a geometrical center generally
      designated A which can be considered the axis of the outer member, and
      encloses inner member 14 which is journalled on an eccentric 20 of a shaft
      18. The geometric center or rotational axis of shaft 18 coincides with the
      geometric center A of outer member 12. The inner member 14 and the
      eccentric 20 have the same geometric center, generally designated B.
      Geometrical center B of the inner member 14 and the eccentric 20 is
      displaced from geometric center A and describes a circular path thereabout
      upon rotation of the inner member 14 on the eccentric 20. An externally
      toothed sun gear (not shown) concentric with the shaft 18 is fixed to the
      outer member 12 and is in toothed engagement with an internally-toothed
      ring gear or planet gear (not shown) for maintaining the inner member 14
      in an initially properly indexed relation to the outer member 12 and to
      the shaft eccentric 20 at all times, the speed ratio between the inner
      member 14 and the shaft 18 being 1:4. The outer contour of the inner
      member 14 has four arched or curved sides and, as shown, has the form of
      square. Inner member 14 is provided with four apices 22 which are in
      continuous sliding contact with the inner peripheral surface 16 of outer
      member 12 and are provided with axis-parallel, radially movable sealing
      strips (not shown), one at each of the apices 22, for providing
      fluid-tight contact between the apices 22 and the inner peripheral surface
      16, thereby dividing the space between the inner member and the inner
      portion of the outer member into four variable volume working chambers
      V.sub.1, V.sub.2, V.sub.3 and V.sub.4.
PAR  The inner peripheral surface 16 includes three ridges (or cusps) 24, 24a
      and 24b which are the closest points thereon to the geometrical center A
      of the outer member 12, and indicate minimum distance from the center A.
      Beyond the cusp 24, in the direction of rotation (indicated by a solid
      arrow) of inner member 14, that is, clockwise as viewed in FIGS. 1A-1L,
      there is provided through one end wall of the outer member 12 an intake
      port 26, and before the cusp 24 there is provided through the peripheral
      wall of the outer member 12, an exhaust port 28. A recess or cut-out
      portion 32 of suitable shape is arranged and provided at cusp 24b in outer
      member 12 inwardly of the peripheral surface 16 thereof. Recess 32 defines
      a transfer passage for purposes to be hereinafter further explained.
PAR  A complete operation or working cycle of one chamber V.sub.1 will now be
      described, and it is to be understood that each chamber V.sub.1, V.sub.2,
      V.sub.3 and V.sub.4 follows the exact same operational cycle in the cyclic
      sequential order V.sub.1, V.sub.4, V.sub.3 and V.sub.2.
PAR  In FIG. 1A, the first or intake phase is commencing for chamber V.sub.1.
      The volume of chamber V.sub.1 increases in the successive operational
      positions as shown in FIGS. 1A-1L and can be considered to perform the
      first phase of the seven phase operation of the engine. It will be assumed
      for the purposes of present discussion that a charge of a fuel-air mixture
      as a first combustion medium, is drawn into chamber V.sub.1 through intake
      port 26. More precisely, the intake phase commences when the leading apex
      uncovers intake port 26 and ends when the trailing apex covers the intake
      port 26.
PAR  Chamber V.sub.1 performs the second or compression-ignition phase as the
      inner member 14 rotates clockwise, as viewed in the drawings, in the
      successive operational positions as shown in FIGS. 1C-1E, and fuel-air
      mixture content is compressed. As soon as inner member 14 reaches the
      operational position as shown in FIG. 1E the compressed content of chamber
      V.sub.1 (in the operative position of FIG. 1E) is ignited. To provide for
      spark-fired ignition of the mixture, a spark plug, diagrammatically
      indicated by arrow 34, may be provided. The spark plug 34 is located to
      pass through the wall of outer member 12 into communication with chamber
      V.sub.1 (in the illustrated position of FIG. 1E), preferably in close
      proximity to and shortly before, in the direction of rotation of inner
      member 14, said minimum distance point or cusp 24a. Spark-fired ignition
      in the cycle being described, takes place in this second phase of chamber
      V.sub.1. The compression-ignition phase commences when the leading apex
      passes cusp 24a and ends when the lobe center passes the cusp 24a.
PAR  The third or power or primary expansion phase for chamber V.sub.1 now
      commences. This expansion of chamber V.sub.1 continuous until chamber
      V.sub.1 occupies the position as shown in FIG. 1F. Work is done by this
      expansion. More specifically power phase commences when the lobe center
      passes cusp 24a and ends when the trailing apex passes the cusp 24a.
PAR  Shortly after chamber V.sub.1 reaches the position as shown in FIG. 1F,
      chamber V.sub.1 communicates with the next preceding working chamber
      V.sub.2 by transfer passage 32, and now the fourth or transfer phase
      commences. The transfer phase commences when the leading apex passes the
      end 25 of transfer passage 32 and ends when the leading apex of the
      preceding chamber uncovers exhaust port 28. FIGS. 1G and 1H show a
      simultaneous increase in the volume of chambers V.sub.1 and V.sub.2 which
      are in communication with one another by means of the transfer passage 32.
      The transfer passage 32 is in the form of a recess provided in inner
      peripheral wall 16 of outer body 12. During this simultaneous increase in
      volume of chambers V.sub.1 and V.sub.2 burn gases in chamber V.sub.1 are
      allowed into transfer passage 32 and chamber V.sub.2 to mix with a charge
      of scavenging air in chamber V.sub.2 and transfer passage 32. Thus,
      unburnt components in burn gases including hydrocarbons (HC) and carbon
      monoxide (CO) will be oxidized during this combustion of the burnt gases
      with charge of scavenging air or secondary air in chamber V.sub.2 and
      transfer passage 32. When the combined volume of two chambers V.sub.1 and
      V.sub.2 has reached a maximum value, FIG. 1I, exhaust channel or port 28
      is open to chamber V.sub.2. The end of the fourth phase is completed for
      chamber V.sub.1 when the rotor takes a position (not shown) shortly before
      the position for chamber V.sub.1 shown in FIG. 1I. It will be noted that
      additional work is done by the combustion and expansion of burn gases
      during this fourth phase.
PAR  Shortly after exhaust port 28 is open to the next preceding chamber
      V.sub.2, FIG. 1I, the fifth or scavenging phase for chamber V.sub.1
      commences. The scavenging phase commences when leading apex of the
      preceding chamber V.sub.3 uncovers exhaust port 28 and the leading apex of
      chamber V.sub.1 passes end 27 of transfer passage 32. For this phase a
      scavenging air intake port 36 is provided to supply a scavenging air under
      pressure or supercharged into chamber V.sub.1 to scavenge and deliver
      burnt gases therein to preceding chamber V.sub.2. The scavenging air port
      36 is provided in the inner peripheral wall 16 of the outer body 12 in
      transfer passage 32 in the form of the present invention illustrated in
      FIGS. 1A-1L and FIG. 2. In this case a cam operated poppet valve 38 is
      provided to control the port opening period of scavenging air intake port
      36. FIGS. 1J and 1L show that valve 38 is opened to permit scavenging air
      to be delivered through port 36 into chambers V.sub.1 and V.sub.2 by a
      pump or supercharger 40 (see FIG. 2).
PAR  The sixth or afterburning or secondary expansion phase commences when
      trailing apex passes point 25 and ends when leading apex uncovers exhaust
      port 28. When chamber V.sub.1 reaches the position shown in FIG. 1L in
      which communication between chambers V.sub.1 and V.sub.2 is about to be
      closed, scavenging air port 36 is closed. When chamber V.sub.1 takes
      sequentially the V.sub.2 positions of FIG. 1F, FIG. 1G and FIG. 1H,
      chamber V.sub.1 communicates with the next following chamber V.sub.4 (in
      V.sub.1 positions of FIG. 1G and FIG. 1H), and the charge of residual
      scavenging air in chamber V.sub.1 and transfer passage 32 is mixed with
      burnt gases allowed thereinto from the following chamber V.sub.4.
PAR  When chamber V.sub.1 takes the V.sub.2 position of FIG. 1I, the sixth or
      exhaust phase for the chamber V.sub.1 commences. The seventh or exhaust
      phase is completed for chamber V.sub.1 when it takes the V.sub.4 position
      of FIG. 1D, thereby completing the cycle for chamber V.sub.1.
PAR  This same working cycle is performed individually by each of the chambers
      V.sub.1, V.sub.4, V.sub.3 and V.sub.2 in that order.
PAR  In the above explanation of the seven phase cycle, it was assumed that a
      charge of stoichiometric fuel-air mixture was drawn in through the single
      intake port 26. It is to be understood as being within the scope of the
      present invention to draw or suck in an overrich fuel-air mixture and a
      lean fuel-air mixture through two separated ports (not shown) subdivided
      from the single intake port 26.
PAR  Referring now particularly to FIG. 2 of the drawings, this illustrates a
      sectional view of that rotary internal combustion engine which is
      diagrammatically illustrated through FIGS. 1A-1L. Cam actuating mechanism
      (not shown) for the cam operated poppet valve 38 provides scavenging port
      36 opening period and timing in accordance with the cycle of operation.
      The port 36 communicates with pump 40 by conduit 42.
PAR  In the engine illustrated in FIG. 2, scavenging air intake port 36 is
      disposed in inner peripheral wall 16 of the outer body 12, it may be
      disposed in an end wall of the outer body 12 if desired as will be
      described hereinafter with reference to FIGS. 3 and 4.
PAR  Referring to FIGS. 3 and 4 another two embodiments of rotary internal
      combustion engine operable in accordance with the working cycle having
      seven phases described above. In each of these embodiments scavenging air
      intake port 36 communicating with a pump 40 (engine driven) by conduit 42
      is disposed in an area of an end wall that is continuously covered by the
      inner member 14 and that is adjacent to a chamber which is performing the
      fifth phase or scavenging phase (see the V.sub.1 position of FIG. 1J).
PAR  Communication of scavenging air intake port 36 with chamber performing the
      fifth phase is established by providing the inner member 14 with a
      plurality of mating ports 44 in at least one end face, each of the mating
      ports 44 being open to the adjacent working face (no numeral) at a
      position within a recess 46 formed in each working face of the inner
      member 14. Mating port 44 may be of any desired outline.
PAR  Referring particularly to FIG. 3 phantom line C shows a path of mating
      ports 44 upon rotation of inner member 14 relative to the outer member 12
      and it will be noted that scavenging air intake port 36 extends along the
      phantom line C through a certain length. The port opening period and
      timing of scavenging air intake port 36 can be determined by the proper
      selection of its length and its proper location relative to the mating
      ports 44.
PAR  Referring particularly to FIG. 4 the outline of scavenging air intake port
      36 is different from that in the embodiment illustrated in FIG. 3. But the
      same principle with regards to relationship between scavenging air intake
      port 36 and mating port 44 applies to the both embodiments illustrated in
      FIGS. 3 and 4. In the engine illustrated in FIG. 4 the scavenging air will
      be directed to the trailing end portion of chamber performing the fifth
      phase because of the inclination of passages 48 in the direction of
      rotation of the inner member, thereby effecting efficient scavenging of
      burnt gases.
PAR  It will be appreciated from the comparison of the engines illustrated in
      FIGS. 3 and 4 with the engine illustrated in FIG. 2 that cam actuated
      poppet valve 36 and the associated cam actuating mechanism have been
      eliminated in the engines illustrated in FIGS. 3 and 4.
PAR  It will be appreciated from the aforesaid description with reference to a
      method of operating rotary internal combustion engine and to three
      embodiments of a rotary internal combustion engine operating on a seven
      phase working cycle in accordance with the method of the present invention
      that unburnt content in burnt gases is combusted during the fourth phase
      with the aid of scavenging air previously charged to the next preceding
      chamber and in the transfer passage and also in the fifth phase oxidized
      by fresh charge of scavenging air, thereby providing additional work by
      expansion during the sixth phase and considerable reduction of
      concentrations of toxic contents including hydrocarbon (HC) and carbon
      monoxide (CO).
PAR  It is obvious that many mnior modifications in the details in constructing
      a rotary engine of the present invention may be made without departing
      from the basic principles of the present invention.
PAR  While there has been described what is at present considered to be
      preferred embodiments of the present invention, it is apparent that many
      changes and modifications may be made therein without departing from the
      present invention, and it is, therefore intended in the accompanying
      claims to cover all such changes and modifications as fall within the true
      spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a seven phase rotary internal combustion engine comprising an outer
      stationary body; an inner body, said inner body being rotatable with
      respect to said outer body; said outer body including axially spaced end
      walls and a peripheral wall interconnecting the end walls, said peripheral
      wall including on the inner surface thereof three symmetrically arranged
      circumferentially spaced lobedefining portions, said inner body having its
      geometric center eccentrically displaced relative to the geometric center
      of said outer body and including on the outer peripheral surface thereof
      four symmetrically arranged circumferentially spaced apex portions, said
      inner surface of said peripheral wall and said outer peripheral surface
      being cooperatively shaped and operatively associated to define upon
      relative rotation of said inner body with respect to said outer body four
      variable volume working chambers; a first intake port means operatively
      associated with said outer body shortly beyond a point thereon spaced at a
      minimum distance from the center of said outer body in the direction of
      rotation of said inner body with respect to said outer body; an exhaust
      port means shortly before said point; a second intake port means in the
      vicinity of a third point thereon spaced at a minimum distance from the
      center of said outer body in the direction of rotation of said inner body
      with respect to said outer body; a transfer passage means positioned at a
      third point thereon spaced at a minimum distance from the center of said
      outer body in the direction of rotation of said inner body with respect to
      said outer body for placing one chamber of the engine into fluid
      communication with a second chamber which is next preceding in said
      direction of rotation once during each operational cycle of each chamber
      to transfer a portion of expanding combusting fuel-air mixture from said
      one chamber to said second chamber and for placing said one chamber in
      communication with a third chamber which is next following in said
      direction of rotation once during each operational cycle of each chamber
      to transfer the combustion product from said third chamber to said one
      chamber, a source of scavenging air communicating with said second intake
      port means; and ignition means operatively associated with said outer body
      and arranged to successively communicate with each chamber, said ignition
      means being positioned shortly before a second point thereon spaced at a
      minimum distance from the center of said outer body in the direction of
      rotation of said inner body with respect to said outer body; the
      improvement in which said second intake port means is disposed in an area
      of one of said end walls that is continuously covered by said inner body,
      said inner body having four mating ports in one end face adjacent to said
      one end wall and four passages therein establishing communication between
      said mating ports and the adjacent chambers, respectively, each of said
      mating ports being so disposed in said end face that it communicates with
      said second intake port once during each operational cycle of one of said
      adjacent chambers.
NUM  2.
PAR  2. An engine as claimed in claim 1, in which each of said passages is
      angled in said inner body to direct scavenging air toward the trailing
      corner portion of said adjacent one chamber in the direction of rotation
      of said inner body with respect to said outer body.
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PAL  A rotary diesel engine comprising a casing which forms a working space
      composed of intersecting cylindrical chambers. A rotor is rotatably
      positioned in at least one of the chambers and a rotary sealing member is
      positioned at least in one of the other of the chambers, the rotor having
      a plurality of radially extending lobes and the rotary sealing member
      having a plurality of radially extending grooves intermeshing with the
      lobes. A fuel injection assembly is cooperatively carried by the rotary
      sealing member and is made up of a manifold, a fuel entry port, fuel
      injection chambers, and pressure building and metering components for each
      of the fuel injection chambers. An appropriate actuating device,
      stationarily located external to the rotary sealing member, provides
      control for the complete fuel injection assembly.
BSUM
PAC  BACKGROUND, BRIEF SUMMARY, AND OBJECTIVES OF THE PRESENT INVENTION
PAR  This invention relates to rotary internal combustion engines and more
      specifically to a diesel rotary engine having specific rotor and sealing
      members designed to operate at maximum efficiency.
PAR  Rotary engines have been known in the art for a considerable period of
      time. Representative versions of such devices are fully disclosed
      schematically and operationally in U.S. Pat. Nos. 3,117,562; 3,237,613;
      and 3,777,723. The principles of the present type of rotary engine to the
      extent they are set forth in those references are incorporated herein by
      reference.
PAR  Although numerous designs of rotary engines have been known for some time,
      they have not experienced widespread use presumably because of combustion
      chamber size limitations, inadequate sealing elements, and imperfect fuel
      injection assemblies. It has also been extremely difficult to maintain
      temperatures and compression ratios needed at various locations throughout
      such rotary devices to achieve maximum operating efficiencies,
      particularly in diesel environments.
PAR  The present invention is designed to overcome these difficulties by
      including within its structure adequate combustion chamber spacing, a
      positive sealing mechanism for each chamber, adequate compression ratios,
      and a reliable fuel injection assembly. The present invention, while
      applicable to gasoline engines, is more particularly appropriate for
      diesel engine construction because of the ability to withstand extremely
      high pressures within the internal engine structure that is needed when
      diesel fuel is injected to mix with highly compressed air for combustion.
PAR  It is therefore an objective of this invention to provide a basic rotary
      engine with a pair of rotating elements which mesh in a
      straight-radial-line to achieve positive-piston displacement within
      naturally formed compression and combustion chambers.
PAR  Another object of the present invention is to provide a rotary engine
      particularly suitable for diesel application because of its ability to
      withstand the high internal pressures experienced when fuel is injected to
      mix with compressed air for combustion.
PAR  A further object of the present invention is to provide a rotary engine of
      the type described which has a radially slidable sealing assembly in each
      cylinder forming groove of the rotary sealing member.
PAR  Still another object of the present invention is to provide a rotary engine
      of the type described having a fuel injection assembly which includes a
      manifold supplying individual fuel injection chambers each of which are
      selectively actuated by appropriate means.
PAR  Yet still another further object of the present invention is to provide a
      compression chamber that will create a fierce turbulence within the
      combustion chamber required for proper mixing of fuel and air and enable
      efficient burning of gases.
PAR  Yet another further object of the present invention is to provide a rotary
      engine of the type described which incorporates optimum solutions to the
      problems discussed above in order to achieve a practicable, workable, and
      highly efficient engine that is competitive to well-established
      reciprocating piston engines both with respect to economy of operation and
      environmental pollution impact.
PAR  These and other objects of the present invention will become more apparent
      after consideration of the following detailed specifications taken in
      conjunction with the accompanying drawings wherein like characters of
      reference designate like parts throughout the several views.
DRWD
PAC  FIGURE DESCRIPTION
PAR  FIG. 1 is a perspective view of the rotor showing the radially extending
      alternating lobes and interspaces incorporated therewith.
PAR  FIG. 2 is a perspective view of the rotary sealing member illustrating the
      radially extending intercepting grooves and dividers, each of the grooves
      carrying a centered recess therein.
PAR  FIG. 3 is a perspective view of cooperative relationship between the rotor
      and the rotary sealing member illustrated in FIGS. 1 and 2.
PAR  FIG. 4 is a perspective and sectional view of the cooperating rotor and
      rotary sealing member positioned within a casing.
PAR  FIG. 5 is a perspective of the casing containing the cooperating rotor and
      sealing member to which is affixed the fuel control assembly to permit the
      combustion of fuel and air under pressure within the combustion chambers.
PAR  FIG. 6 is a side elevational and sectional view of the fuel control
      assembly shown in FIG. 5.
PAR  FIG. 7 is a plan sectional view of the cooperating rotor and sealing member
      and the operation therewith of the fuel injection assembly.
PAR  FIG. 8 is a side elevational sectional view of the cooperating rotor and
      sealing member illustrating the operation of the fuel injection assembly
      and slidable sealing assembly.
PAR  FIG. 9 is a perspective, enlarged, and sectional view of the radially
      slidable sealing assembly.
PAR  FIG. 10 is a perspective view of the device illustrated in FIGS. 7 and 8
      above.
DETD
PAC  DETAILED DESCRIPTION OF THE DISCLOSURE
PAR  Referring now to the drawings and particularly to FIG. 8, a casing 20 has
      two internally formed intersecting cylindrical chambers 22 and 24
      comprising working spaces for, in chamber 22, a rotor 26 having a drive
      shaft 27 and a plurality of radially extending lobes 28 and interspaces
      30, and in chamber 24, a rotary sealing member 32, having a plurality of
      radially extending grooves 34 and dividers 36, the lobes and interspaces
      28 and 30 of rotor 26 intermeshing with the grooves and dividers 34 and 36
      of the rotary sealing member 32. Each groove 34 has a substantially
      centered recess 38 extending longitudinally thereof, which will be more
      particularly and functionally described subsequently.
PAR  A fuel injection assembly shown generally as 40 (FIG. 7) is cooperatively
      associated with the rotary sealing member 32 and has a manifold 42, a fuel
      entry port 44 connecting with the manifold, a supply line 46, and a
      rotating connector 45 for furnishing fuel at low pressure through the port
      44 and into the manifold 42. A plurality of fuel injection chambers 48
      communicate with manifold 42 and with centered recess 38. A plunger 50 is
      associated with each fuel injection chamber and functions to meter fuel
      and build pressure within the chamber sufficient to force the fuel into
      the centered recess 38 for ultimate combustion. Plunger 50 is biased by
      appropriate springs 52 so that it is normally held in a retracted or
      non-combustion position by the biasing effect of the spring until that
      biasing effect is overcome by some other appropriate means such as that
      subsequently to be described.
PAR  Plunger 50 is actuated by the action of a fuel control assembly shown
      generally as 54 in FIG. 5 so that only one fuel injection chamber will
      experience fuel pressures necessary for injection into its respective
      combustion chamber at any predetermined time, to facilitate a proper
      combustion cycle. As plunger 50 rides against freewheeling roller 55, it
      is urged inwardly overcoming the bias of springs 52 and thus forcing fuel
      under great pressure into centered recess 38 through inlets 47. Inlets 47
      are of a design that will permit fuel flow only in one direction and
      completely seal the port upon combustion in the centered recess 38.
      Retraction of plunger 50, by bias springs 52, after being activated
      creates a vacuum in chamber 48 thereby refilling the chamber through check
      valve 49.
PAR  Freewheeling roller 55 is mounted on movable support arm 59 such that when
      communication occurs with plunger 50 as mover in rotation with rotary
      sealing member 32, in the proper direction, its rolling action over
      plunger 50 causes the plunger to be depressed and creates pressure in fuel
      injection chamber 48 which communicates with inlet 47. Roller 55 is biased
      in the reverse direction by spring 53. If rotary sealing member 32 should
      rotate in the opposite direction, communication of roller 55 with plunger
      50 will cause an override of bias spring 53, allowing passage of roller 55
      over plunger without damage.
PAR  A metered amount of fuel is determined by the amount of travel of plunger
      50. Movable support arm 59, biased outwardly by spring 71, extends through
      support block 51 and communicates with rocker arm 57. The communication
      point of support arm 59 and rocker arm 57 is so designed that rotation of
      support arm 59 is prohibited. Rocker arm 57, mounted on pin 70, transfers
      a force determined by point of contact with accelerator cam 56 to support
      arm 59. The rotational position of cam 56 through the interconnection of
      rocker arm 57 and support arm 59 determines the position of roller 55
      which in turn determines the depth to which plunger 50 will be depressed.
PAR  Cam 56, whose normal movement is rotational, one direction for
      acceleration, the opposite for deceleration, is positioned vertically by
      wedge shaped block 58. Block 58, when in a normal operating position,
      forces cam 56 to communicate with rocker arm 57 such that the desired
      force may be applied to the rocker arm. When block 58 is withdrawn from
      its normal operating position and contact is removed from cam 56, cam 56
      is allowed to part from rocker arm. At this time fuel injection ceases and
      the engine stops. Fuel control assembly 54 is mounted on casing 20 in a
      manner allowing specific adjustment whereby precise timing of fuel
      injection may be accomplished.
PAR  Each of the axially extending grooves 34 has a radially slidable sealing
      assembly shown generally as 60 (FIG. 9) which is radially outwardly biased
      by appropriate means. An elongated circular integral member 62 carries a
      plurality of sealing elements 64 on its groove contacting edge 66 to
      provide a positive seal within each groove as a lobe 28 is cooperatively
      received therein. Each of the lobes 28 and each of the grooves 34 are
      cylindrically shaped and end-rounded to intermesh perfectly each with the
      other and form an exact seal therebetween when associated with the
      slidable sealing assembly 60 discussed above. Member 62 as it reaches its
      maximum point of travel, just short of contact with surface 67, creates
      very desirable heavy turbulence by forcing captive air toward centered
      recess 38.
PAR  Manifold 42 of the fuel injection assembly is a substantially cylindrically
      shaped chamber centrally formed about the axis 65, located on the opposite
      end from the plungers 50 of the rotary sealing member 32, and encompassing
      all check-valved intake ports 49. Fuel is introduced from the supply line
      46 through rotating connector 45 and inlet port 44 into manifold 42 where
      it then fills each of the fuel injection chambers 48 as previously
      described. When the fuel injection chamber is subjected to pressure
      because of the camming action of member 56 and roller 55 against plunger
      50, the fuel is forced, under intense pressure, through inlets 47 into
      centered recess 38 for combustion. In a properly timed sequence (after a
      lobe 28 is cooperatively received within a recess 34 and has encapsulated
      a volume of air), rotation provides compression of air, fuel is injected,
      and combustion takes place. Upon combustion, the thrust exerted causes the
      lobe and recess to separate under power and the members move in
      synchronism to the next combustion position achieved when another lobe 28
      is received by a recess 34 and repeats the cycle.
PAR  Contrary to a number of earlier designs of rotary internal combustion
      engines, the present invention contemplates the same number of lobes as
      grooves. This offers the decided advantage of having the same groove
      receive the same lobe throughout the entire operation of the engine thus
      avoiding the attendant wear that can be experienced when this pattern is
      not followed. When the number of lobes are not equal to the number of
      recesses, a random cooperation between lobes and grooves will occur.
PAR  Fresh air intake 21 and exhaust port 23 are extended through casing 20 to
      permit the removal of exhaust fumes formed from the combustion cycle. A
      commercially aesthetic embodiment of the present invention is shown
      perspectively in FIG. 10 whereby casing 20 is designed to produce savings
      in material. Air intake 21 may also incorporate a blower to insure
      movement of sufficient fresh air in and exhaust gases out of the engine.
      This embodiment contains the features described in detail above and
      presents the drive shaft 27 connected directly to the rotor for ultimate
      connection to a gear-drive wheel mechanism as a prime mover.
PAR  No exact or relative dimensions of the mechanical parts of the various
      elements of the present invention or the capacities of the chambers and
      other elements have been shown herein, it being obvious that the drawings
      are merely illustrative of the invention. Various changes in construction
      and design of the respective parts can be made without departing from the
      spirit or scope of the invention which is defined solely by the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary diesel engine comprising: a casing providing a working space
      forming at least two intersecting cylindrical chambers; a rotor rotatably
      positioned in at least one of said chambers having a plurality of radially
      extending and alternating lobes and interspaces; a rotary sealing member
      positioned in at least one of the other of said chambers having a
      plurality of radially extending and alternating grooves and dividers
      intermeshing with the lobes and interspaces of said rotor, each groove
      having a substantially centered longitudinally extending recess therein; a
      fuel injection assembly cooperatively carried by said rotary sealing
      member having a manifold, a fuel entry port connecting with said manifold,
      means controlling the quantity of fuel introduced through said entry port,
      a plurality of fuel injection chambers communicating with said manifold
      and said substantially centered recess, pressure building means proximate
      each of said fuel injection chambers operable to force fuel under pressure
      into said substantially centered recess for combustion, and means
      selectively actuating said pressure building means and said fuel quantity
      controlling means; and exhaust means associated with said intersecting
      cylindrical chambers.
NUM  2.
PAR  2. The diesel engine as claimed in claim 1 wherein each of said axially
      extending grooves has a radially slidable sealing assembly and an
      outwardly biasing means urging said assembly radially outwardly.
NUM  3.
PAR  3. The diesel engine as claimed in claim 2 wherein said slidable sealing
      assembly includes a continuous ring movably maintained within each of said
      grooves.
NUM  4.
PAR  4. The diesel engine as claimed in claim 3 wherein each of said lobes is
      generally cylindrical and end-rounded to operatively intermesh with each
      of said grooves and associated slidable assemblies.
NUM  5.
PAR  5. The diesel engine as claimed in claim 1 wherein said manifold is
      substantially cylindrically shaped about the rotating axis of said rotary
      sealing member.
NUM  6.
PAR  6. The diesel engine as claimed in claim 4 wherein said manifold is
      substantially cylindrically shaped about the rotating axis of said rotary
      sealing member.
NUM  7.
PAR  7. The diesel engine as claimed in claim 6 wherein said pressure building
      means includes a plunger associated with each fuel injection chamber and
      biasing means normally maintaining said plunger proximate said chamber in
      a non-pressure creating position.
NUM  8.
PAR  8. The diesel engine as claimed in claim 7 wherein said pressure creating
      means actuating means and said fuel quantity controlling means includes a
      fuel control assembly having a movable support arm, a roller selectively
      actuating said plunger, and camming means controlling the selective
      displacement of said support arm and said roller as said roller
      selectively engages each of said plungers.
NUM  9.
PAR  9. The diesel engine as claimed in claim 8 wherein said exhaust means
      includes at least one port extending through said casing through which the
      by-products of combustion may pass.
NUM  10.
PAR  10. The diesel engine as claimed in claim 1 wherein the number of lobes and
      interspaces of each rotor is equal to the number of grooves and dividers
      of each sealing member.
NUM  11.
PAR  11. The diesel engine as claimed in claim 8 wherein the number of lobes and
      interspaces of each rotor is equal to the number of grooves and dividers
      of each sealing member.
NUM  12.
PAR  12. The diesel engine as claimed in claim 11 wherein said fuel injection
      chambers align radially and selectively with said groove-carried recesses.
NUM  13.
PAR  13. The diesel engine as claimed in claim 9 wherein the number of lobes and
      interspaces of each rotor is equal to the number of grooves and dividers
      of each sealing member.
NUM  14.
PAR  14. The diesel engine as claimed in claim 1 wherein said pressure building
      means includes a plunger associated with each fuel injection chamber and
      biasing means normally maintaining said plunger proximate said chamber in
      a non-pressure creating position and wherein said pressure creating means
      actuating means and said fuel quantity controlling means include a fuel
      control assembly having a movable support arm, a roller selectively
      actuating said plungers, and camming means controlling the selective
      displacement of said support arm and said roller as said roller
      selectively engages each of said plungers.
NUM  15.
PAR  15. The diesel engine as claimed in claim 1 wherein each of said axially
      extending grooves has a radially slidable sealing assembly and an
      outwardly biasing means of urging said assembly radially outwardly, said
      pressure building means including a plunger associated with each fuel
      injection chamber and biasing means normally maintaining said plunger
      proximate said chamber in a non-pressure creating position, said pressure
      creating means actuating means and said fuel quantity controlling means
      including a fuel control assembly having a movable support arm, a roller
      selectively actuating said plungers, and camming means controlling the
      selective displacement of said support arm and said roller as said roller
      selectively engages each of said plungers.
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ABST
PAL  In a method of making integrated circuits, prior to vapor deposition of
      metal layers on an insulating layer for interconnection, each opening on
      the insulating layer is filled with an embedded metal layer in order to
      smoothen the surface to be vapor deposited and to avoid undesirable thin
      parts of the vapor deposited metal layer at the step between the lower
      part in the opening and the elevated part on the insulating layer. The
      filling of the embedded metal layer in each opening is made by a first
      step of coating a metal layer on the whole surface of the principal face
      of the semi-conductor, which surface is coated by the insulating layer
      with specified openings and further by a photoresist layer which has been
      used for etching the insulating layer to form said openings and is left
      covering said insulating layer, and by the subsequent step of applying a
      photoresist removing liquid on the face to remove the photoresist layer
      and the part of metal layer still remaining on the photoresist layer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in the method of making integrated
      circuits, and especially an improved method of making interconnection
      metal strips, capable of reliable connection with narrower width strips.
      This invention purports to increase the reliability of interconnection as
      well as to decrease the area necessary for the interconnection of an
      integrated circuit.
PAR  The prior art method of making interconnection in metal-oxide-semiconductor
      (hereinafter referred to as MOS) integrated circuits (hereinafter referred
      to as ICs) is described with reference to FIGS. 1 to 6. In FIG. 1 which is
      a perspective view of a part of a conventional IC, wherein a semiconductor
      substrate 1 has a number of strip shaped diffused regions 2a, 2b, 2c, . .
      . of P+ conductivity type on its upper face. An insulating layer 3 of
      silicon dioxide has openings 5a, 5b, 5c, . . . on specified positions on
      the diffused regions 2a, 2b, 2c, . . . On the insulating layer 3, a number
      of metal strips 4a, 4b, 4c, . . . of, for instance, aluminum are provided
      by vapor deposition and subsequent masked etching in a manner that the
      direction of the metal strip makes a right angle to the direction of the
      strips of the diffused regions 2a, 2b, 2c, . . . , so that the parts of
      the metal strips that are on the openings 5a, 5b, 5c, . . . contact the
      surfaces of the diffused regions 2a, 2b, 2c, . . . , for interconnection
      therewith.
PAR  The conventional method of making the above-mentioned IC is explained with
      reference to FIGS. 2 to 5, which show enlarged sections in various
      manufacturing steps of the part of the device of FIG. 1 that includes the
      opening 5b.
PAR  An insulating layer, for instance, a silicon dioxide layer 3, is provided
      to coat a principal face of an N-type silicon substrate 1. The diffused
      regions 2a, 2b, 2c, . . . of, for instance, P+ conductivity type, have
      been preliminarily formed in a specified pattern on the principal face.
      Then, by a known photochemical process, the insulating layer 3 is coated
      with a photoresist layer 6 of a specified pattern having holes on
      specified positions of the diffused regions, and the insulating layer 3 is
      treated with a known etchant, for instance, hydrogen peroxide solution.
      Accordingly, the parts of insulating layer 3 that are exposed through
      openings of the photoresist layer 6 are etched away to form openings 5b, .
      . . , from which the P+ - type diffused regions 2b, . . . of the
      semiconductor substrate 1 are exposed, as shown in FIG. 2.
PAR  Next, the photoresist layer 6 is removed by a known method, and then a
      metal layer 4 of, for instance, aluminum is vapor deposited into the
      openings 5b, . . . and upon the insulating layer 3, as shown in FIG. 3.
PAR  Finally, the unnecessary parts of the metal layer 4 are removed by a known
      masked etching method, so as to form the metal strips 4a, 4b, 4c, . . . of
      a specified pattern, as shown in FIG. 4. Thus, the metal strips, 4b, . . .
      contact the diffused regions 2b, . . . embedded in the openings 5b, . . .
      , as shown in FIGS. 4, 5, and 6.
PAR  In the conventional IC made by the above-mentioned method, the metal part,
      which is in the opening 5b and is in contact with the semiconductor, is
      connected to the metal strip on the insulating layer 3 with thin step
      parts A around the brim of the opening 5b. Since these thin step parts A
      are electrically and mechanically fragile, and are likely to be broken by
      an overcurrent, it has been necessary that the width of the metal strips
      4a, 4b, 4c, . . . be made wider, by the width (2T) of the two side paths
      4b1, 4b2, than the width of the openings 5a, 5b, 5c, . . . The side paths
      4b1 and 4b2 are provided in order to form the connecting parts A in all of
      the sides of the openings 5b, . . . , for the sake of a larger total cross
      section and doubling of the electric path between the metal in the opening
      and the metal on the insulating layer. Since the average width of a pair
      of side paths is about 2.5 to 5 microns for one metal strip, the area
      occupied by the side paths cannot be overlooked. Accordingly, it is an
      important consideration to dispense with such side paths for decreasing
      the size of IC. Moreover, conventional ICs are likely to show defects due
      to the above-mentioned breaks in the thin step parts A in their
      reliability tests in the actual manufacturing process, and therefore, a
      drastic improvement has been sought. Several measures have been proposed,
      for instance, to tilt, swing or rotate the substrate during the vapor
      deposition of the metal layer, in order to make oblique and thicken the
      thin step parts A between the metal in the opening and the metal on the
      insulating layer. However, such measures necessarily deform the section of
      the metal strip into a trapezoid and increase the width at the base of the
      metal strip, and moreover are liable to make the pattern of the metal
      inaccurate.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the object of the present invention is to dispense with the
      above-mentioned side paths 4b1 and 4b2, . . . of the metal strip 4b and to
      narrow the width of the metal strips of an IC in order to decrease the
      size of the IC.
PAR  Another object of the present invention is to improve the reliability of
      interconnection of the IC.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a part of a conventional IC;
PAR  FIGS. 2, 3, and 4 are enlarged sectional views of a part of the device of
      FIG. 1, the sectional planes being at right angles to the direction of the
      metal strips 4a, 4b, 4c, . . . ;
PAR  FIG. 5 is an enlarged plan view showing the part shown in FIGS. 2 to 4;
PAR  FIG. 6 is a plan view showing a principal part of the IC shown in the
      above-mentioned figures;
PAR  FIG. 7 is a perspective view of a part of an IC according to the present
      invention;
PAR  FIGS. 8, 9, 10, and 11( a) are enlarged sectional views of a part of the
      device of FIG. 7 for various steps of making the sectional planes being at
      right angles to the direction of the metal strips 14a, 14b, 14c, . . . ;
PAR  FIG. 11(b) is an enlarged sectional view of the part shown in FIG. 11(a),
      its sectional plane being parallel to the direction of the metal strips
      14a, 14b, 14c, . . . , and
PAR  FIG. 12 is a plan view showing the principal part of the IC shown in FIGS.
      7 to 11(b).
DETD
PAR  In these figures the sizes are not in exact proportion to the actual sizes,
      but are modified in some parts in order to show details.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 7, as one example, a part of a MOS-IC manufactured according to the
      present invention is shown.
PAR  The process of making the device of FIG. 7 is explained hereunder in
      reference to FIGS. 8 to 11(b).
PAR  An insulating layer 12, for instance, a silicon dioxide layer of 1 micron
      is provided to coat the principal face of a semiconductor substrate 10,
      for instance, of an N-type silicon. The impurity diffused regions 11a,
      11b, 11c, . . . of, for instance, P+ conductivity type, have been
      preliminarily formed with a specified pattern of strips on the principal
      face. Semiconductors and insulating layers of other substances than the
      above-mentioned may also be used.
PAR  Then, by a known photochemical process, the insulating layer 12 is formed
      employing a photoresist layer 15 of about 0.5 micron thick and having
      openings on specified positions of said diffused regions 11a, 11b, 11c, .
      . . , and subsequently, the insulating layer 12 is treated by a known
      etchant, for instance, hydrogen peroxide solution, so that the insulating
      layer 12 exposed through the openings of the photoresist layer 15 is
      etched off to form openings 23b . . . , from which the P+ - type diffused
      regions 11b . . . of the semiconductor substrate 10 are exposed, as shown
      in FIG. 8.
PAR  Next, without removing the photoresist layer 15, a metal layer 13, for
      instance, aluminum layer, is vapor deposited on all of the upper face,
      namely, into the openings 23b, . . . and upon the photoresist layer 15, to
      the extent of thickness roughly equal to the thickness of the insulating
      layer 12, for instance, about 1 micron.
PAR  Then a known bathing of photoresist removing liquid, for instance, hot
      phosphoric acid solution is applied, so that the photoresist layer 15 and
      the part 13r of the metal layer 13 remaining upon the photoresist layer 15
      are removed, while leaving the parts of the metal layer 13b, . . .
      embedded in the openings of the insulating layer 12 as shown in FIG. 10.
      As shown in FIG. 9, the vapor deposited metal layers between the lower
      parts 13b, . . . embedded in the opening 23b, . . . , and the upper part
      13r on the insulating layer 15 are as thin as 0.1 micron, and therefore,
      such thin inbetween layers are easily removed.
PAR  The photoresist layer 15 covered by the aluminum layer 13r can be removed
      very easily, since a photoresist removing liquid penetrates the porous
      vapor deposited metal layer 13r and dissolves the photoresist layer 15.
PAR  Thus, the openings 23b, . . . of the insulating layer 12 are filled up by
      the embedded metal layers 13b . . . , and the surface of the insulating
      layer 12 and the surface of the embedded metal 13b become almost on an
      even level without a prominent step remaining inbetween.
PAR  Then, again, the same metal is vapor deposited on the entire surface, and
      subsequently, a known etching method is effected, to leave parallel metal
      strips 14a, 14b, 14c, . . . , at right angles to the direction of the
      strips of diffused regions, as shown in FIGS. 11(a), 11(b), and 12.
PAR  Since each opening 23b, . . . is filled with metal layer 13b, . . . , the
      second vapor deposited metal strips 14a, 14b, 14c . . . have no prominent
      steps at the brim of the openings, and therefore, fragile thin parts of
      the metal at the brims of the steps are not produced.
PAR  Accordingly, it becomes unnecessary to provide the interconnecting metal
      strips 14a, 14b, 14c, . . . with side paths on both sides of the openings
      like the conventional ones, and therefore, the width of each metal strip
      can be made substantially equal to that of each opening.
PAR  Moreover, since no steps or uneven level parts are formed on the metal
      strips, the fragile thin parts are eliminated. Therefore, sufficient
      reliability of the interconnection between the diffused P+ type regions
      and the metal strip wirings is attainable even with a thin metal layer,
      and consequently, a very precise pattern of interconnecting metal strips
      is obtainable. Further, on account of such high precision of the pattern,
      the width of insulating space between the parallel metal strips can be
      decreased.
PAR  Since the openings 23b, . . . are filled with metal layers 13b, . . . and
      the upper faces of the metal layers 13b, . . . and the adjoining
      insulating layer 12 are on an even level, a slight deviation of locations
      of the metal strips from the right locations upon the openings 23b, . . .
      does not produce grave defects, thus resulting in easier manufacturing and
      higher yield.
PAR  In one example of the present invention, the width including five metal
      strips and their separation spaces inbetween can be made as narrow as 100
      microns, while, in the conventional method, the width for the same number
      of metal strips and separation spaces inbetween requires about 150
      microns.
PAR  Though the foregoing description is made on one example of the MOS-IC, this
      invention is not confined thereto, but is applicable to other types of the
      semiconductor devices, for instance, bi-polar type integrated circuits.
PAR  Also, this invention can be modified, for instance, to use combinations of
      other kind of substrates, insulating layers and vapor deposited metals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of making an integrated circuit comprising the steps of:
PA1  forming impurity diffused regions on the principal face of a semiconductor
      substrate,
PA1  coating the principal face of said substrate with an insulating layer,
PA1  coating said insulating layer with a photoresist layer of a specified
      pattern having openings on specified positions thereon,
PA1  etching said insulating layer through said openings by utilizing said
      photoresist layer as an etching mask to form openings in said insulating
      layer from which specified regions of said principal face of the substrate
      are exposed,
PA1  vapor depositing a metal layer of the thickness substantially equal to the
      thickness of the insulating layer over the entire principal face of said
      substrate, to fill said openings in the insulating layer through said
      insulating layer and said photoresist layer,
PA1  applying a photoresist removing liquid to remove said photoresist layer and
      the part of said metal layer that is remaining on said photoresist layer
      while leaving only said metal layer in said openings at a level flush with
      the upper surface of said insulating layer, and
PA1  forming on said insulating layer metal strips having widths substantially
      corresponding to said openings and overlying said openings to thereby
      contact said metal layer formed in said openings and embed the metal layer
      in the openings between said specified regions of the substrate and said
      metal strips.
NUM  2.
PAR  2. A method according to claim 1 wherein the semicondutor substrate is
      formed of silicon.
NUM  3.
PAR  3. A method according to claim 1 wherein the insulating layer is formed of
      silicon dioxide.
NUM  4.
PAR  4. A method according to claim 1 wherein the integrated circuit is a
      metal-oxide-semiconductor integrated circuit.
NUM  5.
PAR  5. A method according to claim 1 wherein the vapor deposited metal layers
      are formed of aluminum.
NUM  6.
PAR  6. A method according to claim 1 wherein said impurity diffused regions are
      formed as parallel spaced strips on said principal face.
NUM  7.
PAR  7. A method according to claim 6 wherein said metal strips are provided in
      spaced parallel disposition transversely to said impurity diffused
      regions.
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ABST
PAL  A two-stroke internal combustion engine which comprises two rocking pistons
      disposed on opposite sides of a separating element that separates two pump
      chambers from each other. The pump chambers are located on the back side
      of the rocking pistons, and a hollow rotary slide is mounted in the
      separating element to positively control the intake and precompression
      phases of the pump chambers.
BSUM
PAR  In the field of the mixture compressing two-stroke internal combustion
      engines a stagnation has obviously occurred, especially in the production
      of two-stroke motors for installation in motor vehicles, aircraft, and for
      other appropriate uses. Their application remains, for the future, limited
      principally to motor-cycles and small machine aggregates, and two-stroke
      motors with the usual crank case pump are predominant in this field, where
      the maximum stroke volume has a value that does not exceed 350 cm.sup.3.
      As is known, the reason for this lies in the control of the scavenging
      process, which is indeed the main problem for mixture compressing
      two-stroke internal combustion engines. The fuel scavenging losses
      increase with increasing stroke volume, and the construction becomes more
      complicated, resulting in a high specific fuel and oil consumption. If the
      two-stroke work cycle process is to be realized in a motor with a higher
      stroke volume, especially for operating with gasoline, and if this process
      is to be made economical, it is necessary to eliminate the crank case pump
      utilized until now to obtain a better charge and a better scavenging of
      the working chambers for the necessary air supply, because with the usual
      crank case pump the necessary greater air quantities and the necessary
      increase of the precompression cannot be obtained. The mentioned
      inconveniences have been eliminated by the provision of a two-chamber,
      two-stroke rocking piston internal combustion engine, wherein two separate
      pump chambers working independently of the crank case are arranged in the
      rocking piston plane, and wherein the fresh-air intake and precompression
      phases in the pump chambers are positively controlled by means of a hollow
      rotary slide.
DRWD
PAR  The operating cycle of the two pump chambers and their common hollow rotary
      slide will be described in greater detail by referring to an example of
      the two-chamber, two-stroke internal combustion engine shown in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of the internal combustion engine
      according to the invention, and
PAR  FIG. 2 shows the engine of FIG. 1 in a longitudinal section.
DETD
PAR  In FIG. 1, the two rocking pistons 2 and 3 are rigidly mounted on the
      rocking piston shaft 1 so that the shaft and the pistons constitute a
      common working part which is internally cooled by means of a cooling oil
      circuit. The rocking piston shaft 1 is axially journaled at its two
      extremities in two covers 36 and 37, as seen in FIG. 2. On the rocking
      piston shaft 1, FIG. 2, the power arm 12 is fixedly mounted at a
      predetermined angle on the exterior of cover 36, and this arm is also
      diagrammatically indicated in FIG. 1. The power arm pin f is rotatably
      coupled to one extremity of a connecting rod 13 whose other end is coupled
      to the crank pin h of the crank shaft 34, as seen in FIG. 1 and FIG. 2.
PAR  At the end of the working stroke, the rocking piston 2 has its radial
      control edge d flush with the lower control edge E of the by-pass channel
      10, while the rocking piston 3 is at the end of its compression stroke,
      where the ignition is started in the combustion chamber 42 by means of the
      spark plug 17, so that the working stroke of the piston may begin. At the
      same time the fresh air taken in continues to flow into the pump chamber
      27 on the back side 32 of the rocking piston 3 from the inlet passageway 9
      of the hollow rotary slide 5 over its through-flow slot 8 and the control
      slot 7 of the hollow cylindrical pump chamber-separation element 4, while
      the control slot 6 of the hollow cylindrical pump chamber-separation
      element is still covered by the hollow rotatable slide 5. If the crank pin
      h of the crank shaft 34 rotates from the lower dead center point in the
      direction of the arrow to the upper dead center point 9 the by-pass slot
      ED is first closed by the rocking piston 2, and thereafter the exhaust
      slot CB is covered. At point B the fuel injection begins by means of the
      injection nozzle 14 and at the same time the compression starts in the
      work chamber 39 by means of the rocking piston 2 along the circular arc
      BA, and at the end of the compression the ignition is realized by the
      spark plug 16. During the compression and upward stroke of the rocking
      piston 2 the hollow rotary slide 5 moves simultaneously in the direction
      of the arrow so that the through-flow slot 8 becomes aligned with the
      control slot 6 of the cylindrical hollow pump chamber-separating element
      4, so that the rotary slide 5 covers the control slot 7, and fresh air is
      drawn into the pump chamber by means of the back side 33 of the rocking
      piston 2, while at the same time in the pump chamber 27 the air is
      precompressed by the rocking piston 3 during its return stroke until the
      control edge d of the rocking piston 3 uncovers first the exhaust slot BC
      of the work chamber 40 and then the by-pass slot DE of the by-pass channel
      11, so that the air that is precompressed in the pump chamber 27 flows
      into the work chamber 40 and scavenges the latter free of exhaust gases,
      and the working cycles of both the pump chambers and the work chambers are
      repeated in continuous sequence. Thus during a rotation of the crank shaft
      by 360.degree. two work strokes are performed, which corresponds to the
      number of work strokes of a four-cylinder, four-stroke motor. The two work
      chambers 39 and 40, the two pump chambers 26 and 27, and the hollow,
      cylindrical pump chamber-separation element 4 with the hollow rotary slide
      5 oscillating without friction therein are surrounded partly
      concentrically by the two housing segments 19 and 20 while the work
      chambers 39 and 40 are hermetically separated and sealed relative to each
      other at the top by means of the angular chamber head 18, in which the
      combustion chambers 41 and 42 are disposed. The housing segments 19 and
      20, the chamber head 8, the two work chambers 39 and 40, and also the pump
      chambers 26 and 27 are hermetically closed on both sides by the covers 36
      and 37, as shown in FIG. 2.
PAR  Additional reference characters have the following significance:
PAR  F is the point of contact of the gas forces on the centroid S of the
      rocking piston work surfaces.
PAR  23 is the effective power arm between the point of contact of the force and
      the pivot point m of the rocking piston shaft 1.
PAR  f is the end position of the power arm pin f at the lower dead center point
      of the crank pin h of crank shaft 34.
PAR  e is the end position of the power arm pin f at the upper dead center point
      g of the crank pin h of crank shaft 34.
PAR  24 and 25 are the axially extending front sealing bars associated with the
      inner circular surfaces of the housing segments 19 and 20.
PAR  30 and 31 are the sealing bars extending on both sides of the rocking
      pistons 2 and 3 radially from the outer diameter of the rocking piston
      shaft 1.
PAR  r are the axial sealing rings of the rocking piston shaft 1, FIG. 2.
PAR  35 is the cover housing with the bearing for the crank shaft 34 and support
      bearing for the rocking piston shaft 1 with the gear flange.
PAR  36 is the one-piece planar cover housing (rear side) with the bearings for
      the rocking piston shaft 1, the hollow rotary slide 5 and the crank shaft
      34.
PAR  37 is the one-piece planar cover housing (front side) with the bearings for
      the rocking piston shaft 1, the hollow rotary slide 5 and the crank shaft
      34.
PAR  38 is the cover housing with the bearings for the hollow rotary slide 5 and
      the crank shaft 34.
PAR  41 and 42 are the sphere-shaped combustion chambers.
PAR  43 is the crank case.
PAR  In addition, sealing bars i which extend axially are arranged
      concentrically in the chamber head 18 and are inwardly directed to provide
      a seal between the chamber head 18 and the rocking piston shaft 1.
      Furthermore, a sealing bar k is arranged conversely in the hollow
      cylindrical pump chamber-separation element 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two-chamber, two-stroke rocking piston internal combustion engine
      comprising:
PA1  a. a housing having a cavity therein;
PA1  b. two rocking pistons directly mounted on a common shaft in said housing
      cavity, each of said rocking pistons having a forward side delimiting a
      work chamber and a back side delimiting a pump chamber, each of said
      pistons being movable through a work stroke and a compression stroke,
      precompression of fresh air taking place in said pump chamber as each
      piston moves through its work stroke;
PA1  c. a hollow, cylindrical, stationary separation element located between the
      two pump chambers, said separation element having control slots therein;
PA1  d. a hollow, rotatable slide mounted in said separation element and having
      an internal fresh air intake channel and a through flow slot for
      cooperation with said control slots in the separation element to
      positively control admission of fresh air into the two pump chambers and
      also positively control precompression thereof in said two pump chambers;
PA1  e. by-pass channels formed in said housing and extending between each pump
      chamber and the associated work chamber;
PA1  f. means connecting each by-pass channel for communication with one pump
      chamber and the associated work chamber so as to permit scavenging and
      recharging of such work chamber by precompressed fresh air from the pump
      chamber when the piston delimiting such chambers reaches a position
      wherein there is fluid flow communication between such pump chamber and
      the work chamber;
PA1  g. means, coupled with the engine, for supplying fuel thereto; and
PA1  h. ignition means associated with each work chamber.
NUM  2.
PAR  2. A two-chamber, two-stroke rocking piston internal combustion engine
      according to claim 1, wherein said connecting means of each by-pass
      channel includes a first by-pass slot by which such by-pass channel
      communicates with the pump chamber and a second by-pass slot by which such
      by-pass channel communicates with the associated work chamber, each
      rocking piston co-operating with the first and second by-pass slots to
      open and close said by-pass slots as the piston moves through its work and
      compression strokes, said first and second openings being spaced apart
      such that both are opened by the piston when it is near the end of its
      work stroke to effect recharging of the associated work chamber by
      precompressed air from the pump chamber.
NUM  3.
PAR  3. A two-chamber, two-stroke rocking piston internal combustion engine
      according to claim 2, wherein said second by-pass slot has upper and lower
      control edges, said forward side of each piston being flush with the lower
      control edge of the second by-pass slot when such piston is at the end of
      its work stroke.
NUM  4.
PAR  4. A two-chamber, two-stroke rocking piston internal combustion engine
      according to claim 2, including an exhaust channel associated with each
      work chamber, each exhaust channel having an exhaust slot by which such
      exhaust channel communicates with said exhaust channel, each rocking
      piston co-operating with the exhaust slot to open and close said exhaust
      slot as such piston moves through its work and compression strokes, said
      exhaust slot being spaced from said first and second by-pass slots such
      that said exhaust slot is completely opened by said piston prior to the
      opening of both said first and second by-pass slots when the piston is
      near the end of its work stroke.
NUM  5.
PAR  5. A two-chamber, two-stroke rocking piston internal combustion engine
      according to claim 4, wherein said housing includes:
PA1  a. a pair of housing segments, said pump chambers, work chambers, and
      hollow cylindrical separation element being enclosed by said housing
      segments, said exhaust channels, exhaust slots, by-pass channels, and
      first and second by-pass slots being disposed in said housing segments,
      said housing segments having upper and lower ends;
PA1  b. a chamber head disposed in the rocking piston plane between said housing
      segments and symmetrically engaging said upper ends of said housing
      segments, said chamber head hermetically separating said work chambers;
      and
PA1  c. cover housings connected with said housing segments and effecting
      sealing of said pump chambers and said work chambers on both axial sides
      of pistons in planes corresponding with planes of movement of said
      pistons.
NUM  6.
PAR  6. A two-chamber, two-stroke rocking piston internal combustion engine
      according to claim 1, wherein said hollow cylindrical separation element
      has inner and outer surfaces both of which have generally cylindrical
      configurations, said back side of each rocking piston having a surface
      with the configuration of a truncated cylinder, said truncated cylindrical
      surface corresponding approximately with part of the outer cylindrical
      surface of said cylindrical separation element.
NUM  7.
PAR  7. A two-chamber, two-stroke rocking piston internal combusion engine
      according to claim 1, wherein only a single cylindrical, stationary
      separation element is disposed in said housing.
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ABST
PAL  An air conveying system, especially in the air intake system, for a
      reciprocable piston internal combustion engine having at least one group
      of cylinders and valve seats respectively associated therewith which valve
      seats have an opening toward the cylinders, according to which a plurality
      of tap lines respectively connected to the cylinders of the group of
      cylinders lead to the pertaining valve seat openings and communicate with
      a collecting conduit which is common to all of the tap lines pertaining to
      one and the same group of cylinders while having at least approximately
      the same length. Twist forming means are respectively arranged within the
      range of the valve seat openings for imparting a twist upon the air masses
      to be passed through the valve seat openings. The cross section of the tap
      lines and of the respective common collecting conduit pertaining thereto
      increase gradually in a steady manner from the pertaining valve seat
      openings in the direction away therefrom. The distance between the
      respective valve seat openings and the remote end of the pertaining common
      collecting conduit is at least approximately the same.
BSUM
PAR  The present invention relates to an air feeding system, particularly in the
      intake system for successive cylinders of reciprocable piston internal
      combustion engines, with at least one tap line leading to a collecting
      line for some cylinders combined to a group. Each tap line is arranged
      between the collecting line and a cylinder pertaining thereto, and the tap
      lines have the same or approximately the same length and within the range
      of the respective valve seat opening toward the cylinder comprise twist
      forming elements for the air masses to be passed therethrough.
PAR  For purposes of increasing the output of an internal combustion engine,
      such as diesel engine, it is necessary in addition to taking a number of
      steps, also to pay particular attention to the air supply system,
      especially in the intake system, in order in this way so to introduce the
      quantity of air to be employed for the combustion process into the
      combustion chamber that an optimum intermixing of the combustion air with
      the available fuel can be effected while, on the other hand, the
      relationship of the quantity of fuel to air is so selected that as much
      air will be burned as fuel will be available to the air. In order in this
      connection to adapt the quantity of air to be placed at the disposal to
      the corresponding quantity of fuel, it is known, especially in the intake
      system of an internal combustion engine, to provide charging means in
      order by means thereof to increase the delivery of the air to be passed
      through the intake conduit. These charging means may consist of fan
      wheels, turbochargers or guiding devices taking advantage of the driving
      wind.
PAR  According to a heretofore known internal combustion engine with an air
      supplying system in the intake for supplying an increased quantity of air,
      the individual cylinders and combustion chambers of the internal
      combustion engine are by short connecting conduits, so-called tap
      conduits, connected to a common connecting conduit having a plurality of
      cylinders associated therewith. These tap conduits have different lengths
      and are connected to the collecting conduit through a likewise common
      connecting piece or short feed pipe. The common collecting conduit is of a
      conical design and has their smaller opening at the connecting piece of
      the tap conduits and has its greater opening at that end which faces
      toward the fan wheel. The fan wheel, which is driven by the internal
      combustion engine itself, rotates in front of the large opening of the
      collecting conduit, said fan wheel being arranged between the internal
      combustion engine and a cooler preceding same. The space between the
      cooler and the internal combustion engine in which the fan wheel rotates
      is free from surrounding elements. There is provided a connecting member
      of the cooler through which cooled driving wind is passed. This connecting
      member is arranged in front of the large opening of the collecting conduit
      so that also a portion of the driving wind passes therethrough into the
      connecting line. With this internal combustion engine there is provided a
      conical connecting conduit which would be able to store a greater quantity
      of air in a smaller axial chamber; there should be noted that this
      quantity of air, in conformity with the cycle sequence with all intake
      cycles cannot be drawn fast enough into the combustion chamber. The
      foregoing is so because in the flow sequence there would exist technically
      unfavorable arrangement and design of the tap conduits. Thus a
      considerable portion of the kinetic energy of the suction stroke of the
      piston is lost. As a result thereof, the combustion chamber is not filled
      with fresh air to the optimum extent so that with insufficient fresh air
      available, the fuel frequently burns to soot, or with an excess of fresh
      air at the combustion area, sufficient oxygen especially for NO.sub.x
      reactions will be available so that in both instances a worsening of the
      waste gases is to be expected.
PAR  It is, therefore, an object of the present invention to provide an air
      feeding system, especially in the intake, of a reciprocable piston
      internal combustion engine, by means of which in all speed ranges, still
      prior to the completion of the intake stroke, the optimum cylinder filling
      will be realized by a high acceleration of the quantity of air in the air
      supply system.
DRWD
PAR  This object and other objects and advantages of the invention will appear
      more clearly from the following specification in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 is a top view of an internal combustion engine with tap conduits
      connected to the cylinders thereof and with a collecting conduit connected
      to said tap conduits for some successive cylinders.
PAR  FIG. 2 represents a cross section through a tap line and the collecting
      line connected thereto with a valve seat opening provided on the cylinder
      head.
DETD
PAR  The air supply system is provided according to the invention for successive
      cylinders of reciprocable piston internal combustion engines. Each
      cylinder has associated therewith at least one tap line leading to a
      collecting line for some cylinders combined in a group. Each tap line is
      arranged between the collecting line and an associated cylinder. The tap
      lines have at least the same length and within the range of the respective
      valve seat opening toward the cylinder comprise twist forming elements for
      the air masses to be passed therethrough. The foregoing is characterized
      primarily in the cross section of each air supply system. The latter
      comprises tap lines and one collecting line common to a plurality of
      cylinders. The cross section from the valve seat opening on gradually
      widens. The distance between the valve seat opening and the end of the air
      supply system is at least approximately the same for each cylinder.
PAR  In view of these features, it will be realized that the delivery rate of
      fresh air for each combustion chamber will be assured in a simple manner
      as far as an optimum combustion is concerned so that the combustion can
      take place with less harmful waste gas. In view of the conical design of
      the air supply system from the valve seat opening to the inlet opening of
      the system, the inflow velocity of the air column is increased because the
      air which is farther away from the valve seat opening will not be
      accelerated so high. Due to the high inflow velocity, it will be realized
      that the cylinder, will be filled prior to the completion of the intake
      stroke of the piston the foregoing is in contrast to the vibration
      charge-up. Such situation in turn is of foremost importance for the
      twisting arrangement in the cylinder. Furthermore, in view of the good
      filling of the cylinder and the proper mixing operation, a better
      combustion will be obtained; this in turn permits an increase in the
      output with low quantities of harmful waste gas. Furthermore, it was found
      that the oscillation of the air column frequently follows an effected
      acceleration. Such oscillation is without importance however for the
      filling of the cylinder or combustion chamber. An optimum acceleration of
      the air column in front of the cylinder or combustion chamber may be
      realized particularly when the inlet valve is opened only after the
      residual gas pressure in the cylinder or combustion chamber has been
      reduced in view of the pressure of the air column in the air supply
      system. Moreover, the underpressure generated by the piston can in the
      form of acceleration energy be conveyed completely to the air column in
      the air supply system because no passage restriction exists which could
      use up the energy of the intake stroke.
PAR  It has furthermore been ascertained that the time period during which the
      underpressure acts through the intake stroke of the piston upon the
      acceleration of the air column in the air supply system, in this instance
      in the intake system, decreases with the increase in the distance from the
      inlet valve which fact is due to the finite sound velocity. It will follow
      from this fact that the maximum possible acceleration of the air column to
      a high speed is possible only in the vicinity of the valve which means in
      the vicinity of the valve opening.
PAR  In order to take this finding into consideration in the entire air supply
      system, it has been suggested according to a further development of the
      invention to increase the cross section of the air supply system, i. e. of
      the tap lines and the common collecting line, at the second power of the
      increasing distance from the valve opening to the extent to which the
      timewise influence of the underpressure, i. e. the underpressure wave of
      the piston, decreases with increasing distance from the valve seat
      opening. In this way, the cross section of the intake conduit is at that
      end which faces toward the valve seat opening kept smaller than at that
      end which faces away from the valve seat opening for instance at the
      compensating container. Regardless of this fact, the pipe length from the
      valve seat opening to the large opening of the collecting conduit must for
      each cylinder be of the same length in order to assure the same conditions
      for the respective intake stroke.
PAR  While a reciprocable piston internal combustion engine has been known which
      has an inlet passage in the cylinder head with which the inlet passage
      widens itself in a continuous manner from a restriction provided within
      the region of the valve seat opening, toward the inlet as well as toward
      the valve seat opening, it is to be noted that the inlet passage or the
      air supply system with this internal combustion engine does not increase
      in its cross section from the valve seat opening to the final inlet
      opening, but instead comprises a restriction by which the underpressure of
      the piston on its intake stroke, which underpressure is generated as
      acceleration energy for the air column, cannot fully act upon said air
      column.
PAR  In addition thereto, it is known to increase the delivery rate in
      combustion air of internal combustion engines by taking advantage of the
      oscillation of the air column in the air supply system. This air column,
      which at a certain amplitude oscillates back and forth, passes through the
      opening of the inlet valve aided by the suction force of the piston into
      the cylinder. Regardless of the fact that with different speeds it is not
      simple to obtain uniform delivery rates with each intake stroke, it is
      necessary with systems of this type, in order to have available sufficient
      quantities of air in front of the inlet valves, to make the suction
      conduits rather long.
PAR  Referring now to the drawing in detail, the reciprocable piston internal
      combustion engine 1 illustrated therein has connected thereto an air
      supply system 2 which comprises a plurality of tap lines 3-5 and also
      comprises a common collecting line 7 which is intended for a plurality of
      successive cylinders 6. The tap lines 3-5 which form the connection
      between cylinder 6 and collecting line 7 are together with the collecting
      line of the same length or approximately the same length counting from the
      valve seat opening 8 to the inlet opening 12 and are at their end which
      faces toward the respective valve opening 8 equipped preferably with twist
      forming inlet members 9 for the combustion air 10 passing into the
      cylinder chamber 13. In order to realize a high rate of delivery even when
      the speed of the internal combustion engine 1 varies, the cross section of
      the tap lines 3-5 and the cross section of the common collecting line 7
      communicating with the tap lines is gradually widened from the valve seat
      opening 8 on, and more specifically, in such a way that this distance
      which increases with the second power of the increasing distance increases
      from the valve seat opening to the extent to which the timewise influence
      of the underpressure of the piston 11 carrying out a suction stroke
      decreases with increasing distance from the valve seat opening.
PAR  In view of the numerous tests, it has been found that the cross sectional
      increase is to occur from the valve seat opening 8 to the inlet opening 12
      of the air supply system 2; for instance this cross sectional increase of
      the air supply system occurs in the intake system at the rate of 1:2. This
      rate means that the cross section at the valve seat opening 8 is about
      half as great as that at the inlet opening 12. The inlet opening 12 of the
      collecting line 7 may lead into a container 14 combining a plurality of
      collecting conduits or may itself serve as intake.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An air intake system for a reciprocable piston internal combustion
      engine having at least one group of cylinders with valve seats opening
      into the respective cylinders, said system including a conduit having an
      air inlet end, a plurality of tap lines opening from the other end and
      connected to the cylinders of said group and opening into the respective
      valve seat openings, the end of each tap line opening into said conduit
      having a diameter substantially equal to the diameter of the conduit at
      that end, each of said tap lines having a curved end connecting to its
      respective valve seat opening as a twist forming means arranged adjacent
      the respective valve seat opening for imparting a twist to the air passing
      through said valve seat opening, the cross section of said conduit and the
      said tap lines opening therefrom decreasing gradually in a continuous
      manner from the inlet end of said conduit to the opening for each tap line
      and continuing such gradually decreasing area to the respective valve seat
      opening of each tap line, the distance from the inlet end of said conduit
      to the end of each tap line opening into its respective valve seat opening
      being substantially equal, so that on each inlet stroke of each piston,
      the same volume of air is delivered to the cylinder and the decreasing
      area of said conduit and each tap line increases the velocity of the air
      passing from said inlet end of said conduit to said twist forming means
      and the respective valve opening.
NUM  2.
PAR  2. An air intake system as claimed in claim 1, in which the cross section
      of each tap line and the common conduit decreases as the square of the
      distance from the remote inlet end of the conduit to the valve seat
      opening of the tap line.
PATN
WKU  039453502
SRC  5
APN  4381785
APT  1
ART  342
APD  19740130
TTL  Fuel injection systems for internal combustion engines
ISD  19760323
NCL  11
ECL  1
EXA  Cox; Ronald B.
EXP  Myhre; Charles J.
NDR  3
NFG  4
INVT
NAM  Ford; Eric Harold
CTY  London
CNT  EN
ASSG
NAM  Lumenition Limited
CNT  EN
COD  03
PRIR
CNT  UK
APD  19720118
APN  2311/72
RLAP
COD  74
APN  321660
APD  19730108
PSC  04
CLAS
OCL  123 32EA
XCL  123119R
EDF  2
ICL  F02B  300
FSC  123
FSS  32 EA;148 E;117 R
UREF
PNO  3682152
ISD  19720800
NAM  Muller-Berner
OCL  123 32EA
UREF
PNO  3696303
ISD  19721000
NAM  Hartig
OCL  123148E
UREF
PNO  3738339
ISD  19730600
NAM  Huntzinger
OCL  123117R
UREF
PNO  3780711
ISD  19731200
NAM  Lindberg
OCL  123 32EA
UREF
PNO  3810448
ISD  19740500
NAM  Ford
OCL  123 32EA
UREF
PNO  3831563
ISD  19740800
NAM  Brittain
OCL  123 32EA
LREP
FRM  Larson, Taylor and Hinds
ABST
PAL  The quantity of fuel injected in a fuel injection system of an internal
      combustion engine is achieved electronically by generating two series of
      pulses in synchronism with the engine using one series as a reference for
      maximum advance and the other series to operate a counter to count down
      the requisite number of pulses beyond the maximum advance point before the
      fuel injection is initiated, the count of the counter being varied from a
      computer in accordance with speed and/or load on the engine.
PARN
PAC  RELATED APPLICATION
PAR  This application relating to fuel injection systems has been divided out of
      application Ser. No. 321,660, now pending filed Jan. 8, 1973 relating to
      the advance and retard of the spark ignition in an ignition system of an
      internal combustion engine.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to fuel injection systems for internal
      combustion engines.
PAC  PRIOR ART
PAR  One such fuel injection system is disclosed in my application Ser. No.
      874,470 now U.S. Pat. No. 3,851,628 and a continuation-in-part application
      Ser. No. 202,979 now U.S. Pat. No. 3,810,448. Both systems disclosed in
      these two applications utilize the principle of fast inverse switching a
      signal produced by a beam of infra-red radiation which is chopped in
      synchronism with the engine revolutions. The amount of fuel injected was
      achieved by utilizing the vacuum principle in accordance with speed or
      load. All the known methods of achieving accurate control of the quantity
      of fuel injected relied on mechanical devices such as spring biased
      diaphragms, and whilst perfectly satisfactory they are liable to failure
      or misadjustment.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to utilize an electronic
      system for the control of the quantity of fuel injected in an internal
      combustion engine in accordance with speed and/or load, whereby the fuel
      injection system is substantially free from mechanical defects.
PAR  According to the present invention there is provided an electronic device
      for controlling the quantity of fuel injected in a fuel injection system
      of an internal combustion engine including means for generating a first
      series of voltage pulses in synchronism with the engine revolutions to
      provide a series of alternate highs and lows; means for generating a
      second series of voltage pulses at a frequency greatly in excess of the
      first series; means for counting a given number of the second series of
      voltage pulses from a given point in relation to the first series of
      voltage pulses; and means for producing a high output from said counting
      means after said count has been completed; means for detecting the
      presence of both a high level output from the first pulse generating means
      and the counting means in order to bring about said control of the
      quantity of fuel injected; and means for varying the count of the counting
      means in accordance with the speed and/or load conditions on the engine.
PAR  The electronic device thus controls the amount of fuel injected into a
      cylinder in a fuel injection system, the counting means starting to count
      from a position equivalent to the maximum quantity of fuel needed for any
      given running condition of the engine. In this case a low level output
      from the first trigger initiates the count of the counting means, said
      output then reverting to the high level a short time thereafter and before
      the count has been completed, so that when the count has been completed
      the presence of a second high output causes the solenoid of the fuel
      injection system to be operated.
PAR  The counting means is preferably a frequency divider.
PAR  Preferably, the means for varying the count of the frequency divider is a
      computer whose digital output is modified in accordance with digital
      information fed into it as regards the speed and/or load conditions on the
      engine.
PAR  The first and second series of generated pulses may be fast switched and
      current amplified by a trigger circuit comprising a plurality of cascaded
      transistors arranged to switch in inverse relation to one another so that
      at any one time at least one transistor is always fully saturated whilst
      its immediate neighbours are hard off.
PAR  The outputs from the first trigger and the counting means preferably
      operate a power transistor stage with one or more pre-amplifying stages to
      effect the injection of fuel by energizing the solenoid of the fuel
      injector.
PAR  The power transistor stage may consist of a darlington pair having a
      commoned collector electrode, a zener diode and series resistor being
      connected between the commoned collectors and the base electrode of the
      first transistor of the pair. The collector electrode of the last
      transistor of the trigger is preferably connected to the base electrode of
      the first transistor of the darlington pair by way of a diode and iron
      cored inductor connected in series, the function of the latter being to
      slow down the switching rate of the darlington pair.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will now be described in greater detail by way of
      examples with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a diagram (partly in block form) of one form of device for
      determining the amount of fuel to be injected for use with a fuel
      injection system of an internal combustion engine;
PAR  FIG. 2 is a front view of the disc shown in FIG. 1;
PAR  FIG. 3 is a detailed circuit diagram of the electronic device for
      determining the amount of fuel injection according to speed and/or load
      conditions at any given instant; and
PAR  FIG. 4 is a set of waveforms which assist in explaining the operation of
      the circuit shown in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The embodiment described with reference to the drawings is for a six
      cylinder internal combustion engine having two fuel injectors which
      operate alternately. There are thus two identical electronic systems a and
      b (except for the computer) only one such system being described in
      detail, it being appreciated that the second system is identical with the
      first in all respects, the second system b being shown in block outline
      only in FIG. 1.
PAR  Referring to FIGS. 1 to 3, the device for achieving the electronic control
      of the quantity of fuel injected in a fuel injection system, includes a
      radiation chopper device generally designated 1; a first pair of fast
      inverse switching trigger circuits 11a and 11b; a second pair of fast
      inverse switching trigger circuits 12a and 12b; a pair of frequency
      dividers 14a and 14b; a computer 16; and a pair of amplifier and power
      transistor stages 18a and 18b.
PAR  The radiation chopper device 1 consists of a housing 2; a disc 3; a shaft 4
      carrying the disc 3; two pairs of infra-red radiation sources 5a and 5b,
      and 6a and 6b; and two pairs of radiation detectors 7a and 7b, and 8a and
      8b. The infra-red radiation sources 5a, 5b, 6a and 6b are preferably
      gallium arsenide lamps and the radiation detectors 7a, 7b, 8a and 8b are
      preferably photo-transistors, all these elements being fixed to the
      housing 2. The shaft 4 is journalled in bearings (not shown) in the
      housing 2 and is driven at cam shaft speed of the engine.
PAR  The chopper disc 3 comprises sixty four slits 10 arranged in equi-spaced
      relation around the disc and concentric to the shaft 4, and a single large
      aperture 9. The aperture 9 permits infra-red radiation for the lamp 5a or
      5b to reach the respective photo-transistor 7a or 7b, and the slits 10
      permit infra-red radiation from the lamps 6a and 6b to reach the
      respective photo-transistors 8a and 8b. The lamps 5a, 5b, 6a and 6b are
      energized through a common stabilized voltage source 20.
PAR  The output from the respective photo-transistors 7a, 7b, 8a and 8b is fed
      to the inputs of respective fast inverse switching triggers 11a, 11b, 12a
      and 12b. The output of the second pair of triggers 12a and 12b is fed to
      the respective frequency dividers 14a and 14b which normally gives a 0
      output, but which on completion of the count down set into it from the
      computer 16 gives a 1 output. The count set into the frequency dividers
      14a and 14b is controlled from the computer 16 by means of five output
      lines 22a to 22e, each of which is either at a high level of voltage to
      represent a 1 or at a low level of voltage to represent a 0 in accordance
      with the binary notation. The computer 16 receives at two inputs 24a and
      24b information in digital form concerning the speed and load on the
      engine, this information being obtained from any known analogue type of
      measuring device and then converted into digital form so that the computer
      can calculate the count down necessary to achieve a correct quantity of
      fuel to be injected into a cylinder. In this example, the computer has a
      maximum count of 32. The amplifier and power transistor stages 18a and 18b
      control the current flow through the respective solenoids 84a and 84b.
      When the outputs from the respective stages 11a and 11b and 14a and 14b
      are either 0 and 1 or 1 and 0 or 0 and 0 no current flows through the
      respective solenoids 84a and 84b but when both outputs are at the high
      level 1, then current flows through the solenoids to cause energization
      thereof, and thus initiate the fuel injection.
PAR  Referring now to FIG. 3, the first and second triggers 11a and 12a
      respectively include first transistors 30aa and 30ba, second transistors
      32 aa and 32ba, first collector load resistors 34aa and 34ba, second
      collector load resistors 36aa and 36ba, and feedback resistors 38aa and
      38ba. The first and second transistors of each trigger are connected in
      cascade to switch in inverse relation to one another, so that when one is
      fully saturated (ON) the other is fully non-conductive (OFF). Also the
      output from the photo-transistors 7a and 8a is connected to the base
      electrodes of the respective first transistors 30aa and 30ba such that
      when the photo-transistors conduct, the first transistors switch off and
      vice versa. Respective diodes 40aa and 40ba are connected across the
      collector-emitter electrodes of the photo-transistors 7a and 8a to ensure
      clean switching of these elements.
PAR  The gallium arsenide lamps 5a and 6a are connected in series with
      respective resistors 42aa and 42ba and connected in parallel with one
      another across the +12 volt battery supply through a resistor 43. A zener
      diode 44 is connected across all the paralleled gallium arsenide lamps 5a,
      5b, 6a and 6b in order to provide a stabilized voltage. The voltage across
      all the photo-transistors 7a, 7b, 8a and 8b is also stabilized by means of
      the zener diode 44 the photo-transistors being connected in series with
      respective resistors 46aa, 46ab, 46ba and 46bb.
PAR  The output from the collector electrode of the transistor 32aa of the first
      trigger 11a is applied direct to the base electrode of an inverting
      transistor 88a positioned in front of the power stage 18a, and also to the
      set/reset input of the frequency divider 14a. The output from the
      collector electrode of the transistor 32ba of the second trigger 12a is
      applied indirectly to the base electrode of the transistor 88a through the
      frequency divider 14a. The transistor 88a will conduct only if the outputs
      from the stages 11a and 14a are at the high level representing a 1. This
      transistor is thus normally "off" under all the three conditions except
      the double high when it becomes fully saturated. A resistor 90a is
      provided in series with its collector electrode.
PAR  The power transistor stage 18a includes a transistor 50a; two power
      transistors 54a and 56a connected as a darlington pair; diodes 58a, 60a
      and 62a; a zener diode 64a; resistors 66a, 68a and 70a; and an iron cored
      inductance 86a. The power transistors 54a and 56a are fully protected by
      means of the zener diode 64a and the diode 62a. The zener diode is
      arranged to conduct above a certain voltage level so that if there are any
      positive going transients induced in the circuit when the darlington pair
      has switched off, these break down the zener diode 64a which conducts them
      through the resistor 66a to the base electrode of the power transistor
      54a. The darlington pair is thus caused to turn on in a controlled manner
      for the duration of these transients so that there is no risk of either of
      the components of the darlington pair being broken down in the event of
      high positive going voltage surges. Negative going transients which occur
      when the darlington pair is switched off are conducted on earth via the
      diode 62a. The purpose of the diode 58a is to prevent the voltage passed
      by the zener diode 64a from flowing to earth via the transistor 50a.
PAR  The solenoid 84a is in series with the darlington pair output stage across
      the 12 volt supply, the solenoid being energized when the darlington pair
      is switched on.
PAR  The fuel injection system illustrated is for a six cylinder engine and as
      in the case of the system disclosed in patent applications Ser. Nos.
      874,470 now U.S. Pat. No. 3,851,628 and Ser. No. 202,979, now U.S. Pat.
      No. 3,810,448 the two fuel injectors are each arranged to feed three
      cylinders, the first one feeding cylinders I, II and III and the second
      feeding cylinders IV, V and VI. The order of firing in a six cylinder
      engine is I-V-III-VI-II-IV so that the solenoids 84a and 84b have to
      operate alternately, this being achieved by the single aperture 9 in the
      disc 3 which alternately causes energization of the solenoids 84a and 84b
      through the two identical electronic systems a and b.
PAR  The aperture 9 is arranged such that a maximum quantity of fuel can be
      injected, if the solenoid is energized for substantially the whole of the
      arc subtended by the aperture 9. A reduced quantity of fuel is obtained by
      not energizing each solenoid until a predetermined count has been made so
      that a much narrower "window" of solenoid energization is obtained.
PAR  The operation of the electronic device for controlling the amount of fuel
      injected will now be described in greater detail with the aid of the three
      waveforms shown in FIG. 4. The waveforms (a) and (b) represent the outputs
      from the first and second triggers 11a and 12a (considering only one half
      of the circuit for simplicity, the outputs for the second half being
      identical but shifted in phase by 180.degree.).
PAR  At time t0, the photo-transistor 7a is energized by infra-red radiation and
      the output from the transistor 32aa drops to the low level. At the same
      time the output from the frequency divider 14a is returned to the low
      level and the count started. At time t1, the photo-transistor 7a is
      de-energized, and the output from the transistor 32aa returns to the high
      level. However, since the frequency divider 14a still has a low level
      output, the transistor 88a cannot be switched ON. In the example
      illustrated, the frequency divider 14a provides a high level output after
      a count of ten, which occurs at time t2. The transistor 88a switches on,
      the transistor 50a switches off and the power transistors 54a and 56a
      switch on to energize the solenoid 84a. The solenoid remians energized
      until the time t3 when the photo-transistor 7a is energized again and the
      outputs from the stages 11a and 14a fall to their low level. The computer
      is set such that the count must exceed six, because the solenoid cannot be
      operated unless there are two "highs" at the input to the transistor 88a,
      so that the range of fuel injection ranges from a maximum of 32-6 = 26
      pulses down to a minimum of zero.
PAR  The above described device thus provides the electronic control of the
      quantity of fuel injected into a cylinder in a fuel injection system, the
      relevant control being calculated in accordance with the speed and/or load
      on the engine.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An electronic device for controlling the quantity of fuel injected in a
      fuel injection system of an internal combustion engine in accordance with
      engine requirements, including means for generating a first series of
      square-wave voltage pulses in synchronism with the engine revolutions to
      provide a series of alternate first and second voltage levels; means for
      generating a second sereies of square-wave voltage pulses also in
      synchronism with the engine revolutions and at a fixed multiple of the
      first series of square-wave voltage pulses, so that the frequency of the
      second series of voltage pulses is greatly in excess of the frequency of
      the first series of voltage pulses; means for counting a number of the
      second series of voltage pulses from a predetermined point in relation to
      the first series of voltage pulses, the numbeer of said pulses counted
      depending on the engine requirements; means for producing an output at the
      first voltage level from said counting means after said count has been
      completed; means for detecting the presence of both an output at the first
      voltage level from the first pulse generating means, and an output at the
      first level from the counting means, in order to inject a quantity of fuel
      dependent on the remainder of the count for which there is an output at
      the first level from the first series of voltage pulses; and means for
      continuously varying the count of the counting means in accordance with
      the requirements of the engine.
NUM  2.
PAR  2. An electronic device according to claim 1, including: an opaque disc
      driven in synchronism with the engine; sixtyfour equi-spaced slits around
      the disc near the periphery thereof; a single aperture near the center of
      the disc; a pair of infra-red sources positioned on one side of the disc
      in line with the slits and aperture; a pair of infra-red detector
      positioned on the other side of the disc for generating said first and
      second square-wave voltage pulses as "highs" and "lows" representing the
      first and second voltage levels respectively, the count of the counting
      means commencing at the instant that the infra-red radiation is cut off
      from the first detector.
NUM  3.
PAR  3. An electronic device according to claim 1, including at least one fuel
      injector and solenoid, wherein the counting means starts to count from a
      position equivalent to the maximum quantity of fuel needed for any given
      running condition of the engine, a low voltage level output from the first
      pulse generating means, representing said second voltage level, initiating
      the start of the count, said output then reverting to a high voltage
      level, representing said first voltage level, a short time thereafter, the
      counting means then counting down the predetermined number set therein
      before giving a high voltage level output, which together with the high
      voltage level output of the first pulse generating means, causes the
      energization of the solenoid associated with the fuel injector of the fuel
      injection system to deliver the desired quantity of fuel.
NUM  4.
PAR  4. An electronic device according to claim 1, wherein the counting means is
      a frequency divider.
NUM  5.
PAR  5. An electronic device according to claim 4, wherein the means for varying
      the count of the frequency divider is a computer whose digital output is
      modified in accordance with digital information fed into it as regards the
      speed and load conditions on the engine.
NUM  6.
PAR  6. An electronic device according to claim 1, wherein the first and second
      series of generated pulses are each applied to respective trigger
      circuits, each trigger circuit comprising a plurality of cascaded
      transistors arranged to switch in inverse relation to one another so that
      at any one time one transistor is fully saturated whilst its immediate
      neighbors are hard off.
NUM  7.
PAR  7. An electronic device according to claim 1, including a power transistor
      stage; a pre-amplifier stage; and an inverting stage in front of the
      preamplifier stage, the inverting stage being arranged to be turned on
      only in the presence of both a high voltage level pulse from the first
      pulse generating means and a high voltage level pulse from the counting
      means, the transistors of the pre-amplifying stage and the power
      transistor stage switching in inverse relation to their neighbors.
NUM  8.
PAR  8. An electronic device according to claim 7, wherein the power transistor
      stage consists of a darlington pair having a commoned collector electrode,
      a zener diode and series resistor being connected between the commoned
      collectors and the base electrode of the first transistor of the pair, the
      collector electrode of the transistor of the pre-amplifier stage being
      connected to the base electrode of the first transistor of the darlington
      pair by way of a diode and iron cored inductor connected in series.
NUM  9.
PAR  9. An electronic device for controlling the quantity of fuel injected in a
      fuel injection system of an internal combustion engine having six
      cylinders, by a pair of solenoid operated fuel injectors, the injectors
      operating alternately, and each being associated with three cylinders of
      the engine, said device including an opaque disc driven in synchronism
      with the engine; a series of equi-spaced slits around the disc; a single
      aperture in the disc; two pairs of infra-red radiation sources and two
      pairs of infra-red radiation detectors arranged on opposite sides of the
      disc, the first pair being arranged to cooperate with said aperture and
      second pair with the slits, the elements of each pair being displaced by
      180.degree. with respect to one another, the infra-red detectors of the
      first pair each generating a first series of square-wave voltage pulses in
      synchronism with the engine revolutions to provide a series of alternate
      first and second voltage levels; infra-red detectors of the second pair
      each generating a second series of square-wave voltage pulses also in
      synchronism with the engine revolutions, and at a fixed multiple of the
      first series of square-wave voltage pulses so that the frequency of the
      second series of voltage pulses is greatly in excess of the first series;
      a pair of frequency divider circuits for counting the pulses generated
      from the respective detectors of the second pair of infra-red detectors at
      a starting point determined when said respective first series of pulses
      change from the first to the second voltage level; a computer for
      receiving analog information on a pair of inputs regarding the fuel
      requirements of the engine, and for providing a corresponding digital
      output in accordance with said analog information to change the count of
      both frequency dividers, each frequency divider giving an output after the
      predetermined count, the first series of pulses having previously reverted
      to the first voltage level before completion of the count; a pair of
      transistorized power stages connected in series with respective solenoids,
      each power stage being rendered conductive at the instant when there is a
      first voltage level output from its associated frequency divider and its
      associated detector of the first pair, whereby the quantity of fuel
      injected by each fuel injector is precisely monitored in accordance with
      engine requirements.
NUM  10.
PAR  10. An electronic device according to claim 9, wherein the disc is provided
      with 64 slits arranged concentric with the shaft thereof, near the outer
      periphery of the disc, the components of the first and second pairs of
      infra-red radiation sources and detectors being arranged such that one set
      associated with the first solenoid is diametrically opposite the second
      set associated with the second solenoid whereby the two solenoids are
      triggered alternately every rotation of the opaque disc.
NUM  11.
PAR  11. An electronic device according to claim 9, wherein the computer has
      five outputs which are connected to five inputs of respective frequency
      divider circuits, the outputs from the computer representing either 1 to a
      0 whereby a digital count of 32 can be fed into the respective frequency
      dividers in accordance with the binary notation, said computer being
      programmed such that the minimum count permitted is six so as to allow the
      first series of pulses time to revert to the first voltage level, the
      maximum count then effectively being twenty-six digits different from the
      minimum count, whereby the total range of fuel injection from maximum to
      minimum can be carried out in 26 steps.
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ABST
PAL  A combustion chamber of a direct fuel injection type diesel engine has a
      cavity at the crown of a piston, within which a swirl occurs and onto
      which fuel is injected from a multi-orifice fuel injection nozzle toward a
      inner side wall of the cavity. The cavity is regular polygonal in
      horizontal cross-section. The inner side wall is so inclined inwardly of
      the cavity as to provide a restriction at the opening of the cavity. The
      inner side wall and the injection nozzle are so arranged that the fuel jet
      is distributed to the downstream side of the swirl after being impinged
      the inner side wall, whereby the distribution of the injected fuel is
      improved to provide ideal mixture in the cavity, resulting in reduced
      amount of pollutant emissions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to diesel engines of the direct fuel
      injection type, and more particularly to a combustion construction chamber
      for such diesel engines.
PAR  2. Description of the Prior Art
PAR  In conventional diesel engine of the direct fuel injection type, a cavity C
      having circular shape in cross-section and is formed in the crown of the
      piston P, and fuel jets are injected toward the preipheral wall w of the
      cavity C from a multi-orifice fuel injection nozzle N which itself is
      directed toward the center of the cavity C, as shown in FIGS. 1 and 2.
PAR  The the fuel jets impinge the circular peripheral wall w and are
      distributed in such a manner as illustrated in FIG. 2a by a swirl S which
      is generated in the cavity in a known manner.
PAR  In general, the fuel mixture f.sub.1 distributed at the downstream portion
      of the swirl S constitutes a lean mixture which is likely to increase
      unfavorable HC emission due to its poor combustibility. The fuel mixture
      f.sub.2 is an ideal mixture which presents a good combustion. The fuel
      mixture f.sub.3 is a too rich a mixture with insufficient air, and leads
      to emission of CO and smoke.
PAR  The above described distribution of injected fuel forming lean mixture
      f.sub.1, ideal mixture f.sub.2 and rich mixture f.sub.3 is also observed
      in vertical planes, as seen from FIG. 2b, which would necessarily lead to
      emission of HC, CO and smoke.
PAR  And also mixture flows out from the opening O of the cavity C into space
      which surrounded by cylinder head H, cylinder liner L and piston P by
      inverse squish IS which appears after the piston has passed the top dead
      center. Since the cylinder liner L and cylinder head H are usually cooled
      by cooling water or the like, the portion of the fuel which is biased to
      the space is cooled upon contacting those members and turns incombustible
      whereby the emission of smoke is considerably increased.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to overcome above described
      shortcomings by providing an improved combustion chamber which is capable
      of preventing formation of pollutant substances during combustion and
      thereby reducing the amount of pollutant emissions.
PAR  The combustion chamber presented by the present invention is characterized
      in that the cavity formed at the crown of the piston is polygonal in
      cross-section (corresponding to circular in cross-section described in
      above). The arrangement is such that the fuel jets impinge the inner side
      wall W (corres. to the peripheral wall w in above description) and is then
      distributed to the downstream side of the swirl S. The inner side wall W
      of the cavity is inclined upwardly and inwardly thereby forming a
      restricted opening of the cavity.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following description taken in conjunction with the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a is a plan view of a conventional combustion chamber having a cavity
      of circular in cross-section formed in the crown of the piston.
PAR  FIG. 1b is a vertical cross-sectional view taken along the line 1b--1b of
      FIG. 1a.
PAR  FIG. 2a is a partial enlarged sectional view taken along the line 2a--2a of
      FIG. 1b.
PAR  FIG. 2b is a vertical sectional view taken along the line 2b--2b of FIG.
      2a. Both of FIGS. 2a and 2b are explanatory of the distribution of the
      injected fuel in conventional combustion chamber.
PAR  FIG. 3a is a plan view of a combustion chamber embodying the present
      invention.
PAR  FIG. 3b is a vertical sectional view taken along the line 3b--3b of FIG.
      3a.
PAR  FIG. 4a is a partial enlarged sectional view taken along the line 4a--4a of
      the FIG. 3b.
PAR  FIG. 4b is a sectional view taken along the line 4a--4a of FIG. 4a. Both of
      FIGS. 4a and 4b are for explaining the manner of fuel distribution in the
      combustion chamber as shown in FIGS. 3a and 3b.
PAR  FIG. 5 is a graph showing an exemplary and experimental relationship
      between the smoke density and the angle .alpha. by which the inner side
      wall of the cavity is inclined inwardly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will now be described with reference to FIGS. 3a and
      3b. As shown, a combustion chamber formed by a cylinder head H, cylinder
      liner L and piston P having a cavity C in its crown portion. The cavity C
      is defined by a bottom Q and a inner side wall W (peripheral wall)
      comprising a number of substantially flat wall portions X and circular
      wall portions Y. Thus the cavity C is polygonal shape in perpendicular
      section of the axis line AL of the piston P. Although the polygonal shape
      is shown as being rectangular, this is not exclusive and the other
      polygonal shapes such as pentagon or hexagon may fairly be employed.
PAR  The inner side wall W (flat walls X and circular walls Y) is so inclined
      that they may form an angle .alpha. with a line NL which is parallel to
      said axis line AL of the piston P. In other words, the inner side wall W
      is inclined upwardly and inwardly of the cavity C thereby forming a
      restricted opening O of the piston. A fuel injection nozzle N has a
      numbers of orifices corresponding to the number of circular wall portions
      Y or flat wall portions X, and fuel jet are injected into the cavity C
      toward the inner side wall W thereof from the nozzle N directed towards
      the center of the cavity C.
PAR  A swirl S is generated in the cavity C by the known manner. Supposing that
      the fuel is injected from the nozzle N toward the inner side wall W at
      angle .theta. before the piston P reches the top dead center (T.D.C.), the
      fuel jets impinge the inner side wall (mainly flat wall) and then push
      away to the down stream side of the swirl S. This manner of fuel
      distribution is substantially improved as compared with the distribution
      in a conventional chamber. Namely, as seen from FIG. 4a, lean mixture
      f.sub.1 and rich mixture f.sub.3 are comparatively decreased while the
      rate of the ideal mixture f.sub.2 to the whole injected fuel is
      appreciably increased, thereby presenting good combustion with minimized
      resultant emission of CO, HC and smoke.
PAR  Turning now to the vertical distribution of the fuel jets as shown in FIG.
      4b, there are mixtures f.sub.1, f.sub.2 and f.sub.3 described above and
      the proportion of the ideal mixture f.sub.2 to the whole distribution is
      also increased. Namely, owing to the inclination of the inner side wall W,
      the jets impinging angle .beta.  which is formed between the fuel jets and
      a line at right angle to the inclined inner side wall W (the line
      indicated by two dotted chain line in FIG. 4b) is increased so that the
      distribution toward the bottom Q of the cavity is enhanced, whereby the
      ideal mixture f.sub.2 is comparatively increased. This of course leads to
      a further minimizing of the pollutant substances.
PAR  And further, a tendency of the flow out of the mixture by inverse sqiush IS
      is restrained because of the restriction at the opening O of the cavity C.
      This conveniently prevents the fuel from contacting the cooled cylinder
      liner L or cylinder head H. It can be kept the emission of HC and smoke at
      a minimum.
PAR  In addition, the burned gases which have become lighter in specific gravity
      concentrate in the vicinity or around the center of the cavity C, by means
      of centrifugal separating action of swirl S, whereas the fresh air
      (nothing to do with burning) runs along the inner side wall W being ruled
      by the restriction at the opening O of the cavity C, partly because of the
      inclination of the inner side wall W. It is advantageous that the fresh
      air running along the inner side wall W can conveniently be mixed with the
      fuel which is injected toward the inner side wall W and atomized on the
      inner side wall W.
PAR  The inventors have carried out a series of tests to seek the optimum value
      of the angle .alpha. for obtaining the above described effects, and
      obtained conclusions as shown in the diagram of FIG. 5.
PAR  FIG. 5 shows that the smoke density cannot be reduced satisfactorily when
      the angle .alpha. is below 3.degree.. This means that the restricting
      effect caused by the inclination of the inner side wall W at the opening O
      of the cavity C is insufficient. At the same time, it is observed that the
      angle .alpha. greater than 25.degree. cannot provide sufficient reduction
      of the smoke dencity. Presumably, this is attributed to an excess
      restriction at the opening of the cavity, which considerably increases the
      resistance of flow of fresh air entering the cavity and of burned gases
      getting out of the cavity. It is clear that the increased resistance leads
      to loss of energy and deterioration in the distribution of atomized fuel.
      As the result of the test it is evident that the angle .alpha. of the
      inclination of the inner side wall W inwardly and upwardly must be
      somewhere in the region between 3.degree. and 25.degree.. It has also
      provide through the test that the aforementioned angle .theta. is
      preferably within the range of 20.degree. to 40.degree. , when the cavity
      is of rectangular in cross section as the described embodiment.
PAR  It is to be noted, although the flat wall portions X have been referred as
      being "flat", that the surfaces of the walls need not be strictly or
      accurately flat, and any walls having a portion materially or
      substantially flat can do as the "flat" walls X.
PAR  While the invention has been described on a preferred embodiment, it is to
      be understood that the invention is not limited to the described
      particular form but may be otherwise variously embodied within the scope
      of the following claim.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a combustion chamber of a direct fuel injection type diesel engine,
      wherein a cavity is formed at the crown of a piston, means are provided
      for generating a fuel mixture swirl in the cavity, and a multi orifice
      fuel injection nozzle is centered with respect to the cavity; the
      improvement characterized in that: the cavity is defined by a bottom wall
      and an inner side wall means, said side wall means comprising a number of
      flat wall and circular wall portions and being of polygonal shape in
      perpendicular section to the vertical axis of the piston throughout the
      vertical extent of said cavity, said fuel injection nozzle has a number of
      orifices corresponding to the number of flat wall portions, and the cavity
      inner side wall means is inclined inwardly and upwardly relative to the
      piston axis, and the nozzle openings being such that the multiple
      injection fuel jets are directed obliquely toward respectively side wall
      flat portions in the horizontal plane to cause the fuel mixture to be
      distributed towards the downstream side of said swirl after impinging said
      inner side wall means.
NUM  2.
PAR  2. The combustion chamber of claim 1, wherein said inner side wall means
      inclination angle is between 3.degree. and 25.degree..
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ABST
PAL  An internal combustion engine having characteristics that lie between the
      Otto cycle and the Diesel cycle, plus the ability to burn any type of
      liquid hydrocarbon fuel. Air is compressed to the peak of the compression
      stage, at which point the high-pressure, high-temperature fuel vapor is
      injected into the combustion chamber where it mixes with the air and
      ignites to initiate the power stroke. Liquid hydrocarbon fuel is vaporized
      in a flash boiler and brought up to high pressure, well in excess of the
      compression pressure in the combustion chamber, and to temperature above
      the ignition point. At the peak of compression, a regulable valve opens to
      allow a metered quantity of the high-pressure vaporized fuel to be
      injected into the combustion chamber. The vaporized fuel, being already
      heated well above the ignition temperature, ignites as it mixes with the
      air in the combustion chamber and burns cleanly and efficiently during the
      power stroke. Heat of vaporization added to the fuel in the boiler is
      added to the heat generated by combustion, thereby producing an additional
      increment of power in the power stroke. During the warm-up stage, the
      engine operates as a conventional gasoline engine, using a carburetor and
      spark ignition. When the fuel boiler reaches operating temperature and
      pressure, the carburetor is switched off, and operation is continued,
      using high pressure fuel vapor injection.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to internal combustion engines, and more
      particularly to a new and unique fuel injection system in which liquid
      hydrocarbon fuel is converted into high-temperature, high-pressure vapor,
      which is then injected into the combustion chamber at the peak of the
      compression stage, where it mixes with air and ignites for the power
      stroke.
PAR  Heretofore, virtually all internal combustion engines using liquid
      hydrocarbon fuel, such as gasoline or diesel oil, have utilized
      carburetors or fuel injectors to deliver the liquid fuel into the intake
      air, or into the combustion chamber, in the form of finely atomized mist,
      which is supposed to evaporate completely, with the result that some of
      the fuel is still in liquid form during the combustion stage, and because
      of this it burns incompletely, leaving a considerable amount of unburned
      fuel in the exhaust to pollute the atmosphere. This unburned fuel in the
      exhaust also means reduced efficiency, lower power output, and poor fuel
      consumption characteristics. Moreover, the heat of vaporization which goes
      into evaporating the fuel in the intake manifold or the combustion chamber
      is subtracted from the total heat of combustion, with the result that the
      heat available for expansion on the power stroke is decreased, with a
      corresponding reduction in power output and efficiency.
PAR  In the case of gasoline engines (e.g., Otto cycle), the compression ratio
      is limited to a maximum value of about 12 to 1, unless exotic fuels of
      extremely high octane rating are used, as detonation becomes a serious
      problem.
PAR  The only internal combustion engines that burn cleanly, without substantial
      quantities of unburned fuel in the exhaust are those that have been
      designed and/or modified to run on natural gas, or on a liquid hydrocarbon
      fuel (e.g., butane, propane, etc.) which is a gas at atmospheric pressure
      and is pressurized to make it liquid. While such engines are reasonably
      satisfactory for use in stationary installations where they can be
      connected to a municipal gas line or to high-pressure fuel tanks of ample
      size, they are not suitable for use in automotive vehicles, boats or
      aircraft. For automobiles, the use of heavy-walled, high-pressure tanks
      presents design problems, and pressurized fuel tanks are a great hazard in
      case of an accident. Moreover, the specialized fuel is expensive and not
      widely available, and the high-pressure tanks must be filled by special
      fuel transfer apparatus. Furthermore, such gaseous fuels limit the
      compression ratio of the engine, as they are not high octane fuels.
PAR  The diesel engine has some advantages over the gasoline engine. It is more
      economical of fuel, and it burns the fuel more cleanly, with less unburned
      hydrocarbon and less carbon monoxide in the exhaust. However, the diesel
      engine must have compression ratios above 16 to 1 in order to produce
      sufficient heat of compression to ignite the fuel, and this requires heavy
      construction, which is expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a new and unique
      type of fuel injection system for internal combustion engines in which
      liquid hydrocarbon fuel is completely vaporized and superheated in an
      external fuel "boiler" or retort, and the said vapor is then injected into
      the combustion chamber at the peak of the compression stage, where it
      mixes with the compressed air and ignites.
PAR  Another object of the invention is to provide a fuel injection system for
      internal combustion engines, in which the heat of vaporization, plus
      additional heat, is added to the fuel externally of the combustion
      chamber, and this heat is added to the total heat generated by combustion
      of the fuel to provide added power.
PAR  Another object of the invention is to provide an internal combustion engine
      in which the fuel is burned cleanly and efficiently, with no wasteful loss
      of unburned fuel in the exhaust; less atmospheric pollution; and no loss
      of power and efficiency due to incomplete combustion.
PAR  A further object of the invention is to provide an internal combustion
      engine that will burn any kind of fuel -- gasoline, oil or a mixture of
      them--and that can operate at compression ratios well above the
      compression ratio limits that are now considered the maximum for
      present-day fuels.
PAR  Still another object of the invention is to provide an engine of the class
      described which can be run as a conventional gasoline engine during the
      warm-up period, while the fuel boiler is coming up to operating pressure,
      during which time the liquid gasoline fuel is atomized into the intake air
      by means of a carburetor. When the boiler has reached operating pressure,
      the fuel supply to the carburetor is shut off, and the engine goes into
      the fuel injection mode of operation.
PAR  These objects are achieved in the present invention by the application of
      an entirely new principle of fuel vaporization and injection, which
      combines features of the steam engine (Rankine cycle), gasoline engine
      (Otto cycle), and oil engine (Diesel cycle), plus an entirely new "heat
      and pressure increase" stage between the compression and power strokes
      that in effect, makes this a 5-cycle engine. Liquid fuel is heated in an
      external "boiler" or pressure retort, until it is completely vaporized and
      brought up to a pressure of several hundred pounds per square inch, and
      this superheated fuel vapor is injected through a regulable valve into the
      combustion chamber at the peak of the compression cycle, where it mixes
      with the air and ignites. The invention can be applied to any 2-cycle,
      4-cycle, gasoline or diesel engine, or rotary engine, such as the Wankel.
PAR  The advantages of the invention are as follows: (1) it adds the heat of
      vaporization and a superheat component to the fuel externally of the
      combustion chamber and this added heat is recovered in the form of
      additional power output from the engine (2) it allows the use of higher
      compression ratios than can be used with conventional gasoline engines
      using presently available fuels -- compression ratios approaching those
      used in diesel engines--without detonating or "dieseling"; (3) cleaner and
      more complete combustion of the fuel results in higher efficiency, more
      power, and cleaner exhaust; (4) all grades of fuel, and mixed fuel can be
      used; and (5) the engine can be started and run during the warm-up period
      as a regular gasoline engine, using a carburetor and spark ignition, until
      the boiler reaches full operating pressure.
PAR  In one aspect, the engine of the present invention has some similarity to a
      diesel engine, as both of them draw fresh air into the cylinder, compress
      it, and then inject fuel into the compressed air. However, the diesel
      engine relies upon the heat of the compression to ignite the atomized
      liquid fuel injected into the combustion chamber by the fuel injectors,
      whereas in the present invention the fuel is vaporized in the boiler and
      heated to a temperature far above the flash point, and all that it
      requires is oxygen to ignite. As a result, injection of the extremely hot
      fuel vapor into the combustion chamber causes the fuel to ignite the
      instant that it mixes with the oxygen in the air. Ignition is automatic,
      regardless of the compression ratio, and no electrical ignition is
      required except for starting and warm-up. A very important difference
      between the diesel engine and the present invention is that in the diesel
      engine, the high compression ratio is necessary to provide the heat that
      ignites the charge, whereas in the present invention, this heat is added
      to the fuel vapor in an external retort, or boiler, before it is injected
      into the combustion chamber, so that all it needs to ignite is oxygen.
      Thus, the engine of the present invention could be operated at any
      compression ratio, even as low as 2 to 1, and still perform efficiently,
      with ignition occurring almost instantaneously upon exposure of the fuel
      vapor to air.
PAR  The fact that the heat of vaporization, plus the superheat, is applied to
      the fuel in the boiler allows the fuel in vaporized form to carry extra
      heat into the engine which it acquired externally. This added heat exceeds
      the flash point of the fuel, and is added to the heat of combustion. Since
      about half of the heat of the power stroke is lost through the exhaust and
      cooling system, and heat loss through the cylinder walls is substantially
      constant, any heat added to the power stroke produces a proportional
      amount of power increase. In a conventional engine, the heat of
      vaporization is subtracted from the heat of combustion.
PAR  The vaporized fuel injected into the cylinder as the piston approaches the
      top of its compression stroke produces a sequence of pressure and
      temperature changes that is novel in the internal combustion art. The
      pressure changes are as follows: (1) pressure is increased by compression
      as the piston moves upwardly in the cylinder on the compression stroke;
      (2) there is an additional increase in pressure within the cylinder as the
      high-pressure fuel vapor is injected; and (3) combustion produces a large
      pressure rise in the cylinder as the total pressure due to compression and
      injection is multiplied by the heat of combustion. At the same time, the
      temperature changes are as follows: (1) temperature increases by
      compression on the compressed stroke of the piston; (2) temperature is
      additionally increased by the injection of superheated fuel vapor into the
      cylinder; and (3) combustion produces a large increase in temperature.
      Prior internal combustion engines do not have the pressure and temperature
      increases in the cylinder due to fuel vapor injection and therefore the
      present invention is distinctively different from the prior art in this
      respect.
PAR  One of the major advantages of the present invention is that many different
      kinds and grades of fuels can be used, or a blend or combination of fuels
      can be used, including materials that are not normally considered fuels.
      High octane value is not necessary in the fuel, because the full charge of
      the fuel is not mixed with the air during the compression and ignition
      stages, as in the conventional engine. Instead, the vaporized fuel is
      withheld in the present invention until compression is practically
      completed, and then is injected into the combustion chamber over a
      substantial period of time while the valve is opening and closing. As the
      fuel is injected, only that part which has mixed with oxygen is capable of
      igniting. Thus, ignition takes place progressively over the entire period
      of fuel injection, and the conditions necessary for detonation are absent
      in the present invention.
PAR  Another advantage of the present invention is that it can be operated with
      spark ignition if the fuel oil is of a type that its ignition temperature
      approaches the coking temperature of the oil. In that case, the fuel might
      be vaporized and brought up to high pressure (e.g., at least 30 psi above
      the compression pressure) and after discharging the heated fuel vapor into
      the combustion chamber, ignition is initiated by the spark plug.
PAR  One unique feature of the invention is that the compression ratio within
      the combustion chamber is actually increased by the fuel injection. The
      increase may be as much as 15 to 20%.
PAR  The foregoing and other objects and advantages of the invention will become
      apparent to those skilled in the art from the following detailed
      description of the preferred embodiment thereof, with reference to the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic sectional view through one cylinder of an engine of
      the 4-stroke cycle type, embodying the principles of the invention;
PAR  FIG. 2 is an enlarged fragmentary sectional view taken at 2--2 in FIG. 1;
PAR  FIG. 3 shows schematically the 4 cycles of operation;
PAR  FIG. 4 is a fragmentary sectional view through the fuel boiler;
PAR  FIG. 5 is a perspective view of one form of transfer valve for allowing the
      high pressure vapor to be injected into the combustion chamber;
PAR  FIG. 6 is a fragmentary sectional view, showing the valve of FIG. 5 in its
      housing, with the valve in its open position;
PAR  FIG. 7 is a perspective view of another form of transfer valve, in which
      the valve aperture is in the form of a narrow slot; and
PAR  FIG. 8 is a fragmentary sectional view, showing the valve of FIG. 7 in its
      housing, the valve being shown in its open position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the internal combustion engine embodying the invention is
      designated in its entirety by the reference numeral 10, of which the upper
      portion only of the cylinder 12, piston 14, and associated parts are shown
      in FIG. 1. The illustrative engine 10 is a 4-stroke cycle, piston-type
      gasoline engine, but the invention is not limited to this type of engine,
      and is equally applicable to a 2-stroke cycle rotary (e.g., Wankel
      engine), and diesel engines.
PAR  Piston 14 slides vertically within the cylinder 12, and is connected by a
      connecting rod 16 to the crankshaft (not shown). Air (or a mixture of air
      and carbureted gasoline warm-up) is drawn into the combustion chamber 18
      through intake manifold 20, controlled by intake valve 22; while the
      exhaust gas is discharged through an exhaust manifold 24, controlled by an
      exhaust valve 26. A conventional sparkplug 28 screwed into the cylinder
      head and connected to the usual distributor (not shown), ignites the
      charge when the engine is operating as a conventional gasoline engine
      during starting and warm-up, as will be described in more detail
      presently. A carburetor 30 is connected to the intake manifold 20, and has
      the usual venturi 31, fuel jet 32, float chamber 33, and throttle valve
      35. The float chamber 33 is supplied with gasoline by a fuel line 36,
      having a cut-off valve 38 actuated by a solenoid 40.
PAR  The engine described to this point (with the exception of solenoid valve
      38, 40) is essentially a conventional 4-stroke cycle gasoline engine, and
      operates as such during starting and warm-up. After warm-up has been
      completed, the engine is switched over to a different mode of operation
      involving fuel vaporization and injection, and it is with this new mode of
      operation that the present invention is concerned.
PAR  Mounted alongside the cylinder 12 is a fuel boiler 42, which may take any
      form, but is herein shown as a fire-tube flash boiler, comprising a
      cylindrical boiler shell 44 having end plates 46, 48 and fire tubes 50.
      Surrounding the boiler shell 44 and spaced radially outward a short
      distance therefrom is a cylindrical housing 52, one end of which is necked
      down and joined to an exhaust pipe 54, as shown in FIG. 4. The exhaust
      manifold 24 from cylinder 12 is connected to the housing 52 near the end
      opposite the exhaust pipe 54, as shown in FIG. 4, and the hot exhaust gas
      swirls around the boiler shell 44 on its way toward the exhaust pipe,
      adding its heat to the boiler as it goes.
PAR  Attached to end plate 48 and extending outwardly therefrom coaxially with
      the cylindrical boiler shell 44 is a generally conical combustion chamber
      56 having a burner 58 at the outer end thereof which throws a flame toward
      the boiler and through the fire-tubes 50. An electrical igniter 60 screwed
      into the side wall of the combustion chamber 56 serves to ignite the flame
      of the burner 58 whenever the burner is turned on.
PAR  The burner 58 is supplied with fuel by a pump 62, which draws fuel from a
      supply tank (not shown) through a fuel line 64, and discharges the fuel to
      the burner 58 through a line 65. A shut-off valve 66 is serially connected
      into the line 65, and this is actuated by a pressure-regulated actuator
      68. Actuator 68 is connected by a pressure line 70 to the interior of
      boiler 42, and its function is to reduce the supply of fuel to the burner
      58 when the pressure in the boiler exceeds a predetermined level, thereby
      reducing the flame to maintain an even pressure, and also to avoid boiler
      damage.
PAR  Connected into the fuel supply line 65 below the shut-off valve 66 is a
      line 72 carrying fuel to a gravity feed tank 74 (FIG. 1), which is located
      above the boiler 42. Tank 74 has a float-controlled valve (not shown) that
      regulates the inflow of fuel to maintain the fuel level more or less
      constant.
PAR  Gravity tank 74 has an outlet pipe 76 in the bottom that opens into the top
      side of a horizontal transfer pump housing 78, having a cylindrical bore
      within which a spool-shaped pump body 80 slides. Pump body 80 has an
      annular pocket 82 at its midpoint lying between two cylindrical end
      sections which fit closely within the cylindrical bore. Each of the end
      sections has ring seals 84, that seal the pump body against gas leakage.
      Pump body 80 is slidable lengthwise in its cylindrical bore between the
      right-hand position shown in FIG. 1, and a left-hand position in which the
      annular pocket 82 registers with an outlet duct 86, which opens directly
      into the interior of the boiler shell 44. A second duct 88 at the extreme
      left-hand end of the pump housing 78 also opens into the boiler, and its
      purpose is to vent the left-hand end of the cylindrical bore so that when
      the end section of the pump body 80 covers the outlet duct 86, there will
      not be air or gas trapped in the end of the cylinder which is compressed
      as the pump body continues its travel toward the left. In other words,
      duct 88 allows boiler vapor to flow into or out of the left-hand end of
      the bore as the pump body moves to the right or left while the left-hand
      end section of the pump body covers the outlet duct 86. Another vent pipe
      89 is provided in the top of the pump housing 78 midway between the outlet
      duct 86 and fuel outlet pipe 76, and its purpose is to vent the highly
      compressed gas that has filled the annular pocket 82 when the liquid fuel
      was dumped into the boiler. If this compressed gas were not vented, it
      would blow back through the liquid fuel in the tank 74, which would be
      undesirable. Instead, the vent pipe 89 leaks to the combustion chamber 56
      (FIG. 4) where the vented-off gas is burned off and its heat added to that
      of the flame coming from the burner 58.
PAR  The annular pocket 82 is relatively small, and holds only a fraction of a
      fluid once of liquid fuel, so that with each complete back-and-forth
      movement of the pump body, a small quantity of liquid fuel is transferred
      from the gravity tank 74 to the outlet duct 86, where it is dumped into
      the boiler 42 and falls onto the hot fire tubes 50. As the liquid fuel
      cascades onto the hot fire tubes, it flashes into vapor and then heats up
      almost instantaneously to a temperature of several hundred degrees
      Fahrenheit, becoming highly superheated in the process. Pressure within
      the boiler may range upwardly from 250 psi, depending upon the compression
      ratio of the engine and the type of fuel being used. The boiler 42 is
      relatively small in size, as the amount of fuel to be vaporized and
      superheated is quite small. For example, at 70 mph, the average automobile
      consumes about 6 gallons of gasoline per hour, and at that rate, the
      boiler is called upon to vaporize 1 gallon of gasoline in 10 minutes.
PAR  The pump body 80 is moved back and forth within its bore by an operating
      lever 90 which is pivotally supported by a shaft 92. The upper end of
      lever 90 is bifurcated and bears against a compression spring 93 which
      surrounds a rod 94 projecting axially from the right-hand end of the pump
      body 80 through the open right-hand end of housing 78. A nut 95 is screwed
      onto the threaded outer end of rod 94 and engages the back side of lever
      90. Thus, clockwise oscillation of the lever 90 causes the top end of the
      lever to press against nut 95 and pull the pump body 80 to the right.
      Spring 93 serves as a safety feature to keep the boiler 42 from being
      supplied with an amount of fuel in excess of the amount being injected
      into the cylinder, as when the engine is idling or running under light
      load. In that case, the excess amount of liquid fuel dumped into the
      boiler by transfer pump body 80 causes the boiler pressure to rise, and
      this high pressure, acting against the lefthand end surface area of the
      pump body, increases the resistance of the body to movement toward the
      left, to such an extent that the spring 93 is unable to push the pump body
      ahead of it, and instead compresses. This continues until the excess
      pressure has been bled off into the cylinder's combustion chamber, at
      which point the spring is again enable to push the pump body over and
      thereby transfer fuel to the boiler. An adjusting nut 97 on shaft 94 ahead
      of spring 93 can be backed off to compress the spring to any desired
      preload. The bottom end of the lever 90 has a cam follower roller 96 which
      rides on a rotating cam 100, the latter being driven from the crankshaft
      or camshaft of the engine by any suitable driving connection (not shown).
PAR  The superheated, highpressure fuel vapor in the boiler 42 is injected into
      combustion chamber 18 at the peak of the compression stage by means of a
      rotary valve 102 disposed within a valve housing 104 (see FIG. 2) formed
      integrally with the cylinder 12 or its head. Housing 104 has a cylindrical
      bore 106, in which the cylindrical valve member 102 is slidably and
      rotatably supported. Narrow, slot-like orifices 108 and 109 are formed in
      the housing 104 on opposite sides of the valve member 102. Orifice 108
      opens from one side of the bore 106 into the combustion chamber 18, while
      orifice 109 opens from the other side of the bore into the boiler 42.
      Valve member 102 has a passageway provided therein which registers with
      both of the orifices 108, 109 when the member is turned to one particular
      position, as shown in FIGS. 1 and 2.
PAR  The passageway in the valve member may take any of several different forms,
      for example, in FIGS. 5 and 6, the valve member is designated 102', and
      the passageway consists of a square notch 110 cut into one side thereof.
      The width of notch 110 is approximately the same as the width of orifices
      108, 109, and the depth of the notch is slightly less than half the
      diameter of the valve member. Thus, the bottom of the notch 110 is
      slightly above the horizontal diameter of the valve member, and both of
      the orifices 108, 109 are slightly above the horizontal diameter, so that
      the notch 110 registers with orifices 108, 109 only when the valve is in
      the position shown in FIG. 6. When the valve member 102' is turned
      180.degree., both orifices 108, 109 are closed by the solid part of the
      member. This form of valve member turns (for a four-cycle engine) at half
      crankshaft speed, and makes one complete revolution when the crankshaft
      has made two revolutions.
PAR  Another form of valve member 102 is shown in FIGS. 7 and 8. In this case,
      the passageway in the valve member consists of a narrow rectangular slot
      112 of the same width and height as the orifices 108, 109. In FIG. 8, the
      orifices 108, 109 are directly across from one another on the horizontal
      diameter of the valve member 102, and slot 112 is also on the diameter.
      Since slot 112 registers with the orifices 108, 109 when the member 102 is
      in the position shown, or when turned 180 degrees from this position, the
      valve member 102 is driven (in a four-cycle engine) at one-fourth
      crankshaft speed, and thus revolves 180 degrees for each two revolutions
      of the crankshaft.
PAR  Valve member 102 slides axially in the bore 106 to control the effective
      orifice size and thereby vary the amount of fuel injected into the
      combustion chamber, in order to control the engine speed and to achieve
      idling -- the throttle valve 35 being simultaneously adjusted to provide
      the desired fuel/air ratio. To this end a shifting lever 114 (see FIG. 2)
      is provided, said lever being pivoted intermediate its ends on a pivot
      shaft 116 and having shaft fingers 118 at one end which ride in a
      circumferential groove 120 in the valve member 102. When lever 114 is
      rocked on pivot 116, member 102 is shifted one way or the other in bore
      106. In FIG. 2, passageway 112 is fully aligned with orifices 108, 109 and
      the valve is open to its fullest extent. If the valve member 102 is raised
      (in FIG. 2), the orifices 108, 109 are partially blocked by the solid
      bottom end of the member, and this restriction reduces the amount of gas
      that can flow from the boiler into the combustion chamber.
PAR  Valve member 102 is driven by a gear 122 that meshes with another gear (not
      shown) which may be driven in any suitable manner from the crankshaft.
      Driving connection between gear 122 and valve member 102 is by means of
      lengthwise extending splines 124 which mesh with companionate internal
      splines in the hub of the gear. Gear 122 is constrained against endwise
      movement by means (not shown), and the valve member 102 rotates as one
      with the gear member and slides axially through the hub thereof when the
      shift lever 114 is rocked. Sealing rings 126 seal the valve member against
      gas leakage.
PAR  When the engine is running under the fuel injection mode, the timing of the
      valve member 102 is as shown in FIGS. 3A, 3B, 3C and 3D. In 3A, the rotary
      valve 102 is opened, and highly superheated fuel vapor under high pressure
      is being injected into the combustion chamber at the peak of the
      compression cycle. As the hot fuel vapor, heated to a temperature above
      its flash point, mixes with the oxygen in the compressed air, it ignites,
      and the power stroke is initiated. FIG. 3A shows the start of the power
      stroke. In FIG. 3B, the piston 14 has reached the bottom of its stroke,
      rotary valve 102 has turned counterclockwise 45.degree. and is closed, and
      exhaust valve 26 is opened. FIG. 3B shows the start of the exhaust stroke.
PAR  In FIG. 3C, the piston 14 has reached the top of its travel, rotary valve
      102 has now turned 90 degrees from its starting position, and the intake
      valve 22 is opened. FIG. 3C shows the start of the air intake stroke. In
      FIG. 3D, the piston has reached the bottom of its travel, rotary valve 102
      has now turned 135.degree. from its starting position, and both intake and
      exhaust valves 22, 26 are closed. FIG. 3D shows the start of the
      compression stroke.
PAR  When the engine is first started, and before the boiler 42 has reached
      operating temperature and pressure, it is operated as a conventional
      gasoline engine, using liquid gasoline atomized into the intake air by
      carburetor 30. If the compression ratio of the engine is too high for the
      octane rating of the gasoline, the spark may be retarded to prevent
      detonation. As soon as the boiler 42 comes up to operating temperature and
      pressure, the fuel supply to the carburetor is cut off by energizing
      solenoid 40, which closes the cut-off valve 38, and the engine thereafter
      runs on injected fuel vapor. If engine 10 were a diesel engine, the
      solenoid actuated cut-off valve 38 would shut off the flow of fuel to the
      injectors.
PAR  The pressure in boiler 42 must be not only high enough to overcome the
      compression pressure in combustion chamber 18, but also high enough to
      overcome the substantial pressure rise due to combustion as the first
      portion of the fuel vapor injected into the cylinder mixes with air and
      begins to burn. Thus, the pressure in boiler 42 may be from 250 psi up to
      whatever pressure is required for that particular engine.
PAR  The velocity of a gas passing through an orifice rises steeply as the
      pressure differential rises, until a pressure differential of about 30 psi
      is reached, at which point the velocity approaches (Mach 1 (i.e., 1087 ft.
      per sec.). From this point on, the pressure curve flattens out, and above
      about 2000 psi the curve is almost flat, at about 1300 ft. per sec. Thus,
      in the pressure range of boiler 42, the velocity of the superheated fuel
      vapor passing through the rotary valve 102 and orifices 108, 109 is about
      1300 ft. per sec. The velocity of the gas is reduced somewhat by an
      orifice factor, but with good design, the velocity can be maintained close
      to Mach 1. Because of this extremely high velocity of the gas, it is
      possible to inject the required amount of fuel vapor into the combustion
      chamber at speeds up to 6000 rpm a and beyond.
PAR  The flash point of gasoline is only about 125.degree. F, whereas the
      temperature of the superheated fuel vapor in the boiler 42 may be in the
      range of 400.degree. to 600.degree. F, or more, depending upon the
      pressure. The only reason that the gasoline can be heated to these
      temperatures in the boiler without igniting is that the boiler is
      completely devoid of oxygen. Hence, the instant that the superheated fuel
      vapor mixes with oxygen in the combustion chamber 18, it ignites. Ignition
      occurs as the fuel vapor issues from the orifice 108 and mixes with the
      air, which takes place progressively over a period of from one to several
      milliseconds. This progressive addition of injected fuel vapor during the
      power stroke eliminates the detonation and gives the present engine torque
      characteristics similar to those of a diesel engine. Fuel-air ratios are
      not critical because any hot, gaseous fuel allowed to mix with the
      oxygen-bearing atmosphere in the combustion chamber will burn completely,
      provided there is enough oxygen, and the power output of the engine will
      be directly proportional to the amount of fuel vapor injected.
PAR  The present invention is clearly distinguished from prior gasoline or
      Diesel engines in one important respect: The heat of vaporization is added
      to the fuel before the fuel reaches the combustion chamber, and therefore
      this heat of vaporization is added to the combustion heat of the engine,
      instead of being subtracted from it, and therefore adds to the power
      output. The present invention thus combines the principles of both
      internal and external combustion engines. The injection of high pressure
      fuel vapor also has the effect of increasing the compression ratio.
PAR  Another important aspect of the invention is that the jet stream of rich
      fuel vapor issuing from the orifice 108 is aimed directly at the spark
      plug 28 on the opposite side of the combustion chamber, and if the fuel
      being used has an extremely high flash point, approaching the coking
      temperature of the fuel, it may be desirable to reduce the temperature of
      the fuel vapor to a temperature below the flash point, and ignition of the
      fuel/air mixture can then be initiated by the spark plug 28. In this case,
      the heat of vaporization of the fuel is added to the combustion heat, and
      thus to the power output of the engine, but the fuel/air mixture is
      ignited by a spark, instead of flashing into flame by self-ignition.
      Another alternative would be to mix a certain proportion of low flash
      point fuel (e.g., gasoline) with a high flash point fuel to provide a
      mixed fuel, part of which will self-ignite, and the remainder will be
      ignited by the flash of the first part
PAR  While I have shown and described in considerable detail what I believe to
      be the preferred embodiment of the invention, it will be understood by
      those skilled in the art that the invention is not limited to such
      details, but might take various other forms with the scope of the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An internal combustion engine comprising, in combination:
PA1  a stationary housing having a movable power transmitting member cooperating
      therewith to define a variable displacement combustion chamber;
PA1  means for admitting fresh air into said combustion chamber, said fresh air
      being subsequently compressed within the combustion chamber by said
      movable power transmitting member;
PA1  means, comprising a boiler, external to said combustion chamber for adding
      the latent heat of vaporization and a component of superheat to liquid
      fuel, so as to convert the same into a superheated gaseous state under
      high pressure exceeding the pressure of said compressed air;
PA1  said boiler being connected to the exhaust of said engine so that the heat
      in the exhaust gas is utilized in vaporizing said liquid fuel;
PA1  said boiler also having a burner for generating additional heat when
      needed;
PA1  means for delivering liquid fuel to said boiler at approximately the same
      rate as the fuel is used by the engine;
PA1  valve means operable to discharge a metered amount of superheated fuel
      vapor into said combustion chamber near the peak of the compression stage,
      said valve means comprising a spool-type transfer pump for supplying
      liquid fuel to said boiler at approximately the same rate that it is
      consumed by the engine;
PA1  a passageway directly connecting said boiler to said combustion chamber;
      and
PA1  a valve rotatable and slidable longitudinally within said passageway to
      vary the orifice size when the valve is open, thereby regulating the
      amount of fuel vapor that is injected into the combustion chamber.
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ABST
PAL  A two phase fuel injection nozzle cooling system having a hydraulically
      cooled heat pipe. The heat pipe contains a hermetically sealed cooling
      medium which has a boiling point corresponding to the upper range of
      acceptable nozzle operating temperatures to transfer heat from the nozzle
      tip to the circulating hydraulic fluid which operates as a heat sink.
BSUM
PAR  This invention relates to a fuel injection nozzle and more particularly to
      a two phase cooling system for a fuel injection nozzle employing a
      hermetically sealed heat pipe for transferring heat from the nozzle tip to
      a hydraulic cooling circuit to maintain acceptable operating temperatures
      of the fuel injection nozzle.
PAR  Diesel fuel injection nozzles in the high specific output diesel engines
      are exposed to heat inputs by radiation from the combustion gases and
      through conduction of the surrounding cylinder head metal which lead to
      nozzle tip temperatures exceeding acceptable limits. Fuel oil contained in
      the nozzle tip and subject to these high temperatures is chemically
      altered liberating lacquers and solid carbon particles which cause
      premature nozzle orifice plugging and accelerated wearing out of the
      needle seat in the nozzle body.
PAR  Although fuel injection nozzle cooling means have been devised in the past,
      they have not been entirely satisfactory. Systems cooling the fuel
      injection nozzle by fuel continuously circulating through the fuel
      injection nozzle to lower the temperature of the nozzle and improve
      operating conditions for fuel injection have been used. Cooling fluids can
      be introduced into the nozzle body whereby the heat is transferred to the
      cooling fluid medium and then dissipated. These types of cooling systems
      are usually satisfactory for the larger lower speed engines. Also the
      nozzle configuration may be designed to decrease the nozzle tip area
      exposed to the combustion gases.
PAR  The high speed diesel engines, however, have physical dimensions of the
      combustion chamber and engine intake and exhaust valves which limit the
      space available for the nozzle. Because of the space limitation, the
      above-described method of cooling is ineffective and unsafe.
PAR  Accordingly, this invention proposes a closed nozzle cooling system
      involving a two phase cooling process which has become known in the heat
      exchanger industry as a heat pipe. The heat pipe contains a cooling medium
      which has a boiling point at a temperature which corresponds to the upper
      range of acceptable nozzle operating temperatures. For example, for
      operation on diesel fuel, the desirable temperature of the nozzle tip
      should not exceed 400.degree.F. The upper half of the volume in the
      hermetically sealed heat pipe is evacuated. An exterior cooling medium of
      hydraulic fluid is utilized as a heat sink to lower the temperature of the
      upper portion of the heat pipe below the condensation point of the
      interior cooling medium. For example, the engine lubricating oil can be
      used for this purpose. The lubricating oil under pressure is fed through
      the passages which surround a copper tube embracing the nozzle holder and
      passes through an axial passage containing the heat pipe. At this point,
      it flows upwardly around the pipe and out of the nozzle holder through
      passages back to the engine lubricating circuit. The maximum temperature
      of the lubrication oil in an operating diesel engine is approximately
      200.degree.  to 230.degree.F. The vaporized interior cooling medium in
      contact with the cooler walls of the pipe condense and return to the
      passage surrounding the nozzle tip, either by gravity or by means of a
      wicking action of the lining arranged on the interior wall of the pipe.
      The specific heat conduction of the two phase cooling used in this heat
      pipe arrangement is known to be considerably higher than heat transfer in
      an open system. The number of heat pipes can be multiplied around the
      periphery of the nozzle tip if so required.
PAR  Accordingly, it is an object of this invention to provide a fuel injection
      nozzle with a two phase cooling system.
PAR  It is another object of this invention to provide a two phase cooling
      system for a fuel injection nozzle having a hydraulic fluid cooling system
      for cooling a heat pipe which transfers heat from the nozzle tip to the
      hydraulic system.
PAR  It is a further object of this invention to provide a two phase fuel
      injection nozzle cooling system employing a hermetically sealed heat pipe
      containing a cooling medium having a boiling point of a temperature within
      acceptable operating ranges of the fuel injection nozzle for transferring
      heat from the area surrounding the nozzle tip to a hydraulic fluid cooling
      circuit which operates as a heat sink to dissipate heat from the nozzle
      holder body.
PAR  The objects of this invention are accomplished by circulating a hydraulic
      cooling fluid through the fuel injection nozzle holder body. The fuel
      injection nozzle connected to the fuel injection nozzle holder body
      includes passage means surrounding the nozzle tip which are in
      communication with a hermetically sealed heat pipe which extends into the
      hydraulic cooling fluid passages in the nozzle holder body. The heat pipe
      contains a cooling medium having a boiling point within the range of
      acceptable operating temperatures of the fuel injection nozzle which
      vaporizes and flows into a central passage of the heat pipe. The cooling
      medium transfers heat from the area of the nozzle tip to the hydraulic
      cooling fluid system to maintain acceptable operating temperatures in the
      nozzle tip which is adjacent to the combustion chamber and subjected to
      the high heat of the combustion gases.
DRWD
PAR  A preferred embodiment of this invention is illustrated in the attached
      drawings.
PAR  FIG. 1 illustrates a cross section view of the fuel injection nozzle
      showing the hydraulic cooling fluid circuit and the fuel injection
      passages;
PAR  FIG. 2 illustrates a cross section view of the hermetically sealed heat
      pipe and the hydraulic cooling fluid system taken along lines II--II of
      FIG. 1;
PAR  FIG. 3 is an enlarged portion of the section of FIG. 2 to more clearly show
      the cooling passages; and
PAR  FIG. 4 is a cross section view taken on line IV--IV of FIG. 1.
DETD
PAR  FIG. 1 shows an internal combustion engine 1 including a head 2 mounted on
      the cylinder block 3. A fuel injection nozzle 4 is mounted in the head 2.
      Nozzle 4 includes nozzle holder body 5 received within the tubular jacket
      6 seated within the opening 7 of the head 2. The head 2 forms a combustion
      chamber 8 with the block 3 and the piston 9.
PAR  The water jacket 6 is sealed by means of the seal 10 and pressed into the
      opening 7. The seal retainer 11 embraces the upper portion of the nozzle
      holder body 5 and receives seal 12 engaging the head 2. Nozzle holder body
      5 and nozzle retainer nut 71 extend concentrically within the water jacket
      6 forming the peripheral passage 45. Nozzle retainer nut 71 engages the
      surface 13 to seal the end of the peripheral passage 45.
PAR  The rocker shaft bracket 14 is mounted by means of a plurality of bolts 15
      and 16 which carries the rocker shaft 17. The rocker shaft 17 receives
      hydraulic fluid from the pump 18 and the pump 18 receives hydraulic fluid
      from the reservoir 19 which is pumped through the fuel injection nozzle 4.
      FIG. 2 shows the heat exchanger 75 for cooling the oil and the return to
      the reservoir 19 through conduit 20.
PAR  FIG. 1 further shows the bolt 16, washer 22 and nut 23 holding the clamp 24
      firmly seated on the shoulder 25 of the fuel injection adjusting screw 26.
      The differential valve adjusting screw 26 threadedly engages a threaded
      opening 27 on the nozzle holder body 5 and adjustably compresses the
      spring 28 within the spring chamber 29 which presses against a spring seat
      30 of the spindle 31. The spindle 31 engages the end of the needle 32 of
      the differential valve 33. The differential valve 33 controls the
      injection of fuel through the orifices 34 in the nozzle tip 35.
PAR  The fuel supply 36 supplies fuel to the fuel pump 37 which is pumped
      through the conduit 38 to the fitting 39 which connects the conduit 38 to
      the fuel passages 40 in the nozzle holder body 5.
PAR  The passage 40 through the nozzle holder body 5 is in communication with
      the passage 41 of the differential valve 33 in the nozzle tip 35. The
      engine 1 drives the fuel pump 37 and also the lubrication pump 18. The
      lubrication pump 18 supplies hydraulic cooling fluid through the central
      opening 43 of the rocker shaft 17 which in turn is supplied through the
      passage 44 through the peripheral passage 45 intermediate the water jacket
      6 and the nozzle holder body 5. Coolant fluid chamber 46 is in
      communication with the coolant fluid passages in the engine cooling system
      including the radiator 100 and coolant fluid pump 101 as shown in FIG. 2.
      The coolant fluid in the chamber 46 cools the water jacket 6 surrounding
      the nozzle holder body.
PAR  FIG. 2 shows the inlet port 50 in communication with the hydraulic fluid
      inlet passage 44 and the peripheral passage 45 intermediate the water
      jacket 6 and the nozzle holder body 5. The peripheral passage 45 receives
      the hydraulic cooling fluid from the inlet port 50 and fluid circulates
      around the nozzle holder body and passes through the adjoining port 51
      which is intermediate the peripheral passage 45 and the axial passage 52
      which receives the heat pipe 53. As the hydraulic fluid passes through the
      axial passage 52, the heat pipe 53 is cooled and the hydraulic fluid is
      discharged through the outlet port 54 which then returns through the
      conduit 20 to the cooling fluid reservoir 19.
PAR  The differential valve 33 is positioned in the tip 35 of the nozzle 4. The
      sleeve 56 surrounds the differential valve 33 and forms a peripheral
      passage 57 extending through the nozzle tip to a point adjacent the
      combustion chamber 8. The peripheral passage 57 is in communication with
      the chamber 58 which receives the base 59 of the heat pipe 53. The base 59
      is hermetically sealed in the chamber 58 of nozzle body 60. The peripheral
      passage 57 is in communication with the chamber 58 and the tubular opening
      61 in the heat pipe 53. The central passage 61 and the chamber 58 and the
      peripheral passage 57 are evacuated and a cooling medium 62 is placed in
      the lower portion of chamber 58 and of peripheral 57. Cooling medium 62
      has the characteristic of a boiling point of a temperature which
      corresponds to the upper range of the acceptable nozzle operating
      temperature. For example, for operation on diesel fuel, the desirable
      temperature of the nozzle tip should not exceed 400.degree.F.
PAR  Referring to FIG. 4, the cross section view shows a pair of dowel pins 65,
      66 aligning the nozzle holder body 4 with the nozzle body 60. Only a
      single axial passage 52 is shown receiving a heat pipe 53. The heat pipe
      53 has the central passage 61 which extends the length of the heat pipe
      and normally contains vaporized cooling medium which will be condensed
      since heat pipe surfaces are below the condensation point of the cooling
      medium. The condensate is then returned to the chamber 58 and the
      peripheral passage 57 where it is again vaporized.
PAR  The operation of the device will be described in the following paragraphs.
PAR  The engine 1 drives the fuel injection pump 37 which pressurizes fluid
      which is transmitted through the conduit 38 through passages 40 to the
      differential valve 33. The differential valve opens and injects fuel into
      the combustion chamber 8 when a predetermined pressure is reached in the
      valve chamber 70. The tip 35 of the nozzle 4 is exposed to high
      temperatures and considerable heat is transferred to the nozzle tip. The
      peripheral passage 57 containing the cooling medium is heated and causes
      the medium to vaporize and the vaporized cooling medium passes through the
      chamber 58 into the central passage 61 in the heat pipe 53. Although only
      one heat pipe is shown a plurality of heat pipes may be provided angularly
      spaced about the peripheral passage 57 to dissipate additional heat if
      desired. The vaporized cooling medium in the heat pipe 53 is exposed to
      the cooling of the hydraulic fluid in the axial passage 52.
PAR  The engine 1 also drives the pump 18 which may be a lubrication oil pump.
      The hydraulic cooling fluid which is transmitted through the opening 43 in
      the rocker shaft 17 is transmitted through passage 44 to the peripheral
      passage 45. The peripheral chamber 45 transmits the fluid to the radial
      port 51 to the axial passage 52 and the fluid passes through the outlet
      port 54 to the return conduit 20 to the reservoir 19. As the hydraulic
      cooling fluid is passing through the axial passage 52, heat is transferred
      from the heat pipe 53 to the hydraulic cooling fluid. As the heat is
      transferred to the hydraulic cooling fluid in the axial passage 52, the
      cooling medium in the heat pipe 53 is condensed and returned through the
      chamber 58 to the peripheral passage 57. The hydraulic cooling fluid is of
      the temperature of approximately 200.degree.-300.degree. which is
      substantially less than the boiling point of the cooling medium in the
      heat pipe. For the purpose of illustration, it is assumed that the boiling
      point of the cooling medium is approximately 400.degree..
PAR  Accordingly, the heat generated in the combustion chamber and transmitted
      to the exposed area of the fuel injector is transmitted to the coolant
      medium in the peripheral passage 57. The heat is transferred from the
      peripheral passage by means of the cooling medium to the axial chamber 61
      in the heat pipe 53. The heat from the heat pipe 53 is then transferred to
      the hydraulic cooling fluid. Conduit 20 transmits the cooling fluid
      through the heat exchanger 75 where heat is dissipated before the fluid is
      returned to the reservoir 19.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A two phase fuel injection nozzle cooling system comprising, an engine
      forming a combustion chamber, a nozzle including, a nozzle body mounted on
      said engine, a differential valve mounted on said nozzle body for
      injecting fuel in said combustion chamber, fuel inlet passage means in
      said nozzle body connected to said differential valve, said nozzle body
      defining cooling fluid passages, at least one heat pipe defining a cooling
      medium passage, means defining cooling medium passages surrounding the
      differential valve in communication with said cooling medium passage in
      said heat pipe adapted for receiving a cooling medium having a boiling
      point in the range of acceptable operating temperatures of the fuel
      injection nozzle, a hydraulic cooling fluid system including said cooling
      fluid passages in said nozzle body and surrounding a portion of said heat
      pipe for operating as a heat sink, means for circulating cooling fluid
      through said hydraulic system to thereby provide cooling of said nozzle.
NUM  2.
PAR  2. A two phase fuel injection nozzle cooling system as set forth in claim 1
      including means defining a peripheral chamber in said hydraulic cooling
      system in the periphery of said nozzle body for cooling said nozzle.
NUM  3.
PAR  3. A two phase fuel injection nozzle cooling system as set forth in claim 1
      wherein said hydraulic cooling medium passages in said nozzle body include
      a peripheral passage encircling said differential valve extending to a
      point adjacent said combustion chamber.
NUM  4.
PAR  4. A two phase fuel injection nozzle cooling system as set forth in claim 1
      including a plurality of heat pipes having a cooling medium passage in
      communication with said cooling medium passages in said nozzle.
NUM  5.
PAR  5. A two phase fuel injection nozzle cooling system as set forth in claim 1
      including a water jacket surrounding said nozzle body and defining a
      peripheral chamber in said hydraulic system surrounding said nozzle body
      for cooling of the nozzle assembly.
NUM  6.
PAR  6. A two phase fuel injection nozzle cooling system as set forth in claim 1
      including a tubular water jacket surrounding said nozzle body, means
      defining a chamber adapted for connection to an engine cooling system for
      cooling said water jacket and said nozzle.
NUM  7.
PAR  7. A two phase fuel injection nozzle cooling system as set forth in claim 1
      wherein said heat pipe defines a tubular stem forming a central sealed
      cooling medium passage extending into said hydraulic cooling fluid system.
NUM  8.
PAR  8. A two phase fuel injection nozzle cooling system as set forth in claim 1
      wherein said hydraulic cooling fluid system includes an engine lubricating
      system.
NUM  9.
PAR  9. A two phase fuel injection nozzle cooling system as set forth in claim 1
      including means defining a peripheral passage surrounding said nozzle body
      in said hydraulic cooling fluid system, means defining an inlet port and
      an outlet port in said hydraulic cooling fluid system, means defining an
      axial passage in said hydraulic cooling fluid system receiving said heat
      pipe and for conveying hydraulic cooling fluid through said nozzle body
      for cooling said heat pipe.
NUM  10.
PAR  10. A two phase fuel injection nozzle cooling system as set forth in claim
      1 including means defining a peripheral cooling medium passage surrounding
      said differential valve for boiling a coolant medium in said heat pipe, an
      axial passage in said heat pipe connected for receiving vaporized fluid
      from said peripheral cooling medium passage for producing condensate in
      response to heat transfer to said hydraulic cooling fluid.
NUM  11.
PAR  11. A two phase fuel injection nozzle cooling system as set forth in claim
      1 including, means defining a peripheral cooling medium passage
      surrounding said differential valve adjacent to said combustion chamber,
      means defining an axial cooling fluid passage in said hydraulic cooling
      fluid system, a tubular stem hermetically sealed in said axial cooling
      fluid passage defining said heat pipe, a connecting passage connecting
      said peripheral cooling medium passage in communication with said cooling
      medium passage in said heat pipe to provide transfer of heat from said
      nozzle to said hydraulic cooling fluid system.
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ABST
PAL  The exhaust port of a spark ignition two cycle engine has the general shape
      of an inverted T with a base portion and a narrower upwardly extending
      stem portion. The top of the base portion is approximately at the level of
      the top of the transfer port which admits fuel-air mixture to the engine
      cylinder. The top of the stem is from 20.degree. to 55.degree. of
      crankshaft rotation in advance of the opening of the transfer port. This
      configuration of the exhaust port produces a low broad blowdown pulse
      which in turn results in a low noise level of the exhaust.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to spark ignition two cycle internal
      combustion engines and is particularly concerned with obtaining the best
      balance between exhaust noise and power output of two cycle engines of the
      kind used for chain saws and other power tools, lawn mowers, snowmobiles,
      etc.
PAC  BACKGROUND OF INVENTION
PAR  The exhaust noise produced by two cycle engines presents a serious and
      difficult problem. The exhaust noise problem has become even more serious
      in recent years with the development of high compression, high performance
      and high speed engines. By reason of increased cylinder pressure the
      "blowdown" pulse that occurs upon opening of the exhaust port of the
      engine has become sharper and of greater amplitude thereby increasing the
      noise level of the exhaust. When used in populated areas the noise of
      small two cycle engines has become particularly objectionable. Moreover,
      it is of such a high level that permanent ear damage may be caused.
      Legislation has been enacted in some countries and is being considered in
      others to place a legal limit on the noise level of internal combustion
      engines.
PAR  Heretofore efforts have been made to decrease the exhaust noise of internal
      combustion engines by designing more effective mufflers attached to the
      exhaust passages of the engines. However, this approach has its
      limitations. In general, a more effective muffler decreases the power
      output of the engine by impeding the flow of exhaust gases and thereby
      building up a back pressure. Moreover, with hand held power implements
      such as chain saws, the attenuation of exhaust noise presents further
      problems by reason of space, weight and cost factors. In small engines
      such as those used on such hand held implements, space and weight are at a
      premium by reason of a continued effort to make the engines as small and
      light as possible. In order effectively to attenuate the exhaust noise of
      such an engine, a muffler might be as large as the rest of the engine, and
      weigh almost as much. Moreover, as chain saws and other power operated
      implements are highly competitive the additional cost involved in
      manufacturing a highly effective muffler is undesirable from the point of
      view of production costs.
PAC  SUMMARY OF INVENTION
PAR  It is an object of the present invention to obtain the best balance between
      exhaust noise reduction and power output of a two cycle engine while at
      the same time avoiding weight, volume and cost penalties. In obtaining
      this object the invention proceeds on a line of approach entirely
      different from that heretofore followed. Instead of seeking to attenuate
      the noise produced by the engine exhaust by means of a more effective
      muffler, the invention achieves a significant reduction in the exhaust
      noise produced by the engine by optimizing the shape of the exhaust port.
      By reason of this reduction in the exhaust noise produced by the engine,
      it is possible to use a small, light and inexpensive muffler and yet
      obtain acceptable sound levels.
PAR  In a two cycle engine a fuel air mixture is customarily precompressed, for
      example in the crankcase of the engine and is admitted to the cylinder
      through a transfer port when the piston is near the bottom of its stroke.
      The fuel air mixture is then compressed in the cylinder by the upstroke of
      the piston and is ignited by a spark plug when the piston is near the top
      of its stroke. On the following downstroke of the piston the gaseous
      combustion products are discharged through an exhaust port before the
      piston reaches the bottom of its stroke. The transfer port and exhaust
      port are opened and closed by the piston sequentially in its reciprocatory
      movement. The transfer port customarily opens when the piston is at a
      level corresponding to approximately 125.degree. of crank shaft movement
      after top dead center. The opening of the exhaust port has heretofore
      customarily been approximately 15.degree. to 20.degree. in advance of the
      opening of the transfer port.
PAR  Heretofore, the exhaust port has customarily had a rectangular or oval
      shape. With a rectangular or oval exhaust port, it has been found that
      when the exhaust port opens there is a sharp high amplitude blowdown pulse
      which results in a high level of exhaust noise.
PAR  In accordance with the present invention, the exhaust port instead of being
      rectangular or oval as heretofore, has the shape of an inverted T with a
      wider base portion and a narrower upwardly extending stem portion. The top
      of the base portion of the exhaust port opening is approximately at the
      level of the top of the transfer port. The stem portion extends upwardly
      from the base portion so that the opening of the exhaust port leads the
      opening of the transfer port by approximately 20.degree. to 55.degree. of
      crank shaft movement. Thus, if the transfer port opens at 125.degree.
      after top dead center the exhaust port opens between 70.degree. and
      105.degree. after top dead center. While the stem portion may be of
      uniform width throughout its length it has been found desirable in some
      instances to vary the width of the stem by having a short initial portion
      which is wider or narrower than the rest of the stem.
PAR  It has been found that with an exhaust port in accordance with the present
      invention it is possible materially to reduce the amplitude of the
      blowdown pulse and thereby reduce the exhaust noise level without serious
      loss of power of other detrimental effects on engine operation. This makes
      it possible to obtain an acceptable exhaust noise level with only a simple
      and inexpensive muffler.
PAR  While the invention is applicable in general to internal combustion engines
      in which the exhaust port is opened by being uncovered by the piston in
      its downward movement, it is particularly of value as applied to small two
      cycle engines operating at speeds up to 8000 or 9000 rpm and having a
      specific power output of 0.6 to 1.5 bhp/in.sup.3 at 7000 rpm.
PAR  The nature, objects and advantages of the invention will appear more fully
      from the following description in conjunction with the accompanying
      drawing which illustrates by way of example a preferred embodiment of the
      invention.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side view of a portion of the cylinder of a two cycle internal
      combustion engine having an exhaust port in accordance with the present
      invention;
PAR  FIG. 2 is a partial radial section of the engine cylinder shown in FIG. 1
      and includes a portion of the piston;
PAR  FIG. 3 is a schematic illustration of the shape of an exhaust port in
      accordance with the invention identifying several dimensions of the
      exhaust port; and
PAR  FIG. 4 is a tabulation of representative values of relative dimensions of
      an exhaust port in accordance with the invention as illustrated in FIG. 3.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a portion of a cylinder 1 of a spark ignition two
      cycle internal combustion engine having an exhaust port in accordance with
      the invention. FIG. 2 shows a piston 2 which is reciprocable in the
      cylinder 1 and is connected to the engine crank shaft by a connecting rod
      3. As the engine is in accordance with known construction except for the
      exhaust port, other portions of the engine are not shown. The cylinder is
      provided with a customary spark plug 5 and with a transfer port of which
      the level of its upper edge is indicated by a broken line 6. The transfer
      port is located for example so as to be uncovered by the piston and
      thereby open approximately 125.degree. of crank shaft movement after top
      dead center. The engine cylinder is further provided with an exhaust port
      7 which is formed in the wall of the cylinder and discharges into an
      exhaust passage 10 formed integrally with the cylinder. In FIG. 2 a
      muffler 11 of known construction is shown secured to the cylinder by stud
      bolts 12 so as to receive exhaust gases from the passage 10.
PAR  In accordance with the present invention the exhaust port 7 has the general
      shape of an inverted T with a wider base portion 8 and a narrower upwardly
      extending stem portion 9. The base portion 8 has an upper edge 8a and a
      lower edge 8b. The upper edge 8a is located approximately at the level of
      the upper edge of the transfer ports 6 one of which is indicated in dotted
      lines in FIG. 2. The lower edge 8b of the base portion of the exhaust port
      is approximately at the level of bottom dead center of the piston. The
      width of the base portion 8 of the exhaust port is sufficient to permit
      completion of blowdown and the purging of the cylinder by the incoming
      fuel air mixture admitted through the transfer port.
PAR  The upper edge of the base portion 8 of the exhaust port can be horizontal
      as shown in FIG. 1 or sloping as shown in FIG. 3. When the upper edge of
      the base portion of the exhaust port is inclined, the angle of inclination
      is preferably about 10.degree. to the horizontal.
PAR  The stem portion 9 of the exhaust port extends upwardly from the base
      portion a distance corresponding to about 20.degree. to 55.degree. of
      crank shaft rotation in advance of the opening of the transfer port. If
      the height of the stem portion is too great, i.e., if the exhaust port
      opens too early, there is a loss in brake horsepower due to a leakage of
      charge on the upstroke of the piston. If the stem portion of the exhaust
      port is too short it must be made wider in order to provide sufficient
      blowdown before the base portion of the exhaust port is reached and this
      results in an increase in the exhaust noise level. It has been found that
      best results in attaining a balance of power and noise level are obtained
      when the stem portion of the exhaust portion has a length corresponding to
      35.degree. to 45.degree. of crank shaft movement. Thus, when the transfer
      port opens at 125.degree. after top dead center, the opening of the
      exhaust port occurs between 80.degree. and 90.degree. after top dead
      center.
PAR  The width of the stem portion of the exhaust port is selected to provide an
      area sufficient to permit proper blowdown of the cylinder before the top
      of the piston reaches the top of the base portion of the exhaust port. If
      the stem portion of the exhaust port is too narrow, the cylinder is
      "underblowdowned" with the result that overheating of the engine occurs.
      The overheating may be sufficiently severe to burn out the spark plug or
      to cause the piston to seize. If the stem portion of the exhaust port is
      too wide, the cylinder is "overblowdowned" with a resultant drop in brake
      horsepower and an increase in the sound level. Expressed in terms of a
      percentage of the cylinder diameter the width of the stem portion should
      be between 5  and 30 percent.
PAR  As illustrated in FIGS. 1 and 3 the stem portion of the exhaust port has an
      upper portion 9a and a lower portion 9b which may be of different widths
      and lengths. The length of the upper portion is preferably between
      0.degree. and 15.degree. of crank shaft rotation. The width of the upper
      portion of the stem expressed in terms of percentage of the cylinder
      diameter is preferably between 5  and 35 percent. In some instances it may
      be desirable for the upper section 9a of the stem portion of the exhaust
      port to be wider than the lower section as illustrated in the drawings,
      while in others it may be of the same width or narrower according to the
      particular engine characteristics.
PAR  In order to obtain a proper balance between exhaust noise and engine power,
      the values of the exhaust lead, the lengths of the stem portions 9a and 9b
      and the widths of the stem portions should be within the limits set out in
      the last line of the table appearing in FIG. 4 in which:
PA1  L = lead of opening exhaust port before transfer port in degrees of crank
      shaft rotation.
PA1  a = length of stem portion 9a in degrees of crank shaft rotation.
PA1  b = length of stem portion 9b in degrees of crank shaft rotation.
PA1  x = width of stem portion 9a in percent of cylinder diameter.
PA1  y = width of stem portion 9b in percent of cylinder diameter.
PAL  In addition, these values should satisfy the following relationship:
EQU  800 .ltoreq. a.sup.. x.sup. 1.3 + b.sup.. y + 20(L-20) .ltoreq. 1200
PAL  the values for preferred embodiments are given by way of example in the
      first four lines following the headings in the table of FIG. 4.
PAR  Using the values given in the table of FIG. 4, the aspect ratio of the stem
      portion of the exhaust port above the opening point of the transfer port
      (i.e. length divided by width) has the following values:
TBL  Value of L          Aspect ratio                                          
     ______________________________________                                    
     45.degree.          2.7                                                   
     35.degree.          0.95                                                  
     ______________________________________                                    
PAL  As illustrated in FIG. 3 the aspect ratio of the stem portion of the
      exhaust port is approximately 1.1.
PAR  If desired, the top of the stem portion of the exhaust port may be curved
      as illustrated by way of example in FIG. 3 with a radius R between 25
      percent of the cylinder diameter and infinity.
PAR  As the shape of the exhaust port is easily cast in the cylinder wall there
      is no material increase in the cost of production of the engine. Likewise,
      the pentagon shape of the exhaust passage 10 is easily cast and does not
      result in increased cost. By reason of the noise reduction attained by the
      shape of the exhaust port, it is possible to use a simple, small,
      lightweight and inexpensive muffler. It is thus possible in accordance
      with the present invention to achieve a marked reduction in the exhaust
      noise level without sacrifices of loss of power or increased manufacturing
      cost. The invention thus represents an important advance in the art.
PAR  While a preferred embodiment of the invention has been illustrated by way
      of example in the drawings and is herein particularly described, the
      invention is in no way limited to this embodiment. It will be recognized
      by those skilled in the art that many modifications in shape and size may
      be made while utilizing the teaching of the invention.
CLMS
STM  What I claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. In a spark ignition two cycle internal combustion engine comprising a
      cylinder having a head, a crankshaft and a piston connected to said
      crankshaft and reciprocable in said cylinder, said cylinder having a
      single exhaust port and a transfer port successively uncovered by said
      piston to exhaust burned gasses from said cylinder and to admit a fresh
      charge of fuel-air mixture to said cylinder, the improvement that the
      exhaust port has the general shape of an inverted T with a wider base
      portion and a narrower stem portion extending upwardly toward the head of
      said cylinder, the bottom of said base portion being at bottom dead center
      of piston reciprocation, the top of said base portion being approximately
      at the level of the top of said transfer port and the top of said stem
      portion being from 20.degree. to 55.degree. in advance of the top of said
      transfer port, said stem portion comprising an upper section and a lower
      section of greater length than said upper section, the width of said
      exhaust port being approximately uniform throughout the length of said
      lower stem section to provide selected blowdown before the transfer port
      is opened and the width increasing abruptly at said base portion at
      approximately the level of the top of said transfer port to effect rapid
      lowering of cylinder pressure, the values of the width x of said upper
      section of the stem portion and width y of said lower section both
      expressed as percentages of the internal diameter of the cylinder, and the
      values of the length a of said upper section, the length b of said lower
      section and the lead L of the exhaust port opening over transfer port
      opening, all three expressed in degrees of crank shaft rotation being
      within the following ranges:
PA1  a = 0.degree. -  15.degree.
PA1  b = 10.degree. - 55.degree.
PA1  x = 5 - 35 percent
PA1  y = 5 - 30 percent
PA1  L = 20.degree. - 55.degree.
PAL  and satisfying the following relationship:
EQU  800 .ltoreq. a.sup.. x.sup.1.3 + b.sup.. y + 20(L-20).ltoreq. 1200,
PAL  whereby the engine when running produces a low broad blowdown pulse which
      in turn produces a low noise level exhaust.
NUM  2.
PAR  2. The improvement in a two cycle internal combustion engine according to
      claim 1, in which the values of said a, b, x, y and L are in accordance
      with the following table:
TBL  L         a       b           x       y                                   
     ______________________________________                                    
     55.degree.                                                                
               6.degree.                                                       
                       49.degree.                                              
                                  5.5%     5.5%                                
     45.degree.                                                                
               6.degree.                                                       
                       39.degree.                                              
                                 10.5%    10.5%                                
     35.degree.                                                                
               6.degree.                                                       
                       29.degree.                                              
                                 22%      14%                                  
     25.degree.                                                                
               6.degree.                                                       
                       19.degree.                                              
                                 32%      19%                                  
     ______________________________________                                    
NUM  3.
PAR  3. The improvement in a two cycle internal combustion engine according to
      claim 1, in which the edges defining the top of said base portion are
      inclined at an angle of about 10.degree. to a plane perpendicular to the
      cylinder axis.
NUM  4.
PAR  4. The improvement in a two cycle internal combustion engine according to
      claim 1, in which said upper section of the stem portion of the exhaust
      port is approximately as wide as said lower section.
NUM  5.
PAR  5. The improvement in a two cycle internal combustion engine according to
      claim 1, in which the length of the stem portion of the exhaust port
      corresponds to 35.degree. to 45.degree. of crankshaft rotation and in
      which the aspect ratio (length/width) of said stem portion is at least
      approximately 1.
NUM  6.
PAR  6. The improvement in a two cycle internal combustion engine according to
      claim 5, in which the opening of the exhaust port occurs between
      80.degree. and 90.degree. of crankshaft rotation after top dead center.
NUM  7.
PAR  7. The improvement in a two cycle internal combustion engine according to
      claim 5, in which the width of said lower section of the stem portion of
      the exhaust port is between 5% and 30% of the cylinder diameter.
NUM  8.
PAR  8. The improvement in a two cycle internal combustion engine according to
      claim 1, in which said transfer port is positioned to be opened by being
      uncovered by said piston at approximately 125.degree. of crankshaft
      rotation after top dead center of piston reciprocation.
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PAL  A capsule connected to a first source of pressure representing the load of
      the engine and to a second source of pressure representing the running
      speed of the engine has its diaphragm connected to a slide valve of a
      pressure modulator. The latter controls the pressure of lubricating oil in
      a chamber defined between a piston and a fixed chamber, the chamber being
      supplied with the oil through a constricted orifice. A camshaft is
      slidably and rotatably mounted and slidable by the piston. Changes in the
      pressure of the two sources change the axial position of the camshaft.
BSUM
PAR  The present invention relates to a camshaft device provided with a
      mechanism for modifying the regulation of the distribution of an internal
      combustion engine in accordance with certain parameters of operation.
PAR  It is known that in an internal combustion engine having a distribution by
      means of valves, the setting of the opening and closing of the induction
      and exhaust valves is of high importance in the obtainment of good
      efficiency and the minimum production of harmful gases. In order to obtain
      the best results in all cases of utilisation of the engine, the setting
      must be varied progressively in accordance with certain parameters of
      operation and in particular the speed and load.
PAR  To obtain this result, there may be provided a camshaft having, on one
      hand, cams having an evolutive profile in length and, on the other, a
      piston cooperating with a fixed cylinder and defining a chamber in which
      there is made to act a liquid pressure whose value is a function of both
      the speed and the load of the engine.
PAR  An object of the present invention is to provide a particularly simple
      device which permits obtaining a very progressive and precise regulation
      of the movement of the camshaft which is a substantial improvement over
      known devices.
PAR  The invention is applied to a camshaft device in which the shaft is
      rotatably and axially slidably mounted and actuated by a piston
      cooperating with a fixed cylinder so as to form a chamber which is fed
      through a constricted orifice with the lubricating oil of the engine and
      connected to the discharge through a modulator provided with a slide valve
      which variably makes a discharge orifice.
PAR  According to the invention, the slide valve is integral with a diaphragm of
      a pressure-responsive capsule connected on one hand to a first source of
      pressure representing the load of the engine and, on the other, to a
      second source of pressure representing the speed of the engine.
PAR  In one embodiment, a chamber of the capsule is connected to the induction
      pipe of the engine and to the suction side of a volumetric vaccuum pump
      driven by the engine.
PAR  According to another feature of the invention, the camshaft is freely
      slidable in a cylindrical bore of its drive pinion and is integral with a
      ring carrying sleeves containing balls and having axes parallel to the
      axis of the camshaft and in which are guided posts which are integral with
      the pinion and have axes also parallel to the axis of the camshaft.
DRWD
PAR  Further features and advantages of the invention and its operation will be
      described hereinafter with reference to the accompanying drawing given by
      way of example and in which:
PAR  FIG. 1 is a sectional view of a part of a camshaft device of an internal
      combustion engine provided with regulating and driving means according to
      the invention, and
PAR  FIG. 2 is a partial sectional view taken on line 2--2 of FIG. 1.
DETD
PAR  In FIG. 1 there is seen one end of a camshaft 1 having an axis X--X
      carrying a journal 2 rotating in a bearing 3 formed in the cylinder-head 4
      of an engine. The camshaft is also supported and guided in the known
      manner by other journals and bearings (not shown).
PAR  Outside the journal 2, the camshaft 1 is axially extended by a cylindrical
      part 5, a conical part 6 and a screwthreaded part 7.
PAR  A gear pinion 8, driven in the conventional manner by the crankshaft of the
      engine (not shown), has a hub 9 which is journalled in the bearing 3 and a
      bore 10 which cooperates with the cylindrical part 5 of the camshaft. The
      hub 9 of the pinion has a recess in which a forkshaped member 11 is
      engaged, this member being secured to the cylinder-head 4 by a screw 12.
      This member has for function to hold the pinion axially stationary. Fixed
      to the conical part 6 of the camshaft by a nut 13, is a ring 14 and a
      spring 15 is compressed between the latter and the pinion 8.
PAR  Evenly spaced around the axis X--X and disposed in the thickness of the
      ring 14 are sleeves 16 whose axes are parallel with the axis of the
      camshaft. These sleeves have guide cages for balls 17 these cages forming
      longitudinal raceways connected by curved parts. An example of this type
      of sleeve having a circulation of balls is given in French Pat. No.
      1,410,928.
PAR  Posts 18 integral at one end with the pinion 8 are freely slidable without
      play in each of the sleeves 16.
PAR  The camshaft 1 carries cams such as 19 which have an evolutive profile in
      length. A roller 20 carried by one end of a rocker 21 pivotably mounted on
      a shaft 22 bears against each cam 19. The other end of this rocker
      cooperates with the stem of an induction or exhaust valve (not shown).
PAR  The rocker shaft 22 is secured in supports such as 23 which are secured to
      the cylinder-head 4. In the known manner, this shaft 22 is hollow and its
      central cavity 24, supplied with oil under pressure by the pump of the
      engine, performs the function of a passageway for lubricating the rockers
      and the bearings of the camshaft. Thus the bearing 3 receives oil under
      pressure from the passageway 24 through orifices 25, 26.
PAR  The orifice 25 also communicates by way of a constricted passage 27 with an
      orifice 28 which communicates inside the bearing 3 with a chamber 29
      formed between the journal 2 and the hub 9 of the pinion 8. The chamber 29
      is connected by a conduit 30 to a pressure modulator 31.
PAR  The latter comprises a cylindrical body 32 provided with a stepped bore 33
      in which is slidable a slide valve 34 having a first piston 35 and a
      second piston 36 of slightly larger diameter than the first piston. The
      conduit 30 leads to a chamber 37 formed in the bore 33 between the pistons
      35 and 36. The chamber 37 may be connected to the oil pump 38 of the
      engine by a conduit 39 and conduits 40 and 41 receive any leakage of oil
      which reaches the ends of the modulator 31.
PAR  The slide valve 34 is extended by a rod 42 secured to a flexible diaphragm
      43 of a suction capsule 44 which forms with the diaphragm a chamber 45.
      The latter communicates by way of a conduit 46, on one hand, with a
      conduit 47 which leads to a suction take-off 48 located on the induction
      pipe 49 of the engine and, on the other hand, with a conduit 50 which
      leads to the suction orifice 51 of a volumetric pump 52 driven by the
      engine.
PAR  The pressure take-off 48, which may be that employed for correcting the
      advance of an ignition distributor 53, is disposed in the induction pipe
      49 in such manner as to be closed when the throttle 54 is closed and to be
      downstream of this throttle when it opens.
PAR  Disposed in the conduit 47 is a calibrated orifice 55 and a check-valve 56
      which closes when the suction in the conduit 46 is higher than that
      existing in the region of the suction take-off 48.
PAR  The conduit 50 communicates with the atmosphere through a calibrated
      orifice 57.
PAR  The device just described operates in the following manner:
PAR  When the suction in the chamber 45 is very low, for example when the engine
      is sliding, the throttle 54 being closed, the slide valve 34 of the
      modulator 31 is urged toward the right as viewed in the drawing owing to
      the difference in the diameters of the pistons 35 and 36. In this
      illustrated position, the slide valve 36 uncovers the orifice of the
      discharge conduit 39 so that the oil pressure existing in the chamber 29
      is very low and insufficient to compress the spring 15. The active profile
      of the cam 19 is then that which is facing the roller 20 for this
      position.
PAR  The higher the suction in the chamber 45 the more the slide valve 34 is
      driven toward the left and the more it closes the orifice of the discharge
      conduit 39. Consequently, there is an increase in the pressure in the
      chamber 37 which permits ensuring, owing to the difference in the
      diameters of the pistons 35 and 36, the equilibrium of the slide valve 34
      for each suction value.
PAR  Simultaneously, this increase in pressure in the chamber 37 is transmitted
      to the chamber 39 and this has for effect to urge the camshaft 1 toward
      the left and compress the spring 15. This movement is particularily
      gradual owing to the absence of sliding friction between the camshaft 1
      and the pinion 8 so that for each value of the suction in the chamber 45
      there is always the same axial position of the camshaft 1.
PAR  The position of equilibrium of the camshaft therefore takes into account
      both the load and speed of the engine, since the suction in the chamber 45
      is a function of both the suction due the vaccuum pump 52 whose speed is
      directly proportional to the speed of the engine and of the suction in the
      pipe 49 which is directly related to the load.
PAR  This permits obtaining a more effective and more gradual regulation, the
      absence of friction resulting from the particular arrangement being
      essential to the obtainment of this precision since the variations in
      pressure are relatively low and would not be responded to if the forces
      opposing the axial displacement of the camshaft were too large.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by Letters Patent is:
NUM  1.
PAR  1. In a camshaft device for an internal combustion engine having a variable
      distribution comprising means defining a fixed structure, a camshaft
      rotatably and axially slidably mounted relative to the structure, a fixed
      cylinder, a piston slidable in the fixed cylinder and defining with the
      cylinder a chamber, passage means including a constricted orifice for
      putting the chamber in communication with lubricating oil of the engine,
      an oil pressure modulator comprising a member defining an oil discharge
      orifice and a slide valve cooperative with the member to mask the
      discharge orifice to an extent which varies with the position of the slide
      valve relative to the member; and passage means putting the chamber in
      communication with the discharge orifice; the provision of a pressure
      responsive capsule having a movable diaphragm which is connected to shift
      the slide valve relative to the member of the modulator, a first source of
      pressure representing the load of the engine, a second source of pressure
      representing the speed of the engine and passage means putting the
      interior of the capsule in communication with the first and second sources
      of pressure.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said first source is constituted
      by the induction pipe of the engine.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said second source is
      constituted by the suction side of a vacuum pump driven by the engine.
NUM  4.
PAR  4. A device as claimed in claim 3, wherein the induction pipe of the engine
      and the suction side of the pump are connected to the same chamber of the
      capsule.
NUM  5.
PAR  5. A device as claimed in claim 2, wherein the suction take off on the
      induction pipe is disposed in such manner as to be closed when the
      throttle is closed and to be downstream of the throttle when the throttle
      opens.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein a calibrated orifice and a check
      valve are disposed in the passage means which connect the first source to
      the interior of the capsule.
NUM  7.
PAR  7. In a camshaft device for an internal combustion engine having a variable
      distribution comprising means defining a fixed structure, a camshaft
      rotatably and axially slidably mounted relative to the structure, a fixed
      cylinder, a piston slidable in the fixed cylinder and defining with the
      cylinder a chamber, passage means including a constricted orifice for
      putting the chamber in communication with lubricating oil of the engine,
      an oil pressure modulator comprising a member defining an oil discharge
      orifice and a slide valve cooperative with the member to mask the
      discharge orifice to an extent which varies with the position of the slide
      valve relative to the member; and passage means putting the chamber in
      communication with the discharge orifice; the provision of a pressure
      responsive capsule having a movable disphragm which is connected to shift
      the slide valve relative to the member of the modulator, a first source of
      pressure representing the load of the engine, a second source of pressure
      representing the speed of the engine, passage means putting the interior
      of the capsule in communication with the first and second sources of
      pressure, a driven pinion slidably mounted on the camshaft, a ring
      integral with the camshaft, means carried by the ring and defining a
      cavity having a low coefficient of friction and an axis parallel to the
      camshaft, and an elongate member integral with the drive pinion and having
      an axis parallel to the camshaft and guided in the cavity.
NUM  8.
PAR  8. A device as claimed in claim 7, wherein there are provided a plurality
      of said cavities evenly spaced apart around the camshaft and a plurality
      of said elongate members guided in said cavities.
NUM  9.
PAR  9. A device as claimed in claim 7, wherein said cavity comprises
      longitudinal raceway means and balls combined with the raceways and
      rollingly engaging the elongate member.
NUM  10.
PAR  10. A device as claimed in claim 7, wherein elastically yieldable means are
      interposed between the ring and the pinion and acts to bias the ring and
      pinion apart.
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ABST
PAL  Exhaust valve for an internal combustion engine, of the type cooled by
      fluid circulation and comprising a valve head and a stem screwed into the
      said head. Said exhaust valve comprises intake and return ducts for the
      cooling liquid, which are parallel and open into a chamber in the valve
      head, and which are external relative to one another and substantially
      symmetrical with respect to the longitudinal axis of the said stem.
PARN
PAR  This is a continuation, of application Ser. No. 304,901 filed Nov. 9, 1972.
BSUM
PAR  The present invention relates to an exhaust valve for an internal
      combustion engine, of the type cooled of fluid circulation and which
      comprises a valve head and a stem screwed into the said head, as well as
      methods of manufacture of such a valve.
PAR  The cooled exhaust valves known in the prior art are generally constituted
      in the following manner: the valve stem is provided with two intake and
      return ducts for the cooling fluid, which are longitudinal, coaxial and
      concentric. The internal duct is generally formed by a tube arranged
      within the external duct. The valve stem is screwed into the valve head
      and is provided with a blind bore in which is mounted the tube forming the
      internal duct, the end of which, located on the valve head side, is
      secured, for instance by welding, either to an externally threaded annular
      nut which is screwed into the valve stem at its end on the head side, or
      to a smooth cylindrical end-piece press-fitted into the said stem at its
      end on the valve head side. In addition, the tube forming the internal
      duct may be provided with intermediate centring supports against the said
      bore.
PAR  This known configuration of an exhaust valve according to the prior art has
      several drawbacks, due to the fact that the mounting and fastening of the
      tube (necessarily made of a special abrasion-resisting steel) forming the
      internal duct are very delicate. In particular, the welded connections of
      the internal tube necessitate a very careful carrying out which is
      therefore expensive and which is indispensable for obtaining a servide
      life and a reliability which are sufficient and compatible with the normal
      operation of the engine.
PAR  In order to remedy the said drawbacks, the invention provides an exhaust
      valve for an internal combustion engine of the type cooled by fluid
      circulation and comprising a head and a stem fastened to the said head
      which comprises a chamber into which open intake and return ducts for the
      cooling fluid, extending in the said stem in a direction substantially
      parallel therewith, the said valve being characterized in that the said
      stem comprises at least two transversely spaced and juxtaposed ducts, for
      instance symmetrical with respect to the said longitudinal axis.
PAR  According to another feature of the invention, the said longitudinal ducts
      are connected to the outside of the said stem by transverse ducts drilled
      in the said stem.
PAR  The present invention also provides a method of manufacture of the said
      exhaust valve for an internal combustion engine, of the type cooled by
      fluid circulation and comprising a head and a stem screwed into the said
      head, the said method being characterized in that it consists in drilling,
      in a round bar forming the said stem, at least two ducts substantially
      parallel with the longitudinal axis of the said bar, respectively for the
      intake and the return of the said cooling fluid.
PAR  According to a variant of the method of the invention, the said round bar
      forming the valve stem is obtained directly with its two ducts by way of
      extrusion.
PAR  The manufacture of an exhaust valve cooled by liquid circulation is
      therefore considerably simplified owing to the invention, for it is
      sufficient to either drill longitudinal parallel ducts in a round bar
      forming the valve stem, the said stem being obtained for instance by way
      of machining from a stretched or rolled round bar, or to make the said
      valve stem directly with its conduits by way of extrusion, which enables
      the drilling operation to be dispensed with.
PAR  The major drawbacks of the valves of the prior art, such as welding
      difficulties, high costs, risk of defective manufacture, are therefore
      avoided owing to the exhaust valve according to the invention, which, in
      addition, has a much simpler configuration readily allowing of several
      possible alternative embodiments.
DRWD
PAR  The invention will be better understood and other objects, characteristics
      and advantages thereof will appear as the following description proceeds,
      with reference to the appended drawings given solely by way of example
      illustrating several forms of embodiment of the invention and wherein:
PAR  FIG. 1 is a partial sectional view of an exhaust valve according to the
      invention, the stem of which together with its duct is obtained by way of
      extrusion;
PAR  FIG. 2 is a cross-sectional view taken upon the line II--II of FIG. 1;
PAR  FIG. 3 is a partial sectional view of an alternative embodiment of the
      invention according to FIG. 1;
PAR  FIG. 3a is a fragmentary view similar to FIG. 3, of another modification of
      the free end of the valve stem;
PAR  FIG. 4 is a partial sectional view, partly broken away, of another form of
      embodiment of the invention, with a valve stem provided with drilled
      ducts;
PAR  FIG. 5 is a cross-sectional view taken upon the line V--V of FIG. 4;
PAR  FIG. 6 is a sectional view of a modification of the invention according to
      FIG. 5;
PAR  FIG. 7 is a fragmentary perspective view of another form of embodiment
      wherein the ducts in the valve stem extend helically about the
      longitudinal axis of the stem.
DETD
PAR  The appended figures therefore illustrate exhaust valves according to the
      invention, of the type cooled by fluid circulation and the stem of which
      is screwed and brazed in the valve head.
PAR  Referring in particular to FIG. 1, it is seen that the valve comprises a
      stem designated generally by the reference numeral 1 and one end of which
      is provided with an external thread 2 co-operating with a corresponding
      internal thread 3 of the valve head 4. In addition, there is provided a
      sealing fastening 5 by way of brazing of the valve stem 1 in the valve
      head 4.
PAR  The valve head 4 is also provided with a hollow central chamber or cavity 6
      into which penetrates the end of the stem 1 provided with the thread 2.
      The cavity 6 of the head 4 communicates with longitudinal ducts 7 and 8 of
      the valve stem through transverse ducts 9 and 10.
PAR  According to the invention, the valve stem 1 is obtained directly with its
      longitudinal ducts 7 and 8 by way of extrusion in such a manner that the
      ducts are substantially parallel with one another by being for instance
      arranged symmetrically with respect to the longitudinal axis of the stem
      1, as shown in FIG. 1.
PAR  The stem 1 is also advantageously obtained by way of extrusion in the form
      of a round bar of great length, then the bar is cut into sections which
      are thereafter machined so as to obtain approximately the shape shown in
      the Figures.
PAR  The valve stem 1 may also be obtained by machining a usual round bar in
      which are drilled at least two parallel longitudinal ducts.
PAR  In a first form of embodiment shown in FIG. 1, the longitudinal ducts 7 and
      8 are formed by way of extrusion over the whole length of the stem 1, and
      therefore, each of them opens at the ends 11 and 12 of the stem 1. The
      longitudinal channels 7 and 8 are naturally closed at the end 12 of the
      stem 1 by contact of the end 12 with the bottom of the cavity 6 of the
      valve head 4, and they are obturated at the end 11 of the stem 1 by an
      additional, substantially cylindrical member 13 assembled thereto and
      acted upon by the rocker actuating the said valve. In the present case,
      the additional member 13 has a circular central projection 14 which
      co-operates with a corresponding rim 15 provided at the end 11 of the stem
      1.
PAR  In FIG. 3 is shown a variant 13' of the additional member 13 whose end 14'
      co-operating with the end 11' of the valve head is substantially flat and
      obturates, in the same manner as a cover, the longitudinal ducts 7' and 8'
      of the valve head. The member 13 or 13' is assembled to the stem 1 for
      instance by way of welding.
PAR  Another variant is shown in FIG. 3a, wherein the two longitudinal ducts 7"
      and 8" of the stem 1" open at the upper end of the said stem and are each
      obturated by sealing plugs (not shown) which are for instance screwed into
      the end bores of the said ducts. In this case, the rocker (not shown)
      associated with the valve advantageously acts directly upon the end 15" of
      the valve stem.
PAR  The longitudinal ducts 7 and 8 of the valve stem 1 (or respectively 7' and
      8') therefore communicate with the cavity 6 of the valve head 4 through
      the transverse ducts 9 and 10 and they also communicate with the exterior
      through transverse ducts 16 and 17 respectively, which are drilled
      radially into the thickness of the valve stem 1.
PAR  The cooling of the valve just described therefore takes place in the
      following manner. The cooling fluid arrives for instance through the
      transverse duct 16, passes into the longitudinal duct 7 and flows out into
      the cavity 6 through the transverse duct 9. Thereafter, the return of the
      fluid takes place from the cavity 6 into the longitudinal duct 8 through
      the transverse duct 10, the transverse duct 17 serving for the outflow of
      the said cooling fluid.
PAR  In FIG. 4 there is shown a variant of embodiment of the invention, wherein
      the valve stem 111 is drilled to form at least two parallel rectilinear
      longitudinal channels 107 and 108 which open at the end 112 of the stem
      101 into a cavity 106 of the valve head 104. In this case, the drilled
      longitudinal ducts 107 and 108 are blind and do not open at the end 111 of
      the stem 101. These channels are as before connected to the outside of the
      stem 101 by transverse ducts 116 and 117 and to the inside of the cavity
      106 by transverrse ducts 109 and 110 respectively. The additional member
      113 placed at the free end of the valve stem 101 has substantially the
      same shape as previously.
PAR  The transverse ducts 109 and 110 connecting the ducts 107 and 108 with the
      cavity 106 of the head 104 may have various configurations, such as for
      instance the one shown in FIG. 5 where it is seen that each longitudinal
      duct 107 and 108 is connected to the cavity 106 of the head 104 by three
      transverse conduits 109 and 110 respectively, which extend in planes
      shifted with respect to one another so as to be superposed to one another
      without meeting together.
PAR  Still another variant of embodiment of the invention is shown in FIG. 6
      where the valve stem 201 is provided with four parallel rectilinear
      longitudinal channels 202 which are arranged so as to be uniformly
      distributed in the valve stem 201 and which communicate with the central
      cavity of the valve head (not shown in the drawing) by means of
      corresponding transverse channels 203. In this case, use may be made of
      two longitudinal, diametrically opposed channels 202 as intake channels
      for the cooling fluid and of the two other channels as return channels for
      the said cooling fluid.
PAR  The presence of more than two channels, for instance, of four channels
      arranged symmetrically about the longitudinal axis of the stem ensures a
      uniform distribution and balancing of the thermal stresses (due to the
      difference between the intake temperature and the return temperature of
      the cooling fluid) affecting the valve stem in order to avoid any thermal
      deformation, in particular by transverse bending of the latter.
PAR  FIG. 7 partially shows a valve stem according to a variant of the
      invention, wherein two longitudinal rectilinear parallel ducts 307 and 308
      are first obtained either by drilling the stem or directly with the stem
      by way of extrusion, and then the said stem with its ducts is twisted so
      as to cause the latter to extend helically about the longitudinal axis of
      the bar forming the stem. In this case, the thermal stresses affecting the
      valve stem are substantially uniformly distributed along the longitudinal
      axis of the stem.
PAR  Of course, various modifications may be devised for the valves just
      described without departing from the scope of the invention: in
      particular, the arrangement and distribution of the longitudinal and
      transverse channels may be modified, or a valve according to the invention
      may be obtained whose stem is made from an abrasion-resisting metal and
      whose head is made from a different metal.
PAR  The valve stem 1 is in contact with the internal face of the bottom of the
      valve head 4, preferably with a certain prestressing bearing pressure in
      order to support this portion of the valve head during the thermal and
      pressure stresses to which it is subjected. The bottom of the valve head
      may be constituted by a wall which is uniform in thickness and, therefore,
      the mutually opposite faces of which are plane and parallel. However, in
      order to reduce or avoid the risks of cracking as a result of an excessive
      concentration of the stresses due to this bearing pressure of the valve
      stem 1, the wall forming the said bottom of the valve head 4
      advantageously comprises a thickened or reinforced central region 18 (FIG.
      1) or 118 (FIG. 4) receiving the pressure contact of the valve stem.
PAR  It is therefore understood that the invention is by no means limited to the
      forms of embodiment described and illustrated, which have been given by
      way of example only. In particular, it comprises all the means
      constituting technical equivalents to the means described as well as their
      combinations, should the latter be carried out according to the gist of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid cooled valve member construction comprising a hollow head
      portion and a stem portion connected to said head portion, said stem
      portion being formed with a plurality of longitudinally extending, spaced,
      substantially straight bore-like ducts communicating with the inside of
      said hollow head portion for conveyance of cooling fluid toward the inside
      of said hollow head portion and reversely outwardly therefrom, said ducts
      being arranged in pairs of diametrically opposed substantially
      co-extensive ducts in said stem, at least one pair of said diametrically
      opposed ducts directing the flow of said fluid in a fluid-feeding
      direction into said hollow head portion serving thus as fluid feed ducts,
      and at least a second pair of said diametrically opposed ducts leading
      flow of said fluid in a reverse direction outwardly of said hollow head
      portion, said second pair of ducts serving as fluid return ducts, said
      ducts of said pairs of ducts being uniformly distributed in equal
      circumferentially spaced relationship about the longitudinal center line
      axis of said stem portion with feed ducts alternating successively with
      return ducts.
NUM  2.
PAR  2. A valve member construction according to claim 1 wherein said stem
      portion is a body of solid material and wherein said longitudinally
      extending bore-like ducts are formed directly therein.
NUM  3.
PAR  3. A valve member construction according to claim 1, wherein said hollow
      head portion includes a substantially transverse end wall and a threaded
      opening opposite to and of smaller extent than said transverse end wall,
      said stem portion being threadedly and sealingly engaged in said opening
      and projecting inwardly into the hollow head portion with the innermost
      end of said stem portion in abutting pressure contact with a substantially
      corresponding central region of said transverse end wall, thereby defining
      a chamber in said head portion, said bore-like ducts extending to the
      innermost end of said stem portion and being closed off by said transverse
      end wall, said stem portion being formed with a plurality of transverse
      ducts extending laterally in said stem portion inside said chamber and in
      communication with respective of said bore-like ducts and with said
      chamber whereby said chamber is in communication with at least one feed
      bore-like duct and with at least one bore-like return duct.
NUM  4.
PAR  4. A valve member construction according to claim 3 including a
      brazing-solder sealing connection between said stem portions and said
      hollow head portion.
NUM  5.
PAR  5. A fluid-cooled poppet-valve member construction comprising a hollow head
      portion and a stem portion connected to said head portion, said stem
      portion being formed with at least two, spaced, bore-like ducts for
      conveying cooling fluid, said ducts extending at least partially through
      and at least approximately longitudinally of said stem portion and
      communicating with the inside of said hollow head portion and with the
      outside of said valve member, at least one of said ducts having its center
      line spaced from the longitudinal axis of said stem portion and extending
      substantially helically about said axis, at least one duct being a feed
      duct for supplying fluid to said head portion and at least another duct
      being a return duct for conveying said fluid back and away from said head
      portion.
NUM  6.
PAR  6. A valve member construction according to claim 5, wherein said ducts are
      directly formed integrally in the body of solid material constituting said
      stem portion and they extend to and open in the terminal face of at least
      one end of said stem portion.
NUM  7.
PAR  7. A valve member construction according to claim 5, including
      brazing-solder sealing off the connection between said head portion and
      stem portion.
NUM  8.
PAR  8. A valve member construction according to claim 5 comprising at least one
      of said pair of ducts arranged in substantially parallel symmetrical
      relation to the longitudinal axis of said stem portion.
NUM  9.
PAR  9. A method of making a stem for a fluid-cooled poppet valve member,
      comprising the steps of: providing a substantially round rectilinear,
      rod-like bar element; directly forming said bar element integrally with at
      least two spaced, at least approximately parallel, substantially straight
      bore-like ducts extending at least partially through and generally
      longitudinally of said bar element and opening in the terminal front face
      of at least one end thereof; and twisting said bar element about its
      longitudinal axis to cause at least one of said ducts to wind
      substantially helically about said longitudinal axis.
NUM  10.
PAR  10. A method according to claim 9, including the steps of making said bar
      element from substantially cylindrical stock and drilling the same
      longitudinally from at least one end to form said ducts.
NUM  11.
PAR  11. A method according to claim 9, consisting in providing said bar element
      together with said initially straight bore-like ducts in one single step
      by way of extrusion.
NUM  12.
PAR  12. A fluid-cooled valve member construction comprising a hollow-head
      portion and a stem portion connected to said head portion, said stem
      portion being formed with a plurality of longitudinally extending, spaced,
      substantially straight bore-like ducts for conveyance toward the inside of
      said hollow-head portion and reversely outwardly from said valve member of
      cooling fluid, said ducts being arranged in at least one pair of
      diametrically opposed substantially co-extensive ducts in said stem, at
      least each one of said bore-like ducts communicating with at least one
      transverse duct on the one hand for directing a flow of said fluid in a
      fluid-feeding direction into said hollow-head portion through at least one
      of said bore-like ducts thus serving as fluid-feed ducts, and on the other
      hand for directing a flow of said fluid in a reverse direction outwardly
      of said hollow-head portion through another of said bore-like ducts thus
      serving as fluid return ducts, said bore-like ducts being uniformly
      distributed in equal circumferentially spaced relationship about the
      longitudinal central axis of said stem portion with feed ducts alternating
      successively with return ducts.
NUM  13.
PAR  13. A valve member construction according to claim 12, wherein said
      hollow-head portion includes a substantially transverse end wall and a
      threaded opening opposite to and of smaller extent than said transverse
      end wall, said stem portion being threadedly and sealingly engaged in said
      opening and projecting inwardly into the hollow-head portion with the
      innermost end of said stem portion in abutting pressure contact with a
      substantially corresponding central region of said transverse end wall,
      thereby defining a chamber in said head portion, said bore-like ducts
      extending to the innermost end of said stem portion and being closed off
      by said transverse end wall, selected of said transverse ducts being
      provided in said stem portion and extending laterally in said stem portion
      inside said chamber and in communication with respective of said bore-like
      ducts and with said chamber whereby said chamber is in communication with
      at least one feed bore-like duct and with at least one bore-like return
      duct.
NUM  14.
PAR  14. A fluid-cooled poppet valve member construction consisting of an
      assembly of at least two component parts tightly connected together and
      comprising: a hollow mushroom head portion including a substantially
      transverse end wall and formed with an inner chamber and with a
      substantially coaxial opening opposite to and of smaller extent than said
      transverse end wall; and a stem portion secured in sealing relationship to
      and extending endwise from said head portion; said stem portion consisting
      of a solid body of material of substantially round rod-like configuration
      throughout its length extending in tightly engaging relationship through
      said opening to project bodily into said chamber with one end which is
      thus enclosed in and surrounded by said chamber, said stem portion being
      provided with at least two pairs of at least approximately parallel
      bore-like ducts extending at least partially through and generally
      longitudinally of said stem portion, each duct being directly formed and
      entirely defined within said solid body of material and made integral in
      one piece therewith to serve as a passage-way channel for leading a stream
      of cooling fluid flowing lengthwise therethrough, each duct communicating
      on the one hand with said chamber at its end portion located adjacent and
      inside said chamber and on the other hand with the outside toward its
      opposite end portion remote from said head portion, both ducts of each
      pair being substantially diametrically opposed and symmetrical with
      respect to the longitudinal center line axis of said stem portion so as to
      be opposite to each other in relation to said center line axis, both ducts
      of at least one pair of opposite ducts leading said flow of cooling fluid
      in one same direction whereas both opposite ducts of each remaining pair
      of ducts are leading said flow of cooling fluid in a same opposite
      direction so as to thereby provide at least one pair of feed ducts for
      supplying cooling fluid to said head portion and at least one pair of
      return ducts for conveying said fluid back and away from said head
      portion.
NUM  15.
PAR  15. A valve member construction according to claim 14, wherein at least one
      of said ducts has its center line spaced from the longitudinal axis of
      said stem portion and extends helically about said longitudinal axis.
NUM  16.
PAR  16. A valve member construction according to claim 14, wherein said ducts
      extend to and open in the terminal face of at least one of said stem
      portion.
NUM  17.
PAR  17. A fluid-cooled poppet valve member construction consisting of an
      assembly of at least two component parts tightly connected together and
      comprising: a hollow mushroom head portion including a substantially
      transverse end wall and formed with an inner chamber and with a
      substantially coaxial opening opposite to and of smaller extent than said
      transverse end wall; and a stem portion engaging said opening and secured
      in sealing screw-threaded relationship to and extending endwise from said
      head portion; said stem portion consisting of a solid body of material of
      substantially round rod-like configuration throughout its length extending
      in tightly engaging relationship through said opening to project bodily
      into said chamber with one end which is thus enclosed in and surrounded by
      said chamber, said stem portion being provided with a plurality of at
      least two spaced, bore-like ducts extending at least partially through and
      generally longitudinally of said stem portion, each duct being directly
      formed and entirely defined within said solid body of material and made
      integral in one piece therwith to serve as a passage-way channel for
      leading a stream of cooling fluid flowing lengthwise therethrough, said
      stem portion being formed with a substantially flat terminal front face at
      its inner end abutting endwise with pressure contact against a
      corresponding substantially flat central region of said transverse end
      wall of said head portion for supporting and backing said end wall and
      thereby defining an annular cavity within said chamber, each duct
      communicating on the one hand with said chamber at its end portion located
      inside said chamber by opening in said terminal front face of said stem
      portion where said ducts are closed off by said transverse end wall and on
      the other hand with the outside towards its opposite end portion remote
      from said head portion, at least one duct being a feed duct for supplying
      cooling fluid to said head portion and at least another duct being a
      return duct for conveying said fluid back and away from said head portion,
      said stem portion having sidewise and inside said chamber a plurality of
      transverse ducts opening at one end thereof into said ducts, respectively,
      and at the opposite end thereof into said chamber, whereby said chamber
      communicates with each feed duct through at least one transverse outlet
      duct and with each return duct through at least one transverse inlet duct.
NUM  18.
PAR  18. A valve member construction according to claim 17, including
      brazing-solder sealing off the connection between said head portion and
      stem portion.
NUM  19.
PAR  19. A valve member construction according to claim 17 wherein said ducts
      extend to and open in the terminal face of at least one end of said stem
      portion.
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ABST
PAL  A suction pipe arrangement for reciprocating internal combustion engines
      with in-line cylinders, in which a common suction pipe with a fastening
      flange serving for fastening a throttle valve pipe connection is provided
      for the cylinders, and in which the tuned suction pipes which extend
      between the cylinder head of the engine and the common suction pipe are
      subdivided into two groups; the common suction pipe is thereby arranged in
      the longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head while the first group of tuned suction pipes
      which branch off from the left portion of the common suction pipe, lead to
      the right connecting side of the cylinder head and the tuned suction pipes
      of the second group which branch off from the right portion of the common
      suction pipe, lead toward the left connecting side of the cylinder head,
      with each of the tuned suction pipes extending essentially S-shaped.
BSUM
PAR  The present invention relates to a suction pipe arrangement in
      reciprocating piston internal combustion engines with cylinders arranged
      in a row, i.e., with in-line cylinders, in which a common suction pipe or
      manifold with a fastening flange serving for fastening a throttle valve
      connection is provided for the cylinders and in which tuned suction pipes
      separated into two groups are arranged between the common suction pipe and
      the cylinder head of the engine.
PAR  It is known that the construction and configuration of the tuned suction
      pipes exert a considerable influence on the engine characteristics.
      Consequently, tuned suction pipes with relatively great tuning lengths
      have been proposed heretofore for achieving a higher torque as well as an
      optimum power output. In order to be able to accommodate such long tuned
      suction pipes within the engine space, they are so constructed that they
      lead--depending on the space requirement--from the inlet channel either
      upwardly or downwardly bent to the common suction pipe or manifold.
PAR  However, this construction renders difficult the access to the nozzles,
      spark plugs and fuel lines. Furthermore, the accommodation of an air
      filter in unfavorable for spatial reasons because of the arrangement of a
      throttle valve connection or of an air quantity control device.
PAR  The present invention is now concerned with the task to avoid the
      aforementioned disadvantages and to provide a suction pipe arrangement
      with smallest space requirement notwithstanding the preservation of the
      tuned suction pipe lengths customary heretofore. The suction pipe
      arrangement of this invention should furthermore also be suited for
      passenger motor vehicle with a particularly flat engine hood.
PAR  The underlying problems are solved according to the present invention in
      that the common suction pipe or manifold is disposed in the longitudinal
      direction adjacent the cylinder row approximately at the height of the
      cylinder head and in that the first group of tuned suction pipes which
      branch off from the left portion of the common suction pipe or
      manifold--always as viewed from the common suction pipe or manifold toward
      the cylinder heads--leads to the right connecting side of the cylinder
      head and in that the second group of tuned suction pipes which are located
      partially above the first group and branch off from the right portion of
      the common suction pipe or manifold, leads towards the left cylinder head
      connecting side or vice versa, with the tuned suction pipes extending
      S-shaped in each case.
PAR  Furthermore, depending on the space conditions within the area of the
      engine, the fastening flange may be provided at the common suction pipe or
      manifold at the end thereof either shortly in front of the first or
      shortly in front of the second group--as viewed in the flow direction. In
      lieu of these arrangements, the fastening flange may also be arranged in
      the center of the common suction pipe or manifold--as viewed in the
      longitudinal direction.
PAR  The construction according to the present invention can be further
      developed in a particularly advantageous manner to the effect that within
      the area, were the tuned suction pipes of the first group cross with the
      tuned suction pipes of the second group, both groups are arranged resting
      one upon the other and in that furthermore an imaginary line extending
      centrally and transversely between both groups corresponds approximately
      to the axis of symmetry in relation to the arrangement of the two groups.
PAR  In a preferred embodiment according to the present invention, the
      separating plane disposed between both groups and the horizontal plane
      extending through the ends of the tuned suction pipes on the side of the
      engine are inclined to one another--intersecting in the line or axis--in
      such a manner that the two planes subtend an angle of about 5.degree..
PAR  For purposes of achieving a favorable space requirement, especially for the
      construction of the common suction pipe or manifold of six cylinder
      in-line engines with a smaller structural length than the overall length
      of the connections on the engine side of the tuned suction pipes, the
      present invention provides that of the three tuned suction pipes of both
      groups, at least two suction pipes of each group are arranged at the
      common suction pipe or manifold disposed adjacent one another--as viewed
      in the longitudinal direction of the common suction pipe or manifold.
PAR  For purposes of increasing the flow velocity, the tuned suction pipes are
      constructed conically whereby the ends of the engine side have the smaller
      cross-sectional openings.
PAR  In order to enable a particularly flat type of construction of the engine
      hoods, it is additionally proposed according to the present invention that
      the fastening flange for the throttle valve pipe connection is arranged
      with its sealing and fastening surface parallel to the horizontal plane
      and approximately at the height of the separating plane.
PAR  In an advantageous construction according to the present invention, the
      ends of the tuned suction pipes at the engine side may be connected with
      each other by a common flange and an idling air channel which is
      constructed as groove and extends over all of the suction pipes may be
      cast in into the flange.
PAR  Accordingly, it is an object of the present invention to provide a suction
      pipe arrangement for reciprocating piston internal combustion engines
      which avoids by simple means the aforementioned shortcomings and drawbacks
      encountered in the prior art.
PAR  Another object of the present invention resides in a suction pipe
      arrangement for reciprocating piston internal combustion engines which
      assures an extraordinary favorable spatial arrangement enabling ease of
      access to nozzles, spark plugs and fuel lines.
PAR  A further object of the present invention resides in a suction pipe
      arrangement for internal combustion engines which facilitates the
      accommodation of an air filter as well as ease of access to the various
      parts for servicing the engine.
PAR  Still a further object of the present invention resides in a suction pipe
      arrangement for internal combustion engines in which lengths of tuned
      suction pipes as customary heretofore can be preserved notwithstanding a
      suction pipe arrangement with extraordinarily small space requirements.
PAR  A further object of the present invention resides in a suction pipe
      arrangement for internal combustion engines of passenger motor vehicles
      which enables a particularly flat engine hood construction.
DRWD
PAR  These and other objects, features, and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a front elevational view of a suction unit in accordance with the
      present invention, illustrated on an enlarged scale, which consists of
      tuned suction pipes and a common suction pipe and is secured at the
      cylinder head of a reciprocating piston internal combustion engine,
      particularly of in-line construction;
PAR  FIG. 2 is a side elevational view of the suction unit according to FIG. 1;
PAR  FIG. 3 is a plan view of the suction unit according to FIG. 2; and
PAR  FIG. 4 is a cross-sectional view through the suction unit taken along line
      IV--IV in FIG. 2.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, and more
      particularly to FIG. 1, reference numeral 2 generally designates in this
      figure a reciprocating piston internal combustion engine with six
      cylinders of in-line arrangement. A suction unit generally designated by
      reference numeral 11 which consists of six tuned suction pipes 3 to 8 and
      of a common suction pipe or manifold 9 with a fastening flange 10 provided
      for a valve connection--as can be seen from FIGS. 2 and 3--is secured at
      the cylinder head 1 of the internal combustion engine 2. The tuned suction
      pipes 3 - 8 are subdivided into two groups, of which the first group
      consists of the tuned suction pipes 3 to 5 and the second group of the
      tuned suction pipes 6 to 8.
PAR  The tuned suction pipes which are curved S-shaped branch off groupwise in
      two rows from the common suction pipe or manifold 9 according to FIG. 2
      whereby--as can be seen particularly clearly from FIG. 3--the tuned
      suction pipes 3, 4, 5 of the first group which start from the left section
      of the common suction pipe or manifold 9 that is disposed shortly behind
      the fastening flange 10, lead to the right cylinder head connecting side
      and the tuned suction pipes 6, 7 8 of the second group which start from
      the right section of the common suction pipe 9, lead to the left cylinder
      head connecting side. The sections designated by a and b overlap in such a
      manner that two of the inwardly disposed tuned suction pipes of both
      groups, namely the pipes 3, 4 and 7, 8 are disposed mutually opposite one
      another (FIG. 2). Within the area where the tuned suction pipes 3 to 5
      cross the tuned suction pipes 6 to 8, the tuned suction pipes rest
      directly one upon the other or are disposed one above the other separated
      by a space (not shown) serving the purpose of preheating the pipes by
      means of a gas or water. The separating plane disposed between the two
      groups which in FIG. 2 is designated by reference numeral I and the
      horizontal plane II extending through the ends of the tuned suction pipes
      at the engine side, which intersect in an axis III that according to FIG.
      3 is simultaneously the axis of symmetry in relation to the arrangement of
      the two groups, are arranged inclined to one another. The angle .alpha.
      formed by the two planes amounts to about 5.degree..
PAR  The ends of the six tuned suction pipes at the engine side are connected
      with each other by a common flange 12, into which is cast-in an idling air
      channel 13 (FIG. 4) extending over the sucton pipes 3 to 8 and constructed
      as groove.
PAR  The tuned suction pipes taper conically in the direction toward the flange
      12 in order to achieve higher flow velocities at the cylinder head inlet.
PAR  For technical casting reasons the tuned suction pipes are constructed
      initially rectangularly shaped beginning with the common suction pipe or
      manifold 9--as can be seen from FIG. 4--and depending on the requirements
      pass over shortly in front of the flange 12 into a circular cross section
      (FIG. 2).
PAR  The fastening flange 10 serving for the purpose of fastening the valve
      connection is arranged with its sealing and fastening surface according to
      FIG. 1 parallel to the horizontal plane II and approximately at the height
      of the separating plane I.
PAR  The fastening flange 10 may be provided--as viewed in the driving direction
      of the vehicle--in front of, to the rear of or in the center of the common
      suction pipe or manifold 9 whereby with a central arrangement, the flange
      projects laterally from the common suction pipe 9.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art, and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A suction pipe arrangement for reciprocating internal combustion engines
      with in-line cylinders which includes a common suction pipe means for the
      cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine which are
      subdivided into two groups, characterized in that the common suction pipe
      means is located in the longitudinal direction adjacent the cylinder row
      approximately at the height of the cylinder head, and in that the first
      group of tuned suction pipes which branch off from the left portion of the
      common suction pipe means--as viewed in each case from the common suction
      pipe means toward the cylinder head--leads toward the right cylinder head
      connecting side while the second group of tuned suction pipes which branch
      off from the right portion of the common suction pipe means lead toward
      the left cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case.
NUM  2.
PAR  2. A suction pipe arrangement according to claim 1, characterized in that
      the fastening flange, as viewed in the flow direction, is provided at the
      common suction pipe means near the end face thereof shortly in front of
      one of the two groups.
NUM  3.
PAR  3. A suction pipe arrangement according to claim 2, characterized in that
      the fastening flange is provided shortly in front of the first group.
NUM  4.
PAR  4. A suction pipe arrangement according to claim 2, characterized in that
      the fastening flange is provided shortly in front of the second group.
NUM  5.
PAR  5. A suction pipe arrangement according to claim 1, characterized in that
      the fastening flange is arranged substantially in the center of the common
      suction pipe means, as viewed in the longitudinal direction.
NUM  6.
PAR  6. A suction pipe arrangement for reciprocating internal combustion engines
      with in-line cylinders which includes a common suction pipe means for the
      cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means as subdivided into two groups of tuned suction pipes,
      characterized in that the common suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means leads towards the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that within the area in which
      the tuned suction pipes of the first group cross with the tuned suction
      pipes of the second group, both groups are arranged on one another.
NUM  7.
PAR  7. A suction pipe arrangement according to claim 6, characterized in that
      both groups rest one upon the other within said area.
NUM  8.
PAR  8. A suction pipe arrangement according to claim 7, characterized in that
      an imaginary line extending substantially centrally and transversely
      between both groups corresponds approximately to the axis of symmetry in
      relation to the arrangement of the two groups.
NUM  9.
PAR  9. A suction pipe arrangement according to claim 8, characterized in that
      the separating plane disposed between the two groups and the horizontal
      plane extending through the ends of the tuned suction pipes on the engine
      side, intersecting in the imaginary line, are inclined to one another in
      such a manner that said two planes subtend an angle of about 5.degree..
NUM  10.
PAR  10. A suction pipe arrangement according to claim 9, characterized in that
      three tuned suction pipes are provided in each groups, at least two tuned
      suction pipes of each group are arranged adjacent one another at the
      common suction pipe means, as viewed in the longitudinal direction of the
      common suction pipe means.
NUM  11.
PAR  11. A suction pipe arrangement according to claim 10, characterized in that
      the tuned suction pipes are constructed conically whereby the ends of the
      pipes adjacent the engine side have the smaller flow cross section.
NUM  12.
PAR  12. A suction pipe arrangement according to claim 11, characterized in that
      the fastening flange with its sealing and fastening surface is arranged
      essentially parallel to the horizontal plane and approximately at the
      height of the separating plane.
NUM  13.
PAR  13. A suction pipe arrangement according to claim 12, characterized in that
      the ends of the tuned suction pipes on the engine side are connected with
      each other by a common flange.
NUM  14.
PAR  14. A suction pipe arrangement according to claim 13, characterized in that
      an idling air channel is cast into the flange, said idling air channel
      being constructed as groove and extending over all tuned suction pipes.
NUM  15.
PAR  15. A suction pipe arrangement according to claim 13, characterized in that
      the fastening flange, as viewed in the flow direction, is provided at the
      common suction pipe means near the end face thereof shortly in front of
      one of the two groups.
NUM  16.
PAR  16. A suction pipe arrangement according to claim 15, characterized in that
      the fastening flange is provided shortly in front of the first group.
NUM  17.
PAR  17. A suction pipe arrangement according to claim 15, characterized in that
      the fastening flange is provided shortly in front of the second group.
NUM  18.
PAR  18. A suction pipe arrangement according to claim 17, characterized in that
      within the area in which the tuned suction pipes of the first group cross
      with the tuned suction pipes of the second group, both groups are arranged
      on one another.
NUM  19.
PAR  19. A suction pipe arrangement according to claim 18, characterized in that
      both groups directly rest one upon the other within said area.
NUM  20.
PAR  20. A suction pipe arrangement for reciprocating internal combustion
      engines with in-line cylinders which includes a common suction pipe means
      for the cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means are subdivided into two groups of tuned suction pipes,
      characterized in that the common suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means lead toward the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that an imaginary line
      extending substantially centrally and transversely between both groups
      corresponds approximately to the axis of symmetry in relation to the
      arrangement of the two groups.
NUM  21.
PAR  21. A suction pipe arrangement according to claim 20, characterized in that
      the separating plane disposed between the two groups and the horizontal
      plane extending through the ends of the tuned suction pipes on the engine
      side, intersecting in the imaginary line, are inclined to one another in
      such a manner that said two planes subtend an angle of about 5.degree..
NUM  22.
PAR  22. A suction pipe arrangement according to claim 21, characterized in that
      the fastening flange with its sealing and fastening surface is arranged
      essentially parallel to the horizontal plane and approximately at the
      height of the separating plane.
NUM  23.
PAR  23. A suction pipe arrangement for reciprocating internal combustion
      engines with in-line cylinders which includes a common suction pipe means
      for the cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means are subdivided into two groups of tuned suction pipes,
      characterized in that the common suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means lead toward the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that three tuned suction pipes
      are provided in each group at least two tuned suction pipes of each group
      are arranged adjacent one another at the common suction pipe means, as
      viewed in the longitudinal direction of the common suction pipe means.
NUM  24.
PAR  24. A suction pipe arrangement for reciprocating internal combustion
      engines with in-line cylinders which includes a common suction pipe means
      for the cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means are subdivided into two groups of tuned suction pipes,
      characterized in that the suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means lead toward the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that the tuned suction pipes
      are constructed conically whereby the ends of the pipes adjacent the
      engine side have the smaller flow cross section.
NUM  25.
PAR  25. A suction pipe arrangement for reciprocating internal combustion
      engines with in-line cylinders which includes a common suction pipe means
      for the cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means are subdivided into two groups of tuned suction pipes,
      characterized in that the common suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means lead toward the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that the ends of the tuned
      suction pipes on the engine side are connected with each other by a common
      flange.
NUM  26.
PAR  26. A suction pipe arrangement according to claim 25, characterized in that
      an idling air channel is cast into the flange, said idling air channel
      being constructed as groove and extending over all tuned suction pipes.
NUM  27.
PAR  27. A suction pipe arrangemeng for reciprocating internal combustion
      engines with in-line cylinders which includes a common suction pipe means
      for the cylinders having a fastening flange for the fastening of a valve
      connection, and tuned suction pipe means extending between the common
      suction pipe means and the cylinder head of the engine, the tuned suction
      pipe means are subdivided into two groups of tuned suction pipes,
      characterized in that the common suction pipe means is located in the
      longitudinal direction adjacent the cylinder row approximately at the
      height of the cylinder head, and in that the first group of tuned suction
      pipes which branch off from the left portion of the common suction pipe
      means, as viewed in each case from the common suction pipe means toward
      the cylinder head, leads toward the right cylinder head connecting side
      while the second group of tuned suction pipes which branch off from the
      right portion of the common suction pipe means leads toward the left
      cylinder head connecting side, the tuned suction pipes extending
      substantially S-shaped in each case, and in that the separating plane
      disposed between the two groups and the horizontal plane extending through
      the ends of the tuned suction pipes on the engine side are inclined to one
      another in such a manner that said two planes subtend an angle of about
      5.degree..
NUM  28.
PAR  28. A suction pipe arrangement for a reciprocating internal combustion
      engine having cylinder head means, the suction pipe arrangement
      comprising: a common suction pipe means extending in the longitudinal
      direction of said cylinder head means, a first group of tuned suction
      pipes branching off from a left portion of the common suction pipe means,
      as viewed from the common suction pipe means toward the cylinder head
      means, and extending toward a right portion of said cylinder head means, a
      second set of tuned suction pipes branching off from a right portion of
      the common suction pipe means and extending toward a left portion of said
      cylinder head means, each of said tuned suction pipes of a respective
      group extending parallel to each other from said cylinder head means to
      said common suction pipe means.
NUM  29.
PAR  29. An arrangement according to claim 28, wherein each of said tuned
      suction pipes of said first and second group separately communicate with
      said common suction pipe means.
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ABST
PAL  An internal combustion engine comprising a substantially cylindrical
      casing, a multilobed rotor mounted to rotatably move within said casing, a
      plurality of substantially cross-sectionally U-shaped combustion chambers
      slidably mounted in slots or grooves in the casing and projecting inwardly
      so that the innermost point or face of the chambers are adjacent with the
      outer face profile of the rotor, the outer profile of said rotor having a
      circumferential toothed formation thereon, each of said chambers rotatably
      supporting a gear wheel engaging said toothed formation, ignition means
      and fuel inlet and exhaust means being provided within the casing for each
      of the U-shaped chambers, the central longitudinal axis of each combustion
      chamber being angularly displaced from the radial axis of said casing such
      that the innermost end of said combustion chamber is displaced in the
      direction of rotation of said rotor.
BSUM
PAR  THIS INVENTION relates to a rotary internal combustion engine.
PAR  In one form the invention resides in an internal combustion engine
      comprising a substantially cylindrical casing, a multilobed rotor mounted
      to rotatably move within said casing, a plurality of substantially
      cross-sectionally U-shaped combustion chambers slidably mounted in slots
      or grooves in the casing and projecting inwardly so that the innermost
      point or face of the chambers are adjacent with the outer face profile of
      the rotor, the outer profile of said rotor having a curcumferential
      toothed formation thereon, each of said chambers rotatably supporting a
      gear wheel engaging said toothed formation ignition means and fuel inlet
      and outlet means being provided within the casing for each of the U-shaped
      chambers, the central longitudinal axis of each combustion chamber being
      angularly displaced from the radial axis of said casing such that the
      immermost end of said combustion shamber is displaced in the direction of
      rotation of said rotor.
PAR  Unless otherwise specified the term "rotor" should be taken to include an
      eccentrically mounted rotor having either rotary, or orbital movement or
      an oval rotor rotating about a central axis, or the like.
PAR  The movement of the rotor within the casing may be one in which the rotor
      rotates about a central or eccentric axis or one in which the rotor orbits
      an eccentric axis.
PAR  In a preferred form the U-shaped chambers are attached to the rotor by
      means of bearings, preferably the bearings are fitted to the end of the
      chamber and are mounted in a channel or groove formed in the rotor.
PAR  The invention will be more fully understood in the light of the following
      description of two specific embodiments of the invention. The following
      description is made with reference to the accompanying drawings.
DRWD
PAR  FIG. 1 is a sectional view of an engine according to the invention having a
      rotating rotor.
PAR  FIG. 2 is a sectional view of an engine according to the invention having
      an orbital rotor.
DETD
PAR  The embodiment of FIG. 1 comprises a cylindrical casing 10 having a series
      of annular slots 12 in its inner peripheral surface. There is mounted in
      each slot 12 for radial sliding motion therein a cylindrical chamber 14
      closed at its innermost end. The portions 16 formed by the slots 12 acting
      as stationary pistons within the chamber and being provided with sealing
      means between the walls of the chamber 14 and the portion 16 in the form
      of sealing rings 18.
PAR  The portion 16 may be formed integrally in the casing or may be part of a
      "head" structure 21 as shown which is removable from the casing. In either
      case the portion 16 at its innermost end carries inlet and exhaust valves
      and a sparking plug.
PAR  Rotor 23 is substantially oval in shape and is mounted for rotation on
      central drive shaft 25. Each chamber 14 is provided with an extension
      piece 27 having a bearing member 29 which is engaged by a milled annular
      slot 30 in one end of the rotor. The extension 27 is further provided with
      a gear wheel 32 which engages ring gear 34 to assist in guiding the
      movement of the rotor in relation to the chamber and absorb some of the
      load between the two components. The chambers are preferably off set from
      the radial orientation as shown in order to cause the transfer of motion
      to be more efficient.
PAR  Operation of the valves is via pull rods of the type shown as 36, the pull
      rods for the inlet and exhaust valves are operated by two suitably shaped
      cams mounted on the drive shaft.
PAR  To illustrate the operation of the engine chamber A shall be taken as being
      in the state of ignition and the rotor shall be rotating in a clockwise
      direction. As a result of ignition an inwardly applied force is applied to
      the chamber which is transmitted through the gear 32. Chamber F is
      undergoing the power stroke while chamber E is undergoing the exhaust
      stroke, the end of which stroke is represented by D. Chamber C has
      completed the intake stroke while chamber B is undergoing the compression
      stroke prior to ignition. According to this embodiment for each revolution
      of the drive shaft each chamber fires once.
PAR  The embodiment of FIG. 2 comprises a casing 110 having annular slots 112
      equally spaced on its inner surface and having chambers 114 mounted in the
      slots for radial sliding motion therein. As before the stationary piston
      116 may be formed integrally in the casing or formed as shown, integrally
      in the head 121. A rotor 123 is mounted on shaft 125 such that it executes
      an orbital motion within the casing. The rotor is polygonal in shape and
      is provided with milled slots 130 in one end in which bearing members 129
      of each chamber are engaged. The bearing members being mounted upon
      extension pieces 127 of each chamber.
PAR  As in the previous embodiment inlet and exhaust valves are provided at the
      inner end of pistons 116 and are operated by pushrods in rubbing contact
      with cams driven from the drive shaft 125.
PAR  In operation each chamber requires two cycles of the rotor for each
      ignition. For illustration chamber W shall be taken as undergoing ignition
      and the movement of the rotor is clockwise. After ignition an inwardly
      directed force by the chamber is transmitted to the rotor 123 over the
      contact surface. One complete cycle of the rotor involves the power and
      exhaust stroke while a further complete cycle involves the intake and
      compression strokes.
PAR  A two cycle system can also be used in both embodiments. While the
      invention has been described with reference to cylindrical chambers
      sliding in annular slots it need not be so limited. Each chamber may take
      the form of an elongated channel member mounted in adjacent longitudinal
      slots with suitable sealing being provided between the ends of the
      channels and end plates or the ends of the channels may be closed off.
      Similarly the chambers may have any suitable shaped cross-sectional
      configuration.
PAR  While the invention has been described in terms of an oval centrally
      rotating rotor and an orbiting polygonal rotor the invention need not be
      so limited. It is within the scope of the invention to include any other
      form of circulating rotor.
PAR  The invention while being described in terms of an internal combustion
      engine having intake valves, exhaust valves, and sparking plugs may also
      be applied to diesel engines, petrol injected engines, steam engines,
      compressors, hydraulic motors, hydraulic pump and electric motors and the
      like.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion engine comprising a substantially cylindrical
      casing having grooves therein, a multilobed rotor being rotatably mounted
      within said casing, a plurality of substantially cross-sectionally
      U-shaped combustion chambers slideably mounted in said grooves in the
      casing and projecting inwardly so that the innermost point or face of said
      chambers are adjacent the outer profile of said rotor, the outer profile
      of said rotor having a circumferential toothed formation thereon, each of
      said chambers rotatably supporting a gear wheel which is intended to
      engage and bear upon the toothed formation on the outer profile of said
      rotor, ignition means and fuel inlet and exhaust means being provided
      within said casing for each of said U-shaped chambers, the central
      longitudinal axis of each combustion chamber being angularly displaced
      from the radial axis of said casing such that the innermost end of said
      combustion chamber is displaced in the direction of rotation of said
      rotor.
NUM  2.
PAR  2. An internal combustion engine as claimed in claim 1 wherein said rotor
      is provided at one end thereof with at least one slot provided at one end
      thereof with at least one slot provided adjacent its circumference and
      each said U-shaped chamber is provided at its inner end with a bearing
      means adapted to be engaged in said slot to transmit the motion of the
      rotor to the chamber.
NUM  3.
PAR  3. An internal combustion engine as claimed in claim 1 wherein said rotor
      is oval in shape and rotates about a central axis.
NUM  4.
PAR  4. An internal combustion engine comprising a substantially cylinderical
      casing having grooves therein, a multilobed rotor being rotatably mounted
      within said casing, a plurality of substantially cross-sectionally
      U-shaped combustion chambers slideably mounted in said grooves in said
      casing and projecting inwardly so that the innermost point or face of said
      chambers are adjacent with the outer face profile of said rotor, the outer
      profile of said rotor having a circumferential toothed formation thereon,
      each of said chambers rotatably supporting a gear wheel which is intended
      to engage and bear upon the toothed formation on the outer profile of said
      rotor, ignition means and fuel inlet means and exhaust means being
      provided within said casing for each of said U-shaped chambers, the
      central longitudinal axis of each combustion chamber being angularly
      displaced from the radial axis of said casing such that the innermost end
      of said combustion chamber is displaced in the direction of rotation of
      said rotor, said grooves being annular in shape and said U-shaped chambers
      are cylindrical in shape and are mounted in said grooves such as to permit
      axial movement of said chambers in said grooves.
NUM  5.
PAR  5. An internal combustion engine as claimed in claim 4 wherein the
      upstanding portion defined by the slots and surrounded by the said chamber
      is provided with sealing means to prevent gas flow between the walls of
      the upstanding portion and the inner walls of said chamber.
NUM  6.
PAR  6. An internal combustion engine as claimed in claim 4 wherein the
      upstanding portion defined by the slots and surrounded by the chamber is
      provided at its inner end with fuel inlet, exhaust outlet and ignition
      means communicating with the interior of said chamber.
NUM  7.
PAR  7. An internal combustion engine as claimed in claim 4 the inner portion
      defined by the slots and surrounded by the chamber is formed as a
      separable head portion of the cylindrical casing.
NUM  8.
PAR  8. An internal combustion engine as claimed in claim 4 wherein said rotor
      is provided at one end thereof with at least one slot provided adjacent it
      circumference and each said U-shaped chamber is provided at its inner end
      with a bearing means adapted to be engaged in said slot to transmit the
      motion of the rotor to the chamber.
NUM  9.
PAR  9. An internal combustion engine comprising a substantially cylindrical
      casing having grooves therein, a polygonal rotor being mounted to move
      with an orbital motion within said casing, a plurality of substantially
      cross-sectionally U-shaped combustion chambers slidably mounted in said
      grooves in said casing and projecting inwardly so that the innermost point
      or face of said chambers are adjacent with the outer face profile of said
      rotor, ignition means and fuel inlet and exhaust means being provided
      within said casing for each of said U-shaped chambers, said rotor having
      slots therein, said chambers each having a pin slideably mounted in one of
      said rotor slots, said casing grooves being annular in shape, said
      U-shaped chambers being cylindrical in shape and being slideably mounted
      in said casing grooves for allowing radial movement of said chambers in
      said casing grooves.
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ABST
PAL  A rotary internal combustion engine which includes a plurality of cylinders
      equiangularly mounted around a central rotary valve assembly on an axial
      horizontal shaft, in which more complete combustion and less emission of
      unburnt gases is achieved. The engine embodies a valving rotor comprising
      horizontally spaced discs having two properly located intake and exhaust
      valve passages and related generally cup-shaped intake/exhaust guide means
      eccentrically mounted on the shaft. This arrangement together with
      correspondingly horizontally spaced intake/exhaust ports in the respective
      cylinders, provides for dual intake charges and for the exhaust gas to be
      discharged twice and more completely in a single exhaust stroke via the
      properly located exhaust valves. The exhaust valves, which are also in the
      horizontally spaced rotor discs, are circumferentially displaced from the
      respective intake valves and also from each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a rotor engine of the type in which a
      plurality of cylinders are equiangularly mounted around a chamber of a
      rotor assembly in parallel with the axis thereof in such a manner that the
      rotation of a crank shaft of each cylinder may be transmitted to the rotor
      assembly provided with intake and exhaust ports and intake and exhaust gas
      guide members, whereby the intake and exhaust of the cylinders may be
      effected through the rotor assembly as the latter is rotated.
PAR  The valve operating mechanisms of the conventional piston engines are very
      complex so that when the engines are driven at a high speed, the abrasion
      and wear of the intake and exhaust valves and their valve seats are very
      fast. The parts of the valve operating mechanisms such as cam shafts,
      springs, silent chains, timing gears and so on are fabricated with a
      higher degree of accuracy because the accuracy will affect the valve
      timing. Therefore the abrasion and wear of these parts also adversely
      affect the valve timing.
PAR  In view of the above one of the objects of the present invention is to
      provide a novel rotary valve type engine which may eliminate intake and
      exhaust valves and a valve operating mechanism, ensure the complete
      combustion with the result of the reduction in emission of pollutants, and
      improve the output efficiency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of one preferred embodiment of the
      present invention;
PAR  FIG. 2 is a perspective view taken through the rotor and piston cylinders
      of a rotor assembly thereof;
PAR  FIG. 3 is a cross sectional view of the rotor engine shown in FIG. 1;
PAR  FIG. 4 is a cross sectional view of a bevel gear assembly thereof;
PAR  FIG. 5 is a front view, partly in cross section, of a balance weight and a
      balance weight bearing as viewed on line 5--5 of FIG. 4;
PAR  FIG. 6 is a view, partly broken away, of the rotor engine of the present
      invention assembled;
PAR  FIG. 7 is a diagrammatic view used for the explanation of the relation of
      suction, compression, power and exhaust strokes of the cylinders with
      respect to the rotation of the rotor assembly;
PAR  FIG. 8 is a cross-sectional detail view taken on line 8--8 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Four cylinders 1, 1', 1", and 1'" are equiangularly mounted around a rotor
      chamber 2 in parallel therewith as best shown in FIG. 3. Each of the
      cylinders have communication with the rotor chamber 2 through
      intake-exhaust ports 22 and 23 as will be described in more detail
      hereinafter. As shown in FIG. 1, pistons 3,3', 3" and 3'" are drivingly
      connected through connecting rods 4,4', 4" and 4'" and crank shafts
      5,5',5" and 5'" to counter balance weights 6,6',6" and 6'", respectively.
      which are rotatably received in annular balance weight bearings 7,7',7"
      and 7'" as best shown in FIGS. 4 and 5. The balance weights 6,6',6", and
      6'" are keyed to shafts driving bevel gears 8,8',8", and 8'",
      respectively, as best shown in FIG. 4, which are in mesh with driven bevel
      gears 9 and 9'keyed or splined to a rotor shaft 10 and an output shaft 11,
      as shown in FIG. 1. The rotor shaft 10 is drivingly coupled to a shaft 12
      shown in FIG. 1 which carries a pair of front (left in the figures) and
      rear (right in the figures) rotors 13 and 14 respectively as shown in FIG.
      2. The front and rear rotors 13 and 14 are provided with intake ports 15
      and 16 which open at the side walls and inner end surfaces of the front
      and rear rotors 13 and 14 as best shown in FIG. 2. The intake ports 15 and
      16 are angularly spaced apart from each other as best shown by overlapping
      brackets in FIG. 7. The front and rear rotors 13 and 14 are also provided
      with exhaust ports 17 and 18, respectively, which open at the side walls
      and outer end surfaces of the rotors 13 and 14 and are angularly spaced
      apart from each other and from the intake ports 15 and 16 by approximately
      45.degree., respectively, as shown in FIGS. 2 and 7. Cup-shaped exhaust
      gas guide members 19 and 20 are eccentrically mounted on the shaft 12 in
      intimate contact with the outer end surfaces of the front and rear rotors
      13 and 14, respectively, so that the outside openings of the exhaust ports
      are opened into the cupshaped exhaust gas members 19 and 20 as shown in
      FIGS. 1 and 2. Between the inner end surfaces of the front and rear rotors
      13 and 14 are interposed a semicylinderlike intake guide member 21 as best
      shown in FIG. 2 so as to facilitate the intake of air-fuel mixture through
      the intake ports 15 and 16.
PAR  Next the mode of operation will be described. Air-fuel mixture from a
      carburetor (not shown) may enter via intake passage 2' (FIG. 6) and is
      charged into the space between the front and rear rotors 13 and 14 of the
      rotor chamber 2 and is compressed by the intake guide member 21 as the
      rotor assembly is rotated when a starting motor (not shown) is driven. The
      air-fuel mixture is forced into the intake ports 15 and 16 and injected
      into the cylinder 1 when the intake ports 15 and 16 coincide with the
      intake-exhaust ports 22 and 23, respectively, of the cylinder 1, as shown
      in FIG. 1. That is, the air-fuel mixture is injected into the cylinder 1
      through the first intake-exhaust port 22 and then through the other
      axially spaced intake-exhaust port 23 as the piston 3 travels.
PAR  As the rotor assembly rotates, the intake ports 15 and 16 are relatively
      moved away from the intake-exhaust ports 22 and 23 toward the next
      cylinder so that the intake-exhaust ports 22 and 23 are closed by the side
      walls of the rotors 13 and 14. Then the compression stroke of the cylinder
      1 is started.
PAR  As the rotor assembly rotates in the clockwise direction indicated by the
      arrow to the position shown in FIG. 7 the cylinder 1 is in the suction
      stroke, the cylinder 1' is in the compression stroke; the cylinder 1" is
      in the power stroke, and the cylinder 1'" is in the exhaust stroke. Thus
      as the rotor assembly rotates the suction, compression, power and exhaust
      strokes are cycled in each cylinder.
PAR  The exhaust gas is discharged twice through the exhaust ports 17 and 18
      when the piston is in the proximity of the respective top and bottom dead
      center, and is completely burnt as it is subjected to the centrifugal
      force to swirl in the rotary chamber 2. Thereafter the exhaust gas is
      discharged out of the engine.
PAR  The balance weight is rotatably received by the annular bearing so that the
      smooth rotation of the bevel gears may be ensured.
PAR  By means of the present invention, the intake and exhaust valves of the
      more conventional piston engines may be eliminated so that the valve
      clearance adjustment may be eliminated. The breakdowns of the cam shafts
      and other mechanisms associated with the valves may be eliminated.
      Furthermore the air-fuel mixture is injected twice in a single suction
      stroke and the exhaust gas is discharged twice in a single exhaust stroke
      when the piston is in the proximity of the respective top and bottom dead
      centers whereby the angle between the positions at which the intake valve
      is opened and closed respectively may be reduced. As a result the
      compression ratio may be increased. Furthermore the output efficiency may
      be remarkably increased because of the complete intake and exhaust. The
      exhaust gas may be completely burnt so that the emission of pollutants may
      be considerably reduced. The rotary valve engine of the present invention
      is simple in assembly, thus resulting in the improvement of the
      productivity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reciprocating piston, expansible chamber internal combustion rotary
      valve type engine embodying a plurality of pistons disposed in
      corresponding piston chambers or cylinders closed at one end by cylinder
      head means provided with ignition means therein; with said piston chambers
      radially grouped around and in parallel with a centrally disposed rotor
      chamber within which a rotary valve is disposed with axially spaced inlet
      and outlet passages communicatable with said piston chambers; and with
      air/fuel inlet passage means leading to and combustion gas exhaust passage
      means leading from the rotary valve, the improvement wherein
PA1  a. said piston cylinders each have a pair of axially spaced dual-acting
      intake and exhaust ports in a side wall portion thereof;
PA1  b. said rotary valve comprises an axial rotor shaft having an axially
      spaced pair of rotor discs affixed thereon, each of said rotor discs
      having axially oppositely facing intake and exhaust ports and
      corresponding intake and exhaust gas guiding passages opening radially in
      outer peripheries thereof; said outer peripheral passage openings disposed
      and adapted for predetermined rotative alignment sequentially with said
      cylinder intake and exhaust ports to provide fluid communication between
      said cylinders and rotor chamber and rotary valve therein;
PA1  c. said exhaust ports being in axially opposite end faces of said rotor
      discs and having adjacent eccentrically mounted exhaust guides affixed on
      said axial rotor shaft and to said respective rotor discs;
PA1  d. an intake guide member interposed between and interconnecting said rotor
      discs in overlaying relation to said intake ports which are disposed in
      generally axially opposed facing relation on said rotor discs;
PA1  e. motion translating means for translating the inherent reciprocal motion
      of said pistons into rotative motion of balance weight means which weight
      means comprises a balance weight connected with each piston, each balance
      weight being rotatably mounted within an annular bearing means; said
      motion translating means including a connecting rod and crank shaft
      operatively interconnecting each of said pistons and balance weights; and
PA1  f. bevel gear means operatively interconnecting said balance weights and
      rotary valve shaft at one side thereof whereby said relative motion of
      said balance weights is transmitted by said bevel gear means to effect
      rotation of said rotor shaft;
PA1  g. output shaft means operatively connected to said bevel gear means and
      projecting from an opposite side thereof; and
PA1  h. whereby an intake and exhaust of said plurality of cylinders is effected
      through said rotary valve as the latter is rotated in operation of the
      engine.
NUM  2.
PAR  2. The engine as defined in claim 1, wherein the number of cylinders is
      four.
NUM  3.
PAR  3. The engine as defined in claim 1, wherein said axially spaced rotor
      discs constitute front and rear rotors; said exhaust guide members are of
      generally cup-shape and mounted on said rotor shaft with edge portions
      disposed in contact with axially opposite outer end surfaces of said front
      and rear rotors; said intake ports and said exhaust ports being
      circumferentially staggered relative to each other so that the respective
      radial intake and exhaust ports of said front rotor are closer together
      than those of said rear rotor, and are collectively circumferentially
      offset relative to those of said rear rotor.
NUM  4.
PAR  4. The engine as defined in claim 1, wherein said intake guide member is of
      generally semi-cylindrical shell form and so disposed relative to said
      intake ports and rotor shaft to facilitate intake of predetermined
      air-fuel mixtures.
NUM  5.
PAR  5. The engine as defined in claim 1, wherein said ported rotor discs and
      said pistons are relatively disposed so that exhaust gas is discharged
      twice sequentially from said exhaust ports in a single exhaust stroke of
      each piston.
NUM  6.
PAR  6. The engine of claim 1, wherein said ported rotor discs, said cylinders
      and said pistons are relatively disposed so that air-fuel mixture is
      injected sequentially twice into said piston cylinders during each suction
      or intake stroke of said pistons.
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ABST
PAL  An improved rpm regulator for a fuel injection pump associated with an
      internal combustion engine. The regulator includes a control lever, a fuel
      quantity control sleeve connected to the control lever, a regulating
      spring assembly connected to the control lever, a device for generating an
      rpm signal and applying a corresponding force through the control lever to
      the fuel quantity control sleeve in opposition to a force exerted by the
      regulating spring assembly and an adjustment lever connected to the
      regulating spring assembly for adjusting the preload exerted by the
      regulating spring assembly. The regulating spring assembly is improved and
      includes two holding members containing two compression springs so that
      when the two holding members are moved outwardly relative to each other
      the two springs are compressed. The springs are chosen and the holding
      members designed so as to minimize the degree of variation which can occur
      during a control process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an rpm regulator for fuel injection pumps
      associated with internal combustion engines of the type having a pivotable
      control lever which actuates a fuel quantity control sleeve of the
      injection pump. The control lever is urged to pivot by an rpm-dependent
      force which is opposed by the force exerted by a regulating spring
      assembly located in the suction chamber of the injection pump. The
      regulating spring assembly can be arbitrarily pre-compressed by an
      adjustment lever, and it includes at least one control spring lodged in a
      holding device consisting of two holding members.
PAR  When it is desired to obtain a low degree of variation during terminal
      downward regulation in fuel injection pumps which use centrifugal
      governors as rpm signal generators, the regulator springs must be weak
      (soft), and they may also be pre-compressed. Alternatively, a combination
      consisting of several springs of which one is a weak, pre-compressed
      spring, may be provided. The limit of the achievable degree of variation
      is set by the degree of softness of the spring which is used as a control
      spring in the injection pump while avoiding negative influences on the
      control process caused by the high frequency mechanical oscillations
      generated in the operation of the injection pump. Such influences would
      adversely affect the fuel regulation and hence also the quiet and smooth
      running of the internal combustion engine which is supplied by the
      injection pump.
PAR  A known regulator of the above-described type uses a tension spring which
      has one end hooked onto a first connecting member between a setting lever
      and a control lever and has the other end hooked onto a second connecting
      member between the setting lever and the control lever. The second
      connecting member is pressed by the tension spring against the head of a
      screw threaded into the first connecting member, with the pre-compression
      of the tension spring being determined by the depth of insertion of the
      screw.
PAR  This arrangement has the disadvantage that the hook-on points of the spring
      can be unintentionally displaced, which would result in a change of the
      pre-compression of the spring during the operation of the pump. In
      addition, this mechanism is not stable with respect to lateral forces and
      buckling. Furthermore, when the regulator regulates downwardly, i.e.
      toward shut-off, and the second connecting member lifts off from the head
      of the screw, and oscillation of the entire assembly may occur. In this
      installation the setting lever at first determines the injected fuel
      quantity by means of the pre-compressed spring. The soft spring becomes
      effective only in the case of downward regulation and only after the
      pre-compression of the control spring has been overcome by the centrifugal
      force governor, so that, as has already been described above, a certain
      degree of variation determined by the softness of the spring, may be
      achieved. However, this degree of variation cannot be as small as desired
      due to the propensity of this arrangement to malfunction.
PAR  Another rpm governor is known in which centrifugal forces displace a
      bushing on a shaft against the force of a control spring. This bushing is
      provided with a throttle aperture for the purpose of damping any
      oscillations; during changes of the volume enclosed between the shaft and
      the bushing, fuel is displaced through the throttle aperture. In this way,
      mechanical oscillations which might affect the regulator are damped
      throughout the entire effective domain of the rpm governor. However, this
      mechanism cannot achieve precise damping aimed at special operational
      points and at the conditions prevailing there. In particular, it might be
      undesirable if the damping effect in the middle operational domain were
      too high to permit a sufficiently fast-acting control process.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a regulating spring
      assembly for use in an rpm governor of the above-mentioned kind for a fuel
      injection pump, by means of which an especially low degree of variation
      may be achieved.
PAR  This object, and others, are achieved according to the invention, in that
      the control spring assembly consists of at least two separate compression
      springs which are held in position by two holding members. The springs are
      separated by a piston that moves sealingly in a cylinder, the bottom end
      of which is closed and which serves as the first holding member. When a
      tensile force causes the relative motion of the two holding members with
      respect to one another, the springs are compressed. The volume enclosed
      between the bottom of the cylinder and the piston is filled with fuel and
      is in constant communication with the suction chamber of the pump through
      a throttle aperture.
PAR  In this way, advantageously, only one of the two control springs and the
      control domain associated with that spring is subject to additional
      damping by the throttle, so that this one spring may be made weaker than
      would be justifiable without the additional damping.
PAR  In an advantageous development of the invention, the cylinder is provided
      with an internal stop against which the piston may be pressed by a
      compression spring enclosed between the bottom of the cylinder and the
      piston, whereas the other compression spring is lodged between the piston
      and a U-shaped second holding member which partially extends into the
      cylinder and partially envelops it. This arrangement has the first
      advantage that the compression spring held between the bottom of the
      cylinder and the piston may be made very soft. Secondly, this spring
      becomes effective only after its pre-compression force has been overcome,
      for example in the downward controlling region, i.e. toward shut-off. In
      this way, a very low coefficient of fluctuations may be attained.
PAR  It is another advantageous feature of the invention that the second holding
      member is embodied as a stamped metal part and that the cylinder is
      equipped with longitudinal slits through which the second holding member
      partially extends into the cylinder.
PAR  It is yet another advantageous feature of the invention that the cylinder
      is provided near its bottom with two diametrically opposite, fork-shaped
      guide tabs which are engaged by the second holding member. In this manner,
      the cylinder is precisely guided and positioned in the surrounding holding
      member so that buckling or oscillation of the control spring assembly,
      which would adversely affect the control process, is not possible.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Two exemplary embodiments of the invention are shown in the drawing and are
      described in detail below:
PAR  FIG. 1 is a cross-section through a fuel injection pump including the rpm
      regulator according to the invention;
PAR  FIG. 2 is a more detailed view of a first exemplary embodiment of the
      control spring assembly according to the invention;
PAR  FIG. 3 is a more detailed view of a second exemplary embodiment of the
      control spring assembly according to the invention;
PAR  FIG. 4 shows a set of characteristic curves which are obtained when using
      the control spring assembly according to FIG. 2; and
PAR  FIG. 5 shows a set of characteristic curves applicable when using the
      exemplary embodiment of the control spring assembly according to FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to FIG. 1, a schematically represented housing 1 of a fuel
      injection pump is shown, within which certain of the operative elements
      are housed. The housing 1 includes a bore 2 within which a pump piston 3
      is mounted. The piston 3 is set for simultaneous rotating and
      reciprocating motion by means (not shown). The bore 2 and piston 3 define
      a working chamber 4. The pump working chamber 4 is supplied with fuel
      through a respective one of a plurality of longitudinal grooves 5 formed
      in the outer surface of the pump piston 3 and through a bore 6 extending
      within the housing 1 and communicating with a suction chamber 7. Fuel is
      supplied to the chamber 4 while the pump piston 3 executes its suction
      stroke, or while it occupies its bottom dead-center position. As soon as
      the bore 6 is closed or hydraulically disconnected from the grooves 5 by
      rotation of the pump piston 3, fuel contained within the pump working
      chamber 4 is delivered as follows: through a longitudinal channel 8
      extending within the pump piston 3; through a radial bore 9 and a
      longitudinal distributing groove 10, both formed in the wall of the pump
      piston 3; to one of several pressure conduits 11, which are distributed
      about the periphery of the bore 2 and whose number corresponds to the
      number of cylinders of the internal combustion engine (not shown); past a
      check valve 12 and thence to an injection valve (not shown) associated
      with each cylinder.
PAR  A fuel pump 13 delivers fuel from a fuel tank 14 to the suction chamber 7.
      A pressure control valve 15 so controls the pressure in the suction
      chamber 7 that, in a known manner, the pressure in the suction chamber 7
      increases with increasing rpm.
PAR  Located on the pump piston 3 is an annular control sleeve 16 which controls
      the extent to which a radial bore 17 communicating with the axial bore 8
      opens during the pressure stroke of the piston 3 in order to limit the
      total delivered fuel quantity. Once this aperture is opened, fuel can flow
      back into the suction chamber 7.
PAR  The control sleeve 16 is displaced by a control lever 19 which pivots about
      a shaft 20. For this purpose, the control lever 19 has a spherical head 21
      thereon on one side of the shaft 20 which engages a recess 22 within the
      control sleeve 16. The other side of the control lever 19 is engaged by a
      member of a centrifugal force governor 24 acting as an rpm
      signal-generator which exerts its force against the control lever 19 in
      opposition to the force of a regulator spring assembly 25 also acting on
      the control lever 19. The centrifugal force governor 24 includes a carrier
      26 for flyweights 27. The flyweights 27 and the carrier 26 are rotated by
      a gear train (not shown) in constant proportion to the rpm of the pump
      piston. The resultant centrifugal forces cause the excursion of the
      flyweights 27 and they displace a sleeve 28 located on the axis of the
      governor. The sleeve 28 exerts an rpm-dependent force on the control lever
      19 at a single point. The farther the control sleeve 16 is moved
      downwardly by the pivotal motion of the control lever 19, the smaller is
      the fuel quantity delivered by the injection pump since the radial bore 17
      is opened earlier during the delivery stroke of the pump piston 3 and a
      larger proportion of the fuel quantity which could have been delivered by
      the pump piston 3 flows back into the suction chamber 7. The maximum
      delivered fuel quantity is determined by the uppermost position of the
      control sleeve 16 and this position is limited by an eccentrically
      adjustable stop 30 for the control lever 19. The extent of the downward
      displacement of the control sleeve 16 at a certain rpm depends on the
      force exerted by the regulating spring assembly 25 on the control lever
      19.
PAR  The construction of the regulating spring assembly 25 will now be described
      in further detail with reference to FIG. 2. The spring assembly consists
      essentially of two holding members. The first holding member is a cylinder
      31 with a closed bottom 32. Fastened to its upper end is a rod 33 which
      extends through a hole 34 in the control lever 19 and has a head 35.
      Located in the upper half of the cylinder are two diametrically opposite,
      longitudinal slits 38 which are engaged by the hook-shaped ends 39 of a
      generally U-shaped second holding member 40. The holding member 40 is
      preferably a stamped metal part and is guided in the longitudinal slits 38
      and also within two fork-shaped tabs 41 which extend radially outward from
      the bottom region of the cylinder and are diametrically opposed. For
      additional lateral guidance, each of the hook-shaped ends 39 of the second
      holding member 40 is equipped with a guide rail 42.
PAR  A spring support 44 is connected to the hook-shaped ends 39 within the
      interior of the cylinder 31. A compression spring 46 is supported between
      the spring support 44 and a piston 45, sealingly slidable with the
      cylinder 31. A second compression spring 47 is lodged between the bottom
      32 and the piston 45. These two compression springs press the bottom of
      the cylinder 31 against a stop 48 formed on the U-shaped second holding
      member 40 enveloping the cylinder 31.
PAR  The bottom of the piston 45 is provided with a throttle aperture 49 through
      which fuel contained within the cylinder may flow to equalize the pressure
      when the piston is displaced. In the position shown in FIG. 2, the
      pre-compressed springs 46, 47 cause the two holding members of the control
      spring assembly to act as a rigid body disposed between the control lever
      19 and a setting lever 50 (FIG. 1). A stud 52, to which the setting lever
      50 is connected, passes through a hole 51 in the U-shaped second holding
      member 40. Thus the setting lever 50, which may be arbitrarily turned from
      outside the pump housing via a lever 53 and a shaft 54, can change the
      pre-compression of the springs 46 and 47 by causing the relative axial
      motion of the cylinder 31 with respect to the U-shaped holding member 40.
      An idling spring 55 is also disposed between the head 35 and the control
      lever 19.
PAR  The rpm-regulator operates in the following manner: when the fuel injection
      pump is stopped, the control lever is biased into the engagement with the
      stop 30 as shown in FIG. 1, so that the control sleeve 16 is in a position
      which corresponds to maximum fuel delivery. When the lever 53 is
      completely pulled back, the head 35 is in the position shown in FIG. 2,
      i.e. it is lifted off from the control lever 19 by the idling spring 55.
      After the start-up of the engine, the control lever 19 is pivoted about
      the axis 20 by the centrifugal force governor 24 in opposition to the
      force of the idling spring 55. The quantity of fuel supplied by the
      injection pump thus decreases from the full-load quantity to the idling
      quantity. At the outset, the control spring assembly 25 acts as a rigid
      body due to the pre-compression of the springs 46 and 47, so that the
      rotation of the lever 53 results in a desired quantity of injected fuel.
      However, when the rpm increases to a point at which the clockwise torque
      exerted on the control lever 19 by the centrifugal forces exceeds the
      counterclockwise torque resulting from the pre-compression of the control
      springs 46 and 47, then these springs are further compressed so that the
      control lever 19 may pivot clockwise about its axis, displacing the
      control sleeve 16 downwardly, thus reducing the injected fuel quantity.
PAR  The regulator is now regulating downwardly, i.e. toward "stop." In this
      process it is advantageous if the two control springs 46 and 47, of which
      the control spring 47 is an especially soft spring, are precompressed
      approximately so as to correspond to the terminal minimum rpm. This
      mechanism produces the characteristic curves shown in the diagram of FIG.
      4. This graph displays the control path S traversed by the control sleeve
      16 as a function of the rpm n for various conditions of load. If a steep
      decrease of the characteristic curve at the terminal rpm, such as is shown
      in FIG. 4, is to be achieved, i.e. if a very small degree of variation
      must be attained, then the control springs must be very soft springs. The
      intermediate piston 45, provided with the throttle bore 49, prevents
      oscillations of the control mechanism and, hence, of the rpm of the
      internal combustion engine, in the downward regulating domain of the rpm
      regulator. Thus, high-frequency fluctuations of the control forces of the
      rpm-regulator can affect only the more rigid spring 46. Similarly, the
      precise guidance of the cylinder 31 within the U-shaped holding member 40
      prevents oscillation of the control spring assembly 25. Such an
      oscillation would change the injected fuel quantity in a periodic manner
      and would make the internal combustion engine run very rough.
PAR  FIG. 3 depicts a second embodiment of the invention. The control spring
      assembly 25' shown there is substantially identical to the control spring
      assembly 25 of FIG. 2, i.e. the basic functions of the assembly are the
      same as before. The novelty with respect to the previously described
      control spring assembly is that the cylinder 31' of the control spring
      assembly 25' has an internal, central stop 43 against which the piston 45
      is pressed by the control spring 47 lodged between the piston and the
      cylinder bottom 32. In this embodiment, the throttle aperture 49' is
      located in the bottom 32 of the cylinder. In this embodiment, because of
      the stop 43, the pre-compression of the lower, soft control spring 47 can
      be made greater than that of the upper control spring 46. Thus, during a
      relative motion of the cylinder 31' with respect to the U-shaped holding
      member 40, the stiffer control spring 46 is compressed first until its
      force of compression is equal to the force of pre-compression of the
      weaker control spring 47. At this point, a steep downward regulating
      process begins and its behavior is primarily determined by the
      characteristic curve of the weak control spring 47, as is shown in the
      schematic diagram of FIG. 5. This diagram also shows the control path S
      traversed by the control sleeve 16 as a function of the rpm n. As in the
      previous embodiment during downward regulation, the throttle 49' prevents
      high-frequency disturbing oscillations from affecting the regulating
      process and, hence, the rpm of the internal combustion engine. Such
      influences, which would be triggered primarily by the weak control spring
      47, are damped by the throttle, i.e. as concerns high frequency
      oscillations, the control spring 47, disposed between the piston 45 and
      the cylinder bottom 32 within a closed-off fuel volume, acts as a rigid
      body. The low frequency control motions, however, can easily alter the
      degree of compression of the control spring.
PAR  Of course, it would be possible to change the cross section of the throttle
      aperture by means of a screw or the like and the aperture could be located
      in the cylinder bottom 32, in the piston 49 or in some non-closable
      location of the cylinder wall. Similarly, the pre-compression of the
      control springs could be changed by the insertion of spacer discs or by
      adjusting the stops by means of a screw.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an rpm regulator for use with a fuel injection pump associated with
      an internal combustion engine, said regulator including a housing within
      which a suction chamber is defined, a control lever, a regulating spring
      assembly including at least one spring connected to the control lever, a
      device for generating an rpm signal and applying a corresponding force to
      the control lever in opposition to a force exerted by the regulating
      spring assembly, and an adjustment lever connected to the regulating
      spring assembly for adjusting the preload exerted by the regulating spring
      assembly, the improvement in the regulating spring assembly comprising:
PA1  a. two holding members;
PA1  b. two compression springs mounted within the holding members;
PA1  c. a cylinder having a closed bottom portion and serving as one of the
      holding members; and
PA1  d. a piston sealingly displaceable within said cylinder, said piston
      including a throttle aperture therein and defining an enclosed volume with
      said cylinder between said piston and the bottom portion of said cylinder,
      said enclosed volume being filled with fuel and being in communication
      with the suction chamber through said aperture, wherein said piston serves
      to separate the two compression springs from each other, and wherein
      relative outward movement of said holding members results in compression
      of said springs.
NUM  2.
PAR  2. An rpm regulator as defined in claim 1, wherein the other holding member
      is U-shaped and partially envelopes said cylinder, said other holding
      member including a portion which extends into said cylinder and serves to
      contain one of the springs between said piston and said portion, wherein
      the other spring is contained within said enclosed volume, and wherein
      said cylinder is provided with an internally extending stop against which
      said piston is biased by said other spring.
NUM  3.
PAR  3. An rpm regulator as defined in claim 2, wherein the other holding member
      comprises a stamped metal part, and wherein said cylinder includes a pair
      of longitudinal slits formed in its wall through which said portion
      extends.
NUM  4.
PAR  4. An rpm regulator as defined in claim 3, wherein said cylinder includes a
      pair of fork-shaped guide tabs near the closed bottom portion thereof
      which are engaged by said other holding member.
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PAL  An elongated upstanding bearing block is provided and rotatably supports a
      bladed axial flow impeller from the upper end thereof with the axis of
      rotation of the impeller extending longitudinally of the bearing block. A
      pair of support arms are carried by and spaced about the block and include
      upper end portions outwardly displaced from corresponding peripheral
      portions of the block. The upper ends of the support arms are secured to
      peripherally spaced portions of a split expansion ring at points spaced
      from overlapped ends of the ring and a generally cylindrical screen body
      is disposed about the bearing block in spaced relation thereto and about
      the support arms and the split ring with the upper end of the cylindrical
      screen body being placed under expansive tension by means of the expansion
      ring, the upper end of the screen body being positionable within the inlet
      port of an intake manifold and retained therein by the expansive forces
      acting upon the upper end of the screen body by the split expansion ring.
      Further, a heat coil is spiralled about the bearing block spaced inwardly
      of the screen body and outwardly of the block and the opposite ends of the
      coil extend downwardly below the bearing block and the lower end of the
      screen body for projection into an underlying exhaust passage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of fuel atomizing devices have been heretofore designed for
      the purpose of enabling and causing the liquid fuel components of a liquid
      fuel and air mixture entering the intake manifold of a combustion engine
      to be more completely atomized and thus fully vaporized. However, a large
      percentage of these previously devised fuel atomizing structures have for
      one reason or another not performed in a manner to promote the greatest
      efficiency of operation of the associated combustion engine. Examples of
      previously patented fuel atomizing devices including some of the basic
      structural features of the instant invention are disclosed in U.S. Pat.
      Nos. 1,061,655, 1,074,136, 1,132,351, 1,462,750 and 2,140,425.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The fuel atomizing device of the instant invention utilizes a rotary bladed
      axial flow impeller jounaled from a bearing block to be supported within
      an intake manifold in registry with the inlet port or opening of the
      manifold to receive a fuel and air mixture from an associated carburetor.
      The bearing block and axial flow impeller are housed within a cylindrical
      screen body supported in generally concentric position relative to the
      impeller and with the screen body spaced radially outwardly from the
      impeller and bearing block. The bearing block includes structure by which
      the screen body is stationarily supported therefrom and the screen body
      may be radially and circumferentially expanded into tight frictional
      engagement at its inlet end within the aforementioned inlet port for the
      associated intake manifold. Also, a heat conductive tubular coil is
      disposed within the screen body in spaced relation relative to the latter
      and the bearing block and includes open opposite ends for direct
      communication with an adjacent exhaust passage whereby heat from the
      exhaust of the combustion engine may be utilized to warm the air and fuel
      mixture passing through the fuel atomizing device.
PAR  The main object of this invention is to provide an apparatus which will
      function to break up and more finely atomize liquid fuel droplets in an
      air and fuel mixture being inducted into the intake passages of the intake
      manifold of a combustion engine.
PAR  Another object of this invention is to provide a fuel atomizing device
      which will automatically function to more evenly distribute the overall
      volume of liquid fuel inducted into the intake manifold of a
      multi-cylinder combustion engine to each of the cylinders of the engine.
PAR  Still another object of this invention is to provide a fuel atomizing
      device which will function in a manner to more completely atomize liquid
      fuel being inducted into the intake passages of an internal combustion
      engine and thus result in more efficient operation of the engine.
PAR  Yet another object of this invention is to provide a fuel atomizing device
      in accordance with the preceding objects which will operate in an
      automatic manner to more completely vaporize the liquid fuel being
      inducted into an associated internal combustion engine.
PAR  A further important object of this invention is to provide a fuel atomizing
      device having a minimum number of moving parts and moving parts
      constructed in a manner so as to be adequately lubricated by the liquid
      fuel droplets inducted into the associated internal combustion engine.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a fuel atomizing device in accordance with the preceding objects
      and which will conform to conventional forms of manufacture, be of simple
      construction and easy to install so as to provide a device that will be
      economically feasible, long lasting and trouble free in installation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the fuel atomizing device of the instant
      invention;
PAR  FIG. 2 is a vertical sectional view illustrating the fuel atomizing device
      operatively associated with the air and fuel induction passages of an
      associated intake manifold; and
PAR  FIG. 3 is an enlarged horizontal sectional view taken substantially upon
      the plane indicated by the section line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates an intake manifold including an air induction passage 12 formed
      therein. The manifold 10 includes an inlet port 14 which opens laterally
      into a central portion of the passage 12 at substantially right angles
      relative thereto and the base mounting flange 16 of a conventional form of
      carburetor referred to in general by the reference numeral 18 is removably
      mounted on the manifold 10 with the outlet end of the fuel and air passage
      20 extending through the carburetor 18 in registry with the inlet port 14.
PAR  The intake manifold 10 further is of the type superimposed upon an exhaust
      manifold portion 22 defining an exhaust passage 24 therein with the
      exhaust manifold portion 22 in good heat conducting relation with the
      adjacent portion 25 of the intake manifold 10.
PAR  The fuel atomizing device of the instant invention is generally referred to
      by the reference numeral 26 and includes a cylindrical bearing block 28
      having an axial passage 30 formed therethrough. The opposite ends of the
      passage 30 include counterbores 32 and 34 in which bearing members 36 and
      38 are seated.
PAR  An impeller shaft 40 is journaled through the axial passage or bore 30 and
      the bearing members 36 and 38. The lower end of the shaft 40 includes an
      enlargement 42 thereon opposing the lower end of the bearing member 38 and
      the upper end of the shaft 40 has a thrust washer 44 mounted thereon which
      opposes the upper end face of the bearing member 36. That portion of the
      shaft 40 which projects above the thrust washer 44 has a bladed axial flow
      impeller 46 mounted thereon.
PAR  Diametrically opposite portions of the bearing block 28 have lower end
      portions 48 and 50 of a pair of mounting arms 52 and 54 secured thereto
      and the mounting arms 52 and 54 include parallel outwardly displaced upper
      end portions 56 and 58 secured to diametrically opposite portions of a
      split expansion ring 60 having overlapped ends 62 and 64. A cylindrical
      screen body encloses the bearing block 28, the mounting arms 52 and 54 and
      the impeller 46. The lower end portion of the screen body 66 is spaced
      radially outwardly of the lower end portions 48 and 50 of the mounting
      arms 52 and 54 and the upper end portion of the screen body 66 snugly
      embraces the upper end portions 56 and 58 of the mounting arms 52 and 54.
      The upper terminal end of the screen body 66 is radially and
      circumferentially expanded into tight frictional seated engagement within
      the inlet port 14 by the expansion ring 16.
PAR  It will be noted that when the fuel atomizing device 26 is mounted within
      the passage 12 of the manifold 10 the lower end of the screen body 66 is
      but slightly spaced from the inner surfaces of the manifold 10 defining
      those wall portions of the passage 12 opposing the inlet port 14. Also,
      the atomizing device 26 includes a tubular coil 70 extending about the
      bearing block 28 in spaced relation relative thereto and inwardly spaced
      from the adjacent portions of the screen body 66. The tubular coil 70
      includes opposite end portions which project downwardly and through
      aligned bores 72 and 74 formed in the contacting wall portions of the
      manifold 10 and the exhaust manifold portion 22, the opposite end portions
      of the tubular coil 70 being designated by the reference numerals 76 and
      78 and opening into the passage 24. In this manner, exhaust gases from the
      passage 24 may circulate through the tubular coil 70 in order to heat the
      latter and thus the air and fuel mixture inducted into the manifold 10
      will be heated by the coil 70.
PAR  In operation, the atomizing device 26 is mounted within the inlet port 14
      of the intake manifold 10 as illustrated in FIG. 2 of the drawings and
      hereinbefore described with the opposite ends of the coil 70 projecting
      through the aligned bores 72 and 74. As a mixture of air and fuel is
      inducted into the manifold 10 thrugh the intake port 14 the impeller 46 is
      caused to rotate at a high speed and thus the inducted air and fuel
      mixture passing between the blades of the impeller 46 has great turbulence
      imparted thereto and is subsequently heated by the coil 70 and thereafter
      forced outwardly through the screen body 66. Accordingly, the air and fuel
      mixture inducted into the manifold 10 is acted upon three different times
      in succession in a manner to improve the vaporization of any liquid fuel
      droplets remaining in the air and fuel mixture.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination an internal combustion engine including an intake
      manifold of the type including a main passage extending therethrough and
      an inlet port opening transversely into said passage intermediate its
      opposite ends, a fuel atomizing device comprising a central elongated
      bearing block, a rotary bladed axial impeller journaled from and outwardly
      of one end of said block, a cylindrical screen body substantially
      concentrically disposed about said block and said impeller in spaced
      relation thereto and with the latter spaced inwardly of one inlet end of
      said body, and mounting means stationarily supporting said block in
      position within said body and the latter from said manifold with said
      inlet end of said screen body disposed within the inlet port of said
      manifold and the remainder of said screen body extending substantially
      fully transversely across the central passage of the manifold into which
      said inlet port opens, said mounting means including a pair of opposite
      side elongated arms supported from said block and having one pair of ends
      thereof projecting endwise outwardly of said one end of said block, a
      split expansion ring disposed outwardly of said one end of said block and
      to peripherally spaced portions thereof said one pair of arm ends are
      secured, said expansion ring being expanded in said inlet end of said body
      and thereby expanding said inlet end of said screen body into seated
      position within said port.
NUM  2.
PAR  2. The combination of claim 1 wherein said journal block has a central bore
      formed therethrough, the opposite ends of said bore including enlarged
      counterbores, bearing assemblies disposed in said counterbores, a shaft
      extending through said bore and having its opposite ends journaled from
      said block by said bearing assemblies, said shaft having said impeller
      mounted thereon.
NUM  3.
PAR  3. The combination of claim 1 including a heat conductive coil disposed
      about said block within said screen body spaced from the latter and said
      block, the opposite ends of said coil including inlet and outlet end
      portions projecting endwise outwardly of the lower end of said screen body
      for passage into an adjacent exhaust manifold exhaust gas passage.
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PAL  An internal combustion engine ignition system wherein both arc-creating and
      arc-maintaining voltages are applied to the spark plug or plugs through a
      single ignition transformer energized through a single primary circuit in
      the well-known "Kettering" circuit. A switch in the primary circuit,
      preferably a transistor, repeatedly switches "on" and "off" to create a
      plurality of primary current on and current off events during each
      ignition period. The ignition coil primary to secondary turns ratio, the
      duration of the current on and current off events, and the various circuit
      parameters are chosen (a) to create by transformer action an ignition
      arc-sustaining potential of sufficient magnitude to maintain a previously
      initiated ignition arc across the spark plug arc gap as the current builds
      up during each current on event; (b) to generate an initial high inductive
      discharge arc-striking voltage spike across the spark plug air gap when
      the switch is abruptly switched off at the commencement of the subsequent
      current off event; and (c) to create a sustained arc-maintaining voltage
      for the balance of the switch off event after the arc is struck due to the
      inductive current decrement under arcing conditions. As a consequence of
      this action, the arc is normally struck at the inception of the first off
      event and is maintained until after the last on event, and at the same
      time the arc may be restruck at the commencement of any of the subsequent
      off events should it go out.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 397,766, filed Sept. 17, 1973 now abandoned.
BSUM
PAR  This invention relates to an internal combustion engine ignition system
      and, more specifically, to an internal combustion engine ignition system
      which produces an ignition spark or arc of a predetermined, relatively
      prolonged, duration for each engine cylinder and has restrike capability
      at successive times during such duration.
PAR  As is well known in the automotive art, the combustible fuel-air mixture in
      each of the cylinders of an internal combustion engine during each
      compression stroke is ignited at or near the conclusion of the compression
      stroke by an electrical spark produced by the associated ignition system.
      The ignition spark or arc, therefore, must be of sufficient intensity to
      initiate combustion of sufficient duration to insure that combustion is
      reliably established, and of sufficient energy to provide complete
      combustion. Further, it is desirable that the arc re-establish itself if
      for any reason it is lost.
PAR  The system of the present invention advantageously uses the characteristic
      of an arc to be maintained by a relatively low voltage, once established.
      At the same time, if arc blowout occurs, it is restarted by the recurrent
      arc-creating voltage spikes. It operates in a transformer mode during each
      primary current on period, in an inductive discharge mode during the
      initial part of each current off period and in an inductive current
      decrement mode during the balance of each current off period. In brief,
      the ignition system utilizes the general circuit arrangement of the
      transformer or Kettering type ignition system, using a simple transformer
      connection with a primary current control switch. However, the primary
      switch (preferably a transistor) is switched on and off a plurality of
      times (e.g., 7 times) during each ignition period (e.g., a period of 7.5
      milliseconds). During each on time, primary current flow, and transformer
      magnetic flux, increase at a substantially constant rate. This induces in
      the secondary winding an approximately constant voltage of, for example, 3
      killovolts due to transformer action. This voltage value is sufficient to
      create across the spark plug arc terminals a voltage in excess of the
      approximately 800 volts required to maintain an arc, if previously
      established. By the use of a very short on period (such as 500
      microseconds), the required approximately constant time rate of
      transformer flux increase is achieved with a relatively small sized
      transformer core and correspondingly smaller overall transformer size than
      would otherwise be required. In this fashion the successive on periods
      take advantage of the relatively low voltage requirement for maintaining
      the arc, once established. At the same time, however, the current
      increases progressively during each on period so that at the end of the
      period when primary current is abruptly terminated (at a time when there
      is no arc), an arc-creating voltage spike, such as 15 kilovolts or more,
      is created across the transformer secondary. This voltage spike is
      characterized by an exceptionally high rate of voltage rise, making it
      unusually effective in establishing the arc. This action is similar to
      that of a conventional Kettering inductive discharge ignition system,
      except that a plurality of such primary current off events occur during
      each ignition period, providing a succession of times of arc-restrike
      capability, and the rate of voltage rise is exceptionally rapid. Further,
      since the on time can be (and preferably is) made independent of engine
      speed, and is very short, the transformer size and switching duty cycle
      need not handle the heavy currents normally associated with engine
      cranking or low engine speed and maintained at a relatively constant value
      before interruption. After the arc-creating high voltage spike on each off
      period, the voltage quickly falls to a lower voltage associated with the
      inductive decrement type of current flow through the arc. For the duration
      of the off period, however, the voltage at the spark plug is maintained at
      an arc-maintaining value (i.e., over about 800 volts).
PAR  In its preferred form, the system of the present invention provides a first
      current on event of about 600 micro-seconds and subsequent current on and
      current off events of about 500 microseconds each and undergoes about
      seven on events during each ignition period. With approximately these time
      parameters it has been found possible to achieve, with a relatively small
      transformer, a conspicuously rapid rate of voltage rise at the inception
      of each current off event (e.g., voltage rise in 10-20 microseconds) up to
      an arc-striking voltage spike of over 15 kilovolts, while maintaining for
      the remainder of each off event and for the duration of each on event an
      arc-maintaining secondary voltage of about 3 kilovolts. Preferably, a
      resistance is provided in the secondary winding circuit to minimize
      reaction on the primary circuit due to secondary currents and thereby
      limit the duty cycle of the switch. Various arrangements can be used to
      control the total arc duration and the primary current value at the time
      of interruption. In the preferred form of the invention, the duration of
      the arc is increased at reduced engine speed and the primary current value
      at the time of each termination is maintained substantially uniform
      throughout the ignition event.
PAR  The present invention may be mechanized in various ways. In the form
      specifically described hereafter, the switch is in the form of a
      transistor having its emitter-collector electrodes in series with the
      transformer primary. A substantially square wave voltage of value
      sufficient to cause alternate events of maximum conduction and
      nonconduction through the emitter-collector electrodes is applied to the
      base-emitter electrodes for a predetermined time, such as 7.5
      milliseconds, constituting the ignition period. These alternate events
      have a fundamental frequency that is relatively high, such as one
      kilohertz. This frequency is determined by the total of the time period
      required to bring the primary current to a value that is capable of
      striking an arc, when interrupted, and the time period during which the
      current can be off and the arc reliably sustained. Either a longer or a
      shorter period that is required for this action is undesirable. This
      provides, for example, a succession of eight on periods of 500
      microseconds each separated by seven off periods of like length. Suitable
      timing mechanism operated by the engine initiates the first on period at
      proper time in advance of desired first ignition to terminate that on
      period and start the first off period when the arc is to be established.
PAR  More particularly, in the preferred mechanism herein described
      specifically, a free-running multivibrator generates the switching wave
      and is gated by a sharp "start" pulse established in response to engine
      rotation. Suitable timing means gates the multivibrator off at the
      conclusion of the ignition period. An alternative mechanization, which may
      be preferable under some circumstances, is described and claimed in the
      copending U.S. patent application Ser. No. 401,505, assigned to the same
      assignee as the present invention.
PAR  In accordance with a further feature of the present invention, a
      substantial resistance, such as 30 kilohms, an provided in the secondary
      circuit of the transformer. This resistance reduces the current flow in
      the secondary under transformer action, and accordingly, the primary
      current. While such resistance tends to degrade performance of the
      secondary circuit, it has been found that on balance a significant overall
      benefit is achieved.
PAR  The system of the present invention can create an arc for whatever period
      is desirable, within a broad range of values. In accordance with one
      feature of the present invention, this capability is advantageously used
      to provide a longer arc duration when the engine is cranking or running
      slowly than at higher engine speeds. Further, in accordance with another
      feature of the present invention, the duration of each on period is
      controlled so as to compensate for the initial current value that occurs
      when the prior off period is terminated while the arc exists.
PAR  It is, therefore, a general object of this invention to provide an improved
      internal combustion engine ignition system.
PAR  It is an additional object of this invention to provide an improved
      internal combustion engine ignition system which produces an ignition arc
      and maintains the arc for a predetermined period of time, through
      mechanism that advantageously uses the lessened voltage requirement for
      arc-maintenance and succession of primary on and off current periods for
      each ignition event, coupled with transformer action at some times,
      inductive discharge action at other times, and inductive decrement action
      at still other times.
PAR  It is another object of this invention to provide an improved internal
      combustion engine ignition system in which an arc restrike capability is
      provided at the inception of each of a plurality of primary current off
      periods during each ignition event, and an arc-maintaining capability
      exists at all other times.
PAR  It is another object of the present invention to provide an improved
      internal combustion engine ignition system in which a plurality of
      ignition coil primary winding current on and current off periods occur
      during each ignition event and wherein the system is so constructed and
      arranged that an arc-establishing voltage is created and thereafter a
      voltage normally capable of maintaining the arc continuously subsists for
      the balance of a plurality of current on and current off periods composing
      the ignition event.
PAR  A more specific object of the present invention is to provide an improved
      internal combustion engine ignition system wherein current on and current
      off periods occur in the ignition coil primary winding at a repetition
      rate of about 1 millisecond, and during a period of a plurality of cycles
      defining the balance of the ignition event, during which time the
      secondary voltage is maintained at a voltage sufficient to provide an
      arc-sustaining voltage in excess of about 800 volts of the spark plug
      terminals so as to maintain the arc.
PAR  Still another object of the present invention is to provide an improved
      internal combustion engine ignition system wherein the above-described
      action takes place, the system is characterized by an ignition coil of
      comparatively small size, a high rate of voltage rise on each current off
      period, and a suitability for use with semiconductor switch elements, and
      necessary controls that are reliable, inexpensive and otherwise practical
      in internal combustion engine ignition systems, and further is
      characterized by a high degree of flexibility for the accommodation of
      differing engine requirements.
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PAR  For a better understanding of the present invention, together with
      additional objects; advantages, and features thereof, reference is made to
      the following description and accompanying drawings in which:
PAR  FIG. 1 sets forth an internal combustion engine ignition system of this
      invention in schematic form;
PAR  FIG. 1A is a fragmentary circuit diagram of an illustrative current
      feedback arrangement for controlling the transformer primary on time.
PAR  FIG. 2 sets forth an alternate embodiment of the internal combustion engine
      ignition system of this invention in schematic form;
PAR  FIG. 3 is a set of curves useful in understanding the operation of the
      circuitry of FIGS. 1 and 2, the curves showing operation with on time
      period termination at a fixed current value.
PAR  FIG. 4 sets forth, in schematic form, a signal shaper circuit suitable for
      use with the ignition system of this invention;
PAR  FIG. 5 sets forth, in schematic form, a gated free-running multivibrator
      circuit suitable for use with the ignition system of this invention as set
      forth in FIG. 1;
PAR  FIG. 6 sets forth, in schematic form, a transistor driver circuit suitable
      for use with the gated free-running multivibrator circuits of FIGS. 5 and
      8;
PAR  FIG. 7 sets forth, in schematic form, a potential controllable monostable
      multivibrator circuit suitable for use with the ignition system of this
      invention as set forth in FIG. 2;
PAR  FIG. 8 sets forth, in schematic form, a potential controllable gated
      free-running multivibrator circuit suitable for use with the ignition
      system of this invention as set forth in FIG. 2; and
PAR  FIG. 9 sets forth, in schematic form, a circuit arrangement for
      electromagnetically producing ignition signals for the embodiments of the
      ignition system of this invention of both FIGS. 1 and 2.
PAR  Point of reference or ground potential has been illustrated in FIGS. 1, 2,
      6, 7 and 9 by the accepted schematic symbol and referenced by the numeral
      5.
DETD
PAC  GENERAL SYSTEM DESCRIPTION
PAR  The internal combustion engine ignition system of this invention will be
      briefly described with reference to FIGS. 1, 2 and 6. Transistor 20 of
      FIGS. 1 and 2 and the transistor Darlington pair 20a and 20b of FIG. 6
      function as the electrical switching device in the energizing circuit of
      the ignition coil primary winding 15 and, therefore, are operated in On
      and Off modes, being conductive through the collector-emitter electrodes
      during the On mode and not conductive through the collector-emitter
      electrodes during the Off mode. The primary winding energizing circuit
      switching transistor is operated to the On mode each time an ignition arc
      is to be initiated and, independent of engine operation, to the Off mode
      after a predetermined On mode time and thereafter alternately to thee On
      and Off modes for a predetermined period of time during which ignition
      spark energy is to be applied to the engine spark plug across the
      electrodes of which an ignition arc has been initiated. Each time the
      switching transistor is operated to the On mode to establish the ignition
      coil primary winding energizing circuit, the increasing flow of primary
      winding energizing circuit through the primary winding produces a changing
      magnetic field which links the secondary winding and induces, by
      transformer action, in the secondary winding an ignition arc-sustaining
      potential which is of a sufficient magnitude to maintain any previously
      initiated ignition arc. Each time the switching transistor is operated to
      the Off mode to abruptly interrupt the primary winding energizing circuit,
      the abrupt interruption of primary winding energizing current flow results
      (if there is no arc) in a rapidly collapsing magnetic field which induces,
      by induction coil action, in the secondary winding an ignition
      arc-initiating potential which is of a sufficient magnitude to initiate an
      ignition arc across the electrodes of the engine spark plug to which it is
      directed. The ignition coil primary winding has an inductance value which,
      with rated energizing current flow therethrough, will store sufficient
      energy to maintain the initiated ignition arc in inductive decrement
      action, until the next operation of the switching transistor to the On
      mode. The internal combustion engine ignition system of this invention,
      therefore, provides an ignition arc for the duration of the predetermined
      period of time during which ignition spark energy is to be supplied to
      each engine spark plug and, additionally, has the capability of
      re-initiating the ignition arc each time the switching transistor is
      operated to the Off mode should the ignition arc extinguish during any of
      the predetermined periods of time. To provide these features, the ignition
      coil must have a primary to secondary winding turns ratio, for example of
      the order of 1:200 with a 12 volt system, such that the increasing primary
      winding energizing current flow while the switching transistor is in the
      On mode produces an increasing magnetic field which induces, by
      transformer action, an ignition arc-sustaining potential in the secondary
      winding of a magnitude sufficient to maintain a previously initiated
      ignition arc, for example, 2400 volts; the cross-section area of the
      magnetic iron of the core of the ignition coil must be great enough that
      the core does not saturate during the periods the switching transistor is
      operating in the On mode and the primary winding must have an inductance
      value which, with rated primary winding energizing current flow
      therethrough, will provide sufficient stored energy to charge the total
      secondary output capacitance to a desired peak value, whereby upon the
      operation of the switching transistor to the Off mode an ignition spark
      potential will be induced in the secondary winding which rapidly increases
      toward a value in excess of that required to initiate an ignition arc, and
      to maintain an ignition arc during the periods the switching transistor is
      operating in the Off mode.
PAR  Without intention or inference of a limitation thereto, in the remainder of
      this specification, two practical embodiments of the internal combustion
      engine ignition system of this invention are described in detail.
PAR  In FIGS. 1 and 2 of the drawings, wherein like elements have been assigned
      like characters of reference, respective embodiments of the internal
      combustion engine ignition system of this invention are set forth in
      schematic form in combination with a source of direct current potential,
      which may be a conventional storage battery 3, and an ignition distributor
      6 having a movable electrical contact 7, rotated in timed relationship
      with an associated engine, through which ignition spark energy is directed
      to the spark plugs of the engine individually, in a manner well known in
      the automotive art.
PAR  The internal combustion engine with which both hereindescribed specific
      embodiments of the ignition system of this invention may be used is set
      forth in block form, is referenced by the numeral 10 and is illustrated as
      having four spark plugs 1S, 2S, 3S and 4S, each having an arc gap in
      communication with the combustion chamber of the associated cylinder, as
      is well known in the automotive art. It is to be specifically understood,
      however, that both embodiments of the ignition system of this invention
      may be used with internal combustion engines having more or less cylinders
      and also with rotary type engines.
PAR  Preferably mounted within ignition distributor 6 is a pair of ignition
      distributor breaker contacts 4 which are operated to the electrical
      circuit open and closed conditions in timed relationship with engine 10 by
      a distributor cam 8 rotated by engine 10 in a manner well known in the
      automotive art. Capacitor 2 is the ignition capacitor connected across the
      breaker contacts 4.
PAR  To supply operating potential to either embodiment, movable contact 11 of
      an electrical switch 13 may be closed to stationary contact 12 to supply
      battery potential across lead 14 and point of reference or ground
      potential 5. Movable contact 11 and stationary contact 12 of electrical
      switch 13 may be a pair of normally open ignition contacts included in a
      conventional automotive ignition switch of the type well know in the
      automotive art. For purposes of the following description, it will be
      assumed that movable contact 11 is closed to stationary contact 12.
PAR  The ignition coil 18 of each embodiment has a magnetic core 17, a primary
      winding 15, and a secondary winding 16. During the buildup of the flow of
      an energizing current through primary winding 15, a magnetic flux in core
      17 is produced in approximate proportion to the current. This flux links
      the secondary winding 16, which is connected to the movable electrical
      contact 7 of ignition distributor 6. An arc-initiating potential of
      sufficient magnitude to initiate an ignition arc across the arc gap of the
      spark plugs 1S, 2S, 3S or 4S connected by distributor 7 is induced by
      inductive discharge action in secondary winding 16 upon the interruption
      of the flow of energizing current through primary winding 15, in a manner
      well known in the automotive art. The primary winding turns ratio of the
      transformer, and the energizing primary current at the moment of
      interruption are chosen to produce a voltage spike at this time sufficient
      to produce an arc. The off period subsists for a sufficiently short time
      after the arc is initiated to maintain the ignition arc across each spark
      plug arc gap as the inductive current decrement takes place. Ignition coil
      18 is additionally designed to have a primary to secondary windings turns
      ratio such that, during the buildup of energizing current through primary
      winding 15, a potential of sufficient magnitude to maintain the ignition
      arc initiated across each spark plug arc gap is induced by transformer
      action in secondary winding 16. If desirable, ignition coil 18 may have an
      open magnetic core. That is, magnetic core 17 may have an air gap of the
      order of .015 inch, as is well known in the automotive art. In an
      exemplary practical application of the ignition system of this invention,
      ignition coil 18 had 11 primary winding turns and 2200 secondary winding
      turns, which is a turns ratio of 1:200; a primary winding energizing
      current maximum at the time of interruption of about 30 amperes at 12
      primary winding volts, and a primary winding inductance of 200
      microhenries. The stored primary winding energy (W.sub.p) in joules is
      equal to one-half the product of the primary winding inductance (L) in
      henries and the square of the primary winding energizing current (I) in
      amperes, as expressed by the formula W.sub.p = (LI.sup.2 /2) joules.
      Therefore, with a primary winding inductance of 200 microhenries and a
      primary winding energizing current of 30 amperes, this coil provided 90
      milljoules of stored primary winding energy.
PAR  In both embodiments herein described, the electrical switching device is of
      a type which may be operated in response to electrical signals to the
      electrical circuit off and on conditions for the flow of energizing
      current from the source of direct current potential, battery 3, through
      the primary winding 15 of ignition coil 18. This switching device is shown
      as a type NPN transistor 20. However, any other electrical switching
      device having similar electrical characteristics may be substituted
      therefor without departing from the spirit of the invention. The collector
      electrode 22 and emitter electrode 23 of the transistor 20, and primary
      winding 15 of ignition coil 18, are connected in series across the battery
      3, through switch 13 and lead 14 and through point of reference or ground
      potential 5.
PAR  Referring to the embodiment of FIG. 1, while engine 10 is in the running
      mode, ignition distributor breaker contacts 4 are operated to the
      electrical circuit open condition each time one of the equally spaced
      lobes of ignition distributor cam 8 passes by cam follower or rubbing
      block 9. Upon each operation of breaker contacts 4 to the electrical
      circuit open condition, a positive voltage increase defining a timing
      signal appears across junction 25 and point of reference or ground
      potential 5. In this embodiment, wherein each ignition event is a
      predetermined number of degrees of crankshaft rotation, the equally spaced
      lobes of distributor cam 8 are designed to maintain ignition distributor
      breaker contacts 4 open for such predetermined number of degrees of engine
      crankshaft rotation. This is the period of time ignition spark energy is
      applied to each spark plug of the engine. Therefore, as engine 10 rotates
      distributor cam 8 to operate breaker contacts 4 open and closed, a timing
      signal for each successive spark plug firing of engine 10 is produced
      across junction 25 and the point of reference or ground potential 5, and
      is maintained for a duration of time corresponding to the period of time
      ignition spark energy is to be applied to the spark plug.
PAR  For purposes of this specification, and without intention or inference of a
      limitation thereto, it will be assumed that ignition spark energy is to be
      applied to each of spark plugs 1S, 2S, 3S and 4S of engine 10 for a period
      of 45 crankshaft degrees which, at 1000 rpm, is equal to 7.50 milliseconds
      of time. Therefore, each one of the equally spaced four lobes of ignition
      distributor cam 8 is designed to maintain ignition breaker contacts 4 open
      for 45.degree.  of crankshaft rotation of engine 10. This timing signal is
      illustrated by curve A of FIG. 3 at 1000 engine rpm which is a duration of
      7.50 milliseconds.
PAR  The timing signal is filtered by the resistor 26 and capacitor 27 filter
      circuit combination and shaped to a substantially square waveform
      electrical signal by a conventional signal shaper circuit 30. As this
      signal shaper circuit may be any one of the many conventional signal
      shaper circuits well known in the electronics art, it has been illustrated
      in block form. A signal shaper circuit suitable for use with this
      application is set forth schematically in FIG. 4 and explained in detail
      later in this specification.
PAR  Each of the filtered and shaped timing signals is applied to the input
      circuit of an oscillator circuit, which may be a gated free-running
      multivibrator circuit 40 which produces a series of output signals of the
      same polarity and of a predetermined repetition rate in response to and
      for the duration of each one of the timing signals. A gated free-running
      multivibrator circuit operates as a free-running oscillator so long as a
      potential is applied thereto, in a manner well known in the art. Without
      intention or inference of a limitation thereto, in a practical application
      of the ignition system circuit of this invention, this gated free-running
      multivibrator circuit had a frequency of 1  kilocycle per second. As gated
      free-running multivibrator circuit 40 may be any one of the many
      conventional gated free-running multivibrator circuits well known in the
      electronics art, it has been illustrated in block form. One example of a
      gated free-running multivibrator circuit suitable for use with this
      application is schematically set forth in FIG. 5 and explained in detail
      later in this specification. The series of output signals produced by
      gated free-running multivibrator circuit 40 are of a positive polarity
      with respect to point of reference or ground potential 5, as illustrated
      by curve B of FIG. 3 which shows these signals to begin upon the
      occurrence of a timing signal and cease at the end of the timing signal.
      The output signals produced by gated free-running multivibrator circuit 40
      are applied to the base-emitter space path of transistor 20, which serves
      as the electrical switching device to open and close the circuit through
      primary 15. The positive output signals of gated free-running
      multivibrator circuit 40 are applied across the base electrode 21 and
      emitter electrode 23 of NPN switching transistor 20 in the proper polarity
      relationship to produce base-emitter drive current and, consequently,
      collector-emitter conduction, through the NPN transistor 20.
PAC  PRACTICAL SYSTEM OPERATION
PAR  Upon the occurrence of the initial positive output signal of the series of
      electrical output signals produced by gated free-running multivibrator
      circuit 40, switching transistor 20 is thus rendered conductive through
      the collector-emitter electrodes. During the time period T1, curve B of
      FIG. 3, of the initial positive polarity output signal of multivibrator
      circuit 40, switching transistor 20 conducts, completing a circuit for the
      flow of ignition coil primary winding energizing current. The circuit may
      be traced from the positive polarity terminal of battery 3 through switch
      13, lead 14, primary winding 15, the collector-emitter electrodes of
      switching transistor 20 and point of reference or ground potential 5 to
      the negative polarity terminal of battery 3. The primary winding
      energizing current increases approximately linearly during time period T1,
      as shown in FIG. 3C, and produces a progressively increasing magnetic
      flux. This links secondary winding 16 and induces therein, by transformer
      action, an ignition arc-sustaining potential of approximately 2400 volts.
      At the end of the on period, approximately 90 millijoules of energy is
      stored in the transformer. The arc-sustaining potential induced in
      secondary winding 16 is of no important effect during time period T1 as it
      typically requires 9  kilovolts to 18  kilovolts to initiate an ignition
      arc across the arc gap between the electrodes of the engine spark plug to
      which it is directed. At the conclusion of the initial positive polarity
      signal from gated free-running multivibrator circuit 40, i.e., the end of
      time period T1 and the beginning of time period T2, transistor 20 abruptly
      interrupts the ignition coil primary winding energizing circuit. The
      resulting rapidly collapsing magnetic field induces, by induction coil
      action, an ignition arc-initiating potential in secondary winding 16 of
      ignition coil. As secondary winding 16 is open-circuited at the time of
      the interruption of the primary winding energizing circuit, the
      arc-initiating potential induced in secondary winding 16 increases
      rapidly, curve D of FIG. 3, producing a voltage spike as shown. This
      voltage rises rapidly to 14  kilovolts or more, for example, which is
      great enough to ionize the gas within the arc gap between the electrodes
      of the engine spark plug to which it is directed and initiate an ignition
      arc across the arc gap of that spark plug. Following arc initiation, the
      voltage across the secondary winding falls in inductive decrement action,
      that is, with the rate of change of flux progressively declining. As shown
      in curve 3D, the potential during the balance of time period T2
      progressively declines to say, 2  kilovolts. This value is sufficient to
      maintain the ignition arc current, curve E of FIG. 3.
PAR  Upon the occurrence of the next positive polarity output signal of the
      series of output signals of gated free-running multivibrator circuit 40,
      i.e., time period T3, transistor 20 is again rendered conductive through
      the collector-emitter electrodes to complete the ignition coil primary
      winding energizing circuit to supply current to the ignition coil primary
      winding 15, as shown in curve C of FIG. 3. The flow of energizing current
      through ignition coil primary winding 15 is initially of a magnitude
      determined by the energy level remaining in the coil at the end of the
      inductive decrement action period and the secondary load current picked up
      by the primary winding at the start of the transformer action period T3
      and increases during the time period T3. The consequent increasing
      magnetic field induces, by transformer action, an ignition arc-sustaining
      potential in secondary winding 16 of a sufficient magnitude, such as
      approximately 2400 volts, to maintain the ignition arc across the fired
      plug, curve D of FIG. 3, and again stores energy in primary winding 15. At
      the conclusion of this positive polarity output signal from gated
      free-running multivibrator circuit 40, the end of time period T3,
      transistor 20 extinguishes to abruptly interrupt the ignition coil primary
      winding energizing circuit. The resulting rapidly collapsing magnetic
      field induces, by induction coil action, the arc-initiating potential of a
      negative polarity in secondary winding 16 which, with the arc previously
      subsisting, is limited to approximately 2  kilovolts, the magnitude
      required to maintain the ignition arc of the fired plug, curve D of FIG.
      3. This sequence continues so long as multivibrator circuit 40 produces
      successive positive polarity output signals, i.e., until the end of the
      timing signal.
PAR  It may be noted that the time period T1 of the initial output signal pulse
      of free-running multivibrator circuit 40 is of a longer duration than the
      subsequent output signal pulses. This longer duration initial pulse
      provides a longer period of time for the flow of ignition coil primary
      winding energizing current. Preferably, the primary winding energizing
      current increases in magnitude from zero to approximately the same maximum
      value during the initial period T1 that it reaches at the conclusion of
      each subsequent free-running multivibrator pulse, such as T3. This insures
      that sufficient energy is stored in the primary winding during the initial
      free-running multivibrator output signal pulse, time period T1, to produce
      an ignition arc when the primary winding energizing circuit is abruptly
      interrupted at the beginning of time period T2, and at the same time an
      unnecessarily high current is not created and required to be interrupted
      in the subsequent periods such as T3. The free-running multivibrator
      circuit described hereafter with respect to FIG. 5 inherently tends to
      provide the longer initial output pulse. In the alternative, the on
      periods T1, T3, etc. can be terminated in response to predetermined
      instantaneous current so as to always interrupt the same current at the
      termination of each on period.
PAR  Should the ignition arc extinguish at any time during the period of any of
      the timing signals, the next interruption of the flow of energizing
      current through ignition coil primary winding 15 produces a
      spark-initiating potential in secondary winding 16 by inductive coil
      action in the same manner as above described with respect to the first
      such interruption (end of period T1). In this fashion the present
      invention provides an ignition arc restrike capability at the end of each
      time period during which the switching transistor is operated in the on
      mode.
PAR  As shown in curve D, FIG. 3, the polarity of the ignition coil secondary
      voltage reverses at the end of the respective primary current on and
      primary current off periods. As the current wave thus passes through zero,
      the instantaneous current in the arc is zero. However, the time rate of
      voltage change across the arc at each such occasion is so rapid that the
      arc space remains ionized and the arc is quickly re-established at a
      relatively low voltage without requiring the large voltage necessary to
      strike the arc after it has been off for a significant period. In the
      present description we have described the arc as being normally continuous
      for the duration of the ignition period, but it should be understood that
      this is so only in the practical sense of continued ionization and since
      the voltage across the arc does instantaneously pass through zero.
PAR  In the event that for some reason the arc does not strike on the initial
      voltage spike at the beginning of time period T2, FIG. 3 (or the
      corresponding time at the beginning of a later current off period when the
      arc is out), or has been extinguished prior to such time, the voltage
      across the ignition coil secondary winding 16 goes to a very high value,
      such as 40 kilovolts. This high voltage capability, coupled with the rapid
      rate of voltage increase hereinafter described, aids in the establishment
      or re-establishment of the arc under adverse conditions.
PAR  During the transformer action period (i.e., current flow in primary 15),
      the potential induced in secondary winding 16 may produce more arc current
      flow than is desirable. Such flow, reflected in the primary, unnecessarily
      increases the current requirement of transistor 20. To reduce the current,
      a resistor is connected in series with each of the engine spark plugs and
      has an ohmic value which will limit the ignition arc current to a desired
      value, for example 50  milliamperes, thereby avoiding unnecessary primary
      winding current. These resistors are referenced in the drawing by numerals
      1R, 2R, 3R and 4R, respectively.
PAR  It is apparent from the curves of FIG. 3 that from the beginning of the
      timing signal, curve A, to the initiation of the ignition spark which
      occurs at the beginning of arc current, curve E, there is a fixed time
      delay equal to the time period required for the ignition coil primary
      winding energizing current to reach a predetermined magnitude. The fixed
      time delay between the beginning of the timing signal and the initiation
      of the spark results in a retardation of the spark, as is well known in
      the automotive art. This spark retard is compensated for by the initial
      distributor timing and the use of the proper spark advance curve. For
      example, a spark retard of about 0.5 milliseconds between the beginning of
      the timing signal and the initiation of the ignition spark requires a
      distributor spark advance compensation of about 3.degree. per 1000 engine
      rpm.
PAR  The duration of the total arcing period, that is, the 7.5 millisecond
      period shown in FIG. 3A, may be determined in several ways. One way,
      illustrated in FIG. 1 and described above, is by crankshaft angle. With
      reference to FIG. 1, the cam 8 rotates at half of crankshaft speed (in a
      four stroke cycle engine) and has four flats as illustrated (for a
      four-cylinder engine). The cam follower, indicated at 9, rides on the cam
      and supports the movable contact arm in conventional manner as shown, so
      that the contacts 4 make contact four successive times for every full
      rotation of cam 8. The configuration of the cam, together with the
      follower 9, and the adjustment of the contacts 4, collectively cause the
      contacts 4 to be in open position for a predetermined portion of the time
      as the cam rotates, for example 45 crankshaft degrees as discussed above.
      Using this control, the duration of the arc increases as speed decreases a
      feature that provides a generally desirable increased arc duration for
      cranking and slow speed engine operation. It should be noted, however,
      that unlike conventional Kettering type ignition systems, this increased
      arc duration does not involve increased current interruption requirements
      but instead only increases the number of on and off periods that occur
      during the arc period. If desired, a magnetic pickup arrangement may be
      used in lieu of the cam type shown in FIG. 1, in which event the duration
      of the arcing time can be similarly set. In another variation, which has
      been successfully used, the arc termination may be effected by a separate
      turn-off signal responsive to a specific crankshaft position, such as top
      dead center of the piston involved. In either event, the duration of the
      arcing time established by crankshaft angle is not related to the period
      of current buildup in the transformer winding and in this respect is
      unlike the "dwell" period setting of a conventional Kettering type
      ignition system.
PAR  In the alternative, the arc duration may be controlled independently of
      crankshaft position, as by a separate time control. Such arrangement is
      described hereafter with reference to FIG. 2. In an arrangement of this
      type, the time can be programmed in response to engine speed deceleration,
      or some other factor conducive to improved engine operation. For example,
      the duration may be extremely long for engine start, may be somewhat
      extended during deceleration, and may be rather short for normal running,
      so as to accommodate engine characteristics.
PAR  As shown by FIG. 3C, there is no "holding" of some current flow in the
      primary winding 15 prior to interruption to produce an inductive
      discharge. Rather, the current is abruptly terminated while it is still
      increasing in approximately linear fashion. In this respect the system of
      the present invention is unlike the conventional Kettering type system.
      There are two basic ways to control the time when the current is
      interrupted in the system of the present invention, time control and
      current feedback control. Time control is described above with reference
      to FIG. 1 and FIG. 3. By this technique the length of each on time of
      transistor 20 is controlled, as by the period of the free-running
      multivibrator 40. In this arrangement, the multivibrator may be adjusted
      (as by a bias voltage applied to terminal D, FIG. 5), to program the on
      time in accordance with variations in supply voltage or other variables,
      as desired.
PAR  Current feedback control of the on time of the primary winding 15 causes
      abrupt interruption of current flow when some predetermined instantaneous
      current value is reached. With a free-running multivibrator such as
      illustrated at 40, FIG. 1, and in the illustrative circuit arrangement of
      FIG. 5, a voltage responsive to the current flow in the winding 15 can be
      fed back to the terminal D, so as to trigger the multivibrator slightly in
      advance of the time it would self-trigger. An exemplary circuit for this
      purpose is shown in fragmentary form in FIG. 1A. In this circuit, a
      resistance 100 is provided in the path of the current flow through winding
      15 and transistor 20 so as to develop a positive-going voltage in
      proportion to such current flow, thus producing a wave form like FIG. 3C.
      This voltage is applied to the base of transistor 102 to produce a supply
      of current carriers therein in proportion to the voltage. The resultant
      current reduces the voltage at terminal D more rapidly than otherwise so
      as to advance the time of multivibrator shift. The multivibrator is
      designed to operate free-running so as to terminate each on period at a
      slightly later time than is required to produce the desired interrupt
      current in the winding 15. The feedback circuit of FIG. 1A thus
      accelerates the free-running action so as to trigger the multivibrator off
      at the proper advanced time wherein the predetermined current value
      desired is interrupted at the instant such current occurs in the primary
      winding. Preferably, the feedback circuitry includes non-linear elements
      (not shown) which sharply increases the voltage applied to the base
      electrodes of transistor 102 as the current in winding 15 approaches the
      desired cutoff value, so that the multivibrator is positively and
      accurately turned off when the desired current is reached. Capacitor 44
      should be sized to minimize the effect of this feedback action on the off
      time. Alternatively, current feedback may be achieved by other circuitry,
      such as that described in corresponding U.S. patent application Ser. No.
      401,505.
PAR  Current feedback control is advantageous in that the value of the current
      on interruption, and hence the inductive discharge arc-creating voltage
      applied to the spark plugs, is at a uniform, high value, and at the same
      time the system is not required to handle any greater interrupt load, nor
      need it be designed to achieve the necessary transformer action at a
      higher current. It will be noted by reference to FIG. 3C that after the
      first on time, each primary winding current wave commences with a
      substantial initial current. The initial magnitude of this current is
      determined by the energy remaining in the coil at the end of the inductive
      decrement discharge period and the secondary current picked up by the
      primary winding at the start of the transformer action period. With
      current feedback control of the duration of the subsequent on time, the
      duration of such subsequent on times is significantly shorter than the
      first on time, as shown in FIG. 3. The current feedback control thereby
      compensates for the initial current and advantageously holds the current
      interrupted at a uniform value.
PAR  The duration of each current off time is preferably made substantially
      constant. In the circuit above-described with reference to FIG. 1 and
      having the operating characteristics illustrated in FIG. 3, this off time
      is the restoration period of the free-running multivibrator, described
      hereafter in further detail with reference to FIG. 5. It has been found
      that the off period can advantageously be made substantially equal to the
      on period, as described above, a characteristic that is readily achieved
      with a multivibrator of the type shown in FIG. 5. In any arrangement, the
      duration of the off period is made no greater than the time period the arc
      can be maintained by inductive discharge action, so that when the next on
      time is initiated there is an existing arc and transformer action alone
      sufficient to maintain the arc thereafter, as described above. It is
      desirable to terminate each off period when the secondary voltage has
      fallen to the lowest value that reliably sustains the arc.
PAR  The pertinent specifications of each of three illustrative ignition
      transformers that have been employed in practical applications of the
      novel internal combustion ignition system of this invention are set forth
      in the following table:
TBL               COIL No. 1                                                   
                          COIL No. 2                                           
                                    COIL No. 3                                 
     ______________________________________                                    
     PRIMARY TURNS  11        17        11                                     
     SECONDARY TURNS                                                           
                    2200      3000      3000                                   
     PRIMARY INDUCTANCE                                                        
                    200       350       150                                    
     (microhenries)                                                            
     SECONDARY INDUCTANCE                                                      
                    8.2       14.4      14.4                                   
     (henries)                                                                 
     PRIMARY CURRENT AT                                                        
                    30        15        30                                     
     TIME OF INTERRUPTION                                                      
     (amperes)                                                                 
     STORED ENERGY  90        57        90                                     
     (millijoules)                                                             
     MAGNETIC CORE AREA                                                        
                    .625      .625      .625                                   
     (inches)                                                                  
     AIR GAP (inches)                                                          
                    .008      .008      .008                                   
     ______________________________________                                    
PAR  With each of the above transformers and a 12 volt battery, arc durations of
      the order of 7.5 milliseconds, peak arc currents of the order of 85
      milliamperes, and total arc energies of the order of 400 millijoules can
      be obtained.
PAR  The foregoing transformer designs importantly differ from equivalent
      designs made for conventional Kettering type systems with a single primary
      current interruption for each ignition period. In such conventional
      systems, it is desirable to maintain the arc by inductive decrement action
      for a substantial period, such as 1.8 milliseconds in a high energy
      system. In a system constructed in accordance with the present invention,
      the arc needs to be maintained by such action only for a shorter period,
      such as 500 microseconds. It is therefore possible with the present
      invention to design the transformer with a relatively smaller number of
      secondary turns (and corresponding number of primary turns). Further, by
      winding the secondary with many layers separated with paper or other
      insulation and with a space between each turn, the secondary capacity can
      be effectively reduced. We have produced transformers having secondary
      capacitance approximately one-fifth of that required for a conventional
      equivalent high energy system. This very low output capacitance provides a
      faster voltage rise and a higher maximum peak arc-striking voltage than
      otherwise, both of which characteristics aid in establishing the arc under
      adverse conditions.
PAC  DESCRIPTION OF ILLUSTRATIVE COMPONENT CIRCUITS
PAR  The signal shaper circuit 30 and the gated free-running multivibrator
      circuit 40 used with practical applications of the internal combustion
      engine ignition system circuit of this invention are set forth
      schematically in respective FIGS. 4 and 5 and employ two input NAND gates.
      The NAND gate is a commercially available logic circuit element well known
      in the art which requires a logic 1 signal on each of the input terminals
      to produce a logic 0 signal upon the output terminal thereof. NAND gates
      suitable for use for this application are marketed by RCA under the
      designation, "Type CD4011." For purposes of this specification, a logic 1
      signal is a potential signal of a positive polarity and a logic 0 signal
      is of ground potential.
PAR  Referring to FIG. 4, the signal shaper circuit used with the embodiments of
      FIGS. 1 and 2 is set forth schematically. A logic 0 input signal applied
      to both input terminals of NAND gate 31, in parallel, through input
      terminal 33 and input resistor 34 produces a logic 1 signal upon the
      output terminal thereof. This logic 1 signal, applied to both input
      terminals of NAND gate 32, in parallel, produces a logic 0 signal upon the
      output terminal thereof and the signal shaper circuit output terminal 35.
      A logic 1 signal applied to both input terminals of NAND gate 31, in
      parallel, through input terminal 33 and input resistor 34 produces a logic
      0 signal upon the output terminal thereof. This logic 0 signal is applied
      to both input terminals of NAND gate 32, in parallel, which results in a
      logic 1 signal upon the output terminal thereof and upon the signal shaper
      circuit output terminal 35. Feedback resistor 36 serves to produce a sharp
      switching action, consequently, the output signal of this signal shaper
      circuit is of a square waveform pulse having substantially vertical
      leading and trailing edges. This signal shaper circuit may be employed
      with the embodiments of FIGS. 1 and 2 by connecting input terminal 33 to
      junction 24 between resistor 26 and capacitor 27. While the ignition
      distributor breaker contacts 4 are operated to the electrical circuit
      closed condition, a logic 0 signal is applied to both input terminals of
      NAND gate 31 and while the ignition distributor breaker contacts 4 are
      operated to the electrical circuit open condition, a logic 1 signal is
      applied to both input terminals of NAND gate 31. Consequently, this signal
      shaper circuit will produce a square waveform logic 1 signal output pulse
      of a width equal to the duration of time that the ignition distributor
      breaker contacts 4 are operated to the electrical circuit open condition.
PAR  Referring to FIG. 5, the gated free-running multivibrator circuit used with
      the embodiment of FIG. 1 is set forth schematically. The application of a
      logic 0 signal, curve A of FIG. 5, to one of the input terminals of NAND
      gate 41 connected to the free-running multivibrator circuit input terminal
      43 produces a logic 1 signal upon the output terminal thereof, curve B of
      FIG. 5. This logic 1 signal is applied to both input terminals of NAND
      gate 42, in parallel, which results in a logic 0 signal upon the output
      terminal thereof, curve C of FIG. 5, and commences the charge of capacitor
      44 through the parallel combination of resistor 46 and resistor 59 and
      diode 47 in series and the output transistor of NAND gate 42, curve D of
      FIG. 5. When capacitor 44 has become charged, a logic 1 signal is present
      upon the other input terminal of NAND gate 41 through resistor 48. The
      application, at this time, of a logic 1 signal to the one of the input
      terminals of NAND gate 41 connected to input terminal 43, curve A of FIG.
      5, produces a logic 0 signal upon the output terminal thereof, curve B of
      FIG. 5. This logic 0 signal is applied to both input terminals of NAND
      gate 42, in parallel, which results in a logic 1 signal upon the output
      terminal thereof, curve C of FIG. 5, and also upon the free-running
      multivibrator circuit output terminal 45. With a logic 0 output signal
      present upon the output terminal of NAND gate 41 and a logic 1 output
      signal present upon the output terminal of NAND gate 42, the potential of
      the signal present upon junction D, curve D of FIG. 5, substantially
      doubles, as the potential of this signal is added to the potential of the
      charge upon capacitor 44, and capacitor 44 begins to discharge to ground
      through resistor 46 and the output transistor of NAND gate 41. As
      capacitor 44 discharges, the potential of the signal upon junction D
      reduces in magnitude toward a logic 0 signal or ground potential, curve D
      of FIG. 5, until it reaches a magnitude at which it appears as a logic 0
      signal upon the input terminal of NAND gate 41 connected thereto through
      resistor 48. At this time, a logic 1 signal appears upon the output
      terminal of NAND gate 41, curve B of FIG. 5, and a logic 0 signal appears
      upon the output terminal of NAND gate 42, curve C of FIG. 5, and capacitor
      44 again begins to charge through the charging circuit previously
      described. The sequence just described repeats so long as a logic 1 signal
      is maintained upon the gated free-running multivibrator circuit input
      terminal 43, consequently, this gated free-running multivibrator circuit
      produces a series of substantially square waveform logic 1 output signals
      upon the output terminal 45 thereof of a frequency as determined by the
      R-C time constant of the discharge circuit for capacitor 44. As an output
      signal appears upon output terminal 45 while capacitor 44 is discharging,
      the ohmic value of resistor 46 determines both the frequency and the on
      time of this free-running multivibrator circuit. If desired, and as above
      described with reference to FIG. 1A, the duration of the on time may be
      controlled by an appropriate trigger signal applied to point D, FIG. 5.
      The series combination of resistor 59 and diode 47 is connected in
      parallel with resistor 46 to provide a low impedance path through which
      capacitor 44 may rapidly charge with the presence of a logic 1 signal upon
      the output terminal of NAND gate 41 and a logic 0 signal upon the output
      terminal of NAND gate 42. To use this gated free-running multivibrator
      circuit with the embodiment of FIG. 1, input terminal 43 is connected to
      the output terminal of signal shaper circuit 30, output terminal 35 of the
      signal shaper circuit of FIG. 4 if this circuit is so used, and output
      terminal 45 is connected to the switching transistor 20. While the
      ignition distributor breaker contacts 4 are operated to the electrical
      circuit closed condition, a logic 0 signal is applied to the one of the
      input terminals of NAND gate 41 connected to input terminal 43 and while
      the ignition distributor breaker contacts 4 are operated to the electrical
      circuit open condition, a logic 1 signal is applied to the one input
      terminal of NAND gate 41 connected to input terminal 43. Consequently,
      this gated free-running multivibrator circuit will continue to oscillate
      and produce a series of logic 1 output signals for the duration of the
      timing signal.
PAR  In a practical application of the circuit of this invention, the output
      transistor of NAND gate 42 of the gated free-running multivibrator circuit
      40 was incapable of supplying sufficient drive current to produce
      collector-emitter saturation conduction in the ignition coil primary
      winding switching transistor 20. Consequently, a transistor driver
      circuit, as schematically set forth in FIG. 6, was employed. The input
      terminal 52 of the transistor driver circuit is connected to the output
      terminal 45 of the multivibrator circuits of FIGS. 5 and 8. A type NPN
      transistor Darlington pair, referenced by the numerals 20a and 20b in FIG.
      6, may be substituted for ignition coil primary winding switching
      transistor 20 should the magnitude of the desired energizing current for
      primary winding 15 so dictate. With lead 51 connected to the positive
      polarity terminal of a direct current potential source and driver circuit
      input terminal 52 connected to an external source of logic 0 and logic 1
      signals, the presence of a logic 0 signal upon input terminal 52 provides
      a forward anode-cathode bias for diode 53 which conducts to complete a
      circuit for the flow of current from lead 51 through resistor 54, diode 53
      and the external signal source. With diode 53 conducting, diode 56
      compensates for the voltage drop thereacross, therefore, the potential
      upon junction 58 is of an insufficient magnitude to produce base-emitter
      drive current through NPN transistor 50, consequently, the remainder of
      the circuit is inactive. With a logic 1 signal present upon input terminal
      52, diode 53 is reverse biased thereby and, consequently, is not
      conductive. With diode 53 not conductive, battery potential is applied
      across the series combination of resistor 54, diode 56 and resistor 57
      which produces a flow of current therethrough which develops a potential
      across resistor 57 of a positive polarity upon junction 58 with respect to
      point of reference or ground potential 5. Resistor 57 improves the
      turn-off time of transistor 50 and provides noise immunity. With diode 53
      reverse biased, the potential upon junction 58 is of a sufficient
      magnitude to produce base-emitter drive current and, consequently,
      collector-emitter current flow through type NPN transistor 50 which are
      connected across the source of direct current potential through series
      resistors 61 and 62. Conducting transistor 50 completes a circuit through
      which emitter-base drive current is supplied to type PNP transistor 60,
      consequently, this device conducts through the emitter-collector
      electrodes and supplies base drive current, through resistor 63, to type
      NPN transistor 20a of the transistor Darlington pair. This base drive
      current produces collector-emitter conduction through transistors 20a and
      20b of the Darlington pair to complete the ignition coil primary winding
      energizing circuit. Resistors 64 and 65 are included to improve the
      recovery time of transistors 20a and 20b. To use this driver circuit with
      the embodiment of FIG. 1, lead 51 is connected to the positive polarity
      terminal of battery 3 and input terminal 52 is connected to the output
      terminal 45 of gated free-running multivibrator circuit 40, if the gated
      free-running multivibrator circuit of FIG. 5 is so employed. Consequently,
      each logic 1 output signal from gated free-running multivibrator circuit
      40 triggers the ignition coil primary winding switching transistor 20 or
      the switching transistor Darlington pair 20a and 20b conductive through
      the collector-emitter electrodes to complete the ignition coil primary
      winding energizing circuit. It is to be specifically understood that this
      transistor driver circuit is not absolutely necessary to the invention as
      alternate circuit elements may be employed for gated free-running
      multivibrator circuit 40 which will supply sufficient drive current to the
      ignition coil primary winding switching transistor.
PAR  In the embodiment of FIG. 2, the timing signals, curve A of FIG. 3, are
      produced by a potential controllable monostable multivibrator circuit 70
      and the series of logic 1 output signals, curve B of FIG. 3, which operate
      ignition coil primary winding switching transistor 20 conductive through
      the collector-emitter electrodes are produced by a potential controllable
      gated free-running multivibrator circuit 75. As is well known in the art,
      the monostable multivibrator circuit normally operates in a stable state
      and may be switched to an alternate state by an electrical signal, in
      which it remains for a period of time as determined by an internal R-C
      timing network. After timing out, the device spontaneously returns to the
      stable state. The time that a potential controllable monostable
      multivibrator circuit remains in the alternate state may be selectively
      varied in response to a control potential signal of a variable magnitude
      and the frequency and on time of the output signals of a potential
      controllable gated free-running multivibrator circuit may be selectively
      varied in response to a control potential signal of a variable magnitude.
PAR  While engine 10 is in the running mode, ignition distributor breaker
      contacts 4 are operated to the electrical circuit open condition each time
      one of the lobes of ignition distributor cam 8 passes by cam follower or
      rubbing block 9. Upon each operation of breaker contacts 4 to the
      electrical circuit open condition, an electrical signal appears across
      junction 25 and point of reference or ground potential 5 of a positive
      polarity upon junction 25 with respect to point of reference or ground
      potential 5. This electrical signal is filtered by the resistor 26 and
      capacitor 27 filter circuit combination and shaped to a substantially
      square waveform electrical signal by signal shaper circuit 30. Each of the
      filtered and shaped electrical signals is applied to the input circuit of
      a potential controllable monostable multivibrator circuit 70 to switch
      this device to its alternate state. Potential controllable monostable
      multivibrator circuit 70 remains in the alternate state, in which a logic
      1 signal is present upon the output terminal thereof, for a duration of
      time as determined by an internal R-C timing network. After this device
      has timed out, it spontaneously returns to the stable state of operation,
      in which a logic 0 signal is present upon the output terminal thereof.
      Consequently, potential controllable monostable multivibrator circuit 70
      produces the ignition signals, curve A or FIG. 3, of this embodiment of
      the internal combustion engine ignition system of this invention. Each of
      the timing signals produced by potential controllable monostable
      multivibrator circuit 70 is applied to the input terminal of a potential
      controllable gated free-running multivibrator circuit 75 which produces a
      series of output signals of the same polarity and of a repetition rate as
      determined by the magnitude of the control potential signal applied
      thereto for the duration of each one of the timing signals. As with the
      embodiment of FIG. 1, potential controllable gated free-running
      multivibrator circuit 75 may have a fundamental output frequency of 1
      kilocycle per second. The output signals of potential controllable gated
      free-running multivibrator circuit 75 are applied across the base-emitter
      electrodes of NPN switching transistor 20 in the proper polarity
      relationship to produce base-emitter drive current and, consequently,
      collector-emitter conduction, through an NPN transistor. As with the
      embodiment of FIG. 1, should a type PNP transistor be selected as the
      electrical switching device, the series of output signals produced by
      potential controllable gated free-running multivibrator circuit 75 must be
      of a negative or ground potential. In the event the output device of
      potential controllable gated free-running multivibrator circuit 75 is
      incapable of supplying sufficient drive current to switching transistor 20
      to produce collector-emitter saturation, the transistor drive circuit
      schematically set forth in FIG. 6 may be employed.
PAR  From this description, it is apparent that the embodiment of FIG. 2 differs
      from the embodiment of FIG. 1 to the extent that the timing signals are
      produced by a potential controllable monostable multivibrator circuit,
      hence, the duration thereof may be adjusted, as required, by varying the
      magnitude of a control potential signal to which this device is responsive
      and the series of electrical signals produced during each of the timing
      signals for operating switching transistor 20 conductive through the
      collector-emitter electrodes are produced by a potential controllable
      gated free-running multivibrator circuit, hence, the frequency and on time
      of these signals may be varied for controlling the arc current and
      potential, as required, by varying the magnitude of a control potential
      signal to which this device is responsive. That is, the arc duration may
      be selected as determined by engine requirements by establishing the
      length of time potential controllable monostable multivibrator circuit 70
      is in the alternate state and the arc current and maximum potential may be
      varied as determined by the engine requirements by selecting the on time
      of each of the series of output signals produced by potential controllable
      gated free-running multivibrator circuit 75. The longer the on time of
      each of these output signals, the greater the magnitude of the ignition
      coil primary winding energizing current, hence, a higher arc current and
      maximum potential because of the additional energy stored therein with the
      increased magnitude of energizing current. The control potential signal
      applied to potential controllable monostable multivibrator circuit 70 and
      the other control potential signal applied to potential controllable gated
      free-running multivibrator circuit 75 may be proportional to selected
      external conditions such as ambient temperature, ambient pressure, engine
      temperature, engine vacuum, engine speed, atmospheric humidity, and so
      forth.
PAR  The potential controllable monostable multivibrator circuit 70 and the
      potential controllable gated free-running multivibrator circuit 75 used
      with practical applications of the internal combustion engine ignition
      system of this invention are set forth schematically in respective FIGS. 7
      and 8. The potential controllable monostable multivibrator circuit employs
      a type "D" flip-flop circuit and both the potential controllable
      monostable multivibrator circuit and the potential controllable gated
      free-running multivibrator circuit employ a field effect transistor. The
      type D flip-flop circuit is a commercially available logic circuit element
      well known in the art which in the "Set" condition produces a logic 1
      signal upon the "Q" output terminal thereof, in the "Reset" condition
      produces a logic 0 signal upon the Q output terminal thereof and transfers
      the logic signal present upon the D input terminal to the Q output
      terminal upon the application of a logic 1 signal to the "C" clock input
      terminal. A type D flip-flop circuit suitable for use with this
      application is marketed by RCA under the designation "Type CD4013". The
      field effect transistor is a commercially available device which normally
      conducts current through the source-drain electrodes except when a control
      potential is applied to the control electrode. A field effect transistor
      suitable for use with this application may be of the P channel enhancement
      type marketed by RCA under the designation, "CD4007". A field effect
      transistor of this type conducts current through the source-drain
      electrodes and the degree of this conduction may be controlled by a
      control potential signal of a positive polarity applied to the control
      electrode thereof, the larger the magnitude of the control potential
      signal the smaller the degree of source-drain conduction. Consequently, a
      field effect transistor may be employed as a variable resistor by varying
      the magnitude of the control potential signal applied to the control
      electrode thereof.
PAR  Referring to FIG. 7, the potential controllable monostable multivibrator
      circuit used with the embodiment of FIG. 2 is set forth schematically.
      With the D input terminal of type D flip-flop circuit 80 connected to the
      positive polarity output terminal of a source of direct current operating
      potential, a logic 1 signal is maintained thereupon. With type D flip-flop
      circuit 80 in the Reset condition, with a logic 0 signal upon the Q output
      terminal thereof, upon the rise of a logic 1 signal, curve A of FIG. 7,
      applied to the C clock input terminal through input terminal 71, the logic
      1 signal upon the D input terminal is transferred to and appears as a
      logic 1 signal upon the Q output terminal thereof, curve B of FIG. 7, and
      flip-flop circuit 80 is in the Set condition. This logic 1 signal charges
      capacitor 74 through resistor 72 and the parallel combination of resistor
      73 and the source-drain electrodes of field effect transistor 85, curve C
      of FIG. 7. The charge upon capacitor 74 is applied to the R Reset terminal
      of type D flip-flop circuit 80, consequently, when capacitor 74 has become
      charged to a potential of a sufficient magnitude to reset type D flip-flop
      circuit 80, point R of curve C of FIG. 8, this device is reset to the
      condition in which a logic 0 signal is present upon the Q output terminal
      thereof, curve B of FIG. 8. At this time, capacitor 74 discharges through
      diode 76 and resistor 72 and the current carrying electrodes of the output
      transistor of type D flip-flop circuit 80, as shown by the trailing edge
      of curve C of FIG. 8. This potential controllable monostable multivibrator
      circuit may be employed with the embodiment of FIG. 2 by connecting input
      terminal 71 to the output terminal 35 of the signal shaper circuit 30 of
      FIG. 4 and the D input terminal may be connected to lead 14 of FIG. 2.
      Assuming that type D flip-flop circuit 80 is in the Reset condition, the
      substantially vertical leading edge of the logic 1 square wave output
      signal of signal shaper circuit 30 is applied as a logic 1 clock pulse to
      the C clock input terminal of type D flip-flop circuit 80 through input
      terminal 71 to transfer the logic 1 signal present upon the D terminal to
      the Q output terminal. Consequently, the leading edge of the logic 1
      output signal of signal shaper circuit 30 triggers the monostable
      multivibrator circuit 70 to the alternate state in which type D flip-flop
      circuit 70 is in the Set condition with a logic 1 signal upon the Q output
      terminal thereof. Monostable multivibrator circuit 70 remains in this
      alternate state for a period of time as determined by the R-C time
      constant of the charging circuit, previously described, for capacitor 74
      and spontaneously reverts to the stable state in which type D flip-flop
      circuit 80 is in the Reset condition with a logic 0 signal upon the Q
      output terminal thereof when the charge upon capacitor 74 has reached a
      sufficient magnitude to reset type D flip-flop circuit 80. The time t
      during which monostable multivibrator circuit 70 is in the alternate state
      with a logic 1 signal upon the Q output terminal of type D flip-flop
      circuit 80 and potential controllable monostable multivibrator circuit
      output terminal 77 is the timing signal of this embodiment. The period of
      time that type D flip-flop circuit 80 is in the Set condition with a logic
      1 signal present upon the Q output terminal thereof, which is the period
      of time monostable multivibrator circuit 70 is in the alternate state, is
      determined by the R-C time constant of the charging circuit, previously
      described, of capacitor 74. The source-drain electrodes of field effect
      transistor 85 are connected in parallel with resistor 73 in the charging
      circuit of capacitor 74 which is resistor 72 connected in series with the
      parallel combination of resistor 73 and the source-drain electrodes of
      field effect transistor 85, consequently, field effect transistor 85 may
      be employed as a variable resistor to vary the R-C time constant of this
      charging circuit. By varying the magnitude of a control potential signal
      of a positive polarity applied through input terminal 78 to control
      electrode 85a of field effect transistor 85, the degree of source-drain
      conduction therethrough may be varied to vary the R-C time constant of the
      charge circuit of capacitor 74. As an output timing signal appears upon
      output terminal 77 while capacitor 74 is charging, the length of time
      monostable multivibrator circuit 70 is in the alternate state, and hence,
      the duration of the timing signal may be selectively varied or controlled
      by varying the magnitude of a control potential signal applied to input
      terminal 78.
PAR  Referring to FIG. 8, the potential controllable gated free-running
      multivibrator circuit used with the embodiment of FIG. 2 is set forth
      schematically. This potential controllable gated free-running
      multivibrator circuit is similar to that set forth in FIG. 5, differing
      only to the extent that resistor 49 and field effect transistor 95 are
      added. Consequently, the elements of FIG. 8, which are identical to
      corresponding elements of FIG. 5, have been assigned like characters of
      reference. In the circuit of FIG. 8, field effect transistor 95 is
      employed as a variable resistor and resistor 49 is included for the
      purpose of supplying the proper bias potential to the drain electrode
      thereof. The source-drain electrodes of field effect transistor 95 are
      connected in parallel with resistor 46, in the discharge circuit of
      capacitor 44. This discharge circuit is resistor 49 in series with the
      parallel combination of resistor 46 and the source-drain electrodes of
      field effect transistor 95, consequently, field effect transistor 95 may
      be employed as a variable resistor to vary the R-C time constant of this
      discharge circuit. By varying the magnitude of a control potential signal
      of a positive polarity applied through input terminal 88 to control
      electrode 95a of field effect transistor 95, the degree of source-drain
      conduction therethrough may be varied to vary the R-C time constant of the
      discharge circuit of capacitor 44. As an output signal appears upon output
      terminal 45 while capacitor 44 is discharging, the on timing of this
      potential controllable gated free-running multivibrator circuit may be
      selectively varied or controlled by varying the magnitude of a control
      potential signal applied to input terminal 88. This potential controllable
      gated free-running multivibrator circuit may be employed with the
      embodiment of FIG. 2 by connecting input terminal 43 to the output
      terminal 77 of the monostable multivibrator circuit of FIG. 7, if this
      circuit is so used, and output terminal 45 is connected to the switching
      transistor 20. As with the embodiment of FIG. 1, if the output device of
      potential controllable gated free-running multivibrator circuit 75 is
      incapable of supplying sufficient drive current to produce
      collector-emitter saturation conduction through the ignition coil primary
      winding switching transistor 20, input terminal 52 of a transistor driver
      circuit as schematically set forth in FIG. 6 may be connected to output
      terminal 45. While an ignition signal is being produced by potential
      controllable monostable multivibrator circuit 70 in a manner previously
      described, a logic 1 signal is applied through input terminal 43 of FIG. 8
      to the input terminal of NAND gate 41 of the potential controllable gated
      free-running multivibrator circuit 75 of FIG. 8 connected thereto,
      consequently, this gated free-running multivibrator circuit will oscillate
      and produce a series of logic 1 output signals for the duration of each
      timing signal.
PAR  In FIG. 9, an alternate embodiment in which the ignition signals are
      produced by a magnetic type distributor is set forth. Magnetic
      distributors of this type are well known in the automotive art and are
      comprised of a rotor member 82 rotated by an associated internal
      combustion engine within the bore of a pole piece 83 which is magnetized
      by an annular permanent magnet, not shown. As rotor member 82 is rotated
      by the engine, an alternating current signal, as shown, is induced in
      pickup coil 84 which is filtered by the combination of resistor 81 and
      capacitor 86 and supplied through current limiting resistor 87 to the
      positive input terminal of a comparator circuit 90. The comparator circuit
      is a commercially available logic circuit element well known in the art
      having a positive polarity input terminal and a negative polarity input
      terminal. When the magnitude of a logic signal applied to the positive
      polarity input terminal is greater than the magnitude of a logic signal
      applied to the negative polarity input terminal thereof, a logic 1 signal
      appears upon the output terminal and when the magnitude of a logic signal
      is applied to the positive polarity input terminal is of a magnitude less
      than that of a logic signal applied to the negative polarity input
      terminal, a logic 0 signal appears upon the output terminal thereof. A
      comparator circuit suitable for use with this application is marketed by
      Motorola, Inc. under the designation "Type MC3302P". The output terminal
      of comparator circuit 90 is connected to the positive polarity terminal of
      battery 3 through resistor 91 and to the positive polarity input terminal
      thereof through feedback resistor 92. To provide a comparison signal upon
      the negative polarity input terminal, the series combination of resistor
      93 and resistor 94 are connected in series across the positive polarity
      terminal of battery 3 and point of reference or ground potential 5. When
      the signals induced in pickup coil 84 are of a magnitude less positive
      than the comparison signal upon junction 96 between series resistors 93
      and 94, a logic 0 signal appears upon the output terminal 96 of comparator
      circuit 90 and when these signals are of a magnitude more positive than
      the comparison signal upon junction 96, a logic 1 signal appears upon the
      output terminal 97 until the potential induced in the pickup coil 84
      reduces to a magnitude less positive than the comparison signal upon
      junction 96. The feedback resistor 92 provides a sharp switching action.
      Comparator circuit 90, therefore, functions as a signal shaper circuit
      which produces an output signal of a square waveform having substantially
      vertical leading and trailing edges. Output terminal 97 may be connected
      to the input terminal of gated free-running multivibrator circuit 40 of
      the embodiment of FIG. 1. Like the ignition distributor breaker contacts 4
      of the embodiment of FIG. 1, the signal from the magnetic distributor sets
      the arc duration to a predetermined number of degrees of engine crankshaft
      rotation with this connection. The square wave output signal of comparator
      circuit 90 may also be employed as the timing signal, in which event the
      output terminal 97 is connected to the input terminal of potential
      controllable monostable multivibrator circuit 70 of the embodiment of FIG.
      2 to transfer this circuit to the alternate state.
PAR  By providing successive transformer action, induction discharge action, and
      inductive decrement action through successive short primary current on and
      off events, the present invention achieves advantages that include the
      following:
PAR  1. The effective ignition arc duration may be preselected for a relatively
      long period of time.
PAR  2. Arc current sufficient to maintain the arc is provided over the entire
      ignition arc duration which results in high arc energy.
PAR  3. As the ignition coil primary winding energizing circuit switching device
      is operated alternately to the on and off modes at a high frequency,
      typically one kilocycle, the ignition system of this invention avoids long
      periods of dwell before the initiation of each ignition arc, thereby
      permitting higher primary peak current without dangerously overheating the
      switching device or the transformer.
PAR  4. As the stored energy need only sustain an ignition arc between
      successive energizations of the primary winding, typically 500
      microseconds, fewer primary winding turns are required than in equivalent
      high energy systems, typically 10 or 11 primary winding turns, as opposed
      to 100 or more primary winding turns of prior art transformers.
PAR  5. As fewer primary winding turns are required, fewer secondary winding
      turns are required, typically 3000 secondary winding turns with the
      transformer of this invention as opposed to 9000 or more secondary winding
      turns of an equivalent high energy system.
PAR  6. As fewer secondary turns are required, the secondary winding turns may
      be wound in layers separated from each other by paper and the turns of
      each layer may be spaced, a condition which reduces the secondary
      capacitance of the transformer, typically 20 micro-microfarads for the
      transformer of this invention as opposed to 100 micro-microfarads of an
      equivalent conventional high energy system prior art transformer, which
      results in a rapid rise time and a higher maximum peak potential.
PAR  7. The transistor switch employed in the primary winding energizing circuit
      is operated either off or in a saturated, lowest resistance, condition.
      This minimizes heating of the transistor and reduces the required
      transistor size and heat dissipation.
PAR  8. Electrical energy requirement is comparatively low because the system
      uses a single transformer and operates in an arc-maintaining low energy
      mode except on the recurrent moments of restrike capability.
PAR  9. The system readily accommodates varying types of control for the
      duration of the arc, the current at the end of each on time, and may be
      otherwise adapted to specific engine requirements and programmed to
      accommodate variations of the same with engine speed and other operating
      conditions.
PAR  Throughout this specification, specific electrical circuit elements, logic
      circuit elements, transistor types, electrical circuits and electrical
      polarities have been set forth in detail. It is to be specifically
      understood that alternate electrical circuit elements, logic circuit
      elements, transistor types, electrical circuits and compatible electrical
      polarities may be substituted therefor without departing from the spirit
      of the invention.
PAR  In the foregoing description, the secondary current after the arc strike is
      described as being in the "inductive decrement" mode. By this, we mean the
      progressively decreasing current flow due to the secondary inductance from
      the initial current value at a time constant determined by the arc
      resistance. Prior to arc strike, the secondary experiences an abrupt
      voltage spike due to inductive action, but at this time there is no
      significant current.
PAR  While a preferred embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      modifications and substitutions may be made without departing from the
      spirit of the invention which is to be limited only within the scope of
      the appended claims.
CLMS
STM   What is claimed is:
NUM  1.
PAR  1. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage sufficient
      to maintain an arc across said gap when the same has been instituted and
      for a first period of time, during which time primary current increases
      substantially linearly, the transformer further producing an arc-creating
      voltage in the secondary winding upon interruption of the current
      developed by the end of said time period, and maintaining the arc
      thereafter in inductive decrement action for a second period of time;
PA1  an electrical switching device operable to on and off modes in response to
      first and second applied voltage conditions, respectively;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a secondary circuit including said secondary winding and said arc-gap in
      series;
PA1  an oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation from said first to said second applied voltage
      conditions, and vice versa, in said first period of time and said second
      period of time, respectively, whereby at the conclusion of each said
      second period of time when an arc subsists an abrupt current increase
      occurs in the primary winding;
PA1  means responsive to instantaneous primary current flow to trigger the
      oscillator to terminate each said first period of time when the primary
      current reaches a predetermined value; and
PA1  means effective to energize said oscillator for a longer on period at low
      engine speed than at high engine speed.
NUM  2.
PAR  2. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage sufficient
      to maintain an arc across said gap when the same has been instituted and
      for a first period of time, during which time primary current increases
      substantially linearly, the transformer further producing an arc-creating
      voltage in the secondary winding upon interruption of the current
      developed by the end of said time period, and maintaining the arc
      thereafter in inductive decrement action for a second period of time;
PA1  an electrical switching device operable to on and off modes in response to
      first and second applied voltage conditions, respectively;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a secondary circuit including said secondary winding and said arc-gap in
      series;
PA1  an oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation from said first to said second applied voltage
      conditions, and vice versa, in said first period of time and said second
      period of time, respectively, whereby at the conclusion of each said
      second period of time when an arc subsists an abrupt current increase
      occurs in the primary winding; and
PA1  means responsive to instantaneous primary current flow to trigger the
      oscillator to terminate each said first period of time when the primary
      current reaches a predetermined value.
NUM  3.
PAR  3. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising: an ignition transformer having a primary winding
      and a secondary winding, said transformer being capable of producing an
      arc-creating voltage in the secondary winding thereof for instituting an
      ignition arc across said ignition arc gap upon interruption of primary
      winding energizing current and of maintaining the ignition arc thereafter
      in inductive decrement action for a first period of time and having a
      primary to secondary winding turns ratio such as to produce in conjunction
      with the voltage of said source a secondary voltage sufficient to maintain
      a previously instituted ignition arc across said ignition arc gap for a
      second period of time during which primary winding energizing current
      increases substantially linearly; an electrical switching device operable
      to on and off modes in response to first and second applied voltage
      conditions, respectively; a primary winding energizing circuit including
      said source, said device, and said primary winding in series; a secondary
      circuit including said secondary winding and said arc-gap in series; an
      oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation from said second to said first applied voltage
      conditions, and vice versa, during said first period of time and said
      second period of time, respectively, whereby an ignition arc existing at
      the conclusion of each said first period of time is maintained
      continuously during each following said second period of time by the
      abrupt increase of energizing current in the ignition transformer primary
      winding; and means effective to energize said oscillator circuit for a
      longer on period at low engine speed than at high engine speed.
NUM  4.
PAR  4. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage sufficient
      to maintain an arc across said gap when the same has been instituted and
      for a first time period of the order of 500 microseconds, during which
      time primary current increases substantially linearly, the transformer
      further producing an arc-creating voltage in the secondary winding upon
      interruption of the current developed by the end of said time period, and
      maintaining the arc thereafter for a second time period of the order of
      500 microseconds;
PA1  an electrical switching device operable to on and off modes in response to
      first and second applied voltage conditions, respectively;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a secondary circuit including said secondary winding, and said arc-gap in
      series;
PA1  an oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation between said first and second applied voltage
      conditions with periods of the order of 500 microseconds in each
      condition;
PA1  means connecting the oscillator to said switching device to actuate the
      switching device to said on and off modes in accordance with said first
      and second applied voltage conditions produced by the oscillator;
PA1  means operable in response to engine operation and substantially 500
      microseconds in advance of the time an ignition arc is to be initiated to
      energize said oscillator; and
PA1  means to deenergize the oscillator a plurality of oscillations thereafter.
NUM  5.
PAR  5. An internal combustion engine ignition system for use wih an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising: an ignition transformer having a primary winding
      and a secondary winding, said transformer being capable of producing an
      arc-creating voltage in the secondary winding thereof for instituting an
      ignition arc across said ignition arc gap upon interruption of primary
      winding energizing current and of maintaining the ignition arc thereafter
      in inductive decrement action for a first period of time and having a
      primary to secondary-winding turns ratio such as to produce in conjunction
      with the voltage of said source a secondary voltage sufficient to maintain
      a previously instituted ignition arc across said ignition arc gap for a
      second time period during which primary winding energizing current
      increases substantially linearly; an electrical switching device operable
      to on and off modes in response to first and second applied voltage
      conditions, respectively; a primary winding energizing circuit including
      said source, said device, and said primary winding in series; a secondary
      circuit including said secondary winding and said arc-gap in series; an
      oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation between said first and second applied voltage
      conditions with respective dwell times of said second and first time
      periods, respectively; means connecting the oscillator to said switching
      device to actuate the switching device to said on and off modes in
      accordance with said first and second applied voltage conditions produced
      by the oscillator whereby an ignition arc existing at the conclusion of
      each said first period of time is maintained continuously during each
      following said second time period; means operable in advance of the time
      an ignition arc is to be initiated to energize said oscillator; and means
      to deenergize the oscillator a plurality of oscillations thereafter.
NUM  6.
PAR  6. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage
      substantially in excess of that required to maintain an arc across said
      gap when the same has been instituted, and for a time of the order of 500
      microseconds, the transformer further being sized to produce an
      arc-creating voltage in the secondary winding upon interruption of the
      current developed by the end of said time, and to maintain the arc
      thereafter for a period of about 500 microseconds;
PA1  an electrical switching device operable to on and off modes;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a resistance;
PA1  a secondary circuit including said second winding, said resistance, and
      said arc-gap in series, the value of said resistance being such as to
      reduce the current in the arc to approximately the value required to
      maintain the arc during said first mentioned time;
PA1  means for operating said electrical switching device to said on mode at a
      time an ignition arc is to be initiated and for a time of the order of 500
      microseconds so as to produce an arc-creating potential on current
      interruption; and
PA1  means for shifting said electrical switching device to said off mode at the
      conclusion of said time and thereafter to operate said electrical
      switching device alternately between said on and off modes for times of
      the order of 500 microseconds each and for a predetermined ignition arc
      duration.
NUM  7.
PAR  7. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage sufficient
      to maintain an arc across said gap when the same has been instituted, and
      for a time of the order of 500 microseconds, the transformer further being
      sized to produce an arc-creating voltage in the secondary winding upon
      interruption of the current developed by the end of said time and to
      maintain the arc thereafter for a period of almost 500 microseconds;
PA1  an electrical switching device operable to on and off modes;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a secondary circuit including said secondary winding and said arc-gap in
      series;
PA1  means for operating said electrical switching device to said on mode at a
      time an ignition arc is to be initiated and for a time of the order of 500
      microseconds so as to produce an arc-creating potential on current
      interruption; and
PA1  means for shifting said electrical switching device to said off mode at the
      conclusion of said time and thereafter to operate said electrical
      switching device alternately between said on and off modes for times of
      the order of 500 microseconds each and for a predetermined ignition arc
      duration.
NUM  8.
PAR  8. An internal combustion engine ignition system for use with engines of
      the type having at least one combustion chamber having an ignition arc-gap
      in communication therewith across which an ignition arc is produced to
      initiate combustion therein comprising in combination with a source of
      direct current potential;
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such that for a limited
      time an ignition arc-sustaining potential is induced, by transformer
      action, in said secondary winding as a result of increasing primary
      winding energizing current flow upon the energization of said primary
      winding by said source of direct current potential;
PA1  an electrical switching device operable to on and off modes;
PA1  a primary winding energizing circuit including said source of direct
      current potential, said electrical switching device and said primary
      winding;
PA1  a secondary circuit including said secondary winding and said arc gap;
PA1  means for operating said electrical switching device to said on mode at a
      time an ignition arc is to be initiated for a time sufficient to produce
      an arc-creating potential on current interruption; and
PA1  means for shifting said electrical switching device to said off mode at the
      conclusion of a predetermined period of time independent of engine
      operation and thereafter to operate said electrical switching device
      alternately between said on and off modes for a predetermined ignition arc
      duration, each operation to said off mode being sufficiently abrupt to
      induce an ignition arc-initiating potential in said secondary winding
      which rapidly increases in magnitude toward a value substantially in
      excess of that required to initiate an ignition arc, and the duration of
      each off mode being sufficiently short to maintain an arc-sustaining
      voltage as the voltage decays during the remainder of the off period and
      each on period being shorter than said limited time and sufficiently long
      to create an arc-creating potential on current interruption.
NUM  9.
PAR  9. An internal combustion engine ignition system for use with an engine of
      the type having at least one combustion chamber having an arc-gap in
      communication therewith across which an ignition arc is produced to
      initiate combustion therein comprising in combination with a source of
      direct current potential;
PA1  an ignition coil having a primary winding and a secondary winding in which
      an ignition arc-initiating potential for initiating an ignition arc is
      induced upon the interruption of the flow of predetermined energizing
      current through said primary winding, and thereafter maintains a
      previously initiated ignition arc for a predetermined time, said ignition
      coil having a primary to secondary winding turns ratio such that an
      ignition arc-sustaining potential of more than about one kilovolt is
      induced for a limited time in said secondary winding as a result of an
      increasing primary winding energizing current flow through said primary
      winding;
PA1  an electrical switching device operable to on and off modes;
PA1  a primary winding energizing circuit including said electrical switching
      device, said primary winding and said source of direct current potential;
PA1  a secondary circuit including said secondary winding and said arc-gap; and
PA1  means for operating said electrical switching device to said on mode at the
      time an ignition arc is to be initiated thereafter for operating,
      independent of engine operation, said electrical switching device to said
      off mode when the energizing current has at least said predetermined value
      for thereafter operating said electrical switching device alternately
      between said on and off modes for a predetermined ignition arc duration,
      each on mode being of a duration to produce current of at least said
      predetermined value and being less than said limited time, and each off
      mode being less than said predetermined time, whereby, when there is no
      previously initiated ignition arc, upon each operation of said electrical
      switching device to said off mode, an ignition arc-creating voltage is
      produced across said arc-gap and at all other times an ignition
      arc-maintaining voltage subsists.
NUM  10.
PAR  10. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential; means for producing a timing
      signal corresponding to each spark plug of the engine in timed
      relationship with and during each revolution of the crankshaft of the
      engine of a duration corresponding to the period of time ignition spark
      energy is to be applied to the spark plug to which it corresponds; an
      electrical oscillator circuit for producing a series of output signals of
      a predetermined repetition rate in response to and for the duration of
      each one of said timing signals; an ignition coil having a primary winding
      and a secondary winding in which an ignition spark potential of sufficient
      magnitude to initiate an ignition arc across the arc-gap of each of the
      engine spark plugs is induced upon the interruption of the flow of
      energizing current through said primary winding, said primary winding
      having an inductance value which, with a predetermined magnitude of
      energizing current, will provide sufficient stored energy to maintain the
      ignition arc initiated across each spark plug arc-gap for a duration of
      time at least as long as the period between said electrical output signals
      of said oscillator and said ignition coil having a primary to secondary
      winding turns ratio such that, during the buildup of energizing current
      through said primary winding, a potential of sufficient magnitude to
      maintain the ignition arc initiated across each spark plug arc-gap is
      induced in said secondary winding; and means responsive to said series of
      oscillator output signals for establishing a primary winding energizing
      circuit for the flow of energizing current from said source of direct
      current potential through said ignition coil primary winding during the
      period of each of said series of oscillator output signals and for
      interrupting said primary winding energizing circuit upon the termination
      of each of said oscillator output signals whereby an ignition arc
      initiated upon the interruption of said primary winding energizing circuit
      is maintained continuously during the period of each of said timing
      signals.
NUM  11.
PAR  11. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential and an ignition distributor
      having an electrical contact rotated in timed relationship with the engine
      through which ignition spark potential is applied to the spark plugs of
      the engine individually; means for producing a timing signal corresponding
      to each spark plug of said engine in timed relationship with and during
      each revolution of the crankshaft of said engine of a duration
      corresponding to the period of time ignition spark energy is to be applied
      to the said spark plug to which it corresponds; an electrical oscillator
      circuit for producing a series of output signals of a predetermined
      repetition rate in response to and for the duration of each one of said
      timing signals; an ignition coil having a magnetic core, a primary winding
      which, during the buildup of the flow of an energizing current
      therethrough, produces a magnetic flux in said core and a secondary
      winding, connected to said electrical contact of said distributor, in
      which an ignition spark potential of sufficient magnitude to initiate an
      ignition arc across the arc-gap of each of said spark plugs is induced
      upon the interruption of the flow of energizing current through said
      primary winding, said primary winding having an inductance value which,
      with a predetermined magnitude of energizing current, will provide
      sufficient stored energy to maintain the ignition arc initiated across
      each spark plug arc-gap for a duration of time at least as long as the
      period between successive energizations thereof and said ignition coil
      having a primary to secondary winding turns ratio such that, during the
      buildup of energizing current through said primary winding, a potential of
      sufficient magnitude to maintain the ignition arc initiated across each
      spark plug arc gap is induced in said secondary winding; and means
      responsive to said series of oscillator output signals for establishing a
      primary winding energizing circuit for the flow of energizing current from
      said source of direct current potential through said ignition coil primary
      winding during the period of each of said series of oscillator output
      signals and for interrupting said primary winding energizing circuit upon
      the termination of each of said oscillator output signals whereby an
      ignition arc initiated upon the interruption of said primary winding
      energizing circuit is maintained continuously during the period of each of
      said timing signals.
NUM  12.
PAR  12. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential and an ignition distributor
      having an electrical contact rotated in timed relationship with the engine
      through which ignition spark potential is applied to the spark plugs of
      the engine individually; means for producing a timing signal corresponding
      to each spark plug of said engine in timed relationship with and during
      each revolution of the crankshaft of said engine of a duration
      corresponding to the period of time ignition spark energy is to be applied
      to the said spark plug to which it corresponds; an electrical oscillator
      circuit for producing a series of output signals of the same polarity and
      of a predetermined repetition rate in response to and for the duration of
      each one of said timing signals; an ignition coil having a magnetic core,
      a primary winding which, during the buildup of the flow of an energizing
      current therethrough, produces a magnetic flux in said core and a
      secondary winding, connected to said electrical contact of said
      distributor, in which an ignition spark potential of sufficient magnitude
      to initiate an ignition arc across the arc-gap of each of said spark plugs
      is induced upon the interruption of the flow of energizing current through
      said primary winding, said primary winding having an inductance value
      which, with a predetermined magnitude of energizing current, will provide
      sufficient stored energy to maintain the ignition arc initiated across
      each spark plug arc-gap for a duration of time at least as long as the
      period between successive energizations thereof and said ignition coil
      having a primary to secondary winding turns ratio such that, during the
      buildup of energizing current through said primary winding, a potential of
      sufficient magnitude to maintain the ignition arc initiated across each
      spark plug arc-gap is induced in said secondary winding; and means
      responsive to said series of oscillator output signals for establishing a
      primary winding energizing circuit for the flow of energizing current from
      said source of direct current potential through said ignition coil primary
      winding during the period of each of said series of oscillator output
      signals and for interrupting said primary winding energizing circuit upon
      the termination of each of said oscillator output signals whereby an
      ignition arc initiated upon the interruption of said primary winding
      energizing circuit is maintained continuously during the period of each of
      said timing signals.
NUM  13.
PAR  13. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential and an ignition distributor
      having an electrical contact rotated in timed relationship with the engine
      through which ignition spark potential is applied to the spark plugs of
      the engine individually; means for producing a timing signal corresponding
      to each spark plug of said engine in timed relationship with and during
      each revolution of the crankshaft of said engine of a duration
      corresponding to the period of time ignition spark energy is to be applied
      to the said spark plug to which it corresponds; an electrical oscillator
      circuit for producing a series of output signals of a predetermined
      repetition rate in response to and for the duration of each one of said
      timing signals; an ignition coil having a magnetic core, a primary winding
      which, during the buildup of the flow of an energizing current
      therethrough, produces a magnetic flux in said core and a secondary
      winding, connected to said electrical contact of said distributor, in
      which an ignition spark potential of sufficient magnitude to initiate an
      ignition arc across the arc-gap of each of said spark plugs is induced
      upon the interruption of the flow of energizing current through said
      primary winding, said primary winding having an inductance value which,
      with a predetermined magnitude of energizing current, will provide
      sufficient stored energy to maintain the ignition arc initiated across
      each spark plug arc-gap for a duration of time at least as long as the
      period between successive energizations thereof and said ignition coil
      having a primary to secondary winding turns ratio such that, during the
      buildup of energizing current through said primary winding, a potential of
      sufficient magnitude to maintain the ignition arc initiated across each
      spark plug arc-gap is induced in said secondary winding; an electrical
      switching device having current carrying members and being of the type
      which may be operated to the electrical circuit open and closed conditions
      in response to electrical signals; means for connecting said current
      carrying members of said electrical switching device and said primary
      winding of said ignition coil in series across said source of direct
      current potential; and means for applying said output signals of said
      oscillator circuit to said electrical switching device whereby an ignition
      arc initiated upon the operation of said electrical switching device to
      the electrical circuit open condition is maintained continuously during
      the period of each of said timing signals.
NUM  14.
PAR  14. An internal combustion engine ignition system for use with an engine
      having at least one ignition arc-gap in communication with a combustion
      chamber and across which an ignition arc is produced to initiate
      combustion within the chamber, and a source of unidirectional voltage,
      said system comprising:
PA1  an ignition transformer having a primary winding and a secondary winding,
      the primary to secondary winding turns ratio being such as to produce in
      conjunction with the voltage of said source a secondary voltage sufficient
      to maintain an arc across said gap when the same has been instituted and
      for a first period of time, during which time primary current increases
      substantially linearly, the transformer further producing an arc-creating
      voltage in the secondary winding upon interruption of the current
      developed by the end of said time period, and maintaining the arc
      thereafter in inductive decrement action for a second period of time;
PA1  an electrical switching device operable to on and off modes in response to
      first and second applied voltage conditions, respectively;
PA1  a primary winding energizing circuit including said source, said device,
      and said primary winding in series;
PA1  a secondary circuit including said secondary winding and said arc-gap in
      series;
PA1  an oscillator effective when not energized to produce said second applied
      voltage condition and operable when energized to oscillate independently
      of engine operation from said first to said second applied voltage
      conditions, and vice versa, in said first period of time and said second
      period of time, respectively, whereby at the conclusion of each said
      second period of time when an arc subsists an abrupt current increase
      occurs in the primary winding; said oscillator being constructed and
      arranged to produce a first on time of greater duration than subsequent on
      times in amount tending to make the current interrupted upon institution
      of each off time substantially the same.
NUM  15.
PAR  15. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential and an ignition distributor
      having an electrical contact rotated in timed relationship with the engine
      through which ignition spark potential is applied to the spark plugs of
      the engine individually; means for producing a timing signal corresponding
      to each spark plug of said engine in timed relationship with and during
      each revolution of the crankshaft of said engine of a duration
      corresponding to the period of time ignition spark energy is to be applied
      to the said spark plug to which it corresponds; an ignition coil having a
      magnetic core, a primary winding which, during the buildup of the flow of
      an energizing current therethrough, produces a magnetic flux in said core
      and a secondary winding, connected to said electrical contact of said
      distributor, in which an ignition spark potential of sufficient magnitude
      to initiate an arc across the spark gap of each of said spark plugs is
      induced upon the interruption of the flow of energizing current through
      said primary winding, said primary winding having an inductance value
      which, with a predetermined magnitude of energizing current, will provide
      sufficient stored energy to maintain the arc initiated across each spark
      plug spark gap for a predetermined duration of time and said ignition coil
      having a primary to secondary winding turns ratio such that, during the
      buildup of energizing current through said primary winding, a potential of
      sufficient magnitude to maintain the arc initiated across each spark plug
      spark gap is induced in said secondary winding; an ignition coil primary
      winding energizing circuit through which energizing current flows from
      said source of direct current potential through said ignition coil primary
      winding; means responsive to the flow of energizing current through said
      ignition coil primary winding energizing circuit for producing an
      electrical potential signal of a magnitude proportional to the magnitude
      of said flow of energizing current; means for producing a plurality of
      control signals during each said timing signal, each in response to said
      electrical potential signal of a predetermined magnitude; and means
      responsive to said timing signal for establishing and to each of said
      control signals for interrupting said ignition coil primary winding
      energizing circuit.
NUM  16.
PAR  16. An internal combustion engine ignition system comprising in combination
      with a source of direct current potential and an ignition distributor
      having an electrical contact rotated in timed relationship with the engine
      through which ignition spark potential is applied to the spark plugs of
      the engine individually; means for producing a timing signal corresponding
      to each spark plug of said engine in timed relationship with and during
      each revolution of the crankshaft of said engine of a duration
      corresponding to the period of time ignition spark energy is to be applied
      to the said spark plug to which it corresponds; an ignition coil having a
      magnetic core, a primary winding which, during the buildup of the flow of
      an energizing current therethrough, produces a magnetic flux in said core
      and a secondary winding, connected to said electrical contact of said
      distributor, in which an ignition spark potential of sufficient magnitude
      to initiate an arc across the spark gap of each of said spark plugs is
      induced upon the interruption of the flow of energizing current through
      said primary winding, said primary winding having an inductance value
      which, with a predetermined magnitude of energizing current, will provide
      sufficient stored energy to maintain the arc initiated across each spark
      plug spark gap for a predetermined duration of time and said ignition coil
      having a primary to secondary winding turns ratio such that, during the
      buildup of energizing current through said primary winding, a potential of
      sufficient magnitude to maintain the arc initiated across each spark plug
      spark gap is induced in said secondary winding; an ignition coil primary
      winding energizing circuit through which energizing current flows from
      said source of direct current potential through said ignition coil primary
      winding; an impedance element included in said ignition coil primary
      winding energizing circuit for producing an electrical potential signal of
      a magnitude proportional to the magnitude of said flow of energizing
      current; means for producing a plurality of control signals during each
      said timing signals, each in response to said electrical potential signal
      of a predetermined magnitude; and means responsive to said signal for
      establishing and to each of said control signals for interrupting said
      ignition coil primary winding energizing circuit.
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PAL  A reciprocable piston internal combustion engine provided with twist
      forming passage means, especially in the intake system of the engine,
      which passage means for imparting a desired twist upon a gaseous medium
      passing through the twist forming passage means is curved in conformity
      with the desired twist and has at least one shut-off valve in a cylinder
      head and also comprises a helical section and an S-shaped curved section
      adjacent thereto while at least one end point of the curved section is
      located on or within the range of a cross-sectional plane of the passage
      means and the helix axis of the helical section is arranged on or within
      the range of the cross-sectional plane extending transverse to and
      intersecting the cylinder axis but located eccentrically with regard to
      the valve axis, and while that end of the helical section which faces
      toward the cylinder chamber leads into a cylindrical valve opening
      passage, the cross section of the helical section from its inlet to the
      valve opening passage having a trapezoidal shape.
BSUM
PAR  The present invention relates to twist-forming conduit means, especially in
      the intake system of reciprocatory piston internal combustion engines,
      which conduit means, for creating a turning movement of a gaseous medium
      passed therethrough in the direction of the desired twist, is curved and
      is in the interior thereof provided with at least one shut-off member in
      the form of a valve located in a cylinder head. More specifically, the
      present invention relates to twist-forming conduit means of the above
      mentioned type which has a helical section and an adjacent curved section,
      which helical section is provided between said curved section and the
      cylinder chamber while at least one end point of the curved section is
      located on or within the region of a cross-sectional plane of said conduit
      means. This plane is parallel to a further conduit cross-sectional plane
      extending at a right angle to the cylinder axis. In this conduit means the
      helical axis of the helical section is arranged on or within the region of
      the conduit cross-sectional plane passing through the cylinder axis, but
      located eccentrically with regard to the valve axis. The curved section is
      S-shaped and its end points are located on or within the region of the
      first cross-sectional plane. The helical section has an approximately
      continuous pitch and has a helical angle of at least 220.degree. as well
      as an approximately constant distance between the helical axis and that
      wall of the conduit means which is located opposite said helical axis.
      That end of the helical section which faces toward the cylinder chamber
      leads into a cylindrical valve opening passage which opens toward the
      cylinder chamber.
PAR  A passageway or conduit means of the above mentioned type has been
      described in our copending application Ser. No. 379,557, filed July 16,
      1973. The twist-forming passage or conduit means according to said
      application Ser. No. 379,557 is formed primarily by three passage sections
      of which, starting with a cylinder of an internal combustion engine, the
      first section is designed as cylindrical valve opening passage while the
      adjacent section is formed as a helical section, and the third section
      adjacent to said last mentioned section is designed as an S-shaped curved
      guiding passage. The guiding passage of the design according to said U.S.
      patent application Ser. No. 379,557 extends from a so-called turning point
      to a so-called helical point and has a uniform passage cross section which
      preferably extends over the entire length of the guiding passage, and
      merges with the same cross-section with the helical section. The helical
      section which forms the connection of the guiding passage with the inlet
      opening of the valve opening passage also has a uniform cross-section
      while the respective spacing from its side walls to the helical point
      thereof remains at least approximately the same. In order, on one hand to
      place the helical point on a conduit cross-sectional plane which passes
      through the valve guiding means, and in order on the other hand to be able
      to move the guiding passage in a flow-aiding manner to the helical point,
      a web or blade is provided between the valve guiding means and the wall
      adjacent thereto, which wall pertains to the guiding passage or guiding
      conduit. The said web or blade is, with its root portion, connected to the
      wall of the guiding passage and with its tip is connected to the valve
      guiding means. By means of this web or blade, the helical section is, in
      its length, limited from its inlet to its outlet passage, so that the air
      passing through the passage or conduit is forced by the web or blade on
      one hand, into the helical section, and on the other hand into the valve
      opening passage. This is likewise set forth in applicant's above mentioned
      copending application Ser. No. 379,557.
PAR  Starting with a passage or conduit means of the above mentioned type, it is
      an object of the present invention so to further improve the helical
      section of the passage or conduit means that the air will particularly
      strongly press against a wall of the helical section, namely, that wall
      which faces away from the opening of the valve opening passage, in order
      thereby in a definite manner and at a high speed, to pass through the
      valve opening passage into the cylinder of the internal combustion engine,
      while at the same time there is formed a distinct twist.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 represents a cross-section through the helical section of the
      passage, said cross-section being taken along the line I--I of FIG. 2.
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
DETD
PAR  Starting with the passage 1 according to our copending application Ser. No.
      379,557, also this passage according to the invention is formed primarily
      by three sections. One of these sections is adjacent to the cylinder of
      the internal combustion engine, and is designed as valve opening passage
      3. The helical section 4 adjacent the valve opening passage 3 is arranged
      between the valve opening passage 3 and a guiding passage 5 adjacent
      thereto. That end of the guiding passage 5 which faces away from the
      helical section leads into an intake conduit 15. The guiding passage 5
      which also in this instance is located between two passage cross-sectional
      planes K, K' is preferably curved in an S-shaped manner and merges from a
      round or rectangular cross-section with a trapezoidal cross-section of the
      helical section 4. The helical section 4 is, from the inlet thereof to the
      valve opening passage 3, designed trapezoidal, while the basis 16 of the
      trapezoid faces away from the opening of the valve opening passage 3.
      Consequently, the lateral walls 18 and 19 of the trapezoidal section 4, as
      well as the basis 16 and the cover surface 17 located opposite thereto are
      arranged so as to be inclined toward the valve opening. Also the web or
      blade 7 which connects the valve guiding means 9 with the wall of the
      guiding passage 5 is provided with guiding surfaces which likewise are
      inclined toward the valve opening passage 3. The helix axis Y of the
      helical section 4 is, also in this instance, offset by the distance a with
      regard to the longitudinal central axis of the valve which means the valve
      axis V, so that the helical section winds around this axis Y toward the
      valve opening passage 3. In order better to show the lateral walls 18 and
      19 of the helical section 4, these walls are marked in FIG. 2 with a
      cross-shading. In view of this design of the helical section 4, the air 20
      passing by through this section 4 is pressed by the laterally inclined
      walls 18 and 19 against the basis 16 of the trapezoidal cross-section
      whereby a very intensified twist is imparted upon the air. The reversing
      point 14 of the passage 1 is also with this embodiment located on a
      straight line E which connects the helical axis Y with said reversing
      point 14. From this point on, a pipe 15 leading to the remaining intake
      system, or a compensating container may be connected. The air passed
      through the passage 1 is pressed by the shape of the helical section 4
      into the valve opening passage 3 where it is passed on further by the
      cylinder walls while practically completely retaining its twist structure.
      As to the distance b from the lateral walls 18, 19 to the helical axis Y,
      this distance remains at least approximately the same while taking into
      consideration the inclined position of the lateral walls 18, 19. This
      distance may preferably be measured at the corresponding belt zones 21 of
      the lateral walls 18, 19.
PAR  Numerous tests with the conduit means according to the invention have
      proved that a cross-sectional surface of the trapezoidal conduit section 4
      of approximately 10 square centimeters per liter volume is very
      satisfactory in order to obtain the desired twist formation. Of course,
      these values are to be adapted to the size of the engine and its power in
      relationship to said values.
PAR  With the embodiment of the conduit means illustrated in FIG. 2, the
      S-shaped curved guiding passage 5 is at its end which faces toward the
      helical section 4 likewise trapezoidal, while the basis 16 of the
      cross-section begins to ascend already where also the trapezoidal shape of
      the conduit means ascends. This ascent may, as indicated in FIG. 2 be
      located far above the helical angle of 240.degree., as indicated in our
      copending application Ser. No. 379,557.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reciprocable piston internal combustion engine having a cylinder, a
      cylinder head associated with said cylinder and having therein twist
      forming passage means leading to said cylinder for conveying thereto a
      gaseous medium, valve means with a cylindrical opening and arranged in
      said twist forming passage means for controlling the supply of gaseous
      medium from said twist forming passage means including a helical section
      adjacent the cylindrical opening and an S-shaped curved section with one
      end adjacent said helical section and leading to said cylinder while one
      end of said curved section is located extending at least approximately
      from a first cross sectional plane approximately to a second
      cross-sectional plane which is determined by the cylinder axis and the
      axis of said valve means, both axes lying in said plane, said first
      cross-sectional plane and said second cross-sectional plane being
      substantially parallel to each other, and the end points of said S-shaped
      curved section being located on one hand at least approximately in said
      first cross-sectional plane and on the other hand at least approximately
      in said second cross-sectional plane, while said helical section has an
      approximately constant pitch and a helical angle of at least 220.degree.,
      while the axis of said helix is in said second plane and spaced from that
      lateral wall of said passage means which is located opposite said helix
      axis, the cross-section of said helical section from its inlet joining
      said curved section to the section of the valve means controlled passage
      means having a trapezoidal shape, with its walls inclined relatively to
      said axes of said cylinder and valve means, and with its wider base facing
      away from the opening of the section of the valve means controlled passage
      means.
NUM  2.
PAR  2. An internal combustion engine according to claim 1, in which said
      helical section includes a blade and guiding means for said valve means,
      said blade connecting said guiding means with the wall of said curved
      section of said passage means, the inlet of said helical section being
      located within the region of said S-shaped curved section.
NUM  3.
PAR  3. An internal combustion engine according to claim 1, in which that
      helical-shaped section which comprises the trapezoidal cross-section leads
      into the cylindrical opening of said valve means in a smooth manner.
NUM  4.
PAR  4. A reciprocable piston internal combustion engine having a cylinder, a
      cylinder head associated with said cylinder and having therein passage
      means wound around an axis to impart a desired swirl pattern to the
      gaseous fluid passing through, one end of said passage communicating with
      the cylinder of the engine and the other end communicating with a manifold
      connecting a plurality of such passages, the opening of at least one of
      the ends being arranged to be openable and closable in accordance with the
      timing of the engine working cycles, said passage means consisting of
      three sections in series including a cylindrical valve opening section
      adjacent to the cylinder, followed by a helical section and an S-shaped
      curved section between the latter and the manifold or atmosphere, said
      curved section being arranged between two cross-section planes through the
      passage, one of which coinciding with the axis of the vlave and the
      cylinder which lie in said plane and the other cross-section plane passing
      through the connecting plane of the curved passage section with the
      manifold, the cross-section planes through the passage being substantially
      parallel to each other, while the helix axis of the passage is disposed in
      the same direction as the axis of the valve in the cross-section plane,
      but offset from the axis of the valve, the helical passage section having
      an approximately constant pitch and a helix angle of at least 220.degree.
      calculated from the associated cross-section plane in which said axes lie,
      and the helix axis being at an approximately constant distance from a side
      wall of the passage facing it, and the helical passage section being
      shaped with a trapezoidal cross-section between its inlet at the S-shaped
      curved passage section and the valve opening section, in which the wider
      base of the trapezoidal cross-section faces away from the opening of the
      valve opening section of said passage.
NUM  5.
PAR  5. An internal combustion engine according to claim 4, in which the end of
      the S-shaped curved passage section facing the helical passage section is
      also formed with a trapezoidal cross-section and having a stream-lined
      transition between said cross-section and the trapezoidal curved passage
      section.
NUM  6.
PAR  6. An internal combustion engine according to claim 4, in which a blade is
      provided in the area of the transition between the helical passage section
      and the valve opening section, said blade being connected with its root to
      the cylinder head and with its top end to a valve guide and in which the
      side walls of the helical passage section are also shaped with a
      trapezoidal cross-section in the region of said blade.
NUM  7.
PAR  7. An internal combustion engine according to claim 4, in which the helical
      passage section blends into the cylindrical valve opening passage without
      any corners.
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ABST
PAL  An internal combustion engine employing a rotary valve having a single
      passage which is adapted to provide both intake and exhaust valving
      functions. The valve is formed with a circular outer periphery and is
      mounted for rotation about a transverse axis between intake and exhaust
      ports which are provided at the head end of the combustion chamber. The
      passage is defined by a concaval recess which extends across a chord of
      the valve periphery. Means is provided for rotating the valve in timed
      relationship with movement of a piston within the chamber so that the
      passage moves into simultaneous register with the intake port and
      combustion chamber during the intake phase, and into simultaneous register
      with the exhaust port and combustion chamber during the exhaust phase.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to internal combustion engines, and in
      particular relates to a rotary valve mechanism for controlling the flow of
      the intake and exhaust gases into and from the combustion chamber of such
      an engine.
PAR  Rotary valve mechanisms have previously been provided for use in
      controlling the flow of intake and exhaust gases into and from the
      cylinders of combustion engines. Certain of these mechanisms employ
      separate rotary valves for the intake and exhaust functions. The prior art
      rotary valve designs have included rotating cylinders or sleeves which
      control the flow of intake and exhaust gases. However, these valve designs
      have not been widely accepted in view of their many limitations and
      drawbacks. For example, previous rotary valve mechanisms have been
      relatively complicated and expensive, they have not provided optimum valve
      duration and overlap for efficient engine operation, and they have not
      achieved good volumetric efficiency with the result that performance is
      relatively poor and fuel consumption and exhaust gas emissions are
      relatively high. Moreover, previous rotary exhaust valves have been
      subject to failure because they have been continually exposed to the
      relatively high temperatures of the exhaust gases.
PAR  Accordingly, the need has been recognized for a new and improved rotary
      valve mechanism for use in internal combustion engines.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a new and improved
      rotary valve mechanism for an internal combustion engine which avoids or
      eliminates many of the limitations and drawbacks inherent in previous
      designs.
PAR  Another object is to provide a rotary valve arrangement of the character
      described which is relatively simple and inexpensive in design. The
      invention employs a minimum number of parts and eliminates the requirement
      for the various cams, camshaft, rods, tappets, rocker arms, springs, and
      poppet valves employed in conventional engines.
PAR  Another object is to provide a rotary valve mechanism of the character
      described which employs a relatively simple drive train with the valves
      mounted on a single shaft, as compared to the more complex valve drive
      arrangements such as those in engines employing separate valves for the
      intake and exhaust functions.
PAR  Another object is to provide a rotary valve arrangement of the character
      described in which a single valve controls both intake and exhaust
      functions for a single combustion chamber whereby the intake charge serves
      to cool the valve after the latter is heated by the exhaust gases.
PAR  Another object is to provide a rotary valve arrangement of the character
      described which achieves improved volumetric efficiency. A relatively long
      valve duration and overlap period is achieved by means of the
      configuration of the flow passage which is formed in the valve element.
PAR  The invention includes a valve element of either spherical or cylindrical
      configuration mounted for rotation about a transverse axis between the
      intake and exhaust ports at the head end of each combustion chamber of an
      internal combustion engine. A flow passage defined by a concaval recess
      formed in the outer periphery of the valve is adapted to turn with the
      valve into and out of register with the ports and combustion chamber. A
      valve drive train turns the valve at one-half of the speed of the
      crankshaft so that the passage is carried into simultaneous register with
      the intake port and combustion chamber for the intake phase, out of
      register with the chamber during the compression and expansion phases, and
      into simultaneous register with the exhaust port and chamber during the
      exhaust phase. The passage extends along the valve periphery with a chord
      angle which is sized to provide the desired amount of valve duration and
      overlap. Means is also provided to ignite the compressed charge within the
      chamber for the expansion phase of operation.
PAR  The foregoing and additional objects and features of the invention will
      appear from the following description in which the preferred embodiments
      have been set forth in detail in conjunction with the accompanying drawing
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a portion of an internal combustion
      engine incorporating the invention;
PAR  FIG. 2 is a cross sectional view similar to FIG. 1 to a reduced scale
      showing the elements in one operative position;
PAR  FIG. 3 is a view similar to FIG. 2 showing the elements in another
      operative position;
PAR  FIG. 4 is a view similar to FIG. 3 showing the elements in still another
      operative position;
PAR  FIG. 5 is a view similar to FIG. 4 showing the elements in still another
      operative position;
PAR  FIG. 6 is a cross sectional view taken along the lines 6--6 of FIG. 1;
PAR  FIG. 7 is a cross sectional view of another embodiment of the invention;
      and
PAR  FIG. 8 is a cross sectional view taken along the line 8--8 of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings FIG. 1 illustrates generally at 10 a rotary valve mechanism
      of the invention as incorporated in an internal combustion engine of
      spark-ignition four-stroke cycle design. The engine includes a
      water-cooled cylinder 11 defining at its head end a combustion chamber 12
      within which a piston 13 is adapted to reciprocate. The piston is
      connected to drive a crankshaft, not shown, through a connecting rod 14
      mounted to the piston by means of a wristpin 16. While a single piston and
      its associated rotary valve mechanism is illustrated, it is understood
      that the invention contemplates use with an engine of either single or
      multiple piston design, and of either inline, flat head, Vee, or rotary
      cylinder configuration. In addition, while a spark-ignition carburetted
      charge engine operating on a four-stroke Otto cycle is illustrated, the
      invention also contemplates that the valve mechanism can be used with
      engines operating with fuel injection, or on the Diesel cycle of
      operation, or on a two-stroke cycle of operation.
PAR  Valve mechanism 10 includes a valve 17 of spherical configuration mounted
      within cylinder head 18 for rotation about a transverse axis by means of
      valve shaft 19. The valve shaft is rotatably carried at opposite ends of
      the valve on suitable bearings, not shown, mounted within the cylinder
      head. Where the engine is of inline cylinder design, a plurality of
      spherical valves can be mounted on a single valve shaft with each valve
      being positioned above the head end of a respective cylinder. Suitable
      valve drive means, not shown, such as gears, a cog belt or a drive chain
      is provided to drive shaft 19 and the valve at one-half of the speed of
      the crankshaft, where the engine is of four-stroke cycle design.
PAR  Cylinder head 18 includes a lower section 21 which is mounted above the
      head end of cylinder 11. Ignition means including the pair of spark plugs
      22, 23 are mounted through the wall of section 21 to ignite the
      combustible charge within the chamber in timed relationship with movement
      of piston 13 by suitable voltage distributor means, not shown. A central
      section 24 of the cylinder head is formed with a spherical inner cavity
      conforming generally to the outer surface of the valve. The cylinder head
      includes an upper section 26 which is mounted on the central section and
      is formed with an inner spherical surface which also conforms with the
      surface of the valve. An intake port 27 is formed through one side of the
      central section, and this port is in communication with an intake conduit
      28 leading from a suitable intake manifold and carburetor, not shown. An
      exhaust port 29 is formed through the opposite side of the central section
      and this port is in communication with a conduit 31 leading to a suitable
      exhaust manifold, not shown.
PAR  The upper surface of valve 17 is sealed by means of a plurality of circular
      labryinth seals 32 seated in circular grooves formed about the upper
      portion of cylinder head section 24. The labryinth seals are in
      fluid-sealing contact with the outer surface of the valve for precluding
      escape of intake and exhaust gases from the upper portion of the cylinder
      head.
PAR  Means is provided for sealing the lower portion of valve 17, and this means
      includes three rotary valve ring seals 33 mounted within a circular insert
      34 seated within grooves formed about the juncture between the lower and
      central cylinder head sections 21 and 24. The ring seals are pressure
      activitated, positive contact elements which primarily function to
      preclude escape of gases from combustion chamber 12 during the compression
      and expansion phases of operation.
PAR  A valve passage 36 comprising an outwardly facing concaval recess is formed
      in valve 17. As illustrated in FIG. 6 the passage extends generally in a
      plane normal to the axis of valve shaft 19 and is centrally positioned
      along the valve so that the passage moves successively into and out of
      register with the ports and combustion chamber. With the porting
      arrangement shown in FIG. 1, valve 17 is rotated clockwise by the drive
      means, and where intake and exhaust ports are reversed then the valve
      would be rotated in the opposite direction.
PAR  Passage 36 extends across a chord 37 of the outer periphery of valve 17.
      The chord angle .theta. is relatively large so that the flow volume of
      intake and exhaust gases is large, and also so that valve opening duration
      is relatively long for good intake breathing and exhaust scavenging. The
      particular chord angle .theta. which is provided will vary according to
      the design specifications and requirements to achieve any desired amount
      of valve duration, and to achieve any desired amount of valve overlap. In
      the embodiment illustrated in FIG. 1 the angle .theta. is shown as
      120.degree.. There is no valve overlap in this configuration since, with
      valve 17 rotated so that passage 36 faces downwardly at the close of the
      exhaust phase and start of the intake phase, the opposite ends of the
      passage are below the lower edges of the two ports.
PAR  In a four-stroke cycle engine where valve 17 is driven at one-half of the
      crankshaft speed, the valve duration in degrees of crankshaft rotation
      would be double the chord angle, i.e., 240.degree. duration where the
      chord angle is 120.degree.. For a shorter duration the chord angle of the
      passageway is reduced, i.e., a chord angle of 90.degree. obtains
      180.degree. valve duration. In a valve configuration provided with a
      larger chord angle than that illustrated in FIG. 1, valve overlap would be
      created so that portions of the intake and exhaust ports are exposed to
      the combustion chamber at the same time. In such an arrangement, with the
      valve positioned as illustrated in FIG. 1, the opposite ends of the
      passage terminate above the lower portions of the two ports. Thus, assume
      that the chord angle is 150.degree.. Valve duration would therefore be
      300.degree. of crankshaft rotation so that valve overlap would be
      60.degree. of crankshaft rotation, i.e., the excess over the valve
      duration where the terminal ends of the passageway register with the lower
      edges of the ports (occurring at 120.degree.chord angle).
PAR  FIG. 7 illustrates another embodiment of the invention providing a rotary
      valve mechanism 41 used with an internal combustion engine of four-stroke
      cycle, spark ignition design. The engine employs a cylinder 42 defining a
      combustion chamber within which piston 43 is adapted to reciprocate by
      means of a conventional crankshaft. In this embodiment the valve mechanism
      includes a cylindrical valve 44 mounted for rotation about a transverse
      axis above the head end of the combustion chamber by means of valve shaft
      46. Shaft 46 is mounted within cylinder head 47 on suitable bearings and
      is driven by a drive train, not shown, to turn valve 44 at one-half of the
      crankshaft speed.
PAR  Cylinder head 47 includes a lower section 48 mounted above the head end and
      provided with a pair of spark plugs 49 for igniting the combustible
      charge. A central section 51 of the cylinder head is formed with a
      cylindrical bore within which the valve 44 is mounted, and an upper
      section 52 is mounted above the central section. One side of the central
      section is formed with an intake port 53 communicating with conduit 54
      leading to the intake manifold and carburetor, and the opposite side is
      formed with an exhaust port 56 communicating with conduit 57 leading to
      the exhaust manifold. Elongate labryinth seals 58, 59 are mounted in the
      upper portion of the central section for sealing the upper surfaces of the
      valve, and elongate positive contact, pressure activitated seals are
      mounted within insert 61 which is seated in grooves formed at the
      interface between the central and lower sections of the cylinder head.
PAR  Valve 44 is formed with a passage 62 defined by a recess which extends
      generally in a plane normal to axle 46, as shown in FIG. 8. Passage 62
      extends along a chord which subtends an angle .theta. of 150.degree. so
      that, with the valve positioned as illustrated at the close of the exhaust
      phase and start of the intake phase, the terminal ends of the passage
      extend above the lower edges of the two ports. Therefore with the valve
      turning at one-half of the crankshaft speed, valve duration is 300.degree.
      of crankshaft rotation and valve overlap is approximately 60.degree. of
      crankshaft rotation.
PAR  In operation, it will be assumed that the engine of the embodiment of FIG.
      1 is to be operated by inducting a charge of fuel/air mixture from a
      carburetor connected through a manifold with intake conduit 28. Assume
      that the engine's crankshaft is rotating with valve 17 turning clockwise
      as viewed in FIG. 2. In FIG. 2 piston 13 is at top dead center with
      passage 36 at the 6 o'clock position. This position of the elements is at
      the exact close of the exhaust phase and start of the intake phase.
      Continued movement of the piston downwardly toward its bottom dead center
      position shown in FIG. 3 causes valve 17 to rotate and carry passage 36
      into simultaneous registry with intake port 27 and the combustion chamber,
      as illustrated by the phantom line 70. During this intake phase the
      fuel/air charge is inducted through the intake port into the chamber until
      passage 36 turns to close off the port and reaches the 9 o'clock position.
      The piston then moves upwardly through its compression stroke towards the
      top dead center position of FIG. 4. During the compression stroke the
      valve turns to carry passage 36 to the 12 o'clock position. The spark
      plugs are then energized to ignite the compressed charge for the start of
      the expansion phase which drives the piston downwardly toward the bottom
      dead center position of FIG. 5 with the passage at its 3 o'clock position.
      Upward movement of piston along its exhaust phase causes the valve to
      carry the passage into simultaneous registry with exhaust port 29 and the
      combustion chamber, as illustrated by the phantom line 71 of FIG. 5.
PAR  The provision of a single valve which controls the flow of both the intake
      charge and exhaust for a single combustion chamber results in improved
      cooling of the valve. The exhaust gases which flow through the valve
      passage when the exhaust port is open transfer heat to the valve, and
      during the intake phase this heat is transferred to the relatively cooler
      intake charge inducted through the passage from the intake port. At the
      same time, the intake charge is preheated for better atomization and gas
      mixing, with a resulting higher combustion efficiency. The invention also
      achieves higher volumetric efficiency by charging the combustion chamber
      with a greater volume of fuel/air mixture for each stroke, thereby
      producing a higher compression index and more complete burning of the
      charge. This is achieved as a result of the rapid cooling of the hot
      exhaust gases in the valve passage following the close of the exhaust port
      as the valve passage is turning through the 6 o'clock position of FIG. 2.
      The contraction of the cooling gases causes a partial vacuum in the volume
      of the passage which serves to assist in drawing in the intake charge into
      the combustion chamber.
PAR  Valve lift duration and valve overlap may be selectively designed into the
      engine by the choice of chord angle for the valve passage. In addition,
      varied performance may be obtained for the same engine by providing a
      number of interchangeable valves having passages with different chord
      angles.
PAR  Where the valve mechanism of the invention is used with an internal
      combustion engine operating with fuel injection, then a volume of fresh
      air is trapped within the valve passage and carried across the top of the
      valve during the compression and expansion strokes. During the exhaust
      phase with the valve turned to the position of FIG. 5 this volume of fresh
      air is released and mixed with the exhaust gases to assist in burning
      residual fuel components in the exhaust manifold and a catalytic
      converter, where the latter is provided.
PAR  While the foregoing embodiments are at present considered to be preferred
      it is understood that numerous variations and modifications may be made
      therein by those skilled in the art and it is intended to cover in the
      appended claims all such variations and modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an internal combustion engine having at least one combustion chamber
      with a given diameter and which mounts a piston for movement through
      successive intake, compression, expansion and exhaust phases in a cycle of
      operation, the combination of a valve mounted at the head end of the
      combustion chamber, said valve having a circular outer periphery at least
      a portion of which extends across substantially the entire given diameter
      of the combustion chamber to completely define the head end thereof, said
      valve being formed at one side thereof with a concaval recess defining a
      passage which extends across a chord of said periphery, means forming an
      intake port and an exhaust port above the chamber head end, said ports
      being in juxtaposition to opposite sides of said valve periphery, means
      for moving said valve in timed relationship with movement of said piston
      for turning said passage into simultaneous register with the intake port
      and chamber for inducting a charge during the intake phase, for thereafter
      turning the passage out of register with the combustion chamber for the
      expansion phase whereby the valve serves to confine the charge within the
      upper end of the cylinder, and for thereafter turning the passage into
      simultaneous register with said exhaust port and chamber for exhausting
      waste gases during the exhaust phase, and means to ignite a combustible
      charge within the chamber for the expansion phase.
NUM  2.
PAR  2. An engine as in claim 1 in which the periphery of the valve is formed
      with a spherical configuration, and said valve is mounted for rotation
      about an axis extending transversely between the intake and exhaust ports.
NUM  3.
PAR  3. An engine as in claim 1 in which said periphery of the valve is formed
      with a cylindrical configuration extending along an axis, and said valve
      is mounted for rotation about said axis with the latter disposed
      transversely between said intake and exhaust ports.
NUM  4.
PAR  4. An engine as in claim 1 in which said recess subtends a chord angle
      which is of a size sufficient to simultaneously register with portions of
      said intake and exhaust ports between the end of the exhaust phase and the
      start of the intake phase to provide valve overlap.
NUM  5.
PAR  5. An engine as in claim 1 in which the concaval recess formed in the valve
      has a lateral width commensurate generally with a diameter of said
      combustion chamber for providing during the intake and exhaust phases a
      gas flow path having a cross sectional area of a large size relative to
      the cross sectional area of the combustion chamber to provide
      substantially unrestricted flow for the intake and exhaust gases.
NUM  6.
PAR  6. An engine as in claim 1 in which the upper end of said pistion is formed
      with a concaval recess, and said valve is mounted in close juxtaposition
      with the recess of said piston.
NUM  7.
PAR  7. An engine as in claim 1 in which said concaval recess in the valve
      defines, in cooperation with the respective intake and exhaust ports, flow
      passages which extend in arcuate paths from the combustion chamber when
      the valve is turned into registration between the chamber and respective
      intake and exhaust ports, said arcuate flow paths serving to direct the
      flow of the intake and exhaust gases without substantial turbulence into
      and from the combustion chamber.
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ABST
PAL  A system capable of accommodating extremely lean mixtures and operating
      with greatly reduced engine emissions and good fuel consumption. The
      system is applicable to "L" head, "F" head and "OHV" engines. A combustion
      chamber is used which encloses at a broad end a deep pocket offset from
      the cylinder and in which at least part of one valve is disposed. A narrow
      shallow end of the combustion chamber lies directly above the piston and
      is surrounded on three sides by a narrow but long squish area. No
      restriction exists between the two portions of the chamber. A first spark
      plug is disposed to fire into the chamber at a point in the narrow end of
      the chamber overlying the piston. A second spark plug fires into the
      chamber at a point spaced from the cylinder but adjacent the valves, in or
      near the broad end of the chamber. Means are provided to produce
      sequential firing of the spark plugs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a combustion system for internal
      combustion engines which is capable of operating in the extreme lean
      air/fuel ratio range. The use of lean air/fuel ratios makes possible the
      reduction of carbon monoxide emissions to near zero levels. Moderately
      lean operation up to 18:1 air/fuel ratio is undesirable because of the
      very high emissions of oxides of nitrogen (NO.sub.x) in this range.
      Although hydrocarbon emissions respond favorably to lean operation, most
      open chamber Otto engines start misfiring at ratios above 18:1 with
      resultant increase in hydrocarbon emissions. Misfire, of course, can also
      destroy an engine. The problem, then, becomes one of extending the misfire
      limit well into the extremely lean air/fuel ratios above 21:1 or 22:1 to
      create a comfortable operational range at ratios satisfactory to low
      values of all three major pollutants.
PAR  Although many efforts have been made to extend the lean misfire limit for
      open chamber Otto engines into the extreme lean region around 22:1, few
      have ever succeeded except in single cylinder laboratory engines.
PAR  The present invention includes a novel combustion chamber and igniting
      means system which utilizes and enhances the typically large
      unidirectional turbulence of combustion chambers with a side "pocket", to
      achieve not only positive ignition of extremely lean mixtures but also
      very fast combustion heretofore unachievable with either lean mixtures or
      retarded spark. This system utilizes both the lean mixtures and the
      retarded ignition and yet achieves fast combustion. In general, combustion
      with this system can best be described as controlled constant pressure
      combustion. The compression ratio is maintained as high as possible in
      accordance with the teachings of the present invention. The ignition
      timing is relatively late, in some cases starting even after the piston
      has passed TDC (top dead center). In this fashion, no combustion-generated
      negative pressures are exerted on the piston, but the maximum cylinder
      pressures are reduced considerably; and the time of their occurrence (in
      degrees) is somewhat later than in a conventional combustion system.
PAR  Combustion as described above results in direct reductions in NO.sub.x and
      HC emissions; but, in order to achieve improved fuel consumption without
      exhaust temperature deterioration, combustion, once established, must
      progress very fast so that the combustion pressures are exerted on the
      piston on the first 45.degree. of crankshaft movement as the piston moves
      down during the expansion stroke.
PAR  The combustion system described herein achieves the above explained results
      as follows:
PAR  1. Positive ignition of the mixture, even under lean conditions, is
      achieved by firing the spark plug which is strategically located above the
      piston, resulting not only from the natural motion of the gases from the
      piston onto the side chamber but very specifically from the rather large
      squish area surrounding this plug on three sides. This could be called
      primary ignition, or ignition by the leading plug.
PAR  2. Once ignition is assured by the firing of the first spark plug, the
      cylinder pressure and temperature start to increase. The high degree of
      turbulence still present in the chamber is further increased in the
      direction away from the already fired spark plug and towards the second
      spark plug located near or within what could be called the main charge.
      Combustion from the first spark plug is, however, somewhat controlled by
      the relatively low ignitable mass which in essence surrounds this plug, as
      well as by the rather shallow depth of the chamber formed between the
      upper portion of the piston and the cylinder head at this point in time
      (near TDC).
PAR  3. Ignition of the main charge follows that of the primary charge (primary
      ignition) by a number of crankshaft degrees. This ignition of the main
      charge could be called main or secondary ignition. Since the secondary or
      trailing plug fires in a highly turbulent environment, under higher
      pressures and temperatures than those to which a single plug cylinder is
      normally exposed, it is able to ignite the main charge under conditions
      otherwise impossible were this second plug to be the only source of
      ignition. From the moment that this trailing plug fires and secondary
      combustion starts, it proceeds very fast, not only because of the already
      mentioned favorable environment but because of the relatively compact and
      deeper portion of the chamber in the side pocket. But yet, the maximum
      cylinder pressure and temperature are kept under control, both because of
      the large amount of excess air present being intimately mixed with the
      products of combustion due to the highly turbulent combustion and because
      the piston is already on its downward stroke. This is how the NO.sub.x is
      kept under control.
PAR  The inherently large transfer of compressed mixture and/or combustion
      products to and from the cylinder and the side pocket traditional with "L"
      head designs, for example, is greatly minimized since a large portion of
      the actual combustion occurs on top of the piston. This reduction in
      pumping losses also helps to reduce the fuel consumption. The pumping
      losses are also reduced by the lowered manifold vacuums at which this
      engine operates.
PAR  The system, in accordance with the present invention, provides a novel
      approach to improving the brake specific fuel consumption, while at the
      same time decreasing all three major gaseous pollutants, reducing noise,
      reducing mechanical and thermal stresses, providing for fast starts even
      under cold conditions and in general resulting in very smooth operation.
PAR  The present invention is thus directed to a system for controlling the
      combustion rate in an internal combustion engine by reason of the shape
      and volume of the combustion chamber at several critical points and by the
      increased turbulence created by the final squish as the piston nears top
      dead center (TDC). To provide the critical control of NO.sub.x emissions,
      timing as between the firing of the two spark plugs will be relatively
      late. For internal combustion engines not requiring an extreme degree of
      NO.sub.x control, the timing can be advanced somewhat to improve power and
      fuel consumption. A major and outstanding advantage of the system is its
      control over NO.sub.x and other emissions through proper combustion
      chamber design, the use of extremely lean air/fuel ratios and the proper
      control of the spark timing on either plug. Additional advantages are that
      fuel consumption at peak load is greatly reduced by more complete fuel
      utilization and there is increased engine mechanical efficiency resulting
      from reduced pumping losses and friction. For the same speed and shaft
      horsepower with the lean mixtures, lower manifold vacuums result. This
      reduces the pumping losses, increases the mechanical efficiency and lowers
      the fuel consumption. It should be noted that the reduced manifold vacuums
      operate to reduce oil consumption for the engine.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention thus relates to an improved combustion system capable
      of utilizing a lean fuel/air mixture and further capable of drastically
      reducing noxious emissions, particularly NO.sub.x emissions. The
      improvement arises from the combination of a combustion chamber of
      convergent shape, a pair of spaced spark plugs placed near the convergent
      end and near the divergent end of the chamber, along with a substantial
      squish area provided adjacent the plug in the convergent end of the
      chamber.
PAR  In the operation of the present invention, a pressure peak, as will be
      explained hereinafter, is substantially avoided and a good integrated
      pressure-time curve is obtained. By the reduction of peak temperature and
      peak pressure, the oxides of nitrogen are substantially reduced and the
      engine operates in a quieter manner and with a longer life period.
PAR  Hydrocarbon emissions are also reduced by the presence of excessive air,
      the large turbulence and late ignition timing allowing full penetration of
      the flame front to all the confines of the chamber. Carbon monoxide
      emissions are practically eliminated by the very lean mixtures. Improved
      fuel economy results from thorough utilization of the fuel and a
      drastically different cylinder pressure-time curve practically devoid of
      negative pressure areas (improved mechanical efficiency).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be explained in the accompanying specification
      and with reference to the drawings in which like numerals are used to
      refer to like elements shown in the several views, and in which:
PAR  FIG. 1 is a graph of pressure plotted against time illustrating the
      operation of the present invention as compared to prior art internal
      combustion engines;
PAR  FIG. 2 is a top plan view showing the basic parts of the combustion system
      and the configuration of the combustion chamber;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2 with parts
      broken away;
PAR  FIG. 4 is a fragmentary sectional view taken along the lines 4--4 of FIG.
      2;
PAR  FIG. 5 is a sectional view taken along the lines 5--5 of FIG. 2;
PAR  FIG. 6 is a view similar to FIG. 2 but illustrating another embodiment of
      the present invention; and
PAR  FIG. 7 is a view taken substantially on line 7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the graph of FIG. 1, it shows the normal pressure curve
      for a typical internal combustion engine on line A. Line B shows the same
      engine operating with a retarded spark. It will be seen that there is no
      pressure peak but a pressure which deteriorates. The operation of the
      combustion system of the present invention is represented by line C, which
      shows a pressure curve without a high peak pressure but rather with a well
      integrated pressure-time characteristic. This operating characteristic is
      extremely important since reduction of peak temperature and peak pressure
      has the effect of greatly reducing the oxides of nitrogen.
PAR  FIG. 2 shows the general shape and configuration of a preferred combustion
      chamber 10 as applied to an "L" head engine and includes a broad end 14
      and a narrow end 12. Included in the broad end 14 are an exhaust valve 16
      and an intake valve 18.
PAR  Also shown in FIG. 2 is the squish area 20 which will be further shown in
      FIG. 3. The combustion chamber 10 converges into the narrow end 12 which
      will be seen to overlie the upper end of the cylinder 11 for a purpose
      which will be explained hereinafter. A pair of igniting means, preferably
      spark plugs 22 and 24, are included. The spark plug 22 is positioned at
      the narrow end 12 of the combustion chamber 10. The second spark plug 24
      is located at the left hand broad end 14 of the combustion chamber 10. An
      appropriate ignition control system 26 is included to provide for the
      controlled sequential firing of the spark plugs 22 and 24 in that order,
      with a lag between the firing of the two plugs presettable and variable by
      adjustment of the ignition control system 26. This sequential firing of
      the spark plugs 22 and 24 is important to properly ignite lean mixtures.
      In the interest of simplicity and brevity, the details of the ignition
      control system 26 are not included in this application.
PAR  While the combustion chamber 10 is illustrated with a particular divergent
      and convergent configuration, it should be understood that for the purpose
      of the present invention it is only necessary that the portion disposed
      over the cylinder 11 have a smaller volume than the portion adjacent the
      valves 16 and 18. Many configurations could be provided which will meet
      this requirement. Further, while the spark plugs 22 and 24 are illustrated
      at preferred positions, it should be clear that the spark plug 22 can be
      located in an area from the position shown to a position slightly past the
      center of the cylinder 11. The spark plug 24 can be disposed in the broad
      end of the chamber 10 in any position as long as it does not overlie the
      cylinder 11.
PAR  It will be understood that the spark plugs 22 and 24 are preferably of the
      long-reach type and are extended relatively far downardly into the
      combustion chamber 10, as better shown in FIG. 3, without interferring
      with the operation of valves 16 and 18. The sequential firing of the spark
      plugs 22 and 24 is preferably for the second to be fired 4.degree. to
      8.degree. crankshaft, after the first. A somewhat broader operable range
      may be defined as falling between 0.degree. and 12.degree. crankshaft,
      depending upon cylinder bore size and other characteristics of the engine.
PAR  FIG. 3 shows the general construction of the spark plugs 22 and 24 having
      electrodes 22a and 24a, respectively. The squish area, denoted by the
      numeral 20 and best illustrated in FIG. 5, is similarly shown in FIG. 3
      which clarifies the sizing of the squish area, namely that it is of a high
      area to volume ratio and lies above the top of the cylinder 11 adjacent
      the combustionchamber 10. A piston 30 with associated piston rings 32 is
      shown in part as it moves upwardly toward top dead center position. It is
      significant that there is a relatively small distance provided between the
      top of the piston 30 and the top of the combustion chamber 10. The
      relatively small volume of the combustion chamber 10 at that point,
      surrounded by a large flat area comprising squish area 20, will operate to
      squish and force the mixture into the outer portion, that is the enlarged
      end 12 of the combustion chamber 10.
PAR  While the combustion chamber 10 is illustrated in FIG. 5 as being formed
      with relatively vertical sides, this is, of course, not necessary and the
      sides could, if desired, blend smoothly with curved shapes into the walls
      defining the upper section of the squish area 20. The upper section of the
      combustion chamber 10 does not necessarily have to be flat; it could be
      slightly curved or tapered to blend with either the flat portion of the
      squish area or extend all the way to the combustion chamber walls, or both
      combustion chamber and squish area could be combined in a series of
      composite curves allowing the combustion chamber to extend practically to
      the cylinder walls and disposing of the traditionally flat surfaces of the
      squish area, and yet, however, achieving nearly the same effect.
PAC  DESCRIPTION OF OPERATION
PAR  During part load operation, the induction of the air/fuel mixture and
      compression are effected in the normal manner. Around TDC (depending on
      engine design and operational load and speed), the spark plug 22 is
      actuated through the ignition control system 26. The spark plug 22 is
      preferably a hot plug with extended electrodes and a relatively wide gap.
      It is correctly positioned in both horizontal and vertical planes to
      initiate a positive start of combustion even with the extremely lean
      mixtures involved. This combination of spark plug characteristics and
      location, plus the very high turbulence produced by the high squish area
      20, are sufficient to assure ignition. Once ignition is established, it
      progresses from right to left through the thin divergent section. The
      combustion rate is thus controlled on the one hand by the shape and volume
      of the combustion chamber 10 and on the other hand by the increased
      turbulence created by the final squish as the piston 30 nears TDC. The
      timing of the firing of the second spark plug 24 depends upon the engine
      design and the intended applications. For extremely efficient NO.sub.x
      control, the timing will be relatively late. For applications not
      requiring the same high degree of NO.sub.x control, timing can be somewhat
      advanced for improved power and better fuel economy. Both plugs 22 and 24
      fire quite late as compared to conventional engines.
PAR  By operating as described above, the NO.sub.x control is almost completely
      achieved by the proper combination of engine design, extremely lean
      mixtures and the spark timing on the two spark plugs 22 and 24. As has
      already been indicated, there is resultant increased engine mechanical
      efficiency since, with the leaner mixtures, a lower manifold vacuum
      results. This reduces the pumping losses, increases the mechanical
      efficiency and lowers the fuel consumption. The reduced manifold vacuums
      also reduce oil consumption. With reduced manifold vacuums, less oil is
      sucked past the valve guides and piston rings 32.
PAR  FIGS. 6 and 7 illustrate the present invention embodied in an "F" head
      engine. In such an engine the intake valve 118 is actuated from above the
      combustion chamber 10, while the exhaust valve 116 is actuated from below.
PAR  As can best be seen in FIG. 6, the combustion chamber 110 is provided with
      an end 112 disposed over the cylinder 11 and an end 114 displaced from the
      cylinder 111. The exhaust valve 116 is disposed within the end 114 and the
      intake valve 118 is disposed within the end 112. The end 112 registers
      with a squish area 120.
PAR  A spark plug 122 is disposed within the end portion 112 overlying the
      cylinder 111 and a spark plug 124 is disposed within the end 114 of the
      combustion chamber 110 at a point spaced from the cylinder 111.
PAR  It is apparent that the construction shown in FIGS. 6 and 7 functions
      substantially identical to the engine shown in FIGS. 2-5. The spark plugs
      122 and 124 are fired sequentially as indicated above and the end 112 of
      the combustion chamber 110 in combination with the squish area 120
      provides a relatively high area to volume ratio chamber in registering
      with the end 114 of the combustion chamber 110.
PAR  Thus as described above, as the piston 130 approaches TDC, the squish area
      120 will operate to force the mixture to the outer portion of the
      combustion chamber 110 and thus into the end 114 to, in combination with
      the sequential firing of spark plugs 122 and 124, produce combustion. The
      absence of negative pressure areas is also quite effective in increasing
      mechanical efficiency.
PAR  Full load operation at wide open throttle can be achieved with the present
      system in the same fashion as any part load condition with extremely lean
      mixtures of fuel/air without misfiring and with absolute control over the
      NO.sub.x emissions. Because of the reduced fuel flow associated with the
      lean mixtures, however, the same power levels obtained with an engine of
      conventional design cannot be achieved. To increase power, many solutions
      are available in connection with the present invention.
PAR  It is possible to provide increased engine displacement to solve the
      maximum power problem. However, this solution tends to increase the engine
      friction with attendant increases in fuel consumption and brake specific
      emissions. Detonation control provided is excellent.
PAR  Advanced timing on the second spark plug 22 may be used to increase the
      maximum power. At the same time, this tends to increase the NO.sub.x
      emissions, while decreasing the brake specific fuel consumption.
PAR  Maximum power under WOT conditions results in operation very similar to
      that of a conventional engine. The ignition timing is still retarded, but
      the dual ignition points, the sequential firing coupled with the high
      turbulence and the high compression combine to produce a fast enough
      combustion that more than compensates for the effective retarded ignition.
PAR  It will thus be seen that the combustion system according to the present
      invention provides an internal combustion engine which can be operated
      with extremely lean air/fuel ratios of the order of 20:1 and even higher,
      such as required for complete exhaust emissions control (hydrocarbon,
      carbon monoxide and nitrogen oxides), without regard to speed or load
      condition, while retaining near optimum values for brake specific fuel
      consumption.
PAR  An internal combustion engine constructed in accordance with the present
      invention is capable of operation with ready start, low mechanical
      stresses, low thermal stresses and relatively little fuel waste due to
      enrichment devices. Operation in the aforesaid lean limit with low exhaust
      temperatures further tends to extend the life of the exhaust system as
      follows: (a) less water is formed during combustion, such water attacks
      exhaust systems after reacting with the oxides of nitrogen and sulphur
      oxide to form highly corrosive nitric acid and sulphuric acid; (b) fewer
      oxides of nitrogen are produced to react with whatever water results from
      combustion and/or ambient humidity. The absence of the fuel rich mixtures
      and reduced oil consumption described above tend to extend the life of the
      spark plugs by preventing their fouling. The engine starts are faster and
      cleaner and there is a low hydrocarbon and carbon monoxide emission after
      start up due to solid engine operation in the lean region.
PAR  The internal combustion engine constructed and operated in accordance with
      the teachings of this invention is able to operate on a variety of fuels,
      including low-lead fuel, and there is a substantial reduction in the black
      smoke emissions and exhaust odors which are associated with fuel rich
      mixtures. Noise levels of combustion are also reduced.
PAR  It will thus be seen that I have provided by the present invention a
      substantially improved combustion system for internal combustion engines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an internal combustion engine having a cylinder and a piston therein,
      a reduced emission combustion system capable of accommodating a relatively
      lean air/fuel mixture comprising:
PA1  a combustion chamber with a first end and a second end, a portion of the
      combustion chamber including the first end overlying the top of the
      cylinder and the second end spaced from the cylinder;
PA1  said combustion chamber having an upper wall formed to provide an undivided
      combustion chamber at the top dead center of said piston,
PA1  a squish area of relatively high area/volume ratio located above the top of
      the cylinder in registry with said first end of said combustion chamber of
      providing turbulence;
PA1  an intake valve and an exhaust valve disposed in said combustion chamber;
PA1  a first igniting means located proximate said first end of said combustion
      chamber;
PA1  a second igniting means located proximate said second end of said
      combustion chamber;
PA1  means for actuating said first igniting means and thereafter actuating said
      second igniting means;
PA1  said igniting means each having an end extending into said combustion
      chamber, said ends being in a plane substantially normal to the axis of
      said cylinder; and
PA1  means for introducing a relatively lean fuel/air mixture into said
      combustion chamber.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said intake valve and
      said exhaust valve are disposed in said second end of said combustion
      chamber and said second igniting means is fixed in a position proximate
      said valves.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein said second igniting
      means is substantially equally spaced from said valves.
NUM  4.
PAR  4. The combination as set forth in claim 1 in which there is a lag of
      between zero to twelve crankshaft degrees between the actuating of said
      first and said second igniting means.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein said igniting means are
      actuated approximately four to eight crankshaft degrees apart.
NUM  6.
PAR  6. The combination as defined in claim 1 and in which said fuel/air mixture
      is of the order of 1:20.
NUM  7.
PAR  7. In an internal combustion engine having a cylinder and a piston therein,
      a reduced emission combustion system capable of accommodating a relatively
      lean air/fuel mixture comprising:
PA1  a combustion chamber with a first end and a second end, a portion including
      the first end overlying the top of the cylinder and the second end spaced
      from the top of the cylinder;
PA1  the second end of said combustion chamber having a greater volume than said
      first end;
PA1  said combustion chamber having an upper wall formed to provide an undivided
      combustion chamber at top dead center of said piston;
PA1  a squish area of relatively high area/volume ratio located above the top of
      the cylinder in registry with said first end of said combustion chamber
      for providing turbulence;
PA1  an intake valve and an exhaust valve disposed in said combustion chamber;
PA1  a first igniting means located proximate said first end of said combustion
      chamber;
PA1  a second igniting means located proximate said second end of said
      combustion chamber;
PA1  means for actuating said first igniting means and thereafter actuating said
      second igniting means; and
PA1  means for introducing a relatively lean/air mixture into said combustion
      chamber.
NUM  8.
PAR  8. The invention as defined in claim 7 and in which said actuating means
      actuates both of said igniting means before top dead center position of
      said piston.
NUM  9.
PAR  9. The combination as set forth in claim 7 wherein said vales are disposed
      in said first end of said combustion chamber and said second igniting
      means is fixed in said first end of said chamber substantially equidistant
      from said valves.
NUM  10.
PAR  10. The combination as set forth in claim 7 wherein said second igniting
      means is fixed in a position spaced from said valves.
NUM  11.
PAR  11. The combination as set forth in claim 7 wherein there is a spacing
      ranging from zero to twelve crankshaft degrees between the actuating of
      said first and said second igniting means.
NUM  12.
PAR  12. In an internal combustion engine having a cylinder and a piston
      therein, a low emission type combustion system comprising:
PA1  a combustion chamber with a relatively broad end a relatively narrow end
      spaced therefrom, a portion of the narrow end of said chamber overlying
      the top of said cylinder;
PA1  said combustion chamber having an upper wall formed to provide an undivided
      combustion chamber at top dead center of said piston,
PA1  an intake valve and an exhaust valve disposed in the broad end of said
      combustion chamber,
PA1  a first igniting means located proximate the narrow end of said combustion
      chamber and having a portion extending through said upper wall and into
      said combustion chamber;
PA1  a second igniting means located proximate the broad end of said combustion
      chamber and having a portion extending through said upper wall and into
      said combustion chamber;
PA1  means for introducing a relatively lean fuel/air mixture into said
      combustion chamber; and
PA1  means for actuating said first igniting means and thereafter actuating said
      second igniting means.
NUM  13.
PAR  13. The combination as set forth in claim 12 wherein said relatively lean
      air/fuel ratio provided to said chamber is substantially of the order of
      20:1.
NUM  14.
PAR  14. The combination as set forth in claim 12 wherein a squish area is
      located adjacent said narrow end of said chamber proximate said first
      igniting means.
NUM  15.
PAR  15. The combination as set forth in claim 12 wherein said igniting means
      comprise spark plugs having extended electrodes and a relatively wide gap.
NUM  16.
PAR  16. The combination as set forth in claim 15 wherein the timing of the
      firing of said second spark plug is relatively late relative to the firing
      of the first spark plug in order to substantially eliminate nitrogen oxide
      emissions during partial load operation of said engine.
NUM  17.
PAR  17. In an internal combustion engine having a cylinder and a piston
      therein, a reduced emission combustion system for accommodating a
      relatively lean air/fuel mixture comprising:
PA1  a combustion chamber with a first end and a second end, a portion of the
      combustion chamber including the second end overlying the top of the
      cylinder;
PA1  a squish area of relatively high area/volume ratio located above the top of
      the cylinder adjacent said second end of said combustion chamber for
      providing turbulence;
PA1  intake and exhaust means communicating with said combustion chamber, said
      intake means including means for delivering a relatively lean fuel/air
      mixture to said combustion chamber;
PA1  a first igniting means located proximate said second end of said combustion
      chamber and a second igniting means spaced from said first igniting means;
      and
PA1  means for actuating said first and second igniting means sequentially, both
      said igniting means actuated before top dead center position of said
      piston and being actuated at least four crankshaft degrees apart.
NUM  18.
PAR  18. The engine as defined in claim 17 and in which the lag between the
      actuation of said first igniting means and the actuation of said second
      igniting means is not more than twelve crankshaft degrees.
NUM  19.
PAR  19. The combination as defined in claim 1 and in which said first end is
      relatively broad and said second end is relatively narrow.
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ABST
PAL  A valve controlled disposable container, bracket mounted on the fire wall
      of an internal combustion vehicle for a selective feeding of a composition
      comprising a mixture of 90% hydrogen peroxide, 9% water, 0.5% nitro
      methane and 0.5% methanol to the intake manifold or carbureter of the
      engine.
PAR  The present invention generally relates to internal combustion engine
      operation, and is more specifically concerned with a system for increasing
      the operational efficiency thereof through the utilization of apparatus
      which enables the selective feeding of an engine additive uniquely adapted
      to effect a substantial reduction in pollutant in conjunction with an
      appreciable reduction in gas consumption.
PAR  One of the major problems facing the auto industry at the present time is
      the necessity of finding effective pollution reduction means. While many
      systems have been proposed, and in fact put into operation, the basic
      deficiency with such systems is the resulting substantial increase in gas
      consumption.
PAR  Accordingly, it is a primary object of the present invention to provide a
      unique system of pollution control which, in operation, actually results
      in an appreciable decrease in normal gas consumption.
PAR  In conjunction with the above, it is also an important object of the
      invention that the system be economical, easily installed and requires no
      modification of the engine construction other than the attachment of a
      bracket to the fire wall and the discharge end of a hose to feed into the
      carbureter or intake manifold.
PAR  In achieving the objects of the invention, the apparatus includes a bracket
      affixed to the fire wall of an engine compartment and releasably mounting
      an elongated container between upper and lower head and foot pieces. The
      container is retained by upper and lower pairs of spring arms. An
      elongated feed hose is removably coupled to an outlet nozzle on the bottom
      of the container with the second end of the hose coupled to the engine at
      any appropriate place for the introduction of the additive from the
      container. In order to enable a proper feeding of the additive, a
      selectively operable vent cap is mounted on the lower end of the container
      and communicated with the upper interior thereof through an elongated vent
      tube. The additive itself is highly significant and comprises a mixture of
      90% hydrogen peroxide, 9% water, 0.5% nitro methane and 0.5% methanol.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAR  FIG. 1 is a side elevational view of the forward portion of a motor vehicle
      with a section broken away so as to expose the engine compartment with the
      apparatus of the invention mounted therein;
PAR  FIG. 2 is an enlarged vertical cross sectional view through the additive
      container; and
PAR  FIG. 3 is an exploded perspective view of the three basic components of the
      system apparatus.
DETD
PAR  Referring now more specifically to the drawings, it will be noted that FIG.
      1 illustrates the engine compartment 10 of a conventional motor vehicle
      12. The additive supply system of the invention is to be mounted therein
      utilizing primarily a bracket 14 affixed at a convenient location,
      preferably the fire wall 16.
PAR  The bracket 14 comprises a vertically elongated rigid flat bar 18 having
      laterally turned head and foot pieces 20 and 22. At vertically spaced
      points along the bar 18 are pairs of resilient or spring arms 24, each
      pair of arms formed from a single bowed piece of metal and provided with
      slightly rounded outer ends 26. Both pairs of arms are riveted or
      otherwise rigidly affixed to the bar 18 and project laterally in the same
      direction as the head and foot pieces 20 and 22. The central portion of
      the bar is provided with one or more apertures 28 for the reception of
      mounting screws, bolts or the like.
PAR  The bracket 14 is specifically constructed so as to releasably receive a
      vertically elongated cylindrical container 30. This container 30 is
      preferably made of plastic and disposable in nature. The length of the
      container is such so as to be snugly received between the head and foot
      pieces 20 and 22 with the upper end of the container 30 having a
      transverse slot 32 defined therein within which the head piece 20 fits.
      The circumference of the container 30 is such so as to be snugly received
      within and clamped by the resilient arms 24, such arms flexing slightly
      outward upon introduction or removal of the container 30. To facilitate
      sliding movement of the container into and out of the arms, the container
      30 at vertically spaced points equal to the spacing of the arms 24, can be
      provided with corrugated sections 34.
PAR  The lower end of the container 30 is provided with a first outlet 36 closed
      by a cap 38 mounting an adjustable vent or venting nozzle 40. The outlet
      36 communicates with the upper interior end of the container 30 through an
      elongated vent tube 42 sealed within the outlet 36 and opening to the
      selectively adjustable venting nozzle 40 so as to allow for a selective
      flow of air into the upper end of the container above the liquid level
      therein.
PAR  The container 30 also includes, at the bottom thereof, a second outlet 44
      to which an additive distributing hose 46 is coupled in a releasable
      manner through a conventional hose coupling 48. As will be appreciated
      from the drawings, both outlets 36 and 44 are off-set from the center of
      the container 30 so as not to interfere with the bracket mounting of the
      container.
PAR  The hose 46 is of a length so as to place the second discharge end 50
      thereof in communication with the internal combustion engine 52 at such a
      point as to provide for an introduction of the additive 54, contained
      within the container 30, to the engine at or slightly upstream of the
      carbureter or intake manifold. In the illustrated example, the discharge
      end 50 of the hose 46 is provided with a tee-coupling introduced into the
      line which draws off fumes from the PCV valve to the upstream side of the
      carbureter.
PAR  As a convenient means of controlling flow through the hose 46, a highly
      flexible section 56 can be mounted centrally therein and selectively
      compressed by a pair of parallel clamp plates 58 located to the opposite
      side thereof and interconnected by transverse bolts 60 and finger
      adjustable wing nuts 62.
PAR  Referring again to the venting cap 38, it will be noted that the vent
      nozzle 40 has a venting passage therethrough which can fully align with
      the vent tube 42 for a full venting of the interior of the container 30.
      By the same token, through the ball in socket arrangement of the venting
      nozzle 40 with the cap 38, any adjustment of the venting passage up to a
      complete shut-off thereof can be effected through a pivoting of the nozzle
      40.
PAR  The present invention contemplates the utilization of a specific additive
      so as to produce an oxidizer vapor found to result in significant
      pollution reduction and substantially increased gas economy. This addition
      is a composition comprising a mixture of 90% hydrogen peroxide, 9% water,
      0.5% nitro methane and 0.5% methanol which is drawn into the engine as a
      vapor through the hose 46.
PAR  From the foregoing, it will be appreciated that a unique system has been
      defined for supplying a fuel enhancing additive to an internal combustion
      engine. In addition a particular additive has been defined which, when
      introduced into the intake system of the internal combustion engine,
      results in a substantial reduction in pollution and gas consumption
      without requiring any elaborate or expensive engine modifications or the
      like.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination with an internal combustion engine of the type having a
      reduced pressure combustible mixture induction system, an additive supply
      assembly including a container, a quantity of liquid additive in the
      container, and a conduit communicating the container with the induction
      system for supplying additive thereto, that improvement comprising the
      arrangement in which said conduit is connected to the bottom of said
      container, said container including an air inlet in the bottom thereof, an
      air inlet tube extending upwardly from the air inlet to a point adjacent
      to the top of the container, said air inlet including a control valve to
      control inlet of air into said container for controlling the pressure
      therein thus controlling the outflow of additive through the conduit, said
      container being constructed of substantially unbreakable plastic material
      and disposable after use, said container also being in the form of an
      elongated cylinder with generally flat top and bottom ends, and a bracket
      mounting said container vertically by engaging the top, bottom and
      peripheral wall thereof, said top end of the container having a notch
      extending diametrically thereof, said bracket having horizontally disposed
      tongues frictionally engaging the ends of the container with the upper
      tongue received in the notch, said bracket including resilient clips
      engaging the central portion of the peripheral wall of the container, said
      air inlet and conduit being offset from the center of the bottom of the
      container to facilitate the reception of the bottom tongue.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said conduit includes a
      flexible section, and opposed clamp plates for adjustably clamping the
      flexible section for restricting flow through the conduit, said conduit
      including a tee fitting at the end thereof remote from the container, said
      induction system of the engine including a conduit interconnecting a PCV
      valve and a carburetor assembly on the engine with the tee fitting on the
      conduit incorporated therein with the air inlet valve being adjusted to
      eliminate adverse affects upon flow of crankcase emissions from the PCV
      valve to the carburetor assembly, said liquid additive comprising a
      mixture of 90% hydrogen peroxide, 9% water, 0.5% nitromethane and 0.5%
      methanol.
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ABST
PAL  A simple and inexpensive method for converting an N-cylinder automobile
      engine to an (N/2)-cylinder engine which requires only minor modifications
      to the basic engine structure. Every other cylinder in the firing order is
      deactivated by removing adjacent spark plugs. A conduit is connected
      between the spark plug hole for each such cylinder and the carburetor air
      cleaner to prevent power stroke vacuum, exhaust stroke compression, and
      passage of debris. The rocker arm assemblies for each deactivated cylinder
      are removed to maintain the intake and exhaust valves in a closed
      position, and thereby discontinue fuel flow and limit the air flow to that
      through the conduits.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to internal combustion engines for automobiles, and
      more particularly to the conversion of an N-cylinder automobile engine to
      an (N/2)-cylinder engine with only minor modifications to the basic
      structure of the engine.
PAC  THE PRIOR ART
PAR  The current energy crisis has spurred many consumers into purchasing small
      economy cars to conserve fuel and meet increasing fuel costs. Those
      automobile owners who previously purchased large, uneconomical automobiles
      are faced with excessive fuel consumption, higher operating costs, and
      lower trade-in values. Thus, a method of converting the larger cars to a
      more economically performing vehicle without incurring large modification
      costs is required as an incentive to conserve fuel.
PAR  Methods of converting an N-cylinder automobile engine into a less than
      N-cylinder engine are in the prior art. Typical are those disclosed in
      U.S. Pat. Nos. 2,948,274; 3,121,422; 3,158,143; 3,578,116; 3,756,205; and
      3,765,394. Each of the methods disclosed requires complex and expensive
      modifications to the basic engine structure to control the fuel flow to
      selected cylinders or to selectively deactivate the ignition circuit. None
      of the disclosed methods are concerned with the debilitative effect that a
      deactivated cylinder continues to have during the power and compression
      strokes. Nor do any of the disclosed methods provide a simple and
      inexpensive method of conversion requiring neither complex mechanical nor
      complex electrical modifications.
PAC  SUMMARY OF THE INVENTION
PAR  A structurally simple and inexpensive method of converting an N-cylinder
      internal combustion engine to an (N/2)-cylinder engine whereby selected
      cylinders are deactivated in a manner to avert power absorbing cylinder
      friction. More particularly, every other cylinder in the firing order is
      deactivated by replacing the adjacent spark plug with a fitting. Conduits
      are connected between the fittings and an air cleaner to prohibit passage
      of debris, power stroke vacuum and exhaust stroke compression within each
      such cylinder. To complete the modification, the rocker arm assemblies for
      each deactivated cylinder are removed to maintain the intake and exhaust
      valves in a closed position. Hence, the fuel flow is discontinued and the
      flow of air is limited to that through the conduits.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a top elevational view of a V-8 automobile engine with valve
      covers removed to expose the rocker arm assemblies associated with each
      cylinder; and
PAR  FIG. 2 is a top elevational view of an embodiment of the invention effected
      upon the engine of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The engine configuration illustrated in FIG. 1 includes eight cylinder
      assemblies, preferably a carburetor air cleaner 10, and a distributor 11.
      Each spark plug, seated in a hole leading to a cylinder chamber, is
      connected by means of current carrying wires 15 to distributor 11.
PAR  The normal firing order for such a configuration is 8-1-3-6-2-7-5-4, where
      spark plug 28 fires the chamber of cylinder 8 to initiate a firing order
      which is terminated by spark plug 24 firing the chamber of cylinder 4. The
      particular firing order results in a balanced and smooth operating V-8
      engine.
PAR  The preferred embodiment of the invention is illustrated in FIG. 2, where
      every other cylinder in the firing order, for example cylinders 1, 6, 7
      and 4, are rendered inoperative by disconnecting the rocker arm assembly
      and removing the spark plug for each selected cylinder. A hollow insert or
      fitting 12 is screwed into each of the vacated spark plug holes, and an
      air carrying hose 13 is spring clipped to the fitting and preferably to a
      hollow connector 14 fixed in the top of air cleaner 10. Ignition wires 15
      which were connected to the removed spark plugs may be removed from the
      distributor cap 11 and laid away for reuse when the full V-8 operation is
      again desired.
PAR  While the preferred embodiment includes an air carrying hose between
      vacated spark plug holes and a carburetor air cleaner, other air cleaner
      configurations will be obvious to one skilled in the art. For example, a
      separate manifold containing a cheaper air filter may be utilized on each
      side of the engine, or a small separate air cleaner may be used for each
      inoperative cylinder.
PAR  With rocker arm assemblies 31, 36, 37 and 34 removed, the intake and
      exhaust valves associated with each deactivated cylinder are maintained in
      a closed position to interrupt fuel flow and to close all air passages
      except that of the spark plug hole.
PAR  It is to be understood that the removal of the rocker arm assemblies
      necessitates the removal of hydraulic lifters and push rods extending to
      the rocker arms.
PAR  The vacuum normally created during the power stroke of an inoperative
      cylinder as well as compression created during the compression stroke is
      prevented by the air passage created by hoses 13. Thus, power robbing
      cylinder friction associated with deactivated cylinder operations is
      eliminated. Hoses 13 acting in conjunction with air cleaner 10 further
      prevent the passage of debris into the cylinder chambers.
PAR  In operation, the engine illustrated in FIG. 1 has been converted without
      expensive or complex modification to function as a smooth operating and
      more economical V-4 engine with firing order: 8-3-2-5.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an internal combustion engine having N-cylinders with each cylinder
      having at least one removable spark plug for igniting a fuel mixture
      within the cylinder, and an intake and exhaust valve system for
      introducing the fuel mixture into the cylinder and exhausting the burned
      fuel after ignition, a method of converting the engine to a (N/2)-cylinder
      internal combustion engine comprising:
PA1  selecting (N/2)-cylinders to be deactivated,
PA1  removing the spark plugs from the selected (N/2)-cylinders,
PA1  attaching an air cleaner to each opening created by the removal of the
      spark plugs to prevent contaminants from entering the cylinders while
      allowing the free movement of air into and out of the cylinders, and
PA1  deactivating the intake and exhaust valve system for the selected
      (N/2)-cylinders.
NUM  2.
PAR  2. The method of claim 1 wherein the step of attaching an air filter to
      each opening created by the removal of the spark plugs is characterized
      by:
PA1  inserting a fitting into each opening created by the removal of the spark
      plug; and
PA1  connecting an air hose between each fitting and an air cleaner.
NUM  3.
PAR  3. The method of claim 1 wherein the step of deactivating the intake and
      exhaust valve system is characterized by:
PA1  removing structure from the intake valve system to prohibit the
      introduction of the fuel mixture into the selected (N/2)-cylinders, and
PA1  removing structure from the exhaust valve system to prohibit exhuast from
      the selected (N/2)-cylinders through the exhaust valve system.
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ABST
PAL  An eccentric indicator in combination with a compound bow the compound bow
      has rotatable eccentric wheels at the ends of the bow limbs, around which
      cables forming part of the bowstring are trained. The indicator comprises
      a pair of rotatable indicator wheels mounted above and below a simulated
      arrow shaft, about three-quarters of the distance back from the front end
      thereof. Flexible cords pass around pulleys mounted on the sides of the
      indicator wheels, and one cord is attached at one end of the bowstring
      close to the upper eccentric wheel, while the other cord is attached at
      one end to the bowstring close to the lower eccentric wheel. The other
      ends of the cords are attached to elastic cords, which are fastened to the
      front end of the shaft. When the device is used in place of an arrow and
      the bow is drawn, the indicator wheels are turned by the cords as the
      latter are pulled by the elastic cords to take up slack due to rotation of
      the eccentric wheels. If the eccentric wheels are turning in synchronism,
      the indicator wheels will rotate as though geared together. If the
      indicator wheels rotate at different rates, it is an indication that
      adjustment of the bow is necessary. The two indicator wheels, being
      located close together and in the archer's line of sight, enable him to
      see simultaneously the relative rates of rotation of the eccentric wheels
      on the ends of the bow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention pertains to a device for use with a compound bow
      having eccentric wheels at the ends of the upper and lower limbs, around
      which the bowstring cables are trained. The compound bow is shown and
      described in U.S. Pat. No. 3,486,495 to H. W. Allen, to which reference
      may be had. The eccentric wheels each rotate approximately 180.degree. as
      the bow is drawn to full draw, and these eccentric wheels, together with a
      block and tackle arrangement of the bowstring cables, are responsible for
      a unique characteristic of the compound bow whereby the draw weight of the
      bowstring increases rapidly to a maximum at about 78% of full draw
      distance, and then decreases about 20% as full draw is approached. For
      maximum speed and accuracy, it is essential that the upper and lower
      eccentric wheels rotate in exact synchronism, so that they peak and turn
      over at the same time. It is difficult to determine whether the eccentric
      wheels are turning in synchronism, as they are at opposite ends of the
      bow, and it is necessary to shift the eyes first to one end of the bow and
      then to the other. It is virtually impossible to tell by looking from one
      eccentric wheel to the other when they are turning in synchronism, and it
      has heretofore been a very tedious and time-consuming operation to get the
      eccentric wheels of a compound bow to peak and turn over at the same time.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a simple,
      inexpensive device that enables an archer to see in a single glance how
      the two eccentric wheels of a compound bow are turning with respect to one
      another as he draws back on the bowstring.
PAR  Another object of the invention is to provide a device wherein indicator
      wheels showing the rotation of the eccentric wheels are mounted on a
      simulated arrow shaft, and the device is used with a compound bow in
      exactly the same manner as a regular arrow. The indicator wheels are thus
      located directly ahead of the archer's eyes, where they can be watched
      while sighting down the shaft.
PAR  These and other objects and advantages of the invention will become
      apparent to those skilled in the art from the following detailed
      description of the preferred embodiment thereof, with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a compound bow, of the type with which
      the present invention is intended to be used;
PAR  FIG. 2 is an enlarged view of the upper half of the bow, showing the cable
      and pulley arrangement;
PAR  FIG. 3 is a perspective view of the eccentric pulley wheel at the end of
      the upper limb, showing its position when the string is relaxed;
PAR  FIG. 4 is a view similar to FIG. 3, showing the position of the eccentric
      wheel when the string is fully drawn;
PAR  FIG. 5 is a fragmentary elevational view taken at 5--5 in FIG. 2;
PAR  FIG. 6 is a side elevation of the bow of FIG. 1, showing the device of the
      present invention being used;
PAR  FIG. 7 is an enlarged fragmentary view of the invention, as seen from one
      side;
PAR  FIG. 8 is another view of the same, seen from the other side;
PAR  FIG. 9 is an end view of the device, as seen from 9--9 of FIG. 8;
PAR  FIG. 10 is an enlarged fragmentary view, partially broken away, showing the
      front end of the device;
PAR  FIG. 11 is a fragmentary elevational view of the upper eccentric pulley
      wheel, showing an adjustable cable stop for limiting the draw of the
      string; and
PAR  FIG. 12 is an enlarged sectional view through the cable stop of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Attention is directed first to FIGS. 1-6, which show a compound bow that is
      essentially similar to that illustrated and described in U.S. Pat. No.
      3,486,495 to H. W. Allen. The bow 10 is provided with a central handle
      section 22, having a pair of upper and lower limbs 14 and 16,
      respectively, extending outwardly from opposite sides thereof. Upper limb
      14 is bifurcated and has bearing blocks 18, as illustrated in FIG. 3,
      which hold an axle pin 20 that rotatably supports an eccentric pulley
      wheel 22. In like manner, lower limb 16 is bifurcated at its end and has
      bearing blocks 24 that hold an axle shaft upon which an eccentric pulley
      wheel 26 is rotatably mounted.
PAR  A bow string 28 has S-shaped hooks 30 at each end, and these hooks are
      engaged through loops 32 in the ends of flexible steel cables 34 and 36.
      Cable 34 is trained around the upper eccentric pulley wheel 22 and extends
      back toward the lower limb 16, while cable 36 is trained around lower
      eccentric wheel 26 and extends upwardly toward the upper limb 14. Cable 34
      passes around the idler pulley wheel 38 which is attached by a suitable
      mounting bracket to the inner surface of the lower limb 16, about midway
      between the ends thereof, and the end of the cable extends upwardly
      therefrom to an adjustable tuning device 40 on the lower end of handle
      section 12. In like manner, cable 36 passes around an idler pulley wheel
      42 which is attached by a suitable bracket to the upper limb 14 about
      midway between the ends thereof, and the end of this cable extends down to
      an adjustable tuning device 44 on the upper end of handle section 12.
PAR  The adjustable tuning device 44 for cable 36 is shown in FIG. 5, but it
      will be understood that the corresponding device 40 for cable 24 is
      similar in all respects, and therefore the description of FIG. 5 applies
      to both of them. The turning devices 44 and 40 each comprise a pair of
      side plates 46 fixed to opposite sides of the handle section 12, and
      mounted between them is a worm screw gearbox 48 with a reel shaft 50
      projecting laterally from one side thereof. Cable 36 is wrapped several
      times around the reel shaft 50 and fixedly attached thereto. Projecting
      from the near end of gearbox 48 is an adjusting cap screw 52 having a hex
      socket to receive a tool for turning the screw. When screw 52 is turned
      one direction or the other, reel shaft 50 rotates, winding up or unwinding
      the cable 36. A lock screw 54 locks the device in adjusted position.
PAR  The compound bow described to this point is not a part of the invention,
      but it is necessary that its construction and mode of operation be
      described so that the device of the present invention can be fully
      understood. A unique characteristic of the compound bow is the way that
      the draw weight of the bowstring increases rapidly out to about 22 inches,
      and then decreases about 20% at 28 inches of draw. This is due to the fact
      that the eccentric pulleys turn on their axle shafts about 180.degree.
      from the position shown in FIG. 3 to that shown in FIG. 4. As the
      eccentric pulleys rotate in this manner, the longer radius of the
      eccentric swings outwardly and rearwardly toward the archer, thereby
      effectively increasing the effective length of the limbs at full draw.
      This increases the mechanical advantage at full draw. At the same time,
      cables 34 and 36 passing around idler pulleys 38 and 40, act as block and
      tackle to help bend the short stiff limbs 14 and 16. The combination of
      block and tackle, wherein the bending of one limb helps the bending of the
      other, together with the increasing mechanical advantage obtained by the
      rotating eccentrics as the bow approaches full draw, gives the compound
      bow extraordinary power, while at the same time reducing the draw weight
      at full draw.
PAR  For maximum speed and accuracy, it is essential that the upper and lower
      eccentric wheels 22, 26 peak and turn over at the same time. This may be
      affected by idiosyncracies of the archer's draw, or by the way the bow was
      set up and adjusted at the time of stringing. When the bow is in correct
      adjustment, the archer will feel only a single peak of power as he
      approaches full power, and the bow will shoot consistently in the
      direction that it is aimed, instead of consistently over-shooting or
      under-shooting the mark. When correctly adjusted, both of the eccentric
      wheels 22, 26 turn in perfect synchronism, and each time that the top
      wheel 22 turns through 1.degree. of rotation, the bottom wheel 26 will
      also turn through 1.degree. of rotation. If the wheels are not turning in
      perfect synchronism, they can be adjusted by turning one or the other of
      the tuning devices 40, 44 in the "take-up" direction. For example, should
      the lower wheel 26 break over ahead of the upper wheel 22, cable 36 on the
      lower wheel 26 would be taken up by turning the cap screw 52 of tuning
      device 44 in the direction to wind more cable onto the reel shaft 50. The
      upper tuning device 44 controls the lower wheel 46, and the lower tuning
      device 40 controls the upper wheel 22.
PAR  The difficulty, however, is that the archer cannot watch both the upper and
      lower wheels simultaneously while making his draw, and therefore adjusting
      the bow for perfect synchronism of the upper and lower wheels is a tedious
      and time-consuming operation. The present invention makes it possible to
      perform this adjustment quickly and easily.
PAR  The device of the present invention is shown in FIGS. 6-10, where it is
      designated in its entirety by the reference numeral 56. The device 56
      includes a straight, slender shaft 58 that is substantially identical to
      an arrow shaft, and has a notch 60 in one side thereof at the rear end to
      receive the bowstring 28. Mounted on the shaft 58 about three-quarters of
      the distance back from the front end thereof is a bracket 62 supporting
      two indicator wheels 64 and 66.
PAR  The wheels 64, 66 are rotatably mounted on pivot bolts 68, and each of the
      wheels is marked with a plurality of equidistant, angularly spaced
      graduation markings 70. Fixed to the wheels 64, 66 on the side facing the
      bracket 62 are pulley wheels 72, and trained around the wheels on the side
      adjacent the shaft 58 are flexible cords 74. One end of each of the cords
      74 extends towards the corresponding eccentric wheel, and has a loop 76 at
      its outer end that is engaged over the S-shaped hook 30. The other end of
      each of the cords 74 extends forwardly along the shaft 58 to a point of
      attachment 78 with one end of an elastic cord 80. The elastic cord 80
      continues fowardly along the shaft 58, and its other end is attached to an
      anchor fitting 82 which has a tongue that is inserted into a hole 84 in
      the end of the shaft.
PAR  The operation of the device 56 is as follows: With the two loops 76 of
      cords 74 hooked onto their respective S-shaped hooks 30, the shaft 58 is
      placed on an arrow rest 86 on the side of handle section 12, and bowstring
      28 is placed in the notch 60. The bowstring and shaft 58 are then drawn
      back in the normal way, as when drawing an arrow. During the draw, cables
      34 and 36 are pulled over their respective eccentric wheels 22, 26,
      causing the wheels to turn approximately 180 degrees on their pins 20. In
      so doing, the S-shaped hooks are pulled away from the eccentric wheels 22,
      26, and this has the effect of moving the hooks 30 down slightly toward
      the indicator wheels 64, 66, as best shown in FIG. 6. It will be noted in
      FIG. 6 that bowstring 28, cord 74, and the rear end of shaft 58 form a
      triangle, in which the side formed by cord 74 becomes shorter as the
      bowstring is drawn, whereas the other two sides of the triangle remain
      constant in length. Such movement of the hooks 30 toward the wheels 64, 66
      tends to slacken the cords 74, but the slackness is taken up by the
      elasticity of cords 80, which were stretched slightly when the loops 74
      were hooked onto the S-hooks 30.
PAR  Thus, as bowstring 28 is drawn, cords 74 are pulled toward the front end of
      shaft 58, and their movement around pulleys 72 causes the top wheel 64 to
      rotate in the clockwise direction, and bottom wheel 66 to rotate in the
      counterclockwise direction. If both of the eccentric wheels 22, 26 are
      turning in synchronism, so that they both peak over at the same time, both
      indicator wheels 64, 66 will turn at exactly the same rate, and this will
      become immediately apparent to the archer, as he will see the graduation
      marks on wheel 64 approach and line up with corresponding graduation marks
      on wheel 66, almost as if they were geared together. Any slight difference
      in their rotational rates is instantly apparent, as graduations on onw
      wheel will appear to catch up with and pass corresponding graduations on
      the other wheel. If the top indicator wheel 64 is turning faster than the
      bottom wheel 66, it indicates that the top eccentric wheel 22 is peaking
      ahead of the bottom eccentric wheel 26. The corrective adjustment would be
      to turn tuning device 40 in the direction to wind some more of cable 34 on
      the reel shaft 50. At the same time, it may be necessary to make what is
      known as a "tiller height" adjustment, which is an adjustment of the bow
      that increases the loading on one or the other of limbs 14, 16.
PAR  After each adjustment, the device 56 is again placed on the bow, and drawn
      to full draw, while the archer watches the rotation of wheels 64, 66. When
      perfect adjustment is obtained, the wheels 64, 66 will turn in perfect
      synchronism, and a graduation mark on one wheel will line up with a
      corresponding graduation mark on the other wheel, and follow it in perfect
      registration. The location of the indicator wheels 64, 66 directly in the
      line of sight as the archer sights along the shaft 58 makes it possible
      for him to see in a single glance what is happening to opposite ends of
      the bow.
PAR  To insure that the archer will not overdraw the bow beyond its designed
      draw length, I provide a cable stop 88, which is shown in FIGS. 11 and 12.
      Cable stop 88 comprises a tubular sleeve 90 having an axial bore 91
      through which cable 34 passes. At the center of the sleeve 90 is a hex
      head 92 to receive a wrench (not shown), and projecting from opposite ends
      of the hex head are threaded nipples 93 and 94. A round-nosed abutment cap
      96 is screwed onto the end of the upper nipple 93, and is locked in place
      by means of a lock nut 98. The lower nipple 94 terminates in a split
      clutch cone 100, that is clamped to the cable 34 by means of a clamping
      nut 102. Clamping nut 102 has a conically tapered inner surface 104 having
      the same cone angle as clutch cone 100. Thus, as clamping nut 102 is
      screwed onto nipple 94, the split clutch cone 100 is clamped tightly onto
      cable 34, fixedly securing the cable stop to the cable.
PAR  The cable stop 88 is positioned on cable 34 so that abutment cap 96 touches
      the outer surface of eccentric wheel 22 at the exact instant of full draw.
      As the abutment cap 96 strikes the wheel 22, the archer feels a sudden and
      unmistakeable resistance to further draw of the bowstring, that signifies
      to him that the bow is at maximum draw, and should not be drawn any
      further. The cable stop 88 may be adjusted to any desired position along
      the cable 34 by merely loosening clamping nut 102 and sliding the device
      to the new position, at which point the clamping nut 102 is again
      tightened.
PAR  While I have shown and described in considerable detail what I believe to
      be the preferred form of my invention, it is to be understood that the
      invention is not limited to such details, but might take various other
      forms within the scope of the appended claims. For example, the invention
      might take the form of an attachment that clamps onto the side of a
      regular arrow, in which case the arrow shaft would substitute for shaft
      58. The indicator wheels 64, 66 might then be mounted on the clamping
      bracket, and a suitable spring-winding arrangement could be used instead
      of elastic cords 80 to pull the cords 74 over the pulleys 72. Some forms
      of compound bow have the eccentric wheels located elsewhere than at the
      outer ends of the limbs.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination with a compound bow having eccentric wheels rotatably
      mounted thereon, a cable passing around the wheels, said wheels each
      turning approximately 180.degree. between the rest position and full draw,
      a device for visually comparing the rotational rates of said eccentric
      wheels, a bowstring, said device comprising:
PA1  a support;
PA1  a pair of movable indicators mounted on said support and positioned
      adjacent the nocking point of the bowstring where they can readily be seen
      by the archer as he draws the bowstring, said support being engageable by
      the bowstring and movable rewardly thereby; and
PA1  means actuated by rotation of said eccentric wheels for driving the movable
      indicators so that a user may visually compare the relative rates of
      rotation of the indicators and the corresponding eccentric wheels with
      respect to one another.
NUM  2.
PAR  2. The device of claim 1, wherein said movable indicators are mounted
      closely adjacent one another, one of said indicators being driven by the
      rotation of the eccentric wheel at the upper end of the bow, and the other
      indicator being driven by rotation of the eccentric wheel at the lower end
      of the bow.
NUM  3.
PAR  3. The device of claim 2, wherein said indicators comprise a pair of
      indicator wheels rotatably mounted on said support, said indicator wheels
      having graduation markings provided thereon so that any relative rotation
      between them can be observed.
NUM  4.
PAR  4. The device of claim 3, wherein each of said indicator wheels has a
      pulley fixed thereto, and said means for driving the indicator wheels
      comprises a pair of cords, each of said cords being trained around one of
      said pulleys, and each cord having one end attached to the bowstring
      adjacent the corresponding eccentric wheel, and resilient means attached
      to the other ends of said cords for taking up the cords as the eccentric
      wheels turn.
NUM  5.
PAR  5. The device of claim 4, wherein said support comprises a long slender
      shaft with means at one end thereof to receive the bowstrings, a bracket
      fixed to said shaft upon which said indicator wheels are rotatably
      supported; and said resilient means comprises elastic members attached to
      the other ends of said cords for taking up the cords as the eccentric
      wheels turn, said elastic members being attached to a fitting at the front
      end of said shaft.
NUM  6.
PAR  6. The device of claim 3, wherein said support comprises a long slender
      shaft substantially identical to an arrow shaft, with means at one end
      thereof to receive the bowstring, and a bracket fixed to said shaft; said
      indicator wheels being rotatably supported on said bracket.
NUM  7.
PAR  7. The device of claim 1, wherein said means for driving said movable
      indicators comprises a pair of cords, each having one end attached to the
      bowstring adjacent the corresponding eccentric wheel, and resilient means
      attached to the other ends of said cords for taking up the cords as the
      eccentric wheels turn.
PATN
WKU  039453693
SRC  5
APN  4814452
APT  1
ART  344
APD  19740620
TTL  Fireplace heat exchanger
ISD  19760323
NCL  2
ECL  1
EXA  Yuen; Henry C.
EXP  Camby; John J.
NDR  1
NFG  2
INVT
NAM  Adams; Warren H.
STR  Box 5186
CTY  Mohave Valley
STA  AZ
ZIP  86440
INVT
NAM  Adams; Corajean
STR  14949 Roscoe Blvd.
CTY  Panorama City
STA  CA
ZIP  91402
CLAS
OCL  126164
XCL  126121
XCL  237 51
EDF  2
ICL  F23H 1300
ICL  F24B  700
FSC  126
FSS  121;123;124;135;143;163 R;165;164;152 R;152 B
FSC  237
FSS  51
UREF
PNO  254398
ISD  18820200
NAM  Smith
OCL  126121
UREF
PNO  1030002
ISD  19120600
NAM  Livingston
OCL  126164
UREF
PNO  1313085
ISD  19190800
NAM  Greene
OCL  126121
UREF
PNO  2671440
ISD  19540300
NAM  Dupler
OCL  126127
UREF
PNO  2702030
ISD  19550200
NAM  Leibst
OCL  126121
UREF
PNO  2787997
ISD  19570400
NAM  Asbury
OCL  126121
UREF
PNO  2828078
ISD  19580300
NAM  Snodgrass
OCL  237 51
UREF
PNO  3001521
ISD  19610900
NAM  Reilly
OCL  237 51
UREF
PNO  3240206
ISD  19660300
NAM  Schutt
OCL  126121
LREP
FR2  O'Brien; Clarence A.
FR2  Jacobson; Harvey B.
ABST
PAL  An elongated hollow heat exchange element provided with communicating
      intake and discharge ducts. The element, along the length thereof, is
      upwardly offset relative to the adjoining portions of the communicating
      ducts so as to overlie a fireplace grate in a manner whereby the fireplace
      fuel can be stacked intimately thereabout.
BSUM
PAR  The present invention is generally concerned with heat-energy conservation,
      and more particularly relates to a unique heat exchanger construction
      utilized in conjunction with a fireplace for the conservation and maximum
      utilization of the heat generated thereby.
PAR  Among the objects of the invention are the provision of a fireplace heat
      exchanger unit which is easily adapted to substantially any conventional
      fireplace and which is of economical and maintenance free construction.
PAR  Another object of the invention is the provision of a heat exchanger unit
      which is adapted to have the fireplace fuel positioned intimately against
      a major portion of the surface thereof rather than merely piled on top as
      is the case wherein the heat exchanger actually constitutes the fuel
      supporting grate.
PAR  It is also an object of the invention to provide a fireplace heat exchanger
      which is of an attractive and inconspicuous appearance.
PAR  Basically, the objects of the invention are achieved through the provision
      of a heat exchanger unit which incorporates a central elongated heat
      exchange element which is adapted to overlie the grate and can, if so
      desired, simulate a fireplace log. The opposite end portions of the
      element are respectively connected to elongated ducts, one of which is
      provided with a forced air inlet for the drawing of room air into the
      exchanger, and the other of which communicates with an elongated
      adjustable louver discharge for outwardly directing the heated air. The
      heat exchange element which overlies the grate occupies an intermediate
      portion of the grate whereby the fireplace fuel can be conveniently piled
      both against the sides of the element and over the top thereof for maximum
      heat exchange contact therewith.
DRWD
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
PAR  FIG. 1 is a perspective view of a fireplace with the heat exchanger of the
      invention mounted therein; and
PAR  FIG. 2 is a cross-sectional view through the fireplace mounted exchanger
      taken substantially on a plane passing along line 2--2 in FIG. 1.
DETD
PAR  Referring now more specifically to the drawings, reference numeral 10
      illustrates a conventional fireplace wherein an elevated fuel supporting
      grate 12 is located. The heat exchanger of the invention is to be utilized
      in conjunction with such a fireplace and grate.
PAR  Specifically, the heat exchanger includes an elongated hollow heat exchange
      element 14 which, as illustrated in FIG. 1, is provided with a roughened
      outer surface to simulate a conventional fireplace log. This element 14
      has closed opposed ends with communication to and from the interior
      thereof being through a pair of hollow inlet and outlet neck portions or
      coupling extensions 16 and 18 positioned immediately inward of the opposed
      closed ends of the element 14.
PAR  The heat exchange element 14 is specifically configured for and adapted to
      overlie the grate 12 in the manner of a conventional log, being centrally
      located thereon whereby the conventional fireplace fuel, for example the
      logs 20, can be stacked on the grate 12 substantially completely about the
      element 14 with four of the logs 20 in intimate contact with a major
      portion of the element as illustrated in FIG. 2, whereby a maximum degree
      of heat transfer will be effected. This constitutes a significant
      improvement over known heat exchange devices as exemplified by the
      following patents wherein the fuel merely overlies or underlies the heat
      exchange elements:
TBL  1,313,085   J. A. Greene   Aug. 13, 1919                                  
     1,766,601   J. M. Cesa     June 24, 1930                                  
     2,165,661   R. J. Stenquist                                               
                                July 11, 1939                                  
     2,702,030   O. B. Leibst   Feb. 15, 1955                                  
     2,787,997   C. T. Asbury   Apr. 9, 1957                                   
     2,828,078   H. C. Snodgrass                                               
                                Mar. 25, 1958                                  
     3,001,521   A. L. Reilly   Sept. 26, 1961                                 
     3,240,206   K. M. Schutt   Mar. 15, 1966                                  
PAR  An elongated intake duct 22, including coupled adjustable sections as
      desired, is coupled to the first extension 16 and extends outwardly
      therefrom, terminating in a laterally directed suction and air intake end
      assembly 24 normally positioned on the hearth to one side of the fireplace
      opening. A discharge duct 26, also preferably formed of adjustable coupled
      sections, engages with the second coupling extension 18 and extends
      outwardly therefrom terminating in an adjustable louver elongated
      discharge housing 28. This discharge housing 28 will normally be located
      above the fireplace opening 10 and outwardly directed so as to discharge
      heated air into and across the room. It will be noted that both the intake
      duct 22 and the discharge duct 26, within the fireplace 10, are downwardly
      offset from the grate supported element 14 and extend along the floor or
      fireplace hearth so as to not interfere with a proper and complete
      stacking of the fuel 20 about the heat exchange element 14 for the desired
      maximum heat transfer.
PAR  As indicated, the heat exchange element 14 can be separate from the grate
      12 and removably supported thereon, the various coupled duct sections
      being disengageable as desired for removal of the assembly. On the other
      hand, if deemed desirable, the heating element 14 can be welded or
      otherwise permanently secured to the grate in overlying relation thereto.
PAR  In use, air is drawn in through the suction fan intake end 24 and forcibly
      moved through the intake duct 22, the heat exchange element 14, and the
      discharge duct 26 for ultimate forced discharge through the louvered
      discharge housing 28. A highly effective heating of the air is achieved
      within the elevated fuel surrounded heat exchange element 14 whereby a
      significant utilization of the fuel generated heat is achieved contrary to
      the substantial loss of heat normally experienced in a conventional
      fireplace.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. In combination, a fireplace grate including an elevated grate member
      defining front and rear marginal portions as well as opposite side
      marginal portions, an elongated tubular heat exchanger element including a
      roughened exterior simulating a log and supported, in overlying relation,
      on said grate member with said elements spaced generally equally
      intermediate the front and rear marginal portions of said grate member and
      its opposite ends projecting endwise outwardly beyond said opposite side
      marginal portions of said grate member, means for closing the opposite
      terminal ends of said heat exchanger element and the end portions of said
      heat exchanger element projecting outwardly from said opposite side
      marginal portions of said grate member including integral downwardly
      inclined tubular inlet and outlet neck portions opening inwardly into the
      interior of said heat exchanger element, intake and discharge ducts each
      including inlet and outlet ends, the outlet and inlet ends of said intake
      and discharge ducts being coupled to the outer ends of said inlet and
      outlet neck portions, respectively, and means operatively associated with
      one of said ducts for effecting a forced flow of air inwardly through said
      inlet duct, through said heat exchanger element and outward through said
      discharge duct.
NUM  2.
PAR  2. The heat exchange of claim 1 wherein said heat exchange element is of a
      diameter adapted to generally equal the diameter of a fireplace log so as
      to be adapted for substantially intmate contact with four fireplace logs
      which may be stacked over and to the front and rear of the heat exchange
      element.
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FRM  Rummler & Snow
ABST
PAL  A wheeled device for burning weeds or melting snow and ice having a grate
      suspended from and positioned forward of the axle, a fan or blower
      positioned above the grate for forcing air through the fire and grate
      downwardly, and a handle for moving the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Weeds are a tenaceous plant which are extremely hard to eradicate except by
      the use of chemicals. Use of chemicals is dangerous to animals, hence not
      employed where they are present. The art has weed burners therein but they
      are extremely difficult to operate, contain no wheels, and have no forced
      air blowing therethrough. A patentability search disclosed only three
      patents, i.e. U.S. Pat. Nos. 1,826,232, 1,943,218 and 2,454,365 in Class
      47, Sub. 1.44, and Class 126, Subs. 271.1, 271.2 and 271.3.
PAC  SUMMARY OF THE INVENTION
PAR  A weed burner wherein the grate is suspended ahead of and secured to the
      lower leg of a rectangular-like frame, the frame having a pair of wheels,
      each secured to a vertical arm of the frame, a fan suspended above the
      grate and fastened to the upper leg of the frame member, and a handle to
      propel the unit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device of the present invention;
PAR  FIG. 2 is a side elevational view;
PAR  FIG. 3 is a perspective view with the grate in unattached position; and
PAR  FIG. 4 is an enlarged front elevational view of the upper portion of the
      handle member showing the electric plug thereon.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The rectangular frame member 10, preferably made of narrow flat aluminum
      stock, supports the grate member 12, the fan 14, the wheels 16, and the
      handle 18.
PAR  The wheels 16 are rotatably mounted, one on each vertical leg 20-22,
      adjacent the lower horizontal leg 24.
PAR  The lower horizontal leg 24 is drilled medially of the vertical legs as at
      26 to form an aperture.
PAR  The grate 12, constructed of high temperature metal such as steel rods, has
      upstanding side and front walls 28-29, respectively, and a rear wall 27,
      which support the rods 30. A portion of the rods extends upwardly above
      the front walls 28 as at 31, while the major portion of the grate rods are
      suspended below the walls 27, 28 and 29. An elongated bar 32 has its
      forward portion bent at right angles as at 34. The lower end of the right
      angled bar 34 is secured to the rear wall 27 medially of the side walls 28
      by any suitable means, such as by welding, whereby to support the grate.
      The other end of bar 32 is drilled as at 36 to form an aperture whereby
      when the bar 32 is placed on the lower leg 24, as shown in the drawings,
      the apertures 26 and 36 will be aligned to receive the shank of the thumb
      screw 38. A nut 40 is run upon the screw 38 to removably secure the arm 32
      and its appendages rigidly to the lower leg 24 of the frame.
PAR  The upper horizontal leg 42 of frame 10 supports a bracket 44 for mounting
      the fan 14 and suspending the fan or blower over the grate 12. The
      distance between the grate and the blower is preferably about 17 or 18
      inches.
PAR  The bracket 44 has a horizontal portion 46 which is mounted to the frame 16
      on the upper leg 42 adjacent the vertical leg 21 by any suitable means,
      such as by welding, etc. A second short bracket 48 extends at right angles
      to the bracket 44 and has one end bent at a right angle to bear against
      the side edge of bracket 44 to assist in preventing turning of arm 48, as
      the portion adjacent said right angle is secured to the free end of
      bracket 44 by any suitable means, such as by a bolt 50. The bracket 48 is
      given a half twist whereby the free end (the right end shown in the
      drawings) may lie flat against the upper leg of the motor bracket 52 which
      partially surrounds the motor 54 fan guard 55, in which the fan blades
      rotate, secured to the motor bracket in the usual manner. The fan blades,
      of course, are secured to the motor shaft as customary.
PAR  One end of the handlebar 56 is secured medially of the ends of the upper
      leg 42 of the frame 10. The other end of the bar 56 is secured in any
      suitable manner to a wooden extension 58, which acts as an insulator to
      keep any heat from being transmitted through the metal parts to the cross
      bar 60.
PAR  An electric outlet 62 is incorporated adjacent the upper end of the
      extension 58 with appropriate wires 60 running therefrom to the motor 54
      whereby when an extension cord is plugged in the outlet and, of course,
      the other end is connected to a source of current, the motor is energized,
      rotating the fan blades and blowing or moving air to and through the
      grate.
PAR  In normal use, I propose to use charcoal briquets, but possibly other forms
      of solid or semi-solid fuels may be used.
PAR  In using the device of the present invention, the grate is preferably
      detached from the frame by removing the thumb screw 38. The grate is moved
      to a location free of combustible material. Charcoal briquets are placed
      therein, sprinkled with starter fluid, and then lit. When the flames have
      subsided, the grate again is secured to the frame 10 and the motor is
      energized. When the briquets are a bright red color, the device is wheeled
      to the area of weeds which are to be burned. By merely pushing downwardly
      on the cross bars 60, the angle of inclination of the grate is varied.
PAR  The blower, being positioned directly above the mass of red hot briquets,
      sends a column of rapidly moving air downward and through the interstices
      in the briquet mass. The air, in coursing through the briquet mass,
      attains the same temperature as the briquets and in emerging, burns or
      destroys weeds. It is believed that the abundant oxygen supplied by the
      great quantity of rapidly moving air causes the high temperature.
PAR  It should be understood that as the original briquets are burned away, an
      additional supply may be added as the device is in operation.
PAR  Although the device has been described as being used for burning weeds, it
      should be obvious the device may just as easily melt snow and ice, if
      desired. Also, any kind of power may be used to energize the motor or the
      blower.
PAR  Although but one specific embodiment of this invention is herein shown and
      described, it will be understood that details of the construction shown
      may be altered or omitted without departing from the spirit of the
      invention as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable burner for burning weeds or melting ice and snow comprising:
PA1  a. a frame of substantially rectangular shape having vertically disposed
      side legs and horizontally disposed lower and upper legs with the upper
      leg positioned above and spaced from the lower and in alignment therewith,
PA1  b. a grate open to the atmosphere extending forward of and depending from
      said lower leg, and having side, end and front walls and spaced grate rods
      extending below from said walls and secured thereto,
PA1  c. a blower extending outwardly of and suspended from said upper leg of
      said frame and positioned over and above said grate in alignment
      therewith,
PA1  d. an insulated handle secured to and extending rearwardly and upwardly
      from said upper leg of said frame,
PA1  e. means to energize said blower, and
PA1  f. rotatable means on said side legs of said frame whereby said device is
      portable.
NUM  2.
PAR  2. The device according to claim 1 wherein said grate comprises a series of
      spaced rods secured to and depending from said grate walls.
NUM  3.
PAR  3. The device according to claim 1 wherein the grate is provided with a
      rearwardly extending bar which is removably secured to the lower leg of
      said frame.
NUM  4.
PAR  4. The device according to claim 1 wherein the blower is a motor and a fan
      blade, and said rotatable means on said frame has wheels positioned one on
      each side leg of said frame.
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PAL  Hand held apparatus for carrying out cervical inspections is disclosed the
      apparatus has a fibre optic probe and a low power light source located in
      the handle of the device. The image is projected to a translucent display
      screen used at the rear of the apparatus. The probe is provided with a
      removable general view unit for attaching to the end of the probe. The
      device also has a disposable sheath through which a sample collecting
      device can be inserted. The general view optical unit is arranged to have
      both a good depth of focus and a wide angle of vision at low
      illuminations.
BSUM
PAR  The present invention relates to apparatus for examining the interior of
      cavities to which access can only be obtained via restricted orifices or
      passages.
PAR  Examples of such cavities include the internal organs of animals such as
      the mouth, throat, lungs, oesophagus and stomach and also the rectum and
      lower bowel and the vagina and cervix. However although the invention has
      been developed with particular reference to the problems encountered in
      such medical uses it also has industrial and scientific uses for example
      to check the interior of a structure enclosed within a sealed envelope and
      in checking the correct assembly of industrial devices and apparatus at
      remote locations.
PAR  It is thus an object of the invention to provide robust, simple, easily
      used optical inspection apparatus having particular advantages associated
      with its use in the medical diagnostic field.
PAR  Thus according to the present invention apparatus adapted to be held in the
      hand for inspecting a cavity, e.g. the vaginal cavity, comprises a probe
      for insertion into the cavity, the probe comprising optical illuminating
      means suitable for feeding light into the cavity, optical means suitable
      for collecting an image of that portion of the cavity which is illuminated
      and feeding the optical image to the outside of the cavity and projecting
      the said image onto image display means located to the rear of the probe.
PAR  The image display means may be a ground glass screen or any other suitable
      translucent material. Preferably the means for feeding the light into the
      cavity and the means for feeding the optical image out of the cavity have
      a total cross sectional area of less than 3.25 sq. cms.
PAR  The invention in a preferred form has further advantages in the medical
      diagnostic field.
PAR  In this preferred form a disposable readily releaseable sheath is used,
      e.g. in conjunction with disposable sample collecting devices e.g. of
      plastics materials. This enables the instrument to be used to carry out
      rapidly large numbers of inspections and sample collections, and the
      samples can be housed in the sheaths for subsequent examination, e.g., by
      specialized personnel or by automatic equipment.
PAR  Thus in this preferred form of the invention a disposable sheath is
      provided which encloses the said optical means and defines a longitudinal
      duct whereby sample collecting means can be introduced into the cavity,
      the sheath at least at its distal end being of transparent material.
PAR  The sheath is preferably made of rigid transparent plastics material and
      has a cross sectional area of not more than 3.25 sq. cms.
PAR  In one specific form the apparatus comprises a body portion carrying the
      probe, the said body portion housing the image display means and optical
      means, e.g. comprising a lens system, (i.e., a plurality of lenses) for
      projecting the image onto the display means (by means herein sometimes
      referred to as "projection system"), the body portion having a handle
      housing a preferably controllable light source and having means for
      feeding the light from the light source to the optical illuminating means
      in the probe, the body portion also having a passageway in which a sheath
      suitable for sheathing the said probe can be releaseably secured.
PAR  The probe preferably comprises fibre optic means affording the illuminating
      means and fibre optic means affording at least the image feeding means.
PAR  In an alternative arrangement the image display means may comprise a fibre
      optic cone.
PAR  There is also a need in the uses mentioned above for a simple robust
      apparatus which will enable both an overall inspection of a relatively
      large area (by means herein sometimes referred to as a "general view
      unit") and a more detailed inspection of a restricted area (by means
      herein sometimes referred to as a "close-up-unit") to be readily carried
      out.
PAR  Thus according to one aspect of the present invention apparatus adapted to
      the inspection of the interior of a cavity to which access can only be
      obtained via a restricted opening comprises first optical means suitable
      for feeding light into the cavity to illuminate at least a portion of the
      interior of the cavity and second optical means suitable for collecting an
      image of at least a portion of that part of the cavity which is
      illuminated and feeding the optical image to the outside of the cavity to
      image display means, the second optical means afford a close up unit,
      adapted to give a close up view of a portion of that part of the cavity
      which is illuminated, and the apparatus also affording at least one
      further unit, the general view unit, which is used in conjunction with the
      close up unit, to give a general view of a portion of that part of the
      cavity which is illuminated.
PAR  The first optical means which provide the illumination to the cavity is
      preferably a fibre optic bundle which may be a separate circular bundle
      running parallel and next to the second optical means.
PAR  However the arrangement can be made more compact if the first optical means
      are arranged as an annulus or sheath of fibre optic material surrounding
      the second optical means.
PAR  The close up unit of the second optical means is preferably an imaging
      fibre optic bundle located within an annular fibre optic illuminating
      bundle which comprises the first optical means. The close up unit supplies
      an optical image from the distal end of the device to the image display
      means.
PAR  The close up unit, e.g., the imaging fibre optic bundle comprise individual
      fibers which preferably have a relatively high numerical aperture e.g. at
      least 0.2 e.g. in the range 0.3 to 0.8 or 0.4 to 0.6 which will give the
      bundle a short depth of focus, e.g., 1 to 3 mm., at low illumination.
      Preferably the acceptance angle of each fibre element of the bundle is at
      least 10.degree. e.g. 20.degree. to 50.degree. or 30.degree. to
      40.degree..
PAR  Thus at a maximum distance from the object of 3mms each fibre element
      observes an area 1.3 mms in diameter using a fibre of numerical aperture
      0.56.
PAR  To afford easy access to cavities via a restricted opening the close up
      unit has a maximum outer diameter less than the inner diameter of the
      restricted opening e.g. for vaginal inspection less than 3.25 cms e.g. 0.2
      to 2.5 cms e.g. 0.5 to 1.5 cms e.g. 1 cm.
PAR  The general view unit of the second optical means may be an optical unit
      adapted to be removably secured to the distal end of the probe (the end
      which is inserted in the cavity) e.g. it may be a lens system together
      with a fibre optic bundle.
PAR  The device is most conveniently used first to obtain a general view and is
      then adjusted to enable a close up view to be obtained. However the exact
      mode of use is at the discretion of the operator.
PAR  In a further alternative both general view and close up units are
      permanently secured in the device and an optical or mechanical switching
      device is provided at the rearward end of the fibre optic bundles so as to
      bring the image from one or other bundle only as desired to the image
      display means.
PAR  In the arrangement in which the first optical means is arranged as an
      annular sheath surrounding the second optical means, the first optical
      means preferably being of fibre optic material and the second optical
      means also preferably being of fibre optic material, the core may comprise
      one or more imaging units which may or may not incorporate objective lens
      systems or have different optical characteristics e.g. one conduit may
      have low numerical aperture and the other a high numerical aperture as
      described above. Alternatively one may incorporate an objective lens
      system making it a general view unit and the other without such a lens
      system may be a close up unit, as described above which functions
      primarily in proximal scan. The imaging core incorporating one or more
      imaging units may be enclosed by a thin metal sheath and another sheath
      concentric with the core but whose diameter is greater than the outer
      diameter of the metal sheath may be placed around the sheathed core and
      filled with non imaging fibre optic material as described above.
PAR  The optical illuminating means are supplied with light desirably from a
      self contained battery and lamp pack which is preferably rechargeable, and
      is incorporated in the apparatus so that it is self contained and portable
      and ideally can be held in one hand without fatigue to the operator.
PAR  Hitherto it had not been thought that a battery and lamp pack sufficiently
      compact to achieve these requirements would provide sufficient
      illumination. However I have appreciated that it is highly desirable to
      use relatively low illumination for this purpose. Thus the end face of a
      fibre optic bundle is made up of a number of regular shaped elements often
      hexagonal in cross section and at low throughput of light these are
      visible; contrary to what might be thought I have observed that this is an
      advantage when inspecting the interior of a cavity since it provides a
      built in raster or reference pattern for the observer and rather than
      interfering with observation it enables more accurate observation to be
      carried out.
PAR  Thus according to this aspect of the invention a means for inspecting the
      interior of a cavity to which access can only be obtained via a restricted
      opening comprises feeding light into the cavity collecting an image of at
      least part of that portion of the cavity which is illuminated and feeding
      the optical image down a fibre optic bundle made up of a regular array of
      fibre optic elements to the outside of the cavity to image display means,
      the amount of light fed into the cavity being such that the interfaces
      between the fibre optic elements are visible on the image display means
      whereby they provide a reference pattern for the observer.
PAR  This apparatus very much facilitates discussion of phenomena between
      observers since a gross feature can be taken as a reference point and the
      grid pattern be used to identify smaller features by stipulating the
      distances and direction from the gross feature of the smaller feature in a
      manner similar to the use of a map reference.
PAR  Low through put of light is similarly advantageous because extremely high
      levels of illumination tend to wash out the observers ability to recognise
      distinguishing features by minimizing contrast and color contrast and by
      tending to increase cross talk between individual fibres thus decreasing
      the signal to noise ratio of the image elements and lowering perceptual
      resolution i.e. the ability to perceive discrimination between features
      which are optically resolved.
PAR  Thus the image collecting and feeding means preferably comprise one or more
      fibre optic bundles made up of a regular array of fibre optic elements and
      the light source and optical illuminating means being such that the light
      output from the end of the optical illuminating means, e.g. the annulus of
      fibre optic material, is in the range 500 to 5000 foot Lamberts e.g. 1000
      to 3000 or 1500 to 2000. This value is as measured by a photometer sold
      under the trade name SPECTRA BRIGHTNESS SPOTMETER produced by Photo
      Research Corporation of Burbank California Model TSS-SB distributed in the
      United Kingdom by Barnes Instrument Co. London.
PAR  The light source preferably comprises a lamp of between 1 and 30 volts and
      0.05 to 2.5 amps. The power range is preferably from 0.1 to 30 watts e.g.
      2 to 6 or preferably 4 watts. The filament length is preferably less than
      8 mms e.g. 3 to 8 mms. The filament is preferably tungsten or a
      quartz-halogen system could be used.
PAR  The light is preferably led from the lamp to the first optical means, which
      are preferably a fibre optic bundle or annulus as described above, and fed
      thereinto e.g. by transillumination by a flexible fibre optic bundle e.g.
      that sold under the trade mark FIBROX by the Rank Organisation. I have
      found that light losses can be significantly reduced by certain
      arrangements of the lamp and the end of the flexible fibre optic bundle. I
      have found that the major portion of the losses are due to geometric
      losses. These can be minimized by placing an ellipsoidal reflector behind
      the lamp and placing the filament at one focus and the end of the fibre
      optic bundle at the other focus. Similarly a cardioidal reflector might be
      used. However I have found that a simpler method avoiding the need for
      reflectors can also be used.
PAR  In this arrangement a lamp having an envelope of constant cross section
      e.g. cylindrical cross section is located in a close fitting housing of
      cooperating cross section so that the lamp is held in substantially fixed
      axial position by the housing and the end of the flexible fibre optic
      bundle is located in a close fitting duct in the housing so that the end
      of the bundle is held close to the surface of the envelope of the lamp,
      thus closely aligning the filament of the lamp with the end of the fibre
      optic bundle. The spacing of the nearest part of the filament of the lamp
      from the end of the bundle is preferably not greater than the diameter of
      the bundle e.g. the bundle may have an active diameter (the internal
      diameter of the metal sheath) of 5.3 mms and the spacing may be from 1 to
      5 mms. Also the frontal length of the filament projected onto a plane
      parallel to the end face of the fibre optic bundle, i.e. considered as a
      line source, is preferably at least 70% e.g. at least 100% or 70% to 150%
      of the active diameter of the bundle e.g. it may be from 4 to 7 mms with a
      bundle having an active diameter of 5.3 mms.
PAR  The housing for the lamp and bundle end may be of suitable plastics or
      metal and is designed so as to ensure that the temperature of the end of
      the fibre bundle does not exceed 500.degree.C. The lamp and cable can be
      held in place by grub screws.
PAR  Clearly the separation between the filament and the envelope of the bulb
      must be sufficient to give an adequate bulb life. The front or top of the
      bulb is preferably flat and is placed in contact with the end of the fibre
      optic bundle.
PAR  The filament of the bulb preferably has a flat upper length which lies
      substantially parallel to the end face of the bundle and preferably
      extends across at least 50% of the diameter of the end face of the bundle.
PAR  Preferably the lamp and the end of the fibre optic bundle are so positioned
      in the housing as to locate the longitudinal axis of the fibre optic
      bundle along or closely adjacent to and substantially parallel to the
      longitudinal axis of the light source.
PAR  The lamp and fibre bundle may be located in ducts or recesses in a heat
      conducting block. The recesses or ducts are preferably both close fits to
      the surface of the envelope of the bulb and the fibre bundle. The end of
      the envelope of the bulb is preferably in contact with the end of the
      fibre optic bundle.
PAR  It has been mentioned above that the apparatus is preferably powered by a
      rechargeable battery and for the low illumination aspect this will most
      conveniently be a low power battery (to avoid the need for a transformer)
      and thus in order to maximize battery life it will be desirable to keep it
      as near full charge as possible and to recharge it as slowly as possible,
      i.e. so as to be compatible with the safe continuous charging rate of the
      battery.
PAR  This means that it is desirable to have the batteries on charge for as much
      of the time that the apparatus is not in use as is possible.
PAR  To this end the device is provided with an asymmetric housing e.g. it may
      have a handle which houses the battery or batteries and affords charging
      terminals, the probe affords the asymmetry with respect to the handle. An
      additional aspect of asymmetry may also be provided by disposing the
      handle out to one side of the housing.
PAR  The apparatus thus preferably has an asymmetric shape and is then provided
      with a carrying case having a mount providing a recess shaped to receive
      the apparatus in only a single orientation and affording charging
      terminals arranged to contact charging terminals carried by the apparatus
      in the correct sense when the apparatus is inserted in the recess, the
      carrying case having a built-in charging circuit connecting the charging
      terminals with a lead for connection to a source of mains supply. Means
      may be provided to hold the apparatus in positive contact with the
      charging terminals.
PAR  Thus the lid of the apparatus could be lined with resilient material, e.g.
      foam rubber, and closing the lid could be arranged to hold the apparatus
      in positive contact. Alternatively the charging terminals could be spring
      loaded and the lid non resilient but such as to push the apparatus down
      against the terminals. In a further alternative a lip might be provided in
      the recess or at the edge thereof below which a portion of the apparatus
      could be pushed so as to clip it under the lip.
PAR  Many alternative ways of achieving this positive contact could be achieved
      and possibly even the weight of the apparatus itself might be sufficient
      e.g. if male terminals were provided in the case and female terminals in
      the end of the handle of the apparatus the apparatus could be pushed onto
      the terminals and held by the push fit, the male terminals being shrouded
      from accidental contact by the user by the walls of this hole shaped part
      of the recess which would accommodate the handle of the apparatus.
PAR  The charging circuit may be a built in transformer. The carrying case may
      have an adjustable mains input device e.g. adjustable between 220-240 volt
      A.C. input a 110-120 volt A.C. input or may be supplied in separate forms
      for the two voltages.
PAR  The mount of the carrying case may be provided with further recesses e.g.
      for sheaths and for the general view or wide angle unit.
PAR  In a modification the battery pack could be made demountable and a pair of
      battery packs could be provided and a second charging terminal provided
      for the battery pack which was not in use so that a pack could always be
      on charge and thus a highly charged pack would always be available for
      use. When the apparatus was not being used, e.g. overnight, both packs
      could be on charge.
PAR  In the preferred embodiment of the apparatus the batteries and lamp are
      sealed in and are designed to have an adequate battery life and lamp life.
PAR  The carrying case may also be provided with indicators associated with each
      charging terminal to indicate the state of charge of any battery attached
      to the terminal.
PAR  With the 4 watt lamp which is preferred the battery has a single charge
      life of 12 to 120 minutes e.g. 20-90 e.g. 40 minutes but for
      gynaecological inspections since each inspection will only take 1/2 to 3
      minutes this will supply sufficient power for a day's work. The batteries
      can then be recharged slowly overnight to assist in maintaining a long
      battery life.
PAR  In order to assist with preserving battery life the switch for the light
      source is preferably arranged to return to the off position as soon as it
      is released, i.e. it has to be held "on".
PAR  Various references have been made to medical uses of the apparatus. These
      will now be described in more detail with particular reference to use of
      apparatus for vaginal inspection.
PAR  This aspect of the invention relates to apparatus for inspecting and
      obtaining smears and histological samples of the cervix uteri and vaginal
      mucosa of the human female without the necessity of dilating the vaginal
      walls or, in the case of virgo intacta, of interfering in any way with the
      structure of the hymenal membrane; and it is especially adapted to the
      vaginal and cervical examination of children who, while having passed the
      onset of menses, yet do not have fully grown or developed genitalia.
PAR  At the present time all means for such examinations depend upon the
      insertion into the vagina of an apparatus; e.g., a vaginal speculum,
      intended to dilate the vaginal walls so as to facilitate either direct
      inspection of the internal cavity by eye, or to facilitate the
      introduction of auxiliary instruments for indirect inspection and/or
      sample collection which are sufficiently large to prohibit their passage
      through the closed vagina or the orifice of the intact hymen without
      previous steps having been taken to increase the size of the natural
      opening.
PAR  In general, such techniques are distressing to the patient and are in many
      cases sufficiently painful to prohibit their use without anaesthetising
      the subject. It is common practice at present, except in such cases where
      illness is grave enough to warrant unusual procedures, to forego otherwise
      indicated examination of young subjects or virgins rather than cause such
      distress. Indeed, the requirement for dilation may cause some discomfort
      even to mature women who have given birth many times.
PAR  The general object of this aspect of the present invention is to facilitate
      such internal examination and collection of histological samples and in
      doing so the provisions afforded thereby reduce the necessary procedure to
      one which, with the facilities normally available to the general medical
      practitioner, would permit routine examination of patients where no
      examination can now conveniently be performed; would cause minimal
      distress, both mental and physical, to all patients and would provide
      equipment which is sufficiently compact, mobile and economical to form a
      part of the general practitioner's normal collection of instruments.
PAR  The invention in its preferred embodiments involves means which employ
      optical imaging and illumination techniques heretofore unutilised in
      gynaecological examination to transfer a magnified image of the cervical
      and vaginal tissues from a region proximal to said tissues to a screen or
      other display device remote from the tissue and outside the body cavity.
      By these means it obviates the need for dilation of the vaginal wall or
      distortion of the hymenal orifice.
PAR  The present invention is based on the discovery that a structure whose
      maximum diameter is less than that of the orifice present in the average
      intact hymen at onset of menses can be made to contain:
PA1  A. a rigid fiber bundle carrying illuminating light from a remote,
      relatively low powered extracorporeal light source to a region within the
      vaginal cavity proximal to the tissues under examination,
PA1  B. a rigid aligned fiber bundle with imaging properties capable of
      collecting the illuminating light reflected from the tissues under
      examination and carrying this image out of the body cavity for
      magnification, display and inspection on a convenient remotely placed
      screen,
PA1  C. devices for the collection of cervical and vaginal smears and/or
      histological samples which can be remotely operated and observed by means
      of the imaging fiber bundle during manipulation of the said collecting
      devices.
PAR  Moreover, this structure can be made sterile and thus suitable for use
      within a human body cavity.
PAR  Preferably the sheath is made of rigid transparent plastics material and is
      of substantially circular or elliptical or oval cross section and has a
      cross sectional area not more than 3.25 sq. cms. e.g. in the range 1.0 to
      2.5 sq. cms. The thickness and surface configuration of the transparent
      distal end is desirably such as to minimize optical distortion, e.g. the
      thickness is of the order 0.012 inches or more broadly 0.005-0.020 inches.
PAR  A definition of a central plane for the device is that plane which contains
      the longitudinal axis of the said passageway for the sheath and also the
      longitudinal axis of the optical means in the said probe, i.e. the fiber
      optic bundle. Thus in one arrangement the longitudinal axis of the handle
      may pass through the centre of the image display means and through the
      longitudinal axis of the passageway for the sheath but still be at an
      angle to the central plane of the device as defined by reference to the
      axes of the passageway for the sheath and the fibre optic bundle in the
      probe.
PAR  Transverse planes of the device and vertical planes of the device may be
      defined as planes which pass through and are perpendicular to the said
      central plane anywhere between the distal end of the said sheath and the
      centre of the rearward base of the image display means and which are
      perpendicular to each other.
PAR  The handle preferably extends out such that its longitudinal axis is at an
      angle in the range of 10.degree.  to 70.degree. e.g. to 50.degree. or more
      preferably 45.degree. to the said central transverse and vertical planes
      and preferably on the image display or rearward side of the housing with
      regard to the said probe. The handle may extend out in the transverse or
      vertical planes at right angles to the longitudinal axis.
PAR  Taking the center of the rearward face of the said image display means as
      the reference point, and taking a vertical plane of the device which
      contains the said centre as the reference plane, than the angle between
      the line in the said plane which joins the said centre and a point on the
      extended longitudinal axis of the handle and the other line in the said
      plane which joins the said centre at a point of the extended longitudinal
      axis of the passageway for the sheath may be 20.degree. to 70.degree. e.g.
      45.degree. but in order to achieve greater separation of the users hands
      and faciliate manipulation of a probe through the sheath the angle is
      preferably 110.degree. to 210.degree. e.g. 135.degree. or more broadly the
      handle and the passageway are on opposite sides of the image display
      means.
PAR  The invention also extends to the disposable sheath itself.
PAR  Thus according to this aspect of the invention a disposable sheath,
      suitable for use with the apparatus of the invention, is made of rigid
      transparent plastic and which preferably has a substantially elliptical
      oval or circular cross section, and preferably has a cross section area in
      the range 0.2 to 3.25 sq. cms., has a first longitudinal duct preferably
      of circular cross section extending through the full length of the sheath,
      a second duct extending from a thin window at one end of the sheath, the
      distal end, to an opening adjacent the other end, the sheath preferably
      affording connecting means e.g. reducing in cross section at the said
      opening, the connecting means e.g., the portion of reduced cross section,
      being adapted to be releaseably secured to the housing of the apparatus
      e.g. releaseably secured in the said passageway of the housing of the
      apparatus.
PAR  The exterior of the sheath adjacent its distal end preferably affords a
      sample collecting portion, whereby withdrawal of the said duct defining
      means from the vaginal cavity causes a sample from the vaginal mucosa to
      be collected.
PAR  A convenient and efficient means of performing such examinations and/or
      operations is described below.
DRWD
PAR  The invention may be put into practice in various ways and two specific
      embodiments and certain modifications will be described to illustrate the
      invention with reference to the accompanying drawings, in which:-
PAR  FIG. 1 is a side elevation of the inspection apparatus in accordance with
      the invention;
PAR  FIG. 2 is an end elevation of the apparatus shown in FIG. 1 showing the
      display panel;
PAR  FIG. 3 is a cross section on the line III--III, (the centre plane of the
      device), of FIG. 2 showing the display portion of the apparatus shown in
      FIGS. 1 and 2, using a fused fibre optic cone to transmit the image to a
      display panel;
PAR  FIG. 4 is a view similar to FIG. 3 of a modification in which an optical
      lens train is used instead of a fused fibre optic cone;
PAR  FIG. 5 is a longitudinal cross section on the line III--III of FIG. 2
      showing the disposable sheath structure which enters the vaginal cavity;
PAR  FIGS. 6 to 10 are cross sections on the lines VI--VI, VII--VII, VIII--VIII,
      IX--IX and X--X respectively of FIG. 5;
PAR  FIGS. 11 to 13 are part longitudinal sectional views of the handle and
      magazine of the device shown in FIG. 2 of an embodiment in which
      ellipsoidal reflector is used to focus light from a source located at one
      focus of the ellipse onto the end of an input fibre bundle which end is
      located at the other focus of the ellipse;
PAR  FIG. 11 shows the magazine in position in the handle of the device and is a
      view in the same direction as FIG. 2;
PAR  FIG. 12 shows the magazine alone and is a sectional view from the front and
      is in the opposite sense to FIG. 2;
PAR  FIG. 13 is a sectional view similar to FIG. 12;
PAR  FIG. 14 is a longitudinal section similar to FIG. 5 of a fleche device
      suitable for use for collecting cervical smears or samples;
PAR  FIG. 15 is a cross sectional view of the rod portion of the fleche on the
      line XV--XV of FIG. 14,
DETD
PAR  The first embodiment will now be described with reference to FIGS. 1 to 20.
PAR  The inspection apparatus consists of two main parts a reusable housing 20
      carrying a probe 19 and a disposable sheath 21 both shown in FIG. 1.
PAR  The reusable housing 20 and probe 19 are shown in more detail in FIGS. 1
      and 3 (with a modification in FIG. 4) and in FIGS. 11 to 13. The
      disposable sheath 21 is shown in more detail in FIGS. 5 to 10. The device
      has a central plane 32.
PAR  The housing 20 comprises a body portion 22 enclosing and supporting an
      optical display system consisting of an image collecting fibre optic
      bundle 23 affording the probe 19 or part of it and a fused fibre optic
      cone 24 (in FIG. 3) or an optical train 25 leading light from the rear end
      31 of the fibre bundle 23 to a ground glass display panel 26. The body
      portion has an integral handle 27 extending downwards and out to one side
      at 45.degree. to the plane 32. An "on-off" trigger switch 28 extends
      through the front face of the handle 27 which has a roughened gripping
      surface 29. This switch is preferably arranged to return to the off
      position when released.
PAR  The housing, shown in FIGS. 1, 2, 3 and 4 is in this example moulded from a
      highly impact resistant high softening point, plastic such as
      polycarbonate. It is shaped as displayed in the drawings with suitable
      recesses and openings for buttons, switches, ancillary components and
      operating controls.
PAR  The handle encloses a power source 34 and light source 35 and convection
      ducts 30 are provided for cooling the light source. Instead of a power
      source or rechargeable source, a power cable could be used but this would
      make the device less readily handled. The end of the handle 27 is closed
      by a flange or end cap 36 which is part of the magazine which carries the
      power source and the light source.
PAR  A passageway 37 is formed through the bottom half of the housing on its
      central plane 32. This houses the disposable sheath 21 which is provided
      with a retaining ring 40 (see FIG. 5) by which it can be releaseably
      secured in the housing by means of a catch 41 biassed against a spring 42.
PAR  The handle 27 extends out at right angles to the longitudinal axis 33 of
      the passageway 37.
PAR  The handle 27 as mentioned above houses a light supply assembly. In one
      arrangement shown in FIGS. 11 to 13 the light source, a bulb, is
      positioned at one focus F.sub.1 of an ellipsoidal reflector 43 and the end
      of a fiber optic bundle 44 is positioned at the other focus F.sub.2 of the
      ellipsoidal reflector. The lamp 35 is supplied with power from the battery
      34 under the control of the contact plate 45 forming part of the
      "on-off"pressure switch 28. The fiber optic bundle is then run up the
      handle through the housing and down parallel to the image collecting
      bundle 23 so as to terminate adjacent the end of the bundle 23 as shown in
      FIG. 9 these two bundles 23 and 44 can be located side by side. However
      other orientations are also possible.
PAR  In a preferred modification the fiber optic bundle 44 is used merely to
      transilluminate the portion 48 of the image collecting bundle 23
      immediately in front of its rear end so that the bundle 23 in known manner
      carries out both the illuminating and image collecting function enabling
      the probe 19 to be made more compact. The sides of the sheath 21 when used
      can also be transilluminated and some further illumination of the region
      being observed can be achieved by this means.
PAR  Transillumination is a well known phenomena in fiber optic technology and
      detailed description is not thought necessary in view of the teaching that
      the image collecting bundle is to be used both for illumination and image
      collection. However the basic requirement is for the bundle 44 to
      illuminate at close range the side of the bundle 23 at an angle of about
      45.degree. with the light shining down the bundle 44 towards the front end
      49 of the probe 19.
PAR  The magazine (see FIGS. 11 to 14) contains a light source 35 comprising a
      small doubly helically wound tungsten filament or quartz-halogen lamp not
      greater than 7.5 mm. in maximum dimension fixed in a holder 55 (see FIG.
      13) which is in turn fixed by a threaded locking ring 56 in the usual
      manner to a suitably shaped silvered and polished reflector 43 in FIGS. 11
      to 13. The magazine also contains a power supply consisting of a dry cell
      or cells 34 having a voltage of between 1.2 to 28 volts e.g. 6 to 24 e.g.
      12 volts DC and whose overall dimensions are no greater than 65 .times. 30
      .times. 30 mm. resting in a shaped compartment 57 in the magazine. The
      cell or cells 34 supplies current to the lamp 35. A similar wire is fixed
      from the lamp holder to the striker plate 60 of the same pressure switch
      28. Fixed to the striker plate is a button 61 made of the same material as
      the casing 22 to which said striker plate is attached. The reflector 43 or
      52 is a push-fit into a circular cut-out 62 in the magazine. A lip 63
      around the edge of the reflector insures correct seating and alignment of
      the light source. A cut-out 65 in the central transverse wall 64 of the
      magazine facilitates replacement of the dry cell 34. The whole magazine is
      a push-fit into the handle portion 27 of the housing 20. The depth to
      which the magazine can penetrate the handle of the housing is established
      by the terminal flange or end cap 36 of the magazine.
PAR  The image collecting conduit 23, armoured and mounted, lies parallel to the
      illuminating fibre bundle in the horizontal plane of the housing. It is
      2.5 mm. in diameter and is a rigid aligned bundle of 5.mu. coated optical
      fibres. The image conduit is bent at point 70 and flares into the fibre
      cone 24 along the longitudinal axis of the cone. As the diameter of each
      fibre in the imaging bundle is 5.mu. and the radius of curvature at point
      70 is less than 1 mm., light loss over this region is negligible. As the
      diameter a.sub.1 of the conduit 23 at point 70 is 2.5 mm. and the exit
      diameter of the cone 24 (point 71) is 40 mm., the photometric efficiency
      of the display system is seen to be .phi. = (a.sub.1 /a.sub.2).sup.2 =
      0.39.
PAR  Two typical coated fibre materials, numerical apertures, N.A. = 0.56 and
      0.099 may be taken as convenient examples of materials useful for the
      image collecting conduit 23. Taking the refractive index of the medium
      through which observation is made; i.e., the vaginal cavity, as
      effectively n.sub.3 = 1, the acceptance angle of each fibre element is
      given by:
      ##EQU1##
      At a maximal observational distance of 3 mm., this means that using
      proximal scanning, each fibre element of N.A. = 0.56 will observe an area
      1.3 mm. in diameter.
PAR  For high resolution; i.e., the ability to distinguish very small features
      from relatively distant vantage points, the smaller numerical aperture,
      N.A. = 0.099, is superior. It would for example, provide resolution of
      elements 2 mm. in diameter from a viewing distance of 2 cm. In the first
      case, of course, considerably less illumination would be required and
      closer inspection of the tissues would be possible. In the second case a
      more general vantage could be used, but far more intense illumination
      would be required. Clearly, the fibre diameter, material and lamp are
      selected according to functional need.
PAR  The probe and housing are made of materials which could be autoclaved to
      render them sterile and thus the apparatus could be sterilized after each
      use by removing the magazine and immersing the remainder of the apparatus
      in the sterilizing medium.
PAR  In use the vaginal cavity would be observed through the probe with minimal
      dilation and the fleche shown in FIG. 14 introduced into and withdrawn
      from the vaginal cavity through the passageway 37 enabling samples to be
      collected whilst the sample area is observed.
PAR  However it is much to be preferred if autoclaving can be avoided and
      disposable units used instead. The disposable sheath 21 is thus provided
      in a preferred embodiment. This has the further advantage that the sample
      carrying end of the fleche can be withdrawn into the sheath after the
      sample has been collected and this prevents the end of the fleche
      contacting the vaginal walls during withdrawal and picking up additional
      cells other than those taken from the selected observed area of the
      cervix. The exterior of sheath can be used to collect samples from the
      vaginal walls as will be described below.
PAR  The sheath 21 is shown in longitudinal cross section in FIG. 5 and in
      transverse cross section in FIGS. 6 to 10. The sheath has an upper duct 73
      for the optic fibre bundle or bundles 23 and 44 (see FIG. 9) and this duct
      can be of any suitable cross section. The sheath also has a lower duct 74
      of circular cross section in which the fleche is located. The rear portion
      75 of the sheath passes through the passageway 37 in the body portion 22
      of the apparatus and carries a retaining ring 76 cut to allow entry past
      the cable. The retaining catch 40 is located just in front of the ring 76
      and on the lower face of the sheath.
PAR  The front end 77 of the sheath is circular in cross section and about 1.0
      to 2.0 cms. e.g. 1.4 cms. in diameter. The sheath closes off the end of
      the upper duct 73 forming a thin integral window 79 (see FIG. 10). The
      fibre optic cables 23 and 44 are thus completely enclosed by the sheath
      which can be made of PERSPEX or any other transparent inert disposable
      material. The distal ends of the fibre cables are in contact with the flat
      distal end 79 of the sheath. The lower portion of the sheath affords the
      hollow duct 74 which is of circular cross section along its full length.
      This facilitates the insertion and manipulation of the smear/sample
      collection device, the fleche, shown in FIG. 18 and further described
      below. The sheath in its entirety is detachable and is seated on the
      housing wall by the flange or retaining ring 76. It is retained in
      position by the catch 41 so that on release of the catch e.g. by pressure
      the used sheath can be allowed to fall out under its own weight. A portion
      80 of the sheath projects beyond the rear of the housing 22 to facilitate
      insertion and removal of the fleche. The sheath itself acts as the
      collector of vaginal smears by means of a small step 81 formed around the
      outer surface of the sheath just to the rear of the plane of the section
      shown in FIG. 9.
PAR  The fleche, a device for collecting cervical smears and/or samples is a rod
      82 of circular cross section with a cylindrical portion 83 (FIG. 14) at
      the proximal end the diameter of which is considerably greater than the
      diameter of the rod. By means of this knurled knob, the rod may be
      conveniently rotated in the sheath. The rod is maintained coaxial with the
      cylinder by means of three sets of four protuberances 84 or fins (see FIG.
      15) spaced equally around the rod and bearing on the cylindrical wall of
      the duct 74. In this example the distal end 85 of the rod is shaped for
      the collection of a cervical smear.
PAR  In operation, the physician fits a sheath 21 into the housing 22 and
      inserts the sheath in to the vaginal cavity. Turning on the light source
      25 by means of the switch 28, he illuminates the region to be examined,
      moving the entire apparatus as necessary to inspect the area. In order to
      collect a cervical smear a fleche is inserted into the rear end 80 of the
      duct 74 of the sheath, rested on the cervix and rotated by means of the
      knurled knob 83. The fleche is retracted slightly so that its distal end
      is located within the duct 74 and the whole apparatus removed from the
      body cavity. The sheath, which upon exit has collected a vaginal smear on
      the step 81, is then ejected by pressing the catch 41 with the apparatus
      probe downwards. The sheath with the probe contained within it can then be
      given a subsequent examination. It is desirably not re-used.
PAR  The optic fibre bundles can be of any desired cross section and need not be
      circular. Also when two optic fibre bundles are used the illuminating
      fibre bundle can be of lower quality than the image collecting bundle.
PAR  The sheath 21 can also be used to supply illumination (though it will be
      much less intense) by means of transillumination and internal reflection.
PAR  A fibre optic bundle has the advantage over a conventional lens system that
      it does not feed focusing due to the very high number of individual
      fibres.
PAR  Also even if a 7 or 8 mm. diameter lens system could be produced it would
      have to be housed in the duct 74 and this would mean that one would not be
      able to have simultaneous observation and smear collection.
PAR  The term fiber optic bundle means an array of fibers each of which acts as
      a waveguide. In order for such fibres to act as a waveguide the most usual
      structure of the fiber is to have a glass or transparent inner core having
      a relatively high index of refraction surrounded by a coating having a
      lower refractive index so as to cause internal reflection.
PAR  Fiber optic bundles can be made by the following general procedure.
PAR  A tube several inches e.g. 3 inches in diameter is formed from glass of
      lower refractive index e.g. 0.3. It is suspended vertically and a rod e.g.
      2 inches in diameter of glass of higher refractive index e.g. 0.4 is
      placed inside it. The assembly is heated till molten and then drawn out
      into a very fine fiber. This is chopped up into short lengths e.g. 1 foot
      long and the fibers glued together e.g. with epoxy resin in a bundle e.g.
      2 inches in diameter this is then suspended vertically and heated again
      until molten and then drawn out e.g. to 1 mm. diameter. The bundle can
      then be sheathed in metal or plastics for protection.
PAR  Thus according to a further aspect of the present invention apparatus
      adapted to the inspection of the interior of a cavity to which access can
      only be obtained via a restricted opening comprises first optical means
      suitable for feeding light into the cavity to illuminate at least a
      portion of the interior of the cavity and second optical means suitable
      for collecting an image of at least a portion of that part of the cavity
      which is illuminated and feeding the optical image to the outside of the
      cavity to image display means, the second optical means at least at its
      end juxtaposed to the display means being provided by an imaging fibre
      optic bundle, the display means being offset from the longitudinal axis of
      the second optical means and the said imaging fibre optic bundle being
      bent through an angle so that its output end is substantially parallel to
      and facing the display means and one or more lenses arranged to carry the
      image from the said end of the imaging fibre optic bundle to the display
      means, which may be a ground glass screen.
PAR  The said imaging fibre optic bundle is preferably a rigid fused fibre
      conduit which has been permanently bent to the desired curvature.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus adapted to be held in the hand for inspecting a cavity of
      restricted aperture comprising, a housing having a proximal and a distal
      end, a handle on said housing intermediate said proximal and distal ends,
      said housing formed with an aperture extending from said proximal end to
      said distal end, first optical means in said handle for generating light,
      second optical means in said housing for collecting a visible image, image
      display means in said proximal end of said housing to display an image
      received from said second optical means, said display means being visible
      from the proximal end of said housing, an elongated sheath removably
      inserted in said housing through said aperture with said sheath extending
      out the proximal end of said handle and beyond the distal end of said
      housing, latch means in said housing and said sheath for detachably
      securing said sheath in position extending through said housing, said
      sheath formed with a first and a second longitudinal duct, said first duct
      comprising an unobstructed passage from end to end of said sheath, and
      formed to detachably receive an elongated fleche, said fleche formed to
      sample matter from said cavity when said sheath is inserted into said
      cavity, said second duct terminating at the distal end of said sheath in a
      transparent window flush with the distal end of said sheath, first fibre
      optic means in said second duct extending from said first optical means to
      said window to conduct light to illuminate said cavity outside said
      window, and second fibre optic means in said second duct extending from
      said window to said second optical means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which the image display means is a
      ground glass screen.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 in which the sheath is made of rigid
      transparent plastics material and has a cross sectional area not more than
      3.25 sq. cms.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 in which the second optical means
      comprises a fibre optical cone.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 in which the second optical means for
      projecting the image onto the image display means comprises a lens system.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 in which said second fibre optic means
      comprises an imaging fibre optic bundle located within an annular fibre
      optic illuminating bundle which comprises the first fibre optic means, and
      the imaging fibre optic bundle has a numerical aperture in the range 0.2
      to 0.8 to give a short depth of focus as low illumination.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 in which the first optical means are
      supplied with light from a self contained rechargeable battery and lamp
      pack incorporated in said handle.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 in which said first and second fibre
      optic means comprise at least one fibre optic bundle made up of a regular
      array of fibre optic elements and the first and second optical means are
      such that the light output from the end of the first fibre optic means is
      in the range 500 to 5000 foot Lamberts.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 in which the first optical means
      comprises a lamp of between 1 and 30 volts and 0.05 and 2.5 amps having a
      power range of from 0.1 to 30 watts.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 in which the first optical means
      comprises a light source having a lamp having a filament and an envelope
      of constant cross section located in said handle held in substantially
      fixed axial position by the housing and the proximal end of the first
      fibre optic means is located in a close fitting duct formed in the housing
      so that the end of the first fibre optic means is held close to the
      surface of the envelope of the lamp, thus closely aligning the filament of
      the lamp with the end of the fibre optic bundle.
NUM  11.
PAR  11. Apparatus as claimed in claim 10 in which the spacing of the nearest
      part of the filament of the lamp from the end of said first fibre optic
      means is not greater than the diameter of said first fibre optic means.
NUM  12.
PAR  12. Apparatus as claimed in claim 1 in which the handle is disposed
      asymmetrically with regard to the aperature.
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ABST
PAL  An endometrial tissue-obtaining instrument includes a spiral section formed
      at one end of a flat plastic member and a handle portion at the other end.
      The spiral section is insertable into the womb of a female patient and
      rotated by the handle portion to remove endometrial tissue from the wall
      of the womb. The spiral section is withdrawn with the specimen of tissue.
PAL  The trailing portion of the spiral section is inserted into a slot of a
      plastic paddle and pulled away from the paddle so that the spiral section
      moves through the slot and is rotated thereby. The thickness of the slot
      permits the wiping, or extruding, of the tissue from the spiral section
      onto the paddle whereafter the paddle is manipulated to deposit the tissue
      onto a slide or stored for future purposes.
PARN
PAR  This is a continuation of application Ser. No. 365,850, filed June 1, 1973,
      now abandoned.
BSUM
PAR  This invention relates to a medical tissue-obtaining system and method of
      use thereof, and more particularly pertains to an instrument for obtaining
      and extracting tissue from the womb of a female patient and method of use
      of the instrument.
PAR  In the routine cytopathological evaluation of the cervicalvagina smear, the
      endocervical and endometrical components comprise a very small portion of
      the slide or may be completely absent. The post-menopausal mucous is
      usually very thick and tenacious, and essentially seals the endocervical
      canal thereby making it very difficult, and in many instances virtually
      impossible, for the effoliated endometrial cells to reach the vaginal
      pool. Consequently, these cells are rarely available in sufficient content
      when conducting a routine cervical-vaginal smear evaluation.
PAR  Thus, it becomes apparent that the use of the routine cervical-vaginal
      smear as a daily gynecological office procedure for determining pregnancy
      capabilities or for diagnosing endometrial neoplasia, or tumors, is
      inadequate.
PAR  There are several available techniques for the withdrawal of endometrial
      tissue for the purpose of determining pregnancy capabilities or for
      diagnosing endometrial neoplasia. However, these have proven to be
      complex, time consuming or have been of questionable diagnostic value.
      None of these have provided techniques which have met with minimum patient
      resistance and overall reliability coupled with economy of time and
      materials.
PAR  Some examples of these techniques are commonly referred to as brush
      techniques, aspiration techniques, and jet washing techniques. Most of
      these techniques depend upon suspension of the obtained specimen of
      endometrial mucous and cells being held in a solution to dissolve or
      separate unwanted substances and subsequent centrifugal separation.
      Paraffin embedding is also required and followed by the study of the
      resulting serial histological sections.
PAR  In the brush technique, a brush, having bristles extending radially from a
      central support, is inserted into the womb to engage the endometrial
      tissue. When the brush is withdrawn, tissue clings to the brush.
      Thereafter, the brush, with tissue clinging thereto, must be placed in a
      solution to dissolve the bristles thereby leaving the tissue in solution.
      A centrifugal, or filtering, process follows to separate the tissue from
      the solution. The tissue can then be analyzed.
PAR  The brush technique is time consuming and requires that each brush be
      dissolved which is costly. Also, the time delay between extraction of the
      tissue from the womb and ultimate analyzation thereof results in some loss
      in integrity of the tissue. This could provide less than desirable results
      in the ultimate tests.
PAR  In the jet washing technique, a saline solution is placed in a container,
      such as a syringe, which is inserted into the womb. A pressure reaction
      results as the container is removed and the endometrial tissue is drawn
      from the womb and brought out in the solution within the container.
PAR  Again the tissue must be separated from the solution. This is a time
      consuming process which adds to the cost of the test. Also the quality of
      the tissue specimen is lessened by the lapse in time before it is
      available for tests and, further, due to the necessity of subjecting the
      tissue to a filtration technique.
PAR  Another technique involves the use of a curette which is inserted into the
      womb to draw a sample of tissue from one area of the wall of the womb.
      This curette technique does not provide a single sampling of tissue from
      essentially all areas of the womb and is thereby limiting in its resultant
      effectiveness. Several samples must be taken from a single patient to
      obtain a reasonable cross section of the endometrial tissue which lines
      all areas of the wall of the womb. Even after all of this is done, there
      is no absolute assurance that sample tissue has been taken from all areas.
PAR  It becomes readily apparent, then, that the preparation, screening and
      final interpretation of these sections, obtained by presently available
      techniques, can be costly in terms of time and money. Further the material
      to be examined ultimately may be questionable and inadequate. If the
      material is not processed immediately, it becomes pale and washed out.
      Also, nuclear details are lost and osmotic artifacts may occur. This also
      means that a better-than-average skill is required to prepare readable
      slides and the cytologist must be deft at differentiating between artifact
      and real pathology.
PAR  Thus, there is a dire need for a technique which facilitates direct
      smearing of the endometrical mucous from the withdrawal instrument onto a
      slide with rapid fixation to prevent drying and osmotic artifacts. Such a
      technique would desirably provide a good cross section of the endometrial
      flora secured on a single slide. This technique would thereby provide a
      thorough sampling of endometrial tissue from essentially all areas of the
      wall of the womb and result in a complete examination thereof which is
      fast and economical.
PAR  It is an object of this invention, therefore, to provide a medical system,
      and a method of use thereof, for obtaining a tissue specimen from the womb
      which is representative of essentially an entire cross section of the
      womb.
PAR  Another object of this invention is to provide a medical instrument, and
      method of use thereof, which will permit the obtaining and withdrawal of
      endometrial tissue from the womb in a form which is uncontaminated by
      other substances.
PAR  Still another object of this invention is to provide a medical instrument
      and method and use thereof, which facilitates direct smearing of
      endometrial tissue as obtained from the instrument onto a slide with rapid
      fixation to prevent drying and osmotic artifacts.
PAR  A further object of this invention is to provide a medical instrument, and
      method of use thereof, for obtaining and analyzing endometrial tissue
      relatively quickly and less costly.
PAR  Still another object of this invention is to provide a medical instrument
      and accompanying implement, and method of use thereof, which permits the
      uncontaminated withdrawal of endometrial tissue from the womb by the
      instrument and transfer thereof to the implement for immediate transfer to
      an examination surface.
PAR  Yet another object is the provision of a medical instrument, and method of
      use thereof, for withdrawal of endometrial tissue from the womb of a
      patient in a relatively simple and efficient manner and in a nearly pain
      free, routine, gynecological-office procedure.
DRWD
PAR  Other objects and attendant advantages of this invention will become more
      readily apparent and understood from the following detailed specification
      and accompanying drawings in which:
PAR  FIG. 1 is a pictorial view of a medical instrument having a spiral end
      section embodying certain principles of the invention;
PAR  FIG. 2 is a pictorial view of an implement used with the medical instrument
      of FIG. 1 in accordance with certain principles of the invention;
PAR  FIG. 3 is a partial section view showing the spiral end section of the
      instrument of FIG. 1 being inserted into the womb of a female patient;
PAR  FIG. 4 is a partial section view, similar to FIG. 3, showing the withdrawal
      of the instrument from the womb with a tissue-containing, mucous
      aggregate;
PAR  FIG. 5 is a pictorial view of a portion of the implement of FIG. 2 in
      temporary assembly with the tissue-containing spiral section of the
      instrument of FIG. 1 for the purpose of transferring the mucous aggregate
      from the instrument to the implement;
PAR  FIG. 6 is a pictorial view showing the transfer of the mucous aggregate
      from the implement of FIG. 2 to a slide; and
PAR  FIG. 7 is a pictorial view showing the depositing of the
      aggregate-supporting portion of the implement with the mucous aggregate
      into a container of 10% formalin.
DETD
PAR  A medical tissue-obtaining system is shown in the FIGS. Referring to FIG.
      1, the system includes a medical instrument, such as a cytology curette
      instrument 10, which is formed with a spiral end section 18. The spiral
      end section 18 has the appearance of having been formed from a flat piece
      of material which has been twisted about its longitudinal axis. A
      rotatable sleeve 14 is used to connect a handle 16, in essentially axial
      alignment, with the spiral section 18. The sleeve 14 could be connected to
      the handle 16 and spiral section 18 by force fit or by threaded
      connection. This permits ready handling of the spiral section 18 without
      the necessity of direct contact after assembly with the sleeve 14 and
      handle 16.
PAR  The instrument 10 could be formed from a single piece of material with one
      end forming the spiral and the remaining or trailing portion forming the
      handle.
PAR  The spiral section 18 is composed of any suitable inert plastic material
      which is resilient, tough and pliable. The surface of the spiral section
      18 is sand blasted to produce a matte surface. Additionally, the edges of
      the spiral section 18 are semi sharp and the longitudinal axis has a
      slight curvature. Subsequent to manufacture, the spiral section 18 is
      sterilized and packaged for shipment and handling, prior to use, without
      concern for contamination.
PAR  As shown is FIG. 2, the system further includes an extruder-dilator
      implement 12 which has a flat paddle 20 formed at one end and a curved
      portion 22 at the other end with an intermediate handle portion 34. The
      paddle 20 is formed with a slot 24. The width of the slot 24 is
      substantially equal to the thickness dimension of a flat portion of the
      spiral section 18 (FIG. 1). The opposing, longitudinal edges of the slot
      24 are thinned so that the edges have a flexible wiper effect. The paddle
      20 is also composed of an inert plastic material which is resilient, tough
      and pliable.
PAR  In use, the curved portion 22 of the implement 12 can be used to dilate the
      cervix, if needed, so that the instrument 10 can be moved in the direction
      of the arrow 30 where the spiral section 18 enters the womb 42 of a female
      patient through the entrance 44, and is thereby positioned within the
      endometrial cavity thereof. As noted, the long axis of the spiral sections
      18 is designed with a slight curvature to facilitate passage of the
      section beyond the internal opening of the cervix. The leading end of the
      spiral section 18 is rounded to minimize any pain to the patient during
      insertion. Thereafter, the instrument 10 is rotated, as indicated by arrow
      26, for example, for six to ten turns. The rotating spiral section 18
      gathers in the tissue-containing mucous aggregate 28 (FIG. 4) from the
      walls of the womb 42.
PAR  The rotating spiral section 18 presents a multiple of scraping surfaces to
      the tissue within the endometrial cavity. This enhances the purpose of
      gathering a cross section of tissue from essentially all portions of the
      cavity in a single manipulation of the medical instrument 10. Upon
      withdrawal of the spiral section 18, continued rotation in combination
      with the semi-sharp edges of the spiral section 18 results in the
      endometrial cells on the surface of the walls of the womb 42 being
      curetted, or scraped, therefrom and into the mucous aggregate 28. Since
      the spiral section 18 is formed with a matte surface, the mucous aggregate
      28 will adhere more readily and effectively thereto. Referring to FIG. 4,
      the instrument 10 is moved in the direction of the arrow 32 to withdraw
      the mucous-containing spiral section 18 from the womb 42.
PAR  The mucuous aggregate 28 is withdrawn with the spiral section 18 and
      provides in a simple, efficient and essentially painless manner, a cross
      section of endometrial tissue. Also some endocervical mucous is obtained
      upon withdrawal of the spiral section 18. This is accomplished by the
      unique design of the instrument 10 at the spiral section 18. The rotating
      of the instrument 10 permits essentially all areas of the wall of the womb
      42 to be contacted with a complete cross section of endometrial tissue
      drawn onto the spiral section 18. As noted, the semi-sharp edges of the
      spiral section draw those cells closest to the surface of the wall of the
      womb 42. Thus, the instrument 10 not only provides a complete cross
      section of all areas of the womb 42 but also draws from the complete depth
      of the mucous aggregate 28 to obtain endometrial tissue which is
      immediately adjacent to the wall of the womb.
PAR  The techniques illustrated in FIGS. 3 and 4, and with the use of the
      instrument 10, is simple and nearly painless and can be conducted as a
      routine, daily gynecological office procedure. This, of course, reduces
      the comparative costs.
PAR  The endometrial tissue obtained by use of the instrument 10 is free of any
      contaminants and is only supported by the inert plastic spiral section 18.
      At this point, the tissue-containing mucous aggregate 28 is ready for
      transfer to an examining media so that the tissue may be studied for
      pregnancy related capabilities of the patient or for diagnosing
      endometrial neoplasia. While some of the mucous aggregate 28 could be
      wiped from the spiral section 18 onto an examining surface, such as a
      slide, it is desirable to remove substantially all of the mucous aggregate
      from the spiral section to provide sufficient tissue for the diagnostic
      specimen and also for histological studies.
PAR  To effect the efficient and essentially complete removal of the mucous
      aggregate 28 from the spiral section 18, the rearwardmost portion of the
      spiral section is inserted into the slot 24 of the paddle 20 as shown in
      FIG. 5. The paddle 20 is moved slowly in the direction of the arrow 36, or
      the spiral section 18 is pulled slowly in the reverse direction, whereby
      the loosely held instrument 10 rotates. The rotation of the instrument 10
      is caused by the spiral section 18 being forced through the slot 24
PAR  As the spiral section 18 moves through the slot 24, the mucous aggregate 28
      is extruded, or wiped, from the spiral section and onto the paddle 20. The
      thin edges of the slot 24 provide a somewhat flexible wiper action which
      permits an essentially complete wiping of the mucous aggregate 28 from the
      spiral section 18. Subsequent to the removal of the mucous aggregate 28
      from the spiral section 18, the relatively inexpensive section 18 is
      removed from the sleeve 14 and discarded.
PAR  Referring to FIG. 6, the paddle 20 is positioned to place the mucous
      aggregate 28 into engagement with a slide 38. Thereafter, the paddle 20 is
      moved back and forth as indicated by the arrows 40 to transfer an amount
      of the tissue-containing mucous aggregate 28 onto the slide 38 and spread
      the material evenly thereon.
PAR  The endometrial mucous is a thick, gliary, sticky substance and sometimes a
      swirling, or circular, motion of the paddle 20 is required to transfer the
      aggregate 28 evenly over the slide 38. The mucous aggregate 28 on the
      slide 38 should not be allowed to dry since drying results in a loss of
      significant histological and nuclear detail.
PAR  The slide 38 should be immediately placed in a jar containing Cornoy's
      solution so that any blood or debris which may be contained within the
      aggregate 28 is effectively cleared away. Thereafter, the slide 38 is
      removed from the Cornoy's solution and placed in a container of 95%
      alcohol which serves as a fixative. Other fixatives, such as aerosol spray
      fixatives, may be used if desired. However, due to the thickness of the
      endometrial mucous aggregate 28, the fixative of 95% alcohol appears to be
      the most effective.
PAR  As shown in FIG. 7, the remaining mucous aggregate 28 is gathered on the
      end of the paddle 20 which is the severed from the remaining portion
      thereof by the use of cutters 48. The severed, mucous-containing portion
      of the paddle 20 is dropped into a vial 50 containing 10% formalin. This
      remaining mucous aggregate 28 is usually sufficient for paraffin embedding
      and may be sufficiently large enough to provide enough tissue for a
      biopsy.
PAR  The spiral section 18 should be approximately 6 cm. in length while the
      most useful width is 3.5 mm. to 4.0 mm. The thickness of the spiral
      section 18 is about 0.75 mm. The diameter of the curved portion 22 and
      handle portion 34 of the implement 12 is about 3.5 mm. While these
      dimensions are representative of the disclosed embodiment, the invention
      may be practiced with many variations of dimensions to suit particular
      needs without departing from the spirit and scope of the invention.
PAR  Thus, the inventive medical instrument 10 and implement 12 facilitates an
      inventive and highly satisfactory method for obtaining direct smear
      tissues from endocervical and endometrial areas for the purpose of
      studying endometrial cytopathology. The use of this technique in
      comparison to other techniques, can be measured in the success of the
      adequacy of the endocervical and endometrial components, the quality of
      the slides and the clarity of cytoplasmic and nuclear detail. In addition,
      by using this technique, sufficient specimen is obtained to not only
      conduct the disagnostic tests but also for paraffin embedding and
      histological study. In some instances, enough additional specimen is
      obtained as biopsy material. All of these advantages are accomplished with
      a relatively simple, in-office, nearly painless procedure with the results
      being relatively quickly available and less costly.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A medical system for obtaining tissue samples, comprising: tissue
      gathering means including a helically-shaped end section, said end section
      being formed of a flat, elongated, and essentially rectangular member
      twisted about its longitudinal axis such that the edges thereof which
      extend in a direction parallel to the longitudinal axis of said member are
      disposed in a helically wound fashion about said longitudinal axis, the
      surface of the end section being of a matte finish to enhance adhesion of
      tissue thereon;
PA1  means for manipulating said gathering means and being joined to the inner
      end portion of said end section; and,
PA1  a flat paddle-shaped member having a slot-like opening formed therein, at
      least a portion of the helically-shaped end section of the tissue
      gathering means being disposed within the slot-like opening and being
      movable relative thereto to transfer tissue adhering to the end section
      from said end section to a surface of the flat paddle-shaped member.
NUM  2.
PAR  2. The medical system of claim 1 wherein the last-mentioned means is a
      rod-like handle member connected to and extending substantially axially of
      the end section of the gathering means.
NUM  3.
PAR  3. The medical system of claim 1 wherein said opening is a slot having
      opposed side walls spaced apart a distance equal to at least the thickness
      of the edges of the end section.
NUM  4.
PAR  4. The medical system of claim 3 wherein the slot is formed in one edge of
      the member, the helically shaped end section being disposed within the
      slot at the inner end of said section, the body portion of the end section
      being drawn toward the member to transfer tissue on said section onto that
      surface of the member opposite the direction of motion of the end section,
      the side walls of the slot acting to deposit the tissue on the member.
NUM  5.
PAR  5. The medical system of claim 1 wherein the opening is defined by side
      walls of a reduced thickness relative to the remaining portions of the
      member, the side walls being flexible to provide a wiping action against
      surfaces of the end section moving relatively thereto to facilitate
      transfer of tissue on the end section from said end section to said
      member.
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PAL  A tocodynamometer for providing an electrical output related to body
      surface displacement of a patient, comprising, a housing, a patient
      contacting member, a support assembly mounting the member for controlled
      movement relative to the housing in response to the displacement, and an
      electro-optical transducer assembly for converting the controlled movement
      into the electrical output, the transducer assembly comprising relatively
      movable members one of which is coupled to the patient contacting member
      for movement therewith to vary the output in response to the controlled
      movement. In another aspect the support assembly comprises at least one
      planar spring element having a first portion fixed to the housing and a
      second portion fixed to the member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to measurement of uterine contrations or other
      biological phenomena involving displacement of an external body surface.
PAR  A tocodynamometer for making such measurements typically involves a movable
      patient contacting member and a transducer for converting displacement
      into an electrical output.
PAC  Summary of the Invention
PAR  The invention provides a rugged, inexpensive, accurate, easily used
      tocodynamometer in which sensitivity can be adjusted and in which the
      design permits wide choice of the relationship between electrical output
      and body surface displacement. The unit is stable under temperature
      changes, and the mechanical arrangement for sensing displacement is
      virtually frictionless and highly resistant to mechanical overload while
      providing excellent force versus displacement characteristics.
PAR  In general the invention features a tocodynamometer for providing an
      electrical output related to body surface displacement of a patient,
      comprising, a housing, a patient contacting member, a support assembly
      mounting the member for controlled movement relative to the housing in
      response to the displacement, and an electrooptical transducer assembly
      for converting the controlled movement into the electrical output, the
      transducer assembly comprising relatively movable members one of which is
      coupled to the patient contacting member for movement therewith to vary
      the output in response to the controlled movement. In another aspect the
      support assembly comprises at least one planar spring element having a
      first portion fixed to the housing and a second portion fixed to the
      member. In preferred embodiments the support assembly comprises a pair of
      phosphor bronze spring elements which are generally circular and parallel
      to each other, a first spacer is mounted between central portions of the
      spring elements, and a second spacer is mounted between outer portions of
      the elements, the elements being cut away between the spacers to
      facilitate relative movement of the spacers along an axis perpendicular to
      the planes of the elements, the patient contacting member being connected
      to the first spacer; the transducer assembly comprises a subassembly
      comprising a light source and a photosensitive detector arranged to
      receive light from the source along a path, and an interrupter mounted to
      extend into the path, the subassembly or the interrupter being coupled to
      the support for the movement therewith to vary the extent of the
      interrupter into the path and hence to vary the amount of light received
      by the detector; the spacers have black surfaces defining walls of a light
      chamber, the transducer assembly being mounted in the chamber; and the
      patient contacting member is adjustable relative to the support assembly,
      through an external knob, for setting the initial position of the member
      relative to the housing, thereby determining the operating range of the
      tocodynamometer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a tocodynamometer embodying the
      invention;
PAR  FIG. 2 is a sectional view taken along 2--2 of FIG. 1;
PAR  FIG. 3 is a view of the tocodynamometer of FIG. 1 in use against a
      patient's abdomen, with a monitor shown schematically, and with the
      tocodynamometer shown in a sectional view taken along 3--3 of FIG. 1; and
PAR  FIGS. 4-5 are exploded views showing portions of the tocodynamometer of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, tocodynamometer 10 has a plastic housing 12 in
      which are mounted, on generally annular ledge 14, printed circuit board 16
      and resilient support assembly 18 from which extends, through openings 22
      and 24 in board 16 and concave bottom wall 26 of the housing,
      respectively, plastic patient-contacting pin 20.
PAR  Support 18 has two identical phosphor bronze planar spring members 28 and
      30, attached at their rims to opposite sides of a generally annular
      plastic spacer 32, and attached at their central portions 33 to opposite
      sides of a generally triangular plastic spacer 34. Elements 28 and 30 have
      cutouts 36, 38, and 40 arranged so that in each element central portion 33
      is connected to outer portion 44 through three resilient legs 46, 48, and
      50, to permit displacement of spacer 34 relative to spacer 32 along
      central axis 52 of pin 20.
PAR  Pin 20 has a rounded patient-contacting surface 54 and extends from screw
      56 which is threaded in central opening 58 of spacer 34, and has a
      transverse pin 60 through its end opposite surface 54.
PAR  Plastic retaining ring 62 is aligned with spacer 32 above element 28, and
      housing cover 64 holds ring 62, support assembly 18, and circuit board 16
      tightly against ledge 14. Screw 56 extends into external adjustable knob
      66 mounted on the cover, and pin 60 couples the screw to the knob, so that
      by rotation of the knob the initial position of pin surface 54 relative to
      the bottom of housing 12 may be set.
PAR  Electro-optical transducer assembly 70 consists of a light emitter 72 and
      photosensitive detector 74 (e.g., Photon Coupled Interrupter Module H 13Al
      sold by General Electric) mounted on circuit board 16 and extending
      upwardly through cutouts 38 in elements 28 and 30, beyond spacers 32 and
      34. Light interrupter 76 extends from bracket 78 mounted on element 28 and
      screwed to spacer 34, into the space between emitter 72 and detector 74.
      Interrupter 76 is a finger shaped to interrupt a fraction of the light
      passing from emitter to detector, the fraction depending upon the position
      of the finger along axis 52. The walls 78 and 80 of spacers 32 and 34
      which surround the transducer assembly 70, inner walls 81 and 83 of ring
      62 and cover 64, respectively (walls 78, 80, 81, and 83 in effect defining
      a light chamber 84), as well as finger 76 and the inactive exterior
      surfaces of emitter 72 and detector 74, are black to minimize light
      reflection.
PAR  Electrical cord 90 connects emitter 72 and detector 74 to an appropriate
      monitoring and power supply unit 100, through conventional circuitry on
      board 16.
PAR  Cover 64 has slots 94 and 96 through which strap 98 extends, for connection
      of the tocodynamometer to the abdomen 99 of a patient as shown in FIG. 3.
PAR  In operation, uterine contractions will exert pressure on surface 54 of pin
      20, pushing the pin upwardly against the spring force of elements 28 and
      30, causing displacement of finger 76 and thus changing the amount of
      light from emitter 72 which is received by detector 74. The electrical
      signal produced by detector 74 and read out by unit 100 is thus dependent
      upon the position of finger 76 and represents an analog measurement of the
      uterine contraction. A wide variety of functions of output versus
      displacement of pin 20 may be generated by appropriate selection of the
      shape of finger 76. Adjustment of knob 66 determines the operating range
      of the device.
PAR  Other embodiments (e.g., the use of a variable density filter material for
      finger 76, etc.) are within the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tocodynamometer for providing an electrical output related to body
      surface displacement of a patient, comprising
PA1  a housing,
PA1  a resilient support assembly having a pair of planar, parallel, generally
      circular spring elements having opposing surfaces, an outer, generally
      annular spacer mounted between said spring elements and fixed to said
      housing, and an inner spacer extending between said opposing surfaces of
      said spring elements inwardly of said outer spacer, said spacers being
      separated from each other so that said inner spacer is resiliently movable
      relative to said housing along an axis, said spring elements having
      cutouts in planar portions between said spacers,
PA2  said spacers having opposing wall portions generally parallel to said axis
      which comprise side walls of a light chamber,
PA1  a patient contacting member having a shaft extending along said axis, said
      shaft being threaded and extending through a correspondingly threaded
      opening in said inner spacer, said shaft having a patient contacting
      surface at one end and a knob on the other end, said knob being external
      to said housing to permit rotation of said threaded shaft in said threaded
      opening and hence adjustment of the initial position of said surface
      relative to said housing while said tocodynamometer is in position on a
      patient, thereby determining the operating range of said tocodynamometer,
      and
PA1  a transducer assembly mounted inside said housing and comprising
PA2  a light source and a photosensitive detector mounted in spaced positions
      fixed relative to said housing and extending through a said cutout between
      said spacers into said light chamber, with said detector being arranged to
      receive light from said source along a path, and
PA2  a rigid interrupter finger rigidly mounted on said movable inner spacer for
      movement therewith along said axis,
PA2  said finger having a permanently shaped portion arranged to extend in said
      light chamber and into said path between said source and said detector,
      whereby the amount of light from said source received by said detector
      will vary as a function of the position of said finger along said axis,
      said function being determined by the shape of said shaped portion.
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PAL  A biomedical signal processor and process for converting a composite
      physiologically generated signal having both electrocardiographic and
      electromyographic components into an electromyographic signal free of
      interference from electrocardiographic signals. Suppression of the
      electrocardiographic component is accomplished by conversion of overall
      gain to zero whenever the signal amplitude exceeds a predetermined setting
      corresponding to maximum electromyographic signal.
BSUM
PAR  This application relates to processing of electronic signals having a
      physiological origin, especially so as to eliminate interference from
      unwanted signals.
PAR  In preparation of an electromyogram, as in recording action of the
      diaphragm located between the chest and abdominal cavities, other signals
      of physiological origin, such as from the heart, may interfere. Whereas
      electromyographic signals are longer in duration, electrocardiographic
      signals usually have greater peak amplitude. Prior attempts to filter the
      latter from the former proved unsatisfactory.
PAR  A primary object of the present invention is elimination of
      electrocardiographic signal interference in preparation of
      electromyograms.
PAR  Another object is selection of an electromyographic signal from a composite
      signal having an electrocardiographic component. A further object is
      design of reliable apparatus for accomplishing the foregoing objects
      effectively and economically.
PAR  Yet another object of this invention is utilization of integrated circuit
      components in the design of the foregoing apparatus and for performing the
      foregoing process steps.
PAR  Other objects of the present invention, together with means and methods for
      attaining the various objects, will be apparent from the following
      description of a preferred embodiment and accompanying diagrams, presented
      by way of example rather than limitation.
DRWD
PAR  FIG. 1 is a schematic view of principal apparatus components of the present
      invention;
PAR  FIG. 2 is a similar view of auxiliary apparatus components of this
      invention;
PAR  FIG. 3 is a graphical representation of signals processed by such
      apparatus;
PAR  FIG. 4 is a circuit diagram corresponding to the schematic diagram of FIG.
      1; and
PAR  FIG. 5 is a similar diagram corresponding to the auxiliary showing in FIG.
      2.
DETD
PAR  In general, the objects of the present invention are accomplished, in
      conjunction with biomedical electrographic apparatus, by electronic
      circuitry for suppressing electrocardiographic, rather than
      electromyographic, signals. This is achieved, in processing a composite
      signal having electrocardiographic and electromyographic components, for
      use in preparation of an electromyogram, by establishing a predetermined
      signal level normally exceeded by the electrocardiographic component
      signal but not by the electromyographic component signal and suppressing
      any signal exceeding such predetermined signal level.
PAR  More particularly, the invention provides electronic circuit means for
      eliminating electrocardiographic signal interference with
      electromyographic signals, comprising means for receiving both
      electrocardiographic and electromyographic signals together, means for
      producing reference signals bounding the normal maximum electromyographic
      signal, and means for suppressing any signals outside the bounds of such
      reference signals.
PAR  FIG. 1 shows, in block form, principal components of apparatus of this
      invention, including amplifiers A.sub.1 to A.sub.4, inclusive.
      Differential amplifiers A.sub.2 and A.sub.3 are connected in parallel to
      receive the outputs of differential amplifier A.sub.1, which receives the
      signal input at terminals i.sub.1, i.sub.2. The outputs of differential
      amplifier A.sub.2 from terminals O.sub.1, O.sub.2 go to suitable
      electrographic apparatus (not shown). The outputs from differential
      amplifier A.sub.3 form the input for amplifier A.sub.4, whose single-ended
      output is fed into dual comparator K along with reference signals R+ and
      R- provided by the auxiliary circuitry shown in the next view. The
      single-ended output from the comparator is fed to inverter I, from which
      the output is fed back via lead 15 to differential amplifier A.sub.2 for
      the purpose of gain control.
PAR  FIG. 2 shows, also in block form, auxiliary apparatus for preparing and
      presetting the amplitude of the reference signals. Variable attenuator 10
      supplied with unvarying positive signal + at its input is connected at its
      output to the input of amplifier A.sub.5, which produces reference signal
      R+. The same output (R+) is applied to the input of inverter A.sub.6,
      which produces reference signal R-. Appropriate d.c. power supply means to
      provide unvarying single and double amplitude positive signals (+, ++) and
      corresponding negative signals (-, --) may be wholly conventional and is
      omitted from the drawings in the interest of simplicity, not being
      necessary to an understanding of the invention.
PAR  FIG. 3 shows in graphical form, rather stylized for simplicity, the effects
      of this invention on a composite signal having an electromyographic signal
      component 11 of relatively long duration and low amplitude and an
      electrocardiographic signal component 12 of relatively short duration and
      high amplitude. The maximum amplitude of the electromyographic signal is
      bounded by positive reference signal amplitude R+ and by negative
      reference signal amplitude R-. The portions of the electrocardiographic
      signal outside the reference amplitude limits is shown in broken lines
      because it is suppressed according to this invention, and the output
      signal during such excessive input signal is zero. Except for such
      suppression the output signal is a direct amplification of the input
      signal.
PAR  FIG. 4 shows circuitry corresponding to the block diagram of FIG. 1.
      Differential amplifier A.sub.1 (outlined in broken lines) is made up of
      dual transistor Q.sub.1, and associated circuit elements. Input from
      terminal i.sub.1, which has resistor R.sub.1 to ground, is a.c.-coupled to
      the base electrode of the right half of Q.sub.1, via capacitor C.sub.1 and
      resistor R.sub.3, while input from terminal i.sub.2, separated from ground
      by resistor R.sub.2, is a.c.-coupled similarly to the left base of Q.sub.1
      via capacitor C.sub.2 and resistor R.sub.4. Both collector electrodes of
      Q.sub.1 are tied directly to positive potential +, and the respective base
      leads have resistors R.sub.5 and R.sub.6 thereto. The emitter electrode
      leads go to negative potential -0 through respective resistors R.sub.7 and
      R.sub.8. The left-hand base electrode has resistor R.sub.10 between it and
      negative potential -, while the right-hand base electrode has
      corresponding resistor R.sub.9 to a voltage divider made up of adjustable
      part R.sub.11 and fixed part R.sub.13 connected between - and ground.
PAR  Differential amplifiers A.sub.2 and A.sub.3 of FIG. 1 are represented
      (outlined in broken lines) in FIG. 4 as integrated circuits U.sub.2  and
      U.sub.3 plus associated leads and circuit elements. Both emitters of
      transistor Q.sub.1 are connected as inputs to both U.sub.2 and U.sub.3,
      which are identical, at terminals 1 and 6 of each. Terminals 9 of each are
      supplied with positive potential +, and terminals 3 of each with negative
      potential -. Leads from terminals 10 and 8 of integrated circuit U.sub.2
      go to respective output terminals o.sub.1, o.sub.2 through respective
      coupling capacitors C.sub.6 and C.sub.6 having resistors R.sub.14 and
      R.sub.16 to ground at the output side.
PAR  Similar output leads from integrated circuit U.sub.2 are coupled to
      respective input terminals 4 and 5 of integrated circuit U.sub.4 of
      single-ended output amplifier A.sub.4 (outlined in broken lines). The
      first such lead contains capacitor C.sub.5, series resistor R.sub.19, and
      resistor R.sub.15 to ground from their common junction; the second lead
      contains capacitor C.sub.7, series resistor R.sub.21, and ground resistor
      R.sub.17. Terminals 11 and 6 of U.sub.4 are connected to positive
      potential ++ and negative potential --, respectively. Single output
      terminal 10 is connected to input terminal 4 (inverting) through resistor
      R.sub.18, while input terminal 5 has resistor R.sub.20 to ground.
PAR  Comparator K comprises pair of like integrated circuits U.sub.a and
      U.sub.b, each of which has an input terminal (4 and 7, respectively)
      connected to the output terminal of U.sub.4, while the other input
      terminals (2 and 6) connect to adjustable reference potentials R+ and R-,
      respectively (see FIGS. 2 and 5). The comparator is supplied with positive
      potential ++ at terminal 10 and with negative potential - at terminal 5,
      and terminal 1 is grounded. Output terminal 9 common to both U.sub.a and
      U.sub.b is d.c.-coupled to the base electrode of transistor -Q.sub.2 of
      inverter I (shown in FIG. 1, not separately outlined here) through double
      diode DD and series resistor R.sub.23, with resistor R.sub.25 from their
      common junction to negative potential --. The emitter electrode of Q.sub.1
      is grounded and the collector electrode, which has resistor R.sub.27 to
      negative potential -, is tied by feedback lead 15 to terminal 2 of
      integrated circuit U.sub.2 of differential amplifier A.sub.2. FIG. 5 shows
      auxiliary circuitry corresponding to the block diagram of FIG. 2, and it
      will be understood without the necessity of outlining the several blocks
      in this view that the left-hand part comprises variable attenuator 10, the
      central part amplifier A.sub.5 and the right-hand part amplifier A.sub.6.
      The attenuator includes resistors R.sub.22, R.sub.24, R.sub.26, and
      R.sub.28, each with one end tied to positive potential + and with their
      opposite ends terminating at switch terminals w, x, y, and z,
      respectively. Switch arm S.sub.1 (shown engaging terminal x) connects to
      adjustable resistor R.sub.30, the other end of which connects to ground,
      and the slider of which connects through resistor R.sub.31 to the
      amplifier portion of the circuitry. U.sub.5 and U.sub.6 are integrated
      circuit halves with associated circuit elements of amplifier A.sub.5 and
      A.sub.6. Resistor R.sub.31 connects to inverting input terminal 2 of
      U.sub.5, whose other input terminal has resistor R.sub.33 to ground.
      Terminals 8 and 4, respectively, are tied to positive potential ++ and
      negative potential --. Output terminal 1 of U.sub.5 is connected to input
      terminal 2 thereof through resistor R.sub.35 and to inverting input
      terminal 6 of U.sub.2 via resistor R.sub.32. Its other input terminal has
      resistor R.sub.34 to ground; terminals 8 and 4 are tied to positive
      potential ++ and negative potential --; and output terminal 7 is connected
      to output terminal 6 through resistor R.sub.36. The respective output
      terminals of U.sub.5 and U.sub.6 provide reference potentials R- and R+
      (see FIGS. 2 and 5).
PAR  Operation of this apparatus is readily understood. The positive and
      negative reference potentials are adjusted by setting switch arm S.sub.1
      to one of contacts w, x, y, and z, and adjustable resistor R.sub.30 is set
      so that R+ and R- are of such amplitude (but opposite sign, of course) to
      bound the maximum expected electromyographic signal level at the
      comparator Any signal in excess of such level has the effect of precluding
      any output to the related electrographic apparatus (not shown).
PAR  In detail, an electric signal input at terminals 6.sub.1, i.sub.2 (as from
      a physiological source) is treated by differential amplifier A.sub.1, the
      respective halves of transistor Q.sub.1 acting upon opposite halves of the
      signal, to provide a suitable impedance match and an overall amplification
      of about 0.1 (i.e., a tenfold attenuation). Differential amplifiers
      A.sub.2 and A.sub.3 provide a maximum gain of many times more than that
      (e.g., 30) to give a positive overall gain (such as 3). Their inputs and
      outputs are both a.c.-coupled, resulting in zero d.c. output component.
      Amplifier A.sub.4, which is stabilized at a gain of one by feedback
      through R.sub.18, converts the differential output of A.sub.3 to a
      single-ended signal for comparison with reference signal levels in dual
      comparator K. When the positive swing of the signal exceeds R+ or its
      negative swing exceeds R- the output (from the corresponding integrated
      circuit component) goes positive and--after inversion by invertor I--is
      fed back through gain control line 15 to amplifier A.sub.2, which it cuts
      off (i.e., reduces to essentially zero amplification).
PAR  If the reference potentials bound the maximum electroymographic signal
      fairly closely, the net effect will be to pass essentially all the
      electromyographic signal (amplified several times). Whenever an
      electrocardiographic signal is received, its peak amplitude normally
      exceeds the reference potentials and, at and beyond such bounds, precludes
      any signal output. The brevity of such electrocardiographic signal
      produces only a slight interruption in signal duration upon co-occurrence
      with an electromyographic signal and may be ignored or damped out in the
      electrographic apparatus. In the absence of an electromyographic signal
      sich an electrocardiographic signal would be damped out likewise or give
      rise to only a momentary spike within the reference potential limits.
PAR  If the electromyographic signal at its normal maximum amplitude exceeds the
      reference potential limits (or is exceeded thereby) the variable
      attenuator is readily adjusted to narrow or eliminate the difference as
      may be desired. Accordingly, this invention has effectively eliminated
      electrocardiographic interference from electromyographic signal recording.
      It has done so conveniently, economically, and reliably.
PAR  For further guidance to those interested in practicing this invention the
      following table presents suitable identification or values of circuit
      components or elements.
TBL  __________________________________________________________________________
     C.sub.1                                                                   
        0.3.mu.f                                                               
             R.sub.1                                                           
                 10M R.sub.11                                                  
                         5K  R.sub.22                                          
                                 5K R.sub.33                                   
                                        51K                                    
     C.sub.2                                                                   
        0.3.mu.f                                                               
             R.sub.2                                                           
                 10M R.sub.13                                                  
                         20K R.sub.23                                          
                                 9.1K                                          
                                    R.sub.34                                   
                                        5.1K                                   
     C.sub.4                                                                   
        2.2.mu.f                                                               
             R.sub.3                                                           
                 1M  R.sub.14                                                  
                         51K R.sub.24                                          
                                 25K                                           
                                    R.sub.35                                   
                                        100K                                   
     C.sub.5                                                                   
        2.2.mu.f                                                               
             R.sub.4                                                           
                 1M  R.sub.15                                                  
                         1M  R.sub.25                                          
                                 5.1K                                          
                                    R.sub.36                                   
                                        10K                                    
     C.sub.6                                                                   
        2.2.mu.f                                                               
             R.sub.5                                                           
                 205K                                                          
                     R.sub.16                                                  
                         51K R.sub.26                                          
                                 95K                                           
                                    U.sub.a                                    
                                        1/2711                                 
     C.sub.7                                                                   
        2.2.mu.f                                                               
             R.sub.6                                                           
                 205K                                                          
                     R.sub.17                                                  
                         1M  R.sub.27                                          
                                 3.9K                                          
                                    U.sub.b                                    
                                        1/2711                                 
     DD 1N714                                                                  
             R.sub.7                                                           
                 27K R.sub.18                                                  
                         100K                                                  
                             R.sub.28                                          
                                 295K                                          
                                    U.sub.2                                    
                                        CA3000                                 
     K  711  R.sub.8                                                           
                 27K R.sub.19                                                  
                         100K                                                  
                             R.sub.30                                          
                                 5K U.sub.3                                    
                                        CA3000                                 
     Q.sub.1                                                                   
        QD102                                                                  
             R.sub.9                                                           
                 240K                                                          
                     R.sub.20                                                  
                         100K                                                  
                             R.sub.31                                          
                                 100K                                          
                                    U.sub.4                                    
                                        741                                    
     Q.sub.2                                                                   
        2N4126                                                                 
             R.sub.10                                                          
                 240K                                                          
                     R.sub.21                                                  
                         1M  R.sub.32                                          
                                 10K                                           
                                    U.sub.5                                    
                                        1/2MC1458                              
                                    U.sub.6                                    
                                        1/2MC1458                              
     __________________________________________________________________________
PAR  Although a preferred embodiment of the invention has been shown and
      described, modifications may be made therein, as by adding, combining, or
      subdividing parts or steps or by substituting equivalents while retaining
      advantages and benefits of the invention, which itself is defined in the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in conjunction with biomedical electrographic apparatus
      including means delivering output therefrom to a recorder actuatable
      thereby, electronic circuit means for eliminating electrocardiographic
      signal interference with electromyographic signals, comprising means for
      receiving both electrocardiographic and electromyographic signals,
      including an input differential amplifier, two parallel differential
      amplifiers each connected to receive the outputs of the input differential
      amplifier; means for producing reference signals bounding the normal
      maximum electromyographic signal, including a reference signal generator
      having means for generating positive and negative reference signals, a
      dual comparator connected to receive and compare the outputs of one of the
      parallel amplifiers and the respective reference signals; and means
      operatively connected to both the foregoing means for suppressing any
      signals outside the bounds of such reference signals preparatory to
      actuating the recorder thereby, including gain control means connected to
      receive the output of the comparator and effective to reduce the gain of
      the other parallel amplifier, which is the output amplifier for suitable
      recording means, and including means for connecting the output of the
      latter amplifier to such recording means.
NUM  2.
PAR  2. Electronic circuit means according to claim 1, wherein the means for
      signal suppression includes means responsive to the signal level for
      attenuating all signals outside the bounds of the reference signals.
NUM  3.
PAR  3. Electronic circuit means according to claim 2, wherein the amplifier
      means is effective to amplify signals not attenuated thereby.
NUM  4.
PAR  4. Electronic circuit means comprising an input differential amplifier for
      receiving and acting upon composite electromyographic and
      electrocardiographic signals of relatively long duration and relatively
      great peak signal level, respectively, two parallel differential
      amplifiers each connected to receive the outputs of the input differential
      amplifier, a reference signal generator including means for generating
      positive and negative reference signals, a dual comparator connected to
      receive and compare the respective outputs of one of the latter amplifiers
      and the respective reference signals, and gain control means connected to
      receive the output of the comparator and effective to reduce the gain of
      the other parallel amplifier, which is the output amplifier for suitable
      recording means, whenever the reference signal level is exceeded, and
      including means for interconnecting the output of the latter amplifier to
      such recording means.
NUM  5.
PAR  5. Electronic circuit means according to claim 4, including a dual to
      single-ended signal converter including means for converting a
      differential signal into a single-ended signal connected between the first
      parallel differential amplifier and the comparator.
NUM  6.
PAR  6. Electronic circuit means according to claim 4, including voltage divider
      means operatively connected to the comparator for adjusting the reference
      signal level.
NUM  7.
PAR  7. Electronic circuit means according to claim 4, including an inverter
      connected between the output of the comparator and gain control means of
      the output differential amplifier.
NUM  8.
PAR  8. Electronic circuit means according to claim 4, wherein the input
      differential amplifier has a gain of about one-tenth and the parallel
      differential amplifiers have a gain of about 30, the first of the latter
      amplifiers being operable at full gain when the reference signal level is
      not exceeded and at zero gain when the reference signal level is exceeded.
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ABST
PAL  An instrument for removing tissue including a rotatable fluted cutter
      member housed in a probe adapted to be inserted into a portion of a body
      from which tissue is to be removed. The instrument can supply irrigation
      fluid through the probe to the area being operated upon and evacuate the
      material through the probe after being engaged by the cutter.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 241,019, filed Apr. 4, 1972, now U.S. Pat. No.
      3,844,272 dated Oct. 29, 1974 entitled "Surgical Instruments", that
      application being in turn a continuation-in-part of applicant's then
      copending application Ser. No. 799,476, filed Feb. 14, 1969, now U.S. Pat.
      No. 3,732,858, dated May 15, 1973, which in turn is a continuation-in-part
      of the then copending application Ser. No. 762,286, filed Sept. 16, 1968,
      now U.S. Pat. No. 3,528,425, dated Sept. 15, 1970. All of the said
      applications are assigned to the assignee of the subject application.
BSUM
PAC  GENERAL DESCRIPTION
PAR  In the foregoing prior patent applications, various forms of instruments
      are disclosed and claimed which are adapted for holding, cutting, and
      removal of tissue from the body. The present invention also relates to
      instruments of the same general type and, more specifically, to
      improvements of one type of instrument disclosed in applicant's copending
      application Ser. No. 241,019. More specifically, the subject application
      is directed to an instrument adapted for cutting tissue, such as bands and
      membranes, from relatively inaccessible locations, such as the eye.
PAR  In accordance with the invention, a rotatable fluted drill type cutter is
      utilized. The cutter is rotated by a motor. The cutter is located at the
      end of a probe which includes an opening into which tissue or other
      substances enter. The instrument also supplies irrigation fluid through
      the probe to the field being operated upon. In addition, the instrument is
      capable of supporting additional instrumentation, such as cryogenic or
      electrical electrodes as well as fiber optics for illumination and/or
      viewing the operating field.
PAR  It is therefore an object of the present invention to provide an instrument
      for removing tissue from a portion of the body.
PAR  An additional object is to provide an instrument for removing material from
      the body in which a probe is to be inserted into the body, the instrument
      including a rotatable fluted cutter.
PAR  A further object is to provide an instrument for removing tissue from the
      body which can carry additional instrumentation, such as optical members
      and electrodes, to the operating site.
PAR  Yet another object is to provide an instrument for removing tissue from the
      body in which the instrument brings tissue into a cutting relationship
      with a rotatable cutter.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specifications and annexed
      drawings, in which:
PAR  FIG. 1 is an overall plan view of the instrument shown for use in
      performing an operation in the eye;
PAR  FIG. 2 is a cross-sectional view of a portion of the instrument showing the
      details thereof;
PAR  FIGS. 3-6 are fragmentary views, with FIGS. 4 and 6 being partially in
      cross-section, showing the operation of the cutter;
PAR  FIG. 7 is a fragmentary view of the end of the probe, showing the details
      of the cutter of another embodiment of the instrument;
PAR  FIG. 8 is a front view of the tip of the probe of the instrument of FIG. 7;
PAR  FIGS. 9-12 are views in cross-section of various forms of probes carrying
      auxiliary instrumentation; and
PAR  FIG. 13 is a plan view, partly in cross-section of a further embodiment of
      the invention.
DETD
PAR  Referring to FIG. 1, the instrument includes a probe 10 extending from a
      fluid supply cup 12 which in turn is attached to a motor housing 14. The
      housing 14 contains a cnventional electric motor (not shown) and is closed
      off by a cap 16 which is threaded and otherwise sealed to the main housing
      14. Cables 18 extend through a grommet 19 in the cap 16 to supply current
      to the motor. A suitable switching circuit (not shown) for the motor can
      be provided at a location remote from the instrument.
PAR  Extending outside the housing, and attached to the housing if desired, are
      three fluid flow conduits 20, 22 and 24. These conduits respectively
      provide evacuation force, irrigation fluid and a reverse flow fluid
      through cup 12 to the probe 10 in a manner to be described. An optical
      rod, or bundle of optic fibers, 26 are also attached to the probe 10 for
      purposes to be described.
PAR  The probe 10 is shown in FIG. 1 inserted through an opening 28 in the eye
      E. The probe 10 has located therein a cutter (not shown in FIG. 1) which
      is adapted to cut tissue from within the eye. The cut tissue is removed
      via the evacuation conduit 20. It should be understood, of course, that
      the instrument can be used at any body location of a human or animal.
PAR  FIG. 2 shows the details of the instrument. The motor housing 14 contains
      the motor M which has an output shaft 30 extending into a neck 14a on the
      housing. The instrument has a cutting tool 35 which includes a shaft 36, a
      fluted drill type cutter 37, and a shank 38 whose end is fastened to a
      holder 39 having a shoulder 40. Holder 39 has a partial internal bore 42
      which fits over the motor shaft 30.
PAR  The cutting tool shank 38 fits in a bushing 44 having a shoulder 45 which
      is held against the end of neck 14a by a collar 48 threaded onto housing
      neck 14a.
PAR  The fluid supply cup 12 is threaded at 52 onto a shoulder 53 on bushing 44.
      A pair of tubular shells 54 and 56 are mounted on internal steps 55 and 57
      on the front end of the cup 12. Inner shell 54 defines a central flow
      passage for evacuation force and reverse fluid flow while the space
      between shells 54 and 56 defines a passage 59 for the flow of irrigation
      fluid. The irrigation fluid exits through an opening 60 located near the
      end of the outer shell 56.
PAR  The front ends of both shells 54 and 56 are sealed off by a nose cone 62 of
      truncated conical shape. The shells 54, 56 and the cone 62 are made of a
      suitable biologically inert metal material, such as stainless steel, so
      the cone can be welded to the shells. The nose cone 62 has an opening 64
      at a selected position along its length. As shown in FIGS. 3-6, the
      opening 64 is of generally circular shape and has an inwardly tapering
      wall 65. The lower edge of wall 65 is sharpened to form a cutting edge. In
      the embodiment of FIGS. 1 and 2 opening 64 is preferably disposed
      180.degree. from the irrigation fluid opening 60.
PAR  Cup 12 is formed with a first stepped bore 68 into which the fluids from
      both conduits 20 and 24 is applied. It is preferred that the two conduits
      20 and 24 be connected together by a suitable T fitting (not shown)
      external to probe 10 and a common outlet conduit inserted in bore 68. The
      outlet of the bore 68 communicates with the probe's interior passage 58 of
      the probe so that the passage can receive both suction and reverse
      flow-fluids. Similarly, cup 12 is formed with a second bore 70 to accept
      and hold the irrigation fluid conduit 22. The bore 70 communicates with
      the passage 59 between shells 54 and 56 and the fluid exits out the outlet
      opening 60.
PAR  The evacuation force for conduit 20 is produced by any suitable means. A
      constant displacement type pump can be used to produce the evacuation. The
      irrigation fluid for conduit 22 and the reverse flow fluid for conduit 24
      are preferably sterile solutions, for example, saline solutions of the
      same or different salinity.
PAR  The cutter 37 of cutting tool 35 is urged against the inner surface of the
      front end of the nose cone 62 by a spring 76 which acts between the end of
      the motor 14 and the shoulder 40 of key 39. Thus, a force is always
      exerted forwardly and longitudinally of the axis of tool 35. An O-ring 78
      is placed over shank 38 in cup 12 between a shoulder of the cup
      terminating the passage through which the cutter extends and the bushing
      neck 53. This seals off fluid between bore 68 and the motor housing 14,
      and the atmosphere.
PAR  The cutter tool shaft 36 between the shank 38 and the drill 37 is
      preferably of a material which has some degree of flexibility or
      elasticity. For example, it has been found that stainless steel is a
      satisfactory material having a dimension, for example, of 0.022 inch. The
      flexibility of shaft 36 and the use of spring 76 urges the drill 37 into
      engagement with the inner surface of cone 62 at all times.
PAR  The cutter 37 can also be formed of the same, or similar material as the
      shaft 36. If desired, the complete cutting tool 35 can be milled or
      otherwise suitably formed of a single piece of material.
PAR  The cutter 37 has one or more flutes each having a cutting edge. When
      rotating, the flutes form a generally barrel-like body. The front end 37a
      is spaced from the inside surface of the front end of the cone 62.
PAR  The cutter 37 can be formed with one or more flutes 37b with sharp edges
      which rotate around and advance along the body of the cutter like the
      sprial of a screw thread. The principal requirement of the flute or flutes
      is that they extend in front of and in back of the opening 64 during a
      complete cycle of rotation of tool 35 so that there always will be
      engagement of the cutting surface of the flutes 37b with the cutting
      surface of the wall 65 surrounding the opening 64.
PAR  It has been found that the nose cone 62 should have a taper of
      substantially about 51/2.degree. on each side of the center line forming a
      total included angle of approximately 11.degree.. If the angle is made
      substantially smaller than this, the end result will be that the cutter 37
      will tend to seize on the interior of the nose cone. If the angle is
      larger than this, then the outer diameter of the nose cone and the probe
      will have to be increased substantially and, also, it becomes more
      difficult to make an effective engagement of the cutting surfaces of
      cutter 37 with the opening 64. A large axial force will be required by the
      spring 76 to produce the same adhering force between the rotating edge of
      cutter 37 and the stationary edge of wall 65.
PAR  The cutter 37 has two points of support against the inner wall of the nose
      cone before a cutting edge of a flute sweeps across opening 64. One will
      be adjacent the opening and the other will be on the opposite of that
      particular flute. As seen in FIGS. 3-6, when a cutting edge sweeps across
      the opening it has three points of support. Two, x and y in FIG. 3-6 are
      with the stationary cutting edge of wall 65 and the other is on the
      opposite side of the particular flute with the inner surface of the nose
      cone. The chord through points x and y has the same inclination as the
      inner surface of the nose cone and coincides with that surface. That is,
      the cutting edge extends into the opening. The flexible shaft 36 permits
      the cutter to align its position to achieve the three points of support.
PAR  The operation of the instrument proceeds as follows. An incision is first
      made in the portion of the body into which the probe is inserted. The
      probe is then inserted through the body opening. The motor 14 can be
      operated to energize the cutter tool 35 to cause the blades, or flutes of
      cutter drill 37 to rotate with respect to the shearing edges 65 of the
      opening 64.
PAR  Evacuation is applied through conduit 20 and the central passage to draw
      tissue into the opening 64. As the cutter 37 rotates, as shown in FIGS.
      4-6, the flutes sweep across the opening 64. The outer diameter of flute
      of cutter 37 and the inner diameter of the nose cone are such that the
      flute's cutting edge extends into the opening 64. The spring 76 urges the
      tool 35 forward. The tissue caught between the edge of the cutter blade
      and the wall 65 of the opening 64 is carried along with the rotation of
      the flute until there is a shearing cut made between the blade and the
      wall. In this way, tissue is cut each time a cutting edge of the flute
      passes under the opening 64 during each rotation of the tool 35.
PAR  The particles of tissue cut off and any fluid removed from the operating
      field are moved down the central passage 58 out through the conduit 20
      into a collecting receptacle (not shown).
PAR  Irrigating fluid can be supplied from the conduit 22 through the outer
      passage 59 and out the opening 60. This can be done at the same time the
      tissue is being cut and removed from the operating field. The irrigating
      fluid can serve several functions. First of all, it can be supplied to an
      enclosed operating field, such as the eye, to compensate for removed fluid
      and tissue. This prevents the eye from collapsing. In addition, the
      irrigation fluid can be used to wash away or to position tissue within the
      operating field by suitably rotating the instrument. It also serves as a
      transporting means forming a suspension with the separated material.
PAR  A reverse flow fluid can be supplied through the conduit 24 into the
      central passage 58. It is sometimes desired to use this fluid to move
      particles which may have been trapped in the central passage 58 or in the
      drill flutes 37b. One type of fluid control system for the suction,
      irrigation and reverse fluid flows is described in my copending
      application Ser. No. 208,282, filed Dec. 15, 1971 now U.S. Pat. No.
      3,812,855 dated May 28, 1974 entitled "System for Controlling Fluid and
      Suction Pressure" which is assigned to the same assignee.
PAR  FIGS. 7 and 8 show another embodiment with a cutting action at the front of
      the probe instead of at the side as in FIGS. 1-6. Here the nose cone 76
      has an opening 87 with a lower cutting edge 88 in its front wall 89. As
      seen in FIG. 8, opening 87 may be round, of a tear drop shape, or any
      other suitable configuration. The wall 89 is substantially flat and is
      angled downwardly so that it projects slightly forward along a line
      through the irrigation fluid opening 60.
PAR  The front edge 37d of the cutter 37 is sharpened and it is urged against
      the inner surface of the front wall 89 by the spring 76. The cutter
      rotates in a direction toward the narrower portion of opening 87. As in
      the case of FIGS. 1-6, the evacuation flow in passage 58 draws the tissue
      into the opening 87 where it is cut off by the shearing action between the
      blades 37d  and the opening wall 88. The use of the irrigation fluid and
      reverse flow fluid is as previously described.
PAR  FIG. 9 shows one arrangement for mounting the optic material. The outer
      shell 56 is split longitudinally along a portion of the length thereof and
      bent inwardly to leave a gap. The bent ends 56a of shell 56 are suitably
      bonded, such as by welding, soldering or other similar process to the
      outer surface of the inner shell 54 to preserve the fluid-tight integrity
      of the outer passage 59. A fiber optic rod, or bundle of fibers 92 is
      located in the gap between the bent-in ends of the shell 56 and are held
      in place by a suitable adhesive such as an epoxy 94. The optical member 92
      extends substantially along the entire length of probe 10, as shown in
      FIG. 1. The member 92 extends slightly above the outer circumference of
      shell 56. Member 92 can be used either for viewing the operating field or
      for applying light thereto.
PAR  FIG. 10 shows a further embodiment for mounting the optical member 92. Here
      the gap between the bent-in ends 56a of the outer shell 56 is made larger
      and deeper. The optical member 92 is now totally within the gap. The
      length of legs 56a bring the lower surface of the inner shell 54 closer to
      the outer shell 56. Since this restricts the cross-sectional area of the
      irrigation fluid passage where opening 60 would normally be, two openings
      60a are formed in shell 56, one on each side of the central longitudinal
      plane of the probe. The epoxy 94 used to hold optical member 92 rounds off
      the outer shell.
PAR  FIGS. 11 and 12 show a still further embodiment of the invention in which
      the outer shield 56b is provided with two pairs of bent legs 56c and 56d
      to provide two gaps into which respective optical members 92a and 92b are
      laid and held by the adhesive 94. One of the optical members 92 can be
      used for illumination and the other for viewing. As shown in FIG. 11,
      openings 60c are provided for the irrigation fluid on each solid portion
      of the outer shell 56b. Only one opening 60 can be used for the irrigation
      fluid as shown in FIG. 12.
PAR  In each of the embodiments of FIGS. 11 and 12, one of the optical members
      92 can be used for illumination of the operating field and the other for
      viewing. Any suitable arrangement of lamps, high intensity light sources,
      eye-pieces, etc., can be used for this. Where only a single optical member
      92 is used, such as in FIGS. 9 and 10, it can be split into two parts, one
      used for illumination and the other for viewing. This can be accomplished
      with a bundle of optical fibers.
PAR  FIG. 13 shows another embodiment of the invention in which an optical
      member 92, such as shown in FIGS. 9-12, is also utilized. As seen, the end
      of the optical member 92 terminates in an angled front face 93 so that the
      light, or the viewing area is over the opening 64. Thus, the operator of
      the instrument can illuminate and/or view, the tissue being drawn against
      the cutter. This particular configuration can be used with an optical
      member of any of the embodiment of FIGS. 9-12.
PAR  In FIG. 13, an electrode 98 located within an insulating sleeve 99 is
      located on the probe 10. While the electrode 98 is shown spaced from
      optical member 92 by about 180.degree., any desired spacing can be used.
      Both the optical member 92 and the electrode 98 can be mounted to the
      probe in the manner shown in any of FIGS. 9-12.
PAR  The front end 100 of the electrode extends beyond the insulating sleeve 99.
      Electrical connections (not shown) are brought out from the electrode 98
      to a suitable source of current. The electrode can be used for diathermy,
      cauterization or other purpose in accordance with the type of current and
      energy supplied to it.
PAR  As an alternative, the electrode 98 can be replaced by a hollow tubular
      member capable of conveying a cold gas. This enables the instrument to be
      used for cryosurgery. In either the case of an electrode or a tube, the
      instrument permits the functions that these auxiliary elements can perform
      to be carried out in a small space, such as the eye, in combination with
      the main cutting action of the instrument. This eliminates the need for a
      surgeon to remove and replace various instruments, capable of performing
      only one function, out of and into the operating field. This increases the
      effectiveness of the operation.
PAR  The use of the fluted cutter 37 provides a further advantage in that the
      rotation of the cutter flutes produces a force component backwards, toward
      the cup 12. This aids in sweeping the cut particles away from opening 64
      back toward the bore 68 and out of the instrument.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surgical instrument for cutting tissue comprising a first tubular
      member having a closed end portion, said first tubular member formed with
      an opening therein for the tissue to enter to be cut, said first tubular
      member also formed with a shearing surface around at least a portion of
      the opening, a cutting tool within said tubular member, said cutting tool
      including an elastic shaft having a cutter at one end and said cutter
      having a body with a fluted cutting surface formed thereon which extends
      around the outer surface of the body and along the axis thereof, means
      engaging said shaft for rotating said cutting tool, resilient means for
      acting on the elastic shaft of said cutting tool in a direction
      longitudinal of the shaft urging the cutter toward the closed end portion
      of the first tubular member and the fluted cutting surface of the cutter
      into positive engagement with the inner surface of said first tubular
      member in the area of said shearing surface, said cutter cutting surface
      and said opening shearing surface providing a shearing action on the
      tissue in said opening as the cutter cutting surface sweeps across the
      opening.
NUM  2.
PAR  2. An instrument as in claim 1 further comprising means for applying a
      force to the interior of said first tubular member for drawing material
      into said opening to be cut.
NUM  3.
PAR  3. An instrument as in claim 1 wherein said means for rotating the tool
      comprises a motor.
NUM  4.
PAR  4. An instrument as in claim 1 wherein the inner surface of the portion of
      the first tubular member engaged by the fluted cutting surface has a
      generally conical portion with an included angle of substantially about
      11.degree. with respect to the longitudinal axis of said first tubular
      member.
NUM  5.
PAR  5. An instrument as in claim 1 wherein said opening is located on a side of
      said closed end of said first tubular member.
NUM  6.
PAR  6. An instrument as in claim 5 wherein said opening is generally circular.
NUM  7.
PAR  7. A surgical instrument as in claim 1 wherein said tubular member has an
      end portion with said opening being at the front thereof, said cutter body
      formed with a cutting surface at the front end thereof which engages the
      shearing surface of said opening.
NUM  8.
PAR  8. An instrument as in claim 7 wherein said opening is of a generally tear
      drop shape.
NUM  9.
PAR  9. An instrument as in claim 7 wherein the outer surface of said cutter is
      generally cyclindrical and said fluted cutting surface is helical.
NUM  10.
PAR  10. An instrument as in claim 1 further comprising elongated optical means
      mounted adjacent at least a portion of said first tubular member.
NUM  11.
PAR  11. An instrument as in claim 1 further comprising a second tubular member
      of larger diameter than said first member mounted over at least a portion
      of said first tubular member and defining a fluid flow passage
      therebetween, said second tubular member formed with an opening in the
      wall thereof.
NUM  12.
PAR  12. An instrument as in claim 11 wherein said second tubular member is slit
      along at least a portion of the length thereof, the ends of said second
      member formed by the slit being bent and attached to the outer surface of
      the first tubular member, leaving a gap between said ends, and an
      elongated auxiliary member located in said gap.
NUM  13.
PAR  13. An instrument as in claim 12 wherein two slits are formed in said
      second tubular member whose ends are attached to said first tubular member
      to form a pair of gaps, and an elongated auxiliary member in each of said
      gaps.
NUM  14.
PAR  14. An instrument as in claim 13 wherein said second tubular member is
      formed with an opening in each portion thereof communicating with the
      passage between said first and second tubular members.
NUM  15.
PAR  15. An instrument as in claim 1 wherein the fluted cutting surface of the
      cutter makes contact with the shearing surface of the opening at two
      points as it sweeps across the opening and said cutter cutting surface
      extends into said opening.
NUM  16.
PAR  16. An instrument as in claim 13 wherein said fluted cutting surface
      extends for at least one full turn around the body of the cutter to
      provide at least one additional point of support for the cutter surface
      spaced from said opening by the engagement of at least one additional
      point of said fluted cutting surface with a point on the interior of said
      first tubular member.
NUM  17.
PAR  17. An instrument as in claim 1 wherein the end portion of said first
      tubular member is a truncated generally conical shaped nose piece in which
      said opening is formed, and stop means on the interior of said end portion
      and engaging said cutter for spacing the front end of the cutter from the
      front end of said nose piece.
NUM  18.
PAR  18. An instrument as in claim 1 wherein the diameter of the fluted cutting
      surface of the cutter where it sweeps across said opening is greater than
      the internal diameter of the corresponding part of the tubular member.
NUM  19.
PAR  19. An instrument as in claim 1 wherein said cutter body has a free end,
      and means on the interior of said first tubular member and spaced from the
      closed end of the first tubular member for providing a stop for the body
      at its free end.
NUM  20.
PAR  20. A surgical instrument as in claim 1 wherein said opening is formed in
      the side of the first tubular member, said cutter body having a free end
      and a tapering shape of increasing cross-section from the free end toward
      the rear of said body, said first tubular member having an end portion of
      tapering shape corresponding to the cutter body.
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ABST
PAL  An orthopedic brace for correction of spinal deformities is constructed
      forming a three dimensional space structure having a rigid pelvic band
      encompassing the hip portion of the pelvic region of the wearer. A pair of
      vertical posterior paraspinal upright members conforming to and following
      the general curvature of the back of the wearer at a nearly constant
      distance is secured at their lower ends to the pelvic band and an anterior
      vertical upright member conforming in general to the curvature of the
      chest of the wearer is secured to its lower end to the pelvic band. A
      sternal cross bar is fixedly secured to the upper end of the anterior
      upright member and a scapular cross bar is fixedly secured to the upper
      ends of the pair of posterior paraspinal upright members. A pair of curved
      shoulder bars, amply spaced from the shoulders, serve as a structural link
      between the sternal and scapular cross bars. A pair of flexible iliac
      crest members (segments) are securely fastened to an anterior (gusset
      type) closure plate at one end and to a posterior band at the other end.
      The anterior closure plate is attached to the anterior upright while the
      posterior band spaces and connects the posterior paraspinal uprights.
BSUM
PAR  This invention relates to orthopedic braces (ortheses) for the correction
      of spinal deformities.
PAR  Various types of orthopedic spinal braces have been developed in attempting
      to correct spinal deformities of children and young adults prior to
      reaching their skeletal maturity. The correction of malformation due to
      Scoliosis, Scheuermann's Disease, and general spinal deformities in the
      higher thoracic region have been treated by the Milwaukee type brace. Most
      of the patented orthopedic spinal braces are constructed so that they are
      restricted to corrections or arresting spinal deformities in two planes
      only. One such structure may be found in U.S. Pat. No. 3,771,513. However,
      it is highly desirable to have an orthopedic brace that will produce
      corrections in an anterior-posterior direction as well as a medio-laterial
      direction and a thoracic derotation. In other words, spinal braces such as
      U.S. Pat. Nos. 2,760,486, 2,808,050, 3,331,367, 3,351,053, 3,548,817 and
      443,764 do not possess the features of permitting the brace to be rigidly
      anchored to the pelvic section of the body to correct and arrest the
      rotation of the deformed spine.
PAR  The present invention makes use of a pelvic band which is hinged at one
      side of the posterior portion thereof to provide an anterior closure. The
      pelvic band works in cooperation with an iliac crest ring which is drawn
      firmly over the crest of the ilium of the pelvis. The anterior and
      posterior paraspinal upright members are joined by a sternal and scapular
      cross bar respectively to provide a solid anchor point for a pair of
      shoulder bars which are curved and amply spaced over the contour of the
      shoulders of the wearer. Through the use of the pelvic band and the iliac
      crest segments, a solid foundation of the brace is formed thus absorbing
      the bending moments produced by any of the lateral pads of the brace
      itself. Through the application of lateral pad pressure, force components
      are developed which aid in fitting and anchoring the pelvic section as
      well as distending and straightening the spinal column. Through the use of
      the rigid frame, attachment points are available for pads which may be
      used to apply physical pressure upon or near the apex of deformities of
      the spine for the purpose of arresting or correcting the deformed spinal
      column. In addition, provision is made to releasably secure a mandibular
      retention bar in cooperation with an occipital support at the posterior of
      the brace.
PAR  It is therefore a general object of this invention to provide an
      improvement in a brace which may be used in the treatment of the spine
      requiring correction in three planes.
PAR  It is a more specific object of this invention to provide an improved brace
      which is capable of correcting or arresting the severe spinal deformity
      involving an element of rotation of the spine.
PAR  It is yet another object of this invention to provide an improved brace for
      the treatment of the spine which has a pelvic band and iliac crest rings
      cooperating to form a rigid lower anchor structure for the brace.
PAR  It is still a further object of the present invention to provide an
      improved brace for the treatment of the spine in which the brace has an
      anterior closure.
PAR  It is a more specific object of this invention to provide an improved brace
      for the treatment of the spine which is capable of fitting male and female
      patients from age 8 through 18.
PAR  It is another object of this invention to provide an improved brace for
      treatment of the spine having a pair of iliac crest segments which
      constantly align with the anatomical changes from sitting to standing and
      vice versa including the growth of the wearer.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description, wherein like reference characters
      refer to the same or similar parts throughout the several views, and in
      which:
PAR  FIG. 1 is a perspective view of the improved brace which shows an outrigger
      member for the purpose of attaching pressure pads directly or by straps
      indirectly;
PAR  FIG. 2 is a front elevation of the improved brace;
PAR  FIG. 3 is a side elevation of the improved brace;
PAR  FIG. 4 is a back elevation of the improved brace;
PAR  FIG. 5 is a sectional view of a draw latch mechanism taken along lines 5--5
      of FIG. 2; and
PAR  FIG. 6 is a perspective view of the draw latch mechanism shown in FIG. 5.
DETD
PAR  Referring now principally to FIGS. 1 through 4, an orthopedic brace 10 is
      disclosed which has a pelvic band 11 located at the lower extremity of
      brace 10. Pelvic band 11 is formed in three parts, a right segment 12, and
      a left segment 13, which is joined by an intermediate posterior plate
      member 14. Pelvic segment 13 is secured to an auxiliary band 15 and pelvic
      segment 12 is secured to a pelvic band hinge 16. Suitable means such as
      screws or rivets 17 may be used to secure the various pieces to each other
      in a fixed relationship. It will generally be found that machine screws
      are preferable in locations that require reconstructions and growth
      adjustment so as to ensure a minimum of effort in releasing members which
      have been joined together.
PAR  An anterior closure (gusset) plate 20 is formed from two flat sheet members
      21 and 22 which have a general outline like that of a pear, the two
      members being joined respectively to pelvic band segments 12 and 13.
      Disposed between anterior closure plate members 21 and 22 is an anterior
      upright member 23. A pair of anterior closure bracket members (not shown)
      are secured behind anterior upright member 23 and through the use of
      securing means 17, anterior closure plate member 22 is secured to anterior
      upright member 23. Anterior upright member 23 is formed to depress the
      abdominal region and is extended outwardly in a gradual manner until it no
      longer engages the body at a location approximately 1 to 2 inches below
      the xiphoid of the patient. Pelvic band segments 12 and 13 are secured to
      the flaired out portion of closure plate members 21 and 22, thus
      completing the pelvic band 11.
PAR  The pelvic band is form fitted around the buttocks of the patient and
      passes laterally between the anterior superior iliac spine and the greater
      trochanter of the femur. The contours of pelvic band 11 follow the
      anatomical outline of the patient and provide sufficient clearance for
      sitting. The pelvic band 11 is smoothly curved to join the posterior and
      anterior upright members 30, 31 and 23 respectively. The posterior members
      30 and 31 extend downwardly over the gluteal region of the hips while the
      anterior upright member 23 sufficiently clears the superior margin of the
      pubic bone of the pelvis.
PAR  To facilitate the opening and securing pelvic band member 12 with respect
      to anterior upright member 23, a pair of releasably engagable draw latch
      mechanisms 24 are secured to anterior upright member 23 and have a keeper
      member (not shown) secured to anterior closure plate member 21. Draw latch
      mechanisms 24 are shown in more detail in FIGS. 5 and 6 and will be
      described in further detail with reference to FIGS. 5 and 6. For further
      details relative to draw latch mechanism 24, reference is made to U.S.
      Pat. No. 3,181,905 which describes such a mechanism that is available from
      Southco, Inc., Lester, Pa., as part No. 07-10-201-11.
PAR  Through the use of draw latch mechanisms 24, one of which is disposed at
      the bottom of anterior closure plate 20 and the other of which is disposed
      near the top portion of anterior closure plate 20, pelvic band 11 is thus
      permitted to be opened anteriorly. It will also be observed that through
      the reversal of hinge No. 16 and pelvic band member 15, the mechanism may
      be designed to open from the opposite side through the reversal of draw
      latch mechanisms to accommodate the common practice of the differences
      between male and female clothing.
PAR  To help facilitate bringing anterior closure plate members 21 and 22 into
      conforming alignment with upright member 23, a tab guide 25 is secured to
      the front of upright member 23. Tab guide 25 is much like an elliptical
      disc and thus helps to align members 21 and 22 in cooperation with the
      anterior bracket members (not shown).
PAR  It has been found that pelvic band member 11 is preferably made from sheet
      aluminum material which is generally 1.5 inches wide and 0.063 inches
      thick. The anterior closure plate members 21 and 22 are formed of the same
      type of material as are the other metal portions of the brace yet to be
      described. A pair of pelvic band pads 26 are secured on the inner sides of
      pelvic band members 12 and 13, and an intermediate pad 27 is secured over
      the ends of pads 26 and on the inner side of the posterior pelvic band
      members. The padding may be made from foam plastic or a leather/plastic
      combination.
PAR  A pad 28, formed of similar material and slightly larger than the outline
      of the anterior closure plate, is secured on the inner side thereof, one
      side of which is not secured to plate members 21 and 22 so that in opening
      pelvic band 11, pad 28 will remain secured to the remainder of the brace
      mechanism. Pad 28 in cooperation with the anterior closure plate may
      depress the abdomen of a 15 year old wearer a maximum of 11/2 inches to
      produce intra-abdominal pressure for correction of the spine.
PAR  A pair of posterior paraspinal upright base members 30 and 31 are secured
      at their lower ends to pelvic band member 12 and hinge 16 and to pelvic
      band member 13 and member 15 respectively. It will be observed that a
      series of machine screw holes 32 and 33 respectively are formed vertically
      within the posterior upright base members 30 and 31. In a similar fashion,
      a plurality of screw holes are formed laterally along member 14 so that
      the pelvic band member 11 may be enlarged. An upper posterior adjustment
      plate 34 is secured between upright members 30 and 31 by suitable means
      such as screws 17 through the use of a pair of auxiliary plates (not
      shown) which are secured on the inner side to upright members 30 and 31
      and to upper posterior adjustment plate 34 to form a solid brace
      mechanism.
PAR  A pair of posterior upright extension members 36 and 37 are secured to
      posterior upright base members 30 and 31 respectively by suitable means
      such as screws 17 and are adjustable vertically through the use of a
      plurality of screw holes 38 and 39 formed longitudinally along upright
      extension members 36 and 37. The latter will facilitate readjustment for
      patient growth.
PAR  A pair of upright posterior pads 40 are secured to posterior upright base
      members 30 and 31 on the inner side thereof and another pad 41 extends
      transversely across upper posterior adjustment plate 34 on the inner side
      thereof, the pads being formed of the same material as that described
      previously.
PAR  A pair of iliac crest segments 42 and 43 are pivotally secured to posterior
      upright base members 30 and 31 respectively through the use of a pair of
      angle brackets 44 and 45 respectively. Brackets 44 and 45 are secured to
      the upright base members through the use of suitable means such as machine
      screws 17. Iliac crest segments 42 and 43 are generally formed of a
      flexible material such as a rubber hose having an outer diameter of 0.75
      inches and an inside diameter of 0.25 inches. To secure the iliac crest
      segments 42 and 43 to angle brackets 44 and 45 respectively, a pair of
      anchor members (not shown) are inserted within the ends of the iliac crest
      segments and anchored thereto. One such anchor which is found to be
      suitable is that of a hollow wall screw anchor which has an outer diameter
      of 0.25 inches and is approximately 1.80 inches long, and is manufactured
      by the Star Expension Company of Mountainville, N.Y. as part No.
      2705-00300. Upon tightening the screw of the anchor mechanism, ribs of the
      anchor are expanded to engage the walls of the tubing, thus providing a
      gripping action. A pair of angle brackets 46 and 47 are respectively
      secured to iliac crest segments 42 and 43 and are anchored in the same
      manner as the angle brackets at the posterior portion of brace 10.
PAR  The upper anchor point of the pelvic section of the brace is created
      through the use of a pair of iliac crest segments 42 and 43 which are
      pulled firmly over the crest of the ilium of the pelvis. The two ring
      segments are attached posteriorly to the two posterior upright base
      members 30 and 31 and are secured firmly over the crest of the ilium by
      the attachment to the anterior closure plates 21 and 22, thus forming a
      solid metal-to-metal connection.
PAR  A scapular cross bar 48 is secured to the upper ends of the posterior
      upright extension members 36 and 37 through suitable means such as machine
      screws 17 to complete the rigid structural frame on the posterior portion
      of the brace. It will be noted that the posterior upright members are bent
      to conform to the general curvature of the back of the wearer and disposed
      therefrom with a near constant spacing.
PAR  A pad 50 is secured on the inner side of scapular cross bar 48 and is
      formed of the same material as that previously described for the other pad
      members.
PAR  Anterior upright member 23 has a series of machine screw holes 51 formed
      therein longitudinally along the upper portion of member 23. A guide disc
      52 is secured to member 23 through suitable means such as screws 17 and
      contains a notched portion 53 in the upper portion thereof (FIG. 6).
PAR  A mandibular retention member 54 is secured to the anterior upright member
      23 through the use of a slotted hole like a keyhole 55 through which a
      screw passes and is anchored in member 23. The bottom end of retention
      member 54 is anchored in notch 53 and is held in place through the use of
      a draw latch mechanism 56 which is slightly smaller than draw latch
      mechanism 24 but operates in the same manner. Reference is now made to
      FIGS. 5 and 6 for further explanation of the latch mechanism. Draw latch
      mechanism 56 includes a latch keeper 57 which is secured on the outer
      portion of guide disc 52 by machine screws or other suitable means and a
      latch hasp 58 is secured to the mandibular retention member 54 at the end
      thereof through suitable means such as screws or rivets. The latch hasp 58
      and the keeper 57 are formed from polypropylene material and thus a hinge
      portion is secured to a lid portion forming part of the hasp so that the
      latch may be snapped into place and locked as shown in FIG. 5. The other
      positions shown in the dashed lines show the open position. As indicated
      previously, a further description of the latch may be found in U.S. Pat.
      No. 3,181,905.
PAR  A mandibular retention bar 60 is secured at the upper end of retention
      member 54 where the support member is formed somewhat at right angles with
      the anterior upright member 23 to inductively retain the lower portion of
      the jaw. A plastic vinyl cover or sleeve is fitted over member 60 to avoid
      the metal contact with the jaw.
PAR  A sternal cross bar 61 is secured transversely to anterior upright member
      23 through suitable means such as screws near the upper end of member 23.
      Sternal cross bar 61 has a pair of guide discs 62 and 63 secured thereto
      through suitable means such as screws or rivets. Guide discs 62 and 63 are
      identical to guide disc 52 with the notch in the upper portion being
      angled upwardly and outwardly in a lateral manner. The sternal cross bar
      pad 64 is secured on the inner side of sternal cross bar 61, the pad being
      formed to overlap the general outline of cross bar 61 and of the same
      material as described previously for the pads used with the brace.
      Scapular pad 50 and sternal pad 64 are spaced so as not to contact the
      patient contour in the erect standing and sitting posture.
PAR  A pair of shoulder bars 65 and 66 are secured respectively to posterior
      upright extension members 37 and 36 as well as the ends of scapular cross
      bar 48. That is, shoulder bars 65 and 66 extend upwardly and outwardly at
      an angled position from cross bar 48 in a curved fitting relationship at a
      near parallel spacing to the contour of the shoulders of the wearer
      providing a gap of approximately 30mm for patient growth at the highest
      point of the shoulder. The front portions thereof extend into the notched
      portions of guide discs 63 and 63 respectively. To secure shoulder bars 65
      and 66 to sternal cross bar 61, another pair of draw latch mechanisms 56
      are used at the ends of the shoulder bars in the same manner as described
      previously in securing the mandibular retention member 54 to anterior
      upright member 23. Shoulder bars 65 and 66 are also formed of aluminum
      sheet or bar material which is 0.125 inches thick and 0.75 inches wide.
PAR  Secured midway between posterior upright extension members 36 and 37, is an
      occipital support member 67 held by suitable means such as screws 17.
      Support member 67 extends upwardly where the end portion is bent at a near
      right angle to support an occipital plate 68. The plate member is formed
      of aluminum sheet material having a thickness of 0.063 inches and is bent
      to conform to the occipital portion of the head of the wearer. A pad 70 is
      secured thereto and is formed of the same material and the same thickness
      as the pads described previously.
PAR  In some applications, it may be desirable to apply pressure to certain
      portions of the body and an outrigger member 71 may be attached to the
      different members of the brace 10. Outrigger member 71 is shown in FIG. 1
      as being secured to the anterior upright member 23. In this application, a
      commercially available thoracic pad (not shown, because of many different
      configuration possibilities) is placed over the deformed rib hump and
      attached anteriorly to the outrigger member 71 and posteriorly to one of
      the paraspinal upright members 36 or 37 by an adjustable strap made from
      leather, nylon or such.
PAR  It will be found that the use of the brace disclosed herein will provide an
      anchor at the pelvic section of the wearer for the erection of a solid
      thoracic and cervical structure. This structure provides attachment points
      for pads which in turn may exert physical pressure upon or near the apex
      of the deformities of the spine of the wearer for the purpose of arresting
      or correcting the malformation. It will be found that the brace also
      possesses additional sought after features in that the pelvic section is
      designed to produce intra-abdominal pressure to aid the straightening of
      the lumbar region of the spinal column. At the upper end of the brace, the
      mandibular retention bar inductively reminds the patient to stretch and
      further straighten the spinal column while the occipital support maintains
      the alignment of these actions in the desired direction.
PAR  The orthopedic brace disclosed herein permits the wearer to easily don or
      doff the orthopedic brace due to the releasable latch members and yet
      retain the rigidity needed while being worn. Through the removability of
      the mandibular retention bar and support member, the wearer is not
      restricted during eating, putting on shoes, driving an automobile, or
      donning or doffing the brace. The flexible iliac crest segment is
      constantly aligned with the growth of the patient while being kept tight
      over the pelvic section.
PAR  It will, of course, be understood that various changes may be made in the
      form, details, arrangement and proportions of the parts without departing
      from the scope of the invention which consists of the matter shown and
      described herein and set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An orthopedic brace for correction of the spinal deformities comprising:
PA1  a. a rigid pelvic band constructed and arranged to engage in close contour
      fitting relationship, the anterior, posterior and lateral hip portions of
      the pelvic region of a wearer;
PA1  b. a pair of posterior paraspinal upright members conforming to the general
      curvature of the back and pelvic region of a wearer, said paraspinal
      upright members being spatially disposed from each other and fixedly
      secured to said pelvic band at their lower ends;
PA1  c. an anterior upright member fixedly secured to said pelvic band at its
      lower end and formed so as to engage the abdominal region and gradually
      extend upwardly and outwardly to clear the xiphoid of the patient and
      follow the general anterior curvature in spatially disposed relationship;
PA1  d. a sternal cross bar fixedly secured to the upper end of said anterior
      upright member;
PA1  e. a scapular cross bar fixedly secured to the upper ends of said pair of
      posterior upright members;
PA1  f. a pair of rigid shoulder bars rigidly secured to the ends of said
      sternal and scapular cross bars and extending in curved, spatially
      disposed relationship to the contour of the shoulders of a wearer;
PA1  g. and a pair of flexible iliac crest members pivotally secured at each end
      thereof between said anterior and posterior uprights, the ends of said
      iliac crest members being disposed vertically above said pelvic band
      whereby said brace forms a three dimensional space structure.
NUM  2.
PAR  2. The structure set forth in claim 1 including:
PA1  h. a pelvic band hinge having one member thereof secured to one of said
      posterior upright members and having the other member extending outwardly
      therefrom;
PA1  i. said pelvic band being formed in two segments, one of which is secured
      to said outwardly extending hinge member on one end and releasably secured
      to said anterior upright member on the outer end thereof.
NUM  3.
PAR  3. The structure set forth in claim 1 including:
PA1  a mandibular retention member constructed and arranged to inductively
      engage the soft tissue under the lower jaw of the wearer and having a
      lower support portion releasably secured to said anterior upright member;
PA1  and an occipital support member constructed and arranged to engage the head
      of the wearer at the lower occipital region and having a lower support
      portion fixedly secured to said scapular cross bar.
NUM  4.
PAR  4. The structure set forth in claim 2 wherein said anterior upright member
      includes a closure plate formed in two parts disposed in substantially the
      same plane as said anterior upright member and said rigid pelvic band,
      said closure plate parts secured to said anterior upright and said rigid
      pelvic band.
NUM  5.
PAR  5. The structure set forth in claim 4 including:
PA1  a plurality of releasably engageable draw latch mechanisms securing said
      pelvic band segment and closure plate to said anterior upright member at
      the lower portion of said brace, and securing said shoulder bars and
      mandibular retention member to said anterior upright member at the upper
      portion of said brace.
NUM  6.
PAR  6. The structure set forth in claim 1 including:
PA1  an outrigger member constructed and arranged to be attached in a laterally
      extending manner to one of said anterior or posterior upright members for
      the purpose of providing rigid direct and indirect attachment points for
      at least one pad as determined by the individual patient malformation.
NUM  7.
PAR  7. The structure set forth in claim 4 including:
PA1  a plurality of lining pads constructed and arranged to engage the body of
      the wearer of said brace, said pads being secured to the inner portions of
      said pelvic band, said posterior and anterior upright members including
      said closure plate, said sternal and scapular cross bars, and said
      occipital support.
NUM  8.
PAR  8. The structure set forth in claim 6 including:
PA1  pressure and retention pads secured to at least one, of said outrigger
      member, said anterior and posterior paraspinal upright members, said pads
      being constructed and arranged to apply pressure to the body of the wearer
      to arrest or correct the individual deformity.
NUM  9.
PAR  9. The structure as set forth in claim 1 wherein said anterior upright
      member is shaped to extend outwardly and upwardly starting approximately 1
      to 2 inches below the xiphoid of the patient and conforming to the general
      anterior curvature of the patient at approximately 1/2 inch spacing
      therefrom.
NUM  10.
PAR  10. The structure as set forth in claim 1 wherein said pair of rigid
      shoulder bars having a maximum clearance of substantially 30 mm at the
      highest portion of the shoulder of the wearer.
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ABST
PAL  A tool for assisting the surgeon in the setting of a surgical nail within
      the head and neck of a femur, the tool including a clamp structure
      temporarily affixed to the femoral shaft to support an adjustable arm in
      parallel, offset relationship to the femur. A guide assembly is
      positionable along said arm to locate first and second guide assembly
      members adjacent the femur end said members being pivotally mounted to
      enable their positioning and locking within multiple planes for proper
      guidance of a guide pin, drill and nail assembly. Interchangeable guide
      members provide precise, sequential guidance of the above bone penetrating
      instrumentalities. Calibrations on the tool enable calculated corrections
      to be set into the tool components and preclude the taking of X-rays
      simply for verifying the projected path of the guide pin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is embodied within a tool for operating room use by a
      surgeon in hip pinning operations, the tool assuring proper guidance of
      the hip pin into place in an expeditious manner.
PAR  In repair of the head and neck portions of the femur, it is common practice
      to insert a metallic device, termed a nail, either of straight or angular
      configuration. The latter type of nail includes a side plate which is
      affixed to the femoral shaft by screws with the remaining angular portion
      extending through the femur neck. The nail so applied serves to reinforce
      the femur neck and immobilize same permitting knitting of the bone
      fragments. Such nails, with various modifications, have been in wide use
      for a considerable length of time and are well known in the medical field.
PAR  Proper placement of the nail entails the determination of the proper course
      for pin travel which determination is complicated by the angulated nature
      of the femur neck with respect to the surgically exposed upper end of the
      femoral shaft. The degree of angulation (in horizontal and vertical
      planes) may vary with each patient with the surgical problem further
      complicated by the absence of an immobile reference point. Accordingly,
      proper nail placement using present methods is dependent, to a large
      extent, on individual skill and judgment unaided by any surgical tool. Not
      unknown are instances of improperly placed pins necessitating a second
      setting of the pin.
PAR  At present, a rather complicated procedure is followed using multiple
      series of AP and lateral X-rays to disclose the position of an initially
      inserted guide pin resulting in a lengthy operation with any changes in
      guide pin location being plotted on the X-rays. Necessary calculations and
      changes in guide pin location can only be determined after the reading of
      each set of X-rays by the surgeon. Additionally, the patient is subjected
      to undesirable amounts of radiation. If correction of guide pin location
      is required, a second placement of the pin is accomplished along with a
      second series of AP and lateral X-rays for verification of pin location.
      Further, it is not uncommon to subject the patient to still another set of
      X-rays upon completion of a pinning operation to verify hip pin location.
PAC  SUMMARY OF THE INVENTION
PAR  The present tool is temporarily affixed to the femur to provide an immobile
      base on which a guide assembly is adjustably mounted to aid the surgeon in
      the calculation of a precise course for sequential entry of a guide pin,
      drill and hip pin.
PAR  The tool includes a clamp structure for attachment to the exposed upper
      femoral shaft, said clamp structure including a base supported in an
      immobile manner on the femur. Positionable relative to the clamp base is
      an arm assembly which is disposed generally along and offset from an upper
      segment of the femur. Means coupling the arm assembly to the fixed base
      permits full range adjustment of the arm to suit individual femur
      characteristics. Supported adjacent the distal end of the adjustable arm
      assembly is a pin and drill guide assembly offset from the upper end of
      the femoral shank. Pivoted first and second members of the guide assembly
      move about perpendicular axes to enable rotational positioning of the
      guide pin preparatory to the taking of AP and lateral X-rays. Further
      adjustment, if required upon reading of the X-rays, may be precisely made
      in degree and millimeter calibrations on the tool thereby dispensing with
      the need for additional preliminary X-rays.
PAR  Important objectives of the present invention include: the provision of a
      hip pinning tool for attachment in a fixed manner to the femur, said tool
      including multiple calibrated adjustments permitting precise setting of
      pin and drill components preparatory to bone entry; the provision of a hip
      pinning tool including guide means sequentially mounting the guide pin,
      drill and hip pin for travel along a known, projected course; the
      provision of a hip pinning tool greatly reducing the possibility of an
      inaccurately placed hip pin said tool having calibrated adjustments
      enabling the surgeon to set in both lineal and arcuate corrections prior
      to drilling the corrections being plotted from AP and lateral X-rays; the
      provision of a tool reducing the number of X-rays required in a hip
      pinning operation lessening radiation exposure of the patient and
      contributing significantly to curtailing operation duration.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a front elevational view of the tool embodying the present
      invention operatively disposed adjacent the cephlad end of a femur,
PAR  FIG. 2 is a rear elevational view of FIG. 1 with guide means removed from a
      guide holder,
PAR  FIG. 3 is a top plan view of FIG. 1,
PAR  FIG. 4 is an upper perspective view of a pin guide removed from the guide
      holder, and
PAR  FIG. 5 is an upper perspective view of the combination drill and hip nail
      guide removed from the guide holder.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawings wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 10 indicates generally a clamp
      structure having upper and lower arms 11 and 12 with intermediate toggle
      linkage at 13 and 14 terminating inwardly in pivotal connection with a
      toggle control 15 actuated by a thumb screw 16 carried by a main body
      member 17 of the clamp with thumb screw rotation serving to open and close
      clamp arms 11 and 12 and associated clamp members at the distal ends of
      the arms into firm engagement with a femoral shaft of a femur indicated at
      F. Upper clamp arm 11 is fitted at its outer end with a threaded
      receptacle 20 within which is adjustably received a threaded stud 21 from
      which depends an angular base plate 22. The lower end of base plate 22
      carries a femur engaging member 23 while oppositely a like member at 24 at
      the end of arm 12 firmly engages the femur. Base plate 22 constitutes a
      stationary base for the remaining tool structure and specifically a base
      for a boss 26 of spindle mounting means indicated generally at 25.
PAR  Mounting means 25 further includes a spindle 27 the upper portion of said
      spindle in threaded engagement with spindle knob 28 interiorly of boss 26.
      Control knob 28 and spindle 27 together provide a micrometer type
      adjustment for extension or retraction of spindle 27 along the spindle
      axis at A with a metric screw thread imparting travel with one rotation of
      the knob moving spindle 27 1 millimeter. Boss 26 is mounted for rotation
      about an axis at B by means of a horizontally disposed trunnion 29
      extending in a pivoted manner through base plate 22. Accordingly, spindle
      27 in addition to rectilinear adjustment along axis A may move about the
      horizontal axis at B of the trunnion as well during setting up of the
      tool. As spindle 27 is cylindrical, it of course, may also be rotated
      about axis A. A spindle locking screw at 30 extends through boss 26 and
      into abutment with spindle 27. A shouldered locking screw 31 extends
      through an arcuate slot 32 in a boss flange 26A and into base plate 22 to
      secure the boss in any adjusted relationship about axis B to the base
      plate 22.
PAR  Indicated generally at 34 is an arm assembly carried by spindle 27, the arm
      assembly including an arm 35 having incremental markings in relief and
      projecting in a horizontal manner outwardly from a holder 36 within which
      the inner or unseen end of the arm is slidably housed. An arm extension
      control at 37 is journalled within the opposite end of holder 36 in a
      captive manner by means of a snap ring or the like with a concealed
      portion of control 37 being in threaded engagement with a mating threaded
      extension at the inner end of arm 35. As in the above mentioned micrometer
      like adjustment for spindle 27, it is desirable that a metric screw thread
      be utilized for outward extension or retraction of said arm on a ratio of
      one turn to one millimeter of lineal arm movement to permit convenient
      repositioning of a later described guide assembly at 40. Provided along
      the upper surface of arm 35 are millimeter increments. In view of the
      immediately above described components, it will be understood that arm 35
      is additionally extensible and retractable along an arm axis indicated at
      C.
PAR  Adjustably supported on arm 35 is a guide assembly indicated generally at
      40 including an upper guide member 43 having a sleeve 41 thereon receiving
      said arm with a lock screw 42 abutting the arm. In the elevational view of
      FIG. 2, upper guide member 43 is of quadrant shape having a depending
      arcuate flange 43A slotted at 44. Disposed below upper guide member 43 is
      a lower guide member at 45 with pivot means at 46 interconnecting the
      members and permitting relative rotational movement therebetween about the
      vertical axis D of said pivot means. Lower guide member 45 includes a neck
      at 45A disposed inwardly of arcuate flange 43A which serves to receive a
      shouldered locking screw 47 which may be tightened into shoulder abutment
      with said flange to lock the lower guide member in place about axis D. As
      viewed in FIG. 1, lower guide member 45 is also of quadrant configuration
      with an arcuate slot 48 therein.
PAR  Swingably mounted at 50 to lower guide assembly member 45 is a guide holder
      51 defining a lengthwise extending dovetail guideway within which various
      guides as at 52 may be temporarily mounted. Laterally projecting from
      holder 51 is a threaded stud 53 on which an internally threaded lock 54 is
      mounted, the latter engageable with the lower member 45 to lock holder 51
      in place as adjusted about pivot 50. Holder 51 initially receives a guide
      at 52 which serves to mount a guide pin 57. A combination drill and hip
      nail guide 55 is later substituted for pin guide 52 with the latter guide
      55 having a lengthwise extending bore corresponding to the drill diameter
      to guide the drill. Conventionally, the drill is additionally guided by
      the axially disposed guide pin. Pin guide 52 is removable from holder 51
      and drill guide 55 substituted therefor during the course of a hip pinning
      operation. A set screw at 56 secures the interchangeable guides in place
      within holder 51.
PAR  In use, the clamp structure 10 is applied to the femoral shaft exposed by a
      standard length incision with major portions of clamp arms 11 and 12
      remaining outside the anatomical areas of the lateral aspect of the leg
      and serving in the nature of retractors. With the clamp structure securely
      in place on the femur, arm 35 is positioned into parallel relationship
      with the femur whereupon guide assembly 40 is initially positioned along
      the arm to an approximate setting opposite that area of the lateral cortex
      through which an opening or window will be drilled. Standard AP and
      lateral X-rays are taken with the leading end of pin 57 positioned into
      place at the selected point of entry or window to be drilled in the
      lateral cortex. Projections of the pin path are drawn on the X-rays to
      indicate the course of the guide pin. Such projections enable the
      calculation by degrees and millimeters of any pin adjustment necessary
      within either the horizontal or vertical plane. Normally the guide pin
      will be initially set (about axis D) at 45 degrees included angle from the
      exposed femur cortex. Pin 57 will be approximately horizontal. The
      extension or retraction of arm 35 by control means 37 will enable a change
      to be made, if necessary, in the window location, the extent of such a
      change also being determined from the X-rays taken. Similarly, anterior to
      posterior course corrections for pin 57 may be readily determined from a
      comparison of the projected pin path to the desired pin path as scribed on
      a lateral X-ray. Any changes from the 45.degree. included angle between
      the femur and the pin may be compensated for by movement of the lower
      guide member 45 about axis E of pivot 50. Normally, adjustment of
      components will be only about axes D and E and along axis C.
PAR  The surgeon will adjust the incrementally marked tool components for
      desired lineal and degree corrections with subsequent drilling of the
      window opening and passage of the guide pin 57 into the femur neck and
      head. Pin guide 52 is used initially to hold guide pin 57 during the
      taking of X-rays whereupon the guide pin is removed and a drill of like
      diameter substituted. Upon completion of drilling, guide pin 57 is
      re-installed and inserted into the drilled passageway seating forwardly
      within the femur head.
PAR  With guide pin 57 in position, pin guide 52 is removed from holder 51 and
      the combination drill and hip nail guide 55 substituted into place within
      holder 51. The combination drill and hip nail guide receives an open core
      drill bit, most commonly one-half inch in diameter, for a second drilling
      operation with the open core bit following guide pin 57 still in place
      within the femur neck and head. Upon completion of the half inch bore, the
      drill bit is removed with guide pin 57 being left in place for subsequent
      guidance of the hip nail. A hip nail 59, also having a central opening, is
      internally guided by the guide pin 57 and externally by a cylindrical rod
      60 slidably disposed within combination drill and hip nail guide 55 and
      having its leading end in threaded engagement with a recess in the nail
      side plate 59A. Advancement of rod 60 seats the hip nail into place with
      the side plate of the nail coming to rest against the femoral shank
      whereat it is secured by screwing.
PAR  An alternate setting of the hip nail dispenses with the insertion of guide
      pin 57 into the femur neck and head. In such instances the guide pin is
      used simply during the taking of AP and lateral X-rays. During reading of
      the X-rays projections of the guide pin are scribed to enable comparison
      of the projections with optimum nail placement. The guide pin is then
      removed along with its guide 52 and any corrective adjustments made of the
      tool components. As earlier noted the incremental markings on said
      components enable precise corrections, both lineal and arcuate, to be
      applied to reposition guide holder 51. Subsequently the combination drill
      and hip nail guide 55 is installed in holder 51 for drilling of the femur
      neck and head all without the previous installation of guide pin 57.
PAR  while the drawings disclose a tool in use for installation of a hip nail in
      the left femur, the tool, of course, is equally adaptable for nail
      insertion into the right femur. Arm assembly 34 is positionable through
      180.degree. while clamp structure 10 is repositionable oppositely from the
      repositioned arm assembly. A second guide assembly, a mirror image of
      guide assembly 40 as shown in FIG. 1, is then applied to arm 35 with the
      remaining procedure as above described.
PAR  While I have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention what is desired to be secured under a
      Letters Patent is:
NUM  1.
PAR  1. A surgical tool adapted to be temporarily mounted to the femoral shaft
      for installation of a hip nail within the femoral neck and head in a
      precise manner, said tool comprising,
PA1  a clamp structure including upper and lower pivoted clamping arms and a
      base supported in place by one of said clamping arms, said clamp structure
      adapted for clamped engagement with the femoral shaft,
PA1  an arm assembly supported by said base including an arm positionable into
      offset relationship with the femoral shaft,
PA1  mounting means adjustably mounting said arm assembly to said base of the
      clamp structure and permitting movement of said arm into said offset
      relationship, and
PA1  a guide assembly adjustably supported by said arm and positionable opposite
      the cephlad end of the femur, said guide assembly including,
PA2  upper and lower guide members adapted for movement relative to one another
      about an upright axis,
PA2  means locking said upper and lower guide members in a desired relationship,
PA2  a guide holder swingably mounted on the lower guide member for adjusted
      movement about a horizontal axis whereby said guide holder is positionable
      to compensate for antiversion or retroversion of the femur neck,
PA2  means locking said guide holder to said lower member,
PA2  said guide holder sequentially receiving a pin guide and drill guide,
PA2  means interlocking the guide holder and said pin and drill guides.
NUM  2.
PAR  2. The surgical tool claimed in claim 1 additionally including a
      combination drill guide and hip nail guide positionable within said guide
      holder during drilling and setting of the hip nail.
NUM  3.
PAR  3. The surgical tool claimed in claim 1 wherein said mounting means
      additionally includes adjustment means for imparting vertical movement to
      said arm assembly.
NUM  4.
PAR  4. The surgical tool claimed in claim 3 wherein said guide assembly
      additionally includes means in slidable engagement with said arm.
NUM  5.
PAR  5. The surgical tool claimed in claim 4 wherein said mounting means is
      pivotally mounted on said base permitting adjusted movement of said
      mounting means and said arm assembly carried thereby about a horizontal
      axis.
NUM  6.
PAR  6. The surgical tool claimed in claim 1 wherein said upper and lower
      pivoted clamping arms have medial segments engageable with anatomical
      areas which function in the nature of retractors.
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ABST
PAL  A positive pressure breathing circuit for operation in conjunction with a
      positive pressure ventilator including a concentrically oriented
      inhalation/exhalation circuit having an inner inhalation tube and an outer
      exhalation tube, the tubes being positioned in concentric and spaced
      orientation, the inhalation tube being further provided with an inhalation
      unidirectional valve means for providing unidirectional gas flow through
      the inhalation tube, the exhalation tube being provided with an exhalation
      unidirectional valve means associated therewith for providing
      unidirectional gas flow through the exhalation tube, and an inflatable
      occlusion means interposed between the inner and outer tubes in fluid
      communication with a source of pressurized fluid, such that the inflatable
      occlusion means is alternatively inflatable and deflatable in response to
      fluid pressure from the source thereof, the gas flow in the inhalation
      tube being countercurrent with respect to the gas flow in the exhalation
      tube, and the circuit further being provided with disengagably mountable
      nebulizer means in cartridge form and in fluid communication with the
      inhalation tube, such that atomized medicinal fluids may be introduced
      into the inhalation tube during the respiratory therapy.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 451,855 filed in the name of Bernard R. Paluch, and entitled Positive
      Pressure Breathing Circuit, filed on March 18, 1974, now U.S. Pat. No.
      3,865,106, issued on Feb. 11, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The concept of respiratory therapy is well known in the art field, and a
      wide variety of respiratory diseases are treated by use of a positive
      pressure respiratory system. The positive pressure incident to such
      systems is generated by devices commonly referred to as ventilators,
      respirators or other such positive pressure machines. Generally, the
      concept is to provide a breathable gas mixture under pressure to the
      patient to facilitate the respiratory cycle of the patient.
PAR  Usually, such breathable gases consist of a composition of air and oxygen
      which is delivered to the patient under controlled conditions of pressure,
      temperature, water content and gas composition.
PAR  In the typical system, the gas is conducted from the ventilator to the
      patient by means of a tubing conduit, generally consisting of an
      inhalation tube and exhaled gases exhausted through an exhalation tube.
      Furthermore, it is generally accepted that in such systems, the inhalation
      and exhalation tubes respectively, are separate tubes separately
      interconnecting the ventilator with the patient face mask in order to
      complete the circuit as between the ventilator and the patient. The
      differences existing between the variety of systems available generally
      involve mainly materials of construction rather than in the make-up of the
      system. The tubing conduit is usually formed of a flexible material, which
      is chemically inert and fabricated into a cylindrical configuration,
      whether corrugated or otherwise, and reinforced in order to prevent
      kinking and collapse. The tubes or conduits are interconnected to the
      ventilator and to the patient by any suitable devices, although usually
      slip-type friction fittings are employed especially for  pg,4 connection
      of the ventilator to the valving mechanism which is external to the
      patient. In addition, many of the current respiratory breathing circuits
      also incorporate a gas powered nebulizer, usually mounted to the housing
      of the valving mechanism, the nebulizer functioning to create a mist of a
      variety of liquid medications, which are then administered in conjunction
      with the positive gas pressure introduced through the inhalation tube.
PAR  Another feature of a respiratory circuit and system includes the provision
      of a heated humidifier which is interposed in the circuit between the
      ventilator and the inhalation tube. The purpose of the heated humidifier
      is to raise the temperature of the gas as well as to humidify the same
      prior to inhalation by the patient. In the usual system, the heater raises
      the liquid temperature to approximately 120.degree.-140.degree. F. which
      results in a gas temperature of approximately 110.degree.-130.degree. F.
      upon exit from the nebulizer or humidifer.
PAR  Insofar as the presently existing systems are concerned, a variety of
      problems have been encountered and it is the purpose of the present
      invention to overcome these difficulties which are inherent in the present
      systems. For example, the valving mechanism incident to systems presently
      available are generally extraneous to the system and the circuit, and
      hence, a great deal of dead space is usually present in the system. The
      dead space results in the patient generally breathing in previously
      exhaled gases during the inhalation cycle since any gas existing in the
      dead space will tend to be drawn back into the patient during the
      inhalation cycle. In the event that any bacterial growth develops in the
      dead space, it is obvious that the patient is exposed to the danger of
      inhaling contaminated gas.
PAR  In addition, CO.sub.2 is a respiratory stimulant and can cause
      hyper-ventilation with attendant unfavorable complications. Hence, it is
      deemed desirable not only to have the valving mechanism associated with
      the circuit per se, but also to position the valving mechanism closely
      adjacent to the patient to minimize the dead space.
PAR  Insofar as humidification and heating is concerned, it has been found that
      since the humidifier is generally positioned in the circuit in a position
      removed from the patient, that even though the gas may be heated and
      humidified, the gas will give off both heat and humidity as it travels
      through the tubing to the patient. For example, when the heat-saturated
      gas leaves the humidifier through the tubing circuit, it will release heat
      by contact with the thin wall of the tubing conduit, which in turn is
      exposed to room air temperature, i.e. 70.degree.-75' F. Hence, it is
      frequently found that the inlet gas temperature just prior to entering the
      patient is approximately 85.degree. F. thereby accounting for a
      temperature drop of approximately 25.degree. F or more. As a result of the
      heat given up by the gas, condensation will occur in the tubing circuit
      resulting in a pool of liquid collecting in the tubing. It is apparent
      that the pooling of liquid in the tubing circuit is not desirable since
      such pooling actually reduces the lumen opening of the tubing at the point
      of pooling, which in turn may cause premature cycling of a pressure-cycled
      ventilator, since the reduced lumen presents a pressure gradient which the
      ventilator senses as a pressure increase. If the pressure equals the
      shut-off pressure of the ventilator, the ventilator will cycle off and the
      patient will not have received the proper pressure from the ventilator
      system. In a volume-cycled ventilator, the reduction in lumen at the point
      of pooling reduces the volume of gas delivered to the patient since the
      gas between the ventilator and the pool is compressed and hence, the
      patient does not receive the proper volume of gas. Furthermore, the
      compression of the gas is reflected in tubing compliance, or the
      distention of the tubing as a result of internal pressure and is an
      important factor in determining the setting of volume-cycled ventilators
      and is generally compensated for in making the initial settings of the
      ventilators. The change in volume produced by pooling, however, is not
      predictable and consequently, cannot be compensated for in the ventilator
      setting. In presently existing systems, this situation is compensated for
      by draining the tubing at frequent intervals in order to relieve the
      pooling problems. It is hence deemed desirable to reduce the amount of
      condensation in the tubing and one of the purposes of the present
      invention is to greatly reduce this problem.
PAR  Another problem incident to the heat loss of the gases as they travel
      through the tubing conduit from the humidifier to the patient is that if
      the temperature of the inhaled gas is below body temperature, there is a
      tendency of the body of the patient to give up heat to the gas. The heat
      given up by the patient is energy released as a result of the work by the
      patient's metabolic system and the continued demand for heat release
      requires the metabolic system to work harder and this work can become a
      significant factor in treating a critically ill patient. Additionally, as
      the temperature of the inhaled gas is raised, through heat loss by the
      patient, its relative humidity decreases. A humidity deficit in the gas is
      then created and since the gas can carry additional moisture as water
      vapor, the tendency is for the mucosal membranes in the respiratory system
      of the patient's body to give up water until the inhaled gas is saturated.
      This surrender of water vapor from the patient's mucosal membranes can
      cause complications since the mucous on those membranes will become drier
      and more viscous, making it more difficult to remove by cillial action.
      The accumulation of mucous inhibits adequate ventilation and can cause
      alveolar collapse infection, changes in blood gas levels, and other
      complications of a serious nature.
PAR  The present systems have attempted to alleviate this problem by increasing
      the moisture and temperature of the gas upon leaving the humidifier.
      However, it is apparent that where the gas is heated above body
      temperature in order to ensure a temperature close to body temperature
      upon delivery to the patient, the gas will pick up additional quantities
      of moisture in the humidifier and will lose the same through "rain out"
      during its travel through the tubing conduit. Hence, more frequent
      draining of the tubing conduit has been necessary where humidification is
      employed.
PAR  It is therefore deemed desirable to minimize the amount of extra heat
      generated in the humidifier while at the same time preventing and
      retarding heat loss in the tubing conduit since one is thereby more
      assured of the proper humidity and temperature level of the gas upon
      inhalation by the patient. It is another feature of this invention to
      provide a system which accomplishes this end.
PAR  Another difficulty which has been inherent in presently available systems
      relates to the nebulizer utilized to introduce atomized medications into
      the inhalation line. Present systems generally require that an operator
      manually fill the nebulizer prior to the respiratory therapy for the
      patient, and this operation is both time consuming and subject to human
      error. Furthermore, additional problems with sterility are introduced when
      an operator handles the nebulizer, especially where the nebulizer is
      intended to be in fluid communication with the tubing circuit for delivery
      of medicinal fluids to the patient. While the present nebulizers are
      relatively effective in creating atomization of the medicinal liquids
      therein, such nebulizers are affected in different degrees by the position
      of the nebulizer assembly with respect to the vertical-horizontal axis.
      For example, if the bottom of the capillary tube within the nebulizer is
      improperly positioned within the housing, no liquid will be aspirated in
      the capillary tubing. The present invention overcomes this difficulty by
      providing an improved and more simplified nebulizer including a capillary
      tube system which is designed to flotate on the surface of the medicinal
      fluid contained in the nebulizer and ensure that atomization of the
      medicinal fluid therein will occur during the inhalation therapy.
PAC  OBJECTS AND ADVANTAGES
PAR  It is therefore the principal object of the invention described herein to
      provide a positive pressure breathing circuit which is compact in
      structure while at the same time minimizes heat loss of the gas during
      travel through the tubing circuit while maintaining a relatively stable
      level of humidification of the gas prior to inhalation by the patient.
PAR  In connection with the foregoing object, it is yet a further object of this
      invention to provide a system which retains the heat of the inhaled gas
      throughout the path of travel through the tubing circuit without at the
      same time employing any extraneous heat source, this goal being
      accomlished by providing a heat exchanger system utilizing both the
      inhaled gases as well as the exhaled gases to provide such a heat
      exchanger system.
PAR  Still another object of the invention is to provide a positive pressure
      breathing circuit which includes both inhalation and exhalation
      unidirectional valve means, thereby to ensure unidirectional gas flow
      through the inhalation line, as well as through the exhalation line, and
      thereby preventing any cross-contamination of the gases in the circuit.
PAR  In connection with the foregoing object, it is another object to provide a
      positive pressure breathing circuit of the type described which also
      includes inflatable occlusion means in fluid communication with a source
      of pressurized fluid which is designed to inflate during the inhalation
      cycle thereby to occlude the space between the inhalation tube and the
      exhalation tube and function as a resistance to any back pressure created
      as well as to absolutely prevent any cross contamination of exhaled gases
      with inhaled gases during both the inhalation and exhalation cycles of the
      patient.
PAR  Yet a further object of the invention is to provide an improved positive
      pressure breathing circuit which is provided with a disengagably mountable
      nebulizer cartridge which may be prefilled under sterile conditions and
      easily mounted on the tubing circuit, thereby to establish fluid
      communication as between the nebulizer and the inhalation tube while at
      the same time minimizing handling by the operator, as well as simplifying
      installation of the nebulizer to the circuit.
PAR  In connection with the foregoing object it is yet another object of the
      invention to provide an improved nebulizer wherein the capillary tube
      system has been improved such that the capillary tube causing the
      atomization of the medicinal fluids therein is designed to float on the
      surface of the liquid level within the nebulizer and thereby ensure
      complete atomization of the medicinal fluids contained therein and
      minimize improper positioning of the capillary tube system therein.
PAR  A further object of the invention is to provide a positive pressure
      breathing circuit wherein the inhalation tube and exhalation tube are
      positioned in concentric double tubular orientation, with the inhalation
      line being positioned interiorly of the exhalation line such as to create
      a heat exchanger system whereby the heat of the exhaled gases will
      simultaneously warm the inhaled gases and retard heat loss of the inhaled
      gas throughout the course of travel through the system, thereby ensuring
      that the inhaled gases will maintain both heat and humidity until inhaled
      by the patient, while at the same time providing a system which is compact
      in construction and efficient in operation, and also incorporating the
      valving mechanisms for both the inhalation tube and exhalation tube within
      the tubing circuit and immediately adjacent to the patient, and further
      permitting the inflatable occlusion means to be positioned within the
      tubing circuit, again adjacent to the patient receiving terminal end
      thereof.
PAR  In connection with the foregoing object, it is yet a further object to
      provide a positive pressure breathing circuit of the type described
      wherein the nebulizer means may be easily positioned and mounted onto the
      exhalation tube and readily establish fluid communication between the
      nebulizer means and the inhalation tube, while at the same time avoiding
      the possibility of interfering with the sterile condition of the nebulizer
      or its contents.
PAR  Still another feature of the present invention is the provision of an
      improved humidifer which is provided with an outer jacket surrounding the
      water chamber and constructed to be in fluid communication with the
      exhaled gases at the terminal end of the exhalation tube, such that the
      heat from the exhaled gases may be used to maintain the temperature of the
      water within the humidifer hence permitting the utilization of the gases
      within the system, thereby to permit the greatest amount of energy
      conservation.
PAR  Further features of the invention pertain to the particular arrangement of
      the elements and parts whereby the above outlined and additional operating
      features thereof are attained.
DRWD
PAR  The invention both as to its organization and method of operation, together
      with further objects and advantages thereof, will best be understood by
      reference to the following specification, taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a side elevational cross sectional view of the positive pressure
      breathing system, showing the double tubular concentric orientation of the
      inhalation and exhalation lines and the valving system for the circuit,
      including the inflatable occlusion means and the novel nebulizer means for
      the invention;
PAR  FIG. 2 is a side elevation view, partly in cross-section, showing the
      operation of the inflatable occlusion means incident to the present
      invention;
PAR  FIG. 3 is a side elevational view, partly in cross-section, showing the
      capillary tube system of the nebulizer incident to the present invention;
PAR  FIG. 4 is a perspective exploded view showing the patient receiving
      terminal end of the tubing circuit and the positioning of the nebulizer
      cartridge with respect to the exhalation tube thereof;
PAR  FIG. 5 is a bottom view showing the shuttering system formed as part of the
      outer wall of the exhalation tube and showing the shutter in the open
      position;
PAR  FIG. 6 is a bottom view of the tubing circuit, and specifically the outer
      wall of the exhalation tube, showing the slide mounting means for the
      nebulizer with the shutter in the closed position occluding the port in
      fluid communication with the inhalation tube;
PAR  FIG. 7 is a top view of the nebulizer cartridge showing the shutter in the
      open position;
PAR  FIG. 8 is a top view of the nebulizer cartridge showing the shutter in the
      closed position;
PAR  FIG. 9 is a side elevational cross-sectional view showing the exhalation
      tube with the nebulizer cartridge positioned therein in disengagably
      mounted relationship;
PAR  FIG. 10 is a side elevational cross-sectional view showing the gas source
      end of the circuit and the interconnection thereof with the humidifier for
      the system;
PAR  FIG. 11 is a side elevational cross-sectional view showing one embodiment
      of the tubing useful in the present invention;
PAR  FIG. 12 is a side elevational cross-sectional view showing a smooth walled
      tubing configuration useful within the purview of the present invention,
      wherein the interior tube includes a helical wire wound thereabout;
PAR  FIG. 13 is a side elevational cross-sectional view showing an embodiment of
      the invention wherein smooth walled tubing is utilized; and
PAR  FIG. 14 is a perspective view of the system employing the circuit of the
      present invention and the interconnection thereof with a patient face mask
      at the patient receiving terminal end and connected to the humidifier at
      the opposing end of the circuit.
PAR  FIG. 15 is a side elevational cross-sectional view of an alternative
      embodiment of the Positive Pressure Breathing System of the present
      invention, wherein the unit directional valves positioned in the
      inhalation and exhalation lines respectively are eliminated, and the
      inflatable cuff member acts as a valving means for the system.
DETD
PAR  With specific reference to FIG. 1 of the drawings, the details of
      construction of the double tubular concentrically oriented positive
      pressure breathing circuit of the present invention is illustrated. The
      circuit, which is generally referred to by the numeral 10 is shown to
      consist of an outer exhalation tube 12 and an inner inhalation tube 14.
      The outer tube 12 is shown to be of smooth walled construction, both along
      the exterior surface as well as the interior surface, and as illustrated
      in the preferred embodiment shown in FIG. 1 of the drawings, it is
      provided with an atomizing channel 16, formed by an outer peripheral wall
      17, which together with a portion of the interior wall of the outer tube
      12, forms the atomizing channel 16. The outer exhalation tube 12
      terminates at a patient terminal end 18 which slip-fits over the
      exhalation housing member 20. The exhalation housing member 20 is shown to
      be formed by an outer tube member 21 and an inner tube member 22, the
      outer exhalation tube 12 slip-fitting over the terminal end of the outer
      tube member 21, as shown in FIG. 1 of the drawings. Where it is
      contemplated that the circuit of the present invention is to be formulated
      for disposable use, the fitting between the outer exhalation tube 12 and
      the outer tube member 21 of the housing member 20 may be bonded by any
      suitable means. Where the circuit is intended for reuseable use, the
      fitting between these two elements may be by way of a friction slip-fit or
      the like. The atomizing channel 16 extends the entire length of the outer
      exhalation tube 12 and interconnects with a source of pressurized fluid at
      the opposed end thereof, the source of pressurized fluid being either
      extraneous to the system, or forming a separate port in the ventilator.
PAR  The inner inhalation tube 14 is similarly shown to be of smooth walled
      construction and is also shown to have an inflation channel 24 formed by
      an outer peripheral wall 25, which together with a portion of the interior
      surface of the wall of the inner inhalation tube 14 forms the inflation
      channel 24. The inner inhalation tube 14 terminates at a patient terminal
      end 26 and seals with the inner tube member 22 of the housing member 20.
      Once again, the inflation channel 24 extends throughout the entire length
      of the inner inhalation tube 14, and connects at its opposed end with a
      separate port in the ventilator for providing a source of pressurized
      fluid for a purpose to be more fully defined hereinafter.
PAR  With respect to the exhalation housing member 20, as previously indicated,
      the member 20 is formed by the outer tube member 21 and the inner tube
      member 22. The outer tube member 21 also incorporates an housing atomizing
      channel 28 formed integrally therewith and constructed to matingly engage
      the atomizing channel 16 of the outer exhalation tube 12 again as depicted
      in FIG. 1 of the drawings. The housing atomizing channel 28 extends for a
      distance along the length of the housing member 20 and is turned
      90.degree. terminating in an outer peripheral neck 29 to accommodate a
      tube fitting thereabout. The housing member 20 is shown to be open at its
      inner end 30 and at the opposed end 31 it is closed by an end wall 32.
      Finally, the construction of the outer tube member 21 is completed by a
      circumferential groove 33 accommodating a circumferential shoulder 34
      which forms a valve seat as will be more fully explained hereinafter.
PAR  The inner tube member 22 is shown to be provided with a housing inflation
      channel 36, which is constructed to mate with the inflation channel 24 of
      the inner inhalation tube 14. The housing inflation channel 36 is formed
      integrally with the inner tube member 22 and terminates in a port 37
      which, in turn, establishes fluid communication with an inflation cuff 38,
      mounted circumferentially about the inner tube member 22. The outer
      peripheral ends of the cuff 38 are fixedly secured to the outer wall of
      the inner tube member 22, forming a fluid tight seal such that fluid
      cannot leak through the seal formed by the outer peripheral ends of the
      cuff 38. It is apparent that once the circuit is interconnected such that
      the housing inflation channel 36 is mated with the inflation channel 24 of
      the inner inhalation tube 14, a fluid flow path is established
      therethrough, through port 37, such that the inflatable cuff 38 may be
      inflated by the introduction therein of a fluid under pressure. The inner
      end 40 of the inner tube member 22 is shown to be open such that open
      fluid communication is established with the inner inhalation tube 14 when
      interconnected, and the outer opposed end 41 is shown to extend through an
      aperture provided in the end wall 32 of the housing 20 and provides a
      circumferential neck 42 for connection to a patient's face mask or
      mouthpiece M, as more clearly shown in FIG. 14 of the drawings.
PAR  It will also be observed that the inner tube member 22 is provided with a
      plurality of apertures 44 functioning for a purpose to be more fully
      described hereinafter. It will further be observed that the inner tube
      member 22 includes a downwardly depending neck 46 terminating in an
      atomizing port 47. The lower end of the neck 46 is fixedly secured to the
      inner surface of the outer tube member 21 in the same manner that the
      inner tube 22 is fixedly secured through the aperture provided in the end
      wall 32. Hence, it will be appreciated that the housing member 20 is
      formed as an integral unit, having the inner tube 22 fixedly secured
      within the outer tube member 21.
PAR  It will further be observed that a portion of the outer tube member 22 is
      provided with a U-shaped channel 48 (more precisely shown in FIGS. 5 and 6
      of the drawings) which functions as the mounting means for mounting the
      nebulizer onto the outer tube member 21.
PAR  Insofar as the valving mechanisms are concerned it will be observed that
      the inner tube member 22 is provided with a flexible membrane 50
      positioned thereabout, the membrane 50 being circumferentially positioned
      about the inner tube member 22. The membrane 50 forms a valve which seats
      against the circumferential shoulder 34 such that during the inhalation
      cycle by the patient negative pressure is created, forcing the membrane 50
      against the shoulder 34 in fluid tight relationship. When positive
      pressure is exerted against the membrane 50, the membrane 50 will move
      away from the shoulder 34 and unseat, thereby permitting exhaled gases to
      flow therethrough.
PAR  Insofar as the inner tube member 22 is concerned, an inhalation valve 52 is
      provided formed by a circumferential ring 53 supporting a frusto-conical
      central rib member 54 centrally therein. The rib member 54 supports the
      flexible membrane 55, which is constructed to seat against the inner edges
      of the ring 53. Hence, when the flexible membrane 55 is seated against the
      inner edges of the ring 53, the valve member 52 is in the closed position.
      When gas is passed through the inner inhalation tube 14 and through the
      inner tube member 22 in the direction of the arrows 56, the flexible
      membrane 55 unseats from the peripheral edges of the ring 53, thereby
      permitting the gases to flow through the valve member 52, and on through
      the inner tube member 22, through the patient face mask M and hence to the
      patient.
PAR  It will be clear from the above description that the valve member 52 and
      the flexible membrane 50 function as an inhalation valve and an exhalation
      valve respectively. In other words, as gas is passed through the inner
      inhalation tube 14, in the direction of the arrows 56, the inhalation
      valve member 52 opens to permit the inhaled gases through to the patient.
      Simultaneously, negative pressure is created between the inner tube member
      22 and the outer tube member 21, such that the flexible membrane 50 seats
      against the circumferential shoulder 34, in effect closing the exhalation
      valve while the inhalation valve member 52 is open. During the exhalation
      cycle, gases will pass initially into the inner tube member 22, but as the
      exhaled gases strike against the surface of the flexible membrane 55, the
      flexible membrane 55 will seat against the outer edges of the ring 53,
      closing the inhalation valve member 52. As the gases back up, they will
      flow through the apertures 44 and create positive pressure against the
      flexible membrane 50. This will then cause the flexible membrane 50 to
      open, thereby permitting gases to flow through the spacing between the
      inner tube member 22 n and the outer tube member 21. In this manner,
      unidirectional valve members are established for both the inhalation tube
      14 and the exhalation tube 12.
PAR  It should be noted that substantially the same effect produced by valve
      member 52 and membrane 50 may be achieved by location at any point along
      the exhaled gas path, such as port 107 in FIG. 10, and that the location
      of valve member 52 and membrane 50 as shown in FIG. 2 is only a preferred
      location for creating unidirectional flow in the exhalation tube portion
      of the circuit.
PAR  With regard to the inflatable cuff 38, as has been previously described,
      the inner tube member 22, is provided with the housing inflation channel
      36 while the inner inhalation tube 14 is provided with the inflation
      channel 24. This channel 24 is in turn in fluid communication with a
      source of pressurized fluid, such as the ventilator provides and during
      the inhalation cycle when the ventilator cycles on, gases are introduced
      into the inhalation tube 14, and hence simultaneously down the inflation
      channel 24. The positive pressure created by the gas through the inflation
      channel 24 will inflate the cuff 38, thereby assuming the posture shown in
      FIG. 2 of the drawings. When fully inflated, the cuff will occlude the
      space between the inner tube 22 and the outer tube 21, and prevent the
      flow of gas in either direction. Hence, during the inhalation cycle, once
      the ventilator cycles on and the gas is simultaneously forced down the
      inhalation tube 14, gas also is forced down the inflation channel 24 to
      inflate the cuff 38. During this cycle, as previously described, the
      inflation valve member is open to permit incoming gas to flow to the
      patient, while the flexible membrane 50 is seated against the shoulder 34,
      closing the exhalation valve. It will be apparent that the purpose of the
      inflatable cuff 38 is to further ensure that there is no
      cross-contamination of the inhaled gases with exhaled gases, as well as to
      function as a positive resistance against any back pressure caused by the
      gases introduced into the system under pressure by the ventilator. It will
      further be clear that once the ventilator cycles off, such that gases are
      no longer being introduced under pressure through the inner inhalation
      tube 14, gas will also simultaneously cease to flow through the inflation
      channel 24, and hence, the inflatable cuff 38 will deflate and assume the
      posture as shown in FIG. 1 of the drawings. Therefore, during the
      exhalation cycle, when the ventilator is cycled off, it is clear that the
      flexible membrane 55 will be seated against the ring 53, thereby closing
      the inhalation tube 14 while simultaneously, the flexible membrane 50 will
      assume the open position as shown in the dotted lines in FIG. 1 while
      simultaneously, the inflatable cuff 38 deflates to assume the position as
      shown in FIG. 1, such that gases are permitted to flow down the exhalation
      tube 12.
PAR  With reference to the details shown in FIGS. 1, 3, and 5 through 9 of the
      drawings, the construction of the outer tube member 21 and the
      relationship thereof, with the nebulizer is illustrated. As particularly
      shown in the exploded view in FIG. 4, the nebulizer 60 is formed as a
      separate cartridge and is constructed to be easily insertable and
      mountable on the outer tube member 21. As previously indicated the outer
      tube member 21 is provided with a U-shaped channel 48 which surrounds the
      atomizing port 47. Positioned within the channel 48 is a slidable shutter
      62, which slides along the outer surface of the outer tube member 21 such
      that the shutter 62 may alternately open and close the atomizing port 47.
      The shutter is permitted to slide laterally until it meets the stop boss
      63 as depicted in FIG. 6 of the drawings. Further, the outer tube member
      21 is shown to be provided with a longitudinal slot 64, while the slidable
      shutter 62 is provided with a similar door slot 65.
PAR  The nebulizer cartridge 60 is shown to be semi-elliptical in configuration
      and includes a pair of end rails 66 which are designed to slidably engage
      within the U-shaped channel 48 in order to mount the cartridge onto the
      outer tube member 21. As shown in FIG. 7 and 8 of the drawings, the top
      portion of the cartridge 60 is closed by a top wall 67, having an outlet
      port 68 positioned therein. The positioning of the outlet port 68 with
      respect to the top wall 66 is constructed such that when mounted on the
      outer tube member 21, the outlet port 68 is in registry with the atomizing
      port 47 of the housing member 20. It will further be observed that the
      outlet port 68 may be alternately opened and closed by means of a sliding
      door 70 mounted on the top wall 67 of the cartridge 60. The top wall 67
      also includes a cartridge flange 71, while the sliding door 70 includes a
      door flange 72, the cartridge flange 71 and door flange 72, being in
      upstanding relationship with respect to the top wall 67 thereof. It now
      becomes apparent by viewing FIGS. 5 through 8 of the drawings, that in
      order to slidably mount the nebulizer cartridge 60 onto the outer tube
      member 21, the operator positions the cartridge 60 such that the cartridge
      flange 71 is inserted within the door slot 65 while the door flange 72 is
      positioned within the longitudinal slot 64. In addition, the catridge 60
      is positioned such that the end rails 66 mate with the U-shaped channel of
      48. Hence, as the operator then pushes the cartridge 60 forward, the
      cartridge flange 71 will cause the slidable shutter 62 to move from the
      closed position as shown in FIG. 6 of the drawings, to the open position
      as shown in FIG. 5 of the drawings, while simultaneously, the longitudinal
      slot 64 will retain the door flange 72, thereby slidably moving the
      sliding door 70 opening the outlet port 68 as the atomizing port 47 is
      being similarly opened. Once the cartridge 60 has been fully inserted
      within the U-shaped channel 48, the atomizing port 47 will be in vertical
      registry with the outlet port 68 such that fluid communication is
      established between the nebulizer cartridge 60 and the inner tube member
      22. The relationship described is clearly illustrated in FIG. 9 of the
      drawings.
PAR  It will be apparent in view of the above description that the provision of
      a cartridge style nebulizer in conjunction with an outer tube member, both
      of which are provided withh slidable doors, or shutters, permits an
      operator to handle a prefilled sterile nebulizer without violating the
      sterile conditions established therein while at the same time permitting
      ease of handling and quick installation and mounting of the nebulizer onto
      the respiratory circuit. Insofar as the interior portion of the nebulizer
      is concerned, the detailed features of the atomizing head are shown in
      FIGS. 1 and 3 of the drawings. It will be observed that the present
      invention provides an improved atomizing system according to the following
      description.
PAR  As shown in the details of FIG. 3 of the drawings, the atomizer 75 is
      illustrated. It will be noted that the atomizer 75 is formed by a
      flotation head 77, provided with a fluid channel 79, extending through the
      center portion thereof. The floatation head 77 is further provided with a
      gas pressure channel 81, which meets with and is in fluid communication
      with the fluid channel 79 at its inner end and extends outwardly from the
      floatation head 77 to form a connecting neck 82, externally of the
      floatation head 77. The atomizer 75 is completed by an atomizing head 83,
      carried on the top portion of the floatation head 77, by means of support
      struts 84. The atomizing head 83 is positioned to be immediately above the
      fluid channel 79 and functions to fracture the fluid as the same is
      aspirated up the fluid channel 79 into striking engagement with the
      atomizing head 83.
PAR  The flotation head 77 functions to float on the surface of the fluid
      contained within the nebulizer 60 and interconnects with the outer portion
      of the nebulizer 60 by means of a pressure transmission tube 85. It will
      be observed that the nebulizer cartridge 60 is provided with a
      longitudinal connector 86, having an inner connecting port 87 and an outer
      connecting port 88, with a gas channel 89 traversing therethrough. Fluid
      communication is completed by a second gas transmission tube 90, which
      interconnects between the outer connecting port 88 and the peripheral neck
      29, all as illustrated in FIG. 1 of the drawings. It will therefore be
      appreciated that fluid communication is established through the atomizing
      channel 16, the housing atomizing channel 28, through the peripheral neck
      29, second gas transmission tube 90, and hence through the longitudinal
      connector 86 and via the gas transmission tube 85, whereby gas is caused
      to enter through the flotation head 77 via the gas pressure channel 81. In
      operation as the gas source is cycled on and gas enters through the
      atomizing channel 16, the gas will enter into the floatation head 77, via
      the gas pressure channel 81 and cause negative pressure in the fluid
      channel 79, causing fluid to rise up through the fluid channel 79, under
      pressure, and fracture when striking the atomizing head 83. In this manner
      a fine mist of the fluid contained within the nebulizer cartridge 60 is
      obtained which is then permitted to enter through the outlet port 68 of
      the cartridge 60, and thence through the atomizing port 47 and into the
      inner tube member 22 for inhalation by the patient. Obviously, atomizing
      of fluids within the nebulizer cartridge 60 will only occur during the
      inhalation cycle such that when the ventilator is cycled on and positive
      gas pressure is established through the inner inhalation tube 14, the
      source of the gas pressure for the atomizing channel 16 also cycles on,
      such that the nebulizer cartridge 60 will function to produce an atomized
      spray of medicinal fluids into the inner tube member 22, for inhalation by
      the patient.
PAR  It now becomes apparent from the above description relative to the
      atomizing head that a novel and simplified atomizing system has been
      provided which ensures complete atomization of the medicinal fluids
      contained within the nebulizer cartridge 60. By providing a floatation
      type atomizer, the device will function properly regardless of the liquid
      level within the nebulizer cartridge. Furthermore, even should the
      circuit, as a whole, become cocked for whatever reason the floatation head
      77 of the atomizer 75 will continue to ride on the surface of the fluid
      and will continue to supply atomized medicinal fluids into the inhalation
      tube for inhalation by the patient.
PAR  Insofar as the nebulizer cartridge 60 itself is concerned, it is also
      apparent that the number of components have been reduced and simplified,
      while at the same time permitting refilling of the nebulizer under sterile
      conditions which will be maintained intact during shipment, installation,
      and removal.
PAR  With regard to FIGS. 10 and 14 of the drawings, the opposed end of the
      respiratory breathing circuit of the present invention is illustrated.
      With specific reference to FIG. 10 of the drawings, it will be observed
      that the opposed end of the circuit 10 is provided with a tailpiece 100
      formed by an outer sleeve 101, and an inner sleeve 102. It will be
      appreciated that the outer sleeve 101 is open at its inner end and is
      closed at its outer end by an end wall 103, having the inner sleeve 102
      extending outwardly through an aperture provided in the end wall 103.
      Furthermore, the lower portion of the outer sleeve 101 is shown to have a
      T-shaped arm 104 extending downwardly therefrom, but formed integrally
      therewith, the lower portion of the arm 104 having a collection port 105
      formed therein which may be conveniently occluded by stopper member 106.
      The inner portion of the outer sleeve 101 is further shown to be provided
      with a gas atomizing channel 108, terminating in a port 109 which serves
      as the connection point to the atomizer gas source at the ventilator. As
      is shown in FIG. 10 of the drawings, the outer exhalation tube 12 is
      fitted over the inner end of the outer sleeve 101 such that the atomizing
      channel 16 of the tube 12 fits over the gas atomizing channel 108 thereby
      establishing fluid communication between the gas atomizing channel 108 and
      the atomizing channel 16.
PAR  The inner sleeve 102 is fixedly held in concentric orientation with respect
      to the outer sleeve 101 since the inner sleeve 102 is fixedly secured
      through the aperture provided in the end wall 103 of the outer sleeve 101.
      Again, the inner sleeve 102 is designed to fit within the inner inhalation
      tube 14 at its inner end and having the opposed end extending outwardly
      from the end wall 103 for a short distance. With respect to the inner end
      of the inner sleeve 102, it will be observed that the inner sleeve 102 is
      provided with a gas inflation channel 110 formed integrally therewith and
      terminates in an outer port 112 adapted for interconnection with a source
      of fluid under pressure at the ventilator. As shown in FIG. 10, once the
      inner inhalation tube 14 is mounted on the inner end of the inner sleeve
      102, the inflation channel 24 of the inner inhalation tube 14 is in fluid
      communication with the gas inflation channel 110 of the inner sleeve 102.
      Hence, once the outer port 112 is connected to a source of pressurized
      fluid, such as a separate port of the ventilator (not shown) pressurized
      fluid travelling through the gas inflation channel 110 ultimately is
      introduced into the inflatable cuff 38, thereby to inflate the same and
      occlude the space between the inner inhalation tube 14 and the outer
      exhalation tube 12, as more clearly shown in FIGS. 1 and 2 of the
      drawings. The outer end of the inner sleeve 102, extends outwardly from
      the end wall 103, for a short distance and it is designed as a connection
      point for tubing 113, which interconnects the inhalation tube 14 with the
      humidifier 115. The details of the improved novel form of the humidifier
      115 provided by this invention will be discussed hereinafter.
PAR  Insofar as the interconnections between the outer exhalation tube 12 and
      the outer sleeve 101 are concerned, as well as the interconnection between
      the inner inhalation tube 14, and the inner sleeve 102, these fittings may
      be of the friction-fit slip-type fittings or may be fixedly secured by any
      suitable adhesive or bonding means. The use of the respectively different
      fittings is dependent primarily upon whether the circuit as a whole is
      designed as a disposable circuit, or as a reusable circuit.
PAR  FIG. 10 of the drawings also illustrates an improved form of a humidifier
      115, provided by this invention. It will be observed that this humidifier
      113 is provded with an outer wall 117 which accommodates an outlet port
      118 as positioned in the top wall thereof. A water chamber 120 is provided
      in the interior portion of the humidifier 115 and separated from the outer
      wall 15 by an inner wall 121, which is spaced from the outer wall 117
      along the sides and bottom of the humidifier 115. It will further be
      observed that adjacent the bottom portion of the humidifier 115 the outer
      wall 117 is provided with an inlet port 123 which is in fluid
      communication with the heating chamber 119 formed by the space between the
      inner wall 121 and the outer wall 117 of the humidifier 115. Opposite to
      the inlet port 123, and located adjacent the top portion of the humidifier
      115, is an exhaust port 125. The humidifier 115 is completed by a gas tube
      127, which extends downwardly through the top wall of the humidifier 115
      to a point adjacent the lower portion of the water chamber 120. The outer
      end of the gas tube 127 functions as a connector neck 128, and
      accommodates a slip-fit friction fitted tube thereabout.
PAR  It will now be appreciated that as an additional feature of the present
      invention, the novel humidifier provided in this invention permits a more
      complete utilization of the heat present in the exhaled gases to render
      the system energy conservative. It will be observed that an exhalation gas
      tube 130 interconnects the exhaled gas port 107 of the T-shaped arm 104
      with the inlet port 123, such that exhaled gases flowing down the outer
      exhalation tube 12 and through the outer sleeve 101 of the tailpiece 100,
      will be exhausted through the T-shaped arm 104 and enter into the heating
      chamber 119 of the humidifier 115, via the inlet port 123. Since the
      exhaled gases are generally of a temperature slightly less than body
      temperature at the time the gases enter the heating chamber 119 of the
      humidifier 115, the heat incident to such exhaled gases may then be
      utilized to heat the water contained in the water chamber 120 of the
      humidifier 115. Additionally, it should be noted that additional devices
      to remove heat from the exhaled gas, such as fins or heat conductive
      materials such as metallic wools, may be located in the chamber 119, and
      the inclusion of such should be considered as within the scope of this
      novel system. A constant flow of exhaled gases is permitted by entering
      into the heating chamber 119 through the inlet port 123 and exhausting
      through the exhaust port 125. The gas for inhalation is routed from the
      ventilator through the gas tube 127 and bubbled through the water in the
      humidifier 115. The gases will rise through the water and exit from the
      humidifier through the outlet port 118 and hence into the inner sleeve 102
      of the tailpiece 100, through the tubing 113. As has been previously
      indicated, the system contemplated by this invention is a positive
      pressure breathing circuit and since the gas from the ventilator is under
      positive pressure, the gas will be forced through the system in the manner
      indicated. Once gas is introduced into the inner sleeve 102, of the
      tailpiece 100, the gas will flow on through the inner inhalation tube 14
      and ultimately to the patient. The overall system is clearly shown in FIG.
      14 of the drawings, which shows the forward end of the system accommodated
      with a face mask M which is positioned over the patient's mouth and nose.
PAR  With reference to FIG. 14 of the drawings, wherein the overall system is
      illustrated, with the exception that the ventilator is not shown. It is
      now apparent the manner in which the circuit 10 of the present invention
      operates. As previously indicated, the humidifier is in fluid
      communication with the ventilator through the ventilator tubing 132,
      wherein gases from the ventilator under positive pressure enter into the
      humidifier through the gas tube 127, thereby to be bubbled through the
      water in the humidifier 115. Once the gases are bubbled through the water,
      the gases will enter into the circuit 10 through the tubing 113 and hence,
      be forced through the inner sleeve 102 of the tailpiece 100 and on into
      the inner inhalation tube 14 of the circuit 10. The gases will then be
      forced through the face mask M and permit respiration by the patient. With
      reference to FIG. 1 of the drawings, unidirectional gas flow in the
      direction of the arrows 56 is established by means of the unidirectional
      inhalation valve 52 during the inhalation cycle. Simultaneously, the gas
      inflation channel 110 as well as the inflation channel 24 of the inner
      inhalation tube 14 is in fluid communication with a separate port on the
      ventilator through the outer port 112. The gas source is synchronized with
      the ventilator such that when the ventilator cycles on, not only will gas
      be forced through the humidifier 115 and into the inner inhalation tube
      14, but gas under pressure will also be forced through the port 112 into
      the gas inflation channel 110 and on into the inflation channel 24, which
      is in turn, in fluid communication with the inflatable cuff 38. Hence,
      during the inhalation cycle, the inflatable cuff 38 will be caused to
      inflate, thereby occluding the space between the inner inhalation tube 14
      and the other exhalation tube 12. The cuff then functions as a resistance
      to any back pressure incident to the circuit 10 during the inhalation
      cycle and prevents any cross-contamination of inhaled gases with exhaled
      gases, as well as to ensure the operation of the circuit 10 as a positive
      pressure breathing device.
PAR  Also on a simultaneous basis, gas under pressure is fed into the atomizing
      gas channel 108, through the port 109, which as shown in FIG. 14 of the
      drawings, is in fluid communication again, with the gas under pressure.
      This gas is then directed to the nebulizer cartridge 60, via the atomizing
      channel 16 and through the appropriate channels provided in the housing
      member 20, and through the first and second gas transmission tubes 85 and
      90 respectively. This gas will then enter into the floatation head 77
      through the gas pressure channel 81 and create negative pressure in the
      fluid channel 79. This negative pressure will then draw the fluid in the
      nebulizer cartridge 60 up through the fluid channel 79 and will be
      fractured when striking against the atomizing head 83. In this manner, a
      fine mist of medicinal fluids is created and will be forced up into the
      inhalation tube 14, through the atomizing port 47, provided therein.
      Hence, it will be appreciated that once positive pressure is established
      for the circuit 10, positive gas pressure is established for the inner
      inhalation tube 14, as well as into the inflation channel 24, and the
      atomizing channel 16.
PAR  During the exhalation cycle, the ventilator cycles off, such that gases
      will cease flowing through the inhalation tube 14, and will further cease
      flowing through the atomizing channel 16, and further, will cease flowing
      through the inflation channel 24. Hence, during the exhalation cycle, the
      atomizing of the medicinal fluids ceases and the inflatable cuff 38
      deflates and as the patient exhales, the unidirectional inflation valve
      52, will close while the flexible membrane 50 will be forced to the open
      position, and as the exhaled gases then enter into the inner tube member
      22, the gas will be forced through the apertures 44 and enter into the
      outer exhalation tube 12. The pressure of the exhaled gases, of course
      forces the flexible membrane 50 into the open position and since the
      inflatable cuff 38 has now deflated, the exhaled gases are permitted to
      pass down the outer exhalation tube 12, and ultimately through the outer
      sleeve 101 of the tailpiece 100.
PAR  From a view of FIG. 10 of the drawings, it will be appreciated that the
      exhaled gases may be directed to the heating chamber 119 of the humidifier
      115 through the exhalation gas tube 130 and will enter into the chamber
      119, through the inlet port 123. Again, as indicated previously, the
      exhaled gases are in a heated condition and this heat may then be utilized
      to heat the water contained in the water chamber 120, of the humidifier
      115. The exhaled gases will travel through the heating chamber 119 and
      exhaust through the exhaust port 125, usually to atmosphere, or to a
      device to measure the volume of gas exhaled by the patient.
PAR  As has been indicated previously, one of the difficulties which has been
      encountered is the condensation of moisture in the circuit from the gases
      which has been heated and humidified. As has been indicated, the gases
      tend to cool during the travel from the humidifier to the patient, and as
      the gases cool, a rain-out of moisture does occur. It is apparent from the
      present invention that by providing a double tubular concentrically
      oriented configuration for the inhalation tube 14 and the exhalation tube
      12, a heat exchanger effect has been created and the exhaled gases passing
      through the exhalation tube 12 maintain the elevated temperature of the
      gases passing from the inhalation tube 14, without any extraneous source
      of heat. In this manner, the amount of rain-out of moisture of the heated
      gases passing to the patient is not completely eliminated but at least
      minimized such that the gases will remain at an elevated temperature and
      completely humidify on entering the patient. To the extent that any
      rain-out does occur, the inhalation tubing may be drained as is the
      present practice. Should any condensation occur in the exhalation tube it
      may be removed through the collection port 105 which is shown occluded by
      stopper member 106 in FIG. 10. It has been found, however, that the amount
      of rain-out of moisture from the inhaled and exhaled gases is very minimal
      with this novel system, however, it is recognized that over a long period
      of continued use of this system, in respiratory therapy, some rain-out may
      occur and drainage of this moisture is accommodated by incorporating the
      collection port 105 as indicated in FIG. 10 of the drawings.
PAR  With reference to FIGS. 11 through 13 of the drawings, various embodiments
      of tubing are contemplated within the scope of the present invention. IN
      both respiratory as well as anesthesia circuits of the type presently
      available, corrugated tubing of the type illustrated in FIG. 11 of the
      drawings, has been utilized. The drawback incident to corrugated tubing is
      that the corrugated interior surfaces present an interior surface to the
      gases which creates turbulence since the gases have a tendency to strike
      against all the various corrugated surfaces and hence, cause turbulence
      therein. The result of turbulence is the fact that the gases are more
      likely to cool and a significant amount of moisture rain-out then occurs.
      In addition, the spaces incident to the corrugated tubing provide breeding
      places for bacteria and hence, due to the inherent difficulty of cleaning
      and sterilizing corrugated tubing, the possibility of bacterial infection
      is prevalent. However, with reference to FIG. 11 of the drawings, it is
      contemplated that corrugated tubing can be utilized in connection with the
      present invention. It will be observed that there is provided an inner
      corrugated tube 140 which is concentrically disposed with respect to an
      outer corrugated tube 142. The concentric orientation may be maintained by
      providing the circuit with suitable spacer members (not shown) to hold the
      inner and outer tubes in spaced and concentrically oriented position. This
      type of structure is disclosed in my co-pending application Ser. No.
      437,033 entitled ANESTHESIA CIRCUIT and filed in the name of Bernard
      Paluch on Jan. 28, 1974. The significance of FIG. 11 of the drawings is
      the fact that corrugated tubing of the type presently available may be
      utilized within the scope and purview of the present invention.
PAR  Similarly, FIG. 12 shows another more preferred embodiment wherein an inner
      tube 145 is provided functioning as the inner inhalation tube and an outer
      tube 147 is provided functioning as the exhalation tube. Both the inner
      tube 145 and the outer tube 147 are of smooth walled construction, thereby
      minimizing the surfaces against which the gases strike as they flow
      through the tubing and minimizing, thereby, gas turbulence. In this
      embodiment, it will be noted that a helically wound wire 148 is provided
      about the inner inhalation tube 145 in order to provide rigidity and
      stability. Spacer members (not shown) may similarly be used in order to
      maintain the spaced and concentric orientation of the tubes 145 and 147
      respectively.
PAR  Again, with reference to FIG. 11 of the drawings, and in this embodiment of
      the invention, the outer corrugated tube is shown to be provided with a
      loose and separate atomizing tube 143, while the inner corrugated tube 140
      is similarly provided with a loose and separate inflation tube 144. The
      tubes 143 and 144 respectively, function in the manner described with
      respect to the gas atomizing channels 16 and inflation channel 24 with
      reference to FIG. 1 of the drawings. The embodiment in FIG. 12 of the
      drawings similarly contains an atomizing tube 149 which is loosely
      positioned within the outer exhalation tube 147, and inflation tube 150
      which is provided as a separate and loose fitting tube within the inner
      inhalation tube 145.
PAR  FIGS. 13 represent the preferred embodiment of the invention wherein the
      tubing is illustrated as being extruded as smooth walled tubing having an
      outer exhalation tube 155 of smooth walled construction and an inner
      inhalation tube 157, of similarly smooth walled construction. It is
      further contemplated that the atomizing channel 158 may be formed
      integrally with the outer exhalation tube 155 when extruding the same, and
      similarly, the inflation channel 159 may be formed integrally with the
      inner inhalation tube 157, when extruding the same. Hence, in this
      embodiment of the invention there is no requirement or necessity to have
      separate tubes positioned within either the outer exhalation tube or the
      inner inhalation tube in order to accommodate the atomizing channel and
      inflation channel as previously described. In addition, the problems
      incident to corrugated tubing have been eliminated, and further, the
      problems incident to gas turbulence which would be encountered by the
      embodiment illustrated in FIG. 12 of the drawings is similarly avoided.
PAR  With reference to FIG. 15 of the drawings, it will be observed that an
      alternative embodiment of the subject Positive Pressure Breathing System
      contemplates that the inhalation and exhalation valves may be eliminated
      from the system entirely. As will be observed in the embodiment shown in
      FIG. 15, the inhalation valve (52 in FIG. 1) has been eliminated with
      respect to the inner tube member 22, and the flexible membrane (50 in FIG.
      1) has been eliminated from the outer tube member 21. In this embodiment,
      therefore, the inflatable cuff 38 operates as the sole valving means for
      the system. Hence, once the ventilator cycles on and gas is introduced
      down the inhalation tube 14, and also down the inflation channel 24, the
      cuff 38 is inflated and functions to prevent cross contamination of
      inhaled gases with exhaled gases. It will, therefore, be appreciated that
      during the inhalation cycle, gas will flow down the inhalation tube 14,
      while simultaneously the cuff 38 is in the inflated position to occlude
      the space between the outer tube member 21 and the inner tube member 22
      such that the inhalation gas necessarily passes down the inner tube to the
      patient supported apparatus such as the face mask. Once again, since the
      inflatable cuff 38 is positioned adjacent the patient terminal end of the
      system, there is only a minimal amount of exhaled gas present in the
      system to add mix with any inhaled gases such that any danger of the
      patient breathing exhaled gases is minimized.
PAR  It will also be obseved that once the ventilator cycles off such that gases
      are no longer forced down the inhalation tube 14, similarly, gas is no
      longer forced down the inflation channel 24 such that the cuff 38 is
      permitted to deflate. It will be appreciated that the subject Positive
      Pressure Breathing System of the present invention is employed in
      connection with apparatus such as a ventilator or the like, which has in
      addition thereto, in most circumstances, a humidifying device for
      humidifying the inhaled gases. It is further to be appreciated that when a
      ventilator cycles to the off position, a column of gas remains in the
      inhalation tube, and furthermore, the ventilator does not permit the
      backflow of gas through the same. Hence, during the exhalation cycle, as
      exhaled gas is passed into the inner tube 14 from the patient supported
      face mask, the pressure exerted by the patient during exhalation will
      cause a compression of the gases existing within the inhalation tube
      thereby causing a back pressure to exist with regard to the gases exhaled
      by the patient. This back pressure will force the exhaled gases through
      the apertures 44 in the inner tube 14 and into the outer tube member 21
      for exiting down the outer exhalation tube 12. As indicated previously,
      the exhaled gases are permitted to pass the cuff 38 since the cuff 38 is
      now in a deflated condition during the exhalation cycle. Once again, when
      the ventilator cycles to the on position during the inhalation cycle, the
      cuff 38 immediately inflates thereby occluding the outer exhalation tube
      12 such that gases are now once again forced down the inhalation tube 14
      for inhalation by the patient.
PAR  The alternative embodiment as described in FIG. 15 of the drawing will
      therefore obviously operate in the manner intended by the present
      invention in spite of the elimination of the inhalation and exhalation
      valves (52 and 50 respectively), for the reason that the ventilator
      machine itself will operate as the valve due to the column of gas
      remaining in the system and being compressed by the exhaled gases exhaled
      by the patient. It will be appreciated that the preferred embodiments of
      the invention are shown in FIGS. 1 through 14 of the drawings, but
      nevertheless, the invention will operate adequately in the manner
      described above with reference to FIG. 15 of the drawings.
PAR  In summarizing the inventive aspects of the invention described herein, it
      is apparent that there has been provided a positive pressure respiratory
      circuit, which is formed from a double tubular concentricaly oriented
      inhalation tube and exhalation tube. This construction provides a heat
      exchanger effect, thereby to permit the maintenance of the heat and
      humidity level of the gas as the same travels down the inhalation line
      prior to inhalation by the patient. In addition, the means for providing
      the resistance to back pressure has been incorporated into the circuit by
      way of an inflatable cuff which inflates during the inhalation cycle once
      the ventilator is cycled on. Furthermore, the nebulizer has been
      incorporated into the system as a prefilled sterile and disposable
      cartridge which may be easily inserted and mounted onto the circuit, by
      providing an outer exhalation tube having a shutter occluding a port, and
      similarly providing the nebulizer cartridge with a port occluded by a
      doorway or shutter, the operator may easily slidably mounted the nebulizer
      cartridge onto the outer exhalation tube, causing the respective shutters
      to open and establish fluid communication between the nebulizer and the
      inhalation channel.
PAR  With regard to the nebulizer it is further apparent that this invention
      provides a simplified and improved atomizing system for the nebulizer to
      ensure that regardless of the positioning of the nebulizer, or the circuit
      as a whole, the medicinal fluids contained within the nebulizer will
      become atomized during the inhalation cycle. Once again, the atomizing
      channel in fluid communication with the atomizing head of the nebulizer is
      constructed to be incorporated within the system and in fluid
      communication with a source of gas under pressure. This source of gas is
      similarly cycled with the ventilator such that when the ventilator does
      cycle on, gas will be provided for the inhalation channel, as well as gas
      being provided to atomize the medicinal fluids in the nebulizer and the
      inflatable cuff will inflate, all simultaneously. On the other hand,
      during the exhalation cycle, the reverse occurs, since the inflatable cuff
      will be caused to deflate as the gas flow in the inflation channel is
      interrupted and similarly, the nebulizer will cease atomizing when the gas
      flow in the atomizing channel is similarly interrupted. Additionally, by
      providing unidirectional or valving means for both the inhalation tube and
      exhalation tube, exhaled gases cannot enter the inhalation tube and
      therefore are directed and guided into the exhalation tube which will only
      permit one-way gas flow in countercurrent direction with respect to the
      flow of gas down the inhalation tube. It is this feature which provides
      the heat exchanger effect, since the exhaled gases are generally at body
      temperature and will therefore heat down the entire length of the tubing
      circuit.
PAR  In addition to the above, the system contemplates the further use of the
      exhaled gases to heat the water in the humidifier. This is accomplished by
      interconnecting the exhalation tube with the heat chamber of a humidifier
      such that the heat of the exhaled gases may be further utilized to the
      fullest extent possible in order to heat the water in the humidifier.
PAR  While moisture rain-out is minimized due to the novel construction of the
      present circuit, nevertheless the system also permits drainage of any
      moisture should rainout occur by providing a collection port in an
      appropriate location such that drainage of moisture is permitted under
      those conditions where the circuit is used for a long period of time as
      some moisture condenses within the tubing circuit.
PAR  The provision of smooth walled tubing having both the inflation channels
      and atomizing channels integrally formed therewith further resulting in
      improved features since gas turbulence is minimized and breeding places
      for bacteria and viruses is minimized or completely eliminated. It is
      relevant to appreciate the fact that the present circuit may be utilized
      in connection with existing corrugated tubing as well as with smooth
      walled tubing and hence, the system may be employed in connection with
      existing equipment and with existing materials.
PAR  While there has been described what is considered to be the preferred
      embodiment of the invention, various modifications may be made therein
      without departing from the true spirit and scope of the invention. All
      such obvious modifications and variations are intended to be covered, by
      the appended claims herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An a positive pressure breathing circuit for operation in conjunction
      with a positive pressure ventilator and interposed btween the ventilator
      and a patient-supported device such as a patient connection means, useful
      in conjunction with respiratory therapy, the improvement comprising in
      combination,
PA1  a concentrically oriented inhalation/exhalation circuit having an inner
      inhalation tube and an outer exhalation tube, said outer exhalation tube
      being spaced from and concentrically oriented with respect to said inner
      inhalation tube positioned therein,
PA1  said inner inhalation tube having a patient receiving terminal at one end
      thereof and a gas source terminal at the opposed end thereof in fluid
      communication with the positive pressurized source of said ventilator,
PA1  said outer exhalation tube having a patient receiving terminal at one end
      thereof and an exhaust end at the opposed end thereof,
PA1  said inner inhalation tube and said outer exhalation tube being in fluid
      communication with the ventilator during the inhalation and exhalation
      breathing cycles respectively,
PA1  inflatable occlusion means interposed between said inner inhalation tube
      and said outer exhalation tube and in fluid communication with said
      positive pressurized source of said ventilator such that said inflatable
      during the inhalation phase occlusion means is alternatively inflatable
      and deflatable during the exhalation phase in response to fluid pressure
      from the source thereof,
PA1  the gas flow in said inhalation tube being countercurrent with respect to
      the gas flow in said exhalation tube thereby to stabilize and maintain the
      temperature of the gas within said inner inhalation tube without any
      extraneous source of heat, while at the same time permitting inflation of
      said inflatable occlusion means during the inhalation cycle thereby to
      prevent the admixture of inhaled gases and exhaled gases during the
      inhalation cycle while concomitantly permitting the exhausting of exhaled
      gases through the system,
PA1  said ventilator functioning to create a gas back pressure in the inhalation
      tube during the exhalation cycle thereby to force exhaled gases to exhaust
      from the system through the exhalation tube due to the fluid gas pressure
      created therein,
PA1  whereby gas suitable for patient inhalation enters said circuit through
      said inner inhalation tube under positive pressure to be received by the
      patient during which time said inflatable occlusion means is fully
      inflated and interposed between said inner inhalation tube and said outer
      exhalation tube to prevent the admixture of inhaled gases with exhaled
      gases, while resisting any back pressure existing in said circuit, while
      exhaled gases exhaled by the patient are forced initially into said
      inhalation tube and are caused by the back pressure existing in said
      inhalation tube to exit through said exhalation tube, said occlusion means
      being deflated during the exhalation cycle to permit the exhausting of
      exhaled gases therethrough.
NUM  2.
PAR  2. The positive pressure breathing circuit as set forth in claim 1 above,
      wherein said inner inhalation tube is provided with a plurality of
      apertures between said patient receiving terminal end and said inflatable
      occlusion means to permit fluid communication between said inner
      inhalation tube and said exhalation tube, whereby upon exhalation, exhaled
      gases are forced by the gas back pressure existing in said inhalation tube
      to exit through said plurality of apertures and exhaust from said circuit
      through said exhalation tube.
NUM  3.
PAR  3. The positive pressure breathing circuit as set forth in claim 1 above,
      wherein said inflatable occlusion means comprises an inflatable cuff
      fixedly secured to the outer surface of said inner inhalation tube, means
      for providing fluid communication between said inflatable cuff and said
      source of fluid under pressure, such that when pressurized, said
      inflatable cuff will inflate and bear against the interior surfaces of
      said outer exhalation tube and occlude the space between said inner
      inhalation tube and said outer exhalation tube, thereby to prevent cross
      contamination and admixture of gases as between the inner inhalation tube
      and the outer exhalation tube as well as to provide a resistance against
      any back pressure caused during said inhalation cycle.
NUM  4.
PAR  4. The positive pressure breathing circuit as set forth in claim 3 above,
      wherein said inner inhalation tube is provided with a separate inflation
      channel positioned interiorly thereof and in fluid communication with said
      inflatable cuff at the inner terminal end of said channel and in fluid
      communication positive pressurized source of said with the ventilator at
      the opposed end of said channel whereby the introduction of fluidized
      pressure into said channel will result in the inflation of said inflatable
      cuff at the opposed end of said channel thereby to occlude the space
      between said inner inhalation tube and said outer exhalation tube.
NUM  5.
PAR  5. The positive pressure breathing circuit as set forth in claim 4 above,
      wherein said inflation channel is formed integrally with said inner
      inhalation tube and formed as a separate channel therein.
NUM  6.
PAR  6. The positive pressure breathing circuit as set forth in claim 1 above,
      wherein said circuit further includes nebulizer means disengageably
      mountable upon said outer exhalation tube and in fluid communication with
      said inner inhalation tube such that atomized medication may be introduced
      into said inner inhalation tube during the inhalation cycle and gas under
      positive pressure is introduced therein for inhalation by the patient.
NUM  7.
PAR  7. The positive pressure breathing circuit as set forth in claim 1 above,
      wherein said circuit further includes gas humidification means in fluid
      communication with and interposed between said inner inhalation tube and
      said gas source for said inner inhalation tube, said gas humidification
      means including a water chamber therein for providing a source of humidity
      for gases which pass therethrough, said water chamber being surrounded by
      a heating chamber, said heating chamber being in fluid communication with
      said outer exhalation tube, whereby gas suitable for patient inhalation is
      first passed through said gas humidification means thereby to humidify the
      gas prior to entry into said inner inhalation tube, and exhaled gases are
      passed into said heating chamber surrounding said water chamber, thereby
      to utilize the heat contained in the exhaled gases to heat the water
      contained in said water chamber.
NUM  8.
PAR  8. The positive pressure breathing circuit as set forth in claim 1 above,
      wherein said circuit further includes a drainage collection port in fluid
      communication with said outer exhalation tube, said drainage collection
      port including moveably engageable stopper means whereby removable of said
      stopper means permits manual removal of any fluids collected within the
      circuit.
NUM  9.
PAR  9. The positive pressure breathing circuit as set forth in claim 1 above,
      which further includes an inflation channel positioned within said inner
      inhalation tube and having one end in fluid communication with said
      inflatable occlusion means on the opposed end thereof in fluid
      communication with said source of gas under pressure, whereby during the
      inhalation cycle as gas under pressure is forced through said inhalation
      tube, gas is similarly forced through said inflation channel thereby to
      inflate said inflatable occlusion means.
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ABST
PAL  A pressure operated injection device supports an ampul containing a
      plunger. A ram which actuates the plunger is spring biased to a retracted
      position and is advanced by a gas under pressure. A source of gas under
      pressure is connected by a passage to a gas accumulating chamber which in
      turn is connected by a passage to the ram with a valve being provided in
      each passage. The valves admit gas to the ram from the accumulating
      chamber at a predetermined pressure and simultaneously prevent the
      admission of any further gas from the source of gas and, at a
      substantially lower pressure, close the passage connecting the
      accumulating chamber and the ram. The device is constructed to exhaust gas
      to the atmosphere from the ram as it retracts and a manually controlled
      valve controlling the flow of gas from the source to control the operation
      of the device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Devices for injecting medication beneath the skin without the use of a
      needle by forcing the medication through the epidermis in a high pressure
      jet are well known to the art. For this purpose it is known to the art to
      employ an ampul which contains a plunger to force the liquid from the
      ampul. The prior art devices have a ram for advancing the plunger. Such
      rams are either spring or gas actuated. Prior art patents are U.S. Pat.
      Nos. 3,292,622; 3,688,765 and 3,292,621. As against the devices having a
      spring actuated ram, the devices with a gas actuated ram greatly
      facilitate providing a convenient design since it eliminates the
      inflexibility of having to place a powerful compression spring in line
      with the ram. The most successful gas actuated devices have suffered from
      being erratic in the injection force generated due to the variation in gas
      pressure arising from temperature changes arising, for example, from the
      use of a liquified gas which exerts a cooling effect on vaporizing.
      Difficulty has been encountered incident to the use of a mechanical system
      to hold the ram and release it at a predetermined pressure. In addition,
      gas is readily wasted thus reducing the number of shots possible from the
      gas source when a gas cartridge is employed. The injection device of this
      invention solves these problems.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A pressure operated injection device has a housing for the support of an
      ampul having a plunger. The plunger is actuated by a gas operated ram
      which is biased to a retracted position. A source of gas under pressure is
      provided to supply a chamber for accumulating gas. A manually operated
      on/off valve controls the flow of gas from said source. Pressure operated
      means admits gas to the ram from the accumulating chamber and
      simultaneously stops the flow of gas to the accumulating chamber from the
      source of gas when a predetermined pressure is reached in the accumulating
      chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view of a device in accordance with the invention;
PAR  FIG. 2 is a side elevation of the ampul employed in the device of FIG. 1;
PAR  FIG. 3 is a section taken on the plane indicated by the line 3--3 in FIG.
      2;
PAR  FIG. 4 is a section taken on the plane indicated by the line 4--4 in FIG.
      1;
PAR  FIG. 5 is a vertical section through a preferred embodiment of the
      invention;
PAR  FIG. 6 is a section taken on the plane indicated by the line 6--6 in FIG.
      5;
PAR  FIG. 7 is a section taken on the plane indicated by the line 7--7 in FIG.
      5;
PAR  FIG. 8 is a section taken on the plane indicated by the line 8--8 in FIG.
      5;
PAR  FIG. 9 is a sectionn taken on the plane indicated by the line 9--9 in FIG.
      5; and
PAR  FIG. 10 is an enlarged view of the central portion of the structure shown
      in FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, the injection device of the invention has a housing 2
      to which a gas cartridge 4 is removably attached. A passage 6 connects the
      interior of gas cartridge 4 to a gas accumulating chamber 8. A valve 10
      controls the flow of gas through passage 6. Valve 10 has a stem 12 and an
      enlarged portion 14 which is adapted to seat against an O-ring 16 in
      passage 6. Portion 14 is urged against O-ring 16 by virtue of a
      compression coil spring 18 urging valve button 20 outwardly. An O-ring 24
      is employed to act as a seal about stem 12 as it passes through bore 25.
PAR  The flow of gas through passage 6 is also controlled by a pressure
      differential operated device 30. Device 30 has a stem 32 which has a lower
      beveled face 34 adapted to engage O-ring 36 to close off passage 6. It
      also has a solid cylindrical valve member 40 which is adapted to engage an
      O-ring 42 to close passage 44 which connects gas accumulation chamber 8 to
      a cylindrical cavity 46. Valve member 40 is fixedly secured to a piston 48
      in cavity 46 which carries a sealing O-ring 50. Piston 48 is spring biased
      upwardly by a compression coil spring 54. A passage 56 connects the lower
      portion of cylindrical cavity 46 to the atmosphere to vent air when piston
      48 moves downwardly. An O-ring 58 seals about valve stem 32 as it passes
      through a bore 60 in housing 2.
PAR  A passage 64 connects cylindrical cavity 46 to a cylindrical cavity 66
      containing a piston 68 to supply gas under pressure behind piston 68. A
      passage 69 connects cavity 66 to the atmosphere to vent air as the piston
      68 advances. Piston 68 is biased in the retracted position by a
      compression coil spring 70. A rod 74 is connected to piston 68 and
      together with piston 68 forms a ram engaging a plunger 76 in an ampul 78
      of, for example, metal or plastic, seated in a reduced bore 79 and
      provided with a restricted outlet opening 82. Opening 82 is too small for
      liquid 83 contained within the ampul to pass through until the pressure is
      increased during an injection, for example from about .003 inch to about
      .012 inch in diameter.
PAR  A protective cover 84 overlies a portion of ampul 78 adjacent opening 82
      and has an interlocking portion 86 (FIG. 2) with ears 88, 88, 88 (FIG. 3)
      adapted to removably interlock between O-ring 89 and ears 90, 90, 90 on
      housing 2. Stop member 91, 91, 91 limit the rotation of ears 88, 88, 88.
      Cover 84 has an enlarged knurled portion 92 to facilitate rotation and a
      removable cap portion 94 which can be severed along a weak area indicated
      at 96 before injection.
PAR  A restricted cylindrical passage 100 connects cavity 66 to accumulating
      chamber 8. Passage 100 is controlled by a ball 104 having a diameter
      smaller than the diameter of passage 100 and which permits the passage of
      gas from cavity 66 to chamber 8 and prevents the flow of gas in the
      reverse direction. Ball 104 seats against O-ring 106 and is retained by a
      pin 108.
PAR  An exhaust passage 110 connects passage 6 to the atmosphere. Passage 110
      has an enlarged portion 112 through which valve stem 12 freely passes to
      permit gases to flow through passage 110 without obstruction by stem 12.
      Valve 10 has a solid cylindrical member 116 which is adapted to engage an
      O-ring 118 to close off the enlarged portion 112 of passage 110.
PAC  OPERATION
PAR  In operation ampul 78 is seated in reduced bore 79 and locked therein by
      rotating ears 88, 88, 88 behind ears 90, 90, 90. Cap 94 is snapped off at
      96. The injection device is placed with the now exposed end of the ampul
      against the skin of the patient. Valve button 20 is then pushed inwardly
      to move stem portion 14 away from O-ring 16 and to close the enlarged
      portion 112 of passage 110 by urging member 116 against O-ring 118. Gas
      flows through passage 6 into accumulating chamber 8. At a predetermined
      pressure, the force exerted on valve member 40 overcomes the upward force
      of spring 54 and valve member 40 is moved away from O-ring 42 moving
      piston 48 and valve stem 32 downwardly. The movement of valve member 40
      clear of O-ring 42 permits the flow of gas into cylindrical cavity 46 and
      the exertion of pressure against the exposed head of piston 48 which
      results in the rapid movement of piston 48 and stem 32 downwardly to cause
      beveled portion 34 to engage O-ring 36 and close passage 6 thus blocking
      the flow of gas from cartridge 4 to accumulating chamber 8 and preventing
      any further increase in pressure in chamber 8. Simultaneously, gas passes
      through passage 64 to a position behind piston 68 causing the movement of
      rod 74 further into ampul 78 and the consequent movement of plunger 76 to
      expel the contained liquid 83 through opening 82 in a jet which passes
      through the epidermis of the patient. As piston 68 advances, air vents
      through passage 69. During the injection, button 20 must be held down to
      prevent the exhaustion of gases past valve 10.
PAR  Piston 48 remains in the downward position as the gas expands into cavity
      66. The valve button 20 having been released to permit valve member 116 to
      move away from O-ring 118 and member 14 to engage O-ring 16 and block the
      flow of gas from the cartridge, compression coil spring 70 returns piston
      68 and rod 74, gas exhausts from the back of piston 68 through passage 64,
      passage 44, accumulting chamber 8, passage 6 and passage 110.
PAR  As the gas pressure drops to a relatively low figure, spring 54 overcomes
      the force exerted by the gas on valve member 40 and on piston 48 and urges
      piston 48 upwardly to force valve member 40 against O-ring 42. At this
      juncture, piston 68 is still returning to its retracted position and gas
      is exhausting through opening 100. Ball check valve 104 permits the gas to
      flow in this direction, while preventing it from flowing in the reverse
      direction. When the piston 68 and rod 74 reach their original retracted
      position, the operation is fully completed and the device is ready for the
      next inoculation as soon as another ampul is inserted.
PAR  Obviously the prssure differential operated device 30 can be designed to
      operate within a wide range. Carbon dioxide is an advantageous gas to
      employ in the gas cartridge. When this gas is employed, it is advantageous
      to design the portion of member 40 exposed to pressure when piston 48 is
      in its uppermost position and spring 54 so that movement of member 40 away
      from O-ring 42 will occur at a predetermined gas pressure of 500 p.s.i. or
      higher. 500 p.s.i. is an advantageous pressure since this is the pressure
      exerted by carbon dioxide at a temperature of approximately 33.degree. F
      below which it is not anticipated that the temperature of the carbon
      dioxide would go even if the injection device is operated rapidly.
      Generally the gas cartridge will contain liquid CO.sub.2. The cartridge
      provides a pressure that varies greatly with a given temperature. To
      illustrate this sensitivity, the pressure in a carbon dioxide cartridge
      will be 500 p.s.i. at 33.degree. F and 800 p.s.i. at 70.degree. F. Thus,
      the operating pressure in the device available from the cartridge will
      depend on the ambient environment. This variation in pressure with
      temperature is further accentuated since on vaporizing, carbon dioxide
      cools the injection device and rapid operation can result in cooling of
      the device.
PAR  Assuming for purposes of illustration a release of the gas from chamber 8
      when the gas pressure in chamber 8 reaches 500 p.s.i., it is a simple
      matter to design piston 68 to provide an initial fluid pressure within the
      conventional plunger actuated ampul, of the example, about 6,000 p.s.i.
      with an expansion of, for example, about 2:1 to provide for a drop to
      about 3,000 p.s.i. at the completion of a one-milliliter injection.
      Generally speaking, the initial fluid pressure for injection desirably is
      in the range of from about 5,000 to 8,000 p.s.i. and the final fluid
      pressure at the end of the injection preferably at a minimum of about
      2,000 p.s.i. These ranges will vary depending upon whether the injection
      is for humans or animals and the nature of the liquid being injected.
PAR  Normally the pressure of the CO.sub.2 in cartridge 4 will be substantially
      higher than 500 p.s.i. Thus if the temperature of the CO.sub.2 is
      80.degree. F, the pressure of the CO.sub.2 in cartridge 4 will be 970
      p.s.i. Under these circumstances, the pressure is prevented from going
      above the 500 p.s.i., given by way of example above, due to the fact that
      at that pressure face 34 of stem 32 has been moved into contact with
      O-ring 36 to prevent further gas from passing into chamber 8. Thus the
      injection pressure will be at a predetermined value irrespective of
      temperature conditions.
PAR  The exposed area on the top of piston 48 (i.e., the area not covered by
      valve member 40) is as large as is convenient in order to keep piston 48
      in the down position so that gas can exhaust through passages 64 and 44 as
      long as possible. For example, the exposed area on the top of the piston
      may be four times the exposed area on the top of the member 40 so that
      piston 48 will be returned to its original up position when the original
      pressure of say 500 p.s.i. has dropped to under 100 p.s.i.
PAC  PREFERRED EMBODIMENT
PAR  Injection device 200 shown in FIG. 5 is a preferred embodiment of the
      invention. Injection device 200 has an upper housing member 204 and a
      lower housing member 206 which are secured together by machine screws
      indicated at 208. A seal between housing members 204 and 206 is provided
      by the gasket 210.
PAR  A fitting 214 is threadably secured as indicated at 216 in cavity 218 in
      lower housing member 206. Fitting 214 carries a gasket 220 which seals
      between the fitting 214 and lower housing member 206. Fitting 214 has a
      central bore 222 in which is secured by a pressed fit a hollow needle 224
      which has a sharp chamfered lower end 226 to permit entry thereof into the
      neck 230 of a gas cartridge 232 in a manner well known to the art.
      Cartridge 232 is accommodated in a recessed portion 234 of fitting 214 and
      cartridge neck 230 is engaged by O-ring 236. Cartridge 232 is urged
      upwardly and held in position by a cup-shaped member 240 which is
      threadably secured at 242 to lower housing member 206 and has an opening
      244 to accommodate the lower reduced portion 246 of cartridge 232.
      Cartridge 232 is the source of gas for the operation of the injection
      device 200.
PAR  A passage 250 leads upwardly from bore 222 into a circular in cross-section
      chamber 252 containing a ball 254 having a diameter smaller than the
      diameter of the chamber 252 and which is normally urged upwardly by a
      spring 253 against an O-ring 256 to block the upward passage of gas. Above
      ball 254 is a pin 258 in passage 259 which pin has a flat side 260 and a
      reduced diameter lower portion 261 to permit the passage of gas past pin
      258 in passage 259 and between pin 258 and O-ring 256. The upper end 262
      of pin 258 is rounded as shown in FIG. 2 and is adjacent a reduced portion
      264 of a spool valve 266.
PAR  Spool valve 266 passes freely through the center of a snap ring 272 which
      is abutted by a ring 274 fixedly secured to spool valve 266. Ring 274 is
      engaged by a compression coil spring 276 which also engages the inner end
      of cavity 278 in lower housing member 206 through which spool valve 266
      passes. Spool valve 266 also passes through a bore 282 and carries a
      gasket 284 for sealing engagement with said bore. A conical portion 286 on
      valve 266 is adapted to engage pin 258 and cam it downwardly to move ball
      254 away from O-ring 256 and permit the flow of gas upwardly. The gas
      flows past ball 254 in chamber 252, past the flat side 260 of pin 258 in
      passage 259, about reduced portion 264 and into a passage 288 which
      communicates with an opening 290 in gasket 210 and thence flows upwardly
      through an opening 292 in upper housing member 204 and through passage 294
      in valve seat member 296 retained by a snap ring 298. Valve seat member
      296 carries an O-ring 302 against which a ball 304 is adapted to seat.
PAR  A second valve seat member 306 has a lateral passage 308 communicating with
      a passage 310 in upper housing member 204 which in turn communicates with
      a gas accumulating chamber 312. Valve seat member 306 carries an O-ring
      314 which is adapted to be engaged by ball 304 when gas is being supplied
      to chamber 312.
PAR  A bushing 318 carries an O-ring 320 for sealing against upper housing
      member 204 and O-ring 324 for sealing against valve rod 326. Rod 326 is
      secured by a pressed fit in opening 330 in piston 332 and has an enlarged
      cap portion 334 which engages an O-ring 338 which seals against a shoulder
      340 at the lower end of a passage 344. Passage 344 communicates with a
      passage 346 which in turn communicates with gas accumulating chamber 312.
PAR  Piston 332 carries a piston sealing ring 354 and has a cavity 356
      containing a compression coil spring 358 which bears against bushing 318
      and biases piston 332 upwardly. An opening 364 in upper housing member 204
      vents air to the atmosphere when piston 332 moves downwardly.
PAR  Screw caps 366 and 368 in upper housing member 204 are provided to permit
      the drilling of passages 310 and 344 respectively and to permit the entry
      of a rod to move cap portion 334 downwardly to aid disassembly.
PAR  A ring member 382 is secured by a pressed fit into a circular opening 384
      in upper housing member 204 and has threaded thereto as indicated at 386 a
      hollow cylindrical member 388. An O-ring 390 provides a seal between ring
      382 and member 388. A piston 396 in member 388 has a depending portion 398
      which spaces the piston away from upper housing member 204 adjacent
      passage 400 which connects the portion of opening 292 above piston 332 to
      the interior of member 388. Packing 402 seals between piston 396 and
      member 388. Piston 396 has a peripheral flange 404 inside of which is
      seated a compression coil spring 406. The other end of spring 406 is
      seated against a shoulder 408 on an ampul support member 410 mounted
      within member 388 and having a securing flange 412 which lies between the
      outer end of member 388 and a cap member 414 threaded to member 388 at
      416. Ampul support member 410 has secured in its inner end by a pressed
      fit a bushing member 420 through which rod 422 freely passes. Rod 422 has
      a reduced end 424 which is secured by a pressed fit into opening 426 in
      piston 396. Piston 396 and rod 422 form a ram for the advance of the
      plunger 76 of ampul 78.
PAR  A cup member 430 has a small opening 432 having, for example, a diameter of
      .030 inch communicates with the rear of piston 396 and with a hollow
      cylindrical member 434 which contains a ball 436 having a diameter smaller
      than the inner diameter of member 434 and which is adapted to seat on an
      O-ring 438. A pin 440 depends into chamber 440 to retain ball 436 within
      the chamber. This entire cup assembly is inserted into an opening 442 in
      upper housing member 204.
PAR  A vent opening 450 provides for a communication between the interior of
      member 388 and the atmosphere in order to vent air as the piston 396
      advances.
PAR  Cap member 414 has a shoulder 454 which retains an O-ring 456 against the
      outer end of ampul support member 410. Similar to the first described
      embodiment cap 414 is provided with three ears 460 which are adapted to
      engage ears 88, 88, 88 of an ampul 78. This arrangement forms a bayonet
      joint for the retention of ampul 78 with ears 88 resting against O-ring
      456. Rod 422 enters within ampul 78 and engages ampul plunger 76.
PAR  Reverting back to the upper portion of lower housing member 206, bore 282
      extends to a cavity 470 in which is secured a valve seat fitting 472 by a
      split ring 474. Fitting 472 has a recess 476 for support of an O-ring 478.
      Spool valve 266 has a conical shaped portion 488 which is adapted to
      engage O-ring 478 when spool valve 266 is advanced to the left as viewed
      in FIG. 5.
PAC  OPERATION
PAR  To operate the injection device 200, an ampul 78 is first inserted in ampul
      support 410 by passing the ears 88 of ampul 78 between the ears 460 of cap
      414 and inwardly against O-ring 456. The ampul 84 is then rotated
      clockwise until ears 88 pass behind the ears 460 on cap 414 to stops 462.
      The ampul cap 94 is now snapped off and the end of the ampul pressed
      against the skin of the patient. Spool valve 266 is now moved to the left
      as viewed in FIG. 5 causing conical portion 286 to move pin 258 downwardly
      against ball 254 to move the ball away from O-ring 256 and permit the
      passage of gas from cartridge 232 to pass through hollow needle 222,
      passage 250, chamber 252, passage 259, passage 288, opening 290 in gasket
      210, opening 292, passage 294, the center of member 306, passage 308 and
      passage 310 into gas accumulating chamber 312. The gas passes through
      passage 346 and the commencement of passage 344 to cap portion 334. As the
      gas passes through passage 294, it forces ball 304 upwardly to seal
      against O-ring 314 to insure that no gas passes into the area of piston
      332.
PAR  When the pressure in accumulating chamber 312 and above cap portion 334
      builds up to a predetermined pressure, for example 500 p.s.i., cap portion
      334 and the associated piston 332 and rod 326 are forced downwardly thus
      clearing cap portion 334 from O-ring 338 and permitting the gas to flow
      onto the top of piston 332 thus accelerating the downward movement of
      these elements. Rod 326 engages ball 304 and forces it down against O-ring
      302 to prevent the further entry of gas into accumulating chamber 312 and
      thus limits the operating pressure to the exemplary figure of 500 p.s.i.
      The gas in accumulating chamber 312 passes through passage 346, passage
      344, above piston 332, through passage 400, and into the area behind
      piston 396. The gas forces piston 396 to advance, which in turn causes the
      advance of rod 422 and ampul plunger 76 to force the liquid in ampul 78
      out through opening 82 under high pressure. The advance of rod 422 and
      piston 396 is arrested by the engagement of piston 396 with bushing member
      420.
PAR  On hearing the delivery of the injection which provides a clearly audible
      sound, the spool valve 266 is released permitting the spring 276 to return
      spool valve 266 to its original position which permits gas in accumulating
      chamber 312 to pass downwardly through an opening 490 in gasket 210
      through passage 492 in lower housing member 206 and bore 282 and between
      spool valve 266 and O-ring 478 to the atmosphere. As the gas pressure
      behind piston 396 drops due to the passage of gas back through passage
      400, above piston 332 and through passages 344 and 346 into chamber 312,
      spring 406 will urge piston 396 back towards its original position. As the
      pressure continues to drop to, for example, one-fifth of the original
      triggering pressure in chamber 312, spring 358 forces piston 332 upwardly
      causing O-ring 338 to bear against shoulder 340 to block the further
      passage of gas to chamber 312. The residual gas behind piston 396 passes
      through opening 432 around ball 440 and through member 434 and thence
      through passage 346 into chamber 312 and thence to the atmosphere.
PAR  The expended ampul is then removed by turning the ampul counterclockwise to
      clear the ampul ears 88 from the ears 460 of cap member 414 and then
      pulling the ampul outwardly.
PAR  The design and operating parameters as discussed with respect to the first
      embodiment are applicable here and hence need not be discussed again.
PAR  It will be understood that the above described embodiments are illustrative
      and are not intended to be limiting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pressure-operated injection device comprising:
PA1  a housing,
PA1  means to support in the housing an ampul having a plunger and a discharge
      opening,
PA1  a ram slidably mounted in the housing coaxially with the supporting means
      and adapted to actuate said plunger,
PA1  an accumulating chamber in the housing to accumulate gas,
PA1  means to supply a gas under prssure to the accumulating chamber,
PA1  pressure actuated means responsive to pressure of gas in the accumulating
      chamber to conduct gas to the ram from the accumulating chamber and stop
      the supply of gas to the accumulating chamber when the gas pressure in the
      accumulating chamber reaches a predetermined pressure.
NUM  2.
PAR  2. A pressure-operated injection device comprising:
PA1  a housing,
PA1  means to support in said housing an ampul having a plunger and a discharge
      opening,
PA1  a ram slidably mounted in the housing coaxially with the supporting means
      for actuating said plunger,
PA1  means to bias the ram to a retracted position,
PA1  an accumulating chamber in said housing for accumulating gas,
PA1  a source of gas under pressure,
PA1  a first passage connecting the chamber and the ram,
PA1  a first pressure actuated valve means controlling said first passage,
PA1  said first valve means being spring biased to the closed position, opening
      responsive to a predetermined pressure and remaining open responsive to a
      pressure ranging from said predetermined pressure to a predetermined lower
      pressure,
PA1  a second passage connecting the accumulating chamber to the source of gas
      under pressure,
PA1  a second valve means controlling said second passage,
PA1  means respeonsive to the opening movement of the first valve means to close
      the second valve means when the first valve means open and prevent further
      gas from entering the accumulating chamber, and
PA1  a manually controlled valve in said second passage upstream of said second
      valve.
NUM  3.
PAR  3. A device in accordance with claim 2 in which the source of gas under
      pressure comprises a container of liquified gas removably secured to the
      housing.
NUM  4.
PAR  4. A device in accordance with claim 2 having means to connect the
      accumulating chamber to the atmosphere during the retraction of the ram.
NUM  5.
PAR  5. A device in accordance with claim 2 having means to exhaust gas as the
      ram retracts including a restricted passage connecting the ram and the
      accumulating chamber, a check valve in the restricted passage preventing
      flow from the accumulating chamber to the ram and means to connect the
      accumulating chamber to the atmosphere.
NUM  6.
PAR  6. A device in accordance with claim 2 in which the means to bias the ram
      comprises a compression coil spring.
NUM  7.
PAR  7. A device in accordance with claim 2 having stop means to limit the
      extension of the ram.
NUM  8.
PAR  8. A pressure-operated injection device comprising a housing,
PA1  means to support in said housing an ampul having a plunger and a discharge
      opening,
PA1  a ram slidably mounted in the housing coaxially with the supporting means
      for actuating said plunger,
PA1  means to bias the ram in a retracted position,
PA1  a source of gas under pressure,
PA1  said housing having a cylindrical cavity having a top wall, a bottom wall
      and a side wall, a gas accumulating chamber in the housing, a first
      passage connecting the chamber with the top of the cavity, a second
      passage connecting the source of gas with the chamber and third passage
      connecting the upper portion of the cavity with the ram,
PA1  a piston in said cavity having an upper face facing the top of the cavity,
PA1  a first valve member controlling the first passage, operatively connected
      to the upper face of the piston and having exposed to pressure in said
      first passage an upper face having a diameter smaller than the diameter of
      the piston,
PA1  a second valve member to control said second passage operatively connected
      to the piston and movable to a position closing the second passage,
PA1  resilient means to bias the piston upwardly to maintain the first valve
      member closed until a predetermined gas pressure is exerted on the upper
      face of the first valve member to initiate the downward movement of the
      piston and expose the piston to the gas pressure to accelerate the
      downward movement of the piston and the closure of the second valve member
      and prevent the return of the piston upwardly to close the first valve
      member until the gas pressure drops substantially below said predetermined
      pressure in order to supply gas under pressure to said ram to advance it
      and to provide for exhausting gas back through the first and third passage
      to the accumulating chamber on the retraction of the ram,
PA1  means to connect said accumulating chamber to the atmosphere to exhaust gas
      therefrom as the ram retracts, and
PA1  a normally closed manually controlled valve in said second passage upstream
      of said second valve member controlling the second passage.
NUM  9.
PAR  9. A device in accordance with claim 8 in which a fourth passage connects
      the accumulating chamber to the atmosphere and a normally open manually
      controlled valve in the fourth passage, said last mentioned manually
      controlled valve being connected to the first mentioned manually
      controlled valve.
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ABST
PAL  The plasmapheresis assembly includes a novel Y connector valving structure
      to replace conventional tube clamps. This valving structure eliminates
      dead spaces for blood to collect and clot and provides a fluid tight seal
      during heat sterilization without causing deformation of the tubing for
      the assembly. Possible erroneous connection of assembly components with
      resultant contamination is eliminated by the use of unique mating
      connectors in place of spikes or needle connectors. These mating
      connectors are employed in a simple and efficient blood bag construction
      to provide substantially rigid access ports to facilitate rapid manual
      manipulation of the blood bags.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern plasmapheresis techniques for collecting blood plasma from a donor
      permit a donor to give two units of blood (aout 600 ml. each) at one time,
      but after the withdrawal of one unit of blood, the red cells must be
      returned to the donor before the second unit is withdrawn. In early blood
      collection equipment, it was necessary to disconnect a first blood
      container from a blood flow tube after the return of the red blood cells
      so that the second blood container could subsequently be connected to the
      blood flow tube to return the red cells obtained from the second unit of
      blood.
PAR  To rectify this situation, a blood administration method and system was
      designed wherein the containers for the first and second batches of red
      blood cells were connected to a different inlet for the same blood flow
      tube. This administration set and the blood collection assembly employed
      therewith is illustrated by U.S. Pat. No. 3,459,182 to Henry Naftulin. The
      blood administration system shown in the Naftulin patent obviates the
      necessity to disconnect a first blood container from a blood flow tube
      before red cells are returned to the donor from a second blood container,
      and thus provides a sterile and more effective administration set.
      However, the blood collection system disclosed by the Naftulin patent is
      typical of presently known blood collection systems currently employed for
      the withdrawal of whole blood from a donor. In such systems, two flexible
      collection bags, each containing about 50 or 60 ml. of sodium citrate
      solution are each connected by tubing to a separate Y connector. One of
      these Y connectors communicates through a tube with a needle for drawing
      blood from the donor, while the second Y connector is joined both to the
      first Y connector and also to an administration set for saline solution
      and the red blood cells.
PAR  To use such prior blood collection sets, the phlebotomy or venipuncture
      needle is placed in the vein of a donor after first clamping off the
      connecting tube between one blood bag and the associated Y connector with
      a hemostat. Additional clamps or hemostats are also placed on the
      connection between the blood administration set and the Y connector joined
      therewith. Control of the blood collection process is accomplished by
      manually moving the hemostats to selectively clamp off other tubes in the
      collection set at desired times. This process is not only time consuming,
      but is subject to error if a hemostat is not secured to properly shut off
      a tube.
PAR  Even more important is the necessity to properly position the hemostat
      between a blood collection bag which is not in use and the venipuncture
      needle. It is a natural practice to place the hemostat at some position
      along the tube between the blood collection bag and the associated Y
      connector, for this placement is relatively easy to accomplish in a short
      time. However, if the hemostat is not actually placed on the Y connector
      to close off one branch thereof to an unused blood collection bag, blood
      can collect in the dead space between the Y connector and the hemostat.
      This static blood is likely to clot during portions of the procedure when
      there is little or no flow through the adjacent branches of the Y
      connector. Then, when the hemostat is released, the clot will prevent flow
      in the newly opened branch to the blood bag or, in the alternative, may
      break loose to clog the venipuncture needle. The same problem results when
      valving means are provided at the inlet to the blood collection bag.
PAR  The blood collection bags or containers employed with a blood collection
      set are normally disposed after use, and such containers, as disclosed by
      the aforemention Naftulin patent, often constitute a bag of thin, flexible
      material having an inlet tube sealed thereto for blood and two additional
      access ports. These access ports are usually identical and consist of a
      short tube having a pierceable diaphragm at the inner end thereof;
      sterility being maintained by capping the outer end with a frangible cap
      as illustrated in U.S. Pat. No. 3,509,879 to L. N. Bathish et al. The
      diaphragm must be pierced and entered by a needle or spike in order to add
      or remove any solution or fluid content from the container. Flexible
      containers of this type are well known to the prior art as illustrated by
      U.S. Pat. Nos. 2,894,510 and 2,950,716 to D. Bellamy, Jr., as well as a
      second U.S. Pat. No. 3,782,382 to Henry Naftulin et al.
PAR  The structure of prior art blood collection bags or containers results in
      some inherent problems when the bags must be handled in the manner
      required by conventional plasmapheresis techniques. For example, the bags
      are extremely flexible, and when filled with fluid are difficult to handle
      and hold. The short access ports projecting from the body of the bag are
      formed of flexible tubing and are difficult to grasp. These ports are even
      more difficult to use for purposes of stabilizing the bag while a needle
      is inserted through the pierceable diaphragm closing a port. Often, the
      bag shifts during this piercing operation and the needle or spike
      penetrates the sidewalls of the bag or the access port tube. This causes
      the contents of the bag to leak and sometimes results in injury to the
      fingers or hand of the operator. Also, an operator attempting to rapidly
      manipulate two blood collection bags and properly pierce and connect four
      separate access ports is very likely to pierce the wrong port and
      accomplish an erroneous connection. Once this is done, the sterility of
      the fluid in an associated collection container can be destroyed.
PAR  It is a primary object of the present invention to provide a novel and
      improved plasmapheresis assembly which requires no pierceable needle
      connections to accomplish the addition or removal of fluids from portions
      of the system.
PAR  Another object of the present invention is to provide a novel and improved
      plasmapheresis assembly which incorporates unique container access
      connectors and mating conduit connectors to insure that proper connections
      are made to accomplish a plasmapheresis operation.
PAR  A further object of the present invention is to provide a novel and
      improved plasmapheresis assembly employing externally operated Y valve
      units to positively close the branch conduits of the assembly and preclude
      the formation of dead spaces where blood clots may form.
PAR  Another object of the present invention is to provide a novel and improved
      plasmapheresis assembly which includes flexible fluid collection bags
      having rigid access port structures which may be positively gripped to
      facilitate rapid manipulation of the bag.
PAR  A still further object of the present invention is to provide a novel and
      improved plasmapheresis assembly constructed of simple, inexpensive parts
      which may be rapidly and safely assembled and employed to efficiently
      accomplish plasmapheresis.
DRWD
PAR  These and other objects of the present invention will become readily
      apparent upon a consideration of the following specification and claims
      taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is an assembly view of the plasmapheresis assembly of the present
      invention;
PAR  FIG. 2 is an explooded view showing the port formation for the blood
      containers of FIG. 1; and
PAR  FIG. 3 is a sectional view of a Y valve for use in the assembly of FIG. 1.
DETD
PAR  Referring now to the drawings, the plasmapheresis assembly of the present
      invention indicated generally at 10 includes two blood collection bags 12
      and 14 having inlet tubes 16 and 18 connected respectively to Y connectors
      20 and 22. The Y connector 20 has branches 24a, 24b, and a branch 24c
      connected to the tube 16 while the Y connector 22 has branches 26a, 26b,
      and a branch 26c connected to the tube 18. Branch 24a of the Y connector
      20 is joined by means of a tube 28 to a phlebotomy or venipuncture needle
      30, while a tube 32 connects the branches 24b and 26a of the Y connectors
      20 and 22. The branch 26b of the Y connector 22 receives one end of a tube
      34 which terminates in a female connection or luer connector unit 36. This
      female connector unit is capped by a flexible cap 38 when not in use.
PAR  To accomplish a plasmapheresis procedure, the cap 38 is removed and the
      connector unit 36 mates with a male connector unit 40 for an
      administration set indicated generally at 42. This administration set
      includes a blood filter chamber 44 having a first inlet tube 46 connected
      to a container 48 for saline solution. Two other inlet tubes 50 and 52 for
      the blood filter chamber have free ends which are sealed to female
      connector units 54 and 56. A flexible outlet tube 58 from the blood filter
      chamber is connected to the male connector unit 40, and fluid flow through
      this outlet tube is controlled by an adjustable flow clamp 60.
PAR  Prior to joining connector unit 40 with connector unit 36, saline from
      container 48 is allowed to flow to replace the air in blood filter chamber
      44 and outlet tube 58. Flow clamp 60 is then closed.
PAR  The blood collection bags 12 and 14 employed with the plasmapheresis
      assembly are uniquely constructed to cooperate with other sections of the
      assembly while providing a simple structure which may be easily fabricated
      and assembled from inexpensive parts. To form the collection bags, three
      spaced holes 62, 64 and 66 are first cut along the center line of a sheet
      of plastic film 68 of any suitable type conventionally used in the
      formation of blood collection bags. Subsequently, three short, open,
      tubular fitments 70, 72 and 74 having flanges 76, 78 and 80 at one end
      thereof are placed over individual holes of the film 68. The flanges 76,
      78 and 80 are then sealed to one surface of the film, such flanges being
      of larger diameter than the holes 62, 64 and 66.
PAR  Once the fitments 70, 72 and 74 are sealed in place, the film is folded
      along the line of fitments and peripherally heat sealed along a line 82 to
      provide a completely enclosed container with the flanges 76, 78 and 80 on
      the exterior thereof. The fitments 70, 72 and 74 project from the top of
      the bag and are sealed to the tubes 16 and 18 and the access port
      assemblies for each bag. For example, the fitment 72 is sealed to a short
      length of tubing 84 while the fitment 74 is sealed to a short length of
      tubing 84. This tubing may be formed of polyvinyl chloride (PVC) or from
      other flexible plastic tubing which will withstand heat sterilization. All
      of the tubing in the plasmapheresis assembly 10 constitutes flexible
      tubing formed of plastic material having a similar characteristic.
PAR  To complete the access ports mounted on the fitments 72 and 74, a male
      connector or luer connector unit 88 is sealed to the tube section 84 and a
      female connector or luer connector unit 90 is sealed to the tubing section
      86. These connector units 88 and 90 are formed of a substantially rigid
      plastic material such as polycarbonate which can be solvent sealed to the
      PVC tubing and which also withstands heat sterilization. The connector
      units 36, 40, 54 and 56 are preferably formed of the same material. It
      should be noted that the access ports for the blood collection bags 12 and
      14 which are formed by the tubes 84 and 86 and the connector units 88 and
      90 extending from the fitments 72 and 74 are totally dissimilar in nature
      and therefore readily identifiable. The male and female connector units
      shown in FIG. 1 are illustrative of only one combination which may be
      employed for a blood collection bag, and any dissimilar connector units
      adapted to mate with a cooperating connector unit may be used. To enhance
      identification of access ports, other features may be added such as making
      the tube 86 longer than the tube 84 so that one access port projects above
      the other. In some instances, it might be possible to eliminate the tubes
      84 and 86 and mount the connector units 88 and 90 directly upon the
      fitments 78 and 80.
PAR  The connector units 88 and 90 for the blood collection bag 12 may be
      identical in structure to those for the blood collection bag 14 or, in the
      alternative, they may be slightly modified so that the connector unit for
      one bag will not mate with a connector unit adapted to mate with the same
      connector unit of the opposite blood bag. For example, the connector unit
      88 of the blood bag 14 may be formed similar to the male connector 40
      while the male connector unit 88 of the blood bag 12 may contain a
      distinguishing structural feature, such as a square projecting tip 92.
      This square projecting tip will enable the connector unit 92 to mate with
      a mating female connector unit 56 while preventing mating of the same male
      connector unit with the female connector unit 54. The same would be true
      of the male connector unit 88 for the blood bag 14 which would mate with
      the female connector unit 54 but which would be precluded from mating with
      the female connector unit 56. When connector units 88 for bags 12 and 14
      are identical, connector units 54 and 56 are of course identical.
PAR  To maintain sterility of the connector units 88 and 90 for the blood bags
      12 and 14, rubber caps 94 and 96 or similar elastic caps would normally
      enclose the connector units when not in use as illustrated on the blood
      bag 14. Similar caps would be provided for all sterile connector units
      such as the mating female connector units 54 and 56 for the administration
      set 42.
PAR  The Y connector 20 provides a very important function in the operation of
      the plasmapheresis assembly 10, and the structure of this Y connector,
      will be considered with reference to FIG. 3. This Y connector is formed of
      flexible plastic material, such as polyvinylchloride which will withstand
      heat sterilization. Also, it is desirable that the Y connector be somewhat
      transparent so that the position of an internal ball valve 98 can be
      visually ascertained from the exterior of the Y connector. This ball valve
      is of a diameter which causes it to be held firmly is sealed relationship
      against the internal walls of the Y connector while permitting movement of
      the ball valve between branches of the connector. The firmness by which
      the ball valve is held should be of a degree that it will not be displaced
      by ordinary pressures experienced when blood flows from the donor or when
      saline or some other liquid is caused to flow through the set. Although
      the assembly in FIG. 1 shows a ball valve only in Y connector 20,
      connector 22 may also contain a similar ball valve. However, it is not
      critical in the operation of the assembly.
PAR  Since the ball valve does not move under ordinary pressures, the branches
      of the Y connector may be of uniform internal diameter as shown in FIG. 1.
      However, to assure that the ball valve does not move into branch 24b or
      24c beyond a desired fixed point, these branches may be provided with a
      valve seat or stop 100 as shown in FIG. 3. These valve seats, which may
      constitute inward projections, constrictions in the connector branch, or
      any other structural formation to limit the inward travel of the ball
      valve into the branch are positioned so that the ball valve will permit
      communication between the two remaining branches of the Y connector while
      completely blocking the entrance of the third branch so that no dead space
      for the collection of blood is provided. Thus, the maximum distance
      between the entrance to any respective branch and the ball valve seat 100
      for that branch is the diameter of the ball valve 98.
PAR  To assist in the movement of ball valve 98 only from branch 24b to 24c or
      vice versa and to assure it does not move into branch 24a, stop means may
      be incorporated at the juncture to branch 24a. As illustrated in FIG. 3,
      stop means shown at 101 takes the form of a narrowing of the internal
      diameter of branch 24a, or the stop means may be formed by a small
      internal projection.
PAR  Each branch for the Y connectors 20 and 22 terminates in a connecting hub
      102 having a larger internal diameter than the internal diameter of the
      remaining portions of the Y connector. This results in the formation of
      internal circular shoulders 104 at the innermost extremity of each hub so
      that the end of a tube, such as the tube 18, received by one of the hubs
      abuts against the internal shoulder. Ideally, the inner diameter of each
      hub is substantially identical to the outer diameter of the tubing
      received thereby, while the inner diameter of the remaining portions of
      the Y connector containing the ball valve 98 are substantially identical
      to the inner diameter of the tubing. Thus, when the tubing is sealed
      within the hubs of the Y connector, a relatively smooth passage is
      provided for fluid through the connector into the tubing.
PAR  Hub 102 also has an exterior shoulder 106 which is spaced a short distance
      from the juncture where the three branches meet. This shoulderr 106 acts
      as a guide for proper positioning of the jaws of a hemostat between the
      shoulder and the juncture so that clamping pressure forces the ball valve
      from one branch to another. It also limits the positioning of a hemostat
      on a branch which contains no ball valve to a point very close to the
      juncture so that very little dead space between the juncture and the
      clamped area is possible for blood to clot in.
PAR  In using the plasmapheresis assembly 10, each bag 12 and 14 initially
      contains a measured volume (e.g., 50 ml. for a 500 ml. bag) of citrate
      solution which is maintained within the bags by the ball valve 98 in
      branch 24c of Y connector 20. The same citrate solution initially fills
      all connectors and connecting tubes. The single ball valve 98 prevents the
      flow of citrate solution from one bag to the other so as to maintain equal
      volumes in each bag.
PAR  Saline solution from the administration set 42, this set having been
      previously connected to the plasmapheresis set 10, is allowed to flow
      through tubes 34, 32 and 28 to clear the line of any air or,
      alternatively, if air resides only in tube 34, the air may be forced by
      the flow of saline solution through tube 18 and into bag 14. Ball valve 98
      is positioned in branch 24c.
PAR  A venipuncture is made and blood is passed into the blood collection bag 14
      through the tube 18. After a unit of blood has accumulated in the blood
      collection bag 14, the tubing 18 is sealed by RF energy or by other
      suitable sealing methods. The tube 18 is then severed at the seal so as to
      provide seals at the two severed ends and the blood collection bag 14 is
      centrifuged to separate the plasma from the red blood cells. The plasma is
      then expressed through the connector 90 into a plasma collection container
      having an input male connector which mates with the connector unit on the
      blood collection bag. The connections are easily made and in a sterile
      manner since there is no need to employ needles or spikes, and the
      flexible blood collection bag may be firmly gripped by means of the rigid
      connector unit 90. The tube 86 between two deformable metal clamps 106 is
      then severed and the sealed end together with its adjacent connector unit
      90 serves as a seal for the connector unit on the plasma collection
      container. A hemostat may be clamped on branch 26c of Y connector 22 or,
      if the connector unit 22 is similar to the Y connector 20, the ball valve
      98 therein would be moved to close branch 26c.
PAR  While the blood collection bag 14 is being centrifuged, it is desirable to
      permit saline solution to flow slowly into the donor in order to keep the
      blood from clotting in the needle 30.
PAR  Connector unit 88 is now mated with the connector unit 54 so that some
      saline solution is allowed to flow into the bag 14 to mix with the red
      cells. The red cell mixture is then allowed to flow through the blood
      filter chamber 44 and the Y connectors into the needle 30 and back into
      the donor. Usually a second saline solution is then introduced into the
      bag 14 to rinse the bag and this again is directed into the donor to be
      sure that essentially all of the red cells are returned. During this
      process, the control of flow through the tubes 46, 50 and 52 can be
      controlled by the manipulation of manual clamps of conventional types.
PAR  Following the return of the red blood cells to the donor, ball valve 98 in
      the Y connector 20 is moved from the branch 24c to the branch 24b. Now a
      second unit of blood is directed from the donor through the tube 16 into
      the blood collection bag 12. Once the second unit of blood has been
      collected, the ball valve is moved from the branch 24b back to the branch
      24c, and tube 16 is heat sealed and severed. Saline solution is again fed
      to the donor while the blood collecting bag 14 is centrifuged. The plasma
      from the blood collection bag is removed through the connector unit 90
      thereof, and then the connector unit 88 is secured to the connector unit
      56. The red cells are then returned to the donor in the manner previously
      described. It is understood that in the procedure described above, before
      any cover is removed from any passageway leading to any container, that a
      closing means is applied to the particular passageway involved to prevent
      the entrance of environmental air into the system.
PAR  It is important to note that it is impossible to mistakenly connect the
      connector units 90 of the blood bags 12 and 14 with the connector sections
      54 and 56, and therefore the introduction of contamination into the tubes
      50 and 52 through error is prevented. With needle connections, it is
      possible to mistakenly insert a needle connected to either the tube 50 or
      52 into a previously used port of the blood collection bags through which
      the plasma has previously been expressed. Since the sterility of this port
      has been destroyed through use, contamination of the blood administration
      set results.
PAR  Normally, the connector units 88 of the blood collection bags 12 and 14 are
      identical, but to positively prevent accidental insertion of the connector
      unit for the blood bag 14 into the connector unit 56 previously used to
      return the red blood cells from the blood bag 12, the connector unit 56
      may be formed so as not to receive the connector unit 88 of the blood bag
      14. Thus the connector unit 88 of the blood bag 12 can mate only with the
      connector unit 56 while that of the blood bag 14 can only mate with the
      connector unit 54.
PAR  The novel plasmapheresis assembly 10 of the present invention guarantees
      that a blood collection procedure may be performed with a minimum of
      possibility for bacterial contamination of the donor. The Y connector
      valving unit included in the assembly ensures that no dead spaces are
      provided for blood clotting. This valving unit also positively closes the
      blood bags 12 and 14 during heat sterilization to retain therein the
      measured volumes of citrate solution, but the flattening or distortion of
      the assembly tubing which often results from clamping such tubing during
      heat sterilization is eliminated. The rigid connector units forming the
      access ports for the blood collection bags facilitate positive retention
      and handling of the bags, while the elimination of all needle connections
      removes the possibility of bag puncture. The unique connector unit design
      prevents any mixup in a plasmapheresis procedure so that only plasma can
      be delivered to a plasma receiving container and only red cells can be
      returned to the donor. The overall assembly is designed to permit the
      rapid and efficient accomplishment of a blood collection procedure.
CLMS
STM  We claim:
NUM  1.
PAR  1. A medical assembly for biological, pharmaceutical or similar fluids
      comprising at least one fluid container means, at least one connector
      means having at least first, second and third angularly disposed fluid
      conducting branches, said fluid conducting branches being joined at one
      end at a common juncture to provide connecting fluid flow paths through
      said branches, said connector means including internal valve means
      operable at said common juncture to selectively close one of said branches
      to all fluid flow and to open a fluid flow path between the remaining two
      branches, said valve means operating to completely close the end of said
      closed branch at the common juncture to prevent fluid from collecting in
      the entrance to said closed branch at said juncture and being operable to
      close a selected branch by movement of the valve means from the end of one
      of said branches through the common juncture and into the end of the
      selected branch to be closed, and a fluid conduit connecting said
      container means to one of the branches of said connector means.
NUM  2.
PAR  2. The medical assembly of claim 1 wherein said connecttor means is formed
      to provide fluid conduits through said branches thereof, said valve means
      being formed by a ball valve movable within said connector means between
      the ends of the branches
PA1  at said common juncture, said ball valve being of sufficient diameter to
      seal said fluid conduits.
NUM  3.
PAR  3. The medical assembly of claim 2 wherein said connector means includes a
      unitary body defining said fluid conducting branches, said unitary body
      being formed of flexible plastic material to facilitate movement of said
      ball valve by externally compressing said body.
NUM  4.
PAR  4. The medical assembly of claim 3 wherein said body is formed of plastic
      material of sufficient transparency to permit visual determination of the
      position of said ball valve from the exterior of said body.
NUM  5.
PAR  5. The medical assembly of claim 3 wherein said connector means is formed
      to provide tubular fluid conduits through the branches thereof, and
      flexible fluid conducting tubes are connected to each branch of said body,
      each said branch terminating in a connecting hub for receiving the end of
      one of said flexible tubes, each said connecting hub having a tubular
      inner surface of a diameter greater than the diameter of the tubular fluid
      conduit through the remainder of the branch.
NUM  6.
PAR  6. The medical assembly of claim 5 wherein the diameter of the inner
      surface of each said hub is substantially equal to the outer diameter of
      the tube received thereby and the diameter of the fluid conduit through
      the remainder of each branch is substantially equal to the inner diameter
      of said tube.
NUM  7.
PAR  7. The medical assembly of claim 1 which includes first and second fluid
      container means and first and second connector means, both said first and
      second connector means having first, second and third fluid conducting
      branches joined at one end at a common juncture, a first flexible tube
      joining said first container means to one branch of said first connector
      means, a second flexible tube joining said second container means to one
      branch of said second connector means, and a third flexible tube joining
      second branches of said first and second connector means.
NUM  8.
PAR  8. The medical assembly of claim 7 which includes an administration set
      having an outlet tube, a fourth flexible tube being connected to a third
      branch of said second connector means, and joining means to connect said
      outlet tube with said fourth flexible tube.
NUM  9.
PAR  9. The medical assembly of claim 8 wherein said joining means includes a
      first connector section on the end of said fourth flexible tube and a
      second connector section on the end of said outlet tube, said first and
      second connector sections being formed of substantially rigid material and
      being shaped to mate.
NUM  10.
PAR  10. The medical assembly of claim 8 wherein each said fluid container means
      includes a container body of flexible, thin material defining an interior
      fluid fluid chamber, first and second access port means projecting
      outwardly from said container body, each said access port means including
      a connector section means formed of substantially rigid material and
      shaped to cooperate with a mating connector section means to form a fluid
      connection, the connector section means of said first access port means
      differing in structure from the connector section means of said second
      access port means.
NUM  11.
PAR  11. The medical assembly of claim 10 wherein said administration set
      includes inlet means, said inlet means including mating connector section
      means formed to mate with the connector section means of only one access
      port means for each said fluid container means.
NUM  12.
PAR  12. The medical assembly of claim 10 wherein said first access port means
      projects from said container body for a distance greater than said second
      access port means projects.
NUM  13.
PAR  13. The medical assembly of claim 7 wherein only said first connector means
      includes said internal valve means.
NUM  14.
PAR  14. The medical assembly of claim 13 which includes an administration set
      having an outlet tube, a fourth flexible tube being connected to a third
      branch of said second connector means, and joining means to connect said
      outlet tube with said fourth flexible tube.
NUM  15.
PAR  15. The medical assembly of claim 7 wherein both said first and second
      connector means include internal valve means formed by a ball valve
      movable within the respective first and second connector means between the
      ends of the branches thereof at said common juncture, each said ball valve
      being of sufficient diameter to seal the fluid conduits of the respective
      connector means.
NUM  16.
PAR  16. A medical assembly for biological, pharmaceutical or similar fluids
      comprising at least one fluid container means, at least one connector
      means having at least first, second and third angularly disposed fluid
      conducting branches joined at one end at a common juncture to provide
      connecting fluid conduits through said branches, said connector means
      including internal valve means operable at said common juncture to
      selectively close one of said branches to fluid flow and to open a fluid
      flow path between the remaining two branches, said valve means operating
      to completely close the end of said closed branch at the common juncture
      to prevent fluid from collecting in the entrance to said closed branch at
      said juncture and including a ball valve of sufficient diameter to seal
      said fluid conduits movable within said connector means between the
      entrance ends of said branches at the common juncture and stop means
      provided in at least two of said branches to limit the movement of said
      ball valve into the fluid conduits through said branches, said stop means
      in each branch being positioned inwardly from the entrance end of said
      branch at the common juncture for a distance substantially no greater than
      the diameter of said ball valve, and a fluid conduit connecting said
      container means to one of the branches of said connector means.
NUM  17.
PAR  17. A medical assembly for biological, pharmaceutical or similar fluids
      comprising at least one container means including a container body of
      flexible, thin material defining an interior fluid chamber, first and
      second access port means projecting outwardly from said container body,
      each said access port means including a connector section means formed of
      substantially rigid material and shaped to cooperate with a mating
      connector section means to form a fluid connection, the connector section
      means of one of said access port means differing in structure from the
      connector section means of the remaining access port means to require
      unlike mating connector section means for the connector section means of
      said first and second access port means, at least one connector means
      having at least first, second and third angularly diposed fluid conducting
      branches, said fluid conducting branches being joined at one end at a
      common juncture to provide connecting fluid flow paths through said
      branches, said connector means including internal valve means operable at
      said common juncture to selectively close one of said branches to fluid
      flow and to open a fluid flow path between the remaining two branches, and
      a fluid conduit connecting said container means to one of the branches of
      said connector means.
NUM  18.
PAR  18. A connector valve for joining tubing in a medical assembly comprising a
      connector body having a plurality of elongated angularly disposed, fluid
      conducting branches, each branch being joined at one end to a common
      juncture to provide connecting fluid conduits through said branches, and
      internal valve means operable at said common juncture to selectively close
      one of said branches to fluid flow, said valve means operating to
      completely close the end of said closed branch at the common juncture to
      prevent fluid from collecting in the entrance to the closed branch at the
      juncture while permitting fluid to flow in the remaining branches, said
      valve means including a ball valve movable within said connector body
      between the ends of the branches thereof at said common juncture, said
      ball valve being of sufficient diameter to seal said fluid conduits and
      stop means to limit the movement of said ball valve into the fluid
      conduits through said branches, the stop means being positioned within a
      branch inwardly from the end of said branch at the common juncture for a
      distance substantially no greater than the diameter of said ball valve,
      said connector body being formed of flexible material to facilitate
      movement of said ball valve by external compression of said flexible
      connector body.
NUM  19.
PAR  19. The connector valve of claim 18 wherein tubular fluid conduits are
      formed through each of said fluid conducting branches, the outer ends of
      each branch terminating in an enlarged connecting hub for receiving the
      end of a tube, each said connecting hub having a tubular inner surface of
      a diameter greater than the diameter of the tubular fluid conduit through
      the remainder of the branch but substantially equal to the outer diameter
      of the tube received thereby, the diameter of the tubular fluid conduit
      through the remainder of the branch being substantially equal to the inner
      diameter of said tube.
NUM  20.
PAR  20. The connector valve of claim 18 wherein said connector body is formed
      of plastic material of sufficient transparency to permit visual
      determination of the position of said ball valve from the exterior of said
      connector body.
NUM  21.
PAR  21. A medical assembly for biological, pharmaceutical or similar fluids
      comprising first and second connector means each having first, second and
      third angularly disposed fluid conducting branches joined at one end to a
      common juncture to provide connecting fluid flow paths through said
      branches, said first connector means including internal valve means
      operable at said common juncture to selectively close one of said branches
      to fluid flow and to open a fluid flow path between the remaining two
      branches, first and second fluid container means each including a
      container body of flexible, thin material defining an interior fluid
      chamber, first and second access port means projecting outwardly from said
      container body, each such access port means including a connector section
      means formed of substantially rigid material and shaped to cooperate with
      a mating connector section means to form a fluid connection, the connector
      section means of said first access port means differing in structure from
      the connector section means of said second access port means to require
      unlike mating connector section means for the connector section means of
      said first and second access port means, a first fluid conduit joining
      said first container means to one branch of said first connector means, a
      second fluid conduit joining said second container means to one branch of
      said second connector means, a third fluid conduit joining second branches
      of said first and second connector means, and an administration set
      including inlet means, said inlet means including mating connector section
      means formed to mate with the connector section means of only one access
      port means for each said fluid container means and outlet means connected
      to a third branch of said second connector means.
NUM  22.
PAR  22. The medical assembly of claim 21 wherein said first access port means
      projects from said container body for a distance greater than said second
      access port means projects.
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ABST
PAL  An eye drop dispenser consisting of a flexible container having an open
      neck defining a nozzle through which liquid is dispensed, includes an eye
      drop cup removably secured to the neck of the dispenser and having a free
      edge for engaging the eyelids of a person using the dispenser, in order to
      hold the eyelids against movement during application of eye drops to the
      eye. The cup is secured to the neck of the dispenser through an opening
      formed in one end thereof, which opening receives and engages the neck of
      the container with a portion of the neck extending through the opening and
      into the cup. A cover is provided for the cup and container, which cover
      has a top portion and an integral elongated stem. The top portion of the
      cover overlies the free edge of the cup to close the open end of the cup
      and the elongated stem portion of the cover extends into the cup and
      includes means for operatively engaging and closing the neck or nozzle of
      the container so that the cover will simultaneously close both the
      dispenser nozzle and the opened end of the cup.
BSUM
PAR  The present invention relates to liquid dispensers, and more particularly
      to a dispenser which is adapted to apply eye drop solutions or medications
      to the eye.
PAR  Numerous devices have previously been proposed by which a person can apply
      eye drops or medicines into the eye without assistance. Such devices range
      from the well known glass eye wash cup, to more recently developed
      applicator bottles having nose bridges for supporting the applicator
      bottle in a fixed position with respect to the eye.
PAR  Where an eye wash cup type device is used, the eye wash liquid is usually
      poured into the cup and the cup is then applied to the eye. This
      arrangement is not entirely satisfactory in that the possibility exists of
      spillage of the eye wash liquid or medicine during pouring, and the
      inability to accurately meter the amount of liquid applied to the eye. In
      addition, the eye drop cup, being a separate article from the container,
      may be lost or misplaced so that it is unavailable when needed.
PAR  On the other hand, the more recently proposed devices which consist of
      squeeze bottles with dispensing tips, with or without a nose bridge guide
      arrangement, are inherently dangerous in that the narrow dispenser tip of
      these type of arrangements can damage the eye if the user causes the tip
      to contact the eye. Moreover such devices are difficult to use since most
      people have a reflexive tendency to blink the eyelids when the eye drops
      are being inserted because of the reflexive fear of damaging the eye by
      contact with the dispenser tip. As a result, the liquid is not properly
      applied to the eye and the solution is wasted. Moreover it is difficult
      for a person in applying the eye drops to his own eye to properly locate
      the tip of the nozzle with respect to the eye so that the drops from the
      nozzle fall onto the eye rather than on the outside of the eyelid.
PAR  Accordingly, it is an object of the present invention to provide an eye
      drop dispenser which has the advantages of conventional eye drop cups in
      maintaining the eyelid opened during application of an eye drop solution,
      and which also has the advantage of having the dispenser cup directly
      connected to the container for the solution.
PAR  Yet another object of the present invention is to provide a combined
      solution dispenser and eye drop cup therefor, which can be used to
      conveniently apply the eye drop solution to the eye, while maintaining the
      eyelids of the user open.
PAR  Another object of the present invention is to provide an eye drop cup for
      use with a dispenser container in combination with a cover that will
      simultaneously seal the cup and the container to protect both from dirt or
      other contaminants and/or loss of liquid from the container.
PAR  Another object of the invention is to provide a dispenser device which will
      prevent accidental damage to the eye from contact with a dispenser tip and
      which will also eliminate wastage of the eye drop solution as a result of
      misdirected drops.
PAR  Another object of the present invention is to provide an eye drop cup in
      combination with a dispensing container which will hold the eyelid in an
      open position while the drops or medicine are inserted, and which can
      remain mounted on and sealed to the container for storage.
PAR  Another object of the present invention is to provide an eye drop
      dispensing device which will, in combination with a nozzle tipped
      dispensing container, direct the nozzle of the tip over the center of the
      eye while simultaneously holding the eyelids open.
PAR  Another object of the present invention is to provide an eye drop
      dispensing device which will properly direct eye drops from the nozzle of
      a container, while keeping the nozzle in spaced relation to the eyeball.
PAR  In accordance with one aspect of the present invention, an eye drop
      dispenser is provided which utilizes a flexible squeezable eye drop
      solution container having an elongated neck defining a nozzle through
      which drops of solution can be dispensed. This container is used in
      conjunction with an eye drop cup having an opened end portion which
      defines a free peripheral edge and a second end portion which has an
      opening therein that receives and surrounds the neck of the container in
      an operative engagement which removably secures the cup to the neck. With
      this arrangement the free edge of the cup can be placed against the
      eyelids of the user and then, after tilting of the head, the bottle or
      container can be squeezed to dispense individual droplets directly to the
      eye. The free edge of the cup will hold the eyelids open, preventing the
      user from blinking or shutting the eye completely. The cup is dimensioned
      with respect to the nozzle of the container so that the free end of the
      nozzle is located within the container a distance below the free end so
      that when the free edge of the cup is placed against the eyelid the nozzle
      end will be held in spaced relation from the eye thereby avoiding possible
      contact between the eye and the nozzle.
PAR  The cup is provided with a cover arrangement which is adapted to close the
      cup while it is on the container, and also to close the nozzle and seal it
      against possible leakage. By the provision of this cover arrangement, the
      cup can be kept on the dispenser at all times.
DRWD
PAR  The above, and other objects, features and advantages of this invention,,
      will be apparent in the following detailed description of an illustrative
      embodiment thereof, which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is an exploded perspective view of a dispenser, cup and cover
      combination constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view of the upper end portion of the container, the
      cup and the cover illustrated in FIG. 1;
PAR  FIG. 3 is a plan view, in section, taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view similar to FIG. 2, but with the cover removed
      and showing the manner in which the liquid solution is applied to the eye
      with the construction of the present invention; and
PAR  FIG. 5 is a sectional view similar to FIG. 2, but showing another
      embodiment of the invention.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that an eye drop dispenser assembly 10, constructed in
      accordance with the present invention, includes a flexible container 12 of
      conventional construction containing a conventional eye drop solution or
      medicine. The container includes an integral neck 14 which has a threaded
      portion 16 adapted to threadably engage a conventional threaded cap (not
      shown in FIG. 1) for closing the nozzle portion 18 of the neck. Nozzle 18
      is provided with an open end 20, in the conventional manner, through which
      individual drops of solution can be dispensed upon squeezing of the
      flexible bottle 12.
PAR  It is to be understood that although a specific neck construction for the
      bottle 12 is illustrated in the drawing using a threaded neck portion 16,
      other neck constructions for the bottle 12 can be utilized, for example, a
      snap fit or bayonet lock rather than the threaded arrangement 16.
PAR  Dispenser 10 also includes an eye drop cup 22 which is adapted to be
      secured to the neck 14 of bottle 12, and a cover 24 for the cup which will
      substantially simultaneously close the cup and seal the nozzle 18 when the
      dispenser is not in use. In addition, the cover serves to securely retain
      the cup on the container 12 when it is not in use so that the cup is not
      inadvertently misplaced.
PAR  Referring more specifically to FIGS. 2 and 3 of the drawing, it is seen
      that the cup 22 is a generally cylindrical member having an open upper end
      26 which provides an annular free edge 28. The opposite end of the cup has
      a curved bottom wall 30 in which a generally cylindrical bore 32 is formed
      that provides a cylindrical side wall 34 in the bottom of the cup. This
      side wall has an internal diameter which is substantially equal to the
      maximum external diameter of the neck 14 of bottle 12. In the illustrative
      embodiment of the invention the bottle 12 has an annular flange 36 formed
      on the neck 14 which engages the cylindrical ball 34 of the cup 22 in a
      friction fit to securely retain the cup on the neck. Of course it will be
      appreciated that the particular configuration of the container neck and
      the cross section of the bore 32 can be changed as necessary. Thus if the
      neck has a square or rectangular configuration the bore 32 would have a
      similar configuration in order to produce the required friction fit for
      retaining the cup on the neck. As an alternative, other connection means
      can be used; for example if the neck 14 is threaded throughout its entire
      extent, the internal surface of the bore 32 can be threaded in a
      complementary manner, to threadably secure the cup to the bottle neck.
PAR  In any case, the height of the bore 32 is selected to be substantially less
      than the total height of the neck 14 of the bottle so that a major portion
      of the neck 14 extends through the opening 32 into the interior of cup 22.
      Preferably the height of the cup 22 is selected so that when it is secured
      to the neck 14, in the manner described above, the open end 20 of the
      nozzle 18 is located substantially below the free edge 28 of the cup.
PAR  With the cup 22 secured to container 12 in this manner, the cup can be used
      to apply liquid eye drops or medicine to the eye of the user, in the
      manner illustrated in FIG. 4. As seen therein, the user places the edge 28
      of the cup 22 against the upper and lower eyelids 38, 40, tilts the head
      rearwardly, and then squeezes the flexible container 12 in order to
      dispense the liquid solution through the nozzle 18. In this manner, the
      annular edge 28 of cup 22 holds the eyelids in the open position,
      preventing the user from blinking, and allowing the liquid to drop
      directly onto the eye. At the same time, the end of the nozzle 18 is held
      in spaced relation from the eye so that the eye can not be damaged by
      contact with the end of the nozzle 18.
PAR  Cover 24 serves to close the open end 26 of cup 22 and the end 20 of nozzle
      18 when the dispenser is not in use. As seen in FIG. 2 the cover 24 is
      formed as a one piece member having a top portion 42 and an elongated stem
      portion 44. The lower end 46 of stem 44 is provided with a recess 48 which
      is adapted to receive the end of the nozzle 18 and a portion of the neck
      14. Where the neck 14 has a threaded exterior surface, the recess 48 is
      provided with a complementary thread 50, so that the cover can be
      threadably engaged with the nozzle.
PAR  Cover 24 also includes an annular recess or well 52 formed therein on the
      lower surface of top 42. As seen in FIG. 2, this recess is adapted to
      receive the upper edge 28 of the cup 22 when the cover is secured to the
      container neck 14. In this manner, the cover simultaneously closes the
      upper end of cup 22 and the nozzle 18. In addition, it will be appreciated
      that the cover acts with the nozzle 14 and container 12 to in effect clamp
      the cup in a fixed position on the bottle 12, between the recess 52 and
      the shoulder 54 of the bottle 12 on which the end 56 of the cup rests.
      Thus the cup 22 can not be inadvertently removed from the container 12
      when the device is not in use. This arrangement also avoids the need for a
      positive locking engagement between the cup and the container; thereby
      reducing the cost involved in manufacturing the dispenser.
PAR  Although it is intended that the cover 24 be used with the cup 22 in the
      manner described above, to close the end of the container 12, it will be
      apparent that should the user not desire to utilize the cup 22, the cup
      can be removed from the container 12, and the cover 24 can then be used
      simply for the purpose for closing the end of the container, without the
      need for any other auxiliary or separate cover or closure therefor.
PAR  If desired, the base 30 of cup 22 can be provided with one or more openings
      58 formed therein which provide drainage holes for solution which may drip
      into the cup during application of the solution to the eye. These holes
      also act as air vents to prevent build up of air in the cup during use of
      the container and also to prevent the formation of a vacuum in the cup
      should the user tightly apply the edge 28 of the cup to the eye during
      application of the eye drops.
PAR  Another embodiment of the invention is illustrated in FIG. 5. As seen
      therein the container 12 and cup 22 have the identical construction as
      that of the container and cup illustrated in FIG. 2. In this embodiment
      however the cover 24 has a slightly modified configuration in order to
      accommodate the cover 60 which is normally provided with commercially
      available eye drop containers. More specifically, the cup cover 24 is
      provided with a recess 62 formed in its stem 44, which recess is adapted
      to frictionally engage the conventional cover 60 of the eye drop
      container. With this arrangement, the cup and cover combination can be
      sold as a separate article of commerce for use with commercially available
      eye drop containers. As is well known such containers usually are sold
      with a cylindrical type cover or cap (i.e., the cover 60). By providing
      the cover 24 with a recess 62 therein, the commercial cap 60 can be
      inserted in the recess and frictionally held therein. In this manner, the
      commercial cap 60 of the container, as sold by the eye drop manufacturer,
      is used with the cover 24 in order to form the connection between the
      cover 24 and the neck 14 of the bottle. When the cover 24 is rotated to
      remove it from the bottle, the friction fit between the cap 60 and the
      recess 62 of cover 24 will cause the cap 60 to remain in the cover 24 and
      be removed therewith. Of course covers 24 can be provided with a variety
      of different shaped recesses 62 in order to accommodate the different
      commercially available caps used on eye drop solutions presently sold in
      the market.
PAR  The cut 22 and cover 24 of the dispenser devices described above can be
      formed of any suitable materials. Preferably, these elements are formed
      from a hard plastic material, but they may also be formed from glass,
      metal or a ceramic material.
PAR  By the construction of this dispenser of the present invention it will be
      appreciated that a convenient means for applying eye drops to the eye is
      provided which will simultaneously hold the eyelids open, against the
      tendency of the user to blink, while positioning the nozzle of the eye
      drop container above the center of the eye for direct application of the
      drops to the eye. At the same time, the end of the nozzle is held in a
      spaced relation (preferably 3/8 inch) from the edge of the cup so as to
      make it impossible for the tip of the nozzle to come into contact with the
      eye, thereby eliminating the danger of accidental damage to the eye or
      discomfort to the user. Moreover, the closure or cover 24 for the device
      serves several functions in that it simultaneously can close the nozzle of
      the container, to prevent leakage when it is not in use, while it also
      closes the end of the cup. By closing the end of the cup, the interior of
      the cup is protected from dirt or other contaminants which would enter the
      cup during storage. Such contaminants could possibly enter the eye when
      the cup was used, if the cup is not covered. Thus a more sanitary eye cup
      arrangement is provided. In addition, the cover serves to hold the cup on
      the container during storage so that the cup cannot be inadvertently
      misplaced and is available for use when necessary.
PAR  Although illustrative embodiments of the present invention have been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An eye drop dispenser and cover for use with a container for eye drop
      liquid having an open neck through which the liquid is dispensed,
      comprising, a cup having a first open end portion defining a generally
      circular free edge for engaging the eyelids of a person and a second
      opposite end portion having an opening therein for receiving and engaging
      the neck of the container with a portion of the neck of the container
      extending through said opening and into the cup; and a cover having a top
      portion overlying the entire free of said cup for completely closing said
      first open end thereof and an elongated stem portion extending into said
      cup and including means for operatively engaging and simultaneously
      closing the neck portion of the container; whereby said cover
      simultaneously closes the container and the entire open end of said cup;
      said stem portion of said cover including a free end portion and said
      means including a recess formed in said free end portion for receiving the
      neck of the container; said cup having a cylindrical bore formed therein
      defining said opening in its second end portion; said bore forming an
      annular wall in the cup having a cross section substantially complementary
      to at least a portion of the container neck for frictionally receiving the
      container neck therein.
NUM  2.
PAR  2. The dispenser and cover as defined in claim 1 wherein said top portion
      of the cover has a well formed therein for receiving said free edge of the
      cup to close said cup.
NUM  3.
PAR  3. The dispenser and cover as defined in claim 1 wherein said cup has at
      least one hole formed therein adjacent its second end portion for draining
      liquid spilled in the cup.
NUM  4.
PAR  4. An eye drop dispenser and cover for use with a container for eye drop
      liquid having an open neck through which liquid is dispensed, comprising a
      cup having a first open end portion defining a free edge for engaging the
      eyelids of a person and a second opposite end portion having an opening
      therein for receiving and engaging the neck of the container with a
      portion of the neck of the container extending through said opening and
      into the cup; and a cover having a top portion overlying the free edge of
      said cup for closing said first open thereof and an elongated stem portion
      extending into said cup and including means for operatively engaging and
      closing the neck portion of the container; said stem portion of the cover
      having a free end portion and said means including a recess formed in said
      free end portion for receiving the neck of the container; and said neck of
      the container being threaded and said opening in said cup receiving said
      neck therein with at least a portion of the threads on said neck extending
      into the cup, said means in the stem of the cover including threads formed
      in said recess for threadably engaging said neck; whereby said cover
      simultaneously closes the container and the open end of the cup; said cup
      having a cylindrical bore formed therein defining said opening in its
      second end portion; said bore forming an annular wall in the cup having a
      cross section substantially complementary to at least a portion of the
      container neck for frictionally receiving the container neck therein.
NUM  5.
PAR  5. An eye drop dispenser and cover for use with a container for eye drop
      liquid having an open neck through which liquid is dispensed, comprising a
      cup having a first open end portion defining a free edge for engaging the
      eyelids of a person and a second opposite end portion having an opening
      therein for receiving and engaging the neck of the container with a
      portion of the neck of the container extending through said opening and
      into the cup; and a cover having a top portion overlying the free edge of
      said cup for closing said first open end thereof and an elongated stem
      portion extending into said cup and including a free end portion having a
      recess formed therein; said neck of said container including a separate
      cap for closing its open neck; said recess in the stem portion of said
      cover being dimensioned to frictionally retain said cap therein for
      closing the open neck of the container when the cup is placed on said neck
      thereby to simultaneously close the container neck and the cap.
NUM  6.
PAR  6. An eye drop dispenser comprising, in combination, a container for eye
      drop liquid having an open elongated neck defining an eye drop dispensing
      nozzle; a cup having a first open end defining a free circular peripheral
      edge and a second end portion having an opening therein receiving and
      surrounding said neck in operative engagement removably securing the cup
      to the neck, said neck extending through said opening to a position within
      the cup below the free edge thereof; said free edge of the cup being
      adapted to engage both eyelids of the user of the dispenser to prevent
      movement of the eyelids during placement of eye drops in the eye, and a
      cover for said cup and nozzle including a top portion overlying the entire
      free edge of the cup to completely close the first open end thereof and a
      stem portion extending into said cup and including means for
      simultaneously operatively engaging and closing said open neck of the
      container to prevent discharge of liquid from the container when the
      dispenser is not in use while simultaneously completely closing said cup
      to prevent contamination thereof; said stem portion of said cover
      including a free end portion and said means including a recess formed in
      said free end portion for receiving the neck of the container; said cup
      having a generally cylindrical configuration and a cylindrical bore formed
      therein defining the opening in its second end portion; said bore forming
      an annular wall on the cup having a cross section substantially
      complementary to at least a portion of the container neck for frictionally
      receiving the container therein.
NUM  7.
PAR  7. The dispenser as defined in claim 6 wherein said top portion of said
      cover has an annular groove formed therein opening towards said cup for
      receiving the free edge of the cup when the cover is secured to the neck
      of the container.
NUM  8.
PAR  8. The dispenser as defined in claim 7 wherein said cup has at least one
      hole formed therein adjacent its second end portion for draining liquid
      spilled in the cup.
NUM  9.
PAR  9. An eye drop dispenser comprising, in combination, a container for eye
      drop liquid having an open elongated neck defining an eye drop dispensing
      nozzle; a cup having a first open end defining a free peripheral edge and
      a second end portion having an opening therein receiving and surrounding
      said neck in operative engagement removably securing the cup to the neck,
      said neck extending through said opening to a position within the cup
      below the free edge thereof; said free edge of the cup being adapted to
      engage both eyelids of the user of the dispenser to prevent movement of
      the eyelids during placement of eye drops in the eye, and a cover for said
      cup and nozzle including a top portion overlying the free edge of the cup
      to close the first open end thereof and a stem portion extending into said
      cup and including means for operatively engaging and closing said open
      neck of the container to prevent discharge of liquid from the container
      when the dispenser is not in use; said neck of said container including a
      separate cap for closing its open neck; said stem portion of the cover
      having a free end portion including a recess formed therein; said recess
      in the stem portion of said cover being dimensioned to frictionally retain
      said cap therein for closing the open neck of the container when the cup
      is placed on said neck thereby to simultaneously close the container neck
      and the cup.
NUM  10.
PAR  10. The dispenser as defined in claim 9 wherein the cup has a generally
      cylindrical configuration and a cylindrical bore formed therein defining
      the opening in its second end portion; said bore forming an annular wall
      in the cup having a cross section substantially complementary to at least
      a portion of the container neck for frictionally receiving the container
      neck therein.
NUM  11.
PAR  11. The dispenser as defined in claim 10 wherein said top portion of said
      cover has an annular groove formed therein opening toward said cup for
      receiving the free edge of the cup when the cover is secured to the neck
      of the container.
NUM  12.
PAR  12. The dispenser as defined in claim 11 wherein said cup has at least one
      hole formed therein adjacent its second end portion for draining liquid
      spilled in the cup.
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ABST
PAL  A device for the introduction of liquid medication into a flexible bag for
      the administration of intravenous solutions. The device comprises an
      elongated generally cylindrical hollow tubular member having an open end
      and a closed end, a boss extending from the closed end carried by the boss
      a cannula having a sharpened outer end, and a rigid sheath surrounding the
      cannula and carried by the boss. The sheath serves to limit the
      advancement of the cannula into an orifice having a diameter greater than
      that of said cannula. A thrust portion is provided within the tubular
      member and a fluid passage extends longitudinally through the center of
      the thrust portion. The lower end of the fluid passage communicates with
      the upper end of the cannula. A cylindrical vial having a resilient
      stopper in its open end seals on the inside walls of the vial. There are
      threads on the thrust portion and cooperating threads on the stopper
      adapted to be interlocked, whereby the plug can be interlocked with the
      thrust portion.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of Ser. No. 314,705, filed Dec. 13, 1972,
      now U.S. Pat. No. 3,828,779, the disclosure of which is incorporated
      herein by reference.
BSUM
PAR  The present invention is concerned with a device which is useful for the
      addition of medicinal solutions to flexible intravenous solution bags.
      Various devices have been proposed for these purposes. In general, the
      devices involve the use of metal conventional syringes. The problems are
      several. First, medication for addition to intravenous solution bags is
      frequently of high concentration, much too high for direct injection into
      the patient. Thus, the packaging of concentrated medication in a syringe
      presents the hazard of mistaken use, viz, direct injection rather than
      dilution by addition to the intravenous solution. Secondly, the orifice or
      inlet on the typical intravenous solution bag is flexible as is the bag
      itself. The insertion of an ordinary syringe into the orifice tube can
      result in the puncturing of the orifice tube and/or bag unless great care
      is observed. The present invention effectively overcomes these problems in
      the art.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention comprises a device for the introduction of
      liquid medication into a flexible bag for the administration of
      intravenous solutions which comprises an elongated generally cylindrical
      hollow tubular member having an open end and a closed end, a boss
      extending from said closed end, carried by the boss a cannula having a
      sharpened outer end, a rigid sheath surrounding said cannula and carried
      by said boss, said sheath serving to limit the advancement of the cannula
      into an orifice having a diameter greater than that of said cannula;
      within said tubular member a thrust portion within said tubular member, a
      fluid passage extending longitudinally through the center of said thrust
      portion, the lower end of said fluid passage communicating with the upper
      end of said cannula, a cylindrical vial having a resilient stopper in its
      open end sealing on the inside walls of said vial, interlocking means on
      said thrust portion and cooperating interlocking means on said stopper,
      whereby upon interlocking of said plug with said thrust portion said vial
      is first held in an assembled but non-operating position and upon further
      interlocking of said plug with said cylindrical member, said plug is
      adapted to be pierced by said fluid passage and said fluid passage with
      said vial without the application of substantial axial pressure on said
      plug and said plug is locked securely to said cylindrical member to permit
      aspiration upon withdrawal of said vial or to permit expulsion of the
      contents of said vial upon exertion of pressure on said vial.
PAR  This invention also includes the combination of a flexible bag for
      intravenous solution having an additive-receiving orifice and an outlet
      adapted to lead to an intravenous solution set, and a device for the
      introduction of liquid medication into said flexible bag comprising an
      elongated generally cylindrical hollow tubular member having an open end
      and a closed end, a boss extending from said closed end, carried by the
      boss a cannula having a sharpened outer end, a rigid sheath surrounding
      said cannula and carried by said boss, said orifice having a diameter
      greater than that of said cannula, said sharpened outer end being received
      in said orifice and said sheath engaging said orifice to limit the
      advancement of said cannula into the orifice; within said tubular member,
      a thrust portion within said tubular member, a fluid passage extending
      longitudinally through the center of said thrust portion, the lower end of
      said fluid passage communicating with the upper end of said cannula, a
      cylindrical vial having a resilient stopper in its open end sealing on the
      inside walls of said vial, interlocking means on said thrust portion and
      cooperating interlocking means on said stopper, whereby upon interlocking
      of said plug with said thrust portion said vial is first held in an
      assembled but non-operating position and upon further interlocking of said
      plug with said cylindrical member, said plug is adapted to be pierced by
      said fluid passage and said fluid passage communicated with said vial
      without the application of substantial axial pressure on said plug and
      said plug is locked securely to said cylindrical member to permit
      aspiration upon withdrawal of said vial or to permit expulsion of the
      contents of said vial upon exertion of pressure on said vial.
PAR  It is an object of the present invention to provide a novel device for the
      packaging of medication.
PAR  More particularly, it is an object of the present invention to provide for
      the packaging of medication in a disposable device.
PAR  Still another object of the present invention is to provide a disposable
      device for use in the addition of medication to intravenous solution bags.
PAR  These and other objects and advantages of the invention will be apparent
      from the more detailed description which follows taken in conjunction with
      the accompanying drawings.
PAR  Further, the device of the present invention includes a significant safety
      feature. Additives for intravenous solutions actually contain medication
      in a concentration unsuitable for direct injection into the human body. In
      fact, many of these additives are fatal if directly injected. The sheath
      on the device of this invention prevents the accidental injection of the
      concentrated medication into the body. The sharpened cannula end of this
      invention also prevents coring of the rubber diaphragm on the intravenous
      solution bag. Coring results in bits of rubber falling into the solution
      which can result in the injection of this dangerous blood clotting
      material into the patient.
DRWD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning to the drawings:
PAR  FIG. 1 shows a perspective view of a conventional intravenous solution bag.
PAR  FIG. 2 is a partial side view of the bag in FIG. 1.
PAR  FIG. 3 is a sectional view of the upper portion of the bag of FIG. 1 taken
      along the line 3--3 in FIG. 2.
PAR  FIG. 4 shows, in assembled form, the bag of FIG. 1 in relationship to the
      novel syringe having a sheath.
PAR  FIG. 5 shows a sectional view of the novel syringe of the present invention
      in disassembled form.
PAR  FIG. 6 is an enlarged partial sectional view of the combination shown in
      FIG. 4.
PAR  FIG. 7 shows, in assembled form, the use of the intravenous administration
      bag after the addition of FIG. 4 has been completed.
DETD
PAR  Turning to the drawings in greater detail, the holder of FIGS. 4-6
      comprises a generally cylindrical hollow thrust portion 10 having an open
      end 12 and a closed end 14. The cylindrical vial 16 has a resilient
      stopper 18 in its open end sealing on the inside walls of the vial 16. The
      stopper 18 generally, although not necessarily, has a thin imperforate
      central diaphragm portion. The stopper 18 is provided with an externally
      threaded projection 20 thereon. The thrust portion 10 has a needle 22
      therein and a boss 24 on its exterior from which cannula 26 extends. The
      cannula 26 has a sharpened outer end 28. The sheath 30 is carried by boss
      24 and surrounds cannula 26. The sheath 30 terminates short of the
      sharpened outer end 28 of cannula 26. The sheath 30 has an offset or
      shoulder 32 which functions as further hereinafter described. Thrust
      portion 10 may be surrounded by holder 34.
PAR  The upper end of needle 22 has a sharp terminal portion 38. The thrust
      portion 10 may have internal threads 40 in proximity to its upper end, the
      threads on the projection 20 and the threads 40 being adapted when made up
      to cause said sharp terminal portion 38 of the needle 22 to puncture said
      stopper 18. When the projection 20 is made up with threads 40, the stopper
      18 functions as a piston to expel the contents of the vial 16 through
      needle 22 as said vial 16 is advanced with respect to said thrust portion
      10.
PAR  The flexible intravenous solution bag 42 usually has a heat-sealed
      peripheral portion 44 and a solution-containing zone 46. The bag also has
      a flexible orifice or inlet tube 48 and an outlet tube 50 which leads to a
      conventional intravenous solution administration set 52. The inlet tube
      and outlet tubes are provided with imperforate diaphragms 54 and 56,
      respectively, and removable caps or closures 58 and 60, respectively.
PAR  In operation, caps 58 and 60 are removed, the cannula 26 and sheath 30 are
      positioned as shown in FIG. 6, that is, the offset or shoulder 32 limits
      the advancement of cannula into tube 48 so that the sharpened end 28 of
      cannula 26 pierces diaphragm 54 but the inside of shoulder 32 engages the
      outer end 62 of tube 48, limiting the advancement of the cannula 26 within
      tube 48. The flat surface of the shoulder 32 also serves to maintain the
      cannula 26 in a parallel or longitudinal relationship with respect to the
      inside walls of tube 48, thereby reducing the possibility of the sharpened
      end 28 piercing the side of tube 48. By limiting the advancement of the
      cannula 26 in tube 48 there is no chance that the sharpened end 28 can
      pierce the solution-containing zone 46. Thus, the escape of solution and
      the introduction of contaminated hospital air into the system are
      prevented.
PAR  With the parts as shown in FIG. 4, the vial is normally first withdrawn
      slightly to aspirate from the bag into the vial approximately that volume
      of air corresponding to the volume of additive medication in the vial.
      Then, the contents of the vial are expressed into the bag. The purpose of
      such aspiration is to prevent rupture of the bag due to
      over-pressurization.
PAR  As will be understood by those skilled in the art, once the contents of
      vial 16 have been transferred to zone 46, the bag 42 is then hung up as
      shown and connected to the patient via set 52, as shown in FIG. 7.
PAR  Having fully described the invention it is intended that it be limited only
      by the lawful scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for the introduction of liquid medication into a flexible bag
      for intravenous solution, said bag having extending from the top thereof
      an additive-receiving flexible tube-like orifice and an outlet adapted to
      lead to an intravenous solution set, said device comprising an elongated
      generally cylindrical hollow tubular member having an open end and a
      closed end, a boss extending from said closed end, carried by the boss a
      cannula having a sharpened outer end, a rigid cylindrical sheath of fixed
      length surrounding said cannula and affixed to said boss, said sharpened
      outer end extending slightly beyond the free end of said sheath, said
      orifice having a diameter greater than that of said cannula, said
      sharpened outer end being adapted to be received in said flexible
      tube-like orifice and said sheath being adapted to engage said orifice to
      limit the advancement of said cannula into the orifice; within said
      tubular member, a thrust portion, a fluid passage extending longitudinally
      through the center of said thrust portion, the lower end of said fluid
      passage communicating with the upper end of said cannula at said boss, a
      cylindrical vial having a resilient stopper in its open end sealing on the
      inside walls of said vial, interlocking means on said thrust portion and
      cooperating interlocking means on said stopper, whereby upon interlocking
      of said plug with said thrust portion said vial is first held in an
      assembled but non-operating position and upon further interlocking of said
      plug with said cylindrical member, said plug is adapted to be pierced by
      said fluid passage and said fluid passage communicated with said vial
      without the application of substantial axial pressure on said plug and
      said plug is locked securely to said cylindrical member to permit
      aspiration upon withdrawal of said vial or to permit expulsion of the
      contents of said vial upon exertion of pressure on said vial.
NUM  2.
PAR  2. The device of claim 1 wherein the sheath has two portions of different
      diameter, the outer portion having a diameter greater than the outside
      diameter of said orifice and the inner portion having a diameter less than
      the outside diameter of said orifice whereby an annular shoulder is
      provided at the junction of said portion which is adapted to abut the
      outer end of said orifice.
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PAL  A unit dose ampul for a jet injector has a tube open at one end and an
      integral nozzle at the other end with a piston in the tube to seal the
      open end of the tube and to advance liquid in the tube through the nozzle.
      A sealing cap encompasses the nozzle and the forward end of the tube and
      is secured to the tube, the cap having a peripheral area of weakness
      adjacent the nozzle of the ampul whereby a portion of the cap can be
      broken off to expose the end of the nozzle. The cap has an interlocking
      portion for removably securing the cartridge to a jet injector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Jet injectors employing unit dose ampuls of glass are known to the art as
      seen from U.S. Pat. No. 3,688,765. The prior art ampuls are unsatisfactory
      for a number of reasons. They do not have adequate provisions for keeping
      the ampul sterile until immediately before the inoculation is to be
      carried out. They have no provision for preventing the inoculator from
      becoming contaminated by contact with the flesh of the patient which is
      wetted with the medicament being administered. In addition, the prior art
      ampuls are awkward to secure to the injector since they do not have any
      securing means attached thereto but rely on securing means on the injector
      which must be removed before the ampul is inserted in the injector.
PAC  SUMMARY OF THE INVENTION
PAR  A unit dose ampul for a jet injector has a tube open at one end and an
      integral nozzle at the other end with a piston in the tube to seal the
      open end of the tube and to advance liquid in the tube through the nozzle.
      A sealing cap encompasses the nozzle and the forward end of the tube and
      is secured to the tube, the cap having a peripheral area of weakness
      adjacent the nozzle of the ampul whereby portions of the cap can be broken
      off to expose the end of the nozzle. The cap has means for removably
      securing the cartridge to a jet injector.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an ampul in accordance with the invention;
PAR  FIG. 2 is a section taken on the plane indicated by the line 2--2 in FIG.
      1;
PAR  FIG. 3 is a vertical section through the ampul of FIG. 1;
PAR  FIG. 4 is a side elevation of the ampul of FIG. 1 in a jet injector;
PAR  FIG. 5 is a vertical section, partially broken away, through the injector
      of FIG. 4;
PAR  FIG. 6 is a section taken on the plane indicated by the line 6--6 in FIG.
      5;
PAR  FIG. 7 is a section taken on the plane indicated by the line 7--7 in FIG.
      5; and
PAR  FIG. 8 is a side elevation, partially broken away, of the device of FIG. 4
      showing the ampul cap removed and the ampul ready for the injection.
DETD
PAC  PREFERRED EMBODIMENT
PAR  An ampul 2 in accordance with the invention has a tube 4 with an open end
      at 6 and a nozzle 8 at its other end. Nozzle 8 has an opening 10 of from
      about .003 to about .012 in diameter. Tube 4 may be formed from any
      suitable material such as metal or a plastic, for example, polycarbonate.
      A piston 14 acts to seal off open end 6 and prevent the contained liquid
      medicament 16 from escaping from tube 4, the nozzle opening 10 being
      sufficiently small so that the contained medicament 16 will pass
      therethrough only when subject to pressure. The ampul 2 as thus far
      described is well known in the art.
PAR  A sealing cap 20 overlies nozzle 8 and the forward end of tube 4 and is
      secured to tube 4 by an adhesive. If desired, a pressed fit can be used in
      lieu of an adhesive. Cap 20 has a tip 22 which is connected to the
      remainder of the cap by a frangible line of weakness indicated at 24 which
      is in a plane slightly to the rear of the outer end of nozzle 8. The line
      of weakness 24 permits the tip 22 to be broken off just before an
      injection is to be given in order to expose nozzle 8 for placement against
      the patient's skin. Integral with cap 20 is an interlocking portion 28
      having three ears 30 (FIG. 2) which are adapted to interlock with a
      portion of an injector as is detailed later.
PAR  Between ears 30 and cap tip 22 is an enlarged knurled spool portion 34
      which acts to keep the associated injector well spaced from the patient's
      skin to prevent contamination of the injector.
PAR  Cap 20 may be made of a wide variety of materials but preferably is made of
      a plastic such as, for example, polycarbonate ("LEXAN" sold by General
      Electric and "MERLON" sold by Mobay Chemical Co.), an acrylic plastic such
      as polymethyl methacrylate, polystyrene, acetal, polypropylene, or rigid
      polyvinyl chloride.
PAR  The ampul 2 can be employed with any type of spring or gas actuated unit
      dose jet injector. By way of illustration, gas actuated injector 40 shown
      in FIG. 4 has an operating lever 42 and, as seen in FIG. 3, has secured
      thereto an ampul 2 in accordance with the invention. As best seen in FIG.
      5, injector 40 has a cylinder 44 in which is mounted a piston 46 which is
      advanced by a gas admitted by structure not shown and biased in the
      retracted position shown by a compression coil spring 48. Piston 46 is
      connected to a rod 49 which enters tube 4 and abuts against plunger 14.
PAR  Ampul 2 has its tube 4 contained within a sleeve member 50 to which a
      bushing 52 is secured by a pressed fit. Sleeve member 50 has a peripheral
      flange 54 which is held against cylinder 44 by a screw cap member 56
      threadably secured to cylinder 44 at 58. Cap 56 has a front opening 60
      (FIG. 6) which is partially blocked by three ears 62 which are adapted to
      interlock with ears 30 of ampul 2 which register with the larger radius
      portions of opening 60 for entry within cap 56 and then are turned
      clockwise as viewed in FIG. 6 for locking behind ears 62. Cap 56 has stop
      portions 64 which limit the rotation of ears 30. An O-ring 66 is retained
      by cap 56 and is abutted by the rear face of ears 30.
PAR  To carry out an inoculation, the ampul 2 is inserted into injector 40 and
      spool portion 34 is rotated to lock ears 30 behind ears 62. Tip 22 is then
      broken off exposing nozzle 8 as shown in FIG. 8. Actuating lever 42 is
      then depressed to cause gas to be delivered to piston 46 which in turn
      advances rod 49 pushing plunger 14 towards nozzle 8 and expelling the
      contained liquid 16. Spool portion 34 prevents the parts of injector 40
      from becoming contaminated by being in contact with the skin. After the
      inoculation is carried out spool portion 34 is rotated counterclockwise as
      viewed from the front of injector 40 until ears 30 can be withdrawn from
      behind ears 62 and then the ampul 2 is withdrawn and disposed of.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a unit dose ampul containing medicament for a jet injector comprising
      a tube open at one end and having an integral nozzle at the other end and
      a piston in the tube to seal the open end of the tube and adapted to
      advance liquid in the tube through the nozzle, the improvement comprising:
PA1  a sealing cap encompassing the nozzle and said other end of the tube and
      secured to the tube, the cap having a peripheral area of weakness
      encircling the nozzle whereby a portion of the cap can be broken off to
      expose the discharge end of the nozzle, and
PA1  means integral with the cap for removably securing the tube to a jet
      injector.
NUM  2.
PAR  2. An ampul in accordance with claim 1 in which the cap has an enlarged
      portion between the securing means and the area of weakness to space the
      injector away from a patient's skin.
NUM  3.
PAR  3. An ampul in accordance with claim 1 in which the securing means is a
      male portion of a bayonet joint adapted to cooperate with a female portion
      of a bayonet joint on a jet injector.
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PAL  A fluid-transfer syringe for medical usage wherein, by use of such syringe,
      fluid matter may be removed from an afflicted area, such as a knee, of a
      patient. The springloaded plunger of the subject syringe is provided with
      a piston constructed to have an automatic fluid bypass during forward
      strokes. The piston serves thereby as a double-acting piston for both
      drawing into the area forwardly of the piston the fluid to be expelled
      and, simultaneously, pumping previously expelled fluid from the syringe
      barrel to a provided outlet port.
BSUM
PAR  The present invention relates to fluid-transfer syringes and, more
      particularly, to a new and improved pumping syringe having a plunger which
      serves as a double-acting piston to both expel from the syringe previously
      pumped fluid and, simultaneously, to draw into the syringe barrel
      additional fluid matter.
PAR  As to the prior art, no invention or structure is known wherein, in a
      pump-type syringe, structure is provided to effect a double-acting piston
      construction wherein the piston serves both to expel previously drawn
      fluids and also to pump or suck into the syringe barrel additional fluid
      for subsequent expulsion.
PAR  In the present invention the subject syringe is provided with a plunger, a
      syringe barrel or cylinder, and the usual cannula needle. Also included
      are a discharge port and connecting tube proximate a rearmost portion of
      the syringe barrel. Of importance in the syringe construction is the
      provision of piston structure, within the plunger design, so that a seal
      is effected upon plunger withdrawal strokes to thereby provide for an
      expulsion of previously drawn-out fluids and also to draw in additional
      fluid from an afflicted area. Return strokes of the plunger, however, are
      accompanied by an automatic re-adjustment of the piston, of floating
      design, so that fluid flow is provided through the piston during plunger
      return strokes. In this manner the fluid previously drawn in by the
      spring-loaded plunger employed may flow through the piston to be disposed
      behind the said piston, in a progressive manner, as the plunger is
      progressively urged forwardly. Thereafter, the piston is designed to seal
      during a subsequent rearward stroke of the plunger so that the fluid is
      expelled from the outer port and additional fluid is simultaneously drawn
      in the syringe barrel.
PAR  Accordingly, a principal object of the present invention is to provide a
      new and improved pump-type syringe for medical use.
PAR  An additional object is to provide a syringe having a double-acting piston.
PAR  A further object is to provide a pump-type piston which is operative
      simultaneously to expel previously withdrawn fluid automatically and,
      additionally, to draw into the cylinder barrel additional fluid from an
      afflicted patient area.
DRWD
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawing in which:
PAR  FIG. 1 is a perspective view of a pumping syringe constructed in accordance
      with the principles of the present invention.
PAR  FIG. 2 is a side elevation principally in vertical longitudinal section,
      taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is similar to FIG. 2 but illustrates the plunger as being thrust to
      its forward position.
PAR  FIG. 4 is an enlarged, transverse, vertical section taken along the line
      4--4 in FIG. 3.
DETD
PAR  In FIG. 1 the pump-type syringe 10 on the present invention is shown to
      include a conventional cannula 11 and also a syringe barrel 12. Syringe
      barrel 12 includes, of course, the forward central hollow boss 13 which
      receives the cup mount 14 of the cannula 11. See also FIG. 3.
PAR  To the rear of the barrel 12 is secured a finger-receiving member 15
      configured as shown in the form of a finger grip including arcuate
      finger-receiving portions 16 and 17. A journaling base or gland 18 may be
      made of a medium durometer rubber and provide not only a closure for
      barrel 12 but also a sealing slide receptacle for plunger 19.
PAR  As to the latter, the same includes a shank 20 to which a thumb-depression
      end in the form of thumb ring member 21 is secured as by cement or with
      the employment of any other suitable means. The shaft portion 22 of the
      plunger thus may have an end 23 that is cemented into a receptacle 24 of
      member 21.
PAR  Piston 25 cooperatively and sealingly engages the inner wall 26 of the
      barrel, yet has an enlarged open area 27 designed to serve as a fluid
      passageway as hereinafter set forth. Shaft portion 22 is integral with the
      enlarged plunger retainer end 28 which is designed to serve as a retaining
      means for elastomeric piston 25 as shown in FIG. 3.
PAR  A spider portion 29 has a series of arms 30 arranged in quadrature as shown
      in FIG. 4. There may be molded parts or portions integral with the shaft
      portion 22. It will be observed that there are many types of equivalent
      structures which can be used at 30 in FIG. 3, this so as to add support
      for thrusting against the piston in a direction to the right, see FIG. 2,
      while at the same time permitting, during such thrusting, the rearward
      passage of such fluid as may heretofore have been collected in the barrel
      forwardly of the piston. This is explained hereinafter.
PAR  Barrel 12 includes a shouldered aperture 31 which receives a connector
      element 32. The latter is generally cylindrical in form but may be
      provided with shoulders at 33 and 34 to accommodate a connector placement
      stop for connector conduit 35 and also to facilitate a cemented securement
      at 31. Conduit 35 serves simply as a drain conduit such that the fluid as
      is periodically drawn into the barrel of the syringe may be expelled
      therefrom into a fluid container or some other desired area.
PAR  It is noted relative to FIG. 3 that there is ample spacing to provide for
      clearance on opposite sides of piston 25 relative to plunger retainer end
      28 and the series of spider portions 30 comprising a relieved reaction
      portion 30'. Accordingly, an important feature of the invention relating
      to the provision of the plunger design, provides for no escape of fluid to
      the right as the piston 25 is urged to the left as per stroke III in FIG.
      3. Thus, the plunger retainer end 28 is sufficient to provide a reaction
      surface for piston 25 so as to urge the latter in a leftward direction
      and, thereby, expel or discharge liquid contents within the plunger barrel
      to the left of retainer end 28 for expression or discharge through
      connector 32 to conduit 35.
PAR  FIG. 2, however, depicts by the developed arcuate arrows within the barrel,
      the fluid flow that will occur when the plunger is urged home to its
      retrieved condition relative to the syringe barrel.
PAR  It is now possible to discuss the operation of the present syringe. The
      cannula needle proximate 11 in FIG. 1 is introduced into the patient and
      the plunger 19 is withdrawn to the left so as to suck in, by virtue of the
      negative pressure conditions created within the barrel, any fluid as may
      be in proximity with the cannula. It is noted that the syringe structure
      is suitable for pumping fluid from the knee or elbow area or, indeed, any
      of a number of liquid-host areas relating to patients or other subjects.
PAR  After the initial withdrawal stroke of the plunger has been completed as
      per FIG. 1, then the plunger 19 is returned in a direction to the right as
      shown by the arrow II in FIG. 2, thereby providing for a leakage of fluid
      that has been collected within the barrel to the right of the plunger, to
      leak past retainer end 28 and through piston 25 so as to achieve a flow
      similar to the arrows depiction in FIG. 2. Accordingly, once the plunger
      has succeeded and advanced completely to the right, so as to reassume the
      condition shown in FIG. 1, then all of the liquid will have been disposed
      to the rear of the piston 25, namely, to the left.
PAR  At this point in operation the user again retrieves, by thumb ring 21, the
      plunger 19. This time the plunger retainer end 28 will sealingly engage
      piston 25 so that there exists a positive action by the forward surface S
      of retainer end 28, so as to expel fluid in the direction of the arrow T
      through the connector 32 and conduit 35. It is noted that this expelling
      of fluid is simultaneously accompanied, see FIG. 3, by the sucking in of a
      new charge of fluid from a patient. Accordingly, the piston 25 is, in
      fact, double-acting, serving simultaneously to expel fluid from the
      rearward area through connector 32 to a sump while also serving to draw
      in, via suction, liquid in the patient's affected area.
PAR  Accordingly, what is presented is a piston construction which by a new
      design serves as a fluid withdrawing device, such device being provided
      with structural means for expelling the fluid so withdrawn. Indeed,
      efficiency of operation is enhanced by the use of a floating piston 25
      which is simply alternately sealed to the surface S of retainer end 28.
      The piston 25 should be made of rubber or other elastomeric material
      sufficiently resilient to accommodate the slight deformity as shown in
      FIGS. 2 and 3 as the directional movement of the plunger is reversed. In
      one form a piston 25 serves to seal the area S of retainer end 28, thereby
      providing for suction for additional fluid and simultaneously the
      expression of such fluid outwardly. The spider portion 29, in contrast,
      serves to retain the piston while providing that the open area of the
      latter can register with the open area O in the spider configurement so as
      to provide for a leakage of fluid as shown by the arrows within the barrel
      in FIG. 2.
PAR  The following additional points are to be made:
PAR  It is important to note that at no time is the fluid, within the syringe,
      returned, inadvertently or otherwise, to the patient area, regardless of
      the direction of movement of the plunger. Secondly, to facilitate ease of
      operation, the plunger can be spring-biased toward plunger-retraction
      position, so that solely a manual squeeze is required, i.e. for forward
      plunger strokes, the spring S' giving an automatic return. See the
      inventor's U.S. patent application entitled PUMPING-SYRINGE, Ser. No.
      505,758, filed Sept. 13, 1974, which is fully incorporated herein by way
      of reference.
PAR  This invention is suitable for a wide variety of fluid viscosities and
      types of matter bordering on heavy fluids; increased versatility is had as
      to the latter when the larger bore cannulas are employed. Where the matter
      can proceed through the cannula needle, it will proceed through the
      valving construction of the syringe piston.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pump-type syringe including, in combination, a syringe barrel having a
      cannula-receiving apertured end, rear finger-retainer means, and a rear
      closure; a cannula mounted upon said end; a plunger having a shaft
      sealingly journaled for longitudinal movement in said rear closure and
      provided with piston means operably disposed within said syringe barrel
      and so constructed to provide a baffle-type closure during plunger
      withdrawal strokes and fluid bypass during plunger forward-return strokes,
      said plunger also having a rearward, enlarged, thumb-depression end; a
      compression spring operatively interposed between said rear closure and
      said enlarged thumb-depression end; and drainage port structure provided
      said barrel rearward of said piston means for all dispositions of the
      latter.
NUM  2.
PAR  2. The syringe of claim 1 wherein said piston means comprises a hollow
      elastomeric piston having squared forward and rear surfaces, said shaft
      including a plunger retainer end constructed to sealingly engage said
      piston at said forward surface during return plunger strokes and
      fluid-bypass piston-support means engaging said piston means at said rear
      surface on forward plunger strokes; said piston being disposed between
      said piston-support means and said plunger retainer end, the distance
      between said piston-support means and said retainer end being greater than
      the axial dimension of said piston.
NUM  3.
PAR  3. The structure of claim 2 wherein said fluid-bypass piston support means
      comprises a spider having a plurality of outwardly extending arms.
NUM  4.
PAR  4. The structure of claim 1 wherein said piston is uniformly hollow and is
      constructed to receive said shaft such that a fluid shunting path is
      provided therebetween.
NUM  5.
PAR  5. The structure of claim 1 wherein said port structure extends laterally
      outwardly from said barrel and includes a discharge tube.
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ABST
PAL  A suction catheter in which an elongate flexible plastic tube having an
      open distal tip is provided with axially extending flanges at its distal
      end with apertures extending through the wall of the catheter between the
      flanges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to medical catheters, and more particularly to
      suction catheters for safe tracheobronchial and nasopharyngeal suctioning.
PAR  Damage caused to the tracheobronchial mucosa by routine suctioning with
      conventional suction catheters is well documented. U.S. Pat. No. 3,848,604
      granted Nov. 19, 1974 to Marvin A. Sackner, discloses a suction catheter
      which substantially eliminates this damage by preventing the invagination
      of the mucosa into the end or side holes of the catheter while permitting
      efficient suctioning thereof. As disclosed in the Sackner patent, this
      improved suction catheter provides an open distal tip and a plurality of
      apertures extending through the wall of the catheter proximal to the
      distal tip. A flange extends laterally from the tube adjacent the
      apertures between the distal opening and the apertures to maintain the
      apertures spaced from the walls of the body cavity into which the catheter
      is inserted to prevent occlusion of the apertures upon application of
      suction.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of the invention may be noted the provision of a
      suction catheter which minimizes damage to the mucosa while permitting
      efficient mucus clearance, and the provision of such a catheter which is
      characterized by ease of use, simplicity of construction and low cost
      permitting disposal after a single use.
PAR  In general, a suction catheter constructed in accordance with the present
      invention comprises an elongated tube formed of a flexible material having
      a lumen running interiorly thereof, the tube having an open distal end for
      placing the lumen in communication with the interior of a body cavity and
      a proximal end adapted to place the lumen in communication with a source
      of pressure lower than that existing at the distal end of the tube.
      Regulation means are provided for controlling the suction applied at the
      distal end of the catheter. Plural axially extending flanges are spaced
      about the distal end of the tube to define alternate raised and depressed
      surfaces. Apertures in the depressed surfaces between the flanges extend
      through the wall of the tube into its lumen.
PAR  These and other objects and features will be apparent hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a first embodiment of a suction catheter
      of this invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary elevational view of a second embodiment of the
      present suction catheter;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary elevational view of a third embodiment of the
      present suction catheter;
PAR  FIG. 6 is a sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a fragmentary elevational view of a fourth embodiment of the
      present suction catheter; and
PAR  FIG. 8 is a sectional view taken along line 8--8 of FIG. 7.
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and particularly to FIGS. 1 and 2, a suction
      catheter constructed in accordance with the present invention is indicated
      generally at 10. The catheter 10 is comprised of an elongated tube 12
      having a distal end 14 and a proximal end 16 with a lumen 18 running
      interiorly thereof defining an opening 20 at the distal tip. The tube 12
      may be made of any nontoxic material, preferably a relatively flexible
      plastic material such as natural or synthetic rubber, polyvinyl chloride,
      polyethylene, nylon, or the like. The preferable material for ease of
      manufacture and low cost is polyvinyl chloride.
PAR  Any conventional means may be provided at the proximal end 16 of the
      catheter for connection to a source of pressure lower than that existing
      at its distal tip opening 20, usually a negative pressure of approximately
      40 to 200 mm.Hg. In the embodiment of FIG. 1, an integral bubble connector
      22 is illustrated at the proximal end for connection of the catheter 10 to
      a source of negative pressure (not shown). An eye 24 or any other
      well-known vacuum regulating means is provided at the proximal end of the
      catheter so that the user may make and break the negative pressure applied
      at the distal end of the catheter in a well-known manner. For example, see
      U.S. Pat. Nos. 3,375,828 and 3,610,242.
PAR  The distal end of the catheter is provided with plural axially extending
      flanges 26 defining alternate raised and depressed surfaces equally spaced
      around the periphery of the distal end. Flanges 26 extend laterally from
      the surface of the tube in a radial direction. The depressed areas or
      valleys 28 between adjacent flanges 26 each have at least one aperture 30
      extending through the wall of the tube into its lumen. As illustrated, all
      surfaces of the distal end of the catheter are smoothly rounded to reduce
      insertion trauma.
PAR  The catheter 10 may be extruded from a thermoplastic material and
      thereafter heated and postformed in a suitable die to provide the
      alternate flanges 26 and valleys 28, while the apertures 30 may be punched
      or drilled after the postforming operation. In the embodiment illustrated
      in FIGS. 1 and 2, it will be noted that the distal tip is pinched inwardly
      to form the valleys 28 so that the distal tip tapers slightly inwardly and
      the flanges 26 and valleys 28 do not exceed the normal outside diameter of
      the tube 12; that is, the outer diameter of the main tube portion 12
      between the ends 14 and 16. This construction provides a suction catheter
      which does not have an enlargement at the distal tip and facilitates
      insertion into small body cavities.
PAR  The total cross-sectional area of all of the apertures 30 is sufficient to
      permit only a nominal vacuum to be applied at opening 20 upon application
      of suction, as will be set forth more fully hereinafter.
PAR  A suction catheter 34 is illustrated in FIGS. 3 and 4 which is similar to
      that described in connection with the embodiment of FIGS. 1 and 2 with the
      exception that the distal end 14a has axially extending lateral flanges 36
      which protrude radially above the normal outside diameter of the tube 12a.
      As shown in FIG. 4, six flanges 36 are equally spaced around the periphery
      of the distal end of the catheter 34 such that six depressed surfaces or
      valleys 40 are formed intermediate the flanges along the normal outside
      diameter of the tube 12a. As illustrated, apertures 42 extend into the
      lumen 18a through the wall of the tube in the valleys 40. The distal end
      14a of this catheter may also be formed in a secondary manufacturing
      operation by postforming the end of the catheter in a suitable die to form
      the flanges 36. Again, the total area of the apertures should be
      sufficient to permit only a nominal vacuum at the opening 20a at the
      distal tip of the catheter when in use.
PAR  A suction catheter 46 is shown in FIGS. 5 and 6 which is similar to that
      illustrated in FIGS. 3 and 4 with the exception that a bubble or enlarged
      section is formed in the tube during the extrusion process prior to the
      postforming operation. This bubble may be formed in a conventional manner
      during the extrusion process, for example, in accordance with the
      teachings of U.S. Pat. No. 3,674,404. As will be noted, when the tube is
      extruded with the enlarged bubble portion, the wall thickness at the
      bubble may be increased. Thereafter, for the postforming operation wherein
      spaced flanges 48 are formed, additional plastic material is provided to
      reduce thinning of the walls in the flange 48 and valleys 50. In this
      construction, the valleys 50, or bottom surfaces of the valleys, as well
      as the flanges 48, balloon outwardly from the normal outer surface of the
      main portion of the tube 12b at its distal end 14b. Apertures 52 extend
      through the wall of the tube 12b in the valleys 50 to communicate with the
      lumen 18b near distal tip opening 20b.
PAR  In the embodiment of the suction catheter 56 illustrated in FIGS. 7 and 8,
      the valleys 58 are depressed from the normal outside diameter of the tube
      12c while the flanges 60 are coextensive with its normal outside diameter
      to provide a constant outside diameter throughout the length of the distal
      end and main portions of the tube. Apertures 62 extend through the wall of
      tube 12c in the valleys 58 to communicate with the lumen 18c and opening
      20c. In this embodiment, unlike FIGS. 1 and 2, the distal end 14c of the
      tube does not taper inwardly.
PAR  As will be noted in each of the above embodiments of the present suction
      catheter, the distal end of the catheter is provided with plural axially
      extending laterally projecting flanges equally spaced about the
      circumference of the tube by depressed portions or valleys. Plural
      apertures extend through the wall of the tube in fluid communication with
      the lumen between the flanges in the valleys. The catheter has an open
      distal tip communicating with the tube lumen and vacuum regulating means
      at its proximal end. In the embodiments of FIGS. 1 and 5, the distal ends
      of valleys 28 and 50 open into the distal tip of the catheter, while in
      the FIGS. 3 and 7 embodiments, valleys 46 and 58 terminate short of distal
      tip 20.
PAR  As set forth above, the suction catheters of this invention minimize mucosa
      damage caused by invagination of the mucosa into the lumen of the catheter
      upon application of suction. That is, the raised flanges provide a
      physical barrier preventing the mucosa from being drawn into the side
      apertures in the depressed valleys and occluding same. Also, total
      occlusion is prevented by the spacing of the apertures around the entire
      periphery of the tube. In addition, since the total cross-sectional area
      of all of the side apertures is sufficient to permit application of only a
      nominal vacuum at the distal end opening, this opening is prevented from
      being drawn against a surface of the body cavity during suctioning, such
      as the tracheobronchial bifurcation. Thus, since the side apertures are
      prevented from being occluded by the mucosa due to the raised flanges,
      application of full vacuum at the open distal tip cannot occur as with
      conventional catheters. For example, for a 14 Fr. suction catheter, the
      total cross-sectional area of all of the side apertures should be
      sufficient, as compared to the cross-sectional area of the distal end
      opening, to produce a negative pressure of only approximately 25 mm.Hg.,
      or less, upon application of approximately 150 mm.Hg. to the catheter. In
      addition, since the distal end surfaces are smoothly rounded, the catheter
      cannot cause abrasions as it is inserted and withdrawn along the walls of
      the body cavity. As shown in the illustrated embodiments, the axial length
      of the flanges and valleys are of substantial length to insure fluid
      communication under various operating conditions. While the size of the
      catheter may vary in accordance with its application, the lengths of the
      flanges and valleys in the illustrated embodiments are greater than the
      arcuate distance between the radially outermost points of adjacent
      flanges, as well as the outer diameter of the main portion of the tube.
PAR  If desired, the distal end portion of the tube may be formed such that the
      bottom surfaces of the valleys are below or radially inwardly of the outer
      surface of the main tube portion while the radially outermost surfaces of
      the flanges are above or radially outwardly of the outer surface of the
      main tube portion.
PAR  In view of the above, it will be seen that the several objects and
      advantages of the invention are achieved and other advantageous results
      obtained. As various changes could be made in the above constructions
      without departing from the scope of the invention, it is intended that all
      matter contained in the above description and shown in the accompanying
      drawing shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suction catheter of a size suitable for insertion into a body cavity
      containing a gas such as the nose, mouth or larynxgotracheobronchial tree
      comprising an elongated tube formed of a flexible material having a lumen
      running interiorly thereof, said tube having an distal end with an opening
      for placing said lumen in communication with the interior of the body
      cavity and a proximal end adapted to place said lumen in communication
      with a source of pressure lower than that existing at the distal end of
      said tube, regulation means for controlling, from said proximal end, the
      suction applied at said distal end, said tube being defined by wall
      portions forming a main body portion and an integral distal end portion of
      limited length relative to said main body portion, said main body portion
      being of generally circular cross-section and said lumen being of constant
      diameter throughout said main body portion, said wall portions forming
      plural axially extending flanges spaced circumferentially about said
      distal end portion of said tube and defining alternate raised and
      depressed surface portions, said wall portions throughout said raised and
      depressed surface portions being of substantially constant thickness, and
      apertures in said depressed surface portions between said flanges
      extending through said wall portions of said tube into said lumen, the
      total cross-sectional area of all of said apertures being sufficient to
      permit only a nominal vacuum to be applied at said distal end opening upon
      application of suction to said catheter.
NUM  2.
PAR  2. The suction catheter of claim 1 wherein said flanges are equally spaced
      about said distal end portion of said tube.
NUM  3.
PAR  3. The suction catheter of claim 2 wherein said apertures extend through
      said wall portion of said tube at the radially lowest point of said
      depressed surface portions.
NUM  4.
PAR  4. The suction catheter of claim 3 wherein a plurality of apertures extend
      through said wall portion of said tube in each depressed surface portion.
NUM  5.
PAR  5. The suction catheter of claim 3 wherein said distal end portion of said
      tube tapers radially inwardly such that said raised and depressed surface
      portions are radially below the normal outside diameter of said main body
      portion of said tube.
NUM  6.
PAR  6. The suction catheter of claim 3 wherein said distal end portion of said
      tube is enlarged such that said flanges extend radially above the normal
      outside diameter of said main body portion of said tube.
NUM  7.
PAR  7. The suction catheter of claim 6 wherein the lowermost portion of said
      depressed surfaces are coextensive with the normal outside diameter of
      said main body portion of said tube.
NUM  8.
PAR  8. The suction catheter of claim 3 wherein said distal end portions of said
      catheter are coextensive with the normal outside diameter of said tube and
      said depressed surface portions extend radially below the normal diameter
      of said main body portion of said tube.
NUM  9.
PAR  9. The suction catheter of claim 1 wherein said flanges extend axially of
      said tube a distance greater than the distance between the radially
      outermost points on adjacent flanges.
NUM  10.
PAR  10. The suction catheter of claim 1 wherein the lengths of said flanges are
      greater than said diameter of said main body portion of the tube.
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ABST
PAL  A disposable diaper constructed to keep the hydrophobic diaper facing sheet
      relatively dry by interposing a perforated plastic film between the facing
      and the absorbent pad.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to disposable diapers, more specifically the
      present invention relates to a structure for a disposable diaper wherein a
      perforated plastic sheet is interposed between the absorbent pad and the
      facing layer contacting the infant to tend to reduce the moisture content
      of the layer.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Conventional disposable diapers normally consist of a facing layer which
      contacts the infant (usually made of a suitable hydrophobic non-woven
      material) overlying a pad of absorbent material such as wood pulp which in
      turn overlies an impervious plastic film. The facing sheet directly
      contacts the pad and thus nothing impedes the migration of moisture back
      into the facing whereby the baby does not stay dry and as a result the
      baby may suffer from diaper rash or the like. Generally, the more
      hydrophobic the facing sheet, the less moisture it will retain, the
      quicker it will tend to dry and the less tendency it will have a rewet
      thereby reducing the probability of the baby suffering from a diaper rash,
      however, even with a relatively hydrophobic facing sheet, the moisture
      content may be quite high.
PAR  It has been proposed to use as the inner facing sheet of the diaper a
      plastic film provided with depressions and minute perforations. The film
      is forced into the absorbent pad of the diaper by application of heat and
      pressure to form the depressions and minute perforations (see Canadian
      Pat. No. 731,336 issued Apr. 5, 1966 to Ekberg). Minute perforations may
      tend to ipair moisture penetration and may cause moisture to accumulate in
      the depressions. Also, the use of a plastic layer in direct contact with
      the baby's skin is not generally satisfactory.
PAR  It is thus the object of the present invention to reduce the moisture
      contact of the diaper facing sheet which contacts the baby.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention comprises a diaper having an absorbent pad,
      a hydrophobic body-contacting layer and a perforated plastic film
      interposed between the absorbent pad and the hydrophobic layer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features, objects and advantages will be evident from the following
      detailed description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is an isometric view of one form of diaper incorporating the present
      invention;
PAR  FIG. 2 is a section along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a slightly enlarged view of the cross-section of diaper before
      folding;
PAR  FIG. 4 is a large section of a portion of the diaper shown in FIG. 3;
PAR  FIG. 5 is a plan view of a perforated plastic film suitable for use in the
      present invention; and
PAR  FIG. 6 is a section through the diaper incorporating the embossed film of
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIg. 1, the general structure of a diaper 10 comprises
      essentially a pad portion 12 with a pair of box pleated sections 14 and 16
      one on each side thereof. The box pleats may be secured together in the
      central region as designated by 18 and 20 so that the diaper will maintain
      its narrow width in this region which conforms with the crotch of the
      infant while the remainder of the box pleat may be expanded to extend
      about the infant's waist to facilitate securing the diaper in position.
PAR  The illustrated diaper includes a hydrophobic body-contacting diaper facing
      sheet 22, which preferably is a hydrophobic non-woven material, overlying
      a perforated plastic film 24 which in turn overlies an absorbent pad 26.
      The absorbent pad 26 may be formed of cellulosic fibrous wadding or a
      plurality of layers of tissues or any other suitable absorbent pad. Also,
      in the illustrated arrangement, there is provided a layer 28 of tissue or
      the like interposed between the pad 26 and the impervious backing member
      30 and the backing member 30 is shown wrapped about the ends of the pad 26
      to enclose the pad on two sides (see FIG. 3). The film 24 and backing
      member 30, for example, may be made of polyethylene. The various layers
      are shown enlarged in FIG. 4.
PAR  The perforations 32 in the perforated film 24 are preferably approximately
      one-eighth inch in diameter and are spaced apart about three-eighths inch.
      The spacing is not critical but it is important that the area between the
      perforations be sufficiently small to prevent the formation of puddles.
      Similarly this size of the perforations is not critical, however, they
      should be sufficiently large to permit easy penetration of the urine while
      limiting contact between the facing 22 and the pad 26 to inhibit migration
      of the liquid from the pad 26 back to the diaper facing, i.e., the diaper
      facing preferably should bridge the perforations without sagging into
      contact with the pad 26 thereby limiting the contact between the diaper
      facing 32 and the pad 26 (substantially as shown in FIG. 4) and thus the
      opportunity for liquid to migrate from the pad 26 back into the facing 22.
PAR  The perforations may be arranged in any suitable pattern, for example as
      described above in a uniform arrangement on 3/8 inch centres. It has been
      found that the perforations are only essential in the central area of the
      diaper. Urine tends to migrate through the pad between the imperforate
      areas of the film 24 (i.e., to the areas in sections 14 & 16 at the
      longitudinal ends of the diaper) but none escapes to the diaper facing in
      the imperforate areas.
PAR  Generally, the perforations should be between about 1/16 and 3/8 inch
      diameter and should be on about 1/4 to 3/4 inch centres. Where slits or
      slots are used instead of perforations, the width of the opened slit
      should be between about one-sixteenth and three-sixteenth inches.
PAR  The film 34 shown in FIG. 5 is adapted to replace the film 24 in the FIG. 1
      to 4 inclusive embodiment. This film 34 is provided with a plurality of
      indentations 36 each of which is perforated at its lower-most point as
      indicated at 38 (see also FIG. 6) to form funnel-like sections tapering
      toward the pad.
PAR  FIG. 6 shows enlarged cross-section of a portion of a diaper incorporating
      the plastic film 34 illustrated in FIG. 5. As shown, the nonwoven 22
      overlies the film 34 and is supported on the peaks 39 between the
      depressions 36. The apertures 38 at the bottom of the depressions 36
      communicate directly with the pad 26 so that urine enters the depressions
      36 and due to their funnel-like shape is quickly moved down into the
      apertures 38 into contact with the pad 26 where it is absorbed. With this
      arrangement fewer perforations are required since the funneling effect of
      the indentations 36 better ensures that the urine reaches the perforations
      38 and thus the pad 26. The size and number of perforations 38, of course,
      should be sufficient to ensure that the urine passes quickly into the pad
      26.
PAR  It will be noted in FIG. 6 that the depressions 36 improve the separation
      between the facing 22 and the pad 26 and thus make migration of liquid
      from the pad 26 back to the non-woven 22 even more difficult thereby
      tending to improve the dryness of the facing.
PAR  The structure of FIG. 6 preferably is manufactured by indenting and
      perforating the film 34 in situ overlying the pad 26 before the non-woven
      22 is applied. One convenient method of forming the indentations is to use
      a heated embossing tool to press the film 34 into the pad 26 to form the
      depressions 36 and simultaneously perforate the film as indicated at 38.
PAC  EXAMPLE
PAR  Four inch samples containing about 4 1/2 grams of pulp were cut from
      diapers and wetted by releasing measured amounts of water to incorporate
      in the pulp up to about 8 grams of water per gram of pulp. This is clearly
      more than the normal amount of moisture found in a wet diaper (normally
      about 2-4 grams water/grams of pulp). In the tests of diapers
      incorporating the present invention, a 1 mil thick polyethylene sheet with
      1/8 inch holes on 3/8 inch spacing was used. Two different diaper
      non-woven facing sheets were examined (one more hydrophobic than the
      other) and the moisture content of the non-woven was measured at 0, 15, 30
      and 45 minute intervals. The results of these tests are given in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                      Time Minutes                                             
     Diaper Facing                                                             
             gms H.sub.2 O                                                     
                  Perf.                                                        
                      0    15   30   45                                        
     Sheet   gm pulp                                                           
                  Film                                                         
                      Residual water gms/gm in diaper facing                   
     __________________________________________________________________________
                  No  0.34 0.29 0.10 0.10                                      
     A (more 2.2                                                               
       hydro-                                                                  
       phobic)    Yes 0.40 0.07 0.04 0.04                                      
                  No  0.88 0.64 0.30 0.15                                      
     A "     4.1                                                               
                  Yes 0.99 0.15 0.03 0.03                                      
                  No       1.45 1.35 1.10                                      
     A "     6.1                                                               
                  Yes      1.43 0.60 0.43                                      
     A "     8.1  No       3.70 3.40 3.10                                      
                  Yes      2.40 2.10 1.70                                      
                  No       1.56 1.08 0.87                                      
     B (less 2.2                                                               
       hydro-                                                                  
       phobic)    Yes      1.45 0.83 0.42                                      
     __________________________________________________________________________
PAR  It is evident that in substantially all cases examined, the perforated
      plastic film interposed between the non-woven and the absorbent pad after
      15 minutes reduced the total moisture content of the facing sheet
      significantly. It will also be apparent that the characteristics of the
      facing sheet are extremely important in determining its moisture content.
      Non-woven facing A (the more hydrophobic of the two tested) after 15
      minutes had a moisture content of .20 gms/gm pulp, whereas non-woven
      facing B still retained 1.56 gms/gm with the moisture content of facing B
      always being considerably higher than A. In any event the results clearly
      indicate that the present invention improves the performance of both the
      non-woven facing sheets A & B.
PAR  It is believed that the diaper facing is maintained drier in diapers
      incorporating the present invention by inhibiting migration of water from
      the absorbent pad back into the facing.
PAR  Modifications may be made without departing from the spirit of the
      invention as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A diaper comprising a hydrophobic diaper facing sheet, an absorbent pad,
      a discrete perforated plastic film interposed between said facing sheet
      and said pad, an impervious backing sheet covering the side of said pad
      remote from said facing sheet, said pad and said discrete perforated
      plastic film being in intimate contact to ensure body fluids passing
      through said perforations immediately contact said pad, said perforated
      film being indented about each perforation thereby to provide a funnel
      like surface surrounding each perforation, said funnel like surface
      tapering in toward said pad, said perforations being sufficiently large to
      permit easy penetration of body fluids yet sufficiently small that the
      facing sheet bridges each of said perforations, each said perforation is
      equivalent in open area to a hole one-sixteenth to three-eighths inch in
      diameter and said perforations are located on centers spaced between
      one-fourth and three-fourths of an inch, said film substantially
      eliminating contact between said hydrophobic facing sheet and said pad
      whereby migration of said fluids from said pad back into said hydrophobic
      facing sheet is impaired.
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ABST
PAL  An implantable cardiac pacer has a counter for encoding different binary
      numbers in response to clock pulses applied thereto through an internal
      clock pulse generating switch that can be activated from outside of the
      subject's body by application of radiant energy. The binary numbers are
      decoded with switches that sequentially connect and disconnect circuit
      elements to control a characteristic of the pacer such as its stimulus
      pulse width, pulse amplitude, pulse rate and others. The clock pulse
      switch may be one that is activated with light or pressure but is
      preferably a magnetic switch system controlled by a shaped magnetic field
      for preventing inadvertent operation. The encoder counter recycles or
      resets to its initial value when a predetermined number of clock pulses
      are applied.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns means for adjusting or selecting various operating
      characteristics of an implantable cardiac pacer without physically
      contacting the pacer.
PAR  Implantable cardiac pacers are essentially resin encapsulated pulse
      generators which can be connected to the heart to apply stimulus pulses
      thereto. In some subjects asynchronous pulse generators are used. This
      type of pulse generator applies stimulus pulses at a constant rate and
      each pulse has a substantially constant width and amplitude. Asynchronous
      pacers are usually used in subjects who have complete ventricular
      conductive block wherein no natural electric stimuli are produced by the
      heart.
PAR  The standby pacer is another type that is commonly used. In this type,
      there is a pulse generator and a sensing circuit connected to the heart.
      When a natural electric stimulus occurs on the heart, the sensing circuit
      causes the pulse generator to be inhibited for a time interval. The
      sensing circuit may be made to exhibit hysteresis. That is, when a natural
      stimulus is sensed, the next pulse to be generated by the generator may be
      delayed for a relatively long interval and if a natural pulse does not
      occur within that interval the generator will turn on and pulse at shorter
      intervals or at a higher rate until the next natural pulse, if any occurs.
      Sensing circuits also usually have a refractory period during which they
      will not respond to noise or other electric signals on the heart following
      the moment after a natural signal is sensed.
PAR  It is desirable that the foregoing functional parameters of the pacer be as
      compatible as possible with the physiological needs of each cardiac
      patient in which a pacer is implanted. Stated in another way, it is
      desirable to optimize the stimulus pulse rate, amplitude and width for
      each patient to meet physiological needs and also to conserve battery
      energy and in many cases it would be desirable to be able to select the
      refractory interval, the hysteresis interval and sensitivity of the
      sensing circuit after the pacer has been surgically inplanted.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an electric organ stimulator,
      such as a cardiac pacer with means for adjusting any desired operation
      characteristic thereof over a wide range without entering the pacer itself
      nor invading the body of the subject in which the pacer is implanted.
PAR  Another object of this invention is to provide a pacer characteristic
      adjustment and selection means which occupies a minimum amount of space in
      the pacer and has a minimum number of components compared to prior art
      means for accomplishing the same purposes.
PAR  Another object is to provide a system and a device for remote adjustment
      and selection of pacer characteristics which is substantially immune from
      interference and inadvertent operation. Another object is to provide an
      implantable cardiac pacer with a circuit including switches that are
      magnetically operable and must be in predetermined states to alter a
      functional characteristic of the pacer and which will not attain said
      predetermined states when all switches are exposed to a stray magnetic
      field and to also provide a cooperating portable control device having
      magnets arranged with a field free region between them such that when the
      device is in a substantially singular position proximate to the pacer it
      will magnetically operate said switches to said predetermined states.
PAR  Another object is to provide for control of pacer characteristics by
      applying an external shaped magnetic field which is distinct from stray
      fields which may be encountered accidentally.
PAR  A further object is to provide operating characteristic control means in
      which there are substantially no moving parts and which is reliable and
      predictable in its operation.
PAR  Yet another object of this invention is to provide in a pacer an encoder
      that reponds to externally applied signals by producing coded binary
      numbers that are decoded to activate circuit elements in the pacer which
      bring about a change in an operating characteristic thereof.
PAR  Another important object of the invention is to provide recycling encoding
      means which allow stepping the operating characteristic to a predetermined
      value after which an additional external control signal will reset the
      decoder and hence the operating characteristic to its initial value.
PAR  How the foregoing and other more specific objects of the invention are
      achieved will appear in the detailed description of illustrative
      embodiments of the invention which will be set forth shortly hereinafter.
PAR  In general terms, the organ stimulus pulse generator with which the present
      invention is used may be an asynchronous or a synchronous type. The
      invention is exemplified in an asynchronous pacer. Various operating
      characteristics may be controlled in accordance with the invention, as
      will be evident later in the specification. Control of pulse rate is
      typical. This involves use of an encoding circuit such as a ring counter
      or shift register which produces a different binary number for each clock
      pulse that it receives. The clock pulses are controlled by a switch in the
      pacer and this may be a magnetically operated switch such as a reed switch
      controlled by a shaped or predetermined applied magnetic field or it may
      be an electric switch operated externally of the body with another form of
      radiation such as light or radio frequency radiation or it may be operated
      by pressure applied to the surface of the body in proximity with the
      pacer.
PAR  The encoded information is decoded such as to produce signals for operating
      switching devices that connect various circuit elements into
      characteristic controlling circuits of the pacer on a selective basis.
PAR  A more detailed description of a preferred embodiment of the invention will
      now be set forth in reference to the drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of a cardiac pacer embodying the invention;
PAR  FIG. 2 is a block diagram of an encoding and decoding system used in the
      previous embodiment;
PAR  FIG. 3 is a modified version of the decoder system for use in the FIG. 1
      circuit;
PAR  FIG. 4 represents an implantable cardiac pacer having portions broken away,
      a heart and a specialized control magnet;
PAR  FIG. 5 is a reproduction of the fragmentary sectional portion of the pacer
      in FIG. 1 associated with a fragment of a control magnet for illustrating
      an alternative embodiment of the illustration; and
PAR  FIGS. 6 and 7 are phototransistor and photodiode switching circuits which
      may be substituted in the circuits of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 is a diagram of a standby implantable cardiac pacer which
      incorporates the new operating characteristic selection device. The pacer
      comprises a pulse generator whose output terminals are toward the right
      portion of the drawing and are marked 11 and 12. These terminals are
      adapted to be connected in a circuit with the heart 13 by means of leads
      14 and 15.
PAR  The rate at which artificial stimulus pulses are applied to the heart is
      governed by an RC timing circuit which is at the left and comprises a
      timing capacitor 16 in series with resistors 17 and 18. This series
      circuit is connected across d-c power source lines 19 and 20. The d-c
      source for energizing these lines is marked 28 and it has a filter
      capacitor 29 in parallel with it.
PAR  In accordance with the invention, a decoding device 21 for placing more or
      less resistance in parallel with timing resistor 18 to alter the pulse
      rate characteristic of the generator is shown in block form in FIG. 1 and
      will be described in detail later. Decoder 21 is connected to an encoder
      22 by means of five control lines 23-27. Encoder 22 will also be described
      in detail later.
PAR  Basically, in FIG. 1 a stimulus pulse appears on output terminals 11 and 12
      of the pacer when timing capacitor 16 at the left of the diagram reaches
      its trigger voltage level. A line 43 connects timing capacitor 16 to the
      first stage of pulse generator 10. The first stage of the pulse generator
      10 includes a transistor 30 having its emitter and collector connected in
      series with a resistor 31, a diode 32 and a collector resistor 33. A
      voltage divider comprising resistors 34 and 35 provides bias to transistor
      30 by virtue of the transistor base being connected to an intermediate
      point 36 in the bias circuit. When the voltage on capacitor 16 exceeds the
      sum of the voltages at point 36 and the emitter to base drop of transistor
      30, transistor 30 conducts and begins to discharge capacitor 16 for
      initiating the rise portion of a timing pulse. The timing cycle is
      repeated usually about 72 times per minute in cardiac stimulators.
PAR  One of the discharge paths of capacitor 16 is through the load terminals,
      namely the emitter and collector of transistor 30 and resistor 33. The
      voltage developed on resistor 33 is applied to the control terminal or
      base of a transistor 37 which goes into saturation quickly. Transistor 37
      has a comparatively small resistor 38 in its emitter circuit as one means
      for limiting capacitor discharge current. Resistor 38 also affects pulse
      width.
PAR  The charging time of capacitor 16 determines the pulse repetition rate
      characteristics and its discharge time determines pulse width
      characteristic. Pulse width control is obtained with the Schottky diode 32
      in series with a pulse width determining resistor 31. The top of resistor
      31 connects with source line 19 and to a junction point 39 which is
      separated from the d-c source terminals by a relatively high resistor 40.
      When capacitor 16 is charging, the junction point 39 of resistors 18, 31,
      34 and 41 are all near battery potential, that is, junction point 39 is
      near battery potential. However, during the discharge cycle of capacitor
      16, junction 39 changes to near ground or negative potential due to the
      high conductivity of saturated transistor 37. This results in all current
      from capacitor 16 and any current through resistor 40 from the battery
      flowing to ground during discharge of capacitor 16, thereby decoupling the
      battery from the timing circuit and eliminating any effect it might
      otherwise have on pulse width.
PAR  During the discharge cycle of capacitor 16, some of its current is diverted
      from transistor 30 through diode 32 and resistor 31 to common point 39.
      This diversion of current causes transistor 30 to turn off sooner than it
      would if the capacitor could discharge only through transistors 30 and 37
      and it reduces the timing pulse width to about 1 millisecond or less if
      the proper values of resistors 31 and 38 are used.
PAR  Capacitor 16 actually discharges through several separate paths, one of
      which includes charging resistors 17 and 18. When the capacitor 16
      discharges to a voltage level which is not sufficient for forward biasing
      transistor 30, the latter turns off and another charging cycle for
      capacitor 16 begins.
PAR  Each time timing capacitor 16 discharges, a negative going pulse of
      predetermined width is developed on the collector of transistor 37. This
      pulse is applied to the base of a transistor 45 through resistor 41,
      causing transistor 45 to become forward biased and conductive. Transistor
      45 has a collector resistor 46 so that when the transistor conducts, a
      point 47 on the collector develops a positive pulse which is transmitted
      to a transistor 48 through a base resistor 49.
PAR  Transistor 48 has its emitter connected to ground or negative source
      terminal 20 and its collector connected to a collector resistor 51 which
      is in turn connected to positive supply line 19. When a positive pulse is
      applied to the base of transistor 48 concurrently with discharge of timing
      capacitor 16, a negative going pulse appears on this collector. The
      negative going pulse is coupled to the output circuit by means of
      capacitor 52.
PAR  In the load circuit there is a capacitor 53 which is charged simultaneously
      with timing capacitor 16. The charging circuit for capacitor 52 begins at
      positive line 19 and continues through resistor 51, capacitor 52 and a
      resistor 56 which is connected to negative line 20. The charging time of
      capacitor 52 is long compared to its own discharge time but is short
      compared to the charging time of capacitor 16. The other load circuit
      capacitor 53 is also charged at the same time as capacitor 52. The
      charging circuit for capacitor 53 begins at positive line 19 and includes
      a capacitor 53, the heart 13, and back to negative line 20 through heart
      tissue intervening between output terminals 11 and 12.
PAR  Capacitor 53 is also charged rapidly in comparison with timing capacitor 16
      but is charged slowly in comparison with its discharge time. Because of
      the slow charging rate of capacitor 53, current flowing through the heart
      13 is insufficient to stimulate it. On the other hand, rapid discharge of
      capacitor 53 does produce a high enough current to stimulate the heart.
      The low charging current through capacitor 53 and its high discharge
      current flow in equal and opposite directions through the heart. When
      capacitor 53 becomes fully charged, the output circuit remains inactive
      until initiation of a pulse by the timing circuit.
PAR  When a timing pulse is initiated, transistors 37, 45, 48 and 54 go into
      saturation. It will appear that transistors 48 and 54 are involved in
      rapid discharge of capacitor 53 to effect a stimulating pulse.
PAR  Transistor 45 has a bias resistor 41 connected between its base and the
      collector of transistor 37. When transistor 37 conducts, transistor 45 is
      forward biased from positive line 19 through the emitter of transistor 45,
      resistor 41, transistor 37 and its emitter resistor 38. Transistor 45 upon
      the appearance of a negative going pulse on its base begins to conduct and
      quickly goes into saturation. This causes a voltage to be developed across
      resistor 46 which is the collector resistor of transistor 45. This voltage
      is applied through resistor 49 to the base of transistor 48, forward
      biasing the latter into conduction. The voltage developed on resistor 46
      by virtue of conduction of transistor 45 is also applied to transistor 54
      through a biasing resistor 55. This causes transistor 54 to conduct.
      Conduction of transistors 48 and 54 allows a discharge path for capacitors
      52 and 53. Starting with the left or positive plate of capacitor 53, this
      series discharge path includes transistor 54, capacitor 52, transistor 48,
      part of negative line 20, the heart 13 and finally to the right or
      negative plate of capacitor 53. Due to the very low discharge impedance in
      this circuit, a high energy stimulus pulse is conducted through the heart
      which is limited primarily by the relatively low impedance of the heart
      itself. The heart impedance is such that capacitors 52 and 53 do not
      discharge completely before timing circuit transistor 37 goes off after
      which transistors 45, 48 and 54 turn off quickly.
PAR  The output circuit is connected for doubling the source voltage in this
      example. At the initiation of a timing pulse, the emitter of transistor 54
      is driven through a potential which is below ground by an amount
      approximately equal to the battery voltage 28 due to the rapid discharge
      of capacitor 52. When transistor 54 saturates an instant later, the
      positive or left plate of capacitor 53 is switched essentially from
      battery voltage B+ to -B+, a change which produces a potential of about
      -2B+  which is double the battery voltage across the heart load with one
      side of the heart reference to battery ground.
PAR  The output terminals 11 and 12 have a pair of reversely connected zener
      diodes 59 and 60 connected across them primarily to protect the pulse
      generator against the input of relatively high voltages such as might be
      developed in the body if a defibrillator is applied.
PAR  In accordance with the invention, the energy of the stimulus pulses may be
      varied or selected after the pacer is implanted. Basically, the stimulus
      pulse energy is governed by the value of resistor 61 which determines the
      charge level of heart coupling capacitor 53. The effective value of
      resistor 61 and, hence, the output pulse energy, may be modified after the
      pacer is implanted. For this purpose a decoder unit may be connected in
      parallel with resistor 61. This decoder unit may be basically similar to
      unit 21 in that it has several resistors and switches which may be coded
      to connect selectively in parallel with resistor 61 upon occurrence of a
      command pulse administered from outside of the subject's body. The
      associated encoder, not shown, in FIG. 1, may be similar to encoder 22
      which is illustrated and will be described in detail hereinafter.
PAR  The means for selecting and controlling one or more of the operating
      characteristics of the cardiac pacer such as pulse rate, pulse width,
      output pulse amplitude and other characteristics too will now be described
      in detail. Consider, for example, the encoder 22 in FIG. 1 and its control
      lines 23-27 together with decoder 21 for controlling stimulus pulse rate.
      In FIG. 1 the decoder has a common line 125 connected to one side of
      timing resistor 18 and another common line 126 connected to the other end
      of timing resistor 18. Similar reference numerals are given to these lines
      in FIG. 2 where the decoder is generally designated by the numeral 21. The
      control lines 24-27 are also marked correspondingly and the encoder is
      again marked 22 generally. A pacer characteristic may be selected by
      operating a clock switch 139 which is symbolized as an electromechanical
      switch but may take many forms as will be evident later. Switch 139 is in
      the pacer and is not directly accessible from outside the body. A suitable
      switch is one that is operated from outside of the body by applying
      magnetic or electromagnetic energy or by applying physical pressure on the
      body. Switch 139 is shown as being supplied from a positive potential
      source, B+. Each time switch 139 is closed, a clock pulse is delivered to
      the encoder 22 to change its binary output number state and this number is
      decoded to effectuate change of an operating characteristic. A resistor
      142 is connected between the clock line output and ground to prevent the
      clock line from floating potentially.
PAR  Encoder 22 may be variously embodied and may, for example, take the form of
      a ring counter or a shift register. In this example, a ring counter is
      used which comprises several master-slave type D flip-flops 130, 131, 132,
      133 and 134. The dashed lines 135-137 suggest that additional flip-flops
      may be interposed between flip-flops 132 and 133. J-K master-slave
      flip-flops could also be used or the encoder may, for example, be a CD
      4015A static shift register, not shown, with a self-resetting loop. Ring
      counter is used herein as the generic designation for ring counters and
      shift registers. Binary numbers may be encoded with the flip-flops through
      a range from 00000 to 10000 in the present example, the most significant
      bit appearing on output or control line 23 and the least significant bit
      appearing on control line 27.
PAR  The D-type flip-flops used here are characterized by transferring the state
      which exists on its D input to its Q output whenever a clock pulse is
      applied to its C input. In this case all of the C inputs are connected to
      a common bus 138 for simultaneously receiving a clock pulse through switch
      139 that may be connected to the same positive voltage source which
      supplies the pacer pulse generator and sensing circuit described above.
      This switch may take a variety of forms, in accordance with the invention,
      as will be described later, but for present purposes switch 139 may be
      considered a magnetic reed switch that is embedded in the implanted pacer.
      Switch 139 may be closed by placing a permanent magnet, not shown, in FIG.
      2, in proximity with the pacer. The magnet may be placed on the skin over
      the pacer and then withdrawn to close and open switch 139 and provide one
      clock pulse.
PAR  The ring counter comprised of the D flip-flops is somewhat conventional
      except that in this case, after it has been actuated through a complete
      sequence, it resets all outputs 23-27 at the zero state after which a new
      sequence of binary numbers may be produced on control lines 23-27 by
      pulsing switch 139 respectively.
PAR  The arrangement includes a NAND gate 140 which has several input each of
      which is connected to a corresponding Q output of the respective
      flip-flops 130-133 but not to flip-flop 134. Assume for simplicity of
      explanation that at the time the pacer is assembled the flip-flops are
      sequenced such that all of the Q outputs of flip-flops 130-133 are in
      their "1" or high state and all of the Q outputs are zero or low and that
      the Q output 23 of flip-flop 134 is high so the binary number 10000 will
      appear on control lines 23-27. Assuming that positive logic is used, when
      all the Q inputs to NAND gate 140 are high initially, the output of this
      gate is low. The NAND gate output is low only when all of its inputs are
      high. If any input is low the output will be high. Since the gate 140
      output is low initially, the D input of the first flip-flop 130 will be
      high due to inversion by inverter 141. The Q output of flip-flop 130 will
      be low as will all the other Q outputs except that of flip-flop 134
      initially. When the first clock pulse or high signal is applied by closing
      clock pulse switch 139 momentarily, the high signal on the input of
      flip-flop 130 will be transferred to its Q output and to control line 27
      thus producing the binary number 00001 on the control lines with the least
      significant bit appearing on line 23. When the Q output of flip-flop 130
      goes high, its Q output goes low such as to make the output of NAND gate
      140 high and, because of inverter 141, a low or 0 now appears on the D
      input of flip-flop 130. When the next clock pulse is applied via switch
      139, the low which existed on the D input of flip-flop 130 is transferred
      to its Q output but the previously existing high output of the flip-flop
      130 is transferred to the Q output of flip-flop 131 so as to produce the
      binary number 00010. This sequence of zeroing the Q outputs and
      corresponding control lines of the flip-flops is continued until the next
      to the last flip-flop 133 has 1 or high appearing on its Q output and
      control line 24. The encoded number is then 01000. When this stage in the
      sequence is reached, the Q outputs of the four flip-flops 130-133 will be
      high and the Q outputs of these flip-flops will be low. The next clock
      pulse from switch 139 will transfer the high on the D input of flip-flop
      134 to its Q output producing the binary number 10000 in the control
      lines. Since prior to the last step all of the Q outputs of flip-flops
      130-133 have gone low, all inputs to NAND gate 140 will be high and its
      output will go low so that, due to inverter 141, the D input to the first
      flip-flop will go high which is the initial state again. When the next
      clock pulse is applied through switch 139, the high existing on the D
      input of flip-flop 130 will be transferred to its Q output so that a 1
      will appear on control line 27 and the binary number 00001 will be
      produced again. The Q output of flip-flop 134 will then be zero. Thus, it
      will be seen that the ring counter continues to recycle as clock pulses
      are applied consecutively through switch 139.
PAR  In this example, control lines 23-27 run to the gates of several field
      effect transistors 145-149 used as switches and comprising the decoder 21.
      Other types of controllable switches could be substituted. The transistors
      are rendered conductive in this case in the order of 145 to 149 by the
      binary numbers 00001 to 10000 consecutively produced by encoder 22. Thus,
      the transistors serve as switches for connecting the resistors
      consecutively across terminals 126 and 127 which, in this particular
      example, are connected in parallel with timing resistor 18 by way of
      terminals 126 and 127. The resistors preferably each have different values
      so that when they are in parallel with resistor 18, a unique charging time
      for timing capacitor 16 will exist. This means that the time interval or
      rate of the pulse generator can be varied as desired within the limits of
      the number and values of resistors 150-154 connected in parallel
      therewith.
PAR  Those skilled in the art will recognize that capacitors or other circuit
      elements could be substituted for resistors 150-154 where it is desired to
      change an operating characteristic by varying capacitance.
PAR  Individual encoders such as encoder 22 which has just been described may
      also be incorporated in the pacer to cooperate with various other decoders
      such as one paralleling resistor 31 for changing pulse width or one
      paralleling resistor 61 for changing pulse amplitude. In each case
      resistors or other circuit elements of proper value would be connected in
      series with the field effect transistor switches in the decoder 21. In any
      case, a separate encoder-decoder combination and control switch is needed
      for each pacer characteristic that is controlled.
PAR  Although the number of elements involved in the ring counter circuit and in
      encoding and decoding control signals seems formidable, it will be
      appreciated by those skilled in the art that all of these components
      including the field effect transistors and the flip-flops can be formed on
      an integrated circuit chip of under 100 mils square for each set of
      flip-flops, the inverter, the NAND gate and the transistor switches. Thus,
      the new pacer characteristic control system will generally occupy less
      space than a single reed switch even though as many as six characteristics
      are controlled. Usually, however, it will be sufficient to permit
      selection of the rate, width and amplitude of the stimulus pulses. When
      more than one characteristic is controlled from externally of the subject,
      switches responsive to different radiation media or other means for
      discriminating must be used.
PAR  FIG. 3 shows another type of decoder which may be used to control pulse
      rate in place of decoder 21 shown in FIG. 2. In FIG. 3 timing capacitor 16
      and charging resistors 17 and 18 of the pulse generator are reproduced. In
      this case, however, instead of switching resistors in parallel with timing
      resistors 17 and 18, the timing capacitor 16 is merely connected to a
      voltage source through alternate charging paths comprised of diodes
      160-164 in series with resistors 165-169, respectively. The anodes of the
      diodes are connected to the encoder control lines which are marked 23' to
      27' in FIG. 3 and correspond with 23-27 in FIG. 2. The encoder 22, for
      example, may then supply a charging voltage to the diode through a
      resistor so as to charge timing capacitor 16 more rapidly than it would be
      charged if it were charged from positive line only through resistors 17
      and 18. In other words, a charging voltage is derived from the encoder
      itself. Thus, if line 27' goes high, which would correspond with encoder
      22 having an output state of 00001, diode 164 will be forward biased and
      it will pass current through resistor 169 to charge capacitor 16 at a
      supplementary rate dependent on the value of resistor 169 and the high
      state potential of the encoder output terminals. Each of the resistors
      165-169 have different values to change the supplementary charging rate
      since the voltages applies sequentially to control line 23'-27' are
      assumed to be equal.
PAR  Where a single implanted magnetic reed switch 139 is used for stepping a
      shift register or a ring counter such as in encoder 22 by bringing a
      magnet external to the body in proximity with the switch, it will be
      evident that there is a possibility of the subject in which a pacer is
      implanted coming into proximity with a magnet that could operate the
      switch inadvertently. In accordance with another aspect of the invention,
      a magnetically operable switch such as 139 is precluded from inadvertent
      operation by stray magnetic fields by providing for operation only by
      externally applied magnetic fields which have a predetermined shape. FIG.
      4 shows a pacer in which switch operation by stray magnetic fields is
      precluded by using more than one magnetic reed switch for the switching
      function. In FIG. 4 pacer is shown schematically. It comprises resin
      encapsulating material 176 in the top portion of which the electric
      sources such as batteries 177 and 178 for driving the pacer are located.
      The electronic circuitry such as the pulse generator and heart sensing
      circuit are symbolized by the box 179 to which leads 180-183 extend from
      the batteries 177 and 178. A pair of conductors 184 run from electronic
      circuitry 179 to a connector 186 which may be assumed to contain the
      output terminals 11 and 12 of the pulse generator. A two conductor
      catheter 187 is shown adjacent connector 186 and the active end 188 of the
      catheter is disposed in a heart 189. The logic for charging a
      characteristic of the pacer which has been described above is represented
      by the box 175.
PAR  The pacer in FIG. 4 is provided with three series connected magnetic reed
      switches 190, 191 and 192 which together supplant switch 139 for providing
      control pulses to the encoder. Switches 190 and 192 are normally open and
      switch 191 is normally closed in this example. The purpose of this
      arrangement, as indicated earlier, is to preclude application of a clock
      pulse to the encoder when the implanted pacer is exposed inadvertently to
      a steady state or a-c magnetic field which would close a normally open
      single reed switch if only one clock pulse switch such as 139 were used.
      However, in this case all three switches 190-192 must be closed and this
      can only be done by applying a shaped or predetermined magnetic field such
      as may be done with a magnet assembly that is generally designated by the
      reference numeral 195.
PAR  With multiple switches, if the subject is exposed inadvertently to a stray
      state or a-c magnetic field such that switch 190, for example, would
      close, switch 192 will remain open to prevent generation of a clock pulse.
      If the field were strong enough to close switch 192 simultaneously with
      switch 190, the field will also be coupled with and strong enough to open
      switch 191 in which case application of a control pulse will again be
      prevented.
PAR  Center reed switch 191 should preferably be more sensitive to magnetic
      fields than the other switches 190 and 192 so switch 191 will open first
      if the switches are exposed simultaneously to a uniform stray magnetic
      field. An intrinsically more sensitive reed switch 191 may be used or the
      other switches 190 and 192 may be made less sensitive to a magnetic field
      by cutting their leads shorter. This reduces their magnetic permeability
      because the leads are made of magnetic material.
PAR  The magnet assembly 195 in FIG. 4 is provided to enable intentional closure
      of switches 190, 191 and 192 simultaneously. This assembly comprises two
      permanent magnets 196 and 197 which are arranged closely adjacent each
      other with similar poles such as the south poles, in opposition as
      indicated by the letter S on the magnets. Contiguous with the south pole
      of magnet 196 is an iron pole piece 198 which terminates in a pole face
      199. Similarly, contiguous to magnet 197 is a pole piece 200 which
      terminates in a face 201. The space between pole pieces 198 and 200 is
      occupied by resin 202 and the whole magnet assembly is encapsulated in
      resin which is generally marked 203. The magnetic field from magnet 196
      extends from the pole face 199 to the north or N pole of this magnet. The
      magnetic field of magnet 197 extends from pole face 201 to the north pole
      of this magnet. There is substantially no magnetic field coupling pole
      faces 199 and 201 because of their similar polarities. Thus, the magnet
      assembly 195 produces two spaced apart diverging magnetic fields with an
      intervening region of no field between them. When the magnet assembly 195
      is positioned as shown in FIG. 4 with respect to reed switches 190, 191
      and 192, outside switches 190 and 192 will be coupled with magnetic fields
      and they will close and switch 191 will remain normally closed since it is
      in a region substantially void of a magnetic field. It is only when magnet
      assembly 195 is positioned substantially as it is shown in FIG. 4 that all
      three switches will close to provide a clock pulse to the encoder. If the
      magnet assembly is shifted to the right from its FIG. 4 position, it may
      close outside switch 190 but it will also open center switch 191 such that
      application of a clock pulse is prevented. Moreover, switch 192 will
      remain open under these circumstances. If the magnet is shifted to the
      left, switch 192 may close but switch 190 would remain open. It should be
      evident, therefore, that it is only when two magnetic fields are coupled
      with switches 190 and 192 while there is no coupling with switch 191 that
      a clock pulse will be produced.
PAR  As explained above, any uniform stray magnetic field which closes switches
      190 and 192 will have previously opened more sensitive switch 191 to
      preclude a clock pulse. A stray field which closes switch 190, for
      example, would not result in a clock pulse because 192 would still be open
      and, if it were not, switch 191 would be opened. Thus, it is only when the
      magnet assembly is properly positioned or aligned that all three switches
      will be closed. This can be achieved by the subject sliding the magnet
      assembly 195 over the surface of the body where the pacer is implanted.
PAR  An alternate switching system that is substantially immune to being
      operated unintentionally by a stray magnetic field but can be operated in
      a desired mode intentionally with a shaped or predetermined field
      configuration is shown in FIG. 5 where like parts are given the same
      reference numbers used in FIG. 4.
PAR  In FIG. 5, a normally open magnetic reed switch 230 and a normally closed
      reed switch 231 are embedded in the resin encapsulation 176 of the pacer.
      Closed switch 231 is preferably more sensitive so it will open with a
      magnetic field being applied that is weaker than the field required to
      close the other switch 230. Assume in this example that switch 230 must
      close while switch 231 remains closed to produce a control signal for
      changing a functional characteristic of the pacer. Hence, as the pacer
      enters a stray field the more sensitive normally closed switch will
      assuredly open before the other switch 230 closes, if it closes at all, to
      thereby prevent a characteristic control signal from being produced. Even
      if switches 230 and 231 are equally sensitive, a sufficiently strong stray
      field which couples with both of them and which would close switch 230
      undesirably will open switch 231 and a considerable amount of protection
      against interferring fields is provided.
PAR  In accordance with the invention, however, selective closure of switch 230
      can be obtained without opening switch 231 by using a pencil-like magnet
      232 the tip of which is shown in FIG. 5. The pointed tip results in a
      concentrated or confined field being produced which field may be directed
      into switch 230 to close it without coupling with switch 231 such as to
      open it. If, when the physician is probing over the skin under which the
      pacer is implanted, the normally closed switch 231 is unintentionally
      opened, no harm will be done since it is only when switches 230 and 231
      are both closed that an intentional switching function occurs.
PAR  It should also be noted that switch 230 will open before switch 231 closes
      when a stray magnetic field is removed. Thus, the switching circuit is
      always open in the presence of a strong magnetic field which is likely to
      be encountered accidentally. On the other hand, a field which is
      concentrated on the one switch 230 to close it, is unlikely to be
      encountered accidentally.
PAR  Those skilled in the art will appreciate that use of a predetermined
      magnetic field configuration to selectively control one or more switches
      is not limited to having three switches connected in series in a row as in
      FIG. 4 nor to having two in a row as in FIG. 5 for various combinations of
      opened and closed switches may be arranged and connected in various
      patterns with selected spacing between them.
PAR  An alternative to magnetic switches for applying clock pulses to the
      encoder is the switching circuit shown in FIG. 6. This is a light
      activated switching circuit which uses a phototransistor 206 that can be
      located under a lens 207 which is sealed into the pacer encapsulation as
      illustrated in FIG. 4. This switching circuit is operated to apply a clock
      pulse to the encoder by placing an intense light source on the surface of
      the body over the region in which the pacer is implanted.
PAR  It has been found that sufficient light will pass through body tissue as
      thick as one-half inch to activate the phototransistor. The body tissue is
      quite transmissive of the red part of the spectrum which, fortunately, is
      the part to which presently available phototransistors are most sensitive.
PAR  In FIG. 6 phototransistor 206 has a terminal 208 which may connect
      internally of the pacer to its power supply. When phototransistor 206
      conducts due to application of light to the subject's body over the pacer,
      a voltage is developed across a resistor 209. The top of this resistor is
      connected to the base-emitter circuit of a transistor 210 which becomes
      conductive. The collector resistor of transistor 210 is marked 211. When
      transistor 210 conducts, a negative going pulse is produced on its
      collector. This pulse is coupled through an inverter 212 such that the
      output pulse on terminal 213 will be positive going. Terminal 213 may be
      connected where the terminal of switch 139 in FIGS. 1 and 2 is connected
      such as to introduce the positive pulse to encoder 22. Of course, if
      negative logic is used, inverter 212 would be unnecessary.
PAR  An alternative light activated switching circuit is shown in FIG. 7. This
      circuit uses a photodiode 214 in series with a resistor 215. This series
      circuit is connected to the pacer power source at its terminal 216. The
      base-emitter circuit of a transistor 217 is connected across resistor 215.
      The transistor has a collector resistor 218. When photodiode 214 is made
      conductive by exposure to light transmitted through the subject's tissue,
      the voltage drop across resistor 215 forward biases transistor 217 such as
      to make it conductive through its collector-emitter circuit. When it
      conducts, a negative pulse is produced on its collector and it may be
      inverted with an inverter 219 to produce a positive pulse on terminal 220
      which may be introduced into the encoder for producing a unique binary
      number.
PAR  An alternative to using light activated switching devices as in FIGS. 6 and
      7 is to use a pressure sensitive mechanical switch or a pressure sensitive
      semiconductive device, not shown. Those skilled in the art will appreciate
      that such devices may be used in conjunction with a suitable amplifier for
      producing a control signal in response to pressure. In a pacer, such
      devices may be disposed under a sealed diaphragm such as to be operated
      when a force is applied to the subject's body for transmission through a
      tissue to the subject's body for transmission through tissue to the
      pressure sensitive device.
PAR  The various encoders may also be operated with radio frequency receivers
      incorporated in the implanted unit. In such case each receiver may be
      tuned to a different frequency and produce an output signal when the
      frequency is received. An external transmitter, not shown, that is tunable
      to the various frequencies may be used selecting the characteristic of the
      pacer that is to be modified after implantation.
PAR  In cases where several different operating characteristics are to be
      subject to control in a single pacer, it is necessary for the decoders to
      be able to discriminate the various externally applied control signals
      lest one characteristic be modified when modification of another is
      intended. It should be evident from the description thus far that one way
      of accomplishing this is to use magnetic reed switches, a light activated
      device and a pressure sensitive device in combination for generating
      control signals. Of course, discrimination is obtainable when tuned radio
      frequency systems are employed. Another possibility is to use logic
      circuitry for discriminating.
PAR  In summary, an encoding and decoding system has been described for
      controlling the various operating characteristics of a pacer and several
      switching for introducing unique control signals from outside of the
      subject's body have been described as well. Although the invention has
      been described in considerable detail, such description is intended to be
      illustrative rather than limiting, for the invention may be variously
      embodied and is to be limited only by interpretation of the claims which
      follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An implantable cardiac pacer comprising:
PA1  a. pulse generator means for applying stimulus pulses to a heart, said
      generator means having at least one operating characteristic that is
      subject to variation,
PA1  b. means for detecting control signals generated remotely from said pacer,
PA1  c. ring counter means having a plurality of output terminals, said ring
      counter means being responsive to each in a succession of detected control
      signals by respectively changing the voltage states on said output
      terminals from a first state to different states to thereby produce a
      sequence of binary number representative signals on said output terminals,
PA1  d. means connected with said output terminals and responsive to each binary
      number change thereon by varying said characteristic,
PA1  e. means for resetting said ring counter means for its output terminals to
      attain said first state in response to a predetermined number of binary
      number states having occurred,
PA1  f. said ring counter means comprising a series of interconnected
      flip-flops, said flip-flops respectively having output terminals (Q) and
      clock input signal terminals (C) and data input terminals, said flip-flops
      each being characterized by transferring whichever high or low state
      signal is on its data input terminal to its Q output terminal when a clock
      signal is applied to its C input terminal,
PA1  g. said Q output terminal of the first and next flip-flops other than the
      last flip-flop in the series being connected to the ensuing data input
      terminal of subsequent flip-flops,
PA1  h. said C input terminal being connected for simultaneously receiving a
      clock signal corresponding with each detected signal for sequentially
      advancing a signal that is initially on the data input terminal of the
      first flip-flop to the Q output terminal of the last flip-flop.
PA1  i. gate means having a plurality of input terminals connected to receive
      signals opposite of the signals on the Q output terminals, respectively,
      of each but the last flip-flop in said series, said gate means having an
      output terminal coupled with the data input terminal of said first
      flip-flop, the output terminal of said gate means changing state when the
      flip-flops other than the last flip-flop are operated to have their output
      terminals all at the same state to thereby apply an initializing signal
      state to the data input terminal of said first flip-flop and to establish
      the Q input terminal of the last flip-flop in a final state corresponding
      with said initial state, whereby the next detected control signal will
      start recycling of said flip-flops, and
PA1  j. the aforesaid ring counter output terminals being the points
      intermediate the Q output terminals and data input terminals of successive
      flip-flops.
NUM  2.
PAR  2. A device for implantation in a body to affect a physiological function,
      comprising:
PA1  a. means for producing electrical signals for affecting said function,
PA1  b. control means for altering at least one operating characteristic of said
      signal producing means,
PA1  c. at least one and another magnetically operable switch means
      interconnected with said control means, each of said switch means being
      operable between conductive and nonconductive states under the influence
      of a magnetic field, said control means responding to said switch means
      being in predetermined states by altering said characteristic,
PA1  d. said switch means being arranged for a magnetic field of predetermined
      configuration to change at least one of said switch means to its said
      predetermined state while said at least another switch remains in a said
      predetermined state,
PA1  e. said at least one switch means being normally open and nonconductive and
      said at least another switch means being normally closed and conductive,
      said switch means being in their predetermined states when they are
      closed, said switch means being arranged near each other for a stray
      magnetic field which is capable of closing and normally open switch means
      to also open said normally closed switch means.
NUM  3.
PAR  3. The device set forth in claim 2 wherein:
PA1  a. said normally closed switch means is susceptible to opening under the
      influence of a magnetic field that is weaker than that required to close
      said normally open switch means.
NUM  4.
PAR  4. The device set forth in claim 2 wherein:
PA1  a. said one and another switch means are normally open and nonconductive
      and normally closed and conductive, respectively,
PA1  b. third normally conductive magnetically operable switch means connected
      in a circuit with said one and another switch means, said another and said
      third switch means being arranged in spaced relationship relative to each
      other and to said one switch means for said magnetic field of
      predetermined configuration to intercept and close said one switch means
      and for a stray magnetic field which is intercepted by at least one of
      said another and said third switch means to open at least one switch means
      to prevent response of said control means even though said stray magnetic
      may also close said one switch means.
NUM  5.
PAR  5. An implantable cardiac pacer comprising:
PA1  a. pulse generator means for applying stimulus pulses to the heart, said
      pulse generator means having at least one operating characteristic that is
      subject to alteration,
PA1  b. means for altering said characteristic in response to control signals,
PA1  c. circuit means including magnetically operable switch means for supplying
      control signals to said means for altering said characteristic, at least
      one of said switch means being normally open and closeable under the
      influence of a magnetic field to supply a control signal and at least
      another of said switch means being normally closed and operable under the
      influence of a magnetic field,
PA1  d. said switch means being arranged for a magnetic field which couples
      simultaneously with both of said switch means to open said normally closed
      switch means and close said normally open switch means to thereby prevent
      supplying a control signal and for a magnetic field which couples with at
      least said one switch means without effectively coupling with said other
      switch means to close said one switch means and thereby permit supplying a
      control signal to said means for altering a characteristic.
NUM  6.
PAR  6. An implantable cardiac pacer comprising:
PA1  a. pulse generator means for applying stimulus pulses to a heart, said
      pulse generator means having at least one operating characteristic that is
      subject to variation,
PA1  b. means responsive to control signals by varying said characteristic,
PA1  c. plural switch means operable between conductive and nonconductive states
      for controlling said control signal responsive means, at least one of said
      switch means being normally in one state and spaced from the other by a
      predetermined distance, said one switch means and the other being required
      to change their states in coincidence for controlling said control signal
      responsive means.
NUM  7.
PAR  7. The device set forth in claim 6 wherein:
PA1  a. said at least one switch means is magnetically operable and in a
      normally nonconductive state and said other switch means is magnetically
      operable and in a normally conductive state, all of said switch means
      being serially connected, said one switch means being operable to change
      states by spaced apart simultaneously existing magnetic fields that couple
      only with said one switch.
NUM  8.
PAR  8. An implantable cardiac pacer comprising:
PA1  a. pulse generator means for applying stimulus pulses to a heart, said
      pulse generator means having at least one operating characteristic that is
      subject to variation,
PA1  b. means responsive to control signals by varying said characteristic,
PA1  c. switch means in a circuit for supplying control signals to said control
      signal responsive means,
PA1  d. said switch means comprising magnetically operable switches including a
      first normally open switch, a normally closed switch and a second normally
      open switch,
PA1  e. said switch means being arranged for a magnetic field which couples with
      one or both of said normally open switches and simultaneously with said
      normally closed switches to at least open said normally closed switch to
      prevent establishing said circuit for supplying a control signal and
      arranged for a magnetic field to couple with both of said normally open
      switches to enable supplying a control signal.
NUM  9.
PAR  9. A portable hand held device for controlling the states of magnetically
      operable switch means in an implantable cardiac pacer to change an
      operating characteristic thereof wherein certain of said switch means are
      spaced apart from each other and normally in one state and another of said
      switch means is normally in another state and all of said switch means are
      required to be in the same state simultaneously to cause a change in said
      characteristic, said device comprising:
PA1  a. magnet means for producing substantially isolated magnetic fields
      corresponding in number with said switch means which are normally in said
      one state and with said magnet means spaced apart a predetermined distance
      from each other for magnetically coupling respectively with said spaced
      apart switch means to change their states while remaining substantially
      magnetically uncoupled from said other switch means to permit its state to
      remain unchanged,
PA1  b. said magnet means being arranged with similar polarity poles of each of
      them adjacent each other and opposite polarity poles of each of them
      remote from said similar polarity poles and from each other, to provide a
      field free region between said adjacent poles, and
PA1  c. resin encapsulating said magnet means and maintaining said magnet means
      at said predetermined distance, said resin and magnet means comprising a
      unitary device that must be placed in a substantially singular position
      proximate to said pacer to cause said switch means to be in said same
      state simultaneously.
NUM  10.
PAR  10. A device for controlling the states of magnetically operable switch
      means in an implantable cardiac pacer to change an operating
      characteristic thereof wherein certain of said switch means are spaced
      apart from each other and normally in one state and another of said switch
      means is normally in another state and all of said switch means are
      required to be in the same state simultaneously to cause a change in said
      characteristic, said device comprising:
PA1  a. means for producing substantially isolated magnetic fields corresponding
      in number with said switch means which are normally in said one state and
      spaced apart from each other by a sufficient amount for coupling
      respectively with said spaced apart switch means to change their states
      while remaining substantially magnetically uncoupled from said other
      switch means to permit its state to remain unchanged,
PA1  b. said magnetic field producing means being arranged with similar polarity
      poles of each of them adjacent each other and opposite polarity poles of
      each of them remote from said similar polarity poles and from each other,
      to provide a field free region between said adjacent poles,
PA1  c. means for supporting said magnetic field producing means, and
PA1  d. said magnetic field producing means comprising first and second
      permanent magnets and magnetically permeable members magnetically coupled
      with said similar polarity poles, respectively, and each terminating in a
      region intermediate said similar and opposite poles, respectively, to
      effect a field free region between them.
NUM  11.
PAR  11. A hand held device for operating magnetically operable switch means in
      an implantable cardiac pacer to change an operating characteristic thereof
      which switch means comprise a normally open first magnetically operable
      switch, a second normally closed magnetically operable switch and a third
      normally open magnetically operable switch, said switches being serially
      connected in the stated order, said device comprising:
PA1  a. at least a pair of magnet means arranged with poles of the same polarity
      adjacent each other and poles of opposite polarity spaced remotely from
      each other and remotely from said poles of same polarity to produce
      individual magnetic fields extending from the corresponding adjacent poles
      of each magnet to their respective other polarity poles with no
      substantial magnetic field between said magnets, said fields being spaced
      apart sufficiently to couple simultaneously only with said first and third
      normally open switches in said pacer to close the same without operating
      said normally closed switch in said pacer, and
PA1  b. resin encapsulating said magnet means, said resin and magnet means
      comprising a unitary device that must be placed in a substantially
      singular position proximate to said pacer to close said normally open
      switches without opening said normally closed switch.
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PAL  An apparatus for effecting a counterflow liquid treatment of workpieces and
      particularly an aqueous rinsing of workpieces during an electrochemical
      treating sequence, such as, for example, an electroplating cycle or the
      like. The workpieces are subjected to a sequentially-phased treatment with
      a plurality of solutions while disposed at a treating station, and the
      individual treating liquids are collected and returned to their respective
      reservoirs, and the individual reservoirs are counterflowed in a direction
      opposite to the order of application of liquids to the workpieces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is particularly applicable for the liquid treatment
      of workpieces at one station of a multiple-station treating cycle, such as
      a chemical, electrochemical and electroplating processing cycle, for
      example. It is conventional in treating processes of the foregoing type to
      subject the workpieces to various preliminary cleaning and pretreatments
      prior to the prescribed chemical treatment, such as electroplating,
      followed thereafter by one or more post-treatments. It is generally
      necessary to subject the workpieces to a plurality of aqueous rinse
      treatments between the pre-treatment, electroplating and post-treatment
      phases to minimize contamination of the several treating solutions by
      residual treating solutions carried-over from the preceding treating
      station.
PAR  It is usually preferred to subject the workpieces to at least two and
      preferably three or more individual water rinse treatments in a
      counterflow manner to reduce the quantity of residual treating solution on
      the workpiece to a level at which only a small degree of carry-over to
      adjacent treating stations occurs. It will be appreciated that such a
      plural rinse treatment in accordance with prior art practices has
      necessitated an individual treating station for each rinse solution,
      substantially increasing the length of the processing line and the amount
      of plant space required for a desired production capacity. It is also
      conventional in accordance with prior art processes to counterflow the
      rinse solutions from one rinse tank or reservoir to the next reservoir in
      a direction of progressively increasing rinse solution contamination.
      Fresh make-up water is added to the tank having the lowest degree of
      contamination and the effluent from the rinse tank having the highest
      degree of contamination is directed to a waste disposal treatment system.
      Systems of the foregoing type have been found to result in relatively high
      hydraulic loadings on liquid waste disposal systems, requiring the use of
      large amounts of chemical reagents and/or energy to effect a concentration
      and/or incineration thereof, detracting from the efficiency and economics
      of the process.
PAR  The foregoing problems are particularly pronounced during the bulk
      processing of relatively small workpieces which usually are placed within
      a barrel of other porous container and are conveyed through the individual
      treating stations in a prescribed processing sequence. The immersion of
      such bulk treating barrels in the rinse tanks filled with rinse solutions
      causes a surge which frequently results in an excessive degree of solution
      counterflow and fluctuations in composition, and also imposes a large and
      erratic hydraulic load on the waste disposal system.
PAR  The apparatus of the present invention overcomes the problems and
      disadvantages associated with liquid treating systems of the types
      heretofore known, providing for a substantial reduction in space
      requirements for a given production capacity, a more effective liquid
      treatment of workpieces and a lower rate and more uniform counterflow of
      the individual treating solutions, substantially reducing the hydraulic
      load imposed on waste disposal systems.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention in accordance with the
      apparatus aspects thereof are achieved by a framework positioned at a
      treating station and constructed so as to receive and support workpieces
      during a liquid treatment thereof. A nozzle arrangement is provided for
      applying a plurality of treating liquids to the surfaces of the work
      carrier and workpieces thereon when positioned at the treating station. A
      plurality of reservoirs are associated with the treating station, each
      containing an individual liquid treating solution and each reservoir
      having associated therewith supply means for sequentially supplying each
      liquid to the nozzle system for a prescribed time period. The framework
      further includes a three-dimensional enclosure defining a collector for
      intercepting and recovering the liquid applied to the workpieces, which is
      provided with a drainage system for returning the individual recovered
      liquid solutions to the respective reservoir for subsequent reuse. The
      reservoir containing the last-applied treating liquid having the lowest
      degree of contamination is provided with an inlet for introducing fresh
      make-up liquid to the reservoir, while the reservoir containing the
      first-applied treating liquid having the highest degree of contamination
      is provided with an outlet for discharging a portion of its treating
      liquid to a waste disposal system or the like. The individual reservoirs
      are interconnected to provide for a counterflow of liquid solution from
      one reservoir to the next reservoir in an ordered sequence opposite to the
      order of application of the treating solutions to the workpieces.
PAR  In accordance with a specific embodiment of the present invention, the
      apparatus is employed for the aqueous rinsing of workpieces and
      incorporates sensing means for sensing the level of contamination of the
      reservoir containing the rinse solution having the lowest degree of
      contamination and for controlling the addition of fresh make-up water
      thereto in order to maintain the level of contamination below a
      preselected maximum level.
PAR  Additional benefits and advantages of the present invention will become
      apparent upon a reading of the description of the preferred embodiments
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic plan view of a typical process arrangement
      incorporating a plural liquid treating apparatus constructed in accordance
      with the present invention;
PAR  FIG. 2 is a perspective view, with sections thereof broken away for the
      purposes of clarity, showing a typical work carrier treating barrel for
      transporting or conveying bulk quantities of workpieces through a liquid
      treating cycle;
PAR  FIG. 3 is an enlarged side elevational view, partly in section, of the
      treating apparatus comprising the present invention and showing a treating
      barrel positioned thereat preparatory to a liquid treatment;
PAR  FIG. 4 is a transverse vertical sectional view of the apparatus shown in
      FIG. 3 and taken substantially along the line 4--4 thereof;
PAR  FIG. 5 is a plan view of the apparatus shown in FIGS. 3 and 4; and
PAR  FIG. 6 is a schematic end elevational view illustrating an alternative
      satisfactory embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawings, a typical processing arrangement
      is illustrated in FIG. 1 comprising a plurality of treating stations
      including two stations provided with a counterflow liquid treatment
      apparatus constructed in accordance with the preferred embodiments of the
      present invention. The arrangement illustrated is particularly applicable
      for the bulk processing of small workpieces, such as washers, small metal
      stampings, screws, nuts, bolts or the like, in which the workpieces are
      carried within a treating barrel which is automatically or manually
      transferred through a sequentially-phased process cycle. In accordance
      with the particular arrangement illustrated in FIG. 1, work carriers such
      as a treating barrel 14 are loaded at a load-unload station indicated at
      1, whereafter the loaded work carrier is automatically transferred through
      the following treating stations: a soak-cleaning operation at station 2;
      an electro-cleaning operation at station 3; a cold water rinsing step at
      station 4; an acid treatment at station 5; a plural cold water counterflow
      rinse treatment at station 6; an electroplating operation in a
      multiple-station treating tank indicated at 7; a cold water plural
      counterflow rinse treatment at station 8; a chromate treatment at station
      9; a cold water rinse treatment at station 10; a hot water rinse treatment
      at station 11, whereafter the treating barrel 14 is again returned to the
      load-unload station in which the treated workpieces are removed therefrom
      and the treating barrel is filled with a fresh load of parts for
      processing. The plural counterflow water rinse treatments performed at
      stations 6 and 8 embody the apparatus features and are performed in
      accordance with the process aspects of the present invention in a manner
      subsequently to be described in greater detail. It will be appreciated
      that alternative processing cycles can readily incorporate the features of
      the present invention as well as variations, modifications and changes
      thereof to provide from optimum processing efficiency and without
      departing from the spirit of the invention as herein described and as set
      forth in the subjoined claims.
PAR  The work carrier 14 as shown in FIG. 2 is of the general type described in
      U.S. Pat. No. 3,674,673, which is assigned to the same assignee as the
      present invention. While work carriers of the foregoing types are
      particularly efficient in the bulk processing of small workpieces, the
      benefits of the present invention can also be obtained employing
      alternative work carrier constructions including rotatable treating
      barrels of a hexagonal cross sectional configuration, oblique treating
      barrels of the general type shown and described in U.S. Pat. No.
      2,148,552, as well as work carrier devices or fixtures on which a
      plurality of workpieces are individually mounted and retained during their
      conveyance through the several treating stations. In any event, the work
      carrier 14, as shown, is of the horizontal oscillating barrel type and
      comprises a generally inverted U-shaped framework including a pair of
      upright side members or legs 16 connected at their upper ends to a
      substantially horizontal cross member 18, to the upper surface of which a
      pair of L-shaped lift members 20 are affixed, which are adapted to coact
      with suitable engaging means on an automatic transfer apparatus for
      lifting and lowering the work carrier and for conveying the carrier from
      one station to the next adjacent station during a processing cycle. The
      barrel portion 21 of the work carrier is defined by a pair of
      substantially circular end members 22 and a foraminous or perforate body
      member or panel 24, which extends between the two end members and in
      combination define a substantially cylindrical treating zone in which bulk
      quantities of workpieces are adapted to be disposed during a treating
      cycle. The body panel 24 is provided with an elongated slot-like opening
      26 extending longitudinally thereof between the end members for providing
      access to the interior of the treating barrel 21 and the barrel assembly
      itself is rotatably supported on suitable shafts mounted on the lower end
      portion of the side legs 16 to enable an oscillation or rotation of the
      barrel about its longitudinal axis.
PAR  As shown in FIG. 2, a pair of dangle electrodes 28 extend inwardly from the
      central portion of each end member 22 which are adapted to be electrically
      connected to a buss bar at those stations at which an electroplating or an
      electrochemical treatment is to be performed on the workpieces. An
      electrical cable 30, such as shown in FIG. 2, is connected to a supporting
      lug 32 projecting outwardly of a cross member 34 affixed to the upper
      portion of each of the legs 16 and wherein the lug 32 is adapted to be
      seated in electrical contact with a saddle 36 so as to provide the
      necessary current for an electroplating or electrocleaning treatment at
      selected work stations.
PAR  A rotation and oscillation of the treating barrel while immersed in a
      treating solution is achieved by means of a gear 38 secured to one face of
      an end member 22, which in turn is disposed in meshing relationship with
      an idler gear 40 and a drive gear 42 secured on a shaft coupled through an
      overrunning clutch assembly 44 to a driven gear 46. In accordance with the
      arrangement illustrated in FIGS. 2-5, when the work carrier is disposed at
      a treating station with the supporting lugs 32 in appropriate aligned and
      seated engagement within the saddles 36, the driven gear 46 is positioned
      in meshing relationship with a drive gear 48 drivingly coupled to a
      reversible electric motor 50 which is energizable in accordance with a
      control cycle embodied in the control system of the processing apparatus.
      For the purposes of the present invention, the electric drive motor 50 is
      operated at the plural counterflow rinse stations 6 and 8 in a manner so
      as to orient the barrel opening 26 with respect to nozzles for applying
      rinse solutions to the workpieces within the barrel and for subsequently
      oscillating the barrel through a prescribed angularity for a prescribed
      time period to effect a rinsing of the treating barrel itself and to
      facilitate a tumbling and drainage of the workpieces between rinse cycles
      and preparatory to transfer to the next treating station.
PAR  Referring now in detail to FIGS. 3-5 of the drawings, a liquid treatment
      apparatus is shown of the type suitable for use at stations 6 and 8 of the
      process shown in FIG. 1. The apparatus illustrated is specifically adapted
      for applying three individual rinse solutions in sequentially-phased
      stepwise manner to the workpieces within the interior of the treating
      barrel commencing with a rinse solution having the highest degree of
      contamination, followed with a rinse solution of lesser contamination, and
      culminating with the use of a rinse solution of the least degree of
      contamination as controlled by the continuous or intermittent introduction
      of fresh water to maintain its contamination below a predetermined maximum
      level. It will be readily appreciated that the apparatus shown in FIGS.
      3-5 can be adapted to apply only two rinse solutions as well as to as many
      as four or more rinse solutions in a counterflowed sequential manner as
      well as for applying treating solutions other than rinse solutions in the
      desired counterflowed treating cycle. In accordance with the embodiment
      shown in FIGS. 3-5, the treating apparatus comprises a framework including
      a base 52 which is subdivided into three tanks or reservoirs indicated at
      54, 56 and 58, respectively. A threedimensional enclosure is mounted on
      the base 52 including a pair of spaced side members 60, 62 and a pair of
      spaced end members 64 connected at their lower end portions to a V-shaped
      angularly-inclined base or baffle 66, defining therebetween a receptacle
      or collection chamber within which the lower portion of the work carrier,
      including the barrel and workpieces, is adapted to be positioned while at
      the plural rinse station. A pair of the saddles 36 are mounted in
      appropriate transverse spaced relationship on the upper edge of the side
      member 60, while a similar pair of saddles 36 are mounted on the upper
      edge of the side member 62 for receiving the supporting lugs 32 and
      retaining the work carrier in appropriate alignment at the treating
      station. A platform 68 is affixed to the outer side of the side member 62
      on which the barrel drive mechanism, including the reversible electric
      motor 50, is mounted in aligned relationship relative to the saddles 36 to
      assure meshing engagement between the drive gear 48 and the driven gear
      46.
PAR  Each tank or receptacle 54, 56, 58 contains a separate treating liquid such
      as an aqueous rinse solution in the specific embodiment illustrated in
      FIGS. 3-5. The rinse solutions are applied to the treating barrel and to
      the workpieces therein a stepwise manner through a nozzle header 74
      supported by the side members 60, 62 and incorporating a plurality of
      nozzles or spray heads 76 at spaced intervals therealong which are
      oriented to discharge the rinse solutions into the interior of the barrel
      and in contact with the workpieces therein through the opening 26 in the
      barrel. Selected ones of the nozzles are oriented to direct rinse solution
      against the surfaces of the treating barrel and supporting framework to
      effect a removal of contaminating solutions and deposits from the work
      carrier as well.
PAR  The nozzle header 74 is connected by means of a supply conduit 78 to a
      header 80 which in turn is connected to a pump and valve system associated
      with each individual tank. As shown in FIGS. 3 and 5, tank 54 is connected
      to a remotely actuatable motor driven pump assembly 82 having its inlet
      end connected to the reservoir or tank 54 and its outlet end through a
      solenoid valve 84 to the header 80. Similarly, the tank 56 is connected
      through pump assembly 86 and solenoid valve 88 to the header, while tank
      58 is connected by means of pump assembly 90 and solenoid valve assembly
      92 to the supply header 80. Each pump assembly and its associated solenoid
      valve assembly is energized and actuated in appropriate timed sequence in
      accordance with suitable timing devices of the types well known in the art
      incorporated in the control circuit of the automatic conveying apparatus
      or a separate control circuit associated with the rinse apparatus and
      interlocked with the operating cycle of the conveying machine. The
      operation of each pump assembly is also coordinated with the energization
      of the reversible motor 50 of the barrel drive mechanism to appropriately
      position the opening 26 in the barrel in alignment with the nozzles to
      receive the rinse solution, which is accomplished in accordance with a
      stop and overrunning clutch mechanism as more fully described in U.S. Pat.
      No. 3,674,673, the substance of which is incorporated herein by reference.
      In accordance with a preferred operating sequence, a deenergization of the
      operation of each pump assembly and a closing of its associated solenoid
      valve is performed in a manner so as to allow for a predetermined drain
      period, during which time the treating barrel is oscillated by the barrel
      drive mechanism to enhance a drainage of any entrapped solution in the
      workpieces therein. The tumbling of the workpieces within the treating
      barrel as a result of the oscillation of the barrel is particularly
      beneficial when processing cup-shaped workpieces which tend to entrap
      relatively large quantities of liquids.
PAR  As will be noted in FIGS. 3-5, the generally V-shaped angularly-inclined
      disposition of the base or baffle 66 promotes drainage of the rinse liquid
      discharged against and into the barrel centrally toward the side member 60
      which is provided with an outlet for receiving the drained solution and
      for returning the recovered solution back to the respective tank. The
      outlet preferably is provided with a swivel or flexible spout 94 which is
      adapted to be positioned so as to discharge the solution recovered in the
      collection chamber at a discharge location above the respective tank 54,
      56 or 58. A pair of angularly disposed deflector baffles 96 are secured to
      the upper ends of the walls defining the central tank 56 and are inclined
      so as to promote drainage of solution toward tanks 54 and 58,
      respectively, when the flexible spout 94 is disposed in the positions
      shown in phantom in FIG. 5.
PAR  A deflection of the flexible spout from a central or neutral position above
      the central tank 56 to and from a position for discharge into the tank 54
      or the tank 58, as indicated in phantom in FIG. 5, is achieved by a
      double-acting fluid-actuated cylinder 98 as shown in FIG. 4 having the end
      of its piston rod 100 secured by means of a bracket 102 to the outer end
      portion of the flexible spout. The positioning of the flexible spout by
      the cylinder is accomplished in timed sequence with respect to the
      operation of the individual pump assemblies and is conveniently achieved
      by a remotely actuatable solenoid valve 104 which is operable to
      selectively direct fluid under pressure into either the rod end or blank
      end of the cylinder and a solenoid drain valve 106 which operates in
      unison with the solenoid valve 104 for draining and returning fluid back
      to the reservoir 108 which is connected to the inlet side of a pump 110.
      The central or neutral position of the cylinder and the flexible spout in
      which it is disposed above the open top of central tank 56 is accomplished
      by suitable biasing means, such as springs, which are operative in the
      absence of fluid pressure to balance the piston in an intermediate
      position. Accordingly, when fluid pressure is admitted into the blank end
      of the cylinder, the rod and the flexible spout connected thereto is
      positioned above the tank 54, and conversely, when fluid pressure is
      admitted into the rod end portion of the cylinder, the flexible spout is
      retracted to a position above the tank 58.
PAR  The level of rinse solution in each tank is controlled at a predetermined
      level by means of an overflow weir which, in the embodiment shown, is of a
      trough-shaped configuration. Tank 58, for example, is provided with a weir
      112, which is disposed at a level above the weir 114 in tank 56, which in
      turn is disposed at a level above a weir 116 in tank 54. In accordance
      with this arrangement, the level of solution in tank 58 is automatically
      maintained above that of tank 56, which in turn is maintained at a level
      above that of tank 54, providing a pressure gradient for counterflowing
      rinse solution from tank 58 to tank 56 and from tank 56 to tank 54. The
      weir 112 is connected at its lower end portion to a transfer conduit 118
      for transferring the overflowed rinse solution in tank 58 to the base of
      tank 56 and in admixture with the rinse solution therein. Similarly, the
      overflow weir 114 is connected by means of a diagonal transfer conduit 120
      disposed in communication with the base of tank 54 for transferring
      overflowed rinse solution from tank 56 into tank 54 and in admixture with
      the treating solution therein. The overflow from the weir 116 in tank 54
      is connected by means of a drain conduit 122 to an outlet or discharge
      conduit 124, which is connected to a suitable waste disposal and/or
      treatment and recovery system, as the case may be, before it is discharged
      to waste.
PAR  In the specific embodiment shown, fresh make-up water is supplied by means
      of an inlet conduit 126 provided with a solenoid-actuated flow control
      valve 128 for controlling the quantity and timing of addition of such
      make-up water. In the use of the apparatus for performing a multiple
      counterflowed rinse treatment of workpieces, it is usually preferred to
      control the level of contamination of the final rinse solution, although
      control of contamination of any of the individual rinse solutions by
      adding make-up fresh water on a continuous or intermittent basis is also
      satisfactory. This can be accomplished by installing a sensing device of
      any of the types well known in the art in tank 58 for sensing the
      condition of the rinse solution thereon or by controlling the quantity of
      fresh make-up water added on a calculated basis supplemented by periodic
      analyses of the individual solutions. When rinsing workpieces having
      water-soluble contaminating salts on the surfaces thereof, it is usually
      preferred to employ a conductivity sensing device, such as
      diagrammatically indicated at 130 in FIG. 5, for sensing the electrical
      conductivity of the rinse solution which varies directly in relationship
      to the concentration of soluble contaminating ions present. By
      preselecting a maximum conductivity condition as a maximum level of
      contamination, the sensing device through the central control circuit is
      operative to energize the flow control valve 128 to admit fresh make-up
      water into the tank 58 and in admixture with the rinse solution therein,
      effecting a further dilution thereof and a reduction in the level of
      contamination. The quantity of fresh water admitted results in a rise in
      the level of liquid in tank 58, which in turn overflows the weir 112 and
      causes a successive counterflow of treating solution through tanks 56 and
      54 in a direction of increasing contamination level, effecting a dilution
      and corresponding reduction in the contamination of these two rinse
      solutions, respectively.
PAR  It is also contemplated that each of the tanks 54, 56 and 58 can be
      equipped with suitable agitation means such as a propellertype agitator
      132 shown in FIG. 3 to assure greater uniformity in composition of the
      rinse solutions therein and to avoid any stratification during operation.
PAR  In operation, and in accordance with the apparatus aspects of the present
      invention, a typical operating cycle at the plural rinse stations 6 and 8
      of the apparatus schematically shown in FIG. 1 commences with a work
      carrier, such as a treating barrel, being transferred to a position above
      the apparatus as shown in FIGS. 3-5, whereupon it is lowered in supported
      relationship in the saddles 36. Upon attaining the fully lowered position
      as shown in FIGS. 3-5, which is signalled by a tripping of a down-position
      limit switch embodied in the conveying (not shown), an appropriate down
      dwell timer in the central control circuit is energized, which commences
      to time a predetermined treatment period. In the specific process
      illustrated in FIG. 1 of the drawings, the plural rinse treatment at
      stations 6 and 8 may comprise a 210 second dwell period corresponding to a
      processing rate of 15 barrels an hour with a 30 second allowance for
      transfer of the carrier to and from the rinse stations. The down dwell
      period is subdivided into three rinse periods with allowance for a drain
      period at the completion of each rinsing step. Each 70 second rinse cycle
      in turn is subdivided, for example, to include a 10 second period during
      which the rinse solution is directed into the barrel opening with the
      barrel stationary, a 30 second period during which the barrel is
      oscillated through three cycles to rinse the exterior of the barrel and
      flush the interior thereof, a 10 second spray rinse with the barrel
      stationary, and finally, a 20 second drain period while the barrel is
      oscillated.
PAR  In accordance with the foregoing operating sequence, upon energization of
      the down dwell timer, pump assembly 82 and solenoid valve 84 are actuated,
      causing rinse solution to pass upwardly through the supply conduit 78 into
      the nozzle header 74 for discharge from the nozzle or spray head 76
      against the workpieces within the treating barrel as well as the exterior
      surfaces of the lower portion of the work carrier. At the same time, drive
      motor 50 is energized so as to position the opening 26 of the barrel in
      alignment with the discharge end of the nozzle. After the timing out of 10
      seconds, the motor 50 is energized causing the barrel 21 to undergo three
      complete oscillations during the continued discharge of rinse solution,
      whereafter the motor 50 is deenergized with the opening of the barrel
      positioned to receive the rinse solutions discharged from the nozzles. The
      barrel remains stationary for an additional 10 second rinse period, upon
      the expiration of which the solenoid valve 84 closes and the pump 82 is
      deenergized, halting further solution flow through the supply conduit. The
      reversible motor 50 is energized to cause the treating barrel to undergo
      two complete oscillating cycles during the final 20 second drain period
      and the barrel is stopped with its opening 26 in alignment with the
      nozzles to receive the next treating solution.
PAR  During the initiation of the first rinsing step, the control circuit
      effects an energization of solenoid valve 104 (FIG. 4) causing the
      double-acting cylinder 98 to position the flexible spout above the
      deflector baffle 96 adjacent to tank 54, whereby the solution collected
      and drained from the testing chamber is returned to the tank. The cylinder
      98 remains in this position for 20 seconds after pump assembly 82 and
      solenoid valve 84 are closed and during the oscillating cycle of the
      barrel to collect and return any residual water entrapped within the
      workpieces to the receptacle 54.
PAR  After the barrel has returned to the position as shown in FIG. 3, pump
      assembly 86 and solenoid valve 88 are actuated causing a second rinse
      solution to be pumped from tank 56 to the nozzle header for discharge
      against the workpieces. At the same time, solenoid valve 104 (FIG. 4) is
      actuated, enabling the piston and its rod 100 to return to an intermediate
      position in which the flexible spout 94 is positioned directly above the
      open end of tank 56. Accordingly, the second rinse solution passes in
      contacting relationship with the workpieces and is recovered and returned
      to its receptacle in the same manner as previously described in connection
      with the first rinse solution. At the completion of a prescribed time
      period, pump assembly 86 and the solenoid valve 88 are again deactivated
      and the barrel drive mechanism is actuated to cause an oscillation thereof
      to assure optimum drainage. Thereafter, the pump assembly 90 and the
      solenoid valve 92 are actuated to initiate the third and last rinsing
      step. At the initiation of the third rinse step, solenoid valve 104 (FIG.
      4) is again actuated causing the rod 100 to retract the flexible spout 94
      to a position of discharge above the tank 58 containing the third and
      least contaminated rinse solution, which is collected after discharge
      against the workpieces and returned to its respective tank. The discharge
      of the third and final rinse solution continues in the same manner as
      previously described, whereafter pump assembly 90 and solenoid valve 92
      are deactivated and the barrel drive mechanism is again actuated to cause
      the treating barrel to undergo its oscillating cycle to assure
      substantially complete drainage of the workpieces therein. The foregoing
      plural rinse treatment is completed coincident with the timing out of the
      down dwell timer in the main machine control circuit, whereafter the
      automatic conveying apparatus withdraws the work carrier 14 from the
      treating station for transfer to the next adjoining treating station. The
      vacated plural rinsing apparatus is now in condition for receiving a new
      load of workpieces to be rinsed.
PAR  During the rinsing cycle, as well as the during time periods between
      rinsing cycles, the degree of contamination is continuously monitored by
      the conductivity sensing device 130, which through its control circuitry
      intermittently energizes the fresh water flow control solenoid valve 128,
      which admits fresh water into tank 58 in admixture with the treating
      solution therein so as to maintain a level of contamination below a
      preselected maximum value. The introduction of fresh water into tank 58
      causes an overflow into the weir 112, which causes a counterflow of liquid
      through the three tanks at a rate substantially equal to the rate of fresh
      water make-up added to tank 58, less any losses due to evaporation and
      carry-out on the workpieces.
PAR  The advantages of the present invention are further illustrated with
      respect to the rinsing of small workpieces carried in treating barrels in
      a high cyanide zinc treatment process. Typically, the workpieces and
      treating barrel cause a dragout of about 1.5 gallons of solution which may
      typically contain about 16 ounces of sodium cyanide per gallon.
      Accordingly, each load contains 24 ounces of cyanide which should be
      rinsed from the workpieces and transfer equipment. Assuming each reservoir
      to contain about 30 gallons of rinse solution, a production rate of about
      16 barrels per hour and a continuous flow of fresh make-up water of about
      one gallon per minute to the reservoir containing the third rinse
      solution, a dynamic equilibrium is attained whereby the first rinse
      solution will contain about 6 ounces per gallon of sodium cyanide, the
      second solution will contain about 0.22 ounce per gallon of sodium cyanide
      and the third and final rinse will contain about 0.007 ounce per gallon of
      sodium cyanide. It will be appreciated that variations in the level of
      contamination of the rinse solutions will occur as a result of changes in
      throughput, the types and quantities of workpieces in each treating barrel
      and the rate at which fresh make-up water is added to the reservoir
      containing the third rinse solution. By controlling the quantity of fresh
      make-up water added to the rinse system, the level of contamination of
      each of the rinse solutions can be controlled within the desired ranges.
      The high purity of the third and last rinse renders the part substantially
      clean for transfer into the next treating station, while the efficiency in
      the bulk rinsing provided results in a substantial decrease in volume of
      rinse water discharged from the first rinse solution containing the
      highest degree of contamination, thereby resulting in a substantially
      lower hydraulic load on the waste disposal treating system which may
      include evaporation concentraters as well as reagents for neutralizing
      and/or extracting the toxic contaminating materials before discharging to
      waste or recycling for reuse in the process.
PAR  An alternative satisfactory embodiment of the apparatus previously
      described is schematically shown in FIG. 6, in which like parts are
      designated by the same numeral with a prime affixed thereto. As shown, a
      treating barrel 21' is positioned within the collection chamber adjacent
      to the header 74' incorporating a plurality of nozzles 76' therein. The
      base 66' of the collection chamber is formed with a drain outlet connected
      to a drain header 134 which is provided with three separate branch lines,
      each incorporating a remotely actuatable solenoid valve 136, 138 and 140,
      respectively. The solenoid valves are energized in timed sequence to
      effect a return of recovered solution to the respective reservoir in a
      manner similar to the actuation of the double-acting cylinder 98 for
      positioning the flexible spout 94 of the embodiment shown in FIGS. 3-5.
PAR  In lieu of employing an individual pump assembly for each individual
      reservoir 54', 56' and 58', the embodiment of FIG. 6 utilizes a pump
      assembly 144 having its inlet side connected to a header 80' and its
      outlet side to a supply conduit 78' connected to the nozzle header 74'.
      The header 80' is connected to three individual supply conduits which are
      connected to each of the reservoirs and the supply conduits are provided
      with remotely actuatable solenoid valves 146, 148 and 150, respectively.
      Solenoid valves 146, 148 and 150 are adapted to be energized in timed
      sequence in a manner similar to the pump and valve assemblies 82, 84; 86,
      88; and 90, 92, as previously described in connection with the embodiment
      of FIGS. 3-5.
PAR  While it will be apparent that the invention herein disclosed is well
      calculated to achieve the benefits and advantages as hereinabove set
      forth, it will be appreciated that the invention is susceptible to
      modification, variation and change without departing from the spirit
      thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for performing a counterflow liquid treatment of
      workpieces, the improvement comprising a framework for supporting
      workpieces at a stationary position at a treating station, nozzle means
      for applying a liquid to the surfaces of workpieces when disposed at the
      treating station, plural reservoirs including a first reservoir containing
      a first liquid and a second reservoir containing a second liquid, supply
      means for sequentially supplying said first liquid and thereafter said
      second liquid to said nozzle means for a prescribed time period,
      collecting means for recovering the liquid discharged from said nozzle
      means, drain means in said collecting means for returning the recovered
      said first liquid to said first reservoir and the recovered said second
      liquid to said reservoir, respectively; means for sequentially positioning
      said drain means in communication with said first reservoir and said
      second reservoir in coordinated relationship with the operation of said
      supply means, inlet means for introducing a selected quantity of fresh
      make-up liquid to said second reservoir, transfer means for transferring a
      portion of said second liquid to said first reservoir and in admixture
      with said first liquid therein, and outlet means in said first reservoir
      for discharging a portion of said first liquid from said first reservoir.
NUM  2.
PAR  2. The apparatus as defined in claim 1, further including coacting means on
      said framework for supporting a work carrier and its workpieces in aligned
      disposition relative to said nozzle means.
NUM  3.
PAR  3. The apparatus as defined in claim 1, further including coacting means on
      said framework for receiving and supporting at said stationary position a
      work carrier comprising a treating barrel containing the workpieces
      therein, and drive means for selectively oscillating said treating barrel
      at selected times during the treatment cycle.
NUM  4.
PAR  4. The apparatus as defined in claim 3, wherein said treating barrel is
      formed with an opening therein and further including means for energizing
      said drive means for positioning said opening to receive liquid discharged
      from said nozzle means.
NUM  5.
PAR  5. The apparatus as defined in claim 1, wherein said supply means includes
      individual pumping means selectively and sequentially energizable for
      pumping said first liquid and thereafter said second liquid under pressure
      to said nozzle means.
NUM  6.
PAR  6. The apparatus as defined in claim 1, wherein said collecting means
      comprises a three-dimensional enclosure within which the workpieces are
      disposed, said enclosure formed with a bottom panel angularly inclined
      with respect to the horizontal to promote gravitational flow of liquid
      toward the lower portion thereof for return to the respective reservoir.
NUM  7.
PAR  7. The apparatus as defined in claim 1, wherein said drain means includes a
      drain conduit having one end connected to said collecting means for
      receiving the recovered liquid therein and the opposite discharge end
      selectively positionable between a first position in communication with
      said first reservoir and a second position in communication with said
      second reservoir.
NUM  8.
PAR  8. The apparatus as defined in claim 1, wherein said inlet means includes
      flow control means for supplying fresh make-up liquid at prescribed times
      and in controlled quantities to the reservoir connected to said inlet
      means.
NUM  9.
PAR  9. The apparatus as defined in claim 1, further including flow control
      means in said inlet means for supplying fresh make-up liquid to said
      second reservoir, and sensing means for sensing the characteristics of
      said second liquid and operatable for energizing said flow control means
      when a predetermined characteristic of said second liquid is present.
NUM  10.
PAR  10. The apparatus as defined in claim 9, wherein said sensing means senses
      the electrical conductivity of said second liquid.
NUM  11.
PAR  11. The apparatus as defined in claim 10, wherein said first and second
      liquid comprises a water rinse solution and said fresh make-up liquid
      comprises fresh water and wherein said sensing means is presettable to
      energize said flow control means when the conductivity of said second
      liquid rises to a preselected level evidencing the level of contamination
      of said second liquid.
NUM  12.
PAR  12. The apparatus as defined in claim 1, including a third reservoir
      containing a third liquid interposed between said first and said second
      reservoirs and said transfer means include means for transferring a
      portion of said first liquid to said third reservoir and a portion of said
      third liquid to said second reservoir in a countercurrent flow relative to
      the sequence of application of the several liquids to the workpieces.
NUM  13.
PAR  13. The apparatus as defined in claim 1, wherein said first and said second
      reservoir are formed with an overflow weir positioned to maintain the
      level of said second liquid above the level of said first liquid, said
      transfer means comprising a conduit having its inlet end disposed in
      communication with the weir in said second reservoir and its outlet in
      communication with said first reservoir, and said outlet means comprising
      a conduit having its inlet end disposed in communication with the weir in
      said first reservoir for receiving and discharging said first liquid
      therethrough.
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ABST
PAL  A collapsible walker in which gate legs are each pivotally mounted in
      bearings positioned at either end of a cross brace with the gate legs
      mounted in the bearings for rotation between an open position with the
      gate legs positioned generally transversely of the cross brace and a
      collapsed position with the gate legs folded against the cross brace.
      Corner braces are positioned adjacent to the bearings to provide rigid
      bracing support between the gate legs and the cross brace when the gate
      legs are in an open position, with the corner braces being movable to
      permit rotation of the gate legs to a collapsed position.
PAL  Detent means are provided with tab release means therefor.
PAL  The movement of the corner braces during movement of the gate legs may be
      determined by guide slots. Frictional means may be provided to resist
      opening or closing of movement of the gate legs.
PAL  The bearings in which the gate legs are mounted may include a
      self-lubricating plastic sleeve with a tubular member on each of the gate
      legs mounted within the plastic sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Due to great strides in medicine within the past few decades, there has
      been a considerable increase in the average life expectancy. Concurrently,
      there has been a considerable change in the age profile of the general
      population in advanced countries which have felt the impact of improved
      drugs and medical procedures. Thus, the population of elderly people in
      advanced countries is now much higher than it was previously.
PAR  With increased medical knowledge, there has also been an increased in the
      life expectancy of human beings who suffer from disabling diseases or
      injuries caused by birth trauma. For example, humans afflicted with
      cerebral palsy now lead longer and more useful lives and the life
      expectancy of people suffering from muscular dystrophy has also been
      extended.
PAR  The increased number of elderly and disabled people in the population has
      created a need for walking aids of various types. Such walking aids
      generally have a rigid frame construction with a plurality of legs which
      support the walking aid in an upright position. In usage, the walking aid
      is gripped for support and is lifted slightly or slid over a horizontal
      surface during the forward movement by the user. After being slid, for
      example, in a forward direction, the user can then lean on the aid while
      taking several more steps and the walking aid may then be slid to a new
      position, etc.
PAR  Walking aids are a necessity to many invalids and must accompany them
      wherever they go. Thus, a walking aid should be capable of being folded to
      a flat position during shipment or storage. Since the folding or unfolding
      of a walking aid will frequently have to be accomplished by the invalid
      himself, without outside assistance, the folding mechanism should be such
      that it can easily be operated by an elderly or disabled person without
      the need for fine muscular coordination. For example, on entering an
      automobile, the invalid will generally back into the automobile while
      supporting himself with the walking aid. Once seated, the walking aid will
      then be folded to a collapsed position and lifted into the automobile for
      carrying. On leaving an automobile, the reverse operation will have to be
      performed with the invalid first lifting the walking aid to a position
      outside the automobile, and unfolding the walking aid to an extended or
      operating position, and lastly, raising himself to an upright position by
      using the walking aid as a support.
PAR  If the mechanism for folding the walking aid to a collapsed position
      requires fine muscular coordination, the unfortunate user may not be able
      to get the walking aid into an automobile because he is unable to fold it
      to a collapsed position. Conversely, if the user is unable to operate the
      mechanism for unfolding the walking aid, he may be literally a prisoner
      within his own car and be unable to leave without assistance from an
      outsider in unfolding the walking aid. Since a walking aid may be folded
      and unfolded many times depending on the daily activities of the user, it
      is extremely important that the folding and unfolding mechanism not
      require fine muscular coordination since this would make the walking aid
      virtually unusable by many elderly and disabled persons.
PAR  As essential characteristic for a walking aid is that it provide a firm
      support for the user. An elderly or disabled person using the walking aid
      may have a poor sense of equilibrium and a genuine fear of falling. Given
      these circumstances, nothing can be more unnerving than a walking aid
      which feels unstable. Walking aids of the foldable or collapsible type
      frequently develop a certain feeling of looseness through wear at joints
      or pivot points resulting from the constant folding and unfolding of the
      walking aid. Thus, it would be desirable to provide a foldable or
      collapsible walking aid which does not develop looseness during continued
      usage and continues to provide stable support for the user.
PAR  One form of collapsible or foldable walking aid which has been previously
      used is the so-called "gate leg walker" in which a pair of gate legs are
      each pivotally interconnected to a cross brace with the gate legs being
      rotatable from an open position substantially tranverse to the cross brace
      to a collapsed position in which the gate legs are folded against the
      cross brace. Previous gate leg walkers have not been generally
      satisfactory because they are difficult to operate by an elderly or
      disabled person lacking fine muscular coordination and they are unsturdy
      and have a tendency to wobble after continued usage. This contributes to a
      feeling of insecurity by the user and could, in an extreme case, cause the
      user to fall and injure himself.
PAR  Further, previous gate leg walkers also suffer from the disadvantage that
      the space provided for the user between the gate legs is not sufficiently
      open and may, therefore, interfere with the normal usage of the walker.
      For example, the use of the walker aid as a bathroom assist is extremely
      important to an elderly or disabled person. However, if the space provided
      between the legs of the walker is not sufficiently open and unobstructed,
      it may be impossible to slide the walker over a standard toilet bowl with
      the walker legs positioned on either side of the bowl. In this instance,
      the walker will not be usable as a bathroom assist which might make it
      impossible for the user to perform his normal bodily functions with safety
      and convenience.
PAC  SUMMARY OF THE INVENTION
PAR  In providing a solution to the aforementioned problems, I have devised a
      collapsible walker in which a pair of gate legs are each pivotally mounted
      in bearings positioned at the extremities of a cross brace. The gate legs
      are rotatable between an open position with the gate legs positioned
      generally transversely of the cross brace to a collapsed position with the
      gate legs folded against the cross brace. Corner braces are positioned
      adjacent each of the bearings with the corner braces providing rigid
      bracing support between the gate legs and the cross brace when the gate
      legs are in an open position. However, the corner braces are movable to
      permit easy rotation of the gate legs to a collapsed position for shipment
      and storage of the walker.
PAR  Each of the corner braces may be pivotally mounted on one of the gate legs
      with each corner brace being movable with respect to the cross brace
      during movement of the gate legs to a collapsed position. When the gate
      legs are in an open position, the corner braces are interlocked with the
      cross brace to provide bracing support between the cross brace and each of
      the gate legs.
PAR  With the gate legs in an open position, the corner braces may each act as a
      strut between one of the gate legs and the cross brace. The function of
      the corner braces, in conjunction with a pivotal mounting between the
      corner brace and the gate leg, provides triangular three point support for
      each gate leg. The three point support for each of the gate legs may,
      thus, include the mounting of a corner brace to the gate leg, the
      interlocking connection between the corner brace and the cross brace, and
      the pivitol mounting between the gate leg and the cross brace. The three
      point support provides a very strong and rigid supporting structure for
      maintaining the gate legs in a fixed position with respect to the cross
      brace when the gate legs are in their open position.
PAR  To provide supporting engagement between the corner braces and the cross
      brace, detents may be provided which are carried by the cross brace in
      engagement with the corner braces. When the gate legs are in an open
      position, apertures in the corner braces are positioned to receive the
      detents, with means provided to move the detents out of the apertures to
      unlock the corner braces when it is desired to move the gate legs to a
      collapsed position.
PAR  Unlike many previous walkers which require fine muscular coordination on
      the part of the user, the walker of the present invention may employ means
      to move the detents out of the apertures, which includes a release tab
      having a relatively large, easily accessible pushing surface. In actuating
      the release tab, all that is necessary is to exert a force against the
      pushing surface which can be easily accomplished by a handicapped or aged
      person.
PAR  During usage, there may be some tendency for the aperture surfaces to
      become worn. Since this would cause some instability in the walker, the
      detent surfaces which engage the apertures are preferably shaped to
      provide self-centering of the detents with respect to the apertures when
      the gate legs are in an open position. Thus, even if the aperture surfaces
      become worn, the detents will firmly seat on the aperture surfaces.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are merely illustrative of an embodiment of the
      invention:
PAR  FIG. 1 is a pictorial view of a collapsable gate leg walker of the
      invention with the gate legs in an open position;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1 to
      illustrate the manner in which the feet of the gate leg may be raised or
      lowered depending upon the height of the user;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1 illustrating
      the manner in which the corner brace is interlocked with the cross brace
      with the gate legs in an open position to fix the position of the gate
      legs with respect to the cross brace;
PAR  FIG. 4 is a top view of the collapsable walking aid of FIG. 1, illustrating
      the gate legs in a collapsed or closed position with the gate legs folded
      against the cross brace;
PAR  FIG. 5 is a top detail view showing the position of a corner brace with
      respect to a gate leg and the cross brace when the gate leg is in an open
      position;
PAR  FIG. 6 is a top detail view, similar to FIG. 5, illustrating the position
      of the corner brace during movement of the gate leg between its open and
      its collapsed position;
PAR  FIG. 7 is a top detail view, similar to FIGS. 5 and 6, showing the position
      of the corner brace when the gate leg has been moved to a collapsed
      position with respect to the cross brace;
PAR  FIG. 8 is a front view of the walking aid of FIG. 1 with the gate legs in
      an open position;
PAR  FIG. 9 is a side view of the walking aid of FIG. 1 with the gate legs in an
      open position, and
PAR  FiG. 10 is an enlarged sectional view taken along the line 10--10 of FIG.
      8, illustrating the use of an elongated self-lubricating plastic sleeve
      for pivotally supporting a gate leg with respect to the cross brace to
      eliminate metal-to-metal contact between the cross brace and the gate leg.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a collapsable walking aid 2 having a cross brace 4 and a
      pair of gate legs 6 which are each pivotally supported in bearings 8
      carried by the cross brace. The gate legs 6 are each maintained in an open
      position, as shown in FIG. 1, by means of corner braces 10 which form an
      interlocking connection with a transverse member 12 of the cross brace 4.
      The outer extremities of the transverse member 12 are each joined to one
      of the bearings 8 adjacent to its upper extremities. Diagonal members 14
      joined to the transverse member 12 extend downwardly and outwardly to join
      with the bearings 8 adjacent the lower extremities of the bearings. The
      bearings 8 are, thus, rigidly supported at either of their ends by
      connection to the transverse member 12 and to a diagonal member 14.
PAR  The gate legs 6, as illustrated, each have a generally U-shaped
      configuration in which a rearward leg 20 and a forward leg 22 are joined
      together by a central member 16. The central member 16 may include
      handgrips 18 or similar means which may be grasped by the user. The
      rearward legs 20 are each joined at their bottoms to a rearward foot 24
      while the forward legs 22 are each joined to a forward foot 26. The
      rearward feet 24 and forward feet 26 are designed to contact a supporting
      surface such as the floor of a building, the surface of the earth, etc. As
      will be described, the rearward and forward feet, 24 and 26, are
      adjustable to vary the height of the central member 16 and handgrips 18 to
      suit the height of the user.
PAR  The rearward legs 20 and forward legs 22 are braced by means of upper
      braces 28 and lower braces 30 which each extend between a forward and
      rearward leg. By virtue of the upper and lower braces, 28 and 30, and the
      generally U-shaped configuration of the gate legs 6 provided by the
      central member 16 and the rearward and forward legs, 20 and 22, each of
      the gate legs is very rigid in its construction. This is an important
      consideration since the gate legs 6 are subjected to a variety of forces
      during usage which will vary depending upon the movement of the user at a
      particular time.
PAR  Turning to FIG. 2, which is a sectional view taken along the line 2--2 of
      FIG. 1, one of the forward legs 22 is slidable retained within the forward
      foot 26 which has a plurality of apertures 34 positioned axially along the
      foot. A pin or detent 40 carried by a spring 36 mounted within the forward
      leg 22 extends through an aperture 39 in the forward leg. The spring 36
      may be secured to the forward leg 22 at a spring mounting point 38 by any
      suitable means, such as brazing.
PAR  As shown, the pin 40 is in engagement with one of the apertures 34 in the
      forward leg 22 to fix the height of the forward leg with respect to the
      foot 26. By depressing the pin 40, the forward leg 22 may be raised or
      lowered with respect to the forward foot 26 by sliding the leg up or down
      until the pin engages the next aperture 34, etc.
PAR  A tip 32, which may be formed of rubber or other suitable material, may be
      secured to the lower end of the forward foot 26 to provide frictional
      engagement of the foot with a supportive surface contacted by the tip. A
      slide member 42, which may be formed of plastic or similar material, is
      positioned on the lower end of the leg 22 and engages the inner surface of
      the foot 26. Similarly, a cap 44 formed of plastic or a similar material,
      is positioned at the upper end of the foot 26 in engagement with the outer
      surface of the leg 22. The contact of the cap 44 with the outer surface of
      leg 22 and the contact of the slide member 42 with the inner surface of
      the foot 26 provides a firm sliding engagement of the leg with the foot.
PAR  The pin 40, as illustrated, has a conical or curved surface 41 which
      engages the interior surface of an aperture 34. Due to its curvature, the
      contact area provided by the surface 41 will vary with respect to the
      degree of penatration of the pin 40 into an aperture 34. Thus, if the
      surfaces of the apertures 34 should become worn, through usage, the
      surface 41 provides a self-centering function for the pin 40 by providing
      a greater contact surface as the internal diameter of the aperture is
      enlarged.
PAR  The manner in which the corner braces 10 are secured to the cross brace 4
      is illustrated in detail in FIG. 3, which is taken along the line 3--3 of
      FIG. 1. The corner braces 10 each include a plate member 46 which, as
      shown in FIGS. 5-7, is pivotally supported with respect to one of the
      upper braces 28 by a pivot pin 48. A guide pin 50 secured to the
      transverse member 12 engages a guide slot 52 defined in the plate member
      46. A pair of plastic washers 60 or other frictional means are secured to
      the guide pin 50 and are positioned on either side of the plate member 46.
      The guide pin 50 may be secured to the transverse member 12 by any
      suitable means, such as a nut 61 which engages exterior threads on the
      guide pin. By tightening the nut 61, the plastic washers 60 are pressed
      against either side of the plate member 46 to provide frictional
      resistance to sliding movement of the plate member. The frictional
      resistance provided by the plastic washers 60 is advantageous when, for
      example, the gate legs 6 are in their collapsed position shown in FIG. 4
      since the resistance tends to prevent the movement of the gate legs to an
      open position. Thus, the walker may be carried and moved about more easily
      with the gate legs 6 in a collapsed position.
PAR  When the gate legs 6 are in an open position, as shown in FIG. 1, the
      corner braces 10 are interlocked with the cross brace 4. This may be
      accomplished through means of a detent 62 positioned within the transverse
      member 12. The detent 62 includes a head 63 that extends through an
      aperture 68 in the upper surface of the transverse member 12. The detent
      62 may be biased to an upward position by a spring 66 which bears against
      the lower surface of the head 63 and is positioned about a shaft 64. An
      aperture 70 in the plate member 46 is engaged by a tapered or conical
      surface 72 on the detent head 63 which performs a self-centering function
      in fixing the detent head within the aperture 70.
PAR  During usage of the walker, the gate legs 6 will be moved between an open
      and a collapsed position many, many times and there will be a tendency for
      the inner surface of the aperture 70 to become worn with consequent
      enlargement of the aperture. As this occurs, there will be a tendency for
      the fit between the aperture 70 and the detent head 63 to become
      progressively loosened which will cause the gate legs 6 to wobble. The
      conical or tapered surface 72 on the detent head 63 serves to maintain a
      tight-fitting relationship between the detent head and the aperture 70,
      even after considerable wear and enlargement of the aperture.
PAR  Moving downwardly along the axis of the detent head 63 from its position
      shown in FIG. 3, it will be observed that the outer contact surface
      provided by the detent head becomes progressively larger due to the
      curvature of the surface 72. Thus, the area of the contacting surface
      provided by the head 63 will vary in relation to the extent of penetration
      of the head 63 into the aperture 70. As the aperture 70 becomes worn, the
      detent head 63 is advanced further into the aperture to provide a larger
      contacting surface and to maintain a tight-fitting engagement of the
      detent head with the aperture 70.
PAR  To release the corner braces 10 from interlocking engagement with the cross
      brace 4, a release mechanism 54 is depressed to drive the detent 62
      downwardly against the spring 66. This removes the detent head 63 from the
      aperture 70. As illustrated in FIG. 3, the release mechanism 54 is secured
      to the plate member 46 by a pin 56 with a button 74 on the bottom of the
      release mechanism bearing against the detent head 63. With detent 62
      depressed, the plate member 46 may be moved relative to the transverse
      member 12 to provide movement of the gate legs 6 to a collapsed position.
PAR  The walker 2 is illustrated with the gate leg 6 in a collapsed position in
      FIG. 4. As shown, the transverse member 12 may have a somewhat V-shaped
      configuration in plan view with the corner braces 10 being positioned in
      overlying relation to the transverse member 12 when the gate legs 6 are in
      their collapsed position. The walker 2 has a generally flat or compressed
      outline when the gate legs 6 are in a collapsed position. Moreover, the
      corner braces 10 are protected from being bent or otherwise damaged by the
      transverse member 12 whose shaped and close proximity to the corner braces
      shield them from damage.
PAR  The position of a corner brace 10 with respect to a gate leg 6 and the
      cross brace 4 is illustrated in FIG. 5 with the gate leg in its open
      position. As illustrated, the gate leg 6, is positioned in a generally
      transverse direction with respect to the cross brace 4 and is maintained
      in this position by the corner brace 10. The corner brace 10, together
      with the bearing 8 provides a triangular three point support for the gate
      leg 6. The three point support consists of the connection between the gate
      leg 6 and the cross brace 4 through the bearing with the additional two
      points of support provided by the corner brace 10 at the pivot pin 48 and
      the inter-connection between the detent head 63 and the aperture 70 shown
      in FIG. 3.
PAR  In providing support for the gate leg 6 in its open position the corner
      brace 10 functions as a strut with the movement of the gate leg 6 in a
      clockwise direction from that shown in FIG. 5 being resisted in tension by
      the plate member 46. Any attempted counterclockwise movement of the gate
      leg 6 from its position shown at FIG. 5 is resisted in compression by the
      plate 46. The release mechanism 54, as described with regard to FIG. 3,
      provides an upwardly directed enlarged pushing surface 58 which is easily
      accessible to the user. The exertion of a downward force on the pushing
      surface 58 to depress the detent 62 from its position shown in FIG. 3 does
      not require fine muscular coordination and permits the movement of the
      gate leg 6 to a collapsed position. The provision of the large pushing
      surface 58 for the release mechanism 54 supplies a mechanism which can be
      readily used by an aged or otherwise incapacitated person who lacks fine
      muscular coordination.
PAR  After depressing the release mechanism 54 by exerting a force on the
      pushing surface 58, the gate leg 6 may be swung or pivoted to a partially
      collapsed position as illustrated in FIG. 6. During rotation of the gate
      leg 6 to the position shown in FIG. 6, the corner brace 10 undergoes a
      complex movement which is determined by the shape and position of the
      guide slot 52, the position of the guide pin 50, and the position of the
      pivot pin 48. As the guide pin 50 moves along the guide slot 52, the
      corner brace 10 slides in an upward direction from that shown in FIG. 6
      while, at the same time, undergoing a rotational movement about the guide
      pin 50.
PAR  Turning to FIG. 7, which illustrates the gate leg 6 in a collapsed
      position, the continued rotational movement of the corner brace 10 in what
      has been illustrated as a counterclockwise direction, has brought the
      corner brace 10 to a position where it overlies the adjacent transverse
      member 12. Due to the shape and close proximity of the transverse member
      12 to the corner brace 10, the corner brace is shielded by the transverse
      member and is thereby protected from accidental damage which might result
      during shipping or storage of the walker in its collapsed position.
      Further, due to the V-shaped general configuration of the transverse
      member 12, the two gate legs 6 are permitted to form almost a flat surface
      with one of the gate legs lying above the other and cradled within the
      V-shaped region defined by the transverse member. This relationship is
      best shown in FIG. 4.
PAR  During relative movement of the gate leg 6 with respect to the cross brace
      4, the detent head 63, as shown in FIG. 7, slides against the undersurface
      of the plate member 46. The placement and location of the guide slot 52 is
      such that the inner end of the corner brace 10 moves in an arc during the
      movement of the gate leg 6 from its collapsed position of FIG. 7 to its
      open position of FIG. 5. The arc defined by the inner end of the corner
      brace 10 during this movement brings the aperture 70 (see FIG. 3) into
      alignment with the detent head 63 when the gate leg 6 reaches its open
      position.
PAR  The walking aid 2 is shown in a frontal view in FIG. 8 to illustrate the
      relative height of the cross brace 4 with respect to the tips 32 which
      contact a supportive surface and represent the lower extremities of the
      walker. The open region defined between the gate legs in their open
      position, as shown in FIG. 1, together with the height of the cross brace
      4 above the supportive surface make the walker 2 useful as a bathroom
      assist by an invalid. In this usage, the walker 2 may be positioned so
      that the gate legs 6 straddle either side of a standard toilet bowl while
      the distance between the cross brace 4 and the supportive surface for the
      walker is sufficient to permit the cross brace to pass above the upper
      surface presented by the bowl. In this position, the walker 2 can be used
      to assist the user while moving to and from a sitting position.
PAR  As shown in FIG. 8 the diagonal members 14 may be conveniently formed in
      one piece as a V-shaped member in which the apex is inter-connected with
      the apex of the V-shaped transverse member 12. Turning to FIG. 9, which is
      a side elevational view of the walker 2, the cross brace 4 is illustrated
      as protruding forwardly to accommodate the movement of the gate legs 6 to
      a collapsed position. The V-shaped member which includes the diagonal
      members 14 acts as a truss in providing a rigid connection of the bearings
      8 to the transverse member 12.
PAR  During long usage of the walking aid 2, the gate legs 6 will be moved many
      times between an open position and a collapsed position with respect to
      the cross brace 4. With previous gate leg walkers, this type of continued
      movement has created problems in that the connections between the gate
      legs and the cross brace eventually became loosened so that the gate legs
      would wobble in their open position. Many crippled or infirm persons have
      a poor sense of equilibrium and a fear of falling since this could result
      in bone breakage, a long period of confinement, and an uncertain recovery.
      Thus, it is necessary to both the mental security and physical well-being
      of the user that the gate legs 6 be firmly positioned with respect to the
      cross brace 4 when the gate legs are in an open position.
PAR  In previous gate leg walkers, there was frequently metal-to-metal contact
      at the inter-connection between the gate legs and the cross brace. With
      such contact, the inevitable result was a considerable amount of wear to
      produce loosening of the gate legs. Walking aids are frequently
      constructed of aluminum members to reduce their weight so that they can be
      easily lifted by an incapacitated or feeble person. Aluminum is a
      relatively soft metal and, thus, the wear resulting from metal-to-metal
      contact at the inter-connection between the gate legs and the cross brace
      is relatively rapid.
PAR  To provide for a firm inter-connection between the gate legs 6 and the
      cross brace 4, I have provided a pivotal inter-connection which eliminates
      metal-to-metal contact. This is illustrated in FIG. 10 which is a
      sectional view taken along the line 10--10 of FIG. 8. As shown, the
      bearing member 8 may have a tubular configuration and be supported by the
      transverse member 12 and one of the diagonal members 14, as described with
      regard to FIG. 1. The bearing 8 surrounds the forward leg 22 with a
      self-lubricating sleeve 78 positioned between the bearing and the forward
      leg. The sleeve 78 provides a tight fitting engagement between the bearing
      8 and forward leg 22 such that, in effect, the sleeve is squeezed between
      the bearing and forward leg. The sleeve 78 may be made of any suitable
      material such as, for example, a fluorocarbon resin as sold under the
      trademark TEFLON by E. I. DuPont de Nemours & Co.
PAR  The bottom end of the bearing 8 may be crimped at point 80 to prevent axial
      movement of the sleeve 78 within the bearing. A stud 76 extending through
      the forward leg 22 has supporting heads 77 at either end of the stud. The
      enlarged supporting heads 77 bear against the lower surface of the bearing
      8 to prevent downward movement of the bearing 8 with respect to the
      forward leg 22. As illustrated, the bearing 8 may also be crimped at a
      point 82 adjacent its upper end to prevent upward movement of the sleeve
      78 within the bearing. Generally, however, this is not necessary since the
      upper edge of the bearing 8 bears against the undersurface of the upper
      brace 28 with the upper brace preventing upward movement of either the
      bearing or the self-lubricating sleeve 78 within the bearing.
PAR  The self-lubricating sleeve 78 is relatively long in its axial dimension to
      provide a large contact area with the outer surface of the forward leg 22
      and the inner surface of the bearing 8. For ease of installation, the
      sleeve 78 may be cut with the cut edges abutting each other when the
      sleeve is inserted within the bearing 8. Due to the absence of
      metal-to-metal contact between the outer surface of the forward leg 22 and
      the inner surface of the bearing 8, coupled with the self-lubricating
      properties of the sleeve 78, the wear at the pivotal supports for the gate
      legs is reduced to an absolute minimum. Thus, even after long usage, the
      pivotal inter-connection between the gate legs 6 and the cross brace 4
      remains tight to provide firm and stable support for an aged or
      incapacitated person using the walker.
CLMS
STM  I claim:
NUM  1.
PAR  1. A collapsable walker comprising:
PA1  a cross brace having a bearing at each of its extremities;
PA1  a pair of gate legs with one of said gate legs being pivotally mounted in
      each of said bearings for rotation between an open position with the gate
      legs positioned generally transversely of the cross brace and a collapsed
      position with the gate legs folded against the cross brace;
PA1  corner braces connected adjacent each of said bearings;
PA1  said corner braces each being connected to one of said gate legs and to
      said cross brace to provide rigid bracing support between the gate legs
      and the cross brace when the gate legs are in an open position, and
PA1  said corner braces being movable to permit rotation of the gate legs to a
      collapsed position.
NUM  2.
PAR  2. The collapsible walker of claim 1 wherein;
PA1  each of said corner braces is pivotally mounted on one of said gate legs;
PA1  each of said corner braces is movable with respect to said cross brace
      during movement of the gate legs to a collapsed position, and
PA1  each of said corner braces is interlocked with said cross brace when said
      gate legs are in an open position.
NUM  3.
PAR  3. The collapsible walker of claim 2 wherein:
PA1  each of said corner braces acts as a strut between a gate leg and the cross
      brace when the gate legs are in an open position to provide triangular
      three point support for each gate leg.
NUM  4.
PAR  4. The collapsible walker of claim 2, including:
PA1  a guide slot in each of said corner braces;
PA1  guide pins positioned on said cross brace in engagement with said guide
      slots, and
PA1  said guide slots being shaped to move the corner braces to an interlocking
      position with said cross brace as the gate legs are moved to an open
      position and to move the corner braces to a recessed position adjacent the
      cross brace as the gate legs are moved to a collapsed position.
NUM  5.
PAR  5. The collapsible walker of claim 1 including frictional means positioned
      to resist the movement of the gate legs between an open and a collapsed
      position, whereby the walker may be transported and moved about with the
      gate legs in a collapsed position without their accidental movement to an
      open position.
NUM  6.
PAR  6. The collapsible walker of claim 1 wherein said bearings include a
      self-lubricating plastic sleeve and a tubular member on each of said gate
      legs mounted within said plastic sleeve.
NUM  7.
PAR  7. The collapsible walker of claim 1 wherein the gate legs and cross brace
      provide an unobstructed open space with the gate legs in an open position
      such that the walker can be used as a toilet assist.
NUM  8.
PAR  8. The collapsible walker of claim 6 wherein each of said plastic sleeves
      is held within a tubular metallic member included within said cross brace.
NUM  9.
PAR  9. The collapsible walker of claim 8 wherein each of said tubular metallic
      members is crimped to provide a reduced diameter portion which engages the
      plastic sleeve to hold the plastic sleeve within the tubular metallic
      member.
NUM  10.
PAR  10. The collapsible walker of claim 9 wherein each of the tubular metallic
      members is crimped adjacent each end of the plastic sleeve to hold the
      plastic sleeve with respect to the tubular metallic member.
NUM  11.
PAR  11. The collapsible walker of claim 9 wherein each of the tubular metallic
      members is crimpled adjacent the lower end of the plastic sleeve to hold
      the plastic sleeve with respect to the tubular metallic member.
NUM  12.
PAR  12. The collapsible walker of claim 8 wherein said cross brace is
      positioned at a height to provide clearance between the cross brace and a
      toilet bowl when the walker is moved over the toilet bowl with the gate
      legs positioned on either side of the bowl.
NUM  13.
PAR  13. A collapsable walker comprising:
PA1  a cross brace having a bearing at each of its extremities;
PA1  a pair of gate legs with one of said gate legs being pivotally mounted in
      each of said bearings for rotation between an open position with the gate
      legs positioned generally transversely of the cross brace and in a
      collapsed position with the gate legs folded against the cross brace;
PA1  corner braces positioned adjacent each of said bearings;
PA1  said corner braces each being connected to one of said gate legs and to
      said cross brace to provide rigid bracing support between the gate legs
      and the cross brace when the gate legs are in an open position;
PA1  said corner braces being movable to permit rotation of the gate legs to a
      collapsed position;
PA1  each of said corner braces being pivotally mounted on one of said gate
      legs;
PA1  each of said corner braces being movable with respect to said cross brace
      during movement of the gate legs to a collapsed position;
PA1  each of said corner braces being interlocked with said cross brace when
      said gate legs are in an open position;
PA1  detents supported by said cross brace in engagement with said corner
      braces;
PA1  apertures in said corner braces positioned to receive said detents when the
      gate legs are in an open position, and
PA1  means to move the detents out of the apertures in unlocking the corner
      braces from the cross brace for movement of the gate legs to a collapsed
      position.
NUM  14.
PAR  14. The collapsible walker of claim 13 wherein said means to move the
      detents out of the apertures includes a release tab having a relatively
      large, easily accessible pushing surface which may be actuated by a
      handicapped or aged person who lacks fine muscular coordination.
NUM  15.
PAR  15. The collapsible walker of claim 13 wherein said detents are biased
      upwardly against said corner braces with the detents sliding against the
      undersides of the corner braces during movement of the gate legs between
      an open and a collapsed position.
NUM  16.
PAR  16. The collapsible walker of claim 13 wherein the surfaces of said detents
      which engage said apertures are shaped to provide self-centering of the
      detents with respect to the apertures when the gate legs are in an open
      position.
NUM  17.
PAR  17. The collapsible walker of claim 16 wherein each of said detents has a
      conical outer surface and each of said apertures having a circular
      opening, whereby the contact surface area presented by said detents
      increases or decreases in relation to the degree of movement of said
      detents into said apertures.
NUM  18.
PAR  18. The collapsible walker of claim 14 wherein said release tabs are
      secured to each of said corner braces and are positioned over said
      apertures.
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ABST
PAL  A sealing system for a shutoff element having two substantially ring-shaped
      sealing elements forming at least two substantially ring-shaped sealing
      lines. A given one of the sealing elements is constructed as a thin-wall
      body which is elastically deformable under the action of a closing force.
      The given sealing element, in the closed position of the shutoff element,
      under deformation of its wall bearing against the other sealing element at
      least at two ring regions with line contact. Means define free deformation
      spaces for the wall of the thin-wall body beneath said ring regions, and
      means define a respective support adjacent said deformation spaces and
      extending substantially parallel to the ring regions and against which
      bears said wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of sealing
      system for shutoff elements, which sealing system is of the type embodying
      two substantially ring-shaped sealing elements, wherein one such sealing
      element is sealingly connected with the housing or with a closure or
      blocking element of the shut-off element and the other sealing element is
      either sealingly connected with the closure element or the housing or is
      constructed at such itself, and wherein the sealing elements can be
      pressed against one another by a closing movement of the closure element
      for carrying out the shutoff action of the shutoff element.
PAR  The heretofore known sealing systems for shutoff elements can be
      essentially divided into two groups, namely, the so-called "hard" seats
      and those which possess the so-called "soft" seats.
PAR  Sealing systems with "hard" seats, i.e. equipped with metal hard-sealing
      elements, are extensively wear-and-temperature resistant, yet are
      practically not capable of providing a liquid and gas seal for liquids and
      gases of low viscosity, additionally they are quite sensitive to
      contamination or soiling. This is so because both of the sealing elements
      in the closed or sealing position -- for instance in the case of valves
      arranged in a radial plane -- have the ring-surfaces bearing against one
      another and thus contaminants can easily deposit thereat and during the
      closing movement can become pressed into both seat surfaces. These hard
      seats additionally are generally welded at the housing seat or closure or
      blocking element and subsequently machined by grinding.
PAR  An appreciably greater gastight seal is provided by sealing systems with
      "soft" seats, i.e. sealing elements formed of plastic or the like,
      especially those equipped with a hard and a soft element, because then
      there can be realized a good mutual fit of both sealing surfaces and
      contaminants can be pressed into the soft elements and in many instances
      does not lead to damage. Such "soft" seats, on the other hand, have the
      drawback that for the soft element there can be only completely or
      partially used materials formed of organic substances, and which only can
      be exposed to prescribed operating conditions, especially operating
      temperatures, which in many instances are much too low.
PAR  Attempts have already also been made to improve upon the sealing action of
      the shutoff element in that there have been constructed sealing systems
      with multiple seats, so that two or more ring-shaped sealing regions
      --arranged behind one another-- serve to guarantee the seal. Particlarly
      in the case of hard seats, where there are present defects in the sealing
      capability, such multiple seats likewise cannot be constructed to provide
      a good sealing action because all of the seats must sealingly bear against
      one another in the same position, and this condition cannot be attained
      with elements which are practically non-deformable.
PAR  There are also known to the art valve constructions equipped with comb-like
      mutually interengaging thin ring portions formed of metal which are
      intended to provide a multiple seal in that the thin ring portions of the
      one element bear with their respective tips, with mutual deformation, at
      the flanks of an associated ring portion of the other element. Such
      shutoff elements have been known in this particular field of technology
      for quite some time, but as a practical matter have not yet been placed
      into commercial use, presumably because such sealing elements are surely
      extremely difficult and expensive to manufacture and therefore practically
      can only come under consideration for special applications.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved sealing system for shutoff elements which is not associated with
      the aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention aims at an
      improved construction of sealing system which is relatively simple in
      construction and design and equipped with a number of seats, the sealing
      system combining the advantages of sealing systems with hard seats and
      those having soft seats, without at the same time exhibiting the drawbacks
      thereof.
PAR  Another object of the invention aims at the provision of a new and improved
      sealing system which, on the one hand, does not possess the temperature
      limitations of organic sealing substances and, on the other hand,
      possesses good sealing action for non-viscous media and gases.
PAR  The invention is predicated upon the concept that one of the sealing
      elements should be "soft", however fabricated from metal, and this can be
      realized by using a thin-wall body which can be elastically deformed under
      the action of the closing force.
PAR  A sealing system constructed according to the invention and of the
      previously mentioned type is essentially manifested by the features that
      the one sealing element is constructed as a thin-wall body which can be
      elastically deformed under the action of the closing force, this thin-wall
      body extending over the ring width of the relevant sealing element and in
      the closed position, under deformation of its wall, bearing with line
      contact at the other sealing element in at least two ring regions, and
      wherein the closure or blocking element or housing which is connected with
      the thin-wall body possesses beneath such ring regions freely deformable
      spaces for its wall and adjacent such spaces a respective support
      extending parallel to the ring regions and against which bears such wall.
PAR  Both of the elements only thus contact along lines. Therefore at least one
      of the elements is curved towards the outside in the direction of the
      other element at such contact lines, so that at these locations, during
      the construction of an element as a thin-wall body, there are produced
      elastic deformations under the action of the closing force. Such elastic
      deformations also positively provide, in the case of a number of seats,
      sealing line contact at all locations, wherein the characteristic of the
      elastic deformation brought about under the action of the closing force,
      can be determined by the selection of the spacing of the line contact with
      respect to the supports. Due to the sealing action in the form of line
      contact there is extensively prevented the possibility of contaminations
      or the like depositing at the contact lines, because the curved element
      surfaces which are always present can more easily penetrate the
      contaminants at the contact lines or displace such to both sides than
      would be the case when there are provided two surfaces which contact one
      another in parallelism.
PAR  If ring spaces or compartments are provided between the ring regions with
      line contact at the region between the wall of the one element and the
      other sealing element, then in a position of the closure or blocking
      element which is close to the closing position there occurs a throttling
      of the still throughflowing medium at those locations where later on there
      occurs the tangential line contact, yet between such locations in the case
      of compressible media there however occurs an expansion, so that there is
      realized a stepwise or stage throttling of the medium flow prior to
      closure and thus a major portion of the ring region is only slightly
      exposed to erosion effects.
PAR  Further, for attaining the desired throttling action and the therewith
      associated side effects --such as the formation of noise-- different ring
      or annular spaces can possess different volume and/or cross-section. The
      effect of the throttling action can be further intensified in that the
      ring regions with line contact and/or the ring spaces form flow by-passes.
      Protection of the multiplicity of ring regions with line contact also can
      be realized in that in one position of the closure element immediately
      prior to the closed position the sealing elements only bear against one
      another at one region with line contact and the other provided ring
      regions with line contact first result in steps or stages during further
      closing movement by elastic deformation of the thin-wall body. In this way
      there can be realized an extensive shutoff action already with only one
      ring region with line contact, so that the contact at the other provided
      regions occurs practically without any flow load. At least one of both
      elements can be provided with a coating or covering which favorably
      influences the sliding and/or sealing behavior in that there can be thus
      prevented or compensated possible surface irregularities.
PAR  Additionally, in the case of a sealing system for valves, there can occur a
      sliding action between both of the sealing elements with deformation of
      the thin-wall body if the outer surface of a sealing element is inclined
      at the ring regions with line contact at an acute angle in the direction
      of the closing axis of the valve. This affords the advantage that at the
      regions with line contact at both elements during each closing and opening
      operation there occurs a mutual smoothing effect or operation, so that
      during the throughflow any slight surface damage to the elements which has
      arisen can be again compensated; apart from the foregoing there is
      realized an additional scraping cleaning action.
PAR  A very simple sealing system for valves can be realized if the deformable
      thin-wall body is constituted by a plate formed of sheet metal or a cone
      in the form of concentrically juxta-positioned undulated peaks and
      valleys, the outer- or inner- edge of which is connected with the closure
      element or the housng and supported at the regions of the valleys and/or
      peaks. If the support of the thin-wall metal body is provided at the
      housing or the closure element, with which it is connected, at the region
      of the valleys, then the counter or opposite surface of the other element
      can either be flat or conical respectively, so that the ring regions with
      line contact bear at the crests or peaks and there are formed intermediate
      thereof in a very simple manner ring spaces. However, it is also possible
      to provide the ring regions with line contact at the flanks of the
      undulations which are inclined in the direction of the closing axis of the
      valve, in which case there is provided the previously mentioned smoothing-
      and cleaning action during each relative movement of both elements. In
      this regard then the other element must have comb-like ring projections
      which engage into the wave valleys.
PAR  Furthermore, it is also possible in the case of valves and a thin-wall body
      of conical configuration and formed of metal, to only provide supports
      between the valleys and in the valleys to provide regions with line
      contact, if the sheet metal cone connected at the outer- or inner edge
      with the closure element or the housing, has the surfaces which are
      directed towards the closure element or housing respectively, supported by
      ring edges provided at regular intervals or spacing, wherein between the
      ring edges there are provided ring-shaped depressions which deviate from
      the conical shape and which contain the ring regions with line contact.
      With this constructional embodiment there is likewise attained at the ring
      regions with line contact a smoothing- and cleaning effect, especially at
      the thin-wall body, which is this case must be constructed as a stepped
      cone and provides additional throttling action when positioned near the
      closing position.
PAR  It is also possible that with a sealing system for valves, the thin-wall
      body is deformed in part, not prior to, rather first after its assembly.
      In this regard the thin-wall body of the sealing system which is assembled
      at the shutoff valve is first thus brought into the desired final shape or
      form in that the closure element or an embossing, the dimensions of which
      need not correspond to those of the closure element, is pressed in the
      direction of the closing axis towards the housing with a force which
      considerably exceeds the prescribed closing force. In this way there is
      reached the result that both of the sealing elements at the ring regions
      with line contact are accommodated or fitted to one another without any
      play and the elastic deformation of the thin-wall body is exclusively
      available for producing the surface compression required for sealing.
      Additionally, it is thus possible that following a certain wear of the
      sealing element owing to its longer operational use, it can be brought
      into a somewhat changed or modified final shape due to renewed plastic
      deformation of the thin-wall body, and in which there is again provided a
      contact of both elements against one another without play at the regions
      of tangential line contact.
PAR  It is also possible to use the sealing system of this development for a
      multiple-seat sealing of a flap or throttle valve; preferably then the
      deformable thin-wall body is constituted by a sheet-metal cone in the form
      of concentric wave peaks and valleys located adjacent one another, the
      outer- or inner edge of which is connected with the flap valve body or the
      housing and is supported at the region of the wave valleys at the flap
      valve body or housing, respectively, the valve peaks containing the ring
      regions with line contact. A prerequisite for this arrangement is that the
      axis of rotation of the flap member does not extend through the sealing
      element rather adjacent thereto, and it is preferable that the axis of
      rotation flap member does not intersect the axis of the housing seat,
      rather crosses such, so that during the opening movement there also occurs
      a lifting of both sealing elements and not only a mutual displacement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is an elevational sectional view of a closure or blocking element
      and housing of a shutoff valve equipped with the sealing system of this
      development;
PAR  FIG. 2 illustrates a modified construction from that shown in FIG. 1;
PAR  FIG. 3 illustrates a further modification of the invention; and
PAR  FIG. 4 illustrates a sealing system of the invention as used in a shutoff
      flap or throttle valve.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in the exemplary embodiment depicted in FIG.
      1, it is to be understood that a sheet metal body member or shell 2, which
      forms a thin-wall body is sealingly secured through the agency of a
      contact or press-in ring 3 in a housing 1 of a shutoff valve. The sheet
      metal body 2 consists of a sleeve-shaped portion 2a and a plate-shaped
      portion 2b, the plate-shaped portion possessing an undulated portion
      forming, for instance three concentrically arranged crests or peaks 4 and
      intermediate such peaks two concentric valleys 5. In the illustrated
      partial sectional view of shutoff valve there also is shown the valve
      plate 6 serving as the closure or blocking element and which forms the
      other element. Valve plate 6 is rotatably, yet axially non-displaceably
      connected with a valve spindle 8 through the agency of a bipartite
      threaded connection member 7. This valve plate 6 is equipped with grooves
      or recesses 9 at the region of the crests or peaks 4 of the thin-wall
      sheet metal body 2, these grooves 9 contacting the flanks 2c of the
      concentric locations, the valleys 5 bearing against the valve housing 1,
      as shown. The sheet metal member must be dimensioned such that due to the
      action of the closing force at the flanks and which is applied by the
      spindle and handwheel or by a motor drive, it is elastically deformed to
      such an extent that these flanks, with sufficient compression, are
      sealingly in contact with the edges of the grooves 9 of the valve plate 6
      at six ring regions 2d. During opening or closing of the valve, there are
      formed by such six ring regions 2d possessing line contact narrow
      throughpassages where the medium reaches greater throughflow velocities,
      and wherein however between such narrow throughpassages, in the case of
      compressible media, there occurs at each ring space or compartment 10 an
      expansion of the medium together with a deflection thereof, so that the
      next throughpassage is only impinged with a slight pressure gradient.
      Additionally, a projection or depending portion 11 is provided at the
      valve plate 6 and which first then frees the entire throughflow
      cross-section in the housing 1 when both sealing elements are already
      spaced somewhat from one another. In this regard it is immaterial whether
      the pressure impingement occurs from the bottom or from the top at the
      valve plate 6, as long as the pressure differential is not so large that
      the pressure during impingement of the top of the valve plate during the
      opening movement presses the sheet metal part against the valve plate
      which moves away and thus brings about a plastic deformation of such part.
PAR  With the construction of sealing system depicted in FIG. 2, which is
      constructed in the same manner as the arrangement of FIG. 1 as concerns
      the housing and closure or blocking element, the ring regions with line
      contact are provided at the top or apex of the crests or peaks. In this
      instance, the plate-shaped portion 2b of the thin-wall sheet metal part 2
      is constructed so as to slightly ascend or slope towards the outside, so
      that during the course of the closing movement initially only the
      outermost crest or peak comes into contact with a radial ring surface 16
      of the valve plate 6, as illustrated. During the course of the further
      closing movement the additional inner situated tops or apexes of the peaks
      or crests 15 stepwise come into contact with the associated ring or
      annular surfaces 17, 18 of the valve plate 6. The ring portions 19 of the
      valve plate 6 which extends into the valleys of the undulated portion need
      not contact the metal flanks, rather can also only serve for the
      deflection and throttling of the flow. Whether, viewed in the direction of
      flow, initially the first or initially the last ring region with
      tangential line contact comes into play, is dependent upon the
      constructional details as well as upon the side effects which are desired
      to be obtained, such as particularly the reduction in noise.
PAR  With the constructional embodiment depicted in FIG. 3, a cone-shaped sheet
      metal or metallic member 21 is provided in a valve housing 20, this sheet
      metal member 21 here also is sealingly connected at its lower end by means
      of a press-in or contact ring 22 with the housing 20 and otherwise is only
      in contact at the inner surface with the housing through the agency of
      annular or ring edges 23 provided at uniform spacing from one another, and
      which form supports. After the assembly of the valve structure the sheet
      metal member extends conically between such ring edges 23. This deformable
      thin-wall body has operatively associated therewith a stepped cone 24
      constituting a valve plate and forming the other sealing element, the
      stepped edges 25 of which are positioned at the regions or zones between
      the supporting ring edges 23 of the housing as soon as the valve plate 24
      has almost reached the closed position. If this valve plate is urged
      against the housing 20 by means of a force which considerably exceeds the
      prescribed closing force, then, the conical sheet metal member 21 is
      plastically deformed between the ring edges 23 into ring-shaped
      depressions or recesses 26, as shown in phantom lines, and which deviates
      from the conical shape, and the valve plate moves further with the form or
      shape shown in phantom lines. Then during the subsequent closing
      operations with the prescribed closing force, there come to lie in such
      ring-shaped recesses or depressions the ring regions with line contact, so
      that at such locations the sheet metal member 21 with elastic compression,
      without having to overcome any play, bears at the stepped edges 25 of the
      valve plate 24 and brings about the sealing action.
PAR  With the exemplary embodiments depicted in FIGS. 1 to 3, the deformable
      sealing elements are fixedly connected in each case with the housing seat
      and the valve plate constitutes the other sealing element. Of course it is
      also possible to connect the deformable sealing element with the valve
      plate and to construct the housing as the other sealing element. This,
      however, is associated with the drawback that particular measures must be
      provided in order to sealingly, yet exchangeably, connect this element
      with the housing, which on the other hand can be realized more simply with
      the thin-wall body.
PAR  The flap or throttle valve member equipped with the sealing system as shown
      in FIG. 4, possesses an eccentrically mounted flap or throttle valve body
      30, the shaft 31 of which does not extend through the sealing element
      provided or secured at the flap valve body 30 or housing 32. The flap
      valve body 30 possesses a spherical ring-surface 33 forming a sealing
      element, the center of the sphere being located at the point of the
      intersection of the axis of rotation of the flap valve body with the
      housing axis 34. In the housing 32 there is sealingly secured a sheet
      metal member or element 35 which constitutes the thin-wall body, this
      element 35 initially extending cylindrically and then conically at the
      region of the spherical ring-surface 33 of the flap valve body 30, as
      shown. At this region it possesses undulated peaks and valleys located
      concentric to the housing axis 34, the valleys being supported or bearing
      at the housing 32 and the crests or peaks in the closed condition of the
      valve structure being in sealing contact with the spherical ring surface
      33 of the flap valve body 30, because in this position there occurs an
      elastic deformation of the thin-wall body 35, so that there are formed
      three ring regions possessing sealing contact 36. During opening of the
      valve arrangement by rotating the flap valve body, the ring regions are
      successively opened. In the event that the shaft 31 of the flap or
      throttle valve member does not intersect the housing axis 34, rather is
      skew or crosses such at a slight spacing, then during the opening movement
      there occurs a lifting of the spherical ring surface from the sheet metal
      element, so that there is dispensed with the need to relieve such element
      from a longer sliding movement under elastic deformation.
PAR  In the event that with the construction depicted in FIG. 4 the pressure
      impingement occurs from the left side, then with higher pressures there is
      also realized an accommodation of the sheet metal element at the flap
      valve body by means of the pressure of the medium which penetrates between
      the sheet metal element and the housing, wherein however the dimensioning
      of the thin-wall body formed by the sheet metal element must be carried
      out such that during opening there does not occur any plastic deformation
      of the body due to the action of the pressure of the medium.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sealing system for a shutoff element comprising
PA1  housing and blocking members of the shutoff element,
PA1  an annular metallic sealing element extending between said housing and
      blocking members and sealingly connected to one of said members,
PA1  said annular sealing element having a thin walled portion which is
      elastically deformable under a closing force between said housing and
      blocking members and extends through an annular width of said sealing
      element,
PA1  at least two annular supporting areas on each of said housing and blocking
      members which under the closing force make sealing linear contact with and
      deform said thin walled portion of said sealing element,
PA1  and free spaces for deformation of said thin walled portion therein, under
      the maximal closing force, on opposite sides of said thin walled portion
      from each of said annular supporting areas and enclosed by said thin
      walled portion and said other member than said member making the linear
      contact at the annular supporting area,
PA1  said annular supporting areas adjacent each of said free spaces for
      deformation, and said spaces on a member extending substantially parallel
      to said supporting areas on said same member.
NUM  2.
PAR  2. The sealing system of claim 1, further characterized by
PA1  each of said housing and blocking members having at least two annular
      supporting areas of different diameters.
NUM  3.
PAR  3. The sealing system of claim 1, further characterized by
PA1  a supporting area of one of said members located between said at least two
      annular supporting areas of the other of said members.
NUM  4.
PAR  4. The sealing system of claim 1, further characterized by
PA1  said free spaces for deformation formed by annular indentations in at least
      one of said members.
NUM  5.
PAR  5. The sealing system of claim 1, further characterized by
PA1  said free spaces for deformation formed by annular indentations in both of
      said members.
NUM  6.
PAR  6. The sealing system of claim 1, further characterized by
PA1  said housing and blocking members of the shutoff element in a butterfly
      valve type element.
NUM  7.
PAR  7. The sealing of claim 6, further characterized by
PA1  said thin walled portion having concentrically adjacent disposed undulated
      portions defining peaks and valleys forming said free spaces in annular
      form between the lines of linear contact of said thin walled portion and
      said housing and blocking members, said valley forming said supporting
      areas and said peaks forming said lines of linear contact.
NUM  8.
PAR  8. The sealing system of claim 1, further characterized by
PA1  said free spaces being annular and possessing different volumes.
NUM  9.
PAR  9. The sealing system of claim 1, further characterized by
PA1  at least said sealing element provided with a coating which improves at
      least one of the properties of sliding and sealing.
NUM  10.
PAR  10. The sealing system of claim 1, further characterized by
PA1  said at least one of said members provided with a coating which improves at
      least one of the properties of sliding and sealing.
NUM  11.
PAR  11. The sealing system of claim 1, further characterized by
PA1  the outer surface of said thin walled portion being inclined at an acute
      angle at the line of linear contact in the direction of the closing axis
      of said blocking member.
NUM  12.
PAR  12. The sealing system of claim 1, further characterized by
PA1  said thin walled portion having undulated portions defining peaks and
      valleys.
NUM  13.
PAR  13. The sealing system of claim 12, further characterized by
PA1  said thin walled portion linearly contacting said at least one of said
      housing and blocking members at the flanks of said undulated portions at
      an acute angle in the direction of the closing axis of said blocking
      member.
NUM  14.
PAR  14. The sealing system of claim 1, further characterized by
PA1  said thin walled portion having the shape of a cone and made of sheet metal
      and located coaxial to the closing axis of said blocking member, said
      portion connected at one edge to one of said housing and blocking members.
NUM  15.
PAR  15. The sealing system of claim 14, further characterized by
PA1  said thin walled portion supported by said supporting areas, said
      supporting areas forming annular edges at regular intervals on said at
      least one of said housing and blocking members.
NUM  16.
PAR  16. A method of producing a shutoff in a sealing system comprising the
      steps of
PA1  moving a blocking member relative to a housing member along a closing axis,
PA1  pressing and deforming a deformable thin wall body sealingly between said
      blocking member and said housing member along at least two annular
      supporting areas on each of said housing and blocking members into free
      spaces on opposite sides of said thin wall body from said annular
      supporting areas with a force that substantially exceeds a prescribed
      closing force for the shutoff in the sealing system.
NUM  17.
PAR  17. The sealing system of claim 16, further characterized by
PA1  said thin walled portion, under closing force, before fully closed
      position, contacting at least one of said members by linear contact with
      additional stepwise linear contacts with supporting areas resulting
      through gradual elastic deformation of said thin walled portion under
      continued closing force toward the fully closed position.
NUM  18.
PAR  18. The method of claim 16, further characterized by
PA1  exerting a force during the pressing step in a radial direction with
      sliding linear contacts between said thin wall body and at least one of
      said blocking and said housing members.
NUM  19.
PAR  19. The method of claim 16, further characterized by
PA1  establishing linear contacts between additional parts of said thin wall
      body in a concentric stepwise manner radially through gradual elastic
      deformation of said thin walled body under a continued closing force
      toward the fully closed position.
PATN
WKU  039453910
SRC  5
APN  5243637
APT  1
ART  341
APD  19741118
TTL  Float controlled hydraulic leveler
ISD  19760323
NCL  3
ECL  1
EXP  Nilson; Robert G.
NDR  1
NFG  3
INVT
NAM  Pearse; Robert G.
CTY  Red Bank
STA  NJ
ASSG
NAM  Microtork, Inc.
CTY  Red Bank
STA  NJ
COD  02
CLAS
OCL  137 45
XCL   33396
XCL  137 41
EDF  2
ICL  F16K 1736
FSC  137
FSS  45;46;41
FSC   91
FSS  419
FSC   33
FSS  396
UREF
PNO  1924761
ISD  19330800
NAM  Turner
OCL   33396
UREF
PNO  2684254
ISD  19540700
NAM  Goss
UCL  137 45
UREF
PNO  2920636
ISD  19600100
NAM  Gassner
OCL  137 45
UREF
PNO  2924022
ISD  19600200
NAM  Callahan
XCL   33396
ABST
PAL  A hydraulic controller is disclosed which includes a housing assembly
      hermetically enclosing a hydraulic fluid, conduits for transporting
      hydraulic fluid into and out of the housing assembly, a valve control
      assembly for regulating the hydraulic fluid in selected conduits and a
      float unit for activating the valve control assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for leveling boom-carried containers
      which support aerial workmen, such as telephone linemen and the like, and
      pertains in particular to arrangements in which leveling is achieved
      hydraulically.
PAR  Boom-carried containers are generally called baskets and must be stable in
      order to protect the occupants from being dumped out as the boom is
      manipulated. That is, as the boom moves, the basket must constantly remain
      in a level position. Typically, leveling is achieved through a hydraulic
      system.
PAR  Historically, hydraulic systems have been either costly or relatively
      insensitive and unstable. For example, where the hydraulic system is
      controlled by a pendulum, sudden stops and starts of the boom cause the
      pendulum to osciliate thereby introducing vascilations into the system. If
      the vascilations are not damped, the system will over-control and the
      basket will swing. Attempts to prevent such oscilations have heretofore
      generally proved to be costly, complicated or both.
PAR  Accordingly, the object of this invention is to achieve stable leveling
      control in a simple and reliable structure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of the invention, a sealed
      housing encapsulating a hydraulic fluid cooperates with a valve system and
      a control unit to achieve stability wherein the control unit selectively
      diverts the hydraulic fluid through the valve system in response to force
      exerted by the fluid and is immersed in the fluid so as to dampen spurious
      oscilations.
PAR  According to one feature of this invention, the valve system responds to
      movement of a rotating member, the control unit includes a float and a
      pendulum, the float and pendulum are disposed on opposite sides of the
      rotating member and both cooperate to maintain the magnitude of net force
      moment around the axis of the rotating member at or near zero thereby
      improving operating stability.
PAR  In accordance with another feature of this invention, the rotating member
      moves on a bearing surface and the float and pendulum exert oppositely
      opposed static forces of substantially the same magnitude on the bearing
      so as to increase sensitivity and reduce wear.
PAR  These and other objects and features of the invention will be more readily
      understood by referring to the following detailed specification and
      drawing which follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevation view of a hydraulic controller made in
      accordance with this invention and taken in section along the line 1--1 in
      FIG. 2.
PAR  FIG. 2 is a side elevation view of the hydaulic controller illustrated in
      FIG. 1 as taken in section along line 2--2.
PAR  FIG. 3 is an enlarged view of a portion of the valve control and fluid
      conduit assemblies shown in FIG. 2 as taken in exploded perspective.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIGS. 1 and 2, a hydraulic controller 10 is shown which
      comprises a housing assembly 11, a mounting bracket 12, a fluid conduit
      system 13 and a valve system 14. The housing assembly 11 is made of a
      pressure-resistant material, and its walls encapsulate a fluid 15.
PAR  The fluid conduit system 13 conducts the fluid 15 into the housing assembly
      11 and includes four control conduits 17, 18, 19 and 20 and two pressure
      conduits 21 and 22. As best seen in FIG. 1, all of the conduits are
      diametrically opposed in sets and the two control conduits 17 and 18 are
      vertically disposed, while the other two control conduits 19 and 20 are
      horizontally disposed.
PAR  The mounting bracket 12 is rigidly attached to the housing assembly 11 and
      includes screw mounting holes 16 for attachment to a basket (not shown).
      As best seen in FIG. 1, the mounting bracket 12 is inscribed with a first
      reference line 23 oriented so as to radially intersect the center of the
      conduits 17 and 18.
PAR  The walls of the housing assembly 11 are advantageously recessed to accept
      the ends of the valve control assembly 14. As best seen in FIG. 2, the
      valve system 14 advantageously comprises a hollow cylinder 24 and a solid
      rod 25. The rod 25 fits within the central axis of the cylinder 24 in
      rotatable relationship and, when the two are joined, they perform a
      valving function. Thus, the fit between the two is tight so as to retard
      fluid leakage. For mounting, one end of the rod 25 is adapted for rotating
      attachment, and one of the cylinder 24 is adapted for rigid attachment, to
      the walls of the housing assembly 11; i.e., in the recesses therein.
PAR  The rod 25 includes four grooves 26, a float 27 and may advantageously
      include a solid pendulum weight 28 wherein the float and pendulum are
      attached to opposite sides thereof by rigid arms 29. Moreover, the float
      27 may be hollow, made of a cellular plastic or the like and the arms 29
      are positioned so that a second reference line 30 passing through the long
      axis of either will lie in the same plane as that which contains the first
      reference line 23. As shown in FIG. 1, the grooves 26 cooperate with the
      cylinder 24 to form spaces linking adjacent ports.
PAR  As best seen in FIG. 1, the cylinder 24 is apertured to have four control
      ports 31, 32, 33 and 34, two pressure ports 35 and 36 and two exhaust
      ports 37 and 38. The spaces formed by the grooves 26 and the ports all
      communicate at one end of the ports while, at the other end, the control
      and pressure ports communicate with the front face of the cylinder 24 and
      the exhaust ports communicate with the rear face thereof which is located
      within the housing assembly 11. In addition, the control ports 31, 32, 33
      and 34 are adapted to accept the control conduits 17, 18, 19 and 20,
      respectively, while the pressure ports 35 and 36 are adapted to accept the
      pressure conduits 21 and 22 respectively.
PAR  As can be understood from FIG. 1, a fluid introduced through the pressure
      conduits 21 and 23 will pass through the pressure ports 35 and 36 and into
      associated spaces formed by the grooves 26. Thereafter, the fluid will be
      delivered into all of the control and exhaust ports. Fluid will reach
      kinetic balance when the housing assembly 11 is filled by the fluid from
      the exhaust ports and the external system (not shown) served by the
      control conduits is filled by fluid from the control ports. The housing
      assembly 11 advantageously includes an exhaust relief port 87. Thus, the
      balance reached is kinetic because fluid from the exhaust ports 35 and 36
      is free to float into and out of the housing assembly 11. The exhaust
      drain port 87 is located at the top of the housing assembly 11, so as to
      insure that it always remains full.
PAR  The control ports cooperate with the pressurue ports and the exhaust ports
      to form two sets. Specifically, the first set comprises the pressure port
      35, the control ports 31 and 32 and the exhaust ports 37 and 38. The
      second set comprises the pressure port 36, the control ports 33 and 34 and
      the exhaust ports 37 and 38.
PAR  Each set functions identically to the other so a description of one will
      suffice for the other. In the first set, the control ports 31 and 32 are
      connected to opposite sides of a motor control mechanism (not shown)
      through the control conduits 17 and 18, respectively. In the condition
      shown in FIG. 1, the control ports 31 and 32 will be equally pressurized
      and thus the motor control mechanism will be in its rest condition. If the
      pressure in either control port changes, however, the motor control
      mechanism will proportionally change its position. That movement is used
      to restore the hydraulic controller 10 after it has been displaced.
PAR  In use, the hydraulic controller 10 is attached to the basket so that the
      first reference line 23 is perpendicular to the earth. As best seen from
      FIG. 2, the float 27 is supported in the fluid 15, while the pendulum 28
      is drawn earthward by the force of gravity. Consequently, the second
      reference line 30 will also be perpendicular to the earth and thus in
      registration with the first reference line 23.
PAR  Once the initial attachment to the basket is made, the hydraulic controller
      10 will remain inoperative so long as the first reference line 23 remains
      perpendicular to the earth. As the basket swings, the first reference line
      23 will move away from the perpendicular. The second reference line 30,
      however, will remain perpendicular to the earth.
PAR  As can best be seen from FIG. 1, misalignment between the first and second
      reference lines 23 and 30 causes the rod 25 to rotate. As a result, the
      flow pattern through the ports becomes unbalanced which, in turn,
      activates the motor control mechanism. The motor control mechanism then
      exerts a force on the basket in a direction to return the first reference
      line 23 to its perpendicular position with respect to the earth.
      Consequently, the fluid medium used to energize the motor control system
      serves a double function in that it provides the forces for maintaining a
      reference line in fixed position as well as for providing the forces for
      activating the basket regulating motor control.
PAR  In the embodiment shown, both a float and pendulum have been disclosed. The
      hydraulic controller 10, however, will operate with or without a pendulum.
      In addition, the walls of the housing assembly 11 can advantageously be
      adapted to cooperate with the float 27 and the pendulum 28 so that the
      separating space therebetween is relatively small. As a result, a damping
      action will occur as the space closes and fluid is squeezed out.
      Consequently, whether the float 27 is used alone or with the pendulum 28,
      fluid damping will minimize oscliations due to inertia.
PAR  When the float 27 and the pendulum 28 operate in concert, however, an
      additional advantage is achieved. Specifically, when the basket stops and
      starts, the float 27 and pendulum 28 act together and the inertia of one
      counters the inertia of the other thereby maintaining the net moment
      around the axis of the rod 25 at or near zero. Consequently, oscilations
      are almost completely removed. Moreover, where the float and pendulum have
      the same buoyancy; that is, the positive buoyancy of the float balances
      the negative buoyancy of the pendulum, the, static forces are equally
      opposed, thereby minimizing load on the bearing surfaces between the rod
      25 and the cylinder 24. As a result, bearing friction is reduced and
      sensitivity is achieved.
PAR  In the embodiment disclosed, the rod 25 and the cylinder 24 cooperate
      through a set of grooves in the former and a set of ports in the latter.
      It will be recognized, however, that other valving arrangements may work
      equally as well.
PAR  In summary, a hydraulic controller has been disclosed which is simple in
      construction, effectively utilizes available materials for multiple
      purposes and improves sensitivity, stability and reliability. It will be
      recognized, however, that the embodiment disclosed is merely
      representative of the principles of the invention and many other
      embodiments falling within its scope will readily occur to those skilled
      in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In an apparatus for hydraulically correcting misalignment between two
      members adapted to rotate with respect to each other, the combination
      comprising:
PA1  a housing assembly sealed to encapsulate a fluid under pressure, said
      housing assembly including means for attachment to one of said members and
      having a first reference line adapted to rotate in concert with said one
      member when it moves;
PA1  fluid distribution means having first and second conduits for transmitting
      said fluid between said housing assembly and an actuator means adapted to
      rotate said one member in one direction in response to a change in fluid
      pressure in one conduits and in the other direction in response to a
      change in fluid pressure in the other conduit;
PA1  valve means for selectively changing the fluid pressure in said first and
      second conduits, said valve means including first and second members
      adapted to move relative to each other, said first member being rigidly
      attached to said housing assembly so as to be fixed with respect to said
      first reference line, said second member containing a second reference
      line disposed in a pre-determined position with respect to said first
      reference line and adapted to move with respect to said first reference
      line when said first and second members move with respect to each other,
      and said first and second members including port means for opening a fluid
      access passage to one of said conduits when said reference lines move with
      respect to each other in one direction and for opening a fluid access
      passage to the other of said fluid conduits when said reference lines move
      with respect to each other in the other direction; and control means
      cooperating with said valve means and having float means for maintaining
      said second reference line in pre-determined orientation with respect to
      the earth and said first member is fixed with respect to said housing
      assembly, while said second member is free to move with respect to said
      first member and said float means is attached to said second member and
      said port means includes input and output apertures in said first member
      and grooves in said second member adapted to equally bridge said input and
      output apertures when said second reference line is disposed in said
      pre-determined position with respect to said first reference line and said
      input apertures include two pressure ports, said output apertures include
      four control ports and two exhaust ports, and each groove links a pressure
      port or exhaust port to two control ports.
NUM  2.
PAR  2. The combination in accordance with claim 1 wherein said float means
      included a float attached to said second member by a rigid arm and said
      control means includes a pendulum attached to a rigid arm projecting from
      the side of said second member opposite to the side to which said float is
      attached; said pendulum having substantially the same moment of inertia as
      said float.
NUM  3.
PAR  3. The combination in accordance with claim 2 wherein said pendulum and
      said float exert substantially the same static force on second member.
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PAL  The specification discloses a medical suction apparatus including a
      generally rigid container. A pair of conduits extend from the lid of the
      container for connection to a patient area to be drained and for
      connection to a vacuum source. In operation, fluid is drawn from the area
      to be drained and collected within the container. A flexible float valve
      is connected to the underside of the lid and is operable upon fluid
      overflow conditions to obstruct the vacuum conduit to prevent fluid from
      being drawn into the vacuum source.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a divisional of Ser. No. 279,062, filed Aug. 9, 1972
      now U.S. Pat. No. 3,848,628.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a suction collection apparatus having a float
      valve, and more particularly relates to a float valve for use with a
      suction apparatus wherein fluids are drawn from a patient area and are
      stored in a container.
PAC  THE PRIOR ART
PAR  Suction devices are commonly used in a number of medical applications to
      draw various fluids from a patient area and to store the fluids for later
      disposal. For example, suction devices have heretofore been utilized to
      draw aspirated fluids from a patient during a surgical operation, and
      during the postoperative period. In addition, suction devices are used to
      drain fluids from the gastrointestinal tract, as well as to drain
      pulmonary mucus in tracheal incisions and the like.
PAR  Several types of suction devices have been heretofore utilized. For
      example, rigid glass bottles, disposable plastic containers and rigid
      plastic containers having disposable flexible sacks have been heretofore
      used to receive fluid drained from a patient. All of these prior fluid
      collection devices have generally included a container for collecting the
      fluid, along with a lid having a vacuum inlet and a fluid inlet. In such
      devices, care must be taken not to allow fluid being collected within the
      container to overflow into the vacuum inlet, as the fluid could severely
      contaminate the hospital vacuum system. Thus, valves have heretofore been
      developed to prevent such overflow from passing into the vacuum system.
      However, such prior overflow-prevention valves have generally been
      relatively expensive to manufacture and have often been so complex in
      construction that proper operation over a long period of time could not be
      assured. In addition, once a fluid overflow occurs with many prior valves,
      the valves are difficult to clean or replace.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a float valve is provided which
      substantially eliminates or reduces the problems of the prior art devices.
      The valve includes a flexible member having one end portion connectable to
      the underside of a suction collection lid and further having an
      unconnected free end. The valve member is sufficiently flexible that the
      free end hangs downwardly out of contact with the vacuum inlet in the lid
      when the fluid level within the collection container is below a
      predetermined level. When the fluid rises above the predetermined level,
      the valve member floats on the level of the fluid until the valve member
      obstructs the vacuum inlet to prevent the fluid from being sucked into the
      vacuum inlet.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description, taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 illustrates a perspective view of an embodiment of the invention;
PAR  FIG. 2 is a sectional view taken along the upper portion of the flexible
      bag shown in FIG. 1 prior to connection within the rigid outer container;
PAR  FIG. 3 is a side view of the upper portion of the flexible bag shown in
      FIG. 1;
PAR  FIG. 4 is a sectional view of the upper part of the assembled invention
      taken generally along the section line 4--4 in FIG. 1 illustrating the
      outer rigid container and the flexible bag;
PAR  FIG. 5 is an exploded view illustrating the connection of the drainage
      conduit member of FIG. 1;
PAR  FIG. 6 is a perspective illustration of another embodiment of the
      invention;
PAR  FIG. 7 is a perspective view of the underside of the container assembly
      shown in FIG. 6;
PAR  FIG. 8 is a side view of the disposable sack constructed in accordance with
      the invention;
PAR  FIG. 9 is a top view of the sack shown in FIG. 8;
PAR  FIG. 10 is a perspective view illustrating the initial attachment of the
      disposable sack to the underside of the lid of the present container;
PAR  FIG. 11 illustrates the separation of the disposable sack from the lid of
      the invention;
PAR  FIG. 12 illustrates the emptying of liquids from the disposable sack of the
      invention;
PAR  FIG. 13 is a sectional view through the upper portion of the present
      container during attachment of the lid to the container;
PAR  FIG. 14 is a sectional view, partially broken away, showing the final
      vacuum tight connection of the lid with the container;
PAR  FIG. 15 illustrates another embodiment of the butter-fly type valve with
      use with the flexible sack of the invention;
PAR  FIG. 16 is a top view of the float valve of the invention;
PAR  FIG. 17 illustrates the removal of the sack separator levers of the
      invention to enable application of the float valve shown in FIG. 16;
PAR  FIG. 18 illustrates the attachment of the present float valve to the
      underside of the container lid;
PAR  FIG. 19 illustrates the connection of the sack separator lever adjacent the
      float valve of the invention;
PAR  FIG. 20 is a partially sectioned view of the present container illustrating
      operation of the float valve during overflow conditions;
PAR  FIG. 21 illustrates the stacking of an embodiment of the fluid container;
PAR  FIG. 22 is a top view of the container of FIG. 21 illustrating the spaced
      apart stacking feet of the invention;
PAR  FIG. 23 illustrates a parallel connection for enabling two suction devices
      according to the invention to be simultaneously filed;
PAR  FIG. 24 illustrates the use of a conductive grounding strip according to
      the invention;
PAR  FIG. 25 illustrates the conversion of the present container into a
      disposable container;
PAR  FIG. 26 is a sectional view of the top portion of the disposable container
      shown in FIG. 25;
PAR  FIG. 27 is a perspective view of another embodiment of the present suction
      container assembly illustrating the use of a top mounted sack separator
      lever;
PAR  FIG. 28 illustrates the use of the sack separator lever shown in FIG. 27 to
      remove a sack from the container lid; and
PAR  FIG. 29 illustrates the removal of the disposable sack from the underside
      of the container shown in FIGS. 27-28.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1-5 illustrate an embodiment of the invention. Referring to FIG. 1, a
      medical suction apparatus 10 comprises a generally rigid container 12
      which is preferably an open-topped transparent plastic cylinder. Container
      12 will generally include volume indicating markings, not shown, in order
      to enable visual reading of the fluid level stored in the container. A
      flexible drainage bag 14 is supported within the container 12 by a conduit
      member or port device 16 attached within a cover or lid 18 for the
      container. Cover 18 preferably comprises a transparent plastic lid which
      is snapped into place over the open top of the container 12 to tightly
      seal the container for maintenance of dependable suction during operation
      of the device. A flexible hose or tube 20 is connected at one end to the
      conduit member 16 and extends to a patient area for receiving fluids. A
      vacuum conduit member 22 extends through the cover 18 and is connected to
      a flexible tube 24 which extends to a source of reduced pressure. The
      source of reduced pressure may comprise any suitable source of vacuum or
      suction which is commonly found in hospitals. The conduit member 22 may
      comprise a plastic port integrally formed with the cover 18, or
      alternatively may comprise a metal tube which is threadedly received in an
      aperture in the cover 18.
PAR  An alternate embodiment of the present device, not shown, may comprise a
      second conduit member communicating with bag 14 through the cover 18. A
      short tube may be connected to the second conduit member and the tube
      normally clamped shut. After filling of the bag 14 with liquid, the tube
      may be unclamped and the liquid poured out through the second conduit
      member and the short tube. The short tube may then be clamped and the
      suction operation continued.
PAR  Apertures 26 are spaced along the upper portion of the flexible bag 14 in
      the area between the conduit members 16 and 22. Preferably, the combined
      surface area of the apertures 26 is greater than the surface area of the
      central opening of conduit member 22, and the geometry and location of the
      apertures 26 are such that the resistance to gas flow therethrough is
      slightly less than the resistance to gas flow through conduit member 22.
      In this case, bag 14 will remain in a limp unstressed condition during
      initial operation of the device, and will gradually become opened as it is
      filled with liquid.
PAR  In some cases, it may be desirable to put a very slight initial stress on
      bag 14 prior to filling with liquid. For example, if bag 14 were supported
      from cover 18 in a different manner than as shown, it may be desirable to
      insure that the bag 14 is fully opened prior to filling with fluid. In
      such instances, the apertures 26 may be dimensioned and positioned in the
      bag 14 such that the resistance to gas flow therethrough is equal to or
      slightly greater than the resistance to gas flow through the conduit
      member 22. By thus controlling the ratio of gas flow resistance of
      apertures 26 and conduit member 22, the pressure gradient across bag 14
      may be controlled to impart a selected amount of slight stress to bag 14.
      Upon the application of vacuum to the device in this case, bag 14 will
      slowly become distended in order to receive fluid. However, the apertures
      26 will be dimensioned such that bag 14 will not be stressed by an amount
      sufficient to cause rupture or other damage.
PAR  In operation of the apparatus shown in FIG. 1, vacuum or suction is applied
      via the tube 24 through the conduit member 22 to the space between the
      flexible bag 14 and the generally rigid container 12. The suction is
      communicated through the apertures 26 into the interior of the bag 14, and
      is then directed through the conduit member 16 and the tube 20 to the
      patient area. Fluid from the patient area is drawn by the suction through
      the tube 20 and the conduit member 16 to the bag 14 which receives and
      stores the fluid. Because of the location of the apertures 26 in the upper
      portion of the bag 14, no fluid escapes into the interior of the container
      12.
PAR  The application of reduced pressure to the area between the bag 14 and the
      container 12 insures that the bag 14 does not close up or collapse during
      suction operation. However, because of the construction of the present
      invention, the pressure on the exterior and interior of the bag 14 is
      equalized, and thus the bag 14 is not outwardly stressed, but instead
      remains in a relaxed unstressed condition during suction operation.
      Elimination of outward stress on the bag enables the use of a relatively
      lightweight and inexpensive material for the construction of the bag,
      without danger of rupture of the bag. After the bag is filled with liquid,
      application of vacuum or suction through the tube 24 is terminated, the
      cover 18 is removed and the bag 14 is then removed, emptied and disposed
      of. Although not shown, a normally closed port may be defined in the bag
      to enable the bag to be easily emptied when desired. A new sterile bag 14
      is then connected to the cover 18 and inserted into the rigid container 12
      for reception of additional fluid, without the necessity of any
      sterilization or cleaning of the container 12.
PAR  FIGS. 2 and 3 illustrate in greater detail the construction of the flexible
      bag 14. Bag 14 preferably comprises a generally flat, rectangular bag
      sealed around the peripheral edges and sealed at the top by a heat-sealed
      strip 30. The conduit member 16 is mounted through a hole in one side of
      the bag 14 and comprises a first conduit member 32 having an annular base
      34 which is heat-sealed or glued to the interior of the bag 14. The first
      conduit member 16 also includes a hollow cylindrical extension 36 which
      extends from base 34 through the hole in the bag 14. The cylindrical
      extension 36 includes an inwardly extending area of increased thickness to
      provide a friction fit with a second conduit member 38. The second conduit
      member 38 includes a central tube portion 40 having an opening
      therethrough to provide a path to the interior of the bag 14. Prior to
      attachment of the bag 14 to the cover 18, the conduit member 16 extends
      from the side of the bag in the manner shown in FIG. 2. The bag 14 may
      thus be rolled into a relatively compact shape for easy packaging and
      storage.
PAR  FIG. 4 illustrates in greater detail the support of the bag 14 within the
      container 12. The first conduit member 32 extends through an aperture in
      the cover 18 and frictionally receives the second conduit member 38 in
      order to secure the bag to the cover 18. The drainage tube 20 is then
      secured to the central tube portion 40 and is extended to the patient area
      to receive fluid. The cover 18 includes an annular extension 44 which is
      dimensioned to be securely received by the interior side walls of
      container 12. An O-ring 46 is carried by the extension 44 to ensure a
      vacuum tight seal. The conduit 22 extends through the cover 18 and is
      rigidly connected thereto in order to receive the vacuum tube 24 in the
      manner previously described.
PAR  FIG. 5 illustrates an exploded view illustrating the manner of connection
      of the first conduit member 32 and the second member 38 to the cover 18.
      Bag 14 is omitted from FIG. 5 for ease of illustration. The first conduit
      member 32 is extended through a hole 48 formed in the cover 18. An annular
      lip 50 on the cylindrical extension 36 abuts with the lower edge of the
      hole 48 to properly position the first conduit member 32. The second
      conduit member 38 is then disposed through the hole 48 from the top of
      cover 18 and manually snapped into frictional fit inside the cylindrical
      extension 36. An annular lip 52 formed on the conduit member 38 properly
      positions the conduit member 38 relative to the cover 18. The drainage
      tube 20 is then connected to the tube portion 40, wherein fluids from the
      patient area may be directed into the interior of the bag 14. The
      above-described conduit member construction enables ease of attachment of
      the bag 14 to the cover 18, while maintaining a vacuum tight connection.
      However, due to the provision of apertures 26 in bag 14, vacuum leaks in
      the conduit members or in the cover do not cause the bag 14 to collapse,
      as is the case with some prior art devices.
PAR  FIG. 6 illustrates a medical suction apparatus 60 which includes a number
      of improvements over the device shown in FIGS. 1-5 and which is the
      preferred embodiment of the present invention. Suction apparatus 60
      comprises an open top container or canister 62 and a lid 64. Lid 64
      includes a vacuum inlet 66 to which may be attached a flexible tube 68
      which leads to a source of reduced pressure. Lid 64 also includes a fluid
      inlet port 70 through which extends a fluid inlet conduit 72. A rubber
      hose 74 may be attached to the conduit 72 and extended to a patient area
      in order to draw fluid from the patient. A double walled bag or sack 76 is
      connected to the fluid inlet conduit in a manner to be subsequently
      described and is disposed within the container 62 in order to receive the
      fluid drained from the patient area. Sack 76 preferably includes indicia
      78 printed thereon in order to enable measurement of the amount of fluid
      contained within the sack.
PAR  FIG. 7 illustrates the underside of the container 62 and lid 64. As will be
      described later in greater detail, the underside of lid 64 includes a
      downwardly extending annular projection 80 through which the fluid inlet
      port 70 extends. The upper portion of the sack 76 includes a resilient
      fluid inlet conduit member or port device 82. Preferably, the port device
      82 is constructed of plastic and is shaped to be frictionally fit over the
      annular projection 80 in order to support the sack 76 within the container
      62 in the manner illustrated. The port device 82 is bonded to the top of
      the sack 76 by means of an annular heat seal 84. The port device 82
      includes a fluid inlet conduit 86 which communicated with conduit 72 in
      order to admit fluid received from the hose 74 into the interior of the
      sack 76.
PAR  A vacuum inlet port 88 extends through the lid 64 for communication with
      the vacuum inlet 66 and the hose 68 in order to admit a partial vacuum to
      the space between the exterior of the sack 76 and the container 62.
      Apertures 90 and 92, to be later described in detail, are formed through
      the sidewalls of the sack 76 in order to tend to equalize the pressure
      between the interior and the exterior of the sack 76 to prevent collapse
      thereof upon application of vacuum.
PAR  An important aspect of the present invention is the provision of a pair of
      sack separator levers 94 and 96. Levers 94 and 96 are pivoted to the
      underside of the lid 64 and include end portions which are disposed
      between the underside of the lid 64 and the port device 82 of the sack 76.
      As will be subsequently described, when the sack 76 is full of fluid, the
      levers 94 and 96 may be manually pivoted in order to separate the sack 76
      from the lid 64 to enable disposal of the sack 76. A float valve 97 is
      mounted to the underside of the lid 64 above the sack separator 96. In a
      manner to be subsequently described, the float valve 97 prevents passage
      of liquid through the vacuum inlet 88 upon overflow of fluid within the
      container 62.
PAR  FIG. 8 is a side view of the rectangular sack 76. Preferably, the sack 76
      is constructed from a suitable transparent flexible plastic such as
      polyethylene modified with ethyl vinyl acetate. Sack 76 includes an inner
      flat sack 98 constructed by an upper heat seal 100 and a lower heat seal
      102 made on a section of plastic flat bag stock. The inner sack is
      disposed within an outer sack 104 which is constructed of the same
      transparent plastic material. The outer sack 104 is also constructed from
      conventional flat bag stock and includes an upper heat seal 106 and a
      lower heat seal 108. The port device 82 comprises a two piece member
      constructed in a similar manner as the conduit member 16 shown in FIG. 2.
      The port device 82 is heat sealed by a circular heat seal 110 through the
      tops of the bags 98 and 104.
PAR  In the preferred embodiment, a line of perforations 112 is defined in one
      upper end portion of the sack 76. After the sack is filled with fluid, the
      nurse or other operator may grasp the corner of the sack and tear the
      corner of the sack along the perforations 112. The fluid within the sack
      may then be quickly dispensed from the sack.
PAR  The aperture 90 is formed through the side wall of the outer sack 104,
      while the aperture 92 is formed through the side wall of the inner sack
      98. In the preferred embodiment, a pair of apertures 90 are formed through
      the front and back of sack 104 by a punch operation, while a similar pair
      of apertures 92 are formed through the front and back of sack 98. The
      apertures 90 and 92 are spaced apart in this manner to provide a splash
      guard function for the system. When fluid is introduced into the sack 76,
      fluid tends to splash and form an aerosol type medium which tends to exit
      through a conventional open aperture. By the spacing of the apertures 90
      and 92 in the manner illustrated, the apertures act as a baffle to aerosol
      to prevent leakage within the container 62. The provision of the double
      sack shown in FIG. 8 ensures the integrity of the bag and substantially
      reduces the possibility of a fluid leak. In addition, in case of overflow
      of the inner bag 98, the outer bag 104 would serve as an auxiliary
      collection receptacle.
PAR  In construction of the sack 76, two different sizes of flat bag stock are
      utilized. Suitable lengths are cut from the two different sizes of bag
      stock and indicia 78 is printed upon the smallest size bag stock.
      Additional indicia may be printed upon the larger bag stock, if desired.
      The upper ends of each of the bag portions are then heat sealed to form
      sacks 98 and 104. A circular hole is then punched into the top of each of
      the sacks and the inner sack 98 is then inserted through the bottom of the
      outer sack 104. The port device 82 is inserted through the circular hole
      and the circular heat seal 110 is made to firmly connect the port device
      82 to both of the sacks 98 and 104. The lower open end of the sack 104 is
      then peeled back and the heat seal 102 is made along the bottom of the
      inner sack 98. The heat seal 108 is then made on the bottom of the sack
      104 in order to form the complete sack 76.
PAR  FIG. 9 is a top view of a folded sack 76. In this folded configuration, the
      sack 76 may be easily packaged in a small plastic bag to maintain the sack
      76 in a sanitary condition during transportation and storage. FIG. 9 also
      illustrates in greater detail the annular heat seal 110 which bonds the
      port device 82 to the top of the sacks 98 and 104.
PAR  FIG. 10 illustrates connection of the sack 76 to the underside of the lid
      64. The lid 64 is placed in an upsidedown position and the port device 82
      is placed on the top of the annular projection 80. The thumbs of the
      operator are then used to push the port device 82 down over the projection
      80. The port device 82 is preferably constructed from a resilient plastic
      material such as polyethylene or the like and is dimensioned to tightly
      receive the projection 80. As shown in FIG. 10, the sack separator levers
      94 and 96 are pivotally connected to the underside of a lid 64 by means of
      pivots 116 and 118. As the port device 82 is pushed over the projection
      80, the levers 94 and 96 are pivoted such that the semicircular end
      portions 120 and 122 of the levers are disposed between the underside of
      the lid 64, the sack is disposed within the container 62 and the lid 64 is
      placed on the top of container 62. Suction is applied to hose 68 and
      causes the lid 64 to be snapped into place on the top of the container 62.
      Fluid may then be drawn from a patient area through the hose 74 into the
      sack 76.
PAR  FIG. 11 illustrates the disengagement of the sack 76 from the lid 64 after
      the sack 76 is filled with fluid. Generally, the nurse or other operator
      of the suction system will remove the lid 64 from the container 62 and
      carry the fluid-filled sack to a sink or other disposal location. The
      nurse will then place her thumbs on the top of the lid 64 and place the
      ends of her fingers on pads 124 and 126 which are integral end portions of
      the levers 94 and 96, respectively. The nurse then pulls the pads 124 and
      126 toward the underside of the lid 64 and the curved end portions 120 and
      122 push the port device 82 off the annular projection 80. The
      fluid-filled sack 76 is separated from the lid 64 and a new sack may be
      attached to the lid 64 and additional fluid collected.
PAR  FIG. 12 illustrates the tearing of the corner of the sack 76 along the line
      of perforations 112. This opens the upper corner of both the outer sack
      104 and the inner sack 98 and enables the fluid contained within the sack
      76 to be quickly poured into a sink or other suitable receptacle. The sack
      76 may then be disposed of in the trash or the like. In the preferred
      embodiment, it has been found desirable to pour out the contents of fluid
      of the sack 76 prior to disposal of the sack in order to prevent
      subsequent contamination of personnel which are required to handle the
      sack during incineration or other disposal.
PAR  FIG. 13 illustrates a partially sectioned view of the present assembly
      during the attachment of the sack-bearing lid 64 to the container 62. In
      FIG. 13, sack 76 has been attached to the underside of lid 64 by forcing
      the port device 82 over the annular projection 80 in the manner previously
      described. As shown in FIG. 13, the port device 82 comprises two
      interlocking plastic pieces 130 and 132. An important aspect of the
      invention is that piece 134 includes an annular diaphragm which supports
      in the center thereof the fluid inlet conduit 72. The diaphragm 134 is
      constructed to be responsive to the magnitude of vacuum applied to the
      interior of the container 62. The greater the vacuum applied, the more the
      diaphragm 134 is flexed to cause the sidewalls of piece 130 to more
      tightly grip the outer walls of the annular projection 80. This prevents
      the port device 82 from being sucked off from the annular projection 80
      upon the application of high vacuum.
PAR  As shown in FIG. 13, the lid 64 includes a downwardly directed
      concavo-convex top portion 140 having in the center thereof the fluid
      inlet port 70 which extends through the projection 80. The particular
      downwardly directed concavo-convex construction of the top 140 provides
      great strength to the top and enables the top to be integrally constructed
      from injection molded plastic such as nylon or the like. The vacuum inlet
      66 is integrally formed from the lid and extends upwardly to enable
      connection of a hose 58 thereto.
PAR  An annular groove 142 is formed about the underside periphery of the lid
      64, with the groove being shaped with a bead 144 which extends about the
      upper lid of the container 62. A downwardly extending outwardly flared
      side 146 integrally extends below the groove 142. The side 146 includes an
      annularly outwardly directed flange 148 to enable ease of handling of the
      lid.
PAR  An important aspect of the present lid is that a transient seal portion 150
      is provided on the interior of the side 146. As shown in FIG. 13, when the
      lid 64 is initially set upon the top of the container 62, the bead 144
      abuts the transient sealing portion 150 of the side 146. Vacuum is applied
      through the hose 68 and through the vacuum port 88 into the container 62.
      If the hose 74 is then temporarily obstructed by the nurse or operator,
      sufficient suction is applied to the lid 64 in order to move the lid 64
      downwardly such that the bead 144 snaps into place into the groove 142.
      The mating of the bead 144 within the groove 142 is illustrated in FIG.
      14. As the lid 64 is pulled downwardly into seating engagement with the
      container 62, the sidewall 146 is slightly cammed outwardly until the bead
      144 snaps into place into the groove 142. A vacuum fit is then provided at
      the juncture of the bead 144 and the groove 142. No O-ring is required for
      the lid 64. The lid 64 is preferably constructed from a flexible plastic
      such as nylon or the like to enable the outward bending of the side 146
      during attachment of the lid 64 to the container 62. Similarly, the edge
      146 may be outwardly bent by the hands of a nurse in order to enable easy
      removal of the lid 64.
PAR  FIG. 13 also illustrates in detail the pivotal connection of the levers 94
      and 96 to the underside of the lid 64. Pivots 116 and 118 are integrally
      formed on the underside of the lid 64 and include openings therein for
      receiving cylindrical pivot members 160 and 162. Pivot member 160 is
      carried by a flange 164 integrally formed with lever 94, while pivot
      member 162 is carried by a flange 166 integrally formed to the lever 96.
      The pads 124 and 126 of the levers are provided with corrugations in order
      to improve the strength of the levers. As previously noted, upon manual
      depression of the pads 124 and 126, the levers 94 and 96 may be pivoted in
      order to remove the port device 82 from the annular projection 80.
PAR  FIG. 13 also illustrates the attachment of the float valve 97 between the
      lever 96 and the underside of the lid 64. In the normal position, the
      float valve 97 hangs downwardly out of contact with the vacuum inlet 88.
      During an overflow condition, as will be subsequently described, the float
      valve 97 floats on the surface of the fluid in order to obstruct the
      opening of the vacuum inlet 88 to prevent fluid from being drawn
      therethrough.
PAR  FIG. 13 also illustrates in greater detail the construction of the
      apertures 90 and 92 formed through the sack 76. Each of the apertures are
      formed by a pair of semicircular slits 166 and 168. Under low vacuum
      conditions, air is drawn through the slits 166 and 168 in order to
      equalize the pressure between the interior and exterior of the sack 76.
      The slits 166 and 168 define small spaced apart hinge portions 170 and 172
      of plastic material which support a valve flap 174 of flexible plastic. In
      low vacuum conditions, the flap 174 substantially obstructs the apertures
      90 and 92 except for the small openings provided by the slits 166 and 168.
PAR  However, upon the application of greater vacuum, the edges of the flaps 174
      tend to be bent to provide a larger effective opening for the apertures 90
      and 92. The flaps 174 thus tend to act as a butterfly type valve in order
      to provide sufficient resistance to flow through the apertures so that the
      sack 76 will fully expand under low vacuum. However, upon the application
      of high vacuum and resulting high air flow through the apertures, the
      flaps 174 are bent to provide an enlarged flow opening to eliminate the
      possibility of rupture of the sack at a weak point. Additionally, as
      previously noted, aperture 90 is formed in an outer sack 104, while the
      aperture 92 is formed in an inner sack 98 to provide a splash baffle to
      prevent leakage of medical fluid into the interior of the container 62.
PAR  FIG. 15 illustrates another embodiment of the aperture valving invention.
      In this embodiment, the apertures are formed by four semicircular slits
      180-186 to provide four small plastic hinges which support a flexible
      valve flap 188. Due to the molecular orientation of sheets of plastic, two
      of the four hinges defined by the slits 180-186 will be weaker than the
      remaining two hinges. Upon application of low vacuum to the system, the
      slits 180-186 provide a relatively small opening to ensure that the sack
      76 is fully expanded for suction of medical fluid. However, under higher
      fluid flow, two of the small hinges formed by the slits 180-186 will
      rupture to provide a larger effective opening for increased flow rates
      through the aperture. Provision of the four slits 180-186 provides
      improved resistance control to the flap 188 during very low vacuum
      pressure application.
PAR  FIGS. 16-20 illustrate in detail the construction and operation of the
      float valve of the invention. FIG. 16 is a top view of the float valve 97
      which comprises an elongated strip of flexible plastic material having low
      fluid absorption characteristics. The float valve includes a free end
      portion 190 which hangs below the vacuum inlet port during normal
      operating conditions and which obstructs the vacuum during overflow
      conditions. A generally curved cutout portion 192 is provided in the other
      end of the strip for abutting with the exterior of the projection 80 of
      the lid 64. A generally U-shaped cutout portion 194 defines a rectangular
      tab 196 which includes a slot 198 for receiving a pivot member depending
      from the underside of the lid 62. Rubber material which has been found to
      work well for the present float valve is a closed cell Neoprene rubber,
      manufactured and sold by B.F. Goodrich Company. Preferably, the material
      for constructing the float valve 97 comprises a cellular rubber or plastic
      material which has flexibility and low fluid absorption characteristics,
      but yet which has sufficient strength to obstruct the vacuum inlet during
      overflow conditions.
PAR  FIG. 17 illustrates how the sack separator lever 96 may be removed from the
      underside of the lid 64 by manually pulling the cylindrical projection 162
      away from the pivot projection 118 which extends from the underside of the
      lid 64.
PAR  After removal of the lever 96, the float valve 97 is inserted over the
      pivot projection 118 as shown in FIG. 18. FIG. 18 illustrates how the slot
      198 of the float valve 97 receives the pivot projection 118. FIG. 19 also
      illustrates how the curved end portion 192 abuts against the annular
      projection 80 to provide additional support to the inwardly directed end
      of the float valve 97. The U-shaped cutout portion 194 provides for
      greater flexibility of the float valve 97 while enabling the pivot
      projection 118 to be utilized both as a support for the float valve and as
      a pivot support for the lever 96. As shown in FIG. 19, after the float
      valve 97 is firmly attached to the pivot projection 118, the lever 96 is
      again snapped into pivotal connection with the projection 118. The float
      valve 97 is then firmly attached to the underside of lid 64.
PAR  FIG. 20 illustrates the operation of the float valve 97 during overflow
      conditions. Under some operating conditions, excessive fluid may be
      introduced into the sack 76. When this occurs, the fluid first overflows
      from the inner sack 98 into the outer sack 104. If additional fluid is
      then directed into the sack 76, the fluid overflows into the aperture 90
      into the interior of the container 62. When the level of fluid between the
      container 62 and the exterior of the sack 76 reaches the level of the
      float valve 97, the float valve 97 floats on the surface of the fluid and
      the free end 190 is carried upwardly by the fluid until the vacuum inlet
      orifice 88 is obstructed by the free end portion 190 as shown in FIG. 20.
      With the use of the proper types of flexible cellular material, the end
      portion 190 will be deformed upwardly into the vacuum inlet 88 and the air
      cells within the cellular material are compressed in order to provide a
      fluid tight obstruction to prevent fluid from being sucked into the vacuum
      system of the hospital. After an overflow condition occurs, the present
      float valve 97 may be snapped out of place and a fresh float valve
      installed as shown in FIGS. 17-19. The present float valve is extremely
      simple and economical to construct and manufacture and provides
      maintenance-free operation.
PAR  FIG. 21 illustrates another configuration of a container for use with the
      present invention which provides stacking for shipping and storage of the
      rigid container. As shown in FIG. 21, a first open-topped container 200a
      includes an upper cylindrical portion 202a which is joined with a lower
      frustoconical portion 204a by means of an annular shoulder 206a. Shoulder
      206a may be utilized to support the container in an annular wall bracket.
      A second annular shoulder 208a is provided in the lower portion of the
      container for abutment with a lower container in a manner to be described.
      As shown in FIGS. 21 and 22, on the lower interior of the container 200a
      are 3 feet or projections 210a. The bottom of container 200a has an
      upwardly directed conical configuration.
PAR  A second container 200b is illustrated in a stacking configuration within
      container 200a. Container 200b is identical to container 200a and includes
      a cylindrical upper portion 202b, a shoulder 206b and a conical lower
      portion 204b. As shown in FIG. 21, the lower annular shoulder 208b of
      container 200b abuts with the top of the feet 210a to prevent the
      container 200b from being too tightly inserted within the container 200a.
      The length of the feet 210a is such that the shoulder 208b abuts with the
      top of the feet 210a prior to abutment of shoulder 206b with the top of
      container 200a. Container 200b also includes three feet or pedestals 210b
      to enable stacking of a third container in the manner illustrated.
PAR  FIG. 23 illustrates the interconnection of two of the present suction
      systems to enable parallel simultaneous filling of the two containers from
      a single patient area. A first container 220 includes a lid 222 which
      supports a flexible sack within the container in the manner previously
      described. A second suction container 224 includes a lid 226 which
      supports a second flexible sack within the container 224. A vacuum source
      is connected through a hose 228 to a Y-connection 230 for connection to a
      hose 232 which extends to a suction inlet lid 226. The Y-connection 230 is
      also connected to a second hose 234 which is connected to the suction
      inlet of lid 222. A hose 236 is connected to the fluid inlet port of the
      lid 222 and is connected to one end of a Y-connection 238. A second tube
      240 is connected to the fluid inlet port of lid 226 and is connected to
      the other end of the Y-connection 238. A hose 242 extends from the
      Y-connection 238 to the patient area. Upon application of vacuum to hose
      228, fluid is drawn from a patient area through tube 242 and tubes 236 and
      240 into the flexible sacks within containers 220 and 224. The parallel
      connected system enables the system to be utilized for large operations
      and other instances when large fluid collection capacity is required.
PAR  FIG. 23 also illustrates the use of roll about supports for the fluid
      container of the invention. The support includes a lower generally
      X-shaped support 250 from which extend four upright members 252. The
      containers 220 and 224 are received between the upper members 252. Wheels
      254 enable the supports to be freely rolled about an operating table or
      floor when desired.
PAR  FIG. 25 illustrates a conductive grounding strip for use with the
      invention. A container 260 includes a lid 262 constructed in accordance
      with the present invention. A tube 264 extends to a patient area and is
      connected to the fluid inlet port of the lid 262. A vacuum regulator 266
      is connected to the vacuum inlet of the lid 262 and is connected through a
      tube 268 to a source of vacuum. The tubes 268 and 264 include conductive
      paths in order to prevent electric shock of the patient. However, if the
      tube 264 terminates in a plastic insulated lid, a path to ground will not
      be provided from the patient. Therefore, a black high carbon content
      rubber strip 270 is provided which includes an aperture 272 for receiving
      the end of the hose 264. The strip 270 includes an aperture at the other
      end thereof for receiving an end of the regulator 266. As the rubber strip
      270 is conductive, tubing 264 is shorted to tubing 268 which is normally
      grounded. In this manner, a path to ground is provided from the patient to
      prevent sparks and the like from igniting the explosive oxygen atmosphere
      often present in operating rooms and the like.
PAR  FIG. 25 illustrates how the present container and lid may be modified to
      provide a disposable rigid medical fluid collecting system. The container
      280 is constructed from transparent plastic in the same manner as the
      previously described container. A fluid level indicia 280 is printed upon
      the exterior of the container. A lid 284 is provided to cover the open top
      of the container 280. Lid 284 is constructed in the identical
      configuration as that previously described. A vacuum inlet port 286 is
      integrally formed in the lid 284 for connection to a source of reduced
      pressure.
PAR  In this embodiment, a plastic nipple 288 is rigidly fitted within the fluid
      inlet port of the lid 284. As shown in FIG. 26, the lid 284 is provided
      with a downwardly directed concavo-convex shape in the manner previously
      described. The plastic nipple is shaped in the same manner as the part 130
      shown in FIG. 13 and includes an upper extending conduit 290 for
      connection to tubing which leads to a patient area. In this embodiment,
      the flexible sack of the invention is not required. Suction is merely
      applied to the vacuum inlet port 286 and fluid is drawn from the patient
      area through the conduit 290 into the container 280. Caps may be placed
      over the port 286 and the conduit 290 and the resulting closed system may
      then be completely disposed of if desired. In some cases, the container
      280 may be cleaned and reutilized.
PAR  FIGS. 27-29 illustrate another embodiment of the present invention
      utilizing a different embodiment of a sack separating lever. FIG. 27
      illustrates a rigid container 300 which threadedly receives a rigid
      plastic domed top 302. A vacuum inlet nipple 304 is attached to the top
      302 and may be connected to a flexible hose 306 for connection to a source
      of reduced pressure. A fluid inlet conduit 308 is mounted in the top for
      connection to a hose 310 leading to a patient area to receive fluid. A
      post 312 is rigidly affixed to the top 302 and pivotally supports a rigid
      plate 314 having a cylindrical projection 316.
PAR  In use of the system shown in FIG. 27, a sack constructed in the previously
      described manner is connected beneath the lid 302. Vacuum is then applied
      through the hose 306 and fluid from the patient area is drawn through the
      tube 310 for collection within the collection sack within the container
      300. When it is desired to separate the fluid filled sack from the
      container 300, the lid 302 is removed and the plate 314 is moved to the
      position shown in FIG. 28. The projection 316 is placed directly over the
      plastic port device 318 connected to the sack, and downward pressure is
      applied by the nurse or the operator. As shown in FIG. 29, the downward
      pressure causes the plastic port device 318 to the sack 320 to be
      disengaged from the annular downward projection 322 of the lid 302. In
      this manner, the sack 320 may be emptied and disposed of in the previously
      described manner. A new sack may then be inserted over the annular member
      projection 322 and the lid reattached to the container 300 for additional
      use of the system.
PAR  It may thus be seen that the present suction device may be very
      economically manufactured and utilized. Due to the flexible nature of the
      bags utilized, the suction apparatus may be conveniently stored in a
      relatively small package, thereby resulting in considerable space-saving
      in hospital environments. Because of the particular operation of the
      device, the flexible bags utilized are not subject to excessive stress
      during suction operation, and therefore may comprise relatively
      lightweight and economical plastic bags. The present device is extremely
      simple in design and construction, and thus is not generally subject to
      maintenance problems and may be operated with a minimum of instruction.
      Moreover, the bags of the present device do not tend to collapse in case
      of a vacuum leak in the cover or in the conduit members. The flexible bags
      of the invention are also completely disposable so that
      cross-contamination from patient to patient is reduced.
PAR  In addition, the present invention provides an improved medical suction
      device having a lid which is automatically attached to a container by
      application of vacuum thereto. The double lined flexible sack of the
      invention provides improved fluid integrity. The novel aperture valving
      structure of the invention enables the system to work with various degrees
      of suction. The float valve of the invention prevents fluid overflow from
      the system into the vacuum supply of a hospital. The sack separating
      levers of the invention enable a fluid filled sack to be easily disengaged
      from an upper lid without requiring a nurse to touch the fluid filled
      sack. Construction of the fluid inlet port device of the invention
      prevents the sack from being sucked off the lid during heavy application
      of pressure. The provision of the stacking feet in the lower interior of
      the container enables a plurality of the containers to be stacked together
      for ease in shipping and storage.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a medical suction assembly, the combination comprising:
PA1  a fluid container having an annular bead extending around the upper portion
      thereof,
PA1  a lid for said fluid container having a fluid inlet for communicating with
      a patient area and having a vacuum port for being connected to a source of
      vacuum,
PA1  said lid including an annular groove on the underside thereof for sealingly
      receiving said bead to provide a vacuum tight seal for said container,
PA1  an annular side wall extending from said annular groove and being outwardly
      flared to define a transient sealing portion below said groove for
      abutment with said annular bead of said container, said transient sealing
      portion providing a temporary vacuum seal upon the application of vacuum
      to said vacuum port sufficient to cause said lid to be pulled downwardly
      upon said container to seat said annular bead within said annular groove,
      and
PA1  a float valve attached to said lid and including means movable in response
      to a predetermined level of fluid in said fluid container to obstruct said
      vacuum port to prevent fluid from being drawn through said vacuum port
      wherein said float valve comprises:
PA2  an elongated strip of flexible material having low fluid absorption
      characteristics,
PA2  a portion of said flexible strip being detachably connected to the
      underside of said lid, said strip having a free end which normally hangs
      below said vacuum port due to bending of said flexible strip when the
      fluid level within said container is below said predetermined level,
PA2  said free end having sufficiently low fluid absorption characteristics to
      float on the fluid when the fluid reaches said predetermined level within
      said container to prevent the fluid from being drawn through said vacuum
      port.
NUM  2.
PAR  2. The combination of claim 1 wherein said lid is constructed from flexible
      plastic and can be manually flexed to enable the removal thereof from said
      container.
NUM  3.
PAR  3. The combination of claim 1 wherein the top of said lid has an inverted
      curved shape.
NUM  4.
PAR  4. The combination of claim 1 and further comprising:
PA1  means formed on the underside of said lid for supporting said float valve.
NUM  5.
PAR  5. In a medical suction assembly, the combination comprising:
PA1  a fluid canister,
PA1  a lid for said fluid canister,
PA1  said lid having a downwardly curved inverted top including a fluid inlet
      port in the central portion thereof and a vacuum port disposed in the
      peripheral area thereof,
PA1  an annular edge portion extending downwardly from the periphery of said lid
      and being outwardly flared to provide finger space between the edge of
      said edge portion and said cansiter for applying, detaching and handling
      said lid, and
PA1  a float valve attached to said lid and including means movable in response
      to a predetermined level of fluid in said canister to obstruct said vacuum
      port to prevent fluid from being drawn through said vacuum port wherein
      said float valve comprises:
PA2  an elongated strip of flexible material having low fluid absorption
      characteristics,
PA2  a portion of said flexible strip being detachably connected to the
      underside of said lid, said strip having a free end which normally hangs
      below said vacuum port due to bending of said flexible strip when the
      fluid level within said canister is below said predetermined level,
PA2  said free end having sufficiently low fluid absorption characteristics to
      float on the fluid when the fluid reaches said predetermined level within
      said canister to prevent the fluid from being drawn through said vacuum
      port.
NUM  6.
PAR  6. The combination of claim 5 wherein said lid has a generally uniform thin
      cross section and is flexible to enable snap on attachment and snap off
      detachment from said canister.
NUM  7.
PAR  7. The combination of claim 5 and further comprising:
PA1  an annular projection on the underside of said lid for frictionally
      supporting the upper portion of a flexible fluid collection sack.
NUM  8.
PAR  8. In a medical suction assembly, the combination comprising:
PA1  a fluid container,
PA1  a lid for said fluid container,
PA1  said lid including a fluid inlet port in the central portion thereof and a
      vacuum port disposed in the peripheral area thereof, and
PA1  a float valve attached to the underside of said lid wherein said float
      valve comprises:
PA2  an elongated strip of flexible material having low fluid absorption
      characteristics,
PA2  a portion of said flexible strip being detachably connected to the
      underside of said lid, said strip having a free end which normally hangs
      below said vacuum port due to bending of said flexible strip when the
      fluid level within said canister is below said predetermined level,
PA2  said free end having sufficiently low fluid absorption characteristics to
      float on the fluid when the fluid reaches said predetermined level within
      said canister to prevent the fluid from being drawn through said vacuum
      port.
NUM  9.
PAR  9. The combination of claim 8 wherein said flexible strip has a generally
      curved end for abutting with the fluid inlet port downwardly projecting
      from the underside of said lid,
PA1  a generally U-shaped cutout portion in said strip defining a tab extending
      toward said free end of said strip,
PA1  said tab including an aperture for receiving a projection from the
      underside of said lid.
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ABST
PAL  Flow rate limiting valve for pipes for liquid or gaseous fluids of the type
      comprising a cup plug which extends telescopically from an ogival chamber
      contained in the valve body, and communicates with the fluid upstream of
      the valve seat by a channel in the fixed part and with the fluid
      downstream of the valve seat by a channel in the head of the cup plug,
      being possible to close or throttle said second channel by a needle which
      extends to the outside of the ogival chamber and terminates with an
      orthogonal disc receiving the hydrodynamic thrust of at least a part of
      the lines of flow of the entering fluid, comprises external control device
      to regulate the thrust, the lever arm and the tilt of the spring to lever
      which transmits the thrust of the calibrating spring to the needle, thus
      being possible to determine, by acting on these external means; the flow
      rate, the opening and the closure of the valve, along with his
      characteristic-curve and the flow rate value.
PARN
PAR  This application is a continuation-in-part of my prior application Ser. No.
      446,402, filed Feb. 27, 1974, now abandoned, which was itself a
      continuation-in-part of my still earlier application Ser. No. 331,898,
      filed Feb. 12, 1973, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The distribution and processing networks for many liquid and gaseous
      fluids, such as petrol, hydrocarbons in general, water or hydrocarbon
      vapours, and various gases and liquids, whether dealing with fluids of low
      or high viscosity, must make the fluid available at the delivery ducts at
      flow rates and pressures which vary over only very small ranges.
PAR  This is necessary both because of the particular characteristics of certain
      types of fluid, for example liquefied petroleum gas which must be
      maintained in the liquid state under pressure, and because of the
      requirements of any instruments connected in series which are guaranteed
      precise, effective or reliable only if supplied under well defined
      conditions, such as flow meters, filters, and the like.
PAR  In particular in distribution stations for fuels or the like, at filling
      stations for road tankers, special valves are situated upstream of the
      measuring instruments which are servo-operated by the fluid which they
      control, or by another suitable fluid, and which can be calilbrated in
      terms of a certain degree of opening but do not guarantee the maintaining
      of a required flow rate, and which therefore in certain cases can feed to
      the measuring instruments connected in series a flow of fluid which is not
      suitable for guaranteeing measurement precision and for safeguarding the
      integrity of the instrument.
PAR  This makes it necessary to connect in series with said valves other valve
      assemblies for controlling the flow, arranged to interact with the former
      for guaranteeing the required results.
PAR  The presence of these flow control valves, in addition to heavy
      installation and maintenance costs due to their high complexity, also make
      the delivery stations very bulky.
PAR  It must be stated, in order to better understand the importance and scope
      of the invention to be described, that at present delivery valves are
      known which can be automatically controlled by the controlled fluid and
      are sensitive to the pressure of the fluid, which also circulates in the
      regulation members, both downstream and upstream. This is made possible by
      suitably modulating the control pressure of a balanced plug. Valves are
      also known in which the required degree of opening of the valve can be
      obtained by positioning inside the valve a needle arranged to close a
      discharge bore in the plug member, this needle moving in its seat under
      the action of external control devices.
PAR  Furthermore, in the different technical fields concerning the inflow of air
      into a cabin of an aircraft, valves are known in which the required degree
      of opening of the valve can be obtained by positioning inside the valve a
      needle arranged to close a discharge bore in the plug member, this needle
      moving in its seat under the thrust action of a member which intercepts
      the dynamic thrust of the fluid flow which enters the valve. The effect of
      the thrust action which operates the needle adds to the effect of a
      calibration spring, which can render the needle less or more sensitive to
      the dynamic thrust of the fluid.
PAR  A device of this type is described in the U.S. Pat. No. 2,608,985 in the
      name of R. A. ARTHUR.
PAR  The known valves of the ARTHUR'S type present a characteristic curve
      showing the variation of the flow rate as a function of the pressure
      upstream of the valve, which may tend to rise; on the contrary in the flow
      rate limiting valves it is sometimes highly desirable that the above
      characteristic curve tends to lower and the flow rate decreases when the
      upstream pressure increases; furthermore these valves can not be
      controlled by external means for opening and closure, with respect to the
      determination of the desired characteristic-curve, and of the flow rate
      value.
PAR  One object, of the present invention is to provide a flow rate limiting
      valve in which the characteristic-curve which relates the flow rate to the
      pressure upstream may be determined and controlled by suitable external
      means, and therefore may tend to decrease when the pressure upstream of
      the valve tends to increase.
PAR  A further object of the present invention is to provide a flow rate
      limiting valve which can be controlled by external means for opening and
      closure.
PAR  According to the present invention the above objectives are achieved by
      transmitting the thrust (or traction) of the calibrating spring to the
      needle by means of a lever, and by positioning the calibrating spring
      inclined to the lever in order that the lever arm of the spring can vary
      during the operation of the lever, and furthermore by providing suitable
      external means for regulating the tension of the spring and the tilt of
      the spring in respect to the lever.
PAR  It will be pointed out that by regulating the tension, (and therefore the
      thrust or the traction) of the spring, the flow rate will be determined at
      the desired value, and by regulating the tilt of the spring to the lever,
      the tendency of the characteristic curve to lower (and therefore the
      tendency of the valve to over-limit the flow rate) will be achieved when
      the upstream pressure will increase.
DRWD
PAR  In order to better demonstrate the operational and constructional
      advantages and characteristics of the invention, a description is given
      hereinafter of a preferred embodiment illustrated by way of non-limiting
      example in the accompanying drawing.
PAR  FIG. 1 is a vertical axial section through a valve according to the
      invention;
PAR  FIG. 2 is a partial vertical axial section on the line II--II of FIG. 3;
PAR  FIG. 3 is a partial section on the line III--III of FIG. 2.
PAR  FIG. 4 shows some characteristic-curves of the flow rates as a function of
      the upstream pressure, of which (a) is the characteristic curve of an
      under-limiting condition (b) is the desired caracteristic-curve and (c) is
      the characteristic-curve of an overlimiting condition; all these curves
      may be obtained in the valve according to the invention.
DETD
PAR  FIGS. 1 to 3 show the valve bodies 1, 8 and 11 comprising flanges 2 and 3
      the inlet and outlet ducts for the fluid respectively.
PAR  Inside the body 1 is suspended a chamber 4 of ogival form, in communication
      with the valve delivery duct by means of the channel 5 throttled by the
      calibrated orifice 6 which is interchangeable by removing the cap 7.
PAR  The top of the cavity defined by the ogive is sealed by the body 8 which
      closes the top of the valve body 1.
PAR  A cup shaped plug 9 slides axially in the front part of the ogive 4 and
      engages tightly in the seat 10 formed in a body 11 which completes the
      body 1 at the front and comprises the flange 3.
PAR  The cup shaped plug comprises a front bore 16, suitably larger than the
      orifice 6, which emerges downstream of the plug.
PAR  Finally there is a spring 17 arranged to keep the plug 9 pushed against its
      seat 10 in the absence of flow in the valve.
PAR  The bore 16 of the plug may be closed or throttled by a needle 18 which
      slides axially in a seat 19 rigid with the ogive 4.
PAR  The axial position of the needle 18 is determined by the position of the
      forked lever 20 which oscillates about the pivot 21 and engages in the
      block 22 of the needle 18.
PAR  Against the block 22 of the needle 18 there also engages the base of a stem
      23 which emerges axially from the ogive 4 and carries at its other end a
      disc or other equivalent passive resistance 24. The disc 24 is exactly at
      the centre of the inlet port for the fluid, and is subject to the dynamic
      thrust of the fluid flow.
PAR  The lever 20 is keyed on a pivot pin 21 which is fixed outside the body 8
      to an arm 26 to which the elastic means resisting the thrust action on the
      needle 18 are connected.
PAR  The arm 26 comprises a groove between the two sides of which slides a block
      27.
PAR  The position of the block 27 is calibrated by a micrometer screw 28.
PAR  The body 8 comprises several terminal bolts 31 located on a circumference
      whose center is substantially at 30.
PAR  A spring 29 connects the orthogonal pin 30 deriving from the block 27 to
      one of the bolts 31 screwed into the body.
PAR  From the arm 26 derives aan appendix 32, opposite to the pin 30, which
      projects into a recess 33 in the transverse piston 34.
PAR  The piston 34 slides into a cylindrical chamber 35 and moves to the right
      FIG. 3 under the pressure of a fluid which enters by the duct 12;
      consequently the arm 26 and the lever 20 rotates to move to the left the
      needle 18 and consequently to open the valve.
PAR  The motion to the right of the piston 34 occurs against the thrust of the
      spring 37.
PAR  In order to bring about a two-stage closure of the valve, a piston 36 is
      provided, which can move to the right FIG. 3 under the pressure of a fluid
      which enters by the duct 13.
PAR  The travel to right of the piston 36 is limited by the stem 136 and the nut
      236.
PAR  When the valve has to be closed, firstly the controlling fluid is evacuated
      through the duct 12 and therefore the piston 34 travels to left and stops
      against the piston 36; successively the fluid is evacuated through the
      duct 13 and also the piston 36 moves to the left quickly, to close
      completely the valve.
PAR  The recess 33 is larger than the diameter of the appendix 32, in order to
      permit the latter to move freely into the recess.
PAR  When closed FIG. 1 the plug 9 is kept against the seat 10 by the upstream
      pressure which is greater than the downstream pressure acting on the plug
      9.
PAR  In this condition the needle 18 closes the bore 16 by the action of the
      spring 37 which acts in this sense on the arm 26 and the lever 20 to
      overcome the action of the spring 29.
PAR  The opening of the valve takes place in this case by operating the piston
      34 which cancels the action of the spring 37. In this condition the needle
      18 is moved away by the action of the spring 29 and opens the bore 16. As
      this latter is larger than the orifice 6 there is a pressure drop in the
      ogival chamber and the plug is pushed backvards and hence opened by the
      effect of the difference in cross-section between the sliding seat of the
      plug in the ogival chamber and the closing seat 10.
PAR  As the plug withdraws it tends to move the bore 16 on the needle 18, and
      stops in a position of equilibrium with the needle 18 which throttles the
      bore 16. As can be seen from FIG. 1, the spring 29 tends to move the
      needle 18 away from the bore 16 so favouring the opening of the valve,
      whereas the needle 18 is kept thrust in the opposite direction during
      operation of the valve by the hydrodynamic thrust against the disc 24. In
      this condition the required equilibrium between the hydrodynamic thrust
      which depends on the flow rate and the action of the spring 29 is created,
      so that the flow rate through the valve is maintained substantially
      constant.
PAR  It will be seen hereinafter that the flow rate, in the valve according to
      the invention, can be maintained both independent from the upstream
      pressure, or dependent therefrom, according to the desired curve (a) or
      (c) in FIG. 4.
PAR  It is obvious that a reduction of flow rate causes a reduction of the
      hydrodynamic thrust of the disc 24 so causing the action of the spring 29
      to prevail and withdraw the needle 18 from the cup 9 so that this latter
      moves into a more withdrawn equilibrium position, corresponding to a
      greater degree of opening of the valve so restoring the flow rate. The
      reverse happens for increases in flow rate, which cause the cup 9 to move
      towards the ring of FIG. 1.
PAR  According to the invention, the traction of the spring 29 may be controlled
      by adjusting the screw 28 in order to obtain the desired value of the flow
      rate during the working of the valve.
PAR  In fact as the spread between the axis of the pin 21 and the pin 30
      increases, the lever arm of the thrust of the spring 29 in respect with
      the axis of the pin 21 tends to decrease when the arm 26 rotates to left
      in FIG. 1, thus balancing the increased tension of the more extended
      spring 29.
PAR  The tilt of the spring 29 in respect with the lever 20, and therefore the
      torque of the spring 29 in respect with the axis of the pin 21 may be
      controlled by choosing the terminal bolt 31 which the spring is connected
      to; in this way the more suitable characteristic-curve may be determined.
PAR  In fact in the device illustrated above, one may note that the needle is
      subject to the thrust deriving from the static upstream pressure which
      acts on the section area of the stem 23.
PAR  This upstream pressure acts only partially on the section area of the stem,
      because of the fact that the effective pressure is the difference between
      pressure in the inlet duct and in the internal chamber of the ogive.
PAR  The thrust deriving from the above differential pressure adds to a thrust
      deriving from the action on the section area of the needle 18 of the
      differential pressure between the internal chamber of the ogive and the
      outlet duct 16.
PAR  In general, when the calibrating spring 29 is orthogonal to the lever 26,
      as in known valves, an equivocal relation between the thrust on the disc
      24 and the position of the needle 18 and therefore of the plug 9 is
      created; the characteristic-curve may not be the desired one.
PAR  According to the present invention, if the spring is inclined to the lever
      26, in such a manner that the torque rendered in respect of the pin 21
      will be constant, the needle and therefore the plug 9 will travel until an
      equilibrium position is achieved between the torque created by the thrust
      on the disc and the torque exerted by the spring, thus maintaining the
      characteristic-curve perfectly horizontal (as (b) in FIG. 4).
PAR  In order to obtain the situation above, the tilt of the spring will be well
      determined and definite.
PAR  To overcome the further effect of the static upstream pressure which acts
      partially on the section areas of the stem and of the needle in the known
      cases no measure may be adopted.
PAR  According to the invention, on the contrary, it is sufficient to choose a
      terminal bolt 31 more or less close to the pin 21, to obtain respectively
      a characteristic-curve as (a) or (c) in FIG. 4 depending on the desired
      result.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a valve for maintaining the rate of flow of a fluid through a pipe
      substantially constant, said valve comprising:
PA1  a valve body (1, 8, 11) having a fluid inlet port and a fluid outlet port,
PA1  a hollow member (4) within said body between said ports defining a central
      chamber,
PA1  a first duct (5) connecting said inlet port to said chamber,
PA1  a second duct (16) connecting said outlet port to said chamber, and
PA1  a valve member (9) movable in response to pressure changes within said
      chamber and cooperating with a valve seat (10) in said body to control
      said fluid flow,
PA1  thrust-responsive means (22, 23, 24) positioned to receive the hydrodynamic
      thrust of fluid entering said valve-body through said inlet port, and
      connected to control the flow of fluid through said second duct in
      dependence on said thrust, thereby controlling the prpessure within said
      chamber and the position of said valve member,
PA1  the improvement which comprises:
PA1  a lever (20) pivotally connected to said thrust-responsive means and fixed
      to a pin (21) which can rotate about its own axis and projects from the
      valve body (1, 8, 11), a fork-shaped appendix (26) keyed on the pin (21),
      external to the valve body, a member (27) sliding between the arms of the
      fork shaped appendix under the action of a screw (28); a calibrating
      spring (29) inclined to the axis of the appendix which connects the
      sliding member (27) to the body (8), and a spring (37), biassing said
      appendix in the opposite direction from that in which it is biassed by the
      spring (29).
NUM  2.
PAR  2. A valve as claimed in claim 1, in which the spring (37) biasses the
      appendix (26) through an intermediate transverse shaft (34) having a
      recess (33) which engages a projection (32) projecting from the appendix
      (26).
NUM  3.
PAR  3. A valve as claimed in claim 2, in which the recess (33) is larger than
      the diameter of the appendix (32), to permit the free movement of the
      latter.
NUM  4.
PAR  4. A valve as claimed in claim 1, in which the shaft (34) engages a
      pneumatic piston (36) which operates the shaft against the thrust of the
      spring (37).
NUM  5.
PAR  5. Valve as claimed in claim 1, comprising a piston chamber, a fluid
      pressure responsive piston in said chamber, and a lost motion connection
      between said piston and lever whereby movement of said piston relative to
      said lever beyond a predetermined limit will swing said lever to actuate
      said valve.
NUM  6.
PAR  6. Valve as claimed in claim 5, comprising additional spring means
      resiliently biassing said piston to a position in which it permits closing
      of said valve.
NUM  7.
PAR  7. Valve as claimed in claim 6, comprising an auxiliary piston aligned with
      said first mentioned piston in said piston chamber at the opposite end of
      said first-mentioned piston from said additional spring means, and fluid
      ports in said valve chamber permitting the successive actuation of said
      pistons.
NUM  8.
PAR  8. In a valve for maintaining the rate of flow of a fluid through a pipe
      substantially constant, said valve comprising:
PA1  a valve body (1, 8, 11) having a fluid inlet port and a fluid outlet port,
PA1  a hollow member (4) within said body between said ports defining a central
      chamber,
PA1  a first duct (5) connecting said inlet port to said chamber,
PA1  a second duct (16) connecting said outlet port to said chamber, and
PA1  a valve member (9) movable in response to pressure changes within said
      chamber and cooperating with a valve seat (10) in said body to control
      said fluid flow,
PA1  thrust-responsive means (22, 23, 24) positioned to receive the hydrodynamic
      thrust of fluid entering said valve-body through said inlet port, and
      connected to control the flow of fluid through said second duct in
      dependence on said thrust, thereby controlling the pressure within said
      chamber and the position of said valve member,
PA1  the improvement which comprises:
PA1  a lever (20) pivotally connected intermediate its end to said valve body
      for swinging movement through a median position between two extreme
      positions, one end of said lever being pivotally connected to said
      thrust-responsive means,
PA1  spring means (29) connected between said body and the other end of said
      lever and biassing said lever to swing in a direction opposite to that in
      which said lever is urged by said thrust-responsive means, the total force
      exerted by said spring means being proportional to the degree of extension
      of said spring means, which lies at an acute angle to said lever such that
      pivotal movement of said lever increases the component of said total force
      which is effective to resist the force applied by said thrust-responsive
      means as said total force decreases, and decreases said component as said
      total force increases.
NUM  9.
PAR  9. Valve as claimed in claim 8, in which said body is equipped with a
      plurality of means for attaching said spring thereto, located at varying
      distances from the median position occupied by said lever.
NUM  10.
PAR  10. Valve as claimed in claim 8, in which said increase in the effective
      component of said total force is directly proportional to the decrease in
      said total force and said decrease in said component is directly
      proportional to the increase in said total force.
NUM  11.
PAR  11. Valve as claimed in claim 8, comprising means carried by said other end
      of said lever for adjusting the point at which said lever is connected to
      said spring longitudinally of said lever.
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ABST
PAL  Dual function valve for controlling flow of liquids or mixtures of liquids
      and solids has a movable seat for relief of excessive negative pressure
      and a buoyant gate for emergency discharge under excessive loads of
      solids.
BSUM
PAR  The present invention relates to hydraulics and more particularly to valves
      for controlling the pressure and flow of fluids, including fluids mixed
      with solids.
PAR  It is well known that flow of fluids can convey heavier solids upwards and
      fluid flow has been used to carry solid minerals up through conduits,
      provided the fluid flow is maintained sufficiently rapid in relation to
      the solids characteristics, e.g., density, particle size or shapes. Of
      course, if the flow is interrupted, the heavier solids (of greater
      specific gravity than the fluid) sink back down in the conduit. Inasmuch
      as the settling of solids in the conduit may block the conduit and render
      resumption of flow difficult or practically impossible, or, as the solids
      may descend into and clog or damage equipment to which the conduit is
      connected at the lower end, it is highly desirable and often practically
      necessary to have a means of rapidly opening a lower portion of the
      conduit in order to enable rapid exhaust of the descending solids. Needs
      for rapid discharge or dumping of solids are particularly acute where
      solids are being conveyed upwards through a great length of conduit, such
      as the thousands of feet of underwater pipeline that may be used to convey
      solid minerals, e.g., manganese nodules, to the surface from a deep ocean
      floor, inasmuch as a great weight and volume of mineral matter may be
      descending during interruption of fluid flow up the conduit.
PAR  Needs for of of fluids in conduits also include needs for control or
      pressure in the conduit. In conduits where fluids are being drawn upward
      by suction pumping from above, it is highly desirable to have a
      suction-pressure relief available to serve as a safequard in the event
      that the entrance of the conduit becomes blocked or seriously restricted
      and the pumping system might become overloaded, or the conduit might
      collapse from exterior pressure if the pressure of the fluid inside the
      conduit is reduced excessively below the ambient pressure outside the
      conduit, especially where the conduit comprises hosing.
PAR  Furthermore, inasmuch as the sites of needs for dumping solids or relieving
      fluid pressure may be at great distances from human control, it is
      important to have valves for dumping and pressure relief that respond and
      function according to need without requiring transmission of signal
      commands or actuating power over great distances, e.g., between deepsea
      floors and the sea surface.
PAR  There has now been discovered a valve for pressure relief and rapid dumping
      that is operable at great depths undersea without requirement for
      attention or control, or actuating power, from the sea surface.
PAR  It is an object of the invention to provide a pressure-relief and
      solids-discharge valve.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description and the accompanying drawing wherein:
PAR  FIG. 1 is a schematic depiction of apparatus in an undersea mining system,
      and a perspective elevational view of an embodiment of the valve of the
      invention connected thereto; FIGS. 2, 3 and 4 are side views, on an
      enlarged scale, of a vertical section through the vertical centerline (the
      horizontal sections generally being annular) of the valve of FIG. 1 when
      in three different positions depicted as set forth below;
PAR  FIG. 2 depicts the closed position;
PAR  FIG. 3 depicts the pressure-relief position; and
PAR  FIG. 4 depicts the dump position.
DETD
PAR  The present invention contemplates a valve that can be connected to a
      conduit junction, e.g., a Tee or Y-joint, and enable rapid dumping of
      solids from the conduit or relief of excessive negative pressure in the
      conduit. The valve has a buoyant gate, which can be a hollow sphere, and a
      seat that forms a pressure-tight seal with the gate when the buoyant gate
      floats up against the seat while the valve interior is under negative
      pressure, such as when the valve is connected to an undersea hydraulic
      suction conduit. When the gate is in the closed position up against the
      seat, the negative pressure in the conduit is maintained and pumping of
      fluid and solids up the conduit can proceed in the desired normal manner.
      And, when the fluid flow in the conduit is interrupted, or greatly
      decreased to a slow rate that will not convey the solids upwards, and the
      solids settle downwards, the weight of the solids that settle down on the
      buoyant gate forces the gate away from the seat and opens the bottom of
      the valve and provides a downward discharge opening for rapidly exhausting
      the descending solids. Also, if fluid pressure in the conduit or valve
      happens to become positive, the positive pressure can be released by
      downward displacement of the buoyant gate. (Positive and negative
      pressures referred to herein in conjunction with fluids in valves,
      conduits or other undersea apparatus are positive or negative in relation
      to and respectively greater or less than the ambient fluid pressure
      outside the apparatus, e.g., the ambient ocean water pressure. Relief of
      excessively negative pressure inside the valve, and in conduits to which
      the valve is connected, is provided with an upward movement of the valve
      seat away from the gate to open the valve while upward movement of the
      buoyant gate is limited by a restraint, such as a tether to the buoyant
      sphere.
PAR  Normally, when the interior fluid is at a desired level of negative
      pressure, the seat is held in the desired down position by a downward
      force, which can be provided by a spring. A certain amount of force is
      required to hold the seat down inasmuch as negative pressure inside the
      valve exerts upward force on the seat. The downward force is provided in a
      controlled magnitude that is only sufficient to hold the seat down when
      the seat, or an extension thereof, is under negative pressure that is not
      more greatly negative than the maximum hydraulic suction desirable or
      permissible in the conduit. Thus, if the undersea entrance of the conduit
      becomes clogged and the pumping from above continues and excessively
      reduces the internal pressure in the conduit, the excessively negative
      pressure results in lifting the valve seat up away from the buoyant gate
      and the valve is opened to provide pressure relief. The extent of the
      valve opening is relatively small or large according to whether the extent
      of the negative pressure is relatively small or large, and thus the valve
      provides pressure relief according to the severity of the need for relief.
      In practice, the upward force on the seat can be exerted from the top of a
      sleeve extending up from the seat and exposed at the upper end to the low
      pressure in the valve, and sealed against the ambient pressure outside the
      valve, to thereby act by exertion of the pressure differential between the
      ambient pressure and the internal pressure on the upward facing area of
      the sleeve and the downward facing area of the seal, respectively.
PAR  An advantageous embodiment of the valve of the invention, and an undersea
      mining system having the valve incorporated therein, are illustrated in
      the accompanying drawing.
PAR  Referring now to the drawing, FIG. 1 depicts dump-relief valve 10
      incorporated into an ocean mining system wherein mining ship 11 supports
      and moves hydraulic transport riser 12 with forearm hose 13 (a hydraulic
      conveyance duct) attached to undersea mineral collector 14 on undersea
      floor 16. The riser, hose and valve are connected with T-joint 16, which
      can comprise one or more swivels for enabling angular deflection of the
      apparatus. Pump 17, driven by electric motor 18 with current supplied
      through conductor cable 19 from the ship, is adapted to move a flow of
      water and solids up from the collector to the ship. Arrows indicate flow
      during normal pumping operation.
PAR  Turning now to FIGS. 2, 3 and 4, valve 10 has neck 20 bolted to body 21 and
      includes sliding sleeve 22 and collar (or fixed sleeve) 23 disposed
      concentrically around the shank of the neck. Relief spring 24 extends from
      collar flange 25 to sleeve flange 26 and is biased toward the extending
      direction tending to force sleeve and collar flanges farther apart. Collar
      seal 27, which is mounted in a groove in collar ridge 28 and extends to
      the sleeve, provides a slidable pressure-tight interwall seal between the
      vertical walls of the collar and the sleeve. Collar spacer lip 29 is in
      slidable contact with the sleeve and aids maintaining axial alignment of
      collar and sleeve. Body port 30 and collar port 31 are open to ambient
      water pressure in the locale outside the valve body. Yet, in view of the
      location of the interwall seal above the port, the space above the seal is
      barred from communication with the ambient pressure and is open to
      communication with the internal pressure in the neck.
PAR  When the valve is in the closed position depicted by FIG. 2, and in the
      dump position depicted by FIG. 4, the spring forces the sleeve flange down
      against body shelf 32 and forces the collar flange up against the lower
      flange of the neck.
PAR  The collar and neck flanges can be connected together with pressure-tight
      joints, e.g., brazed, welded or bolted, or be made integrally as one
      piece.
PAR  The valve contains buoyant sphere 33 attached with tether 34 to tether bar
      35 which is rigidly fixed to skirt 36 of the body. The tether is adapted,
      in conjunction with the associated valve components, to enable the sphere
      to float up against sleeve seat 37, and function as a buoyant gate, when
      the sleeve is in the down position depicted in FIG. 2. The tether is also
      adapted (by length) to restrain the sphere from following the sleeve when
      the sleeve slides upwards to a pressure-relief position, e.g., to the up
      position depicted by FIG. 3. Moreover, the tether is adapted to enable
      downward movement of the sphere readily to lower positions that are out of
      contact with the sleeve seat, e.g., the dump position depicted by FIG. 4,
      and thereby open the valve for downward discharge of solids when the
      sphere is subjected to a downward force greater than the buoyancy of the
      sphere, such as the downward force of heavier-than-water solids 38
      depicted in descent by FIG. 4.
PAR  When the valve is connected to the bottom of a suction riser in an undersea
      mining system, such as illustrated in FIG. 1, then, during normal
      operation with the pumps functioning satisfactorily, nodules obtained by
      the collecting vehicle flow along a relatively horizontal forearm hose and
      then up the vertical riser. The buoyant sphere is normally seated, as a
      gate, by its positive buoyancy. Moreover, when the pumps are on, the
      external water pressure is higher than the pressure in the interior of the
      valve and the ambient, external, water pressure further forces the sphere
      against the seat. When, by intention or mishap, the pumps cease operating,
      the nodules fall back down the riser. Packing of the nodules in the
      forearm hose or the collecting vehicle would be seriously detrimental.
      With the valve of the invention in place at the bottom of the riser, the
      nodules fall onto the buoyant sphere and soon overcome the positive
      buoyancy, and then the sphere is pushed down away from the seat and the
      nodules exit from the valve, thereby permitting the riser to be cleared
      and preventing such detrimental results as clogging of the forearm hose or
      jamming of the collector. The tether and skirt of the valve retain the
      sphere, and when the riser conduit is cleared and pumping is resumed, the
      sphere returns to its seat and thereby closes the valve and enables
      reestablishing negative pressure in the conduit. If desired, the seat can
      be a chamfered elastomer ring.
PAR  The pressure-relief function of the valve is particularly useful where
      connected to a riser that is above the valve and is being pumped from
      above, in the event that fluid flow is blocked or hindered at a lower
      portion of the riser, or at a conduit or collector feeding the riser. For
      instance, if there is blockage in the collector or clogging in the forearm
      hose, and intake flow is restricted, pumps may cavitate or motors become
      overloaded or the forearm hose may collapse due to excessively negative
      pressure in the riser or hose. The valve can prevent such failures and
      difficulties by admitting water into the conduit system to relieve the
      excessive negative pressure. For example, where it is desired to operate
      the riser and conduit system at pressures of 1-1/2  atmos. (atmospheres,
      normal) less than the ambient pressure outside the conduit, the valve can
      be made with a spring having only just enough force, in relation to the
      area differential between the upward facing area of the sleeve and the
      downward facing area of the seat-to-sphere (gate) contact, to exert a
      downward pressure of 1-1/2 atmos. on the seat area where in contact with
      the sphere. When the fluid pressure inside the valve is 1-1/2 atmos. less
      than the ambient water pressure outside the valve, the downward force due
      to the spring and the upward force due to the pressure differential across
      the ends of the sleeve are in balance, and the seat is on the verge of
      being lifted from the sphere. When flow conditions change with a blockage
      at the inlet of the conduit while pumping continues from above, the
      internal pressure becomes more negative and, within the valve, the upward
      force on the sleeve and seat increases and the seat is raised upwards
      while the sphere is retained by the tether. Thus, the valve is opened and
      water is permitted to flow into the riser and relieve the excessive
      negative pressure.
PAR  In an event that the internal pressure drops to 3 atmos. below the ambient
      water pressure, the spring is compressed further and the valve becomes
      full open and permits inward flow of 2000 gallons per minute where the
      internal cross section of the valve is at least 8 inches in diameter.
PAR  The present invention is particularly applicable for controlling the
      pressure of water in undersea mining apparatus, including conduits,
      pipelines and risers, and for rapidly discharging heavier-than-water solid
      materials that may be present therein along with the water, e.g.,
      manganese nodules in sea water.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A valve for controlling flow and pressure of fluid therein while the
      valve is surrounded by an external fluid at an ambient pressure, and for
      controlling flow of heavier solids when present with the fluid in the
      valve, comprising:
PA1  a. a valve body having an upward facing opening adapted to be joined to a
      hydraulic conduit, a downward facing opening below the upward facing
      opening, an open interior providing a continuously downward passage for
      fluid and solids from the upward opening to the downward opening and being
      in fluid pressure communication with the upward opening;
PA1  b. a valve seat having an upper face and a lower face and being disposed to
      have the upper face in fluid pressure communication with fluid inside the
      body and the lower face in fluid pressure communication with the ambient
      pressure of fluid outside the body and having an open passway from the
      lower face to the upper face;
PA1  c. means for maintaining the seat vertical and movable vertically in
      relation to the body;
PA1  d. a seal disposed and adapted to prevent pressure communication of the
      ambient pressure to the upper face of the seat;
PA1  e. downward force means for forcing the seat toward the downward facing
      opening of the body;
PA1  f. a downward movement limit stop to prevent downward movement of the seat
      beyond a preselected down position where the lower face of the seat is in
      the downward opening of the body;
PA1  g. a buoyant gate disposed and adapted to float upward in the external
      fluid and into pressure-sealing contact with the passway in the lower face
      of the seat when the seat is in the down position; and
PA1  h. a retainer adapted for limiting movement of the buoyant gate upward
      beyond the preselected down position of the seat, said retainer being also
      adapted for permitting downward movement of the gate and for retaining the
      gate from moving farther than a preselected distance away from the valve
      body.
NUM  2.
PAR  2. A valve as set forth in claim 1 wherein the seat is a hollow cylindrical
      sleeve disposed in a vertical position and the upper face of the seat is
      the upper end of the sleeve and the lower face of the seat is the lower
      end of the sleeve.
NUM  3.
PAR  3. A valve as set forth in claim 2 wherein the lower face of the seat
      comprises an annulus of resilient material at the lower end of the sleeve.
NUM  4.
PAR  4. A valve as set forth in claim 2 wherein the means for maintaining the
      sleeve vertical comprises a hollow cylindrical collar disposed
      concentrically around, and spaced apart from, the sleeve and wherein the
      seal extends across the space between the collar and the sleeve.
NUM  5.
PAR  5. A valve as set forth in claim 1 wherein the downward force means is a
      spring.
NUM  6.
PAR  6. A valve as set forth in claim 5 wherein the spring is a helical coil
      spring disposed to exert upward force on the collar and downward force on
      the sleeve.
NUM  7.
PAR  7. A valve as set forth in claim 1 wherein the buoyant gate is a hollow
      sphere.
NUM  8.
PAR  8. A valve as set forth in claim 7 wherein the retainer is a flexible
      tether having one end attached to the hollow sphere and the other end
      connected to the body.
NUM  9.
PAR  9. A valve as set forth in claim 2 wherein the sleeve has a flange
      extending radially outward from the sleeve cylinder and wherein the
      downward movement limit stop comprises a shelf projection extending inward
      from the body.
NUM  10.
PAR  10. In an undersea mining apparatus having a hydraulic suction riser, the
      improvement comprising, in combination therewith and in fluid
      communication with the riser by means of a conduit junction in the riser
      below the top of the riser, a valve as set forth in claim 1.
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ABST
PAL  A vent and relief valve for a tank containing pressurized fluid such as
      oxygen or hydrogen characterized in that coaxial vent and relief valve
      members have interengaged seats to close the vent outlet of the valve, the
      vent valve member having actuating means associated therewith to disengage
      said seats to open communication between the interior of the tank and the
      vent outlet of the valve as during filling of the tank, and the relief
      valve member being actuated by fluid pressure in the tank exceeding a
      predetermined value to move said relief valve member to disengage said
      seats and thereby again establish communication between the interior of
      the tank and the vent outlet of the valve thus to vent excess fluid
      pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pressurized fluid tanks generally include a vent opening at the top thereof
      and the vent duct has an elbow connection with the top of the tank, the
      vent and relief valve either being interposed between the elbow and the
      tank or mounted in the vent duct downstream of the elbow. In either case,
      one known form of vent and relief valve comprises a main valve member
      which is pivotally mounted in the valve body and which is linked to a gas
      pressure actuator to swing the main valve member to open position as
      during filling of the tank, and to a tank pressure sensing valve which via
      a booster swings the main valve member to open position in the event that
      tank pressure builds up above a predetermined value. In a valve
      installation as just described a tank pressure sensing line is provided
      and it must have a tank pressure seal connection with the tank and with
      the valve body and when the valve is mounted in the vent duct there must
      be a tank pressure seal between the elbow and valve body in addition to
      the tank pressure seal connection of the elbow to the top of the tank.
PAR  Such known vent and relief valve construction is quite heavy, complex and
      expensive and, in the case of a valve mounted between the tank and the
      elbow, additional vertical clearance space is required above the tank.
PAC  SUMMARY OF THE INVENTION
PAR  In contradistinction to the foregoing the present vent and relief valve is
      of simple and inexpensive construction and requires only a tank pressure
      seal connection between the vent elbow and the upper end of the
      pressurized fluid tank, the vent duct elbow and the valve body being one
      and the same part.
PAR  It is a principal object of this invention to provide a vent and relief
      valve of the character indicated in which the vent valve member and relief
      valve member are coaxially arranged in the valve body and have
      interengaged seats to prevent escape of pressurized fluid, the vent member
      having associated therewith an actuator for moving it away from the relief
      valve member seat for venting of the tank as during filling thereof, and
      the relief valve member being actuated away from the vent valve member
      seat in response to tank pressure exceeding a predetermined value.
PAR  It is another object of this invention to provide a vent and relief valve
      of the character indicated in which the relief valve movements do not
      entail any sliding seals or friction thus to provide for very accurate,
      repeatible and reliable relief valve operation.
PAR  It is another object of this invention to provide a vent and relief valve
      of the character indicated in which the vent valve in open position
      provides a vent passage with low pressure drop for free flow of fluid from
      the tank into the vent duct.
PAR  It is another object of this invention to provide a compact and lightweight
      vent and relief valve of the character indicated in which the relief and
      vent actions are independent so that if one fails to open, the valve can
      yet be opened by the other.
PAR  It is another object of this invention to provide a vent and relief valve
      of the character indicated in which the operation of the relief valve
      member as aforesaid is under the control of a pilot valve which conducts
      tank pressure to a pressure seating chamber of the relief valve member to
      maintain the relief valve member in seating engagement with the vent valve
      member at tank pressures below a predetermined value, said pilot relief
      valve being operative to vent the pressure seating chamber to the
      downstream side of the relief valve member when the tank pressure exceeds
      such predetermined value whereupon tank pressure urges the relief valve
      member to disengage said seats for relief of excess tank pressure to the
      vent duct.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-section view of a vent and relief valve embodying the
      present invention;
PAR  FIGS. 2 and 3 are fragmentary cross-section views respectively showing the
      vent valve member actuated to open position to vent the tank as during
      filling of the same with pressurized fluid and showing the relief valve
      member in open position to relieve excess pressure from within the tank;
      and
PAR  FIG. 4 is a fragmentary cross-section view of a modification.
DETD
PAC  DETAIL DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As best shown in FIG. 1 the vent and relief valve 1 herein shown comprises
      a valve body 2 preferably in the form of an elbow having flanges at its
      ends respectively secured to the top of a tank T containing pressurized
      fluid such as oxygen, hydrogen or the like and to a vent duct 3. The end
      of the valve body 2 which is connected to the tank T has associated
      therewith a vent and relief valve assembly comprising a vent valve member
      4 and a relief valve member 5 having interengaged seat members 6 and 7 of
      which the seat member 6 is in the form of a flexible metallic disc having
      its central portion secured to the center of the vent valve member 4. Said
      valve body 2 and said vent valve and relief valve members 4 and 5 have
      interengageable stop surfaces 8 and 9 whereby downward movement of the
      vent valve member 4 (see FIG. 2) will effect disengagement of said seat
      members 6 and 7 to vent the tank T as during filling thereof, and upward
      movement of the relief valve member 5 (see FIG. 3) will effect similar
      disengagement of said seat members 6 and 7 to relieve tank pressure
      exceeding a predetermined value. The stops 9 may comprise three or more
      equally spaced apart narrow angular lugs engaged by seat member 7.
PAR  The stem 10 of the vent valve member 4 extends through a spider 11 in the
      valve body 2 and is slidably sealed in one end of an actuating cylinder
      12, said valve stem 10 having thereon a piston 14 slidably sealed in said
      cylinder 12 and having associated therewith a spring 15 which together
      with tank pressure tends to hold the vent valve member 4 in closed
      position with the seats 6 and 7 in engagement with each other when the
      cylinder port 16 is vented. When air under pressure is admitted into the
      port 16, the vent valve member 4 will be moved downwardly to open position
      as shown in FIG. 2 to vent the tank T as during filling thereof with fluid
      such as oxygen, hydrogen, or the like and, when the port 16 is vented,
      tank T pressure and spring 15 pressure will move the vent valve member 4
      upwardly to engage the seats 6 and 7. Should the vent valve member 4 tend
      to stick in open position, air pressure may be admitted into the other
      port 17 of the cylinder 12 to exert additional closing force to move the
      vent valve member 4 to closed position.
PAR  The relief valve member 5 herein is shown as comprising spring metal
      bellows 18 and 19 and interengaged seat members 6 and 7 forming an annular
      area A which is continuously exposed to tank pressure, and spring metal
      bellows 18 and spring metal bellows 19 having a larger annular area B
      therewithin which is also exposed to tank pressure via the passages 20 and
      21 when the pilot valve 22 is in the position shown in FIGS. 1 and 2, the
      pilot valve 22 using bellows 23 to sense tank pressure being yieldably
      urged to normally close the vent passage by a Belville spring 25. The port
      26 is a vent port, and exposes the interior of bellows 23 to ambient
      pressure.
PAR  When the tank pressure builds up to exceed a predetermined value, the pilot
      valve 22 will be forced upwardly by tank pressure acting on the area of
      the bellows thereof to restrict communication between the passages 20 and
      21 as shown in FIG. 3 and to allow communication between the passages 21
      and 24 whereby the pressure in the relief valve seating chamber of area B
      will be decreased substantially below tank pressure whereupon the tank
      pressure of such predetermined value acting on area A will urge the relief
      valve member 5 upwardly as shown in FIG. 3 to relieve excess tank
      pressure. When the tank pressure decreases to less than such predetermined
      value, the pilot valve 22 will be urged downwardly by the bellows and
      Belville spring 25 to fully open communication between the passages 20 and
      21 and to close the vent passage 24 whereby tank pressure builds up in the
      pressure seating chamber of area B thus to urge the relief valve member 5
      to closed position with the seat members 6 and 7 in interengagement as
      shown in FIG. 1.
PAR  The foregoing relief operation as shown in FIG. 3 limits tank pressure to a
      maximum differential pressure above ambient pressure. FIG. 4 shows the
      interior of bellows 23 evacuated of air pressure and sealed, thereby
      limiting tank pressure to a maximum absolute pressure level, should this
      type control be desired.
PAR  When the seats 6 and 7 are disengaged either by downward movement of the
      vent valve member 4 or by upward movement of the relief valve member 5,
      the flexible yieldable seat 6 will be supported by the peripheral portion
      of the vent valve member 4 against fluttering.
PAR  By reason of the provision of bellows type relief valve and pilot valve
      members 5 and 22 there are no sliding seals or friction in connection with
      the movements of the relief valve. Avoidance of friction and dynamic seal
      leakage provides very accurate, repeatible, and reliable relief valve
      operation.
PAR  The spider 11 arms are streamlined, and the valve stem 10 is very small in
      relation to the vent passage area, and the vent valve member 4 is extended
      well into the tank when open as shown in FIG. 2. By reason of the curved
      formation of the inner wall of the relief valve seat member 7 there is
      provided a bell mouth. These features provide an exceptionally low
      pressure drop for flow of fluid in FIG. 2 from within the tank T into the
      valve body and out through the vent duct 3.
PAR  The moving mechanical parts of the relief action and vent action are
      completely independent. Should either of these mechanisms fail to open,
      the valve can still be opened by the remaining unfailed mechanism to
      prevent excessive tank pressure. This fully redundant opening capability
      is provided in a very compact and lightweight unit.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vent and relief valve comprising a valve body having a vent passage
      therethrough communicating at one end with the interior of a tank
      containing pressurized fluid; coaxial vent valve and relief valve members
      at such one end movable axially in said body and having interengaged seats
      to close said passage to retain pressurized fluid within said tank;
      actuating means operatively connected to said vent valve member to move
      the same axially in one direction with respect to said relief valve member
      to disengage said seats for venting said tank through the other end of
      said passage as during filling of the tank; said relief valve member
      having an area thereof exposed to fluid pressure in said tank and being
      moved axially in the opposite direction with respect to said vent valve
      member to disengage said seats in response to fluid pressure in said tank
      acting on said area exceeding a predetermined value to relieve tank
      pressure greater than such predetermined value through the other end of
      said passage; said body having pilot pressure and vent passages
      respectively communicating with tank pressure and with said body vent
      passage downstream of said seats, and a control passage leading to a
      seating chamber to which an opposite area of said relief valve member is
      exposed; and a tank pressure actuated pilot valve movable in said body and
      communicating said control passage with said pilot pressure passage in
      response to tank pressure being less than such predetermined value and
      with said pilot vent passage in response to tank pressure exceeding such
      predetermined value whereby reduced pressure in said chamber acting on
      such opposite area permits tank pressure acting on the first-mentioned
      area of said relief valve member to urge said relief valve member to
      disengage its seat from said vent valve member seat.
NUM  2.
PAR  2. A vent and relief valve comprising a valve body having a vent passage
      therethrough communicating at one end with the interior of a tank
      containing pressurized fluid; coaxial vent valve and relief valve members
      at such one end movable axially in said body and having interengaged seats
      to close said passage to retain pressurized fluid within said tank;
      actuating means operatively connected to said vent valve member to move
      the same axially in one direction with respect to said relief valve member
      to disengage said seats for venting said tank through the other end of
      said passage as during filling of the tank; said relief valve member
      having an area thereof exposed to fluid pressure in said tank and being
      moved axially in the opposite direction with respect to said vent valve
      member to disengage said seats in response to fluid pressure in said tank
      acting on said area exceeding a predetermined value to relieve tank
      pressure greater than such predetermined value through the other end of
      said passage; said vent valve member being in the form of a poppet valve
      member having a radially outer peripheral seat; said relief valve being
      annular and having a radially inner peripheral seat; said relief valve
      member comprising an annular bellows which is fixed at one end to said
      body and which is exposed at the other end to tank pressure on an annular
      area surrounding its seat; said body having a pilot pressure passage and a
      tank pressure actuated pilot valve movable in said body to conduct tank
      pressure from said pilot pressure passage into said bellows to act on
      another annular area within said bellows to retain said relief valve
      member in closed position at tank pressures less than predetermined value;
      said pilot valve being movable in said body by tank pressure exceeding
      said predetermined value and being operative when thus moved to close
      communication of said pilot pressure passage with said another annular
      area and to vent said another annular area into said body vent passage
      downstream of said interengaged seats whereby tank pressure acting on said
      annular area is effective to move said relief valve member in such
      opposite direction with respect to said vent valve member to disengage
      said seats for flow of fluid from within said tank into said body vent
      passage in response to tank pressure exceeding such predetermined value.
NUM  3.
PAR  3. A vent and relief valve comprising a valve body having a vent passage
      therethrough communicating at one end with the interior of a tank
      containing pressurized fluid; coaxial vent valve and relief valve members
      at such one end of said body vent passage movable in said body from a
      position closing said passage to retain pressurized fluid within said tank
      to a position whereat said vent valve member opens said passage to vent
      said tank through said passage as during filling of the tank and whereat
      said relief valve member opens said passage in response to fluid pressure
      in said tank exceeding a predetermined value thus to relieve tank pressure
      greater than such predetermined value; said body having pilot pressure and
      vent passages respectively communicating with tank pressure and with said
      body vent passage downstream of said valve members, and a control passage
      leading to a seating chamber in said relief valve member; and a pilot
      valve movable in said body to communicate said control passage with said
      pilot pressure passage in response to tank pressure being less than such
      predetermined value and with said pilot vent passage in response to tank
      pressure exceeding such predetermined value whereby reduced pressure in
      said chamber permits tank pressure to move said relief valve member to
      body vent passage opening position.
NUM  4.
PAR  4. A vent and relief valve comprising a valve body having a vent passage
      therethrough communicating at one end with the interior of a tank
      containing pressurized fluid; coaxial vent valve and relief valve members
      at such one end of said body vent passage movable in said body from a
      position closing said passage to retain pressurized fluid within said tank
      to a position whereat said vent valve member opens said passage to vent
      said tank through said passage as during filling of the tank and whereat
      said relief valve member opens said passage in response to fluid pressure
      in said tank exceeding a predetermined value thus to relieve tank pressure
      greater than such predetermined value; said vent valve and relief valve
      members, in passage closing position, having interengaged seats; said body
      having stop means alternately engaged with said valve members during
      movement of said vent valve member to passage opening position with
      respect to said relief valve member and vice versa; said vent valve member
      being in the form of a poppet valve member having a radially outer
      peripheral seat engaged with the inner peripheral seat of an annular
      relief valve member; said relief valve member comprising an annular
      bellows which is exposed to tank pressure on an annular area surrounding
      its seat; said body having a pressure passage and a tank pressure actuated
      pilot valve movable in said body to conduct tank pressure from said
      pressure passage into said bellows to act on another annular area to
      retain said relief valve member in closed position at tank pressures less
      than predetermined value; said pilot valve being operative to close said
      pressure passage and to vent said another annular area into said body vent
      passage downstream of said interengaged seats whereby tank pressure acting
      on said annular area is effective to move said relief valve member to
      disengage said seats for flow of fluid from within said tank into said
      body vent passage in response to the tank pressure acting on said pilot
      valve exceeding such predetermined value.
NUM  5.
PAR  5. A vent and relief valve for a tank containing pressurized fluid; said
      valve comprising a body having a passage connectable at one end to the
      interior of said tank and at the other end to the exterior of said tank; a
      valve seat encircling said one end of said passage; a valve element
      movable in said body and spring pressed toward said seat and when
      thereagainst closing said passage; stop means in said body to limit
      movement of said valve element toward said seat; said seat being movable
      in said body toward and away from said element when the latter is engaged
      with said stop means; said seat having a first area constantly subject to
      pressure of fluid within said tank tending to urge said seat away from
      said valve element, and having a second area larger than the first area
      subject to pressure of fluid within said tank tending to urge said seat
      toward said valve element; and a tank pressure actuated pilot valve
      movable in said body and responsive to pressure of fluid in said tank less
      than such predetermined value for exposing said second area to pressure of
      fluid in said tank for moving said seat toward said valve element, and
      responsive to fluid in said tank at pressure greater than such
      predetermined pressure to expose said second area to a fluid pressure
      lower than said tank pressure whereby fluid pressure on said first area
      will move said seat away from said valve element.
NUM  6.
PAR  6. The valve of claim 5 in which another stop means in said body limits
      movement of said seat toward said element; and in which actuator means
      operatively connected to said element moves said element to passage
      opening position away from said seat when said seat is against said
      another stop means.
NUM  7.
PAR  7. The valve of claim 6 in which said actuator means comprises a piston on
      said valve element subject to fluid pressure other than tank pressure for
      moving said element to said passage opening position.
NUM  8.
PAR  8. The valve of claim 5 in which said pilot valve has an actuator portion
      with a first area exposed to ambient pressure and a second area opposed to
      said first area of said actuator portion and exposed to fluid pressure in
      said tank.
NUM  9.
PAR  9. The valve of claim 8 in which said pilot valve, when actuated by said
      actuator portion, exposes said second area of said seat to the outlet end
      of said passage.
NUM  10.
PAR  10. A vent and relief valve comprising a valve body in the form of a curved
      elbow having a curved vent passage therethrough of substantially uniform
      diameter; coaxial vent and relief valve members at one end of said passage
      having interengaged seats of diameter at least as great as that of said
      curved vent passage closing said passage and movable in said body to open
      said passage when said vent valve member is moved axially in one direction
      with respect to said relief valve member and when said relief valve member
      is moved axially in the opposite direction with respect to said vent valve
      member; actuator means operatively connected to said vent valve member for
      so moving said vent valve member at will; said relief valve member being
      fluid pressure actuated and being so moved responsive to predetermined
      fluid pressure differential acting on opposite sides thereof; said body
      having a pilot valve at such one end laterally adjacent to said passage
      and movable in said body to selectively communicate a pressure seating
      chamber in said relief valve member with pilot pressure and vent passages
      respectively leading to the upstream and downstream sides of said relief
      valve member.
NUM  11.
PAR  11. The valve of claim 10 wherein said pilot valve is movable responsive to
      predetermined fluid pressure on the upstream side and said chamber of said
      relief valve member to open communication between said chamber and said
      pilot vent passage whereby such fluid pressure acting on the upstream side
      of said relief valve member moves the latter to open said body vent
      passage.
NUM  12.
PAR  12. The valve of claim 11 wherein said pilot vent passage opens into said
      body vent passage.
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PAL  A check valve has a body with a seat therein and a valve plug movable
      toward the seat to closed position and away from the seat to open
      position. The valve plug has a forward face facing toward the seat and
      body inlet and a rear face facing away from the seat and toward the body
      outlet. The plug, at its rear face, has a stem of smaller diameter than
      the rear face so that an annular area of the rear face of the plug is
      exposed rearwardly toward the body inlet. The stem has fins thereon of a
      shape to impede the return flow of fluid relative to the stem in a
      direction toward the seat and thereby assist in rapid closure of the
      valve. The rear face of the plug is concave rearwardly and slopes inwardly
      from its outer periphery toward its axis at a very slight angle to further
      assist in rapid closure, while reducing outward radial components of flow
      of return fluid.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  1. Field of Invention
PAR  Check valves.
PAR  2. Description of Prior Art
PAR  Conventional check valves have a body with a seat therein and a valve plug
      movable toward and away from the seat and guided by a stem at the rear
      face of the plug and extending away from the seat toward the body outlet.
      Generally, the rear face of the plug is flat, or deeply concave for
      purposes of reducing weight. The stem generally is smooth throughout its
      length. As a result of the configuration of the stem and rear face of the
      plug, the return flow of fluid is not applied as effectively as desired
      for assisting in rapid seating of the plug and, consequently, there is a
      tendency for the plug to seat sluggishly, whereas seating as nearly
      instantaneously as possible is desired.
PAC  SUMMARY
PAR  The present check valve has a plug and stem configured to cause the return
      flow to be more effectively applied in a manner to cause more rapid
      seating of the plug than normally occurs in the absence of the special
      configuration, whether the plug is spring seated or not.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a check valve embodying the
      principles of the present invention, parts thereof being shown in
      elevation for clearness in illustration, and the plug being shown in open
      position;
PAR  FIG. 2 is a longitudinal sectional view similar to FIG. 1, showing the plug
      in the closed position;
PAR  FIG. 3 is an enlarged fragmentary longitudinal sectional view of the valve,
      partly in elevation, showing the configuration of the plug and stem for
      increasing the rapidity of seating of the valve plug by return flow of
      fluid; and
PAR  FIG. 4 is a cross sectional view of the plug shown in FIG. 3, and is taken
      on the line 4--4 thereof.
DETD
PAR  The valve shown herein for purposes of illustration is similar to that
      shown in my U.S. Pat. No. 3,756,273, issued Sept. 4, 1973. The valve
      comprises a hollow body 1 having an inlet portion 2 and an outlet portion
      3. In the form illustrated, the inlet portion 2 is connected to the outlet
      portion 3 by threads 4 and the juncture between the portions 2 and 3 is
      sealed by an O-ring seal 5 drawn tightly into sealing relation by a
      threaded collar 6.
PAR  The inlet portion 2 of the body has a seat 7 and an inlet passage 8
      communicating therewith. The outlet portion 3 of the body has a discharge
      passage 9.
PAR  Mounted in the body between the seat 7 and the outlet passage 9 is a plug
      10 which, in the form illustrated, has a forward face 11 which faces the
      inlet passage 8 and which is conical or frusto-conical. An O-ring 12 is
      carried by the plug for effecting sealing relation between the plug 10 and
      the seat 7 when the plug is in its seated or forward position.
PAR  The plug has a rear face 13 and a stem 14 which is coaxial with the plug
      and has a rearwardly extending portion which is reciprocable in, and
      guided loosely by, a suitable spider 15. A compression spring 16 may be
      provided and interposed between the rear face of the plug 10 and the
      spider 15 for biasing the plug to seated position which, in the present
      instance, is one in which the sealing is effected by the O-ring 12 with
      the seat 7, with or without engagement of the forward face 11 of the plug
      10 with the seat 7.
PAR  The structure thus far described is known in the art. It is illustrated,
      for example, in my United States Letters Patent hereinbefore identified.
      Thus, when supply pressure fluid is being introduced through the passage
      8, it unseats the plug 10 against the biasing force of the spring 16 and
      discharges through the outlet passage 9. Upon discontinuance of the input
      flow, the plug 10 is seated by the spring assisted by any return flow or,
      if the valve is arranged with the plug operable upwardly, by gravity and
      the initial return flow.
PAR  It is during closure that the difficulties are encountered. For example,
      assuming there is a substantial return head against which the fluid is
      being pumped, upon discontinuance of the input supply, the return fluid
      bearing against the rear face of the plug and stem urges the plug to
      seating position. However, this return fluid, upon bearing against a rear
      flat face of a plug or against water accumulated in a deeply concave rear
      face, tends to be diverted both inwardly toward the stem and outwardly
      toward the periphery of the rear face of the plug. As a result its force
      is dissipated to some extent in turbulence and the like, and hence does
      not assist in moving the plug toward its seat as rapidly as the return
      flow force could were it more effectively applied. Thus, a direct thrust
      of fluid endwise or parallel to the axis of the plug, upon striking a flat
      rear face of the plug produces components of fluid flow and force directed
      radially outwardly and components of flow and force directed radially
      inwardly, and thereby wasting itself in creating turbulence, whereas it
      would be desirable to utilize this flow and force more effectively for
      returning the plug to seated position.
PAR  To this end, the rear face 13 of the plug is made concave rearwardly of the
      plug. Preferably the rear face is frustoconical, the rear face sloping
      radially inwardly and forwardly of the plug at a relatively small angle.
      For example, in axial section, illustrated in FIG. 3, each element of the
      rear face may slope inwardly toward the axis from its outer periphery
      entirely to the stem at an angle of about 5.degree. with a plane normal to
      the axis of the stem, or outwardly from the axis of the stem at an angle
      of 85.degree.. While 5.degree. from the plane is preferred, this slope may
      range from about 1.degree. to 10.degree., making the angle with the axis
      from about 89.degree. to 80.degree..
PAR  As illustrated in FIG. 3, assuming the force of the return flow upon
      discontinuance of the input is parallel to the plug axis, as indicated at
      F.sub.1, as it strikes the inwardly sloping rear face, its force is
      divided into two components, the smallest one of which is directed
      radially inwardly rather than radially outwardly, and the other of which
      is normal to the rear face. Thus it is divided into a small radial
      component Fr and a large component Fn which is normal to the curved or
      sloping face 13. This reduces the dissipation of the force in turbulenece
      and utilizes more of it for forcing the plug to the seated condition.
PAR  For further assisting in this return of the plug, the stem is provided with
      a plurality of return flow retarders or fins 17 which may be arranged in
      rows extending parallel to the axis of the stem and offset
      circumferentially from each other, with the fins of each row preferably
      staggered endwise of the stem with relation to the finds of the next
      adjacent rows. If desired, the fins may be sloped circumferentially of the
      stem so that the forces imposed by the return fluid tend to rotate the
      stem and plug slightly about their axes between successive seating
      operations.
PAR  The interruption of the flow by the rear faces of the fins results in a
      partial vacuum at the front faces, further assisting in the closing of the
      plug. As a result of the structure described, the flow of return fluid is
      converted to forces tending to seat the valve plug more rapidly.
PAR  Further, if desired, an annular rearwardly open frusto-conical cup-shaped
      flange 19 may be provided on the stem for a like purpose, and the end of
      the stem, as indicated at 20, may have a shallow cup-shape concavity, such
      as provided at the rear face of the plug. Due to the shallowness of the
      concavity on the rear face of the plug, the closing force of the return
      flow is utilized promptly and is not dissipated in churning up fluid and
      the like adjacent the seat.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A check valve comprising a body having a cavity with an inlet and an
      outlet communicating therewith, respectively;
PA1  a seat in the cavity between the inlet and outlet;
PA1  a valve plug member movable generally axially of the seat away from the
      seat in the opening direction and toward the seat in the closing
      direction, said valve plug having a rear face facing downstream away from
      the seat;
PA1  a stem member carried by the valve plug member and coaxial therewith;
PA1  return flow directing means on the plug member and exposed directly to the
      return flow through the valve, and shaped and arranged to render the
      return flow through the valve effective to cause rapid seating of the plug
      member; and
PA1  said return flow directing means comprising a shallow concavity in the rear
      face of the valve member, coaxial with the stem, and extending radially
      outwardly therefrom toward the periphery of said rear face.
NUM  2.
PAR  2. A check valve in accordance with claim 1 wherein the stem has a rear
      face facing downstream away from the seat; and
PA1  the flow directing means further include a shallow concavity in the rear
      face of the stem member coaxial with the stem member and extending
      radially outwardly therefrom toward the periphery of the rear face of said
      stem member.
NUM  3.
PAR  3. A check valve in accordance with claim 1 wherein the flow directing
      means further include fins on the stem member.
NUM  4.
PAR  4. A check valve in accordance with claim 3 wherein the fins have front
      faces which face upstream toward the seat and slope outwardly from the
      stem member rearwardly downstream in the opening direction of the plug.
NUM  5.
PAR  5. A check valve in accordance with claim 3 wherein the fins have rear
      faces facing downstream away from the seat which slope outwardly away from
      the stem member in the opening direction of the plug.
NUM  6.
PAR  6. A check valve in accordance with claim 1 wherein, in axial section of
      the plug member, each element of said rear face, from the stem outwardly,
      is linear.
NUM  7.
PAR  7. A check valve in accordance with claim 6 wherein, in said axial section,
      each said linear element slopes outwardly and rearwardly at an angle of
      about 89.degree. to 80.degree. to the axis of the plug member.
PATN
WKU  039453979
SRC  5
APN  4580281
APT  1
ART  341
APD  19740404
TTL  Plate valve
ISD  19760323
NCL  6
ECL  1
EXP  Nilson; Robert G.
NDR  1
NFG  2
INVT
NAM  Riedel; Albert F.
CTY  Schongau (Lech)
CNT  DT
ASSG
NAM  Hoerbiger Ventilwerke Aktiengesellschaft
CTY  Vienna
CNT  OE
COD  03
PRIR
CNT  OE
APD  19730401
APN  3176/73
CLAS
OCL  137514
XCL  13751621
XCL  137529
EDF  2
ICL  F16K 1508
FSC  137
FSS  512.1;512.15;514;516.11-516.23;529
UREF
PNO  1464837
ISD  19230800
NAM  Wikander
OCL  137516.23
FREF
PNO  279,541
ISD  19271000
CNT  UK
OCL  137516.21
FREF
PNO  788,268
ISD  19571200
CNT  UK
OCL  137516.19
FREF
PNO  550,403
ISD  19430100
CNT  UK
OCL  137516.13
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  A plate valve comprises a domed resilient catcher plate positioned above a
      valve seat to limit the stroke of a valve closure plate controlling fluid
      flow through passages in the valve seat. The catcher plate has its concave
      surface facing the valve seat and is held in position only in the region
      of the valve axis, the outer edge of the catcher plate being free.
BSUM
PAR  This invention relates to plate valves and particularly to automatic
      doughnut shaped disc plate valves, of particular use in reciprocating
      compressors, such valves having an elastic catcher for limiting the
      opening stroke of a closure plate controlling fluid passage channels in a
      valve seat.
PAR  It is conventional for the catcher plate of a doughnut shaped disc plate
      valve to be formed so that it is resilient by being comprised of tin
      plates pressed one over the other in layers and secured against rotation.
      By this means, in contrast to the solid catcher plates used practically
      exclusively hitherto, impact noises are reduced and the danger of plate
      breakage is minimized. However, little success was obtained with catcher
      plates of this type because of the slight dampening effect of the opening
      impacts of the closure plate obtained and because the manufacture and
      assembly of the catcher plate consisting of several plates is complicated.
PAR  The present invention seeks to reduce the danger of breakage of the plate
      components by damping the opening impacts, and of reducing the
      manufacturing costs by simplification and reduction in price of the
      catcher plate.
PAR  The invention provides a plate valve having an elastic catcher plate
      arranged in spaced relationship over a valve seat for limiting the opening
      stroke of a closure plate controlling passage means in the valve seat
      wherein the catcher plate is formed as a domed spring with its concave
      surface facing the valve seat. The catcher plate is fixedly clamped in the
      region of the valve axis in spaced relationship from the valve seat and
      having free outer edge portions.
PAR  The catcher plate thus consists not of merely a few elastic flat plates
      placed one over the other, but is itself formed as a flexible plate-shaped
      spring which is clamped only at its inner edge and at its outer edge can
      move freely so that by elastic yielding it catches the closure plate and
      any further plate components, in particular the spring plates. The catcher
      plate is preferably of parabolic shape which makes its spring
      characteristic progressive, whereby the damping behaviour is still further
      improved. Since the hollow or concave surface of the catcher faces the
      valve seat, the edge of the closure plate most likely to break meets the
      catcher first, with the result that wobbling movements are moderated and
      the closure plate itself is elastically deformed by the sagging of its
      central region which leads to a further reduction of the movement energy.
      At the beginning of the closure movement of the closure plate the
      elastically deformed catcher plate supports the closing forces so that the
      closure movement is initiated promptly. In detaching themselves from the
      catcher surface the entire surface of the closure plate and any further
      plates is not involved simultaneously; the detaching process begins at the
      inner edge because of the domed shape of the catcher and progresses
      radially outwards, thus minimizing the risk of late closures that could
      occur with the use of flat catcher plates by the adhesion of the plates
      with the catcher plate surface, for instance if there is oil or some other
      fluid between the plates. The domed plate used as a catcher plate is
      inexpensive to manufacture and can be simply mounted.
PAR  With solid rigid catcher plates it is conventional for the impact surface
      facing the valve seat to be conical. Thus, the stroke of the closure plate
      at the outer edge is made smaller in order to reduce the risk of breakage.
      This results in a reduction in the flowthrough cross-section of the valve
      at its outer edge. Moreover, because of the rigid catcher plate it is not
      possible to achieve satisfactory damping of the impact.
PAR  According to a preferred form of the invention the height of the elastic
      catcher member in the direction of the valve axis amounts to 40-60% of the
      stroke of the closure plate. Tests have shown that with this construction
      it is possible to obtain an advantageous stroke movement of the closure
      plate with satisfactory damping of the opening impact and initiation of
      the closure movement taking place at the correct point of time, without
      the timely opening of the valve being prevented by the resilient catcher
      plate. Preferably, the stiffness of the domed spring forming the catcher
      is such that under the influence of the impact energy of the closure plate
      and of the flow forces it is deformed approximately in one plane during
      the opening stroke, so that the valve has the maximum throughflow
      cross-section. The attainment of this result is facilitated by the closure
      plate and any further plates arranged in the valve impinging on the
      fixedly clamped inner edge of the catcher plate as soon as the catcher
      plate reaches the flat position. Also, when this position is exceeded, the
      closure plate and attendant structure deform themselves plate-like and by
      their own elasticity counteract any further movement. Consequently, the
      necessary spring force of the domed catcher plate can therefore be
      achieved with a catcher plate that is as thick, or only insignificantly
      thicker than, the closure plate. In a further development of the invention
      flexible spring arms, ring sections or the like, can be bent outwardly of
      the catcher plate towards the valve seat, which press the closure plate on
      to the valve seat. In this arrangement the elastic catcher plate also
      takes over the task of making the valve resilient so that its own closure
      springs can be omitted.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIGS. 1 and 2 are both axial sections through alternative forms of doughnut
      shaped disc plate valves according to the invention.
DETD
PAR  In the embodiment according to FIG. 1 there is a valve seat 1 having
      passage channels 2 controlled by a slidingly carried closure plate 3. In
      the closed position the closure plate 3 rests on the valve seat 1. The
      sliding of plate 3 takes place on a guide ring 4 fixed to the valve seat 1
      by a screw 5 and a nut 6. Between the guide ring 4 and the nut 6 are
      fixedly clamped a spring plate 7 and a catcher plate 8. Flexible spring
      arms 9 are bent out of the spring plate 7 and rest on the closure plate 3
      to press plate 3 resiliently against the valve seat 1.
PAR  The catcher plate 8 is formed as a domed spring with its concave side
      facing the valve seat 1. The dome shape of the catcher plate is preferably
      parabolic. The height of the catcher plate 8 measured in the direction of
      the valve axis amounts to approximately half the stroke of the closure
      plate 3 at the periphery of the guide ring 4. The spring plate 7, which
      when assembled can be flat and is considerably thinner than the catcher
      plate 8, conforms closely to the catcher plate by reason of its own
      elasticity. Over the outer edge of the closure plate 3 there thus lies at
      approximately half the stroke height, the edge of the catcher plate 8 with
      the spring plate 7 abutting against it. Since the catcher plate 8 is
      fixedly clamped at the valve seat axis only by its inner edge, its outer
      edge projects freely towards the valve seat 1 and can move freely
      elastically in the stroke direction of the closure plate 3. The thickness
      of the catcher plate 8 coincides approximately to that of the closure
      plate 3.
PAR  When the closure plate 3, affected by a pressure medium striking upon it
      through the passage channels 2, is lifted from the valve seat 1, it slides
      along the guide ring 4 upwards against the force of the spring arms 9.
      When this happens its outer edge meets the outer edge first of the catcher
      plate 8 and/or of the spring plate 7 positioned in front of it. The
      catcher plate 8 is thereby elastically bent upwardly, the closure plate 3
      coming into contact with the catcher assembly progressively from the
      outside inwardly. The closure plate 3 is thereby elastically caught so
      that an effective damping of the opening movement is achieved. With a
      parabolic construction of the catcher plate its spring characteristic and
      thereby the damping effect is progressively amplified. As soon as the
      inner edge of the closure plate 7 has executed the complete stroke, and at
      the top end of the stroke strikes against the catcher 8 or against the
      spring plate 7 which is clamped to the catcher plate, the elasticity of
      the closure plate 3 counteracts any further upward movement of the outer
      region of the closure plate 3. In this manner the damping force is
      considerably increased still further. In the top position of the closure
      plate 3 and the catcher plate 8 then takes up an approximately flat
      position.
PAR  Closure of the plate 3 takes place under the effect of the force of the
      elastically deformed catcher plate 8, the spring arms 9 and fluid flow
      forces in the reverse direction, whereby the inner edge of the closure
      plate 3 first detaches itself from the catcher plate 8 and from the spring
      plate 7. In the upper or top end position of the closure plate 3 and
      comparatively large closure force acts on it so that a timely initiation
      of the closure movement is ensured. By the detaching of the closure plate
      3 from the spring plate 7 and from the catcher plate 8, beginning at the
      inner edge and continuing radially outwardly, adhesion effects are
      minimized. This adhesion effect is the result of valves becoming smeared
      by the presence of an oil film between the plates and can lead to late
      closure, which results in the closure plate 3 striking hard on the valve
      seat 1 and thereby considerably increasing the risk of breakage. Since the
      spring arms 9 of the spring plate 7 only have the task of ensuring that
      the valve is closed securely and remains closed even in a pressure-less
      state, they can have comparatively slight rigidity with the result that
      early opening of the closure plate 3 under the effect of the flow forces
      can be obtained.
PAR  The elastic catcher plate 8 formed as a domed spring can be used in suction
      valves and also in pressure valves. Apart from its use in automatic plate
      valves of reciprocating compressors, it is also possible to use it in
      plate valves for other purposes, for instant in non-return valves in
      pressure lines and the like. The closure plate 3 can also be carried in a
      substantially friction free manner by flexible guides formed on the plate
      or by its own guide plate. If in this connection the forces exerted by the
      guides on the closure plate 3 press the closure plate 3 on to the valve
      seat 1, its own spring plate can be omitted. Damping plates with rigid
      catcher plates customarily used for damping the opening strokes of the
      closure plate can be omitted since the problem of damping is taken over by
      the domed elastic catcher plate. The rigidity of the domed catcher plate 8
      can be selected to meet requirements and is advantageously so dimensioned
      that the catcher plate lies approximately in one plane in the upper end
      position of the closure plate 3.
PAR  FIG. 2 shows an alternative embodiment in which the spring plate 7 is
      omitted and in its place flexible spring arms 10 are bent out of the
      catcher plate 8 towards the valve seat 1. The spring arms 10 press the
      closure plate 3 on to the valve seat 1 so that its own closure spring is
      not required. The spring arms 10 can consist of separated ring sections of
      the catcher plate. Also ring sections can be formed out of the catcher
      plate as spring elements without separation. In this case also the catcher
      plate takes over the task of the closure spring system of the valve.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plate valve, comprising:
PA1  a valve seat including passage means;
PA1  a flexible closure plate for controlling the flow of a fluid through said
      passage means;
PA1  a resilient catcher plate for limiting the opening stroke of said closure
      plate, said catcher plate is in the form of a domed spring with the
      concave surface thereof facing said valve seat for biasing said closure
      plate to close said passage means, said catcher plate being mounted at its
      central portion only along a central axis of said plate valve and
      extending in spaced relation over said valve seat; and
PA1  whereby said flexible closure plate and said resilient catcher plate
      provide dampening for the initial opening of said passage means and the
      elastic deformation of said catcher plate provides an initial closing
      force for said closure plate.
NUM  2.
PAR  2. A plate valve as in claim 1 wherein said catcher plate further includes
      at least one free outer edge portion engaging said closure plate and
      movable in the direction of the stroke motion of said closure plate.
NUM  3.
PAR  3. A valve according to claim 2 wherein said catcher plate has a parabolic
      form.
NUM  4.
PAR  4. A valve according to claim 2 wherein the distance between the central
      portion and the outer edge of said catcher plate in the direction of the
      valve stroke motion of the closure plate is about 40-60% of the stroke of
      the closure plate.
NUM  5.
PAR  5. A valve according to claim 2 wherein said catcher plate includes
      flexible spring members bent towards said valve seat for pressing said
      closure plate thereon.
NUM  6.
PAR  6. A plate valve as in claim 1 further comprising a spring plate mounted
      between said catcher plate and said closure plate and including at least
      one resilient projection engaging said closure plate for closing said
      passage means.
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ABST
PAL  The invention provides an unbalanced, butterfly check valve including a
      hollow main body member having a frusto-conical valve seat disposed
      interiorly therein, and a valve closure member in the form of a generally
      circular plate having a frusto-conical periphery conforming to the valve
      seat; the valve closure member is disposed for pivotal movement about an
      axis normal to the axis of the main body member and laterally offset from
      the center thereof. The center of gravity of the valve closure member
      biases the same to the closed position and is located such that the torque
      required to open the valve decreases as the closure member moves from its
      closed position to its open position. The closure member may be also
      fluid-dynamically profiled so as to remain open in response to a minimum
      flow condition and to rapidly become closed upon the occurrence in a
      change in flow direction.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 375,006, filed June
      29, 1973, now abandoned, which is a continuation of application Ser. No.
      280,178, filed Aug. 14, 1972, now abandoned, which is a continuation of
      application Ser. No. 43,847, filed June 5, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to improvements in check valves, such as those
      suitable for use with high velocity, high pressure fluid systems, and more
      particularly, to such valve assemblies having a valve closure element
      exhibiting improved operating characteristics and fluid dynamic response.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Various types of check valves, butterfly valves and the like, have long
      been well known and are used in many diversified applications. For these
      different applications, the valve assemblies range from those which are
      extremely small and made of lightweight material, such as plastic and
      aluminum, to those which are quite massive in size and are made of cast
      metal. While such larger valve assemblies are inherently more difficult to
      handle, both large and small check valves exhibit certain common
      characteristics and have certain desirable features the attainment of
      which has presented serious problems to the valve engineer, as well as the
      ultimate user.
PAR  For example, valve assemblies heretofore available have typically exhibited
      characteristics such that the valve closure members thereof tend to
      oscillate and, in certain cases, cause rapid deterioration and failure in
      operation. Also, check valves of the prior art have failed to recognize
      the fluid dynamics involved in a valving operation and often seriously
      impede fluid flow even in the desired direction. While early attempts to
      remedy some of these deficiencies as well as many others have resulted in
      improved valve designs, a check valve assembly having a design which takes
      into consideration the dynamics of fluid flowing therethrough and has a
      natural tendency to resist oscillation has heretofore been unavailable.
PAR  In considering the prior art, it may be illustrative to briefly trace the
      history of the development of the modern check valve. Initially, it was
      felt that the easiest way to produce a check valve would be to provide a
      flat, annular seat whose axis coincides with that of a flow path, such as
      that within a pipe, and to additionally provide a circular flat plate for
      cooperation with the flat seat. The flat plate closure member was then
      typically journaled for rotation about an axis normal to the axis of the
      valve seat and placed outside the flow path, typically on or about the
      periphery of the seat. In this manner, forward flow would force the flat
      plate to open away from the annular seat and reverse flow would cause the
      plate to firmly engage the seat thereby closing the valve.
PAR  While the foregoing valve arrangement was believed to be a satisfactory
      solution, it was soon recognized that the same exhibited a serious
      disadvantageous characteristic, namely, under steady flow conditions the
      valve tended to oscillate causing severe damage to the valve seat during
      operation. Of course, it should be further appreciated that this
      oscillation of the valve plate often had destructive consequences
      especially in cases where the valve closure member itself had a three or
      four foot diameter and weighed approximately 1000 pounds. The natural
      solution to this problem was to equip the valve assembly with an
      appropriate damping mechanism; however, this obviously increased the cost
      and complexity of the overall system and treated the symptoms rather than
      the problem.
PAR  The valve engineer, in attempting to overcome the problems outlined above,
      moved to a second generation check valve of the type exemplified by U.S.
      Pat. No. 1,744,798. This type of valve arrangement moved the axis of
      rotation of the valve member from its position adjacent or outside the
      periphery of the valve seat to a position within the valve seat but
      slightly offset from the valve center line. This, of course, had an affect
      in reducing the high torque required to maintain the valve closure member
      in a fully open position, but nevertheless failed to eliminate the
      oscillation problem exhibited by previously available devices. Moreover,
      the oscillation problem became even more critical since the second
      generation check valves had a frusto-conical seat designed to provide a
      direct metal-to-metal contact with a conforming frusto-conical edge of the
      closure member. This arrangement requires that critical tolerances be
      maintained, and such tolerances are incapable of being continuously met
      under conditions where oscillation of the valve exists. Again, it became
      necessary to equip these valves with damping arrangements in order to
      reduce the oscillations and maintain the valves in proper working
      condition.
PAR  While the foregoing development of check valves resulted in certain
      improvements, it failed to provide a fully satisfactory assembly which
      eliminated the need for an associated damping mechanism. This is due
      primarily to the fact that prior to the present invention, the check valve
      designs of the prior art did not take into consideration the fluid
      dynamics which exist in a situation requiring the provision of a check
      valve and, in fact, exhibited the reverse characteristics to those
      normally desired. In other words, when the valve is closed, a high
      pressure differential exists across the closure member while no flow
      occurs; on the other hand, with the valve open, no pressure differential
      exists while a high flow situation is established. Thus, the fluid
      pressure available to perform work is maximum when the valve is closed and
      decreases to a minimum when the valve is fully opened. The prior art valve
      exhibited characteristics such that the torque required to initially open
      the same was small and increased to a rather large value. It can therefore
      be appreciated that the fluid pressure was at its minimum point when the
      prior art valves necessitated that the maximum torque be exerted. The
      present invention has thus recognized the essential or basic problem which
      has plagued the prior art in producing valves which oscillate in
      operation, and has provided an effective solution to the problem in the
      form of a valve design in which the torque necessary to open the valve
      decreases, rather than increases, as the same opens from its closed
      position.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to construct a valve
      assembly having a valve closure member which exhibits a center of gravity
      such that the torque required to open the same decreases as the valve
      member moves from its closed position to its open position.
PAR  The present invention may be summarized in that there is provided a check
      valve of the butterfly type constructed in accordance with the geometrical
      principle that the center of gravity of the valve member must remain on
      the same side of a vertical plane bisecting the valve member pivotal axis
      both when the valve member is fully closed and when it is fully open.
      Specifically, there is provided a check valve in which the closure member
      is free to rotate about a substantially horizontal axis from a fully open
      position parallel to the valve bore axis to a closed position
      perpendicular to the valve bore, with the closure member having a shorter
      one of its two wings made heavier than its longer wing so that it assumes
      the closed position when there is no fluid flow through the valve bore.
PAR  Preferably the bore of the valve body is so shaped that the periphery of
      the longer wing of the closure member passes in close proximity to the
      interior of the bore in moving from the closed position over a
      considerable arc of movement. In this way, fluid pressure tending to open
      the valve is virtually contained in front of the longer wing over an
      initial movement from the closed position and thus applies a desirable
      large opening torque. The extra weight of the shorter wing of the closure
      member is preferably derived from a thickening of the profile of that
      number, giving it an airfoil configuration.
PAR  The present invention may be summarized in that a valve assembly includes a
      hollow, main body member having a frusto-conical valve seat disposed
      interiorally therein, and a valve member in the form of a generally
      circular disc having a frusto-conical periphery conforming to the valve
      seat, the valve being disposed for pivotal movement about an axis normal
      to the axis of the main body member but offset from the transverse center
      thereof, and having a center of gravity located such that the torque
      required to open the valve decreases as the valve moves from its closed
      position to its open position.
PAR  The present invention exhibits numerous material advantages over the prior
      art in that it has fluid dynamic characteristics which closely match those
      existing within the valve, that valve oscillation is eliminated without
      the use of complex and expensive damping mechanisms, and that torque
      requirements for opening the valve are substantially independent of the
      size of the valve assembly or the weight of the various component parts
      thereof.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiments when taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central vertical sectional view of a valve assembly in
      accordance with the present invention in the open position;
PAR  FIG. 2 is an end elevational view, partially in section, of the valve of
      FIG. 1;
PAR  FIG. 3 is a central vertical sectional view of another embodiment of the
      valve assembly of the present invention in the open position;
PAR  FIG. 4 is an end elevational view, partially in section, of the valve of
      FIG. 3;
PAR  FIG. 5 is a diagrammatic sectional view illustrating the torque variation
      characteristic of the valves of the present invention; and
PAR  FIG. 6 is a graphical representation of the focus of the center of gravity
      of the valve members of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, a first embodiment of a valve assembly
      according to the present invention includes a hollow, main body member B
      formed with a frusto-conical seat S for engagement by complimentary
      frusto-conical face F of a valve closure disc D, which is journaled at
      each side for free pivotal movement on trunions T.sub.1 and T.sub.2,
      respectively. Trunions T.sub.1 and T.sub.2 have a common horizontal axis
      which is located, normal to the axis of seat S, in a position slightly
      displaced or offset from the valve center line or true diameter a distance
      less than the radius of the valve disc D such that the disc has shorter
      and longer wings W.sub.1 and W.sub.2, respectively, and is adapted to
      progressively move into firm, sealing engagement with the seat as the disc
      is rotated from open to closed positions. Pins P protruding from main body
      number B into the generally cylindrical bore therein act as stops to
      define the fully open position of the valve, parallel to the axis of the
      valve body bore.
PAR  The shorter wing W.sub.1 of the disc closure member D can be seen to have a
      thicker profile and is thus heavier than the tail or longer wing W.sub.2,
      so that the valve normally assumes the closed position. The center of
      gravity A, FIGS. 5 and 6, is preferably disposed within a segment of about
      30.degree. to 45.degree. below the horizontal plane H bisecting the axis
      of trunions T.sub.1 and T.sub.2, such disposition producing superior
      results in operation. The valve body B is internally sculptured or cut out
      over its upper part in such a manner that the periphery of the upper or
      longer wing W.sub.2 of the closure member D traverses an arc, indicated in
      phantom lines, which is in close proximity to the inner surface of the
      main body B through the first 45.degree. of the disc's full 90.degree.
      travel from closed to open positions. The axis of rotation of the disc is
      disposed with respect to the angle defined by the frusto-conical seat S
      and the width of the seat such that the closure member D drops by tilting
      movement truly into and lifts by reversed movement accurately from the
      seat without any rubbing action.
PAR  In the closed position, the pressure differential across the valve disc D
      acts upon the longer wing W.sub.2 to tend to open the disc and also acts
      against the shorter wing W.sub.1 to tend to close the disc. In view of the
      larger area of the longer wing W.sub.2 compared with the shorter wing
      W.sub.1, a net torque is developed which tends to cause the valve D to
      open to the position illustrated in FIG. 1. The net opening torque is
      greater than the inherent closing torque provided by the center of gravity
      A, FIGS. 5 and 6, being located within the shorter wing W.sub.1. Once the
      valve is opened, the fluid flow across the opened disc D causes it to
      remain open since the flow stream acts continuously over the larger upper
      wing W.sub.2 to apply a strong opening force.
PAR  If the once established flow should cease, the heavier, shorter wing
      W.sub.1 will cause the development of a closing torque thereby resulting
      in disc D being rotated back to its closed position. Furthermore, if the
      flow should reverse in direction, the center of gravity developed closing
      torque will be further assisted by the large fluid dynamic reverse torque
      caused by the fluid reaction against the larger wing W.sub.2 in the
      reverse direction. The overall geometry outlined, gives the valve a rapid
      snap opening and smooth, progressive, slam-free closure movement enabling
      it to be used on all modern, high velocity, high pressure systems. In
      addition, the valve assembly of the present invention has inherent
      self-cleaning action because sediment, sludge, etc. which tends to settle
      in front of the lower wing W.sub.1, is moved by the sweeping forward
      motion of wing W.sub.1 when the valve opens. Thus, the present valve
      assembly can be used with contaminated fluids without damage.
PAR  Referring to FIGS. 3 and 4, an alternative embodiment is illustrated,
      wherein identical or primed characters are used to identify corresponding
      parts to those of the embodiment of FIGS. 1 and 2. In the embodiment of
      FIGS. 3 and 4, there is disposed within main body member B a valve disc D'
      which has a heavier, thickened profile shorter wing W.sub.1 ', giving it
      an aerodynamic shape not unlike that of an aircraft wing. The trailing
      larger wing W.sub.2 ' of the disc D' is upwardly bowed or inclined so as
      to create a shallow concave pocket C in such larger wing. Member D' thus
      has a convex bottom surface, and defines an upper surface having a leading
      portion which is convex and a trailing portion which is concave. In
      addition to the aerodynamic or airfoil configuration of the disc D', the
      pins P of the embodiment of FIGS. 1 and 2 are replaced by a pair of legs
      L.sub.1 and L.sub.2 protruding rearwardly and slightly outwardly from each
      of the bearings journaled on trunions T.sub.1 and T.sub.2, respectively.
      Legs L.sub.1 and L.sub.2 are adapted to cooperate with an interior surface
      of the bore of main body member B to define the limit or open positon of
      the disc D'.
PAR  The operation of the valve assembly of FIGS. 3 and 4 is identical to that
      of the embodiment of FIGS. 1 and 2 with the exception that the airfoil
      shape of the disc D' exhibits certain advantageous characteristics when
      used with certain types of fluids and fluid flow conditions. The valve
      assembly of FIGS. 3 and 4 is particularly well suited when rapid action is
      desired and control is necessary for extremely low fluid flow rates where
      the flow stream maintaining the valve open is relatively weak. The airfoil
      shape of the valve disc D' acts to keep the valve open and, if the flow
      should reverse, causes a more rapid closing movement. It is to be noted
      that such rapid closing action is due not only to the inclined nature of
      the larger wing W.sub.2 ' of the valve disc D' but further due to the
      negative pressure caused by reverse flow past the concave pocket C.
PAR  The essential principles of operation of the valve assemblies FIGS. 1
      through 4 may be more fully appreciated with reference to the diagrammatic
      sectional view of FIG. 5. When the valve is in the closed position, shown
      in solid lines, the center of gravity of the closure member will be at
      point A and will act over a distance R to develop an initial torque which
      tends to keep the valve disc closed. This biasing force must be overcome
      by the pressure differential acting against the valve disc if it is
      desired to open the valve and develop a fluid flow therethrough. Once the
      valve is opened, as shown in dashed lines, the center of gravity of the
      disc closure member will have moved to point A' and will thereafter act
      over a lesser distance r to produce a lesser torque to bias the valve
      toward its closed position.
PAR  It can be appreciated that since the weight of the valve closure member
      does not change, the torque tending to bias the valve closed is greater
      when the valve is in its closed position (valve mass times R) and is
      smallest when the valve is fully opened (valve mass times r). This
      corresponds precisely to the fluid dynamic conditions which will be
      experienced by the valve in operation. In other words, when the valve disc
      is closed, a maximum pressure differential will exist across the valve
      such that the maximum opening torque will be developed by the fluid.
      Likewise, when the valve is fully opened, the least pressure differential
      will exist across the valve and the least opening torque will be available
      to counteract the biasing torque of the valve disc. Therefore, as the
      pressure differential of the fluid decreases upon opening of the valve,
      the torque required to maintain the valve of the present invention open
      likewise decreases whereupon a stable, non-oscillating situation will be
      maintained.
PAR  The decreasing torque characteristic described above, which, in accordance
      with the present invention, preclude the establishment of oscillations
      within the valve assembly, has never before been recognized and is the
      precise opposite to the principle of operation of check valves typical of
      the prior art. Therefore, the described embodiments, in accordance with
      the teachings of the present invention, structurally provide for the
      necessary decreasing torque to match the actual fluid dynamic
      characteristics of the flow stream and are considered to represent a
      material advance in the art.
PAR  Furthermore, and referring to FIG. 6, it has been found that a range of
      loci exist for the center of gravity of the valve members D and D', which
      produce superior results in operation. This range is defined in that the
      center of gravity is located on the same side of the vertical plane V
      bisecting the axis X of trunions T.sub.1 and T.sub.2 whether the valve is
      opened or closed. Also, the center of gravity is disposed preferably
      within a segment of from about 30.degree. below the horizontal bisecting
      plane H (point A.sub.1) but may be within a segment up to 45.degree. below
      plane H (point A) when the valve member D (or D') is in the closed
      position. Since points A.sub.1 and A.sub.2 move to points A.sub.1 ' and
      A.sub.2 ', respectively, when the valve opens, it can be appreciated that
      in order to provide the valve with a decreasing torque when going from
      closed to open positions, the upper limit of 45.degree. (point A.sub.2)
      should not be reached or exceeded so as to assure that the horizontal
      distance of point A.sub.2 from plane V will always be greater than the
      horizontal distance of point A.sub.2 ' from plane V. Likewise, the point
      A.sub.1 should be below plane H so that the center of gravity will not
      pass into or beyond plane V when the valve is opened. In other words,
      optimum and superior results will be obtained if the center of gravity
      lies within a limited segment of greater than 0.degree. (horizontal plane
      H) and less than 45.degree..
PAR  Inasmuch as the present invention is subject to many variations,
      modifications and changes in detail, it is intended that all matter
      contained in the foregoing description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve assembly comprising:
PA1  a hollow, main body member disposed on a generally horizontal axis;
PA1  a frusto-conical valve seat disposed interiorly of said main body member;
      and
PA1  a circular closure member having a frusto-conical periphery conforming to
      said frusto-conical valve seat, said closure member being journalized in
      said main body member for rotation about a horizontal axis normal to the
      direction of the axis of said valve seat, said axis of rotation being
      displaced from a diameter of said closure member a distance less than the
      radius of said member,
PA1  said closure member having a weight distribution such that the center of
      gravity thereof remains on one side of a vertical plane including said
      axis of rotation throughout the entire range of movement of said member
      and acts through a progressively decreasing moment arm as said member
      rotates toward a horizontal open position so as to develop a
      correspondingly decreasing closing, biasing torque.
NUM  2.
PAR  2. A valve assembly according to claim 1 wherein said axis of rotation is
      disposed with respect to the angle defined by said frusto-conical seat and
      the width of said seat such that said closure member drops by tilting
      movement truly into and lifts by reversed movement accurately from said
      seat without any rubbing action.
NUM  3.
PAR  3. A valve assembly according to claim 1 wherein the hollow interior of
      said main body member is shaped to closely accommodate the arc traversed
      by the periphery of a longer wing of said closure member over a
      considerable angle of movement from the closed position.
NUM  4.
PAR  4. A valve assembly according to claim 1, wherein a shorter wing of said
      closure member is made heavier than the longer wing thereof by a
      thickening of the profile of said member giving it an airfoil
      configuration.
NUM  5.
PAR  5. A valve assembly according to claim 1 wherein said closure member
      defines a concave pocket in a surface thereof which is at the top when
      said member is horizontally disposed.
NUM  6.
PAR  6. A valve assembly according to claim 1 wherein a longer wing of said
      closure member is upwardly inclined when said member is horizontally
      disposed.
NUM  7.
PAR  7. A valve assembly according to claim 1 wherein said closure member
      includes at least one protruding stop member for coaction with an interior
      surface of said main body member.
NUM  8.
PAR  8. A valve assembly according to claim 1 wherein said closure member has a
      convex surface which is at the bottom when said member is horizontally
      disposed.
NUM  9.
PAR  9. A valve assembly according to claim 1 wherein said closure member
      defines a surface which is at the top when said member is horizontally
      disposed, said surface having a leading portion which is convex and a
      trailing protion which is concave.
NUM  10.
PAR  10. Valve assembly according to claim 9 wherein the surface which is at the
      bottom when said closure member is horizontally disposed is convex.
NUM  11.
PAR  11. A valve assembly according to claim 1 wherein said center of gravity is
      located within a segment of about 30.degree. below a horizontal plane
      including said axis of rotation.
NUM  12.
PAR  12. A valve assembly according to claim 1 wherein said center of gravity is
      located at an angle with respect to said axis of rotation within about
      45.degree. below a horizontal plane bisecting said axis of rotation.
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ABST
PAL  This disclosure relates to a electrically modulated regulation valve for
      hydraulic systems, said valve essentially comprising a slider-shutter of
      complex shape, whose length is considerable with respect to its diameter
      and is housed, along an appreciable fraction of its length, in an outflow
      channel, the latter being cylindrical with two different internal
      diameters and offering a guiding surface for the slider-shutter. The
      slider-shutter has a prolonged conical portion from which a cylindrical
      rod extends, having properly shaped projections which act as guiding
      members. The advantage achieved is a most accurate regulation of the
      hydraulic pressure.
BSUM
PAR  This invention relates to pressure regulators for fluid-dynamic controls of
      the continually actuated by a variable-intensity electric signal and, more
      particularly to, valves in which the regulation of hydraulic flow is
      carried out by means of a slider which acts as a shutter and which is
      properly positioned by control members so as partially to close a
      passageway port and, consequently to impress a continuously adjustable
      pressure drop on the flow which passes through said port: such slider
      being capable of assuming a number of stable positions due to the combined
      action of the hydraulic flow, of a properly energized electromagnetic
      member, and of two springs. Such a regulator will be called hereinafter an
      electrically modulated hydraulic-pressure regulating valve.
PAR  For fluid-dynamic controls (hydraulic and oil-type) it is intended that a
      control be effected by any appropriate liquid fluid, other than oil,
      providing that it has certain lubricating properties, and more
      particularly by nonflammable synthetic liquids (phosphoric esters and/or
      chlorinated hydrocarbons), synthetic liquids in general, mixtures of water
      and glycols, oil-water mixtures and the like.
PAR  The possibility of modulating the hydraulic magnitudes in a continuous
      manner permits one to achieve functional and operative improvements in all
      the machinery and apparatus which use the hydraulic approach for their
      operability. In addition, it is important that the variation might be
      obtained by acting upon the valve by means of a variable electric signal,
      since the electric signal can conveniently be produced by automatic
      electric and/or electronic systems.
PAR  The electrically modulated hydraulic regulating valve, which is the subject
      of the present invention, exploits, to effect the regulation of fluid
      pressure, the known principle of the conical shutter acting on a planar
      seat, the thrust which is required to balance the hydraulic force being
      supplied by an electromagnet which is capable of producing a thrust which
      is proportional to the current flowing through the coil thereof. By so
      regulating the current flowing through the electromagnet's coil, the
      thrust on the shutter is adjusted and concurrently the pressure drop
      impressed on the fluid flow running about the shutter, or, as an
      alternative, the flow is impeded by closing the shutter against its seat.
      The regulating valve according to the present invention distinguishes over
      the conventional constructional arrangements in the shape of the
      slider-shutter and the special electromagnetic member which acts, with a
      thrust action, upon said slider-shutter.
PAR  The electrically modulated hydraulic regulators as conventionally known up
      to now are essentially formed by a shutter of conical shape whose front
      portion (sharp portion of the cone) occupies a circular cylindrical
      channel whose diameter is generally equal to about the average diameter of
      the cone. Through said channel the pressurized fluid flows and thus
      impresses a thrust with an axial resultant on the front portion of the
      shutter. This thrust is balanced by the action of an electromagnetic
      member which, through appropriate mechanical intermediates, imparts to the
      rear portion of the shutter an axial thrust directed in the opposite
      direction. These mechanical intermediates are generally formed by a
      cylindrical rod which is integral with the rear portion of the shutter
      which, thus, has a general mushroom-like shape.
PAR  Inasmuch as the shutter (movable portion) can slide relative to the channel
      under the action of the hydraulc thrust and the urge of the
      electromagnetic thrust means, the channel being a part of the valve body
      (fixed portion), the shutter must have mechanical guides which may include
      the rod, which is the shutter's stem, sliding over appropriate fixed
      supporting members. Generally, the rod is contained within a hollow
      cylindrical body having an appropriate length.
PAR  The drawbacks of such an approach are numerous and are essentially
      connected with the shape and mode of guiding the rod-shutter member; this
      member, in fact, has a very elongate shape with a conically shaped
      extension in its distal portion.
PAR  The position of the shutter is a result of the balance between the force
      originated by the hydraulic pressure acting upon the lateral surface of
      the cone (action) and the force as generated by the electromagnet
      (reaction) against said first-named force.
PAR  Since the thrust cross-section against which the hydraulic pressure is
      active is considerable, the thrust force can take, when operating with
      high pressures, very high magnitudes and thus the electromagnetic member
      is required to supply a considerably high thrust.
PAR  The shutter-rod assembly is subjected to high compressive stresses which
      could cause detrimental bendings of the rod, with the result being
      distributed along the guiding member. In addition, the bending of the rod
      causes the misalignment of the cone relative to the channel axis so that
      sliding of the cone during its axial motion may occur.
PAR  The above indicated approach for guiding the rod makes it difficult to
      achieve a satisfactory alignment between the guide, the rod and the
      channel and, in addition, compels the cone to work in a cantilever fashion
      according to a configuration which is incapable of withstanding radial
      resultant forces, so that the cone is exposed to vibrations a direction
      perpendicular to its own axis.
PAR  No means have been provided for stabilizing the rod-shutter assembly in
      order to dampen the vibrations in the axial direction and this results
      variations in the flow section for the fluid and pressure pulsations. The
      regulation is thus inaccurate and the material of the shutter becomes
      weakened and worn out within a comparatively short time.
PAR  An object of the present invention is to provide an electrically modulated
      hydraulic regulator which does away with the above enumerated
      constructional and functional defects and affords a number of other
      advantages.
PAR  The regulation valve in question, to this purpose, is characterized in that
      it comprises a slider-shutter having a complex shape, a length which is
      considerable with respect to the diameters and such as to permit the
      housing thereof, along a considerable fraction of its length, in the
      outflow channel which has a circular cylindrical shape with two slightly
      different diameters and which channel is also the guiding member in which
      the slider-shutter can be supported for sliding movement.
PAR  The slider-shutter is essentially constituted by a conical member which is
      extended, in its peak portion, by a concentrical rod which has projections
      of an appropriate shape, these projections contacting the internal surface
      of the outflow channel and acting as guiding members.
PAR  Inasmuch as one of the guiding members is made in the shape of a piston
      which slides, in a pressure-tight manner, within the outflow channel in
      the lesser-diameter area, between said piston-like member and the conical
      shutter member which is present in the larger-diameter area, a chamber is
      formed in which there is fluid under pressure. The pressure, by acting on
      both of the closure walls of said chamber, generates thrusts whose
      resultant forces are coaxial, directed in opposite directions and
      impressing a stretching action upon the slider-shutter body in the area
      disposed between the shutter member and the piston-like guiding member.
PAR  This expedient is such that there cannot be generated, in the portion of
      slider-shutter body in which the guiding means are active, any compressive
      or bending force, and the thrust which is required of the electromagnetic
      member to balance the slider-shutter is very slight since it is
      proportional to the hydraulic pressure and only to the cross-sectional
      differential of the cross-sections of the outflow channel.
PAR  The slider-shutter body has such a shape that in its elongate portion,
      interposed between the shutter member and the piston-like guiding member,
      there is only a prismatic projection whose straight cross-section can
      exactly be inscribed in a circle having a diameter equal to the inside
      diameter of the outflow channel, and thus the prismatic member in question
      has more than one generating line (at least three) in contact with the
      inner surface of the outflow channel. Thus it forms the second guiding
      member for the slider-shutter member in its movement within the outflow
      channel.
PAR  This approach is such, by maintaining the slider constantly guided along
      two portions of a generating line placed at a considerable distance from
      one another, as to prevent the occurrence of movements or vibrations in a
      radial direction relative to the axis of the slider-shutter body.
PAR  The slider-shutter has means of its own for dampening possible vibrations
      in the axial direction, these means being embodied in a channel formed
      internally of the slider-shutter body and lying in an axial and
      concentrical direction and connecting two hydraulic chambers. Of these
      chambers, one is closed and its volume is varied as the position of the
      slider-shutter is varied.
PAR  The oil-bath electromagnetic member is of a special make: its movable
      magnetic armature, like a piston, slides in contact with the fixed
      cylindrical stator, the latter being lubricated by the same fluid which
      flows in the valve.
PAR  Said electromagnet is capable of providing a thrust which, within the
      displacements limits of the movable armature, is a function of the feeding
      current only, rather than the relative position of the movable armature,
      the latter, lastly, being equipped with two calibrated channels which are
      capable of affording an efficient dampening action of the axial vibrations
      to which the movable armature of the electromagnet is subjected.
PAR  On the slider-shutter two springs are active, which have the task of
      keeping the slider-shutter in a virtually no-load condition and the
      movable armature of the electromagnet in an optimum position preventing
      the movable armature from reaching the end of stroke and making possible
      in such a way a considerable promptness of the response as the regulating
      valve is energized.
PAR  The construction of the valve is such as to permit it to be adapted to a
      number of bodies by merely adding or modifying any detail component part.
DRWD
PAR  A preferred embodiment of the present invention is described, for better
      clarity, by having reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal view of an electrically modulated
      hydraulic-pressure regulating valve clearly showing the hydraulic and
      mechanical details thereof.
PAR  FIGS. 2 and 3 are cross-sectional views taken along the lines 2--2 and 3--3
      of the hydraulic part of the valve of FIG. 1, respectively.
PAR  FIG. 4 is a in longitudinal view showing in detail the electromagnetic
      portion of a preferred embodiment of the valve, and
PAR  FIG. 5 is a transverse cross-sectional view of the coil taken along the
      line 5--5 of FIG. 4.
DETD
PAR  Having now particular reference to FIG. 1, such a valve comprises a valve
      body 1 formed of alloyed cast iron and of parallelepipedal outline in
      which there are formed by machining and/or casting empty spaces of an
      appropriate shape. A slider-shutter 2, capable of assuming several
      positions relative to a seat 39 is inserted in a cylindrical hollow 3
      formed axially in the valve body 1.
PAR  The seat 39 has a hollow round cylindrical shape made with two slightly
      different internal diameters and houses the slider-shutter 2.
PAR  The slider-shutter 2 has an intricate form and include a conical portion 31
      and a cylindrical portion 33 provided with axially radial grooves. Between
      the portion 31 and the portion 33 there is an abutment 32 having a
      straight prismatic shape whose periphery is tangent to the larger internal
      diameter of the seat 39. Along the axis of the slider-shutter 2 a channel
      37 is formed which hydraulically connects a chamber 5, as defined by the
      end of the slider-shutter and an end closure wall of the seat 39, with an
      outlet chamber 7.
PAR  The portion 33 of the slider-shutter 2 slides in contact with the inner
      wall of the seat 39 having the lesser diameter acting as a piston since
      for each position of the slider-shutter 2 the volume of the chamber 5 is
      varied and the slider-shutter carries out a pumping action so that some
      hydraulic fluid must flow, along the channel 37, from the chamber 5 to the
      chamber 7 and vice versa. The viscous friction associated with such a
      fluid flow have a stabilizing effect towards the axial displacements of
      the slider-shutter 2.
PAR  The hydraulic fluid under pressure enters the valve body 1 through the
      channel 27, fills the cylindrical space 3, passes into the empty space
      surrounding the seat 39, flows through the radial bores 38, overcomes the
      restricted area adjacent the abutment 32 and tries to emerge into the
      chamber 7 by sweeping the surface of the conical portion 31 which rests
      against the 90-degree edge of the seat 39. The hydraulic fluid which
      reaches the chamber 7 emerges from the valve body throuth the channel 28.
PAR  The hydraulic fluid under pressure which has reached the inner cavity of
      the seat 39 impresses axial thrusts on the slider-shutter and, since the
      conical portion 31 has,, a surface wider than that of the cylindrical
      portion 33 exposed to the pressure, these thrusts have a resultant which
      tends to separate the conical portion 31 from the seat 39.
PAR  The slider-shutter 2 which has long portions of generating lines of the
      parts 32 and 33 contacting the seat 39, is maintained in equilibrium
      against the hydraulic bias by the possible bias of the springs 15 and 16
      acting thereupon by engaging the disc-like projection 30 and by the thrust
      exerted by the electromagnetic member on the slider-shutter 2 through the
      rod 18 which is connected with the magnetic armature 6.
PAR  The magnetic armature 6 slides within a pressure-tight cylinder 41 which
      houses in its end portion the magnetic counter-armature 40 having the
      shape of a solid of rotation and having a discontinuous surface engaging
      against the seat 39.
PAR  The pressure-tight cylinder 41 is fastened to the body 1 by a flange 4,
      tightened by the screws 14, which presses against a radial flange of the
      counter-armature 40 and the latter, in its turn, presses against the seat
      39 which rests against the surfaces of the cavity of the body 1, a perfect
      alignment being thus obtained, along with the exact positioning, of the
      component parts 41, 6, 40, 39 and 2.
PAR  The sealing rings 11, 12 and 13, appropriately compressed into their seats
      prevent hydraulic fluid oozings through the contact surfaces between the
      body 1 and the parts 39, 40, 41.
PAR  The coil 10, which contains the electric energizing coilings, is slidably
      mounted on the cylinder 41 and is locked by the ferrule 26 which engages a
      screw-thread formed on the end shank of the cylinder 41.
PAR  The magnetic armature 6 has an essentially round cylindrical configuration
      and slides like a piston in the cylinder 41 thus defining the hydraulic
      chambers 51 and 52 which are mutually connected by axial bores 49 formed
      through the armature. The bores 49 can have restricted cross-section areas
      by applying restrictors 19 which are in the form of screw-threaded dowels
      each having a tiny calibrated bore.
PAR  Axially inserted in the armature 6 there is a thrust rod 18 which, passing
      through the bore 42 formed coaxially in the counter-armature 40, acts upon
      the end of the slider-shutter 2 which is in the chamber 7.
PAR  The hydraulic fluid, which is normally present in the chamber 7, fills the
      pressure-tight cylinder 41, flowing through the bore 42 and the bores 49.
PAR  In the end portion of the pressure-tight cylinder 41 there is formed the
      seat 8 defining a small vent valve. By releasing the sealing screw 9,
      accessed to the screw-threaded and bored dowel 24 can be obtained and by
      looseing the dowel 24 a way is provided for allowing compressed fluid
      present in the chamber 52 of the cylinder 41 to spurt out, thus ejecting
      air which possibly has been entrapped therein.
PAR  The screw-threaded and bored dowel 24 keeps the metal ball 25 in such a
      position as to close the channel 29 preventing the flow of the fluid to
      the outside when the dowel 24 has been completely tightened.
PAR  With particular reference to FIGS. 4 and 5 it can be seen that the
      component part 10, indicated as the coil, is substantially formed by an
      electric energizing coiling 43, contained in a supporting member 44 made
      of a stiff dielectric material; by two annular elements formed by shaped
      magnetic sheets 45, superposedly packed and fastened by rivets 47; a
      magnetic hood 46 of tubular form; and a conventional plastics material
      encapsulation 48.
PAR  The encapsulation 48 has the general form of a solid of rotation and has a
      planar projection on which the terminals 35, 36 of the electric coiling
      and the ground terminal 34 are housed.
PAR  The tube 46 has a longitudinal slit and the metal sheet packs 45, which
      peripherally contact the interior of the tube 46, have a radially oriented
      slot which, at the encapsulation stage, is filled by the plastics material
      48.
PAR  The plastics material 48 has satisfactory dielectric properties, is
      heat-conductive and has favourable characteristics as to its mouldability
      either by injection or casting.
PAR  The special construction of the magnetic member is such that the axial
      thrust imparted by the slider-shutter 2 by agency of the rod 18 is
      substantially a function of the value of the ampere-turns flowing through
      the coiling 43 rather than of the relative position of the armature 6 and
      the counter-armature 40.
PAR  Having particular reference to FIG. 4, it can be seen, in fact, that the
      pressure-tight cylinder 41 is formed by three parts which are connected to
      each other either by welding or brazing, where the part 20 and the part 21
      are of a magnetically active material and where the part 22 is of a
      magnetically inert material.
PAR  The part 22 is so shaped as to offer a longitudinal wall cross-section
      which is similar to a trapezium and is such that, associated with the part
      20, a concentration of magnetic flux is obtained in the end tip of the
      part 20 said flux being linked with the armature 6. In addition, the
      armature 6 has, at its portion facing the counter-armature 40 and the part
      20, a diameter reduction and an axial depth of the appropriate magnitude.
PAR  By sending electric current to the coiling 43, there is generated inside
      the cylinder 41 a magnetic field which attracts the armature 6 towards the
      counter-armature 40; the armature 6 thrusts to the right by the agency of
      the rod 18 the slider-shutter 2 which is thus enabled to overcome a
      possible hydraulic thrust in the axial direction which is impressed on its
      conical portion 31, thereby generating a restricted flow-passage area for
      the hydraulic fluid thus imparting a pressure drop thereto and performing
      the expected regulation which is essentially a function of the intensity
      of the current which flows through the coiling 43.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrically modulated hydraulic pressure regulating valve comprising
      a valve body, said body defining a cylindrical space closed at one end, at
      least one inlet port entering said space and at least one outlet port, a
      fixed valve member partially housed in said cylindrical space, said fixed
      valve member defining an elongated cylindrical cavity having two portions
      of slightly different internal diameters and said cavity being closed by a
      wall at the end of the portion having the lesser diameter, said fixed
      valve member having radial passageway ports establishing a communication
      between said cavity and said cylindrical space, a movable valve member in
      the form of a slider-shutter having a complex profile including as
      significant component parts a frustoconical portion and a round
      cylindrical projection having a plurality of annular grooves in the
      periphery thereof, said movable valve member being slidably housed in
      guided relation in said cylindrical cavity with said cylindrical
      projection cooperating as a piston in the lesser diameter portion of said
      cavity, said frustoconical portion being cooperable with said fixed valve
      member for closing said cylindrical cavity at the greater diameter end
      thereof, a pressure-tight cylinder formed of magnetically different parts,
      a movable magnetic armature mounted for axially sliding movement in
      contact with said pressure-tight cylinder and inside it, a magnetic
      counter-armature in the form of a hollow cylinder carried by said pressure
      tight cylinder and having a planar and non-continuous end surface bearing
      against said fixed valve member so as to define a chamber having an axial
      bore which allows a hydraulic fluid to flow between said chamber and said
      pressure-tight cylinder, a pusher in the form of a rod, connected to said
      movable magnetic armature, said pusher passing through said axial bore of
      said magnetic counter-armature and acting axially against said movable
      valve member, an electric coiling and a magnetic yoke surrounding said
      pressure-tight cylinder so that said movable magnetic armature undergoes
      an attraction force under the influence of a current flowing through said
      coiling, fastening means for securing said pressure-tight cylinder and
      said counter-armature to said valve body; and sealing means preventing
      oozings of hydraulic fluid between said fixed valve member, said
      counter-armature and said pressure-tight cylinder.
NUM  2.
PAR  2. A hydraulic regulation valve according to claim 1, characterized in that
      said cylindrical space includes a major-diameter portion and a
      lesser-diameter portion, said fixed valve member has an external shape in
      the form of a solid of rotation with two diameters so as to be housed only
      partially in the lesser-diameter portion of said cylindrical space of said
      valve body, and said round cylindrical cavity lesser diameter portion
      extends about the two-thirds of its length and has a diameter of a ratio
      of about 11 to 12 with respect to the larger diameter portion of the
      cavity, said radial passageway ports opening into said cavity larger
      diameter portion, and said larger diameter portion terminating in a sharp
      edge with a 90.degree. corner.
NUM  3.
PAR  3. A hydraulic regulating valve according to claim 1, characterized in that
      said movable valve member round cylindrical projection has a length of
      about twice its diameter and said annular groove defines a plurality of
      radial cavities having the function of balancing channels for hydraulic
      support, said round cylindrical projection having a diameter equal to the
      lesser diameter of said round cylindrical cavity within which it slides
      and with which it cooperates to define within said cavity two chambers one
      of which is axially defined by said closure wall and the other is axially
      defined by said frustoconical portion of said movable valve member which
      rests against said sharp corner edge of said cylindrical cavity.
NUM  4.
PAR  4. A hydraulic regulating valve according to claim 1, characterized in that
      said movable valve member has, in an area disposed between said round
      cylindrical projection and said frustoconical portion, a projection having
      a prismatic straight cross-section which can exactly be inscribed in a
      circle having a diameter equal to the greater diameter of said round
      cylindrical cavity and thus having at least three portions of external
      generating lines in contact with said cylindrical cavity along a length
      equal to the contact diameter.
NUM  5.
PAR  5. A hydraulic regulating valve according to claim 1, characterized in that
      said movable valve member has, in an area disposed between said round
      cylindrical projection and said frustoconical portion, a projection having
      a prismatic straight cross-section which can exactly be inscribed in a
      circle whose diameter equals the larger diameter of said round cylindrical
      cavity, which projection, through its slides relative to the walls of said
      cylindrical cavity, is always positioned between said radial passageway
      ports and said sharp edge corner of said cylindrical cavity on which said
      frustoconical portion seats and provides a restricted cross-section for
      the flow of a fluid through said cavity and thus makes the movement of
      said valve member regular.
NUM  6.
PAR  6. A hydraulic regulating valve according to claim 1, characterized in that
      said frustoconical portion has a cone apex angle of 60 degrees, said
      frustoconical portion is sufficiently developed as to offer a circular
      cross-sectional straight area wider than the cross-sectional area of said
      cylindrical cavity, said frustoconical portion when sliding relative to
      said cavity can penetrate the cavity only in part, and said frustoconical
      member in cooperation with the sharp corner edge of said cylindrical
      cavity defines an annularly-shaped passageway port of variable width which
      in certain conditions can even be nil with a seal being formed against the
      outflow of hydraulic fluid from said cylindrical cavity.
NUM  7.
PAR  7. A hydraulic regulating valve according to claim 1, characterized in that
      said movable valve member has an axial bore which establishes a hydraulic
      communication between that portion of said cavity between said closure
      wall and said cylindrical projection and the surface of said movable
      member which is external to said cylindrical cavity.
NUM  8.
PAR  8. A hydraulic regulating valve according to claim 1, characterized in that
      said movable valve member is subjected to axial traction forces to that
      portion thereof disposed between said round cylindrical projection and
      said frustoconical portion when fluid under pressure is fed to said
      cylindrical cavity through said radial passageway ports.
NUM  9.
PAR  9. A hydraulic regulating valve according to claim 1, characterized in that
      said cavity portions are separated by an annularly shaped passageway, and
      said movable valve member is subjected to a hydraulic thrust directed in
      the axial direction and which is proportional to the pressure differential
      of hydraulic fluid upstream and downstream of said annularly shaped
      passageway and to the area differential between the greater diameter
      cross-section and the lesser diameter cross-section of said cylindrical
      cavity.
NUM  10.
PAR  10. A hydraulic regulating valve according to claim 1, characterized in
      that said movable valve member has a portion outside said cylindrical
      cavity in the shape of a solid of rotation connected to said frustoconical
      portion a diameter which is higher than the other diameters of said
      movable valve member, which portion defines a radial flange.
NUM  11.
PAR  11. A hydraulic regulating valve according to claim 1, characterized in
      that said pressure-tight cylinder is closed in its portion away from said
      valve body by a thick-walled wall which has a bore in which a mechanical
      assembly is housed, said mechanical assembly defining means for the
      venting of air which has possibly been trapped with the hydraulic fluid in
      said pressure-tight cylinder.
NUM  12.
PAR  12. A hydraulic regulating valve according to claim 1, characterized in
      that said fixed magnetic counter-armature occupies the portion of said
      pressure-tight cylinder adjacent to said valve body and cooperates with
      said pressure-tight cylinder to define a chamber within which said movable
      magnetic armature slides and in which hydraulic fluid is generally present
      irrespective of the conditions of hydraulic fluid flow through said valve
      body.
NUM  13.
PAR  13. A hydraulic regulating valve according to claim 1, characterized in
      that said magnetic-counter-armature has the shape of a solid of rotation
      having an outside diameter equal to the inside diameter of said
      pressure-tight cylinder, said magnetic-counter-armature has a flange which
      radially extends outside said pressure-tight cylinder, and there are
      pressure-sealing means between said valve body and said magnetic
      counter-armature.
NUM  14.
PAR  14. A hydraulic regulating valve according to claim 13, characterized in
      that said pressure-tight cylinder has at its end towards said valve body a
      shaped enlarged portion which is equipped with sealing means and is
      compressed between said flange of said counter-armature and a flange
      secured to said valve body by means of screws, thus providing an accurate
      positioning with respect to one another of said fixed valve member, said
      counter-armature and said pressure-tight cylinder and obtaining by
      compression the seal between said valve body, said magnetic
      counter-armature and said pressure-tight cylinder.
NUM  15.
PAR  15. A hydraulic regulating valve according to claim 1, characterized in
      that said sealing means are rings of rubber and like materials affording
      adequate properties of resiliency and chemical resistance with respect to
      the used hydraulic fluids.
NUM  16.
PAR  16. A hydraulic regulating valve according to claim 1, characterized in
      that said movable magnetic armature has its side surface in contact with
      the internal wall of said pressure-tight cylinder and thus acts like a
      piston.
NUM  17.
PAR  17. A hydraulic regulating valve according to claim 1, characterized in
      that said movable magnetic armature in the form of a circular cylinder has
      at its end directed towards said magnetic counter-armature a reduced
      diameter projection in the shape of a disc whose thickness equals the
      difference between the diameters of said magnetic armature and said disc
      has at least one axial bore therethrough which establishes hydraulic
      communication between front and rear chambers formed by said movable
      magnetic armature, when acting like a piston, with said pressure-tight
      cylinder and said counter-armature.
NUM  18.
PAR  18. A hydraulic regulating valve according to claim 1, characterized in
      that said pusher emerges from a chamber defined by said pressure-tight
      cylinder and said magnetic counter-armature, through said axial bore as
      formed through said magnetic counter-armature, without having any portion
      thereof in contact with any fixed component parts of said valve.
NUM  19.
PAR  19. A hydraulic regulating valve according to claim 1, characterized in
      that said rod-like pusher is inserted in said movable armature and merely
      rests against said movable valve member.
NUM  20.
PAR  20. A hydraulic regulating valve according to claim 1, characterized in
      that parts of said pressure-tight cylinder include a part of annular form
      constituted of a diamagnetic material, a part shaped as an annular solid
      of rotation of a magnetic material, and a part in the shape of a hollow
      cylinder also made of a magnetic material, said part formed of diamagnetic
      material being disposed between and brazed to said magnetic material
      parts.
NUM  21.
PAR  21. A hydraulic regulating valve according to claim 20, characterized in
      that said component part in the form of an annular solid of rotation is
      shaped to define an outer enlargement having sealing means, said fastening
      means includes a securing flange, said counter-armature having a flange,
      and said enlargement being compressed between the securing flange and the
      flange of said counter-armature.
NUM  22.
PAR  22. A hydraulic regulating valve according to claim 20, characterized in
      that said part of a diamagnetic material which has a longitudinal wall
      cross-section similar to a rectangular trapezium with an oblique side
      inclined through about 15 degrees with respect to the base and oriented
      towards the end of said pressure-tight cylinder which extends towards said
      valve body.
NUM  23.
PAR  23. A hydraulic regulating valve according to claim 22, characterized in
      that said component part of annular shape of a diamagnetic material has
      such a position with respect to fixed component parts of said valve that a
      plane lying on the circular surface of said magnetic counter-armature cuts
      said annular part of a diamagnetic material about at the midpoint of said
      oblique side.
NUM  24.
PAR  24. A hydraulic regulating valve according to claim 1, characterized in
      that said energization coil is contained in a housing separate from said
      pressure-tight cylinder.
NUM  25.
PAR  25. A hydraulic regulating valve according to claim 1, characterized in
      that in said hydraulic valve the electric coiling is separately mounted
      for removal without exposing to air said movable magnetic armature.
NUM  26.
PAR  26. A hydraulic regulating valve according to claim 1, characterized in
      that said electric energization coiling is made integral with said
      magnetic yoke by an encapsulation of a plastics material of the epoxy
      resin type and the like.
NUM  27.
PAR  27. A hydraulic regulating valve according to claim 26, characterized in
      that electric connection means are provided between said energization
      coiling and a source of electricity, said electric connection means being
      on an outer surface of the encapsulation.
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ABST
PAL  A duct system wherein a main gas manifold services spaced-apart rows of bag
      houses and wherein a reverse-air manifold and valved passage assembly is
      interposed between and is connected to the main gas manifold and the bag
      houses. The assembly is made up of a plurality of identical modular units
      connected end-to-end. Each module has a portion of the reverse-air
      manifold therein and valved passages adapted to communicate the interior
      of two bag houses with either the main gas manifold for normal
      gas-cleaning operation or with the reverse-air manifold for bag-cleaning
      operations. The construction of the reverse-air manifold and valved
      passage modular units enables them when assembled to provide heat exchange
      between a hot gas being cleaned and the reverse air to avoid undesirable
      condensation during cleaning operations.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of my copending application, Ser. No.
      432,589, filed Jan. 10, 1974, entitled "BAG HOUSE MANIFOLD SYSTEM", and
      now U.S. Pat. No. 3,898,062.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to industrial gas-cleaning systems of the type
      wherein dry dirty gas, i.e., dry gas with particulate solids entrained
      therein, passes into an enclosed bag house, flows through the fabric bag
      filters suspended in the house to remove the solids from the gas with the
      cleaned gas being exhausted from the bag house.
PAR  Typically, industrial bag house systems have two rows of individual bag
      houses. In a suction system the dirty gas from an industrial process is
      delivered by a common manifold to all of the bag houses. The cleaned gas
      discharges from the bag houses into another common manifold which connects
      to the inlet of a high-capacity blower. The blower maintains a low
      pressure in the system to induce the desired flow of the gas therethrough,
      and the clean gas discharges from the blower outlet either to atmosphere
      or to some further operation.
PAR  In a pressure system, the dirty gas passes through a blower and is forced
      through a common manifold into each bag house. The cleaned gas then
      discharges from the house, usually to atmosphere.
PAR  In either system, dust or other particulate matter will accumulate on the
      bag filters as the cleaning process continues, gradually reducing the
      filter efficiency. Periodically, normal flow of dirty gas through the
      house is interrupted and clean gas is forced into the bag house to flow in
      a reverse direction through the filter bags to dislodge the accumulated
      dust. The gas used for the bag-cleaning operation is usually referred to
      as "reverse air" even though such gas may not be atmospheric air. After
      the bags are thus cleaned, the flow of reverse air is discontinued and the
      bag house is put back on stream.
PAR  In a multiple bag house installation, continuous operation of the
      gas-cleaning system is maintained by cleaning the houses one by one while
      the dirty gas flows through the remaining houses. As a consequence a
      separate manifold system must be provided to supply reverse air
      individually to the bag houses. Valving arrangements must be provided to
      isolate each bag house from the dirty gas flow system and to connect them
      to the reverse air duct. Timer-operated automatic control systems are
      provided to operate the various valves so that the bag houses are cleaned
      in the desired sequence.
PAR  Industrial gas-cleaning units are often of very large size and expensive to
      install. For example, a multiple bag house system may have two rows of ten
      bag houses, with an overall length of 100 feet, each bag house having a
      hundred 30-foot-high filter bags suspended therein. The dirty-gas and
      clean-gas manifolds for such a system may each have a cross-sectional flow
      area of about 50 square feet. The connections from the bag house to the
      manifolds and the valves therein may be several feet in diameter.
PAR  Because of the size and weight involved, much of the manifold and ducting
      system must be fabricated at the site, particularly the valved
      distribution systems which connect the individual bag houses to the
      dirty-gas, clean-gas and reverse-air manifolds. The separate reverse-air
      manifold system must be connected to the bag houses in the same general
      location as the clean-gas or dirty-gas manifold systems are connected
      thereto, depending on whether a suction or pressure system is involved. In
      either case, having to provide two separate manifold systems in
      essentially the same location usually requires a complicated and expensive
      design in order to fit all the ducting in without sacrificing flow
      efficiency. The problem is even more acute in a pressure system since the
      reverse-air manifold system must be fitted into a space already filled
      with structural supports and the system which removes accumulated dust
      from the bag house hoppers.
PAR  As mentioned previously, valves must be provided to connect the bag houses
      to the various ducts for normal gas-cleaning or for bag-cleaning.
      Oftentimes, because of the complexity of the manifold and ducting systems
      and the large size of the component parts, the valves for a single bag
      house must be located at physically separated points such that it is
      difficult or impossible for a single workman to inspect all valves
      associated with a single bag house at the same time and see that they are
      operating in the proper sequence.
PAR  In instances where the gases to be cleaned are hot combustion products from
      the burning of coal having a high sulphur content, the system must be
      designed to maintain the temperature in the gas flow system and the bag
      houses sufficiently high at all times to prevent condensation and
      formation of sulphuric acid in the system. In particular, the reverse air
      must be heated so that when it is injected into a bag house it will not
      cool the gas therein and cause undesired condensation. The same
      consideration is involved whenever the gases to be cleaned are hot
      mixtures of air and water vapor. The reverse air must be above the dew
      point to prevent undesired condensation.
PAR  For hot gas operation in suction houses the source for reverse air is
      typically the clean-gas manifold from the bag houses since the clean gas
      therein will already be at elevated temperature. The reverse air taken
      from the cleangas manifold passes through a blower and is blown through
      the reverse-air manifold system back into the bag houses. To prevent heat
      loss, the reverse-air manifold system is usually insulated. If this is not
      enough to maintain the reverse air at the desired high temperature, an
      additional heater must be provided for the reverse-air system.
PAR  Since the clean-gas manifold must be insulated to prevent condensation
      therein, the typical hot-gas-cleaning system thus requires separate, and
      costly, insulation of both the clean-gas and reverse-air duct systems and
      perhaps an additional heater for the reverse-air system.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the invention to provide a manifold system for
      bag house operations which is more compact, less costly to construct and
      install, more efficient in operation and easier to inspect and maintain
      than the corresponding systems now in use.
PAR  In particular, the object is achieved by providing a plurality of
      prefabricated modules each of which is to be connected to a pair of
      opposed bag houses, to the main gas manifold servicing that end of the bag
      houses, and end-to-end with the other modules. Each module incorporates
      therein a section of the reverse-air manifold and valved passages to
      connect the bag houses to either the main gas manifold or the reverse-air
      manifold. Combining the reverse-air manifold sections and valved passages
      into one compact passage greatly reduces the amount of field work
      necessary to install the system and also enables the hot gases passing
      from the bag houses to heat the reverse air.
PAR  Other objects and advantages will become apparent in the course of the
      following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings forming a part of this application, and in which like parts
      are designated by like reference numerals throughout the same,
PAR  FIG. 1 is a perspective and partially schematic view of a multiple bag
      house installation wherein gas flow through the bag houses is induced by
      suction;
PAR  FIG. 2 is a similar view of a multiple bag house installation wherein gas
      flow through the bag houses is caused by blowing the dirty gas
      therethrough;
PAR  FIG. 3 is a perspective view of a reverse-air manifold and valved passage
      module;
PAR  FIG. 4 is a sectional view, in elevation, taken on line 4--4 of FIG. 5, of
      a bag house installation of the type shown in FIG. 1, showing the modules
      and their connections to each other and to the bag houses and the
      clean-gas manifold;
PAR  FIG. 5 is a horizontal sectional view, looking up, of the structure shown
      in FIG. 4 and taken on line 5--5 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, FIG. 1 illustrates an installation having
      two spaced-apart rows of vertically oriented bag houses 10. Dirty gas from
      an industrial operation flows through the dirty-gas manifold 11 and
      through ducts 12 into the hoppers 13 of each bag house. The bag houses are
      of conventional internal construction and are not described herein.
      Suffice it to say that the dirty gas flows up into the fabric bags 14
      (FIG. 4) and through the fabric to be cleaned thereby. The bulk of the
      particulate matter in the dirty gas falls into the hoppers 13 and is
      removed therefrom by s dust-removal system (not shown). Some of the
      particulate matter lodges upon the surface of the filter bags or in the
      interstices of the fabric. The cleaned gas then flows from the upper end
      of the bag houses into the end-toend line of reverse-air manifold and
      valved passage modules 15 and then into the clean-gas manifold 16. The
      suction side of discharge blower 17 is connected to the clean-gas manifold
      16 to create a sub-atmospheric pressure in the manifold to draw gas
      through the described system. Duct 18 delivers clean gas from clean-gas
      manifold 16 to blower 19 which forces the clean gas under pressure into
      the reverse-air duct 20. A platform 21 is provided for workmen so that
      they may inspect and service the upper parts of the installation.
PAR  FIG. 2 illustrates a pressure-type installation wherein blower 25 forces
      dirty gas into the dirty-gas manifold 11. The dirty gas flows from duct 11
      through the end-to-end line of reverse-air manifold and valved passage
      modules 15 into the hoppers of the rows of bag houses 10. The dirty gas is
      cleaned by the fabric bags in the bag house and the clean gas discharges
      through the ports 26 in the upper end of the bag houses. Reverse air flow
      is created by blower 27 which has its suction side connected to the
      reverse-air duct 20. When a bag house is connected to the reverse-air
      duct, the blower 27 will suck clean air into the top of the bag house
      through port 26 and cause such air to flow in a reverse direction through
      the fabric bags. Blower 27 then discharges the reverse air and dust
      entrained therein into the dirty-gas duct 11 for delivery to the other bag
      houses.
PAR  FIGS. 3, 4, and 5 illustrate the details of the reverse-air manifold and
      valved passage module 15 and the manner in which they cooperate with the
      bag houses 10 and the clean-air manifold 16. FIG. 3 shows the module 15 in
      an orientation for installation in a FIG. 2 system. The module 15 is
      inverted when installed in a FIG. 1 system, i.e., as illustrated in FIGS.
      4 and 5.
PAR  Module 15 is generally rectangular in cross section throughout its length
      and has spaced-apart horizontal plates 31 and 32, forming the top and
      bottom of the module, and spaced-apart partitions 33 extending between
      plates 31 and 32 and along the length thereof to form a section of the
      reverse-air manifold 20 therebetween centrally of the module. Sleeves 34
      at both ends of the unit 15 extend the reverse-air manifold section, the
      sleeves being provided with flanges 35 for connection to the next module.
      Spaced-apart end walls 36 extend between plates 31 and 32 and outwardly
      from partition 33 and transversely of the module to form valve chambers 37
      within the module, one on each side of the reverse-air manifold. The outer
      sides of the valve chambers are closed by side walls 38, the latter having
      a port 39 therethrough and a flanged sleeve 40 for connection to the
      flanged sleeves 41 on bag houses 10 so that the module and bag house ports
      39 and 26 can be brought into communication.
PAR  Each valve chamber 37 has a reverse-air passage formed thereinto by
      horizontal and vertical partitions 42 and 43, the passage being open
      through wall 33 to the reverseair manifold 20. Partition 42 has an annular
      valve seat 44 formed thereon surrounding the opening 45 through the
      partition into the valve chamber 37.
PAR  Each valve chamber is adapted to be fluidly communicated with the clean-gas
      manifold 16 be means of a sleeve 46 which is fixed to plate 32 and extends
      through an opening therethrough and through a registering opening in the
      clean-gas manifold. The end of sleeve 46 within valve chamber 37 forms an
      annular valve seat 47.
PAR  For purposes to be hereinafter described, each valve chamber is also
      adapted to be fluidly communicated with the clean-gas manifold 16 be a
      second passage of smaller diameter, this passage being formed by sleeve 48
      fixed to and extending through plate 32 and having a valve seat 49 formed
      on the end of the sleeve.
PAR  All of the valve seats 44, 47 and 49 lie in parallel planes and all face
      module plate 31.
PAR  A valve and valve operator assembly is provided for each of the
      aforementioned valve seats. Each assembly includes a flat circular valve
      plate 50 mounted on a piston rod 51 which extends through a packing gland
      52 on mounting plate 53 to the piston 54 in cylinder 55. Support legs 56
      fixed to mounting plate 53 position the cylinders 55 away from the support
      plate so that movement and the position of the piston rod may be observed
      by a workman. Fluid lines 57 and 58 extend from both ends of the cylinder
      through a suitable control means (not shown) to a source of fluid under
      pressure (not shown). Mounting plates 53 are removably secured to module
      plate 31 by bolts 59, so that the entire valve and valve operator assembly
      can be installed or removed as a unit. Each valve and valve operator
      assembly is of the same design, but the valve diameter and length of
      piston stroke will vary as necessary.
PAR  In practice, the modules 15 will be constructed in a machine shop for later
      transport to the construction site. The size of these units will, of
      course, depend upon the design of the complete installation, but
      dimensions of 10 feet in length and width and 2 feet in depth is not
      atypical. For such size the main valves and valve seats may be 42 and 40
      inches respectively. Construction of these modules in the shop will result
      in substantial economies as compared to field construction and also
      enables the valves to be easily shoptested and adjusted.
PAR  If desired, the modules may be delivered to the site with the valve and
      valve operator units installed thereon, or else the valve and valve
      operator units may be delivered separately for later installation.
PAR  At the job site, the bag houses will already have been installed. Each
      module is then positioned between a pair of opposite bag houses and
      connected thereto. After that the modules are connected end-to-end to form
      the reverse-air manifold duct completely through the length of the module
      assembly. Next, prefabricated sections of the clean-gas manifold 16,
      typically 30 feet in length per section, are assembled and connected to
      the end-to-end module assembly 15. To facilitate assembly, and compensate
      for misalignment, the main gas manifold can have oversized holes preformed
      therethrough for reception of the sleeves 46, FIG. 4, with ring 61 being
      then welded to sleeves 46 and the main duct to seal the units together.
PAR  If it is desired to provide insulation, a layer of insulating material 62
      is placed around the main gas manifold and the end-to-end modules 15 which
      are associated therewith. As is apparent from FIG. 4, only slightly more
      insulation is required than would be necessary for the main gas manifold
      alone.
PAR  In operation of the system shown in FIG. 1, dirty gas is delivered
      simultaneously to all of the bag houses in which gas-cleaning operations
      are being carried on, i.e., to the left-hand bag house illustrated in FIG.
      4. At this time the valve 50 has been moved away from valve seat 47 so
      that the passage to the clean-gas manifold 16 is unobstructed, allowing
      the clean gas passing through the filter bags 14 to flow freely to the
      clean-gas manifold 16.
PAR  From time to time it is necessary to clean the filter bags in a particular
      bag house. The automatic valve control apparatus will cause the valve 50
      to seat on valve seat 47 and will then move the reverse-air valve 50 away
      from valve seat 44, i.e., to a position as shown on the right in FIG. 4.
      Clean reverse air from duct 20 can now flow into the bag house and pass in
      a reverse direction through the filter bags 14 to dislodge the dust
      particles therefrom. The reverse air and dust particles now entrained
      therein now pass back into the dirty-gas manifold 11 for delivery to and
      cleaning by the other bag houses which remain on stream.
PAR  In the bag-cleaning operations the bags will be partially collapsed by the
      flow of the reverse air. To prevent an abrupt and potentially damaging
      reopening of the bags when placed back on stream, the valve control system
      will first close the reverse-air valve 50 against valve seat 44 and then
      open the reinflate valve 50 by moving it from its valve seat 48. This
      allows a restricted flow of gas through the filter tubes and to the
      clean-gas duct 16 so that the filter tubes are gently reinflated. The
      timing mechanism then opens the main valve to the clean-gas duct for full
      on-line operation.
PAR  As will be noted, the central partitions 33 forming the reverse-air
      manifold 20 are exposed to the flow of clean gas passing from the bag
      houses to the clean-gas duct 16. As a consequence, heat from the gas
      coming from all of the on-line bag houses will be transmitted through the
      partitions 33 to heat the reverse air flowing through the reverse-air
      manifold so that the reverse air will be at approximately the same
      temperature as the clean gas to avoid condensation when the reverse air is
      injected into a bag house. In addition, since there is no insulation
      between the clean-gas manifold and reverse-air manifold, the reverse-air
      manifold will be heated by the clean-gas manifold, either by conduction or
      radiation, depending on whether the manifolds abut each other as shown in
      the drawings or are spaced somewhat apart.
PAR  The operation of the FIG. 2 pressure system is essentially the same. In
      normal operation, the valves connecting the main dirty-gas manifold to the
      bag houses are open and the reverse-air valves are closed. When it is time
      to clean the filter bags, the main valves are closed and the reverse-air
      valves are opened. Clean atmospheric air is sucked through the bags to
      clean them, the reverse air and particles entrained therein being then
      forced by blower 27 back into the dirty-gas manifold 11 for delivery to
      the other bag houses. After bag-cleaning, the reverse-air valve is closed,
      the reinflate valve is opened to reinflate the bags and then the main
      valve is opened to put the bag house fully back on stream.
PAR  In either type installation, all of the valve operators are grouped
      together, enabling a single workman to walk down the line of modules and
      view at one time all three valve operators for each single bag house and
      watch the piston rod movement to see that the valves are indeed opening
      and closing and doing so in the correct sequence.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reverse-air manifold and flow passage module for use in connecting a
      main gas manifold to bag houses, said module comprising:
PA1  a. spaced-apart horizontal plates forming the top and bottom of said
      module,
PA1  b. spaced-apart vertical side plates,
PA1  c. spaced-apart vertical end plates,
PA1  d. a pair of spaced-apart vertical partitions
PAL  extending the length of said module, said partitions and horizontal plates
      bounding and forming a portion of a reverseair manifold centrally of said
      module, said portion being open at its ends,
PA1  e. said module having two valve chambers therein, one on each side of said
      reverse-air manifold portion, each valve chamber being bounded by one of
      said partitions, one of said side plates, said end plates and said
      horizontal plates,
PA1  f. means forming a first gas flow passage through one of said horizontal
      plates into each of said valve chambers, each such first gas flow passage
      terminating in an annular valve seat opening into said valve chamber and
      facing the other of said horizontal plates,
PA1  g. means forming a second gas flow passage within said module from said
      reverse-air manifold portion into each valve chamber on either side
      thereof, each such second gas flow passage terminating in an annular valve
      seat opening into said valve chamber and facing the said other of said
      horizontal plates, whereby the valve seats of said first and second gas
      flow passages face in the same direction,
PA1  h. means forming a third gas flow passage opening into each of said valve
      chambers through the side plate of said module bounding the valve chamber.
NUM  2.
PAR  2. A module as set forth in claim 1, and further including:
PA1  i. a plurality of flat valve plates disposed within said module, one for
      each of said annular valve seats,
PA1  j. a plurality of valve operators, one for each valve plate, said valve
      operators being all mounted exteriorly of said module and on said other of
      said horizontal plates, each said valve operator including an actuating
      rod extending through said other horizontal plate and connected to the
      valve plate associated therewith.
NUM  3.
PAR  3. A module as set forth in claim 2, and wherein each valve operator
      includes a mounting plate removably secured to said other of said
      horizontal plates and said other of said horizontal plates has an opening
      therethrough closed by said mounting plate and of a size sufficiently
      great as to enable the valve plate associated with said valve member to be
      installed through said opening.
NUM  4.
PAR  4. A module as set forth in claim 1 and further including means at each end
      of said module for joining said module end-to-end with other modules and
      for communicating said reverse-air manifold portion with the reverse-air
      manifold portions of such other modules.
NUM  5.
PAR  5. A module as set forth in claim 1 and further including:
PA1  i. means forming a fourth gas flow passage through said one horizontal
      plate into each of said valve chambers, each such fourth gas flow passage
      terminating in an annular valve seat opening into said valve chamber and
      facing said other of said horizontal plates, the valve seat of said fourth
      gas flow passage being smaller in area than said first gas flow passage,
NUM  6.
PAR  6. A module as set forth in claim 5 and further including:
PA1  j. a plurality of flat valve plates disposed within said module, one for
      each of said annular valve seats,
PA1  k. a plurality of valve operators, one for each valve plate, said valve
      operators being all mounted exteriorly of said module and on said other of
      said horizontal plates, each said valve operator including an actuating
      rod extending through said other horizontal plate and connected to the
      valve plate associated therewith.
NUM  7.
PAR  7. A module as set forth in claim 5, and wherein each valve operator
      includes a mounting plate removably secured to said other of said
      horizontal plates and said other of said horizontal plates has an opening
      therethrough closed by said mounting plate and of a size sufficiently
      great as to enable the valve plate associated with said valve member to be
      installed through said opening.
NUM  8.
PAR  8. A module as set forth in claim 7 and further including means at each end
      of said module for joining said module end-to-end with other modules and
      for communicating said reverse-air manifold portion with the reverse-air
      manifold portions of such other modules.
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PAL  A quick acting three-way valve that operates a poppet with a lost motion
      connection. A sleeve is sealed through the diaphragm. A solid or hollow
      sleeve may be employed with a hollow or solid poppet, respectively. If
      either the sleeve or the poppet is hollow, the other may or may not be, as
      desired. An exhaust port is provided in communication with either one or
      both of the hollow interiors of the sleeve and poppet, the exhaust port
      being provided through the valve body.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of copending application Ser. No. 461,743
      filed Apr. 17, 1974, for COMBINATION VALVE, the said copending application
      Ser. No. 461,743 being a division of copending application Ser. No.
      359,653 filed May 14, 1973 for COMBINATION VALVE, the said copending
      application Ser. No. 359,653 being a continuation-in-part of abandoned
      application Ser. No. 217,539 filed Jan. 13, 1972 for DIAPHRAGM VALVE AND
      COMPONENTS THEREOF. The benefit of the filing dates of all of the
      aforesaid applications is hereby claimed for this application.
BSUM
PAR  Reference is hereby made to the declaration filed under 35 C.F.R. 1.131 in
      said application Ser. No. 359,653.
PAR  This invention relates to fluid flow control apparatus, and more
      particularly, to three-way valves or the like which may be used as dump
      valves or other valves in anti-skid brake control or other systems of a
      similar or different type.
PAR  In the past, quick acting diaphragm-operated poppet valves have been used
      to advantage where a lost motion connection has been provided between the
      diaphragm and the poppet. For example, see copending application Ser. No.
      108,873 filed Jan. 22, 1971, by R. D. Grayson, R. A. Palmer and R. J. Fox
      for PRESSURE SENSITIVE CONTROL APPARATUS.
PAR  It is also old in the art to provide a diaphragm stem with a passageway
      therethrough for operation of a valve fixed to the stem without a lost
      motion connection therebetween. See U.S. Pat. No. 3,238,323.
PAR  Notwithstanding the foregoing, the prior art has not provided a suitable
      diaphragm-operated, three-way valve.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the device of the present invention, a quick acting
      three-way valve is provided which may be operated by a diaphragm or other
      means.
PAR  One outstanding feature of the present invention resides in the use of a
      valve body having a vented passageway either in a diaphragm or other stem
      or in a valve poppet or in both.
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a vertical sectional view of a diaphragm valve constructed in
      accordance with the present invention;
PAR  FIGS. 2 and 3 are perspective views of two different, but integrally die
      cast and machined, spiders employed in the valve of FIG. 1;
PAR  FIG. 4 is a vertical sectional view of a valve constructed in accordance
      with the present invention; and
PAR  FIG. 5 is a sectional view of a portion of an alternative embodiment
      thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, in FIG. 1, a diaphragm valve of the present invention is
      indicated at 10 having a body 11. Body 11 includes a bonnet 12 and a base
      portion 13. A diaphragm 14 has its edge fixed between circular flanges 15
      and 16 of bonnet 12 and base portion 13, respectively, by bolts 17. Body
      11 also includes a lower end plate 18 which is fixed to base portion 13 by
      cap screws 19. End plate 18 is sealed to base portion 13 by an O-ring 20.
PAR  Base portion 13 has a cylindrical bore 21 and a counterbore 22 slightly
      larger than bore 21 reaching a shoulder at 23. Valve 10 includes a spider
      24 that has vanes 25 integral with a plate 30 of a spider 26 at 30' in
      FIG. 3. See both of FIGS. 2 and 3. Vanes 25 are integral with a cylinder
      27 through which a sleeve 28 of a poppet 29 is slidable. See FIGS. 1 and
      2. Spider 24 is shown in FIG. 2. Spider 26 is shown in FIG. 3 including
      plate 30 having a hole 31 therethrough surrounded by a valve seat 32, as
      shown in FIG. 1. Plate 30 is sealed to bore 22 by an O-ring 33. Spider 26
      also has four legs 34 with feet 35 integral therewith. Legs 34 are
      integral with plate 30. Feet 36 are clamped between base portion 13 and
      plate 18. Base portion 13 has an inlet port 36, and an outlet port 37. Two
      or more outlet ports 37 may be provided, if desired. Typically, air under
      a pressure of 130 pounds per square inch may be supplied through inlet
      port 36.
PAR  Poppet 29 includes a hollow tube 38 having a passageway 39 extending
      completely therethrough. A valve disc 40 is positioned around tube 38
      above aleeve 28. A washer 41, a valve disc 42 and a member 43 are
      positioned in succession around tube 38 below sleeve 28. A nut 44 is
      threaded onto the exterior of the upper end of tube 38. A nut 45 is
      threaded onto the exterior of the lower end of tube 38. Nuts 44 and 45
      are, thus, tightened. This places tube 38 in tension, and it places all
      the structures therearound in compression.
PAR  Plate 18 has a recess 46 therein which is cylindrical. Member 43 is
      likewise cylindrical. Member 43 is, thus, slidable in recess 46. An O-ring
      47 provides a fluid tight seal between member 43 and recess 46. A
      helically coiled spring 48 is positioned in recess 46 to bias poppet 29 to
      its uppermost position as shown in FIG. 1.
PAR  Diaphragm 14 has a circular hole 49 therethrough. A sleeve 50 is fixed
      through hole 49 to diaphragm 14 by a nut 51 threaded to sleeve 50. Nut 51
      presses a washer 52 against diaphragm 14, and diaphragm 14 against a
      flange 53 integral with sleeve 50.
PAR  A frusto-conical polyurethane sponge 54 is positoned between the upper side
      of diaphragm 14 and a mating frusto-conical surface 55 of bonnet 12.
      Sponge 54 may or may not be bonded to either diaphragm 14 or bonnet 12, as
      desired. However, if bonding is desired, preferably, sponge 54 is bonded
      to surface 55 and not to diaphragm 14. Bonnet 12 has a bore 56. Bore 56
      has a cylindrical surface. The cylindrical surface of bore 56 has an axis
      57. If desired, many parts of this construction shown in FIG. 1 may be
      symmetrical about axis 57, as shown.
PAR  As can be seen in FIG. 1, disc 42 acts as a valve which seals off hole 31
      by engaging valve seat 32. Similarly, disc 40 seals off the hollow
      interior of sleeve 50 by engaging a valve seat 58 at the lower end
      thereof.
PAR  The lower end of sleeve 50 is guided through a cylindrical opening 59
      through a spider 60 integral with base portion 13 having, for example,
      eight holes 61 therethrough.
PAR  Sleeve 50 is also slidably guided in bore 56. An O-ring 62 provides a fluid
      tight seal between the external surface of sleeve 50 and bore 56.
PAR  A body 63 is fixed relative to body 11. Body 63 has an inlet passageway 64.
      Air is admitted to passageway 64 in accordance with brake pedal pressure,
      as is conventional. This pressure may vary, for example, from 0 to 100
      pounds per square inch. Air through passageway 64, when plunger 65 is in
      the positon shown, may enter a space 66 above diaphragm 14 through a
      cylindrical port 67 in bonnet 12. Air can arrive at port 67 because
      plunger 65 is loosely retained inside a solenoid housing 68. Air exiting
      from passageway 54 to the right, as viewed in FIG. 1, may thus flow around
      plunger 65 to a space 69 to the right thereof, and into the port 67.
      Plunger 65 has a valve disc 70 which is biased into engagement with a seat
      71 on a fitting 72 by a coiled spring 73. Fitting 72 is fixed to and
      sealed to bonnet 12. A valve 74 is capable of resting on a valve seat 75
      on body 63. A spring 76 normally biases valve 74 to the position shown in
      FIG. 1, but allows it to remain substantially on seat 75 while the
      remainder of plunger 65 moves to the left a small amount.
PAR  One outstanding advantage of the present invention resides in the use of
      the sponge 54. This construction permits faster dumping. That is, air in
      space 66 may be vented to the atmosphere quickly from brake cylinders
      connected with port 37 through sleeve 50 through bore 56 and through a
      vent valve 77.
PAR  Faster dumping is also obtained by employing the frusto-conical internal
      surface 78 of fitting 72, as shown in FIG. 1. The same is true of the
      tangency of the external surface 79 to the internal surface of port 67.
PAC  OPERATION
PAR  In the operation of the embodiment of the invention shown in FIG. 1,
      diaphragm 14 may be in the position shown. Diaphragm 14 is flexible and
      may or may not be made of rubber or a rubber-like material. Sponge 54, by
      definition, has at least some resilience to recover its shape. When brake
      pedal pressure is applied, pressure is supplied through passageway 64, and
      diaphragm 14 moves downwardly. This keeps disc 40 in sealing engagement
      with seat 58 but pushes disc 48 away from seat 32. The pressure in inlet
      36 is then allowed to enter the brake cylinders through port 37. As soon
      as the pressure below diaphragm 14 becomes equal to the pressure
      thereabove, disc 42 again engages seat 32. As the pressure in passageway
      64 is vented to atmosphere, the pressure below diaphragm 14 will exceed
      that in space 66. Diaphragm 14 will then lift seat 58 off of disc 40, and
      the space below diaphragm 14 will be vented to the atmosphere through
      sleeve 50, bore 56 and vent valve 77.
PAR  Now assume again that brake pedal pressure is applied and pressure is
      supplied through passageway 64. In the meantime, the anit-skid brake
      control system calls for a release of brake pressure by the energization
      of the solenoid 58. In this case, valve 74 will close against seat 75, and
      disc 70 will move away from seat 71. Air under pressure in space 66 will
      then be vented to atmosphere through port 67, through the hole in fitting
      72, into bore 56 and outwardly of vent valve 77. Diaphragm 14 will then
      move up and lift seat 58 off of disc 40, and vent the space below
      diaphragm 14 to the atmosphere, as before, through sleeve 50, bore 56 and
      vent valve 77.
PAR  As stated previously, the use of sponge 54 increases the dumping rate. This
      is the rate at which the pressure is reduced below diaphragm 14 when seat
      58 is lifted off of disc 40. However, the dumping rate, during computer
      control of solenoid 68, is also dependent upon the rate at which the
      pressure in space 66 is dumped through point 67, through fitting 72,
      through bore 56 and through vent valve 77. That is the reason that the
      shape of surface 78 and the tangency of surface 79 with the surface of
      point 67 are important.
PAR  It is an advantage of the poppet 29 that recess 46 is vented to atmosphere
      through vent valve 77. Vent valve 77 keeps the interior of the valve 10
      clean and free from contaminants external thereto; i.e. dirt, etc. Thus,
      by venting recess 46 through vent valve 77, it is possible to keep recess
      46 clean without the need for additional check valve or vent valve means.
PAR  Note will be taken that venting of recess 46 through passsageway 39 is
      necessary because O-ring 47 provides a seal, and the size of the space in
      recess 46 is variable with the position of poppet 29. Such an air tight
      space would inhibit the operation of poppet 29, were not recess 46 vented.
PAR  Notwithstanding the foregoing, some embodiments of the invention have
      utility when a sponge is or is not employed. This is true of both of the
      valves 10 and 10'.
PAR  By this reference hereto, said copending application Ser. No. 217,539 is
      hereby incorporated herein as though fully set forth herein hereat.
PAR  In FIG. 4 a diaphragm valve 10' constructed in accordance with the present
      invention has a bonnet 12', a base portion 13' and a lower end plate 18'.
      Valve 10' is cut away along a line 100. Valve 10' may be identical to
      valve 10 shown in FIG. 1 to the left of the line 100 shown in FIG. 4, if
      desired.
PAR  In FIG. 4, a diaphragm is illustrated at 14'.
PAR  Parts 12', 13', 18', 14', 50', 51', 52', 62' and 72' shown in FIG. 4 may be
      similar to parts 12, 13, 18, 14, 50, 51, 52, 62 and 72 shown in FIG. 1,
      respectively. In some instances, a part shown in FIG. 4 may be identical
      to the corresponding part shown in FIG. 1.
PAR  Base portion 13' has two outlet ports 37' and 37".
PAR  A spider 60' shown in FIG. 4 may be similar to or identical to spider 60
      shown in FIG. 1.
PAR  Sleeve 50' in FIG. 4 may be similar to or identical to sleeve 50 in FIG. 1
      except for an annular groove 101 in the lower end of sleeve 50' in which a
      valve seat 102 is sealed and fixed.
PAR  Bonnet 12' in FIG. 4 has a bore 56' which may be similar to or identical to
      bore 56 shown in FIG. 1. Air is exhausted through bore 56', as before. A
      vent valve 103 covers the upper end of bore 56'. A similar vent valve 104
      is mounted on end plate 18'.
PAR  Vent valves 103 and 104 may be identical, if desired. Thus, only vent valve
      104 will be described in detail.
PAR  Base portion 13' has an inlet port 36' which may be similar to or identical
      to inlet port 36 shown in FIG. 1.
PAR  A valve 107 having a hollow interior and being open at both ends, has a
      circular sharp upper edge 108 that engages valve seat 102. Valve 107 is
      sealed to end plate 18' by an O-ring 109. Valve 107 has an outwardly
      projecting radial flange 110 with an annular groove 112 therein. Groove
      112 has a rubber ring 111 fixed and sealed in groove 112.
PAR  Base portion 13' has a downwardly extending sharp circular edge 113 which
      bears against and seals with ring 111.
PAR  A helically coiled spring 114 fits contiguous to a cylindrical external
      surface 115 of valve 107 and rests on an upwardly extending cylindrical
      projection 116 integral with end plate 18'.
PAR  Spring 114 then bears against the lower annular surface 117 of flange 110
      and spring biases ring 111 against the circular edge 113.
PAR  An O-ring 20' provides a fluid tight seal between body portion 13' and end
      plate 18'.
PAR  Bonnet 12' and base portion 13' are fixed together with diaphragm 14' by
      means not shown. This means may include, for example, bolts similar to or
      identical to bolts 17 shown in FIG. 1. Base portion 13' and end plate 18'
      may be fixed together by cap screws similar to or identical to cap screws
      19 shown in FIG. 1.
PAR  Bonnet 12' has an upper portion 127 at which location vent valve 103 is
      mounted.
PAR  In the practice of the embodiment of the invention illustrated in FIG. 4,
      at least one, but not necessarily both, of vent valves 103 and 104 are
      preferably employed. Both of the vent valves 103 and 104 need not be
      employed. Either one of the vent valves 103 and 104 may be omitted.
PAR  In FIG. 4, end plate 18' has an annular projection 128. Membrane 120 also
      has a groove 129 which fits over projection 128. Plate 124 clamps membrane
      120 tightly against the lower end of boss 119 with annular groove 129 in
      membrane 120 fitted tightly over projection 128 of end plate 18'.
PAR  As shown in FIG. 4, vent valve 104 includes a hollow cylinder 118 which is
      integral with end plate 18'. Cylinder 118 has circular holes 119
      therethrough which are not perfectly or partially aligned with circular
      holes 120 and 121 through a substantially cylindrical rubber sleeve 122
      placed over the exterior of cylinder 118. If desired, cylinder 118 and
      sleeve 122 may have an interference fit.
PAR  A spring 123 fits between the lower end of cylinder 118 and the lower end
      of valve 107. Spring 114 may be omitted in all cases, if desired. When
      spring 114 is employed, spring 123 may be omitted.
PAR  A conventional hose clamp 124 may be employed to hold rubber cylinder 122
      in a fixed position on cylinder 118. HOse clamp 124 may or may not be
      releasable, as desired.
PAR  In FIG. 5, a valve 10" is shown having a portion 127' similar to portion
      127 shown in FIG. 4. Valve 10" may be identical to valve 10' except for
      the structure shown in FIG. 5. In FIG. 5, vent valve 103 has been omitted.
      Bore 56' has been filled solid. Thus, there are not longer threads at 56'"
      in FIG. 5, as illustrated at 56" in FIG. 4.
PAR  Each of the vent valves 103 and 104 preferably are made similar to or
      identical to those described and/or illustrated in copending application
      Ser. No. 210,007 filed Dec. 20, 1971, by Roger Greenwood and Thomas
      Roberts for COMBINATION VALVE AND COMPONENT THEREOF. For this reason, by
      this reference hereto, said copending application Ser. No. 210,007 is
      hereby incorporated herein as though fully set forth herein hereat.
PAR  The word "impede," in any of its grammatical forms, is hereby defined for
      use herein and for use in the claims as including, but not being limited
      to, either a close fit of sleeve 50 in bore 56 in FIG. 1 with or without
      O-ring 62 or with both, but not necessarily both.
PAR  The word "poppet," the phrase "poppet assembly" and the phrase "poppet
      means" each are hereby defined for use herein and for use in the claims as
      including, but not being limited to, valve 107 and those structures which
      are substantially fixed relative thereto.
PAR  Both valves 10 and 10' shown in FIGS. 1 and 4, respectively, will operate
      adequately without sponge 54 in any of the same or different applications
      thereof.
PAR  Both vaives 10 and 10' will operate adequately with sponge 54 in many of
      the same or different applications.
PAR  A phrase the same as or similar to "two or more portions fixed relative to
      each other" is hereby defined for use herein and for use in the claims as
      including, but not being limited to, two separate parts or two portions of
      the same part integral with each other.
PAR  The phrase "tube" is hereby defined for use herein and for use in the
      claims as including, but not being limited to, something having a
      passageway extending completely therethrough and which is open at both
      ends but which may or may not have a symmetrical axis of revolution and
      which may or may not have a uniform or partly uniform inside or outside
      diameter throughout its length.
PAR  Attention is hereby invited to all the prior art references cited in the
      said copending application Ser. No. 217,539.
PAR  The words "upper" and "lower" are hereby defined for use herein and for use
      in the claims to follow as designating relative positions of structures
      when the assembly thereof is turned to orient the parts a certain way.
      However, the words "upper" and "lower" are hereby defined in such a way
      that they do not limit any claim or the use of the invention to any one
      particular orientation.
PAR  The word "valve" is hereby defined for use herein and for use in the claims
      to include, but not be limited to, a fixed or movable valve made of rubber
      or metal or rubber or metal equivalents. The word "valve," as defined
      herein, thus may or may not be fixed or movable relative to a valve body
      or other structures.
PAR  The phrase "valve seat" is hereby defined for use herein and for use in the
      claims to include, but not be limited to, a fixed or movable valve seat
      made of rubber or metal or rubber or metal equivalents.
PAR  In accordance with the foregoing, the following combinations are possible,
      but the use of any particular one combination is not critical: A rubber or
      rubber equivalent valve seat may be used with a rubber or rubber
      equivalent valve. A metal or metal equivalent valve seat may be used with
      a metal or metal equivalent valve. However, preferably, but not
      necessarily, a rubber or rubber equivalent valve seat is employed with a
      metal or metal equivalent valve. Conversely, a metal or metal equivalent
      valve seat is preferably, but not necesssarily, employed with a rubber or
      rubber equivalent valve.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fluid pressure responsive apparatus comprising: a hollow valve body
      having a flexible diaphragm sealed at its edge thereto, said valve body
      having a hollow interior divided into upper and lower pressure chambers by
      said diaphragm, said lower chamber including first and second spaces, said
      valve body having a cylindrical bore on one side of said diaphragm; a vent
      valve connected from said bore to the atmosphere, said bore having an
      axis, said diaphragm having a central hole therethrough symmetrical about
      said bore axis; a hollow cylindrical body fixed relative to and sealed
      relative to said diaphragm in a position extending through said diaphragm
      hole, said cylindrical body being located in a position slidable inside
      said bore concentric therewith; a first O-ring located around said
      cylindrical body in a position symmetrical about said axis, one of said
      bodies including means to trap said first O-ring in a substantially fixed
      position relative thereto, said first O-ring providing a fluid tight
      sliding seal between said bodies; a first spider fixed relative to said
      valve body internally thereof on the other side of said diaphragm, said
      first spider having a cylindrical hole therethrough, said cylindrical body
      also being slidable through said first spider hole, said first spider
      having other holes therethrough to admit fluid under pressure from said
      first space therebelow into said second space between said first spider
      and said diaphragm, said valve body having an outlet port in communication
      with said second space; a second spider fixed relative to said valve body
      internally thereof in a position sealed to the wall of said lower chamber,
      said lower chamber being located on the said other side of said diaphragm,
      said second spider generally dividing said second space from an inlet
      chamber in said valve body, said valve body having an inlet port in
      communication with said inlet chamber, said second spider having a
      circular hole therethrough concentric with and a valve seat therearound
      said bore axis; a poppet including upper and lower valve discs; means to
      guide movement of said poppet about and along said axis; a spring to bias
      said lower and upper valve discs against said second spider valve seat and
      the lower end of said cylinder body, respectively; selectively operable
      means to admit fluid under pressure to said upper chamber or to exhaust
      said upper chamber through said bore, said valve body being spaaced from
      said one diaphragm side; and a sponge-like layer positioned between said
      one diaphragm side and said valve body.
NUM  2.
PAR  2. Fluid pressure responsive apparatus comprising: a hollow valve body
      having a flexible diaphragm sealed at its edge thereto, said valve body
      having a hollow interior divided into upper and lower pressure chambers by
      said diaphragm, said lower chamber including first and second spaces, said
      valve body having a cylindrical bore on one side of said diaphragm; a vent
      valve connected from said bore to the atmosphere, said bore having an
      axis, said diaphragm having a central hole therethrough symmetrical about
      said bore axis; a hollow cylindrical body fixed relative to and sealed
      relative to said diaphragm in a position extending through said diaphragm
      hole, said cylindrical body being located in a position slidable inside
      said bore concentric therewith; a first O-ring located around said
      cylindrical body in a position symmetrical about said axis, one of said
      bodies including means to trap said first O-ring in a substantially fixed
      position relative thereto, said first O-ring providing a fluid tight
      sliding seal between said bodies; a first spider fixed relative to said
      valve body internally thereof on the other side of said diaphragm, said
      first spider having a cylindrical hole therethrough, said cylindrical body
      also being slidable through said first spider hole, said first spider
      having other holes therethrough to admit fluid under pressure from said
      first space therebelow into said second space between said first spider
      and said diaphragm, said valve body having an outlet port in communication
      with said second space; a second spider fixed relative to said valve body
      internally thereof in a position sealed to the wall of said lower chamber,
      said lower chamber being located on the said other side of said diaphragm,
      said second spider generally dividing said second space from an inlet
      chamber in said valve body, said valve body having an inlet port in
      communication with said inlet chamber, said second spider having a
      circular hole therethrough concentric with and a valve seat therearound
      said bore axis; a poppet including upper and lower valve discs; means to
      guide movement of said poppet about and along said axis; a spring to bias
      said lower and upper valve discs against said second spider valve seat and
      the lower end of said cylindrical body, respectively; selectively operable
      means to admit fluid under pressure to said upper chamber or to exhaust
      said upper chamber through said bore, said selectively operable means
      including a fitting fixed relative to said valve body; said valve body
      having a circular hole with an axis transverse to said bore, said valve
      body hole extending from said fitting to said bore, said fitting being
      annular and concentric with said valve body hole axis, said fitting having
      a frustoconical internal surface of revolution about said valve body hole
      axis, said valve body hole axis being approximately perpendicular to said
      bore axis, the diameter of said fitting internal surface being the largest
      at the position of said valve body hole, said valve body having another
      cylindrical hole from said upper chamber to a space around said fitting,
      said fitting having a hollow, annular, tapering tip projecting
      transversely in front of said other valve body hole, said tip having an
      external surface of revolution which at one point lies tangent to the
      surface of said other valve body hole, said tip providing a valve seat at
      its end, said selectively operable means including a valve to seal with
      said tip seat.
NUM  3.
PAR  3. Fluid pressure responsive apparatus comprising: a hollow valve body
      having a flexible diaphragm sealed at its edge thereto, said valve body
      having a hollow interior divided into upper and lower pressure chambers by
      said diaphragm, said lower chamber including first and second spaces, said
      valve body having a cylindrical bore on one side of said diaphragm; a vent
      valve connected from said bore to the atmosphere, said bore haaving an
      axis, said diaphragm having a central hole therethrough symmetrical about
      said bore axis; a hollow cylindrical body fixed relative to and sealed
      relative to said diahragm in a position extending through said diaphragm
      hole, said cylindrical body being located in a position slidable inside
      said bore concentric therewith; a first O-ring located around said
      cylindrical body in a position symmetrical about said axis, one of said
      bodies including means to trap said first O-ring in a substantially fixed
      position relative thereto, said first O-ring providing a fluid tight
      sliding seal between said bodies; a first spider fixed relative to said
      valve body internally thereof on the other side of said diaphragm, said
      first spider having a cylindrical hole therethrough, said cylindrical body
      also being slidable through said first spider hole, said first spider
      having other holes therethrough to admit fluid under pressure from said
      first space therebelow into said second space between said first spider
      and said diaphragm, said valve body having an outlet port in communication
      with said second space; a second spider fixed relative to said valve body
      internally thereof in a position sealed to the wall of said lower chamber,
      said lower chamber being located on the said other side of said diaphragm,
      said second spider generally dividing said second space from an inlet
      chamber in said valve body, said valve body having an inlet port in
      communication with said inlet chamber, said second spider having a
      circular hole therethrough concentric with said axis and a valve seat
      therearound; a poppet including upper and lower valve discs; means to
      guide movement of said poppet about and along said axis; a spring to bias
      said upper and lower valve discs against the lower end of said cylinder
      body and said spider valve seat, respectively; selectively operable means
      to admit fluid under pressure to said upper chamber or to exhaust said
      upper chamber through said bore, said second spider being fixed relative
      to said valve body inside thereof in said second space to guide said
      poppet, said valve body having a recess to slidably receive the lower end
      of said poppet, a second O-ring providing a sliding fluid tight seal
      between the lower end of said poppet and said recess, said poppet having a
      passageway extending completely therethrough to vent said recess to the
      interior of said cylindrical body.
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ABST
PAL  A pipe system for conveying fluids having a straight pipe section with a
      Reynolds number exceeding 2200 by reason of the critical values of
      interior surface roughness of the pipe and of turbulence at the pipe
      section inlet, such values being defined, respectively, by the formulae:
EQU  (e/d) R .ltoreq.  200
PAL  and
EQU  (U/V) R.sup.1.67 .ltoreq. 3500
BSUM
PAR  The present invention relates to pipe systems for conveying fluids, such as
      air, gas, water, oil, etc., from one place to another, and particularly to
      such a system in which the fluid flow is laminar.
PAR  It is well-known in the art that laminar flow transport of fluid is
      desirable for several reasons. For example, the frictional losses at high
      flow rates are much smaller with laminar flow than with turbulent flow,
      and therefore, the pumping energy is less, there is less fluid heating,
      the pumping pressure is lower, and the piping need not be so strong.
      Furthermore, because there is a lower heat transfer rate between the fluid
      and the pipe, less heat is transferred between the surroundings and the
      fluid when temperature differences are present. Also, with laminar flow,
      the fluid flow noise is lower than with turbulent flow.
PAR  A dimensionless number, known as the Reynolds number, is a descriptive
      measure of fluid flow in a pipe and is defined as follows:
EQU  R = p V d/.mu.
PAL  Where p is the density of the fluid, .mu. is the viscosity of the fluid, V
      is the mean axial velocity of the fluid, and d is the internal diameter of
      the pipe. It is known in the art that when the Reynolds number is less
      than about 2200 the fluid flow in a pipe will be laminar and that at some
      higher number, depending on several factors, the fluid flow will be
      turbulent. Scientists have believed for some time that laminar flow at
      higher Reynolds numbers, e.g., as high as 100,000, is possible in pipe
      entrance regions. However, the fact that the Reynolds number is high at
      the entrance region provides no assurance that the Reynolds number of a
      practical fluid conveying system is also attainable. In fact, in
      engineering practice, when the Reynolds number is greater than 2200, the
      fluid flow in a pipe is turbulent.
PAR  It is known in the art that many factors affect the type of flow in a pipe.
      In order to prevent convective currents that lead to turbulence, the fluid
      in a horizontal pipe is required to have a density in the upper portion of
      the pipe no greater than that in the lower portion thereof. If the fluid
      is heated, this is accomplished by greater insulation at the top of the
      pipe than at the bottom thereof. In order to prevent curvature currents
      that increase the frictional losses in the pipe, the pipe should be as
      straight as possible, but if bends are necessary and if it is desired to
      prevent such losses, the radius of curvature must be at least equal to:
EQU  .gamma. = pipe diameter .times. R.sup.2 /200.
PAL  to prevent the internal roughness of the pipe from causing turbulence, the
      internal surface finish, the joint gaps and fittings must be quite smooth,
      but no criterion concerning the required smoothness has been developed.
      Finally, to prevent the turbulence that is in the fluid as it enters the
      pipe from bringing about turbulence in the entire pipe, the turbulence
      level in the entering fluid must be small, but again the required level
      has not been known. Although the methods for reducing internal surface
      roughness of pipe walls and turbulence levels in fluids to desired
      quantities are known in the art, the inner wall roughness and inlet fluid
      turbulence level criteria which permit the practical use of high Reynolds
      number laminar flows have previously been unknown.
PAR  After making a study and a series of experimental investigations, I have
      found that by using the usual features of a pipe system and by, in
      addition, properly relating the internal roughness of the pipe and the
      fluid turbulence at the inlet of the pipe to the Reynolds number, laminar
      flows can be obtained consistently at higher values of the Reynolds number
      than the usual 2200, e.g., 20,000 and higher. In accordance with the
      invention, the readily available pipe is selected and finished internally,
      and both the fixed joints and the expansion joints between sections of
      pipe are constructed so that the internal roughness is such that
EQU  (e/d) R .ltoreq. 200
PAL  where e is the root mean square height of the roughness of the internal
      surface of the pipe, d is the internal diameter of the pipe, and R is the
      Reynolds number. In addition, by the use of conventional apparatus, e.g.,
      screens, tapered inlet sections, wall suction, etc., the fluid turbulence
      at the pipe inlet is controlled so that
EQU  (U/V) R.sup.1.67 .ltoreq. 3500
PAL  where U is the cross-section average of V', V is the cross-section average
      of V", R is the Reynolds number, V' is the root mean square time average
      of (V - V"), V" is the time average of V, and V is the axial velocity of
      the fluid in the pipe.
PAR  One object of the invention is to permit consistent construction of pipe
      systems for fluid transport which will have laminar flow at Reynolds
      number much higher than 2200.
PAR  Another object of the invention is to permit economical transport of fluids
      by pipe with low frictional losses.
PAR  An additional object of the invention is to permit economical pipe
      transport of heated or cooled fluids with low heat transfer rates.
PAR  A still further object of the invention is to permit quiet pipe transport
      of fluids.
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PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description of the presently preferred embodiment
      thereof, which description should be considered in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic, elevation view of a typical transport system
      incorporating the invention;
PAR  FIG. 2 is a diagrammatic, partial sectional view of one form of inlet fluid
      turbulence control means which may be used in the system shown in FIG. 1;
      and
PAR  FIG. 3 is a graph illustrating the effect of inlet fluid turbulence and
      pipe interior surface roughness on the Reynolds number in a pipe fluid
      transport system incorporating the invention.
DETD
PAR  FIG. 1 illustrates diagrammatically a typical fluid transport system
      comprising an initial vessel 1 for the fluid which is pumped from the
      vessel 1 by a pump 2 through a typical set of controls 3 and through a
      known type fluid turbulence control means 4 and into a series of connected
      pipes 5. The fluid passes through the pipes 5 to a receiving vessel 6. The
      initial vessel 1 and the receiving vessel 6 are common fluid containing
      vessels, e.g., storage tanks, process chambers, machines, etc. The pump 2
      and the flow controls 3 are those typically used in pumping systems, e.g.,
      centrifugal pumps, control valves, emergency valves, surge tanks, etc. The
      pipes 5 and the fluid turbulence control means 4 are common,
      smooth-inner-wall pipe and known fluid turbulence reduction means,
      respectively. The methods of selecting, joining and finishing the pipe so
      that its inner wall roughness meets the necessary roughness limitations
      are well-known in the art. While the invention will be described in
      conjunction with the system illustrated in FIG. 1, it will be apparent to
      those skilled in the art that the principles of the invention may be
      applied to other systems, i.e., systems in which the pumps and tanks are
      omitted.
PAR  FIG. 2 illustrates a typical combination of fluid turbulence control means
      which are well-known in the art of turbulence control. It comprises a
      large hollow section 7 through which the turbulent fluid from the pumps 2
      passes, a plurality of screens 8 of small mesh size located perpendicular
      to the flow direction and within the section 7, a tapered section 9 which
      gradually reduces in cross-section from that of section 6 to that of the
      pipe 5 and through which the fluid from section 6 passes, and a section of
      entrance pipe 10 of the same diameter as the pipe 5. The tapered section 9
      and the entrance pipe 10 are selected, joined and finished so that their
      inner wall roughness meets the limitations known in the art of boundary
      layer stability. The diameter and length of the large hollow section 7 and
      the number, spacing and mesh size of the screens 8 and the shape of the
      tapered section 9 can all be determined in accordance with the art so that
      the inlet fluid turbulence at the end of the pipe 10, where the fluid has
      a parabolic velocity profile, meets the necessary fluid turbulence
      limitations. While FIG. 2 illustrates one type of inlet fluid turbulence
      control means, it will be apparent to those skilled in the art that other
      types of means, e.g., wall suction, may be employed for reducing the inlet
      fluid turbulence to any desired level.
PAR  As mentioned hereinbefore, in order to prevent convective currents when the
      fluid has a temperature higher than that of the surroundings, the inlet
      section 7, the tapered section 9, and the pipes 5 and 10 may have
      insulation 11 at the upper half thereof. Also, to prevent temperature
      differences cross-wise of the inlet section 7, motor driven mixers 12 may
      be employed.
PAR  The inner wall roughness and the inlet fluid turbulence level required to
      permit the practical use of high Reynolds number laminar flow have been
      determined from the data of a series of experiments. In these experiments,
      the inner wall roughness and the inlet fluid turbulence levels were
      determined by measurements and calculations well-known in the art.
PAR  The determination of the value of the inlet fluid turbulence level cannot
      be made directly by techniques well-known in the art. Although techniques
      for the measurement of fluid turbulence levels are well-known in the art,
      some of them being described in the book entitled TURBULENCE by J. O.
      Hinze, published in 1950 by McGraw-Hill, particularly pages 75-83 thereof,
      the turbulence level at the end of the inlet region of the pipe referred
      to in the invention is too small to be measured by these techniques. Thus,
      it is necessary to measure the turbulence level within the inlet region,
      where it has sufficient amplitude to be measurable, and use calculations
      well-known in the art to determine its level at the end of the inlet
      section. To confirm this procedure, measurements were made using
      turbulence generators located at the end of the inlet region. These
      measurements confirmed the calculated values, and so the turbulence level
      at the end of the inlet region could be determined indirectly. The
      turbulence level at the end of the inlet region is quantified by the
      cross-section average, U, of the root mean square time average, V', of the
      difference (V - V"), between the instantaneous stream-wise velocity, V,
      and its time average, V".
PAR  The determination of the value of the roughness level of the inner wall of
      the pipe can be carried out by techniques well-known in the art and
      examples of such techniques are set forth in the book entitled INDUSTRIAL
      INSPECTION METHODS by Leno C. Michelon, published in 1950 by Harper,
      particularly pages 500-503 thereof. The roughness is quantified by the
      root mean square height, e, of the roughness of the inner surface of the
      pipe.
PAR  In one group of experiments using very smooth pipe, the inlet fluid
      turbulence level was varied by using turbulence generators located at the
      beginning and at the end of the inlet region, and it was determined that
      to obtain laminar flow, the fluid turbulence level, U, at the end of the
      inlet region should be less than that determined from the following
      formula:
EQU  U = M V R.sup.-.sup.1.67
PAL  where U is the cross-section average of V', V is the cross-section average
      of V", V' is the root mean square time average of (V - V"), V" is the time
      average of V, V is the axial velocity of the fluid in the pipe, R is the
      Reynolds number, and M is equal to 3500.
PAR  In another group of experiments using very low inlet fluid turbulence
      levels, the roughness of the inner wall of the pipe was varied and it was
      found that to obtain laminar flow the inner wall roughness, e, should be
      less than that determined from the following formula:
EQU  e = K d/R
PAL  where e is the root mean square height of the roughness of the inner
      surface of the pipe, d is the interior diameter of the pipe, R is the
      Reynolds number, and K is equal to 200.
PAR  FIG. 3 is a graph illustrating the inner wall roughness and inlet fluid
      turbulence permitted in using high Reynolds number laminar pipe flow in a
      practical pipe system. The left-hand curve 15 indicates the maximum values
      of U/V for laminar flow when the roughness is negligible, i.e., e/d is
      less than 20R.sup.-.sup.1, and the right-hand curve 16 indicates the
      maximum values of e/d for laminar flow when U/V is negligible, i.e., U/V
      is less than 350R.sup.-.sup.1.67. For a selected Reynolds number, curves
      15 and 16 will indicate a value of inner wall roughness and a value of
      inlet fluid turbulence for laminar flow, i.e., a pipe system using the
      given Reynolds number must have less inner wall roughness and less inlet
      fluid turbulence than those values determined from the curves 15 and 16.
PAR  Good engineering practice indicates that, due to the random nature of the
      roughness and the turbulence and due to the accuracy of the techniques of
      the art of measuring these quantities, a safety factor should be used.
      Roughness and turbulence levels are normally determined by measuring those
      properties for a few representative sample locations. There exists a
      certain probability that the values measured do not represent the true
      levels. Further, the measurement techniques themselves, especially those
      of turbulence level, involve uncertainty. The safety factor should
      preferably be about 2, and therefore, in the turbulence and roughness
      formulae, M would be 1750 and K would be 100.
PAR  As an example illustrating the results obtained in utilizing a pipe system
      designed according to the present invention, a pipe having an internal
      diameter of 2.2 cm. was used to convey air from one place to another,
      using a small industrial blower and inlet fluid turbulence control means.
      The pipe was extruded aluminum, and it was finished and installed so that
      its maximum inner wall roughness was 0.1 mm. The control means consisted
      in a cardboard cylinder of 50 cm. diameter and 120 cm. length, three
      common window screens spaced 30 cm. apart within the cylinder, a molded
      fiber-glass tapered section, and an entrance pipe 24 m. long and 2.2 cm.
      in diameter. The entrance pipe and the tapered section were installed so
      that their maximum inner wall roughness was 0.05 mm. The dimensions of the
      tapered section were as follows:
     Distance from          Internal Radius                                    
     end - cm.              cm.                                                
     ______________________________________                                    
      0                     25                                                 
     10                     17.7                                               
     20                     9.4                                                
     30                     5.8                                                
     40                     4.0                                                
     50                     2.9                                                
     60                     2.2                                                
     70                     1.77                                               
     80                     1.51                                               
     90                     1.32                                               
     100                    1.21                                               
     110                    1.14                                               
     125                    1.10                                               
     ______________________________________                                    
PAR  The inlet fluid turbulence level was measured indirectly and determined to
      be
EQU  U/V = 10.sup.-.sup.4.
PAL  this system provided laminar flow for all Reynolds numbers below 20,000. It
      was not possible with the blower available to determine the upper limit of
      possible Reynolds numbers. This system transported the air with frictional
      losses one sixth the amount that would be required to transport the same
      quantity of air in the same pipe using turbulent flow, with the
      corresponding reductions in pumping energy, fluid heating and pumping
      pressure.
PAR  Although a preferred embodiment of the present invention has been described
      and illustrated, it will be understood by those skilled in the art that
      various modifications may be made without departing from the principles of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid conveying system having laminar fluid flow and a Reynolds number
      in excess of 2200, comprising a straight pipe of circular cross-section
      having an inlet and outlet, and fluid turbulence control means connected
      to said inlet for supplying said fluid to said inlet, said pipe having an
      internal roughness determined from the formula:
EQU  (e/d) R .ltoreq. 200
PAL  where e is the root mean square height of the roughness of the internal
      surface of the pipe, d is the internal diameter of the pipe, and R is the
      Reynolds number, and wherein said fluid turbulence control means is of a
      form in which the turbulence level of said fluid at said inlet conforms to
      the formula:
EQU  (U/V)R.sup. 1.67 .ltoreq. 3500
PAL  where U is the cross-section average of V', V' is the root mean square time
      average of (V - V"), V" is the time average of V, V is the axial velocity
      of the fluid, V is the cross-section average of V", and R is the Reynolds
      number.
NUM  2.
PAR  2. A fluid conveying system as set forth in claim 1, wherein
EQU  (e/d) R .ltoreq. 100
PAL  and
EQU  (U/V) R.sup.1.67 .ltoreq. 1750
NUM  3.
PAR  3. A fluid conveying system as set forth in claim 1, in which the fluid
      turbulence control means are a large diameter tube, a plurality of screens
      in said tube, a tapered transition section with a smooth inner wall
      connected to said tube and a straight entrance pipe of circular
      cross-section with a smooth inner wall connected to said transition
      section.
NUM  4.
PAR  4. A fluid conveying system as set forth in claim 1, in which the fluid is
      hotter than its surroundings and in which the fluid turbulence control
      means are a large diameter tube insulated in its upper half, a plurality
      of fluid mixers within said tube, a plurality of screens in said tube
      located downstream of the mixers within said tube, a tapered insulated
      transition section with a smooth inner wall connected to said tube, and an
      entrance pipe with a smooth inner wall and with insulation on its upper
      half, connected to said transition section, and in which the straight pipe
      of circular cross-section is insulated in its upper half.
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ABST
PAL  A tube construction for providing releasably interlocking fastener strips
      to be attached to the surface of film for bags including an elongate thin
      plastic tube having a range of gauges from 0.0015 inch to 0.005 inch with
      at least six shaped plastic profiles projecting from the surface of the
      tube and integral therewith being formed by the same extrusion process
      with one-half of the number of profiles being female and the other half
      being male profiles, and the male and female profiles shaped and sized so
      as to be capable of releasably interlocking with each other and with the
      film between the profiles having a distance no greater than 2 inches, and
      said film being longitudinally severable between profiles to provide
      fastener strips for laminating onto the surface of a plastic film to be
      converted into reclosable plastic bags.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in fastener profile
      structures for plastic bags of the type which are reclosable.
PAR  More particularly, this type of bag is formed of thin plastic film of a
      suitable physical characteristic for containing products. Frequently, the
      bag will be of thin, lightweight tough material which is clear so that the
      contents can be seen with the bag fully sealed so that the contents are
      protected against dust and moisture. The bag is opened by being cut or
      torn at the top for access to the contents. If a reusable bag is desired,
      it has releasably interlocking fastener profiles provided on the inner
      facing surfaces near the top of the bag. These profiles permit the bag to
      be opened by pulling the top lips apart. The bag can be reclosed by
      applying a closing pressure along the profiles.
PAR  This type of bag is sufficiently inexpensive so that it does not add
      significantly to the cost of the product, and yet provides a container
      which is of use for carrying the product for some time thereafer or is
      reusable for other products. This makes the bag particularly valuable to
      the purchaser and increases the merchandisable attractiveness of the
      product.
PAR  To provide such an improved bag at a reduced cost, it has been discovered
      that certain fastener profiles can be carried on fastener strips which are
      laminated or attached by heat and pressure to the surface of a film which
      is then converted into a bag with the fastener strips located at the
      inside and near the top of the bag. With this construction, the strips can
      be formed of optimum material for the fastener profiles, and the bag can
      be made of material chosen independent of the requirements of the fastener
      strips. For example, a thin flexible plastic bag may be provided of a very
      clear plastic, and a more rigid slippery material can be used for the
      fastener strips of optimum physical characteristics for the interlocking
      profiles. Such profiles will interlock with a strength which equals the
      strength of the bag, and yet can be readily openable when desired by
      pulling apart the bag's top flanges of lips.
PAR  To be compatible with a flexible plastic bag, the fastener strips of this
      type must be capable of being inexpensively manufactured and must be
      available in a form so that they can be attached rapidly to a plurality of
      bags in an assembly line arrangement. If the fastener strips are expensive
      to make, or inconvenient to handle so that they are expensive to assemble,
      the advantage of a low cost plastic bag is defeated, and the commercial
      attractiveness of this type of product is lost.
PAR  It has heretofore been customary to form certain fastener strips by
      extruding them individually from a die which is shaped to form a planar
      web portion with a shaped profile on the surface. Also, this specific type
      of fastener consists of separate female and male profiles which interlock
      when pressed together, as illustrated in the attached drawings. The web
      portion is flat, and the profile is usually centrally located. In this
      type of extrusion, the resistance within the die will tend to pull
      unequally so that frequently there is a holding back of the web portion on
      one side or the other of the profile. This tends to cause cocking and
      distortion of the male or female profile and wrinkling of the fastener
      web. It will be apparent that it is critically important that the profile
      retain a perfect shape and retain the dimension which has been determined
      for it so that it will interlock with full strength with its mating
      profile.
PAR  The present invention extrudes a plurality of male and female fastener
      strips at least six in number, in a single extrusion, so that the web
      portions of the strip are each attached to each other, or in other words,
      form a tube. This eliminates the unequalness which is encountered with the
      extrusion of a single flat strip, and the pulling and web wrinkling which
      occur with the single strip are eliminated.
PAR  Another advantage obtained in extruding the plurality of strips joined
      together in a single tube is that the web portion of the strip can be made
      thinner. There is a minimum limit to the web thickness which can be
      extruded when a flat single strip fastener is made because the web will
      tear and not extrude if the opening gets too small, or if the fastener is
      drawn down too much in order to reduce its size. However, by extruding the
      plurality of strips in tube form, the web can be thinned down by inflation
      of the tube to stretch it to a thinness less than the die opening. This
      inflation will occur without reducing the size of the profile since
      inflation of the tube will only reduce the size of the web which supports
      the profile. In this manner a fastener strip can be made having a web of a
      thickness which is the same as the bag so that the web can be heat sealed
      to the surface of the bag without damage to the bag material. If an
      attempt is made to seal a fastener strip having a thick web to a thin bag,
      enough heat must be added to melt the plastic of the strip, and this heat
      usually will be too much for a thin bag film and will result in melting
      holes in the bag wall. With the fastener strip and bag film of
      substantially equal thickness, enough heat is added to soften the plastic
      of both the film and the strip an equal amount, and this accomplishes a
      satisfactory seal without resulting in holes in the bag film.
PAR  A still further advantage of the formation of the male and female profile
      strips in tube form is that a greater speed of extrusion can occur as
      contrasted with single flat strip extrusion of these profiles. Limitations
      are inherent in a single flat strip extrusion because the high speeds
      result in wrinkling and distortion which do not occur in tube extrusion.
PAR  A still further advantage of the present invention is that smaller male and
      female profiles can be made. Limitations in drawdown tend to limit the
      size of the profile in the extrusion of a flat single strip.
PAR  Also, in a flat extrusion process the more single profile strips that are
      made at one time, the more difficult the extrusion becomes since each
      additional profile strip merely multiplies the problems encountered with a
      single profile strip. A circular multiple profile joined profile strip,
      however, tends to balance the profiles against each other, thereby
      reducing the difficultly of the multiple profile extrusion.
PAR  It is accordingly an object of the invention to provide an improved
      mechanism and method for the production of male and female profile strips
      of the type illustrated for attaching to plastic film for conversion into
      bags wherein improved control and cooling are achieved for a resultant
      improved profile shape and size.
PAR  A further object of the invention is to provide an improved mechanism and
      method for providing male and female profile strips wherein a thinner web
      portion can be obtained and wherein wrinkling and distortion of the web
      and edges of the profile are eliminated.
PAR  A further object of the invention is to provide a method and mechanism for
      extruding male and female fastener profile strips at higher rates of speed
      than heretofore obtainable in a conventional single flat strip extrusion
      process.
PAR  It is accordingly an object of the present invention to provide an improved
      male and female fastener strip structure of the type illustrated by a more
      rapid less expensive procedure wherein the material is particularly easy
      to handle for use in assembly with film for conversion into bags and
      wherein the strips are laminated onto the surface of the film of the bags.
PAR  Another object of the invention is to provide an improved male and female
      fastener strip structure which does not have the distortions and other
      disadvantages which occur from nonuniform cooling.
PAR  Other objects and advantages, as well as equivalent structures and methods
      which are intended to be covered hereby, will become more apparent to
      those versed in the art with the teaching of the principles of the
      invention in connection with the disclosure of the preferred embodiments
      thereof in the specification, claims and drawings in which:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a fastener strip tube with a section being
      taken transversely of the length of the tube;
PAR  FIG. 2 is another sectional view similar to FIG. 1 of another embodiment of
      the invention;
PAR  FIG. 3 is a sectional view of another embodiment of the invention;
PAR  FIG. 4 is a sectional view of still another embodiment of the invention;
PAR  FIG. 5 is a fragmentary sectional view of a further arrangement of the
      invention;
PAR  FIG. 6 is a fragmentary perspective view of a strip formed from one of the
      tubes of the previous figures;
PAR  FIG. 7 is a sectional view of a bag with the strips made from the
      structures illustrated;
PAR  FIG. 8 is a fragmentary sectional view of another form of the invention;
PAR  FIG. 9 is a fragmentary sectional view of still another form; and
PAR  FIG. 10 is a fragmentary perspective view of a female fastener strip.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates an elongate thin plastic tube 10 formed of a film of
      plastic such as polyethylene or polypropylene or a like material. The thin
      plastic is formed by being extruded from an annular die, and the heated
      plastic passes out through an annular die opening and is cooled by air
      directed along the inner and outer surfaces and may be cooled in liquid.
      Frequently, inflation is done to aid in grain orientation of the plastic
      and decrease the film thickness.
PAR  In extrusion processes heretofore available wherein single web male and
      female profile strips were extruded, it was necessary to cool the strips
      in a water bath. With the present arrangement by extruding a tube, air
      cooling can be employed, or a combination of both can also be used. Since,
      in effect, each adjacent profile strip controls the position and cooling
      of the other profile strip when the strips are continuous in a tube, the
      distortion which can occur with a single strip is avoided. Also, since the
      profiles are uniformly spaced from each other around the tube, there is an
      equal length of film between each of them so that any conduction of heat
      away from the profiles on each side is uniform. If a single strip is made
      with the profile not centered on the strip, the narrower portion of the
      strip at one side of the profile will tend to cool more rapidly than on
      the other side. This is not the case with strips formed in a continuous
      tube because the amount of film on each side of the profile is determined
      only at the time of cutting the strip from the tube, which is after the
      cooling of the tube.
PAR  The thin plastic film between the profiles which after cutting becomes the
      profile webs has a thickness in the range of 0.0015 to 0.005. A maximum
      profile size is approximately 75 mils. The range of the ratio of profile
      size to web thickness is in the range of 40:1 to 25:1. The web size is the
      measured thickness of the web, and the profile size is measured from the
      base of the profile to its tip, that is, from the base of the film to
      which the male element is attached to its highest point or the tip of its
      arrow shape.
PAR  The spacing between profiles is no greater than 2. This provides strips
      which have sufficient spacing so that when cut, yield strips for
      attachment to the bags, on one side of the profile and opening lips to
      separate the interlocked profiles on the other side of the profile. The
      film tube has a number of female profiles, shown at 11, 12, 13 and 14, and
      an equal number of male profiles, shown at 15, 16, 17 and 18. The profiles
      have a size and shape so that the male profiles will releasably interlock
      with the female profiles. While different sets of male and female profiles
      may be provided, preferably the male profiles are of the same size, and
      the female profiles are similarly of the same size so that they may be
      interchangeable, and care does not have to be taken when assembling the
      strips onto a bag so that corresponding male and female profile strips are
      used.
PAR  The female profiles are arranged on one-half of the circumference of the
      tube, that is, in the area extending from 10b to 10c. The male profiles
      are on the other one-half of the circumference.
PAR  The spacing between each of the female profiles on their one-half the
      circumference is equal. That is, spaces 11a and 12a are substantially
      identical. Similarly, the spacing between the male profiles, such as 17a
      and 18a, are equal. Spacing between the end profiles between each said
      one-half circumference is the same as the space between adjacent profiles.
      That is, the spaces 19 and 20 between the groups of profiles are the same
      as spaces 11a, 12a or spaces 17a and 18a. Essentially, therefore, the
      spacing between each profile and its neighboring profile is the same.
PAR  In the arrangement shown in FIG. 2, the profiles are arranged on the inner
      surface of the tube, instead of on the outer surface as was the case in
      FIG. 1. The tube is shown at 21 with female profiles such as 22 arranged
      on one-half of the tube circumference. Male profiles such as 23 are
      arranged on the other one-half. The spacing, such as 24 between each of
      the female profiles is identical, and the spacing between each of the male
      profiles is the same, and similarly the spacing between the two groups is
      the same. Thus, when the tube is slit for assembly of strips onto a bag,
      there is no waste of material, and if the strips are cut midway between
      the profiles, strips of equal size will result.
PAR  The illustrations show tubes with eight profiles thereon. However, in
      accordance with the principles of the invention, it has been found that
      using less than six profiles is not advantageous, though larger numbers
      can be used depending upon the capacity of the die and the width of strips
      needed.
PAR  In arrangement of FIG. 3, the profiles are situated so that they are in
      alternate locations with one profile on the outer surface and an adjacent
      profile on the inner surface of the tube. The tube is shown at 30, and
      female profiles such as 31, 32 and 33 alternate on the outer and inner
      surfaces of the tube. Similarly, male profiles 34, 35 and 36 alternate on
      the inner and outer surfaces of the tube.
PAR  FIG. 4 shows a tube 40 with profiles all on the same surface, but the
      profiles are structured so that they will be alternate in design. Thus,
      adjacent profiles 41, 42 and 43 alternate as male, female and male for the
      full periphery of the tube.
PAR  FIG. 5 shows an arrangement wherein the tube 50 has profiles 51 on the
      surface, and tear lines 52 of weakened resistance are situated between
      each of the profiles. These tear lines permit strips to be torn out of the
      length of the tube, or permit the tube to be separated into a plurality of
      strips in a single act after cooling. This eliminates the need for
      shearing or severing along the length of the tube.
PAR  A profile strip such as the type used is shown in FIG. 6 with its web at 60
      and with a male arrow shaped profile 61 on its surface. A typical female
      profile strip 80 having a groove 81 to receive and to interlock with the
      male profile 61 is shown in FIG. 10.
PAR  FIG. 7 illustrates a bag with the profile strips in place. The thin film
      bag is shown at 62 with side walls 63 and 64. The bag may be originally
      arranged to be open at the top or the bottom, but is shown with a doubled
      top 67 and separated bottom edges at 68 for filling. The film from which
      the bag is made will have first been laid flat, and the strips 65 and 66
      continuously laminated by heat and pressure to the surfaces of the bag
      film. Thereafter the bag is formed by cross seals. The said lamination may
      be over the entire surface of the strips, but preferably is along
      continuous areas at each side of the profiles. The profiles are then
      interlocked. When the bag is used, it is severed at the top along 67, and
      the flanges or lips are gripped to forcibly pull apart the profiles. When
      the bag is to be reclosed, opposing pressure is applied such as between
      the thumb and forefinger, and this will interlock the profiles.
PAR  FIGS. 8 and 9 show alternate arrangements which provide heavier material at
      one side of the profile than the other. This heavier material is present
      so that it will project above the profile toward the top of the bag and
      provide a reinforced lip for gripping and opening the bag.
PAR  In FIG. 8 a tube 70 is shown with profiles 71 and 72 thereon. At one side
      of the profile 71, the film material 70a is thinner that at the other side
      70b.
PAR  For the profile 72, the film at one side 70d is thinner than the film 70c
      at the other side. When the strips are separated, they are cut along the
      line 70e, and the strips are placed on the bag so that the portions 70b
      and 70c will extend upright.
PAR  FIG. 9 shows an arrangement wherein the tube 75 has profiles 76 and 77. The
      material at one side of the profile 75a is thinner than at the other side
      75b. For the profile 77, the material 75c is thinner than at the other
      side 75d. This provides a staggered arrangement for the film thickness,
      and provides strips which can be oriented on the same side of the bag wall
      surface.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A tube construction for releasably interlocking fastener profile strips
      to be attached to the surface of film material for bags comprising:
PA1  an elongate plastic tube having a plurality of fastener profiles thereon;
PA1  said profiles of the profile strips being complementary shaped with an
      equal number of female profiles and male profiles;
PA1  said profiles having a size and shape so that the male profiles will
      releasably interlock with the female profiles;
PA1  said profiles being arranged on the surfaces of the tube construction in
      two groups with the male profiles being on one-half of the circumference
      of the tube and the female profiles being on the remaining one-half of the
      circumference;
PA1  the spacing distance between adjacent profiles on each one-half
      circumference being equal;
PA1  the film material on either side of each profile being of different
      thickness to provide reinforcement therefore;
PA1  the spacing distance between end profiles between each said one-half
      circumference being the same as the spacing between adjacent profiles.
NUM  2.
PAR  2. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags in accordance with claim 1:
PA1  wherein the film thickness between the profiles is in the range of 0.0015
      to 0.005 and the spacing distance between adjacent profiles is no greater
      than 2.
NUM  3.
PAR  3. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags comprising in combination:
PA1  an elongate thin plastic tube having a thickness in the range of 0.0015 to
      0.005 inch;
PA1  at least six shaped plastic profiles projecting from the surface of the
      tube and integral with the tube with one-half of the profiles being male
      profiles and the other one-half being female profiles and with said male
      and female profiles shaped and sized to be releasably interlocked with
      each other;
PA1  the film material on either side of each profile being of different
      thickness to provide reinforcement therefore;
PA1  the spacing between the profiles being no greater than 2 inches and said
      film being longitudinally severable between each profile to provide
      fastener strips for laminating onto the surface of the plastic bag.
NUM  4.
PAR  4. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3:
PA1  wherein said profiles project from the inner surface of said tube.
NUM  5.
PAR  5. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3:
PA1  wherein said profiles project from the outer surface of said tube.
NUM  6.
PAR  6. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3:
PA1  wherein the position of said profiles is alternated with the first profile
      being on the outer surface of the film and the next profile being on the
      inner surface.
NUM  7.
PAR  7. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3.
PA1  wherein all of the profiles are on the same surface of the tube and said
      plastic profiles are alternated with each male profile having adjacent
      female profiles.
NUM  8.
PAR  8. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3:
PA1  wherein a tear line of weakened resistance is positioned in the film
      between each of the profiles.
NUM  9.
PAR  9. A tube construction for releasably interlocking fastener strips to be
      attached to the surface of material for bags constructed in accordance
      with claim 3:
PA1  wherein the film material at one side of each of the profiles has a
      predetermined thickness and the film material at the other side of the
      profiles is heavier so that the heavier film provides a gripping area for
      manually separating the fastener strips on a bag to which the strips are
      attached.
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ABST
PAL  A tubular casing for sausage, ham or like processed meat mass is coated
      internally with a water-soluble complex chromium compound with a view to
      improved peelability, among other purposes, of the casing from the meat
      mass encased therein. The complex chromium compound may first be diluted
      with water, with the pH of the resulting aqueous solution regulated as
      required by the addition of a slight amount of caustic soda or the like.
      The thus-prepared coating fluid is coated in a suitable fashion on the
      internal surface of the tubular meat casing, which may be either
      cellulosic or fibrous, and the coated casing is then dried as by hot
      drafts of air.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to food casings and is directed more
      specifically to tubular meat casings coated internally with a material
      which permits ready and neat removal of the casings from the finished
      sausages, hams and like meat products encased therein.
PAR  As is well known, various foods are preserved by such physical methods as
      cooling or freezing, thermal processing, drying or dehydration, and
      treatment by ultraviolet rays or by radiation, or by such chemical methods
      as the use of chemical preservatives or sterilizers, or of acids or sugar,
      salting or pickling, and gas substitution. Additional methods of food
      preservation include the combination of salting and smoking, condensation,
      thermal seasoning, and pasting.
PAR  The food casings to which this invention is directed are intended for use
      with such preservable food products as sausages or hams which are produced
      by smoking treatment, or all the above listed methods of food
      preservation. The casings for sausages or the like are required to serve
      both as containers during the processing of the products and as protective
      wrappers for the finished products. In order to fulfill this dual
      objective, such meat casings are usually fabricated of regenerated
      cellulose or of fibers including fibrous webs and are provided in the form
      of tubes which may be creased or uncreased.
PAR  For the production of sausages or hams, the desired meat masses are stuffed
      into the tubular casings and are then smoked at elevated temperatures. The
      casings must, of course, be removed from the finished meat products prior
      to slicing. A special problem arises at this juncture in that since the
      meat masses stick or adhere to the inside surfaces of the casings during
      their smoking or heating treatment due for the most part to the presence
      of collagen therein, the casings cannot be peeled off the meat masses
      without at least parts of the meat masses coming off with the removed
      casings. This phenomenon greatly impairs the commercial value of such
      processed meat products.
PAR  Thus, in order to improve the "peelability" of the meat casings, it has
      been proposed to coat their inside surfaces with organosiloxanes or with
      the reaction product of epichlorohydrine and polyamide, as disclosed in
      U.S. Pat. Nos. 3,307,956 and 3,158,492, in Japanese Pat. Publication No.
      47-11, and in the Japanese patent application laid open to public
      inspection as No. 48-8959. However, these resins are relatively expensive,
      and when any excess amounts of the resins are used, they can cause an
      undue decrease in the necessary permeability of the casings to smoke,
      moisture vapor, dyeing, and the like. The meat masses encased in this kind
      of casings cannot be subjected to the smoking treatment with any favorable
      results.
PAR  Another disadvantage of such prior art coatings resides in the fact that
      they tend to impart too much peelability to the casings. As a consequence,
      the casings treated with the prior art coating agents are likely to
      separate in places from the processed meat masses therein, and what are
      known in the trade as "jelly pockets" may be produced in such unoccupied
      spaces within the casings. The ultimate result may be the propagation of
      microorganisms or bacteria therein. It must also be taken into
      consideration that the aforesaid prior art coatings utilizing
      organosiloxanes and other resins must be cured at relatively high
      temperatures, possibly resulting in the impairment of the physical
      properties of the casings themselves.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the listed deficiencies of the prior art, it is an object of
      this invention to provide a novel and improved food casing which duly
      adheres to the finished meat mass or the like encased therein but which is
      easily and thoroughly removable from the meat mass or the like.
PAR  Another object of the invention is to provide a coating agent to be coated
      on the inside surface of a meat casing to improve its peelability, such
      that the agent does not adversely affect the required permeability of the
      casing to smoke and the like, permits curing at relatively low
      temperatures, and is substantially less expensive than organosiloxanes and
      most of other coating compositions used conventionally.
PAR  A further object of the invention is to provide a coating agent which,
      unlike organosiloxanes, does not greatly affect the resulting peelability
      and other properties of the meat casing according to its amount coated
      over unit area of the casing surface, so that the coating operation of the
      casing can be highly expedited.
PAR  A still further object of the invention is to provide a coating agent which
      is effective to lend not only peelability but pliancy and wet strength to
      the meat casing.
PAR  According to this invention, water-soluble complex chromium compounds are
      employed as the agent to be coated on the inside surfaces of meat casings,
      which can be either fibrous or cellulosic in material. The advantages of
      the water-soluble complex chromium compounds over the prior art coating
      agents include the fact that they can be easily diluted with water and
      undergo polymerization at relatively low temperatures. Furthermore, the
      water-soluble complex chromium compounds favorably unite with the --OH
      group of the fibrous webs constituting the meat casings, and the compounds
      do not penetrate through the casings but remain firmly stuck onto their
      internal surfaces, thereby enhancing the peelability of the casings.
PAR  The features which are believed to be novel and characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, as well as the additional objects and
      advantages thereof, will become more apparent and understandable as the
      description proceeds hereinbelow in more specific aspects of the invention
      and in terms of some specific Examples thereof.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practical application of this invention, the water-soluble complex
      chromium compounds for use as the coating agent may first be dissolved in
      water and, after being coated on the inside surfaces of desired food
      casings, are then heated for desiccation. The chemical changes of the
      complex chromium compounds involved in this sequence of operation will be
      apparent from the following formulas:
      ##EQU1##
      where R represents a fatty acid radical with 13 to 18 carbon atoms. Such
      water-soluble complex chromium compounds dissociate in their aqueous
      solution, and when heated succeedingly they polymerize while causing
      desorption of hydrogen chloride. Water-insoluble films can thus be formed
      which are firmly attached to the inside surfaces of the food casings,
      imparting peelability and pliancy thereto.
PAR  The alkyl radical in the above presented formula of the water-soluble
      complex chromium compounds according to the invention may be selected from
      straight-chain saturated fatty acids such as myristic acid, pentadecyclic
      acid, palmitic acid, heptadecyclic acid, stearic acid, and like higher
      fatty acids.
DETD
PAR  The invention is hereinafter described more specifically in terms of
      several Examples thereof which, however, are meant purely to illustrate or
      explain and not to impose limitations upon the invention.
PAC  EXAMPLE I
PAR  Zebran CR-N (a trade mark of a water-soluble complex chromium compound of
      Werner complex type manufactured by Ipposha Yushikogyo K.K., of Japan) was
      diluted with 20 times as much water, and a slight amount of caustic soda
      was then added by way of an alkaline catalyst to regulate the pH of the
      aqueous solution to 5.0. The thus-prepared coating fluid was then poured
      into and through a commercially available cellulosic meat casing of
      tubular shape with a length of 50 meters and a transverse dimension of 90
      millimeters when in flat form. The excess coating fluid was squeezed off
      by passing the casing between a pair of squeeze rolls, and the casing was
      then dried by drafts of air at a temperature of about 60.degree.C. The
      weight of the coating thus formed on the inside surface of the casing
      proved to be about 0.3 gram per square meter in solid form when measured
      on the basis of the amount of the fluid consumed. This meat casing is
      hereinafter referred to as the casing A.
PAR  By way of comparison a casing B was prepared by coating the
      epichlorohydrine-polyamide resin, which has water-soluble and
      thermosetting properties, on the inside surface of another cellulosic meat
      casing of the above specified dimensions in accordance with the teachings
      of Japanese Pat. No. 45-928. A casing C was likewise prepared by way of
      comparison by use of an organosiloxane as the coating agent as disclosed
      in Japanese Pat. No. 47-11.
PAR  The casings A, B and C were then each cut into a length of 50 centimeters,
      and after closing one end of each casing with a string, 1,000 grams of
      sausage emulsion was stuffed under pressure into each casing. The other
      ends of the casings were then similarly closed with strings. The casings
      thus filled with the sausage emulsion were placed in a smoking chamber of
      industrial dimensions, where they were subjected to smoking treatment for
      1.5 hours at a temperature of 75.degree.C. The smoked sausage emulsions
      were succeedingly steam boiled for 2 hours at a temperature of
      75.degree.C, were then cooled for 1 hour within a cooling device in
      accordance with the usual practice in the trade, and were then allowed to
      stand for 24 hours within a refrigerator.
PAR  The thus obtained sausage products were tested as to the presence of jelly
      pockets within the respective casings, the peelability of the casings from
      the sausages encased therein, and the smoking degree. The results are
      given in Table 1 below:
TBL                Table 1                                                     
     ______________________________________                                    
                Casing A                                                       
                        Casing B  Casing C                                     
     ______________________________________                                    
     Presence of                                                               
     Jelly Pockets                                                             
                  No        Yes       Yes                                      
     Peelability  Good      Slightly                                           
                            inferior                                           
     Smoking Degree                                                            
                  Excellent Good      Poor                                     
     ______________________________________                                    
PAL  It was practically to no avail to test the peelability of the casing C
      because it had not completely stuck to the sausage encased therein but had
      been separated therefrom in parts. The smoking degree of the respective
      products in the above tests was judged on the basis of the degree of
      coloring and flavor as a result of the smoking treatment.
PAC  EXAMPLE II
PAR  Zebran CR-N used in Example I was again diluted with 50 times as much
      water, and a slight amount of caustic soda was likewise added by way of an
      alkaline catalyst to regulate the pH of the aqueous solution to 4.5. In
      strict accordance with the procedure set forth in Example I, the thus
      prepared fluid was then coated and dried on the internal surface of a
      commercially available fibrous meat casing with a length of 50 meters and
      a transverse dimension of 108 millimeters when in flat form. The weight of
      the coating thus formed on the internal surface of the fibrous casing
      proved to be about 0.1 gram per square meter in solid form when measured
      on the basis of the amount of the coating fluid consumed. This casing is
      hereinafter referred to as the casing D.
PAR  A casing E was prepared by way of comparison by coating the
      epichlorohydrine-polyamide resin on the inside surface of another fibrous
      meat casing of the above specified dimensions in accordance with Japanese
      Pat. No. 45-928. A casing F was further prepared by use of an
      organosiloxane as the coating agent in accordance with Japanese Pat. No.
      47-11.
PAR  The casings D, E and F were then each cut into a length of 50 centimeters,
      and after tying one end of each casing with a string, a meat block for use
      as a ham was introduced under pressure into each casing. The other end of
      each casing was then similarly tied and closed. The casings thus filled
      with the meat blocks were succeedingly subjected to the smoking and
      aftertreatments in exact accordance with the procedure of Example I.
PAR  Also as in Example I, the resulting products were examined as to the
      presence of jelly pockets within the respective casings, the peelability
      of the casings from the finished hams encased herein, and the smoking
      degree. The results are given in Table 2 which follows:
TBL                Table 2                                                     
     ______________________________________                                    
                Casing D                                                       
                        Casing E  Casing F                                     
     ______________________________________                                    
     Presence of                                                               
     Jelly Pockets                                                             
                  No        No        Yes                                      
     Peelability  Excellent Poor                                               
     Smoking Degree                                                            
                  Excellent Good      Slightly                                 
                                      inferior                                 
     ______________________________________                                    
PAL  Like the casing C in Example I, the casing F could not be evaluated for
      peelability because it had not completely adhered to the ham enclosed
      therein.
PAR  It will be apparent from the foregoing data that both cellulosic and
      fibrous casings coated internally with the aqueous solution of the complex
      chromium compound of the Werner complex type according to the invention
      are superior in all respects. In the practical application of this
      invention, however, it is preferable that the water-soluble complex
      chromium compound be coated on the inside surfaces of the casings which
      have been just manufactured and are still in a moist state, by use of
      pairs of squeeze rolls in the known manner. The casings processed in this
      fashion will exhibit still better peelability than the casings coated
      internally after once having become thoroughly dry.
PAR  While this invention has been described hereinbefore in very specific
      aspects thereof, it will be easy for those skilled in the art to resort to
      a variety of modifications or changes on the basis of this disclosure,
      while still remaining within the spirit and scope of the invention as
      sought to be defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food casing having the inner surface thereof coated with a
      water-soluble chromium complex having the formula:
      ##EQU2##
      where R is an aliphatic radical with 13 to 18 carbon atoms, said compound
      being polymerizable by heat into a water-insoluble film.
NUM  2.
PAR  2. A food casing as defined in claim 1, wherein R is selected from the
      class consisting of myristic acid, pentadecylic acid, palmitic acid,
      heptadecylic acid, and stearic acid.
NUM  3.
PAR  3. A food casing in which the inner surface thereof is coated with a
      water-insoluble thermal polymerization product of a water-soluble chromium
      complex having the formula:
      ##EQU3##
      where R is an aliphatic radical containing from 13 to 18 carbon atoms.
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ABST
PAL  A method of manufacturing slide fastener stringers having a row of
      continuous coupling elements which is spirally coiled and woven into the
      fabric tape simultaneously with the weaving of the latter. There is
      provided a shuttle for carrying an element-forming filament which is
      interwoven with warp yarns forming the tape edge and looped over a mandrel
      wire located adjacent the tape edge by reciprocal, transverse movement of
      the shuttle. The shuttle is rotated about its central axis during one
      cycle of the reciprocal movement thereof to eliminate a twist or torsion
      on the filament imparted by the shuttle reciprocally passing alternately
      over and under the mandrel wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of manufacturing slide fastener
      stringers having a woven fabric tape carrying along its one longitudinal
      edge a row of continuous coupling elements which is formed into a spirally
      coiled structure and woven into the carrier tape in the course of the
      weaving of the latter.
PAR  In the method of manufacturing the slide fastener stringers just described,
      there have heretofore been used shuttle looms having a pair of shuttles,
      one of which serves to carry a weft yarn for forming the carrier tape
      fabric and the other of which carries a continuous filament for forming
      the coupling elements of coiled structure to be woven into the tape
      fabric. The shuttle carrying the element-forming filament is, during the
      tape weaving, reciprocally moved transversely in criss-cross relation to
      warp yarns for forming the tape fabric in order to enable the
      element-forming filament to interweave with a selected group of warp yarns
      during shedding of the latter which form the element-carrying edge. The
      element-forming filament loops over a mandrel wire located adjacent the
      warp yarns of the tape edge, which wire is arranged for the purpose of
      forming and retaining the configuration of the resulting coupling elements
      in the vicinity of the coupling heads. This is effected in such a manner
      that the filament-carrying shuttle is reciprocated alternately over and
      under the wire as the latter is lowered and raised in this order during
      the tape weaving operation. The filament-carrying shuttle known in the art
      has the drawback that the filament was let go twisted as it was spirally
      coiled to form a row of coupling elements. And, therefore, resulting
      coupling elements were liable to become distorted or deformed throughout
      the parts including a coupling head, legs and connecting portions, thereby
      causing a mal-functioning in the intermeshing engagement between the
      opposed rows of coupling elements.
PAC  SUMMARY OF THE INVENTION
PAR  With the above-noted deficiencies in mind, the principal object of this
      invention is to provide an improved method of producing slide fastener
      stringers which will eliminate the twist or torsion of an element-forming
      filament while the latter is spirally coiled and woven into a tape fabric
      simultaneously with the weaving of the latter.
PAR  Other objects and advantages of the invention will become more apparent
      from the following description when read in conjunction with the
      accompanying drawings in which like reference numerals denote like parts
      throughout several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective view of a shuttle loom having a pair
      of shuttles, showing the weaving operation of a fastener tape fabric into
      which a row of coupling elements is spirally woven simultaneously in a
      manner well known in the art;
PAR  FIGS. 2(A) through 2(E) inclusive are schematic views showing the
      progressive positions of a filament-carrying shuttle relative to a mandrel
      wire and the manner in which the shuttle is rotated about its central axis
      to eliminate a filament twist in accordance with the invention;
PAR  FIGS. 3(A) through 3(E) inclusive are similar views, but showing another
      embodiment of the invention; and
PAR  FIGS. 4(A) through 4(E) inclusive are similar views, but showing still
      another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and FIG. 1 in particular, a fastener tape 10
      is shown carrying along its one longitudinal edge 11 a row of continuous
      coupling elements 12. There is illustrated a shuttle 13 which carries a
      weft yarn 14 and is reciprocally passed between two groups of warp yarns
      15, 16 alternately raised and lowered and between two selected groups
      21,21' of warp yarns (later described) for interweaving with the coupling
      elements at the tape edge, so as to weave the tape fabric in the
      conventional manner. Designated at 17 is a shuttle which carries a
      continuous filament 18 made of plastics material or any other suitable
      material and provided thereon at predetermined spaced-apart intervals with
      deformations or projections 19 acting as coupling heads 20 of the
      resulting coupling elements 12. The shuttle 17 is also reciprocally moved
      in the shedding formed by the two selected groups 21,21' of warp yarns
      that form the longitudinal tape edge 11 into which the elements are woven
      and in the transverse direction of the fastener tape 10 in criss-cross
      relation thereto in order to allow the filament 18 to interweave the
      groups 21,21' of warp yarns and to loop over a mandrel wire 22 which is
      located adjacent the warp yarns 21 and is greater in strength and
      thickness than the warp yarns 15, 16 and 21. The wire 22 preferably made
      of a metal is fixed at one end to a vertically movable portion 23 of the
      loom for moving between the warp yarn groups 15 and 21 and serves to form
      and maintain the ultimate configuration of the coupling elements 12 in the
      vicinity of the coupling heads 20. In its weaving operation, the shuttle
      17 is reciprocally moved over and under the wire 22 as the latter is
      lowered and raised to weave the filament 18 spirally into the tape fabric
      and to cause the filament 18 to engage the wire 22 in surrounding
      relation. As the weaving of the fastener tape 10 progresses, the tape 10
      is withdrawn in the direction of the arrow 24.
PAR  Referring now to FIGS. 2(A) to 2(E), there is shown a preferred embodiment
      of the invention wherein one cycle of filament coiling operation is
      progressively illustrated. FIG. 2(A) indicates the filament-carrying
      shuttle 17 in its initial disposition. As the operation begins, the
      shuttle 17 is caused to move in the direction of the arrow as seen in FIG.
      2(A) and go under the mandrel wire 22 toward the opposite position as
      shown in FIG. 2(B). It is appreciated that as the shuttle 17 moves toward
      and reaches the position of FIG. 2(B), it causes the filament 18 to be
      twisted. According to an important aspect of the invention, the shuttle 17
      when held in the FIG. 2(B) position is rotated 180.degree. about its
      central axis 25 (FIG. 1) in the clockwise direction as viewed in FIG. 2(B)
      thereby untwisting the filament 23. FIGS. 2(C) to 2(D) illustrate the
      returning movement of the shuttle 17 passing over the wire 22 toward the
      position as seen in FIG. 2(D). During this movement, the filament 18 is
      twisted again. In order to eliminate the twist produced on the filament
      18, the shuttle 17 is further rotated 180.degree. about its axis 25 in the
      clockwise direction as viewed in FIG. 2(D) to untwist the filament 18.
      Accordingly, the twist as produced on the filament 18 in the filament
      coiling operation is completely removed at the end of every half of a
      cycle of this reciprocal movement of the shuttle 17. FIG. 2(E) depicts the
      same position as FIG. 2(A) at which the next filament coiling operation
      will start.
PAR  FIGS. 3(A) to 3(E) illustrate another embodiment of the invention wherein
      the filament 18 twisted by one complete cycle of reciprocal movement of
      the shuttle 17 is allowed to untwist by rotating the shuttle 17 by
      360.degree. about its central axis 25 in the clockwise direction as viewed
      in and at the position of FIG. 3(D). In this embodiment, the twist on the
      filament 18 is removed at the end of each complete cycle of reciprocal
      movement of the shuttle 17.
PAR  Still another embodiment of the invention is shown in FIGS. 4(A) to 4(E).
      FIG. 4(A) shows the initial position of the shuttle 17 at which, before
      initiating its transverse movement, the shuttle 17 rotates 180.degree.
      about its central axis 25 in the clockwise direction as viewed in FIG.
      4(A) in order to give the filament 18 a countertwist. As the shuttle 17
      moves under the wire 22 toward and reaches the opposite position as shown
      in FIG. 4(B), it will be noted that the filament 18 is untwisted to
      eliminate the countertwist thereon. The filament 18 is again
      countertwisted at the position of FIG. 4(C) by rotating the shuttle 17
      180.degree. about its axis 25 in the clockwise direction as viewed in FIG.
      4(C). Until the shuttle 17 reaches the FIG. 4(D) position, the
      countertwist on the filament 18 will be removed. According to this
      embodiment, any objectionable twist or torsion of the filament 18 during
      the filament coiling operation is thus prevented as the filament 18 has
      been imparted a countertwist at the beginning of every half cycle of
      reciprocal movement of the shuttle 17. Although not shown specifically, it
      will be understood that the countertwist given on the filament 18 at the
      FIG. 4(A) position may be obtained also by rotating the shuttle 17 all way
      up to 360.degree. about its axis 25 in the clockwise direction as viewed
      in FIG. 4(A) to achieve similar results.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the manufacture of slide fastener stringers having a woven fabric
      tape carrying along its one longitudinal edge a row of continuous coupling
      elements which is spirally coiled and woven into the tape fabric in the
      course of the tape weaving, a method comprising the steps of reciprocally
      moving a shuttle carrying an element-forming filament transversely in
      crisscross relation to warp yarns alternately over and under a mandrel
      wire located adjacent a selected group of warp yarns during the shedding
      of the latter which form a longitudinal tape edge so as to permit said
      filament to interweave with said group of warp yarns and to loop over said
      mandrel wire, and rotating said shuttle about its central axis during each
      cycle of its reciprocal movement thereby removing a twist on the filament
      imparted by said reciprocal movement of the shuttle.
NUM  2.
PAR  2. A method of manufacturing slide fastener stringers as defined in claim
      1, wherein said shuttle is rotated 180.degree. at the end of every half
      cycle of the reciprocal movement of the shuttle.
NUM  3.
PAR  3. A method of manufacturing slide fastener stringers as defined in claim
      1, wherein said shuttle is rotated 360.degree. at the end of each complete
      cycle of the reciprocal movement of the shuttle.
NUM  4.
PAR  4. A method of manufacturing slide fastener stringers as defined in claim
      1, wherein said shuttle is rotated 180.degree. at the beginning of every
      half cycle of the reciprocal movement of the shuttle.
NUM  5.
PAR  5. A method of manufacturing slide fastener stringers as defined in claim
      1, wherein said shuttle is rotated 360.degree. at the beginning of each
      complete cycle of the reciprocal movement of the shuttle.
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ABST
PAL  A leno selvage device and method of forming a leno selvage for a loom
      wherein a pair of leno threads extend from supply packages through a pair
      of thread guides to the selvage. The thread guides are rotated around a
      horizontal axis which lies substantially between and intermediate the
      guides so that the guides will alternately occupy upper and lower shed
      positions and are caused to dwell in the upper and lower shed positions.
      The device includes a stationary cam surface which curcumscribes said axis
      and a lever for each guide which is attached to the guide at one end and
      to a cam follower at its other end for engagement with the cam surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to mechanism for forming a leno selvage in a loom
      and the method for forming such a selvage.
PAR  One of the more successfull leno devices currently being used includes a
      rotating disc having a pair of spaced guide holes. A pair of leno threads
      extend through the guide holes from a pair of supply packages mounted on
      the disc to the selvage. For each rotation of the disc, the two leno
      threads occupy upper and lower shed positions alternately. Since the guide
      eyes are mounted on the disc, the movement of the leno threads between
      upper and lower shed positions is harmonic. Although vertical movement of
      the leno threads reaches the zero point at the extreme upper and lower
      positions, it is not a true dwell. Weft insertion in the loom occurs from
      a period of time before the leno threads reach their extreme vertical or
      "open" shed positions and a period of time after. The threads will cross
      after the weft has been inserted and as they move towards opposite
      vertical positions, a new weft is inserted. The timing of the various loom
      functions such as weft insertion has to be done within the bounds of the
      natural harmonic motion of the leno threads. In the past, this natural
      harmonic motion has been more than adequate. The leno shed is opened to a
      greater extent than necessary so that the leno threads will be spaced a
      sufficient amount for a longer period of time. With the advent of higher
      speed looms, less time is available for opening the leno shed so that
      there is a greater need to keep the leno shed opening to a minimum. It is
      also desired that the leno threads cross quickly so that the filling ends
      will be locked in place before beat-up. There are other leno devices which
      control the leno shed opening with cams so that the leno threads will
      dwell in the open position and then cross relatively quickly. This
      solution is not as good for the loom speeds which are contemplated. The
      cam has to be larger, there are more moving parts, the moving parts have
      greater mass and due to the mass of the moving parts, there are
      limitations in designing a cam contour. Accelerations have to be gradual
      when there is a change in direction of cam followers and associated parts.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to provide a mechanism and a
      method which combines the advantages of low inertia of the "rotating disc"
      type of leno device and timing versatility of a cam.
PAR  The object of the invention is accomplished by guides which are rotated
      around a horizontal axis. Each guide is mounted on one end of a pivoted
      lever and a cam follower is mounted on the other end of the lever. The cam
      follower engages a stationary cam surface which circumscribes said
      horizontal axis and is designed for causing the leno threads to dwell in
      the "open" position and to cross relatively quickly thereafter. The levers
      are relatively small and the amount of pivoting motion very short. The
      motion of the levers is a combination of pivoting and rotation around the
      track of the cam. This, together with the small mass of the levers,
      provides for greater versatility in the design of the cam track. The
      follower may move from a high point of the cam to a low point in very few
      degrees of rotation of the cam and consequently provide longer periods of
      dwell in the high and low positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view of a portion of a loom with a
      device embodying the main features of the present invention shown in
      connection therewith;
PAR  FIG. 2 is an elevation of the leno device of the present invention, looking
      in the direction of arrow 2 in FIG. 1 and shown on an enlarged scale;
PAR  FIG. 3 is a vertical section taken along line 3--3 in FIG. 2 and looking in
      the direction of the arrows and shown on a reduced scale; and
PAR  FIG. 4 is a fragmentary plan view of the leno device shown in FIG. 2
      showing the leno threads in the vertical crossing position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring more particularly to FIG. 1 of the drawings, there is shown a
      portion of a loom including a warp beam 10 from which is fed warp yarns W
      which are formed into a shed 12 by shedding mechanism, not shown. Weft
      yarn is inserted into shed 12 and is then beaten in by a reed 14 to form a
      fabric F.
PAR  Located at each edge of the loom is a leno mechanism embodying the present
      invention and indicated generally at 16, only one of which is shown in
      FIG. 1. The mechanism at the other side of the loom is identical to the
      one shown in FIG. 1 but of opposite hand.
PAR  Leno mechanism 16 includes a hollow shaft 18 rotatably driven in timed
      relation with the loom and a support disc 20 fixed to the shaft. There are
      two thread supply packages, 22 and 24, mounted on one side of support disc
      20 and two levers, 26 and 28, pivotally mounted at 29 and 30,
      respectively, on the opposite side of the disc 20. A stationary cam 32 is
      mounted adjacent levers 26 and 28 on a fixed shaft 34 which extends freely
      through hollow shaft 18. Cam followers 36 and 38 are mounted on levers 26
      and 28, respectively for following engagement in a track 40 in cam 32, see
      FIG. 3. Tubular thread guides 42 and 44 are also mounted on levers 26 and
      28, respectively, at points spaced from followers 36 and 38, respectively,
      and extend beyond the outer circumference of cam 32.
PAR  A leno thread 46 extends from package 22 through a guide 47 and an opening
      48 in disc 20 and finally through guide 42 to the beat-up point at the
      fell of the fabric. A second leno thread 50 extends through a guide 51 and
      an opening 52 in disc 20 and finally through guide 44 to the fell. Spring
      tension members 54 engage threads 46 and 50 between guides 47 and 51,
      respectively, and openings 48 and 52, respectively, to take-up slack and
      maintain the threads under tension.
PAR  Shaft 18 is timed so that disc 20 makes one revolution for two beats of the
      loom or once for two shed crossings of the warp yarns W. During each
      revolution of the disc 20, followers 36 and 38 will make one complete trip
      along track 40. If we assume that a revolution begins from the position
      shown in the drawings, follower 36 will move from the upper position as
      shown in FIG. 3 to the lower position in half of a revolution of the disc
      20 and follower 38 will move from the lower position as shown in FIG. 3 to
      the upper position. This will cause leno thread 46 to move from the upper
      position as shown in FIG. 1 to the lower position and leno thread 50 will
      move from the lower position to the upper position. During the next half
      of the revolution of disc 20, followers 36 and 38 will return to the
      positions shown in FIG. 3 and leno threads 46 and 50 will cross from the
      lower and upper positions, respectively, to the upper and lower positions,
      respectively.
PAR  The rotation of disc 20 also causes the leno threads to twist or to cross
      horizontally once for each vertical crossing. To make sure that the leno
      threads 46 and 50 are kept separated at the time they cross each other
      vertically, cam 32 is provided with an external cam surface 58 which urges
      the rearmost leno thread toward the center of the loom which is toward the
      right as shown in FIG. 4. As shown in that Figure, thread 50 is in the
      rearmost position and is shown deflected to the right by surface 58 to
      urge it away from thread 46 to avoid interference therewith. After one
      half of a revolution of the disc 20, the positions of guides 42 and 44
      will be reversed so that thread 46 will be in the rearmost position and
      deflected to the right as viewed in FIG. 4. Cam surface 58 guarantees that
      leno threads 46 and 50 will not interfere with each other during vertical
      crossing thereof.
PAR  Cam track 40 is designed so that followers 36 and 38 dwell substantially in
      the upper and lower positions as shown in FIG. 3 and then move vertically
      relatively quickly thereafter. The vertical crossing of the leno threads
      coincides with the vertical crossing of the warp yarns. This crossing
      occurs before beat-up to insure that the weft yarn which has just been
      inserted is held sufficiently.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for forming a leno weave at the selvage of a loom comprising:
PA1  a. a rotatably driven shaft;
PA1  b. a support fixed to said shaft
PA1  c. at least two selvage thread supply packages fixed to said support;
PA1  d. a stationary cam having a cam surface which circumscribes the
      longitudinal axis of said shaft;
PA1  e. a lever for each of said supply packages which are pivotally mounted on
      said support, each of said levers having a follower for engagement with
      said cam surface and a thread guide spaced from said follower for guiding
      a selvage thread from its respective supply package so that the threads
      leading from said supply packages to the selvage of a loom will be crossed
      vertically to alternately occupy upper and lower positions and crossed
      laterally once for each vertical crossing thereof.
NUM  2.
PAR  2. The selvage warp feeding means as set forth in claim 1 wherein said cam
      surface is effective to enable said selvage threads to dwell in said upper
      and lower positions.
NUM  3.
PAR  3. The device as set forth in claim 1 comprising means for laterally
      separating said threads during the vertical crossing thereof.
NUM  4.
PAR  4. The device as set forth in claim 3 wherein said thread separating means
      comprises a second cam surface on said cam which deflects each of said
      threads alternately once for each rotation of said driven shaft.
NUM  5.
PAR  5. The selvage thread feeding means as described in claim 1 wherein said
      driven shaft is tubular and said cam is mounted on a stationary shaft, a
      portion of which is supportably mounted within said driven shaft so that
      said driven shaft rotates relative to said stationary shaft.
NUM  6.
PAR  6. A method of forming a two thread leno selvage in a loom comprising the
      following steps:
PA1  a. extending a pair of leno threads from a pair of supply packages through
      a pair of spaced guides to the selvage in a loom;
PA1  b. rotating said thread guides around a horizontal axis which lies
      substantially parallel to the fell line of the cloth and which lies
      substantially between and intermediate said guides so that they will
      alternately occupy upper and lower shed positions;
PA1  c. causing said guides to dwell substantially in said upper and lower shed
      positions;
PA1  d. rotating said supply packages around said axis once for each rotation of
      said guides and in the same direction thereof; and
PA1  e. guiding said threads from said thread guides in a spaced relationship in
      a direction substantially parallel to the warp to a point between the
      guide nearest the fell of the cloth and the fell of the cloth, whereby
      said threads will not interfere with each other during crossing.
NUM  7.
PAR  7. A device for forming a leno weave at the selvage of a loom comprising:
PA1  a. a pair of spaced guides for a pair of leno threads from a pair of supply
      packages;
PA1  b. means for rotating said guides around a horizontal axis which lies
      substantially parallel to the fell line of the cloth and which lies
      intermediate said guides so that they will alternately occupy upper and
      lower shed positions;
PA1  c. means for causing said thread guides to dwell in their upper and lower
      shed positions;
PA1  d. means for rotating said supply packages around said axis and in the same
      direction as said guides; and
PA1  e. means for guiding said threads from said thread guides in a spaced
      relationship in a direction substantially parallel to the warp to a point
      between the guide nearest the fell of the cloth and the fell of the cloth,
      whereby said threads will not interfere with each other during crossing.
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ABST
PAL  This method and the apparatus for carrying out same are characterised
      essentially in that, during the weaving of the tape of the element, two
      separate filaments are inserted into the texture for constituting the
      fastening or coupling members propers by engaging by turns one and the
      other filaments between the warp yarns, at spaced intervals, to constitute
      at each point of insertion a transverse loop wound in one direction for
      one filament and in the opposite directions for the other filament, and
      meanwhile these filaments are disposed in the longitudinal direction on
      the side opposite to the coupling members proper, whereby these filaments
      constitute two variable-pitch helices of which the loops wound in opposite
      directions are imbricated, every other loop belonging to the same helix.
PARN
PAR  This is a division of application Ser. No. 429,819 filed Jan. 2, 1974,
      which was a continuation-in-part of application Ser. No. 295,019, filed
      Oct. 4, 1972, now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to the manufacture of slide fastener
      elements, namely the elements comprising a tape of flexible material
      carrying a row of coupling members adapted to be coupled with another
      similar row by means of a control slide or tab.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Various methods of manufacturing such elements have already been proposed.
      According to one of these known methods the coupling members of the same
      rows are obtained by means of a continuous filament by so shaping this
      filament as to form a series of loops adapted to project from one edge of
      the corresponding supporting tape, the tape edges advantageously
      comprising thicker portions or other deformations adapted to facilitate
      the proper coupling with similar members carried by another identical
      element. To this end, the filament employed for making the coupling
      members may be caused to follow a coil or meander path.
PAR  In most instances these rows of coupling members thus obtained are
      manufactured independently of the corresponding carrier tapes, and
      subsequently secured thereto by suitable means, notably by sewing.
PAR  But according to a specific manufacturing method each row of coupling
      members is obtained during the very operation consisting in weaving the
      corresponding tape, so that the filament utilized therefor is woven as a
      weft yarn with the warp yarn of this tape. This method is advantageous in
      that it eliminates the subsequent operation consisting in fixing the rows
      of coupling members to the corresponding carrier tapes.
PAR  However, the presence of this filament in the tape texture tends to produce
      a certain tape distortion. This effect is due to the fact that the
      filament, having different physical properties in comparison with those of
      the textile yarns of the tape, comprises loops all wound in the same
      direction.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a novel
      method of manufacture intended to eliminate this drawback.
PAR  This method is characterised essentially in that, during the weaving of the
      tape of the element, two separate filaments are inserted into the texture
      for constituting the fastening or coupling members propers by engaging by
      turns one and the other filaments between the warp yarns, at spaced
      intervals, to constitute at each point of insertion a transverse loop
      wound in one direction for one filament and in the opposite directions for
      the other filament, and meanwhile these filaments are disposed in the
      longitudinal direction on the side opposite to the coupling members
      proper, whereby these filaments constitute two variable-pitch helices of
      which the loops wound in opposite directions are imbricated, every other
      loop belonging to the same helix.
PAR  The element thus obtained is advantageous in that it is perfectly
      symmetrical and free of any tendency to twist up since both fastener
      filaments are wound in opposite directions. Moreover, the control tab can
      be engaged indifferently in one or the other longitudinal direction on two
      sections of this element for obtaining a complete slide fastener.
PAR  The present invention is also concerned with an apparatus for carrying out
      the method broadly disclosed hereinabove. This apparatus comprises a
      weaving loom arranged to provide laterally the space necessary for the
      operation of two needles adapted to introduce the two fastener filaments,
      said needles being disposed in close vicinity of the weft yarn weaving
      member, across the movable sheet of warp yarns, whereas a retractable
      member adapted to retain each loop formed by the two filaments registers
      with one of the two edges of the sheet of warp yarns. On the other hand,
      adequate control means are provided for alternatively engaging one and the
      other needles and insert the two filaments beyond the corresponding edge
      of the warp yarns, and retracting said needles to a fixed waiting
      position, and meanwhile bringing the retaining member to its operative
      position and retracting same from this position.
PAR  Of course, this invention is also concerned with the slide fastener
      elements obtained by carrying out the method of this invention, preferably
      by means of the apparatus broadly described hereinabove.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  However, other specific features and advantages of this invention will
      appear as the following description proceeds with reference to the
      attached drawings given by way of illustration and showing
      diagrammatically the coupling members with a relative spacing considerably
      greater than the spacing obtaining in actual practice, in order to
      facilitate the understanding of the invention. In the drawings:
PAR  FIG. 1 is a diagrammatic plane view from above showing the manufacture of a
      fastener element according to this invention;
PAR  FIG. 2 is a cross-section taken along the line II--II of FIG. 1, showing
      the members utilized for weaving the two fastener filaments;
PAR  FIG. 3 is a similar view showing the same members in different working
      positions;
PAR  FIG. 4 is a diagrammatic perspective view showing a fastener element
      obtained according to the teachings of this invention;
PAR  FIG. 5 is a diagrammatic plan view from above of a slide fastener
      consisting of two elements manufactured according to the teachings of this
      invention;
PAR  FIG. 6 is a section taken along the line VI--VI of FIG. 5;
PAR  FIG. 7 is a plane view from above showing a modified form of embodiment of
      the method of this invention;
PAR  FIG. 8 is a diagrammatic perspective view of the fastener element obtained
      by carrying out the modified method illustrated in FIG. 7, and
PAR  FIG. 9 is a view similar to FIGS. 2 and 3 showing a modified form of
      embodiment of the manufacturing method of this invention.
PAR  FIG. 10 is a perspective view of a loom for carrying out the method of this
      invention;
PAR  FIG. 11 is a part-sectional, part-elevational view of the device
      controlling the needles for inserting the two filaments;
PAR  FIG. 12 is a diagram illustrating an ancillary device for tensioning one of
      these filaments;
PAR  FIG. 13 is another diagram showing in plane view from above the device for
      controlling the movable loop retaining member associated with each
      filament;
PAR  FIG. 14 is a view similar to FIGS. 2 and 3, illustrating a modified
      embodiment of the method of this invention, and
PAR  FIG. 15 is a part-sectional, part-elevational view showing the device for
      controlling the needle for inserting the two filaments in this modified
      embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus employed for carrying out the method of this invention
      comprises a weaving loom adapted to be operated for weaving this tape.
      Preferably, a needle loom is used, advantageously a single-needle loom
      capable of operating at high production rates.
PAR  Thus, for instance, a needle loom such as the "BONAS ES 1/D4" manufactured
      by the British Company BONAS MACHINE COMPANY LIMITED of Sunderland
      (G.-B.). This loom, converted for operation according to the method of
      this invention, is illustrated in FIG. 10.
PAR  In this loom, the various warp yarns 1 constitute initially a sheet
      travelling in the direction of the arrow F past the needle 2 used for
      weaving the weft yarn 3. This yarn comprises simple loops disposed along
      one of the edges 4 of the relevant tape 5. However, on the opposite edge 6
      a needle of known type, such as a latch needle 7, is provided for
      interconnecting the various warp yarn loops, as illustrated in FIG. 1.
PAR  In the vicinity of the position occupied by the weft yarn needle 2 two
      members adapted to insert two filaments A and B are provided. Thus said
      members are in the area where the warp yarns 1 are still divided into two
      separate sheets through the action of the loan heddles. The two filaments
      A and B are adapted to constitute the coupling members of the
      corresponding fastener element. The members adapted to insert said
      filaments consist of a pair of needles 10 and 11, respectively, disposed
      on either side of the sheets formed by the warp yarns, in front of one and
      the other face of these two sheets.
PAR  It may be noted more particularly that, due to their specific arrangement,
      these two needles are capable of forming, with one and the other
      filaments, loops wound in opposite directions, as will be described in
      detail presently.
PAR  These needles are of course movable and controlled by mechanical means
      designed for alternatively engaging one and then the other needle
      inbetween the two sheets of warp yarns, beyond the edge 4 of the tape,
      then returning the needle backards in order to form each time a loop with
      the corresponding filament.
PAR  To this end, the present apparatus comprises likewise a retractable
      retaining member 12 adapted to retain in position the loop formed by each
      filament as the corresponding needle 10 or 11 accomplishes its return or
      backward stroke. However, this member is subsequently retracted for
      resuming its operative position when the next loop is about to be made by
      means of the other filament of the fastener.
PAR  In the example illustrated, the two needles 10 and 11 are advantageously
      elbow, bent or curved needles and each of them is rotatably mounted about
      a pivot pin 13 or 14 substantially parallel to the warp yarns. These
      needles are perfectly symmetric and as will be explained presently their
      movements are also symmetric in relation to the median plane of the slide
      fastener.
PAR  Beyond their elbow, these needles 10 and 11 comprise each a groove 15
      formed on the side opposite to the relevant axis of rotation, this groove
      15 leading to the hole 16 of each needle and adapted to receive the
      relevant fastener filament A or B.
PAR  These two needles are controlled by cam means or any other suitable
      mechanism. The same applies to the loop retaining member 12 of the two
      fastener filaments.
PAR  FIG. 11 illustrates a typical embodiment of the device for controlling the
      movements of the pair of needles 10 and 11. The rods 13 and 14 carrying
      these needles are rotatably mounted in bearings carried by a support 45
      secured to the frame structure 46 of the loom shown in FIG. 10. Each rod
      13, 14 carries a lateral arm 28 connected through a link 31 to a control
      member 30 adapted to pull or push said link. The two control member thus
      provided engage a pair of rotary cams 32 carried by a shaft 33. This shaft
      33 is operatively connected to the end of one of the rotary shafts 47 of
      the loom.
PAR  Spring means, not shown, constantly urge the control members 30 in
      engagement with the corresponding cams. The cam contours are such that
      when actuate these control members 30 in order to cause with the proper
      timing the rotation of one of the two needles 10 or 11 in one direction
      then in the opposite direction, whereafter a similar action is exerted on
      the other needle, and so forth as will be explained in detail presently.
PAR  FIG. 13 illustrates a typical embodiment of a device for controlling the
      movable member 12 adapted to retain the loops of the two fastener
      filaments. This member is carried by the cranked end of a rod 48 slidably
      mounted in a guide member 49 secured to the top of the loom.
PAR  The opposite end of this rod is resiliently urged for engagement with a
      control cam 50 rotatably driven from a shaft coupled to one of the power
      shafts of the loom. A spring 51 is provided to this end.
PAR  Now the cam contour is such that at the proper time the cam 50 causes the
      retaining member 12 to be inserted into the loops formed by one of the
      fastener filaments A or B, whereafter this member 12 is retracted as
      another loop is formed by the other filament, and so forth.
PAR  It is not compulsory to provide a specific device for feeding the fastener
      wires A and B. In fact, these may be simply pulled as necessary by the
      fastener tape during the weaving operation, inasmuch as the fastener wires
      A and B are incorporated in said tape and the latter is driven forwards in
      the loom.
PAR  However, in this case it is nevertheless necessary to provide a device for
      braking one or the other filaments or wires A and B and thus tensioning
      them and properly shape the loops.
PAR  The arrangement is such that at predetermined time intervals the needle 10
      penetrates between the two sheets of warp yarns 1 for example at an
      intermediate point of the width thereof. To facilitate the penetration of
      both needles at this specific point, the conventional cam means
      controlling the heddles for separating the warp yarns of the two sheets
      may be modified, at least as far as some of these heddles are concerned.
PAR  In fact, this modification may involve only the warp yarns 1a located along
      the selvedge of the tape and between which the fastener filaments A and B
      are inserted.
PAR  The cams controlling the heddles associated with these warp yarns 1a are
      then modified with a view to accentuate the separation of these yarns, as
      illustrated in FIGS. 2 and 3 and thus facilitate the engagement of one of
      the needles 10 or 11 between these yarns. On the other hand, the cams
      controlling the heddles of the other warp yarns 1 may be modified with a
      view to reduce the relative spacing of these yarns at the same point and
      for the same purpose, but it will readily occur to those conversant with
      the art that this last-mentioned modification is quite conventional in a
      weaving loom.
PAR  The insertion of the needle 10 takes place of course by means of a
      rotational movement of said needle 10 as shown by the arrow F.sub.2. Said
      needle will thus cause the filament A to form the first half 17 of the
      loop to be obtained at this position. When the needle 10 has reached its
      outermost position beyond the edge 4, the retaining member 12 is brought
      to its operative position as shown in FIG. 2. Then, the needle 10 is
      caused to recede due to its rotation in the direction of the arrow
      F.sub.3, so as to lay down locally the other half 18 of the loop to be
      formed at this location.
PAR  During this operation, the retractable member 12 retains in position the
      loop thus formed, so that it cannot be pulled backwards during the return
      movement of the needle 10 to its inoperative position. However, this
      retaining member is also adapted to permit a distortion of the filament
      section in order to constitute a coupling member 19 of the fastener during
      the same manufacturing process.
PAR  In fact, the traction exerted on the filament in the backward direction
      causes this filament to be elongated against the retaining member 12. Now
      this elongation is attended by a modification in the cross-sectional shape
      of the filament and therefore by the development of two lateral
      projections therein, as illustrated in FIG. 1. Thus, a coupling member is
      obtained which is adapted to catch identical members formed along the
      other fastener element during the actual use of imbrication of the
      fastener elements.
PAR  FIG. 12 illustrates a typical embodiment of a device suitable for
      tensioning each fastener filament A or B, and for tensioning same at the
      end of each loop.
PAR  This device comprises a holding clamp consisting of a movable jaw 34
      registering with a fixed jaw 35, on either side of the passage of the
      corresponding wire 8. The movable jaw 34 is carried by the rod 36 of a
      control cylinder 37.
PAR  Downstream of this clamp, i.e. on the side located in the direction of the
      point of insertion of the wire 8 into the tape during the weaving
      operation, a movable member adapted to tighten the wire loop formed
      downstream is provided. This member consists of a roller 38 carried by a
      rod 39 of a control cylinder 40. This roller 38 registers with the wire A
      or B and can thus push the latter back and cause same to form a loop 41
      between the pair of fixed rollers 42.
PAR  As a consequence of the formation of this loop, the wire A or B is pushed
      backwards so as to absorb any slack therein while tensioning the loop
      formed by this wire.
PAR  Of course, the jaw 34 must be in its clamping position during this phase.
PAR  The operations of cylinders 37 and 40 is controlled by suitable means in
      synchronism with the other component elements of the machine.
PAR  The elongation of each filament A and B on said retaining member 12 may if
      desired be completed by the application of heat to well-defined spots, in
      order to facilitate the formation of these coupling members 19, the
      fastener elements consisting advantageously of thermoplastic material.
      This local heating action may be produced by using jets or heated air or
      an inert hot gas, such as nitrogen, or any other suitable and known means.
      Thus, the retractable retaining member may be connected to a suitable
      generator of supersonic waves capable of heating the filament.
PAR  When the first looping needle 10 has been withdrawn, it remains stationary
      in its inoperative position as shown in FIG. 3. But in this position it
      permits the free winding off of filament A in the direction of the warp
      yarns, as these yarn continue their forward or feed movement. Thus, a
      connecting portion 20 between two successive transverse loops can be
      completed.
PAR  However, during this time, the needle 2 of the weaving loom makes one or
      several picks with the weft yarn.
PAR  Then, the second looping needle 11, which remained stationary during the
      above-described operation, becomes operative in turn by introducing the
      other filament B into the gap between the two sheets of warp yarns. The
      mode of operation of this needle is then the same as that of the first
      looping needle 10, with the difference however that the winding of the
      loops formed with this filament B takes place in the reverse direction in
      comparison with the winding of the loops formed with filament A. This is
      due to the fact that the two needles 10 and 11, having the same shape, are
      disposed in opposition to each other on either side of the sheet of warp
      yarns.
PAR  Thus, during its operative stroke (in the direction of the arrow F.sub.4)
      the second needle 11 will lay down the first side or portion 21 of the
      loop to be formed at this location by filament B. But it should be noted
      that this loop side is then located at the bottom, considering the planes
      of FIGS. 2 and 3, whereas the first side 17 of the loops formed with
      filament A were placed at the top.
PAR  When this needle 11 has attained its endmost position illustrated in FIG.
      3, the retaining member 12 resumes its operative position previously
      abandoned after the return stroke of the first looping needle 10 towards
      its inoperative position. Then the second needle 11 resumes by itself its
      inoperative position by rotating in the direction of the arrow F.sub.5, so
      as to lay down the second side 22 of the loop. But, at the same time, a
      coupling member 19 is formed on the projecting end of this loop, as
      described hereinabove in connection with the mode of operation of the
      first needle 10.
PAR  The second looping needle 11 then remains stationary in its inoperative
      position illustrated in FIG. 2, while permitting the free winding off of
      filament B in order to form a connecting portion 23 between the two
      transverse and successive loops formed with said filament B.
PAR  During this period, the needle 2 of weft yarn 3 makes one or several picks,
      and subsequently the first looping needle 10 resumes its operative
      position for making another loop with filament A, and so forth.
PAR  Thus, transverse loops are formed alternatively with one and the other
      filaments A, B, by winding these filaments in opposite directions.
      Besides, the connecting portions 20 and 23 between the successive
      transverse loops formed from the two filaments A and B are located on one
      and the other faces of the corresponding tape. As can be seen in FIG. 6
      these filaments A and B will thus form identical projections on the two
      faces of the tape, in relation to the median plane of the fastener
      element.
PAR  In this respect, it may be noted that the two filaments A and B are not
      woven with the warp and weft yarns of the tape, as observed in certain
      known prior art manufacturing processes. In fact, these filaments are
      simply inserted in between the warp and weft yarns. Moreover, these
      filaments comprise both transverse portions, namely the transverse loops,
      and longitudinal portions, namely the connecting portions or sections 20
      or 23.
PAR  Due to the particular method of distributing the filaments A and B, each
      filament forms along the tape selvedge or marginal portion a
      variable-pitch coil constituting a series of loops disposed in transverse
      planes and connecting elements 20, 23 extending in the longitudinal
      direction. But, as already explained in the foregoing, the transverse
      loops of these two coils are wound in opposite directions.
PAR  One of the essential advantages deriving from the method of this invention
      lies in the fact that the winding of the loops formed with the two
      filaments in opposite directions affords a positive balance between the
      possible tendency to twist up, which might develop as a consequence of the
      winding of these filaments between the warp yarns and the weft yarns of
      the tape.
PAR  Another advantageous features is that the elements thus obtained is
      perfectly symmetrical. Thus, it is possible to cut out two sections of
      this element and assemble these sections with each other after turning
      them in opposite end to end relationship. Besides, FIGS. 5 and 6
      illustrate a complete slide fastener thus obtained by assembling two
      sections of a same fastener element manufactured according to the
      teachings of this invention.
PAR  Another advantageous feature consists in that the control tabs can be set
      in position in one or the other direction, indifferently. This is also due
      to the perfect symmetry of the fastener elements obtained by carrying out
      the method of this invention. Now, this easy tab fitting possibility
      constitutes an important advantage notably in the manufacture of certain
      ready-made garments.
PAR  Another advantageous feature characterising this invention relates to the
      improved tab guiding section afforded by its method. In fact, by virtue of
      the symmetry of the element section thus obtained two identical projecting
      beads are formed on one and the other face of this section. Thus, these
      beads act as guide rails for the slide or tab on one end and the other
      face of the element. Now in most hitherto known slide fasteners types only
      one of the two faces comprises such projecting guide bead.
PAR  Another reason of the improved tab guiding action obtained with the present
      invention is due to the fact that on both faces of the slide fastener
      element the connecting portions between the transverse loops formed by the
      aforesaid filaments A and B are somewhat off-set. In fact, when on one of
      the tape faces a connecting portion leads to a transverse loop, thus
      breaking the continuity of the tab guiding slideway, the necessary guiding
      action is continuous on the other face of the tape, due to the presence of
      the corresponding filament.
PAR  Of course, the manufacturing method of this invention should not be
      construed as being strictly limited to the steps described hereinabove
      with references to the apparatus illustrated in FIGS. 1 to 3 of the
      drawings. Thus, FIGS. 7 and 8 illustrate a modified form of embodiment of
      this method which is intended for improving the holding in position of the
      transverse loops formed by the two fastener filaments. This result is
      obtained by properly anchoring each loop at the base, i.e. where each loop
      merges into the corresponding connecting portions 20 or 23.
PAR  This anchoring action is produced by means of another loop 24 formed by
      means of the weft yarn 3 at this location. This is obtained by causing the
      premature return of the weft yarn on itself before attaining the
      corresponding edge 4 of the tape, at the location of each transverse loop
      of the two filaments A and B of the corresponding fastener element.
PAR  The premature return of the weft yarn 3 at 24 to the bottom of the turns
      formed by the fastener wire is obtained by modifying the manner in which
      the warp yarns 1a provided along the selvedge are "lifted". In fact, it is
      only necessary that all the selvedge warp yarns 1a be lowered at the
      location corresponding to the time of the positive stroke of needle 2 so
      that the weft yarn 3 can pass above these warp yarns and then, during the
      return stroke, this yarn 3 will not find any obstacle before attaining the
      very base of the fastener wire, so that it will form a loop 24 only at
      this point.
PAR  As a matter of fact, this technique is well known and conventional in the
      art of passementry, when patterns are formed on only one portion of the
      tape width.
PAR  With this modification in relation to the other warp yarns 1b (which takes
      place only at the proper time) the weft yarn 3a will form a loop 24 at the
      root of each transverse loop of the two fastener filaments as illustrated
      in FIGS. 7 and 8. Thus, the loops formed by means of the fastener filament
      are safely anchored while avoiding notably any possibility of untimely
      slippage thereof in the transverse direction.
PAR  Instead of disposing the needles for introducing the two filaments A and B
      on either side of the movable sheet for warp yarns 1, it would also be
      possible to dispose said needles in front of a same face of this sheet,
      provided that said needles are off-set to each other in the longitudinal
      direction. In this case it would be necessary of course to provide unequal
      time intervals between the moments whereat said needles are rendered
      operative.
PAR  On the other hand, in this case it would be necessary to use two needles
      10a and 11a (see FIG. 9) of different types, capable of producing the
      winding in opposite directions of the loops formed with one and the other
      filaments; in this case, one needle, for example needle 11a, may be
      identical with the above-described needles 10 or 11 of the preceding
      example, and comprise a groove 15 on the side opposed to its pivot axis.
      As to the other needle 10a, it would then comprise a groove but on the
      opposite side, i.e. towards the pivot 14, in order to permit the winding
      the loops in the other direction with respect to the winding direction of
      needle 11a.
PAR  Of course, many other modifications may be contemplated in connection not
      only with the various steps of the manufacturing method of this invention
      but also with the component elements of the apparatus employed for
      carrying out this method, and with the fastener elements themselves.
PAR  Possibly, the two sides of each loop formed by means of the fastener
      filaments may have a different relative position in lieu of the direct
      superposition contemplated in the above-described examples.
PAR  The coupling members could also be manufactured differently. Thus, instead
      of forming these members by pulling the retaining member 12, it would be
      possible to provide preliminary distortions on the fastener elements at
      properly spaced locations so that these distortions lie on the end of the
      projecting loops formed by these filaments during their insertion in the
      course of the tape weaving operation.
PAR  But, conversely, it would also be possible to form these coupling members
      after making the loops of the two fastener filaments and inserting these
      filaments throught the tape.
PAR  Besides, the two fastener filament inserting looping needles contemplated
      in the examples illustrated could be replaced by rectilinear needles
      performing simple reciprocating movements, or by any other suitable
      members capable of positioning the two fastener filaments.
PAR  FIGS. 14 and 15 illustrate this modified embodiment.
PAR  As clearly shown, in this modified embodiment two separate rectilinear
      insertion needles 10b and 11b are used; a reciprocating motion is imparted
      thereto along two oblique axes, instead of a pivotal motion as in the case
      of the curved needles 10 and 11.
PAR  Both rectilinear needles 10b and 11b are disposed in a same plane
      perpendicular to the general plane Z--Z' of the tape being woven on the
      loom contemplated therefor. These needles are secured to a pair of movable
      supports 25a and 25b slidably mounted in a pair of stationary tubular
      guide members 26 rigid with a bracket 27 secured to the loom frame
      structure.
PAR  These movable supports 25a and 25b for the aforesaid pair of needles are
      driven through a pair of bent levers 28a, 28b fulcrumed to a pair of fixed
      pivot pins 29 and driven in turn from push-rods 30a and 30b connected
      through links 31 to said levers.
PAR  These push-rods register with a pair of rotary control cams 32a and 32b
      carried by a rotary shaft 33 adapted to be coupled to one of the rotary
      shafts of the loom.
PAR  The contour of these cams 32a, 32b is such that they control by turns the
      movement of needle 10b in the direction of the arrow F.sub.1 so as to
      insert the corresponding wire into the tape, whereafter this needle is
      withdrawn and the other needle 11b is moved in the direction of the arrow
      F.sub.2 to insert the wire carried by this needle into the tape, and
      finally returning the needle backwards, and so forth.
PAR  Of course, these movements are synchronized with those of the retaining
      member 12 provided along the tape selvedges so as to retain each loop thus
      formed by means of one and the other of said pair of wires or filaments.
PAR  As far as the apparatus employed for carrying out the method of this
      invention, it may be noted that different types of weaving looms may be
      used. However, in the case of a needle-type weaving loom, it would be
      preferable to use a loom type providing the room necessary for mounting
      the pair of additional needles intended for introducing the fastener
      filaments, and also for positioning the retaining member 12 and the
      various corresponding mechanical control means. However, a conventional
      loom could also be used, notably a loom comprising one or a plurality of
      shuttles, for introducing the weft yarn.
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NUM  1.
PAR  1. A slide fastener element comprising a tape woven with warp and weft
      yarns, two separate resilient filaments inserted between said warp and
      weft yarns, each said filament being formed into a helix, the loops of one
      said helix being wound in a direction opposite the direction of winding of
      the loops of the other said helix, said loops being imbricated at spaced
      intervals, a lateral portion of each loop constituting a coupling member
      along an edge of said tape, the loops of each helix being interconnected
      by connecting portions extending in the direction of the warp yarns on the
      side of said helices opposite to the coupling members, every alternate
      loop belonging to a different one of said helices formed by said two
      filaments, the tape distorting stress in one said helix being essentially
      offset by the tape distorting stress in the other said helix by virtue of
      said helices being wound in opposite directions.
PATN
WKU  039454088
SRC  5
APN  4755634
APT  1
ART  321
APD  19740603
TTL  Apparatus for forming and trimming the leads of electronic components
ISD  19760323
NCL  6
ECL  1
EXP  Larson; Lowell A.
NDR  3
NFG  11
INVT
NAM  Halligan; Dewey D.
STR  6251 Empress Court
CTY  San Jose
STA  CA
ZIP  95129
CLAS
OCL  140105
XCL   72DIG10
EDF  2
ICL  B21F 4500
FSC  140
FSS  147;105;71;1
FSC   72
FSS  DIG. 10
UREF
PNO  3144889
ISD  19640800
NAM  Cole
OCL  140147
UREF
PNO  3147779
ISD  19640900
NAM  Brown
OCL  140105
UREF
PNO  3225797
ISD  19651200
NAM  Stoody
OCL  140147
UREF
PNO  3427849
ISD  19690200
NAM  Ainsworth et al.
OCL  140105
UREF
PNO  3520335
ISD  19700700
NAM  Patterson
OCL  140147
UREF
PNO  3525372
ISD  19700800
NAM  Haven
OCL  140147
UREF
PNO  3796201
ISD  19740300
NAM  Golub
OCL  140105
UREF
PNO  3857420
ISD  19741200
NAM  Newman
OCL  140105
LREP
FRM  Schatzel & Hamrick
ABST
PAL  Apparatus for processing electronic components such as transistors, and the
      like, having a plurality of wire leads extending from a potted body, and
      including a gravity feed guide, a metering device for feeding the
      transistors one-at-a-time to a work station, positioning devices for
      positioning each transistor fed to the work station in a predetermined
      orientation, a mating die assembly and forming and cutting assembly for
      forming the transistor leads into a predetermined configuration and
      cutting the formed leads to a predetermined length, and a sequencing
      system for actuating each of the operative devices in a predetermined
      order.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to electronic component processing
      apparatus and more particularly to an apparatus for forming and trimming
      the lead wires of transistors and the like.
PAR  2. The development and rapidly expanding extensive use of the transistor in
      the past decade has brought mass-production techniques for the rapid
      production of them. The manufacturers of these types of electrical
      components customarily produce and supply them with long leads which are
      then cut and formed by the user for mounting in his particular electronic
      circuit. It is quite common to find in the same electronic circuit many of
      the same value transistors each with a different requirement for the
      length, shape and spacing of the lead wires. These requirements include
      forming an offset in the lead sufficient to provide a shoulder at a given
      point as the lead is mounted in a hole in a printed circuit board. In this
      manner the transistor may be suspended above the board so that it will not
      be subjected to all the vibrations of the board or to all the heat of
      soldering. At other times the leads are spread in a specified shape for
      such reasons as to reduce the possibility of short circuiting of the
      soldered points to the printed board. As the quality and quantity of
      applications of transistors to electronic circuits increase the greater is
      the need for the automatic cutting and forming device of this invention
      and for precisely cutting the leads to a determined length and to spread
      and bend the leads to a precise shape and location.
PAR  The widespread use of transistors in the multitude of electrical circuits
      such as radio, television, computers and like assemblies require that the
      transistors be made to fit economically in the various assembly processes.
      Among these processes are those using printed circuit systems in which
      boards and other mounting arrangements having wire receiving holes of
      precise location which are provided for the mounting therein of the lead
      wires of the transistors. In the design of these electrical circuits it is
      necessary that the lengths of the leads of the transistors be made of a
      predetermined length, configuration and spacing so that all the components
      will fit and operate in the circuit in a determined manner. Much thought
      and consideration, building of apparatus and the like has been done to cut
      the leads to a determined length and then bend them so that they will fit
      into the mounting holes in a determined manner.
PAR  The cutting of wire leads on transistors and the like is exemplified in
      U.S. Pat. No. 2,571,078 to J. Vollmer on Oct. 9, 1951; U.S. Pat. No.
      2,923,189 to F. J. Zoschg on Feb. 2, 1960; U.S. Pat. No. 3,071,166 to E.
      A. Gutbier on Jan. 1, 1963; U.S. Pat. No. 3,075,562 to A. A. Jankowski on
      Jan. 29, 1963; U.S. Pat. No. 3,144,889 to T. H. Cole on Aug. 18, 1964; and
      U.S. Pat. No. 3,799,017 to D. D. Halligan on Mar. 20, 1974.
PAR  An apparatus for orienting, feeding, transporting to locations whereupon
      the leads can be cut and subsequently bent to a shape and spacing is
      exemplified in U.S. Pat. No. 3,396,758 to R. L. Hill on Aug. 13, 1968.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is to provide an improved
      electronic component processing apparatus for automatically forming and
      trimming the lead wires of transistors and the like.
PAR  Briefly, the preferred embodiment includes an elongated guide for
      transporting the transistors to a work station by gravity feed, a metering
      device for feeding the transistors to the work station one-at-a-time,
      positioning devices for receiving and causing each transistor fed to the
      work station to have a predetermined orientation, a die assembly and a
      forming and cutting assembly disposed at the work station for forming and
      trimming the lead wires of each positioned transistor, and apparatus for
      actuating each of the various operative components of the apparatus in a
      predetermined sequence.
PAR  An important advantage of the present invention is that it automatically
      forms and trims electronic component leads at a high rate using mechanism
      that are mechanically simple and thus highly reliable.
PAR  Another advantage of the present invention is that the lead forming and
      trimming operation is performed simultaneously at a single work station
      thereby assuring process uniformity.
PAR  These and other objects and advantages of the present invention will no
      doubt become apparent to those of ordinary skill in the art after having
      read the following detailed description of a preferred embodiment which is
      illustrated in the several figures of the drawing.
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PAC  IN THE DRAWING
PAR  FIG. 1a is a partially broken diagrammatic front view showing the principal
      operative components of a preferred embodiment of the present invention;
PAR  FIG. 1b is a partial cross-section taken transversely through the work
      station to illustrate the lead forming and cutting operation of the
      apparatus illustrated in FIG. 1a;
PAR  FIG. 1c is a perspective view showing a transistor having its wire leads
      formed and cut by the apparatus illustrated in FIG. 1a;
PAR  FIG. 2 is a partially broken top view of the preferred embodiment shown in
      FIG. 1a;
PAR  FIG. 3 is a cross-section illustrating the operative structure of one of
      the positioning components shown in FIG. 1a;
PAR  FIG. 4 is a plan view showing details of the die and lead forming and
      trimming assemblies used in the embodiment of FIG. 1a;
PAR  FIG. 5 is a plan view of the apparatus of FIG. 4 shown in the actuated
      position;
PAR  FIGS. 6-9 are diagrams sequentially illustrating operation of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1a of the drawing diagrammatically illustrates the principal operative
      components of a lead forming apparatus in accordance with the present
      invention. The illustration is a view looking toward the exit end of an
      elongated guide 10 which forms a passageway 9 for transporting electronic
      components such as the transistor T from an entry end 6 (see FIG. 2)
      passed a work station 7 to the exit end 8. FIG. 2 is a partial top view of
      the apparatus shown in FIG. 1a and is slightly reduced in scale with
      assemblies 30 and 42 shown moved apart in the lateral direction for
      clarity.
PAR  Guide 10 is essentially elongated hollow tube having a plurality of
      openings in its top and side walls as indicated by the dashed lines 1-5 to
      provide access ways for the various transistor handling detents. Guide 10
      also has a slit 13 in its bottom side extending from the entry end to the
      exit end and through which the lead L of the transistor T project as the
      transistor is allowed to move along passageway 9. Although not indicated
      in FIG. 1a, the entry end 6 of guide 10 is elevated relative to exit end 8
      so that the transistors are gravity fed through passageway 9. The interior
      surfaces forming passageway 9 also include insets 11 and 12 which extend
      along the length of guide 10 to provide clearance for molding
      imperfections in the body portions of the transistors. As will be
      explained in more detail below, the present embodiment is particularly
      adapted to process transistors and other electronic components having
      three leads and a body which is normally flat on top and bottom, and has
      at least one rounded side and one opposite side which is flat as
      illustrated in FIG. 1c.
PAR  The work station 7 includes a pneumatically actuated lateral and
      longitudinal (relative to passageway 9) positioning component 15, a stop
      and vertical positioning component 20, a die assembly 30, and a forming
      and cutting assembly 42. In addition, a transistor expelling air jet 35 is
      positioned beneath guide 10. Each of these components with the exception
      of die assembly 30 is pneumatically actuated by a pneumatic sequencer 49
      which is driven by an electrical motor 48. Die assembly 30 is actuated
      directly by motor 48 via a cam 48a affixed to the motor shaft 48b.
PAR  Component 20 is mounted to the top of guide 10 and includes a rod shaped
      detent 23 which enters guide 10 through an opening 4 and extends into
      passageway 9 to stop an article passing therethrough. Component 20 also
      includes a rod shaped detent 22 which enters guide 10 through an opening 3
      to engage the top surface of a positioned transistor T stopped by detent
      23.
PAR  FIG. 3 shows the basic construction of component 20 wherein the stop detent
      23 and the top engaging detent 22 are formed by the piston rods of a dual
      acting pneumatic actuator. Stop detent 23 is normally held in a neutral
      position by a spring 54 and detent 22 is normally held in its neutral
      position by a spring 53. Air pressure applied to cylinders 51 and 52
      through inlets 24 and 21, respectively, cause the associated pistons to
      drive the detents 22 and 23 through openings 3 and 4 in passageway 9. When
      the air pressure is removed from the cylinders, springs 53 and 54 return
      the pistons to their neutral positions withdrawing detents 22 and 23 from
      passageway 9.
PAR  Positioning component 15 likewise includes a pneumatically actuated piston
      and detent 16 which extends into passageway 9 through an opening 5.
      However, detent 16 differs from detents 22 and 23 in that its transistor
      engaging end surface is concave-shaped to mate with the rounded side
      surface of a transistor T and to pin the flat side of the transistor
      against the opposite wall of passageway 9.
PAR  The positioning components 15 and 20 cooperate with each other to locate
      and position the transistors at the work station in the following manner:
      Detent 23 is first actuated to extend into passageway 9 to stop the
      transistor as it moves along the guide. Detent 16 is then actuated to mate
      with the rounded side surface of the transistor and to cause its flat side
      to be pinned against the flat opposite wall of passageway 9. This
      engagement simultaneously positions the transistor in both the lateral and
      longitudinal directions (relative to passageway 9). More particularly, the
      mating of the concave face of detent 16 with the rounded side surface of
      the transistor insures longitudinal positioning accuracy, while the
      abutting relationship between the flat side of the transistor and the
      passageway sidewall insures accurate lateral positioning. Detent 22 is
      then actuated and engages the top surface of the transistor to press its
      flat bottom surface against the bottom surface of passageway 9 thereby
      insuring accurate alignment in the vertical direction. With transistor T
      thus positioned, the wire leads L are properly aligned for engagement by
      die assembly 30 and cutting and forming assembly 42.
PAR  The metering component 25 is comprised of a pair of pneumatically actuated
      cylinders similar to those illustrated in FIG. 3 which independently cause
      rod shaped detents 26 and 28 to be thrust through openings 1 and 2 into
      passageway 9 in response to air pressure applied to ports 27 and 29,
      respectively. To perform the metering operation detent 26 is first
      inserted into passageway 9 to block passage of a series of the transistors
      and detent 28 is then inserted inbetween the first and second transistors
      in the series. Note that its tip is wedge-shaped to facilitate such
      insertion. The thus captured transistor may then be released to the work
      station by retracting detent 26. The next component is then moved into
      position and made ready for release by again actuating detent 26 and
      retracting detent 28. As soon as the next transistor has fallen into
      place, detent 28 is again actuated to segregate it from the following
      transistors.
PAR  After a transistor is properly positioned at work station 7, as previously
      described, work may be performed upon the leads extending through slot 13
      by actuating the assemblies 30 and 42. Referring now to FIGS. 1a and 2 and
      the upper portion of FIG. 4, it will be noted that die assembly 30 is
      comprised of a base block 60 having an elongated cavity 66 formed in its
      upper surface with one end of the cavity being open to a notched portion
      of block 60. Disposed within cavity 66 are a pair of forming members 61
      and 63 which have lead engaging ends respectively, and are mounted to
      pivot about their opposite ends. Members 61 and 63 are biased into the
      position illustrated in FIG. 4 by the springs 62 and 64, respectively.
      Disposed upon the top surface of block 60, as illustrated in FIG. 1a, is a
      cover plate 33 which has a lead engaging notch 31' provided in the forward
      end thereof. Notch 31' is narrower than, but is centered relative to the
      notch 31 in block 60. The combination of notches 31 and 31' form a die
      cavity to form the transistor leads in the mannner illustrated in FIG. 1c.
      The lowermost edges 36 of notch 31 lead length determining shoulders.
      Assembly 30 is moved between the retracted position illustrated in FIGS. 1
      and 4 and the lead engaging position illustrated in FIG. 5 by the cam 48a
      as it is driven by motor 48.
PAR  The forming and cutting assembly 42 is comprised of an elongated cutting
      element 40 having a beveled end surface 40a (FIG. 1a ) forming a shearing
      edge 47, and a flat upper surface 40b  with a longitudinally extending
      recess 40c provided therein. The opposite end of element 40 is connected
      to a pneumatic actuator 46 which causes assembly 42 to be moved between
      the retracted position illustrated in FIGS. 1a and 4, and the working
      position illustrated in FIGS. 1b and 5.
PAR  Mounted to the top of cutting element 40 is a forming member 45 having a
      bottom projection (not shown) for mating with recess 40c (FIG. 2) to
      permit aligned parallel movement of member 45 relative to element 40.
      Member 45 has a lead engaging shaping element 41 projecting from its
      leading side, and has a pair of springs 70 and 71 affixed to its trailing
      side to bias member 45 into the rest position shown in FIGS. 1a and 4.
      Springs 70 and 71 permit member 45 to move along recess 40c relative to
      element 40 as will be described below.
PAR  The particular illustrated configuration of shaping element 41 is such as
      to mate with the particular configuration of die assembly 30 so as to
      shape the die stamped leads of transistor T in the manner illustrated in
      FIG. 1c. These elements could quite clearly have other configurations for
      causing other lead forms to be produced.
PAR  Referring now to FIGS. 1b and 5, the forming and trimming operation of the
      preferred embodiment will be described in detail. Once the transistor T is
      locked in position at the work station by positioning devices 15 and 20,
      can 48a causes assembly 30 to move into engagement with leads L. In this
      position, leads L are received within the notches 31 and 31'. Pressurized
      air is then applied to actuator 46 by sequencer 49 causing assembly 42 to
      move leftwardly as illustrated, so that shaping element 41 is driven into
      engagement with the leads L to deform them into the die cavity of assembly
      30. Note that the centermost lead is deformed in the lateral direction
      relative to passageway 9 while the outside leads are deformed in the
      longitudinal direction as illustrated in FIG. 1c.
PAR  Although not clearly shown in the drawing, it must be understood that notch
      31' in plate 33 prevents deformation of the lead portions received therein
      while notch 31 and the ends 33 and 35 (see FIGS. 4 and 5) of members 61
      and 63, respectively, cooperate with shaping element 41 to form the lead
      portions received therein. Note that the outside leads are spread along
      with members 61 and 63 (FIG. 5) as they are engaged by element 41. As
      forming member 45 bottoms out against the end surface of die assembly 30,
      its movement will terminate, but cutting element 40 will continue to move
      toward assembly 30 as illustrated by the dashed lines 40' in FIG. 1b. In
      moving as illustrated, shearing edge 47 cooperates with the shoulders 36
      to shear the formed leads L.
PAR  As indicated in FIGS. 1a and 2, the air tube 35 is positioned beneath guide
      10 and directed at the work station 7 so as to assist in the discharge of
      a transistor from the work station after it has been worked upon. Although
      not necessarily required, in that the component will normally be
      discharged from the guide due to its own weight, it has been found that a
      short burst of air will speed the discharge operation and prevent the
      possible jamming of the apparatus.
PAR  Referring now to FIGS. 6-9, the overall operational sequence of the above
      described apparatus will be explained using the illustrated simplified
      sequence of diagrams. In these diagrams, the line 10 is used to represent
      guide 10 while the other numbered elements are used to represent the like
      numbered, previously described elements. In FIG. 6, three transistors
      T.sub.1, T.sub.2 and T.sub.3 are shown at the upper end of the guide with
      transistor T.sub.1 being already positioned between detents 26 and 28. The
      first step in the sequence, as determined by pneumatic sequencer 49, is to
      actuate stop detent 23 and retract detent 26 thereby allowing transistor
      T.sub.1 to be gravity fed to the work station position as illustrated in
      FIG. 7. Detents 16 and 22 are then actuated to position transistor
      T.sub.1, and assemblies 30 and 42 (not shown) are actuated to form and
      trim the transistor leads as shown in FIG. 8. During this time, detent 26
      is actuated and detent 28 is retracted to allow transistors T.sub.2 and
      T.sub.3 to move down the guide into position adjacent detent 26. Detent 28
      is then again actuated to segregate the transistor T.sub.2 ; detents 16,
      22 and 23 are retracted to free transistor T.sub.1 ; and a short blast of
      air is directed upon transistor T.sub.1 causing it to be discharged from
      the work station as indicated in FIG. 9. The sequence is then repeated in
      cyclical fashion until all transistors have had their leads formed and
      trimmed.
PAR  Although the illustrated preferred embodiment uses pneumatic actuators, it
      is to be appreciated that electrical actuators could likewise be used
      along with an electrical signal sequencer which would also be driven by
      the shaft of motor 48. In either case the apparatus will have the
      advantage that all operative components with the exception of the die
      assembly 30 are driven by a system that is not mechanically linked thereto
      and therefore no mechanical slippage or skipping is encountered which will
      cause the machine to deviate from its prescribed sequence of operation.
PAR  In the preferred embodiment, it has been found that positioning means of
      the type illustrated are capable of positioning a component within plus of
      minus 0.001 inch of a desired reference position. Moreover, since all
      operative elements of the apparatus, with the exception of the die
      assembly 30, are controlled by the pneumatic sequencer 49 and both the
      pneumatic sequencer and the die assembly 30 are driven by a single motor
      48, it will be appreciated that the upper limit of operational speed is
      determined primarily by the gravity fall rate of the components rather
      than by the operational characteristics of the apparatus. The illustrated
      apparatus has been operated at through-put rates of between 500 and 5,000
      components per hour.
PAR  While the present invention has been particularly shown and described with
      reference to a particular preferred embodiment, it will be appreciated by
      those skilled in the art that various alterations and modifications in
      form and detail may be made thereto without departing from the invention.
      Accordingly, the appended claims are to be interpreted as covering all
      such alterations and modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for processing electronic components such as transistors and
      the like having a body with a plurality of leads aligned in a row and
      extending therefrom, comprising:
PA1  an elongated guide means forming a transistor body passageway extending
      between an entry end and an exit end and having a single slot along the
      length of its bottom side through which the transistor leads project, the
      width of said slot being only slightly wider than the width of one of said
      leads, said entry end being elevated relative to said exit end and said
      passageway extending through a work station;
PA1  metering means disposed along the length of said guide means between said
      entry end and the work station for feeding transistors one-at-a-time to
      the work station;
PA1  positioning means disposed at the work station for receiving and causing
      each transistor fed thereto to be stopped and positioned with a
      predetermined orientation;
PA1  a die assembly disposed at the work station beneath and on one side of said
      guide means and movable between a retracted position and a lead engaging
      position, said die assembly including a die plate having a lead receiving
      notch in one edge thereof, a pair of pivotable lead engaging members lying
      beneath said die plate with one end of each member positioned proximate
      said notch, and a lead length determining shoulder lying beneath the ends
      of said pivotable members;
PA1  a forming and cutting assembly disposed at the work station beneath and on
      the opposite side of said guide means relative to said die assembly and
      movable between a retracted position and a working position, said forming
      and cutting assembly including a forming member for mating with said die
      plate and said pivotable members to form said leads into a predetermined
      configuration, and a cutting element having a shearing edge for
      cooperating with said shoulder to trim the formed leads to a predetermined
      length, said cutting element including an elongated member having an upper
      surface terminating in said shearing edge on the side nearest said die
      assembly means, and said forming member including a body portion slideably
      mounted to said surface and a shaping element formed on the side of said
      body portion nearest said die assembly for engaging said ends of said
      pivotable members and deforming the leads beneath said notch, and means
      urging said body portion into a position with said shaping element
      extending over said cutting edge when said forming and cutting assembly is
      in said retracted position but permitting said cutting element to move
      relative to said forming member a predetermined distance in the direction
      of said die assembly after said forming member has mated with said die
      assembly; and
PA1  actuating means for actuating said metering means to feed a transistor to
      the work station, for actuating said positioning means to receive and
      position the fed transistor, and for then simultaneously actuating said
      die assembly means and said forming and cutting assembly means to form and
      trim the leads of the transistor.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said metering means, said
      positioning means, and said forming and cutting assembly are pneumatically
      actuated and said actuating means includes pneumatic sequencer.
NUM  3.
PAR  3. Apparatus as recited in claim 2 wherein said actuating means further
      includes a motor for driving said pneumatic sequencer, said motor having a
      cam affixed to its drive shaft for driving said die assembly.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein said positioning means includes
      a first detent for engaging the top surface of the transistor body and a
      second detent for engaging a side surface of the transistor body, the
      transistor body engaging end of said second detent being of a concave
      configuration.
NUM  5.
PAR  5. Apparatus as recited in claim 4 wherein said positioning means further
      includes a third detent forming a stop for blocking passage of a
      transistor through said passageway, said first, second and third detents
      being actuated in inverse order to position a transistor at the work
      station.
NUM  6.
PAR  6. Apparatus as recited in claim 1 wherein said metering means includes a
      pair of alternatingly actuated detents which are separated by the width of
      the transistor body and which when actuated project into said passageway
      to position a transistor body therebetween.
PATN
WKU  039454096
SRC  5
APN  5822475
APT  1
ART  321
APD  19750530
TTL  Device for feeding lengths of wire to a processing machine
ISD  19760323
NCL  14
ECL  1
EXP  Larson; Lowell A.
NDR  4
NFG  4
INVT
NAM  Scherr; Rudolf
CTY  Graz
CNT  OE
INVT
NAM  Jamnig; Walter
CTY  Graz
CNT  OE
INVT
NAM  Gott; Hans
CTY  Graz
CNT  OE
INVT
NAM  Ritter; Klaus
CTY  Graz
CNT  OE
ASSG
NAM  EVG Entwicklungs- und Verwertungs-Gesellschaft m.b.H.
CTY  Graz
CNT  OE
COD  03
PRIR
CNT  OE
APD  19740530
APN  4500/74
CLAS
OCL  140112
XCL  198 26
XCL  214  1P
XCL  221105
EDF  2
ICL  B21F 2300
FSC  140
FSS  112
FSC  214
FSS  1 P
FSC  198
FSS  26;104
FSC  221
FSS  11;81;82;84;85;104;105
UREF
PNO  1923369
ISD  19330800
NAM  Gronemeyer
OCL  140112
UREF
PNO  2660287
ISD  19531100
NAM  Ames et al.
OCL  198 26
UREF
PNO  3127829
ISD  19640400
NAM  Rossi
OCL  198104
UREF
PNO  3373868
ISD  19680300
NAM  Missioux et al.
OCL  198104
FREF
PNO  1,101,336
ISD  19610300
CNT  DT
OCL  140112
LREP
FR2  Marmorek; Ernest F.
ABST
PAL  Device for feeding lengths of wire to a processing machine, particularly a
      lattice welding machine, by separating a bundle of wire into smaller
      portions, aligning the smaller portions, and removing individual wire
      lengths from the smaller portions for conveyance to the processing
      machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a device for feeding lengths of wire to a
      procesing machine, by means of a separating member acting as a holder
      separator means for releasing individual wire lengths from a bundle, e.g.,
      a threaded spindle or disc with peripheral grooves cooperating with a
      stripper member. It is particularly intended to use the device according
      to the invention for feeding transverse lengths of wire to a lattice
      welding machine.
PAR  From OE-PS No. 189 890 it is known to separate individual wires from
      bundles of wires and to pass the separate wired on to a processing machine
      in an orderly manner by picking up the wires at the outer circumference of
      the loose bundle at a relatively small zone compared to the wire length by
      means of for example a threaded spindle or disc with peripheral grooves
      and a separating member cooperating with a stripper and by rotating the
      spindle or disc at right angles to the longitudinal direction of the wires
      to separate the wires first of all in the area of the said zone and then
      to gradually and progressively pull out the wires from the bundle and to
      completely separate the wires from the bundle.
PAR  In the practical application of such devices it is desirable to reduce the
      operating and attendance time to a minimum, which necessitates in
      particular that the device be supplied at relatively long time intervals.
      This necessarily requires that the device be able to handle large
      quantities of wire at a time. This however results in the danger,
      particularly with long wires, that the wires in the large bundles deviate
      considerably from the relative parallel position so that a wire grasped by
      the separating member cannot be pulled out of the wire bundle without
      receiving substantial deformation as a result of having been jammed
      together with the other wires.
PAR  The invention deals with the problem of solving this disadvantage and to
      provide a device of the type referred to at the beginning, on the one hand
      for directly feeding to it large bundles of wire lengths and on the other
      hand for enabling it to work the separated wires without interruption and
      without unacceptable deformations. This object is achieved according to
      the invention in that the separating member has provided in front of it an
      endless belt with paddle devices extending away from it to form a rotating
      endless row of paddles. In an area of upwardly moving paddles in
      conjunction with slide paths sloping downwards toward the row of paddles
      there is formed a trough for holding the bundles of wire lengths. The
      compartment formed between each pair of adjacent paddles of the row of
      paddles acts as a wire retaining compartment having a storage capacity
      substantially smaller than the storage capacity of the trough. Directly in
      front of the separating member there is provided an intermediate storage
      chamber which has the same storage capacity as that of a compartment of
      the row of paddles and which receives wires from the compartments.
PAR  In the device according to the invention the paddle chain therefore picks
      up from the trough pre-measured smaller quantities of wires, filling each
      time a compartment on the paddle chain. These smaller quantities of wire
      lengths are fed to an intermediate store, in front of the separating
      member, whose capacity corresponds only to that of a compartment of the
      paddle chain. From the relatively small wire bundle in the intermediate
      storage chamber it is then possible by means of the separating member to
      pick out separate wire lengths safely and without danger of deformation.
PAR  In the intermediate storage chamber there is preferably provided a sensor
      for sensing the presence of a predetermined minimum quantity of wire
      lengths and which in the absence of this minimum quantity through a
      control device actuates means for advancing the paddle chain forward one
      step.
PAR  Advantageously along a part of the upwardly moving path of the row of
      paddles there are provided fixed but preferably adjustable limiter plates
      which limit the depth of the compartments of the row of paddles. This
      ensures that after "filling to the brim" of the compartments, by sliding
      the wires off the limiter plates above the wire bundle, by adjusting the
      plate a selected part of each compartment remains empty, thereby
      permitting safe further conveyance of the wire lengths. This aim may be
      further advanced in that in the area of the upper end of the limiter
      plates above the path of travel of the paddles there is provided a
      stripper member. It is then impossible to get a jam between the wires in
      the various compartments and the wires are further transported in
      essentially parallel alignment with each other.
PAR  According to a further feature of the invention on one side of the row of
      paddles there is provided a rigid abutment surface for one of the wire
      ends and on the opposite side there is provided a movable abutment surface
      for the other wire ends, e.g., in the form of a pivotable flap. By
      operating the movable abutment surface or the movable flap, which
      preferably takes place in synchronism with the movement of the row of
      paddles, it is possible to bring the ends of the wires into a relatively
      compact position.
PAR  According to a still further feature of the invention in the area of the
      revolving path of the row of paddles opposite the trough there are
      provided guide panels which form downwardly sloping slide paths extending
      from the revolving path of the compartments of the row of paddles to the
      intermediate storage chamber. This has the effect that the wires are fed
      in an essentially orderly manner and in parallel alignment from the
      compartments into the intermediate storage chamber.
PAR  In a preferred embodiment of the invention the row of paddles has the form
      of a paddle chain with interlinked L-shaped chain links; such a paddle
      chain enables a good adjustment of the path of revolution to the desired
      working conditions of the device.
PAR  Further features of the invention will become obvious from the following
      description and drawings of an example of an embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side elevation of the device according to the
      invention for feeding transverse lengths of wire to a lattice welding
      machine.
PAR  FIG. 2 is a schematic plan view of the device according to FIG. 1.
PAR  FIG. 3 shows a view of the paddle chain of this invention on an enlarged
      scale.
PAR  FIG. 4 represents a sensing and control device for the step-by-step forward
      movement of the paddle chain.
DETD
PAR  In the device according to FIGS. 1 and 2 a support, extending the whole
      width of a welding machine and swivelably fixed to a stand 2 by a bearing
      bolt 1, is provided with V-shaped supporting surfaces 3 arranged at
      intervals parallel to each other. These V-shaped supporting surfaces 3
      form a basket-like container 4 for receiving a large quantity of evenly
      aligned transverse lengths of wire. The transverse wire lengths are placed
      into the container 4 as a loose bundle.
PAR  By means of a pneumatic or hydraulic cylinder 5 and a lever 6 non-rotatably
      connected with one of the bearing bolts 1 it is possible to tip the
      container 4 from its rest position in the direction of the arrow P1. The
      transverse lengths of wire stored in the container 4 are thus deposited
      onto two parallel supporting members or inclined-holding conveyor means 7
      arranged at a distance from each other and laterally displaced relative
      the supporting surfaces 3. The upper edges 8 of the members 7 are inclined
      and form sliding surfaces. The container 4, after each return movement
      into its rest position, can immediately be re-supplied with fresh
      transverse lengths of wire.
PAR  Between the two supporting members 7 there is arranged in a housing a
      continuous paddle chain 10, separately shown on its own in FIG. 3, from
      which paddles 17 extend upwards normally essentially over the whole
      circumference of the chain. The entire chain is composed of two types of
      links, e.g., outer links 11a and inner links 11b. The two types of links
      are shaped so that they can be meshed in a cog-like manner at the
      interconnecting swivel points. Each of the two essentially L-shaped chain
      links has two drillings, one in the link at which the two arms of the L
      meet, and the other in the end of the longer arm. These drillings contain
      guide bolts which carry guide rollers 12 on the outside. On the side walls
      13 of the chain housing there are provided guide grooves for the rollers
      12. The chain 10 is driven for example by a pneumatic or hydraulic
      cylinder 16 and a pawl drive 14 which rotates a chain wheel 15.
PAR  The upwardly extending arms of the chain links 11a, 11b form the paddles 17
      which extend at right angles over the central area of the supply path of
      the transverse wire lengths. In conjunction with the sloping upper edges 8
      of the supporting members 7 the paddle chain 10 forms an essentially
      V-shaped trough 18 into which the transverse wire lengths are tipped out
      of the container 4. As a result of the slope of the upper edges 8 of the
      supporting members 7 towards the paddle chain 10 the transverse wire
      lengths supported by the members 7 slide or roll towards the deepest point
      of the trough 18, i.e., towards the paddles 17. Then, when the paddle
      chain 10 is rotated in the direction of the arrow P2 a number of
      transverse wires are deposited in box-like compartments 22, formed between
      adjacent paddles 17, and conveyed along by the continuously moving paddle
      chain. The carrying capacity of the compartments 22 is substantially
      smaller than that of the trough 18.
PAR  On both sides of the paddle chain 10 there are screw-lockable limiter
      plates 20 displaceably arranged in oblong holes 19 for limiting the depth
      of the box-like wire retaining compartments 22 formed by the paddles 17
      near the area in which the transverse wires are transferred from the
      supporting members 7 to the paddle chain 10. This has the effect that
      fewer transverse wire lengths are received than could be accommodated
      between two adjacent paddles 17 because of the size of each box-like
      compartment 22. Near the upper end of the limiter plates 20 there is
      provided a stripper 21 for stripping off any transverse wire lengths which
      protrude beyond the upper limit of the paddles 17.
PAR  When a compartment 22, formed of two adjacent paddles 17, is advanced to
      the far end of the rear edge of the limiter plates 20 the transverse wire
      lengths 2 drop down until they come to rest on the two side walls 13 of
      the chain housing. They are now positioned deep inside the compartment 22
      formed by the two adjacent paddles 17 and can thus be safely further
      conveyed.
PAR  During transport the transverse wire lengths are laterally guided by two
      limiting panels 23, 24, which can be seen in FIG. 2. A flap 25 swivelling
      about an axis 26 is provided on the side of the limiting panel 23 and in
      front of the same in the advancing direction of the transverse wires. A
      pneumatic or hydraulic work cylinder 27 can move the flap 25 from a
      position indicated by arrow P3 (FIG. 2) into the plane of the limiting
      panel 23 and back again into its rest position. This movement aligns all
      the transverse wire ends in precisely the same plane. The drive of the
      flap 25 is synchronized with the pawl drive 14 of the paddle chain 10 in
      such a way that simultaneously with each forward step of the paddle chain
      the flap 25 is pivoted into the plane of the limiting panel 23 and back
      again.
PAR  In the area of the path of the paddle chain 10 opposite the V-shaped trough
      there are provided guide walls 29 on the forwardly sloping upper edges 30
      of which the transverse wire lengths, resting in a compartment 22 between
      two adjacent paddles 17 of the chain 10, are placed. Under the effect of
      gravity the transverse wire lengths then roll or slide along the sloping
      upper edges 30 of the guide walls 29 until they reach an intermediate
      storage chamber 28, which is flanked by the forward edges of the guide
      wall 29, the two arms of a small U-shaped platform 31 (FIG. 2) and the
      vertical edge of a second stripper member 32, and which has a capacity
      which corresponds approximately to that of the compartment 22.
PAR  According to FIG. 4 compressed air from a source L is fed into feed pipes
      101, 102, 103. The feed pipe 101 supplies the nozzle 104 from which the
      air can escape. The air jet from the nozzle 104 passes across the storage
      chamber 28, insofar as wires arranged in this chamber do not deflect it.
      The air jet thus determines a level and simultaneously senses the wires
      located at this level.
PAR  The nozzle 105 supplied by the feed pipe 102 simultaneously discharges a
      jet of air which in the unimpeded condition is directed into a funnel
      shaped collector 106. The sensor formed of the nozzle 105 and the
      collector 106 is connected via an air pipe with a spring loaded sensor
      valve 107. shaped
PAR  In FIG. 4 it is assumed that there are so few wires in the storage chamber
      28 that the air jet from the nozzle 104 is able to cross the storage
      chamber 28 unimpeded. The air jet from the nozzle 104 strikes the air jet
      from the nozzle 105 sideways and causes this to deflect in such a way that
      it does not hit the collector 106.
PAR  The sensor valve 107 is therefore not actuated by the collector 106 and is
      thus retained by its spring in the position indicated in which it connects
      the feed pipe 101 and branch pipes with two pneumatic terminal switches
      108 and 109 which sense the position of the pawl drive 14 or the piston of
      the pneumatic cylinder 16, respectively.
PAR  In the position indicated the piston of the cylinder 16 is in its forward
      dead centre position and the terminal switch 108 acts against the action
      of its spring in such a way that the control valve 110 is actuated from
      the left and releases the compressed air to flow from the feed pipe 103 to
      the front face of the piston 16. The piston thus performs a work stroke.
PAR  As soon as the piston starts to move from the indicated position to the
      right, the terminal switch 108 under the effect of its spring cuts off the
      air supply to 110. The control valve 110 however remains in the position
      indicated, since no external forces act upon it now, until the pawl drive
      actuates the terminal switch 109, whereby a control pulse is transmitted
      to the right-hand side of the control valve 110 which reverses this in
      such a way that the piston in the cylinder 16 is actuated from right to
      left.
PAR  When the number of wires in the storage chamber 26 are such that the air
      jet from the nozzle 104 is deflected, then the air jet from the nozzle 105
      hits the collector 106. This has the effect of operating the sensor valve
      107 against the action of its spring, interrupting the feed pipe 101
      through the sensor valve 107 and simultaneously releasing the air from
      this sensor valve to the terminal switches 108, 109. The control valve 110
      remains in the position it has attained at that moment. Since the
      operation of the terminal switch for limiting the momentary movement of
      the piston is now unable to effect a reversal of the control valve 110,
      because the branch pipes to the terminal switches have now been emptied,
      the piston in the cylinder 16 completes its travel and remains in its
      momentary dead center position until a new control sequence initiated by
      the control valve 107 starts a new operating cycle.
PAR  In this way the intermediate storage chamber is intermittently supplied
      with measured quantities of transverse lengths of wire.
PAR  For separating the transverse lengths of wire there is arranged between the
      two arms of the small platform 31 a threaded spindle 33, which is driven
      by a shaft 34 and a pair of bevel gears (only roughly indicated). The
      shaft 34 carries two chain wheels 35 and 36 at the end facing away from
      the spindle 33. The chain wheel 35 is driven by a chain 37 which in its
      turn is driven by a continuously operating motor (not shown). A chain 38
      connects the chain wheel 36 with chain wheel 39 which drives a shaft 40.
      Through a bevel gear 41 the shaft 40 finally drives two straddled V-shaped
      threaded spindles 42, which are arranged symmetrically to the spindle 33,
      which serve to further convey the transverse lengths of wire. The threaded
      spindles 33 and 42 are thus continuously kept in rotating motion.
PAR  The grooves between the threads of the spindle 33 are of such depth and
      width that only one single transverse length of wire Q can rest in it at
      any one time and to be passed through beneath the stripper 32. Of all the
      transverse wire lengths located in the already mentioned intermediate
      storage chamber 28, with its limited capacity, only one is picked up by
      the spindle 33 about roughly in the centre, freely drawn away from the
      remaining smaller number of the transverse wire lengths located in the
      intermediate storage chamber 28, and advanced towards the conveying
      spindles 42. Each one of the wire lengths reaching the spindles 42 is now
      conveyed between the threads of these spindles and, with the aid of guide
      rails 43 cooperating with these spindles, conveyed along these guide rails
      to the electrodes of a known type of welding machine 45, whereby the
      supporting points of the transverse wire lengths divide at the point where
      the spindles 42 and the guide rails 43 start to straddle, thereby firmly
      holding the transverse wire lengths.
PAR  When a transverse wire length has reached the lower end of the spindle 42
      it continues to slide under the effect of gravity until it comes to rest
      between a stop 46 on the actual welding machine and a spring-loaded flap
      44 at the lower end of the guide rail 43. When it pivots from its rest
      position into the position indicated by the broken lines in the direction
      of the arrow P4 the transverse wire length feeder 47 of the welding
      machine presses against the transverse wire length, thereby opening the
      spring loaded flap 44 and conveying the transverse wire length between the
      electrodes of the welding machine.
PAR  For simplifying the drawing, the transverse wires Q in FIGS. 1 and 2 are
      shown only in one compartment 22 of the paddle chain 10, in the
      intermediate storage chamber 28 and in the threads of the spindles 33 and
      42.
PAR  This example of an embodiment according to the invention is of course not
      restricted to it and various modifications can be employed. For example,
      in place of the continuous paddle chain a rotating paddle wheel may be
      used. In place of the threaded spindle for separating the wire lengths it
      is also possible to use rotating discs with peripheral grooves which
      cooperate with a stripper. Also with respect to the control of the device,
      which in the example of the embodiment is pneumatically or hydraulically
      operated, there are of course also numerous other possible variations.
PAR  We therefore wish it to be understood that we do not desire to be limited
      to the exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what we claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. An apparatus for feeding aligned lengths of wire from a bundle to a
      processing machine, such as a lattice welding machine,
PA1  comprising, in combination:
PA1  an inlet means operable to convey and hold the bundle for division into
      smaller portions;
PA1  conveyor means disposed near said inlet means, operable to convey portions
      of wire away from said inlet means;
PA1  divider means associated with at least one of said conveying or inlet means
      and operable to divide said bundle into portions of wire;
PA1  holder-separator means disposed near said conveyor means and being operable
      to receive the portion of wire from said conveyor means and separate it
      into individual wires in a predetermined alignment, for conveyance to the
      processing machine.
NUM  2.
PAR  2. An apparatus, as claimed in claim 1, wherein
PA1  said conveyor means further includes aligning-quantity control means
      operable to control the size of the portion of wire and acting to insure
      that the individual wires in the portion of wire being conveyed, are
      aligned to within predetermined tolerances; and
PA1  said holder-separator means being operable to substantially align the
      portion of wire received into it.
NUM  3.
PAR  3. An apparatus, as claimed in claim 2, wherein said aligning-quantity
      control means includes a stripper member, disposed above said paddle
      devices and operable to limit the height of wires held in said
      compartments above said belt and thereby limit the quantity of wires in
      each compartment.
NUM  4.
PAR  4. An apparatus, as claimed in claim 1, wherein
PA1  said inlet means includes a first inclined holding-conveyor means being
      downwardly inclined from a receiving end and operable to receive a bundle
      of loose lengths of wire at said receiving end;
PA1  said conveyor means including a movable endless belt being disposed
      adjacent said first holding-conveyor means and having a moving means
      operable to move it, said belt including spaced apart paddle devices
      extending away from said belt to form wire retaining compartments on said
      belt, each retaining compartment having a smaller capacity than said
      holding-conveyor means, said holding-conveyor means being operable to
      convey said loose wire lengths into said retaining compartments whereby a
      portion of the bundled wire will be conveyed from said holding-conveyor
      means by the movement of said movable belt;
PA1  a storage chamber;
PA1  said holder-separator means comprising a second downwardly inclined
      holding-conveyor means operable to receive the wires from said belt and
      convey them into said storage chamber and a separating member disposed
      adjacent the wires contained in said storage chamber, operable for
      separating them into individual wires and conveying the individual wires
      to the processing machine.
NUM  5.
PAR  5. An apparatus, as claimed in claim 4, wherein said endless belt travels
      in an upward direction over at least part of the conveyance path of the
      portion of wire from said holding means to said storage chamber, wherein
      said aligning-quantity control means includes a depth limiting means
      disposed adjacent said belt and operable to limit the depth to which said
      portion of wire can be held in each compartment during filling.
NUM  6.
PAR  6. An apparatus, as claimed in claim 4, wherein said holder-separator means
      includes a rigid abutment surface disposed along one edge of said endless
      belt; and
PA1  a pivotable abutment surface disposed opposite said rigid abutment surface
      along the other edge.
NUM  7.
PAR  7. An apparatus, as claimed in claim 6, including a device for pivoting
      said pivotable abutment surface in a direction toward and away from said
      rigid abutment surface, in synchronism with the movement of said belt.
NUM  8.
PAR  8. An apparatus, as claimed in claim 4, said second holding-conveyor means
      comprising guide panels disposed near each edge of said belt and having
      downwardly sloping upper edges forming an inclined path into said storage
      chamber.
NUM  9.
PAR  9. An apparatus, as claimed in claim 4, wherein said belt comprises
      interlinked L-shaped chain links, whereby part of the L-shape forms said
      paddle.
NUM  10.
PAR  10. An apparatus, as claimed in claim 4, said separating member comprising
      a first threaded spindle disposed near the bottom of said intermediate
      chamber.
NUM  11.
PAR  11. An apparatus, as claimed in claim 10, said separating member further
      comprising two threaded spindles operable to receive a single wire from
      said first threaded spindle and convey it substantially parallel to the
      processing machine; and
PA1  guide walls disposed along said threaded spindles and having upper edges
      substantially parallel to said threaded spindles, to guide the single
      wires conveyed by said threaded spindles.
NUM  12.
PAR  12. An apparatus, as claimed in claim 1, further comprising moving means
      for activating said conveying means, and
PA1  sensing means for said holder-separator means operable for sensing the
      quantity of wires and for actuating said moving means to advance said
      conveying means when the quantity of wires falls below a predetermined
      level in said holder-separator means.
NUM  13.
PAR  13. An apparatus, as claimed in claim 12, said moving means operating in a
      stepwise manner when activated thereby advancing said conveying means for
      a predetermined distance.
NUM  14.
PAR  14. An apparatus, as claimed in claim 12, wherein said sensing means
      comprises
PA1  first means operable to direct a first stream of gas through said
      holder-separator means at a predetermined height,
PA1  a gas stream receiver including a switch, and
PA1  second means operable to direct a second stream of gas towards said switch
      in said receiver, said switch being actuatable when said second stream
      impinges thereagainst to actuate said moving means,
PA1  said first gas stream flowing in the direction towards said second gas
      stream in said receiver when the wires are below said predetermined level,
      to deflect said second gas stream away from said switch.
PATN
WKU  039454100
SRC  5
APN  4568338
APT  1
ART  243
APD  19740401
TTL  Catalytic converter cannister emptying and filling device
ISD  19760323
NCL  2
ECL  1
EXA  Schmidt; Frederick R.
EXP  Bell, Jr.; Houston S.
NDR  1
NFG  2
INVT
NAM  Clogg; William G.
CTY  Madison Heights
STA  MI
ASSG
NAM  Kent-Moore Corporation
CTY  Warren
STA  MI
COD  02
CLAS
OCL  141 67
XCL   23288F
XCL  141378
XCL  259DIG42
EDF  2
ICL  B65B  108
FSC   23
FSS  288 F
FSC  141
FSS  1;5;8;11;12;65-68;71-80;84;93;98;270;324;340;363;364;369;375;378
FSC  222
FSS  193
FSC  259
FSS  72;DIG. 42
UREF
PNO  3184291
ISD  19650500
NAM  Calvert
XCL  141 67
UREF
PNO  3186804
ISD  19650600
NAM  Fisher
XCL  141 67
UREF
PNO  3295565
ISD  19670100
NAM  Grandy
OCL  141 67
UREF
PNO  3858628
ISD  19750100
NAM  Bendle
XCL  141 74
UREF
PNO  3865159
ISD  19750200
NAM  Mayfield
OCL  141 67
LREP
FRM  Burton and Parker
ABST
PAL  Catalytic converter emptying and filling device attachable to the housing
      of a catalytic converter containing means therein defining a bed for
      storing catalytic pellets and further having a port therein for emptying
      the pellets from the bed and housing. The device includes a rigid conduit
      connectable to the port for passing the pellets to a receptacle or
      cannister rigidly attached to the conduit for receiving the pellets from
      the converter and further including a vibrating instrumentality rigidly
      attached to the device for imparting vibrational turbulence not only to
      the rigid assembly making up the device but also to the converter housing
      and the pellets therein to cause the pellets to pass rapidly from the
      converter through the conduit to the receptacle or in the opposite
      direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the increased emphasis in attempting to purify atmospheric air various
      techniques have been suggested for controlling the pollutants which are
      emitted from an internal combustion engine. One of the means suggested is
      the use of a catalytic converter which employs various catalysts to purify
      the exhaust fumes of the internal combustion engine. The catalyst in the
      purifier is generally pellet size, normally substantial spherical, having
      a diameter of about 0.02 to about 0.25 inches. The pellets catalyze the
      conversion of the impurities in the exhaust to non-toxic gases. Generally
      the catalysts are precious metal or noble metal catalyst such as platinum,
      palladium and the like, although base metals may also be employed. The
      difficulty with such catalytic converters is the need for periodically
      replacing the catalyst which have served their purpose for a period of
      time or become contaminated due to the presence of lead in gasoline.
PAR  Various techniques have been suggested for maintenance of the catalytic
      exhaust purifier such as that in U.S. Pat. No. 3,184,291 as well as U.S.
      Pat. No. 3,295,565. The difficulty with the prior art is that a
      satisfactory means for practically efficiently and consistently removing
      the pellets from the catalytic converter has not been found.
PAR  Accordingly, it is an object of the present invention to provide a
      catalytic converter emptying device of improved efficiency and improved
      consistency in operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the catalytic converter emptying device of the
      present invention.
PAR  FIG. 2 is a top view of the device of FIG. 1 taken along the lines 2 -- 2.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is concerned with an improved catalytic converter
      emptying device which has the capability of consistently removing pellets
      preferably assisted by gravity means from a catalytic converter. The
      apparatus involved is rigidly affixed to the catalytic converter or
      exhaust purifier of the internal combustion engine automobile by means of
      a clamping device or the like. A conduit is rigidly affixed at one end to
      the port in the catalytic converter through which spent catalyst pellets
      will flow to a receptacle or canister also rigidly affixed to the opposite
      end of the conduit. A vibrating means is attached to the device for
      imparting turbulence to the catalytic converter to assist in movement of
      the particles or pellets as they pass from the catalytic bed in the
      converter through the conduit into the receptacle. Preferably the
      receptacle or converter is rigidly affixed to the conduit by means of a
      pair of bars, one crossing the top of the receptacle and the other one
      crossing the bottom of the receptacle which are rigidly held in position
      by vertical connecting rods. The distinct advantage here is that the
      motion of the vibrator will facilitate the continuous vibratory movement
      of the entire apparatus including the converter housing and its contents.
      Accordingly, as the exhaust purifier or catalytic converter is vibrated,
      the the distant receptacle will likewise vibrate in phase with the
      purifier.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is concerned with a catalytic converter emptying
      device comprising:
PAR  a catalytic converter unit having means for storing catalytic pellets; the
      storage means having a port for emptying the pellets from the converter
      therethrough;
PAR  a rigid connected to the port of the converter for passing the pellets from
      the converter;
PAR  a receptacle, rigidly attached to the conduit, for receiving the pellets
      from the converter unit, and
PAR  vibrating means attached to their emptying device for vibrating the entire
      assembly of such rigidly connected parts in unison in order to impart
      turbulence to the converter unit and the pellets therein to cause the
      pellets to pass from the converter through the conduit to the receptacle.
      As later described herein, the illustrated embodiment of the invention can
      be operated with slight modification to reverse the flow of the catalytic
      pellets to fill the storage provision of the converter unit.
PAR  Having described the invention in general we turn now to a discussion of
      the figures. When it has been determined that the pellets (not shown) in
      the bed of the exhaust purifier or catalytic converter 2 need to be
      rejuvenated or replaced, then the emptying device of the present invention
      is rigidly attached to the catalytic converter, preferably by means of a
      C-shaped clamping device 4. During emptying of the pellets from the
      catalytic converter, conduit 6 of rigid material has one end thereof 8
      snugly fitting into port means 10 of the catalytic converter with sealing
      means 12 surrounding the conduit 6 thereby preventing any dust from the
      pellets from passing to the environment. The opposite end 14 of the
      conduit 6 is rigidly affixed to receptacle means 16 which is shown as
      being securely held in place between bars 18 and 20. The bars rigidly hold
      the receptacle or cannister in place by means of rods 22 and 22'. The
      position of the bottom bar 20 is adjustable by means of wing nuts 24 and
      24' to accomodate receptacles of different sizes.
PAR  The device of the present invention further employs vibrating means 26
      which is shown as an air operated vibratory means indicated in FIG. 1 by
      inlet air tube 28.
PAR  During the operation of the device of the present invention spent catalytic
      particles from the purifier are vibrated by vibrating means 26 which is
      preferably attached by L-shaped bracket 34 to the conduit 6 using weld
      joints for this purpose as shown in FIG. 1. One end of the conduit is
      inserted into the exhaust purifier, and the other end is inserted into
      receptacle means 16. Clamping means 4 which clamps the device of the
      present invention to the catalytic converter is shown engaged by toggle
      clamp 30. When the ram 32 of the toggle clamp engages the bracket 34 the
      upper end 8 of conduit means 6 is slid into port 10 of the catalytic
      converter 2.
PAR  To remove the spent catalytic particles, air is passed through inlet tube
      28 thereby operating vibrating means 26 which causes the particles to
      "dance" down the inclined catalytic bed 3. The particles then pass through
      the conduit means 6 into the receptacle means 16. The distinct advantage
      of the present invention is that the receptacle means is rigidly affixed
      to the conduit means 6. Varying sizes of receptacle means 16 are employed
      in order to correspond with the size of the catalytic bed. Some catalytic
      beds for six cylinder engines may be about 180 cubic inches while the
      catalytic bed for larger eight cylinder internal combustion engines would
      have a bed size of approximately 260 cubic inches. Accordingly receptacle
      means 16 would vary in content carrying capacity. This variation is
      provided by threaded rods 22 and 22' which are adjustable by wing nuts 24
      and 24'. The receptacle means 16 rigidly engages conduit means 6 at the
      entrance port 21 of the receptacle means and is generally engaged thereat
      through an O-ring.
PAR  It is to be appreciated that various vibrating means may be employed such
      as electrical, mechanical, sound vibrators and the like. In addition, the
      vibrating means need not be rigidly affixed to the conduit means but may
      also be rigidly affixed to the catalytic converter or some other portion
      of the internal combustion engine vehicle or to the receptacle means.
      Suffice to say, however, the vibrating means should be sufficient to cause
      the particles or pellets to pass down the inclined bed 3 through the
      conduit means and into the receptacle means and generally this is by
      gravity feed technique assisted by the vibrations imparted to the emptying
      device.
PAR  When all of the components of the present invention are rigidly and
      securely held in place, then there is no dampening effect to
      counter-balance the vibrator. It has been found that such dampening
      effects severely limit the ability of a reasonably sized vibrator from
      sufficiently vibrating the particles or pellets which are snugly packed in
      the catalytic bed to pass from it by gravity means through the conduit
      means into the receptacle means. Such dampening effects occur if the
      catalytic converter, conduit means and receptacle means are not able to
      vibrate in phase with the vibrator.
PAR  It has also been found desirable that the vibrating means be adjusted so
      that it may be at an angle from about 10 to about 30 degrees from the
      vertical conduit means 6 so that the particles or pellets do not merely
      vibrate in place but due to the vertical component of the vibration they
      "walk" down the incline bed 3 and out the port 10 of the catalytic
      converter cannister means.
PAR  While toggle clamp 30 has been shown as a preferred means of clamping the
      device of the present invention to the catalytic purifier, any adjustable
      rocker arm plunger may be employed.
PAR  While the present invention has been described with respect to the most
      preferred embodiment which is the removal of spent pellets from the
      catalytic converter, it should be readily appreciated that the device may
      also be employed as a means for filling or refilling the catalytic
      converter. A preferred technique is that outlined in the aforesaid U.S.
      Pat. Nos. 3,184,291 and 3,295,565, hereby incorporated by reference. In
      those patents an air stream is circulated past the exhaust pipe of an
      internal combustion vehicle thereby creating a venturi effect and causing
      the particles which are in the receptacle 16 to pass upwardly through the
      conduit means 6 and into the catalytic bed means 3. It has been found
      desirable that the conduit means be provided with an extension reaching to
      the bottom of the receptacle means (not shown). This thereby removes all
      of the catalytic particles from the receptacle means into the catalytic
      bed means and the vibrating effect of vibrator 26 can pack the pellets
      snugly into the catalytic bed.
PAR  It is to be appreciated that a very convenient and portable catalytic
      converter emptying device and method has been described. It should be
      appreciated that clamping means 4, conduit means 6, vibrating means 26 and
      receptacle means 16 and all the attending parts thereof form a rigidly
      connected structure which can be readily removed from the catalytic
      converter 2 and may be reused any number of times in order to fill or
      empty the catalytic particles from any number of internal combustion
      engine vehicles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved device for filling a catalytic converter with catalyst
      material and for emptying such material from such a converter while the
      converter is mounted in an automobile exhaust system including a conduit
      having means attached to one end thereof for clampingly engaging the
      catalytic converter mounted in the automobile exhaust system for rigid
      suspension therefrom and such that the upper end of the conduit is firmly
      connected to a port leading to the interior of the catalytic converter for
      passing catalytic material therethrough in one or the opposite direction,
      a rigidly formed receptacle attached to the other end of the conduit and
      adapted to hold catalytic material, and a vibrator rigidly connected to
      the conduit, the improvement comprising employing a substantially straight
      tube of rigid material throughout its length as the conduit and employing
      means for rigidly connecting the vibrator to the tube of rigid material
      and further means for rigidly yet releasably connecting the receptacle to
      the other lower end of the tube thereby enabling the tube, the receptacle
      and the catalytic converter from which the tube is rigidly suspended to be
      vibrated by the vibrator in phase with one another and thus avoiding the
      occurrence of any dampening action of any one of such parts of the device
      upon any one of the remaining parts of the device.
NUM  2.
PAR  2. A pellet changer device for use with a gas purifier unit which is
      interiorly formed for storing gas purifying pellets and which has a
      normally closed port opening into the purifier unit through which such
      pellets are introduced or emptied therefrom, said changer device being
      composed of different cooperating components including a rigidly formed
      tube, which is substantially straight throughout its length, having one
      end thereof shaped for connection to the port of such gas purifier unit in
      order to pass such pellets in either direction therethrough, a clamping
      implement having one portion thereof coupled to the tube and another
      portion thereof clampingly engageable with the gas purifier unit for
      rigidly securing the tube to the port of the purifier unit, a rigidly
      formed receptacle for containing gas purifying pellets, and means for
      rigidly yet releasably connecting the receptacle to the other end of the
      tube, the result of these rigid connections being such that the components
      of the changer device and the air purifier unit to which the rigid tube is
      clampingly engaged are all connected together into a rigid assembly in
      which the parts thereof are inflexibly set against independent movement
      relative to one another, and vibrating means rigidly attached to the tube
      for vibrating all of the rigidly connected parts of the assembly in unison
      with one another thereby avoiding any detrimental vibratory dampening
      action of any one part of the assembly upon any other one or more of the
      remaining parts of the assembly.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to apparatus
      for mixing various kinds and quantities of fluids to produce an admixture
      of beverages which is to be delivered to a filling station wherein the
      beverage is used to fill a plurality of receptacles, such as bottles and
      cans. The various stations of the apparatus include flow control valve
      means which allow the appropriate flow of fluid for producing the
      admixture of beverage during one instance and which closes off the flow of
      such fluids of the syrup and admixture for allowing the flow of a cleaning
      flud through the apparatus during another instance, this flow of cleaning
      fluid taking place without the need of disconnection of various fluid flow
      conduits or the like. Heating means, integrated in the system, elevates
      the temperature of the cleaning fluid sufficient to provide a sterilizing
      effect within the system. Also associated with one of the container
      devices of the system is a supply tank of chemical cleaning material to be
      added to the cleaning fluid during the in-place cleaning operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for controlling mixing of
      various kinds and quantities of fluid, and more particularly to apparatus
      for controlling the flow of fluids to produce an admixture of a beverage
      containing CO.sub.2 therein.
PAR  Apparatus for controlling the fluid flow of water and syrup to provide an
      admixture of a flavored beverage is well-known in the art. Such apparatus
      is set up to provide a production run for a number of bottles or cans of
      such beverage which is sufficient to warrant the cost of set up and
      cleaning the apparatus. The overall cost of the finished bottled or canned
      beverage must include the cost of dismantling the mixing and bottling
      apparatus and cleaning the same. Therefore, it is advantageous to provide
      improved apparatus which substantially reduces the time and cost for
      cleaning the apparatus between various production runs of different
      flavored beverages and the like.
PAR  Also, during limited production runs of several flavored beverages it is
      necessary to stop production and clean the apparatus to before changing to
      the flavor of the beverage to be produced during a subsequent production
      run. This also causes the overall cost of the canned or bottled beverage
      to increase if the clean-up operation is not accomplished in a short
      period of time.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved beverage-forming apparatus of the type which enables rapid
      clean-up between production runs while at the same time maintaining a high
      degree of cleanliness between production runs of particular beverages.
PAR  Another object of this invention is to provide an apparatus for mixing
      various kinds and quantities of fluids to produce an admixture of various
      beverages which is capable of being cleaned in place without the necessity
      of dismantling various containers through which the various fluids are
      processed.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of apparatus for mixing various kinds
      of fluids for producing beverages and includes means for cleaning the
      apparatus in place between operations;
PAR  FIG. 2 is an alternate embodiment of the apparatus illustrated in FIG. 1;
PAR  FIG. 3 is still another alternate embodiment of the apparatus illustrated
      in FIG. 1;
PAR  FIG. 4 is a fragmentary showing of a portion of the embodiments of FIGS. 1,
      2 and 3;
PAR  FIG. 5 illustrates apparatus for mixing various kinds of fluids wherein the
      syrup supply lines are automatically cleaned by operation of valve means;
PAR  FIG. 6 is an enlarged partially sectional view of a valve structure
      utilized in the apparatus of FIG. 5;
PAR  FIG. 7 is an alternate embodiment of the apparatus of FIG. 5;
PAR  FIG. 8 illustrates still another alternate embodiment of the present
      invention;
PAR  FIG. 9 is a top view of a manually operated valve distribution panel for
      connection to supply syrup to the beverage making apparatus during one
      instance and to receive a cleaning fluid during another instance;
PAR  FIG. 10 is a front view of the control valve panel assembly of FIG. 9; and
PAR  FIG. 11 is a schematic illustration of a hot sanitizing flow pattern which
      can be obtained by the construction of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to FIG. 1 there is seen one form of apparatus for mixing
      various kinds and quantities of fluid to produce an admixture of various
      carbonated beverages which is designated generally by reference numeral
      10. The apparatus 10 includes first container means 11 which receives a
      quantity of water which is degassified in a well-known manner. The
      container means 11 is what is commonly referred to in the art as a
      "Vac-U-Cooler" or deaerator.
PAR  The deaerator 11 receives the water to be used and agitates this water to
      release trapped gases. A gas removal system (not shown) is operatively
      connected with the interior of the vessel 11 to withdraw the gases
      released upon agitation. To further enhance deaeration, the water is
      cooled by flowing over cooling plates 11a, the ability of a liquid to
      release previously absorbed gases varying inversely with the temperature
      thereof. The container means 11 includes first flow control means 12
      having a flow control pump 13 to control the flow of fluid for mixing with
      the beverage during one instance, and flow control valves 14 and 14a for
      controlling the application of cleaning fluid into the system during
      another instance. Associated with the flow control valve 14 is a hot water
      make-up line 14b which will supply additional quantities of hot water when
      needed.
PAR  During the operation of forming a flavored carbonated beverage, the
      degassified fluid from the container means 11 is supplied to a second
      container means 16 (schematically shown) which comprises a water receiving
      flow control chamber 17 and a syrup receiving flow control chamber 18. The
      water and syrup are delivered through gravity feed lines 17a and 18a,
      respectively, to a mixing flow control chamber 19 wherein the proper
      quantities of water and flavored syrup are combined. The second container
      means 16 includes flow control valve means formed by a pair of control
      valves 20 and 21 which control the application of syrup and water,
      respectively, and by a pump 22 at the output of the mixing chamber 19. The
      second flow control valve means also includes a control valve 23 which
      supplies to the water and syrup chambers a quantity of cleaning fluid
      during a cleaning cycle. The receiving chambers 17 and 18 and mixing
      chamber 19, together with the associated fluid lines constitute what is
      termed in the art as a proportioner. These proportioners can control the
      ratio of syrup-to-water in the liquid product in mixing chamber 19. A
      preferred type of proportioner is shown in U.S. Pat. No. 3,237,808.
PAR  The combined degassified water and syrup which forms the flavored beverage
      is ultimately delivered to (schematically shown) filler means 24 which has
      associated therewith a filler chamber 25 which receives the beverage and
      automatically fills and seals containers such as bottles or cans. The
      flavored beverage is delivered to the filler means 24 through a third flow
      control valve means 26 during the filling operation. A cleaning fluid is
      delivered to the filler means 24 during a cleaning operation, which
      cleaning fluid is recycled through a recycle line 27, an electric heater
      means 28, and thence back to the output line associated with flow control
      valve 14. This output line then recycles the fluid from the filler means
      24 back into the water and syrup chamber 17 and 18 and into the mixing
      chamber 19. Therefore, a substantial economy of operation is obtained by
      providing the recycle operation, as well as providing heater means in the
      line to raise the temperature of the fluid to a sterilizing temperature.
PAR  When the flavored beverage is to be carbonated, as is the usual case, a
      carbonating station is interposed between the output of the mixing chamber
      19 and the input of the filler means 24. For this purpose carbonating
      apparatus in the form of a closed vessel called a carbo-cooler 30 is
      provided to receive the output of the pump 22 through a line 31 and a
      valve mechanism 32. The carbo-cooler 30 is of the conventional
      carbonator-cooler type. Briefly, fluid product introduced into the unit
      and flows over cooled, baffled plates while being subjected to a carbon
      dioxide atmosphere. This type of carbonating apparatus is well known and
      produces a highly stable carbonated product, with a generally uniform
      degree of carbonation. To provide a high degree of control and uniformity
      in the carbonation process, a pre-carbonating control mechanism 33 is
      interposed into line 31 to initially introduce quantities of CO.sub.2 into
      the liquid product prior to delivery to vessel 30. The utilization of the
      pre-carbonating device 33 provides means for rapidly controlling the
      percent of carbonation added to the flavored beverage. Carbon dioxide gas
      is also supplied to the carbo-cooler 30 through a supply line and
      regulator 34 which provides the major quantity of carbonation to the
      beverage. It will be understood that the percent of carbonation is also
      controlled through the regulator 34 if desired. This pre-carbonating
      system is generally that shown described in U.S. Pat. No. 3,741,552.
PAR  During operation of manufacture of a flavored beverage, a supply of water
      is delivered to the deaerator 11 through a line 36 and the rate of flow
      into the vac-U-cooler is controlled by a filler inlet valve 37. A safety
      relief valve 38 and a moisture trap device 39 are also associated with the
      vac-U-cooler as is a float control mechanism 40. Water passes through the
      vac-U-cooler and is subjected to a vacuum to degassify the water of
      undesired intrapped oxygen and the like. The degassified water is
      delivered via the pump 13 through a check valve 41 into the flow control
      tank 17. The rate of flow of water into the flow control tank is
      controlled by the flow-mix water control valve 21. A quantity of flavored
      syrup is delivered to the flow control chamber 18 through a line 42 and
      this flow is controlled by valve 20. The water and syrup from flow control
      chambers 17 and 18 are delivered to the mixing chamber 19.
PAR  Water and syrup are supplied to the separate but juxtaposed fluid tanks and
      the level of fluid therein is maintained at a predetermined level. The
      means to maintain the fluid within the tanks at such predetermined level
      may be any conventional level control device such as a float within the
      tank or electrical probes within the tank responsive to the level of fluid
      therein to supply water and syrup to the tank as needed. The water and
      syrup in the tanks are continuously recycled therein by pumping the liquid
      downwardly from the tank to a pump which has an impeller located below the
      discharge opening at the bottom of the tank. A motor drives the pump and
      the fluid is recycled up through return flow lines 43 and 44.
PAR  During the mixture operation, the fluids are pumped downwardly from the
      fluid tanks into the mixing through the passageways 17a and 18a which are
      in direct fluid communication with the return flow lines 43 and 44,
      respectively. For a better understanding of the details of operation of
      the fluid flow control and mixing stage 16, reference is made to the
      aforementioned Witt et al. U.S. Pat. No. 3,237,808.
PAR  The thoroughly mixed beverage is delivered through the pump 22, line 31 and
      flow mix discharge valve 32 into the carbo-cooler container 30 where the
      beverage is brought to a final, stabilized carbonated condition with the
      aid of the pre-carbonating device 33. The carbonated beverage is then
      delivered to the filler apparatus 25 as mentioned above.
PAR  When the production run of a particular flavor beverage is completed, the
      apparatus is shut down by closing off the water inlet valve 37 and the
      water flow control valve 21 and syrup flow control valve 20. The system is
      then cleaned by supplying a quantity of hot water through line 14b and the
      check valve 14 through a flow mix spray valve 46 and into the valve
      distribution member 23 to be supplied to spray discharge nozzles 47, 48
      and 49 within the water receiving chamber, syrup receiving chamber, and
      mixing chamber, respectively. Also during the cleaning operation, a
      quantity of cleaning chemical, such as detergent or the like, is
      introduced into the cleaning fluid by means of a chemical storage tank 50
      which is supplied with air pressure by means of an air flow control
      mechanism 51 to inject the chemical into the cleaning fluid. The cleaning
      fluid from the mixing chamber 19 is delivered to a plurality of spray
      discharge nozzles 53 within the carbo-cooler container 30 for cleaning the
      same. The fluid then is removed from the bottom of the carbo-cooler 30 and
      delivered to the filler apparatus 25 over the line 54. The cleaning fluid
      in the embodiment disclosed in FIG. 1 is recirculated through the line 27
      and heated by the heater 28 before it is again delivered to the spray
      nozzles 47 and 48 of the water and syrup flow control chambers 17 and 18.
      The check valve 41 prevents the cleaning fluid from flowing in a reverse
      direction through the bottom of the vac-U-cooler 11. In this embodiment
      the cleaning fluid may be delivered to the syrup selector room to clean
      the syrup delivery lines by means of a cleaning fluid delivery line 56.
      The means for interconnecting the cleaning fluid with the syrup delivery
      lines will be described in greater detail hereinbelow.
PAR  Referring now to FIG. 2, there is seen an alternate embodiment of the
      beverage producing apparatus constructed in accordance with the principles
      of this invention. Here the apparatus is designated generally by reference
      numeral 60 and includes a water inlet control valve 61 located at the top
      position of a deaerator or vac-U-cooler 62 similar to the deaerator 11
      described previously. The entering water is degassified in the
      vac-U-cooler 62 in accordance with well-known technology and this
      degassified water is then delivered through a supply line 63 to a
      centrifugal pump 64 in fluid communication therewith. The output of the
      pump 64 is delivered to a check valve 66 which, in turn, is connected to
      the input of the flow mix control apparatus designated generally by
      reference numeral 67. The flow mix control apparatus 67 includes a water
      receiving chamber 68 and a syrup chamber 69, both of which are in direct
      fluid communication with a flow mix reservoir 70. The output of the flow
      mix reservoir is the desired flavored beverage, without carbonation, which
      is then delivered to a pump 71 which, in turn, drives the flavored
      beverage into a carbo-cooler container 72 through a line 73. Also
      associated with the flavored beverage at this point in the system is the
      primary carbonating apparatus 74 which is used to maintain and control the
      percent of carbonation of the final product at a predetermined level.
      Therefore, the apparatus 74 acts as a pre-carbonation stage within the
      system. Thereafter, the pre-carbonated product is delivered to the
      carbonator-cooler 72 where final carbonation is obtained. The carbonated
      beverage from the carbo-cooler is then delivered to a filler structure 76
      through a flow line 77.
PAR  In a system of the type disclosed in FIG. 2, a clean-in-place operation has
      previously involved flushing through a solution, either hot or cold water,
      including a detergent, if desired, and dispensing the cleaning fluid at
      the output of the carbo-cooler 72 at a drain valve 78. Therefore,
      considerable amounts of water and detergent were utilized to clean the
      system, which operation was expensive and wasteful.
PAR  In accordance with the present invention, a recirculating return line 79 is
      connected between the output of the carbo-cooler 72 through a valve 80 and
      the input of the deaerator 61 through a heating element 81 and a valve
      control combination 82.
PAR  In operation, the system illustrated by the apparatus 60 is shut down and
      the syrup inlet 83 is disconnected and the various CO.sub.2 supply valves
      shut off and the filling operation shut down. The first step is to charge
      the entire system with water either via the inlet valve 61a or through a
      bypass valve upstream of the deaerator directly into the flow control
      chambers 68 and 69. Once the system is fully charged with a supply of
      cleaning water, the water supply is shut off. A quantity of chemical
      cleaning compound, either powder, paste or liquid, is supplied to a tank
      84 and is introduced into the cleaning fluid as the result of pressure
      applied thereto from a pressure fitting 86. This may be either an air or a
      water supply to transfer the cleaning compound into the circulating
      cleaning fluid. In the illustrated embodiment the chemical material is
      delivered to the mixing chamber 70, it being understood that the chemical
      cleaning material can be added to any one of the plurality of different
      fluid receiving chambers in the system.
PAR  The next step is to energize the various pumping arrangements which will
      cause the water to pass from the deaerator 61 into the line 63 and the
      pump 64 en route to the flow control chamber 68. This takes place by
      directing the cleaning fluid through a valve 87 and a directional flow
      control device 88 to be delivered to the spray nozzles 89, 90 and 91
      within the mixing apparatus. At this point in the operation, the inlet
      valves 92, 93 and 94 are in the closed position. The flow control
      separator 88 also delivers water to the flow mix reservoir 70 in the same
      manner as it delivers the beverage forming water. Therefore, cleaning
      fluid passes through all the lines through which flavored beverages pass.
PAR  From the output of the mixer 70 and the cleaning fluid passes through the
      pump 71 and through the line 73 into the carbo-cooler 72 to be dispersed
      therein through a plurality of discharge nozzles 96. The valve 97, located
      at the inlet of the carbo-cooler, is in the closed position during this
      cleaning operation thereby allowing the cleaning solution to bypass the
      valve and be delivered to the various spray discharge nozzles within the
      container. A valve arrangement 98 located at the top of the carbo-cooler
      is provided with a pair of fluid lines to be delivered to the various
      discharge spray nozzles.
PAR  The cleaning solution then collects at the bottom of the carbo-cooler and
      passes therefrom into the valve arrangements 78 and 80 and a third valve
      100. The valve 78 is connected to a drain discharge line so that the
      system can be completely drained at the end of the cleaning cycle. The
      draining operation can take place either from fluid flow from the filler
      device 76 or from the carbo-cooler 72, or from both, depending on the
      position of the valves 80 and 100. During the recycling of the cleaning
      fluid, the fluid is directed through the heater 81, which is preferably of
      the calrod immersion type, to bring the fluid up to a sterilization
      temperature very rapidly. The heated cleaning fluid in this instance is
      delivered back to the inlet of the deaerator 62 rather than to the inlet
      of the flow control chambers 17 and 18 shown in FIG. 2. Also in this
      instance, it is a simple matter to select which portion of the cleaning
      fluid will be recycled, i.e. that portion from the carbo-cooler 72 or that
      portion from the filler apparatus 76, or both.
PAR  During the cleaning operation, valve 61a is in the closed condition while
      valves 82 are in the open condition to allow passage of the cleaning
      fluid. Therefore, during the cleaning operation valve 62a will constitute
      an inlet to the deaerator and the cycle is continued with the cleaning
      solution alternately travelling from the deaerator 62 to the flow mix
      chamber 70 to the carbo-cooler 72 and then back through the heater 81 and
      again into the deaerator. If desired, the filler member 76 can be
      connected into the hot recirculating circuit by opening the valve 100. One
      of the difficulties encountered in sanitizing the filler structure 76 is
      that with a once through operation of the cleaning fluid, the filler
      structure is not always brought up to proper sanitizing temperature.
      Furthermore, in a once through operation of the cleaning fluid, not all of
      the parts within the filler structure are reached with the cleaning
      solution. Therefore, it is sometimes desirable to recycle the cleaning
      solution through the filler apparatus.
PAR  Referring now to FIG. 4, there is seen a fragmentary portion of the
      beverage processing apparatus of FIG. 2. During normal filling operation
      of the apparatus, a counter pressure gas of CO.sub.2 is applied to the
      filler 76 through a line 101 and is controlled by means of a float device
      102 located within the filler 76. During the cleaning operation, cleaning
      fluid within the filler 76 leaves the container thereof through a check
      valve 103 and is delivered back through the line 101 and through a flow
      meter 104. At this point, the cleaning fluid can be discharged through a
      drain 106 or be recirculated into the deaerator 62 through the flow
      control valve apparatus 107.
PAR  During the bottling or canning operation of the carbonated beverage, the
      beverage is delivered to the filler 76 through the line 77 for injection
      into the various receptacles. In the filler reservoir, it is desirable to
      maintain a CO.sub.2 atmosphere above the carbonated product. To maintain
      the proper pressure of the CO.sub.2 above the product, a regulator control
      apparatus 108 is utilized in the line. The flow control direction valve
      109 provides means for allowing the CO.sub.2 gas to flow in one direction
      through the line 101 during one instance and allow the cleaning fluid to
      flow in the other direction through the line during another instance.
PAR  Referring now to FIG. 3, there is seen still another alternate embodiment
      of apparatus used for mixing various kinds and quantities of fluid to
      produce an admixture of a carbonated beverage as set forth hereinabove.
      Here the apparatus is designated generally by reference numeral 110 and
      includes a first container means 111 which is a deaerator as mentioned
      above. The deaerator 111 has an inlet line 112 connected to a control
      valve 113 which supplies water to the deaerator. Also connected to the top
      portion of the deaerator is a vacuum control regulator 114 which, in turn,
      has an output line 116 thereof connected to a suitable source of vacuum.
      As the water passes through the deaerator over various members therein
      designated generally by reference numeral 117, the water is degassified to
      eliminate entrapped oxygen and the like before it is delivered through an
      output line 118 by means of an impeller pump 119 through a check valve 120
      to the input of the water reservoir 121. As mentioned above, also
      associated with the water reservoir is a syrup mixing reservoir 122 and
      these reservoirs deliver water and syrup to a mixing chamber 123 in the
      desired proportions to produce the appropriate flavored beverage. The
      admixture of flavored beverage is delivered through a line 124 and a pump
      126 through a check valve 127 into a delivery line 128. Associated with
      the delivery line 128 is a precarbonating device 129 which is used to
      regulate the percent of carbonation within the carbonated beverage at the
      final stages thereof before bottling or canning. The pre-carbonated
      flavored beverage is delivered to the carbo-cooler 130a through a flow
      control valve structure 130 located at the top of the carbo-cooler which,
      in turn, also receives CO.sub.2 gas through a line 131 for mixing
      therewith. The gas pressure of the CO.sub.2 is controlled by a regulator
      132. The carbonated beverage at the output line 133 of the carbo-cooler is
      then delivered through the valves 134 and 136 into the line 137 and to the
      filler apparatus 138. A third valve 139 is also connected in fluid
      communication with valves 134 and 136 to provide means for draining the
      system.
PAR  In this embodiment, a drain and leak detector valve 140 is connected to the
      return line 141 which is to be used during the recycling of the cleaning
      fluid. The gas pressure head control and the cleaning fluid return lines
      associated with the filler 138 are substantially the same as that shown in
      FIG. 4 and the corresponding similar components are designated with
      corresponding similar reference numerals.
PAR  In the embodiment of FIG. 3, the deaerator 111 is not connected in fluid
      communication with the rest of the system during the cleaning operation as
      it is sometimes not necessary to clean the deaerator because only water
      passes therethrough. The chemical reservoir of cleaning material 142 is
      connected to the mixing chamber 123 and has air pressure control means 143
      associated therewith. Energization of suitable air switch devices (not
      shown) will pressurize the container 142 and urge the cleaning chemical
      into the mixing chamber 123. In this embodiment, during the cleaning
      operation, hot water is charged into the system through a hot water
      control valve 146 and a check valve 147 connected in fluid communication
      therewith. The hot water is first directed into the water receiving
      reservoir 121 and a flow control valve 148 is closed so as to prevent
      backup of the cleaning fluid into the lines 149 and 150. The hot water
      fills the reservoir 121 and flows down into the mixing chamber 123 where
      it receives the cleaning chemical. The cleaning fluid then is delivered
      through the pump 126, check valve 127 and line 128 to the top of the
      carbo-cooler 130a.
PAR  The cleaning fluid then passes through the carbo-cooler into the lower exit
      line 133 through the pair of valves 134 and 136 and into the filler
      apparatus 138 via the line 137. It will also be noted that the cleaning
      fluid, either partially or entirely, may be diverted back through the
      system through the line 141 and through a heater 152 where the fluid is
      heated to a sterilization temperature before it is delivered back into the
      water reservoir 121. A valve arrangement 153 enables the heated water to
      be delivered through a line 154 into the syrup supply room where the
      appropriate connections are made to flush out the syrup delivery line 156
      connected to the syrup reservoir 122. The syrup reservoir at this time
      receives cleaning fluid so that it is properly cleaned and sterilized by
      the heated cleaning fluid which, in turn, is again delivered to the mixing
      chamber 123. The manner in which the syrup feed line is connected in fluid
      communication with the cleaning fluid will be discussed in greater detail
      hereinbelow. The return cleaning fluid from the filler 138 is delivered
      through the line 101, valve arrangement 109 and a line 161, here
      illustrated as a broken line, into a valve arrangement 160 where it can
      either go to a drain outlet 162 or be delivered to the downspout portion
      of the reservoir 121 to be applied to the mixing chamber 123.
PAR  Referring now to FIG. 5, there is seen a more detailed showing of the
      manner in which the syrup feed lines are connected in fluid communication
      with the cleaning fluid. Here the system is designated generally by
      reference numeral 170 and includes a deaerator 171 which has an inlet line
      172 connected to the top valve 173 for receiving a quantity of water to be
      degassified in the usual manner. Degassification takes place as the result
      of a vacuum control apparatus 174 which has an output line 175 thereof
      connected to a suitable source of vacuum. Also located at the top of the
      deaerator 171 is a valve 176 which is used to control the flow of cleaning
      fluid during the cleaning operation. A second valve 177 controls the
      circulating fluid and, when operated, delivers the cleaning fluid to a
      suitable drain line 178. With the valve 177 in the other position, the
      cleaning fluid will be recirculated into the deaerator. The output of the
      deaerator is delivered through a line 179 into a pump 180 which, in turn,
      is connected to the flow mix water control valve 181 through a check valve
      182 and through a valve arrangement 183 for selectively controlling the
      passage of beverage making water or cleaning fluid. The water reservoir
      186 has the output line 187 thereof connected to a mixing chamber 188
      which, in turn, is also connected to an output line 189 of a syrup
      receiving reservoir 190. The flavored beverage is then pumped through a
      line 191 by means of a pump 192, through a check valve 193 whereat initial
      pre-carbonation is achieved by the use of a carbotrol apparatus 194. The
      pre-carbonated fluid is delivered to the carbo-cooler 196 via a valve
      arrangement 197 located at the top thereof, which carbonated fluid also
      passes through a valve 198 used selectively to deliver cleaning fluid to
      the carbo-cooler. The output of the carbo-cooler is delivered to a
      plurality of valves 199, 200 and 201 connected to a recirculating line
      202, a filler line 203, and a drain line 204, respectively.
PAR  In the embodiment disclosed herein, the syrup is delivered to the syrup
      reservoir 190 through a line 206 which, in turn, is connected to an output
      port 207 of a syrup flow control valve 208. The flavored syrup is
      delivered to an inlet port 209 of the valve 208 during the beverage
      forming operation.
PAR  During the cleaning operation, cleaning fluid is delivered through the
      valve 183 and the valve 210 through a line 211 to a second inlet port 212
      of the valve 208. Actuation of the valve will close the inlet port 209 and
      provide communication between the port 212 in the outlet port 207 so that
      cleaning fluid can be cycled through the valve and through the line 206 to
      the inlet of the syrup reservoir.
PAR  Referring now to FIG. 6, a detailed showing of a new and improved syrup
      flow control valve is made. Here the syrup flow control valve 208 is shown
      having a manually operated bleed valve 214 connected in fluid
      communication with the cleaning fluid inlet port 212. The internal chamber
      216 of the valve is provided with diametrically opposed spaced apart valve
      seat portions 217 and 218 against which seats a movable valve stopper 219.
      In the position shown in FIG. 6, the valve stopper 219 seals the inlet
      port 212 from the outlet port 207 so that only flavored syrup passes
      through the valve from port 209 to port 207. Upon actuation of a suitable
      actuating device 220, such as a solenoid or air cylinder, the disc-shaped
      movable stopper 219 is urged against the valve seat 217 to place the inlet
      port 212 in fluid communication with the outlet port 207, thereby allowing
      passage of the cleaning fluid therethrough. This then allows the cleaning
      fluid to be delivered through the syrup line 206, FIG. 5, and into the
      syrup reservoir 190. This valve structure allows in-place cleaning of the
      syrup delivery lines without the need of opening the line to isolate the
      syrup delivery system.
PAR  Referring now to FIG. 7, there is seen still another alternate embodiment
      of the present invention. Here a deaerator 220 is supplied with filler
      water through a line 221 and a fluid flow control valve 222 so that the
      water passes over a plurality of degassifying plates designated generally
      by reference numeral 223. A vacuum is supplied to the interior of the
      deaerator through a line 224 and a vacuum moisture trap 226 is utilized to
      prevent moisture from being drawn into the vacuum system. Also associated
      at the top of the deaerator 220 is a fluid flow control valve 227 and a
      drain flow control valve 228. The output of the deaerator is delivered to
      a pump 229 which, in turn, delivers the water through a check valve 230
      into a water receiving reservoir structure 231. The water is then
      delivered to a mixing chamber 232 simultaneously with a quantity of syrup
      delivered thereto from a syrup reservoir 233. The flavored beverage is
      then delivered via a pump 234 through a check valve 235 into the top of
      the carbo-cooler 236. A quantity of CO.sub.2 is also delivered to the
      carbo-cooler through a line 237 thereby carbonating the beverage to a
      desired percentage level. The carbonated beverage is then delivered to a
      plurality of control valves 238, 239 and 240 for providing recirculating
      cleaning fluid through a line 241, delivering carbonated beverage to the
      filler through a line 242, and for connection to a drain outlet line 243,
      respectively.
PAR  During the beverage forming operation, flavored syrup is delivered to a
      valve 250 having a movable flow control actuator 251 located therein.
      During the syrup flow condition, an inlet port 252 is in fluid
      communication with an outlet port 253. The syrup is forced through the
      valve 250 and a line 254 by means of a pump 256. Actuation of the actuator
      257, by means of air pressure in the case of an air cylinder, will cause
      the movable valve member 251 to close off the inlet port 252. The cleaning
      fluid is then delivered through a line 258 through a pipe tee 259 and back
      through the outlet port 253 so that cleaning fluid is delivered to the
      syrup reservoir 233. Also connected to the tee 259 is a drain outlet
      control 260 which can be selectively actuated as desired.
PAR  In this instance the return recirculating line 241 is connected to the
      valve arrangement 227 and 228 wherein the deaerator 220 can be cleaned if
      desired by closing off the valve 228 with regard to the drain line thereof
      and allowing the cleaning fluid to pass through the valve and through the
      valve 227 to the pair of spray discharge nozzles 262 located within the
      deaerator 220.
PAR  Here again, a chemical material is provided in a container 263 which is
      connected to the mixing chamber 232 selectively to deliver thereto a
      quantity of chemical cleaning material, either liquid or powder or the
      like. In the embodiment illustrated in FIG. 7, a flow mix manual spray
      valve 264 is provided to bypass the pump 234 and may be used to interject
      additional water into the flavored beverage just upstream of the carbotrol
      device 266, or it may be used to deliver cleaning fluid thereto if
      desired. The pair of valves 267 and 268 located on top of the carbo-cooler
      236 are used to control the flow of pre-carbonated fluid and cleaning
      fluid during the respective production and cleaning operations.
PAR  Referring now to FIG. 8, there is seen still another alternate embodiment
      of the apparatus constructed in accordance with the principles of this
      invention, and designated generally by reference numeral 280. Here the
      apparatus 280 has a deaerator 281 connected to a supply of water through
      an inlet line 282 and a fluid flow control valve 283. Also connected to
      the top of the deaerator is a cleaning fluid supply line and valve 284.
      Vacuum is delivered to the deaerator 281 through a vacuum line 286 which,
      in turn, has connected thereto a moisture trap device 287. The output of
      the deaerator 281 is delivered through a pump 288, a check valve 289 and
      through a valve 290, distribution member 291 and a line 292 to a pair of
      spray discharge nozzles 293 and 294 associated with the interior of the
      water reservoir 296 and the syrup reservoir 297, respectively. During the
      beverage making operation, the degassified water is delivered to the water
      reservoir 296 through a line 295. Water does not pass through a check
      valve 298 into the syrup supply room, here designated generally by
      reference numeral 299.
PAR  Syrup is delivered from the syrup room 299 through a line 300 into the
      syrup reservoir 297 which, in turn, delivers the syrup in a controlled
      manner to a mixing container 301. The flavored beverage is then delivered
      to a carbo-cooler 302 via a pump 303, line 304 and fluid flow control
      valve 306. Once again, the beverage is pre-carbonated by means of a
      precarbonating device 307. The output of the carbo-cooler 302 is delivered
      to a plurality of fluid control valves 308, 309 and 310. The valve 308 is
      connected to the fluid recirculating line 311 which, in this instance, is
      also connected in fluid communication with the output of the filler
      apparatus 312 via a line 313. The fluid flow control valve 309 is
      connected to the input of the filler apparatus 312 for delivering thereto
      a quantity of cleaning fluid. Valve 310 is connected to a suitable drain.
      Also connected to the drain is an output line 314 which, in turn, is
      connected to the output of the filler apparatus 312 via a control valve
      316.
PAR  A container of chemical cleaning material 320 is connected to the mixing
      container 301 as mentioned above with regard to the other configurations
      of this invention. During the cleaning operation, the cleaning fluid is
      introduced into the system in the syrup room 299 by disconnecting the
      syrup feed line 300, this being illustrated by reference numeral 325,
      which illustrates a disconnection of the syrup feed line. A jumper line
      326 is then connected between an air operated valve 327 and a water flow
      control valve 328. Hot water is introduced into the system through a hot
      water supply line 329 to charge the various containers of the system with
      a cleaning fluid. While a heater element is not shown in the recycling
      line 311, it will be understood that one may be used if desired.
PAR  For an understanding of one type of valve configuration that can be used in
      the syrup room to facilitate charging of the system with cleaning fluid,
      reference is now made to FIGS. 9 and 10 which illustrate a panel having
      the various valves associated therewith. During the normal operation of
      forming carbonated flavored beverage, the syrup is connected to the valve
      327a at the inlet port 330 so that it flows through the output port 331
      through the line 300 and into the syrup reservoir 297. During this time,
      the water flow control valve 328a is closed and the jumper pipe 326a is
      not connected. To perform the cleaning operation, a hot water supply
      connection 329 (FIG. 8) is connected to the inlet 330 by placing the
      jumper pipe 326a in fluid communication between the outlet 329a and the
      inlet port 330. Once the complete system is charged with a quantity of
      cleaning water, the jumper pipe 326a is then disconnected from the water
      supply port 329 and connected to the recirculating flow control valve 328
      via its associated outlet port 332. The fluid then travels upwardly
      through the check valve 298 and line 340, FIG. 8, into the inlet portion
      341 of the valve 328a, the outlet port 332, the jumper pipe 326a, and
      through the inlet and outlet ports of the syrup flow control valve 327a.
PAR  When the cleaning operation is completed, the jumper pipe 326a is
      disconnected from the inlet port 330 of the syrup flow control valve 327a
      and the syrup tubing is again connected. A selector switch 342 (FIG. 10)
      is located on a front panel member 343 of the syrup distribution panel and
      may be used to energize a suitable air actuated fluid flow control valve
      344 of a desired syrup container 345. Therefore, after a particular
      production run of a given flavor of beverage, and after the appropriate
      cleaning cycle, a different flavored beverage can be manufactured
      relatively quickly after a previous flavor beverage has been manufactured.
PAR  All of the embodiments disclosed hereinabove are also intended to be used
      with steam as a means of high temperature cleaning fluid. In each instance
      the hot water inlet will be a steam inlet and the in-place cleaning cycle
      of operation will be substantially the same.
PAR  FIG. 11 is a schematic illustration of a flow pattern of hot sanitizing
      fluid, which in this instance is steam. Here a steam inlet pipe 400 is
      connected to a purifying device 401 to insure that no particulate matter
      is delivered to the system. The output of the filter device 401 is
      connected to a conduit 402 which, in turn, has a branch 403 connected to
      the vac-u-cooler 404, and a second branch 406 connected to the water
      supply tank 407 of the mixing stage 410. A syrup supply tank 409 receives
      cleaning fluid through a line 411 which, in turn, is in fluid
      communication with a line 412 via a syrup and supply room or panel
      designated generally by reference numeral 413. However, the fluid passing
      through the conduits 411 and 412 is hot cleaning fluid which is a
      combination of steam and make-up water. Make-up water in this instance is
      delivered to a line 416 into the top of the vac-u-cooler 404 and into the
      top of the water reservoir 407 of the mixer 410. At this point steam and
      make-up water are mixed together to provide a hot water fluid to pass
      through the pipes.
PAR  Steam and hot water are also combined in the vac-u-cooler 404 and provide a
      hot water cleaning fluid to pass through a conduit 417 to a drain outlet
      418 when a hand valve 419 is opened.
PAR  The carbo-cooler 420 receives cleaning fluid through a conduit 421 which,
      in turn, is connected to the output of the mixing tank 422 of the mixer
      410. This fluid is delivered by means of a pump 423. The cleaning fluid in
      the carbo-cooler 420 is then delivered through a line 424, T-valve 426,
      and line 427 to the input of the bottling apparatus 429. This cleaning
      fluid is then removed from the bottling apparatus 429 by the upper conduit
      430 back to the drain 419.
PAR  If desired, after all of the cleaning fluid in the system is removed, the
      entire system again can be purged with steam from line 400. Any of the
      systems illustrated herein can utilize the combination of steam and water
      as illustrated in FIG. 11.
PAR  What has been described is a simple and efficient apparatus for mixing
      various kinds of fluids to produce an admixture of a flavored beverage,
      which apparatus is readily cleaned in place without disconnection of the
      fluid flow control lines thereof. While several specific embodiments of
      the invention have been illustrated in great particularity herein, it will
      be understood that variations and modifications of this invention may be
      effected without departing from the spirit and scope of the novel concepts
      disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. System for cleaning a beverage apparatus comprising a source of a first
      fluid flow, fluid degasifying means for receiving the first fluid flow
      from its source and degasifying the flowing first fluid, a source of a
      second fluid flow, proportioner means for receiving the flowing degasified
      first fluid from the degasifying means, for receiving the flowing second
      fluid from the second fluid flow source, and for mixing the degasified
      first fluid flow and the second fluid flow to form a beverage flow during
      a filling operation, a source of a beverage carbonating gas flow, beverage
      carbonating means for receiving the beverage flow from the proportioner
      means, for receiving the carbonating gas flow, and for mixing the
      carbonating gas flow and the beverage flow during the filling operation,
      filler means for receiving the flow of carbonated beverage and for
      directing discrete quantities of the carbonated beverage to discrete
      receptacles during the filling operation, a source of cleaning fluid flow,
      cleaning fluid injector means for introducing the cleaning fluid flow into
      the proportioner means during a cleaning operation, a source of a cleaner,
      cleaner injector means for injecting the cleaner into the proportioner
      means during the cleaning operation, means for routing the first fluid,
      the second fluid, and the beverage through the proportioner means, the
      carbonating means and into the filler means during the filling operation,
      and for routing the cleaning fluid and cleaner sequentially through the
      proportioner means, the carbonating means and the filler means during the
      cleaning operation, recirculating line means for recirculating the
      cleaning fluid and cleaner from the filler means to the proportioner
      means, heater means in the recirculating line means for heating the
      recirculating cleaning fluid and cleaner, drain means for draining the
      cleaning fluid and cleaner from the beverage apparatus, coupling panel
      means, and selective coupling means mounted on the coupling panel means
      for selectively connecting the second fluid flow source to the
      proportioner means to deliver the second fluid flow to the proportioner
      means during the filling operation, and alternatively connecting the
      recirculating line means to the proportioner means for endlessly
      recirculating the cleaning fluid and cleaner through the beverage
      apparatus during the cleaning operation.
NUM  2.
PAR  2. System according to claim 1 including precarbonator means interposed
      between said proportioner means and said beverage carbonating means, said
      drain means being interposed between said precarbonator means and said
      beverage carbonating means for exhaustively draining the cleaning fluid in
      the cleaner from the beverage apparatus.
NUM  3.
PAR  3. The system for mixing flavored beverages as set forth in claim 1 wherein
      said heating means is an electric heater to raise the temperature of the
      recirculating cleaning fluid sufficiently to sterilize said syrup supply
      distribution panel and said mixing container means and said carbonating
      means.
NUM  4.
PAR  4. The system as set forth in claim 3 further including supply tank means
      in fluid communication with said proportioner means, and adapted to
      receive a quantity of chemical cleaning material therein to be added to
      the cleaning fluid during the cleaning cycle of operation of the
      apparatus.
NUM  5.
PAR  5. The system as set forth in claim 4 further including air supply
      connection means coupled to said supply tank means to be selectively
      energized to force said chemical cleaning material from said supply tank
      means into said proportioner means.
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PAL  Apparatus for transporting sample containers past a treatment position
      consists of a rotatable stand in which the containers are supported
      adjacent to each other in a path running from the center of the stand
      toward its periphery, with a cam operated device for movably supporting a
      mouthpiece so as to follow the path of the containers as the stand is
      rotated.
BSUM
PAR  The present invention refers to a sample transportation device for
      successively bringing a number of sample containers past a treatment
      position, for instance for adding liquid to the containers or sucking
      liquid from the containers.
PAR  In laboratory work different types of automatic transportation devices are
      used for passing samples past treatment-or measuring positions. One such
      transportation device are the so-called fraction collectors, i.e., devices
      where a number of test tubes successively are brought past an output
      mouthpiece from for instance a chromatography-or electrophoresis column so
      as to distribute substances separated in the column into different test
      tubes for further analysis. This type of sample transportation device is
      usually also suited for use as so-called samplers, i.e., devices where
      liquid by means of a mouthpiece successively are sucked from a number of
      test tubes.
PAR  A great number of fraction collector designs are known, using different
      patterns of movement for the test tubes as well as for the mouthpieces. In
      one such design the test tubes are arranged in concentric rings in a
      turnable holder, whereby the mouthpiece is radially displaceable between
      the rings. An example of such a fraction collector is shown in the U.S.
      Pat. No. 2,894,542.
PAR  The drawback of this type of fraction collector is firstly that the driving
      means for moving the test tubes and the mouthpiece and the synchronization
      of these movements are rather complicated, and secondly that such fraction
      collectors usually require a constant turning angle of the test tube
      holder between the different positions which means that the distance
      between the test tubes raises with raising radius of the rings. This
      latter draw-back also occurs at the type of fraction collectors where the
      tubes are arranged in a spiral and where the radial movement of the
      mouthpiece is achieved by means of a groove following the spiral and means
      connected to the mouthpiece follow the groove, as for instance in British
      patent 1,153,069.
PAR  It is an object of the present invention to provide a sample transportation
      device suitable for use as a fraction collector in which a sample holder
      means is turned so as to make the different sample holders successively
      pass a movable mouthpiece whereby the design is very simple and permits
      all sample holders to be located close to one another. The characteristics
      of the invention will appear from the claims attached to the specification
     .
DRWD
PAR  The invention will now be described in detail reference being made to the
      enclosed drawing in which:
PAR  FIG. 1a - 1c shows a sample holder stand used in the invention and
PAR  FIG. 2 shows an embodiment according to the invention.
DETD
PAR  In FIG. 1a - 1c there is shown a sample holder stand according to the
      invention seen from below, from the side and from above. The stand,
      denoted 1, consists of a cylindrical body preferably made of plastics and
      provided with a number of cylindrical bores 2 in which test tubes are to
      be arranged. The bores 2 are arranged along a spiral shaped path which
      runs from the periphery of the stand towards the centre. The bottom
      surface of the stand is provided with a circular outer edge 3, and with a
      cam 4 which runs along the centres of the bores 2. The cam 4 is provided
      with some type of markings, for example recesses 5 arranged under the
      centre of the respective bores 2. At the bottom of the stand there is
      furthermore arranged two holes 6 for attaching the stand to some suitable
      driving means as will be explained in connection with FIG. 2.
PAR  In FIG. 2 which shows an embodiment of the invention reference 7 denotes an
      instrument body provided with a turnable axis 8, the upper end is provided
      with a plate 9 having two pins 10. On the plate 9 the stand of FIG. 1 is
      arranged so that the pins 10 intrude into the holes 6. The body 7 is
      furthermore provided with a motor 11 which drives a pully 12 which bears
      on the stand 1 so that this stand can be turned by the motor. The
      apparatus further comprises an axle 13 journalled in the body and provided
      with an upper arm 14 and a lower equally long arm 18 which runs between
      the stand and the body. The arm 14 could for instance be provided with a
      mouthpiece 16 arranged in a holder 15, liquid being fed to the mouthpiece
      via a tubing 17. The arm 18 is at its end provided with a fork consisting
      of two vertical pins 19 which clasp the cam 4 of the stand 1. In the fork
      are thereby arranged two not shown means for detecting the markings 5.
      These means could be designed in a manner known per se for providing some
      type of electrical indication when the fork 19 passes a marking. For
      instance one pin of the fork could be provided with a light source and the
      other pin with a photo diode so that light from the light source meets the
      diode when the fork reaches a marking.
PAR  The above described device works as follows. When starting the device a
      stand 1 filled up with test tubes 20 is placed on the plate 9 with the
      fork 19 placed at one end of the cam 4. Then the motor 11 is started and
      the stand starts turning whereby the fork follows the cam 4 and thus the
      mouthpiece 16 will describe a curve passing over the centres of the
      different test tubes. When the fork reaches the first marking 5 the
      detecting device of the fork gives rise to an electrical signal and by
      means of which the motor is stopped. The electrical circuits necessary for
      this are known per se and will not be described in detail. The mouthpiece
      16 is now above the first test tube and thus liquid could be supplied
      through the tube. When the first test tube has been filled with a desired
      amount of liquid the motor is again started for instance by a signal from
      a timer and the fork 19 guides the mouthpiece 16 so that this is brought
      to the next test tube whereby the motor is again stopped in the same way
      as at the first test tube. It should be noted that a number of different
      principles could be used for triggering the change of test tubes. Thus a
      detected change of the composition of the liquid could initiate a start of
      the motor.
PAR  According to the invention there is thus provided a very simple and cheap
      sample transportation device which admits all test tubes to be located
      close to one another and which furthermore without any modifications of
      the instrument itself could be used for test tubes of different sizes by
      using different test tube stands.
CLMS
STM  We claim:
NUM  1.
PAR  1. Transportation device for successively moving a number of sample
      containers past a treatment position, for instance for adding liquid to
      the containers or sucking liquid from the containers, characterized in
      that it comprises a rotably journalled sample container stand in which the
      sample containers are arranged along a path running from the centre of the
      stand towards its periphery, the stand being provided with a guiding track
      running along the sample container path, the track being provided with a
      marking at each sample container, driving means for rotating the stand and
      two mechanically linked means which are radially displaceable along the
      stand, one of said means being provided with a mouthpiece and the other
      being provided with a track follower and also with means for detecting the
      markings and for generating a signal to stop the driving means at such a
      detection.
NUM  2.
PAR  2. Sample transportation device according to claim 1, characterized in that
      said path is a spiral.
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ABST
PAL  The present invention is related to a feeding device comprising a number of
      rotatable rolls or the like, each of which being provided with a number of
      individual, annular or part-annular feeding members around the
      circumference of the roll and suitably provided with toothing or knurling
      to feed goods, such as objects of wood, in a direction essentially
      perpendicular to the axis of rotation of the rolls, wherein one or a
      plurality of the feeding members are inclined, so that planes in which
      their perimeters are essentially lying form oblique angles to planes
      perpendicular to the rotation axis of the rolls, whereby the places of
      engagement between the feeding members and the goods being feeded
      constantly are wandering to and fro when the rolls are rotated.
BSUM
PAR  The present invention is related to a feeding device comprising a number of
      rotatable rolls or the like, each of which being provided with a number of
      individual, entirely or partly annular feeding members arranged around the
      circumference of the roll and suitably provided with toothing or knurling
      to feed goods, such as objects of wood, in a direction essentially
      perpendicular to the axis of rotation of the rolls.
PAR  Such feeding devices are for instance used in saw mills, wood working
      plants or the like. One type of the feeding devices previously known
      comprises a plurality of parallel, rotatable feeding rolls entirely or
      partly provided with some kind of knurling or toothing on the surfaces to
      engage objects intended for feeding. A further known device comprises a
      plurality of parallel, rotatable rolls, each comprising a plurality of
      toothed or knurled rings arranged perpendicularly to the longitudinal
      direction of the rolls. Further it is known to design feeding rolls having
      helical feeding members.
PAR  The above and other types of known feeding devices are, however, suffering
      from the disadvantage that breakdowns or stoppages frequently occur in the
      feeding due to the fact that the feeding members dig into the surfaces of
      the goods being feeded and lose their driving engagement, which causes
      wedging the objects between the rolls. This problem is particularly
      serious in feeding of damp, recently felled wood materials.
PAR  In preparation of wood chips, feeding into chip cutters, has proved to be
      problematic with feeding devices of the prior art, since it is desirable
      to feed unprepared wood objects, such as unpruned trees, waste products
      from plywood manufacture and the like.
PAR  The object of the present invention is to remove the above related
      disadvantages and to provide a feeding device which with excellent
      capacity is able to perform the feeding without breakdowns caused by
      wedging effects and the like.
PAR  This object is in accordance with the invention obtained by inclining one
      or a plurality of the feeding members in such a way, that planes in which
      their perimeters essentially are lying form oblique angles to planes
      perpendicular to the axis of rotation of the rolls, whereby the places of
      engagement between the feeding members and the goods being feeded
      constantly wander to and fro in rotation of the rolls.
PAR  By the fact that the feeding members of the rolls due to the inclination
      constantly change their places of engagement relative to goods being
      feeded, the risk of wedging the goods or digging of the feeding members
      into the material of the goods is removed. In tests with feeding devices
      according to the invention coupled to chip cutters, it has proved to be
      possible to easily feed entirely unpruned trees having solid branches. The
      degree of the inclination of the feeding members relative to planes
      perpendicular to the rotation axis of the rolls is about 2.degree. to
      25.degree., or preferably 4.degree. to 12.degree., although these
      principle values of course may be varied within wide limits due to the
      field of use. In rotation of the rolls, the working angles are also
      continuously changed relative to goods being feeded, which fact further
      improves the feeding ability.
PAR  The mutual positions of the feeding members on every single roll may, of
      course, be chosen arbitrarily, but according to a preferred embodiment the
      planes through perimeters of two or more feeding members are parallel to
      each other.
PAR  A further feature of the invention is that feeding members of a roll
      protrude, with suitable clearance, between feeding members of at least one
      adjacent roll.
PAR  To obtain this feature it is required that the dimensions of the feeding
      members in the longitudinal direction of the rolls are less than the
      dimensions of the corresponding spaces between and at the sides of the
      feeding members of the rolls, that the rolls in each moment of rotation
      are lying in a determined phase relation with each other, that the feeding
      members of each single roll are substantially parallel to each other, and
      that all feeding members of the feeding rolls have equal inclination.
PAR  All feeding rolls in the feeding device should be arranged for synchronous
      rotation with one another, i.e. with the same speed, every second roll
      being arranged to rotate in a determined phase and the other rolls to
      rotate in another phase, which differs substantially 180.degree. from said
      first-mentioned phase. Hereby is attained that the feeding members in
      rotation describe a feeding promoting "zig-zag" movement.
DRWD
PAR  With reference to the appended drawings, below follows a more specific
      description of an embodiment according to the invention cited as an
      example.
PAR  In the drawings:
PAR  FIG. 1 is a plane view, partly sectional, of a feeding roll in accordance
      with the invention.
PAR  FIG. 2 is a top view of a feeding device, comprising a plurality of feeding
      rolls.
PAR  FIG. 3 is a front view of a feeding device at an inlet opening of a chip
      cutter.
DETD
PAR  FIG. 1 shows a feeding roll comprising a tubular portion 1 constituting the
      envelope surface of the roll and a plurality of individual annular feeding
      members 2. These feeding members 2 are secured to the tubular part 1 by
      means of welds 5, each of said feeding members being arranged in a
      position inclined to a plane perpendicular to the longitudinal direction
      of the roll. The inclination in the example is about 7.degree.. In order
      to obtain a close fit between the inclined feeding members 2 and the
      circular roll, the feeding members may be more or less oval. In moderate
      angles of inclination, as in the figures, the feeding members may,
      however, be designed circular and thus a certain play may be accepted. The
      feeding members have on the circumference a knurling or toothing 3 for
      engagement with objects to be feeded. The toothing 3 is on the sides
      finished by bevels 4 and are furthermore arranged perpendicular to the
      sides 6 of the feeding members, for what reason the end surfaces of the
      toothings 3 constantly change angles of engagement against goods being
      feeded in rotation of the roll. The feeding members 7 at the ends of the
      feeding roll have an inclination at the surfaces 8 facing the central
      portion of the feeding roll in resemblance to the feeding members 2, but
      said feedimg members 7 are perpendicular to the longitudinal axis of the
      roll at the surfaces 9 facing the ends of the feeding roll. The toothings
      10 of the feeding members 7 are in this embodiment parallel to the
      longitudinal axis of the roll in order to avoid wedging effects. The
      tubular portion 1 of the feeding roll may be welded to annular pieces 11
      which in turn are secured to a shaft 12 through the feeding roll. The
      attachment of the tubular portion 1 to the pieces 11 is suitably performed
      so that projecting shoulders 13 are formed in order to provide a minimum
      of open space between the tubular portion 1 and the walls 14 of the
      feeding device.
PAR  The mounting of the feeding rolls to the walls 14 of the feeding device is
      performed by means of bearing bushes 15 and screws 16 to secure the bushes
      to the walls 14. Within the bearing bush 15 there is a bearing 17 as well
      as sealing lamella 18. The bearing 17 is secured by a clamp ring 16 placed
      in a groove in the shaft 12, a sealing 19 in the form of an O-ring being
      arranged outside the bearing 17. Lubricant channels 20 to the bearing 17
      are arranged in the bush 15. Chain wheels 21 are secured to the ends of
      shaft 12 for driving the feeding roll through a driving chain.
PAR  FIG. 2 shows a plurality of feeding rolls 22 - 27 provided with annular
      feeding members 2. The rolls 22, 23, 24 are at the ends provided with
      discs 28 intended to rotate adjacent the walls 14 of the feeding device.
      The rolls 25, 26, 27 are at the ends provided with feeding members 7 for
      efficient feeding close to the walls and to avoid wedging effects. Each of
      said annular feeding members of one roll protrudes more or less into a
      space between or at the side of the annular feeding members of adjacent
      roll or rolls. To enable this all rolls are arranged to rotate
      synchronously, i.e. with the same speed, the rolls 22, 23, 24 rotating
      with a phase displacement of essentially 180.degree. and with feeding
      members slightly axially displaced relative to the rolls 25, 26, 27. The
      rolls are synchronously driven by means of chains 27 and chain wheels 21
      in an alternate relation appearing by the figure. The rolls are rotated by
      a schematically shown driving motor 31 connected to the rolls by means of
      a chain wheel 32 and a chain 33. The members 7 exhibit the tapered form
      previously mentioned to fit in the varying spaces between the members 2
      and the discs 28 at the rotation of the rolls. In operation of the device,
      the feeding members are imparted a wobbling movement eminently promoting
      the feeding, the engagement surfaces and angles of the feeding members
      against objects being feeded changing constantly.
PAR  FIG. 3 shows a front view of an inlet opening into a feeding device of a
      chip cutter. The feeding rolls according to the invention are here rotated
      90.degree. in relation to the position in FIG. 2. Above the feeding device
      there are one or more rotatable pressure and feeding rolls 34 known per
      se, which are arranged to assist in the feeding as well as to press the
      objects against the rolls of the feeding device.
PAR  With the expression "individual" feeding members should also be interpreted
      two or more members which together form what may be considered as
      individual in this specification.
PAR  The invention is not limited only to the embodiment shown in the drawings.
      Thus it is possible to design the feeding members in several different
      ways, the toothing for instance being provided annularly directly on the
      circumference of the feeding rolls or integrally to the envelope surfaces
      thereof. The feeding members must not necessarily be shaped as closed
      rings, since it is possible to design the feeding members as ring
      sections, which may possibly be mutually displaced on the rolls. Although
      the rolls with their feeding members are shown in a certain engaging
      relation and are synchronously driven in a determined phase relation, it
      is within the scope of the invention to increase the distance between the
      rolls and to operate them independently. I independent operation of the
      rolls it is possible to vary the inclination and mutual relation of the
      feeding members. Further it is not necessary to use the tapering feeding
      members 7; they may possibly be deleted. Further modifications are
      conceivable within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Feeding device comprising a number of rotatable rolls, each roll being
      provided with a number of individual, at least part-annular feeding
      members around the circumference thereof and suitably provided with
      toothing to feed goods in a direction essentially perpendicular to the
      axis of rotation of the rolls, said feeding device being characterized in
      that at least one of the feeding members is inclined, so that a plane in
      which its perimeter essentially lies forms oblique angles to planes
      perpendicular to the rotation axis of the rolls, whereby the places of
      engagement between said at least one feeding member and the goods being
      fed constantly are wandering to and fro when the rolls are rotated.
NUM  2.
PAR  2. Feeding device as claimed in claim 1, wherein the inclination of the
      inclined feeding member is 2.degree. to 25.degree..
NUM  3.
PAR  3. Feeding device as claimed in claim 1, wherein a plurality of the feeding
      members are inclined, and the inclined feeding members are equally
      inclined.
NUM  4.
PAR  4. Feeding device as claimed in claim 3, wherein planes through perimeters
      of at least two feeding members on at least one of the rolls are parallel.
NUM  5.
PAR  5. Feeding device as claimed in claim 4, wherein the rolls are coupled for
      synchronous rotation with one another, and every second roll is arranged
      to rotate in one phase and the other rolls are arranged to rotate in
      another phase, which is displaced substantially 180.degree. from said
      first mentioned phase.
NUM  6.
PAR  6. Feeding device as claimed in claim 5, wherein at least two of said rolls
      are parallel, and wherein feeding members of one of said parallel rolls
      protrudes, with suitable clearance, between feeding members of at least an
      adjacent parallel roll.
NUM  7.
PAR  7. Feeding device as claimed in claim 1, wherein the feeding member of each
      roll closest to an end of the roll has a surface towards that end of the
      roll and lies perpendicular to the axis of rotation of the roll.
NUM  8.
PAR  8. Feeding device as claimed in claim 1, wherein the feeding members of
      each roll are annular toothings directly on envelope surfaces of the
      rolls.
NUM  9.
PAR  9. Feeding device as claimed in claim 1, wherein the feeding members are
      bevelled.
NUM  10.
PAR  10. Feeding device as claimed in claim 2, wherein the inclination is
      4.degree. to 12.degree..
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ABST
PAL  An apparatus for deflecting a driven nail into an arcuate path including a
      guide body which supportingly guides movements of the nail into engagement
      with a deflection means which bends the shank of the nail into an arcuate
      configuration of predetermined curvature. The apparatus also includes a
      disengagement device which is employed for removing the apparatus from
      nails having heads thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of mechanical fasteners and more
      particularly to an apparatus for deflecting a driven nail into an arcuate
      path.
PAR  2. Description of the Prior Art
PAR  In the construction arts, the well known conventional way of driving a nail
      perpendicularly to the planar surface of a structural member to join
      another member thereto is commonly employed and used in most instances.
      However, many situations occur which make it impossible, or at least
      undesirable, to drive a nail in the conventional manner. One example of
      such a situation is when the rafters of a roof structure are joined to a
      wall plate. In such instances toenailing, i.e., driving a nail diagonally
      or obliquely, is employed to join such structural members. The inevitable
      surface marking of materials which have been joined by toenailing make it
      undesirable to use that technique in locations which will be exposed when
      the structure is completed. Another drawback of the toenailing technique
      is that it is virtually impossible for a structural engineer to calculate
      the holding power of a nail driven in accordance with that technique due
      to various angular relationships, material density, and the like. For this
      reason, the building codes of many municipalities will sanction toenailing
      only as a last resort and some codes require that anchor straps of metal
      be used instead of or in conjunction with, toenailing.
PAR  Another example where conventional nailing practices are undesirable is in
      the fabrication of finished wooden assemblies such as cabinets,
      prefabricated door jambs, and the like. Such structures are nailed or
      stapled whenever possible so that the nail heads won't show in the
      finished assembly due to the need for filling the resulting holes. In many
      instances nailing from areas that won't be exposed is either impossible or
      results in assemblies that are structurally inadequate.
PAR  Prefabricated panels such as wall panels, roof panels, and the like are
      usually prefabricated only to the extent that the frames thereof are
      prefabricated. After the prefabricated frames are installed, the finishing
      materials such as wallboards, roof sheeting, and the like are affixed to
      the installed frames. The reason for not completely prefabricating such
      panels into closed units, is that it is virtually impossible to nail a
      closed panel to an abutting panel or to a wall plate without damaging the
      finishing material of the panel.
PAR  Therefore, a need exists for a new and useful apparatus for deflecting a
      nail into an arcuate path, with such an apparatus overcoming some of the
      limitations and drawbacks of the prior art nailing techniques.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new and useful apparatus for
      deflecting a nail into an arcuate path is disclosed with that apparatus
      including a guide body into which a nail is driven. The guide body
      provides support for the nail and guides its movements into engagement
      with a deflecting means which bends the shank of the nail into an arcuate
      configuration having a predetermined curvature.
PAR  When headless nails are employed, those nails may be completely driven
      through the apparatus of the present invention, or the apparatus may
      simply be lifted off of a partially driven headless nail. However, nails
      having heads cannot be completely driven through the instant apparatus,
      nor can that apparatus be lifted therefrom. Therefore, the apparatus of
      the present invention also includes disengagement means which allows
      removal of the apparatus from partially driven nails having heads thereon.
PAR  By driving a nail in an arcuate path with the apparatus of the present
      invention, the prior art technique of toenailing can be completely
      eliminated as such an arcuately driven nail will not inherently result in
      surface marking of structural members, will have superior holding power,
      and that holding power can be more easily calculated. Further, arcuately
      driven nails can be employed to install completely prefabricated closed
      panels, and can be used on finished assemblies with the result being
      increased structural strength, little or no surface marking, and the like.
PAR  Accordingly, it is an object of the present invention to provide a new and
      useful apparatus for deflecting a nail into an arcuate path.
PAR  Another object of the present invention is to provide a new and useful
      apparatus for driving a nail in an arcuate path and directing that
      arcuately configured nail into a workpiece.
PAR  Another object of the present invention is to provide a new and useful
      apparatus including a guide body which supportingly guides a driven nail
      into engagement with a deflecting means which bends the shank of the nail
      into an arcuate configuration.
PAR  Another object of the present invention is to provide a new and useful
      apparatus which includes a guide body that supportingly guides a driven
      nail into engagement with a deflecting means which bends the shank of the
      nail into an arcuate configuration, with that apparatus including
      disengagement means for removal of the apparatus from a partially driven
      nail having a head thereon.
PAR  Still another object of the present invention is to provide a new and
      useful apparatus of the above described character in which nails can be
      driven with a conventional hammer or the apparatus can be employed with
      suitable power nailing equipment.
PAR  The foregoing and other objects of the present invention as well as the
      invention itself may be more fully understood from the following
      description when read in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a first embodiment of the present invention.
PAR  FIG. 2 is an enlarged sectional view taken on the line 2--2 of FIG. 1 and
      illustrating the apparatus of the present invention in a typical use
      thereof.
PAR  FIG. 3 is an enlarged sectional view taken on the line 3--3 of FIG. 1.
PAR  FIG. 4 is an exploded isometric view of a fragementary portion of the
      apparatus of FIG. 1.
PAR  FIG. 5 is a sectional view similar to FIG. 2 and illustrating an adjustable
      feature of the present invention.
PAR  FIG. 6 is a sectional view similar to FIG. 2 and illustrating an alternate
      method of adjusting the apparatus of the present invention.
PAR  FIG. 7 is a side elevation of the apparatus of the present invention with
      that apparatus being mounted on a typical power nailing device.
PAR  FIG. 8 is an isometric view of a second embodiment of the present
      invention.
PAR  FIG. 9 is an enlarged sectional view taken on the line 9--9 of FIG. 8.
PAR  FIG. 10 is a sectional view taken on the line 10--10 of FIG. 9.
PAR  FIG. 11 is a sectional view taken on the line 11--11 of FIG. 9.
PAR  FIG. 12 is a sectional view similar to FIG. 9 and illustrating an
      operational position of the apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings, FIGS. 1-7 illustrate the first
      embodiment of the apparatus for deflecting a nail into an arcuate path
      which is indicated generally by the reference numeral 10. As shown, the
      apparatus 10 includes a guide means or body 11, a deflection means 12, and
      a disengaging means 13. The guide means 11 and the deflection means 12
      cooperate to supportingly guide the movements of a nail 14 and deflect the
      shank 15 thereof into an arcuate path as will hereinafter be described in
      detail.
PAR  The guide body 11 is shown as a flat plate 16 having a passage or slot 18
      formed therethrough. The slot 18 is disposed to extend inwardly from one
      edge of the flat plate 16 and to extend between the opposite planar
      surfaces of the plate 16. The slot 18 is adapted to receive the shank 15
      of the nail 14 and supportingly guide the movements of the nail from the
      inlet side 19 to the outlet side 10 of the slot 18 and into engagement
      with the deflection means 12.
PAR  The deflection means 12 includes a block 22 which is mounted on the outlet
      side of the plate 16 adjacent the outlet opening 20 of the slot 18. The
      block 22 is provided with an inclined suface 24 for deflectingly engaging
      the shank 15 of the nail 14 as it emerges from the slot 18. In order to
      accomplish the deflection of the shank 15, the block 22 is positioned so
      that the inclined surface 24 thereof projects over the outlet opening 20
      of the slot 18 and is spaced outwardly therefrom.
PAR  Reference is now made to FIG. 2 wherein the apparatus 10 is shown in a
      typical working environment which will now be described in conjunction
      with the apparatus 10 to facilitate understanding of the operation of the
      apparatus.
PAR  The typical working environment shown in FIG. 2 includes a wall plate 25
      which is suitably secured to the floor 26 as is customary in the art.
      Positioned atop the wall plate 25 is a prefabricated closed wall panel 27
      which includes a frame member 28 and suitable finishing material 29 such
      as a wallboard, wood paneling, and the like. To secure the closed wall
      panel 27 to the wall plate 25, the apparatus 10 is placed adjacent the
      wall plate 25 and the nail 14 is driven into the slot 18 of th guide body
      11. When the shank 15 of the nail 14 is driven into engagement with the
      inclined surface 24 of the deflection means 12, the nail 14 will be moved
      so as to become angularly oriented within the slot 18. The angular
      orienting, or cocking, of the nail 14 will move the shank 15 thereof into
      engagement with point A located at the inlet opening 19 of the slot 18 and
      the diametrically opposed side of the shank 15 will move into engagement
      with point B located at the outlet opening 20 of the slot 18. These points
      A and B serve as support points against which the shank 15 of the nail
      bears during deflection thereof. The point C on the inclined surface 24 of
      the deflection means 12 is the point of engagement of the shank 15 of the
      nail 14 and will cause deflection of the shank into an arcuate path. Thus,
      as the nail is driven into engagement with point C, the shank 15 of the
      nail 14 will be deflected and will enter into the wall plate 25. After
      penetrating into the side of the wall plate 25, the deflected arcuate
      configuration of the shank of the nail will cause it to move in a curved
      path and emerge from the top of the wall plate 25 and penetrate into the
      bottom of the frame member 28. The movement of the nail in the curved path
      will continue in the frame member 28 and therefore the closed wall panel
      27 will become affixed to the wall plate 25 with a fastener of exceptional
      structural characteristics and strength.
PAR  It may now be apparent that the distance between point C of the deflction
      means 12 and point B located at the outlet opening 20 of the slot 18 is
      the factor which determines the curvature of the arcuately deflected shank
      15 of the nail 14. In many instances it may be desirable to fabricate the
      apparatus 10 so that the distance between points B and C thereof are
      fixed. In such a case all nails driven through such a fixed apparatus will
      emerge therefrom with the same arcuate configuration.
PAR  In other instances, it may be desirable to fabricate the apparatus so that
      the distance between points B and C may be adjusted to alter the arcuate
      curvature of nails driven therethrough.
PAR  The preferred method of adjusting the distance between points B and C is to
      provide a keyway 30 in the outlet side of the flat plate 16 in which a key
      32 formed on the deflection block 22 is slidably movable. The keyway 30
      and key 32 supportingly guide the sliding movements of the block 22
      relative to the flat plate 16. As shown in FIG. 4, the inclined surface of
      the block 22 is angularly disposed with respect to the key 32 so that
      sliding the block 22 relative to the flat plate 16 will alter the position
      of point C relative to point B. The block 22 may be secured in the desired
      position by a suitable screw 34 which passes through an elongated aperture
      35 in the flat plate 16 and threadingly engages an aperture 36 provided in
      the block 22. The results of moving the deflection block 22 relative to
      the flat plate 16 are shown in FIG. 5.
PAR  It will be noted that the same results of changing the distance between
      points B and C can be achieved by moving point B relative to point C. As
      shown in FIG. 6, this can be achieved by providing a sliding block 38 in
      the flat plate 16 which serves as one of the side walls of the slot 18.
PAR  The nail 14 shown in FIG. 2 is illustrated in the partially driven stage
      and it may be apparent that further movement of the nail 14 will bring the
      head 40 thereof into engagement with the inlet side of the flat plate 16.
      This condition of course, will prevent the nail from being completely
      driven into the workpiece, and therefore, the apparatus 10 must be
      disengaged from the shank of the nail 14.
PAR  During driving of the nail 14 into the slot 18 and the resulting deflection
      thereof, the shank 15 of the nail 14 becomes relatively tightly wedged
      therein. Although it is physically possible to pull the apparatus 10
      laterally with respct to the shank 15 of the nail and thereby remove the
      apparatus 10 therefrom, such pulling would become very tedious during
      prolonged usage of the apparatus.
PAR  Threfore, the disengaging means 13 is provided for automatically
      disengaging the apparatus 10 from the shank 15 of the arcuately deflected
      nail 14. As seen best in FIGS. 1 and 3, the automatic disengaging means 13
      includes a wedge member 42 suitably affixed to the inlet side of the flat
      plate 16 by a resilient strap 43. The wedge member 42 is disposed so that
      in its normal position, the leading edge 44 thereof is located just inside
      the inlet opening 19 of the slot 18 with an inclined surface 45 of the
      wedge member 42 in engagement with an inclined surface 46 provided in the
      bottom of the slot 18. To actuate the disengaging means 13, the head 40 of
      the nail 14 moves into engagement therewith during normal driving of the
      nail. The head of the nail will push the wedge member 42 into the slot 18
      with the result of moving the flat plate 16 laterally with respect to the
      shank 15 of the nail. Thus, the slot 18 will move from around the nail and
      the nail can then be completely driven into the workpiece in the
      conventional manner. The positions of the wedge member 42, nail 14, and
      flat plate 16 during the disengaging operations are shown in FIG. 3
      wherein the predisengaging positions are shown in solid lines and the
      disengaged positions are shown in dashed lines.
PAR  It should be noted that in the event that headless nails are used,
      alternatives to the above described disengaging means 13 may be employed.
      For example, the headless nail (not shown) could be driven completely, or
      at least partially, through the slot 18, or the apparatus 10 could be
      lifted axially off of the nail.
PAR  The apparatus 10 as previously described, is ideally suited for manual use
      and may be provided with a suitable handle 48 as shown in FIG. 1, or may
      be coupled to a suitable power nailing device such as the typical
      mechanism shown in FIG. 7 which is indicated generally therein by the
      reference numeral 50. Such a power nailing device may take the form of a
      suitable housing 51 having a feed tube 52 into which the nails 14 are
      sequentially deposited from a conventional magazine 53, or other suitable
      source of supply. The apparatus 10 of the present invention is mounted on
      the housing 51 adjacent the discharge end 54 of the feed tube 52 so that
      the slot 18 of the apparatus 10 is substantially in alignment with the
      feed tube 52. A suitable power means 54, which may be hydraulically,
      pneumatically, or electrically operated, is mounted at the opposite end of
      the feed tube 52. The power means 54 will move a plunger 55 down the feed
      tube 52 into engagement with the nail 15 and push that nail into the slot
      18 of the apparatus 10.
PAR  Reference is now made to FIGS. 8 through 12 of the drawings wherein a
      second embodiment of the apparatus for deflecting a nail into an arcuate
      path is shown and which is indicated generally by the reference numeral
      60.
PAR  As in the previously described apparatus 10, this apparatus 60 includes a
      guide means or body 61, a deflection means 62 and a disengaging means 63.
PAR  The guide body 61 of this embodiment is a cylindrical housing 64 having a
      flange 65 for attachment to a suitable nail supplying and power nailing
      device 66. It should be understood that attachment to such a power nailing
      device 66 is optional as the apparatus 60 could alternately be provided
      with a suitable handle (not shown) for manual use. The cylindrical housing
      64 has a bore 68 formed in the upper end thereof with that bore 68 having
      an endless side wall 69 and a bottom surface 70. The opposite or bottom
      end of the cylindrical housing 64 has an annular channel 72 extending
      axially upwardly thereinto so that the housing 64 is provided with an
      axially extending cylindrical boss 73 inwardly disposed with respect to
      the annular channel 72, and an axially extending cylindrical lip or skirt
      74 which is outwardly disposed with respect to the annular channel 72. The
      boss 73, annular channel 72, and the skirt 74 are coaxial with respect to
      each other.
PAR  A U-shaped slot 76 is formed in the bottom surface 70 of the bore 68 with
      that slot 76 extending axially downwardly through the lower end of the
      housing 64, and that slot 76 extends radially from the boss 73 through the
      annular channel 72 and through the skirt 74 so as to have a laterally
      disposed opening. The endless wall 69 of the bore 68 is provided with an
      arcuate slot 77 therein which is transverse to the radially extending
      laterally opening slot 76 and in communication therewith. As seen best in
      FIG. 8, the slots 76 and 77 form a T-shaped opening 78 in the side of the
      housing 64.
PAR  An annular sleeve 80 is mounted, as will hereinafter be described in
      detail, within the annular channel 72 so that the innermost end of the
      radially extending slot 76 cooperates with the inner wall or surface 81 of
      the sleeve 80 to form a passage 82 through the housing 64.
PAR  As best seen in FIG. 9, the nail 14 is fed into the bore 68 of the housing
      64 with the shank 15 of the nail extending into the passage 82. When the
      nail 14 is driven downwardly in the passage 82, the shank 15 of the nail
      will move into engagement with an inclined plane surface 84 which projects
      over the passage 82. Upon engaging the inclined plane surface 84, which
      serves as the deflection means 62, the nail will be moved to the cocked
      position, and thus become angularly oriented within the passage 82. As
      previously described, this cocking of the nail 14 will move the shank 15
      thereof into engagement with point A located at the inlet opening 83 of
      the passage 82, and the diametrically opposed side of the shank 15 will
      move into engagement with point B located at the outlet opening 85 of the
      passage 82. It will be noted that point A is provided by the bottom
      surface of the radially extending slot 76 and point B is provided by the
      inner surface 81 of the sleeve 80. These points A and B serve as support
      points against which the shank 15 of the nail 14 bear during deflection
      thereof as previously described, and the third required point, that is,
      the deflection point C, is provided on the inclined surface 84 of the
      deflection means 62.
PAR  It will be noted that the distance between points B and C is fixed in the
      apparatus 60 as shown in FIG. 9, and therefore, the nails driven therein
      will all be deflected to have the same arcuate curvature. However, it
      should be apparent that adjustments in the distance between these points B
      and C can easily be made. For example, the sleeve 80 could be replaced
      with another sleeve (not shown) having a smaller or larger longitudinal
      dimension, which of course, would move point B relative to point C.
      Another method of accomplishing this same objective would be to provide
      the inclined plane surface 84 on a movable block 89 mounted similar to the
      previously described block 22, and as shown in FIG. 12.
PAR  As seen best in FIG. 11, a slot 86 is formed in the skirt 74 through which
      a suitable handle 87 extends. The handle 87 is threadingly attached at its
      inner end to the sleve 80 and is employed to move that sleeve relative to
      the boss 73 through approximately 90.degree.of rotation about the
      longitudinal axis of the cylindrical housing 64. Such rotation will move a
      longitudinally extending opening 88 provided in the sleeve 80 into
      alignment with the radially extending U-shaped slot 76 formed in the
      housing 64, and thus, this mechanism may be seen to form the disengaging
      means 63 of the apparatus 60. As shown in FIG. 12, when the nail 15 is
      driven so that its head 40 is proximate the bottom surface 70 of the bore
      68, and the sleeve 80 has been rotated as described above, the U-shaped
      slot 76 is open and the apparatus 60 may be moved laterally with respect
      to the shank 15 of the nail 14, and thus, the nail will pass out of the
      T-shaped opening in the side of the housing 64.
PAR  It should be obvious from the foregoing that either of the previously
      described apparatuses 10 or 60 of the present invention can be set to
      deflect the shank of a nail through approximately 180.degree. so that the
      pointed end of the nail will emerge from the surface of the workpiece
      adjacent the head of the nail. In this manner, the pointed end of the nail
      could be clinched, i.e., bent over into engagement with the surface of the
      workpiece, with the result that a nail so clinched will have greatly
      increased holding power. In the case of headless nails, both ends of the
      nail can be clinched in the above described manner.
PAR  While the principles of the invention have now been made clear in an
      illustrated embodiment, there will be immediately obvious to those skilled
      in the art, many modifications of structure, arrangements, proportions,
      the elements, materials, and components used in the practice of the
      invention, and otherwise, which are particularly adapted for specific
      environments and operation requirements without departing from those
      principles. The appended claims are therefore intended to cover and
      embrace any such modifications within the limits only of the true spirit
      and scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An apparatus for deflecting a nail into an arcuate path and directing
      the arcuately configured nail into a workpiece, said apparatus comprising:
PA1  a. a guide plate for placement adjacent the workpiece, said guide plate
      having a slot formed to extend inwardly from one edge thereof and extend
      between the planar surfaces of said guide plate, the slot of said guide
      plate adapted to receive and supportingly guide movements of the nail from
      the inlet to the outlet thereof; and
PA1  b. a deflection block mounted on said guide plate adjacent the outlet of
      the slot of said guide plate, said deflection plate having an inclined
      surface which projects therefrom at least part way over the outlet of the
      slot of said guide plate with the inclined surface of said deflection
      block spaced a predetermined distance from the outlet of the slot of said
      guide plate so that when the shank of a nail emerges from the outlet of
      the slot of the guide plate that shank will engage the inclined surface of
      said deflection block and be deflected thereby into an arcuate
      configuration of predetermined curvature.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein the distance between the
      outlet of the slot of said guide plate and the inclined surface of said
      deflection block is adjustable to alter the arcuate curvature imparted to
      the shank of the nail when the nail is deflected by the inclined surface
      of said deflection block.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein said deflection block is
      movably mounted on said guide plate for changing the distance between the
      outlet of the slot of said guide plate and the inclined surface of said
      deflection plate.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 further comprising disengaging means
      on said guide plate adjacent the slot thereof for disengaging said guide
      plate from the shank of the nail when the nail is positioned within the
      slot of said guide plate.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 further including disengaging means,
      said disengaging means comprising:
PA1  a. an inclined surface formed in the bottom of the slot of said guide
      plate; and
PA1  b. a wedge member mounted adjacent the inlet of the slot of said guide
      plate, said wedge member movable into the slot of said guide plate upon
      engagement thereof by the head of the nail when the nail is moved through
      the slot toward the workpiece, said wedge member slidably movable along
      said inclined surface to move said guide plate laterally with respect to
      the shank of the nail to disengage said guide plate therefrom when the
      shank of the nail is positioned in the slot of said guide plate.
NUM  6.
PAR  6. An apparatus for deflecting a nail into an arcuate path and directing
      the arcuately configured nail into a workpiece, said apparatus comprising:
PA1  a. a guide housing having a boss in which a laterally opening slot is
      formed with that slot extending between the opposite ends of the boss of
      said guide housing to provide that slot with an inlet opening and an
      outlet opening, said guide housing adapted for placement of the outlet
      opening thereof adjacent a workpiece;
PA1  b. means adjacent the boss of said guide housing to close the lateral
      opening of the slot formed in the boss of said guide housing to adapt that
      slot for receiving and supportingly guiding the movements of a nail from
      the inlet opening to the outlet opening thereof; and
PA1  c. deflection means on said guide housing adjacent the outlet opening of
      the slot formed in the boss thereof, said deflection means projecting at
      least part way over the outlet opening of the slot of the boss and spaced
      a predetermined distance therefrom so that when the shank of a nail
      emerges from the outlet opening of the slot of said boss, that shank will
      engage said deflection means and will be deflected thereby into an arcuate
      configuration of predetermined curvature.
NUM  7.
PAR  7. An apparatus as claimed in claim 6 wherein the distance between the
      outlet opening of the slot of the boss of said guide housing and said
      deflection means is adjustable to alter the arcuate curvature imparted to
      the shank of the nail when the nail is deflected by said deflection means.
NUM  8.
PAR  8. An apparatus as claimed in claim 6 wherein said deflection means
      includes a deflection block having an inclined surface thereon, said
      deflection block being movably mounted on the boss of said guide housing
      adjacent the outlet opening of the slot formed therein to adjust the
      distance between the inclined surface of said deflection block and the
      outlet opening of the slot of the boss of said guide housing.
NUM  9.
PAR  9. An apparatus as claimed in claim 6 wherein said means adjacent the boss
      of said guide housing to close the lateral opening of the slot formed in
      the boss of said guide housing is movable relative to the boss of said
      guide housing to open the lateral opening of the slot of the boss of said
      guide housing whereby said guide housing may be moved laterally from the
      shank of the nail when the nail is positioned within the slot of the boss
      of said guide housing.
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ABST
PAL  This invention relates generally to an apparel valise for carrying articles
      of clothing during travel, and more particularly to a valise for packing
      and carrying shirts. After packing, the valise may be placed in a suitcase
      or attache case maintaining the shirts in a pressed and wrinkle-free
      condition therein. The valise includes a substantially rectangular back
      and a substantially rectangular front section having a medial opening
      formed therein defining a pair of front side panels on adjacent sides of
      the opening providing convenient access to the interior of the valise. The
      front and back sections are joined by expandable side and bottom gusset
      sections so as to accommodate a plurality of shirts and an upper flat
      section integral with the back section is provided for covering the open
      top of the valise. With the flap raised and the side panels folded
      outwardly, a double opening is provided in said valise for conveniently
      packing and unpacking shirts therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, general apparel bags have been constructed for carrying
      articles of clothing. Many attempts have also been made to construct
      specialized bags for particular articles of clothing such as shown in U.S.
      Pat. Nos. 2,082,011 and 2,897,865 wherein traveling bags are shown for
      carrying neckties and socks, respectively.
PAR  The problems involved with maintaining shirts in a fresh and unwrinkled
      condition during travel present particular construction needs for a shirt
      traveling bag or valise. Special access must be had, which is not usually
      provided by general apparel bags, so that the shirts can be folded and
      packed without disturbing the folded configuration. Thereafterwards, the
      construction of the valise must maintain the shirts in their folded
      configuration preventing shifting of the shirts therein. The valise must
      be compact so as to be packable in an associated suitcase or other piece
      of luggage such as an attache case and must have sufficient rigidity to
      protect the shirts packed therein against wrinkling due to contact with
      other heavier articles in the suitcase. It is also necessary to afford
      protection against moisture and soiling which may be caused by liquid
      spillage in the associated suitcase, and thus a substantially moisture
      proof construction is desirable.
PAC  SUMMARY OF THE INVENTION
PAR  An apparel valise is provided for packing and carrying folded shirts and
      the like therein comprising a substantially rectangular back section and a
      substantially rectangular front section having a medial opening formed
      therein providing convenient access to the interior of the valise and
      defining a pair of front side panels on adjacent sides of the medial
      opening.
PAR  A closure means is provided for selectively closing the medial opening. A
      pair of expandable side gusset sections join the front and back sections
      so as to accommodate a plurality of shirts packed in the valise. An
      expandable bottom gusset section joins the back and front sections and the
      pair of side sections providing a closed bottom end for the valise. An
      open top is defined by the joining of the back and front sections and the
      pair of side gusset sections at an upper free edge thereof, and an upper
      flap section integral with said back section extends over the front
      section providing a cover over the open top of the valise. Thus, a double
      opening is provided by the open top with the flap raised and by the medial
      opening with the side panels folded outwardly providing convenient packing
      and unpacking of said shirts in the valise, whereby shirts packed in the
      valise are maintained in a fresh and wrinkle-free condition during travel.
PAR  Accordingly, an important object of the present invention is to provide a
      valise for shirts and the like for maintaining the shirts in a fresh and
      wrinkle-free condition during travel.
PAR  Another important object of the present invention is to provide a shirt
      valise having a double opening access providing convenient packing and
      unpacking of the shirts therein.
PAR  Another important object of the present invention is to provide a shirt
      valise for maintaining shirts in a fresh condition during travel having
      sufficient rigidity to afford protection against other heavier objects
      when packed in an associated suitcase.
PAR  Another important object of the present invention is to provide a shirt
      valise for carrying shirts during travel which protects the shirts against
      moisture or other liquid spillage in an associated suitcase.
PAR  Still another important object of the present invention is to provide a
      shirt valise for carrying shirts during travel having an interior surface
      which permits the shirts to slide freely relative thereto reducing the
      tendency of the shirt fabric to cling against the interior and otherwise
      disturbing the folded configuration of the shirt.
PAR  Yet another important object of the present invention is to provide a shirt
      valise for carrying folded shirts during travel which is expandable so as
      to accommodate a plurality of shirts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The construction designed to carry out the invention will be hereinafter
      described, together with other features thereof.
PAR  The invention will be readily understood from a reading of the following
      specification and by reference to the accompanying drawing forming a part
      thereof, wherein an example of the invention is shown and wherein:
PAR  FIG. 1 is a perspective view illustrating a shirt valise constructed in
      accordance with the present invention,
PAR  FIG. 2 is a perspective view illustrating a shirt packed in an apparel
      valise constructed in accordance with the present invention wherein a
      double opening is provided for convenient access to the valise interior,
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2, and
PAR  FIG. 4 is a perspective view illustrating a shirt valise constructed in
      accordance with the present invention packed in an associated suitcase.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  This invention relates to an apparel valise for carrying shirts during
      travel which may be used by itself or in combination with an associated
      suitcase or other luggage, such as an attache case. Essentially, a double
      opening provides wide open access to the interior of the valise for
      conveniently packing shirts therein in a neatly folded condition and
      thereafterwards the valise may be closed so as to maintain the shirts in
      their folded configuration.
PAR  Referring now to the drawing, an apparel valise 10 is illustrated having a
      substantially rectangular front section 12 and a substantially rectangular
      back section 14. The front section 12 has a medial opening 16 formed
      therein defining a pair of front side panels 18 and 20 on adjacent sides
      of the medial opening providing convenient access to the interior of the
      valise. A pair of expandable side gusset sections 22 and 24 join the front
      and back sections 12 and 14, respectively, and an expandable bottom gusset
      section 26 joins the front and back sections, 12 and 14 and the pair of
      side sections 24 and 22 providing a closed bottom end for the valise. The
      expandable side and bottom gusset sections accommodate a plurality of
      shirts depending upon how the shirts are folded. The expandable valise
      will hold approximately one to five shirts which have been professionally
      laundry folded.
PAR  An open top 28 is defined by the joining of the front section 12, the back
      section 14, and the pair of side gusset sections 22 and 24 at an upper
      free edge thereof. An upper flat section 30 integral with the back section
      14 extends over the front section 12 providing a cover over the open top
      28 of the valise. Thus, it can be seen that when the open top 28 is
      uncovered by raising the flap 30 and when the medial opening 16 is spread
      apart with the side panels 18 and 20 folded outwardly therefrom, as best
      seen in FIG. 2, a double opening 32 is essentially provided whereby shirts
      may be conveniently placed in the valise interior without disturbing their
      neatly folded configuration while also providing convenient unpacking of
      the shirts. Once the shirts have been placed within the valise, the medial
      opening 16 may be closed by providing a zipper 34 or any other suitable
      closure means may be provided, and the upper flap 30 is folded over the
      top of the bag and fastened to the front section 14 by any suitable
      fastening means such as snaps 36 and 38. Once the valise is closed the
      shirts packed therein are maintained in a fresh and wrinkle-free condition
      during travel due to the advantageous construction of the shirt valise as
      will be more fully described.
PAR  Each of the front section 12, back section 14, and upper flap section 30
      have a three-layer construction as can best be seen in FIG. 3. Each
      section includes an outer layer 40 which is preferably a heavy vinyl
      material. The next layer adjacent the material 40 is stiffening member 42
      which may be any suitable stiffener such as a cardboard or pressboard
      member which affords rigidity to the above mentioned sections. Adjacent
      the stiffening member 42 and forming the interior surface of the bag is a
      layer of material 44 which preferably is a lightweight vinyl material
      being of approximately half the weight of the outer vinyl material 40 for
      protecting the shirts packed therein against moisture and elminating
      clinging of the shirt fabric which would otherwise occur against the
      cardboard member 42. The vinyl interior surface 44 also provides a surface
      over which the shirts will slide when being placed within the valise
      without disturbing their folded configuration. The vinyl interior will
      also allow some sliding of the shirts relative to the interior surface
      when the bag is closed and folded, however, such will not wrinkle the
      shirts as would a surface interior in which the shirts would cling. The
      vinyl construction also affords protection for the shirts against any
      liquid spillage that might occur when the valise is packed in an
      associated suitcase with containers carrying liquid. The upper flap
      section 30 and the back section 14 may be formed as a one-piece
      construction having the three layers described above.
PAR  With the shirt, or shirts neatly folded and packed within the valise 10,
      with the medial opening 16 closed, and the flap 30 folded over the front
      section and attached thereto, the shirts will be maintained in a fresh and
      wrinkle-free condition by the substantially rigid front and back sections
      12 and 14 and the flap section 30. The added weight of the stiffening
      member 42 formed within the front, back, and flap sections as described
      above will be sufficient to press the shirts slightly together between the
      front and back sections 12 and 14 so as to hold them in place in the
      valise. The substantially rigid construction of the front, back and flap
      sections also protects the shirts packed within the valise against heavier
      objects which might also be contained in an associated suitcase when the
      valise is packed therein. The shirts are slightly compressed together
      between the sitffened front and back sections so as to maintain them
      neatly pressed.
PAR  FIG. 4 illustrates the shirt valise 10 constructed in accordance with the
      present invention and packed in an associated suitcase 46. Compact
      construction of the shirt valise in accordance with the present invention
      allows the valise to be used either alone for carrying shirts or allows
      the valise to be packed in an associated suitcase or other luggage such as
      an attache case. The valise constructed in accordance with the present
      invention provides a variety of uses such as carrying only a single shirt
      and packed in an attache case for an overnight business trip or the bag
      may be packed to hold a plurality of shirts in a larger suitcase for
      extended periods of travel. Preferably, the bag is constructed so as to
      expand from approximately 1  to 4 inches to accommodate a plurality of
      shirts depending on how they are folded. However, it is to be understood
      that such a bag could be made to expand to accommodate a larger number of
      shirts if desired. The preferred construction however, permits the bag to
      be used for a single shirt without being bulky or overly large, as well as
      a plurality of shirts.
PAR  Thus, it can be seen that an effective shirt valise can be had when
      constructed in accordance with the present invention providing wide open
      access to the interior of the bag for placing the shirts therein in a
      neatly folded configuration without disturbing such while maintaining the
      shirts in an unsoiled, fresh and wrinkle-free condition thereafter once
      the valise opening is closed. The valise constructed in accordance with
      the present invention when packed in an associated suitcase affords
      protection for the shirts packed therein against heavier objects and
      liquid spillage in the associated suitcase.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparel valise for packing and carrying folded shirts and the like
      therein comprising:
PA1  a substantially rectangular back section;
PA1  a substantially rectangular front section;
PA1  a medial opening formed in said front section providing convenient access
      to the interior of said valise, said medial opening defining a pair of
      front side panels on adjacent sides of said medial opening;
PA1  closure means for selectively closing said medial opening;
PA1  a pair of expandable side gusset sections joining said front and back
      sections so as to accommodate a plurality of shirts packed in said valise;
PA1  an expandable bottom gusset section joining said back and front sections
      and said pair of side sections providing a closed bottom end for said
      valise;
PA1  an open top defined by the joining of said of back and front sections and
      said pair of side gusset sections at an upper free edge thereof;
PA1  an upper flap section integral with said back section extending over said
      front section providing a cover over said open top of said valise; and
PA1  a double opening provided by said open top with said flap raised and said
      medial opening with said side panels folded outwardly providing convenient
      packing and unpacking of said shirts in said valise;
PA1  whereby shirts packed in said valise are maintained in a fresh and
      wrinkle-free condition during travel.
NUM  2.
PAR  2. The valise of claim 1 wherein said front and back sections include an
      outer vinyl member, an inner lightweight vinyl member, and a stiffener
      member carried therebetween affording rigidity to said valise for
      protecting the shirts packed therein while said inner vinyl member
      protects the shirts from moisture while eliminating cling of shirt fabric
      to said stiffener member.
NUM  3.
PAR  3. The valise of claim 2 wherein said upper flap section includes fastening
      means for attaching said flap section to said front section.
NUM  4.
PAR  4. The valise of claim 1 wherein said pair of side gusset sections and said
      bottom gusset section expand from approximately one inch to five inches to
      accommodate a plurality of shirts packed therein.
NUM  5.
PAR  5. The valise of claim 1 wherein said medial opening extends from the upper
      free edge of said front section to adjacent the bottom thereof.
NUM  6.
PAR  6. The valise of claim 5 wherein said closure means is a zipper.
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ABST
PAL  A cover for a steering wheel having a wire or other rigid circular member
      of fixed diameter greater than the inside diameter, but less than the
      outside diameter, of the steering wheel, and an annulus of elasticized
      fabric or other flexible elastic material secured to the wire. The annulus
      has an outside diameter corresponding to the diameter of the wire and a
      radial width corresponding to the axial circumference of the steering
      wheel. The wire is placed along the inside or lower surface of the
      steering wheel rim in abutting relationship, and the elastic material is
      stretched around the axial circumference of the steering wheel such that
      the elasticity of the material causes the material to grip the steering
      wheel and form a cover therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to covers for steering wheels for
      automobiles, trucks, boats, or other vehicles, and also to hand wheels of
      any type having a shape similar to steering wheels upon which a cover may
      be desired. More specifically, the invention relates to such covers which
      are easily and quickly attached to the steering wheel and removed
      therefrom for cleaning or other purposes.
PAR  2. Description of the Prior Art
PAR  Since the early days of automobiles, it has been recognized that
      hard-surfaced steering wheels are often improved by the use of a cover
      which provides for a better and more secure grip on the steering wheel and
      which also is more comfortable to grip over a period of time. For example,
      such covers prevent excessive dampening of the wheel by sweat during the
      hot weather and provides comfort for a driver in instances where the wheel
      itself may be very hot or very cold. There have, therefore, been numerous
      attempts to design covers for steering wheels which have these advantages
      and which also may be easily attached to the wheel and removed therefrom
      for cleaning or other purposes.
PAR  In U.S. Pat. NO. 1,446,628, a hollow rubber ring having a slit and
      thickened beads along the edges of the slit is forced over the rim of the
      steering wheel. The cover is composed of rubber constructed so that it is
      normally smaller in circumference than the circumference of the wheel to
      which it is to be applied. U.S. Pat No. 1,978,105 shows a rectangular
      piece of non-elastic fabric which is assembled on the wheel by laces
      passing through eyelets in the strip of fabric. U.S. Pat. No. 2,078,059
      teaches a cover of knitted or woven fabric formed as a straight, flat
      strip and joined to form a cylindrical shape. This is stretched over the
      rim of the wheel and secured to the wheel by an adhesive. U.S. Pat. No.
      2,157,950 describes a steering wheel cover formed from a strip of fabric
      material which has flexible rings that are of a diameter less than the
      interior diameter of the rim of the steering wheel. This cover includes
      the use of a strip of latex to prevent slippage of the cover.
PAR  In those instances where covers are formed having a dimension such that the
      cover normally has a diameter less than that of the wheel to which it is
      to be attached, such covers are stretched and pulled over the wheel with a
      resulting tendency for the inner flanges of the cover to be raised from
      the inner surface of the rim of the wheel, giving an uncomfortable feeling
      to the driver. Thus, the flanges of such covers do not abut the inner
      surface of the rim, but rather are, by tension on the stretched cover,
      raised and leave a gap between the flanges of the cover and the wheel rim.
PAR  It is an object of the present invention to provide a steering wheel cover
      which, when assembled on a steering wheel rim, will provide for abutment
      of the flanges of the cover to the inner surface of the wheel.
PAC  SUMMARY OF THE INVENTION
PAR  A steering wheel cover is provided including a rigid circular member having
      a fixed diameter greater than the inside diameter but less than the
      outside diameter of the steering wheel, and an annulus of flexible elastic
      material having an outside diameter corresponding to the diameter of the
      rigid circular member. The annulus of flexible elastic material has a
      radial width substantially corresponding to the axial circumference of the
      steering wheel and is secured to the rigid circular member along the
      circumference of the annulus. When the rigid circular member is placed on
      the inside or lower surface of the steering wheel, the flexible elastic
      material may be stretched around the axial circumference of the steering
      wheel such that the elasticity of the material causes the material to grip
      the steering wheel and form a toroid corresponding to the shape of the
      steering wheel. The rigid member is thus held in abutting relationship to
      the surface of the wheel and is not raised therefrom. The rigid circular
      member may be a wire or may be a rigid element integral with the annulus
      of flexible elastic material. The annulus of flexible elastic material is
      preferably planar when not stretched around the steering wheel, and, while
      not required, may include additional fastening means such as snaps,
      adhesive strips, or lacing on the inside and outside circumferences to
      hold more securely the flexible elastic material around the steering wheel
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of the steering wheel cover of the present invention;
PAR  FIG. 2 is a sectional view of one embodiment of the steering wheel cover of
      the present invention;
PAR  FIG. 3 is a view similar to FIG. 2 of another embodiment of the steering
      wheel cover of the present invention;
PAR  FIG. 4 is a view similar to FIG. 2 of another embodiment of the steering
      wheel cover of the present invention;
PAR  FIG. 5 is a view similar to the view of FIG. 6 showing the cover
      illustrated in FIG. 2 positioned to be stretched over the rim of a
      steering wheel;
PAR  FIG. 6 is a sectional view taken along the line VI--VI of FIG. 7 with the
      cover of FIG. 2 secured to a steering wheel rim; and
PAR  FIG. 7 is a plan view of the steering wheel having a cover of the present
      invention applied thereto.
PAR  FIG. 8 is a view similar to FIG. 2 of another embodiment of the steering
      wheel cover of the present invention.
PAR  FIG. 9 is a view similar to FIG. 1 showing the use of fasteners on the
      steering wheel cover of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a steering wheel cover designated generally 2 is formed from an
      annulus 4 of flexible elastic material. A preferred material is an elastic
      fabric. Joined to the annulus 4 of elastic fabric is a wire or other
      rigid, circular member 6. This wire 6 has a diameter greater than the
      inside diameter, but less than the outside diameter, of the rim portion 8
      of the steering wheel 10 to which the cover 2 is to be applied, as
      illustrated in FIG. 5. The annulus 4 is secured to the wire 6 such as by
      folding the fabric over the wire and securing it with stitching 12 as
      shown in FIG. 1. Although the cover 2 is described herein in the
      embodiment wherein the rigid circular member is a wire, and the flexible
      elastic material is an elastic fabric, the invention is not necessarily
      limited to this embodiment. For example, the annulus 4 of flexible elastic
      material may be formed from a molded rubber or other elastic material. In
      such an embodiment the wire 6 may be embedded in the rubberous material or
      may be replaced by an integral circular member of rigid rubberous or
      plastic material. For example, as shown in FIG. 8, a rigid circular member
      22 made of PVC or similar nonelastic plastic material is integrally
      formed, such as by vulcanization, inside an elastic rubberous material 24,
      which also forms the annulus 4. Similarly, although the preferred
      embodiment described includes an annulus 4, which is planar, as shown in
      FIG. 2, the annulus may also be non-planar or disc-shaped, as shown in
      FIG. 3, or other similar shapes, which will enable folding over of the
      annulus on the rim of the steering wheel. For example, the elastic
      material may be formed in such a manner that the inside circumference 14
      is somewhat curved back toward the wire 6 even when not attached to the
      steering wheel 10, as shown in FIG. 4.
PAR  When secured to the rigid circular member 6, the annulus 4 has an outside
      diameter corresponding to the diameter of the rigid circular member 6 and
      has a radial width r, from the inside circumference 14 to the outside
      circumference 16, which substantially corresponds to the axial
      circumference of the steering wheel rim 8. The axial circumference of the
      steering wheel rim 8 is intended to mean the circumference of the
      crosssection of the rim 8, as shown in FIG. 5, as distinguished from the
      longitudinal circumference of the steering wheel 10 overall, as shown in
      FIG. 7.
PAR  In use, the steering wheel cover 2, constructed as herein described, is
      placed along the inside or lower surface of the steering wheel 10, as
      shown in FIG. 5. In this position the wire 6, or other rigid circular
      member, abuts the surface of the steering wheel rim 8. After the steering
      wheel cover 2 is placed in the position shown in FIG. 5, the annulus 4 of
      flexible elastic material is stretched out and around the steering wheel
      rim 8, as shown by the arrow, and by its own elasticity surrounds the
      steering wheel rim 8 to form a toroidal shape corresponding to the shape
      of the steering wheel rim 8, as shown in FIG. 6. The elasticity of the
      material causes the cover 2 to grip the steering wheel 10. Thus, no
      adhesives or fasteners are necessary to secure the cover to the steering
      wheel 10. Although no further securement means are necessary, if it is
      desired to more securely fasten the cover 2 to the steering wheel 10,
      additional fastening means, such as snaps, laces, or adhesive strips may
      be attached to the inside circumference 14 and the outside circumference
      16 of the steering wheel cover 2. For example, as shown in FIG. 9, snaps
      20 may be attached to the annulus 4 to more securely fasten the cover 2 to
      the steering wheel 10. Because of the elasticity of the material of
      annulus 4, however, only a small number of such snaps or the like would be
      used, and they may be so positioned as to not be obstructed by the spokes
      18 of the steering wheel 10.
PAR  When positioned on the steering wheel, one flange or outer circumference 16
      of the cover will be retained by the wire 6 in abutting relationship with
      the inner surface of the steering wheel 8 (FIG. 6). The other flange, or
      inner circumference 14, of the cover may be in spaced position from outer
      circumference 16 when assembled on the wheel and will, by its own
      elasticity, abut the surface of the wheel 8. Where the annulus 4 of the
      cover is slightly larger than the axial circumference of the wheel rim 8,
      however, the inner circumference 14 of the cover may be folded over the
      wheel rim and either tucked under the rigid circular member to assure a
      close fit of both inner circumference 14 and outer circumference 16 in
      abutting relationship to the inner surface of the wheel rim 8, or folded
      over the rigid circular member.
PAR  There has been herein described a steering wheel cover which is simply
      constructed, and which easily attaches to and is removed from the steering
      wheel for cleaning or other purposes. Such a steering wheel cover does not
      require laces, snaps or other fastening means as required in certain prior
      art covers, nor does it require adhesive to secure it to the steering
      wheel as required in certain other prior art covers, although such
      additional fasteners may be provided. Also, the cover disclosed, by its
      own elasticity, surrounds the rim of the steering wheel and does not pull
      away from the steering wheel at its ends, as do certain prior art covers,
      with at least one flange of the placed cover being in abutting
      relationship with the inner surface of the steering wheel rim.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cover for a steering wheel rim comprising:
PA1  a circular wire having a fixed diameter greater than the inside diameter of
      the steering wheel rim and less than the outside diameter of the steering
      wheel rim; and
PA1  an annulus of flexible elastic material having an outside diameter
      corresponding to the diameter of the circular wire and a radial width
      substantially corresponding to the axial circumference of the steering
      wheel rim, the flexible elastic material being secured to the circular
      wire along the circumference of the annulus;
PA1  whereby when the circular wire is placed in abutment with the surface of
      the steering wheel rim, and the flexible elastic material is stretched
      around the axial circumference of the steering wheel rim, the elasticity
      of the material causes the material to grip the steering wheel and form a
      toroid corresponding to the shape of the steering wheel rim.
NUM  2.
PAR  2. A cover for a steering wheel as defined in claim 1 wherein the circular
      member is integral with the annulus of flexible elastic material.
NUM  3.
PAR  3. A cover for a steering wheel as defined in claim 1 wherein the annulus
      of flexible elastic material is planar when not stretched around the
      steering wheel.
NUM  4.
PAR  4. A cover for a steering wheel as defined in claim 1 including fastening
      means on the inside and outside circumferences of the annulus of flexible
      elastic material to secure together said circumferences.
NUM  5.
PAR  5. A cover for a steering wheel as defined in claim 1 wherein the flexible
      elastic material is an elastic fabric.
PATN
WKU  039454177
SRC  5
APN  5097932
APT  1
ART  311
APD  19740927
TTL  Lugged vehicle tire, and method of building same
ISD  19760323
NCL  5
ECL  1
EXP  Hoffman; Drayton E.
NDR  2
NFG  8
INVT
NAM  Harrelson, Jr.; Albert A.
CTY  Asheboro
STA  NC
ASSG
NAM  Harrelson Rubber Company
CTY  Asheboro
STA  NC
COD  02
RLAP
COD  72
APN  449917
APD  19740311
PSC  03
RLAP
COD  82
APN  366101
APD  19730601
PSC  03
CLAS
OCL  152209B
XCL  152330R
XCL  156 96
XCL  156128R
XCL  156129
XCL  156394
EDF  2
ICL  B60C 1104
FSC  152
FSS  209 B;330 R
FSC  156
FSS  96;128 R;129;394 FM
UREF
PNO  2474013
ISD  19490600
NAM  Rawls
OCL  152209B
UREF
PNO  2611411
ISD  19520900
NAM  Rawls
OCL  152209B
UREF
PNO  3136673
ISD  19640600
NAM  Carver
OCL  156 96
UREF
PNO  3464874
ISD  19690900
NAM  Ragan
OCL  156 96
UREF
PNO  3467159
ISD  19690900
NAM  Semonin
OCL  152209B
UREF
PNO  3472714
ISD  19691000
NAM  Ragan
OCL  156 96
UREF
PNO  3487868
ISD  19700100
NAM  Ragan
OCL  152209B
UREF
PNO  3511291
ISD  19700500
NAM  Ragan
OCL  152209B
UREF
PNO  3770038
ISD  19731100
NAM  Wolfe
OCL  152209B
LREP
FR2  Heard; Joseph H.
ABST
PAL  The tire comprises a preformed carcass having a plurality of precured lugs
      secured to its circumferential surface by a thick layer-like mass of
      readily cured cushion gum material. The carcass may be of new construction
      but would usually be obtained by buffing the circumferential surface of a
      used and worn lugged tire to render the same substantially smooth and
      even. The lugs are separately formed by simultaneously molding and
      precuring retread rubber under high pressure and uniformly-applied heat,
      so as to possess high strength, density and cut and abrasion-resistance.
      The carcass, cushion gum and lugs are cemented and stitched together at
      ambient temperature and in a manner minimizing oxidation at their
      confronting surfaces. When the circumferential surface of the tire carcass
      to which the lugs are secured possesses a significant curvature in the
      width direction thereof, the exterior surfaces of the lugs may be and
      preferably are provided with stress-relieving grooves in their outer
      surfaces. The aforesaid assembly is then heated within a steam chamber
      under differential-pressure conditions for only the limited time necessary
      to vulcanize the cushion gum material and thereby permanently unite the
      components.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 449,917,
      filed Mar. 11, 1974, now abandoned which is a continuation-in-part of
      application Ser. No. 366,101, filed June 1, 1973 and now abandoned.
BSUM
PAR  This invention relates to vehicle tires of the lugged type, and more
      specifically relates to an improved lugged tire and to a method for its
      formation, which method is particularly but not necessarily exclusively
      adapted for the rebuilding of used lugged tires.
PAR  In addition to other utilizations, lugged tires are customarily employed
      upon many kinds of tractors, earthmoving machines and other off-the-road
      vehicles. Such tires are manufactured in a wide variety of frequently
      extremely large sizes, and the projecting lug portions thereof are
      subjected during use to not only severe abrasive and compressive forces,
      but also to shearing forces of very high magnitude. The useful life of the
      tires, as heretofore built, has tended to be relatively short. Attempts to
      salvage worn lugged tires by rebuilding the same have not solved the
      durability problem, and have met with other difficulties as well.
PAR  The rebuilding of lugged tires in the traditional manner, by vulcanizing
      and shaping a "camelback" of retread rubber material in situ upon the
      buffed carcass, requires a substantial capital investment in large molds
      and materials of various sizes, and also possesses other disadvantages
      heretofore recognized in the art. The fabrication and precuring of
      camelback material would still require a large capital investment in molds
      and/or materials, since each such camelback could be used for only a tire
      of one particular size, and the difference in size between the relatively
      massive lug portions and the remaining portions of the material would make
      undercuring of the former or overcuring of the latter, with resulting
      detrimental effects in either case, highly likely. Alternative approaches
      to the problem of rebuilding lugged tires are disclosed in Rawls U.S. Pat.
      Nos. 2,474,013 and 2,611,411, and Ragan U.S. Pat. Nos. 3,511,291 and
      Re.27006. In acordance with the Rawls approach, discrete replacement lugs
      formed in special shapes of uncured rubber are temporarily secured to the
      worn and buffed lugs of the used tire by a thin coating of cushion gum
      material and stitching. The assembly is then heated within a steam chamber
      to vulcanize both the uncured lugs and the cushion gum material and to
      unite the components. Although also employing discrete replacement lugs,
      the Ragan patents state that the use of cushion gum material in a relugged
      heavy-duty tire produces a "weak join" which will result in separation of
      the added lugs from the tire carcass under the high stresses imposed
      thereon during use. The Ragan patents therefore alternatively teach the
      rebuilding of a lugged tire, totally devoid of cushion gum material, by
      temporarily securing a sheet of uncured retread rubber to the buffed crown
      surface of the tire carcass, then temporarily securing extruded lugs of
      the same uncured retreat rubber material to the aforesaid sheet, and
      thereafter heating the assembly in a steam chamber for the length of time
      required to vulcanize the uncured retread rubber material of both the
      sheet and the extruded lugs. The aforesaid approach is believed to have
      certain inherent disadvantages. To obtain satisfactory adherence between
      the retread rubber material of the sheet and of the replacement lugs, such
      material normally must be in a heated condition during the assembly
      operation. In addition to impeding their handling, this requires either
      that the components be assembled immediately after their formation, while
      they still retain the heat imparted to them during such formation, or that
      they be subsequently re-heated. Secondly, since the final vulcanization
      step must produce curing of both the sheet of uncured rubber material and
      the lugs of the same uncured rubber material, and such material is
      relatively massive and cures at only the customary relatively slow rate,
      the final vulcanization of the assembly requires considerable time to
      effect. This, in turn, severely restricts production, or requires the
      provision of a large number of expensive heating chambers. Additionally,
      undercuring of the lugs or overcuring of the sheet and heat-deterioration
      of the tire carcass may well result. Thirdly, the replacement lugs cured
      in situ upon the used tire have significantly less density, strength and
      cut and abrasion-resistance than would lugs which were precured under
      conditions of high pressure and more even application of heat. A rebuilt
      tire wherein the lugs are cured in situ upon the carcass therefore
      possesses at best only the limited durability of the original tire, and is
      also subject to possible premature failure arising from the prolonged
      reheating of the carcass.
PAC  SUMMARY OF THE INVENTION
PAR  The lugged tire of the present invention may be formed by utilizing a new
      tire carcass having a substantially smooth outer circumference or, as
      would more normally be the case, by employing the carcass of a used lugged
      tire and rendering its circumferential surface substantially smooth by
      grinding and/or buffing operations. In either case, there are provided a
      plurality of lug components which have at any convenient prior time and
      place been formed by simultaneously molding and curing retread rubber in a
      mold under high pressure and substantially uniformly applied heat.
      Relatively thick layers of cushion gum material capable of rapid curing
      and having good flexibility both before and after curing are secured upon
      the prepared circumference of the tire carcass, and upon the base surfaces
      of the precured lugs. The precured lugs bearing base layers of cushion gum
      material are then secured to the cushion gum layer upon the carcass
      circumference. Each of the foregoing assembly steps are preferably
      performed by cementing and stitching procedures carried out while the
      components are unheated and their confronting faces are substantially free
      of surface oxidation. If the circumferential surface of the tire carcass
      employed in the assembly has substantial curvature in its width direction,
      the precured lugs thereon are preferably provided with one or more
      transversely extending grooves within their outer surfaces, which groove
      or grooves tend to relieve the stresses which might otherwise be present
      within the lugs due to their forced-conformity to the curvature of the
      circumference of the tire carcass. Each such groove may conveniently be
      formed by engaging the exterior surface of the lug-carcass assembly with a
      heated grooving iron or similar tool while rotating the assembly about its
      axis. Following the aforesaid assembly operations, and the grooving step
      if such is performed, the entire assembly is placed within a steam chamber
      wherein a differential external-internal pressure is maintained thereon
      and wherein the assembly is heated for only the relatively brief period of
      time necessary to vulcanize the cushion gum material and thereby
      permanently unite all components. Since the time required for
      vulcanization of the cushion gum material is considerably less than the
      time which would be required for vulcanization if such material and/or the
      lug components were formed of uncured retread rubber, heat-deterioration
      of the carcass component is avoided and good operational efficiency and
      economy are realized. Also noteworthy in the latter regards is the fact
      that the various components need not be assembled immediately after their
      formation or be in a heated condition when secured to one another. This
      not only simplifies and facilitates assembly of the components, but
      moreover permits the lug components (as well as the cushion gum material)
      to be wholly or partially formed in advance, and then held in inventory
      until needed. To minimize the amount of inventory required for a small
      tire rebuilder to practice the invention, the retread rubber may be and
      preferably is molded into elongate bars having the desired cross-sectional
      shape and from which lugs of the particular length required for the
      building or rebuilding of a specific tire may thereafter be severed during
      or at any convenient time prior to their use. The precuring of the retread
      rubber which occurs during molding of the elongate bar is carried out at
      high pressure in a mold capable of applying heat substantially uniformly
      to the material therewithin, so as to impart high strength, density and
      cut and abrasion-resistance to the retread rubber of the precured lugs.
PAR  The lugged tire of the present invention comprises quite dense, strong and
      wear-resistant precured lugs which are bonded to the substantially smooth
      circumferential surface of a new or used tire carcass by a relatively
      thick layer-like mass, as opposed to a thin coating or sheet, of flexible
      cushion gum material. In the latter connection, the layer-like mass of
      cushion gum material upon the finished tire has a minimum thickness of at
      least approximately three-eights to one-half inch, and may be greater when
      the lug thickness is in excess of the 31/2 inches, as opposed to the 1/16
      inch thick sheet of cushion gum material customarily employed in
      association with the rebuilding of non-lugged tires. When an
      interconnecting cushion gum mass of the aforesaid thickness is employed,
      the lug components of the present tire do not tend to be torn away from
      the carcass by the high shear and other forces imposed thereon during use
      of the tire, notwithstanding the fact that the surface bonding
      characteristics of the thick mass of material are no greater per se than
      would be possessed by a thin coating of the same material. While the
      reasons for this beneficial result are not definitely known, apparently
      the thick mass of cushion gum material permits some deflection of the lugs
      under the impetus of the shearing forces exerted thereon, and/or itself
      absorbs or dissipates an appreciable part of such forces rather than
      transmitting all of them to the relatively-weaker material of the tire
      carcass.
PAR  In any event, the aforesaid attributes in conjunction with the high
      strength, density and general wear-resistance of the precured lugs
      constituting its primary ground-engaging components, cause the tire of the
      present invention to be exceedingly durable in use. A lugged tire
      constructed in accordance with the invention possesses a useful life
      approximately twice as great as that of lugged tires heretofore employed,
      which consideration is particularly significant in view of the fact that
      tires of the type in question can normally be rebuilt only a single time
      before they must be discarded.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other features and benefits of the invention will be in part apparent and
      in part pointed out hereinafter in the following description of
      illustrative embodiments thereof, which should be read in conjunction with
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of a method of forming a lugged
      tire illustratively employing a used tire carcass, in accordance with the
      invention;
PAR  FIG. 2 is a perspective view of a lugged tire constructed in accordance
      with the present invention;
PAR  FIG. 3 is an enlarged fragmentary view, partially in section and partially
      in elevation, taken generally along the line 3--3 through the tire of FIG.
      2;
PAR  FIG. 4 is a fragmentary perspective view, partially schematic and in
      vertical section, of a mold for simultaneously molding and precuring the
      retread rubber of the lug components employed in the method and tire of
      the invention;
PAR  FIG. 5 is an enlarged fragmentary perspective view, partially broken away,
      of a lug and the carcass prior to their assembly with one another but
      subsequent to the provision of layers of cushion gum material thereon;
PAR  FIG. 6 is an enlarged fragmentary sectional view taken generally along the
      line 6--6 through the tire of FIG. 2;
PAR  FIG. 7 is a fragmentary elevational view of a lugged tire constructed in
      accordance with the invention and employing a carcass having its
      circumference curved in the width direction; and
PAR  FIG. 8 is a fragmentary view, partially in section and partially in
      elevation, taken substantially along line 8--8 through the tire of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings, the tire-building method
      diagrammatically illustrated in FIG. 1 generally comprises preparing
      highly durable lug components formed of precured retread rubber material;
      providing a new or used tire carcass having a buffed and substantially
      smooth circumferential surface; securing upon the circumference of the
      tire carcass and upon the buffed bases of the precured lugs relatively
      thick layers of tacky and readily curable cushion gum material; assembling
      together the precured lugs and tire carcass having thereon the aforesaid
      layers of cushion gum material; grooving, in some instances, the outer
      surfaces of the lug components of the assembly; and thereafter placing the
      assembly in a steam chamber wherein a differential external-internal
      pressure is imposed thereon and wherein the assembly is heated for only
      the limited period of time required to vulcanize the cushion gum layers
      and thereby permanently unite the components. A lugged tire 10 constructed
      in accordance with the invention generally comprises, as shown in FIGS. 2
      and 3, a conventional tire carcass 11 having a substantially smooth
      circumferential surface 12 upon which a plurality of discrete and highly
      wear-resistant lugs 14, each formed of precured retread rubber material
      14', are permanently secured by means of a thick intervening layer-like
      body or mass 16 of relatively soft and flexible cushion gum material 16'.
      The cushion gum mass 16 extends about the full length and width of the
      circumference 12 of tire carcass 10 and has a minimum thickness,
      preferably no less than three-eights to one-half inch at any point,
      sufficient to dissipate a significant part of the shearing forces imposed
      upon lugs 14 during use of the tire. Cushion gum material 16' is readily
      curable such that the curing in situ of the mass 16 thereof upon carcass
      11 can be and is rapidly effected without deterioration of or detriment to
      the tire carcass. As is indicated in FIGS. 7 and 8, when a lugged tire 10'
      is formed from a carcass 11' having a circumferential surface 12' which is
      curved in a lateral direction, rather than being substantially flat as in
      the case of the carcass 11 of FIGS. 2 and 3, one or more stress-relieving
      and transversely extending grooves 26 are provided within the outer
      surfaces of lug components 14.
PAR  Cushion gum material 16' and retread rubber material 14' are preferably and
      respectively comprised primarily of natural rubber of very high grade and
      quality, such as that classified in the industry as Grade A, and of
      synthetic rubber, mixed in each case with additives such as fillers,
      vulcanizers, accelerators, anti-oxidants and the like to produce or
      enhance desired characteristics or properties in the respective materials.
      The desired properties possessed by cushion gum material 16' include
      particularly high tackiness, excellent bonding ability and a rapid curing
      rate. Cushion gum material 16' also possesses good flexibility before and
      after curing, and may be relatively soft, a Durometer hardness of
      approximately 60-61 being acceptable after curing. The lug components 14
      formed of retread rubber material 14' may be and preferably are somewhat
      harder than the cured cushion gum material 16', a Durometer hardness of
      approximately 64 or 65 being acceptable therefor, and possess
      significantly greater density and cut and abrasion-resistance. The
      excellence of the aforesaid properties of lugs 14 is due not only to the
      composition of the retread rubber material 14' from which they are formed,
      but also in more significant part to the manner in which such material is
      cured.
PAR  Thus, as is diagrammatically shown in FIG. 4, lugs 14 are preferably formed
      by molding retread rubber material 14' in a mold 18 having a
      cross-sectional shape, customarily generally rectangular (which term is
      intended to include trapezoidal) as shown, corresponding to the desired
      cross-sectional shape of the lugs 14. Mold 18 has an open top through
      which material may be inserted therein and removed therefrom, and
      preferably has a length many times greater than the length of a single lug
      14. Mold 18 is received between upper and lower platens 20, 20' of a
      suitable press having a length equal to or greater than that of the mold
      and a width preferably sufficient for a plurality of molds to be
      positioned therein in side-by-side relationship to one another, if
      desired. One of the press platens, illustratively lower platen 20', is
      vertically movable toward and away from the upper platen as by a ram 22,
      and both platens are heated as by passage of steam or the like through
      suitable conduits 24 provided therein. Prior to the commencement of a
      molding operation, platens 20, 20' and mold 18 are preheated by passing
      steam through conduits 24 while the empty mold, which is formed of heat
      conductive metal, is disposed between the platens. Following preheating of
      mold 18, the same is overfilled through its open top with retread rubber
      material 14', and platen 20' is moved by ram 22 toward platen 20 so as to
      subject material 14' to curing under high pressure and substantially
      uniformly applied heat. In the latter regard, it will be appreciated that
      heat is not only transmitted to material 14' from the upper platen 20 in
      direct engagement with its upper surface, but also is transmitted from
      both platens to the side and base surfaces of the material through the
      heat-conductive mold 18. Material 14' remains within mold 18, under a
      pressure preferably within the approximate range of 700 psi to 800 psi and
      a temperature preferably in the approximate range of 300.degree. F to
      350.degree. F, until such material is fully and uniformly cured and has
      permanently assumed the shape of an elongated bar, a fragmentary length of
      which is indicated by the numeral 14" in FIG. 4, of the desired
      cross-sectional shape of the lugs 14 to be subsequently formed therefrom.
      The required curing time will of course vary in accordance with, among
      other things, the precise temperature and pressure employed, and the
      particular cross-sectional dimensions of the bar 14" which is formed. In
      the illustrative case of a bar having a width of approximately 41/2 inches
      and a thickness of approximately 21/2 inches, however, curing for
      approximately 1 hour at a temperature of 325.degree. F and a pressure of
      750 psi is acceptable. When molded and cured under the aforesaid
      conditions of high pressure and uniformly applied heat, the elongated bar
      14" possesses a more uniform density of markedly greater cut and
      abrasion-resistance that would be possessed by curing retread rubber
      material in situ upon a tire carcass within a steam chamber. Additionally,
      the curing process may be and is effected relatively rapidly, and without
      overcuring or undercuring of any part of the material.
PAR  After each elongated bar 14" of precured rubber material has been removed
      from its mold 18 and allowed to cool, it may be immediately severed at
      spaced locations along its length to form therefrom a plurality of
      discrete lugs 14, to the base surfaces of which a layer 16" (FIG. 5) of
      cushion gum material 16' may then be secured. Preferably, however, each
      elongated bar 14" is simply placed in inventory at the location where it
      is to be subsequently used in tire building or rebuilding operations. This
      alternative is deemed preferable since it enables lugs 14 to be cut to the
      proper length for the building or rebuilding of any particular one of a
      plurality of tires of different widths, and thereby reduces the amount of
      materials which must be inventoried in order to construct lugged tires of
      various sizes. Additionally, while the bars 14" and lugs 14 of precured
      retread rubber material have a practically indefinite storage or "shelf"
      life, the readily curable cushion gum material 16' may commence
      detrimental self-curing after approximately 90 days, even at ambient
      temperatures. Preferably, therefore, cushion gum material 16' is not held
      in inventory for longer than approximately 90 days before use thereof. At
      such time as cushion gum material 16 is assembled with lugs 14, the bases
      of the latter are first buffed or otherwise abraded to remove surface
      oxidation therefrom and to slightly roughen the almost mirror-like finish
      produced thereon by the molding process used in their formation. Layers
      16" of cushion gum material 16' are then promptly applied to the lug bases
      by cementing and stitching techniques. The thickness of the cushion gum
      layer 16" (FIG. 5) secured to the base of each lug 14 is preferably
      approximately three-thirty-seconds of an inch. A removable covering of
      cellophane film or the like is applied to the bottom of the cushion gum
      layer 16" upon each lug, to prevent oxidation thereof, unless the lug is
      to be immediately used in a tire building or rebuilding operation.
PAR  When the tire 10 incorporates a used carcass 11, the circumferential
      surface 12 of the used carcass is first buffed or milled, as by use of an
      apparatus such as disclosed in U.S. Pat. No. 3,646,984, to remove
      therefrom any contaminated surface rubber and remnants of the worn
      original lugs thereon, and so as to render such surface substantially
      smooth and free from major protuberances or cavities. Following buffing
      some indentations or cavities resulting from prior use of the carcass 11
      may still remain in its surface 12. If present, these are preferably
      filled, after buffing is completed, with cushion gum material 16'. When
      building a lugged tire from a new carcass, there of course would normally
      be no cavities to fill or original lugs to remove, but such tire should
      still be buffed sufficiently to slightly roughen its circumference and to
      insure that the same is substantially free from surface oxidation. While
      the circumference 12 of the thus-prepared new or used tire carcass 11 is
      substantially free from oxides, a layer 16"' of cushion gum material 16'
      is formed thereon and secured thereto. This is accomplished by applying
      suitable rubber cement, of which various satisfactory types are
      commercially available, to the circumferential surface 12 of tire carcass
      11 which is to receive the previously prepared band of cushion gum
      material 16', then wrapping the band of cushion gum material about the
      entire circumference of the surface 12, and thereafter stitching the
      cushion gum material 16' to surface 12 of tire carcass 11. Carcass 11 is
      preferably maintained in a slightly overinflated condition while cushion
      gum material 16' is secured as aforesaid thereto. This helps insure that
      any air entrapped between cushion gum material 16' and surface 12 of
      carcass 11 during the cementing step will be expelled therefrom by and
      during stitching of the components to one another. The cushion gum layer
      16"' provided upon surface 12 of carcass 11 overlies the full length and
      width of such surface and has a thickness of at least three-eights to
      one-half inch. Layer 16"' might be formed from a single band of cushion
      gum material 16' possessing the requisite thickness and width, but would
      usually be formed by cementing and stitching a plurality of thinner and/or
      narrower bands to each other and/or to surface 12 of carcass 11 to form
      the desired layer 16"'. Whether formed from one or a plurality of bands of
      cushion gum material 16', layer 16"' may after its formation project
      beyond one or both sides of surface 12 of tire carcass 11. In such case,
      the layer may be trimmed along its side edge or edges to bring its width
      into substantial conformity with that of surface 12 or, alternatively and
      as is sometimes desirable when employing a used tire carcass having badly
      worn shoulder portions, the excess width of the cushion gum layer 16"'may
      be stitched to such shoulder portions of the carcass.
PAR  Unless lugs 14 are to be promptly secured upon the cushion gum layer 16"'
      formed upon carcass 11, such layer should be covered by a removable sheet
      of cellophane or like material to prevent oxidation of its exposed
      surfaces.
PAR  Assuming that the retread rubber material 14' precured in mold 18 (FIG. 4)
      was formed into and allowed to remain as an elongate 14", such bar is now
      severed intermediate its length to form discrete lugs 14 having
      longitudinal dimensions appropriate for their use upon the specific tire
      being built or rebuilt. The particular length of lugs 14 will of course
      vary in accordance with the width of the circumferential surface 12 of the
      tire carcass 11 employed, if the lugs are to extend completely across the
      tire as shown in FIGS. 3 and 4, and with the desired angularity (if any)
      of such lugs relative to the tire's axis of rotation. The bases of lugs 14
      are buffed or otherwise abraded and the previously described layers 16"
      (FIG. 5) of cushion gum material 16' are cemented and stitched thereto.
      Following removal therefrom of any protective sheets of cellophane
      material (not shown) or the like thereon, the lugs 14 carrying the base
      cushion gum layers 16" are then secured, in desired spaced relationship
      and angularity relative to each other, upon the cushion gum layer 16"'
      (FIG. 5) previously formed upon circumferential surface 12 of tire carcass
      11. The foregoing is accomplished by cementing and stitching techniques
      similar to those employed to secure layer 16"' to tire carcass 11, and
      while such carcass is maintained in an inflated and preferably slightly
      overinflated condition. Performance of the foregoing assembly steps is
      facilitated by reason of the fact that all of the components are in an
      unheated condition and are preferably at a temperature no greater than the
      ambient temperature. If any of the components were in a heated condition
      during assembly, handling thereof would be more difficult and,
      additionally, premature partial vulcanization of the readily-curable
      cushion gum material 16' might undesirably occur.
PAR  Assuming that the circumferential surface of the tire carcass employed in
      the foregoing assembly is substantially flat, as in the case of the
      carcass 11 of FIGS. 2 and 3, the assembly is next placed within a suitable
      steam chamber (not shown) wherein it is heated under differential
      external-internal pressure conditions for only the period of time required
      to vulcanize the readily curable cushion gum material 16' and to thereby
      permanently unite the components. A steam-chamber temperature and pressure
      of approximately 265.degree.-280.degree. F and approximately 80 psi effect
      the desired vulcanization of cushion gum material 16' without causing
      cracking or other deterioration of tire carcass 11, and are preferred.
      Automatic valving means (not shown) provided within the steam chamber and
      communicating with the interior of carcass 11 remove condensation
      therefrom and maintain a differential, preferably in the approximate range
      of 5 to 10 psi, between the pressure within the carcass and the
      steam-chamber pressure. When the steam-chamber pressure is 80 psi, the
      aforesaid differential may conveniently be realized by carcass 11 being
      inflated to such pressure when initially inserted into the steam chamber,
      and by then having the automatic valving means so regulated as to release
      air from carcass 11 when the pressure therewithin tends to rise above
      85-90 psi due to heating of the assembly within the chamber.
PAR  The aforesaid pressure differential, in conjunction with the stitching
      forces previously applied to lugs 14 during their assembly with carcass
      11, unite the layers 16", 16"' of cushion gum material 16' into the
      layer-like mass 16 as shown in the FIG. 3. As in indicated in FIG. 3, some
      cushion gum material 16' is squeezed or extruded outwardly from beneath
      each lug 14, forming rolls or beads adjacent its longitudinal edges, by
      the pressure-differential and stitching forces to which the lugs are
      subjected. However, since the combined original thicknesses of the layers
      16", 16'" beneath each lug 14 was considerably in excess of three-eights
      to one-half inch, the minimum thickness of mass 16 still is no less than
      three-eights to one-half inch notwithstanding the aforesaid extrusion, and
      the cushion gum mass normally and desirably will still be thicker (as
      shown in FIG. 6) in the areas immediately beneath lugs 14 than in the
      areas between the lugs.
PAR  The time required for vulcanization of cushion gum mass 16 will naturally
      vary to some extent with the size of the particular tire 10 being built or
      rebuilt, but will in any event be significantly less than the time
      required for vulcanization if lugs 14 were not precured and/or if mass 16
      were formed of retread rubber material rather than of readily curable
      cushion gum material 16'. A heating time of approximately 4 to 5 hours is
      normally sufficient for a tire built in accordance with the present
      invention, and is preferred, as compared to a heating time of eight hours
      or more for lugged tires constructed in accordance with the prior art.
PAR  Referring now to FIGS. 7 and 8, the lugged tire 10' there fragmentarily
      shown incorporates a carcass 11' having a circumferential surface which is
      curved, rather than flat, in the width direction thereof. Tire 10' is
      constructed in the same manner as the previously described lugged tire 10,
      except that one or more transversely extending grooves 26 are provided
      within the outer surfaces of its lug components 14 for the purpose of
      alleviating stresses which might be produced within the substantially flat
      lugs 14 by their forced conformity to the curved circumferential surface
      of carcass 11'. Each groove 26 may be and preferably is formed after lugs
      14 have been assembled upon carcass 11', either before or after treatment
      of the assembly within the steam chamber, by engaging the outer surfaces
      of the lugs with a heated grooving iron or similar tool (not shown) of
      generally U-shaped configuration while rotating the tire assembly about
      its axis. Each groove preferably has a depth of approximately one-half
      inch, and its bottom surface should be rounded or arcuate to prevent
      stress-concentrations thereat. Although three equally spaced grooves 26
      are shown in FIGS. 7 and 8 within each lug 14, the number and spacing of
      the grooves may vary depending upon the degree of curvature of the
      circumferential surface of the tire carcass and the thickness of the lugs
      employed.
PAR  The lugged tire of the present invention is exceedingly durable and
      long-wearing. The composition and precuring, under high pressure and
      uniformly applied heat, of lugs 14 causes these primary ground-engaging
      components of the tire to be uniformly dense and strong, and exceedingly
      cut and abrasion-resistant. Additionally, lugs 14 do not tend to be torn
      away from the tire carcass even under the impetus of the relatively high
      shearing forces and stresses exerted thereon during use. Such forces and
      stresses are believed to be dissipated in significant part by the thick
      cushion gum mass 16 innerconnecting such lugs and the relatively weaker
      tire carcass. The possibility of failure of such carcass is also minimized
      by the fact that the same is not subjected to excessive heating or to any
      detrimental deformation during building of the tire.
PAR  While preferred embodiments of the invention have been specifically shown
      and described, this was for purposes of illustration only, and not for
      purposes of limitation, the scope of the invention being in accordance
      with the following claims.
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STM  That which is claimed is:
NUM  1.
PAR  1. A vehicle tire of the lugged type, comprising:
PA1  a carcass component having a substantially smooth outer circumference
      formed primarily of tread rubber material;
PA1  a plurality of lug components spaced about and extending outwardly from
      said outer circumference of said carcass component, said lug components
      being formed of retread rubber material precured under heat and high
      pessure separately from said carcass component and having a greater cut
      and abrasion resistance than said tread rubber material of said carcass
      component;
PA1  a layer-like mass of cushion gum material, having a minimum thickness of
      approximately three-eights to one-half inch, overlying substantially all
      of said circumference of said carcass component between said carcass
      circumference and said lug components in permanently bonded
      interconnecting relationship thereto; said cushion gum material having a
      faster curing rate and a greater flexibility than said rubber materials of
      said carcass and lug components, and said layer-like mass of said cushion
      gum material having been cured in situ between said carcass and lug
      components.
NUM  2.
PAR  2. A tire as in claim 1, wherein said retread rubber material of said lug
      components is comprised primarily of synthetic rubber, and said cushion
      gum material is comprised primarily of high-quality natural rubber.
NUM  3.
PAR  3. A tire as in claim 2, wherein said cushion gum mass has a greater
      thickness in the area thereof beneath said lug components than in an area
      thereof between said lug components.
NUM  4.
PAR  4. A tire as in claim 3, wherein said outer circumference of said carcass
      component is curved in its width direction, and said lug components extend
      in the length dimension thereof generally in said width direction of said
      outer circumference of said carcass component, said lug components having
      stress-relieving grooves within the outer surfaces and spaced from the
      opposite ends thereof.
NUM  5.
PAR  5. A vehicle tire of the lugged type, comprising:
PA1  a carcass component;
PA1  a plurality of lug components;
PA1  and cushion gum bonding material mounting said lug component upon, and in
      mutually spaced relationship about, the outer circumference of said
      carcass component;
PA1  said lug components being formed of retread rubber material precured under
      high heat and pressure separately from said carcass component and said
      cushion gum material and having greater cut and abrasion resistance than
      said carcass component and said cushion gum material;
PA1  said cushion gum material having a faster curing rate and a greater
      flexibility than said retread rubber material of said lug components and
      comprising a layer-like mass of said cushion gum material, said layer-like
      mass having a minimum thickness of approximately three-eights to one-half
      inch, interposed and cured in situ between said precured lug components
      and said carcass component and permanently interconnecting the same.
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PAL  A linkage arrangement for antiskid vehicle tire chains in which a web link
      in a plane perpendicular to the tire surface is pivotally linked to a
      substantially circular link which is parallel to the tire surface. The
      interengaging regions of said links are convex toward each other and vary
      not more than a small amount in curvature. The links are so configured
      within the region of pivotal interengagement thereof as to present
      cooperating elements of abutment means to one another which limits the
      relative pivotal movement thereof to about 90.degree. in the direction
      toward and away from the surface.
BSUM
PAR  The present invention relates to a link connection for tire chains with at
      least two interengaging links which in working position are pivotable
      about a main axis parallel to the tire surface. Of these interengaging
      links, a first link has a bearing opening for the pivotable engagement by
      a bearing section of the second link over a predetermined maximum angle in
      the direction toward the tire engaging side.
PAR  It is an object of the present invention so to design a link connection of
      the above mentioned type that when being arranged in a tire chain, a
      certain stiffness of the tire chain against deformations of the latter by
      folding will be effected so that for instance also with a tire chain which
      is loosely placed upon a tire, that portion of the tire chain which is
      being lifted off from the tire will not buckle but will merely curve.
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PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawing, in which:
PAR  FIG. 1 shows a link connection according to the invention partially in view
      and partially in section.
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1. FIG. 3 is a
      cutout from FIG. 1 but on a larger scale and in abutting connection.
PAR  FIG. 4 illustrates a further embodiment of one link of the link connection
      as a cutout in an illustration similar to that of FIG. 1.
PAR  FIGS. 5-8 show further embodiments of the invention in an illustration
      similar to that of FIG. 4.
PAR  FIG. 9 is a further embodiment of the other link shown in view similar to
      that of FIG. 1.
PAR  FIGS. 10-12 represent additional embodiments of the invention illustrated
      in a manner similar to that of FIG. 9.
PAR  FIG. 13 shows still another embodiment of the link according to the
      invention and more specifically as a longitudinal view.
PAR  FIG. 14 shows a link of FIG. 13 as seen from the right-hand side with
      regard to the drawing.
PAR  FIG. 15 is a top view of the link of FIG. 14.
DETD
PAR  The link connection according to the present invention is characterized
      primarily in that of at least two interengaging links, the first link
      within the region of the bearing opening has an abutment for a
      counterabutment of the second link which counterabutment is provided in
      spaced relationship to the main axis within the region of the bearing
      section, said counterabutment engaging said first mentioned abutment at a
      maximum angle of less than 90.degree..
PAR  As a rule, this maximum angle should be considerably less than 90.degree.,
      preferably less than 45.degree., namely for instance at a maximum
      20.degree.. The two links are at this angular position blocked in a
      positive manner against further movement in the same direction about the
      main axis so that adjacent links of the link connection cannot place
      themselves upon each other whereby the tire chain is protected to a great
      extent.
PAR  Referring now to the drawings in detail, the link connection shown in FIGS.
      1-3 comprises a first link 1 and a second link 2 engaging said first link
      1. The first link 1 is designed as a web link which in view may for
      instance be nearly rectangular while one longitudinal side 3 thereof forms
      a ground engaging surface and the other a longitudinal edge 4 facing away
      from the side 3 forms a tire engaging surface. Between these two
      longitudinal edges 3 and 4 there is provided a flat oval link opening 5
      which is closer to the tire engaging surface 4 than to the ground engaging
      surface 3 so that a relatively large portion of the height of the web link
      1 is available as wear volume. The link opening 5 which for instance
      extends over approximately two-thirds of the total length of the web link
      1 and extends through the side surfaces 6 of the latter forms with its
      ends two bearing openings 7 for engagement by the second link 2. In this
      way, alternately first and second links 1 and 2 can be connected to each
      other. Each bearing opening 7 shows in a view according to FIG. 1 a
      semicircular bearing cup 8 which merges with the other bearing opening
      through the intervention of the longitudinal surfaces 9 of link opening 5,
      said surfaces 9 being parallel to each other. The spacing of the
      longitudinal surfaces 9 from each other equals at least approximately the
      diameter of the bearing seat or cup 8.
PAR  Each bearing opening 7 defines a bearing axis forming the main axis 10
      about which the two interengaging links 1, 2 can be pivoted relative to
      each other. This main axis 10 is located at the right angle to the central
      plane 11 of the first link 1 and is parallel to the central plane 12 of
      the second link 2.
PAR  The second link 2 may for instance be designed as a welded circular link
      the outer diameter of which is slightly greater than the the length of the
      first link while the inner diameter of said circular link may
      approximately equal the length of the link opening 5. The second link may
      have a uniform cross section over its entire circumference so that it will
      be able with each desired section of its circumference to engage the
      pertaining bearing opening 7 to the same extent while forming with said
      section a bearing section 13 which with regard for instance to the central
      axis 14 of the annular member 2 covers an arc angle of approximately
      40.degree.. The second link 2 will, since it has approximately uniform
      cross section over its circumference, be able to turn about its ring axis
      relative to the first link 1 in a continuous manner while with regard to
      the abutment effect, identical conditions prevail so that a very uniform
      wear of the second link 2 will be assured. In axial section through the
      annular member 2, in other words in a section at a right angle to the main
      member 10, the bearing section 13 forms a convexly curved bearing surface
      15 which extends over an arc angle of more than 180.degree. and is formed
      by the inner surface of the annular link 2. The diameter of curvature of
      the bearing surface 15 is by approximately one-tenth less than the
      diameter of the bearing seat 8. In this way, the second link 2 will have a
      play of movement which is sufficient on one hand for self-cleaning of the
      link connection and on the other hand will be precisely guided. That side
      16 of the bearing section 13 which in the above mentioned axial section
      faces away from the bearing surface 15, and which is formed by the outer
      circumference of the annular link 2, likewise forms the part of a circle
      but with a smaller arc angle than 180.degree. and is rounded with a
      smaller radius of curvature than the bearing surface. The two rounded
      sections 15, 16 in the above mentioned axial section merge with each other
      through plane outer surface parts 17, 18 which parts 17, 18 are
      tangentially adjacent to the roundings and are formed by the oppositely
      truncated cone-shaped end faces of the annular link 2 whereby a further
      decrease in the wear will be obtained. Inasmuch as at least one outer
      surface portion 17, 18 of the bearing section 13 is plane in cross section
      which outer surface portion 17, 18 is in cross section adjacent to the
      bearing surface 15, an engagement over a relatively large surface is
      obtained with the longitudinal surface 9 of the bearing opening 7. The
      radius of curvature of the rounded side 16 corresponds approximately to
      three-fourths of the radius of curvature of the bearing surface 15 and
      approximately equals the distance between the two central axes of the
      cross sectional roundings 15, 16 which are located in the central plane 12
      of the annular link 2 in such a way that said link 2 is symmetrically
      arranged with regard to the central plane 12.
PAR  Inasmuch as the bearing opening 7 with an end surface forms the bearing
      seat 8 for the slideable engagement of the bearing surface 15 of the
      bearing section 13, a slight specific bearing compression and thus a
      slight wear will be assured. The transverse extension 19 of the bearing
      section 13 as measured parallel to the central plane 12 and radial central
      axis 14 is greater than the width 21 of the bearing opening 7 and link
      opening 5 with said width 21 measured at the right angle to the running
      plane and running surface 3. On the other hand the cross sectional
      extension 20 of the bearing section 13 as measured at a right angle to the
      central plane 12 and parallel to the central plane 14 is less than the
      width 21 of the bearing opening 7 and link opening 5 as measured at a
      right angle to the running plane and running surface 3. Thus, the two
      links 1 and 2 can be pivoted about the main axis 10 from their central
      position according to FIG. 1 in both directions only about a predetermined
      angle relative to each other and are then relative to each other limited
      by their abutment. The bearing section 13 forms in a region remote from
      the bearing surface 15 with its outer surface a counterabutment 23. Such
      counterabutment 23 is located for instance in the merging region between
      the rounding 16 and the outer surface portion 17, 18. This counterabutment
      23 has coordinated therewith a section of the pertaining longitudinal
      surface 9 of the bearing opening 7 and link opening 5 which section forms
      an abutment 22. By correspondingly dimensioning the width of the bearing
      opening 7 and of the cross section of the bearing 13, the angle can be
      determined within which the two links 1 and 2 are limited relative to each
      other for engagement with each other. The bearing opening 7 may
      approximately over its entire length have the same width so that the
      second link 2 can also move at a right angle with regard to the bearing
      axis 10 relative to the first link 1. This displacement is, however, for
      all practical purposes possible only when the abutment position has not
      been reached because in said abutment position a very high friction occurs
      which prevents the displacement.
PAR  In order to be able to select the width of the bearing opening 7 relatively
      small and in order to assure a low weight of the second link 2, the
      bearing section 13 has within the region of the abutment 23 a smaller
      cross sectional thickness that it has within the region of the bearing
      surface 15, the cross section preferably steadily decreasing from the
      region of the bearing surface 15 on.
PAR  As will be evident from FIG. 2, the respective bearing seat 8 is in its
      axial section through the main axis 10 curved convexly with a radius of
      curvature which equals half the inner diameter of the annular link 2 so
      that the bearing surface 15 of the bearing section 13 nearly rests over
      the entire thickness of the web member 1 against the bearing seat 8. The
      sides 24 of the bearing seat 8 merge in this cross section with the side
      surfaces 6 of the web link 1 while being rounded over a portion of a
      circle, so that during tilting movement of the two links 1 and 2 toward
      each other about axes 1 arranged at a right angle to the main axes 10, a
      jamming will be avoided.
PAR  FIGS. 4-12 show a further embodiment of the invention in which parts
      corresponding to those of FIGS. 1-3 are designated with the same reference
      numerals but in FIG. 4-12 with the index a to i, respectively. The annular
      link 2a illustrated in FIG. 4 has in cross section an outer rounded
      section 16a the diameter of curvature of which corresponds only to
      approximately one-third to one-fourth to the diameter of curvature of the
      bearing surface 15a, while the distance between the two central axes of
      the two round sections 15a, 16a is greater than the radius of curvature of
      the bearing surface 15a.
PAR  The cross section of the annular link 2b according to FIG. 5 is shaped in
      approximately the form of an ellipse so that the bearing surface 15b and
      the cross sectional side 16b facing away therefrom are curved with the
      same radius of curvature and through less sharply curved outer surface
      parts 17b, 18b which from the end faces of the annular member 2b merge
      with each other so that also the longer ellipse axis is parallel to the
      tire surface. In this way, a relatively soft rolling of the bearing
      section in the bearing opening will be obtained until the abutment
      position has been reached. With the embodiment illustrated in FIG. 6 the
      outer circumferential surface of the annular link 2c is substantially
      cylindrical whereas the end surfaces of the annular link 2c are plane and
      are located at the right angle to the axis of the annular ring. In the
      cross section according to FIG. 6, the outer surface parts 17c, 18c merge
      over a quarter of a circle with the side 16c of the bearing section which
      side 16c faces away from the bearing surface 15c, when the outer surface
      parts 17c, 18c merge tangentially with the bearing surface 15c.
PAR  The cross sections illustrated in FIGS. 1-6 are asymmetric with regard to
      the central plane of the annular link. According to the embodiment of FIG.
      7, the cross section of the annular link 2d is assymetric with regard to
      its central plane while one end face is plane and the other end face is in
      the shape of a truncated cone so that in cross section one outer surface
      portion 17d of the bearing section is at a right angle to the central axis
      of the annular ring whereas the other outer surface portion 18d is
      inclined thereto. The bearing surface 15d is cross sectionwise curved over
      an arc angle of more than 180.degree. with the same radius of curvature.
      The bearing section 13d is within the region of the bearing surface 13d
      and/or within the region of the counterabutment asymmetric to an axial
      plane which is parallel to the tire surface and passes through the main
      axis so that the two links are adapted to be pivoted from the stretched
      out position in both possible pivoting directions about the main axis
      about different angles up to the respective abutment position.
PAR  With the embodiment according to FIG. 8 in contrast to FIG. 7, the bearing
      surface 15e is curved over an arc angle of less than 180.degree. with the
      same radius of curvature while said surface 15e  through the intervention
      of a rounded portion with smaller radius of curvature merges with the
      plane end face of the annular link 2e and with the outer surface portion
      18e of the bearing section 13e, said surface section 13e being formed by
      said plane end face of said annular member 2e. As will be evident from
      FIGS. 7 and 8, the plane end face of the annular link may either face away
      from the running plane of link 1 or may face toward same.
PAR  With the web link 1f according to FIG. 9, a separating cam 29 is provided
      in the center of the length of the link opening 5f and more specifically
      on that longitudinal side 9f of opening 5f which faces toward the tire
      engaging surface 4f. Cam 25 may for instance in the manner of a web extend
      over the entire thickness of the web member 1f and may have a height which
      is only approximately one-fourth of the width 21f of the link opening 5f.
      By means of said cam 25, the two bearing openings 7f are separated from
      each other in such a way that the bearing section extending into the
      respective bearing opening 7f cannot be moved past the separating cam 25
      so that the two second links 2f engaging the two bearing openings 7f
      cannot contact each other.
PAR  With the embodiment of FIG. 10, the separating cam 25g is provided on that
      longitudinal side 9g of the link opening 5g which is adjacent the ground
      contacting surface 3g and is formed by a cam which is set back relative to
      the lateral surfaces of the web link.
PAR  With the embodiment of FIG. 11, both longitudinal sides of the link opening
      5h are provided with oppositely located separating cams 25h.
PAR  As will be seen from FIG. 12, the web link 1i may also have two completely
      separate bearing openings 7i which are both flat oval and are separated
      from each other by intermediate web 25i of the link 1i.
PAR  The web link 1k illustrated in FIGS. 13-15 has a ground contact surface 3k
      which is rhomboidal in plan view and is symmetric to its longitudinal
      central plane. This ground contact surface is formed by a widened web
      section which extends up to the bearing openings 7k so that the second
      link will be able to rest on that side of said web section which faces
      away from the ground contacting surface 3k, and in the blocked position a
      still better support will be assured. The web section located on the other
      side of the bearing openings 7k and forming the tire engaging surface 4k
      is narrow and has parallel lateral surfaces which extend to the web
      section forming the ground contact surface 3k so that the tire engaging
      surface 4k is less than half as wide as the ground contacting surface
      within the region of its greatest width and within the region of the
      center of its length. The web section forming the ground contacting
      surface 3k is in cross section and in longitudinal section trapezoidal
      according to FIG. 13 and has upwardly tapering side surfaces which through
      the intervention of S-shaped rounded portions merge with the side surfaces
      of the other web section. The bottom contacting surface 3k is formed by
      two individual substantially plane surfaces which are located at an obtuse
      angle with regard to each other. These individual plane surfaces merge
      with each other at an obtuse angle along the longitudinal central plane of
      the link 1k in such a way that the ground contacting surface projects
      farthest in this longitudinal central plane. Each individual surface
      merges with the respective pertaining side surface at an angle of slightly
      more than 90.degree..
PAR  It is feasible to compose preferably alternately interengaging first and
      second links 1 and 2 so as to form a link connection which in the tire
      circumferential direction is provided to extend over the entire tire chain
      but does not have to extend over its entire width so that the tire chain
      is limited only in at least one certain region of its width by the
      abutment effect as to its flexible movability. However, it is also
      possible that preferably alternately interengaging first and second links
      1 and 2 form a continuous link connection which extends approximately over
      the entire width of the tire chain while such link connection may in the
      tire circumferential direction be uniformly distributed and may be
      provided in spaced relationship to each other.
PAR  However, it is particularly expedient when the running section and/or at
      least one side portion of the tire chain consists exclusively of
      alternately interengaging first and second links 1 and 2. The first and
      second links 1 and 2 may form chain strands which are located at a right
      angle with regard to the running direction or are inclined thereto or are
      located in running direction and possibly they may form polygonal chain
      meshes located in a corresponding arrangement on the tire.
PAR  In view of the design according to the invention, a very high resistant
      moment of the first link and thus an increased pull resistance is
      obtained. Therefore, the first link designed according to the invention is
      also suitable per se in such tire chains which are exposed to a high inner
      wear. Due to the design of the tire chain according to the invention, the
      tire chain when loosely mounted will follow a curved or bulged path so
      that the tire chain in driving direction will be laid down in front of the
      tire in the manner of a steel carpet or the manner of a caterpillar and
      can then be driven over by the tire so as to be made smooth or flat. In
      this connection, it is similar to a steel carpet, no gripping ability is
      required, the friction between tire and tire chain will be decisive.
      Inasmuch as this friction is naturally very high, this tire chain also
      makes it possible to move on inclinations although the tire chain itself
      with its web-shaped bottom sides has a high wear resistant volume but need
      not have any gripping cleats or dogs or the like.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an antiskid tire chain; at least two links
      interengaged so as to be pivotal relatively about a main axis
      substantially parallel to the tire surface adjacent thereto, the first of
      said links being a member with non-round cross section having an elongated
      opening of greater length than width through which said second link
      passes, said first link having a bearing surface at one end of said
      opening and said second of said links having a surface arcuate in cross
      section on said bearing portion in engagment with said bearing surface and
      said link in cross section having sides extending from said bearing
      surface outwardly toward its periphery which converge to form a tapered
      part, said link in cross section having a maximum dimension perpendicular
      to said main axis from said bearing surface to the periphery of said link
      at said tapered part greater than the width of the elongated opening in
      said first link, so that said links may angle about said main axis
      perpendicular to the central plane of said first link and form cooperating
      elements of abutment means on said links operable to limit the relative
      pivotal movements of said links about said main axis, said cooperating
      elements being spaced from the said main axis and positively limiting the
      relative pivotal movement between both of said links to less than
      90.degree. maximum about said main axis.
NUM  2.
PAR  2. A tire chain in combination according to claim 1 in which said first
      link is in the form of a web link having its central plane in a plane
      perpendicular to said main axis, the inner surfaces of the opening of the
      first link leading away from said bearing surface being substantially
      parallel and spaced a lesser distance than said greater dimension of said
      integral part.
NUM  3.
PAR  3. A tire chain in combination according to claim 1 in which said first
      link is an elongated web link and the inside surfaces thereof leading away
      from said bearing surface are substantially parallel, said second link in
      cross section having a longer axis in the direction of the length of said
      first link than in the direction perpendicular to the length thereof, said
      second link in cross section having a larger region toward the inside and
      a smaller region toward the outside and tapering side surfaces joining
      said regions.
NUM  4.
PAR  4. A tire chain in combination according to claim 1 in which each of said
      bearing surface and bearing portion are convex in cross section toward the
      center of the respective link, said bearing portion being symmetrical
      about an axial plane perpendicular to said main axis at the region of
      interengagement of said bearing surface and bearing portion.
NUM  5.
PAR  5. A tire chain in combination according to claim 1 in which each of said
      bearing surface and bearing portion are convex in cross section toward the
      center of the respective link, said bearing portion being nonsymmetrical
      about an axial plane perpendicular to said main axis at the region of
      interengagement of said bearing surface and bearing portion, one side
      surface of said second link being substantially parallel to the tire
      surface and the other side surface of said second link converging with
      said first side surface thereof in the radially outward direction of said
      second link.
NUM  6.
PAR  6. A tire chain in combination according to claim 1 in which said bearing
      portion of said second link in cross section perpendicular to said main
      axis has the portion facing said bearing surface of said first link
      convexly rounded at a larger radius and the portion facing away from said
      bearing surface convexly rounded at a smaller radius, and flat side
      surfaces on said second link tangentially merging with said rounded
      portions.
NUM  7.
PAR  7. A tire chain in combination according to claim 1 in which said bearing
      portion of said second link in cross section perpendicular to said main
      axis has the portion facing said bearing surface of said first link and
      the portion facing away from said bearing surface convexly rounded at a
      smaller radius while the side faces of said second link merge with said
      rounded portions and is convex outwardly at a larger radius.
NUM  8.
PAR  8. A tire chain in combination according to claim 1 in which said first
      link is a web-type link with the inside surfaces leading away from said
      bearing surface substantially parallel, said second link being
      substantially circular when viewed from the side and being noncircular in
      cross section with the greater dimension in a plane perpendicular to said
      main axis.
NUM  9.
PAR  9. A tire chain in combination according to claim 1 in which said first
      link is a web-type link and has a said bearing surface at each end thereof
      with a common link opening connecting said bearing surfaces.
NUM  10.
PAR  10. A tire chain in combination according to claim 1 in which said first
      link is a web-type link and has a said bearing surface at each end thereof
      with a common link opening connecting said bearing surfaces, and at least
      one separating protruberance on the inside of said first link protruding
      into said opening.
NUM  11.
PAR  11. A tire chain in combination according to claim 1 in which said relative
      pivotal movement of the links is limited to about 20.degree. to 45.degree.
      by said cooperating elements of abutment means on the links.
NUM  12.
PAR  12. A tire chain in combination according to claim 1 in which said first
      link is a web-type link having longitudinal tire engaging and road
      engaging surfaces and a said bearing surface at each end engaged by a
      respective second link, each end of said first link having an elongated
      opening therein with the respective bearing surface at the outer end
      thereof.
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ABST
PAL  An arrangement for securing the beads of a pneumatic tire in the rim
      therefor, according to which an annular inflatable body is located in the
      interior of the beaded pneumatic tire which inflatable body in
      non-inflated or in only slightly inflated condition has an inner diameter
      greater than the diameter defined by the seating surfaces of the tire. The
      annular inflatable body has two reinforcing layers respectively including
      thread-shaped elements inclined in a left hand and right hand way so as to
      cross each other. The arrangement is such that in non-inflated condition
      of the inflatable body the thread-shaped elements form with the
      circumferential direction of the tire an angle of from approximately
      23.degree.  to 32.degree..
BSUM
PAR  The present invention relates to an arrangement for securing the tire beads
      with vehicle wheels which are equipped with an annular inflatable body
      located between the beads and which receive a pneumatic tire.
PAR  With heretofore known devices of the above mentioned type, difficulty is
      encountered in assembling the inflatable body. This is due to the fact
      that this inflatable body, at least at its outer circumference, has a
      reinforcing insert which is non-expandable in the tire circumferential
      direction. This reinforcing insert is intended to prevent an enlargement
      of the inflatable body at increased inner pressure. These inserts require
      a divided rim or at least a special skill in order to be able properly to
      mount the inflatable body.
PAR  It is an object of the present invention to provide means for securing the
      position of the inflatable body which in the operative position of the
      inflatable body will exert a sufficiently high pressure against the tire
      beads to be secured.  It is another object of this invention to provide
      securing of the inflatable body in the tire in such a way that when the
      beads are mounted on their seats, the inflatable body will not interfere
      and will be able without difficulties to occupy its required position of
      use.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a radial section through a vehicle wheel with a tire
      having an inflatable body therein occupying its rest position.
PAR  FIG. 2 shows the wheel according to FIG. 1 with an inflatable body in its
      operative position.
PAR  FIG. 3 is a top view of the reinforcing inserts of the inflatable body
      according to FIG. 1, seen in the direction of the arrow III.
PAR  FIG. 4 is a top view of the reinforcing inserts of the inflatable body
      according to FIG. 2, seen in the direction of the arrow IV.
PAR  FIG. 5 is a partial section through the rim for the vehicle wheel according
      to FIG. 1 and more specifically is taken within the region of the filling
      valve.
PAR  FIG. 6 is a top view of the filling valve according to FIG. 5.
DETD
PAR  The arrangement according to the present invention is characterized
      primarily in that the inflatable body in noninflated or only slightly
      inflated condition has an inner diameter which is greater than the
      diameter determined by the seating surfaces on the rim for the tire. The
      arrangement according to the invention is furthermore characterized in
      that the thread-shaped reinforcing inserts which cross each other and
      ascend in lefthand and righthand direction while being arranged at least
      nearly symmetrically with regard to the tire circumferential direction,
      confine in non-inflated condition of the inflatable body at the outer
      circumference thereof with the tire circumferential direction an angle of
      from 23.degree. to 32.degree., preferably an angle of about 26.degree..
PAR  The invention is based on the finding that a mounting of the inflatable
      body can be best carried out when the inflatable body during the mounting
      operation is located outside the region of the rim seat surfaces,
      preferably in the upper portion of the hollow tire chamber. In addition
      thereto, in conformity with the present invention there is an inflatable
      body provided which only with the introduction of a pressure fluid into
      the inflatable body changes from the above mentioned diameter range to a
      smaller diameter range whereby the desired pressing of the tire beads is
      effected. Since the inflatable body comprises the above mentioned
      reinforcing inserts intercrossing at an angle of from approximately
      23.degree. to 32.degree., the inflatable body will when introducing
      thereinto a pressure fluid, have its reinforcing inserts influenced in
      such a way that their intercrossing angle increases. The inflatable body
      will during this operation reduce its inner diameter until the reinforcing
      inserts within said diameter range eventually confine with the tire
      circumferential direction an angle of from 48.degree. to 56.degree.. Thus,
      care has to be taken that when this angle has been reached or the inherent
      reduction in diameter has occurred, the inflatable body passes from its
      rest position to its position of use and thus brings about the desired
      pressing of the tire beads. In this connection it is to be understood that
      the inflatable body not only secures the tire beads but also serves as
      emergency ring if the tire should have been damaged.
PAR  Referring now to the drawings in detail, the rim 1 of the vehicle wheel is
      in the manner known per se equipped with a depressed bed 2 to which is
      connected the filling valve 3 for the tire chamber 4 of the pneumatic tire
      5 which consists primarily of rubber or rubber-like material and is
      equipped with beads 6. The tire seat surfaces 7 are laterally outwardly
      confined by the outwardly curved rim portions 8.
PAR  Within the tire chamber 4 there is provided an annular inflatable body 9
      which extends over the entire tire circumference. The inflatable body 9
      consists primarily of rubber or rubber-like materials and is equipped with
      reinforcing inserts having the form of two superimposed cord fabric layers
      10, 11 which in their turn consist of pull-resistant thread-shaped
      strength carriers 12 of textile material, steel or the like.
PAR  The connection for the fluid medium for the inflatable body 9 is formed by
      a flexible elastic hose designated with the reference numeral 13 and
      leading to the bed 2 of the rim 1. This fluid connection may be designed
      in any convenient manner.
PAR  The strength carriers 12 of the two layers 10, 11 are symmetrically
      arranged with regard to the tire circumferential direction and the
      circumferential direction 15 of the inflatable body 9. The angles of
      ascent for the strength carriers 12 of the two layers 10, 11 are
      designated with the character .alpha.. The angle .alpha. amounts to from
      about 23.degree. to 32.degree., preferably amounts to about 26.degree..
PAR  When the tire 5 together with the inflatable body 9 has been brought into
      the position shown in FIG. 1, the inflatable body 9 is subjected to an
      inner pressure through hose 13 having its outer end provided with a valve
      13'. As a result thereof the angle .alpha. increases at its inner diameter
      while simultaneously maintaining its outer diameter X. At the same time,
      the inner diameter D of the inflatable body 9 decreases, and the cross
      section of the inflatable body 9 will slightly increase. With the decrease
      in diameter, the inflatable body 9 engages the inside of the tire beads 6
      so that also under an extreme curve load, the tire bead 6 will be secured
      against slipping off from the tire seat surfaces, 7. The diameter X of the
      inflatable body 9 according to FIGS. 1 and 2 is so dimensioned that with
      the decrease in the diameter D to the final position shown in FIG. 2, the
      angle .alpha.' according to FIG. 4 assumes a value of approximately from
      48.degree. to 56.degree., especially an angle of 52.degree. .
PAR  According to FIG. 1, the inflatable body 9 has an inner diameter D which is
      considerably greater than the diameter d of the tire seat surfaces 7. The
      diameter D is even greater than the outer diameter of the rim within the
      region of the rim portions 8, and more specifically, in such a way that
      the inflatable body 9 is still located in the upper portion of the hollow
      tire chamber 4 within the region of the side walls of the tire.
PAR  As will be seen from FIG. 2, the inflatable body 9 will due to the
      automatically occurring decrease in diameter D pass into the depressed bed
      2.
PAR  In order to assure that the inflatable body 9 entering the depressed bed 2
      will permit the operation of the filling valve 3, that part 16 of the
      filling valve 3 which extends into the hollow chamber 4 has a depression
      in the form of a slot 17. The inflatable body 9 which, as the case may be,
      rests against the part 16 will thus not be able to close the passage 18 of
      the filling valve 3.
PAR  With regard to the inflation of the inflatable body 9 and the deformation
      thereof inherent thereto, it may be added that when inflating said
      inflatable body 9 under the above outlined conditions, the outer
      circumferential diameter X of the inflatable body 9 does not increase, and
      only the inner diameter D decreases in the desired manner so that the
      inner diameter portion of the inflatable body 9 will with certain portions
      thereof rest and press against the tire beads 6. It is for realizing this
      effect that, similar to pneumatic tires, the strength carriers 12 of the
      two layers 10 and 11 are provided which extend in two different directions
      as outlined above.
PAR  It will be appreciated that during the inflation of the inflatable body 9,
      the diameter of said inflatable body 9 will change in conformity with the
      respective angle position of the strength carriers. The individual
      strength carriers 12 of the layers 10, 11 absorb certain thread forces
      which depend on the respective angle positions of the strength carriers.
      Under the above mentioned conditions, i.e., at the above mentioned angles
      of from 23.degree. to 32.degree. at the diameter X the thread forces in
      the strength carriers 12 of layers 10 and 11 become so high that in this
      area no increase in diameter occurs but only a decrease in the inner
      diameter of the inflatable body 9. This phenomenon always depends on the
      positions of the cord threads which latter are not expanded or stretched
      but retain their length, whereas all changes in diameter occur in
      conformity with the decrease or increase in the angle which the cord
      threads 12 form with each other. In this way, conditions are obtained as
      they occur with so-called "Nuremberg scissors".
PAR  As to the above mentioned angle changes, it may be emphasized that at the
      zenith circumferential line of the inflatable body 9, the angle .alpha.
      does not change. Changes in the angle can occur only with changing
      diameters. Where the diameter X is measured in FIGS. 1 and 2, the angles
      have in both instances the value .alpha.. In all other diameter regions
      according to FIG. 2, said angles increase.
PAR  It may, furthermore, be mentioned that in operative condition according to
      FIG. 2, a higher pressure must, of course, prevail within the inflatable
      body 9 than will occur in the tire chamber 4.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In combination with a wheel rim having seating surfaces for tire beads,
      and with a pneumatic vehicle tire with beads mounted on said rim: an
      annular inflatable body arranged within said tire and provided with
      reinforcing thread-shaped intercrossing members respectively ascending in
      left hand and right hand direction and respectively defining two
      superimposed layers embedded in said inflatable body, and arranged at
      least approximately symmetrically with regard to the circumferential
      direction of said tire, said inflatable body when in approximately
      non-inflated condition having an inner diameter which is greater than the
      diameter defined by the seating surfaces of said rim for the tire beads
      while said thread-shaped members of each of said superimposed layers in
      said approximately non-inflated condition define with the circumferential
      direction of said tire an angle of from 23.degree. to 32.degree. as to
      outer periphery entirely, said inflatable body when in inflated condition
      pressing the tire beads against the outer rim portions, the inflatable
      body at its outer diameter extending to the tire circumferential direction
      at such an angle that said outer diameter of said inflatable body will
      during the inflation of the latter practically be retained while its inner
      diameter will be reduced to such an extent that the inflatable body in
      inflated condition rests under pressure against said tire beads.
NUM  2.
PAR  2. An arrangement in combination according to claim 1, in which said
      inflatable body in approximately non-inflated condition has such an inner
      diameter that the reinforcing thread-shaped members of said superimposed
      layers in said inflated condition define with the circumferential
      direction of the tire an angle of approximately from 48.degree. to
      56.degree. .
NUM  3.
PAR  3. An arrangement in combination according to claim 1, in which the inner
      diameter of said inflatable body in approximately non-inflated condition
      of said inflatable body is greater than the maximum outer diameter of said
      rim.
NUM  4.
PAR  4. An arrangement in combination according to claim 1, in which said
      inflatable body in approximately non-inflated condition is located in the
      radially outer portion of the inner air receiving chamber of the pneumatic
      tire.
NUM  5.
PAR  5. An arrangement in combination according to claim 1, which includes
      elastic flexible hose means leading from the outside through said rim into
      said inflatable body for conveying pressure fluid into said inflatable
      body.
NUM  6.
PAR  6. An arrangement in combination according to claim 1, which includes a
      filling valve supported by said rim and extending from the outside of said
      rim into the interior of the latter, said valve including an axial passage
      therethrough leading from the outside of said valve into the interior of
      said rim and also including a transverse passage arranged on the inside of
      said valve and extending transverse to said axial passage and
      communicating with the interior of said rim.
NUM  7.
PAR  7. An arrangement in combination according to claim 1, in which said
      inflatable body has a substantially circular cross section and in inflated
      condition partially extends into a portion of said rim.
NUM  8.
PAR  8. An arrangement in combination according to claim 1, in which the
      inflatable body at its outer diameter extends to the tire circumferential
      direction at such an angle of approximately 26.degree..
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ABST
PAL  A molded article, especially a tire, comprising an elastomeric material and
      essentially oriented fibers embedded in said elastomeric material, said
      molded article including at least two sections containing such fibers,
      wherein said fibers of said sections, with said sections viewed projected
      into substantially a common plane, possess respective orientation
      directions differing from one another, and wherein said sections possess
      respectively different strength characteristics owing to the respective
      different fiber orientation directions of said two sections.
PAL  There is also disclosed a method and apparatus for forming such molded
      articles wherein there is provided a hollow mold having a mold
      compartment, and means define at least one auxiliary compartment provided
      for said hollow mold. The hollow mold includes at least one mold section
      constructed to be movable to displace molding material containing the
      fibers and use for forming the article into a part of the hollow
      compartment of said mold which is initially free of molding material.
PARN
PAC  CROSS-REFERENCE TO RELATED CASE
PAR  This is a divisional application of our copending commonly assigned U.S.
      Patent application Ser. No. 367,473, filed June 6, 1973, now U.S. Pat. No.
      3,901,961, granted Aug. 26, 1975 which in turn is a divisional of Ser. No.
      167,768, filed July 30, 1971, now U.S. Pat. No. 3,837,986, granted Sept.
      24, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method and apparatus
      for the fabrication of molded articles or bodies formed of fiber
      reinforced material and also pertains to improved molded articles formed
      in accordance with the aforesaid method and through the use of the
      aforesaid apparatus constructions of this development. In its more
      specific aspects the present invention relates to new and improved molded
      articles formed of a first polymeric material containing embedded fibers
      which are essentially oriented and a second material having a modulus of
      elasticity which deviates from that of the aforesaid first material, the
      articles produced by this invention being, by way of example, tires,
      conveyor bands, wound-or heating bellows, and further, this invention
      pertains to a novel method and apparatus for the production of these
      molded articles.
PAR  It is known to form molded articles from elastomeric materials by injection
      molding or extrusion in molds. In this respect it is also here mentioned
      that reinforcement inserts can be placed into the mold prior to the
      injection molding or extrusion operations. In order to overcome the need
      for such additional operational procedures it has already been proposed to
      introduce into the mixture these reinforcement elements, for instance in
      the form of short glass fibers, textile or metallic yarns, and then to
      inject into the mold the mixture containing these fibers, yarns or the
      like. When using this procedure it is also of course possible to fabricate
      strand-like or continuously molded articles. Since in both cases a flow
      operation occurs in which individual parts of the material carry out a
      relative movement with respect to one another the yarns or fibers are
      placed in essentially parallel orientation relative to one another with
      regard to the flow direction, in other words they are oriented. Hence
      there is obtained a molded article, which owing to the oriented fibers, is
      improved in respect of its strength characteristics in the direction of
      fiber orientation whereas it possesses a lower strength in a direction
      perpendicular to such fiber orientation direction. These strength
      differences which are desired for a great many molded articles are the
      same throughout all portions or sections of the body or article. In a
      great number of cases, however, it is also desired for certain reasons to
      have different strength characteristics prevail at different sections of
      the molded article.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of this invention to fulfill in a most
      reliable and effective manner the previously mentioned varying strength
      characteristics throughout different portions or sections of a molded
      article.
PAR  Another and more specific object of the present invention is to provide a
      new and improved molded article by means of which these desired different
      strength characteristics can be obtained and wherein such molded article
      possesses two or more portions or sections having different direction of
      orientation of the fibers or the like.
PAR  The strength of a fiber reinforced material or a polymeric material, in
      which fibers are embedded, is dependent upon a number of parameters, among
      which there should be mentioned especially the quantitative relationship
      and strength values of the plastic and fiber material respectively, the
      obtained adherence between both materials and, in particular, upon the
      relationship of the orientation of the fibers with respect to the
      direction of loading of the molded article.
PAR  In order to achieve special effects, such as for instance a certain uniform
      elasticity of the molded article with respect to tensile loads in a
      certain direction, it can be particularly advantageous if two or more
      layers formed of the first polymeric material containing fibers of the
      second material are bonded into a layered material having at least two
      different orientation directions.
PAR  Previously attempts have been made for different fields of application to
      impart strength in certain directions by embedding in the polymeric
      material forming the base mass continuous yarns or filaments, such as
      twisted or cord layers, bunched together cord packages, also fabric
      layers. However, there always resulted a more or less pronounced
      anisotropic effect which produced an irregular force distribution, an
      therefore, viewed in its entirety, generally required a more extensive or
      expensive construction in order to be able to take-up certain loads. In
      contrast thereto, with the inventive molded articles even when taking into
      account the different portions or sections with different orientation
      direction of the embedded fibers, with the sections viewed projected into
      substantially a common plane, the force distribution is much more
      favorable, even if the specific strength of the composite assembly is less
      since the much thinner fibers taking-up the forces are more uniformly
      distributed.
PAR  The inventive molded article can be fabricated in that the individual
      portions or sections of the molded article, each of which contains fibers
      formed of the second material embedded in a pre-determined uniform
      orientation direction in the first polymeric material, can be connected
      with one another in known manner, for instance by winding together,
      adhesive bonding or the like. However, it has been found to be
      particularly advantageous if at least one portion or section of the molded
      article, containing embedded fibers oriented in one direction, is
      subjected to an intentional flow in a flow direction deviating from the
      original orientation direction of the fibers. This flow direction can be,
      for instance, produced in that the article section where the fiber
      orientation should be changed, is subjected to a tensile and/or
      compressive load in the deviating direction. A re-orientation can also
      then be obtained if the material of the relevant section is subjected to
      relative movement, for instance, with the aid of mold elements which are
      moved relative to one another, away from one another, or towards one
      another, or is subjected to an intentional shearing action. In so doing,
      the new orientation can be achieved, for instance, by carrying out a
      displacement towards one another of superimposed material layers.
PAR  The first polymeric material used in fabricating the inventive molded
      article or body can be formed of practically any optional and known
      plastic- or rubber matrix. It is however already known to fabricate plates
      with embedded staple fibers having an oriented direction of the fibers by
      drawing plastic-or rubber mixtures containing fibers into plates at a
      calender or by extruding such mixtures at an extruder by means of a wide
      mouth nozzle. In both cases there takes place, depending upon the
      processing viscosity of the first polymeric material, the thickness of the
      plates and the stiffness of the fibers, a more or less complete
      orientation of the staple fibers in the flow direction and perpendicular
      to the roller nip or gap. It has been found that the fiber orientation
      becomes that much better and extends that much more completely the lower
      the viscosity of the polymeric material and the smaller the roller gap (or
      the smaller the dimension of the wide mouth nozzle) and the stiffer the
      fibers. On the other hand, each fiber, the greater its stiffness, is
      subjected to an increased destruction by tearing or rupture at the
      kneading or mixing machine if the polymeric material possesses a
      relatively high viscosity. Therefore, it has been found to be advantageous
      to fabricate the molded articles from two such materials, wherein there is
      combined as high as possible modulus of elasticity of the fiber material
      and as low as possible Mooney plasticity and viscosity of the polymeric
      material at its processing temperature. This is especially so if, then, as
      just mentioned at least one section or portion of the molded article is
      intended to be subjected to a further flow operation. A particularly
      advantageous manifestation on the invention is realized if there is used
      as the polymeric material a so-called "liquid rubber", such as for
      instance polybutadiene with hydroxyl groups, cross-linked with isocyanate;
      or polybutadiene with carboxyl groups, cross-linked with epoxy resins.
      When using such polymeric material, which first then solidifies after
      having been molded, it is possible to orient fibers of greater stiffness
      and length by suitable flow operations without causing such to break or to
      rupture.
PAR  However, it is also possible to obtain for the inventive molded articles
      the two different orientation directions of the fiber material or the like
      if, during or after filling of the mold, the corresponding article
      portions or sections are subjected to different flow directions and/or
      shearing action, the latter for instance by carrying out suitable relative
      movement of the mold surfaces with respect to one another.
PAR  Fibers which are more flexible, as for instance rayon, even if subjected to
      the same orientation treatment are not aligned or oriented as well as
      stiff fibers. However, under certain circumstances stiff fibers, such as
      for instance those formed of polyester, owing to their greater mechanical
      strength are nonetheless better able to withstand the mixing and kneading
      operations than flexible rayon fibers.
PAR  It is then also possible to use as the polymeric material rubber mixtures
      formed on the basis of natural rubber, resulting in the advantage that
      such mixtures can be produced with a fiber content exceeding 10 percent by
      weight, preferably 20  to 40 percent by weight, and possess the required
      green strength in order to be able to be drawn into plates at the
      calenders.
PAR  In the event portions or sections of the molded article are not to be
      subjected at a later time to further flow operations, rather there takes
      place an assembly together of article portions with different fiber
      orientation, then it has been found to be advantageous to use cut mixtures
      on the basis of 70 parts by weight natural rubber and 30 parts by weight
      styrene butadiene rubber, which are not as sensitive with regard to heat,
      and, if desired, can be pre-vulcanized before they are worked into molded
      articles. As a result, it is no longer possible for there to occur any
      subsequent change in the fiber orientation during the further mechanical
      processing of the molded article.
PAR  In order to obtain the previously mentioned green strength while still,
      however, affording an inexpensive and good processable mixture, it is
      possible to utilize a mixture formed on the basis of 50 parts by weight
      natural rubber, 20 parts by weight polybutadiene rubber and 30 parts by
      weight oil extended styrene butadiene rubber. Then through the addition of
      nitroso compounds in a conventional manner it is possible to improve the
      workability so that the mixture can be exceedingly well drawn at the
      calender. The use of such nitroso compounds has been set forth in detail
      in United States Patent application, Ser. No. 134,398, filed Apr. 15, 1971
      now abandoned, entitled "Synthetic Rubber Composition", and similarly
      assigned to the assignee of this application, and to which reference
      readily may be made.
PAR  In the event that the inventive molded article is constructed as a
      pneumatic tire then, as already mentioned, it is possible to form the
      individual layers, previously conventionally consisting of rubberized
      cord, now as polymeric material containing oriented fibers and in known
      manner to wind such up into tire blanks. In so doing, carcass layers
      having a fiber orientation in radial direction or in a direction which
      slightly deviates from the radial direction are wrapped about the bead
      core and there are utilized belt layers with fiber orientation in the
      peripheral direction or in a direction deviating slightly from such
      peripheral direction (then however in pairs with opposite deviational
      sense from the peripheral direction). In this case the belt layers are
      selected preferably so that towards the top they become narrower (stepped)
      in width so that during vulcanization a running together of the edges
      occurs. It has namely been found that at the transition regions the
      carcass layers tend to deform unduly to the left and right adjacent the
      belt owing to the vulcanization pressures which propagate over the tread.
      Owing to compression of the carcass assembly at such regions there quite
      easily occur weakened locations which can lead to premature deformation of
      the tire.
PAR  It can be advantageous also to select one or a number of sections or
      portions having different fiber orientation and simultaneously possessing
      different hardness, as for instance is the case for a tire possessing belt
      layers of a material of greater hardness, for instance containing fibers
      with approximately 90.degree. Sh.sub.A in contrast to about
      85.degree.Sh.sub.A for the carcass layers.
PAR  Further it has been found to be advantageous if the ratio of the modulii of
      elasticity in the fiber orientation direction and transverse thereto lies
      in a range between 30:1 and 200:1, preferably between 50:1 and 100:1.
PAR  Suitable for use with the inventive molded articles are not only fiber
      materials such as the already mentioned polyester or rayon fibers, rather
      also those formed of polyamide, glass, metal or the like. The
      strength-elongation relationship of the organic fibers and therefore
      indirectly their rigidity as well as the breaking or rupture load of a
      yarn can be seen from the following table:
     Type of yarn                                                              
              Strength of the                                                  
                           Elonga-  Breaking load of                           
              pure fiber in                                                    
                           tion %   a base yarn (once                          
              g/den                 twisted) of 3.3 de                         
     ______________________________________                                    
     Polyester                                                                 
              8            9.4      26                                         
     Nylon 66 9            16.5     30                                         
     Nylon 6  8            18       26                                         
     Rayon    5.4 - 5.9    11.4     18 - 19                                    
     ______________________________________                                    
PAR  The polyester fiber or yarn is stiffer owing to its increased modulus and
      therefore can be oriented easier. As already mentioned owing to its
      increased stiffness it tends to break into smaller pieces much more easily
      during the mixing operation if its increased strength were not to
      counteract such. Glass fibers and metallic filaments or threads were
      considered previously to be much too stiff, and apart from such, have
      certain pronounced bonding oe adherence problems associated therewith.
      When utilizing the previously mentioned liquid rubber it is however
      possible, according to the invention, to produce molded articles which
      have quite advantageous properties.
PAR  The adherence of the fibers, especially in relation to rubber polymers, can
      be achieved in conventional fashion and, for instance, can be improved by
      the addition of agents which split off formaldehyde in conjunction with
      finely divided silicic acid fillers.
PAR  As explained previously, a further aspect of this development relates to a
      novel apparatus for carrying out the inventive process and for producing
      the inventive molded articles or bodies.
PAR  Hence, according to a further manifestation of the invention, there is
      proposed an apparatus for carrying out the inventive process wherein a
      hollow mold possesses at least one auxiliary compartment from which
      introduced material can be displaced by means of, for instance, a movable
      mold section or element constructed as a piston, into the hollow mold
      compartment which initially is still free of material. It is advantageous
      if at least one section of the hollow mold can be moved at an angle to the
      oriented fibers of the material located in the hollow mold, essentially
      parallel to the material surface in contact with such mold section.
PAR  According to a further more specific physical construction of the
      apparatus, particularly for the fabrication of a tire, it is contemplated
      to provide at least one compartment concentrically disposed with respect
      to the axis of the hollow tire mold. A piston arranged in this compartment
      is movable in the direction of the hollow tire mold. Into this compartment
      there is inserted some material having oriented fibers in such a fashion
      that it partially fills the hollow tire mold and comes to bear with at
      least one portion or section of the material within such compartment. Now
      the piston arranged in such compartment is moved towards the hollow tire
      mold so that the material displaced by such piston is pressed into the
      hollow tire mold and fills such completely. The material subjected to this
      flow now possesses a different directional orientation of the fibers,
      whereas the remaining material portion or section still possesses the
      original fiber orientation. In order to be able immediately to fabricate
      the tire in its final form it is advantageous if the work surfaces of the
      piston forms a portion of the hollow tire mold. For instance, it is
      possible to provide two concentric compartments at the tire shoulder
      regions, whereby the material is inserted at the tread regions and extends
      with its lateral sections into these compartments. The material is
      reinforced by the fibers oriented in the peripheral direction of the tire.
      Due to the movement of the pistons the material flows into the side wall
      regions of the hollow tire mold and has imparted thereto an orientation
      which is essentially perpendicular to the fiber orientation at the tire
      tread.
PAR  It is also comtemplated by the teachings of this invention to change the
      orientation direction during or after the flow operation in that, at least
      one mold section is movable in the peripheral direction with respect to
      the remaining mold sections. This mold section can be arranged at the
      tread region and/or at least one bead region. Owing to these measures it
      is possible to obtain at such regions an exact fiber orientation in the
      peripheral direction.
PAR  Certain directional changes or transition zones can also be obtained
      between two orientation directions in that it is possible to provide
      deflecting ribs and/or deflecting grooves at the hollow tire mold. By
      virtue of these ribs or grooves it is possible to change, in a very simple
      and exact fashion, the flow direction of the material and therefore the
      orientation direction of the fibers or the like.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be understood better and objects other than those set
      forth above will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIGS. 1 and 2 illustrate different respective working phases of a first
      embodiment of the invention as utilized in the production of a tire;
PAR  FIG. 3 is a further modification of the embodiment of FIGS. 1 and 2;
PAR  FIGS. 4 and 5 illustrate a further embodiment of the invention respectively
      showing different operating phases;
PAR  FIG. 6 is a sectional view of a modification of the embodiment depicted in
      FIGS. 4 and 5;
PAR  FIG. 7 is a front view of a portion of the apparatus used in the
      arrangement of FIG. 6;
PAR  FIG. 8 is a sectional showing of a vehicle tire produced according to the
      invention;
PAR  FIGS. 9 to 12 show further vehicle tires or portions thereof in respective
      sections as produced in accordance with the teachings of this invention;
PAR  FIG. 13 is a sectional view of a conveyor or transport band produced in
      accordance with the invention; and
PAR  FIGS. 14 and 15 show different respective operating phases during the
      fabrication of the conveyor or transport band of FIG. 13.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the apparatus construction shown by way of
      example in FIGS. 1 and 2 will be seen to consist of a hollow mold
      embodying two mold halves 1 and 2 for the outside surfaces of the side
      walls of a tire and a ring-shaped mold portion 3 for profiling the tread
      of the tire. Within these mold portions 1, 2, and 3 there is arranged a
      mold core 4. The mold halves 1 and 2 will be seen to be equipped at the
      shoulder region of the tire with ring-shaped compartments 5 and 6
      concentrically disposed with respect to the tire axis. Within the
      compartments 5 and 6 there are arranged ring-shaped pistons 8 and 9 which
      can be moved in the axial direction of the tire towards the hollow tire
      mold 7. The work surfaces 10 and 11 of these pistons 8 and 9 form a
      portion of such hollow tire mold.
PAR  At the beginning of the tire fabrication operation there are inserted into
      the compartment of the hollow tire mold 7, a tread 12 and the bead cores
      13 and 14, and for the purpose of fixing such in position there can be
      provided any suitable and therefore non-illustrated support devices, as is
      quite well known in this particular art. As best seen by referring to FIG.
      1, there is then inserted a material web 15 having fibers, filaments or
      the like, oriented in the peripheral direction of the article. Thereafter,
      the pistons 8 and 9 are displaced towards the interior of the hollow tire
      mold 7, so that the material located in the compartments 5 and 6 flows
      into the regions of the side walls 16 and 17 of such hollow mold, as best
      seen by referring to FIG. 2. During this so-called flow operation the
      fibers or the like at the side wall region or section are reoriented and
      following completion of such flow operation such fibers are located so as
      to be oriented essentially in the radial direction. Stated in another way,
      if the section of the flowable material at the tread region and the side
      wall sections are projected into a common plane then it will be apparent
      the orientation of the fibers at the tread region and side wall sections
      will be respectively different from another. The grooves 18 provided at
      the mold core 4 serve for stabilizing the flow direction. At the tire
      shoulder region the fibers, following completion of the flow operation,
      are essentially in a random orientation so that a good transition zone is
      achieved. The tread surface section of the material web 15 is not
      subjected to any flow movement so that the above-mentioned peripheral
      fiber orientation is not altered.
PAR  Now in FIG. 3 there is shown a construction of apparatus which is quite
      similar to that of the arrangement of FIGS. 1 and 2. However, with this
      arrangement the apparatus is here additionally provided at the tire bead
      region with two ring-shaped mold sections 19 and 20 rotatable in the
      peripheral direction. During or after completion of the flow operation
      both of these mold sections 19 and 20 are placed into rotational movement,
      so that the material located at the tire bead section is likewise moved in
      the peripheral direction and the fibers located at such bead section are
      oriented in the same direction. With sufficient fiber orientation it is
      possible to dispense with the use of the bead cores previously discussed.
PAR  Now with the embodiment of apparatus as depicted in FIGS. 4 and 5
      compartments 23 and 24 are provided at the mold halves 21 and 22 at the
      bead region of the tire. These compartments 23 and 24 correspond to the
      compartments 5 and 6 of the apparatus structure depicted in FIGS. 1 and 2.
      Here also there are provided pistons 25 and 26 which are guided in such
      compartments 23 and 24 respectively. As best seen by referring to FIG. 4,
      after insertion of the tread 12, the material is deposited into the mold
      in the form of two rings at the bead region, the fibers being oriented in
      the peripheral direction and the bead core 14, if desired, can already be
      embedded in the material. By displacing the pistons 25 and 26 towards one
      another there is initiated the flow of the material. Through the provision
      of the ribs 18 and 28 at the mold core 27 the material at the side wall
      regions, as best seen by referring to FIG. 5, is initially guided
      essentially in radial direction and at the region of the tread 12
      essentially in the peripheral direction.
PAR  Now in order to achieve an improved orientation in the peripheral direction
      at the region of the tread, with the embodiment of apparatus as depicted
      in FIG. 6, there is advantageously provided at the mold core 29 a
      substantially ring-shaped section 30 which is located directly beneath the
      tread region. This ring-shaped section 30 is movable in the peripheral
      direction with respect to the stationary mold core 29. As particularly
      well seen by referring to FIG. 7, this movable section 30 is provided with
      ribs 31 serving to improve the fiber orientation at the tread region. Now
      in order to maintain the radial flow direction at the region of the side
      walls grooves 32 are advantageously provided at the mold core 29.
PAR  For all of the embodiments disclosed herein the shape and number of ribs or
      grooves is dependent upon the desired orientation at the individual
      article sections. For instance, the ribs or grooves can be arranged in a
      crossover or intersecting fashion at two oppositely situated surfaces of
      the hollow tire mold. In so doing the fibers or the like are oriented in
      two superimposed layers in different directions so that there is obtained
      an approximately crosswise oriented assembly.
PAR  In the case of elastomers which can be vulcanized the hollow tire mold can
      simultaneously serve as the vulcanization mold.
PAR  FIG. 8 illustrates in sectional view an embodiment of inventive tire
      produced in accordance with the teachings of this development wherein the
      fibers, filaments 33 or the like at the tread region 34 and at the bead
      region 35 are oriented in the peripheral direction. The fibers or
      filaments 36 at the side wall region 37 are orineted essentially
      perpendicular to the peripheral direction.
PAR  In much the same manner it is possible to fabricate also wound-up or
      heating bellows for the production of tires.
PAR  A different orientation of the fibers at different tire sections or
      portions can also be obtained, as already explained, by winding-up layers
      with appropriate differently oriented embedded fibers.
PAR  Now the tire as shown in FIG. 9 consists of two carcass layers 41 and 42,
      each of which has a thickness of about 1.2 millimeters and in which there
      are embedded threads or fibers which are oriented in the radial direction.
      Now a belt layer 43 is applied, at the tread region, to the outer carcass
      layer 42, this belt layer 43 having embedded therein fibers which are
      oriented in the peripheral direction. The side wall sections of the tire
      are reinforced by side strips 44 possessing fibers which are embedded
      therein so as to be oriented in the radial direction. The belt layer 43
      and partially also the side strips 44 are covered by the tread 45.
PAR  The tire construction shown in FIG. 10 will be seen to embody four carcass
      layers 46, 47, 48 and 49. By virtue of this arrangement it is possible to
      construct the individual layers so as to be thinner, namely each such
      layer possessing a thickness of about 0.6 millimeters, so that during
      fabrication it is possible to obtain a better orientation of the embedded
      fibers. The layers themselves are produced in a well known fashion by
      injection molding or calendering so that the degree of the fiber
      orientation is dependent upon the processing speed (flow velocity) and
      upon the cross-section.
PAR  In the embodiment under consideration the side wall 50 consists of a rubber
      mixture which is free of fibers, so that there can be obtained at this
      region a better surface quality and so as to prevent surface fissure
      formation by the fibers. The bead wedge 51 consists of a rubber mixture
      having fibers embedded so as to be oriented in the peripheral direction.
      Consequently, at this region of the tire there is obtained an optimum
      rigidity or stiffness. The belt layer 52 will be seen to be equipped with
      lateral bevelled portions 53 so that at the shoulder region 54 of the tire
      there is formed a much better transition zone.
PAR  Now with the embodiment of tire as depicted in FIG. 11 the bevelled or
      chamfered arrangement discussed above is here obtained by providing
      partial belt layers 55, 56 and 57 which possess a different width with
      respect to one another and are arranged in superimposed fashion so as to
      form a substantially step-shaped transition zone. The orientation
      direction of the fibers in this layer arrangement is, for each of the
      three layers, different and specifically amounts to 30.degree. for the
      layer 55, + 78.degree. for the layer 56 and -78.degree. for the layer 57,
      measured with respect to the radial direction, so that there is formed in
      the usual well known manner a triangular assembly.
PAR  With the embodiment of tire construction shown in FIG. 12 the previously
      mentioned error source is prevented in that a layer 60 is arranged between
      the carcass 58 and the belt 59, layer 60 being wider than the belt layer
      59 and preventing, at this region, a pressing-in of the belt layer and the
      tread into the carcass. This layer 60 can be formed of a harder material
      or a material which is similar to the material of the tread, however
      pre-vulcanized.
PAR  Furthermore, by specially designing the hollow tire mold, for instance by
      providing different designs for the dimensions and/or the grooves or ribs,
      it is also possible in accordance with the teachings of this invention to
      produce asymmetrical tires.
PAR  Turning now to the article shown in FIG. 13 such is a conveyor or transport
      band, illustrated in sectional view, which has been produced in accordance
      with the teachings of the present invention and consists of a base or
      bottom section 61 and two side walls 62. At this base or bottom section 61
      the fibers 63 are oriented in the lengthwise direction and at the side
      walls 62 in the transverse direction. Due to these measures as taught by
      this invention there is provided a conveyor band capable of taking-up
      tensional forces at the base section whereas the side walls are
      sufficiently elastic in order to be able to take-up the different
      elongations which occur at the region of the deflecting rolls.
PAR  Now in FIGS. 14 and 15 there is illustrated a form of apparatus which can
      be successfully utilized for fabricating the conveyor band depicted in
      FIG. 13. More particularly, it will be seen that FIG. 14 illustrates the
      first phase of operation during which a semi-finished product 65 for
      forming the conveyor band is inserted into the mold 64. The ends 65a of
      this semi-finished product 65 are located at the auxiliary compartments 66
      of the mold 64 in which there are displaceably arranged pistons or
      slide-shaped elements or sections 67.
PAR  During the second manufacturing step or phase, as best seen by referring to
      FIG. 15, these movable elements 67 are displaced towards the hollow
      compartment of the mold so that the working surfaces 68 of these movable
      elements 67 form at their terminal position portions of the hollow mold.
      The ends 65a of the semi-finished product 65 are displaced into the
      remaining hollow portion 69 of the mold 64, resulting in a reorientation
      of the fibers.
PAR  Finally there will now be presented certain exemplary illustrations of
      specific examples for the purpose of even more fully explaining the
      teachings of the present invention:
PAC  EXAMPLE 1
PAR  A natural rubber mixture is mixed in a kneader with 20% by weight polyester
      fibers having a length of 80 millimeters and possessing a titer of 3.3
      den. From this mixture there are drawn plates at the calender and such are
      vulcanized in a conventional way. A comparison of the obtained properties
      of such a fiber layer in contrast to a cord reinforced rubber layer or a
      cord fabric layer with pressed-on rubber has been set forth in the
      following table, and specifically in each instance separate values have
      been given for the lengthwise direction (l) and transverse direction (q)
      of the fiber orientation.
TBL  ______________________________________                                    
                     Cord      Fiber                                           
                     Reinforced                                                
                               Reinforced                                      
                     l     q       l       q                                   
     ______________________________________                                    
     Strength in kg/m.sup.2                                                    
                       1000    80      520   74                                
     Rupture or Breaking                                                       
     Elongation in %   14      400     21    200                               
     M 100 in kg/cm.sup.2 (modulus)                                            
                       --      22      --    43                                
     Elongation in % at                                                        
     100 kg/cm.sup.2 load                                                      
                        1.5    --       4.5  --                                
     ______________________________________                                    
PAR  In the above Table, in the case of a tire, the values of 520 and 21 would
      be approximately 500 and 20 respectively.
PAR  Such plates are, for instance, utilized for the inventive winding-up of raw
      tire products, for instance of the type disclosed in FIG. 11. It has been
      found that even the strength in the lengthwise direction, which has been
      reduced to one-half in comparison to a cord reinforced layer, is
      sufficient owing to the improved uniformity since there is attained a
      uniform force distribution. Therefore, a tire equipped with such inserts
      can exhibit the same longevity since there is available a larger surface
      for the adhesion between the rubber and the fibers. The rupture or
      breaking elongation of 200 percent attained with the inventive fiber
      layers in the transverse direction is considerably more advantageous for
      the behaviour of the tire than the considerable higher rupture elongation
      which prevails in the case of conventionally manufactured tires, since
      with the last mentioned tires there oftentimes is present too great an
      elasticity which is disadvantageous.
PAC  EXAMPLE 2
PAR  In analogous manner as in Example 1 a rubber mixture formed on the basis of
      70 percent natural rubber and 30 percent oil extended styrene butadiene
      rubber is mixed with 25 percent by weight (based upon the entire mixture)
      glass fibers of 8 millimeters length. These fibers possessing a diameter
      in the range of 0.01- 0.05 millimeters. The shorter the fiber pieces at
      the polymeric material containing the fibers that much greater must and
      can be filled the polymeric material with the fibers in order to achieve a
      desired modulus and that much better must there be designed the adhesion
      system. The greater the fiber filling of the polymeric material, that much
      higher will become also the modulus of elasticity. However, the mixture
      also becomes stiffer and is more difficult to work, and in the completely
      vulcanized condition generally produces an increased heat development. On
      the other hand, the modulus also increases with the length of the fiber
      pieces at the polymeric material.
PAC  EXAMPLE 3
PAR  In the same manner as described in conjunction with Examples 1 and 2 above
      there is mixed into a rubber mixture formed on the basis of 50 percent
      natural rubber, 20 percent polybutadiene and 30 percent styrene butadiene,
      a respective 15 percent by weight (based upon the entire mixture) of 40
      millimeter long polyamide fibers of a thickness 0.01- 0.03 millimeters and
      60 millimeter long polyester fibers having a titer of 3.3 den. With such a
      mixture it can be especially advantageous to maintain as large as possible
      the ratio of the modulus in the lengthwise direction and transverse
      direction whereby when using such fiber reinforced plates in two different
      directions (namely approximately radially for the carcass and
      approximately in the direction of travel of the tire with respect to the
      belt) it is possible to produce exceptional properties for radial tires.
PAR  The average length of the fibers used in practising the invention as
      disclosed herein is generally approximately in a range of 8 to 80
      millimeters. In the case of high viscosity rubber mixture it is
      approximately in the range of 15 to 40 millimeters and in the case of
      liquid rubber preferably should amount to approximately 40 to 75
      millimeters. Finally, it is mentioned that either before and, during
      and/or after the flow operation the section or portion of the molded
      article not subjected to such flow operation can be prevulcanized.
PAR  The term "fibers" as used herein is employed in its broader sense and
      generally in intended to emcompass not only fibers as such, but also
      yarns, threads, filaments, and the like.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tire comprising at least one layer formed of an elastomeric material
      and essentially oriented fibers embedded in said elastomeric material,
      said tire layer including at least two sections containing such fibers,
      wherein said fibers of said sections, with said sections viewed projected
      into substantially a common plane, possess respective orientation
      directions differing from one another, and wherein said sections possess
      respectively different strength characteristics owing to the respective
      different fiber orientation directions of said two sections.
NUM  2.
PAR  2. The tire as defined in claim 1, said tire incorporating carcass layers
      having fibers approximately oriented in the radial direction of the tire.
NUM  3.
PAR  3. The tire as defined in claim 2, comprising belt layers containing fibers
      having a fiber orientation arranged approximately in the peripheral
      direction of the tire.
NUM  4.
PAR  4. The tire as defined in claim 3, wherein said belt layers are laterally
      bevelled to form a tapered portion.
NUM  5.
PAR  5. The tire as defined in claim 3, wherein said belt layers define outer
      and inner belt layers, said outer belt layers being narrower in width than
      said inner belt layers.
NUM  6.
PAR  6. The tire as defined in claim 3, wherein said belt layers are split up
      into a material having a lower hardness than the material of the carcass
      layers.
NUM  7.
PAR  7. The tire as defined in claim 3, further including an intermediate layer
      arranged between said belt layers and carcass layers, said intermediate
      layer being harder than said belt layers and carcass layers.
NUM  8.
PAR  8. The tire as defined in claim 7, wherein said harder intermediate layer
      is pre-vulcanized.
NUM  9.
PAR  9. The tire as defined in claim 7, wherein said harder intermediate layer
      is wider than said belt layers.
NUM  10.
PAR  10. The tire as defined in claim 2, further including a tread region
      provided for the tire, said tread region containing fibers oriented at
      least essentially in the peripheral direction of the tire.
NUM  11.
PAR  11. The tire as defined in claim 2, further including a bead region for the
      tire, said bead region containing fibers oriented essentially in the
      peripheral direction of the tire.
NUM  12.
PAR  12. The tire as defined in claim 2, further including side walls and a
      tread each containing fibers, and wherein the orientation direction of the
      fibers in the side walls differs from that at the region of the tread, and
      further wherein at the shoulder region of the tire, at the transition
      region between the side walls and the bead region, or both, there is a
      continuous transition zone of the fiber orientation direction.
NUM  13.
PAR  13. The tire as defined in claim 2, said tire including side walls formed
      of a fiberless rubber mixture.
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PAL  Reinforcement for a pneumatic tire for vehicles, comprising a first, inner
      belt ply, a pair of lateral strips connected to the free edges of the
      inner belt ply, the lateral strips and the inner belt ply lying in
      substantially the same plane, and a second, outer belt ply having a pair
      of opposed flanges which fold over and hem in the lateral strips and at
      least the marginal areas of the inner belt ply. The lateral strips are
      substantially spaced apart from the folded edges of the outer belt ply, so
      that the outer belt ply is superpositioned on itself in the areas between
      the folded edges of the outer belt ply and the free edges of the lateral
      strips.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to reinforcement for pneumatic tires for vehicles,
      consisting of a first belt ply having adjacent its edges lateral strips
      consisting of a plastic or rubber mixture, and a second belt ply whose
      marginal portions are folded over to hem in the lateral strips.
PAR  A reinforcement ply is disclosed in the Italian Pat. No. 514,343 having a
      substantially thick first belt ply and lateral strips connected directly
      to the two outer edges of the first belt ply. The strips continuously
      decrease in thickness from a starting thickness equal to the thickness of
      the first belt ply and extend toward the outside of the reinforcement into
      the area of the folded edge of a second belt ply. The folded over marginal
      portions of the second belt ply completely enclose the lateral strips, but
      extend only slightly beyond the outer edges of the first belt ply to
      barely cover the gap between the outer edges of the first belt ply and its
      adjacent lateral strips. The large radial thickness of the first belt ply
      together with the corresponding large radial thickness of the lateral
      strips results in a relatively large radial thickness of the reinforcement
      ply. However, this reinforcement construction exhibits adjacent tire width
      zones of highly differing strength or rigidity wherein the rigidity values
      experience abrupt changes at the transition points between adjacent zones.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the instant invention to create a
      reinforcement construction for pneumatic tires which overcomes the
      problems of the prior art discussed above and which is particularly
      suitable for high vehicle speeds. It is a further object to provide a
      reinforcement construction wherein the rigidity values decrease gradually
      from a maximum at the equatorial plane of the tire toward a minimum in the
      shoulder area of the tire. To these ends, the instant invention provides a
      reinforcement for a pneumatic tire for vehicles, comprising a first, inner
      belt ply, a pair of lateral strips connected to the free edges of the
      inner belt ply, the lateral strips and the inner belt ply lying in
      substantially the same plane and a second, outer belt ply having a pair of
      opposed flanges which fold over and hem in the lateral strips and at least
      the marginal area of the inner belt ply. The lateral strips are
      substantially spaced apart from the folded edge of the outer belt ply, so
      that the outer belt ply is superpositioned on itself in the areas between
      the folded edges of the outer belt ply and the free edges of the lateral
      strips.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a reinforcement construction in
      accordance with the instant invention in a first embodiment and depicts
      its position in a pneumatic tire;
PAR  FIG. 2 is a cross-sectional view of a reinforcement construction in a
      second embodiment;
PAR  FIG. 3 is a cross-sectional view of a third embodiment of the invention;
      and
PAR  FIG. 4 is a cross-sectional view of a fourth embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the tire reinforcement of the instant invention, folded-over marginal
      portions of a second, outer belt ply hem in the marginal portions of a
      first belt ply and lateral strips adjacent thereto, which terminate, in
      each case, at a predetermined minimum distance from the folded edges of
      the second belt ply. It should be noted that the lateral strips form zones
      of a rigidity compensation as well as providing precise gradation of the
      rigidity from a maximum in the crown area to a minimum in the lateral
      zones of the reinforcement. This arrangement provides a more uniform
      distribution of rigidity and smoother transitions between adjacent zones
      than is known with present tire constructions.
PAR  The preferred arrangement is that each superpositioned area of the second
      belt ply is superpositioned over a width of at least 4% of the width of
      the tire, measuring from the neutral fiber of the folded edge to the
      equatorial plane of the tire. Thus, with a tire in accordance with the
      invention, the lateral strips extend in no event up to the folded edge of
      the second belt ply. Rather, there remains always an area contiguous to
      the folded edge that is free from a lateral strip.
PAR  Each lateral strip exhibits a width between about 4% and about 15%,
      preferably between approximately 7 and 10%, of the width of the tire,
      measuring from each outer edge of the first belt ply in the direction away
      from the equatorial plane of the tire.
PAR  In the case of the arrangement and design of the reinforcement in
      accordance with the invention, one achieves a subdividing of the
      reinforcement into five zones. In the crown area, there exists a zone in
      which there are essentially superpositioned three cord fabric plies. This
      zone is framed on either side by two zones in which there occurs a
      compensation of the rigidity and a precision gradation of the rigidity. In
      these compensation zones there is situated in each case a side strip layer
      between two cord fabric plies. The two outer zones which extend up to the
      folded edge of the second belt ply are defined by two cord plies directly
      superpositioned on one another.
PAR  The structural elements of the reinforcement can be attuned in the various
      zones depending on the choice of material and their cross-section in such
      a way that the desired precision gradation of the rigidity and the
      non-abrupt transitions at the borders of adjoining zones can be
      materialized. Such a reinforcement results in a tire suitable for high
      speeds with extraordinary satisfactory stability, resistance to rolling,
      and abrasion behavior. It is essential for the long life of a tire, and it
      is the case with the instant invention, that the cord fabric of the folded
      belt extend practically without any bend over all zones. As a result,
      there is achived a uniform distribution of tension. It should also be
      noted that in addition to providing the property of the precision
      gradation of the rigidity, the lateral strips can also be used as an aid
      in the folding of the second belt ply.
PAR  The lateral strips preferably consist of a rubber mixture conventionally
      used in the calendering of tire cord fabrics. In some instances it may be
      advantageous if the rubber mixture of the lateral strips differs from that
      of the cord fabrics, in particular with regard to hardness and/or modulus
      of elasticity. Thus, the rubber mixture can additionally be reinforced
      through embedded fibers. The lateral strips may also consist of a plastic
      material.
PAR  Preferably, the modulus of elasticity of the cords (filaments, wires) of
      the cord fabric plies are selected to be identical to or greater than the
      modulus of elasticity of the lateral strips.
PAR  With high-speed tires, the reinforcing cord fabric plies generally comprise
      steel cords. In that case, the individual cord elements or wires,
      especially those in the second belt ply, are to have the smallest possible
      cross-section. The first belt ply can consist of steel cord fabrics in
      which the steel elements can, however, exhibit a greater cross-section. It
      is of course understood that cord fabrics other than steel cord are
      suitable for the purposes of the invention.
PAR  Referring now to the drawings, in FIG. 1, the dash-dot line suggests the
      outer area of a belted tire, in particular a high-speed tire. This tire is
      designated by the reference numeral 1. It has a crown area 2 defined by
      shoulders 2a and by a profiled tread 2b. Moreover, the tire 1 is provided
      with a carcass 3 which may be built up in conventional manner. Between the
      carcass 3 and the tread 2b, there is arranged a reinforcement generally
      designated 4 consisting of a first, inner ply 13 and a second, outer ply
      5. The outer ply 5 generally exhibits a substantially greater width than
      the remainder of the reinforcement, and is folded at its marginal edges 6
      and 7 with the two free edges 11 facing one another and separated by a
      short distance forming a gap 12.
PAR  The folded-over outer belt ply 5 encloses within its folded areas two
      lateral strips 14 and the inner belt ply 13 therebetween. The inner belt
      ply 13 is arranged symmetrically about the equatorial plane A just as, in
      general, the reinforcement ply is built up symmetrically to this plane. It
      can be seen that the lateral strips 14 connect substantially in the same
      plane directly to the free edges of the inner belt ply 13. However, the
      lateral strips 14 extend only partly into the folded area of the outer
      belt ply 5. The outer edges of the lateral strips 14 are substantially
      spaced apart from the folded edges 6 and 7 of the outer belt ply 5. Each
      of the two folded over areas of this outer belt ply 5 therefore exhibits
      three sections, namely a first section 8 adjoining the folded edge, which
      consists essentially of the continuous area of the outer belt ply 5, a
      second section 9 including the lateral strips, and a third section 10
      essentially including the inner belt ply 13.
PAR  The reinforcement construction illustrated in FIG. 1 therefore forms
      essentially five zones of differential rigidity. In the central zone 17,
      the rigidity is determined by three superpositioned cord plies. In the two
      adjoining zones 16 and 18, the rigidity is determined by two cord plies
      spaced from one another by a lateral strip enclosed therebetween. However,
      in the outer zones 15 and 19, the rigidity is determined by two
      superpositioned cord plies interconnected via the folded edge 6 and 7,
      respectively. It can be seen that the outer zones 15 and 19 are situated
      in the shoulder area of the tire.
PAR  The zones 16 and 18 form between the central zone 17 and the outer zones 15
      and 19 respectively, transition and compensating steps which assure that
      the rigidity values are decreased from the inside to the outside smoothly
      and without any abrupt transitions. The zones 16 and 18 also provide a
      precision gradation of the strength characteristics in these areas and at
      the transition points to the adjoining zones.
PAR  The overall width of the reinforcement 4 may amount to 75% of the overall
      width of the tire. However, manufacturing tolerances of .+-. 15% are to be
      taken into consideration. The width of each lateral strip is preferably
      between approximately 4% and approximately 15% of the width of the tire,
      and a width in the range between 7 and 10% of the tire width has proven to
      be particularly advantageous. Of particular significance is the distance
      between each free outer edge of the lateral strip and the adjacent neutral
      fiber or zone of the folded edge of the outer belt ply 5, which distance
      may not be less than a value of 4% of the tire width. This distance may
      amount, at the maximum, to 13% of the tire width, with the preferred range
      being between 7 and 10% of the tire width. The distance depends, in each
      case, on the tire dimensions and on the intended use of the tire, e.g., a
      high-speed tire for passenger vehicles or a tire for trucks.
PAR  With the reinforcement 21 in accordance with FIG. 2, there is provided an
      essentially similar structure. The outer ply 23 wraps with its flanges 24
      around the lateral strips 26 and 27 and the inner belt ply 22. The
      distance of the free edge of the lateral strips from the folded edge of
      the outer ply 23 is designated by the numeral 28 and the width of the
      lateral strip is designated by the numeral 29. In the example shown in
      FIG. 2, the gap between the free edges of the folded over area 24 and 25
      is larger than in the case of the exemplified embodiment in accordance
      with FIG. 1.
PAR  The exemplified embodiment of the reinforcement in accordance with FIG. 3
      differs from the two preceding embodiments in that the lateral strips 35
      and 36 are arranged in such a way that they partially overlap the marginal
      areas of the inner belt 34. The outer belt ply 31 is folded over with the
      folded over flanges 32 and 33 of the reinforcement 30 overlapping both the
      exposed area of the lateral strips, the overlapping areas of the lateral
      strips and inner belt, and a part of the inner belt ply 34. The lateral
      strips may overlap above or beneath the inner belt ply.
PAR  In the case of the exemplified embodiment in accordance with FIG. 4, the
      lateral strips of the reinforcement 40 are designed as folded strips 45
      and 47. These folded strips wrap around the inner belt ply 44 and form
      with the edge areas thereof overlapping sites 46a, 46b and 48a, 48b
      respectively above and beneath the inner belt ply 44. Also in this case,
      the outer belt ply 41 is folded and its folded flanges 42 and 43 overlap
      the lateral strips, the overlapping sites, and the essential areas of the
      inner belt 44.
PAR  In the case of all exemplified embodiments, the plies, in particular the
      outer ply, run substantially bend-free over all zones. The lateral strips
      in this arrangement form a precision-sensitive means for the gradation of
      the rigidity. It ought to be noted that this gradation can be influenced
      not only by the differential gradation, in accordance with the exemplified
      embodiments, but also by the cross-sectional configuration of the lateral
      strips. In the latter situation, it may be appropriate that the
      cross-section of the lateral strips decreases from the inside to the
      outside of the tire width.
PAR  Moreover, the outer belt ply can be designed in such a way that the gap
      between its free edges is present merely as a separation. Furthermore, the
      outer belt ply may be arranged symmetrically or asymmetrically with
      respect to the equatorial plane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Reinforcements for a pneumatic tire for vehicles, comprising:
PA1  a first, inner belt ply;
PA1  a pair of lateral strips connected to the free edges of the inner belt ply,
      said lateral strips and inner belt ply lying in substantially the same
      plane; and
PA1  a second, outer belt ply having a pair of opposed flanges which fold over
      and hem in the lateral strips and at least the marginal areas of the inner
      belt ply, and wherein the lateral strips are substantially spaced apart
      from the folded edges of the outer belt ply, so that the outer belt ply is
      superpositioned on itself in the areas between the folded edges of the
      outer belt ply and the free edge of the lateral strips, each
      superpositioned area of the outer belt comprising a width of at least 4%
      of the width of the tire, whereby the tire rigidity values decrease
      gradually from a maximum at the equatorial plane of the tire towards a
      minimum in the shoulder area of the tire.
NUM  2.
PAR  2. The reinforcement of claim 1, wherein each superpositioned area of the
      outer belt ply comprises a width of at least 7% of the width of the tire.
NUM  3.
PAR  3. The reinforcement of claim 1, wherein each lateral strip comprises a
      width between about 4% and 15% of the tire width.
NUM  4.
PAR  4. The reinforcement of claim 1, wherein each lateral strip comprises a
      width between about 7% and 10% of the tire width.
NUM  5.
PAR  5. The reinforcement of claim 1, wherein the lateral strips comprise a
      rubber mixture identical to the rubber mixture of the inner belt ply.
NUM  6.
PAR  6. The reinforcement of claim 1, wherein the lateral strips comprise a
      rubber mixture reinforced with fibrous material.
NUM  7.
PAR  7. The reinforcement of claim 6, wherein the modulus of elasticity of the
      lateral strips is identical to or smaller than that of the cords of the
      belt plies.
NUM  8.
PAR  8. The reinforcement of claim 6, wherein the thickness of the lateral
      strips decreases in the direction away from the equatorial plane of the
      tire.
NUM  9.
PAR  9. The reinforcement of claim 1, wherein each lateral strip comprises a
      folded strip which wraps around a free edge of the inner belt ply.
NUM  10.
PAR  10. The reinforcement of claim 1, wherein each lateral strip overlaps a
      marginal area of the inner belt ply.
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PAL  A radial ply pneumatic tire has a belt assembly which is constructed so
      that the laminated layers of rubberized parallel cord material in the belt
      are arranged in such a way that the lamina stiffnesses of the belt plies
      are symmetrically arranged with regard to the thickness midplane of the
      belt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tires and particularly to arrangements of belt
      structures in radial ply pneumatic tires.
PAR  When a pneumatic tire is operated at a zero slip angle, steady state
      lateral forces and aligning torques may be generated which cause the tire
      to turn slightly abouts its steering axis and to run at a slight angle of
      deviation from the direction in which it is steered. This phenomenon is
      most predominant in radial tires. It is caused by both conicity and ply
      steer.
PAR  Ply steer adversely affects the performance of an automobile in various
      ways. First, it can cause the steering wheel to assume a steered
      configuration, thus producing misalignment complaints, and can also cause
      dog tracking, which may in turn cause headlight misalignment. Second, the
      lateral forces which act in the area of contact of the tread region of the
      tire may also affect some types of wheel alignment equipment. Finally, ply
      steer may be a cause of faster tread wear and the mechanical source of ply
      steer may be a contributing cause of conicity due to its action during
      lifting, i.e., shaping of the tire to torodial form.
PAR  Since the carcass plies in radial tires contribute minimally to the ply
      steer phenomenon, a no ply steer radial tire may be designed by mounting a
      no ply steer belt on a radial ply carcass.
PAR  In the specification, the following terms shall have the meaning defined
      below:
PAR  A radial tire is a tire having a carcass comprising one or more carcass
      plies of rubberized parallel cord material wherein the angle of the cords
      to the mid circumferential plane of the tire is equal or substantially
      equal to 90.degree..
PAR  The direction of a cord angle is defined to be positive (+) when an
      observer who inspects the outer surface of the tire along a line of sight
      which is perpendicular to the axis of the tire when the tire is in a
      rolling position on the ground and sees the cords running from the bottom
      up from left to right. Similarly, a cord angle is negative (-) when it
      runs from right to left from the bottom up. When a belt is described with
      reference to the directions of the cords in each ply, the first sign given
      refers to the ply which is closest to the spin axis of the tire. For
      example, a + - belt is a belt having its ply closest to the spin axis of
      the tire having cords in the + direction, and its outermost ply having
      cords in the - direction.
PAR  Stiffness parallel with the cords is the effective elastic modulus
      (E.sub.eff) of the ply in that direction as defined by the rule of
      Mixture's Equation:
PAR  E.sub.eff = (% Area of cord x elastic modulus of cord + %Area of rubber x
      elastic modulus of rubber)/ 100.  See, e.g. Ashton, Halpin & Petit, Primer
      on Composite Materials Analysis, (Technomic Pub. 1969, Stamford,
      Connecticut).
PAR  The term lamina stiffness will be used to characterize the stiffness
      properties of a ply. It will be taken to be synonymous in meaning with
      stiffness parallel with the cords and is used for the sake of brevity.
PAR  Aligning torque is the moment exerted on the tire by virtue of its reaction
      to contact with the road surface and which acts about an axis
      perpendicular to the road plane and passing through the center of tire
      contact. Aligning torque is positive when acting clockwise as seen from
      above.
PAR  The lateral force is the force exerted by the road surface upon the tire
      and which is in the road plane perpendicular to the wheel plane. It is
      positive when active to the right as viewed from behind the tire.
PAR  Wheel plane is the central plane of the tire, normal to the tire spin axis.
PAR  Steer angle is the angle through which the front wheels of a car have
      turned from the straight ahead position. In other words, it is the angle
      between the projection of the longitudinal axis of the vehicle and the
      line of intersection of the wheel plane and the road surface.
PAR  Slip angle is the angle between the velocity vector of the center of tire
      contact and the intersection of the wheel and the road planes.
PAR  Center of tire contact is the intersection in the road plane of the wheel
      plane and the vertical projection of the tire spin axis onto the road
      plane.
PAR  Conicity (pseudo camber) is that component of the average lateral force,
      when the tire rolls at zero slip angle, which does not change direction
      with respect to the wheel plane when the direction of rotation of the tire
      changes.
PAR  Ply steer (pseudo slip) is that component of the average lateral force of
      the tire rolling at zero slip angle which changes direction with respect
      to the wheel plane when the direction of rotation of the tire changes. It
      is known as "ply steer" because it is related to the geometrical
      arrangement of the various cord directions of the plies in the tire.
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be briefly characterized as comprising a radial tire
      construction in which the phenomena of ply steer is eliminated, or
      substantially reduced, by so constructing the belt of the tire that the
      stiffness of the multiple layers of rubber-covered cords comprising the
      belt are symmetrically disposed with respect to the midplane of the
      thickness of the belt.
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PAC  THE DRAWINGS
PAR  FIG. 1a is a schematic view of a lamina of spaced parallel cords embedded
      in an elastomer where the cords are at an angle of 0.degree. with respect
      to the x axis;
PAR  FIG. 1b is a schematic view of the lamina in FIG. 1a when tension is
      applied to the lamina along its x axis;
PAR  FIG. 2a is a schematic view of a lamina of spaced parallel cords embedded
      in an elastomer where the cords are at an acute angle with respect to the
      x axis;
PAR  FIG. 2b shows the lamina in FIG. 2a when tension is applied to the lamina
      along its x axis;
PAR  FIG. 3 is a schematic view of two separate lamina having spaced parallel
      cords embedded in an elastomer where the cords are at acute angle with
      respect to the x axis which is the same in magnitude but of opposite
      direction for each lamina, each lamina being shown in tension along its x
      axis;
PAR  FIG. 4 shows the deformation of a laminate consisting of the two lamina
      shown in FIG. 3 which are coupled in the thickness z direction when the
      laminate is in tension along the x axis;
PAR  FIG. 5 shows two pairs of two lamina separated from each other, each having
      spaced parallel cords embedded in an elastomer, and indicates the twist of
      each pair if it were coupled in the z direction and placed in tension
      along its x axis;
PAR  FIG. 6 is a laminate consisting of the two pairs of lamina shown in FIG. 5,
      superposed with cords directions - + + -, the lamina being coupled in the
      z direction and the laminate under tension in the x direction;
PAR  FIG. 7a is a nonsymmetric laminate having a cord structure of either pair
      of lamina shown in FIG. 5;
PAR  FIG. 7b is the laminate shown in FIG. 7a which is in a bent condition
      caused by the application of external moments;
PAR  FIG. 7c is a midplane element of the laminate shown in FIG. 7a;
PAR  FIG. 7d is a midplane element of the laminate shown in FIG. 7b;
PAR  FIG. 8 is a side schematic view of a tire mounted on a vehicle wheel and
      subjected to a vertical load;
PAR  FIG. 9 is a schematic representation of the configuration of those portions
      of the tread region of the tire which is in contact with and in near
      proximity to the road surface when the tire is first placed upon the road
      surface under a load and is not rotating;
PAR  FIG. 10 is a schematic view of a tire and wheel combination showing the
      configuration of those portions of the tread region of the tire in contact
      with and in close proximity to the road, when the tire-wheel combination
      is mounted on an axle which has its steering angle fixed and the
      tire-wheel combination has been rolling along the road surface for a
      sufficient time to build up a steady state ply steer effect;
PAR  FIG. 11 is a view similar to FIG. 10 showing the configuration of the
      tire-wheel combination in FIG. 10 when the axle steering angle is not
      fixed but is free to rotate in response to the ply steer aligning torque;
PAR  FIG. 12 is a fragmentary plan view of the tread region of a tire
      incorporating the presently preferred embodiment of this invention with a
      portion of the tread cut away to show the plies comprising the belt.
DETD
PAC  DETAILED DESCRIPTION
PAR  Ply steer is produced by forces resulting from nonsymmetrically arranged
      carcass and belt ply lamina in a tire. The interaction between the lamina
      causes the tread area of the tire to deform and this, in turn, causes the
      tire to roll at a small angle of deviation from the angle in which it is
      steered. Ply steer can be eliminated if the belt and carcass plies of the
      tire are arranged so that the lamina stiffnesses are oriented such that
      they are symmetrically arranged with regard to the thickness midplane of
      the structure. Moreover, for the simple case of a radial tire, ply steer
      will be substantially eliminated if the belt plies alone are symmetrically
      arranged with respect to the thickness midplane of the belt, since radial
      carcass plies do not make a significant ply steer contribution.
PAR  In order to fully understand how to build a no ply steer belt, the
      properties of laminates acted upon by forces must be understood. FIG. 1a
      shows a single lamina 11 of spaced parallel cords 13 connected by an
      elastomer 15 with the cords lying at an angle of 0.degree. with respect to
      the x axis. When a force F.sub.x acts on this lamina in the + and - x
      directions, it undergoes plane strain, and tends to assume an elongated
      configuration 17 as shown in solid lines in FIG. 1b. It should be noticed
      that the elongated configuration 17 maintains a generally rectangular
      shape as the angles of the corners of the lamina remain 90.degree..
      Similarly, if the lamina were stretched along the y axis, it would remain
      rectangular but elongate in the y direction.
PAR  However, if a lamina 21 has cords 23 lying at an angle 25, not equal to
      0.degree. or 90.degree. with respect to the x axis, as in FIG. 2a and is
      stretched along the x axis, it will show an in-plane shear effect. That
      is, the angles of the cords 23 in the lamina 21 will be deformed so that
      the rectangular lamina 21 assumes the shape of a parallelogram 29, see
      FIG. 2b, and the cords 23 of the deformed lamina lie at a different angle
      27 with respect to the x axis. The example shown is for a cord angle 25 of
      less than 60.degree.. For a cord angle 25 of greater than 60.degree. an
      opposite sense of distortion is obtained. This is what would happen to a
      single belt ply, having cords situated at the actual angle of 15.degree.
      to 25.degree., if it were placed in tension and were not coupled to
      another ply. However, since the belt in a cured tire normally has a
      plurality of plies coupled in the z direction, out-of-plane coupling takes
      place when forces act on the belt.
PAR  FIG. 3 shows two separate lamina 31,33 which are placed in tension by
      forces F.sub.x acting along their x axes. Both lamina have identical
      properties with the sole exception of the direction of the cord angles
      35,37 which are in opposite directions with respect to the x axis. If
      these lamina were superposed plies in a 2 ply belt 41 for a pneumatic
      tire, they would be coupled in the z direction. In other words, they would
      be placed one on top of the other and cured so that the belt would
      comprise a single structure 41 having two layers of spaced oppositely
      directed cords. If this two ply belt were then placed under tension along
      its x axis, the only way it could reach an equilibrium state with respect
      to the applied forces would be for the belt to twist as shown in FIG. 4.
      The direction of the twist is dependent upon the orientation of the cords
      in the plies of the belt. For example, assuming identical construction for
      each ply except for the direction of the cord angle, a - + belt 51 will
      twist an amount T=-a which is equal in magnitude but in the opposite
      direction to the twist T=a from a + - belt 53, FIG. 5. Thus, if a - + belt
      51 is placed on top of a + - belt 53 to form a - + + - belt 61, FIG. 6,
      placing the belt in tension will not cause it to twist because the twist
      generated by the + - pair will be cancelled by that of the - + pair.
PAR  For the - + + - belt 61 described above, the lamina stiffness are oriented
      in such a way that they are symmetrically arranged with regard to the
      thickness midplane 63 of the structure. As a result, no in-plane to
      out-of-plane coupling will exist, that is, tension will not cause
      twisting. Conversely, bending or twisting will not cause in-plane tension
      and shear. Moreover, this behavior applies to any combination of cord
      structure in a belt where the lamina stiffnesses are symmetrically
      arranged with regard to the thickness midplane of the structure.
PAR  The relationship of this result to the causation of ply steer should become
      apparent upon examination of the properties of an element of a general
      anisotropic laminate that is bent.
PAR  A nonsymmetrical laminate is illustrated in FIG. 7a in its condition 71
      wherein it is not subject to any applied forces. This laminate assumes the
      arcuate configuration 73, FIG. 7b, after it is bent about the y axis. A
      midplane element 75, FIG. 7c, which is an element selected randomly from
      the midplane of the laminate 71, has a square configuration 75 when the
      laminate is not bent. However, when the nonsymmetrical laminate is bent as
      shown in FIG. 7b, the midplane element is deformed from the square
      configuration 75 into a parallelogram 77, FIG. 7d. Conversely, the
      midplane element for a laminate which is symmetric with respect to its
      structural midplane is deformed in bending such that the corners remain at
      90.degree..
PAR  This effect can be easily related to the behavior of a multiple ply belt in
      a radial tire 81 that is rolling along the road as schematically indicated
      in FIG. 8. Also in the footprint 83 the belt is bent from its molded,
      curved, configuration to a flat configuration. It is here that a belt
      which is nonsymmetrical with respect to its laminate midplane exhibits the
      deformations that produce the ply steer effect because the bending acting
      through the in-plane to out-of-plane coupling of the laminate, causes the
      laminate to exhibit shear.
PAR  FIG. 9 is a schematic representation of the configuration taken by the
      footprint 91 of a radial tire having a nonsymmetrical belt when the tire
      is first placed on the ground under a load. The deformation in the fore 93
      and aft 95 parts of the footprint is caused by the in-plane shearing
      strains in the belt produced by flattening the belt in the footprint.
PAR  FIG. 10 is a schematic representation of the configuration taken by
      footprint 101 of a tire on a wheel 102 where the axle (not shown) is held
      at a fixed steering angle of 0.degree. after the tire has been rolling
      long enough to build up the steady state ply steer effect. The fore-aft
      centerline VT of the tread band in the footprint deviates from the
      velocity vector VC of the center of tire contact by the angular
      displacement 105, and the lateral force component of ply steer is
      developed. This angular displacement for a typical passenger radial tire
      is usually between 0.2 and 0.5 of a degree and is greatly exaggerated in
      FIG. 10 for the sake of clarity. In a tire having a belt exhibiting ply
      steer with a normal belt configuration the tread band will always attempt
      to turn in the direction of the cords in the radially outermost ply when
      in the footprint of the tire in contact with the road and operating at a
      zero slip angle.
PAR  FIG. 11 is a schematic representation of the configuration taken by a
      footprint 111 of a tire on a wheel 112 where the axle is free to steer
      after a steady state ply steer effect has occurred. Here the aligning
      torque component of the ply steer AT causes the wheel to steer by
      1/2.degree. or less (angle 113 in FIG. 11 is greatly exaggerated for
      clarity) until a compensating aligning torque induced by the steering is
      developed and steering ceases. The ply steer lateral force LF ply steer,
      is then counterbalanced by the lateral force generated by the steered
      direction of the wheel which is designated as LF steer. The fore-aft
      centerline VT of the tire tread in the footprint is then in the same
      direction as the velocity vector VC of the center of tire contact, and the
      centerline of the wheel 112 is in a configuration such that it is offset
      by 1/2.degree. or less from the direction of the velocity of the center of
      tire contact VC. The direction of the wheel centerline is indicated by VS.
PAR  As mentioned previously, a + - - + belt or a - + + - belt will not twist
      when bent nor will it undergo in-plane shear. Thus, in the area of severe
      bending of the loaded radial tire, the footprint will not be deformed if
      the laminate stiffness of the belt is symmetrical with respect to its
      radial midplane, and the tire will roll in the direction of travel for a
      tire without conicity.
PAR  It is possible to construct many different belt configurations which are
      symmetrical and thus have no-ply steer characteristics. In the preferred
      construction, the no-ply steer belt has three belt plies arranged in a + -
      + orientation with each ply having cords disposed at an angle with respect
      to the circumferential midplane of the tire which is the same in
      magnitude, differing only in direction. The belt is free from the ply
      steer effect because the stiffness is symmetrically distributed with
      respect to the belt's radial midplane. However, if the ply stock used is
      the same for all plies there will be twice as many cords in the +
      direction as there are in the - direction, so that in-plane shear coupling
      will occur. Although this does not directly affeect the ply steer
      phenomena, it causes a reduction in wear and reduces the tread life of the
      tire.
PAR  The preferred embodiment of the invention shown in FIG. 12 comprises a
      radial tire 120 having a three ply belt in which the in-plane stiffness is
      essentially balanced and in which the stiffness is symmetrically
      distributed with respect to the radial midplane of the belt. Each ply
      comprises cords 121 disposed at an acute angle relative to the
      circumferential midplane. The first ply 122 and third ply 124 each have
      identical end counts, an equal number of cords per inch, the cord angle
      also being identical in amount and direction. The second ply 126 has an
      end count twice that of the first and third plies, the cords having an
      angle equal in magnitude to that of the cords for plies 122 and 124 but
      opposite in sense. Each cord 121 is identical in the several plies. The
      belt can be built into a tire having a radial carcass by procedures well
      known in the art.
PAR  One specific example of the presently preferred embodiment of the invention
      is a BR 78.times.13 tire, in which the first belt ply 122 has 9 cords per
      inch disposed at an angle of +29.degree. in the uncured ply material and
      is 6 inches in width and 65.8 inches in length. The second ply 126 has 18
      cords per inch disposed at an angle of -29.degree. and is 4.80 inches wide
      and 66.1 inches long. The third or outermost ply 124 also has 9 cords per
      inch disposed at an angle of +29.degree., is 5.40 inches wide and 66.4
      inches in length. The cords each comprise five strands of 0.25 mm. steel
      wire filaments embedded in rubber of suitable hardness. After cure, the
      cord angles have a magnitude of less than 25.degree. and preferably
      substantially equal to 24.degree..
PAR  The edges of the belt parallel to its circumferential midplane are each top
      spliced 1 inch with a 2 inch wide 66.7 inch long ply 127 having 20 cords
      per inch of 840/2 nylon at an angle of substantially 0.degree.. These
      strips as well as the variation in the width of the belt plies reduce the
      tendency of the edges of the steel corded belt plies to separate in the
      shoulder regions 129 of the tire.
PAR  It is not critical for purposes of balancing the in-plane stiffness of the
      belt plies that there be exactly an equal number of cords in each
      direction. As an example, a + - + belt having 8 cords per inch in the
      first and third plies and 18 cords per inch in the second ply will perform
      satisfactorily. However, the departure from equality of numbers of cords
      in opposite directions must not be excessive.
PAR  The preferred embodiment of the invention is not limited to the specific
      example described above. By way of example, a 5 ply belt may be built
      having a + - + - + configuration where all of the angles are of the same
      magnitude. In order to balance the in-plane stiffness where cords of equal
      stiffness are used the + belt plies would each have 2/3 the number of
      cords per inch as the - belt plies. Similarly, a 7 ply belt could be
      constructed having a - + - + - + - construction where the - plies would
      have 3/4 as many cords per inch as the + plies.
PAR  In the preceeding examples, it has been assumed that the magnitude of the
      cord angles, the modulus of the ply rubber, and the cord material and
      construction has been the same in each belt ply. It should be apparent,
      however, that the invention may be practiced using a belt having plies in
      which different cord materials are used in each ply. For instance, a 5 ply
      belt can be constructed having a + - + - + arrangement where the third ply
      has steel cords and all the other plies have rayon cords. The out-of-plane
      coupling is eliminated simply by the + - + - + orientation. The in-plane
      shear can be eliminated if all of the cords are disposed at angles of
      equal magnitude and if the following condition is met:
      ##EQU1##
      where EPI.sub.1 is the end count per inch of the cords in the first and
      last plies; EPI.sub.2 is the end count per inch of the cords in the second
      and fourth plies; EPI.sub.3 is the end count per inch of the cords in the
      third ply; Ew is the initial modulus (or stiffness) of the wire cords, and
      ER is the initial modulus (or stiffness) of the rayon cords. Similar
      equations can be derived for any odd number of plies.
PAR  The specific embodiments of the invention have been given by way of example
      and not by way of limitation. For example, by way of illustration and not
      of limitation, it may be mentioned that the order of sequential
      arrangement of the ply angle directions in the belt can be reversed from
      the specific examples given. Various other equivalent constructions are
      possible which embody the essence of the invention as defined in the
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radial ply tire having a belt assembly with an odd number of plies
      of rubberized mutually parallel cords crossing the circumferential
      midplane of the tire at an acute angle, the improvement wherein the cords
      in each of the radially innermost and radially outermost plies of the belt
      assembly are oriented in the same direction relative to said
      circumferential midplane while the ply or plies intermediate the radially
      innermost and radially outermost plies are each characterized by a cord
      direction and stiffness which effects symmetrical stiffness relative to
      the thickness midplane of the belt.
NUM  2.
PAR  2. The tire as defined in claim 1 wherein said belt assembly consists of
      three plies and the ply intermediate said radially innermost and outermost
      plies is characterized by a stiffness approximately equal to twice that of
      either of said radially innermost or radially outermost plies and a cord
      direction opposite to the direction of the radially outermost and
      innermost plies.
NUM  3.
PAR  3. The tire as defined in claim 2 wherein the cord end count of said
      radially innermost and outermost plies are substantially equal and the
      cord end count of said intermediate ply is approximately twice that of the
      cord end count of either said radially innermost or outermost ply.
NUM  4.
PAR  4. A radial ply tire as defined in claim 3 wherein said acute angle is less
      than 25.degree., the end count of each of the radially innermost and
      outermost plies is 9 cords per inch and the end count of said intermediate
      ply is approximately 18 cords per inch.
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ABST
PAL  A composite casting is produced by electrodepositing a wear resistance
      material onto a core, immersing the core in an aluminium melt and then
      casting an aluminium alloy around the core, before detaching the latter.
      The wear resistant layer may be given a roughened surface before immersing
      in the aluminium melt, by increasing the current density in the later
      stages of the depositing. The method may be used for casting light metal
      cylinders for internal combustion engines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method for the manufacture of a composite
      casting from an aluminium alloy and a wear-resistant material, the latter
      being applied onto a core, which can be detached from the finished
      compound casting and where, after immersion in an aluminium melt, which is
      necessary for the formation of an intermetallically combined, thin
      aluminium coating, the aluminium alloy is cast around the material in a
      pressureless manner.
PAR  It is known for example from German Pat. No. 1,291,865, to spray a layer of
      steel on a core and then to cast aluminium around this layer by the
      die-casting method. The connection between the aluminium and the steel
      layer occurs in a purely mechanical manner. When cooling down, the
      solidifying aluminium shrinks onto the coated core and is clamped, during
      this process, with the rough sprayed layer. Therefore, this method is only
      successful if the surface of the layer applied to the core has a
      sufficient roughness and if the aluminium is introduced into the casting
      mould under great pressure. For these reasons, the method is dependent on
      rough layers and is confined, for the rest, to the application of
      aluminium layers by the die-casting method. However, these limitations are
      decidedly a hindrance in some cases of use. For example, light-metal
      cylinders for internal combustion engines are manufactured predominantly
      by the low-pressure casting and chill casting methods. However, for these
      casting methods, too, ways have already been found for the manufacture of
      the abovementioned compound castings. In this connection, use has been
      made of the realization that intermetallic compound layers may form
      between superimposed layers of aluminium and steel, at the boundary
      surfaces thereof. A relatively strong adhesive bond between the
      superimposed layers can be brought about by these compound layers. The
      manufacture of such compound castings is described in detail, for example,
      in German Pat. No. 860,303 or German Pat. No. 971,052. These methods have
      also become known under the title A1-Fin method.
PAR  However, satisfactory adhesive strengths can only be achieved with this
      method of coating under very specific conditions, and because of these its
      application is again only possible within corresponding limits. For
      example, it is no longer possible to bring about a secure connection if
      oxides are present on one of the adjacent boundary surfaces. For, in this
      case, due to the very great affinity of aluminium relative to oxygen, the
      desired metallic compound is virtually prevented from the outset by the
      formation of an aluminium oxide layer. Therefore, the A1-Fin methods are
      performed in such a way that the part which is to be coated with aluminium
      is, first of all, immersed in an aluminium bath for a short time. In this
      manner, one obtains a thin aluminium coating which is intermetallically
      combined with the steel part that is to be coated. Due to the immersion of
      the part that is to be coated in a liquid aluminium melt, it is almost
      impossible for the aluminium to combine with the oxygen of the air on the
      surface that is to be coated. Attention has to be paid, too, that there is
      not any free or combined oxygen present in the surface of the part that is
      to be coated, which might lead to the formation of an oxide layer in the
      aluminium that is to be applied.
PAR  To this extent, it seems that parts with rough and porous surfaces, as
      found particularly on thermically sprayed metal layers, have hitherto been
      uncoatable by the A1-Fin method. After all, the oxide content in metal
      spray layers is easily up to 60 %. Of course, theoretically it would be
      possible to eliminate to a very large extent the problems caused by
      oxidation by working under a vacuum or in a protective gas atmosphere,
      that is to say in this case they would not arise in the first place.
      However, this would also apply to metal spraying and the introduction of
      the sprayed layer into the aluminium bath. However, for economic reasons
      alone, it is not possible to take this course of action in practice.
PAR  According to the prior art, it has therefore hitherto only been possible to
      keep the surfaces of the parts to be coated with aluminium free from oxide
      and then to coat them by the A1-Fin method or else to apply the aluminium
      layer by the die-casting method, in which case one had to be content with
      a mechanical bonding of the adjoining materials. It is a great
      disadvantage that the application of the A1-Fin method is confined to
      parts which have entirely or at least substantially oxide-free surfaces.
      Attempts have been made to eliminate this disadvantage partly be
      subsequently removing the surfaces containing oxides, which can be done
      for example by mechanical methods such as sand rays or other material
      removing treatment processes.
PAR  Very special problems, which can usually hardly be solved, emerge in this
      respect in the case of layers which are manufactured by the metal spraying
      method and which have to be coated with aluminium according to the A1-Fin
      method, because of the extremely high oxide content in such layers.
PAC  OBJECT OF THE INVENTION
PAR  It is the object of this invention to eliminate the circumstances which
      limit the possibility of applying the A1-Fin method or which render its
      application very difficult. Special emphasis is laid on the point that the
      parts that are to be coated can be made available to the A1-Fin process
      without receiving any surface-removing mechanical pre-treatment.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a method for manufacturing a
      composite casting, comprising the steps of:
PA1  a. electrodepositing a layer of wear resistant material on to a core;
PA1  b. immersing said layer of wear resistant material in an aluminium
      containing melt to form an intermetallically combined aluminium layer;
PA1  c. casting an aluminium alloy around the aluminium layer in a pressureless
      manner to form a composite casting on said core; and
PA1  d. detaching said composite casting from said core, wherein during a final
      phase of the electro-depositing process, the current density is increased
      in such a way that the deposited layer has a roughened-up surface.
PAR  The result is a surprisingly rough surface, whereby the surrounding
      aluminium is given, in addition to the metallic bonding, the possibility
      of being clamped mechanically. Advantageously, the current density should
      exceed by 25 % that density at which it is still possible to manufacture
      layers that are just about smooth. During the final phase, when the
      current density is increased, there should still be deposited
      approximately 0.3 to 0.6 mm of a rough layer forming the outer surface. A
      rough surface can also be achieved by using an anode which is formed with
      corresponding depressions.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention will be explained with reference to three exemplified
      embodiments:
PAC  EXAMPLE 1
PAR  A steel core is electro-deposited with a nickel dispersion layer. As a
      result, one obtains from a nickel bath containing 240 g/l nickel sulfate,
      45 g/l nickel chloride, 30 g/l boric acid and having a pH-value of 5 and a
      bath temperature of 35.degree.C, along with vigorous moving of the bath,
      layers which are still smooth up to the cathode current density of 9
      A/dm.sup.2. The desired roughness comes about at a current density of 11
      A/dm.sup.2. During the increase in the current density, a rough outer
      layer of 0.3 to 0.6 mm is applied on a smooth layer having a thickness of,
      for example, 0.3 mm.
PAR  Subsequently, the coated core is immersed at approximately 550.degree. C
      for 3 minutes in a deoxidation or flux medium melt which has, for example,
      the following composition:
PA1  40 % MgCl
PA1  35 % KCl
PA1  20 % CaF
PA1  5 % naCl.
PAL  The core, which has been coated with the thus treated, electro-deposited
      nickel-dispersion layer, is immersed at 670.degree. C for 2 minutes in an
      aluminium melt containing 5 % Si and is introduced into the mould of a
      casting installation immediately afterwards. The layer obtained through
      the immersion has a thickness of approximately 0.05 mm. After an aluminium
      alloy containing 12 % Si, approximately 1 % Ni and approximately 1 % Cu
      has been cast around, the core, which is cooled by water after the casting
      process, is pulled out in virtually any desired thickness. The
      nickel-dispersion layer then is exposed towards the interior, whilst the
      outer surface of this layer, which adjoins the aluminium, forms an
      intermetallic bonding therewith. The treatment with a deoxidation agent
      can be dispensed with.
PAC  EXAMPLE 2
PAR  When a rapid nickelling bath containing 600 g/l nickel sulphamate, 5 g/l
      nickel chloride and 40 g/l boric acid and having a pH-value of 4 and a
      temperature of 50.degree. C is used, the current density that should
      preferably be applied is at least 50 A/dm.sup.2.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for manufacturing a composite casting, comprising the steps of:
PA1  a. electrodepositing a layer of wear resistant material on to a core;
PA1  b. immersing said layer of wear resistant material in an aluminium
      containing melt to form an intermetallically combined aluminium layer;
PA1  c. casting an aluminium alloy around the aluminium layer in a pressureless
      manner to form a composite casting on said core; and
PA1  d. detaching said composite casting from said core, wherein during a final
      phase of the electro-depositing process, the current density is increased
      in such a way that the deposited layer has a roughened-up surface.
NUM  2.
PAR  2. The method according to claim 1, wherein the current density increase
      during the final phase of the electro-depositing process is at least 25%.
NUM  3.
PAR  3. The method according to claim 1, wherein during the final phase, when
      the current density is increased, at least 0.3 to 0.6 mm of a rough layer
      are still electro-deposited.
NUM  4.
PAR  4. The method according to claim 1, wherein in order to achieve a rough
      surface, an anode comprising corresponding depressions is used on the
      layer that is to be electro-deposited.
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ABST
PAL  In a continuous casting process in which a partially solidified strand of
      rectangular cross section is formed continuously in a water cooled mold
      and comprises upper and lower curved surfaces of different radii, and in
      which the said strand is curved and follows a curved path through a
      secondary cooling zone, the curved strand is straightened by applying
      cooling water to the curved surface of the strand which is of greater
      radius at an intensity sufficient to reduce the surface temperature
      thereof below the surface temperature of the surface of lesser radius to
      produce a temperature differential between said surfaces sufficient to
      straighten the strand.
BSUM
PAR  This invention relates to continuous casting, and pertains more
      particularly to the continuous casting of steel strands of substantially
      rectangular cross section such as slabs or billets. The techniques used in
      the casting of steel are different from those used in the casting of
      non-ferrous metals, because of the high temperature of molten steel and
      the large quantity of heat which must be removed to produce complete
      solidification of the cast strand.
PAR  In typical continuous steel casting machines, molten metal is poured
      continuously into the open upper end of a water cooled mold having a mold
      passage extending therethrough, and a partially solidified strand is
      withdrawn continuously from the lower end of the mold. The said strand
      consists of an outer solidified shell enclosing a still molten interior,
      sometimes referred to as a core or crater. As the strand emerges from the
      mold, it is guided into what is commonly referred to as a secondary
      cooling zone where cooling water is applied directly to the outer shell,
      usually in the form of high velocity jets. As the strand progresses
      through the secondary cooling zone and heat is withdrawn and dissipated by
      the cooling water the outer shell thickens gradually until the molten
      interior is completely solidified, after which the strand is cut into
      desired lengths.
PAR  In typical continuous steel casting machines, the path of the strand
      through the secondary cooling zone is curved in order to reduce the
      overall height of the machine. Thus, the strand, which emerges from the
      mold in a substantially vertical direction, follows a curved path through
      the secondary cooling zone until it is straightened to cause it to move in
      a substantially horizontal direction. The desired curvature may be
      introduced into the strand either by the use of a mold having a curved
      mold passage as in U.S. Pat. No. 2,947,075, or by bending the strand after
      it emerges from a mold having a straight mold passage as in U.S. Pat. No.
      2,920,359.
PAR  In either event, in typical continuous steel casting machines the strand
      must be straightened before it reaches the cutting station where it is cut
      to provide pieces of lengths desired for further processing. It is usually
      straightened by a bank of straightening rolls usually comprising at least
      one pair of fulcrum rolls, one pair of bending rolls and one pair of
      reaction rolls such, for example, as disclosed in U.S. Pat. No. 3,752,210.
      In typical machines such straightening rolls must be large and heavy and
      must be mounted in heavy bearings capable of withstanding the heavy
      stresses involved in straightening steel strands of from 4 in. to 12 in.
      in thickness.
PAR  It is an object of the present invention to eliminate the need for
      straightening rolls, and to straighten the strand by thermal methods, i.e.
      by applying coolant in such manner as to induce thermal stresses within
      the strand which cause it to straighten itself.
PAR  Other objects and advantages of the invention will appear hereinafter.
PAR  A preferred embodiment of the invention selected for purposes of
      illustration is shown in the accompanying drawings, in which,
PAR  The FIGURE is a diagrammatic illustration of a continuous steel casting
      machine in which the cast strand follows a curved path.
PAR  Referring to the drawing, the illustrated machine comprises a water cooled
      chill mold 1 having a mold passage 2 into which molten metal is poured
      continuously, and from which a partially solidified strand 3 is withdrawn
      continuously. Preferably, the mold passage is curved so that the outer
      solidified shell which is formed within the mold is curved as disclosed in
      U.S. Pat. No. 2,947,075. Alternatively, the strand may be curved after it
      leaves the mold as disclosed in U.S. Pat. No. 2,920,359, or by any other
      suitable method. The particular method of introducing curvature into the
      strand is not important so long as it achieves the primary purpose of
      reducing the required overall height of the machine.
PAR  The partially solidified curved strand follows a curved path through a
      secondary cooling zone indicated generally in the drawing by numeral 4,
      and within which the strand is supported by a plurality of rollers 5.
      Within the secondary cooling zone, cooling water is applied directly to
      both the upper and lower surfaces of the strand as by a plurality of spray
      nozzles 6 located at intervals along the path of the strand and arranged
      to direct jets of cooling water against the strand surfaces. As shown in
      the drawing, the strand is engaged by withdrawal rolls 7 of conventional
      construction as well known in the art, which said rolls control the
      movement of the strand through the machine.
PAR  In the typical curved strand continuous casting machine, in the absence of
      a bank of straightening rolls, the cast strand, after passing the
      withdrawal rolls, would tend to continue to move in a curved path as
      indicated by broken lines 8. This, of course, is not acceptable for it is
      necessary that the strand be straightened before it reaches the cutting
      station.
PAR  According to the present invention, the strand is straightened by producing
      a temperature differential between opposed surfaces of the strand. Thus,
      it will be observed that the curved strand comprises upper and lower
      curved surfaces 9 and 10, respectively, of different radii, the radius of
      curvature of the lower curved surface 10 being greater than that of the
      upper curved surface 9. For example, in a typical installation for casting
      a strand in the form of a slab having a thickness of 12 in., the radius of
      curvature of the lower curved surface might be 28 ft., in which case the
      radius of curvature of the upper surface would be 27 ft.
PAR  According to the present invention cooling water is applied to the surface
      which is of greater radius to cause contraction and shrinkage of the metal
      at and near that surface while at the same time discontinuing or
      substantially reducing the application of cooling water to the opposed
      surface, thus creating a temperature differential across the strand. Thus,
      as shown in the drawing, for example, the series of spray nozzles 6 which
      are located above the strand terminates short of the withdrawal rolls
      while the nozzles 11 direct cooling water against the lower curved surface
      at points beyond the withdrawal rolls.
PAR  As a result of the application of cooling water as above described, and the
      resulting temperature differential, the metal at and near the lower
      surface 10 is subjected to thermally induced compressive stresses, while
      the metal at and near the opposed upper surface 9 is in tension, due in
      part to the moment of force exerted by the mass of the strand beyond the
      straightening point acting through the strand as a lever. Once the strand
      is straightened, it tends to remain straight not only because of the said
      lever action, but also because the temperatures across the strand tend to
      equalize to reduce and finally eliminate the temperature differential.
PAR  Preferably, the application of cooling water to the strand within the
      secondary cooling zone is controlled to cause the temperature of the
      strand, as measured at the surfaces thereof, to be within the range of
      1000.degree. to 1800.degree.F at the region where straightening begins.
      Within that range the center of the strand is still liquid or semiliquid
      and the bending required to straighten the strand occurs more easily than
      if the strand were completely solidified. The differential of temperature
      between the opposed surfaces of the strand should be within the range of
      100.degree. to 500.degree.F, and preferably within the range of
      200.degree. to 300.degree.F.
PAR  As the strand is straightened, it may be received and supported on a
      suitable supporting structure such as the series of rollers 12 along which
      the strand may be conveyed to the cutting station (not shown).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method for the continuous casting of steel strands of rectangular
      cross section in which the partially solidified strand emerging from a
      chill mold is curved and comprises upper and lower curved surfaces of
      different radii, and in which said strand follows a curved path through a
      secondary cooling zone in which the strand is additionally solidified by
      the direct application of cooling water thereto, the step which consists
      of applying cooling water to that curved surface of the strand which is of
      greater radius at an intensity sufficient to reduce the surface
      temperature of the surface of greater radius below the surface temperature
      of the surface of lesser radius to produce a temperature differential
      between the said surfaces sufficient to straighten said strand.
NUM  2.
PAR  2. The method of claim 1 in which the temperature of the strand, as
      measured at the surfaces thereof, is within the range of 1000.degree. to
      1800.degree.F at the region where the straightening begins.
NUM  3.
PAR  3. The method of claim 1 in which said temperature differential is within
      the range of 100.degree. to 500.degree.F.
NUM  4.
PAR  4. The method of claim 1 in which the said temperature differential is
      within the range of 200.degree. to 300.degree.F.
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ABST
PAL  This invention is directed to a horizontal casting apparatus having an
      improved mold mounting means which facilitates alignment of the mold with
      an ingot or billet support surface adjacent the discharge end of the mold.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to the horizontal casting of metals and is
      specifically directed to the alignment and mounting of the mold in a
      horizontal casting apparatus.
PAR  In the horizontal continuous D.C. casting of ingot and billet, generally
      molten metal is supplied to an elongated reservoir, commonly termed a feed
      box, which directs molten metals to one or more open ended molds wherein
      the molten metal is substantially solidified. Solidification within the
      mold is effected both by heat transfer through the mold walls and by the
      application of coolant (usually water) onto the surface of the ingot or
      billet as it emerges from the discharge end of the mold. Suitable means,
      such as a run-out table, rollers, belts or the like, must be provided a
      short distance away from the discharge end of the mold to support the
      ingot as it emerges from the mold because the partially solidified metal
      within the mold cannot support that part of the ingot or billet outside
      the mold.
PAR  The bottom surface of the emerging ingot or billet should be aligned level
      with the supporting surface to avoid any torsional loads on the forming
      ingot embryo within the mold. Torsional loads on the solidifying embryo
      can accentuate cold folds and other surface defects, can cause repetitive
      deformation of the ingot or billet and sometimes, if the load is great
      enough, can tear the embryo, resulting in molten metal flowing out of the
      mold. To assure that the bottom surface of the ingot or billet will lie on
      and be parallel to the pass line of the support surface, the mold is
      aligned with appropriate considerations given for metal shrinkage during
      solidification, such shrinkage being primarily size dependent.
PAR  Many methods and apparatus have been employed in the past to align the mold
      so as to maintain the lowest portion of the emerging ingot or billet level
      in the same plane as the pass line of the supporting surface. Most were
      either complicated or ineffective or both. Moreover, due to the methods
      employed to mount the mold onto the casting machine, any mold changes
      usually required realignment of the new mold which could be accomplished
      only by shutting down the entire casting operation.
PAR  It is against this background that the present invention was developed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the horizontal casting apparatus of the
      invention.
PAR  FIG. 2 is a cross-sectional view taken along the line 2--2 shown in FIG. 1.
PAR  FIG. 3 is a front view of the mold assembly and mounting plate of the
      invention
PAR  FIG. 4 is a sectional view taken along line 4--4 shown in FIG. 3.
PAR  FIG. 5 is a perspective view partially in section and
PAR  FIG. 6 is a cross-sectional view of the invention showing the method of
      installing the mounting plate of the invention.
PAR  FIG. 7 is a side view partially in section of a modification of the
      apparatus of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to the continuous or semicontinuous horizontal
      casting of metal, particularly light metal such as aluminum, and is
      specifically directed to a method and apparatus for aligning and mounting
      a mold onto a horizontal casting apparatus so that the lowest surface of
      the ingot or billet lies on and is parallel to the pass line of the ingot
      or billet support surface.
PAR  In accordance with the invention, the casting molds are supported and
      aligned by means of a mounting plate attached to the front face of the
      casting unit. The mounting plate is provided with adjustable positioning
      means which contact the front face of the unit and thereby maintain the
      mounting plate in the desired orientation while the mounting plate is
      suitably attached to the front face of the casting unit. Means are also
      provided to attach the casting mold to the mounting plate and thereby
      align the mold in the desired manner.
PAR  To install the mounting plate in proper alignment, it is positioned onto
      the operative end of an alignment tool which is firmly positioned on top
      of the ingot or billet support surface of the casting machine. The
      alignment tool and mounting plate are then urged toward the front face of
      the casting unit with the alignment tool maintained firmly positioned onto
      the ingot or billet support surface so as to maintain a parallel
      relationship therebetween. The positioning elements on the mounting plate
      are adjusted to contact the front face of the casting unit and thereby
      maintain the desired orientation of the mounting plate while the mounting
      plate is firmly attached to the front face of the casting machine. The
      alignment bar can then be disengaged from the mounting plate and
      withdrawn. During the initial set up of the mounting plate, the casting
      mold may be attached to the mounting plate before or after the mounting
      plate is attached to the front face of the casting unit as will be more
      fully discussed below.
PAR  Reference is made to FIGS. 1 through 4 which illustrate a preferred
      embodiment of the invention. The horizontal casting apparatus 10 comprises
      a feed box 11 having a suitable refractory lining 12 and one or more feed
      openings 13. A refractory conduit 14 is sealed in the opening 13 and is
      adapted to direct molten metal from the feed box 11 to the feed end of the
      mold assembly 16. The mounting plate 17 is attached to the front face 18
      of casting apparatus 10 by suitable means, such as screw members 19, shown
      in the drawings. At least 3 adjustable positioning screws 20 are provided
      to contact the front face 18 and maintain the mounting plate in a desired
      vertical position. Swing clamp assemblies 21 are adapted to urge the mold
      assembly 16 against the mounting plate 17 and into a sealed relationship
      with the refractory conduit 14. An ingot or billet support surface 22 is
      provided in front of the discharge end of mold assembly 16 a short
      distance away therefrom.
PAR  The lowest portion of the emerging ingot 23 (shown in phantom in FIGS. 1
      and 2) as previously mentioned must be on and level with the passline of
      the supporting surface 22 which requires the mold axis to be parallel with
      the pass line. To align the mold assembly 16 as illustrated in FIGS. 5 and
      6, the mold mounting plate 17 is attached to the operative end 26 of
      alignment tool 27 by means of the guide pins 24 which tightly interfit the
      apertures 25 provided in the operative end 26 of the alignment tool 27.
      Swing clamp assemblies 21 are rotated so the arms of the assemblies swing
      over blocks 28 and the assemblies are then tightened thereto to firmly
      attach the mounting plate 17 to the alignment tool end 26. The elongated
      portion of alignment tool 26 is firmly placed on the support surface 22
      against guide blocks 29, then urged toward the feed box 11 to engage
      mounting plate 17 with the front face 18. While the adjustment tool is
      firmly contacting the support surface 22 so as to maintain the mounting
      plate in the desired position, positioning screws 20 are adjusted so that
      all four screws are in firm contact with the front face 18. Locking screws
      19 are then tightened to affix the properly positioned mounting plate 18
      onto the front face 16 without changing the position of the mounting plate
      17. The openings in the mounting plate for the locking screws 19 generally
      are sufficiently larger than the shaft of the screws to avoid the
      requirement of accurately placing threaded openings in the front face 17.
      Vertical slots (not shown) can be used for the openings for locking scews
      19 in the mounting plate to allow for the installation of different sized
      molds onto the mounting plate.
PAR  When the mounting plate is appropriately installed, the guide pins 24 on
      mounting plate 17 are accurately positioned so that a mold assembly 16 can
      be installed onto the mounting plate with the guide pins 23 tightly
      interfitting the cavities 30 provided on the feed end of the mold assembly
      16 to insure that the lowest surface of an ingot or billet emerging
      therefrom will be on the same plane as the pass line. Swing clamp
      assemblies 21 then are turned so that the arms thereof engage the
      discharge end of the mold assembly 16 and then tightened to urge the mold
      assembly 16 into contact with the mounting plate 17 and with the
      refractory conduit 14 so as to effect a seal thereto and prevent leakage
      of molten metal.
PAR  The mold assembly 16 shown in FIGS. 2, 3 and 4 generally follows the
      teachings set forth in co-pending U.S. application Ser. No. 365,835, now
      U.S. Pat. No. 3,885,617, assigned to the present assignee. The mold
      assembly 16 comprises an open ended tubular mold body 40 having a flange
      41 at the feed end thereof. A water jacket 42 surrounding the mold body 40
      contains a water chamber 43 which is defined in part by leg 45 of water
      jacket 42. Leg 44 of the water jacket 40 is adapted to interfit the mold
      flange 41. The water jacket 42 is provided with a baffle 46 which includes
      a positioning element 47 having a plurality of coolant carrying
      passageways 48 for directing coolant onto the emerging ingot. The
      positioning element 47 on the baffle interfits with the recess 48 provided
      in the outer surfaces of the mold body 40 to provide a positive fit of the
      mold body 40 with respect to the baffle member and thereby control the
      positioning of the mold body 40. Conduits 49 are provided at the upper end
      of the baffle member 46 to direct coolant from chamber 43 to the outer
      surface of mold body 40. Coolant is supplied to chamber 43 through conduit
      50. A refractory orifice plate 51 fits on the outer surface of the mold
      flange 41 and is provided with suitable openings 52 (see FIG. 2) to pass
      molten metal to the mold bore. When the mold assembly 16 is in position
      and the swing clamp assemblies 21 are tightened, the orifice plate 51 is
      in firm contact with the exposed face of the refractory conduit 14.
      Suitable gasket material is placed between the faying surfaces of the
      orifice plate 51 and the refractory conduit 14 to prevent molten metal
      seepage.
PAR  Once the mounting plate 17 is accurately positioned and firmly attached to
      the front face 18 of the casting apparatus 10, the mold assembly 16 can be
      removed and then remounted or a different mold mounted onto the mounting
      plate without the need for realignment. The front face of the casting
      apparatus is preferably separated from the feed box 11 to avoid thermal
      distortion which can cause misalignment of the mounting plate 17 and the
      mold assembly 16.
PAR  With the present invention, molds can be readily changed while the casting
      unit is in operation yet still be properly aligned. To effect such
      changes, the opening from the feed box to the mold is blocked off in a
      suitable manner, and the water and lubricant lines are disengaged from the
      mold assembly 16. The mold assembly can then be removed by turning the
      swing clamp assemblies 21 so as to disengage the mold assembly 16 from the
      refractory conduit 14. The new mold assembly is placed onto the mold
      mounting plate and urged into sealing engagement with the refractory
      conduit 14. The coolant and lubricant lines reconnected and the unit is
      ready for casting. A bait bar assembly is inserted into the mold bore, the
      conduit 14 blockage is removed, the ingot is then urged out of the mold
      and the casting proceeds.
PAR  Reference is now made to FIG. 7 which illustrates another embodiment of the
      invention, wherein the mold assembly 16 is first attached to the mounting
      plate 17 by the guide means 24 which tightly interfit the receiving cavity
      30 of mold assembly 16 by swing arm assemblies 21. The combined mounting
      plate-mold assembly is then fixed onto the operative end 26 of alignment
      tool 27 by means of screws 60. The alignment tool 27 then is placed on the
      support surface 22, urged toward the feed box 11 so as to place the
      mounting plate-mold assembly into the desired position as previously
      described. The adjusting screws 20 are appropriately adjusted so that all
      four of the positioning screws are in firm contact with the front face 18
      of the casting unit 10. The locking screws 19 are tightened so as to
      firmly attach the mounting plate-mold assembly onto the front face 18. The
      alignment tool 27 is then disengaged and withdrawn.
PAR  With the apparatus of the present invention, molds can be quickly aligned
      and mounted and thereby significantly reduce the downtime required for a
      station change on the casting unit. Moreover, with one of the preferred
      embodiments, the molds need not be attached at the same time the mounting
      plate is attached which frequently is a significant operational advantage.
      There is generally no need for precision measuring tools usually required
      with the prior art methods of alignment. Because no instruments come in
      contact with the mold bore in the present invention, no damage can be done
      to the mold bore. The present system of mounting molds readily allows
      molds of different diameters to be employed in the same casting unit. Most
      importantly, the system allows for the changing of a mold during the
      operation of a multistrand casting unit, even to different sized molds,
      without the necessity for shutting down the entire casting apparatus.
PAR  It is obvious that various modifications and improvements can be made to
      the invention without departng from the spirit thereof and the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a continuous or semicontinuous horizontal casting apparatus
      comprising a molten metal reservoir, a vertically oriented front surface,
      at least one open ended mold assembly supported by the front surface,
      conduit means to direct molten metal from the reservoir to the feed end of
      the mold, and an ingot or billet support surface adjacent the discharge
      end of the mold, the improvement comprising
PA1  a. a mounting plate attached to the vertically oriented front surface
      having adjustable positioning means contacting the front face which
      maintain the mounting plate in a desired orientation, and
PA1  b. means to attach the mold assembly to the mounting plate so that the
      lowest portion of the emerging ingot or billet lies on and is parallel to
      the pass line of the ingot or billet support surface.
NUM  2.
PAR  2. The horizontal casting apparatus of claim 1 wherein the adjustable
      positioning means comprises at least 3 threaded screw members.
NUM  3.
PAR  3. The horizontal casting apparatus of claim 1 wherein the means to attach
      the mold assembly to the mounting plate include a plurality of guide pins
      and matching receiving cavities associated with the mounting plate and
      mold.
NUM  4.
PAR  4. The horizontal casting apparatus of claim 1 wherein the mold assembly is
      a water-jacketed D.C. casting mold.
NUM  5.
PAR  5. The horizontal casting apparatus of claim 3 wherein the means to attach
      the mold to the mounting plate include a plurality of assemblies disposed
      adjacent the mold assembly and fixed to the mounting plate, having arms
      extending over the edges of the mold which urge the mold toward the
      mounting plate and the conduit means.
NUM  6.
PAR  6. In a continuous or semicontinuous horizontal casting apparatus
      comprising a molten metal reservoir, a vertically oriented front face, at
      least one open ended mold assembly supported by the front surface, conduit
      means to direct molten metal from the reservoir to the feed end of the
      mold assembly and an ingot or billet support surface positioned in front
      of the discharge end of the mold assembly, the improvement in the means
      for aligning of the mold with respect to the pass line of the support
      surface comprising
PA1  a. a mounting plate provided with adjustable positioning means which are
      adapted to contact the front face and maintain the mounting plate in a
      desired orientation and provided with means to attach the mounting plate
      to the front surface,
PA1  b. an elongated alignment tool having associated with the operative end
      thereof means to receive and support the mounting plate and to maintain
      said mounting plate in a desired position with respect to the alignment
      tool, the alignment tool adapted to be positioned on the support surface
      and thereby align the mounting plate with respect to the passs line of the
      support surface, and
PA1  c. means associated with the mounting plate to position and affix an open
      ended mold assembly thereto to align the mold so that the lowest portion
      of the ingot or billet emerging from the mold lies on and is parallel to
      the pass line of the support surface.
NUM  7.
PAR  7. The horizontal casting apparatus of claim 6 wherein the adjustable
      positioning means comprises at least 3 threaded screw members.
NUM  8.
PAR  8. The horizontal casting apparatus of claim 3 wherein the means to attach
      the mold to the mounting plate includes a plurality of guide pins and
      matching receiving cavities associated with the mounting plate and mold.
NUM  9.
PAR  9. The horizontal casting apparatus of claim 6 wherein the mold is a
      water-jacketed D.C. casting mold.
NUM  10.
PAR  10. The horizontal casting apparatus of claim 8 wherein the means to attach
      the mold to the mounting plate include a plurality of assemblies disposed
      adjacent the mold and fixed to the mounting plate, having arms extending
      over the edges of the mold assembly which urge the mold toward the
      mounting plate and the conduit means.
NUM  11.
PAR  11. In a horizontal continuous or semicontinuous casting apparatus
      comprising a molten metal reservoir, a vertically oriented front surface,
      at least one open ended mold assembly supported by the front surface, a
      conduit adapted to direct molten metal from the reservoir to the feed end
      of the mold assembly and an ingot or billet support surface adjacent the
      discharge end of the mold assembly, the method of aligning the mold
      assembly with respect to the ingot or billet support surface so that the
      lowest surface of an ingot or billet emerging from the mold assembly lies
      on and is parallel to the pass line of the ingot or billet support surface
      comprising
PA1  a. disposing a mounting plate adjacent the front surface by means of an
      elongated alignment tool which is supported by and parallel to the ingot
      or billet support surface,
PA1  b. adjusting a plurality of positioning elements provided with said
      mounting plate to contact therewith the front surface to thereby position
      the mounting plate in a desired orientation,
PA1  c. attaching the mounting plate to the front face without changing the
      position of the mounting plate,
PA1  d. withdrawing the alignment tool, and
PA1  e. attaching an open ended mold assembly to the mounting plate.
NUM  12.
PAR  12. In a horizontal continuous or semicontinuous casting apparatus
      comprising a molten metal reservoir, a vertically oriented front surface,
      at least one open ended mold assembly supported by the front surface, a
      conduit adapted to direct molten metal from the reservoir to the feed end
      of the mold assembly and an ingot or billet support surface adjacent the
      discharge end of the mold assembly, the method of aligning the mold
      assembly with respect to the ingot or billet support surface so that the
      lowest surface of an ingot or billet emerging from the mold assembly lies
      on and is parallel to the pass line of the ingot or billet support surface
      comprising
PA1  a. attaching an open ended mold assembly to a mounting plate,
PA1  b. disposing the mounting plate and attached mold assembly adjacent the
      front surface by means of an elongated alignment tool which is supported
      by and parallel to the ingot or billet support surface,
PA1  c. adjusting a plurality of positioning elements provided with said
      mounting plate to contact therewith the front surface to thereby position
      the mounting plate and attached mold in a desired orientation,
PA1  d. attaching the mounting plate to the front face withoutt changing the
      position of the mounting plate and the attached mold assembly, and
PA1  e. disengaging the alignment tool from the mounting plate and attached mold
      assembly.
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ABST
PAL  A splash can for placement in a mold before pouring molten metal into the
      mold, so as to eliminate scab producing splashes during pouring into the
      ingot mold. The top of the mold typically has a mouth of reduced diameter
      and the splash can of the present invention is of cylindrical form having
      a diameter greater than the mouth. The can is formed from material
      compatible with the molten material and deformable so that the can can be
      folded for introduction into the ingot mold through the mouth without
      exceeding the elastic limit of the material. The can is retained in the
      folded position by a tension member that is wrapped therearound; after the
      folded can is introduced into the mold, the tension member is severed
      whereupon the can springs into a generally cylindrical shape within the
      mold.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to ingot molding and, more particularly, to a splash
      can and method for installing it into an ingot mold to eliminate splashing
      during the pouring of molten metal into the mold.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Canadian Pat. No. 477,967 contains a description of the phenomena by which
      ingot scabs are formed during pouring of the same. The Canadian Patent
      also discloses one form of splash can or mold liner of spiral form which
      is said to ameliorate the situation. Because the patented device employs
      plural convolutions of steel, it is very heavy and expensive as well as
      being difficult to install.
PAR  British Pat. No. 993,207 discloses a rigid splash can having a composite
      wall construction to make it floatable. French Pat. No. 1,250,532 also
      discloses a splash can having composite or laminated walls.
PAR  U.S. Pat. No. 2,810,170 discloses an insert for a copper mold which
      controls splashing of molten metal; the patented splash can is not folded
      or deformed for insertion into the ingot mold.
PAR  U.S. Pat. No. 3,262,669 discloses a floating splash can which rises in an
      ingot mold as the level of molten metal rises. U.S. Pat. Nos. 2,907,083
      and 2,910,747 discloses spiral splash mats which are placed on the mold
      stool prior to placement of the mold proper thereonto.
PAC  SUMMARY OF THE INVENTION
PAR  The problem of scab formation on ingots, due to splashing when filling a
      mold with molten metal, is recognized in the prior art referred to above.
      In summary, the problem arises at the beginning of a pour into a mold when
      the molten metal strikes the bottom or stool of the mold and splashes onto
      the side walls of the mold. The splashing continues until a sufficient
      amount of molten metal on the bottom of the mold is formed to provide a
      cushion to the inflowing molten metal. Because the walls of the mold are
      relatively cold, the splashing metal solidifies and oxidizes before the
      molten metal in the mold cavity reaches the level of the splashed metal.
      The oxidized particles form scabs on the ingot surface which, scabs must
      be removed to eliminate imperfections in the strip that is rolled from the
      ingot.
PAR  An object of the present invention is to eliminate such splashing during
      the initial part of the pouring or teeming procedure. This object is
      achieved by providing a cylinder made of sheet material compatible with
      the molten metal which sheet material is fitted within the mold cavity in
      such a way that the splashing molten metal impinges on the surface of the
      cylinder and not on the wall of the mold cavity.
PAR  Another object is to provide a splash can of the type referred to above
      which can be installed without hoisting the mold above the stool. The
      importance of achieving this object can be appreciated by realizing that a
      mold typically has a mouth of reduced diameter so that a rigid splash can
      cannot be introduced into the mold without hoisting the heavy mold above
      the stool. According to the present invention, the splash can is
      constructed of a strip of material formed into a cylinder having a
      peripheral distance somewhat less than the mold cavity but greater than
      the mouth. Because the can is formed by only one layer of material, it can
      be folded or deformed into a smaller shape for introduction through the
      mold mouth. The configuration of the cylinder permits the splash can to be
      folded without exceeding the elastic limit of the material so that, when
      the folded splash can is disposed in the mold, it can spring out into a
      cylindrical shape and perform its intended function.
PAR  A feature and advantage of employing a splash can formed of a single layer
      of strip material formed into a cylinder is that, when the can is folded
      into a condition for insertion through the mouth of an ingot mold, it is
      relatively lightweight and can be handled without employing heavy-duty
      hoisting equipment.
PAR  Another feature and advantage of employing a single layer cylindrical shape
      is that the splash can, when in place on the stool within the mold cavity,
      is very stable. This feature and advantage flows from the fact that a
      strip of metal having two opposed edges joined to one another imparts
      stress to the metal that inherently positions the strip in a cylindrical
      form.
PAR  The foregoing, together with other objects, features and advantages, will
      be more apparent after referring to the following specification and
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a splash can, according to the present
      invention, in an expanded condition.
PAR  FIG. 2 is a perspective view of the splash can of FIG. 1 in the folded
      condition.
PAR  FIG. 3 is a perspective view of an ingot mold depicting the procedure for
      insertion of the folded splash can into the mold.
PAR  FIG. 4 is a cross-sectional elevation view of an ingot mold showing the
      splash can in place during pouring of molten metal into the mold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing, reference numeral 12 indicates
      a rectangular strip of steel or the like having opposed edges 14 and 16
      which are parallel to one another and joined together so as to form a
      cylindrical shaped article. One suitable technique for joining edges 14
      and 16 is to overlap the edges for a brief interval and install rivets 18
      through the overlapped margins of the strip. The edges may also be joined
      together by other means, such as spot welding. The material of which strip
      12 and rivets 18 is constructed is compatible with the molten material
      with which the device is used. In one device, designed according to the
      invention, low carbon steel with approximately 80% cold reduction was
      employed in connection with pouring steel of the type typically employed
      in forming cold rolled sheets of steel.
PAR  The outer dimensions of cylinder or splash can 12 are such as to fit within
      the mold cavity, the cavity being defined by a stool 20, and a mold
      section 22. More particularly, if the total length of the interior
      periphery of mold section 22 is C, it is desirable that cylinder 12 have a
      diameter less than C/.pi. in order that the cylinder can assume a
      generally cylindric condition within the mold cavity. Mold section 22
      typically has an upward opened mouth 24 of reduced diameter and the
      diameter of cylinder 12 exceeds the diameter of the mouth to assure that
      all molten metal introduced to the mold flows interiorly of the cylinder.
PAR  Mold section 22 is typically of such weight that it can be positioned only
      by the employment of heavy-duty hoisting apparatus. To avoid the necessity
      of hoisting the mold section above stool 20 to permit insertion of
      cylinder 12, the invention provides for the movement of the cylinder to
      the folded condition shown in FIGS. 2 and 3. The folded cylinder or splash
      can is identified by the reference character 12' and is formed by
      partially flattening the cylinder by moving diametrically opposite
      portions thereof into mutual contact. The portions moved into contact with
      one another have a circumferential length less than half the total
      circumference of the cylinder so that the end portions 26 and 28 are
      folded into an arcuate configuration of sufficient radius to avoid
      deforming the material of strip 13 beyond its elastic limit. It will be
      noted that end portion 26 is exterior of the configuration. The folded
      cylinder 12' is retained in the folded condition by wrapping therearound a
      tension member 30 which can be steel wire, heavy cord, adhesive fiber
      tape, or the like. The tension member must have sufficient strength to
      retain the cylinder in the folded position 12', notwithstanding stress
      thereon due to the energy stored within the material when it is stressed
      to the folded position. In folding the cylinder, it is desirable to place
      the seam and rivets 18 at an interior location so that introduction of the
      folded cylinder into mouth 24 is not impeded.
PAR  Referring to FIG. 2, the folded cylinder 12' is introduced through mouth
      opening 24 into the mold cavity. Because the folded cylinder 12' is made
      up of a single layer of material, the weight thereof is minimized so that
      introduction of the folded cylinder can be effected without heavy-duty
      hoisting equipment. When the folded cylinder is partially introduced into
      the mold cavity through mouth 24, tension member 30 is removed by cutting
      or untying the same. Because of the energy stored in the folded cylinder,
      it will expand in mouth 24 and frictionally engage the wall that defines
      the mouth to a degree sufficient to retain the cylinder within the mouth.
      With the cylinder so positioned, tension member 30 can be completely
      removed and discarded. The cylinder is then inserted fully into the mold
      cavity by pushing it downward. Because of the frictional engagement
      between the partially folded cylinder and the wall of mouth 24, the
      downward movement proceeds at a much slower rate than would obtain if the
      cylinder freely fell under the influence of gravity. The relatively slow
      downward movement assures that the cylinder reaches stool 20 in an upright
      position.
PAR  When the cylinder 12 fully enters the mold cavity, it will complete its
      expansion into the cylindric form indicated by broken lines in FIG. 3 and
      by full lines in FIG. 1. Such expansion occurs because, in folding the
      cylinder into the position indicated at 12', the elastic limit of the
      material is not exceeded. After the cylinder has expanded within the mold
      cavity, it can, if necessary, be moved about within the mold so that the
      interior of the cylinder is in alignment with mouth 24. Thereafter,
      pouring of molten metal M can proceed. During the pouring or teeming of
      the molten metal into the mold cavity, splashes occurring along paths S
      will impinge on the wall of the cylinder rather than on the interior of
      the mold. After teeming has proceeded to such a degree that there is a
      pool or cushion P of molten material in the bottom of the mold cavity, the
      splashing is reduced or eliminated. At about the same time, the strip 13
      melts and becomes part of the molten mass which, after cooling, becomes an
      ingot with virtually scab-free surfaces.
PAR  One cylinder designed according to the present invention employs low carbon
      steel in the full hard, unannealed state having a thickness of 0.015
      inches. Such exemplary cylinder has a height of about 36 inches, a
      diameter of about 33 inches, and a weight of about 10 pounds. The
      exemplary cylinder can be folded for introduction through a mouth opening
      having a 15-inch diameter without exceeding the elastic limit of the
      material. Moreover, the energy stored in the material, which is partially
      released when tension member 30 is severed, is sufficient to expand the
      cylinder in the mouth and create a frictional force against the mouth
      surface sufficient to position the cylinder in the mouth against the force
      of gravity. With the partially expanded cylinder in such position, a
      workman can use both hands to remove and discard the tension member. Then,
      the cylinder can be pushed downward; when about 2/3 to 3/4 of the cylinder
      is within the mold cavity, the lower portion begins to expand so that when
      the cylinder falls free of engagement with the mouth, it will fall to the
      surface of stool 20 and remain in an upright position. Concurrent with the
      foregoing, the partially folded cylinder expands to a cylindric shape
      shown by broken lines in FIG. 3. The aforedescribed sequence assures
      proper orientation of the cylinder even in molds having heights up to 7
      feet or more.
PAR  In using the splash can and in practicing the method of the invention,
      strip 13 is selected from a material that is compatible with the molten
      material to be placed in the mold. The width of the strip, i.e., the
      vertical or axial dimension of the cylinder, is selected in accordance
      with the vertical dimension of the mold cavity and the height of the ladle
      or nozzle from which molten metal M is dispensed into the cavity. The
      length of strip 13 is chosen to be no greater than C, C being the interior
      periphery of mold section 22. The length of the strip must be at least
      equal to, and preferably greater than, the circumferential length of mouth
      24 in order that the splash can may be conveniently positioned in vertical
      alignment with the mouth and engage one or more portions of the mold
      cavity wall.
PAR  With the dimensions of the strip selected according to the above enumerated
      criteria, opposite edges 14 and 16 are joined, such as by overlapping the
      same and riveting the overlapping margins with rivets 18. It is desirable
      that the rivets be constructed of material that is compatible with the
      molten material to be teemed into the mold cavity. Next, the cylinder is
      partially flattened without distorting looped ends 26 and 28 beyond the
      elastic limit of the material of strip 13. Thereafter, the partially
      flattened cylinder is wound into a spiral shape and secured in such shape
      by a tension member 30 to form the folded member 12'. To afford insertion
      of the folded member 12', it is essential that the maximum diameter
      thereof is less than the diameter of mouth 24.
PAR  The folded member is then inserted approximately halfway into mouth 24 and
      tension member 30 is removed. Upon such removal of the tension member, the
      energy stored in strip 13 causes cylinder 12 to expand, which expansion is
      limited by the portion of mold section 22 that defines mouth 24.
      Thereafter, the partially folded section is totally inserted within the
      mold cavity, whereupon the energy stored in the material causes it to
      spring out into a cylindric shape. If the strip 13 is dimensioned as
      described above, it springs out into the cylindrical shape without further
      attention, whereupon teeming of molten metal M can proceed. As is the case
      in the above-identified prior art disclosures, the cylinder protects the
      interior walls of mold section 22 from splashing until such time as there
      is a cushion or pool P of molten metal that has a depth sufficient to
      prevent further splashing. At about the same time, cylinder 12 begins to
      melt and the mold is thereafter completely filled and cooled in accordance
      with conventional practices.
PAR  Thus, it will be seen that the present invention provides a splash can
      which employs substantially less material than prior art structures
      intended for the same purpose. Moreover, the splash can may be quickly and
      easily introduced into the mold cavity and assume the proper position with
      little or no further attention, thereby producing scab-free ingots in a
      superior and more economic manner than has heretofore been feasible. While
      one embodiment of the invention has been shown and described, it will be
      obvious that other adaptations and modifications can be made without
      departing from the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A splash can for use in pouring molten metal into an ingot mold of the
      type having an upward opened mouth of reduced diameter to receive molten
      metal, said mold defining a cavity having an interior periphery C, said
      splash can comprising a strip of metal material compatible with the molten
      metal, said strip being of substantially rectangular shape and having two
      opposed edges, means for joining said two opposed edges of said strip to
      form a cylinder comprised of a closed loop and having a diameter greater
      than the mold mouth and not substantially greater than C/.pi., said strip
      being resiliently coiled upon itself into a folded condition defining a
      double walled helix capable of resiliently returning to the original shape
      of the cylinder, said strip when in the folded condition being of a size
      suitable for introduction into said mold through said mouth, and means
      releasably retaining said cylinder in said folded condition.
NUM  2.
PAR  2. A splash can, according to claim 1, wherein said retaining means
      includes an elongate tension member wrapped around said cylinder in the
      folded condition substantially midway between the vertical extremities
      thereof.
NUM  3.
PAR  3. A splash can, according to claim 1, wherein said joining means comprises
      marginal portions of said strip edges being overlapped and a plurality of
      rivets extending through said overlapped marginal portions.
NUM  4.
PAR  4. A splash can, according to claim 3, wherein said rivets are disposed in
      an interior position when said can is in the folded position so as to
      avoid impeding introduction of said can into said mouth.
NUM  5.
PAR  5. A method for eliminating splashing of molten metal onto the interior
      walls of a mold cavity during pouring of the molten metal into the mold,
      the mold being of the type that has an upward opened mouth of reduced
      diameter, said method comprising the steps of providing a rectangular
      strip of metal compatible with the molten metal, joining two opposed edges
      of the metal at a seam to form a cylinder comprised of a closed loop,
      folding the cylinder for insertion into the mold through the mouth, said
      folding step being performed by coiling the cylinder upon itself so as to
      resiliently deform the cylinder into a double walled helix capable of
      resiliently returning to the original shape of the cylinder, providing an
      elongate tension member, installing the tension member in circumscribing
      relation to the folded cylinder to retain the cylinder in a folded
      condition, introducing the folded cylinder into the mold through the
      mouth, and removing the elongate tension member to enable the cylinder to
      resiliently unfold within the mold.
NUM  6.
PAR  6. A method, according to claim 5, wherein said introducing step includes
      the steps inserting the folding cylinder into the mouth, interrupting said
      step when a lower portion of the folded cylinder is within the cavity and
      an upper portion of the folded cylinder is without the cavity, performing
      said tension member removing step during said interrupting step so that
      said cylinder expands to frictionally engage the portion to the mold that
      defines the mouth, then discarding the tension member, and then pushing
      the cylinder through the mouth into the cavity to complete the introducing
      step.
NUM  7.
PAR  7. A method, according to claim 6, wherein said tension member installing
      step is performed by placing the tension member around the folded cylinder
      substantially midway between the vertical extremities thereof, and wherein
      said interrupting step is performed when said tension member is without
      the cavity.
NUM  8.
PAR  8. a method, according to claim 5, wherein said folding step is performed
      so that the seam is interior the folded cylinder to avoid impeding
      performance of the introducing step.
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ABST
PAL  An installation for producing bimetallic solid bodies of cylindrical shape
      comprises a movable base which, together with a runner means is adapted to
      eliminate a clearance between the runner means and a casting mould having
      a stationary horizontal axis of rotation.
PARN
PAR  This is a continuation, of application Ser. No. 397,411, filed Sept. 14,
      1973 which in turn is a continuation of Ser. No. 310,795 filed Nov. 30,
      1972, which in turn is a continuation of Ser. No. 153,932 filed June 17,
      1971, all of which are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of foundry, and more specifically
      to an installation for producing bimetallic solid bodies of cylindrical
      shape by pouring molten metals into a rotary casting mould.
PAR  The most successful use of the invention can be made in the production of
      mill rolls featuring high hardness and wear resistance.
PAR  No less advantageously can this invention be employed for making flour
      milling rolls, rolls for the chemical, paint and lacquer, and other
      industries.
PAR  Most generally used in installations for manufacturing hollow bimetallic
      bodies of cylindrical shape are casting molds having a horizontal axis of
      rotation. Production of solid bodies involves a problem of preventing the
      outflow of fluid metal from the casting mould when the central zone of the
      mould is being filled by the fluid metal.
PAR  Known in the art are attempts to seal the clearance between the casting
      mould and an immovable runner means adjoining it, by means of a gland
      filled with fluid lead and mounted at the end of the mould. (see, for
      example Soviet journal "Litsynoyo Delo" No. 10, 1934).
PAR  However, these attempts were unsuccessful due to the difficulty of
      supplying fluid lead into a rotating gland.
PAR  Also known are attempts related to the method of pouring a first metal into
      the mould rotating about its horizontal axis, a second metal being poured
      into the casting mould only after mounting it in a vertical position (see,
      for example, Japanese Pat. Nos. 35-5618 dated 1960, and No. 39-11205 dated
      1964).
PAR  However, when pouring metal into a vertically disposed mould, there emerge
      difficulties connected with the retention of a layer of flux intended to
      protect the surface of the first metal layer against oxidation, as well as
      difficulties connected with the observed nonuniform distribution of
      temperature throughout the depth of the mould. Yet the uniform
      distribution of both the flux layer and temperature are the decisive
      conditions affecting the structural uniformity, density, and reliability
      of the joint of metals. Also, the installation turns out to be rather
      complex, which is due to the need for shifting the casting mould from a
      horizontal into a vertical position and back within extremely small time
      intervals determined by the heat transfer conditions. This problem is most
      acute for installations intended to produce large castings.
PAR  Another problem connected with the casting mould whose position must be
      changed before pouring the second metal, consists in the need to have a
      head, the weight of which exceeds the weight of metal of the casting by a
      factor of 1.5-2.0 times.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate the aforedescribed
      difficulties.
PAR  The basic object of the invention is to provide an installation for
      producing cylindrical-shaped bimetallic solid bodies, having a casting
      mould with a stationary horizontal axis of rotation, and in which a
      clearance between a runner means and the mould is eliminated, at the same
      time the contact joint therebetween having no gland.
PAR  According to the invention, this is achieved by providing the outlet end of
      the runner means with a tapered shape, and the walls of the inlet hole in
      the casting mould with a shape congruent with that of said outlet end of
      the runner means. The runner means is mounted on a base adapted to
      displace said outlet end along the axis of rotation of the casting mould.
      Said base is adapted to tightly press the outlet end of the runner means
      against the walls of the inlet hole in the casting mould. In the end of
      the casting mould opposite to the end with the inlet hole, there is
      provided a hole for exhausting gases.
PAR  With such a design of the installation, which is simple enough, the outflow
      of fluid metal from the casting mould rotating about a horizontal axis is
      completely prevented as the metal fills the central zone of the mould.
PAR  In the preferred embodiment of the installation according to the invention,
      the base whereon the runner means is mounted is preferably made to pivot
      in the horizontal plane. In addition, the pivot of the base should be
      creased by a perpendicular erected from a point on the axis of rotation of
      the casting mould, which is located in the middle of that section of the
      inlet hole of the mould wherein the walls of the inlet hole contact the
      outlet end of the runner means.
PAR  If the distance between said point and the pivot of the base is long
      enough, the outlet end of the runner means will move approximately along
      the axis of rotation of the casting mould at the time when it contacts the
      walls of the inlet hole of the casting mould. And at the same time, the
      introduction and retraction of this end resulting from base pivoting will
      occur comparatively quickly.
PAR  It is also preferable to mount on a fixed basement near the casting mould a
      hydraulic power cylinder, and to provide on the pivoting base a means for
      connection of the base with said cylinder after the outlet end of the
      runner means enters the inlet hole of the casting mould. In this case the
      cylinder tightly presses said outlet end to the walls of said inlet hole.
PAR  These measures are aimed at preventing the formation of a clearance between
      the runner and the mould as metal is poured into the latter.
PAR  The zone of contact of the outlet end of the runner means with the walls of
      the mould inlet hole is intensely water-cooled by means of a sprayer.
PAR  After the mould is filled, in the runner channel and in the hole of the
      mould a plug of solidified metal is formed, which subsequently prevents
      the outlet of fluid metal from the central zone of the mould and from the
      runner.
PAR  An essential advantage of the invention resides in the fact that the
      consumption of metal is reduced not less than 1.5-2.0 times as compared to
      installation with tiltable casting moulds, and at the same time a tight
      and secure joint of the two alloy layers is obtained.
DRWD
PAC  Brief DESCRIPTION OF THE DRAWINGS
PAR  Following is a detailed description of a preferred embodiment of the
      installation according to the invention with references to the appended
      drawings, wherein:
PAR  FIG. 1 shows the casting mould in a longitudinal section;
PAR  FIG. 2 shows the installation in a position when the ingot is being formed,
      cut-away plan view to a reduced scale; and
PAR  FIG. 3 shows the installation in a position when the ingot formation is
      completed, on a reduced scale.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The installation comprises a horizontally disposed casting mould 1 (FIG. 1)
      with a cylindrical cast-iron housing 2 closed at both ends by steel end
      caps 3 and 4. Located inside housing 2 adjacent its ends are thin-walled
      steel bushings 5.
PAR  Mould 1 rests on rollers (not shown in the drawings) mounted on a basement
      (not shown), and is connected to a drive for rotating the mould about its
      longitudinal axis (the drive and its connection with the mould are not
      shown).
PAR  Available in the end cap 4 is a cast-iron insert 6 with an inlet hole 7
      serving for pouring metal into the mould. In the end cap 3 there is
      provided a steel disk 8 with an exhaust hole 9 for letting out gas. The
      mould shown in FIG. 1 is intended for casting mill rolls. Since the roll
      has necks whose configuration is determined by a number of conditions, the
      length of mould 1 is taken with some allowance.
PAR  To obtain the required configuration of the roll necks, the end caps 3 and
      4 are separated from the mould, the steel bushings 5 and neck patterns
      (not shown in the drawings) being then placed thereon, whereupon each of
      the chambers formed by one of the end caps 3 and 4, bushing 5, and the
      pattern, is filled with a fluid-glass moulding mixture. Thus, solid
      formations 10 and 11 are produced, which are then introduced into mould 1
      together with the end caps 3 and 4, and the bushings 5. Provided in
      formations 10 and 11 are channels 12 and 13, respectively.
PAR  Walls 14 of the inlet hole 7 in insert 6 are given a tapered shape. Metal
      15 is poured into mould 1 through a runner means 16 (FIGS. 1-3) mounted on
      a pivoting base 17. The runner means comprises a steel bowl 18 lined with
      grog 19. Bowl 18 communicates with a channel 20 in a steel pipe 21 lined
      with grog as in bowl 18.
PAR  The outlet end 22 of the runner means 16 has a tapered shape congruent with
      the shape of the inlet hole 7 of mould 1. Base 17 is made to pivot in a
      horizontal plane. The axis AA (FIGS. 2, 3) of pivoting of base 17, which
      is also the axis of a vertical pivot 23 mounted on a fixed basement (not
      shown in the drawings), is situated on a perpendicular OA erected from a
      point O on the rotation axis BB of the casting mould 1, which point is
      located approximately in the middle of that section of the inlet hole 7 of
      the mould where the walls of the inlet hole contact the outlet end 22 of
      the runner means 16. The distance OA between point O and axis AA of
      pivoting of base 17 is taken sufficiently long, so that the outlet end 22
      should move approximately along the rotation axis BB of the casting mould
      1 at the time when it contacts the walls of the inlet hole 7.
PAR  The critical condition for preventing the outflow of metal from mould 1 in
      the process of metal pouring and solidification is a forced tight pressure
      of the outlet end 22 of runner means 16 against the walls 14 of the inlet
      hole 7 of mould 1. For this purpose mounted near the casting mould 1 on a
      fixed basement 24 by means of a hinge 26 with a horizontal swivel pin is a
      hydraulic power cylinder 25 whose piston rod 27 has an ear 28, while on
      the pivoting base 17 there is provided a stem 29 with a fork 30 intended
      for connection with ear 28 by a pin 31. Location of the runner means 16 on
      the pivoting base 17 combined with the connecting of the latter to the
      power cylinder 25 enables the outlet end 22 of the runner means 16 to be
      rapidly introduced into the inlet hole 7 of mould 1, and forced against
      the walls of said hole. Achieved as rapidly is the disconnection of base
      17 from cylinder 25, and retraction of the runner means 16 from mould 1.
      Mounted near the zone of contact of the runner means 16 with mould 1 is a
      sprayer 32 (FIG. 1).
PAR  Before pouring metal, mould 1 is rotated about axis BB, and introduced into
      the mould is a refractory material 33 which by a thin layer covers the
      inner walls of the cast-iron housing 2 of mould 1. The outlet end 22 of
      the runner means 16 is introduced into the inlet hole 7 of mould 1 by
      pivoting base 17, and the base is connected to cylinder 25. Sprayer 32 is
      switched on, its water jets spraying over the cast iron insert 6 and the
      steel pipe 21.
PAR  Fluid is fed into cylinder 25 under pressure, so as to force, through base
      17, the outlet end 22 against walls 14 of the inlet hole 7. In the fluid
      supply main (not shown), a non-return valve is mounted ahead of cylinder
      25 to prevent spontaneous pressure drops in that chamber of the cylinder
      25 which pulls the piston rod 27 into the cylinder.
PAR  First poured into mould 1 is metal 34 which forms the outer layer of the
      roll, and after its temperature reaches the required value, flux (not
      shown in the drawings) is poured in to create favorable conditions for a
      firm joint of the outer layer of the roll with its core. Then metal 15 is
      poured to form the roll core. Gases released during pouring are let out
      through the exhaust hole 9 provided in disk 8.
PAR  With the cooling of the cast-iron insert 6 a metal plug 35 is formed in the
      inlet hole 7 of mould 1, thus preventing the outflow of metal 15 located
      in the central zone of the casting mould.
PAR  Formed at the same time in the runner channel 20 is a plug 36 of solidified
      metal filling this channel. Plugs 35 and 36 prevent communication between
      the fluid metals in the mould and in the runner means 16.
PAR  Plug 35 rotates together with mould 1, while plug 36 is at rest.
CLMS
STM  We claim:
NUM  1.
PAR  1. An installation for producing cylindrical-shaped bimetallic solid
      bodies, comprising: a casting mould adapted to rotate about a horizontal
      axis and having at one end an inlet hole with tapered walls in its outer
      portion serving to pour metal therethrough, and at the other end an
      exhaust hole to let out gas during metal pouring; a runner means with an
      outlet end whose shape is congruent with the shape of said tapered walls,
      said runner means being mounted on a base adapted to displace said outlet
      end of said runner means along said horizontal axis of rotation of said
      casting mould and to tightly press said outlet end of said runner means
      against said tapered walls of said inlet hole of said casting mould, said
      base, on which said runner means is mounted, is made to pivot in the
      horizontal plane, the axis of said base pivoting being intersected by a
      perpendicular erected from a point on the rotation axis of said casting
      mould, which point is located in the middle of that section of said inlet
      hole of said mould where said tapered walls of said inlet hole contact
      said outlet end of said runner means.
NUM  2.
PAR  2. The installation as claimed in claim 1, further comprising: a hydraulic
      power cylinder mounted adjacent said casting mould on a fixed basement and
      an arrangement on said base carrying said runner means for connecting said
      base to said cylinder after said outlet end of said runner means enters
      said inlet hole of said casting mould, said cylinder thus tightly pressing
      said outlet end against said tapered walls of said inlet hole.
NUM  3.
PAR  3. The installation as claimed in claim 1, further comprising a sprayer
      mounted adjacent the zone of contact of said outlet end of said runner
      means with said tapered walls of said inlet hole of said casting mould for
      cooling said zone by sprayed water.
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ABST
PAL  A die assembly for squeeze casting of metals wherein a tubular reinforcing
      die is set on a base, a forming die consists of split dies is inserted in
      internal contact with the reinforcing die and the surface in internal
      contact with the reinforcing die is tapered so as to be narrower downward
      so that, in case a downward force is applied by a sealing die to a molten
      metal poured into the forming die, the split dies may be pushed in
      downward along the tapered surface to prevent the molten metal from
      spitting out.
BSUM
PAR  This invention relates to improvements in a die assembly to be used in a
      squeeze casting apparatus of such system of obtaining a cast metal by
      applying pressure to a molten metal poured into a cavity of forming die
      during its solidification proceeds.
PAR  In a conventional squeeze casting apparatus of this kind, a forming die is
      set on a base, a sealing die operated by a piston or the like is lowered
      from an opening above the forming die so that a molten metal poured into
      the forming die may be sealed in the forming die and then a pressing die
      provided in the bottom part of the forming die is elevated or relatively
      elevated so that the sealed molten metal may be solidified under pressure.
PAR  Some occasion, a sealing die has a inner piston and pressure is applied by
      the movement of inner piston of the sealing die.
PAR  In the forming die, as split dies are usually used so that the cast metal
      may be easily taken out, the split dies must be held tightly enough
      against the internal pressure in the case of applying pressure to the
      molten metal so that the danger of the molten metal spitting out through
      the jointing parts may be avoided, a strong fastening mechanism must be
      provided around the forming die so that the applied pressure may act
      effectively enough and therefore not only the apparatus is complicated but
      also the casting operation is complicated requires troubles.
PAR  (Refer, for example, to pages 486 to 492 of the Journal of Japan Society
      for Technology of Plasticity, Vol. 8, No. 80 (Sept. 1967).)
PAR  An object of the present invention is to provide a a die assembly wherein
      the above mentioned defects in the conventional squeeze casting apparatus
      are eliminated and a safe and efficient casting operation can be made.
PAR  In a die assembly of the present invention, a tubular reinforcing die is
      provided on a base on which a forming die is to be set, the forming die is
      inserted in internal contact with the reinforcing die and the internal
      contact surface is tapered so as to be narrower downward.
DRWD
PAR  FIG. 1 is a sectional view showing a die assembly embodying the present
      invention.
PAR  FIG. 2 is a sectional view on line II -- II in FIG. 1.
PAR  FIG. 3 is a sectional side view, similar to FIG. 1, showing a second
      embodiment of the present invention.
DETD
PAR  In FIGS. 1 and 2, 1 is a base on which a die assembly is to be set, 2 is a
      metalic tubular reinforcing die fixed with a proper fixture on the base 1
      and tapered on the inside surface so that the inside diameter may be
      smaller downward, 3 is a metalic forming die having such outside contour
      as can be inserted in internal contact with the reinforcing die 2 and
      formed of split dies 3' and 3" splittable into a plurality in the
      horizontal direction, 4 is a wedge-shaped concave and convex fitting part
      provided in the vertical direction on the contact surfaces of both dies 2
      and 3 so that the forming die 3 may be correctly inserted and moved up and
      down along the surface of contact with the reinforcing die 2, and 5 is a
      sealing die fitted near the lower end of a piston 6 operated by a proper
      apparatus for applying such pressure as an oil pressure or hydraulic
      pressure and provided below it with a projecting part 5' to be inserted
      into the forming die 3 so as to form the inside surface part of the die in
      case the sealing die 5 is pressed in contact with the upper surface of the
      forming die 3.
PAR  The jointing surfaces of the sealing die 5 and forming die 3 with each
      other are so formed that a molten metal a poured into the forming die 3
      may be perfectly sealed when they are pressed into contact with each
      other.
PAR  Further, 7 is a metalic pressing die fitted to the upper end part of a
      piston 10 liquid-tightly vertically passing through a through hole 9 made
      in the bottom part of the forming die 3 so as to slide vertically along
      the inside wall surface of the forming die 3 when the piston 10 is
      operated. A flange 8 is provided in the intermediate part of the piston 10
      so that, after the completion of the casting, when the piston 10 is
      further elevated, the forming die 3 may be pushed up in the bottom part by
      the flange 8 and it may be casy to take out the cast metal and the clean
      the die.
PAR  The embodiment shown in FIG. 3 is almost similar to that shown in FIG. 1 in
      the construction except the reinforcing die 2 which is not fixed directly
      to the base 1. In FIG. 3, the reinforcing die 2 is carried by upright
      supporting posts 11 mounted on the base 1. In other words, the reinforcing
      die is provided with at least two holes 12 passing vertically
      therethrough, each of the holes of which receiving fittably each of the
      upright supporting posts 11. A spring means 13 is interposed between the
      upper surface of the base 1 and the lower surface of the reinforcing die
      2. The upper part of the supporting post 12 is formed with a larger
      diameter portion 14 which prevent the reinforcing die 2 from slipping out
      upwardly of the supporting post 11. The spring means 13 serves to absorb
      the shock applied to the dies 2 and 3 by descending movement of the
      sealing die 5. The descending movement of the sealing die 5 causes the
      forming die 3 to be descended. In this case the molten metal in the
      forming die 3 is urged against the sealing die 5, by the action of the
      spring means 13.
PAR  In the die assembly of the present invention, as mentioned above, the
      forming die 3 is inserted in internal contact with the inside surface of
      the tubular reinforcing die 2 set on the base 1 and its contact surface is
      tapered so as to be narrower downward, therefore, when a molten metal is
      to be cast under pressure, in case the sealing die 5 is pressed in contact
      with the upper surface of the forming die 3 to seal the molten metal, the
      split dies 3' and 3" consisting the forming die 3 will be so strongly
      pushed in downward along the tapered internal contact surface of the
      reinforcing die by the downward force applied to the upper surface of the
      forming die 3 by the sealing die 5 that the die will be fastened tightly
      enough, the contact on the internal contact surface with the reinforcing
      die 2 will be more intimate, thus the molten metal will be perfectly
      prevented from spilling out through the jointing parts of the split dies
      3' and 3" and the pressure applied to the molten metal will be able to act
      on the molten metal effectively enough.
PAR  Further, when the piston 10 is elevated, the split dies 3' and 3" will open
      outward along the tapered surface and therefore the casting product will
      be able to be easily taken out.
PAR  As described above, according to the die assembly of the present invention,
      the forming die can be fastened tightly enough for casting under pressure
      without providing a mechanism for fastening the forming die as in a
      squeeze casting apparatus in which a forming die formed of conventional
      split molds is used, therefore the apparatus is simplified and the casting
      operation can be made very easy and efficient.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a squeeze casting apparatus for metals wherein a molten metal is
      poured into a forming die provided on a base, the die is sealed, and the
      metal is solidified while pressure is applied thereto in a generally
      vertical direction, the improvement wherein said forming die is a die
      assembly comprising a tubular reinforcing metal mold set on a base said
      tubular reinforcing mold having a downwardly tapering inner bore; and a
      forming die disposed within the bore of said mold and having its exterior
      surfaces extending in mating tapering relation to said tapered bore wall,
      said forming die being formed of at least two sections joined together
      along generally vertical abutting surfaces and defining therewithin a die
      cavity for said molten metal, whereby said mating tapering surfaces on
      said mold and die act in response to said applied pressure to urge said
      die forming sections into intimate contact to prevent metal spillage
      between said die sections.
NUM  2.
PAR  2. A die assembly according to claim 1 wherein said forming die consists of
      at least two split dies.
NUM  3.
PAR  3. A die assembly according to claim 2 wherein wedge-shaped concave and
      convex fitting parts are provided in the vertical direction on the
      internal contact surfaces of said tubler reinforcing die and forming die.
NUM  4.
PAR  4. A die assembly according to claim 1 wherein a mechanism for pushing up
      the forming die is further provided and comprises a piston moving up and
      down through a through hole made in the bottom part of the forming die and
      a flange provided in the intermediate part of said piston.
NUM  5.
PAR  5. A die assembly according claim 1, which comprises upright supporting
      posts mounted on said base, holes formed in said reinforcing die so as to
      pass said upright supporting posts therethrough and spring means
      interposed between said base and said reinforcing die, said upright
      supporting posts being of increased diameter adjacent the upper ends
      thereof.
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ABST
PAL  The present invention relates to a method for forming a canal when moulding
      a metal block, said canal being defined by a core inserted into the mould.
      The method involves using a core comprising a tube of powdered or
      granulated refractory material held together by an organic binding agent,
      and a rod located within the tube, coating the core with a blacking agent
      prior to moulding, carrying out the moulding operation and simultaneously
      combusting the binding agent and leading off gases through the core, and
      finally removing the rod and clearing away the remnants of the tube in the
      canal formed. The invention also provides a core suitable for use in said
      method.
PARN
PAR  This is a division of application Ser. No. 232,706 filed Mar. 8, 1972 now
      U.S. Pat. No. 3,805,874.
BSUM
PAR  The present invention relates to a method for forming a canal when moulding
      a metal block, for instance a cast iron block, said canal being defined by
      a core inserted into the mould. The invention also relates to a core
      suitable for use in said method.
PAR  Known procedures for forming, for instance, oil canals in engine blocks or
      the like have caused big problems for manufacturers because required
      machining after the moulding operation often limits the choice of suitable
      alloys. As a result it is an old wish to be able to eliminate machining of
      longitudinal canals in metal blocks, but so far no satisfying solution to
      said problem is known.
PAR  Conventional methods using cores are not adaptable for moulding
      longitudinal canals having a limited cross-sectional area. Because of
      this, such canals are made by embedment of steel tubes. Such a procedure
      requires that each steel tube be manually filled with or be rammed by
      vibration with silica flour in order to prevent melting. The method is
      complicated and costly, but it is quite adequate as long as no other
      canals are to be connected to the canal embedded into the block. In other
      words, it is not advantageous to use said method to obtain an oil canal
      system in an engine block or the like. The reason is that such tube shaped
      steel cores, in order to prevent formation of blisters and porosities in
      the moulded metal, normally are treated with a coating agent before
      starting the moulding process. Such an agent quickens the solidifying of
      the metal around the core, but it also causes a structural change in the
      core, thus causing a considerable increase in hardness, which means that
      it becomes considerably more difficult to make connecting canals to an
      embedded main canal. Besides, there is always a risk of producing burrs
      when penetrating the steel tube by drilling. Burrs that are not removed
      after the drilling operation, especially when the canals are part of the
      lubrication system of an engine, can cause considerable damage and
      stoppage to machine equipment or the like.
PAR  Considering the above difficulties, it is common in blocks of metal to
      drill all the canals. When having long canals it is common to drill
      through from both ends of the canal. This method requires very good tools,
      but it requires even more a homogeneous structure in the material being
      machined. Considering these facts, industry often has to compromise when
      selecting alloys of metals. From the point of view of foundry practice, it
      is often desirable to have a high content of alloying elements, for
      example of chromium; but this causes considerable difficulties in regard
      to machining. It has been shown that castings with a high content of
      alloying elements have a non-homogeneous structure. They also have local
      grinders and hard spots that can force the drill to penetrate in an
      unintended direction. As a result of this, and because the structure
      surrounding the canals often is thin, there is a great risk for cassations
      due to damaged canals.
PAR  The purpose of the present invention is to eliminate said drawbacks and to
      create a method and a core that can be used to make narrow canals in
      blocks of metal in a simple and efficient way.
PAR  The method according to the invention is mainly characterized in that the
      core used comprises a tube of powdered or granulated refractory material
      held together by an organic binding agent low in gas, said binding agent
      having a melting temperature below the melting point of the metal (or the
      alloy of metals), a rod being located in and guided by the tube, coating
      the core with a blacking agent prior to carrying out the moulding
      operation, said blacking agent being capable of resisting temperatures at
      least equal to the melting point of the metal, carrying out the moulding
      operation and thereby simultaneously combusting the binding agent and
      leading off gases through a cavity or outlet between the rod and the
      inside of the tube, and removing the rod in order to facilitate clearing
      the canal formed in the moulding operation of the remnants of the
      refractory material.
PAR  The method according to the present invention has considerable advantages.
      Although cores of refractory material have a high non-recurrent cost, the
      method still allows essential reduction of production costs because of the
      fact that the above mentioned cassation risk is completely eliminated.
      Although it is previously known to use cores of refractory material during
      precision moulding in order to produce precision moulded products having
      cavities of complicated shape, the methods used are not suited for shaping
      narrow canals in blocks of metal. The method according to the present
      invention, however, contrary to other known methods using cores to make
      canals, is well suited for mass production because steps which are more or
      less manual have been eliminated.
PAR  A core especially suitable for use in the method according to the present
      invention comprises a tube consisting of powdered or granulated refractory
      material held together by an organic binding agent low in gas, said
      binding agent having a melting point below the melting point of the metal
      to be moulded, and a rod essentially coaxially located within the tube.
PAR  Further features and advantages will be disclosed in the attached
      description and claims.
DRWD
PAR  The invention will now be further described with reference to the
      accompanying drawings, in which
PAR  FIG. 1 shows part of a longitudinal section through a molded engine block
      in which the core is left in,
PAR  FIG. 2 shows an enlarged part of the section in FIG. 1,
PAR  FIG. 3 shows a longitudinal section through a mould before moulding is
      done,
PAR  FIG. 4 shows a section through an embodiment of the core, and
PAR  FIGS. 5 and 6 show sections through other embodiments of the core.
DETD
PAR  The engine block 1 shown in FIG. 1 is made by introducing, via a gate
      system, a melted metal or alloy of metals into a mould (not shown). The
      shape of the mould cavity corresponds to the shape of the engine block 1,
      and the mould cavity thus has a longitudinal, narrow cavity and a number
      of transversal cavities that are connected to said narrow cavity in order
      to provide sections 2, 3 for an oil canal system.
PAR  According to the present invention a main channel 4 being part of the oil
      canal system is formed when casting the engine block. This forming of the
      canal is done by means of a core 5 that has the shape of a rod, the length
      of which is greater than the length of the engine block 1 in order to
      provide a means for fastening the core in core markings (not shown) that
      in a known manner are provided in the body of the mould, one at each end
      of the section 2. The core 5 is exposed to strong heat and to great forces
      sideways when the molten metal enters the mould cavity. The core is also
      under stress by forces emanating from contraction in the moulded body when
      said body is solidifying. The core 5 comprises a tube 5a that is
      reinforced by a rod 5b located in and guided by the tube (see also FIG.
      2). Side channels 6 situated in the sections 3 and indicated in the
      drawing by broken-dotted lines, are preferably drilled after the core 5
      has been removed. Drilling said channels involves no difficulties or
      risks.
PAR  As is evident from FIG. 3, the core 5 is held in place in a mould 7,
      comprising an upper flask 8 and a lower flask 9, by having its end
      portions fixed in core marks 10 on the mould. The core is also held in
      place by means of a number of spacing elements 11 that are slipped on the
      core. The spacing elements are supported by positive stops in the flasks
      and they can, for instance, have the shape of washers or the like. Said
      spacing elements are intended for straightening out an initially bent core
      and for supporting the core during the moulding operation so that the core
      is not bent.
PAR  During the moulding operation the material in the tube 5a is converted and
      gives off gases. In order to avoid the bursting effect it is necessary to
      lead off these gases. This is preferably accomplished by shaping the rod
      5b so that a cavity or outlet 5c (see FIG. 2) is formed between the inside
      of the tube 5a and the rod 5b, the gases thus being provided with an
      escape route. In FIGS. 4-6 some embodiments of the core are shown. As
      shown in FIG. 4, the outside diameter of the rod 5b is smaller than the
      inside diameter of the tube 5a, and the outlet 5c has a general
      ring-shaped appearance. Because the tube and the rod are not always
      exactly straight, they will be in contact with each other in spots, but
      this does not prevent gas from escaping. As shown in FIGS. 5 and 6, the
      outside diameter of the rod is essentially equal to the inside diameter of
      the tube resulting in a tight fit. In FIG. 5 the outlet 5c is made up by a
      number of grooves in the surface of the rod 5b, and in FIG. 6 the outlet
      is obtained by a number of bevels on the rod. Also a number of other
      embodiments are possible.
PAR  The tube 5a consists of a powdered or granulated refractory material that
      is held together by a binding agent, and the tube is preferably
      manufactured by pressure moulding. It is essential for the method
      presented in this invention that the binding agent for the refractory
      material has a well defined melting temperature, and that said melting
      temperature be lower than the melting point of the metal (or of the alloy
      of metals). In this way it is achieved that the tube of refractory
      material during a moulding operation is brought, by the heat of the molten
      metal, to a stage of disintegration before the moulding procedure is
      finished. When moulding, for instance, cast iron or cast iron alloys, the
      melting temperature of the binding agent should be at least 100.degree.C
      lower than the melting point of the cast iron. Depending on the type of
      cast iron alloy and the kind of refractory material used, the melting
      temperature of the binding agent can be chosen within a wide range of
      temperatures.
PAR  Tests have shown that a ceramic material can be used as the refractory
      material, preferably crushed glass; but other refractory materials such as
      silicon sand can also be used. The binding agent is meant to disintegrate,
      e.g. burn, during the moulding operation without generating too much gas,
      and it has proved suitable to use an organic binding agent low in gas. For
      moulding cast iron or cast iron alloys it has proved advantageous to use a
      binding agent containing cellulose, the binding agent having a melting
      point below 600.degree.C, preferably in the interval
      400.degree.-500.degree.C. A binding agent named Modocoll, normally used
      for wall paper hanging and the like, has proved very suitable when added
      in an amount which is less than 6 percent, preferably about 3 percent, of
      the total weight of the refractory material and the binding agent.
PAR  In order to prevent the molten metal from sticking to the core 5, and in
      order to prevent the disintegration of tube from interfering with the
      shaping of canals during the moulding operation, the exterior of the tube
      5a is preferably coated with a blacking agent capable of resisting
      temperatures exceeding the melting point of the metal. When moulding
      chromium alloy cast iron, where chromium is used as an efficient carbide
      stabilizing agent in order to achieve a hard material having low edge
      shortness and considerable durability and strength, the blacking agent
      should be capable of resisting temperatures of at least 1600.degree.C. The
      blacking agent is preferably graphite but also, for instance, silica flour
      dispersed in water can be used.
PAR  A tube 5a treated in the above manner keeps its shape during the moulding
      operation and does not fall apart until the rod 5b is removed after the
      moulding operation. The channel 4 thus formed can easily be cleared of the
      remnants from the tube 5a.
PAR  The method and the core according to the present invention can be varied
      within the scope of the following claims. It is, for example, possible to
      produce the core 5 by coating a rod 5b with a layer of refractory material
      held together by a binding agent. The core obtained in this way can easily
      be made stiffer than a core having a rod inserted in a premanufactured
      tube, and besides there is no problem of assembling the tube and rod.
      Still another advantage is that the core stiffness could be increased so
      as to make the use of spacing elements on the core unnecessary during the
      moulding operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A decomposable, passage-way forming core for use in a mold during the
      molding of molten material comprising: a separate preformed tube of
      powdered or granulated refractory material held together by an organic
      binding agent which is thermally decomposable at a temperature below the
      melting point of the molten material being molded and which gives off
      little gas when thermally decomposed; and an elongated reinforcing member
      disposed within the bore of said tube in contact therewith so as to
      support said tube during the molding operation and be removable from said
      tube upon completion of the molding operation, said elongated reinforcing
      member forming with the bore of the tube at least one longitudinally
      extending vent.
NUM  2.
PAR  2. A core as in claim 1 wherein said elongated member is a rod of lesser
      transverse cross-section than the bore of said tube.
NUM  3.
PAR  3. A core as in claim 1 wherein the surface of said elongated member is
      grooved or beveled.
NUM  4.
PAR  4. A core as in claim 1 wherein the refractory material is ceramic
      material.
NUM  5.
PAR  5. A core as in claim 1 wherein the refractory material is selected from
      the group consisting of crushed glass and silica sand.
NUM  6.
PAR  6. A core as in claim 1 wherein the binding agent is cellulose.
NUM  7.
PAR  7. A core as in claim 1 for use in molding cast iron or an alloy thereof
      wherein the temperature at which the binding agent is thermally decomposed
      is at least 100.degree.C lower than the melting point of the cast iron,
      the binding agent being capable of being thermally decomposed at a
      temperature below 600.degree.C and comprising cellulose and the proportion
      of binding agent being less than 6 percent of the total weight of the
      refractory material and the binding agent.
NUM  8.
PAR  8. A core as in claim 1 including a blackening agent coated onto the tube,
      the blackening agent resisting temperatures at least equal to the melting
      point of the material to be molded.
NUM  9.
PAR  9. A core as in claim 8 wherein the blackening agent is selected from the
      group consisting of graphite and silica flour.
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ABST
PAL  A rotary heat-exchanger comprising a control device which is controlled by
      the variable pressure of one of the two hot and cold gas flows, the
      control device exerting a force on the rotor which force is proportional
      to the resultant gas flow pressure, in order to maintain a fixed axial
      position of the rotor with respect to the rotor housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a rotary regenerative heat-exchanger, provided
      with a rotor which is accommodated in a stationary rotor housing and which
      contains a regenerative filling mass. Through the rotor a cold gas flow
      and a hot gas flow, admitted on both sides of the rotor via a first and a
      second inlet of the housing, respectively, and having a mutually different
      variable pressure and velocity, can flow in the axial direction in
      couterflow, the variable gas flows exerting mutually opposed variable
      forces on the rotor due to the flow resistance of the filling mass.
      Sealing members are provided between the rotor end faces and the housing
      in order to separate the two gas flows.
PAR  Rotary heat-exchangers of the kind set forth are known, for example, from
      German Patent Specification No. 954,061. They are used particularly in
      power sources such as gas turbines and hot-gas reciprocating engines in
      order to preheat the cold and compressed combustion air supplied to these
      power sources by means of the hot flue gases discharged from the said
      power sources.
PAR  Because of the higher viscosity and the higher velocity inherent of the
      larger volume flow of the hot flue gas of lower pressure with respect to
      the cold combustion air of higher pressure, the flue gas in the heat
      exchanger known from said German Patent Specification No. 954,061, exerts
      a force on the rotor in the axial direction which exceeds the force
      exerted thereon in the opposite direction by the combustion air. In the
      case of variations of the load of the power source, the combustion air
      flow and the flue gas flow also vary, and hence the forces exerted on the
      rotor by these flows also vary.
PAR  On the lower-temperature side of the rotor of this known rotary
      heat-exchanger, where the inlet for cold air and the outlet for cooled
      flue gas are situated, there are provided stationary springs which keep
      the sealing members, constructed as plates, pressed against sealing faces
      on the relevant end face of the rotor. These springs are pre-tensioned
      such that in all operating conditions they also keep the sealing faces on
      the other rotor end face pressed against cooperating, stationary sealing
      members on the neighbouring opposite rotor housing portion. This means
      that the sum of the forces exerted by the springs on the rotor should be
      larger than the maximum resultant force exerted on the springs by the
      rotor due to the opposed gas flows through the filling mass. The maximum
      resultant force due to the gas flows occurs at the highest load of the
      heat-exchanger, which is to say at the largest gas flows, which
      corresponds to the maximum loading of the power source.
PAR  It is a drawback of this known construction that in every operating
      condition, so also and notably at small gas flows, the rotor is subject to
      the maximum spring load. This implies that the rotor must always be driven
      at a torque which is at least equal to the maximum friction torque between
      rotor and sealing members which is mainly determined by the spring force
      and the friction coefficient between the sealing members and the rotor
      sealing faces.
PAR  Because of the high spring force required, little freedom exists as regards
      the choice of the springs, and springs having a high rigidity must be
      used. The high spring force leads to quick wear of the sealing members and
      rotor sealing faces.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its object to provide a rotary regenerative heat
      exchanger in which the described drawbacks are eliminated. To this end,
      the rotary regenerative heat exchanger according to the invention is
      characterized in that there is provided at least one control device which
      is controlled by the variable pressure of one of the gas flows and which
      exerts a force on the rotor which is proportional to said pressure such
      that the rotor is maintained in a fixed axial position with respect to the
      rotor housing in every operating condition.
PAR  By making the force in the heat exchanger act in the direction opposite the
      largest of the two forces exerted by the gas flows, it is achieved that in
      the case of small gas flows, when the resultant force exerted on the rotor
      by these gas flows is small, the control device also exerts a small
      counter-force on the rotor, while in the case of large gas flows, and
      hence a large resultant gas force, the control device delivers a large
      counter-force. The axial position of the rotor with respect to the housing
      thus remains unchanged, so that proper sealing is always ensured.
PAR  Because the force exerted on the rotor by the control device in the case of
      comparatively small gas flows is small, the drive torque required for the
      rotor is also small. This results in a substantial saving of energy of,
      for example, the electric drive motor. The springs pressing the sealing
      members against the sealing faces of the rotor end face may now be
      flexible, simple and cheap springs. Because of the reduced pressing force
      at lower loads, the wear of the sealing members and sealing faces is
      substantially reduced.
PAR  In a preferred embodiment of the rotary regenerative heat-exchanger
      according to the invention, the control device comprises a body which is
      reciprocatable in a control housing and which separates a first space from
      a second space, the variable gas flow pressure prevailing in the first
      space, while in the second space a lower, at least substantially constant
      pressure prevails, the side of the reciprocatable body which is remote
      from the first space being connected to a pressing mechanism which
      cooperates with the rotor.
PAR  According to the invention, in the first space preferably the variable
      pressure of the cold gas flow prevails. The control device can then act on
      ambient temperature. Moreover, the cold gas flow normally has a pressure
      higher than the hot gas flow, so that a stronger pressure signal is
      available.
PAR  In a further preferred embodiment of the rotary regenerative heat-exchanger
      according to the invention, in which the first inlet of the housing for
      the cold gas flow is in open communication with an intermediate space
      formed between the rotor circumferential wall and the rotor housing wall,
      the first space communicates with the intermediate space. This results in
      a compact construction, notably because of the freedom in the arrangement
      of the connection duct between the first space and the intermediate space.
PAR  According to the invention, in the second space preferably the ambient
      pressure prevails. This can be readily realized without a separate buffer
      vessel filled with low-pressure gas being required.
PAR  According to a further preferred embodiment of the rotary regenerative
      heat-exchanger according to the invention, the pressing mechanism
      comprises a pin one end of which is rigidly connected to the movable body
      and the other free end of which cooperates with the rotor.
PAR  In a preferred embodiment of the rotary heat-exchanger according to the
      invention, the free pin end supports a rolling member which is journalled
      to be rotatable at least in the direction of rotation of the rotor and
      which is in mechanical contact with a rotor running surface.
PAR  The rolling member may be, for example, a sphere or a disc. Because of the
      element rolling on the rotor running surface, substantially less friction
      and hence less wear occurs between the pressing mechanism and the rotor.
PAR  The invention will be described in detail hereinafter with reference to the
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a view (not to scale) of a preferred embodiment of a rotary
      regenerative heat-exchanger comprising a control device exerting a
      variable force on the rotor.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reference numeral 1 in the figure denotes a rotor housing in which a
      rotor 2 is arranged which contains a regenerative filling mass 3 of, for
      example, ceramic material or metal. Rotor 2 is mounted on a rod 4 which is
      passed out of the housing through the housing wall and which is coupled to
      a reducing gearwheel transmission 5. Via this gearwheel transmission, the
      rotor can be driven, for example, by means of an electric motor not shown.
PAR  Rotor housing 1 is provided with an inlet 6 and an oulet 7 for the gas to
      be heated and the heated gas, respectively such as combustion air, and an
      inlet 8 and an outlet 9 for hot gas to be cooled and cooled gas,
      respectively, such as flue gas.
PAR  On the side of the heat-exchanger which is hot during operation, stationary
      sealing members 10 of, for example, ceramic material are arranged between
      the rotor end face and the housing wall. On the cold side of the
      heat-exchanger, at the area of outlet 9, a stationary sealing member 11 is
      provided between the rotor end face and the housing wall, the said member
      being pressed against the rotor end face by a resilient bellows sealing
      12. The sealing members 10 and 11 and the resilient bellows sealing 12
      keep the cold and the hot gas flow separated.
PAR  Between the circumferential wall of the rotor 2 and the housing wall there
      is provided an annular intermediate space 13 which is in open
      communication, via a gap 14, with the inlet 6 for the gas to be heated.
PAR  The heat-exchanger furthermore comprises a control device 15, comprising a
      control housing 16 in which a diaphragm 17, connected to the housing wall,
      is reciprocatable, said diaphragm separating a space 18 from the
      surroundings. Space 18 is in open communication with intermediate space 13
      via a duct 19. Diaphragm 17 supports a pin 20 which is provided on its
      free end with a rotatably journalled sphere 21 which is in contact with a
      running surface 22 of rotor 2.
PAR  During operation, when rotor 2 rotates and compressed, cold combustion air
      is supplied to inlet 6, the higher pressure air becomes manifest, via gap
      14, intermediate space 13 and duct 19, in space 18 and exerts a force to
      the left on diaphragm 17 which exceeds the force to the right exerted by
      the ambient atmosphere on the other side of the diaphragm. As a result,
      the sphere 21 is pressed against rotor running surface 22. In the
      heat-exchanger the combustion air is heated by flue gases admitted via
      inlet 8 and originating from the power source (not shown) which initially
      receives the heated combustion air. The comparatively large volume flow of
      flue gas of higher viscosity and velocity exerts, via the filling mass 3,
      a force to the right on the rotor 2 which exceeds the force to the left
      exerted on the rotor by the comparatively small volume flow of combustion
      air. Diaphragm 17 has a surface such that the force exerted thereon by the
      combustion air in space 18 is so large that rotor 2 remains pressed
      against sealing members 10.
PAR  If the load of the power source increases and the volume flows of
      combustion air and flue gas increase, the resultant gas force to the right
      on the rotor increases. However, the inlet pressure of the combustion air
      at the area of inlet 6 is then higher, with the result that the force
      exerted on the rotor to the left by the diaphragm 17 via pin 20 and sphere
      21 is also larger. This means that at any given load the rotor 2 remains
      pressed against sealing members 10. The value of the force exerted via the
      diaphragm varies in proportion with the resultant gas force.
PAR  The spring force of the bellows sealing 12 can then be smaller because only
      sealing member 11 need remain pressed against the rotor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a rotary regenerative heat-exchanger operable with cold and hot gas
      flows which have mutually different variable pressures and velocities, and
      including a stationary rotor housing having first and second inlets for
      receiving said cold and hot gas flows respectively and corresponding
      outlets, a rotor mounted in said housing and containing a regenerative
      filling mass with gas flow passages therethrough for axial counter flow of
      said cold and hot gas flows which exert mutually opposed, variable axial
      forces on said rotor due to flow resistance of said filling mass, and seal
      means mounted between said housing and rotor for separating said two gas
      flows therethrough, the improvement in combination therewith comprising at
      least one control means which is operable in response to said variable
      pressure of one of said gas flows, and which exerts an axial force on said
      rotor which force is proportional to the resultant of said forces exerted
      on said rotor by said gas flows, for maintaining said rotor in a
      substantially fixed axial position relative to said housing under all
      conditions of said variable pressure of said gas flows.
NUM  2.
PAR  2. Apparatus according to claim 1 operable in an ambient environment,
      wherein said control means comprises a control housing, a body having
      first and second sides which is reciprocally movable therein and defines
      in said housing first and second separate spaces corresponding to said
      first and second sides, first means communicating said first space with
      said variable gas flows, second means communicating said second space with
      said ambient environment at a pressure lower than said gas flow pressure,
      and third means connecting said second side to said rotor for urging the
      rotor axially when pressure in said first space is greater than pressure
      in said second space and said body is thereby driven toward said second
      space.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said first space communicates
      only with said cold gas flow.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said rotor has an outer
      circumferential wall adjacent and spaced from said housing defining an
      intermediate, annular space, said apparatus further comprising fourth
      means communicating said first space with said intermediate space.
NUM  5.
PAR  5. Apparatus according to claim 2 wherein said control means comprises a
      pin having one end rigidly connected to said movable body, and a second
      end engaging said rotor.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said pin further comprises a
      rolling member rotatably mounted at said second end for rolling contact
      with said rotor.
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ABST
PAL  The tank wall is provided with a cylindrical collar in which a perforated
      tube base is mounted; the base having a set of tubes passing through in
      gas-tight relation. A thin sheet metal membrane is secured peripherally on
      the tube base to form an enclosed gas-tight chamber through which the
      tubes pass. The membrane is also perforated to permit passage of the tubes
      in a gas-tight relationship. The enclosed chamber permits monitoring of
      the imperviousness of the connections between the tubes and the tube base.
BSUM
PAR  This invention relates to an arrangement for mounting tubes in a tank wall.
PAR  Mounting arrangements have been known in which a set of tubes is passed
      through a tube base mounted in gas-tight relation in a tank wall. For
      example, it has been known to mount the steam-conducting tubes of a steam
      generator within a tube base connected to the housing of a combustion
      chamber of the steam generator. In such cases, use has been made of an
      expandable bellow to mount the tube base in the housing of the combustion
      chamber in order to obtain a gas-tight connection. However, the use of a
      bellow between the tube base and the housing makes the production of such
      an arrangement very expensive. Furthermore, this arrangement has not been
      suitable for use in nuclear reactor equipment. This is because the
      equipment requires the connections of the tubes in the tube base to be
      checked at any time for imperviousness and such cannot be readily
      accomplished.
PAR  Accordingly, it is an object of the invention to provide a tube mounting
      arrangement that can be used in association with tanks for nuclear reactor
      equipment and, at the same time, be of relatively low cost construction.
PAR  Briefly, the invention provides a tube mounting arrangement for a tank in
      which a tube base is connected in gas-tight relation to the tank wall and
      a thin sheet-metal membrane is peripherally connected with the tube base
      in gas-tight manner to define an enclosed gas-tight chamber. A set of
      tubes is passed through both the tube base and membrane in gas-tight
      relation such that the connections between the tubes and the tube base can
      be monitored for imperviousness.
PAR  The mounting arrangement allows a number of different types of monitoring
      techniques to be used to check the imperviousness of the connections
      between the tubes and the tubes-base on the one hand and the sheet-metal
      membrane on the other hand. One technique consists in subjecting the
      enclosed chamber between the tubes-base and sheet-metal membrane to
      pressure and in testing whether this pressure lasts. It is also possible
      to make the so-called helium test in which a helium atmosphere is produced
      on one side of the tube-base and the other side of the base is monitored
      by means of a special apparatus to determine whether helium passes through
      the tube-base. It is also possible to use the chamber between the
      sheet-metal membrane and the tube-base for the so-called washing test. In
      this test, the chamber is connected to a washing circuit having a
      circulating device and a detector apparatus by which any radioactivity
      passing from the other side of the tube-base into the chamber being washed
      through can be detected.
PAR  A further advantage of the mounting arrangement resides in that the
      sheet-metal membrane forms a supplementary seal in the event that the
      connections between the tubes and the tube-base become leaky. Because the
      sheet-metal membrane is connected arounds its entire periphery with the
      tube-base, there is only one connection place between these two members.
      This is particularly advantageous from the manufacturing point of view.
      The mounting arrangement moreover allows the dimensions of the tubes-base
      to be small because of the spacing between the tubes of the tube set. A
      further substantial advantage of the arrangement is that many sealing
      weldings can be made in a workshop prior to the installation of the
      arrangement in the tank. This is a simplier fabrication method and can be
      more reliably carried out in the workshop than at the final site of the
      tank.
PAR  In one embodiment, the sheet-metal membrane extends parallel to the
      tube-base. This allows small expansion movements to occur between the
      places of the connection of the sheet-metal membrane with the tubes, and
      the connection places of the sheet-metal membrane with the tube-base.
      Thus, no bellows are needed to take expansion movements.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates a cross-sectional view through a mounting arrangement
      according to the invention;
PAR  FIG. 2 illustrates to a larger scale than FIG. 1, a cross-sectional view
      through a part of a modified arrangement according to the invention; and
PAR  FIG. 3 schematically illustrates a simplified plan view of the arrangement
      of FIG. 1.
DETD
PAR  Referring to FIG. 1, the wall 1 of a tank, for example, the safety tank of
      a nuclear reactor plant, has a suitable opening in which a cylindrical
      collar 2 is welded in gas-tight relation. The collar 2 projects at both
      sides from the wall 1. A tube base 3 is secured on the inside of the tank
      to the end face of the collar 2 in gas-tight relation by means of a welded
      seam 39. The tubes-base 3 has, for example, 24 apertures 10 (FIG. 3)
      through each of which passes a tube 5 of a set of tubes. The
      wall-thickness of each tube 5 is greater in the pass-through region than
      in the adjoining regions on either side. Each tube 5 also has a
      circumferential rib 6 outside the tube base 3 to each of which is welded
      one end of a sleeve 4 of S-shape cross-section. As shown, each sleeve 4
      extends through an aperture 10 in the tube base 3 between the tube 5 and
      base 3. The other end of the sleeve 4 is welded to a radial projection 11
      of the tube base 3. Each radial projection 11 is formed by making an
      annular cut back 12 in the tube base 3 and by boring a part of the axial
      length of the aperture with a somewhat larger diameter than the inner
      diameter of the projection 11. In this way, shaping stresses are avoided
      in the region of the projections 11. The connection between the tubes 5
      and the sleeves 4 on the one hand, and between the projections 11 and the
      sleeves 4 on the other hand, are advantageously made by electron-beam
      welding.
PAR  A thin sheet metal membrane 20 is secured at the periphery to the tube base
      3 at the outer side of the tank and is disposed in parallel to the tube
      base 3. As shown, the peripheral edge of the membrane is bent at right
      angles and is inserted via the thus-formed edge into a groove 25 in the
      tube base 3. The tube base 3 and the rim of the sheet-metal membrane 20
      are connected together by hard-soldering. The tubes 5 pass through the
      sheet-metal membrane 20 which, in the region of each passage, has a
      circular undulation 21, which surrounds a tube 5 and is hard-soldered at
      the inner edge to the associated tube. The sheet-metal membrane 20 and the
      tube base 3 define an enclosed gas-tight chamber 36 which serves to
      monitor the gas-tightness of the connection between the tubes 5 and the
      tubes-base 3. For this purpose, a check-line 40 is connected in the center
      of the sheet-metal membrane 20 to detect pressure variations in the
      chamber 36 in order to signal leakage.
PAR  A cylinder 30 is mounted at the outside of the tank inside the collar 2 in
      surrounding relation to the set of tubes 5 and is connected at one end by
      a welded seam 37 with the tube base 3. A groove 50 is machined in the tube
      base 3 near the welded seam 37 in order to prevent excessive heating of
      the hard solder between the base 3 and the sheet-metal membrane 20 during
      welding. The other end of the cylinder 30 is provided with a plate 31
      which is welded in the cylinder 30 and has openings 32 to position the
      tubes 5, as well as openings 33 to equalize the pressure between the
      atmosphere and the space 38 enclosed by the cylinder.
PAR  The weld seam between the collar 2 and the tube base 3 is bridged over by a
      ring 41, whose faces are welded in gas-tight relation to the tube base 3
      and to the collar 2 respectively. This ring 41 forms an annular space 42
      with the collar 2 and base 3 which space serves to check the
      imperviousness of the weld seam 39. For this purpose, the ring 41 can be
      connected through a nipple 43 with a check line (not shown).
PAR  Referring to FIG. 2, the places of welding of the sleeve 4 to the tube base
      3 and the tube 5 can be interchanged so that the weld connection between
      sleeve 4 and tube 5 is near the hard-solder connection between the tube 5
      and the sheet-metal membrane 20.
PAR  When a so-called washing test is to be carried out on the mounting
      arrangement, a further connection for a line is provided in addition to
      the connection of the line 40. The washing medium is then circulated
      through these two lines through the enclosed chamber 36. After flowing
      through the chamber 36 the flow is checked by a special apparatus to
      determine whether radioactive medium has penetrated from the tank into the
      washing medium.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of a tank wall, a tube base connected in gas-tight
      relation to said tank wall, a thin sheet-metal membrane peripherally
      connected with said tube base in gas-tight manner to define an enclosed
      gas-tight chamber therebetween, a set of tubes extending through said tube
      base, said chamber and said membrane and being connected to said tube base
      and said membrane in gas-tight relation, a cylinder mounted on said tube
      base in surrounding relation to said tubes and a plate secured to said
      cylinder, said plate having apertures for guiding said tubes therethrough.
NUM  2.
PAR  2. The combination as set forth in claim 1 which further includes a sleeve
      of S-shape cross-section securing each respective tube to said tube base.
NUM  3.
PAR  3. The combination as set forth in claim 2 wherein each sleeve is connected
      to a respective tube at a point close to the connection of said tube to
      said membrane.
NUM  4.
PAR  4. The combination as set forth in claim 1 wherein said membrane is
      disposed parallel to said tube base and wherein a check-line is connected
      to said membrane to detect pressure variations in said chamber.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein said membrane is
      disposed on an outer surface of said tank wall.
NUM  6.
PAR  6. The combination as set forth in claim 1 wherein said membrane has a
      circular undulation surrounding each said tube.
NUM  7.
PAR  7. The combination as set forth in claim 1 which further comprises a
      cylindrical collar mounting said tube base on said tank wall, said tube
      base being welded to said collar.
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ABST
PAL  A method and system of air conditioning multi-storey buildings having a
      plurality of floors to be conditioned wherein at least one compartment air
      handling unit on each floor is contained within a fan closet. Fresh air
      conditioning means is located remote from the closets and feeds the
      closets with fresh air preconditioned as to temperature and humidity. The
      fresh air mixes with return air from the floor in the closet and the
      mixture is conditioned in said compartment unit and supplied to various
      spaces on the floor for balancing the cooling load in the space. The air
      mixture is supplied at a base temperature and variable air volume
      terminals control the amount of cool air entering the space. The base
      temperature of the air mixture is controlled by a thermostat in the
      chilled water return line controlling the capacity of mechanical cooling
      means, the capacity of a cooling tower when it is used as a free cooler
      and chilled water heating means, depending on outdoor temperatures, in
      order to maintain a predetermined temperature differential between the air
      mixture and chilled liquid in the return line. The compartment air
      handling units are self-contained and presilenced with one sided
      maintainance. Perimeter radiation units are supplied with heated liquid
      scheduled to a temperature where building fabric heat loss is neutralized.
      During a heat reclaim cycle wherein internal building heat is transferred
      to the radiation liquid through a condensing liquid circuit having a
      cooling tower, the evaporative cooling capacity of the cooling tower is
      varied inversely to the outdoor temperature to increase the heat
      transferred. The perimeter radiation units are thinfinned and include
      support mullions capable of containing sound absorbing means. Front panels
      hanging from the mullions provide easy access to the inside of said
      radiation units.
PARN
PAR  This is a continuation of application Ser. No. 237,413 filed Mar. 23, 1972
      now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an improved method of and system for air
      conditioning buildings. More particularly, this invention relates to an
      improved method of and system for air conditioning multi-storey buildings
      such as office buildings, employing a novel compartmentalization system of
      air handling.
PAC  BACKGROUND
PAR  Modern day multi-storey buildings have generally been considered to require
      sophisticated air conditioning systems to meet the various needs and
      requirements of occupants at various locations throughout the building.
      The peripheral areas of such buildings usually present a varying
      heating-cooling load at different times during the day and year depending
      on ambient temperature conditions and solar heat load, whereas the
      interior core area usually requires cooling the year round. A large part
      of the heat load at the periphery of the building is due to solar heat
      gain which can vary significantly during a single day and from day to day,
      particularly in areas with southern exposures. In view of the different
      conditions in the peripheral areas and interior core area of multi-storey
      buildings, it has been common to provide a separate air distribution
      system for these two areas, providing a constant supply of air to the
      particular areas at varying temperatures to meet the varying load
      conditions.
PAR  Systems which have been used in the past at the perimeter involve three
      basic categories; all air, sometimes known as "dual duct" or "terminal
      reheat" systems; all water, sometimes known as "fan-coil", and air-water;
      sometimes known as "induction". Systems which have been used in the
      interior involve principally cool ducted air at constant volume with
      reheat control.
PAR  The majority of prior systems have been arranged with remote fan rooms
      which supply conditioned air directly to the spaces to be conditioned or
      to terminal units within such spaces. These systems employ vertical
      conditioned air duct and return air duct risers and although they allow
      centralized maintenance of fan equipment, they have introduced a number of
      problems such as potential recirculation of toxic gases from the scene of
      a fire to other parts of the building. Deaths can occur when the
      contamination exceeds 1 percent of the density of smoke at the fire
      source. Some of these casualties have been traced to smoke spread by fans
      and vertical duct risers connecting floors.
PAR  Other problems with previous systems involving remote fan rooms and
      vertical duct risers include noise potential due to riser take-off and the
      use of heavy air pressures in operating the remote fans, and include the
      loss of space often up to 6 percent of the building gross for air handling
      equipment and 4 percent for duct shafts. Further, most air conditioned
      buildings are forced by the nature of the centralized, remote fan room
      system of handling air to condition the entire building during periods of
      "after hours" or "odd hours" work of certain tenants on specific floors
      and this accommodation of the tenants detracts greatly from the operating
      economy of the system. The majority of systems also depend upon the use of
      variable outside air ratios for direct free cooling of the building
      interior. This concept has introduced potential problems such as coil
      freezing, mixed air stratification heavy dirt loading on filters and the
      requirement for very large louver areas in the fan rooms.
PAR  Further difficulties with typical systems arise at the perimeter of the
      building where it is conventional to deliver air at the window sill from
      very bulky enclosures of terminal units such as air-induction or fan coil
      units. As well as taking up 10 to 30 inches of usable space and detracting
      from room decor, these enclosures are a source of noise leakage between
      offices and require regular maintenance within tenant space for filters,
      nozzles and fan lubrication. Cooling potential of such equipment is often
      reduced critically by appearance drapes hanging in front of the enclosure.
PAR  More recent air conditioning systems have employed a more economical basis
      of air distribution whereby the supply of cool air is varied in place of
      reheating a constant volume of cool air in order to maintain temperature
      control. This system eliminates reheat energy while also reducing energy
      for cooling and air handling. Such systems are called "Variable Air
      Volume" (VAV) and it is believed that in their most logical application
      they are installed with a supply of conditioned cool air along with
      standing radiation at the perimeter. Such application eliminates the need
      for separate air handling systems for perimeters and interior space, the
      single zone Variable Air Volume being sized to absorb all solar load and
      internal load. The perimeter radiation is sized to neutralize only wall
      fabric heat loss. The cost for the additional overhead air is a fraction
      of the premium for the bulky fan coil or induction perimeter.
PAR  While a Variable Air Volume system with air handling units arranged on each
      floor may embody a "static" life safety provision and possible static
      smoke dispersal control, it generally fails to provide a "dynamic" control
      through an ability to pressurize vital stair and elevator exit routes from
      the building. Such a provision is of importance in modern day multi-storey
      buildings in view of the limitations of normal fire fighting equipment in
      combatting fires which break out on upper floors of the building and panic
      caused by smoke dispersal through out the building. Further, a most
      serious problem with present day air handling units arranged on each floor
      and which are directly connected to the false ceiling for return air has
      been muffling the noise of the fan. The provision of a return air duct
      system above the false ceiling increases the overall costs of a building
      in necessitating a deeper false ceiling plenum to permit cross-overs
      between the duct work. Sound control can be added at the boundary of a fan
      utility room but this correction must rely on field workmanship to such an
      extent as to be impractical when trying to meet the usual criteria of
      NC-40 alongside the fan room and NC-35 in the perimeter area or executive
      office space area on a floor. On-floor fan units of the size necessary to
      deal with typical office floors of 10,000 sq. ft. or more can not be
      silenced with simple field applied sound silencers in the inlet and outlet
      ducts. Even the casing of such equipment emanates enough noise to exceed
      the usual noise criterion noted above.
PAR  Present day HVAC systems often have sophisticated and complicated automatic
      control systems, the complexities of which increase as the need for local
      control arises. Often the design of such control systems falls beyond the
      comprehension of the average building system operator with resulting peril
      for the equipment and the beneficiaries of the system. Moreover, such
      control systems have initial high cost and require regular inspection and
      maintenance to maintain the HVAC system functional.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved method and system for air conditioning multi-storey buildings
      which overcome the above-noted disadvantages of prior art systems and
      which provide a less expensive, less complicated and more easily serviced
      means of conditioning multi-storey buildings than has heretofore been
      employed.
PAR  It is an object of this invention to provide a compartmentalization system
      of air-conditioning a building utilizing single zone variable air volume
      with perimeter radiation in association with specialized compartment air
      units located in fan closets on each floor of the building to be
      conditioned.
PAR  It is also an object of the invention to provide such a
      compartmentalization system of air conditioning a building wherein not
      only static smoke dispersal control is present but also dynamic control is
      provided through the ability of the system to pressurize vital stair and
      elevator exit routes from the building.
PAR  It is also an object of this invention to provide such a
      compartmentalization system wherein a realistic solution to noise
      emanation from fan units and riser take-offs is achieved by providing a
      specially designed factory-made presilenced unit for operation in a fan
      closet alongside NC-40, the unit being sound controlled in such a way that
      even casing noise is suppressed. Also provided is an especially designed
      wall fin panel providing sound barriers at wall partition points.
PAR  It is a further object of this invention to provide such a
      compartmentalization system of air handling which avoids the space
      consumption of shafts and fan rooms in previous systems, the savings in
      space resulting, in part, from a special closet-type design of the
      on-floor compartment units permitting all maintenance from one side and
      from a novel design of a thin finned perimeter radiation panel.
PAR  It is still a further object to provide such a compartmentalization system
      of air handling wherein all compartment air handling closets in the
      building are fed with a specific supply of preconditioned fresh air or
      ventilation air from a remote source in the building. Ventilation air is
      admitted to the closets in specific quantities from a ventilation supply
      air shaft which are supplied with fresh air preconditioned as to
      temperature and humidity. There, in the closets, it must mix with
      recirculated air before moving in equal parts to all conditioned areas fed
      by the VAV system. The supply of ventilation air can be easily adjusted to
      a correct and constant air quantity to each floor by means of dampers
      between the shaft and closets. Rebalancing to suit other exhaust rates in
      the future may accordingly be handled with equal case. Operation of
      specific floors after hours can be managed without ventilating other
      floors since the dampers between the ventilation shaft and compartment
      units can be equipped to close down as individual floor units are shut
      down for the night. The fresh air unit may also be variable in capacity
      and can be scheduled to operate at constant shaft air pressure so that
      ventilation can be continued at normal quantity to any late operating
      on-floor system.
PAR  It is still a further object to provide a control system for such
      compartmentalization system with self compensating features having
      accuracy of control of the water circuits for a whole building, with one
      thermostat for each of the hot water and chilled water circuits, and one
      humidistat. No control is required at the compartment units themselves,
      and air zone control is handled on the basis of one thermostat for each
      point of VAV control. The chilled water is scheduled by allowing a single
      sensor located in the chilled water return line before the chiller to
      operate the capacity control on the chiller thereby optimizing the energy
      input to the chiller. The same sensor may also control the introduction of
      heating to the chilled water circuit through a heating convertor as the
      need for cooling declines. All unwanted heat is rejected through a water
      cooling tower at all times of the year and the same sensor may also
      control inlet dampers on a water tower fan thereby controlling the water
      chilling during free cooling provided by the water tower when the outside
      temperature is low enough, generally below 40.degree. F or thereabouts, to
      permit it to continue as a source of chilled water. A single humidistat in
      a sanitary exhaust of the building, whereby a good average of building
      humidity is obtained, controls the face and bypass damper of the sprayed
      coil of the ventilation unit thereby controlling the overall
      humidification of the building by means of the ventilation air supply.
DRWD
PAR  Other features and advantages of my invention will become apparent from an
      appreciation of the following preferred embodiment of my system as
      depicted in the following drawings wherein:
PAR  FIG. 1 is a diagrammatic cross-sectional view of a building incorporating
      my compartmentalized air conditioning system;
PAR  FIG. 2 is a partial view of the peripheral wall of the building in FIG. 1
      particularly illustrating the perimeter radiation.
PAR  FIG. 3 is an enlarged sectional view taken at lines 3--3 of FIG. 2 and
      illustrating part of the perimeter radiation unit.
PAR  FIG. 4 is an enlarged view of a radiation mullion with one of the panels
      removed.
PAR  FIG. 5 is an enlarged view of part of the inside of the panels showing a
      hook.
PAR  FIG. 6 is a diagrammatic plan view of a typical floor of the building in
      FIG. 1 particularly illustrating air distribution on the floor, appearing
      with FIG. 1;
PAR  FIG. 7 is an enlarged vertical section of a closet and compartment taken
      along line 7--7 of FIG. 6;
PAR  FIG. 8 is a vertical section of the closet and compartment unit taken along
      line 8--8 of FIG. 6;
PAR  FIG. 9 is a schematic view of the equipment, water circuits and control
      arrangement of the compartmentization system.
PAR  FIG. 10 is a representative temperature traverse relating to the circuitry
      shown in FIG. 9;
PAR  FIG. 11 is a typical heat balance diagram of a building;
PAR  FIG. 12 is an operating sequence chart of my system.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Now with particular reference to the drawings which exemplify the preferred
      embodiment of my invention, a multi-storey building 10, shown partially
      and diagrammatically in FIG. 1 has roof 12, exterior walls or fabric 14
      which includes exterior glass areas of the building, and floors 16.
      Apparatus penthouse 18 on roof 12 houses various schematically shown
      apparatuses and more particularly houses conventional hot water generating
      means 20, elevator hoist equipment 22 and ventilation and humidity control
      apparatus 24. A cooling tower, winterized for year round operation and
      more fully referred to herein, is schematically shown at 26.
PAR  My invention utilizes a variable air volume with perimeter radiation system
      for air conditioning building 10. Heating of the building comprises
      passing hot water, generated and scheduled by conventional means to a
      temperature appropriate for ambient condition through standing perimeter
      radiation units. The heating through these units solely compensates for
      fabric heat losses flowing outwardly of the building during the cooler
      periods of the year. As part of my preferred embodiment I include a heat
      reclaim sub-system even though it will be appreciated as will become more
      apparent herein, that my invention is not to be limited by this inclusion,
      except as set forth in the claims hereto.
PAR  During the late spring, summer and early fall periods, little or no fabric
      heat loss will occur and consequently the perimeter heating sub-system
      will be idle or will be on standby during these periods. During heating
      periods, hot water is circulated through thin finned standing radiation
      units 28 located at the outside walls 14 on each floor 16. FIG. 9
      schematically illustrates the piping circuitry for the heating sub-system
      wherein perimeter radiation water, raised to an appropriate temperature in
      heater 30, is pumped by means of radiation water pump 32 through radiation
      supply line 33 and 34 to radiation risers 35. Expansion tank 36 provides
      for fluid expansion in the closed hot water circuit. The piping of the
      radiation water circuit is laid out in a regular vertical grid so that all
      circuits are reverse returned for equal friction and elimination of water
      balance. Accordingly, risers 35 are fed so that the slightly cooler water
      at the end of the run will correspond to the lesser requirement of heat at
      the top of the building of that run. Perimeter radiation units 28 on each
      floor 16 (represented in FIG. 9 by a line) are connected to risers 35 and
      are in heat exchange relationship with air at the outside walls of
      building 10. Units 28 are connected to vertical return risers 37 which in
      turn are each connected through common line 38 to return line 39. As my
      illustrated preferred embodiment includes a heat reclaim sub-system,
      return line 39 is connected to convertor 40 through line 41 and converter
      line 42. Radiation water return line 43 is connected to convertor line 44
      and returns water to heater 30 for temperature rescheduling, if necessary.
      During heat reclaim, operation valve 45 in line 41 is open and radiation
      water bypass valve 46 in bypass line 47 is closed thereby directing return
      radiation water through convertor 40 before returning to pass through
      heater 30. As will become more fully appreciated hereinafter, during
      non-heat relcaim, operation valve 45 in line 41 is closed and bypass valve
      46 in bypass line 47 is open in order to bypass convertor 40. Moreover, if
      no heat reclaim cycle is employed (heat reclaim, although generally
      employed in heating and air conditioning systems is recognized as an
      optional sub-system) then return radiation water would pass directly from
      return line 39 to heater 30 for temperature rescheduling therein and in
      this case lines 41 and 43 would not be present.
PAR  Although only three floors are depicted in FIG. 9, it will be appreciated
      that this hot water circuit is generally adaptable to any number of
      floors. However, because of infiltration effects on tall buildings, it
      will be preferred as will be appreciated by those skilled in the art, to
      pipe the radiation units for a different radiation schedule on groupings
      of not more than 20 floors. Moreover, only two vertical grids are shown,
      but risers 35 will generally be run at centers of from 20 to 30 feet.
      Accordingly it will be appreciated that more than two vertical grids will
      be present in most installations in multi-storey buildings. Although only
      one radiation water pump 32 is shown, it will be appreciated that two
      pumps in parallel may be employed so that if one pump mechanically fails,
      the twin pump may continue to maintain adequate water velocity in the
      radiation units and through the piping circuit. The pumps would be backed
      with emergency power.
PAR  It is well known that the rate of heat loss through the fabric of a
      building is directly proportional to the temperature difference between
      outside or ambient temperature and the inside temperature of a building.
      The scheduling of radiation water to suit outside temperature may be done
      by any of the methods which are well known in the art. In FIG. 9, hot
      water generating means 20 is connected to heater 30 by feed line 48 and
      return line 49. Thermostatically controlled valve V.sub.1 in feed line 48
      controls the flow of hot water from means 20 through heater 30 which water
      passes in heat exchange relationship with the radiation water within
      heater 30. The temperature of the radiation water for heating is
      accordingly controlled by a single thermostat T.sub.R located in supply
      line 33 and master controlled by a single outdoor temperature stat 50
      suitably located in known fashion.
PAR  FIGS. 2 to 5 inclusive show a preferred construction of the perimeter
      radiation units 28. FIG. 2 shown a partial view of a perimeter office
      wherein fabric 14 includes windows 51 and outer structural wall 52.
      Windows 51, preferably double glazed, are secured into place in known
      fashion to ledge 54 and window mullions 56. Radiation mullions 58 are
      disposed in direct vertical alignment with window mullions 56, and are
      used to incorporate sound barrier means between adjacent offices while at
      the same time providing for a flat ended partition 60 between the offices.
      In the past, most office partitions have required a special notch to be
      cut to fit against a more bulky form of perimeter radiation enclosure. The
      preferred wallfin radiation unit 62 has a depth of about three to six
      inches which will suffice in most cases even where a heat reclaim cycle is
      employed, the deeper unit being required for heat relcaim because of the
      lower available water temperatures through the condensing water. With this
      depth of enclosure, it will be appreciated that the wallfin radiation unit
      62 may be generally incorporated under the ledge 54 thereby conserving
      space for furniture arrangement and the draping from ceiling to floor of
      its fenestration. The wallfin unit 62 includes hot water pipe 64 and a
      plurality of thin finned elements 66 secured thereto in known fashion and
      in heat exchange relationship to the air. Pipe 64 as shown in FIGS. 3 and
      4 is supported by radiation mullion 58, and mullion 58 is secured to
      structural wall 52 under ledge 54 by bolt means 68. However, it will be
      appreciated that pipe 64 could be supported by a separate bracket bolted
      to wall 52 and located within mullion 58. Panels 70 with hooks 72 on the
      inside (FIG. 5) are hung on the radiation mullions 58 through hook
      supports 74 secured to the side of the mullions 58 and form the wall
      finish under the window. The panels also give easy and simplified access
      to isolating valves such as valve 76 used with the radiation units, it
      being appreciated that isolating valves are used with the perimeter
      radiation system in known fashion, even although for reasons of clarity
      they have not been shown in the hot water circuitry of FIG. 9. Sound
      proofing material may easily be incorporated in space 77 in mullions 58
      where required to provide, in conjunction with the mullion, an excellent
      sound barrier between offices. Sufficient space is provided below and
      above pannels 70 to permit good air connection and heat exchange. Slots 78
      in the ledge 54 are optional and may be used as desired in substitution
      for the space above panel 70 or in addition to it. Although not shown, it
      should be appreciated that a solar or venetion blind will be appropriately
      hung against or closely adjacent glazed glass 51. Some defrosting of the
      glass, if necessary, is accordingly possible if the window sill slots 78
      are between the glass and the blind. For double glazed units it is
      recommended by fenestration suppliers that the blind be located between
      the glass and radition.
PAR  It will be appreciated by those skilled in the art that the depth of
      radiation unit 28 selected will depend on the building heating
      requirements per linear foot of wallfin, and whether a heat reclaim cycle
      is employed. Moreover, it will be appreciated that two wallfin elements 62
      may be vertically or horizontally stacked in parallel to provide greater
      heat exchange surfaces. Further the height of the panels 70 or their
      "stack" may vary depending on the architectural requirements in
      conjunction with the heating requirements. For example, with 180.degree. F
      generated hot water available, a 3 inch depth of the radiation unit would
      generally suffice whereas, with a heat reclaim cycle, a larger wallfin
      element with an overall unit depth of 6 inches would generally be required
      in order to provide for fabric loss at condensing water temperatures of
      100.degree. F, or thereabouts. Field installation costs of the radiation
      sub-system may be reduced by prefabricating the connections to the pipe
      risers 35 leaving only butt jointing of the risers and connection of
      prewelded branch fittings to the radiation elements in the field.
      Insulation of the vertical risers is unnecessary and indeed not advisable
      since the risers themselves can radiate heat in the area of perimeter unit
      take-off. Since the perimeter radiation heating provides the sole heating
      means for building 10, it will be appreciated that accurate determination
      of heat loss through building fabric 14 (and roof 12) is important, and
      involves not only assessing wall infiltration of the various materials
      making up the fabric 14 (and roof 12), but should take into account the
      varying nature of the joints in building construction and allow for the
      varying degrees of workmanship in such constructions. Accordingly, it will
      be appreciated that a margin of safety should be considered in designing
      the heating system to compensate for fabric heat loss and the installed
      radiation capacity should perhaps be up to 15 to 20 percent greater than
      the calculated heat loss. If the building should match or improve upon the
      wall heat transfer criterion, the oversized radiations can use a schedule
      with less hot water to compensate the heat loss.
PAR  As the fabric heat losses of the building are compensated by the heating
      system, all the interior heat gain resulting from the sun, occupants,
      lighting fixtures and miscellaneous electrical equipment becomes a cooling
      load to be offset by the air cooling system. Ventilation and humidity
      control means 24 is located on roof 12 and serves to supply conditioned
      fresh air to vertical air riser 80 as seen in FIG. 1. Riser 80 in turn
      serves to supply conditioned fresh air to each floor fan closet 82 through
      damperred inlet 84. At least one fan closet 82 is located on each floor to
      be conditioned, and is preferably located adjacent to generally
      non-rentable service area 86 on the floor, which areamay include elevator
      shafts, stairs, washrooms and utility rooms.
PAR  FIG. 6 diagrammatically illustrates a plan view of the single zone variable
      volume air terminal cooling system which radiates out from fan closet 82
      on a typical floor of the building which has support columns 88. FIG. 6
      actually shows two fan closets 82 adjacent service area 86, each with
      identical duct work, and each fresh air shaft 80 would be fed with
      preconditioned fresh air from unit 24. It will be appreciated however that
      a single fan closet 82 may be employed depending on the size of the
      building and cooling load. Within each fan closet 82 is an air handling
      compartment unit 90 which serves to supply through suitable overhead duct
      work, cool air to occupied space 92 at a temperature between 53.degree.
      and 58.degree. F., preferably about 55.degree. F. With a single zone
      variable air volume system, the necessary volume of air to match the
      interior heat gain is regulated by the thermostatic action of "constant
      pressure, variable volume air terminals" of a type commonly available
      today. These terminals 94 are located at any interval demanded by design
      requirements and are fed with cool air from the closet or compartment
      units 90. The terminals 94 may be selected from among a number of products
      commercially available today and should preferably incorporate constant
      outlet pressure control, air shutoff to within 10% of the normal capacity
      and low noise level for normal operating pressure of 1 to 3 inches static
      pressure.
PAR  As illustrated in FIG. 6 compartment units 90 each serve two main ducts 96
      and 98, each of which serves two intermediate ducts 100, 102 and 104, 106
      respectively. All of the supply ducting can be arranged to avoid cross
      over clearance. Variable air volume terminals 94 are supplied through
      terminal ducts 108 with conditioned air from the intermediate ducts.
      Terminals 94 control the volume of cool air supplied to air diffusers 110
      through diffuser supply ducts 112 and diffuser inlet ducts 114. Diffusers
      110 are of the overhead type and are preferably associated with light
      troffers 115 in a manner which is well known in the art. The duct work
      just referred to is located in space or plenum 116 formed between false
      ceiling 118 (FIGS. 1, 7 and 8) and the floor 16 thereabove. This space or
      plenum 116 also serves as a return for the return air leaving the various
      rooms on the floor through suitably located exhaust grills 120 which can
      be located adjacent to or in conjunction with other light troffers (not
      shown) as will be appreciated by those skilled in this art. It will be
      further appreciated that a standarization of the duct work is
      advantageously employable with the variable volume air distribution system
      as exhibited by the ductwork in FIG. 6 and a generally acceptable 15 inch
      thruway to accomodate four standard duct sizes of 12 inch depth each is
      all that is required.
PAR  Each of the terminals 94 has a thermostatic control device 124 which is
      suitably located in a room to be conditioned and controls the volume of
      cool air entering the room in response to changes in the cooling load
      therein. Compartment units 90 are sized to provide enough cool air to
      compensate for solar heat gain at the exterior wall 14 (and roof 12 where
      applicable) of the building and all interior heat gains such as lights,
      occupants, miscellaneous electric loads and any heat gain through fabric
      transmission. When more than one solar exposure is served by one unit 90,
      the capacity is selected to match only the greatest simultaneous load and
      not the sum of all load peaks. For the sake of simplicity and lower
      maintenance cost, the addition of zone or individual thermostatic valves
      for the perimeter radiation are not preferred. Since the variable air
      volume air terminals 94 for perimeter offices are sized to provide cool
      air for maximum solar heat gain, there is no need to reduce the heat input
      from the wallfin during periods of direct sunshine. Introduction of
      control for this purpose will cost much more in maintenance and
      amortization or original cost than fuel saved. Furthermore, if the air
      terminals are forced to supply maximum air during sunny intervals, the
      affected offices will benefit from an excellent air flushing rate.
PAR  Serving area 86 on each floor of the building includes a lobby 126, at
      least one elevator shaft 128 which extends vertically from elevator hoist
      equipment 22, at least one stairwell 130 and at least one washroom 132.
      During normal air handling operation, ventilation unit fan 134 (FIG. 1)
      supplies conditioned fresh air to the various floors of the building
      through risers 80. However in the event of a fire on one or more floors of
      the buildings, motorized dampers 135, 136, 137 and 137a, responsive to
      smoke sensors (not shown) on each floor of the building or through manual
      switch operation, redirect the ventilation air through ducts 138 and 139
      which are connected to elevator shaft 128 and stairwell 130 respectively
      to sufficiently pressurize these access and exit routes and thereby
      prevent smoke infiltration. This dynamic smoke control through
      pressurization by the ventilation air handling unit enables firemen to
      have smoke free elevator access in view of the height of modern day
      buildings and the limitations of fire fighting equipment. The occupants of
      the building will also have a smoke free exit means from the building. Of
      course it will be appreciated that more than one elevator shaft and
      stairwell may be pressurized by the redirection of the ventilation air,
      thereby providing more smoke free exit means from the buildings.
PAR  FIGS. 7 and 8 illustrate a fan closet 82 and a compartment unit 90. Closet
      82 and 90 are interrelated in design in that closet 82 is designed to
      house only unit 90. Unit 90 is designed to provide complete maintenance
      access to the unit within the closet 82 from one side, thereby eliminating
      the need for access space on the other three sides of the unit 90. Unit 90
      includes media type filters 140, water cooling coils 142, sound trap 144,
      fan 146 driven in conventional manner by an electric motor 147, sound trap
      148 and outlet plenum 150 which provides a take-off for ducts 96 and 98.
      Access space 152 within closet 82 permits maintenance of unit 90 to be
      carried out from one front-side location. Door 154, shown in hidden lines,
      in the front of unit 90 permits ready access to fan 146 and removal of
      media type filters 140 permits access to cooling coils 142. The various
      components of unit 90 are generally prefabricated and may be field
      assembled within closet space 82. Important aspects of unit 90 are its
      presilencing as a unit and its one-sided maintenance. The presilencing of
      the unit by its manufacturer to a specified contracted noise criterion
      such as NC-40 on the other side of fan closet 82 partition and open to its
      false ceiling plenum 116, eliminates the difficulties and costs of
      silencing the units and ductwork in the field. Any maintenace of the units
      90 may be conducted entirely from one side within closet 82. In other
      words, maintenance of units 90 may be carried out from one side of the
      unit and entirely within the space of the mixing plenum 152 and
      accordingly an increase in usable floor space is provided throughout the
      building. Sufficient space such as 3 or 4 inches is provided between the
      sides of the unit and closet walls to eliminate any sound couple and the
      access space may be 4 or 5 feet in depth. The capacity for unit 90
      preferably ranges from 8000 to 20,000 CFM and the number of units per
      floor will depend on the total conditioning requirements of the floor. It
      will be appreciated that in special cases the unit on one floor may be
      sized differently than the unit on another floor although generally in
      conditioning multi-storey office buildings the units will be standardized
      throughout the floors being conditioned.
PAR  Access space 152 also provides a mixing plenum for mixing recirculated air
      entering closet 82 from space 116 through wall opening 155 and
      preconditioned ventilation air entering closet 82 through damper
      controlled ventilation air inlet 84. The quantity of preconditioned air
      entering fan closet 82 from ventilation shaft 80 is controlled by dampers
      156. Dampers 156 are preset to permit a specified quantity of
      preconditioned fresh air to enter closet 82 and the quantity equals or
      exceeds the exhaust from each floor, the set condition remaining fixed
      until the rate of exhaust is changed. Building and floor by floor
      pressurization may accordingly be controlled. The dampers 156 as shown may
      be motorized by motor M to shut completely when unit 90 is shut down but
      reopen to their set condition when unit 90 is restarted. Controlling
      dampers 156 in this manner enables after hours operation on specific
      floors to be managed without ventilating floors wherein the floor unit is
      shut down for the night. In order to enable the fan 134 to operate at
      reduced capacity and thereby optimize fan energy, it will be appreciated
      that ventilation unit fan 134 may be equipped with volume control which is
      responsive to a pressurestat (not shown) located in riser 80 below dampers
      135 for maintaining a constant riser air pressure. Accordingly, at night
      as several floors are shut down, the ventilation fan will reduce its speed
      to maintain constant pressure in riser 80, but nevertheless provide
      ventilation fresh air to those floors requiring after hours operation. The
      ventilation fan speed can be varied with a motorized variable pitch
      arrangement on the drive pulleys, with a solid state (SCR) control on the
      electrical input to the fan motor, or by fluid drive. Each of these means
      of controlling fan speed are well known and are not believed to require
      further explanation. In addition to optimizing fan energy of the
      ventilation fan unit 134, fans 146 in compartments units 90 may be
      provided with variable speed drives (also not shown) so that their fan
      energy can be optimized and operating pressure reduced for light load
      periods. The fan speed varies in response to a static pressure sensor (not
      shown) located in the unit outlet plenum 150 and may be varied in a
      similar fashion as the variation of ventilation unit fan 134. This volume
      control in order to maintain constant pressure in the outlet plenum 150
      feeding the duct system permits the fans 146 to follow cool air demand
      from the air terminals with minimum energy and noise generation from the
      fan. During operation of the system, closet door 158 is closed whereby
      closet 82 is in communication only with return air space 116 and vertical
      air riser 80. Accordingly, during operation closet 82 is under slight
      negative pressure. Compartment units 90 need only one routine visit per
      year for filter change and lubrication and fan switching and performance
      surveillance is preferably centrally organized, for example, in the
      apparatus penthouse 18.
PAR  Unit 90 generates cool air with water cooling coil 142. This air comprises
      a mixture of recirculated air and fresh ventilation air, the quantity of
      the latter in the mixture being controlled through fan closet damper 156.
      Cooling coil 142 is continuously fed year round during operating periods
      with chilled water from chilled water apparatus centrally located in
      apparatus room 18, which apparatus will be more fully referred to herein.
      Chilled water supply line 160 supplies chilled water to the various floor
      units, conduit 162 connecting line 160 to coil 142. Chilled water after
      passing through coil 142, is returned to apparatus room 18 through line
      164 and chilled water return line 166, line 164 connecting line 166 to
      coil 142. Manually operated isolation valves 168, 169 are provided in line
      162 and 166 for obvious reasons.
PAR  The chilled water supply temperature is regulated to suit the cooling load
      in the building. Although this regulation may be accomplished from a
      sensor (not shown) located in the leaving air plenum 150 of one of the
      compartments units in the building and more particularly, the hardest
      working compartment unit in the building, the preferred method of
      centralized control is shown in FIG. 9. It will be appreciated however
      that in either case centralized control avoids the necessity for chilled
      water control valves at each unit as in conventional systems.
PAR  FIG. 9 schematically illustrates the preferred chilled water and hot water
      circuitry of my system. Perimeter radiation units 28 and compartment units
      90 are schematically illustrated and although only three floors 16 are
      shown it will be appreciated that this system is adaptable to air
      conditioning very tall buildings including those over 50 to 60 floors,
      each with similar radiation and compartment units. The hot water circuitry
      has previously been referred to. The chilled water circuit includes
      chilled water supply line 160 connected to dual chilled water pumps 170,
      172. Expansion tank 173 provides for fluid expansion in the closed chilled
      water circuit. Pumps 170 and 172 are connected to line 174 and it is
      preferred to include two chilled water pumps, both backed up with
      emergency power, so that if one pump fails, the twin pump in the dual
      pumping unit continues to maintain adequate water velocity in the tubes of
      the coils in the ventilation and humidity control unit 24 thereby
      preventing freezing of the ventilation precoil in winter. Line 174 is
      connected to convertor line 42 of convertor 40 and line 175 is connected
      to convertor line 44 at the other end of convertor 40 and leads from the
      ventilation and humidity control unit 24. Chilled water bypass 176
      connects lines 174 and 175 to selectively bypass convertor 40 upon
      appropriate operation of chilled water bypass valve 177 and valve 178 in
      line 175.
PAR  Ventilation and humidity control unit 24, in addition in fan unit 134 and
      motorized outlet dampers 135, comprises inlet motorized dampers 180,
      filter media 181, first and second coils (or precoil and recoil) 182 and
      184, motorized face and bypass dampers 185 and 186 respectively and
      recirculating water sprays 187. Coils 182 and 184 are both connected at
      one end to chiller 190 through lines 191, 192. The other end of the recoil
      184 is connected to line 175 whereas the other end of precoil 182 is
      connected by line 194 to a heat convertor 196 which is in turn connected
      to chilled water return line 166. Ventilation inlet damper 180 and outlet
      damper 135 are motorized to shut down when ventilation fan 134 stops, as
      is common in the art. Unit 24 is of typical construction but functions to
      provide ventilation, pressurization and base humidity control for the
      building. Pressurization of building 10 is accomplished through unit 24
      without the necessity of spill fans. Pressurization of a building
      generally results from leaving behind a residual between basic ventilation
      air and necessary exhaust. However it will be appreciated that often the
      entrance floors lack sufficient pressurization to reduce door whine and
      entrance draughts particularly in cold weather when the pressure profile
      of a tall building is most severe. By making use of static regain at the
      base of ventilation air riser 80 whereby pressure in the riser at this
      point is used to bleed air selectively to the entrance floor of the
      building in cold weather, door whine and entrance draughts are reduced on
      an automatic basis. A pressure stat (not shown) in the entrance lobby of
      building 10 is set to automatically control dampers 199 in pressure duct
      198 which bleeds ventilation air at the bottom of riser 80 to the entrance
      lobby. This selective bleeding of perhaps 3 to 4 percent ventilation air
      for additional pressurization of the entrance lobby does not, overall,
      deprive the building of ventilation air. It will be appreciated that if
      the basic ventilation rate for the building 10 is chosen so high that the
      air residual provides undue summer pressurization in the entrance lobby, a
      compensating relief opening can be added at the top of elevator shaft 128.
PAR  Moisture in the building is controlled with face and bypass dampers 185 and
      186 and sprays 187. Both dampers 185 and 186 are motorized but are
      operated inversely by the single damper motor M1, under the action of
      humidistat H which is located in the main sanitary exhaust air shaft 200
      of the building before exhaust fan 201, as schematically shown in FIG. 9.
      Grills 202 on each floor and located as required provide exhaust to the
      sanitary exhaust 198. This sensing position of the humidistat H is
      economical, since the sensing instrument and humidity control dampers will
      invariably be close together, and accurate since this air stream provides
      the best possible average of building humidity. During summer a building
      tends to suffer from too much moisture whereas in winter the opposite is
      true, the building generally suffers from too low a moisture level. During
      winter, moisture is added to the ventilization air in order to maintain an
      overall building dew point of 45.degree. F or therabouts which corresponds
      generally to a relative humidity of about 35 percent at 74.degree. F,
      generally the desirable comfort conditions in the occupied spaces. As will
      become more apparent hereinafter, fresh air during winter is preheated to
      between 40.degree. and 60.degree. F dry bulb by the precoil 182 but this
      air will be below the desired building dew point of about 45.degree. F. If
      air off the precoil 182 is permitted to pass through the recoil 184 which
      is continuously sprayed with recirculating water by sprays 187 in known
      fashion, the air would have a dew point above 45.degree. F. For example,
      if the air off the precoil 182 is passed totally through the sprayed
      recoil 184, the ventilation air may reach a condition close to 55.degree.
      F saturated. This will be adequate in most cases to maintain the building
      at up to 40 percent relative humidity for winter. Accordingly, a
      controlled operation of face and bypass dampers 185 and 186 by building
      humidistat H provides a mix of air off the precoil with air through the
      recoil to substantially meet the desired dew point. During summer, it is
      desirable to hold the building to approximately 55.degree. F dew point
      since this corresponds to a relative humidity of 50 percent at a
      temperature of 74.degree. F. However, as previously noted, buildings
      during summer tend to suffer from too much moisture as summer air
      generally has a moisture content greater than desirable in the building.
      Accordingly, a reversal of control in humidistat H is necessary since we
      have moister air through the bypass in summer. The reversal of control is
      intended to take place as a by product of switching to free cooling as
      winter approaches, around 35.degree. to 40.degree. F., and back again at
      the time mechanical refrigeration is initiated. When the humidity control
      is reversed for summer fresh air dehumidification operation, air bypasses
      the second coil only when the humidity is too low and accordingly, it will
      be noted that by preventing the relative humidity from falling too low
      another economy is introduced in the requirement for cooling energy.
PAR  Chilled water heating convertor 196 is connected by hot water line 204 and
      return line 205 to generated hot water supply line 48 and return line 49,
      respectively, and thermostatic responsive control valve V.sub.2 in line
      204 controls the amount of hot water flowing through convertor 196.
PAR  The location of chiller 190 is before recoil 184 of unit 24 in order to
      provide good dehumidification on the fresh air in summer which is supplied
      to the compartment units 90 at or below building dew point so little or no
      latent cooling is required in these units. The compartment unit coils 142
      essentially run dry which will extend the life of a clean heat exchange
      surface and reduce the tendency for these coils to collect dirt and scale.
      The coil cleaning interval is effectively extended indefinitely. The
      heater 196 is located before the precoil 182 and improves the temperature
      of the air entering sprays 187 at low outdoor temperatures so that it is
      easier to reach moisture level required to humidify the building.
      Similarly the convertor is located after the recoil so that the warmest
      possible water is available for the recoil humidification function.
PAR  All unwanted heat at all times of the year in the building is removed
      through a water tower 26, schematically shown with its related water
      circuitry in FIG. 9. Tower 26 includes inlet dampers 208, motorized by
      motor M.sub.2 and fan 210, driven conventionally by an electric motor (not
      shown). The tower is selected for typical summer performance and
      winterized for year round operation. The capacity of the tower 26 is such
      that below 40.degree. F or thereabouts all internal heat gain can be
      rejected at the temperature level at which water leaves recoil 184. Most
      air conditioning systems today employ winterized towers to facilitate
      stopping and starting the refrigeration plant in intermediate weather.
      This type of cooling tower is well known in the art and no detailed
      explanation of its structure is believed necessary. However, dampers 208
      are operational to reduce cooling of the condensing water during a heat
      reclaim cycle and, as outdoor temperatures drop, to control the capacity
      of tower 26 as a free cooler of the chilled water circuit during the free
      cooling cycle. Water line 218 connects sump 212 to condenser pump 220
      which is connected by line 222 to condenser 224. Condenser 224 is
      connected to one end of convertor 40 via lines 226 and 227 whereas spray
      header 214 is connected to the other end of convertor 40 via lines 229 and
      230. Condensing water bypass line 232 with bypass valve 234 connects lines
      226 and 230 to bypass convertor 40 upon selective operation of valve 234
      and valve 236 which valve is in line 226, it being appreciated that the
      convertor 40 is bypassed when bypass valve 234 is open and valve 236 is
      closed and that convertor 40 will be brought into operation in conjunction
      with condenser 224 when bypass valve 234 and valve 236 are closed and
      opened respectively.
PAR  Condenser 224 and chiller 190 are connected in a refrigerant circuit in the
      usual manner. Chiller 190 preferably includes a centrifugal fan-type
      compressor wherein its capacity may be controlled by controlling
      pre-rotation vanes in a known manner, as will be appreciated by those
      skilled in this art. The refrigeration circuit between chiller 190 and
      condenser 224 is schematically shown in FIG. 9 to include, a fan
      compressor P with chiller capacity controlling vanes V in line 238 and a
      float valve 232 in line 242.
PAR  Thermostat T.sub.c is located in the chilled water return line 166 before
      the inlet of heating converter 196 and once set, controls in sequence
      vanes V of the chiller compressor P thereby controlling the capacity of
      the chiller 190, motor M.sub.2 of dampers 208 of cooling tower 26 thereby
      controlling the capacitor of the tower as a free cooler and valve V.sub.2
      which regulates hot water supplied to heating convertor 196. Dotted lines
      to each of these items to be controlled by the single thermostat T.sub.c
      are shown in FIG. 9. As previously noted thermostat T.sub.R, master
      controlled by outdoor temperature stat 50, controls valve V.sub.1 thereby
      scheduling when required the temperature of the radiation water through
      radiation heater 30. Thermostat T.sub.R however also controls motor
      M.sub.2 of dampers 208 of cooling tower 26 thereby controlling the
      capacity of tower 26 during the heat reclaim cycle. T.sub.R accordingly
      controls in sequence, when there is a heat reclaim cycle, dampers 208 of
      the cooling tower and valve V.sub.1 which regulates hot water supplied to
      heater 30 thereby scheduling the temperature of the radiation water as
      called for by ambient temperature conditions. Dotted lines to each of
      these items controlled by T.sub.R are shown in FIG. 9.
PAR  It should be appreciated that only the more essential features of the
      equipment and circuitry of my invention have been shown in FIG. 9 and the
      normal equipment bypasses and isolation valves have been omitted for
      reasons of clarity.
PAR  FIG. 10 is a 10.degree. F temperature traverse relating to the chilled
      water circuitry schematically shown in FIG. 9 and shows temperatures of
      air and water at various locations in FIG. 9, both for high load (full
      sun) and low load (no sun) and for mechanical cooling and free cooling.
      Also shown are representative temperatures in the condensing water
      circuitry when there is no heat reclaim cycle in the system.
PAR  FIG. 11 is a heat balance diagram with coordinates as shown with respect to
      a typical building such as building 10 herein. The total building heat
      loss is represented by area ABC and is made up of fabric heat losses, area
      ABD, and ventilation and humidification losses area DBC. The average
      internal heat gain with full sun and no sun are represented under lines E
      F and GH respectively. Point B (74.degree. F) represents the average
      conditioned space temperature where there are no heat losses and points M
      and N are points at which building heat gains at high and low load are
      completely exchanged in the ventilation system (unit 24). In other words
      the building 10 in this heat balance representation runs out of internal
      heat at +20.degree. F at low load and -10.degree. F at high load. Points P
      and Q represent the overall building balance points at high and low loads
      respectively. Fabric heat loss is neutralized by the perimeter radiation.
PAR  FIG. 12 is an operating sequence chart which is believed self explanatory
      when considered in conjunction with FIG. 9.
PAC  OPERATION
PAR  From a review of FIGS. 9 to 12 inclusive the operational sequence and
      control of the various elements of my system will become apparent. The
      operation and preferable control of my compartmentalization system of air
      conditioning takes advantage of a "Control Change Relation" between the
      temperatures of air and water leaving the coils 142 of compartment units
      90. With counterflow between air and water in the coil 142, the water will
      leave the coil a few degrees higher than the temperature of the leaving
      air. An aspect to be noted from typical coil data is that for any given
      temperature of air leaving the cooling coil, the water off the coil will
      be at a constant temperature and accordingly the temperature interval
      between air and water leaving the coil remains substantially constant
      despite the shifting of other variables within normal limits viz:
PA1  i. Water entering the coil may vary between 42.degree. and 52.degree. F. on
      a typical job.
PA1  ii. Air volume across the coil may vary from 50 to 100 percent depending on
      solar load and some variable internal loads.
PA1  iii. Air entering the coil may vary in dew point from 40.degree. to
      55.degree. F. depending upon the season and the setting of the main
      building humidistat.
PAR  It is desired to maintain an air temperature leaving the compartment unit
      90 of approximately 55.degree. F. so that the moisture level in occupied
      areas will in summer never exceed a comfortable dew point of 55.degree. F.
      corresponding to 50 percent Relative Humidity at 74.degree. F., the
      desired average temperature of the occupied areas. In view of the "Control
      Change Relationship" it will be appreciated that the air leaving the coil
      142 of the compartment units can be satisfactorily controlled at
      substantially 55.degree. F. by maintaining the mixed chilled water in line
      166 from the coils 142 at another temperature, say 60.degree. F. which
      lies at a fixed interval from 55.degree. F. due to compartment coil
      design, regardless of individual variation within limits of cooling load
      in each area. The exact temperature at which chilled water will be
      controlled by sensor T will depend upon the coil and water flow selection
      for individual designs, which selection is within the knowledge of those
      skilled in this art based on data available from coil manufacturers.
      However, with particular reference to FIG. 10 it will be noted that by
      keeping T.sub.1 constant at 60.degree. F, or thereabouts the compartment
      coils 142 gives air at T.sub.c2 at 55.degree. .+-. 0.5.degree. F. and this
      happens despite air flow across the coils 142 varying from 60 to 100% for
      low and high interval loads, entering chilled water varying from
      45.degree. to 50.degree. F between high and low load (T.sub.6) and a dew
      point varying between summer and winter from 55.degree. to 40.degree. F.
      Air onto coil 142 (T.sub.c1) also varies and is seen from FIG. 10 to vary
      from 79.degree. F at low load to 77.degree. F at high load. At lower load,
      with lower air flow, the returning air adds more degrees picking up the
      heat from the back of the lights 115 in false ceiling plenum 116.
PAR  During positive fabric transmission (100.degree. - 74.degree. F) the
      radiation subsystem is idle and humidistat H holds the building to
      approximately 50 percent R.H. by controlling the face and bypass dampers
      185 and 186. Thermostat T.sub.c holds the chilled water return to
      approximately 60.degree. F by operating vanes V on the chiller 190. All
      interval heat is removed through the cooling tower 26 since condenser
      bypass 232 is open. Chilled water bypass 176 is also open. During the heat
      relcaim zone (74.degree. to 35.degree. .+-. 10.degree. F), overall heat
      gain within the building still exceeds generally the losses (FIG. 12) and
      mechanical cooling of the building continues. Chiller 190 removes heat
      from within the building and passes it on to condenser 224. In order to
      neutralize fabric loss the perimeter radiation system comes into operation
      with pump 32 forcing water through the radiation water circuit and through
      convertor 40 since radiation bypass 47 is closed. Condenser 224 is
      operationally connected to convertor 40 by closing condenser bypass 232.
      Chilled water bypass 176 remains open. Accordingly, during this zone of
      operation radiation water provides perimeter heating to neutralize fabric
      heat loss, the heat being reclaimed from the building interior through
      convertor 40 and the condensing water. As temperature drops within this
      zone fabric heat loss increases proportionally to the drop in temperature.
      Thermostat T.sub.R as mastered by outdoor stat 50 schedules the radiation
      water by first controlling motor M.sub.2 of the motorized dampers 208 of
      the cooling tower 26 and then, if necessary Valve V.sub.1. The operative
      closing of dampers 208 as outdoor temperature drops within this zone
      reduces the evaporative tower cooling of condensing water and accordingly
      the temperature of the condensing water entering convertor 40 increases.
      When dampers 208 are tightly closed no cooling of the condensing water
      occurs. (See FIG. 10, columns T.sub.7 and T.sub.8 within mechanical
      cooling and the heat reclaim temperature zone). As the outdoor temperature
      approaches the "change over temperature"  whereat mechanical cooling is
      replaced by free cooling through tower 26, it may be necessary to "top
      off" the radiation water by opening valve V.sub.1 under control of T.sub.R
      as mastered by stat 50 to permit hot water from means 20 to enter heater
      30 thereby bringing the radiation water up to the temperature called for
      by T.sub.R.
PAR  In my system without a heat reclaim cycle it will be appreciated that lines
      41 and 43 are absent from the radiation water circuitry and radiation
      water returns directly from line 39 to heater 30. There would be no
      control link between T.sub.R and tower dampers 208 and cooling tower 26
      would remove all unwanted heat from the building, condensing water bypass
      232 being of course open (See FIGS. 10 T.sub.7 and T.sub.8 no heat reclaim
      mechanical cooling). T.sub.R through valve V.sub.1 would be the sole means
      of scheduling the radiation water and it will be appreciated that heater
      30 could be replaced with a direct pipe connection between hot water
      generating means 20 and the radiation water line.
PAR  During mechanical cooling T.sub.C controls the prerotation vanes V of the
      chiller compressor P and it will be noted from column T.sub.4 of FIG. 10
      that performance of the chiller is optimized in that it is only called
      upon to operate at a capacity which is required by the outdoor conditions
      and internal load conditions. The single chiller 190 is not required to
      continually perform to a base temperature such as 41.degree. or 42.degree.
      F as in conventional systems. The energy input to the chiller is optimized
      by direct control of the inlet vanes V on the chiller. Only at full load
      and at temperatures above 60.degree. F need the requirements for cooling
      to such a base temperature occur. At other temperatures and load, the vane
      V controls the chilled water production with corresponding less energy
      input for each unit of cooling.
PAR  As the need for cooling declines T.sub.C raises the temperature leaving the
      chiller until the outdoor temperature is low enough that the requirement
      for mechanical cooling may cease, and the system may be switched to free
      cooling. When the outdoor temperature is 35.degree. F or thereabouts
      depending on equipment selection, mechanical cooling is discarded in
      favour of free cooling with the water cooling tower 26. At the change-over
      from mechanical to free cooling, humidistat H is reversed for winter
      operation, condenser bypass 232 remains closed, radiation bypass 47 is
      opened and convertor bypass 176 is closed thereby permitting chilled water
      to flow through convertor 40 during the free cooling cycle. It will be
      seen from FIGS. 10, 11 and 12 that the zones of mechanical cooling and
      free cooling are shown to overlap approximately 20.degree. F. The heat
      reclaim cycle of course operates within the zone of the mechanical cooling
      and is stopped with changeover to free cooling. The typical water tower 26
      and conventional convertor 40 for generating chilled water. during free
      cooling, with water off the convertor 40 having a maximum range of from
      45.degree. to 51.degree. F at high and low loads respectively (FIG. 10
      column T.sub.9 free cooling), would provide an average changeover
      temperature of 38.degree. F or thereabouts, taking into consideration the
      variations in outdoor relative humidity.
PAR  It will be noted that with a heat reclaim cycle which is utilizing the
      condensing liquid circuit, convertor 40 and tower 26, the condensing
      liquid is a heated medium whereas upon switchover to free cooling the
      condensing liquid becomes a chilled medium. Accordingly, at the time of
      switchover from mechanical cooling to free cooling radiation bypass 47
      will be opened with heater 30 through T.sub.R and V.sub.1 taking full
      control of the heating requirements of the radiation liquid. With T.sub.R
      no longer controlling M.sub.2, vanes 208 open fully and the temperature
      condensing liquid entering converter 40 will quickly drop (compare volumes
      T.sub.8 in FIG. 10). The mechanical cooling means including chiller 190
      and condenser 224 is stopped permitting tower 26 to further bring down the
      condensing liquid temperature. Chilled water bypass 176 is then closed
      completing the change over to free cooling. The reverse procedure is
      followed in switching from free cooling to mechanical cooling. The total
      switchover is accomplished without a significant rise in chilled water
      temperature.
PAR  Although at average load the overall building heat balance point would
      approach 25.degree. F (FIG. 12), the probable low limit of successful heat
      reclaim for the building, taking into account the likelihood of surging in
      the chiller 190 at lower temperatures, would approximate a temperature of
      30.degree. F. The average changeover of 38.degree. F or thereabouts
      accordingly also eliminates the likelihood of surging problems in the
      chiller. During free cooling, control of water chilling is accomplished by
      T.sub.C controlling the motorized inlet dampers 208 on the water tower 26.
      The outdoor temperature is low enough that internal building heat is
      freely utilized in the preheat and humidification of ventilation air.
      Humidity in the building 10 is held to approximately 35 percent RH by
      control of the face and bypass dampers 184, 186 through humidistat H. When
      building 10 runs out of internal heat at temperatures +20.degree. and
      -10.degree. F at low and high loads, the return chilled water drops below
      set point and tower fan 210 is deactivated whereby, accordingly, further
      cooling in converter 40 of chilled water does not occur. Thermostat
      T.sub.C calls for heating and the return chilled water and operatively
      controls valve V.sub.2 to introduce heating to the return chilled water
      through heating convertor 196. (column T.sub.2 of FIG. 10 illustrates the
      heating of the return chilled water). The internal building heat plus the
      added generated heat is utilized in the preheat and humidification of
      ventilation air.
PAR  Whether the chilled water is produced through mechanical cooling, or a free
      cooling thereof by the incoming ventilation air when the temperature is
      low enough, chilled water is fed to the coils 142 of each compartment unit
      90 on each floor 16 at a temperature depending on load and temperature
      conditions (see column T.sub.6 of FIG. 10) which will produce
      approximately 55.degree..+-. 0.5.degree. F air leaving the compartment
      unit 90 (Column T.sub.C2 FIG. 10) regardless of load or conditions within
      the variations previously noted. In operation, it will be appreciated that
      thermostat T.sub.C will have a range for control such as 58.5 to 61.5 or
      thereabouts. As chilled water returns above the upper limit or below the
      lower limit of the set point range, T.sub.C will call upon, as required,
      the chiller 190 or tower 26 to vary its capacity or heater 196 to inject
      heat to the chilled water. The ventilation air (T.sub.V3, FIG. 10),
      preconditioned as to temperature and humidity as previously noted, mixes
      with return air from the spaces to be conditioned. (T.sub.V1 FIG. 3). This
      mixing occurs within closet 82 and the mixture is conditioned in unit 90
      in heat exchange with unit coils 142 to provide leaving air of 55.degree.
      .+-. 0.5.degree. F or thereabouts. The leaving air is distributed to the
      spaces to be conditioned as called for by the variable air volume
      terminals 94 under control by thermostat 124. Even with a single floor in
      full shade, the leaving air temperature on the floor will drop only
      3.degree. F when other units are on maximum duty. Accordingly, it is
      possible to provide 55.degree. and .+-. 3.degree. F at all terminals
      during normal building occupancy with only one thermostat T.sub.C
      controlling the source of cooling.
PAR  All compartment units are centrally controlled from one master control area
      in the apparatus penthouse 18. As previously noted, selective floor after
      hours operation is entirely feasible with my invention, the dampers 156
      being motorized to close down when the respective floor units 90 are shut
      off. However, it will also be appreciated that in addition to shutting
      down those individual floor units not in use for after hours operation, it
      is also available to shut down the ventilation and humidification unit 24
      and to provide cooling on the after hour floors without fresh air.
      Moreover, it is possible in more northern locations to shut down the
      chiller on summer evenings and to bring into operation converter 40 as
      part of a free cooling cycle, as in most northern cities chilled water
      (60.degree. F or thereabouts) can be obtained for most evenings from the
      free cooling cycle using the water tower. This would also provide
      sufficient cooling for cleaning staff during such evenings.
PAR  System upkeep on a floor-by-floor basis is minimal since there is no
      automatic valves or mixing dampers on any floor, and indeed no automatic
      control valves are required in the entire chilled water circuit.
      Accordingly, my system is less height sensitive because it requires few
      control valves and none below the top level of the building. Filter
      maintenance on the compartment units is minimal and can be carried out at
      the same intervals of fan lubrication. Field noise problems associated
      with conventional system installations are reduced to the point of virtual
      elimination as each unit 90 is presilenced by the manufacturer. Heat
      reclaim is accomplished without a double condenser or closed circuit tower
      or special pumping circuits. The initial cost of requiring installation of
      conditioning equipment to each floor in conventional systems is no longer
      present. Floors may be included in the system as they are rented without
      problems in rebalancing air and water systems each time one is brought
      into the system. There is no temperature stratification at the various
      coils and no series-parallel seasonal changeover in the feeding of outside
      air coils as in several conventional systems. With my system life safety
      is enhanced through not only static control of smoke dispersal but dynamic
      control through pressurization of elevator shafts and stair wells.
      Non-rentable building area for fans and shafts is reduced and this is an
      improvement is usable area at the perimeter.
PAR  It will be appreciated by those skilled in this art that although I have
      described in detail the preferred form of my invention, various
      modifications may be made thereto without departing from the spirit of my
      invention, as defined in the appended claims. For example, the chiller 190
      need not be located between the precoils and recoils of unit 24 but can be
      located before or after the chilled water heater 196. It will further be
      appreciated by those skilled in this art that, as in the case of the
      preferred embodiment herein as well as the above-noted variation in the
      placement of the chiller, it may be bypassed in order to assure its
      protection when not in use. Similarly, simple bypasses to the condenser
      224 and heaters 30 and 196 are possible within the contemplation of my
      invention, and the usual isolation valves associated with bypass
      connections would be present.
PAR  Where the term "water" has been used, it will be appreciated that other
      heat exchange liquid media may be used without departing from the spirit
      of my invention.
PAR  Further the applicant has used the term "precoil" in this specification to
      designate that coil in the fresh air conditioning means which under
      certain conditions may be operating as a pre-heating coil and under other
      conditions may be operating as a pre-cooling coil with regard to incoming
      fresh air. Similarly the term "recoil" in this specification is used to
      designate that coil in a fresh air ion conditioning means which may
      operate as a re-heating coil or as a re-cooling coil to the fresh air
      under different climatic conditions.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a system for air conditioning a multi-storey building having an air
      handling unit in a compartment on a floor to be conditioned, variable air
      volume distribution means for distributing conditioned air from said unit
      to spaces on said floor and means for permitting air to return to said
      compartment from said spaces, each of said units including cooling coils
      in heat-exchange relation with air passing therethrough, fresh air
      conditioning means including a chilled water piping circuit with a precoil
      and a recoil remote from said floors and providing conditioned fresh air
      to each said compartment for mixing with return air from said spaces, the
      chilled water piping circuit including each of said unit cooling coils
      feeding a common return line and including cooling means remote from said
      floors and said precoil and recoil, and thermostatic control means
      responsive to the temperature of chilled water in said common return line
      for controlling the cooling capacity of said cooling means, thereby
      maintaining a predetermined difference between the temperature of the
      chilled water in said common return line and the temperature of air off
      said unit cooling coils.
NUM  2.
PAR  2. In a system for air conditioning a multi-storey building having an air
      handling unit in a compartment on a floor to be conditioned, variable air
      volume distribution means for distributing conditioned air to spaces on
      said floor and means for permitting air to return to said compartment from
      said spaces, each of said units including cooling coils in heat-exchange
      relation with air passing therethrough for conditioning return air, fresh
      air conditioning means including a chilled water piping circuit with a
      precoil and a recoil remote from said floors for conditioning fresh air,
      and means for conveying conditioned air to said distribution means, the
      chilled water piping circuit including each of said unit cooling coils
      feeding a common return line and including cooling means remote from said
      floors and said precoil and recoil, and the thermostatic control means
      responsive to the temperature of chilled liquid in said common return line
      for controlling the cooling capacity of said cooling means, thereby
      maintaining a predetermined difference between the temperature of the
      chilled water in said common return line and the temperature of air off
      said unit cooling coils.
NUM  3.
PAR  3. The system of air conditioning a multi-storey building according to
      claim 1 wherein said cooling means is mechanical and includes a chiller
      and a condenser in a condensing water circuit, a cooling tower in said
      condensing water circuit whereby all unwanted building heat is removed
      through said tower during mechanical cooling, and said predetermined
      difference is maintained by controlling the capacity of said chiller.
NUM  4.
PAR  4. The system of air conditioning a multi-storey building according to
      claim 3 wherein said cooling means includes a convertor, said convertor
      being in said chilled water circuit and in said condensing water circuit
      having a cooling tower, whereby when outdoor temperature approaches a
      predetermined temperature, said system free cools the building through
      said cooling tower, said thermostatic control means during the period of
      free cooling controlling the cooling capacity of said tower as a free
      cooler in order to maintain said predetermined temperature difference.
NUM  5.
PAR  5. The system of air conditioning a multi-storey building according to
      claim 4 wherein said cooling tower includes motorized air inlet vanes and
      said thermostatic control means controls the evaporative cooling capacity
      of said tower as a free cooler through operation of said vanes.
NUM  6.
PAR  6. The system of air conditioning a multi-storey building according to
      claim 5 further characterized by thermostatically controlled heater means
      in said chilled water circuit for adding heat to said chilled water in
      order to maintain a predetermined temperature difference when said
      building runs out of internal heat.
NUM  7.
PAR  7. The system of air conditioning a multi-storey building according to
      claim 1 wherein said cooling means includes the precoil and recoil of said
      fresh air conditioning means when outdoor temperature is below a
      predetermined temperature, said predetermined temperature difference being
      thermostatically controlled through controlling the addition of heat to
      said chilled water, said fresh air being conditioned as to temperature and
      humidity through heat absorbed in the building by and added to the chilled
      water.
NUM  8.
PAR  8. In a system for air conditioning a multi-storey building having an air
      handling unit in a compartment on a floor to be conditioned, variable air
      volume distribution means for distributing conditioned air from said unit
      to rooms on said floor and means for permitting air to return to said
      compartment from said rooms, each of said units including cooling coils in
      heat-exchange relation with air passing therethrough, fresh air
      conditioning means including a precoil and a recoil remote from said
      floors and providing conditioned fresh air to each said compartment for
      mixing with return air from said rooms, mechanical cooling means remote
      from said floors and including a vaned chiller and a condenser, a
      condensing water circuit including said condenser and a cooling tower, a
      chilled water piping circuit including each of said unit cooling coils
      feeding a common return line and including said chiller and said precoil
      and recoil, said chiller being between said precoil and recoil, means for
      selectively including a convertor into said chilled water circuit and the
      condensing water circuit, and thermostatic control means responsive to the
      temperature of chilled water in said common return line for controlling
      the cooling capacity of said vaned chiller during mechanical cooling,
      thereby maintaining a predetermined difference between the temperature of
      the chilled water in said common return line and the temperature of air
      off said unit cooling coils and whereby when outdoor temperature drops to
      a predetermined temperature, said convertor being included into said
      circuits when said system is switched from mechanical cooling to free
      cooling through said cooling tower, said thermostatic control means during
      free cooling controlling the evaporative cooling capacity of said cooling
      tower as a free cooler in order to maintain said predetermined temperature
      difference.
NUM  9.
PAR  9. The system of air conditioning a multi-storey building according to
      claim 8 wherein said chilled liquid circuit includes heater means before
      said precoil for adding heat to said chilled liquid when said building
      runs out of internal heat, said thermostatic control means controlling the
      amount of heat added to said chilled liquid in order to maintain said
      predetermined temperature difference.
NUM  10.
PAR  10. The system of air conditioning a multi-storey building according to
      claim 3 further characterized by perimeter radiation heating means, said
      heating means comprising a radiation liquid circuit including radiation
      units located at the perimeter of the building on said floor, means for
      scheduling the temperature of radiation liquid through said units
      inversely proportional to outdoor temperatures whereby fabric heat loss
      from the building is neutralized through heat exchange between perimeter
      air and said units.
NUM  11.
PAR  11. The system of air conditioning a multi-storey building according to
      claim 10 further characterized by means for selectively including said
      convertor into said condensing liquid circuit and said radiation circuit
      during mechanical cooling whereby heat removed from said building in said
      condensing liquid circuit is reclaimed through said convertor by said
      radiation liquid for heating said building.
NUM  12.
PAR  12. The system of air conditioning a multi-storey building according to
      claim 11 wherein said scheduling means includes a thermostat in said
      radiation circuit responsive to outdoor temperature, said thremostat
      during heat reclaim inversely controlling the evaporative cooling capacity
      of said cooling tower in response to changes in outdoor temperatures
      whereby the temperature of condensing water to said convertor increases as
      outdoor temperature decreases.
NUM  13.
PAR  13. The system of air conditioning a multi-storey building according to
      claim 1 wherein said fresh air conditioning means include means for
      controlling humidity of said conditioned fresh air and wherein a
      humidistat is located in a vertical sanitary exhaust of the building and
      is reversely operable between summer and winter in association with said
      humidity control means whereby the humidity of fresh air entering the
      building is controlled.
NUM  14.
PAR  14. The system for air conditioning a multi-storey building according to
      claim 1 wherein said fresh air conditioning means supplies conditioned
      fresh air to each said compartment through first duct means, vertical
      floor access means in communication with the floors of said building,
      second duct means from said fresh air conditioning means to said access
      means, damper means in each said first and second duct means selectively
      operable to direct conditioned fresh air from said first duct means into
      said second duct means and said vertical access means.
NUM  15.
PAR  15. The system of air conditioning a multi-storey building according to
      claim 14 wherein said floor access means includes an elevator shaft and
      said damper means are motorized and responsive to smoke sensors located on
      each floor of the building; said first duct damper means closing and said
      second duct damper means opening in response to the sensing of smoke on a
      floor of the building whereby said fresh air is directed into said
      elevator shaft.
NUM  16.
PAR  16. The system of air conditioning a multi-storey building according to
      claim 1 wherein said compartment air handling unit further includes filter
      means, fan means and noise control means, said noise control means being
      incorporated in said unit during fabrication to meet a predetermined noise
      control criterion.
NUM  17.
PAR  17. The system of air conditioning a multi-storey building according to
      claim 16 wherein said unit comprises a lower coil section; an intermediate
      sound attenuation section, a fan section and an upper sound attenuation
      section, said sections being in vertical alignment, said lower coil
      section having a front air inlet and said filter means covering said
      inlet, said upper sound attenuation section having a front air outlet
      opening and said fan section having a front access door whereby filter,
      coil and fan maintenance may be carried out from the front side of the
      unit.
NUM  18.
PAR  18. The system of air conditioning a multi-storey building according to
      claim 10 wherein said radiation units each comprise a liquid conduit
      including an inlet and an outlet, a plurality of thin finned elements
      extending peripherally from said conduit between said inlet and outlet, at
      least two vertical support means horizontally supporting said conduit
      adjacent the base of a building wall in heat exchange relation to air in
      the building, a covering panel extending between said vertical support
      means and means for hanging said panels from said support means.
NUM  19.
PAR  19. The system of air conditioning a multi-storey building according to
      claim 18 wherein said radiation unit is adapted to fit under a window
      ledge at the perimeter of the building, said vertical support means being
      vertical hollow mullion members co-extensive with and in alignment with
      window mullions at the building perimeter, said panel hanging from said
      hollow mullions and of a height less than said mullions whereby air may
      pass under said panel in heat exchange with said thin finned conduit and
      out from said unit between the top of said panel and said window ledge.
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ABST
PAL  An apparatus working according to the vacuum vaporization principle for
      heating one or a number of fluid mediums which are separated from one
      another wherein a separate heat exchanger for each fluid medium to be
      heated is arranged in an evacuated vessel partially filled with a
      vaporizable heating liquid medium. All of the heat exchangers are
      practically exclusively heated by the vapor of the vaporizable heating
      liquid medium. One or a number of components of the evacuated vessel which
      at least embody a respective heat exchanger are constructionally separated
      from the remaining component thereof constituting a heating component and
      connected therewith only by one or a number of connection conduits. The
      connection conduit or conduits are constructed and/or arranged such that
      recycling of the condensate of the heating liquid medium from the heat
      exchanger components or components to the heating component can occur
      without hindering the function of the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      apparatus, working according to the vacuum vaporization principle, for
      heating one or a number of liquids separated from one another, wherein a
      separate heat exchanger for each liquid to be heated is arranged at an
      evacuated vessel or container partially filled with a vaporizable heating
      fluid medium, and further wherein all heat exchangers are practically
      solely heated by the vapor of the vaporizable heating fluid medium.
PAR  Such type equipment is already known to the art, as exemplified for
      instance by German patent No. 1,270,258. It is used in particular as a hot
      water heater wherein, as a general rule, there are provided two heat
      exchangers, one of which serves to heat the water of a circulation heating
      installation, the other of which is designed as a boiler, and serves for
      heating-up the water which is to be consumed. The heating fluid medium can
      be also, for instance, water. Such type hot water heating equipment
      possess decisive advantages in contrast to hot water heaters of different
      construction.
PAR  Such was previously associated with the drawback of certain limitations in
      their construction and combination possibilities. Above all, larger size
      units were cumbersome to transport and required relatively large wall
      openings for installation purposes.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to overcome the
      aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention relates to a new
      and improved construction of vacuum vaporization apparatus for heating one
      or a number of liquids which are separated from one another, which
      apparatus is relatively simple in construction and design, economical to
      manufacture, extremely reliable in operation, easy to transport, and of
      relatively small constructional design.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      inventive apparatus is manifested by the features that one or a number of
      components or parts of the evacuated vessel or container (heat exchanger
      component) encompassing at least one heat exchanger are constructionally
      separated from the remaining component or part thereof (heating component)
      and connected therewith only by one or a number of advantageously
      separable or disconnectible connection conduits. The connection conduit or
      conduits are designed and/or arranged in such a manner that the return
      flow or recycling of the condensate of the heating fluid medium from the
      heat exchanger component or components to the heating component can occur
      without hindering the function of the apparatus.
PAR  In this way, it is possible to fabricate and transport separately the
      individual components of the apparatus. The wall openings required for the
      installation of the equipment in a building can be maintained
      correspondingly smaller, and during repair it is not necessary to
      dismantle the entire equipment, rather the components thereof can be
      individually exchanged.
PAR  The inventive arrangement also renders possible spatially separately
      arranging the heat exchanger component from the heating component of the
      evacuated vessel with the combustion compartment. Thus, for instance, it
      is possible to arrange the heat exchanger component adjacent or below,
      instead of above, the heating component, so that there is realized an
      extremely small constructional height of the equipment. The recycling or
      return flow of the condensate of the heating fluid medium occurs in this
      case, of course, no longer simply under the action of the force of
      gravity, rather there must be provided for such purpose a condensate pump.
PAR  Finally, owing to the aforementioned constructional manifestations of the
      invention, it is also possible to associate a single heating component and
      therefore a single combustion compartment with a number of heat exchanger
      components which are connected with the heating component of the evacuated
      vessel or container by one or a respective connection conduit which can be
      closed by a valve. It has been found that the heating component with the
      combustion compartment generally can be maintained considerably smaller
      than the heat exchanger component. Accordingly, it is possible, with
      dimensions of the heating component which are generally of the same order
      of magnitude, to heat a number of heat exchanger components by means of a
      single combustion compartment. If the connection conduits are equipped
      with shut-off elements, as such will be more fully described hereinafter,
      then in such case the individual heat exchangers can be operated at
      different temperatures.
PAR  However, if desired, it is also possible to associate a number of heating
      components with a corresponding number of combustion compartments with a
      single heat exchanger component.
PAR  Advantageously, the connection conduit or conduits are provided with
      shut-off elements so that the heat exchanger component can be separated or
      disconnected from the heating component.
PAR  In this way, it is possible in a very simple manner to overcome a further
      drawback of the known installations working in accordance with the vacuum
      vaporization principle. In order to overcome disturbances, the temperature
      of the boiling water at the hot water heater should not exceed the limit
      where there begins to occur separation of minerals to a considerable
      extent, especially the formation of lime or calcium deposits. Otherwise,
      the latter will cause the conventional disturbances in the connected
      conduit system, especially clogging of the conduits and the valves of the
      mixing valve arrangements or batteries. Previously, during longer
      interruption in the withdrawal of the boiler water during the heating
      period, there could not be avoided an increase in the temperature of the
      boiler water beyond the critical limits for separation of the minerals,
      possibly up to a temperature of the heated vapor, for instance
      95.degree.C. Additionally, it was not possible to previously directly
      regulate the temperature of the boiler water during the heating period,
      rather only indirectly, that is to say, through the admixture of cold
      water.
PAR  Yet, if the connection conduit or conduits are equipped with shut-off
      elements, and if thereby the heat exchanger component is rendered
      disconnectible from the heater component, then in this manner it is
      possible to vary within relatively wide limits the temperature of the
      fluid medium or liquid heated by the relevant heat exchanger independently
      of the temperature of the heating agent vapor and the through-flow
      quantity. During use of the inventive apparatus as a hot water preparatory
      device or heater, the shut-off element is advantageously automatically
      controlled by means of a temperature feeler arranged in or at the
      disconnectible or separatable heat exchanger or a conduit which is in flow
      communication therewith, and specifically in such a manner that the
      temperature of the boiler water never exceeds the critical limit for the
      separation of minerals, especially separation of lime or calcium deposits.
PAR  For other uses, thus for instance for the purpose where the fluid media or
      liquids which are to be heated are never continuously heated to the same
      temperature, rather to variable temperatures as a function of time, the
      shut-off element is advantageously program-controlled.
PAR  The condition that the connection conduit or connection conduits are
      designed and/or arranged in such a manner that return flow recycling of
      the condensate of the heating fluid medium from the heat exchanger
      components to the heating component can occur without hindering the
      function of the apparatus can be realized, for instance, in that the
      connection conduit, or in the case of a number of connection conduits,
      have at least one such conduit designed large enough that vapor and the
      recycled condensate can flow therethrough without mutual hindrance, or in
      the case of a number of connection conduits at least one of such serves
      for the conveying of the vapor and at least another for the conveying of
      the recycled condensate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein generally the same reference numerals have
      been used throughout for the same or analogous components, and wherein:
PAR  FIG. 1 schematically illustrates a first exemplary embodiment of inventive
      apparatus with a single heat exchanger component arranged above the
      heating component;
PAR  FIG. 2 illustrates a second exemplary embodiment of inventive apparatus
      wherein the heat exchanger component is arranged adjacent the heating
      component;
PAR  FIG. 3 is a schematic illustration of a further exemplary embodiment of the
      invention in which a single heating component is associated with a number
      of separate heat exchanger components;
PAR  FIG. 4 is a schematic illustration of a further exemplary embodiment of the
      invention wherein a single heating component is associated with a single
      heat exchanger component embodying a number of boilers;
PAR  FIG. 5 is a schematic illustration of a further exemplary embodiment of the
      invention in which a single heat exchanger component embodying a number of
      boilers is associated with a number of heating components;
PAR  FIG. 6 is a schematic illustration of a still further exemplary embodiment
      of the invention in which all of the present heat exchangers are separated
      from the heating components; and
PAR  FIG. 7 is a schematic illustration of another exemplary embodiment of the
      invention in which there is provided only a single heat exchanger
      accommodated at the heat exchanger component.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the exemplary embodiment of hot water heater
      depicted in FIG. 1 will be understood to comprise a combustion compartment
      2 heated by a suitable heat source 1, for instance gas. Such is formed by
      the lowermost portion of an evacuated vessel or container 4 filled with a
      fluid medium, here water 3, the vapor compartment 5 of which is separated
      into two components or parts by the connection conduit 4a, namely the
      heating component or part 5A and the heat exchanger or boiler component
      5B. A circulation heating installation or a heat exchanger 6 is arranged
      in the heating component 5A to which there is infed the return flow R and
      from which there is removed the outflow or forward flow V. A boiler 7 is
      provided at the boiler component 5B, and fresh water is delivered thereto
      by means of conduit 8 and hot water removed therefrom by means of conduit
      9.
PAR  The connection conduit 4a can be if desired, and as illustrated, shut-off
      by means of a suitable shut-off element 10, e.g. valve, which is actuated
      by a temperature feeler 11. The waste or flue gases escape from the
      combustion compartment 2 through the flue or outlet 12. The conduit or
      pipe 4a itself is provided with a flange connection 13 and therefore
      disconnectible.
PAR  With the embodiment depicted in FIG. 2, the boiler component or heat
      exchanger component 5B together with the boiler 7 is arranged adjacent the
      heating component 5A with the combustion compartment 2. The return flow or
      recycling of the condensate of the heating liquid vapor from the boiler
      component 5B into the heating component 5A occurs by means of a pump 13.
PAR  With the embodiment schematically illustrated in FIG. 3, a single heating
      component 5A has associated therewith a number of separate boiler
      components 5B.
PAR  With the embodiment schematically depicted in FIG. 4, there is associated
      with a single heating component 5A a single boiler component 5B
      encompassing a number of boilers 7.
PAR  With the exemplary embodiment schematically depicted in FIG. 5, a number of
      heating components 5A and 5A' are associated with a single boiler
      component 5B encompassing a number of boilers 7.
PAR  With the exemplary embodiment of the invention schematically depicted in
      FIG. 6, the heat exchanger component or boiler component 5B encompasses
      all of the prevailing heat exchangers, namely both the heat exchanger 6 of
      a circulation heating installation as well as also the boiler 7, whereas
      in the heating component 5A there is not present any heat exchanger.
PAR  Finally, in FIG. 7 there is schematically illustrated an exemplary
      embodiment of the invention serving for heating-up a single liquid or
      fluid medium. Accordingly, this embodiment possesses a single heat
      exchanger 7 which is arranged at the heat exchanger component 5B.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid heater apparatus working according to the vacuum vaporization
      principle and serving for heating one or a number of fluid mediums which
      are separated from one another, comprising an evacuated vessel at least
      partially filled with a vaporizable heating liquid medium, said evacuated
      vessel including at least two components constructionally separated from
      each other, a heat exchanger arranged at the evacuated vessel for each
      fluid medium to be heated, each heat exchanger being practically
      exclusively heated by the vapor or the vaporizable heating liquid medium,
      at least one heat exchanger defining one of said at least two
      constructionally separate components of said evacuated vessel, said at
      least one heat exchanger comprising a hot water heater, another component
      of said at least two components of said evacuated vessel defining a
      heating component, and means for removably connecting said at least two
      components of the evacuated vessel, said connecting means comprising a
      connection conduit having a cross-section substantially smaller than the
      cross-section of either of said two components, said connection conduit
      flow connecting separate components of said evacuated vessel, said
      connection conduit further being constructed and arranged to transmit the
      vapor of the vaporizable heating liquid medium in countercurrent flow with
      the condensate of the vaporizable heating liquid medium in such a manner
      that the return flow of the condensate from said at least one heat
      exchanger component to said heating component can occur without hindering
      the operation of the apparatus whereby said evacuated vessel is capable of
      being divided into said at least two constructionally separate components
      for ease of transportation to and assembly at an installation site.
NUM  2.
PAR  2. The apparatus as defined in claim 1 including a plurality of heat
      exchanger components of the evacuated vessel constructionally separated
      from said heating component thereof and further including means for
      removably connecting each of said plurality of heat exchanger components
      with said heating components, said connecting means comprising connection
      conduits each having a cross-section substantially smaller than the
      cross-section of any of the components of the evacuated vessel said
      connection conduits flow connecting the heat exchange components with said
      heating components, said connection conduits further being constructed and
      arranged to transmit the vapor of the vaporizable heating liquid medium in
      countercurrent flow with the condensate of the vaporizable heating liquid
      medium.
NUM  3.
PAR  3. The apparatus as defined in claim 1, further including a shut-off
      element for shutting-off the connection conduit.
NUM  4.
PAR  4. The apparatus as defined in claim 3, further including a temperature
      feeler means for controlling the shut-off element.
NUM  5.
PAR  5. The apparatus as defined in claim wherein the temperature feeler means
      is arranged at said at least one heat exchanger.
NUM  6.
PAR  6. The apparatus as defined in claim wherein the temperature feeler means
      is arranged at a conduit communicating with said at least one heat
      exchanger.
NUM  7.
PAR  7. The apparatus as defined in claim 3, wherein said shut-off element
      comprises a program-controlled shut-off means.
NUM  8.
PAR  8. The apparatus as defined in claim 1, wherein said at least one heat
      exchanger component is arranged above said heating component, said
      connection conduit constituting the sole connection conduit for flow
      connecting said at least one heat exchanger component with the heating
      component.
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ABST
PAL  Heat exchanger apparatus for a gas turbine which is provided with a heat
      exchanger of the formed plate counterflow type including a core having a
      gas turbine exhaust gas inlet surface with integral air outlet manifolds,
      and an inlet gas temperature controller which controls the temperature of
      the gas impinging on the manifolds and core surface. The temperature
      controller consists of a housing defining a gas flow path to the heat
      exchanger core surface, fluid passages within the housing which direct the
      gas at substantially full gas temperature onto the manifolds, and heat
      absorber structure within the housing which absorbs heat from the gas to
      reduce the temperature to less than full gas temperature during transient
      conditions, such as turbine start-up, and directs the gas onto the core
      surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to heat exchanger apparatus and more
      particularly to gas turbine heat exchanger apparatus.
PAR  Gas turbine engines generally use heat exchangers to recover some of the
      heat of the turbine exhaust gases for transfer to the compressor discharge
      air before it enters the turbine combustion chamber, which provides for
      greater fuel economy. However, during turbine start-up conditions, for
      example, the turbine exhaust gases can reach very high temperatures which
      can cause very high thermal gradients between the exhaust gas inlet
      surface and the outlet surface of the heat exchanger core, producing
      thermal stresses resulting in splitting and cracking of the core. In order
      to eliminate such a disadvantage some prior heat exchanger apparatus
      included a heat sink positioned ahead of the heat exchanger core gas inlet
      surface in the path of flow of the turbine exhaust gases which temporarily
      reduced the gas temperature, preventing thermal gradients during engine
      start-up. However, use of such a heat sink, though reducing the gas inlet
      surface temperature of the heat exchanger core, also undesirably reduced
      the temperature of gas impinging on air outlet manifolds conveying the
      compressor discharge air, thus lowering fuel economy.
PAR  Examples of prior art heat exchange devices are disclosed in the following
      U.S. Pat. Nos. 2,492,788 to Dennis; U.S. Pat. No. 2,891,774 to
      Theoclitres; U.S. Pat. No. 3,263,744 to MacKeown; U.S. Pat. No. 3,289,743
      to Biro; U.S. Pat. No. 3,322,189 to Topouzian; U.S. Pat. No. 3,326,214 to
      McCoy; U.S. Pat. No. 3,507,115 to Wosika; and U.S. Pat. No. 3,528,783 to
      Haseldon.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided heat exchanger
      apparatus wherein a thermal buffer reduces the exhaust gas temperature
      impinging on the gas inlet surface of the heat exchanger core, but
      maintains the gas impinging on the air outlet manifolds at full gas
      temperature during transient conditions such as turbine start-up.
PAR  In the preferred embodiment of the invention, there is provided a heat
      exchanger of the formed plate counterflow type including a core having a
      gas inlet surface with integral air outlet manifolds, and means
      controlling gas temperature distribution across the core gas inlet surface
      and manifolds during transient gas turbine conditions.
PAR  It will be seen that the heat exchanger apparatus of the present invention
      includes a thermal capacitor which provides preferential temperature
      distribution upon the gas inlet surface and manifolds of a gas turbine
      heat exchanger of the formed plate type, resulting in a more uniform skin
      temperature distribution on the gas inlet surface. The thermal capacitor
      has the capability of reducing the gas transient temperature as it
      impinges on the gas inlet surface at full buffer capacity. The thermal
      capacitor reduces the gas temperature on portions of the manifolds, but on
      selected portions of the manifolds allows the gas to impinge thereon at
      full gas temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the invention, reference may be had to
      the accompanying drawings in which:
PAR  FIG. 1 is a persepective view of heat exchanger apparatus embodying the
      present invention;
PAR  FIG. 2 is a sectional elevation view of FIG. 1;
PAR  FIG. 3 is a perspective sectional view of a portion of FIG. 1;
PAR  FIG. 4 is a plan view of the heat exchanger core and gas temperature
      controller of FIGS. 1 and 2;
PAR  FIG. 5 is a sectional view taken along the lines 5--5 of FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken along the lines 6--6 of FIG. 4;
PAR  FIG. 7 is a cross-sectional view taken along the lines 7--7 of FIG. 4; and
PAR  FIG. 8 is an enlarged, partial, perspective view of the temperature
      controller of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a heat exchanger 10 incorporating the present invention
      which has a core 12 and a hot inlet gas temperature controller or thermal
      buffer 13 enclosed with a housing 14. The core 12 is provided with
      integrally positioned manifolds 16, 17 on opposite hot gas inlet and
      outlet end surfaces and connected respectively to headers 18, 19. The heat
      exchanger core 12 is supported within housing 14 by mounts 20. Controller
      13 is also supported within the housing by similar mounts 20. Housing 14
      is provided with inlet and outlet passages 22 and 23 for passing a hot gas
      through the heat exchanger core 12 an intimate heat exchange relationship
      with air flowing between the respective manifolds 16, 17. Air enters
      header 19 through an inlet pipe 24 which may incorporate a load
      compensating bellows portion (not shown) to adjust for dimensional
      variation. Header 18 is provided with an outlet pipe 28 which may also be
      provided with a load compensating bellows portion.
PAR  Reference is now made to FIGS. 2 and 3 wherein further details of the heat
      exchanger 10 are illustrated. The core section 12 includes a plurality of
      formed plates 30 sandwiched together with and separated from each other by
      respective layers of gas fins 32 and air fins 34. The formed plates 30 are
      provided with collars 36 to envelop the manifold 16 extending into the
      sandwiched structure and define strategically located openings 38 for
      passing air between the manifold 16 and the air fins 34. Correspondingly,
      openings are provided at 40 for the passage of hot gases from the outside
      of the core 12 to the gas passages containing the gas fins 32. Thus, as
      may be seen from FIG. 3, the respective gas and air fin configurations
      within the sandwich structure of the core 12 serve to provide a certain
      rigidity and integrity to the structure while at the same time serving to
      provide the desired heat transfer between the adjacent gas and air streams
      while developing the desired turbulence in the respective fluid flows so
      as to enhance the heat transfer characteristics of the fluid-metal
      interface.
PAR  FIG. 4 may be considered a plan view of the core 12 and heat absorber 13 of
      FIG. 1. It may also be considered as representing in general outline form
      one of the formed plates 30 making up the core 12. As may be seen, the
      plate 30 is provided with an offset flange 42 extending about its
      periphery. This offset flange is for the purpose of joining to a similar
      flange on the plate of the next layer in the stack so as to define a fluid
      passage having openings communicating therewith only as indicated
      hereinabove; i.e. where the fluid passage is an air stream, openings
      communicating with the manifolds 16 and 17, whereas for a gas stream the
      openings communicate with the outside of the core 12 at segments between
      adjacent manifolds 16 or 17. Such a segment may be seen at 44 on the
      left-hand side of FIG. 5, which is a section of a portion of the core 12
      taken along the line 5--5 of FIG. 4 looking in the direction of the
      arrows. Gas openings 40 and the juncture of adjacent flanges 42 are shown
      in segment 44 of FIG. 5. Air openings 38 are shown in FIG. 5 on the
      opposite side of the manifold 16 and communicating therewith.
PAR  Reference is made to FIGS. 6, 7 and 8 wherein the details of the thermal
      capacitor or hot gas temperature controller 13 are illustrated. Controller
      13 is provided with a generally rectangularly shaped housing having top,
      bottom, and side metal plate members 46, 48, 50 and 52, respectively,
      secured together at their end edges as by welding to define a flow path
      for the hot inlet gas. Pairs of intermediate plate members 54 are secured
      at their end edges to the top and bottom plate members 46, 48 to define
      fluid passages 56 for directing flow of portions of the hot exhaust gas
      onto the air outlet manifolds 16 of the hot gas inlet surface of core 12
      at full gas temperature. Similar groups of stacked, spaced plate members
      58, arranged in generally parallel planes, are secured between side
      members 50, 52 and intermediate plate members 54. Also provided, arranged
      in parallel planes, stacked, and spaced, are other similar groups of plate
      members 60 secured intermediate the plate members 54. Plates 58 and 60
      serve to absorb heat from the remaining portions of the hot inlet gas
      directed onto the rest of the gas inlet surface of core 12 to lower the
      temperature of the gas.
PAR  Top and bottom plate members 46 and 48 are identical, generally of
      rectangular shape, substantially as long as the width of heat exchanger
      core 12, and generally arranged substantially parallel to each other. The
      plate members 46 and 48 have corresponding straight side edges and
      opposing scalloped edges with generally semi-circular shaped cut-outs 62
      serving to envelope the air outlet manifolds 16, and generally conforming
      to the hot gas inlet surface of core 12.
PAR  Intermediate plate members 54 are secured at their ends in vertical,
      parallel pairs, substantially perpendicular to the top and bottom plate
      members 46, 48, intermediate their straight side edges and cut-outs 62, to
      define the vertically disposed passages 56, opposed to the respective air
      outlet manifolds 16, for directing hot gas over substantially their entire
      lengths.
PAR  Plate members 60 are provided with cut-outs 66 at opposite corners
      conforming generally to the surface configuration of a manifold 16.
PAR  In operation, during turbine start-up, for example, air enters header 19
      through inlet pipe 24 passes into manifolds 17 and then into the air flow
      passages in the heat exchanger core 12. The air then flows upward through
      manifolds 16 into header 18 and out through outlet pipe 28. At the same
      time hot turbine exhaust gas flows into housing 14 through inlet duct 22
      through passages 56 of controller 13, impinges directly on the air outlet
      manifolds 16 at the full gas temperature, and then flows around the
      manifolds 16, and through the gas flow passages of the core 12 and out the
      outlet passage 23. At the same time hot gas flows between the plates 58
      and 60 of controller 13 wherein heat is absorbed to temporarily reduce the
      temperature of the gas to a temperature less than the full gas temperature
      of the gas, and then also through the gas flow passages sandwiched between
      the air flow passages of the core 12.
PAR  While a specific embodiment of the invention has been illustrated and
      described, it is to be understood that it is provided by way of example
      only and that the invention is not to be construed as being limited
      thereto, but only by the scope of the following claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A counterflow heat exchanger of the type including a core of
      substantially parallel stacked plates and a plurality of manifolds in
      parallel spaced relation to each other, said manifolds and said defining a
      gas inlet surface for receiving hot gases and directing said gases into
      alternate spaces between said plates and temperature controller means, the
      improvement wherein said temperature controller means comprises:
PA1  a body having an inlet side and an outlet side and including a plurality of
      plate members defining a plurality of gas passages communicating said
      inlet side and said outlet side, said inlet side being arranged for
      receiving said hot gases and said outlet side being in close proximity to
      said gas inlet surface;
PA2  first ones of said passages being arranged for conducting a portion of the
      hot gases to said stacked plates of said heat exchanger and including
      means reducing the temperature of the hot gases before such gases reach
      said stacked plates of said heat exchanger, and
PA2  second ones of said passages bypassing said first passages and being
      arranged for conducting the remainder of said hot gases into heat
      transmitting relationship with said manifolds so that hot gases from said
      second passages which heat said manifolds are at a higher temperature than
      the gases leaving said first passages during transient heat exchange
      conditions.
NUM  2.
PAR  2. A counterflow heat exchanger according to claim 1 wherein said
      passage-defining plate members of said temperature controller body include
      a series of vertically spaced horizontal plate members which define said
      first passages and which comprise said temperature reducing means of said
      temperature controller means, and a plurality of horizontally spaced
      vertical plates which define said second passages.
NUM  3.
PAR  3. A counterflow heat exchanger according to claim 2 wherein said
      horizontal plates have cut-outs which receive said manifolds.
NUM  4.
PAR  4. A counterflow heat exchanger according to claim 3 wherein said stacked
      plates extend horizontally and said manifolds constitute air outlet
      manifolds of said heat exchanger.
NUM  5.
PAR  5. A counterflow heat exchanger according to claim 3 wherein there are a
      plurality of pairs of said vertical plate members spaced along the
      horizontal length of said temperature controller ahead of said cut-outs so
      that said second passages are situated in front of and in alignment with
      said manifolds.
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ABST
PAL  Hydrocarbon products from viscous tar sands are recovered by continuously
      injecting a hot solvent containing relatively large amounts of aromatics
      into the formation. Alternatively, steam and solvent are cyclically and
      continuously injected into the formation to recover the values. The last
      stimulation is by steam so that solvent is recovered. A third alternative
      is to continuously inject a mixture of steam and solvent vapors and liquid
      into the formation. In all cases, the solvent, except perhaps for startup,
      is produced at the site, as in a conventional topping unit, which
      alternatively is combined with a conventional visbreaking or reforming
      unit to increase the volume and/or aromaticity of the solvent produced.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 363,596, filed May 24, 1973 now
      U.S. Pat. No. 3,881,550.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to the art of oil recovery and,
      more in particular, to recovery of hydrocarbons from heavy crudes or
      bitumens by stimulation.
PAR  There are large petroleum deposits in the form of very viscous crudes or
      bitumens. These deposits may be residuals from naturally developed fields
      or deposits which have never been produced. An example of very viscous tar
      deposits is in the Peace River and Athabasca regions of Canada. These tars
      have a gravity of from 6.degree. to 20.degree. API, a clean oil viscosity
      of to 20,000 cps, and an emulsion viscosity of to more than 100,000 cps.
      The asphaltene content of these deposits is up to 30 percent and sulfur up
      to 6 percent. Because these tars are so viscous, they cannot be recovered
      by natural techniques and must be stimulated.
PAR  Stimulation of petroleum deposits by steam flowing is a known and tested
      technique. In this type of stimulation, high pressure and temperature
      steam is injected into injection wells for recovery of petroleum from
      production wells. During steam stimulation, steam heats a deposit in a
      steam zone. Values are distilled there and are forced by steam pressure
      away from the injection wells towards the production wells. Some of the
      distilled hydrocarbons will condense in the steam zone because of heat
      loss from the zone to surrounding strata. Some of the distilled
      hydrocarbons will reach a front between a hot condensate zone and the
      steam zone and condense there. The driving force of the steam pressure,
      however, continuously advances the condensed hydrocarbons towards the
      production wells. The hot condensate zone itself fronts on a cold water
      zone more remote from the steam zone. Finally, there is an oil zone
      bordering the cold water zone which is the formation unaffected by
      stimulation. In typical steam flooding, the cold water zone is water
      flooded and oil is removed by this known technique to the water flooding
      saturation level. The advancement of the hot condensate zone itself
      stimulates recovery by lowering viscosity of the oil and by thermal
      expansion of the oil. Within the steam zone, recovery is promoted, in
      addition to distillation, by the temperature produced agencies of
      viscosity reduction and formation swelling. Hydrocarbons are usually
      recovered at the production wells in primarily liquid form. The
      considerable driving force of the steam flooding technique is ultimately
      lost when breakthrough occurs at a production well. This is an event where
      the steam front advances to the production well and steam pressure is
      largely dissipated in the well. The well becomes a short circuit. After
      steam stimulation, the usual practice is to produce without stimulation
      until further stimulation is necessitated or production terminated.
PAR  Obviously, in the steam flooding technique distillation plays only a modest
      role at best for very heavy crudes such as the Peace River bitumens
      because they do not contain any considerable light values. Consequently,
      the action of steam in stimulating recovery from deposits such as the
      Peace River bitumens must be by viscosity reduction from heating, thermal
      expansion of the formation, and the driving force of the steam. Even then,
      recovery can be modest because of channeling resulting from the
      permeability of the deposits, fractures, and gravity override between the
      steam and liquid in the hot and cold zones.
PAR  Importantly also, is the effect of even modest distillation on bitumens or
      tars. With these crudes, the boiling away of lights will cause the
      residual crude to become so viscous that no further recovery would be
      possible, even with the viscosity lowering effect of high temperature from
      the steam.
PAR  Consequently, it has been thought that steam drive recovery is limited to
      deposits with an API gravity of 20.degree. or greater.
PAR  Cold solvent stimulation of oil deposits has improved recovery. Solvents
      can repair organic and inorganic damage, clean deposited asphaltenes and
      waxes out from around well bores, and lower the viscosity of the
      hydrocarbons in the deposit by cutting and demulsification.
      Demulsification reduces the viscosity of the hydrocarbon deposit because
      emulsions of water-in-oil and oil-in-water have higher viscosities than
      oil alone. Solvent stimulation also removes asphaltenes from the deposits.
      Removal of asphaltenes is especially good with aromatics.
PAR  The removal of crude oil from the deposit, however, can create a situation
      where the solubility of remaining asphaltenes is reduced. Remaining
      asphaltenes precipitate on surfaces of the deposit and block the passage
      of crude. Accordingly, to prevent asphaltene precipitation and blockage of
      the deposit, surfactants have been added to maintain the wetability of
      deposit surfaces, which prevents blockage.
PAR  One of the major drawbacks of solvent stimulation is the high cost of
      solvent. Quite obviously, if the cost of solvent required to produce
      effective stimulation of a deposit becomes too great, then solvent
      stimulation cannot be practiced. Heretofore it has been the practice to
      produce at least most of the solvents away from the stimulation site. This
      is so especially with aromatic solvents which are very useful in
      dissolving asphaltenes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides solvent stimulation of hydrocarbon deposits
      having extremely high viscosities, such as found in the Peace River region
      of Canada.
PAR  In brief, the present invention contemplates the use of a hot solvent
      generated from product on site to recover hydrocarbon product values from
      heavy crudes or bitumens. The hot solvent is injected into the deposit and
      functions to reduce deposit viscosity by demulsifying viscous emulsions of
      crude-in-water and water-in-crude, solvent cutting of crude, and raising
      the temperature of the crude. The solvent also solubilizes production
      restricting precipitated waxes and asphaltenes. The solvent can be used to
      remove scale deposited from produced water, sand deposited around well
      bores, and drilling and completion damage. The solvent is introduced at a
      temperature of from about 200.degree. to about 650.degree. F. and is
      preferably depentanized naphtha of up to about an 800.degree. F. end
      point. This naphtha has substantial quantities of aromatics, the aromatics
      being useful in the dissolving of asphaltenes and waxes. The solvent may
      be manufactured from recovered bitumen by topping or by a combination of
      topping with visbreaking or reforming. Surfactants may be added to the
      solvent to prevent deposition of asphaltenes on deposit formations by
      keeping surfaces in the formation water wetable. Suitable surfactants are
      butylamines or mixed alkyl phenols.
PAR  The presently preferred embodiment of the present invention contemplates
      the use of both solvent and steam extraction of hydrocarbon values from
      tars or bitumens typified by the Peace River deposits. This is done by
      either injecting steam and solvent vapors and liquids continuously into
      the formation or by cyclic injection of steam and hot solvent. With steam,
      thermal reduction in crude viscosity results and reservoir fluids expand.
      There will be some, though small, distillation of hydrocarbons by the
      steam from heat and partial pressure reduction. With the decrease in
      viscosity, gravity drainage is promoted. The steam pressure, say, 1500
      p.s.i.a. at injection, will strongly drive crude towards production wells.
PAR  The steam-solvent process retains the production resulting from thermal
      stimulation of deposits by the steam while eliminating or minimizing
      production restrictions occasioned by viscous emulsions, precipitated
      waxes and asphaltenes, scale and sand deposition, and drilling and
      completion damage.
PAR  When steam and solvent are used together, the difficult problem of
      solvent-crude mixing is not present because the steam is a low viscosity
      fluid which will rapidly fill all available voids in the reservoir and
      carry solvent with it. The solvent can then function more completely
      throughout the formation.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 illustrates schematically a prior art steam driving technique for
      the recovery of hydrocarbons as it would apply in tar deposits in the
      Peace River type;
PAR  FIG. 2 illustrates schematically steam and solvent recovery of hydrocarbon
      values in a deposit of the Peace River type; and
PAR  FIG. 3 is a flow diagram of a plant for the implementation of the process
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates schematically a typical steam drive system which has
      been implemented before the present invention. Its description is helpful
      in understanding the principles behind the process of the invention.
PAR  In the Figure, injection wells 10 are provided through overburden and to
      and through tar sands 12. The overburden is, say 2000 feet and the
      production interval is, say, 100 feet. In the Peace River deposit, the
      production interval varies from about 50 to about 1000 feet. Production
      wells 14 are also provided through the overburden and the production
      interval.
PAR  Steam of a quality of 70 to 80 percent, and at a pressure up to about 2500
      p.s.i.a. and at about 668.degree. F. is injected into the injection wells.
      A pressure seat in the overburden prevents backflow of this steam from
      either the injection wells or production wells.
PAR  The gravity of the tars or bitumen in the Peace River deposits is from
      about 6.degree. to about 20.degree. API. The clean oil viscosity is up to
      about 20,000 cps. In the emulsion, however, the viscosity increases to
      more than 100,000 cps. The asphaltic content of the Peace River type of
      tars is up to about 30 percent. The sulfur content is also high, being up
      to about 6 percent. The tar sands may be bottomed by a water zone
      indicated at 16.
PAR  Steam injected through the injection wells will progress from that well
      radially toward the production wells. During the steam drive, a steam zone
      18 will continuously expand radially away from the steam injection well.
      Within the steam zone hydrocarbon vapors will be generated, but immobile
      hydrocarbons wil remain. Owing to temperature rise, the deposit will also
      expand and there will be a reduction in viscosity. A steam front 20
      separates a hot condensate zone 22 from the steam zone. Along this front
      and into the hot condensate zone condensation of hydrocarbon vapors will
      occur as steam condenses. Within the hot condensate zone, the temperature
      varies from steam temperature to reservoir temperature. The hot condensate
      zone, as in the case in the steam zone, progressively increases with time.
      Reservoir heating in the hot condensate zone is augmented by the latent
      heat of the steam and condensing hydrocarbon vapors. A cold water zone 24
      is ahead of the hot condensate zone and receives some heat from fluids
      passing into it from the hot condensate zone. The balance of the reservoir
      indicated at 26 and is at the original reservoir temperature. As will be
      seen, with a steam drive system alone, no production occurs from this zone
      because the hydrocarbons are too immobile to be recovered at the original
      reservoir temperature.
PAR  A production mechanism in the steam drive system illustrated in FIG. 1 is
      the steam distillation of hydrocarbons in the steam zone. The transfer of
      the heat energy from the steam to the reservoir deposits will thermally
      expand these deposits which also results in the production of
      hydrocarbons. The heating of the deposit also reduces viscosity which
      makes the oil values there more mobile and results in production. The
      heated hydrocarbons will drain by gravity and be recovered at the
      production wells which may have bottom hole pumps. A driving force from
      the pressure differential between the injection wells and the production
      wells will continuously force hydrocarbons towards the latter for
      recovery.
PAR  Prior techniques of steam stimulation also include the so-called "huff" and
      "puff" system. In this system, steam is injected for a considerable period
      of time into a well without attendant oil production. The injection of
      steam is eventually stopped and oil production commences with the
      stimulation by steam improving the production rate from the well for a
      time. Ultimately, the well may be restimulated or not, depending on
      economics. This technique is an alternative to that known as the "steam
      drive" discussed above.
PAR  FIG. 1 also shows a condition which is known as steam breakthrough during
      steam drive. Steam breakthrough occurs when steam appears at the
      production wells. The result of this phenomenon is the loss of the driving
      pressure of the steam and a marked diminution in the efficiency of the
      system. A second phenomenom is also illustrated in FIG. 1, and that is
      steam channeling. It will be noted that the steam zone breaks through at a
      production well along a very short vertical distance. This channeling is
      the result of gravity override, permeable strata and horizontal fractures
      in the reservoir. Gravity override results from the different densities of
      the steam and the condensate, with the latter tending by gravity toward
      lower depths. When steam breakthrough occurs, economy precludes continued
      steam injection, for excessive heat is lost to surrounding strata and is
      vented up the casing of the production well, this notwithstanding
      continued gravity drainage due to the rise in temperature of hydrocarbon
      values in the reservoir. Other problems associated in the steam drive
      system is the production of extremely viscous emulsions of oil-in-water
      and water-in-oil. As previously mentioned, emulsion viscosities can exceed
      100,000 cps.
PAR  The problem of hydrocarbon immobility from excess viscosity is compounded
      by removal of distillates from the formation by the steam distillation in
      the steam zone.
PAR  The precipitation of waxes and asphaltenes can effectively block recovery
      of hydrocarbon values and this precipitation can occur when lighter
      hydrocarbons are taken from the reservoir. Scale deposition from produced
      water can also reduce recovery. Steaming can also result in sand
      deposition around well bores with the result that recoveries are adversely
      affected. Finally, drilling and completion damage adversely affect
      recovery.
PAR  These problems are reduced by the implementation of hot solvent stimulation
      of the present invention. The solvent is produced at the production site.
      With reference to FIG. 2, injection wells 28 are formed in the same manner
      as the injection wells of FIG. 1. Similarly, production wells 30 are
      formed in the same manner. The overburden and production zones and water
      zones are the same. In FIG. 2, production of hydrocarbons is affected by
      the injection of a mixture of steam and solvent vapors and liquid. The
      solvent is in two phases, that is, both liquid and vapor. Since the steam
      has a quality of less than 100 percent a water phase is also present.
PAR  An important aspect of the present invention is the manufacture of solvent
      on site. The solvent should have a relatively low viscosity and a high
      aeromatic content. An ideal solvent is depentanized naphtha having a
      maximum end point of up to about 800.degree. F.
PAR  The production mechanism of the FIG. 2 system includes an increase in
      mobility of the hydrocarbons through viscosity reduction. Viscosity
      reduction, as in the steam drive system, results from temperature rise.
      But in addition to the purely thermal effects from viscosity reduction, an
      important reduction in viscosity will also be the result of solvent
      cutting or mixing with the hydrocarbons of the reservoir and the
      demulsification of the extremely viscous emulsions within the reservoir.
      This production mechanism also results in thermal expansion of the
      reservoir fluids due to their heating by both the steam and the solvent.
      The thermal expansion results in the release of hydrocarbons for recovery.
      The steam-solvent system also recovers values by gravity drainage. The
      reduction in viscosity and increased mobility allows hydrocarbon values to
      drain for recovery. Again there is a driving force because of the pressure
      differential between the injection fluid at the injection well and the
      produced fluid at the production well. The steam may act as a solvent
      carrier to expose a considerable amount of the deposit to the solvent.
PAR  Steam channeling will again occur due to the factors previously set forth,
      gravity override, permeability of strata, and horizontal fractures.
      However, the steam channeling may be effectively used to disperse solvent
      throughout the reservoir. This solvent also prevents precipitation of
      waxes and asphaltenes at the well bores and washes out scale, sand, and
      drilling and completion damage.
PAR  In FIG. 2, a hot vapor zone 32 is illustrated and it has a front with a
      cold water and solvent zone 34. The unaffected portion of the reservoir is
      shown at 36 and it has the originally constituted hydrocarbons at original
      reservoir temperature. It should be noted that the use of both steam and
      hot solvent as recovery vehicles results in greater recovery. The hot
      solvent conditions the deposit for greater thermally induced recovery over
      that which would result from steam alone.
PAR  Initially, with deposits such as in Peace River, about 10 to about 25
      percent of the gross product is recycled as hot solvent, after the solvent
      is made by the processing steps set out below. As the process continues,
      the gross product increases because the injected solvent is being
      recovered with the crude. It is possible that product solvent will be left
      over.
PAR  The making of the solvent on site is inexpensive and, with surplus product
      solvent acid with crude, the quality of the crude increases. Solvent
      purchased for stimulation, say, cyclohexane, is normally much more
      expensive than the products produced.
PAR  In the simultaneous injection of steam and solvent, in general for each
      barrel of crude produced and removed from the reservoir, there then may be
      used about 32/3 barrels of water converted to steam and about one-third
      barrel of solvent produced. This ratio, however, is no wise limiting and
      any ratio of steam to solvent may be employed depending on conditions and
      process economics.
PAR  The solvent produced, such as depentanized naphtha having a high aromatic
      content, should be heavy enough to dissolve the heavier hydrocarbons of
      the bitumen, but not so heavy as to create mobility problems and remain in
      the formation. The preferred solvent has a boiling point range of from
      about 200.degree. to about 800.degree. F. An acceptable range is from
      about 200.degree. to about 500.degree. F. The solvent must have a high
      aromatic content to dissolve asphaltenes. Small quantities of non-ionic
      surfactants may be used with the solvent. These surfactants are useful in
      maintaining the wetability of the deposit being processed so that
      precipitated asphaltenes will not prevent recovery.
PAR  As was previously mentioned, hot aromatic solvent will break highly viscous
      emulsions in the reservoir. They also increase crude temperature and, as
      such, further decrease the viscosity of the crude.
PAR  The present invention also contemplates the cyclic introduction of steam
      and solvent. The steam stimulates in the manner previously described,
      i.e., primarily by viscosity reduction and formation swelling, resultant
      gravity drainage, and pressure drive. In the steam zone, distillation of
      some values will occur. These values form a solvent slug.
PAR  After steam termination the solvent is injected hot at from about
      200.degree. to about 650.degree. F, to stimulate the steam flooded
      formation by demulsification, solvent cutting and temperature effects. The
      solvent cleans up the deposit by removing asphaltenes, waxes, sand and the
      like. With demulsification, solvent cutting and removal of asphaltenes,
      the residual crude is conditioned for processing again by steam.
PAR  As indicated steam is injected first and steam injection continues until
      breakthrough at a production well. Steam injection is then terminated and
      hot solvent injection commenced. Solvent injection is continued until the
      solvent-to-crude ratio is about 1 to 3. Steam is then injected again until
      breakthrough. Steam is always injected last to recover solvent from the
      deposit. As an alternative the huff and puff technique may be employed
      with solvent and steam, or steam followed by hot solvent injected into the
      well for a period of time during which production is periodically
      terminated while stimulation occurs.
PAR  The present invention also contemplates recovery of hydrocarbons from
      highly viscous deposits of tars or bitumens by hot solvent stimulation
      alone. The solvent is injected into the injection wells at a temperature
      of from about 200.degree. to about 650.degree. F. The solvent is produced
      from recovered crude at the site and is preferably depentanized naphtha
      having an end point of less than about 800.degree. F. The solvent has a
      high aromatic content for the solubilizing of asphaltenes. The production
      mechanism is demulsification of oil-in-water and water-in-oil emulsions,
      solvent cutting of heavy components of the crude, some formation heating,
      and removal of physical and chemical impediments to production in the
      formation.
PAR  With reference to FIG. 3, a system to implement the present invention is
      illustrated. Again there are a series of production wells that may be
      bottom-hole pumped. These wells are indicated by the single line 40. A
      series of steam injection wells are produced at 42. A production zone or
      interval 43 is the same as in the previous Figures, that is, it varies
      from 50 feet to 1000 feet and is very heavy in tars of the type found in
      the Peace River deposits. The production zone has a fairly thick
      overburden 44 on it and is bottomed by a water zone 46.
PAR  Product from the recovery leaves the deposit as a stream 48 and consists of
      heavy crude or tar, water and sand. Stream 48 is introduced at the well
      head into a separator 50. The separation is of the gaseous constituents of
      the product and steam from liquid product, sand and water. The gaseous
      constituents are H.sub.2 S, CO.sub.2, steam and light hydrocarbons and
      they leave the separator as a stream 52. The well head separator is
      provided to measure the production streams and also provides a preliminary
      breakup of emulsions, which may be by known chemical treatment with the
      addition of heat, if required. Stream 52 is compressed for a compressor 54
      and a compressed stream 56 is introduced into a stream 58 from an emulsion
      breaker 60 to form a new stream 62. The stream from the emulsion breaker
      contains crude oil. The united streams enter a topping unit 64, such as a
      distillation column.
PAR  A crude oil, sand and water stream 68 leaves well head separator 50, passes
      through a pump 72 before entering line 74. The stream 74 is combined with
      a recycled stream of light hydrocarbons 76 as a diluent to constitute a
      stream 78 which passes through heater 80 into a desander 82. A sand and
      sludge stream 84 from the desander goes to disposal. A stream 86 from a
      desander enters emulsion breaker 60 where the emulsion is further broken.
      The requisite input for emulsion breaking is indicated by the flow arrow
      88. Emulsion breaking may consist of chemical dehydration,
      chemical-electrical treaters, flotation and skimming, filtration,
      centrifuging, or a combination of these methods.
PAR  Crude oil stream 58 from the emulsion breaker combines with gas stream 56
      to form a stream 62 which is introduced into topping unit 64, which may
      include a visbreaking and/or reforming unit to increase the aromaticity of
      the solvent produced.
PAR  A water and oil stream 89 leaves the emulsion breaker and is introduced
      into a flotation cell 90. In the flotation cell, air is introduced at 92
      and the water and oil are separated. In addition, any residual sand is
      separated from the water and oil, as indicated by an egress sand stream
      94. The separated water stream 96 from flotation cell 90 enters a water
      treater 98. There, the water may be treated in such a manner as to be
      suitable for disposal or, alternatively, for makeup water for a steam
      generator. Alternate streams for these purposes are indicated at 100 and
      102, respectively. The oil stream leaving the flotation cell is a recycle
      stream and it passes by pump 104 for recycling as stream 76.
PAR  Sand slurry 94 is pumped to settling ponds where sand will be precipitated
      and retained water and oil returned to the process plant. Surplus water
      not required for the sand slurry mix is directed to settling ponds for
      skimming remaining oil contaminants and for final settling before being
      returned to a feed water treatment facility of the plant or a water
      disposal facility.
PAR  Water pumped to flotation cell 90 is air injected to cause any remaining
      oil particles or sediment to float to the surface. These oil particles or
      sediment are skimmed resulting in very clean water. Water can be further
      purified by pumping it through diatomaceous earth filters. Water treatment
      may also include its softening to zero hardness.
PAR  Stream 62 entering topping unit 64 provides on-site generation of solvent
      for the recovery process. The topping unit may also employ visbreaking and
      reforming, the latter operations being employed to increase the
      aromaticity of the solvent and provide, where necessary, a sufficient
      volume of solvent to recover very heavy tars such as 6.degree. to
      8.degree. A.P.I. tars. The products of the topping unit include heavy
      crude or tar, which leave the topping unit as a stream 106. The generated
      solvent leaves the topping unit as a stream 108 and goes to a solvent
      storage facility 110. This solvent is high in aromatic content. The high
      aromaticity is valuable in removal of asphaltenes from the deposit. A
      heavy pitch stream 112 from the topping unit provides fuel for a steam
      generator 114 and/or fired tubular heater 115. Noncondensable gases are
      taken from the topping unit as a stream 116. These gases can be used as
      fuel or can be disposed of in any other suitable manner. An excess reflux
      stream 118 is introduced into stream 76 to provide a diluent for the
      stream entering emulsion breaker 60.
PAR  Excess solvent may be taken from solvent storage as a stream 120, or
      earlier, as product solvent, which may be commingled with the heavy crude
      as tar or sold separately.
PAR  Steam from steam generator 114 passes through a line 122 and may be:
PA1  a. combined with solvent in the recovery of values from the deposit,
PA1  b. used in cyclic flooding of the deposit with steam and solvent, or,
PA1  c. used to heat solvent for the introduction of hot solvent in a solvent
      flooding production process.
PAR  For the production of hot solvent, steam passes through line 122, which is
      valved at 124, and into a heat exchanger 126 where it passes in heat
      exchange relationship with the aromatic solvent pumped through the heat
      exchanger from storage 110 by a pump 128. The solvent is heated to a
      temperature of from about 200.degree. to 650.degree. F. The hot aromatic
      solvent is then introduced through a line 130 and into a line 132
      downstream of a valve 134 in line 132. Line 132 goes to the injection
      wells. Stream in the heat exchanger is condensed and the steam condensate
      stream 138 is used as makeup for the steam generator and is introduced to
      the generator in a stream 140.
PAR  Another alternative is to introduce the steam and solvent together. This
      may be done by a line 142 from solvent storage 110 which bypasses heat
      exchanger 126 and joins line 130 to the injection wells. In this instance
      a valve 144 in line 130 is closed and a valve 146 in line 142 is open. On
      the steam side, valve 124 is closed and valve 134 is open. The result is
      that both steam and solvent pass through line 132 to the injection wells.
PAR  For the introduction of steam and solvent in a cycle, valves 124 and 134
      are alternately opened and closed on the steam side, and on the solvent
      side valves 144 and 146 are alternately opened and closed.
PAR  The steam generated from generator 114 is at high temperature and pressure
      and is of a quality substantially lower than 100 percent, say, 80 percent.
      The reason for this quality is that the water can prevent scale buildup in
      the steam generator and ancillary lines.
PAR  The maximum introduction pressure of steam into the formation is set by
      formation and overburden characteristics and for 2000 feet of overburden
      will average about 1500 p.s.i.g. This requires that the steam generator
      have a maximum working pressure of about 2500 p.s.i.g.
PAR  In cases where hot solvent alone is used to stimulate the reservoir the
      solvent may be heated in a fixed tubular heater 115 and this will, in
      general, be required if the solvent is employed at high introduction
      temperatures. Fired tubular heater 115 may be used in conjunction with
      steam heating of the solvent, in most instances steam and/or solvent
      temperatures should be maximized for maximum stimulation.
PAR  While the process has been described in terms of Canadian tar sands, the
      process of this invention is useful in recovery of carbonaceous values
      from many other deposits. Tar sands are found in the United States,
      Venezuela and other countries.
PAR  The process of this invention may also be employed to recover values from
      old oil fields which have been depleted by primary production i.e.,
      natural production followed by water flooding. These systems do not
      recover the tars present. These fields may still contain from 40 to 90
      percent of their original carbonaceous values as tars.
PAR  Yet another example are oil and tar deposits in which the crude is too
      viscous to process by conventional means or which would be uneconomic to
      process.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the recovery of hydrocarbons from subterranean deposits
      of hydrocarbons having high viscosities and including tar sands, oil and
      tar deposits by injected fluid stimulation of the deposit, the improvement
      which comprises:
PA1  a. cyclically injecting into the deposit in at least one injection well;
PA2  i. a solvent stimulant of high aromatic content produced from the recovered
      hydrocarbon, the solvent being introduced at a temperature from about
      200.degree. to about 650.degree. F and
PA2  ii. a steam stimulant;
PA1  b. recovering stimulated hydrocarbon from the deposit at at least one
      product well; and
PA1  c. producing solvent from the recovered hydrocarbon in an area proximate
      the area of hydrocarbon recovery for cyclic injection into the deposit.
NUM  2.
PAR  2. The improvement claimed in claim 1 wherein the solvent is depentanized
      naphtha.
NUM  3.
PAR  3. The improvement claimed in claim 1 wherein the steam in each cycle is
      injected until breakthrough at the production well whereupon solvent
      injection is commenced.
NUM  4.
PAR  4. The improvement claimed in claim 3 wherein the solvent is injected until
      the solvent-to-recovered product ratio is about one to three.
NUM  5.
PAR  5. The improvement claimed in claim 4 wherein the steam is the last
      stimulation so that residual solvent is recovered from the deposit.
NUM  6.
PAR  6. The improvement claimed in claim 5 wherein the solvent has a boiling
      point range of from about 200.degree. to about 500.degree. F.
NUM  7.
PAR  7. The improvement claimed in claim 6 wherein the solvent is depentanized
      naphtha.
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ABST
PAL  First, a cleansing fluid is injected under high pressure into a well liner
      and out through the apertures in the liner so as to travel through a
      particular slice of the underground formation adjacent the lining in order
      to dissolve chemical deposits and dislodge physical obstructions. Then, an
      entraining fluid is injected into the well liner under high pressure and
      into the formation in order to entrain the dissolved or dislodged
      particles in the formation and carry them into the well. Next, the
      captured particles are pumped out of the well to the surface for eventual
      disposal.
PAL  The cleansing and entraining fluids are injected into a flexible hose which
      is connected to a high pressure source. The hose is surrounded by a pipe
      which carries the particles flushed from the underground formation to the
      surface. The pipe is surrounded by a series of packers which are inflated
      by the injected fluids. Outlet ports for the injected fluids are
      positioned between -- in vertically descending order -- first and second
      packers and between third and fourth packers; an inlet port for the
      entrained fluid is positioned between the second and third packers.
BSUM
PAR  This invention generally relates to a method and apparatus for cleansing
      well liners and the formations adjacent the well liners or surrounding a
      drilled-in open hole and has particular applicability with respect to oil
      wells.
PAR  Generally, the production of oil or other fluids from underground wells
      drops off due to three main causes. The first cause is that the extraction
      of the fluid from the confined underground formation results in a drop of
      pressure in the remaining fluid present in that section of the underground
      formation. The second cause is due to the obstruction of the apertures in
      the liner (or casing) of the well, due to either physical blocking of
      these openings by particles detached from the underground formation or by
      chemical deposits within the openings. The chemical deposits result from
      the release of gases by the fluid due to a drop in pressure in the fluids
      as they enter the well. The release of gases causes precipitation of
      certain chemicals that were held in solution at the higher pressures.
PAR  A third cause relates to obstructions that are created in the underground
      formation itself, particularly obstructions that are close to and adjacent
      to the well liner or the drilled-in open hole. As fluid (oil) is extracted
      from the underground formation, the smaller loose grains of sand or
      detached particles from the consolidated strata or debris that is forced
      out into the underground formation by well aperture cleansing operations,
      are entrained by the fluid moving towards the well. All such loosened
      material does not pass through the well liner apertures. Some of it is
      lodged against the liner and some of it fills up the voids in the
      formation surrounding the liner. This results in a reduction in the
      permeability of the underground formation in the particular zone where
      transmissability is most desirous. Also, the loss in pressure of the fluid
      approaching the well, described above, causes the precipitation of certain
      chemical deposits into the formation adjacent the well liner and further
      reduces the permeability of the formation. Both the physical and chemical
      clogging of the formation adjacent the well liner are cumulative in effect
      so that the production of fluid from a well drops and may cease altogether
      as a result of this third cause.
PAR  With respect to the second cause, efforts have been directed to removing
      the obstructions and deposits in the apertures in the well casings or
      liners by successively injecting cleansing fluids through the apertures of
      a particular section of the well liner that is sealed off by closely
      spaced, nonelongated upper and lower packers. This injection continues for
      a period sufficient to dissolve or weaken and detach the particles or
      deposits in the apertures. The debris enters the well together with the
      pressurized fluid through apertures either above or below the isolated
      section of the well. The debris is either carried upward with the fluids
      being pumped out of the well or permitted to drop to the bottom of the
      well from which it can be later removed by a bailer-type device. Such
      operations using appropriate cleansing apparatus and cleansing fluids have
      been effective in opening up the apertures in well casings and liners
      quite effectively thereby increasing the permeability of the well casing
      or liner.
PAR  This invention is primarily directed to solving the third cause of fluid
      production drop-off discussed above by selectively reaching and treating
      the affected portions of the underground formation nearest the well and
      most affected by clogging due to physical obstructions and chemical
      deposits. Briefly, the method of this invention consists of first,
      injecting an acid or some other cleansing or caustic fluid through the
      apertures in an isolated section of the well liner. The purpose of this
      step is to loosen or dissolve the physical and chemical deposits in the
      underground formation adjacent the well liner. The second step involves
      injecting water or steam or any suitable fluid or gas into the underground
      formation adjacent the well to entrain the dissolved or detached physical
      or chemical deposits and cause such deposits to enter the well through the
      well liner apertures. The third step involves removing the entrained
      deposits as they enter the well by pumping the fluid to the surface or by
      lowering a suction tube into the well.
PAR  In order to effectively practice the method of this invention, a specific
      apparatus has been developed. Briefly described, this apparatus consists
      of a series of elongated packers which surround a centrally located
      section of pipe which is hung from a smaller diameter flexible hose or
      pipe which extends within the first pipe and which is fed from a large
      diameter winch or drum at the surface. A cable may also be used as an
      auxiliary support for the apparatus.
PAR  In a preferred embodiment of my invention, the innermost hose or pipe is
      used to transport the fluid which is injected into the formation adjacent
      the well liner. A fluid outlet is located between a first elongated packer
      and a second elongated packer and a fluid inlet which leads to the
      outermost pipe is located between the second elongated packer and a third
      elongated packer. Another fluid inlet may be located between the third
      elongated packer and a fourth elongated packer. This results in a
      relatively lower pressure zone being formed between the second and third
      elongated packers. Consequently, when fluid is injected into and through
      the innermost pipe under high pressure, it is ejected through the fluid
      outlet ports between the first and second packers and the third and fourth
      packers, through the apertures in the well liner and into the underground
      formation directly adjacent and outside of the well liner. Since the fluid
      is under high pressure, it necessarily travels towards the lower pressure
      zone between the second and third elongated packers, as described in more
      detail below.
PAR  It is important that the packers between the fluid outlet ports and the
      fluid inlet ports be elongated so that the first injected fluid travels a
      sufficient distance through the underground formation to dissolve the
      chemical deposits and loosen the physical obstructions in the underground
      formation adjacent the well liner and so that the second injected fluid
      entrains the dissolved chemical deposits or detached physical obstructions
      and causes such particles to enter the well through the well casing liner
      at the low pressure zone between the elongated packers. The ellongated
      packers serve to maintain a high pressure barrier along the well liner to
      prevent the fluid which is injected into the underground formation from
      short-circuiting back into the well without traveling through the
      underground formation. This happens when non-elongated disctype packers
      are closely spaced. The length of the elongated packeers positioned
      between the fluid outlet ports and the fluid inlet zone determine the
      shape of the fluid flow net which in turn determines the radial distance
      from the center of the well to which the underground formation is treated
      according to the method of this invention.
PAR  In practicing the method of my invention, the apparatus described above is
      lowered into a well by a flexible pipe or cable. The apparatus is lowered
      to a section of the underground formation that it is desired to treat
      according to the method of this invention. When the apparatus of my
      invention is being lowered into the well, the packers are in a deflated
      condition so as not to obstruct the descent of the apparatus down the well
      which may not be straight. When the section of the underground formation
      to be treated has been reached, a cleansing or caustic or solvent fluid
      under high pressure is injected into the innermost pipe, into the
      inflatable packers and through the fluid outlet ports located between the
      first and second packers and the third and fourth packers. This
      automatically inflates the packers which engage the walls of the liner or,
      in the case of an open hole, the exposed cylindrically shaped surface of
      the formation. The high pressure fluid is given sufficient time to travel
      the length of the elongated packers to the low pressure zone between the
      second and third packers. Then, after a period of time, a second high
      pressure fluid is injected into the innermost pipe and out through the
      outlet ports into the underground formation to entrain the loosened
      chemical deposits and physical obstructions. The entraining fluid is given
      sufficient time to capture the physical and chemical particles and cause
      them to be moved through the low pressure zone between the second and
      third packers and then upward through the centrally located pipe. The
      removal of the debris from the well can be aided by means of an air lift
      or suction pipe lowered into the casing. If the deposits fall to the
      bottom of the well, they may later be removed by the bailer-type device.
PAR  In the event that there is a great accumulation of loose particles lodged
      against the walls of the casing or liner, it may be necessary to cut
      additional apertures in the well liner at such points or to enlarge the
      apertures that are there so as to be able to remove these deposits from
      the well. After a particular slice of the underground formation adjacent
      the well casing has been cleansed, the packers are deflated, the apparatus
      is lowered or raised to the next section to be cleansed and the operation
      described above is repeated. This can be programmed automatically.
PAR  The effect of practicing the method of my invention is that the
      permeability of the underground formation adjacent the well liner is
      increased so as to permit the greater flow of fluid, particularly oil,
      towards and into the well.
PAR  Structural features of the invention and the complete nature thereof will
      become increasingly apparent following a consideration of the ensuing
      specification and the appended claims in which the invention is defined,
      particularly when taken in conjunction with the accompanying illustrative
      drawings setting forth a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAAWINGS
PAR  FIG. 1A is a cross-sectional view of a portion of a well showing the
      uppermost portion of the apparatus of this invention; and
PAR  FIG. 1B is a cross-sectional view of a continuation of the well illustrated
      in FIG. 1A showing the lowermost portion of the apparatus of this
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1A, a portion of a well 10 in an underground formation 11
      is illustrated. The well is defined by a well casing or liner 12 which
      contains numerous perforations or apertures 14. The purpose of these
      apertures is, of course, to permit the water or oil in the adjacent
      underground formation to enter into the well. Well liners in the vicinity
      of oil-producing formations are generaly six to fifteen inches in
      diameter.
PAR  The apparatus of this invention is lowered into the well by a flexible hose
      or pipe 20 approximately one inch in diameter. Flexible pipe 20 consists
      of a continuously welded steel pipe that is wound and unwound from a large
      diameter drum well known in the oil-drilling industry. A cable (not shown)
      can be used to help support the well-cleansing apparatus. On the surface,
      the pipe 20 is connected to source (not shown) of high pressure fluids
      using a drum designed for this purpose.
PAR  Surrounding the inner pipe 20 is an outer pipe 22 which is generally two to
      four inches in diameter. The outer pipe 22 is attached to and hung from
      the inner pipe 20 by a welded web connection 21.
PAR  Surrounding the outer pipe are a series of packers which are referred to
      here in descending order as the first packer 24, the second packer 26, the
      third packer 28, and the fourth packer 30. Packers 24, 26, 28 and 30 each
      comprises unitary inflatable members which may be composed of rubber or
      any other suitable inflatable material. Packers 24, 26 and 28 are fastened
      to U-shaped flanges 32 which are welded onto the outer surface of outer
      pipe 22 and which extend radially outwardly from pipe 22. The upper
      portion of packer 30 is also fastened to a U-shaped flange welded to outer
      pipe 22. The bottom portion of packer 30 is fastened to the base of the
      penetration cone 34 which is the first part of the apparatus to enter the
      well.
PAR  The packers 24, 26, 28 and 30 may range in size from two to five times the
      diameter of the well liner. If the well liner has a small diameter, the
      length of the packer would tend to be closer to five times the size of the
      well liner diameter whereas if the diameter of the well liner is large,
      the length of the packer would tend to be closer to two times the diameter
      of the well liner. Thus, depending on the size of the well liner, the
      length of the packers 24, 26, 28 and 30 would be in the range between one
      and a half feet and four feet. The elongation of the packers 24, 26, 28
      and 30 is important in order to insure that the fluid which is injected
      into the formation adjacent the well casing or liner actually travels
      through the formation in curvilinear paths rather than short-circuiting
      back towards the apertures in the well liner as occurs with closely
      spaced, non-elongated packers. Movable collars (not shown) could be
      attached to the outer pipe 22 in place of the welded flanges 32 so that
      the pipe 22 could accommodate packers of various dimensions, depending on
      well size and the permeability of the formation to be cleansed.
PAR  In the preferred embodiment illustrated in the drawings, the packers 24,
      26, 28 and 30 are approximately seven inches in diameter, when inflated.
PAR  When the apparatus of this invention is lowered into the well, the packers
      24, 26, 28 and 30 are initially deflated so as not to offer any resistance
      to the lowering of the apparatus into the well casing or liner. When the
      apparatus is positioned adjacent the underground formation to be cleansed,
      the packers 24, 26, 28 and 30 are inflated by connecting the hose 20 to a
      high pressure fluid supply (not shown) which inflates the packers through
      inlet ports 36. The packers 24, 26, 28 and 30 are inflated sufficiently to
      form a fluid-tight seal with the inner walls of the well liner.
PAR  Initially, the fluid under high pressure to which hose 20 is connected
      consists of an acid or detergent or deemulsifier or caustic fluid. This
      fluid, which will be generally referred to as a cleansing fluid, is
      supplied to inner pipe 20 and injected into the underground formation
      directly adjacent the well liner through fluid outlet ports 38 and 40 and
      then through the apertures 14 in the well liner. It is noted that port 38
      extends outwardly past outer pipe 22 whereas the port 40 does not. The
      port 40 may also extend outwardly past outer pipe 22 but it is not
      necessary in the embodiment of my invention illustrated in the drawings
      because packing material 42 is provided around inner pipe 20 for the
      entire length of the third packer 28. This packing material 42 prevents
      the cleansing fluid from traveling up outer pipe 22. Slots 46 are provided
      in the outer pipe 22 to provide an exit for the cleansing fluid emitted
      from port 40.
PAR  The cleansing fluid which is injected into the underground formation
      dissolves or loosens the physical and chemical deposits in the formation.
      Then, the hose 20 is connected to a supply (not shown) of a second fluid
      under high pressure. This second fluid may consist of water or steam or
      heated or unheated oil or any other suitable fluid which serves to entrain
      the loosened or dissolved particles in the underground formation and carry
      such particles into the well through the well casing or liner apertures.
      This fluid will generally be referred to as the entraining fluid. The
      entraining fluid enters inner pipe 20 and is emitted through outlet ports
      38 and 40 in the same manner as the cleansing fluid. The entraining fluid
      travels through the underground formation, as indicated by the flow lines
      in FIGS. 1A and 1B, towards the low pressure zone which is located between
      the second packer 26 and the third packer 28. There, the entraining fluid,
      carrying the dissolved or detached physical and chemical deposits from the
      formation, enters the well through the well casing or liner apertures and
      enters outer pipe 22 through slots 44.
PAR  The elongated packers of this invention prevent the short-circuit entrance
      of the cleansing fluids or the entraining fluids which have been injected
      into the oil-producing formation back into the well. Thus, the paths of
      the pressurized cleansing and entraining fluids passing through the porous
      formation back into the well follow an equipotential type of flow net.
      This means that a considerable portion of the cleansing and entraining
      fluid will flow outwardly in arc-shaped paths that will bring the
      cleansing and dissolving fluids into contact with the formation at a
      considerable distance away from the circumference of the well casing or
      liner, as illustrated in the drawings, instead of moving vertically along
      the walls of the casing or liner into the apertures immediately above and
      below the dissolving and cleansing fluid injection zone. The horizontal
      distances to which the cleansing and entraining fluid flows depends on the
      length of the particular packers and the nature of the formation.
PAR  A suction pipe or air lift (neither shown) may be lowered into the well to
      pump the entraining fluid carrying the formation deposits to the surface
      for eventual disposal.
PAR  In the event that there is a great accumulation of particles at the low
      pressure zone between the second and third packers, it may be necessary to
      cut additional apertures in the well casing wall or liner at that point or
      to enlarge the apertures presently there in order to enable the particles
      to enter the well. This could be accomplished by numerous means well known
      in the art.
PAR  After the cleansing and entraining operations are performed in a particular
      slice of the underground formation, the packers 24, 26, 28 and 30 are
      deflated and the entire apparatus is raised or lowered in the well to the
      next position opposite a new slice of the formation at which the
      cleansing, entraining and debris removal operations are to be performed.
      Then, the entire operation described above is repeated. The supplying of
      cleansing and entraining fluids and the raising and lowering of suction
      pipe and the cleansing apparatus can be programmed so that it is
      accomplished automatically.
PAR  Although the embodiment of my invention described above utilizes four
      packers, the method of my invention could be practiced by utilizing only
      the first and second packers and by locating the fluid inlet port 38
      between the first packer and the second packer and locating the low
      pressure zone, that is, the slots 24 in pipe 22, below the second packer.
      This would provide a single flow new pattern rather than the dual flow net
      pattern illustrated in the drawings.
PAR  It is conceivable that upon examining the foregoing disclosure, those
      skilled in the art may devise embodiments of the concepts involved which
      differ somewhat from the embodiments shown and described herein, or may
      make various changes in structural details for the present embodiment.
      Consequently, all such changed embodiments or variations in structure as
      utilize the concepts of the invention and clearly incorporate the spirit
      thereof are to be considered as within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for cleansing well liners or the walls of an open cavity, and
      the adjacent underground formations, comprising the steps of:
PA1  sealing a first length of the liner or cavity walls and a second length of
      the liner or cavity walls spaced from and positioned below the first
      length against fluid flow;
PA1  first injecting a first fluid such as an acid, detergent, de-emulsifier or
      caustic fluid through the liner or cavity walls between the first and
      second sealed lengths and into the adjacent underground formation in order
      to cleanse the underground formation;
PA1  then injecting a second fluid such as water, steam or oil through the liner
      or cavity walls between the first and second sealed lengths and into the
      underground formation in order to entrain the loosened or dissolved
      particles in the underground formation and then recovering the entrained
      fluid from the underground formation through the liner or cavity walls
      below the second sealed length.
NUM  2.
PAR  2. The method of claim 1 wherein in the step of sealing, the sealed lengths
      of the liner or cavity walls are sufficiently long to cause the cleansing
      fluid and the entraining fluid to flow outwardly through the formation in
      arc-shaped paths at a distance away from the liner or cavity.
NUM  3.
PAR  3. Apparatus for cleansing well liners having apertures or the walls of an
      open cavity, and the adjacent underground formations, comprising:
PA1  a first pipe adapted to be positioned within a well;
PA1  a second pipe positioned within said first pipe;
PA1  a pressurized cleansing fluid source and a pressurized entraining fluid
      source, and means for connecting said fluid sources to said second pipe;
PA1  a first elongated packer surrounding said first pipe;
PA1  a second elongated packer surrounding said first pipe, said second packer
      being positioned vertically below and spaced from said first packer, the
      length of said first and second packers being in the range of two to five
      times the diameter of the well liner or open cavity within which said
      packers are to be positioned so that the sealed lengths of the liner or
      cavity are sufficiently long to cause the cleansing fluid and the
      entraining fluid to flow outwardly through the underground formation in
      arc-shaped paths at a distance away from the liner or cavity;
PA1  a fluid outlet port communicating with said second pipe and extending
      through said first pipe, said outlet port being positioned between said
      first and second packers;
PA1  a fluid inlet port communicating with said first pipe and being positioned
      below said second packer.
NUM  4.
PAR  4. Apparatus for cleansing well liners having apertures or the walls of an
      open cavity, and the adjacent underground formation, comprising:
PA1  a first pipe adapted to be positioned within a well;
PA1  a second pipe positioned within said first pipe;
PA1  a first elongated packer surrounding said first pipe;
PA1  a second elongated packer surrounding said first pipe, said second packer
      being positioned vertically below and spaced from said first packer;
PA1  a fluid outlet port communicating with said second pipe and extending
      through said first pipe, said outlet port being positioned between said
      first and second packers;
PA1  a fluid inlet port communicating with said first pipe and being positioned
      below said second packer;
PA1  said second pipe consisting of a flexible pipe extendible from the surface
      into the well, said first pipe being attached to said second pipe for
      supporting said first pipe within a well and for raising and lowering said
      first pipe within a well.
NUM  5.
PAR  5. Apparatus for cleansing well liners having apertures or the walls of an
      open cavity, and the adjacent underground formations, comprising:
PA1  a first pipe adapted to be positioned within a well;
PA1  a second pipe positioned within said first pipe;
PA1  a first elongated packer surrounding said first pipe;
PA1  a second elongated packer surrounding said first pipe, said second packer
      being positioned vertically below and spaced from said first packer;
PA1  a fluid outlet port communicating with said second pipe and extending
      through said first pipe, said outlet port being positioned between said
      first and second packers;
PA1  a fluid inlet port communicating with said first pipe and being positioned
      below said second packer;
PA1  a third elongated packer positioned below and spaced from said second
      elongated packer and a fourth elongated packer positioned below and spaced
      from said third elongated packer; a second fluid outlet port communicating
      with said second pipe and extending through the first pipe being
      positioned between said third and fourth packers.
NUM  6.
PAR  6. Apparatus for cleansing well liners having apertures or the walls of an
      open cavity, and the adjacent underground formations comprising:
PA1  a first pipe adapted to be positioned within a well;
PA1  a second pipe positioned within said first pipe;
PA1  a first elongated packer surrounding said first pipe; a second elongated
      packer surrounding said first pipe, said second packer being positioned
      vertically below and spaced from said first packer, a third elongated
      packer surrounding said first pipe, said third packer being positioned
      vertically below and spaced from said second packer, a fourth packer
      surrounding said first pipe, said fourth packer being positioned
      vertically below and spaced from said third packer, the length of said
      first, second, third and fourth packers being in the range of two to five
      times the diameter of the well liner or open cavity within which said
      packers are to be positioned, said first, second, third and fourth packers
      being inflatable so as to engage the walls of the liner or cavity;
PA1  fluid outlet ports in communication with said second pipe and extending
      through said first pipe being positioned between first and second packers
      and between said third and fourth packers;
PA1  a fluid inlet port in communication with said first pipe being positioned
      between said second and third packers,
PA1  a pressurized cleansing fluid source connected to said second pipe for
      injecting said cleansing fluid through said fluid outlet ports and into
      the adjacent underground formation;
PA1  a pressurized entraining fluid source connected to said second pipe for
      injecting said entraining fluid through said fluid outlet ports, through
      the adjacent underground formation and back into said first pipe through
      said fluid inlet port.
NUM  7.
PAR  7. The apparatus recited in claim 6, said first, second, third and fourth
      packers being inflatable by the injection of said cleansing fluid.
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ABST
PAL  The properties of an aqueous surfactant system for displacing oil within a
      permeable medium are improved by adding an aromatic ether polysulfonate to
      the system. This improves the tolerance of the system toward salts of
      monovalent and/or multivalent cations, and also causes emulsions formed
      between the oil and the oil-displacing system to be less viscous and less
      stable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a process for displacing oil within a permeable
      material such as a subterranean reservoir. It is useful for displacing
      reservoir oil toward a location from which oil is produced, for displacing
      residual oil away from a well to improve injectivity, or the like.
PAR  Aqueous anionic surfactant systems are known to be particularly efficient
      for displacing oil. Such an anionic surfactant system is a substantially
      homogeneous aqueous liquid composition that may comprise a solution, a
      microemulsion, or a micellar dispersion of anionic surfactant molecules
      and/or micelles. The water-solubilities and oil-solubilities of the
      surfactants in such a system are such that those materials tend to remain
      along an oil/water interface, rather than being completely dissolved or
      dispersed within either the water-phase or oil-phase of the system. The
      anionic surfactants comprise surface active salts or soaps of organic or
      inorganic acids.
PAR  In a process for displacing oil, the surfactants in an aqueous anionic
      surfactant system can be pre-formed or formed within a permeable material
      such as a subterranean reservoir. The J. Reisberg U.S. Pat. No. 3,174,542
      describes oil displacing processes in which acidic materials are injected
      ahead of basic materials so that surfactant systems are formed in situ.
      Pre-formed active aqueous petroleum sulfonate surfactant systems
      containing activity-enhancing concentrations of electrolytes are described
      in the J. Reisberg U.S. Pat. Nos. 3,330,344 and 3,348,611. Active aqueous
      anionic surfactant systems containing electrolytes, water thickening
      material, and chemicals selected for their ability to favorably modify
      emulsions formed between the oil and the oil-displacing surfactant system
      are described in the H. J. Hill and D. R. Thigpen U.S. Pat. Nos. 3,712,377
      and 3,768,560.
PAR  Although aqueous anionic surfactant systems are generally efficient
      oil-displacing fluids they have relatively low tolerances to multivalent
      cations. Such cations are commonly encountered in waters or brines in
      subterranean reservoirs that contain solutions of calcium or magnesium
      salts, or the like. The multivalent cations tend to react with the anionic
      surfactants or the components of anionic surfactant systems to form
      precipitates, to cause phase separations, or the like.
PAR  Multivalent cation tolerance problems typical of aqueous anionic surfactant
      systems are discussed in patents such as the J. Reisberg, J. B. Lawson and
      G. Smith U.S. Pat. No. 3,508,612; the R. F. Farmer, J. B. Lawson and W. M.
      Sawyer, Jr. U.S. Pat. No. 3,675,716; etc. Those patents suggested
      improving the multivalent cation tolerance by dissolving co-surfactants,
      such as alkoxy-alcohol sulfates in the systems. U.S. Pat. No. 3,799,264
      suggests using surfactant systems that contain sulfated aliphatic anionic
      surfactants, nonionic surfactants, and a water-soluble guanidine salt, in
      order to provide an improved tolerance to multivalent cations.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to displacing oil within a remotely located
      permeable material such as a subterranean reservoir. The oil is contacted
      by and pushed by an aqueous anionic surfactant system which contains an
      aromatic ether polysulfonate. The concentration of the polysulfonate is
      adjusted to (a) increase the salinity and multivalent cation tolerance of
      the system and/or (b) reduce the viscosity and stability of emulsions
      formed between the system and the oil being displaced, without
      significantly reducing the oil displacing efficiency of the system.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a graph of the variation in oil saturation with an amount of
      chemical injected into oil-containing cores of Berea sandstone.
PAR  FIG. 2 shows the composition of single-phase formulations in a surfactant
      system of the present invention.
PAR  FIG. 3 shows a plot of the viscosity change with increase in calcium ion
      concentration in a surfactant system of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is at least in part premised on the following
      discovery. A relatively water-soluble aromatic ether polysulfonate can be
      dissolved in an active aqueous anionic surfactant system in proportions
      that increase both the multivalent cation and total salt tolerance of the
      system without causing a significant reduction in the oil-displacing
      efficiency of the system. And, when the system contains such an aromatic
      ether polysulfonate in such a proportion, the tendency for viscous or
      stable emulsions to be formed between the system and the oil is
      significantly reduced. This is not obvious. It is accomplished by
      materials which are not by themselves effective as oil-displacing
      surfactant materials and, since the aromatic ether polysulfonates are more
      heat stable than the alkoxyalcohol sulfates that were previously used to
      increase the salt tolerance of aqueous anionic surfactant systems, the
      systems containing the aromatic ether polysulfonates can be used at
      temperatures exceeding those at which the alkoxyalcohol sulfates can be
      used.
PAR  At temperatures below about 150.degree.F, aqueous anionic surfactant
      systems that contain mixtures of both the aromatic ether polysulfonates
      and the alkoxyalcohol sulfates (a) have multivalent and total cation
      tolerances exceeding those of systems containing comparable amounts of
      only one of the additives, and (b) have oil-displacing efficiencies
      equaling those of systems containing either the ether polysulfonates or
      the alkoxyalcohol sulfates by themselves. In addition, such aromatic ether
      polysulfonates can be used in proportions such that the viscosity of the
      surfactant system may be high enough without the presence of a thickening
      agent such as a water-soluble polymer.
PAR  Aqueous anionic surfactant systems containing various surfactants such as
      petroleum sulfonates or mixtures of petroleum sulfonates with
      alkoxyalcohols or alkoxyalcohol sulfates often form emulsions between
      themselves and the oil and water being displaced in a permeable medium.
      Such emulsification problems and the use of emulsion modifiers to avoid
      the formation or ease the breaking of such emulsions is more completely
      discussed in U.S. Pat. Nos. 3,712,377 and 3,768,560 by H. J. Hill and D.
      R. Thigpen. The present surfactant systems which contain aromatic ether
      polysulfonates are comparatively resistant to the formation of stable or
      viscous emulsions. This is advantageous in avoiding a tendency for
      mixtures of the surfactant system and formation oil to be by-passed by
      driving fluids such as a thickened aqueous liquid for displacing it
      through the reservoir.
PAR  As known to those skilled in the art, in an oil-displacement process, the
      interfacial tension-lowering activity is particularly important. An
      "active" aqueous surfactant system, as used herein, is one in which the
      interfacial tension between it and oil is less than about 0.1 dyne per
      centimeter. The capability of a given co-surfactant or other additive to
      improve the multivalent and/or monovalent cation tolerance of an active
      petroleum sulfonate surfactant system without significantly reducing its
      activity, does not appear to be predictable. As indicated in U.S. Pat. No.
      3,675,716, various alkoxyalcohol sulfate surfactants are effective at
      relatively low temperatures. But, nonionic or cationic surfactants are
      less desirable because of their tendency to reduce the activity, when used
      in the amounts required to achieve the desired salinity tolerance. Various
      types of sulfonates that have molecular weights in the range of surfactant
      materials and contain groups which might enhance their tolerance to
      multivalent cations have failed to be effective. Tests have been made of
      sulfonate surfactant materials containing unsaturated carbon-to-carbon
      bonds, aliphatic ether groups, hydroxy groups, and the like. Examples of
      compounds that seemed likely to be effective but either failed to
      adequately increase the multivalent cation tolerance or caused reductions
      in the interfacial tension lowering activity of the system include: the
      sodium salts of, respectively, alkyl napthalene sulfonate, dodecyl
      benezene sulfonate, alpha-octene sulfonate, alpha-decene sulfonate,
      alpha-tetradecene sulfonate, commercially available water soluble
      petroleum sulfonates such as Witco Pyronate, and the like.
PAR  An aqueous anionic surfactant system suitable for use in the present
      invention can be substantially any aqueous-liquid-continuous liquid system
      that contains enough anionic surfactant material, with or without
      electrolytes, thickeners, and the like, to provide a surfactant system
      capable of displacing oil within a permeable material such as a
      subterranean reservoir. The aqueous petroleum sulfonate surfactant systems
      are preferred. Examples of suitable anionic surfactant materials include
      the tall oil pitch soap surfactants described in the Y. C. Chiu U.S. Pat.
      No. 3,823,774, the naphthenic acid soaps and/or petroleum sulfonates of
      the above-mentioned Reisberg, Hill and Thigpen patents, and the like.
PAR  Particularly suitable anionic surfactants comprise mixtures of relatively
      water-soluble and water-insoluble alkali metal salts of petroleum
      sulfonates (such as alkylaryl sulfonates, alkylated benzene sulfonates,
      and the like). For uses at temperatures below about 150.degree.F, such
      mixtures can include sulfated polyoxyalkylated alcohol surfactants.
      Petroleum sulfonate surfactants are commercially available, for example,
      as Petronates and Pyronates from Witco Chemical Company; Promor Sulfonates
      from Mobil Oil Company; and the like. Surfactant sulfates of ethyoxylated
      primary alcohols are available as NEODOLS from Shell Chemical Company.
      Other surfactant sulfates of ethoxylated alcohols are available as
      Tergitols from Union Carbide, and the like.
PAR  Aromatic ether polysulfonates suitable for use in this invention can
      comprise substantially any preferentially water-soluble compound that
      contains one ether group attached to at least one aromatic radical and
      contains from about 1.8 to 2 sulfonate groups per molecule. The sulfonated
      alkyldiphenyl oxides of the type described (as electroplating bath
      spray-reducers) in U.S. Pat. No. 2,956,935, or mixtures of such compounds,
      are preferred. Particularly preferred aromatic ether polysulfonates
      comprise the Dowfax surfactants (available from Dow Chemical Company)
      having compositions of the type listed in Table 1.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     DOWFAX SURFACTANTS                                                        
     Basic Structure                                                           
     R = Hydrocarbon Chain.                                                    
     Basic Properties                                                          
                                        Sulfonate per                          
                                                     Active                    
     Designation         R              Molecule     Ingredient                
     __________________________________________________________________________
     Dowfax XD-8166   C.sub.16 Straight 1.8          45%                       
     Dowfax XD-8389   C.sub.14 Straight 2.0          45%                       
     Dowfax 2A1       C.sub.12 Branched 2.0          45%                       
     Dowfax XD-8214   C.sub.10 Straight 1.8          37.7%                     
     Dowfax 3B2       C.sub.10 Straight 2.0          45%                       
     __________________________________________________________________________
PAR  In oil displacement operations at temperatures of less than about
      150.degree.F, the aromatic ether polysulfonates are advantageously mixed
      with alkoxyalcohol sulfate surfactants of the type described in U.S. Pat.
      No. 3,508,612. Such sulfates are typified by sulfates of ethoxylated
      aliphatic alcohols available from Shell Chemical Company under the trade
      name "NEODOLS". For example, NEODOL 25-3S comprises the sulfates of a
      mixture of alcohols that contain from about 12 to 15 carbon atoms and
      about 3 ethylene oxide groups per molecule.
PAR  The electrolyte content of the aqueous anionic surfactant systems used in
      the present process is preferably adjusted to enhance the interfacial
      tension-lowering activity of the systems at the temperatures which the
      systems are to be used. This can be done by dissolving water-soluble salts
      in the aqueous phase of the system, or making up the system by using a
      water or brine containing dissolved electrolytes, etc. The electrolyte
      content or salinity of such aqueous solutions or systems can be adjusted
      by adding, for example, alkali metal salts of the halogen acids, or other
      relatively highly-soluble salts. The sodium and potassium chlorides are
      particularly suitable salts for use in the present invention. The
      electrolyte concentration of the aqueous liquid phase of a surfactant
      system of this invention is preferably from about 0.1 to 5 moles per
      liter.
PAR  Water thickeners can be used in, or in conjunction with, the present
      surfactant systems. Such thickeners can be substantially any water soluble
      natural or synthetic polymeric material, such as a carboxymethyl
      cellulose, a polyethylene oxide, a hydroxyethylcellulose, a partially
      hydrolized polyacrylamide; a copolymer of acrylamide and acrylic acid;
      biopolymers, such as the polysaccharides; or the like.
PAR  An oil in a permeable material is displaced in accordance with this
      invention by injecting a surfactant system of the invention to contact and
      push the oil. The surfactant system can be preceded or followed by
      substantially any aqueous or oil-phase fluid with which it is compatible.
      Where a slug of the surfactant system is displaced through a reservoir
      (e.g., in a chemical flood process) it is preferably displaced by a
      thickened aqueous solution having a viscosity greater than (and/or a
      mobility less than) the surfactant system.
PAR  In situations in which there is a relatively strong tendency for an aqueous
      surfactant system to become emulsified with the oil and/or water being
      displaced, it may be desirable to incorporate an emulsion modifier into
      the system. Suitable emulsion modifiers include mono or polyamines,
      polyethoxylated amines, amides, sulfanamides of water soluble sulfonic
      acids, water-soluble oil-insoluble petroleum sulfonates, ketones,
      alcohols, and the like. The lower alcohols, such as isobutyl alcohol, and
      the polyethoxylated amines, such as Ethoduomeens T/25 or T/20 are
      particularly suitable.
PAR  Table 2 lists compositions and properties of various active aqueous
      petroleum sulfonate surfactant systems of this invention at about
      160.degree.F (70.degree.C). In the table, the percent composition
      corresponds to the weight of the indicated component in about 100 parts of
      the aqueous liquid. The active region is the range of electrolyte
      concentration in which interfacial tension between the system and oil is
      less than 0.01 dyne per centimeter. Under separation is listed the
      molarity of the indicated salt (in the aqueous liquid phase of the
      surfactant system) at which the surfactant system separates into two
      distinct liquid phases. The activity by screening is the oil-displacement
      activity as indicated by emulsification tests in which the solutions being
      tested are mixed with crude oil and subjected to comparable agitation.
PAR  In the systems listed in Table 2, in order to compare different Dowfax
      surfactants, the proportion of petroleum sulfonate surfactant (Martinez
      470) was kept at 4% (of commercial product) with each of the Dowfax
      surfactants being kept at 1.5 or 1.7% (of commercial product), which
      provides about 0.675% active ingredient in the system. As indicated in the
      table, the presence of the Dowfax aromatic ether polysulfonates increases
      the tolerance to the salts of both monovalent and multivalent cations.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     PETROLEUM SULFONATE-DOWFAX SYSTEM - 70.degree.C                           
         Composition                                                           
     (% Based on Commercial Product)                                           
                              Active Region    Separation                      
                                                         Activity by           
     __________________________________________________________________________
                                                         Screening             
     5% Martinez 470     0.1 - 0.28 M NaCl 0.32 M NaCl       Moderate          
     5% Martinez 470     0.0125 - 0.015 M CaCl.sub.2                           
                                           0.0175 M CaCl.sub.2                 
                                                             Moderate          
     4% Martinez 470, 1.5% Dowfax 3B2                                          
                         1.0 - 1.8 M NaCl  1.95 M NaCl       Moderate          
     4% Martinez 470, 1.5% Dowfax 3B2                                          
                         0.02 - 0.048 M CaCl.sub.2                             
                                           0.052 M CaCl.sub.2                  
                                                             Good              
     4% Martinez 470, 1.5% Dowfax XD-8166                                      
                         0.45 - 1.35 M NaCl                                    
                                           1.5 M NaCl        Good              
     4% Martinez 470, 1.5% Dowfax XD-8166                                      
                         0.016 - 0.036 M CaCl.sub.2                            
                                           0.04 M CaCl.sub.2 Moderate          
     4% Martinez 470, 1.5% Dowfax XD-8166                                      
                         0.008 - 0.044 M CaCl.sub.2 + 1 M NaCl                 
                                           0.05 M CaCl.sub.2 + 1 M             
                                                             Good              
     4% Martinez 470, 1.5% Dowfax XD-8389                                      
                         0.6 - 1.75 M NaCl 1.9 M NaCl        Good              
     4% Martinez 470, 1.5% Dowfax XD-8389                                      
                         0.024 - 0.048 M CaCl.sub.2                            
                                           0.052 M CaCl.sub.2                  
                                                             Good              
     4% Martinez 470, 1.5% Dowfax XD-8389                                      
                         0.004 - 0.084 M CaCl.sub.2 + 1 M NaCl                 
                                           0.090 M CaCl.sub.2 + 1 M            
                                                             Good              
     4% Martinez 470, 1.7% Dowfax XD-8214                                      
                         0.3 - 1.05 M NaCl 1.2 M NaCl        Good              
     4% Martinez 470, 1.7% Dowfax XD-8214                                      
                         0.008 -0.016 M CaCl.sub.2                             
                                           0.02 M CaCl.sub.2 Moderate          
     4% Martinez 470, 1.7% Dowfax XD-8214                                      
                         0.004 - 0.008 M CaCl.sub.2 + 1 M NaCl                 
                                           0.012 M CaCl.sub.2 + 1 M            
                                                             Moderate          
     4% Martinez 470, 1.5% Dowfax 2A1                                          
                         0.45 - 1.5 M NaCl 1.65 M NaCl       Good              
     4% Martinez 470, 1.5% Dowfax 2A1                                          
                         0.012 - 0.024 M CaCl.sub.2                            
                                           0.028 M CaCl.sub.2                  
                                                             Good              
     4% Martinez 470, 1.5% Dowfax 2A1                                          
                         0.008 - 0.044 M CaCl.sub.2 + 1 M NaCl                 
                                           0.048 M CaCl.sub.2 + 1 M            
                                                             Good              
     __________________________________________________________________________
PAR  FIG. 1 shows plots of the variations in oil saturations with amounts of
      fluid injected into oil-containing cores. The cores were cylinders of
      Berea sandstone 2 inches in diameter and 10 inches long. They contained
      mixtures of crude oil (at the indicated saturations) with aqueous
      solutions of 0.025 M NaCl. Each of the surfactant systems contained 4%
      petroleum sulfonate (Martinez 470), 1.5% aromatic ether polysulfonate
      (Dowfax XD-8389), and the indicated molar proportions of the indicated
      electrolytes (as listed in Table 2). As shown, each surfactant system
      removed all but a relatively small amount of the oil. About 90% of the oil
      was recovered as a clean oil-phase, with substantially no emulsification
      until near the end of the experiment. No pressure build-ups occurred
      during the experiments.
PAR  The following examples further typify formulations of the present
      invention.
PAR  Example No. 1: A surfactant system of the present invention for use in a
      brine-containing sandstone reservoir at 170.degree.F. The reservoir water
      contains 136,000 ppm total dissolved salts. Most of the dissolved salt is
      NaCl but 2900 ppm multivalent cations (e.g. calcium and magnesium ions)
      are present. A source of fresh water (125 ppm TDS) is available for use in
      preparing the aqueous surfactant system or chemical slug.
PAR  In this reservoir the chemical slug will undergo mixing with the reservoir
      water and oil, due to dispersion and crossflow as the slug is moved
      through the reservoir. It is therefore desirable to formulate the slug so
      that some mixing with formation water/crude oil can be tolerated without
      causing a total transfer of surfactant to the oil-phase or causing the
      formation of two or more aqueous surfactant phases.
PAR  Table 3 lists five formulations which were examined for this particular
      application. Also shown in the table is the volume percent dilution (by
      mixing with the reservoir water and oil) below which each formulation
      should be kept in order to avoid the undesired phase behavior described
      above.
PAR  As indicated by the data in Table 3, formulations 2 and 3, which contain
      NEODOL 25-3S, are subject to change with time as the NEODOL 25-3S slowly
      hydrolyzes to the corresponding ethoxylated alcohol. At the 170.degree.F
      temperature of the reservoir, the NEODOL 25-3S will be 50 percent
      hydrolyzed in about three years and will be 75 percent hydrolyzed in about
      six years (the minimum time that may be required to flood the reservoir).
      By the time 75 percent hydrolysis occurs, the NEODOL-containing systems
      become more sensitive to phase separation upon dilution with formation
      water than they would have been if NEODOL 25-3S had not been used.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
     Formulation Number                                                        
                      1    2    3    4    5                                    
     __________________________________________________________________________
     COMPONENT                                                                 
     Petroleum Sulfonate A*                                                    
                   Wt%                                                         
                      5.97 4.78 3.58 4.78 3.58                                 
     NEODOL 25-3S, Wt%                                                         
                      0.00 1.20 2.41 0.00 0.00                                 
     DOWFAX 2A1,   Wt%                                                         
                      0.00 0.00 0.00 0.96 1.92                                 
     Iso Butyl Alcohol,                                                        
                   Wt%                                                         
                      1.20 1.20 0.80 0.80 0.80                                 
     KELZAN MF,    Wt%                                                         
                      0.00 0.08 0.10 0.10 0.10                                 
     FRESH WATER,  Wt%                                                         
                      93.13                                                    
                           92.74                                               
                                93.11                                          
                                     93.36                                     
                                          93.60                                
     SALINITY TOLERANCE**                                                      
     Zero Hydrolysis  14   20   48   28   76                                   
     50% Hydrolysis   14   15   20   28   76                                   
     75% Hydrolysis   14   10   10   28   76                                   
     __________________________________________________________________________
      *Witco TRS 10B, a mixture of petroleum sulfonates having an average      
      equivalent weight of 395.                                                
      **Volume percent dilution with 57/43 vol/vol mixture of formation water  
      and crude oil which causes undesired phase behavior.                     
PAR  Formulations 4 and 5 contain Dowfax 2A-1 in lesser amounts than the
      corresponding NEODOL 25-3S formulations (2 and 3). However, both of the
      Dowfax 2A-1 systems can tolerate significantly increased dilution before
      any undesirable phase behavior occurs. Further, since Dowfax 2A-1 is not
      subject to hydrolysis at the reservoir temperature, the systems containing
      it retain their tolerance throughout the time required to flood the
      reservoir.
PAR  Formulations 4 and 5 were tested as oil-displacing fluids in Berea cores at
      170.degree.F that simulated the above-described reservoir. Continuous
      injections of these fluids provided recoveries of 88 and 86 percent,
      respectively, of the oil left in the cores by conventional water floods.
PAR  Example No. 2: An alternative chemical flooding formulation suitable for
      use in a reservoir having properties similar to those given in Example No.
      1. A system having tolerance to dilution with the reservoir water and oil
      (57/43 vol/vol) of 14 volume percent is provided by Petroleum Sulfonate A
      combined with only Kelzan MF and the available fresh water. But, this
      system yields viscous and stable emulsions when diluted with formation
      water and crude oil to the range of 28 to 48 percent. Since both increased
      tolerance to dilution and an absence of stable viscous emulsions at any
      dilution are desirable characteristics, a modification was desirable.
      Dowfax 2A-1 was incorporated into the formulation to give the following
      composition:
TBL  Petroleum Sulfonate A                                                     
                        3.58%                                                  
     Dowfax 2A-1        1.92%                                                  
     Kelzan MF          0.10%                                                  
     Fresh Water        94.4%                                                  
PAR  When the so modified formulation was tested by dilution with the 57/43
      vol/vol mixture of formation water and oil, no viscous or stable emulsions
      were formed. Satisfactory tolerance regarding the phase separation
      criteria was maintained up to a dilution of 57 volume percent. It was
      unnecessary to incorporate an emulsion control chemical such as isobutanol
      since the Dowfax material served this function in addition to providing
      the improved salt tolerance.
PAR  Example No. 3: A chemical flooding formulation suitable for use in a
      reservoir at 95.degree.F. The formation water in the reservoir being
      considered contained 136,000 ppm total dissolved salts. Multivalent
      cations made up 3,000 ppm of this total. No fresh water was readily
      available. It was determined (by laboratory tests and the like) that
      Petroleum Sulfonate B (substantially Witco TRS 10-410, a mixture of
      petroleum sulfonates having an average equivalent weight of 420) was
      sufficiently active to displace the oil but could not be adequately
      dispersed in the available saline water. To determine how much of either
      of such co-surfactants such as Dowfax 2A-1 or NEODOL 25-3S would be
      required to satisfactorily disperse the sulfonate, the data given in FIG.
      2 were obtained.
PAR  As shown in FIG. 2, mixtures of Dowfax 2A-1 and NEODOL 25-3S were more
      effective dispersants or solubilizing agents than either of the individual
      materials by themselves. When NEODOL 25-3S is used alone, the minimum
      amount required to just hold the petroleum sulfonate in a uniform single
      phase dispersion (at a total surfactant concentration of 0.10 meq/gm) is
      0.0375 meq/gm. This system contains 0.0625 meq/gm of Petroleum Sulfonate
      B. Dowfax 2A-1 by itself is not as effective as NEODOL 25-3S at this
      temperature. The minimum amount of Dowfax 2A-1 required for the 0.10
      meq/gm system is 0.065 meq/gm. The petroleum sulfonate concentration is
      thus only 0.035 meq/gm. Synergism in mixtures of the two dispersing
      surfactants is illustrated by the fact that a system containing 0.073
      meq/gm of Petroleum Sulfonate B can be held in single phase dispersion
      with 0.0162 meq/gm NEODOL 25-3S and 0.0108 meq/gm of Dowfax 2A-1. In this
      system, a total Dowfax 2A-1 plus NEODOL 25-3S concentration of 0.027
      meq/gm disperses 0.073 meq/gm of petroleum sulfonate. This is a ratio of
      dispersing surfactant to active oil recovery surfactant of 0.37, which is
      significantly lower than the ratios of 0.60 and 1.86 needed for the
      individual dispersing surfactants when used alone.
PAR  FIG. 3 shows data from a series of viscosity measurements on surfactant
      systems similar to those discussed in connection with FIG. 1.
PAR  FIG. 3 shows data from a series of viscosity measurements on surfactant
      systems similar to those discussed in connection with FIG. 1. They
      contained 4% Martinez 470, 1.5% Dowfax XD-8389, an aqueous liquid
      containing 58,500 parts per million sodium chloride (1 mole per liter) and
      varying amounts of calcium ion (from dissolved calcium chloride). The
      viscosities were measured at 70.degree.C and 7.3 reciprocal seconds (6
      rpm) with a Brookfield viscometer. As shown in FIG. 3, these systems have
      viscosities ranging from about 3 to 7 throughout a relatively wide range
      of calcium ion concentrations. Such viscosities are desirable in
      surfactant systems used to displace oil within a subterranean reservoir.
PAR  As known to those skilled in the art, the viscosity of an oil-displacing
      surfactant system should be relatively high, to provide mobility control
      and avoid the bypassing of the oil or emulsified mixtures of the oil and
      the surfactant system. Such a viscosity can be provided by dissolving a
      water-soluble polymer in the surfactant system. However, the viscosities
      of commonly used polymer solutions decrease with decreasing salt
      concentration. For example, a 500 parts per million solution of a
      partially hydrolyzed polyacrylamide polymer (Pusher 700) in distilled
      water has a viscosity of 46 centipoises. But, in a 1 molar sodium chloride
      solution, the viscosity of the same proportion of polymer is only 3.6
      centipoises. In a solution containing 1,000 parts per million calcium ion,
      the viscosity decreases to 2.5 centipoises. Those values refer to
      measurements at room temperature and 7.3 reciprocal second. The capability
      of the present systems to provide a viscous solution free of polymer can
      be advantageous in various oil-displacing operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process in which an aqueous anionic surfactant system is injected
      into a relatively remotely located oil-containing permeable medium to
      displace oil within the medium, the improvement comprising:
PA1  injecting an aqueous anionic surfactant system that contains a proportion
      of aromatic ether polysulfonate that improves the salt tolerance of the
      system without significantly reducing the interfacial tension-lowering
      activity of the system, said aromatic ether polysulfonate being a
      preferentially water-soluble compound that contains one ether group
      attached to at least one aromatic radial and contains from about 1.8-2
      sulfonate groups per molecule.
NUM  2.
PAR  2. The process of claim 1 in which at least one petroleum sulfonate
      surfactant, at least one dissolved electrolyte, and at least one alkyl
      aromatic ether polysulfonate are contained in the surfactant system in
      proportions that provide an interfacial tension against oil of less than
      about 0.1 dyne per centimeter.
NUM  3.
PAR  3. The process of claim 1 in which the temperature at which said oil is
      contacted and displaced exceeds about 150.degree.F and said surfactant
      system is substantially free of any alkoxyalcohol sulfate salt tolerance
      improver.
NUM  4.
PAR  4. The process of claim 1 in which the temperature at which said oil is
      contacted and displaced is less than about 150.degree.F and said aromatic
      ether polysulfonate salt tolerance improver is mixed with enough
      alkoxyalcohol sulfate surfactant to provide a surfactant system having a
      total salinity and multivalent cation tolerance exceeding those of one
      containing either the aromatic ether polysulfonate or the alkoxyalcohol
      sulfate in the absence of the other.
NUM  5.
PAR  5. The process of claim 1 in which said anionic surfactant is a petroleum
      sulfonate and said aromatic ether polysulfonate is a disulfonate of a
      mixture of monoalkyl and dialkyl diphenyl oxides.
NUM  6.
PAR  6. The process of claim 1 in which the surfactant system contains from
      about 0.1 to 5 moles per liter of sodium or potassium chloride.
NUM  7.
PAR  7. The process of claim 1 in which the surfactant system contains a water
      thickener.
NUM  8.
PAR  8. The process of claim 1 in which a slug of the surfactant system is
      injected ahead of a thickened aqueous solution having a viscosity greater
      than the surfactant system.
NUM  9.
PAR  9. The process of claim 1 in which the surfactant system contains an
      emulsion modifier.
NUM  10.
PAR  10. The process of claim 1 in which the aromatic ether polysulfonate is a
      disulfonate of a mixture of monoalkyl and dialkyl diphenyl oxides and the
      alkyl groups contain from about 10 to 16 carbon atoms.
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ABST
PAL  The production of hydrocarbons from a subterranean hydrocarbon-bearing
      formation containing acid-soluble components, such as one composed at
      least in part of dolomite or limestone, is stimulated by injecting into
      the formation a composition comprising an aqueous solution of a mineral
      acid having dissolved therein a compound hereinafter described. The
      elimination of plugging of capillary openings within the formation and
      mineral scale deposition on production equipment due to post-precipitation
      of dissolved salts subsequent to acidization by means of the said compound
      results in a substantial improvement in hydrocarbon recovery.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for stimulating the production of fluids
      from earthen formations. More particularly, this invention relates to a
      method in which the productivity of a hydrocarbon-bearing formation
      containing acid-soluble components and with or without water-sensitive
      clays or shales is improved upon treatment of the formation with an
      aqueous solution of a mineral acid and a compound as hereinafter
      described, said compound effecting the elimination of plugging of
      capillary openings due to post-precipitation of dissolved salts subsequent
      to the acidization as well as effecting elimination of mineral scale on
      production equipment such as pumps, tubing, etc. caused by such
      precipitation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The technique of increasing the permeability of a subterranean
      hydrocarbon-bearing formation and of removing obstructing acid-soluble
      mineral scale for purpose of stimulating the production of fluids
      therefrom has long been practiced in the art. One such method commonly
      employed is known as acidizing which is widely utilized in treating
      subsurface acid-soluble geological formations, e.g., limestone, dolomite,
      etc. The technique is not limited to application in formations of high
      acid solubility. Sandstone and gypsum-containing formations may require
      acidization if the produced water is unstable with respect to CaCO.sub.3.
      In the usual well-acidizing procedure, a non-oxidizing mineral acid is
      introduced into the well and under sufficient pressure is forced into the
      adjacent subterranean formation where it reacts with formation components,
      and deposited mineral scale, particularly the carbonates such as calcium
      carbonate, magnesium carbonate, etc., to form the respective salt of the
      acid, carbon dioxide and water. The usual mineral acid employed in such
      acidization procedures is hydrochloric acid.
PAR  During the acidizing process passageways for fluid flow are created or
      existing passageways therein are enlarged thus stimulating the production
      of oil, water, brines and various gases. If desired, the acidization may
      be carried out at an injection pressure sufficiently great to create
      fractures in the strata or formation which has the desired advantage of
      opening up passageways into the formation along which the acid can travel
      to more remote areas from the well bore. The salt formed upon
      neutralization of the acid is extensively water soluble and is readily
      removed by reverse flow from the formation via the well bore.
PAR  There are, however, troublesome complications attending the use of
      hydrochloric acid or other similar nonoxidizing mineral acids. In the
      acidizing process, the following primary beneficial reaction occurs:
      CaCO.sub.3 + 2HCl.fwdarw. CaCl.sub.2 + H.sub.2 O + CO.sub.2. Under the
      higher pressure required to conduct an acidization, the CO.sub.2 is
      dissolved in the reaction mixture consisting of spent acid and connate
      water: CO.sub.2 + H.sub.2 O.revreaction.H.sub.2 CO.sub.3
      .revreaction.H.sup.+ + HCO.sub.3.sup.- .revreaction.2H.sup.+ +
      CO.sub.3.sup.=. The equilibria may be summarized and written:
      ##EQU1##
PAR  After acidization is completed, the well is often back-flowed in the case
      of a water injection well (in order to clean out formation and tubing) and
      put back on production in the case of a producing oil or gas well. In both
      cases, pressure diminishes, CO.sub.2 breaks out of solution, inducing
      CaCO.sub.3 to precipitate. Such precipitation, when it occurs within the
      capillaries of a tight formation or on the tubing or annulus as a mineral
      scale, can severely lessen production or injection rate by plugging such
      capillaries or well equipment.
PAR  It is known that molecularly dehydrated polyphosphates are effective in
      retarding CaCO.sub.3 precipitation. These polyphosphates are
      unsatisfactory in the method of the present invention because they undergo
      rapid hydrolysis in the presence of the mineral acid component required in
      the method of the present invention. As a result, the scale inhibiting
      properties of these polyphosphates are destroyed. In addition, one
      hydrolytic reaction product, the phosphate ion (PO.sub.4.sup.-.sup.3), can
      precipitate with calcium .sup.+.sup.2 or barium .sup.+.sup.2 ions present
      in the produced water, causing additional plugging or scale deposition,
      further aggravating the problem. The so-called "glassy" phosphates are
      known scale inhibitors. However, these glassy phosphates are
      unsatisfactory because of their slight solubility in acidic media and the
      tendency to form objectionable hydrolytic reaction products.
PAR  It is also known to employ various organic polymers to prevent the
      precipitation of mineral salts. Many of these polymeric materials are
      unstable in mineral acids. In such acidic media they undergo spontaneous
      depolymerization to an ineffective species. A representative polymeric
      material which undergoes such hydrolysis in the presence of acids is
      polyacrylamide. In addition, this polymer has a further disadvantage in
      that it is unstable in aqueous media at temperatures of about
      250.degree.F. and upwards. Many wells that may be treated by the method of
      the present invention have bottom hole temperatures of
      250.degree.-300.degree.F. or higher.
PAR  The chemically altered natural polymers and natural polymers themselves,
      are effective inhibitors to prevent the precipitation of mineral salts.
      However, some materials such as sodium carboxymethylcellulose precipitate
      or decompose in the presence of mineral acids. Other known sequestering
      agents such as citric or tartaric acids, and/or complexing agents such as
      ethylenediaminetetraacetic acid and its watersoluble salts are known
      inhibitors to prevent the deposition of boiler scale in aqueous media.
      However, such materials are not applicable in the method of the present
      invention because they are not appreciably surface active and do not
      adsorb on the formation face.
PAR  It is therefore, the principal object of the present invention to overcome
      the defects of the prior art in acidizing fluid bearing formations such as
      hydrocarbon-bearing formations, etc., by providing a method of acidization
      employing the novel composition of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention encompasses and includes a method of increasing the
      production of fluids from a subterranean fluid-bearing formation having
      present acid-soluble components comprising injecting down the well bore to
      said formation and therefrom into said formation under a pressure greater
      than the formation pressure an aqueous acidizing composition hereinafter
      more fully described, maintaining said composition in contact with the
      formation strata for a time sufficient for the acid to chemically react
      with the acid-soluble components of the formation and/or acid-soluble
      mineral scale deposited on production equipment, to etch or enlarge
      passageways through the strata and remove the scale and thereby increase
      substantially the flow capacity of the said subterranean formation.
PAR  The novel aqueous acidizing composition of this invention comprises an
      aqueous solution of a non-oxidizing mineral acid, such as hydrochloric or
      sulfuric acid, having dissolved therein a compound hereinafter described.
      The concentration of acid present in the subject composition is such that
      it is capable of reacting with the acid-soluble components of the
      fluid-bearing strata.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In its broadest embodiment the method of the present invention comprises
      introducing into a subsurface formation containing acid-soluble components
      an aqueous acid solution of a compound hereinafter described, wherein the
      said solution is maintained in contact with the formation for a time
      sufficient to chemically react with the formation and/or acid-soluble
      mineral scale deposited on production equipment so as to increase
      substantially the flow capabilities of the formation and to release carbon
      dioxide concomitantly whereby a beneficial effect due to the mutual
      miscibility of carbon dioxide in the fluid phases is realized as a
      reduction in viscosity and retentive capillary forces, while another
      beneficial effect is realized in the form of increased formation energy,
      due to the pressure generated by the released carbon dioxide.
PAR  An advantage resulting from the employment of the method of this invention
      in acidizing fluid-bearing formations is that the post-precipitation of
      dissolved carbonates is prevented or materially decreased. Such
      post-precipitation occurs because of the nature of the dissolution
      reaction:
EQU  Ca(HCO.sub.3).sub.2 .revreaction.CaCO.sub.3 + H.sub.2 O + CO.sub.2 .uparw..
PAL  when pressure is released so that spent reaction products from the
      acidization process can be removed, carbon dioxide gas can break out of
      solution, causing post-precipitation of calcium carbonate. Such
      post-precipitation occurring within the formation matrix near the bore
      hole can decrease permeability by plugging the formation capillaries,
      particularly those near the well bore, and result in a lower production
      rate. Furthermore, such post-precipitation can occur in the tubing or
      annulus of the well itself and manifest itself as mineral scale, reducing
      their diameter(s) and resulting in a lower production rate.
PAR  The compound useful in preparing the aqueous acidic solution of the present
      invention is a water-soluble sulfonated, ethoxylated, alkylphenol, having
      the following general formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is alkaryl, containing from about 6 to 18 carbon atoms in the
      alkyl portion thereof, n is a number from one to 10 including fractions,
      and A.sup.+ is a monovalent cation such as sodium, potassium or ammonium,
      including mixtures.
PAR  Representative examples useful in the practice of the invention include the
      straight and branched chain alkylphenols such as the hexyl-, isohexyl-,
      heptyl-, octyl-, isooctyl-, nonyl-, decyl-, dodecyl-, tridecyl-,
      tetradecyl-, and hexadecyl-, species, containing one or more ethoxy groups
      attached to the alkylphenols; for example, the di-, tri-, tetra-, penta-,
      hexa-, octa-, nona-, and decaethoxy compounds which have been sulfonated.
      A preferred group of compounds include the sodium and ammonium salts of
      sulfonated C.sub.8 -C.sub.16 alkylphenols containing from about 3 to about
      10 ethoxy groups therein.
PAR  Preferably the aqueous acid composition of this invention is one comprising
      an aqueous solution which may include brine and from about 0.5 to about
      28%, preferably 3 to 15% by weight of a non-oxidizing mineral acid, such
      as hydrochloric acid and which contains therewith between from about 0.005
      to about 2% preferably from about 0.05 to about 1% by weight of the
      aforesaid compound.
PAR  Generally, the aqueous acidic solution will contain an inhibitor to prevent
      or greatly reduce the corrosive attack of the acid on metal. Any of a wide
      variety of compounds known in the art and employed for this purpose can be
      used, e.g., certain compounds of arsenic, nitrogen or sulfur as described
      by Grebe et.al. in U.S. Pat. No. 1,877,504. The amount of the inhibitor
      utilized is not highly critical and it may be varied widely. Usually this
      amount is defined as a small but effective amount, e.g., from 0.02 to
      about 2.0% by weight.
PAR  In carrying out the method of this invention, a solution containing the
      desired amount of the non-oxidizing mineral acid dissolved in water is
      first prepared. An inhibitor to prevent corrosion of acid on the metal
      equipment associated with the well is usually added with mixing in the
      next step. The compound in an amount within the stated concentration range
      is then admixed with the aqueous acid solution. The thus-prepared acid
      solution is forced, usually via a suitable pumping system, down the well
      bore and into contact with the production equipment and formation to be
      treated. As those skilled in the art will readily understand, the pressure
      employed is determined by the nature of the formation, viscosity of the
      fluid, and other operating variables. The acidization method of this
      invention may be carried out at a pressure sufficient merely to penetrate
      the formation or it may be of sufficient magnitude to overcome the weight
      of the overburden and create fractures in the formation. Propping agents
      to prop open the fractures, as created, for example 20 to 60 mesh sand, in
      accordance with known fracturing procedures, may be employed in admixture
      with the aqueous acidic solution. Generally, it is advisable to allow the
      aqueous acid solution to remain in contact with the formation and
      production equipment until the acid therein has been substantially
      depleted by reaction with the acid-soluble components of the formation and
      the deposited scale. After this, the substantially spent treating solution
      is reversed out of the well, i.e., it is allowed to flow back out or to be
      pumped out of the formation. Further, as those skilled in the art will
      understand, the concentrations of the compound and acid components should
      be chosen to provide an acidizing fluid of the desired rheological
      properties.
PAR  In the method of this invention, the compound of the composition provides
      means whereby calcium ions having tendencies to precipitate as CaCO.sub.3
      from a supersaturated solution of CaCO.sub.3 or Ca(HCO.sub.3).sub.2 that
      is produced by reaction of the acid component with the formation, or
      previously deposited acid-soluble mineral scale combine with the compound
      moiety to form a highly stable complex therein so that solid calcium
      carbonate does not precipitate from the spent treating solution. This
      binding up of the aforementioned calcium ions from weakly ionizable
      compounds permits the formed complex to remain dissolved in the treating
      solution and pass through the formation pores and production equipment.
PAR  Further, the compound component of the aqueous acidic solution of the
      invention provides means whereby the nucleation and growth of the solid
      itself is thwarted, so that solid calcium carbonate does not precipitate
      from the spent treating solution.
PAR  Finally, the compound provides means whereby continuous protection against
      post-precipitation of CaCO.sub.3 is obtained for a considerable period of
      time subsequent to treatment due to continuous slow desorption of the
      component from the formation surfaces. In contrast, use of surfactants
      having merely dispersant and suspending properties and not possessing the
      capability of molecularly binding up these produced calcium ions or
      thwarting the nucleation and growth of the solid CaCO.sub.3 will permit
      deposition of calcium carbonate to occur from such treating solution with
      the likelihood of plugging the formation passageways and production
      equipment during subsequent recovery of desirable formation hydrocarbons
      therethrough.
PAR  If desired, one can also add to the aqueous acidic solution containing the
      compound a polymeric material to retard the acid components tending to
      attach the calcareous components of the formation. Suitably, a
      polyvinylpyroolidone, as more particularly described in U.S. Pat. No.
      3,749,169, issued July 31, 1973, is particularly desirable and the
      disclosure of said patent is herein incorporated by reference.
PAR  Following is a description by way of example of the method of the
      invention.
DETD
PAC  EXAMPLE I
PAR  A producing well in East Texas can be treated in the following manner.
PAR  A treating mixture is prepared by mixing 10 barrels of salt water
      containing about 2.6% sodium chloride and 12 barrels of 28 % by weight
      aqueous hydrochloric acid. There is added thereto 0.1 barrel of the sodium
      salt of sulfonated pentaethoxy dodecylphenol.
PAR  The treating mixture is squeezed in the formation at a rate of about 1/2
      BPM at 450 psig. The shut-in tubing pressure is 450 psig which is bled
      down to zero in a short time. The well can then be returned to production.
PAC  EXAMPLE II
PAR  A treating mixture is prepared from 10 barrels of salt water (2.6% sodium
      chloride) and 10 barrels of 15% by weight aqueous hydrochloric acid
      solution containing 0.2 barrel of the same compound. The aqueous acidic
      solution is injected into the producing formation in the manner
      approximating that used in Example I. Thereafter 20 barrels of water are
      used to overflush the treated formation by injection down the tubing,
      followed by injection of 10 barrels of water down the casing. The well is
      then able to be returned to production.
PAC  EXAMPLE III
PAR  The aqueous acidic solution of Example II is injected into another
      producing formation. An overflush of 10 barrels of water is used to force
      the aqueous acidic solution into the formation by injection down the
      tubing. The well is able to be returned to production.
PAC  EXAMPLES IV-XII
PAR  The procedure set forth in Examples I-III above is repeated using:
PAR  Examples IV - VI - Sodium salt of sulfonated pentaethoxy nonylphenol.
PAR  Examples VII- IX - Sodium salt of sulfonated pentaethoxy
      m-pentadecylphenol.
PAR  Examples X - XII - Sodium salt of sulfonated heptaethoxy
      m-pentadecylphenol.
PAR  It is significant that the compound is effective in the presence of high
      calcium ion concentrations to 1% by weight or more, and particularly and
      somewhat uniquely in applications where high aqueous solution temperatures
      are encountered such as above 100.degree.C.
PAR  The compositions used in the present invention are stable even in the
      presence of Laboratory acids. Laboroatory thermal stability tests reveal
      the compound used in Example I above remains 97% active after exposure of
      its aqueous solution to a temperature of 177.degree.C. for 5 days.
      Furthermore, after 3 hours exposure to 13% sulfuric acid at 177.degree.C.,
      the compound remained 79.5% active.
PAR  The disclosed compositions may be prepared in the following manner:
PAR  The polyethoxy alkylphenol is treated with thionyl chloride for about 18
      hours at about 100.degree.C., to form the monochloro derivative, followed
      by reaction of said monochloro derivative with sodium sulfite for about 18
      hours at about 155.degree.C., in a 1/1 by volume admixture of water and
      ethanol in Paar Bomb. The resulting recovered sulfonated product, on
      analysis, showed about 75% sulfonation of the terminal ethoxy group. This
      method of preparation is exemplary only, but was the method employed to
      prepare the tested compositions. Those skilled in the art may perceive
      other synthetic schemes. For example, a sulfated ethoxylated alkylphenol
      may be treated with sodium sulfite at 200.degree.C. for about 10-12 hours,
      resulting in relatively high yields (75-80%) of the desired sulfonated
      ethoxylated alkylphenol. Direct reaction of the ethoxylated alkylphenol
      and mixtures thereof with such reagents as sulfuric acid or chlorosulfonic
      acid results in sulfation.
PAR  Obviously, other modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof and therefore only such limitations should be imposed as are
      indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of increasing the production of fluids from a subterranean
      fluid-bearing formation having present therein acid-soluble components
      comprising injecting down the well bore penetrating said formation and
      injecting therefrom into said formation under a pressure greater than the
      formation pressure, an aqueous acidic solution containing from about 0.5
      to about 28% by weight of a mineral acid having a compound therein in an
      amount of from about 0.005 to about 2% by weight, said compound being a
      water soluble sulfonated, ethoxylated compound having the general formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3.sup.- A.sup.+
PAL  wherein R is alkaryl, containing from about 6 to 18 carbon atoms in the
      alkyl portion thereof, n is a number from one to about 10, including
      fractions, and A.sup.+  is a monovalent cation selected from the group
      sodium, potassium, and ammonium, including mixtures, maintaining said
      solution in contact with the formation and production equipment for a time
      sufficient for the acid component to chemically react with the
      acid-soluble components of the formation to etch passageways therethrough
      thereby increasing substantially the flow capacity of the said
      subterranean formation and whereby said sulfonated, ethoxylated compound
      component is effective to prevent the formation of insoluble calcium
      compounds or the precipitation of calcium carbonate from the acid-spent
      solution.
NUM  2.
PAR  2. Method as claimed in claim 1, wherein said compound is present in said
      aqueous acidic solution in an amount of from about 0.05 to about 1% by
      weight.
NUM  3.
PAR  3. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated pentaethoxy dodecylphenol.
NUM  4.
PAR  4. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated pentaethoxy m-pentadecylphenol.
NUM  5.
PAR  5. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated heptaethoxy m-pentadecylphenol.
NUM  6.
PAR  6. Method as claimed in claim 1, wherein said acid is present in the
      solution in an amount of from about 3 to about 15% by weight.
NUM  7.
PAR  7. Method as claimed in claim 1, wherein said acid is hydrochloric acid.
NUM  8.
PAR  8. Method as claimed in claim 1, wherein said acid is sulfuric acid.
NUM  9.
PAR  9. Method as claimed in claim 1, wherein said formation is a
      hydrocarbon-bearing formation.
NUM  10.
PAR  10. Method as claimed in claim 1, wherein the said aqueous acidic solution
      is injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure and sufficient to create fractures in
      the formation.
NUM  11.
PAR  11. Method as claimed in claim 1, wherein the said aqueous acidic solution
      is injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure but less than the pressure required to
      create fractures in the formation.
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ABST
PAL  The production of hydrocarbons from a subterranean hydrocarbon-bearing
      formation is stimulated by injecting into the formation an aqueous
      solution of a compound hereinafter described. The elimination of plugging
      of capillary openings within the formation and mineral scale deposition on
      production equipment due to post-precipitation of dissolved salts
      subsequent to treatment by means of the compound results in the
      substantial improvement in hydrocarbon recovery.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for stimulating the production of fluids
      from earthen formations. More particularly, this invention relates to a
      method in which the productivity of a hydrocarbon-bearing formation is
      improved upon treatment of the formation with an aqueous solution of a
      compound later described, said compound effecting the elimination of
      plugging of capillary openings due to post-precipitation of sparingly
      soluble salts, effecting elimination of mineral scale on production
      equipment such as pumps, tubing, etc., caused by such precipitation, and
      effecting enhanced oil recovery by reduction of retentive forces of
      capillarity.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The technique of increasing the deliverability of a subterranean
      hydrocarbon-bearing formation by injection of water and thereby
      stimulating the production of fluids therefrom has long been practiced in
      the art. The technique is applicable in both limestone and sandstone. In
      the usual treatment procedure, the aqueous medium is introduced into the
      well and under sufficient pressure is forced into the adjacent
      subterranean formation where it dissolves formation components,
      particularly the carbonates such as calcium carbonate and magnesium
      carbonate.
PAR  During the stimulation process passageways for fluid flow are created or
      existing passageways therein are enlarged thus stimulating the production
      of oil, water, brines and various gases. If desired, the stimulation may
      be carried out at an injection pressure sufficiently great to create
      fractures in the strata or formation which has the desired advantage of
      opening up passageways into the formation along which the aqueous medium
      can travel to more remote areas from the well bore.
PAR  There are, however, troublesome complications attending the use of this
      process. After stimulation is completed, the well is put back on
      production. The sparingly soluble carbonates, dissolved at the higher
      reservoir temperatures, may re-precipitate as temperature and hence
      solubility decrease. Such precipitation, when it occurs within the
      capillaries of a tight formation or on the tubing or annulus as a mineral
      scale, can severely lessen production rate by plugging such capillaries or
      well equipment. In actual practice, the short-lived effectiveness of some
      stimulations is attributed to salt redeposition.
PAR  In addition, with the exception of increasing the drainage area, and
      therefore the average permeability by matrix dissolution or hydraulic
      fracturing, little benefit is obtained. The complete immiscibility of the
      oil in the water and the retentive forces of capillarity which maintain
      the oil in the matrix severely limit the production of incremental oil by
      mere injection of water alone.
PAR  It is therefore, the principal object of the present invention to overcome
      the defects of the prior art in treating fluid-bearing formations such as
      hydrocarbonbearing formations, etc., by providing a method of and
      composition for stimulation employing the novel composition of this
      invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention encompasses and includes a method for increasing the
      production of fluids from a subterranean fluid-bearing formation
      comprising injecting down the well bore to said formation and therefrom
      into said formation under a pressure greater than the formation pressure
      an aqueous solution of a compound hereinafter more fully described,
      optionally containing a propping agent therewith, maintaining said aqueous
      solution in contact with the formation strata for a time sufficient for
      the compound to chemically interact with the components of the formation.
PAR  The novel method of this invention uses an aqueous solution having
      dissolved therein a compound hereinafter described. The concentration of
      the compound present in the aqueous solution is such that it is capable of
      interacting with the soluble components of the fluid-bearing strata so as
      to prevent reprecipitation of sparingly soluble salts and enhance oil
      production by reducing retentive forces of capillarity.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In its broadest embodiment the method for the present invention comprises
      introducing into a subsurface formation an aqueous solution of a compound
      hereinafter described wherein the said solution is maintained in contact
      with the formation for a time sufficient to chemically interact with the
      formation so as to increase substantially the oil-producing efficiency of
      the formation by reducing interfacial tension and hence retentive forces
      of capillarity. The selection of the correct compound to effect such a
      reduction in interfacial tension is based upon the formation water
      salinity, hardness, temperature and other operating variables. This
      selection may be made basis laboratory displacement tests.
PAR  An advantage resulting from the employment of the method of this invention
      in stimulating fluid-bearing formations is that the post-precipitation of
      dissolved carbonates is prevented or materially decreased. Such
      post-precipitation occurs because the salts become less soluble as
      temperatures decrease. Such a decrease occurs as the fluids near the
      production equipment. Such postprecipitation occurring within the
      formation matrix near the bore hole can decrease permeability by plugging
      the formation capillaries, particularly those near the well bore, and
      result in a lower production rate. Furthermore, such post-precipitation
      can occur in the tubing or annulus of the well itself and manifest itself
      as mineral scale, reducing their diameter(s) and resulting in a lower
      production rate.
PAR  The compound used in preparing the aqueous solution of the present
      invention is a water-soluble sulfonated, ethoxylated, alkylphenol, having
      the following general formula:
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is alkaryl, containing from about 6 to 18 carbon atoms in the
      alkyl portion thereof, n is a number from one to 10 including fractions,
      and A.sup.+ is a monovalent cation such as sodium, potassium or ammonium,
      including mixtures.
PAR  Representative examples useful in the practice of the invention include the
      straight and branched chain alkylphenols such as the hexyl-, isohexyl-,
      heptyl-, octyl-, isooctyl, nonyl-, decyl-, dodecyl-, tridecyl-,
      tetradecyl-, and hexadecyl-, species, containing one or more ethoxy groups
      attached to the alkylphenols; for example, the di-, tri-, tetra-, penta-,
      hexa-, octa-, nona-, and decaethoxy compounds which have been sulfonated.
      A preferred group of compounds include the sodium and ammonium salts of
      sulfonated C.sub.8 -C.sub.16 alkylphenols containing from about 3 to about
      10 ethoxy groups therein.
PAR  The concentration of the compound in the aqueous solution can vary from
      about 0.005 to about 2% by weight, preferably from about 0.05 to about 1%
      by weight.
PAR  In carrying out the method of this invention an aqueous solution is
      prepared by mixing the compound with water at the desired concentration.
      The thus-prepared aqueous solution is forced, usually via a suitable
      pumping system, down the well bore and into contact with the production
      equipment and formation to be treated. As those skilled in the art will
      readily understand, the pressure employed is determined by the nature of
      the formation, viscosity of the fluid, and other operating variables. The
      stimulation method of this invention may be carried out at a pressure
      sufficient merely to penetrate the formation or it may be of sufficient
      magnitude to overcome the weight of the overburden and create fractures in
      the formation. Propping agents, to prop open the fractures as created, for
      example 20 to 60 mesh sand, in accordance with known fracturing
      procedures, may be employed in admixture with the aqueous solution of the
      compound. The solution is best kept in contact with the formation and
      production equipment until the compound can adsorb upon the formation
      matrix. After this, the well is returned to production.
PAR  In the method of this invention, the compound in the aqueous solution
      provides means whereby calcium ions having tendencies to precipitate as
      CaCO.sub.3 or CaSO.sub.4 from a super-saturated solution of CaCO.sub.3,
      Ca(HCO.sub.3).sub.2 or CaSO.sub.4 that is produced by the reaction of the
      aqueous system with the formation, does not precipitate from the spent
      treating solution. This binding up of the aforementioned calcium ions from
      weakly ionizable compounds permits the formed calcium-compound complex to
      remain dissolved in the treating solution and pass through the formation
      pores and production equipment.
PAR  Further, the compound of the invention provides means whereby the
      nucleation and growth of the solid itself is thwarted, so that solid
      calcium carbonate does not precipitate from the spent treating solution.
PAR  Further, the compound of the invention provides means whereby continuous
      protection against post-precipitation of CaCO.sub.3, or CaSO.sub.4 is
      obtained for a considerable period of time subsequent to treatment due to
      continuous slow desorption of the component from the formation surfaces.
      In contrast, use of surfactants having merely dispersant and suspending
      properties and not possessing the capability of molecularly binding up
      these produced calcium ions or thwarting the nucleation and growth of the
      solid CaCO.sub.3 will permit deposition of calcium carbonate or calcium
      sulfate to occur from such treating solution with the likelihood of
      plugging the formation passageways and production equipment during
      subsequent recovery of desirable formation hydrocarbons therethrough.
      Finally, the compound of the invention reduces the retentive forces of
      capillarity within the formation providing enhanced oil recovery over
      treatment with water alone.
PAR  Following is a description by way of example of the method of the invention
     .
DETD
PAC  EXAMPLE I
PAR  A producing well in the Lincoln Southeast Field is treated in the following
      manner.
PAR  A treating mixture is prepared by mixing 10,000 gallons of source pond
      water containing about 200,000 ppm of total dissolved solids with 100
      gallons of the compound, sulfonated pentaethoxy nonylphenol, sodium salt.
      Fifteen thousand pounds of frac sand is added to the aqueous surfactant
      admixture. The treating mixture is introduced into the formation at a rate
      of about 7 BPM at 3000 psig. The shut-in tubing pressure is 2500 psig
      which bled down to zero in a short time. The well is shut in for 13 hours
      and then returned to production. Estimated production rate increase is
      from 50 BOPD to 300 BOPD.
PAC  EXAMPLES II-IV
PAR  The procedure of Example I is repeated using
PAR  Example II - Sulfonated pentaethoxy dodecylphenol, sodium salt.
PAR  Example III - Sulfonated pentaethoxy pentadecylphenol, sodium salt.
PAR  Example IV - Sulfonated heptaethoxy pentadecylphenol, sodium salt.
PAR  It is significant that the compounds are effective in the presence of high
      calcium ion concentrations to 1% by weight or more, and particularly and
      somewhat uniquely in applications where high aqueous solution temperatures
      are encountered such as above 100.degree.C. Laboratory tests reveal the
      compound of Example II remained 97.5% active after exposure of its aqueous
      solution of a temperature of 177.degree.C. for 5 days.
PAR  The disclosed compositions may be prepared in the following manner:
PAR  The polyethoxy alkylphenol is treated with thionyl chloride for about 18
      hours at about 100.degree.C., to form the monochloro derivative, followed
      by reaction of said monochloro derivative with sodium sulfite for about 18
      hours at about 155.degree.C., in a 1/1 by volume admixture of water and
      ethanol in a Paar Bomb. The resulting recovered sulfonated product, on
      analysis, showed about 75% sulfonation of the terminal ethoxy group. This
      method of preparation is exemplary only, but was the method employed to
      prepare the tested compositions. Those skilled in the art may perceive
      other synthetic schemes. For example, a sulfated ethoxylated alkylphenol
      may be treated with sodium sulfite at 200.degree.C. for about 10-12 hours,
      resulting in relatively high yields (75-80%) of the desired sulfonated
      ethoxylated alkylphenol. Direct reaction of the ethoxylated alkylphenol
      and mixtures thereof with such reagents as sulfuric acid or chlorosulfonic
      acid results in sulfation.
PAR  Obviously, other modifications and variations of the invention as
      hereinbefore set forth may be made without departing from the spirit and
      scope thereof and therefore only such limitations should be imposed as are
      indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of increasing and sustaining the production of fluids from a
      subterranean fluid-bearing formation comprising injecting down the well
      bore penetrating said formation and injecting therefrom into said
      formation under a pressure greater than the formation pressure, an aqueous
      solution consisting essentially of water and a sulfonated, ethoxylated
      compound having the general formula:
EQU  R(OCH.sub.2 CH.sub.2).sub.n SO.sub.3 .sup.-A.sup.+
PAL  wherein R is alkaryl, containing from about 6 to about 18 carbon atoms in
      the alkyl portion thereof, n is a number from one to about 10 including
      fractions, and A.sup.+ is a monovalent cation selected from the group
      sodium, potassium, and ammonium, including mixtures.
NUM  2.
PAR  2. Method as claimed in claim 1, wherein said compound is present in said
      aqueous solution in an amount of from about 0.05 to about 1% by weight.
NUM  3.
PAR  3. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated pentaethoxy dodecylphenol.
NUM  4.
PAR  4. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated pentaethoxy m-pentadecylphenol.
NUM  5.
PAR  5. Method as claimed in claim 1, wherein said compound is the sodium salt
      of sulfonated heptaethoxy m-pentadecylphenol.
NUM  6.
PAR  6. Method as claimed in claim 1, wherein a frac sand is also present in
      said solution.
NUM  7.
PAR  7. Method as claimed in claim 1, wherein the said aqueous solution is
      injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure and sufficient to create fractures in
      the formation.
NUM  8.
PAR  8. Method as claimed in claim 1, wherein the said aqueous solution is
      injected down the well bore penetrating said formation under a pressure
      greater than the formation pressure but less than the pressure required to
      create fractures in the formation.
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ABST
PAL  The fire extinguishing apparatus for oxy-acetylene welding assemblies
      having a cylinder having a free floating piston, over the actuator of a
      release valve, mountable at one end of a pressurized bottle containing a
      fire extinguishing fluid and connectable at its opposite end to an oxygen
      return line and a valve assembly connectable between the oxygen line and
      the torch, the valve assembly has a through passage for enabling passage
      of oxygen from the oxygen line to the torch and an intersecting passage
      having a manually operated shut-off valve intersecting the through passage
      at one end and having means at its opposite end for connection to the
      oxygen return line to the bottle of extinguishing fluid for enabling
      pressurized oxygen to flow to the cylinder and move the piston into
      operating engagement with the actuator of the release valve so as to
      release the fire extinguishing fluid therefrom. A discharge hose is
      extended from the fire extinguishing fluid bottle to the operator of the
      welding torch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to fire extinguishing devices.
PAR  2. Prior Art
PAR  Due to the dangers inherent in the use of welding torches in the
      construction and repair of structures where inflammable material is near
      or at the area in which the welding torch is to be used it is generally
      incumbent upon the welder to carry a fire extinguisher with him.
PAR  In areas in which access is difficult, for instance in large ships and the
      like, the oxygen and acetylene bottles can be located remote from the area
      in which the welding is to be done as the oxygen and acetylene hoses can
      be extended for any reasonable length.
PAR  The carrying of a fire extinguisher quite often proves very troublesome and
      in very close quarters might have to be located some distance away from
      the point of welding which thus, invariably, causes some delay as it
      necessitates the welder to shut off his torch, return to the fire
      extinguisher and carry it to a point where he can apply the extinguishing
      fluid to the fire. In some instances where movement may be difficult and
      slow, a delay can result in the fire getting out of hand to such an extent
      that it cannot be extinguished by the conventional extinguisher.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides fire extinguishing apparatus which enables a
      welder to open, through the mediacy of controls at his torch, a
      pressurized bottle of fire extinguishing fluid located at a distance
      remote from his torch and convey the extinguishing fluid thus released
      through a discharge hose which can be located near him so that if a fire
      should start he can extinguish it while it is still in its incipient
      stage.
PAR  The apparatus of the present invention is adapted to be used with an
      oxy-acetylene welding assembly having a welding torch provided with
      couplings for connection to pressurized lines extending from a source of
      oxygen and acetylene and operative shut-off valves on the torch for
      controlling the issuance of oxygen and acetylene therefrom and a
      pressurized bottle of fire extinguishing fluid having a valve assembly
      provided with a discharge port and a possible actuator for releasing the
      fluid through the port, the apparatus includes a cylinder connectable at
      one end to the extinguishing bottle over the actuator therein and
      connectable at its opposite end to a return oxygen line, a piston freely
      slides within the cylinder and is adapted to engage the actuator of the
      extinguishing bottle, a valve assembly connectable between the oxygen line
      from the oxygen bottle and the torch the valve assembly having a through
      passage for enabling the passage of the oxygen to the torch, an
      intersecting passage intersecting, at one end, the through passage and
      having at its opposite end means for coupling the intersecting passage to
      a return oxygen line to the extinguishing bottle and a normally-closed,
      manually operated valve in intersecting passage adapted when opened to
      release pressurized oxygen to the oxygen return line to the cylinder so as
      to move the piston into operating engagement with the actuator of the
      extinguishing bottle, and a discharge line connectable at one end to the
      discharge port of the extinguishing bottle, and a discharge line
      connectable at one end to the discharge port of the extinguishing fluid
      bottle so as to enable discharge of extinguishing fluid at a point remote
      from the fire extinguishing bottle.
PAR  A detailed description following, related to the drawings, gives
      exemplification of apparatus and method according to the invention which,
      however, is capable of expression in method and means other than those
      particularly described and illustrated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic view showing fire extinguishing apparatus of the
      invention connected to welding apparatus,
PAR  FIG. 2 is a central sectional view of a piston-cylinder assembly secured to
      a discharge valve of a pressurized bottle of fire extinguishing fluid,
PAR  FIG. 3 is a central sectional view of a manually operated valve assembly
      connectable to a welding torch.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings and in particular to FIG. 1, which shows
      diagrammatically, the fire extinguishing apparatus of the invention in
      association with oxy-acetylene welding equipment, the numeral 10
      designates a welding torch normally connected by couplings 11 and 12 to
      oxygen and acetylene lines 13 and 14, respectively, which are extended to
      pressurized sources of both gases, conventionally pressurized bottles, not
      shown, which are, conventionally, carried on a cart, not shown, for easy
      transportation. The torch, conventionally, has a mixing chamber 15 into
      which flow of oxygen and acetylene is controlled by a manually operated
      valves 16 and 17.
PAR  Referring to FIGS. 1 and 2, a conventional pressure bottle 19 containing a
      pressurized fire extinguishing fluid which can be gaseous or a liquid is
      used in conjunction with the invention. Release of the extinguishing agent
      from the pressure bottle is effected by operation of a known,
      conventional, valve assembly 21 secured thereto. The valve assembly 21 has
      a discharge tube 22 provided with a coupling 23 for the connection of a
      hose thereto and a spring closed valve, not shown, which has a valve stem
      26 which, when depressed, permits release of the agent from the bottle.
      Normally the upper end 27 of the valve assembly 21 is threaded.
PAR  The apparatus of the invention, proper, includes a piston and cylinder
      assembly 31 which is securable to the valve assembly 21 which when subject
      to a pressurized gas can open the fire extinguisher bottle; and a manually
      operated valve assembly 32, see FIG. 3, which is connected between the
      torch and oxygen line and piston and cylinder assembly 31 for pressurizing
      the piston and cylinder assembly.
PAR  Referring to FIG. 2, the piston and cylinder assembly has a cylinder 33
      which is threaded at its lower end 34 for making threaded connection with
      the upper end 27 of the valve assembly 21. The cylinder has an upper end
      wall 35 having an aperture 36 into which a hose coupling 37 is threaded. A
      piston 39 slidably and sealably fits in the cylinder for reciprocal
      movement and has a lower face 41 adapted to make contact with the valve
      stem 26. A spring 42 extending under compression between the piston and
      end wall 42.1 of the cylinder normally urges the piston upwards off the
      valve stem so as to prevent accidental opening of the fire extinguisher
      bottle. The cylinder has a relief port 43, which is of a pin-hole size, in
      the upper end wall 35.
PAR  Referring to FIG. 3, the valve assembly 32 has a main tubular portion 45
      through which extends a main passage 46. The main portion 45 is provided
      with a coupling 48, at one end, for connection to the oxygen inlet of the
      torch and is threaded at its other end for coupling to the oxygen hose
      from the source of supply of oxygen. The valve assembly 32 also has a
      branch tube 49 having a passage 51 which, at one end, intersects the main
      passage 46 and opens at its other end through a threaded end 52 of the
      branch for receiving a coupling connection. The branch tube 49 has a valve
      chamber 53 intersecting the passage 51 into which a threaded valve element
      54 having an operating handle 55 is extended for selectively opening or
      closing the passage 51 to the passage of oxygen therethrough.
PAR  Referring again to FIGS. 1 and 3, the branch passage 51 is connected in the
      coupling 55.1 to the return oxygen hose 56 and a fire discharge
      extinguishing hose 57 is connected at one end to the discharge tube of the
      valve assembly 21. The hose 57 has a nozzle 58 at its other end.
PAC  OPERATION
PAR  In setting up the apparatus the pressure bottle containing the
      extinguishing agent can be fixed to the same rack or carrier containing
      the oxygen and acetylene bottles and the oxygen and acetylene lines and
      the return oxygen and fire extinguishing hoses can be taped together as
      one compact bundle with the nozzle of the extinguisher hose positioned
      just behind the welding torch so as to be immediately available by use of
      the welder-operator.
PAR  To open the extinguisher bottle in the event of fire, the welder first
      shuts off the flow of oxygen and acetylene to the torch by suitable
      operation of the valves 16 and 17 and then opens the passage 51 which
      directs pressurized oxygen to the oxygen return hose to the piston
      cylinder assembly 31 so that the piston moves into actuating engagement
      with the valve stem and thus opens the valve assembly 21 to enable the
      extinguishing agent to pass through the fire extinguisher hose 57 and
      thence through the nozzle. As long as the passage 51 remains open the
      piston, due to pressurizing of the cylinder, will remain in its actuating
      position against the valve stem. When the valve 54 is closed to shut off
      the flow of oxygen to the cylinder, pressure drop, due to bleeding of
      oxygent through the bleed port 43, enables the valve stem and the spring
      42 to lift the piston and thus close the extinguishing bottle.
PAR  Closure and control of the extinguishing hose to the passage of the
      extinguishing agent therethrough can also be effected by manual operation
      of a closure valve 61 at the nozzle.
CLMS
STM  I claim:
NUM  1.
PAR  1. Fire extinguishing apparatus for oxy-acetylene assemblies having a
      welding torch provided with couplings for connection to pressurized lines
      extendable from a source of oxygen and acetylene and provided with
      manually operative shut-off valves for controlling the issuance of oxygen
      and acetylene therefrom and a pressurized bottle of fire extinguishing
      fluid having a valve assembly provided with a discharge port and a release
      actuator for releasing the extinguishing fluid through the port, said
      apparatus including:
PA1  a. a cylinder connectable at one end to a bottle of fire extinguishing
      fluid over the actuator therein and connectable at its opposite end to a
      return oxygen line,
PA1  b. a piston freely slidable within the cylinder adapted to be moved into
      operative engagement with the actuator of the bottle,
PA1  c. a valve assembly connectable between the oxygen line from the oxygen
      bottle and the welding torch the valve assembly having a main passage for
      enabling the passage of oxygen to the torch and an intersecting passage
      intersecting at one end, the through passage and having at its opposite
      end means for coupling to the return oxygen line and a normally closed
      manually operated valve in the intersecting passage adapted when open to
      release pressurized oxygen through the oxygen return line so as to move
      the piston into operating engagement with the actuator to enable discharge
      of the extinguishing fluid from the pressurized bottle of fire
      extinguishing fluid,
PA1  d. a discharge line connectable at one end of the discharge port of the
      extinguishing fluid bottle so as to enable discharge of the extinguishing
      fluid at a point remote from the fire extinguishing bottle.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 in which a cylinder has a bleed port for
      reducing pressure in the cylinder when the manually operated valve of the
      intersecting passage is closed so as to enable the valve of the fire
      extinguishing bottle to close.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 including a valve controlled nozzle at
      the end of the fire extinguishing discharge line for controlling the flow
      of fire extinguishing fluid from said line.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 including spring means for yieldably
      lifting the piston off the actuator when the cylinder is unpressurized.
PATN
WKU  039454410
SRC  5
APN  3714764
APT  1
ART  337
APD  19730619
TTL  Soil cultivating implements
ISD  19760323
NCL  5
ECL  1
EXP  Pellegrino; Stephen C.
NDR  4
NFG  8
INVT
NAM  van der Lely; Cornelis
STR  7, Bruschenrain
CTY  Zug
CNT  CH
INVT
NAM  VAN DER Lely; Ary
STR  10, Weverskade
CTY  Maasland
CNT  NL
PRIR
CNT  NL
APD  19720623
APN  7208616
CLAS
OCL  172 43
XCL  172 51
XCL  172 59
XCL  172543
XCL  172552
EDF  2
ICL  A01B 3300
FSC  172
FSS  42;43;51;59;105;106;114;116;523;543;111;123;395;397;400;419;427;504;675
UREF
PNO  537447
ISD  18950400
NAM  Galland et al.
OCL  172427
UREF
PNO  633750
ISD  18990900
NAM  Aucoin
XCL  172552
UREF
PNO  1506042
ISD  19240800
NAM  Baver
OCL  172 43
UREF
PNO  1791812
ISD  19310200
NAM  Harrison
UCL  172 42
UREF
PNO  2544747
ISD  19510300
NAM  Bolongaro
XCL  172 42
UREF
PNO  2764077
ISD  19560900
NAM  Pertics et al.
OCL  172 59
UREF
PNO  3032121
ISD  19620500
NAM  Carter
XCL  172556
UREF
PNO  3084748
ISD  19630400
NAM  Heeren et al.
XCL  172523
UREF
PNO  3220488
ISD  19651100
NAM  Becker
XCL  172543
UREF
PNO  3419086
ISD  19681200
NAM  Giusti et al.
OCL  172523
UREF
PNO  3774688
ISD  19731100
NAM  VAN DER Lely et al.
OCL  172 39
FREF
PNO  695,991
ISD  19301000
CNT  FR
OCL  172 42
FREF
PNO  1,048,060
ISD  19581200
CNT  DT
OCL  172 42
FREF
PNO  1,129,750
ISD  19620500
CNT  DT
OCL  172 42
LREP
FRM  Mason, Mason & Albright
ABST
PAL  A cultivator for pedestrian operation which has rotatable soil working
      members mounted on upright shafts and a rear supporting member with
      driving means that both rotates the soil working members as well as the
      rear supporting member to operate and propel the implement. A forward
      supporting member is pivoted to the frame and can be adjusted about a
      horizontal axis to regulate soil working depths and for transport.
      Preferably, the rear and forward supporting members are each rotatable and
      pivoted to the frame to turn about a common axis. These members are
      articulated by arms to an upright spindle that can be turned to
      simultaneously move the supporting members vertically. The rear supporting
      member has elongated rods with bends intermediate their ends to form a
      soil smoothing member.
BSUM
PAR  According to one aspect of the invention, there is provided a soil
      cultivating implement of the kind set forth, wherein means are provided
      for mechanically driving the supporting member.
DRWD
PAR  For a better understanding of the invention, and to show how the same may
      be carried into effect, reference will now be made, by way of example, to
      the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a cultivating implement or cultivator in
      accordance with the invention,
PAR  FIG. 2 is a plan view of the implement of FIG. 1 but with the omission of a
      fuel tank and certain parts associated with an engine,
PAR  FIG. 3 is a side elevation substantially corresponding to FIG. 1 but with
      the omission of the same parts as are missing from FIG. 2,
PAR  FIG. 4 is a section to an enlarged scale, taken on line IV--IV of FIG. 2,
PAR  FIG. 5 is a section taken on the line V--V of FIG. 4,
PAR  FIG. 6 is a side elevation illustrating an alternative soil cultivating
      implement or cultivator in accordance with the invention,
PAR  FIG. 7 is a plan view of part of the implement as seen in the direction
      indicated by an arrow VII in FIG. 6, and
PAR  FIG. 8 is a section taken on the line VIII--VIII of FIG. 6.
DETD
PAR  Referring to FIGS. 1 to 5 of the drawings, the cultivating implement or
      cultivator that is illustrated, and which can also be considered as being
      a small rotary harrow, has a hollow generally box-shaped frame portion 1
      that extends substantially perpendicularly transverse to the intended
      direction of operative travel of the implement which is indicated by an
      arrow A in FIGS. 1, 2 and 3 of the drawings. Two upwardly extending, and
      normally substantially vertical, shafts 2 are rotatably journalled in the
      frame portion 1 in spaced relationship with the aid of lower bearings 4.
      Each shaft 2 carries at its lower end, beneath the frame portion 1, a
      corresponding soil working member or rotor 3 having two diametrically
      opposed tines 6 that are made from a single length of resilient material
      such as spring steel rod. The two shafts 2 are provided, inside the hollow
      frame portion 1, with corresponding straight- or spur-toothed pinions 5
      whose teeth are in mesh with one another so that the two soil working
      members or rotors 3 will revolve in opposite directions during the use of
      the implement.
PAR  The two spring steel or other resilient tines 6 are normally substantially
      vertically disposed and their lower soil-penetrating ends are pointed.
      Their upper ends are integrally interconnected by a web 7 of the spring
      steel rod, which rod is preferably of circular cross-section, and it will
      be seen from FIGS. 1 and 3 of the drawings that, when the tines of one of
      the soil working members or rotors 3 are viewed in a horizontal direction
      perpendicular to a substantially vertical plane containing the
      longitudinal axes of both tines 6, said tines and their web 7 present an
      inverted U- or channel-shaped appearance. It will be noted from FIG. 4 of
      the drawings that the substantially vertical planes which normally contain
      the two tines 6 of each of the two soil working members or rotors 3 are
      substantially perpendicularly inclined to one another and it will be
      realised that this arrangement prevents the tines 6 of the two members or
      rotors 3 from fouling one another during rotation of the shafts 2. As seen
      in plan view (FIG. 5), each web 7 is of shallow S-shaped configuration and
      constitutes a fastening portion for the corresponding pair of tines 6
      which fastening portion is clamped by a pair of vertical bolts 9 between a
      lower substantially horizontally disposed removable plate 8 and an upper
      similarly disposed plate 10 that is welded or otherwise rigidly secured to
      the lowermost end of the corresponding shaft 2, so as to extend
      substantially perpendicular to the longitudinal axis of that shaft. It
      will be noted from FIG. 5 of the drawings that the two bolts 9 are located
      at diametrically opposite sides of the corresponding shaft 2 at opposite
      sides of the web 7 and rearwardly of that web with respect to the intended
      direction of rotation of the corresponding member or rotor 3 which is
      indicated by an arrow in FIG. 5 and by further arrows in FIG. 2 of the
      drawings.
PAR  The two shafts 2 are perpendicularly spaced apart from one another by a
      distance of substantially 25 centimeters and the tines 6 of each member or
      rotor 3 are perpendicularly spaced apart from one another by a distance of
      substantially 30 centimeters. The two strips of land that are worked by
      the two members or rotors 3 during the operation of the implement thus
      overlap one another to produce a single cultivated or harrowed strip
      having a width of substantially 50 centimeters. The shaft 2 of the
      lefthand member or rotor 3 when the implement is viewed from the rear in
      the direction A is coupled through the intermediary of a clutch or other
      on/off connection that is not illustrated to the output shaft of an
      internal combustion engine 11 mounted on top of the frame portion 1. The
      shaft 2 corresponding to the other right-hand soil working member or rotor
      3 has an upward extension 12 (FIG. 4) which is rotatably supported by a
      vertical bearing 13 and which projects above that bearing into a gear box
      14 secured to a substantially vertical plate 14A at the corresponding
      lateral end of the frame portion 1. The extension 12 is provided, inside
      the gear box 14, with a bevel pinion 15 whose teeth are in mesh with those
      of a larger bevel pinion 16 mounted near one end of a horizontal shaft 17
      that extends substantially perpendicular to the direction A and that is
      rotatably supported in the gear box 14 by horizontal bearings. The end of
      the shaft 17 that is remote from the bevel pinion 16 projects beyond the
      gear box 14 into a casing 18 that is inclined downwardly and rearwardly
      (with respect to the direction A) from the shaft 17 (see FIG. 1). The
      casing 18 is in effect an adjusting arm arranged so as to be pivotable
      upwardly and downwardly about the substantially horizontal axis of the
      shaft 17 and the lowermost and rearmost end of said casing that is remote
      from the shaft 17 is provided with a horizontal bearing 19 (FIG. 2) for
      the rotatable support of a shaft 20 that is parallel to the shaft 17 and
      one of whose ends extends into the casing 18.
PAR  The end of the shaft 20 remote from the casing 18 is rotatably journalled
      in a further substantially horizontal bearing 21 mounted at the lowermost
      and rearmost, with respect to the direction A, end of an arm 22. The
      opposite leading end of the arm 22 is freely turnable about a
      substantially horizontal stub shaft 23 whose longitudinal axis is
      coincident with that of the shaft 17. The stub shaft 23 is rigidly secured
      to a vertical plate 24 at the lateral end of the frame portion 1 remote
      from that carrying the plate 14A. The shaft 20 is provided close to both
      the bearings 19 and 21 with co-operating pairs of profiled plates 24A,
      which form end supports said plates defining between them a plurality,
      such as twelve, of substantially radially extending recesses which
      clampingly receive the bent over ends 25 of a corresponding number of rods
      or bars 26 made from a resilient material which is conveniently spring
      steel. Bolts which are not visible in the drawings interconnect the plates
      24A of each pair to clamp the rod or bar ends 25 firmly between those
      plates. The rods or bars 26 extend approximately parallel to the
      longitudinal axis of the shaft 20 between their perpendicularly bent over
      ends 25 but each of them is formed midway along its length with a shallow
      angular, rather than curved, bend 27. The shaft 20, the rods or bars 26
      and the parts which interconnect them together afford a rotatable
      supporting member 26A of the implement which sustains it from the ground
      surface during operation and which, in this embodiment, is in the general
      form of an open ground roller. The rotatable supporting member 26A is
      located behind the soil working members or rotors 3 with respect to the
      direction A and, during the use of the implement, bears upon the ground
      surface only by way of one or more of the rods or bars 26 which rods or
      bars are connected to the remainder of the member 26A only by their bent
      over ends 25.
PAR  The shaft 20 is provided inside the casing 18 with a sprocket wheel 28 and
      this sprocket wheel is coupled by a transmission chain 29 to a smaller
      sprocket wheel 30 mounted on the shaft 17. Arms 31 are turnably arranged
      around the outermost ends of the shafts 17 and stub shaft 23 and project
      forwardly from the common axis a of said shaft 17 and stub shaft 23 with
      respect to the direction A. The leading ends of the arms 31 are
      interconnected by a horizontal beam 32 that is substantially parallel to
      the transverse length of the frame portion 1. A central region of the beam
      32 is provided with two downwardly and forwardly inclined supporting arms
      33 whose foremost ends with respect to the direction A are interconnected
      by an axle shaft 34 that is parallel to the beam 32. A suppoting ground
      wheel 35 is mounted on the axle shaft 34 between the arms 33, said wheel
      35 preferably being provided with a rubber or other ground-engaging tyre.
      It will be apparent from the drawings that the diameter of the further
      supporting member that is afforded by the ground wheel 35 is at least
      equal to the diameter of the rotatable supporting member 26A.
PAR  The casing 18 and the arm 22 are interconnected by a horizontal beam 36
      that is parallel to the beam 32 and it will be seen from FIGS. 2 and 3 of
      the drawings that the two beams 32 and 36, which are equally spaced from
      the common axis a of the shaft 17 and stub shaft 23, are provided with
      upwardly convergent supports 37 whose upper ends are pivotally connected
      to corresponding pairs of strip-shaped arms 38, the two arms 38 of each
      pair being located at opposite sides of the corresponding support 37. The
      upper ends of the arms 38 are pivotally connected to two lugs 39 that
      project from opposite sides of an internally screw-threaded block or
      sleeve 40. The matchingly screw-threaded shank of a cranked spindle 40A is
      entered through the block or sleeve 40 but a plain portion of said shank,
      that is located above the block or sleeve 40, is rotatably, but
      substantially axially immovably, received in a vertical bearing 41 that is
      rigidly mounted between two substantially vertical brackets 42 of inverted
      substantially V-shaped configuration. The lowermost free ends of the limbs
      of the brackets 42 are fastened to the top of the frame portion 1 adjacent
      the front and rear thereof with respect to the direction A.
PAR  An arm 43 is fastened to a central region of the frame portion 1 at the top
      thereof and extends upwardly and rearwardly therefrom with respect to the
      direction A to terminate in a substantially vertical portion upon which a
      socket 44 carried by a steering member 45 is turnably mounted. The
      steering member 45, which is afforded principally by a generally V-shaped
      arm, has handles 46 and incorporates control members, which are not shown
      in detail in the drawings, for operating the engine 11 and for actuating
      the clutches or other mechanisms (not shown) by which drive can be
      transmitted to, or withdrawn from, the soil working members or rotors 3
      and the rotatable supporting member or roller 26A when required. The
      arrangement of the cables or other control members may be a basically
      known arrangement which it is not necessary to describe or illustrate in
      detail. The steering member 45 may be fixed in any chosen one of a
      plurality of different positions relative to the arm 43 by employing a
      simple setting device 47 which comprises a sector plate fastened to the
      arm 43, an arm fastened to the socket 44 and a vertical locking pin that
      can be entered through a hole in the arm and any chosen one of a plurality
      of holes formed in the sector plate. FIG. 1 of the drawings shows the
      provision of a screening hood 56 over the engine 11 and also the provision
      of a fuel tank 57. These parts are not shown in FIGS. 2, 3 and 4 of the
      drawings. The spindle 40A projects upwardly through a hole in the
      screening hood 56 so that the handle at its upper end is located above
      that hood.
PAR  In the use of the soil cultivating implement or cultivator that has been
      described, the implement proceeds over the soil in the direction A being
      driven, from the rear, by the rotating supporting member or roller 26A
      under the control of a pedestrian operator holding the handles 46 of the
      steering member 45. The supporting member 26A is rotated from the shaft
      extension 12 (FIG 4), said shaft extension being driven from the engine 11
      by way of the co-operating pinions 5 in the frame portion 1. The rotation
      of the shaft extension 12 drives the shaft 17 which, in turn, drives the
      shaft 20 by way of the sprocket wheels 28 and 30 and the transmission
      chain 29. The soil working members or rotors 3 rotate in the opposite
      directions shown in FIG. 2 of the drawings which are such that the tines 6
      move rearwardly with respect to the direction A in a central region of the
      implement. The tines 6 work overlapping strips of land as previously
      described and their working depth is controlled by turning the handle at
      the top of the cranked spindle 40A as may be required to cause the block
      or sleeve 40 to move upwardly or downwardly along the shank of that
      spindle. It will be appreciated that the depth of penetration of the tines
      6 into the soil depends upon the levels of the two supporting members 26A
      and 35 relative to the level of the remainder of the implement and it will
      be seen from the drawings that rotation of the spindle 40A in one or the
      other direction will cause both the members 26A and 35 to move either
      upwardly, or downwardly, in common about the common longitudinal axis a of
      the shaft 17 and stub shaft 23. It will also be seen from the drawings
      that the axis a is located above the two soil working members or rotors 3
      substantially in the same substantially vertical plane that contains the
      axes of rotation of both those members or rotors 3. The longitudinal axis
      of the shank of the spindle 40A is contained in the same plane that has
      just been mentioned and intersects the axis a at an angle of substantially
      90.degree.. When the implement is to be transported for a short distance
      without performing any working operation, the spindle 40A may be rotated
      to bring the two members 26A and 35 to the position shown in broken lines
      in FIG. 3 of the drawings in which position it will be seen that the tines
      6 are raised entirely clear of contact with the soil. The implement can
      then be self-propelled over the ground by setting the control members to
      drive the rotatable supporting member 26A at an appropriate speed. The
      clutch or other mechanism that is provided to switch off drive to the
      members or rotors 3 will be actuated from a control carried by the
      steering member 45 to prevent the tines 6 from moving during transport.
      The resilient tines 6 vibrate constantly during operation and produce a
      very satisfactory crumbling of the soil. The resiliently constructed and
      resliliently supported rods or bars 26 support the implement smoothly and
      will crush any lumps of unbroken soil thrown up by the tines 6. The
      angular bends 27 in the rods or bars 26 are directed rearwardly with
      respect to the direction A where those rods or bars contact the ground
      surface and this improves both the extent of the contact with the ground
      surface and the propelling effect in the direction A. The continuous
      resilient deflection of the rods or bars 26 during operation tends to
      prevent adhesion of mud or the like to those rods or bars for any extended
      length of time and there is little tendency for the open roller to become
      filled with mud, lumps of earth or the like.
PAR  The total working width of substantially 50 centimeters makes the implement
      particularly suitable for use in small fields, small-holdings, large
      gardens, covered plant houses and the like. The implement may, however be
      furnished with a larger number of soil working members or rotors 3 which
      will give it a greater working width. Under such circumstances, it may be
      operated by a tractor or other vehicle. The power-driven rotation of the
      roller or other rotatable supporting member 26A effectively improves the
      condition of a seed bed due to its regular rotation.
PAR  FIGS. 6 to 8 of the drawings illustrate an alternative construction in
      which the rotatable supporting member or roller 26A is not upwardly and
      downwardly adjustable in level relative to the level of the remainder of
      the implement and in which said member or roller 26A is located at a
      greater distance from the frame portion 1 than in the embodiment of FIGS.
      1 to 5 of the drawings. In this embodiment, the working depth of the tines
      6 is controlled by upward and downward adjustment of the supporting wheel
      35 at the front of the implement with respect to the direction A. The
      wheel 35 is mounted on an axle shaft 48 disposed between the limbs of a
      forked bracket 49 carried by an arm 50. The arm 50 is fastened
      perpendicularly to the center of a beam 51 that extends parallel to the
      transverse length of the frame portion 1. The beam 51 has its opposite
      ends secured to arms 52 which are turnable about horizontally aligned stub
      shafts 53 carried by vertical plates 53A secured to the opposite lateral
      ends of the hollow frame portion 1. The plates 53A are formed with a
      number of holes 54 that are all equidistant from the stub shafts 53 and
      horizontal locking pins 55 are provided for entry through holes in the
      arms 52 and selected holes 54.
PAR  In this embodiment, one tine 6 of each pair thereof is formed with a single
      helical loop 58 that subtends an angle of not less than 360.degree. at its
      own centre. The loop 58 is arranged in such a way that the resistance to
      rotation of the corresponding member or rotor 3 that is met with during
      operation tends to tighten or further to close that loop. This arrangement
      of each loop 58 provides a satisfactory loading of the tines 6 concerned.
      It has also been found that giving one tine 6 of each member or rotor 3
      more resilience than the other tine 6 thereof tends to minimise damage to
      the tines. With this embodiment, the implement is brought to a position
      suitable for inoperative transport by turning the beam 51 and arms 52
      downwardly about the pivot pins 53 to a position in which the locking pins
      55 can co-operate with the lowermost holes 54 in the plates 53A. This
      inoperative transport position is shown in broken lines in FIG. 6 of the
      drawings and should be considered as if the ground level shown therein in
      broken lines were substantially horizontally disposed.
PAR  Although various features of the two embodiments of the soil cultivating
      implement or cultivator that have been described and/or illustrated in the
      accompanying drawings will be set forth in the following claims as
      inventive features, it is emphasised that the invention is not necessarily
      limited to those features and that it includes within its scope all of the
      parts of each embodiment that have been described and/or illustrated both
      individually and in various combinations.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A soil cultivating implement comprising a frame and at least one
      rotatable soil-working member mounted on an upwardly extending shaft
      supported by said frame, said implement having driving means connected to
      said shaft and said soil-working member to rotate same about a
      substantially vertical axis during operation, a ground engaging elongated
      roller member connected to said frame, said roller member having a
      substantially horizontal driven rotary shaft and a periphery comprised of
      a plurality of elongated rod-like resilient elements which extend in the
      general direction of the axis of rotation, said roller member extending
      transverse to the normal direction of travel at the rear of said frame to
      support the implement, said driving means being interconnected to said
      driven shaft to rotate said roller member and propel the implement, an
      engine being mounted on said frame in driving connection with said driving
      means, said engine being positioned directly above said soil-working
      member on top of said frame, said roller member being pivotally connected
      to said frame through adjusting arm means that raises and lowers said
      frame relative to the ground, said adjusting means comprising two arms
      supporting the ends of said horizontal shaft and at least one of said arms
      forming a driving connection for said roller.
NUM  2.
PAR  2. A soil cultivating implement comprising a frame and at least one
      rotatable soil-working member mounted on an upwardly extending shaft
      supported by said frame, said implement having driving means connected to
      said shaft and said soil-working member to rotate same about a
      substantially vertical axis during operation, a ground engaging elongated
      roller member connected to said frame, said roller member having a
      substantially horizontal rotary driven shaft and a periphery of elongated
      rod-like elements which extend in the direction of the axis of rotation,
      said roller member extending transverse to the normal direction of travel
      and being located at the rear of said frame to support the implement, said
      driving means being interconnected to the driven shaft of said roller
      member to rotate same and propel the implement, an engine being mounted on
      said frame and in driving connection with said driving means, said engine
      being positioned directly above said soil-working member on top of said
      frame, a further supporting member being connected to said frame and
      positioned in front of said soil-working member, said roller member being
      pivotally connected to said frame through adjusting arm means that is
      interconnected to the frame to raise and lower the frame relative to the
      ground, said adjusting means comprising at least one arm which forms a
      driving connection for said roller.
NUM  3.
PAR  3. An implement as claimed in claim 2, wherein said further supporting
      member is located substantially centrally between the lateral sides of
      said implement when the latter is viewed in plan.
NUM  4.
PAR  4. An implement as claimed in claim 2, wherein both the roller member and
      the further supporting member are pivotally interconnected with said frame
      through the adjusting arm means and simultaneously adjustable horizontally
      relative to the level of said frame.
NUM  5.
PAR  5. An implement as claimed in claim 4, wherein said frame includes two
      spaced apart beams that extend transverse to the direction of travel and
      said adjusting means interconnects said beams with shaft means that
      provides a common pivot axis, said shaft means being located between said
      beams and being secured to said frame.
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ABST
PAL  A rock drill having a control valve hydraulically operable to effect feed
      of oil from a bulk reservoir alternately to opposite ends of a power
      piston carrying a drill string to reciprocate the piston; having a motor
      for rotating the piston as the latter reciprocates; having a snubber for
      absorbing shocks in the event of piston override; and having carriage
      means automatically and hydraulically operable during reciprocation of the
      piston to feed the tool along a guide channel relative to the work.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hydraulically operable rock drills of a type
      having a power piston adapted to carry a drill string.
PAR  A rock drill is disclosed in my co-pending companion applications--Ser. No.
      468,899, filed May 10, 1974 for An Hydraulic Tool, and Ser. No. 479,208,
      filed June 14, 1974 for An Hydraulic Rock Drill Tool having Automatic
      Carriage Feed--wherein the housing of the tool defines a bulk oil
      accumulator about a power piston to provide a proximity source of
      pressurized oil to reciprocate the piston which is designed to carry a
      work implement, such as a drill string and attached rock bit; wherein a
      rotation motor operating independently of the piston functions to rotate
      the piston without interfering with the reciprocating action of the
      latter; wherein a valve controlling feed of pressurized oil from the
      accumulator to reciprocate the piston is powered by a motor operating
      continuously from oil also flowing to it from the accumulator; and wherein
      a carriage carrying the tool is hydraulically movable along a guide
      channel to feed the tool relative to the work concurrently with the
      reciprocating action of the piston.
PAR  The present invention represents a variation from the structure set forth
      in my aforementioned companion applications, particularly in that it
      eliminates the motor for effecting operation of the control valve, and
      provides other hydraulically operable means to this end; in that it
      provides a distinctly different mode of operation for effecting automatic
      hydraulic feed of the carriage mounted tool along the guide channel; and
      in that it includes snubber means for absorbing shocks in the event of an
      overriding action of the piston.
PAR  In accordance with the present invention, there is provided an hydraulic
      rock drill comprising a housing; a piston cylinder in the housing; a
      floating piston hydraulically reciprocable in the cylinder having a piston
      rod adapted externally of the housing for attachment of a drill string
      thereto; a bulk oil reservoir in the housing surrounding the cylinder
      providing a proximity source of constantly pressurized oil for
      reciprocating the piston; control valve means in the housing for causing
      effective application of pressurized oil from the reservoir alternately to
      opposite ends of the piston to reciprocate the latter; hydraulically
      operable plunger means for actuating the control valve means; means
      determining the operation of the plunger means as a consequence of
      reciprocating action of the piston; snubber means disposed in the cylinder
      in the forward path of the piston for damping overriding forward movement
      of the piston on a work stroke; a rotation motor mounted to the housing
      having a drive shaft in axial alignment with the piston; a slidable spline
      connection between the piston and the drive shaft allowing concurrently
      transmission of rotation of the drive shaft to the piston and axial
      movement of the piston relative to the drive shaft; carriage means
      mounting the housing for movement along a guide channel relative to a work
      objective; and hydraulically operable carriage feed means connected with
      the carriage effective following a predetermined extent of movement of the
      piston relative to the cylinder on a work stroke to move the carriage
      together with the housing forwardly along the guide channel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a longitudinal section of an hydraulic rock drill tool embodying
      the invention;
PAR  FIG. 1A is an enlarged view made of the central area of FIG. 1 for added
      clarity;
PAR  FIG. 1B is a detail section looking in the direction of the arrows 1B in
      FIG. 1A;
PAR  FIG. 2 is a section on line 2-2 of FIG. 1A;
PAR  FIG. 3 is a section on line 3-3 of FIG. 1A showing the control valve in its
      pressure fluid feeding position;
PAR  FIG. 4 is a view similar to that of FIG. 3 but showing the control valve
      shifted to its relief or discharge position;
PAR  FIG. 5 is a section on line 5-5 of FIG. 1A; and
PAR  FIG. 6 is a schematic showing of the tool in association with the carriage
      feed mechanism.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The rock drill presented in the drawing as illustrating a preferred
      embodiment of the invention includes a general housing 10 having a bore 11
      in which a piston cylinder (generally indicated at 12) is fitted. A piston
      13, formed at the rear of a piston rod 14, is hydraulically reciprocable
      in the cylinder. An externally projecting end 15 of the piston rod has
      removably attached thereto a conventional drill string 16 carrying a rock
      bit (not shown) at its bottom end.
PAR  A rotation motor 17, operable independently of the operation of the piston,
      is provided to transmit rotation through the piston and drill string to
      the rock bit during a drilling operation. The motor, which is mounted to
      the rear of the housing, has an extended drive shaft 18 having a splined
      driving connection 19 with the piston. The connection 19 is provided by
      internal splines formed in a recess of the piston slidably engaging
      complementary splines of the drive shaft. The connection allows rotation
      of the piston by the drive shaft, as well as axial reciprocation of the
      piston relative to the drive shaft.
PAR  The piston has an annular front area defined by a shoulder 21 which is
      subject to pressure of hydraulic fluid from a bulk oil accumulator or
      reservoir 22 to move the piston in a rearward or return stroke direction;
      and the piston has a relatively greater rear area, defined by the combined
      areas of an annular rear end wall 23 and a recessed back 24, which
      combined rear area is subject to fluid pressure from the reservoir to
      drive the piston in a forward or work stroke direction.
PAR  The reservoir 22 is in the form of an annular chamber extending about a
      core portion 25 of the housing. The core is located in the lower half of
      the housing in eccentric relation to the reservoir. A conventional pumping
      system to an inlet 26 maintains the reservoir constantly pressurized with
      oil. A principal advantage of this arrangement of the reservoir is that it
      provides in very close proximity to the piston a pressurized fluid source
      of large volume for reciprocating the piston. Accordingly, the required
      flow passages from the reservoir to the piston cylinder are relatively
      shorter than would otherwise be the case, thus resulting in a conservation
      of fluid energy and in a compact structure having a reduced number of
      parts.
PAR  The reservoir is in direct communication at all times by means of a first
      outlet port 27 with an annular area at 28 in the cylinder fronting the
      shoulder 21 of the piston, whereby the piston is constantly biased in a
      return direction by the pressure of reservoir fluid acting over its front
      end.
PAR  A control valve 29 (FIGS. 1-4) is operable to expose the relatively greater
      rear area (23, 24) of the piston alternately to the pressure of reservoir
      fluid from a second reservoir outlet port 31 (FIG. 2) and to a pressure
      fluid relief line 32 to sump (FIGS. 3-4), so as to effect hydraulic
      reciprocation of the piston. The recessed back area 24 of the piston is
      exposed to the pressure fluid through radial ports 30 formed in a hollow
      portion of the drive shaft.
PAC  CONTROL VALVE
PAR  The control valve, as indicated in FIGS. 2-4, is reciprocable in a chamber
      33 defined by a bushing 34 fitted in a bore 35 of the housing. Opposite
      ends of the bushing and bore are sealed by means of plugs 36 and 37.
PAR  Inlet ports 38 (FIGS. 2, 3) connect the valve chamber 33 through a
      peripheral inlet groove 39 of the bushing with the second reservoir outlet
      port 31. Discharge or pressure fluid relief ports 41 (FIG. 4) connect the
      valve chamber 33 through a peripheral relief groove 42 of the bushing with
      the relief line 32. Common ports 43 connect the valve chamber through a
      peripheral groove 44 in the bushing with an annular area 45 of the piston
      cylinder rearwardly of the piston.
PAR  Ports 43 are common in that they are connectible by means of a peripheral
      groove 46 about the control valve with either the inlet ports 38 or the
      relief ports 41, accordingly as the valve is reciprocated from one
      position to another. In a first, or pressure fluid feed position of the
      valve (as in FIG. 3) groove 46 connects the inlet ports 38 through the
      common ports 43 with the area 45 rearwardly of the piston to effect a work
      stroke of the piston; and in an opposite second or pressure fluid relief
      position, (as in FIG. 4) groove 46 communicates the rear area 45 of the
      piston cylinder with the relief ports 41 to effect a return stroke of the
      piston under the bias of the reservoir fluid constantly acting on the
      front end 21 of the piston.
PAR  The control valve is caused to be shifted back and forth in its chamber
      from one position to the other relative to the inlet and relief ports 38
      and 41 by means of a pair of opposed hollow plungers 47, 48. The plungers
      are alternately movable against one or the other of the opposed faces of
      an internal web 49 of the valve to effect a corresponding directional
      movement of the valve.
PAR  The plunger 47 (FIG. 4), called a biasing plunger, is constantly biased
      against the web 49 by pressure of reservoir fluid constantly being applied
      to its rear. Plunger 47 is slidably supported in the bushing plug 36 for
      axial movement relative to the web 49. The interior of the plunger is
      connected through ports 51 with the inlet groove 39, whereby the pressure
      of reservoir fluid from the reservoir outlet 31 constantly pressing the
      plunger against the web biases the valve toward its FIG. 4 relief
      position.
PAR  The opposite plunger 48 (FIG. 3) called an operating plunger, is slidably
      supported in the other bushing plug 37 for axial movement relative to the
      web 49 of the valve. It has a rear area relatively greater than that of
      plunger 47 so that when reservoir pressure fluid is applied to plunger 48
      the latter forces the valve against the bias of plunger 47 to the FIG. 3
      pressure fluid feeding position. And, when the pressure of reservoir fluid
      is relaxed or relieved from the operating plunger, the biasing force
      continually acting on plunger 47 acts through the web 49 to re-shift the
      valve to its FIG. 4 relief position.
PAR  Operation of the plungers and, as a consequence, the reciprocation of the
      control valve is determined by piston 13, accordingly as the latter is
      reciprocated.
PAR  When the control valve obtains its FIG. 4 relief position, reservoir fluid
      constantly being applied through the first reservoir outlet port 27 (FIG.
      1A) to the front end 21 of the piston operates to move the piston on a
      return stroke. In this directional movement, a peripheral land 52 (FIG.
      1A) of the piston progressively uncovers ports 53 of the piston cylinder
      to allow reservoir fluid from port 27 to pass around the piston to a
      groove 55 and from the latter through a passage 57 (FIGS. 1A, 2) in the
      housing to a chamber 58 at the rear of the operating plunger 48. Near the
      end of the return stroke of the piston, sufficient reservoir fluid
      pressure will have developed in chamber 58 to force the operating plunger
      to re-shift the control valve to its FIG. 3 pressure fluid feeding
      position. But, before this occurs, the piston is still moving rearwardly
      on its return stroke and before its back end 24 can limit against the
      stationary front end 59 of the drive shaft, the force of reservoir fluid
      now beginning to feed through the shifted valve to the rear of the piston
      conflicts with the force of oil being backed through the control valve by
      the rearwardly moving piston. This conflict of forces reduces the rearward
      velocity of the piston to zero before the piston can abut the drive shaft
      at 59. The reservoir fluid entering through the shifted valve to the rear
      area of the piston then develops sufficiently to drive the piston
      forwardly on a work stroke.
PAR  Now, as the piston moves forwardly on a work stroke, the piston land 52
      progressively covers over ports 53 leading to the rear area 58 of the
      operating plunger, and uncovers a relief port 61. Uncovering the latter
      allows pressure fluid from the rear area 58 of the operating plunger to
      now be relieved through the piston cylinder around a rear groove 62 of the
      piston and a port 63 connecting through a relief passage 65 in the housing
      to the annular relief groove 42 (as indicated in FIG. 2). The piston
      continues moving forwardly until the fluid pressure at the rear of the
      operating plunger 48 will have been relieved sufficiently to allow the
      pressure of reservoir fluid at the second reservoir outlet 31 continuously
      acting on the biasing plunger 47 to cause the latter to shift the control
      valve to its pressure fluid relief position, as in FIG. 4. After the
      control valve has shifted to its FIG. 4 relief position, the driving
      pressure at the rear area 45 of the piston will be relieved to allow the
      pressure fluid constantly acting over the front end of the piston to
      become effective in returning the piston.
PAC   TOOL FEED MEANS
PAR  Automatically operable hydraulic feed means is provided (as indicated in
      FIGS. 1, 1A and 6) for advancing the tool forwardly with the progress of
      the rock bit into the work. The feed means includes a conventional
      stationary guide channel 66 upon which a feed carriage 67 fixed to the
      underside of the tool's housing is slidably mounted for guided feeding of
      the tool relative to the work.
PAR  Thrust for sliding the carriage along the channel is provided by a feed
      piston 68 which is hydraulically operable in a feed cylinder 69. The
      latter cylinder is pivotally attached at its rear by means of a yoke to a
      post 71 of the guide channel. The feed piston carries in axial alignment
      with the carriage an externally projecting rod 73 which is pivotally
      connected to the carriage.
PAR  The feed cylinder is normally filled forwardly of piston 68 with oil from a
      supply hose 74 fitted with a manually operable control valve; and the
      cylinder area rearwardly of piston 68 is maintained under constant
      hydraulic pressure through a pressure supply hose line 75. The forward end
      of the feed cylinder connects by means of a hose line 76 through a ball
      check valve at 78 with feed control ports 79 opening into the rear area 45
      of the power piston cylinder 12.
PAR  The power piston 13 is adapted on its return stroke to cover over the
      control feed ports 79; and is adapted toward the end of its forward
      stroke, that is, at about the time that the rock bit is carried by the
      power piston into engagement with the work to uncover the control feed
      ports.
PAR  It can be seen from this arrangement of the feed means that during the time
      that the feed control ports 79 are covered or blocked by the power piston
      13, oil at the forward end of the feed cylinder 69 is trapped and
      hydraulically locks the feed piston 68 from advancing the carriage under
      the pressure of the fluid being constantly applied to the rear of the feed
      piston. But, as the power piston moves forwardly on a power stroke and
      progressively uncovers the feed control ports 79, the oil at the front end
      of the feed cylinder is forced by the pressurized feed piston past the
      ball check valve 78 through the feed control ports into the rear area 45
      of the power cylinder 12. Accordingly, as the oil from the feed cylinder
      is being relieved through the check valve into the power cylinder, the
      feed carriage 67 together with the attached tool will be hydraulically
      advanced by the feed piston along the guide channel relative to the work.
      As can be seen, the tool will, in effect, be feeding forwardly
      concurrently with the advance of the rock bit into the work.
PAR  Conventional manually operable controls (not shown) are interconnected with
      the feed cylinder by appropriate hydraulic hose lines to rapidly advance
      the carriage along the guide channels at the start of operations to
      properly locate the tool relative to the work; and, when needed, to
      rapidly retract the carriage along the channel to add further lengths of
      drill rod to the drill string.
PAC  POWER PISTON SNUBBER
PAR  An axially slidable hydraulically cushioned snubber 81 (FIG. 1A) is
      positioned at a predetermined point in the path of forward movement of the
      power piston 13. During normal stroking the power piston will not move
      sufficiently forwardly relative to the cylinder to strike the snubber.
      However, as may occur should the rock bit plunge through a void in the
      work rock on a work stroke, the power piston may override sufficiently to
      strike the snubber. In such an event, the snubber would serve to snub and
      absorb the shock of such action.
PAR  The snubber is of cylindrical form disposed with a slight clearance,
      indicated at 80, in surrounding relation to the piston rod. It is normally
      seated against an internal shoulder 83 of a rear section of the piston
      cylinder under bias of a return spring 82 and primarily under pressure of
      reservoir oil acting in a space 84 normally existing below the snubber.
PAR  The return spring 82 is seated in a retaining cup 85. The latter surrounds
      the piston rod with a slight clearance, and is seated upon a thrust
      bearing 86 above a shoulder of a forward section of the piston cylinder.
PAR  Reservoir ports 27 and narrow slits 87 (FIGS. 1A, 1B) communicate oil from
      the reservoir to the area 28, to the space 84 and to the clearance 80. As
      the power piston reciprocates during normal stroking relative to the
      snubber and spring cup, the reservoir oil is caused to circulate through
      the ports 27 and slits 86 around the clearance 80 and in and out of the
      piston cylinder relative to the snubber. A land 88 of the piston cylinder
      has a bearing relation to the piston rod so as to block escape of oil from
      the space 84 beyond the bearing 86.
PAR  In the event, as earlier mentioned, the power piston should be caused to
      override and strike the snubber, the latter will slide forwardly against
      the bias of the return spring over the slits 87 to restrict and
      substantially close the latter so as to trap the oil beneath the snubber
      against rapid escape to the reservoir. As a result, overriding forward
      movement of the power piston will be damped, and substantially slowed or
      arrested.
PAR  As earlier said, the power piston during normal stroking will not strike
      the snubber. This is because the power piston is adapted to uncover the
      feed control ports 79 before its front end 21 reaches the snubber and, as
      a consequence, forward feeding of the tool develops while the power piston
      is still moving forwardly. During this forward feeding, the tool and the
      power piston advance simultaneously relative to the work, thereby normally
      avoiding impacting of the power piston against the snubber.
CLMS
STM  I claim:
NUM  1.
PAR  1. An hydraulic rock drill comprising a main piston cylinder, a power
      piston hydraulically reciprocable in the cylinder having an externally
      projecting rod portion carrying a drill string with a rock bit, control
      valve means for causing effective application of hydraulic driving fluid
      alternately to forward and rear ends of the piston to reciprocate the
      latter, the piston adapted upon a return stroke to draw the rock bit away
      from the work a predetermined distance and adapted upon a work stroke to
      carry the rock bit forwardly over an initial lost motion distance before
      engaging the rock bit with the work; characterized by hydraulically
      operable feed means effective upon completion of said lost motion action
      to advance the rock drill concurrently with the rock bit relative to the
      work, the feed means comprising a slide carriage supporting the rock drill
      upon a guide channel, a carriage feed piston operable in a feed cylinder
      and having a piston rod connection with the carriage, pressurized oil in
      the feed cylinder rearwardly of the feed piston constantly urging the feed
      piston in a carriage advancing direction, oil filling the feed cylinder
      forwardly of the feed piston, an oil relief conduit connecting the area of
      the feed cylinder forwardly of the feed piston with a relief port opening
      into a rear area of the main piston cylinder, the relief port adapted to
      be covered over by the power piston in a returned position of the latter
      whereby relief of oil from the feed cylinder forwardly of the feed piston
      is blocked so as to disable forward movement of the feed piston and
      consequent advance of the carriage, and the relief port being adapted to
      be uncovered by the power piston following a predetermined degree of lost
      motion movement of the power piston on a work stroke so as to cause relief
      of the oil forwardly of the feed piston and enable the feed piston to
      advance the carriage concurrently with further movement of the power
      piston on a work stroke.
NUM  2.
PAR  2. An hydraulic rock drill as in claim 1, wherein the power piston has a
      forward end constantly exposed to a source of pressurized fluid urging the
      power piston in a return direction, and the control valve means is
      pneumatically operable to cause alternate application to and relief of
      pressurized fluid from an opposite rear greater diameter end of the power
      piston.
NUM  3.
PAR  3. An hydraulic rock drill as in claim 2, wherein the control valve means
      includes a control valve slidable to a first position communicating the
      rear end of the power piston to a relief port and slidable to a second
      position communicating the rear end of the power piston with a source of
      pressurized fluid, a pneumatically pressurized plunger constantly biasing
      the control valve to its first position, an opposed second plunger
      pneumatically operable against the control valve to slide it to its second
      position, and port means effective upon a predetermined extent of relative
      return movement of the power piston to communicate a source of pressurized
      fluid operatively with the second plunger.
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ABST
PAL  A portable earth boring machine for the horizontal boring of shafts and the
      insertion of pipeline casing sections in installations where excavation
      from the surface is undesirable. The machine is characterized by a
      steering head particularly adapted for rock drilling operations which head
      is positioned at the front of the casings and remotely controlled by the
      machine operator so as to directionally control the direction of extension
      of the pipeline as the drilling operation progresses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to portable earth boring machines and more
      particularly to a machine adapted for horizontal boring of shafts for the
      insertion of pipelines at installations where excavation from the surface
      is undesirable.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the machine of the present invention comprises a base means
      that includes spaced track members which are disposed in a trench adjacent
      to the hill to be bored. The machine further includes a frame means
      mounted for movement along the track means and such carriage supports a
      power train for rotating connected sections of auger shafts which comprise
      a progressively extendable boring auger. The frame means further supports
      a pusher ring for driving sections of casings into the bored hole and an
      associated pushing cylinder means is provided for advancing and retracting
      the frame means and pusher ring along the track means.
PAR  In accordance with the present invention the earth boring machine is
      provided with a novel adjustable steering head which in general comprises
      a plurality of wedging means which are mounted in circumferentially spaced
      relationship on the front casing section with the wedging means being
      selectively extendable and retractable laterally outwardly against the
      rock surface. In the preferred embodiment the steering head is provided
      with remote control apparatus for varying the direction and magnitude of
      the wedging force applied by the wedging means so as to directionally
      control the path of the pipeline as the boring operation progresses.
PAR  As another aspect of the present invention the adjustable steering head is
      easily fabricated by modifying a standard casing section so as to include
      a bearing support for the rock boring head as well as the above mentioned
      steering apparatus.
PAR  It is therefore an object of the present invention to provide novel
      steering head means for controlling the establishment of grade in the
      boring of pipeline holes in rock formations.
PAR  It is another object of the present invention to provide an apparatus of
      the type described that includes novel remote control apparatus for the
      steering head.
PAR  Further objects and advantages of the present invention will be apparent
      from the following description, reference being had to the accompanying
      drawings wherein a preferred form of embodiment of the invention is
      clearly shown.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a boring machine constructed in
      accordance with the present invention;
PAR  FIG. 2 is a partial side elevational view of a steering head comprising a
      portion of the apparatus of FIG. 1;
PAR  FIG. 3 is a side elevational view, partially in section, of a wedging means
      comprising a portion of the apparatus of FIGS. 1 and 2;
PAR  FIG. 4 is a partial side elevational view showing a modified manualy
      operated wedging means for the machine of FIG. 1;
PAR  FIG. 5 is a partial front perspective view of a control system for the
      remotely controlled apparatus of FIGS. 1 and 2; and
PAR  FIG. 6 is a diagrammatic view of a hydraulic control system for the control
      system of the embodiment of FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring in detail to the drawings, FIG. 1 illustrates the complete
      horizontal earth boring machine of the present invention which comprises a
      base means indicated generally at 20. Such base means includes spaced
      longitudinally extending track means 22 which support a carriage means
      indicated generally at 24.
PAR  The carriage means 24 is advanced and retracted along track 22 by a pair of
      hydraulic pushing cylinders, with such pushing cylinders being operatively
      connected between a power cylinder base 36 and the carriage means 24.
PAR  Details of typical power cylinders, not illustrated and power cylinder base
      36 are disclosed and described in detail in the application of Albert R.
      Richmond, Ser. No. 867,816 filed Oct. 20, 1969, now U.S. Pat. No.
      3,612,195 issued Nov. 12, 1971.
PAR  It will be further seen that pressurized fluid for actuating the power
      cylinders is provided by a fluid power system, FIG. 6, including a pump
      210 driven by an engine 42, FIG. 1 with such system being described in
      detail later herein. The fluid power circuit further includes control
      valve actuators 44 and 46 which are manually actuated to extend and
      retract the pushing cylinders to move carriage 24 forwardly or rearwardly
      along the track means 22.
PAR  Referring again to FIG. 1, the boring machine further includes a pusher
      ring 52 including a front annular surface 53 for engaging the sections of
      pipe casing for pushing such sections into the bored hole. Such pusher
      ring 52 includes a thrust plate means 60 mounted on the carriage means for
      absorbing the pushing thrust and boring thrust of the auger assembly 74. A
      hydraulic drive assembly 61 is interposed between engine 42 and auger
      assembly 74, such hydraulic drive arrangement being described in
      co-pending application Ser. No. 337,211, filed Mar. 1, 1973, now U.S. Pat.
      No. 3,870,110.
PAR  A typical auger construction for connection with the machine of the present
      invention is disclosed and described in detail in the application of
      Albert R. Richmond, Ser. No. 85,614 filed Oct. 30, 1970 now U.S. Pat. No.
      3,693,734 issued Sept. 26, 1972.
PAR  Reference is next made to the steering head apparatus of the present
      invention with the remote control embodiment being shown installed on the
      machine of FIG. 1 and illustrated in enlarged detail in FIGS. 2, 3, 5 and
      6. The steering head apparatus is indicated generally at 80 and is
      installed on a modified standard front casing section 72 and includes a
      heavy duty housing ring 81 of heavy tubular steel material which is joined
      to the front end of the casing section at a weld 83 as best seen in FIG.
      2.
PAR  A plurality of radially extending spaced legs 87 rigidly support a central
      bearing means 85, the latter including a housing that contains a tapered
      roller bearing assembly 89. Such bearing means rotatably supports a rock
      head mounting shaft 88 including a front head mounting plate 86 on which
      is removably mounted a rock bit indicated generally at 150 with a typical
      rock bit being disclosed and described in detail in U.S. Pat. No.
      3,693,734.
PAR  As seen in FIG. 2 rock head mounting shaft 88 is removably joined to a
      front auger section at a male and female joint of hexagonal
      cross-sectional shape.
PAR  With particular reference to FIGS. 2 and 3, the above mentioned steering
      head 80 comprises a plurality of circumferentially spaced wedging means
      indicated generally at 82 with four of such wedging means being utilized
      in the preferred embodiment and spaced at 90.degree. intervals around the
      inner surface of the rock head housing ring 81.
PAR  Referring particularly to FIG. 3, one of the wedging apparatus is
      illustrated in enlarged detail and includes a bracket 120 mounted on a
      respective radial leg 87 by cap screws 134. Such bracket supports a
      hydraulic cylinder 122, which is shown as a single acting type including a
      return spring 198, FIG. 6, with such cylinder being fed with and exhausted
      of pressurized fluid via a flexible hydraulic line 96 which is extended
      back along the outer surfaces of the casing sections such as 72 and 76.
PAR  Each of the power cylinders includes a ram 124 which is pivotally attached
      to a wedging element 126 at a pivot pin 128, with such wedging element
      being in turn pivotally mounted to the previously mentioned bracket 120 at
      a wedge mounting pivot 132.
PAR  It will be noted from FIG. 3 that wedging element 126 is disposed in an
      opening 130 provided in housing ring 81 so as to be extendable and
      retractable outwardly and inwardly to engage and apply force to the
      surrounding rock surface of the hole being drilled.
PAR  With continued reference to FIG. 3, each wedging apparatus is preferably
      provided with a removable housing 118 to protect the mechanism from
      drillings which continually progress rearwardly from rock pit 160 and
      between the radial legs 87 to the auger blades which continually move the
      drillings rearwardly and outwardly through the discharge opening 51 in
      pusher ring 52, the latter being seen in FIG. 5.
PAR  Referring next to FIG. 5, the previously described fluid supply lines 96
      are of flexible construction and normally stored on a reel assembly
      indicated generally at 90 which assembly includes the four separate spools
      94, 95, 98 and 100 each of which is adapted to feed out and roll up a
      respective flexible hydraulic line 96 leading to a respective power
      cylinder 122.
PAR  With continued reference to FIG. 5, reel assembly 90 further includes a
      central manifold means 102 adapted to feed the flexible lines 96 with the
      manifold means being supplied with pressurized oil by respective conduit
      104 each of which includes a respective control valve 200, 202, 204 and
      206 as shown in FIG. 6.
PAR  With continued reference to FIG. 5, the reel assembly and a related control
      apparatus indicated generally 118 are shown mounted on a control base 92,
      which is preferably located on the top of pusher ring 52 at the operator's
      station, but it can be located at any remote location without departing
      from the spirit of the present invention.
PAR  Reference is next made to FIG. 6 which diagrammatically illustrates the
      hydraulic circuit for the machine of the present invention. The pushing
      cylinder portion of the circiut, during high speed operation, includes a
      fixed displacement pump 210 adapted to supply pressurized hydraulic fluid
      to the previously mentioned pushing cylinders 162 via line 196, diverter
      valve 192, line 186, a three-way "High-Low" speed control valve 176, line
      172, and a four-way closed center control valve 164, the latter being
      connected to the pushing cylinders 162 via lines 166 and 168.
PAR  Directional control valve 164 includes a manual actuator 46 which can be
      shifted by the operator so as to either pressurize the base chambers of
      pushing cylinders 162 via line 168 or the rod ends of such pushing
      cylinders 162 via line 166. Hence it will be understood that valve 164 is
      used to either extend or retract the previously mentioned carriage 24 as
      well as pusher ring 52 so as to push the casing sections into the drilled
      holes.
PAR  The pushing cylinder portion of the circuit further includes a second fixed
      displacement pump 178 for low speed operation which is provided with an
      adjustable pressure relief valve 182 for establishing the maximum pressure
      delivered by pump 178, as well as a flow control valve 174. It will now be
      understood that the pushing cylinder portion of the circuit is adapted for
      both low and high speed operation by the availability of the second
      hydraulic pump 210 and the fluid flow from this pump can be added to the
      fluid flow delivered by the previously mentioned pump 178 by opening a
      three-way "High-Low" speed control valve 176 when the operator actuates
      the manual actuator 44.
PAR  With continued reference to the circuit of FIG. 6, hydraulic pump 210
      serves the added functions of powering and controlling the steering head
      80 by supplying pressurized fluid to the previously mentioned power
      cylinders 122 which operate the wedging elements 126. This portion of the
      circuit includes a pressure relief valve 212 adapted to by-pass excess
      fluid back to reservoir 214 with pressurized fluid being delivered via
      line 196 to normally closed wedge control valves 200, 202, 204 and 206
      each of which is adapted to selectively pressurize the base end of a
      respective power cylinder 122, with each of said cylinders being adapted
      to operate a respective wedging element 126 in the manner previously
      described.
PAR  As seen in FIG. 6, when it is desired to operate the steering head portion
      of the circuit a shut-off valve 192 is shifted by the operator, by
      actuating lever 194 to its closed position whereby pressurized fluid is
      made available to the four wedge control valves with each of the said
      valves including a manual operator 110.
PAR  It should be further mentioned that when it is desired to operate the
      pushing cylinders 162 at high speeds then valve 192 is maintained open and
      the previously mentioned "High-Low" speed control valve 196 is opened so
      as to deliver the additional fluid capacity from pump 210 into the pushing
      cylinder portion of the circuit. When it is desired to operate the pushing
      cylinders 162 at low speed operation, then actuator 44 is used to close
      "High-Low" speed control valve 176 whereby only the volumetric flow from
      the other pump 178 is delivered to the pushing cylinders 162.
PAR  With continued reference to FIG. 6, it should be mentioned that the
      actuators for the wedging elements 126 include the return springs 198
      thereby eliminating the need for a double acting power cylinder
      construction for wedge actuating cylinders 122.
PAR  It should further be mentioned that in the preferred embodiment, the
      wedging means 82 are preferably located at 90.degree. intervals with their
      positions being at the right side, left side, top and bottom. Hence by
      pressurizing the left wedging cylinder and depressurizing the right
      wedging cylinder then the biasing effect of left wedge 126 will direct the
      rock head 150 and the lead casing section to the right. The converse will
      of course be true when the right wedge actuating cylinder 122 is
      pressurized and the left wedging cylinder is relieved. Moreover, when the
      upper wedging element is pressurized by its respective cylinder, with the
      lower wedging element being relieved, then the rock head and front casing
      section will be wedged downwardly, with the opposite being true when the
      lower wedging cylinder 122 is pressurized and the pressure in the upper
      wedging cylinder is relieved. Moreover, when the upper wedging element is
      pressurized by its respective cylinder, with the lower wedging element
      being relieved, then the rock head and front casing section will be wedged
      downwardly, with the opposite being true when the lower wedging cylinder
      122 is pressurized and the pressure in the upper wedging cylinder is
      relieved.
PAR  Reference is next made to FIG. 4 which illustrates a modified manually
      controllable steering apparatus which includes elements identical to those
      previously described in connection with FIG. 3, with the hydraulic
      embodiment of like elements being identified by identical numerals. Such
      manual embodiment does not require hydraulic circuit and merely includes
      male and female screw elements 142 and 144, with the latter being mounted
      on bracket 120. Hence when the male element is rotated by application of a
      wrench to its head 146 then wedging element 126 is either extended or
      retracted depending on the direction of rotation. This manual steering
      apparatus, though less convenient, is operable where cost is a factor, and
      with larger casing sections where it is possible for the operator to
      remove the auger and crawl into the casing sections up to the forward end
      where the male screw members 146 can be actuated with a wrench as required
      to achieve the desired steering control.
PAR  While the form of embodiment of the present invention as herein disclosed
      constitutes a preferred form, it is to be understood that other forms
      might be adopted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section provided with a plurality of side
      openings; bearing means mounted in said lead casing section; a rock head
      mounting shaft journaled in said bearing means; a rock drilling head
      mounted on the forward end of said mounting shaft; a wedging means
      radially moveably mounted at each of said side openings and extendable
      outwardly therefrom; a cylinder mounting bracket within said lead casing
      section adjacent said bearing means at each of said side openings; a fluid
      actuated cylinder on said mounting bracket and connected to a respective
      one of said wedging means, the direction of movement of said cylinder
      being generally perpendicular to the axis of rotation of said rock
      drilling head; conduit means connecting each of said cylinders with a
      source of pressurized fluid; control valve means for each of said fluid
      actuated cylinders for selectively pressurizing said cylinders to extend
      said wedging means, said control valve means being manually actuated at a
      control station remote from said cylinders.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein said wedging means comprises
      separate wedging apparatus spaced circumferentially around said lead
      casing section.
NUM  3.
PAR  3. The apparatus defined in claim 1 wherein said wedging means comprises
      separate wedging apparatus spaced circumferentially around said lead
      casing section; and a separate controller for each of said wedging
      apparatus.
NUM  4.
PAR  4. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section; bearing means mounted in said lead
      casing section and including radially extending bearing mounting legs
      supported by said lead casing section; a rock head mounting shaft
      journaled in said bearing means; a rock drilling head mounted on the
      forward end of said mounting shaft; wedging means on said lead casing
      section and including a moveably mounted wedging element laterally
      extendable and retractable relative to said casing section; a fluid
      actuated cylinder mounted on one of said radially extending legs and
      connected to one of said wedging means, the axis of extension and
      retraction of said cylinder being generally aligned with said bearing
      mounting leg.
NUM  5.
PAR  5. The earth boring apparatus of claim 4 that includes a storage spool
      means at said remote station; flexible conduit means connecting said fluid
      motor with said source, said conduit means being extendably stored on said
      spool means.
NUM  6.
PAR  6. In an earth boring apparatus of the type that forms horizontal holes and
      pushes sections of casing into said holes, the combination of casing means
      comprising a lead casing section; bearing means mounted in said lead
      casing section and including radially extending bearing mounting legs
      supported by said lead casing section; a rock head mounting shaft
      journaled in said bearing means; a rock drilling head mounted on the
      forward end of said mounting shaft; wedging means on said lead casing
      section and including a moveably mounted wedging element laterally
      extendable and retractable relative to said casing section; an actuating
      screw mounting bracket within said lead casing section adjacent said
      bearing means at each of said side openings; and an actuating screw on
      said screw mounting bracket and including an outer end connected to said
      wedging element, the axis of rotation of said screw being generally normal
      to the axis of rotation of said rock drilling head.
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ABST
PAL  An apparatus adapted for drilling earth formations, earth structures or the
      like essentially embodies an outer tubular means, hollow drill bit means,
      hammer assembly mechanism, and a rupturable interconnection means. The
      outer means is rotatable and axially movable having a drilling end
      insertable within the earth. Connected adjacent the drilling end is the
      hollow drill bit means which is conjointly rotatable with the outer means.
      Such outer drill bit means has an anvil impact shoulder formed on the
      interior surface thereof. The inner drill bit means is located within the
      outer member and is arranged, in a preferred embodiment, to be conjointly
      rotatable therewith. A percussion shoulder is integrally formed on the
      inner drill bit means and is arranged to selectively impact the anvil
      impact shoulder. The hammer assembly mechanism includes a selectively
      reciprocally movable hammer within the outer means for intermittently
      imparting mechanical impulses to the inner drill bit means and the hollow
      drill bit means through the percussion shoulder to the anvil impact
      shoulder for downwardly driving the hollow drill bit means and the inner
      drill bit means. The rupturable interconnection means also serves to
      rotatably interconnect the hollow drill bit means to the inner drill bit,
      as well as prevent the inner drill bit means from being forced inwardly or
      outwardly with respect to the outer means in response to repeated
      hammerings by the hammer. Additionally, the rupturable means is selected
      to be rupturable whenever the inner drill bit means and hammer mechanism
      are pulled upwardly with respect to the outer means by a force sufficient
      to separate the hollow drill bit means from the inner drill bit means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This particular invention generally pertains to an apparatus for drilling
      and casing earth formations and, more particularly, to a novel and
      improved rotary down-the-hole percussive drill apparatus.
PAR  2. Description of the Prior Art
PAR  In many particular drilling applications such as water wells, injection and
      disposal wells, coring, and exploration, it is desirable and often
      essential that well casing be installed while drilling or upon completion
      of the drilling process. The casing is installed to reduce or to prevent
      the risk of lost drill tools or loss of hole, sample contamination, ground
      water pollution and/or seepage, or to facilitate pumps and other hardware.
PAR  At present casing of wells is performed either by the "drill and drive"
      technique whereby the casing is mechanically driven through the formation
      before drilling, during drilling or following the drilling bit or by the
      installation of the casing into a completed borehole of larger diameter.
      Drilling in loose and unconsolidated materials and in highly fractured
      ravelly earth formations is often complicated by hole erosion, hole
      caving, the presence of hard boulders, or large volumes of ground water;
      and, consequently the hole is difficult or impossible to case. As a result
      the hole has to be terminated prematurely, redrilled, or a new hole
      drilled.
PAR  For example, in the field of drilling, it has been rather standard
      operating practice to drill injection wells, which may vary in depth, on
      top of or into production leach dumps to introduce a leaching solution for
      well-known purposes. Heretofore, such well drilling procedure has been
      accomplished through use of cable tool rigs or churm drills which suffered
      from certain disadvantages in that they were relatively slow and rather
      expensive in operation.
PAR  One approach which was taken to alleviate the aforenoted disadvantages, so
      as to enable bringing the aforenoted dumps into production sooner, as well
      as reduce the costs attendant with drilling, employed the use of a truck
      mounted rotary drill which was equipped with a conventional down-the-hole
      hammer drill. Whenever, however, such a technique was utilized for
      drilling and casing wells in situations wherein such factors as ground
      water and a relatively high percentage of very coarse and unconsolidated
      material were present, completion of wells was complicated. Although
      drilling proved to be relatively fast and easy, by reason of the
      down-the-hole hammer drill, it was somewhat difficult and, in certain
      circumstances impossible to install casing since the drilled holes would
      cave as the drill string was pulled out of the hole. As a consequence
      thereof, casing or well completion operations in these circumstances were
      unable to be satisfactorily performed.
PAR  Another known approach is generally described in U.S. Pat. No. 3,682,260,
      wherein there is disclosed a down-the-hole hammer drill with a removable
      inner drill bit cooperating with an annular drill bit. Such an approach,
      however, does not provide adequate assurances that the inner drill bit
      will not be forced outwardly through the open bottom end of the outer
      drill rod through the repeated hammerings of the hammer drill.
      Accordingly, if the inner drill were so forced outwardly the drilling
      apparatus would, of course, fail to perform its intended operation.
      Additionally, this particular form of construction is somewhat more
      complicated in that it requires the utilization of an inner drill pipe to
      rotate the inner drill bit.
PAC  SUMMARY OF THE INVENTION
PAR  It, accordingly, becomes an object of the instant invention to overcome the
      aforementioned shortcomings normally associated with completing and casing
      a well by providing a novel and improved down-the-hole drill assembly with
      a split bit drill which quickly and easily facilitates the drilling and
      casing of wells.
PAR  Briefly stated, the present invention contemplates an apparatus for
      drilling earth formations or the like which basically comprises an outer
      tubular means, a hollow drill bit, an inner drill bit, a hammer assembly
      mechanism, and a rupturable interconnection means.
PAR  The split bit drill is intended to eliminate the problem of losing holes or
      not completing wells where casing is required. The split bit invention
      assures the completion and the casing of a well regardless of depth;
      lithology, down hole conditions, or size. The invention allows any well to
      be completed to its intended depth using the outer tubular means, hollow
      drill bit means, inner drill bit means, hammer assembly mechanism, and a
      rupturable interconnection means. Casing the completed well or the
      installation of casing is accomplished by one of two methods. Upon
      shearing or rupturing the rupturable interconnection means, the hammer
      assembly mechanism and the inner drill bit means are withdrawn or
      retrieved from the outer tubular means and the hollow drill bit means by
      standard wireline retrieval methods. Casing can then be installed through
      the interior of the outer tubular means and the hollow drill bit means and
      the latter two consequently withdrawn from the well leaving the casing.
PAR  As an alternative the outer tubular means can be comprised of standard well
      casing sections on the hollow drill bit means comprised of a standard
      casing drive shoe containing a plurality of strategically placed button
      type insert cutting bits. Upon completion of the hole the hammer assembly
      mechanism and the inner drill bit means are withdrawn, as previously
      discussed. The outer tubular means in effect becomes the casing and
      remains in the completed hole.
PAR  The outer means may be defined by a generally elongated, rotatable, and
      axially movable outer tubular drill rod having a drilling end which is
      insertable within the earth. The hollow or outer drill bit is rotatably
      connected adjacent the lower end of such drill rod so as to be conjointly
      rotatable therewith. A generally annular upwardly facing anvil impact
      shoulder is formed on the interior surface on the outer drill bit. The
      inner drill bit is adapted to be generally centrally located within and
      adjacent the drill end of the drill rod. In a preferred embodiment, it is
      rotatably interconnected with the drill rod so as to be conjointly movable
      therewith. Such inner drill bit has a generally downwardly facing
      percussive annular shoulder which is complementary to and contacts the
      anvil shoulder of the outer or hollow drill bit for purposes of
      transmitting mechanical impulses to the latter. The hammer drill assembly
      mechanism is conventional and includes an impact hammer which is
      selectively reciprocally movable in known fashion within the drill rod.
      This impact hammer also normally serves to intermittently impart
      mechanical percussive impulses directly onto a top surface of the inner
      drill bit.
PAR  The rupturable interconnection means of the present invention may be
      defined by at least a single rupturable steel pin which normally serves to
      rotatably interconnect the hollow drill bit to the inner drill bit, as
      well as fixedly maintain the relative positions between the former and the
      latter. The rupturable steel pin is structurally designed so that it will
      positively retain the relative positions between the inner and hollow
      drill bits, regardless of the repeated poundings such inner drill bit
      receives from the hammer drill bit assembly. Accordingly, the likelihood
      that such inner drill may be forced inwardly or downwardly and outwardly
      from the bottom of the hollow drill bit is significantly reduced or even
      eliminated. Moreover, to facilitate the casing of the well, the rupturable
      steel pin is designed to rupture whenever the inner drill bit and hammer
      assembly mechanism are pulled upwardly and withdrawn from the drill rod by
      sufficient force. Thereafter, a plastic or steel casing, such as of the
      type used to case injection or water wells, may be placed into the
      interior of the drill rod. Subsequently, the drill rod may be pulled out
      of the hole leaving a completed and cased hole. As an alternative, the
      drill rod may be left in the hole to in effect become the casing for the
      completed hole.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above, as well as other objects, features, and advantages of the
      present invention will become readily apparent upon a detailed reading of
      a preferred embodiment of the present invention when viewed in conjunction
      with the accompanying drawings wherein like reference numerals indicate
      like structure throughout the several views.
PAR  FIG. 1 is a longitudinal partial cross sectional view of a drill apparatus
      embodying the principles of the present invention; and
PAR  FIG. 2 is a sectional view taken substantially along section line 2--2
      appearing in FIG. 1 looking in the direction of the arrows and
      illustrating greater structural detail of the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now, in particular, to FIG. 1 of the drawings, there is disclosed
      a novel and improved split bit casing drill apparatus embodying the
      princples of the present invention and generally designated by reference
      numeral 10. Such split bit casing drill 10 is particularly adapted for use
      in the drilling and casing of a typical well 12 drilled in various kinds
      of earth formation 14 or the like, in which it is desired to case the
      well, while at the same time being able to be withdrawn for future
      operations.
PAR  The split bit casing drill 10 of the preferred embodiment, may basically
      include an outer tubular means 16, hollow or outer drill bit means 18,
      inner drill bit means 20, hammer assembly mechanism 22, and a rupturable
      interconnection means 24.
PAR  In the embodiment illustrated in FIG. 1, the outer tubular means 16 may be
      defined by a generally elongated, rotatable, and axially movable tubular
      drill rod 26 which may be normally comprised of a plurality of elongated
      standard tubular well sections or drill rod segments 28a, b, only two of
      which are shown. Such segments may be suitably connected in axial
      alignment, in a manner well known in the art, such as by cooperating
      splined portions or the like. Drill rod 26, as is typical, is connected at
      its upper end to a rotary drive means (not shown) which appropriately
      drivingly rotates the drill rod in the earth formation 14. As will be more
      specifically described hereinafter, the drill rod 26 can be retracted from
      well 12 formed in earth structure 14, after, of course, such well has been
      properly cased or can be left in the hole to in effect become the casing
      which remains in the completed hole. In addition to the rotating motion
      imparted to the drill rod member 26, such rod member is also normally
      hammered into the earth formation 14 in a manner to be presently
      described.
PAR  As perhaps best depicted in FIG. 2, there is situated at the opposite or
      drilling end 30 of the drill rod 26 a coupling means 32. The coupling
      means 32 may be defined by three projections 34 which, as will be more
      fully described, are arranged to drivingly interconnect both the outer and
      inner drill bit means, 18 and 20, respectively. In such a manner, both of
      the drill bit means 18 and 20 may rotate in unison with one another to
      provide for a more uniform cutting action. Although this particular
      embodiment has been described with three integrally formed projections 34,
      it should be herein pointed out that other well known types of devices for
      drivingly interconnecting the outer and inner drill bit means 18 and 20
      might also be used. Moreover, by virtue of this type of connection, a much
      simpler drive for the inner drill bit means 20 is provided and one which
      may dispense with, for example, a rotary driven inner drill rod for
      driving the inner drill bit 20.
PAR  Outer or hollow drill bit means 18 is essentially comprised of a generally
      annular tubular bit member 36 which may be conveniently secured to the
      drilling end 30 in any known manner. As best illustrated in FIGS. 1 and 2,
      three radially spaced receiving slots 38 are formed, each of which
      respectively receives therein the exterior portions of the coupling
      projection 34. Accordingly, the drill rod 26 and outer drill bit means 18
      are conjointly rotatable. Interiorly formed in the bit member 36 may be a
      generally radially inwardly extending and upwardly facing impact shoulder
      40 which may either be generally continuously annular or segmented. A
      portion of such anvil impact shoulder 40 is adapted to be fitted against
      the end surface 41 of the bottom-most segment 28a forming the elongated
      rotary drill member 26. The impact shoulder 40 of the instant invention is
      formed with a generally annular radial extending section 42. Such radial
      section 42 extends generally radially inwardly with respect to the drill
      rod member 26 and is so arranged to abut and transmit the percussive
      mechanical impulses which are transmitted thereto by the inner drill bit
      means 20 cooperating therewith in a manner to be more fully described.
      Located at the cutting end 44 of outer drill bit 36 are a plurality of a
      well known type of discrete and spaced generally spherical-ended button
      type insert cutting bits 46 which may be fabricated of suitable material,
      such as steel or tungsten carbide. At least one generally radially
      extending opening 47 extends through outer drill bit 36 for purposes of
      frictionally receiving the rupturable means for purposes afterwards made
      clear.
PAR  With continued reference to FIGS. 1 and 2, the inner drill bit means 20 may
      be defined by any suitable and conventional drill bit 48 and is
      illustrated as being centrally located with respect to the drill rod 26.
      Such inner drill bit 48 has a cutting or drilling end 50. As more clearly
      shown in FIG. 1, a plurality of discrete and spaced generally
      spherical-ended button type insert cutting bits 52 which may be generally
      similar in structure and function to cutting button-type bits 46 are
      inserted into drilling end 50. Such inner cutting bit inserts 52 serve to
      cut through the earth formation 14. At least one radially inwardly
      extending receiving opening 54 is formed in inner drill bit 28. Such
      opening 54 is designed to frictionally receive a portion of the rupturable
      means 24. A cavity 56 is centrally formed in inner drill bit 48 and has a
      plurality of circumferentially spaced generally downwardly and outwardly
      formed fluid passages 58 which permits flushing fluid, such as pressurized
      air, to flow therethrough, in a conventional manner, to thereby permit
      carrying away of cutting debris from drill ends 44 and 50 up and through
      the well annulus 51. Positioned at the intermediate end of the inner drill
      bit 48 is a substantially annular percussive surface 60 which receives the
      percussive impulses from the hammer assembly mechanism 22 to be presently
      described. In this arrangement, the percussive surface 60 will directly
      contact and transmit the mechanical forces to the impact shoulder 40 to
      provide for greater transmission of such impact forces. Formed on the
      external periphery of the upper end of the inner drill bit 48 are a
      plurality of circumferentially spaced generally longitudinally extending
      grooves 62 which slidably interfit with the opposed or interior portions
      of the coupling projections 34, such as indicated in FIG. 2. By this
      particular arrangement, it will be appreciated that inner drill bit 48 is
      rotatably secured to drill rod 26 and axially slidable with respect
      thereto. The purpose served by the relative slidable interconnection is to
      facilitate withdrawal of the inner drill bit 48 from the drill rod member
      26 for reasons well known in the art. In the preferred embodiment, this
      type of interconnection acts to, in a very simple manner, drivingly rotate
      the inner drill bit 48 without, for example, a relatively complicated and
      expensive inner drill pipe which is conveniently utilized in certain
      circumstances.
PAR  The hammer assembly mechanism 22 of the present embodiment may be any
      conventional down-the-hole type and may be comprised of a hammer drill
      section 64 and an anvil section 66. Such hammer drill section 64 is
      designed to impart intermittent blows to the inner drill bit 48 and may be
      defined by any conventional well known type of reciprocally movable
      down-the-hole percussive hammer 68 currently used in the field. Therefore,
      a detailed description as to its construction and operation is not deemed
      necessary for an understanding of the present invention. However, for an
      appreciation of its operation, in context with the present embodiment, it
      will be sufficient to note that the percussive hammer 68 is appropriately
      connected to inner drill bit 48, in conventional fashion. As a result of
      this kind of arrangement, mechanical impulses may be repeatedly and
      intermittently transmitted to the inner drill bit means 20 from the hammer
      assembly mechanism 22. In addition, such hammer mechanism 22 may
      selectively withdraw inner drill bit 48 from the outer drill bit 36. A
      central passageway 70 is also formed in the hammer drill section 64 which
      enables the flushing fluid to pass to and through passages 58 formed in
      inner drill bit 48 as well as serve to reciprocate hammer 68 in
      conventional manner. The upper portion of the hammer drill section 64 has
      a reduced diameter spline portion 72 which facilitates its interconnection
      to the anvil section 66. Anvil section 66 is connected to hammer section
      64 by any suitable means (not shown) so as to be able to conjointly
      linearly move therewith. In this manner, withdrawal is facilitated.
PAR  Anvil section 66 is conventional and essentially serves as a heavy weight
      which acts to maintain the hammer drill section 64 in proper position for
      successfully performing its operation. It also has a fluid passageway 74
      centrally formed therein which communicates with the passageway 70 formed
      in the hammer drill section 64. A plurality of circumferentially spaced
      inlet passageways 76 are located such that they all converge to the top of
      the anvil passageway 74 for similarly passing the flushing fluid to the
      drill end surfaces 44 and 50. Intermittently, located in the peripheral
      surface is at least one spring biased weight detent 77 which, in a
      conventional manner, latches the anvil section 66 to drill rod 26, and
      also permits upward movement of such anvil section 66 upon withdrawal. A
      spearhead 78 is integrally formed and located on the top of anvil section
      66 which enables the standard wire-line retriver (not shown) to engage
      therewith. As is known, such wire-line retriever may, through conventional
      dogs, also not depicted, retract the entire hammer mechanism assembly 22
      as well as the inner drill bit means 20 for purposes to be presently
      described.
PAR  With particular reference to FIG. 1, the rupturable interconnection means
      24 of the present invention is defined by at least one relatively rigid
      pin member 80 which may be made of suitable material such as, for example,
      steel. Although an individual pin 80 has been depicted, it is, of course,
      within the spirit and scope of the present invention that a plurality of
      such pins may be suitably employed without departing from the scope of the
      present invention. In the embodiment illustrated in FIG. 1 opposite ends
      of pin 80 are frictionally received within openings 47 and 54 formed in
      the outer and inner drill bit means 18 and 20, respectively. The material
      for pin 80 is selected, however, so that it has sufficient strength and
      rigidity to prevent the inner drill bit 48 from being forced outwardly or
      inwardly from the bottom of the outer bit 36 as a result of the repeated
      poundings of the percussive hammer 68. It should be pointed out, however,
      that the material for the pin 80 is selected so that it will shear or
      rupture upon application of a sufficient shearing force. It is envisioned
      that this rupture force will be the retraction force applied by the
      standard wire-line retriever ordinarily used to, as previously mentioned,
      withdraw the hammer and anvil sections 64 and 66, respectively, as well as
      inner drill bit 48. Additionally, by reason of the type of interconnection
      aforedescribed, pin 80 directly serves to provide another path for
      transmitting rotation from drill rod 26 to the inner drill bit 48. While
      the rupturable interconnection means 24 has been described for use in a
      casing drill in which the inner drill bit 48 is rotated directly through
      drill rod 26 it should be noted that even if drill bit 48 were rotated
      through an inner drill pipe or the like, such pin 80 may be used in such
      an arrangement.
PAR  Having thus described a preferred embodiment of the present invention, its
      basic mode of operation will be briefly set forth.
PAR  During a drilling operation, the drill rod 26 is suitably rotatably driven.
      The projections 34 of coupling means 32 serve to continuously rotatably
      drive the outer and inner drill bits 36 and 48 so as to effect drilling of
      the earth formation 14. At the same time as the drill rod 26 is
      continuously rotated the hammer assembly mechanism 22 repeatedly and
      intermittently applies impact blows to inner drill bit 48. The impacts are
      in turn transmitted through percussive impact shoulder 60 which engages
      impact shoulder 40 formed on outer drill bit 36 to correspondingly
      downwardly drive outer drill bit 36. As a consequence of the foregoing
      arrangement, the outer and inner bits 36 and 48 are continuously advanced
      in the axial direction by the percussive effect of the hammer assembly
      mechanism. At the completion of the drilling operation and whenever it is
      desired to case the newly drilled well 12, the inner drill bit 48, hammer
      drill section 64, and anvil section 66 are withdrawn. As indicated
      previously, the standard wire retrieval effects the withdrawal. As a
      result of such withdrawal, the rupturable pin 80 is sheared thereby
      permitting drill rod 26 to temporarily remain. After withdrawal, a
      suitable casing member (not shown) is suitably and centrally inserted
      within drill rod 26. Thusly, drill rod 26 may thereafter be successively
      withdrawn for future use while the casing remains. As an alternative,
      drill rod 26 can be left in the newly drilled well 12 and thereby becomes
      the casing. It will, therefore, be appreciated that the casing drill 10 of
      the present invention enables casing of wells even with use of
      down-the-hole hammer.
PAR  While the invention has been described in connection with the preferred
      embodiment, it is not intended to limit the invention to the particular
      form set forth above, but, on the contrary, it is intended to cover such
      alternatives, modifications, and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus adapted for drilling and casing earth formations, earth
      structures, or the like comprising a rotatable and axially movable tubular
      outer means having a drilling end, hollow drill bit means connected
      adjacent said drilling end and conjointly rotatable with said outer means
      and having an anvil impact shoulder in the interior of said hollow drill
      bit means, rotatable inner drill bit means generally centrally disposed
      within said outer means for drilling the earth formation and having a
      percussion shoulder for contacting said anvil shoulder, hammer assembly
      means including a selectively reciprocally movable hammer within said
      outer means for intermittently impacting mechanical impulses to said inner
      drill bit means and said hollow drill bit means through the percussion
      shoulder to said anvil impact shoulder for downwardly driving said hollow
      drill bit means and said inner drill bit means, the improvement
      comprising, rupturable interconnection means rotatably interconnecting
      said hollow drill bit means to said inner drill bit means, as well as
      preventing said inner drill bit means from being pulled in or forced out
      from said outer means in response to repeated hammerings by said hammer,
      and also being rupturable whenever said inner drill bit means and said
      hammer assembly means are pulled upwardly with force sufficient to
      separate from said hollow drill bit means said inner drill bit means.
NUM  2.
PAR  2. An apparatus as defined in claim 1 in which said outer means is formed
      with coupling means which drivingly cooperates with said inner drill bit
      means for conjointly rotating the latter therewith.
NUM  3.
PAR  3. An apparatus as defined in claim 1 in which said rupturable means is
      comprised of at least one elongated pin member.
NUM  4.
PAR  4. An apparatus as defined in claim 3 in which said pin member is defined
      by a steel pin.
NUM  5.
PAR  5. An apparatus adapted for drilling and casing earth formations, earth
      structures, or the like comprising a rotatable and axially movable tubular
      outer means having a drilling end; coupling means located adjacent said
      drilling end; hollow drill bit means connected adjacent said drilling end
      and being conjointly rotatable with said outer means and having an anvil
      impact shoulder in the interior of said hollow drill bit means; rotatable
      inner drill bit means generally centrally disposed within said outer means
      and being rotatably connected to said coupling means for drilling the
      earth formation; said inner drill bit means having a percussion shoulder
      for contacting said anvil shoulder; hammer assembly mechanism including a
      selectively reciprocally movable hammer within said outer means for
      intermittently imparting mechanical impulses to said inner drill bit means
      and said hollow drill bit means through said percussion shoulder to said
      anvil impact shoulder for downwardly driving said hollow drill bit means
      and said inner drill bit means, and rupturable interconnection means being
      defined by at least one elongated pin member rotatably interconnecting
      said hollow drill bit means to said inner drill bit means, as well as
      preventing said inner drill bit means from being pulled in or forced out
      from said outer means in response to repeated hammerings by said hammer,
      and also being rupturable whenever said inner drill bit means and said
      hammer mechanism are pulled upwardly with force sufficient to separate
      from said hollow drill bit means said inner drill bit means.
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PAL  A boring apparatus in which a plurality of drill bits are supported in a
      casing fixed to a boring pipe in such a manner that these bits are axially
      substantially parallel with the axis of the boring pipe and are freely
      rotatable around their own axis independently of the rotation of the
      boring pipe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to boring apparatus, and more particularly to a
      boring apparatus provided with a plurality of drill bits which are
      supported in a casing assembly fixed to a boring pipe in such a manner
      that these drill bits are freely rotatable around their own axis without
      any direct relationship with the rotation of the boring pipe and the axis
      of rotation of each of these drill bits is substantially parallel to the
      axis of rotation of the boring pipe.
PAR  A boring machine of the kind provided with a plurality of drill bits
      capable of boring movement along a trochoidal curve is commonly known and
      has such a construction that each individual drill bit is arranged for
      rotation around its own axis and around the axis of the boring pipe in
      interlocking relation with the rotation of a boring pipe. This prior art
      boring machine comprises generally a central shaft connected to the boring
      pipe. In this prior art boring machine, a sun gear and a central casing
      are mounted on this central shaft and planet gears connected to the drill
      bits are mounted in the central casing for meshing engagement with the sun
      gear. Due to this construction, a rotating force is transmitted from the
      rotating boring pipe to the individual drill bits through the sun gear and
      planet gears so that the individual drill bits can be forcedly rotated
      around the axis of the boring pipe and around their own axis.
PAR  Therefore, the prior art boring machine having a construction as above
      described is defective in that a bulky gearing is required resulting in a
      high cost. Further, when it is desired to change the diameter of a hole to
      be bored, that is, when it is desired to change the pitch of the drill
      bits, the gears in the gearing must be replaced by other suitable gears or
      intermediate gears must be incorporated in the gearing. This gear
      replacing operation is very troublesome. Some of the drill bits are
      arranged on a circle of small radius and the others are arranged on a
      circle of large radius when it is desired to bore a hole of relatively
      large diameter. In such a case, the drill bits disposed in the radially
      inner position are driven in a direction opposite to the direction of
      rotation of the drill bits disposed in the radially outer position for the
      sake of simplicity of construction, and this arrangement results in such a
      defect that removed earth and sand tends to be trapped between the drill
      bits. This trapped earth and sand obstracts the rotation of the drill bits
      around their own axis and the motion of the drill bits is limited to the
      rotation around the axis of the boring pipe in integral relation with the
      boring pipe, with the result that the boring efficiency is extremely
      reduced. The present invention obviates such prior art defects.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a novel and
      improved boring apparatus which is free from defects as above pointed out,
      which is simple in construction, in which the pitch can be easily changed,
      and which can operate with an excellent performance for the boring.
PAR  This excellent performance is attained by an arrangement in which a
      plurality of drill bits are supported in a casing assembly fixed to a
      boring pipe in such a manner that the drill bits are axially substantially
      parallel with the axis of the boring pipe and are freely rotatable
      independently of the rotation of the boring pipe.
PAR  Due to the fact that the drill bits are disposed to be freely rotatable
      without any direct relationship with the rotation of the boring pipe in
      the manner above described, all the freely rotatable drill bits are
      rotated in the same direction by a frictional force imparted thereto when
      the boring pipe is driven for boring. As a result, the drill bits bore a
      hole while rotating around the axis of the boring pipe and around their
      own axis thereby providing satisfactory boring efficiency.
PAR  Therefor, according to one aspect of the present invention, the casing
      assembly is formed integrally with a body, within which the drill bits are
      journalled in bearings. However, the casing assembly is formed with
      separate bodies, at least one of which supports the drill bits with free
      rotation. The separate bodies are connected together with, for example,
      bolt means, but these are easily detachable. In case of separate bodies,
      the casing assembly consists of central casing fixed to a boring pipe and
      bit supporting casings, and therefor the alteration of the pitch is
      realized.
PAR  The easiness of the alteration of the pitch, which is one of the objects of
      the present invention, is achieved by the fact that adjustable block
      members can be inserted between the central casing and the casings
      supporting the drill bits. The alteration of the pitch and adjustment of
      the angle of inclination of the drill bits can be attained by insertion of
      said block members of suitable thickness, and this ensures satisfactory
      performance of the apparatus.
PAR  The drill bits supported by these casings have the same cutting edge lower
      surface. However, one feature of the present invention, the drill bits may
      be arranged in suitable axially stepped relation to provide an offset
      between the cutting edge level of one bit and that of another thereby
      providing better performance.
PAR  In the present invention, an interlocking means is provided for causing
      rotation of the freely rotatable drill bits in interlocking relation with
      one another so that the drill bits can be rotated in the same direction
      while cooperating with one another thereby obviating such a trouble that
      one or more of the drill bits cease rotation due to trapping of removed
      earth and sand.
PAR  In the present invention, a bore reshaping bit is provided on the outer
      side face of each of the casings so that the wall surface of the hole
      bored in the form of a petal by the drill bits can be reshaped in a
      substantially true cylindrical surface.
PAR  In the present invention, a gearing or a chain is employed to constitute
      the interlocking means so as to reliably and easily adjustably attain the
      interlocking operation of the freely rotatable drill bits.
PAR  The above and other objects, features and advantages of the present
      invention will become apparent from the following detailed description
      taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a prior art boring apparatus of the
      variable pitch type.
PAR  FIG. 2 is a vertical sectional view of an embodiment of the boring
      apparatus according to the present invention, the section being taken on
      the line II--II in FIG. 3.
PAR  FIG. 3 is a cross-sectional view of the boring apparatus shown in FIG. 2,
      the section being taken on the line III--III in FIG. 2.
PAR  FIG. 4 is a vertical sectional view of another embodiment of the present
      invention, the section being taken on the line IV--IV in FIG. 5.
PAR  FIG. 5 is a cross-sectional view of the boring apparatus shown in FIG. 4,
      the section being taken on the line V--V in FIG. 4.
PAR  FIG. 6 is an enlarged view of a part of FIG. 4.
PAR  FIG. 7 is a vertical sectional view of still another embodiment of the
      present invention.
PAR  FIG. 8 is a cross-sectional view of the embodiment shown in FIG. 7, the
      section being taken on the line VIII--VIII in FIG. 7.
PAR  FIG. 9 is a diagram showing various forces acting upon a freely rotatable
      drill bit.
PAR  FIG. 10 is a diagram showing the relation between the resistance ratio and
      the torque ratio in the freely rotatable drill bit.
PAR  FIG. 11 is a diagrammatic view showing the motion of the freely rotatable
      drill bits during the boring operation.
PAR  FIG. 12 is a diagrammatic view showing another form of interlocking means
      for the drill bits.
PAR  FIGS. 13a, 13b and 13c are diagrammatic views showing other bit
      arrangements.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before describing the present invention in detail, a prior art boring
      apparatus will be briefly described.
PAR  Referring to FIG. 1, a sun gear 2 is mounted on a boring pipe 1 for unitary
      rotation with the boring pipe 1. A central casing 3 is rotatably supported
      by the boring pipe 1. A pair of drill bits (not shown) are disposed on
      opposite sides of the boring pipe 1 and are rotatably supported in this
      central casing 3 and casings 8 and 9. Planet gears 6 and 7 are mounted
      respectively on the shaft portions 4 and 5 of these drill bits for meshing
      engagement with the sun gear 2. Casings 8 and 9 are detachably mounted to
      opposite side walls respectively of the central casing 3 with shim members
      10 interposed therebetween. Planet gears 13 and 14 are mounted
      respectively on the shaft portions 11 and 12 of these drill bits. These
      planet gears 13 and 14 are in meshing engagement with the sun gear 2
      through intermediate idle gears 15 and 16 supported suitably in the
      central casing 3. In this prior art boring apparatus, adjustment of the
      diameter of a hole to be bored, that is, adjustment of the pitch P is
      carried by changing the shim members 10 and replacing or adjusting the
      position of the intermediate idle gears 15 and 16.
PAR  In the boring operation with the boring apparatus having such a
      construction, the boring pipe 1 is rotated to transmit a rotating force to
      the drill bits through the sun gear 2, and the central casing 3 is rotated
      by a rotating force from the rotating source such as electric motor
      installed on the earth. Therefore, the drill bits rotate around the axis
      of the boring pipe 1 while rotating around their own axis. However, when
      the boring pipe 1 rotates clockwise as shown by the arrow 17, the bit
      shafts 4 and 5 supported in the central casing 3 rotate counterclockwise
      as shown by the arrows 18a and 18b, and the bit shafts 11 and 12 supported
      in the casings 8 and 9 rotate clockwise as shown by the arrows 19a and
      19b. Therefore, the drill bits carried by the bit shafts 11 and 12 rotate
      in a direction opposite to the direction of rotation of the drill bits
      carried by the bit shafts 4 and 5. Thus, removed earth and sand tends to
      be trapped between the adjacent drill bits to limit the rotation of the
      drill bits around their own axis. As a result, the central casing 3, the
      casings 8, 9 and drill bits will rotate in integral relation with the
      boring pipe 1 and the boring efficiency will be extremely reduced.
PAR  The present invention is intended to eliminate such defects of the prior
      art apparatus as described above. A few preferred embodiments of the
      present invention will now be described in detail with reference to FIGS.
      2 to 13.
PAR  Referring to FIGS. 2 and 3 showing an embodiment of the present invention,
      a central casing 23 is firmly bolted to the lower end of a boring pipe 21.
      Casings 28 and 29 are detachably fixed to opposite side walls of the
      central casing 23. This central casing 23 has a hollow space therein, and
      a central drill bit 27 is detachably mounted to the lower end of the
      central casing 23. An opening 38 is formed in a lower side wall portion of
      the central casing 23 so that the slime removed by the boring operation
      can be discharged to the earth surface through the central casing 23 and
      boring pipe 21.
PAR  The central casing 23 supports rotatably bit shafts 24 and 25 on opposite
      sides of the axis of rotation A of the boring pipe 21. These bit shafts 24
      and 25 are journalled freely rotatable in bearings 30 and 39 to be
      supported in parallel with the axis of rotation A of the boring pipe 21.
      Drill bits 31 and 32 are respectively detachably fixed to the lower end
      portion of the bit shafts 24 and 25. Thus, these drill bits 31 and 32 are
      disposed to be freely rotatable independently of the rotation of the
      boring pipe 21. Each of these drill bits 31 and 32 has its cutting edge
      surfaces arranged to lie in a plane perpendicular to the axis of rotation
      B thereof. The spaces 33 surrounding the bit shafts 24 and 25 within the
      central casing 23 are maintained fluid-tight against the exterior by means
      of cover members 34 and sealing members 35, and bearing lubricating oil is
      filled in these spaces 33.
PAR  The casings 28 and 29 are independent of the central casing 23, and bit
      shafts 41 and 42 (FIG. 3) are supported respectively therein in a manner
      similar to the manner of supporting the bit shafts 24 and 25. These bit
      shafts 41 and 42 extend downward, and drill bits 36 and 37 are detachably
      fixed to the lower end portion of these bit shafts 41 and 42 respectively.
      In one feature of the invention these casings 28 and 29 are firmly bolted
      to the central casing 23 with an adjustable block member 40 such as shim
      member interposed between each of them and the central casing 23, and each
      of these bit shafts 41 and 42 is disposed in such a manner that the axis
      of rotation C thereof is parallel with the axis of rotation A of the
      boring pipe 21. Each of the drill bits 36 and 37 has its cutting edge
      surface arranged to lie in a plane perpendicular to the axis of rotation A
      like the drill bits 31 and 32, and the cutting edges of the drill bits 36
      and 37 are arranged to lie at a position slightly above the position of
      the cutting edges of the drill bits 31 and 32 as shown in FIG. 2. The
      drill bits 36 and 37 have a boring radius greater than that of the drill
      bits 31 and 32. The pitch P between these drill bits 36 and 37 can be
      adjusted by adjusting the thickness of the adjustable block members 40.
      Bore reshaping bits 43 and 44 may be mounted to the outer side face of the
      respective casings 28 and 29, so that the wall surface of the bore being
      bored by the drill bits 36 and 37 can be reshaped into a substantially
      true cylindrical surface.
PAR  In the boring operation with the boring apparatus having a construction as
      above described, the boring pipe 21 is rotated and propelled downward by a
      drive source (not shown) while supplying water in the hole being bored,
      and the slime removed by boring is discharged from the opening 38 of the
      central casing 23 to the earth surface via the central casing 23 and
      boring pipe 21. In this operation, the drill bits 31, 32, 36 and 37 rotate
      around the axis of rotation A of the boring pipe 21. In addition, due to
      the fact that the cutting edges of the individual drill bits making
      rotation around the rotating axis A of the boring pipe 21 are encountered
      by boring resistances which differ between inner and outer side of the
      individual bit depending on the radial position relative to the rotating
      axis A of the boring pipe 21, rotating forces are produced tending to
      cause rotation of the individual drill bits 31, 32 and 36, 37 around the
      respective axis of rotation B and C.
PAR  The mechanism with which the drill bits are caused to rotate around their
      own axis will be described in more detail with reference to FIG. 9.
      Referring to FIG. 9, suppose that a torque T.sub.I is imparted to a rod R
      to cause clockwise rotation of a drill bit around a point O.sub.1
      corresponding to the rotating axis A. Then, a tangential force F acting
      upon the center O.sub.2 of the drill bit is given by F = T.sub.1 /r.sub.1
      where r.sub.1 is the radius of rotation of the drill bit around the point
      O.sub.1. Suppose that a resistance force encountered by the drill but
      during boring is expressed as a force f acting upon a point p. Then, the
      resistance force resisting the rotation of the drill bit around the point
      O.sub.1 is F = f when the rotation of the drill bit is not taken into
      account. In this case, a torque T.sub.01 tending to cause rotation of the
      drill bit around the point O.sub.1, a torque T.sub. 02 tending to cause
      rotation of the drill bit around its center O.sub.2, and a torque T.sub.03
      produced in a direction tangential to the wall of the bored hole as a
      reaction against the rotation of the drill bit around its center O.sub.2,
      are given by the following equation:
EQU  T.sub.01 = (F - f) r.sub.1 = (T.sub.1 /r.sub.1 - f) r.sub.1  = T.sub.I -
      fr.sub.1                                                  (1)
EQU  T.sub.02 = - fr.sub.2                                      (2)
EQU  T.sub.03 = f (r.sub.1 + r.sub.2) = fr.sub.1 + fr.sub.2     (3)
PAL  It will be seen that the balance of the torques given by the relation
      T.sub.I = T.sub.01 + T.sub.02 + T.sub.03 holds. This is also testified by
      a formula of energy. In other words, the torque T.sub.02 tending to cause
      rotation of the drill bit around its center 0.sub.2 is produced in view of
      the fact that the force f due to the boring resistance is f .noteq. 0.
PAR  Further, these torques T.sub.01, T.sub.02 and T.sub.03 work independently
      of one another, and the amounts of work in the respective directions of
      rotation are independently of one another. Thus, the absolute value of the
      composite output torque .vertline.T.sub.0 .vertline. is expressed as
EQU  .vertline.T.sub.0 .vertline. = .vertline.T.sub.01 .vertline. +
      .vertline.T.sub.02 .vertline. + .vertline.T.sub.03 .vertline. = T.sub.I +
      2fr.sub.2                                                 (4)
PAL  Suppose that the resistance ratio f/F = x and the radius ratio r.sub.2
      /r.sub.1 = .rho., then the equation (4) is expressed as
EQU  .vertline.T.sub.0 .vertline. = T.sub.I + 2 r.sub.2 /r.sub.1 .times. T.sub.I
      = (1 + 2.rho.x) T.sub.I                                   (5)
PAR  when .rho. in the equation (5) is substituted by the radius ratio .rho. =
      4/5 commonly employed in apparatus of this kind, the relation shown in
      FIG. 10 is obtained. It will thus be seen that, due to the fact that the
      total sum of the individual output torques imparted to the drill bit is
      greater than the torque T.sub.I transmitted by the rod R, a reduced load
      torque need be imparted to the rod R for the boring operation by the drill
      bit, and the load of the rod R required during the boring operation is
      decreased with the increase in the resistance force f imparted to a point
      which is radially remote from the point 0.sub.1.
PAR  For the reasons above described, the individual drill bits 31, 32, 36 and
      37 rotate around the rotating axis A of the boring pipe 21 and around
      their own axis, and the direction of rotation of these drill bits around
      their own axis is opposite to the direction of rotation around the
      rotating axis A of the boring pipe 21. Therefore, when a point of the
      drill bit 36 is noted, for example, this point moves along a curve T or a
      trochoidal curve as shown in FIG. 11 thereby exhibiting an excellent
      boring efficiency. However, boring by the drill bits drawing the
      trochoidal locus results in formation of petal-like irregularity 45 on the
      wall surface of the bored hole. This petal-like irregularity 45 is removed
      and the bored wall surface is reshaped by the reshaping bits 43 and 44. As
      a result of such reshaping, a hole substantially completely circular in
      cross section can be obtained.
PAR  FIGS. 4 and 5 show another embodiment of the present invention. In this
      embodiment, the drill bits 51 and 52 are supported in a central casing 53
      with their axis of rotation B arranged in parallel with the axis of
      rotation A of a boring pipe 21 and have a large boring radius. The casings
      48 and 49 are fixed to the central casing 53 through adjustable block
      members 50 as in the first embodiment. The axis of rotation C of each of
      other drill bits 56 and 57 supported in the respective casings 58 and 59
      is inclined slightly inwardly toward the boring direction by an angle
      .theta. relative to the axis of rotation A of the boring pipe 21 as seen
      in FIG. 4. The boring radius of these drill bits 56 and 57 is smaller than
      that of the drill bits 51 and 52. A central drill bit 27 is situated above
      the drill bits 51, 52, 56 and 57, and the bore reshaping bits 58 and 59
      are fixed to the outer side faces of the central casing 53 on opposite
      sides of the boring pipe 21.
PAR  The construction of the embodiment shown in FIGS. 4 and 5 is generally
      similar to that shown in FIGS. 2 and 3 except the arrangement specifically
      described above. In like manner, bit shafts 54 and 55 carrying the
      respective drill bits 51 and 52 are supported in the central casing 53.
      The casings 48 and 49 are fixed to the opposite side faces of the central
      casing 53 through the adjustable block members 50, and the longitudinal
      axis of each of these casings 48 and 49 inclines slightly inwardly toward
      the boring direction by a slight angle as above described. The central
      drill bit 27 is fixed to the lower end of the central casing 53.
PAR  In the second embodiment having such a construction, the drill bits 51, 52,
      56 and 57 bore a hole while rotating around the rotating axis A of the
      boring pipe 21 and around their own axis as in the first embodiment as the
      boring pipe 21 is rotated and propelled. As a result, the cutting edges of
      each drill bit draw a trochoidal locus. As specifically shown in FIG. 6,
      the inclined drill bits 56 and 57 in this second embodiment make boring
      operation while forming the surface D of the core. However, due to the
      fact that these drill bits 56 and 57 are inclined by the angle .theta.
      relative to the rotating axis A of the boring pipe 21, the outer
      peripheral surface portions 56A and 57A of the respective drill bits 56
      and 57 do not substantially make boring engagement with the surface D of
      the core. In FIG. 6, at a side G nearer to the wall surface E of the bored
      hole, the boring resistance encountered by the drill bits 56 and 57 is
      increased at an outer side thereof due to the inclination, and an
      increased rotating force is imparted to the drill bits 56 and 57 due to
      this increased boring resistance encountered at this side G, this rotating
      force being larger than when no inclination is provided. A great rotating
      force is also imparted to the other drill bits 51 and 52 due to engagement
      with the wall surface E of the bored hole. Therefore, the boring
      efficiency can be improved by the arrangement above described. The angle
      of inclination .theta. is suitably adjusted by replacing the adjustable
      block members depending on the nature of the soil at the specific site.
PAR  FIGS. 7 and 8 show still another embodiment of the present invention.
      Referring to FIGS. 7 and 8, a hollow central casing 63 is formed with
      openings W in its opposite side walls and is secured at the upper end
      thereof to a boring pipe 21 through a hollow connecting member 60. A
      cylindrical member 61 is disposed within this central casing 63 in such a
      relation that the central axis thereof coincides with the axis of rotation
      A of the boring pipe 21. This cylindrical member 61 is supported at the
      lower end thereof by a lower end portion of the central casing 63 and at
      the upper end thereof by the connecting member 60. Slime is discharged to
      the earth surface from the lower end opening of the central casing 63
      through the cylindrical member 61, connecting member 60 and boring pipe
      21. Hub 62A is journalled at opposite end thereof in bearings 63a and 63b
      of the casing portion. The hub 62A is formed with a gear 62 which is
      rotatably supported within the central casing 63 in coaxial relation with
      the axis of rotation A of the boring pipe 21. The hub 62A can rotate
      around the cylindrical member 61.
PAR  Gears 66 and 67 are keyed to respective bit shafts 64 and 65 supported
      within the central casing 63, and these gears 66 and 67 are not in direct
      meshing engagement with the central gear 62. Intermediate idle gears 68
      and 69 are further provided in the central casing 63 as shown in FIG. 8 so
      as to bring the associated gears 66 and 67 into driven engagement with the
      central gear 62. These intermediate idle gears 68 and 69 are supported in
      a fixed position.
PAR  Casings 78 and 79 are formed with openings W' opposite to the openings W in
      the side walls at which they are connected to the central casing 63. Gears
      81 and 82 are formed on bit shafts 91 and 92 supported in the casings 79
      and 78 respectively, and these gears 81 and 82 are disposed within the
      respective openings W'. These gears 81 and 82 are not in direct meshing
      engagement with the central gear 62 but are brought into meshing
      engagement with the central gear 62 by respective intermediate idle gears
      83 and 84 disposed within the central casing 63 as shown in FIG. 8. These
      intermediate idle gears 83 and 84 are positioned so as to be engageable
      with the central gear 62 and the gear 81 or 82 within the central casing
      63, and the most suitable meshing engagement is provided by adjustable
      block members inserted suitably between the casings 78, 79 and the central
      casing 63 for changing the pitch.
PAR  In this third embodiment, drill bits 76 and 77 are arranged to bore a range
      of large radius, and other drill bits 71 and 72 for boring a range of
      small radius are arranged in such a position that the cutting edges
      thereof are disposed below those of the drill bits 76 and 77. Further, the
      bit shafts of all these drill bits 71, 72, 76 and 77 are disposed in
      parallel with the axis of rotation A of the boring pipe 21, and a central
      bit 87 is disposed in an uppermost position. These axially offset relation
      of drill bits renders remarkable difference of the boring resistance,
      which causes an increased rotating force of the own axis of each bit.
      Lubricating oil is filled in all the casings as in the preceding
      embodiments. Cover members 74 covering the casings 78 and 79 are formed
      with many perforations 73 as seen in FIG. 7, and a diaphragm 75 is
      interposed between each of the casings 78, 79 and the associated cover
      member 74 to provide a fluid-tight seal. Such diaphragms 75 are deformed
      for compensating the difference between the internal pressure and the
      external pressure during boring operation.
PAR  In the third embodiment having a construction as above described, the
      freely rotatable drill bits 71, 72, 76 and 77 are interlocked with one
      another by the gear train so that they can rotate in the same direction.
      Therefore, during boring operation, forces tending to cause rotation of
      the drill bits 71, 72, 76 and 77 around their own axis are transmitted to
      one another thereby causing rotation of these drill bits around their own
      axis. Thus, it is possible to avoid an undesirable action such that
      crushed rocks or earth and sand may be trapped between some of the
      individual drill bits tending to obstruct rotation of the drill bits
      around their own axis.
PAR  The gearing shown in FIGS. 7 and 8 is arranged so as to permit alteration
      of the pitch and to cause rotation of all the drill bits in the same
      direction. However, when such alteration of the pitch is unnecessary, it
      is apparent that the intermediate idle gears 68, 69, 83 and 84 may be
      eliminated and the gears 65, 67, 81 and 82 may be arranged to engage
      directly with the central gear 62 thereby simplifying the construction.
PAR  Another form of the means for causing interlocking operation of the
      individual drill bits 71, 72, 76 and 77 is shown in FIG. 12. In the form
      shown in FIG. 12, an endless chain c is utilized in lieu of the gear
      train. Sprockets 95, 96, 97 and 98 are mounted on the bit shafts 91, 92,
      64 and 65 carrying the drill bits 71, 72, 76 and 77 respectively, and the
      endless chain c is trained around these sprockets. A pair of idle
      sprockets 99 and 100 are disposed in the vicinity of the mounted position
      of the respective casings 78 and 79 in order to permit alteration of the
      pitch by the block members interposed between the central casing 63 and
      the casings 78, 79. The form shown in FIG. 12 is also effective in that
      the drill bits 71, 72, 76 and 77 can be rotated in interlocking relation
      in the same direction around their own axis and the reliability of
      maintaining the desired boring efficiency can be improved as in the
      embodiment using the gear train.
PAR  FIGS. 13a, 13b and 13c show other preferred bit arrangements according to
      the present invention. It is apparent from FIGS. 13a to 13c that a
      plurality of drill bits may be suitably arranged as shown.
PAR  It is to be understood that many changes and modifications may be made
      without departing from the spirit and scope of the present invention
      specified in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A boring apparatus for boring holes in the ground comprising a plurality
      of downward extending drill bits and associated drill bit shafts, and a
      boring pipe, each said drill bit shaft and said boring pipe being
      rotatably supported in a casing assembly, each said drill bit shaft being
      rotatably journaled in an associated means for supporting each said drill
      bit shaft such that each said drill bit is freely rotatable about the axis
      of rotation of said associated drill bit shaft, said means arranged and
      configured such that the axis of rotation of each said drill bit shaft is
      substantially parallel to the axis of rotation of said boring pipe, said
      means for supporting each said drill bit shaft being coupled to said
      boring pipe, such that said means is non-rotatable about its own axis,
      said means being further characterized by an absence of any gear engaging
      member for engaging said boring pipe disposed along the outer periphery
      thereof, said boring pipe being disposed in said casing assembly such that
      said drill bit shafts circumferentially surround said boring pipe, said
      boring pipe being further characterized by a lack of any gear engaging
      members for engaging said means for supporting said drill bit shaft, said
      casing assembly coupling said boring pipe to each said drill bit shaft
      such that rotation of said casing assembly causes (i) said boring pipe to
      axially rotate; (ii) said means for supporting each said drill bit shaft
      to revolve about said axis of said boring pipe; and (iii) each said drill
      bit shaft and drill bit to rotate about said axis of said drill bit shaft
      in a direction of rotation opposite to the direction of rotation of said
      boring pipe.
NUM  2.
PAR  2. The boring apparatus as claimed in claim 1, wherein said casing assembly
      comprises (i) a central casing coupled to said boring pipe, and (ii)
      bit-supporting casings, said bit-supporting casing being detachably
      secured to said central casing.
NUM  3.
PAR  3. The boring apparatus as claimed in claim 2, wherein a block member of a
      predetermined thickness is interposed between said central casing and each
      said bit-supporting casings, thereby permitting selective adjustment of
      the pitch of said bits.
NUM  4.
PAR  4. The boring apparatus as claimed in claim 1, wherein a predetermined
      number of said drill bits have their axis inclined inwardly toward the
      direction of said boring pipe relative to the axis of rotation of said
      boring pipe.
NUM  5.
PAR  5. The boring apparatus as claimed in claim 1, wherein a predetermined
      number of said drill bits have their cutting edge surfaces arranged to lie
      in an axially offset relation from each other.
NUM  6.
PAR  6. The boring apparatus as claimed in claim 1, wherein said casing is
      provided at the outer side thereof with a bore reshaping bit.
NUM  7.
PAR  7. The boring apparatus as claimed in claim 2, wherein said boring pipe and
      said central casing coupled to said boring pipe are hollow, and an opening
      is provided in the lower end of said central casing.
NUM  8.
PAR  8. The boring apparatus as claimed in claim 1, wherein an interlocking
      means is provided on said plurality of bits for causing rotation of said
      plurality of drill bits around their said axis of rotation and thereby
      interlocking with one another.
NUM  9.
PAR  9. The boring apparatus as claimed in claim 8, wherein said interlocking
      means comprises a train of gears.
NUM  10.
PAR  10. The boring apparatus as claimed in claim 8, wherein said interlocking
      means comprises a chain means.
NUM  11.
PAR  11. The boring apparatus according to claim 1 wherein said means for
      supporting each said drill bit shaft is a bit-supporting casing
      circumferentially disposed about each said shaft adjacent the lower end of
      each said shaft, and said boring pipe is journaled in a central casing,
      each said bit-supporting casing being coupled to said central casing
      thereby forming said casing assembly.
NUM  12.
PAR  12. The boring apparatus according to claim 11 wherein at least one boring
      reshaping bit is coupled to said bit-supporting casing such that said
      reshaping bit extends outward from and perpendicular to said
      bit-supporting casing.
NUM  13.
PAR  13. The boring apparatus according to claim 1 wherein said means for
      supporting each said drill bit shaft is coupled to said boring pipe with a
      block member selectively disposed between said means for supporting each
      said drill bit shaft and said boring pipe, said block member thereby
      changing the pitch of said drill bits.
NUM  14.
PAR  14. The boring apparatus according to claim 11 wherein a block member of a
      predetermined thickness is interposed between said central casing and each
      said bit-supporting casings thereby permitting selective adjustment of the
      pitch of said bits.
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ABST
PAL  Stabilizer apparatus for a drill string or other running string, including
      a body structure forming part of a rotary drill string and a stabilizer
      positioned on an end portion of said body structure, the stabilizer
      comprising a stabilizer sleeve having a conical interior surface which is
      shrink-fitted onto a mating external conical surface of such body
      structure by fluid pressure actuated or hydraulic means, permitting a
      safe, strong interconnection between the stabilizer and the drill string
      body structure, which stabilizer can be readily removed when necessary and
      replaced with another stabilizer similarly shrink-fitted onto the drill
      string body structure.
BSUM
PAR  The present invention relates to rotary bore hole drilling devices, and is
      more particularly concerned with the novel mounting of a stabilizer onto a
      drill string body structure to provide a strong connection between the
      drill string body structure and the stabilizer, while permitting easy
      removal and replacement of the stabilizer when necessary.
PAR  The provision of stabilizers along a drill string is well known, the
      stabilizer having the purpose of retaining the drill string, and
      particularly the drill bit, in a coaxial or centered position in the bore
      hole being drilled. Heretofore, stabilizers have been threadedly connected
      along the body structure of a rotary drill string, or at the lower portion
      of the drill string adjacent to the drill bit. To achieve high drilling
      speeds, or penetration rates, or straight hole or directional drilling of
      the bore hole, appropriate drilling weight on the drill bit is required
      which is generally achieved through the use of drill collars. When
      imposing such drilling weights on the bit, the drill collars tend to
      deflect, which is avoided by the use of stabilizers.
PAR  Through deflection, unforeseen changes in direction occur. Usually, a
      plurality of stabilizers are mounted on the drill string at desired
      intervals. The stabilizers have guiding elements thereon in contact with
      the bore wall, and which, accordingly, may be subjected to relatively high
      wear during drilling. Although highly wear-resistant materials are used in
      the construction of these guiding elements, their life is low under the
      high wearing action, particularly for the stabilizer located directly
      above the drill bit, since at this point increased demands are placed on
      the guidance function of the stabilizer. Restoration of the wear areas on
      the stabilizers, or replacement thereof on the drill string, requires
      removal of the stabilizer and transportation of the stabilizer body from
      the field to special workshops. Thus, in addition to considerable repair
      cost, a substantial expenditure in time, transportation, and other costs
      is required.
PAR  In order to solve the above problems, various means have been tried in the
      prior art, but without achieving a simple solution for readily securely
      mounting the stabilizer on the drill string body and for readily removing
      and replacing the stabilizer when it has become worn. Thus, various
      methods of threadably connecting the stabilizer sleeve to the body portion
      of the drill string have been provided, which have been found
      unsatisfactory. Other designs have provided for welding the stabilizer
      sleeve to the drill string body, but this again requires the use of
      special workshops for replacing the stabilizers when necessary. In
      addition, welding may adversely affect the heat treatment of the
      stabilizer and of the drill collar body to which it is secured.
PAR  The present invention provides a solution to the above problem, which
      permits a close, safe and secure connection between a stabilizer
      surrounding the body portion of a drill string and the engaged body
      portion, and which safely withstands the stresses occurring during the
      drilling operation in the bore hole, yet permits quick and easy removal
      and replacement of the stabilizer when it becomes worn or otherwise ceases
      to function to maintain the drill string coaxial. According to the present
      invention, the stabilizer body in the form of a sleeve has a
      conically-shaped interior surface which is shrink-fitted onto a mating or
      corresponding exterior conical surface of a body portion of the drill
      string. One or more of such stabilizers may be so mounted at intervals
      along the drill string, and also adjacent the drill bit. The shrink-fit
      between the stabilizer and the body portion of the drill string is such
      that the stresses occurring during drilling are safely transmitted without
      relative movement between the parts. Such power transmission can be
      further improved by incorporating friction increasing media, such as
      silicon carbide or tungsten carbide powders, or other grit, between the
      adjacent surfaces of the stabilizer sleeve and body portion of the drill
      string, to increase the coefficient of friction between such surfaces.
PAR  In addition to the basic function of safe and efficient connection of the
      stabilizer to the body portion of the drill string, the present invention
      provides high versatility for various types of drilling operations. Thus,
      for example, it is possible to continue operations using the stabilizer
      located directly above the drill bit, even after partial wear of the
      stabilizer higher up in the string, since the guidance task of the string
      stabilizers are less essential than for the stabilizer adjacent the bit.
      Thus, whenever a stabilizer adjacent the drill bit is replaced, this
      generally results in more efficient guidance characteristics, even without
      the necessity of replacing the stabilizers higher up in the drill string.
PAR  The present invention possesses many other advantages, which will be made
      more clearly apparent from considering the various forms of the invention
      which are shown in the accompanying drawings and form part of the present
      specification. These forms are described in detail below for purposes of
      illustrating the general principles of the invention, but it is to be
      understood that such detailed description is not to be taken as limitative
     .
DRWD
PAR  Referring to the drawings:
PAR  FIG. 1 is a side elevational view of the lower portion of a rotary drill
      string with stabilizers mounted thereon and embodying the invention
      principles;
PAR  FIG. 2 is a longitudinal section, partly disclosed in elevation, of a
      stabilizer mounted on a body portion of the drill string above the drill
      bit;
PAR  FIG. 3 is an exploded elevational view of the stabilizer and drill string
      body portion combination shown in FIG. 2;
PAR  FIG. 4 is a longitudinal view, shown partly in elevation and partly in
      section, of a stabilizer mounted closely adjacent a drill bit, according
      to the invention;
PAR  FIG. 5 illustrates the mounting of a stabilizer sleeve on the body portion
      of a drill string adjacent to the drill bit, disclosing the mounting
      equipment;
PAR  FIG. 6 is an elevational view and longitudinal section of a stabilizer
      mounted on a drill string body portion, similar to FIG. 2, but wherein a
      modified form of stabilizer is employed; and
PAR  FIG. 7 is a horizontal section taken on the line 7--7 of FIG. 6.
DETD
PAR  Referring to the drawings, with particular attention to FIG. 1, there is
      shown the lower portion 10 of a rotary drill string 11 positioned in a
      bore hole 12. At the bottom of the hole is a working drill bit 14, which
      is screwed into the lower end of the drill collar portion 16 constituting
      the lower end of the drill string, as illustrated in greater detail in
      FIG. 4, with the bit body bearing against the lower end 56a of a drill
      collar sub 56. The drilling weight on the drill bit is provided mainly by
      the string of drill collars 16. The upper portion of the drill string 11
      extends to the top of the hole 12, serving for transmission of the torque
      to the bit and the feeding of the drilling mud to the bottom of the hole,
      the mud flowing through the drill bit and returning upwardly with the
      cuttings through the annulus around the drill string, as is known in the
      art.
PAR  By mounting stabilizers 18 at intervals along the string of drill collars,
      and also at the lower end of the drill collar string just above the drill
      bit, according to the present invention, centering of the drill collar
      string in the hole 12 is achieved. It will be noted that the greatest
      demands are made on the stabilizer 18 immediately above the drill bit 14,
      since after relatively little wear on the latter stabilizer, as compared
      to the stabilizers positioned at higher elevations along the drill string,
      undesired deflection of the hole may occur.
PAR  The stabilizers 18 disclosed in FIGS. 2 and 3 are comprised of a sleeve 20
      positioned on a body portion or sub 22 of the drill string, a plurality of
      external spiral ribs 24 being integral with the sleeve. Each stabilizer 18
      has an effective diameter corresponding to the diameter of the hole to
      properly center the drill string and bit in the hole, the inclined ribs
      overlapping each other to insure the ability of the ribs to collectively
      contact the wall of the hole around its full circumference. Drilling mud
      and cuttings can flow upwardly through the spiral passages 26 between the
      ribs 24.
PAR  The external contact surfaces of the spiral ribs 24 are highly wear
      resistant, but should preferably have no cutting edges which could
      undesirably increase the diameter of the hole. The breaking of stabilizer
      ribs 24 as a result of heavy impact stresses on the stabilizers during the
      drilling operation should be avoided. Accordingly, high quality and high
      strength steel, such as 4140 AISI steel, is used in the construction of
      both the stabilizers 18 and the body portions 22 of the drill string to
      which the stabilizers are connected.
PAR  As shown in FIG. 2, a stabilizer 18 is mounted on a body portion or sub 22
      of the drill collar string, the upper end of the body portion 22 being
      constituted as a conical threaded box 28 for connection with a
      corresponding threaded pin (not shown) of an adjacent drill collar section
      16. The lower end of the body portion 22 has a conical threaded pin 30 for
      connection with a companion threaded box 31 of a connecting body or sub
      34, which, in turn, can be threadedly connected by its pin 36 to another
      drill collar section 16. Alternatively, the conical threaded pin 30 could
      be connected directly to the threaded box of a drill collar section 16.
PAR  Between the pin thread 30 and the cylindrical portion 38 of the body 22,
      the latter has a slightly tapered body or pin portion 40, providing a
      conical external surface corresponding to and adapted to receive a mating
      internal or inner conical surface 42 of the stabilizer sleeve 20. The
      conical body member 40 is of a reduced diameter with respect to the
      diameter of the cylindrical portion 38 of the body portion 22, providing a
      transverse shoulder 44 therebetween. The internal conical surface of the
      sleeve 20 of the stabilizer 18 is shrink-fitted onto the external mating
      conical surface of the body member 40, the internal surface 42 of the
      sleeve 20 being provided with circumferential grooves to receive internal
      spaced upper and lower elastomer seals 46 and 48 to aid in mounting the
      stabilizer 18 by a shrink-fit on the body member 40, as described below,
      and in maintaining the shrink-fitted stabilizer on the tapered body member
      40. The angle of taper of the body member 40 and the internal surface of
      the stabilizer sleeve 20 can range from about 1/4.degree. to 4.degree.,
      e.g., about 1/2.degree., for effective stabilizer application and
      retention.
PAR  When the stabilizer 18 is properly shrink-fitted on the body member 40, as
      described in detail below, the upper end 50 of the sleeve 20 is in
      engagement with the shoulder 44 of the member 22, forming a metallic seal
      therebetween. Similarly, a metallic seal is provided by the upper shoulder
      52 of the connecting body or sub 34 contacting the lower end 54 of the
      stabilizer sleeve 20, upon threading the sub 34 on the pin 30. These
      metallic seals prevent the drilling mud from entering the interior of the
      sleeve 20 and contaminating the tapered coengaging surfaces on the sleeve
      and body member 40.
PAR  Referring to FIG. 4, a body member or sub 56 is threadedly connected by a
      box thread 58 to a pin 60 of a drill collar section 16. The lower end
      portion of the body member or sub 56 also has a threaded box 62 for
      threaded engagement with a pin 64 forming the upper portion of the drill
      bit 14. In this embodiment, the sub 56 has a lower portion 66 of reduced
      diameter and providing a conical surface 68 which tapers downwardly.
PAR  A stabilizer 18 having a conical or tapered internal surface 42,
      corresponding to the surface 42 of FIG. 2, is shrink-fitted onto the
      conical lower end portion 66 of the sub 56, with the upper end 50 of the
      stabilizer in engagement with a shoulder 44 on the sub 56, the lower end
      54 of the stabilizer being disposed at the lower end of the sub 56
      slightly above the end 56a of the sub 56 engaged by the drill bit shoulder
      14a.
PAR  FIG. 5 of the drawings illustrates the method and fluid or hydraulically
      actuated equipment for effecting a shrink-fit of a stabilizer 18 onto a
      conical member, such as 66 (FIG. 4) or 40 (FIG. 2) of a body portion of
      the drill string. In the particular embodiment illustrated in FIG. 5, the
      stabilizer 18 is shown being secured to the conical end portion 66 of the
      sub 56, to which the drill bit 14 is connected at the bottom of the drill
      string, as shown in FIG. 4. The tapered end portion 66 can be first
      cleaned, and, if desired, to increase the coefficient of friction, as
      previously noted, can be coated with an abrasive material, such as
      tungsten carbide powder, e.g., by application of a suspension of 10% by
      volume of the tungsten carbide particles of 200 mesh size in a light oil.
      The stabilizer sleeve 20 is then pushed on the tapered end portion or pin
      66 until the upper and lower seals 46 and 48 are both engaged with the pin
      surface 66, at which time there is space 70, e.g. of about 3/8 inch,
      between the end 50 of the sleeve 20 and the shoulder 44 of the body
      portion or sub 56.
PAR  In the case of mounting a bit stabilizer, that is, mounting of the
      stabilizer 18 on the sub or collar to which the bit 14 is secured, as
      shown in FIG. 4, a double threaded pin 72 is screwed into the box thread
      62 of the body member 66 and a fluid or hydraulic mounting tool, indicated
      generally at 74, is connected to the lower pin 76 of the double pin 72.
      The mounting tool 74 has a piston 78 containing an internal conical thread
      80 at its upper end for threaded connection to the lower pin 76. The
      piston 78 has mounted thereon an annular cylinder 84 which is axially
      movable along the piston 78. Piston 78 has a peripheral shoulder or land
      86 which carries in a groove therein a seal 88 in slidable engagement with
      the inner surface 90 of the cylinder 84. The cylinder 84 is provided with
      an inwardly extending upper head 92 which carries an internal peripheral
      seal 94 for slidable engagement with the exterior surface of the piston 78
      above the land 86.
PAR  A cylinder head 96 is threadedly mounted on the interior lower skirt
      portion of the cylinder 84, the cylinder head 96 having mounted in its
      upper inner surface an internal peripheral seal 100 which makes a slidable
      contact with the adjacent exterior surface 102 of the piston 78. The lower
      end 104 of the piston 78 is of reduced diameter, the head 96 having an
      internal peripheral flange 106 at its lower end engaging with a piston
      shoulder thereabove to limit the extent of axial movement of the cylinder
      along the piston in one direction, movement of the cylinder in the
      opposite direction being limited by the head 92 engaging the land 86.
PAR  The above described arrangement, as shown in FIG. 5, provides an upper
      hydraulic or fluid chamber 108 and a lower hydraulic chamber 110 between
      the piston 78 and cylinder 84. Ports 112 and 114 provide communication of
      hydraulic or other pressure fluid to the chambers 108 and 110,
      respectively, such ports communicating the suitable connections 116 from
      which suitable pressure hoses or lines extend, as described in greater
      detail below.
PAR  The stabilizer sleeve 20 has a port 118 intermediate its ends for
      introduction of pressure fluid into the space between the interior surface
      of the stabilizer and the adjacent exterior surface of the pin or body
      portion 66, such port communicating with a suitable fitting 120 removably
      secured to the sleeve 20. For actuation of the hydraulic tool 74 for
      shrink-fitting the stabilizer sleeve 20 onto the tapered pin 66, pressure
      hose lines 122 and 124 extend, respectively, to the upper and lower
      fittings 116, and a pressure hose 126 extends from the fitting 120. The
      hoses 122, 124 and 126 are connected to a hydraulic pump unit 128 of
      conventional type, including a valve gear block 130, a pressure
      distributor 132, a control manometer 134, a pressure ratio governor 136
      and a relief valve 138. Pressure is applied via hose 122 to the pressure
      space or chamber 108, and via hose 126 and port 118 to the space between
      the stabilizer sleeve 20 and the adjacent conical surface of the member
      66, the interior sealing rings 46 and 48 preventing escape of the
      hydraulic fluid or pressure medium. The fluid at a suitable pressure
      derived from the pump unit 128 is introduced between the interior surface
      of the stabilizer sleeve 20 and the external surface of the pin 66 to
      expand the sleeve 20 with respect to the exterior surface of the pin 66
      and contract the pin 66. Simultaneously, application of pressure to the
      chamber 108 forces the cylinder 84 in an axial upward direction against
      the lower end 54 of the sleeve 20, forcing the stabilizer sleeve 20 upward
      along the tapered pin 66 toward the shoulder 44.
PAR  The pressure in the chamber 108 and the pressure in the inner space between
      the adjacent surfaces of the stabilizer sleeve 20 and pin 66 are
      synchronized so that the stabilizer sleeve is pushed upwardly until the
      upper shoulder 50 of the sleeve 20 is in engagement with the lower
      shoulder 44 of the body portion 22, as shown in dotted lines in FIG. 5.
      Relieving of the pressure in the line 126 permits the sleeve 20 to
      contract and the pin 66 to reexpand, resulting in the sleeve having a
      large surface of frictional engagement with the pin 66, the resulting
      shrink-fit, in effect, integrating the sleeve to the pin. When the
      hydraulic pressure is released, a large hoop stress remains in the
      stabilizer sleeve 20, which can be, for example, about 7,000 p.s.i.,
      insuring a powerful gripping force between the sleeve and pin. This
      gripping or friction force can be greatly increased, if necessary, by
      interposing a suitable grit, such as the 200 mesh tungsten carbide,
      between the tapered surfaces.
PAR  After the sleeve 20 has reached its above-noted position on the member 66,
      so that the sleeve 20 engages the shoulder 44, and is now shrink-fitted on
      the pin 66, the hydraulic pressure in the lines 122 and 126 is relieved by
      means of the valve gear 130 and distributor 132, and the fittings 116 and
      120 removed. The hydraulic mounting tool 74 is then disconnected by
      unscrewing the piston 78 from the pin 76, the double pin 72 then being
      unscrewed from the tapered box 62. The sub 56 with the stabilizer 18
      shrink-fitted on the pin 66 can now be incorporated in the drill string,
      and a drill bit 14 threadedly connected to the tapered pin 66, as
      illustrated in FIG. 4.
PAR  It will be understood that where a stabilizer is to be mounted on a drill
      collar at an intermediate position of the drill string, as illustrated in
      FIG. 1, the double pin 72 is not needed since the body member 22 already
      has a threaded pin 20 at its lower end. The stabilizer sleeve 18 can be
      shrink-fitted onto the pin 40 of FIGS. 2 and 3, in the manner described
      above, by connecting the hydraulic mounting tool 74 to the pin 30 by
      screwing the piston 78 of the mounting tool onto such pin.
PAR  By way of example, a stabilizer sleeve 18 is shrink-fitted onto the body
      member 66 or the body member 40 has remained immovably fixed on such body
      member until a torque of about 42,000 to 540,000 ft. lbs. has been
      applied, depending on the sleeve diameter and length.
PAR  For demounting the stabilizer sleeve 18 when it has become worn, the same
      hydraulic tool and equipment described above and illustrated in FIG. 5 can
      be employed. For this purpose, and referring again to FIG. 5, after
      disconnecting the body portion 56 from the drill string, the double pin 72
      is again threaded into the member 66 and the mounting tool 74 threaded on
      the lower pin 76. The hose 126 is placed in communication with the port
      118 and pressure applied to the inner space of the stabilizer sleeve 20
      between the sleeve and pin 66. If required, the hose 124 can be placed in
      communication with the cylinder space 110 and pressure applied to this
      space, causing the cylinder 84 to move downwardly until the head 92 abuts
      the piston shoulder 86, thereby leaving a short longitudinal space between
      the lower end 54 of the stabilizer sleeve 20 and the upper end of the
      cylinder. Applying fluid pressure to the interior of the stabilizer sleeve
      20 and against the contacting exterior surface of the pin 66 between the
      upper seal 46 of the stabilizer and the lower seal 48 thereof causes the
      stabilizer sleeve 20 to expand away from the contacting exterior surface
      of the pin 66. At the same time, the fluid pressure is acting over the
      differential area in the interior of the sleeve 20 provided by the
      relatively large diameter ring 46 and the smaller diameter seal ring 48,
      forcing the sleeve downwardly of the pin 60 and against the upper end of
      the cylinder, which serves as a stop to prevent possible damage and injury
      to personnel.
PAR  If desired, pressure fluid need not be introduced into the pressure space
      110 since the cylinder 84 in any event will assume or be forced by the
      expanded and pressurized sleeve to its downwardmost position with the head
      92 and piston shoulder 86 in contact.
PAR  After the stabilizer sleeve 18 has thus been released from the tapered body
      member or pin 66, the mounting tool 74 is removed, as described above, to
      permit withdrawal of the stabilizer 18. A replacement stabilizer 18 can
      then be mounted in its place on the tapered pin 66 by shrink-fitting
      thereon, employing the mounting tool and hydraulic pressurizing equipment
      in the manner described above and shown in FIG. 5.
PAR  Expansion pressures applied for mounting and effecting shrink-fitting of
      the stabilizer sleeve on the body 56 of the tool, and for removing the
      sleeve therefrom, can range from about 10,000 to about 14,000 p.s.i.
PAR  Referring to FIGS. 6 and 7, there is shown a modification of the stabilizer
      18 shown in FIG. 2. Stabilizer 18.sup.1 includes a cylindrical sleeve
      20.sup.1 provided with a plurality of axially disposed concentric parallel
      bore holes 26.sup.1 for passage of drilling mud upwardly through the bore
      hole. In all other respects, it is the same as the sleeve 20 of FIG. 2 and
      4, is related in the same manner to the body 22 or 56, and is mounted
      thereon and removed from its associated tapered pin 40 or 66 in the same
      manner.
PAR  A number of advantages accrue from the present invention. Thus, according
      to the present invention, the stabilizer is field replaceable, requiring
      the sleeve only to be replaced, so that such operation need not be done in
      a workshop. Thus, an old stabilizer sleeve can be removed and replaced
      with a new sleeve at the well bore site in about 15 minutes. The
      stabilizer sleeve does not form a part of the threaded joint, and the
      joint can be made up independently of the presence of the sleeve, as
      disclosed in FIG. 4. The sleeve merely serves as a stop to limit the
      make-up torque of the threaded joint in the form of invention disclosed in
      FIG. 2. The sleeve remains fixed to its associated body, and will not move
      relatively thereon unless subjected to a torque which is much greater than
      the torque strength of the threaded connections.
PAR  The shrink-fitting of a stabilizer on the drill string body effects
      substantial savings in manufacturing, maintenance and replacement costs.
      The present invention also permits interchangeability of all the
      stabilizer sleeves, whether used as a stabilizer adjacent to the bit or as
      a stabilizer positioned along the drill string. Further, the shrink-fitted
      stabilizer is superior to stabilizers of the prior art mounted on the
      drill string body by threaded connections, in that the powerful shrink-fit
      of the present stabilizer avoids damage or destruction of the threaded
      connection of the prior art stabilizers. Shrink-fitted stabilizers have
      advantages over stabilizers welded on an associated drill string or drill
      collar member, the welding adversely affecting the heat treatment of the
      parts.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rotary drill string stabilizer apparatus for use in rotary drilling of
      a bore hole: a body structure having connecting means adapted to secure
      such structure in a tubular running string, said body structure including
      a body member having a conical outer surface and a passage therethrough
      through which drilling fluid from the tubular running string can flow, a
      stabilizer comprising a stabilizer sleeve having a conical inner surface
      matching the conical configuration of said conical outer surface of said
      body member, said stabilizer sleeve being mounted on said body member with
      said conical outer and inner surfaces in friction contact, said stabilizer
      sleeve having an effective outside diameter conforming to the diameter of
      the bore hole, said sleeve having a plurality of longitudinal passages for
      the longitudinal flow of drilling fluid therethrough, longitudinally
      spaced peripheral seals preventing fluid leakage between said inner and
      outer surface from the region between said seals, and means for conducting
      fluid under pressure to the region between said conical inner surface and
      conical outer surface and between said seals to expand said sleeve and
      enable said sleeve to be moved relatively longitudinally along said
      conical outer surface to shrink-fit said sleeve on said body member upon
      relieving of the fluid pressure.
NUM  2.
PAR  2. Apparatus as defined in claim 1; the angle of taper of said conical
      surfaces of said body member and said stabilizer sleeve ranging from about
      1/4.degree. to about 4.degree..
NUM  3.
PAR  3. Apparatus as defined in claim 1; said body structure having a
      cylindrical body portion extending from said conical outer surface and
      also having a shoulder adjacent the large diameter end of said conical
      outer surface, said stabilizer sleeve abutting said shoulder.
NUM  4.
PAR  4. Apparatus as defined in claim 1; said stabilizer sleeve comprising a
      plurality of circumferentially spaced, longitudinal parallel holes
      therethrough.
NUM  5.
PAR  5. Apparatus as defined in claim 1; said body member including a threaded
      portion for connection to an adjacent member, said stabilizer sleeve
      encircling said threaded portion of said body member.
NUM  6.
PAR  6. A rotary drill string stabilizer apparatus as defined in claim 5; a
      drill bit having a threaded portion threadedly connected to said other
      threaded portion, said drill bit having an upper shoulder in contact with
      the lower end of said body member and positioned adjacent the lower end of
      said stabilizer sleeve.
NUM  7.
PAR  7. Apparatus as defined in claim 1; said connecting means including a pin
      threaded at one end of said body member and a box thread at its opposite
      end for connection to companion threaded members in said drill string.
NUM  8.
PAR  8. Apparatus as defined in claim 7; said body structure having a
      cylindrical body portion extending from said conical outer surface and
      also having a shoulder adjacent the large diameter end of said conical
      outer surface, said stabilizer sleeve abutting said shoulder.
NUM  9.
PAR  9. Apparatus as defined in claim 8; the angle of taper of said conical
      surfaces of said body member and said stabilizer sleeve ranging from about
      1/4.degree. to about 4.degree.; said stabilizer sleeve comprising a
      plurality of sprirally shaped external ribs on the exterior of said sleeve
      providing said longitudinal passages therebetween.
NUM  10.
PAR  10. Apparatus as defined in claim 1; the running string including a
      plurality of drill collars, and including a plurality of said body members
      longitudinally spaced from each other and each having mounted thereon said
      shrink-fit stabilizer.
NUM  11.
PAR  11. Apparatus as defined in claim 10; the angle of taper of the conical
      surface of each body member and stabilizer sleeve mounted thereon ranging
      from about 1/4.degree. to about 4.degree.; each stabilizer sleeve
      comprising a plurality of spirally shaped external ribs on the exterior of
      each stabilizer sleeve providing said longitudinal passages therebetween.
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ABST
PAL  In boring apparatus of the type having cutters mounted for rotation about
      respective cutter axes in a frame which is in turn rotatable about a frame
      axis, each cutter having a body carrying teeth which in operation sweep a
      surface which is oblique to the axis of advance of the apparatus, that
      improvement wherein each cutter has selected tooth regions, preferably of
      alternating high and low tooth densities, spaced along the respective
      cutter axis, the tooth regions of the cutters are arranged in an ordered
      cycle progressing along the frame axis, and regions adjacent each other in
      the cycle are on different cutters and overlap each other along the frame
      axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the distribution of cutting teeth in boring
      apparatus useful, e.g., in earth or rock, and in particular in such
      apparatus in which the surface swept by the teeth during operation is
      oblique to the direction of overall advance of the apparatus, as in the
      generally conically shaped apparatus disclosed in my copending patent
      application Ser. No. 448,245, filed Mar. 5, 1974, now U.S. Pat. No.
      3,897,837, the disclosure of which is hereby incorporated by reference.
PAC  SUMMARY OF THE INVENTION
PAR  This invention, it its various aspects, provides highly efficient cutting,
      without substantial formation of rock ridges (either circumferential, i.e.
      extending in the general direction of cutter rotation, or axial, i.e.
      extending in the general direction of overall advance of the apparatus)
      such as would increase the required cutting forces or interfere with the
      cutter body. Tool life is extended, and wear is balanced. Chip size tends
      to be uniform. As a result of the low cutting forces required, the cutters
      can be skewed to make the apparatus self-advancing.
PAR  In general, the invention features, in boring apparatus of the type having
      cutters mounted for rotation about respective cutter axes in a frame which
      is in turn rotatable about a frame axis, each cutter having a body
      carrying teeth which in operation sweep a surface which is oblique to the
      axis of advance of the apparatus, that improvement wherein each cutter has
      selected tooth regions spaced along the respective cutter axis, the tooth
      regions of the cutters are arranged in an ordered cycle progressing along
      the frame axis, and regions adjacent each other in the cycle are on
      different cutters and overlap each other along the frame axis. In another
      aspect, the invention features a plurality of selected tooth regions
      arranged in an ordered cycle progressing along the frame axis, and the
      regions, taken in order in the cycle, have alternately high and low
      effective tooth densities to counteract the tendency of teeth of one
      region to track the chip spaces left by teeth of the previous region. In
      preferred embodiments, there are three cutters, and no set of three
      regions adjacent each other in the cycle contains more than one region
      from each cutter; each region consists of a single row of teeth arranged
      circumferentially about the respective cutter axis; the extent of each
      region in the direction along the surface and in the plane of the cutter
      axis is less than the tooth height divided by the tangent of the angle
      between the surface and the axis of advance; each pair of regions which
      are adjacent each other in the cycle have respective numbers of teeth in
      the relation N.sub.H/2 &lt; N.sub.L &lt; N.sub.H, where N.sub.H is the number of
      teeth in the high effective density region of the pair and N.sub.L is the
      number of teeth in the low effective density region of the pair
      (preferably N.sub.H/1.9 &lt; N.sub.L &lt; N.sub.H/1.1, and even more preferably
      N.sub.H/1.75 &lt; N.sub.L &lt; N.sub.H/1.25); there are three cutters and the
      cycle proceeds from cutter to cutter, whereby on each cutter, regions of
      high and low tooth densities alternate along the respective cutter axis;
      and the cutter axes are skewed relative to the frame axis, are equally
      angularly spaced thereabout, and slant to cause the overall envelope of
      the apparatus to taper along the cutters.
PAR  Other advantages and features of the invention will be apparent from the
      description and drawings herein of a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of boring apparatus connected to a fragment of a
      pipe string;
PAR  FIG. 2 is a view similar to FIG. 1, from a different angle, with the pipe
      string and pilot bit omitted;
PAR  FIG. 3 is an enlarged view of a portion of FIG. 1, partially in section;
PAR  FIGS. 4-8 are sectional views taken respectively along 4--4, 5--5, 6--6,
      7--7, and 8--8 of FIG. 1;
PAR  FIG. 9 is a sectional view taken along 9--9 of FIG. 3 with the cutter
      shafts removed;
PAR  FIG. 10 is an enlarged view of a cutter fragment showing a cutting tooth in
      dashed lines in a first position in the hole being bored, and showing the
      same tooth in solid lines in a later, axially advanced position; and
PAR  FIG. 11 is a layout of three cutters showing one example of a tooth
      distribution according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is shown a main frame 10 connected at its
      top through externally threaded connector 12 to pipe string 14 which
      extends back to the surface drill rig, and at its bottom through
      internally threaded connector 16 to conventional tricone pilot bit 18.
      Frame 10 tapers from top to bottom along three circumferentially spaced
      struts 20 extending between upper and lower frame portions 22 and 24.
      Three cutters 26, 28, and 30 are respectively arranged between struts 20.
PAR  Each cutter has tooth inserts 32 in a body 33 mounted to rotate about shaft
      34 (FIG. 3) having an axis 35 which not only generally follows the taper
      of struts 20 but is also skewed (e.g., by 2.degree.-4.degree., FIG. 2)
      with respect to the vertical axis 36 of frame 10. The tooth distribution
      shown in FIG. 1-3 is schematic and not that of the present invention,
      which is shown in FIG. 11. In overall operation rotation of frame 1 causes
      cutters 26, 28, and 30 to rotate and to enlarge the pilot hole produced by
      bit 18. The skew of the cutters produces vertical force components between
      the hole wall and the cutters, causing the apparatus to be at least
      partially self-advancing.
PAR  Body 33 is tapered where it receives inserts 32, and has fixed itself in
      counterbores 40 and 42 annular upper and lower thrust bearings 44 and 46
      and, on the inside cylindrical surface of its central bore 48, axially
      spaced radial bearing inserts 50 and 52. The upper bearing 44 runs against
      enlarged upper portion 54 of shaft 34, which acts as a thrust collar
      integral with the shaft. Lower thrust bearing 46 runs against a thrust
      collar 55 inserted in cutter body counterbore 42 and pinned (not shown) to
      the shaft to prevent rotation of the collar about the shaft while allowing
      relative axial movement between collar and shaft. O-rings 62 and 64
      respectively provide the primary dynamic seals between stationary collars
      54 and 55 and the rotating cutter body. Static seal 70 is provided between
      the collar 55 and shaft 34, to keep dirt out of the internal system and to
      hold lubricant in. The location of the thrust collars within counterbores
      in the ends of the cutter bodies minimizes the overall length of the
      assembly, including the length of the struts and shafts, thereby
      increasing strength.
PAR  The lower ends of shafts 34 extend into cylindrical bores 80 in frame
      portion 24. The upper shaft ends are notched at 82 (and at 82', to allow
      for 180.degree. rotation of the shaft after wear) to receive generally
      annular retainer collar 84, which holds all three shafts in place and
      prevents them from rotating. In particular, collar 84 has three pockets 86
      (FIG. 4) to receive the notched shaft ends, collar surfaces 88 acting
      against the shaft flats to prevent shaft rotation. Collar 84 is press
      fitted around frame portion 22 just below connector 12. Threaded pipe
      string portion 92 screwed on connector 12 acts as a hold down, pressing
      collar 84 against the shafts and frame portion 22.
PAR  Provision is made for supplying flushing fluid (e.g., air, clear water, or
      mud, etc.) to pilot bit 18 and to cutters 26, 28, and 30, to flush the
      rock removed during the drilling process. Thus, axial fluid inlet passage
      100 communicates with a diagonal inlet 104 in each shaft 34 and an axial
      passage 106 in each strut 20. (Each shaft 34 has a second inlet 104' for
      use when the shaft is rotated.) Inlet 104 in turn feeds axial passage 108
      within the shaft. Passages 108 dead end at the bottoms of the shafts. Plug
      110 (FIG. 3) fits (without sealing) in the top of passage 108, and is cut
      off obliquely at its lower end extending into inlet 104. Rotation of the
      plug changes the effective flow cross-section between inlet 104 and
      passage 108, thus metering the rate of fluid flow to passage 108. Cap 112
      on plug 110 can be indented into recess 114 in the end of shaft 34 to fix
      the angular position of the plug once it has been adjusted. Collar 84
      seals against the pipe string at 116 and against the frame at 118 to
      prevent leakage of flushing fluid to the atmosphere.
PAR  Passage 108 communicates in the region of thrust collar 54, through radial
      holes 120 in shaft 34, with generally annular buffer chamber 122 formed in
      the outer surface of the collar, just above seal 62. A narrow clearance
      124 (e.g., 0.005 inch radially) is provided between collar 54 and cutter
      body 33, communicating with chamber 122 and thus providing for a
      continuous small escape of fluid from the buffer chamber, so that clean
      fluid is always kept outside seal 62, despite the dirty environment in
      which the apparatus operates.
PAR  Just below thrust collar 55 passage 108 communicates, through radial holes
      130 in shaft 34 and aligned radial slots 132 (FIG. 9) in the frame below
      shoulder 60, with annular buffer chamber 134. Relatively large clearance
      136 (e.g., 0.02 inch) is provided between cutter body 33 and frame portion
      24, so that a substantial amount of fluid flows through chamber 134 and
      upwardly past teeth 32. Not only is clean fluid thus kept outside of seal
      64, but the cutter is cooled, the conical portion of the hole being
      drilled is flushed, and the jet pump effect of the upwardly flowing fluid
      helps to draw upwardly further chips and fluid from the region of the
      pilot bit. To precisely control the size of clearance 136 (which thus acts
      as a nozzle), replaceable split ring insert 138 fits in frame portion 24
      surrounding (but spaced from) cutter body 33. Flange 140 of ring 138 fits
      in frame slot 142. The thickness of ring 138 thus determines the nozzle
      width. The relative rotation between the opposing nozzle-defining walls of
      clearance 136 gives the nozzle an advantageous self-cleaning quality in
      use.
PAR  Collar 84 seals the tops of strut passages 106, which at their other ends
      communicate with lower plenum 150. Plenum 150 in turn communicates with
      axial passage 152 (FIG. 1) and, through that passage, with conventional
      flushing jets 154 in pilot bit 18. Bores 80 communicate through reduced
      diameter extensions 80a with plenum 150, simply to provide access to the
      bottoms of shafts 34 (e.g., with a push rod) for disassembly. Shafts 34
      rest against shoulders 80b to prevent fluid communicating between bore 80
      proper and plenum 150.
PAR  A removable jet fitting 160 extends axially through the bottom wall 162 of
      plenum 102. The fitting has an axial orifice 164 to project a jet of
      flushing fluid down the center of frame 10, adjacent the three cutters 26,
      and three radial orifices 166 to flush between frame wall 162 and the tops
      of the cutters.
PAR  A system for distribution of pressurized lubricant (e.g., grease) is also
      provided. A grease reservoir 170 (FIG. 3) extends in the wall of each
      shaft 34, parallel to passage 108. A movable pressure piston 172 is
      located at the upper end of each reservoir 170, with O-ring 174 providing
      a seal between the piston and the inner wall of the reservoir. Flushing
      fluid communicates with the top of piston 172 to pressurize the grease in
      the reservoir at the flushing fluid pressure. Lube passage 176 extends
      down from the reservoir, and provides grease through holes 178 to lube
      grooves 180 at opposite sides of the shaft 34. Grooves 180 may be provided
      by flats on shaft 34, or may be of any other suitable shape. From grooves
      180 the lubricant moves along the outside of the shaft to feed the thrust
      and radial bearing areas. Seal 70 isolates the lubricant from the
      atmosphere.
PAR  As shown in FIG. 8, upper and lower portions 22 and 24 of frame 10 are of
      reduced diameter between the positions of the three cutter shafts 34, thus
      providing, in effect, recesses along which can flow rock cuttings produced
      by the drilling process. Carbide inserts 200 in the frame periphery at
      portions 22 and 24 protect the frame against wear.
PAR  According to the invention, teeth 32 are distributed in cutter bodies 33 so
      as to (1) prevent circumferential ridges from building up as the boring
      progresses, which ridges would have to be climbed by successive teeth and
      would thus destroy the self-advancing characteristic of the apparatus, and
      (2) reduce the tendency of teeth to track the chip spaces left by previous
      teeth and thus cut a "gear", with ridges extending generally in the
      direction of overall advance of apparatus.
PAR  Referring to FIG. 11, the teeth on each cutter body are arranged in
      circumferential rows about the respective cutter axes 35. The rows R.sub.1
      -R.sub.18 progress in numbered order in a cycle along the overall axis of
      advance 36 of the apparatus. In each of these rows the teeth define a
      tooth region having a width W (shown in the drawings for R.sub.7, e.g.)
      along the cutter body surface. Excluded from the ordered cycle are rows G,
      and a-c at or near the ends of the cutter, as to which special conditions
      discussed below apply.
PAR  According to one aspect of the invention, all regions R.sub.i and
      R.sub.i.sub.+1 adjacent each other in the ordered cycle are on different
      cutters and overlap each other along axis 36. As a result of the overlap,
      the chip spaces in the rock left by teeth of successive regions will
      similarly overlap along the vertical axis of the hole being bored,
      preventing circumferential ridges from forming between tooth regions.
PAR  According to another aspect of the invention regions R.sub.i, taken in
      order in the cycle, have alternately high and low effective tooth
      densities to counteract the tendency of teeth of one region to track the
      chip spaces left by teeth of the previous region. This prevents gear
      cutting, by causing the teeth of one region to remove material between the
      chip spaces left by teeth of the previous regions. Since it is undesirable
      for one region to have exactly twice (or any other integer multiple) the
      number of teeth as in an adjacent region (an integer multiple relationship
      would not prevent chip space tracking), and since it is also desirable to
      have as many teeth as possible in the low density regions, the preferred
      arrangement is for adjacent high and low density regions to have
      respective numbers of teeth N.sub.H and N.sub.L related as follows:
EQU  N.sub.H/2 &lt; N.sub.L &lt; N.sub.H.
PAL  Thus, we may have N.sub.H/1.9 &lt; N.sub.L &lt; N.sub.H/1.1 ; or, even more
      preferably, N.sub.H/1.75 &lt; N.sub.L &lt; N.sub.H/1.25.
PAR  At the tops and bottoms of the cutters special requirements will often
      result in departure from the above relationship. E.g., at the bottom, it
      is necessary to have teeth in the same axial position on all three cutters
      so that all may be guided into the pilot hole; and at the top, it is
      desirable to have virtually as many teeth as possible to minimize wear,
      since wear of these teeth results in reduction of the bored hole diameter.
PAR  Thus, each cutter has at matching axial positions a bottom tooth row
      c.sub.1, c.sub.2, c.sub.3, and a top row G.sub.1, G.sub.2, G.sub.3. The
      teeth in rows G.sub.1.sub.-3 are gage teeth located above the cutter body
      crown line 202, and are inactive until the teeth just below the crown
      wear, and then act to maintain hole diameter. In addition, extra tooth
      rows a and b are provided respectively on cutters 30 and 26, for balance.
PAR  It should be understood that, within the cycle of regions governed by the
      overlap and density relationships of the invention, the teeth of a given
      region need not be in a single circumferential row as shown, but may be
      staggered relative to the cutter axis.
PAR  According to a further aspect of the invention, the width W (i.e., extent
      along surface 33a of body 33) of each tooth region should be limited to
      avoid excessive ridges and even interference with the cutter body. FIG. 10
      shows schematically a cutter in dashed lines in a first, beginning
      position, and in solid lines in a later position after several revolutions
      of the cutter. It can be seen that if a row of teeth 32 happens to start a
      rock gear, a considerable ridge height H.sub.R can be formed before the
      next tooth row has a chance to break up the axial ridge. Since H.sub.R
      must remain less than the tooth height H.sub.T (i.e., the distance that
      the teeth project from the cutter body), and since the maximum H.sub.R
      that can develop in one tooth width W is H.sub.R =W tan .alpha., where W
      is the width of the tooth row and .alpha. is the angle between the axis 36
      and the frusto-conical envelope 300 of the three cutter bodies, a critical
      requirement is that
EQU  W H.sub.T /tan .alpha.
PAL  In practice it is preferable that the tooth width be well below that
      critical value.
PAR  In the embodiment shown, tan.alpha.  = 0.2; H.sub.T = 0.25; W = 0.625; and
      tooth density and positioning are as follows:
TBL       Distance in Inches     Angular Angular                               
          of Tooth Centerline                                                  
                        Number   Tooth   Position of                           
     Row  Below Crown Line                                                     
                        of Teeth Spacing First Tooth                           
     ______________________________________                                    
     G.sub.1                                                                   
          *             11       32.degree.43'12"                              
                                         0.degree.                             
     G.sub.2                                                                   
          *             15       24.degree.                                    
                                         0.degree.                             
     G.sub.3                                                                   
          *             12       30.degree.                                    
                                         0.degree.                             
     a     .480          6       60.degree.                                    
                                         15.degree.                            
     R.sub.1                                                                   
           .293         11       32.degree.43'12"                              
                                         16.degree.21'36"                      
     R.sub.2                                                                   
           .668         15       24.degree.                                    
                                         12.degree.                            
     R.sub.3                                                                   
          1.043         12       30.degree.                                    
                                         0.degree.                             
     R.sub.4                                                                   
          1.418         15       24.degree.                                    
                                         9.degree.                             
     R.sub.5                                                                   
          1.793         11       32.degree.43'12"                              
                                         21.degree.                            
     R.sub.6                                                                   
          2.168         15       24.degree.                                    
                                         3.degree.                             
     R.sub.7                                                                   
          2.543         11       32.degree.43'12"                              
                                         0.degree.                             
     R.sub.8                                                                   
          2.918         15       24.degree.                                    
                                         30.degree.                            
     R.sub.9                                                                   
          3.293         11       32.degree.43'12"                              
                                         12.degree.                            
     R.sub.10                                                                  
          3.668         15       24.degree.                                    
                                         21.degree.                            
     R.sub.11                                                                  
          4.043         11       32.degree.43'12"                              
                                         6.degree.16'48"                       
     R.sub.12                                                                  
          4.480         15       24.degree.                                    
                                         15.degree.                            
     R.sub.13                                                                  
          4.918          8       45.degree.                                    
                                         21.degree.                            
     R.sub.14                                                                  
          5.355         11       32.degree.43'12"                              
                                         22.degree.38'24"                      
     R.sub.15                                                                  
          5.793          8       45.degree.                                    
                                         18.degree.                            
     R.sub.16                                                                  
          6.230         12       30.degree.                                    
                                         28.degree.30'                         
     R.sub.17                                                                  
          6.668          8       45.degree.                                    
                                         0.degree.                             
     R.sub.18                                                                  
          7.105          6       60.degree.                                    
                                         25.degree.30'                         
     b    7.105          6       60.degree.                                    
                                         43.degree.30'                         
     c.sub.1                                                                   
          7.417          6       60.degree.                                    
                                         13.degree.30'                         
     c.sub.2                                                                   
          7.417          8       45.degree.                                    
                                         22.degree.30'                         
     c.sub.3                                                                   
          7.417          6       60.degree.                                    
                                         53.degree.30'                         
     ______________________________________                                    
PAR  Other embodiments (e.g., using the tooth distribution of the invention in
      apparatus of the sort shown in Peterson U.S. Patent Application Ser. No.
      441,418,  "Mining Machine and Method", filed February 11, 1974, the
      disclosure of which is hereby incorporated by reference) are within the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In boring apparatus of the type having a plurality of cutters mounted
      for rotation about respective cutter axes in a frame which is in turn
      rotatable about a frame axis, each said cutter having a body carrying
      teeth which in operation sweep and cut into a surface which is oblique to
      the axis of advance of said apparatus, that improvement wherein each said
      cutter has a plurality of selected tooth regions spaced along the
      respective said cutter axis, said tooth regions of said plurality of
      cutters are arranged in an ordered cycle progressing along said frame
      axis, and regions adjacent each other in said cycle are on different
      cutters and overlap each other along said frame axis, said regions, taken
      in order in said cycle, having alternately high and low effective tooth
      densities to counteract the tendency of teeth of one said region to track
      the chip spaces left by teeth of the previous said region.
NUM  2.
PAR  2. The improvement of claim 1 wherein there are three said cutters, and no
      set of three regions adjacent each other in said cycle contains more than
      one region from each cutter.
NUM  3.
PAR  3. The improvement of claim 1 wherein each said region consists of a single
      row of teeth arranged circumferentially about the respective cutter axis.
NUM  4.
PAR  4. The improvement of claim 1 wherein the extent of each said region in the
      direction along said surface and in the plane of the axis of the
      respective cutter is less than the tooth height divided by the tangent of
      the angle between said surface and said axis of advance.
NUM  5.
PAR  5. The improvement of claim 1 wherein said cutter axes are skewed relative
      to said frame axis and are equally angularly spaced thereabout.
NUM  6.
PAR  6. The improvement of claim 1 wherein said frame axis and said axis of
      advance are coincident.
NUM  7.
PAR  7. In boring apparatus of the type having at least three cutters mounted in
      a frame which is rotatable about a frame axis, each said cutter having a
      body carrying teeth which in operation sweep and cut into a surface which
      is oblique to the axis of advance of said apparatus, that improvement
      wherein said apparatus has a plurality of selected tooth regions arranged
      in an ordered cycle progressing along said frame axis, and said regions,
      taken in order in said cycle, have alternately high and low effective
      tooth densities to counteract the tendency of teeth of one said region to
      track the chip spaces left by teeth of the previous said region, said
      cycle proceeding from cutter to cutter so that on each said cutter regions
      of high and low tooth densities alternate along the respective cutter
      axes.
NUM  8.
PAR  8. The improvement of claim 7 wherein said cutter axes are skewed relative
      to said frame axis and are equally angularly spaced thereabout.
NUM  9.
PAR  9. The improvement of claim 7 wherein said cutter axes slant to cause the
      overall envelope of said apparatus to taper along said cutters.
NUM  10.
PAR  10. The improvement of claim 7 wherein each pair of said regions which are
      adjacent each other in said cycle have respective numbers of teeth in the
      relation N.sub.H/2 &lt; N.sub.L &lt; N.sub.H, where N.sub.H is the number of
      teeth in the high effective density region of said pair and N.sub.L is the
      number of teeth in the low density region of said pair.
NUM  11.
PAR  11. The improvement of claim 10 wherein each N.sub.H/1.9 &lt; N.sub.L &lt;
      N.sub.H/1.1.
NUM  12.
PAR  12. The improvement of claim 11 wherein each N.sub.H/1.75 &lt; N.sub.L &lt;
      N.sub.H/1.25.
NUM  13.
PAR  13. The improvement of claim 7 wherein the extent of each said region in
      the direction along said surface is less than the tooth height divided by
      the tangent of the angle between said surface and said axis of advance.
NUM  14.
PAR  14. The improvement of claim 7 wherein said frame axis and said axis of
      advance are coincident.
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ABST
PAL  A system for package weight control. The system includes a digital for
      receiving material sufficient in volume to at least equal a desired net
      weight of product. At least one conveyor is mounted for conveying the
      material from a like number of feeders disposed at one end of the conveyor
      to the hopper disposed at the other end of the conveyor. Each feeder may
      dispense substantially similar volumes of material at spaced locations on
      each conveyor as the conveyors are advanced through predetermined
      incremental distances. The accumulated weight of the material on each
      conveyor belt is measured and a first digital signal representing the
      accumulated weight is generated and stored by a control. Each new
      accumulation on each belt likewise is measured and a second ditigal signal
      and so on representative of the accumulation is generated and stored. The
      weight of the quantity of material of the new accumulation is determined
      by subtracting the summation of digital signals from that digital signal
      representing the last summation. A digital signal representing the desired
      net weight of product to be received by the hopper is generated and
      stored. The control compares the latter signal with the signal
      representing accumulations as the accumulations are summed and advances
      the conveyor belt a sufficient distance so that a desired net weight of
      product is received by the hopper. One of the conveyors of multiple
      conveyors may convey a bulk volume of material to the hopper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a weight control system for rapidly and
      accurately dispensing a predetermined quantity of material into a
      container.
PAR  In high-speed packaging operations where material is batched into
      individual batches or charges which are then placed in a package on a net
      weight basis, certain long-standing and difficult to solve problems have
      been encountered. One of these problems is controlling or minimizing the
      package weight variance, that is, the excursion of net package weight from
      a desired predetermined net package weight. There are several reasons for
      variances in package weight. One reason is the inability of present
      package filling devices to feed material into a charge container at a
      constant rate. Considerable attention has been given by the industry to
      solving this problem, but attempted solutions have not been as successful
      as desired.
PAR  One of the best known methods of dispensing material to form a charge which
      is then packaged is commercially termed the "bulk-dribble" method. By this
      method, material is initially dispensed at a relatively high feed rate to
      form a charge until the weight of the charge reaches a preselected high
      percentage, for example, 90 percent of its ultimate net weight. This phase
      of the dispensing operation is termed the bulk feed interval. Once the
      weight of the charge reaches the preselected percentage of its ultimate
      weight, the material is dispensed at a lower feed rate. This phase is
      designated the dribble feed interval and is completed when the weight of
      the charge reaches the predetermined net weight. By using the
      "bulk-dribble" technique, the quantity of material in transit between the
      dispenser and the charge weighing scales is substantially reduced during
      the dribble feed interval which permits greater control of the ultimate
      quantity of material dispensed. The quantity of material in transit,
      however, is subject to random fluctuations which are not readily
      controllable by the dispensing mechanism. This is particularly so when the
      material consists of materials of non-uniform size and weight, such as
      potato chips and other such food items.
PAR  Another method of dispensing material to form a charge is disclosed in
      copending patent application Ser. No. 284,708, entitled "Weight Control
      System" and assigned to the common assignee herewith. In that package
      weight control system, the weight of material being dispensed into a
      hopper is continually monitored and compared with an idealized package
      weight curve. Thus, as the weight of the charge in the hopper
      progressively increases, the charge weight is made to follow the profile
      dictated by the idealized package weight curve. If the weight of the
      charge exceeds the idealized package weight, the feeder is temporarily
      shut down. On the other hand, if the weight of the charge is less than the
      idealized weight, the feeder is energized. By following an optimum profile
      curve, the weight of the charge is continuously monitored such that an
      accurate quantity of material is dispensed onto the hopper.
PAR  However, each of the aforementioned material dispensing techniques includes
      an inherent disadvantage. The time lag between the time an incremental
      amount of product is dispensed into a hopper or package and the time that
      a scale measures the weight of material therein permits extra amounts of
      material to be dispensed when, in fact, such extra materials are not
      required to bring the weight of the charge up to the predetermined desired
      weight limit. The time lag is composed of two elements, namely, the time
      required for the dispensed material to come to a state of rest in the
      hopper and the time required for the scales to advance to a new position
      of equilibrium so that a signal proportional to the new weight of the
      charge can be generated. In high-speed packaging operations, the time lag
      is significant relative to other system time constants and, in fact,
      limits the overall system response and accuracy. Any innovation in the
      packaging technology which eliminates or at least decreases this time lag
      will favorably improve the total system performance of the packaging
      system.
PAR  In view of and to overcome these problems or disadvantages of known prior
      art systems the present invention has for an object to provide a system
      for weighing a product into batches with a weight accuracy limit
      determined only by the product itself and/or the packager's need or desire
      to package a single or a plurality of product units at a time. Thus, the
      limit of accuracy is not determined by scale reference time, product
      settling time, scale hopper accommodations, feed rate, and the like which
      limit accuracy of all heretofore known systems.
PAC  SHORT STATEMENT OF THE INVENTION
PAR  Accordingly, in a first aspect this invention relates to a package weight
      control system wherein the system comprises apparatus including a charge
      receiving means; at least one conveyor belt means for conveying material
      to the charge receiving means in a quantity at least sufficient to equal
      the desired net weight of the packaged material; feeder means for
      dispensing a volume of material on each conveyor belt means to be conveyed
      to the charge receiving means; means for weighing the total dispensed
      volume material on each conveyor belt means after each dispensing
      operation while moving to the receiving means and for generating a signal
      representative of the sensed weight; and means for controlling the volume
      of material dispensed and the frequency of the dispensing operation, the
      movement of each conveyor belt means, and conditioned for storing a value
      representing each dispensed volume on the conveyor belt means, summing the
      values, and upon comparison with a signal representing the desired net
      weight of the package material advancing the conveyor belt means a
      sufficient distance that a required volume of material is passed to the
      receiving means.
PAR  In an additional aspect the present invention includes means for supplying
      a bulk charge of material equal to a major portion of the desired
      receiving means. Second means are provided for weighing the bulk charge
      and generating a signal representative of the value thereof. The control
      means is responsive to and sums the value with the other values to be
      compared.
PAR  In a further aspect the present invention includes two or more conveyor
      belt means and a feeder means for each conveyor belt means. The control
      means operates to control volume of material dispensed on each conveyor
      belt, the frequency of each dispensing operation, and the independent
      advance of each conveyor belt to pass the required volume of material
      determined by summing the values for each conveyor belt and determining
      the most accurate comparison with a signal representing the desired net
      weight of package material to the receiving means.
PAR  One of the convetor belts may convey a bulk charge.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified schematic illustration of the material dispensing
      system of this invention;
PAR  FIG. 2 is a graphical display of the timing waveforms associated with the
      feed control system of this invention;
PAR  FIG. 3 is a graphical display of the timing waveforms associated with an
      alternate embodiment of the feed control system of this invention;
PAR  FIG. 4 is a top plan schematic illustration of an alternate embodiment of
      the material dispensing system of this invention utilizing two conveying
      units;
PAR  FIG. 5 is a vertical sectional view taken along line 5--5 of FIG. 4; and
PAR  FIG. 6 is a top plan schematic illustration of a further alternate
      embodiment of the material dispensing system of this invention utilizing
      at least three conveying system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The package weight control system 10 of the present invention is
      illustrated to best advantage in FIG. 1. The system includes a feeder 11
      for dispensing material. The material may be granulated in form or may
      consists of particles of variable weight and size, such as potato chips,
      to be packaged. The material, denoted by the numeral 12, first is disposed
      within the feeder for dispensing at times and in amounts controlled by the
      system. The material may be moved to the feeder by means (not shown) as
      are well known to satisfy continuously system demand. The material may be
      dispensed from the feeder as the feeder is caused to undergo a cycle of
      one or more feed movements. This operation will be discussed more
      particularly below.
PAR  Conveyor means in the form of a belt 15 having an elongated conveyor run is
      disposed below the feeder 11 for receipt of material 12 to be conveyed.
      The conveyor belt preferably is of endless type and provides an elongated
      run to a remotely disposed hopper. The conveyor belt is positioned about a
      first wheel 17 and a second wheel 19. The conveyor belt 15 may vary in
      width, as desired but, in the preferred embodiment, is only a few inches
      wide. Restraining sides (not shown) are positioned along the side of the
      conveyor belt to insure that unit amounts 13 of material 12 deposited in
      spaced relation on the belt do not fall off during deposition and transit
      to the end of the run. The conveyor belt, further, is formed to be capable
      of supporting the unit amounts, be they granulated or particulate in form.
PAR  A motor 21 is provided for driving the conveyor. The dotted line connection
      to the wheel 17 constituting the drive wheel represents a suitable drive
      train for driving the conveyor at desired speed in accordance with the
      commands of a control unit 23. As will be discussed the drive may be
      intermittent or continuous. And the conveyor belt, once a charge
      representing a portion of the accumulations on the belt is discharged to
      the hopper 25 adjacent the second or idler wheel 19, may be backed up to a
      position at which further unit amounts 13 are deposited immediately
      following the non-deposited unit amounts.
PAR  The hopper 25 is positioned at the other end of the conveyor run for
      receipt of the material to be packaged. A weighing means 27 supports the
      hopper. The weighing means continuously weighs the material in the hopper
      and generates continuously a digital signal representing the weight being
      sensed. The weighing means may include tare detector circuitry. As known
      to those skilled in the art this form of detector periodically measures
      the value of the residue accumulations on the hopper. This is normally
      carried out by periodically, after a predetermined plurality of charges
      have been dispensed, omitting the feed to the hopper for a complete cycle.
      During this cycle, the value of the scale signal with an empty hopper 25
      is digitalized and stored in the tare detector, this being termed a
      "tare-detect mode". The tare-detect mode normally occurs at start up and
      can be instituted at any time thereafter.
PAR  In subsequent normal feed cycles, the value of the output of the tare
      detector is subtracted from the value representing the weight of the
      material charge 33, the summation then being the net value of the hopper
      charge exclusive of residue accumulation on the scale at the last
      tare-detect measurement.
PAR  Further discussion of the tare circuit may be obtained by resort to the
      above referred to patent application. For that purpose the application is
      incorporated herein by reference.
PAR  The summation signal of weighing means 27 is conducted over line 29 to the
      control unit 23. A pair of weighing means 31 and 32 attached to the shafts
      of the drive and idler wheels 17 and 19, respectively, continuously sense
      the weight of endless belt 15, the wheels 17 and 19, any ancillary support
      structure, and the unit amounts of material 13 on and travelling with the
      conveyor belt. Each weighing means is capable of generating a digital
      signal, these signals being summed and coupled to two inputs of the
      control unit 23. The summed signal is proportional to the weight of one or
      more unit amounts 13, only. To this end, appropriate circuitry will have
      cancelled out the weight of the conveyor belt and drive structure. As will
      be seen, the signal summation is coupled to the control unit at
      predetermined intervals.
PAR  The operation of the embodiment of the weight control system of FIG. 1 will
      now be described. The discussion will be enhanced by reference to the
      graphical display illustrated in FIG. 2. Assume at time t.sub.0 there are
      no unit amount deposits 13 on the conveyor belt 15. A command advance
      pulse from control unit 23 energizes motor 21 to drive the conveyor belt
      at constant speed, as determined, over the time period t.sub.0 to t.sub.1.
      At time t.sub.1 the constant positive advance pulse quickly goes toward
      negative. The feeder 11, responsive to the negative going side of the
      advance pulse, at time t.sub.1 commences deposit of material 12 on the
      conveyor belt 15. The deposit of a unit amount 13 will have been received
      over the period t.sub.1 to t.sub.2, at which time a command pause pulse
      issues from the control unit. The pause pulse continues over the period
      t.sub.2 to t.sub.4. During this time period the feeding operation will be
      inactive. The drive motor will be inoperative, having stopped the drive to
      the drive wheel at time t.sub.1.
PAR  The feeder is supported by a vibratory structure 35 or the equivalent. The
      structure, during the period of controlled operation suitably will
      dispense material at a linearly increasing rate. The period of operation,
      t.sub.1 to t.sub.2, may be adjusted so that a greater or lesser amount of
      material 12 is deposited.
PAR  The pause interval over the period t.sub.2 to t.sub.4 is sufficient to
      allow the transient variation of the weight sensed by the weighing means
      31 and 32 to die out. At a selected time, toward the end of the pause
      interval, such as at time t.sub.3, the weight measured by the weighing
      means 31 and 32 is detected by an appropriate strobing operation. The
      sensed weight from each of the weighing means is summed and stored in the
      control unit 23 by suitable known means, such as core memory or other
      suitable random access memory means.
PAR  At time t.sub.4 the motor 21 continues the drive to the conveyor belt 15 to
      displace the first of the unit amounts 13 toward hopper 25. The operation
      continues until time t.sub.n.
PAR  The unit amounts 13 of material dispensed onto the conveyor belt may not be
      of the same exact weight. Therefore, the weight of each unit amount must
      be ascertained separately. Thus, toward the end of each pause interval,
      the accumulated weight of the unit amounts on conveyor belt are detected,
      summed, and a signal representative of the increase in weight is coupled
      to the control unit 23 for storage. The unit amount of material most
      recently dispensed onto the belt is determined by subtracting the
      immediately preceeding value of the accumulated weight.
PAR  This process continues as the feeder 11 sequentially dispenses a plurality
      of unit amounts of material 13 onto the conveyor belt. The weight of each
      unit amount of material and positional information representing the number
      of batches dispensed onto the conveyor belt is stored in the memory of the
      control unit 23. At the same time, the ultimate weight value desired for
      the charge 33 in the hopper 25 is coupled in the form of a digital signal
      to the control unit 23 from the desired weight input 24. A continuous
      comparison between the summation of accumulations and signal representing
      the desired ultimate weight is carried out from time t.sub.1. When a
      comparison is reached, no further commands are issued to the feeder 11,
      the motor 21 is energized and the conveyor belt 15 moves in the direction
      of the arrow that distance required to deposit the number of unit amounts
      of material necessary to being the weight of the charge in the hopper 25
      up to the desired weight level.
PAR  If there are extra unit amounts of material on the belt 15 which were not
      required to fill the hopper to the desired weight limit, the belt may be
      automatically returned to a position at which the next succeeding space on
      the belt for receipt of deposited material is located under the feeder 11.
      Also, the belt may be moved ahead to deposit as bulk the residue of unit
      amounts 13 on the conveyor belt to begin a second fill. The former
      operation requires that information to be stored in the control unit be
      clocked into the memory in accordance with a time frame. These operations
      may ensue with any one of the embodiments of the invention including that
      next to be described and the embodiment of FIG. 6.
PAR  With reference to FIGS. 3, 4 and 5, there is illustrated a system and a
      series of graphical displays of the timing waveforms associated with an
      alternate embodiment of the instant invention. When relatively large
      quantities of material are to be deposited in a package, the feeder 11a
      continuously deposits a relatively large unit amount 13a of material onto
      a first conveyor belt 15a. The feed may continue through a period of time
      commencing at time t.sub.1 as illustrated graphically in FIG. 3 a. The
      feed of material may commence in the fashion of commencement of the feed
      of the unit amounts 13 from feeder 11. To this end, the feed commences as
      the advance pulse goes negative at time t.sub.1. This bulk dispensing of
      the feed onto the conveyor belt is terminated after a predetermined time,
      such as at time t.sub.x.sub.+3, when the bulk quantity of feed on the belt
      approaches a high percentage, for example, 90 percent of the weight of the
      material to be deposited in the hopper 25. After the bulk quantity of
      material has been dispensed onto the conveyor belt, the movement of the
      belt and the energization of the feeder 11a are stopped so that the
      transients in the system die out. Toward the end of this pause interval,
      say at time t.sub.x.sub.+5, as illustrated in FIG. 3 b, the weight of the
      conveyor belt with the material thereon as measured by scales 31 and 32 is
      sensed by strobing the scales. This weight value is digitized and stored
      in the control unit 23. Throughout the same time interval, a second belt
      15b is intermittently advanced and unit amounts 13b of material dispensed
      from a second feeder unit 11b are received thereon. In the fashion of
      operation of the FIG. 1 embodiment, each time a unit amount 13b of
      material is dispensed onto the conveyor belt, the conveyor belt and feeder
      are deenergized so that the transients in the system die out and the
      weight of the material is detected. This operation is similar to the
      operation of the FIG. 1 embodiment as graphically illustrated by FIGS. 3
      c, d and e.
PAR  As aforementioned in connection with the FIG. 1 embodiment, the weight of
      each unit amount 13b of material deposited on the conveyor belt is
      determined and stored in the control unit 23. After a plurality of unit
      amounts 13b of material have been deposited on the conveyor belt, the
      control unit 23 sums the weight of the bulk quantity 13a on the conveyor
      belt 15a with sufficient number of the unit amounts 13b of material to
      equal the desired weight of the charge 33 in the hopper 25. When the
      weight limit is reached, the motor for driving belt 15a drives the belt
      until the bulk quantity of material is deposited through chute 30 into the
      hopper. At the same time, a second motor drives the second belt 15b having
      the unit amounts of material thereon a predetermined distance so that the
      exact number of unit amounts required to being the weight of the material
      in the hopper 25 up to the desired weight limit are deposited therein. The
      time sequence of this discharge interval is illustrated by FIG. 3f.
PAR  A further alternative embodiment may be seen in FIG. 6. The system includes
      a plurality of feeders 110a, 110b and 110c, each capable of depositing
      unit amounts 130a, 130b and 130c of material onto a belt conveyor
      associated with the respective feeders. The belt conveyors are denominated
      by the numerals 150a, 150b and 150c.
PAR  The operation carried out by the control unit 23 for deposit of each unit
      amount duplicates substantially that of the FIG. 1 embodiment; whereas the
      summing operation of the unit amounts on the several conveyors and the
      drive to the same to deposit the required unit amounts to equal the
      desired weight limit duplicates that of the FIG. 4 embodiment. The unit
      amounts on each conveyor preferably will be of similar volume. However,
      the unit amounts in volume may differ from conveyor to conveyor. Thus, the
      control unit having capability of summing weights and clocking the feed
      locations on each conveyor belt to the memory storage means may make
      selection of a suitable number of unit amounts from the several conveyors
      for deposit to equal the desired weight of product. This is accomplished
      by controlled advance of the several conveyors.
PAR  As heretofore discussed, each conveyor has a run over an extended path from
      the respective feeders at one end to a chute 30 at the other end.
PAR  While preferred embodiments of the invention have been shown and described,
      it will be understood that the invention may be embodied otherwise than as
      herein illustrated and described and that certain changes in the form and
      the arrangement of the parts and in the specific manner of practicing the
      invention may be made without departing from the spirit of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package weight control system comprising a material charge receiving
      means, a conveyor means for dispensing material into said charge receiving
      means, means for sequentially dispensing material onto said conveyor means
      in unit amounts, means for determining the weight of each unit amount of
      material on said conveyor means and for storing the determined weight of
      each unit amount of material on said conveyor means, means for determining
      the weight of material required to provide a charge in said charge
      receiving means of a predetermined total weight, and means for advancing
      said conveyor means to dispense into said charge receiving means a number
      of unit amounts of material having a combined weight sufficient to bring
      the weight of the charge in said charge receiving means up to the
      predetermined total weight.
NUM  2.
PAR  2. The package weight control system of claim 1 wherein said means for
      determining and storing the weight of each unit amount of material on said
      conveyor means comprises means for measuring the accumulated weight of
      material on said conveyor means after each unit amount of material has
      been deposited thereon, means for subtracting the previously measured
      accumulated weight from the present accumulated weight to obtain a
      difference value, and means for storing said difference value, said
      difference value being the weight of a unit amount of material.
NUM  3.
PAR  3. A package weight control system comprising a material charge receiving
      means, at least two conveying means for dispensing material into said
      charge receiving means, means for dispensing first unit amounts of
      material onto the first of said conveying means, means for sequentially
      dispensing second unit amounts of material onto said second conveying
      means, means for determining the weight of each first unit amount of
      material on said first conveying means and for storing the determined
      weight of each first unit amount of material on said first conveying
      means, means for determining the weight of each second unit amount of
      material on said second conveying means and for storing the determined
      weight of each second unit amount of material on said second conveying
      means, means for determining the weight of material required to provide a
      charge in said charge receiving means having a predetermined total weight,
      and means for advancing each of said conveying means to dispense into said
      charge receiving means all the first unit amounts of material from said
      first conveying means and a number of second unit amounts of material from
      said second conveying means having a combined weight sufficient to bring
      the weight of the charge in said charge receiving means up to the
      predetermined total weight.
NUM  4.
PAR  4. A package weight control system comprising a material charge receiving
      means, a conveyor means for dispensing material into said charge receiving
      means, means for sequentially dispensing unit amounts of material onto
      said conveyor means, means for calculating and storing the weight of each
      unit amount of material on said conveyor means, means for determining the
      quantity of material required to provide a charge in said charge receiving
      means of a predetermined weight, and means for advancing said conveyor
      means until the number of unit amounts of material required to bring the
      weight of the charge in said charge receiving means up to the
      predetermined charge weight are dispensed into said charge receiving
      means, said means for calculating and storing the weight of each unit
      amount of material on said conveyor means comprising means for measuring
      the accumulated weight of material on said conveyor means after each unit
      amount of material has been deposited thereon, means for subtracting the
      previously measured accumulated weight from the present accumulated weight
      to obtain a difference value, and means for storing said difference value,
      said difference value being the weight of a unit amount of material.
NUM  5.
PAR  5. A package weight control system comprising a material charge receiving
      means; a plurality of conveying means for dispensing material into said
      charge receiving means; means for dispensing separate unit amounts of
      material onto said plurality of conveying means; means for determining the
      weight of each unit amount of material on said plurality of conveying
      means and for storing the determined weight of each unit amount of
      material; means for determining the weight of material required to provide
      a charge in said charge receiving means having a predetermined total
      weight; and means for advancing a plurality of said conveying means to
      dispense into said charge receiving means a combination of unit amounts of
      material having a combined weight sufficient to bring the weight of the
      charge in said charge receiving means up to the predetermined total
      weight.
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ABST
PAL  A generally rectangularly shaped support frame provided with
      ground-engaging wheels upon which almost any type and size of conventional
      chair may be readily mounted so as to provide mobile means for
      transporting non-ambulatory persons; certain of the ground engaging wheels
      are capable of being rotated manually by the person using the converted
      wheel chair in order to propel the chair in two embodiments of the
      invention, electrically in a third embodiment and selectively manually or
      electrically or both manually or electrically in a fourth embodiment
      thereof; a retractible foot rest is also incorporated in the support
      frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved wheeled attachment for
      adapting a conventional household chair for use by a non-ambulatory person
      and more particularly, to the construction of a relatively light weight
      and low cost wheel chair support attachment which embodies certain
      adjustable features whereby conventional chairs of various types, styles
      and sizes may be readily converted to a wheel chair.
PAR  Heretofore, various wheeled attachments for converting a chair into a wheel
      chair similar to the present invention have been proposed. Examples of
      such wheeled attachments are disclosed in the following U.S. Pat. Nos.:
      1,700,009; 1,189,053; 2,961,250; 3,041,081; 3,216,738; and 3,216,738.
      However, certain of the wheeled attachments of the above-identified
      patents are non-adjustable and, consequently, they can only be used in
      conjunction with chairs of a particular size. Some of the prior art
      wheeled attachments to which the present invention relates also lack any
      means for enabling the person utilizing the converted wheel chair either
      to propel himself or to guide the chair without any assistance from other
      persons.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary objective of the present invention to provide
      a wheeled support frame capable of being quickly adjusted so as to
      accommodate chairs of a multitude of sizes and types and which
      substantially obviates the foregoing and numerous other shortcomings
      inherent in prior art chair dollies.
PAR  Briefly, the present invention contemplates the provision of a generally
      rectangularly shaped chair support frame, the length and width of which
      are quickly and easily adjustable. The chair support frame is provided
      with a ground-engaging wheel at each of its four corners. The chair
      support frame also carries means for detachably connecting a respective
      leg portion of a chair firmly thereto at each of its four corners.
PAR  In one form of the invention, the two rear ground-engaging wheels are
      electrically powered whereas in two other embodiments of the invention,
      the drive wheels of the support frame are capable of being rotated
      manually by the person seated upon the wheel chair.
PAR  A foot rest of substantial area is also provided for supporting the feet of
      the person utilizing the wheel chair. The foot rest may be retracted to an
      inoperative, substantially concealed position when not needed as when a
      person is being placed on or removed from the wheel chair.
PAR  A further object of the invention is to provide a light weight, yet
      sturdily constructed, attachment for converting a conventional household
      chair to a wheel chair.
PAR  A still further objective is to provide a novel belt and pulley means for
      manually propelling the converted wheel chair.
PAR  A further object is to provide a chair support frame which may be quickly
      and easily adjusted to accommodate and attach to the underside of a
      conventional household chair and which adjustment and accommodation do not
      require the use of any special tools or the like and do not result in the
      marring of the chair or prevent it from being subsequently used in a
      conventional manner once the attachment is detached therefrom.
PAR  The foregoing and other important objects and desirable features inherent
      in and encompassed by the invention, together with many of the purposes
      and uses thereof, will become readily apparent from a reading of the
      ensuing description in conjunction with the annexed drawings, in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a chair support frame attachment
      embodying the invention attached to a conventional lounge chair;
PAR  FIG. 2 is a perspective view of the chair support frame attachment with the
      chair removed;
PAR  FIG. 3 is an exploded perspective view of the hand operated propelling
      mechanism on one side of the chair support attachment;
PAR  FIG. 4 is an exploded perspective view of one corner of the chair support
      attachment illustrating in detail the means for attaching a chair leg
      thereto;
PAR  FIG. 5 is a front elevational view of the structure shown in FIG. 4 in
      conjunction with a chair leg;
PAR  FIG. 6 is a side elevational view of a second embodiment of the invention;
PAR  FIG. 7 is a perspective view of one rear corner of the chair support
      attachment shown in FIG. 6;
PAR  FIG. 8 is a perspective view of the rear half of the chair support
      attachment of a third embodiment of the invention wherein electric
      propulsion means are employed;
PAR  FIG. 9 is a rear elevational view of a portion of the structure illustrated
      in FIG. 8;
PAR  FIG. 10 is a vertical sectional view taken substantially along line 10--10
      of FIG. 9;
PAR  FIG. 11 is a view similar to FIG. 2 illustrating a fourth embodiment of the
      invention;
PAR  FIG. 12 is a rear elevational view of a portion of the structure
      illustrated in FIG. 11; and
PAR  FIG. 13 is a view similar to FIG. 12 showing the structure in a second
      operational condition.
PAR  FIG. 14 is a sectional view taken substantially along line 14--14 of FIG.
      12.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to the drawings in detail, wherein like reference characters
      represent like elements throughout the various views, the wheeled chair
      support attachment for converting a conventional chair into a wheel chair
      for non-ambulatory persons includes a chair support frame, designated in
      its entirety by reference numeral 10. Basically, the attachment of the
      present invention, in addition to the frame 10, which is substantially
      rectangular in form when viewed in plan, further includes wheel means 11
      at each of its front corners of the caster type as well as drive wheel
      means 12 at each of its rear corners. The basic attachment of the present
      invention also includes means 13 at each of the four corners of the chair
      support frame 10 for detachably securing the legs of a conventional
      household chair to the attachment.
PAR  The chair support frome 10 is formed of a pair of transversely spaced,
      longitudinally extending side sill members 14, 15, which are substantially
      mirror images of each other, a front end sill member 16, and a rear end
      sill member 17. The front end sill member 16 is longitudinally spaced and
      substantially parallel with respect to the rear end sill member 17.
PAR  As pointed out hereinbefore, one of the prime objectives of the present
      invention is to provide a wheel chair support attachment which is readily
      adaptable to fit a large variety of chairs of many different sizes. This
      objective is achieved partially by making the length and width of the
      chair support frame 10, variable and such length and width variation is,
      in turn, accomplished by constructing the front, rear, and side sill
      members 16, 17, 14, 15, respectively, in such a manner that the overall
      length of each is individually adjustable.
PAR  The side sill members 14, 15, which are substantially mirror images of each
      other, each include an elongated front section 18 and a cooperating
      elongated rear section 19. The front and rear sections 18, 19,
      respectively, are preferably made of conventional angle iron stock. Thus,
      each section 18, 19 is substantially L-shape in vertical section. As best
      shown in FIG. 2, an end portion of each rear section 19 overlaps and
      slidingly engages on end portion of a related front section 18.
PAR  The front and rear sections 18, 19, respectively are arranged to mate and
      to be releasably secured to the other in any of a number of longitudinal
      adjustments, as evidenced by viewing FIG. 2. The outwardly facing surface
      of the vertically disposed leg or flange 20 of the rear section 19 is
      adapted to slidingly engage the inwardly facing surface of the vertically
      disposed leg or flange 20 of the front section 18 and, similarly, the
      downwardly facing surface of the horizontally disposed leg or flange of
      the rear section 19 is adapted to slidingly engage the upwardly facing
      surface of the horizontally disposed leg or flange 21 of the front section
      18. A plurality of longitudinally spaced apertures 22 are formed through
      the horizontally disposed leg 21 of both the front and rear sections 18,
      19, respectively. The interval between the apertures 22 provided in the
      front section horizontal leg 21 is the same as the interval between the
      apertures 22 formed through the rear section horizontal leg 21 and each
      interfal respresents a single increment of longitudinal adjustment. From
      the foregoing, it is believed apparent that in order to adjust the overall
      length of a side sill member 14 or 15, the front and rear sections 18 and
      19, respectively, are slid relatively to each other until the desired
      length is obtained and at least one pair of apertures 22 in the front
      section horizontal leg 21 is in registration with a pair of apertures 22
      provided in the rear section horizontal leg 21 after which bolt 23 is
      passed through each set of registering apertures 22. Lock nuts 24 are then
      threaded onto the bolts 23 to firmly secure the front and rear sections 18
      and 19 in their assembled, length-adjusted relationship.
PAR  As evidenced from viewing FIG. 2, the vertically disposed leg or flange 20
      of each of the front and rear sections 18, 19 respectively of both of the
      sill members 14 and 15 is also provided with a plurality of longitudinally
      spaced apertures 25 therethrough and, like the spacing of apertures 22 of
      the front and rear section flanges 21, the interval or longitudinal
      distance between adjacent apertures 25 formed through the vertical flange
      20 of the front section 18 is substantially the same as the interval
      between adjacent apertures 23 provided in the vertical flange 20 of the
      rear section 19. Thus, whenever a pair of apertures 22 in the front
      section horizontal flange 21 is in registration with a pair of apertures
      22 provided in the rear section horizontal flange 21 and, hence, to
      extablish a particular length-adjusted relationship of a side sill member
      14, 15, at least a pair of apertures 25 in the front section vertical
      flange 20 are also in registration with a pair of apertures 25 provided in
      the rear section vertical flange 20. This relationship of the apertures 22
      and 25 and their orientation with respect to the flanges 20 and 21 of the
      front and rear sections 18 and 19 is clearly illustrated in FIG. 2.
      Accordingly, if desired additional bolts 26 similar to bolts 23 may be
      inserted through any set of registering apertures 25 so as to provide
      additional means for securing the front and rear sections 18 and 19 in
      their assembled, length adjusted relationship. However, the registering
      apertures 25 in the vertical flanges 20 are utilized primarily for other
      purposes, as will be pointed out hereinafter.
PAR  The front end sill member 16 and the rear end sill member 17 are
      constructed in substantially the same manner. As pointed out hereinbefore,
      the sill members 16 and 17 are longitudinally adjustable individually
      whereby the width of the assembled chair support frame 10 may be
      selectively varied. Each front and rear end sill member 18, 19,
      respectively, comprises three basic components, namely, a pair of
      elongated end sections 27 and an intermediate center section 28. Like the
      front and rear sections 18, 19 of the side sill members 14, 15, the end
      sections 27 and center sections 28 of the front and rear end side sill
      members 16 and 17 are preferably made of angle iron bar stock so that in
      vertical section they are substantially L-shaped.
PAR  As shown in FIG. 2, one end of each front end sill member end section 27 is
      rigidly secured as by welding, to the forward end portion of the front end
      section 18 of a respective side sill member 14, 15. The rigidly
      interconnected end section 27 and front section 18 are oriented 90.degree.
      with respect to each other and serve as a front corner subassembly of the
      chair support frame 10. In a similar manner, one end of each rear end sill
      member end section 27 is oriented 90.degree. with respect to and is
      rigidly connected to the rearwardmost end portion of the rear section 19
      of a respective side sill member 14, 15. The horizontally disposed legs or
      flanges 29, of the front and rear end sill member end sections 27, which
      extend inwardly, are each provided with a plurality of longitudinally
      spaced apertures 30 therethrough. The row of apertures 30 of each end
      section 27 extends substantially the full length of such end section 27.
      The horizontally disposed flange 31 of each of the front and rear end sill
      members 16, 17 is also provided with a row of longitudinally spaced
      apertures 32 therethrough substantially along its entire length. The
      spacing between adjacent apertures 32 is substantially the same as the
      spacing between the apertures 30. During the chair support frame 10
      assembly operation, a center section 28 is placed over a pair of related
      end sections 27 so that it bridges the free ends of such end sections 27.
      The center section 28 is preferably arranged so that equal end portions of
      the horizontal flange 31 of the center section 28 overlap and abut
      respective free end portions of the end sections 27, as illustrated in
      FIG. 2. From the foregoing, it is believed clear the manner in which the
      lengths of the front and rear end sill members 16, 17, respectively, are
      individually adjusted. Once the desired transverse spacing of end sections
      27 of the front end sill member 16 or the rear end sill member 17 is
      achieved, a center section 28 is positioned on the spaced end sections 27
      so as to bridge the free ends thereof. Suitable bolts 33 are then inserted
      through at least four apertures 32 of the center section 28 aligned or in
      registration with two apertures 30 formed through each of the associated
      end sections 27. Suitable lock nuts (not shown) are then threaded on the
      bolts 33 for rigidly connecting the end sections 27 and center section
      together.
PAR  In order to reinforce the chair support frame 10 at the two rear corners
      thereof, a triangularly shaped gusset plate 34 is welded or otherwise
      suitably secured to each end section 27 of the rear end sill member and a
      respective one of the rear sections 19 of the side sill members 14, 15.
PAR  The front wheel means 11 at each of the front corners of the chair support
      frame 10 are in the form of a self-steering swivel type caster 34,
      permitting 360.degree. rotation about a substantially vertical axis and
      enabling easy manuverability in any direction. The stem or journal of each
      caster 34 is rotatably supported in a bearing member 35 carried at the
      forwardmost end of a bracket 36. The brackets 36 are preferably integrally
      formed with the side sill members 14, 15 and are substantially Z-shaped
      when viewed in side elevation whereby the legs 37 to which the bearing
      members 35 are connected are spaced longitudinally forwardly of and
      vertically above the front end sill member 16. It will be appreciated that
      such front wheel suspension construction results in chair support frame 10
      having a relatively low center of gravity to thereby increase the overall
      safeth of the wheeled chair support attachment as well as its mobility.
      Moreover, the chair attachment of the present invention adds very little
      to the overall height of the seat of the chair used in conjunction with
      the attachment and placement or removal of a person on or from the chair
      is facilitated by this fact.
PAR  In each of the various embodiments of the invention illustrated in the
      drawings, the rear wheel means 12 at each of the two rear corners of the
      chair support frame 10 includes a wheel 38 provided with a rubber tire.
      The drive wheels 38 are capable of being individually or simultaneously
      rotated manually and/or electrically, as will be pointed out hereinafter.
      Each of the drive wheels 38 of the embodiment of the invention shown in
      FIG. 1 is equipped with an anti-friction bearing unit 39 of conventional
      design, which, as best shown in FIG. 3, includes an inner and outer
      bearing races 40, 41, respectively. The outer bearing race 41 of each
      drive wheel 38 is non-rotatively fixed to the hub portion thereof by any
      suitable means.
PAR  As pointed out hereinbefore, the basic attachment of the present invention
      includes a chair leg securing means 13 at each of the four corners of the
      chair support attachment frame 10. Each chair leg securing means 13
      includes a generally circular and flat mounting plate 42. One end of a
      rubber sleeve 43 is bonded or otherwise suitably secured to the mounting
      plate 42. The rubber sleeve 43 of each chair leg securing means 13 extends
      vertically upwardly from the mounting plate 42 to which it is secured and
      serves as a socket for receiving the leg 44 of a conventional household
      chair 45 therein. Integrally formed with each mounting plate 42 is a tab
      46 which extends generally radially therefrom and is provided with a
      central opening 47 therethrough. The central opening 47 of each chair leg
      securing means 13 is alignable with any one of the group or series of
      apertures 30 formed through the horizontal flange 29 of a respective end
      section 27 as best shown in FIG. 2. A bolt 48 and thumb nut 49 are
      employed for securing each chair leg securing means 13 to a respective end
      section 27 in its adjusted position. From the foregoing, it will be
      appreciated that not only is each chair leg securing means 13 individually
      adjustable in a transverse direction with respect to the chair leg
      securing means 13 generally in transverse alignment therewith but it also
      capable of being swung arcuately about the vertical axis of the bolt 48
      associated therewith before the cooperating thumb nut 49 is tightened.
      Thus, to a limited extent, the longitudinal spacing between the two chair
      securing means 13 carried the the front end sill member 16 and those
      secured to the rear end sill member 17 may be selectively adjusted and
      such longitudinal spacing adjustment feature is in addition to that
      provided by the shortening and lengthening capability incorporated into
      the structure and design of the side sill members 14, 15, as pointed out
      hereinbefore. Also, the transverse spacing being the chair leg securing
      members 13 mounted on either the front end or rear end sill members may be
      varied slightly by pivoting such chair leg securing members 13 about the
      respective bolts 48. It will be appreciated that by providing the three
      above descrived adjustment means, namely, the means for selectively
      adjusting the lengths of the front end, rear end, and side sill members,
      the means for selectively positioning the chair leg securing means 13
      individually along the longitudinal axes of the front and rear end sill
      members, and the means for individually and horizontally positioning each
      chair leg securing means 13 with respect to all the other chair leg
      securing means 13, the chair support frome 10 is readily adaptable to
      household chairs of innumerable sizes and types. As illustrated in FIG. 5,
      the chair leg 45 positioned in the sleeve 43 of each chair leg securing
      means 13 is supported upon the mounting plate 42. An adjustable
      contractivle and expandible band 50, adapted to encircle the uppermost end
      portion of the sleeve 43, is employed for causing such sleeve end portion
      to firmly grip the chair leg 45 and secure the chair leg 45 to the chair
      support frame 10. Inasmuch as the sleeves 43 are made of rubber or rubber
      like material, the chiar legs 45 are not marred or damaged in any way by
      attaching the chair 45 to the chair support frame 10 nor will such use of
      the chair 45 as a wheel chair, if only temporary, affect its use or
      appearance as a conventional household chair subsequently. Moreover, the
      attaching operation can be accomplished quickly and easily and without the
      need of special tools or the like.
PAR  The mechanism at each side of the wheeled chair support attachment of the
      embodiment of the invention illustrated in FIG. 1 for manually propelling
      the same is designated in its entirety by reference character 51. Only the
      propelling mechanism 51 on one side of the shair support attachment will
      be described in detail but it is to be understood the propelling mechanism
      51 on each side of the chair support attachment are substantially mirror
      images of each other. The manually propelling mechanism 51 includes an
      elongated casing 52 comprising an outer member 53 and an interfitting
      inner member 54 which are preferably formed of sheet material or the like.
      The propelling mechanism 51 also includes an upper pulley 55 and a lower
      pulley 56 which are driving interconnected by means of a flexible, endless
      belt 57. It is to be understood that the pulleys 55 and 56 could be in the
      form of sprockets and the belt 57 provided with teeth for engagement with
      the teeth of such sprockets without departing from the spirit and scope of
      the invention. The lower pulley 56 is drivingly connected, in a
      side-by-side fashion, to a drive wheel 38 by any suitable means whereby
      the pulley or sprocket 56 and the drive wheel 38 are constrained to rotate
      together. The drive wheel 38 and pulley 56 are attached to the chair
      support frame 10 by means of a stub shaft 58 which is preferably in the
      form of a stud or bolt having one end provided with an enlarged head 59
      and its opposite end provided with a threaded section 60. In order to
      assemble the rear drive wheel 38 and pulley 56 on the stub shaft 58 and to
      attach the lower end of the casing 52 to the chair support attachment
      frame 10, a thrust washer 61 is first placed on the stub shaft 58 and
      caused to abut the enlarged head 58. Thereafter, the pre-assembled drive
      wheel 38 and pulley 56 are positioned on the stub shaft 58. It is to be
      understood that the thrust washer 61 only abuts the inner race 40 of the
      antifriction bearing unit 39 of the drive wheel 38 and does not engage the
      outer race 41. A cylindrical spacer 62 is placed on the stub shaft 58. The
      spacer 62 extends through the pulley 56 and one end thereof is adapted to
      abut the inner race 40 of the antifriction bearing unit 39. The opposite
      end of the spacer 62 abuts the surface of the inner casing member 54 about
      the opening 63 formed in such member 54 through which the inner end of the
      stub shaft 58 extends. The stub shaft 58 also extends through an aperture
      64 formed through an enlarged, upstanding tab 65 which may be integrally
      formed with the vertical leg 20 of a respect rear section 19 or separately
      fashioned and rigidly secured to such rear section 19. A lock nut 66 is
      then threaded onto the stube shaft 58 and tightened in order to firmly
      clamp the inner race 40 of the antifriction bearing unit 39 and the
      lowermost end of the casing 52 to the enlarged tab 65. The normally
      lowermost end of the outer casing member 53 is cut away in order to
      provide adequate clearance for rotation of the drive wheel 38 and the
      lower pulley 56.
PAR  The upper pulley or sprocket 55, which, preferably has a smaller pitch
      diameter than the lower pulley or sprocket 56, is suitably attached to a
      relatively large diameter hand wheel 67 whereby the hand wheel 67 and
      upper pulley 55 are contrained to rotate in unison. The upper pulley 55
      and hand wheel 67 are supported for rotation at the normally uppermost end
      of the casing 52 by means of a stuf shaft 68. The stub shaft 68, like the
      lower stub shaft 58, described hereinbefore, is in the form of a threaded
      bolt and is rigidly attached to the casing 52 in a manner similar to
      manner in which the lower stud shaft 58 is secured to the casing 52 and
      the tab 65. A spacer 69, through which the stub shaft 68 extends, has one
      end abutting the inner race 70 of a antifriction bearing unit 71 carried
      by the hub of the hand wheel 67. The spacer 69 extends through the upper
      pulley 55 and is adapted to abut the inner side of the inner casing member
      54 about the hole 72 through which the innermost end of the stub shaft 68
      extends. A lock nut 73 is employed for firmly connecting the stub shaft 68
      to the inner casing member 54 and to thereby provide a support for the
      hand wheel 67 and the upper pulley 55. Suitable means, not shown, may be
      provided for varying the distance between the stub shafts 58 and 68 to
      thereby adjust the belt tension. It is also to be understood that the
      casing members 53 and 54 could be ribbed or suitably reinforced in some
      other manner in order to enhance its sturdiness and rigidity.
PAR  The hand wheel 67 is provided with a transversely outwardly projecting
      generally cylindrical hand grip 74 which is rotatably supported on a fixed
      shaft (not shown) carried by the hand wheel 67, as shown in fIG. 2. The
      hand grip 74 could have the shape of a knob rather than being cylindrical
      as illustrated in the drawings without departing from the spirit and scope
      of the invention.
PAR  Means are provided for adjusting the vertical position of the hand wheel
      axis of rotation and for firmly supporting the hand wheel 67 in such
      adjusted position. The adjustment means includes an elongated brace member
      75 which has one end pivotally connected to the outer casing member 53
      substantially midway between the axes of rotation of the upper and lower
      pulleys 55 and 56. The lowermost end of the brace member 75 is adapted to
      be secured to the vertical flange or leg 20 of a respective side sill rear
      section 19 at any one of the apertures 25 formed through such flange 20.
      It will be appreciated that by varying the angle between the longitudinal
      axis of the casing 52 and the longitudinal axis of the side sill member 14
      or 15, the height of the hand wheel axis above the plane of the side,
      front and rear sill members may be changed. Once the desired vertical
      positioning of the hand wheel axis is obtained by angularly swinging the
      casing 52, the lowermost end of the brace member 75 is rigidly connected
      to the rear section 19 by means of a bolt 76 inserted through an aperture
      fromed through the lowermost end of the brace member 75 and the particular
      one of the apertures 25 of the vertical leg 20 which is in registration
      therewith. A suitable lock nut is employed for detachably securing the
      brace member to the rear section 19, as shown in FIG. 2.
PAR  The chair support frame 10 of the embodiment of the invention illustrated
      in FIGS. 6 and 7 is constructed in substantially the same manner as the
      embodiment described hereinbefore with the exception of structure of the
      rear wheel means 12 and the means for manually propelling the device. As
      best shown in FIG. 7, each of the rear wheel means 12 includes upstanding
      standard 77 which is substantially L-shaped in horizontal section so as to
      provide a side leg 78 and a back leg 79. The lower end of the side leg 78
      is rigidly secured to the vertical flange 20 of the side sill member rear
      section 19 and, similarly, the lower end of the back leg 79 is bolted to
      the adjacent end section 27. A non-rotatable stub shaft 80 is secured to
      the uppermost end of the standard 77, as illustrated in FIG. 7. The stub
      shaft 80 serves as a support for a relatibely large, rubber tired wheel 81
      which is mounted thereon. The wheel 81 is provided with a circular hand
      wheel 82 attached to the outer side thereof. From the foregoing, it is
      believed clear that the person utilizing the chair support attachment may
      propel himself about by pushing on the hand wheels 82.
PAR  In the embodiment of the invention illustrated in FIGS. 8, 9 and 10
      electric means are provided for propelling the chair support attachment in
      lieu of the manually operable means of the two embodiments described
      hereinbefore. In essence, the electric propulsion means includes a
      rechargeable electric storage battery 83 which is supported upon a
      generally rectangular tray or the like 84 rigidly secured to the center
      section 28 of the rear end sill member 17. Each of the rear wheel means 12
      of the present embodiment of the invention includes a drive wheel 85 which
      is toratably supported on a stub shaft 86 carried by the tab 65. Fixed to
      the inner face of the drive wheel 85 is a gear 87. A Motor-speed reducer
      unit 88 is suitably supported on each of the end sections 27 of the rear
      end sill member 17. The output shaft 89 of each motor-speed reducer unit
      88 is provided with a drive gear 90, which, in turn, meshes with a driven
      dear 87 fixed to a respective one of the rear drive wheels 85.
PAR  The rotational direction of the output shaft 89 of the electric motor-speed
      reducer unit 88 may be reversed by reversing the electric current flow
      therethrough. Energization of each electric motor-speed reducer unit 88
      and drive direction of rotation of its output shaft 89 is controlled by
      means of simple electric control circuit and switch control box 91. The
      switch control box 91 may be held by the person using the chair support
      attachment or suitably attached to the motor-speed mounted units the chair
      support attachment so box 91 be readily and conveniently positioned for
      operation by such person. Projecting from the switch control box are a
      pair of pivotally mounted levers 92 and 93. Lever 92 is utilized to
      control energization and the direction of rotation of the electric
      motor-speed reducer unit 88 associated with one of the ddrive wheels 85
      while the other lever 93 controls the operation of the electric
      motor-speed reducer unit 88 associated with the drive wheel 85 on the
      opposite side of the attachment from 10. While the electric circuit means
      which includes the battery 83, electric motro-speed reducer units 88 and
      the switch control boxx 91 will not be described in detail, it is to be
      understood that when the control levers 92, 93 are disposed generally
      upright with respect to the top surface of the switch control box 91 and
      in neutral positions, neither electric motor-speed reducer unit 88 is
      energized. However, if either lever is pivoted to a forward position, the
      electric motor-speed reducer unit 88 controlled by such lever with cause
      rotation of the drive wheel 85 associated therewith to turn in a direction
      to propel the chair support frame 10 in a forward direction. Conversely,
      if either lever is moved to a rearward position, the electric motor-speed
      reducer unit 88 controlled by such lever will effect rotation of the drive
      wheel 85 in an opposite direction.
PAR  Preferably, the electrical storage battery 83 is of type having built in
      recharging means so that during the periods when the chair support
      attachment is not being used, the battery 83 may be recharged merely by
      connecting the same to a source of electric energy by means of a simple
      extention cord 94 or the like.
PAR  The chair support frame 10 of the embodiment of the invention illustrated
      in FIG. 11 may be selectively propelled manually or electrically. In
      essence, the propulsion means of the FIG. 11 embodiment of the invention
      is similar structurally and functionally to both the manual propulsion
      mechanism 51 described hereinbefore with reference to the embodiment of
      the invention shown in FIG. 1 and the electric propulsion means described
      in detail above with reference to the embodiment of the invention
      illustrated in FIG. 8. Consequently, the description of those components
      (and the manner in which such components function and are assembled
      together) which have already been described in detail and which are also
      found in the FIG. 11 embodiment of the invention will not be further
      described. As best shown in FIG. 12, driven gear 87, instead of being
      fastened directly to the side of the drive wheel 85 as in the FIG. 8
      embodiment of the invention, is suitably secured to the lower pulley 56
      which, in turn, is securely fastened to the side of the drive wheel 85.
      Moreover, the drive gear 95 is mounted on the electric motor-speed reducer
      output shaft 89 for relative axial sliding movement rather than being
      axially fixed thereto as is the drive gear 90 of the FIG. 8 embodiment of
      the invention. The drive gear 95 is slidable between an operative position
      wherein it is in meshing engagement with the driven gear 87, as shown in
      FIG. 12, and in inoperative or disengaged position wherein it is out of
      meshing engagement with the driven gear 87, as shown in FIG. 13. Shifting
      of the drive gear 95 is accomplished by means of a manually operated
      control linkage, designated generally by reference numeral 96. The control
      linkage 96 includes a shift fork 97 which has a bifurcated end 98 disposed
      within a groove provided in a hub portion integrally formed on one end of
      the slidable gear 95 whereby the gear 95 is capable of rotating with
      respect to the shaft fork 97. The shift fork 97 is supported for swinging
      movement about a pivot pin 99 carried at one end of a substantially
      Z-shaped bracket 100. The bracket 100 is suitably mounted upon the
      electric motor-speed reducer unit 88. One end of the inner cable 101 of a
      Bowden wire assembly 102 is fastened to the shift fork 97 intermediate its
      ends and the opposite end thereof is provided with a control knob 103 to
      facilitate sliding of the inner cable 101 with respect to its outer
      sheathing 104 in order to effect swinging of the shift fork 97 between the
      positions shown in FIGS. 12 and 13. Preferably, the knobend of the Bowden
      wire assembly 102 is mounted on the upper end of the casing 52 so as to be
      conveniently available for operation of the shift fork 97. From the
      foregoing, it is believed the operation of the propulsion means of the
      FIG. 11 embodiment of the invention is clear. With the drive gear 95 is
      meshing engagement with the driven gear 87, the chair support frame
      attachment may be propelled electrically. However, if desired, the
      electric propulsion means may be operatively disconnected from drive wheel
      85 and the chair support frame attachment may be propelled manually.
PAR  The chair support frame 10 is provided with a retractible foot rest 105,
      which is best shown in FIG. 2. The foot rest 105 is in the form of a
      generally rectangular flat plate which is supported substantially midway
      between the side sill members 14, 15 for longitudinal movement as
      indicated by the arrow 106. The foot rest 105 is slidable between an
      extended, operative position, as shown in FIG. 2, wherein a person sitting
      on the chair may place his feet thereon to support them, and a retracted,
      inoperativve position, not shown. It is to be understood that when the
      foot rest 105 is in its retracted position, a person may be readily placed
      on or removed from the chair without interference by the foot rest 105.
      Sliding of the foot rest 105 between its extended operative and retracted,
      inoperative positions is accomplished by means of a single hand control
      lever 107. The lever 107 is pivotally supported on side sill member 14.
      The uppermost end of the control lever 107 is a position to be readily
      grasped by a person sitting on the chair to manipulate the same. One end
      of a like 108 is pivotally connected to the lowermost end of the control
      lever 107 and the opposite end thereof is pivotally connected to a portion
      of a lever 109 intermediate its ends. The lever 109, in turn, has one end
      pivotally connected to the side sill member 14 and its opposite end
      pivotally connected to the rear end of the foot rest 105 by any suitable
      means. It is to be understood that upon forward swinging of the control
      lever 107 from the position shown in FIG. 2, the foot rest 105 will be
      moved to its retracted, inoperative position. Therafter, swinging of the
      control lever 107 in a reverse direction will cause the foot rest 105 to
      return to the position illustrated in FIG. 12.
PAR  If desired, each of the drive wheels 38 or 85 may be provided with a hand
      operated brake means. Each brake means includes a substantially L-shaped
      lever 110. The relatively longer leg 111 of the lever 110 is pivotally
      connected to the casing 52, as shown in FIG. 2. The relatively shorter leg
      112, of each lever 110 projects transversely outwardly. Each of the legs
      112 is movable into and out of frictional engagement with the tire of a
      respective drive wheel 38 or 85 upon swinging of lever leg 111 associated
      therewith. The uppermost ends of the brake levers 110 are, like the
      uppermost end of the hand control lever 107, in positions where they may
      be readily manipulated to apply and release braking forces on the drive
      wheels 38 or 85.
PAR  The embodiments of the invention chosen for the purposes of illustration
      and description herein are those preferred for achieving the objects of
      the invention and developing the utility thereof in the most desirable
      manner, due regard being had to existing factors of economy, simplicity of
      design and construction, production methods, and the improvements sought
      to be effected. It will be appreciated therefore, that the particular
      structural and functional aspects emphasized herein are not intended to
      exclude, but rather to suggest, such other modifications and adaptations
      of the invention as fall within the spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wheeled attachment for converting a chair having leg means into mobile
      means for transporting non-ambulatory persons, comprising, a generally
      rectangularly shaped chair support frame lying generally in a horizontal
      plane having a pair of transversely spaced and parallel, longitudinally
      extending side sill members, a transversely extending front sill member
      and a transversely extending rear sill member longitudinally spaced and
      parallel with respect to said front sill member, one end of each side sill
      member being rigidly connected to a respective end of said front sill
      member and its opposite end rigidly connected to a respective end of said
      rear sill member; means for individually adjusting the length of each of
      said front, rear, and side sill members; ground-engaging wheel means at
      each corner of said chair support frame for supporting said chair support
      frame in a generally horizontal plane, the rotational axes of said wheel
      means being vertically spaced above said generally horizontal plane of
      said chair support frame chair leg supporting and securing means at each
      corner of said chair support frame, each of said chair leg supporting and
      securing means being operatively connectible to a respective leg means of
      a chair and including a generally flat mounting plate for supporting a
      respective one of the chair leg means, socket means carried by said
      mounting plate for receiving said respective one of said chair leg means,
      means for detachably securing said respective one of said chair leg means
      in said socket means, and means for adjustably securing said mounting
      plate to a respective one of said front and rear sill members at any one
      of a plurality of positions along the length thereof independently of said
      means for individually adjusting the length of each of said front, rear,
      and side sill members, said mounting plate being substantially
      horizontally disposed when in use and longitudinally spaced intermediate
      said wheel means at the two forwardmost corners and said wheel means at
      the two rearwardmost corners of said chair support frame in all of its
      adjusted positions.
NUM  2.
PAR  2. A wheeled attachment as set forth in claim 1, wherein each of said
      ground-engaging wheel means at each of the two forwardmost corners of said
      chair support frame includes a bracket integrally formed with a respective
      one of said side sill members and extending longitudinally forwardly
      therefrom, said brackets being substantially Z-shaped in side elevation so
      as to provide a pair of substantially horizontally disposed, vertically
      spaced and parallel legs, a first one of said bracket legs lying
      substantially in said horizontal plane of said chair support frame and a
      second one of said bracket legs being vertically spaced above said
      horizontal plane, and a swivel-type caster carried by said second one of
      said bracket legs, said caster being capable of pivoting 360.degree. about
      a substantially vertical axis.
NUM  3.
PAR  3. A wheeled attachment as set forth in claim 2, wherein each of said
      socket means includes an elongated rubber sleeve having one end secured to
      a respective one of said flat mounting plates and extending generally
      vertically therefrom, and wherein said means for adjustably securing said
      mounting plate to a respective one of said front and rear sill members at
      any one of a plurality of positions along the length thereof additionally
      includes means for further individually adjusting the longitudinal and
      transverse position of said rubber sleeve associated therewith at each of
      said plurality of adjusted positions of said mounting plate.
NUM  4.
PAR  4. A wheeled attachment as set forth in claim 2, further including drive
      means for individually and selectively rotating each of said wheel means
      at each of the two rearwardmost corners of said chair support frame in
      forward and reverse directions.
NUM  5.
PAR  5. A wheeled attachment as set forth in claim 4, wherein said wheel means
      at each of the two rearwardmost corners of said chair support frame
      includes a generally upright standard having its lowermost end rigidly
      secured to said chair support frame at the intersection of a respective
      side sill member and said rear sill member, said standard extending
      generally vertically from said chair support frame and carrying a
      transversely extending stub shaft at its uppermost end, and a
      ground-engaging rear wheel rotatably supported on said stub shaft; and
      said drive means includes a hand wheel of less diameter than said rear
      wheel and secured to said rear wheel on the exteriorly facing side thereof
      whereby the wheeled attachment may be manually propelled by the chair
      occupant.
NUM  6.
PAR  6. A wheeled attachment as set forth in claim 4, wherein each of said drive
      means includes a transversely outwardly projecting stub shaft at each of
      the two rearwardmost corners of said chair support frame, a
      ground-engaging rear wheel rotatably supported on said stub shaft; and
      wherein each of said drive means for rotating each rear wheel includes a
      manually-operable mechanism.
NUM  7.
PAR  7. A wheeled attachment as set forth in claim 6, further including a
      manually operable brake means associated with each of said rear wheels for
      preventing rotation thereof.
NUM  8.
PAR  8. A wheeled attachment as set forth in claim 4, wherein each of said drive
      means includes a transversely outwardly projecting stub shaft at each of
      the two rearwardmost corners of said chair support frame, a
      ground-engaging rear wheel rotatably supported on said stub shaft; and
      wherein each of said drive means for rotating each rear wheel includes
      electrically driven power means and power transmission means operatively
      interconnecting said electrically driven power means and a respective on
      of said rear wheels.
NUM  9.
PAR  9. A wheeled attachment as set forth in claim 8, including manually
      operable control means operatively connected to said power transmission
      means for selectivvely rendering said power transmission means effective
      and ineffective for operatively interconnecting said electrically driven
      power means and said respective one of said rear wheels; and wherein each
      of said drive means for rotating each rear wheel further includes a
      manually-operable mechanism capable of being operated independently of
      said electrically driven power means.
NUM  10.
PAR  10. A wheeled attachment for converting a chair having leg means into
      mobile means for transporting nonambulatory persons, comprising, a
      generally rectangularly shaped chair support frame having a pair of
      transversely spaced and parallel, longitudinally extending side sill
      members, a transversely extending rear sill member longitudinally spaced
      and parallel with respect to said front sill member, one end of each side
      sill member being rigidly connected to a respective end of said front sill
      member and its opposite end rigidly connected to a respective end of said
      rear sill member; chair leg supporting and securing means at each corner
      of said chair support frame, each of said chair leg supporting and
      securing means being operatively connectible to a respective leg means of
      a chair, each of said chair leg supporting and securing means at each
      corner of said chair support frame including a generally flat mounting
      plate for supporting a respective one of the chair leg means, socket means
      carried by said mounting plate for receiving said respective one of said
      chair leg means, means for detachably securing said respective one of said
      chair leg means in said socket means, and means for adjustably securing
      said mounting plate to a respective one of said front and rear sill
      members at any one of a plurality of positions along the length thereof,
      said mounting plate being substantially horizontally disposed when in use;
      means for individually adjusting the length of each of said front, rear,
      and side sill members; ground-engaging wheel means at each corner of said
      chair support frame for supporting said chair support frame in a generally
      horizontal plane, the rotational axes of said wheel means being vertically
      spaced above said generally horizontal plane of said generally horizontal
      plane of said chair support frame, each of said ground-engaging wheel
      means at each of the two forwardmost corners of said chair support frame
      including a bracket integrally formed with a respective one of said side
      sill members and extending longitudinally forwardly therefrom, said
      brackets being substantially Z-shaped in side elevation so as to provide a
      pair of substantially horizontally disposed, vertically spaced and
      parallel legs, a first one of said bracket legs lying substantially in
      said horizontal plane of said chair support frame and a second one of said
      bracket legs being vertically spaced above said horizontal plane, and a
      swivel-type caster carried by said second one of said bracket legs, said
      caster being capable of pivoting 360.degree. about a substantially
      vertical axis; and drive means for individually and selectively rotating
      each of said wheel means at each of the two rearwardmost corners of said
      chair support frame in forward and reverse directions, each of said means
      including a transversely outwardly projecting stub shaft at each of the
      two rearwardmost corners of said chair support frame, a ground-engaging
      rear wheel rotatably supported on said stub shaft, and each of said drive
      means for rotating each rear wheel including electrically driven power
      means and power transmission means operatively interconnecting said
      electrically driven power means and a respective one of said rear wheels,
      each of said electrical power means including, a reversible electric
      motor-speed reducer unit mounted on said rear sill member at a respective
      end thereof, and said power transmission means including a driven gear
      fixed to the interiorly facing side of a respective one of said rear
      wheels, and a drive pinion gear in meshing engagement with said driven
      gear, said drive pinion gear being drivingly connected to the output shaft
      of said electric motor-speed reducer unit.
NUM  11.
PAR  11. A wheeled attachment as set forth in claim 10, further including a
      source of electrical energy for supplying both of said electric
      motor-speed reducer units with electrical energy, said source of
      electrical energy being in the form of a storage battery supported on said
      rear sill member substantially midway between the ends thereof.
NUM  12.
PAR  12. A wheeled attachment as set forth in claim 10, including manually
      operable control means operatively connected to said drive pinion gear for
      selectively moving said drive pinion gear into and out of meshing
      engagement with said driven gear; and wherein each of said drive means for
      rotating each rear wheel further includes manually operable power means
      and power transmission means operatively interconnecting said manually
      operable power means and a respective one of said rear wheels, said power
      transmission means including a rotatable driven member drivingly connected
      to a respective one of said rear wheels, a rotatable drive member spaced
      from said driven member, and an endless power transmitting means trained
      around and drivingly interconnecting said drive and driven members; and
      said manually operable power means includes a manually rotatable hand
      wheel operatively connected to said drive member whereby said hand wheel
      and drive member are rotatable in unison, means for supporting said hand
      wheel and drive member are rotatable in unison, means for supporting said
      hand wheel and drive member for rotation about a transversely extending,
      substantially horizontal axis, and hand grip means carried by said hand
      wheel to facilitate rotation of the same.
NUM  13.
PAR  13. A wheeled attachment for converting a chair having leg means into
      mobile means for transporting non-ambulatory persons, comprising, a
      generally rectangularly shaped chair support frame having a pair of
      transversely spaced and parallel, longitudinally extending side sill
      members, a transversely extending front sill member and a transversely
      extending rear sill member longitudinally spaced and parallel with respect
      to said front sill member, one end of each side sill member being rigidly
      connected to a respective end of said front sill member and its opposite
      end rigidly connected to a respective end of said rear sill member; chair
      leg supporting and securing means at each corner of said chair support
      frame, each of said chair leg supporting and securing means being
      operatively connectible to a respective leg means of a chair, each of said
      chair leg supporting and securing means at each corner of said chair
      support frame including a generally flat mounting plate for supporting a
      respective one of the chair leg means, socket means carried by said
      mounting plate for said said respective one of said chair leg means, means
      for detachably securing said respective one of said chair leg means in
      said socket means, and means for adjustably securing said mounting plate
      to a respective one of said front and rear sill members at any one of a
      plurality of positions along the length thereof, said mounting plate being
      substantially horizontally disposed when in use; means for individually
      adjusting the length of each of said front, rear, and side sill members;
      and ground-engaging wheel means at each corner of said chair support frame
      for supporting said chair support frame in a generally horizontal plane,
      the rotational axes of said wheel means being vertically spaced above said
      generally horizontal plane of said chair support frame, each of said
      ground-engaging wheel means at each of the two forwardmost corners of said
      chair support frame includes a bracket integrally formed with a respective
      one of said side sill members and extending longitudinally forwardly
      therefrom, said brackets being substantially Z-shaped in side elevation so
      as to provide a pair of substantially horizontally disposed, vertically
      spaced and parallel legs, a first one of said bracket legs lying
      substantially in said horizontal plane of said chair support frame and a
      second one of said bracket legs being vertically spaced above said
      horizontal plane, and a swivel-type caster carried by said second one of
      said bracket legs, said caster being capable of pivoting 360.degree. about
      a substantially vertical axis; and drive means for individually and
      selectively rotating each of said wheel means at each of the two
      rearwardmost corners of said chair support frame in forward and reverse
      directions, each of said drive means including a transversely outwardly
      projecting stub shaft at each of the two rearwardmost corners of said
      chair support frame, a ground-engaging rear wheel rotatably supported on
      said stub shaft, and each of said drive means for rotating each rear wheel
      including a manually-operable mechanism, each of said drive means for
      rotating each rear wheel including manually operable power means and power
      transmission means operatively interconnecting said manually operable
      power means and a respective one of said rear wheels, said power
      transmission means including a rotatable driven member fixed to the
      interiorly facing side of a respective one of said rear wheels, a
      rotatable drive member spaced from said driven member, and endless power
      transmitting means trained around and drivingly interconnecting said drive
      and driven members, said manually operable power means including a
      manually rotatable hand wheel operatively connected to said drive member
      whereby said hand wheel and drive member are rotatable in unison, means
      for supporting said hand wheel and drive member for rotation about a
      transversely extending, substantially horizontal axis, and hand grip means
      carried by said hand wheel to facilitate rotation of the same.
NUM  14.
PAR  14. A wheeled attachment as set forth in claim 13, wherein said means for
      supporting said hand wheel and drive member about a transversely
      extending, substantially horizontal axis includes an elongated casing
      substantially enclosing said drive and driven members and said endless
      power transmitting means, and a stub shaft carried by said casing adjacent
      the normally uppermost end thereof for rotatably supporting said drive
      member and said hand wheel, said casing being angularly adjustable about
      the rotational axis of the rear wheel with which it is associated to a
      plurality of angular postions with respect to said generally horizontal
      plane of said chair support frame and releasable securing means for
      rigidly securing said casing in each of said angularly adjusted positions.
NUM  15.
PAR  15. A wheeled attachment as set forth in claim 14, wherein said releasable
      securing means includes an elongated brace means having one end pivotally
      connected to said casing at a point intermediate its ends, and means for
      detachably connecting the other end of said brace means to a respective
      one of said side sill members at any one of a plurality of points spaced
      along the longitudinal axis of said side sill member.
NUM  16.
PAR  16. A wheeled attachment as set forth in claim 14, wherein said drive and
      driven members are in the form of pulley sheaves and said endless power
      transmitting means is an endless, flexible belt, said driven pulley sheave
      having a pitch diameter larger than the pitch diameter of said drive
      pulley sheave.
NUM  17.
PAR  17. A wheeled attachment for converting a chair having leg means into
      mobile means for transporting non-ambulatory persons, comprising, a
      generally rectangularly shaped chair support frame having a pair of
      transversely spaced and parallel, longitudinally extending side sill
      members, a transversely extending front sill member and a transversely
      extending rear sill member longitudinally spaced and parallel with respect
      to said front sill member, one end of each side sill member being rigidly
      connected to a respective end of said front sill member and its opposite
      end rigidly connected to a respective end of said rear sill member; chair
      leg supporting and securing means at each corner of said chair support
      frame, each of said chair leg supporting and securing means being
      operatively connectible to a respective leg means of a chair, each of said
      chair leg supporting and securing means at each corner of said chair
      support frame including a generally flat mounting plate for supporting a
      respective one of the chair leg means, socket means carried by said
      mounting plate for receiving said respective one of said chair leg means,
      means for detachably securing said respective one of said chair leg means
      in said socket means, and means for adjustably securing said mounting
      plate to a respective one of said front and rear sill members at any one
      of a plurality of positions along the length thereof, said mounting plate
      being substantially horizontally disposed when in use; ground-engaging
      wheel means at each corner of said chair support frame in a generally
      horizontal plane, the rotational axes of said wheel means being vertically
      spaced above said generally horizontal plane of said chair support frame,
      each of said ground-engaging wheel means at each of the two forwardmost
      corners of said chair support frame includes a bracket integrally formed
      with a respective one of said side sill members and extending
      longitudinally forwardly therefrom, said brackets being substantially
      Z-shaped in side elevation so as to provide a pair of substantially
      horizontally disposed, vertically spaced and parallel legs, a first one of
      said bracket legs lying substantially in said horizontal plane of said
      chair support frame and a second one of said bracket legs being vertically
      spaced above said horizontal plane, and a swivel-type caster carried by
      said second one of said bracket legs, said caster being capable of
      pivoting 360.degree. about a substantially vertical axis; means for
      individually adjusting the length of each of said front, rear, and side
      sill members; and a generally rectangularly shaped and horizontally
      disposed foot rest, means for supporting said foot rest on said chair
      support frame for longitudinal sliding movement between a retracted
      position wherein the forwardmost edge of said foot rest is closely
      adjacent said front sill member and an extended position wherein said
      forwardmost edge of said foot rest is longitudinally spaced forwardly of
      said front sill member, and manually operable means for moving said foot
      rest between its retracted and extended positions.
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ABST
PAL  Apparatus which renders a self-elevating drilling platform self-mobile on
      land and a method of moving the drilling platform employing the apparatus.
      The self-elevating platform includes a body, forward and rear legs, and
      means for adjusting the legs by moving the legs with respect to the body
      and moving the body with respect to the legs. The apparatus includes a
      launch pad which will be pivotally mounted to the platform beneath the
      body. In operation, the legs of platform are adjusted so that,
      alternatively, the launch pad swings forward beneath the body when the pad
      is elevated off the ground and the body pivots forward around the pad when
      the pad is on the ground.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method and apparatus for moving on land a large
      self-elevating structure such as a mobile sea oil drilling platform. Many
      mobile sea oil drilling platforms are constructed at locations which have
      facilities, such as ramps or inclined ways, for sliding the completed
      platform into the water for launching. However, in areas subject to wide
      changes in shore line and water depth, such as large rivers and shallow
      tidal areas, inclined launched ways are impractical. This invention finds
      particular utility at mobile sea oil drilling platform construction
      locations where launch ways cannot be used and provides an apparatus
      whereby the platform is rendered self-mobile as well as a method of moving
      the platform employing the apparatus.
PAR  2. The Prior Art
PAR  Inclined launch ways cannot be used to launch a completed mobile offshore
      oil drilling platform where the shoreline location is subject to wide
      variance due to tides or river levels. One previous launching system
      employed at such a location, on the Mississippi river, employed
      bull-dozers to build a large pile of dirt under the rear portion of the
      body of the elevated platform. The legs of the platform were then adjusted
      to pivot the platform forward on the dirt pile; after which the body of
      the platform would be raised, the bull-dozers would move the pile of dirt
      forward so the platform could be pivoted forward again. Prior to each
      pivoting operation the dirt pile would have to be packed several times by
      resting the weight of the platform on the pile before it would be in a
      condition to permit the platform to be pivoted upon it.
PAR  The use of such procedure to launch the completed platform was extremely
      tedious and expensive requiring the continuous use of several pieces of
      special earth moving equipment and attendants for as much as 2 weeks.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a system to render a mobile
      sea oil drilling platform self mobile on land.
PAR  A further object of this invention is to provide a system, as in the
      preceding object, utilizing special launching apparatus which can be
      attached to and removed from the drilling platform.
PAR  Additionally it is an object of this invention to provide a method of
      moving a mobile sea oil drilling platform on land employing the system of
      this invention.
DRWD
PAR  These and other objects and features of advantage of this invention will
      become apparent from the drawings, detailed description and claims.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings wherein like numerals indicate like parts and wherein
      illustrative embodiments of this invention are shown:
PAR  FIG. 1 is a schematic drawing of a prior art self elevating drilling
      platform which can be rendered self mobile on land utilizing the system
      and method of this invention;
PAR  FIG. 2 is a side elevational view of the launch pad apparatus and its
      support frame which may be attached to the body of the FIG. 1 platform;
PAR  FIG. 3 is a front elevational view of the launch pad and its support frame;
PAR  FIG. 4 is an enlarged front view of the means for mounting the launch pad;
PAR  FIG. 5 is a schematic view in front elevation of the support frame attached
      to the body of the drilling platform with the launch pad mounted to the
      frame;
PAR  FIG. 6 is another schematic view in front elevation showing an alternative
      mounting of the launch pad to the body of the drilling platform;
PAR  FIGS. 7A through 7D are a series of schematic drawings depicting the method
      of moving the platform according to the invention; and
PAR  FIG. 8 is an illustration of a rack and pinion gear system which may be
      employed to adjust the legs of the platform.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the platform P, to be moved will include a body 10
      with a deck 12 and a hull 14. Through the deck 12 and the hull 14 extends
      a drilling slot 16. Above the drilling slot 16 on the deck 12 of the body
      10 a drilling rig will be positioned, and drillng and well completion
      apparatus will extend downward from the rig, through the slot 16 and to
      the well site on the ocean floor. A power plant, equipment storage area,
      and other conventional drilling apparatus, equipment, quarters, etc., may
      be located on the deck 12 as desired.
PAR  A self-elevating, mobile off-shore drilling platform P includes a
      plurality, generally three, of elevating legs 18. The legs 18 are attached
      to the body 10 in a manner that enables the legs 18 to be moved
      perpendicular to the body 10 so that by adjusting the legs 18 the height
      of the body 10 may be changed. The illustrated leg attaching means is
      provided by positioning each leg 18 in a spud well 20 of the platform hull
      14. Within each spud well 20 and associated with each leg 18 are means for
      adjusting the legs by moving them in a direction perpendicular to the body
      10. The adjusting means can both move the body 10 with respect to the leg
      18 if the leg is stationary and move the leg 18 with respect to the body
      10 if the body 10 is held stationary or by moving the legs 18
      individually, either upward or downward relative to the body 10. The leg
      adjusting means may be any conventional system utilized in self-elevating
      offshore drilling platforms. As an example, the adjusting means may
      include a gear rack 22 disposed longitudinally along each corner of each
      leg 18. A gear pinion 24, powered by an electric motor 26 is located in
      each corner of the spud wells 20 and engages the gear rack 22. The rack 22
      and pinion 24 system can operate to adjust each leg 18 of the platform P
      in the manner described in U.S. Pat. No. 3,183,676 to LeTourneau, the
      disclosure of said patent being herein incorporated by reference for all
      purposes.
PAR  For rendering the offshore drilling platform P self mobile on land there is
      associated with the platform P a launch pad, generally indicated at 28,
      and means for pivotally mounting the launching pad to the platform,
      generally indicated at 30. The body 10 can be formed with the mounting
      means 30 integral with the body 10. The mounting means 30 would then
      extend downward from the underside of the hull 14 as shown in FIG. 6.
      However, if the mounting means 30 is not formed integral with the body 10,
      a support frame, generally indicated at 32, is provided. The illustrated
      support frame 32 is adapted to be attached to the body 10 in the drilling
      slot 16 and the launch pad 28 is mounted to the support frame 32 as shown
      in FIG. 5.
PAR  Referring now to FIGS. 2 through 5, the embodiment of the invention which
      includes a support frame 32 will be described. During certain steps of the
      process utilizing the apparatus of this invention the launch pad 28 will
      be supported by the mounting means 30 in a suspended position beneath the
      body 10. During other steps of the process, the mounting means 30 is a
      fulcrum about which the platform P pivots. A portion of the weight of the
      platform P is transmitted through the support frame 32, through the
      mounting means 30, through the launch pad 28 and to the ground. The launch
      pad 28 is constructed so that it is capable of bearing the weight of the
      platform P and is of such a size so that it can support the weight of the
      platform P without sinking into the soil. The launch pad 28 is also
      adapted to be suspended from the mounting means 30, and while suspended,
      to swing freely beneath the body 10. The mounting means 30 is capable of
      supporting the launch pad 28 in a suspended position beneath the body 10
      and of transmitting the weight of the platform P to the launch pad 28. The
      support frame 32 is constructed and attached to the body 10 so that the
      transmission of forces occurs without adversely affecting the body 10.
PAR  As illustrated in FIGS. 2 and 3, the launch pad 28 has a generally
      rectangular base 34. The base 34 is of an area sufficient to support the
      portion of the weight of the platform P borne by the launch pad 28 without
      significant sinking into the soil. Near either extremity of the base 34,
      along its longitudinal center line, are upright struts 36. The struts
      transmit forces from the mounting means 30 to the base 34. A cross beam 38
      connects the struts 36 near their upper extremities. Appropriate braces 40
      connect the struts with the base 34 and stiffners 42 connect the cross
      beam 38 with the base 34.
PAR  Forming a portion of the mounting means 30 is a clevice 44 at the upper
      extremity of each strut 36. Each prong 44a and 44b of the clevis 44 has a
      circular hole 46 therethrough.
PAR  The support frame 32 is adapted to be connected to the launch pad 28, to be
      attached to the body 10 of the platform P and to transmit forces from the
      platform P to the launch pad 28 without adversely affecting the body 10.
      The preferred location for attaching the support frame 32 to the body 10
      is in the drilling slot 16 of the body 10. The illustrated support frame
      32 has two main load bearing members 48 and two bending movement resisting
      elements 50. As seen in FIG. 2, connecting one load bearing member 48 with
      one bending movement resisting element 50 is a lattice work of trusses 52.
      FIG. 3 illustrates the truss members 54 which connect the two load bearing
      members 48.
PAR  Forming another portion of the mounting means 30 is an ear 56 at the lower
      extremity of each of the load bearing members 48. The load bearing members
      48 are spaced so that each ear 56 can be inserted between the clevice
      prongs 44a and 44b of the launch pad struts 36. Each ear 56 has a circular
      hole 58 therethrough of approximately the same diameter as the hole 48
      through the clevis prongs 44a and 44b.
PAR  When the support frame 32 is utilized, the mounting means 30 includes the
      clevices 44 of the launch pad 28 and the ears 56 of the support frame 32.
      The launch pad 28 is mounted to the support frame 32 by arranging the
      launch pad 28 with respect to the support frame 32 so that the ears 56 may
      be inserted between the clevice prongs 44a and 44b. With the ears 56
      inserted between the prongs 44a and 44b, the clevise prongs' holes 46 are
      aligned with the ears' holes 58 and a circular pin 60 is inserted into the
      aligned holes 46 and 58. The outer surface of the pin 60 and the inner
      surfaces of the holes 46 and 58 engage and are load bearing. These
      surfaces may be lubricated as desired.
PAR  In an alternative embodiment of this invention, ears are formed integrally
      with the body 10 and project downward from the underside of the hull 14.
      For this embodiment, the mounting means 30 includes the ears of the body
      10, the clevices 44 of the launch pad 28 and a pin. The body 10 would be
      reinforced so that the transmission of forces from the body 10, through
      the mounting means 30 and to the launch pad 28 occurs with out adversely
      affecting the body 10. The ears would be arranged on the underside of the
      hull 14 so that they could be disposed between the clevis prongs 44a and
      44b of the launch pad struts 36. Each ear has a circular hole
      therethrough. To mount the launch pad 28, to the body 10 the launch pad 28
      is positioned beneath the body 10 so that the ears may be inserted between
      the clevis prongs 44a and 44b. When the ears are between the prongs 44a
      and 44b, the holes are aligned and the pins 60 inserted therein. Again,
      the outer surface of the pin and the inner surfaces of the holes engage,
      are load bearing, and may be lubricated as desired.
PAR  The body 10 of the self elevating mobile offshore drilling platform P is
      constructed at a convenient land facility. Likewise the legs 18 and the
      leg adjusting means are built at a convenient location.The location. The
      adjusting means is positioned in the body 10 and the legs 18 are
      positioned in the spud wells 20 where they can be engaged by the leg
      adjusting means. The legs 18 are adjusted to raise the body 10 off the
      ground.
PAR  With the constructed body 10 elevated above the ground and supported by the
      legs 18, the apparatus for rendering the self-elevating platform P self
      mobile can be attached to the body 10. If the embodiment of this sytem
      which includes a support frame 32 is utilized, the support frame 32 is
      attached to the body 10 and the launch pad 28 is mounted to the support
      frame 32. It is preferred that the support frame 32 be attached to the
      body 10 in the drilling slot 16 of the body 10. The support frame 32 can
      be attached to the body 10 in any conventional manner, such as by welding.
      To permit the mounted launch pad 28 to swing freely beneath the body 10,
      the support frame 32 is attached to the body 10 so that the ears 56 extend
      below the underside of the hull 14. The launch pad 28 is positioned under
      the body 10 with the clevice prongs 44a and 44b disposed on either side of
      each ear 56. To mount the launch pad 28 to the support frame 32, the holes
      46 through the clevise prongs 44a and 44 b are aligned with the hole 58
      through the ear 56 and a pin 60 is inserted into the aligned hole.
PAR  If the alternative embodiment of the system for rendering the self
      elevating platform P self mobile is utilized, when the body 10 has been
      raised off the ground by the legs 18, the ears will be extending
      downwardly from the hull 14. The launch pad would be positioned beneath
      the body 10 with its two sets of clevices 44 disposed so that a prong 44a
      and 44b is on each side of each ear. To mount the launch pad 28 to the
      body 10, the holes 46 through the clevice prongs 44a and 44b are aligned
      with the hole through each ear. Pins 60 are then inserted into the aligned
      holes.
PAR  The illustrated mounting of the launch pad 28 renders the platform P self
      mobile in accordance with a process to be hereinafter described. The
      pivotal mounting of the launch pad 28 under the body 10 enables the launch
      pad to swing freely beneath the body 10 when the body 10 is elevated so
      that the launch pad 28 is off the ground. The launch pad 28 swings in the
      direction of movement of the platform P. Thus a line through the mounting
      means 30 would be perpendicular to the direction of movement of the
      platform P. In conjunction with at least one leg 18 the mounted launch pad
      28 is capable of bearing the weight of, and maintaining upright, the
      platform P. Since the body 10 is pivoted about the mounting means 30 when
      the launch pad 28 is bearing a portion of the weight of the platform P,
      the mounting means 30 is positioned so that the center of gravity of the
      platform P is between the mounted launch pad 28 and at least one leg 18.
      In accordance with the method of moving the platform P utilizing the
      system of the invention, the leg 18 that bears the other poortion of the
      platform's weight is a forward leg 18a. The launch pad 28, thus bears, at
      least, approximately that portion of the platform's weight that is
      normally borne by the rear legs 18b.
PAR  The self elevating platform P is moved by a cyclic process. The platform P
      moves forward twice during each cycle. During the moving process, with the
      launch pad 28 mounted so that the center of gravity of the platform P is
      between the launch pad 28 the forward leg 18a. The launch pad 28 may be
      mounted between the forward leg 18a and at least one rear leg 18b, as
      illustrated in FIG. 7, or the rear leg 18b may be between the launch pad
      28 and the forward leg 18a.
PAR  If the platform P has three legs 18, as illustrated in FIG. 1, it is
      suggested that the launch pad 28 be mounted to the body 10 so that during
      the moving process there will be one forward leg 18a and two rear legs
      18b. During the moving process the bottom of the forward leg 18a is not
      raised off the ground. The soil under the forward leg 18a  shears when the
      leg 18a moves by sliding over the soil. Shearing the soil under only one
      leg utilizes less horizontal force than shearing soil under two legs. Thus
      one leg 18a is utilized as the forward leg 18a.
PAR  The first step of the cyclic process whereby the platform P is moved is to
      raise the body 10 above the ground so as to suspend the launch pad 28
      beneath the body 10. The body 10 is raised, with the bottoms of the
      forward leg 18a and rear legs 18b on the ground, by utilizing the leg
      adjusting means to raise the body 10 on the legs 18. Preferably the launch
      pad 28 is suspended with its base 34 a uniform distance above the ground
      to facilitate uniform transmission of forces from the launch pad 28 to the
      body 10 when the legs are adjusted and the weight of the platform P is
      transferred from the legs 18 to the launch pad 28. If the ground is level
      or sloped downward in the desired direction of motion of the platform P,
      the launch pad 28 would be suspended in a level position beneath the body
      10 by adjusting the legs so that the body is level between the rear 18b.
      The completed first step of the cyclic moving process is illustrated in
      FIG. 7A with the body 10 also being horizontal between the forward leg 18a
      and the rear legs 18b.
PAR  In the second step of the cyclic moving process, the platform P is given a
      first forward motion by inclining the body 10 downward in the desired
      direction of travel. The downward inclination of the body 10 is provided
      by adjusting the forward leg 18a to lower the body 10 on legs 18a. As the
      body 10 is being lowered on leg 18a, the legs 18b tilt forward and the
      launch pad 28 swings forward, like a pendulum, beneath the body 10. The
      inclining forward of the body 10 and the tilting forward of the legs
      results in the geometric center of the body 10 being moved forward above
      the ground as depicted in FIG. 7B.
PAR  A portion of the weight of the platform P normally borne by the rear legs
      18b is shifted from the rear legs 18b  to the launch pad 28 in the third
      step of the cyclic moving process. To shift the weight from the rear legs
      18b to the launch pad 28, the rear legs 18b are adjusted by raising them
      with respect to the body 10. To permit performance of the fourth step of
      the process, the rear legs 18b are adjusted until their bottoms have
      cleared the ground. The completed third step is illustrated in FIG. 7C.
PAR  During the fourth step of the cyclic moving process, the platform P
      receives a second forward motion when the forward downward inclination of
      the body 10 is lessened. The forward downward inclination is lessened by
      adjusting the forward leg 18a to raise the body 10 on leg 18a. While the
      body 10 is being raised on leg 18a, the body 10 is pivoted about the
      mounting means 30 and the bottom of the forward leg 18a is shearing the
      soil beneath it and moving forward. Since they are off the ground, the
      bottoms of the rear legs 18b swing forward with the pivoting of the body
      10. The platform P and launch pad 28 are dipicted with the fourth step of
      the moving process completed in FIG. 7D. This step results in the
      geometric center of the body 10 receiving a second forward increment of
      movement.
PAR  The final step of the moving process involves shifting the weight of the
      platform P from the forward leg 18a and the launch pad 28 to the forward
      leg 18a and the rear legs 18b so that the cyclic process may be repeated.
      The weight of the platform P is shifted by adjusting the legs 18 to raise
      the body 10 with respect to the legs 18. The leg adjustment is continued
      until the first step of the cyclic process is completed and the platform P
      is returned to the position indicated in FIG. 7A. During this adjustment,
      since the launch pad 28 will be suspended above the ground, the launch pad
      28 swings forward beneath the body 10.
PAR  The cycle is then repeated until the platform has been moved forward its
      desired distance.
PAR  Although FIGS. 7A and 7D show the body 10 as being horizontal after the
      completion of the first and fourth steps, respectively, of the cyclic
      moving process, it is not necessary for the legs 18 to be adjusted so that
      the body 10 is horizontal. Adjusting the legs 18 takes time, and depending
      upon the speed with which the legs 18 can be moved, the incremental
      forward motion received by the platform P in the forth step by adjusting
      the forward leg 18a until the body is horizontal may not justify the
      additional time involved. In such event it is suggested that, during the
      fourth step of the cyclic moving process, the forward leg 18a be adjusted
      sufficiently to pivot the body 10 about the mounting means 30, to swing
      the bottom of the rear legs 18b forward and to slide the bottom of the
      forward leg 18a forward as it shears the soil. When an optimal amount of
      such forward motion has been obtained, the adjustment of the forward leg
      18a may cease. To then raise the body 10 to suspend the launch pad 28
      beneath the body 10 and return the platform P to its position with the
      first step completed, the forward leg 18a and the rear legs 18b are
      adjusted simultaneously to raise the body 10 with respect to the legs 18.
      With simultaneous adjustment of the legs 18, the body 10 throughout the
      final and first step of the moving process may remain parallel to the
      inclination it had after the completion of the fourth step of the moving
      process.
PAR  The maximum inclination of the body 10 with respect to a horizontal plane
      will occur during steps two and three of the cyclic moving process. The
      maximum amount of inclination is limited by the stress capabilities of the
      body 10, the legs 18, the leg attaching means, the leg adjusting means,
      and the support frame 32. Preferably the inclination should not exceed
      15.degree. from a horizontal plane. For example, if the ground has a
      5.degree. inclination and it is desired to move the platform P downhill,
      the maximum inclination of the body 10 with respect to the ground would be
      10.degree..
PAR  With the system and method described above, a mobile self elevating
      offshore drilling platform P may be moved on level ground. However, the
      system works better when the ground is inclined downward in the direction
      it is desired to move the platform P. The better operation with the
      downward inclination of ground occurs because component of the platform
      weight force vector parallel to the inclination tends to aid the sliding
      over the ground and the shearing of the soil of the forward leg 18a during
      the fourth step of the moving process.
PAR  Utilizing the system and method of this invention, the offshore drilling
      platform P is moved from its construction location and into the water for
      a sufficient distance that the body 10 is capable of floating on the
      water. Once the body 10 is floating, the launch pad 28 and support frame
      32 may be removed from the body 10. To do so, the support frame 32
      attachments to the body 10 are disconnected and the launch pad 28 is
      dismounted by pulling the pin 60 from the mounting means 30.
PAR  The foregoing disclosure and description of the invention is illustrative
      and explanatory thereof and various changes in the process, as well as
      changes in the size, shape and materials or changes as to the details of
      the illustrated construction may be made within the scope of the appended
      claims without departing from the spirt of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for rendering a self elevating, mobile offshore drilling
      platform self mobile on land, the platform including a body, at least one
      forward leg attached to the body, at least one rear leg attached to the
      body, and means for adjusting the legs which is capable of moving the legs
      with respect to the body and moving the body with respect to the legs; the
      apparatus comprising:
PA1  a launch pad capable of bearing a portion of the weight of the platform and
PA1  mean for pivotally mounting said launch pad to the body of the platform,
      said mounting means being positioned to enable the mounted launch paid to
      swing freely beneath the body and to locate the center of gravity of the
      platform between the forward leg and the mounted launch pad.
NUM  2.
PAR  2. A method of moving a self elevating offshore drilling platform on land,
      the platform including a body, at least one forward leg attached to the
      body, at least one rear leg attached to the body, and means for adjusting
      the legs which is capable of moving the legs with respect to the body and
      moving the body with respect to the legs; the method utilizing a launch
      pad capable of bearing a portion of the weight of the platform and means
      for pivotally mounting said launch pad to the body of the platform
      positioned to enable the mounted launch pad to swing freely beneath the
      body and to locate the center of gravity of the platform between the
      forward leg and the mounted launch paid, the method including the steps
      of:
PA1  a. adjusting the legs to elevate the body to permit the launch pad to swing
      freely beneath the body;
PA1  b. adjusting the forward leg to incline the body downward at the forward
      leg whereby the launch pad swings forward beneath the body and the
      platform receives one forward motion;
PA1  c. adjusting the rear leg to shift the portion of the weight of the
      platform from the rear leg to the launch pad;
PA1  d. adjusting the forward leg to lessen the forward inclination of the body
      and to pivot the platform around the mounting means whereby the bottom of
      the forward leg slides forward as the soil beneath it is sheared, the
      bottom of the rear leg swings forward, and the platform receives another
      forward motion;
PA1  e. adjusting the legs to elevate the body to permit the launch pad to swing
      forward beneath the body; and
PA1  f. repeating step (a) through (e) until the platform is moved to its
      desired location.
NUM  3.
PAR  3. The method of claim 2 wherein when the step of adjusting the legs to
      elevate the body to permit the launch pad to swing freely beneath the body
      is completed, the body is in a substantially horizontal plane.
NUM  4.
PAR  4. The method of claim 2 wherein when the step of adjusting the legs to
      elevate the body to permit the launch pad to swing freely beneath the body
      is completed, the body is inclined downward towards the forward leg.
NUM  5.
PAR  5. The method of claim 2 wherein when the step of adjusting the forward leg
      to lessen the forward inclination of the body and to pivot the platform
      around the mounting means is completed the body is in a substantially
      horizontal plane.
NUM  6.
PAR  6. The method of claim 2 wherein when the step of adjusting the forward leg
      to lessen the forward inclination of the body and to pivot the platform
      around the mounting means is completed the body is inclined downward
      towards the forward leg.
NUM  7.
PAR  7. A method of moving a self elevating offshore drilling platform on land,
      the platform including a body, at least one forward leg attached to the
      body, at least one rear leg attached to the body and means for adjusting
      the legs which means are capable of moving the legs with respect to the
      body and moving the body with respect to the legs; the method utilizing a
      launch pad capable of bearing a portion of the weight of the platform and
      adapted to be suspended beneath the body of the platform and means for
      pivotally mounting said launch pad to the body of the platform positioned
      to enable the mounted launch pad to swing freely beneath the body and to
      locate the center of gravity of the platform between the forward leg and
      the mounted launch pad;  the method including the steps of:
PA1  a. constructing the platform;
PA1  b. adjusting the legs to elevate the body;
PA1  c. mounting the launch pad to the body;
PA1  d. adjusting the legs to elevate the body to permit the launch pad to swing
      freely beneath the body;
PA1  e. adjusting the forward leg to incline the body downward at the forward
      leg whereby the launch pad swings forward beneath the body and the
      platform receives one forward motion;
PA1  f. adjusting the rear leg to shift a portion of the weight of the platform
      from the rear leg to the launch pad;
PA1  g. adjusting the forward leg to lessen the forward inclination of the body
      and to pivot the platform around the mounting means whereby the bottom of
      the forward leg slides forward as the soil beneath it is sheared, the
      bottom of the rear leg swings forward, and the platform receives another
      forward motion;
PA1  h. adjusting the legs to elevate the body to permit the launch pad to swing
      forward beneath the body;
PA1  i. repeating steps (d) through (h) until the platform is moved to its
      desired location; and
PA1  j. dismounting the launch pad from the body.
NUM  8.
PAR  8. A system for rendering a self elevating, mobile offshore drilling
      platform self mobile on land, the platform including a body, one forward
      leg attached to the body, two rear legs attached to the body, and means
      for adjusting the legs which is capable of moving legs with respect to the
      body and moving the body with respect to the legs; the system comprising:
PA1  a launch pad capable of bearing a portion of the weight of the platform and
      adapted to be suspended beneath the body and
PA1  means for pivotally mounting said launch pad to the body, said mounting
      means being positioned to enable the mounted launch pad to swing freely
      beneath the body and to locate the center of gravity of the platform
      between the forward leg and the mounted launch pad.
NUM  9.
PAR  9. The system of claim 8 wherein the means for adjusting the legs includes
PA1  at least one gear rack along the length of each leg,
PA1  a gear pinion to engage each gear rack mounted in the body, and
PA1  electrical motor means for driving the gear pinions.
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PAL  Disclosed herein is a snowmobile comprising a drive sprocket mounted on a
      chassis, a track suspension assembly, a track trained around said sprocket
      and said track suspension assembly, a rear arm floatably connecting the
      chassis to the track suspension assembly, a front suspension link
      pivotally connected to the chassis about an axis fixed with respect to the
      chassis, a plurality of vertically spaced mounting apertures on the track
      suspension assembly, and a member selectively pivotally connecting the
      front link to one of the mounting apertures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to snowmobiles, and more particularly, the
      invention relates to arrangements for movably mounting a track suspension
      assembly from a snowmobile chassis. Examples of prior arrangements for
      mounting track suspension assemblies from a snowmobile chassis are
      disclosed in the Brandli U.S. Pat. No. 3,613,811, issued Oct. 19, 1971,
      and in the Skime U.S. Pat. No. 3,609,394, issued Sept. 12, 1972, and in
      the Swenson U.S. Pat. No. 3,485,312, issued Dec. 23, 1969.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a snowmobile including a track trained around a
      drive sprocket mounted on a chassis and around a track suspension
      assembly. In addition, the snowmobile comprises rear arm means for
      floatably connecting the chassis to the track suspension assembly, a
      forward link pivotally connected to the chassis about an axis fixed with
      respect to the chassis, a plurality of vertically spaced mounting means on
      the track suspension assembly, and means selectively pivotally connecting
      the forward link to one of the mounting means on the track suspension
      assembly.
PAR  The arrangement thus provided advantageously permits change in the angle of
      the front suspension link to the chassis without affecting the permissible
      range of movement of the track suspension assembly relative to the
      chassis.
PAR  In accordance with a preferred embodiment of the invention, the plurality
      of mounting means are vertically arranged on the track suspension assembly
      in a forwardly concave arc having a uniform radius from the pivotal
      connection of the link to the chassis.
PAR  Also in a preferred embodiment, the rear arm means is rearwardly located,
      is pivotally connected at one end to one of the chassis and the track
      suspension assembly, and is floatably connected at the other end to the
      other of the chassis and the track suspension.
PAR  Still further in accordance with a preferred embodiment of the invention,
      the floatable connection of the other end of the rear arm means to the
      other of the chassis and the track suspension assembly includes means for
      affording pivotal and translatory movement of the rear arm means relative
      to the other of the chassis and the track suspension assembly.
PAR  One of the principal features of the invention is the provision in a
      snowmobile of means for changing the angle relative to the chassis of the
      front track suspension assembly supporting link without affecting the
      range of movement of the track suspension assembly relative to the
      chassis.
PAR  Another of the principal features of the invention is the provision in a
      snowmobile of means for selectively and variably connecting a front
      supporting link to a track suspension assembly so as to vary the angle of
      the front link to the chassis without affecting the permissible range of
      movement of the track suspension assembly relative to the chassis.
PAR  Another of the principal features of the invention is the provision of a
      connecting means which is referred to in the preceding paragraph, which is
      economical to construct, and which will provide reliable service over a
      long and useful life.
PAR  Other features and advantages of the invention will become known by
      reference to the following drawings, general description, and accompanying
      claims.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a schematic, side elevational view of a snowmobile embodying
      various of the features of the invention.
DETD
PAR  Before explaining the invention in detail, it is to be understood that the
      invention is not limited in its application to the details of construction
      and the arrangements of the components set forth in the following
      description or illustrated in the drawing. The invention is capable of
      other embodiments and of being practiced and carried out in various ways.
      Also, it is to be understood that the phraseology and terminology employed
      herein is for the purposes of description and should not be regarded as
      limiting.
PAC  GENERAL DESCRIPTION
PAR  Shown in the drawings is a snowmobile 11 including a chassis or frame 13
      which can be of any suitable construction and which rotatably supports a
      forwardly located drive sprocket 15.
PAR  Located below the chassis 13 is a track suspension frame or assembly 21
      which can be of any suitable construction and which, adjacent the rearward
      end thereof, includes one or more idler wheels 23.
PAR  Trained around the drive sprocket 15 and around the track suspension
      assembly 21, including a rear idler wheel 23, is an endless snowmobile
      track 25 which can be of any suitable construction and which is generally
      of fixed length.
PAR  Means are provided for movably supporting the track suspension assembly 21
      from the chassis 13, for biasing the track suspension assembly 21 away
      from the chassis 13, and for establishing limits to the range of movement
      of the track suspension assembly 21 relative to the chassis 13.
PAR  The means for movably supporting the track suspension assembly 21 from the
      chassis 13 includes rearwardly located arm means for floatably connecting
      the chassis 13 and the track suspension assembly 21. Any suitable
      construction can be employed. In the illustrated construction, such means
      comprises one or more laterally adjacent links or arms which, in effect,
      constitute a single rear arm 31. Adjacent one end, the rear arm 31 is
      pivotally connect to the chassis 13, and extends downwardly and rearwardly
      therefrom, and, adjacent the other end, is floatably connected to the
      track suspension assembly 21 so as to afford pivotal and translatory
      movement of the arm 31 relative to the track suspension assembly 21.
PAR  Still more specifically, in the illustrated construction, the lower end of
      the arm 31 is pivotally connected to a bracket 33 which is slidable
      lengthwise of the track suspension assembly 31 as shown in greater detail
      in application Ser. No. 426,238, filed Dec. 19, 1973. It is within the
      scope of the invention to pivotally connect the lower end of the arm 31 to
      the track suspension assembly 21 and to floatably connect the upper end of
      the arm 31 to the chassis 13. It is also within the scope of the invention
      for the arm 31 to extend downwardly and forwardly and to be telescopic.
PAR  The means movably connecting the track suspension assembly 21 to the
      chassis 13 further includes one or more laterally adjacent forwardly
      located levers or arms which, in effect, constitute a single forward link
      41. The link 41 extends downwardly and rearwardly, and at one end, i.e.,
      the upper or forward end, is pivotally connected to the chassis 13 about
      an axis 43 fixed with respect to the chassis and, at the other end, is
      pivotally connected to the track suspension assembly 21, as will
      hereinafter be explained in greater detail.
PAR  The means for biasing the track suspension assembly 21 away from the
      chassis 13 can take various forms. In the illustrated construction, such
      means is shown schematically as a helical coil spring 51 having one end in
      engagement with an anchor 53 on the chassis 13 and having another end in
      engagement with the link 41 so as to urge the forward link 41 in the
      clockwise direction as shown in the drawings.
PAR  The means for establishing limits to the travel of the track suspension
      assembly 21 relative to the chassis 13 includes stop means located on the
      track suspension assembly 21 for engagement with chassis 13 so as to limit
      movement of the track suspension assembly 21 relative to the chassis 13.
      More specifically, the track suspension assembly 21 is provided with an
      upper stop 61 which limits travel of the track suspension assembly 21
      downwardly and away from the chassis 13 upon engagement with the upper
      mounting of the link 41 to the chassis 13. In addition, the track
      suspension assembly 21 is provided with a lower stop 63 which limits
      travel of the track suspension assembly 21 upwardly and toward the chassis
      13 when engaged by the mounting of the link 41 to the chassis 13. While
      the stops 61 and 63 are mounted on the track suspension assembly 21 to
      engage the mounting of the link 41 to the chassis 13, stops could be
      mounted in any convenient spot so as to establish the range of permissible
      movement of the track suspension assembly 21 relative to the chassis 13.
PAR  In accordance with the invention, means are provided for varying the
      disposition of the link 41 relative to the chassis 13 so as to vary the
      load transfer characteristics of the track suspension assembly 21 without
      affecting the permitted range of travel of the track suspension assembly
      21 relative to the chassis 13. Thus, in the illustrated construction, the
      track suspension assembly 21 includes means affording selective connection
      of the lower end of the forward link 41 to the track suspension assembly
      21 at vertically spaced locations. While various arrangements could be
      employed, it is preferred that the means affording selective connection of
      the forward link 41 to the track suspension assembly 21 be arranged at a
      common radius from the mounting of the forward link 41 to the chassis 13.
      Thus, in the specifically illustrated construction, there is provided a
      series of three vertically spaced apertures 71 which are located at a
      common radius from the mounting of the forward link 41 to the chassis 13
      and which are adapted to selectively receive a cross member 73 which in
      turn, is pivotally received in a transverse bore at the lower end of the
      forward link 41. Accordingly, the lower end of the forward link 41 can be
      selectively connected to the track suspension assembly 21 at differing
      angles relative to the chassis 13 to vary the angle of attack of the track
      suspension assembly 21 without affecting the range of permissible travel
      of the track suspension assembly 21 relative to the chassis 13. Such
      variation in the angle of the forward link 41 to the chassis 13 can be
      employed to vary the load transfer characteristics of the track suspension
      assembly 21 to suit various different operating conditions.
PAR  Various of the features of the invention are set forth in the following
      claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A snowmobile comprising a chassis, a drive sprocket mounted on said
      chassis, a track suspension assembly, a track trained around said sprocket
      and said track suspension assembly, rear arm means for floatably
      connecting said chassis to said track suspension assembly, a forward link
      having a lower end and having an upper end pivotally connected to said
      chassis about an axis fixed with respect to said chassis, a plurality of
      vertically spaced mounting means on said track suspension assembly, and
      means selectively pivotally connecting said lower end of said link to one
      of said mounting means.
NUM  2.
PAR  2. A snowmobile in accordance with claim 1 wherein said plurality of
      mounting means include a plurality of vertically arranged apertures on
      said track suspension assembly.
NUM  3.
PAR  3. A snowmobile in accordance with claim 1 wherein said plurality of
      mounting means are arranged in a forwardly concave arc having a uniform
      radius from the pivotal connection of said link to said chassis.
NUM  4.
PAR  4. A snowmobile in accordance with claim 1 wherein said rear arm means
      comprises a rearwardly located arm, means pivotally connecting one end of
      said arm to one of said chassis and said track suspension assembly, and
      means floatably connecting the other end of said arm to the other of said
      chassis and said track suspension assembly.
NUM  5.
PAR  5. A snowmobile in accordance with claim 4 wherein said means floatably
      connecting the other end of said arm to said other of said chassis and
      said track suspension assembly includes means for affording pivotal and
      translatory movement of said arm relative to said other of said chassis
      and said track suspension assembly.
NUM  6.
PAR  6. A snowmobile in accordance with claim 1 and further including means for
      yieldably biasing said track suspension assembly away from said chassis.
NUM  7.
PAR  7. A snowmobile in accordance with claim 1 and further including stop means
      for limiting movement of said track suspension assembly relative to said
      chassis.
NUM  8.
PAR  8. A snowmobile comprising a chassis, a drive sprocket mounted on said
      chassis, a track suspension assembly, a track trained around said sprocket
      and said track suspension assembly, rear arm means for floatably
      connecting said chassis to said track suspension assembly, a forward link
      having a lower end and an upper end pivotally connected to said chassis
      about an axis fixed with respect to said chassis, means for yieldably
      biasing said track suspension assembly away from said chassis, stop means
      for limiting the range of movement of said track suspension assembly
      relative to said chassis, and means on said lower end of said forward link
      and on said suspension assembly for selectively and variably pivotally
      connecting said lower end of said forward link to said track suspension
      assembly without affecting the range of movement of said track suspension
      assembly relative to said chassis.
NUM  9.
PAR  9. A snowmobile in accordance with claim 8 wherein said means for pivotally
      connecting said forward link and said track suspension assembly includes a
      plurality of vertically spaced mounting means on said track suspension
      assembly, and means selectively pivotally connecting said link to one of
      said mounting means.
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PAL  In a vehicle a drive unit adapted to drive four wheels, the wheels being
      driven by axle shafts. The drive unit comprises a change speed
      transmission with its longitudinal axis extending lengthwise to the
      vehicle longitudinal direction. The drive unit further comprises a
      transfer gear assembly connected to the output of the transmission and to
      two transfer shafts which extend parallel to the vehicle longitudinal
      direction. The drive unit further comprises differential gears driven by
      the transfer shafts and driving the axle shafts. A housing encloses
      commonly the change speed transmission, the transfer gear assembly, at
      least one of the transfer shafts and at least one of the differential
      gears. The vehicle may be equipped with a starting device attached to the
      drive unit and employing a brake assembly which may be watercooled.
PARN
PAR  This application is a continuation-in-part of my prior copending
      application Ser. No. 190,616 filed Oct. 19, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates to a drive for four-wheel driven motor
      vehicles such as lorries, buses and tractors.
PAR  In four-wheel drives for lorries, buses or tractors having six or more
      wheels it has so far been usual to equip the four driven wheels with
      separate driving axles, the connection between the driving axles and the
      change speed transmission being effected via universal-joint shafts. This
      solution presents the disadvantage that the universal-joint shafts have to
      transmit very high torques in the low gear. In vehicles driven by turbines
      there arises the additional disadvantage that the overall speed
      transformation must be effected substantially in the transmission range so
      that an input or an output transmission must be arranged at the input or
      output of the change speed transmission. Until today the vehicles were
      mainly equipped with friction clutches for starting operation which have
      to be actuated by hand, in heavy cars hydraulically or pneumatically by
      means of jaw means.
PAR  In order to relieve the driver especially in fast running lorries or
      omnibuses there is the demand to facilitate the manual operation. The
      provision of hydrodynamic torque converters would meet this demand, but
      converters show the known disadvantages in causing a 8 to 10 % loss of
      power. Another proposal was to provide the transmission with brake means
      located within the oil filled transmission box. But this arangement causes
      increased heat dissipation and affords the provision of large filter
      means. The present invention eliminates the disadvantages arising in
      connection with the used drive constructions and the use of starting
      clutches.
PAR  Accordingly it is the main object of this invention to provide a new drive
      for four-wheel driven vehicles employing a new drive unit.
PAR  It is further an object of this invention to provide a new compact mounting
      of the substantial parts of this drive unit so that a common housing
      enclosing all drive unit parts may be provided.
PAR  It is further an object of this invention to provide a suspension of the
      drive unit on the chassis frame.
PAR  A further object of this invention is to equip the drive with a new
      starting device replacing the starting clutch usually provided between the
      engine and the drive input, the starting device employing a watercooled
      brake.
DRWD
PAR  The foregoing and other objects and advantages will become apparent in view
      of the following description taken in conjunction with the drawings,
      wherein:
PAR  FIG. 1 is a vertical cross sectional view taken along the line A -- B of
      FIG. 2 illustrating a side view of a drive unit located in the rear part
      of a heavy lorry,
PAR  FIG. 2 is a plan view on the rear part of the lorry of FIG. 1,
PAR  FIG. 3 is a vertical cross sectional view illustrating the interior of the
      drive unit of FIG. 1,
PAR  FIG. 4 is a cross section view through the transmission taken along the C
      -- D of FIG. 3,
PAR  FIG. 5 is a cross section sectional view taken along the line E -- F of
      FIG. 3 illustrating the suspension of a wheel,
PAR  FIG. 6 is a vertical cross sectional view through a further embodiment of a
      drive unit similar to the embodiment of FIGS. 1 to 5, employing a
      different watercooled starting brake and different water-cooled disc
      brakes,
PAR  FIG. 7 is a cross section sectional view taken along the line E -- F of
      FIG. 6
PAR  FIG. 8 is a schematic longitudinal section view through a driven unit
      employing a 10 speed transmission and only one pair of axle shafts being
      driven within the housing,
PAR  FIG. 9 is a schematic cross section view through the drive unit of FIG. 8,
PAR  FIG. 10 is a vertical cross section view taken along the line G -- H of
      FIG. 11 of a tractor employing a drive unit according the embodiment of
      FIGS. 8 and 9,
PAR  FIG. 11 is a vertical longitudinal section view taken along the line J -- K
      of FIG. 10.
DETD
PAR  The main principles of the invention are shown in the two embodiments
      illustrated in the FIGS. 1 to 5 and in FIGS. 6 and 7. Referring to these
      drawings, the numeral 1 designates the chassis frame of the lorry and the
      numerals 2, 3, 4 and 5 designate the four driven wheels. The drive from
      the turbine or the reciprocating engine (not shown) is effected via the
      universal-joint shaft 6 which drives the driving wheel 7.sub.1,
      accommodated in the housing 1.sub.1 of the drive unit 7 of the clutch
      shifted change-speed transmission with the three shafts 7.sub.2, 7.sub.3
      and 7.sub.4. Arranged on the main transmission shaft 7.sub.2 are three
      twin clutches 7.sub.5, 7.sub.6 and 7.sub.7 with corresponding gears
      7.sub.8, 7.sub.9, 7.sub.10, 7.sub.11 and 7.sub.12 which continuously mesh
      with the intermediate gear rigidly arranged on the auxiliary shafts
      7.sub.3 and 7.sub.4. Actuation of the rear portion (viewed in the
      direction of travel) of the clutch 7.sub.7 transmits the reverse speed via
      the gear 7.sub.12 ; actuation of the front portion of the clutch, the
      first forward speed via gear 7.sub.11 and actuation of the associated
      clutches, the second, third and fourth forward speed via the gears
      7.sub.10, 7.sub.9, 7.sub.8 and, finally, closing the front portion of the
      clutch 7.sub.5 transmits the fifth direct speed to the inner sun gear
      7.sub.13 of the three-component planeting gear assembly.
PAR  FIG. 3 illustrates that a brake assembly 8 is provided outwardly of the
      housing having a brake housing which is mounted on a shaft portion
      7.sub.14 ' for rotation. The shaft portion 7.sub.14 ' is an axial
      extension of the ring gear 7.sub.14 of the planetary gear extending
      through an opening of the housing and being journalled in this opening.
      The brake assembly acts as a starting and switch device replacing the
      provision of a starting and switch clutch usually arranged between the
      engine and the transmission unput. When the brake 8 is actuated, the ring
      gear 7.sub.14 is locked and the torque is translated and transmitted from
      the sun gear 7.sub.13, via the planet gear 7.sub.15 and the axial
      extension 7.sub.16 ' of the planet carrier 7.sub.16 to the output gear
      7.sub.17 of the change speed transmission. Thus, power transmission only
      occurs when the brake 8 is actuated. For starting application the brake 8
      is slidingly actuated providing a successive braking of the planet carrier
      7.sub.16. It is obvious that also a different arrangement of the planet
      components may be provided if useful. Of course, the brake 8 has to be
      designed appropriately to dissipate the heat arising during the braking
      operation. A detailed description of such starting devices is in my
      copending continuation-in-part application Ser. No. 349,468, filed Apr. 9,
      1973. FIGS. 6 and 7 illustrate the employing of a watercooled disc brake
      in the starting device, though other forms of watercooled brake assemblies
      may be applied. Referring to this preferred embodiment, FIG. 6 shows that
      the ring gear 7.sub.14 has an axial shaft-like extension 7.sub.25 on which
      a lined lamination is mounted for rotation therewith. The linings face on
      one side the braking surface of a brake ring 8.sub.6 rigidly fixed with
      the housing. The brake ring 8 is provided on its back side with annular
      channels 8.sub.7 through which coolant water is passed supplied through
      the inlet 8.sub.8. On the other side of the lamination an axially movable
      thrust ring 8.sub.1 which can be actuated by the hydraulic means 8.sub.4,
      8.sub.5 and 8.sub.9 is provided.
PAR  Returning again to the description of FIG. 3 or FIG. 6, respectively, the
      transmission output gear 7.sub.17 is in mesh engagement with the input
      gear 7.sub.18 of the transfer gear assembly 7.sub.19. It is essential that
      the transfer gear assembly is arranged in such a manner in respect to the
      other parts of the drive unit that its symmetric axis is parallel to the
      vehicle longitudinal direction, so that the both transfer shafts extend
      lengthwise in the vehicle. In combination with the neighboring location of
      the change speed transmission and the differential gears a new compact
      combination is achieved enabling a common housing for all said drive unit
      parts.
PAR  In the preferred embodiments the transfer shaft assemblies are arranged
      below of the transmission driving the two transfer shafts 7.sub.20 and
      7.sub.21 which drive the differential gears 7.sub.24. Since these two
      drives are identical in configuration, only the drive of the pair of
      wheels 4, 5 and finally of the wheel 4 will be described in further
      detail. The transfer shaft 7.sub.21 has a bevelled pinion 7.sub.22 which
      drives the gear 7.sub.23 ; whence the shafts 13 and 14 are driven via the
      differential gear 7.sub.24 for the drive of the wheels 4 and 5. Mounted on
      the shaft 13 is the brake housing 11.sub.1 of the wheel brake 11 of the
      wheel 4; the brakes associated with the wheels 2, 3 and 5 are designated
      by 9, 10 and 12. The brakes are preferably located within the housing. In
      the embodiment of FIG. 6, 7 the brakes are designed as watercooled disc
      brakes. Referring to FIG. 7 the brake 11 is as designed as the above
      described starting brake 8 employing a lined rotating lamination, a
      stationary watercooled brake ring and a movable thrust ring.
PAR  The housing 1.sub.1 has attached by means of bolts 15 a tubular carrier 16
      surrounding the axle shafts. Each wheel 2, 3, 4 and 5 surrounds the axle
      shafts 13, 14, . . . . The wheels 2,3,4,5 are located in a crankcase 17
      having an eccentric tubular portion 17.sub.3. The crankcases are slewably
      mounted on the tubular carriers 16.sub.1 by means of the tubular portions
      17.sub.3 encasing the carriers and of bearings between the carriers and
      the portions. The axle shafts (13, 14) drive crank gears 13.sub.1,
      17.sub.1 located in the crankcases (17) providing reduced speed of the
      wheels.
PAR  The housing is formed with the brackets 16.sub.1 and 19 and the extensions
      20 and 21 by means of which the drive unit is elastically suspended on the
      chassis frame 1 by means of elastic means, for example by means of rubber
      thrust bearings 22, 23, 24 and 25. Below these thrust bearings 22-25, the
      brackets engage, via intermediate means 22', 23', 24' and 25',
      respectively, brackets 17.sub.2 integral with and extending out from
      crankcase portions 17.sub.3.
PAR  The embodiment just described reveals that the drive unit arranged at the
      center between the driving wheels is designed as a unit from which the
      driving wheels are suspended. Of course the wheels also may be mounted on
      rigid axles and the unit being resiliently supported on the rigid axles
      wherein the wheels are driven via universal-joint shafts.
PAR  For vehicles, particularly with a turbine drive which makes a cooling plant
      unnecessary and would involve a special water cooler for the water-cooled
      brakes 8 and 9, 10, 11 and 12 a brake design known as such may be adopted
      for both the starting brake and the wheel brakes having a rotating
      radially ribbed and outwardly open brake housing. Ribbing of the brake
      housings must then suffice on the one hand to dissipate the frictional
      heat generated by difficult starting processes and at the wheel brakes in
      sustained upward-gradient braking as well as consecutive stoppage braking
      by ventilation on the one hand and on the other, to ensure that an
      excessive loss ventilation effect is created at the highest speed in use
      of the vehicle. Most advantageously the five brakes are provided with the
      same brake-lining segments which can be pulled out of this brake system
      without dismantling.
PAR  In the embodiment schematically illustrated in the FIGS. 8 and 9 the drive
      unit comprises a 10 speed countershaft transmission and a modified
      starting device employing an additional planetary gear. Different from the
      described first embodiment, a transfer shaft extends through the unit
      housing to a differential gear arranged in the vehicle outwardly of the
      housing. This embodiment therefor may be applied in cases where the driven
      wheels are located at a distance in the vehicle. FIGS. 10 and 11
      illustrate the application of this drive unit in a tractor.
PAR  In FIGS. 8 - 11 the reference numeral 27 designates the input gear wheel of
      the transmission assembly which is directly driven by the engine via the
      cardan joint 26, no starting clutch or torque converter being provided
      between the engine and the transmission. The transmission is a combination
      known per se of a clutch shifted countershaft transmission with a
      planetary gear arranged behind the transmission. The input gear 27 meshes
      with the gear wheels 28 and 29 of the two countershafts and which are
      equipped with further gear wheels 28 through 39 (FIG. 9). The wheels 30
      and 31 mesh with the wheel 40, the wheels 32 and 33 with the wheel 41, the
      wheels 34 and 35 with the wheel 42, the wheels 36 and 37 with the wheel 43
      and the wheels 38 and 39 with the gear wheel 46 of the main shaft 47 via
      the reversing gear wheels 44, 45. Connected with the main shaft 47 are the
      clutch carriers 48, 49, 50 of the double shifting clutches 51.sub.1
      /51.sub.2 /52.sub.1 /52.sub.2 /53.sub.1 /53.sub.2. The gear wheels and
      shifting clutches provide a total of five forward and one reverse speeds.
      In order to double the number of speed ratios a planetary gear unit 54 is
      provided of which the ring gear 54.sub.1 is arrested at the first five
      forward speeds by the brakes 54.sub.2 and short-cut by a clutch 54.sub.2
      at the five higher speeds.
PAR  The starting device in this embodiment consists of the combination of a
      further planetary gear 55 with a water-cooled friction brake 56. The
      starting unit enables power transmission from the transmission output
      shaft to the wheels to be discretionally engaged or disengaged. The
      planetary gear 55 together with the tranmission is located in the
      oil-filled transmission housing while the dry-running friction brake 56,
      which may be designed as a conical brake, it attached to the housing. The
      operation of the starting unit is as described in the foregoing
      embodiment. The transmission output gear 57 is connected to the planet
      carrier 55.sub.2 driving the input gear 58 of the transfer gear assembly
      59 which is located according the foregoing description. Two of the wheels
      are driven via the differential gears 60, 61 and the other pair of wheels
      are driven via the transfer shaft 78 extending through the housing and via
      the cardan joint 62 by the cardan shaft 63.
PAR  The truck in which this drive unit may be arranged is equipped with the
      rigid rear, and front axles 65, 66 carrying the wheels 64. The drive unit
      70 is suspended on the frame 69. Located above of the drive unit is the
      engine 71 which drives the drive unit by means of a chain 72.
PAR  On the opposite side of the chain is the radiator assembly comprising the
      fan 73, the radiator clutch 74 and the radiator 76. The foregoing
      described watercooled starting brake 56 and the watercooled wheel brakes
      75 which are provided for all wheels are provided with a coolant
      circulating system connected to the radiator 76. Located within the wheels
      are pinion transmissions 67, 68 as shown for a front wheel. As FIG. 11
      illustrates the front wheels are driven by the foregoing mentioned cardan
      shaft 63.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle with a chassis frame, a drive unit adapted to drive four
      wheels, the wheels being driven by axle shafts arranged transversely
      relative to the vehicle longitudinal direction, characterized by the
      combination of:
PA1  the drive unit comprising a change speed transmission with its longitudinal
      direction extending lengthwise to the vehicle longitudinal direction,
PA1  the drive unit further comprising a transfer gear assembly connected to the
      output of said transmission and to two transfer shafts, the transfer gear
      assembly being arranged in the vehicle with its transfer shafts extending
      parallel to the vehicle longitudinal direction,
PA1  the drive unit further comprising differential gear driven by said transfer
      shafts and driving said axle shafts,
PA1  a housing suspended on said chassis frame, said housing commonly enclosing
      said change speed transmission, said transfer gear assembly, at least one
      of said transfer shafts and at least one of said differential gears,
PA1  a starting device between the engine and the drive unit, the starting
      device comprising a brake assembly arranged outwardly of the housing and
      having a rotating member drivingly connected with a member of said
      transmission.
NUM  2.
PAR  2. A drive unit according to claim 1, wherein the wheels being attached on
      rigid axles carrying the said frame.
NUM  3.
PAR  3. A drive unit according to claim 1, wherein disc brakes are arranged on
      the axle shafts, the disc brakes being located in said housing.
NUM  4.
PAR  4. A drive unit according to claim 1, wherein the housing is provided with
      oppositely arranged brackets and extensions by means of which the housing
      is elastically suspended on the frame.
NUM  5.
PAR  5. A drive unit according to claim 1, wherein the change speed transmission
      is a combination of a clutch shifted countershaft transmission and a
      planetary gear, a brake device being provided outwardly of the housing and
      attached thereto, a rotating member of said being in driving connection
      with a component of said planetary gear, the components of the planetary
      gear and the brake members being arranged in respect to one another such
      that power transmission from the engine to the driven wheels only occurs
      during actuated brake condition providing stationary hold of said
      component and such that starting occurs during sliding actuation of the
      brake providing successive braking of said component, thus replacing the
      use and the provision of the normally used starting clutch between the
      engine and the transmission unit.
NUM  6.
PAR  6. A drive unit according to claim 1, wherein the change speed transmission
      is a combination of a clutch shifted countershaft transmission and a
      planetary gear, said transmission member being a component of said
      planetary gear, the components of the planetary gear and the brake members
      being arranged in respect to one another such that power transmission from
      the engine to the driven wheels only occurs during actuated brake
      condition providing stationary hold of said component and such that
      starting occurs during sliding actuation of the brake providing sucessive
      braking of said component, thus replacing the use and the provision of a
      normally used starting clutch between the engine and the transmission
      unit.
NUM  7.
PAR  7. A drive unit according to claim 1,
PA1  said change speed transmission being a combination of a clutch shifted
      countershaft transmission with a planetary gear assembly, said starting
      device comprising a planetary gear having several components and being
      located within said housing, a first of said components being drivingly
      connected with said rotating member of said watercooled brake, and a
      second of said components being drivingly engaged with said transfer gear
      assembly, said components and said brake members being arranged in respect
      to one another that power transmission only occurs when said brake is in
      actuated condition.
NUM  8.
PAR  8. A drive unit according to claim 1,
PA1  said vehicle being a tractor equipped with a rear rigid axle carrying the
      rear wheels and with a front rigid axle carrying the front wheels, said
      housing being suspended on said rigid axles, and the drive unit being
      located in the rear part of said tractor,
PA1  said change speed transmission being a combination of a clutch shifted
      countershaft transmission with a planetary gear assembly, said starting
      device comprising a planetary gear having several components and being
      located within said housing, a first of said components being drivingly
      connected with said rotating member of said watercooled brake, and a
      second of said components being drivingly engaged with said transfer gear
      assembly, said components and said brake members being such arranged in
      respect to one another that power transmission only occurs when said brake
      is in actuated condition,
PA1  said transfer gear assembly being located below said change speed
      transmission, the transfer shaft extending through said housing and
      driving by means of a cardan joint a cardan shaft driving the front axle
      shafts,
PA1  watercooled disc brakes being located on each axle shaft and within said
      housing, the truck engine being equipped with a radiator providing a
      coolant water circulation through said brake of said starting device and
      through said disc brakes.
NUM  9.
PAR  9. A drive unit according to claim 1, wherein the housing is provided with
      tubular carriers surrounding said axle shafts, the wheels being located in
      crankcases, each of which have an eccentric tubular portion, said
      crankcases being slewably mounted on said tubular carriers by means of
      said tubular portions encasing said carriers and of bearings between said
      carriers and said portions, said axle shaft drive crank gears being
      located in the crankcases providing reduced speed of the wheels.
NUM  10.
PAR  10. A drive unit according to claim 1, wherein
PA1  the change speed transmission is a combination of a clutch shifted
      countershift transmission and a planetary gear, the planetary gear
      comprising a driven sun gear, a ring gear, a planetary carrier carrying
      planetary gears meshing with said sun and ring gears,
PA1  an axial extension of the planetary carrier having attached thereon the
      change speed transmission output gear, said output gear meshing with the
      input gear of said transfer gear device, the transfer gear device being
      located below the change speed transmission,
PA1  a shaft connected with said ring gear extending through an opening of said
      housing and means for journalling said shaft in said opening, said
      rotating brake member being a lined lamination mounted on said shaft for
      rotation therewith, said brake assembly further comprising a brake ring
      mounted in the housing and provided with waterflow channels, an axially
      movable thrust ring and actuating means to move said thrust ring towards
      said lamination until friction contact, said brake assembly holding said
      ring gear fixed during actuation thus enabling power transmission from
      being designed owing to its cooling for sliding actuation thus acting as
      starting device replacing the provision of a normally used starting
      clutch,
PA1  said transfer shafts and said differential gears being arranged within said
      housing, said housing being formed with two oppositely arranged brackets
      and two extensions provided with elastic bearings by means of which
      brackets, extensions and bearings the housing is suspended on the chassis
      frame,
PA1  each said disc brake comprising a brake housing mounted on said axle shifts
      for rotation therewith providing an annular peripheral open space and said
      brakes further comprising a stationary spreading device extending into
      said annular space, said disc brakes being arranged within said housing,
PA1  said housing being provided with tubular carriers surrounding said axle
      shafts, the wheels being located in crankcases, each having an eccentric
      tubular portion, said crankcases being slewably mounted on said tubular
      carrier by means of said tubular portions encasing said carriers and of
      bearings between said carriers and said portions, said axle shafts drive
      crank gears located in the crancases providing reduced speed of the
      wheels.
NUM  11.
PAR  11. A drive unit according to claim 1, said brake assembly of the starting
      device being a watercooled brake assembly.
NUM  12.
PAR  12. A drive unit according to claim 1, including disc brakes arranged on
      said axle shafts to brace the respective wheels.
NUM  13.
PAR  13. A device unit according to claim 12, said disc brakes being watercooled
      disc brakes.
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ABST
PAL  A spring motor for providing motive power for vehicles, in particular
      automobiles, golf carts and the like, includes a plurality of
      interconnected spirally-wound spring power cells arranged in parallel
      relation in a supporting frame. Individual power cells are adapted to be
      wound in situ independently by manual means or collectively by motorized
      means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to spring power cells. More particularly, the
      present invention relates to an improved spring motor for powering
      vehicles, such as automobiles, golf carts and the like.
PAR  2. The Prior Art
PAR  Many examples of the use of springs for providing motive power for vehicles
      can be found in the prior art. One such example is shown in U.S. Pat. No.
      3,589,464 which discloses a vehicle equipped with a spring motor having a
      plurality of replaceable spring power cartridge. Through suitable gearing,
      the power cartridges drive a central gear and associated drive train as
      the coiled springs unwind. Typically, as noted in the aforementioned
      patent, heavy-duty springs are utilized in vehicular spring motors to
      store sufficient energy to make such motors feasible. Heavy-duty springs
      are, however, difficult to rewind without either a motor-driven or high
      mechanical advantage manual rewind apparatus. One solution to this problem
      proposed by the patentee of U.S. Pat. No. 3,589,464 is to provide the
      spring motor with replaceable cartridges which may be carried aboard the
      vehicle and inserted in place of spent cartridges whenever necessary. The
      spent cartridges may then be rewound when rewind machinery becomes
      available. Of course, one disadvantage of this arrangement is that a
      sufficient number of additional spring cartridges must be carried aboard
      the vehicle to permit the vehicle transit between rewind stations. More
      significantly, however, care must be exercised to insure that the spring
      cartridges are wound to substantially the same force and that no partially
      wound cartridges are used concurrently with fully wound cartridges.
      Otherwise, it is possible to expend spring power in oppositely winding a
      spent cartridge.
PAR  Other early examples of prior art spring-driven vehicles can be found in
      U.S. Pat. Nos. 695,430 and No. 1,217,935 which disclose spring motors
      having a plurality of coiled springs coaxially arranged on a common shaft
      and manual rewind means, While the foregoing disadvantages of a
      spring-driven vehicle with replaceable spring cartridges are obviated by
      the latter machines, so long as the springs are wound to substantially the
      same tension, a broken coil spring may cause a similar adverse effect;
      that is, oppose the driving force of the intact, fully-wound springs.
      Moreover, the inherent inaccessibility of the coiled springs of the
      vehicles described in U.S. Pats. Nos. 695,430 and 1,217,935 adds
      significantly to the difficulty and expense of replacing broken or damaged
      springs. More importantly, the spring-driven vehicles of the prior art are
      unable to retain sufficiently wound force to enable the vehicle to travel
      very far.
PAR  In view of the foregoing, it should be apparent that there still exists a
      need in the art for a vehicular spring motor capable of delivering
      substantial power from a plurality of spring power elelments which may be
      readily and individually rewound either by a simple manual means or
      collectively by motor driven means, which are readily accessible and
      arranged for easy replacement of broken or damaged springs and which, upon
      failure or having its energy spent an individual spring power element will
      not oppose the driving force of the remaining spring elements. The nature
      of the construction of these power cells make it impossible to reverse
      wind the springs by any method within normal use. It is, therefore, a
      primary object of this invention to provide an improved spring motor for
      driving vehicles, such as automobiles, golf carts and the like.
PAR  More particularly, it is an object of the present invention to provide a
      spring-driven golf cart vehicle capable of storing sufficient spring
      energy for at least one round of golf.
PAR  Still more particularly, it is an object of this invention to provide a
      vehicular spring motor which includes a plurality of individual spiral
      spring power cells arranged in parallel relation in a plurality of
      co-operating rows and interconnected by a sprocket chain.
PAR  Another object of this invention is to provide an improved spring power
      cell combining economical spiral springs into a single unit to store
      energy for running a vehicle.
PAR  Yet another object of this invention is to provide a spring motor having a
      plurality of novel spring power cells, each constructed and arranged so
      that, should a single power cell fail, it will not oppose the driving
      force of the remaining power cells, being protected from doing so by the
      use of ratches or sprag clutches at the wind end of each cell.
PAR  Still another object of this invention is the provision of a spring power
      motor having a plurality of power cells, each of which is readily
      accessible for replacement.
PAR  It is still a further object of the present invention to provide vehicular
      spring motors of relatively large variations of power capacities utilizing
      motor driven rewind mechanisms as well as smaller rewind mechanisms not
      requiring a high mechanical advantage.
PAR  Other objects, features and advantages of this invention will be evident
      from the foregoing detailed description and accompanying drawings.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, these and other objects of the invention are
      accomplished in accordance with this invention by a motor comprising a
      plurality of spring power cells, each of which includes an elongated right
      or left-hand wound spiral spring disposed concentrically within a tubular
      housing. A journaled drive shaft, supported by ball bearings and locked in
      place, extends axially into one end of the housing and releasably engages
      one end of the spring. A journaled wind shaft which is also supported by
      ball bearings is similarly disposed and engaged at the opposite end of the
      spring. Both the drive shaft and the wind shaft are housed in a tubular
      collar or sleeve which also accomodates the ball bearings of each shaft.
      The collars or sleeves containing the drive shafts and the wind shafts
      each constitute an assembly or cell and are easily removed from the motor.
      A sprocketwheel is fixedly secured in axial relation on the outwardly
      extending end of the driveshaft. The wind shaft is provided with means to
      prevent unwinding of the spiral spring, and on the outward extremity of
      the wind shaft is means for engaging a rewind apparatus.
PAR  A plurality of such spring power cells are mounted in a supporting frame
      arranged in at least two parallel rows of alternating right and left-hand
      wound cells, the drive and wind shaft extremities extending from
      respective end plates of the frame. A power transmission shaft, journaled
      at its ends in each end plate along an axis parallel to the power cell
      rows and in a median plane therebetween, has, axially affixed to the
      driving end thereof, a main sprocket wheel in the plane of the drive shaft
      sprocket wheels. The drive shaft sprocket wheels are interconnected by a
      chain in zig-zag fashion with the power shaft sprocket wheel such that
      each right-hand and left-hand wound power cell will cause rotation of the
      power shaft in the same direction as it unwinds. The power is delivered
      through the sprocket and chain to a master shaft which receives the power
      from a group of power cells. The master power shaft is one of as many
      master power shafts (each with its groups of power cells) as may be
      necessary to accomplish the power needed to drive a particular vehicle.
      Each of these power shafts conveys the power it receives to the other
      power shafts in the assembly by means of heavier duty chains and
      sprockets. Thus, the total accumulated power of a complete assembly can be
      taken from any of the power shafts.
PAR  It is worthwhile to note the fact that there is no limit to the size of the
      power cell or to the number of cells which may be used in an assembly,
      excepting limitations of vehicle size. The force of the unwinding spiral
      springs may thereafter be transmitted to the wheels of a vehicle through a
      conventional drive train which may include suitable clutches, a
      transmission, and differential gears. In one embodiment the power may be
      transmitted from either end of the assembly or at any point on the power
      shaft. An important aspect of this invention is, therefore, this novel
      utilization of a spirally wound spring element in a vehicular spring
      motor.
PAR  Should one of the springs fail or fracture at either the wind shaft or the
      drive shaft engaging portion, it is obvious that the spring would present
      no opposing torque to the unwinding of the remaining power cells. However,
      upon noting a spring failure, replacement is accomplished by simply
      removing the wind shaft, its bearing assembly and the defective spring. A
      new spring may then be installed with ease and the same wind shaft and
      same bearing assembly replaced for continued use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in perspective of a golf cart vehicle showing in broken
      lines one arrangement of two spring motor assemblies in accordance with
      the present invention.
PAR  FIG. 2 is a broken plan view partly in section, showing an embodiment of a
      single spring power cell constructed in accordance with this invention.
PAR  FIG. 3 is a perspective view of an embodiment of the invention showing an
      arrangement of a plurality of power cells arranged in an assembly of
      multiple sets to drive a single drive train.
PAR  FIG. 4 is a schematic view in perspective of another embodiment of the
      invention showing four assemblies arranged to drive a single drive shaft.
PAR  FIG. 5 is a view in perspective of an embodiment of a single drive shaft
      rewind arrangement taken along line 5--5 of FIG. 3.
PAR  FIG. 6 is a plan view of an embodiment of the invention showing an
      arrangement of a plurality of power cells arranged in an assembly with the
      main drive shaft at a right angle to the assembly.
PAR  FIG. 7 is a perspective view of a golf cart vehicle showing in broken line
      arrangement the single assembly of FIG. 6.
PAR  FIG. 8 is a plan view showing another embodiment of the power transfer.
PAR  FIG. 9 is a plan view showing a clutch plate arrangement.
PAR  FIG. 10 is a side view of yet another embodiment showing as assembly of
      power cells.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now in detail to the drawings, wherein like parts are represented
      throughout with like reference numerals, FIG. 1 shows an embodiment of a
      golf cart vehicle 10. Located in the motor compartment 11 is a source of
      motive power comprising a pair of spring power cell assemblies 12, each
      including a plurality of spring power cells 14 constructed in accordance
      with the teachings of the present invention and as shown in particular in
      FIG. 2. The power cell assemblies 12 are arranged through a suitable drive
      train 13 (partly shown) to drive at least one rear wheel 15 of the golf
      cart and obviously other vehicles. The spring power cell assemblies 12 are
      rewound through rewind door 17.
PAR  Referring nore specifically to FIG. 2, which ilustrates the construction of
      an individual spring power cell 14, an elongated spirally-wound spring 16
      is concentrically disposed interiorly of a tubular spring housing 18 and
      in close proximity to the internal wall thereof. Each end of the spring 16
      is provided with a straight portion 20, 22 extending transversely of the
      axis of the spring housing 16, the purpose of which will be subsequently
      described herein. While the invention is not intended to be limited
      thereby, a preferred form of the spiral spring for use in assemblies for
      golf carts has a length of about 24 inches and is wound of 1/8-inch
      diameter spring steel wire.
PAR  At the drive end 23 of the spring power cell 14, a drive shaft 24 is
      journaled in a pair of axially-spaced bearings 26, 28 of bearing collar
      assembly 30. A pair of retainer rings 32 prevent axial movement of the
      drive shaft 24 with respect to the bearing collar assembly 30. Bearing
      assembly collar 30 is machined so as to allow a press fit of the bearings
      into the collar at both ends until the bearings come to rest securely
      against undersized shoulders 30A and 30B. Thrust bearing 34 is axially
      disposed in a recess 35 on the outwardly facing end of bearing assembly
      30. Thrust bearing 34 is used only in those power cells utilized as
      "master cells" (the only cells used to transmit power to the main power
      shaft) which directly drive bevel gear 80. The inwardly disposed end of
      the drive shaft 24 extends somewhat beyond the bearing 28 as shown, and is
      provided with an axially extending slot 36 which engages the straight
      portion 20 of spring 16. Keyed to the other end of drive shaft 24 is a
      sprocket wheel 38 positioned in abutting relationship to thrust bearing
      34. Sprocket 38 is keyed in place by set screw 38A. Both bearing assembly
      collars, drive collar 30 and wind collar 42, are locked in place by screws
      58 which extend through the tubular spring housing 18 and are threaded
      into the collars 30, 42.
PAR  The wind end 40 of the spring power cell 14 is arranged similarly to the
      drive end 23 with a bearing assembly collar 42, spaced roller or ball
      bearings 44, 46, retainer rings 48 and braking mechanism 50. The breaking
      mechanism may be of the well-known ratchet and pawl type for the
      individual cells or of the sprag clutch type (not shown) described in FIg.
      9. Wind shaft 52 is journaled in bearings 44, 46 and is provided on its
      inwardly disposed end with axial slot 54 which engages the straight
      portion 22 of spring 16. The other end of wind shaft 52 extends axially
      through a recessed area in bearing collar assembly 42 which allows for
      braking mechanism 50. Further outward on the wind shaft is rewind sprocket
      92 held in place by set screw 92A. This rewind sprocket is used for
      multiple winding of cell 14. Winding shaft 52 extends far enough to attach
      a winding mechanism to its end which may preferably be hexagonal sided,
      shown by reference numeral 55. It is obviously not necessary to rewind
      each cell individually as described elsewhere herein, so only those drive
      shafts to be used for rewinding need be longer than is needed to
      accomodate rewind sprocket 92.
PAR  Brake mechanism 50 may be constructed in accordance with any appropriate
      design for preventing retrograde movement of the wind shaft 52 as the
      spring 16 is wound, such as, for example, a ratchet engaged by a
      spring-loaded pawl. The rewinding mechanism may be a manually-operated
      crank or an electric motor which are adapted to engage the outward end 55
      of wind shaft 52.
PAR  FIG. 3 shows a preferred embodiment of the invention wherein a spring power
      cell assembly 12 is provided with 30 spring power cells 14 arranged in
      three groups of 10 cells each. The cells 14 of each group are mounted
      between end plates 62, 64 of frame 66 in two parallel rows of alternating
      right and left-hand wound cells. Power transmission shafts 68 are
      centrally disposed beneath the two rows of each group of cells 14 and in
      parallel relation thereto. The ends of each shaft 68 are journaled in
      roller bearings (not shown) in the end plates 62, 64. Main sprocket wheel
      70, mounted on each shaft 68 in the plane of the sprocket wheels 38 of a
      group of cells 14, is interconnected with wheels 38 by a chain 72 in such
      a way that both the right and left-hand wound springs of the cells urge
      the sprocket wheel 70 in the same rotational direction. Each shaft 68 is
      further provided with an auxiliary clutch 74 which operates in a
      well-known manner. The remainder of the drive train 76 is conventional and
      may include bevel gears 78 and pinions 80 arranged in axially-spaced
      relation on main drive shaft 82, which may further be provided with a main
      clutch 84, transmission 86, differential 88, and driven wheels 89. The
      outward end of each shaft 52 has, when designated as a rewind shaft, a
      hexagonally-shaped extremity 55 for engagement with a motor-driven rewind
      apparatus (not shown) which may be, for example, a D-C electric motor or
      an A-C electric motor.
PAR  FIG. 4 illustrates another preferred embodiment of the invention wherein
      four spring power cell assemblies 12 are arranged to rotate main drive
      shaft 82 through appropriate bevel gears 78 and pinions 80. It will be
      appreciated by those skilled in the art that a greater or lesser number of
      spring power cells may be utilized in a spring power cell assembly and
      that other arrangements and details of such assemblies and drive trains
      are possible. For example, as shown in FIg. 5, the wind ends of the power
      transmission shafts 68 are, according to this embodiment, provided with
      rewind sprockets 92. Rewind chain 94 meshes with the rewind sprockets 92
      and idler sprockets 96 such that all the spring power cells of a spring
      power cell assembly may be simultaneously rewound by a motor-driven means
      (not shown).
PAR  FIG. 6 shows an alternative embodiment of the invention wherein a spring
      power assembly 112 is provided with 36 power cells. The embodiment of FIG.
      6 differs from that of FIg. 3 in that the main power shaft 168 is disposed
      at a right angle to the spring power cell assembly. Bevel gears 180 are
      mounted on cell drive shafts (not shown) extending through end plate 162.
      Power from sprocket wheels 138, and double sprocket wheels 139 is
      transferred by meshing chains 172 and transfer chains 173 in a manner
      similar to that described in FIg. 3 to bevel gears 180. Bevel gears 180A
      are arranged on power shaft 168 in axially spaced relationship with bevel
      gears 180. Main power shaft 168 is held in place by main shaft mounting
      bearings 190. This arrangement is a space saver and will allow the power
      take-off from either end of the main power shaft 168, shown by power
      take-off sprocket 192 or power gear 193.
PAR  The space saving spring power assembly may be used as shown in FIG. 7 which
      shows an embodiment of a golf cart vehicle 110. Located in motor
      compartment 111 is the single spring power assembly 112 as shown in the
      embodiment of FIG. 6, including a plurality of individual power cells 114.
      Power is delivered through a main drive shaft 168 to a power train (not
      shown) to drive rear wheel 115.
PAR  Referring now to FIG. 8, there is shown an alternative arrangement to FIG.
      5 for rewinding at the opposite end of the assembly 112 as the power
      take-off. The individual power cells extend through end plate 264 where
      each is ended with a sprocket wheel 293, or double sprocket wheels and
      rewind hexagonal endings 255. The assembly is thus rewound from each of
      the six hexagonally-shaped endings 255 by transmitting rewind energy
      through chains 270 which mesh with the sprocket wheels 293.
PAR  FIG. 9 shows a sprag clutch plate arrangement adapted for use with a power
      cell assembly. The clutch mounting plate 363 is spaced from end plate 362
      and securely retains sprag clutches 393 in openings therethrough. The wind
      shafts of this arrangement are each provided with hexagonal extremities
      355.
PAR  In FIG. 10 there is shown a side view of FIg. 8 having rewind at the end
      opposite the drive end. Tubular spring housings 418 are shown extending
      through end plates 262, 264 to sprocket wheels 438, double sprocket wheels
      439 and sprocket wheels 492 and double sprocket wheels 493 respectively.
      The chains (not shown) supply power to power shaft 468 and transfer that
      power through rear bevel gear 480. Rewind is accomplished through shaft
      455.
PAR  From the foregoing description, the construction and operation of a spring
      motor according to this invention will be apparent. It is to be noted,
      however, that according to an important operational feature of the
      invention, the spring power cells may be rewound collectively with either
      an electric motor-driven rewind means or independently with a manual
      crank. If the operator so desires, he need only wind a portion of the
      spring power cells. Spent power cells will not oppose the driving force of
      fully or partially wound cells. The spent cells just turn freely because
      they would be turning in the opposite direction from the direction the
      ratchet or clutch would be set to hold.
PAR  Many modifications and variations of the present invention, other than
      those described herein, are possible in light of the above teachings and
      within the purview of the appended claims without departing from the
      spirit and intended scope of the invention.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A spring power cell for providing motive power to a vehicular spring
      motor comprising:
PA1  an elongated tubular housing having a drive end and a wind end;
PA1  a spirally-wound spring element concentrically disposed interiorly of said
      housing;
PA1  a journaled drive shaft axially disposed at the drive end of said housing
      and extending partially thereinto:
PA1  a first axial slot disposed at the inwardly extending end of said drive
      shaft for releasably engaging one end of said spring element;
PA1  a journaled wind shaft axially disposed at the wind end of said housing and
      extending partially thereinto; and
PA1  a second axial slot disposed at the inwardly extending end of said wind
      shaft for releasably engaging the other end of said spring element.
NUM  2.
PAR  2. A spring power cell assembly comprising:
PA1  a frame;
PA1  a plurality of spring power cells fixedly mounted in side-by-side relation
      to said frame in parallel rows, said spring power cells each comprising an
      elongated housing having a drive end and a wind end, a spirally-wound
      spring element concentrically arranged relative to said housing, a
      journaled drive shaft axially mounted at the drive end of said housing, a
      first spring engaging means coupled to said drive shaft for releasably
      engaging one end of said spring element, a journaled wind shaft axially
      mounted at the wind end of said housing, a second spring engaging means
      coupled to said wind shaft for releasably engaging the other end of said
      spring element;
PA1  a power transmission shaft rotatably mounted in said frame adjacently of
      said cells and parallel thereto, one end of said power transmission shaft
      including means for releasably engaging a spring rewind device; and
PA1  interconnecting means at the other end of said power transmission shaft for
      operatively interconnecting said power transmission shaft to at least two
      of said parallel rows of spring power cells.
NUM  3.
PAR  3. A spring power cell assembly according to claim 2, wherein said at least
      two parallel rows of spring power cells include spring power cells having
      left-hand and right-hand spirally-wound spring elements, said
      interconnecting means being arranged to interconnect the spring power
      cells of said two parallel rows such that the spring power cells thereof
      cumulatively urge said power transmission shaft in the same rotational
      direction.
NUM  4.
PAR  4. A spring power cell assembly according to claim 3, wherein said
      interconnecting means comprises a sprocket wheel affixed to the drive
      shaft of each of said spring power cells of said at least two rows, a main
      sprocket wheel axially affixed to said other end of said power
      transmission shaft, and a chain meshed with said main sprocket wheel and
      said sprocket wheels and arranged such that when said spirally-wound
      spring elements unwind, each sprocket wheel imparts a force through said
      chain to said main sprocket wheel in the same rotational direction.
NUM  5.
PAR  5. A spring power cell assembly according to claim 2 wherein said plurality
      of spring power cells are arranged in at least two groups of two parallel
      rows and including a power transmission shaft and interconnecting means
      associated with each of said groups, the spring power cells of said two
      parallel rows of each group including power cells having left-hand and
      right-hand spirally-wound spring elements, the interconnecting means
      associated with each of said groups being arranged to interconnect the
      spring power cells of the associated group such that the spring power
      cells thereof cumulatively urge the associated power transmission shaft in
      the same rotational direction.
NUM  6.
PAR  6. A spring power cell assembly according to claim 5, including means for
      interconnecting said one end of each of said power transmission shafts to
      thereby permit simultaneous rewinding of said plurality of spring power
      cells.
NUM  7.
PAR  7. A spring power cell assembly according to claim 2 wherein the
      spirally-wound spring element of each of said spring power cells is
      disposed interiorly of its respective housing, said drive shaft and wind
      shaft extending partially into said housing and having a axial slot at the
      inwardly extending ends thereof for releasably engaging the ends of said
      spring element.
NUM  8.
PAR  8. A spring power cell assembly according to claim 2, wherein the outwardly
      extending end of each wind shaft of said spring power cells includes means
      for releasably engaging a spring rewind device so that each spring power
      cell may be individually rewound and means coupling the wind shafts of
      each spring power cell of said at least two parallel rows for cumulatively
      rewinding the spring power cells of said at least two parallel rows.
NUM  9.
PAR  9. A spring motor powered vehicle comprising:
PA1  a vehicle having wheels;
PA1  a frame mounted to said vehicle; and
PA1  a spring power cell assembly comprising a plurality of spring power cells
      fixedly mounted in side-by-side relation to said frame in parallel rows,
      said spring power cells each comprising an elongated housing having a
      drive end and a wind end, a spirally-wound spring element concentrically
      arranged relative to said housing, a journaled drive shaft axially mounted
      at the drive end of said housing, a first spring engaging means coupled to
      said drive shaft for releasably engaging one end of said spring element, a
      journaled wind shaft axially mounted at the wind end of said housing, a
      second spring engaging means coupled to said wind shaft for releasably
      engaging the other end of said spring element, a power transmission shaft
      rotatably mounted in said frame adjacently of said cells and parallel
      thereto, one end of said power transmission shaft including means for
      releasably engaging a spring rewind device, interconnecting means at the
      other end of said power transmission shaft for operatively interconnecting
      said power transmission shaft to at least two of said parallel rows of
      spring power cells, said power transmission shaft being operatively
      connected to at least one of said vehicle wheels.
NUM  10.
PAR  10. A spring motor powered vehicle according to claim 9 including drive
      train means having at least one clutch and interposed between and
      operatively connecting said power transmission shaft to said at least one
      of said vehicle wheels.
NUM  11.
PAR  11. A spring motor powered vehicle according to claim 9 including a
      plurality of spring power cell assemblies.
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ABST
PAL  The radiator comprises a radiator cap for closing a cooling medium supply
      port, valve means for permitting the interior of a radiator body to
      communicate with the open air, locking means operatively associated with
      the valve means and for locking the radiator cap to the radiator body, and
      a key for actuating the locking means, whereby the valve means is opened
      simultaneously with the time when the locking means has been unlocked by
      the key.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a radiator for a vehicle engine, and more
      particularly to a radiator for a water-cooled engine used in a motorcycle.
PAR  Generally, under a high temperature condition immediately after stopping
      the engine, when the radiator cap is removed from the filler neck of the
      radiator, the high temperature cooling medium or the vapor thereof is
      ejected from the cooling medium supply port of the filler neck due to the
      increased pressure within the radiator, followed by a great possibility of
      an operator being burned on the hand or other area.
PAR  For preventing a radiator cap disclosed in this, Japanese Utility Model
      Application Publication No. 46-7707,  has been proposed. That radiator cap
      is provided with a valve for permitting the cooling medium supply port to
      communicate with the open air, and a release mechanism for releasing the
      radiator cap from the filler neck and opening said valve. In the case of
      this radiator cap, however, when removing it, the operator may directly
      touch said release mechanism while still hot. As the result, the operator
      runs the risk of being burned. Further more, since the radiator cap can be
      readily removed by anybody, there is the danger that it may be stolen by a
      miscreant particularly in case of a motorcycle whose radiator is in an
      exposed position.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a radiator having a safe and
      reliable cap which can be removed only by an unlocking operation performed
      with a the key followed by the valve release.
PAR  The radiator according to the invention comprises a radiator cap having
      valve means for permitting the radiator interior to communicate with the
      exterior, locking means for locking the radiator cap to the mouth portion
      of the radiator, and a key for positively opening the valve means at the
      time of unlocking the locking means.
PAR  Since, in the foregoing construction, the radiator cap can be removed from
      the radiator only by the key operation, there is no risk that the radiator
      cap will be stolen. Further more, while the valve means is positively
      opened by the key operation, yet the operator only indirectly touches the
      radiator cap through the key.
PAR  As a result, there is no fear of the operator being burned on the hand or
      any other place.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side view illustrating the front part of a motorcycle provided
      with a radiator according to the invention;
PAR  FIG. 2 is a longitudinal sectional view illustrating a radiator cap mounted
      on the radiator;
PAR  FIG. 3 is a cross sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a longitudinal sectional view taken along the line 4--4 of FIG.
      3;
PAR  FIG. 5 is an exploded view illustrating the slider and radiator cap body of
      FIG. 2; and
PAR  FIG. 6 is a longitudinal sectional view illustrating partially a
      modification of the radiator according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  A motorcycle 10 illustrated in FIG. 1 comprises a water-cooled engine 11
      fixed to a frame 12, and radiator 13 for cooling the engine 11. The
      radiator 13 is fixed to a down tube 14 of the frame 12, and permits the
      circulation of cooling medium such as water through a feed pipe 15, the
      engine 11 and a return pipe 16 in the order mentioned.
PAR  Referring to FIGS. 2 to 5, the radiator 13 according to the invention, as
      known, comprises a radiator body 13a having a chamber 17 for receiving the
      cooling medium. The radiator body has at its upper part a mouth portion or
      filler neck 18 forming a supply port for supplementarily supplying the
      cooling medium into the chamber 17 as required. The filler neck 18 has a
      tubular portion 19 integrally projecting upwardly of the radiator body 13a
      and a cylindrical member 20 welded to the tubular portion. The cylindrical
      member 20 has at its lower end an inwardly curved portion 21 forming a
      lower seat 22 and at its upper end an outwardly curved portion 23 forming
      a top seat 24. The outwardly curved portion 23 is formed with a pair of
      first notches 25 (See FIGS. 2 and 3) opposed to each other diametrically
      of the cylindrical member 20 and a second notch 26 (See FIGS. 3 and 4)
      angularly spaced from the first notches. Further, the cylindrical member
      20 has an overflow pipe 27 communicating with the open air. The overflow
      pipe 27 extends in a direction in which it goes away from the filler neck
      18, that is, extends downwardly along the down tube 14, and is opened at
      its lower end (See FIG. 1).
PAR  The radiator 13 has a radiator cap 28 removably attachable to the filler
      neck 18 in order to close the supply port. The cap 28 includes a cap body
      29, a substantially circular cap plate 30 fixed by bolts 31 to the upper
      side of the cap body 29, and an annular ornamental member 32
      semicircularly convexed in cross section which is welded to the upper side
      of the cap plate 30. The outer peripheral portion 33 of the cap plate 30
      is bent downward and is formed at its lower end with a pair of tabs 34
      bent inward in a manner diametrically opposed to each other. These tabs
      are fitted into the notches 25 when the radiator cap 28 is about to be
      fitted over the filler neck 18. To the underside of the cap body 29 is
      fixed a disk spring 35 having at the underside of its outer peripheral
      portion a seal member 36 formed of a suitable flexible material such as
      plastic. The disk spring 35 is so designed as to press the seal member 36
      airtightly against the top seat 24 when the cap 28 is fitted over the
      filler neck 18.
PAR  The cap body 29 and the cap plate 30 are formed, respectively, with
      concentric holes constituting an interconnected cylindrical hole 37. Into
      the cylindrical hole 37 is fitted a known key cylinder 38 in such a manner
      that it is axially slidable by a prescribed amount and yet nonrotatable
      about its axis. The key cylinder 38 has a key hole 39 conformed with a key
      40, for example, for a main switch of the engine, and a locking pin 41
      rockable by the key 40 about the center axis of the cylinder 38. The outer
      peripheral wall of the key cylinder is formed with an annular groove 42 in
      which is set an O-ring 43.
PAR  The radiator cap 28 is provided with a pressure valve for preventing the
      interior pressure of the radiator chamber from exceeding a specified valve
      (which is greater than the atmospheric pressure) and a vacuum valve for
      preventing the interior pressure of the radiator chamber from being
      reduced to a value below a specified negative pressure. Explaining this in
      detail by reference to FIG. 2, an inverted cup-shaped member 44 whose
      lower edge portion is bent outward is fixed to the lower end of the key
      cylinder 38. Over the inverted cup-shaped member is loosely fitted a
      holding member 45, to the lower end of which is welded a circular plate
      46. To the underside of the plate 46 is fixed by an eyelet 48 a seal
      member 47 formed of an appropriate flexible material such as plastic. The
      plate 46 and the seal member 47 constitute a pressure valve body 49. The
      pressure valve body is urged downward by a pressure valve spring 50, and
      when the radiator cap is fitted, is airtightly pressed against the lower
      seat 22. Into the hole through the eyelet 48 is loosely inserted a rod 51
      having a flange 52 at its upper end. To the lower end of the rod 51 is
      riveted a vacuum valve body 53 consisting of a dish spring, said vacuum
      valve body being always urged against the seal member 47 by a vacuum valve
      spring 54 disposed between the flange 52 and the plate 46. To the inverted
      inner bottom of the inverted cup-shaped member 44 is fixed a pressing
      member 55 in such a manner that it is opposed to the upper end of the rod
      51. Between the inverted cup-shaped member 44 and the plate 46 is disposed
      a compression spring 56, which acts to urge the inverted cup-shaped member
      44 upwardly so that the key cylinder 38 is in an upwardly raised position
      when the radiator cap is fitted.
PAR  In the upper part of the cap body 29 is formed a recess 57, the side wall
      portions 58a, 58b of which form a guide extending substantially
      diametrically of the cap body. In the recess 57 is disposed a slider 59
      having guide walls 60a, 60b slidably engaging the side wall portions 58a,
      58b, so that the slider 59 can be moved from a solid line-indicated
      position to a chain line-indicated position of FIG. 3 and vice versa. On
      one end of the slider 59 is integrally formed a locking lug 61 movable
      from a locking position (indicated by solid lines of FIG. 4) at which it
      engages the second notch 26 of the outwardly curved portion 23 of the
      filler neck 18 to a release position (indicated by chain lines of FIG. 4)
      at which it disengages from the second notch 26 and vice versa. That
      portion of the slider 59 which faces the locking pin 41 of the key
      cylinder 38 is formed with an escapement depression 62 whose depth is
      slightly greater than the thickness of the locking pin 41, and a trapezoid
      notch 63 whose both sides form cam surfaces 64a, 64b. The locking pin 41
      is situated within the escapement depression 62 or trapezoid notch 63 in
      accordance with the axially moved position of the key cylinder 38. In the
      bottom of the recess 57 of the cap body 29 is formed a sectorial
      depression 65 which is located below the trapezoid notch 63. The sectorial
      depression 65 has stop surfaces 66a, 66b for limiting the rocking movement
      of the locking pin 41, and its depth is smaller than the thickness of the
      locking pin 41.
PAR  Under the condition in which the radiator cap 28 is removed from the filler
      neck 18 of the radiator 13, the slider 59 is in the chain line-indicated
      position of FIG. 3 to keep the locking lug 61 at the chain line-indicated
      release position of FIG. 4. When the radiator cap 28 is fitted over the
      filler neck 18 of the radiator 13, the cap tabs 34 are first inserted from
      above into the first notches 25 of the outwardly curved portion 23 to
      cause the disk spring 35 and the seal member 36 to abut against the top
      seat 24. Simultaneous with this abutment, the pressure valve body 49 is
      pressed against the lower seat 22 by the spring 50 while the key cylinder
      38 is relatively pushed upward by the compression spring 56 so as to cause
      the locking pin 41 to escape from the trapezoid notch 63 and enter the
      escapement depression 62. The upward movement of the key cylinder 38 may
      be limited by engagement of the locking pin 41 with the cap plate 30, or
      may be limited by other stop means.
PAR  When the radiator cap 28 is rotated, the tabs are pressed against the lower
      edge of the outer periphery of the outwardly curved portion 23 by the
      biasing force of the disk spring 35 so as to prevent the cap 28 from
      coming away upwardly from the filler neck 18. Rotation of the cap 28 is
      performed until the locking lug 61 of the slider 59 is aligned with the
      second notch 26 of the outwardly curved portion 23. Aligning of the lug 61
      with the notch 26 may be carried out through indicating the alignment
      position by placing, for example, an arrow mark on the cap 28, or may be
      carried out through separately providing stop means.
PAR  When the key 40 is inserted into the key hole 39 and is pushed downward to
      push the key cylinder 38 down against the biasing force of the compression
      spring 56, the locking pin 41 moves from the escapement depression 62 into
      the trapezoid notch 63 and then into the sectorial depression 65, and
      simultaneously the pressing member 55 pushes the rod 51 down to open the
      vacuum valve. When, under this condition, the key 40 is rotated
      counter-clockwise (FIG. 3), the locking pin 41 is brought into engagement
      with the cam surface 64b of the trapezoid notch 63 to move the slider 59
      up to the solid line-indicated position of FIG. 3. At this time, the
      locking lug 61 enters the second notch 26 of the outwardly curved portion
      23 to prevent the radiator cap 28 from being rotated any further this
      position being shown by (the solid line-indicated position of FIG. 4). The
      stop surface 66b of the sectorial depression 65 prevents the locking pin
      41 from being rotated to far. When the key 40 is drawn out, the key
      cylinder 38 is pushed upward by the spring 56 to cause the locking pin 41
      to be brought back into the escapement depression 62.
PAR  If, when performing the locking operation, the key 40 is rotated without
      depressing the key cylinder 38, the locking pin 41 will be idly rotated
      within the escapement depression 62 to causing no movement of the slider
      59.
PAR  If while the cap 28 is fitted to the filter neck, the interior pressure of
      the radiator chamber 17 exceeds its specified limit, the pressure valve
      body 49 is pushed upward against the biasing force of the pressure valve
      spring 50 to cause the interior pressure of the radiator chamber to escape
      into the overflow pipe 27. Further more, when the interior pressure of the
      radiator chamber 17 exceeds its specified negative pressure limit, for
      example, due to the radiator being cooled, the vacuum valve body 53 is
      lowered against the biasing force of the vacuum valve spring 54 to cause
      the cooling medium to be introduced into the radiator chamber through the
      overflow pipe.
PAR  When it is desired that the radiator cap 28 be removed, the key 40 is first
      inserted into the key hole 39 and then the key cylinder 38 is depressed.
      This causes the pressing member 55 to push the rod 51 of the vacuum
      downward to cause the interior pressure of the radiator chamber 17 to
      escape into the overflow pipe 27. Subsequently, when the locking pin 41 is
      rotated by the key 40, the slider 59 is moved up to the chain
      line-indicated position of FIG. 3 to cause the locking lug 61 to be
      brought to the release position (indicated by the chain lines of FIG. 4).
      This causes the radiator cap 28 to be rendered rotatable so as to be
      removed from the filler neck 18. The stop surface 66a imposes a limitation
      upon the clockwise rotation movement of the locking pin 41.
PAR  Unless, when performing the unlocking operation, the key cylinder 38 is
      depressed, the locking pin 41 is idly rotatable within the escapement
      depression 62, failing to complete the unlocking operation. Where,
      accordingly, it is desired that the locking lug 61 to be brought to the
      release position, it is unavoidably necessary to depress the key cylinder
      38 (this depression is followed by the release of the vacuum valve).
PAR  In FIG. 6, the same parts and sections as those of the preceding embodiment
      are denoted by the same reference numerals. An overflow pipe 127 of this
      modification is connected to a pipe 71 extending up to the bottom of a
      reserve tank 70 communicating with the open air through an outlet 72. In
      this construction, the vapor of the cooling medium coming from the
      radiator 13 is liquefied within the reserve tank 70 and stored therein.
      When the interior pressure of the radiator becomes negative, the cooling
      medium thus liquefied is returned to the radiator interior through the
      overflow pipe 127. Therefore, the amount of cooling medium consumed is
      decreased, hence supplemental addition to the cooling medium is not
      required to any great extent.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A radiator for a vehicle engine comprising a radiator body having a
      mouth portion forming a cooling medium supply port, a radiator cap for
      closing said cooling medium supply port, said mouth portion having passage
      means to permit said cooling medium supply port to communicate with the
      open air, valve means for normally closing said passage means, locking
      means for locking said radiator cap to said mouth portion and operatively
      associated with said valve means so as to compulsively open said valve
      means irrespective of the interior pressure level of said radiator, and a
      key for actuating said locking means.
NUM  2.
PAR  2. A radiator according to claim 1, wherein said locking means includes a
      mechanism for opening said valve means when said locking means has been
      depressed.
NUM  3.
PAR  3. A radiator according to claim 1, wherein said locking means includes a
      mechanism for opening said valve means when said locking means is unlocked
      by said key.
NUM  4.
PAR  4. A radiator according to claim 3, wherein said mechanism has a key
      cylinder axially slidably with respect to said radiator cap, said key
      cylinder being arranged to open said valve means when depressed.
NUM  5.
PAR  5. A radiator according to claim 4, wherein said valve means includes a
      pressure valve which opens when the interior pressure of said radiator has
      exceeded a first reference pressure, and a vacuum valve which opens when
      the interior pressure of said radiator has been reduced to a level below a
      second reference pressure, said key cylinder being arranged to open said
      vacuum valve when depressed.
NUM  6.
PAR  6. A radiator according to claim 4, wherein said key cylinder has a locking
      pin rotatable by said key; and said locking means further includes a
      slider operated by a combined operation of the key cylinder depressing
      operation and the locking pin rocking operation, and a locking lug movable
      between a locking position and a release position in accordance with the
      slider operation.
NUM  7.
PAR  7. A radiator according to claim 6, wherein said slider has surfaces
      engageable with said locking pin only when said key cylinder has been
      depressed.
NUM  8.
PAR  8. A radiator according to claim 7, wherein said locking means has a spring
      for urging said key cylinder upwardly; and said slider is formed with an
      escapement depression for normally receiving therein said locking pin so
      as to cause it to be rotatable back and forth freely.
NUM  9.
PAR  9. A radiator according to claim 6, wherein said radiator cap has stop
      surfaces for limiting the amount of rocking rotatable movement of said
      locking pin.
NUM  10.
PAR  10. A radiator according to claim 6, wherein said valve means includes a
      pressure valve which opens when the interior pressure of said radiator has
      exceeded a first reference pressure, and a vacuum valve which opens when
      the interior pressure of said radiator has been reduced to a level below a
      second reference pressure, said key cylinder being arranged to open said
      vacuum valve when depressed.
NUM  11.
PAR  11. A radiator according to claim 10, wherein said passage means has an
      exhaust port at a position spaced from said cooling medium supply port.
NUM  12.
PAR  12. A radiator according to claim 10, wherein said passage means is
      connected to a reserve tank for liquefying a vaporized portion of said
      cooling medium.
NUM  13.
PAR  13. A radiator cap for closing the mouth of a supply port of a vehicle
      engine radiator of a type having a lower valve seat and an upper valve
      seat, said cap comprising:
PA1  a cap body;
PA1  a spring-biassed seal member attached to the body and adapted to bear
      downward against the upper seat;
PA1  a key cylinder through the body which is slidable relative to the body;
PA1  pressure valve means loosely fitted at the bottom of said key cylinder;
PA1  first spring-biassed means adapted to urge said pressure valve means to
      seat against said lower valve seat;
PA1  a vacuum valve body movable toward and away from the lower side of said
      pressure valve means;
PA1  second spring-biassed means urging said vacuum valve body into contact with
      said lower side of said pressure valve means; and
PA1  means for attaching said cap body to the mouth of the supply port.
NUM  14.
PAR  14. A radiator cap according to claim 13 in which the means for attaching
      said cap body to the mouth of the supply port tab means is adapted to
      engage said mouth.
NUM  15.
PAR  15. A radiator cap according to claim 13 including a locking pin attached
      to the key cylinder and rotatable back and forth through an angle by means
      of key inserted downwardly into the key cylinder.
NUM  16.
PAR  16. A radiator cap according to claim 15 in which the cap body contains a
      recess and including a slider slidable back and forth in the recess, said
      slider having a locking lug which locks to the filter mouth in one
      position of the slider and unlocks in another position of the slider, said
      slider having an escapement depression and a notch at the escapement
      depression, said notch having cam surface means, said recess containing a
      depression below the notch of the slider, said locking pin being normally
      positioned within the notch so that turning the key causes the slider to
      slide to the locking position or to the unlocking position of its lug,
      said pin being depressible against the force of the spring of said first
      spring-biassed means, into the depression of the cap body where it may be
      rotated to a position beneath the slider.
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ABST
PAL  A first link member branched into two straight arms at a fixed angle is
      pivotally supported by the vehicle body at the branching point, and the
      free end of the first arm is linked with a connecting rod which in turn is
      connected to a steering arm for a road wheel while the free end of the
      second arm is pivoted to an end of a straight second link member which is
      equal to the second arm in length, the other end of which second link
      member is pivoted to a middle portion of a rod supporting at the ends
      thereof a pair of guide wheels. The rod is provided with means to move the
      rod relatively to the vehicle body thereby to retract the guide wheels and
      rotate the second link member until it forms no angle between the second
      arm.
BSUM
PAR  This invention relates to a steering linkage for a wheeled vehicle which
      has at least a pair of guide wheels other than ordinary road wheels and
      can be run not only ordinary roads but also on a guideway, which steering
      linkage allows the vehicle to be steered along guide rails on the
      guideway.
PAR  Currently existing overland mass transit systems are classified roughly
      into two groups, namely, fixed guideway rail systems such as railroads and
      monorails and ordinary road or highway systems typified by automobiles.
      The former group of systems can be operated in adequately controlled
      manners and maintained free from occurrence of significant traffic
      congestions, but can only perform transportations among predetermined
      points via predetermined routes. On the contrary, the latter group can
      meet a natural demand for practically door-to-door transits, but cannot
      evade from causing significant traffic congestions particularly when
      employed in densely populated urban areas.
PAR  Recently, therefore, a unique type of wheeled vehicle has been proposed in
      order to combine eclusively the respective advantages of the
      above-mentioned two groups. The proposed vehicle has at least a pair of
      guide wheels other than ordinary or road wheels, so that it can be run on
      either a fixed guideway provided with guide rails on which the guide
      wheels roll or ordinary roads. The guide rails for this vehicle may be
      built only in urban areas, and the vehicle may be used in other areas
      utterly in like manners as conventional automobiles. From a practical
      point of view, the guide wheels of this type of vehicle are required to be
      retractable so as not to disturb a free running of the vehicle on highways
      and other roads. Regardless of the retractability of the guide wheels,
      steering of this vehicle is a more important problem. On a guideway the
      vehicle must be automatically steered in accordance with curved guide
      rails, but a steering system for this purpose must not have any influence
      on a usual steering operation in driving the vehicle not relying on the
      guide wheels.
PAR  The present invention relates generally to a wheeled vehicle having at
      least a pair of retractable guide wheels other than ordinary or essential
      road wheels and has an object of providing a steering linkage for guiding
      the vehicle along curved guide rails of a guideway, which steering linkage
      is simple in construction and allows the vehicle to be steered either by
      reaction forces on the guide wheels from the guide rails when the guide
      wheels are positioned to roll along the guide rails or by means of a
      separate and ordinary steering system of the vehicle when the guide wheels
      are retracted to predetermined positions.
PAR  According to the invention, there is provided a steering linkage
      comprising: a connecting rod connected at one end thereof to a steering
      arm for steerable road wheels of the vehicle; a first link member
      consisting of first and second bars fixed at a first angle with each other
      at one end of each bar, which first link member is pivoted to a structural
      member of the vehicle, the extending end of which first bar is pivoted to
      the extending end of the connecting rod; a bar-shaped second link member
      which is equal to the second bar in length, an end of which second link
      member is pivoted to the extending end of the second bar; and a supporting
      rod supporting movably on each end portion thereof a bracket on which a
      guide wheel is mounted, which rod is movably connected to a structural
      member of the vehicle, the other end of the second link member being
      linked with a middle portion of the supporting rod such that the second
      link member is rotatable about an axis vertical to the longitudinal axis
      of the rod, wherein the second link member makes a second angle between
      the second bar when the guide wheels are positioned to roll on the guide
      rails, which second angle becomes zero when the guide wheels are retracted
      and the supporting rod is moved toward the first link member.
PAR  When a force on any guide wheel causes the supporting rod to move axially
      or slantly in the thus constructed and arranged linkage, a rotational
      movement of the second link member causes the first link member to rotate
      and push the connecting rod. When, however, the guide wheels are retracted
      and the second link member is positioned at zero angle from or superposed
      with the second arm of the first link member, any movement of the
      connecting rod resulting from the steering of the road wheels by the
      separate and ordinary steering system causes the second link member merely
      to rotate freely without transmitting a force to the supporting rod.
PAR  The steering linkage according to the invention has the advantages besides
      the simple construction thereof that the provision of this linkage needs
      substantially no modification of the ordinary steering system for steering
      the vehicle on ordinary roads, that the vehicle can be steered
      automatically when it runs on a guideway and that the linkage has no
      influence on the function of the ordinary steering system when the guide
      wheels are kept retracted.
PAR  The invention will be fully understood from the following detailed
      description of a preferred embodiment thereof with reference to the
      accompanying drawings, in which:
DRWD
PAR  FIG. 1 is a schematic front view of a wheeled vehicle having a pair of
      guide wheels in a state of running along guide rails of a guideway;
PAR  FIG. 2 is a perspective view of a steering linkage according to the
      invention for the vehicle of FIG. 1 when the guide wheels are positioned
      to make contact with the guide rails;
PAR  FIG. 3 is an enlarged view of a side elevation, partly in section, of a
      portion of the linkage of FIG. 2; and
PAR  FIG. 4 is a fragmentary plan view of the linkage of FIG. 2 when the guide
      wheels are completely retracted.
DETD
PAR  A wheeled vehicle 10 of FIG. 1 has a pair of guide wheels 12 and 12' at a
      front portion of the vehicle 10 other than ordinary wheels 14 and 14' for
      running on the ground. In FIG. 1, the vehicle 10 is running on a guideway
      16 which has two parallel walls or guide rails 18 and 18'. The two guide
      wheels 12 and 12' extend laterally of and outwardly of the envelop of the
      vehicle body (no numeral) so as to make contact with the guide rails 18
      and 18', respectively. The vehicle 10 may have another pair of guide
      wheels at a rear portion thereof.
PAR  Referring to FIG. 2, the front wheels 14 and 14' of the vehicle 10 are
      assembled with a front axle member 20 in a well known manner for
      conventional automobiles. Usual elements for the suspension of the body of
      the vehicle 10, e.g. spring members, also are assembled with the front
      axle, but they are omitted in FIG. 2 to avoid unnecessary complification
      of the illustration.
PAR  A drag link 22 connected to a steering gear arm (not shown), steering arms
      24 and 24' such as knuckle arms, a tie rod 26 and kingpins 28 are
      assembled with each other for the steering of the front wheels 14 and 14'.
      This steering linkage is old and well known in the field of automobiles,
      so that no explanation of this linkage and the respective elements 22, 24,
      26 and 28 will be needed. The drag link 22 is joined with either of the
      steering arms 24 and 24'; in FIG. 2, with the one indicated by the numeral
      24' for the right side front wheel 14'.
PAR  According to the invention, a connecting rod 30 which serves as another
      drag link is joined at an end thereof with the steering arm 24 for the
      opposite side front wheel 14 so that the tie rod 26 may be forced to move
      when the connecting rod 30 makes an axial movement in like manner as in
      the case when the usual drag link 22 makes an axial movement. The other
      end of the connecting rod 30 is pivotally joined with a first link member
      32 at an end of the latter 32 by means of a connecting pin 34. The link
      member 32 consists of two straight arms or bars 32a and 32b forming a
      fixed angle between them and is connected pivotally to a structural member
      10a of the vehicle 10 such as the body or frame at the intersecting or
      branching point of the two bars 32a and 32b by means of a connecting pin
      36. The angle between the two bars is preferably a right angle as shown in
      FIG. 4, but may be either an acute or an obtuse angle. The bar 32a which
      is connected with the connecting pin 30 will be designated as the first
      bar 32a and the other as the second bar 32b. A second link member 38 of a
      straight bar shape is pivotally joined with the free end of the second bar
      32b of the first link member 32 by means of a connecting pin 40. It is an
      important feature of this linkage that the second link member 38 is equal
      to the second bar 32b in length. The second bar 32b and the second link
      member 38 make an angle other than zero when the guide wheels 12 and 12'
      are positioned to be in contact with the guide rails 18 and 18'. The other
      end of the second link member 38 is pivotally connected to a junction
      member 42, which is mounted on a cylindrical rod 44 explained hereinafter,
      by means of a connecting pin 46.
PAR  The rod 44 is arranged in a horizontal plane and in the lateral direction
      of the vehicle 10, i.e., parallel to the front axle member 20. Both end
      portions 44a and 44b of this rod 44 are threaded in the opposite
      directions with each other. If the right end portion 44a is provided with
      right-hand threads, the left end portion 44b should be provided with
      left-hand threads. Each of the end portions 44a and 44b is inserted into
      and thread-engaged with a tubular jacket member 48. A third link member 50
      which connects the rod 44 to a structural member 10b of the vehicle 10
      such as the body or frame and a bracket 52 which supports the guide wheel
      12 or 12' at an extending end thereof are pivotally mounted on each jacket
      member 48. An extended end of each link member 50 is pivoted to the
      structural member 10b to hold the rod 44 at an equal distance from each
      shaft 54 for the connection.
PAR  The junction member 42 is constructed and assembled with the rod 44, for
      example, as illustrated in FIG. 3. The junction member 42 of FIG. 3 is
      shaped generally tubular with an inner diameter for loose fitting with the
      rod 44 and axially dividable into two pieces. The bore of the junction
      member 42 is enlarged at a middle portion thereof to fit with an annular
      flange 56 formed on the rod 44. Thus, the rod 44 cannot make any axial
      movement relatively to the junction member 42, but can be turned on its
      axis without causing the junction member 42 to turn.
PAR  Referring again to FIG. 2, the supporting rod 44 has a fixed gear wheel 58
      adjacent to or close to the junction member 42, and a turning device 60
      such as an electric motor is mounted on the junction member 42. The
      turning device 60 can turn in either direction and impart a motive force
      to an attached gear wheel 62, which is in engagement with the gear wheel
      58 on the rod 44.
PAR  The function of the thus constructed linkage according to the invention is
      as follows. When the vehicle 10 runs on the guideway 16 as shown in FIG.
      1, the linkage remains in a state as illustrated in FIG. 2. In this state,
      the guide wheels 12 and 12' are kept extended forwardly and laterally of
      the vehicle 10 and in contact with the guide rails 18 and 18'. The arrow X
      in FIG. 2 indicates the direction of the movement of the vehicle 10. If
      the guide rails 18 and 18' are curved to the right as viewed from the
      driver's position (to the left when facing the front of the vehicle 10 as
      in FIG. 1), the left side guide wheel 12 receives a reaction force from
      the guide rail 18 due to a tendency of the vehicle 10 to go on in the
      direction of the longitudinal axis thereof. As a result, the third link
      member 50 rotate about the shafts 54 clockwise in FIG. 2, and the
      supporting rod 44 is forced to move rightward or in the direction of the
      arrow A in FIG. 2. Naturally the junction member 42 makes a displacement
      in the same direction and causes the second link member 38 to rotate
      clockwise or in the direction of the arrow B in FIG. 2. This rotational
      movement of the second link member 38 in turn causes the first link member
      32 to rotate in the same direction as indicated by the arrow C about the
      connecting pin 36. Consequently, the connecting rod 30 moves toward the
      left side front wheel 14 as indicated by the arrow D and causes the
      steering arm 24 and accordingly the front wheels 14 and 14' to turn to the
      right. Thus the vehicle 10 can be steered along the guide rails 18 and 18'
      without requiring any steering operation by the driver.
PAR  When driving of the vehicle 10 on an ordinary road provided with no guide
      rail 18 is intended, the guide wheels 12 and 12' can be retracted
      laterally and inwardly of the body of the vehicle 10 by the following
      procedure. The vehicle 10 is kept stationary, then the front wheels 14 and
      14' can not easily be turned or slided due to a friction force between the
      wheels 14 and 14' and the road surface. Accordingly, neither the
      connecting rod 30 nor the first link member 32 is substantially movable in
      this state. Then the turning device 60 is set in motion to cause the
      supporting rod 44 to turn on its axis via gear wheels 62 and 58. As the
      supporting rod 44 makes revolutions, the jacket members 48 move toward the
      middle of the rod 44 since they are thread-engaged with the respective end
      portions 44a and 44b of the rod 44 in the opposite directions with each
      other. At the same time, the third link members 50 gradually rotate about
      the shafts 54 inwardly of the body of the vehicle 10; in other words, the
      left side one rotates clockwise while the right side one anti-clockwise.
      The supporting rod 44, therefore, makes a lateral movement rearwardly of
      the vehicle and causes the second link member 38 to rotate anti-clockwise
      as indicated by the arrow E in FIG. 2 about the connecting pin 40. The
      axial movement of the jacket members 48 and the lateral movement of the
      supporting rod 44 causes the brackets 52 and hence the guide wheels 12 and
      12' to move laterally and inwardly of the body of the vehicle 10.
PAR  The operation of the turning device 60 is continued until the second link
      member 38 comes to a position where the second link member 38 lies
      parallel to or superposed with the second bar 32b of the first link member
      32 as shown in FIG. 4. Since the second link member 38 is equal to the
      second bar 32b in length, the connecting pin 46 which joins the second
      link member 38 to the junction member 42 in this state is positioned
      coaxial with the connecting pin 36 which joins the first link member 32 to
      the structural member 10a of the vehicle 10. When the vehicle 10 is driven
      keeping the linkage of the invention in the state of FIG. 4, the front
      wheels 14 and 14' can be steered by a usual steering operation which
      causes the drag link 22 to move. The resulting change in the direction of
      the left side front wheel 14 causes the connecting rod 30 and the first
      link member 32 to move. A movement of the first link member 32 naturally
      causes a movement of the second link member 38. When, however, the second
      link member 38 is positioned as shown in FIG. 4, the resulting movement of
      the second link member 38 neither exerts a force on the supporting rod 44
      nor offers resistance against the rotational movement of the first link
      member 32. Since the second link member 38 and the second bar 32b of the
      first link member 32 entirely lie one upon another and the two connecting
      pins 36 and 46 stand coaxially, the rotation of the first link member 32
      about the connecting pin 36 results only in the rotation of the second
      link member 38 about the connecting pin 46. The connecting pin 40 which
      connects the second bar 32b to the second link member 38 functions neither
      as an axis for a rotation nor as a fulcrum for imparting a force. When the
      guide wheels 12 and 12' are kept in the retracted position, therefore, a
      usual steering operation by the use of the drag link 22 and the tie rod 26
      for the front wheels 14 and 14' has no influence on the supporting rod 44
      and hence the guide wheels 12 and 12'. From a reversed point of view, the
      provision of the steering linkage according to the invention has no
      influence on the function of the ordinary steering system for the front
      wheels 14 and 14' so long as the guide wheels 12 and 12' are kept
      retracted and the steering linkage is held in the state of FIG. 4.
PAR  It will be apparent that the guide wheels 12 and 12' can be extended to the
      positions in FIG. 2 by making the turning device 60 revolve in a direction
      reverse to the direction for retracting the guide wheels 12 and 12' while
      the vehicle 10 is kept stationary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steering linkage in a wheeled vehicle having at least a pair of
      retractable guide wheels other than ordinary road wheels for guiding the
      vehicle along a guideway provided with curved guide rails, the linkage
      comprising:
PA1  a connecting rod connected at one end thereof to a steering arm for
      steerable road wheels of the vehicle;
PA1  a first link member consisting of first and second bars fixed at a first
      angle with each other at one end of each bar, said first link member being
      pivoted to a structural member of the vehicle at the branching point of
      said bars, the extending end of said first bar being pivoted to the
      extending end of said connecting rod;
PA1  a bar-shaped second link member equal to said second bar in length, an end
      of said second link member being pivoted to the extending end of said
      second bar; and
PA1  a supporting rod supporting movably on each end portion thereof a bracket
      on which a guide wheel is mounted, said supporting rod being movably
      connected to a structural member of the vehicle, the other end of said
      second link member being linked with a middle portion of said supporting
      rod such that said second link member is rotatable about an axis vertical
      to the longitudinal axis of said supporting rod; said second link member
      making a second angle between said second bar when the guide wheels are
      positioned to roll on the guide rails, said second angle becoming zero
      when the guide wheels are retracted and said supporting rod is moved
      toward said first link member.
NUM  2.
PAR  2. A linkage as claimed in claim 1, wherein said first angle is a right
      angle.
NUM  3.
PAR  3. A linkage as claimed in claim 1, wherein said supporting rod is
      cylindrical and arranged horizontally and laterally of the vehicle, and
      said each end portion is thread-engaged with a jacket member, said jacket
      member being pivoted to a third link member rotatably connected to said
      structural member of the vehicle at a distance from said supporting rod in
      a direction parallel to the longitudinal axis of the vehicle, said end
      portions being provided with right-hand threads and left-hand threads,
      respectively, said linkage further comprising a hollow junction member
      receiving turnably therein said middle portion of said supporting rod,
      said other end of said second link member being pivotally mounted on said
      junction member.
NUM  4.
PAR  4. A linkage as claimed in claim 3, wherein said supporting rod has an
      annular flange at said middle portion, and said junction member is
      provided with a through and stepped bore accommodated to the outer
      diameters of said rod and said flange such that said supporting rod is
      turnable on the axis thereof without causing said junction member to turn,
      said other end of said second link member being pivoted to an exterior
      surface of said junction member.
NUM  5.
PAR  5. A linkage as claimed in claim 4, further comprising a turning means to
      provide a rotatory motive force in either direction and a
      force-transmitting means to transmit said motive force to said supporting
      rod, said turning means being mounted on said junction member, said
      force-transmitting means being arranged such that said supporting rod is
      turnable on the longitudinal axis thereof in either direction.
NUM  6.
PAR  6. A linkage as claimed in claim 5, wherein said bracket is pivoted to said
      jacket member by a common pivot to said third link member.
NUM  7.
PAR  7. A linkage as claimed in claim 5, wherein said turnable means is an
      electric motor, and said force-transmitting means is a gear train.
PATN
WKU  039454568
SRC  5
APN  5243777
APT  1
ART  316
APD  19741115
TTL  Servo steering systems for motor vehicles
ISD  19760323
NCL  14
ECL  1
EXA  Pekar; John A.
EXP  Wood, Jr.; M. H.
NDR  2
NFG  4
INVT
NAM  Strauff; Gunther
CTY  Kaarst
CNT  DT
ASSG
NAM  Langen & Co.
CTY  Duesseldorf
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731122
APN  2358184
CLAS
OCL  180 792R
XCL   91380
XCL   91417R
EDF  2
ICL  B62D  508
FSC  180
FSS  79.2 R
FSC   91
FSS  417 R;380;467;466;391
UREF
PNO  3010335
ISD  19611100
NAM  Foerster et al.
OCL   91380
FREF
PNO  636,559
ISD  19620200
CNT  CA
OCL  180 79.2R
FREF
PNO  1,138,652
ISD  19621000
CNT  DT
OCL  180 79.2R
FREF
PNO  1,940,490
ISD  19720300
CNT  DT
OCL  180 79.2R
LREP
FRM  Holman & Stern
ABST
PAL  A servo steering system for motor vehicles has a stepped servo piston
      arranged in a cylinder-forming space of a housing for dividing the
      cylinder space into a pair of separated working spaces of different
      volumes. The servo piston is engaged by a worm shaft connected to a
      steering wheel of the vehicle and arranged extending into the housing. The
      working space having the larger volume is connected to a pressure source
      by a valve member operatively connected with a lever associated with the
      servo piston for controlling fluid flow through the working space and
      magnifying movement of the worm shaft, with the smaller volume working
      space of the servo piston being connected directly to the pressure source.
      Reaction spaces of a stepped control piston of the valve member are
      substantially in the same ratio as the working spaces of the servo piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates to a servo steering system for motor
      vehicles, and is of the kind comprising a steering worm shaft which is in
      operational connection with the steering wheel of the vehicle, closely
      penetrates a housing, and extends into a cylinder space provided within
      said housing. The steering worm shaft engages a steering gear nut which is
      generally axially displacable and drives a further gear member as, for
      example, by means of gear teeth. The steering gear nut functions
      simultaneously as a servo piston within the cylinder space, or, however,
      as seen in the axial direction, is fixedly connected with a servo piston.
      In this manner, the cylinder space is divided by the servo piston into two
      precisely separated working spaces, and the steering gear nut, either in a
      section which is formed as the servo piston of in an area remote from the
      sealing and guiding over of the servo piston, is provided with a lever on
      its outer surface. The lever moves in an axial direction and extends
      radially outwardly, and has an axial extent which corresponds at least
      with the lift of the servo piston. The lever engages a groove provided in
      the housing and arranged parallel to the axis of the nut. The length of
      the lever is measured in a manner so that the lever is able to perform
      minute tilting movements relative to the housing in cases where the
      steering gear nut, due to rotational momentum and increase of the steering
      worm grooves during a rotation of the steering worm shaft, is also caused
      to rotate. Thus, the tilting movements serve to operate at least one valve
      member being arranged in the housing vertical to the axial direction, in a
      manner so that the inflow of pressure to, or the outflow of the pressure
      from, a working space is controlled in such a way that the movement which
      is initiated by the steering worm shaft is supported in the axial
      direction, whereby the valve member, or the valve members, are provided
      with reaction areas which are stressed by the pressures in the working
      spaces or are in functional connection with respective reaction members so
      as to transmit a feeling of control or steering to the driver of the
      vehicle.
PAR  Prior art servo steering systems of this kind have been constructed with
      the working spaces which are divided in the cylinder space by means of the
      servo piston provided with essentially the identical effective areas.
      Accordingly, the valve member, or valve members, had the function of a
      4/3-way valve; that is, when one operational space, or work chamber, was
      connected with a pressure-source, then the other operational space was in
      connection with an outlet, or vice versa. In a central position, either
      all conduits are blocked, or at least only partially connected to each
      other. The type of steering which thereby developed is also known as
      "four-edge steering" since the valve member, or the valve members, must be
      provided with four guiding edges.
PAR  In so far as the pressure supply is blocked during a center position of the
      four-edge steering, there may develop hydraulic knocks, sudden jerking
      movements in the steering system, and undesirable noise may develop during
      oversteering of a connection. In order to avoid such developments, it has
      already been proposed in other types of servo steering systems to utilize
      so-called "two-edge steering". "Two-edge steering" requires for
      functioning a differential motor -- namely, a servo motor with two
      differently dimensioned, large operational areas -- which are commonly of
      a 2:1 ratio. The smaller effective area is permanently stressed with
      pressure from the pressure source, while the larger effective area is
      connected interchangeably with the pressure source, or with an outflow, by
      means of a valve member which is provided with the function of a 3/3-way
      valve, such that, depending on its structure, in the center position of
      the valve member, this connection is blocked, or at least throttled.
PAR  In servo steering systems of the above-mentioned kind, it was formerly
      impossible, with small outer forces on the steered wheels of a vehicle, as
      it is known to be the case with icy road conditions, or fast highway
      driving, to steer without hydraulic servo support and with only a
      substantially pure mechanical power transmission.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the instant invention to construct a servo
      steering system of the above-mentioned type in such a manner that, below a
      borderline operating power, there can develop a purely mechanical power
      transmission between the steering wheel and the guided wheels of a
      vehicle. When the borderline operating power is being exceeded, the
      hydraulic servo support should gradually increase. Furthermore, the
      advantages of a two-edge steering are to be utilized.
PAR  The solution of this problem is accomplished according to the present
      invention in that the servo piston is constructed as a stepped piston
      having operational surfaces which are preferably in a relationship of 1:2,
      whereby a working space which is arranged relative to the smaller
      effective operational surface is permanently connected with the pressure
      source, while the other working space is either connected with the
      pressure source or an outflow by means of a valve member in the form of a
      3-way control piston which is also constructed as a stepped piston.
      Further, the control piston is provided with two reaction areas, the ratio
      of which are identical to the ratio of the operational surfaces of the
      servo piston and which are stressed by the pressures of the corresponding
      working spaces, whereby the operation of the control piston via at least
      one regulator spring, or adjustment spring, is made by means of an
      auxiliary piston, which is centered opposite the housing by at least one
      prestressed spring, and whereby the auxiliary piston is operated by means
      of a lever which is connected to the steering gear nut. Advantageously,
      the auxiliary pistons and control pistons are arranged coaxially to each
      other. The spring which serves for the centering of the auxiliary piston
      should be doubly effective so that in both directions of movement there
      results precisely an identical movement-resistance. Especially, in such
      cases in which the lever is located within a pressurized working area, the
      auxiliary piston should seal off the groove bilaterally opposite the bore.
      In order to avoid meanufacturing technically difficult to control
      double-centering, the sequencing piston may be constructed in more than
      one section, whereby the free frontal areas serve as the reaction areas.
      Extreme advantageous mounting conditions result when the control piston is
      divided into a control section with frontal reaction areas and a reaction
      section with frontal reaction areas, whereby the reaction section
      penetrates axially the auxiliary piston and with its free end submerges
      into a housing bore or a bore within a mechanical sleeve which is fixedly
      connected with the housing, while the control section preferably slides in
      a fixed-housing control sleeve. Furthermore, it is also possible to
      construct the reaction section in two parts. The adjustment spring engages
      in a favorable manner the reaction section. A centering of the control
      pistion is obtained through utilization of two oppositely biasing
      prestressed adjustment springs which are effective at both sides of the
      auxiliary piston between the same and stops on the reaction section. A
      precise centering is obtained with the aid of an adjustable threaded
      sleeve, which is centrally screwed into the auxiliary piston, and is
      penetrated by the reactional section and serves for supporting the
      adjustment springs. The areas which contain the adjustment springs are
      connected with the outlet. In so far as two adjustment springs are
      utilized, the spring spaces are connected with each other, for example, by
      means of a channel within the reaction section.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The inventive embodiments are explained in detail by the drawings, wherein:
PAR  FIG. 1 shows a section through a servo steering system along the axis of
      the steering worm shaft and perpendicular to the axis of the separating
      gear member;
PAR  FIG. 2 shows a section according the line 2--2 of FIG. 1, with some
      unimportant sections omitted, and wherein are shown the pressure medium
      channels and pipes in symbolical form which run within the servo steering
      device, and which connect the respective conduits in FIGS. 1 and 2;
PAR  FIG. 3 shows diagrammatically the course of power at the steering wheel in
      dependence on the power of the steered wheels of a motor vehicle; and
PAR  FIG. 4 illustrates a section similar to that of FIG. 2, but showing a
      different embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A housing 1 has arranged therein a piston space which comprises a cylinder
      space 2 provided with a predetermined diameter, and a coaxially adjacent
      cylinder space 3 of a larger diameter than the diameter of space 2. A
      servo piston 4, constructed to have respective steps, slides in the
      cylinder spaces 2 and 3. The cylinder space 3 is sealed frontally by means
      of a cover 5, which is provided with a centered cylindrical extension 6
      which protrudes into said cylinder space 3. This cylindrical extension 6
      sealingly penetrates a sleeve 7, which serves for axially fixing a
      steering nut 8 arranged inside servo piston 4. The control gear, or
      steering nut, 8 is engaged by a steering worm shaft 10 by means of
      spherical ball elements 9. Shaft 10 is provided with an unthreaded portion
      11 which sealingly extends outwardly through a central bore 12 provided in
      the extension 6 of cover 5, and which is in functional connection in a
      known manner with a steering spindle (not shown) and a steering wheel 13.
      The servo piston 4 delimits in the cylinder space 2 a frontal working
      space 14, as well as a working space 15 which surrounds in circular
      fashion the extension 6. The effective volumes of the working spaces 14
      and 15 are advantageously in the relationship 1:2, respectively. The servo
      piston 4, outside the area thereof which serves for sealing between spaces
      14 and 15, is provided with a part serving as a gear rack 16, and which
      engages a toothed segment 18 itself connected to a driving shaft 17.
PAR  The steering gear nut 8 is connected to a lever 19, which lever points
      substantially away from the axial direction of the steering gear nut 8. As
      the invention is shown in FIG. 2, it has not been deemed necessary to
      illustrate all parts seen in the sections 2--2 of FIG. 1. For reasons of
      simplicity, only the steering nut 8 and the lever 19 are shown, as well as
      a valve system which will be described in more detail. The lever 19
      penetrates the servo piston 4 by means of a recess, which is not shown in
      detail. The axial recess of the lever 19 is at least as long as the stroke
      of the servo piston 4. With its free end 20, the lever 19 extends into a
      slot 21 which runs axially within the housing 1. The width of the slot 21
      is very little larger than the width of the lever 19, so that the lever
      19, as seen in the direction of the circumference of the steering nut, is
      limited in its movement. A bore 22 communicates with the slot 21 crosswise
      to the axial direction of the steering nut 8. The bore 22 widens at a
      certain distance from the slot 21 into a coaxial bore 23. In the bore 22
      slides an auxiliary piston 24, which is provided with an annular groove 25
      of a smaller width than that of slot 21. In annular groove 25 engages a
      free end 20 of lever 19. At both sides of the slot 21, the auxiliary
      piston 24 is guided tightly in the bore 22. Based on a center position,
      the auxiliary piston 24 is reduced in the area of a step-forming reduction
      26 between the bores 22 and 23 so that there results a step-forming
      reduction 27 as well as a cylindrical projection 28. The projection 28
      serves for guiding a spring means 29, which is supported on two spring
      plates 30 and 31. The spring plate 30 bears on, in a center position of
      the auxiliary piston 24, a stop member 32 on the projection 28.
      Simultaneously, the spring plate 30 touches, in the above-mentioned center
      position, the frontal area of a projection 34 which develops due to a
      central countersinking in a sleeve 33 which is tightly mounted in the bore
      23. The spring plate 31, however, affects in the center position thereof
      the reductions 26 and 27 to the same degree. Sleeve 33 is provided with a
      central bore 35, which is outwardly tightly sealed by means of a threaded
      plug 36. In the bore 35 slides a control member 37 of a multi-sectional
      control piston. The control member comprises three shoulders, 38, 39 and
      40, which are separated from each other by means of reduced shank
      diameters 41 and 42. The shoulder 39 seals in a center position a channel
      43, which by means of conduit A and a pipe 44 is connected with a conduit
      A.sub.1 which terminates into the working space 15. A channel 45 opens
      into the bore 35 in the area of the separating reduced shank diameter 42.
      The bore 35 is connected with a pressure source 47 (not shown in detail)
      by means of conduit P and a pipe 46. A pipe 48 branches off from pipe 46,
      to a conduit P.sub.1, which terminates in the working space 14. In the
      area of the reduced shank diameter 41, a channel 49 opens into the bore
      35, which opens into the area 50, which area receives the spring 29 and
      the projection 28. The area 50 is connected to a conduit T by means of a
      channel 51, with an outflow pipe 52 being connected to the conduit T. A
      control channel 53 branches off from channel 45. Channel 53 terminates in
      a reaction space 54 adjacent the frontal area f.sub.1 of shoulder 40. The
      free frontal area of the shoulder 38 affects the frontal area of a push
      rod 55, which forms a reaction section and is guided in a central bore 56
      within the auxiliary piston 24 and which, with its opposite frontal area,
      affects a reaction piston 57 which tightly slides in a bore 58 within a
      sleeve 59 mounted in bore 22. The free frontal area of the reaction piston
      57 serves as the reaction area, and is indicated with reference F.sub.1. A
      space 60, which is arranged closely adjacent the reaction area F.sub.1, is
      connected to channel 43 by means of a control channel 61. Close to the end
      thereof, the push rod 55 is provided with stop members 62 and 63, which
      serve as abutments for the spring plates 64 and 65. On the spring plates
      64 and 65 are supported the springs 66 and 67, which, with their other
      ends, affect the auxiliary piston 24. A transverse groove 68 in the push
      rod 55 connects a space 69, which receives the spring element 67, with the
      space 50.
PAR  The embodiment of FIG. 4 varies from that shown in FIG. 2 solely by the
      fact that the springs 66 and 67 are not supporting themselves directly on
      the auxiliary piston 24, but on a threaded sleeve 70 which is screwed into
      an auxiliary piston 24'. The push rod 55 is accordingly guided in a
      central bore 71 of the threaded sleeve 70. All other parts remain the same
      and, accordingly, have identical reference numerals.
PAR  In order to explain the function of the present invention, it should be
      assumed that a motor vehicle provided with the inventive servo steering
      system is moving at a fast driving speed on a smooth surface. The
      necessary forces for initiating a steering movement to the steered wheels
      of a motor vehicle are in such a case very small. It may further be
      assumed that a steering movement on the steering wheel 13, or on the
      steering worm shaft 10, is initiated in clockwise fashion see FIG. 2. The
      lever 19, due to frictional forces developed through the cooperation of
      steering worm shaft 10, the spherical ball elements 9, and steering nut 8,
      because of the selected section on which the drawing is based, will then
      try to move in a counter-clockwise direction. Since the spent momentum,
      however, as aboved mentioned, is very low, the lever 19 will not be in a
      position to move the auxiliary piston 24 against the prestressing of the
      spring 29. The steering gear nut 8 is, therefore, forced to move in the
      axial direction of the steering worm shaft 10, and will transmit this
      movement via the servo piston 4 and the toothed rod, or rack, 16 to the
      toothed segment 18 and the driving shaft 17. The driving shaft 17 itself
      affects the steered wheels (only one of which is shown in FIG. 1) of the
      motor vehicle.
PAR  Rotation of steering worm shaft 10 in the clockwise direction corresponds
      with the movement of the servo piston 4 towards the right. During this
      movement, the working space 15 is reduced, so that the pressure medium,
      via the conduit A.sub.1, the pipe 44 and the conduit A, is forced into the
      channel 43. The minor pressure increase which thereby developes is
      transmitted to control channel 61 into the space 60, and there affects the
      reaction areas F.sub.1. The power increase which thereby develops is
      sufficient to overcome the substantially constant remaining force which
      affects the control section 37 from the reaction area 54, and which is
      caused by the pressure in the pressure source 47. The reaction piston 57,
      push rod 55, and control element 37 move, therefore, somewhat upwardly so
      that by means of the shoulder 39 a connection between the channels 43 and
      49 is released. The pressure medium which is forced out of the working
      space 15 is, therefore, able to flow from conduit A via the channel 43,
      channel 49, the space 50, the channel 51, and the conduit T into the
      outflow pipe 52. It should here be noted that during this entire process,
      the prestressing of the spring 29 has not changed. The springs 66 and 67,
      which are provided with a smaller stress and which are generally at first
      in balance, have in contrast thereto changed their prestressing only to a
      small extent. The spring 66 has been released, while the spring 67 has
      been prestressed somewhat higher. The increasing working space 14 is
      filled with pressure from the pressure source 47 and retains in general a
      constant pressure. If, in the reverse, the steering wheel 13 and the
      steering worm shaft 10 are moved counter-clockwise, then the lever 19
      supports itself on the auxiliary piston 24 below a predetermined
      borderline force, without causing prestressing of the spring 29 to be
      overcome. The steering nut 8 must, therefore, move towards the left, and
      this movement must be transmitted to either the servo piston 4 or to the
      driving shaft 17. During such a movement, the working space 15 is
      enlarged, so that there develops in it a minute pressure reduction. This
      pressure reduction communicates to the conduit A.sub.1, the pipe 44, the
      conduit A, the channel 43, and the control channel 61, into the space 60
      and effects there a small reduction of the forces which affect the
      reaction area F.sub.1. The forces, that here also remain substantially
      constant on the reaction area f.sub.1 of the control piston 37, effect a
      downward movement of control element 37, the push rod 55, and reaction
      piston 57. The spring 66 is, therefore, further stressed to a small
      extent, while the spring 67 is somewhat relieved. The shoulder 39 releases
      a connection between the channels 45 and 43, so that pressure is able to
      flow from the pressure source 47 via the pipe 46, the conduit P, the
      channel 45, the channel 43, the conduit A, the pipe 44, and the conduit
      A.sub.1 into the working area 15, and thereby balances the developing
      pressure reduction.
PAR  It should be noted that during these procedures, no hydraulic support of
      the steering movement takes place. In this area, the entire force
      necessary for steering is manually provided. The connection may be seen
      from the diagram shown in FIG. 3, in which the forces K.sub.R on the
      wheels are entered in the abscissa, while the forces K.sub.L on the
      steering wheel are entered on the ordinate. One is able to recognize that
      the increase of the force K.sub.L, due to the missing hydraulic support,
      runs relatively steep with respect to the curve line O--I. The broken
      curve shown by the broken line and extending beyond "I" shows the course
      of the force K.sub.L on the steering wheel for the case where a hydraulic
      support does not at all take place. Since the manually-required forces
      would, however, be very high, the prestressing of the spring 29 is
      selected so that during a period amounting to that exceeding of the forces
      corresponding with Point I, a hydraulic support beings, at first slowly
      and then increasingly.
PAR  For an explanation of the corresponding mode of operation of the invention,
      it may be assumed that the steering wheel 13 and the steering worm shaft
      10 are moved clockwise. Based on the illustration, the lever 19, which
      moves in the same direction as the wheel 13, affects the auxiliary piston
      24, and since, as assumed, the prestressing of the spring 29 should be
      overcome, the spring plate 31 lifts from the reductions 26 and 27. The
      increase in the prestressing of spring 29 is being felt as part of the
      total reaction force which affects lever 19. At this point, it should be
      noted that there does not take place a movement of servo piston 4, by
      means of the steering worm shaft 10 as long as the steering gear nut 8
      rotates together with the steering worm shaft 10. By means of the movement
      of the auxiliary piston 24, relative to the housing 1, being at first
      moved only to a minor amount, spring 66 is stressed somewhat higher, while
      spring 67 tends to release stress. As a result, the upwardly directed
      force on the push rod 55 is increased and is in position to move the
      control member 37 also upwards to some extent. As a result thereof, there
      develops, for one thing, a second reaction force on lever 19, which
      reflects the changed prestressing of springs 66 and 67, and for the other,
      movement of control member 37 upwardly. Shoulder 39 is, therefore, in
      position to produce a connection between conduits A and T, whereby
      pressure is able to flow from the operational space 15, via the above
      already described connection, into the outflow pipe 52. The pressure
      reduction which thereby develops in the operational space 25 reduces the
      force which affects the operational area F, so that the constant force
      which affects the operational area f is larger and moves servo piston 4
      hydraulically to the right as seen in FIG. 1. Namely, precisely in the
      direction in which servo piston 4 would have had to move without servo
      support. Since the pressure in working space 15 becomes effective also in
      the reaction space 60 and stresses therein the reaction area F.sub.1, and,
      on the other hand, the pressure in the operational space 14 is present in
      reaction space 54 and stresses therein the reaction areas f.sub.1, the
      control piston which comprises the control member 37, the push rod 55, and
      the reaction piston 57, functions like the control piston of a
      pressure-regulating valve. Namely, the developing pressure differences
      between the working spaces 14 and 15 depend substantially on the change of
      the prestressing of the springs 66 and 67. Since, in addition to the
      manual force which corresponds with the sum of the reaction forces, a
      hydraulic servo force becomes now effective, and the power increase of
      power K.sub.L on the steering wheel corresponding to line I--II is more
      balanced than in purely manual steering system. When the power K.sub.R on
      the wheels, for example during the parking of a motor vehicle, is
      increasing, and exceeds the value of point II, then the spring 66 is
      compressed to such an extent that a mechanical contact develops between
      the auxiliary piston 24 and a spring plate 64. In consideration of the
      fact that the respective steering edge of shoulder 39 will open by some
      0.1 mm, the control member 37 will have already assumed almost one and the
      same position. However, while before the auxiliary piston 24 was forced to
      continue to move under compression of the springs 29 and 65, it is now
      also possible for the auxiliary piston 24 to retain its position due to
      mechanical contact on spring plate 64. This means that the driver of the
      vehicle needs to now balance only the reaction forces on the steering
      wheel 13 resulting from the power difference which develops on the
      reaction areas F.sub.1 and f.sub.1. Since an increase of the mechanical
      power transmission component no longer occurs, the increase of the power
      K.sub.L is balanced to a greater extend than before, as may be seen from
      the curve line II--III.
PAR  In a reversed steering process -- namely, a movement of the steering wheel
      13 counter-clockwise -- lever 19 in FIG. 2 will move clockwise and move
      thereby the control piston 24 downwardly, whereby the spring plate 30
      releases itself from the projection 34. Simultaneously, the spring 67 is
      stressed, while spring 66 is relieved. The push rod 55, together with the
      reaction piston 57, and the control member 37, move downwardly a slight
      extent until the respective control edge on the shoulder 39 permits an
      overflowing of pressure from channel 45 into channel 43. Pressure flows,
      therefore, from pressure source 47 into the working space 15 and effects
      therein a pressure increase which causes servo piston 4 to move to the
      left as seen in FIG. 1. If the power K.sub.R, which is required on the
      wheels w, increases further, then auxiliary piston 24 is also compensated
      for by a compression of the springs 29 and 66, so that here also again
      there develops a power-increase according to the curve line I--II to the
      left of the abscissa in FIG. 3. After a certain displacement of the
      auxiliary piston 24, there takes place a mechanical contact between the
      auxiliary piston 24 and the spring plate 65, corresponding to Point II.
      Since, as already mentioned, the position of the control member 37, the
      push rod 55, and the reaction piston 57 relative to the housing 1 remains
      practically unchanged, the auxiliary piston 24 will also now take an
      almost unchanged position. With a further increased power K.sub.R, the
      driver of the vehicle has, therefore, only to overcome the hydraulic
      reaction force which increases on the reaction area F.sub.1, so that there
      again results the relatively even curve II--III going to the left in FIG.
      3. If it becomes possible to construct the diameter of the control member
      37 and the diameter of the reaction piston 57 sufficiently thin, then it
      will be possible to construct the curve line II--III so flat that there
      develops the function of a limited steering power.
PAR  An automatic reversing of the steered wheels w into a straight position is
      easily possible since spring 29 functions as a centering assembly in
      combination with the springs 66 and 67. A resetting with a purely manual
      steering -- namely, by noncompensated auxiliary piston 24' -- is also
      possible since the pressure differences which develop due to the return
      movement tendency in working space 15 extend to the reaction area F.sub.1
      and move the control member 37 in such a manner so that there are always
      produced the correct connections for the outflow of pressure from the
      working space 15, or for the inflow of pressure into working space 15. A
      precise centering of the control member 37 is easily obtained, even
      adjusting for the common production tolerances, with the aid of the
      threaded sleeve 70, which assists in varying the center position of push
      rod 55 and, therewith, the center position of the control member 37; see
      FIG. 4.
PAR  The instant invention is not, of course, limited to the embodiments
      illustrated in the drawing. Especially, there are known in the prior art
      servo steering systems with different forms of the control member 37,
      which must fulfill completely the function of a 3-way valve control
      piston. It is further possible to replace the spring 66 and 67 with a
      single dual-effective spring, similar to spring 29, which would be
      effective in both directions of movement.
PAR  The mechanical contact between the auxiliary piston 24 or 24' and the
      control piston 37, 55, 57, may, of course, take place also at another
      point than on the spring plates 64 and 65. Respective variations are left
      entirely to the judment of the designer. Furthermore, the control piston
      may, naturally, also be constructed as one single piece. Finally, it is
      also common practice not to provide reaction areas on the control member
      itself, but to permit a further reaction piston to come into operational
      contact with the control member.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a servo steering system for motor vehicles, comprising, in
      combination:
PA1  a. a housing provided with a cylinder space and a groove parallel to an
      axial direction of the cylinder space;
PA1  b. a steering worm shaft operationally connected to a steering wheel, said
      shaft penetrating the housing and extending into the cylinder space of the
      housing;
PA1  c. a servo piston axially displacably arranged in the cylinder space for
      dividing the cylinder space into two separated working spaces, the servo
      piston being engaged by the worm shaft;
PA1  d. a lever associated with the servo piston, the lever moveable in the
      axial direction of the servo piston and extending radially away from the
      axis of the servo piston, the lever having an axial displacement which at
      least corresponds with the displacement of the servo piston and engaging
      in the groove provided in housing;
PA1  e. a valve member arranged perpendicularly to the axial direction of the
      cylinder space and operatively connected to the lever, the lever provided
      with a recess arranged for permitting minute tilting movements radially
      relative to the housing when the steering worm shaft is caused to rotate
      and for, accordingly, operating the valve member and controlling the
      inflow of pressure to and the outflow of pressure to a return from a
      working space formed by the servo piston for magnifying in the axial
      direction of the cylinder space a movement started by the steering worm
      shaft; and
PA1  f. a control piston included in the valve member provided with reaction
      areas placed under stress for transmitting a feeling of steering to the
      steering wheel and a driver of the vehicle;
PA1  the improvement wherein:
PA1  g. the servo piston is constructed as a stepped piston having a pair of
      operational surface of different areas, the working space associated with
      smaller area operational surface being connected directly to a pressure
      source, and the larger operational surface associated working space being
      connected to the pressure source or return line by means of the valve
      member;
PA1  h. the valve member control piston is provided with a pair of reaction
      areas, the effective areas of which are substantially in the same ratio as
      the effective areas of the working spaces of the stepped piston; and
PA1  i. said valve member control piston including at least one auxiliary piston
      which is displacably, spring-centered opposite said groove in the housing
      for operation by the lever in relation to torque conditions applied by the
      steering worm shaft.
NUM  2.
PAR  2. The servo steering system for motor vehicles according to claim 1,
      wherein the operational areas of the stepped piston are in the
      relationship of 1:2, and the valve member control piston is a 3-way
      stepped control piston, and further including a worm nut connected to the
      servo piston and threadingly engaging the worm shaft for engaging the
      servo piston with the worm shaft, and at least one prestressed spring
      provided in the valve member arranged for centering the auxiliary piston.
NUM  3.
PAR  3. The servo steering system for motor vehicles according to claim 2,
      characterized in that the auxiliary piston and control piston are
      coaxially arranged relative to each other.
NUM  4.
PAR  4. The servo steering system for motor vehicles according to claim 3,
      characterized in that the spring for centering the auxiliary piston
      engages the auxiliary piston so as to react on the piston in all
      directions of movement of the auxiliary piston.
NUM  5.
PAR  5. The servo steering system for motor vehicles according to claim 4,
      characterized in that the auxiliary piston seals a recess in the valve
      member, the recess being annular at both sides opposite of a bore which
      receives the auxiliary piston.
NUM  6.
PAR  6. The servo steering system for motor vehicles according to claim 5,
      characterized in that the stepped control piston is of a multiple-section
      construction, and two free-front areas, thus formed, comprise the reaction
      areas.
NUM  7.
PAR  7. The servo steering system for motor vehicles according to claim 6,
      characterized in that the control piston is divided into a control member
      provided with a frontal reaction area and a reaction section provided with
      a frontal reaction area, the reaction section axially penetrating the
      auxiliary piston and with its free end enters into a housing bore within a
      sleeve which is fixedly connected to the housing, while the control
      section slides in a casing-fixed control sleeve.
NUM  8.
PAR  8. The servo steering system for motor vehicles according to claim 7,
      characterized in that an adjustment spring engages the reaction section.
NUM  9.
PAR  9. The servo steering system for motor vehicles according to claim 8,
      characterized in that two counter-switched, prestressed adjustment springs
      operate on both sides of the auxiliary piston between these and stop
      members provided on the reaction section.
NUM  10.
PAR  10. The servo steering system for motor vehicles according to claim 9,
      characterized in that the adjustment springs are supported on a threaded
      sleeve which is centrally mounted in the auxiliary piston and the threaded
      sleeve is penetrated by the reaction section.
NUM  11.
PAR  11. The servo steering system for motor vehicles according to claim 10,
      characterized in that the spaces which contain the adjustment springs are
      connected with the return line means.
NUM  12.
PAR  12. The servo steering system for motor vehicles according to claim 11,
      characterized in that the spaces are connected with each other by means of
      a channel within a reaction section push rod.
NUM  13.
PAR  13. The servo steering system for motor vehicles according to claim 1,
      characterized in that the auxiliary and control pistons include a
      predetermined spring sequencing means therebetween so that a direct
      mechanical contact developes between the auxiliary and control piston.
NUM  14.
PAR  14. The servo steering system for motor vehicles according to claim 13,
      wherein a spring plate is connected to the control piston and functions to
      place the control piston in contact with the auxiliary piston.
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PAL  A hydraulic steering apparatus comprising a sump, a pair of motors
      controlling the vehicle parts to be steered, a steering wheel operated
      control device for controlling the motors, a continuously operable pump
      between the sump and control device, a pair of control conduits connected
      to the control device and meeting at a junction, a pair of stroke limiting
      control valves in the control conduits alternately actuable by the two
      motors, and an exhaust conduit from the junction to the sump. A short
      circuiting path shunting the pump, a pressure operated switching valve in
      the sort circuiting path, a pressure operated pilot valve for controlling
      the switching valve, a spur connection between the pilot valve and the
      exhaust conduit downstream from the spur connection to cause concomitant
      opening the pilot valve and the switching valve.
PARN
PAR  This is a Divisional application of Ser. No. 416,179 filed Nov. 15, 1973.
BSUM
PAR  The invention relates to a hydraulic steering apparatus comprising a
      continuously operative pump, an operating motor for adjusting the parts to
      be steered, a control device which is adjustable by the steering wheel and
      which, in its neutral position, connects the pump to the tank through a
      short-circuiting path and, in its two operating positions, connects the
      pump to one side of the operating motor and connects the other side of the
      operating motor to the tank, and a tank, the control device comprising in
      particular a control element connected to a steering wheel and a following
      element connected to a metering motor which are relatively displaceable to
      a limited extent.
PAR  Such steering apparatuses are for example known from British Specification
      No. 897,768. The control device can comprise an inner rotary slide
      connected to the steering wheel and an outer rotary slide connected to the
      metering motor determining the quantity of pressure medium flowing to the
      operating motor. The two rotary slide sleeves together form a reversing
      valve held by springs in a neutral position in which control apertures in
      the slides open a short-circuiting path between the pressure side and
      relief side. Upon relative rotation in one or the other direction, this
      short-circuiting path is closed to provide communication to control
      orifices which allow the pressure medium to flow from the pump through the
      metering motor to the one side of the operating motor and from the other
      side thereof back to the tank, or conversely.
PAR  Further, it is known from German Pat. No. 1,124,776 to provide limit switch
      devices for a hydraulic operating motor. These devices are intended to
      prevent machine pulse, tools or the like which are movable by the
      hydraulic motor from being pressed against a mechanical limiting abutment
      or subjected to other damage. The limit switch devices are provided with
      stop valves included in the two conduits connecting the motor to a
      reversing switch for controlling same.
PAR  In a hydraulic steering apparatus of the aforementioned kind, the object of
      the invention is to prevent the parts moved by the operating motor from
      striking mechanical abutments without giving rise to faults in the
      hydraulic circuit.
PAR  According to the invention, this object is fulfilled in that, in a manner
      known per se, the end position of the operating motor is associated with a
      limit switch device and that a short-circuiting path between the primary
      side of the control device and the tank is provided with a switching valve
      which opens on actuation of the limit switch device.
PAR  Although limit switch devices are used in this construction for stopping
      the operating motor, they are not in the form of stop valves but open a
      short-circuiting path between the pump and tank. The pressure at the motor
      will thereby generally not drop to zero but it is sufficiently small to
      prevent further movement of the operating motor and the parts to be
      steered or at least ensure that these parts come to lie gently against the
      limiting stop. As a result, the full pressure forces obtain in the
      hydraulic circuit only during actual movement of the operating motor
      whereas during standstill there is a much lower pressure either as a
      result of the short-circuiting path in the control device in the neutral
      position or as a result of the switching valve when reaching the end
      position. The pump output is correspondingly low. In contrast with the
      case where a limit switch device with stop valve is used, there is no
      danger that the pump will build up a pressure which has to be reduced with
      the aid of an over-pressure valve and would lead to undesirable heating of
      the pressure fluid. In addition, the maximum pump output will then be
      available for other uses.
PAR  A person steering a vehicle is used to moving parts striking a mechanical
      abutment at the end of the steering range. Such impact does not occur when
      using the limit switch device. Nevertheless, the driver still obtains the
      feeling of `impact`. When the end position is reached and the pressure
      fluid bypasses the operating motor through the short-circuiting path,
      pressure fluid will no longer flow through the metering motor. However, if
      the following element connected to the metering motor remains stationary,
      the control element connected to the steering wheel can also no longer
      turn.
PAR  In a preferred embodiment the switching valve is part of the limit switch
      device. This results in a very simple construction. The sensing element of
      the limit switch device can actuate the switching valve directly or via a
      coupling.
PAR  In a further embodiment of the invention, it is recommended that the open
      condition of the short-circuiting path is also controlled in dependence on
      the fact that pressure occurs on the first side of the operating motor
      serving for the supply upon movement towards the limit switch device. If
      this pressure, which may be very small, is relieved because the control
      device is moved in the sense of movement in the opposite direction of the
      operating motor, the short-circuiting path will close immediately, with
      the result that the operating motor will start to move without delay in
      the opposite direction. This ensures in a simple way that the
      short-circuiting path will not remain permanently open when the sensing
      element of the limit switch device has been moved by the operating motor
      or a part connected thereto.
PAR  A very simple construction is obtained if a pressure responsive additional
      valve of which the control connection is connected to the first side of
      the operating motor is provided in series with the switching valve. No
      special provisions need then be made in the limit switch device.
PAR  It is also favourable for the limit switch device to comprise a control
      valve disposed in a control conduit which leads from the first side of the
      operating motor to a control input of the switching valve. This control
      conduit is influenced by the limit switch device on the one hand and on
      the other hand by pressure on the first side of the operating motor.
      However, it is particularly advantageous that one can make do with a
      comparatively thin control conduit. In this way one saves tubing for the
      entire short-circuited quantity leading from the primary side of the
      control device through the limit switch device to the tank, which would be
      a very expensive conduit system if there is a large spacing between the
      control device and the operating motor. With such a construction, standard
      structural components may be used for the limit switch device and
      switching valve.
PAR  In hydraulic steering apparatus with an over-pressure valve between the
      pump output and tank, the over-pressure valve may have a further control
      input and simultaneously serve as switching valve. This over-pressure
      valve will then serve the usual function of limiting the maximum pressure
      of the pump and also the function of the switching valve.
PAR  It is particularly recommendable for the switching valve to be a pressure
      control valve controlled by a pilot valve and for the control input to be
      connectible to the tank by a pilot valve. In this case the connection of
      the pressure actuating element of the pilot valve can be connected to the
      tank through a throttle valve. This throttle valve is set by hand so that
      when the control valve is open a small leakage current will always flow
      from the limit switch device to the tank. In view of this leakage current,
      the steering wheel must slowly be turned further to maintain the end
      position of the operating motor. However, upon reversal of movement of the
      steering wheel, the pilot valve and thus the switching valve can close
      very rapidly so that pressure build-up on the second side of the operating
      motor takes place quickly.
PAR  In another embodiment of the invention, provision is made for the limit
      switch device to comprise an electric limit switch, a pressure controlled
      switch is connected to the first side of the operating motor, and both
      switches are in series with one another and with electromagnetic apparatus
      for actuating the switching valve. In this way the double dependence of
      actuation of the limit switch device and the pressure on the first side of
      the operating motor is likewise ensured. Preferably, the electromagnetic
      apparatus controls a pilot valve which, in turn, controls an over-pressure
      valve serving as a switching valve.
DRWD
PAR  The invention will now be described with reference to the examples of the
      drawings, wherein:
PAR  FIG. 1 is a hydraulic circuit diagram for a first embodiment of the
      invention;
PAR  FIG. 2 is a hydraulic circuit diagram for a second embodiment of the
      invention;
PAR  FIG. 3 is a hydraulic circuit diagram for a third embodiment of the
      invention, and
PAR  FIG. 4 is an electric circuit diagram for the FIG. 3 embodiment.
DETD
PAR  In the FIG. 1 embodiment, a pump 1 supplies pressure fluid from a tank 2
      through a pressure conduit 3 with check valve 4 to a control device 5
      which can be set by a steering wheel 6. In the neutral position the
      pressure fluid returns to the tank 2 through a short-circuiting path 7 and
      an outflow conduit 8 having a filter 9.
PAR  Supply conduits 10 and 11 connect the control device 5 to an operating
      motor 12. If pressure fluid reaches the first side 13 of the operating
      motor, the piston 14 and the piston rod 15 will be pushed upwardly,
      whereby the second side 16 of the operating motor 12 becomes connected to
      the outflow conduit 8 through the conduit 11. Upon rotation of the
      steering wheel 6 in the opposite direction, the functions of the conduits
      10 and 11 are interchanged so that the operating motor will reverse its
      direction of movement.
PAR  A limit switch device 17 having a sensing element 18 is associated with a
      moved component of the operating motor 12 or parts connected thereto, in
      the present case the piston rod 15 which adjusts the parts of the vehicle
      to be steered, and the rod 15 makes contact with the sensing element 18.
      Such contact opens a switching valve 19 contained in the limit switch
      device 17. This switching valve lies in a short-circuiting path 20 which
      connects the pressure conduit 3 to the tank 2. A pressure responsive
      additional valve 21 is in series with the switching valve 19. Its control
      input 22 is connected to the first side 13 of the operating motor 12. The
      additional valve 21 will only open when there is pressure in the supply
      conduit 10, no matter how small this pressure might be.
PAR  Now, when the operating motor 12 reaches its end position and the switching
      valve 19 opens, the pressure conditions having already caused the
      additional valve 21 to open, all the pressure medium conveyed by the pump
      1 flows directly to the tank 2 through the short-circuiting path 20.
      Further displacement of the operating motor 12 with the aid of the power
      of the pump 1 is therefore impossible. When the steering wheel 6 is turned
      in the opposite direction and the pressure from the supply conduit 10 is
      thereby relieved, the short-circuiting path 20 is interrupted. The
      pressure occurring in the supply conduit 11 can then have its full valve
      so that the operating motor 12 will commence to run immediately and move
      out of the end position.
PAR  A similar arrangement is provided for the opposite end position, for
      example analogous to the representation of FIG. 2. To avoid damage of the
      pump 1 in the case of overloading of the operating motor 12, an
      over-pressure valve 4 is provided between the pressure conduit 3 and the
      outflow conduit 8.
PAR  In the hydraulic circuit according to FIG. 2, the same reference numerals
      as in FIG. 1 are used for similar parts. Provision is made for two
      operating motors 12 and 12' movable in opposite directions. The parts
      belonging to the operating motor 12' are designated by a prime. In this
      embodiment, a short-circuiting path 23 is provided and it includes a
      switching valve 25. The switching valve is an over-pressure valve actuated
      against the force of a spring 26 by pressure supplied on the pump pressure
      side through the passage 27. It is also formed as a pressure control valve
      controlled by means of a pilot valve 28, for which a passage 30 is
      provided. The pilot valve 28 has a control input 31 leading to a pressure
      actuating element. Connected to this pressure input 31 there are control
      conduits 32 or 32' which are connected to the pressure sides 13 or 13' of
      the operating motors 12 or 12' and each contain a control valve 33 or 33'
      which forms part of the limit switch device 18 or 18'. Further, the
      control input 31 is connected to the tank 2 through a throttle valve 34.
PAR  In operation, pressure fluid flows through the short-circuiting path 7
      directly to the tank in the rest position. In one operating direction,
      pressure fluid flows through the supply conduit 10 to the first side 13 of
      the operating motor 12 and the second side 16' of the operating motor 12'.
      When the operating motor 12 reaches the end position and the piston rod 15
      displaces the sensing element 18, the control valve 33 will open. A
      quantity of leakage oil will therefore flow from the supply conduit 10
      through the throttle valve 34 into the tank. A pressure is set up at the
      control input 31 to open the pilot valve 28. The switching valve 25 will
      also open as a result and the predominant part of the pressure fluid
      delivered by the pump 1 will flow off through the short-circuiting path
      23. The operating motors 12 and 12' can now no longer be moved with the
      aid of the power from the pump 1. If the steering wheel is moved in the
      opposite direction, the pressure on the first side 13 of the operating
      motor 12 is relieved and therefore also at the control input 31 by the
      control device 5. The pilot valve 28 and the switching valve 25 will
      close. During subsequent movement of the operating motors in the opposite
      direction the entire pressure will now be immediately available. The
      operating movement in this direction is terminated when the piston rod 15'
      meets the sensing element 18' of the limit switch device 17'. The manner
      of operation in this end position is the same as before.
PAR  In the hydraulic switch according to FIG. 3, similar integers are
      designated by the same reference numerals as in FIG. 1. The limit switch
      device 17 is provided with an electric contact 35. The supply conduit 10
      is connected to a pressure responsive switch 36. The pilot valve 28
      carries an electromagnetic actuating apparatus 37. The two switches 35 and
      36 as well as the electromagnetic actuating apparatus 37 are, as shown in
      FIG. 4, placed in series between the two feed conduits 38 and 39 of an
      electric circuit.
PAR  If, upon actuation of the steering wheel 6, the piston rod 15 reaches the
      sensing element 18 of the limit switch device 17, whereby the supply
      conduit 10 will deliver pressure, the electric circuit to the actuating
      apparatus 37 is closed. The pilot valve 28 opens as in FIG. 2 and so will
      the switching valve 25.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hydraulic steering apparatus comprising a sump, two motors for
      controlling parts to be steered, said motors including movable motor
      elements, a steering wheel operated control device having supply and
      exhaust openings and selectively reversible control ports with each of
      said control ports alternating as a supply and exhaust port, said control
      ports each being oppositely connected to one side of one of said motors
      and to the other side of the other of said motors, a continuously operable
      pump between said sump and said control device supply opening, a pair of
      control conduits connected to said control ports and meeting at a
      junction, a pair of stroke limiting control valves in said control
      conduits actuatable alternately to open positions by said movable motor
      elements, and an exhaust conduit from said junction to said sump, a short
      circuiting path shunting said pump, a pressure operated switching valve in
      said short circuiting path, a pressure operated pilot valve for
      controlling said switching valve, a spur connection between said pilot
      valve and said exhaust conduit, and throttle means in said exhaust conduit
      downstream from said spur connection to create a pressure at said spur
      connection to cause concomitant opening of said pilot valve and said
      switching valve.
NUM  2.
PAR  2. Hydraulic steering apparatus according to claim 1 wherein said switching
      valve is also a pressure relief valve for said short circuiting path.
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ABST
PAL  A plurality of spaced apart parallel shift rods for changing gears have
      interlocking plungers arranged between adjacent shift rods and separating
      pieces positioned between adjacent interlocking plungers in alignment
      thereof and contained in transverse bores of the shift rods. An actuator
      acts on the plungers to normally lock the shift rods. The actuator is
      disabled when the driver performs a prescribed safety operation, for
      example, wears his safety seat belt.
BSUM
PAR  This invention relates generally to a manual change speed gear of a motor
      car, and more particularly to an interlocking device for the change speed
      gear.
PAR  In recent years, seat belts are used extensively in motor cars for
      protecting the drivers thereof. However, some drivers do not wear the seat
      belts for the reason of nuisance thus suffering injuries in case of
      accidents.
PAR  Since the effectiveness of the seat belt has been proven by various
      experiments and actual accidents, certain proposals have been made to
      force the driver to wear his seat belt. Accordingly, it is desirable to
      enable the driver to operate the car only when he wears his seat belt.
PAR  Accordingly, it is an object of this invention to provide an improved
      interlocking device for a manual change speed gear of a motor car that
      enables the driver to operate the car only when he wears his safety seat
      belt.
PAR  Another object of this invention is to provide an improved interlocking
      device that can positively prevent simultaneous operation of a plurality
      of ratios of a change speed gear.
PAR  Still another object of this invention is to provide an improved
      interlocking device of the type referred to above that can be readily
      applied to existing change speed gears.
PAR  A further object of this invention is to provide an improved electric
      circuit for operating the interlocking device.
PAR  According to this invention there is provided an interlocking device for a
      manual change speed gear of a motor car of the type having a plurality of
      spaced apart parallel shift rods for changing gears, interlocking plungers
      arranged between adjacent shift rods, separating pieces positioned between
      adjacent interlocking plungers in axial alignment therewith, the
      separating pieces being contained in transverse bores of respective shift
      rods, characterized in that there are provided an actuator for causing the
      plungers to normally lock the shift rods and means for disabling the
      actuator only when the driver of the motor car performs a prescribed
      safety operation.
PAR  Perusal of the following description of the invention will make the
      invention clear to the reader when he or she reads the accompanying
      drawings, in which:
DRWD
PAR  FIG. 1 is a section view of a preferred embodiment of the novel
      interlocking device of this invention;
PAR  FIG. 2 is a section view of a modified embodiment of this invention; and
PAR  FIG. 3 shows an electric circuit for operating the actuator shown in FIG. 1
     .
DETD
PAR  FIG. 1 shows the shift rods of a manual change speed gear no numeral and an
      interlocking mechanism, as shown, a plurality of shift rods 2, 3 and 4 are
      provided extending through a casing 1 of a change speed gear. The shift
      rods 2 and 3 are respectively provided with transverse bores 2a and 3a at
      their centers and separating pieces 5 and 6 are inserted in the transverse
      bores of respective shift rods 2 and 3 to transmit the force excerted by
      an actuator 9 onto interlocking plungers 7 and 8 in series. These plungers
      have rounded ends to fit in rounded openings 2b, 3b and 4b on ends of the
      bores. When one of the shift rods is operated to establish a particular
      gear ratio, the interlocking plungers corresponding to the operated shift
      rod are pushed out of the bores thereof to enter the rounded openings of
      adjacent shift rods thus locking then for preventing simultaneous gear
      ratio selection of two or more sets in the change speed gear.
PAR  The construction thus far described is the same as that of a conventional
      interlocking device. According to this invention, the actuator 9 is
      provided in the casing 1 in alignment with respective separating pieces 5,
      6 and interlocking plungers 7, 8 so that its operating member 10 exercises
      force on respective interlocking plungers 7 and 8 via separating pieces 5
      and 6. The actuator 9 may be operated by a solenoid or fluid pressure (not
      shown).
PAR  An operating circuit of the actuator 9 is shown in FIG. 3. The actuator 9
      shown in FIG. 3 is a solenoid and its coil (no numeral) is normally
      energized by a source of electric power 12 via normally closed switch 19.
      As a result, respective interlocking plungers 7 and 8 are urged to engage
      rounded openings of respective shift rods 2, 3 and 4 thereby locking the
      same. There are also provided a seat switch 13 which is closed when the
      driver sits on his seat of the motor car and a seat belt switch 16 which
      is opened when the driver wears his seat belt. Accordingly, when the
      driver sits on his seat, seat switch 13 is closed to energize a coil 14
      from source 12 via seat switch 13 and the seat belt switch 16. When
      energized, coil 14 closes a switch 15 and a self-holding switch 15a which
      closes a self-holding circuit for coil 14. When the driver wears his seat
      belt, switch 16 is opened and a switch 17 interlocked therewith is closed
      thereby energizing a coil 18 for opening the normally closed switch 19 as
      shown by the arrow 16 via switches 15 and 17 which are now closed.
      Consequently, actuator 9 is de-energized to unlock shift rods 2, 3 and 4.
      In this manner, the actuator 9 is maintained in its operated position to
      lock respective shift rods until the driver sits on his seat and wears his
      seat belt. Thus, the driver can not run the motor car unless he wears the
      seat belt thus assuring his safety at the time of collision or other
      accident.
PAR  When fluid pressure is utilized to actuate the actuator 9, coil 18 is used
      to operate a suitable fluid valve for admitting and discharging hydraulic
      fluid under pressure to and from the actuator.
PAR  In a modified embodiment shown in FIG. 2 an operating rod 20 having a notch
      21 is disposed parallelly with the uppermost shift rod 2 as seen in FIG.
      2. The operating rod 20 coacts reciprocated with an actuator, not shown,
      but identical to that shown in FIG. 1. Thus, when the notch 21 is brought
      into alignment with a plunger 22 it fits into the notch 21 when the shift
      rod 2 is operated. According to this modification the actuator does not
      protrude beyond the casing 1' so that this modification is suitable for
      installation in a limited space.
PAR  The invention has the following advantages in addition to those described
      above.
PAR  1. It can be applied to an existing change speed gear with a slight change,
      that is, it is possible to apply the novel interlocking device to existing
      means for preventing simultaneous use of two sets of speed changing gears
      by slightly modifying the same.
PAR  2. Only a small number of component parts is required to be added to
      interlock the device with the seat belt operation.
PAR  3. The same interlocking device can be used for all types of manual change
      speed gears including floor shift type, remotely controlled type and
      multi-stage type (for example, 3, 4 or 5 forward ratios).
PAR  Although the invention has been described in connection with a seat belt it
      will be clear that the novel interlocking device of this invention can
      also be combined with means for locking sefety operations, and means for
      preventing thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An interlocking device for a manual change speed gear of a motor
      vehicle, comprising:
PA1  a plurality of spaced apart parallel shift rods for changing gears;
PA1  interlocking plungers between adjacent said shift rods;
PA1  separating pieces positioned between adjacent said interlocking plungers in
      axial alignment therewith, said separating pieces being contained in
      transverse bores of respective shift rods; and
PA1  an actuator causing said interlocking plungers to normally lock said shift
      rods, including a rod shaped member which is arranged adjacent one of said
      interlocking plungers in parallel with said shift rods and formed with a
      notch at a portion of an outer peripheral surface thereof, said rod shaped
      member having two relative positions thereof one of which is a first
      position wherein said shift rods are unlocked when said notch receives
      therein one of said interlocking plungers, the other of which is a second
      position wherein said shift rods are locked when said notch does not
      receive therein one of said interlocking plungers.
NUM  2.
PAR  2. An interlocking device as claimed in claim 1, in which said actuator is
      electrically operated.
NUM  3.
PAR  3. An interlocking device as claimed in claim 1, in which each of said
      interlocking plungers has rounded ends and each of said shift rods is
      provided with rounded openings at both ends of said transverse bores for
      receiving said round ends of said interlocking plunger.
NUM  4.
PAR  4. An interlocking device as claimed in claim 1, further comprising means
      positioning said rod shaped member of said actuator into said first
      position only when a driver of the motor vehicle performs a prescribed
      safety operation.
NUM  5.
PAR  5. An interlocking device as claimed in claim 4, in which said means is of
      a type which positions said rod shaped member into said second position
      when the vehicle driver wears a seat belt.
NUM  6.
PAR  6. An interlocking device as claimed in claim 4, in which said actuator is
      operated by a signal generated in an electrical circuit comprising a
      normally closed switch for normally energizing said actuator, a seat
      switch disposed to be closed when the driver sits on his seat of the
      vehicle, and a seat belt switch arranged to be closed when the driver
      wears his seat belt for opening a normally closed switch.
NUM  7.
PAR  7. An interlocking device as claimed in claim 6, in which said electrical
      circuit further comprising a relay connected to be energized when said
      seat switch is closed, said relay having a switch in series with said seat
      belt switch so that said actuator is disabled only when the driver sits on
      his seat and wears his seat belt.
NUM  8.
PAR  8. In an interlocking device for a manual change speed gear of a motor
      vehicle, comprising a casing, a plurality of spaced parallel shift rods
      whose axes lie in substantially the same plane and which are selectively
      axially movable in the casing to provide a required gear ratio, a
      transverse passage in the casing, the axis of said passage being
      perpendicular to the axes of said shift rods, a recess on an outside one
      of said shift rods and facing an adjacent shift rod, a transverse bore in
      each of the other shift rods, said recess, said bores and said passage
      being substantially aligned when said shift rods are in a predetermined
      relative position, a separating piece slidable in each said transverse
      bores, said separating pieces being dimensioned so as to be able to lie
      wholly within the circumference of their respective shift rods, a
      plurality of interlocking plungers slidable in said transverse passage,
      one of said interlocking plungers being engageable with said recess, and
      rods; the improvement in which there is an actuator causing said
      interlocking plungers to normally lock said shift rods, said actuator
      comprises a rod shaped member slidably disposed in a passage provided in
      the casing adjacent one of said interlocking plungers so as to
      perpendicularly cross with said transverse passage and to lie in the same
      plane as said shift rods, said rod shaped member being formed with a notch
      at a portion of the outer peripheral surface thereof and having two
      positions one of which is a first position wherein said shift rods are
      unlocked when the notch receives therein one of the interlocking plungers
      and the other of which is a second position wherein said shift rods are
      locked when the notch does not receive therein one of said interlocking
      plungers, and means urging said rod shaped member to the first position
      only in response to electrical signals received from electrical means
      operable only after a driver of the motor vehicle has completed a
      prescribed safety operation.
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PAL  A collision sensing system for vehicles is provided in which a moving core
      shaft having alternately notched and projecting portions formed thereon or
      a permanent magnet serving as a moving core and magnetized to create
      therein alternate north and south poles is disposed to move relative to a
      stator for providing a magnetic path, whereby when a vehicle comes into
      collision, the magnetic reluctance of the magnetic path is caused to
      change rapidly at plural times and a generating winding wound on the
      stator thus generates the waveform of an output voltage proportional to
      the rate of the plurality of changes of the magnetic reluctance. This
      output voltage is compared with a predetermined value to determine,
      whether a controlled system such as an air bag should be actuated to
      thereby actuate the controlled system properly.
BSUM
PAR  The present invention relates to a collision sensing system which is
      designed so that when a vehicle, particularly an automotive vehicle
      collides with an object, the system senses and determines whether the
      collision is of a dangerous nature, whereby a controlled system such as an
      occupant protecting device is promptly actuated upon the occurrence of a
      dangerous collision to protect the occupants of the vehicle.
PAR  In a known type of collision sensing system, a gravity sensor is for
      example employed in which an iron weight of the pendulum type is held
      stationary by a magnet and the deceleration of a vehicle is sensed when
      the weight is separated from the magnet thus closing the contacts. A
      drawback of such a sensing system is that if the gravity sensor is
      disposed on an impact receiving face of a vehicle, there is a possibility
      that the gravity sensor may be caused to operate erroneously by any impact
      other than a collision and it is extremely difficult to determine whether
      the magnitude of an impulsive acceleration or deceleration produced by the
      collision of the vehicle is of so dangerous a nature that an occupant
      protecting system such as an air bag must be actuated. Further, if such a
      gravity sensor is disposed at the rear of the vehicle, e.g., under the
      back seat, a considerable time will be required before the gravity sensor
      senses a deceleration after the occurrence of a collision with a result
      that the detection of the collision cannot serve the purpose of protecting
      the occupants. While, in another known type of collision sensing system, a
      radar sensor or the like is employed so that a sudden approach of a
      vehicle to another vehicle is detected to preliminarily predict the
      occurrence of a collision, this system is also disadvantageous in that
      even a slight collision tends to cause the sensor to get out of position
      thus making it entirely useless or causing it to break down, and moreover
      the system is expensive.
PAR  With a view to solving the foregoing difficulties, it is an object of the
      present invention to provide a collision sensing system for vehicles which
      comprises a stator for providing a magnetic path and a moving core movable
      relative to the stator to change the magnetic reluctance of the magnetic
      path and thereby cause a generating winding to generate a voltage
      corresponding to the rate of change of the magnetic reluctance. When this
      collision sensing system is installed in a vehicle, its output voltage,
      produced upon collision of the vehicle may be compared with a
      predetermined value to determine, in accordance with the impact of the
      collision and in a short period of time, whether a controlled system is to
      be actuated and in this way the controlled system may be properly
      actuated. Furthermore, when the impact of a collision of the vehicle is
      relatively low, the collision sensing system will not be destroyed so that
      the sensing system returns to its initial state upon restoration of that
      portion of the vehicle where the sensing system is installed and thus the
      sensing system can be conditioned for the next collision.
PAR  It is another object of the present invention to provide a generating-type
      collision sensing system for vehicles which comprises a detector including
      magnetic pole pieces, a magnet and a coil constituting a magnetic circuit
      and adapted to generate a voltage in accordance with the variation of the
      magnetic reluctance, and a shaft movable relative to the magnetic pole
      pieces to change the magnetic reluctance of the magnetic circuit, wherein
      a guide means consisting of a non-magnetic material is provided to permit
      the movement of the shaft with a uniform gap between the shaft and the
      pole pieces to ensure accurate detection of the magnitude of an impulseive
      impulsive or deceleration caused by the occurrence of a collision.
PAR  It is a further object of the present invention to provide a collision
      sensing system for vehicles which comprises a detector including a magnet,
      a stator provided with salient poles constituting the magnetic path of the
      magnet and a generating winding disposed within the stator, and a shaft
      provided with alternately projecting and notched magnetic portions adapted
      to face the salient poles of the stator. Upon the occurrence of a
      collision, the shaft-moves relative to the salient poles so as to cause
      the generating winding to generate a voltage corresponding to the
      colliding speed in accordance with the change of the magnetic reluctance
      caused by the movement of the shaft. Prior to the movement of the shaft
      relative to the salient poles of the stator, the salient poles of the
      stator and the projecting portions of the shaft constituting low magnetic
      reluctance portions are arranged so they do not face each other, whereby
      during the movement of the shaft caused by the yielding of the bumper upon
      collision, a plurality of cycles of the opening and closing of the
      magnetic path are repeated, producing each time a voltage accurately
      corresponding to the speed at that instant and thereby ensuring a positive
      detection of a rapid deceleration due to a collision.
PAR  It is a still further object of the present invention to provide a
      collision sensing system for vehicles which comprises a detecting section
      including a magnet, north and south magnetic pole pieces having salient
      poles constituting the magnetic path of the magnet and a coil disposed
      within the pole pieces, and a shaft having a magnetic body portion so that
      upon the occurrence of a collision the salient poles of the detecting
      section and the magnetic body portion of the shaft are caused to move
      relative to each other in accordance with the colliding speed thus causing
      the coil to generate a voltage corresponding to the colliding speed in
      accordance with the change in the magnetic reluctance caused by the
      relative movement of the salient poles and the magnetic body portion. The
      magnetic body portion of the shaft is formed with alternately projecting
      and notched portions occurring at predetermined periodic intervals, and
      the distance between the salient poles of the detecting section is made
      different from the distance between the adjacent projecting portions,
      whereby a voltage proportional to the relative speed of the detecting
      section and the shaft is generated to ensure accurate detection of the
      speed upon the occurrence of a collision in accordance with the magnitude
      of the generated voltage.
PAR  The vehicle collision sensing system according to the present invention
      thus has a remarkable advantage in that the acutation of a controlled
      system can be determined in a short period of time in accordance with the
      impact of collision of a vehicle to thereby ensure proper actuation of the
      controlled system wherein the sensing system is simple in construction and
      inexpensive to manufacture.
PAR  In accordance with these objects and many other objects an embodiment of
      the present invention comprises a collision sensing system for a vehicle
      which comprises a magnet and a coil, whereby by virtue of the magnetic
      force of the magnet, a plurality of changes in the potential difference
      across the ends of the coil occur during a time interval between the
      beginning and the end of a collision of the vehicle.
DRWD
PAR  Other objects and advantages of the present invention will become readily
      apparent from considering the following detailed description in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view showing a basic form of a collision
      sensing system according to the present invention;
PAR  FIG. 2 is a longitudinal sectional view showing a modified form of the
      principal part of the collision sensing system of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view showing another modification of the
      collision sensing system shown in FIG. 1;
PAR  FIG. 4 is a schematic plan view showing one form of mounting the collision
      sensing system of this invention on a vehicle;
PAR  FIG. 5 is a schematic plan view shown another form of mounting the
      collision sensing system of this invention on a vehicle;
PAR  FIG. 6 is an electric wiring diagram showing a first invention of the
      system of this embodiment;
PAR  FIG. 7 is an electric wiring diagram showing a second embodiment of the
      system of this invention;
PAR  FIG. 8 is an electric wiring diagram showing a third embodiment of the
      system of this invention, employing a plurality of collision sensors;
PAR  FIG. 9 is a static characteristic diagram of the PNPN diode employed in the
      embodiment of the invention shown in FIG. 8;
PAR  FIG. 10 is an electric wiring diagram showing a fourth embodiment of this
      invention, which is capable of detecting a fault in the generating
      windings;
PAR  FIG. 11 is a cross-sectional view showing a manner in which the collision
      sensing system of this invention is mounted between the body portion and
      the bumper of a vehicle;
PAR  FIGS. 12A, 12B and 12C are sectional views showing various forms of the
      magnetic circuit portion of the system of the present invention;
PAR  FIG. 12D is a sectional view of another form of the magnetic circuit
      portion for explaining the collision sensing system of this invention;
PAR  FIG. 13 is a circuit diagram of the voltage level detector used with this
      invention;
PAR  FIGS. 14A and 14B are characteristic diagrams showing the generated voltage
      waveforms of the coils in different systems;
PAR  FIG. 15 is a partial sectional view of a collision sensing system for
      explaining the system of this invention;
PAR  FIG. 16A is a characteristic diagram showing the output voltage waveform
      generated during a collision by the collision sensing system shown in FIG.
      15;
PAR  FIG. 16B is a characteristic diagram showing the output voltage waveform
      generated during a collision by the collision sensing system of this
      invention shown in FIG. 13;
PAR  FIG. 17 is a partial sectional view showing a further embodiment of the
      collision sensing system of the present invention;
PAR  FIG. 18 is a partial sectional view showing a still further embodiment of
      the collision sensing system of the present invention;
PAR  FIG. 19 is a cross-sectional view taken along the line XIX--XIX of the
      system shown in FIG. 18;
PAR  FIGS. 20A, 20B and 20C are longitudinal sectional views showing various
      forms of the detecting section constituting the principal part of the
      collision sensing system of the present invention;
PAR  FIG. 20D is a longitudinal sectional view of a detecting section for
      explaining the system of this invention;
PAR  FIG. 21 is a characteristic diagram showing the relationship between the
      colliding speed and generated voltage in the collision sensing system of
      this invention;
PAR  FIGS. 22A and 22B are characteristic diagrams showing respectively the
      magnetic flux and generated voltage in the vehicle collision sensing
      system used in explaining the present invention; and
PAR  FIGS. 22C and 22D are characteristic diagrams showing respectively the flux
      and the output voltage generated in the vehicle collision sensing system
      of this invention.
DETD
PAR  The present invention will now be explained in greater detail with
      reference to the illustrated embodiments. Referring first to FIG. 1
      showing in longitudinal section the basic form of a collision sensing
      system 100 of the present invention, numeral 5 designates a permanent
      magnet, numeral 6 designates a stator for providing a magnetic path, 10 a
      moving core shaft relatively movable within the stator 6 to change the
      magnetic reluctance of the magnetic path. Numeral 7 designates a
      generating winding for generating a voltage in accordance with the
      relative speed of the stator 6 and the moving core shaft 10. Numeral 22
      designates a spring for returning the moving core shaft 10 to its initial
      position. If the moving core shaft 10 is secured to the bumper, the spring
      22 may be eliminated. When a vehicle equipped with the collision sensing
      system 100 of FIG. 1 comes in collision, as will be explained later, the
      moving core shaft 10 is caused, as for example by the bumper of the
      vehicle, to move in a direction that compresses the spring 22 relative to
      the stator 6 which is securely mounted on the vehicle body, thereby
      changing the magnetic reluctance of the magnetic path of the stator 6.
      When this occurs, an output voltage proportional to the rate of change per
      unit time of the magnetic flux corresponding to the change in the magnetic
      reluctance is generated between output terminals 8 and 8' of the
      generating winding 7. This output voltage is the product of the number of
      turns in the generating winding 7 and the change in the magnetic flux and
      therefore it is proportional to the relative speed of the stator 6 and the
      moving core shaft 10. The moving core shaft 10 is formed with projections
      and notches so that the core shaft 10 changes the magnetic reluctance of
      the magnetic path of the stator 6 as it is moved relative to the stator 6.
      In this case, there is possibility that even a slight inclination of the
      moving core shaft 10 may cause it to be caught by the stator 6. To prevent
      this, the notched portions of the moving core shaft 10 may be filled with
      a nonmagnetic material as shown in FIG. 2 in which numeral 11 designates a
      magnetic material and numeral 13 designates a nonmagnetic material such as
      aluminum or resin. If aluminum is employed, the shaft may be produced by a
      die-casting process, while a molding process may be used for resinous
      material.
PAR  FIG. 3 shows a modified form of the collision sensing system 100 in which
      the moving core shaft 10 comprises a permanent magnet 10a which is
      magnetized to create therein alternate north and south poles which are
      spaced away from each other to provide the optimum conditions for the
      formation of the magnetic path of the stator 6. In other words, they are
      arranged so that when the north pole is positioned in the upper magnetic
      path, the south pole is positioned in the lower magnetic path. This
      collision sensing system 100 may be mounted on a vehicle in such a manner
      that the stator 6 is secured to the vehicle body and the forward end of
      the moving core shaft 10 is secured to the bumper.
PAR  FIGS. 4 and 5 show different forms of mounting the above-described
      collision sensing system 100 on a vehicle at a position between a vehicle
      body 1 and a bumper 2 attached to the body 1 by a fastening stay 12. FIG.
      4 shows one form of the mounting in which the end of the moving core shaft
      10 is placed in contact with or secured to the bumper 2 and the stator 6
      is secured to the body 1, therefor FIG. 5 shows another form of the
      mounting in which the end of the moving core shaft 10 is secured to the
      bumper 2 and the stator 6 is held in suspension.
PAR  In operation, when the vehicle equipped with the collision sensing system
      100 as shown in FIG. 1 comes into collision, a rapid deceleration
      (hereinafter referred to as an acceleration in a sense that there is a
      change in the speed) of the bumper occurs. In this case, the body 1
      retains the same speed as the vehicle itself, while the bumper 2 is
      rapidly accelerated to reach the relative speed itself of the body 1 and
      the colliding object and thereafter it starts to move toward the body 1 at
      substantially the same speed as the relative speed of the colliding object
      and the body 1. Consequently, the collision sensing system 100 reaches the
      relative speed of the colliding object and the body 1 in a very short
      period of time after which it generates a voltage proportional to this
      relative speed. This voltage remains on until the bumper 2 comes to a
      standstill by for example coming into contact with the body 1, so that
      during the time interval between the beginning and the end of movement of
      the bumber 2, one cycle of A.C. voltage is generated every time the moving
      core shaft 10 travels the distance of one pitch P.
PAR  On the other hand, when the vehicle equipped with the collision sensing
      system 100 as shown in FIG. 5 comes into collision, the bumper 2 starts to
      move rapidly toward the body 1. Thus, the same effect as the arrangement
      of FIG. 4 can be obtained and at the same time the sensing system 100
      shown in FIG. 5 can serve as an acceleration sensor by virtue of the fact
      that the stator 6 is held in suspension.
PAR  FIGS. 6, 7 and 8 show first to third embodiments of the collision sensing
      system of this invention comprising the above-described sensing system 100
      and an igniting circuit for an air bag.
PAR  Referring first to FIG. 6 which shows the first embodiment of this
      invention, the valve actuating mechanism for actuating the valve of an air
      bag serves as a detecting means which detects a predetermined value of the
      output voltage generated from a collision sensing circuit 101 which is
      equivalent to the sensing system 100. This valve actuating mechanism
      comprises an igniting filament 114, a power supply battery 115, a Zener
      diode 116 for detecting a threshold voltage constituting the predetermined
      value of the output voltage of the sensing circuit 101 and a transistor
      113. When the sensing circuit 101 generates a voltage corresponding to the
      impact of a collision upon collision of the vehicle and when this
      generated voltage is higher than the threshold voltage of the Zener diode
      116, the transistor 113 is rendered conductive and thus a current flows
      into the transistor 113 through the filament 114 from the power supply
      battery 115. As a result, the filament 114 is heated to red heat to set
      off the explosive and thereby to open the valve of the air bag.
PAR  Further, the transistor 113 may be replaced with a thyristor 113a as in the
      embodiment shown in FIG. 7.
PAR  Furthermore, in the actual application, if the detection of movement of the
      vehicle bumper is effected at one position only, there is the possibility
      of a failure to detect. To overcome this difficulty, as in the third
      embodiment shown in FIG. 8, the sensing circuit 101' may be mounted at
      each of a plurality of positions on the bumper as well as at any other
      portions of the vehicle body so that when any one of the outputs of a
      plurality of collision sensors 101a, 101b, . . . , and 101n is higher than
      a predetermined level, this output is detected. In the circuit of FIG. 8,
      the collision sensors 101a, 101b,  . . . , and 101n are connected in
      parallel with each other. In this arrangement, since each of generating
      windings 105a, 105b, . . . , and 105n of the respective sensors has its
      own inductance, there is practically no possibility of the output voltage
      of one collision sensor being affected by the generating winding of other
      collision sensors, and moreover the output voltage of the collision
      sensors can be made sufficiently large so that the filament 114 may be
      heated to red heat to perform its function satisfactorily without using
      the power supply battery 115 and the transistor 113.
PAR  In the third embodiment shown in FIG. 8, a PNPN diode 116a having a
      characteristic shown in FIG. 9 is used in place of the Zener diode 116
      shown in FIGS. 6 and 7. Further, by suitably designing the sensing circuit
      101' and the filament 114, the PNPN diode 116a may be eliminated. In other
      words, the PNPN diode 116a may be eliminated by designing the sensing
      circuit 101' so that when the time density of electric energy generated by
      the generating winding 105 of the sensing circuit 101 and consumed by the
      filament 114 exceeds the igniting threshold for the filament 114, the
      explosive is set off. In this way, electric energy of a density necessary
      for ignition can be applied to the filament at the minimum colliding speed
      requiring the actuation of the air bag.
PAR  The fourth embodiment shown in FIG. 10 further comprises a fault detecting
      circuit for the plurality of collision sensors 101a, 101b, . . . , and
      101n. In FIG. 10, numerals 120a, 120b, . . . , and 120n designate diodes
      for preventing mutual interference between the generating windings 105a,
      105b, . . . , and 105n. 121a, 121b, . . . , and 121n, are resistors for
      supplying the required biasing current for detecting a fault in the
      generating windings 105a, 105b, . . . , and 105n, respectively. 122a,
      122b, . . . , and 122 n, resistors for preventing the flow of current to a
      fault detecting transistor 123 by the output voltage of the generating
      windings 105a, 105b, . . . , and 105n. 124 is a fuse which is adapted to
      melt when the fault detecting transistor 123 becomes conductive. 128 is a
      blown fuse detecting transistor for the fuse 124 which is normally in a
      conductive state. Numeral 125 designates a load resistor of the blown fuse
      detecting transistor 128 and 127 is a base current limiting resistor of
      the transistor 128 while 126 is a warning lamp.
PAR  With the construction described above, when at least any one of the
      collision sensors 101a, 101b, . . . , and 101n generates an AC voltage
      upon the occurrence of a collision, the corresponding one of the diodes
      120a, 120b, . . . , and 120n is caused to conduct during the negative half
      wave of the AC voltage thereby energizing the filament 114 and thereby
      setting off the explosive. On the other hand, when a fault occurs in any
      one of the generating windings, e.g., the generating winding 105b, almost
      all of the current flowing through the resistor 121b now flows through the
      resistor 122b and the base of the fault detecting transistor 123, so that
      the fault detecting transistor 123 is rendered conductive to melt the fuse
      124. As a result, the blown fuse detecting transistor 128 is rendered
      nonconductive and thus the current flowing through the load resistor 125
      now flows into the warning lamp 126. This turns on the warning lamp 126
      thereby detecting and indicating the fault in the generating winding 105b.
      In this way, the occurrence of fault in at least one of the plurality of
      the generating windings 105a, 105b, . . . , and 105n can be detected. In
      this arrangement, the diodes 120a, 120b, . . . , and 120n may be replaced
      with capacitors.
PAR  Assuming now that the relative speed of the moving core shaft 10 and the
      stator 6 is 36 km/h, then there is the relative movement of 10 m/sec. or
      10 mm/msec. Therefore, if the pitch P of the moving core shaft 10 is 10
      mm, then one cycle of AC voltage is generated during the time interval of
      1 msec.
PAR  The advantages of the embodiments of this invention so far described are
      summarized as follows:
PAR  Firstly, owing to the fact that the relative speed itself which occurs
      during collision is converted into a voltage, it is possible to predict
      the magnitude of an acceleration (deceleration) that will be eventually
      exerted on the occupants by detecting the output of the collision sensing
      system 100.
PAR  Secondary, the collision sensing system 1 has a sufficient power of
      restitution to return to its initial condition without affecting itself
      after the occurrence of a collision in a manner that would damage it.
PAR  Thirdly, the provision of a very simple voltage detector such as the Zener
      diode 116 or the provision of only an amplifier such as the transistor 13
      is only required between the sensing system 100 and the actuator, i.e.,
      the filament 114, etc.
PAR  While, in the embodiments of the invention described above, the collision
      sensing system is used in the operation of an air bag, it is possible, for
      example to produce an arrangement so that a thyristor is turned on by the
      output voltage of the sensing system and a suitable controlled system such
      as a seat belt locking device is connected to the output (anode) of the
      thyristor.
PAR  FIG. 11 is still another embodiment of the invention in which the collision
      sensing system is mounted between the body portion of a vehicle and the
      bumper. In FIG. 11, numeral 201 designates the body portion of a vehicle,
      202 a bumper, 203 a fastening screw, 204 a fastening nut, 205 a magnet,
      206 pole pieces which constitute the magnetic circuit of the magnet, 207 a
      coil that links the magnetic circuit. The coil 207 forms, along with the
      magnet 205 and the pole pieces 206, a detector for generating a voltage in
      accordance with the variation of the magnetic reluctance. Numeral 208
      designates lead wires so that the output voltage is generated across the
      terminals. Numeral 209 designates a cover of nonmagnetic material for
      securely enclosing the magnet 205, pole pieces 206 and coil 207, 210 a
      shaft, 211 a magnetic body of the shaft 210 which is formed with notches
      and projections with a predetermined pitch. Numeral 212 designates a guide
      consisting of a layer of nonmagnetic material disposed on the surface of
      the shaft 210 to provide a uniform gap between the shaft 210 and the pole
      pieces 206. Numeral 213 designates a nonmagnetic material filled in the
      notched portions of the shaft 210, 214 nuts connecting the shaft 210 and
      the bumper 202 together so that the shaft 210 may move simultaneously
      along with the movement of the bumper 202 upon occurrence of a collision.
      When the bumper 202 collides with an object, the shaft 210 is moved in the
      direction of the arrow so that the number of magnetic flux linked with the
      coil 207 changes with a period dependent on the pitch of the notched and
      projected portions formed in the shaft 210, thereby producing a voltage
      across the terminals of the lead wires 208. The required speed detection
      can be effected in accordance with this output voltage. In this speed
      detection, if a voltage level detector is used as will be described later,
      a Zener diode is used to detect whether the input voltage level has
      reached the voltage level corresponding to a preset speed so that a signal
      is generated at the instant when this voltage level is reached.
PAR  FIG. 13 shows a circuit diagram of a voltage level detector that can be
      used with the present invention. In FIG. 13, numeral 207 designates the
      coil of the collision sensing system which is connected to the input
      terminal of the circuit. The input voltage level is examined so that when
      the input voltage is higher than a predetermined voltage, a current is
      supplied through a Zener diode 218 to the gate of a thyristor 225 to turn
      it on. This ignites a filament 223 and actuates an occupant protecting
      device. A resistor 222 and a capacitor 221 are provided to examine the
      frequency characteristic of input voltage, and a diode 220 is provided to
      prevent the negative alternation of input voltage from causing the
      thyristor 225 to become nonconductive. Further, the resistance value of a
      resistor 224 is selected so that a fuse 233 melts after the thyristor 225
      has been rendered conductive and the filament 223 has been blown. While
      the voltage of a battery 235 is applied to the gate of a thyristor 231
      through resistors 216 and 217, in the normal conditions the potential at
      the gate of the thyristor 231 is practically at zero volt since the
      internal resistance of the coil 7 is very small. When a fault occurs in
      the coil 7 so that the potential rises supplying a current to the gate of
      the thyristor 231, the thyristor 231 is turned on and thus the fuse 233
      melts to turn on a lamp 234. A capacitor 232 is provided to absorb the
      charge when the collision sensing system comes into operation and
      generates a voltage. In this way, when the input voltage rises, it is
      prevented from supplying a current to the gate of the thyristor 231 and
      thus causing the thyristor 231 to conduct. When a fault occurs in the
      filament 223, the transistor 228 which has previously been placed in a
      conductive state now becomes nonconductive, supplying a current to the
      gate of the thyristor 231 through the resistors 227 and 229 and the diode
      230. This causes the thyristor 231 to conduct and thus the fuse 233 melts
      to turn on the lamp 234. The resistor 224 is provided so that when the
      input voltage reaches the predetermined voltage level, the fuse 233 will
      not melt to prevent the flow of current to the filament 223 before the
      thyristor 225 becomes conductive and the filament 223 is ignited to set
      off the explosive. In other words, the detection of fault is effected only
      after the occurrence of a fault in the ignited filament 223 and thereafter
      the fuse 233 is blown to prevent the supply of power from the battery 235.
PAR  FIGS. 12A to 12D are enlarged views of the coil 207 and its adjacent
      portions. In FIG. 12A, a guide consisting of a layer of the nonmagnetic
      material 212 is applied on the shaft 210, while in FIG. 12B a nonmagnetic
      guide 215 is provided on each of the pole pieces 206. In FIG. 12C, a guide
      consisting of the nonmagnetic layer 212 is provided on the side of the
      pole pieces 206. In FIG. 12D, no guide member of nonmagnetic material is
      used.
PAR  Thus, as shown in FIGS. 12A to 12C, by providing a guide consisting of a
      layer of nonmagnetic material on the surface of the shaft 210, providing
      each of the pole pieces 206 with a guide consisting of a nonmagnetic
      material or applying a guide consisting of a uniform layer of nonmagnetic
      material on the side of the pole pieces 206, the shaft 210 may be caused
      to move with a practically uniform gap around the magnetic circuit
      portion. In this way, when the speed is constant, the voltage level of the
      respective peak values can be made equal and therefore it is possible to
      effect accurate speed detection in accordance with the voltage level of
      the peak values. FIG. 14A shows the voltage waveform generated upon
      collision when no guide is provided between the shaft 210 and the pole
      pieces 206 as shown in FIG. 12D, while FIG. 14B shows the voltage waveform
      generated with the arrangements shown in FIGS. 12A to 12C. It will be seen
      from FIG. 14B that in the collision sensing system of this invention, the
      generated voltage has a constant peak value.
PAR  This generated voltage is coupled to the previously described voltage level
      detecting section so that the filament 223 of the ignition circuit is
      ignited when the applied voltage is higher than the predetermined voltage
      level.
PAR  In an example of the experiments conducted using the circuit of FIG. 13,
      the component values were as follows: the resistor 216 = 1 kilo-ohm,
      resistor 217 = 330 ohms, Zener diode 218 = 7 volts, resistor 219 = 100
      ohms, capacitor 221 = 6800 .mu.F, resistor 222 = 1 kilo-ohm, resistor 224
      = 2 ohms, resistor 226 = 22 kilo-ohms, resistor 227 = 2 kilo-ohms,
      resistor 229 = 2 kilo-ohms, capacitor 232 = 100 .mu.F, and fuse 233 = 2A.
PAR  The voltage waveform generated across the terminals of the lead wires
      during collision will also be affected by the relative position of the
      projection of the magnetic body portion of the shaft with respect to the
      salient poles of the stator. This relationship will be explained with
      reference to FIG. 15. FIG. 15 is a sectional view of a collision sensing
      system for explaining the vehicle collision sensing system of the present
      invention shown in FIG. 11. FIG. 15 is identical with FIG. 11 excepting
      that the detecting section and the shaft changed places.
PAR  In FIG. 15, numeral 201 designates a sensing system mounting plate on the
      body portion of a vehicle, 202 a bumper fastened to the front of the
      vehicle, 203 a fastening screw, 204 and 204' lock nuts, 205 a generating
      permanent magnet composed of a ferrite magnet, for example, 206 a stator
      206' a stator constituting the detector side magnetic path with the stator
      206, 206a and 206b the respective tip portions of the stators 206 and
      206', 207 a generating coil, 208 and 208' the output lines of the
      generating coil from which the generated output is delivered. Numeral 209
      designates an outer cover made of a nonmagnetic material, 210 a shaft
      movable in the direction of the arrow during collision, 211 the magnetic
      material in the shaft 210 which is formed with notches and projections
      with a predetermined pitch. Numeral 213 designates nonmagnetic portions
      with high magnetic reluctance which are disposed on the surface of the
      shaft 210, 214 double lock nuts for locking the shaft 210 to the bumper
      202, 215 the projections with low magnetic reluctance which are formed on
      the magnetic body portion of the shaft 210. Numerals 216 and 216'
      designate spring washers.
PAR  With the construction described above, when a collision occurs, the shaft
      210 is moved in the direction of the arrow in FIG. 15, thus generating an
      output. Prior to the collision, the output potential difference between
      the output lines 208 and 208' is 0 volt. When the shaft 210 starts moving
      upon occurrence of collision, the magnetic flux .phi. linked with the
      generating coil decreases. In this case, if the output line 8' becomes
      positive with respect to the output line 208, a positive alternation
      builds up during a time period from the time t = 0 to t = t.sub.1 as shown
      in FIG. 16A. Before collision, the output potential difference is 0 volts
      as mentioned earlier, and in the initially set condition, two of the
      projections 215 on the magnetic portion of the shaft 210 are located
      respectively opposite to the salient poles 206a and 206a' of the stators
      206 and 206', respectively. In other words, the shaft 210 is resting at a
      position that provided the closed magnetic path with the maximum flux
      .phi.. Consequently, the differential coefficiency of the magnetic flux
      .phi. at this position in respect to a position X is given as
      ##EQU1##
      The output voltage
      ##EQU2##
      and
      ##EQU3##
      (where
      ##EQU4##
      and V represents the speed). Therefore, assuming that the speed V is
      constant, that position which gives the condition
      ##EQU5##
      corresponds to the position where the voltage of the generated waveform is
      0. If the rise of the voltage starts in this condition and if the speed of
      the moving shaft 210 is assumed constant, then subsequently a constant
      output voltage waveform should always be generated. In fact, however, it
      has been customary to use an inexpensive soft iron as the magnetic
      material of the shaft and moreover such soft iron has been subjected to
      cutting processes without any preliminary treatment. Therefore, in the
      stationary conditions prior to the occurrence of collision, the magnetic
      domains have already been formed in the magnetic material of the shaft. As
      a result, a considerably large change occurs in the magnetic flux passing
      through the generating coil 207 during the time interval in which the
      shaft moves from the position shown in FIG. 15 and the next two
      projections on its magnetic body portion to face the salient poles 206a
      and 206a' of the stators and the voltage level of the second and
      subsequent peaks of the output voltage drop to a lower level as shown in
      FIG. 16A. This may be due to the fact that in terms of the hysteresis
      curve, the curve which initially shows a large loop, shifts to a smaller
      hysteresis curve on the second and subsequent AC cycles. Thus, after the
      second cycle, the hysteresis curve becomes stable and traverses a smaller
      loop producing a constant output voltage. In this way, the output voltage
      waveform as shown in FIG. 16B is obtained. In this case, however, this
      vehicle collision sensing system does not generate constant AC voltage
      while the shaft 210 is moving at a constant speed during collision, that
      is, it generates a voltage whose voltage level is high during the initial
      period of collision but drops to a lower level subsequently. Therefore, if
      the detection of voltage level is effected in reference to a predetermined
      voltage level V.sub.trig in an electronic circuit following the vehicle
      collision sensing system, the following inconvenience results. Considering
      first the case in which the value of V.sub.trig is preset to effect the
      detection in accordance with the first peak value of output voltage, if,
      for example, the bumper 202 causes an colliding object to yield slightly
      and then comes into contact with the inelastic portion of the colliding
      object, an output voltage is generated whose first peak value is lower
      than the second and subsequent peak values. Consequently, the detection of
      colliding speed is effected in accordance with the second peak value and
      thus there results an inconvenience that the detected output voltage level
      is low as compared with the actual colliding speed and thus the impact of
      collision is underrated mistakenly. On the other hand, if the detection is
      effected in accordance with the second or any subsequent peak value, then
      the collision of the bumper 202 with an object having an inelastic surface
      gives rise to an inconvenience that a collision at a very low speed would
      be mistaken for a violent collision. If we can attribute this to the
      arrangement of FIG. 15 in which the setting is made in the magnetically
      stable condition of the shaft 210, i.e., in the situation where the shaft
      210 is about to stop spontaneously, the foregoing difficulty can be
      overcome by an arrangement in which no projections on the magnetic body
      portion of the shaft face the salient poles of the stators when the shaft
      is at rest as shown in the embodiment of the vehicle collision sensing
      system of the invention shown in FIG. 11. In other words, in the
      arrangement of FIG. 11 the distance between the mounting plate 201 on the
      body portion and the bumper 202 is predetermined. Therefore, in this
      preset position, the projections on the magnetic body portion of the shaft
      210 are located at those positions where they do not face the salient
      poles 206a and 206a' of the stators. In this way, the foregoing difficulty
      can be overcome by virtue of the following two facts during collision:
PAR  1. Prior to the commencement of movement of the shaft upon occurrence of a
      collision, most of the magnetic flux of the permanent magnet 205 flows
      through end portions 206a and 260a' of the stators 206 and 206',
      respectively, and the magnetic flux scarcely flows through the projection
      215 on the magnetic body portion of shaft 210. When the shaft 210 starts
      moving under the effect of a collision, the magnetic flux .phi. flowing
      through the projections 215 on the magnetic body portion of the shaft 210
      changes to the direction which increases it. This results in d.phi./dt &gt;
      0. Therefore, if, as in the case of FIG. 16A, the output line 208' becomes
      positive with respect to the output line 208 when the magnetic flux .phi.
      decreases, a negative alternation of the output voltage begins to build up
      as shown in FIG. 16B. Then, by the time when the moving shaft 210 comes to
      a speed d.phi./dt &lt; 0, the hysteresis curve has already been traversing a
      small stable loop and thus no particularly large peak value of the voltage
      is generated. Thereafter, as shown in FIG. 16B, the constant peak values
      of the output voltage are generated at times t.sub.2, t.sub.4 and t.sub.6.
PAR  2. Further, in the initial setting, no projections 215 on the magnetic
      portion of the shaft 210 are facing the salient poles 206a and 206a' of
      the stators and thus most of the magnetic flux of the permanent magnet 205
      flows through the end portions 206b and 206b'. Therefore, the magnetic
      flux scarcely flows through the projection 215 on the magnetic body
      portion of the shaft 210. Consequently, almost no magnetic domain is
      formed in the magnetic body portion of the shaft 210 and the hysteresis
      curve traverses a steady and stable loop from the very beginning. As a
      result, all of the peak values of the output voltage are maintained at a
      constant value V.sub.p2 as shown in FIG. 16B.
PAR  FIG. 17 shows another embodiment of the present invention. In FIG. 17, a
      gap .delta. is provided between the bumper 202 and the shaft 210 and a
      spring 222 is provided to pull the shaft 210 toward the bumper 202. A
      stopper ring 221 of nonmagnetic material is also provided to limit the
      movement of the shaft 210 toward the bumper 202. When a collision occurs,
      the bumper 202 first travels the gap .delta. and then it comes into
      contact with a damper 223 which is made of a material such as rubber, foam
      styrene or fiber and which is applied on the bumper side flange of the
      shaft 210. The subsequent operation of this embodiment is the same with
      that of the embodiment shown in FIG. 11.
PAR  The circuit shown in FIG. 13 may be employed for the detection of the
      output voltage of the vehicle collision sensing system shown in FIGS. 15
      and 17, respectively.
PAR  FIG. 18 shows still another embodiment of the collision sensing system of
      this invention. In FIG. 18, numeral 201 designates a portion of a vehicle
      body and a detecting section comprising a magnet 205, pole pieces 206 and
      206', a coil 207 and a case 209 is fastened to the body portion 201 by
      means of screws 203 and nuts 204. Numeral 210 designates a shaft fastened
      to a vehicle bumper 202 by means of nuts 204. The shaft 210 comprises a
      magnetic body portion 211 formed with projections 215 and a nonmagnetic
      material filled in the notches between the projections 215. The same
      reference numerals as used in FIG. 11 designate the identical parts. Thus,
      this embodiment is identical with the embodiment of FIG. 11 excepting that
      the distance between the adjacent projections 215 on the magnetic body
      portion differs from that between the north and south poles 206a and 206a'
      of the pole pieces 206 and 206' of the magnet 205. FIG. 19 is a section
      taken along the line XIX--XIX of the system shown in FIG. 18.
PAR  The operation of this vehicle collision sensing system during collision is
      as follows. When the bumper 202 is moved under the effect of collision,
      the shaft 210 is also moved. When this occurs, the detecting section
      mounted on the body portion 201 and the shaft 210 move relative to each
      other so that the magnetic reluctance of the magnetic circuit formed by
      the magnet 205, pole pieces 206 and 206' and magnetic body portion 211 of
      the shaft 210 changes. Consequently, the amount of magnetic flux passing
      through the magnetic body portion 211 changes and thus a voltage
      corresponding to the relative speed of the detecting section and the shaft
      210 is generated across the output lines 208 and 208' of the coil 207
      linked with the magnetic flux. The circuit shown in FIG. 13 may be used as
      a circuit for effecting the required detection in accordance with the
      output voltage of the sensing system.
PAR  Now consider the operation of a vehicle collision sensing system employing
      the detecting section shown in FIG. 20D wherein the distance between the
      adjacent projections 215 of the magnetic body portion 211 is the same with
      that between the salient poles 206a and 206a' of the pole pieces 206 and
      206'. In this system, as shown at a in FIG. 21, the rate of change of the
      output voltage E with respect to the rate of change of the speed V
      decreases with increase in the speed V. Consequently, if the speed for
      indicating the presence of collision is set within the region in which the
      rate of change of the output voltage decreases, it inevitably results in
      an increased error in the detection of collision. The reason for the fact
      that a directly proportional relationship between the speed V and the
      output voltage E cannot be maintained over a wide range, may be explained
      in the following way. The magnetic flux through the magnetic body portion
      211 changes as shown by the rectangular waveform in FIG. 22A and it
      includes the harmonic components. In this case, if the changes in the flux
      are rapid, i.e., the colliding speed is high, then the resultant output
      voltage also includes the harmonic components as shown in FIG. 22B and
      moreover such harmonic components have high frequencies that cannot be
      generated as the output voltage. Therefore, it is impossible to ensure a
      one-to-one linear relationship between the colliding speed and the output
      voltage and therefore the curve as shown at a in FIG. 21 results. The
      physical reasons for this fact may be attributable to the eddy current
      loss and poor magnetic frequency follow-up characteristic.
PAR  However, if the distance between the salient poles 206a and 206a' of the
      detecting section differs from that between the adjacent projections 215
      of the shaft 210 as shown in FIGS. 20A, 20B and 20C, then the changes in
      the magnetic flux through the magnetic body portion 211 during collision
      become smooth as shown in FIG. 22C and therefore the fundamental harmonic
      component can be increased. Such output voltage is shown in FIG. 22D. As a
      result, the attenuation in the high frequency range due to the higher
      harmonics can be reduced and therefore the relationship between the speed
      and the output voltage at relatively high colliding speeds can be linearly
      changed as shown at b in FIG. 21. Further, such linear changes at these
      high frequencies permit a decreased error in the speed detection in the
      saturation region shown at a in FIG. 21 in the detection of a collision
      that would endanger the occupants of a vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collision sensing system mounted on a vehicle for detecting the
      occurrence of a collision comprising:
PA1  a coil, at least one magnet mounted on a magnetic stator means together
      with said coil, and a shaft movable through said coil in response to a
      collision, at least one of said shaft and said stator being fixedly
      secured to said vehicle wherein said shaft moves with respect to said
      stator when said vehicle accelerates, said shaft being made of magnetic
      material and having means for changing the flux linking said coil when
      said shaft moves with respect to wherein the movement of said shaft with
      respect to said stator causes a plurality of potential changes across said
      coil during a time interval between the beginning and the end of the
      acceleration of the vehicle, wherein when the rate of said potential
      changes exceeds a predetermined value of collision is detected, said
      plurality of potential changes inhibiting a spurious potential from
      causing an indication of a collision.
NUM  2.
PAR  2. The collision sensing system of claim 1, wherein said means for changing
      the flux linking said coil when said shaft moves with respect to said
      stator includes a plurality of notches and projections around the
      periphery thereof.
NUM  3.
PAR  3. A collision sensing system according to claim 2, wherein said magnetic
      stator means is provided with salient poles longitudinally spaced with
      respect to the axis of said shaft, and further comprising a guide means
      comprising a non-magnetic material secured to either of said salient poles
      and said shaft to thereby cause said shaft to move at a uniform distance
      from said salient poles.
NUM  4.
PAR  4. A collision sensing system mounted on a vehicle for detecting the
      occurrence of a collision comprising:
PA1  a coil mounted on a magnetic stator means, and a shaft movable through said
      coil in response to a collision, at least one of said shaft and said
      stator being fixedly secured to said vehicle wherein said shaft moves with
      respect to said stator when said vehicle accelerates, said shaft being
      magnetized to create therein a plurality of alternate north and south
      poles, wherein the movement of said shaft with respect to said stator
      causes a plurality of potential changes across said coil during a time
      interval between the beginning and the end of said collision of the
      vehicle.
NUM  5.
PAR  5. A collision sensing system according to claim 4, wherein said stator
      magnet means has a hollow circular shape, said coil being received in said
      hollow portion of said magnet, and said shaft extending through said coil.
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ABST
PAL  A muffler for attenuating the exhaust gas noise from an internal combustion
      engine in which there is an elongated shell having a pair of end caps
      rigidly secured to the ends thereof. Inlet and outlet conduits are mounted
      in said end caps and are operatively connected to sound attenuating means
      carried within the shell for reducing the noise level of the exhaust gases
      entering the muffler through the inlet conduit and exiting through the
      outlet conduit. Intermediate its length the shell has a groove formed
      therein to thus form a fracture point in the shell for controlling the
      location of a rupture in the muffler in the event that the muffler is
      subjected to an excessive number of backfires.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of an internal combustion engine, as in an automotive
      vehicle, the engine on occasion misfires. This sends a charge of air and
      gasoline vapors through the exhaust system. This charge tends to collect
      in the muffler, and when the engine again fires properly, it ignites the
      vapor mixture resulting in a backfire. During such a backfire, the entire
      muffler rapidly expands, and then it contracts. After a number of such
      backfires, the muffler will rupture at its weakest point which in
      conventional mufflers is normally the connection between one of the
      muffler end caps and the muffler shell. However, such a rupture can occur
      at any point on the muffler.
PAR  When a muffler so ruptures, the hot exhaust gases can escape therefrom and
      create a safety hazard. For example, should such a rupture occur near the
      fuel lines, the hot exhaust gases from the ruptured muffler may be
      directed toward said fuel lines with the attendant possibility of
      explosion or fire.
PAR  In order to overcome this problem, it has been proposed to employ a muffler
      having a double outer shell with aligned lockseams extending the length of
      the shells so that any rupture will occur along the length of those seams.
      However, in such construction, the connections between the muffler end
      caps and the shells are strengthened and rigidized to insure that a
      rupture does not occur at the interconnections between the end caps and
      shells. The strengthening of these interconnections obviously creates
      additional manufacturing operations and increases the cost of
      manufacturing such mufflers.
PAR  The instant invention provides a means for controlling the point of rupture
      in a muffler when it is subjected to a successive number of backfires
      without substantially increasing the cost of manufacture of the muffler.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate the invention. In such drawings:
PAR  FIG. 1 is a longitudinal section of a muffler embodying the invention;
PAR  FIG. 2 is a vertical section taken on the line 2--2 of FIG. 1; and
PAR  FIG. 3 is an enlarged vertical section showing one of the end cap-shell
      interconnections shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrated embodiment of the invention employs a shell assembly having
      a pair of shells. As shown, said assembly has an outer elongated shell 10
      and an inner elongated shell 12 with an asbestos wrap 14 interposed
      between the shells 10 and 12. The shells 10 and 12 which are formed from
      sheet-metal are in the form of coaxially aligned closed curves with shell
      10 having its lockseam 15 disposed out of alignment with the lockseam 17
      on shell 12. Shell 12 is formed of a heavier gauge metal than shell 10,
      with shell 10 serving to hold the asbestos wrap 14 in position in the
      shell assembly.
PAR  The ends of the shell assembly are closed by a pair of end caps 16 and 18
      which are substantially identical in their construction. As shown in FIG.
      3, each of the end caps is connected to the adjacent end of the shells 10
      and 12, as by a conventional lockseam 20.
PAR  The structure of the sound attenuating chambers within the muffler forms no
      part of the instant invention. In the illustrated embodiment, gas enters
      the muffler through an inlet conduit 22 mounted in the end cap 16 and
      supported within the muffler on a pair of longitudinally spaced baffle
      plates 24 and 25. The gas is discharged from the muffler through an
      exhaust conduit 26 mounted in the end cap 18 and supported in the baffle
      plates 24 and 25. Each of the baffle plates 24 and 25 is provided with a
      plurality of louvered openings 28, and the inlet and outlet conduits 22
      and 26 are also provided with pluralities of louvered openings 30 and 32,
      respectively. Thus, the baffle plates act in combination with the end caps
      to provide a plurality of sound attenuating chambers for reducing the
      noise level of the gases passing through the muffler.
PAR  The muffler construction described above is conventional. My invention
      resides in forming a groove or channel 35 in the shell 12 intermediate its
      length. As shown in FIGS. 1 and 2, the groove 35 projects inwardly from
      the general curved plane of the shell and extends around slightly less
      than one half of the circumference of shell 12. The groove 35 in essence
      forms a weakened area in the shell, which when subjected to the stretching
      and contracting forces of backfires, will fatigue and split open thereby
      permitting the explosive force of the backfire and the gases to escape
      through the fractured grooved area of the shell. When an outer shell and
      wrap are employed in the shell assembly, such as shell 10 and wrap 14,
      said outer shell and wrap will also fracture or rupture in the area of the
      fractured groove 35.
PAR  Since the groove 35 defines a predetermined location where the muffler will
      rupture, it can be oriented on the muffler in a location such that when
      the muffler is mounted on an automotive vehicle the groove will be located
      on the bottom side of the muffler. This permits the gases escaping through
      the fractured groove to be directed downwardly toward the road and thus
      away from fuel tanks and lines, brake lines, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A muffler, comprising a shell assembly having inner and outer
      sheet-metal shells disposed in coaxial alignment, an asbestos wrap
      interposed between said shells, a pair of end caps connected to the ends
      of said shells for closing the ends thereof, inlet and outlet conduits
      mounted in at least one of said end caps, sound attenuating means mounted
      in said shell, and a groove formed in said inner shell intermediate its
      length and extending partially therearound, said groove being separate
      from said sound attenuating means and forming a weakened section in said
      shell.
NUM  2.
PAR  2. A muffler as set forth in claim 1 in which said inner shell is formed
      from a heavier gauge of metal than said outer shell.
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ABST
PAL  The sound speaker system comprises an elongated vertical cylinder having an
      overall length equal to an integral multiple of its inside diameter. The
      cylinder is open at its upper and lower ends and a loudspeaker is
      positioned adjacent its lower end. The diameter of the loudspeaker cone is
      equal to one-half the inside diameter of the cylinder. The system is
      designed to be placed in the corner of a room so that sound emanating from
      the lower and upper ends is reflected by the floor and ceiling corners
      respectively into the room.
BSUM
PAR  This invention relates generally to sound and more particularly to an
      improved sound speaker system for enhancing the enjoyment of music and the
      like.
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art is prolific with respect to various types of loudspeaker
      designs for use in music systems. Known speaker systems range from
      extremely compact type speakers within baffled cabinets to fairly large
      rectangular-shaped speaker cabinets incorporating one or more
      loudspeakers.
PAR  Most speakers of the foregoing type, particularly sophisticated versions,
      are relatively expensive. Further, while the baffling in such speakers is
      theoretically based on computations of wave lengths so as to enhance
      certain frequencies in the sound spectrum, there generally are provided
      many speakers in a single cabinet in order to properly cover this
      spectrum. For example, relatively large speakers are provided to enhance
      bass tones while smaller or "tweeter" type speakers are used for the
      higher frequencies. In addition to the expense of multiple speakers per se
      in a given cabinet structure, when more than one speaker is used,
      impedance matching problems arise and thus further expense is involved in
      assuring maximum power transfer between the output from an amplifier and
      the input to the speaker system.
PAR  From the foregoing, the relatively high cost of speaker systems can be
      appreciated.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention contemplates a sound speaker system which utilizes
      only a single speaker and a unique enclosure arrangement which provides
      the desired enhancement of various frequencies in the sound spectrum and
      yet is extremely economical to manufacture and very simple to use all to
      the end that substantial money can be saved without appreciable sacrifice
      in sound quality.
PAR  More particularly, in accord with the present invention there is provided
      an elongated cylinder preferably vertically disposed and having upper and
      lower open ends. The cylinder is dimensioned such that its length
      constitutes an integral multiple, greater than 2, of its inside diameter.
PAR  A loudspeaker in turn is positioned adjacent the lower open end of the
      elongated cylinder. The speaker itself is selected to have a nominal
      diameter equal to one-half the inside diameter of the cylinder.
PAR  In a preferred embodiment, a secondary cylinder is provided telescopically
      receiving the elongated cylinder so that the overall length can be made
      equal to at least one integral greater than the integral multiple of the
      inside diameter. As a specific example, if an 8 inch diameter cone speaker
      is used (20.32 centimeters), the inside diameter of the cylinder would be
      16 inches, (40.64 centimeters), and the overall length of the cylinder if
      an integral multiple of three is chosen would be 48 inches (121.92
      centimeters). In the case of utilizing the secondary cylinder, the overall
      length can be made equal to 64 inches (162.56 centimeters). The speed of
      sound at a temperature of 72.degree.F is 1133.2 feet per second (3.45
      .times. 10.sup.4 cm./second). The two basic dimensions for the cylindrical
      length of 48 inches and 64 inches (121.92 centimeters and 162.56
      centimeters) with slight adjustments for different ambient temperatures in
      organ pipe theory will result in an enhancement of all of the desirable
      frequencies and harmonics in the sound spectrum.
PAR  It will be appreciated from the foregoing that an extremely economical
      sound speaker system is thus provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention will be had by now referring to the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the preferred embodiment of the sound
      speaker system shown disposed in the corner of a room;
PAR  FIG. 2 is an exploded perspective view of the basic components making up
      the sound speaker system of FIG. 1;
PAR  FIG. 3 is a fragmentary cross section taken in the direction of the arrows
      3--3 of FIG. 2 when the components are assembled illustrating an
      adjustable stop means in a first position;
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating the stop means in a
      second position; and,
PAR  FIG. 5 is a perspective view of the stop means; and
PAR  FIG. 6 is a perspective view of a modified base stand and speaker position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown an elongated vertical cylinder 10
      having upper and lower open ends 11 and 12. In the particular embodiment
      illustrated in FIG. 1 there is provided a secondary cylinder 13
      telescopically receiving the lower open end 12 of the cylinder 10. A base
      stand includes a flat horizontal circular surface 14 supporting the lower
      end of the secondary cylinder 13 and including legs 15 secured to its
      underside.
PAR  As indicated by the dotted lines in FIG. 1, the flat surface 14 of the base
      stand includes a central opening 16 over which is positioned a loudspeaker
      17. Speaker wires for the speaker 17 extend through an auxiliary opening
      in the flat surface 14 from the lower portion of the base stand as
      indicated at 18.
PAR  The basic structure is completed by the provision of stop means 19 three of
      which are indicated by the dotted lines serving to support the inner
      telescoped lower end of the elongated cylinder 10 in a given telescoped
      position with respect to the secondary cylinder 13. These stop means can
      be removed so that the elongated cylinder 10 can telescope completely
      within the secondary cylinder 13 to rest on the surface 14. This latter
      situation is depicted by the dotted lines wherein the upper open end of
      the elongated cylinder 10 is indicated at 11'.
PAR  In FIG. 1, the overall length of the elongated cylinder 10 and secondary
      cylinder 13 when in the solid line positions shown, is designated L1. The
      length of the elongated cylinder 10 itself is indicated at L2, while the
      length of the secondary cylinder 13 is designated L3.
PAR  When the speaker system is used in a room, the base stand supports the
      lower end of the secondary cylinder 13 at a distance L4 above the floor
      while the upper open end of the elongated cylinder 10 is at a distance L5
      from the ceiling. Preferably, the speaker system is disposed in the corner
      of a room when in use such that the intersection of the walls and the
      floor define a floor corner designated FC and the intersection of the
      walls with the ceiling provide a ceiling corner CC. Sound emanating from
      the lower and upper ends of the cylindrical arrangement is thus guided out
      into the room by the floor and ceiling corners.
PAR  It will further be noted in FIG. 1 that the inside diameter of the
      elongated cylinder 10 is D1 while the diameter of the loudspeaker is shown
      as D2.
PAR  In accord with the present invention, the length L2 of the elongated
      cylinder 10 is an integral multiple greater than 2 of the inside diameter
      D1. Moreover, the length L3 is made at least equal to the inside diameter
      D2 and preferably slightly greater. The arrangement is such that when the
      elongated cylinder 10 is supported by the stop means 19 in the position
      illustrated in FIG. 1, the overall length of the elongated cylinder 10 and
      secondary cylinder 13 is one integral greater than the integral multiple
      of the inside diameter D1. The nominal diameter of the speaker D2 is made
      equal to one half the inside diameter D1.
PAR  Further details of the speaker system will be evident by now referring to
      the exploded view of FIG. 2. In FIG. 2 it will be noted that the central
      opening 16 of the flat horizontal surface 14 for the base stand defines an
      annular ledge 20. This ledge is arranged to receive and support the outer
      periphery of the speaker cone 21 when the speaker 17 is disposed in the
      central opening A small hole 22 receives the speaker wires 18 as
      described.
PAR  It will be noted that the speaker wires include a conventional plug and
      receptacle shown at 23 permitting the wire 18 to be disconnected so that
      it may be drawn up through the opening 22 and the entire speaker 17 with
      the speaker wire 18 extending downwardly through the central opening 16 to
      be turned over as indicated by the dotted lines at 17' and repositioned in
      the central opening 16. In this position, the periphery 21 of the cone is
      again supported by the annular ledge 20 and the speaker wire 18 extending
      from the bottom of the speaker can be reconnected by the connectors 23. In
      this latter position, sound will be directed vertically upwardly.
PAR  As shown in the central portion of FIG. 2, the various stop means take the
      form of three eccentric cam discs spaced 120.degree. about the inner
      cylindrical surface of the secondary cylinder 13. These stop means thus
      support the lower end opening 12 of the elongated cylinder 10 at three
      spaced points. Preferably, each of the stop means 19 is adjustable so that
      slight telescoping adjustments of the position of the elongated cylinder
      10 relative to the secondary cylinder 13 can be made.
PAR  Referring specifically to FIGS. 3 and 4, the manner in which the stop means
      can be adjusted will be understood. Thus, as shown in FIG. 3, the disc 19
      is eccentrically mounted on a screw 24 which extends into the wall of the
      secondary cylinder 13. In the position illustrated in FIG. 3, the
      elongated cylinder 10 is in its lowest telescoped position when supported
      by the stop means.
PAR  By now rotating the disc 19 about the screw, the cylinder is raised to any
      desired position, after which the screw is tightened. The maximum position
      is illustrated in FIG. 4. The upper movement of the cylinder 10 is
      indicated by the arrow 25.
PAR  The foregoing adjustment of all three of the stop means permits slight
      changes to be made in the overall length L1 described in FIG. 1 for
      compensating for temperature and humidity changes as will become clearer
      when the operation is described.
PAR  FIG. 5 shows temperature values on the periphery of the disc 19 which can
      be aligned with marker 26 on the interior wall of the secondary cylinder
      13 in adjusting the telescoped position to take into account temperature
      changes.
PAR  FIG. 6 shows an alternative arrangement for the speaker wherein rather than
      the base stand specifically shown in FIGS. 1 and 2, this base stand takes
      the form of a cylindrical member 27 resting on the floor wherein a speaker
      28 is supported in a lateral wall. In the arrangement of FIG. 6, the
      distance L1 described in FIG. 1 is measured from the upper peripheral
      point of the speaker to the top end opening 11 of the cylinder 10.
PAR  The foregoing structure described can be very economically manufactured.
      The elongated cylinder and secondary cylinder can be made of any suitable
      material which essentially is impervious to air and is provided with a
      smooth inner cylindrical surface. A simple roll of sheet metal or even
      cardboard could be used.
PAC  OPERATION
PAR  The specific dimensions of a preferred embodiment, by way of example, have
      already been set forth. Thus with particular reference to FIG. 1, when the
      elongated cylinder 10 and secondary cylinder 13 are in their extended
      position as shown in solid lines, the overall length L1 is 64 inches
      (162.56 centimeters) plus or minus a slight amount depending on
      temperature. By removing the stop means 19 and permitting the elongated
      cylinder 10 to be telescoped completely within the secondary cylinder 13,
      the overall length will then correspond to the length L2 of the elongated
      cylinder 10 itself; that is, 48 inches (121.92 centimeters). It will be
      appreciated, accordingly, that with the particular embodiment of FIG. 1
      either of the two ideal lengths can be achieved.
PAR  In addition, when the speaker system is positioned in the corner of a
      typical room as described in FIG. 1, the length L4 corresponding to the
      distance of the speaker cone above the floor is made equal to the length
      L5 between the upper opening 11 and the ceiling. In this manner there is
      balanced guidance from the floor and ceiling corners of sound emitted from
      opposite ends of the cylindrical arrangement in the manner of an
      exponential horn thus providing optimum performance. In this respect,
      moving the cylinder in toward the corner increases the bass volume while
      moving the system out from the corner lowers the bass effect.
PAR  Since the speed of sound varies with temperature and relative humidity,
      fine tuning of the overall length can be achieved by rotating the camming
      discs making up the stop means described in FIGS. 3 and 4 to positions
      intermediate the two positions shown. In other words, as described
      heretofore, the length dimensioning of the overall structure can be
      adjusted for slight changes in predominant wave length to compensate for
      changes in temperature or humidity.
PAR  It will be understood that the dimensioning is such as to enhance desirable
      frequencies in the sound spectrum and this desirable result can be
      controlled to some extent by the position of the loudspeaker itself. If
      the speaker is positioned to face downwardly as described in the preferred
      embodiment of FIGS. 1 and 2, the high frequency volume is decreased while
      if the speaker is turned over to face vertically upwardly the high
      frequency volume is increased.
PAR  The assembly of the various components which as already noted can be
      extremely economically manufactured, requires no special skills. Thus, the
      user would first position the loudspeaker in the central opening 16 of the
      base stand. Thereafter, the secondary cylinder 13 is placed over the
      speaker and finally the elongated cylinder 10 is positioned on the stop
      means.
PAR  Various minor changes such as the exterior dress of the overall system can
      be made without departing from the scope and spirit of this invention. The
      sound speaker system accordingly is not to be thought of as limited to the
      specific details as shown in the drawings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sound speaker system including:
PA1  a. A first elongated vertical cylinder having upper and lower open ends, a
      given inside diameter and a given length, said length constituting an
      integral multiple greater than 2 of said given inside diameter;
PA1  b. a secondary cylinder of length at least equal to said given inside
      diameter of said first elongated cylinder, said secondary cylinder
      telescopically receiving the lower open end of said first elongated
      cylinder;
PA1  c. stop means for supporting said first elongated cylinder in a given
      telescoped position in said secondary cylinder;
PA1  d. a loudspeaker having a nominal given diameter equal to 1/2 said inside
      diameter of said first elongated cylinder disposed in the lower end of
      said secondary cylinder so that the overall length of the elongated and
      secondary cylinders can be adjusted to equal at least one integral
      multiple greater than the integral multiple of said inside diameter
      defining the length of said first elongated cylinder only; and
PA1  e. a base stand supporting said loudspeaker and lower open end of said
      secondary cylinder a given distance above the floor so that sound can
      freely pass from both the upper and lower open ends of the telescoped
      cylinders.
NUM  2.
PAR  2. A system according to claim 1, in which said stop means are adjustable
      in position so that said overall length can be adjusted in amounts to
      compensate for temperature changes.
NUM  3.
PAR  3. A system according to claim 2, in which said base stand further includes
      a flat horizontal circular surface with legs secured to its underside,
      said secondary cylinder being supported on said surface, said surface
      having a central opening defining an annular ledge for receiving and
      supporting said loudspeaker when said loudspeaker is facing vertically
      downwardly, the loudspeaker cone resting on the ledge such that said
      loudspeaker can be removed and turned over and positioned in said central
      opening with the rear periphery of the cone being supported by the ledge
      so that the loudspeaker is facing vertically upwardly.
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ABST
PAL  Hanger brackets for suspending working scaffold or platform floors from
      overhead supports. Paired legs adjustably and pivotally joined together in
      scissors arrangement have finger ends for engaging overhead beams or
      elements thereof as depending portions of the legs that extend beneath the
      center pivot are moved inwardly. A spreader bar having a plurality of
      position adjustment openings is engaged between the depending legs to lock
      the fingers and bracket in place. The lower leg ends also provide a
      plurality of adjustment openings so the spreader bar may be engaged at
      alternate elevations for accommodating various staging or joist type
      components and for facilitating the attachment of safety elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When it is necessary to paint or plaster ceilings, or to install or service
      utilities adjacent the overhead limits of factory or commercial
      structures, the installation of the necessary scaffolding can involve a
      considerable effort. In open warehouses roll scaffolding might be used,
      but most buildings have installations that prevent ready access to at
      least some locations. If work operations are to be continued in the
      building, the problem becomes more complex. In order to avoid the use of
      roll scaffolding and the consequent disruption of operations, the present
      invention provides components and a system for the use thereof that will
      enable scaffolding or work platforms or floors to be established at
      elevated positions directly above the machinery and the regular work
      stations in the building. Hangers are provided so that a platform may be
      suspended over such work areas.
PAR  While it is recognized that others have previously used hanger brackets
      incorporating a scissors arrangement, the present invention provides
      bracket units that may be applied and locked in place from points of
      access at lower levels and without the use of ladders that extend all the
      way to overhead beams so that previous types of lock components can be
      engaged. The spreader bar lock used herein is positioned at the lower
      elevations of the hanger, and it can also be adjustably installed so that
      various platform support elements may be used singly or in lapped
      arrangements.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides hanger brackets that may be engaged with
      overhead beams or the like to provide support for scaffolding or platform
      floors. The elevated work platform supported by the hangers can also be
      for temporary operations or for permanent storage or work operations. The
      fingers that grip an overhead support are disposed on the upper ends of
      leg elements that are joined together in scissors arrangement. When the
      fingers and hanger legs are engaged, a spreader bar is placed adjacent the
      lower extremities of the hanger bracket legs to hold the hangers locked in
      place. Adjustments are provided to accommodate the hangers for use in
      various installations, and the spreader bar lock components may be
      selectively engaged to maintain a level platform arrangement. The elements
      that provide the desirable adjustment features can also and alternately be
      used to facilitate the installation of any required safety components,
      such as toe boards and hand rails.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the underside of a suspended platform,
PAR  FIG. 2 is a front elevation of an embodiment of the invention,
PAR  FIG. 3 is a side elevation showing further details of the FIG. 2
      embodiment, and
PAR  FIG. 4 is a front elevation showing the hanger bracket in alternate
      arrangement.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Details of a preferred embodiment of the invention are shown in FIGS. 2
      through 4, while the general overall use and adaptability of such bracket
      embodiment is shown by the illustration of FIG. 1. In FIG. 1 sets of
      hanger brackets 11 are shown attached to and suspended from overhead I
      beams 12 and 13 of a roof or floor support system. Such I beams themselves
      can support a ceiling 14 that provides a closure for the work space
      therebeneath. When the ceiling 14 is to be plastered or painted or when
      lighting or other utilities disposed at the ceiling are to be installed or
      changed, it is often desirable to establish a working platform that is
      suspended at a convenient working height below the ceiling 14 and at a
      position above work areas of the building that are below the platform. If
      repairs or other installations are to be undertaken under conditions where
      work activities in the building are to be continued, the hanger brackets
      11 disclosed herein may be attached to the bottom flange 16 of the I beams
      12 and 13 or to other outwardly extending flanges of similar structural
      members. The type of usage illustrated could as well be supported from
      paired back to back channels or any other flanged or exposed type of
      structural element that can be gripped by the finger ends 17 and 18 of the
      separate hanger legs 19 and 20 that cooperatively provide a hanger bracket
      11. The finger ends 17 and 18 may be joined to the leg elements 19 and 20,
      respectively, by welds, by fastener elements, or they may be simply bent,
      forged and formed of the same material as the legs to provide the return
      gripping ends 17 and 18.
PAR  Laterally extending contact pieces 21 and 22 are provided on the finger
      ends 17 and 18, respectively, to engage the bottom flange 16 or other
      support beam in a manner that will tend to more securely hold the
      depending legs 19 and 20 in a vertically hanging position. The depending
      legs 19 and 20 have a plurality of central adjustment openings 23 and 24
      through which a center pin 25 may be extended so that the legs are held
      together in scissors type arrangement. Additional adjustment holes 26 and
      27 are provided adjacent the lower ends of the legs 19 and 20. After the
      hangers 11 are engaged with an overhead beam or support, a spreader bar 31
      is attached to the otherwise free leg ends to hold these lower leg ends in
      spaced apart positions. A plurality of holes 32 are provided in the
      spreader bar 31, and lock pins 33 and 34 are selectively applied through
      the openings 32 and mated openings 26 or 27 of the separate legs to hold
      the legs in correct positions. When the spreader bar is properly
      positioned and secured in place, the hangers 11 are locked in place and
      cannot be removed from the beam flanges 16 or from other positions of
      engagement.
PAR  For the arrangement shown in FIGS. 2 and 3 where the center pivot 25 is at
      a high position, the free ends 29 and 30 of the legs 19 and 20,
      respectively, will be relatively widely spaced apart. For this arrangement
      two 2.times.10s 36 and 37 could be placed atop separate spreader bars 31
      of separate hangers 11. Accordingly, a pair of hanger brackets 11 disposed
      along the length of a beam could provide a working platform suspended
      beneath the support beams and ceiling. This type of platform would
      facilitate painting or servicing of the beams or the installation of
      utilities along the beam. For this same installation, a toe board 38 is
      shown. This toe board 38 is disposed in position above the lock bar 31 and
      against an inside surface of either leg 19 or 20. A hand rail 39 could
      also be disposed between adjacent brackets 11 in the position illustrated.
PAR  Usually the hanger brackets 11 will be used to provide support for timbers
      or joists that in turn support a larger work platform. Such type of
      suspended platform 40 is shown in FIG. 1. This platform is held in place
      by a plurality of separate hanger brackets 11. The hanger brackets 41 and
      42 are engaged to and depend from the overhead I beam 12. Similar brackets
      43 and 44 are suspended from an overhead beam 46. A 4.times.4 47 extends
      between the hanger brackets 43 and 44. A similar 4.times.4 48 extends
      between the hanger brackets 41 and 42. In this illustration, however, it
      is indicated that the platform 40 can be continued past the hanger bracket
      42 to be supported by a further bracket hanging from beam 12 (not shown).
      The continued platform is supported by a 4.times.4 49 that is positioned
      beneath and lapped with respect to the 4.times.4 48.
PAR  In order to keep the sections of platform 40 level, the spreader bar 31 on
      the hanger 41 is disposed at a position one opening higher than the
      spreader bar 31 for the hanger bracket 42. If the adjustment openings 26
      and 27 of the legs 19 and 20 are disposed apart a distance of
      approximately 3 1/2 to 4 inches, a one opening change in positioning will
      provide adequate space to accommodate an additional 4.times.4.
PAR  The platform illustrated in FIG. 1 again is provided with toe boards 38 and
      hand rails 39 that are installed in the manner further indicated in FIG.
      2. A further toe board 51 is disposed above the platform 40 for engagement
      to the hanger brackets 41 and 43 through use of bolts 52 that hold this
      toe board 51 in desired position. This type of installation is again shown
      in FIG. 4, where a hand rail 53 is shown that could be used to
      interconnect adjacent brackets 11, such as the hanger brackets 41 and 43
      of FIG. 1. As shown in FIG. 4, the hand rail 53 is held in position on the
      hanger brackets by a through bolt 54. Since elevated work platforms must
      now provide toe or kick boards and hand rails in order to comply with the
      requirements of the Occupational Safety and Health Act (OSHA) or other
      state safety codes, it is advantageous that the adjustment openings 23,
      24, 26, 27 can be additionally and beneficially used when hand rails or
      kick boards are to be provided.
PAR  While the brackets shown are here used for the installation of temporary
      staging or work platforms, it should be noted that the same brackets 11
      can be used in connection with the installation of permanent support
      structures. The platforms thus suspended from an overhead support could be
      used for materials storage or even for permanent work spaces. Stairs and
      utilities can be provided for improved access and necessary working
      requirements. For either temporary or permanent installations the prime
      advantages of the present hanger brackets are derived from the inherent
      ease of installation and usage. A workman on a stepladder can carry a
      single bracket to an elevated position that is still considerably below
      the intended work level. The hanger brackets can be engaged from such
      lower point of access, and the spreader bar locks can also be installed.
      Subsequently, the joists or timbers are installed, and thereafter the
      platform components can be lifted into place. When all necessary work
      operations are accomplished from a lower level, a minimum of time and
      labor is required for installation of scaffolding or, in fact, for the
      subsequent removal thereof. This type of scaffolding can be installed
      directly over the regular work stations in the building or over any
      machinery that is supported at the floor level of the building. The
      potential for the continuance of regular work operations while repair
      activities are being undertaken enhances the use and utility of the
      described brackets and the platforms that can be supported thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. Hanger brackets for the suspension of platform elements from the
      overhead supports of a building comprising paired components of similar
      construction wherein each component is inclusive of a gripping end for
      upward disposition to engage the building support and elongated force
      transmitting legs disposed angularly away from said gripping ends to
      depend downwardly therefrom, with each of said legs providing a plurality
      of longitudinally spaced apart pivot openings disposed centrally of the
      length thereof and with each of said legs further providing a plurality of
      adjustment holes disposed in longitudinally spaced positions at the second
      and lower ends thereof, and a pivot pin for selective disposition through
      separate openings in each of said leg pairs whereby the legs are joined
      together in scissors arrangement with the gripping ends of each leg being
      disposed inwardly for movement toward mutual contact, a spreader bar for
      extension between the otherwise free lower ends of said legs, and
      fasteners for selectively joining said spreader bar and the lower leg ends
      together when the gripping ends of said brackets are engaged to a building
      support.
NUM  2.
PAR  2. Hanger brackets as set forth in claim 1 wherein said spreader bar
      operates additionally as a lock disposed at a lower position on said
      hanger brackets for ready access whereby pivotal opening movements of said
      legs are prevented.
NUM  3.
PAR  3. Hanger brackets as set forth in claim 2 wherein said pivot pins are
      selectively disposed in said longitudinally spaced apart pivot openings to
      provide changed operative lengths for said spreader bar whereby platform
      elements of varied width are accommodated between said paired legs.
NUM  4.
PAR  4. Hanger brackets as set forth in claim 2 wherein said spreader bar is
      selectively positioned at varied elevations through use of alternate
      adjustment holes in said legs whereby platform elements of varied height
      are accommodated.
NUM  5.
PAR  5. Hanger brackets as set forth in claim 2 and further comprising contact
      pieces at the gripping ends of said leg components for disposition along
      the length of the building supports to increase the stability of said
      brackets.
NUM  6.
PAR  6. Hanger brackets as set forth in claim 5 and further comprising a hand
      rail element disposed between adjacent hanger brackets to further increase
      the stability of said platform.
NUM  7.
PAR  7. Hanger brackets as set forth in claim 6 wherein the pivot openings
      provided for the scissors pivot pin are additionally used for attachment
      of said hand rail.
NUM  8.
PAR  8. Hanger brackets as set forth in claim 5 and further comprising a toe
      board disposed between adjacent hanger brackets to further increase the
      stability of said platform.
NUM  9.
PAR  9. Hanger brackets as set forth in claim 8 wherein adjustment holes for
      said spreader bar are additionally used for attachment of said toe board.
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ABST
PAL  A dry-sump type lubrication system for motorcycles which comprises an oil
      tank defined by the internal spaces of a main pipe, down tube, and tension
      pipe, and wherein the upper end of the down tube communicates with the
      forward end portion of the main pipe; the tension pipe communicates with
      the main pipe behind the junction of the main pipe and down tube, and also
      with the down tube below said junction; and lubricating oil is supplied to
      the engine from the lower end of the down tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a lubrication system for motorcycles, and more
      particularly to a dry-sump type lubrication system wherein the forward
      half section of the frame unit of a motorcycle is concurrently used as a
      lubrication oil tank.
PAR  The oil tank of the prior art lubrication system is defined by the internal
      spaces of the mutually connected main pipe, down tube, and tension pipe
      constituting the forward half section of the frame unit. Since, however,
      the upper end of the down tube is closed by being connected to the
      steering head pipe, air remains in the upper end region of the down tube
      when lubrication oil is brought into the oil tank through an inlet,
      reducing the oil capacity of the tank. Air bubbles contained in the
      lubrication oil held in the down tube increase the volume of air remaining
      in the upper end region of the down tube to obstruct the supply of
      lubrication oil to the engine. Further, air is conducted together with
      lubrication oil to those parts of the engine which have to be lubricated,
      often causing said part to be short of an oil film, and consequently
      giving rise to the wear and seizure of said oilless parts.
PAR  The prior art lubrication system wherein a breather intended to compensate
      for fluctuations in the air capacity of the lubrication oil tank is open
      to the atmosphere has various disadvantages that lubrication oil
      evaporates to the outside through the breather to be quickly depleted;
      when a motorcycle is thrown down, lubrication oil flows out of the
      breather; and dirt and dust are carried into the lubrication oil tank
      through the breather to accelerate the contamination of lubrication oil.
      Since the rear half section of the frame unit is directly welded to the
      forward half section thereof which is concurrently used as a lubrication
      oil tank, leakage, if any, of lubrication oil from said tank has to be
      examined only after the whole frame unit is fully constructed, rendering
      said examination considerably difficult due to the bulkiness of the frame
      unit thus constructed.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of this invention to provide a lubrication
      system for motorcycles wherein a lubrication oil tank is defined by the
      free space of part of a frame unit, and which enables the lubrication oil
      tank to be used as a reservoir of lubrication oil up to the full capacity
      and moreover eliminates the drawbacks accompanying the prior art
      lubrication system which resulted from the unavoidable inclusion of air in
      the lubrication oil tank as well as in lubrication oil itself.
PAR  Another object of the invention is to provide an improved lubrication
      system which further comprises such a breather as can prevent not only oil
      from leaking to the outside but also dirt and dust from being carried into
      the lubrication oil held in the lubrication oil tank.
PAR  Still another object of the invention is to provide an improved lubrication
      system which enables leakage, if any, of lubrication oil from the
      lubrication oil tank to be easily examined at low cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fractional side view, partly in section, of a motorcycle
      equipped with a lubrication system according to an embodiment of this
      invention;
PAR  FIG. 2 is a side view of a frame unit used with the lubrication system of
      the invention;
PAR  FIG. 3 is an oblique view of the forward and rear half sections of the
      frame unit of the invention before coupled together;
PAR  FIGS. 4 and 5 are sectional views on lines 4-4 and 5-5 of FIG. 2;
PAR  FIG. 6 schematically shows the passageway through which lubrication oil
      flows;
PAR  FIG. 7 is an enlarged view of the section of FIG. 1 enclosed in a circle 7,
      showing a filler neck fitted with a breather pipe, though a tank cap is
      omitted;
PAR  FIG. 8 is a sectional view on line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged sectional view of the part of FIG. 1 endosed in a
      circle 9, indicating the junction of the breather pipe and engine housing;
      and
PAR  FIG. 10 presents a modification of the junction of the breather pipe and
      engine housing.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A motorcycle shown in FIG. 1 comprises a frame unit 20 consisting of a
      forward half section 21 and a rear half section 22 and an engine housing
      23 fixed to the frame unit 20. As used herein, the term "engine housing"
      is defined to mean a container for holding mainly a 4-cycle internal
      combustion engine, cam mechanism, crank and transmission menas. The
      internal space of the engine housing 23 is connected, as is well known, to
      an air cleaner 101 through an engine breather 100. The other parts of the
      motorcycle are of known construction and are not related to this
      invention, illustration thereof being omitted. The forward half section 21
      of the frame unit 20 includes a relatively thick main pipe 24 having its
      forward end welded in liquid tightness to a steering head pipe 25 and
      extending downward to the rear side, a down tube 26 welded to the forward
      underside of the main pipe 24 and extending sharply downward to the rear
      side and a tension pipe 27 connecting the rear underside of the main pipe
      24 and the intermediate part of the down tube 26 and extending downward to
      the forward side. A seal cap 28 (FIGS. 3 and 4) is welded to the rear end
      opening of the main pipe 24 hermetically to seal it. The lower end opening
      of the down tube 26 is sealed by the later described plug 29 which is
      threadedly fitted thereinto. The internal spaces of the mutually
      communicating main pipe 24, down tube 26 and tension pipe 27 jointly
      define a lubrication oil tank 30. The tension pipe 27 is connected to the
      main pipe 24 at such a point that the capacity of the main pipe 24 below a
      horizontal line L.sub.1 including the lowermost part of the junction of
      the tension pipe 27 and main pipe 24 accounts for less than 5% of the
      total capacity of the main pipe 24 when the motorcycle makes a normal run.
      The down tube 26 is provided with a plate 32 bearing a plurality of
      cooling fins 31. The cooling fins 31 not only cool the lubrication oil
      flowing through the down tube 26, but also protect the down tube from
      damage. The upper end portion of the plate 32 branches into two parts to
      form a pair of brackets 33, which are welded to the steering head pipe 25
      so as to reinforce connection between the main pipe 24 and steering head
      pipe 25.
PAR  Though the down tube 26 is directly connected to the main pipe 24 in this
      embodiment, it may be connected to the steering head pipe 25 and
      indirectly communicate with the main pipe 24 through a subpipe (not shown)
      at a point above the junction of the down tube 26 and tension pipe 27, or
      preferably at the uppermost part of the down tube 26.
PAR  The rear end portion of the main pipe 24 is worked by press to have a
      rectangular cross section. Both lateral sides of said rear end portion are
      fitted with a pair of brackets 34 of the same shape and size. As shown in
      FIGS. 3 and 4, each bracket 34 has a plain surface 35 abutting against the
      corresponding side wall of the rectangular rear end portion of the main
      pipe 24. The upper and lower mutually facing folded portions 36 of the
      bracket 34 which extend along both lengthwise edges of said plain surface
      35 are welded to the upper and lower walls of the rectangular rear end
      portion of the main pipe 24. As seen from FIGS. 2, 3 and 5, both lower end
      sides of the down tube 26 are fitted with a pair of brackets 37a, 37b. One
      bracket 37a consists of a plain surface 39 welded to the down tube 26
      through folded portions 38a, 38b and an engine support 40a extending from
      said plain surface 39. The other bracket 37b is constructed in
      substantially the same manner as the first mentioned bracket 37a,
      excepting that the engine support 40b lacks an extending end portion but
      instead is provided with a welded nut 41. The reason why both brackets
      37a, 37b are of different construction is that the bracket 37b should not
      obstruct the insertion of the engine housing 23 in the direction of the
      indicated arrow (FIG. 5).
PAR  The rear half section 22 of the frame unit 20 includes a pair of parallel
      seat pillar tubes 42 inclining sharply downward to the rear side, a pair
      of parallel under tubes 43 welded to the lower ends of the seat pillar
      tubes 42 with the forward ends of said under tubes 43 turned obliquely
      upward, a pair of parallel backstays 44 extending from the rear ends of
      the under tubes 43 obliquely upward to the rear side, and an almost
      horizontal U-shaped seat rail 45 welded to the above-mentioned pillar
      tubes 42 and backstays 44. The forward ends of the seat pillar tubes 42
      and under tubes 43 are cut obliquely as illustrated in FIGS. 2 and 3.
      Where the frame unit 20 is constructed, the members of the forward half
      section of the frame unit 20 are first welded together, and then the
      brackets 34 are welded to the rear end of the main pipe 24 and the
      brackets 37a, 37b are welded to the lower end of the down tube 26. The
      seal cap 28 is welded to the rear end opening of the main pipe 24. A
      provisional seal member (not shown) is threadedly fitted into the lower
      end opening of the down tube 26. At this point, the forward half section
      21 of the frame unit 20 is tested for leakage of lubrication oil. Since
      said forward half section 21 has a small size relative to the whole frame
      unit 20, the test for leakage of lubrication oil is easily carried out,
      making it unnecessary to use a large scale tester. When the test proves
      that lubrication oil does not leak at all, the obliquely cut end portions
      of the seat pillar tubes 42 and those of the under tubes 43 of the rear
      half section 22 of the frame unit 20 are welded to the plain surfaces 35,
      39 of the brackets 34, and 37a, 37b respectively. Thus the frame unit 20
      is firmly constructed as shown in FIGS. 4 and 5. Since the rear half
      section 22 of the frame unit 20 is not directly welded to the forward half
      section thereof, but is welded to the brackets 34, 37a, 37b, the liquid
      tightness of the oil tank 30 defined by the forward half section 21 of the
      frame unit 20 is not obstructed. The aforesaid provisional seal member is
      then taken off the down tube 26, and the plug 29 is threadedly fitted into
      the down tube 26.
PAR  The tubular plug 29 threadedly fitted into the lower end of the down tube
      26 has a cylindrical strainer which is formed of, for example, wire
      netting and extends into the down tube 26 from the inner end of the plug
      29. A support 48 for holding a metal pipe 47 is threadedly fitted into the
      outer end portion of the plug 29. A lubrication oil supply pipe 49 made of
      flexible material, for example, synthetic rubber is connected to the metal
      pipe 47. The rear end of the lubrication oil supply pipe 49 is connected
      to a metal pipe 50 fitted to the engine housing 23.
PAR  As schematically illustrated in FIG. 6, the metal pipe 50 is connected to a
      lubrication oil passageway 51, which conducts lubrication oil to the cam
      shaft and crank shaft of the engine through a feed pump P.sub., for
      example, of the trochoid type, counter balance valves V.sub.1, V.sub.2 and
      filter F. After lubricating these cam shaft and crank shaft, the
      lubrication oil flows through various gaps in the engine housing 23 to be
      collected in a pan 52. The lubrication oil thus collected is delivered to
      a lubrication oil return passageway 53 by a scavenge pump P.sub.2 and then
      from said return passageway 53 to a metal pipe 54 (FIG. 1) fixed to the
      engine housing 23. The above-mentioned internal arrangement of the engine
      housing 23 is already known and is not related to the object of this
      invention, any further description thereof being omitted.
PAR  As shown in FIG. 1, a lubrication oil return tube 55 made of flexible
      material such as synthetic rubber is connected at one end to the outer end
      of the metal pipe 54, and at the other end to a metal pipe 56. A member 57
      fixed to the other end of the last mentioned metal pipe 56 is further
      threadedly inserted into a block 58 welded to the underside of the main
      pipe 24 at a point apart from the junction 26a of the main pipe 24 and
      down tube 26. A curved metal outlet pipe 59 is fitted to the inner end of
      the block 58. The opening of said outlet pipe 59 is positioned in a
      direction departing from the junction 26a.
PAR  As shown in FIGS. 1, 7 and 8, a filler neck 60 is welded to the forward
      upper part of the main pipe 24. A tank cap 62 provided with a level gauge
      61 is threadedly fitted into the filler neck 60. Welded to the inner wall
      of the filler neck 60 is the upper end of a metal breather pipe 63 which
      is intended to compensate for fluctuations in the amount of air and oil
      held in the lubrication oil tank 30. A semicircular cover plate 64 (FIGS.
      7 and 8) is welded to the inner wall of the filler neck 60 at a point
      above the breather pipe 63. The cover plate 64 is provided with a downward
      folded portion 65 which prevents lubrication oil from flowing into the
      breather pipe 63 when the oil is charged into the tank 30. The breather
      pipe 63 curvedly extends through the main pipe 24 and penetrates the lower
      wall of the main pipe 24 to be welded thereto. A flexible tube 66 formed
      of, for example, synthetic rubber and fitted to the lower end of the
      breather pipe 63 communicates with the internal space of the engine
      housing 23. In this embodiment, the flexible tube 66 is connected to a
      metal pipe 68 (FIG. 9) inserted into the cylinder head cover 67 of the
      engine housing 23 and communicates with a space 69 for holding a valve
      mechanism, etc. However, the flexible tube 66 may be connected, as shown
      in the modification of FIG. 10, to a metal pipe 71 inserted into the crank
      case 70 of the engine housing 23. In this case, the metal pipe 71
      communicates with a space 72 for holding a gear shaft, etc.
PAR  Lubrication oil is charged from the filler neck 60 into the tank 30 up to a
      maximum level indicated by Lmax. At this time, lubrication oil is also
      fully filled into the down tube 26 to expel air remaining in the down tube
      26 from its upper opening 26a into the main pipe 24. When the engine
      starts, lubrication oil is brought into the down tube 26 from the main
      pipe 24 chiefly through tension pipe 27 and flows down the down tube 26
      while being fully cooled by the fins 31. During the descent of lubrication
      oil through the down tube 26, air bubbles contained in the lubrication oil
      gather into larger bubbles and rise up the down tube 26 to be carried into
      the main pipe 24 mainly through the junction opening 26a of the down tube
      26 and main pipe 24. On the other hand, lubrication oil is stripped of
      impurities by the strainer 46 and conducted through the lubrication oil
      supply tube 49 to those parts of the cam shaft and crank shaft which have
      to be lubricated. Upon completion of lubrication, lubrication oil is
      collected in the pan 52 and then returned to the main pipe 24 through the
      return passageway 53, tube 55 and outlet pipe 59 (FIG. 6). The scavenge
      pump P.sub.2 is generally operated at a larger discharge rate than the
      feed pump P.sub.1, causing a large amount of air to be sucked in.
      Therefore, hot lubrication oil drawn out of the outlet pipe 59 contains a
      large amount of air bubbles.
PAR  If, therefore, such air-bubble carrying lubrication oil is directly
      delivered to the junction opening 26a, then the oil will be supplied to
      the engine in an air-contaminated state, exerting a harmful effect on
      those parts of the engine which have to be lubricated, particularly when a
      high load drive demands for circulation of a great deal of lubrication
      oil. According to this invention, however, the outlet pipe 59 is opened
      inward of the lubrication oil tank 30, that is, in a direction departing
      from the junction opening 26a, and lubrication oil discharged through the
      outlet pipe 59 first enters the main pipe 24 and is carried to the down
      tube 26 through the tension pipe 27 while being slowly cooled and stripped
      of air bubbles, thereby eliminating the occurrence of the above-mentioned
      harmful effect.
PAR  While the lubrication system is in operation, lubrication oil and air held
      in the lubrication oil tank 30 change in amount. In this case, air flows
      into the main pipe 24 through the breather pipe 63 or conversely air
      remaining in the main pipe 24 runs out into the breather pipe 63 according
      to the above-mentioned changed amounts of lubrication oil and air. The
      lower end of the breather pipe 63 is opened to the internal space of the
      engine housing 23, preventing dirt and dust from being carried into the
      lubrication oil tank 30. Further, lubrication oil or vapor thereof
      escaping from the tank 30 into the breather pipe 63 is brought into the
      engine housing 23 to be collected in the pan 52.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A lubrication system for motorcycles provided with a lubrication oil
      tank defined by the internal spaces of the main pipe, down tube and
      tension pipe constituting the forward half section of a frame unit so as
      to lubricate the driven parts in an engine housing, wherein the down tube
      communicates at the upper end with the forward end portion of the main
      pipe and is provided at the lower end with a lubrication oil supply tube
      for conducting lubrication oil into the engine housing; and the tension
      pipe extends obliquely downward to the forward side, and is connected at
      the upper end to the main pipe behind the junction of the down tube and
      main pipe and at the lower end to the down tube below said junction.
NUM  2.
PAR  2. The lubrication system according to claim 1, wherein the upper end of
      the down tube is fixed to the forward underside of the main pipe.
NUM  3.
PAR  3. The lubrication system according to claim 2, wherein the main pipe is
      inclined downward to the rear side; and the tension pipe is connected to
      the main pipe at such a point that the capacity of the main pipe below a
      horizontal line including the lowermost part of the junction of the main
      pipe and tension pipe accounts for less than 5% of the total capacity of
      the main pipe.
NUM  4.
PAR  4. The lubrication system according to claim 2, wherein the down tube is
      provided with a plurality of cooling fins.
NUM  5.
PAR  5. The lubrication system according to claim 2, which further comprises a
      lubrication oil return tube for delivering lubrication oil from the engine
      housing back to the main pipe, said return tube being connected to the
      main pipe at a point apart from the junction of the main pipe and down
      tube.
NUM  6.
PAR  6. The lubrication system according to claim 5, wherein the lubrication oil
      return tube has an outlet port directed apart from the junction of the
      main pipe and down tube.
NUM  7.
PAR  7. The lubrication system according to claim 2, which further comprises a
      lubrication oil return tube for conducting lubrication oil from the engine
      housing back to the main pipe, said return tube having an outlet port
      directed apart from the junction of the main pipe and down tube.
NUM  8.
PAR  8. The lubrication system according to claim 2, which further comprises a
      breather pipe, one end of which is opened to the main pipe and the other
      end of which is opened to the internal space in the engine housing.
NUM  9.
PAR  9. The lubrication system according to claim 8, wherein the main pipe is
      provided with a lubrication oil filler neck, and the upper end of the
      breather pipe is fixed to the inner wall of the filler neck.
NUM  10.
PAR  10. The lubrication system according to claim 9, wherein the lubrication
      oil filler neck is provided with a cover plate for preventing lubrication
      oil from being carried into one end opening of the breather pipe when
      lubrication oil is charged into the tank.
NUM  11.
PAR  11. The lubrication system according to claim 8, wherein the engine has a
      cylinder head cover, and the other end of the breather pipe is fixed to
      the cylinder head cover.
NUM  12.
PAR  12. The lubrication system according to claim 8, wherein the engine has a
      crank case, and the other end of the breather pipe is fixed to the crank
      case.
NUM  13.
PAR  13. The lubrication system according to claim 2, wherein the frame unit has
      brackets welded to the main pipe and down tube and a rear half section of
      said frame unit which is welded to the brackets after they are fixed in
      place.
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ABST
PAL  An oil-injection-type rotary compressor having a centrifugal water
      separator which is disposed in the cooling and lubricating oil system
      thereof, and which is characterized in that water particles contained in
      the cooling and lubricating oil are automatically separated either
      continuously or intermittently from the lubricating oil and are discharged
      therefrom to the exterior of the compressor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an oil-injectiontype rotary compressor. At
      present, widely employed are such compressors of the slide vane type, the
      screw type, the worm type and the like in which cooling and lubricating
      oil is directly injected into the compressed gas in order to enhance the
      cooling effect and to obtain the higher compression efficiency of the
      compressor. Moreover, the machinery of these types is, as compared with
      any conventional one of the reciprocating type, featured in that it will
      cause remarkably less public nuisances and troubles such as vibration,
      noise and the like, and therefore it is outstandingly superior thereto.
PAR  However, the oil-injection-type rotary compressor in which cooling and
      lubricating oil is directly injected into the compressed gas is endowed
      with its only one defect that it is frequently suffered from such a
      trouble that, during its operation with highly humid suction gas, the
      sucked water vapour contained therein is reached to its dew point in
      relation to the temperature thereof, and thus condensed water particles
      are mixed with the cooling and lubricating oil so as to allow the oil to
      become emulsified.
PAR  In the case where the ambient air is sucked into the oil-injection-type
      rotary compressor to get compressed, if the ambient air to be sucked is
      highly heated and humid, the dew point of the vapour is elevated as the
      compression pressure is increased, and even though both the temperatures
      of the cooling and lubricating oil itself and of that contained in the
      compressed air circulating system are very high, the water vapour is
      condensed to form a lot of water drops suspended in the cooling and
      lubricating oil, and the oil and water drops are agitated and combined
      into mineral particles mixing with each other, in the compression chamber
      of the compressor and in the oil pump for the compressor, until the mixed
      oil water particles are entirely converted to a colloidal phase so as to
      form a kind of petroleum emulsion, thus resulting in that the oiliness is
      lost and failure of the compressor is possibly caused thereby. In
      addition, a phenol resin vane used in slide-vane type compressor and
      phenol resin pinion used in worm type compressor absorb the water
      particles contained in lubricating oil and is expanded, resulting in that
      the compressing function of the vane is impaired, or otherwise, the vane
      and pinion might be broken down.
PAR  Heretofore, a generally adopted method to prevent emulsification as
      described above was such that the temperature of the cooling and
      lubricating oil supplied to the compressor was maintained above a definite
      temperature while the compressor was operated, and the water vapour
      contained in the sucked air was discharged, in the form of vapour as it
      had been, out of a discharge port of the compressor.
PAR  Therefore, the temperature of the cooling and lubricating oil could not be
      lowered below a definite temperature and was kept at a higher temperature
      at which the lubricating oil was quickly oxidized so as to accelerate the
      deterioration of the lubricating oil, resulting in such a short effective
      life of the oil as 1,000 hours at most. Furthermore, the suction
      efficiency of the atmospheric air sucked into the compressor was also
      impaired due to its high temperature involved by a higher level of the
      temperature of the cooling and lubricating oil, said level being required
      as the temperature of the oil supplied to the compressor.
PAR  Moreover, for the purpose of maintaining the operating temperature of the
      cooling and lubricating oil above the definite temperature level, even if
      the temperature of the oil is regulated by means of a temperature
      regulating device, i.e., an element such as a so-called thermostat, in
      such a case where the amount of the compressed air being put to use at its
      discharging side is extremely limited to only a little, the heat energy
      generated by the compression is remarkably decreased so that it is
      difficult to keep both the temperature of the discharged air and the
      temperature of the lubricating oil to respective appropriate levels,
      consequently, condensed water particles are increasingly contained in and
      mixed with the cooling and lubricating oil within its circulating system.
      Therefore, it was a customary practice to discharge, at least once a day,
      the gathered water in a lubricating oil reservoir by opening a drain cock
      at the bottom of the reservoir when the temperature of the cooling and
      lubricating oil in the reservoir has lowered down after the operation of
      the compressor was interrupted or terminated.
PAR  However, this method cannot be put into a practical use in such a case
      where the compressor are operated continuously for many day on the basis
      of a complete 24 hours daily operation, and therefore the cooling and
      lubricating oil would be soon deteriorated inevitably.
PAR  Recently, requirements for the 24 hours continuous work lasting for great
      many weeks to meet the work with a high pressure and to carry out the
      continuous non-attendant operation are frequently called for, therefore if
      the contaminated water particles in the cooling and lubricating oil are
      not automatically separated and discharged therefrom during the operation,
      whatsoever the oil injection type rotary compressor may be superior in its
      performance, and there may occur a least public nuisance and trouble such
      as vibration, noise and the like, it will not be reliable and may be
      discontinued to be used in some cases.
PAR  The object of the present invention is to provide an oil-injection-type
      rotary compressor in which the suction efficiency of the compressor is
      improved and the deterioration of the cooling and lubricating oil due to
      oxidation thereof is prevented by lowering the temperature of the cooling
      and lubricating oil which is being supplied to the compressor, in
      addition, the water particles mixed with the cooling and lubricating oil
      are automatically removed therefrom either continuously or intermittently
      and discharged to the exterior thereof by means of a centrifugal water
      separator inserted in the path of the cooling and lubricating oil,
      whereby, the effective life of the cooling and lubricating oil is extended
      over 10,000 hours and it is also made possible to operate the compressor
      continuously for a long period of many weeks.
PAR  On the other hand, in an oil-injection-type rotary compressor of a high
      pressure, as the dew point under the high pressure becomes higher than the
      oxidation temperature for the cooling and lubricating oil, the emulsifying
      function for the cooling and lubricating oil is accelerated remarkbly in
      response thereto. Therefore, it has been found that the oil injection type
      rotary compressor can not be put in use under such a high pressure. But,
      according to the present invention, this problem is also solved so that
      the range of the available pressures of the oil injection type rotary
      compressor can be further extended.
PAR  It is in general told that water and oil are hard to be mixed with each
      other, but actually, water and oil are easily and well mixed to make up a
      mixture thereof. When water is merely added into oil, the water is kept
      completely separated from the oil, however, if they are either agitated
      violently or broken into mineral particles by passing them through a gear
      pump, the oil and water are fully mixed together to change into a turbid
      white emulsion and if this state of emulsion is once made up, although
      anybody tries to separate oil from water by any means, he will never
      succeed therein under the ambient temperature.
PAR  Now, it was found by our experiments that even the oil and water mixed to
      form an emulsified phase can be separated gradually in response to its
      temperature elevated higher than the normal temperature. In the passage of
      the cooling and lubricating oil having a high temperature before the time
      when the cooling and lubricating oil was cooled by a cooler, was inserted
      a centrifugal water separator, by means of which it has become possible to
      completely separate oil from the mixed water.
PAR  As a result of various experiments, in separating emulsified water in
      cooling and lubricating oil by centrifugal separator, it is found that oil
      and water are different in the rate of variation of viscosity to that of
      temperature and in the rate of variation of surface tension to that of
      temperature so that it is difficult to separate them from each other and
      that it is possible to separate them by means of elevation of temperature
      of oil, and if suitable peripheral speed is given to the centrifugal
      separator corresponding to the temperature of oil and water, it is
      possible to separate oil from water with ease. Namely, it is found that if
      periperhal speed N m/sec of the centrifugal separator and oil temperature
      T.degree.C are defined within the range where the upper limit is expressed
      by
      ##EQU1##
      and the lower limit is expressed by
EQU  0.049 N.sup.2 + 0.605 N + T = 55
PAL  oil and water can be perfectly and easily separated from each other under
      any condition.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided and oil injection
      type rotary compressor having a centrifugal water separator which is
      provided in cooling and lubricating system, and which is characterized in
      that water particles contained in the cooling and lubricating oil therein
      is automatically separated either continuously or intermittently from the
      lubricating oil and is discharged to the exterior of the compressor.
PAR  According to the present invention, there is provided an oil injection type
      rotary compressor having the centrifugal water separator as described
      above, wherein, made use of as a power source of the centrifugal water
      separator is the cooling and lubricating oil itself, of which the pressure
      difference between the inlet and the outlet thereof is designed so as to
      be higher than 1 kg/cm.sup.2, and that the centrifugal water separator is
      operated by the flow of the cooling and the lubricating oil itself.
PAR  According to the present invention, there is provided an oil injection type
      rotary compressor having the centrifugal water separator as described
      above, wherein, no external power is put to use therein as the power
      source to force the centrifugal water separator to be rotated, and that
      the centrifugal water separator is operated by making use of the flow of a
      pressurized gas flowing through the interior of the compressor.
PAR  According to the present invention, there is provided an oil injection type
      rotary compressor having the centrifugal water separator as described
      above, wherein, the centrifugal water separator is operated by making use
      of a portion of the pressurized gas discharged out of the compressor to
      the exterior thereof.
PAR  According to the present invention, there is provided an oil injection type
      rotary compressor having the centrifugal water separator as described
      above, wherein, the centrifugal water separator is operated under the
      condition where peripheral speed N m/sec of the centrifugal separator and
      oil temperataure T.degree.C are defined within the range where the upper
      limit is expressed by
      ##EQU2##
      and the lower limit is expressed by
EQU  0.049 N.sup.2 + 0.605 N + T = 55
PAR  several embodiments of the present invention will be described hereinbelow
      with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circulating system diagram of cooling and lubricating oil in an
      oil injection type rotary compressor showing an embodiment of the present
      invention;
PAR  FIG. 2 is a sectional elevation view showing a water separator by the
      centrifugal separating process in accordance with one embodiment of the
      present invention;
PAR  FIG. 3 is a fragmentary enlarged view in section taken along the line A--A
      in FIG. 2;
PAR  FIG. 4 and FIG. 5 each are a circulating system diagram of cooling and
      lubricating oil individually in an oil injection type rotary compressor
      respectively showing another embodiment of the present invention;
PAR  FIG. 6 is a sectional elevation view showing a water separator by the
      centrifugally separating process in accordance with another embodiment of
      the present invention;
PAR  FIG. 7 is a side view showing a water separator by the centrifugally
      separating process in accordance with a further embodiment of the present
      invention;
PAR  FIG. 8 is a sectional elevation view showing a water separator in
      accordance with a further modified embodiment of the present invention;
      and
PAR  FIG. 9 is a graph showing the relation between peripheral speed N of the
      centrifugal water separator and temperature T of lubricating oil in the
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the present invention with reference to the drawings, FIG. 1
      is a circulating system diagram of the cooling and lubricating oil in an
      oil injection type rotary compressor in accordance with an embodiment of
      the present invention, said compressor being an air compressor in this
      case. An oil injection type rotary compressor of the slide vane type will
      be hereinafter described, but the description can be similarly adapted to
      the same of the screw type and worm type, which is therefore to be
      included in the present invention.
PAR  Referring to FIG. 1, the reference numeral 1 denotes a rotary compressor in
      section, which compressor 1 is provided with an air suction port 3 and an
      air discharge port 4. A pressure vessel and oil separator 2 is connected
      at its one side portion with the discharge port 4 via an outlet pipe 5,
      and a service header 6 is connected to the top portion of the oil
      separator 2.
PAR  Connected in sequence to a conduit 7 which is opened at the bottom of the
      oil separator 2 are a temperature regulating device 8, a conduit 9, a
      cooler 10, and a conduit 11, which is in turn connected to the compression
      chamger in the compressor 1. The temperature regulating device 8 is
      directly interconnected with the conduit 11 through a by-pass conduit 12.
PAR  Moreover, connected in sequence to a conduit 13 which is also opened at the
      bottom of the oil separator 2 are a centrifugal water separator 14, a
      conduit 15, a pump 16, and a conduit 17, which is in turn connected with
      the conduit 7.
PAR  Referring nextly to FIG. 2 in which shown is a sectional elevation view of
      the centrifugal water separator 14, the centrifugal water separator 14
      comprises a hollow body 14' and a cover 14" sealed to the top periphery of
      the body 14' the interior of which constitutes a low pressure chamber 32
      and an entrance chamber 18 which is located underneath the low pressure
      chamber 32, and the entrance chamber 18 is connected to the conduit 13,,
      whereas, the low pressure chamber 32 is connected to the conduit 15. A
      shaft 19 is disposed along the vertical center axis of the body 14', and
      the upper and lower ends of the shaft 19 are respectively secured to the
      cover 14" and the body 14'. The shaft 19 is provided at its lower half
      section with an elongated hollow 20 which communicates to the exterior of
      the shaft 19 through a hole 21 disposed at the upper portion of the hollow
      20, and of which the lowest end communicates with the entrance chamber 18.
PAR  A rotary unit 22 is journalled at its shaft-like part 22' by bearings 26
      and 27 which are provided at the upper and lower ends of the shaft 19 so
      as to be rotatable about the shaft 19, and a hollow space 23 is
      constituted between the shaft-like part 22' of the rotary unit 22 and the
      shaft 19, said hollow space 23 communicating with the central hollow 20 in
      the shaft 19 through the hole 21 thereof.
PAR  The rotary unit 22 is comprised of a drum-like outer wall 28 which is
      integrally connected to the lower part of the shaft-like part 22' and
      extended outward therefrom to constitute a rotational chamber 25 between
      the outer wall 28 and the peripheral surface of the shaft-like part 22'.
      Disposed within the rotational chamber 25 is a drum-shaped filter 29 on
      account of which the rotational chamber 25 is sectioned so as to form two
      rooms, an outer room 25' and a inner room 25". Provided at the upper part
      of the shaftlike part 22' of the rotary unit 22 are several holes 24
      through which the aforesaid hollow space 23 communicates with the outer
      room 25'.
PAR  A number of dependent chambers 30, which are downward projected from the
      bottom of the outerwall 28 of the rotary unit 22 into the low pressure
      chamber 32, communicates with the lower room 25" through top openings
      thereof, and each dependent chamber 30 is provided at its side wall with
      an ejection nozzle 31 from which the ejected fluid is radially directed
      with respect to the rotary unit 22. (Refer to FIG. 3)
PAR  The outerwall 28 is provided at one lower side portion thereof with an
      aperture 28' which is capable of being coincided with an aperture 28"
      which is provided on the body 14' of the water separator 14, and which is
      connected to a conduit 63 having a valve 34 fitted thereinto.
PAR  With the rotary compressor so far constituted, atmospheric air is sucked
      through the suction port 3 into the compressor 1, and the compressed gas
      with pressure is discharged from the discharge port 4, and it is fed
      through the outlet pipe 5 into the pressure vessel and oil separator 2.
      The pressurized gas is sent out from the compressor through the service
      header 6 for any service required.
PAR  The cooling and lubricating oil stored in the bottom of the pressure vessel
      and oil separator 2 is, by the pressure of the pressurized gas, ejected
      into the compression chamber in the compressor 1 through the conduit 7,
      the temperature regulating device 8, the conduit 9, the cooler 10 and the
      conduit 11.
PAR  So long as the temperature of the cooling and lubricating oil passing
      through the conduit 7 is pretty low, a part of the cooling and lubricating
      oil from the temperature regulating device 8 is by-passed so as to be
      directly sent to the conduit 11 via the by-pass conduit 12 without passing
      through the cooler 10, for the purpose of quickly bringing the temperature
      of the cooling and lubricating oil ejected into the compression chamber of
      the compressor 1 to a definite value which is to be maintained at all
      times.
PAR  On the other hand, in the while the compressor 1 is continuously operated
      for a long time of hours, the water vapor contained in the atmosphere is
      condensed to become varied to water particles during its stay in the
      pressure vessel and oil separator 2, so that the water particles are
      brought to be mixed with the cooling and lubricating oil in the bottom
      part of the pressure vessel and oil separator 2, resulting in the
      emulsification of the oil. This cooling and lubricating oil thus
      emulsified flows into the conduit 7 through the conduit 13, the
      centrifugal water separator 14, the conduit 15, the pump 16, and the
      conduit 17.
PAR  The pump 16 provided therein is functional to create a pressure difference
      between the inlet and the outlet of the cooling and lubricating oil
      flowing into and from the centrifugal water separator 14, that is, the
      function of the pump 16 is to set up a pressure difference between the
      pressure in the conduit 13 and that in the conduit 15. Therefore, this
      pump may be disposed on the side of the conduit 13, or else in the case
      where an appropriate pressure difference is created between the inlet and
      the outlet of the cooling and lubricating oil flowing through the
      centrifugal water separator 14, it is not necessarily required to provide
      the pump 16 as shown in the drawing.
PAR  In the centrifugal water separator 14, as shown in FIG. 2, the cooling and
      lubricating oil in the state of the turbid white emulsion is first entered
      into the elongated hollow 20 of the shaft 19 from the conduit 13 via the
      entrance chamber 18, then flows into the hollow space 23 between the
      peripheral surface of the shaft 19 and the inner surface of the shaft-like
      part 22' of the rotary unit 22 via the hole 21 of the shaft 19, and
      finally into the rotary chamber 25 of the rotary unit 22 through the holes
      24 thereof. Since the rotary unit 22 is being rotated in a high speed
      about the axes of bearings 26 and 27, the cooling and lubricating oil in
      the state of the turbid white emulsion entered into the rotational chamber
      25 is forced to be rotated in a high speed under the temperature pretty
      higher than the atmospheric temperature, so that the water particles in
      the emulsion are collected on the outer wall 28 side of the rotational
      chamber 25, and the oil only is ejected from the ejection nozzles 31 of
      the dependent chambers 30 at the bottom of the rotational chamber 25 into
      the low pressure chamber 32 through the drum-like filter 29 disposed in
      the rotational chamber 25. The cooling and lubricating oil which is
      ejected into the low pressure chamber 32 and which has been fully
      separated from water particles is collected in the bottom chamber 33 and
      flows into the conduit 15.
PAR  Owing to the reaction of the cooling and lubricating oil ejected from the
      ejection nozzles 31 into the low pressure chamber 32, the rotary unit 22
      is automatically rotated in a high speed merely by making use of the flow
      of fluid contained in itself without being assisted by any external power
      source.
PAR  One of the ejection nozzles 31 is in detail shown in FIG. 3, and the
      configuration and the dimensions thereof can be modified as desired so as
      to obtain any desirable number of rotations of the rotary unit 22, as well
      as to desirably regulate the amount of the cooling and lubricating oil to
      be passed flowing through the centrifugal water separator 14. On the other
      hand, in FIG. 2, the water particles separated out of the emulsion and
      collected on the outer wall 28 side of the rotational chamber 25 is
      discharged to the exterior thereof through the valve 34 which is
      automatically operated by detecting the amount of water gathered
      thereonto. The valve 34 may be instead substituted by any one of the
      manual type, or else, by an automatic valve which is automatically opened
      on the basis of a predetermined interval.
PAR  Referring again to FIG. 1, should the arrangement shown in FIG. 1 be
      modified in such manners that the conduit 17 on the outlet side of the
      centrifugal water separator 14 is connected to the inner bottom of the
      pressure vessel and oil separator 2, and that the conduit 13 on the inlet
      side of the centrifugal water separator 14 is connected to the conduit 7,
      in other words, modified in such ways that the centrifugal water separator
      14 is disposed in the circulating system of the cooling and lubricating
      oil flowing from the pressure vessel and oil separator 2 to the
      compression chamber in the compressor 1, and that the cooling and
      lubricating oil in the bottom part of the pressure vessel and oil
      separator 2 is led into the centrifugal water separator 14 and the same
      oil is then returned to the bottom part of the pressure vessel and oil
      separator 2, these modifications of the arrangement would be included as a
      matter of course in the scope of the present invention.
PAR  FIG. 4 shows another embodiment of the present invention, in which the flow
      of compressed gas within a compressor is made use of as the power source
      for its centrifugal water separator.
PAR  The essential components of the arrangement shown in FIG. 4 are identical
      with those shown in FIG. 1, but, in FIG. 4, connected to the bottom of the
      pressure vessel and oil separator 2 is a conduit 34 to which connected in
      sequence are a centrifugal water separator 35 and a conduit 36, and the
      conduit 36 is further interconnected with the conduit 7 which admits the
      inner bottom of the pressure vessel and oil separator 2 to communicate
      with the temperature regulating device 8.
PAR  The outlet pipe 5 is provided therein with, for example, and orifice 5',
      and the individual one ends of an introducing pipe 37 and a discharging
      pipe 38 are both connected to the outlet pipe 5 respectively at the
      upstream and the downstream of the orifice 5', whereas, the other ends of
      the introducing pipe 37 and the discharging pipe 38 are both connected
      with the centrifugal water separator 35.
PAR  The essential components of the arrangement shown in FIG. 5 are identical
      with those shown in FIG. 4, but, in FIG. 5, the introducing pipe 37 is
      connected to an outlet pipe 39 which admits the pressure vessel and oil
      separator 2 to communicate with the service header 6, and the discharging
      pipe 38 is opened to the atmosphere.
PAR  Air is sucked from the suction port 3 into the compressor 1, and the
      pressurized gas compressed therein is discharged from the outlet port 4,
      then it is sent into the pressure vessel and oil separator 2 through the
      outlet pipe 5. The pressurized gas is sent out to the exterior thereof
      through the service header 6.
PAR  The cooling and lubricating oil is stored in the bottom part of the
      pressure vessel and oil separator 2, and the stored oil is thereafter
      ejected on account of the pressure of the pressurized gas into the
      compression chamber of the compressor 1 through a conduit 7, a temperature
      regulating device 8, a conduit 9, a cooler 10, and a conduit 11. However,
      in such a case where the temperature of the cooling and lubricating oil in
      the conduit 7 is low, a part of the cooling and lubricating oil is
      by-passed from the temperature regulating device 8 and is directly sent to
      the conduit 11 through a by-pass conduit 12, without passing through the
      cooler 10, accordingly, the temperature of the cooling and lubricating oil
      ejected into the compression chamber of the compressor 1 is quickly
      brought to a definite value which is to be maintained at all times.
PAR  On the other hand, in the while the compressor 1 is continuously operated
      for a long time of hours, the water vapour contained in the atmosphere is
      condensed to become varied to water particles, and the water particles are
      mixed with the cooling and lubricating oil so as to have it emulsified.
      The cooling and lubricating oil in the state of an emulsion is separated
      from the water particles by means of a centrifugal water separator 35
      which is rotated in a high speed owing to the pressurized fluid,
      thereafter, the clean oil flows into the conduit 7 via the conduit 36.
PAR  This modified embodiment shown in FIG. 4 is featured in that, as the power
      source of the centrifugal water separator 35, the flow of the pressurized
      gas in the compressor i is made use of, and the pressure of the gas
      introduced into the introducing pipe 37 from the upstream of the outlet
      pipe 5 is made higher by 1 kg/cm.sup.2 or more than the same discharged
      from the discharging pipe 38 into the downstream of the outlet pipe 5 on
      account of the orifice 5' or a venturi tube or the like disposed in the
      outlet pipe 5, the centrifugal water separator 35 is accordingly rotated
      by virture of this pressure difference higher than 1 kg/cm.sup.2.
PAR  The modified embodiment shown in FIG. 5 is featured in that the compressed
      gas itself sent out from the compressor 1 to the exterior thereof is made
      use of as the power source to force the centrifugal water separator 35 to
      be rotated, and the compressed gas sent out toward the outlet pipe 39 is
      introduced into the introducing pipe 37, thereafter, the used gas is
      discharged to the atmosphere from the centrifugal water separator 35
      through the discharging pipe 38, in other words, that the pressurized gas
      in the oil injection type rotary compressor is introduced into the
      centrifugal water separator 35 for the purpose of forcing the latter to be
      rotated in a high speed.
PAR  This embodiment can be further modified in such a way that the air flow
      sucked into or the gas flow discharged from, or the like, the internal
      combustion engine driving the compressor is introduced into the
      centrifugal water separator 35 as the power source thereof, and the used
      air or gas is discharged into the atmosphere, and such kinds of
      modifications are also included in the scope of the present invention.
PAR  In addition, the centrifugal water separator 35 in FIG. 4 and FIG. 5 is
      arranged to as to be connected to the bottom part of the pressure vessel
      and oil separator 2 and to be interposed within the circulating system of
      the cooling and lubricating oil, however, the arrangement can be modified
      completely similarly to that in the case of FIG. 1 in such ways that the
      centrifugal water separator 35 is disposed in the circulating system of
      the cooling and lubricating oil flowing from the pressure vessel and oil
      separator 2 to the compression chamber of the compressor 1, and that the
      cooling and lubricating oil in the bottom part of the pressure vessel and
      oil separator 2 is introduced into the centrifugal water separator 35 and
      the cooling and lubricating oil discharged therefrom is returned into the
      bottom part of the pressure vessel and oil separator 2, and such kinds of
      modifications are also included in the scope of the present invention,
      too.
PAR  FIG. 6 shows the centrifugal water separator 35 in detail, and the
      separator 35 is comprised of a vane chamber 40 and a hollow body 47
      disposed underneath the vane chamber 40, and an introducing pipe 37 is
      connected to one side of the vane chamber 40, whereas, a discharging pipe
      38 is connected to the other side thereof. A vertical shaft 43 is provided
      on the vertical center axes of the vane chamber 40 and the hollow body 47,
      and the vertical shaft 43 is rotatably journalled in the separator 35 by
      means of two bearings 45 and 46.
PAR  Within the vane chamber 40, a hub 42 of vanes 41 is fixed onto the upper
      end of the shaft 43 by means of a nut 44. Within the hollow body 47, the
      shaft 43 is provided at its lower part with an elongated shaft hollow 48
      which communicates with a conduit 34 at its lower end and with a
      centrifugal chamber 52 to be described below through a hole 49 which
      communicates with the shaft 43 at the upper part of the shaft hollow 48.
      Further within the hollow body 47, a rotor 50 and a cover 51 thereof are
      rigidly fixed onto the shaft 43, and the aforesaid centrifugal chamber 52
      is constituted by the enclosure of both the rotor 50 and a cover 51
      thereof. An oil chamber 53 is provided under the centrifugal chamber 52
      within the hollow body 47. The bottom plate of the rotor 50 is provided
      with a tubular passage 62 which is upwardly projected therefrom into the
      centrifugal chamber 52 and through which the centrifugal chamber 52
      communicates with the oil chamber 53.
PAR  The rotor 50 is provided on its one side with an aperture 50' which is
      capable of being coincided with an aperture 50" provided on one side of
      the body 47, and a conduit pipe 63' which is connected to the aperture 50"
      of the body 47 is provided therein with a valve 54.
PAR  The pressurized fluid to be functional as the power source of the
      centrifugal water separator 35 in the while the compressor is operated is
      introduced through the introducing pipe 37 into the vane chamber 40 so as
      to force the vanes 41 to be rotated in a high speed, it is thereafter
      discharged out of the vane chamber 40 through the discharging pipe 38. The
      vanes 41 are constructed integrally with the hub 42 and fixed onto the
      shaft 43 by means of the nut 44. The shaft 43 rotatably supported on the
      bearings 45 and 46 is therefore rotated together with the vanes 41.
PAR  On the other hand, the cooling and lubricating oil is sent through the
      conduit 34 into the shaft hollow 48 within the shaft 43 via the central
      hole at the bottom of the body 47 of the centrifugal water separator 35,
      and it is further sent through the hole 49 of the shaft 43 into the
      centrifugal chamber 52 which is formed by the enclosure of both the rotor
      50 and the cover 51 thereof.
PAR  The rotor 50 and the rotor cover 51 is constructed integrally with the
      shaft 43 so as to be rotated together therewith. Therefore, the cooling
      and lubricating oil in the state of the turbid white emulsion entered into
      the centrifugal chamber 52 is rotated in high speed under a temperature
      pretty higher than the atmospheric temperature, consequently, water
      particles are collected on the inner peripheral surface of the outer wall
      of the centrifugal chamber 52, and the clean cooling and lubricating oil
      having no water particles, which have been separated out therefrom, is
      sent out to the conduit 36 through the tubular passage 62 and the oil
      chamber 53. In addition, the water collected on the inner peripheral
      surface of the outer wall of the centrifugal chamber 52 is discharged
      therefrom to the exterior of the separator through the valve 54 which is
      automatically operated when the gathered water is detected thereby. This
      valve 54 may be instead substituted by any one of the manual type or such
      a device which is automatically opened in a predetermined interval.
PAR  The vanes 41 is illustrated in FIG. 6 as a construction to force the
      centrifugal water separator 35 to work, however, the construction is not
      restricted to the vanes 41, and any one of other constructions may be
      instead put to use therefore so long as it is functional to be rotated by
      pressurized fluid introduced thereinto.
PAR  Moreover, in such a case where, as a power source to have the centrifugal
      water separator 35 rotated in high speed, although such a power source is
      not shown in the drawings, a DC or AC electric motor is made use of, or
      else, an air motor or another electrical or mechanical means is put to use
      therein, these means are all included in the scope of the present
      invention.
PAR  Furthermore, as shown in FIG. 7, the present invention can be applied to a
      practical use in such a way that, an introducing conduit 13 of the
      centrifugal water separator 14 for the cooling and lubricating oil is
      provided with a valve 55; a discharging conduit 15 thereof for the cooling
      and lubricating oil is provided with a valve 56; a conduit 57 is further
      provided so as to be able to communicate with the cooling and lubricating
      oil within the centrifugal water separator 14, one side of a valve 58 is
      connected to the conduit 57; and that the other side thereof is connected
      to a conduit 59 which is in turn connected to the suction port 3 (refer to
      FIG. 1) of the compressor 1, whereby, when the water particles contained
      in the cooling and lubricating oil within the centrifugal water separator
      14 is separated therefrom, both valves 55 and 56 are first closed, and
      after several seconds have passed on therefrom, the valve 58 is opened to
      release the internal pressure within the centrifugal water separator 14,
      thereafter, the valve 34 is opened to discharge water gathered in the
      centrifugal water separator 14, immediately thereafter, the valve 34 and
      58 are closed, and after several seconds therefrom, the valve 55 and 56
      are opened so as again to introduce the cooling and lubricating oil into
      the centrifugal water separator 14 and to allow the water particles
      therein to be separated therefrom, and when the water particles are
      separated, the operations of valves as described above are again
      repeatedly carried out so as to allow the water particles in the cooling
      and lubricating oils to be entirely and surely removed therefrom, and this
      application is also included in the scope of the present invention.
PAR  The aforesaid operations of such valves as shown in FIG. 7 can be carried
      out by manually operating them with hands, too, or else, all of the valves
      can be automatically operated by detecting the water collected in the
      centrifugal water separator or by making use of an appropriate time
      intervals, and otherwise, the operations can be automatically carried into
      effect by the use of any prepared program in which any appropriate time
      interval is set up among the respective operations of the individual
      valves.
PAR  Furthermore, as shown in FIG. 8, the introducing pipe 37 for introducing
      the pressurized fluid in order to have the centrifugal water separator 35
      rotated is provided with a valve 60, and if necessary, the discharging
      pipe 38 is provided with a valve 61, whereby, the centrifugal water
      separator 35 can be economically operated in several ways such that the
      valves 60 and 61 are automatically opened to admit the centrifugal water
      separator 35 to be operated by automatically detecting the collected water
      only at the time when the cooling and lubricating oil in the bottom of the
      pressure vessel and oil separator 2 is emulsified by the water particles,
      and that the valves 60 and 61 are manually opened to allow the centrifugal
      water separator 35 to be operated, and further that by making use of any
      prepared program according to which the valve 60 and 61 are automatically
      operated intermittently in response to the degree of the emulsification
      within the compressor 1, the centrifugal water separator 35 is operated so
      as to have the water particles separated completely thereby as well as to
      minimize the power loss in dependence with the operation.
PAR  In the cases, too, where the centrifugal water separator 35 is rotated by
      any one of electrical or mechanical powers, it is possible completely
      similarly to the aforementioned cases to have the separator 35
      intermittently operated by hand, or to have it intermittently operated
      automatically by the detection of the emulsificated status, or else, to
      have it intermittently operated in accordance with the prepared program.
PAR  As described hereinabove, according to the present invention, it becomes
      possible that the water particles contained in the cooling and lubricating
      oil in the state of the turbid white emulsion are easily separated
      therefrom and discharged to the exterior of the compressor while it is
      being operated by means of the centrifugal water separator which is
      disposed in the flow of the cooling and lubricating oil under the
      temperature pretty higher than the atmospheric temperature, therefore, it
      is effective in that the temperature of the cooling and lubricating oil
      supplied to the compressor can be lowered so as to enable the suction and
      the cooling efficiencies to be remarkably improved.
PAR  In all of the above embodiments, peripheral speed N m/sec of the
      centrifugal water separator and temperature T.degree.C of the lubricating
      oil are defined within the range shadowed portion in FIG. 9 where the
      upper limit is expressed by
      ##EQU3##
      and the lower limit is expressed by
EQU  0.049 N.sup.2 + 0.605 N + T = 55
PAL  oil and water can be perfectly and easily separated from each other under
      any condition and water can be removed from the device. As a result, the
      pressure of the compressor can be further elevated so as to enable the
      range of the working pressure of the oil injection type rotary compressor
      to be further extended, in addition, the compressor can be continuously
      operated without trouble for a long time of its continuous working hours.
PAR  Moreover, due to the process in which the cooling and lubricating oil is
      centrifugally rotated, removed are not only the water particles in the
      cooling and lubricating oil but also the minimal dusts, carbons, and the
      like contained in the oil together with the water particles, accordingly,
      the compressor is operated under low temperature without any worry about
      the emulsification, and therefore, it becomes unnecessary to worry about
      the oxidation of the oil, in addition, the working life of the oil has
      been certainly extended so much as ten times in comparison with that put
      to use in any conventional compressor. Therefore, it is noted that
      superior effects are brought into the rotary compressor by the present
      invention as described hereinabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, an oil injection type rotary compressor having a
      centrifugal water separator disposed in the cooling and lubricating system
      thereof, said compressor having a discharge port from which gas is
      discharged under pressure, and which is in communication with said water
      separator through a pressure vessel and oil separator, said centrifugal
      water separator having a rotary unit, means, having inlet and outlet
      sides, driving said rotary unit to separate water particles, contained in
      the oil, from the oil, other means maintaining a fluid pressure at said
      inlet side corresponding to the pressure of the gas discharged from said
      compressor, further means maintaining a fluid pressure at said outlet side
      which is lower than that at said inlet side, wherein said other means
      includes conduit means disposed between said pressure vessel and oil
      separator and said inlet side of said means, said conduit means providing
      a flow path for the oil, and water container therein, and received from
      said pressure vessel and oil separator, and wherein said further means
      includes a pump means disposed between said outlet side of said means and
      said pressure vessel and oil separator, where by the pressure differential
      across said means causes said rotary unit to be revolved and thereby
      discharge the water particles from said separator.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein the pressure differential
      is higher than 1 kg./cm.sup.2.
NUM  3.
PAR  3. In combination, an oil injection type rotary compressor having a
      centrifugal water separator disposed in the cooling and lubricating system
      thereof, said compressor having a discharge port from which gas is
      discharged under pressure, and which is in communication with said water
      separator through a pressure vessel and oil separator, said centrifugal
      water separator having a rotary unit, means, having inlet and outlet
      sides, driving said rotary unit to separate water particles, contained in
      the oil, from the oil, other means maintaining a fluid pressure at said
      inlet side corresponding to the pressure of the gas discharged from said
      compressor, further means maintaining a fluid pressure at said outlet side
      which is lower than that at said inlet side, wherein said compressor is in
      communication with said pressure vessel and oil separator through conduit
      means, said conduit means having a restricted portion therein, said other
      means including a first conduit connected between said inlet and said
      conduit means and in communication with said conduit means between said
      restricted portion and said discharge port, and said further means is a
      second conduit connected between said outlet and said conduit means in
      communication with said conduit on the side of said restricted portion
      opposite said first conduit, whereby the pressure differential across said
      means causes said rotory unit to revolve and thereby discharge the water
      particles from said separator.
NUM  4.
PAR  4. In combination, an oil injection type rotary compressor having a
      centrifugal water separator disposed in the cooling and lubricating system
      thereof, said compressor having a discharge port from which gas is
      discharged under pressure, and which is in communication with said water
      separator through a pressure vessel and oil separator, said centrifugal
      water separator having a rotary unit, means, having inlet and outlet
      sides, driving said rotary unit to separate water particles, contained in
      the oil, from the oil, other means maintaining a fluid pressure at said
      inlet side corresponding to the pressure of the gas discharged from said
      compressor, further means maintaining a fluid pressure at said outlet side
      which is lower than that at said inlet side, wherein said other means is
      another conduit means disposed between said pressure vessel and oil
      separator and said inlet side of said means, said another conduit
      providing a flow path for the gas under pressure in said pressure vessel
      and oil separator and wherein said further means is a still another
      conduit leading from said outlet side to atmosphere, whereby the pressure
      differential across said means causes said rotary unit to revolve and
      thereby discharge the water particles from said separator.
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ABST
PAL  This invention relates to a unitized air line filter and lubricator that
      includes provision for a pressure regulator therebetween that can either
      be by-passed or rendered operative by simply opening certain preformed
      passages in the manifold that connect same in series with the
      previously-mentioned components. The manifold houses nearly all of the
      working parts of both the filter and lubricator and their arrangement is
      such that the manifold can be reversed end-for-end to accommodate opposite
      directions of air flow. The subassembly that includes the bowls for the
      filter and lubricator along with the regulator spring therebetween in the
      three-component version will accommodate the manifold in either of its two
      positions and is, therefore, reversible relative thereto. Special sets of
      mounting brackets permit use of a single combination unit with air line
      piping of various sizes. These brackets also include a quick-disconnect
      feature wherein the entire combination unit can be detached therefrom and
      either serviced or replaced with another like unit in a very short time
      using only an allen wrench. The subassembly that carries the bowls
      includes a pair of quick-disconnect latches that are manually operated
      without any tools being required and which provide instant access to the
      bowls which are also removable.
PARN
PAR  This is a continuation of application Ser. No. 350,967, filed Apr. 13,
      1973, and since abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In all but rare instances, any industrial pneumatic system requires that
      the supply pressure be stepped-down and regulated at some lower working
      pressure. In addition, the air itself must be filtered to remove entrained
      moisture and other impurities while lubricants are often added to keep
      those pneumatic tools and other devices operated thereby properly oiled.
      The ordinary pneumatic system, therefore, requires not one, but several,
      lubricators, filters system pressure regulators located at various points
      downstream of the supply.
PAR  In the past, individual components have been serially connected into the
      supply line wherever needed. Each such component customarily required
      several fittings such as reducers, elbows, nipples, couplings and the like
      to integrate same into the existing air supply. Not only was such a
      procedure time-consuming and expensive, the individual components became
      difficult to service, repair or replace, oftentimes resulting in a
      complete shutdown of the system for protracted periods. Even mounting the
      components on the wall or other supporting surface was oftentimes done in
      a haphazard fashion thus resulting in an insecure as well as unsightly
      assemblage of uncoordinated parts.
PAR  It is the principal object of the present invention to provide a novel
      unitized filter-lubricator or filter-regulator-lubricator unit for use in
      pneumatic systems.
PAR  A second object is to provide a device of the type aforementioned that is
      reversible end-for-end to accommodate flow in either direction.
PAR  Another object of the invention is to provide a filter-lubricator unit with
      a partially-completed regulator section that can be either by-passed or
      rendered operative by finishing the incomplete passages and adding an
      adjustable control valve.
PAR  Still another objective of the invention is the provision of a combination
      unit wherein the manifold carries most, if not all, of the working parts
      of both the filter and lubricator while a detachable bowl carrying
      subassembly carries the gage and is reversible relative thereto.
PAR  An additional object is to provide an integrated multi-component
      combination air service unit for pneumatic systems that includes special
      wall mounts which enable it to integrate into any of the common sized air
      lines or to be removed therefrom by relatively unskilled persons using
      simple tools and with a minimal interruption in service.
PAR  Further objects are to provide a combination filter-regulator-lubricator
      unit for air lines that is simple, compact, easy to service, versatile,
      relatively inexpensive, rugged, dependable, efficient and decorative.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      as the description of the present invention proceeds taken in conjunction
      with the description of the drawings that follows, and in which:
PAR  FIG. 1 is a perspective view looking down and to the right at the
      combination filter-regulator-lubricator unit of the present invention
      arranged such that flow is from lower left to upper right;
PAR  FIG. 2 is a top plan view to an enlarged scale with portions broken away to
      conserve space and other portions broken away and shown in section;
PAR  FIG. 3 is a longitudinal half section of the combination unit illustrated
      in FIG. 1 but to approximately the same scale as FIG. 2 and showing a
      different wall-mounting bracket than the latter;
PAR  FIG. 4 is a fragmentary transverse section taken along line 4--4 of FIG. 3
      and with a portion broken away to more clearly reveal the interior
      construction;
PAR  FIG. 5 is a half section like FIG. 3 and to the same scale as the latter
      showing a modified version of the unit in which the regulator section has
      been eliminated and a cap substituted for the control valve;
PAR  FIG. 6 is a fragmentary transverse section similar to FIG. 4 but of the
      FIG. 5 modification taken along line 6--6 of the latter Figure; and,
PAR  FIG. 7 is an exploded half section similar to FIG. 3 and to the same scale
      differing therefrom only in that the manifold has been reversed
      end-for-end such that the flow is from right to left.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found in accordance with the teaching of the instant
      invention that these and other shortcomings of the prior art pneumatic
      systems can, in large measure, be overcome by the simple, but unobvious,
      expedient of combining at least a filter and lubricator, and preferably a
      regulator also, into a single unitized assembly. By specifying the proper
      set of wall-mounting brackets, the unit will integrate with all the common
      sizes of air lines with simple threaded connections being all that are
      required at its inlet and outlet ends. Not only do these brackets provide
      for a sturdy and decorative wall mounting, they also permit the entire
      unit to be quickly and easily detached therefrom with a minimum of
      down-time in case replacement or repair becomes necessary. Periodic
      servicing such as cleaning of the bowls can be accomplished even more
      quickly by merely detaching the bowl-carrying subassembly from the
      manifold.
PAR  The manifold can be reversed end-for-end to accommodate air flow in either
      of two opposite directions and the bowl-carrying subassembly is
      symmetrical about a transverse centerline thus making it reversible
      relative to the latter. While the bowls themselves are usually identical
      and will, therefore, accommodate either the filter or the lubricator, they
      are also removable and interchangeable so that they needn't necessarily be
      alike. For example, one could include an automatic drain of some type
      while the other has a manual one or none at all.
PAR  Finally, the manifold is designed with partially-completed porting which,
      upon completion, will integrate a regulator into the assembly. If the
      customer chooses to eliminate the regulator and purchase only the filter
      and lubricator, the partially-completed porting is left closed and the
      regulator subsection is by-passed while certain appurtenances necessary to
      the regulating function, like the control valve, are eliminated in favor
      of an inexpensive cap that produces a finished appearance. The pressure
      gage is left in the unit to monitor the air pressure.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The combination unit embodying the present invention has been broadly
      designated by reference numeral 10 and includes a manifold subassembly 12
      and a bowl subassembly 14 detachably connected to one another in a manner
      which will be set forth in greater detail presently. The manifold
      subassembly is, in turn, subdivided into sections, the first being the
      filter section 16 and the last the lubricator section 18 with the
      regulator section 20 located therebetween when rendered operative,
      otherwise, the latter section is by-passed. Even when center section 20
      does not include a pressure regulator 22, a pressure gage 24 is preferably
      connected to communicate with the air flowing therethrough in the manner
      indicated in FIG. 6. On the other hand, when pressure regulator 22 is
      included as a part of the combination unit as shown in FIGS. 1, 3, 4 and
      7, this same gage 24 is connected to indicate the secondary pressure in
      the downstream side of the latter as seen in FIG. 4.
PAR  The bowl subassembly 14 comprises an open-tapped shell 26 or housing having
      a front wall 28, a rear wall 30 and right and left side walls 32R and 32L,
      respectively, all of which cooperate to produce a bowl guard. These walls
      are vertically-slotted to define windows 34 which open upon the bowls 36R
      and 36L located immediately therebehind. In addition, the front wall 28
      has a centrally-located circular window 38 opening onto the dial of gage
      24. Since this gage stays with the bowl subassembly 14 even though the
      manifold 12 is reversible end-for-end relative to the latter, the dial
      always faces the front.
PAR  Extending transversely of the bowl subassembly is a partial partition wall
      40 in which is defined an integral preformed passage 42 which communicates
      between the pressure-responsive element (not shown) of a gage 24 with the
      main air passage 44 of the manifold 12. This partition wall 40 also
      supports a compression spring 46 of the regulator when one is included.
      The bowls 36R, 36L are retained in the shell 26 by means of
      integrally-formed upstanding posts 48 (FIGS. 3-7) which receive threaded
      screws 50, the heads 52 of which overhang the rims 54 of the bowls.
PAR  Generally cup-shaped integral webs bridge the gaps left between the
      partition wall, the front and rear walls, and the adjacent side walls to
      define a pair of partial bottom walls 56R and 56L in supporting relation
      to their respective bowls. These bottom walls each have an opening 58
      therein sized to receive the petcock 60 or other element of similar nature
      provided in the bottom of the bowl for the purpose of draining fluid
      therefrom.
PAR  As can be seen with specific reference to the exploded view of FIG. 7, the
      entire bowl-carrying subassembly 14 is symmetrical about a transverse
      centerline such as that upon which the sections shown in FIGS. 4 and 6 are
      taken. As so constructed, the bowl subassembly will mate with the manifold
      subassembly 12 either with the filter on the left as shown in FIGS. 1 and
      5 or on the right as shown in FIG. 7. Furthermore, the foregoing
      relationship can be achieved regardless of whether the combination unit
      includes regulator 22 or not, the only difference insofar as the bowl
      subassembly is concerned being whether the compression spring 46 is left
      out.
PAR  It will be noted, with reference to FIGS. 3, 5 and 7, that both bowls 36L
      and 36R are identical transparent plastic bowls ones with conventional
      screw-type petcocks 60 in the bottom. While such an arrangement is
      preferred in that it contributes to the versatility of the combination
      unit, it is by no means essential because the bowls are both removable and
      interchangeable in the shell 26. This means, of course, that other well
      known types and styles of bowls can be substituted for one or both of
      those shown and such is contemplated within the teaching found herein.
      Similarly, other types of drain valves including automatic valves can be
      substituted for the petcocks 60 shown.
PAR  The construction of the manifold subassembly 12 is shown in detail in FIGS.
      3, 4, 5 and 6. The main body 62 of the manifold is a cast unit having an
      internally-threaded inlet 64 adjacent the filter section 16 and a
      similarly designed outlet 66 at the opposite end by the lubricator section
      18. Both the inlet and outlet are preferably made one standard size say,
      for example, 1/2 inch while the mounting brackets 68 include a passage 70
      therethrough that adapts same to whatever size of supply line piping is in
      use. By way of example, FIGS. 3, 5 and 7 show the mounting bracket 68 on
      the inlet end of the manifold as having a 3/8 inch upstream tap widening
      out to a full 1/2 inch at its downstream end. These same Figures show the
      bracket on the outlet end of the manifold as having a 1/2 inch upstream
      entryway reduced down to a 3/8 inch downstream end. Obviously, this has
      been done only for purposes of illustration and is not intended as being
      exemplary of the unit in actual use where, under all but rare
      circumstances, the supply piping will be the same size entering as leaving
      the unit. It should suffice to point out that a proper choice of mounting
      brackets enables the user to integrate the combination unit into his
      supply line without resorting to special fittings even though it is
      different than that of the manifold.
PAR  As shown in FIGS. 1 and 2, the mounting or wall brackets 68 are detachably
      secured to the inlet and outlet ends of the manifold by bolts 72. Each
      bracket has a pair of slotted ears 74 at its rear extremity that enable
      same to be fastened to the wall or other supporting surface in the usual
      manner. The faces 76 of the brackets that mate with the ends of the
      manifold 12 each include an O-ring groove encircling the adjacent end of
      passage 70 therethrough and in which is mounted a conventional O-ring seal
      78. The brackets 68 are mounted on the supporting surface in position such
      that they can be drawn up tight against the ends of the manifold with
      bolts 72. In the event the unit needs to be replaced or serviced, these
      brackets will almost always yield enough play to permit the manifold to be
      slipped easily from its position therebetween, whereupon a standby
      manifold can be connected up and the system returned to service almost
      immediately.
PAR  The main body 62 of the manifold as shown in FIGS. 1, 2, 4 and 6, includes
      integrally-formed overhanging flanges both front and rear that have been
      designated by reference numerals 80 and 82, respectively, and which mate
      with the upper marginal edges of shell 26 to form a lid therefor. Also
      depending from the underside of the main body of spaced-apart the manifold
      are a pair of integrally-formed annular skirts 84L and 84R, both of which
      are shown centered with respect to the front and rear margins thereof as
      well as being spaced equidistant on opposite sides of its transverse
      centerline. Each of these skirts is bordered by an annular O-ring groove
      86 containing the usual O-ring seal 88 that, upon entering one of the
      bowls 36, forms a fluid-tight seal therewith when the bowl-carrying
      subassembly 14 is in assembled relation on the manifold 12 as shown in
      FIGS. 3 and 5.
PAR  Interposed between these two annular skirts 84 in essentially tangential
      relation thereto is a third skirt 90 shown in each of the FIGS. 3-7,
      inclusive. The inside of this skirt is cylindrical and, as such, defines
      the cylinder within which piston 92 of the regulator 22 reciprocates as
      shown in FIGS. 3, 4 and 7. This piston is normally biased upwardly by
      compression spring 46 that is retained by an upstanding hollow
      vertically-slotted post 94 formed integral the horizontal portion 96 of
      the partition wall 40 in the shell 26.
PAR  Referring to FIGS. 3, 5 and 7, a filter component is broadly referred to by
      reference numeral 98 and a lubricator component is similarly referred to
      by reference numeral 100. The filter component of the combination is of a
      conventional construction and the particular form illustrated is but one
      version of several such air line filters that are commercially available.
      The same is true of the lubricator 100, although the particular lubricator
      102 that has been shown incorporates a number of novel features not found
      in the prior art regulators. For present purposes, therefore, it should
      suffice to point out that filter 98 and lubricator 100 are intended as
      being merely representative of many such filters and lubricators that may
      be utilized in the filter and lubricator sections 16 and 18 of the
      combination unit. Air enters the manifold 12 through inlet 64 where it
      passes into annulus 104 before passing over the baffles 106 of the filter
      98 and through filter cartridge 108 that cooperate in the usual manner to
      remove the water and entrained particulate matter therefrom, the fluid
      constituents dropping down into the bottom of the bowl 36L encasing the
      latter for subsequent removal. The filtered air then passes up into
      central cavity 110 of the manifold where it is discharged through port 112
      of the main air passage 44 into the regulator section 20.
PAR  In the regulator section 20, the filtered air is either reduced in pressure
      to a preselected value or sent directly to the lubricator section 18
      without having its pressure reduced. Ultimately, in either instance, the
      air emerges from port 114 in the regulator section 20 of the main air
      passage 44 and is discharged into the lubricator section 18 of the
      manifold 12.
PAR  In the particular lubricator 100 shown, the main flow of air is through
      section 116 of the main air passage 44 in the manifold, restricted orifice
      118 of movable element 120, and outlet 66. In the event downstream demands
      exceed the volume of air that can pass through passage 118, movable
      element 120 will actuate to allow the necessary increment of additional
      air needed to satisfy the demand pass around the orifice without picking
      up any oil. Upstream of valve element 120 some air is bled off through
      bypass 122 where it passes through an ordinary tire valve housed
      underneath the fill plug and down into the bowl which will be partially
      filled with oil. Oil is forced up the syphon tube 124 by the positive air
      pressure in the bowl where it eventually emerges in dome 126 through drip
      tube 128 after having passed through passages in the manifold that have
      not been illustrated. Oil from the drip tube moves down into intersecting
      passage 130 where it enters the high velocity air stream passing through
      orifice 118 and is dispatched downstream in the form of a fine mist.
PAR  Once again, no particular novelty is ascribed to the lubricator shown as it
      is intended as being merely illustrative of one such lubricator that can
      be incorporated into the combination unit of the present invention, there
      being many others. In fact, under certain applications, air free of
      essentially all contaminants is needed such as, for example, in breathing
      apparatus and around food. Obviously, in circumstances such as these, oil
      vapor would not be added to the air stream, but instead, steps would be
      taken to remove any oil along with odors, bacteria and other airborne
      contaminants. Accordingly, in applications such as these, the lubricator
      can be eliminated and a second filter substituted therefor having the
      capability of removing submicron sized particulate matter. This secondary
      filter could easily be incorporated into the combination unit of the
      present invention in place of the lubricator shown by one of ordinary
      skill because all that is required by way of modification is to change the
      downstream section of the manifold beyond regulator section 20 to conform
      to the design of the head of a secondary filter that is used as a separate
      entity. A modified embodiment of the combination unit is shown in FIGS. 5
      and 6. In this modification the regulator section 20 includes only
      pressure gage 24 and has no pressure regulator 22. The manifold includes
      an internally-threaded opening 132 connecting the main air passage 44
      within the regulator section 20, which section is covered and sealed by
      means of a cap 134 and O-ring 136. Branch passages 138 are provided in the
      manifold (FIG. 6) extending from the main air passage 44 to the front and
      to the rear where they open through the lower ends of integrally-formed
      elements 140 that telescope into corresponding elements 142 and 144 formed
      as parts of the partition wall 40 of the shell 26 adjacent its front and
      rear walls. O-rings 146 encircle the elements 140 of the manifold and seal
      same within the corresponding elements of the shell as shown in FIG. 6.
      Front element 142 in the partition wall of the shell defines a blind
      passage 148, whereas, its counterpart 144 in the rear defines the
      previously-mentioned passage 42 that connects into the pressure gage.
      Obviously, whichever of the elements 140 of the manifold lies at the rear
      will connect into passage 42 of the shell and actuate the pressure gage
      while the other of said manifold elements 140 at the front thereof will be
      rendered inoperative.
PAR  Now, comparing FIGS. 4 and 6, it will be seen that branch passages 138 in
      the two-component version of the combination unit illustrated in FIGS. 5
      and 6 differ from the corresponding passages 138M in the three-component
      version of the remaining Figures. Actually, the manifold is molded with
      only the lower portion of passages 138 or 138M completed. Then, if a
      customer orders the twocomponent version of FIGS. 5 and 6, passages 138
      are completed by connecting them up to the main air passage 44 by drilling
      out passages 150 shown in FIG. 6. If, on the other hand, a customer orders
      a three-element unit, modified passages 138M are completed as shown in
      FIG. 4 by drilling passages 152 into them from a position beneath valve
      seat 154 and above piston 92.
PAR  The threecomponent version of the manifold 10 has been shown in FIGS. 1, 3,
      4 and 7. In this form, the manifold 12 has been modified as described
      above to accommodate the regulator 22, in that it has the different
      arrangement of fluid passages 138m that have already been described and,
      in addition, a hole 156 is drilled in the bottom wall of the valve seat to
      receive valve stem 158 that bears against the top of the piston 92.
PAR  The pressure regulator 22 in the particular form disclosed herein has its
      stem 158 threaded through valve member 160. Control knob 162 is attached
      to coupling member 164 and it, in turn, is connected to the valve stem so
      as to rotate same. This same coupling member is attached to lock knob 166
      by means of screw 168 such that if said lock knob is turned down tight, it
      will cooperate with the coupling 164 to force the control knob 162 down
      firmly against the valve body 170 so that the stem cannot be turned.
PAR  As the stem is moved up and down relative to the valve member 160, it acts
      through floating piston 92 to either further compress or release some of
      the compressive force acting on spring 46. As the spring bias on the
      piston increases, it will push upon the stem which telescopes into the
      coupling element and, at the same time, raises the valve member 160 off
      its seat thus permitting air to move past the latter and on through the
      main air passage 44. At such time as the pressure in the main air passage
      downstream of valve element 160 bleeds through orifice 172 and acts upon
      the top of piston 92 so as to depress same and overcome the spring bias
      exerted thereon, then it will drop down and allow spring 174 to close
      valve 160. If, on the other hand, the valve 160 is closed and the
      downstream pressure above piston 92 is sufficient to overcome the spring
      bias exerted thereon and drop it down further, it will immediately move
      out of contact with the valve stem thus permitting air to flow through
      orifice 176 in the center of the piston until an equilibrium condition is,
      once again, established.
PAR  An ordinary pressure regulator functions in a significantly different way,
      the main difference being that instead of changing the effective length of
      the valve stem, it remains the same and the position of the spring
      abutment opposite piston 92 is adjusted. Here again, the pressure
      regulator that has just been described is intended as being merely
      illustrative of one such regulator that can be used in the three-element
      combination unit of the present invention and, while it is considered
      novel, such novelty forms no part of the instant application.
PAR  The manner in which the bowl-carrying subassembly 14 is detachably
      connected to the manifold 12 is shown in FIGS. 1, 2 and 7. The manifold
      has tongue-forming portions 178 at its opposite ends which fit down into
      corresponding slots 180 in the sides of the bowl-carrying subassembly.
      Transversely-extending aligned openings 182 extend through both the
      manifold 12 and bowl-carrying subassembly 14 at opposite ends thereof when
      these elements are in assembled relation. Retractable pins 184 within
      these same openings releasably lock the manifold 12 and bowl subassembly
      together, yet enable the bowl subassembly to be removed from service and
      replaced with minimum disruption in service and without special tools. The
      portions of the pins lying within the confines of the front and rear walls
      of the shell contain annular grooves 186 and 188 while the opening 182 in
      the front wall is similarly grooved to receive spring 190. In the extended
      position shown in FIG. 2, spring 190 drops into the pin-encircling groove
      186 nearest the head thereof and is thus releasably retained in latched
      position. Similarly, in the retracted position of the pin, spring 190
      drops into the groove 188 in the end remote from the head to provide the
      same kind of releasable connection.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple-function unit for treating air comprising a body having an
      air passage therethrough with an inlet at one end and an outlet at the
      other and defining a manifold; first air-treatment means connected into
      said manifold air passage adjacent the inlet thereof and being operative
      to intercept the airstream in the manifold air passage and to modify said
      airstream before returning said stream thus modified to said manifold air
      passage; second air-treatment means connected into said manifold air
      passage adjacent the outlet thereof and being operative to intercept the
      airstream issuing from said first air treatment means and to further
      modify said airstream before returning said airstream to said manifold air
      passage outlet; a bowl-carrying subassembly symmetrical about its
      transverse centerline and detachably connected to said manifold in
      cooperation therewith to define separate, but identical chambers housing
      elements of said first and second airtreatment means; a bowl forming each
      of said chambers attached to said bowl-carrying subassembly; and
      symmetrically-arranged mating elements symmetrical about their transverse
      centerlines carried by the opposed surfaces of said manifold and said
      bowl-carrying subassembly and cooperating with one another in assembled
      relation whereby said manifold and said bowlcarrying subassembly can be
      reversed end-for-end relative to each other.
NUM  2.
PAR  2. A multi-function unit as set forth in claim 1 wherein said bowl-carrying
      subassembly includes a single open-topped shell, said shell upon
      attachment to said manifold supporting both of said bowls attached therein
      in air-tight sealed engagement with said body, and said bowls when thus
      sealed defining reservoirs for the containment of any material either
      taken from or to be added to the airstream by the air treatment means
      associated therewith.
NUM  3.
PAR  3. A multi-function unit as set forth in claim 2 wherein said shell is
      formed with front and rear walls, a centrally-located partition wall, end
      walls and a bottom wall cooperating with one another to define a pair of
      generally cup-shaped bowl-receiving pockets shaped to receive and hold
      said attached bowls in position to engage and form an air-tight seal with
      said mating surface of said manifold.
NUM  4.
PAR  4. A multi-function unit as set forth in claim 3 wherein the shell walls
      cooperate with one another and with said body to define a protective
      shield covering said bowls.
NUM  5.
PAR  5. A multiple-function unit as set forth in claim 2 wherein said shell has
      the front and rear walls interconnecting with the end walls, and including
      window-defining vertically-disposed slots in at least said front wall
      opening onto both of said bowls.
NUM  6.
PAR  6. A multiple-function unit as set forth in claim 2 including removable
      stops carried by said shell in overhanging relation to the rims of said
      bowls, said stops cooperating with said shell to retain said bowls in the
      latter when said bowl-carrying subassembly is detached from said manifold.
NUM  7.
PAR  7. A multiple-function unit as set forth in claim 2 wherein at least one of
      said bowls has a drain opening in the bottom thereof with a drain valve
      mounted therein, and said shell includes a bottom wall in supporting
      relation to the bottom of said bowls, said bottom wall having an opening
      therein located and sized to receive said drain valve.
NUM  8.
PAR  8. A multiple-function unit as set forth in claim 2 wherein said manifold
      air passage includes a branch passage communicating therewith; said shell
      having a gage-viewing opening in one exposed face thereof and
      conduitforming means positioned and adapted to connect into said branch
      passage in air-tight sealed engagement therewith when said shell and said
      manifold are assembled together; and a pressure gage visible through said
      gage-viewing opening and connected into the end of said conduit-forming
      means opposite the end which connects into said branch passage.
NUM  9.
PAR  9. A multi-function unit as set forth in claim 8 wherein said branch
      passage is further branched to define a pair of identical outlets
      positioned on the transverse centerline of said manifold and symmetrically
      located relative to the longitudinal centerline of said manifold, said
      manifold including plug-forming means carried by said shell and positioned
      to close the unused outlet of said further branch passage when said
      manifold and said bowlcarrying subassembly are assembled to interconnect
      said conduit-forming means and other outlet.
NUM  10.
PAR  10. A multiple-function unit as set-forth in claim 1 wherein said first
      air-treatment means comprises an air filter.
NUM  11.
PAR  11. A multiple function unit as set forth in claim 1 wherein said second
      air-treatment means comprises a lubricator.
NUM  12.
PAR  12. A multiple-function unit as set forth in claim 1 further comprising
      pressure reduction means connected into said manifold air passage
      intermediate said first and second air-treatment means.
NUM  13.
PAR  13. The multiple-function unit of claim 12 wherein said manifold includes a
      cavity intermediate said first and second air-treatment means and
      communicating therewith and wherein said pressure reduction means
      comprises a pressure-responsive element mounted for movement within said
      cavity and cooperating therewith to define a pressure chamber of variable
      volume, valve means located within said air passage upstream of said
      pressure chamber and operative in closed position to shut off the flow of
      air through said air passage, first biasing means normally biasing said
      valve means into closed position, link means interconnecting said
      pressure-responsive element with said valve means and operative upon
      movement of said pressure-responsive element in a direction to reduce the
      pressure chamber volume to open said valve means, and second biasing means
      connected to said pressure-responsive element normally biasing said
      element in a direction to reduce the pressure chamber volume, said second
      biasing means cooperating with said pressure responsive element and said
      link means under the influence of a pressure in the pressure chamber below
      a preselected value to open said valve means in opposition to the bias
      exerted thereon by said first biasing means, and cooperating when the
      pressure in the pressure chamber rises above said preselected value to
      increase the volume of the latter in opposition to the second biasing
      means whereby said first biasing means closes said valve means.
NUM  14.
PAR  14. A multi-function unit as set forth in claim 13 including adjustable
      means in operative association with one of said first and second biasing
      means and with said pressure-responsive element for changing the magnitude
      of said preselected value at which said valve means will actuate.
NUM  15.
PAR  15. A multi-function unit as set forth in claim 1 further including a pair
      of mounting brackets operatively associated with one another when mounted
      in longitudinally-spaced parallel relation to define a support sized to
      accept said manifold therebetween in either of two positions reversed
      end-for-end; said brackets each having a passage therethrough aligned in
      assembled relation with either said inlet or said outlet of said manifold
      depending upon its orientation relative thereto, and said brackets
      defining couplings for connecting said manifold into an air line.
NUM  16.
PAR  16. A multi-function unit as set forth in claim 15 including an O-ring
      interposed between the mating faces of said manifold and said mounting
      brackets in encircling relation to said passages therethrough, said
      O-rings producing air-tight yieldable seals adapted to permit said
      manifold to be removed from between said brackets without disturbing said
      brackets.
NUM  17.
PAR  17. A multi-function unit as set forth in claim 15 wherein the sizes of
      said passages in said mounting brackets are different from the sizes of
      said inlet and said outlet passages of said manifold so as to accommodate
      compressed air supply piping of various sizes.
NUM  18.
PAR  18. A multiple-function unit as set forth in claim 1 wherein said mating
      elements comprise cooperating tongue and groove means, said tongue and
      groove means having openings therethrough registering with one another in
      assembled relation, and a retractable latch pin mounted within each of
      said registered openings for reciprocal movement between a locked and
      unlocked position, said pins cooperating with said interengaged tongue and
      groove means to define releasable latches therefor.
NUM  19.
PAR  19. A multi-function unit as set forth in claim 18 wherein said pins are
      encircled by grooves at opposite ends thereof; and in which a spring is
      mounted within each of said registered openings adjacent the entryway
      thereto adapted to cooperate with said grooves to releasably retain said
      pins in either their extended or retracted positions.
NUM  20.
PAR  20. A multi-function unit as set forth in claim 1 wherein the portions on
      opposite sides of both the transverse and longitudinal centerlines of the
      mating surfaces of both said body and said bowl-carrying subassembly are
      mirror images of one another.
NUM  21.
PAR  21. A multiple-function unit for treating air, said unit having a body with
      an air passage therethrough, said body having an inlet and an outlet for
      said air passage, first means in said body connected to said inlet for
      modifying the air at said inlet and for delivering the air to said
      passage, second means in said body connected to said outlet for modifying
      the air in said air passage and for delivering the air to said outlet, and
      a reversible housing for defining separate chambers in said air passage
      around said first and second modifying means, said reversible housing
      comprising:
PA1  an open-topped shell for detachably connecting to said body over said first
      and second modifying means,
PA1  a pair of bowls disposed and attached within said shell for defining said
      separate air chambers,
PA1  groove means on the surface of said body having a symmetrical configuration
      about the transverse centerline of said body for mating with said open top
      of said shell,
PA1  tongue means on the surface of the open top of said shell having a
      symmetrical configuration about the transverse centerline for mating with
      said groove means, said tongue means being able to mate with said groove
      means even though said body and said shell are reversed end-for-end
      relative to each other, and
PA1  pin means for releasably connecting said tongue means to said groove means
      so that said bowls are held firmly in sealed relationship with said air
      passage.
NUM  22.
PAR  22. The multiple-function unit of claim 21 wherein said shell comprises,
PA1  detachable means in sealed communication with said air-passage of said body
      when said shell is in said air-tight sealed engagement with said body for
      measuring the air pressure in said air-passage, and
PA1  a first means on one side of said shell for retaining said measuring means
      so that said measuring means can be readily observed.
NUM  23.
PAR  23. The multiple-function unit of claim 21 further comprising:
PA1  a cavity intermediate to and in communication with said first and second
      modifying means, said cavity being part of said air-passage, and
PA1  means releasably connected into said cavity for reducing the pressure of
      the air between said first and second modifying means.
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ABST
PAL  A lubricating device for mounting on a spindle, such as a roll spindle, in
      which a split gear ring is mounted on the spindle and confined within a
      cover which has a pinion therein meshing with the gear ring and forming a
      lubricant pump therewith. The gear ring has axial hub portions thereon and
      there are bearings interposed between the cover and the hub portions
      rollingly supporting the cover on the hub portions. The cover is sealed to
      the hub portions and is held against rotation on the spindle.
BSUM
PAR  The present invention relates to a lubricating device for roll spindles of
      rolling mills with a pump comprising a gear ring and at least one pinion,
      said spindle having connected thereto a radially divisible hub with gear
      ring in the tooth spaces of which there are provided radially extending
      conveying bores leading into tap bores of the hub while the pinion meshing
      with the gear ring is mounted in a cover which is rotatable relative to
      the hub and is radially divisible, said cover having a U-shaped cross
      section and forming a chamber extending over the gear ring.
PAR  The joints of roll spindles of rolling mills have numerous circulating
      lubricating points which have to be continuously provided with grease. The
      fact that the lubricating points themselves circulate brings about a
      difficulty for the arrangement of the lubricating device and the feeding
      lines to the individual lubricating points. For purposes of solving this
      problem, two main designs for lubricating devices of the above mentioned
      type have become known and are described in German Pat. Nos. 1,602,170 and
      2,123,557.
PAR  According to these known lubricating devices, the stationary cover is
      slidably mounted on the rotatable hub and partially rests by means of the
      pinion or pinions on the gear ring of the hub. The actual operation in
      practice of these known lubricating devices has proved that it is
      difficult to keep wear in the sealing gap between hub and cover within
      economically feasible limits. Inasmuch as the roll spindles located
      between a drive or transmission and a rolling mill may have a position
      varying from a horizontal position to a vertical position, also the
      lubricating devices must be operable in a correspondingly inclined
      position of said spindles. In this connection it has been found that an
      undue high wear occurs in the slide bearing between the cover and the hub,
      and in particular, at the seals, which high wear is caused by the high
      radial and axial load. It is not possible to prevent this wear by making
      the cover of a lighter material than the hub because a pairing of one
      material with a different material would even increase the wear. The
      heretofore known lubricating devices are no longer able to meet the
      occurring loads, especially those occurring at circumferential speeds
      exceeding 5 meters per second.
PAR  It is, therefore, an object of the present invention so to improve the
      heretofore known lubricating devices of the above mentioned type that the
      wear occurring between the cover and the hub can, even at greater
      circumferential speeds, exceeding 5 meters per second and in inclined
      installed position, be kept in economically permissible limits.
DRWD
PAR  This object and other objects and advantages of the invention will appear
      more clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a side view of a lubricating device according to the
      invention, partially in section.
PAR  FIG. 2 shows a section taken along the line II--II of FIG. 1.
PAR  FIG. 3 illustrates a section taken along the line III--III of FIG. 1.
PAR  FIG. 4 is a section taken along the line IV--IV of FIG. 1.
PAR  FIG. 5 shows a section taken along the line V--V of FIG. 1.
PAR  FIG. 6 is a section through the upper portion of a modified arrangement of
      the lubricating device.
PAR  FIG. 7 is a diagrammatic view of a rolling mill illustrating the position
      of the lubricating devices on the roll spindles in conformity with the
      present invention.
DETD
PAR  The lubricating device according to the present invention is characterized
      primarily in that the cover is, on both sides of the gear ring, in a
      rolling manner, mounted on the hub. More specifically, the mounting of the
      cover in a rolling manner on the hub, is effected by means of at least
      three supporting roller pairs uniformly distributed over the circumference
      of the cover.
PAR  According to one specific embodiment of the invention, it has proved
      advantageous to provide side rings on both sides of the gear ring on which
      side rings the supporting rollers may roll. In order to be able properly
      to adjust the play between the supporting rollers and the side rings, it
      is expedient to arrange a supporting roller pair on a shaft which is
      radially adjustably mounted in the cover. The radially adjustable mounting
      may also consist of bearing pins arranged eccentrically.
PAR  The mounting of the cover with supporting rollers on the hub in conformity
      with the invention decreases the wear and brings about a considerably
      quieter running. The play of the tooth flanks between the conveying pinion
      and the gear ring on the hub may be adjusted for optimum purposes. The now
      rolling friction between cover and hub also brings about a considerably
      reduced heating up of the employed lubricants so that the original
      viscosity of the lubricant will be maintained and a better seal can be
      obtained. The rolling friction between cover and hub also makes it
      possible to make the cover of a considerably lighter material. For
      instance, the cover may be made of aluminum or die-cast aluminum, whereas
      the hub may be made of steel, die-cast iron, or sphaero-cast metal. This
      brings about a considerably simplification of the manufacturing process
      and a considerably decrease in cost thereof.
PAR  According to a further improvement of the invention, the basic problem in
      connection with a lubricating device for installation on nearly vertically
      extending roll spindles, which means in approximately horizontal operative
      position, is solved by mounting the cover with radially divided wire ball
      bearings on both sides of the gear ring on the hub in a rolling manner.
      The wire ball bearings are expediently inserted in the housing formed by
      the cover and by laterally extending radially divided bearing rings. In
      order to permit a precise adjusting, the bearing rings are expediently
      post adjustable and are connected by screws to the cover. According to
      this design, the lubricating device according to the invention has the
      advantage that the wire ball bearings will in a greatly inclined or
      approximately horizontal position of operation assure a very low wear in
      the guiding of the cover on the hub, while the play of operation between
      the pinion and the lateral rings will be retained.
PAR  With both embodiments, the lubricating device according to the invention
      has the advantage that now also the pinion which is relieved from any
      guiding or supporting function may be produced of synthetic material.
      Moreover, the tooth flank play may be reduced to an extent not possible
      heretofore.
PAR  Referring now to the drawings in detail, and FIGS. 1-5 thereof in
      particular, the lubricating device illustrated in FIGS. 1-5 consists
      primarily of a hub 1 with two radially divisible sections 1a, 1b which by
      means of screws 2 through the intervention of a roll spindle 3 (FIG. 7)
      are connected to each other to form a ring. The lubricating device
      furthermore comprises a cover 4 with two sections 4a and 4b which are
      likewise by means of screws 5 combined to form a ring.
PAR  On the inner side of the annular hub 1 are spacer members 6 by means of
      which the hub 1 is connected to the roll spindle 3. In the center of the
      hub there is provided a gear ring 7 with which a pinion 8 meshes which is
      journaled on the cover 4. In the tooth spaces of gear ring 7 there are
      provided radially inwardly extending bores 9 which lead into axially
      extending tap bores 10 with built in check valve. Conduits 11 (FIG. 7) may
      be connected to the tap bores 10 and lead to joints 12 (FIG. 7) of the
      roll spindles 3.
PAR  The cover 4 has a U-shaped cross section and together with hub 1 forms a
      chamber 13 which is adapted to be filled with a lubricant
      --grease--through bores 14 which are arranged ahead and behind the pinion
      8 when looking in the direction of rotation of the pinion. The cover 4 is
      resting on side rings 16 by means of three supporting roller pairs 15
      which are offset relative to each other by an angle of 120.degree. and are
      mounted on the circumference of the cover 4. The side rings are connected
      to the gear ring by screws 17. The supporting rollers 15a are journaled by
      means of anti-friction bearings 20 on shafts 19 journaled in the cover 4
      by means of bushings 18 and roll on the side rings 16. In order to be able
      to adjust the play between the cover 4 and the hub 1, there is provided at
      least one shaft 19 with eccentrically arranged bearing pivots 21 on which
      the shaft 19 can be fixed by threaded pins 22. The supporting roller pairs
      15 are sealed toward the outside by housing covers 23.
PAR  The pinion 8 is by means of an anti-friction bearing 24 adjustably
      journaled on a shaft 25 which is arranged in a housing 26 connected to the
      cover 4. For purposes of laterally sealing, closure rings 27 are connected
      by screws 28 to the cover 4 while in a portion 29 of cover 4 there is
      inserted a lip sealing 36 engaging the hub 1.
PAR  The lubricant which is filled into the chamber 13 through bores 14 is
      pumped by the gears of pinion 8 through bores 9 and tap bores 10 with
      built-in check valve to the conduits 11, said conduits 11 leading to the
      various lubricating points. In order to be able at higher speeds to
      prevent a flowing back of the lubricant into the chamber 13, an additional
      check valve 30 is built into each bore 9.
PAR  At the outer circumference of cover 4 there is arranged a holding device 31
      which during the operation is connected to an anchoring system 32 (FIG. 7)
      According to the design illustrated in FIG. 6, the cover 4 is journaled on
      hub 1 by means of two wire ball bearings 33. This mounting has the
      advantage that it can better absorb the occurring axial loads, especially
      when the lubricating device is horizontally arranged on the vertically
      extending roll spindle 3. With this design, between the cover 4 and the
      side rings 16 there are provided radially divided starting discs 34 of
      bronze. A seal in the form of a lip seal 36 is provided outside the wire
      ball bearings 33 between the bearing rings 35 and the closure rings 27
      which are connected from the outside by screws 28 to the cover 4.
PAR  For purposes of illustrating the location of the lubricating device 40,
      FIG. 7 shows a roller mill 37 with a drive 38 and rollers 39. The roll
      spindles 3 are located between the transmission 38 and the rollers 39 in
      differently inclined position. The roll spindles 3 as well as the
      lubricating points on the joints 12 rotate, whereas the devices for the
      feeding of the lubricant and the cover 4 with bores 14 for filling the
      lubricant into the chamber 13 are standing still because they are held on
      the holding device 31 by means of the anchoring system 32.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawing, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricating device, especially for roll spindles, comprising; a
      radially split gear ring adapted for mounting on a roll spindle for
      rotation therewith and having axial hub portions, a pinion meshing with
      said gear ring and forming a pump therewith, lubricant passages
      communicating with at least some of the tooth spaces of the gear ring and
      leading axially through at least one of said hub portions, a radially
      split cover which is "U" shaped in cross section fitted about said gear
      ring and sealingly engaged said hub portions, said cover having an opening
      for accommodating said pinion, housing means enclosing said pinion and
      connected to said cover, means enclosing said pinion and connected to said
      cover, means for holding said cover against rotation during rotation of
      the spindle while permitting lateral movement of the cover and spindle in
      unison, and bearing means supported by said cover and rollingly supporting
      said cover on the said hubs of said ring gear while holding the cover
      against lateral movement on the spindle.
NUM  2.
PAR  2. A lubricating device according to claim 1 in which said bearing means
      comprises at least three supporting roller means carried by said cover in
      circumferentially distributed relation and rollingly supported on said hub
      portions.
NUM  3.
PAR  3. A lubricating device according to claim 1 which includes a ring on each
      hub portion adjacent the said ring gear, said bearing means including
      pairs of coaxial rollers carried by said cover in circumferentially
      distributed relation and rollingly engaging the radially outer peripheries
      of said rings.
NUM  4.
PAR  4. A lubricating device according to claim 1 in which said bearing means
      includes rollers distributed circumferentially in said cover and support
      shafts therefor, and means for radially adjusting at least one of said
      shafts in said cover.
NUM  5.
PAR  5. A lubricating device according to claim 4 in which said means for
      radially adjusting said one shaft in said cover comprises angularly
      adjustable eccentric bushings in the cover supporting the ends of the said
      shaft.
NUM  6.
PAR  6. A lubricating device according to claim 5 which includes means for
      locking said bushings in angularly adjusted positions in said cover.
NUM  7.
PAR  7. A lubricating device according to claim 1 in which said bearing means
      comprise ball bearings.
NUM  8.
PAR  8. A lubricating device according to claim 7 in which said ball bearings
      comprise inner race means on said hub portions and outer race means on
      said cover and holes rollingly engaging said race means.
NUM  9.
PAR  9. A lubricating device according to claim 7 in which said hub portions
      comprise radially outwardly opening annular grooves to accommodate said
      ball bearings on the radially inward side thereof, said cover comprising
      radially inwardly opening annular grooves to accommodate said ball
      bearings on the radially outward side thereof.
NUM  10.
PAR  10. A lubricating device according to claim 9 which includes wires in said
      grooves forming the race surfaces on which the balls of said ball bearings
      roll.
NUM  11.
PAR  11. A lubricating device according to claim 9 which includes radially split
      ring members mounted on said cover from the outside and forming the
      axially outer portions of the said annular grooves therein.
NUM  12.
PAR  12. A lubricating device according to claim 11 which includes screws
      adjustably connecting said ring members to said cover.
NUM  13.
PAR  13. A lubricating device according to claim 1 in which at least the hub
      portions of said ring gear are formed of steel while said cover is formed
      of aluminum.
NUM  14.
PAR  14. A lubricating device according to claim 1 in which said ring gear is
      formed of metal and said pinion is formed of a synthetic material.
NUM  15.
PAR  15. A lubricating device according to claim 1 which includes a ring member
      on each hub portion, each ring member engaging a respective side of said
      gear ring and extending radially outwardly beyond the outer periphery of
      the gear ring and engaging a respective side of said pinion thereby to
      confine the pumping region formed by said gear ring and pinion at the
      axial ends of the pumping region.
NUM  16.
PAR  16. A lubricating device according to claim 5 which includes lubricant
      supply means connected to the space inside said cover in at least one
      circumferential region of the cover circumferentially spaced from said
      pinion.
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PAL  A retail furniture sales display module has an illuminated photograph of
      household furnishings shown in a coordinated room setting and a tactile
      display of fragmentary physical samples of the furnishings. A plurality of
      the modules are arranged within a sales facility building. Actual sample
      items may be displayed on a mezzanine floor above the module arrangement
      and a warehouse having an available supply of the furnishings is adjacent
      the module arrangement.
PARN
PAR  The instant application is a divisional case of prior filed co-pending
      application Ser. No. 357,951, filed May 7, 1973, entitled RETAIL FURNITURE
      DISPLAY AND SALES FACILITY, inventor - Ralph Levitz, now abandoned.
BSUM
PAR  This invention relates to a retail furniture sales facility.
PAR  More particularly, the invention relates to a retail furniture sales
      facility with novel means for displaying household furnishings.
PAR  In a further aspect, the invention concerns a retail furniture sales
      facility wherein numerous displays of household furnishings in room
      settings are present for consideration by the customer within
      substantially less area than required for conventional display.
PAR  In further further aspect, the invention concerns a novel retail sales
      facility with an integral mezzanine for displaying representative
      furniture items and a warehouse for storing an available supply of
      household furnishings.
PAR  Household furnishings, including furniture, accessories and decorator
      items, are a necessary commodity. From large metropolitan cities to small
      suburban and rural communities, persons periodically purchase household
      furnishings to furnish new homes, to replace worn-out items, and to change
      decor. The type of item, such as sofa, chair, dinette set or bedroom
      suite, is dictated by the customer's need. The style varies according to
      the customer's aesthetic preference, style of home, intended use,
      geographic location, and numerous other criteria. To adequately
      accommodate potential customers and insure business success, the
      enterprising merchant must, therefore, have a copious display of
      furnishings.
PAR  For very practical reasons, however, the prudent retailer must limit his
      investment and, consequently, the displays of furnishings in accordance
      with the potential market. In populous areas, for example, are spacious,
      often multi-story furniture sales facilities having a large offering.
      While some stores simply have all like items crowded together, other
      stores having extraordinary floor space may display furniture in room-like
      arrangements. When inspecting furniture presented in room settings, the
      customer more readily visualize the items as they would appear within his
      home. This type of retail facility usually has a warehouse located in a
      commercial section of the city from where the customer's selection is
      delivered within a few days.
PAR  Recently, conventional retail furniture stores located in metropolitan
      business districts have been widely displaced by combination
      warehouse-showroom facilities located in outlying areas. This new type of
      facility offers the customer ultimate convenience and service in
      accordance with present technology. The potential retail customer can
      usually reach such sales facilities more quickly and conveniently as they
      are located on major highways away from normally congested downtown
      business districts. Located in districts where land is less valuable and
      without the necessity of ostentatious architecture, the merchant can erect
      an extemely large building. The building contains a spacious showroom
      displaying an extensive variety of home furnishings and a warehouse for
      storing ample quantities of the furnishings.
PAR  After making his selection, the customer may have his merchandise
      immediately removed from the warehouse and loaded into his personal
      vehicle, or alternatively, have the merchandise delivered by the company
      within a few days. It is obvious that the combination warehouse-showroom
      operation offers the customer an ample selection and substantial savings.
PAR  Special display techniques have been developed to complement the
      warehouse-showroom facility described above. The showroom, located in a
      separate area adjacent to the warehouse storage area, is divided by
      numerous elongate partitions into aisles not substantially wider than a
      room in a conventional residence, and a room-type ceiling further
      contributes to the home-like setting. The furniture is displayed in
      room-like groups along with appropriate accessories, decorator items,
      ceiling fixtures, etc., such that the customer can more accurately
      visualize how the furniture would appear in his home. Furthermore, related
      room settings correlated by the designated room or by the furniture style
      can be rapidly inspected and compared by the customer as he walks along
      the elongate aisles containing the repeated groupings of similar
      furniture.
PAR  By contrast, the small town furniture store typically having limited floor
      space offers a meager selection of household furnishings. The customer
      chooses from among randomly arranged floor samples, which is also the
      merchandise which he purchases. Due to the lack of warehouse facility, the
      selection presented to the customer is reduced in accordance with the
      merchandise sold pending the delivery of replacement items. To compensate
      for his limited stock, the proprietor usually has numerous catalogs
      published by various home furnishing manufacturers. In toto, the catalogs
      may be more replete with merchandise than any sales facility, including
      those in large metropolitan areas. Within these catalogs, the customer is
      certain to find the item which he desires. Accompanying the catalog
      illustration is a written description concerning the materials of
      construction, colors available, and other pertinent criteria.
PAR  Customers, however, have a preference to sample the merchandise. They like
      to feel the weight and strength of the material, view the colors and
      perform other personal inspections to insure themselves that the purchase
      is justified. When making a catalog purchase, the customer has difficulty
      adequately visualizing the furniture as it would appear within his home.
      Further, merchandise ordered from a catalog is usually shipped from some
      remote warehouse or the factory, causing considerable delay to the
      customer in receiving his merchandise. Since furniture manufacturing
      concerns operate on production run scheduling, the customer may be
      deprived of his merchandise for several weeks or even months until a run
      of that particular item is again scheduled.
PAR  Thus, it would be highly advantageous to retailers and to customers to
      provide a retail furniture sales facility especially adapted for limited
      population areas and providing optimum customer service.
PAR  Accordingly, it is an object of the present invention to provide an
      improved retail furniture sales facility.
PAR  Another object of the present invention is to provide a retail furniture
      sales facility which, while having a limited stock inventory, can present
      extensive selections for the customer's consideration.
PAR  Still another object of the present invention is to present varied displays
      of household furnishings including furniture, accessories, decorator
      items, selective wall coverings, floors, and background items, arranged in
      numerous room settings within a substantially reduced area compared to
      that required for conventional display.
PAR  Yet still another object of the present invention is to provide a complete
      display of home furnishings on a reduced scale in such manner that the
      customer may readily visualize the furniture as it would appear in his own
      home and also physically touch the materials of construction.
PAR  Yet still another object of the present invention is to provide the small
      town customer with a selection of home furnishings comparable to those
      available to metropolitan city customers.
PAR  A further object of the present invention is to provide a retail furniture
      sales facility as above described which may incorporate means for
      presenting selective furniture items for inspection by the customer while
      requiring no additional land area.
PAR  Still a further object of the present invention is the provision of a
      retail furniture sales facility as above which may include an integral
      warehouse haing a readily-available stock of the merchandise on display.
PAR  Yet still a further object of the present invention is to provide a
      combination showroom-warehouse retail furniture sales facility having the
      above-mentioned advantages which is arranged and constructed so as to
      improve the retail customer's awareness that he is purchasing his
      selections in a warehouse facility.
PAR  Briefly, to achieve the desired objectives in accordance with the
      invention, a display module is provided comprising an upright supporting
      structure having an illuminated photograph of a room setting having
      household furnishings arranged therein and a tactile display having
      fragmentary samples corresponding to the actual materials of construction
      of the furnishings shown in the photograph. Preferably, the photograph is
      a photographic transparency of an actual room setting of household
      furnishings including furniture, accessories, decorator items, selective
      floor coverings, walls and background items reproduced in full color. The
      diffused illumination behind the transparency assists in presenting a
      natural appearing room setting whereby the customer may readily visualize
      the home furnishings as they would appear within his own home. The
      photograph is retained in a frame in the upper portion of the display
      module proximate the eye level of the viewer. A panel below the photograph
      carries the tactile display. The tactile display includes fragmentary
      physical samples of the wood, cloth, hardware and other materials actually
      employed in the fabrication of the home furnishings displayed in the
      photograph. The tactile display provides the customer with the ability to
      touch and examine the texture of the home furnishings while viewing the
      home furnishings to intensify the reality of the photographic display. The
      display module can further include an elongate plate extending
      transversely between the photograph and the tactile display. Sales tags
      bearing the price and other descriptive indicia relative to the furniture
      items are secured upon the plate.
PAR  Several displays may be incorporated into an extended display module. The
      extended module is sub-divided by vertical spaced partitions. Between each
      pair of partitions is a photograph, a tactile display and a plate bearing
      the sales tag as hereinbefore described. The several displays within each
      extended module are arranged according to type or style of furniture. For
      example, one module may contain all dining room sets or all living room
      suites or, alternately, one module may display mediterranean furniture
      while another displays colonial style furniture. A plurality of display
      modules are arranged with continuous access aisles therebetween providing
      ample room for the customer to walk along the display modules and readily
      compare the various furnishings displayed in each photograph. Walls and a
      roof are provided to form a building enclosing the display modules and the
      access aisles to form an improved compact furniture sales facility wherein
      extensive selections of home furnishings are presented for inspection by
      the customer within a store occupying minimal land area.
PAR  Where the area and population serviced by the retail furniture sales
      facility justifies the expenditure for additional services, a two-story
      building may be utilized. In this configuration, a mezzanine floor is
      supported above the display modules and the access aisles with a stairway,
      escalator or other suitable passage means communicating between the
      mezzanine floor and the access aisles. The mezzanine floor supports
      selective items of furniture for inspection by the customer. Each
      selective item of furniture is an actual item representative of the
      grouping displayed in one of the photographs. In a further modification,
      here again depending upon the area and population to be served, the retail
      sales facility includes an integral warehouse within the building. The
      warehouse facility includes a plurality of elongate storage racks arranged
      in parallel and spaced to have access aisles between the racks. The
      storage racks hold a readily available supply of the household furnishings
      displayed within the retail sales facility. Between the retail sales
      facility and the warehouse facility is a mutual access aisle having the
      aisles of the sales facility extending from one side thereof and the
      access aisles of the warehouse facility extending from the other side
      thereof. A customer entrance door at one end of the mutual access aisle
      affords the customer a simultaneous view of the sales facility and the
      warehouse facility upon entering the building. Adjacent the customer
      entrance door is a loading dock with a door communicating to the interior
      of the warehouse facility.
PAR  It will be immediately apparent to those skilled in the retail trade that
      the retail furniture sales facility as hereabove first described and
      including the display module is acceptable for erection in communities
      having limited populations. The capital investment to the merchant is
      minimal, yet the selection of furnishings presented for consideration by
      the customer equals that which is displayed to customers in heavily
      populated areas. Such facilities would normally be operated in connection
      with furniture warehouse facilities located in metropolitan areas. The
      metropolitan facility would be of the showroom-warehouse type which
      displays the same merchandise and has a large readily-available stock.
      Considering modern transportation and delivery means, furniture selected
      by the customer at a facility constructed in accordance with the teachings
      of the present invention could be dispatched via a telephone order from
      the metropolitan warehouse to be delivered to the customer's home within
      two or three days. This is approximately the same delivery schedule
      offered to customers by conventional retail furniture sales facilities
      within metropolitan downtown business areas which must have the items
      delivered from a warehouse located in the commercial district of the city.
      As further described above, the retail sales facility of the present
      invention may offer extended services to the customer including an
      integral warehouse in accordance with the sales potential of the area.
DRWD
PAR  Further and more specific objects and advantages of the present invention
      will become more readily apparent from the following detailed description
      of a preferred embodiment thereof taken in conjunction with the drawings
      in which:
PAR  FIG. 1 is a perspective view of a display module constructed in accordance
      with the teachings of the present invention;
PAR  FIG. 2 is an elevation view, in section, taken along the line 2--2 of FIG.
      1 particularly detailing the elemental components thereof;
PAR  FIG. 3 is a partial frontal view of the device of FIG. 1;
PAR  FIG. 4 is a fragmentary section corresponding to FIG. 2 and illustrating a
      preferred means of illuminating the price tags displayed thereon;
PAR  FIG. 5 is a fragmentary section corresponding to FIG. 2 and illustrating an
      alternate means of illuminating the price tags;
PAR  FIG. 6 is a fragmentary frontal view of the device of FIG. 1 as the device
      would appear within a retail furniture sales facility when viewed by the
      customer;
PAR  FIG. 7 shows a preferred arrangement of the display modules within a retail
      furniture sales facility;
PAR  FIG. 8 is a plan view taken along the line 8--8 of FIG. 7;
PAR  FIG. 9 is a plan view taken along the line 9--9 of FIG. 7;
PAR  FIG. 10 is a view corresponding to FIG. 9 and showing an alternately
      preferred arrangement of the display modules;
PAR  FIG. 11 is a retail furniture sales facility constructed in accordance with
      the teachings of the present invention partially broken away to illustrate
      the interior arrangement thereof;
PAR  FIG. 12 is a perspective view of an alternately constructed retail
      furniture sales facility and partially broken away to reveal the interior
      arrangement thereof including the mezzanine floor;
PAR  FIG. 13 is an elevation view in section of an alternately preferred
      facility of the type shown in FIG. 12; and
PAR  FIG. 14 is a retail furniture sales facility corresponding to the facility
      shown in FIG. 12 and including a warehouse storage facility.
DETD
PAR  Turning now to the drawings, in which the same reference numeral indicates
      corresponding elements throughout the several views, attention is first
      directed to FIGS. 1-3 which particularly illustrate a retail furniture
      sales display module constructed in accordance with the teachings of the
      present invention. The display module generally designated by the
      reference character 20 is an upright structure having upstanding aligned
      partitions 21. Each pair of partitions are maintained in a spaced parallel
      relationship by a pair of panels 22 in the lower portion thereof. An upper
      facia 23 maintains the relationship of the partitions at the upper end
      thereof.
PAR  A frame is disposed between each pair of panels. The frame has an upper
      member 24 and a lower member 27 which supports a plurality of fluorescent
      tube lights 28 proximate the center thereof such that the axis of the
      fluorescent tubes is longitudinally aligned between the partitions. A
      light diffusing plate 29, such as fabricated from a sheet of opaque
      plastic or frosted glass, is disposed on either side of the fluorescent
      tubes. A photographic transparency 30 is removably retained by the frame
      at each outboard edge thereof. The lower member 27 of the frame has a pair
      of spaced upright projections 31, 32 which receives the lower edge of the
      photographic transparency therebetween while the upper edge of the
      transparency 30 is retained against the upper member 24 of the frame by a
      header 33 extending inwardly from the facia 23. The photographic
      transparency, prior to being inserted into the display module, is first
      prepared in a lightweight picture frame 34 to prevent the transparency
      from bending or warping, which is then inserted from the top of the
      display module between the upper member 24 and the header 33 and downward
      until the lower edge of the frame 34 rests between the upright members 31,
      32.
PAR  A pair of elongate plates 37 extend from either edge of the lower frame
      member 27. The elongate plate 37, as viewed in FIGS. 2 and 3, is
      horizontal in the frontal view and depends downward in the sectional view.
      Lighting fixtures 38 are carried on the underside of the plate 37 for
      illuminating the panel 22 while a plurality of spring clips 39 are aligned
      on the upper surface of the plate. In accordance with preferred
      construction procedures, an inset kickboard 40 extends the length of the
      display module along the bottom thereof. Fluorescent tube lights 41 are
      disposed above the kickboard 40 to provide floor illumination.
PAR  A preferred method of illuminating the plate 37 is specifically shown in
      FIG. 4. Herein a lighting fixture 42 is carried by the facia 23 above the
      header 33. The illumination from the light fixture shines through an
      aperture 43 within the header 33 to fall upon the plate 37. As will be
      readily apparent to those skilled in the art, if a solid photograph is
      substituted for the photographic transparency 30, the header 33 may be
      removed and the light fixture 40 replaced with a directed flood light to
      illuminate the photograph.
PAR  FIG. 5 illustrates an alternate method of illuminating the upper surface of
      the plate 37. Herein a light fixture 44 is disposed at the upper edge of
      the plate 37. A reflector 47 is carried above the light fixture 44 and has
      a downwardly depending outboard portion to direct the light rays
      downwardly upon the face of the plate 37.
PAR  The function of the display module is most adequately described in
      connection with FIG. 6, in which the display module is illustrated as it
      would appear when viewed by the customer. Shown herein are two photographs
      30a and 30b which depict room settings displaying a bedroom suite and a
      living room suite, respectively. Referring to the photograph 30a, shown
      therein is a room setting of household furnishings including such
      furniture items as a bed 50, a chest 51, commodes 52, accessories here
      shown as lamps 53, and decorator items including a wall-hung picture 54
      and an object d'art 57. The room setting includes selective
      color-coordinated carpeting 58, a throw rug 59, walls 60 and background
      items represented by the drape 61.
PAR  Sales tags 62 are detachably retained upon the plate 37a by the spring
      clips 39. Each sales tag 62 corresonds to a given item of household
      furnishing displayed in the photograph 30a and bears indicia relative to
      that item. The sales tag may, for example, have the manufacturer's name,
      type of material of construction, colors available, stock number and sales
      price. The plate 22a carries a tactile display having fragmentary physical
      samples of materials used in the fabrication of the home furnishings
      displayed in the photograph 30a and described by the sales tags carried
      upon the plate 37a. As shown herein, the tactile display 22a has a drawer
      front 63 as actually used in the fabrication of the chest 51 or the
      commode 52. The drawer front 63 is complete with drawer pulls 64 and
      decorative trim 67. The two cloth samples 68 are representative of the
      material covering for the shade of the lamp 53, while the sample 69 is the
      covering for the mattress on the bed 50. The swatch 70 can alternately
      represent the spread upon the bed or the drape 61. To enhance the display,
      the panel 22a is first covered with a piece of the carpeting 58 upon which
      the fragmentary samples are then mounted.
PAR  Similar to the display hereinbefore just described, a living room suite is
      depicted in the photograph 30b and has associated sales tags upon the
      plate 37b and a tactile display upon the panel 22b. As shown herein, the
      photographs 30a and 30b  represent bedroom furniture and living room
      furniture, respectively, both being of the same style. Other displays
      within the module may display dining room furniture, den furniture and
      family room furniture, all pictorial displays representing the same style
      of furniture. In an alternate arrangement, the display module may display
      all furniture suitable for the same room except in different styles to
      afford the customer a ready comparison among the various styles.
PAR  The photograph 30 being a photographic transparency and being illuminated
      to life-like intensity by the fluorescent tubes 28 assists the customer in
      viewing the furniture as it might appear in his own home. Floor covering
      and accessory items further enhance the customer's visualization. While
      viewing the photographic display, the customer may examine by touch the
      fragmentary samples of the tactile display to heighten his awareness and
      conception of the actual items of furniture. The customer may gain further
      information of those items in which he is interested from the sales tag.
      If the customer desires to ask further questions of a salesman or purchase
      an item of furniture, he may do so by referring to the stock number
      displayed on the sales tag.
PAR  FIGS. 7-9 illustrate a preferred arrangement of the display modules 20
      within a retail sales facility. The unique arrangement of the display
      modules arranged at opposing angles with continuous access aisles 71
      extending therebetween presents a pastoral furniture sales facility to the
      customer. The pastoral arrangement is conducive to simulating the feeling
      that one may have within his own home, whereby he may browse and view the
      displays without the ever-present awareness that he is, in fact, in a
      retail sales facility. The false ceiling 72 lowered to approximate the
      height within his home is further conducive to the atmosphere. A display
      sign 73 may announce the type or style of furniture displayed within the
      modules under the designated false ceiling.
PAR  FIG. 10 shows a more conventional arrangement of the display modules 20
      wherein the display modules are aligned in rows with continuous access
      aisles 71 therebetween. A display area 73 contains actual representative
      items of furniture displayed within the display modules 20.
PAR  FIG. 11 illustrates a compact retail furniture sales building 80 having
      walls 81, a roof 82 and a customer entrance door 83. In one section of the
      building is a sales office 84. Display modules 20 are arranged upon the
      showroom floor of the sales facility building 80. Continuous access aisles
      71 extend between the display modules 20.
PAR  An alternate retail furniture sales facility is shown in FIG. 12. Herein,
      the building 90 has a mezzanine floor 91, which supports selective items
      of furniture representative of the items illustrated within the display
      modules 20. Stairs 93 communicate between the access aisles 71 and the
      mezzanine floor 91. The building 90 is applicable for construction in
      those areas where the population serviced by the retail sales facility
      justifies the erection of a more sophisticated building than the one
      described in connection with FIG. 11. Herein, the customer may inspect
      actual furniture items. It is understood that the furniture displayed upon
      the mezzanine floor 91 is not arranged in group settings nor in complete
      suites or units, but are actual physical samples representative of the
      merchandise displayed within the display modules 20. The building 93a
      illustrated in FIG. 13 is a modification of the building 90. The walls 81
      are substantially taller, thereby raising the mezzanine floor and
      permitting use of the dropped false ceilings 72 over grouped arrangements
      of the display modules 20. An auxillary furniture display area 73 extends
      along one wall of the building spaced from the display modules 20 by the
      continuous access aisle 71.
PAR  FIG. 14 shows a further modified building 100 having walls 101 and a roof
      102. The building is sub-divided into a retail furniture sales facility
      103 and a warehouse facility 104. The sales facility 103 is analogous to
      the display facility described in connection with FIG. 12 having a
      mezzanine floor 91, display modules 20 and continuous access aisles 71.
      The warehouse facility has a plurality of elongate storage racks 107
      having continuous access aisles 108 therebetween. A customer entrance door
      109 is located in one wall 101 of the building, which opens directly to a
      mutual access aisle 110 extending laterally across the building between
      the sales facility 103 and the warehouse facility 14. The access aisles
      108 of the warehouse facility extend perpendicularly from one side of the
      mutual access aisle while the access aisle 71 of the sales facility
      extends from the other side thereof. A wall 111 may preferably be disposed
      between the mutual access aisle 108 and the sales facility 103 such that
      the customer upon entering through the door 109 can view the warehouse
      facility before entering the sales facility through the doorway 112. A
      loading dock 113 having a door 114 associated therewith is located
      adjacent the customer entrance door 109. The door 114 affords direct
      access to the warehouse facility 104. A customer, after having made his
      selection within the sales facility, may have his purchase directly loaded
      into his personal vehicle at the loading dock 113 to take his purchase
      home immediately after purchase. Obviously, the facility described in
      connection with FIG. 14 would service a rather populous area. However, by
      incorporating the display modules 20 and the tiered storage racks 107, the
      facility may be appropriately constructed in areas where the customer
      potential would prohibit a conventional retail sales facility and a
      conventional warehouse facility.
PAR  It is apparent from the foregoing detailed description of the preferred
      embodiments that a retail furniture sales facility constructed in
      accordance with the teachings of the present invention can provide the
      small town customer with a selection of home furnishings comparable to
      those available to metropolitan city customers. When such a facility is
      operated in connection with a furniture warehouse or furniture
      showroom-warehouse located in a metropolitan area, the customer's
      selection can be delivered within the normal delivery time the
      metropolitan city customer would expect when purchasing his furniture
      items from a conventional furniture store. The retail furniture sales
      facility as specifically described in FIG. 14 especially adapted for
      construction in a more populous area is a combination showroom-warehouse
      retail furniture sales facility which is arranged to improve the retail
      customer's awareness that he is purchasing his selections in a warehouse
      facility and, therefore, offered the advantages normally reserved to
      customers residing in large metropolitan areas.
CLMS
STM  Having fully disclosed and described the invention and the preferred
      embodiment thereof in such clear and concise terms as to enable those
      skilled in the art to understand and practice the same, what is claimed
      is:
NUM  1.
PAR  1. A retail sales facility for displaying numerous room settings of
      household furnishings including furniture, accessories, decorator items,
      selective floor covering, walls and background items for consideration by
      the customer in a reduced space compared to that required for actual
      physical display, said facility comprising:
PA1  a. a plurality of display modules having access aisles therebetween and
      including
PA2  i. an upright supporting structure;
PA2  ii. a photograph carried by said supporting structure of said room setting,
      having said household furnishings arranged therein;
PA2  iii. means for illuminating said photograph;
PA2  iv. a tactile display, located adjacent said photograph, having
      fragmentary, physical samples corresponding to the actual materials of
      construction of the furnishings shown in the photograph; and
PA1  b. a mezzanine floor supported above said display modules and access
      aisles;
PA1  c. passage means communicating between said access aisles and said
      mezzanine floor
PA2  i. said mezzanine floor supporting selective items of furniture for
      inspection by the customer, each said item of furniture being an actual
      item as photographically displayed; and
PA1  d. wall, roof, and door means defining a building enclosing said display
      modules, said mezzanine floor, and said access aisles.
NUM  2.
PAR  2. A retail sales and warehouse facility for displaying numerous room
      settings of household furnishings including furniture accessories,
      decorator items, selective floor coverings, walls and background items for
      consideration by the customer in a reduced space compared to that required
      for actual physical display and for storing items of said displayed
      household furnishings for delivery to the customer, said facility
      comprising:
PA1  a. a retail sales facility including a plurality of display modules having
      access aisles therebetween and including
PA2  i. an upright supporting structure;
PA2  ii. a photograph carried by said supporting structure of said room setting,
      having said household furnishings arranged therein;
PA2  iii. means for illuminating said photograph;
PA2  iv. a tactile display, located adjacent said photograph, having fragmentary
      physical samples corresponding to the actual materials of construction of
      the furnishings shown in the photograph;
PA1  b. a warehouse facility including
PA2  i. a plurality of tiered elongate storage racks arranged longitudinally
      parallel, said racks sized to hold a readily available supply of the
      household furnishings displayed in said photographs,
PA2  ii. access aisles extending between said racks;
PA1  c. a mutual access aisle extending between said sales facility and said
      warehouse facility, whereby said access aisles of said warehouse facility
      extend perpendicularly from one side of said mutual aisle and said access
      aisles of said sales facility extend from the other side of said mutual
      aisle;
PA1  d. a customer entrance door in said facility at one end of said mutual
      aisle, whereby a customer entering through said door can view said
      warehouse facility before entering said sales facility;
PA1  e. a furniture loading dock integral with said warehouse facility adjacent
      said customer entrance door; and
PA1  f. exterior door means associated with said loading dock.
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ABST
PAL  A sound preventive device for use in an elevator including: a skirt
      extending from the lower edge of the sill of a cage of an elevator and
      having a length greater than the difference between the height of the
      floor and the height of the cage and a width substantially the same as
      that of the cage; and guide plates which extend upwards and downwards
      respectively from the rear plate of the cage, the aforesaid guide plates
      having widths substantially the same as that of the rear plate, whereby
      abrupt changes in air developing above and below the cage may be minimized
      by means of the skirt and guide plates.
BSUM
PAR  This invention relates to a sound preventive device for use in an elevator,
      and more particularly to a sound preventive device for use a high speed
      elevator.
PAR  Recently, in line with the advent of the skyscraper, the speed of an
      elevator used therein is increased to as high as 360 m/min to 540 m/min.
PAR  Such an increase in the speed of an elevator results in abrupt changes in
      air pressures above and below a cage of an elevator, as will be described
      in more detail hereinafter, and thus such abrupt changes in air pressure
      bring about lateral oscillation of a cage and hence vibration and sounds.
PAR  It is accordingly an object of the present invention to provide a vibration
      and sound preventive device for use with a cage of an elevator, which
      device prevents lateral oscillation and hence vibration and sound
      developing in the cage due to changes in air pressure, by controlling or
      suppressing the abrupt changes in air pressures which develops above and
      below the cage.
PAR  It is another object of the present invention to provide a sound preventive
      device for use in an elevator which device effectively prevents turbulence
      of air, thereby presenting a comfortable high speed elevator.
PAR  It is a further object of the present invention to provide a sound
      preventive device which prevents turbulence of air and permits ready
      manufacture of the device.
PAR  According to the present invention, there is provided a sound preventive
      device for use in an elevator, comprising: a skirt extending from the sill
      of a cage of an elevator and having a length greater than the difference
      between the height of the floor and the height of the cage and a width
      substantially the same as that of the cage; and guide plates which extend
      upwards and downwards respectively from the rear plate of the cage, the
      aforesaid guide plates having widths substantially the same as that of the
      rear plate.
DRWD
PAR  These and other objects and features of the present invention will be
      apparent from a reading of the ensuing part of the specification in
      conjunction with the accompanying drawings which indicate the preferred
      embodiments of the invention.
PAR  FIG. 1 is an outline showing a side view, in cross section, of an elevator
      and its travelling paths;
PAR  FIG. 2 is a plan view, in cross section, of the elevator of FIG. 1;
PAR  FIGS. 3a and 3b are views illustrating the changes in air streams at the
      time of the cage descending;
PAR  FIGS. 4a and 4b are views illustrating changes in air streams at the time
      of the cage ascending;
PAR  FIG. 5 is a view illustrating the change in air streams at the time of the
      cage descending relative to the counterweight of the elevator;
PAR  FIG. 6 is an outline showing the cage of an elevator, which cage is
      provided with a sound preventive device embodying the present invention,
      and its travelling paths;
PAR  FIG. 7 is an outline showing another embodiment of the present invention;
PAR  FIG. 8 is an outline showing a further embodiment of the invention;
PAR  FIG. 9 is an overall perspective view of the elevator shown in FIG. 8;
PAR  FIGS. 10a, 10b and 10c are graphs showing the power of turbulent streams of
      air; and
PAR  FIG. 11 is a side view, in cross section, of the cage which represents a
      still further embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Description will now be given of the lateral oscillation and the resulting
      vibration and sounds developing in a cage of an elevator, in conjunction
      with FIGS. 1 to 4. A sheave 1 of a winch and a direction-deflecting pulley
      2 are located on the floor 3 of a machine room; while a main rope 4 is
      trained around the sheave 1 and direction-deflecting pulley 2, with one
      end of the main rope 4 being connected to a cage 7 and with the other end
      thereof being connected to the top portion of a counterweight 8. F1 to F4
      represent the floors, on which are formed floor sills HS1 to HS4 as well
      as floor doors HD1 to HD4. On the other hand, a cage door 5 and a cage
      sill 6 are provided on the cage 7. Trained around the direction-changing
      pulley 10 located below in the ascending and descending paths is a
      compensating rope 9, one end of which is connected to the cage 7 and the
      other end of which is connected to the lower portion of the counterweight
      8. Shown at 11 are guide rails for use with the cage 7, and the guide
      rails 11 engage guide rollers (not shown) provided on the cage 7 to
      thereby guide the cage 7.
PAR  In case the cage 7 descends at a high speed, the pressure P1 in the space
      above the cage 7 is reduced to below atmospheric pressure, while the
      pressure P2 in a space below the cage 7 is increased to above atmospheric
      pressure, thereby presenting changes in air pressures between the two, so
      that air streams are created around the cage 7. This developes
      oscillation, vibration and sounds in cage door 5, cage 7, and floor door
      HD.
PAR  More particularly, when the cage sill 6 passes through the midpoint between
      the floor F2 and F1, there are created air stream q1 along the front
      surface of the cage 7 and an air stream q2 in the rear of the cage 7, as
      shown in FIG. 3a. When the cage further descends, until the floor sill HS1
      faces the cage sill 6, as shown in FIG. 3b, the air stream q1 is
      interrupted by the floor sill HS1 and cage sill 6, so the air stream is
      diminished abruptly. In other words, as shown in FIG. 3a in which the
      floor sill HS1 does not face the cage sill 6, pressure in front of the
      cage is somewhat higher than atmospheric pressure, while the pressure in
      front of the cage, when the floor sill HS1 faces the cage sill 6, is
      reduced to below atmospheric pressure, so that the floor door HD1 and cage
      door, and cage 7 receive a force shown by an arrow f1.
PAR  This then causes lateral oscillation in the floor door HD1, cage door 5 and
      cage 7, thus producing sound and vibration. Such sound and vibration will
      be increased as the speed of an elevator is increased.
PAR  FIGS. 4a and 4b show air-pressure changes at the time of the cage
      ascending. When the cage passes through the mid portion between the floor
      F2 and floor F1 as shown in FIG. 4a, there are created an air stream q1'
      in front of the cage and an air stream q2' in the rear thereof. However,
      when the cage sill 6 comes to the position to face the floor sill, the air
      stream q1' is interrupted, so the pressure between the floor door HD2 and
      cage door 6 is increased to above atmospheric pressure, and thus the floor
      door HD2, cage door 6 and cage 7 receive a force shown by an arrow f2.
      This causes vibration and sound as in the previous case.
PAR  On the other hand, as shown in FIG. 5, when the cage 7 is descending, the
      pressure P1 above the cage is reduced to below atmospheric pressure due to
      the air stream q1, while the pressure P2 below the cage 7 is increased to
      above the atmospheric pressure. Conversely, the pressure P3 above the
      counterweight 8 is increased to above atmospheric pressure due to the air
      stream q3, while the pressure P4 below the counterweidht 8 is reduced to
      below the atmospheric pressure. As a result, when the cage 7 and
      counterweight 8 pass by each other, the both air pressures are increased
      and the direction of the air stream q1 above the cage 7 becomes opposite
      to that of the air stream q3 along the counterweight 8, so that there is
      created turbulence in the air stream, thus causing the so-called turbulent
      sound. The turbulent sound becomes an impulsive sound when the speed of
      the elevator is increased, and the impulsive sound is transmitted to the
      cage.
PAR  This phenomenon is also created at the time of the cage ascending.
PAR  The present invention is directed to solving the problems in the aforesaid
      cage and floors as well as the cage and counterweight.
PAR  In details, as shown in FIG. 6, there are provided on the lower portion of
      the cage sill 6 a skirt 20 having a length longer than the difference
      between the height of the floor and the height CH of the cage and a width
      substantially the same as that of the cage, and guide plates 30 and 31
      extending upwards and downwards, respectively, from the rear plate 12 of
      the cage which passes by the counterweight 8, the guide plates 30 and 31
      having widths substantaially the same as that of the rear plate 12.
PAR  The skirt 20 reaches at its tip the floor sill HS1 of the lower floor,
      before the cage passes the floor sill HS1, upon descending of the cage 7,
      so that the air stream q1 in front of the cage is gradually reduced in
      amount due to the passage of the skirt 20, thereby preventing the abrupt
      decrease in the air pressure prevailing between the floor door HD1 and the
      cage door 5, when the cage sill 6 comes to the position to face the floor
      sill HS1, with the resulting reduction in vibration and sound. At the time
      of cage ascending as well, the air stream q1' is gradually reduced in
      amount to thereby prevent an abrupt increase in air pressure prevailing
      between the floor door HD2 and the cage door 5, when the cage sill 6 comes
      to the position to face the floor sill HS2 with the resulting reduction in
      vibration and sound.
PAR  On the other hand, the pressure change in the rear of the rear plate may be
      neutralized by means of guide plates 30, 31, and also turbulence is
      created in the rear of the guide plates 30, 31 on the side of the
      counterweight, so that the turbulent sound within the cage 7 is reduced.
      In other words, the air turbulence having developed above and below the
      rear plate of the cage as in the conventional type cage are created in the
      neighborhood of the positions above and below the guide plates 30, 31, so
      that propagation of turbulent sound to the cage 7 may be neutralized by
      averting the sound source away from the cage 7.
PAR  FIG. 7 shows another embodiment of the present invention, in which there
      are shown guide plates 32, 33 which are bent in the direction opposite to
      the counterweight 8 for facilitating the smooth flowing of the air stream
      q2 around the cage, the aforesaid guide plates 32, 33 extending from the
      upper and lower edges of the rear plate. The provision of the guide plates
      32, 33 thus bent may prevent the turbulence of air stream q2, with
      reduction in turbulent sound. In this case, the angle (.alpha.) of the
      bent guide plate should preferably fall in the range from 30.degree. to
      60.degree. and the length of the guide plates should be above 40 cm, in
      the light of the results of experiments.
PAR  FIG. 8 shows a still further embodiment of the invention, in which the
      edges of the guide plates 32', 33' on the side of the cage are coupled by
      means of streamlined subsidiary guide plates 40, 41 to the cage rear plate
      12.
PAR  The provision of the subsidiary guide plates 40, 41 facilitates the smooth
      flowing of the air stream q2 around the cage 7, thus reducing turbulence
      to a great extent. FIG. 9 is an overall perspective view of the cage
      portion shown in FIG. 8.
PAR  FIG. 10 refers to the magnitudes of power of air turbulence, i.e., swirls
      along the rear plate 12, at the time of operation of a cage at a speed of
      540 m/min; in which FIG. 10a is a case of the cage having no guide plates,
      FIG. 10b is a case of the cage provided with guide plates 30, 31 of FIG.
      6, and FIG. 10c is a case of the cage provided with subsidiary guide
      plates 40, 41 of FIG. 9. As is apparent from this figure, there develops
      an extremely large turbulence in the absense of guide plates, while in the
      case of the presence of the guide plates 30, 31, the magnitude of
      turbulence is reduced to half. In addition, there develops little
      turbulence owing to the provision of subsidiary guide plates 40, 41. This
      signifies that the energy to vibrate the rear plate 12 is reduced.
PAR  FIG. 11 is a view showing an embodiment in case the guide plates 32', 33'
      are integral with the subsidiary guide plates 40, 41 to thereby form a
      integral guide plate 50. Such an arrangement may save the attaching
      operation of the guide plates to the auxiliary guide plates, thus
      providing readiness in manufacture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an elevator having a counterweight and a cage with a rear plate and a
      cage sill for guiding a movable cage door, the cage and counterweight
      being suspended from opposite ends of a main rope and adapted to ascend
      and descend at high speeds in opposite directions such that the rear plate
      passes closely adjacent to the counterweight, wherein the improvement
      comprises a skirt extending from the lower edge of the cage sill and
      having a length greater than the difference between the height of a floor
      and the height of the cage, said skirt having a width substantially the
      same as that of said cage, and guide plates extending upwardly and
      downwardly from the rear plate and having widths substantially the same as
      that of said rear plate.
NUM  2.
PAR  2. In an elevator according to claim 1, wherein said guide plates are
      inclined in a direction opposite to the counterweight.
NUM  3.
PAR  3. In an elevator according to claim 2, wherein the length of said guide
      plates is longer than 40 cm., and said guide plates are inclined at an
      angle of from 30.degree. to 60.degree..
NUM  4.
PAR  4. In an elevator according to claim 2, wherein streamlined subsidiary
      guide plates couple the edges of said inclined guide plates to the rear
      plate.
NUM  5.
PAR  5. In an elevator according to claim 4, wherein said guide plates and said
      subsidiary guide plates form an integral guide plate.
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ABST
PAL  The invention comprises an escape elevator which is especially useful with
      tall buildings. The escape elevator slides up and down the outside of the
      building along a pair of spaced apart tracks. The tracks serve to hold the
      elevator close to the building as well as to provide guidance for the up
      and down motion of the elevator. The elevator car or cage extends to
      either side of the tracks sufficiently to overlap egresses from the
      building such as balconies. The power winches which operate the elevator
      are located adjacent the top of the building. A shielded cable is provided
      which leads from the winches to a point adjacent the ground floor of the
      building. A remote control box is attachable at the point adjacent the
      ground floor of the building. Also attachable at the control box is an
      external power supply to which power to operate the elevator is supplied.
      The elevator is thus not dependent upon the internal power supply of the
      building. The remote control device can be operated from a considerable
      distance from the building whereby the operator, who in most cases will be
      a fireman, can best observe the fire in the building and direct rescue and
      fire-fighting efforts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art discloses a number of devices useful for escaping from a
      burning building. Some of these devices take the form of elevators which
      are lowered along the outside wall of the building. None of the devices
      disclosed by the prior art, however, include provision for remote
      operation and remote power supply. Nor do any of the prior art devices
      include provision for assuring that the car of the elevator will be held
      against the side of the building. These are important considerations,
      especially with the very high buildings presently being built. They are
      especially important considerations in windy areas where fires in tall
      buildings can be expected to spread very rapidly and where panic of the
      occupants of the building is a serious threat.
PAR  The present invention provides an escape elevator operable on external
      power and which is remotely controllable. The present invention further
      provides an escape elevator which has the aforementioned advantages and
      which further operates along a pair of tracks which serve to hold the
      elevator adjacent the building whereby the car of the elevator cannot be
      torn away from the building in high winds. These and other advances
      introduced by the present invention will be apparent from the description
      which follows.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an escape elevator which operates externally along
      the side of a building including means attached to the building for
      lifting and lowering the elevator; means for supplying external power to
      operate the elevator, the external power being supplied from a source
      removed from the building, and means for remotely controlling the
      elevator.
PAR  Preferably the escape elevator includes a fire-shielded electrical
      connector cable connecting the lifting and lowering means for the elevator
      to a point on the building adjacent the ground floor of the building. The
      remote controlling means and the power supplying means are preferably
      detachably attachable to the point. The remote controlling means
      preferably includes means for indicating the position of the elevator. The
      remote controlling means further preferably includes means for
      communicating with the elevator car.
PAR  In another sense, the escape elevator comprises a pair of tracks extending
      from adjacent the top of a building to adjacent the bottom of the
      building, an elevator car slidably attached to each of the tracks, the
      tracks serving to hold the elevator adjacent the building; and means
      attached to the building for lifting and lowering the elevator; in
      combination with:
PA1  means for supplying external power to operate the elevator, the external
      power being supplied from a source removed from the building, and means
      for remotely controlling the elevator. The car of the elevator preferably
      extends orthogonally to the tracks sufficiently to overlap a plurality of
      egresses from the building.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood by reference to the drawings
      wherein like numbers denote like parts throughout and wherein:
PAR  FIG. 1 illustrates a building having installed thereon the escape elevator
      of the invention.
PAR  FIG. 2 is a section view taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is a side view illustrating tracks on which the elevator rides and
      the wheels which ride thereon.
PAR  FIG. 4 comprises a section view taken along line 4--4 of FIG. 3.
PAR  FIG. 5 illustrates a control box located at a point adjacent the ground
      floor of the building wherein a remote controller and power may be
      attached.
PAR  FIG. 6 illustrates a cable shielded against fire damage which leads from
      adjacent the ground floor of the building to the means for lifting and
      lowering the elevator, and
PAR  FIG. 7 illustrates a remote controller for operating the elevator.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is illustrated a building 1, a pair of
      tracks 5 running down along the side of the building upon vertical support
      columns 9, the building having a plurality of egresses therefrom and at
      different floors thereof, in particular, the balconies 13. Adjacent the
      top of the building is an elevator protective cage 17. A shielded cable 21
      is shown running down the side of the building.
PAR  FIG. 2 is a section view illustrating the working mechanisms of the escape
      elevator. The cage 25 of the elevator is lowerable using the cable 29, the
      pulleys 33 and conventional winch and drive mechanisms. A walkway 37 is
      preferably provided to allow access to the cage 25 from the roof.
PAR  The cage 25 rides within the tracks 5 through use of the wheel and axle
      combinations 41 and 45 as illustrated most clearly in FIGS. 3 and 4 which
      are attached to the cage 25 by the supports 49 and 53 respectively. As can
      be readily seen from FIG. 2, the cage 25 when it goes up or down along the
      tracks 5 must be far enough from the building so as to pass by the
      balconies 13. In the embodiment illustrated the proper spacing is
      accomplished by placing the tracks 5 on the columns 9.
PAR  As will be most readily apparent by reference to FIGS. 3 and 4, the rails 5
      are designed to have a forward portion thereof 57 serve to hold the cage
      25 adjacent the building 1 through contact with the wheel-axle combination
      41. The cage 25 is kept from moving sideways by the rails 5 because the
      wheel-axle combinations 45 run along the side 61 of the track 5. Thus the
      cage 25 is firmly held against the building 1 and cannot be easily
      dislodged therefrom even under highly windy conditions.
PAR  FIGS. 1, 5 and 6 illustrate a clamping means 65 which can advantageously be
      used to fasten the cable 21 against the side of building 1. It is
      preferred that the cable 21 go down along the outside of the building 1 so
      that any fire within the building 1 will not in any way affect the cable
      21.
PAR  As will be most apparent from FIG. 6, the cable 21 contains an external
      shielding sleeve 69 thereon of a fireproof material to further protect the
      cable 21 from damage by fire.
PAR  The cable 21 as illustrated in FIG. 5 terminates in the control box 73. The
      control box 73 includes a control hookup plug 77 and a power plug 81.
      Remote controller 83 is attachable to the outlet 77 via the plug 85. As is
      illustrated in FIG. 5 an external power supply 93 is attached to the
      outlet 81 at the control box 73.
PAR  The remote controller 83 includes a floor indicator 97, up and down control
      buttons 101, a speaker-microphone 105 and an antenna 109. A
      speaker-microphone arrangement 113 is also included in the cage 25 to
      provide intercommunication between the remote control operator and the
      occupants of the cage 25.
PAR  In operation it is anticipated that the remote controller 83 will be
      operated by a fireman via a long cable so that the fireman can be far
      enough from the building to observe the progress of a fire in the
      building. It is further anticipated that a fireman may ride in the cage 25
      up to a floor adjacent the fire so as to better be able to direct
      fire-fighting operations making use of the communicating equipment. It is
      further expected that the external power supply 93 will be a mobile power
      supply carried by a fire truck or a special power truck.
PAR  Briefly, a fire alarm will be set off when a fire occurs in a high-rise
      building to summon firemen to the scene. The firemen will then plug in the
      external power supply 93 and the remote controller 83 at the control box
      73. Sufficient cable will be used to connect both the power supply 93 and
      the remote controller 83 so that the operator is in no danger and the
      power supply is in no danger. If he so desires the operator of the remote
      controller 83 can ascend in a building across the street from the burning
      building so as to obtain a better view of the fire. The cage 25 of the
      elevator will then be directed, using the remote controller 83, to an
      appropriate floor for loading on the occupants of the building who are
      above the fire. These occupants can then be removed by causing the cage 25
      to descend in the normal manner to the ground level. Firemen can be let
      off at floors above and below the fire to direct the occupants away from
      the burning area.
PAR  It is clear that the external elevator has a number of advantages over
      internal elevators. First, an internal elevator is dependent upon the
      power supply of the building. Second, fire tends to burn internally of the
      building whereas the external surface of the building tends to escape the
      most serious ravages of the fire. Third, with the remote control provided
      herein, it is possible to evacuate people from a burning building with
      considerably less danger. Fourth, the elevator of the invention is
      designed so as to be held close to the side of a building even in high
      winds. Fifth, with the use of an external elevator, it is not necessary
      for the elevator to go directly through the area within the building where
      a fire is burning. Sixth, the external elevator can be made wide enough to
      extend over a plurality of egresses from the building at each floor of the
      building. Thus, it is not necessary to congregate all of the people being
      rescued at a particular egress.
PAR  While the invention has been described in connection with specific
      embodiments thereof, it will be understood that it is capable of further
      modification, and this application is intended to cover any variations,
      uses or adaptations of the invention following, in general, the principles
      of the invention and including such departures from the present disclosure
      as come within known or customary practice in the art to which the
      invention pertains and as may be applied to the essential features
      hereinbefore set forth, and as fall within the scope of the invention and
      the limits of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An escape and fire fighting elevator which operates externally along a
      side of a multi-story building, comprising:
PA1  an electric motor attached atop the building;
PA1  winch means atop the building driven by said motor for winding in and out a
      cable;
PA1  an elevator cage attached to an end of said cable;
PA1  a pair of spaced apart tracks extending along the side of said building
      from adjacent the top thereof to adjacent the bottom thereof;
PA1  a pair of track following means extending from said cage to said tracks,
      said tracks including means for holding said cage adjacent the building
      and means for preventing said cage from moving sideways;
PA1  a fire-shielded electrical connector connecting said electric motor to a
      control box external of the building and adjacent the ground floor
      thereof;
PA1  a mobile electrical power supply removed from said building and detachably
      attachable via an electrical power line to said control box;
PA1  a control cable one end of which is detachably attachable to said control
      box; and
PA1  a remote controller attached to the other end of said control cable, said
      control cable being long enough so that an operator of said remote
      controller can be far enough from said building to observe the progress of
      a fire therein.
NUM  2.
PAR  2. An elevator as in claim 1, wherein the remote controller includes means
      for visually and directly numerically indicating the floor opposite which
      the cage is located.
NUM  3.
PAR  3. An elevator as in claim 2, including means for verbally communicating
      information between the operator of the remote controller and an occupant
      in the cage.
NUM  4.
PAR  4. An elevator as in claim 3, wherein the cage includes an always open
      entranceway facing the side of the building.
NUM  5.
PAR  5. An elevator as in claim 4, wherein said car extends orthogonally to said
      tracks sufficiently to overlap a plurality of egresses from the building.
NUM  6.
PAR  6. An elevator as in claim 5, wherein said connector is external of and
      runs down along the outside of said building.
NUM  7.
PAR  7. An elevator as in claim 6, wherein said tracks each include a forward
      portion parallel to and removed from said building which serves as said
      means for holding said cage adjacent the building and a side portion
      running from said forward portion to adjacent the building which serves as
      said means for preventing said cage from moving sideways and wherein said
      track following means comprises a first pair of wheels riding on the
      building side of said forward portions and a second pair of wheels riding
      on said side portions.
NUM  8.
PAR  8. An elevator as in claim 7, wherein said tracks each are spaced away from
      said building by locating them upon a pair of columns which extend from
      adjacent the top of said building to adjacent the bottom thereof.
NUM  9.
PAR  9. An elevator as in claim 8, including means for entering said cage from
      the roof of said building.
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ABST
PAL  Control apparatus having particular application to the control of the
      deceleration of an elevator or lift car in approach of a stop position,
      the apparatus including a sense coil mounted on the lift car and a
      magnetic member mounted on the lift shaft to vary the flux through the
      sensing coil in a predetermined manner relative to the distance to go to
      the stop position, the deceleration being controlled in accordance with
      the voltage induced by the flux in the sense coil. A magnetically operated
      switch is also provided on the lift car to respond to the magnitude of the
      flux to provide a stop signal defining the stop position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to motion control apparatus for controlling the
      relative motion of first and second movable members, and is particularly,
      although not exclusively, applicable to the control of the deceleration of
      a lift car on approaching a stop position at floor level.
PAR  Ideally, a lift car should be controlled to approach a stop position with a
      constant rate of deceleration so that there is a square law relationship
      between distance to go and the instantaneous speed of movement. In known
      control apparatus, the position of the lift car is sensed, by means for
      example of an electromagnetic position sensing device, and an electrical
      analogue of the distance to go to the stop position is generated which is
      used to control the speed of the lift car. However, practical difficulties
      occur upon approaching zero speed, in that both the actual speed and the
      analogue signals diminish towards zero, and the process of speed control
      requires accurate comparisons of small quantities, in order to produce an
      effective result. The basis of one particular difficulty is that the
      control of movement of the machinery involves both dynamic and static
      loads and many of the loads are variables. In accurately positioning a
      lift, it is necessary to dissipate the kinetic energies of rotating parts
      and to offset steady forces due to the mechanical load placed within the
      lift, and the process of deceleration involves not only a reduction of
      power level but also the realization of significant levels of braking
      torque. For variable voltage lift systems in particular, where the braking
      torque arises from the production of reversed current flow in the drive
      motor during the whole or part of the deceleration programme, it is
      critically important that the machinery continues to rotate in the
      required direction and that, in approaching the stop position, the
      stability of the system response should be assured.
PAC  SUMMARY OF THE INVENTION
PAR  The control apparatus of the present invention comprises flux responsive
      means attached to one of the relatively movable members and magnetic means
      attached to the other of the relatively movable members so that the flux
      through the flux responsive means is changed thereby on relative movement
      of the members, and is arranged for response to the rate of change of flux
      through the flux responsive means to control the relative speed of the
      members so as to tend to maintain the rate of change of flux at a constant
      level.
DRWD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The preferred embodiment of the invention is illustrated in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic side view of a detector for use in a control
      apparatus for a lift in accordance with the invention;
PAR  FIG. 2 is a sectional view of a sensor in the detector taken from the line
      II--II in FIG. 1;
PAR  FIG. 3 is a diagram illustrating the variation of a magnetic flux in the
      sensor as a function of displacement of the lift;
PAR  FIGS. 4A to 4B are diagrams illustrating variations with time of an output
      signal from the detector, for different spacings of two sensors in the
      detector; and
PAR  FIG. 5 is a diagram of a signal processing device in the control apparatus.
DETD
PAR  The drawings illustrate control apparatus for controlling the approach of a
      lift car to a stop position, and comprising magnetic flux responsive
      means, magnetic means for producing a magnetix flux in said flux
      responsive means whose magnitude is a function of the position of said
      moving part relative to said stop position, said flux responsive means
      being responsive to the rate of change of said flux for producing a
      deceleration signal, and deceleration means responsive to the magnitude of
      said deceleration signal for causing or permitting deceleration of the
      speed of approach of the lift car to the stop position. The flux
      responsive means is also responsive to the magnitude of the flux for
      producing a two-state stop signal defining the stop position.
      Conveniently, the flux responsive means includes at least one winding
      responsive to the rate-of-change of flux, and a reed switch unit
      responsive to the magnitude of the flux.
PAR  The characteristics of the magnetic means and of the flux responsive means
      can be chosen to suit the desired deceleration pattern. In the apparatus
      shown in the drawings, the rate of change of the flux sensed by said flux
      responsive means with the distance of the lift car from the stop position
      is arranged to increase towards a peak value as the lift car approaches
      the stop position.
PAR  In the preferred embodiment the magnetic means includes means secured
      relative to said flux responsive means for producing a magnetic field, and
      a relatively movable member of magnetic material for varying the flux in
      said flux responsive means. The member of magnetic material is shaped and
      positioned to provide the desired characteristics; in the preferred
      embodiment, it presents ends perpendicular to the direction of relative
      movement, which ends are positioned to cause a peak rate of change of flux
      with displacement as the lift car approaches the stop position. A
      respective flux sensor is disposed to respond to the movement of each end
      as the lift car approaches its stop position, minimizing misalignment
      errors. The flux sensors are connected in opposition, reducing the effects
      of stray magnetic fields but increasing the sensitivity and accuracy for
      the sensed flux.
PAR  The deceleration signal is used to effect braking. The braking or
      deceleration can be produced electromagnetically, for example by
      controlling the torque of an electric motor serving as prime mover for the
      lift car. The electromagnetic braking is supplemented by a mechanical
      friction brake which is applied as the moving part comes substantially to
      rest at the stop position in response to the two-state stop signal; this
      gives a particular advantage since the braking effort of the
      electromagnetic braking system is readily controlled, in this case by
      controlling the field current of the motor, while the friction brake is
      better suited to holding the lift car at rest.
PAR  Turning now to the drawings in more detail, FIG. 1 shows a detector in the
      control apparatus, comprising a vane 10 of ferromagnetic material mounted
      on the lift shaft and two magnetic sensor assemblies 12 and 14, mounted on
      the lift spaced apart by a distance substantially equal to the length of
      the vane 10 along the direction of movement of the lift. When the lift is
      at its stop position at the corresponding floor, the sensor assemblies 12,
      14 are positioned adjacent respective ends of the vane 10 as shown in FIG.
      1.
PAR  The sensor assemblies are similar. One of them is shown in more detail in
      FIG. 2. The assembly is generally U-shaped with two arms 16 and 18 and a
      base 20 moulded in plastics material. The assembly is secured to the lift
      by the base 20 so that the arms 16 and 18 project from the lift at
      positions chosen so that the vane 10 may pass between the two arms. A
      permanent magnet 22 is embedded in the arm 16, and a magnetic sealed
      contact switch 24 (a so-called reed relay) with a search coil 26
      surrounding it are embedded in the arm 18, the axes of the magnet 22, the
      switch 24 and the coil 26 all being parallel to the lengths of the arms 16
      and 18 and to the width of the vane 10. The flux from the magnet 22
      normally threads the coil 26 and operates the switch 24. The vane 10
      entering between the arms 16 and 18 diverts flux from the coil 26 and from
      the switch 24 and releases the switch.
PAR  FIG. 3 relates the flux received by one of the detecting devices
      (vertically) to the position of the device relative to the datum point
      (horizontally). The flux in the other device is similar but in the
      opposite sense and the zero of the distance to go is mid-way between the
      two detecting devices. The various flux levels are as follows: G0 is the
      zero level, but has no significance in this apparatus, G1 is the minimum
      flux level and this is experienced when the detecting device is aligned
      with position DO, which coincides with the centre of the T-shaped vane, G2
      represents the notional release point of the switch within the detecting
      device, G3 represents the level of flux at which occur the maximum slopes
      of the curve relating flux to position. This level occurs when the
      detecting device is in positions DT and DB. It is arranged that when one
      device is at DT, the other is substantially at DB, G4 represents the
      notional level at which the switch within the detecting devices moves to
      its operated position, G5 represents the maximum flux level experienced
      when the T-shaped vane is clear of the detecting device.
PAR  Accordingly, each search coil forms a magnetically operated proximity
      detector operated by the magnetic diverter plate 10 entering between the
      limbs 16 and 18 on movement to the stop position. The two state signal
      from the switch marks the stop position and is used to apply the
      electromechanical brake means 28. The E.M.F. induced in the coil by the
      varying flux controls the electromagnetic braking. The two proximity
      switches together produce a basic statement of position of the vane
      relative to the two switches. In order to exclude the generation of
      signals within the search coils by extraneous magnetic sources, the two
      search coils are counter-connected and deployed relative to the diverter
      plate as described to respond to opposite ends of the diverter vane.
PAR  FIG. 4A shows the voltage at the terminals of the two combined search
      coils, as a function of time, assuming that the diverter plate 10 is being
      moved through the stationary proximity switches at a steady speed. The
      negative going excursions at t.sub.T correspond to the passage of the
      leading edge of the diverter vane 10 through the first proximity detector
      and the passage of the trailing edge of the diverter vane through the
      second detector and are not significant; accordingly, these excursions are
      excluded by controlling relay switches RS1 and RS2 of the detector circuit
      (described below with reference to FIG. 5), diodes D2 and D3 blocking
      pulses of the wrong polarity. The positive going excursion corresponds to
      the combined E.M.F's of the search coils as the vane passes the
      symmetrical position corresponding to the maximum rate of change of flux
      for each coil (D.sub.B and D.sub.T in FIG. 3 respectively). FIG. 4A
      ignores the presence of the magnetically operated switch such as 24 within
      the search coil for clarity in the diagram; the presence of this switch
      is, however, of practical significance, in that the process of releasing
      the switch produces in the search coil as EMF that adds to the voltage
      excursions shown at B1. It should be noted that, in use, when the
      machinery is decelerated to the stop position, the speed variation
      modifies the E.M.F. produced.
PAR  Arrival at floor level is signified by the operation of the magnetically
      operated switches and this promotes the application of a frication brake
      to the machinery and the disconnection of all power from the machinery.
      However, this action takes a significant, although small, time and during
      this time the signal in the search coils due to the physical movement of
      the magnetic switch blade transferring from the closed to the open
      conditions provides a signal to the regulator to invoke maximum braking
      torque.
PAR  FIG. 5 shows the detector circuit connected to the search coil terminals.
      The counter-connected coils at K and KK are connected to an amplifier AMP
      which is followed by a buffer stage involving transistors T1 and T2 which
      feeds into an inverter stage involving transistors T3 and T4. According to
      lift direction, as set by relay switches RS1 or RS2, either the output
      from the buffer stage or the output from the inverter stage is forwarded
      through a buffer amplifier to a regulator (not shown) which may be a pair
      of thyristors and a phase angle firing control for the thyristors, the
      thyristors controlling the lift drive motor and being capable of reversing
      the thrust of the motor. The greater the output from the search coil, the
      greater the output from the regulator and the greater the retarding force
      imposed upon the machinery. Feedback of the regulator action through the
      machinery, and through the detector acts to maintain the output of the
      detector at a certain level; consequently, the speed of rotation of the
      drive machinery is continuously reduced as floor level is approached, in
      order that the rate of change of the magnetic flux should be held
      substantially constant; once the slope of the magnetic pattern increases
      as floor level is approached, the only means of satisfying this
      requirement is that the rate of relative movement of the search coil and
      the magnetic pattern should reduce as floor level is approached.
PAR  The thyristors of the regulator may be associated with a step down
      transformer of the double wound type allowing connection into the
      generator field circuit of a variable voltage lift drive system in such a
      way that the output from the regulator acts in opposition to and
      ultimately reverses the generator excitation field level that is provided
      by one or other of known forms of control systems that control the
      generator field strength in accordance with the requirements of lift
      running speed. By close control of the floor approach speed, it is
      possible to relax some of the constraints that normally operate within the
      elements of the generator field control system that associate with lift
      running speed, and this refers to the operating conditions of the lift
      after it has been instructed initially to decelerate from its running
      speed, in the process of making a floor stop.
PAR  FIG. 4A assumes ideal circumstances in which the search coils are
      positioned and arranged so that they each release on the point of maximum
      slope; in other words, in which G2 coincides with G3. However, this
      condition will not be regularly achieved in practice due to inevitable
      discrepancies that occur between, for example, different actuating vanes
      associated with the detecting devices. Whilst the vane lengths may be
      closely controlled, accurate vertical alignment of the vanes in the lift
      shaft is difficult to achieve. In the event that the level G2 occurs below
      the level G3 of maximum slope, the operation is not satisfactory since the
      devices must pass through the point of maximum slope before the release of
      the switch occurs. This means that the process of deceleration is reversed
      just prior to achieving the nominal stopping point, whereas it is
      preferred for the deceleration process to continue until the datum point
      is achieved.
PAR  FIG. 4B represents an acceptable modification that can be adopted in order
      to cater for the deviations described above. In this the detectors are
      spaced further apart than the ends of the vane, and the switches are
      arranged to release before the flux falls to the level G3 of maximum
      slope; in other words, G2 is arranged to be greater than G3 as shown in
      FIG. 3. The double humped nature of the E.M.F. curve is of small
      consequence since the release of the switch occurs on the leading hump.
      The reduction of peak amplitude relative to FIG. 4A is of small
      consequence. It is expected that, in practice, the spacing between the
      humps relative to the datum point will not exceed 0.1 inch and this
      amounts to an acceptable small anticipation of floor level (datum point).
PAR  This invention can be used in a lift control system of the kind which is
      the subject of our British Patent No. 1,177,264, although the invention
      also has wider application.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Control apparatus for controlling the relative motion of first and
      second relatively movable members, said apparatus comprising:
PA1  a. flux responsive means attached to one of said first and second members;
PA1  b. magnetic means attached to the other of said first and second members
      for cooperation with said flux responsive means to change the flux
      therethrough on relative movement of said first and second members;
PA1  c. means responsive to the rate of change of flux through said flux
      responsive means to provide a control signal in accordance therewith; and
PA1  d. means for reducing the relative speed of said first and second members
      in response to increase in said control signal, whereby to tend to
      maintain the rate of change of flux through said flux responsive means at
      a constant level.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said first member is fixed.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said second member has a
      preselected stopping position, said flux responsive means and said
      magnetic means cooperating to provide a maximum rate of change with
      displacement of the flux through said flux responsive means when said
      second member is at substantially said stop position.
NUM  4.
PAR  4. Apparatus as claimed in claim 3 comprising means responsive to the
      magnitude of the flux through said flux responsive means to halt movement
      of said second member at said stopping position.
NUM  5.
PAR  5. Apparatus as claimed in claim 4 wherein said flux responsive means
      comprises at least a first sensor device including a winding and a magnet
      disposed adjacent said winding for flux from said magnet to pass through
      said winding, and wherein said magnetic means comprises a vane of
      ferromagnetic material for passing between said magnet and said winding on
      relative movement of said first and second members to change the flux
      through said winding.
NUM  6.
PAR  6. Apparatus as claimed in claim 5 wherein said means responsive to the
      magnitude of the flux comprises a reed switch unit forming part of said
      sensor device.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said flux responsive means
      comprises a second sensor device including a second winding and a second
      magnet mutually disposed in a similar way to the said winding and magnet
      of said first sensor device, said first and second sensor devices being
      spaced apart along the direction of relative movement of said second
      member and said vane being shaped and arranged for producing a peak rate
      of change with displacement of flux in both said windings when said second
      member is at substantially said stop position.
NUM  8.
PAR  8. Apparatus as claimed in claim 7 wherein the rates of change with
      displacement of flux in said windings are in opposite senses and said
      windings are connected in antiphase to minimize the effect thereon of
      stray flux fields, said means responsive to the rate of change of flux
      being responsive to the sum of the voltages induced in said windings to
      provide said control signal.
NUM  9.
PAR  9. Apparatus as claimed in claim 8 wherein said means for reducing the
      relative speed of said first and second members comprises brake means for
      said second member operable in response to values of said control signal
      exceeding a threshold value.
NUM  10.
PAR  10. Apparatus as claimed in claim 9 comprising further brake means
      responsive to operation of said reed switch unit to halt movement of said
      second member.
NUM  11.
PAR  11. Elevator control apparatus for decelerating an electricmotor-driven
      elevator car as it approaches a given floor during its vertical travel
      relative to the elevator shaft and for braking the car when it reaches the
      floor stop position, comprising
PA1  a. a pair of vertically spaced flux sensing means (12, 14) adapted for
      connection with one of the car and shaft members, each of said sensing
      means including
PA2  1. a body member having a generally U-shaped crosssectional configuration
      defining a pair of parallel horizontally spaced arm portions (16, 18);
PA2  2. magnetic means (2) connected with one of said arms for defining a
      magnetic field; and
PA2  3. flux-responsive means connected with the other of said arms, said flux
      responsive means including
PA3  a. a search coil (26); and
PA3  b. magnetic brake switch means (24) operable between first and second
      conditions when the level of the flux detected thereby is above and below
      a given value, respectively;
PA1  b. a ferromagnetic vane (10) adapted for vertical connection with the other
      of said car and shaft components to extend between the arms of said body
      members during vertical movement of the car and thereby vary the flux
      transmitted to said search coils and said brake means, said sensing means
      being vertically spaced a distance at least as great as the vertical
      dimension of the vane;
PA1  c. electrical signal generating means (30) for connecting the search coils
      of said sensing means in opposition and for supplying to the elevator
      motor an electric signal which is a function of the rate of change of the
      variation in magnetic flux produced by the passage of said vane between
      the arms of said sensing means, thereby to decelerate the car as it
      approaches the floor stop position; and
PA1  d. brake means (28) operable by said brake switch means for braking the car
      when it is in the desired floor stop position.
NUM  12.
PAR  12. Apparatus as defined in claim 11, wherein said signal generating means
      further includes amplifier means (30) having an input terminal connected
      with said search coils, and an output terminal; a buffer stage (T.sub.1,
      T.sub.2) having an input terminal connected with the amplifier output
      terminal and an output terminal; an inverter stage (T.sub.3, T.sub.4)
      having an input terminal connected with the buffer stage output terminal
      and an output termina; an output stage (T.sub.5) having input and output
      terminals; and switch means (RS1, RS2) for alternately connecting the
      input terminal of said output stage with the output terminals of said
      buffer and inverter stages, respectively.
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PAL  Elastic members are disposed between yoke and the torque absorbing
      structure of a spot-type disc brake, the elastic members reacting against
      the yoke under actuated conditions only when an indirectly actuated
      friction pad is worn to such an extent that the yoke travels towards the
      face of a brake disc in excess of preselected distance, thereby to
      abruptly make the stroke of a brake pedal large so as to give a warning of
      danger to a driver that the friction pad is worn to a dangerous extent.
BSUM
PAR  This invention relates to a disc brake for a vehicle, and more particularly
      to a disc brake having a single hydraulic cylinder which actuates two
      friction pad assemblies.
PAR  Conventional disc brake usually include a stationary hydraulic cylinder in
      which two opposed pistons are axially slidably disposed, and a pair of
      friction pad assemblies, one of which is disposed between the hydraulic
      cylinder and the adjacent face of a brake disc, and the other being
      positioned adjacent to the opposite face of the brake disc. The two
      pistons are respectively associated with the two friction pad assemblies
      in such a manner that one piston is in abutting engagement with one
      friction pad assembly to directly move the assembly toward the brake disc,
      and the other piston engages with a movable member such as a yoke by which
      the indirectly actuated friction pad assembly is moved toward the brake
      disc. The stationary hydraulic cylinder is usually integrally formed with
      a torque absorbing structure which has a pair of legs straddling the brake
      disc and extending in parallel to the face thereof for guiding the
      directly and indirectly actuated friction pad assemblies therebetween.
PAR  With the above-mentioned disc brake arrangement, it has been feared that
      the legs of the torque absorbing structure would prevent the yoke from
      travelling toward the face of the disc, so that sufficient pressure of the
      friction pad against the face of the disc could not be achieved despite
      the proper effort applied to the brake pedal.
PAR  To avoid the above risk, certain attempts hitherto have been made as will
      be described below. That is, first, there was provided a considerably
      large clearance between the yoke and each of the legs of the torque
      absorbing structure by cutting away peripheral portions of the yoke which
      otherwise would block the yoke travelling toward the face of the disc. The
      clearance is decided in such a manner as to be large enough to avoid the
      unwanted contact of the yoke with the legs of the torque absorbing
      structure in consideration of errors in size during manufacturing.
      Therefore, the yoke could freely advance in response to the driver's
      braking, so that the indirectly actuated friction pad is forced against
      the face of the brake disc without failure. The second attempt was to
      reduce the size of the legs of the torque absorbing structure in order to
      obtain the same performance as in the first case. However, none of these
      have proven satisfactory: the clearance of the former adversely affects
      the structural strength of the yoke, and in the latter case the reduction
      of the legs makes it difficult to hold the friction pad assembly firmly
      therebetween and also reduces the structural strength of the torque
      absorbing structure which must be sufficient to withstand the bending and
      torsional moments applied thereto during braking.
PAR  According to the present invention, an elastic means such as a plate spring
      is attached to a suitable support member which is rigidly fixed to the
      yoke. The elastic means is provided so as to react against the yoke when
      the yoke travels toward the face of the brake disc in excess of a
      preselected distance. Therefore, if the friction pad is worn beyond a
      predetermined length, the travel of the brake pedal becomes relatively
      large due to the reaction of the elastic means against the yoke, so that
      the driver acknowledges the dangerously excessive wear. As a result, in
      order to avoid the disadvantages of the prior art, it is necessary not to
      provide the aforesaid large clearance between the yoke and the leg
      portions of the torque absorbing structure or to reduce the leg size. The
      improvement is also carried out by provision of the elastic means between
      the yoke and each of the legs of the torque absorbing structure as will be
      described in detail in connection with the accompanying drawings.
PAR  It is, therefore, an object of the present invention to provide an improved
      disc brake which overcomes the shortcomings mentioned hereinabove.
PAR  Another object of the present invention is to provide an improved disc
      brake for use in a vehicle in which an elastic means is mounted on the
      yoke by a suitable support member so as to react against the yoke when the
      yoke travels toward the face of the brake disc in excess of a preselected
      distance.
PAR  Still another object of the present invention is to provide an improved
      disc brake for use in a vehicle in which an elastic means is disposed
      between the yoke and the legs of the torque absorbing structure so as to
      react against the yoke when the yoke travels toward the face of the brake
      disc in excess of a preselected distance.
DRWD
PAR  These and other object and advantages of the present invention will become
      more apparent from the following description when taken in conjunction
      with the accompanying drawings, wherein like parts in each of the several
      figures are identified by the same reference characters, and wherein:
PAR  FIG. 1 is a top plan view of one preferred embodiment of a disc brake
      according to the present invention;
PAR  FIG. 2 is a side view partially in section of the embodiment of FIG. 1.
PAR  FIG. 3 is a partial top plan view showing a modification of the embodiment
      of FIG. 1.
PAR  FIG. 4 is a perspective view of another preferred embodiment of a disc
      brake according to the present invention;
PAR  FIG. 5 is a side view of the embodiment of FIG. 4;
PAR  FIG. 6 is a perspective view of still another preferred embodiment of a
      disc brake according to the present invention; and
PAR  FIG. 7 is a side view of the embodiment of FIG. 6.
DETD
PAR  Referring now to FIGS. 1 to 2, there is shown a preferred embodiment
      according to the present invention. As shown, the disc brake includes a
      rotatable disc 10 which is mounted for rotation with a wheel (not shown)
      of the motor vehicle. Adjacent to a face of the brake disc 10 is disposed
      a stationary hydraulic cylinder 12 which is rigidly fixed to a frame or
      other structural part of the motor vehicle through suitable fastening
      means denoted by numeral 9. The stationary hydraulic cylinder 12 is open
      at both ends and disposed so its axis is substantially parallel to the
      axis of the disc 10. The pistons 16 and 18 have inner walls 16a and 18a,
      respectively, and define a fluid chamber 20 therebetween. The fluid
      chamber 20 communicates through a bore 21 with a master cylinder (not
      shown) so that fluid under pressure is supplied thereinto when a brake
      pedal is depressed, whereby the pistons 16 and 18 are urged apart.
PAR  Directly and indirectly actuated friction pad assemblies 22 and 24 are
      positioned adjacent to the faces of the disc 10. The directly actuated
      friction pad assembly 22 is interposed between the brake disc 10 and the
      inner piston 16, and comprises a friction pad 26 and a backing plate 28 to
      which the friction pad 26 is bonded on or otherwise secured. The inner
      piston 16 is thus in abutting engagement with the inner face of the
      braking plate 28. The indirectly actuated friction pad assembly 24 is
      positioned adjacent to the corresponding opposite side of the disc 10 and
      comprises a friction pad 30 and a backing plate 32 secured thereto. The
      backing plates 28 and 32 may preferably have larger areas than the
      respective friction pads 26 and 30.
PAR  The stationary hydraulic cylinder 12 and the friction pad assemblies 22 and
      24 are surrounded by a yoke 34 which is in the form of a flat plate. The
      yoke 34 has a suitably shaped opening 36 which accommodates an arc of the
      disc 10 and which had a projection 36a which bears against an outer wall
      18b of the outer piston 18.
PAR  In FIG. 1, the stationary hydraulic cylinder 12 is shown to have a torque
      absorbing carrier 42 which comprises a pair of leg portions 44 and 46
      which are integrally formed with the stationary hydraulic cylinder 12 and
      extend parallel to the axis of the disc 10 and then further extend
      parallel to the face of disc 10 to form leg portions 44a and 46a (in FIG.
      2, the former is not shown because it is just behind the leg portion 46a).
PAR  As shown in FIGS. 1 and 2, the torque absorbing structure 42 is provided
      with an opening 50 which is defined by the leg portions 44, 44a, 46, 46a,
      and which receives therein the directly and indirectly actuated friction
      pad assemblies 22 and 24. This opening 50 provides easy access to the
      friction pad assemblies 22 and 24, facilitating inspection and replacement
      thereof. Provision of such an opening will also prove advantageous in
      dissipating fractional heat produced by the disc 10 and friction pads 26
      and 30.
PAR  The opening 50 has two opposite edges 52 and 54 for abutting engagement
      with the ends of the directly and indirectly actuated friction pad
      assemblies 22 and 24, so that the friction pad assemblies 22 and 24 are
      guided thereby toward and away from the disc 10. Also, the brake torque
      exerted on the friction pad assemblies 22 and 24 is transferred through
      the leg portions 44, 44a, 46 and 46a to the stationary hydraulic cylinder
      12 and the vehicle frame.
PAR  A pair of guide pins 56 are supported by a bracket 62 rigidly fixed to the
      yoke 34 and pass through holes (not shown) formed through the friction pad
      assemblies 22 and 24, and each pin 56 has one end fitted into a blind bore
      (no numeral) formed in the cylinder 12. Each pin 56 has a head 58 and a
      clip 60 to prevent movement thereof.
PAR  In accordance with an improved feature of the present invention, the
      bracket 62 is provided with a plate spring 64 rigidly fixed thereto.
      Disposed on opposite ends of the plate spring 64 is a pair of spacers 66
      in facing relationship with the respective leg portions 44a and 46a. The
      positioning of the spacers 66 and the plate spring 64 is such that the
      spacers 66 commence to press the respective leg portions 44a and 46a when
      the friction pad 30 is worn in excess of a preselected length, that is,
      when the yoke travels toward the face of the disc 10 beyond the
      predetermined distance. The distance is determined with respect to the
      thickness of the friction pads 28 and 30 and the clearance between edges
      35 of the yoke 34 and the leg portions 44a or 46a, etc. It is understood
      from the drawings that the edges 35 never prevent travel of the yoke
      before the spacers 66 press the leg portions 44a and 46a. When the spacers
      66 press against the leg portions 44a and 46a, the plate spring 64 reacts
      against the yoke 34 in the reverse direction. The reaction in turn causes
      the piston 18 to move toward the face of the disc 10 when a driver takes
      his foot off the brake pedal, thereby the travel of the brake pedal is
      increased compared to that in the absence of the plate spring 64. The
      increased travel of the brake pedal causes the driver to become aware of
      at least excessive wear of the friction pad 30. Therefore, the driver can
      avoid the danger of brake failure due to the blocking of the yoke 34 by
      the leg portions 44a and 46a. It should be appreciated that the present
      embodiment makes it unnecessary to cut away the peripheral portions of the
      yoke or at least minimizes the cutaway portions, and furthermore makes it
      unnecessary to shorten the leg portions 44a and 46a. As a result, the
      disadvantages described in connection with the prior art are completely
      overcome.
PAR  In FIG. 3, there is shown a modification of the embodiment of FIGS. 1 and
      2, in which the spring plate 64 id omitted and elastic members 66a replace
      the spacers 66.
PAR  The elastic members 66a are fixed to the opposite ends of the elongated
      bracket 62a by suitable means in such a manner as to face the leg portions
      44a and 46a respectively. Further description as to the operation of the
      elastic members 66a will be unnecessary since it is the same as in FIGS. 1
      and 2.
PAR  In FIGS. 4 and 5, there is illustrated another preferred embodiment of a
      disc brake according to the present invention, wherein a pair of elastic
      members 80 are snugly fitted within and fixed rigidly by suitable means to
      their associated rectangular hollows 82 which are formed in the surface
      the leg portions 44a and 46a respectively of the torque absorbing
      structure 42 as shown. The pair of hollows 82 are arranged in such a
      manner as to face their respectively associated hollows or recesses 84
      which are provided in the inner peripheral portions of the yoke 34. The
      depth of the hollows 84 is such that when the friction pad 30 is worn in
      excess of a preselected length, the pair of edges 84a commence to press
      the elastic members 80. Therefore, the elastic members 80 generate
      reactive forces against the edges 84a, or in other words, the yoke 34. The
      reaction in turn causes the travel of the brake pedal (not shown) to
      increase as described in detail in connection with the FIGS. 1 and 2
      embodiment according to the present invention. Thus, a driver will be able
      to acknowledge wear and impending brake failure due to insufficent
      pressure of the friction pad 30 against the face of the disc 10, which
      would result from the blocking of the advancing yoke by the leg portions
      44a and 46a. The embodiment of FIGS. 4 and 5 also can make it unnecessary
      to cut away the peripheral portions of the yoke or at least minimize the
      cutaway portions, and furthermore make it unnecessary to shorten the leg
      portions 44a and 46a.
PAR  Reference is now made to FIGS. 6 and 7, wherein there is illustrated still
      another embodiment of a disc brake in accordance with the present
      invention. In the present embodiment, provided are a pair of ring-shaped
      elastic members 90 which are carried by associated rods 92 at their
      openings 90a. The rods 92 protrude substantially perpendicularly to the
      face of the disc 10 from the leg portions 44a and 46a respectively. The
      yoke 34 is provided with a pair of surfaces 94 each of which is
      substantially parallel to the face of the disc 10 and has an opening 98
      snugly slidably receiving each of the rods 92 for supporting them. As seen
      from FIG. 7, the elastic ring-shaped members 90 are disposed between the
      surfaces 94 and the leg portions 44a and 46a.  The thickness of the
      elastic member 90 is determined in consideration of the clearance between
      the edge 94 and the leg portion 44a or 46a, and also the thickness of the
      friction pads 28 and 30, etc. With this arrangement, when the friction pad
      30 is worn in excess of a preselected length, the surfaces 94 start to
      force the elastic ring-shaped members 90 against the respective leg
      portions 44a and 46a. The phenomenon of the pressure in turn increases the
      travel of the brake pedal (not shown) as previously described. In the
      above, the elastic ring-shaped members can be replaced by elastic sphere
      or torus members with an opening for receiving the rods 92.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A disc brake for a wheeled vehicle, having a rotatable brake disc, a
      stationary hydraulic cylinder having inner and outer pistons slidable in
      opposite directions which are substantially parallel to the axis of said
      brake disc, said pistons defining a fluid chamber therebetween into which
      pressurized fluid is suppliable to initiate braking, directly and
      indirectly actuated friction pad assemblies positioned adjacent to the
      opposed faces of said brake disc, said directly actuated friction pad
      assembly being in abutting engagement with said inner piston and thereby
      forced against said brake disc when said inner piston is moved by said
      pressurized fluid, a yoke movable in a direction parallel to said axis of
      said brake disc by said outer piston to move said indirectly actuated
      friction pad assembly, and a torque absorbing structure integrally formed
      with said stationary hydraulic cylinder and having a pair of legs
      straddling said brake disc for guiding said directly and indirectly
      actuated friction pad assemblies, characterized by elastic means being
      mounted on said yoke and normally spaced from said torque absorbing
      structure, said elastic means reacting against said yoke under actuated
      conditions only when said indirectly actuated friction pad is worn to such
      an extent that said yoke travels towards the face of said brake disc in
      excess of a preselected distance and at least a portion of said elastic
      means comes into contact with said torque absorbing structure.
NUM  2.
PAR  2. A disc brake claimed in claim 1, wherein said elastic means is a plate
      spring disposed generally transversely to the longitudinal axis of each of
      said pair of legs and wherein each of said legs has an end face facing an
      associated end portion of said spring.
NUM  3.
PAR  3. A disc brake claimed in claim 2, wherein said plate spring has a pair of
      spacers attached to respective opposite ends thereof in facing
      relationship with said end faces of said pair of legs, respectively.
NUM  4.
PAR  4. A disc brake claimed in claim 1, wherein said elastic means is a pair of
      elastic pieces attached to the opposite ends of a bracket mounted on said
      yoke such that said pair of elastic pieces face respectively associated
      end faces on said pair of legs.
NUM  5.
PAR  5. A disc brake for a wheeled vehicle, having a rotatable brake disc, a
      stationary hydraulic cylinder having inner and outer pistons slidable in
      opposite directions which are substantially parallel to the axis of said
      brake disc, said pistons defining a fluid chamber therebetween into which
      pressurized fluid is supplied when a braking action is initiated, directly
      and indirectly actuated friction pad assemblies positioned adjacent to
      opposite faces of said brake disc, said directly actuated friction pad
      assembly being in abutting engagement with said inner piston and thereby
      forced against said brake disc when said inner piston is moved by said
      pressurized fluid, a yoke movable in a direction parallel to said axis of
      said brake disc by said outer piston to move said indirectly actuated
      friction pad assembly, and a torque absorbing structure integrally formed
      with said stationary hydraulic cylinder and having a pair of legs
      straddling said brake disc for guiding said directly and indirectly
      actuated friction pad assemblies, characterized by elastic means disposed
      between said yoke and said pair of legs of said torque absorbing
      structure, said elastic means reacting against said yoke under actuated
      conditions only when said indirectly actuated friction pad is worn to such
      an extent that said yoke travel towards the face of said brake disc in
      excess of a preselected distance.
NUM  6.
PAR  6. A disc brake claimed in claim 5, wherein said elastic means is a pair of
      elastic members fixedly attached to said pair of legs, respectively and in
      facing relationship with associated spaced apart portions on said yoke.
NUM  7.
PAR  7. A disc brake claimed in claim 6, wherein said pair of elastic members
      each is snugly fitted within a hollow formed in the surface of each of
      said pair of legs.
NUM  8.
PAR  8. A disc brake claimed in claim 5, wherein said elastic means is a pair of
      elastic members each having an opening therethrough, said pair of elastic
      members each carried at said opening by a rod which extends substantially
      perpendicularly to the face of said disc from each of said pair of legs,
      and each of said rods is slidably received in holding means mounted on
      said yoke in facing relationship, respectively, with said pair of legs.
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ABST
PAL  A brake assembly is disclosed in which a first pivoted lever receives and
      transmits brake actuating force to a second pivoted lever via rollers
      which transfer force between the two levers at a point which, due to the
      geometry of the second lever, moves progressively closer to the pivot
      point of the first lever and farther from the pivot point of the second
      lever as force is applied to the first lever.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The invention disclosed in this application is especially adapted for use
      with hand truck assemblies such as disclosed in application Ser. No.
      299,568 filed Oct. 20, 1972 now U.S. Pat. No. 3,811,633 by Jack Peters and
      Easton D. New and Ser. No. 486,942 by Jack Peters and D. J. Barrett filed
      concurrently herewith.
PAC  SUMMARY OF THE INVENTION
PAR  The prior art discloses many types of brake apparatus which are designed to
      slow and stop the movement of an adjacent rotor or wheel. Due to the large
      amount of force required to stop rotors moving at high speeds and carrying
      large weights having a high momentum tending to maintain movement of the
      rotor or wheel, it has frequently been necessary to provide electrical or
      hydraulic power actuators for prior art braking systems. This is because
      many manually actuated mechanical systems require the operator to apply
      such large actuation forces that adequate brake application may not be
      possible for some individuals.
PAR  The brake apparatus disclosed in this application is of the general type
      wherein a caliper assembly is caused to grip the moving periphery of a
      rotor or wheel to be stopped. A simple mechanical assembly is disclosed
      which will stop a rotor or wheel having great momentum force tending to
      maintain its rotation and restrain the wheel from further movement, with a
      minimum amount of force required to be applied by the operator.
PAR  An object of the invention is to provide a brake assembly which may be
      actuated with ease by hand, without requiring the use of power assist
      devices. A further object is to provide a brake in which the only
      adjustments to be made are for shoe wear during use. Yet another object is
      to provide a brake assembly suited for use on hand trucks, which may be
      locked to hold the hand truck on a grade.
PAR  To these ends, the invention includes a brake shoe having a plurality of
      cooperating actuating levers to provide an increased mechanical advantage
      for the operators. Direct mechanical interconnection minimizes wear
      effects and permits locking of the brake when desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view taken from above a hand truck assembly
      embodying the brake apparatus of this invention, generally designated at
      element 38.
PAR  FIG. 2 shows an exploded perspective view of a brake assembly according to
      the invention, including a phantom illustration of its attachment to a
      hand cart such as shown in FIG. 1.
PAR  FIG. 3 shows a side elevation view of the invention, indicating its
      relative orientation to the rotor or wheel to be slowed or stopped and
      showing in phantom successive positions the brake actuating lever.
PAR  FIG. 4 shows a front elevation view of the invention, partially in section,
      taken along line 4--4 of FIG. 3.
PAR  FIG. 5 shows an alternate form of the brake arm of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There follows a detailed description of a preferred embodiment of the
      invention, reference being had to the drawings in which like reference
      numerals indicate like elements of structure in each of the several
      Figures.
PAR  The brake assembly of the invention is suitable for use in a wide variety
      of applications where a wheel or rotor is to be slowed and stopped;
      however, for purposes of illustration, its use in association with a hand
      truck of the type disclosed in applicants' application Ser. No. 486,942
      filed concurrently herewith is illustrated in FIG. 1. The hand truck
      comprises an elongated frame 10 made up of side rails 12 which are joined
      at the upper and lower ends by lateral brace plates 14 and 16 and further
      braced by upper, middle and lower lateral brace beams 18, 20 and 22.
      Handles 24 are attached to the upper ends of side rails 12 for convenience
      of the operator. At the lower end of the elongated frame 10, axle support
      legs 26 are attached, between which extends axle 28, having wheels 30
      mounted on the outboard ends thereof. Selectively adjustable load bearing
      shoe plate assemblies 32 are affixed to the lower end of elongated frame
      10 on the side opposite from axles support legs 26, as fully described in
      application Ser. No. 486,942. An auxiliary support wheel assembly 34 may
      also be affixed to the elongated frame 10 as described more fully in
      application Ser. No. 299,568, filed Oct. 20, 1972. Barrel hook assembly 36
      permits restraint of the upper lip or surface of a barrel or other article
      to be carried. The lever actuated brake assembly of the invention is
      indicated generally by reference numeral 38 and is actuated by lever 40
      which, in turn, is pivotably attached to brake locking hook 42 which is
      pivotably actuated by hand lever 44, located adjacent handles 24.
      Generally, it is desirable to place the brake assemblies 38 in position to
      cooperate with each of wheels 30.
PAR  FIG. 2 shows the various component parts of the brake assembly according to
      the invention. Side rail 12, brake attachment flange 13 and wheel 28 are
      shown partially in phantom to illustrate one actual application of the
      invention. A T-shaped frame 46 is used as the basic mounting frame for the
      brake assembly and includes an essentially rectangular base plate 48 and
      an integral upstanding plate 50. A through bore 52 is provided near the
      mid-point of upstanding plate 50 at one end thereof for attachment of the
      brake roller levers 62. At approximately the mid-portion of the under
      surface of base plate 48 are attached brake arm support flanges 54 and 56
      which extend across the under surface of base plate 48 (see FIG. 4). Brake
      arm support flanges 54 and 56 include through bores 58 for mounting the
      brake lever assemblies 77. Bores 60 are provided in base plate 48 as
      necessary for attachment to support flange 13.
PAR  Brake roller levers 62 include straight segments 64 of conventional bar
      stock and upwardly bent segments 66 having bores 68 therein for pivotal
      attachment to upstanding plate 50 at bore 52. Roller brackets 70 extend
      laterally of straight segments 64 as shown and are suitably apertured to
      receive rollers 72 mounted on axles 74. Pivot bolt 76 provides connection
      between brake roller levers 62 and upstanding plate 50 at bore 52.
PAR  Brake lever assemblies 77 include brake arms 78 which are essentially
      rectangular segments of bar stock having attachment bosses 80 including
      bores 82 affixed to the inner surfaces thereof. Spring retainer bosses 84
      are affixed to brake arms 78 below attachment bosses 80. At the upper ends
      of brake arms 78 are located inwardly bent portions 86 which are deflected
      from the plane of brake arms 78 approximately 60.degree.. Attached to
      inwardly bent portions 86 are brake arm extensions 88 which are
      illustrated as being made from round bar stock and are bent within a plane
      including inwardly bent portions 86 into a circular arc, extending toward
      the pivot bolt 76 and away from boss 80 and having sufficient length to
      permit contact with rollers 72 throughout the entire range of motion of
      brake roller levers 62. In practice, it has been found convenient to use a
      radius for this arc equivalent to the distance between the center line of
      bore 52 and the initial point of contact between brake arm extension 88
      and roller 72, as indicated at "R" in FIG. 3. At the lower end of brake
      arms 78 are attached brake shoe plates 90 and shoe pads 92, using suitable
      fasteners such as screws or rivets, indicated at 94. A pivot bolt 96
      secures bosses 80 between brake arms support flanges 54 and 56. A bias
      spring 98 is located between brake arms 88 in engagement with retainer
      bosses 84 and serves to bias the assembly out of contact with the adjacent
      wheel.
PAR  FIG. 3 shows a side view of the assembly indicating in phantom a second
      position of brake roller levers 62. As may be seen from the phantom
      position of levers 62, the point of contact between rollers 72 and brake
      arm extensions 88 moves along rollers 72 toward pivot bolt 76 as levers 62
      are raised in response to force supplied via cable 40. The point of
      contact on extension 88 also moves further from pivot axis 104 of brake
      arm 78. FIG. 4 shows a view, partially in section taken along line 4--4 of
      FIG. 3, indicating the mode of engagement between rollers 72 and brake arm
      extensions 88 and between brake shoe pads 92 and wheel rim 100. The
      progressive movement of brake arm extensions 88 and brake shoe pads 92 is
      indicated in phantom as brake roller levers 62 are rotated. Although the
      brake shoe pads 92 are shown contacting the metal rim 100 of wheel 30, it
      will be apparent that the invention may also be applied directly to the
      side walls of tire 102.
PAR  FIG. 5 shows an alternative embodiment of brake lever assemblies 77 in
      which the brake arm extensions 88 and the inwardly bent portions 86 have
      been replaced by an inwardly bent portion 106 integral with the upper end
      of brake arms 78. Inwardly bent portions 106 include a curved edge 108
      which follows essentially the same circular arc as do brake arm extensions
      88, discussed above, and extends from one side of brake arms 78 to join
      edge 110 extending from the other side of brake arms 78. Due to the
      changing contact line between inwardly bent portions 106 and rollers 72 as
      brake roller levers 62 are raised, the effective contact point between the
      two moves closer to the pivot point of brake roller levers 62 and further
      from the pivot axis 104 of brake lever assemblies 77.
PAR  In operation, the brake assembly is affixed in any suitable manner adjacent
      the rotor or wheel to be slowed and stopped as indicated generally in
      FIGS. 1, 3 and 4. When the motion of the rotor or the wheel is to be
      slowed or stopped, the operator causes brake roller levers 62 to be
      rotated about pivot bolt 76, thereby causing brake lever assemblies 77 to
      rotate about pivot axis 104, forcing brake shoe pads 92 to contact and
      stop wheel or rotor assembly 30. With reference to FIG. 1, an embodiment
      of a brake actuating linkage is shown, in which brake locking hooks 42 may
      be affixed over handles 24 as shown in order to secure the brake in its
      engaged position to hold the hand truck in a desired location. Of course,
      any type of mechanical actuating system may be used which will rotate
      brake roller levers 62 about pivot 76.
PAR  The unique geometry of the invention permits the brake to be applied with a
      minimum of force applied to the end of straight segments 64 of brake
      roller levers 62. This is because as brake roller levers 62 are raised,
      the point of contact between roller 72 and brake arm extensions 88 or 106
      is changing constantly, radially relative to pivot bolt 76 and pivot axis
      104. Since the effective distance between pivot bolt 76 and the point of
      contact of roller 72 with extension 88 is continually shortening, the
      force available for transmission from brake roller levers 62 to brake
      lever assemblies 77 is seen to be increasing for a constant force to
      levers 62. At the same time that the force to be transmitted from brake
      roller lever 62 to brake lever assemblies 77 is growing due to the
      shortening of one lever arm, the effective lever arm between pivot axis
      104 and the point of contact between brake arm extension 88 or 106 and
      rollers 72 is simultaneously increasing. Thus, the product of this lever
      arm and force is continually growing as brake roller levers 62 are raised,
      resulting in an increased force available for application to wheel or
      rotor 30. The superior mechanical advantage provided by the cooperating
      levers and rollers of the invention permits actuation of the brake
      assembly with a minimum application of force to brake roller levers 62.
      Thus, it will be unnecessary in many applications to provide additional
      brake applying force from power-assisted brake actuating means. The simple
      structure of the invention is such that no brake adjustment is required,
      other than pad replacement.
CLMS
STM  Having described out invention in such detail as to enable one in the art
      to make and use it, we claim:
NUM  1.
PAR  1. A brake apparatus comprising:
PA1  a first lever;
PA1  first pivot means for said first lever;
PA1  at least one brake lever;
PA1  second pivot means for said at least one brake lever;
PA1  at least one brake shoe supported by said at least one brake lever; and
PA1  means responsive to the pivoting of said first lever about said first pivot
      means as the brake is applied for applying a force from a first point
      which moves along the length of said first lever in a direction to
      increase the mechanical advantage of said first lever, to a second point
      which moves along the length of said at least one brake lever to
      concurrently increase the mechanical advantage of said at least one brake
      lever whereby pivoting of said first lever to apply braking force provides
      a continuous change in the effective length of both said levers and a
      continuous increase in the mechanical advantage of both said first lever
      and said at least one brake lever.
NUM  2.
PAR  2. A brake apparatus as in claim 1, wherein said responsive means comprises
      a portion of said at least one brake lever positioned to be contacted by
      said first lever as it is pivoted, said portion being shaped to extend
      from said at least one brake lever along a path toward said first pivot
      means of said first lever and away from said second pivot means of said at
      least one brake lever.
NUM  3.
PAR  3. A brake apparatus as in claim 2, wherein said responsive means further
      comprises roller means rotatably mounted on said first lever for
      contacting said portion of said at least one brake lever as said first
      lever is pivoted.
NUM  4.
PAR  4. A brake apparatus as claimed in claim 2, wherein said portion of said at
      least one brake lever is curved in an arc, the arc extending toward said
      first pivot means of said first lever and away from said second pivot
      means of said at least one brake lever and having sufficient length to
      permit contact with said first lever throughout the range of motion of
      said first lever.
NUM  5.
PAR  5. A brake apparatus as in claim 1, further comprising means for biasing
      said at least one brake shoe out of contact with an element to be braked.
NUM  6.
PAR  6. The brake apparatus of claim 1 which further includes:
PA1  a third lever attached pivotally to a third pivot means for actuation
      simultaneously with said first lever,
PA1  a second brake lever attached pivotally to a fourth pivot means for
      actuation simultaneously with said one brake lever,
PA1  said second brake lever having a second brake shoe positioned thereon,
PA1  and further means responsive to the pivoting of said third lever about said
      third pivot means as the brake is applied for applying a force from a
      third point which moves along the length of said third lever in a
      direction to increase the mechanical advantage of said third lever to a
      fourth point which moves along the length of said second brake lever to
      concurrently increase the mechanical advantage of said second brake lever.
NUM  7.
PAR  7. A brake apparatus as in claim 6, further comprising rollers rotatably
      mounted on said first and third levers and contacting the first and second
      brake levers as the first and third levers are pivoted.
NUM  8.
PAR  8. A brake apparatus as in claim 6, wherein said responsive means and also
      said further responsive means comprise respective extensions of said brake
      levers positioned to be contacted respectively by the first and third
      levers as the first and third levers are pivoted, said extensions being
      shaped to protrude from said brake levers along respective paths toward
      said first and third pivot means of the first and third levers and away
      from said second and fourth pivot means of said brake levers,
      respectively.
NUM  9.
PAR  9. The brake apparatus of claim 1 which further includes means for applying
      a brake actuating force to said first lever at a predetermined location
      thereon, said first lever including means thereon intermediate said first
      pivot means and said predetermined location for applying force to said at
      least one brake lever,
PA1  said at least one brake lever supporting adjacent one end thereof said at
      least one brake shoe and including means adjacent its opposite end against
      which is applied the force from said first lever, said second pivot means
      being positioned intermediate the ends of said at least one brake lever.
PATN
WKU  039454738
SRC  5
APN  4740459
APT  1
ART  315
APD  19740528
TTL  Individualized stator and rotor for hydromatic brakes
ISD  19760323
NCL  1
ECL  1
EXP  Halvosa; George E. A.
NDR  4
NFG  5
INVT
NAM  Prather; George A.
CTY  Coffeyville
STA  KS
INVT
NAM  Braschler; Steve A.
CTY  Coffeyville
STA  KS
ASSG
NAM  Parmac, Inc.
CTY  Coffeyville
STA  KS
COD  02
RLAP
COD  72
APN  277669
APD  19720803
PSC  01
PNO  3860097
CLAS
OCL  188296
XCL   60363
XCL   73134
XCL  192  323
XCL  192  334
EDF  2
ICL  F16D 5704
FSC  188
FSS  296
FSC   73
FSS  134
FSC  192
FSS  3.23;3.34
FSC   60
FSS  330;363;364
UREF
PNO  2218463
ISD  19401000
NAM  Bennett
OCL  188296
UREF
PNO  3166161
ISD  19650100
NAM  Hayes
OCL  188296
FREF
PNO  734,024
ISD  19550700
CNT  UK
OCL  188296
FREF
PNO  342,049
ISD  19591200
CNT  CH
OCL   60364
FREF
PNO  802,030
ISD  19510200
CNT  DT
OCL  188296
LREP
FRM  Head & Johnson
ABST
PAL  This invention describes an improved type of hydromatic brake in which the
      stators and rotors are prepared as individual items and the assembly is
      designed so that one, two, three or more sets of individual stators and
      rotors can be assembled inside a housing. The housing comprises a pair of
      end walls. Each stator has an outwardly extending planar annular flange
      which is clamped between the two end walls at their outer rim to provide a
      closed housing. When more than one stator is used an additional tubular
      flanged spacing element is provided, and two stators are clamped, one on
      each end of the annular tubular spacing element and the end walls are
      clamped to the stators. A second important feature of this invention lies
      in the design of the stator which carries an overhanging lip or peripheral
      rim into which the rotor fits. There is a selected radial clearance
      between the outer circumference of the rotor and the inner radius of the
      lip. This clearance gap is designed to provide the optimum resistance to
      liquid flow through the brake.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 277,669, filed Aug. 3, 1972, entitled "Individualized Stator and
      Rotor for Hydromatic Brakes now U.S. Pat. No. 3,860,097."
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention lies in the field of liquid hydromatic brake systems. More
      particularly, it is concerned with a hydromatic brake assembly that is
      made out of a single pair or a plurality of pairs of unitary rotor and
      stator elements which can be housed inside a pair of end walls to provide
      brakes of different braking capacity by the addition or subtraction of
      pairs of rotor-stator pairs.
PAR  Hydromatic brakes have been known and used heretofore in automotive and
      truck equipments and for dynamometer purposes. They have also been used in
      oil well drilling operations as a control over the hoist mechanism when
      large and heavy strings of drill pipe are being lowered into the bore hole
      into the earth. The continued use of conventional friction brakes has
      provided to be unsatisfactory so that the use of hydromatic brakes has
      increased in recent years.
PAR  The design of hydromatic brakes and power absorbers is well known and these
      have been widely used in several of the dynamic vehicle arts.
PAR  In general they comprise a pair of relatively rotating members. One of them
      is fastened to a rotating shaft, the other is held stationary with respect
      to a housing which supports the shaft rotatably in appropriate bearings.
      Each of the rotor and stator elements includes an annular cavity, the
      cross section being in the shape of approximately a half circle. There are
      a plurality of vanes inserted across the cavity. These are generally
      inclined at an angle of approximately 45.degree.. In the rotor cavity they
      are directed in the direction of rotation of the rotor. In the stator
      cavity the vanes are directed against the direction of rotation. The
      cavities of the rotor and stator are substantially mirror images of each
      other, and the two elements are face to face with a relatively narrow
      selected spacing between the two elements.
PAR  There are a plurality of holes that are drilled through the stator vanes
      and through the back portion of the stator elements. The housing is
      designed to provide a space behind the stator for inlet liquid, which
      flows from the inlet liquid space through these holes in the vanes into
      the center formed by the two cavities in the stator and rotor elements.
      The vanes tend to cause a very high degree of turbulence in the brake
      liquid, which turbulence generates energy loss and heat which tends to
      raise the temperature of the liquid. In the prior art the liquid flows out
      of the cavities through the space between the two elements and into an
      exit pipe or conduit. It then goes to a heat transfer device where the
      liquid is cooled and returned back into the inlet liquid space to be
      passed again through the cavity.
PAR  In the prior art the designs have been based on controlling the flow of
      liquid through the apparatus by means of adjustment (by shims or
      otherwise) of the spacing between the rotor and the stator. In this device
      the controlling gap through which the liquid flows, is in the annular
      space between the outer circumference of the rotor and the inner face of
      the overhanging lip. Since these can be machined precisely before
      assembly, there is no need for any means to adjust this gap spacing and
      therefore the apparatus is much more simple to assemble. Also, in this
      improved apparatus the system of multiple rotors and stators is made up of
      a desired plurality of identical single rotor and stator elements and
      stacking them up axially with proper spacing, etc. to assemble a unit of
      as large a capacity as may be desired.
PAR  In this design the stator has a planar annular flange on the outside of the
      lip which is clamped between a pair of end walls to provide a closed
      housing around the stator and a rotor, which can be assembled on a shaft
      inside of the housing. Where more than a single pair of rotors and stator
      is required additional space is provided by means of short cylindrical
      flanged tubes of appropriate length, which are placed between the separate
      stator flanges to complete the housing. All parts are bolted
      longitudinally to provide a closed container.
PAR  Heretofore hydrodynamic brakes were usually designed at fairly fixed and
      few load ratings. The intricacy of the castings for the stator and rotor
      required that a user adopt a brake which may be substantially more than
      the actual design load requirements. In this invention the entire assembly
      is simplified and there is considerably greater ease of assembling,
      without entire redesign of units of various numbers of stators and rotors
      to provide increased or reduced capacity.
PAR  It is a primary object of this invention to provide a design of hydromatic
      brake which utilizes one or more pairs of identical unitary single rotor
      elements corresponding single stator elements, assembled in selected
      numbers of pairs and spaced axially of each other to provide brake systems
      of different braking capacity.
PAR  It is a further object of this invention to provide a design of rotor and
      stator in which the resistance to flow of liquid through the hydromatic
      brake is controlled by the original machining of the rotor and stator
      instead of having to be adjusted individually during the assembly
      operation.
PAR  It is a still further object to provide a design of hydromatic brake having
      two rotors and two stators, and which can be generated in the reverse
      direction of shaft rotation simply by interchanging the positions of
      stators and rotors.
PAR  These and other objects are realized and the limitations of the prior art
      are overcome in this invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects of the invention and a better understanding of the
      principles and details of the invention will be evident from the following
      description, taken in conjunction with the appended drawings, in which:
PAR  FIG. 1 represents a small power hydromatic brake utilizing only a single
      rotor element and a single stator element.
PAR  FIG. 2 illustrates in cross section the design of the vanes and pockets
      inside of the cavities of the rotor and stator.
PAR  FIG. 3 illustrates a larger power output brake in which there are two pairs
      of rotors and stators.
PAR  FIG. 4 illustrates a still larger design of hydromatic brake in which there
      are three pairs of rotor and stator elements.
PAR  FIG. 5 illustrates a modification of FIG. 3 in which the two stators and
      rotors are interchanged in position inside the housing, and the direction
      of rotation of the shaft is reversed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before explaining the present invention in detail it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings since the invention is capable of other embodiments and of being
      practiced or carried out in various other ways. It is also to be
      understood that the phraseology or terminology employed in describing the
      embodiments herein is for the purpose of description and not of
      limitation. For the purpose of description herein like members, or like
      parts, in the different views have the same number.
PAR  Referring now to FIG. 1 the number 10 indicates generally the hydromatic
      brake of this invention. It has a housing which comprises essentially two
      end walls 12 and 14 each of which have bearings 18 and 20 respectively
      which support a shaft 16 in rotational relationship in the bearings. There
      is a rotor element 24 which is fixed to the shaft and locked by means of a
      key 26. The rotor element is designed to provide an annular cavity 21
      formed by a wall having a back surface 22 and a front surface 28 which is
      plane. There is a corresponding stator element 30 which likewise has an
      annular cavity 23 which is formed by a wall having a back surface 32 and a
      front surface 34. The two cavities are substantially mirror images of each
      other. The front face 28 of the rotor and the front face 34 of the stator
      are both plane and parallel and in the assembly, are spaced apart a
      distance 62 which is generally of small selected dimension. The stator is
      designed with a lip 36 which extends beyond the face 34 and is of larger
      inside diameter than the outer diameter of the rotor, so that there will
      be a radial gap 37 of selected dimension. Since the two cylindrical
      surfaces can be precisely machined, the gap 37 can be adjusted to any
      desired value and it is this gap which is designed to provide the
      frictional restraint to the flow of liquid through the brake and to
      provide back pressure to keep the cavities full.
PAR  In prior art devices the restraint was provided by the gap 62 and there was
      no way of adjusting this except by providing shims, or other means, to
      displace one part with respect to the other to adjust this gap. In this
      invention there is no way of adjusting the gap except by the original
      machining operations so that assembly is very rapid. As a result, the
      dimension 62 is not critical. It is the dimension of the gap 37 which is
      critical and is under easy control.
PAR  Referring to FIG. 2 in which is shown in partial cross section the stator
      30 and the rotor 24 with their faces 34 and 28 in close parallel spacing.
      There are a plurality of vanes 56 in the stator and 58 in the rotor which
      break up the annular cavity into a plurality of small pockets 57 and 59
      respectively. The rotor turns in the direction of the arrow 60 with
      respect to the stator which is stationary. The vanes 58 of the rotor are
      tilted (approximately at an angle of 45.degree.) in the direction of
      rotation, while the vanes 56 of the stator are turned against the
      direction of rotation by an equal angle.
PAR  In each of the vanes 56 of the stator there is drilled a hole 65 through
      the vanes from the front surface 34 to the back surface 32 of the stator.
      Liquid flows from the space back of the stator into these tubes and into
      the pockets of the rotor and stator. Referring again to FIG. 1 there are
      dashed lines 54 which are intended to show the holes 65 drilled through
      the vanes of the stator elements. The stator element is designed with a
      circumferential planar flange 38 on its outer edge, and is machined such
      that it can be clamped tightly and sealed by means of O-rings 50, between
      the end walls 12 and 14. The back side of stator 23 also includes a
      grooved circumferential lip 51 which, in this embodiment, receives O-ring
      52 to seal the stator to the housing end wall 12.
PAR  Openings 48 and 48' lead to the space behind the stator, and inlet liquid
      can flow through either the openings 48 or 48', as desired. This liquid
      will pass through the openings 65 and into the cavity, and in the pockets
      in the rotor and stator 57 and 59. As liquid is passed into the cavity it
      must also pass out and it does this by passing through the gap 62 between
      the faces 28 and 34, and out through the annular gap 37 between the outer
      circumference of the rotor and the inner surface of the lip 36 of the
      stator. It then goes into a space 44 which is the outlet liquid space in
      contact with the back surface 22 of the rotor. From there it can flow out
      through the opening 46 or 46' as desired.
PAR  In FIG. 1 therefore it has been shown how a hydromatic brake can be
      assembled with a shaft on which is placed a single rotor element and a
      single stator element is placed in corresponding face to face position
      centered, clamped and sealed between two end walls 12 and 14 which provide
      bearings 18 and 20 respectively to support the shaft 16 which carries the
      rotor element 24. In FIG. 3 is shown another embodiment in which there are
      two pairs of rotor and stator elements positioned axially of each other.
      This brake is illustrated by the numeral 66. It has a first end wall 12
      which supports a bearing assembly 64 which is of larger construction than
      that shown in FIG. 1. Bearing assembly 64 is adapted to support the shaft
      16 in such a way that the rotors are supported on a cantilever basis, on
      the outside of the bearing. While the bearing assembly 64 is more
      expensive than that of FIG. 1, there is only one bearing assembly required
      so that the second end wall 14 is of much simpler construction than in
      FIG. 1.
PAR  Two single rotor elements 24' are mounted on the shaft and locked by means
      of the key 26. These are of slightly different contour of their back
      surface 22 than that shown in FIG. 1, although this is not a critical
      matter. Here again, the faces 28 and 34 between the rotor and the stator
      are spaced apart by the gap 62 as in FIG. 1, and the control of flow is
      again governed by means of an annular gap 37 between the outer
      circumference of the rotor elements and the inner face of the overhang 36
      of the stator. The stator is again centered, held and sealed between the
      end wall 12 and end wall 14. However, in order to close and seal the gap
      between the two stators there is a short cylindrical flanged spacer
      element 68, of the proper width, which is sealed between the two flanges
      38 of the stators and with the two end walls with O-rings 50 to provide
      the entire housing for the device. Again O-rings 52 are utilized to seal
      the stator elements to the housings.
PAR  No detail is provided of the bearing, the oil seals and the intimate
      details of the construction since there are conventional in all respects
      and do not form any part of the invention.
PAR  There are a plurality of openings 70 and 70' which connect to the space
      between the two rotors, and form a conduit for the outflow of liquid from
      the brake. There are two openings 72 and 72' which connect respectively to
      the two input cavities behind the back surfaces 32 of the two stator
      elements.
PAR  Comparing FIG. 3 with FIG. 1 it is seen that the shaft which supports the
      rotor can be supported in bearing in both end walls or in only one of the
      end walls. Furthermore, the double capacity of the brake of FIG. 3 is made
      up of adding an identical pair of rotor and stator elements and providing
      a short cylindrical spacing portion 68 to the housing of the brake. In
      both cases the control of the liquid flowing through the brake is gauged
      by the radial gaps 37 between the rotors and the stators.
PAR  Referring to FIG. 4 it is seen that the shaft 16 is supported in a bearings
      assembly 64 substantially identical with that of FIG. 3 and the cantilever
      shaft carries three sets of rotors 24 and there are three sets of stators,
      each of which is placed in operating relationship to one of the rotor
      elements. There are two spacers 68 which are positioned between the
      flanges 38 of the stator elements and all of them are bolted together to
      provide a closed housing including the two end walls 12 and 14 as before.
      Each pair of rotor and stator elements is substantially identical to that
      of FIG. 1 and of FIG. 2 so that by having one design of rotor element and
      stator element and one design of spacer 68, it is possible by the choice
      of the length of the overhang of the shaft 16 beyond the bearing, to make
      hydromatic brakes of different braking capacity. In this embodiment the
      circumferential lip 51 of two stators are sealed (with O-ring 52) to each
      other and one is sealed with housing 12 similar to FIG. 1.
PAR  Referring now to FIG. 5 there is a modification of the brake shown in FIG.
      3 comprising two rotor means and two stator means. The rotors are mounted
      in cantilever manner on a shaft held in a single bearing assembly in the
      first end wall of the brake.
PAR  FIG. 5 differs from the assembly shown in FIG. 3 in that the shaft 116 is
      adapted to rotate in the opposite direction from the shaft of the brake
      shown in FIG. 3. The apparatus distinctions are minor. The assembly is
      different, however, in the fact that the individual rotors and stators are
      interchanged, so that the two stators are on the inside, mounted back to
      back, while the two rotors are on the outside with their cavities, or
      pockets, facing those of their respective stators. By reversing the rotors
      on the shaft the direction in which their pockets face are in the opposite
      direction of rotation of the shaft, so that if the shaft is driven in the
      opposite direction the pockets will be directed in the direction of
      rotation, which is the proper method of operation. It is therefore seen
      that by the advantages of the invention, the hydromatic brake can be
      adapted to rotation of its input shaft in either direction, simply by the
      expedient of mounting the rotors in one position or in another, in
      relationship to the stators.
PAR  In FIG. 5 the brake is indicated, in general, by the numeral 166. It has
      two pairs of rotor and stator means positioned axially of each other. It
      has a first end wall 112 which supports a bearing assembly 164 which is of
      larger construction than that shown in FIG. 1 but is similar to that shown
      in FIG. 3. Bearing assembly 164 is adapted to support the shaft 116 in
      such a way that the rotors are supported on a cantilever basis, on the
      outside of the bearing. While the bearing assembly 164 is more expensive
      than that shown in FIG. 1 there is only one bearing assembly required, so
      that the second end wall 114 is of much simpler construction than in FIG.
      1. It will be clear, however, that the second end wall might be
      constructed with an appropriate bearing so that the shaft 116 can be
      supported in two bearings, respectively, in the two end walls as shown in
      FIG. 1.
PAR  The two stator means 132 are mounted back to back in the central portion of
      the housing, while the rotor means 124 are mounted in spaced relation
      outside of the stator means, with their pockets facing toward the
      corresponding pockets of the stators. The first stator means is mounted
      with its planar flange 138 clamped between the first end wall 112 and the
      annular flanged spaced means 168. The second stator means is
      correspondingly clamped with its planar outwardly extending flange 138
      clampled between the annular flanged spacer means 168 and the second end
      wall 114. The clamping can be by conventional means such as bolts 174, for
      example. The two stator means have the plurality of walls dividing up
      their single annular into small pockets as was described in connection
      with FIGS. 1 and 2. There are also a plurality of drilled openings through
      the spacing walls, such as 154, so that liquid can flow from the back wall
      132 of the stator through these openings 154 into the annular space which
      is divided up into pockets by the walls 56 as shown in FIG. 2.
PAR  Each of the back surfaces 132 of the stators has a planar sealing surface
      151 carrying a sealing means 152. The space defined by the two back walls
      132 and the spacer means 168 form an annular cavity which is the inlet
      annular space 180. As shown by the arrow 182 the brake liquid is supplied
      through the opening 170 into the annular input space 180, which liquid
      flows through the openings 154, into the annular cavity comprising the
      pockets 57 and 59.
PAR  The two rotors 124 are mounted on the shaft 116 and are locked by means of
      keys 126. They are reversed end for end so that their pockets are facing
      inward and are spaced on the shaft so as to provide the gaps 162 which
      correspond to the gaps 62 of FIG. 3. Liquid entering the space 180 flows
      through the opening 154 into the pockets 157 in the stator and 159 in the
      rotor out through the annular gap 162 and through the annular space 137
      between the overhanging circumferential lip 136 of the stator and the
      circumferential surface of the rotor. The gap 137 is of such a selected
      dimension so that there is the proper back pressure offered by the flow of
      liquid through that gap, so as to properly meter the rate of flow of
      liquid.
PAR  The back surface 122 of the two rotors and the inner surfaces of the end
      plates 112 and 114 define two outlet annular spaces 184 and 186, which are
      connected by outlet conduits 172 and 172'. Liquid which flows in
      accordance with arrow 182 into the opening 170 into the inlet annular
      space 180, flows through the openings 154 into the pockets, out through
      the circumferential gap 137 and into the outlet annular spaces 184 and
      186, and through the outlet conduits 172 and 172' in accordance with
      arrows 188.
PAR  It is thus seen that by designing the physical dimensions of the rotors and
      stators, the two stators can be held by flanges an identical position but
      with the pockets of the stators facing outwardly as in FIG. 5 or inwardly
      as in FIG. 3, with the rotors in corresponding positions, simply by
      removing the second end wall 114 and removing the four elements, 122, 132
      and replacing them on the shaft in the proper axial location. By this
      simple expedient and without further construction effort, the brake shown
      in FIG. 5 can be run in one direction, or, when assembly is as in FIG. 3
      it can be run in the opposite direction of rotation, to match the
      particular direction of rotation of the prime mover from which it is to be
      driven.
PAR  While the invention has been described with a certain degree of
      particularity it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled. For example, spacers 68 and/or end wall housings 14 may be
      rotated to various positions to align the inlets and outlets for hydraulic
      fluid as desirable to accommodate piping and location of the equivalent.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A hydromatic brake system, including:
PA1  housing means having a separate first end wall, intermediate cylindrical
      spacer, and separate second end wall;
PA1  shaft means rotatably supported in said housing means;
PA1  first and second rotor-stator sets comprising:
PA1  individual first and second brake rotors means each identically constructed
      and having a single annular liquid space with a plurality of webs defining
      a plurality of pockets, said webs leading in the direction of rotation,
      each having an outer peripheral surface,
PA1  individual first and second brake stator means each identically constructed
      and having a single annular liquid space substantially identical to that
      of said annular space of said rotors with a plurality of webs defining a
      plurality of pockets, said webs leading in a direction opposite to the
      direction of rotation of said rotor, a conduit passing through each of
      said webs in said stator to provide communication from a back surface
      thereof to each of said pockets, each stator having an outwardly extending
      circular seal lip means on said back surface, an outwardly extending
      circumferential planar flange, and an inner peripheral rim axially
      extending, on the side of said liquid space, from the outer rim of said
      stator;
PA1  said first stator assembled such that its said flange is sealable retained
      between said first end wall and said spacer with its liquid space facing
      said first end wall;
PA1  said second stator assembly such that its said flange is sealably retained
      between said spacer and said second end wall with its liquid space facing
      said second end wall, said planar circular seal lip means of said first
      and second stator means in contact back to back and sealed by said planar
      circular sealing means, the back surfaces of said first and second stator
      means and said spacer defining an annular inlet space;
PA1  said first and second rotor means spacably attached to said shaft with the
      respective pockets facing their respective stator pockets, the back
      surface of said first rotor means and said first end wall defining a first
      annular outlet space, the back surface of said second rotor means and said
      second end wall defining a second annular outlet space, said outer
      peripheral surfaces of each said rotor positioned opposite said inner
      peripheral rim of each respective stator with a selected small radial
      clearance therebetween to maintain a substantially fixed liquid back
      pressure in said pockets; and
PA1  means to supply a continuous flow of hydraulic liquid to said annular inlet
      space, and means to remove said liquid from said annular outlet spaces.
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PAL  A shock absorber of the direct acting hydraulic type is disclosed as
      comprising a reciprocable piston having a piston body, the piston body
      being formed with first and second sets of spaced flow ports, the sets of
      flow ports being concentrically oriented with the first set being spaced
      radially inwardly from the second set; a first valve seat on one end of
      the piston body adjacent the first set of flow ports; a first valve member
      engageable with the first valve seat to block fluid flow through the first
      set of flow ports; second and third valve seats on the opposite end of the
      piston body and located radially inwardly and outwardly from the second
      set of flow ports; a second valve member in the form of a flat annular
      valve disc disposed adjacent the second and third valve seats and
      engageable therewith to block fluid flow through the second set of flow
      ports; an annular compression plate disposed on the axially opposite side
      of the valve disc from the piston body; the compression plate having axial
      movement relative to the piston body between a first position maintaining
      the second valve member adjacent the second and third valve seats but
      permitting a first magnitude of fluid flow through the second set of flow
      ports, and a second position wherein the second valve member is displaced
      predeterminately from the piston body to permit a second magnitude of
      fluid flow through the second set of flow ports, and at least one spring
      disc yieldably resisting axial movement of the plate and the valve disc.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to vehicular shock absorbers and, more
      particularly, to a new and improved piston construction for direct acting
      telescopic shock absorbers.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved shock absorber construction.
PAR  It is a more particular object of the present invention to provide a new
      and improved shock absorber construction which embodies a novel piston
      design therein.
PAR  It is yet a more particular object of the present invention to provide a
      new and improved shock absorber piston construction which utilizes
      multiple springs for controlling fluid flow through the piston flow ports
      under various operating conditions.
PAR  It is another object of the present invention to provide a new and improved
      shock absorber piston construction of the above-described type wherein a
      first magnitude of fluid flow through the piston is controlled by the
      spring force embodied in the piston valve member and a second magnitude of
      fluid force is controlled by a second spring acting upon a compression
      plate located adjacent the piston valve member.
PAR  It is another object of the present invention to provide a new and improved
      shock absorber piston construction of the above-described type which may
      utilize different spring forces in the valving design so as to provide for
      universality of application.
PAR  It is a further object of the present invention to provide a new and
      improved shock absorber piston construction which is of a relatively
      simple design, is economical to manufacture, and will have a long and
      effective operational life.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal cross-sectional view of a vehicle shock absorber
      incorporating the new and improved piston construction of the present
      invention;
PAR  FIG. 2 is an elevated perspective exploded view of the piston construction
      embodying the principles of the present invention, and
PAR  FIG. 3 is an enlarged cross-sectional view of the piston construction shown
      in FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now in detail to the drawing and in particular to FIG. 1 thereof,
      a tubular direct acting hydraulic shock absorber 10 is shown as comprising
      an elongated tubular pressure cylinder 12 defining a hydraulic fluid
      containing working chamber 14. Disposed within the chamber 14 is a
      reciprocable piston 16 that is secured to one end of an axially extending
      piston rod 18. The piston rod is supported and guided for movement within
      the pressure cylinder 12 by means of a combination fluid seal and rod
      guide assembly 20 located in the upper end of the cylinder 12 and having a
      central axially extending bore 22 through which the piston rod 18 extends.
      A base valve, generally designated by the numeral 24, is located within
      the lower end of the pressure cylinder 12 and functions to control
      hydraulic fluid communication between the working chamber 14 and a fluid
      reservoir 26 that is defined between the outer periphery of the cylinder
      12 and the inner periphery of a tubular reserve tube 28 which is arranged
      concentrically around the exterior of the pressure cylinder 12. The
      construction and operation of the base valve may be of the type shown and
      described in U.S. Pat. No. 3,771,626, which patent is incorporated by
      reference herein. As is conventional in the art, a helical baffle 30 is
      provided within the fluid reservoir 26 for controlling aeration of the
      hydraulic fluid transferred between the reservoir 26 and the working
      chamber 14. The upper and lower ends of the shock absorber 10 are provided
      with generally cup-shaped upper and lower end caps 32 and 34,
      respectively, which are secured, as by welding, to the opposite ends of
      the reserve tube 28, as illustrated. The shock absorber 10 is shown as
      being provided with a dirt shield 36 which is secured at its upper end to
      the upper end of the piston rod 18, and suitable end fittings 38 are
      secured to the upper end of the piston rod 18 and the lower end cap 34 for
      operatively securing the shock absorber 10 between the sprung and unsprung
      portions of an automotive vehicle. As will be appreciated by those skilled
      in the art, upon reciprocal movement of the piston rod 18 and piston 16
      carried thereon, hydraulic fluid within the chamber 14 will be transferred
      between the upper and lower ends of the cylinder 12 and between the
      chamber 14 and the fluid reservoir 26, whereby to dampen relative movement
      between the sprung portion of the associated vehicle and the unsprung
      portion thereof. Toward this end, the piston 16 is provided with a new and
      improved valving arrangement for selectively controlling the flow of
      hydraulic fluid between the upper and lower ends of the chamber 14 during
      reciprocal movement thereof, as will hereinafter be described in detail.
PAR  In accordance with the principles of the present invention, the shock
      absorber piston 16 comprises a generally cylindrically shaped piston body
      40 that is formed with a central axially extending bore 42 within which a
      reduced diameter end portion 44 of the piston rod is received. The lower
      or underside of the piston body 40 is formed with an enlarged diameter
      recess or counterbore 46 within which a threaded nut or similar type
      fastening element 48 is threadably received upon the end portion 44 to
      retain the piston body 40 upon the piston rod 18. The piston body 40 is
      formed with first and second sets of axially extending circumferentially
      spaced flow ports 50 and 52, with each of the sets of flow ports 50 and 52
      preferably comprising four circumferentially spaced ports and with the
      second set of ports 52 being spaced radially outwardly from and
      concentrically arranged relative to the first set of flow ports 50.
      Disposed within the counterbore 46 and extending axially downwardly
      therewithin is an annular lower valve seat 54 which is spaced radially
      outwardly from the inner set of flow ports 50 and radially inwardly from
      the outer set of flow ports 52. The valve seat 54 defines a generally
      radially extending seating surface 56 which is adapted to be selectively
      engaged by the upper side of a generally disc-shaped valve member 58. The
      valve member 58 is formed with a central opening 60 through which the
      lower end portion 44 of the piston rod 18 extends. The inner periphery of
      the valve disc 58 is adapted to be fixedly retained or secured to the
      piston body 40 by being clampingly secured between an annular shoulder 62
      on the body 40 and a spacer washer 64, the latter of which bears directly
      against the upper end of the threaded nut 48. A helical coil spring 66 is
      arranged concentrically of the nut 48 and is supported at the lower end
      thereof by a radially outwardly extending flange 68 on the lower end of
      the nut 48. The upper end of the spring 66 bears against a spring retainer
      70 which in turn acts against the underside of the valve disc 58, whereby
      to resiliently urge the valve disc 58 into sealing engagement with the
      seating surface 56 of the valve seat 54. As will be appreciated by those
      skilled in the art, at such time as the piston body 40 moves upwardly
      within the working chamber 14 of the pressure cylinder 12, fluid will flow
      downwardly through the inner set of flow ports 50, thereby forcing the
      outer periphery of the valve disc 58 downwardly against the resistance of
      the spring 66, whereby fluid may flow from the flow ports 50, between the
      seating surface 56 and the upper side of the valve disc 58 into the lower
      end of the working chamber 14.
PAR  As best seen in FIG. 3, the upper end of the piston body 40 is formed with
      a pair of concentrically oriented axially upwardly extending annular valve
      seats 72 and 74, the former of which extends around the outer periphery of
      the upper end of the piston body 40 at a position radially outwardly from
      the outer set of flow ports 52. The valve seat 74 is disposed generally
      axially above the aforedescribed valve seat 54 and extends axially
      upwardly from the piston body 40 at a position spaced radially inwardly
      from the flow ports 52. The valve seats 72, 74 define generally radially
      disposed seating surfaces 76 and 78, respectively, which are adapted to be
      selectively sealingly engaged by means of a generally flat valve disc 80
      that is disposed directly above the piston body 40, as seen in FIG. 3. The
      valve disc 80 is preferably fabricated of a suitable spring steel material
      and, as seen in FIG. 2, is formed with a generally C-shaped or
      circumferentially extending slot or flow passage 82 which extends almost
      entirely, but not completely, around the valve disc 80 and separates the
      disc 80 into radially inner and outer peripheral portions 84 and 86,
      respectively. The radially inner portion 84 of the valve disc 80 is formed
      with a suitable opening through which the piston rod end portion 44
      extends for retaining the valve disc 80 in its operative position relative
      to the piston body 40. The radially outer portion 86 is adapted to bear
      upon or engage the valve seating surfaces 76, 78 and thereby block fluid
      flow from the ports 52 into the upper end of the chamber 14, as will later
      be described.
PAR  Disposed directly above the valve disc 80 is a valve guide member 88 which
      is formed with a central bore 90 through which the piston rod end portion
      44 extends. As seen in FIG. 2, the valve guide 88 is generally square in
      transverse cross section and has the various corners thereof partially
      rounded off so as to define four circumferentially spaced contact points,
      generally designated by the numeral 94. Disposed radially outwardly from
      the guide member 88 and extending therearound in the general radial plane
      thereof is a compression plate, generally designated by the numeral 96,
      which is formed with a central opening 98. The diameter of the opening 98
      is approximately equal to and slightly larger than the diagonal dimension
      of the valve guide member 88, whereby the compression plate 96 is axially
      slidable or movable relative to the guide member 88 and is guided for such
      movement by the contact points 94. The underside of the compression plate
      96 is formed with a plurality of circumferentially spaced, radially
      inwardly extending and axially upwardly projecting notches or recesses
      100, which are preferably although not necessarily eight in number, and
      which permit fluid flow communication between the flow passage 82 and the
      upper end of the working chamber 14. The underside of the compression
      plate 96 is relieved radially upwardly and outwardly at an angle of
      approximately 2.degree., as indicated in a somewhat exaggerated fashion at
      102 in FIG. 3. It will be seen best in FIG. 3 that the lowermost portion
      of the plate 96 bears against the upper side of the valve disc 80 at a
      position directly axially above the valve seat 74, whereby the radially
      innermost part of the disc portion 86 is releasably retained in engagement
      with the surface 78; however, because of the upwardly and outwardly
      inclined surface 102, the underside of the plate 96 is spaced axially away
      from the upper side of the disc 80 at a position above the valve seat 72,
      thereby permitting the radially outer part of the disc portion 86 to
      deflect slightly upwardly away from the surface 76 under certain operating
      conditions of the shock absorber 10, as will hereinafter be described in
      connection with the overall operation of the piston 16.
PAR  Disposed directly above the valve guide member 88 and compression plate 96
      is a pair of spring discs, generally designated by the numeral 104, which
      are formed with central coaxial bores 106 through which the end portion 44
      of the piston rod 18 extends. The lower of the spring discs 104 bears
      directly against the upper side or surface 110 of the compression plate 96
      and also against the upper surface 111 of the guide member 88. A suitable
      annular spacer member 112 is disposed directly above the spring discs 104
      and an annular washer 114 is retained between the upper side of the spacer
      110 and radial shoulder 116 formed at the juncture of the main portion of
      the piston rod 18 and a lower end portion 44 thereof. As will be apparent,
      the washer 114, spacer 112, spring discs 104, and guide member 88, as well
      as the piston body 40, are all retained upon the piston rod 18 by means of
      the threaded nut 48.
PAR  The spring discs 104 are adapted to yieldably resist upward movement of the
      compression plate 96 relative to the guide member 88, yet permits such
      upward movement of the compression plate 96 under certain operating
      conditions of the piston 16. The particular amount of resistance provided
      by the discs 104 can, therefore, be controlled by the number thereof
      and/or construction and material thereof. Although two of such discs 104
      are shown and described in this application, the scope or fair meaning of
      the claims appended hereto are in no way intended to be limited to such a
      construction since one, two or more of such discs 104 could be used,
      depending upon the particular application and performance characteristics
      desired. Additionally, it will be noted that the axial thickness of the
      spacer 112 may be varied to control the amount of upward movement of the
      spring discs 104 and hence the amount of axial upward movement of the
      compression plate 96.
PAR  In operation of the shock absorber 10, the outer periphery of the valve
      disc 80 is normally engaged or seats upon the surfaces 76, 78 to block
      fluid flow through the flow ports 52. During low speed downward movement
      of the piston 16 within the working chamber 14, hydraulic fluid will pass
      upwardly through the flow ports 52 and deflect the outer periphery of the
      valve disc 80 upwardly to a position where it engages the inclined lower
      surface 102 of the compression plate 96, whereupon a predetermined
      magnitude of such fluid will thereafter pass into the upper end of the
      working chamber 14. At such time as the downward speed of the piston 16
      exceeds a predetermined level, the hydraulic fluid flowing upwardly
      through the set of ports 52 will act to bias the outer peripheral portion
      86 of the valve disc 80 upwardly and also cause the compression plate 96
      to move upwardly against the resistance of the spring discs 104, whereupon
      a greater magnitude of fluid flow will occur between the underside of the
      valve disc 80 and the seating surfaces 76, 78, with the amount of
      resistance to such additional fluid flow depending upon the number and
      construction of spring discs 104. Thus, it will be seen that under low
      speed movement of the piston 16, a limited amount of fluid flow will occur
      between the outer seating surface 76 and the underside of the valve disc
      80 since the outer periphery of the valve disc 80 will only move upwardly
      as far as the inclined or relieved surface 102 permits; however, at a
      greater rate of movement of the piston 16, the compression plate 96 itself
      will move upwardly, thereby permitting the outer peripheral portion 86 of
      the valve disc 80 to move entirely off from both the seating surfaces 76,
      78 to permit the aforementioned greater magnitude of fluid flow. As
      previously mentioned, of course, at such time as the piston 16 moves
      upwardly within the pressure cylinder 12, i.e. during a rebound stroke or
      cycle, fluid will flow through the notches 100 and thereafter through the
      circumferentially extending flow passage 82 through the inner set of flow
      ports 50, whereupon the valve disc 58 will be displaced against the
      resistance of the coil spring 66 to permit fluid to flow from the upper
      end of the working chamber 14 to the lower end thereof.
PAR  It will be seen from the foregoing that the present invention provides a
      new and improved shock absorber piston construction wherein the magnitude
      of fluid flow, and hence the degree of shock absorber damping, is achieved
      through the use of multiple spring elements in the piston valving. By
      virtue of the fact that the construction and number of spring discs 104
      may be easily varied, selective application of the shock absorber may be
      made without excessive costs for tooling, inventory, assembly, etc.
      Additionally, the subject piston design lends itself to the use of
      powdered or sintered metal techniques, since the guide member 88,
      compression plate 96, etc., may be so constructed, thereby significantly
      reducing the cost of the actual piston construction.
PAR  While it will be apparent that the preferred embodiment illustrated herein
      is well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shock absorber piston construction comprising,
PA1  a piston body having means thereon connected to one end of an associated
      piston rod,
PA1  said piston body being formed with first and second sets of axially
      extending, circumferentially spaced flow ports,
PA1  said sets of flow ports being concentrically oriented, with said first set
      being spaced radially inwardly from said second set,
PA1  a first annular axially extending valve seat on one end of said body
      adjacent said first set of flow ports,
PA1  a first valve member engageable with said first valve seat to block fluid
      flow through said first set of flow ports,
PA1  second and third annular axially extending valve seats on the opposite end
      of said piston body and located radially inwardly and outwardly from said
      second set of flow ports,
PA1  a second valve member in the form of a flat annular valve disc extending
      radially of said body directly adjacent said second and third valve seats
      and engageable therewith to block fluid flow through said second set of
      flow ports,
PA1  said second valve member having a first fluid flow passage formed therein
      communicating with said first set of flow ports,
PA1  an annular compression plate disposed on the axially opposite side of said
      valve disc from said piston body, the side of said compression plate
      confronting said valve disc having a plurality of circumferentially
      spaced, radially extending recesses formed therein providing a second flow
      passage that is serially communicable with said first flow passage,
PA1  said side of said compression plate being tapered radially outwardly and
      axially away from said valve disc, whereby to permit the outer peripheral
      portion of said valve disc to flex away from one of said second and third
      valve seats and thereby allow said first magnitude of fluid flow through
      said second set of flow ports,
PA1  said plate having a central annular opening through which said one end of
      said piston rod extends,
PA1  a valve guide member located coaxially of said piston body and at least
      partially within said annular opening of said compression plate,
PA1  said guide member having a non-circular outer peripheral edge which defines
      with the inner periphery of said annular opening a plurality of
      circumferentially spaced guide points for guiding said compression plate
      for axial movement relative to said piston body between a first position
      maintaining said valve disc adjacent and engaged with said second and
      third valve seats but permitting said first magnitude of fluid flow
      through said second set of flow ports, and a second position wherein said
      second valve member is axially displaced predeterminately from said piston
      body to permit a greater magnitude of fluid flow through said second set
      of flow ports and between said valve disc and said piston body, and
PA1  at least one spring disc disposed on the axially opposite side of said
      compression plate from said valve disc yieldably resisting axial movement
      of said plate and said valve disc away from said piston body,
PA1  said spring disc extending radially of said piston rod and having an outer
      peripheral portion thereof bearing upon the adjacent side of said
      compression plate and an inner peripheral portion clampingly engaged with
      the adjacent side of said guide member.
NUM  2.
PAR  2. The invention as set forth in claim 1 which includes annular spacer
      means disposed adjacent said spring disc for limiting axial displacement
      of said compression plate.
NUM  3.
PAR  3. The invention as set forth in claim 1 wherein said piston body is formed
      with a central axially extending opening adapted to receive at least a
      portion of one end of said piston rod.
NUM  4.
PAR  4. The invention as set forth in claim 3 which includes a coil spring
      disposed in part within a recessed area of said piston body and adapted to
      resiliently urge said first valve member toward a position engaging said
      first valve seat.
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ABST
PAL  A pressure biased control valve biased to a position for communication
      between a source of pressurized fluid and a differential locking clutch of
      the differential and a relay valve selectively positioned to interrupt
      communication between said control valve and differential lock clutch
      responsive to actuation of the vehicle brakes.
BSUM
PAR  This invention relates to a hydraulic valve and more particularly to a
      pressure biased control valve biased to a position for communication
      between a source of pressurized fluid and a differential lock clutch on
      the differential. Communication is also provided to a control chamber from
      the source of pressurized fluid to bias the control valve to the position
      for communication between the source of pressurized fluid and the
      differential lock clutch. A relay valve for interrupting communication
      between the control valve and the differential clutch interrupts
      communication between the source of pressurized fluid and the control
      chamber and connects the control chamber to sump and allows the control
      valve to shift to a closed position and release pressure in the
      differential clutch in response to actuation of the vehicle brakes.
PAR  Conventionally, vehicles are provided with a drive line which includes a
      differential to permit one of the drive wheels to rotate at a faster rate
      than the other. While the differential action between the drive wheels is
      necessary for steering, there are times when it is desirable to rotate
      both wheels synchronously. When one wheel loses traction, the driving
      force may then be transferred to the other wheel which retains the tractor
      effort. This may be accomplished in various means such as an overrunning
      clutch on the rear drive wheels which will immediately engage when one
      wheel slips. These devices are generally mechanical and are automatic in
      response to the condition of the terrain on which the vehicle is
      operating.
PAR  There are other mechanical means for driving the drive wheels synchronously
      which can be manually operated by the operator of the vehicle. While these
      may be satisfactory, it is desirable that some atuomatic means be provided
      whereby if the vehicle is braked, that the synchronous rotating means for
      the drive wheels be released. This is usually done to avoid scuffing of
      the tires and possibly the loss of control of the vehicle when it is being
      steered.
PAR  Although mechanical arrangements for the automatic release of the
      differential lock have been used, they are not as responsive to controls
      as a hydraulic means. Accordingly, this invention provides for a
      hydraulically actuated differential locking clutch in the differential.
      The engaging of the hydraulic clutch may be manually controlled to
      selectively engage or disengage the clutch. Once the clutch is engaged, it
      is retained in engagement by hydraulic pressure in a control chamber
      operating on the control valve. When the vehicle brakes are released, a
      relay valve is operated which automatically interrupts the flow of
      pressurized fluid to the control chamber of the control valve. This
      permits the control valve to interrupt the flow of pressurized fluid to
      the differential locking clutch and releases the pressure to thereby
      unlock the differential clutch. Accordingly, the differential lock is
      automatically released in response to actuation of either one of the drive
      wheel brakes and also both the brakes.
PAR  It is an object of this invention to provide a pressure biased control
      valve for operating a differential clutch and controlling the flow of
      pressurized fluid to maintain the control valve in the clutch operating
      position responsive to pressure in the clutch operating fluid circuit.
PAR  It is another object of this invention to provide a relay valve for closing
      a pressure biased control valve by connecting a control chamber in the
      control valve to sump and allowing resilient means to bias the control
      valve to a closed position and interrupt operation of the differential
      clutch.
PAR  It is a further object of this invention to provide a pressure biased
      control valve to normally provide communication between the source of
      pressurized fluid and a differential clutch for locking of the
      differential clutch and having a relay valve operating responsive to fluid
      pressure in a hydraulic fluid brake system to interrupt flow of
      pressurized fluid from the control valve to the control chamber in the
      control valve to bias the control valve to a closed position and release
      the pressure in the differential clutch and cause the clutch to disengage.
PAR  The objects of this invention are accomplished by providing a control valve
      which selectively supplies pressurized fluid from a source of pressurized
      fluid to operate a differential clutch for locking the differential.
      Communication is also provided between the source of pressurized fluid and
      a control chamber receiving pressurized fluid to normally bias the control
      valve to an open position for engaging the differential clutch. A relay
      valve having an actuating chamber in communication with the hydraulic
      fluid brake system operates a plunger to selectively interrupt
      communication between the control valve and the control chamber and vent
      the control chamber to sump. This permits resilient means to bias the
      control valve to a closed position and interrupt communication between the
      source of pressurized fluid and the differential clutch and vent the
      differential clutch actuator to sump. The operation of the system is
      automatic in response to operation of the vehicle brakes.
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PAR  The preferred embodiments of this invention is illustrated in he attached
      drawings:
PAR  FIG. 1 is a schematic illustration of a hydraulic system and a cross
      section view of the control valve and relay valve positioned for operating
      the differential clutch;
PAR  FIG. 2 is a cross section view of the control valve and relay valve
      positioned for release of the differential clutch while the braking system
      is in operation.
DETD
PAR  Referring to the drawings, FIG. 1 schematically illustrates a hydraulic
      system and a cross section view of the hydraulic valve means. A hydraulic
      pump 1 receives hydraulic fluid from the sump 2 and pressurizes fluid in
      the conduit 3. The relief valve 4 operates to return hydraulic fluid at an
      excess pressure through the return conduit 5. Hydraulic fluid is supplied
      to the pump pressure chamber 6. A control valve 7 is manually operated by
      the manual control lever 8 which is pivotally mounted on the bracket 9 and
      pivotally connected by the pin 10 to the spool 11. The spool 11 extends
      through the cylindrical opening 12 in the valve housing 13. The
      cylindrical opening 12 extends through the sump chamber 113, the high
      pressure chamber 14 and the pump pressure chamber 6 which are axially
      spaced along the cylindrical opening 12. The control chamber 15 is
      positioned at the end of the cylindrical opening 12. The control chamber
      15 is formed by the housing and the plug 16 which threadedly engages a
      threaded portion at the end of the chamber 15. The spool 11 is threadedly
      connected to the bolt 17 which forms a spring seat 18 by its head 19 which
      engages the spring 20. The spring 20 is compressively positioned between
      the spring seat 18 and the shoulder 120 on the sleeve 21. The sleeve 21
      engages the radial flange 22 on the housing 13. The radial facing 23 on
      the end of the sleeve 21 provides a stop for the bolt 19 and spool 11 in
      the left hand direction as the shoulder 24 of bolt 17 engages the facing
      23.
PAR  The spool 11 is formed with lands 25 and 26 on its ends and a center land
      27 which forms the grooves 28 and 29. The grooves 28 and 29 control the
      flow of fluid between the pump 1 and the differential clutch 54 and
      between the differential clutch and the sump chamber 113. The spool is
      selectively positioned for the desired fluid flow through the control
      valve.
PAR  A relay valve 30 controls the flow of pressurized fluid from the control
      valve 7 to the control chamber 15. The relay valve consists of the
      hydraulic actuator including the piston 31 reciprocably mounted in the
      bore 32. The bore 32 extends through the actuating chamber 3 and the
      actuating chamber 34. The piston 31 is normally positioned to the left
      hand position by the plunger 35 engaging the spring 36. The piston 31
      seats on the end 37 of the fitting 38. The fitting 38 is in communication
      with with the hydraulic brake cylinder 39 through conduit 40. The left
      hand wheel brake lever 41 operates the hydraulic brake cylinder 39. The
      hydraulic wheel cylinder 42 is pressurized to engage the left hand wheel
      brake 43 through conduit 44 in communication with the hydraulic actuating
      chamber 34. When the left hand wheel cylinder is pressurized, pressurized
      fluid in the conduit 44 and chamber 34 moves the piston 31 and plunger 35
      in the right hand direction which in turn operates the relay valve 30.
PAR  The right hand wheel brake lever 45 operates the master cylinder 46 to
      pressurize fluid in the conduit 47. Pressurized fluid in conduits 47 and
      48 pressurizes fluid in the wheel cylinder 49 of the right hand wheel
      brake 50. The conduit 51 is in communication with conduits 47 and 48 and
      hydraulic actuating chamber 33. When the right hand wheel cylinder is
      pressurized, pressurized fluid in conduit 51 and chamber 33 moves the
      plunger 35 in the right hand direction as relay valve 30 is operated.
PAR  FIG. 1 illustrates the pump pressure chamber 6 in communication through the
      cylindrical opening 12 and passage 52 through the bore 32 and passage 53
      to the control chamber 15. The pressurized fluid in the control chamber 15
      biases the spool 11 to the left hand position permitting the flow of
      pressurized fluid to the chamber 15 and to the differential clutch 54
      through conduit 55.
PAR  FIG. 2 illustrates the left hand wheel brake actuated with pressurized
      fluid biasing the piston 31 in the right hand direction and forcing the
      plunger 35 in the right hand direction providing communication between the
      control chamber 15 and the sump chamber 57. The sump chamber 57 is in
      communication through conduit 58 to the sump 2. The sump chamber 113 is
      also in communication through conduit 5 to sump 2. As the spool 11 is
      biased in the right hand position as shown in FIG. 2, the hydraulic
      actuator 60 of the differential clutch 54 is connected to sump.
PAR  The operation of the device will be described in the following paragraphs.
PAR  The pump 1 receives fluid from the reservoir 2 and pressurizes fluid in the
      conduit 3. The conduit 3 supplies pressurized fluid to the pump pressure
      chamber 6. When the control lever 8 is rotated in the counterclockwise
      direction the spool is biased in the left hand direction to a position as
      shown in FIG. 1. In this position, the pressurized fluid in the pump
      pressure chamber 6 passes through the passage formed by recess 29 of the
      spool 11 into the high pressure chamber 14. The pressurized fluid is free
      to flow through the passage 52 and conduit 55 to the hydraulic actuator 60
      of the differential clutch 54. With the clutch 54 engaged, the
      differential is locked. The pressurized fluid is also available to control
      chamber 15 through the chamber 80 and passage 53 which retains the control
      spool 11 in clutch 54 engaged position.
PAR  The left hand hydraulic brake cylinder 39 is connected through the conduit
      40 to the chamber 34. When the left hand wheel brake is actuated, the
      piston 31 operates the relay valve 30. When fluid is pressurized in the
      cylinder 39, the pressurized fluid flows through the conduit 40 and into
      the actuating chamber 34 to bias the piston 31 in the right hand
      direction. The piston 31 engages the plunger 35 and biases the plunger to
      the right hand position shown in FIG. 2. When the plunger 35 is biased to
      the right hand position as shown, the passage 52 and 53 between the high
      pressure chamber 14 and the control chamber 15 is interrupted. The control
      chamber 15 is connected to the sump chamber 57. When the control chamber
      15 is reduced to the sump pressure, the spool is no longer biased to the
      left hand position by hydraulic fluid pressure and the spring 20 biases
      the spool 11 to the position as shown in FIG. 2. In this position, the
      flow of pressurized fluid from the pump pressure chamber 6 to the high
      pressure chamber 14 is interrupted. Accordingly, this reduces the pressure
      in the hydraulic actuator 60 of the differential clutch 54. Also, the
      movement of the spool 11 in the right hand direction places communication
      between the sump chamber 113 and the passage 52 and the hydraulic actuator
      60 of the differential clutch. Accordingly, when the pressure in the
      hydraulic actuator of the differential clutch is reduced to sump pressure,
      the clutch is disengaged and the differential is free to operate for
      differential operation of the drive wheels.
PAR  When the hydraulic control valve and relay valve are positioned as shown in
      FIG. 1 and the right hand wheel brake is actuated, pressurized fluid from
      the cylinder 46 flows through the conduit 47, 51 to the actuating chamber
      33. Pressurized fluid in the actuating chamber 33 biases the plunger 35 in
      the right hand direction to the position as shown in FIG. 2 while piston
      31 remains in the position as shown in FIG. 1. The result of this
      operation is the same as for the left hand wheel brake, only that the
      piston 31 remains in its original position. Interruption of communication
      between the high pressure chamber 14 to the control chamber 15 is the same
      because sump pressure is applied to the control chamber. This allows the
      spool 11 to move to the right hand direction as shown in FIG. 2 and the
      hydraulic actuator 60 is also reduced to sump pressure and the
      differential clutch of the differential is released.
PAR  Actuation of both the brakes simultaneously would provide the same result
      as described above, enabling release of the differential clutch as shown
      in FIG. 2.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A hydraulic valve means for controlling a differential clutch comprising
      a control valve including a valve element adapted for selectively
      connecting and disconnecting a source of pressurized fluid to a
      differential clutch, means defining a sump chamber in said hydraulic valve
      means adapted for connection to sump, means defining a control chamber in
      said control valve, a spring means in said control chamber normally
      biasing said valve element for interruption of communication between said
      source of pressurized fluid and said differential clutch, a relay valve
      including a valve member for selectively providing communication and
      interrupting of communication between said source of pressurized fluid and
      said control chamber, resilient means normally biasing said valve member
      of said relay valve to a position providing communication between said
      source of pressurized fluid and said control chamber, means defining a
      hydraulic actuator defining an actuating chamber in said relay valve
      adapted for connection to a hydraulic brake system, said hydraulc
      actuating chamber receiving pressurized fluid to interrupt communication
      between said source of pressurized fluid and said control chamber against
      the force of said resilient means when said hydraulic brakes are actuated,
      said resilient means biasing said valve member of said relay valve for
      providing communication between said source of pressurized fluid and said
      control chamber for pressure biasing said control valve element to provide
      communication between the said source of pressurized fluid and said
      differential clutch when said brakes are released.
NUM  2.
PAR  2. A hydraulic valve means as set forth in claim 1 including means in said
      control chamber limiting the movement of said control element to a
      position providing communication between said differential clutch and said
      sump chamber responsive to the biasing force of said spring means.
NUM  3.
PAR  3. A hydraulic valve means as set forth in claim 1 including stop means
      limiting the movement of said control valve element against the biasing
      force of said spring means to place communication between said source of
      pressurized fluid and said differential clutch.
NUM  4.
PAR  4. A hydraulic valve means as set forth in claim 1 wherein said hydraulic
      actuator in said relay valve includes a piston, a chamber in communication
      with said hydraulic brakes for receiving pressurized fluid from said
      hydraulic brake system to bias said relay valve to a position providing
      communication between said control chamber of said control valve with said
      sump chamber.
NUM  5.
PAR  5. A hydraulic valve means set forth in claim 1 wherein said valve member
      defines a piston in said actuating chamber, means adapted for connecting
      said actuating chamber to the hydraulic braking system to thereby receive
      pressurized fluid from said braking system for biasing said plunger to a
      position providing communication between said control chamber and said
      sump chamber.
NUM  6.
PAR  6. A hydraulic valve means as set forth in claim 1 wherein said hydraulic
      actuator in said relay valve includes a piston forming two actuating
      chambers, means adapted for connecting a first of said actuating chambers
      to a first circuit of the hydraulic braking system and means connecting
      the second actuating chamber to a second circuit of the hydraulic braking
      system.
NUM  7.
PAR  7. A hydraulic valve means as set forth in claim 1 wherein said valve
      element of said control valve defines a spool forming lands and grooves
      for selectively connecting said source of pressurized fluid to said
      differential clutch responsive to pressurize fluid in said control chamber
      and selectively connecting said differential clutch to said sump chamber
      responsive to said spring means for biasing said spool to close said
      control valve.
NUM  8.
PAR  8. A hydraulic valve means as set forth in claim 1 including manual control
      means connected to said valve element of said control valve for
      selectively positioning said valve element to provide communication
      between said source of pressurized fluid and said differential clutch and
      providing communication between said differential clutch and said sump
      chamber.
NUM  9.
PAR  9. A hydraulic control means as set forth in claim 1 wherein said spring
      means normally biases said control element to close said control valve for
      interrupting communication between said source of pressurized fluid and
      said differential clutch, manual means for positioning said valve element
      against the force of said spring means to provide communication between
      said source of pressurized fluid and said differential clutch.
NUM  10.
PAR  10. A hydraulic valve means as set forth in claim 1 including manual means
      connected to said valve element of said control valve for selectively
      positioning said valve element to initially provide communication between
      said source of pressurized fluid in said differential clutch.
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ABST
PAL  A stator is mounted in a housing, and a rotor is rotatable with reference
      to the stator and rotates with a motor shaft. A flywheel is mounted on and
      rotatable with the motor shaft. An output shaft is separate from the motor
      shaft and a stationary member is mounted in the housing and surrounds the
      output shaft with clearance. A coupling plate and a braking plate are both
      mounted on the output shaft for rotation therewith, being located axially
      adjacent the flywheel and the stationary member, respectively. A first
      electromagnet is associated with the coupling plate and when energized
      causes frictional engagement of the latter with the flywheel so that the
      coupling plate and thereby the output shaft are entrained in rotation by
      the flywheel. A second electromagnet is associated with the braking plate
      and when energized causes frictional engagement thereof with the
      stationary member so that the braking plate and the output shaft are
      braked by frictional engagement therewith. The electromagnets are radially
      spaced and define with one another an airgap, and components are provided
      which produce an airflow through the housing, including through the airgap
      between the two electromagnets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a motor construction, and more
      particularly to a motor construction having a motor shaft and an output
      shaft which can be selectively coupled with the motor shaft to be driven
      by the same, and can be braked.
PAR  It is known from the prior art to provide motor constructions of this type,
      for instance from U.S. Pat. No. 3,581,855 and from German Pat. No.
      2,155,423. This type of motor construction has the advantage that the
      friction surfaces of the coupling plate and of the braking plate which are
      required can be relatively large in their dimensions, and therefore be
      effective, whereas the axial space required for the overall construction
      is relatively small, which is of course desirable.
PAR  An additional advantage of these constructions is the fact that short
      magnetic paths are obtained and this, in conjunction with the small
      airgaps required, assures that a rapidly responding magnetic system is
      obtained which, nevertheless, requires only a relatively small amount of
      electric energy. Constructions of this type are characterized by the fact
      that relatively short mechanical dead time exists, which is important in
      order to obtain a rapid accommodation of the regulating value in motors
      whose rotational speed is regulated. Moreover, the small regulating time
      required in these constructions makes possible a precise positioning.
PAR  However, for all their advantages the prior-art constructions are still
      possessed of certain disadvantages which must be overcome. In motor
      constructions of this type heat is developed not only by operation of the
      electromagnets, but much heat is in aaddition produced by friction since
      the rotational speed of the motor is controlled via the slip between the
      motor flywheel and the coupling plate, by intermittent operation of the
      coupling and the brake, or by simultaneous operation of the coupling and
      the brake in mutually opposite sense, that is energizaation of the brake
      and deenergization of the coupling, or vice versa. In addition, when the
      output shaft is braked further high heat values develop for at least brief
      periods of time, because the entire kinetic energy in the system becomes
      converted into heat. It is quite evident that the development of so much
      heat is undesirable and should be suppressed to the extent possible,
      especially since the friction members of the coupling plate and of the
      braking plate are in effect the only wear parts of the system and since
      their degree of wear is a function of the heat which acts upon them, so
      that a reduction of the heat will result in an increase of the lifetime of
      these components.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide an improved motor
      construction of the type under discussion, wherein the development of the
      aforementioned heat is effectively counteracted by improved cooling.
PAR  More particularly, it is an object of the present invention to provide such
      an improved motor construction wherein, due to the improved cooling and
      the thus obtained reduction in the heat the mechanical forces which can be
      transmitted from the motor shaft to the output shaft can be increased
      while yet obtaining extremely short starting times and braking times.
PAR  In keeping with the above objects, and with others which will become
      apparent hereafter, one feature of the invention resides, in a motor, in a
      combination which comprises housing means, a stator mounted in said
      housing means, a rotor rotatable with reference to said stator, and a
      motor shaft rotatable with the rotor. A flywheel is mounted on and
      rotatable with the motor shaft. An output shaft is separate from the motor
      shaft and a stationary member is mounted in the housing means anad
      surrounds the output shaft with clearance. A coupling plate is mounted on
      the output shaft axially adjacent the flywheel, and a braking plate is
      mounted on the output shaft axially adjacent the stationary member. A
      first electromagnet is associated with the coupling plate and is
      energizable for effecting frictional engagement thereof with the flywheel
      so as to be entrained by the latter. A second electromagnet is associated
      with the braking plate and energizable for effecting frictional engagement
      thereof with the stationary member so as to be braked by the same, the
      electromagnets being radially spaced and defining with one another an
      airgap. Airflow-producing means is provided for producing a flow of air
      through the housing means, including through the airgap between the
      electromagnets.
PAR  We have found that with this construction the cooling air can be so guided
      that it will come to the immediate vicinity of the regions where the heat
      develops in operation, and will thus be much more effective than was
      previously the case.
PAR  In fact, the cooling effect can be further improved if the electromagnets
      are additionally offset axially with reference to one another, defining
      additional spaces through which the cooling air can also be made to
      circulate.
PAR  It is advantageous if the two electromagnets are united to form a unit with
      a stationary component which is fixedly mounted in the housing, and which
      may be the stationary member mentioned earlier. The stationary member
      itself may be located in the annular space defined by the housing means
      with the coupling plate and the axially spaced braking plate, so that the
      stationary member also is subjected to the cooling action of the flow of
      cooling air.
PAR  According to one construction of the invention, which provides highly
      effective cooling, and which particularly assures that the cooling air
      will essentially come into contact with all parts of those components
      which are primarily responsible for the generation of heat in operation of
      the device, provides for the cooling air stream which is aspirated into
      the housing means to flow radially inwardly behind the stationary member,
      thereupon in axial direction of the device between the two electromagnets,
      finally further radially inwardly behind the coupling plate, then in axial
      direction through the coupling plate itself which for this purpose is
      apertured, and finally behind that portion of the flywheel which is
      engageable with the coupling plate in radially outward direction, to be
      vented from the housing means. Such an airflow path provides for excellent
      cooling results.
PAR  The stationary member which cooperates with the braking plate need not be
      stationarily mounted in the housing means, however, but could instead also
      be turnable about an axis coinciding with that of the output shaft. This
      is known from the prpior art, namely from the aforementioned German Pat.
      No. 2,155,423. For this reason this member will hereafter be called the
      braking member, to indicate that it could be either fixedly mounted or
      turnably, as outlined above.
PAR  The braking member can be fixedly connected to an outer bearing plate or
      shield, and if it is connected with the two electromagnets to form an
      assembly unit with the same, it is advantageous if this assembly unit is
      supported via a bearing on the output shaft, and vice versa. This is a
      particularly simple, easy to mount and yet especially stable arrangement.
PAR  The bearing can be supported on fins of the unit composed of the
      electromagnet and the braking member, which fins extend inwardly of the
      opening through which the output shaft extends, and/or it can be seated on
      the output shaft, in order to permit a second cooling airstream to be
      passed through the radially inner portion of the coupling and braking
      arrangement of the motor.
PAR  The electromagnets are advantageously connected with a carrier body by
      shrink fitting, which offers the dual advantage of affording high
      mechanical strength and a particularly effective heat transfer between the
      electromagnets and the carrier body which thus acts as a heat sink.
PAR  The arrangement of the braking member, particularly if the same is located
      between the coupling plate and the braking plate, makes it possible to
      provide the braking plate at the axial side facing away from the braking
      member with air vanes which produce still another cooling airflow and thus
      further enhance the cooling effectiveness of the arrangement.
PAR  The flywheel will advantageously be formed at its side facing towards the
      coupling plate with a ring of magnetically conductive material which is
      seated upon fins of the flywheel which define airgaps for passage of the
      cooling airstream between them. This has the aadvantage that the major
      part of the flywheel can be constructed as an inexpensive casting, and
      that at the same time the cooling airstream can be guided very closely to
      the location where frictional heat develops from contact between the
      flywheel and the coupling plate.
PAR  An impeller may be mounted on the motor shaft, preferably at the end which
      is remote from the flywheel, and this impeller produces an aadditional
      airstream which can be so guided that it sweeps over the inlet and outlet
      openings through which the airstream that is guided between the
      electromagnets, enters and leaves the housing means. This protects these
      inlet and outlet openings against the entry of dust and other
      contaminants.
PAR  The coupling plate and the braking plate may each be provided with a hub
      mounted on the output shaft, a radially outwardly located magnetically
      conductive armature ring, and springy members which permit the flow of
      cooling air through them, for instance slotted or otherwise apertured
      annuli of springy material, which connect the hub with the respective
      armature ring. The use of these springy members produces a bistable action
      of both the coupling plate and the braking plate, so that after the
      electrical energy supplied to the respectively associated electromagnet is
      cut off, the coupling plate or the braking plate will immediately snap
      back to a precisely defined rest position under the influence of the
      restoring force exerted by its associated springy annular member.
PAR  It is advantageous if the armataure rings themselves are surrounded by
      support bodies of a light metal (e.g. aluminum, magnesium and the alloys
      thereof, such as Electron, or the like) or an appropriate synthetic
      plastic material (e.g. Novotex or Macrolon). This affords a large friction
      surface, because the friction members which can be carried on the support
      bodies can have large friction surfaces, and it provides a correspondingly
      decreased stress per unit of surface area and similarly reduced wear,
      while at the same time the moment of inertia of both the coupling plate
      and the braking plate can be held to a low value with such a construction.
      This in turn is of importance in order to obtain rapid switching times,
      that is rapid energization and deenergization times.
PAR  The support bodies can be shrink-fitted onto the armature rings, and it is
      advantageous if the support body of the coupling plate is in turn
      surrounded by a ring of magnetically conductive material. The armature
      ring of the coupling plate and the ring of magnetically conductive
      material which surrounds the support body of the armature ring can then be
      so constructed that the magnetic flux or field produced upon energization
      of the associated electromagnet will be divided into three field portions.
      Two annular friction members which are concentric with one another can be
      located between the respective magnetic field portions so that the field
      is divided into three annular field portions. This subdivision of the
      magnetic flux field has the advantage that the friction members will be
      uniformly pressed against the flywheel and the danger of yielding of the
      coupling plate will be reduced.
PAR  In addition it is advantageous if, according to a further concept of the
      invention, the output shaft is axially displaceable to a limited extent
      with reference to the housing means. In combination with the fact that the
      braking member is advantageously located in the space between or
      intermediate the coupling plate and the braking plate, this assures that
      the axial airgap between the coupling plate and the flywheel as well as
      the axial gap between the braking plate and the braking member can be
      adjusted jointly, that is in unison. A readjustment of these airgaps after
      partial wear of the friction members is thereby simplified to a great
      extent. It is also advantageous if in addition the motor shaft is axially
      adjustable with reference to the housing means, because this affords the
      possibility of separately adjusting the airgap between thhe flywheel and
      the coupling plate, especially for purposes of initial adjustment, without
      at the same time having to also adjust the airgap between the braking
      member and the braking plate. The respectivve shafts can be axially
      adjusted by providing threaded sleeves which each engage one end portion
      of the respective shaft and are each threaded into a bearing plate
      associated with the respective shaft, their turning movement being
      transmitted axially to the respective shaft to thereby shift the same.
PAR  Finally, it is also advantageous if, in order to reduce the wear at the
      friction members, the side of the flywheel and/or of the braking member
      which is juxtaposed with the coupling plate and the braking plate,
      respectively, is advantageously provided with at least one axially
      projecting portion of a synthetic plastic material having self-lubricating
      characteristics, and which contacts the coupling plate or braking plate,
      respectively, in operation of the device.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when reaad in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an axial section through a motor according to the present
      invention;
PAR  FIG. 2 is aan enlarged fragmentary detail view, again in axial section, of
      the motor shown in FIG. 1;
PAR  FIG. 3 is a fragmentary axial section through a detail of FIGS. 1 and 2,
      illustrating the assembly unit composed of the housings of the
      electromagnets and the braking member;
PAR  FIG. 4 is an end view of FIG. 3, looking towards the right in that Figure;
      and
PAR  FIG. 5 is a view analogous to FIG. 2, but illustrating a further embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to the embodiment illustrated in FIGS. 1-4, it will be
      seen that the motor construction shown therein has a stator 1 and a rotor
      2; the latter is connected to and rotates with a motor shaft 3 which turns
      in operation of the motor at a constant speed, for instance at 3,000
      rotations per minute. The motor shaft 3 is journalled in bearings 4, 5 and
      at its end which is the left-hand end in FIG. 1 it carries an impeller 6.
PAR  The bearing 4 journalling the motor 3 is mounted in a bearing plate or
      bearing shield 7, which latter has a tapped bore into which an exteriorly
      threaded sleeve 8l is screwed. The sleeve 8 surrounds and is concentric
      with the motor shaft 3 and bears against the outer race of the
      antifriction bearing 4. An expansion spring 9 bears upon the outer ring of
      the antifriction bearing 5 and, since the latter bears upon a shoulder of
      the motor shaft 3, the spring 9 exerts a biasing force upon the motor
      shaft 3 in the left-hand direction in FIG. 1.
PAR  The opposite end of the motor shaft 3, that is the end remote from the
      impeller 6, carries a flywheel 10 which rotates with the motor shaft and,
      as shown particularly in FIG. 2, has a main body portion 11 which may be
      in form of a casting, and a ring 12 which is of magnetically conductive
      material. The ring 12 is mounted on fins 13 of the body 11 at that axial
      side which faces away from the impeller 6. The fins 13 define between one
      another air slots 14 through which a stream of cooling air 15 can travel.
      Other radially outer end portions 16 of the fins 13 serve to aspirate the
      cooling airstream 15.
PAR  In addition to the motor shaft 13 the construction in FIGS. 1-4 has an
      output shaft 18 which is journalled for rotation in antifriction bearings
      19 and 20. Mounted on the output shaft 18 for rotation with the same is a
      coupling plate 21 and an axially spaced braking plate 22. The coupling
      plate 21 is provided with a hub 23 which is mounted on that end of the
      output shaft 18 which is adjacent the flywheel 10 and which is fixed
      against positional displacement by means of a set screw 24. An armature
      ring 26 of magnetically conductive material (e.g. iron, cast steel,
      ferrite or the like) surrounds the hub 23 coaxially and is connected with
      the same via a spring ring 27, for instance of steel or the like which is
      provided with approrpriate openings --such as slots, holes or the like--
      in the space intermediate the outer surface of the hub 23 and the inner
      edge of the armature ring 26, so that air can pass through it, namely the
      stream 15. The openings are not shown to avoid confusion, but will be
      readily understood as to their location. At its axial end facing the
      flywheel 10 the armature ring 26 is provided with an annular groove in
      which a friction member 29 is mounted. A support ring 30 --for instance of
      aluminum or another light-weight metal, or of synthetic plastic material--
      is shrink-fitted onto the armature ring 26, and shrink-fitted onto the
      support ring 30 is a ring 31 of magnetically conductive material. The ring
      26, the ring 30 and the ring 31 form at the axial end facing towards the
      flywheel 10 a further annular groove into which an additional friction
      member 32 is inserted which is concentric with respect to the friction
      member 29 and is flush with the same in axial direction, so that their
      exposed surfaces are located in a common plane transverse to the
      longitudinal axis of the output shaft 18.
PAR  The braking plate 22 is constructed analogously to the coupling plate 21.
      It is formed with a hub 34 which is mounted on the output shaft 18 and
      prevented against positional displacement by means of a set screw 35. An
      armature ring 37 of magnetically conductive material surrounds the hub 34
      and is connected with the same by a spring ring 36 which is again
      apertured to permit airflow therethrough. A supporting ring 38, preferably
      of aluminum, another light-weight metal or synthetic plastic material, is
      shrink-fitted about the armature ring 37 and carries at its axiala face
      which is directed towards the flywheel 10 a friction member 39. At the
      opposite axial end the supporting ring 38 is formed with an annulus of
      impeller vanes 40 which in rotation produce a cooling airstream 41 which
      enters via openings 43 of a bearing plate or shield 42, and leaves via
      openings 44 in the same plate 42. The latter is provided with a hub 45
      into which a threaded sleeve 46 is screwed, which in turn mounts the
      antifriction bearing 20. Spring rings 47 maintain the bearing 20 in the
      sleeve 46 against axial displacement. A further spring ring 48 holds the
      bearing 20 in engagement with a shoulder 49 of the output shaft 18. A set
      screw 50 permits the sleeve 46 to be arrested against displacement with
      reference to the plate 42.
PAR  A carrier body 52 is mounted on that side of the bearing plate 42 which
      faces towards the flywheel 10; it is provided with radial fins 53 and
      axial fins 54 (compare FIGS. 3 and 4) which form between themselves
      passages 55, 56 for the cooling airstream 15. The housing 57 of the
      electromagnet 58 serving to provide the braking action is shrink-fitted in
      the body 52. The housing 59 of the electromagnet 60 serving to produce the
      coupling action is shrink-fitted onto the fins 53. The housings 57 and 59
      each accommodate the coils 61 and 62, respectively, of the two
      electromagnets. A mounting ring 63 is mounted on the housing 59, and the
      carrier body 52, the housings 57, 59 and the ring 63 constitute in
      assembled condition an assembly unit as shown in FIGS. 3 and 4, which is
      connected --together with the bearing plate 42-- with a housing portion 65
      by means of screws 64, and in which the antifriction bearing 19 is
      mounted. The portion of the axial end of the mounting body 52 which is
      located opposite the friction member 39 of the braking plate 22,
      constitutes a fixed brake component, namely a braking member 66. An axial
      projection 67 of the armature ring 26 extends into the magnet housing 59,
      forming a radial airgap 67a.
PAR  The operation of the embodiment in FIGS. 1-4 is as follows:
PAR  When neither of the windings 61, 62 of the electromagnets 58, 60 is
      energized, airgaps of for instance several tenths of a millimeter width in
      axial direction (i.e. in direction axially of the shafts 3, 18) exist
      between the friction members 29, 32 of the coupling plate 21 and the
      flywheel ring 12, and also between the friction member 39 of the braking
      plate 22 and the braking member 66. The spring rings 27 and 36 maintain
      the plates 21, 22 in specifically defined rest positions. The motor shaft
      3 and the flywheel 10 rotate if the motor is energized, and the output
      shaft 18 is stationary at this time.
PAR  If, now, the winding 62 is energized, then the magnetic flux will develop
      whose circuit is shown at 70 in FIG. 2 and which is subdivided during its
      passage through the coupling plate 21 into three concentric field
      components whosse tendency is to reduce the airgap between the friction
      members 29, 32 of the coupling plate 21 and the flywheel ring 12 of the
      flywheel 10, due to magnetic attraction. This causes the coupling plate 21
      with its friction members 29, 32 to be pressed against the ring 12 which
      rotates with the body 11 of the flywheel 10, so that the coupling plate 21
      is entrained in rotation by the flywheel 10 and, being fixedly connected
      with the output shaft 18, in turn drives the output shaft.
PAR  If subsequently the output shaft is to be braked, then the winding 61 will
      be energized and the winding 62 deenergized, with the result that a
      magnetic flux field 71 develops (see FIG. 2) which causes the braking
      plate 22 to be pressed against the braking member 66, so that the latter
      contacts the friction member 39. This develops friction between the
      braking member 66 and the braking plate 22, and since the latter is
      fixedly connected with the output shaft 18, the rotation of the output
      shaft is braked.
PAR  The flywheel 10 rotates constantly and aspirates the cooling airstream 15
      which enters through the openings 55, 56 and travels through the unit
      formed by the body 52 and the magnet housings 57, 59. To do so, it first
      flows radially inwardly, thereupon between the magnet housings 57, 59 in
      direction towards the coupling plate 21, and subsequently further radially
      inwardly towards the output shaft 18 between the juxtaposed end faces of
      the coupling plate 21 and the magnet housing 59. The airstream 15 then
      passes through the spring ring 27 and the annular space between the hub 23
      and the armature ring 27, to enter into the air slots 14 and subsequently
      to leave the housing, upon exit from which it is deflected by the housing
      portion 65.
PAR  As long as the output shaft 18 rotates, the vanes 40 of the brake plate 22
      additionally aspirate a cooling airstream 41 which travels through the
      space between the braking plate 22 and the inner surface of the bearing
      plate 42. Yet an additional airstream 73 (see FIG. 1) is produced by the
      impeller 6 which is mounted on the constantly rotating motor shaft 3, and
      this airstream 73 travels in direction towards the flywheel 10 through
      axial channels 74 of a motor housing portion 75, and is so guided when it
      exits from the motor housing that it sweeps over the inlet and outlet
      openings for the cooling airstream 15, to protect these openings against
      contaminants, especially against the entry of dust or the like (see FIG.
      2).
PAR  When adjustments are to be made in the position of the shaft 18, the set
      screw 50 is loosened and thereupon the sleeve 46 can be turned. This
      causes its displacement in axial direction with reference to hub 45 of the
      bearing plate 42, and via the bearing 20 it causes an axial displacement
      in the same axial direction of the output shaft 18, the coupling plate 21
      and the braking plate 22. Thus, the axial airgaps between coupling plate
      21 and flywheel 10 on the one hand, and between braking plate 22 and
      braking member 66 on the other hand, can be adjusted simultaneously and in
      one operation. This makes possible a very simple readjustment when over a
      period of time the friction members 29, 32 and 39 become worn. It is also
      clear that in order to provide for an initial adjustment of the airgap
      between the flywheel 10 and the coupling plate 21, it is merely necessary
      to turn the sleeve 8 in the bearing plate 7 to thereby axially displace
      the motor shaft 3 and the flywheel 11.
PAR  Coming, finally, to the embodiment in FIG. 5 it will be seen that here the
      construction and operation is essentially the same as in FIGS. 1-4. In
      place of the magnet housing 57, however, there is provided a magnet
      housing 77 which is provided with a plurality of vanes or fins 78 which
      extend radially inwardly towards the output shaft 18 and define air slots
      79. Accommodated in the space surrounded by the vanes of fins 78 is the
      antifriction bearing 19. A bearing plate 80 is provided with air inlet
      openings 81 through which an additional cooling airstream 82 is aspirated
      by the rotating flywheel 10. This airstream 82 travels through the space
      between the braking plate 22 and the bearing plate 80, to pass through the
      openings in the spring ring 36 and to become united with the cooling
      airstream 15 after travelling through the slots 79. In this embodiment the
      vanes 40 can be omitted.
PAR  FIG. 5 shows an additional measure which can also be utilized in the
      embodiment of FIGS. 1-4. It will be seen that a plurality (for instance 6)
      projecting portions 84 of a self-lubricating synthetic plastic material,
      for instance polytetrafluoroethylene are mounted on or in the flywheel
      ring 12, projecting axially from the same towards the coupling plate and
      being angularly distributed. Of course, a single such member 84 could be
      provided, or any desired number thereof. The member or members 84 are
      juxtaposed with that surface portion of the armature ring 26 on which the
      friction member 29 is not located, and their axial length is so selected
      that when the motor is assembled and the winding 26 is de-energized, the
      free end of the respective member 84 just contacts the armature ring 26.
      During the first several energizations of the winding 62 the members 84
      become partially worn by contact with the armature ring 26; that is,
      polytetrafluoroethylene of the members 84 becomes worn away and forms a
      thin film on the armature ring 26. Such a film, which generally will have
      a thickness of only severaal thousandths of a millimeter, substantially
      reduces the wear on the contacting faces of the members 10 and 21, and in
      particular it reduces the wear of the friction members 29, 32. Thus, when
      the plate 21 is entrained by the flywheel 10, the engagement and
      starting-up of the rotation of the plate 21 is particularly smooth and not
      jerky. As the material of the friction members 29, 32 wears away, the
      members 84 wear correspondingly and thus the film of
      polytetrafluoroethylene is constantly replenished.
PAR  Similar members, identified with reference numeral 85, are also provided in
      bores of the braking member 66 which are distributed circumferentially,
      and these members 85 engage portions of the body 38 on which the friction
      member 39 is not present. Their purpose and operation is the same as
      described above with respect to the members 84.
PAR  It will be seen that in the motor construction according to the present
      invention all heat-producing elements of the coupling and braking
      arrangement are located directly in a cooling airstream, and will thus be
      cooled efficiently. The various cooling air channels can readily be given
      a cross section that is large enough to prevent backing-up of the cooling
      airstream and thus improper cooling. The use of the assembly unit composed
      of the magnet housings and the carrier member 52 as the bearing support
      provides a strong two point journalling for the output shaft 18. The
      masses of the coupling plate 21 and the braking plate 22 are small when
      one considers the light-weight rings 30 and 38 and the large-surface area
      of the friction members which can be employed. The electromagnets 58 and
      60 can be made rather large and yet the overall motor construction will be
      quite small. This assures strong magnetic attraction in a small-dimension
      motor construction. The friction surfaces of the friction members can be
      particularly large in the constructions according to the present
      invention, and this reduces the stresses on each unit of surface area and
      consequently the wear to which the friction members are subjected.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      motor construction, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omittng features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by letters patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a motor, a combination comprising housing means; a stator mounted in
      said housing means, a rotor rotatable with reference to said stator, and a
      rotor shaft rotatable with said rotor; a flywheel mounted on and rotatable
      with said rotor shaft; an output shaft separate from said rotor shaft; a
      stationary braking member mounted in said housing means and surrounding
      said output shaft with clearance; a coupling plate mounted on said output
      shaft axially adjacent said flywheel; a braking plate mounted on said
      output shaft axially spaced from said coupling plate and axially adjacent
      said stationary braking member; a first electromagnet associated with said
      coupling plate and energizable for effecting frictional enagement thereof
      with said flywheel so as to be entrained by the latter; a second
      electromagnet associated with said braking plate and energizable for
      effecting frictional engagement with said stationary braking member so as
      to be braked by the same, said electromagnets being located in the space
      between said coupling plate and said braking plate and being axially and
      radially spaced from each other to define with one another a continuous
      air gap; and air flow producing means for producing a flow of air through
      said housing means and through said air gap between said electromagnets.
NUM  2.
PAR  2. A combinationn as defined in claim 1; wherein said stationary braking
      member is fixedly mounted in said housing means; and wherein said
      electromagnets form an assembly unit with said stationary braking member,
      and said unit is fixedly mounted in said housing means.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said braking member
      surrounds said output shaft intermediate said plates.
NUM  4.
PAR  4. A combination as defined in claim 3, wherein said airflow-producing
      means comprises guide means for guiding an aspirated flow of air from the
      exterior of said housing means radially inwardly along said braking
      member, thereupon axially through said airgap between said electromagnets,
      then further radially inwardly along said coupling plate, axially through
      said coupling plate and finally radially outwardly and to the exterior of
      said housing means along said flywheel.
NUM  5.
PAR  5. A combination as defined in claim 2; further comprising an outer bearing
      plate mounted on and constituting part of ssaid housing means; and wherein
      said braking member is mounted on said bearing plate.
NUM  6.
PAR  6. A combination as defined in claim 2; and further comprising a plurality
      of bearings which journal said output shaft for rotation, at least one of
      said bearings being mounted in said assembly unit.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said assembly unit
      surrounds a central opening through which said output shaft extends, said
      assembly unit having a plurality of angularly spaced fins which extend
      radially inwardly of said central opening; and wherein said one bearing is
      located in said central opening and carries said fins.
NUM  8.
PAR  8. A combination as defined in claim 6, wherein said assembly unit
      surrounds a central opening through which said output shaft extends; and
      wherein said one bearing surrounds and journals said output shaft within
      said central opening.
NUM  9.
PAR  9. A combination as defined in claim 2, wherein said electromagnets and
      braking member are shrink-fitted together to form said assembly unit.
NUM  10.
PAR  10. A combination as defined in claim 3, wherein said braking plate has an
      axial end facing away from said braking member and being provided with a
      plurality of impeller vanes for producing an additional airflow.
NUM  11.
PAR  11. A combination as defined in claim 1, said flywheel including a body
      having an axial end facing said coupling plate and provided with a
      plurality of ribs forming between themselves air slots, and a ring of
      magnetically conductive material mounted on said ribs.
NUM  12.
PAR  12. A combination as defined in claim 1, said housing means having inlet
      and outlet openings for said airflow; and further comprising impeller
      means mounted on and rotatable with said motor shaft, said impeller means
      being operative for producing an airstream which sweeps over said openings
      so as to block the entry of contaminants through the same.
NUM  13.
PAR  13. A combination as defined in claim 1, said coupling plate and braking
      plate each having a hub surrounding said output shaft, an armature ring of
      magnetically conductive material adjacent the associated electromagnet,
      and a flexible air-passage-forming spring member connecting said hub with
      said armature ring.
NUM  14.
PAR  14. A combination as defined in claim 13; and further comprising an annular
      reinforcing member of light-weight material surrounding and fast with the
      respective armature ring and having an axial endface provided with a
      friction-material component.
NUM  15.
PAR  15. A combination as defined in claim 14, wherein said reinforcing members
      are of light-weight metal.
NUM  16.
PAR  16. A combination as defined in claim 14, wherein said reinforcing members
      are of synthetic plastic material.
NUM  17.
PAR  17. A combination as defined in claim 14, wherein said reinforcing members
      are shrink-fitted onto the respectively associated aarmature rings.
NUM  18.
PAR  18. A combination as defined in claim 14, wherein said reinforcing member
      of said coupling plate is surrounded by a ring of magnetically conductive
      material.
NUM  19.
PAR  19. A combination as defined in claim 18, wherein said armature ring of
      said coupling plate and said ring of magnetically conductive material are
      constructed and arranged for subdividing the magnetic field produced by
      energization of said first electromagnet into three field components.
NUM  20.
PAR  20. A combination as defined in claim 3, wherein said output shaft has
      limited freedom of axial displacement in said housing means, so that said
      coupling plate and said braking plate change their positions
      simultaneously in response to such displacement and with reference to said
      flywheel and braking member, respectively.
NUM  21.
PAR  21. A combination as defined in claim 20; further comprising a bearing
      plate in said housing means and having a tapped opening; and a threaded
      sleeve threaded with said opening and surrounding a portion of said output
      shaft, said sleeve being axially displaceable with reference to said
      opening by requisite turning and cooperating with said output shaft for
      thereby effecting said axial displacement of the same.
NUM  22.
PAR  22. A combination as defined in claim 1, wherein said motor shaft has
      limited freedom of axial displacement in said housing means.
NUM  23.
PAR  23. A combination as defined in claim 22; further comprising a bearing
      plate in said housing means and having a tapped opening; and a threaded
      sleeve threaded with said opening and surrounding a portion of said motor
      shaft, said sleeve being axially displaceable with reference to said
      opening by requisite turning and cooperating with said motor shaft for
      thereby effecting said axial displacement of the same.
NUM  24.
PAR  24. A combination as defined in claim 1, said flywheel and said braking
      member each having an axial endface adapted to be engaged by said coupling
      plate and said braking plate, respectively; and further comprising at
      least one insert of self-lubricating material projecting from at least one
      of said axial endfaces and adapted to contact the respectively cooperating
      plate.
PATN
WKU  039454770
SRC  5
APN  535689&
APT  1
ART  345
APD  19741223
TTL  Reversing mechanism for two clutches, especially for motor vehicles such
      as prime movers, equipment carriers or the like
ISD  19760323
NCL  38
ECL  1
EXP  Hermann; Allan D.
NDR  2
NFG  2
INVT
NAM  Maucher; Paul
CTY  Sasbach
CNT  DT
INVT
NAM  Dubiel; Oswald
CTY  Buhl
CNT  DT
ASSG
NAM  LuK Lamellen und Kupplungsbau GmbH
CTY  Buhl
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731222
APN  2364348
CLAS
OCL  192 51
XCL   74142
XCL   74471R
XCL   74475
XCL   74478
XCL  192 489
XCL  192 99S
XCL  192114R
EDF  2
ICL  F16D 6700
ICL  G05G  902
FSC  192
FSS  48.9;51;82 R;99 S;114 R
FSC   74
FSS  142;473 R;475;478;471 R
UREF
PNO  3665775
ISD  19720500
NAM  Freeman
OCL   74473R
UREF
PNO  3874248
ISD  19750400
NAM  Hauser et al.
OCL   74475
FREF
PNO  1,257,595
ISD  19671200
CNT  DT
OCL  192 51
LREP
FR2  Lerner; Herbert L.
ABST
PAL  A reversing mechanism for two clutches wherein one of the clutches is
      alternately blocked in lifted condition, comprising actuating means
      movable over a disengaging travel path, for selectively engaging and
      disengaging the non-blocked other clutch, means comprising a stepping
      mechanism and a reversing device, the actuating means being movable beyond
      the given actuating path and over a reversing path for actuating the means
      comprising a stepping mechanism and a reversing device, and a lifting
      device connected to the actuating means and actuable thereby for effecting
      engagement and disengagement of the non-blocked clutch over the
      disengaging travel path (I-II), and at least substantially over the
      reversing path (II-III) and in a force transmission path between the
      actuating means and disengagement member of the clutches, the lifting
      device being effective so that at least over partial ranges of the
      reversing path (II-III) a change in at least one of the path direction and
      the force transmission occurs, the lifting device moreover holding both
      clutches in lifted condition over the reversing path (II-III).
BSUM
PAR  The invention relates to a reversing mechanism for two clutches, especially
      for motor vehicles, such as prime movers, equipment carriers or the like
      as has become known heretofore from German Pat. No. 1,257,595. The
      reversing mechanism disclosed therein serves for selectively blocking or
      placing out-of-action one of the clutches in lifted condition and for
      selectively engaging and disengaging, respectively, the non-blocked clutch
      through an actuating means, such as a foot pedal, which, for a specific
      actuating path (reversing path) extending beyond the actuating path for
      selectively engaging and disengaging the respective nonblocked clutch
      (disengaging travel path), further actuates a stepping mechanism and
      therewith a reversing device with actuating means and blocking means,
      whereby through a respective control lever controlled by one of said
      actuating means and said blocking means and connected to clutch
      disengaging means, for example, to a clutch disengaging member with clutch
      disengaging bearing the non-blocked clutch is blockable and the blocked
      clutch is releasable.
PAR  Such a reversing mechanism, however, has the disadvantage that the pedal
      travel for the reversing operation is equal to the pedal travel for the
      engaging and disengaging operation of the non-blocked clutch which can
      often not be tolerated for the existing spatial conditions. In addition
      thereto, double the actuating force must be used for the reversing path
      when the pedal is actuated, because pressure must be applied against the
      clutch springs of both clutches. Furthermore, at the same time, both
      pressure plates must be moved double the lifting travel or path which has
      as a consequence, especially when using plate springs as clutch springs,
      that the plate springs must carry out an excess travel, that is must bend
      a distance twice as much as the stroke or lift travel. This excess or
      overshot travel of the plate spring or springs can, however, cause
      premature breakdown thereof.
PAR  It is accordingly an object of the invention to provide a reversing
      mechanism for two clutches which avoids the foregoing disadvantages of the
      heretofore known mechanisms of this general type and wherein, more
      specifically, there is afforded a shorter travel or path of the actuating
      means and/or a reduction of the actuating force at least over the
      reversing path.
PAR  With the foregoing and other objects in view, there is provided in
      accordance with the invention, a reversing mechanism for two clutches
      wherein one of the clutches is alternately blocked in lifted condition,
      comprising actuating means, movable over a disengaging travel path, for
      selectively engaging and disengaging the non-blocked other clutch, means
      comprising a stepping mechanism and a reversing device, the actuating
      means being movable beyond the given actuating path and over a reversing
      path for actuating the means comprising a stepping mechanism and a
      reversing device, and a lifting device connected to the actuating means
      and actuable thereby for effecting engagement and disengagement of the
      non-blocked clutch over the disengaging travel path (I-II), and at least
      substantially over the reversing path (II-III) and in a force transmission
      path between the actuating means and disengagement members of the
      clutches, the lifting device being effective so that at least over partial
      ranges of the reversing path (II-III) a change in at least one of the path
      direction and the force transmission occurs, the lifting device moreover
      holding both clutches in lifted condition over the reversing path
      (II-III).
PAR  In accordance with another feature of the invention, there are also
      provided respectively actuating levers operatively connectible to each of
      the two clutches, the lifting device comprising respective cam paths
      (K.sub.1, K.sub.2) for each of the actuating levers effective over the
      range of travel of the actuating means along the disengaging travel path
      for engaging and disengaging the nonblocked clutch. These cam paths can be
      constructed beforehand so that a change in path or travel and/or in force
      transmission in the transmission path between the actuating means and the
      clutch disengaging means is effective.
PAR  In accordance with a further feature of the invention, the lifting device
      effective over the reversing path (II-III) further comprises respective
      additional cam paths (K.sub.3, K.sub.4) effective for lifting
      (disengaging) both of the clutches, the additional cam paths substantially
      joining the first-mentioned cam paths (K.sub.1, K.sub.2) at a range
      thereof defining the lifted (disengaged) position of the clutches.
PAR  The additional cam paths (K.sub.3, K.sub.4), which are effective on the
      actuating levers over the reversing path, can be constructed so that no
      further stroke or lift of the pressure plates occurs and thereby, except
      for the actuation of the stepping mechanism and the reversing device, no
      additional force need be applied to the actuating means.
PAR  In many cases, it is advantageous for operating or servicing personnel are
      made aware of the fact that the reversing path has been reached and, in
      fact, for example, by a force increase at the actuating means such as at
      the foot pedal, which has to be overcome. In this regard, there are
      additionally provided, in accordance with the invention, force storage
      means acting in the effective actuation range of control means or linkages
      located between the actuating means and the lifting device, and becoming
      effective in a direction opposing the direction of movement of the
      actuating means, substantially when the actuating means reaches the limit
      of the disengaging travel path (II) of the non-blocked clutch, for
      example, the force storage means may be of the compression spring type
      which is effective at the foot pedal substantially at the beginning of the
      reversing path, and thereby produces a noticeable force increase. Such a
      compression spring, in accordance with the invention, may also be
      effectively applicable to the lifting device.
PAR  A change in force can, however, also be produced in an especially simple
      manner, according to the invention, by providing, for example, in the
      transition range between the first-mentioned cam paths (K.sub.1, K.sub.2)
      and the additional cam paths (K.sub.3, K.sub.4), a brief effective rise or
      drop; thus, for example, a stepwise rise or drop, and/or that, thereby
      substantially at the beginning of the additional cam paths (K.sub.3,
      K.sub.4), such a gradient in the cam paths is permitted to become
      effective which produces a noticeable, yet not for the servicing personnel
      excessive, gradient in the required pedal force over the pedal travel or
      path corresponding to the reversing path. In this regard, it has been
      found advantageous, in accordance with the invention, if the additional
      cam paths (K.sub.3, K.sub.4) are provided with a reduced gradient over at
      least partial ranges thereof that is 50 to 75 percent that of the
      first-mentioned cam paths (K.sub.1, K.sub.2).
PAR  It has also been found to be advantageous to provide the reversing
      mechanism of the invention with means for limiting the reversing path so
      that the servicing operating personnel can actuate the actuating means,
      such as the foot pedal, for example, up to a given range at which a stop
      or abutment becomes effective. The lifting device per se is especially
      suited for this purpose in a relatively manner, in that it is provided, in
      accordance with the invention, with respective abutment surfaces extending
      in radial direction and connected to the respective additional cam paths
      (K.sub.3, K.sub.4), the abutment surfaces being engageable by the
      respective actuating levers.
PAR  In accordance with an added feature of the invention, the lifting device
      containing the cam paths, which are engageable by the actuating levers
      preferably through follower rollers, is formed of at least one
      plate-shaped member mounted on a shaft fixed to the motor vehicle. The
      shaft is directly or indirectly connected to the actuating means, carries
      the plate-shaped member secured against torsion with respect thereto, and
      simultaneously serving as bearing shaft for the stepping mechanism. In
      accordance with another feature of the invention, the shaft can also serve
      simultaneously for mounting at least one reversing disc which is formed
      with the control and blocking means for the actuating levers.
PAR  In accordance with yet another feature of the invention, the stepping
      mechanism comprises control gear means mounted on the lastmentioned shaft,
      blocking pawl means engageable therewith, and control pawl means made
      effective substantially at the actuation path, namely the reversing path,
      which is beyond the actuation path for engaging and disengaging travel
      path, the control pawl means being engageable, for example, by the lifting
      device.
PAR  Accordingly, in an especially advantageous manner, a transmission can be
      effected between the actuating means and the stepping mechanism so that
      the actuating path or travel at the actuating means is shorter over the
      reversing path, than the actuating path or travel over the disengaging
      travel path. For this purpose, in accordance with a further feature of the
      invention, the control pawl means and the lifting device are formed with
      respective opposing stops located at an operative or effective distance
      one from the other, the distance corresponding to the range of movement of
      the lifting device substantially during engagement and disengagement of
      the respective non-blocked clutch along the disengagement travel path
      (I-II). Additionally in accordance with the invention, the lifting device
      is formed with a pin, and the control pawl means formed with a preferably
      arcuate coulisse or elongated cut-out, the pin engaging in the coulisse,
      the control pawl means being actuated only when the pin comes to rest at
      the end of the coulisse after passing through the disengaging path. In the
      thereafter succeeding actuating travel or path i.e. the reversing path
      (II-III), the reversing device and, accordingly, the stepping mechanism
      are further advanced through the control pawl means.
PAR  In accordance with a concomitant feature of the invention, the blocking
      pawl means are formed with two spaced-apart blocking noses, and the
      control pawl means are formed with two spaced-apart control noses, the
      noses of both the pawl means being engageable in the control and blocking
      means formed on the reversing disc and stepping mechanism and having an
      effective range spaced one from the other equal to substantially one half
      the step graduation of the stepping mechanism. The reversing path can
      consequently be half as long as the disengaging path.
PAR  In accordance with another feature of the invention, the reversing device
      which is formed as a disc-shaped member and is secured against torsion
      with respect to the stepping mechanism, is provided with control and
      blocking means formed as profiled sections, such as rises (elevations) or
      recesses (depressions), for example, wherein the rise respectively holds
      one of the actuating levers through the roller follower thereof in a
      position, namely open or lifted position, blocking the respective clutch,
      while the other actuating lever can lie with the roller follower thereof
      in a recess whereby the other clutch is engaged. The other clutch can be
      engaged and disengaged during the swing of the actuating lever over the
      disengaging travel path through the starting or cam path of the lifting
      device which acts on the roller of the respective actuating lever.
PAR  One of the disc-shaped members, namely the control disc or the reversing
      disc can be rigidly seated on the shaft, and the other member can be
      formed of an annular disc-shaped member and can be secured against torsion
      with respect thereto on the other disc-shaped member. In accordance with a
      particularly advantageous embodiment of the invention, the stepping
      mechanism disc and the reversing device are combined in one member, and
      the rises of the reversing device serve to control the stepping mechanism
      further, and, simultaneously, the blocking pawl means also engage the
      rises of the reversing device.
PAR  In accordance with the invention, the reversing levers can be secured on a
      common or on respective individual shafts. More specifically in accordance
      with the invention, the blocking pawl means are mounted on a shaft which
      simultaneously serves as bearing shaft for one or both actuating levers.
PAR  In accordance with an additional feature of the invention, the control pawl
      means and the blocking pawl means are mutually connected by a spring so
      that a resultant force is exerted on both pawl means which assures the
      engagement thererof with the control gear means.
PAR  In accordance with another feature of the invention, the reversing
      mechanism includes sealed housing means, first shaft means carrying the
      lifting device, the stepping mechanism and the reversing disc, and mounted
      therewith in the housing means, and second shaft means for carrying the
      actuating levers, the second shaft means being also mounted in the housing
      means.
PAR  In accordance with more specific additional features of the invention, the
      first shaft means carries the lifting device secured against mutual
      torsion within the housing means and is connected with the actuating means
      secured against torsion outside the housing means, the stepping mechanism
      and the reversing device being mounted in the housing means on the first
      shaft means so as to be rotatable relative thereto, whereby motion applied
      to the actuating means outside the housing is conveyed to the first shaft
      means and the members mounted thereon in the housing, the second shaft
      means being also mounted in the housing means, the actuating levers
      mounted on the second shaft means secured against torsion relative thereto
      and comprising first actuating levers located within the housing means and
      operatively connectible with the lifting device, the stepping mechanism
      and the reversing device for further transmitting the motion of the
      actuating means to the second shaft means, and second actuating levers
      located outside the housing means and operatively connectible to the
      respective clutches for retransmitting the motion of the second
      transmitting means to activate the clutches. In this regard, it is
      advantageous for the housing means to be formed of two housing halves, the
      joint therebetween extending perpendicularly to the shaft means within the
      housing means, and the shafts extending in sealed condition through at
      least one of the housing halves. With this construction, there is provided
      a reversing mechanism that can be filled with oil and can be applied at
      any desired location of a motor vehicle.
PAR  In accordance with other features of the invention sensor means are
      provided which are coordinated with the reversing device for determining
      the setting thereof, and the sensor means are couplable with a control
      direction indicating device to indicate to servicing or operating
      personnel if the forward or return operation has been instituted.
PAR  In accordance with a further feature of the invention, the reversing device
      comprises a reversing disc having control and blocking means formed
      thereon, the control and blocking means being formed of profiled rises and
      recesses, the sensor means comprising an electric switch mounted on one of
      the rises in one control setting thereof, and inserted in one of the
      recesses in another control setting thereof, and which indicates the
      respective setting of the reversing mechanism, for example therough a
      signal lamp.
PAR  In accordance with the hereinafter described additional features of the
      invention, such reversing mechanisms can be constructed so as to be more
      reliable for use and in handling in that assurance is provided that after
      the reversal, the respective clutch freed i.e. unblocked, for selective
      engagement and disengagement, need not be completely engaged in order to
      permit a new reversal. This can be effected, in accordance with the
      invention in that the control pawl means, during the return path (III-I)
      of the lifting device and the actuating pedal, therewith, substantially
      when reaching the return path corresponding to the beginning of the
      engagement travel path (II-I) of the respective clutch, is engageable anew
      with the control gear means. This can be effected by providing, in
      accordance with the invention, force storage means connected to the
      control pawl means and exerting a restoring force thereon at least over
      the reversing path (II-III). Independently of the completely restored
      setting of the lifting device and therewith of the actuating pedal to the
      starting position thereof, the control pawl means can thereby assume a
      position necessary to renewed further control or advancement of the
      stepping mechanism.
PAR  In accordance with yet another feature of the invention, the force storage
      means simultaneously exerts a force component in direction toward the
      control gear means, so that the control pawl means always engages the
      control gear means with a specific force.
PAR  In accordance with an added feature of the invention, the reversing
      mechanism includes limit stop means provided for the control pawl means to
      limit the return path (III-I) thereof, and, in fact, in an effective
      spacing at the earliest at the beginning of the engagement path (II-I),
      and at most, however, a spacing corresponding to less than double the
      reversing path (III-II). Assurance is thereby attained that the
      transporting pawl, respectively, can spring back only half a graduation of
      the control gear means and, thereby effects a relatively simple reversal
      in accordance with this half a graduation.
PAR  In accordance with another feature of the invention, the control pawl means
      is exposed to a force acting in direction toward the control gear means at
      least substantially over the reversing path (II-III), in order to press
      the control pawl means reliably against the control gear means.
PAR  In accordance with yet a further feature of the invention, the reversing
      mechanism is provided with locking means effective over the reversing path
      (II-III) on the control pawl means, the locking means holding the control
      pawl means in forced engagement with the control gear means.
PAR  In accordance with an additional feature of the invention, the blocking
      pawl means are formed with control means, and the control gear means are
      formed with corresponding control means, and stop means and opposing stop
      means are located between the lifting device and the control pawl means,
      respectively, at an effective spacing one from the other corresponding to
      the disengaging travel path (I-II), the opposing stop means including at
      least one opposing stop forming part of a coulisse which, over the
      disengaging travel path (I-II), affords a stroke necessary for causing
      engagement and disengagement of the control means of the blocking pawl
      means with the control means of the control gear means, and forms
      substantially over the reversing path (II-III) a form lock with the
      control pawl means for preventing lifting of the control pawl means from
      the control gear means.
PAR  In accordance with yet an additional feature of the invention, the
      reversing mechanism includes locking means effective substantially over
      the disengaging travel path (I-II) on the blocking pawl means in forced
      engagement with the control gear means. This locking means can be formed,
      in accordance with the invention, of a cam path acting as a stop or
      abutment, or a coulisse provided either on the lifting device or on the
      blocking pawl means, and an opposing stop provided on the other thereof
      and cooperating with the cam path or coulisse, the latter ensuring
      engagement of the blocking pawl means with the control gear means over the
      disengaging path (I-II) and affording a lifting of the blocking pawl means
      over the reversing path (II-III).
PAR  In accordance with another feture of the invention, two sensor means
      spaced-apart one half the distance of a step graduaton of the control gear
      means, and a control position indicator such as a lamp for example,
      respectively, coupled to each of the two sensor means. This provides the
      advantage that the driver of the motor vehicle is informed which of the
      two clutches is blocked or which of the two clutches, respectively, is
      freed or unblocked for the engaging or disengaging operation. In such a
      case, the lamps can be of different colors. In the heretofore known
      indicator devices with only one lamp, the driver could only be made aware
      of the fact that a specific clutch is engaged. This could very readily
      lead to errors in the event the lamp should fail due to a defect therein.
PAR  In accordance with still another feature of the invention, restoring spring
      means are provided in engagement with the lifting device, the restoring
      spring means restoring the lifting device to the starting position thereof
      independently of any restoring springs for the pedal or the transmission
      means.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      reversing mechanism for two clutches especially for motor vehicles such as
      prime movers, equipment carriers or the like, it is nevertheless not
      intended to be limited to the details shown, since various modifications
      and structural changes may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
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PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings, in which:
PAR  FIGS. 1 and 2 are diagrammatic views, respectively, of different
      embodiments of the reversing mechanism for two clutches constructed in
      accordance with the invention.
DETD
PAR  Referring now to the drawing and first, particularly, to FIG. 1 thereof,
      there is shown an embodiment of a reversing mechanism 1 according to the
      invention, that is mounted in a housing, of which, in the interest of
      clarity and in order to simplify the description of the mechanism 1, only
      one of the housing halves 2 has been illustrated. A shaft or axle 3
      extends in sealed condition at least through the one housing half 2 and is
      connected so as to be secure against torsion to a diagrammatically
      illustrated actuating member, namely a foot pedal 4. A lifting device 5 in
      the form of a cam disc is also connected to the shaft 3 so as to be secure
      against torsion with respect thereto. A disc 6 is rotatably mounted on the
      shaft 3 and forms both a further actuable part of a stepping mechanism a
      well as a reversing device, both of which will be described hereinafter in
      greater detail.
PAR  Two shafts 7 and 8 are additionally mounted in the housing and extend in
      sealed condition through at least one of the housing halves 2. On the one
      hand, control levers 9 and 10 are fastened inside the housing to the
      respective shafts 7 and 8 so as to be secure against torsion with respect
      thereto and, on the other hand, levers 11 and 12 are fastened thereto
      outside the housing in a manner that is secure against torsion, and are
      connected through a control linkage with a respective actuating member,
      such as a disengaging or clutch lever or a clutch bearing, for example.
PAR  The control levers 9 and 10 carry respective rotatably mounted rollers 13
      and 14 which are engageable both by the lifting device 5 as well as by
      control or blocking means provided on the disc 6. In the starting position
      of the reversing mechanism 1 shown in FIG. 1, the lever 9 by its roller 13
      bears on a profiled portion, namely a lobe, of the disc 6, through which
      the lever 9 is found in a position wherein it effects a blocked or
      disengaged position of the one clutch, while the other lever 10 engages in
      another profiled portion in the form of a recess 16', which corresponds to
      the engaged position of the other clutch. To engage and disengage the
      non-blocked clutch, the foot pedal 4 is brought from the Position I over
      the field of traverse .alpha., representing the disengaging travel, into
      the Position II. In synchronism, therewith, the lifting device 5 is also
      swung through the angle .alpha.. For each of the levers 9 and 10, the
      lifting device 5 has respective starting or cam paths K.sub.1 and K.sub.2
      which are so formed that the respective roller (in the indicated case, the
      roller 14 of the lever 10), during the swing through the angle .alpha.,
      runs up so far that the respective engaged clutch becomes disengaged. It
      is apparent that toward the end of the disengaging travel, the cam path
      K.sub.1 also effects a slight lift of the roller 13 due to the rise or
      lobe 15 in order to permit, if necessary, the further control or actuation
      of the disc 6 by the further application of pressure to the foot pedal 4.
PAR  A pin 17 is furthermore provided at the lifting device 5, and slides
      without effect over the disengaging travel path corresponding to the angle
      .alpha. in a coulisse or link 18 of a pawl 19. Upon the release of the
      pedal 4 into the Position I, the roller 13 becomes seated again on the
      rise or lobe 15 and blocks the respective clutch, while the roller 14
      travels back along the start-up or cam path K.sub.2 into the recess 16 and
      therewith the clutch associated with the control lover 10 becomes
      re-engaged.
PAR  Should the clutch actuated through the control lever 9 become engaged, and
      the clutch actuated by the control lever 10 become blocked, the foot pedal
      4 would thus be actuated beyond the angle .alpha., namely along the
      reversal travel path corresponding to the angle .beta. and be brought into
      the Position III. Consequently, the clutch connected with the control
      lever 10 is initially disengaged over the start-up or cam path K.sub.2,
      and both levers 10 and 9 in the final region of the cam paths K.sub.1 and
      K.sub.2 are raised to a diameter extending beyond the diameter of the
      rises or lobes 15, and the rollers 13 and 14 succeed to the farther
      starting cam paths K.sub.3 and K.sub.4, respectively, over the reversal
      travel path corresponding to the angle .beta.. It is readily apparent that
      the cam paths K.sub.3 and K.sub.4 have a lower inclination than the cam
      paths K.sub.1 and K.sub.2 and, accordingly, a smaller rise or lift of the
      corresponding clutch pressure plates results therefrom. Since the lift or
      rise occurs, however, against the biasing force of both clutch compression
      springs, and appreciable increase in the actuating force makes itself
      felt, which makes the introduction of the reversing operation perceptible
      to the servicing or operating personnel. In the Position III of the foot
      pedal 4, the rollers 13 and 14 also engage a respective abutment cam path
      20 and 21 so that the reversal path is limited or terminated thereby.
      Simultaneously with the swinging of the lifting device 5 about the angle
      .beta., the disc 6 is also further shifted about the angle .beta., as
      namely the pin 17, after traversing the angle .alpha. corresponding to the
      coulisse or link 18, runs up against the end of the coulisse 18 which is
      formed as an opposing abutment surface 22, and the pawl 19 is further slid
      about the angle .beta., while a pawl tooth 23 of the pawl 19, by means of
      the rise or lobe 15 which is in the form of an actuating or control tooth,
      entrains and turns the disc 6 through an angle .beta.. A pawl 24 mounted
      on the shaft 8 is thereby raised and, instead of the first locking tooth
      25 thereof, the second locking tooth 26 thereof is blocked or hooked at
      the next rise or lobe 15.
PAR  After the foot pedal 4 has swung back to the position I, the pawl 19 is
      again restored to the position thereof shown in FIG. 1 by means of the pin
      17, and the second actuating or control tooth 27 of the pawl 19 reaches a
      position behind the same rise or lobe 15 behind which the actuating or
      control tooth 23 previously lay. Through further shifting of the disc 6
      about half of a graduation or division, namely through the angle .beta.,
      the actuating or control tooth or rise 15 located behind the roller 14, as
      viewed in clockwise direction in FIG. 1, attains a position below the
      roller 14, and the indentation or notch 16' located behind the roller 13,
      as viewed in clockwise direction in FIG. 1, reaches a position below the
      roller 13. When swinging back the foot pedal 4 into the Position I and
      swinging the lifting device 5 in synchronism therewith, the roller 14 is
      then superimposed on the control or actuating tooth or rise 15 then
      located therebeneath and, accordingly, the clutch connected with the
      control lever 10 is blocked, whereas the control lever 9 through the
      roller 13 reaches into the recess 16' of the lifting device 5, and the
      respective clutch is thereby engaged.
PAR  Between both pawls 24 and 19, there extends an active tension spring 28
      which exerts a resultant force upon the teeth 25 and 26, on the one hand,
      and 23 and 27, on the other hand, in a manner that the resultant force
      effects an abutment of the pawls against the teeth or rises.
PAR  To limit the reversal path, both pawls 24 and 19 can also be employed, in a
      relatively simple manner, each of the pawls having a respective stop 29,
      30 which are spaced one from the other a distance corresponding to the
      pivot angle .alpha..
PAR  An electric sensor 31 of conventional construction is mounted in the
      housing 2 which, in one control position of the reversal mechanism, is
      supported or bears through a roller 32 on one of the rises or lobes 15,
      while the roller 32, in another nonillustrated control position, extends
      into one of the indentations or recesses 16'. This control sensor 31 can
      be connected by cable to a light source located in the driver's cab, which
      can be lit up as long, for example, as the clutch associated with the
      control lever 9 is released or disengaged.
PAR  It is clear that, through the lifting device 5, due to suitable shaping of
      the cam or starting paths K.sub.1 to K.sub.4, a transmission is effective
      in the force transmission path between the foot pedal 4 and the
      disengaging means so that at least over partial ranges of the reversal
      path and/or of the disengaging travel path, a change in the path or force
      transmission occurs, in the sense of facilitating the servicing or
      operation for the benefit of the operating or servicing personnel. The
      transmission change can be matched to the required ratios by providing
      other shaping of the starting or cam paths K.sub.1 to K.sub.4. Similarly,
      for example, by varying the effective contact point of the pin 17 within
      the coulisse or link 18 of the pawl 19, a change in the disengaging travel
      path in relationship to the reversal path can be matched to the conditions
      or requirements.
PAR  For example, another course can be selected, at least substantially in the
      transition region of the cam paths K.sub.1 to K.sub.3, on the one hand,
      and K.sub.2 to K.sub.4, on the other hand, by introducing steps such as
      recesses or rises, so that the transition from disengaging travel path to
      reversal path is made perceptible to the operating or servicing personnel.
PAR  With respect to the embodiment of the invention shown in FIG. 2, those
      parts therein having functions similar to corresponding parts in the
      embodiment of FIG. 1, yet having a different structure than those
      corresponding parts, are identified with the same reference numeral
      followed, however, by the letter a. Furthermore, all new parts in the
      embodiment of FIG. 2 are identified by new reference numerals, each
      followed, however, by the letter a. All other reference numerals in FIG. 2
      identify like parts similarly identified in FIG. 1.
PAR  The pawl 19a is formed with two coulisses or links 35a and 36a  in which
      two respective abutment or stop pins 37a and 38a, that are fixed to the
      lifting device 5, slidably engage. The pins 37a and 38a engage opposing
      abutment surfaces 39a and 40a, respectively, of the respective coulisses
      35a and 36a, in the position illustrated in FIG. 2, which corresponds to
      the engaged condition of one of the clutches. At a distance or spacing
      corresponding to the disengaging or engaging path I-II, the ends 41a and
      42a of the coulisses 35a and 36a, respectively, formed as opposing stops,
      are provided. When reaching the end of the disengaging travel path or the
      beginning of the reversal path, the pin 38a arrives into a profiled
      portion 43a of the coulisse 36a matching therewith, the pin 38a and the
      profiled portion 43a acting as a locking device and, due to the form lock
      thus produced, the teeth 27 and 23 are prevented from sliding off the
      rises or control teeth 15 of the disc 6 along the reversal path II-III or
      III-II. A spring 44a is linked, on the one hand, to the pawl 19a through a
      pin 45a and, on the other hand, to a pin 46a firmly secured to the housing
      2.
PAR  Along the return path, over a first range of the reversal path, namely
      until the pin 38a slides out of the profiled portion 43a, the teeth 23 and
      27 of the pawl 19a remain in engagement with the rises or lobes 15 of the
      disc 6a. As soon as this first range is exceeded or passed, the pawl 19a
      can swing upwardly and, pulled by the spring 44a, initially entrain the
      pins 38a and 37a, and can then be moved back in synchronism therewith and
      with the lifting device 5, and is therewith even before the end of the
      engaging operation, that is before reaching the Position I, in a setting
      wherein the stepping mechanism can again be shifted one Position further
      without requiring the actually freed or released clutch to be fully
      engaged.
PAR  The pin 45a serves simultaneously as stop for an opposing stop 47a which
      prevents the pawl 19a from being able to be pulled back too far. The
      opposing stop 47a is effective at the earliest when reaching the beginning
      of the engagement travel path, namely the Position II, at most, however,
      in a distance or spacing corresponding to less than double the reversal
      path.
PAR  The pawl 24a has a pin 48a which cooperates with a coulisse or link 49a in
      the lifting device 5a. Nearly over the entire disengaging travel path, the
      pin 48a and the range 49a' of the coulisse 49a act as a locking device in
      a way that the pawl 24a cannot raise itself from the teeth 15 along this
      swing range 49a'. As soon as the range 49a" of the coulisse 49a is
      reached, the pawl 24a can swing upwardly and the disc 6 shifted further
      through half a graduation.
PAR  A shank spring 50a engages in a slot 51a of the lifting device 5 and
      effects, through the restoring force thereof, a restoration of the lifting
      device 5a to the starting position thereof, independently of any pedal-or
      transmission means-restoring spring of the vehicle.
PAR  Furthermore, two sensors 52a and 53a are provided which are spaced one from
      the other a half indexing position or graduation and which are each
      coupled with a non-illustrated indicating device which can be of such
      construction that, for example, when the sensor 53a dips into a recess 16,
      a red signal light extinguishes, and when the sensor 52a runs up onto a
      rise or lobe 15, a green signal lamp lights up.
CLMS
STM  We claim:
NUM  1.
PAR  1. Reversing mechanism for two clutches wherein one of the clutches is
      alternately blocked in lifted condition, comprising actuating means
      movable over a disengaging travel path for selectively engaging and
      disengaging the non-blocked other clutch; means comprising a stepping
      mechanism and a reversing device, said actuating means being movable
      beyond said given actuating path and over a reversing path for actuating
      said means comprising a stepping mechanism and a reversing device, and a
      lifting device connected to said actuating means and actuable thereby for
      effecting engagement and disengagement of the non-blocked clutch over said
      disengaging travel path (I-II), and at least substantially over said
      reversing path (II-III) and in a force transmission path between said
      actuating means and disengagement members of the clutches, said lifting
      device being effective so that at least over partial ranges of said
      reversing path (II-III) a change in at least one of the path direction and
      the force transmission occurs, said lifting device moreover holding both
      clutches in lifted condition over said reversing path (II-III).
NUM  2.
PAR  2. Reversing mechanism according to claim 1 including respectively
      actuating levers operatively connectible to each of the two clutches, said
      lifting device comprising respective cam paths (K.sub.1, K.sub.2) for each
      of said actuating levers effective over the range of travel of said
      actuating means along said disengaging travel path for engaging and
      disengaging the non-blocked clutch.
NUM  3.
PAR  3. Reversing mechanism according to claim 2 wherein said lifting device
      effective over said reversing path (II-III) further comprises respective
      additional cam paths (K.sub.3, K.sub.4) effective for lifting
      (disengaging) both of the clutches, said additional cam paths
      substantially joining said first-mentioned cam paths (K.sub.1, K.sub.2) at
      a range thereof defining the lifted (disengaged) position of the clutches.
NUM  4.
PAR  4. Reversing mechanism according to claim 3 including force storage means
      acting in the effective actuation range of control means located between
      said actuating means and said lifting device, and becoming effective in a
      direction opposing the direction of movement of said actuating means,
      substantially when said actuating means reaches the limit of said
      disengaging travel path (II).
NUM  5.
PAR  5. Reversing mechanism according to claim 4 wherein the force of said force
      storage means is applicable to said lifting device.
NUM  6.
PAR  6. Reversing mechanism according to claim 3 wherein said additional cam
      paths (K.sub.3, K.sub.4) effect an additional separation of the clutching
      components of the respective clutches beyond that for lifting
      (disengagement) of the clutches.
NUM  7.
PAR  7. Reversing mechanism according to claim 3 wherein said additional cam
      paths (K.sub.3, K.sub.4) have a lower gradient than that of the
      first-mentioned cam paths (K.sub.1, K.sub.2) effective over the
      disengaging travel path (I-II).
NUM  8.
PAR  8. Reversing mechanism according to claim 3 wherein said additional cam
      paths (K.sub.3, K.sub.4) have a gradient over at least partial ranges
      thereof that is 50 to 75 percent that of said first-mentioned cam paths
      (K.sub.1, K.sub.2).
NUM  9.
PAR  9. Reversing mechanism according to claim 3 including a step provided in a
      transition range between said first-mentioned cam paths (K.sub.1, K.sub.2)
      and said additional cam paths (K.sub.3, K.sub.4).
NUM  10.
PAR  10. Reversing mechanism according to claim 1 including means for limiting
      said reversing path (II-III).
NUM  11.
PAR  11. Reversing mechanism according to claim 3 including resepctive abutment
      surfaces extending in radial direction and connected to the respective
      additional cam paths (K.sub.3, K.sub.4) said abutment surfaces being
      engageable by the respective actuating levers.
NUM  12.
PAR  12. Reversing mechanism according to claim 3 including shaft means, and at
      least one plate-shaped member mounted on said shaft means, said
      first-mentioned and said additional cam paths being on said at least one
      plate-shaped member.
NUM  13.
PAR  13. Reversing mechanism according to claim 12 wherein said reversing device
      has control and blocking means for said actuating levers, said reversing
      device comprising a reversing disc mounted on said shaft means and formed
      with said control and blocking means.
NUM  14.
PAR  14. Reversing mechanism according to claim 13 wherein said stepping
      mechanism comprises control gear means mounted on said shaft means,
      blocking pawl means engageable therewith, and control pawl means made
      engageable therewith at least substantially at the beginning of said
      reversing path (II) by said lifting device.
NUM  15.
PAR  15. Reversing mechanism according to claim 14 wherein one of said reversing
      disc and said control gear means comprises an annular disc-shaped member
      mounted on the other thereof and secured against torsion with respect
      thereto, the other thereof being mounted directly on said shaft means.
NUM  16.
PAR  16. Reversing mechanism according to claim 15 wherein said control pawl
      means are formed with a stop and said lifting device with an opposing stop
      located at an operative distance one from the other, said distance
      corresponding to the range of movement of said lifting device
      substantially during engagement and disengagement of the respective
      non-blocked clutch along said disengagement travel path (I-II).
NUM  17.
PAR  17. Reversing mechanism according to claim 16 wherein said lifting device
      is formed with a pin, and said control pawl means is formed with a
      coulisse, and said pin engages in said coulisse.
NUM  18.
PAR  18. Reversing mechanism according to claim 13 wherein said control and
      blocking means on said reversing disc are formed of profiled sections
      includuing rises and recesses.
NUM  19.
PAR  19. Reversing mechanism according to claim 18 wherein said reversing disc
      simultaneously serves as a further controllable part of said stepping
      mechanism, and said control and blocking pawl means engage in said
      profiled sections thereof.
NUM  20.
PAR  20. Reversing mechanism according to claim 18 wherein said blocking pawl
      means are formed with two spaced-apart blocking noses, and said control
      pawl means are formed with two spaced-apart control noses, said noses of
      both said pawl means being engageable in said profiled sections and having
      an effective range spaced from one another equal to substantially one half
      the step graduation of said stepping mechanism.
NUM  21.
PAR  21. Reversing mechanism according to claim 14 including shaft means whereon
      at least one of said actuating levers are mounted, and whereon said
      blocking pawl means are mounted in common with said one actuating lever.
NUM  22.
PAR  22. Reversing mechanism according to claim 20, including spring means
      mutually connecting said blocking pawl means and said control pawl means
      and applying a resultant spring-biasing force on the respective noses
      thereof in direction toward said reversing disc-stepping mechanism.
NUM  23.
PAR  23. Reversing mechanism according to claim 2 including housing means, first
      shaft means carrying said lifting device, said stepping mechanism and said
      reversing device and mounted therewith in said housing means, and second
      shaft means for carrying said actuating levers, said second shaft means
      being mounted in said housing means.
NUM  24.
PAR  24. Reversing mechanism according to claim 23 wherein said first shaft
      means carries said lifting device secured against mutual torsion within
      said housing means and is connected with said actuating means secured
      against torsion outside said housing means, said stepping mechanism and
      said reversing device being mounted in said housing means on said first
      shaft means so as to be rotatable relative thereto, whereby motion applied
      to said actuating means outside said housing is conveyed to said first
      shaft means and the members mounted thereon in said housing, said second
      shaft means being also mounted in said housing means, said actuating
      levers mounted on said second shaft means secured against torsion relative
      thereto and comprising first actuating levers located within said housing
      means and operatively connectible with said lifting device, said stepping
      mechanism and said reversing device for further transmitting the motion of
      said actuating means to said second shaft means, and second actuating
      levers located outside said housing means and operatively connectible to
      the respective clutches for retransmitting the motion of said second
      transmitting means to actuate the clutches.
NUM  25.
PAR  25. Reversing mechanism according to claim 1 including sensor means
      coordinated with said reversing device for determining the setting
      thereof.
NUM  26.
PAR  26. Reversing mechanism according to claim 25 wherein said sensor means is
      couplable with a control direction indicating device.
NUM  27.
PAR  27. Reversing mechanism according to claim 25 wherein said reversing device
      comprises a reversing disc having control and blocking means formed
      thereon, said control and blocking means being formed of profiled rises
      and recesses, said sensor means comprising an electric switch mounted on
      one of said rises in one control setting thereof, and in one of said
      recesses in another control setting thereof.
NUM  28.
PAR  28. Reversing mechanism according to claim 14 wherein said control pawl
      means, during the return path (III-I) of said lifting device substantially
      when reaching the return path corresponding to the beginning of the
      engagement travel path (II-I) of the respective clutch is engageable anew
      with said control gear means.
NUM  29.
PAR  29. Reversing mechanism according to claim 28 comprising force storage
      means connected to said control pawl means and exerting a restoring force
      thereon at least over said reversing path (II-III).
NUM  30.
PAR  30. Reversing mechanism according to claim 29 wherein said force storage
      means simultaneously exerts a force component in direction toward said
      control gear means.
NUM  31.
PAR  31. Reversing mechanism according to claim 28 including limit stop means
      provided for said control pawl means in an effective spacing during the
      return path (III-I), at the earliest at the beginning of said engagement
      path (II-I), at most, however, a spacing corresponding to less than double
      said reversing path (III-II).
NUM  32.
PAR  32. Reversing mechanism according to claim 28, wherein said control pawl
      means is exposed to a force acting in direction toward said control gear
      means at least substantially over said reversing path (II-III).
NUM  33.
PAR  33. Reversing mechanism according to claim 28 including locking means
      effective over said reversing path (II-III) on said control pawl means,
      said locking means holding said control pawl means in forced engagement
      with said control gear means.
NUM  34.
PAR  34. Reversing mechanism according to claim 33 wherein said blocking pawl
      means are formed with control means, and said control gear means are
      formed with corresponding control means, and comprising stop means and
      opposing stop means located between said lifting device and said control
      pawl means, respectively, at an effective spacing one from the other
      corresponding to said disengaging travel path (I-II), said opposing stop
      means including at least one opposing stop forming part of a coulisse
      which, over said disengaging travel path (I-II), affords a stroke
      necessary for causing engagement and disengagement of said control means
      of said blocking pawl means with said control means of said control gear
      means, and forms, substantially over said reversing path (II-III) a form
      lock with said control pawl means for preventing lifting of said control
      pawl means from said control gear means.
NUM  35.
PAR  35. Reversing mechanism according to claim 14 including locking means
      effective substantially over said disengaging travel path (I-II) on said
      blocking pawl means, said locking means holding said blocking pawl means
      in forced engagement with said control gear means.
NUM  36.
PAR  36. Reversing mechanism according to claim 35 wherein said locking means
      comprises a coulisse provided on one of said lifting device and said
      blocking pawl means, and an opposing stop provided on the other thereof
      and cooperating with said coulisse, said coulisse ensuring engagement of
      said blocking pawl means with said control gear means over said
      disengaging path (I-II) and affording a lifting of said blocking pawl
      means over said reversing path (II-III).
NUM  37.
PAR  37. Reversing mechanism according to claim 14 including two sensor means
      spaced-apart one half the distance of a step graduation of said control
      gear means, and a control position indicator, respectively, coupled to
      each of said two sensor means.
NUM  38.
PAR  38. Reversing mechanism according to claim 1 including restoring spring
      means engaging said lifting device.
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ABST
PAL  A centrifugal clutch comprises a clutch drum and a one piece rotor of
      resilient material. The rotor has a central hub portion and two like
      weight portions on diametrically opposite sides of the hub. The weight
      portions are connected to the hub by integral curved spring portions which
      are relatively long so as to have a relatively low spring constant. The
      spring portions are of selected varying widths along their length so as to
      provide substantially equal fiber stress throughout the length of the
      spring portions when they flex under the action of centrifugal force on
      the weight portions to bring them into engagement with the inner surface
      of the drum and are subjected to driving force transmitted through the
      spring portions from the hub to the weight portions and hence to the drum.
PARN
PAC  REFERENCE TO PRIOR APPLICATION
PAR  This application is a continuation-in-part of our copending U.S.
      application Ser. No. 462,179 filed Apr. 18, 1974 and now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to a centrifugal clutch for providing a
      driving connection between a rotary driving member and a rotary driven
      member when the driving member rotates at or above a critical speed.
PAC  BACKGROUND OF INVENTION
PAR  Centrifugal clutches are widely used in power tools and other equipment
      driven by internal combustion engines. For example, as applied to a chain
      saw, a centrifugal clutch is provided between the engine and a sprocket
      driving the saw chain. When the engine is running at idling speed, the
      clutch is disengaged so that the chain is not driven. When the engine
      speed is increased to a predetermined value the clutch engages to drive
      the saw chain. This provides convenient control of the chain and also is a
      safety factor in that the saw chain is not driven when the engine is
      started and is idling. Moreover, it reduces the starting torque on the
      engine.
PAR  A centrifugal clutch customarily comprises an outer drum and a rotor inside
      the drum. The rotor constitutes the driving member of the clutch while the
      drum is the driven member. The rotor usually comprises a hub or body
      portion at least two weights separte from and movably mounted on the body
      portion and one or more springs for holding the weights out of engagement
      with the drum when the rotor is stationary or is rotating at a speed below
      a selected critical speed. When the speed of rotation of the rotor is
      increased to a critical valve, the weights are move outwardly by
      centrifugal force against the action of the spring means so as to engage
      the drum and thereby provide a driving connection between the drum and the
      rotor. The manufacture and assembly of the parts comprising the rotor of a
      centrifugal clutch of this kind involve a considerable amount of expense.
      By reason of unavoidable manufacturing tolerances in the production of
      rotor parts it is difficult in commercial production to manufacture
      clutches of consistently uniform operating characteristics. Moreover, the
      operating characteristics of an individual clutch may change in use, for
      example by reason of dirt entering between the moving parts of the clutch
      rotor.
PAR  In U.S. Pat. No. 3,718,214 there is disclosed a centrifugal clutch
      comprising a clutch drum and a rotor of one piece construction. The rotor
      comprises a diametrically extending crossbar portion having a hub portion
      with a central bore, two like weight portions on diametrically opposite
      sides of the crossbar portion and integral thin spring portions connecting
      opposite ends of the crossbar portion with the respective weight portions.
      The one piece rotor construction disclosed in U.S. Pat. No. 3,718,214
      represents an important advance over the multiple part construction of
      earlier centrifugal clutches.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide important improvements
      in centrifugal clutches having rotors of one piece construction. In one
      piece rotors, the spring portions connecting the weight portions with the
      hub characteristically have high spring constants. By reason of this a
      relatively slight amount of wear between the weight portions and the drum
      will result in a relatively large change in clutch engagement speed and
      torque carrying capacity. One piece clutches also have a characteristic
      problem of spring arm breakage. It is an object of the present invention
      to overcome both of these problems and to increase the useful life of the
      clutch.
PAR  In accordance with the present invention, the spring arms connecting the
      weight portions with the hub are made longer and thinner so as to decrease
      the spring constant of the arms. By reason of this a greater amount of
      wear between the weight portions and the drum can be tolerated while still
      maintaining the operating characteristics of the clutch within acceptable
      limits. Moreover, the geometry of the clutch rotor is changed so that the
      weight portions engage the drum substantially simultaneously throughout
      their entire circumferential extent. This not only improves the operating
      characteristics of the clutch but by distributing the wear of the weight
      portions over their full peripheral surfaces further increases useful
      clutch life.
PAR  To overcome the problem of spring arm breakage the transverse widths of the
      arms at continuously successive points along their lengths are selected so
      as to provide substantially equal fiber stress in the radially innermost
      surface of the spring arms throughout substantially their entire lengths
      when the spring arms flex under the action of centrifugal force on the
      weight portions to bring them into engagement with the inner surface of
      the drum and are subjected to driving force transmitted through the spring
      arm portions from the hub to the weight portions and thence to the drum.
      Concentration of stress and concentration of bending at localized points
      of the arms leading to metal fatigue and breakage of the arms are thereby
      avoided. The highest stress levels in the one piece rotor occur along the
      radially innermost surfaces of the spring arms and control of stress
      levels along such surfaces leads to a measurable increase in the useful
      life of the rotor.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The nature, objects and advantages of the invention will be more fully
      understood from the following description of a preferred embodiment of the
      invention shown by way of example in the drawings in which:
PAR  FIG. 1 is an axial cross section of a centrifugal clutch in accordance with
      the present invention;
PAR  FIG. 2 is a transverse section taken approximately on the line 2--2 in FIG.
      1;
PAR  FIGS. 3, 4 and 5 are respectively cross sections through a spring portion
      of the clutch rotor taken respectively at the locations indicated by the
      lines 3--3, 4--4 and 5--5;
PAR  FIG. 6 is a partial schematic view of the rotor, and
PAR  FIG. 7 is a schematic cross sectional view through a spring portion
      illustrating calculation of fiber stress.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A clutch in accordance with the present invention is shown by way of
      example in the drawings as a centrifugal clutch assembly for a chain saw.
      The clutch comprises a one piece rotor 1 inside a clutch drum 2. The rotor
      is of integral construction comprising a hub portion 1a opposite weight
      portions 1b and spring arm portions 1c connecting the weight portions
      respectively with the hub. The clutch drum 2 comprises a radial portion 2a
      and a cylindrical circumferential rim portion 2b. A sprocket 3 for driving
      the saw chain is disposed centrally on the outside of the radial wall
      portion 2a of the clutch drum and is united with the clutch drum, for
      example by welding. The sprocket 3 has a plurality of teeth engageable
      with inwardly projecting tangs on the saw chain to drive the chain.
PAR  The rotor 1 is removably but fixedly mounted on a shaft 4 driven by the
      engine of the chain saw. For example the shaft 4 may be an extension of
      the engine crankshaft. As shown by way of example in the drawings, the hub
      portion of the rotor has a central bore which is internally threaded for
      about half its length so that the rotor can be screwed onto a threaded
      portion 4a of the shaft 4. Oppositely disposed holes 1d are provided in
      the rotor hub to receive a suitable tool for screwing the rotor onto or
      off of the shaft. The drum-sprocket assembly is rotatably mounted on a
      cylindrical portion 4b of the shaft 4 by an anti-friction bearing 5 and is
      retained on the shaft by a nut 6 threaded onto a reduced threaded end
      portion 4c of the shaft.
PAR  The clutch drum 2 is conveniently made from low carbon, soft steel sheet
      metal by a stamping or drawing operation using suitable dies. A drum
      having satisfactory manufacturing tolerances can be produced in this
      manner at low cost. No subsequent grinding or machining operations are
      required.
PAR  The hub portion 1a of the rotor is generally diamond shaped with a major
      axis extending between the inner ends of the spring portions 1c and a
      minor axis perpendicular to the major axis. The length of the hub along
      the major axis is preferably about 1/2 the outside diameter of the rotor.
      The width of the hub along the minor axis is approximately 1/2 the length.
      Opposite end portions of the hub are tapered and merged smoothly into the
      inner ends of the spring portions 1c so that there is minimal
      concentration of stress at the junctions of the spring portions with the
      hub.
PAR  The two weight portions 1b are of identical configuration and are
      symmetrically disposed on opposite sides of the hub portion 1a except that
      one is reversed with respect to the other. The weight portions are as
      large as the geometry of the rotor permits so that centrifugal force
      acting on the weight portions presses them firmly against the inner
      surface of the drum when the speed of rotation exceeds a selected value.
      Thus, for example each weight portion 1b has a radial extent greater than
      half the radius of the rotor and an angular extend of between 120.degree.
      and 140.degree. and preferably greater than 130.degree.. As seen in FIG. 2
      there are only narrow spaces 7 between the weight portions and the hub and
      portions 1e of the weight portions extend between the hub portion 1a and
      spring arm portions 1c of the rotor. The combined weight of the two weight
      portions is at least 60 percent and preferably 70 to 75 percent of the
      weight of the rotor. For example each weight portion of a clutch rotor
      having a diameter of about 3 inches and a weight of 0.74 pounds has a
      weight of about 0.26 pounds while each weight portion of a rotor having a
      diameter of about 2.7 inches and a weight of 0.463 pounds has a weight of
      about 0.17 pounds.
PAR  The angular extent of the peripheral surface 1f of the weight portion
      engageable with the inner surface of the rim portion 2b of the clutch arm
      is preferably at least 100.degree.. In accordance with the invention, the
      peripheral surface 1f of each weight portion 1b is arcuate with the same
      radius as the inner surface of the cylindrical rim portion 2b of the drum.
      When the rotor is stationary and the weight portions are in retracted
      position as shown in dotted lines in FIG. 2, the peripheral surfaces 1f of
      the weight portions are eccentric with respect to the shaft 4. When the
      rotor is rotating and reaches a selected critical speed, centrifugal force
      acting on the weight portions causes them to move outwardly by a flexing
      of the spring arm portions 1c so as to bring the peripheral surface 1f of
      the weight portions into engagement with the clutch drum. By reason of the
      geometry of the weight portions and the spring arm portions of the rotor,
      the peripheral surfaces 1f of the weight portions engage the clutch drum
      substantially simultaneously throughout their entire lengths. This not
      only provides optimum operating characteristics of the clutch but assures
      that any wear of the weight portions of the clutch is uniform so that the
      peripheral surfaces of the weight portions conform with the inner surface
      of the clutch drum throughout the useful life of the clutch. Moreover, the
      area of engagement of the rotor with the drum remains substantially
      constant at all operating speeds above the critical speed of engagement
      and throughout the life of the clutch.
PAR  The spring arm portions 1c of the rotor have inner end portions which
      extend approximately radially from diametrically opposite portions of the
      hub portion 1a, outer end portions which extend approximately
      circumferentially from the trailing ends of the weight portions 1b and
      curved intermediate portions connecting the inner end portions with the
      outer end portions of the spring arm. While the spring arm portions have
      been shown in the drawing as a composite of discrete arcuate segments, it
      will be seen that this composite is an approximation of a spiral. Discrete
      arcuate segments have the advantage of being easily fabricated, but the
      spring arm portions could similarly be defined as a spiral such as an
      involute of a circle, a logarithmic, parabolic, hyperbolic or other
      spiral, or a similar curve of a continuous mathematical function such as
      an ellipse, parabola, hyperbola or sine curve. The spring arms spiral
      radially outwardly and circumferentiall forwardly from the hub portion to
      the weight portion with a progressive increase in the radius of curvature.
      It will be seen that the outer end portions of the spring arms are spaced
      radially inwardly from the rim portion of the clutch drum. They
      accordingly do not engage the drum and are hence not subject to wear. With
      the geometry shown and described, it is possible to provide relatively
      long spring arms within the limited space available. Thus, for example the
      ratio R of the length of the spring arm (measured along the inner side 1g
      of the arm to the diameter of the clutch when engaged with the drum) is
      expressed by the relationship.
EQU  0.4 &lt; R &lt; 0.5
PAL  by reason of the relatively long lengths, the spring constants of the
      spring arms is less than it would be for shorter arms. The low spring
      constant in combination with the relatively heavy weight portions and the
      conformity of curvature of the peripheral surfaces of the weight portions
      with the clutch drum makes the clutch less susceptible to changes in
      engagement and slippage speeds as the interengaging rotor and drum
      surfaces wear during use. The useful life of the clutch is thereby
      measurably increased.
PAR  In accordance with the invention, the transverse width h of each of the
      spring arm portions 1c varies at continuously successive points P along
      their lengths so as to provide substantially equal fiber stress in the
      radially innermost surface Q of the spring arm portions throughout
      substantially their entire lengths when the spring portions flex under the
      action of centrifugal force on the weight portions to bring them into
      engagement with the inner surface of the drum and are subjected to driving
      force transmitted through the spring portions from the hub through the
      weight portions and thence to the drum. The fiber stress sigma at each
      successive point P along the length of the spring arm portion can be
      calculated according to the following formula with reference to the
      schematic views shown in FIGS. 6 and 7 of the drawings. The equations are:
      ##EQU1##
      where:
      ##EQU2##
EQU  (3) M = F.sub.t R.sub.t + F.sub.c R.sub.c
EQU  (6) c = h/2
PAL  and:
PA1  .sigma. = sigma, stress of radially innermost fiber of transverse section
      taken at point P under consideration
PA1  b = axial thickness of arm
PA1  c = 1/2 transverse width h of arm
PA1  cg = center of gravity of weight portions
PA1  F.sub.c = centrifugal force
PA1  F.sub.t = tangential driving force
PA1  h = transverse width of arm
PA1  ln = natural log
PA1  M = moment about point P
PA1  m = mass of weight portion
PA1  r = radius of rotor
PA1  r.sub.cg = radial distance of cg. of weight portion from axis of rotation
PA1  R = radius of curvature of arm at point P
PA1  r.sub.c = moment arm of centrifugal force
PA1  R.sub.t = moment arm of driving force
PA1  T = peak driving torque of engine
PA1  v = velocity of weight portion
PAL  The dimensions and geometry of the spring arm portions are chosen so that
      the fiber stress sigma at the radially innermost surface of the spring arm
      portions is substantially uniform throughout the entire length of the
      spring arm portion and is lower than the fatigue stress or endurance limit
      of the material of which the rotor is made. The transverse width of the
      spring arm portion at each successive point P along its length is readily
      calculated by using the foregoing equations and a computer. By thus
      designing the spring arm so that the fiber stress is uniform throughout
      its length, the flexing of the arm is also uniformly distributed. By
      avoiding localized bending and local stress and by maintaining suitably
      low stress levels, breakage of the arm by reason of metal fatigue is
      avoided.
PAR  In the example illustrated in the drawings, the spring arm portion, when
      viewed in an axial direction and proceeding from the hub portion to the
      weight portion first increases in transverse width h to a maximum value
      and then decreases in transverse width to the juncture with the weight
      portion 1b. This arm shape is thus quite different from that of the
      aforementioned U.S. Pat. No. 3,718,214 which employed a relatively short
      stubby spring portion which extended in a generally circumferential
      direction and was tapered with the transverse width decreasing gradually
      from the hub portion to the juncture with the weight portion. This spring
      portion was limited in effect due to its short length, monotonically
      transverse width and relative inflexibility. With the prior construction a
      relatively small increase in clearance in static condition between the
      weight portions and drum due to wear in use would result in undesirable
      increase in clutch engagement speed and decrease in torque carrying
      capacity. With the configuration in accordance with the present invention
      providing longer and more flexible spring arm portions, uniform
      distribution of flexing throughout the length of the spring arm portions
      and initial conformance of the peripheral contours of the weight portions
      with the clutch drum, the increase in clearance between the weight
      portions and drum through wear are insignificant when compared with the
      original clearance. Hence the clutch performance characteristics remain
      within acceptable limits throughout a long useful life. Moreover, through
      maintaining uniform fiber stress of a value below the fatigue stress or
      endurance limit of the material, premature clutch failure through spring
      arm breakage is avoided.
PAR  The hub portion 1a, weight portions 1b and spring arm portions 1c of the
      rotor are all preferably of substantially the same thickness in an axial
      direction so that opposite faces of the rotor lie in parallel planes. The
      rotor is conveniently manufactured as a single casting comprising the hub
      portion, weight portions and connecting spring portions. When the rotor is
      cast, each weight portion is joined with an adjacent portion of the hub by
      a connection portion 8 of sufficiently large cross section to permit easy
      flow of metal during casting. The J-shaped spaces 7 between the weight
      portions, hub and spring portions are formed by suitable mold
      configuration or by coring. The central bore and the holes 1d may, if
      desired be formed in like manner. After the rotor has been cast the
      central bore is tapped and otherwise finished to fit on the shaft 4. The
      wrench holes 1d are drilled if they have not already been formed in the
      casting operation. The circumferential surfaces 1f of the weight portions
      are finished by suitable machining or grinding operation so as to be
      arcuate with a radius of curvature equal to the inside radius of the drum
      but with their centers displaced from the central axis of the rotor so
      that the circumferential surfaces of the weight portions are spaced
      inwardly from the inner surface of the drum when the rotor is stationary
      or turning at low speed. As the weight portions move outwardly from static
      condition by the flexing of the spring arm portions 1c --under the
      influence of centrifugal force-- the incident change in orientation of the
      weight portions causes their circumferential surfaces to become concentric
      with the rotor and the drum at the instant of engagement with the drum. As
      a result, the circumferential surfaces 1f of the weight portions initially
      engage the drum throughout their circumferential extent. The desired
      contour of the circumferential surfaces of the weight portions can be
      obtained by cam grinding the circumference of the rotor while the weight
      portions are in their innermost position. In this event the connecting
      portions 8 between the hub are preferably not severed-- for example by saw
      cuts or grinding-- until after the circumference of the rotor has been
      finished. Alternatively, the circumference of the rotor can conveniently
      be finished by first severing the connecting portions 8 and then grinding
      the circumferential surface of the rotor while it is rotated at the
      desired speed of engagement of the clutch. With the rotor thus expanded by
      centrifugal force, the circumference is ground to provide a cylindrical
      surface with a radius equal to the radius of the inner surface of the
      drum. When the rotor is stopped, the weight portions move in the retracted
      position and the centers of the arcuate circumferential surfaces of the
      weight portions are thereby shifted to a position displaced from the
      rotational axis of the rotor as described above. Except for the finishing
      of the circumferential surface as described, the remaining surfaces of the
      rotor require no machining or finishing operation and are left "as cast."
PAR  The material of which the rotor is cast is a ductile iron allow having an
      ultimate strength of the order of 130,000 p.s.i. and a modulus of
      elasticity of the order of 20 million p.s.i. After casting, the rotor is
      heat treated to provide a Brinell hardness of the order of 311-390. A
      material suitable for the rotor is an alloy made by Standard Automotive
      Parts of Muskegon, Michigan which is designated SAE J434A Class D and has
      approximately the following composition:
TBL  Total Carbon  3.1        -       3.7%                                     
     Silicon       2.2        -       2.6%                                     
     Manganese     .6         -       .9%                                      
     Moly          .15        -       .35%                                     
     Nickel        .7         -       1.0%                                     
     Remainder Iron                                                            
PAR  The material has a density approximately equal to that of cast iron.
      Moreover, the material is compatible with the soft steel low carbon drum
      so that it engages the drum smoothly without chattering or galling.
PAR  As seen in FIG. 1, the rotor 1 has an axial thickness approximately equal
      to the axial dimension of the drum so that the interior of the drum is
      substantially filled by the rotor. The radius of the rotor is such that
      when the clutch is stationary the circumferential surfaces 1f of the rotor
      do not engage the circumferential portion 2b of the drum. The term
      "engage" is herein used to designate engagement with sufficient pressure
      to produce a driving force between the rotor and drum. Hence,
      disengagement of the rotor from the drum does not necessarily require
      complete absence of contact. When the rotor is disengaged from the drum
      the circumferential surfaces 1f are eccentric with respect to the axis of
      rotation of the rotor. When the driving shaft 4 and hence the rotor 1 are
      driven at normal idling speed of the engine, there is no driving contact
      between the rotor and the drum. When the engine is accelerated to a
      selected speed, for example 3,500 r.p.m. plus or minus 200 r.p.m., the
      weight portions 1f of the rotor move outwardly against the resilient
      restraint of the spring portions 1c so as to engage the drum and cause the
      drum to rotate with the rotor thereby driving the sprocket 3 and hence the
      saw chain which runs on the sprocket. The characteristics of the rotor as
      such as explained above that it engages substantially uniformly at a
      predetermined critical speed and substantially simultaneously throughout
      the circumferential extent of the peripheral surfaces 1f. Since the rotor
      does not involve any sliding or pivoted parts the clutch continues to
      operate reliably and uniformly throughout its useful life. Moreover, the
      useful life of the clutch is measurably extended by reason of the
      characteristics pointed out above.
PAR  While a preferred embodiment of the invention has been illustrated in the
      drawings and is herein particularly described, it will be understood that
      modifications may be made and hence that the invention is in no way
      limited to the illustrated embodiment.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A centrifugal clutch comprising a clutch drum rotatable about an axis
      and having an inner surface of selected radius and a one piece rotor of
      resilient material having:
PA1  a. a hub central portion rotatable about an axis concentric with the axis
      of said drum
PA1  b. means for rotationally driving said hub portion
PA1  c. two like weight portions on diametrically opposite sides of said hub
      portion and
PA1  d. two like curved spring portions connecting diametrically opposite parts
      of said hub portion respectively with said weight portions
PA1  e. the dimension of said hub portion measured between points of junction
      with said spring portions being of the order of 50 to 60 percent the
      diameter of said drum
PA1  f. said weight portions having radially outer surfaces engageable with said
      inner surface of the drum and of a radius equal to the radius of the inner
      surface of the drum, said outer surfaces being disengaged from the inner
      surface of the drum and being eccentric of the axis of said drum when the
      rotor is in relaxed condition and so positioned that upon deflection into
      contact with said drum at a predetermined rotational speed said outer
      surfaces are concentric with said drum
PA1  g. the ratio of the length of each of said spring portions measured along
      its radially inner side to the radius of the rotor being of the order of
      0.8 to 1.0
PA1  h. said spring portions having first portions extending approximately
      radially from said hub portion, second portions extending
      circumferentially rearwardly from said weight portions, said second
      portions being approximately concentric with the drum axis and spaced
      radially inward from the inner surface of the drum, and smoothly curved
      third portions connecting said first and second portions
PA1  i. the transverse width of said spring portions in the plane of rotation of
      the rotor being of such value at continuously successive points along the
      lengths of said spring portions as to provide substantially equal fiber
      stress in the radially innermost surfaces of said spring portions
      throughout substantially their entire lengths when said spring portions
      flex under the action of centrifugal force on said weight portions to
      bring them into engagement with the inner surface of the drum and are
      subjected to driving force transmitted through said spring portions from
      said hub to said weight portions and thence to the drums, said fiber
      stress being lower than the fatigue stress and endurance level of the
      material of the spring portions.
NUM  2.
PAR  2. A centrifugal clutch according to claim 1, in which the weight of said
      weight portions is at least 60.degree. of the total weight of said one
      piece rotor.
NUM  3.
PAR  3. A centrifugal clutch according to claim 2, in which the weight of said
      weight portions is of the order of 70 to 75 percent of the total weight of
      said one piece rotor.
NUM  4.
PAR  4. A centrifugal clutch according to claim 1, in which the angular extent
      of each of said weight portions is of the order of 120.degree. to
      140.degree..
NUM  5.
PAR  5. A centrifugal clutch according to claim 1, in which the radial extent of
      each of said weight portions is greater than one half the radius of said
      rotor when engaging the drum.
NUM  6.
PAR  6. A centrifugal clutch according to claim 1, in which the annular extent
      of each of said spring portions is of the order of 65.degree. to
      75.degree..
NUM  7.
PAR  7. A centrifugal clutch according to claim 1, in which said spring portions
      spiral radially outwardly and circumferentially forwardly from said hub
      portion to said weight portions, the longitudinal centerline of each of
      said spring portions defining substantially the curve of a continuous
      mathematical function of the group consisting of the involute of a circle,
      a logarithmic spiral, a parabolic spiral, a hyperbolic spiral, an ellipse,
      a parabola, a hyperbola and a sine curve.
NUM  8.
PAR  8. A centrifugal clutch according to claim 7, in which said
      circumferentially extending portion of each of said arms is approximately
      half the total length of the arm.
NUM  9.
PAR  9. A centrifugal clutch according to claim 8, in which said rotor is of
      approximately uniform thickness in an axial direction.
NUM  10.
PAR  10. A centrifugal clutch according to claim 7, in which the material of
      said rotor is a ductile iron alloy having an ultimate strength of the
      order of 130,000 p.s.i., a modulus of elasticity of the order of
      20,000,000 p.s.i. and a Brinell hardness of the order of 311 to 390.
NUM  11.
PAR  11. A centrifugal clutch according to claim 10, in which said alloy has
      approximately the following composition by weight:
     Silicon       2.2        -       2.6%                                     
     Manganese     0.6        -       0.9%                                     
     Molybdenum    0.15       -       0.35%                                    
     Nickel        0.7        -       1.0%                                     
     Total Carbon  3.1        -       3.7%                                     
     Remainder Iron.                                                           
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PAL  Marking dial in an electrically actuated nameplate marker is indexed by a
      ratchet gear means having two adjacent rows of gear teeth which are out of
      phase relative to each other. A solenoid-actuated detent plate is adapted
      to engage a gear tooth in one of the two rows of gear teeth in response to
      a signal from a rotary switch means, thereby positioning the marking dial
      so as to imprint a desired character. The rotary switch means is operably
      connected to an alphanumeric keyboard which completes a circuit to
      solenoids which actuate the detent plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for imprinting nameplates and similar
      workpieces. More particularly, this invention relates to electrically
      actuated markers which utilize a keyboard for indexing a rotary marking
      dial which imprints various information on metal or plastic nameplates and
      the like.
PAR  Marking machines of this general type provide an indexing table to hold and
      position a nameplate or similar workpiece to be imprinted and to space the
      characters imprinted thereon during marking. Imprinting is effected using
      a stamping means such as an interchangeable marking dial provided with the
      desired characters. The marking dial is indexed and actuated using a
      typewriter-like keyboard and electromechanical devices associated
      therewith, so that when a key is depressed the marking dial is first
      indexed with a desired character in marking position and then displaced a
      predetermined distance to execute a marking stroke. Thereafter the
      indexing table is advanced a predetermined distance to position the
      workpiece for the next marking stroke.
PAR  For quality imprinting at relatively high speed it is important that
      positive and reproducible indexing of the marking dial is obtained when
      the marking machine is in operation. Furthermore, it is desirable to
      accommodate a maximum number of characters on the marking dial without
      unduly increasing the size thereof. Yet the more characters are provided
      on a given marking dial, and the closer the spacing therebetween, the more
      critical becomes the indexing problem.
PAR  Heretofore known marking machines utilize a ratchet gear means mounted on
      an indexing shaft which also carries the marking dial in combination with
      a plurality of spaced detents adapted to engage and hold the ratchet gear
      in a predetermined position. For even spacing of imprinted characters the
      detents have to be carefully aligned with the ratchet gear and with each
      other; however, when the marking machine is used the detents tend to
      become misaligned due to the repeated impact of the ratchet wheel and as a
      result produce uneven spacing between characters.
PAR  Accordingly, it is an object of the present invention to provide an
      improved marking dial indexing assembly which obviates the aforementioned
      shortcomings and which utilizes a single detent means yet which does not
      require an increase in the diameter of the lettering dial for the same
      number of marking characters. Still other objects of this invention will
      become apparent upon reference to the ensuing specification, the
      accompanying drawings and the claims.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an improved, electrically-actuated
      workpiece marking machine having a frame, a marking ram carrying a marking
      dial and being slidably mounted on the frame and adapted for actuation by
      an electric motor means, a marking dial indexing assembly, and an indexing
      table for carrying a workpiece under the marking ram. The marking dial is
      rotatable and is mounted on a partially flexible indexing shaft means
      which is journaled in the frame and one end of which is also journaled in
      the marking ram. The indexing shaft end journaled in the marking ram
      carries the rotatable marking dial.
PAR  An improved marking dial indexing assembly comprises a ratchet gear means
      fixedly mounted on the indexing shaft and having two adjacent rows of gear
      teeth which are out of phase relative to each other and a single detent
      plate means for selectively engaging a gear tooth in one of the rows. The
      detent plate means is shifted into engagement with said gear tooth using a
      pair of solenoids which are energized by a rotary switch means on the
      indexing shaft, the switch means being operably connected to an
      alphanumeric keyboard. The detent plate means is provided with a marginal
      notch into which both rows of gear teeth are received.
PAR  For indexing the marking dial, the detent plate means is shifted laterally
      by energizing a solenoid linked therewith so that a portion of the detent
      plate means is pulled into one of the rows of gear teeth, thereby stopping
      the ratchet gear, and thus the marking dial, in a predetermined position.
      When the marking dial is in the desired position, the marking ram carrying
      the marking dial is caused to descend so that the marking dial bears down
      and makes the desired imprint on a workpiece situated on the indexing
      table therebelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a fragmentary side elevational view, partly in section, of an
      electric nameplate marking machine embodying the present invention and
      taken along plane 1--1 in FIG. 2, outer housing having been removed to
      show details of the construction;
PAR  FIG. 2 is a plan view of the marking machine shown in FIG. 1;
PAR  FIG. 3 is an end elevational view of the marking machine shown in FIG. 1;
PAR  FIG. 4 is a fragmentary sectional view taken along plane 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged elevational view, partly in section, taken along
      plane 5--5 in FIG. 2;
PAR  FIG. 6 is a sectional elevation taken along plane 6--6 in FIG. 5;
PAR  FIG. 7 is an enlarged elevational view taken along plane 7--7 in FIG. 2;
PAR  FIG. 8 is a fragmentary plan view taken along plane 8--8 in FIG. 1 with the
      indexing table removed;
PAR  FIG. 9 is a fragmentary end elevational view similar to FIG. 3 with the
      keyboard removed to show interior detail;
PAR  FIG. 10 is an elevational view taken along plane 10--10 in FIG. 8; and
PAR  FIG. 11 is a plan view of the indexing table used with a marking machine of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, marking machine 10 comprises frame 11, indexing table
      12 slidably mounted in frame 11, and marking ram 13 mounted in frame 11
      above indexing table 12 and carrying marking dial 17.
PAR  The actual imprinting of a workpiece takes place on a downward stroke of
      marking ram 13 which causes marking dial 17 to contact the workpiece.
      Marking ram 13 is actuated by cam 31 journaled in frame 11 and is driven
      by electric motor 21. The drive train for marking ram 13 includes
      interconnecting shaft 22 which is connected at right angles with the motor
      output shaft and provides power input into transmission 23. Output shaft
      26 from transmission 23 is connected by means of coupling 29 and through
      single-revolution clutch 30 to eccentric cam 31. Clutch 30 is provided
      with peripheral stop pin 98 (FIG. 2) which abuts cam block 47 pivotally
      mounted on frame 11 and actuatable to release stop pin 98 by means of
      clutch solenoid 97. Limit switch 48 is operably connected to energize
      spacing solenoid 50 at a point in time when marking ram 13 is moving
      upwardly.
PAR  Marking ram 13 comprises slide block 32 slidably mounted in slideways 63
      and 64 (FIG. 4) provided for that purpose in frame 11, return spring 45
      connected to slide block 32 and frame 11, and also wedge block 33 which
      contacts the working surface of cam 31. Wedge block 33 is slidably mounted
      on slide block 32 and serves to adjust the stroke of marking ram 13 when
      cam 31 is actuated. The stroke of marking ram 13 can be adjusted by
      turning depth adjustment screw 34 which engages and positions wedge block
      33 in contact with the surface of cam 31 and against the urging of bias
      spring 46. The depth adjustment, of course, also determines the depth of
      the marking imprint. Rotatable marking dial 17 carried by marking ram 13
      is mounted thereon by means of an indexing shaft in a manner which will be
      described in detail hereinbelow.
PAR  The indexing assembly for marking dial 17 is also driven by electric motor
      21 and includes indexing shaft 14 which carries marking dial 17 and also
      double ratchet gear 18 keyed to shaft 14. For actuating the indexing
      assembly, output shaft 26 is provided with pulley 25 which is driven
      through slip clutch 24 mounted on terminal portion of output shaft 26.
      Transmission belt 28 on pulley 25 drives pulley 27 mounted on indexing
      shaft 14 which, in turn, drives marking dial 17. Indexing shaft 14
      comprises interconnected flexible portion 15 and rigid portion 16. Marking
      dial 17 is mounted at the distal end of flexible portion 15 and is
      journaled in slide block 32 by means of bearing 65 (FIG. 4). The
      relatively easy accesibility to marking dial 17 permits easy
      interchangeability thereof, when desired. Double ratchet gear 18 is
      fixedly mounted on rigid portion 16 of shaft 14 and rotates therewith. The
      distal end of rigid portion 16 carries rotary switch means 36 having
      rotary switch arm 85 connected to indexing shaft 14 (FIG. 2).
PAR  Double ratchet gear 18 is provided with a pair of substantially parallel
      rows 19 and 20 of equally spaced gear teeth which determine the possible
      indexing positions for dial 17. As shown in FIGS. 1, 2 and 6, the gear
      teeth in rows 19 and 20 are disposed relative to each other so that one
      row of gear teeth is out of phase relative to the other row of gear teeth
      by about one-half the distance between consecutive gear teeth in each row.
      Preferably, the tooth form of the gear teeth is such that line contact is
      provided with detent plate 37 when detent plate 37 is shifted into
      engagement therewith. In other words, the pitch line for gear teeth in
      rows 19 or 20 is normal to the contact surface of detent plate 37. Single
      detent plate 37 is positioned for engagement with double ratchet gear 18
      and receives teeth rows 19 and 20 in notch 73 when in a neutral position.
      In a working position as shown in FIG. 2, detent plate 37 is illustrated
      engaging gear tooth row 20.
PAR  For indexing marking dial 17 detent plate 37 is moved into engagement with
      double ratchet gear 18 by means of solenoids 38 and 39 which are
      individually linked to detent plate 37 by means of clevis pins 42 and 43,
      respectively. In a preferred embodiment, detent plate 37 is provided with
      a longitudinal flange such as flange 74 which is received in a
      longitudinally extending notch 75 in detent plate support block 40 (FIG.
      6). Support block 40 is, in turn, mounted on detent base plate 41 which is
      secured to frame 11 in any convenient manner. Return spring 44 serves to
      position notch 73 in detent plate 37 so as to receive ratchet gear 18
      therein. Thus, when one of solenoids 38 or 39 is energized, detent plate
      37 can be shifted laterally so as to engage a gear tooth either in row 19
      or in row 20, as can be readily seen from FIG. 5. Preferably, detent cover
      plate 76 is secured to support block 40 and is substantially coextensive
      with detent plate 37.
PAR  Solenoids 38 and 39 are energized by rotary switch means 36 at the rear end
      of marking machine 10 which comprises rotary switch arm 85 carrying front
      deck wiper contact 86 and rear deck wiper contact 87 which slidably engage
      respective front deck switch contacts 83 and rear deck switch contacts 84
      when switch arm 85 is rotated. Switch contacts 83 and 84 are positioned in
      sliding contact with wiper contacts 86 and 87 by means of spacer bars such
      as bars 88, 89, 90, 91, 92 and 93. Spacer bars 88, 89, 92 and 93 are
      mounted on rotary switch cover plate 78 which in turn is mounted on rotary
      switch mounting bracket 77. Arcuate slots 79 and 80 are provided near the
      periphery of cover plate 78 and receive therein retaining screws 81 and
      82, respectively, which screws engage mounting bracket 77 and hold cover
      plate 78 thereagainst. In this manner the position of switch contacts 83
      and 84 can be readily adjusted relative to wiper contacts 86 and 87 by
      partially loosening retaining screws 81 and 82 and turning switch contacts
      83 and 84 in a clockwise or counter-clockwise direction as required
      without disassembling rotary switch 36.
PAR  The energization of solenoids 38 and 39 is effected by means of
      alphanumeric keyboard 72 (FIG. 3), the individual keys of which are each
      connected to a contact on the rotary switch 36. Preferably, keys for
      alternate characters are connected to the same deck. Thus, when a key on
      keyboard 72 closes a circuit with its associated contact on deck 83 or
      deck 84, the corresponding wiper contacts such as contacts 86 or 87 on
      rotary arm 85, upon reaching the associated switch contact, close a
      circuit to one of the detent solenoids 38 or 39. The energized solenoid
      then pulls detent plate 37 into double ratchet gear means 18 from one side
      or the other, thereby stopping gear 18 in a position which locates the
      desired character on marking dial 17 in a position immediately above a
      nameplate to be marked.
PAR  A manual actuating means for marking ram 13 is illustrated in FIG. 3 and
      aids in the initial positioning of a workpiece for marking. The manual
      actuating means comprises hub 66 provided on the rearward face of marking
      dial 17 and manual pushdown lever 67 pivotally mounted on frame 11 by
      means of mounting screw 68. Pushdown 67 is held in position by return
      spring 69. If desired, a suitable guide slot 94 can be provided integral
      with pushdown lever 67 and guide pin 70 provided on frame 11 for engaging
      slot 94. When pushdown lever 67 is moved downwardly so as to engage hub
      66, further downward movement of lever 67 will cause slide block 32 to
      move downwardly until such time as marking dial 17 abuts against a
      nameplate positioned therebelow. In this manner the actual point of
      contact between marking dial 17 and a suitable nameplate can be readily
      ascertained before actual marking is commenced. Upon removal of manual
      force on lever 67, slide block 32 returns to its rest position by the
      action of slide block return spring 45. Pointer 71 on wedge block 33
      serves to indicate the depth of the marking ram stroke and can be
      appropriately calibrated by providing suitable markings on frame 11 or
      marking machine housing, as desired. Dial alignment indicator 114 can also
      be provided, mounted on slide block 32, to facilitate the alignment of
      marking dial 17 during installation or when such dials are interchanged to
      provide different sizes or styles of marking characters.
PAR  A nameplate to be marked is positioned on indexing table 12 over anvil 35
      and is suitably clamped or otherwise positioned thereon so that the
      nameplate advances when indexing table 12 is advanced by the pulling
      action of negator spring 54 associated therewith. The mechanism for
      advancing indexing table 12 comprises negator spring 54, escapement wheel
      59, and escapement cam 60 (FIG. 1) which detains escapement wheel 59
      against the pull of negator spring 54. Cam 60 is mounted on one end of
      elongated escapement cam shaft 96 and engaging escapement wheel 59 which
      is provided with integral pinion 58 and journaled on shaft 95 fixed to
      frame 11. Escapement wheel 59 and pinion 58 are held in place on shaft 95
      by retaining clip 61. Escapement cam shaft 96 is slidably and rotatably
      mounted in frame 11. Slide support 55 mounted on frame 11 carries anvil
      slide 56 provided on the underside thereof with rack 57 which engages
      pinion 58. The free end of negator spring 54 wound on drum 62 is connected
      to carriage 101 (FIG. 8), and anvil slide pin 102 on carriage 101 engages
      pickup notch 108 in anvil slide 56 (FIGS. 9, 10 and 11) thereby subjecting
      anvil slide 56 to the pull of negator spring 54 which provides a
      substantially constant pull against the aforesaid escapement mechanism.
PAR  Carriage 101 partially supports indexing table 12 and is slidably mounted
      on carriage shaft 99 (FIGS. 8 and 9) which, in turn, is mounted on and
      traverses across the forward end of frame 11 parallel to the normal
      movement of indexing table 12. Shaft 99 is secured in bushings such as
      bushing 100 (FIG. 10). Carriage stops 103 and 104 on the terminal portions
      of shaft 99 limit the travel of carriage 101 and thus the movement of
      anvil slide 56 and indexing table 12. That portion of anvil slide 56
      overlying carriage 101 bears on alignment bushing 105 situated in a recess
      in carriage 101 near anvil slide pin 102.
PAR  To permit incremental advance of indexing table 12, cam 60 is provided with
      a pair of spaced, parallel detent faces 106 and 107 which are positioned
      to consecutively engage a tooth on escapement wheel 59 as shown in FIG. 9
      where tooth A engages detent face 107. Detent faces 106 and 107 are
      parallel to the longitudinal axis of escapement cam shaft 96. Spacing
      solenoid 50 is linked to escapement cam shaft 96 by means of clevis pin
      52, and thus to cam 60, and is spring biased in the forward direction when
      deenergized so that an axial forward movement of shaft 96 by the action of
      escapement cam spring 51 abutting retainer ring 112 on shaft 96 shifts
      detent face 107 out of engagement with tooth A and permits tooth B to
      engage detent face 106. Subsequent retraction of shaft 96 when solenoid 50
      is energized withdraws detent face 106 from engagement with tooth B and
      permits tooth B to abut against detent face 107. In this manner, the
      energization and subsequent deenergization of spacing solenoid 50 permits
      indexing table 12 to advance one space, in response to urging by negator
      spring 54, after a character has been imprinted on a nameplate or similar
      workpiece carried thereon or when a spacer bar has been depressed and
      released on keyboard 72 energizing and deenergizing spacer solenoid 50.
PAR  Release of indexing table 12 so as to permit bilateral movement for
      positioning a nameplate under marking dial 17 is effected by release
      solenoid 49 which is connected to escapement cam shaft 96 so as to pivot
      cam 60 counterclockwise and detent faces 106 and 107 clear of escapement
      wheel 59, thereby permitting uninterrupted travel of carriage 101 from one
      extreme position to the other while release solenoid 49 remains energized.
      Sufficient play is provided in the connection between spacing solenoid 50
      and shaft 96 so that no excessive stresses are placed on the connection
      when shaft 96 is pivoted by release solenoid 49.
PAR  If desired, indexing table 12 can be provided with a suitable workpiece
      locator gauge mounted on locator gauge lock rod 109 situated along one
      side of table 12. Lock rod 109 can also be provided with fine adjustment
      screw 110 for making fine positioning adjustments once the locator gauge
      engages lock rod 109. Where rows of markings are to be made at a
      predetermined spacing from each other, spacing rod 111 can be mounted
      alongside lock rod 109 and provided with reference markings 113 thereon.
PAR  In operation of the marker machine embodying this invention, once the
      marker is turned on by energizing motor 21, output shaft 26 turns
      continuously. Similarly, indexing shaft 14 is driven continuously by
      transmission belt 28 which drives pulley 27 keyed to indexing shaft 14.
      Because of the action of slip clutch 24, the rotation of double ratchet
      gear 18 and rotary swtich 36 can be stopped without interfering with the
      rotation of output shaft 26.
PAR  The forward end of rotating output shaft 26 drives single revolution clutch
      30 through coupling 29. Cam 31 is actuated for one revolution at a time by
      clutch 30, and rotation of cam 31 causes slide block 32 to move
      substantially vertically down and up through a predetermined stroke,
      usually about 3/16 inch, so as to bring marking dial 17 into contact with
      a workpiece to be marked.
PAR  Marking dial 17 is rotated by indexing shaft 14 through flexible portion 15
      thereof which accommodates the stroke of marking ram 13. Rotation of
      marking dial 17 stops when rotation of indexing shaft 14 is stopped by
      stopping double ratchet gear 18, i.e., when detent plate 37 is caused to
      engage gear 18 by energizing one of the detent solenoids.
PAR  When a desired marking is to be impressed onto a workpiece carried on
      indexing table 12, the desired key is depressed on keyboard 72 and detent
      plate 37 is shifted into position engaging a predetermined tooth in either
      row 19 or row 20, depending on which character on marking dial 17 has been
      selected for imprinting by depressing a key on alphanumeric keyboard 72.
      When each row of teeth on gear 18 contains 20 teeth, the spacing between
      consecutive teeth of both rows permits double ratchet gear 18 to be
      stopped in any one of 40 equally spaced positions. Each such position
      corresponds to the position of one of 40 characters provided on marking
      dial 17. Thus, the stopping of double ratchet gear 18 stops marking dial
      17 in a position to mark a character.
PAR  Single revolution clutch 30 is actuated when clutch solenoid 97 is
      energized and retracts, partially rotating cam block 47 to release stop
      pin 98 on clutch 30. By providing positive engagement of cam block 47 with
      stop pin 98, successive strokes of marking ram 13, and thus of dial 17,
      can take place only by reenergization of clutch solenoid 97.
PAR  When lettering dial 17 descends, the character at the bottom of dial 17 is
      impressed into the workpiece which is carried on indexing table 12 and
      supported by anvil 35. Rack 57, which engages escapement pinion 58, links
      anvil 35 with escapement wheel 59. Negator spring 54 provides a constant
      pull to move anvil 35 to the left; however, such motion is restrained by
      escapement cam 60 a detent face of which engages a tooth on escapement
      wheel 59. The energization of spacing solenoid 50 permits one tooth of
      escapement wheel 59 to pass cam 60 at a given time, thereby permitting
      indexing table 12 to shift one space to the left. Spacing solenoid 50 is
      energized by limit switch 48 at a predetermined position of cam 31 at the
      end of each marking cycle, thus, as soon as an imprint has been made,
      indexing table 12 is moved to a new position.
PAR  When a key is depressed on keyboard 72, the key closes a circuit to its
      associated contact on deck 83 or deck 84 of rotary switch 36. When a
      corresponding wiper contact 86 or 87 carried by switch arm 85 reaches that
      contact, a circuit is closed to either detent solenoid 38 or to detent
      solenoid 39 which then pulls detent plate 37 from its neutral position
      into engagement with a tooth in row 19 or row 20 on gear 18. At the same
      time the wiper contact also closes a circuit to a suitable delay network
      (not shown) which releases single revolution clutch 30 by energizing
      clutch solenoid 97 and locks in the energized detent solenoid 38 or 39 so
      that the marking cycle will be completed even if the initially depressed
      key is released before completion of the marking cycle.
PAR  As clutch 30 turns, slide block 32 is depressed against the action of slide
      block return spring 45 by the movement of eccentric cam 31 to make the
      imprint and then returned to an upper rest position. As clutch 30
      continues to turn, solenoid 50 is pulsed, thereby moving indexing table 12
      one space further to the left as described hereinabove, clutch solenoid 97
      is released causing stop pin 98 to abut cam block 47, and the energized
      detent solenoid is also released if the keyboard key has been released at
      this time. If the keyboard key is still depressed at this time, the detent
      solenoid remains energized until the key is ultimately released.
      Thereafter the marker is ready to execute the next marking cycle.
PAR  The foregoing specification and the drawings are intended as illustrative
      and are not to be taken as limiting. Still other variations and
      rearrangements of parts within the spirit and scope of this invention are
      possible and will readily present themselves to one skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrically actuated nameplate marker having a frame, a marking
      ram means slidably mounted in said frame for substantially vertical
      travel, indexing shaft means comprising a rigid shaft portion journaled in
      said frame and a flexible shaft portion connected at one end to said rigid
      shaft portion and journaled in said marking ram means, a rotary marking
      dial fixedly mounted on the distal end of said flexible shaft portion,
      ratchet gear means fixedly mounted on said rigid shaft portion, rotary
      switch means mounted on the distal end of said rigid shaft portion, detent
      means mounted on said frame for engagement with said ratchet gear means,
      solenoid means linked to said detent means for shifting said detent means
      in engagement with said ratchet gear means and operably connected to said
      rotary switch means for energization by said switch means, keyboard means
      operably connected to said rotary switch means for actuating said switch
      means, table means for supporting a workpiece to be marked below said
      marking ram means, and electric motor means driving said marking ram means
      and said indexing shaft means, an improved marking dial indexing assembly
      which comprises: a pair of substantially parallel rows of equally spaced
      gear teeth on said ratchet gear means disposed so that one row of gear
      teeth is out of phase relative to the other row of gear teeth by about
      one-half the distance between consecutive gear teeth in each row, a single
      detent plate means situated substantially normal to the plane of rotation
      of said rows of gear teeth for selective engagement with a gear tooth in
      one of said rows and provided with a marginal notch receiving both of said
      rows, and a pair of opposed solenoid means individually linked to said
      detent plate means for shifting said detent plate into sliding engagement
      with a gear tooth of one of said parallel rows in response to a signal
      from said rotary switch means, said gear teeth having a tooth form
      providing substantially line contact with said single detent plate means
      when said detent plate is shifted into engagement with said gear tooth.
NUM  2.
PAR  2. The improvement in accordance with claim 1 wherein said detent plate
      means is slidably mounted on a support block.
NUM  3.
PAR  3. The improvement in accordance with claim 1 wherein said detent plate
      means is further provided with a longitudinal guide flange, wherein said
      support block is provided with a longitudinally extending groove therein,
      and wherein said guide flange is slidably received within said groove.
NUM  4.
PAR  4. The improvement in accordance with claim 3 wherein each of said solenoid
      means is connected to said guide flange at opposite ends thereof by means
      of a clevis pin.
NUM  5.
PAR  5. The improvement in accordance with claim 3 wherein a cover plate
      substantially coextensive with said detent plate means is mounted on said
      support block.
NUM  6.
PAR  6. The improvement in accordance with claim 1 wherein said rotary switch
      means is mounted on the distal end of said rigid shaft portion by means of
      an adjustable mounting which comprises a switch mounting bracket secured
      to said frame; rotary switch arm means secured to the distal end of said
      rigid shaft portion; rotary switch cover plate means bearing wiper
      contacts in sliding contact with said arm means and having a plurality of
      arcuate slots near the periphery of the cover plate means; and retaining
      screw means in said switch mounting bracket, each of said screw means
      extending through one of said arcuate slots and holding said cover plate
      means against said mounting bracket.
NUM  7.
PAR  7. The improvement in accordance with claim 1 wherein said marking ram
      means is additionally provided with manual actuating means for aligning a
      surface to be marked with said marking dial, said manual actuating means
      comprising a central hub on said marking dial, and a transverse lever
      means pivotally mounted on said frame above said hub for engagement with
      said hub when said lever means is urged downwardly in contact therewith.
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PAL  The illustrated embodiment is a desk top justifying text writing
      reproducing machine, illustratively controllable by a code reading means
      in a desk top text writing composing machine (the topic of our copending
      application for "JUSTIFYING, TEXT WRITING COMPOSING MACHINE", Ser. No.
      213,045, filed Dec. 28, 1971), for automatically producing a justified
      copy, line-by-line, generally one line behind the line being encoded in
      the composing machine.
PAL  The operator normally merely puts paper in the reproducing machine, sets a
      left margin control and shifts a key that conditions the machine for code
      controlled operations. The arrangement of the encoded information for each
      line is such that the reproducer is normally automatically operated
      according to a justifying quotient code, a justifying remainder code, a
      machine conditioning or clearing code, the text codes (including
      characters, spaces and functions) and a carriage return code, in that
      order, so the controlling information for succeeding lines is fed in a
      single forward direction and the operator need not handle the code media
      or perform any of the reproducing operations.
PAL  The reproducing machine includes means, responsive to conditioning codes,
      for in each instance operating the machine to assume a particular group of
      operating conditions that correspond to the operating conditions of the
      composing machine at the time the conditioning code was encoded. The
      reproducing machine also includes clearing means, responsive to a clear
      code, for placing the machine in a normal operating group of conditions.
PAL  In a reader control "stop" condition, the reproducer may be operated
      manually, for inserting variables in an otherwise code controlled
      reproduction, or for using the machine as a typewriter.
BSUM
PAC  GENERAL DESCRIPTION
PAR  Our justifying text writing system involves two illustratively
      interconnected machines, a justification computing and encoding composing
      machine that forms the greater part of our copending application for
      "Justifying, Text Writing Composing Machine", Ser. No. 213,045, filed Dec.
      28, 1971, pending, and a justified copy reproducer that is particularly
      set forth in this application.
PAR  As described in our copending application Ser. No. 213,045, filed Dec. 28,
      1971 pending, operation of the composing machine normally results in the
      encoding of a justifying quotient code, a justifying remainder code, then
      selectively a conditioning or a clearing code, the codes for the text of a
      line (characters, spaces and functions) and a carriage return code, in
      that order of space and flow on the code medium, for successive lines of
      written material. The carriage return code is encoded at the end of a line
      of the text codes, and, even though the justifying information is encoded
      at substantially the same time, the justifying information is encoded
      ahead of the text codes on the code medium. As soon as a complete line is
      encoded on the code medium, that part of the code medium is automatically
      fed into a main reading device serving area. When this occurs and when the
      reproducer is conditioned for automatic code controlled operations, as
      will be described in the detail hereinafter, the main reader successively
      reads the codes for the line.
PAR  As disclosed above, this justifying text writing reproducing machine forms
      a portion of a text writing machine, which includes the justifying, text
      writing composing machine disclosed in our copending application, Ser. No.
      213,045. This reproducing machine is intended to be supplied with
      justifying codes from said composing machine and, in fact, is directly
      coupled thereto to receive the justifying codes on a tape medium. The
      justification codes supplied by the composing machine, generally comprise
      a quotient code and a remainder code that is determined by division of the
      number of word spaces in a line into the amount left in a fixed length
      justifying area, that precedes the right margin control in the composing
      machine. The fixed length justifying area in the composing machine is
      limited to be no more than 23 units in length and, therefore, no more than
      23 units can be added to justify any line in this reproducer.
PAR  Accordingly, the maximum that may be added to the word space in a line with
      only one word space is a quotient amount of 23 units, the maximum to be
      added to each word space in a line with two word spaces is a quotient
      amount of 11 units, with 1 additional remainder unit being added to the
      first word space, the maximum to be added in a line with three word spaces
      is a quotient amount of 7 units with 1 unit of the remainder being added
      to the first two word spaces, etc. Following this system, the quotient
      amount is added to each word space in that line (up to 16 word spaces) and
      one unit of the remainder is added to each of as many word spaces that
      equals the value of the remainder.
PAR  The justifying quotient code, that resulted from division of the amount
      left in the line by the number of word spaces in the composing machine,
      sets a mechanism or means in the reproducer for automatically adding the
      quotient number of units to each of the first sixteen word spaces (or
      less, depending on the number of word spaces in the line). The remainder
      code, that may result from the division operation in the composer, sets
      another means, such as a counter, for controlling the reproducer to
      automatically add one unit to each of the first few word spaces that
      correspond in number to the value of the remainder. Thus, the spacing of
      the reproduced words in each line is adjusted so that the last character
      is located precisely at the right hand margin.
PAR  The conditioning code or the clearing code places the reproducer in a
      particular set of operating conditions or modes (upper or lower case, bold
      or regular face, and print or no print conditions) that corresponds to
      that of the composer. A conditioning code puts the reproducer in the same
      condition the composer was in at the time that code was encoded. In the
      composer, a clearing operation places the composer in normal or cleared
      conditions (lower case, regular face and printing condition) and it
      encodes the clear code, and the clear code puts the reproducer in the same
      corresponding conditions. Thus, the reproducer is always conditioned
      appropriately before the text imprinting operations for a line are begun,
      and any appropriate portion of the control medium can be stored away and
      reused without operator concern or without any need for special manual
      operations to properly condition the reproducer for the ensuing text. It
      is also unnecessary to make condition setup notations on any code media
      that may be separated from preceding code media and stored away for future
      reuse, since a clear code or a condition code will precede the text codes
      for each line and the machine will automatically be appropriately
      conditioned before imprinting occurs.
PAR  Of course, the text codes control the reproducer to print the line and
      normally to adjust the word spaces as they occur, and the carriage return
      code returns the carriage. While the text for a line is being
      automatically reproduced, a succeeding line may be encoded by the
      composing machine. Thus, by manual or automatic operation of the composing
      machine, the reproducer is code controlled to automatically produce a
      justified copy without an operator's attention, and the justified copy is
      completed normally one line behind the unjustified copy.
PAR  In the usual installation, as described in our aforesaid copending
      application, the composing machine with the encoding and code reading
      assembly, and the reproducing machine are situated near an operator's
      chair, where one person may conveniently insert paper into both machines
      and otherwise tend both machines. However, in respect to the reproducer,
      the operator normally only need put paper in the machine, adjust or check
      a normal line space button, set or check a left hand margin control and
      shift a reader control key to "start" position. Thereafter, the reproducer
      is automatically operated as explained above, and the operator does not
      even handle the control media.
PAR  To satisfy unusual copy requirements, certain manipulative function control
      keys and related mechanisms are provided in the reproducer for changing
      the normal character of the automatically reproduced copy. Such keys
      include a justifying control key, a bold-regular key and a related
      manipulative lock, and a print-no print key and related lock.
PAR  The justifying control key is presettable for controlling the reproducer to
      produce justified copy lines as explained, or to produce unjustified
      copies even though the control tape that is being used contains the
      justification codes. Thus, at any one time, the reproducer can be set to
      reproduce either justified or unjustified copies from any encoded media
      that contains the justifying information, and, by reuse of the media, both
      kinds of copies may be made.
PAR  A bold and regular control is provided in the reproducer, and this control
      is normally shiftable according to corresponding codes on the code medium
      for controlling the reproducer to imprint in a "bold" manner or to print
      in a lighter "regular" manner, respectively. A manipulative bold-regular
      key is also provided for shifting this control to either condition, for
      changing the imprinting force. A manipulative lock is provided for locking
      the key and therefore the control in either preset condition, and, when
      the lock is in effective position, the control will not be changed by any
      bold or regular code that may occur in the text, nor will conditioning or
      clear codes change the control. Thus, the bold and regular key and related
      lock may be used as a manual override.
PAR  Print and no print control and related keys are also provided in the
      reproducer. This arrangement is similar to the bold and regular control
      that was just discussed. Accordingly, the print and no print control is
      normally shiftable according to corresponding codes on the code medium and
      it is also shiftable by a related manipulative key. This control may also
      be locked by a lock for overriding the print, no print, conditioning and
      clear codes. Normally, this control is in "print" condition and the
      reproducer will print all characters that appear in the text and the paper
      carriage will be moved appropriately for each character and space in a
      normal manner. However, when the control is shifted to "no-print"
      condition, the encoded characters will not be printed, but the carriage
      will be shifted for each character and space. Thus, normally the
      characters that are encoded between a "no-print" code and the next "print"
      code will not be printed and instead blank space will be left, for
      variables for example. However, if the related lock is rendered effective
      before the "no-print" code is sensed, all of the encoded text will be
      printed. Thus, the copy may be reproduced in either form, or in both forms
      if the control medium is reused at least once. When the lock is
      ineffective, the control may be shifted manually by use of the key to
      "no-print" condition appropriately to bypass any portion of the encoded
      text, to bypass a word, line or paragraph for examples.
PAR  The reader control key is shiftable from a normal "start" position to a
      "stop" position for manually terminating the code reading processes, and
      thereby terminating the automatic operations of the reproducer. This key
      is also automatically shifted to "stop" position in response to a
      stop-printer code. When this key is in "stop" position, the reproducer may
      be operated manually, for adding variables in any otherwise code
      controlled copy or for producing individual unjustified copies which are
      similar to those from an ordinary typewriter. When the machine is readied
      for further code controlled operations (for example, variables have been
      added and the carriage is back spaced to the position it was in before the
      variables were added, or new paper is inserted in the carriage, the normal
      line space button set and the left margin control adjusted for new copy),
      the operator may return the reader control key to "start" position for
      initiating automatic operation of the reproducer.
PAR  When the reader control key is in "stop" position and the reproducer is
      being operated manually, the carriage may be returned by depressing a
      carriage return key, and back spacing may be accomplished by shifting a
      back space key to "back space" position and then manipulating the
      character and space keys that were used in the forward operations. In this
      manner, the carriage is back spaced the same number of units as it was
      shifted forward for any given number of characters and spaces. Also, when
      the machine is conditioned for back spacing, a means is rendered effective
      for preventing the imprinting of the operated characters. When the back
      space key is returned to its normal position, the reproducer is
      conditioned for forward imprinting operations.
PAR  An interlock is provided for preventing operation of the manual carriage
      return key and for preventing the shift of the back space key to back
      space position, when the reader control key is in "start" position. This
      lock also prevents the reader control key from being shifted to "start"
      position, when manual carriage return and/or manual back spacing
      operations are in progress.
PAR  An object of this invention is to provide an improved justifying text
      writing reproducing machine requiring only a nominal amount of simple
      manual setup operations to prepare the machine for automatic operation.
PAR  Another object of this invention is to provide an improved justifying text
      writing reproducing machine that is fully automatic and normally requires
      no operator attention during the reproducing operations.
PAR  Yet another object of this invention is to provide an improved justifying
      text writing reproducing machine, controllable by a code reading means and
      an encoding text writing composing machine, for automatically producing
      justified copy lines.
PAR  Another object of this invention is to provide an improved reproducing
      machine, as set forth in the preceding object, wherein the justified copy
      is produced line-by-line, generally one line behind the line being encoded
      by the composing machine.
PAR  Another object of this invention is to provide an improved text writing
      reproducing machine, controllable by a code reading means and an encoded
      medium containing a conditioning code that is appropriate for successive
      text codes that follow in respect to the flow of the medium through the
      reading means, the reproducing machine including control mechanism
      responsive to the conditioning code for conditioning the machine
      appropriately for the reproduction of the text.
PAR  An object of this invention is to provide an improved justifying text
      writing reproducing machine, controllable by a code reading means and an
      encoded medium containing line justifying information and text information
      for each line arranged in that order in respect to a single directional
      flow of the medium, whereby the reproducing machine is conditioned for
      justifying each line before it reproduces the line according to the
      justifying information and the related text information.
PAR  Other objects, advantages and features will become more apparent
      hereinafter.
PAR  Throughout the specification and claims reference is made to "printing,"
      "printed lines" and "imprinting" of characters. It is to be understood
      that such terminology is conveniently employed with the illustrated
      embodiment of this invention. Of course other text reproducing processes
      can advantageously employ the principles of this invention, such as
      photoprinting, stylused writing, or any other mode of literal
      transcription. Therefore when considering such terms as "printing," it is
      to be understood that such term is merely illustrative of the principles
      of our invention.
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PAC  FIGURE DESCRIPTIONS
PAR  FIG. 1 is a reduced scale right side elevation of the reproducer with the
      cover and a portion of the base frame cut away for clarity.
PAR  FIG. 2 is a reduced scale left side elevation of the reproducer with the
      cover and portions of its frame cut away.
PAR  FIG. 3 is a fragmented reduced scale top plan view of the machine's frame
      members.
PAR  FIG. 4 is a fragmented detailed top view of the carriage moving mechanism,
      showing its connection with the typewriter.
PAR  FIG. 5 is a right side elevational view of the carriage moving mechanism,
      and showing further fragmented portions of the typewriter frame and paper
      carriage.
PAR  FIG. 6 is a fragmented sectional right hand view of the carriage moving
      mechanism's main shaft assembly and frame support therefor, taken on line
      6 -- 6 (FIG. 4), with other parts of the carriage moving mechanism omitted
      for clarity.
PAR  FIG. 7 is a front sectional view of a third driving section of the carriage
      moving mechanism, with unrelated parts omitted for clarity, as viewed from
      line 7 -- 7 (FIGS. 5 and 6).
PAR  FIG. 8 is a fragmented reduced top view of the machine, showing primarily
      the keyboard and a portion of the paper carriage.
PAR  FIG. 9 is a fragmentary top view of the keyboard and mechanism under the
      cover and under the paper carriage.
PAR  FIG. 10 is a condensed fragmentary top view of the decoder assembly.
PAR  FIG. 11 is a fragmentary right side view of the basic typewriter, with the
      carriage cut away, and showing principally the keys, their electrical
      contacts, type arms and a means for automatic operation of the keys and
      type arms.
PAR  FIG. 12 is a fragmentary front view of the type arm support segment and a
      back space print preventing means.
PAR  FIG. 13 is a fragmentary left side view of the mechanism shown in FIG. 12
      and indicating its location in the machine.
PAR  FIG. 14 is a fragmentary right side view of the case shift keys, the shift
      lock and case shifting bail arrangement.
PAR  FIG. 15 is a condensed fragmentary right rear perspective of a portion of
      the key lock mechanism shown in FIG. 14.
PAR  FIG. 16 is a fragmentary right side view of the basic typewriter, exclusive
      of its keyboard, paper carriage and the major part of the carriage moving
      mechanism.
PAR  FIG. 17 is a fragmentary left view showing primarily a portion of the left
      end of the paper carriage and the normal line space mechanism.
PAR  FIG. 18 is a fragmentary view showing part of the normal line space
      mechanism of FIG. 17, in an operated position.
PAR  FIG. 19 is a condensed fragmentary front view, taken generally on line 19
      -- 19 (FIG. 17), showing principally a portion of the normal line space
      mechanism and the support means therefor.
PAR  FIG. 20 is a fragmentary front view of the carriage position indicator, the
      forward support for the carriage, and a carriage mounted adjustable
      abutment which cooperates with the margin stops.
PAR  FIG. 21 is a fragmentary front view of the carriage return spring
      arrangement.
PAR  FIG. 22 is a rear view of the carriage return spring arrangement, shown
      also in FIG. 21.
PAR  FIG. 23 is a fragmentary right side view of the spring arrangement shown in
      FIG. 21.
PAR  FIG. 24 is a fragmentary front sectional view of the carriage moving
      mechanism, taken on line 24 -- 24 (FIG. 5), and showing primarily the
      carriage return clutch with its foreground support plate shown in phantom.
PAR  FIG. 25 is an exploded fragmentary perspective view, showing primarily one
      of the carriage moving mechanism gear carriers and a planet gear.
PAR  FIG. 26 is a diagrammatic view of the carriage moving mechanism gear train,
      showing the directions of rotation of the parts.
PAR  FIG. 27 is a front view, taken on line 27 -- 27 (FIG. 6), showing a
      differential gear train of the carriage moving mechanism.
PAR  FIG. 28 is a front view, taken on line 28 -- 28 (FIG. 6), showing another
      differential gear train of the carriage moving mechanism.
PAR  FIG. 29 is a sectional front view of the carriage moving mechanism, taken
      generally on line 29 -- 29 (FIG. 5).
PAR  FIG. 30 is a slightly fragmented sectional front view of the carriage
      moving mechanism, taken generally on line 30 -- 30 (FIG. 5).
PAR  FIG. 31 is a schematic wiring diagram of the main code reading circuit.
PAR  FIG. 32 is a fragmented left sectional view taken on line 32 -- 32 (FIG.
      9), showing principally the reader control, the carriage return and the
      back space keys and their related control mechanisms.
PAR  FIG. 33 is a fragmented top sectional view of a portion of mechanism shown
      in FIG. 32 as viewed from line 33 -- 33 therein.
PAR  FIG. 34 is a fragmented left sectional view of the justifying control key
      as viewed from line 34 -- 34 (FIG. 9).
PAR  FIG. 35 is a fragmentary right side view of the back space key and its
      switches that are also shown from the left side in FIG. 32.
PAR  FIG. 36 is a fragmentary front view of the back space key and its control
      switches that are also shown in FIGS. 32 and 35.
PAR  FIG. 37 is a condensed fragmentary top sectional view of a cycling control
      assembly taken on line 37 -- 37 (FIG. 2).
PAR  FIG. 38 is a condensed fragmentary top sectional view of a cycling control
      assembly taken on line 38 -- 38 (FIG. 2).
PAR  FIG. 39 is a sectional view taken on line 39 -- 39 (FIG. 37), showing a
      cycling unit which is illustrative of a number of such units that form a
      substantial part of the assembly shown in FIG. 37.
PAR  FIG. 40 is a sectional view taken on line 40 -- 40 (FIG. 37).
PAR  FIG. 41 is a sectional view taken on line 41 -- 41 (FIG. 38), showing a
      different type of cycling unit.
PAR  FIG. 42 is a sectional view taken on line 42 -- 42 (FIG. 38), showing a
      cycling unit which is illustrative of a number of such units in the
      assembly shown in FIG. 38.
PAR  FIG. 43 is a sectional view taken on line 43 -- 43 (FIG. 38), showing a
      line delete program cycling mechanism.
PAR  FIG. 44 is a sectional front elevation of a print-no print and bold-regular
      control assembly, as viewed from line 44 -- 44 (FIG. 1).
PAR  FIG. 45 is a fragmented detailed illustration of part of the mechanism
      shown in FIG. 44.
PAR  FIG. 46 is a detailed right side fragmentary view of part of the mechanism
      shown in FIG. 44.
PAR  FIG. 47 is a view of a main decoder switch block as viewed from line 47 --
      47 (FIG. 49).
PAR  FIG. 48 is a view taken on line 48 -- 48 (FIG. 10), showing a portion of
      the main decoder.
PAR  FIG. 49 is a view of a main decoder portion which typifies various sections
      of the decoder shown in FIG. 10, and it sectionally illustrates the switch
      blocks as viewed from line 49 -- 49 (FIG. 47).
PAR  FIG. 50 is a schematic wiring diagram of the decoder shown in FIG. 10.
PAR  FIG. 51 is a schematic wiring diagram of the circuits for automatically
      imprinting characters.
PAR  FIG. 52 is a schematic wiring diagram of the circuits that are primarily
      relative to cycling control and carriage movement for upper and lower case
      characters.
PAR  FIG. 53 is a schematic wiring diagram of the circuits that are relative to
      cycling control and carriage movement for automatic code controlled word
      spaces and nut spaces. Nut spaces are two, three and four unit blank
      spaces that are not alterable for justifying purposes.
PAR  FIG. 54 is a fragmentary full scale right side view of the word space
      counter which controls justifying in the reproducer and which is also
      incorporated in reduced scale in FIG. 1.
PAR  FIG. 55 is a fragmentary sectional front view of the counter as seen from
      line 55 -- 55 (FIG. 54).
PAR  FIG. 56 is a top view of a pawl-latch mechanism as viewed from line 56 --
      56 (FIG. 54).
PAR  FIG. 57 is a schematic wiring diagram of code controlled circuits for
      automatically adjusting the justifying mechanism.
PAR  FIG. 58 is a schematic wiring diagram of circuits for code controlled
      upper-lower case shift operations.
PAR  FIG. 58A is a schematic wiring diagram for automatically shifting the
      upper-lower case switch means.
PAR  FIG. 59 is a fragmentary right side view showing principally a full
      carriage return switch, an upper-lower case switch means, and an
      upper-lower case control with portions cut away for clarity.
PAR  FIG. 60 is a fragmentary front view including a full front view of the
      upper-lower case switch means and a sectional illustration of the case
      control as viewed from line 60 -- 60 (FIG. 59).
PAR  FIG. 61 is a front view of the upper-lower case control as viewed from line
      61 -- 61 (FIG. 1).
PAR  FIG. 62 is a fragmentary view of some of the mechanism shown in FIG. 60.
PAR  FIG. 63 is a schematic wiring diagram of circuits for automatic underline
      imprinting and for automatic "bold" and "regular" shift controls.
PAR  FIG. 64 is a fragmented sectioned view of the platen taken on its
      transverse centerline, and showing primarily the line space adjusting
      clutch.
PAR  FIG. 65 is a fragmented left side view of an extra line spacing mechanism,
      and showing its connection with the platen.
PAR  FIG. 66 is a fragmented detailed view of some of the mechanism shown also
      in FIG. 65.
PAR  FIG. 67 is a slightly fragmented sectioned rear view of the line space
      mechanism as seen from line 67 -- 67 (FIG. 65).
PAR  FIG. 68 is a schematic wiring diagram of the circuits for manual and
      automatic control of the extra line space mechanism.
PAR  FIG. 69 is a slightly fragmented front view of a bold-regular, print-no
      print control assembly, and also showing the manner in which the assembly
      is secured on the righthand side of the basic typewriter frame.
PAR  FIG. 70 is a fragmented detailed front view of a key and related control
      mechanism that is shown obscurely in FIG. 69.
PAR  FIG. 71 is a fragmented and sectioned right side view of the mechanism
      shown in FIG. 70, as seen from line 71 -- 71 (FIG. 70).
PAR  FIG. 72 is a detailed front view of a key lock that is shown only in part
      in FIG. 69.
PAR   FIG. 73 is a fragmented and sectioned left side view of a switch as viewed
      from line 73 -- 73 (FIG. 69).
PAR  FIG. 74 is a schematic wiring diagram of circuits for automatic print-no
      print shifting and code cycling controls and for no print character code
      cycling controls.
PAR  FIG. 75 is a schematic wiring diagram of circuits for automatically
      controlled and manually controlled carriage return operations.
PAR  FIG. 76 is a schematic wiring diagram of circuits for automatic code
      controlled stop printer and line delete operations.
PAR  FIG. 77 is a schematic wiring diagram of circuits for automatic code
      controlled machine conditioning operations.
PAR  FIG. 78 is a schematic wiring diagram of circuits for manual forward and
      back space machine conditioning operations.
PAR  FIG. 79 is a schematic wiring diagram of circuits for manually controlled
      character and space back-spacing operations.
DETD
PAR  The following Charts "A" - "E" are referred to occasionally in the detailed
      description, and they are listed here so they may be readily found.
TBL  __________________________________________________________________________
     CHART A                                                                   
     DIFFERENTIAL CHARACTER AND WORD SPACING                                   
                     Different sized                                           
         Carriage    characters combined on related keys,                      
     Groups                                                                    
         Movement    and Spaces unaffected by case shift.                      
     __________________________________________________________________________
     A.  Upper Case                                                            
                .100"                                                          
                     " # $ % ? & ( ) * W M and .100" nut space                 
         Lower Case                                                            
                .100"                                                          
                     1 2 3 4 5 6 8 9 0 w m                                     
     B.  UC     .050"                                                          
                     '                                                         
         LC     .100"                                                          
                     7                                                         
     C.  UC     .100"                                                          
                     Q E R T Y U O P A S D F G H J K Z X C V B                 
         LC     .075"                                                          
                     q e r t y u o p a s d f g h j k z x c v b                 
     D.  UC     .075"                                                          
                     I                                                         
         LC     .050"                                                          
                     i                                                         
     E.  UC     .100"                                                          
                     L                                                         
         LC     .050"                                                          
                     1                                                         
     F.  UC     0.50"                                                          
                     : - / and .050" Nut space, and Space Bar.                 
         LC     .050"                                                          
                     : , .                                                     
     G.  UC     .075"                                                          
                     .075" nut space.                                          
         LC     .075"                                                          
     __________________________________________________________________________
      NOTE: The above includes all of the character keys, except the underline 
      key which does not cause carriage movement.                              
TBL  ______________________________________                                    
     CHART B                                                                   
     CHARACTER AND SPACE KEY CODES                                             
     Alphabet  Code   Numerals          Code                                   
     ______________________________________                                    
     A         124    1                 2                                      
     B         157    2                 23                                     
     C         147    3                 24                                     
     D         126    4                 25                                     
     E         12     5                 26                                     
     F         127    6                 27                                     
     G         134    7                 245                                    
     H         135    8                 234                                    
     I         35     9                 235                                    
     J         136    0                 236                                    
     K         137                                                             
     L         3                                                               
     M         246    Punctuation                                              
     N         167    ( , )             36                                     
     O         17     ( ; )             345                                    
     P         123    ( . )             347                                    
     Q         1      Spaces                                                   
     R         13     .050" Nut Space,  346                                    
     S         125    .075" Nut Space,  1457                                   
     T         14     .100" Nut Space,  247                                    
     U         16     Word Space (Space Bar)                                   
                                        34                                     
     V         156                                                             
     W         237                                                             
     X         146                                                             
     Y         15                                                              
     Z         145                                                             
     Underline 1456                                                            
     ______________________________________                                    
TBL  CHART C                                                                   
     JUSTIFICATION CODES:                                                      
             CODE                     CODE                                     
     QUOTIENT                                                                  
             THEREFOR    REMAINDER    THEREFOR                                 
     ______________________________________                                    
     1       5         1           7                                           
     2       6         2           67                                          
     3       256       3           267                                         
     4       356       4           257                                         
     5       2356      5           2567                                        
     6       2346      6           357                                         
     7       2345      7           367                                         
     8       2456      8           2357                                        
     9       3456      9           2367                                        
     10      1256      10          3567                                        
     11      1345      11          23567                                       
     12      1346      12          37                                          
     13      1356      13          2347                                        
     14      13456     14          2457                                        
     15      1234      15          2467                                        
     16      1235                                                              
     17      1236                                                              
     18      1245                                                              
     19      1246                                                              
     20      12456                                                             
     21      12345                                                             
     22      12356                                                             
     23      12346                                                             
     ______________________________________                                    
TBL  CHART D                                                                   
     FUNCTION CODES                                                            
     FUNCTION             CODE                                                 
     ______________________________________                                    
     Carriage return      1237                                                 
     Line Delete          3457                                                 
     Clear (Normal)       3467                                                 
     Line space           4                                                    
     Rev. Line space      45                                                   
     Upper case           46                                                   
     Lower Case           47                                                   
     No Print             456                                                  
     Print                457                                                  
     Bold face            467                                                  
     Delete, any code &,  4567                                                 
     Stop printer         56                                                   
     Back space func      57                                                   
     Regular face         567                                                  
     ______________________________________                                    
TBL  CHART E                                                                   
     CONDITION CODES                                                           
     ______________________________________                                    
     (1) Lower case, Regular face and Print,                                   
                                1,3,4,7                                        
     (2) Upper case, Regular face and Print,                                   
                                1,3,6,7                                        
     (3) Lower case, Bold face and Print,                                      
                                1,3,5,7                                        
     (4) Upper case, Bold face and Print,                                      
                                1,2,4,7                                        
     (5) Lower case, Regular face and No-Print,                                
                                1,5,6,7                                        
     (6) Upper case, Regular face, and No-print,                               
                                1,2,6,7                                        
     (7) Lower case, Bold Face and No-print,                                   
                                1,4,6,7                                        
     (8) Upper case, Bold Face and No-Print,                                   
                                1,2,5,7                                        
     ______________________________________                                    
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PAC  DETAILED DESCRIPTION
PAR  1. GENERAL FRAME MEMBERS
PAR  The machine is assembled about a sturdy four-sided base 1 (FIGS. 1, 2 and
      3), which is preferably made of angle stock formed of one or more pieces.
      A centrally located transverse T-shaped member 2, in an inverted attitude,
      is fitted between and it is secured at its ends to the side rails of the
      base 1. A solid sheet 3, fitting the dimensions of the base 1, is secured
      in any convenient manner to the under side of the base 1 for protecting
      the machine from dust or any other foreign matter upon which it may be
      set. Suitable resilient material 4 (FIGS. 1 and 2) is secured to the
      underside of the sheet 3 and the base 1 for insulating sound and vibration
      that originates in the machine from the table, desk or other work surface
      on which the machine may be placed. This material 4 is continuous and
      forms a barrier for preventing things such as pencils from being
      accidentally moved under the machine. A piece of resilient material 5 may
      be placed under sheet 3 and secured therethrough to the member 2 for
      providing more solid central machine support. Two channel members 6 and 7
      (FIG. 3), in spaced positions parallel to the sides of the base 1, are
      secured at their forward ends to the front rail of the base 1 and at their
      rearward ends to the transverse member 2. A standard typewriter frame 8 is
      assembled on the channel members 6 and 7 and secured thereto in any well
      known manner. An auxiliary frame 9 (FIGS. 3, 4, 5 and 6), which supports
      mechanism for moving the typewriter carriage 9a (FIGS. 1, 2, 5 and 8), is
      mounted on and secured to the typewriter frame 8 (FIG. 3).
PAR  An assembly containing several manual and automatic circuit changing
      mechanisms is located to the right of the standard typewriter frame 8.
PAR  The frame for this assembly consists of vertical plates 10, 11, 12, 13, 14,
      15 and 16, and horizontal base plate 17 (FIGS. 1 and 3). These plates
      10-17 are secured together to form a removable unit which rests on the
      horizontal flanges of the base 1 and is secured to the typewriter frame 8
      as by screws 18.
PAR  An assembly containing an automatic line spacing control mechanism and
      several manually operable controls including the carriage return key
      mechanism is located to the left of the standard typewriter frame 8 (FIGS.
      9 and 3). The frame for this assembly consists of vertical right and left
      side plates 19 and 20, respectively, which are parallel and securely tied
      together by transverse rods 21, 22, 23, 24, 25, 26, 27 and 28, (FIGS. 2
      and 3). This frame may be supported and secured to the left side of the
      typewriter frame 8 as by screws 28a assembled through plate 19 and secured
      into the frame 8. The screws 28a are accessible from the left through
      holes 28b in plate 20.
PAR  The main decoder assembly, a top view of which is shown in FIG. 10, is
      located to the rear of transverse member 2, FIG. 2, and rests in the
      horizontal position on the rearwardly extending flange of the member 2 and
      on the horizontal flange of the rearmost part of the base 1. The decoder
      assembly's frame consists of a forward plate 29 and a rearward plate 30,
      and several rods 494a which solidly connect the two plates 29 and 30. The
      detailed construction of the decoder will be explained hereinafter.
PAR  A number of cycling control mechanisms are assembled between a leftside
      plate 31 and an identical right-side plate 32 (FIGS. 2 and 3). The plates
      31 and 32 of this assembly rest on the top of and perpendicular to the
      plates 29 and 30 of the main decoder assembly (just mentioned) and they
      are secured thereto by four angle plates 33 and screws 34 therefor.
      Further a structural detail is given hereinafter in the section devoted to
      the cycling control mechanisms.
PAR  An automatic counting mechanism which is instrumental in justification of
      the reproduced lines is mounted on vertical plate 35 (FIGS. 1 and 3)
      located at the right rear of the machine. The plate 35 is suspended on
      spacing studs 36, 37 and 38, which are secured on the plate 35 at one end.
      The other ends of studs 36 and 37 are secured in the plate 32 of the
      cycling control assembly. The other end of stud 38 is secured to the frame
      base 1.
PAR  Further incidental frame members will be introduced herein as their
      significance becomes important.
PAR  2. TYPEWRITER IN GENERAL
PAR  A standard office typewriter (Underwood No. 5) is selected to
      illustratively indicate that any commercially developed typewriter may be
      adapted for use as a component in the combinations disclosed herein.
      Reasonably, therefore, the well known parts of the selected typewriter are
      explained briefly and all modifications thereof and additions thereto are
      described in detail.
PAR  Other commercially developed typewriters can be employed in place of the
      selected strictly mechanical Underwood No. 5. Motor driven typewriters
      having latch-control, spinning power roll and cam drive arrangements and
      other self powered types can be employed for performing the operations
      herein performed by manual or electromechanical drive means without
      departing from the spirit of the invention.
PAR  The keyboard (FIG. 8) in the illustrated embodiments is comprised of a
      nearly standard arrangement of keys. The modifications and additional
      control keys will be described under appropriate headings hereinafter.
PAR  Normal character keys 39 are adapted to be actuated for accordingly
      imprinting the appropriate character and causing the paper carriage 9a to
      be moved the appropriate letter space amount, which movement being
      differentially variable and corresponding to the particular character and
      the upper and lower case condition of the machine.
PAR  The shift keys 40 and 41 are arranged and actuatable in the well known
      manner for case shifting.
PAR  The underline key 42 is actuated for imprinting an underline mark, but does
      not cause carriage movement as do the other character keys 39. A word in a
      line being typed can be underlined by the alternate use of the underline
      key 42 and the other character keys 39 for printing the word and for
      accordingly moving the carriage 9a, without backspacing the carriage 9a
      for underlining the word.
PAR  The line space key 43 in the tape controlled typewriter does not cause
      printing or longitudinal carriage movement but is actuated manually for
      causing a single step forward line space rotation of the platen 115. The
      reverse line space key 44 is actuated manually for causing a single step
      reverse line space rotation of the platen 115.
PAR  The shift lock 45, as is customary, is actuated for holding the machine in
      upper-case condition until a shift key 40 is actuated for releasing the
      lock 45.
PAR  The character keys 39 and the underline key 42 are carried by key levers 46
      (FIG. 11) which, when actuated, operate bell-cranks 47 and type arms 48
      through a well known type-actuating arrangement.
PAR  The rearward ends of the key levers 46 are fulcrumed on a transverse rod 49
      which is rigidly held by a frame 50. The frame 50 consists of two
      transverse portions 51 and 52, and left and right ends which are secured
      to the inner sides of the typewriter frame 8. The rear transverse portion
      51 carries upwardly extending comb-like furcations 53 which are drilled to
      receive the transverse rod 49.
PAR  The key levers 46 are assembled between furcations 53 which maintain the
      rearward ends of the levers 46 in their proper spaced relation. Adjusting
      screws 54 are threaded in portion 51. Springs 55 between each lever 46 and
      its adjusting screw 54 provide the desired tension for returning the keys
      39, 42, etc. and the type actuating arrangements.
PAR  A headed stud 56 is fixed to the side of each of the key levers 46. The
      forward extensions of the bell-cranks 47 are bifurcated to receive the
      studs 56 of their related key lever 46 and the heads of the studs 56 guide
      the bell-cranks 47 in juxtaposed relationship with their respective key
      levers 46.
PAR  The forward transverse portion 52 of frame 50 has forwardly extending
      comb-like furcations 57, which maintain the bell-cranks 47 in their proper
      spaced relation and support a rod 58 on which the bell-cranks 47 are
      pivotally mounted.
PAR  The upwardly extending arms of the bell-cranks 47 support headed studs 59.
      The studs 59 are received by slots 60 in the type arms 48 and the heads of
      the studs 59 guide the upwardly extending arms of the bell-cranks 47 in
      proper juxtaposed relationship with their respective type arms 48.
PAR  The type arms 48 are arranged in a well known semi-circular fashion, being
      hung on a semi-circular bent fulcrum wire 61, and they are assembled in
      slots 62 (FIG. 12) formed in a type arm segment frame 63 which supports
      the rod 61. The frame 63 (FIG. 11) is secured to transverse support member
      64, which in turn is secured to the inner left and right sides of the
      typewriter frame 8.
PAR  Whenever a character key 39 or the underline key 42 is depressed, its key
      lever 46 pivots downwardly about the rod 49, the lever compresses its
      spring 55 slightly, and the stud 56 is swung downward. The downward
      movement of stud 56, acting on the bifurcation in the forward extension of
      the bell-crank 47, causes the bell-crank 47 to pivot counterclockwise
      about the rod 58. Counterclockwise movement of bell-crank 47 causes its
      stud 59 to move forward, and acting on the forward side of slot 60, moves
      the type arm 48 clockwise to perform the usual printing procedure of
      striking the ink ribbon and the paper against the platen 115. When the
      depressed key 39 is allowed to return, the reverse directions for
      returning the printing mechanism are assured by the spring 55 assisted by
      the effect of gravity on the type arm 48 and the leverages developed by
      the type arm 48 and bell-crank 47.
PAR  The forward line space key 43 and the reverse line space key 44 are each
      carried by a key lever 65 which is fulcrumed on the rod 49 and the key
      lever 65 is urged upward to the returned position by a spring 55, the same
      as the key levers 46. In a preferred form of the invention, the key levers
      65 do not have corresponding bell-cranks or type arms, but they do carry
      electrical contacts near their forward ends for causing the line space
      functions when the keys 43 and 44 are depressed. These contacts are
      identical to contacts carried by the character key levers 46 and they will
      be explained at the same time hereinafter.
PAR  The typewriter chosen for illustrative purposes is a well known type
      wherein the platen is shiftable up or down under control of the case shift
      keys. A typewriter wherein the type-arm segment assembly or other printing
      arrangement is moved in relation to the platen could just as well be used
      without departing from the spirit of the invention.
PAR  The shift key 41 (FIGS. 11 and 14) is carried by key lever 66, which is
      fulcrumed at its rearward end on the rod 49, and it is urged upwardly
      (clockwise) to normal position by one of the springs 55. The key lever 66
      has a vertical arm 67 adapted for affecting a case shifting bail
      arrangement which will be explained presently.
PAR  The shift key 40 (FIGS. 9 and 14), located to the left of the character key
      group, is carried by a key lever 68. This key lever 68 has the same
      general characteristics as the key lever 66 (FIGS. 11 and 14). The key
      lever 68 is fulcrumed on the rod 49, at its rearward end and it has a
      vertical arm 69 for causing case shifting and it is also spring urged to
      return.
PAR  The usual case shifting bail arrangement is comprised of a transverse bail
      rod 70, a parallel torque rod 71 which is journalled at its ends in the
      sides of the typewriter frame 8, a right side member 72 which is fixed to
      the right end of bail rod 70 and fixed to the rod 71 nearr its right end,
      and a left side member 73 which is fixed to the left end of bail rod 70
      and to the rod 71 near its left end.
PAR  The vertical arm 67 of the shift key lever 66 is arranged in engaging
      alignment with the rear edge of the side member 72 and it is constructed
      to contact the side member 72 at a point below the journalled shaft 71.
      Likewise, the arm 69 of the key lever 68 contacts the left side member 73
      at a point below the journalled shaft 71. Forward movement of either
      vertical arm 67 or 69, in response to depression of the respective shift
      key 40 or 41, causes the bail arrangement to turn clockwise for raising
      its rod 70 to its uppercase position.
PAR  A guide 74 is provided on the side member 72 and an identical one is
      provided on the left side member 73. The guides 74 are assembled through
      slots in their respective members 72 and 73 and are pressed firmly to the
      sides of the members 72 and 73 in a U shape so as to form a bifurcation
      within which the respective vertical arm 67 or 69 is guided in engaging
      alignment with the side member 72 or 73.
PAR  Depression of the shift key 40 (FIG. 14) moves the key lever 68 and its arm
      69 counterclockwise about rod 49. This counterclockwise movement of arm 69
      moves the bail arrangement clockwise about the axis of rod 71 and raises
      rod 70 to its upper case position. Depression of shift key 41 accomplishes
      the same result through its key lever 66, arm 67 and the bail arrangement
      for elevating the bail rod 70. Elevation of ball rod 70 causes the platen
      115 to be elevated to its upper case position through well known means to
      be found in the carriage 9a and which will be more fully explained later.
PAR  The weight of the platen and carriage case shift means by which the paper
      carriage platen 115 is moved upward is, to a large extent, counterbalanced
      by a spring 75 (FIG. 16). The spring 75 is connected to the side member 72
      at a point below rod 71 and the other end of the spring 75 is anchored to
      a bent over portion 76 of a member 77, which is secured to the stationary
      member 64 of the typewriter frame 8. The effectivity of the spring 75 can
      be varied by hooking the spring 75 in any of the several notches 78, which
      are differentially arranged in respect to shaft 71 and in which notches 78
      the spring 75 is connected to the lower portion of the side member 72. The
      angle of the spring's force as well as the resulting leverage of the bail
      arrangement can thus be altered to acquire the desired shift key finger
      pressure assist.
PAR  A locking means is provided to prevent the bail arrangement from being
      pivoted out of the lower case position at times when a shift key 40 or 41
      is not operated. For this provision the side member 73 (FIG. 14) extends
      downwardly in the form of an arm 79, which supports a rightwardly
      extending stud 80. The stud 80 extends through an opening 81 in the
      rearward end of a detent 82. The detent 82 is carried by a rearward
      extension of a pivotal member 83, which is fulcrumed on a stud 84 (FIGS. 9
      and 14). The stud 84 is secured to the inner left side of the typewriter
      frame 8. A torsion spring 85 is anchored to frame 8 and assembled about
      the bearing hub of member 83. The free end of the spring 85 is connected
      to the rearward extension of member 83 and urges the member 83 and detent
      82 clockwise as viewed in FIG. 14. The configuration of opening 81
      provides a blocking surface 86, which lies in the path of stud 80 when the
      bail arrangement is in the lower case position and the detent 82 is in its
      clockwise position. Counterclockwise movement of the member 83 and detent
      82 raises the blocking surface 86 out of effective position, and only then
      can the bail arrangement and, therefore, the platen 115 be moved to upper
      case position.
PAR  The blocking surface 86 of the detent 82 is rendered ineffective for
      blocking when a shift key 40 or 41 is operated. This is accomplished by an
      arrangement including a transverse shaft 87, which is journalled at its
      ends in the typewriter frame 8. A generally vertical cam member 88 (FIG.
      15) is secured to the shaft 87 near the left end thereof. A vertical cam
      lever and hook member 89 is secured to the shaft 87 near the right end of
      the shaft 87. The members 88 and 89, and another member 90, which will be
      referred to later, are secured together with shaft 87 so when one is moved
      the others move also as one. The rearward edges of members 88 and 89 carry
      cam surfaces 88a and 89a, respectively, which extend upwardly and
      forwardly. Normally the upper extremes of these surfaces 88a and 89a lie
      against pins 91 and 92, which are secured on and extend rightwardly from
      the shift key levers 68 and 66, respectively. The cam member 88 has a
      forwardly extending arm 93, which overlies the forward part of the pivotal
      member 83 (FIG. 14). When the shift key lever 66 is pivoted downward, its
      pin 92 by cooperation with the cam surface 89a moves the unit comprising
      members 87, 88 and 89 counterclockwise about the axis of shaft 87. The
      same action takes place when the shift key lever 68 (FIG. 15) and its pin
      91 are swung downwardly. Whenever the members 88 and 89, and the shaft 87
      are turned counterclockwise, the arm 93 (FIG. 14) rocks the pivotal member
      83 counterclockwise for elevating the detent 82 and raising its blocking
      surface 86 clear of the stud 80. The blocking surface 86 is raised to its
      ineffective position at or about the time the operated shift key lever 66
      or 68 and its arm 67 or 69 begin to move the bail arrangement to the upper
      case position.
PAR  The machine may also be shifted to upper case condition by depression of
      the shift lock key 45. The shift lock key 45 of this exemplary machine is
      mounted on the forward part of a rockable member 94, which is pivotally
      secured to the right side of the shift key lever 66 as by bolt 95. The
      rearward part of member 94 has a vertical extension 96, which is bent over
      180.degree. to extend downward. A lower edge 97 of this extension 96
      normally rests on top of the pin 92 for maintaining the clockwise at rest
      attitude of the member 94. This attitude is constantly urged by the
      rearward extension of a flat spring 98, which presses lightly downward on
      the top edge of member 94 at a point rearward of the pivot bolt 95. The
      forward edge of spring 98 presses against the upper edge of the shift key
      lever 66 at a point forward of bolt 95. A bent over tab 99 on the left
      side of the spring 98 is held in position against the left side of key
      lever 66 by a nut (not shown here) on the bolt 95. A top surface 100 (FIG.
      15) is located on the rearward part of member 94 and in engaging alignment
      with the stud 92. When member 94 is in its normal clockwise rest position,
      the surface 100 is angularly spaced from stud 92 for allowing limited
      counterclockwise rocking of member 94 about its pivot bolt 95. When the
      shift lock key 45 is pressed, it first causes the member 94 to rock
      counterclockwise against the tension of light spring 98, until the surface
      100 contacts the stud 92, and then it causes the shift key lever 66 to be
      moved downward and this shifts the machine to the upper case condition as
      previously described.
PAR  The machine is locked in the upper case condition, when the shift key lever
      66 is moved downward by the shift lock key 45. When the shift key lever 66
      moves downward, the pin 92 thereon acts against surface 89a and causes the
      hook member 89 to turn counterclockwise. The pin 92 is moved beyond the
      extent of surface 89a at or about the time the shift key lever 66 reaches
      upper case position. A latch surface 101 on the member 89 is located at
      the lower extent of the cam surface 89a and it is adapted to latch over
      the pin 92, when the shift key lever 66 is lowered to its upper case
      position. The latching action is assured by the spring 85 (FIG. 14), which
      urges the members 82, 83, 88, shaft 87 and the hook member 89 clockwise to
      the latching position. The machine is thus held in the upper case position
      until the hook member 89 is again turned counterclockwise. The shift lock
      key 45 may be released by depression of the shift key 40, which lowers
      shift key lever 68 and its pin 91 (FIG. 15). The pin 91 acts on surface
      88a for rotating member 88, shaft 87 and the member 89 counterclockwise to
      remove the surface 101 from the latching position, and allowing the shift
      key lever 66 to return upward to its lower case position. The machine is
      then free to return to the lower case condition as the shift key 40 is
      returned to normal position.
PAR  The shift lock key 45 is ineffective, when the shift key lever 66 is moved
      downward by depression of the shift key 41 (FIG. 14). A short stud 102
      (FIG. 15) is secured in the hook member 89 at a point above the hook
      surface 101. The stud 102 extends leftwardly beyond the edge 97 on the
      extension 96 of the member 94. A vertical edge surface 103 on the
      extension 96 of the member 93 extends upward from the forward end of the
      edge 97. When the key lever 66 is turned downwardly by depression of its
      shift key 41 (FIG. 14), the hook member 89 is turned counterclockwise by
      stud 92 and surface 89a, and the stud 102 is swung forwardly of the
      downward travel of the surface 103. Upon full depression of key lever 66,
      the surface 103 stands in the path of clockwise movement of the stud 102
      and therefore prevents the latching movement of the hook member 89.
PAR  When the shift lock key 45 is depressed and the member 94 rocked
      counterclockwise, as previously described, the surface 103 is elevated so
      the stud 102 can pass under the surface 97 and allow the hook 89 to latch
      on onto the stud 92 as previously described.
PAR  The paper carriage 9a is of a well known construction having a generally
      rectangular shaped transversely movable base carrier 104 (FIGS. 1, 2 and
      8) and a vertically shiftable platen carrier 105, which is carried by the
      base carrier 104.
PAR  A pair of bearings 106 (FIG. 5 and 17) are secured at spaced points to the
      rearward side of the base carrier 104. The bearings 106 are fitted to a
      transverse rail 107, along which the bearings 106 slide as the carriage 9a
      is moved from side to side. A pair of rail supporting portions 108 extend
      rearwardly from the rail 107 and they are secured to the typewriter frame
      8 as by screws 109 (FIG. 19) for rigid support of the rail 107. The
      forward part of the carriage 9a is supported by a wheel 110 (FIGS. 1 and
      20), which is mounted for turning on an axle stud 111. Stud 111 extends
      forward from the front of the base carrier 104 to which it is secured. The
      wheel 110 is supported by and rolls upon a transverse rail 112, which is
      fixed at its ends to the left and right sides of the typewriter frame 8. A
      member 113 is secured to the front of the base carrier 104 and extends
      forwardly under a transverse beam 114, which is secured at its ends to the
      left and right sides of the typewriter frame 8. The bottom side of the
      beam 114 is a smooth plane surface, which is situated to provide only a
      running clearance above the forward end of the member 113, for allowing
      the member 113 to move from side to side throughout such movement of the
      carriage 9a and for preventing the front of the base carrier 104 from
      being lifted out of the horizontal position otherwise determined by the
      rail 112 and the wheel 110.
PAR  The platen carrier 105 (FIGS. 8 and 17) is comprised of left and right end
      plates which lie in vertical planes, and transverse members (not shown)
      connecting the two end plates to form a rigid frame. The specific
      construction on the transverse members, the compression rollers and other
      parts, which guide the paper around the platen 115, form no part of the
      invention and, therefore, are not described in detail. The cylindrical
      platen 115 (FIG. 8) is mounted for rotation between the platen carrier end
      plates, which are provided with bearings for the platen axle shaft 116
      extending therethrough and through the platen 115. The platen 115 is
      secured to its axle shaft 116 by any well known means for rotation
      therewith.
PAR  In the illustrated form of the invention, the platen carrier 105 is mounted
      for being raised and lowered in relation to the base carrier 104 of the
      paper carriage 9a for positioning the platen 115 for the printing of upper
      case and lower case characters, respectively. In order to maintain the
      platen carrier 105 parallel in both positions, two pairs of generally
      parallel links are used. A lower pair of links 117 (FIGS. 1 and 17), one
      link 117 for each end, of the carriage 9a are pivotally connected at their
      forward ends to the platen carrier 105 as at 118 and at their rearward
      ends to the base carrier 104 as at 119. An upper pair of links, or arms,
      120 are secured at their rearward ends to a torque shaft 121 for turning
      therewith. The shaft 121 is mounted for turning in two bearings 122 (FIG.
      5), which are secured in the base carrier 104, at spaced points, near the
      ends thereof. The forward ends of the links 120 (FIGS. 1 and 17) are
      shaped to form saddles in which studs 123 rest. One such stud 123 is fixed
      to and extends outwardly from each carrier end plate. The links 120 and
      shaft 121 hold the ends of the platen carrier 105 and, therefore, the
      platen 115 in a horizontal position, and the lower links 117, following
      generally parallel to the links 120, hold the platen carrier 105 in a
      horizontal plane. A torsion spring (not shown) is connected to the shaft
      121 and to the base carrier 104 for tending to turn the shaft 121 and
      raise the forward ends of the links 120 to maintain coupled relation of
      the saddles and studs 123, and for partially overcoming the weight of the
      platen and platen 115 carrier 105 to aid in raising the platen 115 for
      upper case shifting thereof.
PAR  A wheel 124 (FIG. 1) and a follower plate 125 are connected to transverse
      members of the platen carrier 105 for holding the platen carrier 105 in
      upper and lower case shifting positions as controlled by the bail 70 of
      the case shifting bail rod arrangement. The wheel 124 is situated to ride
      on the top of the transverse bail rod 70 throughout all side to side
      movements of the carriage 9a, while the follower plate 125 slides along
      the bottom of the bail rod 70, directly under the wheel 124, and prevents
      the wheel 124 from being moved upwardly away from the bail rod 70. By the
      just described wheel 124 and follower 125, and the platen carrier 105, the
      platen 115 is moved up or down in unison with the case shifting bail rod
      70 for positioning the platen 115 in either upper or lower case position,
      respectively, as when a shift key 40, 41 is depressed or released,
      respectively.
PAR  The carriage 9a is caused to move leftwardly, forwardly, by power
      originating in a carriage moving mechanism, which will be described
      hereinafter, and it is returned to the left margin and it may be
      backspaced upon such manual control of the machine, by spring power when
      the carriage moving mechanism permits such rightward movement.
PAR  In order to return or backspace the carriage to the right, a spring means
      125a (FIGS. 21 and 22) which is contractile in nature, is connected
      between the right side of the typewriter frame 8 and the left end of the
      carriage 9a. This spring 125a is connected to the frame 8 by screws 126
      (FIGS. 21 and 22), which hold a support bracket 127 to the frame 8. A
      headed axle bolt 128 extends forwardly, and is rigidly tightened into a
      hole in the bracket 127 by a usual shoulder (not illustrated) on the bolt
      128 for contact with the front side of the bracket 127 and a nut 129 (FIG.
      22) to the rear of the bracket 127 for tightening thereagainst. A sleeve
      130 (FIG. 23) is mounted for turning on the axle bolt 128, between the
      bracket 127 and the head of the bolt 128. The sleeve 130 is turnable for
      adjusting spring tension and is lockable against rotation for maintaining
      the desired tension. A ratchet wheel 131 (FIG. 22), an escapement member
      132 and lock bolt 133 are provided for adjusting and locking the sleeve
      130. The ratchet wheel 131 is secured on the rearward end of the sleeve
      130 (FIG. 23), which, therefore, may turn only when the wheel 131 is
      allowed to turn. The escapement member 132 is pivotally mounted on a bolt
      134, which is screwed into the bracket 127 and is headed for holding the
      member 132 in engaging alignment with the ratchet wheel 131. The teeth of
      the wheel 131 (FIG. 22) are canted for preventing clockwise turning
      thereof as viewed here from the rear and the member 132 is formed, above
      its pivot 134, with a pawl portion 135, which is normally engaged with the
      wheel 131 to prevent this turning. The escapement member 132 has another
      pawl portion 136 formed at its lower end, below the pivot 134, for
      engaging the teeth and allowing the wheel 131 to turn clockwise only about
      half of a tooth, when the lock bolt 133 is removed and the escapement
      member 132 is pivoted to extract the pawl 135 from a tooth of the wheel
      131. Similarly, when the escapement member 132 is returned, its pawl 136
      is withdrawn from contact with a tooth, and, simultaneously, the pawl 135
      is inserted to allow another half of a tooth movement of the wheel 131.
      Thus, it may be seen that by reciprocating the escapement member 132, the
      wheel 131 is allowed to turn clockwise as viewed from the rear and, by
      turning the wheel 131 counterclockwise, the escapement member 132 will
      reciprocate as its pawls 135 and 136 ratchet over the teeth of the wheel
      131. The lock bolt 133 is screwed into the bracket 127 from the rear and
      it extends through the bracket 127 beyond the edge of member 132 as shown
      in FIG. 23, to block withdrawal of pawl 135 (FIG. 22) from the teeth of
      the ratchet wheel 131, when the wheel 131 is adjusted.
PAR  A spring cage 137 is mounted for turning about the sleeve 130 (FIG. 23) and
      encases a usual clocktype spring 138 (FIG. 21). The spring 138 is
      anchored, by any well known means, to the sleeve 130 and it is coiled
      thereabout in a counterclockwise direction as viewed here from the front.
      The outer end of the spring 138 is connected in a well known manner to the
      inner surface of the cylindrical wall of the cage 137 for urging the cage
      137 clockwise.
PAR  A headed stud 139 is secured to the outer surface of the cylindrical wall
      of the cage 137. Another such a stud 140 (FIG. 5) is secured on the bottom
      of the bearing 106 on the left end of the carriage base carrier 104. One
      end of a flexible tape 141 (FIGS. 21 and 23) is hooked on the stud 139
      (FIG. 21) and wound counterclockwise about the cylindrical external
      surface of the spring cage 137. The other end of the tape 141 is pulled
      sufficiently to turn the cage 137 counterclockwise and properly tension
      the spring 138 for returning the carriage 9a, and it is connected to the
      stud 140 (FIG. 16) on the carriage 9a. From the foregoing, it may be seen
      that when the carriage 9a is moved leftward, the cage 137 (FIG. 21) is
      turned counterclockwise against the tension of the spring 138, and it
      should be noted that the carriage return spring means 125a is always ready
      to move the carriage 9a rightwardly whenever such movement is permitted.
PAR  3. CARRIAGE MOVING MECHANISM
PAR  The carriage moving mechanism of the selected standard typewriter has been
      removed and one suited to differential movement of the carriage 9a for
      providing proportional letter spacing, differential work spacing, line
      justification and a declutching arrangement for automatic carriage return
      has been substituted. The substitute carriage moving mechanism is part of
      the instant invention and will be referred to hereinafter as the carriage
      moving mechanism.
PAR  A transverse gear rack 142 (FIGS. 1, 2 and 5) is solidly attached to the
      carriage 9a for movement therewith and for moving the carriage 9a
      leftwardly and controlling backspace movement thereof. The rack 142 is
      mortised at its ends into a pair of support brackets 143, which press
      against shoulders at the base of the tenons to prevent axial displacement
      of the rack 142 in respect to the brackets 143. The brackets 143 are
      secured to the ends of the carriage base carrier 104 by screws 144 (FIG.
      17) and by pilot pins 145, which are secured on the base carrier 104 and
      extend through close fitting holes in the brackets 143.
PAR  The carriage moving mechanism is assembled on the auxiliary frame 9 (FIGS.
      4 and 5), which is secured to the transverse portion 52 of the frame 50 as
      by cap screws 146. The frame 50 is secured to the typewriter frame 8, as
      previously described. The frame 9 is also secured to a transverse portion
      147 of the typewriter frame 8 as by cap 148 (FIG. 5).
PAR  Cyclic and epicyclic gear means, which constitute a major part of the
      carriage moving mechanism, are mounted on a rod 149 (FIG. 6). The rod 149
      is supported in line-bored holes in bosses 150 and 151 on upwardly
      extending portions of the frame 9 at the front and rear thereof,
      respectively. The rod 149 is held against rotation and axial movement by a
      pin 152 inserted through the shaft 149 and the rear boss 151.
PAR  The bosses 150 and 151 could just as well be split horizontally in line
      with the axis of the rod 149 so as to form bearing caps, which could be
      equipped with cap screws for easy removal of the caps to facilitate
      assembly, without departing from the spirit of the invention.
PAR  A sleeve 153 is mounted for rotation on the rod 149, near the forward end
      thereof. A carriage drive gear 154 is secured on the forward end of the
      sleeve 153 for rotation therewith about the axis of rod 149. The forward
      end of the sleeve 153 and the forward face of the carriage gear 154
      lightly engage the rearward face of the boss 150, which prevents forward
      thrust of the gear 154 and sleeve 153 and which is situated to properly
      align the gear 154 with the carriage borne rack 142. The gear 154 is
      constantly meshed with the rack 142 so they turn and move, respectively,
      together.
PAR  A positive drive clutch 155 is provided for normally transmitting drive
      motion to the sleeve 153 for forward operations and for controlling
      back-space operations, and it is disengageable for carriage return. A
      relatively large gear 155a is secured on the rearward end of sleeve 153
      for rotaton therewith. An identical gear 156 is mounted for turning about
      rod 149 in axial alignment with the gear 155a. A thrust washer 156a is
      assembled on the rod 149, between the gears 155a and 156, for maintaining
      the gears 155a and 156 in a proper free running spaced relationship. A
      wide faced clutch gear 157 (FIGS. 4 and 24) is mounted for disengagement
      and engagement with the identical gears 155a and 156 for allowing these
      two gears 155a and 156 to turn freely of each other and for causing them
      to turn in synchronism, respectively.
PAR  The clutch gear 157 hangs in a carrier assembly 157a comprising a forward
      depending lever 158, a similar rearward lever 159, and a pivot sleeve 160,
      a gear pivot stud 161 (FIG. 24) and a lower stud 162. The ends of the
      sleeve 160 and the two studs 161 and 162 are secured into the levers 158
      and 159 and extend therebetween so as to form a rigid assembly. The
      forward and rearward levers 158 and 159 guide the respective sides of the
      clutch gear 157, which is rotatively mounted therebetween on the pivot
      stud 161. This entire assembly hangs pendently on a stud 163, which
      extends rearwardly from and which is secured on a support plate 164 shown
      in FIGS. 4 and 5. The configuration of plate 164 is shown in phantom in
      FIG. 24. The plate 164 is secured to the vertical back face of the
      standard typewriter frame 8 as by screws 165 (FIG. 4 and 24).
PAR  Mechanisms for controlling the engagement and disengagement of the clutch
      gear arrangement are also mounted on the plate 164. A clutch engaging
      solenoid 166 is situated horizontally and is secured to the rearward side
      of the plate 164 by screws 167. The armature of the solenoid 166 is
      pivotally connected to the rightward end of a link 168 and the other end
      of the link 168 is pivotally connected to the lower end of the clutch gear
      assembly, as by the stud 162 (FIG. 24). When the carriage 9a is fully
      returned as will be explained, the solenoid 166 is energized for pivoting
      the gear assembly counterclockwise and engaging the clutch gear 157 with
      the gears 155a and 156 as shown.
PAR  A torsion spring 169 is assembled about sleeve 160, and its ends are
      connected to the stationary support plate 164 and the lever 159 of the
      clutch gear assembly for urging the gear assembly clockwise and for, at
      times, disengaging the gear 157 from the companion gears 155a and 156. A
      pawl 170 is provided for normally holding the clutch gear 157 in its
      engaged position and is operable for releasing the clutch 155 for the
      purpose of allowing the carriage 9a to return under tension of the
      carriage return spring 138 previously described.
PAR  The pawl 170 is fitted with a hub bearing 171, which is pivotally mounted
      on a stationary stud 172. The stud 172 is secured on the support plate
      164, extends through the bearing 171 and pawl 170, and is equipped with a
      clip or other well known means for holding the pawl 170 on the stud 172 in
      position with the forward end of the bearing 171 against the plate 164. A
      torsion spring 173 is assembled about the bearing 171, and it is connected
      to the pawl 170 and to the stationary plate 164 for urging the pawl 170
      counterclockwise from an ineffective position to its holding position
      shown here. The pawl 170 extends rightwardly and is formed with a blocking
      surface 174, which normally blocks leftward movement of the stud 162, and,
      therefore, holds the clutch gear 157 in its engaged position. The surface
      174 is situated tangentially in respect to its leading edge and to the
      pivotal axis of the pawl 170, so as to take up all tolerance between the
      surface 174 and the stud 162 as the spring 173 continually presses for
      further counterclockwise turning of the pawl 170.
PAR  A positive stop stud 175 is fixed to plate 164 and extends rearwardly
      beyond the planes of the levers 158 and 159, and it is situated for
      stopping these levers 158 and 159 and the gear 157 carried thereby in
      engaged position while maintaining running clearance between the teeth of
      gear 157 and those of the gears 155a and 156.
PAR  The pawl 170 is operable clockwise, clear of the stud 162, for permitting
      disengagement of the clutch 155. A clutch disengaging solenoid 176 is
      provided for operating the pawl 170 and thereby allowing disengagement of
      the clutch gear 157 from the gears 155a and 156. Solenoid 176 is mounted
      on the rear face of the plate 164 by bolts 177, which pass through holes
      in the plate 164 and which are screwed into the back wall of the
      typewriter frame 8 (Shown here in phantom). The armature of the solenoid
      176 is pivotally connected to a link 178. The other end of link 178 is
      also pivotally connected to the pawl 170. When the solenoid 176 is
      energized, it moves the link 178 downwardly causing the pawl 170 to turn
      clockwise to its ineffective position. When the surface 174 of the pawl
      170 is lowered clear of the stud 162, the spring 169 operates the carrier
      assembly 157a and the gear 157 clockwise to their disengaged position. As
      the assembly 157a rotates clockwise, the stud 162 of the assembly 157a
      passes over an upper edge surface 179 of the pawl 170. Surface 179 is
      provided for contacting the bottom of stud 162, upon deenergization of
      solenoid 176, and preventing return of the pawl 170 until the assembly 157
      a is again returned to its clutch engaging position.
PAR  A stud 181, similar to stud 175, is fixed to the support plate 164 in a
      position for stopping clockwise turning of the assembly 157a in the
      disengaged position. From the foregoing, it can be seen that by alternate
      use of the clutch engaging solenoid 166 and the clutch disengaging
      solenoid 176, the clutch gear 157 is moved to its engaged and disengaged
      positions, respectively.
PAR  A normally open switch 182 is provided for breaking the clutch reengaging
      circuit, when the solenoid 166 has completed its function and the pawl 170
      snaps into its effective blocking position. Illustratively, the switch 182
      (FIG. 4 and 24) is comprised of two contact blades 183 and 184, which are
      sprung to remain in contact with each other, an insulator 185
      therebetween, and insulated rivets 186 for holding the switch assembly
      together. An insulator 187, between the switch 182 and the support plate
      164, maintains the switch 182 properly spaced away from the back face of
      plate 164. The switch 182 is secured to the plate 164 by bolts 188 which
      pass through the insulators 185 and 187, and are screwed into the plate
      164.
PAR  An upwardly extending arm 189, on the pawl 170, carries an insulator 190
      which is secured to the arm 189 by rivets 191. The insulator 190 is
      situated for striking the blade 183 (FIG. 24) and moving it away from the
      blade 184 and breaking the circuit through the switch 182, when the clutch
      155 is fully engaged by the solenoid 166 and the pawl 170 is snapped
      counterclockwise into effective position by the spring 173. The clutch
      reengaging circuit, which passes through switch 182 and energizes the
      solenoid 166, will be fully described hereinafter.
PAR  A pair of switches 192 and 193 are also operated by the carriage return
      clutch for proper cycling of the carriage return function. The switch 192
      is in a tape reader control circuit, which is broken by this switch 192
      for cycling of the control tape when the carriage return code is read and
      the clutch 155 is disengaged, as will be explained hereinafter. The switch
      193 is provided for breaking a manual carriage return circuit, which
      causes disengagement of the clutch 155 upon depression of a carriage
      return key 1212 when the reproducer is being operated manually, as will
      also be fully described hereinafter.
PAR  The switch 192 is comprised primarily of a spring switch blade 194 and a
      pair of separately spaced contacts 195. Similarly, switch 193 is comprised
      of blade 196 and contacts 197. The rightward ends of blades 194 and 196
      are insulated so as not to pass current therebetween or to the parts on
      which they are mounted. The insulated ends of the blades 194 and 196 are
      secured to the forward face of the lever 159 of the clutch gear carrier
      assembly 157a by rivets 198. The blades 194 and 196 extend leftwardly only
      sufficiently to make contact with their respective contacts 195 and 197,
      when the clutch carrier assembly 157a is in its rightward engaged
      position. The contacts 195 and 197 are formed or assembled into an
      insulating support block 199 which holds them rigidly to the support plate
      164 in the just described position. The rearward ends of the contacts 195
      and 197 are preferably headed and countersunk so that the rearward face of
      the block 199 and the heads of the contacts 195 and 197 present smooth
      surfaces to the ends of the blades 194 and 196. The shanks of the contacts
      195 and 197 extend forwardly through the block 199 and a forwardly
      extending boss 200 thereof. The boss 200 extends forwardly, through a hole
      therefor in plate 164, sufficiently to thoroughly insulate the contacts
      195 and 197 from the plate 164. The foremost ends of the contacts 195 and
      197 are fitted with any suitable wire terminal end connections (not
      illustrated). The contact support block 199 is secured to the plate 164 by
      headed screws 201, the heads of which are preferably countersunk in the
      rear face of the block 199 to allow free passage of the left ends of the
      switch blades 194 and 196 thereover. The left ends of the blades 194 and
      196 are bent forwardly so as to bear only on the rearward face of the
      block 199 or on the contacts 195 and 197, depending on the condition of
      the clutch 155, and they will not touch the contacts 195 and 197 when the
      ends of the blades 194 and 196 are moved leftwardly and bear on the block
      199.
PAR  From the foregoing, it can be understood that the forwardly inclined and
      leftwardly extending contact ends of the blades 194 and 196 rest on their
      respective pair of contacts 195 and 197, when the clutch carrier assembly
      157a is in its clockwise engaged position, and that the contact ends of
      the blades 194 and 196 are out of registry with the contact 195 and 197,
      when the clutch carrier assembly 157a moves to its disengaged position.
      When engaged, current may pass through one contact 195 or 197, through its
      blade 194, 196 and the other contact 195 or 197 of the respective pair.
      When the clutch 155 is disengaged, the circuits through both switches 192
      and 193 are broken.
PAR  A clutch gear tooth aligning device 202 is provided for preventing rotation
      of clutch gear 157, when it is disengaged from the other gears 155a and
      156. This device is of a thickness suitable for entry between adjacent
      teeth of the gear 157, and is located so that an edge 203 thereof is
      aligned with a dedendum between teeth of the gear 157, generally arcuately
      aligned with the movement of the axis 161 of the gear 157. The aligning
      device 202 can be bent to attain fine adjustment of its edge 203 relative
      the appropriate dedendum, or the device may be designed to include a
      mechanical adjustment for this purpose without departing from the spirit
      of the invention.
PAR  As illustrated, the forward end of the aligning device 202 is bent over to
      form a support tab, which is secured to the rear face of support plate 164
      by screws 204. The travel distance of the gear 157 for disengagement
      thereof is less than twice the length of the teeth of the gears 155a and
      156. When the gear 157 is moved from engaged position, the edge 203 of the
      device 202 will be partly engaged by two teeth before the teeth on the
      opposite side of the gear 157 are fully disengaged from the gears 155a and
      156. Thus, the gear 157 is never allowed to turn uncontrollably and is
      held for proper reengagement.
PAR  The carriage drive gear 154 (FIG. 6) has thirty teeth and a circular pitch
      of 0.100 of an inch. The carriage gear 154 moves the carriage 9a laterally
      one fourth of a tooth or 0.025 inch per unit of movement and, therefore,
      120 units of movement per revolution. The clutch gears 155a and 156 have
      120 teeth or 1 tooth per unit of carriage movement. With this arrangement,
      the wide face clutch gear 157 can be disengaged from its gears 155a and
      156 in any unit position of the carriagge 9a for return of the carriage 9a
      to any other unit position, and at which latter position the teeth of the
      rotated gear 155a and the unmoved gear 156 are again in alignment for
      reengagement by the wide faced gear 157. As will be explained hereinafter,
      the margin stops are settable for stopping the carriage 9a only in
      positions dimensionally commensurate with 0.025 of an inch and the entire
      stop arrangement is laterally adjustable for causing alignment of the
      clutch gears 155a and 156, when the carriage 9a is in any of the margin
      stop positions.
PAR  The clutch gear 156 is rotatable by two interconnected differentials 205
      and 206, which are operated for all movements of the carriage except
      carriage 9a return.
PAR  The gear 156 is secured on the forward end of a differential output sleeve
      207, which is mounted for rotation on the rod 149. A sun gear 208 is
      secured on the rearward end of the output sleeve 207. The remaining gears
      of the differentials 205 and 206 are entrained and drive connected as
      follows: a planet gear 209 is meshed with the sum gear 208 and it is
      connected for rotation with a planet gear 210, the gear 210 is meshed with
      a sun gear 211, the gear 211 is secured on the forward end of a sleeve 212
      which is mounted for rotation on the rod 149, a sun gear 213 is secured on
      the rearward end of the sleeve 212 and it is meshed with a planet gear
      214, the gear 214 is connected for rotation with a planet gear 215, gear
      215 is meshed with a sun gear 216, and the gear 216 is secured on the
      forward end of a sleeve 217 which is mounted for rotation on the rod 149.
PAR  The adjacent discoidal faces of the sun gears 208 and 211, as well as those
      of the sun gears 213 and 216, are separated one from the other by a thrust
      washer 218, which is assembled on the rod 149 between the respective pair
      of gears 208, 211 and 213, 216.
PAR  The gear carrier for differential 205 is mounted for turning on the axially
      aligned sleeves 207 and 212 and it carries at least one pair of planet
      gears 209 and 210. This carrier for differential 205 is comprised of a
      forward plate 220 and a rearward plate 221, and at least three angularly
      spaced sleeves 222 (FIG. 25) with their ends secured on the plates 220 and
      221 as by screws 223.
PAR  The plate 220 (FIG. 27) is equipped with a bearing 224 which is mounted for
      turning on the sleeve 207. The bearing 224 is secured to the plate 220 by
      rivets 226. A thrust washer 227 (FIG. 6) is assembled on the sleeve 207
      between the bearing 224 and the clutch gear 156, and the rear face of the
      bearing 224 lies in running contact with the gear 208, for maintaining
      axial alignment of these parts. A carrier bearing 225 is rotatably mounted
      on sleeve 212 and the front face of the bearing 225 also acts as a thrust
      bearing, since it contacts the rear face of the gear 211 to maintain
      proper axial alignment. A drive ratchet wheel 228 (FIGS. 29 and 6) and the
      bearing 225 are secured together and to the plate 221 (FIG. 6) as by
      rivets 229 extending therethrough. A sleeve 230 is assembled on the sleeve
      212 between the rear face of the bearing 225 and a stationary plate 231.
      The sleeve 230 serves to prevent rearward thrust of the differential
      assembly 205.
PAR  The plate 231 is assembled on the sleeve 212; there being a hole therefor
      through which the sleeve 212 extends and may turn therein. After the
      mechanism is assembled on the shaft 149 and the shaft 149 is supported in
      the frame 9, as previously explained, the plate 231 (FIGS. 29 and 6) is
      secured as by bolts 232 to an upstanding transverse flange 233 of a
      horizontal channel member 234. The channel member 234 is bolted to the
      frame 9 by bolts 235 (FIG. 30).
PAR  The differential 206 (FIG. 6) is mounted for turning on the sleeves 212 and
      217, and it includes the planet gears 214 - 215. The carrier for
      differential 206 is comprised of a forward plate 237 and a rearward plate
      238, and at least three angularly arranged parallel spacer sleeves 239
      (like sleeves 222 in FIG. 25) with their ends fixed into the plates 237
      and 238 (FIG. 28) as by screws 240.
PAR  Bearings 241 and 242 (FIG. 6) are securely riveted to the forward plate 237
      and rearward plate 238, respectively, and are mounted for turning on the
      sleeves 212 and 217. The front face of the bearing 241 lies in running
      contact with the support plate 231 and the rear face of the bearing 241
      lies in running contact with the gear 213. In the same manner, the forward
      thrust face of bearing 242 contacts gear 216 and its rearward face
      contacts a sleeve spacer 243 for maintaining axial alignment of
      differential 206 and the gears therein. A drive ratchet wheel 244, the
      bearing 242 and the plate 238 of the carrier are secured together by
      rivets 245 (FIG. 30) for rotation of the carrier by the ratchet wheel 244.
PAR  The sleeve 243 (FIG. 6) is assembled on the sleeve 217 in axial alignment
      with the bearing 242 and its rear face bears against a stationary plate
      246. The plate 246 (FIGS. 30 and 6) is assembled on the sleeve 217, there
      being a hole therefor through which the sleeve 217 extends and may turn
      therein. When the mechanism is assembled, the plate 246 is secured, as by
      bolts 247, to an upstanding flange 248 of the channel member 234.
PAR  A ratchet wheel 249 (FIGS. 7 and 6) is secured on the rearward end of the
      sleeve 217 for at times driving the sleeve 217 and the gear 216.
PAR  A thrust washer 250 is assembled on the sleeve 217 between the wheel 249
      and the stationary plate 246 (FIG. 6) for preventing forward movement of
      the wheel 249. Other washers and mechanism, to be described hereinafter,
      are assembled on the shaft 149 between the wheel 249 and the boss 151 of
      the frame 9 for preventing rearward thrust of the wheel 249 and connected
      parts as will be described.
PAR  From the foregoing decription of the mechanisms assembled on the shaft 149,
      it can be seen the parts of these mechanisms are blocked against axial
      movement, there being only suitable tolerances thereamong for easy
      rotation of the parts.
PAR  The manner in which the planet gears 209 and 210, and 214 and 215 are
      secured together, respectively, in pairs, is identical and a description
      of one pair should suffice for the other. Accordingly, the gears 209 and
      210 (FIG. 25), with a spacer 251 therebetween, are secured together by
      rivets 252 secured therethrough. A bushing 253 is then pressed into the
      center hole of the planet gear assembly. The assembly, with a thrust
      washer 254 on either side thereof, is placed on one of the sleeves 222 of
      the planet gear carrier. The planet carrier plates 220 and 221 are then
      secured to the sleeves 222 by the screws 223 as previously explained.
PAR  It can be seen in FIG. 6 that the pair of planet gears 214 and 215 are
      secured together in the same manner as those just described. However, the
      pair of gears 214 and 215 are assembled on one of the sleeves 239 that is
      secured on the carrier plates 237 and 238 of the differential 206.
PAR  In the instant disclosure, only one pair of planet gears 209, 210 and 214,
      215 are shown in each differential, 205, 206, but additional identical
      pairs of such gears could be used without changing the affect or without
      departing from the spirit of the invention.
PAR  The illustrated gear sizes and direction of rotation of the gears in the
      carriage moving mechanism will now be described.
PAR  As previously explained, the carriage gear 154 and the clutch gears 155a
      and 156 are rotatable 1/120th of a revolution for each unitary (0.025
      inch) step of carriage movement, and all carriage movements are
      commensurate with 0.025 inch (2, 3 or 4, or more units).
PAR  In the illustrated embodiment, the gears in the differentials 205 and 206
      are all of standard gears and are comprised of only three different sizes.
      The gears 208, 209, 213 and 214 are of one size, gears 210 and 216 are
      another size, and gears 211 and 215 are of still another size. Also, the
      construction is such that like size gears can be identical, including the
      size of the center holes, etc., even though the manner in which they are
      mounted are not the same in all cases as previously described.
PAR  The ratchet wheels 228 and 244 are identical, and ratchet wheel 249 is
      similar thereto (the center hole being the only difference), and each of
      the three ratchet wheels 228, 244 and 249 have 120 teeth each. As will be
      more fully explained later, ratchet wheel 228 is operable two, three or
      four teeth at a time for causing normal carriage movements of two, three
      or four units, which movements correspond respectively to the differential
      letter, word and nut spacing. Ratchet wheel 244 is operable from one to
      twenty-three teeth at a time, simultaneously with a two teeth operation of
      wheel 228 for word spacing, for adding a respective quotient number of
      units to the normal word spacing for justifying purposes as will be
      explained hereinafter. As stated above, there is never more than a total
      of 23 units (equal to the fixed length justifying area) added to any
      justified line, regardless of the number of word spaces, and as the number
      of word spaces increase, the quotient amount decreases accordingly. Wheel
      249 is never operated more than one tooth at a time, and is operable for
      adding one more unit of movement to that caused by wheels 228 and 244 for
      a number of word spaces corresponding to the division remainder, as
      previously mentioned and as will be more fully explained hereinafter.
PAR  For each one tooth operation of any one of the ratchet wheels 228, 244 or
      249, the clutch gears 155a and 156, and the carriage gear 154 are operated
      1/120th of a revolution, or one tooth operation of the clutch gears 155a
      and 156 and one unit rotation of the carriage gear 154 for a unit (0.025
      inch) movement of the carriage 9a.
PAR  The combined transmission and differential gearing that brings about this
      proportional motion is accomplished by the interconnected differentials
      205 and 206, which are illustratively equipped with gear sizes as follows:
TBL  Gears 210 & 216: 32 D.P., 30 teeth, and                                   
                                       .9375" P.D.                             
           211 & 215: 32 D.P., 60 teeth, and                                   
                                      1.875" P.D.                              
           208, 209,                                                           
           213 & 214: 32 D.P., 45 teeth, and                                   
                                      1.40625" P.D.                            
PAR  From the foregoing list of gear sizes and as can best be seen in FIG. 26,
      the ratios of the enmeshed gears 208 and 209 are one-to-one; gears 211 and
      210 are two-to-one, respectively; gears 213 and 214 are one-to-one, and
      gears 216 and 215 are one-to-two, respectively.
PAR  In FIG. 26, the arrows indicate the direction of rotation of the ratchet
      wheels 228, 244 and 249 and their connected gear carriers, and the
      individual gears in a forward direction for advancing the carriage 9a as a
      line progresses. Rotation in the direction of the arrows will be referred
      to herein as being forward and contra directional rotation will be
      referred to as reverse, or a reverse direction.
PAR  A study of the motion resulting from a one tooth, 1/120th revolution,
      rotation of ratchet wheel 249 will be discussed first. In the interest of
      clarity and for easier understanding, it will be considered that the
      ratchet wheels 228, 244 and 249 are operated only independently, in other
      words, when one ratchet wheel is operated the others remain stationary.
PAR  When ratchet wheel 249 is rotated 1/120th of a revolution, gear 216 is also
      rotated 1/120th of a revolution. Since gear 215 is meshed with gear 216
      and it is twice the diameter of gear 216, gear 215 and gear 214 affixed
      thereto are rotated half as much or 1/240th of a revolution about their
      common axis. Gear 213 is meshed with gear 214 of the same size and it is,
      therefore, also rotated 1/240th of a revolution about its own axis. Since
      gears 213 and 211 are connected for rotation together, gear 211 is also
      rotated 1/240th of a revolution. Gear 211 being twice the size of the
      intermeshed gear 210, rotates gears 210 twice as much or, in other words,
      1/120th of a revolution. The 1/120th revolution of gear 210, through the
      gear 209 connected for rotation therewith, drives gears 208, which is the
      same size as gear 209, 1/120th revolution. Since gear 208 and clutch gear
      156 are connected for rotation together, the clutch gears 155a,  156 are
      rotated counterclockwise 1/120th of a revolution, which is the amount and
      direction the clutch gears 155a, 156 are rotated to cause a single unit of
      carriage movement, as previously explained.
PAR  When the ratchet wheel 244 is rotated one tooth, 1/120th of a revolution,
      the gear carrier of differential 206 is rotated therewith. If it were not
      for the epicyclic rotation of gears 215 and 214, the gear 213 would be
      rotated 1/120th of a revolution forwardly with the carrier. However, since
      gear 215 is moved bodily about relatively stationary gear 216 and since
      gear 215 is twice the size of gear 216, the gear 215 and the connected
      gear 214 are rotated 1/240th of a revolution in the reverse direction
      about their own axis. Since the carrier is moved forwardly 1/120th of a
      revolution and gear 214 is rotated reversely 1/240th of a revolution, the
      enmeshed gear 213 is rotated forwardly only the remaining 1/240th of a
      revolution. Since the gear 213 is rotated forwardly 1/240th of a
      revolution for one tooth operation of ratchet wheel 244 and since the gear
      213 is rotated forwardly 1/240th of a revolution for one tooth operation
      of ratchet wheel 249 as previously explained, this forward 1/240th of a
      revolution is transmitted through the differential 205 in the same manner
      as for the one unit operation of wheel 249, as previously described, for
      rotating the clutch gears 155a , 156 and carriage gear 154 forwardly for
      moving the carriage 9a forwardly one unit.
PAR  When the ratchet wheel 228 is rotated forwardly one tooth, 1/120th of a
      revolution clockwise in the direction of the arrow, the gear carrier of
      differential 205 is rotated therewith. If it were not for the epicyclic
      rotation of the companion gears 210 and 209, the gear 208 would be rotated
      1/120th of a revolution clockwise with the carrier. However, since gear
      210 is moved bodily about the relatively stationary gear 211 and since
      gear 210 is half the size of gear 211, the gear 210 and the connected gear
      209 are rotated 1/60th of a revolution forwardly about their own axis.
      Since the carrier is moved 1/120th of a revolution clockwise, which is
      reverse in respect to the rotation of gear 208, and since gear 209 is
      rotated forwardly 1/60th of a revolution, the enmeshed gear 208 is rotated
      forwardly 1/120th of a revolution, the other 1/120th of a revolution of
      gear 208 being counteracted by the contradirectional rotation of the
      carrier. Thus it is seen that the gear 208 is rotated 1/120th of a
      revolution forwardly for each one tooth forward operation of ratchet wheel
      228, the same as it is moved for each corresponding operation of ratchet
      wheels 244 and 249 as previously explained. Also as previously explained,
      1/120th of a revolution of gear 208 results in the same rotation of the
      clutch gears 155a, 156 and the carriage gear 154 for moving the carriage
      9a one unit or 0.025 of an inch.
PAR  Since, as just explained, the carriage 9a is moved one unit for a one tooth
      operation of any one of the ratchet wheels 228, 244 or 249, it can be
      understood that a multiple tooth operation of any one ratchet wheel 228,
      244, 249 will result in the same number of units movement of the carriage
      9a and that the result of the operation of one ratchet wheel 228, 244 and
      249 will be added to the result of simultaneous operation of another or
      others of the ratchet wheels 228, 244 or 249. It should also be understood
      that simultaneous operation of more than one ratchet wheel 228, 244 and
      249 will cause a single movement of the carriage 9a equal in units to the
      number of teeth accumulated on the operated ratchet wheels 228, 244 or
      249.
PAR  The ratchet wheel 228 is provided for operating the carriage moving
      mechanism to shift the carriage 9a appropriately for the various size
      characters and spaces. The wheel 228 is normally held from rotating,
      primarily for preventing the carriage 9a from moving in the return
      direction under tension of the carriage return spring 138 previously
      described.
PAR  The wheel 228 may be rotated clockwise, in the direction of the arrow "F"
      (FIG. 29), 2, 3 and 4 teeth at a time for causing the corresponding 2, 3
      and 4 units (0.050 inch, 0.075 inch and 0.100 inch) normal forward
      movements of the carriage 9a, and it is so operated appropriately for
      these differential letter and word spaces, whether the reproducing machine
      is controlled automatically by the control tape 412 or it is controlled by
      manipulation of the keyboard keys 39, for example, as will be described.
      When the machine is being operated manually, the wheel 228 may also be
      controlled to permit the carriage return spring 138 to shift the carriage
      9a differentially reversely 2, 3 and 4 units during back spacing
      operations as will be described later. The structure of the mechanism for
      holding, and for rotating the ratchet wheel 228 clockwise during forward
      operations, will now be described.
PAR  A detent 255 (FIG. 29) is normally engaged with the teeth on ratchet wheel
      228 for positively preventing reverse operation of the ratchet wheel 228
      and for yieldably preventing forward operation of the ratchet wheel 228.
      Detent 255 is pivoted on a rod 256 (FIGS. 4 and 29) that extends between
      and is secured to the plate 231 and to a plate 257. The plate 257 is
      supported on the rod 256 and on an identical rod 258 that is also secured
      on plates 231 and 257. The plate 257 is further supported on a rod 259
      that is secured to plate 257, that extends through a hole therefor in
      plate 231 and that extends through and is secured in any known manner to
      plate 246 (FIG. 30). A torsion spring 260 (FIG. 29) is anchored on the
      plate 257 and it is connected to detent 255 for urging the detent 255
      clockwise to the effective position shown.
PAR  A drive pawl 261 is pivoted on a rivet 262 that is secured on a bellcrank
      263. The bellcrank 263 is pivoted on the sleeve 230 (FIG. 6) that is
      concentric with rod 149 as described. A contractile spring 264 (FIG. 29)
      is anchored on a stud 265 that is secured on plate 231, and it is
      connected to pawl 261 for urging the pawl 261 clockwise against the teeth
      of the wheel 228. The effect of spring 264, acting on pawl 261, also urges
      bellcrank 263 counterclockwise to normally rest against the rod 259 as
      shown. A link 266 is pivotally connected to the bellcrank 263 and to the
      armature of a motivating solenoid 267. Solenoid 267 is secured on a plate
      268 which is secured on plates 231 and 246 (FIG. 5). Operation of solenoid
      267 (FIG. 29) pulls link 266 rightwardly, and this rotates the bellcrank
      263, moves the pawl 261 and rotates the wheel 228 clockwise about the axis
      of rod 149. The clockwise movement of pawl 261 is limited by its
      engagement with a stop 269, 270, or 271 for terminating the clockwise
      rotation of wheel 228 at the equivalent of a 2, 3 or 4 teeth extent,
      respectively.
PAR  The stops 269 and 270 are shiftable from their illustrated effective
      positions counterclockwise to ineffective positions, while stop 271 is
      stationary. Stop 271 is secured to plates 231 and 257, as by bolts 272,
      and it extends between the plates 231 and 257 in engaging alignment with
      the end of pawl 261. The stop 269 and 270 are generally U-shaped, their
      ends being pivoted on the rod 259 and their joining portions normally
      being situated in engaging alignment with the end of pawl 261. A pair of
      relatively strong springs 273 and 274 are connected to a horizontal plate
      275, and they are individually connected to the stops 269 and 270,
      respectively, for urging the stops 269 and 270 clockwise in their
      illustrated normal positions against a stud 276 that is secured on plate
      231. The plate 275 is secured on and extends between the vertical plates
      231 and 246 (FIG. 30).
PAR  When the pawl 261 (FIG. 29) is operated, an end surface 277 of the pawl 261
      engages the first effective stop 269 and a surface 278 of the pawl 261
      engages under the edge of the stop 269 for preventing ratcheting of the
      pawl 261 and preventing overrotation of the wheel 228 when the pawl 261 is
      stopped. Since the axis of pawl 261, on rivet 262, is at a greater radius,
      from the axis of rod 149, than its surface 277 on the pawl 261, the force
      of the impact of the surface 277 with one of the stops 269, 270 or 271
      forces the pawl 261 harder against the teeth of wheel 228 for preventing
      clockwise overrotation of the wheel 228 when the pawl 261 is stopped after
      two, three or four teeth steps of the wheel 228. In addition to the
      leverage developed within the pawl 261 and its mounting for preventing
      overrotation, the surface 278 on the pawl 261 also latches under the
      effective stop 269, 270 or 271 for further assisting preventing of
      overrotation of the wheel 228. When the solenoid 267 is operated to drive
      the pawl 261 and wheel 228 the equivalent of two teeth on the wheel 228,
      the stop 269 is effective and the surface 277 is stopped thereagainst
      while the surface 278 latches under the edge of the stop 269 for adding
      the inertia of the stop 269 and the tension of its spring 273 to the
      tension of the spring 264 for preventing overrotation of the wheel 228
      beyond two teeth movement. When the stop 269 is rendered ineffective is
      will be described presently and the stop 270 is effective, the surface 277
      is stopped against stop 270 and the impact force drives the pawl 261
      against the wheel 228 as described, and further the surface 278 is latched
      under the edge of stop 270 and the inertia of stop 270 and the tension of
      spring 274 is added to that of spring 264 for preventing overrotation of
      the wheel 228 beyond three teeth movement. When both stops 269 and 270 are
      rendered ineffective as will be described, the surface 277 is stopped
      against stop 271 and the surface 278 is latched under the edge of the
      stationary stop 271 for preventing rotation of the wheel 228 beyond the
      maximum four units (four teeth) movement.
PAR  As described, the shiftable stops 269 and 270 are normally held in
      effective position against stud 276 by their respective springs 273 and
      274 as shown. The means for selectively rendering these stops 269 and 270
      ineffective will now be described. A link 279 is pivotally connected to
      the stop 269 and to the armature of a solenoid 280 that is secured on the
      plate 275. A shorter link 281 is connected to the stop 270 and to the
      armature of a solenoid 282 that is also secured on the plate 275. A stud
      283 is secured on the rearmost side portion of the U-shaped stop 270, and
      it extends forwardly under the rearward side portion of the U-shaped stop
      269, so that counterclockwise movement of stop 270 will cause the stop 269
      to be likewise moved therewith.
PAR  At times, the solenoid 267 is operated for rotating the wheel 228 two teeth
      for advancing the carriage 9a two units (0.050 inch) following imprinting
      of two unit characters and at other times for providing a two unit word or
      nut space, as the case may be, and, at such times the wheel 228 and pawl
      261 are stopped by stop 269 as described. When a three unit (0.075 inch)
      character or nut space is provided, the solenoids 267 and 280 are operated
      together. In this second instance, the solenoid 267 operates wheel 228 as
      described, and the solenoid 280 pulls link 279 and rotates the two unit
      stop 269 counterclockwise to its ineffective position against tension of
      spring 273. In this second instance, the pawl 261 drives the wheel 228
      three units and it is stopped against stop 270. In a third instance, the
      solenoid 267 is operated to drive the wheel 228 forwardly four teeth for a
      four unit carriage movement, and, at the same time, the solenoid 282 is
      operated to render both stops 269 and 270 ineffective. In this third
      instance, the pawl 261 is stopped against the stationary stop 271 for
      limiting the rotation of the wheel 228 to four teeth (four units). When
      the solenoid 282 is operated, it pulls link 281 for rotating the stop 270
      counterclockwise, and by the stud 283 on the stop 270 the stop 269 is
      moved together with the stop 270 to the counterclockwise ineffective
      position. In each of the above instances, the detent 255 ratchets over the
      teeth of the wheel 228 for holding the wheel 228 in its final position
      when the solenoid 267 is deenergized. Upon deenergization of solenoid 267,
      the pawl 261 ratchets counterclockwise while spring 264 returns the
      bellcrank 263 to the illustrated normal position. Following respective
      operations according to the second and third instances above, the solenoid
      280 is deenergized to permit the spring 273 to restore stop 269 to
      effective position, and the solenoid 282 is deenergized to permit springs
      273 and 274 to restore the stops 269 and 270 respectively, clockwise to
      their effective positions against stud 276 as shown. In order to properly
      continue the sequences that include the three operational instances
      described in the preceding paragraph, a switch means 284 is provided for
      signalling the instant that the solenoid 267 completes its operation of
      shifting the pawl 261 against the first effective stop 269, 270 or 271. An
      arm 285 is an integral extension of bellcrank 263, and it carries a switch
      blade 286 that is insulated from the arm 285 and is secured thereto in a
      known manner. Blade 286 is tensed rearward to normally press ineffectively
      against the plate 231. An insulator 287 is secured generally on the
      rearward side of plate 231, by screws 288, and a rectangular central
      portion of the insulator 287 extends through a close fitting hole 289 in
      plate 231 so as to present a plane surface that is flush with the front
      plane surface of plate 231. Three pairs of contacts 290, 291; 292, 293 and
      294, 295 are carried by the insulator 287 in positions so that the pairs
      are selectively engaged by the blade 286 when the bellcrank 263 and arm
      285 are in the two, three and four unit operated positions, respectively.
PAR  As will be explained later, the contacts 290 and 291 are the only pair that
      is effective when the motivating solenoid 267 is operated alone. The
      contacts 292 and 293 are the only pair that is effective when the
      solenoids 267 and 280 are operated together. Contacts 294 and 295 are the
      only pair that is effective when the solenoids 267 and 282 are operated
      together. Therefore, current will pass through the blade 286 and the
      effective pair of contacts 290, 291; 292, 293, or 294, 295 as soon as the
      wheel 228 has been shifted forward two, three or four units, respectively,
      in a normal forward cycle of operations to be described later.
PAR  Structual details of mechanism for performing manually controlled back
      spacing operations of wheel 228 and the carriage 9a will now be described.
PAR  As previously described, the spring means 125a (FIG. 21) exerts return and
      back-space directional force on the carriage 9a, and, as also explained,
      reverse directional rotation of wheel 228 (FIG. 29) is normally prevented
      by detent 255.
PAR  During manually controlled back spacing operations, an escapement
      motivating solenoid 296 and stop solenoids 297 and 298 are utilized,
      instead of the forward movement and control solenoids 267, 280 and 282
      that were described above. Likewise, a stationary stop 299 is utilized
      instead of the stationary stop 271.
PAR  In order to perform manually controlled back spacing operations in the
      reproducer, the operator must first shift a forward and back space control
      key 300 (FIG. 8) to the "back space"  position, and then he must operate
      the character and space keys to effect the actual back space operations.
      When the key 300 is shifted to "back space"  position, a solenoid 301
      (FIG. 29) is automatically operated, as will be explained later, for
      rendering the forward drive pawl 261 ineffective. The solenoid 301 is
      secured on plate 231. A link 302 is pivotally connected to the armature of
      solenoid 301 and to a member 303 that is pivoted on the rod 259, between
      the end portions of the U-shaped stop 269. A finger 304 on member 303 is
      situated in engaging alignment with a stud 305 on pawl 261. A contractile
      spring 306 is connected to member 303 and to a latch member 307, for
      normally urging the member 303 and its finger 304 clockwise away from stud
      305, and for urging the latch member 307 clockwise. Latch member 307 is
      pivoted on a screw 308 that is secured on plate 231. A stud 309 on latch
      member 307 is normally pressed clockwise against the member 303 as shown.
      When the solenoid 301 is energized, it pulls the link 302 and rotates the
      member 303 and its finger 304 counterclockwise, for pressing finger 304
      against stud 305 and rotating pawl 261 to ineffective position, clear of
      the teeth on wheel 228. At about the time when solenoid 301 is fully
      operated, the latch member 307 is snapped clockwise, by spring 306, as its
      stud 309 shifts over a latching surface 310 on member 303 for holding
      member 303 in operated position and for thus holding pawl 261 in its
      ineffective position during back spacing operations.
PAR  When the solenoid 301 is operated, an insulator 311 on the lower end of the
      armature of the solenoid 301 closes a normally open switch 312, and the
      switch 312 is held closed during back spacing operations, in preparation
      for restoring the just described back space conditioning mechanism as will
      be explained later. The switch 312 is secured on plate 231.
PAR  A link 313 is pivotally connected to the latch member 307 and to the
      armature of a solenoid 314 that is secured on plate 231. An insulator 315
      is secured on the lower end of the armature of solenoid 314, and, in the
      illustrated normal position of the parts, the insulator holds a switch 316
      in closed condition. The switch 316 is secured on the rearward face of
      plate 231, in any well known manner, and the blades of the switch 316 are
      angled forwardly under the insulator 315. When the spring 306 shifts the
      stud 309 clockwise into latching position as described, the latch member
      307 pulls the link 313, the armature of solenoid 314 and the insulator 315
      upward for permitting the switch 316 to open. When the switch 316 opens,
      it breaks the circuit through the solenoid 301 as will be explained later.
      However, from the foregoing, it can be seen that operation of solenoid 301
      renders the forward drive pawl 261 ineffective, it closes the switch 312
      and, through the latching of member 303 in operated position, the solenoid
      301 indirectly causes the switch 316 to open. Moreover, it can be seen
      that the switch 316 opens appropriately for deenergizing solenoid 301,
      when the solenoid 301 is fully operated for conditioning the carriage
      moving mechanism to perform back spacing operations.
PAR  The escapement mechanism operated by solenoid 296 and controlled by stop
      solenoids 297 and 298 will now be described. Solenoid 296 is secured on
      plate 257, and a link 317 is pivotally connected to the armature of the
      solenoid 296 and to a bellcrank 318. The bellcrank 318 is pivoted on the
      rod 256, just to the rear of the detent 255 which serves as a part of the
      back space escapement mechanism in addition to the previously described
      detent function. A stud 319 is secured on and extends rearward from the
      bellcrank 318. A similar stud 320 is secured on and extends rearward from
      detent 255. The studs 319 and 320 may be equipped with antifrictional
      rollers (319a and 320a, respectively) as may be desired. The studs 319 and
      320 extend respectively under and over a finger 321 that is a part of an
      escapement pawl 322. Pawl 322 is pivoted on a rivet 323 that is secured on
      a member 324. Member 324 is pivoted on the sleeve 230 (FIG. 6) which is
      concentric with rod 149 and which is concentric with the axis of wheel
      228. A contractile spring 325 (FIG. 29) is connected to member 324 and to
      a stud 326, that is secured on plate 231, for urging the member 324
      clockwise to normally rest against a stud 327, that is also secured on
      plate 231. A contractile spring 328 is connected to the member 324 and to
      the pawl 322 for urging the pawl 322 counterclockwise, in the normal
      position, where its finger 321 presses down on stud 319 for yieldably
      holding the bellcrank 318 in clockwise position against a stud 329 secured
      on plate 231. The pawl 322 extends forwardly over the teeth on wheel 228,
      and, normally as shown, the pawl 322 is held clear of the teeth. Also, in
      the illustrated normal position of member 324, the pawl 322 is poised in a
      half step position in respect to the next clockwise tooth on wheel 228.
PAR  The stop solenoids 297 and 298 are secured on the rearward side of the
      plate 231. Preferably, the forward ends of the solenoids 297 and 298 are
      equipped with bushings 330 and 331, respectively, and the bushings 330 and
      331 have male threads that are secured in threaded holes therefor in the
      plate 231. The solenoids 297 and 298 comprise forward end core stops 332
      and 333, respectively, that are normally withdrawn rearward in any known
      manner sufficiently to be at least flush with the forward end of their
      bushings 330 and 331 as well as being generally flush with the forward
      face of plate 231. When a solenoid 297 or 298 is energized, it extends its
      stop 332 or 333, respectively, forward through its bushing, 330 or 331
      sufficiently to be in blocking alignment with counterclockwise movement of
      an arm 334. Arm 334 is an integral part of the member 324. The stop 332 is
      located arcuately the proportional equivalent of one unit (one tooth) step
      of the wheel 228 away from arm 334, and the stop 333 is located two units
      away from the arm 334. Also, the stationary stop 299 is located three
      units from member 324.
PAR  When the machine is conditioned for back spacing and a two unit character
      or space key is manipulated, the solenoids 296 and 297 are energized by
      circuitry to be described later. However, when these solenoids 296 and 297
      are energized, the solenoid 297 extends its stop 332 into blocking
      position, and the solenoid 296 pulls link 317 and rotates the bellcrank
      318 counterclockwise for moving stud 319 upward. Upward movement of stud
      319 pushes the finger 321 and stud 320 generally upward for rotating the
      pawl 322 clockwise and the detent 255 counterclockwise. Clockwise rotation
      of pawl 322 lowers it against the wheel 228, and counterclockwise rotation
      of detent 255 disengages it from a tooth on the wheel 228. It should be
      noted that the pawl 322 is partially engaged between a pair of teeth on
      the wheel 228, before the detent 255 is fully disengaged. When the detent
      255 is shifted clear of a tooth on the wheel 228, the carriage return
      spring 138 shifts the carriage 9a reversely and the wheel 228 reversely
      (counterclockwise), and the action created by solenoid 296 is limited only
      by full engagement of the pawl 322 at the root of the next clockwise tooth
      of the wheel 228. When the pawl 322 is shifted fully clockwise, the top
      and bottom edge surfaces of its finger 321 are arcuately concentric with
      the axes of the member 324 and wheel 228. As the wheel 228 rotates
      counterclockwise, it first moves freely one half of a tooth, then it
      engages the pawl 322 and moves the pawl 322 and member 324 the equivalent
      of one more tooth, at which point the action is interrupted by engagement
      of arm 334 with the now effective stop 332. Thus, the wheel 228 is rotated
      one and one half teeth reversely and the wheel 228 is in a half step
      position in respect to detent 255. When the solenoids 296 and 297 are
      deenergized, as will be described later, the stop 332 is held in effective
      position by the force of arm 334 thereagainst while the spring 260 returns
      the detent 255. Clockwise return of detent 255 presses its stud 320 down
      on finger 321 for restoring pawl 322 counterclockwise and for pressing the
      finger 321 down on stud 319 until the bellcrank 318 is stopped against
      stud 329. As the detent 255 engages between teeth on the wheel 228, the
      pawl 322 begins to withdraw from a tooth on the wheel 228, and, when the
      pawl 322 disengages, the wheel 228 rotates the remaining one half a tooth
      against the detent 255 for completing its two units of rotation and for
      thus permitting the carriage a to complete its two unit back space
      movement. Also, when the pawl 322 is thus disengaged from the wheel 228,
      the spring 325 restores the member 324 and arm 334 clockwise to normal
      position where member 324 is stopped against stud 327 as shown. As the arm
      334 moves away from stop 332, the stop 332 withdraws to its ineffective
      position. Thus, the carriage 9a is back spaced appropriately for a two
      unit character or space, and the escapement mechanism is restored to the
      illustrated normal condition.
PAR  When the machine is conditioned for back spacing and a three unit character
      or space key is manipulated, the solenoids 296 and 298 are energized, as
      will be described later. Energization of solenoid 298 causes its stop 333
      to be shifted into blocking position and solenoid 296 operates the
      escapement pawl 322 and detent 255 in the same manner as described above
      for a two unit back spacing operation. When the detent 255 releases the
      wheel 228, the carriage return spring 138 shifts the carriage 9a and the
      wheel 228 reversely, and the wheel 228 first moves freely one half of a
      tooth where the next tooth on the wheel 228 then moves pawl 322 and member
      324 the equivalent of two teeth, where the arm 334 is stopped by the
      effective stop 333. Thus, the wheel 228 has moved two and a half teeth
      reversely, and the wheel 228 is in a half step position relative to detent
      255. When solenoids 296 and 298 are deenergized, the detent 255 reengages
      wheel 228 and pawl 322 releases the wheel 228, and the wheel 228 rotates
      the remaining half a tooth against the detent 255 for completing its three
      units of rotation and for thus controlling the carriage 9a in a three unit
      back space operation. As explained in the previous example condition,
      return of the pawl 322 to its counterclockwise position permits the spring
      325 to return member 324 and arm 334, and the stop 333 is thereby freed
      and it returns to its ineffective position. Thus, the carriage 9a is back
      spaced for a three unit character or space and the escapement mechanism is
      restored to normal.
PAR  When the machine is conditioned for back spacing and a four unit character
      or space key is manipulated, the solenoid 296 alone is operated, while the
      stops 332 and 333 remain ineffective. In this case, the solenoid 296
      operates the escapement pawl 322 and detent 255 as described previously,
      and, upon disengagement of the detent 255 from the wheel 228, the carriage
      9a and the wheel 228 are shifted reversely. Whereupon, the wheel 228 first
      moves freely a half tooth and the next tooth then moves pawl 322 and
      member 324 the equivalent of three teeth, and this action is terminated
      upon engagement of the member 324 with the stationary stop 299 that is
      secured on plate 231. Thus, the carriage 9a and wheel 228 have moved three
      and a half units and the wheel 228 is in a half step position relative to
      detent 255. When solenoid 296 is deenergized, the detent 255 reengages the
      wheel 228 and pawl 322 releases the wheel 228 which then rotates the
      remaining half a tooth against the detent 255 for thus controlling the
      carriage 9a to complete a four unit back space movement. When pawl 322
      releases wheel 228, the spring 325 returns member 324 against stud 327,
      and the escapement mechanism is again in the illustrated normal condition.
PAR  The operator may return the forward and back space control key 300 (FIG. 8)
      to "forward" position, for restoring the machine to normal forward
      operation condition. When he does this, a circuit, that will be fully
      described later, passes through the then closed switch 312 (FIG. 29) and
      the solenoid 314. Operation of solenoid 314 causes its insulator 315 to
      close the switch 316 in preparation of a future back space conditioning
      operation as will be described, and the solenoid 314 pulls link 313 and
      rotates member 307 counter clockwise against tension of spring 306 for
      shifting the stud 309 off of surface 310. When this occurs, spring 306
      rotates member 303 clockwise for pulling the link 302 upward and for
      permitting the spring 264 to reengage the forward drive pawl 261 to the
      illustrated normal position against the wheel 228. Upward movement of link
      302 pulls the armature of solenoid 301 and the insulator 311 upward for
      permitting the switch 312 to open and for thereby breaking the circuit
      through solenoid 314. At this point, the mechanism is again conditioned
      for normal forward operations.
PAR  The ratchet wheel 244 (FIG. 26) is operable forwardly only
      (counterclockwise, in the direction of the arrow) and it is operated for
      justifying purposes only. In this particular embodiment, wheel 244 is
      operated simultaneously with wheel 228, only when the wheel 228 is
      operated for forward word spaces and only when the reproducer is operated
      automatically according to precoded information on the control tape 412.
      In this embodiment, the justifying amounts are added to word spaces only,
      but the invention can be adapted to add the justifying amounts to letter
      spaces only or to both letter spaces and word spaces without department
      from the spirit of the invention.
PAR  As will be fully explained later, the first code for a line may be a
      quotient code and such a quotient code will cause control mechanism to be
      set for controlling the wheel 244 (FIG. 30) to add the quotient amount
      (number of units) to word spaces in that line. When the control mechanism
      is set to a position representing one or more units and the reproducer is
      operated according to a word space code, the wheel 244 is operated for
      adding the number of units that correspond to the quotient of the amount
      left over in the unjustified line on the composer divided by the number of
      word spaces in that line, to the word space for justifying purposes in the
      reproducer.
PAR  The control mechanism for limiting the number of teeth (number of units)
      extent of the operations of the wheel 244 will now be described. An
      adjustable stop member 335 is pivoted on the sleeve spacer 243 (FIG. 6)
      concentrically with the axis of rod 149 and wheel 244 (FIG. 30). A torsion
      spring 336 is connected to member 335 and to a stud 337, that is secured
      on plate 246, for rotating the member 335 clockwise to the illustrated
      normal position against a rod 338. The rod 338 is secured on plate 246 and
      on plate 231 (FIG. 29).
PAR  A solenoid 339 (FIG. 30) is provided for setting the stop member 335 in an
      operated position. Solenoid 339 is secured on the plate 275, and a link
      340 is pivotally connected to the armature of the solenoid 339 and to the
      member 335.
PAR  When the solenoid 339 is energized, it pulls link 340 and rotates the stop
      member 335 counterclockwise to one of twenty-three operated position. As
      stated above, there is never more than a total of 23 units (equal to the
      fixed length justifying area) added to any justified line, regardless of
      the number of word spaces, and as the number of word spaces increase, the
      quotient amount decreases accordingly. Twenty two stop solenoids 341, with
      respective suffix numbers 1 - 22, are arranged in positions corresponding
      to the first twenty two operated positions of the stop member 335. The
      solenoids 341 are equipped with normally withdrawn stops 342 that are
      individually designated by suffix numbers 1 - 22. The solenoids 341 are
      secured on the rearward face of the plate 246, and their normally
      ineffective stops 342 extend forwardly generally no more than flush with
      the forward face of the plate 246, in a manner similar to that described
      for solenoids 297 and 298 (FIG. 29). The arrangement is such that, upon
      operation of a solenoid 341 (FIG. 30), its respective stop 342 is extended
      forwardly into blocking alignment with counterclockwise movement of member
      335 for stopping the member 335 in the respective operated position. Upon
      deenergization of a solenoid 341, its stop 342 is withdrawn to ineffective
      position, in a known manner. A stud 343 is secured on plate 246 and it
      extends forwardly in blocking position for stopping member 335 in the
      twenty third (last) operated position.
PAR  A locking pawl 344 is normally engaged with a segment of mating teeth 345
      on the stop member 335 for preventing rotation of the member 335 and for
      thus holding the member 335 in one of its 24 positions (normal position or
      an operated position 1-23). Pawl 344 is pivoted on a stud 346 that is
      secured on the plate 246. In the illustrated position of pawl 344, a stud
      347 on the pawl 344 is latched by a pawl 348 for preventing disengagement
      of pawl 344. Pawl 348 is pivoted on a screw 349 that is secured on plate
      246. A spring 350 is connected to pawl 348 and to the plate 246 for urging
      the pawl 348 into latching position as shown. A link 351 is pivotally
      connected to pawl 348 and to the armature of a solenoid 352, which is
      provided for disengaging the latch as will be explained. A member 353 with
      a customary spacing hub is pivoted on the stud 346 forward of the pawl
      344. A relatively heavy torsion spring 354 is assembled on the hub of
      member 353, and it is connected to the member 353 and to the stud 347 for
      normally urging the member 353 counterclockwise against the stud 347. A
      stud 355 is secured on the depending arm of member 353. A link 356 is
      pivoted on stud 355, and it is also pivotally connected to the armature of
      a solenoid 357 that is secured on plate 246. A contractile spring 358 is
      connected to stud 355 and to a stud 359 that is secured on plate 246. An
      insulator 360 is secured on member 353 in engaging alignment with a
      normally open switch 361 that is secured on plate 246. A stud 362 is
      secured on member 353 and a pawl 363 is normally urged against the stud
      362 as shown. Pawl 363 is pivoted on a screw 364 that is secured on plate
      246, and a torsion spring 365 is connected to the pawl 363 and to plate
      246 for urging the pawl 363 counterclockwise. A link 366 is pivotally
      connected to pawl 363 and to the armature of a solenoid 367 that is
      secured on plate 246. In the illustrated normal position of pawl 363, an
      insulator 368, secured on the pawl 363, holds a switch 369 closed as
      shown. The normally closed switch 369 is secured on plate 246, and it is
      connected in a reader control circuit that will be described later.
PAR  The arrangement is such that, upon completion of a line and return of the
      carriage 9a, the solenoid 352 is energized, by circuitry to be described
      later. However, upon operation of solenoid 352, the solenoid 352 pulls
      link 351 and rotates pawl 348 counterclockwise against a rod 370. Rod 370
      is secured on and extends between the plate 231 (FIG. 29) and the plate
      246 (FIG. 30). Counterclockwise rotation of pawl 348 releases stud 347,
      and permits the spring 358 to rotate member 353, stud 347 and locking pawl
      344 to ineffective position against rod 370. Disengagement of pawl 344
      from teeth 345 permits the spring 336 to restore the stop member 335
      clockwise to the illustrated normal position against rod 338. Thus, the
      stop member 335 is restored to normal position, and the locking pawl 344
      is disengaged so that the member 335 may again be set counterclockwise for
      an ensuing line. As will be explained hereinafter, return of the carriage
      9a may cause the control tape 412 and the codes for an ensuing line to be
      fed into the main reader, and the first code for the new line may be a
      quotient code. When a quotient code is read and the main decoder is
      operated accordingly, the solenoid 339 is operated together with a stop
      342 (1 - 22) or it may be operated alone, for rotating the member 335 a
      number of increments from one to twenty two, or to twenty three,
      respectively, as described, for setting the member 335 in a particular
      quotient representing position. As stated above, there is never more than
      a total of 23 units (equal to the fixed length justifying area) added to
      any justified line, regardless of the number of word spaces, and as the
      number of word spaces increase, the quotient amount decreases accordingly.
      When the member 335 is thus positioned, a switching means is effective for
      completing the setting sequences as will now be described.
PAR  A blade 371 is secured on and it is insulated from the end of member 335,
      in a known manner. Blade 371 is flexed rearward and it is arranged to
      engage a conductor strip 372 and successive contacts 373 when member 335
      is moved to operated position 1 to 23, as described. The strip 372 and
      individual contacts 373 (1 -23) are mounted on an arcuately shaped
      insulator 374 that is secured on the plate 246. Suffix numbers 1 - 23 are
      associated with the individual contacts 373, and the respective contacts
      373,1-23 are situated to be individually engaged by the lower end of the
      blade 371, when the member 335 is stopped by a respective stop 342 - 1 to
      342 - 22 or 343, in the operated positions 1 - 23 of the stop member 335.
      As will be described later in connection with circuit diagrams, each
      contact 373 - 1 to 373 - 23 is effective only when the member 335 is moved
      to and stopped in the corresponding operated position. Also, as will be
      explained later, the solenoid 357 is connected in circuit with the
      conductor stip 372 and, thus, the solenoid 357 is operated as soon as the
      blade 371 is engaged with an effective contact 373 and the member 335 is
      stopped in an operated position corresponding to the quotient code.
PAR  When the solenoid 357 is operated, it pulls link 356, rotates member 353
      clockwise and by tension of strong spring 354 the locking pawl 344 is
      engaged with teeth 345 for locking the member 335 in operated position. As
      soon as pawl 344 is shifted to locking position, the pawl 348 is shifted
      to the illustrated latching position. When the pawl 344 is stopped by
      teeth 345, the member 353 is rotated a bit further by solenoid 357 against
      tension of spring 354 for closing the switch 361. When the member 353 is
      rotated clockwise sufficiently to assure full engagement of switch 361,
      the pawl 363 latches counterclockwise over stud 362, under tension of
      spring 365, for permitting the switch 369 to open, and for latching member
      353 in operated position and thereby holding switch 361 closed.
PAR  The opening of reader control circuit switch 369 breaks the main reading
      circuit and thereby deenergizes the main decoder which then deenergizes
      the solenoid 339, any operated stop solenoid 341 and the solenoid 357, as
      will be described later. Breaking of the main reading circuit causes the
      quotient code to be fed out of the main reader and completion of this tape
      feeding operation causes a circuit that runs through the now closed switch
      361 and the solenoid 367 to be completed, as will be explained later.
      Thus, the solenoid 367 is operated to pull link 366 and rotate pawl 363
      clockwise for closing switch 369 and for releasing stud 362. Closure of
      switch 369 remakes the main reading circuit for reading the next code in
      the line, as will be explained. The release of stud 362 permits springs
      354 and 358 to return the member 353 counterclockwise against the stud 347
      for permitting the switch 361 to open and to thereby deenergize the
      solenoid 367.
PAR  In the just described manner the stop member 335 may be rotated and locked
      in an operated position corresponding to a quotient code, and tape
      handling and main reading circuitry is controlled by completion of the
      stop setting operations as will be described more fully hereinafter. As
      stated above, there is never more than a total of 23 units (equal to the
      fixed length justifying area) added to any justified line, regardless of
      the number of word spaces, and as the number of word spaces increase, the
      quotient amount decreases accordingly.
PAR  The manner in which the wheel 244 may be rotated for adding a predetermined
      justifying quotient amount to each normal word space will now be
      described. A motivating solenoid 375 (FIG. 5) is secured on the plate 231.
      A link 376 (FIG. 30) is pivotally connected to the armature of solenoid
      375 and to a member 377 that is pivoted on the sleeve spacer 243 (FIG. 6)
      concentric with the rod 149 (FIG. 30). A drive pawl 378 is pivotally
      mounted on the member 377 and it is urged against wheel 244 by a
      contractile spring 379 that is connected to the pawl 378 and to the member
      377. A torsion spring 380 is connected to the stud 337 and to the member
      377 for urging the member 377 clockwise to normal position against rod 338
      as shown.
PAR  A stop stud 381 is secured on the adjustable stop member 335, and it is
      thus shiftable to quotient representing positions with the member 335. A
      curved surface 382 on the upper end of pawl 378 is formed to abut the stud
      381 and to shift slightly under the stud 381 (between stud 381 and the
      wheel 244), when the pawl 378 is moved against the stud 381.
PAR  The arrangement is such that, when the member 335 is set in a
      counterclockwise quotient representing position (1 -23) as described,
      operation of solenoid 375 pulls link 376, rotates member 377 and the pawl
      378 rotates the wheel 244 counterclockwise (forwardly as described) a
      number of teeth corresponding to the quotient amount. At the end of this
      motion, the pawl 378 engages the stud 381, and the surface 382 in
      cooperation with the stud 381 prevents overrotation of the wheel 244
      beyond the quotient representing amount.
PAR  When the wheel 244 is rotated the quotient amount, as just described, a
      switch means is closed to signal the completion of that operation. A
      conductor 383 is insulated from and it is secured on the member 377. A
      pair of identical blades 384 and 385 are insulated from each other and
      from the member 335 on which the blades 384 and 385 are secured. Another
      pair of blades 386 and 387 are secured on member 335, and they are also
      insulated from each other and from the member 335. The blade 384 and blade
      386 are conductively connected directly with each other, and the blades
      385 and 387 are connected as by a small bit of wire 388. The leftward ends
      of blades 386 and 387 are flexed rearward, through a hole 389 in the
      member 335 and through a hole 390 in the plate 246, and they respectively
      engage arcuate conductors 391 and 392 in all positions of the member 335
      on which the blades 386 and 387 are mounted as described. The conductors
      391 and 392 are secured on insulators 393 and 394 that are secured on the
      rearward side of plate 246. When the stop member 335 is rotated and locked
      in a counterclockwise quotient representing position as described, the
      blades 384 and 385 are shifted with the stop member 335 the same amount
      away from the conductor 383. Thereafter, during reproduction of the line,
      when the solenoid 375 is operated to add the quotient amount to the normal
      word space as described, the conductor 383 will engage the blades 384 and
      385 at about the time the wheel 244 is operated the quotient amount and
      the drive pawl 378 is stopped against the stud 381. Thus, as soon as wheel
      244 is operated the quotient amount, the conductor 383 is engaged with the
      blades 384 and 385. When this occurs, a circuit to be described fully
      hereinafter is complete through the conductor 391, blade 386, blade 384,
      conductor 383, blade 385, wire 388, blade 387 and conductor 392 for
      signalling the completion of the operation and for continuing the
      sequences of the operation as will be explained later. It can also be seen
      that deenergization of solenoid 375 permits spring 380 to restore member
      377 and conductor 383 clockwise for breaking the circuit between blades
      384 and 385.
PAR  A detent 395 is pivoted on the rod 259 and it is urged against wheel 244 by
      a spring 396 connected to the detent 395 and anchored in a known manner.
      When the wheel 244 is operated counterclockwise to add to quotient amount,
      the detent 395 ratchets over the teeth on the wheel 244 and, at other
      times, the detent 395 prevents reverse rotation of the wheel 244. For
      example, when the solenoid 375 is deenergized and spring 380 returns
      member 377 against rod 338, the pawl 378 ratchets clockwise over the teeth
      on wheel 244, while the detent 395 holds the wheel 244 in its operated
      position.
PAR  The ratchet wheel 249 (FIGS. 7 and 26) is operable forwardly
      (counterclockwise) only, and it is operable only one tooth at a time for
      adding one unit to each word space for as many word spaces as correspond
      to the remainder in a justifying computation, as will be described later.
      As stated above, there is never more than a total of 23 units (equal to
      the fixed length justifying area) added to any justified line, regardless
      of the number of word spaces, and as the number of word spaces increase,
      the quotient amount decreases accordingly.
PAR  A motivating solenoid 397 (FIGS. 30 and 7) is secured on the rearward side
      of plate 231 (FIGS. 4, 5 and 29). A link 398 (FIG. 7) is pivotally
      connected to the armature of solenoid 397 and to a member 399 that is
      pivoted on the rod 149 (FIG. 6). A drive pawl 400 (FIG. 7) is pivotally
      mounted on the member 399, and a contractile spring 401 is connected to
      pawl 400 and to member 399 for urging the pawl 400 against wheel 249. A
      torsion spring 402 is anchored on the frame 9 and it is connected to
      member 399 for urging the member 399 clockwise in normal position against
      the rearward extension of stationary rod 338. A stationary stud 403 is
      secured on plate 246 (FIG. 5) in a position for stopping pawl 400 (FIG. 7)
      when the pawl 400 has shifted wheel 249 one tooth (one unit)
      counterclockwise. A curved surface 404 on the end of pawl 400 is arranged
      to abut stud 403 and to engage under the stud 403 for preventing
      overrotation of the wheel 249 at the end of the one step movement. A
      detent 405 is pivoted on the rod 259, and a torsion spring 406 is
      connected to detent 405 and anchored in any manner for urging the detent
      405 counterclockwise and for holding wheel 249 in its last operated
      position.
PAR  Operation of solenoid 397 pulls link 398, rotates member 399, moves drive
      pawl 400 and rotates wheel 249 counterclockwise, while the detent 405
      ratchets one tooth. At the end of one tooth rotation of wheel 249, the
      stud 403 stops the pawl 400 and the wheel 249 in operated position. When
      the solenoid 397 is deenergized as will be described, the spring 402
      restores the drive mechanism generally clockwise to the illustrated normal
      position where the member 399 is stopped against the rod 338. The solenoid
      397 is operated simultaneously with the solenoid 267 (FIG. 29) for adding
      one unit to the normal two unit word space, respectively, as will be
      described later.
PAR  4. STRUCTURE IN THE MAIN READER CIRCUIT
PAR  As described in our copending application (in THE UNITED STATES PATENT
      OFFICE, for "Justifying, Text Writing Composing Machine", Ser. No.
      213,045, filed Dec. 28, 1971), our combined arrangement of the "Composing
      Machine" of the copending application Ser. No. 213,045, filed Dec. 28,
      1971 and the "Reproducing Machine" of the instant application includes a
      text and general function encoding means, a back space and deleting
      reading device for correction purposes, justifying encoding means and a
      main reading device for controlling reproducing operations, arranged in
      that order in respect to the flow of code media therethrough, together
      with slack code media sensing means and automatic media handling means,
      are assembled into a single unit for performance of automatic encoding,
      automatic deleting, and automatic justifying reproducing operations
      without any manual handling of the code media. The "single unit"  encoding
      and reading assembly is preferably secured as a sub-assembly on the
      composing machine, of the application Ser. No. 213,045, filed Dec. 28,
      1971, and the main reader of the "single unit" is connected to the
      reproducing machine, of the instant application, by wires, or by wires and
      communication means such as teletype, radio, or any other means capable of
      transmitting codified information, all as discussed thoroughly in the
      application Ser. No. 213,045, filed Dec. 28, 1971. It should also be
      understood that a reproducing machine of the instant application may have
      an attached main reading device for controlling the reproducing machine
      according to previously encoded media. However, to avoid repetitious
      description, the "single unit" encoding and reading assembly will be
      herein considered as being on the composing machine of the copending
      application Ser. No. 213,045, filed Dec. 28, 1971, and the main reader
      thereof as being simply connected to the reproducing machine by wires.
PAR  This and the next several sub1topics are devoted to the structures that are
      included in a code media reading circuit to be described later.
PAR  Punched tape is the type of code media chosen as exemplary. Since the main
      reader 407 (FIG. 31), the related tape feed mechanism 408 and the slack
      tape sensing means 409 were described thoroughly in the above mentioned
      application, Ser. No. 213,045, filed Dec. 28, 1971, they will be described
      only briefly herein.
PAR  a. Main Reader
PAR  The main reader 407 is comprised primarily of seven channel related sensing
      springs 410 that are arranged to individually sense a common conductor
      plate 411 through any aligned channel related code punch holes on a
      control tape 412 that is shiftable therethrough. When no code punch holes
      are aligned with the sensing springs 410, the tape 412 insulates the
      sensing springs 410 from the plate 411.
PAR  b. Slack Tape Sensing Means
PAR  In the composing machine of our application, Ser. No. 213,045, filed Dec.
      28, 1971,  encoded tape 412 is accumulated in a line storage buffer or
      loop 413, ready for reproducing purposes. When a buffer loop 413 is
      formed, the slack tape sensing means 409 closes a switch 414, whereupon
      the reproducing machine may operate according to the codes in the loop
      413, as will be explained. When the loop 413 is eliminated, by completion
      of the work in the reproducing machine, the tape 412 is drawn down and the
      slack tape sensing means 409 opens the switch 414 for delaying further
      operation of the reproducing machine, until further material is encoded by
      the composing machine and the new material is fed into the buffer loop 413
      as described in the application Ser. No. 213,045, filed Dec. 28, 1971.
PAR  c. Main Reader Tape Feed Mechanism
PAR  The main reader's tape feed mechanism 408 is comprised primarily of a
      rotatable ratchet wheel and sprocket means 415 that is operable for
      advancing the tape 412 one code space increment per operation in the
      direction of the arrow, and this tape feed mechanism 408 also includes a
      drive pawl 416, a cocking solenoid 417, and a pair of normally closed
      switches 418 and 419. The arrangement is such that, upon operation of
      solenoid 417, the pawl 416 is ratcheted one tooth on the ratchet wheel of
      the ratchet wheel and sprocket means 415, and the switches 418 and 419 are
      snapped open at the end of the stroke. Upon deenergization of solenoid
      417, a return spring 420 returns the drive pawl 416 for rotating the
      ratchet wheel and sprocket means 415 one tooth clockwise and thereby
      feeding the control tape 412 one step forward, and the spring 420 also
      returns the mechanism 408 for closing the switches 418 and 419 at the end
      of the return stroke. From the foregoing, it can be understood that, upon
      energization of solenoid 417, the switches 418 and 419 are opened, and
      that, upon deenergization of solenoid 417, the pawl 416 and ratchet wheel
      and sprocket means 415 advance the tape 412 one step forward and the
      switches 418 and 419 are again closed.
PAR  d. Automatic Feed-Read Switch, Means
PAR  A feed-read switch means 421 will now be described. As described in our
      application Ser. No. 213,045, filed Dec. 28, 1971, blank (uncoded) space
      is provided on the control tape 412 between the justifying codes at the
      beginning of a line of encoded information and the first text code of the
      line, and also blank space is provided on the control tape 412 between a
      carriage return code at the end of the line and the first code for an
      ensuing line. Thus, the word "feed", of the feed-read switch means 421,
      refers to the condition where the tape feed mechanism 408 must be
      controlled to feed consecutive steps of blank tape 412. Similarly, the
      word "read" refers to the condition where the main reader 407 reads a code
      and the operations of the tape feed mechanism 408 must be coordinated with
      the performance of the reproducing machine as controlled by consecutive
      codes on the tape 412 as will be fully described later herein.
PAR  A "READ"  solenoid 422 is secured on the plate 31 (FIG. 2). An insulator
      423 is secured on one end of the solenoid's armature and an insulator 424
      is secured on an extension of the other end of the armature. A spring 425
      is mounted on the armature between the solenoid body and the insulator 423
      for normally holding the armature and its insulators 423 and 424 in the
      illustrated leftward position. A normally closed switch 426 is secured on
      plate 31 in alignment with insulator 423 for being opened thereby upon
      operation of the solenoid 422. A switch 427 is secured on plate 31 in
      position to be normally held open by insulator 424 as shown. A latch means
      428 is pivoted on a stud 429 that is secured on plate 31. A torsion spring
      430 is connected to latch means 428 for normally urging the latch means
      428 clockwise against insulator 423. A "feed" solenoid 431 is secured on
      plate 31 and a link 432 is pivotally connected to the armature of the
      solenoid 431 and to the latch mean 428 for rotating the latch means 428
      counterclockwise against tension of spring 430 upon operation of the
      solenoid 431.
PAR  The arrangement is such that operation of the "read" solenoid 422 shifts
      the insulators 423 and 424 rightward, for opening switch 426 and
      permitting switch 427 to close, respectively. When switches 426 and 427
      are fully shifted, as just described, the spring 430 shifts the latch
      means 428 into effective position for holding the insulators 423 and 424
      and switches 426 and 427 in shifted position. As will be explained later,
      the latch means 428 may hold the mechanism in operated position throughout
      a number of consecutive reading cycles. However, following reading of a
      justifying code or a carriage return code and the resulting operation of
      the composing machine, the "feed" solenoid 431 is energized by a circuit
      to be described later. Operation of solenoid 431 pulls link 432 and
      rotates the latch means 428 against tension of spring 430 to release the
      insulator 423. Whereupon, the spring 425 restores the armature of solenoid
      422 and the insulators 423 and 424 leftward for opening the switch 427 and
      permitting the switch 426 to close, as shown.
PAR  e. Main Reader Control Key
PAR  A reader control key 433 (FIGS. 8 and 31) is shiftable from the illustrated
      normal rearward "start" position to a forward "stop" position for manually
      terminating the main reading processes, and thereby stopping code
      controlled operations of the reproducing machine. Provision is also made
      for automatically shifting the key 433 to the "stop" position in response
      to a stopprinter code on the control tape 412, as will be explained later.
      Paper may be changed in the paper carriage 9a of the reproducing machine,
      and also the reproducing machine may be operated manually for adding
      personalized names, addresses etc., in a code controlled form letter or
      for operating the reproducing machine as an ordinary typewriter, when the
      reader control key 433 is in the "stop" position. When the machine is
      ready for further code controlled operations (for example, new paper is
      properly inserted in the carriage 9a and the left margin stop 1067 is set
      to locate the column), the operator may return the reader control key 433
      to the "start" position for initiating reader controlled operations, as
      will be described later herein.
PAR  The reader control key 433 (FIGS. 9 and 32) is pivoted on a bolt 434 that
      is secured on the frame plate 19. A bellcrank 435 (FIG. 32) is also
      pivoted on the bolt 434. A contractile spring 436 is connected to
      leftwardly extending studs 437 and 438 that are respectively secured on
      the key 433 and the bellcrank 435. When the key 433 is shifted
      counterclockwise to the illustrated "start" position, the spring 436 holds
      the key 433 counter-clockwise against the transverse rod 24, and, since
      the centerline of spring 436 is then to the left of pivot bolt 434, the
      bellcrank 435 is snapped clockwise against the rod 23 by the spring 436.
      When the key 433 is shifted clockwise to the "stop" position, the
      centerline of spring 436 is shifted to the right of bolt 434 for holding
      the key 433 against the rod 21 and for snapping the bellcrank 435
      counterclockwise against the rod 22. The rods 21 - 24 are secured on and
      they extend between the frame plates 19 and 20 (FIG. 9) as previously
      described.
PAR  A bell 439 (FIG. 32) is sounded whenever the key 433 is shifted to "stop"
      position. This audible signal indicates that the machine has stopped
      reproducing operations as will be explained, and the signal is
      particularly helpful to alert an operator who may be involved in other
      work at a time when the reader control key 433 is shifted to "stop"
      position as a result of a stop printer code on the control tape 412. When
      a stop printer code is read by the main reader 407, a solenoid 440 is
      energized, as will be described later. Solenoid 440 is secured on the
      plate 19, and a link 441 is pivotally connected to the armature of the
      solenoid 440 and to a downward extension of the key 433. Operation of
      solenoid 440 pulls link 441 and rotates the key 433 clockwise against rod
      21, and this causes the spring 436 to snap the bellcrank 435
      counterclockwise against rod 22 as described. The upper end of a clapper
      support wire 442 is secured on bellcrank 435 and a clapper 443 is secured
      on the lower free end of the wire 442. The arrangment is such that the
      rapid counterclockwise rotation of bellcrank 435 moves the wire 442 and
      clapper 443 therewith, and, when the bellcrank 435 is abruptly stopped
      against rod 22, the weight and momentum of the clapper 443 springs the
      wire 442 to permit the clapper 443 to strike and ring the bell 439. The
      bell 439 is secured on an angle bracket 444 as by a rivet 445, and the
      bracket 444 is secured on plate 19, in any well known manner.
PAR  When the reader control key 433 is in "start" position and bellcrank 435 is
      in its illustrated clockwise position as described, an insulator 446 that
      is secured on the bellcrank 435 holds two identical switches 447 and 448
      closed as shown. Switches 447 and 448 are secured side by side, as shown
      best in FIG. 9 on the frame plate 19 in any known manner. A single-pole
      double-throw switch 449 (FIG. 32) is also secured on plate 19 and its
      center blade 450 is situated in engaging alignment with the insulator 446.
      With the mechanism conditioned as shown, the blade 450 is engaged with a
      blade 451 of the switch 449. When the key 433 is shifted to "stop"
      position and the bellcrank 435 is snapped counterclockwise as described,
      the insulator 446 permits the switches 447 and 448 to open and it shifts
      the blade 450 to disengage from blade 451 and to then engage a blade 452
      of the switch 449. From the above, it can be seen that the switches 447
      and 448 are closed and that the switch 449 is conditioned with blade 450
      engaged with blade 451 as shown, when the key 433 is in "start" position.
      Also, when the key 433 is in "stop" position, the switches 447 and 448 are
      open, and the switch 449 is shifted so that blade 450 is disengaged from
      blade 451 and it is engaged with blade 452.
PAR  f. Cycling Control Mechanisms
PAR  Three reader control circuit switches 453, 454 and 455 (FIG. 31) are
      included in a cycling control assembly that is supported between the
      parallel left and right side plates 31 and 32 (FIG. 2). A first bank of
      cycling control mechanisms are arranged side by side as indicated in FIG.
      37 and as viewed from line 37 -- 37 (FIG. 2). A second bank of cycling
      control mechanisms are similarly arranged as indicated in FIG. 38 and as
      viewed from line 38 - 38 (FIG. 2), but the mechanism in FIG. 38, as it is
      situated in the machine, is turned around in FIG. 38 so that the left side
      plate 31 is on the right of the view and the right side plate 32 is on the
      left. The FIG. 38 is situated in this manner so that parts in this view
      are parallel to and identifiable with similar parts in the bank of cycling
      control mechanisms in FIG. 37.
PAR  Each cycling control mechanism is provided for controlling the sequences of
      operations that are necessary to perform a distinct type of function in
      the reproducer. The structure of each cycling mechanism will be described
      in connection with the type of function that it controls. However, the
      structure of the assembly and the parts that are common to a number of the
      mechanisms within the assembly will be described now.
PAR  The first bank of cycling control mechanisms are mounted on or about
      stationary rods 456 (FIG. 2), 457, 458, 459 and 460 that are secured on
      and extend between the plates 31 and 32 (FIG. 37). Two types of cycling
      control mechanisms are included in the first bank of such mechanisms and
      they are shown in FIGS. 39 and 40, but their parts will be described
      later. However, a transverse solenoid support member 461 is secured on the
      plates 31 and 32 (FIG. 37). A transverse switch support member 462 (FIG.
      39) is also secured on the plates 31 and 32 (FIG. 37). Similarly parts of
      the second bank of cycling control mechanisms are mounted on or about rods
      463 (FIGS. 41, 42 and 43), 464, 465, 466 and 467, on two transverse
      solenoid support members 468 and 469, and on two switch support members
      470 and 471, and the ends of these rods 463-467 and members 468-471 are
      secured on the plates 31 and 32 (FIGS. 2 and 38). Three types of cycling
      control mechanisms are included in the second bank and they are shown in
      FIGS. 41, 42, and 43, but they will be described particularly later
      herein. From the above, it can be seen that the left and right side plates
      31 and 32 (FIG. 2), and transverse rods and members 456 - 471 are secured
      together to form a rigid cycling control mechanism frame.
PAR  The reader control circuit switch 453 (FIGS. 39 and 31) is normally closed
      as indicated, and it is secured on plate 31 (FIG. 37) in engaging
      alignment with an insulator 472. Insulator 472 is secured on the leftward
      end of a transverse bail 473 that is common to the first bank of cycling
      control mechanisms. The left end of bail 473 (FIG. 39) is secured on a
      support member 474, and the rightward end of the bail 473 (FIG. 37) is
      secured on a support member 475. The support members 474 and 475 are
      secured on a shaft 476 that is pivoted in bushings 477 and 478 secured on
      plates 31 and 32, respectively. A torsion spring 479 (FIG. 39) is anchored
      on rod 458 and it is connected to member 474 for urging the unit formed of
      member 474, shaft 476, member 475 (FIG. 37), bail 473 (FIG. 39) and the
      insulator 472 counterclockwise, about the axis of shaft 476, where the
      insulator 472 holds switch 453 closed as shown. A link 480 is pivotally
      connected to an upward extension of member 474 and to the armature of a
      solenoid 481 that is secured on plate 31 (FIG. 37). When one of the
      cycling control mechanisms in the first bank is operated, the bail 473
      (FIG. 39) is pushed downward against the tension of spring 474, as will be
      described, for lowering insulator 472 and permitting switch 453 to open.
      When the sequence of operations initiated by operation of the cycling
      control mechanism and the opening of switch 453 is completed, the solenoid
      481 is energized as will be described later. When solenoid 481 is
      operated, it pulls link 480, and rotates the unit including member 474,
      shaft 476, bail 473 and insulator 472 counterclockwise for raising bail
      473 and insulator 472 to restore the operated cycling control mechanism as
      will be described and to close the reader control circuit switch 453,
      respectively.
PAR  The reader control circuit switch 454 (FIGS. 42 and 31) is normally closed
      as shown, and it is secured on plate 32 (FIG. 38) in engaging alignment
      with an insulator 482. Insulator 482 is secured on the leftward end of a
      transverse bail 483 that is common to all but one of the cycling control
      mechanisms in the second bank. The only mechanism in this bank that is not
      associated with the bail 483 is the mechanism situated between the section
      lines 43 -- 43 and 41 -- 41, and shown in FIG. 43, as will be described
      later. Bail 483 (FIG. 42) is secured on a support member 484, and the
      other end of the bail 483 is secured on a support member 485 (FIG. 38).
      Support members 484 and 485 are secured on a shaft 486 that is pivoted in
      bushings 487 and 488 secured on plates 31 and 32, respectively. A torsion
      spring 489 (FIG. 42) is anchored on rod 465 and it is connected to member
      484 for urging the unit formed of member 484, shaft 486, member 485 (FIG.
      38), bail 483 (FIG. 42) and the insulator 482 counterclockwise, about the
      axis of shaft 486, where the insulator 482 normally holds switch 454
      closed as shown. A link 490 is pivotally connected to member 484 and to
      the armature of a solenoid 491 that is secured on plate 32 (FIG. 38). When
      one of the cycling control mechanisms that is associated with the bail 483
      is operated, the bail 483 (FIG. 42) is pushed downward, as will be
      described, for lowering insulator 482 and permitting switch 454 to open.
      When the sequence of operations initiated by operation of a cycling
      control mechanism and opening of the switch 454 is completed, the solenoid
      491 is energized as will be described later. Operation of solenoid 491
      pulls link 490, and restores the unit including member 484, shaft 486,
      boil 483 and insulator 482 counterclockwise for raising bail 483 and
      insulator 482 to restore the operated cycling control mechanism as will be
      described and to close the reader control circuit switch 454,
      respectively.
PAR  The reader control circuit switch 455 (FIG. 31) is secured on the switch
      support member 471 (FIG. 38), and it is part of a line delete cycling
      control mechanism that will be described later in connection with FIG. 43.
      For the moment, it is sufficient to know that the switch 455 is normally
      closed, that it is opened only in a sequence of line deleting operations
      and that it is automatically closed when a deleted portion of the control
      tape 412 is completely fed through the main reader 407, as will be
      described later.
PAR  g. Cycling Control Switches That Are Part Of Other Major Components
PAR  The reader control circuit switch 369 (FIG. 31) is instrumental in cycling
      the control tape 412 following reading of a quotient code for justifying
      purposes, as described in topic "3. Carriage Moving Mechanism", as
      described in connection with FIG. 30, and as will be described further
      hereinafter. At the moment, it may be instructive to recall that the
      switch 369 is normally closed, that it is opened only when the member 335
      is set according to a quotient code, and that it is again closed as soon
      as the quotient code is fed out of the main reader 407.
PAR  The reader control circuit switch 192 (FIG. 31) is provided for cycling the
      control tape 412 following reading of the carriage return code as
      described in topic "3"  and as described in connection with FIG. 24. It
      may be recalled that the switch 192 is normally closed as shown, that it
      is opened upon reading of a carriage return code and disengagement of
      clutch 155 (FIG. 31), and that it is again closed when the carriage 9a is
      fully returned and the clutch 155 is again engaged.
PAR  A normally closed reader control circuit switch 492 is part of a
      upper-lower case switch means 493 that will be described later in
      connection with case shifting operations and control of character spaces
      by the upper-lower case switch means 493. For the present, it is
      sufficient to know that the switch 492 is momentarily opened each time
      there is a case shift sequence of operations.
PAR  h. Main Decoder
PAR  The main decoder 494 is provided for initiating automatic operational
      sequences of the reproducer as controlled by the codes on the tape 412
      that are sensed by the main reader 407.
PAR  The main decoder 494 is shown particularly in FIGS. 47, 48, 49 and 10, and
      it is shown schematically in FIG. 50. The decoder's forward frame plate 29
      (FIGS. 2 and 3) rests on the rearward flange of the transverse frame
      member 2 and the rearward plate 30 rests on the forward flange of the
      rearmost portion of the main frame 1, as previously mentioned, and the
      plates 29 and 30 may be respectively secured to the member 2 and frame 1
      in any known manner. The decoder 494 is housed generally between the
      plates 29 and 30, which are spaced and held rigidly parallel to each other
      by eight similar rods 494a (FIGS. 2 and 10) the ends of which are secured
      to the plates 29 and 30.
PAR  A motivating solenoid 495 (FIG. 50) is relative to the number "1" code
      channel, as indicated here. Solenoid 495 (FIGS. 48 and 10) is secured on
      the rearward plate 30. An insulator 496 (FIG. 48) is secured on the remote
      end of the armature of solenoid 495. A single-pole double-throw switch 497
      is secured on the plate 30, and its center blade "a" normally holds the
      insulator 496 and the armature in extended position where the insulator
      496 is stopped against a stud 498 that is secured on plate 30. The blade
      "a" is also normally engaged with a blade "b" of the switch 497. Upon the
      reading of a number "1" code channel and consequent energization of the
      solenoid 495, its armature and the insulator 496 are retracted for
      disengaging the blade "a" from blade "b" and engaging it with a blade "c"
      of the switch 497. Thereafter, the insulator 496 is stopped in operated
      position against a stud 499 that is secured on plate 30. Upon
      deenergization of the solenoid 495, the blade "a" returns the armature and
      insulator 496 to normal position, and it disengages from blade "c" and
      reengages with blade "b".
PAR  Motivating solenoids 500 - 505 (FIG. 50), which are relative to code
      channels "2" - "7", respectively, are provided for operating respective
      groups of switches 506 - 511. As indicated schematically, the arrangement
      of these solenoids 500-505 and switches 506-511 is the same in principle
      as that provided for channel "1" described above. However, in order to
      include the indicated larger number of switches 506-511 in a relatively
      small space, while providing adequate clearance between electrical
      components, the structure of these mechanisms is quite different from that
      described for channel "1".
PAR  The solenoids 500 and 501 (FIG. 10) are secured to plate 30, in respective
      axial alignment with solenoids 503 and 502 which are secured to plate 29,
      as shown. Solenoids 504 and 505 are secured on plate 29, and they are not
      axially aligned with any other solenoids 501-503 in the decoder 494.
PAR  Each of the solenoids 500-505 has an armature extension 512 that is
      slidably supported in a stationary bearing. The extensions 512 for the
      solenoids 504 and 505 are independently mounted in identical bearings 513
      that are secured on plate 30. The remote ends of extensions 512 for the
      axially aligned solenoids 500 and 503 are mounted in a bearing 514, and
      the extensions for solenoids 501 and 502 are mounted in an identical
      bearing 514. The bearings 514 are mounted on identical stationary plates
      515, and the bearings 514 may each be provided with an air vent hole 516
      for preventing vacuum and pressure within the bearings 514 when the
      extensions 512 are slid axially therein, upon operation of their
      respective solenoids 500,503.
PAR  A further description of one of the solenoids 500 - 505 and its respective
      switches 506-511 should serve to describe the others. The structure of
      solenoid 505 and its switches 511 is here selected as exemplary.
PAR  The armature extension 512 (FIG. 49) of solenoid 505 as shown here extends
      rightward and the rightward end of the extension 512 is slidably supported
      in the stationary bearing 513. A suitable plurality of insulators 517
      (FIGS. 47 and 49) are secured on the extension 512, in a known manner, so
      as to shift unitarily with the armature. The insulators 517 are
      appropriately spaced along the armature extension 512 for operating the
      blades "a" of all of the switches 511 (FIG. 50). The switches 511 (FIGS.
      47 and 49) are each comprised of blades "a", "b" and "c", which may be
      identical with the blades a, b, c in the decoder switch 497 (FIG. 48)
      described above. However, to save space, where a large number of such
      switches are required, four of these single-pole double-throw switches 511
      (for example) (FIGS. 47 and 49) are supported on one insulating assembly.
      The blades "a" are sandwiched between two insulating disks 518, which are
      identical except that they are reversed back to back. The blades "b"  and
      "c" are assembled on the outer discoidal faces of the disks 518, and a
      unit formed of as many as four of each of the blades "a", "b" and "c" and
      the two disks 518 is secured together by four pair of rivets 519 as shown.
      The rivets 519 are insulated in a known manner from the blades a,b,c
      through which they extend, thus the blades a,b,c are insulated one from
      the others. A clearance hole 520, in each of the disks 518, permits the
      blades "b" and "c" to turn toward the blade "a" as shown and it permits
      travel of the respective insulator 517 therein.
PAR  Each pair of disks 518 is located about the axis of armature extension 512
      and in a position, longitudinally in respect to the normal position of the
      armature, so that the blades a each normally effectively engage their
      related blade "b" and they also contact, or substantially contact, the
      respective insulator 517.
PAR  The disks 518 are provided with holes for a pair of rods 494a, on which the
      disks 518 are mounted, and the disks 518 are held in position
      longitudinally on these rods 494a, in a known manner, as by clips and
      spacers as shown. The disk assemblies are also further held rigidly in
      their respective planes by two rods 521 (FIGS. 47 and 10) which extend
      through holes therefor in the disks 518 and in the frame plate 30 (FIG.
      10). The rods 521 are secured to the plate 30 and the disks 518 are held
      in their positions therealong, in a known manner as by suitable nuts and
      spacers as shown.
PAR  The bearings 514 are rigidly secured, in a known manner, in holes therefor
      in plates 515, and the plates 515 are supported on the rods 494a and 521
      like are the disks 518 described above.
PAR  An expansive spring 522 (FIG. 49) is assembled on the armature extension
      512, between the solenoid 505 and the leftmost insulator 517, for urging
      the armature assembly rightward, as shown here in the example, where a
      clip 523 in an annular groove on the extension 512 abuts the end of
      bearing 513 for stopping the armature extension 512 in the illustrated
      normal rightward position.
PAR  The arrangement is such that, upon operation of solenoid 505 for example,
      the armature extension 512 and its insulators 517 are shifted leftward for
      shifting the free ends of all blades "a" of switches 511 out of engagement
      with the blades "b" and into engagement with blades "c" of these switches
      511. Upon deenergization of the solenoid 505, the spring 522 returns the
      armature extension 512 and the insulators 517 thereon to normal position,
      and by the predisposed tension of blades "a" they disengage from blades
      "c" and reengage the blades "b" as shown.
PAR  The action and the parts associated with solenoids 502 - 504 (FIG. 10) are
      exactly like that described for the solenoid 505. The arrangements for
      solenoids 500 and 501 are the same, but the parts are reversed and the
      action is opposite. For example, the armature extension 512 of solenoid
      500 extends leftward and the end thereof is slidably mounted in the
      rightward portion of the bearing 514. Also, a clip 523 in an annular
      groove on the armature extension 512 abuts the rightward end of the
      bearing 514 for stopping the armature extension 512 in its normal leftward
      position.
PAR  From the above, it can be seen that the main decoder 494 assembly is
      comprised of seven sections and it should be understood that these
      sections correspond to the seven channels of the control tape 412. When a
      punch hole or a plurality of punch holes that form one code is read by the
      main reader 407 (FIG. 31), the corresponding section or sections of the
      decoder 494, respectively, are operated to complete a circuit for
      accomplishing a particular function, as will be explained presently.
PAR  The main decoder system is based on the well known binary system of
      decoding where the different sections all act to select one circuit. With
      seven sections we could provide for 127 different functions controlled by
      the punch holes. In the illustrated machine, there are only 103 functions
      that may be performed in the reproducer through the main system of
      switches 506-511 in the decoder 494, plus one delete function that merely
      causes cycling of delete codes through the main reader 407. Because we
      need only these 104 functions controlled by the tape 412 and the main
      decoder 494, our decoder 494 is reduced in size.
PAR  As shown in FIG. 50, there is one switch 497 in the "1" code channel
      section, there are two switches 506 for the "2" code channel, four
      switches 507 for the "3" code channel, eight switches 508 for the "4"
      channel, sixteen switches 509 for the "5" channel, thirty switches 510 for
      the "6" channel, and there are forty two of the previously described
      switches 511 for the "7" channel section of the main decoder 494 system of
      switches 506-511. In addition to the single-pole double-throw switches 506
      -511 described above, the decoder 494 includes four switches 524, one in
      each of the code channel sections "4", "5", "6" and "7", for the "DELETE
      (4, 5, 6, 7)" circuit shown near the bottom of FIG. 50. These switches 524
      (FIG. 49) each comprise only a blade "a" and a blade "c", instead of the
      three blades a, b, c described for the switches 511, and the switches 524
      are normally open as shown. Otherwise, the switches 524 are constructed
      the same and function the same as the switches 511 described above. The
      switches 524 are wired in the delete circuit as indicated in FIG. 50, and
      the switch 524 in the "4" code channel section is grounded at 525 as
      indicated. There are four more switches 526 at the bottom of FIG. 50, and
      there is one of these switches 526 in each of the code channel sections
      "4", "5", "6" and "7". The switches 526 each comprise a blade "a" and a
      blade "b" (FIG. 49) that are normally engaged as shown, and the switches
      526 are grounded as indicated (FIG. 50). A wire 527 is connected between
      the "1" code channel switch 497 and each of the switches 526 and normally
      any circuit that is made effective through the main portion of the decoder
      494 will find a ground through the wire 527 and one or more of the
      switches 526. However, when the delete code "4", "5", "6" and "7" is read
      and the decoder 494 is operated accordingly, there will be no circuit that
      is effective through wire 527 and the now open switches 526, but the
      "DELETE (4567)" circuit will be led to ground 525 through the then closed
      switches 524, as will be discussed further hereinafter.
PAR  5. MAIN READER CIRCUIT
PAR  When the reader control key 433 (FIG. 31) is in the "start" position and
      the control tape 412 is advanced to a point where one or more of the
      sensing springs 410, of the main reader 407, make contact with the
      conductor plate 411 through code punch holes in the tape 412, the main
      decoder 494 is operated by the main reader circuit as will now be
      described.
PAR  A source of power(s) is connected by a wire 528 to the switch 414 that is
      closed as long as slack tape 412 is stored in the buffer loop 413 as
      described. A wire 529 is connected between the switch 414 and the cocking
      solenoid 417, a wire 530, which may include a communication means as
      previously described, is connected between solenoid 417 and the "READ"
      solenoid 422 in the feed-read switch means 421. A wire 531 is connected to
      solenoid 422 and to the switch 448 that is closed as long as the reader
      control key 433 is in "START" position as described. A wire 532 is
      connected between switch 448 and switch 453. A wire 533 is connected
      between switches 453 and 454, and another wire 534 is connected between
      switches 454 and 455. As previously mentioned and as will be explained in
      detail later, the switches 453, 454 and 455 are normally closed and one
      will be opened by operation of a related cycling mechanism when such a
      mechanism is operated as a result of a reading operation. A wire 535 is
      connected to the switch 455 and to the normally closed switch 369, which
      is opened only when the code that is read is a quotient code and the
      carriage moving mechanism is set according to the respective quotient as
      will be explained fully hereinafter. A wire 536 is connected to switch 369
      and to the switch 192 that is normally closed and that is opened when the
      code that is read is for carriage return as explained and as will be
      explained further hereinafter. A wire 537 is connected between the switch
      192 and the switch 492 that is opened momentarily each time an instant
      code is for a case shift and the switch means 493 is shifted accordingly
      for an upper or lower case shift. A wire 538 is connected to the switch
      492 and to each one of the seven motivating solenoids 495, 500-505 in the
      main decoder 494. Seven wires 539 are connected between the individual
      motivating solenoids 495, 500-505 in the decoder 494 and the respective
      sensing springs 410 in the main reader 407. As discussed previously, the
      wires 539 may include communication means intermediate their ends. The
      conductor plate 411 is grounded in any suitable manner, as at 540.
PAR  Thus, when the reader control key 433 is shifted to "start" position and
      the main reader 407 senses a code, the just described main reader circuit
      is effective for operating the solenoid 417 to cock the tape feed
      mechanism 408 in preparation for an ensuing step of the control tape 412
      as explained, for operating the "read" solenoid 422 to condition the
      feedread switch means 421 for consecutive reading operations as described,
      and for operating the main decoder 494 according to the code on the tape
      412. The reproducer is thus conditioned for reading operations and control
      of the tape 412 and the decoder 494 is operated for initiating a sequence
      of operations according to a particular code.
PAR  During a decoder initiated sequence of operations, one of the switches 453,
      454, 455, 369, 192 or 492 will be opened, as will be described, for
      breaking the main reader circuit. When this occurs, the solenoid 417 is
      deenergized and the tape feed mechanism 408 shifts the control tape 412
      forwardly one step to remove the just read code and to normally shift an
      ensuing code into the main reader 407, as described. At the same time, the
      "read" solenoid 422 is deenergized, but the switch means 421 is held in
      read condition by the latch means 428, unless the previous code was for a
      justifying or for a carriage return code as described. When the reader
      circuit is broken, the operated motivating solenoids 495, 500-505 in the
      decoder 494 are deenergized and the decoder 494 is restored as described.
      Upon completion of the decoder initiated sequence of operations, the
      switch 453, 454, 455, 369, 192, 492 that was opened to break the main
      reader circuit is again closed automatically, as will be described, for
      making the main reader circuit again effective for reading the ensuing
      code.
PAR  6. MAIN DECODER, CHARACTER CIRCUITS
PAR  The circuits for automatically operating character keys 39, as controlled
      by the decoder 494, will now be described.
PAR  A source of power(s) is connected to a switch 541 (FIG. 51). The switch 541
      is normally closed, and it is opened for preventing normal decoder
      controlled operations only during line delete operations that will be
      described later.
PAR  A wire 542 is connected to the switch 541 and to a resistor 543. The
      resistor 543 is provided for normally reducing the flow of current to
      provide a normal imprinting force, and this resistance is avoided at times
      to provide a greater ("bold") imprinting force, as may be better
      understood later. The resistor 543 is also connected to a normally
      effective brush 544 in a bold-regular control mechanism 545 to be
      described later. A constantly effective brush 546, in the mechanism 545,
      is connected by a wire 547 to a solenoid 548 for each character key 39.
PAR  There is one solenoid 548 for each of the character imprinting keys 39 and
      the underline key 42. There is also, for convenience, a solenoid 548 for
      the line space keys 43 and 44 (FIG. 8) for operating these keys 43,44 even
      though these keys 43,44 do not cause printing.
PAR  The solenoids 548 (FIGS. 9 and 11) are secured at their lower ends to a
      transverse frame plate 549 that is secured in any known manner to the
      bottom of the main frame channel members 6 and 7. The solenoids 548 are
      arranged in three rows that are angled slightly, as shown in FIG. 9, so as
      to provide spacing for a solenoid 548 for each of the keys 39, 42, 43 and
      44.
PAR  A link 550 (FIG. 11) is pivotally connected to the armature of each of the
      solenoids 548 and to a respective character key lever 46 or to a line
      space key lever 65 as the case may be. The arrangement is such that
      operation of a solenoid 548 pulls its link 550 and operates the respective
      key 39, and the key 39 and key lever 46 are returned, in a previously
      described manner, when the operated solenoid 548 is deenergized.
PAR  A wire 551 (FIG. 51) is connected between each character key related
      solenoid 548 and a respective brush 552 that is normally effective in a
      print-no print control mechanism 553 to be described later. There is a
      constantly effective brush 554, in the print-no print control mechanism
      553, for each character key motivating circuit, and each one of these
      brushes 554 is connected by a wire that will be distinguished hereinafter
      by the related character and the code of the respective key 39. In the
      event the key 39 is for different characters in upper and lower case, the
      lower case character and the code for the key 39 will generally be used to
      identify the circuit. In other words, for example, the brush 554 that
      corresponds to the "7" character key 39 is connected by a wire "7 (2,4,5)"
      to the main decoder 494 and this wire is connected particularly to the
      terminal No. 7 Char. (2,4,5)" (FIG. 50) of the main decoder 494.
PAR  Thus, normally when the decoder 494 is operated according to the code
      "2,4,5" and the decoder motivating solenoids 500, 502 and 503 are operated
      for shifting the decoder switches 506, 508 and 509, respectively, the "7"
      character key circuit is effective. When this circuit is effective,
      current travels from source(s) and switch 541 (FIG. 51), through wire 542,
      resistor 543, normally effective brushes 544 and 546, wire 547, the
      solenoid 548 for operating the "7" key 39, its wire 551, its normally
      effective brushes 552 and 554, the wire "7 (2,4,5)", the decoder terminal
      No. 7 Char. (2, 4,5)" (FIG. 50) the related switch 511 in normal position,
      a switch 510 in normal position, a switch 509 in operated position, an
      operated switch 508, a switch 507 in normal condition, an operated switch
      506, the switch 497 in normal condition, wire 527, and the circuit goes to
      ground through the switches 526 that are in normal condition (in this
      instance, through the switches 526 that remain closed in the "6" and "7"
      code sections).
PAR  For a further example, assume now that the code for "i" ("3,5") is read and
      the decoder 494 (FIG. 51) is operated accordingly. The circuit for
      operating the "i" character is the same as the example above, except that
      this time the solenoid 548 under the key "i" is operated and the circuit
      continues through the respective wire 551, brushes 552 and 554, the wire
      "I (3,5)", the terminal "I (3,5)" (FIG. 50) in the decoder 494, the
      respective switch 511 in normal condition, a switch 510 in normal
      condition, an operated switch 509, a switch 508 in normal condition, an
      operated switch 507, a switch 506 in normal condition, the switch 497 in
      normal condition, wire 527, and the circuit goes to ground through the
      switches 526 in the "4", "6" and "7" code sections of the decoder 494.
PAR  With the above examples in mind and by referring to FIG. 51, it can be seen
      that the underline key 42 is operated in the same manner, when the
      "UNDERLINE (1,4,5,6)" wire is effective. The underline circuit through the
      decoder 494 travels via the "UNDERLINE (1,4,5,6)" terminal (FIG. 50) in
      the "6" code section, through the related and operated switches 510, 509
      and 508, switches 507 and 506 in normal condition, the operated switch
      497, wire 527, and the switch 526 that remains closed in the "7" code
      section.
PAR  The codes for all character keys 39, including "Alphabet", "Underline",
      "Numeral" and "Punctuation" keys 39, may be found in a "CHART B" that is
      listed among charts "A" - "E" located immediately after the Figure
      Descriptions hereinbefore. With the above examples as a guide, and by
      referring to the FIGS. 50 and 51, and the code "CHART B" the code and
      decoder initiated operation of any character key 39 may be understood.
PAR  7. CYCLING CONTROL FOR CHARACTERS
PAR  When a character key representing code is read and the decoder 494 is
      operated accordingly, the corresponding character key 39 is operated, as
      described. When such a key 39 is operated sufficiently to cause printing
      of either the upper case character or the key related lower case character
      on the paper carriage 9a as described, a switch 555 (FIG. 11) under the
      key 39 is closed by a conductor 556, that is carried by the key lever 46,
      to cause a sequence of operations that includes proper carriage movement
      for the width of the character, depending on the upper or lower case
      condition of the machine at that moment.
PAR  Since the machine involves differential carriage movement and since the
      upper case character width may be different from that of the lower case
      character width for a given character key 39, the sequence of operations
      controlled by closure of a switch 555 must also include an upper-lower
      case condition control of the carriage movement for the particular
      character, as will be explained presently. The precise carriage movement
      for each character is shown in "CHART A" that may be found immediately
      following the Figure Descriptions hereinbefore.
PAR  By referring to "CHART A", it can be seen that the keys 39 that must cause
      carriage movement are arranged in "Groups", "A" - "G". It may be noted
      that the characters in "Group A" are provided 0.100 inch carriage movement
      in both upper and lower case. The key 39 in group "B" is used for
      imprinting either an upper-case apostrophe (') that is given a 0.050 inch
      carriage movement, or the lower case number "7" that is provided with
      0.100 inch character space. In group "C", the upper case capital letters
      have 0.100 inch carriage movement, and the key related lower case letters
      have 0.075 inch carriage movement. In group "D", the "I" key 39 is 0.075
      inch in upper case and 0.050 inch in lower case. In group "E", the "L" is
      0.100 inch and 0.050 inch in upper and lower case, respectively. The
      punctuation marks in group "F" are provided with 0.050 inch carriage
      movement in both upper and lower case. The space keys listed in groups
      "A", " F" and "G" do not cause imprinting, of course, and they will be
      discussed later. The upper case character for each key 39 in each of the
      groups "A", "C" and "F" is designated as having the same carriage movement
      as the other upper case characters in that group, and the lower case
      characters in each group all have the same carriage movement as the other
      lower case characters in its group. The grouping of the keys 39 that have
      the same carriage movement requirements aids in simplifying the circuitry
      that controls carriage movement.
PAR  Each switch 555 (FIG. 11) is comprised of two similar blades 557 and 558
      that are assembled back to back and they are secured on an insulator 559.
      Insulators 559 are carried by transverse rods 560 and 561, the ends of
      which are secured on the main frame channel members 6 and 7. As shown, the
      switches 555 are arranged in four rows that correspond generally with the
      rows of keys 39 on the keyboard, seen best in FIG. 8. The insulators 559
      (FIG. 11) are held in place by spacers 562 on the rods 560 and 561, and
      each switch 555 is situated on its insulator 559 in a position to be
      properly engageable by the conductor 556 of its respective key 39, for
      example. Each conductor 556 is secured on an insulator 563 that in turn is
      secured on its respective key lever 46. The arrangement is such that upon
      operation of a key 39, an extent sufficient to cause printing of the
      character, its conductor 556 is pressed between the blades 557 and 558 to
      complete a circuit therebetween. Thus, when a character is imprinted on
      the paper carriage 9a, a sequence of operations for the key 39 and
      imprinted character is initiated by closure of its switch 555.
PAR  Closure of a switch 555, under any character key 39, normally completes a
      circuit that originates in a source of power(s) and the normally closed
      switch 541 (FIG. 52). As previously mentioned, the switch 541 is opened
      only for preventing normal functions of the machine during line delete
      operations, that will be described later. A wire 564 is connected to
      switch 541 and to three solenoids 565, 566 and 567.
PAR  The solenoids 565, 566 and 567 are provided for operating respective 0.100
      inch, 0.075 inch and 0.050 inch cycling mechanisms that are provided for
      breaking the main reading circuit and for controlling the carriage moving
      mechanism to move the carriage 9a a corresponding amount suitable for the
      imprinted character, as will be explained presently.
PAR  A wire 568 is connected to the 0.100 inch cycling mechanisms solenoid 565
      and to a blade 569 in a forward and back space control mechanism 570 that
      will be described later. At the present, it is sufficient to know that the
      control key 300 (FIG. 8) is normally in "forward" operating position as
      previously mentioned and the mechanism 570 (FIG. 52) is normally
      conditioned accordingly so that the blade 569 (FIG. 35) is effective with
      a blade 571 in the mechanism 570. A wire 572 (FIG. 52) is connected to the
      0.075 inch cycling mechanisms solenoid 566 and to a blade 573 that is
      normally effective with a blade 574 in the mechanism 570. A wire 575 is
      connected between the 0.050 inch cycling mechanisms solenoid 567 and a
      blade 576, and the blade 576 is normally effective with a blade 577.
PAR  For 0.100 inch characters, a wire 578 is connected to blade 571 and to a
      blade 579 that is effective only when the upper-lower case switch means
      493 is in lower case condition, as will be described. A wire 580 is
      connected to the wire 578 and to a blade 581 that is effective only when
      the upper-lower case switch means 493 is in upper case condition. The
      structural details of the upper-lower case switch means 493 will be
      described later. At the moment, it is sufficient to know that all lower
      case blades, such as blade 579, are effective when the machine and
      upper-lower case switch means 493 are in lower case condition, and that
      all upper case blades, such as blade 581, are effective when the machine
      and upper-lower case switch means 493 are in upper case condition. A wire
      582 is connected to wire 578 and to an upper case blade 583. A wire 584 is
      connected to the wire 578 and directly to a switch 555, under each of the
      character keys 39 that are listed in group "A" (Chart A). The wire 584
      (FIG. 52) avoids the upper-lower case switch means 493, since the keys in
      group "A" (Chart A) have 0.100 inch characters in both upper and lower
      case, and no control by the upper-lower case switch means 493 is required
      for these keys 39.
PAR  For 0.075 inch characters, a wire 585 is connected to the blade 574 and to
      an upper case blade 586. A wire 587 is connected between the wire 585 and
      a lower case blade 588.
PAR  For 0.050 inch characters, a wire 589 is connected to blade 577 and to an
      upper case blade 590. A wire 591 is connected between wire 589 and a lower
      case blade 592. A wire 593 is connected between the wire 589 and a lower
      case blade 594. A wire 595 is connected to the wire 589 and directly to a
      switch 555 under each of the several character keys 39 that are listed in
      group "F" (Chart A). The keys 39 in Group "F" are for punctuation
      characters that require 0.050 inch carriage movement in both upper and
      lower case conditions, and, thus, the wire 595 (FIG. 52) bypasses the
      upper-lower case switch means 493.
PAR  A blade 596 in the upper-lower case switch means 493 is constantly
      effective; that is, it is selectively effectively coupled with the blades
      579 or 590 when the upper-lower case switch means 493 is in lower case and
      upper case conditions, respectively. A wire 597 is connected to the blade
      596 and to the switch 555, as indicated, under the key 39 that is operated
      to imprint the upper case apostrophe (') or the lower case "7".
PAR  A constantly effective blade 598 is selectively coupled with the blades 592
      or 586 when the upper-lower case switch means 493 is in lower case and
      upper case conditions, respectively. A wire 599 is connected to blade 598
      and to the switch 555, as indicated, under the key 39 that is operated to
      imprint a lower case "i" or an upper case "I".
PAR  A blade 600 is selectively coupled with blades 594 or 581 when the
      upper-lower case switch means 493 is in lower case and upper case,
      respectively. A wire 601 is connected between blade 600 and the switch 555
      under the "L" key 39.
PAR  A blade 602 is selectively coupled with blades 588 or 583, when the
      upper-lower case switch means 493 is in lower case and upper case,
      respectively. A wire 603 is connected to blade 602 and to a switch 555
      under each of the character keys 39 that are listed in group "C" (Chart
      A), and that are represented by the key "E" (FIG. 52) of this group.
PAR  The arrangement is such that upon operation of a key 39 in group "A" (Chart
      A), the switch 555 (FIG. 52) (here represented by the switch 555 under the
      "M", "m" key 39) under the key 39 is closed for operating the solenoid 565
      in the 0.100 inch cycling mechanism. In this particular instance, the
      circuit originates in a source (S) and switch 541, travels through wire
      564, solenoid 565, wire 568, blades 569 and 571, wires 578 and 584, and
      goes to ground through the switch 555 under the operated key 39, here
      exemplified by the "M" key. Thus, the solenoid 565 is operated each time a
      character in group "A" (Chart A) is imprinted.
PAR  When a character in group "B" is imprinted, 0.050 inch carriage movement is
      required for the upper case apostrophe and 0.100 inch carriage movement is
      required for the lower case "7", and the upper-lower case switch means 493
      (FIG. 52), together with the operated key 39, determines whether the 0.050
      inch or 0.100 inch cycling mechanism is operated. Assume now that the
      machine and the upper-lower case switch means 493 is in the lower case
      condition indicated, and the "7" key is operated. The circuit travels from
      source (S) and switch 541, wire 564, the solenoid 565 in the 0.100 inch
      cycling mechanism, wire 568, blades 569 and 571, wire 578, effective
      blades 579 and 596 in the upper-lower case switch means 493, wire 597 and
      goes to ground through the switch 555 under the operated key 39. Thus, the
      0.100 inch cycling mechanism's solenoid 565 is operated when the number
      "7" is imprinted. When the same key 39 is operated but the machine and the
      upper-lower case switch means 493 is shifted into upper case condition for
      imprinting the apostrophe and for controlling for 0.050 inch carriage
      movement, respectively, the circuit completed by operation of the key 39
      originates in the same manner, but this time the 0.050 inch cycling
      mechanism solenoid 567 is operated and the circuit continues through the
      wire 575, blades 576 and 577, wire 589, now effective blades 590 and 596
      in the shifted upper-lower case switch means 493, wire 597 and it goes to
      ground through the switch 555 under the operated key 39. Thus, the 0.050
      inch cycling mechanism solenoid 567 is operated when the apostrophe is
      imprinted.
PAR  The circuits for the characters in group "C" (Chart A), as exemplified by
      the character "E", "e" (FIGS. 52), will now be discussed. When the machine
      is in lower case condition and a key 39 in this group ("e" for example) is
      operated, the circuit originates as discussed previously, but this time
      the circuit goes through the 0.075 inch cycling mechanism solenoid 566,
      wire 572, blades 573 and 574, wires 585 and 587, effective blades 588 and
      602 in upper-lower case switch means 493 in lower case condition, wire
      603, and to ground through the switch 555 under the key "e" for example.
      Thus, the 0.075 inch cycling mechanism solenoid 566 is operated whenever
      an "e", or any other lower case character in group "C" (Chart A) is
      imprinted. When the machine is in upper case condition and any key 39 in
      group "C" (the capital letter "E" for example) is operated, the circuit
      goes through the 0.100 inch cycling mechanism solenoid 565 (FIG. 52) and
      so on, but this time the circuit goes through wire 582, now effective
      blades 583 and 602, wire 603 and the switch 555 under the operated key 39
      ("E" for example). In this way, the 0.100 inch mechanism solenoid 565 is
      energized whenever an upper case character in group "C" (Chart A) is
      imprinted.
PAR  The circuits for the characters in group "D" will now be described. When
      the lower case "i" is imprinted, its circuit energizes the 0.050 inch
      mechanism solenoid 567 (FIG. 52), it continues as described, goes through
      the wires 589 and 591, the now effective blades 592 and 598, wire 599 and
      to ground under the operated key "i". When the upper case "I" is
      imprinted, the key's upper case circuit energizes the 0.075 inch mechanism
      solenoid 566, it continues as described, goes through wire 585, now
      effective blades 586 and 598, wire 599 and to ground under the operated
      key "I".
PAR  The circuits for the characters in group "E" (Chart A) will now be
      described. When a lower case "l" is imprinted, the 0.050 inch mechanism
      solenoid 567 (FIG. 52) is energized, the circuit continues as described,
      goes through wires 589 and 593, blades 594 and 600, wire 601 and to ground
      under the operated key "l". When the upper case "L" is imprinted, the
      key's circuit energizes the 0.100 inch mechanism solenoid 565 and
      continues as described, goes through wires 578 and 580, blades 581 and
      600, wire 601 and to ground under the operated key "L".
PAR  The circuit for characters in group "F" (Chart A), which are provided 0.050
      inch of carriage movement in both upper and lower case, energizes the
      0.050 inch mechanism solenoid 567 (FIG. 52), proceeds as described, then
      goes through wires 589 and 595, and goes to ground under the operated
      punctuation key 39, here exemplified by the colon and semicolon key 39.
PAR  From the above, it can be understood that operation of a character key 39
      and the upper-lower case condition of the machine will determine the
      character that is imprinted, and generally the operation of the key 39 and
      the upper-lower case condition of the upper-lower case switch means 493
      will control operation of the one of the cycling control solenoids 565,
      566 or 567 that corresponds with the size of the imprinted character.
PAR  The structures of the cycling control mechanisms that are operated by the
      solenoids 565, 566 and 567 are identical, so a description of one should
      suffice to describe the others. The cycling mechanism that is employed in
      the 0.100 inch character circuits, and operated by the solenoid 565, is
      chosen as exemplary.
PAR  The solenoid 565 (FIG. 39) is secured on the support member 461, and a link
      604 is pivotally connected to the armature of the solenoid 565 and to a
      cocking member 605. Member 605 is pivoted on the rod 456, and a relatively
      strong torsion spring 606 is connected to the member and to rod 457 for
      urging the member 605 clockwise against rod 457 as shown. A pawl 607
      overlies the bail 473 and normally rests on the upper end of member 605 as
      shown. Pawl 607 is pivoted on a member 608 that is pivoted on the rod 459.
      A contractile spring 609 is anchored on rod 457 and it is connected to
      pawl 607 for urging the pawl 607 counterclockwise and for urging the
      member 608 counterclockwise against the rod 460 as shown. An insulator 610
      is secured on the upper end of member 608 in alignment with a switch 611
      that is secured on the support member 462.
PAR  The arrangement is such that energization of the solenoid 565, upon the
      imprinting of 0.100 inch character as described, pulls the link 604 and
      rotates the cocking member 605 counterclockwise against the rod 458. Near
      the end of the counterclockwise operation of member 605, the end of pawl
      607 is urged down into a notch 612 in the end of member 605 by spring 609.
      At this point, the mechanism, is said to be cocked.
PAR  Upon cocking of the mechanism and as the pawl 607 pivots down into the
      notch 612, the pawl 607 pushes the bail 473 and insulator 472 downward
      against tension of spring 479 for opening the reader control circuit
      switch 453 as described. The opening of reader control circuit switch 453
      (FIG. 31) breaks the reader circuit and thus deenergizes the code
      controlled motivating solenoids 495, 500-505 in the main decoder 494 for
      normalizing the decoder 494 as described. When the decoder 494 (FIG. 51)
      is normalized, the circuit through the operated character key solenoid 548
      is broken for permitting return of the operated key 39 as described. When
      the operated normal 0.100 inch, 0.075 inch, or 0.050 inch character key 39
      begins to return, its respective switch 555 (FIG. 52) is opened, as
      described, for deenergizing the respective (operated) 0.100 inch, 0.075
      inch or 0.050 inch cycling mechanism solenoid 565, 566 or 567 as the case
      may be.
PAR  Upon deenergization of a cycling mechanism solenoid (565, FIG. 39, for
      example), the relatively strong spring 606 returns the cocked member 605
      clockwise and thereby pushes the engaged pawl 607 rightward against the
      tension of lighter spring 609 for rotating the member 608 clockwise and
      thereby pushing its insulator 610 against the switch 611 to close the
      switch 611. Thus, the example 0.100 inch cycling mechanism is operated to
      close its switch 611 (FIG. 52).
PAR  In the same manner, following imprinting of a 0.075 inch character,
      deenergization of the operated solenoid 566 permits the cocked 0.075 inch
      cycling mechanism to operate for closing a respective switch 613.
      Likewise, for 0.050 inch characters, deenergization of solenoid 567
      permits its 0.050 inch cycling mechanism to close its respective switch
      614.
PAR  From the above, it can be seen that a switch 614, 613 or 611 is closed as a
      key 39 that caused imprinting of a 0.050 inch, 0.075 inch or 0.100 inch
      character, respectively, begins to return from operated position. Closure
      of one of these switches 614, 613 or 611 causes the carriage moving
      mechanism to move the carriage 9a forwardly appropriately for the
      imprinted character as will now be described.
PAR  Upon closure of switch 614, the carriage is moved 0.050 inch by a circuit
      that runs from source (S) and switch 541, through a wire 615 connected
      between switch 541 and the motivating solenoid 267, it operates the
      solenoid 267, goes through a wire 616 connected between solenoid 267 and
      the now closed switch 614, and it goes to ground through switch 614 and a
      wire 617 as indicated. Operation of the solenoid 267 (FIG. 29) moves the
      drive pawl 261 against the first effective stop 269 and thereby moves the
      wheel 228 clockwise the equivalent of two teeth for shifting the paper
      carriage 9a forwardly two units (0.050 inch), as described previously. At
      the end of this two unit (0.050 inch) operation, the switch blade 286 is
      shifted onto the contacts 290 and 291, as previously described, and
      current now also travels from source (S) and switch 541 (FIG. 52), through
      wire 564, a wire 618 connected between wire 564 and the restoring solenoid
      481, it operates solenoid 481 for restoring the operating cycling
      mechanism as will be described presently, it continues through a wire 619
      connected to solenoid 481 and to the contacts 290, 292 and 294, it now
      goes through the effective contact 290, blade 286 and contact 291, a wire
      620 between contact 291 and switch 614, and it goes to ground through
      switch 614 and wire 617. Thus, the solenoid 481 is operated as soon as the
      carriage movement is accomplished.
PAR  Operation of solenoid 481 (FIG. 39) elevates the bail 473 for lifting the
      end of the operated pawl 607 out of the notch 612 and for reclosing the
      reader control circuit switch 453. When the pawl 607 is disengaged from
      notch 612, the spring 609 slides the pawl 607 leftward on the bail 473 and
      rotates the member 608 against rod 460 for, in this instance, permitting
      the switch 614 (FIG. 52) to open. When switch 614 opens, the motivating
      solenoid 267 is deenergized for permitting restoration of the carriage
      moving mechanism and thereupon shifting the blade 286 away from contacts
      290 and 291 as described, and, at the same time, the solenoid 481 is
      deenergized. Deenergization of solenoid 481 permits the spring 609 (FIG.
      39) to lower the end of pawl 607 slightly down on top of the member 605,
      while the lighter spring 479 holds the insulator 472 up in normal position
      where the insulator 472 holds the reader control circuit switch 453
      closed, all as shown. Thus, a 0.050 inch character carriage moving cycle
      of operations is complete, and the reader control circuit is effective for
      reading an ensuing code.
PAR  Upon deenergization of solenoid 566 (FIG. 52) and closure of switch 613 as
      described, the carriage 91 is moved 0.075 inch by a circuit that runs from
      source (S) and switch 541, through wire 615, the motivating solenoid 267,
      a wire 621 connected between solenoid 267 and the solenoid 280, solenoid
      280, a wire 622 that is connected between solenoid 280 and the now closed
      switch 613, and it goes to ground through the wire 617. As previously
      described, simultaneous operation of the solenoids 280 and 267 causes
      wheel 228 to be operated three teeth, since the solenoid 280 (FIG. 29)
      removes the two unit stop 269 and the solenoid 267 moves the wheel 228
      until the drive pawl 261 abuts the three unit stop 270 as described.
      Whereupon, as described, the carriage 9a is moved 0.075 inch (three units)
      and the blade 286 is shifted onto the contacts 292, 293, that are rendered
      effective by closure of the switch 613 (FIG. 52) as will now be described.
      The engagement of blade 286 with contacts 292, 293 completes the cycling
      mechanism restoring circuit that goes through switch 541, wires 564 and
      618, solenoid 481, wire 619, contact 292, blade 286, contact 293, a wire
      623 connected between contact 293 and switch 613, and goes to ground
      through wire 617. Operation of the solenoid 481 restores the operated
      cycling mechanism for opening the switch 613, and it recloses the reader
      control switch 453 so that an ensuing code may be immediately read, all as
      described previously. The opening of switch 613 deenergizes the solenoids
      267 and 280 for permitting restoration of the carriage moving mechanism as
      described. Opening of switch 613 and restoration of blade 286 deenergizes
      the restoring solenoid 481 as described.
PAR  Upon the imprinting of a 0.100 inch character, the operating of solenoid
      565, the resulting opening of the reader control circuit switch 453, the
      opening of the character key switch 555 and the resulting deenergization
      of the solenoid 565, all as described, the switch 611 is closed, as
      described, for causing 0.100 inch carriage movement and concluding the
      sequence of operations. Closure of switch 611 completes a circuit that
      runs from the source (S) of power, through switch 541, wire 615, solenoid
      267, wire 621, a wire 624, the solenoid 282, a wire 625, the switch 611,
      and goes to ground through wire 617. As previously described, simultaneous
      operation of the solenoids 282 and 267 (FIG. 29) moves the carriage 0.100
      inch as controlled by the four unit stop 271. In this instance, as the
      blade 286 is engaged with the contacts 294 and 295, the cycling mechanism
      restoring circuit is complete from source and switch 541 (FIG. 52),
      through wires 564 and 618, solenoid 481, wire 619, contacts 294, 295 and
      blade 286, a wire 626, switch 611, wire 617 and to ground, operation of
      solenoid 481 restores reader control circuit switch 453 for the reading of
      an ensuing code, and it restores the operated cycling mechanism for
      opening switch 611 and deenergizing the solenoids 282, 267 and 481.
PAR  In each of the above instances, the opening of the reader control circuit
      switch 453 deenergizes the solenoid 417 (FIG. 31) for permitting the
      cocked main reader tape feed mechanism 408 to feed the contol tape 412
      forwardly one step and for thereby shifting the just read code out of the
      main reader 407 and for shifting the succeeding code into the main reader
      407, to initiate the next sequence of operations, as described previously.
PAR  8. SPACES CONTROLLED BY CODE
PAR  The space keys 627, 628 and 629 (FIG. 8) in the reproducer are utilized
      only when the machine is being operated manually, and they are not
      operated when the reproducer is being operated automatically. Therefore,
      the structure and functions of these keys 627, 628, 629 will not be
      discussed further in this topic, but they will be described hereinafter in
      connection with manual operation of the machine.
PAR  As described in our copending application, Ser. No. 213,045, for
      "JUSTIFYING TEXT WRITING COMPOSING MACHINE", filed Dec. 28, 1971, nut
      spaces that are given definite 0.050 inch, 0.075 inch and 0.100 inch
      carriage movements and that are not altered for justifying purposes, and a
      word space that is provided a normal 0.050 inch carriage movement and may
      be increased for justifying purposes may be encoded on the control tape
      412 (FIG. 31). By referring to "Chart B", among the charts that are
      located herein immediately following the Figure Descriptions, it can be
      seen that the code for a 0.050 inch nut space is 3, 4, 6, that the code
      for a 0.075 inch nut space is 1, 4, 5, 7, and that the code for a 0.100
      inch nut space is 2, 4, 7. It is also shown here that the "word space"
      code is 3, 4.
PAR  The code controlled 0.050 inch nut space operations will be discussed
      first. A wire 630 (FIG. 53) is connected between the wire 575 and the main
      decoder 494; particularly it is connected to the "0.050 inch NUT SP.
      (3,4,6)" (FIG. 50) terminal that is rendered effective when the decoder
      motivating solenoids 495, 500-505 for the code channels 3, 4, 6 are
      operated, in a manner previously described. Thus, when the main reader 407
      (FIG. 31) senses the 0.050 inch Nut Space code 3, 4, 6 and the main
      decoder 494 (FIG. 53) is operated accordingly, in a previously described
      manner, a circuit is completed from source (S) and switch 541, wire 564,
      the solenoid 567 for cocking the 0.050 inch cycling mechanism, the wire
      575, wire 630 and the circuit goes to ground through the operated decoder
      494. The same as for 0.050 inch characters described previously, operation
      of the solenoid 567 cocks its respective cycling mechanism and thereby
      opens the reader control circuit switch 453 (FIG. 31) for deenergizing the
      motivating solenoids 495, 500-505 in the decoder 494 and for deenergizing
      the solenoid 417 in the main reader tape feed mechanism 408. Thereupon,
      the mechanism 408 feeds the tape 412 forwardly one step to shift the just
      read code out of the main reader 407 and at the same time to shift the
      ensuing code into the main reader 407. When the decoder 494 (FIG. 53) is
      normalized, as described, the operated solenoid 567 is deenergized for
      permitting its cycling mechanism to operate and to close its switch 614,
      as described. Closure of the switch 614 causes the carriage moving
      mechanism to move the carriage 9a forwardly 0.050 inch, by the circuit
      that runs from source (S) and switch 541, wire 615, motivating solenoid
      267, wire 616, now closed switch 614, and to ground through wire 617, the
      same as described for 0.050 inch characters. As soon as the wheel 228 is
      moved two teeth and the carriage 9a is thereby advanced two units (0.050
      inch) as described, the blade 286 engages the effective contacts 290, 291
      for completing the circuit from source and switch 541, through wires 564
      and 618, restoring solenoid 481, wire 619, contact 290, blade 286, contact
      291, wire 620, switch 614 and to ground through wire 617. Operation of
      solenoid 481 recloses the reader control circuit switch 453 for the
      reading of the succeeding code that is now in the main reader 407 as
      described.
PAR  A wire 631 is connected between the wire 572 and the "0.075 inch NUT SP.
      (1, 4, 5, 7,)" (FIG. 50) terminal in the decoder 494 (FIG. 53). A wire 632
      is connected between the wire 568 and the "0.100 inch NUT SP. (2, 4, 7)"
      (FIG. 50) terminal in the decoder 494 (FIG. 53). When the main reader 407
      (FIG. 31) senses the 0.075 inch Nut Space code 1, 4, 5, 7 and the main
      decoder 494 (FIG. 53) is operated accordingly, a circuit is completed
      thereby that travels from source (S) and switch 541, through wire 564, the
      solenoid 566 for cocking the 0.075 inch cycling mechanism, wires 572 and
      631, and the circuit goes to ground through the operated decoder 494. By
      this circuit, the 0.075 inch cycling mechanism is employed for cycling the
      control tape 412 and moving the carriage 9a appropriately for the 0.075
      inch nut space, in the same manner as described for the 0.075 inch
      characters. Similarly, when the main reader 407 (FIG. 31) senses the 0.100
      inch nut space code (2, 4, 7) and the decoder 494 (FIG. 53) is operated, a
      circuit is directed from source (S) and switch 541, through wire 564, the
      solenoid 565 for cocking the 0.100 inch cycling mechanism, wires 568 and
      632, and to ground through the operated decoder 494. Thus, the 0.100 inch
      cycling mechanism is operated for controlling a 0.100 inch carriage moving
      cycle of operations, the same as for 0.100 inch characters described
      previously.
PAR  Word space operations, which may include additional units of movement for
      justifying purposes, will now be described. As described in our aforesaid
      copending application, a word space is encoded whenever the space bar of
      the encoding machine is operated. When a word space code 3, 4 is sensed by
      the main reader 407 (FIG. 31), the main decoder 494 is operated
      accordingly and the cocking solenoid 417 in the tape feed mechanism 408 is
      operated by the reader control circuit, the same as described for any
      other code. As stated above, there is never more than a total of 23 units
      (equal to the fixed length justifying area) added to any justified line,
      regardless of the number of word spaces, and as the number of word spaces
      increase, the quotient amount decreases accordingly.
PAR  Operation of the decoder 494, according to the word space code, completes a
      circuit that runs from source (S) and switch 541 (FIG. 53), through wire
      564, a solenoid 633 for cocking a word space cycling mechanism which is
      just like that described in connection with FIG. 39 except that its switch
      634 (FIG. 53) has four blades instead of the three shown in switch 611,
      the circuit continues through a wire 635 connected between solenoid 633
      and the terminal marked "WORD SP. (3,4)" (FIG. 50), and it goes to ground
      through the operated decoder 494 (FIG. 53). Upon operation of the solenoid
      633 and the cocking of its word space cycling mechanism, the mechanism
      opens the reader control circuit switch 453 for deenergizing the solenoid
      417 (FIG. 31) and the motivating solenoids 495, 500-505 in the decoder
      494. Deenergization of the solenoid 417 permits the feed mechanism 408 to
      feed a succeeding code into the main reader 407, and deenergization of the
      motivating solenoids 495, 500-505 of the decoder 494 permits the decoder
      494 to restore for breaking the circuit through the solenoid 633 (FIG.
      53). Whereupon, the word space cycling mechanism closes its switch 634 for
      causing the normal 0.050 inch word space carriage movement by operation of
      wheel 228, for at times adding the justifying quotient amount by operation
      of the wheel 244 a corresponding number of teeth, and for at times adding
      one unit (0.025 inch) of a remainder by operation of the wheel 249.
PAR  Closure of switch 634 causes the wheel 228 and the carriage 9a to be
      advanced the normal word space amount (0.050 inch) by a circuit that runs
      from source (S) and switch 541, through wire 615, the motivating solenoid
      267, wire 616, a wire 636 between wire 616 and switch 634, through now
      closed switch 634 and it goes to ground through wire 617.
PAR  The circuit for advancing the wheel 244 and the carriage a quotient
      representing number of units will now be described. A wire 637 is
      connected between the wire 615 and a switch 638 that is normally open and
      that is closed only when the adjustable stop member 335 is shifted
      counterclockwise to a quotient representing position. The switch 638 is
      secured on the plate 246 (FIG. 30), and an insulator 639 is secured on the
      stop member 335, as shown. A wire 640 (FIG. 53) is connected to switch 638
      and to the motivating solenoid 375. A wire 641 is connected to the
      solenoid 375 and to a counting solenoid 642 in a duplex counter 643. The
      duplex counter 643 is settable according to a justifying remainder code,
      and the counting solenoid 642 is operated to deduct one from the setting,
      each time a word space is reproduced, to limit the times a remainder unit
      is added to word spaces and, at the same time the solenoid 642 is operated
      to count one in the duplex counter 643 to limit the number of times a
      justifying quotient amount is added, as will be explained later. As stated
      above, there is never more than a total of 23 units (equal to the fixed
      length justifying area) added to any justified line, regardless of the
      number of word spaces, and as the number of word spaces increase, the
      quotient amount decreases accordingly. A wire 644 is connected between
      solenoid 642 and a switch 645 in the counter 643. A wire 646 is connected
      to the switch 645 and the switch 634. The switch 645 is normally
      conditioned, as shown here, for rendering the wires 644 and 646 effective,
      but the switch 645 is shiftable for rendering the circuits that pass
      through wire 644 and solenoid 642 ineffective when the counter 643 has
      been operated to count more than sixteen word spaces in a reproduced line,
      as will be explained fully hereinafter.
PAR  Assume now that the adjustable stop member 335 has been set
      counterclockwise in a quotient representing position and the switch 638 is
      closed as described, that the counter 643 has not yet counted sixteen
      spaces and the switch 645 is conditioned as shown here, and that a word
      space code has been read and the switch 634 is closed. When these
      conditions exist, the solenoid 375 is operated to rotate the wheel 244 and
      thereby adds the quotient amount to the normal word space carriage
      movement, as described, and the solenoid 375 is operated as follows. The
      circuit travels from source (S) and switch 541, through wires 615 and 637,
      the now closed switch 638, wire 640, it operates motivating solenoid 375,
      it continues through wire 641, the counting solenoid 642, wire 644, switch
      645, wire 646, the word space cycling mechanism switch 634 and it goes to
      ground through wire 617. Thus, the wheels 228 and 244 are operated
      simultaneously for moving the carriage 9a a normal word space plus the
      quotient amount for justifying purposes.
PAR  The circuit provided for at times operating the motivating solenoid 397 and
      thereby rotating the wheel 249, simultaneously with the wheel 228 and also
      at times with the wheel 244, to add one unit to a number of word spaces
      that corresponds to the division remainder, will now be described. A wire
      647 is connected to the switch 541 and to the motivating solenoid 397. A
      wire 648 is connected between solenoid 397 and a switch 649, that is
      normally held open as indicated to render the circuit ineffective but that
      is permitted to close for rendering the circuit effective when the duplex
      counter 643 is set according to a remainder as will be explained further
      hereinafter. A wire 650 is connected to the switch 649 and to the wire
      641. Thus, when the switch 649 is closed and a remainder unit is therefore
      to be added to a word space, and when the word space cycling mechanism
      switch 634 is closed as described, the remainder unit circuit is complete
      from source (S) and switch 541, through wire 647, motivating solenoid 397,
      wire 648, now closed switch 649, wires 650 and 641, the counting solenoid
      642, wire 644, switch 645 conditioned as shown which is the condition
      whenever this circuit is required, wire 646, now closed switch 634, and it
      goes to groung through wire 617. Thus, the solenoid 397 is operated for
      each word space, until the switch 649 is opened when duplex counter 643
      counts the number that corresponds to the remainder as will be described
      later.
PAR  From the above, it can be seen that for each justifying word space the
      wheel 228 is always rotated two teeth for moving the carriage 9a two
      units, that wheel 244 may be rotated a number of teeth from one to
      twenty-three for adding the same number of units as determined by the
      adjustable stop member 335, and that the wheel 249 is never rotated more
      than one tooth (one unit portion of a remainder) for adding one more unit
      to a number of word spaces that equals the remainder. Thus, it is seen
      that wheel 228 is always operated a greater extent than wheel 249 and that
      the wheel 244 may be operated a greater extent than the wheel 249.
      Accordingly, a means is provided for closing the reader control circuit
      switch 453 as soon as the wheel 228 has rotated its two teeth and the
      wheel 244 has rotated the number of teeth determined by the adjustable
      stop member 335. Thus, in any particular instance where a word space is to
      have an amount added for justifying purposes, it will be seen that the
      reader control circuit switch 453 is closed as soon as the wheel 228 or
      244 that rotates the greater amount is fully operated. However, when the
      adjustable stop member 355 is set in normal zero representing position,
      therebeing being no movement of the wheel 244 in such an instance, the
      reader control circuit switch 453 is reclosed as soon as the wheel 228 is
      moved for two units of carriage movement.
PAR  The means for closing the reader control circuit switch 453, following word
      space operations, will now be described.
PAR  The arrangement for closing the switch reader control circuit 453, when the
      adjustable stop member 335 is in zero position and when the wheel 228 is
      operated alone or with the remainder wheel 249, will be explained first. A
      wire 651 is connected between the wire 620 and a contact 652. The contact
      652 (FIG. 30) and a companion contact 653 are secured on the insulator 374
      in positions to be engaged by the blade 371 when the member 335 is in the
      illustrated zero representing position. A wire 654 (FIG. 53) is connected
      between contact 653 and the switch 634. Under the above conditions, as
      soon as the wheel 228 is operated two units and the blade 286 is engaged
      with the contacts 290 and 291 as described, a circuit is complete from
      source (S) and switch 541, through wires 564 and 618, the solenoid 481 for
      restoring the word space cycling mechanism and reclosing the reader
      control circuit switch 453, wire 619, contacts 290, 291 and blade 286,
      wire 620, wire 651, contacts 652, 653 and blade 371, wire 654, now closed
      switch 634, wire 617 and to ground. As soon as the word space cycling
      mechanism restores, its switch 634 opens, and this deenergizes the
      solenoid 481 and also permits the operated carriage moving mechanism to
      restore as previously described.
PAR  The arrangement for closing the reader control circuit switch 453, when the
      adjustable stop member 335 (FIG. 30) is set counterclockwise to one of the
      previously described quotient representing positions and the wheel 244 is
      operated simultaneously with the wheel 228, will now be described. A wire
      655, (FIG. 53) is connected to the wire 651 and to the previously
      described arcuate conductor 391. A wire 656 is connected between the
      conductor 392 and the wire 654. Under the instant condition and as soon as
      the carriage 9a is moved the normal word space and the quotient amounts,
      the restoring solenoid 481 is operated by a circuit that travels from
      source (S) and switch 541, through wires 564 and 618, the solenoid 481 for
      restoring the operated word space cycling mechanism and reclosing the
      reader control circuit switch 453 as described, the wire 619, contacts
      290, 291 and blade 286, wires 620, 651 and 655, conductor 391 (FIG. 30),
      the blade 386, the blade 384, the conductor 383 that engages the blades
      384 and 385 when the member 377 is rotated counterclockwise and the drive
      pawl 378 abuts the adjustable stop 381 as described, through the blade
      385, the wire 388, the blade 387, the conductor 392 (FIG. 53), wires 656
      and 654, the now closed switch 634 and goes to ground through wire 617. As
      described previously, operation of the solenoid 481 recloses the reader
      control circuit switch 453 for reading of the next code and it restores
      the operated word space cycling mechanism for opening switch 634 and
      thereby for permitting restoration of the carriage moving mechanism.
PAR  As fully described in our aforesaid copending application and as will be
      described further herein, the justifying encoding arrangement is designed
      to adjust the first sixteen or less word spaces, depending on the number
      of word spaces in the line, in order to make the last character extend
      exactly to the right margin. Thus, during reproduction of the justified
      line, the switch 645 is shifted for terminating any further possible
      operations of the counting solenoid 642 and the motivating solenoid 375,
      whenever the duplex counter 643 is operated to count sixteen word spaces
      as will be explained presently. The remainder motivating solenoid 397 is
      never operated for more than fifteen word spaces as controlled by switch
      649 as will be described later. When the switch 645 is shifted and the
      decoder 494 is operated for a word space, when the switch 634 is closed
      and the carriage 9a is shifted the normal two unit word space amount as
      described, the restoring circuit is effective from source (S) and switch
      541, wires 564 and 618, the solenoid 481 for reclosing the reader control
      circuit switch 453 and restoring the word space cycling mechanism as
      described, wire 619, contacts 290, 291 and blade 286, wires 620 and 651, a
      wire 657 between wire 651 and the switch 645, through the now shifted
      switch 645, wire 646, switch 634, wire 617 and to ground. Thus, for all
      word spaces over sixteen, the main reader control circuit is rendered
      effective for reading an ensuing code and the word space cycling mechanism
      is restored as described, as soon as the carriage 9a is moved two units.
PAR  9. DUPLEX COUNTER STRUCTURE
PAR  The counting solenoid 642, and the switches 645, 649 are secured on the
      vertical plate 35 (FIG. 54) in any known manner. The plate 35 is secured
      to the general frame members of the machine, as described previously.
PAR  A link 658 is pivotally connected to the armature of the counting solenoid
      642 and to a depending arm of a member 659 that is pivoted intermediate
      its ends on a stud 660. Stud 660 is secured on the plate 35. A counting
      drive pawl 661 is pivoted at one end on the upper end of the member 659,
      and the other end of the pawl 661 is normally engaged with a ratchet
      segment 662. Segment 662 is pivoted on stud 660 and it is urged clockwise
      by a contractile spring 663 that is connected to the segment 662 and to
      plate 35. A stud 664 is secured on segment 662, and the extended
      cylindrically shaped head of the stud 664 extends through a slot 665 in
      the plate 35. The segment 662 is stopped in its illustrated clockwise
      normal position where the stud 664 engages the upper end of the slot 665.
      A contractile spring 666 is connected to the pawl 661 and to a clearing
      detent 667. The detent 667 is pivoted on a stud 668, and stud 668 is
      secured on plate 35. The spring 666 is connected in such an attitude that
      it urges the detent 667 clockwise, that it urges pawl 661 counterclockwise
      against segment 662, and that it urges the pawl 661 and member 659
      counterclockwise about stud 660. The member 659 is stopped in its
      illustrated normal position, when its lower arm engages a stop stud 669
      that is secured on plate 35. In this counterclockwise position of member
      659, the end of pawl 661 extends under an overrotation preventing stop
      670. Stop 670 is formed like a bail, with its ends secured to identical
      parallel bail arms 671 and 672. These arms 671 and 672 (FIG. 56) are
      secured on a sleeve 673 that is pivoted on a stud 674. Stud 674 is secured
      on plate 35. A contractile spring 675 (FIG. 54) is connected to arm 672
      and to a stud 676 (FIG. 56) that is secured on the plate 35. This spring
      675 (FIG. 54) is provided for rotating the bail-like assembly clockwise
      and for elevating the stop 670 during clearing operations as will be
      described. However, the stop 670 is normally held down by a finger 677
      that usually blocks the stop 670 in the position shown. Finger 677 is on a
      link 678 that is connected at its rightward end to the armature of a
      clearing solenoid 679. Solenoid 679 is secured on the plate 35. The
      leftward end of link 678 is supported on a stud 680 that extends through a
      slot 681 in the link 678, and that is secured on plate 35 (FIG. 56). A
      contractile spring 682 is connected to link 678 and to a stud 683 that is
      secured on plate 35. The spring 682 (FIG. 54) normally holds the link 678
      leftward against stud 680 as shown, where the finger 677 is in effective
      blocking position. A ratchet detent 684 is normally engaged with the
      segment 662 for holding the segment 662 in any counterclockwise operated
      position. The detent 684 is pivoted on a stud 685 that is secured on plate
      35. A torsion spring 686 is anchored in any convenient manner and it is
      connected to detent 684 for urging the detent 684 counterclockwise against
      the teeth of segment 662. A stud 687 is secured on an upward extension of
      the ratchet detent 684, and the stud 687 is assembled through a slot 688
      in the link 678. The slot 688 is provided for permitting the stud 687 to
      shift freely rightward and return as the detent 684 ratchets over the
      teeth on segment 662 as will be described. The slot 688 is also situated
      to permit an initial rightward movement of the link 678 before the left
      end of the slot 688 moves the stud 687 in clearing operations as will be
      explained presently.
PAR  The clearing detent 667 normally overlies an offset portion 689 (FIG. 56)
      of the link 678, but it is normally held up in an ineffective position,
      clear of the offset 689 as shown in FIG. 54, by engagement of the stud 664
      with a depending finger 690 of the detent 667.
PAR  As previously described in connection with FIG. 53, the counting solenoid
      642 is energized at the same time the solenoid 375, solenoid 397, or both
      are operated to add a justifying amount to a normal word space, and it is
      deenergized as soon as the movement for the altered word space is
      complete. In such an instance when the counting solenoid 642 (FIG. 54) is
      energized, it pulls link 658 and rotates the member 659 clockwise against
      the stud 685 while the pawl 661 ratchets over one tooth on the segment
      662. When the solenoid 642 is deenergized, the spring 666 returns the
      drive pawl 661 and member 659, and the pawl 661 rotates the segment 662
      one tooth step counterclockwise while the detent 684 ratchets over one
      tooth on the segment 662. In this manner the segment 662 may be operated
      successive single tooth steps counterclockwise for counting the occurrence
      of as many word spaces. During the first of such counterclockwise steps of
      the segment 662, the stud 664 moves away from the finger 690 and the
      spring 666 rotates the clearing detent 667 slightly clockwise down on the
      top edge of the offset 689 so as to be effective during a clearing
      operation as will be explained.
PAR  An insulator 691 is secured on the segment 662 by a rivet 692 and it is
      also held in position by the stud 664. When the segment 662 is operated
      for counting fifteen word spaces, the insulator 691 is swung down close to
      the center blade of the switch 645. Thereafter, at times when a sixteenth
      word space is counted, the insulator 691 shifts the switch 645 (FIG. 53)
      for limiting the operations of the justifying motivating solenoid 375, and
      the counting solenoid 642 to the first sixteen word space operations in a
      line as previously described.
PAR  The clearing solenoid 679 (FIG. 54) is operated, when the machine responds
      to a carriage return code, as will be described later in connection with
      carriage return operations. However, upon operation of the clearing
      solenoid 679, it pulls link 678 rightward. Initial rightward movement of
      link 678 removes the finger 677 from blocking position over the stop 670,
      but the bail-like stop 670 is held down in the illustrated position by the
      bent over portion of the detent 684 that overlies the bail arm 672, as
      shown best in FIG. 56, and the detent spring 686 (FIG. 54) is heavier than
      the light tensioned spring 675. However, following the initial rightward
      movement of the link 678, the left end of its slot 688 shifts the stud 687
      and the detent 684 clockwise against the tension of spring 686 for
      disengaging the detent 684 from the segment 662, while the spring 675
      rotates the bail-like arrangement including stop 670 and bail arm 672
      followingly. As the movement continues, the detent 684 engages the
      underside of the drive pawl 661 and finally disengages the drive pawl 661
      from the segment 662. During the final rightward movement of link 678, the
      rightward end of the clearing detent 667 drops down to the left of the
      offset 689 and on top of the stud 676 under tension of spring 666, for
      holding the link 678 in its operated position until segment 662 is fully
      returned. As the detent 667 rotates into holding position, its finger 690
      swings leftward into the return path of stud 664. When detent 684 has been
      swung upward and as soon as the drive pawl 661 clear the teeth on segment
      662, the spring 663 returns the segment 662 clockwise. At times when the
      segment 662 has counted sixteen word spaces and the switch 645 has been
      shifted, the first clockwise return movement of segment 662 withdraws the
      insulator 691 from the switch 645 and the switch 645 returns to the
      illustrated normal condition. By the time the segment 662 is returned and
      the stud 664 is stopped in the upper end of slot 665, the stud 664 will
      have engaged the finger 690 and thereby rotated the detent 667
      counterclockwise to illustrated normal position for releasing the link
      678. Whereupon, the spring 682 restores the link 678 leftward, the spring
      686 restores the detent 684 counterclockwise, the spring 666 restores the
      drive pawl 661 into engagement with the segment 662 then in fully restored
      position, the detent 684 moves away from the pawl 661 and it restores the
      bail arrangement including stop 670 and bail arm 672 and the detent 684
      then engages the segment 662, the left end of slot 688 moves away from the
      stud 687 while the finger 677 on link 678 moves into blocking position
      over stop 670, and the link 678 is stopped in normal position as the right
      end of slot 681 engages the stud 680, all in that order. Thus, the
      mechanism is cleared and restored to the illustrated normal zero
      representing position.
PAR  The manner in which the duplex counter 643 counts the number of word spaces
      and limits the number of times a justifying quotient amount is added to
      the first sixteen spaces in a line has just been described. The counter
      643 also includes a means (primarily a member 693) that is presettable in
      a position for representing a justifying remainder and that is controlled
      by the segment 662 for deducting one from the previous setting each time
      one unit of the remainder is added to a word space. By thus reducing the
      previous setting to zero, the means also limits the times one unit of a
      remainder is added to a word space and the number of times is limited to a
      number that corresponds to the justifying remainder. The presettable means
      and the means for controlling the switch 649 and thereby controlling the
      number of times the single units of the remainder are to be added will now
      be described.
PAR  The presettable member 693 is pivoted on the stud 660 to the left of the
      member 659 (FIG. 55). A torsion spring 694 is anchored on a stud 695 that
      is secured on plate 35, and the spring 694 is also connected to member 693
      (FIG. 54). Spring 694 urges the member 693 counterclockwise to normal
      position, as shown, against return stop stud 696 that is secured on plate
      35. A link 697 is pivotally connected to a depending arm of member 693 and
      to the armature of a solenoid 698 that is provided for setting the member
      693 in a remainder representing position as will be explained presently.
      The solenoid 698 is secured to plate 35 in any known manner. In the
      illustrated normal zero remainder representing position (cleared position)
      of member 693, an insulator 699 that is secured on the remote end of the
      member 693 holds the switch 649 open as shown for rendering the one unit
      motivating solenoid 397 (FIG. 53) inoperable as described. When the member
      693 (FIG. 54) is in a clockwise remainder representing position, the
      insulator 699 is moved away from switch 649 and the switch 649 is then
      closed.
PAR  Fourteen selectively operable stop solenoids 700, with respective suffix
      numbers 1 - 14, are arranged in positions corresponding to the first
      fourteen operated positions of the member 693. The solenoids 700 are
      equipped with normally withdrawn stops 701 that are individually
      designated by respective suffixes, numbers 1 - 14. The solenoids 700 (FIG.
      55) are secured on the leftward face of the plate 35, and their normally
      ineffective stops 701 (FIG. 54) extend generally no more than flush with
      the rightward face of the plate 35. The arrangement is such that, upon
      operation of a solenoid 700, its respective stop 701 is extended into
      blocking alignment with clockwise movement of member 693 for stopping the
      member 693 in that remainder representing position. Upon deenergization of
      a solenoid 700, its stop 701 is withdrawn to ineffective position, in a
      known manner. A stationary stop stud 702 is secured on plate 35 and it
      extends into effective blocking position for stopping member 693 in the
      Fifteenth (largest number) remainder representing position.
PAR  A pawl 703 is pivotally mounted on the member 693, and it is provided for
      connecting the member 693 with the segment 662 when the member 693 is
      shifted to a remainder representing position and while the duplex counter
      643 counts the number of word spaces that corresponds to the remainder.
      However, when the member 693 is in the illustrated zero representing
      (returned) position, the pawl 703 is held in its clockwise ineffective
      position by the stud 696 as shown, so the segment 662 may be operated
      independently of the pawl 703 and member 693. A torsion spring 704 is
      connected to member 693 and to the pawl 703 for urging the pawl 703
      counterclockwise into engagement with segment 662 when the member 693 is
      in a clockwise position.
PAR  A blade 705 is secured on and it is insulated from the end of member 693,
      in any known manner. Blade 705 is flexed against an insulator 706, and it
      is arranged to engage a conductor strip 707 and successive contacts 708 -
      1 to 708 - 15 on the insulator 706 when the member 693 is moved to
      remainder representing positions 1 to 15, respectively. Insulator 706 is
      secured on plate 35. As will be described later, a contact 708 - 1 to 708
      - 15 is effective only when the member 693 is moved to and stopped in the
      corresponding remainder representing position, and the continuity through
      the strip 707, blade 705 and the effective contact 708 - 1 to 708 - 15 is
      used to cycle the instant remainder code through the main reader 407.
PAR  When the justifying fifteen unit remainder code is read as will be
      described, the solenoid 698 is operated for pulling link 697 and rotating
      the member 693 clockwise against the tension of spring 694 and until the
      member 693 is stopped in its fifteen unit remainder representing position
      by the station stud 702. As the member 693 moves the first increment
      clockwise, its insulator 699 permits the switch 649 to close for rendering
      the motivating solenoid 397 (FIG. 53) operable for adding one unit to each
      of the first fifteen word spaces as described. At the same time, the
      member 693 (FIG. 54) and pawl 703 are moved away from return stud 696, and
      the spring 704 engages the pawl 703 with the teeth of segment 662 and the
      pawl 703 ratchets over fifteen teeth of the segment 662. As soon as the
      blade 705 engages the effective contact 708 - 15, further cycling occurs
      and the solenoid 698 is deenergized as will be described. Whereupon, the
      pawl 703 holds the member 693 in its fifteenth operated position by
      engagement of the pawl 703 with the segment 662. As will become apparent
      later, this fifteen unit representing position of member 693 will not be
      called for unless the line to be reproduced has fifteen or more word
      spaces. Thus, during reproduction of the line, when the counting solenoid
      642 is operated and the segment 662 is stepped counterclockwise one step
      for each word space as described, the member 693 is also moved
      counterclockwise step by step therewith by the spring 694 and engagement
      of the pawl 703 with the segment 662. Thus, the switch 649 remains closed
      for fifteen word spaces. However, when the fifteenth word space is counted
      and the member 693 is shifted the last step counterclockwise, the
      insulator 699 opens the switch 649 for preventing further operations of
      solenoid 397 (FIG. 53), and the pawl 703 (FIG. 54) engages the stud 696
      and it is rotated clear of the segment 662 as shown. Thereafter, when the
      line is terminated and the clearing solenoid 679 is operated, the segment
      662 is restored clockwise, as described, without interference from the
      pawl 703 and the member 693 then in restored condition against stud 696 as
      shown.
PAR  When a code for any other justifying remainder (1 - 14) is read as will be
      described, the solenoid 698 is operated together with the one of the
      solenoids 700 - 1 to 700 - 14 that corresponds to the remainder. Under
      such a condition, the solenoid 698 rotates the member 693 clockwise
      against the then effectively extended stop 701 - 1 to 701 - 14 for setting
      the member 693 in the corresponding remainder representing position. When
      the blade 705 engages the effective contact 708 - 1 to 708 - 14, further
      cycling of the machine is accomplished and the solenoid 698 is
      deenergized, as will be explained, and the pawl 703 connects the member
      693 with the segment 662 in the same manner as described previously. Thus,
      under any condition where there is a justifying remainder, the duplex
      counter 643 is conditioned to permit the switch 649 to remain closed until
      the solenoid 397 (FIG. 53) has added one unit to a number of word spaces
      that corresponds to the value of the justifying remainder.
PAR  10. JUSTIFICATION CODES
PAR  As explained briefly hereinbefore and as described in detail in our
      aforesaid copending application for "Justifying, Text Writing Composing
      Machine", all encoding, code media handling and code reading is done
      automatically, preferably in one assembly that is preferably incorporated
      as a part of the composing machine. As also described, justification of
      the lines in the instant reproducer is controlled by one or two sets of
      code punch holes (justification codes) that are located ahead of the code
      punch holes for characters and functions that make up the text codes for
      each line to be justified. The first possible set of justification codes
      is the quotient code, which is for controlling the adjustment of the stop
      member 335 (FIG. 30) in the carriage moving mechanism. The second possible
      set of justification codes is the remainder code, which is for controlling
      the adjustment of the member 693 (FIG. 54) in the duplex counter 643.
PAR  The codes for each possibel "QUOTIENT" and for each possible "REMAINDER"
      are shown in "CHART C" that follows the figure descriptions hereinbefore.
PAR  The arrangement for controlling the setting of the adjustable stop member
      335 (FIG. 30) according to the quotient codes will be described first. It
      should be remembered that the locking pawl 344 is disengaged from the
      member 335 upon return of the carriage 9a from a previous line.
PAR  When the main reader 407 (FIG. 31) senses a quotient code, the cocking
      solenoid 417 is operated in preparation for feeding the quotient code out
      of the main reader 407, the read solenoid 422 is operated for terminating
      the consecutive tape feeding operations, and the main decoder 494 is
      operated according to the sensed code, the same as described in topic "5.
      Main Reader Circuit". When the decoder 494 (FIG. 31) is operated according
      to a quotient code (CHART C), a ground is provided for a circuit that is
      designated for that particular quotient. These circuits are indicated, in
      FIG. 50, by a number that corresponds to the quotient, the initial letters
      "U.Q." which stand for unit quotient and numbers in parentheses to show
      the code for that quotient. For example, near the bottom of FIG. 50, the
      circuit marked "1 U.Q. (5)" stands for the one unit quotient, the code for
      which is 5. Likewise, "2 U.Q. (6)" is for the two unit quotient, the code
      for which is 6. The quotient code circuits will now be described.
PAR  A wire 709 (FIG. 57) is connected to the normally closed switch 541 and to
      the solenoid 339 that is provided for setting the member 335 in an
      operated position as described. A wire 710 is connected to solenoid 339
      and to a normally effective blade 711 in a single pole double throw switch
      712. The switch 712 is normally conditioned as shown here, under control
      of a justifying control key 713 that is normally in a "Justify" position
      and that will be described later. A blade 714, that is normally engaged
      with blade 711, is connected by a wire 715 to each of the twenty two stop
      solenoids 341 - 1 to 341 - 22 (FIG. 30) in any known manner. A wire 716
      (FIG. 57) is connected between each of the solenoids 341 - 1 to 341 - 22
      and the respective contact 373 - 1 to 373 - 22 (FIG. 30). A wire 717 (FIG.
      57) is connected between the wire 715 and the contact 373 - 23, since
      there is no stop solenoid 341 for the stationary 23rd stop as described. A
      wire 718 - 1 to 718 - 23 is connected to contacts 373 - 1 to 373 - 23,
      respectively, and to the terminals "1 U.Q. (5)" to "23 U.Q. (12346)",
      respectively, in the decoder 494 (FIG. 50).
PAR  Thus, operation of the decoder 494 according to a quotient code, completes
      a circuit that runs from the source (S) and switch 541 (FIG. 57), through
      wire 709, solenoid 339 for rotating the adjustable stop member 335
      counterclockwise as described, wire 710, switch 712, wire 715, one of the
      differential stop solenoids 341 and its wire 716 or the wire 717 as the
      case may be, the respective contact 373 - 1 to 373 - 23, and it goes to
      ground through the respective wire 718 - 1 to 718 - 23 and the operated
      decoder 494 as described. Thus, the adjustable stop member 335 (FIG. 30)
      is moved to a quotient representing position by operation of the solenoid
      339 and the position is determined by the effective stop 342 - 1 to 342 -
      22 or 343 according to a quotient code.
PAR  As soon as the member 335 is moved into the quotient representing position,
      the blade 371 is engaged with the effective contact 373 - 1 to 373 - 23
      for operating the solenoid 357 and for engaging the locking pawl 344 as
      will now be described. A source of power (S) is connected to the solenoid
      357 (FIG. 57). A wire 719 is connected between solenoid 357 and the
      conductor strip 372 (FIG. 30). Thus, when the member 335 (FIG. 57) is
      shifted into quotient representing position, the solenoid 357 is energized
      for engaging the locking pawl 344 to hold the member 335 in operated
      position, and the circuit continues through the wire 719, conductor 372,
      blade 371, the effective contact 373 - 1 to 373 - 23, the related wire 718
      - 1 to 718 - 23 and the operated decoder 494 as described.
PAR  Upon operation of solenoid 357, the locking pawl 344 (FIG. 30) is latched
      by pawl 348 into effective position as shown and described. As also
      described, the spring 354 is now tensed further, while pawl 363 snaps over
      stud 362 and the insulator 368 permits the reader control circuit switch
      369 to open, and the insulator 360 then closes the switch 361. When switch
      369 (FIG. 31) opens, the reader control circuit is broken for deenergizing
      the cocking solenoid 417, the read solenoid 422 and the decoder motivating
      solenoids 495, 500-505 that were energized in response to the reading of
      the quotient code. Deenergization of the solenoid 417 permits the cocked
      tape feed mechanism 408 to feed the just read quotient code out of the
      main reader 407, and, if there is a justification remainder code for the
      new line, to feed the remainder code into the main reader 407, as
      described. At times when there is no remainder code for the line, blank
      tape 412 will be fed into the main reader 407 at this time.
PAR  The circuit for remaking the reader control circuit, following the reading
      of a quotient code, will now be described. It should be remembered that
      the switches 418 and 419 are closed as soon as the reader control circuit
      is broken and the tape feed mechanism 408 feeds the tape 412 one step
      forward. A source (S) of power is connected to switch 419 (FIG. 57). A
      wire 720, which may include a communication means intermediate its ends as
      described, is connected between switch 419 and the switch 361. A wire 721
      is connected to switch 361 and to the solenoid 367. A wire 722 is
      connected between solenoid 367 and the solenoid 431 that is grounded as
      shown. As soon as the quotient code is fed out of the main reader 407 and
      the switch 419 is closed as described, current flows from source (S)
      through switch 419, wire 720, the now closed switch 361, wire 721, the
      solenoid 367, wire 722, and goes to ground through solenoid 431. Operation
      of the solenoid 367 (FIG. 30) recloses the reader control circuit switch
      369, and, when the pawl 363 releases stud 362, the spring 354 rotates the
      member 353 back against the stud 347 and permits the switch 361 to open,
      as described. Operation of the solenoid 431 (FIG. 57) conditions the
      feed-read switch means 421 for consecutive feeding operations as
      described. The opening of switch 361 deenergizes the solenoids 367 and
      431, and thus the cycles of operations for setting the adjustable stop
      member 335, according to a quotient code, is complete.
PAR  When the quotient code is fed out of the main reader 407 (FIG. 31) and
      there is no code on the tape 412 immediately following the quotient code,
      as when there is no justifying remainder code, the blank tape 412 is fed
      through the main reader 407, under control of the now closed switch 426
      (FIG. 57) in the switch means 421 now in feed condition as described. The
      consecutive step tape feeding circuit runs from source (S) and wire 528,
      through the now closed switch 414, wire 529, the tape feed cocking
      solenoid 417, a wire 723 between solenoid 417 and switch 418, the now
      closed switch 418, a wire 724 (that may include a communication means
      intermediate its ends, as described) between switch 418 and the switch
      426, the now closed switch 426, a wire 725 between switch 426 and the now
      closed switch 447, and goes to ground as indicated. By alternate operation
      of the cocking solenoid 417 and the snap-switch opening of switch 418 as
      described, the blank spaces of the control tape 412 are fed forwardly
      through the main reader 407 (FIG. 31) until the next code is read. When
      the next code is read (in this instance, the first text code for the
      line), the cocking solenoid 417 is energized simultaneously by the reader
      control circuit that is shown here and that goes through the wire 530, the
      "read" solenoid 422 and so as described, and by the just described
      consecutive step tape feed circuit controlled by switches 418 and 426
      (FIG. 57). Since the "read" solenoid 422 is now energized simultaneously
      with the cocking solenoid 417, the reader control circuit takes
      precedence, and the solenoid 422 opens the switch 426 for terminating the
      consecutive step blank tape feeding operations.
PAR  Return now to the point where a quotient code is fed out of the main reader
      407 (FIG. 31) and the consecutive feeding circuit switch 426 is closed, as
      described, and assume that there is a remainder code following the
      quotient code on the control tape 412. In this instance, the reading of
      the remainder code will immediately cause the "read" solenoid 422 to open
      the switch 426 (FIG. 57) for rendering the consecutive step tape feed
      circuit ineffective, while the reader control circuit remains effective
      for operating the cocking solenoid 417, the solenoid 422 (FIG. 31) and the
      motivating solenoids 495, 500-505 that correspond to the code (in this
      case, the remainder code) in the decoder 494, as previously described.
PAR  When the decoder 494 is operated according to a remainder code, the member
      693 (FIG. 54) is set in a position to represent the remainder, as
      described, under control of the decoder 494 (FIG. 31) and circuitry that
      will now be described. A wire 726 (FIG. 57) is connected to the wire 709
      and to the solenoid 698 that is provided for shifting the member 693 to a
      remainder representing position as described. A wire 727 is connected to
      solenoid 698 and to a normally effective blade 728 in a single-pole
      double-throw switch 729. The switch 729 is normally conditioned as shown
      here, under control of the justifying control key 713 that is normally in
      "Justify" position and that will be described presently. A blade 730 is
      normally engaged with the blade 728, and it is connected by a wire 731 to
      each one of the stop solenoids 700 - 1 to 700 - 14 and to the contact 708
      - 15 in any known manner. An individual wire 732 is connected to each of
      the stop solenoids 700 - 1 to 700 - 14 and a respective one of the
      contacts 708 - 1 to 708 - 14. Wires 733 - 1 to 733 - 15 are individually
      connected to the respective contacts 708 - 1 to 708 - 15, and they are
      also connected to respective terminals that are marked "1 REMAINDER (7)"
      (FIG. 50) to "15 REMAINDER (2,4,6,7)" in the decoder 494. The suffix
      numbers refer to the quantity of the remainder and the numbers in
      parentheses correspond to the code for that remainder. Thus, when the
      decoder 494 is operated according to a remainder code, the corresponding
      circuit runs from source (S) and the switch 541 (FIG. 57), through wires
      709 and 726, the solenoid 698 for shifting the member 693 to operated
      position as described, wire 727, blades 728 and 730, wire 731, directly to
      contact 708 - 15 in the case of a fifteen unit remainder or through the
      appropriate one of the solenoids 700 - 1 to 700 - 14 and a respective wire
      732, the effective contact 708 - 1 to 708 - 15 as the case may be, the
      wire 733 - 1 to 733 - 15 and the circuit goes to ground through the
      operated decoder 494 (FIG. 50). When the member 693 (FIG. 54) is stopped
      in the remainder representing position by the effective stop 701 - 1 to
      701 - 14 or by the fifteenth stop 702, the member 693 is coupled with the
      segment 662 by pawl 703 and the blade 705 is engaged with the effective
      contact 708 - 1 to 708 - 15, as described, for continuing the tape cycling
      operations as will now be described.
PAR  A wire 734 (FIG. 57) is connected to the wire 709 and to a solenoid 735 in
      a remainder code tape cycling mechanism 736 to be described presently. A
      wire 737 is connected between the solenoid 735 and the conductor strip
      707. Thus, the solenoid 735 is operated by a circuit that travels from
      source and switch 541, through wires 709 and 734, solenoid 735, wire 737,
      conductor strip 707, blade 705, the effective contact 708 - 1 to 708 - 15,
      the effective wire 733 - 1 to 733 - 15 and to ground through the operated
      decoder 494 as described.
PAR  The remainder code tape cycling mechanism 736 is shown best in FIG. 40, and
      it will now be described. The solenoid 735 is secured on the support
      member 461, and a link 738 is pivotally connected to its armature and to a
      member 739 that is pivoted on rod 456. A torsion spring 740 is anchored on
      rod 457 and it is connected to member 739 for urging the member 739
      clockwise against the rod 457. An insulataor 741 is secured on the member
      739, in engaging alignment with a normally open switch 742. Switch 742 is
      secured on the vertical plate 32 (FIG. 37) in any known manner. A pawl 743
      is pivoted on the rod 460, it extends over the bail 473 that is common to
      the first bank of cycling control mechanisms as described, and a torsion
      spring 744 is connected to the pawl 743 and to the support member 462 for
      urging the pawl 743 (FIG. 40) counterclockwise to normally rest on the
      upper end of member 739 as shown. A link 745 is pivotally connected to the
      pawl 743 and to the armature of a restoring solenoid 746 that is secured
      on the plate 32 (FIG. 37).
PAR  When the member 693 (FIG. 57) is shifted to a remainder representing
      position and its blade 705 completes the circuit between conductor strip
      707 and the effective contact 708 - 1 to 708 - 15, the solenoid 735 is
      operated as described. Operation of solenoid 735 (FIG. 40) pulls link 738
      and rotates the member 739 and its insulator 741 for closing the switch
      742. Just prior to the engagement of member 739 with the rod 458, the
      spring 744 rotates the pawl 743 counterclockwise, while the pawl 743
      pushes the bail 473 downward and the end of the pawl 743 shifts into a
      notch 747 in the member 739 for holding the member 739 in operated
      position.
PAR  When the pawl 743 pushes the bail 473 downward, the bail assembly,
      including the parts 473, 475, 476, 474 (FIG. 39) and 472, is rotated
      clockwise for permitting the reader control circuit switch 453 to open as
      described. The opening of reader control circuit switch 453 (FIG. 31)
      breaks the reader control circuit for deenergizing the solenoids 417, 422
      and the motivating solenoids 495, 500-505 in the decoder 494 as described.
      Deenergization of the solenoid 417 permits the tape feed mechanism 408 to
      feed the remainder code out of the main reader 407 and to close the
      switches 419 and 418 as described. Restoration of the decoder 494, in this
      instance, breaks the circuit through the solenoid 735 (FIG. 57).
PAR  Closure of switch 419 causes the remainder code cycling mechanism 736 to be
      restored and it causes the feed-read switch means 421 to assume the feed
      condition. To this end, a wire 748 is connected to wire 720 and to the
      solenoid 746. A wire 749 is connected between solenoid 746 and switch 742,
      and a wire 750 is connected between switch 742 and the wire 722. In this
      instance, closure of switch 419 completes the circuit through switch 419,
      wires 720 and 748, solenoid 746 for restoring the cycling mechanism 736,
      wire 749, now closed switch 742, wires 750 anad 722, and solenoid 431 for
      returning the feed-read switch means 421 to feed condition. When solenoid
      431 is operated, the switch 426 is again closed for completing the
      consecutive step tape feed circuit as described. Operation of the solenoid
      746 pulls the link 745 (FIG. 40) and rotates the pawl 743 clockwise,
      against tension of spring 744, for disengaging the pawl 743 from notch
      747. Whereupon, the spring 740 restores the member 739 and insulator 741
      clockwise for permitting the switch 742 to open. The opening of switch 742
      (FIG. 57) deenergizes the solenoids 746 and 431.
PAR  At the time pawl 743 (FIG. 40) is moved out of notch 747, the spring 479
      (FIG. 39) restores the bail 473 and insulator 472 upward for closing the
      reader control circuit switch 453 (FIG. 31). Thus, the reader control
      circuit is rendered effective for reading the next code, which in this
      case will be the first text code for the line and which code follows the
      blank tape 412 that follows the remainder code as described.
PAR  a. Justify - No Justify Key
PAR  The justification control key, Justify -- No Justify key 713 (FIGS. 8 and
      57), is presettable, at the will of the operator, for controlling the
      reproducer to produce justified copy lines as described above, or to
      produce unjustified copies even though the control tape 412 that is being
      used contains the justification codes. In other words, by the use of this
      key 713, the reproducer may be controlled to produce a justified copy or
      an unjustified copy from any control tape 412 that contains the
      justification codes. When the key 713 is in the "Justify" position, the
      reproducer will prepare justified copy if the control tape 412 contains
      justification codes, but, of course, the reproducer will prepare
      unjustified copy if the control tape 412 does not contain the
      justification codes. However, when key 713 is in the "No Justify"
      position, the reproducer will prepare unjustified copy, whether or not the
      control tape 412 contains justification codes.
PAR  The Justify -- No Justify key 713 (FIG. 34) is pivoted on a bolt 751 that
      is secured on the frame plate 20 (FIG. 9). A member 752 (FIG. 34) is also
      pivoted on bolt 751, along side of the key 713. A contractile spring 753
      is connected to the key 713 and to the depending arm of member 752 in any
      known manner. When the key 713 is in the illustrated "Justify" position,
      the spring 753 yieldably holds the key 713 against rod 24, and it holds
      the member 752 clockwise against rod 23. When the key 713 is manually
      shifted to the "No Justify" position against rod 21, the centerline of
      spring 753 is shifted to the right of the pivot bolt 751 and the spring
      753 snaps the member 752 counterclockwise against the rod 22. In the same
      manner, return of the key 713 to "Justify" position causes the spring 753
      to return the member 752 clockwise against the rod 23 as shown.
PAR  As shown here, an insulator 754 is secured on the leftward arm of member
      752, and, in the illustrated position of the parts, the insulator 754
      shifts the switch 712 in normal condition where the blade 714 is engaged
      with blade 711. The switches 712 and 729 are secured on the frame plate 20
      (FIG. 9) in any known manner. In this normal "Justify" position of the
      parts, the insulator 754 (FIG. 34) is shifted away from the switch 729,
      and the blades 730 and 728 are engaged as described. When the key 713 is
      shifted to "No Justify" position and the insulator 754 is swung
      counterclockwise, the insulator 754 permits the blade 714 to disengage
      from blade 711 and to engage with a blade 755 of the switch 712, and the
      insulator 754 shifts the blade 730 away from blade 728 and into engagement
      with a blade 756 of the switch 729.
PAR  As explained hereinabove, the circuit for operating the solenoid 339 (FIG.
      57) to set the stop member 335 in a quotient representing position passes
      through the solenoid 339, wire 710, blades 711 and 714 of switch 712,
      etc., when the key 713 is in the "Justify" position and a quotient code is
      read. As also explained hereinabove, the circuit for operating the
      solenoid 698 in the duplex counter 643 to set the member 693 in a
      remainder representing position passes through the solenoid 698, wire 727,
      blades 728 and 730 of switch 729, and so on, when the key 713 is in the
      "Justify" position and a remainder code is read.
PAR  When the key 713 is in the "No Justify" position, the justification codes
      that may be read are cycled through the main reader 407, and the members
      335 and 693 are left in their respective zero representing positions when
      a quotient code and a remainder code, respectively, are read. Thereafter,
      as the line is reproduced, no quotient or remainder amounts will be added
      to the word spaces, and thus the line is reproduced in unjustified form.
PAR  The circuits that are effective when the switches 712 and 729 are shifted
      from normal condition and the key 713 is in "No Justify" position will now
      be described. Under this condition, when a quotient code is read and the
      decoder 494 is operated accordingly as described, the adjustable stop
      member 335 is locked in its zero representing position (into which
      position the member 335 is returned during carriage return functions as
      will be described) by a circuit that runs from source (S) through solenoid
      357 for locking the adjustable stop member 335 as described and for
      opening the reader control circuit switch 369 as described, the circuit
      continues through wire 719, a wire 757 connected to wire 719 and blade
      755, through now engaged blades 755 and 714, wire 715, and so on as
      described through the decoder 494 now operated according to a quotient
      code. The opening of the reader control circuit switch 369, deenergizes
      the solenoid 417 for permitting the tape feed mechanism 408 to feed the
      quotient code out of the main reader 407 and to close the switch 419.
      Whereupon, the circuit from source (S), switch 419, wire 720, now closed
      switch 361, wire 721, solenoid 367 for closing switch 369, and the circuit
      goes to ground through wire 722 and the "feed" solenoid 431, as described.
      However, at this point when the switch 369 is closed, the reader control
      circuit may respond to a remainder code, now in the main reader 407.
PAR  Under the "No Justify" condition, when a remainder code is read and the
      decoder 494 is operated accordingly, a circuit is complete from source (S)
      and switch 541, through wires 709 and 734, solenoid 735 for operating the
      remainder code tape cycling mechanism 736 to break the reader control
      circuit as described, through wire 737 and a wire 758, now engaged blades
      756 and 730, wire 731 and so on through the operated decoder 494 as
      described. When the reader control circuit is broken, the remainder code
      is shifted out of the main reader 407 and the switch 419 is closed, as
      described. Whereupon, current travels from source (S) and switch 419,
      through wires 720 and 748, the solenoid 746 for restoring the reader
      control circuit and the remainder code cycling mechanism 736, wire 749,
      now momentarily closed switch 742, wires 750 and 722, and it goes to
      ground through the solenoid 431 that conditions the arrangement to feed
      the blank tape 412 that follows the justification codes, as described
      previously.
PAR  Thus, the justification codes are read and bypassed, but the text codes
      remain effective and the machine is controlled thereby to produce
      unjustified copies, while the key 713 is in the "No Justify" position.
PAR  11. CASE SHIFT, BY CODE
PAR  The upper case function code is 4, 6, and the lwoer case function code is
      4, 7, as can be seen by referring to CHART D among the charts that follow
      the figure descriptions.
PAR  The arrangement for automatically shifting the machine to upper case
      condition will now be described. A wire 759 (FIG. 58) is connected to the
      normally closed switch 541 and to an upper case shift motivating solenoid
      760. A wire 761 is connected between solenoid 760 and the upper case
      terminal that is marked "UP. CASE (4,6)", in FIG. 50, of the main decoder
      494 (FIG. 58).
PAR  When the main reader 407 (FIG. 31) senses the upper case code 4, 6 and the
      decoder 494 (FIG. 58) is operated accordingly, current travels from source
      (S), through switch 541, wire 759, solenoid 760, wire 761 and it goes to
      ground through the operated decoder 494. Operation of solenoid 760 shifts
      the machine to upper case condition as will now be described.
PAR  The solenoid 760 (FIG. 11) is secured on the inner side of channel member
      7, as by screws 762. A link 763 is pivotally connected to the armature of
      solenoid 760 and a member 764. The upper end of member 764 is pivoted on a
      stud 765 that is secured on the inner right side of the typewriter frame 8
      (FIG. 9). A member 766 (FIG. 11) is also pivoted on stud 765, and a stud
      767 is secured on member 766 and the stud 767 extends beyond the edge of
      member 764. A link 768 is pivotally connected to the remote end of member
      766 and to the rockable member 94 of the shift lock key 45. When the shift
      lock key 45 is manually depressed, its lever 94 (FIG. 14) rocks
      counterclockwise on bolt 95, the surface 100 (FIG. 15) engages the stud
      92, and the key lever 66 (FIG. 14) is rotated counter-clockwise for
      shifting the machine to upper case condition, and finally the machine is
      latched in upper case condition by the hook member 89, as described
      hereinbefore. During such a manual operation, the link 768 (FIG. 11) is
      moved downward, the member 766 is shifted counterclockwise and the stud
      767 is shifted idly away from member 764. However, when all the parts are
      in lower case condition as shown here and the solenoid 760 is energized,
      the machine is conditioned for upper case as follows.
PAR  Operation of solenoid 760 pulls link 763 and rotates member 764 against the
      stud 767 for rotating the member 766 counterclockwise. Whereupon, the
      member 766 pulls the link 768, operates the lever 94 and the shift lock
      key 45 to lock the machine in upper case condition, in the same manner as
      described for manual operation of the shift lock key 45.
PAR  The arrangement for automatically shifting the machine to lower case
      condition will now be described. A wire 769 (FIG. 58) is connected between
      the wire 759 and a solenoid 770. A wire 771 is connected to solenoid 770
      and to the lower case terminal that is marked "LOWER CASE (4,7)" in the
      FIG. 50 of the decoder 494.
PAR  When the main reader 407 (FIG. 31) senses the lower case code 4,7 and the
      decoder 494 is operated accordingly, current travels from source (S) and
      switch 541 (FIG. 58), through the wires 759 and 769, solenoid 770, wire
      771 and it goes to ground through the operated decoder 494. Operation of
      solenoid 770 returns the machine to lower case condition as will now be
      described.
PAR  The solenoid 770 is secured on a traverse plate 772 (FIGS. 9 and 11) that
      is secured at its ends to the typewriter frame 8 in any known manner. A
      link 773 (FIG. 11) is pivotally connected to the armature of solenoid 770
      and to the member 90 (FIG. 14).
PAR  Operation of the solenoid 770 (FIG. 11) pulls the link 773 upward for
      rotating the unit formed of members 90 (FIG. 15), 89 and 88
      counterclockwise about the axis of shaft 87, and for thereby releasing the
      hook member 89 from the pin 92 to thereby permit the machine to return to
      lower case condition as described previously.
PAR  Whenever there is a case shift operation, whether the operation is
      performed by the previously described manual or automatic means, the
      upper-lower case switch means 493 (FIG. 52) is shifted for in each
      condition properly controlling the respective upper or lower case
      character spacing as described hereinbefore.
PAR  A snap switch means 774 (FIG. 58A), that is responsive to case shifting
      operations for controlling the shifting of upper-lower case switch means
      493, will now be described. A lower case switch 775 and an upper case
      switch 776 are secured on a plate 777 (FIG. 59) that is secured on the
      typewriter frame 8 as by machine screws 778. A member 779 is pivoted on a
      stud 780 and a member 781 is pivoted on a stud 782, and studs 780 and 782
      are secured on plate 777 (FIG. 60) in any known manner. The upper
      bifurcated end of member 779 (FIG. 59) embraces a stud 783 that is secured
      on a bracket 784. Bracket 784 is secured on the right side member 72 of
      the case shifting bail arrangement that was described in connection with
      FIG. 14. A stud 785 (FIG. 59) is secured on the lower end of member 779
      and it extends through a loose fitting hole 786 in the member 781. An
      insulator 787 is secured on the lower end of member 781, and the insulator
      787 carries three studs 788, 789 and 790. A contractile spring 791 is
      connected to stud 788 and to the end of stud 783, and it provides a snap
      switch-closing action. In the normal lower case position of the bail 70
      and the related parts, the spring 791 urges the member 781 and insulator
      787 counterclockwise, where the stud 789 holds the switch 775 closed and
      where the right side of the hole 786 is stopped against stud 785 as shown.
      When the bail arrangement, including bail 70, is shifted to upper case
      position, by operation of solenoid 760 (FIG. 11), a shift key 40 or 41 or
      the shift lock key 45 as described, the member 784 and stud 783 are
      shifted clockwise. Whereupon, the stud 783 (FIG. 59) shifts member 779
      counterclockwise, and the stud 785 shifts the member 781 clockwise and
      stud 789 permits switch 775 to open. At about the time the machine reaches
      upper case condition, the centerline of the spring 791 is shifted
      sufficiently to the left of the centers of studs 780 and 782 for the
      spring 791 to snap the stud 790 against the upper case switch 776 for
      closing the switch 776 and the action is stopped as the left side of hole
      786 engages the stud 785. When the bail 70 is again lowered to lower case
      condition, the arrangement is again snapped back into the illustrated
      condition where the upper case switch 776 is open and the lower case
      switch 775 is closed.
PAR  Thus, the snap switch means 774 (FIG. 58a) is operated to close the upper
      case switch 776 when the machine is shifted to upper case, and it is
      operated to close the lower case switch 775 when the machine is returned
      to lower case condition.
PAR  The structure of the upper-lower case switch means 493 (FIGS. 52 and 58A)
      will now be described. The uper-lower case switch means 493 is secured on
      and between the vertical plates 14 and 15 (FIGS. 1 and 59). Five segmental
      conductors 792 (FIG. 58A), and 793 (FIG. 52), 794, 795 and 796 are
      unitarily and alternatively shiftable in upper case and in lower case
      positions. These conductors 792-796 (FIG. 59) are assembled side by side
      on two tubular insulators 797 and 798, with suitable insulators 799 on
      each side of each conductor 792-796. Thus, the conductors 792-796 are
      insulated from each other and from other supporting parts. The insulator
      798 is assembled on a main shaft 800 that is pivotally mounted on the
      plates 14 and 15. The insulator 797 is assembled on a bail like rod 801
      that is secured at its ends to members 802 and 803. The hub of member 802
      is pinned on shaft 800. The hub of member 803 is pinned on shaft 800 and
      it is also secured to a member 804. A bail like stud 805 is secured on the
      members 803 and 804, so that the unit formed primarily of the stud 805,
      member 804 (FIG. 60), member 803, shaft 800, rod 801 and the conductors
      (792 for example) may be shifted clockwise and counterclockwise, about the
      axis of shaft 800, in upper case and lower case positions, respectively.
PAR  The stud 805 extends forwardly through a hole 806 (FIG. 61) in the plate
      14. A contractile spring 807 is connected to stud 805 and to a stud 808
      that is secured on a member 809. Member 809 is pivoted on the main shaft
      800, and it is limited in its clockwise and counterclockwise positions by
      stop stud 810 and 811, respectively. Studs 810 and 811 are secured on
      plate 14. A pair of identical members 812 and 813 are assembled back to
      back and they are pivoted on the shaft 800. A contractile spring 814 is
      connected to the members 812 and 813 for urging the members 812, 813
      opposingly against the stud 808. A link 815 is pivotally connected to the
      member 813 and to the armature of a lower case motivating solenoid 816
      that is secured on plate 14. A link 817 is pivotally connected to member
      812 and to an upper case motivating solenoid 818 that is secured on plate
      14. A pair of normally open switches 819 and 820 are secured to the
      rearward side of plate 14 as by machine screws 821 (FIG. 60). Each of the
      switches 819 and 820 comprises blades 822 and 823 (FIG. 59) that normally
      stand open and that are bent forward (leftward as shown here) over the
      upper ends of the motivating solenoids 816 and 818, as shown. Bolt shaped
      insulators 824 and 825 are secured on upward armature extensions of the
      solenoids 816 and 818 in engaging alignment with the ends of the switches
      819 and 820 (FIG. 61), but these insulators 824, 825 normally stand free
      of the respective blades 823 as shown best in FIG. 59. However, these
      insulators 824, 825 are provided for closing their respective switch 819,
      820, as will be explained presently.
PAR  A detent 826 (FIG. 60) is provided primarily for momentarily detaining the
      mechanism in upper or lower case condition during a case shift to the
      other condition, and it is operable for initiating shifting of the
      mechanism, and for opening and reclosing the reader control circuit switch
      492 (FIG. 31). As will be described presently, the detent 826 (FIG. 60)
      assures full operation of the motivating solenoids 816 and 818 (FIG. 61)
      each time one of these solenoids 816, 818 is operated. The structure of
      the detent 826 will now be described.
PAR  Detent 826 (FIG. 60) is pivoted on a stud 827 that is secured on the
      rearward side of plate 14 (FIG. 61). A torsion spring 828 is anchored on
      plate 14, and it is connected to detent 826 (FIG. 60) for urging the
      detent 826 counterclockwise against the stud 805 as shown. A projection
      829 (FIG. 62) on detent 826 is normally situated between the illustrated
      lower case position of the stud 805 and the clockwise upper case position
      of the stud 805 for preventing premature shifting of the mechanism.
      Opposing cam surfaces 830 and 831 on detent 826 are provided for assuring
      initiation of a shift of stud 805 and the mechanism to upper case and
      lower case positions, respectively. A link 832 is pivotally connected to
      detent 826 (FIG. 60) and to the armature of a solenoid 833 that is secured
      on the plate 14 (FIG. 59). As will be explained, the solenoid 833 is
      operated to initiate a shift of the mechanism and to open the reader
      control circuit switch 492 (FIG. 31).
PAR  The reader control circuit switch 492 (FIG. 60) is comprised of two blades
      834 and 835, and suitable insulators (not numbered), and it is secured on
      the rearward side of plate 14 (FIG. 61) by machine screws 836 and 837 in
      any known manner. A conductor 838 (FIG. 60) is insulated from and it is
      secured on the detent 826, in any known manner. In the illustrated normal
      position of the detent 826, the conductor 838 is engaged between the upper
      ends of the blades 834 and 835 for closing the reader control circuit
      switch 492.
PAR  The switch blades that cooperate with the conductors 792 (FIG. 58A) and 793
      - 796 (FIG. 52) are the same for each conductor, so the blades that are
      associated with conductor 792 (FIG. 60) will now be described by way of
      example. A channel shaped switch blade support member 839 is secured to
      plate 15 and to plate 14 (FIG. 61) in any known manner. A lower case blade
      840 (FIG. 60), that is a blade that is effectively engaged with the
      conductor 792 only when the mechanism is in lower case condition as
      indicated, together with a constantly effective blade 841 and insulators
      842 and 843 are assembled as shown, and they are secured on the member 839
      in such a manner as to insulate the blades 840, 841 from each other and
      from the member 839. An upper case blade 844, that is effectively engaged
      with the conductor 792 only when the conductor 792, shaft 800 etc. are
      shifted in the clockwise upper case position, is mounted with an insulator
      845 on the member 839 as shown. Thus, the conductor 792 couples the blades
      840 and 841 when the mechanism is in lower case condition, and it couples
      the blades 841 and 844 when the mechanism is in upper case condition. In
      the same manner, the conductors 793, 794, 795 and 796 (FIG. 52)
      respectively couple the blades 579, 596; 592, 598; 594, 600 and 588, 602
      when the mechanism is in lower case condition, and they respectively
      couple the blades 590, 596; 586, 598; 581, 600, and 583, 602 when the
      mechanism is in upper case condition.
PAR  The conductors 793 - 796 in their lower case and upper case positions,
      determined by the respective conditions of the upper-lower case switch
      means 493, control the character spacing of the characters in their
      respective groups, as described previously. The conductor 792 (FIG. 58A)
      controls the circuits for operating the motivating solenoids 816 and 818
      as will now be described.
PAR  A source of power (S) is connected to the constantly effective blade 841. A
      wire 846 is connected to the lower case blade 840 and to the upper case
      motivating solenoid 818. A wire 847 is connected to solenoid 818 and to
      the upper case switch 776. A ground wire 848 is also connected to switch
      776. A wire 849 is connected to upper case blade 844 and to the lower case
      motivating solenoid 816. A wire 850 is connected to solenoid 816 and to
      the lower case switch 775. A ground wire 851 is also connected to switch
      775. A source (S) is connected to both switches 819 and 820, and a wire
      852 is connected to both switches 819, 820 and to the solenoid 833 that is
      grounded as indicated.
PAR  When the machine is shifted from lower case to upper case condition, the
      upper case switch 776 is snapped closed as described. When this occurs,
      current flows from source (S) and blade 841, through conductor 792, the
      blade 840 that is effective as long as the upper-lower case switch means
      493 is in lower case condition, wire 846, solenoid 818, wire 847, now
      closed switch 776 and it goes to ground through wire 848. Upon operation
      of solenoid 818, the solenoid 818 pulls link 817 (FIG. 61) and rotates the
      member 812 counterclockwise, and, by tension of spring 814, the member
      813, stud 808 and member 809 are rotated counterclockwise to where the
      centerline of spring 807 is to the right of shaft 800 and the member 809
      is stopped against the stud 811. Thereafter, the spring 814 is stretched
      while solenoid 818 operates further to shift its insulator 825 for closing
      the switch 820. Thus, full operation of solenoid 818 is assured for
      shifting the centerline of spring 807 to the right of shaft 800, while the
      stud 805 is held in lower case position by the projection 829 (FIG. 62) on
      the detent 826. Closure of switch 820 (FIG. 58A) completes the circuit
      through switch 820, wire 852 and solenoid 833. Operation of the solenoid
      833 pulls link 832 (FIG. 60) for rotating the detent 826 clockwise against
      tension of spring 828. Clockwise operation of detent 826 elevates its
      projection 829 (FIG. 62) out of the path of stud 805. At the same time,
      the cam surface 830 of the detent 826 coacts with the stud 805 for
      initiating clockwise shift of the stud 805, and the spring 807 (FIG. 61)
      snaps the unit that includes stud 805, conductor 792 (FIG. 60), and
      conductors 793 - 796 (FIG. 52) clockwise from their normal lower case
      positions.
PAR  When the detent 826 (FIG. 60) is shifted clockwise by solenoid 833 as just
      described, the conductor 838 on the detent 826 is shifted upward and, in
      cases where the upper case shift is in response to an upper case code on
      the control tape 412, it opens the reader control circuit switch 492 (FIG.
      31) for cycling the control tape 412 and normalizing the decoder 494 as
      previously described.
PAR  When the upper-lower case switch means 493 is shifted to upper case
      condition, the conductor 792 (FIG. 60) is shifted clockwise to disengage
      it from the lower case blade 840. When this occurs, the upper case
      motivating solenoid 818 (FIG. 58A) is deenergized, and the spring 814
      (FIG. 61) returns the member 812 slightly clockwise, against the stud 808
      then in counterclockwise upper case position, and the link 817 pulls the
      armature and its insulator 825 downward only sufficiently to open the
      switch 820. When switch 820 (FIG. 58A) opens, the solenoid 833 is
      deenergized and the spring 828 (FIG. 60), returns the detent 826 downward,
      while the spring 807 (FIG. 61) causes the stud 805 to follow the cam
      surface 831 (FIG. 62) and while the projection 829 is moved into full
      blocking position for holding the upper-lower case 493 switch means in
      upper case condition. Thus, the upper-lower case switch means 493 (FIG.
      52) is conditioned for controlling carriage movements for all upper case
      characters that may follow.
PAR  When the machine is returned to lower case condition and the switch 775
      (FIG. 58A) is again closed as described, the circuit is completed from
      source (S) and blade 841, conductor 792, now effective blade 844, wire
      849, lower case motivating solenoid 816, wire 850, switch 775 and ground
      wire 851. Operation of solenoid 816 (FIG. 61) pulls link 815 and returns
      member 813, spring 814, member 812, stud 808 and member 809 clockwise to
      the illustrated lower case positions, where the stud 836 stops the member
      809, stud 808 and the member 812. Thereafter, the solenoid 816 operates
      the link 815 and member 813 a bit further while the spring 814 stretches
      to permit the insulator 824 to close the switch 819. When the stud 808 is
      stopped in its clockwise position as described, the centerline of spring
      807 is shifted to the left of shaft 800, but the stud 805 is now detained
      in its rightward upper case position by detent 826 (FIG. 60). Closure of
      switch 819 (FIG. 58A) completes the circuit from source (S) and switch
      819, through wire 852, solenoid 833 and to ground. Whereupon, the solenoid
      833 (FIG. 60) operates the detent 826 to open the reader control circuit
      switch 492, to remove the projection 829 (FIG. 62) from blocking position
      and to employ the cam surface 831 for initiating counterclockwise shifting
      of the stud 805 and for thereby returning the upper-lower case 493 switch
      means to lower case condition. Whereupon, the conductor 792 (FIG. 60) is
      returned counterclockwise for disengaging it from blade 844. When blade
      844 (FIG. 58A) is disengaged, the solenoid 816 is deenergized and the
      spring 814 (FIG. 61) returns the member 813 against the stud 808 as shown,
      and this action permits the switch 819 to open for deenergizing the
      solenoid 833 (FIG. 58A). Deenergization of solenoid 833 permits the spring
      828 (FIG. 60) to restore the detent 826 to the illustrated effective
      position where its conductor 838 recloses the reader control circuit
      switch 492 and its projection 829 (FIG. 62) blocks the upper-lower case
      switch means 493 in lower case position.
PAR  From the above, it is seen that upper case code controlled operation of the
      decoder 494 (FIG. 58) causes the solenoid 760 to shift the machine to
      upper case condition, and that lower case controlled operation of the
      decoder 494 causes the solenoid 770 to return the machine to lower case
      condition. It has also been described that a case shift of the machine
      causes the snap switch means 774 (FIG. 58A) to control the upper-lower
      case switch means 493 to assume the corresponding case shift condition and
      to cycle the control tape 412 for advancing a succeeding code into the
      main reader 407. It was also described earlier that the conductors 793 -
      796 (FIG. 52) of the upper-lower case switch means 493, together with
      selectively operable character keys 39, control the carriage moving
      mechanism to move the carriage 9a appropriately for each character.
PAR  12. DELETE AND BACK SPACE FUNCTION CODES
PAR  As explained in our aforesaid copending application for "JUSTIFYING, TEXT
      WRITING COMPOSING MACHINE", the delete code 4, 5, 6, 7 may be punched over
      any other code on the control tape 412 to render that other code
      ineffective, and the delete codes are generally used for correction
      purposes. As also explained in the aforesaid copending application, there
      may be a plurality of successive delete codes to delete as many other
      successive codes, and a delete code or such successive codes are always
      followed by a back space function code 5, 7.
PAR  The delete and back space function codes cause no function in the
      reproducer, other than to employ a delete and back space function cycling
      mechanism for controlling the control tape 412 to be fed through the main
      reader 407 to bypass these codes.
PAR  The wire 564 (FIG. 58) is connected to a solenoid 853 as well as to the
      solenoids 565 - 567 (FIG. 52) of the character code cycling mechanisms
      previously described. The cycling mechanism associated with the solenoid
      853 (FIG. 59) is like the cycling mechanism shown and described in
      connection with FIG. 39, except that the three blade switch 611 for
      example is substituted by a two blade switch 854 (FIG. 58). A wire 855 is
      connected to solenoid 853 and to the decoder 494. Particularly, the wire
      855 is connected to both the delete and back space function terminals that
      are marked "DELETE (4 5 6 7)" (Bottom of FIG. 50) and "BACK SP. FUN. (5
      7)", respectively, in the decoder 494. A wire 856 is connected to wire 619
      and to the switch 854 that is grounded as indicated.
PAR  When the main reader 407 (FIG. 31) senses a delete or a back space function
      code and the decoder 494 is operated accordingly as described, the decoder
      494 provides a ground for the circuit that travels from source (S) and
      switch 541 (FIG. 58), through wire 564, solenoid 853, wire 855 and goes to
      ground through the operated decoder 494. Operation of solenoid 852 causes
      the reader control circuit switch 453 to be opened, whereupon the tape
      feed mechanism 408 (FIG. 31) shifts the code out of the main reader 407
      and the decoder 494 is normalized as described. When the decoder 494 (FIG.
      58) is normalized and the solenoid 853 is thereby deenergized, the cycling
      mechanism closes the switch 854, and current flows from source and switch
      541, through wires 564 and 618, solenoid 481, wires 619 and 856, and it
      goes to ground through now closed switch 854. The solenoid 481 recloses
      the reader control circuit switch 453 for reading of the succeeding code,
      and it restores the operated cycling mechanism for opening the switch 854
      to deenergize the solenoid 481, in a previously described manner. In this
      way, one or more delete codes and the accompanying back space function
      codes are fed idly through the main reader 407 (FIG. 31), and the
      reproducer does not perform the deleted operations.
PAR  13. UNDERLINE BY CODE
PAR  As described in our aforesaid copending application for "JUSTIFYING, TEXT
      WRITING COMPOSING MACHINE", an underline operation includes the imprinting
      of the underline mark and the encoding of the underline code, but the
      operation does not include carriage movement. As also explained, the
      operator pushes the underline key 42 and then a character key 39 in order
      to underline the respective character and the process is repeated as
      required for underlining and spelling a word, and carriage movement is
      performed appropriately only for the character or characters. It should
      also be understood that an underlined blank space may be provided by the
      alternate use of the underline and a word space or nut space. This system
      makes it unnecessary to perform any reverse carriage movement operations
      for underlining, either in the composer or the reproducer. To accomodate
      the system, the reproducer of the instant application will merely print
      the underline mark and shift the control tape 412 forwardly when an
      underline code (1, 4, 5, 6) is sensed by the main reader 407, as will now
      be described.
PAR  When the main reader 407 (FIG. 31) senses the underline code (1, 4, 5, 6)
      and the decoder 494 is operated accordingly, the decoder 494 completes the
      circuit that travels from source (S) and switch 541 (FIG. 63) and through
      wire 542, resistor 543, normally effective brushes 544 and 546, wire 547,
      the solenoid 548 for operating the underline key 42, its wire 551, its
      normally effective brushes 552 and 554, the wire marked "Underline (1, 4,
      5, 6)" and the circuit goes to ground through the operated decoder 494, as
      previously described in detail in connection with FIG. 51. Energization of
      the solenoid 548 (FIG. 63) operates the key 42 to print the underline
      mark.
PAR  When the underline key 42 is fully operated and imprinting occurs, a
      conductor 556 is carried by the key 42 closes a switch 555 related to the
      key 42. Whereupon current flows from source (S) and switch 541, through
      wire 564, the solenoid 853 in the previously described delete and back
      space cycling mechanism, a wire 857 connected with the wire 855 to the
      solenoid 853 and to the switch 555 under key 42, and through the now
      closed switch 555 that is grounded as indicated. As described, operation
      of solenoid 853 causes the reader control circuit switch 453 to be opened,
      whereupon the control tape 412 is shifted and the decoder 494 is
      normalized as described. In this instance, normalization of the decoder
      494 deenergizes the solenoid 548 and the underline key 42 is restored in
      the usual manner. As key 42 begins to return, the switch 555 is opened and
      solenoid 853 is deenergized, and the switch 854 is closed as described.
      Whereupon, the solenoid 481 is operated, as described, to restore the
      operated cycling mechanism and to close the reader control circuit switch
      453 for reading the succeeding code. As also described, restoration of the
      cycling mechanism permits the switch 854 to open for deenergizing solenoid
      481. Thus, the underline is imprinted, the code therefor is shifted out of
      the main reader 407, the machine is restored to a generally normal
      condition and the main reader control circuit is rendered effective for an
      ensuing operation.
PAR  14. EXTRA LINE SPACING, BY CODES
PAR  As described in our aforesaid copending patent application for "Justifying,
      Text Writing Composing Machine", extra line spacing codes may be placed on
      the code medium for directing the reproducer to perform corresponding
      extra line spacing operations. An extra line spacing operation is
      performed in the reproducer whenever such a code is sensed, and these
      operations should not be confused with the normal line spacing operations
      that are performed automatically when the carriage 9a is returned as will
      be described later.
PAR  The reproduced copy paper is shifted one line space forwardly when a line
      space code (4) is sensed, and it is shifted one line space backwardly when
      a reverse line space code (4, 5) is sensed. The extra line spacing
      mechanism is shown particularly in FIGS. 64 - 67, and it will now be
      described.
PAR  The platen 115 (FIG. 64) is secured on a shaft 116 that is rotatable in the
      platen carrier 105 as described. A clutch output member 858 is secured on
      shaft 116 and a clutch input member 859 is rotatable on shaft 116 and on
      the hub of member 858 in a customary manner as shown. A friction clutch
      860 is engageable between the members 858 and 859. A cam member 861 is
      slidably mounted on the shaft 116 between the clutch 860 and a customary
      knob 862. Knob 862 is secured on shaft 116 as by a set screw 863. A pair
      of pins 864 (only one shown) are slidable in suitable holes therefor
      through knob 862 and they are connected with the cam 861 for sliding the
      cam 861. A clutch control button 865 is secured on the left ends of the
      pins 864. In the illustrated leftward position of button 865, the pins 864
      and the cam 861 are pulled into their leftward positions where the cam 861
      permits the clutch 860 to disconnect the clutch input and output members
      859 and 858, and the knob 862, shaft 116, and platen 115 may be rotated
      manually gradiently in respect to the clutch input member 859. By pressing
      the button 865 toward knob 862, the pins 864 slide the cam 861 rightward
      in their normal positions for engaging the clutch 860 and thereby
      connecting all of the just described mechanism for unitary rotation and
      position with the shaft 116. A customary normal-line space and
      detent-ratchet wheel 866 is secured on the input member 859, and a
      customary yieldable detent 867 (FIG. 65) cooperates with the wheel 866 for
      yieldably holding the wheel 866 and member 859 (FIG. 64) in a line space
      position of rotation. It should also be understood that the wheel 866 also
      normally yieldably holds the knob 862, clutch 860, shaft 116 and the
      platen 115 unitarily in a line space position, when the clutch 860 is
      engaged as described. The just described platen positioning means is
      substantially the same as the corresponding parts in the typewriter chosen
      as exemplary and employed as a basic component of the machine described
      herein. However, the clutch input member 859 is modified herein to include
      a sprocket 868.
PAR  As shown, the sprocket 868 (FIG. 65) is a radial pin type and a perforated
      endless belt 869 (preferably spring steel) is suitably assembled on the
      sprocket 868 and on a similar sprocket 870. Sprocket 870 is secured to a
      gear 871 and they are rotatably mounted on the left end of the torque
      shaft 121 which is carried on the carriage base carrier 104 (FIGS. 2 and
      17) as previously described. Thus, this mechanism shown in FIG. 64,
      together with the belt 869 (FIG. 65), sprocket 870 and gear 871 are
      shiftable longitudinally with the carriage 9a. It can also be seen that
      the platen 115 and shaft 116 may be shifted up and down for case shifting,
      as described, without disturbing the rotational positions of the sprockets
      868 and 870.
PAR  The gear 871 is constantly meshed with a wire gear 872 which extends
      longitudinally sufficiently to remain engaged with the gear 871 in all
      transverse positions of the carriage 9a and the gear 871. Wire gear 872 is
      rotatable on a shaft 873, which extends leftward and rightward therefrom,
      and the ends of the shaft 873 are rotatably mounted on identical brackets
      874 and 875 (FIG. 19). Brackets 874 and 875 are secured on an angle iron
      876, and the angle iron 876 is secured on top of the carriage rail
      supporting portions 108 and the typewriter frame 8 by the cap screws 109
      as indicated.
PAR  A spur gear 877 (FIG. 65) is meshed with the wire gear 872 and it is
      rotatably mounted on a bolt 878 that is secured on plate 19. Gear 877 is
      meshed with a gear 879 which is secured on a hub 880 (FIG. 67). Hub 880 is
      pivoted on a bolt 881 and the bolt 881 is secured on plate 19. A gear 882
      is pivoted on an extension of the hub 880 and it is spaced from gear 879
      by a washer 883 on the hub 880, sufficiently to be clear of the gear 877.
      Gear 882 is meshed with a gear 884 that is secured on a rotatable shaft
      885, and the shaft 885 is rotatably mounted on the plates 19 and 20. An
      adjustment stud 886 is secured on gear 879 and it extends through an
      arcuate slot 887 (FIG. 65) in the gear 882. A washer 888 (FIG. 67) is
      assembled on the stud 886, between the gears 879 and 882, and it is of the
      same thickness as the washer 883. The adjustment stud 886 and slot 887
      arrangement, between the gear 882 that is engaged with gear 884 and the
      gear 879 that is engaged with gear 877 and is thus entrained with the
      platen 115, is provided so that the platen 115 may be adjusted to a proper
      line space as determined by the detent ratchet 866 (FIG. 65) and the gear
      884 (FIG. 67) may be adjusted in proper angle of rotation, for
      synchronizing the detent 867 and the line space mechanism. When the parts
      are thus properly adjusted, a nut 889 is tightened on the stud 886 for
      clamping the gears 879 and 882 together for unitary rotation.
PAR  Two identical ratchet wheels 890 and 891 are assembled on the shaft 885
      (FIG. 66), but each is reversed in respect to the other as shown, and the
      wheels 890 and 891 are secured for rotation with shaft 885 by a key 892.
      By rotating the wheels 890 and 891 counterclockwise one tooth, as by such
      operation of wheel 890, the shaft 885 and gear 884 (FIG. 67) are rotated
      likewise, gears 882 and 879 (FIG. 65) are rotated clockwise, gear 877 is
      rotated counterclockwise, gear 872 is rotated clockwise, gear 871 and
      sprocket 870 are rotated counterclockwise, the belt 869 and sprocket 868
      are likewise operated counterclockwise, the clutch input member 859 (FIG.
      64) and detent ratchet 866 are operated one step of ratchet 866 in a
      forward direction, and the platen 115 is thereby normally rotated one line
      space forwardly. In this manner, the platen 115 is forward line spaced one
      line whenever the ratchet wheel 890 (FIG. 65) is operated one tooth in the
      same counterclockwise direction. It also holds true that when the wheels
      890 and 891 are rotated one tooth clockwise as by wheel 891, the platen
      115 is likewise rotated one line space reversely. It can also be
      understood that the wheels 890 and 891 are rotated counterclockwise and
      clockwise one tooth whenever the operator rotates the platen 115 (FIG. 64)
      forwardly and reversely, respectively, for each tooth on detent ratchet
      866, by turning knob 862 for example.
PAR  A forward operation cocking solenoid 893 (FIG. 65) is secured on plate 19,
      and a link 894 is pivotally connected to the armature of the solenoid 893
      and to a bellcrank 895 that is pivoted on shaft 885. A contractile spring
      896 is connected to bellcrank 895 and to a stud 897 (FIG. 67) secured on
      plate 20, and the spring 896 urges the bellcrank 895 counterclockwise in
      normal position against a rod 898 (FIG. 65) that is secured at its ends to
      plates 19 and 20. A drive pawl 899 is mounted on bellcrank 895 at pivot
      900. Pawl 899 is urged clockwise by a torsion spring 901 connected to the
      pawl 899 and to bellcrank 895, and the pawl 899 normally rests against a
      stud 902 as shown in FIG. 66. Stud 902 will be described presently.
PAR  A reverse operation cocking solenoid 903 (FIG. 65) is secured on plate 20,
      and a link 904 is pivotally connected to the armature of the solenoid 903
      and to a bellcrank 905 that is pivoted on shaft 885. Bellcrank 905 is like
      bellcrank 895, but it is assembled in the reverse direction. A spring 906
      is connected to the bellcrank 905 and to a stud 907 secured on plate 19,
      and the spring 906 urges the bellcrank 905 clockwise in normal position
      against a rod 908 that is secured at its ends to plates 19 and 20. A pawl
      909 is pivoted on bellcrank 905 at 910. Pawl 909 is urged counterclockwise
      by a torsion spring 911 connected to the pawl 909 and to the bellcrank
      905, and the pawl 909 normally rests against the stud 902 as shown in FIG.
      66.
PAR  Stud 902 (FIG. 67) is secured in any known manner to the upper end of a
      member 912 and the stud 902 extends from both sides of the member 912 as
      shown. The member 912 is pivoted on shaft 885. The stud 902 and member 912
      (FIG. 65) are yieldably held in the illustrated position by a pair of
      centralizer members 913 and 914 that are pivoted on the shaft 885. A
      contractile spring 915 is connected to the centralizer members 913 and 914
      for urging them clockwise and counterclockwise, respectively, against the
      stud 902 and at the same time, against an indicator stud 916 that is
      secured on plate 20.
PAR  As will be explained, operation of either one of the bellcranks 895 or 905
      shifts a cycling control switch 917. Switch 917 is secured on plate 20,
      and it is a single-pole double-throw type. A pair of insulated studs 918
      and 919 are respectively secured on the bellcranks 895 and 905, and they
      extend in opposite directions from their respective bellcranks 895, 905
      into engaging alignment with the center pole of the switch 917 as shown in
      FIG. 67. Operation of the switch 917 will be described in connection with
      the cycling control circuit.
PAR  As will also be explained presently, the centralizer members 913 and 914
      (FIG. 65) are individually rotated away from the indicator stud 916, and,
      at the end of such rotation, a respective restoring circuit switch 920 or
      921 is closed. To this end, an insulator 922 is secured on member 913 in
      alignment with switch 920, and an insulator 923 is secured on member 914
      in alignment with switch 921. The switches 920 and 921 are secured on the
      plate 20 (FIG. 67).
PAR  Upon full forward line space operation, as will be described, a member 924
      (FIG. 66) is operated to release the pawl 899 from ratchet wheel 890.
      Member 924 is pivoted on a rod 925 that is secured at its ends to plates
      19 and 20 (FIG. 67). A stud 926 (FIG. 66) is secured on member 924 and it
      extends under the pawl 899. A torsion spring 927 is connected to member
      924 and to a stop rod 928 for urging the member 924 clockwise in normal
      position against the rod 928 as shown. Rod 928 is secured on plates 19 and
      20 (FIG. 67). A link 929 (FIG. 66) is pivotally connected to member 924
      and to the armature of a restoring solenoid 930. Solenoid 930 is secured
      on plate 19 (FIG. 65).
PAR  A similar arrangement is provided for restoring the pawl 909, after a
      reverse line space operation to be described. This arrangement is just
      like that just described, and it comprises a member 931 (FIG. 66) pivoted
      on a rod 932, a stud 933 secured on the member 931, a torsion spring 934,
      rod 935, a link 936 and a solenoid 937. The rods 932 and 935 are secured
      at their ends to the plates 19 and 20 (FIG. 67), like the rods 925 and 928
      described above.
PAR  The arrangement is such that, upon operation of the forward cocking
      solenoid 893 (FIG. 66), the solenoid 893 pulls link 894, rotates bellcrank
      895 clockwise and shifts the pawl 899 therewith. Just prior to the end of
      this motion and prior to the instant bellcrank 895 is stopped against rod
      908, a surface 938 on pawl 899 passes to the right of stud 902 and the
      spring 901 rotates the pawl 899 into engagement with a tooth on wheel 890,
      that is one tooth clockwise from the normal position of the pawl 899. Upon
      deenergization of solenoid 893, as will be described, the spring 896
      returns the bellcrank 895 and pawl 899 counterclockwise. This
      counterclockwise movement of pawl 899 pulls the now engaged stud 902 and
      the wheel 890 counterclockwise for rotating the previously described gears
      (FIG. 65), sprocket 868 and the platen 115 counterclockwise one forward
      line space. As stud 902 and its supporting member 912 are thus shifted
      counterclockwise, the stud 902 rotates the centralizer member 913 to
      engage the insulator 922 with the switch 920, and, near the end of the
      motion, the insulator 922 closes the switch 920.
PAR  At the same time the stud 902 (FIG. 66) is shifted counterclockwise about
      the axis of shaft 885, it permits the spring 911 to rotate the reversing
      pawl 909 into engagement with the wheel 891 for preventing over-rotation
      of the mechanism at the end of the forward line space operation.
PAR  Closure of switch 920 (FIG. 65), at the end of the forward line space
      stroke as described, completes a restoring circuit that energizes the
      solenoid 930 as will be described. Operation of solenoid 930 (FIG. 66)
      pulls link 929 and rotates member 924 counterclockwise against rod 928.
      Such rotation of member 924, by its stud 926, rotates pawl 899 out of
      engagement with wheel 890 and above stud 902. As the surface 938 clears
      the stud 902, the spring 915 (FIG. 65) restores member 913, stud 902 and
      member 912 back into registration with indicator stud 916 as shown. Return
      of member 913 and its insulator 922 permits switch 920 to open for
      deenergizing the solenoid 930 and thus permitting the spring 927 to
      restore member 924 to the illustrated position. This also permits the
      spring 901 to restore pawl 899 back against stud 902 (FIG. 66) as shown.
      The clockwise return of stud 902 also lifts the pawl 909 to the
      illustrated position out of engagement with the wheel 891. Thus, the
      platen 115 is rotated forwardly one line space for each operation of the
      solenoid 893.
PAR  Upon operation of the reverse cocking solenoid 903, it pulls link 904,
      rotates bellcrank 905 counterclockwise and likewise shifts pawl 909. Prior
      to the instant bellcrank 905 is stopped against rod 898, a surface 939 on
      pawl 909 passes to the left of stud 902 and the spring 911 rotates the
      pawl 909 into engagement with a tooth on wheel 891 one tooth
      counterclockwise from the normal position of the pawl 909. Upon
      deenergization of solenoid 903, the spring 906 returns the bellcrank 905
      and pawl 909 clockwise. This movement of pawl 909 pulls the now engaged
      stud 902 and the wheel 891 clockwise for rotating the previously described
      transmission gears (FIG. 65), sprocket 868 and the platen 115 clockwise
      one reverse line space. As stud 902 and its member 912 are thus shifted
      clockwise, the stud 902 rotates the centralizer member 914 to engage its
      insulator 923 with the switch 921, and, near the end of this motion, the
      insulator 923 closes the switch 921.
PAR  At the same time stud 902 (FIG. 66) is shifted clockwise, it permits the
      spring 901 to rotate the forward drive pawl 899 into engagement with the
      wheel 890 for preventing over-rotation of the mechanism at the end of the
      reverse line space operation.
PAR  Closure of switch 921 (FIG. 65) at the end of the reverse line space stroke
      as described, completes a restoring circuit that energizes the solenoid
      937 as will be described. Operation of solenoid 937 (FIG. 66) pulls link
      936 and rotates member 931 clockwise against rod 935. Such rotation of
      member 931, by its stud 933, rotates pawl 909 out of engagement with wheel
      891 and above stud 902. As the surface 939 clears the stud 902, the spring
      915 (FIG. 65) restores member 914, stud 902 and member 912
      counterclockwise back into registration with indicator stud 916 as shown.
      Return of member 914 and its insulator 923 permits switch 921 to open for
      deenergizing solenoid 937 and thus permits the spring 934 to restore
      member 931 to the illustrated position. This also permits the spring 911
      to restore pawl 909 back against stud 902 (FIG. 66) as shown. The
      counterclockwise return of stud 902 also returns the pawl 899 to the
      elevated illustrated position out of engagement with the wheel 890. Thus,
      the platen 115 is rotated reversely one line space for each operation of
      the solenoid 903.
PAR  The decoder controlled forward and reverse line spacing circuits, together
      with related cycling and restoring circuits, will now be described.
PAR  A wire 940 (FIG. 68) is connected between the normally closed switch 541
      and the forward cocking solenoid 893. A wire 941 is connected to the
      solenoid 893 and to the terminal that is marked "F. LINE SP. (4)" (FIG.
      50) which terminal is effective when the decoder 494 is operated for a
      forward line space, the code for which is 4.
PAR  A wire 942 (FIG. 68) is connected to the wire 940 and to the reverse
      cocking solenoid 903. A wire 943 is connected between the solenoid 903 and
      the reverse line space terminal, "R. LINE SP. (4,5)" (FIG. 50), in the
      decoder 494 (FIG. 68).
PAR  A cycling control circuit wire 944 (FIG. 68) is connected to the wire 942
      and to a solenoid 945 in a line space cycling mechanism 946 to be
      described presently. A wire 947 is connected to solenoid 945 and to both
      throw blades of the switch 917. The center blade of switch 917 is grounded
      as indicated.
PAR  A source of power (S) is connected to both restoring circuit switches 920
      and 921. A wire 948 is connected between switch 920 and solenoid 930. A
      wire 949 is connected to solenoid 930 and to a restoring solenoid 950 in
      the mechanism 946, and the solenoid 950 is grounded as indicated. A wire
      951 interconnects switch 921 and solenoid 937, and a wire 952
      interconnects solenoid 937 and the wire 949 as shown.
PAR  The line space cycling mechanism 946 will now be described. The solenoids
      945 and 950 are secured on the transverse solenoid support members 468 and
      469 (FIG. 41), respectively, in the second bank of cycling control
      mechanisms shown in FIG. 38.
PAR  A link 953 (FIG. 41) is pivotally connected to the armature of solenoid 945
      and to a member 954 that is pivoted on rod 463. A torsion spring 955 is
      anchored on rod 464 and it is connected to member 954 for urging the
      member 954 clockwise against rod 464. A detent 965 is pivoted on rod 467
      and a relatively strong torsion spring 957 is connected to the detent 956
      for normally urging it down on top of the member 954 as shown. The spring
      957 is also connected to a member 958 that is pivoted on rod 467, and it
      normally urges member 958 clockwise against rod 464. A contractile spring
      959 is connected to the support member 471 and to the member 958 for
      urging the member 958 clockwise as will be described. A link 960 is
      pivotally connected to member 958 and to the armature of the restoring
      solenoid 950. A pawl 961 is pivoted on the member 958, and it is adapted
      to latch under the bail 483 but a finger 962 on the link 953 normally
      abuts a tab 963 on the pawl 961 for holding the pawl 961 in the
      illustrated clockwise position. A torsion spring 964 is connected to pawl
      961 and to member 958 for urging the pawl 961 counterclockwise, normally
      against the finger 962.
PAR  The arrangement is such that, upon operation of the solenoid 945, the
      solenoid 945 pulls link 953 and rotates member 954 counterclockwise. When
      this occurs, the finger 962 is withdrawn from tab 963 and the tab 963 is
      shifted against bail 483 as the spring 964 rotates pawl 961
      counterclockwise. Just prior to engagement of the member 954 with the rod
      465, the spring 957 rotates the detent 956 counterclockwise into a notch
      965 in the end of member 954 for holding the member 954 in operated
      position. At the same time detent 956 is shifted into notch 965, the
      detent 956 pushes the bail 483 down, and thus it rotates the unit formed
      of bail 483, member 485, shaft 486, member 484 (FIG. 42) and insulator 482
      clockwise about the axis of shaft 486 against tension of spring 489, for
      permitting the reader control circuit switch 454 to open as described.
PAR  In a rapid sequence as will be described, the solenoid 945 (FIG. 41) is
      deenergized and the restoring solenoid 950 is operated. The solenoid 950
      then pulls link 960 and shifts the member 958 and pawl 961
      counterclockwise against the tensions of springs 957 and 959 for
      permitting the spring 964 to latch the pawl 961 under the bail 483. The
      solenoid 950 is then deenergized as will be described. Whereupon, the
      spring 957 presses member 958 and pawl 961 against the bottom of bail 483,
      and the spring 959 rotates the member 958, pawl 961, bail 483 and detent
      956 clockwise about the axis of rod 467, while the spring 489 (FIG. 42)
      exerts additional force for raising the bail 483 and insulator 482 to
      reclose the reader control circuit switch 454 as described. The clockwise
      rotation of detent 956 (FIG. 41) removes it from the notch 965 in member
      954. Whereupon, the spring 955 restores member 954 and the finger 962 on
      link 953 strikes the tab 963 and shifts the pawl 961 out from under bail
      483 and thereby frees the bail 483 for a subsequent operation and the
      reader control circuit switch 454 (FIG. 42) is yieldably held closed by
      the effect of spring 489 as described. As the pawl 961 (FIG. 41) is
      disengaged from bail 483, the member 958 is urged against rod 464 by
      springs 959 and 957, and the detent 956 is pressed down on the end of
      member 954, as shown, by spring 957.
PAR  The sequences of code controlled cycles of extra line space operations will
      now be described.
PAR  An extra forward line space sequence will be described first. When the main
      reader 407 (FIG. 31) senses the forward line space code 4 and the decoder
      494 is operated accordingly as described, the decoder 494 (FIG. 68)
      provides a ground for the circuit that flows from source(s) and switch
      541, through wire 940, forward cocking solenoid 893, wire 941 and goes to
      ground through the operated decoder 494.
PAR  When solenoid 893 is operated and the mechanism is fully cocked for a
      forward line space operation, the cycling control switch 917 is shifted as
      described. Whereupon, current flows from source(s) and switch 541, through
      wires 940, 942 and 944, solenoid 945, wire 947 and to ground through the
      now shifted switch 917. Upon full operation of the solenoid 945, the line
      space cycling mechanism 946 operates to open the reader control circuit
      switch 454 as described.
PAR  Opening of switch 454 (FIG. 31) permits the now cocked tape feed mechanism
      408 to shift the forward line space code out of the main reader 407, and
      to thereby permit normalization of the decoder 494. When the decoder 494
      (FIG. 68) returns to normal, the solenoid 893 is deenergized and the now
      cocked line space mechanism forward line spaces the platen 115 as
      described.
PAR  When the forward line space operation is performed, the switch 917 is
      normalized for deenergizing the solenoid 945 and the restoring circuit
      switch 920 is closed as described. Closure of switch 920 causes current to
      flow from source(s) through the now closed switch 920, wire 948, restoring
      solenoid 930, wire 949, and goes to ground through the restoring solenoid
      950. Operation of the solenoid 950 prepares the mechanism 946 to restore,
      and operation of the solenoid 930 unlatches the forward drive pawl 899
      (FIG. 66) and this permits the switch 920 (FIG. 65) to open as described.
      The opening of switch 920 (FIG. 68) deenergizes the solenoids 930 and 950,
      and thereby permits the line space mechanism (FIG. 65) to return to normal
      and permits the line space cycling mechanism 946 (FIG. 68) to restore,
      respectively. Restoration of the mechanism 946 causes the reader control
      circuit switch 454 (FIG. 31) to be reclosed, as described, for reading a
      succeeding code.
PAR  An extra reverse line space sequence is performed in a similar manner. When
      the reverse line space code (4,5) is sensed and the decoder 494 is
      operated accordingly, the decoder 494 (FIG. 68) completes the circuit that
      flows from source(s) and switch 541, through wires 940 and 942, reverse
      cocking solenoid 903, wire 943 and the operated decoder 494. As described,
      the solenoid 903 cocks the mechanism for a reverse line space operation
      and shifts the switch 917. Whereupon, the solenoid 945 is operated and the
      cycling mechanism 946 opens the reader control circuit switch 454.
PAR  As described for forward line space operations, the opening of switch 454
      causes the control tape 412 to be shifted and the decoder 494 to be
      normalized. However, in this instance, the decoder 494 deenergizes the
      solenoid 903, and the line space mechanism performs a reverse line space
      operation, normalizes the switch 917 for deenergizing solenoid 945 and
      closes the restoring switch 921. Thus, the circuit is complete from
      source(s) through now closed switch 921, wire 951, restoring solenoid 937,
      wires 952 and 949, and solenoid 950. Operation of the solenoid 937
      unlatches the reverse pawl 909 and this permits the switch 921 to open for
      deenergizing the solenoids 937 and 950. Whereupon, the line space
      mechanism is restored to normal condition, and the cycling mechanism 946
      restores and recloses the reader control circuit switch 454 for reading
      the succeeding code.
PAR  15. BOLD FACE AND REGULAR AND PRINT AND NO PRINT CONTROLS
PAR  These two features are discussed together since the bold and regular
      control 545 (FIG. 51) and the print-no print control 553 are similar and,
      in many respects, a description of one control will serve to describe the
      other.
PAR  The bold and regular control 545 may be shifted by a key 966 (FIG. 8) in
      regular condition ("Reg.") or "bold" condition for, respectively
      thereafter, controlling the machine to imprint characters with normal
      force or to print in a strong "bold" manner. The control 545 may be
      shifted, from one condition to the other, by manipulation of the key 966,
      or it may be shifted automatically by motivating solenoids 967 and 968
      (FIG. 69) to regular and bold conditions, respectively, as controlled by
      corresponding codes on the code medium. The control 545 may be locked in
      either condition by manipulation of a lock 969, and, when the lock 969 is
      in effective position, the control 545 cannot be shifted by inadvertent
      manipulation of key 966 or by automatic operation of a motivating solenoid
      967 or 968, and in the latter instance the code for such a shift will
      merely by cycled through the main reader 407, as will be explained. It
      will be seen that bold and regular printing may be controlled entirely by
      the control tape 412, or either desired contrary condition of bold and
      regular printing may be accomplished from the same tape 412.
PAR  The print-no print control 553 (FIG. 51) may be shifted by a key 970 (FIG.
      8) in print condition or no print condition for, respectively thereafter,
      controlling the machine to imprint and shift the carriage 9a appropriately
      for each character, or not to print and to merely shift the carriage 9a
      appropriately for each character and, in the latter instance, blank space
      is provided for variables, even though characters and spaces are encoded
      on the control tape 412. The control 553 (FIG. 51) may be shifted, from
      one condition to the other, by manipulation of the key 970 (FIG. 8), or it
      may be shifted automatically by motivating solenoids 971 and 972 (FIG. 51)
      to print and no print conditions, respectively, in response to
      corresponding codes on the code medium. Control 553 may be locked in
      either condition by manipulation of a lock 973 (FIG. 8), and, when the
      lock 973 is in effective position at a time when the control 553 might
      otherwise be shifted automatically, the code for such a shift is merely
      shifted through the main reader 407, as will be explained. It will be seen
      that print and no print conditions may be controlled automatically by
      corresponding codes on the control tape 412, or either desired contrary
      condition may be enforced by the lock 973.
PAR  The bold and regular control 545 (FIG. 51) will now be described. As
      described in topic 6 hereinbefore, a reduced flow of current is provided
      for the normal imprinting force, and the normal imprinting circuit passes
      through the resistor 543, normally effective brush 544 in control 545, the
      constantly effective brush 546 in control 545, wire 547, one of the
      solenoids 548 for operating a character key 39 and for imprinting a
      character, and so on. When the control 545 is shifted to bold condition,
      the brush 544 and resistor 543 are rendered ineffective and a brush 974
      and a wire 975 between wire 542 and brush 974 are rendered effective.
      Thus, when the control 545 is in bold condition, the resistor 543 is
      avoided and an operated solenoid 548 receives the full flow of the current
      for imprinting the related character in bold face.
PAR  Brushes 544, 546 and 974, and an associated conductor 976 basically
      constitute a preferred single-pole double-throw switch 977. A description
      of the switch 977 should serve to describe two more such switches 978 and
      979 that are also part of control 545. The switches 978 and 979 are
      components of a conditioning code arrangement to be described later.
PAR  Brush 544, together with a suitable insulator 980 (FIG. 70), is secured on
      the underside of a channel member 981 that is secured on the vertical
      plates 12 and 13 (FIG. 69). The brushes 546 and 974 (FIG. 70), and
      suitable insulators 982 and 983, are secured on the top of member 981.
      Brush 546 is constantly engaged with the conductor 976, and, only when the
      conductor 976 is in the illustrated clockwise ("Reg.") position, the brush
      544 if also engaged with the conductor 976. However, when the conductor
      976 is shifted to its counterclockwise ("Bold") position, the conductor
      976 is disengaged from the brush 544 and it is engaged with the brush 974.
PAR  The conductor 976 is mounted on two tubular insulators 984 and 985 (FIG.
      71). The insulator 984 is assembled on a shaft 986 that is rotatably
      mounted at its forward end on the plate 12 and at its rearward end on the
      plate 13 (FIG. 46). The insulator 985 is assembled on a bail rod 987 that
      is secured at its rearward end on a member 988, and member 988 is secured
      on the shaft 986. The forward end of rod 987 is secured on a member 989
      (FIG. 70) that also carries the key 966. Member 989 is secured on shaft
      986. Identical insulators 990 (FIG. 71) are situated between the conductor
      976 and member 989, between the conductors 976, 991 and 992 (FIG. 51) of
      the switches 977, 978, 979 respectively, between the conductor 976 and the
      member 988 (FIG. 46), and the insulators 990 are mounted on the insulators
      984 and 985. Thus, the conductors 976, 991, 992 are insulated from each
      other and from the other supporting members.
PAR  The unit formed of member 988, the conductors 992 (FIG. 51), 991 and 976,
      rod 987 (FIG. 70), shaft 986, member 989 and key 966, and the insulators
      984, 985, 990, as described, is held in clockwise regular position or in
      counterclockwise bold position by a stud 993 and a yieldable detent 994.
      Stud 993 is secured on the member 989 and extends forwardly beyond the
      edge of detent 994. The working surfaces of detent 994 cooperate with the
      stud 993 for yieldably holding the key 966 and connected parts in regular
      or bold position, and for positively preventing the mechanism from
      rotating beyond these two positions. Detent 994 is pivoted on a stud 995
      that is secured on plate 12 (FIG. 71). A contractile spring 996 (FIG. 70)
      is connected to detent 994 for urging the detent 994 counterclockwise
      against the stud 993 as shown.
PAR  The lock 969 is carried by a lock member 997 that is pivoted on the stud
      995. Lock 969 is normally held in the illustrated clockwise position, and
      it may be held in a counterclockwise effective position, by a stud 998 on
      member 997 and a yieldable detent 999 that is urged against the stud 998.
      Detent 999 is pivoted on shaft 986 and the spring 996 is connected between
      detents 994 and 999 for urging both detents 994 and 999 counterclockwise.
PAR  A normally ineffective blocking lug 1000 on the locking member 997 is
      shaped just like a lug 1001 (FIG. 72) to be described later. However, when
      the lock 969 (FIG. 8) is manually shifted leftward, the lug 1000 (FIG. 70)
      is shifted over the stud 993 when the mechanism is in regular position, or
      it is shifted under the stud 993 when the mechanism is in bold position,
      for blocking movement of the stud 993 and thereby locking the mechanism in
      the respective condition. When the lock 969 is shifted counterclockwise,
      the member 997 is stopped by stud 993 and, when it is returned clockwise,
      the member 997 is stopped in ineffective position by member 981 as shown.
      It can be seen that the lock 969 is not shiftable to effective position at
      times when the key 966 is being shifted, since the end of the lug 1000 is
      blocked by stud 993 at such times.
PAR  To accommodate a conditioning arrangement to be described later, two pair
      of terminal contacts 1002, 1003 and 1004, 1005 are closed only when the
      lock 969 is in its effective counterclockwise position. The terminal
      contacts 1002 - 1005 are of the well known bullet type like those shown in
      FIG. 73. However, the terminal contacts 1002 - 1005 (FIG. 69) are secured
      in an insulator block 1006 and the block 1006 is secured on and it extends
      through a hole therefor in the plate 12. A pair of conductors 1007 and
      1008 (FIG. 70) are mounted on a leftwardly extending arm of the lock
      member 997, and the conductors 1007, 1008 are insulated in a known manner
      from the arm and from each other. When the lock 969 is shifted
      counterclockwise, the conductor 1007 is engaged with both contacts 1002
      and 1003 for closing the contacts 1002, 1003, and the conductor 1008
      closes the contacts 1004 and 1005. When the lock 969 is shifted to the
      illustrated ineffective position, the conductors 1007 and 1008 are shifted
      to break contact between the respective pairs of contacts 1002, 1003,
      1004, 1005.
PAR  The motivating solenoids 967 and 968 (FIG. 44) are secured on plate 13. A
      link 1009 is pivotally connected to the armature of solenoid 967 and to a
      member 1010 that is pivoted on the shaft 986. A link 1011 (FIG. 45) is
      pivotally connected to solenoid 968 and to a member 1012 that is also
      pivoted on shaft 986. A contractile spring 1013 is connected to the
      members 1010 and 1012 for urging them in contradirections against a stud
      1014. The stud 1014 is secured on the member 988 (FIG. 46).
PAR  A pair of normally open switches 1015 and 1016 (FIG. 44), that are just
      like the switches 819 and 820 (FIGS. 61 and 60), are secured on the back
      of plate 13 (FIG. 44) in respective alignment with insulators 1017 and
      1018 that are secured on the upper ends of the armatures of solenoids 967
      and 968, respectively.
PAR  The arrangement is such that, when the bold code is read and the solenoid
      968 is energized as will be described, the solenoid 968 rotates the member
      1012 counterclockwise, and, by the tension of relatively strong spring
      1013 and by member 1010, the stud 1014 and the unit including member 988,
      shaft 986, rod 987, the three conductors (like conductor 976, FIG. 70),
      member 989 and key 966 is rotated counterclockwise to "BOLD" position,
      where the stud 993 and the unit is stopped by detent 994. When the unit is
      stopped in "BOLD" position, the spring 1013 (FIG. 44) yields while the
      insulator 1018 closes the switch 1016. Closure of switch 1016 continues
      the cycle, wherein the solenoid 968 is deenergized, as will be described.
PAR  Deenergization of solenoid 968 permits the spring 1013 to return the member
      1012 slightly clockwise against the stud 1014 while the insulator 1018 is
      lowered from engagement with the switch 1016 and the switch 1016 returns
      to its normal open condition.
PAR  When the regular code is read and the solenoid 967 is energized as will be
      described, the solenoid 967 rotates the member 1010 clockwise, and the
      spring 1013 shifts the member 1012, stud 1014 and the rest of the
      rotatable unit that includes the key 966 (FIG. 70) clockwise to the
      illustrated "REG" position. When the unit is stopped in regular position
      by detent 994 as described, the spring 1013 (FIG. 44) yields to permit the
      insulator 1017 to close the switch 1015, and to thereby continue the cycle
      that includes deenergization of solenoid 967 as will be described.
      Solenoid 967 then permits the spring 1013 to return the member 1010
      against stud 1014, and to withdraw the insulator 1017 and to thus permit
      the switch 1015 to open.
PAR  At times when the lock 969 (FIG. 70) is effective and the control 545 is
      not shiftable as described, reading of a bold or regular code and the
      resulting operation of the solenoid 968 or 967 (FIG. 44), respectively,
      merely stretches the spring 1013 and the respective solenoid 967, 968
      closes the switch 1016 or 1015, for continuing the cycle and for bypassing
      the code without shifting the control 545.
PAR  The circuitry for operating the solenoids 968 and 967 and for thereby
      shifting the bold and regular control 545 (FIG. 63) will now be described.
      The wire 564 is connected to a solenoid 1019 which is part of a "regular"
      code cycling unit that is just like the unit described in connection with
      FIG. 39. The wire 564 (FIG. 63) is also connected to another such code
      cycling unit solenoid 1020. A wire 1021 is connected to the solenoid 1019
      and to a terminal marked "REG. FACE (5,6,7)" (FIG. 50) in the main decoder
      494 (FIG. 63). A wire 1022 is connected to the solenoid 1020, in the bold
      code cycling unit, and to a terminal marked "BOLD FACE (4,6,7)" (FIG. 50)
      in the main decoder 494 (FIG. 63).
PAR  A source of power (S) is connected to the solenoids 967 and 968. A wire
      1023 is connected to solenoid 967 and to a switch 1024 in the regular
      ("Reg.") code cycling unit. A wire 1025 is connected to solenoid 968 and
      to a switch 1026 in the "bold" code cycling unit.
PAR  A wire 1027 is connected to the wire 619 and to both of the normally open
      switches 1015 and 1016, and the switches 1015, 1016 are grounded as
      indicated.
PAR  When the main reader 407 (FIG. 31) senses the regular code or the bold code
      and the main decoder 494 is operated accordingly, current flows from
      source (S) and normally closed switch 541 (FIG. 63), through wire 564, the
      respective solenoid 1019 or 1020, wire 1021 or 1022, and it goes to ground
      through the operated decoder 494. Upon full operation of the solenoid 1019
      or 1020, the respective code cycling unit opens the reader control circuit
      switch 453, in the same manner as described in connection with FIG. 39.
      The opening of switch 453 (FIG. 31) breaks the reader control circuit,
      whereupon the main decoder 494 restores and the now cocked tape feed
      mechanism 408 shifts the control tape 412 forwardly, as previously
      described. When the decoder 494 (FIG. 63) is restored following operation
      according to a "regular"  code (5,6,7), the solenoid 1019 is deenergized
      and its cycling unit closes the switch 1024. Whereupon, current flows from
      source (S) through solenoid 967 for shifting the control 545 to the
      regular face controlling condition and for closing the switch 1015 as
      previously described, the current continues through wire 1023 and goes to
      ground through now closed switch 1024. Upon full operation of solenoid
      967, the switch 1015 is closed as described, and current flows through
      switch 541, wires 564 and 618, the solenoid 481 (FIG. 39) for reclosing
      the reader control circuit switch 453 and for restoring the operated
      cycling unit as described, the current travels through wires 619 and 1027
      (FIG. 63), and goes to ground through the now closed switch 1015. When the
      cycling unit is restored the switch 1024 is opened for deenergizing the
      solenoid 967 and thereby opening the switch 1015 for deenergizing the
      solenoid 481. At this point the mechanism is restored, the tape 412 is
      shifted and the reader control circuit switch 453 is closed for reading
      the ensuing code.
PAR  When the decoder 494 is restored following its operation according to a
      "bold face" code (4,6,7), the then operated solenoid 1020 is deenergized
      and its cycling unit closes the switch 1026. Whereupon, current flows from
      source (S) through solenoid 968 for shifting the control 545 to the bold
      face controlling condition and for closing the switch 1016 as described,
      the current continues through wire 1025 and it goes to ground through now
      closed switch 1026. Upon closure of switch 1016, the solenoid 481 is
      operated for reclosing the switch 453 and for restoring the operated
      cycling unit. When the cycling unit is restored, the switch 1026 is opened
      for deenergizing the solenoid 968 and the switch 1016 is then opened. At
      this point the mechanism is restored and the reader control circuit switch
      453 is closed for reading an ensuing code.
PAR  From the preceding, it can be seen that operation of the decoder 494
      according to a bold or regular code causes operation of the solenoid 1020
      or 1019, respectively, for operating the respective cycling unit to open
      the switch 453 and to thereby break the reader control circuit. Whereupon,
      the cooked cycling unit closes its respective switch 1026 or 1024 and thus
      causes operation of the motivating solenoid 968 or 967 to cause a shift of
      the control 545 to the appropriate bold or regular condition,
      respectively, except in instances when the lock 969 (FIG. 70) is in
      effective position and the shift of control 545 (FIG. 63) is blocked.
      However, in either instance, full operation of the solenoid 968 or 967
      closes its respective switch 1016 or 1015 for causing operation of the
      solenoid 481 and for thereby restoring the operated cycling unit and for
      reclosing the reader control circuit switch 453 for reading the ensuing
      code.
PAR  From the foregoing, it can also be recalled that, in normal (Reg.)
      condition of control 545, the current for imprinting characters in regular
      face (lighter imprints) is led from source (S) and switch 541, through
      wire 542, resistor 543 for reducing the flow, switch 977, wire 547 and to
      the selectively operable solenoid 548. In "Bold" condition of control 545
      the full flow and force of the current is led through switch 541, wires
      542 and 975, switch 977, wire 547 and the selectively operable solenoids
      548 for imprinting the characters in darker Bold Face.
PAR  If the concepts of this application are adapted to a machine having the
      well known continually running power roll arrangement for operating the
      type arms, the same result can be obtained by having the bold and regular
      control 545 increase and decrease the speed of the rotating power roll, to
      achieve bold and regular face imprints, respectively.
PAR  As just reiterated above, the current for bold and regular imprinting
      normally passes through the wire 547 and the particular one of the
      solenoids 548 for selectively imprinting characters. As described
      previously herein, the imprinting circuit normally continues from an
      operated solenoid 548, through a respective wire 551 (FIG. 51), respective
      brushes 552 and 554 in the print-no print control mechanism 553, and so on
      through a respective wire and the operated decoder 494. There is a brush
      552 and a brush 554, together with a conductor 1028 and a brush 1029 that
      is effective only when the mechanism is in no print condition, for each
      character key 39 in the machine, so the decoder 494 can differentiate
      among the keys 39. Each switch, comprising parts 552, 554, 1028 and 1029
      in the mechanism 553, is just like the switches 977, 978 and 979 in the
      control 545.
PAR  However, when the mechanism 553 is conditioned for no print, the keys 39 or
      the key 42 that corresponds to a sensed character code are not operated,
      but the decoder 494 does cause the appropriate cycling and consequent
      carriage movement for each character, as will be explained presently.
PAR  The structure and shifting operations of the print-no print control
      mechanism 553 are basically the same as those described for the control
      545. However, a brief description of the mechanism 553 will now be given.
PAR  The forward end of the mechanism 553 is like that described in connection
      with FIGS. 70 and 71, except that the rotatable part of the mechanism is
      mounted for rotation with a longer shaft 1030 (FIG. 69). The forward end
      of shaft 1030 is pivoted on the plate 11, and it together with its
      conductors 1028 thereon extend rearward through clearance holes 1031 in
      plates 12 and 13 (FIG. 44). The rearward end of the print-no print control
      mechanism 553 is exactly like that previously described in connection with
      FIGS. 44 - 46, except that the shaft 1030 (FIG. 44) and its motivating
      solenoids 971 and 972 (FIG. 1) are supported on the vertical frame plate
      16.
PAR  The print-no print key 970 (FIG. 8) and the lock 973 are mounted on
      respective levers 1032 and 1033 (FIG. 69) that are the same as those
      described for the keys 966 and 969 (FIG. 70), except that the locking
      lever 1033 (FIG. 72) has only one conductor 1034. Lever 1033 is pivoted on
      a stud 1035 that is secured on plate 11 (FIG. 69). The conductor 1034
      (FIG. 72) is provided for operating with bullet type contact terminals
      1036 and 1037 for accommodating a conditioning code arrangement that will
      be described later. However, the contact terminals 1036 and 1037 are
      secured in an insulator block 1038 (FIGS. 69 and 73) that is secured on
      and it extends in part through a hole therefor in the plate 11 as shown.
      The arrangement is such that, when the lock 973 (FIG. 72) is shifted in
      its counterclockwise effective position, the member 1033 locks the key 970
      (FIG. 69) and its mechanism in either the clockwise print position or the
      counterclockwise no print position, and, at the same time, the conductor
      1034 (FIG. 73) closes the contact terminals 1036 and 1037. When the lock
      973 (FIG. 72) is returned to its clockwise ineffective position, the key
      970 (FIG. 69) is released for manipulation or for automatic shifting of
      the mechanism, and the conductor 1034 (FIG. 72) opens the contact
      terminals 1036 and 1037.
PAR  There are forty switches 1039 (FIG. 51), one for each character key 39 and
      42 (FIG. 8), and one such switch 1040 (FIG. 51) for the conditioning code
      arrangement to be described later. There is one conductor 1028 (FIG. 44)
      and a set of brushes 552, 554 and 1029 for each of the switches 1039 and
      1040 (FIG. 51). The brushes 552, 554 and 1029 are insulated from each
      other and from a channel member 1041 (FIG. 44) on which the brushes 552,
      554, 1029 are mounted. The member 1041 (FIG. 1) is secured on the frame
      plates 11, 12, 13 and 16.
PAR  The circuits for shifting the print-no print control mechanism according to
      corresponding codes on the code medium will now be described. The wire 564
      (FIG. 74) is connected to a print ("P") cycling mechanism solenoid 1042,
      and it is also connected to a no print ("No P.") solenoid 1043. A wire
      1044 is connected between the solenoid 1042 and a terminal marked "Print
      (4,5,7)" (FIG. 50) in the decoder 494 (FIG. 74). A wire 1045 is connected
      to the solenoid 1043 and to a terminal marked "NO PRINT (4,5,6)" (FIG. 50)
      in the decoder 494 (FIG. 74). The solenoid 1042 and a switch 1046, and
      solenoid 1043 and a switch 1047 are parts of respective print and no print
      code cycling units that are like the one described in FIG. 39. A wire 1048
      (FIG. 74) is connected between switch 1046 and the solenoid 971, and a
      wire 1049 is connected between switch 1047 and solenoid 972. A source of
      power (S) is connected to the solenoids 971 and 972. A wire 1050 is
      connected to the solenoid 481 and to two normally open switches 1051 and
      1052 that are grounded as indicated. The switches 1051 and 1052 (FIG. 1)
      are secured on the plate 16, and they are like the switches 1015 and 1016
      (FIG. 44).
PAR  When the main reader 407 (FIG. 31) senses the print code and the decoder
      494 is operated accordingly, current flows from source and switch 541
      (FIG. 74), through wire 564, solenoid 1042, wire 1044 and it goes to
      ground through the operated decoder 494. Upon full operation of the
      solenoid 1042, its cycling unit opens the reader control circuit switch
      453, in a previously described manner. Upon the consequent normalization
      of the decoder 494, the solenoid 1042 is deenergized and its cycling unit
      closes its switch 1046, and current then flows from source (S) through
      solenoid 971, wire 1048 and goes to ground through now closed switch 1046.
      Operation of the solenoid 971 normally rotates the shaft 1030 (FIG. 44)
      and the conductors 1028 thereon clockwise to the illustrated print
      condition, where the brushes 552 and 554 are effective. Following the
      major operation of solenoid 971 (FIG. 74), the mechanism 553 yields while
      the solenoid 971 closes the switch 1051. Closure of switch 1051 completes
      the circuit that flows from source (S) and switch 541, through wires 564
      and 618, solenoid 481, wire 1050 and it goes to ground through switch
      1051. Operation of solenoid 481 restores the operated cycling unit for
      opening switch 1046 and it recloses the reader control circuit switch 453
      for reading the ensuing code.
PAR  When the "No Print (4,5,6)" code is read, the decoder 494 completes the
      circuit that flows from source (S) and switch 541, wire 564, solenoid 1043
      that operates its cycling unit to open the switch 453, and the circuit
      goes to ground through the operated decoder 494. When the reader control
      circuit switch 453 is opened, the decoder 494 is normalized, and the
      solenoid 1043 is deenergized and its cycling unit closes its switch 1047.
      Whereupon, current flows from source (S) through solenoid 972, wire 1049
      and goes to ground through the switch 1047. Operation of the solenoid 972
      normally rotates the shaft 1030 (FIG. 44) and the conductors 1028
      counterclockwise, to no print condition, where the brushes 554 and 1029
      are effective. Upon full operation of solenoid 972, it closes the switch
      1052 and thus completes the circuit that flows from source (S) and switch
      541, through wires 564 and 618, solenoid 481, wire 1050 and to ground
      through switch 1052. Operation of solenoid 481 restores the operated
      mechanisms and recloses the switch 453 for possible reading of an ensuing
      code, as described.
PAR  It should be remembered that when the lock 973 (FIGS. 69 and 72) is in its
      effective leftward position and a print or no print code occurs, the
      control mechanism 553 (FIG. 74) is not shifted, but the mechanism 553
      yields while its solenoid 971 or 972 operates to close the switch 1051 or
      1052 for cycling the code through the main reader 407 in the same manner
      as described for normal operations.
PAR  At times when the mechanism 553 is conditioned for no print operations and
      a normal character code (excluding the underline code) is read, the
      decoder 494 completes a circuit which flows from source (S) and switch
      541, one of the solenoids 565, 566, or 567 for operating the appropriate
      0.100 inch, 0.075 inch, or 0.050 inch, cycling unit to open the reader
      control circuit switch 453, through the control 570, and through the
      upper-lower case control mechanism 493 that determines which one of the
      character cycling units is to work for the instant normal character code,
      all as previously described for normal character reproducing operations.
PAR  As previously described for normal imprinting operations, the particular
      circuit goes through one of the wires 597, 599, 601, 603, 584 (FIG. 52) or
      595, and the switch 555 under the operated character key 39. However,
      during no print operations when the brushes 552 (FIG. 51) in the now
      shifted mechanism 553 are ineffective, the solenoids 548 and the keys 39
      are not operated when the decoder 494 is operated for characters.
PAR  During no print operations, the brushes 1029 and 554 are effective, as
      described. The brush 1029 (FIG. 74) for each normal character key 39 is
      connected by a wire 1053 to the wire 597, 599, 601, 603, 584 (FIG. 52) or
      595 that is provided for the particular character key's group, as
      discussed in connection with "Chart A" hereinabove. Thus, during no print
      character operations, the decoded normal character circuit continues
      through the particular wire 1053 (FIG. 74), the related effective brushes
      1029 and 554, and it goes to ground through the operated decoder 494 as
      described. The character code cycling that results from the opening of
      switch 453 and the appropriate carriage movement that follows
      deenergization of the operated cycling unit 565, 566, 567 FIG. 52) are the
      same as those described previously in connection with decoded normal
      character operations.
PAR  Since the underline character code and key 42 FIG. 63) never do cause
      carriage movement as described previously, it is necessary only to avoid
      imprinting the underline mark and to bypass any occurrence of the
      underline code during no print operations. As for normal characters, the
      brush 552 in mechanism 553, the wire 551 and the solenoid 548 for the
      underline key 42 are not operable during no print operations. However,
      when the underline code (1,4,5,6) is read during no print operations,
      current flows from source (S) and switch 541, wire 564, the delete code
      cycling unit solenoid 853, and wire 857, but under this condition the
      circuit continues through a wire 1054 and the now effective brushes 1029
      and 554, and goes to ground through the wire marked "Underline (1,4,5,6)"
      and the operated decoder 494. The remaining cycling of the underline code
      is the same as described previously for normal operations.
PAR  From the above, it can be seen that encoded material, that includes a no
      print code and a print code with a text portion including characters
      therebetween, may be reproduced, and normally blank space will be provided
      for the text portion that is encoded between the no print and the print
      codes. However, it can also be seen that, on another occasion, the
      operator may shift the lock 973 (FIG. 8) to effective position and run the
      same control tape 412 through the main reader 407 a succeeding time, and
      the reproducer will then ignore the no print and the print codes and it
      will imprint the entire text. It can also be seen that blank space may be
      had from an encoded text that does not include a no print code, and
      imprinting in a no print area may be performed, when the key 970 is
      appropriately shifted manually to "No Print" and to "Print" positions,
      respectively, during reproducing operations.
PAR  16. CARRIAGE RETURN
PAR  The carriage return code (1,2,3,7) (1) releases the positive drive clutch
      155 (FIG. 24) for return of the paper carriage 9a, (2) returns the
      adjustable stop member 335 (FIG. 30) to the normal zero quotient
      representing position shown, (3) restores the duplex counter segment 662
      (FIG. 54) to the normal zero representing position shown, and (4) line
      spaces the platen 115 (FIG. 8) and the reproduced copy paper thereon a
      number of line spaces that is predetermined by the position of a line
      space control button 1055, all in a manner to be described presently.
PAR  The extent of normal line spacing is limited to one, two or three steps
      (for example) as determined by the preset button 1055, rather than by any
      code determining arrangement, so that the line spacing may be changed by
      the operator without affecting or being controlled by the encoded text on
      the control tape 412. In other words, one, two and three normal line
      spaced copies may be reproduced from the same encoded tape 412.
PAR  The circuitry involved, when the decoder 494 (FIG. 75) is operated
      according to the carriage return code, will now be described. A wire 1056
      is connected between the switch 541 and the solenoid 176 (FIG. 24) that is
      provided for releasing the clutch 155 to permit carriage return as
      described. A wire 1057 (FIG. 75) is connected to solenoid 176 and to the
      solenoid 679 (FIG. 54) that clears the duplex counter 643 as described. A
      wire 1058 (FIG. 75) is connected between solenoid 679 and the solenoid 352
      (FIG. 30) for clearing the quotient representing stop member 335 as
      described. A wire 1059 (FIG. 75) is connected to solenoid 352 and to the
      terminal marked "CAR. RET. (1,2,3,7)" (top of FIG. 50) in the decoder.
      Thus, when the decoder 494 is operated according to the carriage return
      code (1,2,3,7), the solenoids 176 (FIG. 75), 679 and 352 are operated
      simultaneously.
PAR  As previously described, operation of the solenoid 176 (FIG. 24) not only
      causes the carriage 9a to be returned, but it also causes the switch 182
      to be closed for accommodating a clutch reengaging circuit and it further
      causes the switch 192 (FIG. 31) to open for breaking the reader control
      circuit and thus for normalizing the decoder 494. Return of the decoder
      494 to normal (FIG. 75) then deenergizes the solenoids 176, 679 and 352.
PAR  The clutch reengaging circuit becomes effective as soon as the carriage 9a
      is fully returned. Full return of the carriage 9a closes a switch 1060 as
      will be described presently. A wire 1061 (FIG. 75) is connected between
      the switch 1060 and the reengaging solenoid 166. A wire 1062 is connected
      to solenoid 166 and to the switch 182. A wire 1063 is connected between
      switch 182 and a solenoid 1064 (FIG. 17) that is operable for performing
      normal line spacing operations as will be described. A wire 1065 (FIG. 75)
      is connected to solenoid 1064 and to the blade 450 of the switch 449 that
      is controlled by the reader control key 433 as desribed. A wire 1066 is
      connected to the normally effective blade 451 of switch 449 and to the
      solenoid 431 in the feed-read switch means 421.
PAR  When the clutch 155 is disengaged and the carraige 9a is returned by the
      spring means 125a (FIG. 21) as described, the carriage 9a is stopped at a
      left margin position. The left margin position is determined by a
      presettable left margin means 1067 (FIG. 8) which is identical in
      principle and function to that described in detail in our aforesaid
      copending application for "JUSTIFYING, TEST WRITING COMPOSING MACHINE" to
      which reference may be made for a complete understanding of the margin
      means 1067. The means margin 1067 is manually settable in a usual manner,
      according to a scale 1068, for stopping the carriage 9a in a corresponding
      returned position. However, as explained in the aforesaid copending
      application, a portion of the carriage 9a engages the margin means 1067
      just prior to the returned position for thereafter operating the margin
      means 1067 to shift a bail rod 1069 (FIG. 59) leftwardly as shown here. As
      the rod 1069 is shifted leftwardly, the bail rod, 1069, its axis shaft
      1070 and the right hand bail lever 1071 are rotated counterclockwise
      against the tension of a torsion spring 1072.
PAR  The lower bifurcated end of lever 1071 loosely embraces a stud 1073 that is
      secured on a bellcrank 1074. Bellcrank 1074 is pivoted on a stud 1075 that
      is secured on a plate 1076. Plate 1076 is held in place by locating pins
      1077 and screws 1078 secured in the frame 8. An insulator 1079 is secured
      on bellcrank 1074 in alignment with the switch 1060 that is mounted on the
      plate 1076. A contractile spring 1080 is connected to plate 1076 and to
      the stud 1073.
PAR  The arrangement is such that, when the carriage 9a is being returned and it
      approaches the left margin, coaction of the carriage 9a and the left
      margin means 1067 rotates the lever 1071 to shift the stud 1073 and
      bellcrank 1074 clockwise. As stud 1073 shifts clockwise, the centerline of
      spring 1080 is shifted to the right of the centerline of stud 1075.
      Whereupon, the spring 1080 snaps the bellcrank 1074 clockwise, so the
      insulator 1079 closes the switch 1060 at or about the time the carriage 9a
      is stopped against the left margin means 1067 (FIG. 8). Thus, the switch
      1060 (FIG. 59) is closed, when the carriage 9a is returned to the left
      margin.
PAR  When a succeeding line is begun and the carriage 9a is moved one or more
      units away from the left margin, the spring 1072 returns the lever 1071
      clockwise against a return stud 1081 secured on plate 1076, and, at the
      same time, the lever 1071 and spring 1080 snap the bellcrank 1074
      counterclockwise to permit the switch 1060 to open, all as shown.
PAR  From the above, it can be seen that upon full return of the carriage, 9a
      the clutch 155 reengaging circuit is complete from source (S) and the then
      closed switch 1060 (FIG. 75), through the wire 1061, solenoid 166, wire
      1062, now closed switch 182, wire 1063, the solenoid 1064, the wire 1065,
      the switch 449 in normal condition, the wire 1066, and it goes to ground
      through the solenoid 431. Operation of the solenoid 166 (FIG. 24)
      reengages the clutch 155, it recloses the reader control circuit switch
      192 ready for reading an ensuing code and it opens the switch 182 (FIG.
      75) for breaking the just described reengaging circuit. Operation of the
      solenoid 1064 causes a normal carriage return line space operation, as
      will be described. At the moment it is sufficient to know that a normal
      line space operation occurs automatically when the carriage 9a is fully
      returned. Operation of the solenoid 431 conditions the feed-read switch
      means 421 (FIG. 57) for consecutive step feeding of the control tape 412,
      as described. However, if no newly encoded tape 412 is available and the
      switch 414 is then open as described, the switch means 421 will remain in
      feed condition, as shown with switch 426 closed, until the switch 414 is
      again closed, until the blank tape 412 that follows a carriage return code
      is fed through the main reader 407, and until the read solenoid 422 is
      operated upon the reading of the next code, as described. Thus, upon full
      return of the carriage 9a, the machine is conditioned for reproducing a
      possible succeeding line.
PAR  17. NORMAL LINE SPACING MECHANISM
PAR  As described, the normal line space motivating solenoid 1064 (FIG. 75) is
      energized when the carriage 9a is fully returned, and at such times it is
      energized until the solenoid 166 has reengaged the drive clutch 155 and
      the switch 182 is opened.
PAR  The solenoid 1064 (FIG. 17) is secured on brackets 1082 and 1083 that are
      respectively secured on the angle iron 876 and the frame plate 231. A
      c-shaped clip 1084 is secured in an annular groove on the armature of
      solenoid 1064 to limit the travel of the armature. A link 1085 is
      pivotally connected to the armature of solenoid 1064 and to a lever 1086
      (FIG. 19) that is secured on the shaft 873. Shaft 873 is rotatably mounted
      in brackets 874 and 875 as described. A pair of bail levers 1087 and 1088
      are secured on shaft 873, and a bail 1089 is secured on the levers 1087
      and 1088. A roller 1090 is located to the rear of bail 1089, and it is
      mounted for rotation on a stud 1091 (FIG. 18) that is secured at its upper
      end on a slide member 1092. Member 1092 is slidably mounted in a portion
      1093 of the platen carrier 105 (FIG. 17) in a known manner. The remaining
      structure of the normal line spacing mechanism will be described briefly,
      since it is the same as that found in the typewriter chosen as exemplary
      and employed as a basic component of the reproducer. A return spring 1094
      urges the slide member 1092 rightward as shown here, and it normally holds
      the member 1092 in the position shown in FIG. 17. A pawl 1095 is pivoted
      on the member 1092, at 1096, and it is urged counterclockwise by a spring
      1097. Normally, an extension 1098 of the pawl 1095 rests on top of a tab
      1099, and the pawl 1095 is thus normally held out of engagement with the
      ratchet wheel 866. The tab 1099 is part of a member 1100 (FIG. 18) that is
      pivotally connected to the line space control button 1055. Button 1055 is
      pivoted on a boss 1101 which is part of the platen carrier 105 (FIG. 17)
      and which supports the center shaft 116 of the platen 115.
PAR  The arrangement is such that operation of the solenoid 1064 pulls link
      1085; and rotates the lever 1086 (FIG. 19), shaft 873, levers 1087 and
      1088, and the bail 1089 (FIG. 17) counterclockwise about the axis of shaft
      873. Whereupon, the bail 1089 acts against the roller 1090 and pulls the
      member 1092 a full stroke leftward. The full stroke is terminated by
      engagement of the clip 1084 with a surface 1102 on the solenoid 1064. At
      full stroke position of the bail 1089 (shown in FIG. 18) a surface 1103 on
      member 1092 prevents the member 1092 from going leftward beyond that
      position. It may be noted that the roller 1090 and surface 1103 extend
      downwardly sufficiently to remain in the registration with the bail 1089
      at times when the platen carrier 105 and therefore the member 1092 are
      shifted to upper case position.
PAR  When the button 1055 is in the illustrated (1) position at the time the
      member 1092 is shifted leftward from the position shown in FIG. 17, the
      extension 1098 of pawl 1095 is initially slid on the top of tab 1099, but,
      just prior to one third from the end of the full stroke, the extension
      1098 drops off the tab 1099 (FIG. 18) as shown in phantom and the pawl
      1095 picks up and shifts the ratchet wheel 866 one tooth counterclockwise
      for shifting the platen 115 one line space forwardly as described. When
      the button 1055 is preset in the 2 or 3 position, the tab 1099 is shifted
      rightwardly one or two steps, respectively, for permitting the extension
      1098 to drop sooner during the full stroke and to therefore rotate the
      ratchet wheel 866 and the platen 115 two or three line spaces
      respectively.
PAR  When the solenoid 1064 is deenergized as explained, the return spring 1094
      returns the member 1092 rightward to the position shown in FIG. 17. During
      this return stroke, the extension 1098 cams back upon tab 1099 and the
      roller 1090 returns the drive means including bail 1089 clockwise to the
      illustrated position.
PAR  Thus, upon return of the carriage 9a and operation of solenoid 1064, the
      platen 115 and the copy paper thereon are forward line spaced one, two or
      three increments, depending on the position of the button 1055.
PAR  18. LINE DELETE
PAR  In our aforesaid copending application for "Justifying, Text Writing
      Composing Machine", it is explained that the code media for a deleted line
      includes first a line delete code 3,4,5,7, a few blank spaces, then the
      unaltered text codes for that line and finally a carriage return code
      1,2,3,7, arranged in that order. As will now be described, reading of a
      line delete code prepares the reproducer to feed the control tape 412, to
      read and bypass the text and function codes that follow, but otherwise to
      avoid the corresponding text and function operations for the deleted line.
      Finally, when the carriage return code for the deleted line is read, the
      reproducer does not perform the normal carriage return operations, but
      thereupon it does return to normal operating condition.
PAR  When the main reader 407 (FIG. 31) senses a line delete code 3,4,5,7, the
      main reader control circuit causes the solenoid 417 to cock the tape feed
      mechanism 408, it causes the solenoid 422 to shift the feed-read switch
      means 421 to "read" condition, and it causes the main decoder 494 to be
      operated according to the sensed code, in the same manner as previously
      described. Operation of the decoder 494 according to the line delete code
      initiates line delete operations as will now be described.
PAR  A wire 1104 (FIG. 76) is connected between the normally closed switch 541
      and a solenoid 1105 in a line delete cycling mechanism 1106. A wire 1107
      is connected to solenoid 1105 and to the terminal marked "LINE DELETE
      (3,4,5,7)" (FIG. 50) in the decoder 494 (FIG. 76). The switch 541 (FIG.
      43) is secured on the plate 31 (FIG. 38) and the solenoid 1105 is secured
      on the support member 468. A link 1108 is pivotally connected to the
      armature of solenoid 1105 and to a member 1109 (FIG. 43) that is pivoted
      on rod 463. Member 1109 is urged clockwise by a relatively strong spring
      1110, and it is normally stopped against rod 464. A pawl 1111 normally
      rests on top of member 1109 as shown, and the pawl 1111 is pivoted at 1112
      on a member 1113 that is pivoted on rod 466. A contractile spring 1114 is
      anchored in any known manner, and it is connected to pawl 1111 for urging
      the pawl 1111 counterclockwise and for urging the member 1113
      counterclockwise against the rod 467. In normal position of the member
      1113, an insulator 1115 secured on the upper end of the member 1113 holds
      the reader control circuit switch 455 closed as shown. Switch 455 is
      secured on the member 471. A normally open switch 1116 is secured on the
      member 470 in alignment with the insulator 1115. A stud 1117 is secured on
      a lever 1118 that is pivoted on the shaft 486. An insulator 1119 is
      secured on stud 1117. A torsion spring 1120 is anchored on rod 465 and it
      is connected to lever 1118 for urging the lever 1118 counterclockwise to
      the illustrated normal position where the insulator 1119 holds the switch
      541 closed and the stud 1117 is stopped against the bottom of pawl 1111. A
      restoring pawl 1121 is pivoted on a member 1122 that is pivoted on the rod
      467. A torsion spring 1123 is connected to a member 1122 and to pawl 1121
      for urging the pawl 1121 counterclockwise toward engagement with the stud
      1117, but, in normal position of the parts, a finger 1124 on member 1113
      holds the pawl 1121 slightly away from the stud 1117 as shown. A
      relatively strong contractile spring 1125 is anchored on the member 471
      and it is connected to member 1122 for urging the member 1122 against the
      rod 464. A link 1126 is pivotally connected to the member 1122 and to the
      armature of a solenoid 1127 that is secured on support member 469.
PAR  When the line delete code is sensed and the decoder 494 (FIG. 76) is
      operated accordingly as described, current flows from source (S) and
      normally closed switch 541, through wire 1104, the solenoid 1105, the wire
      1107 and it goes to ground through the operated decoder 494. Operation of
      solenoid 1105 (FIG. 43) pulls link 1108 and rotates member 1109 against
      rod 465. Just prior to full operation of member 1109, the end of pawl 1111
      latches into a notch (like notch 612, FIG. 39) in the upper end of member
      1109 (FIG. 43), under tension of spring 1114. As the pawl 1111 latches
      downward, it pushes the stud 1117 downward and thus shifts the insulator
      1119 away from switch 541 to permit the switch 541 to open.
PAR  As previously described, all major normal operations, that may be initiated
      by operation of the main decoder 494, receive their source of power
      through the switch 541. Therefore, no normal decoder controlled
      operations, will be performed, while the switch 541 is open and while the
      codes for the deleted line are fed through the main reader 407.
PAR  As soon as the switch 541 is opened, the circuit through the solenoid 1105
      (FIG. 76) is also broken. Deenergization of solenoid 1105 (FIG. 43)
      permits the spring 1110 to return member 1109 clockwise against rod 464.
      Return of member 1109 pushes the latched pawl 1111 and rotates member 1113
      clockwise to open switch 455 and to close the switch 1116. At the same
      time, the finger 1124 of member 1113 releases the restoring pawl 1121 to
      the influence of its spring 1123 which rotates the pawl 1121 against the
      stud 1117. The mechanism 1106 remains in this condition while the encoded
      text for the deleted line is fed through the main reader 407.
PAR  When the switch 455 (FIG. 31) is opened, the main reader control circuit is
      broken. Whereupon, in a previously described manner, the mechanism 408
      feeds the line delete code out of the main reader 407, the decoder 494 is
      returned to normal and the solenoid 422 is deenergized while the latch
      means 428 holds switch means 421 in "read" condition.
PAR  Closure of switch 1116 (FIG. 43) completes circuits for causing consecutive
      tape feeding, for reading the codes on the control tape 412 to determine
      the occurrence of the carriage return code at the end of the deleted line,
      and for restoring the machine from line delete condition to normal
      condition upon operation of the decoder 494 according to the carriage
      return code.
PAR  The consecutive tape feed initiating circuit that is rendered effective by
      closure of the line delete mechanism switch 1116 will now be described. A
      source of power (S) is connected to switch 1116 (FIG. 76) as indicated. A
      wire 1128 is connected to switch 1116 and to the now closed switch 427. A
      wire 1129 is connected between the switch 427 and the solenoid 431. Thus,
      as soon as the switch 1116 is closed, current flows from source (S) and
      the switch 1116, through wire 1128, the switch 427 closed by the reading
      of the line delete code and operation of the solenoid 422 as described,
      wire 1129, and its goes to ground through the solenoid 431. Operation of
      solenoid 431 releases the latch means 428 and thereby restores the switch
      means 421 to feed condition, where the switch 427 is opened and the switch
      426 is closed as described. When switch 427 opens, the solenoid 431 is
      deenergized. Closure of switch 426 (FIG. 57) initiates the consecutive
      step tape feed circuit, that repeatedly operates the solenoid 417 as
      controlled by the switch 418, to shift the control tape 412 through the
      main reader 407 (FIG. 31) as described. Thus, the blank tape 412 that
      follows the line delete code and the text and function codes for the
      deleted line are fed through the main reader 407.
PAR  When the text and function codes for the deleted line enter the main reader
      407, the main reader control circuit is not effective, since the switch
      455 now remains open while the machine is in the line delete condition as
      described. However, the decoder 494 is operated according to each of the
      codes in the deleted line as these codes pass through the main reader 407,
      since a special line delete reader circuit is made effective by closure of
      switch 1116 (FIG. 76). It should be understood that the operations of the
      decoder 494, according to the codes of a deleted line, cause no normal
      operations since the switch 541 (FIGS. 57, 75 and 76) is open at this time
      to prevent response to the decoder operations.
PAR  The special line delete reader circuit will now be described. A wire 1130
      (FIG. 76) is connected to the switch 1116 and to the wire 538 (FIG. 31)
      that is connected to the motivating solenoids 495, 500-505 of the decoder
      494 as described. When the switch 1116 (FIG. 76) is closed as described,
      the special reader circuit is effective from source (S) and switch 1116,
      wires 1130 and 538 (FIG. 31), the appropriate solenoids 495, 500-505 in
      the decoder 494, the related wires 539, and to ground through the sensing
      spring 410 in the main reader 407. Thus, while the mechanism 408 feeds the
      control tape 412 through the main reader 407, the decoder 494 is operated
      by each code that passes through the main reader 407, but none of the code
      controlled operations will be performed until the decoder 494 is operated
      according to the carriage return code that occurs at the end of the
      deleted line.
PAR  The circuit for restoring the machine from line delete condition to normal
      condition, when the carriage return code is reached, will now be
      described. A wire 1131 (FIG. 76) is connected between the wire 1128 and
      the solenoid 1127. A wire 1132 is connected to solenoid 1127 and to the
      wire 1059 that is connected to the terminal marked "CAR. RET. (1,2,3,7)"
      (FIG. 50) in the decoder 494 (FIG. 76) as described. Thus, when the
      decoder 494 is operated according to the carriage return code, current
      flows from source (S) through the now closed switch 1116, wires 1128 and
      1131, solenoid 1127, wires 1132 and 1059, and it goes to ground through
      the operated decoder 494. Operation of solenoid 1127 (FIG. 43) pulls link
      1126 and rotates member 1122 counterclockwise against tension of spring
      1125. At about the end of the stroke, the pawl 1121 latches under the stud
      1117. Since the control tape 412 (FIG. 31) is now being fed consecutive
      steps as described, the carriage return code is fed rapidly out of the
      main reader 407 and the decoder 494 is normalized in the usual manner.
      Whereupon, the solenoid 1127 (FIG. 76) is deenergized. Deenergization of
      the solenoid 1127 (FIG. 43) permits the spring 1125 to return the member
      1122 clockwise while the pawl 1121 pushes the stud 1117, insulator 1119
      and pawl 1111 upward, with assistance from spring 1120 and against the
      tension of spring 1114. This upward movement of insulator 1119 recloses
      the switch 541 (FIG. 57, 75 and 76) so the machine will respond normally
      to the next operation of the decoder 494 (FIG. 31). Just prior to
      engagement of the member 1122 (FIG. 43) with the rod 464, the stud 1117
      lifts the pawl 1111 out of the notch in the returned member 1109, and the
      spring 1114 shifts the pawl 1111 leftward and it rotates the member 1113
      counterclockwise against the rod 467 as shown. As member 1113 returns
      counterclockwise, its finger 1124 unlatches the pawl 1121 from under the
      stud 1117 while the spring 1120 holds the switch 541 closed as shown. As
      the member 1113 is returned, its insulator 1115 permits the switch 1116 to
      open and it then recloses the main reader control circuit switch 455 ready
      for reading the codes for the succeeding line. At this point the line
      delete cycling mechanism 1106 is returned to the illustrated condition and
      the machine is returned to normal, while the switch means 421 (FIG. 57)
      remains in feed condition for feeding the codes for a succeeding line into
      the main reader 407. However, if no succeeding line is yet prepared, the
      switch 414 will be opened and the consecutive step feeding of the tape 412
      will be interrupted until the tape 412 for a succeeding line is available,
      as described.
PAR  In a prepared embodiment of the composing machine described in our
      aforesaid copending application for "Justifying, Text Writing Composing
      Machine", the arrangement for encoding the line delete code ahead of the
      line to be deleted is coupled with a clearing or conditioning encoding
      means, depending on the presetting of a clear-set key, for encoding a
      clear code or a conditioning code as the first text code of a succeeding
      line. When the main reader 407 senses a clear code, the reproducer is
      controlled to automatically assume a normal condition, and, when the main
      reader 407 senses a conditioning code, the reproducer is automatically
      placed in the proper condition for beginning the line that follows, as
      will be described hereinafter. These are desirable features, since the
      previous deleted line may include certain machine conditioning functions,
      such as upper and lower case shifts, bold and regular shifts, and print
      and no print shift codes, for examples, that are lost in a deleted line.
      The manner in which the reproducer responds to the clear code and
      conditioning codes will be described later herein.
PAR  19. STOP PRINTER CODE
PAR  As previously described, the reader control key 433 (FIG. 32) is normally
      situated in "start" position, and, in this position, its switching
      arrangement holds the switches 447 and 448 closed as shown. As also
      described, the key 433 is manually shiftable to "stop" position for
      causing the switches 447 and 448 to be opened and thereby for rendering
      the consecutive step tape feeding circuit (FIG. 57) ineffective and for
      breaking the main reader circuit (FIG. 31), respectively. The switch 449
      (FIG. 32) is also shifted to alter the carriage return circuit for
      manually controlled operations, when the key 433 is in "stop" position, as
      will be explained later.
PAR  The manner in which the solenoid 440 is operated, to automatically shift
      the key 433 to "stop" position as explained, will now be described. A wire
      1133 (FIG. 76) is connected between the normally closed switch 541 and the
      solenoid 440. A wire 1134 is connected to solenoid 440 and to the terminal
      marked "STOP PR. (5,6)" (FIG. 50) in the decoder 494. Thus, when the key
      433 (FIG. 31) is in "start" position and the decoder 494 is operated
      according to a sensed stop printer code 5,6, current flows from source (S)
      and switch 541 (FIG. 76), through wire 1133, solenoid 440 for shifting key
      433 to "stop" position, wire 1134 and it goes to ground through the
      decoder 494. At about the time solenoid 440 has shifted the key 433 to
      "stop" position, the member 435 (FIG. 32) is snapped counterclockwise to
      open switches 447 and 448, and to shift switch 449 as described. When the
      switch 448 (FIG. 31) is opened, the reader control circuit is thus broken
      and the tape feed mechanism 408 shifts the stop printer code out of the
      main reader 407 and it moves the succeeding code into the main reader 407.
      The breaking of the reader control circuit also permits the decoder 494 to
      normalize for deenergizing the solenoid 440 (FIG. 76).
PAR  When the reader control key 433 is in the "stop" printer position, the
      reproducer may be operated manually much like an ordinary typewriter, as
      will be described later. However, when it is desired to resume the code
      controlled reproducing operations, the operator must manually shift the
      reader control key 433 back to "start" position. Whereupon, the switches
      447 and 448 (FIG. 32) are reclosed, and the switch 449 shifts back to the
      illustrated position, as described. When the switch 448 (FIG. 31) is
      reclosed, the reader control circuit is thereby rendered effective, and
      the main reader 407 will sense the code that is then in the main reader
      407.
PAR  As described in our aforesaid copending application for "Justifying, Text
      Writing Composing Machine", a preferred form of the Composing Machine
      automatically encodes a conditioning code or a clear code, immediately
      after a stop printer code. Thus, when the key 433 is returned to "start"
      position, the first code to be read will be a conditioning code or a clear
      code, which are provided for coordinating the condition of the reproducer
      with that of the composer at the time the stop printer code was encoded.
      Therefore, the reproducer will be conditioned to properly execute the
      operations that follow the stop printer code. This is a very important
      feature, since the conditions such as case shift, for example, may be
      changed manually while the machine was in "stop" printer condition. The
      conditioning code and clearing code operations will be described
      presently.
PAR  The operator may manually shift the reader control key 433 to "stop"
      position at times when blank tape 412 is being cycled through the main
      reader 407. In such an event, the consecutive step tape feed circuit is
      broken by the opening of switch 447 (FIG. 57) as described. Under this
      condition, return of the key 433 to the "start" position closes the switch
      447 for reinitiating the consecutive tape feeding circuit that runs
      through the switch 414, solenoid 417, switch 418, and switches 426 and 447
      as described.
PAR  Thus, it is seen that manual return of the reader control key 433 to
      "start" position will reinstitute the code reading or the consecutive step
      tape feeding operations, depending on the "feed--read" condition of the
      switch means 421.
PAR  20. AUTOMATIC CONDITIONING
PAR  As described in our aforesaid copending application for "Justifying, Text
      Writing Composing Machine", the composing machine encodes its immediate
      condition (upper or lower case, bold or regular, and print or no print)
      whenever the operator manipulates a conditioning key. As also explained in
      the aforesaid copending application, the composer may be equipped to
      automatically encode its condition immediately following a stop printer
      encoding operation, so the reproducer will be automatically set up to
      perform properly when it is restarted after being stopped by a stop
      printer code. As also explained in the aforesaid copending application,
      the composer may be equipped to automatically encode its condition, as the
      first code in each line, following the carriage return code of the
      previous line, so the reproducer will be properly conditioned to proceed,
      even if the previous line were rendered ineffective by a line delete code
      or even if the tape 412 is torn in half between lines and the latter part
      of the tape 412 were then reinserted in the main reader 407. In any event,
      the reading of a conditioning code by the main reader 407 will normally
      cause the reproducer to assume the corresponding condition. The only
      exception to this occurs, in respect to the bold-regular and the print-no
      print conditions, only when the respective lock 969 (FIG. 70) or 973 (FIG.
      69) is in effective position, as described and as will be described
      further hereinafter.
PAR  In our aforesaid copending application, it is explained that the composer
      may be in any one of eight combined conditions, when conditioning encoding
      may occur, and accordingly any one of eight corresponding codes may be
      recorded on the control tape 412. When a conditioning code is sensed by
      the main reader 407, the reproducer will operate to assume the
      corresponding condition, which is the condition that the composer was in
      at the time the condition was encoded.
PAR  The eight possible conditions of the exemplary machines are listed in the
      "CHART E", hereinabove. The conditioning arrangement disclosed herein may
      be used in machines having more or less possible conditions, by providing
      more or less conditioning codes and related control and operating
      mechanisms similar in principle to those described herein, without
      departing from the spirit of the invention. For examples, machines having
      imprinting color changing, selective type fonts and other such features
      may have the instant conditioning features employed in these mechanisms,
      without departing from the spirit of the invention described herein.
PAR  There are eight cycling mechanisms in the illustrated reproducer, one for
      each of the condition combinations. When a conditioning code affects the
      reproducer, the corresponding cycling mechanism is utilized to break the
      reader control circuit, to control the conditioning of the machine and to
      restore the reader control circuit and the operated cycling mechanism as
      soon as the machine is in the proper condition, as will be explained
      presently. The eight cycling mechanisms are identical, so a description of
      one should serve to describe the others. Each cycling mechanism is like
      the one shown in FIG. 42, and, since, the cycling mechanisms are each very
      similar to the cycling mechanism described in connection with FIG. 39,
      only a brief description of the one shown in FIG. 42 will now be given.
PAR  Operation of a solenoid 1135 pulls a link 1136 and rotates a member 1137
      counterclockwise against rod 465 and against tension of a spring 1138. At
      about full operation of member 1137, a spring 1139 urges a pawl 1140 into
      a notch 1141 on the upper end of member 1137. As pawl 1140 drops into the
      notch 1141, it pushes the bail 483 down for moving the insulator 482 and
      permitting the reader control switch 454 to open. Whereupon, as will be
      explained, the solenoid 1135 is deenergized and the spring 1138 returns
      member 1137 against rod 464. The clockwise return of member 1137 pushes
      the pawl 1140 rightward, and this rotates a member 1142 clockwise.
PAR  An insulator 1143 on member 1142 normally holds a restoring switch 1144
      open as shown, and it is situated in alignment with a conditioning switch
      1145. Switches 1144 and 1145 are respectively mounted on the members 471
      and 470.
PAR  When member 1142 is rotated clockwise as described, its insulator 1143
      first permits switch 1144 to close and then it closes switch 1145.
PAR  If the machine is already in the condition called for by the instant
      conditioning code, closure of the switch 1144 will immediately restore the
      operated cycling mechanism and reclose the reader control switch 454, as
      will be described. However, if the machine is not in the condition called
      for by the instant conditioning code, closure of the switch 1145 will
      control the machine to be conditioned appropriately, and, thereupon, the
      now closed switch 1144 will cause the restoring operations as will be
      described presently.
PAR  The restoring operations include energization of the solenoid 491, as will
      be described. Operation of solenoid 491 pulls link 490 and rotates member
      484 to lift the bail 483 and the insulator 482, as described. Whereupon,
      the bail 483 lifts pawl 1140 out of notch 1141, and the spring 1139 shifts
      the pawl 1140 leftward and returns the member 1142 against rod 467 as
      shown. Return of member 1142 causes its insulator 1143 to permit the
      switch 1145 to open and then the insulator 1143 opens switch 1144.
      Elevation of the insulator 482 recloses the switch 454 for reading the
      ensuing code as will be described. The operated cycling mechanism is thus
      restored to the position shown.
PAR  When the main reader 407 (FIG. 31) senses one of eight conditioning codes,
      the decoder 494 is operated accordingly in the previously described
      manner. Such an operation of the decoder 494 completes a circuit for
      initiating one of the conditioning sequences of operations. To this end, a
      wire 1146 (FIG. 77) is connected to the normally closed switch 541 and to
      each of the solenoids 1135 - 1 through 1135 - 8. The initial number 1135
      corresponds to the solenoid 1135 (FIG. 42), while the suffix number 1 - 8
      (FIG. 77) correspond to the conditions (1)- (8) (CHART E) with which the
      solenoids 1135 are associated. Other condition cycling mechanism parts
      will be given suffix numbers, when it is necessary to indicate the cycling
      mechanism to which a part belongs.
PAR  A wire 1147 (FIG. 77) is connected to solenoid 1135 - 1, and to the decoder
      494, particularly to the decoder terminal marked "L.R.P.(1,3,4,7)" (FIG.
      50). A wire 1148 (FIG.77) is connected between solenoid 1135 - 2 and the
      terminal "U.R.P. (1,3,6,7)" (FIG. 50) in the decoder 494. A wire 1149
      (FIG. 77) is connected between solenoid 1135 - 3 and the terminal "L.B.P.
      (1,3,5,7)" (FIG. 50). In a like manner, wires 1150 - 1154 (FIG. 77) are
      connected to solenoids 1135 - 4 through 1135 - 8, respectively, and to the
      terminals "U.B.P. (1,2,4,7)" (FIG. 50), "L.R.N.P. (1,5,6,7)",
      "U.R.NoP.(1,2,6,7)", "L.B.NoP. (1,4,6,7)", and "U.B.NoP. (1,2,5,7)",
      respectively.
PAR  From the above, it can be seen that operation of the decoder 494, according
      to a conditioning code, completes a circuit that flows from source (S) and
      switch 541 (FIG. 77), through wire 1146, the appropriate one of the
      solenoids 1135 - 1 to 1135 - 8 and the respective wire 1147 - 1154, and it
      goes to ground through the operated decoder 494.
PAR  Upon operation of the appropriate solenoid 1135 - 1 to 1135 - 8,
      exemplified by solenoid 1135 (FIG. 42), the related pawl 1140 latches the
      now cocked member 1137, and, thereupon, the pawl 1140 pushes the bail 483
      downward and causes the switch 454 to open as described. Opening of switch
      454 (FIG. 31) breaks the reader control circuit for feeding the just read
      conditioning code out of the main reader 407 and for normalizing the
      decoder 494, as described. As the decoder 494 returns to normal, the
      operated solenoid 1135 - 1 to 1135 - 8 (FIG. 77) is deenergized and the
      respective switches 1144 and 1145 are closed, as described.
PAR  Assuming that the machine is not already in the appropriate condition,
      closure of the switch 1145 in the now operated cycling mechanism completes
      circuitry for putting the machine in the condition that corresponds to the
      just read code, as will now be described.
PAR  The circuitry involved in shifting the machine to lower case or upper case
      as may be required to prepare the machine according to a conditioning code
      will be described first. A wire 1155 is connected to the wire 771 and to
      each of the switches 1145 - 1, 3, 5 and 7, since the respective cycling
      mechanisms require the machine to shift to lower case. All of the switches
      1145 are grounded as indicated. A wire 1156 is connected to the wire 761
      and to each of the switches 1145 - 2, 4, 6 and 8, since the respective
      cycling mechanisms call for a shift to upper case. Thus, upon operation of
      a cycling mechanism associated with a solenoid 1135 - 1, 3, 5 or 7 and
      closure of a respective switch 1145, the machine is shifted to lower case
      by the circuit that flows from source (S) and the switch 541, through the
      wires 759 and 769, the solenoid 770 for shifting the machine to lower case
      as described previously, wires 771 and 1155, and it goes to ground through
      the then closed switch 1145. Upon operation of a cycling mechanism,
      associated with a solenoid 1135 - 2, 4, 6 or 8, and closure of a
      respective switch 1145, the machine is shifted to upper case by the
      circuit that flows from source (S) and the switch 541, wire 759, the
      solenoid 760 for shifting the machine to upper case as described, wires
      761 and 1156, and it goes to ground through the then closed switch 1145.
PAR  When the machine is shifted in lower case or upper case, the upper-lower
      case switch means 493 is automatically shifted to the appropriate case
      condition as previously described in connection with FIG. 58A and topic
      "11. Case Shift, By Code".
PAR  The circuitry for shifting the machine to "regular" or "bold" as may be
      required according to a conditioning code will now be described. A wire
      1157 is connected to the solenoid 967 and to the switches 1145 -1, 2, 5
      and 6, since the respective cycling mechanisms call for a shift to
      "regular" printing condition. A wire 1158 is connected to the solenoid 968
      and to the switches 1145 - 3, 4, 7 and 8, since the respective cycling
      mechanisms condition the machine for "bold" imprinting. Upon operation of
      a cycling mechanism associated with a solenoid 1135 - 1, 2, 5 or 6, and,
      upon closure of its switch 1145, the machine is shifted to "regular"
      condition by the circuit that flows from source (S) and solenoid 967 that
      shifts the bold-regular control mechanism 545 to regular condition as
      described, it continues through wire 1157, and goes to ground through the
      then closed switch 1145 - 1, 2, 5 or 6. Upon operation of a cycling
      mechanism associated with a solenoid 1135 - 3, 4, 7 or 8, and, upon
      closure of its switch 1145, the machine is shifted to "bold" condition by
      the circuit which flows from source (S) and solenoid 968 that shifts the
      mechanism 545 to "bold" condition as described, it continues through wire
      1158 and it goes to ground through the then closed switch 1145 - 3, 4, 7
      or 8 as the case may be.
PAR  The circuits for shifting the machine to "print" or "no-print" condition
      according to a conditioning code will now be described. A wire 1159 is
      connected to the solenoid 971 and to the switches 1145 - 1, 2, 3 and 4,
      since the respective mechanisms are provided to condition the machine to
      print. A wire 1160 is connected to the solenoid 972 and to the switches
      1145 - 5, 6, 7 and 8. Thus, upon operation of a cycling mechanism 1 - 4
      and closure of the respective switch 1145, the machine is shifted to
      "print" condition by the circuit which flows from source (S) through the
      solenoid 971 that shifts the print-no print control mechanism 553 to
      "print" condition as described, the wire 1159 and goes to ground through
      the then closed switch 1145. Upon operation of a cycling mechanism 5 - 8
      and closure of the respective switch 1145, the machine is shifted to "no
      print" condition by the circuit which flows from source (S) through the
      solenoid 972 that shifts the control 553 to "no print" as described,
      through the wire 1160 and it goes to ground through the then closed switch
      1145 - 5, 6, 7 or 8.
PAR  From the above, it can be seen that operation of the decoder 494 according
      to one of the condition codes, shown as items (1)- (8) in CHART E, the
      machine and particularly the upper-lower case switch means 493 (FIG. 77),
      the bold-regular control mechanism 545 and the print-no print control
      mechanism 553 are shifted or, at least, operable to assure that they are
      in the conditions called for by the code. In the conditioning cycles of
      operations and as soon as the upper-lower case switch means 493, and
      mechanisms 545 and 553 are in the called for conditions, a circuit is
      rendered effective for reclosing the reader control circuit switch 454 and
      for restoring the operated condition cycling mechanism, as will now be
      described.
PAR  A wire 1161 is connected between wire 1146 and the solenoid 491 that is
      provided for reclosing the switch 454 and for restoring the operated
      condition cycling mechanism as described. A wire 1162 is connected to
      solenoid 491 and to a constantly effective blade 1163 of the switch 1040
      in the print-no print control mechanism 553. A blade 1164, that is
      effective only when the mechanism 553 is shifted in "print" condition, is
      connected by a wire 1165 to a blade 1166 of the switch 978 in mechanism
      545. A blade 1167 in switch 978 is effective only when the mechanism 545
      is in "regular" condition, and it is connected by a wire 1168 to a
      constantly effective blade 1169 in the upper-lower case switch means 493.
      A blade 1170 is effective only when the means 493 is in lower case
      condition, and it is connected by a wire 1171 to the switch 1144 - 1 that
      is closed only when the first conditioning mechanism is operated as
      described.
PAR  A blade 1172, that is effective only when the means 493 is in upper case
      condition, is connected by a wire 1173 to the switch 1144 - 2.
PAR  A blade 1174, that is effective only when the mechanism 545 is in "bold"
      condition, is connected by a wire 1175 to a blade 1176. a blade 1177, that
      is effective with blade 1176 only when the means 493 is in lower case, is
      connected by a wire 1178 to the switch 1144 - 3. A blade 1179, that is
      effective with blade 1176 only when the means 493 is in upper case, is
      connected by a wire 1180 to the switch 1144 - 4.
PAR  A blade 1181 is effective with blade 1163 only when the mechanism 553 is in
      "no print" condition, and it is connected by a wire 1182 to a blade 1183.
      A blade 1184 is effective with the blade 1183 only when mechanism 545 is
      in "regular" condition, and it is connected by a wire 1185 with a blade
      1186. A blade 1187 is effective with blade 1186 only when the means 493 is
      in lower case, and it is connected by a wire 1188 to the switch 1144 - 5.
      A blade 1189 is effective with blade 1186 only when the means 493 is in
      upper case, and it is connected by a wire 1190 to the switch 1144 - 6. A
      blade 1191 is effective with blade 1183 only when the mechanism 545 is in
      the "bold" condition, and it is connected by a wire 1192 to a blade 1193.
      A blade 1194 is effective with blade 1193 only when the means 493 is in
      lower case, and it is connected by a wire 1195 to the switch 1144 - 7. A
      blade 1196 is effective with blade 1193 only when the means 493 is in
      upper case, and it is connected by a wire 1197 to the switch 1144 - 8.
      Each of the switches 1144 is grounded in any convenient manner as
      indicated.
PAR  Thus, as soon as the means 493, and the mechanisms 545 and 553 are
      conditioned according to a particular conditioning code, the restoring
      circuit is effective from source (S) and normally closed switch 541,
      through wires 1146 and 1161, the solenoid 491, wire 1162, and through the
      just described binary type sensing system and the then closed switch 1144
      - 1 to 8. Operation of the solenoid 491 restores the then operated
      condition cycling mechanism and recloses the switch 454 (FIG. 42) as
      described, and closure of switch 454 (FIG. 31) renders the main reader
      control circuit and the main reader 407 effective for reading the ensuing
      code that is already in the main reader 407 as described.
PAR  The conditioning arrangement will normally operate as just described, but
      in unusual instances, as when the manual over-ride lock 973 (FIGS. 69 and
      77) and/or lock 969 is in effective position, the respective mechanism 553
      and/or 545 will not be shifted when otherwise required according to a
      conditioning code and the restoring circuit will bypass the locked
      mechanism as will now be described.
PAR  A wire 1198 (FIG. 77) is connected to the wire 1165 and to the terminal
      contact 1036, and a wire 1199 is connected to wire 1182 and to the
      terminal contact 1037. When the lock 973 is in effective position, the
      mechanism 553 will not be shifted by energization of either one of the
      motivating solenoids 971 or 972 as described, and, since the conductor
      1034 is engaged with the contacts 1036 and 1037, under this condition as
      described, the conditioning restoring circuit will be effective through
      either wire 1165 or 1182, or through both of these wires 1165, 1182 and
      the shunt consisting of the wires 1198, 1199 and the engaged conductor
      1034. Thus, the mechanism 553 may be locked in "print" or "no print"
      condition and the restoring circuit will still be effective for operating
      the restoring solenoid 491, normally as soon as the mechanism 545 and
      means 493 are conditioned according to a conditioning code.
PAR  A similar arrangement is provided for the mechanism 545. A wire 1200 is
      connected between the wire 1168 and the terminal contact 1002. A wire 1201
      is connected to wire 1175 and to the terminal contact 1003. The conductor
      1007 engages the contacts 1002 and 1003, only when the lock 969 (FIG. 70)
      is effective as described. A wire 1202 (FIG. 77) is connected to wire 1185
      and to contact 1004, and a wire 1203 is connected to the wire 1192 and to
      the contact 1005. The conductor 1008 engages the contacts 1004 and 1005
      only when the lock 969 (FIG. 70) is effective as described. When the lock
      969 is in effective position, the mechanism 545 will not be shifted by
      energization of either one of the motivating solenoids 967 or 968 as
      described, and, since the conductors 1007 and 1008 are now engaged with
      their respective pairs of contacts 1002, 1003 and 1004, 1005, the
      conditioning restoring circuit will be effective through wires 1168 or
      1175, or both and the shunt including wires 1200, 1201 and conductor 1007;
      or through wires 1185 or 1192, or both and the shunt including wires 1202,
      1203 and conductor 1008. Thus, the mechanism 545 may be locked in either
      "regular" or "bold" printing condition and the restoring circuit will
      still be effective for operating the restoring solenoid 491, normally as
      soon as the mechanism 553 and the means 493 are set according to a
      conditioning code.
PAR  Of course, if both locks 973 and 969 are in their effective positions at
      the same time and at the time when a conditioning code occurs, the
      restoring solenoid 491 will be operated as soon as the means 493 is set
      according to the particular conditioning code.
PAR  21. AUTOMATIC CLEARING
PAR  Clearing consists of putting the machine in the normal lower case, regular
      and print conditions, in one cycle of operations, and it occurs
      automatically upon a reading of a clear code.
PAR  As described in our aforesaid copending application for "Justifying, Text
      Writing Composing Machine", the composing machine automatically assumes
      the cleared conditions (cleared condition, as it may be called), upon
      manual operation of a clear key, and under certain predetermined
      circumstances it will automatically assume the cleared conditions
      following its encoding of a "stop printer" code and following a carriage
      return cycle of operations. In any instance, the composer automatically
      encodes a "clear" code 3,4,6,7 (CHART D), whenever it is automatically
      cleared. The "clear" code could just as well be the same as the normal
      "conditioning" code 1,3,4,7 (item (1) in CHART E), since they both cause
      the reproducer to assume the same normal conditions (cleared condition).
      However, the preferred composer and reproducer include both the clearing
      and conditioning features and distinct respective codes, although it is
      conceivable that a manufacturer may wish to produce such machines with
      only one or the other of these features.
PAR  The "clear" code 3,4,6,7 (CHART D) and the first condition code 1,3,4,7
      (CHART E) both cause the reproducer to assume the normal condition, as
      will now be described. The wire 1147 (FIG. 77), that is connected to the
      cycling mechanism solenoid 1135 - 1 and to the decoder terminal "L.R.P.
      (1,3,4,7)" (FIG. 50) as described, is also connected to the terminal
      marked "CLEAR (3,4,6,7)". Thus, when the decoder 494 is operated according
      to the "clear" code 3,4,6,7, the circuit is complete from source (S) and
      switch 541 (FIG. 77), wire 1146, solenoid 1135 - 1, wire 1147 and the
      operated decoder 494. Operation of solenoid 1135 - 1 causes the cycling
      mechanism to open the reader control circuit switch 454, whereupon the
      decoder 494 and the solenoid 1135 - 1 are deenergized and the cycling
      mechanism closes the switches 1144 - 1 and 1145 - 1, as described. If the
      machine is not already in the cleared normal condition, closure of switch
      1145 - 1 operates the machine to that condition. Whereupon, the restoring
      circuit is effective through switch 1144 - 1 for reclosing the reader
      control circuit switch 454 and for restoring the operated cycling
      mechanism, all as described in the preceding topic.
PAR  22. MANUAL OPERATION OF THE REPRODUCER
PAR  As described under topic 4, subtopic "e. Main Reader Control Key", and
      under topic 19, the key 433 (FIG. 8) is shiftable to "stop" position for
      terminating all automatic code controlled operations of the reproducer,
      and, when the key 433 is in "stop" position, the reproducer may be
      operated manually as will now be described.
PAR  Manipulation of a character key 39 normally causes the usual imprinting on
      the paper carriage 9a, and it causes the respective switch 555 (FIGS. 11
      and 52) to be closed, the same as described for automatic operations. For
      manual normal forward operations, closure of a switch 555 (FIG. 52) causes
      the appropriate carriage movement, according to the condition of the
      upper-lower case switch means 493, in the same manner as described in
      topic "7. Cycling Control For Characters".
PAR  The space keys 627, 628 and 629 (FIG. 8) are utilized only for manual
      operations and they will now be described. The keys 627, 628 and 629 are
      identical to comparable space keys found in our aforesaid copending
      application for "Justifying, Text Writing Composing Machine", so their
      structure will not be described in detail herein. It is sufficient to know
      that each of the space keys 627 - 629 (FIG. 11) comprises a conductor 1204
      that is shiftable with the respective key 627 -629, and, when a key
      627-629 is operated, its conductor 1204 is shifted between a pair of
      blades 1205 and 1206, one of which (for example, blade 1205) is grounded
      in any convenient manner.
PAR  A wire 1207 (FIG. 52) is connected to the wire 589 and to the blade 1206
      (FIG. 11) that is associated with the two unit (0.050 inch) space key 627.
      A wire 1208 (FIG. 52) is connected between the wire 585 and the blade 1206
      (FIG. 11) that is associated with the three unit (0.075 inch) space key
      628. A wire 1209 (FIG. 52) is connected between the wire 578 and the blade
      1206 (FIG. 11) associated with the four unit (0.100 inch) space key 629.
      When one of the space keys 629, 628 or 627 is depressed, its respective
      conductor 1204 completes a circuit that flows from source (S) and switch
      541 (FIG. 52), through wire 564, and one of the solenoids 565, 566 or 567,
      provided for operating the respective 0.100 inch, 0.075 inch and 0.050
      inch cycling mechanisms as described. When the four unit space key 629 is
      the one operated, the circuit continues through the solenoid 565, wire
      568, the forward and back space control mechanism 570, normally through
      wires 578 and 1209, and to ground through the blades 1205, 1206 (FIG. 11)
      and the conductor 1204 of the operated key 629. When the three unit space
      key 628 is operated, the circuit through solenoid 566 (FIG. 52) continues
      via wires 572, 585, 1208 and it goes to ground through the switch under
      the key 628 (FIG. 11). When the two unit space key 627 is operated, the
      circuit through solenoid 567 (FIG. 52) continues through wires 575, 589,
      1207 and goes to ground through the then closed switch under the key 627
      (FIG. 11).
PAR  When the solenoid 565, 566 and 567 (FIG. 52) are selectively operated, as
      just described, and when the operated space key 627-629 is released, the
      operated solenoid 565-567 is deenergized and the respective cycling
      mechanism operates to cause the appropriate carriage movement, the same as
      described previously for code controlled character operations. Also, upon
      completion of the carriage shift, the restoring solenoid 481 is operated
      in the same manner, as previously described, for restoring the operated
      cycling mechanism. Thus, when a space key 627-629 is operated and
      released, the carriage 9a is shifted appropriately.
PAR  The line space key 43 (FIG. 8) and the reverse line space key 44 are
      operable, during manual operation of the reproducer (when the decoder 494,
      (FIG. 68), is not effective) for causing the corresponding line spacing
      operations. A wire 1210 is connected between the wire 941 and the switch
      555 that is under the line space key 43. A wire 1211 is connected between
      the wire 943 and the switch 555 under the reverse line space key 44. From
      the above, it can easily be seen that operation of either the line space
      key 43 or the reverse line space key 44 will cause the same respective
      line spacing operations as described for code controlled line spacing
      operations. However, during manual operations, the incidental operation of
      the cycling mechanism 946 is of no consequence, since the opening and
      closing of the switch 454 does nothing to the now ineffective reader
      control circuit.
PAR  As previously described, the carriage case condition may be shifted by
      manipulation of the shift keys 40 and 41 (FIGS. 8 and 11), and it may be
      shifted to upper case by the shift lock key 45. As described in topic "11.
      CASE SHIFT, BY CODE", the upper-lower case switch means 493 (FIG. 58) is
      automatically shifted, under control of the snap switch means 774, to the
      appropriate case condition. Thus, the upper-lower case switch means 493
      (FIG. 52) is always conditioned to properly control the carriage movement
      for character keys 39 that have different size characters in upper and
      lower case, whether the machine is being operated manually or
      automatically.
PAR  a. Manipulative Carriage Return Key
PAR  During manual operation, when the reader control key 433 (FIG. 32) is in
      "stop" position, return of the carriage 9a is accomplished by depression
      of a carriage return key 1212. The key 1212 (FIGS. 8 and 9) is
      conveniently located immediately to the left of the main keyboard.
PAR  The carriage return key 1212 (FIG. 32) is pivoted on a stud 1213 that is
      secured on the plate 19. A torsion spring 1214 is connected to the key
      1212 and it is also connected to a detent 1215 that will be described
      later. At the moment, it is sufficient to know that spring 1214 urges the
      key 1212 counterclockwise in normal position against a stud 1216 which is
      secured on plate 19. A stud 1217 is secured on the lower end of key 1212.
      A pawl 1218 is normally latched onto the stud 1217 as shown, and it is
      pivoted on a bellcrank 1219. Bellcrank 1219 is pivoted on a stud 1220 that
      is secured on plate 19. A contractile spring 1221 is connected to pawl
      1218 and to a stud 1222. Stud 1222 is secured on plate 19. The stud 1222
      is located to stop bellcrank 1219 in the illustrated normal position, and
      it is so positioned that the tension and angle of spring 1221 urges pawl
      1218 counterclockwise and at the same time the spring 1221 urges bellcrank
      1219 clockwise against the stud 1222. An insulator 1223 is secured on
      bellcrank 1219 and it is situated in engaging alignment with a carriage
      return circuit switch 1224 (FIG. 33) that is secured on plate 19.
PAR  When the key 1212 (FIG. 32) is manually depressed, it rotates clockwise
      about stud 1213, its stud 1217 shifts pawl 1218 leftward and this rotates
      bellcrank 1219 counterclockwise. However, this action and depression of
      key 1212 is prevented, unless the reader control key 433 is in the "stop"
      position and the machine is thus conditioned for manual operations as
      described. The interlocking means for preventing operation of the carriage
      return key 1212 when the key 433 is in "start" position will now be
      described.
PAR  A link 1225 is pivotally connected to the key 433 and to a lock member
      1226. Member 1226 is pivoted on a stud 1227 that is secured on plate 19. A
      stud 1228 is secured on member 1226 and it is situated to block
      counterclockwise movement of bellcrank 1219, when key 433 is in "start"
      position, as illustrated.
PAR  When the reader control key 433 is shifted to "stop" position, it pulls
      link 1225 and rotates the member 1226 clockwise to elevate stud 1228
      beyond a surface 1229 of bellcrank 1219. Thus, the bellcrank 1219 is freed
      and the carriage return key 1212 is rendered operable as will now be
      described.
PAR  Upon depression of key 1212, it shifts stud 1217, pulls pawl 1218 and
      rotates bellcrank 1219 counterclockwise. Whereupon, the insulator 1223
      closes the switch 1224 for initiating a carriage return operation.
PAR  Closure of switch 1224 (FIG. 75) completes a circuit that flows from source
      (S) and the switch 541, through wire 1056, the solenoid 176 for releasing
      the clutch 155 as described, a wire 1230 connected between solenoid 176
      and the switch 193, through the switch 193 until the clutch 155 is
      disengaged, a wire 1231 between switch 193 and a solenoid 1232, operates
      solenoid 1232 for opening switch 1224 as will be described, through a wire
      1233 between solenoid 1232 and switch 1224, and it goes to ground through
      the now closed switch 1224. Thus, upon operation of the key 1212, the
      solenoids 176 and 1232 are energized.
PAR  The solenoid 176 disengages the clutch 155 and thereby permits the carriage
      9a to return by its spring 138 as described previously. As the clutch 155
      disengages, the switch 193 opens as described, and the solenoids 176 and
      1232 are thus deenergized.
PAR  Energization and deenergization of the solenoid 1232 causes the switch 1224
      to open, when the key 1212 is held depressed longer than necessary as will
      now be described, and the key 1212 must be returned and redepressed before
      the switch 1224 can be closed again.
PAR  Solenoid 1232 (FIG. 33) is secured on plate 19. A link 1234 (FIG. 32) is
      pivotally connected to the armature of solenoid 1232 and to a member 1235
      that is pivoted on the stud 1220. A pawl release latch 1236 is pivoted on
      member 1235. A contractile spring 1237 is connected to latch 1236 and to a
      stud 1238 that is secured on plate 19. Spring 1237 urges the latch 1236
      clockwise against the stud 1238, and, at the same time, it urges the
      member 1235 clockwise against a stud 1239 that is secured on plate 19. A
      tab 1240 on latch 1236 is normally situated in a semicircular notch 1241
      in pawl 1218. When the key 1212 is depressed and the pawl 1218 is shifted
      generally leftward as described, the rightward end of notch 1241 shifts
      the tab 1240 and latch 1236 counterclockwise against the relatively light
      affect of spring 1237. When the insulator 1223 closes the switch 1224, the
      solenoid 1232 is energized, and the solenoid 1232 is deenergized when the
      clutch 155 is disengaged as described. Energization of solenoid 1232 pulls
      link 1234, rotates members 1235 and shifts the latch 1236 downward.
      Whereupon, the tab 1240 is withdrawn from notch 1241 and the spring 1237
      returns the latch 1236 clockwise against stud 1238. This locates the tab
      1240 under a straight lower edge 1242 of the pawl 1218. When the solenoid
      1232 is deenergized as described, the spring 1237 returns the member 1235
      clockwise, it lifts the latch 1236 upward and the tab 1240 disconnects the
      pawl 1218 from the stud 1217. Thereupon, the spring 1221 returns the pawl
      1218 and bellcrank 1219 clockwise, and the insulator 1223 permits the
      switch 1224 to open. As the pawl 1218 returns rightward, its surface 1242
      drops off of the tab 1240 and the pawl 1218 then rests on top of the stud
      1217. When the operator releases the key 1212 and the key 1212 is returned
      by its spring 1214, the stud 1217 is shifted into the notch 1241 and the
      pawl 1218 again latches onto the stud 1217 as shown. The mechanism is thus
      restored to the illustrated condition.
PAR  From the above, it can be seen that the switch 1224 (FIG. 75) is opened as
      soon as the clutch 155 is disengaged and the carriage 9a begins to return
      as described. When the carriage 9a is fully returned against the left
      margin control 1067, the switch 1060 is then closed as described
      previously. Whereupon, the clutch 155 reengaging circuit is completed from
      source (S) and switch 1060, through wire 1061, the solenoid 166 for
      reengaging the clutch 155, wire 1062, now closed switch 182, wire 1063,
      solenoid 1064 for providing the normal line space, wire 1065 and to ground
      through the now shifted switch 449. When the solenoid 166 is fully
      operated and the clutch 155 is reengaged, the switch 182 is opened and the
      switch 193 is closed for an ensuing carriage return operation.
PAR  When the bellcrank 1219 (FIG. 32) is operated counterclockwise and a
      manually controlled carriage return operation is in progress as described,
      the reader control key 433 is blocked against being shifted from "stop"
      position to the "start" position, and thus automatic code controlled
      operations can not be initiated at such time. In operated position of
      bellcrank 1219, a surface 1243 is shifted under the stud 1228 to block the
      member 1226, link 1225 and the key 433 in "stop" position. When the
      carriage 9a is returned and bellcrank 1219 is returned against stud 1222,
      the surface 1243 is shifted under stud 1228 and the key 433, link 1225 and
      member 1226 may then be returned to the illustrated "start" position,
      where stud 1228 blocks surface 1229 and where the bellcrank 1219 and the
      carriage return key 1212 are locked against manipulation as described.
PAR  b. Back Space Key
PAR  The back space key 300 (FIG. 8) is locked in "Forward" position whenever
      the reader control key 433 is in "start" position and the machine is
      conditioned for code controlled operations. When the key 433 is shifted to
      "stop" position and the machine is conditioned for manual operation, the
      back space key 300 may be left in "Forward" position for controlling the
      machine to move the carriage 9a forwardly during manual forward
      keyboarding operations as described in connection with FIG. 52, or it may
      be manually shifted to "Back Space" position (FIG. 8) for controlling the
      carriage 9a to move reversely during keyboarding operations as will be
      described presently.
PAR  The structural details of the forward and back space control key 300, and
      the directly connected forward and back space control mechanism 570 (FIG.
      52) will now be described. The key 300 (FIG. 32), a lock plate 1244,
      insulators 1245 (FIGS. 35 and 36), four conductors 1246 - 1249, a left
      side member 1250 (FIG. 36) and a supporting shaft 1251 are secured
      together as a unit, in any well known manner. It should be further
      understood that the conductors 1246 - 1249 are insulated from each other
      and from the other parts of the unit, in any well known manner. The ends
      of shaft 1251 are pivoted on the vertical frame plates 19 and 20.
PAR  The key 300 and the just described unit is yieldably held in either one of
      its two positions by the detent 1215 (FIG. 35) and a stud 1252 that is
      secured on a rightward extension of the key 300. Detent 1215 is pivoted on
      the stud 1213 and it is urged against the stud 1252 by the spring 1214
      (FIG. 32).
PAR  When the reader control key 433 is in normal "Start" position and lock
      member 1226 is in the illustrated position as described, a surface 1253 on
      the lock plate 1244 is blocked by a stud 1254 that is secured on the lock
      member 1226. Thus, the key 300 is normally locked in its illustrated
      "Forward" controlling position. However, when the reader control key 433
      is shifted to "Stop" position and the machine is conditioned for manual
      operation, the lock member 1226 is shifted clockwise as described, and the
      stud 1254 is shifted out from under the surface 1253 and the stud 1254 is
      thus rendered ineffective at such time. When the key 300 is shifted
      clockwise to its "Back Space" position, a surface 1255 on plate 1244 is
      shifted into position for blocking return of the stud 1254 and the key 433
      to "Start" position. When the key 300 is returned to "Forward" controlling
      position, the surface 1255 is elevated and the key 433 and stud 1254 may
      be manually restored to the illustrated "Start" position of the parts. For
      the present, it will be assumed that the key 433 is in "Stop" position and
      the key 300 is manipulatable.
PAR  Double-throw switches that cooperate with the conductors 1246 - 1249 (FIG.
      36) will now be described. The switch associated with conductor 1249 (FIG.
      32) is exemplary of the others, and it will be described now. A blade 1256
      is engaged by conductor 1249, only when the key 300 is in "Forward"
      operation position. A blade 1257 is engaged by conductor 1249 only when
      key 300 is in "Back Space" position. A blade 1258 is constantly engaged
      with conductor 1249. These blades 1256, 1257, 1258, with suitable
      insulators 1259, 1260 and 1261, are secured on a support member 1262 in
      such a manner as to be insulated from each other and from the member 1262.
      The member 1262 (FIG. 36) is secured at its ends to the plates 19 and 20
      in any known manner.
PAR  When the key 300 (FIG. 78) is first shifted to the "Back Space" position,
      the carriage moving mechanism is conditioned for back spacing operations
      as will now be described. A source of power (S) is connected to the
      solenoids 301 and 314. A wire 1263 is connected between solenoid 301 and
      the normally closed switch 316. A wire 1264 is connected to switch 316 and
      to the normally ineffective blade 1257. The blade 1258 is grounded as
      indicated. A wire 1265 is connected between the solenoid 314 and the
      switch 312, and a wire 1266 is connected between switch 312 and the blade
      1256.
PAR  When the key 300 is shifted to "Back Space" position, the conductor 1249
      first disengages from blade 1256 and it then engages the blade 1257.
      Thereupon, current from source (S) passes through solenoid 301, wire 1263,
      switch 316, wire 1264, blade 1257, conductor 1249 and it goes to ground
      through blade 1258. Operation of the solenoid 301 closes the switch 312
      and rotates the member 303 counterclockwise to render the forward
      operation drive pawl 261 ineffective as previously described in connection
      with FIG. 29. Upon full operation of solenoid 301, the stud 309 shifts
      into latching surface 310 (FIG. 78) to hold the drive pawl 261 ineffective
      as described. The clockwise latching action of member 307 causes the
      switch 316 to be opened, as described, for breaking the circuit through
      solenoid 301. The machine is thus prepared for manual back spacing
      operations.
PAR  When the key 300 is returned to "Forward" position, the conductor 1249
      first disengages from blade 1257 and it then engages blade 1256.
      Thereupon, current flows through solenoid 314, wire 1265, now closed
      switch 312, wire 1266, and it goes to ground through the now effective
      blades 1256 and 1258. Operation of the solenoid 314 closes switch 316, and
      it unlatches the member 303 and drive pawl 261 to return to normal forward
      operation positions, as described previously. Upon return of member 303,
      the switch 312 is opened, as described, for breaking the circuit through
      the solenoid 314.
PAR  As described previously in connection with FIG. 29, operation of the
      solenoid 296 alone causes the carriage 9a to be back spaced (reversed)
      0.100 inch (four units). As also described, simultaneous operation of the
      solenoids 296 and 297 causes 0.050 inch (two units) back spacing, and
      simultaneous operation of solenoids 296 and 298 causes 0.075 inch (three
      units) back spacing. When the machine is conditioned for back spacing
      operations as described above, the keyboard character and space keys 39,
      627-629 may be manipulated for controlling carriage back spacing that is
      appropriate for each operated key 39, 627-629 and the upper-lower case
      conditions, as will now be described. When the key 300 (FIG. 32) is
      shifted to "Back Space" position, the blade 1256 is rendered ineffective
      as described, and, in a like manner, the blades 569, 573 and 576 (FIG. 52)
      are rendered ineffective and, thus, the previously described forward
      movement circuits are rendered ineffective. At the same time, respectively
      opposing blades 1267, 1268 and 1269 are rendered effective, for rendering
      effective the following back spacing control circuits.
PAR  A power source (S) (FIG. 79) is connected to the back space escapement
      motivating solenoid 296, in the carriage moving mechanism. A wire 1270 is
      connected between the solenoid 296 and the blade 1267 in the control 570.
      A wire 1271 is connected to the wire 1270 and to the stop solenoid 298. A
      wire 1272 is connected between solenoid 298 and the blade 1268. Similarly,
      a wire 1273 is connected between wire 1270 and the stop solenoid 297, and
      a wire 1274 is connected between solenoid 297 and the blade 1269.
PAR  Thus, during back spacing when a 0.100 inch character or space key 39,
      627-629 is operated, current flows from source (S) through the motivating
      solenoid 296, wire 1270, effective blades 1267 and 571, the wire 578 (FIG.
      52) and so on through the case control 493 and the operated key 39,
      627-629, or directly to the key 39, 627-629, as previously described. When
      a 0.075 inch key 39, 627-629 is operated, the current flows from source
      (S) through solenoid 296 (FIG. 79), wires 1270 and 1271, the 0.075 inch
      stop solenoid 298, wire 1272, effective blades 1268 and 574, wire 585
      (FIG. 52) and so on to the operated key 39, 627-629 as described. Upon
      operation of a 0.050 inch key 39, 627-629, the current flows from source
      (S) and the escapement motivating solenoid 296 (FIG. 79), through wires
      1270 and 1273, the 0.050 inch stop solenoid 297, wire 1274, effective
      blades 1269 and 577, wire 589 (FIG. 52) and so on to the operated key 39,
      627-629 as described. In this manner, the carriage moving mechanism is
      controlled to back space the carriage 9a appropriately for the characters
      and spaces, during manual operations.
PAR  Since the character keys 39 and 42 are manipulatable during manual back
      spacing operations as described, and since imprinting of the characters at
      such times is undesirable, a print preventing means is rendered effective
      by the shift of the key 300 (FIG. 32) to "Back Space" position, as will
      now be described. The bifurcated end of a member 1275 (FIG. 35) embraces
      the stud 1252 on the key 300 as shown. The member 1275 is pivoted on a
      stud 1276 (FIG. 13) that is secured on plate 19. A link 1277 is pivotally
      connected to the member 1275 and to a bellcrank 1278 (FIG. 12). Bellcrank
      1278 is pivoted at 1279 on a bracket 1280 (FIG. 13) that is secured on the
      plate 20. The left end of a print preventing member 1281 (FIG. 12) is
      pivotally connected to the bellcrank 1278, and the rightward end of the
      member 1281 is slidably supported on a semicircular plate 1282 that is
      slightly thicker than the member 1281. Member 1281 is situated between the
      forward face of a left hand paper guide hinge portion 1283 and the
      rearward face of a plate 1284. The left hand hinge portion 1283 is similar
      to a right hand hinge portion 1285. The plates 1282, 1284 and hinge
      portion 1283 are assembled as shown, and they are secured on the type arm
      segment frame 63. A rearwardly extending stud 1286 on plate 1284 holds the
      member 1281 down in position. The extreme rightward end of member 1281
      slidably engages and it is therefore backed up by the forward face of a
      customary type arm guide 1287 that is secured on the frame 63.
PAR  During normal imprinting operations, a projection 1288 (FIG. 11) on each
      individual type arm 48 is guided between furcations 1289 (FIG. 12) on the
      guide 1287 for laterally positioning the type face 1290 (FIG. 11) at the
      point of impact with the ribbon, the paper and the platen 115 (FIG. 8), in
      a customary manner.
PAR  A small sheet of shock absorbing material 1291 (FIG. 12), such as impact
      resistant fiber or plastic, is secured on the forward face of the member
      1281.
PAR  When the key 300 (FIG. 32) is shifted to "Back Space" position, the stud
      1252 (FIG. 13) shifts the member 1275 counterclockwise. Whereupon, the
      link 1277 is pulled downward, the bell-crank 1278 (FIG. 12) is rotated
      clockwise, the member 1281 is shifted rightward and the material 1291 is
      shifted in front of both furcations 1289, into blocking alignment with the
      projection 1288 (FIG. 11) of the selectively operable type arms 48.
      Thereafter, when any character key 39 or 42 is operated in the performance
      of back spacing operations as described, the respective projection 1288
      engages the material 1291 (FIG. 12), before the projection 1288 passes
      between the furcations 1289, and thus the type arm 48 (FIG. 11) is stopped
      a few thousands of an inch prior to the incidence of imprinting by its
      type face 1290. However, in such an instance, the travel of a character
      key 39 is sufficient to close its switch 555 and to thus cause back
      spacing of the paper carriage 9a as described.
PAR  When the key 300 (FIG. 32) is returned to its "Forward" position, the
      member 1275 (FIG. 13) is returned clockwise, link 1277 is shifted upward,
      bellcrank 1278 (FIG. 12) is returned counterclockwise, member 1281 is
      returned leftward and the material 1291 is returned to the illustrated
      ineffective position.
PAR  When the reader control key 433 (FIG. 8) is in "Stop" position and the
      machine is conditioned for manual operation, the machine may be operated
      as described, in a manner that is familiar to any typist. Moreover, under
      this condition, the unjustified copy may be typed in a familiar manner on
      the paper carriage 9a in an area corresponding to the space between the
      presettable left hand margin control 1067 and a customary presettable
      right hand margin control 1292. New Paper may be inserted in the paper
      carriage 9a by manual rotation of familiar knobs 1293 and 862 (FIG. 64).
      The normal line spacing, that occurs automatically upon return of the
      carriage 9a as described, may be preset by manipulation of the familiar
      button 1055 (FIG. 8). Thus, though considerable novelty is disclosed
      hereinbefore, the visible parts of the manual controls are designed to be
      familiar to the usual typist.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A justifying reproducing apparatus to be operated responsive to
      information encoded on a coded medium, said justifying reproducing
      apparatus comprising a carriage and being capable of producing printed
      lines having words and normal word spaces between adjacent words and
      adjusting the normal word spaces by a justifying spacing amount formed by
      a quotient amount and a remainder amount wherein said quotient amount and
      remainder amount represent any number of units left in a fixed length
      justifying area ahead of a righthand margin of a line divided by the
      number of word spaces in that line, said justifying reproducing apparatus
      comprising:
PA1  reader means for sensing said information,
PA1  decoder means connected to said reader means for decoding said information
      and producing control signals,
PA1  printer means connected to said decoder means for printing characters
      according to certain of said control signals to form the words of said
      printed lines, and
PA1  carriage moving means connected to said decoder means for moving said
      carriage according to said control signals said normal word space plus an
      adjustable said justifying spacing amount,
PA1  said carriage moving means comprising justifier means connected to said
      decoder means,
PA1  said justifier means being responsive to said control signals for
      controlling said carriage moving means to move said carriage as much as
      the entire said fixed length justifying area for justifying.
NUM  2.
PAR  2. The combination according to claim 1, wherein said justifier means
      comprises:
PA1  quotient means connected to said decoder means to form said quotient amount
      and produce a quotient number of units space to be added to each said word
      space on a line,
PA1  remainder means connected to said decoder means to form said remainder
      amount and produce a remainder unit space to be added to the number of
      word spaces equal to the remainder amount, and
PA1  accumulator means for adding said quotient number of units space and said
      remainder unit space to said normal word spaces to form justified word
      spaces.
NUM  3.
PAR  3. The combination according to claim 2, comprising means to add said
      quotient unit space to each of said word spaces in a line for a
      predetermined maximum number of said word spaces.
NUM  4.
PAR  4. The combination according to claim 3, comprising means to decrease said
      remainder amount for each remainder unit space added to each of said word
      spaces to limit the number of remainder units added to said word spaces on
      a line.
NUM  5.
PAR  5. The combination according to claim 2, wherein said normal word space
      comprises two units, said remainder unit space comprises one unit and said
      quotient number of units space added to each word space is equal to as
      much as the entire said fixed length justifying area.
NUM  6.
PAR  6. The combination according to claim 2, wherein said accumulator means
      comprises mechanical means for mechanically moving said carriage an amount
      equivalent to said justifying spacing amount.
NUM  7.
PAR  7. The combination according to claim 6, wherein said mechanical means
      comprises
PA1  first wheel means rotatable in response to said quotient amount,
PA1  second wheel means rotatable in response to said remainder amount,
PA1  third wheel means rotatable in response to said normal word space,
PA1  coupling means coupling said first, second and third wheel means to said
      carriage moving means for moving said carriage an amount corresponding to
      the sum of the rotations of said first, second and third wheel means.
NUM  8.
PAR  8. The combination according to claim 7, wherein said coupling means
      comprises clutch gear means for selectively coupling the rotation of said
      first, second and third wheel means to said carriage.
NUM  9.
PAR  9. The combination according to claim 7, wherein said accumulator means
      further comprises differential gear means coupling said first, second and
      third wheel means.
NUM  10.
PAR  10. The combination according to claim 8, wherein said accumulator means
      comprises differential gear means connected to said clutch gear means.
NUM  11.
PAR  11. The combination according to claim 8, comprising release means for
      releasing said clutch gear means to decouple said first, second and third
      wheel means from said carriage moving means, as said carriage returns to a
      starting position, whereby the position of the first, second and third
      wheel means are unaffected by carriage return.
NUM  12.
PAR  12. The combination according to claim 11, wherein said release means
      comprises spring means, solenoid means, and pawl means controlled by said
      solenoid means for rendering said pawl means ineffective whereby said
      spring means disengages said clutch gear means.
NUM  13.
PAR  13. The combination according to claim 9, comprising engaging means for
      moving said clutch gear means into engagement with said differential gear
      means.
NUM  14.
PAR  14. The combination according to claim 7, wherein said first, second and
      third wheel means comprise gear means having respective teeth thereon.
NUM  15.
PAR  15. The combination according to claim 7, comprising control means for
      rotating said third wheel means selected differential amounts
      corresponding to character sizes to be printed and to normal word spaces.
NUM  16.
PAR  16. The combination according to claim 15, wherein said control means
      comprises a plurality of stop means for selectively limiting the rotation
      of said third wheel means said differential amounts.
NUM  17.
PAR  17. The combination according to claim 16, wherein said stop means
      comprises means for limiting the rotation of said third wheel means to a
      number of units.
NUM  18.
PAR  18. The combination according to claim 17, comprising a plurality of
      two-state devices for selectively operating said plurality of stop means,
      said two-state devices operating from among the class of said plurality of
      stop means for limiting the rotation of said third wheel means.
NUM  19.
PAR  19. The combination according to claim 18, wherein said two-state devices
      comprise a power solenoid means operated for each carriage movement, first
      and second selective solenoid means operatively associated with said power
      solenoid means, and means for selectively operating said plurality of stop
      means.
NUM  20.
PAR  20. The combination according to claim 7, wherein said first wheel means
      comprises a toothed gear means, and control means for rotating said gear
      means a selected number of teeth.
NUM  21.
PAR  21. The combination according to claim 20, wherein said control means
      comprises an adjustable stop member, said adjustable stop member being
      adjustable to differentially control the rotation of said first wheel
      means.
NUM  22.
PAR  22. The combination according to claim 21, comprising means for maintaining
      said adjustable stop member in a selected position for each line of type
      printed.
NUM  23.
PAR  23. The combination according to claim 22, wherein said control means
      comprises means for adjusting said adjustable stop member for each line of
      type printed.
NUM  24.
PAR  24. The combination according to claim 23, wherein said control means
      comprises a plate member, a plurality of radially arranged stops attached
      to said plate member, and means for selecting one of said radially
      arranged stops.
NUM  25.
PAR  25. The combination according to claim 24, wherein each of said radially
      arranged stops comprises solenoid means and a respective plunger, said
      plunger being moved into the path of rotation of said adjustable stop
      member when a respective solenoid means is energized.
NUM  26.
PAR  26. The combination according to claim 25, wherein said adjustable stop
      member is concentric with said first wheel means.
NUM  27.
PAR  27. The combination according to claim 20, wherein said control means
      further comprises drive means for rotatably moving said adjustable stop
      member.
NUM  28.
PAR  28. The combination according to claim 23, wherein said control means
      comprises a detaining means engageable with said adjustable stop member to
      maintain said adjustable stop member in selected positions for respective
      lines of type printed.
NUM  29.
PAR  29. The combination according to claim 28, wherein said control means
      comprises means for signalling when said adjustable stop member reaches a
      selected stop position.
NUM  30.
PAR  30. The combination according to claim 1, comprising stop means for
      stopping the operation of said justifying reproducing apparatus in
      response to a stop printer code on said coded medium.
NUM  31.
PAR  31. The combination according to claim 30, comprising alarm means connected
      to said stop means for providing a signal when said justifying reproducing
      apparatus stops operation.
NUM  32.
PAR  32. The combination according to claim 1, wherein said decoder means
      comprises a plurality of electrical switch means, means for applying an
      electrical signal to selective ones of said electrical switch means, and
      means for simultaneously closing said plurality of electrical switch
      means.
NUM  33.
PAR  33. The combination according to claim 32, wherein said means for
      simultaneously closing said plurality of electrical switch means comprises
      a plunger means, said electrical switch means being radially arranged
      around said plunger means, said plunger means attached to one element of
      each of said plurality of electrical switch means to control said
      electrical switch means.
NUM  34.
PAR  34. The combination according to claim 1, wherein said printer means
      comprises character control means connected to said decoder means, said
      decoder means operating selected ones of said character control means.
NUM  35.
PAR  35. The combination according to claim 34, wherein said character control
      means comprises solenoid means operatively associated with respective
      character keys.
NUM  36.
PAR  36. The combination according to claim 1, comprising circuit means
      responsive to operation of a character to move said carriage appropriately
      for the operated character and incrementally shift the coded medium
      through said reader means, and circuit means responsive to operation of an
      underline mark for incrementally shifting the coded medium, whereby for
      underlining the carriage is not shifted.
NUM  37.
PAR  37. The combination according to claim 1, wherein said carriage comprises a
      paper carriage including a platen and line spacing means for controlling
      the line spacing of said platen.
NUM  38.
PAR  38. The combination according to claim 37, wherein said line spacing means
      moves said platen forward and reversely responsive to corresponding codes
      on said coded medium.
NUM  39.
PAR  39. The combination according to claim 1, comprising settable operation
      control means for controlling the operating condition of said justifying
      reproducing apparatus and conditioning means connected to said decoder
      means for setting said operation control means.
NUM  40.
PAR  40. The combination according to claim 39, wherein said operation control
      means comprises means for printing said characters in upper and lower
      cases in response to corresponding codes on said coded medium.
NUM  41.
PAR  41. The combination according to claim 39, wherein said operation control
      means comprises means controlling the force with which said printer means
      strikes a printing surface, whereby said characters are printed in bold
      and regular type, accordingly.
NUM  42.
PAR  42. The combination according to claim 41, wherein said means for
      controlling the force comprises resistor means and a bypass, said bypass
      causing said printer means to strike said printing surface with full force
      and switch means for connecting said resistor means to said means for
      controlling the force to decrease said striking force.
NUM  43.
PAR  43. The combination according to claim 42, wherein said means for
      controlling the force comprises solenoid means, the force with which said
      solenoid means operates being decreased when said resistor means is
      effective and being increased when said bypass is effective.
NUM  44.
PAR  44. The combination according to claim 39, wherein said operation control
      means comprises means for moving said carriage an amount related to a
      selected character and preventing the printing of said selected character.
NUM  45.
PAR  45. The combination according to claim 2, further comprising means
      responsive to a carriage return code of said coded medium for returning
      said carriage to a starting position upon occurrence of a carriage return
      code in said coded medium.
NUM  46.
PAR  46. The combination according to claim 45, wherein said means for returning
      said carriage is connected to reset means, said reset means returning said
      quotient means and said remainder means to normal zero representing
      conditions.
NUM  47.
PAR  47. The combination according to claim 2, further comprising means
      responsive to a line delete code on said coded medium for bypassing the
      information encoded on said coded medium for an entire line.
NUM  48.
PAR  48. The combination according to claim 7, wherein said remainder means
      comprises a word space counter member actuatable incrementally for
      counting word spaces on a printed line, and remainder storage means
      adjustably settable according to a remainder code and being coupled to
      said word space counter member upon being set to a remainder amount
      whereby said remainder storage means is incrementally decremented by said
      word space counter member as successive word spaces are counted until the
      number of counted word spaces equals the remainder.
NUM  49.
PAR  49. The combination according to claim 48, comprising means for limiting
      the number of times said quotient amount is added to successive word
      spaces, said means for limiting being coupled to said word space counter
      member to sense when the number of times equals a predetermined number.
NUM  50.
PAR  50. The combination according to claim 49, wherein said word space counter
      member comprises means for simultaneously decrementing said remainder
      storage means and counting the number of times said quotient amount is
      added to successive word spaces on a line.
NUM  51.
PAR  51. The combination according to claim 50, wherein said remainder storage
      means comprises an adjustable member, said adjustable member moving to a
      position corresponding to said remainder amount, and means for
      incrementally moving said adjustable member as each word space occurs on a
      printed line.
NUM  52.
PAR  52. The combination according to claim 51, wherein said adjustable member
      comprises a toothed rotatable segment, and wherein means for incrementally
      moving said rotatable segment comprises pawl means engageable with said
      rotatable segment for limiting the movement of said rotatable segment to
      one tooth at a time for enabling said remainder unit space and said
      quotient number of unit spaces to be added.
NUM  53.
PAR  53. The combination according to claim 52, comprising a pair of switch
      means connected to be responsive to said adjustable member for signalling
      when said remainder amount has been decremented to zero condition and when
      said quotient number of unit spaces has been added to said predetermined
      number of word spaces, respectively.
NUM  54.
PAR  54. The combination according to claim 53, comprising two solenoid means
      connected to add said quotient amount and said remainder amount
      respectively to said normal word space, and said switch means connected to
      respective ones of said solenoid means for rendering ineffective
      respective solenoid means when the switch means are responsive, whereby
      only normal word spaces are added.
NUM  55.
PAR  55. The combination according to claim 48, wherein said second wheel means
      comprises a gear having teeth, and pawl means for driving said gear one
      unit space when said remainder unit is to be added to said normal word
      space.
NUM  56.
PAR  56. The combination according to claim 55, comprising stop means
      positionally located with respect to said pawl means blocking engagement
      for limiting the travel of said pawl means and positively limiting the
      rotation of the gear to one tooth.
NUM  57.
PAR  57. The combination according to claim 56, comprising means to hold said
      second wheel means in each tooth position.
NUM  58.
PAR  58. The combination according to claim 57, wherein said means to hold
      comprises detent means engageable with said gear.
NUM  59.
PAR  59. The combination according to claim 8, wherein said clutch gear means
      comprises an input gear connected for rotation by said first, second and
      third wheel means, an output gear connected with said carriage for moving
      said carriage, a coupling gear shiftable in a coupling position for
      causing said output gear to rotate according to operation of said input
      gear, said coupling gear being shiftable to a disengaged position for
      uncoupling said clutch gear means, and blocking means for holding said
      coupling gear in alignment for registration with said input gear while
      said coupling gear means is in said disengaged position.
NUM  60.
PAR  60. The combination according to claim 37, wherein said line spacing means
      comprises presettable means for varying the line space operation of said
      platen.
NUM  61.
PAR  61. The combination according to claim 37, wherein said line spacing means
      comprises a motivating means connected to said decoder means and being
      responsive to a carriage return signal for operating said line spacing
      means.
NUM  62.
PAR  62. The combination according to claim 48, comprising connecting means
      connecting said quotient and remainder means to said first and second
      wheel means for limiting the operation of said first and second wheel
      means.
NUM  63.
PAR  63. The combination according to claim 7, further comprising first, second
      and third motivating means for respectively operating said first, second
      and third wheel means simultaneously to form said justified word space.
NUM  64.
PAR  64. A justifying reproducing apparatus to be operated responsive to encoded
      information, said encoded information comprising an encoded line of print,
      said justifying reproducing apparatus comprising:
PA1  a carriage, said justifying reproducing apparatus being capable of
      producing printed lines having words and normal word spaces between
      adjacent words and adjusting the normal word spaces by a justifying
      spacing amount, said justifying reproducing apparatus further comprising:
PA1  reader means for reading said encoded information, decoder means connected
      to said reader means for decoding said encoded information and producing
      control signals,
PA1  printer means connected to said decoder means for printing characters
      according to certain of said control signals to form the words of said
      printed lines,
PA1  carriage moving means connected to said decoder means for moving said
      carriage according to said control signals said normal word space plus an
      adjustable said justifying spacing amount,
PA1  a buffer for storing said encoded information, said reader means comprising
      sensing means for sensing entry of said encoded information into said
      buffer,
PA1  said sensing means upon sensing entry to said buffer of a portion of said
      encoded information operating said reader means to read said encoded
      information and thereby to operate said printer means to print before a
      full line of encoded information has entered said buffer.
NUM  65.
PAR  65. The combination according to claim 64 wherein said encoded information
      is carried on a tape,
PA1  said sensing means comprising means responsive to tension in said tape for
      stopping operation of said reader means and to a lack of tension in said
      tape for causing operation of said reader means.
NUM  66.
PAR  66. The combination according to claim 64 wherein said encoded information
      is stored on a storage medium, said reader means comprises means for
      incrementally moving said storage medium for shifting the storage medium
      stepwise through the reader means.
NUM  67.
PAR  67. The combination according to claim 66, wherein said means for
      incrementally moving comprises pawl and gear means, said gear means
      driving said storage medium and said pawl means engageable with said gear
      means to advance said storage medium incrementally.
NUM  68.
PAR  68. A justifying reproducing apparatus to be operated responsive to true
      quotient and remainder amount information encoded on a coded medium, said
      true quotient amount and remainder amount formed by dividing the number of
      units left in a line by the number of word spaces in that line, said
      justifying reproducing apparatus comprising a carriage, means for forming
      a normal word space, means for setting said quotient amount and said
      remainder amount once per justified line, means responsive to said
      quotient and remainder amounts for forming a justifying spacing amount,
      accumulator means for accumulating said normal word space and said
      justifying spacing amount to form a justified word space, and carriage
      moving means for controlling the movement of said carriage, said
      accumulator means being connected to said carriage moving means for moving
      said carriage said normal word space and said justifying spacing amount in
      one motion.
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ABST
PAL  A specially constructed drive nut with both threaded and unthreaded axial
      bores, and a unique resilient mounting assembly therefor, are employed to
      couple a rotationally driven lead screw to a linearly driven carriage. The
      mounting assembly includes a specially constructed resilient O-ring which
      is coaxially positioned on the drive nut near the unthreaded end thereof
      and, in combination with a pair of adjustable O-ring clamping plates,
      resiliently mounts the drive nut in a cantilevered manner on an apertured
      carriage side wall through which the lead screw passes. As constructed and
      mounted, the drive nut is allowed to become slightly skewed relative to
      the axis of the lead screw, if required, in order to minimize frictional
      forces which can develop, for example, because of tolerance variations,
      bow in the lead screw, or axial misalignment of the latter with the
      carriage guide rods. By properly selecting the material for the O-ring,
      any kinetic energy-imparted bounce forces of the carriage may also be
      substantially, if not completely, absorbed and dissipated in the form of
      heat.
PAL  In an alternative drive nut embodiment, the wall of the threaded portion
      thereof is segmented so as to form a plurality of resilient, internally
      threaded fingers for minimizing backlash.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  The present invention relates to printer apparatus and, more particularly,
      to a lead screw driven, resiliently mounted drive nut and carriage
      assembly therefor.
PAR  2. Description Of The Prior Art
PAR  In lead screw driven printers, a print head is normally mounted on a
      suitable carriage which is driven reciprocally across the width dimension
      of a web, such as paper in roll stock form, or any other suitable record
      medium on which printing is to take place. The web is typically drawn over
      a rotatable platen with either frictional engagement with the latter or
      engagement with an associated sprocket wheel employed to effect controlled
      line feed advancement of the web.
PAR  The carriage is normally driven along a pair of guide rods aligned in
      parallel relationship with the lead screw. The carriage (and print head
      mounted thereon) is coupled to the lead screw by a threaded member,
      usually in the form of a drive nut.
PAR  With the lead screw normally driven by a reversible stepping motor, for
      example, the rotational displacement of the lead screw is translated
      through the drive nut into linear reciprocal displacement of the carriage
      (and print head). The direction in which the carriage is driven, and the
      speed of travel thereof, of course, is directly dependent on the direction
      and speed of rotation of the lead screw.
PAR  Such lead screw driven carriages are often employed in high speed printers,
      particularly of the dot matrix type. One such illustrative printer is
      disclosed in a commonly assigned and concurrently filed copending
      application of J. L. DeBoo-E. C. Feldy-H. S. Grear, Ser. No. 468,046,
      herein incorporated by reference.
PAR  While a power driven lead screw affords a number of advantages over belts
      or chains for driving carriage-mounted print heads in terms of simplicity,
      ruggedness, cost and maximum possible driving speed, they nevertheless
      have presented a number of troublesome problems heretofore. Specifically,
      because of the necessity of threads, unless stringent tolerances are
      adhered to in the manufacture of the lead screw and drive nut, there must
      normally be either some backlash allowed for therebetween, or a resilient
      drive nut employed in order to minimize the possibility of excessive
      frictional forces being established.
PAR  Attempts to go the route of manufacturing the lead screw and drive nut with
      stringent tolerances has proven to be impractical in practice for a number
      of reasons. First, the lead screw must necessarily extend across the
      entire width dimension of the printer, i.e., in parallel relationship with
      the platen and, as such, there is a tendency for the lead screw to
      inherently have or develop a slight bow which is most pronounced along the
      intermediate region thereof. Secondly, while the lead screw is normally
      mounted on precision ball bearings (or bushings), tolerance variations in
      the bearing mountings, as manufactured, or as positioned on supporting
      frame structure of the printer, invariably leads to slight, but normally
      troublesome misalignment between the lead screw and carriage guide rods.
      Thirdly, because of the size of the threads and the axial length of the
      lead screw, a precision machining operation, as distinguished from a
      conventional and simple cold rolling operation, to form the threads would
      prove prohibitive from a cost standpoint.
PAR  Accordingly, even if a conventional drive nut could be manufactured to
      threadably engage the lead screw in a very close fitting manner with
      negligible backlash, very high frictional forces would normally still
      develop not only between the lead screw and drive nut, but also between
      the lead screw and carriage guide rods. Such frictional forces would lead
      to excessive wear of the mating parts generating them, and could possibly
      overcome the driving torque of the stepping motor. In the latter case, the
      carriage would actually bind or lock-up on the guide rods. Such a
      condition, of course, could very possibly also seriously damage the
      stepping motor in many printers.
PAR  Equally important, however, is the fact that any non-uniform frictional
      forces, whether great enough to actually bind the carriage or not, would
      necessarily at least alter the speed at which the carriage is either
      continuously driven or stepped along the guide rods. Such unintended
      variations in carriage speed during printing cannot be tolerated, as there
      must be a very precisely correlated relationship between the firing of the
      print wires (or hammers) and the lateral position of the print head at
      each successive dot position along a given print line.
PAR  In an attempt to solve some of the foregoing problems, specially
      constructed, elongated drive nuts have been proposed and/or used
      heretofore wherein the central bore has been threaded along its entire
      axial length, but with one end region thereof formed with a
      circumferentially spaced array of either radially and longitudinally
      extending slits, or radially and spirally extending slits, so as to
      produce a plurality of internally threaded resilient fingers (or
      segments). One or more so-called garter springs have normally been
      coaxially mounted on such fingers so as to augment the inherent
      spring-biased compressive forces of the resilient fingers which maintain
      the latter in continuous contact with the threads of the lead screw.
PAR  In still another prior alternative design, an elongated drive nut has been
      formed with an intermediate section having a thin wall, with a
      circumferential array of longitudinally disposed slits formed therein, as
      well as in a front end section that is slightly tapered. This allows a
      variable degree of expansion of the drive nut body over an appreciable
      portion of the axial length thereof.
PAR  In all of such prior drive nut designs, the central bore, as previously
      mentioned, has been threaded along its entire axial length. As such, while
      prior drive nut versions may have a resilient section to minimize backlash
      by presenting a continuous "load" on the lead screw, the end-to-end
      internally threaded bore prevents the drive nut from being slightly tilted
      or skewed relative to the axis of the lead screw. Such movement is often
      desired in order to compensate for any bow in the lead screw, as well as
      for any misalignment thereof relative to the carriage guide rods.
PAR  Another approach to the problem of minimizing excessive or detrimental
      frictional forces between a drive nut and lead screw has been to purposely
      build-in a predetermined degree of backlash therebetween. It is
      appreciated from the foregoing, of course, that in such a case the drive
      nut would normally not be constructed with a segmented resilient section,
      as such a section is intended and employed to minimize backlash.
      Accordingly, prior backlash producing drive nuts have each typically taken
      the form of a conventional elongated, solid wall, tubular member with a
      threaded bore extending along the entire axial length thereof. Such a
      construction, however, even with loose tolerances, prevents any
      appreciable tilting or skewing of the drive nut relative to the axis of
      the lead screw.
PAR  An equally important problem that arises when a built-in degree of backlash
      is employed in a lead screw-drive nut assembly is the fact that a
      substantial degree of kinetic energy is necessarily established by the
      mass of the coupled carriage, together with any associated apparatus
      carried thereby, such as a print head. Such kinetic energy can establish
      substantially large, initial impact forces, as well as transient forces,
      between the lead screw and drive nut threads if not compensated for or
      absorbed in some way. These detrimental forces, of course, lead to a
      "bouncing" condition of the carriage (and print head) which has proven to
      be particularly troublesome in lead screw driven printers where the
      carriage is stepped from one character print column position to the next
      across the width of the platen.
PAR  The potential severity of force-induced bouncing of a stepped carriage
      resides in the fact that if all of the kinetic energy imparted by the
      drive nut-carriage assembly to the lead screw is not absorbed completely
      as it is established, there will be increased wear of the mating lead
      screw-drive nut threads, and the desired speed of travel of the carriage
      may be adversely affected.
PAR  Considered another way, the kinetic energy induced forces ideally should be
      absorbed at a rate which is equatable to the change in velocity of the
      drive nut-carriage assembly. Unfortunately, prior drive nuts have not been
      able to inherently, or as mounted on or coupled to the carriage,
      compensate for kinetic energy induced bounce forces, particularly in a
      stepped carriage mode of printer operation.
PAC  SUMMARY OF THE INVENTION
PAR  It, therefore, is an object of the present invention to provide new and
      improved lead screw driven drive nuts, and resilient mounting assemblies
      therefor, to couple the lead screw to a linearly driven carriage in a
      manner that minimizes kinetic energy-imparted bounce forces, and
      compensates for any tolerance variations and/or bow in the lead screw, and
      for any lead screw-carriage guide rod misalignment, so as to prevent the
      establishment of detrimental frictional forces.
PAR  In accordance with the principles of the present invention, the above and
      other objects are realized in one preferred illustrative embodiment
      wherein a specially constructed lead screw-driven nut has a first threaded
      bore extending axially along approximately one-half of its axial length,
      and a second unthreaded and aligned bore of larger diameter extending
      along the remaining half of the drive nut. As such, an annular clearance
      space is established between the wall of the unthreaded bore and an
      associated lead screw passing therethrough, which space allows the drive
      nut to acquire a slightly tilted position, if required, relative to the
      axis of the lead screw.
PAR  Also in accordance with the principles of the present invention, a
      resilient mounting assembly for the drive nut includes a specially
      constructed resilient O-ring which is coaxially positioned on the drive
      nut near the unthreaded end thereof and, in combination with a pair of
      adjustable O-ring clamping plates, resiliently mounts the drive nut in a
      cantilevered manner on an apertured side wall of the carriage through
      which the lead screw passes. The controllable compressive force exerted by
      the clamping plates on the O-ring is advantageously employed to not only
      secure the latter to the carriage side wall, but at least, in part,
      determine the degree of resiliency exhibited by the O-ring.
PAR  With the drive nut thus constructed and mounted on the carriage through the
      resiliently clamped O-ring, it may be slightly skewed or tilted relative
      to the axis of the lead screw, while still minimizing any relative axial
      and/or radial displacement therebetween. With the drive nut threads
      additionally dimensioned so as to establish a predetermined degree of
      backlash when threadedly mounted on the lead screw, it is seen that the
      drive nut-carriage assembly can readily compensate for not only tolerance
      variations in the lead screw threads, but for any bow therein, as well as
      any misalignment in parallelism between the lead screw and the guide rods
      of the carriage. As such, frictional forces are substantially minimized
      between all mating surface areas wherein there is relative movement in the
      composite lead screw-drive nut-carriage assembly. This, in turn, of
      course, advantageously minimizes wear and prevents the carriage from
      binding or the speed of travel thereof to be impaired.
PAR  Such advantageous end results, without any backlash being required, are
      also realized with an alternative embodiment of the drive nut, wherein the
      threaded end is segmented to form a plurality of resilient fingers which,
      with or without coaxially mounted compression springs, maintain
      continuous, but resilient, contact with the threads of the lead screw.
PAR  In accordance with another aspect of the invention, by making the O-ring
      out of a viscoelastic material, such as a polyester base urethane, any
      kinetic energy imparted bounce forces that are established by the carriage
      due to backlash (whether predetermined or otherwise) are substantially, if
      not completely, absorbed by the O-ring, and dissipated thereby in the form
      of heat. Significantly, such an O-ring is capable of absorbing kinetic
      energy immediately as it develops, so that no multiple force-induced form
      of carriage bouncing can develop. As previously mentioned, this is
      particularly important in a lead screw driven carriage that is stepped
      along an extended path.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partially broken away perspective view of an illustrative high
      speed dot matrix printer, with some parts being omitted for the purpose of
      illustrating a unique, resiliently mounted drive nut and carriage assembly
      incorporated therein and embodying the principles of the present
      invention;
PAR  FIG. 2 is an enlarged end view, partially in cross-section, taken along the
      line 2--2 of FIG. 1, showing one preferred drive nut and one of two
      carriage supported clamping plates employed to resiliently mount the drive
      nut on a carriage sidewall so as to produce minimal frictional threaded
      engagement of the drive nut with a lead screw;
PAR  FIG. 3 is an enlarged, fragmentary, cross-sectional detail view, taken
      longitudinally along the line 3--3 of FIG. 2, showing details of one of
      the preferred drive nuts and carriage supported resilient mountings
      therefor, with the mounting including an O-ring of essentially trapezoidal
      cross-section;
PAR  FIG. 4 is an enlarged longitudinal, fragmentary, cross-sectional detail
      view similar to that of FIG. 3, but modified to accommodate a coupling
      O-ring of circular cross-section;
PAR  FIG. 5 is an enlarged, side elevational detail view, partially broken away,
      illustrating an alternative drive nut construction incorporating a
      resilient, segmented portion with an internally threaded bore;
PAR  FIG. 6 is an end view of the drive nut of FIG. 5, with the lead screw being
      shown in cross-section; and
PAR  FIG. 7 is an alternative of the drive nut and mounting shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As mentioned hereinabove, the unique drive nuts and resilient mountings
      therefor as embodied herein have universal application with respect to
      lead screw driven apparatus, but for purposes of illustration, they are
      disclosed herein in connection with a high speed dot matrix printer 10 of
      the type depicted generally in FIG. 1.
PAR  Such a printer 10 is of the class wherein a print head 12, shown only in
      phantom outline form, is mounted on a carriage 14 for lateral reciprocal
      movement in a horizontal direction (X) in front of and across the width
      dimension of a web 16, such as paper in roll stock form, or any other
      suitable record medium on which printing is to take place. It should be
      appreciated that the carriage 14 and the print head 12 mounted thereon may
      be either stepped to each successive print column position during the
      printing of a given line, or be driven at a constant speed therealong,
      with the return of the carriage 14 and print head 12 to the "home"
      position being accomplished at a preferably faster constant or
      continuously accelerating rate of speed.
PAR  The carriage 14 is driven along a pair of guide rods 18--18 by means of a
      rotatably driven lead screw 19 which is coupled to the carriage 14 by
      means of a specially constructed and mounted drive nut 20 embodying the
      principles of the present invention. Actually two embodiments of the drive
      nut 20, as well as two carriage-supported resilient mountings applicable
      for use with either drive nut 20, will be described in detail hereinafter.
PAR  The lead screw 19 is suitably journalled at opposite ends in frame
      structure (not shown) for rotation, and is reversibly driven by a power
      source 22, such as a stepping motor, through a suitable drive train which,
      as depicted, comprises a belt-pulley assembly 23.
PAR  In the present illustrative printer embodiment, the print head 12 includes
      a vertical column of seven selectively actuable print wires 24, shown only
      in fragmentary form, for use in printing 5 .times. 7 dot matrix characters
      (or nine similarly oriented wires for 5 .times. 9 dot matrix characters).
      The print wires 24 may be selectively actuated by respectively associated
      electromagnetic actuator assemblies, for example, with only the first of
      seven being shown in phantom outline form and identified by the numeral 31
      in FIG. 1. These assemblies 31 are arranged in a compact, horizontally
      spaced and vertically stepped array so as to correspondingly position the
      essentially horizontally disposed print wires 24 in a stepped and
      vertically stacked array as shown in FIG. 1.
PAR  Each actuator assembly 31 includes an associated one of a corresponding
      number of vertically extending and pivotally mounted flat spring armatures
      32, only the first one nearest the paper 16 being shown in phantom in FIG.
      1. Each of the print wires 24 is connected to the upper end of a different
      one of the armatures 32 in such a manner that each armature 32, when
      magnetically drawn backward against a pair of core pole faces 31a of the
      associated actuator assembly 31, retracts the print end of the attached
      wire within a multibored guide block 33, supported on a face plate 34.
      Thereafter, upon the selectively and logically controlled release of each
      magnetically held armature 32, the spring biased force thereof will "fire"
      the print wire 24 connected to the upper end thereof in the designated (Z)
      direction.
PAR  As a result, each "fired" wire 24 is propelled against a discrete area of
      an inked ribbon 35, with the latter then being driven against the paper 16
      so as to effect the imprinting of a particular dot of a given dot matrix
      character on the paper 16. To effect such dot matrix character printing,
      it is obvious that the print wires 24 must be fired in a specific sequence
      for each character to be printed. For a more detailed description of one
      preferred embodiment of the dot matrix print head 12 which has been only
      generally described hereinabove, as well as of suitable operating control
      circuitry for actuating the print wires 24, none of which is critical or
      important with respect to an understanding of the present resiliently
      mounted drive nut assemblies, reference is again made to the
      aforementioned copending application of J. L. DeBoo et al.
PAR  With respect to a typical mode of operation of the printer 10, it is
      readily apparent that after the carriage mounted print head 12 has been
      either stepped or continuously driven to the right in the (X) direction,
      as viewed in FIG. 1, so as to effect the printing of a desired number of
      dot matrix characters along a given print line, the carriage 14 is rapidly
      returned to the home position. At that time a line feed takes place, i.e.,
      the paper 16 is stepped or advanced one or more line printing spaces in
      the (Y) direction in preparation for printing a new line of character
      information.
PAR  To effect such line feeding, a rotatable platen gear 36, comprising part of
      a line feed mechanism 37 (shown only generally in FIG. 1), is
      eccentrically displaced relative to a platen support shaft 38, by a
      pivotally actuated lever 39, so as to engage an intermediate gear 41 and,
      thereby, effect the coupling of a platen 42 to a lead screw gear 43. In
      this manner, the platen 42 can be rotated to effect line feeding whenever
      the lead screw 19 is rotated, and independently of the position of the
      carriage mounted print head 12. For a more detailed description of one
      preferred line feed mechanism of the type generally shown herein for
      effecting both single and multiple line feeding independently of carriage
      position, and with automated detent lever release of a platen-associated
      ratchet wheel 44, so as to effect very quiet multiple line feeding,
      reference is made to another commonly assigned and concurrently filed
      copending application of I. B. Hodne, Ser. No. 468,048, also herein
      incorporated by reference.
PAC  RESILIENTLY MOUNTED DRIVE NUT AND CARRIAGE ASSEMBLY
PAR  With the foregoing general description of one typical dot matrix printer 10
      as background, attention will now be directed to a new and improved drive
      nut 20, and a carriage-supported resilient mounting 65 therefor, both of
      which are particularly adapted for use in the printer 10 of FIG. 1. An
      alternative drive nut embodiment 90, and an alternative resilient mounting
      65' applicable to either drive nut 20, 90, will also be described in
      detail hereinafter.
PAR  With reference first to FIGS. 2 and 3, it is seen that the drive nut 20,
      shown only generally in the printer 10 of FIG. 1, is formed with an
      elongated, cylindrical body 51, one portion 51a thereof having an axially
      threaded bore 53 that extends inwardly from one end to about the middle of
      the drive nut body 51. The other half or portion 51b of the body 51 is
      formed with an axially disposed unthreaded bore 54. The latter bore 54 is
      formed with a diameter sufficient to provide an appreciable annular space
      56 between the crest of the teeth in the lead screw 19 and the inner wall
      of the bore 54. As will presently be seen, such an oversized, non-threaded
      counterbore 54 allows the drive nut to be displaced into a slightly skewed
      or tilted position relative to the axis of the lead screw 19, as may be
      required to compensate not only for any inherent bow in the lead screw 19,
      but for any misalignment of the axis of the latter relative to the axes of
      the carriage guide rods 18, for example.
PAR  Considering the lead screw-drive nut assembly 19, 20 of FIGS. 2 and 3 more
      particularly, the lead screw 19 is of the type having a plurality of
      helically disposed threads 57a-57b formed in the periphery thereof, such
      as by a conventional rolling process. All of the threads 57a-57b (five
      being shown in the cross-sectional view of FIG. 2) are formed with the
      same helical pitch, and are defined by outwardly tapered and spiraled
      teeth 57a which are formed between adjacent spiraled grooves 57b. The
      crest of the teeth 57a and the root of the grooves 57b may be formed with
      either rounded (as shown), flat or V-shaped profiles as desired for a
      particular application. The internal threads 58a-58b formed in the drive
      nut section 51a, comprised of spiraled teeth 58a and grooves 58b, of
      course, are likewise dimensioned and disposed with the same longitudinally
      extending helix angle as the threads 57a-57b formed in the lead screw 19.
PAR  With the drive nut 20 mounted on and threadably coupled to the lead screw
      19, rotation of the latter in a counterclockwise direction, as depicted by
      the arrow about the axis in FIG. 3, for example, will result in the
      non-rotatably mounted drive nut 20 being driven linearly to the right.
      During such translational linear movement of the drive nut 20 the leading
      (as viewed from left to right in FIG. 3) side wall of each tooth 57a of
      the lead screw 19, will exert a relatively high bearing force against the
      mating and trailing side wall of each respectively associated tooth 58a
      formed in the drive nut 20. As such, a relatively small diameter lead
      screw 19 and drive nut 20 may be employed to move or drive a relatively
      heavy load.
PAR  However, if any additional and undesired frictional forces should develop
      between the lead screw 19 and drive nut 20, they can readily lead to
      excessive wear of the mating bearing surfaces of the threads that gave
      rise to such forces, and to a possible binding or jamming condition of the
      drive nut-carriage assembly. Such undesired forces, if not eliminated or
      compensated for, can develop because of any one of a number of different
      structural conditions that may exist, such as loose tolerance variations
      in the mating threads 57a-57b and 58a-58b, or bow in the lead screw 19, or
      lead screw 19 carriage guide rod 18 misalignment.
PAR  In accordance with the principles of the present invention, and in one
      preferred printer application, the threads in the drive nut body section
      51a are purposely dimensioned so as to produce a predetermined space,
      identified by the numeral 59 (FIG. 3), between the trailing side walls of
      the teeth 57a in the lead screw 19 and the leading side walls of the teeth
      58a in the drive nut 20. This, of course, establishes a predetermined
      degree of backlash, preferably of the order of 0.003 to 0.02 inches,
      between the drive nut 20 and lead screw 19. With such deliberately
      established backlash, adverse effects from tolerance variations are not
      only minimized, but the short, threaded section 51a of the nut 20 is
      rendered more conducive to being slightly displaced angularly away from
      the axis of the lead screw 19.
PAR  However, in order for the drive nut 20 to acquire such a slightly skewed or
      tilted position, it must necessarily also be resiliently mounted. With
      respect to mounting, as the drive nut 20 is employed to accurately
      translate rotational movement of the lead screw 19 into linear movement of
      the carriage 14 (and print head 12 mounted thereon), it is obviously very
      important that relative axial and radial displacement not only between the
      lead screw 19 and drive nut 20 (other than based on predetermined
      backlash), but between the drive nut 20 and carriage 14 be minimized.
PAR  These simultaneous requirements are satisfied in one preferred drive
      nut-carriage assembly by utilizing a specially configured and resilient
      mounting assembly designated generally by the reference numeral 65 in FIG.
      3. As disclosed therein, the assembly includes a resilient O-ring 67 as
      the main coupling member, which may be made of rubber or plastic material,
      for example, and in one preferred form has a trapezoidal cross-section. An
      inner annular portion of the O-ring 67, having inwardly tapered side
      walls, is partially seated within a mating peripheral groove 69 of similar
      configuration formed near the unthreaded end portion 51b of the drive nut
      body 51.
PAR  An outer annular portion of the resilient O-ring 67 is partially seated
      within an undercut groove 71a-71b having a base 71a and a side shoulder
      71b formed in the peripheral edge of an aperture 73 formed in the side
      wall 14a of the carriage 14 (best seen in FIG. 3). As illustrated, it is
      seen that the undercut groove is exposed to the outer surface of the side
      wall 14a. This allows the O-ring 67, when partially seated within the
      groove, to protrude outwardly a short distance from the outer surface of
      the side wall 14a.
PAR  The O-ring 67 is employed to firmly, but resiliently, couple the drive nut
      20 to the carriage side wall 14a by means of two O-ring clamping plates
      76, 77, each having a respective over-sized central aperture 76a, 77a
      formed therein. An annular gap 78 is thus formed between the respective
      peripheral edges of the clamping plate apertures 76a, 77a and the outer
      wall of the portion 51b of the drive nut body 51.
PAR  The clamping plates 76 and 77 hold mating portions of the carriage side
      wall 14a and O-ring 67 under compression therebetween by means of two
      fastening screws 81, which respectively extend through aligned holes 82a,
      82b formed in the outer clamping plate 77 and carriage side wall 14a and
      then threadedly engage tapped holes 83 formed in the clamping plate 76
      (see FIG. 2). As illustrated, the inner clamping plate 76 is normally
      firmly biased against the inner surface of the carriage side wall 14a (see
      FIG. 1), whereas the outer clamping plate 77 is firmly, but resiliently,
      biased against the outer, protruding annular side portion of the O-ring 67
      (see FIG. 3). A controllable gap 84 (FIG. 3) is thus established between
      the adjacent surfaces of the clamping plate 77 and the carriage side wall
      14a.
PAR  It should be appreciated, of course, that the width of the O-ring 67 may be
      chosen, if desired, so as to protrude a short distance outwardly from both
      major surfaces of the apertured carriage side wall 14a. In that event as
      shown in FIG. 7, the outer periphery of the O-ring 67 could, for example,
      be formed with a centrally positioned raised annular rib or fin 79 that
      would seat within an accommodating undercut groove 80 centrally formed in
      the peripheral edge of the carriage side wall aperture 73. With the O-ring
      67 mounted in this manner, a controllable space 84 could be employed
      between both clamping plates 76, 77 and the respectively adjacent surfaces
      of the carriage side wall 14a.
PAR  With the drive nut 20 of FIGS. 2 and 3 constructed and resiliently mounted
      as described hereinabove, it is readily seen how it may be slightly tilted
      in any direction relative to the axis of the lead screw 19 (two such
      directions being indicated by the arcuately directed arrows 85 in FIG. 3),
      while simultaneously limiting any appreciable axial or radial displacement
      of the drive nut 20 relative to the lead screw 19 or carriage 14.
PAR  The degree of resiliency in the mounting assemblies, of course, can be
      readily controlled, at least in part, in a number of ways, such as by the
      size and/or composition of the O-ring 67 employed, and/or by adjustment of
      the compressive force exerted thereagainst by the clamping plates 76, 77.
PAR  In accordance with the principles of the present invention, it has been
      found very advantageous to make the coupling O-ring 67 out of a material
      exhibiting a so-called viscoelastic characteristic, i.e., a material
      basically elastic in nature, but having appreciable viscous properties.
      Such a material has the ability to absorb energy, such as when subjected
      to strain in the form of a force exerted thereagainst, without producing
      appreciable physical deformation, and to thereafter restore itself upon
      release of the force by dissipating the absorbed (or stored) energy in the
      form of heat.
PAR  It has been found that a material exhibiting a durometer Shore hardness in
      the range of 60 to 95, with a simultaneous Shore impact resilience by
      vertical rebound reading not exceeding eight percent, will produce the
      beneficial results desired. One preferred plastic material found to
      exhibit the aforementioned desired characteristics is a polyester base
      urethane sold commercially for end use by Chemi-Flex Products, Inc.,
      Addison, Ill.
PAR  With the dimensions of the O-ring 67, as well as the composition thereof,
      being properly chosen, it has been found that the O-ring 67 can
      effectively absorb a substantial amount, if not all, of the kinetic energy
      imparted bounce forces produced by the mass of the carriage 14 as soon as
      they develop, and immediately thereafter dissipate the resulting absorbed
      or stored energy in the form of heat with no detrimental effects to the
      O-ring 67, and with no or minimal transient bounce forces remaining. The
      importance of eliminating the bounce forces in question as soon as they
      develop stems from the fact that the rate at which such forces (in the
      form of energy) must be absorbed by the O-ring 67 (as induced stress)
      varies approximately directly as the change in velocity of the mass that
      created such forces.
PAR  As previously mentioned, kinetic energy imparted bounce forces have proven
      particularly troublesome in lead screw-driven printers 10 heretofore
      whenever there has been backlash, and the carriage 14 has been rapidly
      stepped (as distinguished from continuously driven) across the width of
      the platen 42. In such a mode of operation, the often experienced
      force-induced bouncing of the carriage mass, if not eliminated or
      compensated for, can be very detrimental. Specifically, such bouncing can
      not only cause increased wear of the mating lead screw-drive nut threads,
      but affect the desired speed of travel of the carriage 14 and, thereby,
      the accurately timed positioning of the print head 12 mounted thereon at
      each successive dot column position along each print line.
PAR  From the foregoing, it becomes readily apparent that whenever a
      predetermined degree of backlash is built into the lead screw-drive nut
      assembly so as to minimize wear therebetween, great care must be taken to
      minimize the kinetic energy-imparted bounce forces established as a result
      of such backlash. This is particularly true when there is a periodically
      changing velocity involved in carriage-print head travel, such as in a
      stepped carriage mode of printer operation.
PAR  Advantageously, as a result of the minimal frictional forces that are
      exerted on the threads of the drive nut 20 when constructed and
      resiliently mounted as embodied in FIGS. 1-3, the drive nut 20 may
      advantageously be made out of a suitable plastic material, such as nylon,
      as well as out of any one of a number of other plastics and conventional
      metals, with minimal wear being experienced in typical usage.
      Concomittantly, the carriage 14 may also be readily molded out of a
      plastic material, such as nylon, with the bore formed in the guide rod
      support boss 14b (see FIG. 1) preferably having a bushing 87 or, such as
      of brass, secured therewithin for making low friction contact with the
      associated highly polished guide rod 18. The U-shaped boss 14c, preferably
      also formed as an integral part of the carriage 14, is only employed to
      lightly support one end of the carriage 14 and print head 12 and, as such,
      normally does not require a bushing associated therewith for making very
      close fitting, low friction contact with the associated carriage guide rod
      18.
PAR  Attention is now directed to FIG. 4 which discloses an alternative
      resilient mounting assembly 65'. This assembly, with the exception of the
      resilient O-ring coupling 67' of circular cross-section employed therein,
      is essentially identical to the assembly 65 depicted in FIGS. 2 and 3.
      Like reference numerals are therefore used to identify parts in the
      embodiment of FIG. 4 that correspond identically with those in the
      embodiment of FIGS. 2 and 3, with prime reference numerals being used to
      identify those elements that are modified in some way.
PAR  As a result of the circular cross-section of the O-ring 67' in FIG. 4, the
      body portion 51b of the drive nut 20' is formed with a semicircular groove
      69'. With respect to the carriage sidewall 14a', an undercut groove is
      formed in the periphery of the aperture 73 thereof, and has a base 71a'
      and a tapered side wall 71b', with the latter terminating at the
      peripheral edge of the aperture 73. Such an undercut groove allows the
      O-ring 67' to be slightly compressed between the tapered wall 71b' of the
      groove and the clamping plate 77 with considerably less deformation that
      would result with a right-angle undercut groove of the type disclosed in
      FIG. 3. In all other respects, the resilient mounting assembly 65' is not
      only identical to, but functions in the same manner and produces the same
      advantageous end results as realized with the mounting assembly 65 of
      FIGS. 2 and 3.
PAR  FIGS. 5 and 6 illustrate an alternative drive nut 90 which is also formed
      with an elongated, cylindrical body 91, one portion thereof having an
      axially threaded bore 91a, with the other remaining portion 91b having an
      unthreaded counter bore 91b of larger diameter than that of an associated
      lead screw 19. To that extent, the drive nut 90 is essentially identical
      to the drive nut 20 of FIGS. 2 and 3.
PAR  The body portion containing the bore 91a of the drive nut 90, however,
      additionally has a plurality (three in the illustrative embodiment) of
      circumferentially and longitudinally extending slits 93 formed in the side
      wall of such body portion. These slits 93 extend radially through the
      thickness of the wall of the body portion containing the bore 91a so as to
      form a plurality of cantilevered, resilient fingers or segments 95a-c (see
      FIG. 6). In certain applications, it may be desirable to extend the slits
      93 partly into the body portion containing the unthreaded bore 91b, as
      depicted.
PAR  The internally threaded bore 91a of the drive nut 90 is normally
      constructed to be of uniform diameter, with the resilient segments 95a-c
      thereof being compressively spring-biased radially inward by a plurality
      of so-called garter springs 97 (three shown) coaxially mounted about and
      partially seated in respectively associated grooves 98 formed in the
      periphery of the segments 95a-c. The internally threaded resilient end of
      the drive nut 90 may, be constructed or shaped so as to cause the
      resilient segments or fingers 95a-c to exert a compressive, spring-loaded
      force on the mating threads of the associated lead screw 19 with or
      without the use of the springs 97, for example, as described in U.S. Pat.
      No. 3,656,578.
PAR  It should be appreciated that the slits 93 are shown as extending
      longitudinally of the axis of the drive nut 90 only for purposes of
      illustration. These slits 93, for example, could just as readily be formed
      into circumferentially spaced spiral slits, for example as shown in U.S.
      Pat. No. 3,656,358, with the resulting teeth formed therebetween
      respectively mating with the root areas 57b of the threads 57a-57b in the
      lead screw 19. Such a segmented resilient drive nut portion, preferably
      when used in conjunction with garter springs 97 coaxially mounted
      thereabout, would be equally effective in minimizing backlash between the
      drive nut 90 and lead screw 19.
PAR  As pointed out hereinabove, the degree of force that is exerted to minimize
      or eliminate backlash will depend to a great extent on the degree of wear
      that may be tolerated between the mating drive nut 90 and lead screw 19.
      This, of course, will in turn be dependent primarily on the material
      chosen, and on the speed and driving torque required for a given
      application.
PAR  With the drive nut 90 constructed and spring loaded in any one of the
      various ways described hereinabove, the internally threaded fingers or
      segments 95a-c may be formed to effectively exert the desired degree of
      compressive force against the mating threads 57a-57b of the lead screw 19
      continuously, regardless of tolerance variations or structural
      misalignment and, thereby, eliminate or at least substantially minimize
      any backlash.
PAR  In summary, two very unique lead screw driven drive nuts 20, 90, and two
      resilient mountings 65, 65' applicable for use with either drive nut 20,
      90, have been disclosed herein for effectively compensating not only for
      tolerance variations between the drive nut 20, 90 and lead screw 19, but
      for any bow in the lead screw 19 and for any axial misalignment between
      the latter and the carriage guide rods 18. Such compensation is made
      possible by uniquely mounting the drive nut 20, 90 in a resilient manner
      on the carriage 14 such that it may acquire a slightly skewed position
      relative to the axis of the lead screw 19, if required, in order to insure
      and maintain low friction alignment with the lead screw 19. This, in turn,
      results in a minimum of wear between such mating parts, and also minimizes
      the possible occurrence of a binding or jamming condition.
PAR  In addition, through the use of a properly chosen resilient O-ring 67, 67'
      as the coupling medium, preferably made of a material exhibiting a
      visco-elastic characteristic, any kinetic energy-imparted bounce forces
      developed by the carriage and print head mass, particularly when such mass
      is subjected to variable changes in velocity, are substantially completely
      absorbed by the O-ring 67, 67' as soon as they develop and are dissipated
      in the form of heat. Finally, in applications where no backlash can be
      tolerated, the drive nut 20, 90 may advantageously be segmented along one
      internally threaded portion so as to provide a continuous, compressive,
      spring-biased load against the mating teeth 57a-57b of the lead screw 19,
      while still allowing a limited degree of flexure or skewing of the drive
      nut 20, 90 which may still be required for the reasons pointed out
      hereinabove.
PAR  In view of the foregoing, it is obvious that various modifications may be
      made to the present illustrative embodiment of the invention, and that a
      number of alternatives may be provided without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lead screw driven, resiliently mounted drive nut and carriage assembly
      comprising:
PA1  a rotatably driven lead screw;
PA1  a carriage mountable on and slidably movable along at least one guide rod
      positioned parallel to said lead screw, said carriage having at least one
      side wall with an over-sized aperture formed therein and through which
      said lead screw axially passes without contact;
PA1  a drive nut mountable on said driven lead screw for linear translational
      movement therealong, said drive nut comprising an elongated body having a
      first portion containing a first threaded bore extending axially a
      predetermined distance inwardly from one end of said body; a second
      portion containing a second unthreaded bore extending axially inwardly
      from the other end of said body, said second unthreaded bore merging with
      said first threaded bore along an intermediate region of said body, said
      second unthreaded bore having a diameter larger than the diameter of said
      lead screw so that said body is slightly skewable relative to the axis of
      said lead screw; and, a peripheral groove formed near said other body end;
PA1  resilient mounting means including a resilient O-ring dimensioned so that
      an inner annular portion thereof is seated under compressive force in said
      peripheral groove of said drive nut, said O-ring havng an outer annular
      portion which is partially seated within an undercut groove formed in the
      peripheral edge of said aperture in said carriage side wall, said undercut
      groove being exposed at least to a first side surface of said side wall,
      and the width of said O-ring being sufficient to that said O-ring
      protrudes outwardly a predetermined distance from at least said first side
      wall surface; and
PA1  first and second clamping plates, each having an over-sized central
      aperture through which said lead screw axially passes without contact,
      said clamping plates being connected and adjustably separated on opposite
      sides of said apertured carriage side wall so as to exert a controllable
      compressive biasing force against and, thereby, clamp said O-ring to said
      carriage side wall, with an adjustable space being established between one
      surface of at least one of said clamping plates and the adjacent surface
      of said carriage side wall as a result of the outwardly protruding portion
      of said resilient O-ring, the compressive force exerted on said O-ring by
      said clamping plates thereby determining, in part, the degree of
      resiliency exhibited by said O-ring in mounting said drive nut from said
      other body end, in a cantilevered manner, on said carrige.
NUM  2.
PAR  2. A lead screw driven, resiliently mounted drive nut and carriage assembly
      in accordance with claim 1 wherein said first body portion has a plurality
      of circumferentially spaced slits formed through the wall thereof, said
      slits extending longitudinally along at least a major part of the axial
      length of said first body portion so as to form a plurality of
      cantilevered, resilient fingers which compressively spring bias the
      internal threads thereof against the mating threads of said lead screw.
NUM  3.
PAR  3. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 2 wherein at least one circumferentially disposed
      groove is formed in the periphery of said resilient fingers near said one
      body end, with a resilient, coaxially mounted compression spring partially
      seated therein.
NUM  4.
PAR  4. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 1, wherein said O-ring is of circular
      cross-section.
NUM  5.
PAR  5. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 1, wherein said O-ring is of trapezoidal
      cross-section.
NUM  6.
PAR  6. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 1, wherein said O-ring is made of a plastic
      material exhibiting a viscoelastic characteristic so that any kinetic
      energy-imparted forces applied thereto by said carriage are at least
      substantially absorbed and dissipated in the form of heat.
NUM  7.
PAR  7. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 6, wherein said O-ring is made out of a plastic
      material comprising a polyester base urethane, which exhibits a durometer
      Shore hardness in the range of 60 to 95, and a Shore impact resilience by
      vertical rebound reading not exceeding eight percent.
NUM  8.
PAR  8. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 6, wherein said first and second clamping plates
      are biased against said apertured carriage side wall and said resilient
      O-ring respectively by means of adjustable threaded fastening members.
NUM  9.
PAR  9. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 8, wherein the threads of said drive nut are
      dimensioned relative to the threads of said lead screw so as to establish
      a predetermined degree of backlash therebetween.
NUM  10.
PAR  10. A lead screw driven, resiliently mounted drive nut and carriage
      assembly in accordance with claim 8, wherein said first body portion has a
      plurality of circumferentially spaced slits formed therethrough, said
      slits extending longitudinally along at least a major part of the axial
      length of said first portion so as to form a plurality of cantilevered,
      resilient fingers which compressively spring bias the internal threads
      thereof against the mating threads of the lead screw, and wherein at least
      one circumferentially disposed groove is formed in the periphery of said
      fingers near said one body end, with a resilient, coaxially mounted
      compression spring partially seated therein.
NUM  11.
PAR  11. In a high speed printer wherein a print head is reciprocably driven
      back and forth along a linear path in close proximity to a print medium
      which engages and is driven by a rotatably controlled platen, and wherein
      a reversible inked ribbon interposed between the print head and the print
      medium transfers character images to and imprints them on said medium in a
      line-by-line manner while the print medium is drawn taut against the
      platen, said combination further comprising:
PA1  a rotatably driven lead screw;
PA1  guide means including at least one elongated guide rod;
PA1  a carriage mountable on and slidably movable along at least said one guide
      rod positioned parallel to said lead screw, said carriage having at least
      one side wall with an over-sized aperture formed therein and through which
      said lead screw axially passes without contact;
PA1  a drive nut mountable on said driven lead screw for linear translational
      movement therealong, said drive nut comprising an elongated body portion
      having a first threaded bore extending axially a predetermined distance
      inwardly from one end thereof, and a second unthreaded bore extending
      axially inwardly from the other end thereof and merging with said first
      threaded bore along an intermediate region of said drive nut, said second
      unthreaded bore having a diameter larger than the diameter of said lead
      screw so that said body is skewable slightly relative to the axis of said
      lead screw, and a peripheral groove formed near said other end of said
      drive nut;
PA1  resilient mounting means including a resilient O-ring dimensioned so that
      an inner annular portion thereof is seated under compressive force in said
      peripheral groove of said drive nut, said O-ring having an outer annular
      portion which is partially seated within an undercut groove formed in the
      peripheral edge of said aperture in said carriage side wall, said undercut
      groove being exposed at least to one side surface of said side wall, and
      the width of said O-ring being sufficient so that said O-ring protrudes
      outwardly a predetermined distance from said one side wall surface; and
PA1  first and second clamping plates, each having an over-sized central
      aperture through which said lead screw axially passes without contact,
      said first clamping plate having one side surface thereof biased firmly
      against an adjacent side surface of said apertured carriage side wall,
      with an annular portion of one side surface of said second clamping plate,
      surrounding said aperture therein, being resiliently biased in an
      adjustable manner against at least an annular portion of an outwardly
      protruding side surface of said O-ring so as to establish a controllable
      space therebetween, while resiliently securing said O-ring to said
      carriage side wall, the compressive force exerted on said O-ring by said
      clamping plates thereby determining, in part, the degree of resiliency
      exhibited by said O-ring in mounting said drive nut from said other body
      end, in a cantilevered manner, on said carriage, the axis of said drive
      nut being thereby slightly skewable relative to the axis of said lead
      screw, the O-ring minimizing any relative axial or radial displacement
      between said drive nut and lead screw axes, as well as between said drive
      nut and carriage side wall, and wherein said O-ring is made out of a
      plastic material exhibiting a viscoelastic characteristic so that any
      kinetic energy-imparted forces applied thereto by said carriage are at
      least substantially absorbed and dissipated in the form of heat.
NUM  12.
PAR  12. A high speed printer in accordance with claim 11, wherein said
      resilient O-ring is made out of a plastic material comprising a polyester
      base urethane, and wherein said first and second clamping plates are
      biased against said apertured carriage side wall and said resilient O-ring
      respectively by means of adjustable threaded fastening members, and
      wherein the threads of said drive nut are dimensioned relative to the
      threads of said lead screw so as to establish a predetermined degree of
      backlash therebetween.
NUM  13.
PAR  13. In a high speed printer in accordance with claim 11, said body portion
      of said drive nut further including a plurality of circumferentially
      spaced slits formed therethrough into said first threaded bore, with said
      slits extending longitudinally from said one end along at least a major
      part of the axial length of said first threaded bore so as to form a
      plurality of cantilevered, resilient fingers which compressibly spring
      bias the internal threads thereof against the mating threads of said lead
      screw, and wherein at least one circumferentially disposed groove is
      formed in the periphery of said fingers near said one end, with a
      resilient, coaxially mounted compression spring being partially seated
      therein.
NUM  14.
PAR  14. A lead screw driven, resiliently mounted drive nut and carriage
      assembly comprising:
PA1  a rotatably driven lead screw;
PA1  a carriage mountable on and slidably movable along at least one guide rod
      positioned parallel to said lead screw, said carriage having at least one
      side wall with an over-sized aperture formed therein and through which
      said lead screw axially passes;
PA1  a drive nut mountable on said driven lead screw for linear translational
      movement therealong, said drive nut comprising an elongated body portion
      having a first threaded bore extending axially a predetermined distance
      inwardly from one end thereof, and a second unthreaded bore extending
      axially inwardly from the other end thereof and merging with said first
      threaded bore along an intermediate region of said drive nut, said second
      unthreaded bore having a diameter larger than the diameter of said lead
      screw so as to define an annular space therebetween, and a peripheral
      groove formed near said other end of said drive nut; and
PA1  resilient mounting means including a resilient O-ring dimensioned so that
      an inner annular portion thereof is seated under compressive force in said
      peripheral groove of said drive nut, said O-ring having an outer annular
      portion which is partially seated within an undercut groove formed in the
      peripheral edge of said aperture in said carriage side wall, the width of
      said O-ring being dimensioned so as to protrude outwardly a predetermined
      distance from at least one surface of said carriage side wall, and said
      mounting means further including:
PA1  means for compressively clamping said O-ring to said carriage side wall
      such that said O-ring resiliently mounts said drive nut from said other
      body end,  in a cantilevered manner, on said carriage, the axis of said
      drive nut thereby slightly skewable relative to the axis of said lead
      screw, the O-ring minimizing any relative axial or radial displacement
      therebetween, as well as between said drive nut and carriage.
NUM  15.
PAR  15. A lead screw driven resiliently mounted drive nut and carriage assembly
      in accordance with claim 14 wherein said O-ring is made of a plastic
      material exhibiting a viscoelastic characteristic, and further exhibiting
      a durometer Shore hardness in the range of 60 to 95, and a Shore impact
      resilience by vertical rebound reading not exceeding eight percent, which
      results in any kinetic energy-imparted forces applied thereto by said
      carriage being at least substantially absorbed and dissipated in the form
      of heat.
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PAL  "The Tyranny of Qwerty", Charles Lekberg, Sat. Rev., Sept. 30, 1972, pp.
      37-40.
ABST
PAL  Orthogonal ten-finger keyboards are disclosed for typewriters, computer
      terminals, and other devices processing alphanumeric information that
      maximize entry rates and stroking accuracy--and minimize finger motions
      and the time needed to master the keyboard. The invention employs a
      plurarity of vertically oriented keys adjacent to horizontal home keys.
      The invention places five high frequency consonants on home keys under the
      fingers of the right hand; the space and four high frequency vowels on
      home keys under the fingers of the left hand; and ten medium frequency
      characters on adjacent vertical keys. Two-key chords executed by fingers
      of the same hand generate common two-character sequences belonging to the
      keys stroked. The keyboard is split into rotated halves containing curved
      key rows and slanted key tops of variable height to follow the
      architecture of the hand. The invention discloses optimum orthogonal
      keyboards for English, German, French, Italian, Spanish, Portuguese,
      Swedish, and Dutch.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to input keyboards for typewriters, computer
      terminals, and other devices processing linguistic information, and
      methods of designing optimum keyboards in any alphabetic language. An
      input keyboard may be defined as an array of keys operated by the fingers
      of both hands to transfer graphic characters and control instructions to a
      machine. The keyboard thus serves as an interface between a human operator
      and a machine handling alphanumeric symbols. The output may include, but
      is not limited to, visible characters on paper (typewriters), characters
      on a fluorescent screen (cathode ray tubes), holes in paper tapes or cards
      (tape perforators, card punches), or changes in the magnetization of tapes
      or disks (computer input stations).
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The universal (qwerty) typewriter keyboard used in Europe and America is a
      legacy of the manual typewriter invented a century ago. Its arrangement of
      letters and controls was fixed long ago before the advent of touch typing.
      The universal keyboard suffers from a number of defects. Its distribution
      of letters disregards variations in letter frequencies and the strength of
      individual fingers. The same arrangement is adopted for many languages,
      although the frequency of specific letters varies from language to
      language.
PAR  On the standard keyboard, the left hand executes more strokes and completes
      more complex finger motions than the agile right hand. Many intricate
      stroking sequences must be performed by the fingers of the same hand
      because common vowels and consonants are alloted to the same hand. The
      middle letter row is not a true home row because more strokes occur on the
      top letter row than on the middle row. The straight key rows consist of
      keys stggered on different rows that do not fit the hand. Horizontal key
      tops ignore differences in finger length--and the weak little fingers must
      operate shift and control keys at the edges of the keyboard.
PAR  Previous inventors have tried to correct these deficiencies. They have
      proposed splitting the keyboard into two separate halves, with curved key
      rows to fit the hand. They have suggested keys of variable height to
      compensate for differences in finger length, and have advocated moving
      shift and control keys to the center of the keyboard to be operated by the
      thumb or fourth finger. These innovations have not succeeded on the
      universal keyboard because its arrangement of letters leads to complex
      stroking patterns that mask any improvements due to geometric changes.
PAR  Inventors have sought to simplify stroking motions by setting common
      letters on home keys directly under the fingers, so a majority of strokes
      lie on the middle row, rather than the top letter row. They have
      distributed other letters so the number of strokes alloted to individual
      fingers varies according to their strength--the most strokes being made by
      the fourth finger, the least by the little finger. The most systematic
      effort in this direction was undertaken forty years ago by Dvorak and
      Dealey in U.S. Pat. No. 2,040,248. These inventors applied linguistic
      statistics to maximize successive strokes by alternate hands and to
      minimize successive strokes by the same finger.
PAR  Dvorak and Dealey developed a simplified keyboard for the English language
      based on the frequency of various two-letter combinations. They placed
      common vowels on the home row of the left hand, and common consonants on
      the home row of the right hand. They assigned other vowels, punctuation
      marks, and rare consonants to the left hand--and remaining consonants to
      the right hand. However, they retained the spacial configuration of the
      standard keyboard with its staggered keys in adjacent rows, and controls
      at the corners of the keyboard. (An attempt has been made to overcome
      these geometric limitations in U.S. Pat. 3,668,532.)
PAR  Accordingly it is an object of this invention to provide orthogonal input
      keyboards that contain vertically oriented keys adjacent to the home keys
      that may be operated by bending fingers resting on home keys toward the
      palm.
PAR  Another object of this invention is to provide optimum orthogonal keyboards
      for English, German, French, Italian, and Spanish.
PAR  Another object of this invention is to minimize finger motions by assigning
      high frequency letters to home keys, medium frequency characters to
      adjacent vertically oriented keys, and low frequency characters to
      remaining keys.
PAR  Keyboard Arrangement:
PAR  Input keyboards are disclosed containing orthogonally oriented surfaces
      that are suitable for electronic typewriters, CRT terminals, computer
      input stations, and other devices processing linguistic information. The
      invention outlines a systematic method of designing optimum keyboards in
      any alphabetic language that maximizes entry rates and stroking accuracy,
      and minimizes finger motions and the time required to learn the keyboard.
      The invention employs vertically oriented keys adjacent to the home keys
      that may be actuated by bending fingers resting on home keys toward the
      palm. The concave stroking surfaces of these vertical keys mirror the
      shape of bent fingers striking these keys.
PAR  The keyboard allots characters and controls to all ten fingers--utilizing
      the full stroking capacity of both thumbs by setting common characters
      under all ten fingers. The space key is placed on the left home thumb key,
      flanked by the carriage return key and a vowel key. A high frequency
      consonant is set on the right home thumb key flanked by two other
      consonants. The greater manual agility of the right hand is utilized by
      assigning consonants to the right hand--and  the space, vowel, and
      diacritical keys to the left hand. This division of characters insures
      that two out of three successive letters and spaces lie on opposite sides
      of the keyboard.
PAR  The speed of chord stroking is combined with the ease of serial input by
      employing two-key chords to generate common two-character combinations
      lying on the same side of the keyboard. Chords are produced by
      simultaneously striking key-pairs containing the characters appearing in
      frequent two-character sequences.
PAR  Keys are spacially arranged to fit the hand. The keyboard is divided into
      two separate halves. Each half is rotated about 15.degree., so the hand,
      wrist, and forearm lie in a straight line from the shoulders when fingers
      rest on the home keys. Key rows are curved to follow the shape of the
      hand. The thumb row is inclined to follow the thumb from flexure to
      extension. Key tops have variable height to compensate for differences in
      finger length. Key tops on the upper letter row are tilted for easy
      stroking from the home position. Stroking surfaces on the number row are
      vertically oriented, so they can be operated by a horizontal motion of
      extended finger tips.
PAR  The space and four high frequency vowels are on home keys directly under
      the fingers of the left hand. Five high frequency consonants are on home
      keys directly under the fingers of the left hand. These ten home-key
      characters correspond to the commonest characters in most European
      languages, and account for three out of four of the letters and spaces in
      typical texts.
PAR  Table 2 and Table 3 of the copending patent application Ser. No. 394,516
      list the frequency of the space and the five commonest vowels, and the
      frequency of the six commonest vowels, respectively, for English, German,
      French, Italian, and Spanish.
PAR  The four home-key vowels under the fingers of the left hand are: a, e, i,
      and o for English, Italian, Spanish, Portuguese, Swedish, and Dutch. The u
      replaces the o as a home vowel in German and French. The five high
      frequency consonants on home keys under the fingers of the right hand are:
      n, r, s, t, and d in German, Spanish, Dutch, and Portuguese. The h
      replaces the d as a home consonant in English; the l replaces the d in
      Italian, Swedish, and French.
PAR  Letters are distributed so common two-character sequences on the same side
      of the keyboard may be readily generated by operating the corresponding
      character keys simultaneously or sequentially. Letters are arranged on
      home keys so that important one-hand digraphs are stroked by adjacent
      fingers, or by the thumb and another finger. Medium frequency characters
      are set on adjacent vertical keys to facilitate input of significant
      one-hand digraphs involving vertical keys.
PAR  The number row is split into even and odd portions. Odd are assigned to the
      left hand--even digits to the right hand. Code and function keys are set
      between the split halves of the keyboard, so they can be actuated by the
      fourth finger. Diacritical keys generate diacritical signs in foreign
      languages, but do not advance the system in the horizontal direction. A
      single shift key is used to produce upper-case characters--acting on only
      a single character and automatically returning the system to lower-case
      operation. Striking the space and hyphen keys within a given number of
      spaces from the end of a line automatically advances the system to the
      next line.
PAR  The lower-case period generates the multiple characters needed to go from
      one sentence to another. Chord strokes generate the characters required to
      pass from one paragraph to another. Operating the lower-case comma, colon,
      or semi-colon keys automatically produces a space after each of these
      punctuation marks. Actuating the upper-case period and comma keys produces
      the period and comma needed in decimals, numbers, and abbreviations.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the orthogonal keyboard for the English language
      illustrating the location of letter and control keys, and the spacial
      division of the keyboard into two rotated halves containing curved key
      rows that follow the shape of the hand.
PAR  FIG. 2 is a cross-section through a home row taken along the line 2--2 of
      FIG. 1 illustrating the variable heights of key tops in a given row, and
      the inclined key tops outside the home position.
PAR  FIG. 3 is a cross-section through a thumb row taken along the line 3--3 of
      FIG. 1 illustrating the vertically oriented thumb key and the inclined
      thumb key outside the home position.
PAR  FIG. 4 is a cross-section through a vertical set of keys at the interior of
      the keyboard taken along the line 4--4 of FIG. 1 illustrating the inclined
      key tops outside the home position, and the vertically oriented keys on
      the number row and the lower letter row.
PAR  FIG. 5 is a top view of part of the orthogonal keyboard for the Spanish
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 6 is a top view of part of the orthogonal keyboard for the Portuguese
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 7 is a top view of part of the orthogonal keyboard for the Dutch
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 8 is a top view of part of the orthogonal keyboard for the German
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 9 is a top view of part of the orthogonal keyboard for the Italian
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 10 is a top view of part of the orthogonal keyboard for the Swedish
      language illustrating the location of the most important letters and
      symbols.
PAR  FIG. 11 is a top view of part of the orthogonal keyboard for the French
      language illustrating the location of the most important letters and
      symbols.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The optimum keyboards presented in this invention correct the shortcomings
      described above.
PAR  The keyboards of this invention employ orthogonal key surfaces and utilize
      the full stroking capacity of all ten fingers to actuate letter and
      control keys. The geometry of the hand fixes the spacial orientation of
      stroking surfaces--permitting keys to be operated by simple digital
      movements. Vertically oriented keys located next to horizontal home keys
      are actuated by bending fingers resting on home keys toward the palm.
PAR  Although optimum keyboards are disclosed for English and seven European
      languages, the orthogonal configuration may be fruitfully utilized for a
      much wider class of languages--especially when an extensive reportory of
      single key and chord strokes is needed to generate a large number of
      characters. Examples include the ideographic languages of Asia (Chinese,
      JHapanese, Thai), and the languages of India whose script is derived from
      the Devangari alphabet (Hindi, Tamil, Telegu). Another example is Arabic
      where the form of a letter depends on whether it stands alone, or appears
      at the beginning, interior, or end of a word.
PAC  THE ORTHOGONAL KEYBOARD
PAR  A copending patent application Ser. No. 394,516; filed Sept. 4, 1973)
      expounds the kinesthetic and linguistic principles underlying successful
      design for any alphabetic language. These principles lead to a key
      configuration that agrees with the architecture of the hand, and a letter
      arrangement based on a statistical analysis of character sequences
      occurring in the language. A major innovation is the use of all ten
      fingers to input letters and controls. Using the full motor capacity of
      both thumbs substantially simplifies finger motions and leads to higher
      entry rates and greater stroking accuracy.
PAR  The invention disclosed herein significantly extends the power and utility
      of the ten-finger keyboard by employing a set of vertically oriented keys
      adjacent to the home keys. One of these vertical keys is next to the home
      thumb key--the others are on the lower letter row. These vertical keys may
      be actuated by bending fingers resting on home keys toward the palm of the
      hand. The configuration may be described as a conformal orthogonal
      keyboard because key locations conform to the geometry of the human hand,
      and its vertically and horizontally oriented stroking surfaces are
      essentially perpendicular to each other.
PAR  Vertically oriented keys have been introduced previously on the number row
      of the ten-finger keyboard to permit numbers to be stroked by a horizontal
      motion of extended finger tips from the home position. In the present
      invention, vertically oriented keys adjacent to the home keys furnish ten
      easy stroking positions, one for each finger. These keys may be regarded
      as subsidiary home keys, since they may be operated almost as readily as
      the horizontal home keys. As a result, these two sets of characters may be
      interchanged with only a limited loss of input efficiency.
PAR  Adjacent vertical keys have concave stroking surfaces to mirror the
      cylindrical shape of fingers in the home position. These concave surfaces
      almost touch the fingers--shortening finger movements and permitting
      faster input and fewer errors. The concave surfaces distribute stroking
      impact over a larger area of the fingers and thumbs, cushioning impact
      when vertical keys are struck by fleshy parts of the thumb and fingers.
PAR  These vertical keys are easier to operate than horizontal keys in the same
      location. Striking horizontal keys in adjacent rows on conventional
      keyboards requires two distinct muscular movements. Fingers must be bent
      or extended from the home position until they are directly over the
      corresponding key; then they must be pressed down. In contrast, vertical
      keys adjacent to the home keys may be struck by simply bending fingers
      toward the palm. Since no judgment of distance is required, these keys can
      be operated more swiftly and accurately than horizontal keys in the same
      position.
PAR  Vertical stroking surfaces permit rapid serial or simultaneous entry of
      one-hand digraphs by adjacent fingers, even for keys in different rows
      because vertical keys may be actuated by simply bending the fingers.
      Vertical thumb keys are particularly useful because of the motor
      independence of the thumb and other fingers. Consequently a much larger of
      repertory of two-character sequences can be processed effectively on
      orthogonal configurations than on horizontal arrays because of the greater
      number of key combinations that can be readily stroked.
PAR  On the keyboards of this invention, stroking motions conform to the
      geometry of the hand. Bending fingers toward the palm to operate
      vertically oriented keys is a muscular movement that suits the structure
      of the hand. Because of its simplicity, fewer neural instructions must be
      transmitted from the brain to the fingers, which lightens the cerebral
      labor associated with keyboarding. Since one out of six characters lie on
      adjacent vertical keys, the introduction of vertical stroking surfaces
      significantly reduces the skills needed to process representative texts.
PAR  The orthogonal keyboard distributes motor alternatives more efficiently
      than horizontal arrangements. Five keys instead of six are alloted to the
      fourth finger of each hand--and only two common characters are assigned to
      the little finger of each hand. The presence of eight vertically oriented
      keys on the lower letter row results in thirty-eight primary stroking
      positions outside the number row--leading to greater input efficiency and
      more freedom in designing the keyboard.
PAR  Touch typing is acquired automatically because nine out of ten characters
      in typical texts occur on horizontal home keys or on adjacent vertical
      keys hidden from view. Kinesthetic obstacles associated with stroking
      two-key sequences in different rows are sharply reduced, particularly for
      home and adjacent vertical keys which account for 90% of the letters and
      spaces. As a result, entry rates are not effected by local variations in
      the frequency of individual letters and two-character combinations, due to
      statistical fluctuations or differences in the material being processed.
PAC  KEYBOARD GEOMETRY
PAR  The conformal orthogonal keyboard offers the advantages of vertical
      stroking, while retaining the spacial improvements of the ten-finger
      keyboard. Horizontal and vertical key positions are fixed in accordance
      with the architecture of the hand, so that individual strokes consist of
      simple motor movements from the home position. The association of vowels
      and consonants with opposite hands is reinforced by dividing the keyboard
      into separate halves. Curved key rows follow the shape of the hand.
      Straight key reaches from the home position expedite strokes to adjacent
      rows. Key tops of variable height compensate for variations in finger
      length and equalize strokes by different fingers. Inclined key tops on the
      upper letter row complement vertically oriented keys on the number and
      lower letter rows. Sloping key tops on the upper letter row and at the
      ends of the home row aid the return of the little and fourth fingers to
      their home position.
PAR  The orthogonal keyboard is split into two symmetric halves, one for each
      hand, as illustrated in FIG. 1: 11, 12. The half operated by the right
      hand is rotated clockwise about 15.degree.; the half operated by the left
      hand is rotated counter-clockwise about 15.degree.--so when fingers of
      each hand rest on their respective home keys 19, 20, 21, 22, 29, the
      forearm, wrist, and hand extending from the shoulder lie in a straight
      line on each side of the keyboard. This arrangement eliminates sources of
      muscular tension and magnifies the kinesthetic distinction between vowel
      and consonant strokes.
PAR  Key rows are set on curved convex arcs to follow the natural curvature of
      the hand (FIG. 1: 13, 14, 15, 16). Home keys 19, 20, 21, 22 on the home
      row 15 rest in trough. Key tops on the upper letter row 14 are inclined
      toward the home position. Stroking surfaces on the number row 13 and the
      lower letter row 16 are vertically oriented. Vertically oriented keys 25,
      26, 27, 28, 29 on the lower letter row 16 and the thumb row 17 are
      represented in FIG. 1 by boxes with heavy curved lines to indicate the
      concave stroking surfaces.
PAR  Keys are arranged in adjacent rows so that when fingers resting on home
      keys are straightened, they pass over the center of keys on the inclined
      upper letter row 14 and strike the center of vertically oriented keys on
      the number row 13. When fingers resting on home keys are bent, they strike
      the concave center of vertically oriented keys on the lower letter row 16.
PAR  The thumb row 17 is inclined to follow the thumb from flexure to extension.
      When the thumb, which normally rests on its side on its home key 30, is
      flexed toward the palm, it strikes the vertically oriented thumb key 29
      whose stroking surface mirrors the shape of the thumb striking this key.
      Other thumb keys, 31, 32, 33 slope toward the home thumb key, as
      illustrated by key 31 in FIG. 3. Keys alloted to other fingers cannot be
      mistakenly struck by the thumb because vertical keys on the lower letter
      row isolate the thumb from the rest of the keyboard. Similarly, other
      fingers cannot erroneously strike thumb keys because they are blocked by
      vertical keys on the lower letter row.
PAR  On the orthogonal keyboards of this invention, horizontal and inclined key
      tops on the home row and the upper letter row vary to compensate for
      differences in finger length, as illustrated in FIG. 2. The height of keys
      operated by the little finger 18, 19 are tallest, followed by keys
      operated by the fourth finger 22, 23, then by the second finger 20, and
      finally by the third finger 21.
PAR  Varying the height of individual fingers increases stroking speed and
      comfort, particularly for the little finger. Equalizing motor movements
      associated with individual fingers permits faster entry of one-hand
      digraphs when key-pairs are operated either simultaneously or sequentially
      fingers of the same hand. The variation of key heights on the home row
      supplies helpful tactile cues that enable operators to place their hands
      correctly on the home row without viewing the keyboard.
PAR  Stroking surfaces are inclined to facilitate input. (This is why vertical
      keys are described as vertically oriented.) Vertical keys on the number
      row slope away from the home row, as illustrated by key 24 in FIG. 4, to
      minimize the likelihood that finger nails will strike the number keys when
      they are stroked by a horizontal motion of extended finger tips from the
      home row. Vertically inclined surfaces on the number row also improve
      sight lines, aiding operators who use visual cues to enter numerical data.
PAR  Concave vertical stroking surfaces 25, 26, 27, 28 on the lower letter row
      16 slope away from the home row 15, as illustrated by key 28 in FIG. 4.
      This slope makes more room available for bent fingers resting on the home
      row, and insures that the stroking force exerted when fingers are bent
      toward the palm will be perpendicular to the vertically oriented surfaces.
      Sloping surfaces also decrease the chance that fingers will accidently
      strike the upper edge of adjacent vertical keys. Finally, inclined keys
      18, 23 on the outer and inner edge of the home row, and keys 36, 37 at the
      outer and inner edges of the upper letter row slope toward neighboring
      home keys, as illustrated by keys 18 and 23 in FIG. 2. These sloping keys
      expedite strokes at the edge of the keyboard, and assist the return of the
      little and fourth finger to their home position.
PAR  A code (or control) key is used on CRT terminals, word processing
      equipment, and other programmed devices to enable alphanumeric keys to
      transmit specialized instructions to the machine. For these keys to act in
      this mode, the code key must be depressed when these keys are struck. This
      process is simplified in this invention by setting the code key 24 in the
      center of the keyboard between the split key arrays, permitting the code
      key to be held down by the fourth finger of either hand. In addition, the
      code key can be readily identified kinesthetically because it has a raised
      cylindrical surface, as shown in FIG. 2.
PAR  Input keyboards on programmed devices contain function keys controlling the
      system. These keys 38, 39, 40, 41, are located in the center of the
      orthogonal keyboard, so they can be actuated by the fourth finger without
      moving hands from the home position, which is impossible on solid key
      arrays. Additional function keys may be accomodated in the middle of the
      keyboard by shifting the split key arrays further apart, without impairing
      the alignment between the curved key rows and hands resting on home keys.
      Finally, function keys at the outer edges of the keyboard may be placed
      next to the alphabetic keys, since the shift, tab, and carriage return
      keys are not at the outer boundary of the keyboard.
PAC  CHARACTER ARRANGEMENT
PAR  A copending patent application (Ser. No. 394,516) discusses the general
      principles of optimum keyboard design based on linguistic statistics.
      These principles secure rapid input by maximizing successive strokes on
      home keys and on alternate hands, and minimizing successive strokes by the
      same finger. Consonants are alloted to the right hand--and vowels,
      punctuation marks, diacritical signs, and rare consonants to the left
      hand. Five high frequency consonants are placed on the home keys of the
      right hand. The space and four high frequency vowels are set on the home
      keys of the left hand. Letters are arranged so common digraphs may be
      stroked by the thumb and another finger, or by adjacent fingers on the
      home row. Other characters ae distributed so that frequent sequences on
      the same hand may be stroked by simple motions. Digits are arranged on the
      number row so odd digits are keyed by the left hand, and even digits by
      the right hand.
PAR  Stroking patterns are governed by the two-character sequences (digraphs)
      occurring in the language. Their frequency may be determined by counting
      digraphs in a representative sample (100,000 letters and spaces). Such
      linguistic information is presented for the English language in Table 1,
      based on a computer count of one million words containing 5.7 million
      characters.
PAR  Determining the optimum letter arrangement on the orthogonal keyboards of
      this invention is simplified by the large number of easy stroking
      positions. 26 out of the 38 primary stroking positions outside the number
      row may be readily stroked. They consist of 10 home keys under the
      fingers; ten adjacent vertical keys; two keys at the inner edge of the
      home row operated by the fourth finger; and four keys on the upper letter
      row operated by the third and fourth fingers. In contrast, the standard
      keyboard with its horizontal key tops and straight key rows has only
      fifteen easily stroked keys distributed on nine fingers, since the left
      thumb is not used.
PAR  On orthogonal keyboards, a wide range of character sequences may be
      processed efficiently without impairing input rates because of the large
      number of easy stroking positions. Individual strokes are concentrated on
      home and adjacent vertical keys, since high frequency letters are assigned
      to home keys, and medium frequency letters to vertical keys. In English
      and major European languages, home-key characters account for about 75% of
      the letters and spaces in representative texts. Another 15% occur on
      adjacent vertical keys, so that approximately 90% of the characters occur
      on home and adjacent vertical keys that can be stroked quickly and
      accurately.
PAR  Characters are arranged in accordance with the strength and dexterity of
      individual fingers. More strokes are alloted to the thumb and fourth
      finger than to the weaker little and second fingers. Letters on each row
      are distributed to minimize the number of successive strokes by the same
      finger, and to permit common two-character sequences to be readily
      executed by the fingers of the same hand.
PAR  The same general procedure may applied to any alphabetic language whose
      digraph frequencies are known. The process is explained in detail for the
      English language using the linguistic data in Table 1. (The percentages
      given after individual letters are taken from the column totals of Table
      I; the numbers after specific digraphs record their frequency per 100,000
      letters and spaces.)
PAR  The optimum character arrangement for the English language is shown in FIG.
      1. The vowels o, i, e, and a are assigned to the little, second, third,
      and fourth fingers of the left hand, respectively. This choice permits the
      digraphs io (447), ie (230), ei (109), and ea (472) to be stroked by
      adjacent fingers. The space key is set directly under the left thumb
      because it is the commonest character, and more words start or end with
      consonants than with vowels. The carriage return is alloted to the left
      thumb, since a carriage return replaces a space at the end of a line. The
      u (2.3%) is assigned to the vertically oriented thumb key, since a u
      seldom begins or ends a word. The y (1.4%) is alloted to the second finger
      on the lower letter row because it rarely appears with the i. Employing
      vertical stroking surfaces permits the common digraphs ou (634) and
      y-space (1027) to be swiftly processed by sequential or simultaneous
      strokes.
PAR  Since one word in six ends in e--and a shift stroke follows a space--the
      shift is placed on the lower letter row, actuated by the same finger as
      the e to reduce the number of successive strokes by the third finger. The
      period and comma are also on the lower letter row, since they are seldom
      preceded by an a or an o. Setting the period and comma on vertical keys at
      the ends of the lower letter row makes it easy to remember the location of
      these keys.
PAR  The j is assigned to the second finger of the left hand, and the x to the
      fourth finger on the upper letter row, for swift entry of the digraphs
      space-j (95) and ex (122). The z is at the outer edge of the home row,
      since it rarely combines with the o. The spacial separation of the j, x,
      and z, which are stroked by different fingers, reduces the likelihood that
      these rare characters will be mistakenly interchanged.
PAR  Similar considerations govern the placement of consonant keys on the right
      hand. The n is the home thumb key because it forms many common digraphs
      with other consonants, including nc, nd, ng, ns, and nt. The r, s, t, and
      h are keyed by the little, second, third, and fourth fingers,
      respectively, so the digraphs rs (270), st (720), and th (2337) may be
      struck by adjacent fingers. The c (2.6%), d (3.3%), and the g (1.6%) are
      on vertical keys on the lower letter row to expedite entry of nc (244), ch
      (378), ct (247), nd (664), and ng (664). The l (3.4%) is placed on the
      vertically oriented thumb key, because an l rarely occurs with an n, and
      appears frequently in the digraphs ld (202) and bl (155). Finally, the w
      (1.5%) is set on the upper letter row near the  h for rapid entry of wh
      (258).
PAR  The large number of easy stroking positions substantially lightens the
      kinesthetic load on the little finger. On the English language keyboard,
      each little finger is responsible for only one high frequency letter (o on
      the left hand; r on the right hand), and one medium frequency character
      (comma on the left hand; g on the right hand). Each little finger is
      alloted two additional rare characters (z and colon on the left hand; q
      and double quotation marks on the right hand). Learning these rare
      characters is simplified because they are symmetrically located on
      opposite sides of the keyboard.
PAR  Digits on the number row are grouped in odd and even sequences keyed by the
      left and right hands, respectively. Assigning digits sharing a common
      characteristic (eveness and oddness) to a specific hand imitates the
      procedure of alloting letters possessing a common linguistic feature
      (vowels and consonants) to a specific hand. This arrangement allows each
      hand to be associated with a particular group of digits, which increases
      the speed of numerical input and shortens the time needed to learn the
      number row.
PAR  The orthogonal keyboard for the English language has thirty-eight primary
      stroking positions outside the number row. This enables the number row to
      be reduced from 12 to 10 keys, and permits the little finger to be
      responsible for only one rare character on the number row (slash by the
      left hand; one-half by the right hand). The digits zero and one are set at
      opposite ends of the upper letter row, reducing the reach required to
      strike these digits. Placing the zero and one closer to the home position
      is desirable, since these numbers occur twice as often as other digits.
PAC  CHORDING
PAR  Simultaneous operation of a pair of keys to produce a fixed output has been
      used for a long time on stenographic machines, telegraphic terminals, and
      chord typewriters to reduce the number of keys needed to generate a given
      set of characters. What is novel in this invention is the production of
      nearly all the common one-hand digraphs in a language by simultaneously
      actuating the two keys containing the characters in these digraphs.
PAR  A copending application (Ser. No. 394,516) discusses the advantages of
      employing chords to generate one-hand digraphs. On the ten-finger
      keyboard, high frequency digraphs are produced by chording a pair of home
      keys. On orthogonal keyboards, a much larger repertory of digraphs are
      generated by two-key chords. Excessive manual dexterity is not required
      because home keys and vertically oriented keys may be readily actuated at
      the same time. On the English language keyboard, ilustrated in FIG. 1,
      chords composed of a home key and a vertical key produce such common
      sequences as y-space, ou, nc, nd, ch, and ct.
PAR  Specific chords are easy to learn because their output coincides with keys
      struck simultaneously. Therefore they differ from chorded keyboards where
      the output of keys operated simultaneously is not directly related to the
      output produced when keys are struck sequentially. On the orthogonal
      keyboards of this invention, two possible digraphs can be produced by each
      key-pair. The digraph actually generated is the one appearing more often
      in the language. Chorded digraphs may be readily identified because the
      frequency of successive characters differs sharply depending on their
      order, especially for vowel-vowel and consonant-consonant combinations.
      This follows from the phonetic origin of language.
PAR  Letters are connected with specific phonemes (sounds) that tend to occur
      more frequently in the beginning or end of words, and much more often in
      either the initial or terminal positions of vowel-vowel and
      consonant-consonant combinations. (In English, an e ends a word much more
      often than an e begins a word--and ou, dn, and ch appear far more
      frequently than uo, dn, or hc.) As a result, operators can readily
      associate the output of a specific chord with a particular digraph, and
      identify the output of a pair of successive characters appearing in a text
      they are processing as a digraph that may be chorded.
PAR  Since the movement of each hand is governed by a different part of the
      brain, grouping consonants on one side of the keyboard, and the space and
      vowels on the opposite side, make it easier to associate particular chords
      or individual key strokes with a specific hand. Left hand motions are
      controlled by the right hemisphere of the brain--right hand motions by the
      left hemisphere of the brain-- so that strokes made by each hand may be
      processed independently. One hand can prepare for a stroke while the other
      hand is striking a key. This cerebral division of motor activity provides
      the neurological basis for chain stroking in which the fingers of one hand
      prepare for a stroke while the fingers of the other hand are completing a
      stroke. Such parallel cerebral processing explains why successive strokes
      may be executed more rapidly by alternate hands than by the same hand.
PAR  On the orthogonal keyboards of this invention, characters are arranged to
      maximize alternate-hand strokes. This alternation is increased by
      employing one-hand chords to generate frequent digraphs composed of
      characters on the same side of the keyboard. Triple strokes by the same
      hand rarely occur on English and Romance language keyboards because of the
      predominant alternation of vowels and consonants. For practical purposes,
      such triple strokes may be neglected--and finger motions treated as a
      series of alternate-hand sequences composed of single key strokes and
      one-hand chords. (This approximation may also be adopted for German,
      Swedish, and Dutch, even though more one-hand trigraphs occur in these
      languages.)
PAR  The prevalence of alternate-hand motions permits cerebral control to switch
      back and forth between opposite hemispheres of the brain, with only one
      hemisphere engaged at a time. Such parallel processing is impossible on
      chord typewriters and stenographic machines whose chords consist of keys
      located on opposite sides of the keyboard.
PAR  On the keyboards of this invention, letters are arranged so most strokes
      lie on home keys, and most successive strokes are on alternate hands. As a
      result, fingers follow a fixed geometric trajectory, starting from a home
      position to strike individual keys or key-pairs. Since this trajectory is
      essentially independent of preceding characters, each chord may be learned
      as a distinct, invariant kinesthetic motion executed by fingers of the
      same hand.
PAR  Chorded digraphs are seldom mistaken for reverse digraphs, since the
      frequency of vowel-pairs and consonant-pairs differ greatly depending on
      the order of the letters. Furthermore, a relatively small number of
      two-character combinations account for a large proportion of the one-hand
      digraphs appearing in representative texts. This agrees with fundamental
      principles of information theory (as explained in a copending patent
      application) which require that individual letters and digraphs appear
      with varying frequency in order for character sequences to transmit
      information efficiently.
PAR  These conclusions may be verified for languages whose digraph frequencies
      are known. In particular, they may be confirmed for the English language.
      The ratio of chorded to reverse digraphs is given below for the English
      language keyboard illustrated in FIG. 1. The frequency of chorded digraphs
      (per 100,000 letters and spaces) is recorded in the numerator; the
      frequency of serially stroked digraphs in the denominator. These digraphs
      are grouped according to their frequency and distribution on the keyboard.
      (In these ratios, the space is represented by a hyphen.)
      ##EQU1##
      Double Letters: ee = 271: oo = 178
      ##EQU2##
      Double Letters: 11 = 417; ss = 250; tt = 128; pp = 99; ff = 92
PAR  In this list of chords and reverse digraphs, T refers to a thumb character
      (space or n), H stands for a home key character, V for a letter on a
      vertically oriented key, and I for a letter on an inclined key. The
      digraphs e-period and e-comma, produced by chording a home and a
      vertically oriented key, should be added to this list of chords, since a
      period or a comma is attached to about one word in ten in typical texts,
      so that each of these digraphs appears about 170 times in every 100,000
      characters.
PAR  The digraph ratios listed above reveal that chorded digraphs (in the
      numerator) occur far more often than reverse digraphs (in the
      denominator). Consequently chorded digraphs are not confused
      kinesthetically with serially stroked reverse digraphs. The ratio of these
      digraphs is less than three in only two cases: (ie/ei) and (-o/o-). In
      other cases, the ratio is much greater, so that chorded and reverse
      digraphs are clearly distinguished. Only one key-pair (r, t) is not
      chorded because a pair of comparable digraphs [tr (255) and rt (225)] may
      be generated by the same pair of keys.
PAR  The more agile right hand executes more chords than the left hand.
      According to the list of chords given above, the left hand is responsible
      for 15 chords: nine on two home keys, and six involving one home key. The
      right hand is responsible for twenty-eight chords, or almost twice as
      many. Nine of the right hand chords are on two home keys; ten involve one
      home key; and nine are independent of the home keys.
PAR  Chords are utilized, even for digraphs of moderate frequency, because
      chording does not effect serial operation of the keyboard. Chording leads
      to faster input and greater accuracy. Each chord generates two characters
      and replaces two separate finger motions. Common chords are produced by
      striking a pair of keys at the same time, which is simpler than ordering
      two separate strokes temporally. Chording also reduces exchange errors
      during rapid input when a pair of keys are struck almost simultaneously in
      the wrong order. The chorded output under these conditions corresponds in
      most cases to the correct character sequence, since the chorded digraph
      appears much more often than the reverse digraph.
PAR  Although 389 one-hand digraphs could be theoretically formed from the
      arrangement of space and letter keys shown in FIG. 1 for the orthogonal
      English keyboard, 149 of these digraphs occur less than once in every
      70,000 characters. Only about sixty of the possible one-hand digraphs
      appear with substantial frequency, and most of these digraphs may be
      chorded. Although about four dozen keypairs are chorded, a dozen of these
      chords account for two-thirds of the chorded digraphs and half of the
      one-hand digraphs in representative texts. Therefore mastering a small
      number of chords significantly increases input rates.
PAR  On the keyboards of this invention, the dash, which is a common punctuation
      mark represented by two hyphens, is generated by holding down the hyphen
      key. Double letters are produced automatically by holding down the
      corresponding letter key. Producing double letters by depressing a letter
      key is faster than striking a letter twice with the same finger. Because
      of its simplicity, this procedure of generating double letters is employed
      for the entire alphabet (with the possible exception of the x which may be
      made a repeat key). This method may be mastered by practicing a few
      specific double letter combinations--since the same procedure is used for
      the whole alphabet, and experimental studies reveal that operators
      mentally encode double letters as a single linguistic unit.
PAR  One-hand digraphs are produced by holding down a key to generate a double
      letter, or by striking a pair of keys simultaneously to produce a digraph
      containing two different characters. Since characters are converted into
      coded signals on electronic keyboards, chording essentially determines the
      order in which a pair of characters are recorded by the system. Special
      coding of individual strokes is not needed, since the keys of both
      characters in the digraph are actuated at the same time to complete the
      chord. This simplifies the circuitry required on the keyboards of this
      invention, and permits chord stroking to be added to keyboards originally
      designed for serial input.
PAR  The keyboard must be buffered, however, to enable the machine to determine
      whether a pair of key strokes should be recognized as a single chord or a
      pair of separate strokes. If two strokes occur within a given time
      interval, the strokes are treated as a single chord. The resulting time
      delay does not lower processing rates as long as the sum of the time delay
      and the mean character input time is less than the machine output time for
      successive characters.
PAR  Vertically oriented keys allow frequent one-hand digraphs to be readily
      processed by successive strokes. Therefore the orthogonal configuration
      may be efficiently employed on devices, such as electric typewriters,
      where keys are operated serially. Swift input is encouraged because the
      full stroking capacity of all ten fingers is utilized--and characters are
      distributed to maximize alternate-hand strokes on home and adjacent
      vertical keys.
PAR  Individuals trained on serial keyboards can operate chorded keyboards by
      stroking keys sequentially. They can also quickly learn the chords
      employed on electronic keyboards, since these chords consist of key-pairs
      containing the characters occurring in common digraphs. Conversely,
      individuals trained on chorded keyboards can operate serial keyboards, if
      these keyboards are provided with an interlock that prevents more than one
      key from being struck at time.
PAC  THE PROGRAMMED KEYBOARD
PAR  The keyboards of this invention are designed to transmit programmed
      instructions to a machine in response to a single key or chord stroke when
      these keyboards are attached to sophisticated devices such as CRT
      terminals, electronic typewriters, word processing equipment, and computer
      input stations. The electronic circuitry of these devices can convert key
      strokes into a desired output, and simplify the entry of linguistic
      information by replacing repetitive sequences executed by human operators
      with machine commands completed automatically.
PAR  Orthogonal keyboards utilize a single shift to produce uppercase
      characters. This shift key, which is assigned to the third finger (except
      for German and Italian), acts on a single character and automatically
      returns the system to lower-case operation after an upper-case character
      has been generated. This allows shift and upper-case character keys to be
      stroked sequentially. A shift key acting on a single character is
      effective because a lower-case character nearly always follows an
      upper-case character. (An exception occurs in Spanish where sentences may
      start with an inverted question mark, or exclamation point.) Since most
      capitals are consonants, the shift key is located on the vowel side of the
      keyboard. This in turn indicates that common upper-case symbols on the
      number row ($, %, =) should be placed on the opposite side of the keyboard
      so they can be entered by alternate-hand strokes.
PAR  Capitals may be inputed rapidly because there is only one shift key, and
      the sequence (space, shift) can be easily completed by the thumb and third
      finger of the left hand. A single shift is sufficient to produce
      upper-case characters on electric typewriters that employ orthogonal
      stroking surfaces and the optimum letter arrangements of this invention.
      If the shift key disengages after each stroke, the shift and capital keys
      may be struck serially. If a conventional key is retained, the third
      finger can depress the shift key while another finger strikes an
      upper-case character.
PAR  On the programmed keyboards of this invention, a single stroke replaces the
      fixed sequence occurring after certain punctuation marks. An example is
      the transition from one sentence to another, which usually requires a
      period, two spaces, and a shift. These four strokes are generated
      automatically by a lower-case period--eliminating three superfluous
      strokes. The period needed in decimals and abbreviations is generated by
      an upper-case period, which can be produced readily on the English
      keyboard by two serial strokes, since the shift and period lie side by
      side on vertical keys on the lower letter row.
PAR  Actuating the lower-case comma, colon, or semi-colon keys automatically
      generates a space after each of these punctuation marks. The comma
      required in numbers and quotations is generated by stroking an upper-case
      comma, or by striking the back space key (which can also delete the space
      after a colon or a semicolon).
PAR  A single chord replaces the fixed sequence of strokes needed to go from one
      paragraph to another. The chord (shift, period) actuated by the third and
      fourth fingers produces the sequence (period, carriage return, tab, and
      shift). This chord may be readily stroked because the shift and period
      keys lie side by side. A different chord (period, comma) executed by the
      little and fourth fingers produces the sequence (period, two carriage
      returns, and a shift) required to pass from one paragraph to another in
      single-spaced business letters. These two chords are easy to remember
      because they involve simultaneous operation of the period key and another
      vertical key on the lower letter row.
PAR  The carriage return key does not have to be struck at the end of each line
      on the orthogonal keyboard. When a space or hyphen key is actuated within
      a given number of spaces from the end of a line (which may be varied), the
      machine automatically generates a carriage return. Therefore the thumb
      does not have move from its home position to strike the carriage return
      key, which is usually necessary every 60 to 75 characters on conventional
      keyboards. This automatic carriage return may be deactivated by operating
      the margin release key to permit data input to continue to the end of the
      line.
PAR  Characters are stored internally in the machine (rollover) and played out
      after the system has passed from one line to the begining of the next one.
      This avoids the danger of losing characters while the machine is changing
      lines, and allows operators to continue keyboarding while the system is
      shifting lines. Internal character storage, which is often utilized on
      electronic keyboards, enables a chord to be entered by one hand while the
      machine is processing a chord stroked by the opposite hand. Since each
      chord produces two or more characters, internal storage allows input to
      approach maximum machine output when these rates are comparble.
PAR  The amount of programming employed will depend on the device to which the
      keyboard is attached. Programming requirements differ for CRT terminals,
      electronic typewriters, word processing equipment, paper tape perforators,
      and computer input stations. Likewise, the electronic means of translating
      chords into multiple characters will vary, depending on the device
      attached to the keyboard. However, programming may be readily incorporated
      on orthogonal keyboards because only a limited set of simple instructions
      are utilized.
PAC  NUMERICAL ANALYSIS
PAR  The distribution of stroking motions on the English language keyboard may
      be determined from the digraph frequencies recorded in Table 1. It follows
      from these frequencies that 75.2% of the letters and spaces lie on home
      keys directly under the fingers; another 16.5% are on adjacent vertical
      keys; and 8.2% on remaining letter keys. Out of this 8.2%, only 3.1% lie
      on keys which may be awkward to strike, while 5.1% are on easily stroked
      keys. Consequently assigning characters to all ten fingers on orthogonal
      stroking surfaces insures that most keys will be readily actuated. This
      conclusion is reinforced because these figures do not include period,
      comma, and shift strokes, which occur on adjacent vertical keys that can
      be struck by simply bending fingers toward the palm.
PAR  Vertically oriented stroking surfaces permit a large group of one-hand
      digraphs to be chorded. The distribution of these chords in different rows
      is tabulated in Table 2. Although these one-hand digraphs account for
      31.9% of the letters and spaces, three-fourths of these digraphs (24.2%)
      can be chorded. Only a fourth (7.7%) require sequential strokes by fingers
      of the same hand. As a result, only one digraph in 13 must be generated by
      striking two keys in succession on the same side of the keyboard, which is
      slower than a chord or a pair of alternate-hand strokes.
PAR  Chords and serial strokes are almost evenly divided between the left and
      right hands--mirroring the even division of individual letters and spaces
      on the two hands. Although both hands essentially execute the same number
      of chord and serial strokes, Table 2 reveals that the more agile right
      hand performs a much wider range of motions. A dozen consonants assigned
      to the right hand occur with substantial frequency, whereas only the space
      and five vowels appear often on the left hand.
PAR  Left hand chords on two home keys account for 9.6% of the letters and
      spaces; 2.5% involve one home key; and none are on two outside keys.
      Serial strokes include 2.4% on two home keys; 2.5% involve one home key;
      and only 0.1% are on two outside keys. Consonant digraphs processed by the
      right hand exhibit a much greater variety of motions. Right hand chords on
      two home keys account for 5.0% of the letters and spaces; 5.9% involve one
      home key, and 0.4% are on two outside keys. Serial strokes include 0.9% on
      two home keys; 2.5% involve one home key; and 0.4% are on two outside
      keys.
PAR  Each chord generates two characters by a single kinesthetic movement. Since
      chording produces 24% of the letters and spaces on the orthogonal
      keyboard, chording eliminates a quarter of the separate stroking actions
      required on a conventional keyboard. Additional strokes are eliminated by
      actuating the lower-case comma and period keys to produce a comma followed
      by a space, and a period followed by two spaces and a shift, respectively.
      Consequently chording leads to faster input by reducing the number of
      separate stroking responses and decreasing the time required to complete
      individual motions.
PAC  FOREIGN LANGUAGE KEYBOARDS
PAR  The procedure used to determine the optimum character arrangement on the
      orthogonal English keyboard can be applied to other alphabetic languages.
      Since the method has been described in detail for English, only selected
      features will be noted for the foreign keyboards illustrated in FIGS. 5
      through 11.
PAR  Diacritical marks are generated by "dead" keys that produce the diacritical
      marks, but do not advance the system in the horizontal direction. Using a
      separate key for each diacritical sign allows these signs to combine with
      a variety of letters and reduces the number of keys needed. Letters with
      diacritical signs are generated by operating the corresponding diacritical
      and letter keys as chords, or by stroking them serially. Capitals
      containing a diacritical mark may be entered by a single shift stroke,
      since upper-case diacritical keys do not return the system to the lower
      case. Similarly, a single shift stroke is sufficient for interrogatory or
      exclamatory sentences in Spanish because the inverted question mark or
      inverted exclamation point appearing at the beginning of these sentences
      do not return the system to lower-case operation.
PAR  Determining the optimum letter arrangement is simplified by the presence of
      vertically oriented keys adjacent to the home keys. Individual letter
      frequencies essentially determine the row on which a letter appears. High
      frequency characters are set on home keys, medium frequency letters on
      adjacent vertical keys, and low frequency characters on remaining keys.
      The distribution of letters on a given row is governed by one-hand digraph
      frequencies in the language, since characters are arranged to minimize
      successive strokes by the same finger and to facilitate chording one-hand
      digraphs. Table 2 lists some of the principal one-hand digraphs on
      orthogonal keyboards for German, French, Italian, Spanish, Portuguese,
      Swedish, and Dutch.
PAR  Approximately 75% of the characters on these keyboards lie on home
      keys--and about 15% on adjacent vertical keys--so that nine out of ten
      characters are concentrated on home and adjacent vertical keys. This
      concentration is due to the similarity in the cumulative frequency
      distribution of ranked characters in major European languages. This
      similarity is exhibited in a copending patent application, which tabulates
      the frequency of leading characters in six European languages. The
      cumulative frequency of the ten home-key characters in these languages
      differ by only a few percent, reflecting their common linguistic ancestry
      and their evolution as efficient alphabetic codes transmitting
      information.
PAR  On the orthogonal keyboard, individual letter frequencies and major
      one-hand digraphs determine the basic character arrangement. The large
      number of easy stroking positions enables a wide variety of sequences to
      be accomodated effectively. Diacritical signs, which are common in the
      Romance languages (French, Italian, Spanish, and Portuguese), are placed
      on the vowel side of the keyboard so that vowels appearing with
      diacritical signs may be readily processed.
PAR  Orthogonal stroking surfaces permit rapid entry of the numerous
      consonant-consonant digraphs occurring in German, Swedish, and Dutch. Most
      of these digraphs are efficiently processed by chord or sequential strokes
      on horizontal home keys and adjacent vertical keys. Thus the c and the h
      in German are on vertical keys actuated by the third and fourth fingers of
      the right hand--allowing operators to chord the frequent digraph ch by
      bending their fingers toward the palm, and to enter the important
      trigraphs sch and cht by chording the ch and striking the horizontal s or
      t key.
PAR  Many European languages contain extremely rare letters that appear only in
      words of foreign origin. The k and w are examples in the Romance
      languages. Such rare letters are listed in Table 2. While it is desirable
      to include these very rare letters on foreign keyboards, they occur so
      infrequently (less than 0.1% each) that their location on the keyboaard
      does not effect entry rates. Consequently these letters are not shown on
      the foreign language keyboards illustrated in FIGS. 5 through 11.
PAR  The statistical properties of character sequences fix the optimum letter
      arrangement on foreign orthogonal keyboards. Variations in the letter and
      digraph frequencies account for differences in keyboard arrangement. Since
      nearly all Italian words end in vowels, the period and comma keys are
      grouped with the consonants on the Italian keyboard to increase the number
      of strokes on alternate hands. The shift key in Italian is alloted to a
      vertical key operated by the fourth finger to enable the accent acute ()
      and the accent grave () to be actuated by the third finger. This choice
      allows these diacritical marks to be readily combined with the i and the e
      stroked by the second and third fingers, respectively.
PAR  The umlaut () in Swedish is on a vertical thumb key because it appears more
      often than the u. The umlaut in German is on a vertical key assigned to
      the same finger as the e, because the umlaut does not occur with the e.
      Since all nouns are capitalized in German, the shift key is on a vertical
      key operated by the fourth finger. This permits the frequent sequence
      (space, shift) to be chorded by the thumb and fourth finger, which is
      desirable due to the large number of capitals in German.
PAR  Such considerations govern the distribution of letters and symbols on the
      foreign keyboards of this invention. The orthogonal configurations shown
      in FIGS. 5 through 11 have been derived by applying linguistic statistics
      and the kinesthetic principles outlined for the English keyboard--leading
      to keyboards that minimize finger motions and maximize input rates.
PAC  KEYBOARD TRAINING
PAR  Since a keyboard is an interface between a human operator and a machine,
      the efficiency of a new key arrangement depends on the ease that operators
      of average ability can master the keyboard and attain high entry rates. A
      copending patent application describes how instruction can capitalize on
      the motor independence of finger motions on optimum keyboards by
      practicing simple movements separately, and then combining these motions
      to process representative texts. These training methods may be
      significantly extended on the keyboards of this invention, since
      orthogonally oriented key surfaces provide a closer fit between stroking
      motions and the functional structure of the hand. This congruence
      eliminates the necessity of mastering complex muscular movements, and
      allows instruction to concentrate on reinforcing associations between
      visual stimuli and digital responses.
PAR  Practice exercises can focus initially on alternate-hand strokes on
      horizontal home keys and adjacent vertically oriented keys, beginning with
      keys at the edge of the hand operated by the thumb, fourth, and little
      fingers that are easiest to distinguish kinesthetically--and progress to
      keys in the middle of the hand operated by the second and third fingers.
      Since home and adjacent vertical keys account for 90% of the letters and
      spaces in typical texts, mastery of these keys leads to rapid acquisition
      of keyboard facility.
PAR  Chords may be learned quickly after individual key strokes have been
      mastered, since they consist of simultaneously actuating a pair of
      conveniently located keys containing the characters in common digraphs.
      Arbitrary key combinations do not have to be memorized--and the number of
      chords learned can be increased gradually as input rates rise, since
      digraphs of moderate frequency may be generated by striking the
      appropriate keys sequentially.
PAR  Training methods developed for English may be utilized on the foreign
      keyboards of this invention, because the distribution of individual key
      strokes is similar on these keyboards. Exercises can begin with home and
      adjacent vertical keys, proceed to other keys, and conclude with chord
      strokes. Training exercises may be partitioned according to the
      kinesthetic motions involved, permitting stroking responses to be mastered
      swiftly and efficiently.
TBL                                    Table 1                                 
     __________________________________________________________________________
     English Digraph Frequencies                                               
     per 100,000 Letters and Spaces                                            
     __________________________________________________________________________
         Second                                                                
     First                                                                     
         --   a    b    c    d    e    f    g    h                             
     --  0    2010 805  843  528  426  714  300  949                           
     a   498  1    140  286  284  6    46   132  8                             
     b   19   109  10   0    1    389  0    0    0                             
     c   92   331  0    41   0    396  0    0    378                           
     d   1835 104  2    1    32   478  1    20   3                             
     e   3524 472  15   275  813  271  96   72   16                            
     f   750  111  0    0    0    150  92   0    0                             
     g   546  100  1    0    1    240  1    20   176                           
     h   472  653  4    2    1    2139 1    0    1                             
     i   106  151  55   419  220  230  126  175  1                             
     j   2    17   0    0    0    29   0    0    1                             
     k   163  13   1    0    0    181  2    1    3                             
     l   556  322  5    6    202  555  41   4    1                             
     m   297  362  61   3    0    519  3    1    0                             
     n   1530 196  3    244  851  481  34   664  7                             
     o   737  50   62   97   121  29   686  52   16                            
     p   108  197  0    0    0    302  1    0    53                            
     q   0    0    0    0    0    0    0    0    0                             
     r   1030 408  17   67   124  1168 20   60   12                            
     s   2248 153  6    93   5    558  9    1    235                           
     t   1641 331  2    27   1    749  5    1    2337                          
     u   66   77   57   108  59   85   12   94   1                             
     v   6    75   0    0    0    534  0    0    0                             
     w   160  327  1    0    3    247  1    0    258                           
     x   22   15   0    16   0    11   0    0    2                             
     y   1027 12   6    6    3    77   1    1    1                             
     z   5    14   0    0    0    35   0    1    0                             
     Totals                                                                    
         17,607                                                                
              6,627                                                            
                   1,264                                                       
                        2,561                                                  
                             3,269                                             
                                  10,294                                       
                                       1,922                                   
                                            1,607                              
                                                 4,479                         
     __________________________________________________________________________
         Second                                                                
     First                                                                     
         i    j    k    l    m    n    o    p    q                             
     --  1187 95   88   414  693  378  1248 687  34                            
     a   230  6    75   649  185  1270 3    117  1                             
     b   66   11   0    155  2    0    142  0    0                             
     c   155  0    110  97   1    1    488  0    2                             
     d   291  4    0    28   11   19   138  1    1                             
     e   109  3    16   349  232  907  42   107  29                            
     f   181  0    0    42   0    0    322  0    0                             
     g   96   0    0    40   4    39   99   0    0                             
     h   563  0    0    9    8    18   342  1    0                             
     i   1    1    39   299  218  1554 447  57   8                             
     j   2    0    0    0    0    0    38   0    0                             
     k   71   0    1    10   1    40   7    1    0                             
     l   402  0    19   417  20   4    254  14   0                             
     m   207  0    0    3    59   6    225  136  0                             
     n   221  7    40   47   15   62   295  4    3                             
     o   57   4    52   232  356  1071 178  141  1                             
     p   88   0    1    166  11   0    214  91   0                             
     q   0    0    0    0    0    0    0    0    0                             
     r   436  0    62   65   102  107  471  27   1                             
     s   345  0    33   45   45   15   251  120  7                             
     t   753  0    0    75   20   6    713  2    0                             
     u   67   0    1    226  81   271  7    94   0                             
     v   157  0    0    0    0    0    41   0    0                             
     w   261  0    1    9    1    62   163  1    0                             
     x   18   0    0    0    0    0    2    42   0                             
     y   22   0    1    9    15   8    109  13   0                             
     z   9    0    0    2    0    0    4    0    0                             
     Totals                                                                    
         6,001                                                                 
              137  544  3,405                                                  
                             2,095                                             
                                  5,845                                        
                                       6.255                                   
                                            1,666                              
                                                 89                            
     __________________________________________________________________________
         Second                                                                
     First                                                                     
         r    s    t    u    v    w    x    y    z                             
     --  456  1210 2783 203  113  1068 1    149  4                             
     a   692  608  927  73   137  44   14   170  11                            
     b   74   24   9    142  4    0    0    100  0                             
     c   93   12   247  82   0    0    0    21   0                             
     d   65   79   1    79   11   5    0    40   0                             
     e   1323 788  280  15   170  86   122  111  3                             
     f   138  2    55   63   0    0    0    5    0                             
     g   131  34   12   49   0    0    0    10   0                             
     h   58   8    103  53   0    3    0    30   0                             
     i   297  720  722  7    164  0    13   0    41                            
     j   1    0    0    43   0    0    0    0    0                             
     k   2    30   1    2    0    2    0    7    0                             
     l   8    82   69   83   20   9    0    301  0                             
     m   25   60   1    82   0    0    0    39   0                             
     n   6    294  618  49   28   4    2    73   2                             
     o   805  184  277  634  124  233  9    26   3                             
     p   268  35   54   64   0    1    0    6    0                             
     q   0    0    0    87   0    0    0    0    0                             
     r   72   270  225  82   39   8    0    151  1                             
     s   2    250  720  184  1    21   0    31   0                             
     t   255  205  128  149  0    50   0    132  3                             
     u   325  292  288  1    2    0    3    4    2                             
     v   0    1    0    1    0    0    0    4    0                             
     w   22   20   4    1    0    0    0    2    0                             
     x   0    0    27   2    0    0    0    2    0                             
     y   7    58   14   1    0    4    0    0    1                             
     z   0    0    0    1    0    0    0    2    6                             
     Totals                                                                    
         5,051                                                                 
              5,394                                                            
                   7,621                                                       
                        2,237                                                  
                             821  1,548                                        
                                       164  1,420                              
                                                 79                            
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Percentage of Chords and One-Hand Serial                                  
     Strokes on the Orthogonal English Keyboard                                
     Left Hand         Right Hand   Both Hands                                 
     __________________________________________________________________________
     Keys No. Chords                                                           
                   S.S.                                                        
                       No. Chords                                              
                                S.S.                                           
                                    No.                                        
                                       Chords                                  
                                            S.S.                               
                                                Total                          
     H & H                                                                     
          9   9.44 2.44                                                        
                       9   4.96 .92 18 14.53                                   
                                            3.36                               
                                                17.89                          
     H & V                                                                     
          4   1.94 1.00                                                        
                       6   5.09 1.56                                           
                                    10 7.03 2.56                               
                                                9.59                           
     H & I                                                                     
          2   .22  .34 4   .78  .92  6 1.00 1.26                               
                                                2.26                           
     O & O                                                                     
          0   .01  .05 9   1.64 .44  9 1.64 .49 2.13                           
     Total                                                                     
          15  11.73                                                            
                   3.83                                                        
                       28  12.47                                               
                                3.84                                           
                                    43 24.20                                   
                                            7.67                               
                                                31.88                          
     __________________________________________________________________________
      (S.S. stands for the percentage of serial strokes on the same hand, No.  
      for the number of significant chords, H for home keys, V for adjacent    
      vertical keys, I for inclined keys, and O for vertical and adjacent keys.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Very Rare Letters and Leading One-Hand                                    
     Digraphs on Foreign Orthogonal Keyboards                                  
     Rare Letters Left Hand     Right Hand                                     
     __________________________________________________________________________
     Dutch q, x, y                                                             
                  aa, ee, oo, oe                                               
                                st, nd, ng, ns                                 
                  ie, ei        sc, ch, rd, jd                                 
     French                                                                    
           k, w   a, e, 'a, 'e, ai                                             
                                nt, tr, nd, ch                                 
                  ie, eu, ou, e-space                                          
                                cl, dr, pr, ps                                 
     German                                                                    
           j, q   a, u, au, ei, ie                                             
                                ch, nd, st, sc                                 
           x, y   shift-space, e-shift                                         
                                tr, ng, zw                                     
     Italian                                                                   
           j, k, w                                                             
                  ia, ie, io, a-space                                          
                                nt, ch, st, tr                                 
           x, y   e-space, i-space, o-space                                    
                                nd, sc, pr                                     
     Portuguese                                                                
           k, x, y                                                             
                  a, ao, ia, ie st, nt, tr, pr                                 
                  ei, ue        lh, nd, ch                                     
     Spanish                                                                   
           k, w   i, o, ia, ie, io, ue                                         
                                nt, st, br, gr                                 
                  a-space, o-space                                             
                                pr, rd, rt                                     
     Swedish                                                                   
           q, w, z                                                             
                  a, o, a-space st, nt, nd, rt                                 
                  e-space       tt, mm, ll, nn                                 
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. An input keyboard for the transfer of information to a machine by a
      human operator, comprising:
PA1  a plurality of keys arranged in transversely oriented key rows as viewed by
      the operator: a number key row being situated at the greatest distance
      from the operator; an upper letter key row being situated closer to the
      operator than the number key row; a home key row being situated closer to
      the operator than the upper letter key row; a lower letter key row being
      situated closer to the operator than the home key row; and a thumb key row
      being situated closer to the operator than the lower letter key row;
PA1  wherein the home key row comprises twelve keys: six keys on the left hand
      side of the keyboard as viewed by the operator, and six keys on the right
      hand side of the keyboard as viewed by the operator;
PA1  wherein the lower letter row comprises eight keys: four keys on the left
      hand side of the keyboard as viewed by the operator, and four keys on the
      right hand side of the keyboard as viewed by the operator;
PA1  wherein the thumb row comprises six keys: three keys on the left hand side
      of the keyboard as viewed by the operator, and three keys on the right
      hand side of the keyboard as viewed by the operator;
PA1  wherein the keys on the home row are designated in serial order along the
      home key row as viewed by the operator from the outer edge of the keyboard
      to the center of the keyboard as follows: on the left hand side of the
      keyboard as viewed by the operator--the first home key, the second home
      key, the third home key, the fourth home key, the fifth home key, and the
      sixth home key, respectively; and on the right hand side of the keyboard
      as viewed by the operator--the seventh home key, the eighth home key, the
      ninth home key, the tenth home key, the eleventh home key, and the twelfth
      home key, respectively;
PA1  wherein the keys on the lower letter key rows are designated in serial
      order along the lower letter key row as viewed by the operator from the
      outer edge of the keyboard to the center of the keyboard as follows: on
      the left hand side of the keyboard as viewed by the operator--the first
      lower letter key, the second lower letter key, the third lower letter key,
      and the fourth lower letter key; and on the right hand side of the
      keyboard as viewed by the operator-- the fifth lower letter key, the sixth
      lower letter key, the seventh lower letter key, and the eighth lower
      letter key;
PA1  wherein the keys on the thumb key row are designated in serial order along
      the thumb row as viewed by the operator from the outer edge of the
      keyboard to the center of the keyboard as follows: on the left hand side
      of the keyboard as viewed by the operator--the first thumb key, the second
      thumb key, and the third thumb key; and on the right hand side of the
      keyboard as viewed by the operator--the fourth thumb key, the fifth thumb
      key, and the sixth thumb key;
PA1  wherein space and letter keys are arranged on the left hand side of the
      keyboard as viewed by the operator as follows:
PA2  the space key, which generates the separation between words, is assigned to
      the second thumb key; one high frequency vowel is assigned to the second
      home key; a second high frequency vowel is assigned to the third home key;
      a third high frequency vowel is assigned to the fourth home key;
PA2  and a fourth high frequency vowel is assigned to the fifth home key;
      wherein each of these four high frequency vowels is a different letter;
PA1  wherein letter keys are arranged on the right hand side of the keyboard as
      viewed by the operator as follows: one high frequency consonant is
      assigned to the fifth thumb key; a second high frequency consonant is
      assigned to the eighth home key; a third high frequency consonant is
      assigned to the ninth home key; and a fourth high frequency consonant is
      assigned to the tenth home key; and a fifth high frequency consonant is
      assigned to the eleventh home key; wherein each of these five high
      frequency consonants is a different letter;
PA1  wherein the key tops of the second thumb key, the fifth thumb key, the
      second home key, the third home key, the fourth home key, the fifth home
      key, the eighth home key, the ninth home key, the tenth home key, and the
      eleventh home key are each parallel to the base of the machine to which
      the keyboard is attached, so that when the machine rests on a horizontal
      surface, the key top of each of these keys is horizontally oriented;
PA1  wherein the stroking surface of the third thumb key, the sixth thumb key,
      and all eight keys on the lower letter key row are each perpendicular to
      the base of the machine to which the keyboard is attached, so that when
      the machine rests on a horizontal surface, the stroking surface of each of
      these keys is vertically oriented with respect to this horizontal surface,
      and when fingers resting on home keys are bent toward the palm, they
      strike continguous vertically oriented keys; and
PA1  wherein the first lower letter key is contiguous to the second home key,
      the second lower letter key is contiguous to the third home key, the third
      lower letter key is contiguous to the fourth home key, the fourth lower
      letter key is contiguous to the fifth home key, the fifth lower letter key
      is contiguous to the eighth home key, the sixth lower letter key is
      contiguous to the ninth home key, the seventh lower letter key is
      contiguous to the tenth home key, and the eighth lower letter key is
      continguous to the eleventh home key.
NUM  2.
PAR  2. A keyboard, as in claim 1, comprising letter keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: a vowel
      assigned to the first thumb key; and
PA1  on the right hand side of the keyboard as viewed by the operator: a
      consonant assigned to the fourth thumb key, a second consonant assigned to
      the fifth lower letter key, a third consonant assigned to the sixth lower
      letter key, a fourth consonant assigned to the seventh lower letter key,
      and a fifth consonant assigned to the eighth lower letter key; wherein
      each of these five consonants is a different letter.
NUM  3.
PAR  3. A keyboard, as in claim 2, comprising letter and control keys arranged
      as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: a vowel
      assigned to the first thumb key, and the carriage return key assigned to
      the fourth thumb key; and
PA1  on the right hand side of the keyboard as viewed by the operator: a
      consonant on the fourth thumb key, and another consonant on the sixth
      thumb key.
NUM  4.
PAR  4. A keyboard, as in claim 2, for the English language comprising letter
      and control keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: on the
      thumb key row: U assigned to the first thumb key and space key is to the
      second thumb key: on the home key row: O assigned to the second home key,
      I assigned to the third home key, E assigned to the fourth home key, and A
      assigned to the fifth home key; and on the lower letter key row: case
      shift assigned to the third lower letter key; and
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: L assigned to the fourth thumb key and N assigned to the
      fifth thumb key; on the home key row: R assigned to the eighth home key, S
      assigned to the ninth home key, T assigned to the tenth home key, H
      assigned to the eleventh home key; and on the lower letter row: G assigned
      to the fifth lower letter key, C assigned to the sixth lower letter key, M
      assigned to the seventh lower letter key, and D assigned to the tenth
      lower letter key.
NUM  5.
PAR  5. A keyboard, as in claim 2, for the Italian language comprising letter
      and control keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: on the
      thumb key row: U assigned to the first thumb key and the space key is
      assigned to the second thumb key; on the home key row: O assigned to the
      second home key, I assigned to the third home key, A assigned to the
      fourth home key, and E assigned to the fifth home key; and on the lower
      letter key row: case shift assigned to the third lower letter key; and
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: M assigned to the fourth thumb key and N assigned to the
      fifth thumb key; on the home key row: L assigned to the eighth home key, S
      to the ninth home key, T assigned to the tenth home key, and R assigned to
      the eleventh home key; and on the lower letter key row: V assigned to the
      fifth lower letter key, P assigned to the sixth lower letter key, C
      assigned to the seventh lower letter key, and D assigned to the eighth
      lower letter key.
NUM  6.
PAR  6. A keyboard, as in claim 2, for the Spanish language comprising letter
      and control keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: on the
      thumb key row: U assigned to the first thumb key and space key is assigned
      to the second thumb key; on the home row: O assigned to the second home
      key, I assigned to the third home key, A assigned to the fourth home key,
      and E assigned to the fifth home key; and on the lower letter row: case
      shift assigned to the third lower letter key; and
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: L assigned to the fourth thumb key and R assigned to the
      fifth thumb key; on the home key row: S assigned to the eighth home key, T
      assigned to the ninth home key, N assigned to the tenth home key, and D
      assigned to the eleventh home key; and on the lower letter key row; G
      assigned to the fifth lower letter key, V assigned to the sixth lower
      letter key, M assigned to the seventh lower letter key, and C assigned to
      the eighth lower letter key.
NUM  7.
PAR  7. A keyboard, as in claim 2, for the French language comprising letter and
      control keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: O assigned
      to the first thumb key and space key is assigned to the second thumb key;
      and on the lower letter row: case shift assigned to the third lower letter
      key; and
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: M assigned to the fourth thumb key and N assigned to the
      fifth thumb key; on the home row: S assigned to the eighth home key, T
      assigned to the ninth home key, R assigned to the tenth home key, and L
      assigned to the eleventh home key; and on the lower letter key row: V
      assigned to the fifth lower letter key, P assigned to the sixth lower
      letter key, C assigned to the seventh lower letter key, and D assigned to
      the ninth lower letter key.
NUM  8.
PAR  8. A keyboard, as in claim 2, for the German language comprising letter and
      control keys arranged as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: on the
      thumb key row: O assigned to the first thumb key and space key is assigned
      to the second thumb key; on the home row: A assigned to the second home
      key, U assigned to the third home key, E assigned to the fourth home key,
      and I assigned to the fifth home key; and on the lower letter key row:
      (lower case: umlaut; upper case: umlaut) assigned to the third lower
      letter key and case shift assigned to the fourth lower letter key; and
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: L assigned to the fourth thumb key and N assigned to the
      fifth thumb key; on the home key row: R assigned to the eighth home key, S
      assigned to the ninth home key, T assigned to the tenth home key, and D
      assigned to the eleventh home key; and on the lower letter row: F assigned
      to the fifth lower letter key, G assigned to the sixth lower letter key, C
      assigned to the seventh lower letter key, and H assigned to the eighth
      lower letter key.
NUM  9.
PAR  9. A keyboard, as in claim 4, for the English language comprising character
      and control keys arranged in serial order along key rows as viewed by the
      operator from the outer edge of the keyboard to the center of the keyboard
      as follows:
PA1  on the left hand of the keyboard as viewed by the operator: along the thumb
      key row: U assigned to the first thumb key, space key is assigned to the
      second thumb key, and the carriage return assigned to the third thumb key;
      along the home key row: Z assigned to the first home key, O assigned to
      the second home key, I assigned to the third home key, E assigned to the
      fourth home key, A assigned to the fifth home key, (lower case: hyphen;
      upper case: underline) assigned to the sixth home key: on the lower letter
      key row: (lower case: comma; upper case: comma) assigned to the first
      lower letter key; Y assigned to the second lower letter key; case shift
      assigned to the third lower letter key; and (lower case: period, upper
      case: period) assigned to the fourth lower letter key; on the upper letter
      row: (lower case: one) assigned to the first upper letter key; (lower
      case: colon: upper case: open parenthesis) assigned to the second upper
      letter key, J assigned to the third upper letter key, (lower case:
      apostrophe; upper case: semi-colon) assigned to the fourth upper letter
      key, X assigned to the fifth upper letter key, (lower case: question mark;
      upper case: exclamation point) assigned to the sixth upper letter key; and
      in lower case positions on the number key row: slash assigned to the first
      number key, 3 assigned to second number key, 5 on the third number key, 7
      on the fourth number key, and 9 on the fifth number key;
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: L assigned to the fourth thumb key, N assigned to the fifth
      thumb key, and V assigned to the sixth thumb key; on the home key row: R
      assigned to the eighth home key, S assigned to the ninth home key, T
      assigned to the tenth home key, and H assigned to the eleventh home key;
      and on the upper letter key row: (lower case: zero) assigned to the
      seventh upper letter key, (lower case: double quotation marks; upper case:
      close parenthesis) assigned to the eighth upper letter key, B assigned to
      the ninth upper letter key, W assigned to the tenth upper letter key, P
      assigned to the eleventh upper letter key, and K assigned to the twelfth
      upper letter key; and in lower case positions on the number key row:
      one-half assigned to the sixth number key, 2 assigned to the seventh
      number key, 4 assigned to the eighth number key, 6 to the ninth number
      key, and 8 to the tenth number key; and
PA1  in the center of the keyboard as viewed by the operator: the code key and
      function keys.
NUM  10.
PAR  10. A keyboard, as in claim 5, for the Italian language comprising
      character and control keys arranged in serial order along key rows as
      viewed by the operator from the outer edge of the keyboard to the center
      of the keyboard as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: along the
      thumb key row: U assigned to the first thumb key, space key is assigned to
      the second thumb key, and the carriage return assigned to the third thumb
      key; along the home key row: O assigned to the second home key, I assigned
      to the third home key, A assigned to the third home key, and E assigned to
      the fourth home key; along the lower letter row: (lower case: hyphen;
      upper case underline) assigned to the first lower letter key; (lower case:
      apostrophe) assigned to the second lower letter key; (lower case: accent
      grave; upper case: accent grave) assigned to the third lower letter key,
      and case shift assigned to the fourth lower letter key; and along the
      upper letter row: (lower: case: accent acute; upper case: accent acute)
      assigned to the fourth upper letter key;
PA1  on the right hand side of the keyboard as viewed by the operator: along the
      thumb key row: M assigned to the fourth thumb key row, N assigned to the
      fifth thumb key, F assigned to the sixth thumb key; along the home key
      row: (lower case: period; upper case: period) assigned to the seventh home
      key, L assigned to the eighth home key, T assigned to the tenth home key,
      R assigned to the eleventh home key, and G assigned to the twelfth home
      key; along the lower letter key row: V assigned to the fifth lower letter
      key, P assigned to the sixth lower letter key, C assigned to the seventh
      lower letter key, and D assigned to the eighth lower letter key; and along
      the upper letter key row; Z assigned to the eighth upper letter key,
      (lower case: comma; upper case comma) assigned to the ninth upper letter
      key, B assigned to the tenth upper letter key, H assigned to the eleventh
      upper letter key, and Q assigned to the twelfth upper letter key;
PA1  in the center of the keyboard as viewed by the operator: the code key and
      function keys.
NUM  11.
PAR  11. A keyboard, as in claim 6, for the Spanish language comprising
      character and control keys arranged in serial order along key rows as
      viewed by the operator from the outer edge of the keyboard to the center
      of the keyboard as follows:
PA1  on the left hand sides of the keyboard as viewed by the operator: along the
      thumb key row: U assigned to the first thumb key, space key is assigned to
      the second thumb key, and the carriage return assigned to the third thumb
      key; along the home key row: O assigned to the second home key, I assigned
      to the third home key, A assigned to the fourth home key, E assigned to
      the fifth home key, and (lower case: hyphen; upper case: underline)
      assigned to the sixth home key; along the lower letter key row: (lower
      case: period; upper case: period) assigned to the first lower letter key,
      (lower case: comma; upper case: comma) assigned to the second lower letter
      key, case shift assigned to the third lower letter key, and (lower case:
      accent acute; upper case: accent acute) assigned to the fourth lower
      letter key; and along the upper letter key: (lower case: inverted
      exclamation point; upper case: exclamation point) assigned to the third
      upper letter key, and (lower case: inverted question mark; upper case:
      question mark) assigned to the fifth upper letter key;
PA1  on the right hand side of the keyboard as viewed by the operator: along the
      thumb key row: L assigned to the fourth thumb key, R assigned to the fifth
      thumb key, and H assigned to the sixth thumb key; along the home key row:
      Y assigned to the seventh home key, S assigned to the eighth home key, T
      assigned to the ninth home key, N assigned to the tenth home key, D
      assigned to the eleventh home key, and P assigned to the twelfth home key;
      along the lower letter key row: G assigned to the fifth lower letter key,
      V assigned to the sixth lower letter key, M assigned to the seventh lower
      letter key, C assigned to the eighth lower letter key; and along the upper
      letter key row: N assigned to the seventh upper letter key, Z assigned to
      the eighth upper letter key, F assigned to the ninth upper letter key, Q
      assigned to the tenth upper letter key, B assigned to the eleventh upper
      letter key, and J assigned to the twelfth upper letter key; and
PA1  in the center of the keyboard as viewed by the operator; the code key and
      function keys.
NUM  12.
PAR  12. A keyboard, as in claim 7, for the French language comprising character
      and control keys arranged in serial order along key rows as viewed by the
      operator from the outer edge of the keyboard to the center of the keyboard
      as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: along the
      thumb key row: O assigned to the first thumb key, space key is assigned to
      the second thumb key, and the carriage return to the third thumb key;
      along the home key row: Y assigned to the first home key, A assigned to
      the second home key, I assigned to the third home key, E assigned to the
      fourth home key, U assigned to the fifth home key, and (lower case:
      period; upper case: period) assigned to the sixth home key; along the
      lower letter key row: (lower case: circumflex; upper case: circumflex)
      assigned to the first lower letter key, (lower case: apostrophe) assigned
      to the second lower letter key, case shift assigned to the third lower
      letter key, and (lower case: accent acute; upper case: accent acute)
      assigned to the fourth lower letter key; and along the upper letter key
      row: (lower case: accent grave; upper case: accent grave) assigned to the
      third upper letter key, (lower case: hyphen; upper case: underline)
      assigned to the fourth upper letter key, and (lower case: period; upper
      case: period) assigned to the fifth upper letter key;
PA1  on the right hand side of the keyboard as viewed by the operator: on the
      thumb key row: M assigned to the fourth thumb key, N assigned to the fifth
      thumb key, and Q assigned to the sixth thumb key; along the home key row:
      X assigned to the seventh home key, S assigned to the eighth home key, T
      assigned to the ninth home key, R assigned to the tenth home key, L
      assigned to the eleventh home key, and J assigned to the twelfth home key;
      along the lower letter key row: V assigned to the fifth lower letter key,
      P assigned to the sixth lower letter key, C assigned to the seventh lower
      letter key, and D assigned to the eighth lower letter key; and along the
      upper letter key row: C assigned to the seventh upper letter key, and G
      assigned to the eighth upper leter key, B assigned to the ninth upper
      letter key, F assigned to the tenth upper letter key, H assigned to the
      eleventh upper letter key, and Z assigned to the twelfth upper letter key;
      and
PA1  in the center of the keyboard as viewed by the operator: the code key and
      function keys.
NUM  13.
PAR  13. A keyboard, as in claim 8, for the German language comprising character
      and control keys arranged in serial order along key rows as viewed by the
      operator from the outer edge of the keyboard to the center of the keyborad
      as follows:
PA1  on the left hand side of the keyboard as viewed by the operator: along the
      thumb key row: O assigned to the first thumb key, space key is assigned to
      the second thumb key, and the carriage return assigned to the third thumb
      key; along the home key row: A assigned to the second home key, U assigned
      to the third home key, E assigned to the fourth home key, and I assigned
      to the fifth home key; along the lower letter key row: (lower case: comma;
      upper case: comma) assigned to the first lower letter row, (lower case:
      period; upper case: period) assigned to the second lower letter key,
      (lower case: umlaut; upper case: umlaut) assigned to the third lower
      letter key, and case shift assigned to the fourth lower letter key;
PA1  on the right hand side of the keyboard as viewed by the operator: along the
      thumb key row: L assigned to the fourth thumb key, N assigned to the fifth
      thumb key, M assigned to the sixth thumb key; along the home key row: V
      assigned to the seventh home key, R assigned to the eighth home key, S
      assigned to the ninth home key, T assigned to the tenth home key, D
      assigned to the eleventh home key, and B assigned to the twelfth home key;
      and along the lower letter key row, F assigned to the fifth lower letter
      key, G assigned to the sixth lower letter key, C assigned to the seventh
      lower letter key, and H assigned to the eighth lower letter key; and along
      the upper letter row: .beta. assigned to the eighth upper letter key, Z
      assigned to the ninth upper letter key, W assigned to the tenth upper
      letter key, K assigned to the eleventh upper letter key, and P assigned to
      the twelfth upper letter key; and
PA1  in the center of the keyboard as viewed by the operator: the code and
      function keys.
PATN
WKU  039454835
SRC  5
APN  5071879
APT  1
ART  314
APD  19740918
TTL  Device for treating production parts, especially for inductive hardening
      of the parts
ISD  19760323
NCL  3
ECL  1
EXA  Slattery; James M.
EXP  Spar; Robert J.
NDR  2
NFG  2
INVT
NAM  Reinke; Friedhelm
CTY  Remscheid
CNT  DT
INVT
NAM  Stengel; Edgar
CTY  Wuppertal-Hahnerberg
CNT  DT
INVT
NAM  Emde; Friedhelm
CTY  Huckeswagen
CNT  DT
INVT
NAM  Schwarz; Hans Rudolf
CTY  Remscheid-Luttringhausen
CNT  DT
ASSG
NAM  AEG-Elotherm
CTY  Darmstadt
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730919
APN  2347035
CLAS
OCL  198 21
XCL  198 40
XCL  198210
XCL  214  1P
XCL  209 74R
EDF  2
ICL  B65G 4742
FSC  198
FSS  21;25;179;210;218;39;40;211;209;107
FSC  209
FSS  74 R;74 M
FSC  148
FSS  131
FSC  214
FSS  1 P
UREF
PNO  3562030
ISD  19710200
NAM  Seulen et al.
OCL  148131
UREF
PNO  3627146
ISD  19711200
NAM  Berndt
OCL  198210
UREF
PNO  3662995
ISD  19720500
NAM  Armstrong
OCL  148131
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  An apparatus for inductive hardening different types of production parts,
      such as automobile axles, in a device of the type having a pair of
      rotatable spiders with a plurality of arms for clamping therebetween the
      parts for indexing movement from a clamping station to a releasing
      station, the parts being sequentially presented to the clamping station by
      a lifting bar conveyor. The type of part presented for clamping and type
      of part which the arms at the clamping station can clamp are compared and
      the part only clamped when the types are the same.
BSUM
PAR  The invention relates to an apparatus for treating, and especially for
      inductively hardening, production parts having a rotation axis, such as
      axes, spindles and the like.
PAR  This treatment is carried out with a pair of spiders rotating around a
      given pitch angle. This pair of spiders includes pairs of jib arms with
      two tail spindles that can be moved toward each other and are used to
      clamp the parts. These spiders serve for the step-by-step transport of the
      parts from a clamping point, past one or several treatment points, to an
      exit point, and, with the help of a production part input device, serve
      for the step-by-step transport of the parts from an input point, past one
      or several intermediate points, to a clamping point on the pair of
      spiders.
PAR  Such a device is described in an earlier German Pat. application, P 22 48
      053.1. In that patent, it was found to be most advantageous, when handling
      certain types of production parts of a high fineness ratio, such as axes
      and axles used in motor vehicle construction, to subject the parts to
      straightening during inductive hardening. This was preferably done using
      straightening rolls, that, assigned to a pair of tail spindles were
      situated in the pair of spiders so that they rotate or can be activated
      with the same circumferential speed as the adjacent production part
      surfaces. The straightening rolls can be arranged in such a way that a
      production part that is to be treated is subjected to a bending stress
      during clamping (U.S. Pat. No. 3,562,030). For many purposes, it is
      sufficient if the straightening rolls are mounted on the pair of spiders
      with a fixed axis, i.e., if the bending stress on a production part is
      produced by the clamping process. In such a straightening roll
      arrangement, the construction of the pair of spiders is significantly
      simplified.
PAR  Devices of this type are seldom used, because of their high production part
      throughput, for the serial manufacture of only a single type of production
      part, e.g., continuously for the same types of axles of a certain
      automobile model. Instead, the device is usually used for hardening two or
      three generally slightly differing types of axles, e.g., with different
      shaft diameters and/or lengths.
PAR  In this case, it is known that for each type of axle -- because of the
      undesirable expenditure of storing the axles along the production line --
      not too many like parts should be hardened at one time, after which the
      device must be reset for the next type of axle.
PAR  The object of this invention is to provide a device for treating, and above
      all for inductively hardening, production parts, whereby several different
      types of parts are conveyed to the device for handling in optional
      sequence. Resetting time for the device is eliminated, and a place of
      storage for the different axle types can also largely be eliminated.
PAR  This problem is solved by the device of the invention, wherein the pair of
      spiders have different types of clamping elements, assigned to different
      types of production parts, on its pair of jib arms. These clamping
      elements consist of a pair of tail spindles with attached straightening
      elements. Further, in the last intermediate point of the production part
      input device, proceeding in the direction of transport, a first testing
      device is provided to determine the type of production part standing in
      line and to emit a first kind of testing signal, corresponding to the type
      of part determined, as well as a second testing device to determine the
      type of clamping elements standing in line in the clamping station and to
      emit a second kind of signal corresponding to the type of clamping element
      detected. Further, a control mechanism controlled by the first and second
      kinds of signals is provided for the activation of the input device and
      for the launching of the clamping process on the pair of jib arms standing
      in line in the clamping station. The input device is preferably formed by
      a lifting bar conveyor.
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PAR  In the following, the invention is described in detail with reference to
      the drawings, in which:
PAR  FIG. 1 shows a partial representation of a device for inductive surface
      hardening of production parts such as axles, axes and the like, in
      cross-section; and
PAR  FIG. 2 shows a detailed cut away view of part of the device of FIG. 1.
DETD
PAR  The device includes a frame 1, on which a tank 2 for receiving a quenching
      liquid 3 is mounted. Above the tank 2, in the frame 1, a shaft 4 is fixed
      so that it rotates. This shaft 4 carries a pair of spiders with 3 pairs of
      jib arms 5 staggered by 120.degree.. Shaft 4 is conventionally connected
      to a motor (not shown in the diagram) that produces indexing partial
      rotations of the pair of spiders of 120.degree.. Each of the pairs of jib
      arms 5 includes two tail spindles, which, as described in more detail in
      the German Pat. No. 1,533,953, clamp the production parts 6, and 6' that
      are to be treated, between their ends. The jib arms 5 also include a pair
      of straightening rolls 8 attached to a straightening roll support frame 7.
      This pair of rolls, as described in the U.S. Pat. No. 3,562,030, is so
      arranged that the treated production part 6 or 6' is subjected to a
      bending stress during clamping by the pair of straightening rolls 8 that
      grasp it at about the middle of the length of the part. The pair of
      straightening rolls 8 are each attached so that they rotate, with axes
      that are fixed in reference to the production part clamp axes. Rolls 8 are
      attached to these axes in such a way that a type of production part,
      characterized by a certain shaft diameter, is assigned to each of the
      pairs of jib arms 5. The pair of spiders 5 used in the invention described
      with reference to FIG. 1, is designed with two different production part
      diameters, and two of the pairs of jib arms are assigned to the larger
      production part shaft diameter, while the third pair of jib arms is
      assigned to the smaller shaft diameter. Each of the pairs of jib arms 5
      can be moved, by the aforementioned partial rotation of the shaft 4 by
      120.degree., from one clamping station 9 through a conventional heating
      point 10 to a conventional quenching and releasing point 11. The
      production parts 6, and 6' are conveyed by a conventional lifting bar
      conveyor 12, with both a stationary bar system 13 and a lifting bar system
      14, which, hinged onto a double crank motion 15, can be subjected to a
      circular translational motion. The stationary bar system 13 has several
      production part uptakes 16. In the advancement direction, the last
      production part uptake 16" of the stationary bar system 13 is aligned with
      the production part clamping axis of the pair of jib arms 5 that are at
      that moment in the clamping station 9.
PAR  In the next to the last production part uptake 16' of the stationary bar
      system 13 in the forward direction of the lifting bar conveyor 12, there
      is a first testing device 17, which periodically gives off a signal
      indicating the type of production part waiting in it.
PAR  In the heating station 10, a conventional inductor 18 is provided for
      inductively heating the production parts 6, and 6'. This inductor is part
      of a unit formed by it and a transformer (not shown) that feeds it in the
      normal manner. The unit is stationary, but can be shifted in the direction
      of the arrow 19, so that it can be moved between its operating position as
      shown in FIG. 1 and a resting position and back again.
PAR  In a tank, that is filled with a quenching liquid up to the upper edge of a
      tray riser 20, a quenching spray nozzle 21 sprays any production part 6
      conveyed to the quenching station 11. A chain conveyor 22 removes the
      parts 6 released in this station 11 from the tank 2. On frame 1 a second
      testing signal designated as 23 is mounted and is activated by the trip
      cam 24 of the pair of spiders 5 that happens to be in the clamping station
      9, in such a way that the testing device 23 gives off a signal indicating
      the type of clamping element this pair of spiders 5 bears.
PAR  The testing device is explained in greater detail with reference to FIG. 2.
      A production part 6 or 6' found in the next to the last production part
      uptake 16' of the stationary bar system, in the forward direction of the
      lifting bar conveyor 12, moves the axially displaceable tracer 26 of the
      testing device 17 into a position that indicates the diameter of the
      production part. The tracer 26 controls the position of the pick-up of a
      potentiometer designated as 27. The electric signal picked up by the
      pick-up of the potentiometer is thus dependent upon the diameter of the
      production part 6 or 6' in the production part depot 16'. The testing
      device 23 is similar in construction to the testing device 17, except that
      it is controlled by trip cam 24.
PAR  The device works as follows. After the inductive heating of a production
      part 6 in heating position is over, the inductor 18 is shifted from its
      heating position to a rest position. There then follows a partial
      120.degree. rotation of the pair of spiders, whereby the heated production
      part is transported to the quenching and releasing station 11 and a new
      production part 6', clamped in the clamping station 9 and waiting to be
      heated, is conveyed to the heating station 10.
PAR  At the same time that inductor 18 is shifted back to heating position and
      the inductive heating is performed, the appropriate trip cam 24 of the jib
      arm pair 5, that is now in the clamping station, releases a signal in the
      second testing device 23, which signal corresponds to the type of clamping
      element assigned to this jib arm pair. In a control mechanism indicated as
      25 controlled by the signal of testing devices 17 and 23, a signal is
      producing for launching a clamping process if the adjoining signals of the
      testing devices correspond, i.e., if the production part that is to be
      clamped fits the clamping element of the jib arm pair in the clamping
      station 9.
PAR  The clamping process itself, which is not the object of this invention,
      consists in the automatic conveying of the tail spindles of the jib arm
      pair 5 in the clamping station 9 to their release position, the subsequent
      launching of a forward movement of the lifting bar conveyor 12, whereby
      the production part 6 is conveyed out of the next to the last uptake 16'
      of the stationary bar system 13 in a forward direction into the last part
      uptake 16" that is aligned with the tail spindles in the clamping station
      9, and in the subsequent conveying of the tail spindles to their clamping
      position, whereby the production part 6 or 6' is clamped between the tail
      spindles. If, upon the forward movement of the lifting bar conveyor 12
      taken during the clamping process, upon which movement the part 6 or 6'
      that is to be clamped is moved from the next to the last uptake 16' to the
      last uptake 16', another production part moves into the next to the last
      uptake 16', then further forward movements of the lifting bar conveyor 12
      follow immediately until this next to the last uptake 16' is again
      occupied by another production part 6 or 6' conveyed there by the lifting
      bar conveyor 12.
PAR  When the pair of spiders is in position with the next production 6, which
      occurs upon a partial rotation of the jib arm pair by 120.degree. in
      clockwise direction, the production part 6 that is to be clamped and the
      clamping element in the clamping station 9 fit each other, the clamping
      process is then performed. Before the end of the inductive heating of the
      production part in heating position 10, the tail spindles of the pair of
      spiders in the quenching and releasing station 11 are moved to their
      releasing position, thereby freeing the production part and placing it on
      the chain conveyor 22, by which it is transported out of the tank 2 and
      onward. The operation cycle ends with the end of the inductive heating of
      the production part 6 that is now in the heating station 10; this end
      launches the next operation cycle.
PAR  If the type of signals given off by the first and second testing device do
      not agree, then no clamping process is launched, but the simultaneously
      launched heating of a production part continues, and after the heating is
      ended, the next operation cycle is launched as described above. This
      happens until the types of signals of the first and second testing device
      agree, and during the beginning of the heating of a production part in the
      heating station, as already described above, the clamping process is
      performed on the next production part in the appropriate clamping element
      or straightening element of the pair of spiders 5 in the clamping station
      9.
PAR  It is thus possible, with the device described, to treat the two different
      types of production parts -- regardless of the sequence in which they are
      conveyed to the entrance 25 of the lifting bar conveyor -- in any optional
      sequence. Many changes and modifications in the above described embodiment
      of the invention can of course be carried out without departing from the
      scope thereof. Accordingly, that scope is intended to be limited only by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for inductive hardening different types of production parts
      having axes of rotation comprising:
PA1  a pair of rotatable spiders having a plurality of arms for clamping
      therebetween production parts for indexing movement from a clamping
      station, through at least one treatment station to a releasing station,
      said arms being arranged in pairs with each pair clamping one type of
      part;
PA1  means for sequentially presenting workpieces to said clamping stations;
PA1  first detecting means for detecting the type of workpiece presented
      producing a signal indicating that type;
PA1  second detecting means for detecting the type of part the pair of arms at
      said clamping station clamps, and producing a signal indicating that type;
      and
PA1  means for causing a presented workpiece to be clamped when the signals from
      said first and second detecting means indicate the same type and not
      clamped when the signals indicate different types.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said presenting means includes a lifting
      bar conveyor.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said detecting means includes means for
      producing a signal which varies as a function of the part diameter.
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ABST
PAL  In a multiple, variable length conveyor system having at least two conveyor
      frames, one conveyor frame movable parallel to the other frame, a single,
      slack-free conveyor belt is positioned in combination with both frames and
      passes in a continuous loop forward from the back of the top conveyor to
      the front thereof, back from the front of the top conveyor to the back of
      bottom conveyor, forward from the back of the bottom conveyor to the front
      thereof and back over the front of the top conveyor to the back thereof to
      complete the loop. This single belt system permits relative movement
      between the conveyor frames from a collapsed state to an extended state
      and obviates the need for separate conveyor belts for each conveyor frame.
      This system is particularly applicable to multiple, variable length
      conveyors for conveying concrete such as multiple conveyors positioned
      above the extendible boom of a crane-type wheeled vehicle. In the extended
      state, a portion of the belt is carried along the bottom conveyor on
      substantially non-binding idler assemblies which permit the engagement and
      disengagement of the conveyor belt and bottom conveyor during movement
      between the collapsed and extended states of operation.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part application, related to Ser. No.
      366,983, filed June 4, 1973, and Ser. No. 329,361, filed Feb. 5, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a multiple conveyor system and,
      more particularly, to a multiple conveyor system having at least two
      parallel, superimposed, movable conveyor frames.
PAR  A variable length conveyor system embodying at least two independent
      conveyor belts on separate superimposed conveyor frames is illustrated in
      my U.S. Pat. No. 3,598,224, the teachings of which are incorporated by
      reference herein. In this system, at least two conveyors are supported
      above an extendible boom of a conventional crane-type wheeled vehicle. A
      main conveyor is rigidly affixed to the main, immovable portion of the
      extensible boom and is equipped with an endless conveyor belt driven by a
      suitable motor. Positioned between the main conveyor and the extensible
      portion of the boom and rigidly affixed thereto is a second, separate
      conveyor frame containing a separate conveyor belt and drive motor. The
      lower extensible conveyor moves back and forth parallel to the main
      conveyor in response to the extension and retraction of the extendible
      boom. During this movement, at least a portion of the extendible conveyor
      is positioned below the discharge end of the main conveyor to receive
      materials such as concrete as they are discharged from the main conveyor.
      In this regard, the materials must fall substantially directly downward
      from the main conveyor to the extendible conveyor.
PAR  This conveyor system has some disadvantages which, while not interfering
      with the basic purposes of the system, result in a somewhat more expensive
      and bulkier system. For example, in the conventional conveyor system, each
      of the conveyors utilizes a separate motor and drive system. As a
      consequence, when the boom is fully extended, suitable wires and controls
      must be provided to extend from the crane control cab to the motor on the
      extensible conveyor frame now substantially extended outward. Further,
      when the boom is extended in this outward position, the motor weight of
      the extensible conveyor frame must be counteracted by the weight of the
      crane chassis to prevent the entire system from tipping forward. In other
      words, as a result of the motor for the extensible conveyor frame being
      positioned a substantial distance from the center of gravity of the entire
      crane system, outriggers or other suitable counterweights must be provided
      to maintain stability for the entire system. In addition, there is
      substantial cost and weight associated with the electric lines and
      hydraulic hoses that are necessary to power the motor for the extensible
      conveyor.
PAR  A further disadvantage of the prior art multiple conveyor system is that
      concrete, as it falls or is thrown from the main conveyor down onto the
      extensible conveyor, often has the tendency to bounce from the second
      conveyor belt. To prevent excessive loss of the concrete, scrapers and
      baffles have been positioned near the discharge point of the main
      conveyor. These baffles, etc., result in a perfect drop of the concrete
      between conveyors but, as in the case of the separate motor for the
      extensible conveyor, result in an increased mass at a point substantially
      removed from the center of gravity of the vehicle per se. Again this
      results in either lower capacity on the conveyors and/or suitable
      counterweights or outriggers on the vehicle.
PAR  Although single belt - single motor extendible conveyor systems are
      presently known, these systems are generally unacceptable for the transfer
      of semifluid materials, such as concrete. Such a system is shown in Brevet
      D'Invention No. 1,267,843 (delivery date July 13, 1960).
PAR  These systems are unacceptable because the conveyor belt must remain flat
      throughout the conveyor run. As such, a semifluid material would run off
      the edges of the belt. A flat conveyor belt is necessary to permit
      engagement and disengagement of the belt and the various supporting idler
      assemblies of the conveyor system during movement between a retracted and
      extended state.
PAR  Modification of such systems to permit semifluid material transfer is also
      prohibited. The presently known idler assemblies, utilized in
      concrete-carrying conveyor systems, do not permit belt engagement and
      disengagement without forfeiture of belt alignment capabilities.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus an object of this invention to provide an improved, variable
      length, multiple conveyor system, particularly for conveying concrete.
PAR  It is another object of this invention to provide an improved means for
      discharging concrete from one conveyor to a lower conveyor to
      substantially avoid spillage of the conveyed material.
PAR  It is a specific object of this invention to provide a variable length
      multiple conveyor system employing only one common conveyor belt.
PAR  It is an additional object of this invention to provide a variable length,
      multiple conveyor system mounted on a crane-type, wheeled vehicle which
      has improved weight distribution properties when the conveyors and boom
      are extended.
PAR  It is a further object of the present invention to provide a single belt
      conveyor system that is self-adjusting to compensate for belt
      misalignment.
PAR  It is yet another object of the present invention to provide a conveyor
      system including an improved idler assembly for maintaining proper
      alignment of the conveyor belt.
PAR  It is still another object of the present invention to provide an improved
      idler assembly which facilitates engagement and disengagement of the belt
      during extension and retraction of the movable conveyor frame.
PAR  In a specific embodiment, therefore, the present invention relates to an
      improvement in multiple, variable length conveyor apparatus for conveying
      material such as concrete having at least a first and second conveyor
      frame, such as a lower conveyor frame and at least one superjacent,
      parallel conveyor frame. At least one of the conveyor frames is movable
      parallel to the other frame between a collapsed or retracted state and at
      least one extended state.
PAR  The particular improvement comprises a single, relatively slack-free,
      conveyor belt positioned and guided on the conveyor frames in a continuous
      loop. In this loop, the conveyor belt passes from the back of the first
      conveyor frame to the front thereof, from the front of the first conveyor
      frame to the back of the second conveyor frame, forward from the back of
      the second conveyor frame to the front thereof and back past the front of
      the first conveyor frame to the back of the first conveyor frame in the
      manner of a folded-over loop. Preferably, a motor to drive the entire belt
      conveyor is positioned at the rear portion of the upper conveyor frame.
      The conveyor frames can be superimposed as indicated or the second
      conveyor frame can telescope within the first conveyor frame.
PAR  In another embodiment, the present invention relates to an improved
      self-adjusting, non-binding idler assembly for a conveyor belt comprising
      a rotatable roller assembly and means for rotating the roller assembly in
      response to lateral movement of the conveyor belt on the idler assembly.
      The roller assembly includes a pair of rollers which support the belt and
      define a substantially V-shaped trough. Significantly, the roller assembly
      and rotating means cooperatively define means for freely engaging and
      disengaging the belt and the idler assembly.
PAR  In the specific embodiment described above, the non-binding, V-shaped idler
      assemblies are secured along a forward portion of the lower extendible
      conveyor to support a concrete-bearing portion of the single, continuous
      conveyor belt in the extended state. As the lower conveyor is extended and
      retracted, the conveyor belt engages and disengages, respectively, to
      idler assemblies. The roller assemblies, in the extended state, rotate in
      response to belt misalignment to automatically guide the conveyor belt
      towards the center of the V-shaped trough.
PAR  The improved self-adjusting, non-binding idler assembly also has
      significant application in concrete conveyor systems utilizing a plow
      mechanism to scrape the concrete from the conveyor belt at the desired
      location. This type of system is illustrated and described, in detail, in
      my U.S. Pat. No. 3,590,983, the teachings of which are incorporated by
      reference herein. In this environment, the improved idler assembly
      facilitates the lifting and lowering of the conveyor belt by the plow
      mechanism, while simultaneously and continuously compensating for belt
      misalignment.
PAR  Other embodiments, objects, and advantages of the present invention will
      become apparent in the following detailed description.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A preferred embodiment of the present invention will be described in detail
      with reference to the drawing wherein:
PAR  FIG. 1 is a perspective view of a typical crane-type wheeled vehicle
      supporting a preferred embodiment of the present invention shown as a
      single belt, variable length, multiple conveyor system;
PAR  FIG. 2 is a side elevational view of the preferred embodiment shown in FIG.
      1 illustrating the conveyor frames and extensible boom;
PAR  FIG. 3 is a detailed side elevational view of the preferred embodiment of
      FIG. 1 shown in a collapsed, retracted state and illustrating the
      orientation of the conveyor belt within the multiple, variable length
      conveyor frames;
PAR  FIG. 4 is a detailed side elevational view of the preferred embodiment of
      FIG. 3 shown in an extended state;
PAR  FIG. 5 is a detailed, enlarged top view of a self-adjusting, non-binding
      idler assembly for use in the preferred embodiment shown in FIG. 1; and
PAR  FIG. 6 is a detailed, enlarged front view of the idler assembly shown in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring to FIGS. 1 and 2, there is illustrated a boom mounted, variable
      length, multiple conveyor system similar to the apparatus described in my
      U.S. Pat. No. 3,598,224, the teachings of which are incorporated by
      reference herein. This apparatus comprises a crane-type wheeled vehicle 5
      equipped with outriggers 6 to provide stability during a continuous
      material delivery operation. A rotatable base 7, capable of rotating
      360.degree., is positioned on the rear portion of vehicle 5. An extendible
      boom comprising fixed section 9 and extendible sections 10 and 11 is
      mounted on rotatable base 7 and is elevated by a conventional hydraulic
      piston 8 to various heights encountered on a construction project.
PAR  Upper fixed conveyor frame 20 is rigidly affixed to fixed boom section 9 by
      support yolk 14 and intermediate support arm 13. Lower extendible conveyor
      frame 30 is positioned between upper, fixed conveyor frame 20 and boom
      sections 9, 10 and 11 by front support members 15 and 16, intermediate
      support member 12, and rear support member 37. In particular, lower
      extendible conveyor frame 30 is rigidly affixed to the forward end of
      extendible boom member 11 by support member 16 and is movably supported by
      upper fixed conveyor frame 20 by movable support members 15 and 37. Since
      this method of support is fully detailed in my U.S. Pat. No. 3,598,224,
      for purposes of brevity and simplicity, a detailed description of these
      supports is not included herein and reference may be had to that patent
      for the specific details of each support.
PAR  A single, substantially slack-free conveyor belt 19 is positioned on upper
      fixed conveyor frame 20 and lower extendible conveyor frame 30. The
      orientation of the belt 19 will be discussed in detail hereinafter.
PAR  In actual operation, concrete is discharged from a concrete truck 1 through
      a discharge chute 2 to a supply conveyor 3. Supply conveyor 3 delivers the
      concrete in a continuous fashion to supply hopper 4 wherein the concrete
      is discharged from conveyor 3 through hopper 4 onto conveyor belt 19 as it
      is supported by conveyor frame 20. The concrete is then continuously
      conveyed forward by belt 19 from upper fixed conveyor frame 20 to lower
      extendible conveyor frame 30 and through tremie 17 into form 18. During
      the course of this operation, the entire conveyor system can be swung from
      side to side by rotation of rotatable base 7, raised or lowered by the
      action of hydraulic piston 8, or entended or retracted by operation of
      sections 10 and 11 of the boom. When the boom is extended (retracted),
      lower extendible conveyor 30 moves forward (backward) beneath upper fixed
      conveyor 20. During the entire continuous delivery operation, conveyor
      belt 19 is driven by a single motor 21 positioned near the rear of upper
      fixed conveyor frame 20 and is powered and controlled by conventional
      electric and hydraulic lines 21a.
PAR  The exact orientation of conveyor belt 19 within the conveyor frames 20 and
      30 in both a collapsed and extended state is shown in FIGS. 3 and 4. Upper
      fixed conveyor frame 20 houses rear drive pulley 23, intermediate, lower
      conveyor belt support rollers 24 and 28, fixed forward guide pulley 27,
      upper support roller 25 and triple idler roller 26. These pulley and
      roller assemblies generally comprise at least three rollers arranged
      transversely across the conveyor frame 20 to provide a substantially
      trough-shaped conveyor belt. This arrangement is illustrated in detail in
      FIG. 6 of my U.S. Pat. No. 3,598,224. Rear drive pulley 23 is mounted on
      adjustable support bracket 29 which is rigidly affixed to frame 20 by
      suitable bolts and clamps. Pulley 23 is powered by drive motor 21 through
      drive chain 22.
PAR  In a similar manner, lower extendible conveyor frame 30 houses a fixed rear
      guide pulley 31, forward guide pulley 32 and intermediate support idler
      rollers 33, 34 and 35. Fixed forward guide pulley 32 is mounted on
      adjustable brackets 36 in the same manner as rear drive pulley 23 and is
      adjustable in combination with pulley 23 to provide a relatively
      slack-free conveyor belt 19 wherein no excess belt is stored within the
      conveyor frames 20, 30.
PAR  As shown, the lower extendible conveyor frame 30 also includes a series of
      self-adjusting idler assemblies 40. The idler assemblies 40 are equally
      spaced along a forward end portion, generally designated 30a, of the lower
      conveyor frame 30. The idler assemblies 40 will be described in detail
      below.
PAR  In the collapsed or retracted state shown in FIG. 3, the single conveyor
      belt 19 passes from rear drive pulley 23 over support roller 24, around
      forward fixed guide pulley 27 before passing over support roller 28. The
      belt 19 then passes down to lower extendible conveyor frame 30 and
      contacts at least one idler assembly 40 and support roller 33 before
      passing around fixed rear pulley 31. The belt 19 then proceeds to pass
      over support idler rollers 34 and 35 before passing around fixed forward
      guide pulley 32. After passing around pulley 32, belt 19 passes back up to
      upper fixed conveyor frame 20 and into contact with triple idler rollers
      26. Triple idler rollers 26 support belt 19 above forward guide pulley 27
      and prevent the belt 19 from interfering with that portion of the belt 19
      positioned on pulley 27. The belt 19 then passes from triple idler rollers
      26 back to rear drive pulley 23 to complete the loop. Adjustable support
      brackets 29 and 36 are movable backwards and forwards on their respective
      frames so that the tension in conveyor belt 19 can be properly adjusted
      and maintained.
PAR  As the lower extendible conveyor frame 30 moves to the position shown in
      FIG. 4, the distance, X, between forward pulleys 27 and 32 increases.
      Simultaneously, however, the distance, Y, between rear pulley 31 and
      forward pulley 27 decreases to an equal extent. As a result, the extension
      or advancement of the lower extendible conveyor 30 is permitted by the
      slack created between forward pulley 27 and rear pulley 31. Thus, no
      matter what the position of lower extendible conveyor 30, the total
      distance between pulleys 23, 27, 31 and 32 remains constant and the belt
      19 remains relatively slack-free at all times.
PAR  In the extended state, shown in FIG. 4, a concrete-bearing portion,
      generally designated 19a, of the conveyor belt 19 is carried and supported
      by at least one idler assembly 40. The idler assemblies 40 are preferably
      spaced at intervals of approximately 15 to 20 feet.
PAR  Referring to FIGS. 5 and 6, each idler assembly 40 includes a base member
      48 and a rotatable support member or roller assembly 49. A pair of bent,
      substantially V-shaped support rods 47 are rigidly connected to and extend
      from the base member 48.
PAR  The support rods 47 have openings 65 at each end thereof. The support rods
      47 extend through suitable openings in sides of lower conveyor frame 30
      and are held in position by pins (not shown) inserted through the openings
      65.
PAR  The roller assembly 49 is rotatably secured to the base member 48 about a
      substantially vertical axis, designated 49a. The roller assembly 49
      includes a mount 51, a substantially V-shaped rod 45, and a pair of idler
      rollers 44. The rod 45 is secured to the mount 51 and has a pair of
      upwardly and outwardly extending arms 45a. The arms 45a act as axes for
      the rollers 44, such that the rollers 44 define a substantially V-shaped
      trough in which the conveyor belt 19 rides. On the rollers 44, the belt 19
      itself is generally V-shaped, although the central portion of the belt 19
      may be rounded or substantially flat.
PAR  The roller assembly 49 also includes a pair of substantially L-shaped rods
      46, including upwardly turned end portions 46a, rigidly secured to the
      mount 51. As shown in FIG. 5, the L-shaped rods 46 extend from the mount
      51 substantially aligned with and parallel to the arms 45a of the V-shaped
      rod 45. A spacer 50 also secured to the mount 51 between the L-shaped rods
      46, effectively limits the rotation of the roller assembly 49 by
      engagement with the support rods 47.
PAR  Rotation of the idler assembly 40 about the axis 49a compensates for and
      substantially avoids any lateral deflection or tendency of the conveyor
      belt 19 to ride out of the V-shaped trough formed by the rollers 44. In
      operation, when conveyor belt 19 inadvertently moves to one direction,
      i.e., becomes misaligned, the edge of the belt 19 engages an end portion
      46a of the L-shaped rod 46, causing one roller 44 to shift forward by the
      rotation of the roller assembly 49. This change in orientation of the
      rollers 44 with respect to the belt 19 creates a natural cant in the
      direction of the belt 19 and a directional force which induces the belt 19
      to move to the center of the V-shaped idler assembly 40, thereby providing
      a self-adjusting alignment feature. As a result of this self-adjusting
      feature, the weight of the concrete remains in the proper center position
      of the belt trough and there is substantially no loss of drive power to
      the belt 19 through motor 21.
PAR  In addition, the idler assembly 40 significantly facilitates movement,
      i.e., extension and retraction, of the lower conveyor frame 30. As the
      lower conveyor frame 30 is extended to the position shown in FIG. 4, the
      conveyor belt 19 engages the idler assemblies 40, one by one. Similarly,
      as the lower conveyor frame 30 is retracted, the belt 19 disengages the
      idler assemblies 40, one by one.
PAR  The arrangement of rollers 44 and L-shaped guide rods 46 readily permits
      engagement and disengagement of the belt 19 and idler assembly 40, without
      any substantial forfeiture of the self-training characteristics of the
      idler assembly 40. That is, the roller assembly 49 does not interfere in
      any substantial way with the raising (disengagement) of the belt 19 during
      retraction or the lowering (engagement) of the belt 19 during extension of
      the lower conveyor frame 30. Thus, the idler assembly 40 is non-binding as
      opposed to the presently known self-adjusting idler assemblies which tend
      to catch or trap the conveyor belt 19 as it is withdrawn therefrom.
PAR  As a whole, the single belt variable length, multiple conveyor systems
      illustrated and described herein provides several operating advantages.
      First, the rather bulky, heavy, drive motor 21 is positioned directly over
      vehicle 5 and aids in the stability of the unit when the conveyors are
      fully extended. Further, the single conveyor that cooperates with conveyor
      frames 20 and 30 is driven by a single motor 21. This eliminates the
      weight associated with the cables and power unit that would otherwise be
      associated with conveyor frame 30 as in the prior art system.
PAR  Another advantage of the single belt system is the gradual decline from
      fixed conveyor frame 20 to lower extendible conveyor frame 30 as provided
      by triple idler rollers 26. In operation, idler rollers 26 support
      conveyor belt 19 and provide a gradual decline in the belt as it passes
      from conveyor frame 20 to conveyor frame 30. Accordingly, during a
      concrete delivery operation, the concrete and the rocks contained therein
      are not thrown from the conveyor belt during a high-speed materials
      delivery operation. A further advantage is that the single belt unit
      utilizes a relatively slack-free belt not requiring the storage of excess
      belt in the apparatus as the conveyor frames extend and retract. Still
      another advantage is the freedom of the movement of the extendible lower
      conveyor frame 30, as provided by the non-binding idler assemblies.
PAR  A single preferred embodiment of the present invention has been described
      herein. It is to be understood, however, that various changes and
      modification can be made without departing from the true scope and spirit
      of the present invention as defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a variable length conveyor apparatus for conveying concrete including
      at least a first and second conveyor frame, said first conveyor frame
      having a first forward portion and a first rear portion, said second
      conveyor frame having a second forward portion, a second rear portion and
      a longitudinal axis, said second conveyor frame being adapted to move
      relative to said first conveyor frame between a collapsed, retracted state
      and at least one extended state, the improvement comprising in
      combination:
PA1  a single, continuous, and substantially slack-free conveyor belt positioned
      on said first and second conveyor frames;
PA1  means for guiding said conveyor belt about said first and second conveyor
      frames, said guiding means defining a closed path wherein said conveyor
      belt passes forward from the first rear portion to the first forward
      portion, forward from said first forward portion to said second forward
      portion, back from said second forward portion to said second rear
      portion, forward from said second rear portion to said first forward
      portion, and back from said first forward portion to said first rear
      portion, said closed path having a substantially constant length in said
      collapsed and extended states, said conveyor belt defining a
      concrete-bearing portion along said second forward portion of said second
      conveyor frame in said extended state; and
PA1  at lease one non-binding, self-training idler assembly positioned on said
      second forward section, said idler assembly including a base member, means
      for rigidly securing said base member to said second conveyor frame
      substantially along said longitudinal axis, a roller assembly rotatably
      secured to said base member to support said concrete-bearing portion of
      said conveyor belt said rotatable roller assembly having a pair of rollers
      defining a substantially V-shaped trough and a pair of rods secured to
      said rotatable roller assembly substantially parallel to said pair of
      rollers, respectively, said rod including an upwardly turned end portion,
      said rods cooperatively defining means for rotating said roller assembly
      in response to lateral movement of said conveyor belt to align said
      conveyor belt with said idler assembly and second conveyor frame, said
      rollers and said rotating means cooperatively defining means for freely
      engaging and disengaging said conveyor belt and idler assembly during
      movement of said second conveyor frame relative to said first conveyor
      frame between said collapsed and extended states.
NUM  2.
PAR  2. An improvement as claimed in claim 1 including a single motor positioned
      near said first rear portion of said first conveyor frame to drive said
      conveyor belt.
NUM  3.
PAR  3. An improvement as claimed in claim 1 wherein said first conveyor frame
      is an upper conveyor frame and said second conveyor frame is a lower
      conveyor frame positioned below said first conveyor frame, said first
      conveyor frame being fixed relative to said second conveyor frame.
NUM  4.
PAR  4. An improvement as claimed in claim 3 wherein said guiding means includes
      a plurality of spaced-apart idler rollers secured to said first forward
      portion of said first conveyor frame, said idler rollers gradually
      descending from the top of said first conveyor frame toward the bottom
      thereof, said idler rollers supporting said conveyor belt as it passes
      from said first conveyor frame downwards to said second conveyor frame,
      whereby said conveyor belt smoothly descends to said second conveyor frame
      and spillage of said concrete is substantially avoided.
NUM  5.
PAR  5. An improvement as claimed in claim 1 wherein said guiding means includes
      first, second, third and fourth guide rollers movably secured to said
      forward and rear portions of said first and second conveyor frames, said
      first, second, third and fourth guide rollers cooperatively defining means
      for adjusting the tension of said conveyor belt.
NUM  6.
PAR  6. An idler assembly for use in a conveyor system having a frame and belt
      comprising in combination:
PA1  a base member rigidly secured to said frame at substantially the center
      thereof;
PA1  a roller assembly rotatably secured to said base member, said roller
      assembly including a pair of rollers to support said belt, said rollers
      defining a substantially V-shaped trough having a trough center; and
PA1  means for rotating said roller assembly in response to lateral movement of
      said belt within said V-shaped trough, said rotating means including a
      pair of rods secured to said roller assembly and extending therefrom in
      substantially parallel relationship to said rollers whereby said belt is
      automatically and substantially aligned with said trough center, said
      rollers and said rotating means cooperating to define means for freely
      engaging and disengaging said belt with said idler assembly.
NUM  7.
PAR  7. An idler assembly as claimed in claim 6 wherein said rod includes an
      upwardly turned end portion, said belt engaging said end portion whenever
      said belt moves laterally within said V-shaped trough, said roller
      assembly rotating in response to the engagement of said belt and end
      portion and forcing said belt toward said trough center of said V-shaped
      trough to substantially compensate for misalignment of said belt.
NUM  8.
PAR  8. An idler assembly as claimed in claim 6 wherein said roller assembly is
      rotatable about a substantially vertical axis.
NUM  9.
PAR  9. An idler assembly as claimed in claim 6 further comprising means for
      limiting the rotation of said roller assembly.
NUM  10.
PAR  10. In a concrete-carrying conveyor system of the type having a frame and a
      plow mechanism to scrape concrete from a conveyor belt, an improved idler
      assembly comprising in combination:
PA1  a base member rigidly secured to said frame in substantially the center
      thereof; and
PA1  a roller assembly rotatably secured to said base member, said roller
      assembly including a pair of rollers to support said belt, said rollers
      defining a substantially V-shaped trough having a trough center, and a
      pair of rods extending substantially parallel to said pair of rollers,
      respectively, said rod having an upwardly turned end;
PA1  said rods cooperatively defining means for rotating said roller assembly in
      response to lateral movement of said belt within said V-shaped trough,
      whereby said belt is automatically and substantially aligned with said
      trough center, said rollers and said rotating means cooperating to define
      means for freely engaging and disengaging said belt with said idler
      assembly.
NUM  11.
PAR  11. An improved idler assembly as claimed in claim 10, wherein said belt
      engages said end portion whenever said belt moves laterally within said
      V-shaped trough, said roller assembly rotating in response to the
      engagement of said belt and end portion and to force said belt toward said
      trough center and substantially compensate for misalignment of said belt.
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ABST
PAL  A conveyor includes a plurality of carriages with a longitudinally tilted
      tray having an end stop wall to support a load. Each tray is
      longitudinally divided into a pair of side-by-side tray members which are
      individuall pivotally mounted by bushings on a shaft. Similar bushings are
      provided on the shaft between the mounting bushings to provide a
      continuous circular closing surface immediately adjacent to the lower
      edges of the tray members. Each of the tray members, in particular,
      extends upwardly as a continuous surface having a first inclined portion
      merging with a second outwardly inclined portion. The outermost upper
      surface is provided with a stepped construction to provide a plurality of
      interlocking load portions each having a generally vertical wall merging
      with a generally horizontal wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a split tray conveying unit and particularly to
      such a unit for selectively distributing of individual loads from a common
      loading means to a plurality of different receiving means.
PAR  Various distributing and sorting devices have been employed in the
      merchandising and processing of various articles and parcels. A
      particularly satisfactory conveying mechanism for receiving of articles at
      a central location and distributing thereof to a plurality of different
      locations is disclosed in Applicant's copending application entitled
      "CONVEYING APPARATUS INCLUDING TILTING SUPPORT STRUCTURES" which was filed
      on Apr. 10, 1972 with Ser. No. 242,330, and is assigned to the same
      assignee as the present application. As more fully disclosed therein, each
      of the tray units is formed as a split member having a pair of adjacent
      side-by-side tray members secured at the lower edges to a pivot support on
      a movable carriage. Releasable latch means on the carriage and the tray
      members support the tray members for transport in a generally V-shaped
      configuration. To drop a load, an appropriate tray member is released and
      drops downwardly to form a sliding extension of the opposite inclined tray
      member to thereby provide for automatic gravity discharge of the load.
PAR  Although such a unit provides a highly improved conveying mechanism,
      consideration must be given to maintain the lower adjacent edges of the
      tray members properly spaced to prevent movement of the load down between
      the tray members and to provide a continuous, smooth discharge surface.
      Further, the double inclined tray members could highly contribute to the
      successful operation but care must also be taken to ensure proper location
      and maintaining of the loads during the transport.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to an improved split tray
      conveying structure providing improved support of the load during
      transport while maintaining reliable discharge of the load by the release
      and dropping of the one tray member relative to the other.
PAR  Generally, in accordance with the present invention, the tray structure
      includes a pair of side-by-side tray members pivotally connected to the
      carriage and tilted to define a generally V-shaped load support. Each of
      the tray members extends upwardly from the pivot support to an outer
      second inclined or portion as in the previously identified application.
      The outer portion of each tray member, however, is provided with a
      plurality of longitudinal, parallel step-like offset portions to provide
      an improved loading carrying characteristic. The lowermost end of each
      tray member is pivotally secured to a pivot support employing tubular
      bushing means which extend the complete length of the tray members to
      create a continuous closing surface located immediately adjacent to the
      lower edges of the tray members. Thus, in a preferred and novel
      construction each of the tray members is similarly supported by a pair of
      longitudinally spaced support brackets secured to the underside of the
      tray member. Each of the brackets extends downwardly with the lower end
      provided with pivot bushings journaled on the pivot shaft or support
      shaft. Spacing bushings on the shaft fill the space between the pivot
      bushings of the intermediate longitudinally spaced brackets to maintain
      the continuous, cylindrical closure surface. Each of the tray members has
      its lower end located in closely spaced relation to the cylindrical
      surface and preferably include a very slight vertical wall portion or lips
      merging into the tray support portion with a minimal opening or spacing
      between the lips of each pair of tray members. The surfaces are spaced
      such that there is no interference between the tray members as they move
      between the released and the reset load carrying position.
PAR  Further, the release mechanism includes an integral extension of the
      mounting bracket which extends downwardly and terminates at the lower end
      in a latching member forming a part of a notching and pin type releasable
      latch. Thus, the lower end of the arm may be formed with a downwardly
      opening notch. The latch mechanism includes a separate mounting bracket
      releasably secured to the U-shaped carriage structure. A pair of release
      arms are mounted on a longitudinally extended pivot shaft with spring
      means oppositely biasing the arms into a standby position. The arms extend
      across the pivot shaft with a latching roller aligned with the notch of
      the opposite tray bracket. The opposite end of the arm extends outwardly
      into the alignment with the trip mechanism such that upward pivoting of
      the arm releases the interconnected, latched tray member which drops to
      provide the desired gravity discharge. The latch arms preferably include a
      kicker cam which engages the tray bracket and positively forces the
      bracket from the latch engagement with the latch pin roller. As in the
      previous application, a suction cup bumper arrangement is preferably
      provided to absorb the bounce and recoil characteristics. In accordance
      with the present invention, the bumper unit is interconnected to the
      supporting bracket and thus moves with the dropping tray. The arrangement
      of the tray and suction cups is so arranged that the moving suction cup
      will move into engagement with the supporting bracket of the opposite tray
      member to thereby provide a slight bump to the opposite tray member
      further assisting in the load discharge.
PAR  Applicant found that the improved mounting in tray construction not only
      contributes to improved life in operation, but is particularly adapted to
      practical mass production controls. The present invention thus provides a
      highly improved tray structure for conveying devices in particularly high
      speed sorting apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings furnished herewith illustrate preferred constructions of the
      present invention in which the above advantages and features are clearly
      disclosed as well as others which will be readily understood from the
      following description, of the illustrated embodiment.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a tray structure constructed in
      accordance with the present invention;
PAR  FIG. 2 is a front elevational view of the tray structure shown in FIG. 1
      generally taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a vertical section view taken generally from line 3--3 of FIG. 1;
PAR  FIG. 4 is a horizontal section taken generally on line 4--4 of FIG. 3 with
      the interlocking arms structure partially removed to more clearly
      illustrate the illustrated embodiment of the invention; and
PAR  FIG. 5 is an enlarged vertical cross-section taken generally on line 5--5
      of FIG. 4.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to the drawings and particularly FIG. 1, a load support or tray
      unit 1 constructed in accordance with the present invention is
      interconnected to an articulated drive chain 2. A plurality of the tray
      units 1 are connected to the drive chain 2 which is located in a
      horizontal plane and the tray units 1 are sequentially moved in a
      circulating movement between one or more loading stations, now shown, and
      a plurality of unloading stations, generally as more fully disclosed in
      Applicant's previously referred to copending application. At each of the
      unloading stations, a discharge actuating unit 3 is provided to at least
      one side of the track for selective coupling to an aligned tray unit 1
      which, when actuated, results in an automatic discharge of a load on such
      tray unit. The present invention is particularly directed to the
      construction of the tray unit 1 and the interconnected carriage support
      means and, consequently, no further description of the overall system is
      presented herein.
PAR  Each of the tray units 1 is generally a split tray member including a pair
      of similar tray members 4 and 5 which are separately and individually
      pivoted to a carriage unit 6 which is interconnected to the drive chain 2.
PAR  Each of the tray members 4 and 5 is located, when in the transport
      position, to extend upwardly to define a generally V-shaped load
      supporting structure as most clearly shown in FIG. 2. The tray members are
      supported in the transport position by a releasable latch mechanism 7
      which is selectively actuated by the unit 3 to selectively release either
      one of the tray members 4 or 5 to drop to a discharge position, as shown
      in FIG. 2, for the lefthand tray member 4.
PAR  Each of the split tray members is similarly formed and pivotally
      interconnected for individual pivotal movement and the tray member 5 is
      particularly described with the corresponding elements of the opposite
      tray member 4 identified by corresponding primed numbers.
PAR  More particularly, the tray members 4 and 5 are pivotally mounted on a
      supporting shaft 8 secured to the top of the generally U-shaped carriage
      6. As in Applicant's copending application, the tray members 4 and 5 are
      preferably mounted inclined to the horizontal to cause the load to move to
      the forward portion of the tray members 4 and 5. The carriage 6 may be a
      stamped metal member which includes a forward arm 9 of a somewhat shorter
      length than the trailing arm 10 and integrally formed with a base 11.
PAR  The illustrated stamped carriage 6 is formed from a pair of abutting
      side-by-side similar members of a channel or U-shaped cross-sections, to
      form a relatively strong interconnected U-shaped support. Hinge journals
      12 and 13 are secured to the upper end of the forward and trailing arms 9
      and 10 as by welding or the like, with the axis located in accordance with
      the desired position of shaft 8. The shaft 8 extends through the journals
      12 and 13 and is secured in place as subsequently described. The tray
      members 4 and 5 are each similarly pivotally mounted on the shaft 8 by a
      hinge assembly or means including a pair of longitudinally spaced mounting
      brackets 15 and 16.
PAR  Reference to tray member 5 is generally as a plate-like member having a
      dual inclined planar support surface, which, in the transport position,
      defines an inner relatively sharp incline or slop portion 17 extending
      upwardly from the shaft 8 to a second portion 18 of a significantly lesser
      slope.
PAR  The upper end of inclined portion 17 curves outwardly and merges with the
      outer and lesser inclined portion 18. An end wall 19 is integrally formed
      on the tray member 5 and projects upwardly to define a stop wall and
      movable with the tray member 5 for properly locating and supporting of a
      load in the transport position. In FIG. 1, tray unit 1 moves to the left
      and wall 19 forms a front wall to stop loads rapidly introduced onto the
      tray unit 1 and tending to move relatively forwardly. If the load is
      deposited relatively slowly and tends to move relatively rearwardly, the
      total unit 1 and carriage 6 may be reversed to locate wall 19 to the rear
      or trailing end.
PAR  The end wall 19 includes an inner edge which projects upwardly with a very
      slight incline to approximately one-half the depth of the tray and with an
      outer uppermost edge merging into the center of portion 18 of the tray
      member 5. The adjacent vertical edges of walls 19 and 19' define a
      relatively small opening 20 at the leading-most portion of the tray
      structure. The walls 19 and 19' thereby are constructed to maintain an
      essentially continuous load supporting or stop means for proper location
      of a load upon the tray unit 1. The upper edge of the front walls 19 and
      19' include intermediate portions which extend outwardly at a greater
      inclines from the inner edges to a final generally horizontal position
      aligned with the outer supporting portion 18 of the tray members 4 and 5,
      as most clearly shown in FIG. 2. The intermediate portions form a
      generally V-shaped opening located within the configuration of the tray
      members 4 and 5. Exceptionally long packages on a precending, adjacent
      tray unit 1 may extend rearwardly into the reduced V-shaped edge portion
      defined by the front walls of a trailing tray unit 1 and thereby provide
      the necessary support of extra long packages. The discharge of a load
      spanning two of the tray units is conveniently accomplished by
      simultaneous activation of the adjoining tray units.
PAR  In accordance with one aspect of the present invention, a stepped or
      rippled support surface is formed on the portion 18. In the illustrated
      embodiment of the invention, four steps 21 are illustrated, each of which
      extends longitudinally along the length of the tray immediately adjacent
      to the outermost edge portion of the tray member 5. Each of the steps 21
      includes a generally flat upper wall 22 located in a plane parallel to the
      shaft axis with the tray member latched in the transport position and
      having a slightly inclined, vertical or joining wall 23. In a practical
      unit, the joining wall 23 of each of the steps 19 was formed with an angle
      of approximately thirty degrees to the flat supporting surface 22.
      Applicants have found that the stepped surface provides a highly improved
      supporting oad structure for large packages which tend to span the
      V-shaped cavity of the load supporting structure.
PAR  The trailing ends of each of the tray members 4 and 5 are flared outwardly
      as at 24 to permit turning of successive trays 1 around any curve in the
      track 2.
PAR  In the illustrated embodiment of the invention the tray member 5 is shown
      as formed of a plastic material which may be a suitable reinforced
      fiberglass. An internal metal insert or plate 25 extends essentially
      throughout the longitudinal length of the tray member and particularly the
      inner inclining slop portion 17 of the tray member 4.
PAR  The insert 25 includes integrally and threaded bosses 26 which project from
      the underside of the tray member 4 for securement to the front and rear
      mounting brackets 15 and 16 to properly mount and locate the tray member 4
      on the carriage 6. Each bracket 15 and 16 is similarly firmly mounted to
      the tray member by a pair of clamping bolts 27.
PAR  The rear mounting bracket 16 is a plate-like member having a pair of
      properly located openings aligned with the insert bushings and clamping
      bolts 27. The lowermost end of the mounting bracket 16 includes a
      cylindrical journal 28 secured on the hinge shaft or pin 8 immediately
      behind the support journal 13 on the trailing arm 10 of the carriage 6.
PAR  The forward mounting bracket 15 generally includes a similar plate-like
      member of somewhat greater axial or longitudinal extent, with
      appropriately located openings for similar attachment of the bracket 15 to
      the forward portion of the tray member 5. The forward mounting bracket 15
      includes a similar support hinge journal 29 located on the pivot shaft 8
      immediately behind the journal 12 on the forward or leading carriage arm 9
      with a spacing tube 32 located on shaft 8 between the front journal 29 and
      the rear arm journal 13. In accordance with the present invention, the
      hinge pin 8 extends essentially from the forwardmost wall of the tray
      member 4 to just short of the trailingmost end. End spacer bushings or
      cylinders 31 and 33 are secured by pins 33a to leading and trailing ends
      of the carriage hinge pin 8 to form a continuously cylindrical support
      immediately beneath and adjacent the innermost ends of the two associated
      tray members 4 and 5. The tray members 4 and 5 are closely spaced from the
      hinge assembly journals and bushings, as celarly illustrated in FIGS. 1
      and 2, such that the opening 30 between the hinge assembly and the tray
      members is minimal in order to prevent lodging of the load therebetween.
      As illustrated, the lowermost ends of the tray members 4 and 5 have
      generally inclined or tapered inner edges 34. When a tray member drops to
      the discharge position as shown in FIG. 2, the hinge assembly maintains a
      more or less continuous spanning of the enlarged gap between the innermost
      ends of the tray members 4 and 5. The curved and inclined surfaces further
      prevent interference with the discharge of a parcel or load.
PAR  The continuous supporting extended hinge assembly has thus been found to
      provide a reliable means of maintaining the closure of the gap between the
      two tray members 4 and 5 as they move between the transport and discharge
      positions, as controlled by the latch mechanism 7 which includes similar
      depending arms 35 and 35' integrally formed with the brackets 15 and 15'.
PAR  The latch mechanism 7 is located within the U-shaped carriage 6 immediately
      behind the front arm 9. The mechanism 7 includes a U-shaped mounting
      bracket 36 having an inclined forward wall 37 bolted to the arm 9 and a
      base portion 38 secured in spaced relation to the base 11 of carriage 6. A
      pivot pin 39 is secured between the front wall 37 and a back wall 40 of
      the bracket 36 and pivotally supports a pair of similar latching arms 41
      and 41' in longitudinally spaced relation for selective engagement with
      the latch arms 35 and 35' of the opposite mounting brackets 15 and 15' of
      the tray members 4 and 5.
PAR  As most clearly shown in FIGS. 3 - 5, the arm 41 includes a central pivot
      bushing or hub 42 pivoted on the pivot pin 39 with a latch arm portion 43
      extending outwardly laterally of the pivot pin and with an oppositely
      extending release arm portion 44. In the illustrated embodiment of the
      invention, the latch arm portion 43 is shown as a bifurcated member having
      a latch roller 45 rotatably located therein on axis parallel to the pivot
      pin 39. In the latch position, the roller 45 engages with a downwardly
      opening notch 46 in the latch arm 35'. The arm 41 is urged into the
      latching position by a torsion spring 47 wound about the pivot pin 39 and
      engaging the opposite side or release arm portion 44 to create a resilient
      pin and notch latch means.
PAR  The release portion 44 extends outwardly in the opposite direction and
      slightly downwardly. A release roller 48 is rotatably secured to the outer
      end of the arm portion 44 by a suitable connecting pivot pin 49. The
      roller 48 is located with its axis generally normal to the movement of the
      tray unit 15 and in alignment with an actuating unit 3 having a pivotally
      mounted lever 50. When the lever 50 is raised, it is located in the normal
      path of the roller 48 and forms an inclined ramp over which the roller 48
      moves, resulting in a forced pivoting of the latch arm 41 against the
      tension of the torsion spring 47. The latch roller 45 disengages from the
      notch 46 on the tray latch arm 35', which then frees the tray member 4 to
      drop downwardly to the discharge position as shown most clearly in FIG. 2.
PAR  In the illustrated embodiment of the invention, the disengagement of the
      roller 45 from the notch 46 is assisted by forcing of a cam 51 on the arm
      41 into engagement with the latch arm 35. As illustrated, the depending
      latch arm 35 is a strip-like member 52 secured along the edge to the
      bracket 15 and a member 52 is formed with the release notch 46 having an
      axis parallel to the latch roller 45. The notch 46 is oriented in the
      latch position, as shown in FIG. 5, with the inner edge or lip 53 extended
      slightly horizontally beneath the periphery of roller 45 which must roll
      outwardly therefrom during the release movement. The inner edges 54 of
      member 52 extends upwardly from between the spaced roller support portions
      of the bifurcated arm portion 43 and adjacent to the center pivot hub 42
      of the latch arm 41. The cam 51 is a plate-like projection suitably
      secured to hub 42 in generally coplanar relationship to member 52 with a
      cam edge 55 slightly spaced from edge 54 of member 52. The initial release
      rotation of the arm 41 rotates cam 51 and the edge 55 moves into positive
      engagement with the edge 54 on the latch arm member 35. The continued
      positive rotation of the arm 41 by unit 3 is transmitted to arm 35 to
      positively effect disengagement of the roller 45 from notch 46. This
      contributes a rapid and positive release and is particularly significant
      when the invention is employed in high speed sorting devices traveling on
      the order of 400 feet per minute wherein the movement over unit 3 is
      completed in a very short time.
PAR  Thus, in operation a latched tray unit 1 is loaded, automatically or
      manually, as it moves past a loading station. The tray unit 1 moves at a
      known speed. When aligned with a selected unloading station, the
      appropriate actuating unit 3 is actuated to position the ramp-forming
      lever 50 in the path of the roller 48 or 48', depending on the desired
      direction of discharge. In FIG. 2, the tray member 4 has been released.
PAR  In the final or discharge position, a suction cup bumper 57 on the latch
      arm 35 engages the mounting bracket 15' of the opposite tray member 5 to
      provide a slight jogging thereof and thereby facilitate the movement of a
      load from the tray unit 1. As in Applicant's copending application, a
      metering hole 57a provides release.
PAR  In the tilted position, the planar portion 17 of the tray member 4 forms a
      continuation of the planar portion 17' of the untilted or unreleased tray
      member 5. The outer rippled portion 18 drops downwardly to permit the load
      to drop from the tray structure and in particular with the ripple or steps
      21 clearly removed from the desired discharge path.
PAR  The tray structure is positively returned to the reset position through any
      suitable means such as by a reset ramp structure, now shown. Any suitable
      inclined structure or reset mechanism can engage the underside of the
      tilted tray member 4 and positively pivot the tray upwardly until the
      latching notch 46 aligns with the roller 45.
PAR  The latch arm 35 will automatically be reset to the latching position as a
      result of the torsion spring 47. The backside of the latch arm 35 is
      provided with an inclined cam 57, particularly on lip 53, which engages
      the roller 45 during reset. This causes a positive reverse or opposite
      rotation of the lartch arm 41 until the latching notch 46 is again aligned
      with the latching roller 45. The roller 45 then moves into the notche 46
      under the action of the torsion spring 47 to again establish the latch
      position.
PAR  Applicant has found that the present invention provides a very reliable and
      operative latched tray means for high speed sorters and the like with a
      positive and reliable movement of the tray structure to the discharge
      position.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A support structure for a conveying apparatus, comprising a first tray
      member, a second tray member, a pivot support means secured to said
      members and defining a tilt axis for at least one of said tray members
      extended lengthwise of the tray members, means for holding the members in
      a transport position, each of said members including a laterally extending
      support surface extending outwardly and upwardly with a predetermined
      angular orientation with respect to said tilt axis to define a generally
      V-shaped load support assembly with said tray members in the transport
      position, and the upper and outer portion of said support surface
      including a stepped surface defining at least one generally vertical wall
      portion between vertically offset portions and extending longitudinally
      within the support structure.
NUM  2.
PAR  2. In the support structure of claim 1, wherein each tray member is
      pivotally supported by said pivot support means, each of said members
      including a laterally extending support surface including a first portion
      extending outwardly and upwardly with a predetermined angular orientation
      with respect to said tilt axis and a second portion extending outwardly
      and upwardly from said first portion with a significantly lesser angular
      orientation with respect to the horizontal and terminating in a generally
      inclined horizontal plane, said stepped surface being formed in said
      generally inclined horizontal plane.
NUM  3.
PAR  3. The support structure of claim 1, wherein said pivot support means
      including a continuous cylindrical member extended the length of the tray
      members and spanning the gap between the lower edges of the tray members.
NUM  4.
PAR  4. The support structure of claim 2 wherein said pivot support means
      includes a pivot shaft extended the length of the tray members, pivot
      bearings secured to the lower end of each of said tray members and
      journaled on the shaft, cylindrical spacing members on said shaft
      establishing a continuous cylindrical support at the lower edges of the
      adjacent tray members.
NUM  5.
PAR  5. A support structure for a conveying apparatus, comprising a first tray
      member, a second tray member, a pivot support means secured to said
      members and defining a tilt axis for at least one of said tray members
      extended lengthwise of the tray members, means for holding the members in
      a transport position, each of said members including a laterally extending
      support surface extending outwardly and upwardly with a predetermined
      angular orientation with respect to said tilt axis to define a generally
      V-shaped load support assembly with said tray members in the transport
      position, and the upper and outer portion of said support surface
      including a stepped surface extending longitudinally of the support
      structure, including a tray carriage having a pair of spaced sleeve
      bearings, said pivot support means including a top pivot shaft secured in
      said pair of spaced bearings, said top pivot bar being angularly oriented
      in a vertical plane with the one end located below the opposite end, said
      tray members including pivot bearings on said shaft, a plurality of
      cylindrical spacer members on the shaft to define a continuous cylindrical
      surface immediately adjacent the lower edges of said tray members.
NUM  6.
PAR  6. The support structure of claim 5 wherein each tray member is a generally
      rectangular member pivotally supported by said pivot support means along a
      lower edge, each of said members including a first planar portion
      extending outwardly and upwardly with a predetermined angular orientation
      with respect to said tilt axis and a second portion extending outwardly
      and upwardly from said first portion with a significantly lesser angular
      orientation with respect to the horizontal, said stepped surface being
      formed in the outermost portion of the second portion, each tray member
      having a front wall including a vertical edge projecting upwardly from the
      pivot support means to a laterial inclined edge defining a V-shaped
      opening within the V-shaped load support.
NUM  7.
PAR  7. The support structure of claim 1, having an end wall means integrally
      attached to each of said tray members, each of said wall means having an
      inclined upper wall portion defining a raised V-shaped opening beneath the
      upper plane of the laterally extending support surfaces.
NUM  8.
PAR  8. The support structure of claim 1, wherein said means for holding the
      members in a transport position includes separate latch means for each
      member, said latch means including a latch member and lever on the support
      means and tray member and being coupled by a notch and pin type connection
      means to releasably hold the tray member in the transport position, and
      said latch member and lever being movable and including interfering
      members to positively release the corresponding tray member.
NUM  9.
PAR  9. A support structure for a conveying apparatus, comprising a first tray
      member, a second tray member corresponding to said first tray member, a
      pivot support means secured to said members and defining a tilt axis for
      at least one of said tray members extended lengthwise of the tray members,
      means for holding the members in a transport position with the lower ends
      in spaced relation, and said pivot support means including a continuous
      cylindrical structure located adjacent the lower edges of the tray members
      to create an essentially continuous supporting transport surface.
NUM  10.
PAR  10. The support structure of claim 9 wherein said pivot support means
      includes a pivot shaft extended the length of the tray members, a pair of
      pivot bearings for each of said tray members located on said shaft, a
      plurality of spacing members on said shaft to present a continuous
      cylindrical support at the lower edges of the adjacent tray members.
NUM  11.
PAR  11. The support structure of claim 9 wherein said pivot support means
      include a U-shaped tray support carriage including forward and rear
      support arms with an upper sleeve bearing, a top pivot shaft secured in
      said sleeve bearing, said tray members including sleeve bearings on said
      shaft, a plurality of cylindrical spacer members on the shaft to define a
      continuous cylindrical surface immediately adjacent the lower edges of
      said tray members.
NUM  12.
PAR  12. The support structure of claim 9 wherein each of said tray members
      includes an end wall means integrally attached to each of said tray
      members, each of said end wall means having an inclined upper wall portion
      defining a raised V-shaped opening beneath the upper plane of the
      laterally extending support surfaces.
NUM  13.
PAR  13. A support structure for a conveying apparatus, comprising a first tray
      member, a second tray member, a pivot support means secured to said
      members and defining a tilt axis for at least one of said tray members
      extended lengthwise of the tray members, means for holding the members in
      a transport position, said pivot support means including a continuous
      cylindrical structure located adjacent the lower edges of the tray members
      to create an essentially supporting transport surface, a U-shaped carriage
      having forward and rear arms projecting upwardly from a base and wherein
      said means for holding the members in a transport position includes a
      separate latch means for each member, a releasably mounted common support
      bracket for said latch means including a pivot pin means, each of said
      latch means including a laterally extending latch member secured to the
      corresponding tray member and a latch lever secured to the pivot pin
      means, said latch member and layer being coupled by a notch and pin type
      connection means to releasably hold the tray member in the transport
      position, and said latch lever being movable to release the latch member
      and corresponding tray member.
NUM  14.
PAR  14. The support structure of claim 13 wherein said latch members having a
      plate-like portion secured to the tray member and aligned with the latch
      member of the opposite tray member, a resilient means secured to each
      latch member engaging the opposite plate-like portion in response to the
      release of a tray member to mechanically jog the non-released tray member.
NUM  15.
PAR  15. A support structure for a conveying apparatus, comprising a first tray
      member, a second tray member, a pivot support means secured to said
      members and defining a tilt axis for at least one of said tray members
      extended lengthwise of the tray members, means for holding the members in
      a transport position, said pivot support means including a continuous
      cylindrical structure located adjacent the lower edges of the tray members
      to create an essentially supporting transport surface, said means for
      holding the members in a transport position includes separate latch means
      for each member, said latch means including a latch member and lever on
      the support means and tray member and being coupled by a notch and pin
      type connection means to releasably hold the tray member in the transport
      position, and said latch member and lever being movable and including
      interfering members to positively release the corresponding tray member.
NUM  16.
PAR  16. A tray unit for a conveying apparatus, comprising a tray element having
      a mounting side and a first planar support portion extending laterally
      therefrom and a second planar support portion projecting outwardly at an
      angle from said first planar support portion, the outer portion of the
      second support portion including a plurality of longitudinally extended
      and vertically offset steps to define offset load supporting surfaces
      joined by generally vertical wall portions.
NUM  17.
PAR  17. The tray unit of claim 16 having a pivot support means secured to the
      mounting side of the element and located adjacent the edge of the mounting
      side on the first planar support portion.
NUM  18.
PAR  18. The tray unit of claim 17 wherein said extended steps are parallel to
      the axis of the pivot support means and include walls parallel to each
      other.
NUM  19.
PAR  19. The tray unit of claim 16, having an end wall means integrally attached
      to said tray element, said wall means having an edge extending from the
      mounting side to an inclined upper edge extending outwardly to the second
      portion, a pair of said elements producing a raised V-shaped opening
      beneath the upper plane of the laterally extending support surfaces.
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ABST
PAL  Apparatus is disclosed for releasably supporting and transporting rigid
      open-mouthed containers by engaging the interior surface of the container
      mouth with an inflatable elongated elastomeric diaphragm, means being
      provided for inflating and deflating the diaphragm. The apparatus is
      particularly useful in suspending and conveying heated glass bottles
      through various processing stages wherein various coatings are applied to
      the outer surfaces of the bottles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Containers and, in particular, open-mouth rigid containers, such as glass
      bottles or the like, are commonly subjected to post treatment wherein
      various coatings are applied to the outer surfaces of the container. Such
      coatings are applied, for example, to improve fracture resistance, impart
      lubricous properties and, in some cases, to color the containers. The
      coatings are applied by conventional techniques, such as dipping or by
      electrostatic deposition, and cured by heat treatment.
PAR  The containers are generally carried through the coating and curing stages
      on hangers suspended from a continuous conveyor, the containers being
      releasably engageable with the hanger. Furthermore, it is preferable that
      the containers be supported interiorly by the hanger, one such means of
      providing internal support for the container being disclosed in U.S. Pat.
      No. 3,777,875, assigned to the assignee of the present invention.
PAR  In the said patent, the hanger member terminates in a frusto-conical
      resilient member which is forcibly inserted into the container mouth and
      frictionally engages the inner surface thereof whereby the container may
      be carried through the various processing stages. The container is
      released by forcibly disengaging the resilient insert by the downward
      stroke of a cylindrical sleeve-like member actuated by a cam means.
PAR  This container transporting means suffers, however, from the disadvantage
      that the resilient frusto-conical member must be sized to engage a
      container mouth of a particular diameter, with the consequence that the
      resilient members must be changed to accommodate containers having only
      slightly differing mouth dimensions. Moreover, the forcible engagement and
      disengagement of the resilient member results in increased wear and
      frequent replacement of the resilient member. Additionally, the containers
      must be accurately aligned with their respective hangers in order to
      assure proper engagement of the resilient member with the container mouth.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention a hollow, elongated elastomeric diaphragm,
      carried on the lower end of the hanger member, is inserted into the mouth
      of the container. A double-acting hydraulic cylinder integral with the
      hanger member is energized to impart stored energy through a fluid medium
      to expand the diaphragm, the expanded diaphragm frictionally engaging the
      interior surface of the container mouth. The container is disengaged by
      relieving the static pressure, which deflates the diaphragm. The hydraulic
      system is energized, i.e., the diaphragm is inflated, at all times other
      than when the container is picked up and removed, at which times the
      system is de-energized, i.e., the diaphragm is deflated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in a preferred embodiment by the following
      drawings, wherein:
PAR  FIG. 1 is an elevation view, partly in section, of the container
      transporting device in an energized condition;
PAR  FIG. 2 is an elevation view, partly in section, of the container
      transporting device in a de-energized condition;
PAR  FIG. 3 is an expanded sectional view of an elastomeric diaphragm usable in
      the present invention;
PAR  FIG. 4 is an expanded view, partly in section, of the elastomeric diaphragm
      of FIG. 3 modified for electrostatic spraying operations;
PAR  FIG. 4a is a cross-sectional view of FIG. 4 taken along the line A--A; and
PAR  FIGS. 5a to 5f represent schematically the sequence of operation of the
      container transporting device of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  With reference to FIG. 1, the container supporting and transporting device
      of the invention is depicted at 10 in its energized condition. The device
      10 is in the energized condition at all times, except when it is engaging
      a container or when it is disengaging from a container. The device 10
      comprises a linearly extending hollow rod or tube 11 which is connected at
      its upper end via a fitting 12 to the lower end of a cylinder 13 and is
      adapted at its lower end to be connected with a hollow, elongated
      elastomeric diaphragm 17 via fittings 14 and 15 and ferrule 16. The tube
      11 is fabricated of any structurally suitable material, preferably steel
      or stainless steel. The diaphragm 17 is formed from a compression molded
      elastomeric material, for example, a silicone rubber or the like capable
      of withstanding continuous operating temperatures of about 425.degree.F
      without deformation or loss of elastic memory. A silicone rubber marketed
      under the tradename "Blensil" by General Electric Company has proved to be
      satisfactory. A cylindrical sleeve 42 slidably mounted on tube 11 may also
      be provided. The sleeve 42 serves the purpose of protecting the lower
      section of the tube, fittings and diaphragm from contact with the
      particular coating or pigment being applied to the container, the lower
      end of the sleeve bearing on the top surface of the container. The sleeve
      is preferably fabricated on a non-conductive, chemically resistant
      material, such as "Teflon" or the like.
PAR  A piston 18 is disposed within cylinder 13, the cylinder 13 being movable
      with respect to the piston 18, as will be explained hereinafter. A piston
      rod 19 is secured to the piston 18, the rod extending through the upper
      end of the cylinder 13 which is provided with a seal 20. The upper end of
      the piston rod 19 is connected to a bracket 21, the bracket 21 being
      rigidly affixed to a conveyor means 25 such as, for example, a monorail
      conveyor, via fastening means 26, such as a nut and bolt as shown. It is
      thus seen that the piston 18, piston rod 19 and bracket 21 form a linear
      fixed assembly depending from the conveyor means 25 and is also fixed with
      respect to vertical movement of cylinder 13.
PAR  A sprocket 27 is fixedly mounted on the upper end of cylinder 13 and
      coaxial therewith. Low-friction rotation of the assembly is assured by the
      provision of bearing means 28 mounted about the upper threaded end of
      piston rod 19, the bearing means 28 being secured by a lock washer 29 and
      a nut 30. The sprocket 27 also serves as a bearing or pressure plate to
      de-energize the device as will be described hereinafter.
PAR  A spring 31 is disposed within the upper portion 32 of cylinder 13 and is
      expanded against the fixed piston 18 and cylinder 13. As the spring is
      used to store energy, it is preferred that it have a capacity of at least
      twelve times the container weight at maximum operating temperature. The
      lower portion 33 of cylinder 13 serves as a fluid reservoir. The fluid 34
      is a non-compressible thermally stable liquid which is compatible with all
      parts of the device with which it is contacted. The fluid 34 completely
      fills the reservoir 33, tube 11 and diaphragm 17. To eliminate loss of
      fluid due to leakage between the cylinder wall and the piston, resulting
      in a loss of working pressure, the piston is provided with an annular
      fluid seal 35. To prevent air from becoming entrapped on the working side
      of the cylinder, the piston is provided with a second annular seal 36. The
      fluid seal 35 must be of a material that is capable of withstanding
      operating temperatures, i.e., about 425.degree.F, and be compatible with
      the hydraulic fluid, whereas the air seal 36, which is not in contact with
      the hydraulic fluid, must only be capable of withstanding operating
      temperatures. A material such as "Viton" has been found to be suitable for
      both the fluid and air seals. A vent hole 37 is provided in the upper
      portion 32 of cylinder 13 to provide for relieving back pressure on piston
      18, as well as to provide access for lubricating the spring 31.
PAR  It is important that the fluid side of the device contain no compressible
      fluid, e.g., air or other gases, as even partial fluid compressibility
      will use the energy required by the diaphragm to maintain a friction
      coefficient sufficient to carry the container. As the degree of freedom in
      the diaphragm must be as low as possible to maintain desirable temperature
      elasticity and longevity characteristics, the relatively high degree of
      freedom resultant from air pockets would use a substantial portion of the
      energy necessary to inflate the diaphragm to the required extent.
      Moreover, as air is not thermally stable, heating at processing
      temperatures could cause overexpansion of the diaphragm were air entrapped
      on the fluid side. Additionally, entrapped air would require an
      unrealistically high amount of cylinder displacement.
PAR  It is, of course, to be understood that the term "non-compressible", as
      applied to the fluid contemplated, is used as a matter of practical
      convenience as all liquids are to some extent compressible. However, the
      compressibility is so small as to be negligble in most applications and
      liquids are thus said to be practically non-compressible. For example, a
      pressure of one p.s.i. will compress a given volume of water only about
      one part in 300,000.
PAR  As beforementioned, FIG. 1 is illustrative of the device in its energized
      condition. In this state, the compression spring 31 is expanded against
      the piston 18, thus statically loading the fluid 34 in reservoir 33, which
      load is transmitted through the fluid in tube 11, thereby expanding the
      resilient walls of the elastomeric diaphragm 17 to frictionally engage the
      inner surface of the mouth of a container 41.
PAR  The term "static load" as used herein can be analogized to a static load as
      applied to an axial bar wherein a load that is just touching the end of
      the bar is suddenly released such that the velocity of approach is zero.
      The load is constant throughout the entire deformation and the internal
      force in the bar increases from zero to some value SA wherein S is the
      unit stress, i.e., the amount of force per unit area of surface, and A is
      the cross-sectional area of the bar to which the load is applied. In the
      instant case, however, a fluid rather than a solid material is static
      loaded.
PAR  FIG. 2 is illustrative of the means by which the device is de-energized,
      whereby the diaphragm 17 is deflated to permit insertion into or
      withdrawal of the same from a container. At the points of pick-up and
      take-off of the container, the assembly 10 travels under a cam means 36. A
      preferred type of cam means comprises a pair of overhead rails 37, and
      associated V-belts 38, the belts being backed by bearings 39 supported in
      the rails 37. The cam belts 38 bear on either side of the top surface of
      the sprocket or pressure plate 27, depressing the same which results in
      vertical downward displacement of cylinder 13 with respect to the fixed
      piston 18 and rod 19. Downward displacement of cylinder 13 results in
      compression of spring 31 and enlargement of the volume of fluid reservoir
      33, thus relieving the static load on the fluid 34 in the reservoir 33,
      tube 11, and diaphragm 17, the diaphragm deflating and returning to its
      fabricated dimensions, thus permitting frictionless insertion into or
      removal from the container 41. Disengagement of the cam means 36 results
      in expansion of spring 31, which causes the assembly 10 to return to its
      energized state as shown in FIG. 1.
PAR  It is preferred that the volume displacement capacity on the fluid side
      should be a minimum of 10% greater than the volume displacement of the
      diaphragm and a maximum of 40% greater. The minimum excess displacement
      will permit the cylinder to compensate for diaphragm elasticity and
      assembly tolerance error whereas the maximum excess displacement will
      limit fluid contamination in the event of rupture or mechanical failure of
      the diaphragm.
PAR  FIGS. 5a to 5f are illustrative of the mode of operation of the container
      supporting and transporting device of the invention. A container 44 having
      an open mouth portion 43 is advanced via a conveyor pallet 46 to a
      position where the mouth 43 is approximately aligned with energized
      assembly 10, (FIG. 5a). The container shown is a typical glass bottle, but
      it is apparent that a variety of other rigid containers of different
      design may be used, as the diaphragm dimensions may be varied to
      accommodate any open-mouthed container. Concurrently with the alignment of
      the container 44 with assembly 10, the cam means 36 de-energizes the
      assembly in the manner described with reference to FIG. 2 and the deflated
      diaphragm 17 is inserted into the bottle mouth 43. While insertion of the
      diaphragm into the bottle mouth can be effected by relative downward
      movement of the assembly with respect to the bottle, it is desirable to
      effect insertion by moving the container upward relative to the assembly
      via an inclined conveyor 48 as depicted, (FIG. 5b). As the cam disengages,
      the assembly is energized, causing inflation of the diaphragm 17 which
      frictionally engages the inner surface of the mouth portion 43, (FIG. 5c).
      The suspended container is then conveyed through the various processing
      stages, such as the electrostatic coating stage 45 depicted in FIG. 5d. At
      the completion of processing, the assembly is de-energized by engagement
      with another cam means 36. The diaphragm 17 is again deflated and
      withdrawn from the container, (FIG. 5d). Disengagement of the cam means
      returns the assembly 10 to its energized condition, (FIG. 5f).
PAR  Although FIG. 5 illustrates the use of a pallet to maintain the container
      in vertical axial alignment with the transporting device at the points of
      pick-up and take-off, the use of a pallet is optional as it has been found
      that, due to the resilient member, the container may be inclined as much
      as 12.degree. to the vertical axis of the transporting device without
      affecting the ability of the device to satisfactorily engage with or
      disengage from the container.
PAR  FIG. 3 is illustrative of a preferred configuration of the elastomeric
      diaphragm of the invention in its fabricated state. The diaphragm 50,
      molded from a silicone rubber elastomer or the like, although of unitary
      construction, can best be described as consisting of three parts, namely,
      a tip portion 51, a body portion 52 and a rear portion 53. The tip portion
      51 is of solid construction and is of a generally conical configuration.
      The body portion 52 is configured as a hollow cylinder. The rear portion
      53 is also in the form of a hollow cylinder with an outside diameter
      slightly greater than the outside diameter of the body portion 52. As
      shown in FIGS. 1 and 2, the rear portion 53 is in engagement with the tube
      11 via fittings 14 and 15 and is secured thereto by ferrule 16.
      Consequently, as the rear portion 53 is in adaptive engagement with the
      tube 11 and the tip portion 51 is of solid construction, only the body
      portion 52 will be expanded substantially radially outwardly along its
      axial length by the application of the static hydraulic load when the
      device is energized as described hereinabove.
PAR  In order to assure dynamically stable pick-up and removal of the container
      by the diaphragm, the same is preferably dimensioned such that for a given
      overall length, the tip portion 51 comprises from 15 to 20% of the length,
      the body portion 52 comprises from 45 to 60% of the length, and the rear
      portion comprises from about 30 to 35% of the length. The inside diameter
      of the body portion 52 is preferably from 60 to 80% of its outside
      diameter, the inside diameter of the rear portion 53 being from 80 to 90%
      of the inside diameter of the body portion 52 and the outside diameter of
      the rear portion 53 being from 120 to 130% of the outside diameter of the
      body portion 52.
PAR  For example, in order to engage a container mouth having an inside diameter
      of from 0.625 to 0.700 inch (1.59 to 1.78 cm), an elastomeric diaphragm of
      substantially the following dimension is recommended:
     Length, overall:                                                          
                     3.00 inches   (7.62 cm)                                   
     Length, tip portion:                                                      
                     0.50 inch     (1.27 cm)                                   
     Length, body portion:                                                     
                     1.50 inches   (3.81 cm)                                   
     Length, rear portion:                                                     
                     1.00 inch     (2.54 cm)                                   
     O. D., body portion:                                                      
                     0.60 inch     (1.52 cm)                                   
     I. D., body portion:                                                      
                     0.42 inch     (1.07 cm)                                   
     O. D., rear porotion:                                                     
                     0.72 inch     (1.83 cm)                                   
     I. D., rear portion:                                                      
                     0.375 inch    (0.95 cm)                                   
PAR  It has been common practice to apply coatings or the like to containers by
      electrostatic means. Generally speaking, an electrostatic coating system
      includes a spray generator from which the coating composition emanates in
      the form of very finely divided particles. The particles are passed near a
      high voltage probe or electrode whereby an electrostatic charge is induced
      on the particles. In order to assure deposition of a uniform adherent
      coating to the container, it is preferable to provide a means of
      maintaining a potential difference between the spray particles and the
      container, one such means being illustrated in FIGS. 4 and 4a.
PAR  FIGS. 4 and 4a depict a diaphragm 60 similar to the diaphragm shown in FIG.
      3, the diaphragm 60 being adapted and modified to assure maintenance of
      the requisite potential difference between the charged spray particles and
      the container in the following manner.
PAR  A small radially extending hole 64 is provided in the tip portion 61 of
      diaphragm 60 the hole 64 being bored completely through the tip portion
      and communicating with vertically extending channels 65 formed in the
      outer wall 66 of body portion 62. Extending inwardly from the inner wall
      67 of body portion 62 and corresponding to channels 65 are ribs 68. A
      length of small diameter, e.g., about 24-gauge, conductive wire,
      preferably copper wire (not shown), is threaded through hole 64 and
      recessed in channels 65, the wire being held in place by ferrule 16 (FIGS.
      1 and 2). As the wire is completely recessed in the channels 65, when the
      diaphragm is in its fabricated or de-energized conditions, the wire will
      not abrade the container upon insertion of the diaphragm into the
      container mouth. When the diaphragm is energized, i.e., expanded, the wire
      expands with the diaphragm wall and contacts the inner surface of the
      container mouth, thus providing an electrically conductive path to
      maintain the requisite potential difference to assure uniform deposition
      of the coating.
PAR  Although the invention, in its preferred embodiments, has been described in
      considerable detail in the foregoing disclosure, it is to be understood
      that such description is only illustrative of the invention and that many
      variations will be apparent therein to those skilled in the art without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for releasably suspending and transporting open-mouth rigid
      containers comprising:
PA1  A. overhead conveyor means having a container pick-up point and a container
      take-off point;
PA1  B. an assembly depending from said conveyor means, said assembly engaging a
      container at said pick-up point, disengaging the container at said
      take-off point and transporting the container along the conveyor between
      the pick-up and take-off points, said assembly comprising:
PA2  a. a hollow support rod having an upper end and a lower end;
PA2  b. a hollow, elongated resilient diaphragm affixed to and in open
      communication with the lower end of said support rod; and
PA2  c. hydraulic means cooperative with the upper end of said support rod
      whereby said diaphragm is deflated at said points of pick-up and take-off
      to permit respective insertion into and removal of said diaphragm from the
      container mouth and whereby said diaphragm is inflated to frictionally
      engage the inner surface of the container mouth during transport between
      said pick-up and take-off points, said hydraulic means comprising:
PA3  i. a cylinder having an upper end and a lower end;
PA3  ii. a piston disposed in said cylinder and coaxial therewith, the piston
      dividing the cylinder into an upper annular portion and a lower annular
      portion, the upper end of said support rod being affixed to and in open
      communication with said lower annular portion of said cylinder, said
      cylinder being vertically displaceable with respect to said piston;
PA3  iii. a non-compressible fluid contained in said lower annular portion of
      said cylinder, said hollow support rod and said resilient diaphragm;
PA2  d. means for transferring a static load through said fluid whereby the
      diaphragm is inflated and means for relieving said static load whereby the
      diaphragm is deflated, said means for transferring and relieving said
      static load comprising a coil spring disposed in said upper annular
      portion of said cylinder and coaxial therewith, said spring being expanded
      when said cylinder is displaced vertically upward relative to the piston
      thereby transferring said static load, said spring being compressed when
      said cylinder is displaced vertically downwardly relative to the piston
      thereby relieving said static load; and
PA2  e. means at said points of pick-up and take-off to displace said cylinder
      vertically downward with respect to said piston.
NUM  2.
PAR  2. The apparatus of claim 1 including sealing means to prevent the fluid
      from entering the upper annular portion of the cylinder.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said sealing means comprises an annular
      ring of resilient material disposed about the periphery of the piston.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said cylinder displacement means
      comprises:
PA1  a) a bearing plate affixed at the upper end of said cylinder; and
PA1  b) cam means located at the pick-up and take-off points, said assembly
      being conveyed under said cam means, whereby said cam means bears
      downwardly on said bearing plate resulting in downward displacement of
      said cylinder with respect to said piston.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said cam means comprises a pair of
      spaced V-belts which bear downwardly on either side of said bearing plate
      as said assembly passes under said cam means at the points of pick-up and
      take-off.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the diaphragm is formed of a
      rubber-like elastomer.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the diaphragm is expanded outwardly
      substantially along its axial length.
NUM  8.
PAR  8. The apparatus of claim 1 wherein a plurality of said assemblies depend
      from said conveyor means at fixed intervals along the length thereof, each
      of said assemblies releasably engaging and transporting a respective
      container.
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PAL  In a conveyor band which has load-bearing components of expandible plastics
      material hinged to transverse rods with two or more of the components
      extending end-to-end across the width of the band between each adjacent
      pair of rods, interengaging projections and flexible portions are provided
      at the adjacent ends of the components. Normally the flexible portions are
      unflexed and the projections space the adjacent ends of the components
      apart, but in the event of expansion of the plastics material, for example
      as a result of water absorption, which causes lateral expansion of the
      components, the flexible portions flex under the effect of the increased
      pressure exerted on them by the projections and permit the components to
      move closer together. Thus expansion of the components is accommodated
      internally of the band, leaving its width unaltered.
BSUM
PAR  This invention relates to band conveyors.
PAR  In many applications of use it is advantageous to employ conveyor bands
      which have load-bearing components made of plastics material. For example,
      they are lighter than bands which have metal load-bearing components,
      problems of corrosion are avoided and they can be kept clean relatively
      easily. However, some plastics materials, notably nylon-based materials,
      whilst being very satisfactory in many respects can give rise to problems
      in situations where they come into contact with water, or are used in an
      atmosphere which has a high moisture content, because they absorb water.
      As they absorb the water they expand and this can cause excessive friction
      in the band as joints tighten and parts rub together which previously had
      been out of contact, or only in light contact with one another. This puts
      a strain on the drive mechanism and breakdowns can result. Allowances can
      be made relatively easily to reduce the effect of expansion of the
      components in the lengthwise direction of the band, but hitherto owing to
      the close tolerances normally necessary in the lateral direction to ensure
      correct operation of the band, satisfactory allowance has not been made
      for lateral expansion of the components. Consequently where contact with
      water or moisture is likely to be involved other plastics materials have
      been used which, although not being water absorbant, do not offer such
      good properties in other respects. Few materials can be used as
      successfully as nylon at low temperatures, or have the self-lubricating
      properties of nylon which are often so desirable.
PAR  It is an object of the present invention to provide a conveyor band which
      makes allowance for lateral expansion of the load-bearing components, and
      which may therefore have load-bearing components made of water-absorbant
      plastics material even though the band may be used in conditions where the
      components will be in contact with water.
PAR  The present invention consists in a conveyor band which comprises spaced
      transverse rods and load-bearing components made of expandible plastics
      material which extend between and are hinged to said transverse rods, and
      wherein there is a plurality of said load-bearing components disposed
      end-to-end laterally of the band between each adjacent pair of said
      transverse rods, and adjacent ends of said plurality of load-bearing
      components have in respect of a first one of said ends a projection which
      extends away from said first end towards a second one of said ends, and in
      respect of said second end a flexible portion with which said projection
      engages and which is normally unflexed but is able to deflect inwardly
      away from said first end under increased pressure exerted on it by said
      projection. The construction and arrangement is such that when said
      plastics material of said load-bearing components is unexpanded and said
      flexible portion is unflexed said first and second adjacent ends of said
      load-bearing components are spaced laterally apart by said projection, and
      in the event of expansion of said plastics material causing lateral
      expansion of said load-bearing components said flexible portion is caused
      to be deflected inwardly by the increased resultant pressure exerted on
      said portion by said projection, and said adjacent ends are thereby
      permitted to move closer together.
PAR  By the expression "expandible plastics material" is meant here any plastics
      material which is liable to expand to some extent under certain conditions
      of use whether it be because of contact with water as in the case of nylon
      and nylon-based materials, or heat or perhaps even other circumstances.
PAR  It will be seen that with the arrangement now provided the overall width of
      the band, which is usually a critical dimension requiring close control
      because of the fixed width of the track along which the band runs, is
      unaffected by lateral expansion of said components which may occur in use,
      as the expansion is taken up internally of the band. Hence the band is
      still able to operate satisfactorily.
PAR  Normally said projection will act simply as a spacer and there will be only
      light contact between it and said flexible portion sufficient to prevent
      free movement between them laterally of the band. There may be more than
      one said projection and flexible portion.
PAR  Said projection may be a small pip, nodule or other protrusion having a
      pointed extremity which when said projection is acting as a spacer has
      just point or line contact with said flexible portion so as to minimise
      friction between said components.
PAR  Said flexible portion may be a part of said second end of reduced thickness
      which will bend more readily than the rest of said end. Said end may, for
      example, be an elongated member, such as a bar or flange, extending in the
      lengthwise direction of the band and said flexible portion may be formed
      by a part of said elongated member of reduced thickness. Alternatively
      said flexible portion may be formed by a part of said second end which is
      supported less sturdily than the rest of said end. Thus, where said second
      end is formed again by an elongated member extending in the lengthwise
      direction of the band said flexible portion may be a part of said
      elongated member, said elongated member being prevented from flexure
      except at said flexible portion by stiffening means, such as webs or the
      like, at intervals along said elongated member. Said flexible portion may
      be provided in various other ways.
DRWD
PAR  An embodiment of a conveyor band in accordance with the invention will now
      be described by way of example with reference to the accompanying drawings
      in which,
PAR  FIG. 1 is a plan view of part of the conveyor band,
PAR  FIGS. 2 and 3 are fragmentary detail views on an enlarged scale showing end
      portions of two laterally adjacent components in the band respectively in
      a normal, unexpanded condition, and in an expanded condition,
PAR  FIG. 4 is a plan view of another form of load-bearing component, and
PAR  FIG. 5 is a fragmentary detail view showing a modified form of load-bearing
      component.
DETD
PAR  Referring to FIG. 1, the conveyor band comprises a series of equally spaced
      rods 1 which extend transversely of the band, and load-bearing components
      in the form of moulded nylon modules 2,3 which extend between and are
      hinged to the rods 1. There are two modules 2,3 disposed end-to-end
      laterally of the band between each pair of adjacent rods 1.
PAR  Each module 2,3 has an oblong rectangular body 4 disposed with its longer
      sides 5 extending laterally of the band. Projecting from and integral with
      the longer sides 5 are co-axial equally-spaced, externally cylindrical eye
      portions 6 through which the rods 1 pass and hingedly connect the module
      to the rods. The eye portions 6 at one side of the body 4 are staggered
      with respect to those at the opposite side. The eye portions 6 of adjacent
      modules in the lengthwise direction of the band intercalate with one
      another at the rods 1 to which they are connected.
PAR  The body 4 of each module 2,3 has a series of equally-spaced parallel bars
      7 which extend between the two longer sides 5 and are joined at
      intermediate parts of their lengths by stiffening webs 8 which are
      disposed in three rows running parallel to the longer sides 6 between
      opposite ends of the body.
PAR  One module 2 of the two between each pair of adjacent rods 1 has, as shown
      more clearly in FIGS. 2 and 3, a bar 9 at one end of its body 4 which is
      somewhat thinner than the other bars 7. This end bar 9 is joined to its
      neighbouring bar 7 only by two of the stiffening webs 8, these being in
      the two outer rows of stiffening webs. Hence a central portion 10 of the
      end bar 9 is left unsupported and, as the bar is quite thin, relatively
      flexible.
PAR  The other module 3 has at one end of its body 4 a bar 11 of similar
      thickness to the other bars 7 and which like the other bars is stiffened
      by three of the webs 8. On this end bar 11 there is a triangular pip 12
      which projects laterally outwards from the bar at its mid-point. The two
      modules 2,3 between each pair of rods 1 are arranged with the pip 12 of
      one module 3 next to the flexible portion 10 of the end bar 9 of the
      adjacent module 2. Normally the pip 12 makes only light, substantially
      line, contact at its apex with the flexible portion 10, FIG. 2, and serves
      merely to keep the modules 2,3 spaced laterally a small distance part from
      one another, the width of the resultant space 13 between the modules
      corresponding substantially to the distance between the bars 7 in the
      bodies 4 of the modules. The inherent stiffness of the flexible portions
      10 keeps it straight and unflexed under these conditions.
PAR  If the band should become wet and water is absorbed by the modules 2,3 with
      the result that they expand, the spaces 13 between the modules and the
      interaction of the pips 12 and flexible portions 10 allow movement of the
      modules towards one another laterally inwardly of the band as they expand.
      In the course of the expansion the pips 12 are urged more and more tightly
      against the flexible portions 10 which deflect under the pressure, as
      shown in FIG. 3. Consequently the expansion is accommodated without
      altering the overall width of the band.
PAR  The diameters of the holes, not shown, in the eye portions 6 of the modules
      may be made sufficiently oversize in relation to the rods 1 to allow
      movement of the modules relative to the rods lengthwise of the band as a
      result of longitudinal expansion of the modules.
PAR  Thus any expansion of the modules whilst the band is in use has minimal
      effect on the operation of the band.
PAR  There may be a transverse row of more than two modules across the width of
      the band, if required, between each pair of adjacent rods. In this case
      the end modules of the row may have the forms just described, one having
      the flexible portion 10 and the other the pip 12, and the or each
      intermediate module of the row may have the form shown in FIG. 4 of the
      drawings. This further form of module 14 is of generally similar
      construction to the modules 2,3 described, and common parts are indicated
      in the drawing by corresponding reference numerals, but there is the
      difference that this module has a flexible portion 10 at one of its ends
      and a pip 12 at the other. The flexible portion 10 and the pip 12 are in
      fact similar to those provided on the previously described modules 2,3. In
      each transverse row of modules the modules at the ends of the row are
      disposed with their ends having the flexible portion 10 and pip 12
      respectively innermost, that is towards the intermediate module or modules
      14, and the or each intermediate module 14 is so arranged in relation to
      the end modules, and the intermediate modules are so arranged in respect
      to one another where there is a plurality of intermediate members, that in
      the row the pip 12 of one module is next to the flexible portion 10 of an
      adjacent module. As before, therefore, any expansion of the modules
      laterally of the band will be accommodated within the band and the width
      will consequently be unchanged.
PAR  A modified form of load-bearing component is shown in FIG. 5 of the
      drawings. This component is also a moulded module. It differs in two
      respects from the previously described modules. One difference is that
      there are no stiffening webs between parallel bars 7 of its oblong
      rectangular body 4 which extend between the two longer sides 5 of the
      body; the other difference is in the manner in which a flexible portion 10
      at one end of the body 4 is provided. Here a bar 9 at the end of the body
      is of similar thickness to the other bars 7 except as its central part
      which is of reduced thickness to form the flexible portion 10. Except at
      the flexible portion 10 the bar 9, like the other bar 7, is substantially
      rigid and self-supporting. The load-bearing component or components with
      which the described component is mounted in a conveyor between an adjacent
      pair of rods has or each have a body of similar general construction with
      parallel bars extending between the longer sides without stiffening webs.
      The projection of the adjacent component which cooperates with the
      flexible portion 10 may be similar to the pips 12 of the modules 3 shown
      in FIGS. 1 to 3, and in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A conveyor band comprising spaced transverse rods and load-bearing
      components made of expandible plastics material which extend between and
      are hinged to said transverse rods, wherein there is a plurality of said
      load-bearing components disposed end-to-end laterally of the band between
      each adjacent pair of said transverse rods, and adjacent ends of said
      plurality of load-bearing components have in respect of a first one of
      said ends a projection which extends away from said first end towards a
      second one of said ends, and in respect of said second end a flexible
      portion with which said projection engages and which is normally unflexed
      but is able to deflect inwardly away from said first end under increased
      pressure exerted on it by said projection, the construction and
      arrangement being such that when said plastics material of said
      load-bearing components is unexpanded and said flexible portion is
      unflexed said first and second adjacent ends of said load-bearing
      components are spaced laterally apart by said projection, and in the event
      of expansion of said plastics material causing lateral expansion of said
      load-bearing components said flexible portion is caused to be deflected
      inwardly by the increased resultant pressure exerted thereon by said
      projection, and said adjacent ends are thereby permitted to move closer
      together.
NUM  2.
PAR  2. A conveyor band according to claim 1 wherein said projection has a
      pointed extremity which makes point or line contact with said flexible
      portion.
NUM  3.
PAR  3. A conveyor band according to claim 1 wherein said second end is formed
      by an elongated member of said load-bearing component extending in the
      lengthwise direction of the band, and said flexible portion is a part of
      said elongated member, there being stiffening means at intervals along
      said elongated member which prevents said elongated member from flexure
      except at said flexible portion.
NUM  4.
PAR  4. A conveyor band according to claim 1 wherein said second end is formed
      by a self-supporting elongated member of said load-bearing component
      extending in the lengthwise direction of the band, and said flexible
      portion is a part of said elongated member which is of less thickness than
      the rest of said elongated member.
NUM  5.
PAR  5. A conveyor band comprising spaced transverse rods and load-bearing
      components made of expandible plastics material which extend between and
      are hinged to said transverse rods, wherein there is a plurality of said
      load-bearing components disposed end-to-end in a row laterally of the band
      between each adjacent pair of said transverse rods, said row comprising
      first and second end load-bearing components and at least one intermediate
      load-bearing component, said first end component having at its end a
      projection which extends away from said inner end, said second end
      component having at its inner end a flexible portion which is normally
      unflexed but is able to be deflected inwardly of said second end component
      under applied pressure, and said intermediate component has at one end
      thereof a projection which extends away from said one end and at its other
      end a flexible portion which is normally unflexed but is able to be
      deflected inwardly of said intermediate component under applied pressure,
      said components of said row being disposed with said projections in
      engagement with said flexible portions, and the construction and
      arrangement being such that when said plastics material of said
      load-bearing components is unexpanded and said flexible portions are
      unflexed said components of said row are spaced laterally apart from one
      another by said projections, and in the event of expansion of said
      plastics material causing lateral expansion of said components said
      flexible portions are caused to be deflected inwardly by the increased
      resultant pressure exerted thereon by said projections, and said
      components are thereby permitted to move closer together.
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ABST
PAL  Cops doffed from spinning machines are supplied at random to a cop
      sequencing device of high frequency vibration type, issued therefrom in
      sequenced order and fed to one or more sets of automatic control of their
      head and tail directional disposition.
BSUM
PAR  The present invention relates to apparatus for automatic cop feeding, more
      particularly relates to apparatus for transferring cops doffed from
      spinning machines to supply stations of automatic winders.
PAR  Conventionally, there have been generally used automatic cop feeding
      apparatus whereon yarn ends delivered from cops are pieced with yarn ends
      from corresponding packages under winding so as to feed cops to automatic
      winders. In case of the feeding apparatus of this type, however, it is
      indispensable to feed the individual cops to this apparatus after the head
      and tail direction of the cops should be preliminarily adjusted. In other
      words, a great deal of manual labour is needed in order to adjust the head
      and tail direction of the cops on their course from the spinning machine
      from which they were doffed to the feeding apparatus.
PAR  In view of this point, in the system of the present invention, cops fed at
      random are issued separately in sequenced order by processing them through
      a cop sequencing device of the high frequency vibration type, the head and
      tail direction of the cops is automatically adjusted by a cop direction
      controller and the two elements are connected to the automatic winder by a
      cop conveyer or conveyers. Through employment of this invention, cops
      doffed at random from the spinning machines can be automatically fed to
      the automatic winder or winders in prescribedly sequenced order and in the
      controlled head and tail direction, thereby implying the possibility of a
      perfectly automatic connection of the spinning machine(s) with automatic
      winder(s).
DRWD
PAR  Further features and advantages of the present invention will be made
      clearer from the following description, reference being made to the
      accompanying drawings, in which;
PAR  FIGS. 1 and 2 represent the entire structure of the first embodiment of the
      apparatus of the present invention,
PAR  FIG. 3 is a top plane view of the feeder part of the cop sequencing device,
PAR  FIG. 4 is a vertical sectional plane view of the cop sequencing device,
PAR  FIG. 5 represents structure of lower part of the cop direction controller
      and the cop conveyer,
PAR  FIG. 6 is a top plane view of the cop direction controller and the cop
      conveyer,
PAR  FIG. 7 is a view seen in the direction of an arrow E in FIG. 5,
PAR  FIGS. 8 and 9 represent operational condition of the cop direction
      controller,
PAR  FIG. 10 represents construction of the vibration interceptor,
PAR  FIG. 11 is a perspective plane view of the arrangement for confirming the
      passage of the cops,
PAR  FIG. 12 represents the operational condition of the arrangement for
      converting the cop direction,
PAR  FIG. 13 represents the operational condition of the chuck in the cop
      receiver,
PAR  FIGS. 14 to 17 represent the structure and operational condition of a
      different embodiment of the cop direction controller,
PAR  FIG. 18 is a perspective plan view of the second embodiment of the
      apparatus of the present invention,
PAR  FIG. 19 is a side plane view of a cop container aligning mechanism,
PAR  FIG. 20 is a top plane view of the cop container aligning mechanism,
PAR  FIG. 21 is an enlarged side view of a part of a conveyer assembly,
PAR  FIG. 22 is a top plane view of the part of the conveyer assembly,
PAR  FIG. 23 is a sectional plane view taken along the line A--A in FIG. 22,
PAR  FIG. 24 is a side plane view of the container overturning mechanism,
PAR  FIG 25 is a front plane view of the container overturning mechanism,
PAR  FIG. 26 is a back plane view of a bucket,
PAR  FIG. 27 is a front plane view of the bucket,
PAR  FIG. 28 is a perspective plane view of a cop sequencing device, a conveyer
      assembly and a cop boxing assembly,
PAR  FIG. 29 is a perspective plane view of a cutter part of the cop sequencing
      device,
PAR  FIG. 30 is a side plane view of a partly cut-off conveyer assembly,
PAR  FIG. 31 is a vertical sectional plane view of the upper part of the
      conveyer assembly,
PAR  FIG. 32 is a top plane view of the arrangement for correcting the direction
      of the cops on the conveyer assembly,
PAR  FIG. 33 is a vertical sectional plane view of a stand-by part on the cop
      boxing station,
PAR  FIG. 34 is a front plane view of the stand-by part on the cop boxing
      station,
PAR  FIG. 35 is an enlarged side plane view of a part of the cop boxing station,
PAR  FIG. 36 is a top plane view seen along the line A--A in FIG. 35,
PAR  FIG. 37 is a top plane view of the cop boxing station,
PAR  FIG. 38 is a front plane view of the arrangement for shifting the container
      position on the cop boxing station,
PAR  FIG. 39 is a top plane view of an arrangement for shifting the container
      position on the cop boxing station,
PAR  FIG. 40 is a top plane view of the supply station,
PAR  FIG. 41 is a side plane view of a partly cut-off arrangement for reception
      of new container on the supply station,
PAR  FIG. 42 is a front plane view of an arrangement for shifting the container
      position of the supply station,
PAR  FIG. 43 is a top plane view of the arrangement shown in FIG. 42,
PAR  FIG. 44 is a sectional plane view of a positioning mechanism,
PAR  FIG. 45 is a back plane view of the traverse assembly,
PAR  FIG. 46 is a side plane view of the traverse assembly,
PAR  FIG. 47 represents the entire structure of the apparatus, and,
PAR  FIGS. 48 to 53 represent the structure and operational condition of the cop
      direction controlling assembly.
DETD
PAC  ONE TO ONE WINDER TYPE ARRANGEMENT
PAR  The entire structure of the main part of the first embodiment of the
      apparatus of the present invention is illustrated in FIGS. 1 and 2,
      wherein cops doffed from the spinning machine are thrown at random into a
      cop sequencing device B by a conveyer device A and the outlet end of the
      cop sequencing device B is connected to a cop direction controller C which
      is connected to a cop conveyer D for conveying the cops in a controlled
      order towards the automatic winder E.
PAL  The cop conveyer device A:
PAR  Cops doffed from the spinning machine are conveyed, in a random
      disposition, toward the cop sequencing device C and are thrown into a
      feeder of the sequencing device C. This conveyer device A can be given a
      form of a conveyer assembly holding a number of hanging buckets or a
      number of boxes which are overturnable over the feeder 7 of the sequencing
      device C. Various modifications of the conveyer device A are employable.
      In the case of the present embodiment, cops are simply placed on a
      circulating conveyer belt 67. Further, they may be manually thrown into
      the feeder 7 of the sequencing device C.
PAL  The cop sequencing device B:
PAR  As shown in FIGS. 1 to 4, a fixed core 4 and an energizing coil 5 for the
      fixed core are fixed to a framework 2 by set bolts 3. Four sets of leaf
      springs 6 are obliquely and fixedly mounted on the framework 2 in order to
      hold a supporter 8 on which the feeder 7 is fixed. The supporter 8 is
      accompanied by a movable core 9 fixed to the bottom face thereof, and the
      movable core 9 is so positioned as to leave a gap 10 between the two cores
      4 and 9.
PAR  The feeder 7 is provided with a convex center rise 11 encircled by a
      peripheral slope 12 rising outwards. The peripheral slope 12 is provided
      with a helical path which runs in succession from the center rise 11
      towards the fringe of the feeder 7. Two or more helical paths may be
      formed together on the slop 12 in an arrangement substantially the same as
      the above-described embodiment. As seen in the drawing, the path is
      properly stepped from one turn to the next turn in the helix.
PAR  When pulsating current flows in coil 5, fixed core 4 is repeatedly excited
      and de-excited at such a high frequency as amounting to several thousands
      times per minute. By this exciting of fixed core 4, movable core 9 is
      attraced by fixed core 4 at high frequency, leaf springs 6 holding
      supporter 8 are repeatedly stressed and this causes three dimensional,
      high frequency, small vibration of feeder 7. Due to this vibration, cops
      in feeder 7 are tossed and displaced toward the lower skirt of center rise
      11 and, thereafter, start to climb slope 12 along helical path while being
      tossed restlessly. In this case, the cops are advanced along the path one
      by one in sequenced order, issued from an issuing terminal 13 into a chute
      40 and transferred onto the cop direction controller C.
PAR  The chute 40 is provided, at its upper end, with a vibration interceptor
      41. As is shown in FIG. 10, the vibration intercepor 41 consists of a
      shuft 42 turnably disposed to the chute 40, a cover plate 43 fixed, to the
      chute 40, a contact switch 44 fixed to the chute 40 and an operator plate
      45 fixedly mounted onto the shaft 42 in an arrangement operable on the
      contact switch 44. The contact switch 44 is electrically connected to the
      vibration actuating source of the feeder 7. At every passage of the
      individual cops through the chute 40, the vibration of the feeder 7 is
      temporalily stopped due to the provision of the vibration interceptor 41.
PAL  The cop direction controller C:
PAR  The cop direction controller C is illustrated in FIGS. 5 to 9, wherein a
      pair of side walls 15 and 16 are mounted on a base 14 being parallelly
      spaced from each other leaving a gap sufficient for allowing free passage
      of the cops.
PAR  A swingable lever 18 is pivoted to a pin 17 on the side wall 15 with the
      other end of it being connected to a crank disc 19 via a connecting rod
      20. The crank disc 19 is connected to a drive motor (not shown) via a
      suitable clutch mechanism.
PAR  A swingable pusher rod 22 of L-shaped structure is pivoted to a pin 21 on
      the side wall also and the bent end 23 thereof extends into the path of
      the cops through an arched slot 24 formed through the side wall 15. In the
      stand-by disposition shown in FIG. 5, the bent end 23 rests in a groove 26
      of a bottom plate 25 so that it does not hinder the passage of the cops.
PAR  An arm 27 is pivoted, at its one end, to the pin 21 forming one body with
      the pusher rod 22 and a hook lever 28 is turnably linked to the other end
      of the arm 27. The hook lever 28 has a hook 29 formed on its free end,
      which is engageable with a projection 30 fixed on the stem of the
      swingable lever 18.
PAR  At the lower ends of the side walls 15 and 16, a sensory plate 31 is
      turnably mounted to a pin 32 in one body with a supporter lever 33 which
      is accompanied with a spring 34. By this spring force, the sensory plate
      31 is resiliently urged clockwisely for contact with selector plates 36
      and 37. The supporter lever 33 is provided with a lateral pin 35 fixed to
      the free end thereof and the hook lever 28 rests upon this lateral pin 35
      in order to restrain the counter-clockwise turning of the element 31 and
      33.
PAR  Both selector plates 36 and 37 are fixed to the side walls 15 and 16,
      respectively, and the narrowest spacing (l) between the two is so selected
      that it permit a smooth passage of the cop head but not of the cop bottom.
      In the drawing, the arm 27 is accompanied by a spring 38 for assisting the
      return movement of the pusher rod 22 and the side walls 15 and 16 are
      provided with a reinforcing rib 39 positioned between the two.
PAL  The cop conveyer D:
PAR  Referring to FIG. 5, a belt conveyer 46 is provided with multiple outer
      surface projections 47 and runs almost in parallel and facing close to the
      above-described sensory plate 31. The run of this belt conveyer 46 is
      guided by a driver wheel 51 positioned on the lower part of the assembly D
      and a driver wheel 52 positioned on the upper part of the assembly D. The
      lower driver wheel 51 is accompanied by a pulley 50 which is connected to
      a pulley 48 of the crank disc 19 for rotation via a belt 49. For a smooth
      run of the belt conveyer 46, guide plates 53 and 53' and guide rolls 54
      are attached to suitable parts of this belt conveyer mechanism.
PAR  A sensory device 55 of the cops passage is attached to a suitable portion
      of the guide plate 53. In the arrangement shown in FIG. 1, the device 55
      is located near the lower end of the cop conveyer D while, in the
      arrangement shown in FIG. 2, the same is located near the upper end of the
      cop conveyer D. The detail structure of this sensory device 55 is
      illustrated in FIG. 11, in which the device 55 includes a horizontal gate
      56 bridging the guide plates 53 across the path of the cops. The gate 56
      is provided with a contact plate 57 turnably disposed to the inside face
      of the gate 56, and an operator plate 58 is disposed in one body to the
      outer extension of the contact plate 57. The purpose of this operator
      plate 58 is to act on a switch 59 located sideways of the guide plate 53.
      This switch 59 is electrically connected to the crank disc 19.
PAR  The structure of the upper end of the cop conveyer D is illustrated in
      detail in FIG. 12. As is clear from the illustration, the upper drive
      wheel 52 of the belt conveyer 46 forms a part of a cop direction converter
      part 60 in combination with a pair of members 61 and 62 located above the
      wheel 52. A guide chute 63 is formed downwardly integral of the direction
      converter part 60.
PAL  The automatic winder E:
PAR  On the automatic winder E, yarn ends are delivered from cops thrown into a
      magazine of known structure and yarn ends so delivered are tied with yarn
      ends of the pirns on the corresponding winding units. The winder includes
      a mechanism for automatically feeding cops thereto. Electric connection
      between the automatic winder E and the crank disc 19 via the feeder 7 will
      be explained later in more detail.
PAL  Sequential operation of the apparatus:
PAR  The sequential operation of the apparatus of the present invention having
      the above-explained structure is as follows.
PAR  The full cops doffed on the spinning machine are brought in succession into
      the feeder 7 automatically by the conveyer belt 67 or manually by the hand
      work of the operator or operators.
PAR  At the stage when the supply of the new cops is not required by the
      automatic winder E and the sensory device 55 of the cop conveyer D senses
      the presence of the cop, both the conveyer device A and the cop sequencing
      device B stand still. Both the vibration of the feeder 7 and the travel of
      the belt conveyer 46 are not yet started. Meanwhile, only the automatic
      winder E carries on its winding operation.
PAR  When the automatic winder E is placed under a condition to require supply
      of new full cops, instruction signals are electrically issued by the
      automatic winder E concurrently to the crank disc 19 and the feeder 7.
      Then rotation of the drive motor is transmitted to the crank disc 19 via a
      clutch mechanism attached thereto, so as to cause the travel of the belt
      conveyer 46. By this travel of the belt conveyer 46, cops standing by on
      the cop conveyer D are now supplied to the automatic winder E and the cop
      direction controller C waits for the supply of the cops from the feeder 7.
PAR  When the cops are not thrown into the cop direction controller C, the
      sensory plate 31 is kept in contact with the selector plates 36 and 37 by
      the spring force of the spring 34, and; the hook 29 of the hook lever 28,
      which is held by the lateral pin 35 of the supporter lever 33, is
      maintained outside the moving ambit of the projection 30. Rotation of the
      crank disc 19 causes only the corresponding swinging of the swingable
      lever 18.
PAR  Simultaneously with the starting of the crank disc rotation, the feeder 7
      starts its vibration and the cops, which were already piled up on the
      center rise 11, are brought, being tossed by the vibration, to the issuing
      terminal 13 so that they are thrown in order into the chute 40. This
      falling of the new cop causes a corresponding turning of the cover plate
      43, and the operator plate 45 assoociated therewith depresses the contact
      switch 44 so as to electrically intercept the vibration of the feeder 7.
PAR  When one cop is thrown into the chute 40 from the feeder 7, it arrives at
      the position of the sensory plate 31 sliding down along the bottom plate
      25 of the chute 40. Through contact with the cop so supplied, the sensory
      plate 31 turns counter-clockwise about the pin 32 overcoming the spring
      force by the spring 34, and the lateral pin 35 of the supporter lever 33
      turns the hook lever 28 clockwise so as to place the hook 29 within the
      moving ambit of the projection 30. in this disposition, the projection 30
      engages with the hook 29, upon clockwise swinging of the lever 18, and
      pulls down the hook lever 28 in the same direction so that a clockwise
      turning of the pusher rod 22 about the pin 21 is caused thereby. By this
      turning of the pusher rod 22, the lower half of the cop is pushed
      leftwardly and upwardly in FIG. 5 illustration and the bobbin part of the
      cop is pushed into the gas between the selector plates 36 and 37. When the
      cop head a.sub.1 is directed downwards as shwon in FIG. 7, the cop head
      a.sub. 1 passes smoothly through the gap between the plates 36 and 37 and
      the cop is discharged outside with its head being positioned on the
      leading side as shown in FIG. 8. On the other hand, when the cop tail
      a.sub.2 is directed downwards as shown in FIG. 7, the cop tail a.sub.2
      cannot go through the gap between the plates 36 and 37 and the movement
      thereof is here hindered. However, as the pusher rod 22 presses the cop by
      its turning, the cop is forced to turn about its tail side end and is
      discharged outside with its head being positioned on the leading side as
      shown in FIG. 9. In both cases, the cops are discharged outside with their
      head being positioned on the leading side. The cops so discharged in order
      are transported upwards, being picked up by the surface projections 47 of
      the belt conveyer 46.
PAR  When the cop a so transported upwards by the belt conveyer 46 arrives at
      the position of the sensory device 55, the switch 59 attached thereto is
      operated via the members 57 and 58. This stops the rotation of the crank
      disc 19 and the cop a stands by at this position until the automatic
      winder E becomes ready for receiving new cops. This is just thee initial
      disposition already described and the operation is repeated in the above
      explained sequence.
PAR  Upon issuance of suitable electric signal from the automatic winder E, the
      cop c, which has waited on the belt conveyer 46, is further advanced till
      the position of the cop direction converter part 60. Then, as shown in
      FIG. 12, the cop head a.sub.1 firstly abuts against a contact member 61
      and, as the cop tail a.sub.2 is compulsorily pushed up by the surface
      projection 47 of the belt conveyer, the cop a is put into a vertical
      standing position. In this vertical standing position, the cop head
      a.sub.1 tilts towards a counter member 62 and, because of the cancellation
      of the support for the cop tail a.sub.2, the cop a falls down into the
      guide chute 63 with its head a.sub.1 being directed upwards. By the
      falling, the cop a is received in the corresponding magazine 64 of the
      automatic winder E. When the cop a held in the magazine 64 is brought to
      the position of a mechanism 65 for unwinding the top bunch, the top bunch
      is unwound off the cop a. (see FIG. 1)
PAR  In the case of the arrangement shown in FIG. 2, the cop a falling down
      through the guide chute 63 is once received on a cop holder 65', as shown
      in FIG. 13, and the cops so held are hoisted by chucks 66. After removal
      of the top bunch in the rewinding mechanism 65, the cops are supplied into
      the magazines 64 of the automatic winder E.
PAR  Referring to FIGS. 14 to 17, a different embodiment of the cop direction
      controller C is shown. The controller C includes, as major components, an
      issuing chute 71 of cops from the cop sequencing device B and a cop
      conveyer belt 72 located below the outlet of the chute 71. The spacing
      between the outlet of the chute 71 and the upper side run of the belt 72
      is somewhat longer than the length of cops. Midway between the members 71
      and 72, a shaft 74 is laterally and horizontally disposed to the machine
      framework and a cop receiver 75 is pivotally mounted on the shaft 74 on
      the backside thereof. The cop 73 issued from the chute 71 is received on
      the bottom plate 76 of the receiver 75.
PAR  As shown in FIG. 17, the bottom plate 76 is provided with a forwardly
      opening (78) cut-out 77. The width of the cut-out 77 is equal to or larger
      than the diameter of the cop head 73A on the hand, and smaller than the
      diameter of the cop tail 73B on the other. Further, in front of the
      vertical part of the cop receiver 75, a receiver plate 79 is located
      vertically and parallel to the axial direction of the horizontal shaft 74.
      The location of the plate 79 is so selected that, when the cop 73 on the
      cop receiver 75 tilts forwardly, the cop tail 73B comes in contact with
      the plate 79. The plate 79 is provided with a downwardly opening
      rectangular cut-out 80 whose dimension is the same as that of the cut-out
      77 of the bottom plate 76. (see FIG. 16)
PAR  The cop receiver 75 is provided, on its rear face, with a weight arm 81
      extending rearwardly, and a weight 82 is mounted on the arm 81, the
      position of which is adjustable. The position of the weight 82 should be
      so adjusted that the cop receiver 75 can easily be turned clockwisely in
      FIG. 15 when the cop 73 falls on it. Further, a stopper 83 is provided so
      as to keep the cop receiver 75 in the right position after the cop 73 is
      unloaded therefrom.
PAR  When a cop 73 falls on the cop receiver 75 from the issuing chute 71 with
      the cop head 73A being directed downwards as shown in FIG. 14, the cop
      head 73A is received in the cutout 77 of the bottom plate 76.
      Concurrently, due to the selfweight of the cop 73, the receiver 75 turns
      clockwisely in the drawing and the cop tail 73B comes in contact with the
      receiver plate 79. In this case, tilting of the cop 73 is hindered by the
      plate 79 because the diameter of the cop tail 73B is larger than the width
      of the cut-out 80 of the plate 79. Due to this hindrance by the plate 79,
      the cop head 73A escapes out of the cut-out 77 on the bottom plate 76 onto
      the upper run surface of the conveyer belt 72. The cop 73 is brought away
      by the running conveyer belt 72 with the cop head 73A being located on the
      leading side.
PAR  On the other hand, when a cop 73 falls on the cop receiver 75 from the
      issuing chute 71 with the cop head 73A being directed upwards as shown in
      FIG. 15, the cop tail 73B cannot be received in the cut-out 77 of the
      bottom plate 76 because the diameter of the former is larger than the
      width of the latter. Concurrently, due to the self-weight of the cop 73,
      the receiver 75 turns clockwisely in the drawing and the cop head 73A
      tilts towards the receiver plate 79. Because the width of the cut-out 80
      of the plate 79 is not smaller than the diameter of the cop head 73A, the
      cop head 73A goes through the cut-out 80 of the plate 79 and the cop 73
      finally rests on the upper run surface of the conveyer belt 72. By
      circulation of the belt 72, the cop 73 is brought away with the cop head
      73A being located on the leading side.
PAR  This modified embodiment is advanced from the already-described basic
      embodiment of the cop direction controller C by its simplicity in the
      construction. That is, the sensory plate 31 used in the foregoing
      embodiment can be omitted in this embodiment.
PAR  Owing to the already-described construction of the apparatus of the present
      invention, the cops are transported till the issuing terminal 13 of the
      feeder 7 while being tossed finely at high frequency. Such transportation
      mechanism assures quick sequencing of a great number of cops fed at random
      into the feeder 7 with minimized formation of fluffs on the cop surfaces.
PAR  Further, thanks to the equipment of the vibration interceptor 41, under the
      issuing terminal 13 of the vibrating feeder 7, the cops can be supplied in
      correct order to the automatic winder without any risk of wedge building
      by the cops or disturbance of the direction of cops during processing.
      Therefore, a remarkable enhancement of the process efficiency can be
      attained by employment of the apparatus of the present invention.
PAC  ONE TO MULTI WINDERS TYPE ARRANGEMENT
PAR  In the arrangement of the foregoing embodiments, a set of cop sequencing
      device B is always accompanied with a set of automatic winder E. However,
      when the processing rate of the cop sequencing device B is by far greater
      than that of the automatic winder E, it is impossible to make the cop
      sequencing device B work at its utmost operational efficiency. Further,
      even when any one of the elements A to D accidentally gets out of order,
      there is no time available for repairing the element or elements in the
      wrong condition.
PAR  It is from this point of view, that the following embodiment, of the
      apparatus of the present invention, should be appreciated.
PAR  In the case of this embodiment, one set of cop sequencing device B is
      accompanied by multiple sets of automatic winders E, and the feeder 7 of
      the cop sequencing device B is provided with two or more sets of helical
      paths for the cops. By employment of such modified arrangement it is
      possible to provisionally storage cops at the time of machine
      malfunctions. It is further possible, through employment of such modified
      arrangement, to provisionally store the cops in separate groups according
      to their differences in yarn count, yarn type and so on. In the case of
      this embodiment, however, the cop direction controller C is located at a
      position downstream of the cop conveyer D in order to obviate the possible
      poor operation thereof. The arrangement of this embodiment firstly
      includes a conveyer device A which is made up of a cop container aligning
      mechanism 100 and a container overturning mechanism 200. A plurality of
      cop contains, in which cops doffed from the spinning machine are deposited
      in random disposition, stand by on the cop container aligning mechansim
      100. The container overturning mechanism 200 overturns the cop containers
      in order to discharge the cops from them into the feeder 7 of the cop
      sequencing device B. When necessary, the aligning mechanism 100 feeds a
      cop container in a bucket of the overturning mechanism 200. And, after the
      overturning, the cop container is turned onto the aliging mechanism 100
      from the overturning mechanism 200. The cop sequencing device B is here
      given in the form of an assembly 300 having a feeder which is provided
      with three sets of helical paths for guidance of the cops fed from the cop
      container. The feeder is accompanied by a conveyer assembly 400 in order
      to transfer the cops while retaining their horizontal disposition to a cop
      boxing assembly 500 of the cop conveyer D. Circulation of the cop
      containers on the cop boxing assembly 500 is controlled by cop boxing
      station 600. Whereas circulation of the cop containers on the side of the
      automatic winder E is controlled by a supply station 700. A traverser
      assembly 800 is located between the two stations 600 and 700 in order to
      carry out the transfer of the cop containers between the stations 600 and
      700. Cops issued from the cop sequencing device B are once boxed in the
      cop containers and the cop containers so filled with cops are
      provisionally placed on the cop boxing station 600. Once the supply of the
      full cops is required on any of the automatic winders E, the traverse
      assembly 800 carries the containers to the supply station 700 of that
      automatic winder E. By installing separate cop boxing stations 600
      according to the difference in the yarn type, distribution of cop
      containers to proper automatic winders E can be centrally controlled. The
      cop direction controller C of this embodiment includes an assembly 900
      disposed to the cop transporting part 700d of the supply station 700.
PAL  The conveyer device A:
PAR  As shown in FIGS. 18 to 23, the cop container aligning mechanism 100 is
      provided with roller conveyers 102, 102', 103 and 103' supported by
      machine frameworks 101. In FIG. 18, the roller conveyers 102 and 102' are
      inclined downwardly towards the container overturning mechanism 200,
      whereas the roller conveyers 103 and 103' are also inclined but rising
      towards the container overturing mechanism 200. In parallel to the roller
      conveyers, guide rails 104 and 105 are also disposed.
PAR  In between the two roller conveyers 102 and 102', a cop container pusher
      assembly 106 is movably arranged in parallel to the conveyers. The pusher
      assembly includes a pair of side-by-side spaced elongated plates 108,
      provided with sideway rolls 107 and 107'; a pusher rod 109, pivotally
      mounted between the plates, and; a spring 110, for always urging the
      pusher rod into a clockwise turning. The pusher assembly 106 is covered by
      an upper cover 111 having elongated openings 112 and 113 on both ends
      thereof. The pusher assembly 106 is further provided with a chain 115
      disposed to a lower projection 116 and driven by a motor 114, by which the
      assembly 106 can be moved laterally. Switches 117 and 118 are disposed to
      the arrangement in order to stop the movement of the pusher assembly 106.
PAR  A sector cam 119 is disposed near the switch 118 between the roller
      coveyers 102 and 102'. The upper end of the cam 119 always extemds over
      the level of the roller conveyer 102. This is due to the arrangement that
      a lateral pin 120, planted to one side face of the cam 119, engages a slot
      of a bent lever 122 which is always urged into a clockwise turning, in
      FIG. 21, by a spring 121.
PAR  A drawer assembly 123 for the cop ccontainers is movably disposed in
      between and parallel to the upper roller conveyers 103 and 103' of the
      aligning mechanism 100. The drawer assembly 123 includes a pair of
      elongated mutually parallel plates, 125 provided with sideway rolls 124
      and 124'; a drawer hook 126, located in between the two plates 125, and; a
      chain 128 disposed to the lower part thereof and driven by a motor 127.
      The drawer assembly 123 is further accompanied by a pair of switches 129
      and 130 for stopping the movement thereof, and a detector switch 131 for
      sensing the presence of the cop containers. A stopper 132 is disposed also
      in an arrangement being urged into a clockwise turning by a spring 133.
      The stopper 132 is accompanied by a stop pin 134. When the cop container
      arrives at the position of the spring 133, the latter functions to stop
      the cop container by overcoming the tendency of movement of the container.
      Whereas, when the container is pushed out by the pusher assembly, the
      spring 133 is extended and the stopper 132 is turned counterclockwise.
PAR  The container overturning mechanism 200 is illustrated in FIGS. 24 to 27,
      wherein six sets of sprockets 202 to 207 are mounted onto a machine
      framework 201. An endless chain 208, running in engagement with the six
      sprockets, is driven by a drive motor 209. A bucket 210 travels along a
      pair of guide rails 211, being carried by the endless chain 208. The
      endless chain 208: goes down to the location of the lowest sprocket 203;
      goes up from there to the location of the sprocket 204 of the intermediate
      level; moves almost horizontally until the location of the sprocket 205,
      which is located at the same level of the sprocket 204; goes down again to
      the location of the sprocket 206, which is somewhat lower than the
      sprocket 205; again goes up to the location of the highest sprocket 207;
      runs horizontally to the location of the sprocket 202, and; again goes
      down towards the lowest sprocket 203. The guide rails 211 are so mounted
      to the framework 201 that, as the bucket 210 travels from the position of
      the sprocket 203 to that of the sprocket 206, rolls 212 disposed on both
      sides of the bucket 210 contact the guide rails and the bucket 210 is
      overturned at the position of the sprocket 206.
PAR  As shown in FIGS. 26 and 27, the bucket 210 is of a box type and is hung
      from a shaft 213, which is carried at both ends by the endless chain 208.
      Two alignments of roller conveyers 214 and 214' are disposed to the bottom
      side of the bucket 210 in such a manner that only the terminal roller
      conveyers 214a and 214'a are located at a somewhat higher level than the
      remaining roller conveyers. The bucket 210 is covered with coverings on
      its four sides, i.e. the side faces 215 and 216, the back face 214 and the
      upper face 218. The covering is provided with cut-outs 219 and 220.
PAR  As shown in FIG. 24, three set of switches 223, 224 and 225 are mounted
      onto the framework 201. Further, there is provided, on the framework 201,
      a feeler lever 226 for sensing the presence of the cops on the bobbin
      feeder 307. When the absence of the cops on the feeder is sensed, the
      drive motor 209 is energized. A ]-shaped guide 228 is mounted onto the
      framework 201 in order to restrain the vibration of the bucket 210,
      through engagement with the rolls 212, when the bucket 210 comes to the
      location of the sprocekt 203.
PAL  The cop sequencing device:
PAR  The assembly 300 (cop sequencing device) in the present embodiment is
      substantially the same as that in the foregoing embodiment except for the
      fact that three sets of cop guide paths are provided. As shown in FIG. 29,
      in the terminal area 313, oblique slits 316 are formed between the
      partition walls 314 and the guide walls 315. And, on the bottom side of
      the slits 316, clippers 317 are provided so that they are always kept in
      operation during the running period of the feeder. The clippers 317 are
      provided so that, in this terminal area 313, yarns bridging the cops in
      the neighbouring paths or in a common path can be cut thereby. Such yarn
      bridges being formed by the spontaneous unwinding of the cop back winds
      during the travel of the cops along the path, and/or at the time when the
      cops are fed into the feeder. This cutting of the bridge yarn is
      effectuated at the moment when the bridge yarns fall into the slit 316.
PAR  In the case of this embodiment, the conveyer assembly 400 such as shown in
      FIGS. 30 to 32 substitutes itself for the chute 40 used in the foregoing
      embodiment. It transports the cops from the assembly 300 to the cop boxing
      assembly 500 while keeping their horizontal disposition.
PAR  Three sets of conveyers 401 are disposed below the outlet of the paths. The
      number of the conveyers corresponds to that of the paths defined by the
      partition walls 313 of the assembly 300. Over one end of the respective
      conveyer 401, a rotor 403 is disposed so as to drop the cop 402 off from
      the conveyer surface. The rotor 403 is mounted onto frameworks 407 and 408
      via a shaft 406 whose rotation is driven via a chain 404 and a sprocket
      405. A fixed member 409 is secured onto the shaft 406 by a set screw 410.
      The rotor 403 is rotatably inserted over the shaft being accompanied by
      dutches 411 and 412 on both ends thereof.
PAR  The clutch 412 is always pushed righwards in FIG. 31 by a spring 415 via a
      pushing disc 413 and a nut 414 mounted on the shaft 406. The rotor 403 is
      provided with peripheral recesses 416 which are receptive of the cops 402.
      Although four recesses are shown in the drawing, the desirable number of
      recesses can be formed on the rotor periphery. A stopper lever 418 is hung
      for free swinging from a supporting rod 417 mounted on frameworks 407 and
      408. In a disposition hanging down in the vicinity of the end face of the
      rotor 403, a pin 419 disposed to the lower end of the stopper lever 418
      positions inside of one of the peripheral recesses 416 of the rotor 403. A
      stopper 420 is secured to the framework 407 and a spring 421 is disposed,
      at its one end, to the supporting rod 417.
PAR  On one side of each conveyer 401, located right under the rotor 403, there
      is arranged a receiver chute 423 accompanied by a guide gutter 424. A pair
      of control plates 425 and 426 for controlling the lying condition of the
      cops are swingably pivoted on the inside wall of the chute 423, leaving a
      suitable vertical spacing between the two. Each control plate is so loaded
      by a weight 427 as to always tend to close the cop path through the chute
      423. The number of the receiver chutes 423 corresponds to the number of
      the cop issuing paths of the cop sequencing device B. Each chute 423 is
      provided with two laterally opening light passable windows 428, and the
      windows of all the chutes are on one alignment. A light emitter 429 and a
      light receiver 430 are provided in such an arrangement that the emitted
      light can go through all the windows 428. The lower ends of the chutes 423
      are open towards a lower conveyer belt 431 and the path of the cops formed
      between the belt and the openings is, on one end thereof, provided with a
      discharge outlet 432 to the cop boxing assembly 500. (see FIG. 30) A
      switch 434 accompanied with a feeler 433 is disposed to this discharge
      outlet 432, which switch 434 stops the operation of the cop boxing
      assembly 500 upon sensing of the absence 24 of the cop. In a common plane,
      slightly above the surface level of the belt 431, multiple direction
      control plates 435 are located traversing the run of the belt in order to
      control the direction of the cops. (See FIG. 32)
PAL  The cop conveyer D:
PAR  The cop boxing assembly 500 is constructed in a cop storage part 600a and
      they are explained together as follows, with reference to FIGS. 33 to 37.
      As shown in FIG. 33, a guide rail 503 is arranged on a machine framework
      501, in order to introduce the containers 502 from leftward in the
      drawing. A drive motor 504 for the conveyer is located on the lower side
      of the framework, and this causes a counterclockwise rotation of a
      conveyer wheel 507 in FIG. 33 via a sprocket 505 having a friction clutch
      and a chain 506. The conveyer wheel 507 is fixed on a shaft 509, which is
      supported on the framework 501, together with a corresponding conveyer
      wheel (not shown) and both conveyer wheels are connected by an endless
      conveyer 511.
PAR  The endless conveyer 511 is provided with multiple L-shaped lattices 512
      distributed at equal distances over its entire outer surface. The lattices
      512 serve for transporting the cops 513 towards the lower part of the
      container 502. A governer arm 514 is pivoted to a shaft 515 at its one end
      in such an arrangement that, in the normal situation, it stands almost
      upright as shown in FIG. 33. In this situation the upper end hook 516 of
      the governer arm 514 is in engagement with a pin 517, planted to one side
      of the conveyer wheel, in order to brake the rotation of the conveyer
      wheel 507. The arm 514 is provided with a projection with 518 turnably
      disposed to its lower end. When this projection 518 is depressed downward
      by a pressor nose 519 of the later described push-up rod 533, the arm 514
      turns clockwise in FIG 33 about the shaft 515 and the pin 517 is
      disengaged from the hook 516, in order to result in one complete
      revolution of the conveyer wheel 507.
PAR  In the lower part of the machine framework 501, a screw cylinder 520 is
      turnably supported by a bracket 521, the front end 523 of which cylinder
      is forwarded and receded by the rotation of a motor 222 located behind the
      cylinder 520. By this movement of the front end 523, a shaft 525 fixed to
      a lever 524 is rotated. A turnable arm 526 is fixed to the shaft 525 and
      is provided, on its one end, with a sector gear 527 which stands in
      meshing engagement with a sector gear 530 of a turnable arm 529 fixed to a
      shaft 528. Therefore, through forwarding and receding movement of the
      front end 523 of the cylinder 520, both arms 526 and 529 carry out similar
      turning movements. Free ends of the turnable arms 526 and 529 are linked
      to push-up rods 533 via support segments 531 and 532, respectively. As
      shown in FIG. 34, push-up rods 536 are secured parallel to the push-up
      rods 533 by connecting rods 534 and 535. The pair of parallel rods 533 and
      536 perform up-and-down movement together. The push-up rod 533 is
      provided, at its lower end, with a guide roll 537 in engagement with a
      guide block 538. The straight up-and-down movement of the rods 533 and 536
      is guided by this guide block 538.
PAR  Below the guide rail 503, a stopper 539 is fixedly mounted on a shaft 540
      and is kept at the disposition shown with solid lines in FIG. 34, being
      urged clockwise in the illustration by a certain spring (not shown). The
      stopper 539 therefore allows a smooth upward passage of the cops by its
      turning overcoming the spring force, but downward passage of the cops is
      hindered thereby.
PAR  An L-shaped rod 543 having a hook point 544 is pivoted to a support arm 541
      over the upper face of the framework 501. The rod 543 is urged for
      clockwise turning in FIG. 35 by a spring 544, and is connected to a hook
      546 by a connecting rod 545. A damper spring 547 is inserted over the rod
      545 for the hook 546. A hook 551, having a hook point 550, is pivoted to a
      branch arm 548 in an arrangement being always urged clockwise in the
      drawing by a spring 549. The hook point 550 is put in an engagement with a
      pin 552 of an L-shaped lever 543. The lower end of the hook 551 engages
      with a pin 554 of a turnable arm 553 pivoted to the shaft 525. An L-shaped
      lever 555 is urged for a clockwise turning by a spring (not shown), and
      its forked end 556 is in an engagement with a pin 558 of a closure member
      557 which is located under the container 502. By turning the L-shaped
      lever 555, the bottom of the container 502 is opened or closed for issue
      and encasement of the cops. A stopper 560 is disposed to the support arm
      541 being urged clockwise in FIG. 36 by a spring 559. This stopper 560
      engages with a projection 561 formed on the side face of the lower part of
      the container, in order to fix the container 502 on its position of stop.
      A contact switch 563 is closed through contact with the front end 523 of
      the cylinder 520 when the cylinder 520 is on the forwarded position
      thereof.
PAR  In the arrangement shown in FIG. 33, a container let-off belt 564 and a
      container pusher rod 565 are provided near both ends of the cop boxing
      assembly 500. The container let-off belt 564 runs over pulleys 566 being
      driven by a drive motor 567. The container pusher rod 565 is mounted on a
      pair of parallel chains 569 which run over sprockets 568 being driven by a
      drive motor 570.
PAR  Referring to FIG. 37, the container reception part 600b of the cop boxing
      station 600 includes a pair of conveyer belts 575 which run over pulleys
      573 and 574 mounted on a pair of vertically spaced horizontal shafts 571
      and 572. Along the run of the belts, supporter rolls 576 are provided in
      order to support the belts 576. Circulation of the belts 575 is actuated
      by a drive motor 577.
PAR  The container displacer part 600c of the cop boxing station 600 is located
      over the cop storage part 600a and the container reception part 600b as
      shown in FIGS. 38 and 39. A pair of curved arms 580 and 581 of a similar
      shape are pivoted at their apexes to a support arm 579 disposed to a
      machine framework 578. This is in order to hold a container holder rod 582
      pivoted to the lower ends of the arms 580 and 581. The holder 582 is
      provided with an upper recess 583 at a position just above the center of
      the cop storage part 600a. The pair of curved arms 580 and 581 are
      connected at their upper ends by a connecting rod 584. A fluid cylinder
      585 is provided also in order to actuate swinging movement of the curved
      arms 580 and 581. Pulleys 586 are provided also in order to hoist the
      containers 502.
PAR  The arrangement of the supply station 700 is seen from FIGS. 18 and 40 to
      44. Wherein, the structure of this part is almost the same as that of the
      cop boxing station 600 while including: a new container reception part
      700a; a bare container let-off part 700b; a container replacer part 700c,
      and; a new cop conveyer part 700d.
PAR  The new container reception part 700a is provided with two pairs of
      conveyer belts 702 and 703 on its upper surface. The belts 702 are carried
      by pulleys 706 and 707 mounted on shafts 704 and 705, respectively. The
      belts 703 are similarly carried by pulleys on the shafts 708 and 709. The
      belts are accompanied with supporter rolls 710. Circulation of the
      conveyer belt 702 is actuated by a drive motor 711 via a chain 712, a
      sprocket 713 and the shaft 705. Whereas rotation of a drive motor 714
      causes corresponding travel of the belt 703 via a chain 715, a sprocket
      716 mounted on the shaft 705, a sprocket 717 and the shaft 709.
PAR  The sprockets 713 and 716 are accompanied with a oneway clutch 718 so that,
      when the drive motor 714 rotates, the sprockets 716 and 717, i.e. the
      shafts 705 and 709, are actuated for rotation via the chain 715. Whereas,
      upon rotation of the motor 711, only the sprocket 713 is rotated via the
      sprocket 712 in order to actuate the shaft 705 for rotation. In the latter
      case, the sprocket 716 remains still. Cops 722 are supplied into an
      opening 719 of a cop chute 720 from a container 502c standing by over the
      chute. The presence of the cops is sensed by a feeler mechanism 723 which
      is always urged clockwise in the drawing. So long as this feeler mechanism
      723 is in contact with the cop, the switch is kept open.
PAR  The new cop conveyer part 700d includes a vertical lattice 724 for
      receiving cops from the cop chute 720. This lattice 724 is driven for
      circulation by a drive motor 726 and is provided with multiple buckets 725
      formed thereon being spaced from each other. A cop throw-out chute 727 is
      formed relative to the upper end of the run of the lattice 724, and the
      direction of the cops is put in order in the vicinity of this chute 727.
      (see FIG. 41)
PAR  The empty container let-off part 700b includes a pair of horizontal belts
      732 and 733 running over pulleys 730 and 731, which are mounted on a pair
      of shafts 728 and 729, respectively. Circulation of the belt 732 and 733
      is caused through rotation of the shaft 729 by a drive motor 733. A
      positioner assembly 701 of the traversing assembly is located on the
      traversing side of the arrangement. As shown in FIG. 44, the positioner
      assembly 701 includes: an air cylinder 734; a piston rod 735 of the air
      cylinder; a roller 736 disposed to the outer end of the rod; a flange 737
      formed on the body of the rod, and; a spring 739 inserted in between the
      flange 737 and a supporting frame 738. Upon discharge of air from the
      cylinder 734, the piston rod 735 is pushed forward, i.e. outwards. In the
      drawing, the traverse assembly 800 is provided with cams 817.
PAR  The structure of the container replacer part 700c of the supply station 700
      is almost the same as the container replacer part 600c of the cop boxing
      station 600. As shown in FIGS. 42 and 43, the replacer part 700c is
      located spreading over the new container reception part 700a and the empty
      container let-off part 700b. A holder rod 743 is disposed to lower ends of
      a pair of curved arms 741 and 742 swingably pivoted to a support arm 740.
      The holder rod 743 is provided with an upper recess 744 at a position
      right above the center of the empty container let-off part 700b. Upper
      ends of the curved arms 741 and 742 are connected to each other by a
      connecting rod 745. For swinging of the arms 741 and 742, a fluid cylinder
      746 and an operator arm 748 pivoted to a pin 747 on the arm 742 are
      provided.
PAR  As shown in FIGS. 18 and 45 to 47, the traverse assembly 800 is placed for
      reciprocal movement on rails 801 installed in front of the cop boxing and
      supply stations 600 and 700. Wheels 804 and 805 are mounted on a machine
      framework 802 via bearings 803 and the wheel 804 is driven for rotation by
      a drive motor 806. A belt 807 is driven for circulation by a drive motor
      810 running over a pair of pulleys 808 and 809. Similarly, belts 812 run
      over pulleys 813 being driven by a drive motor 814. A pair of stoppers 815
      and 816 are provided in order to control the positions of the containers.
      On the lower side of the framework, there is provided cams 817 which stand
      in engagement with the positioner assembly 701 of the supply station 700
      when the latter extrudes. The floor under the arrangement is covered by a
      cover plate 818 and a cable 819 runs through an elongated space defined by
      the plate in order to effect the supply of electric service and signals to
      the traveller.
PAL  The cop direction controller C:
PAR  The cop direction controller assembly 900 is located side by side to the
      new cop conveyer part 700d in a form such as shown in FIGS. 48 to 53. The
      vertical lattice 903 runs over a pair of rotary guides 906 and 907, being
      driven by a drive motor 905. At equal intervals, transverse buckets 904
      are formed on the lattice 903, and each bucket 904 is provided with
      several slits 908 for a traveling engagement with the rotary guides 906
      and 907. Near the upper end of the lattice rung, there is provided a guide
      chute 909 for the cops thrown out from the buckets 904. The guide chute
      909 is downstreamly accompanied by a cop receiver 910 for reception of
      cops falling down along the chute 909.
PAR  An engaging member 913, having dull curved faces 912, is mounted on a
      mantle wall surrounding the lattice 903 at a position engageable with cops
      carried by the lattice 903. The size of the gap of the engaging member 913
      is so selected that only the cop heads are permitted to pass therethrough
      quite freely. But free passage of the cop tails is hindered by the
      engaging member 913. Therefore, when a cop arrives at the position of this
      member 913 with its head of smaller diameter being on the side of the gap
      as shown in FIG. 53, the passage of the cop is not disturbed at all. On
      the other hand, when the cop tail is on the side of the gap of the
      engaging member 913 as shown in FIG. 52, the cop is pushed leftwards
      through contact of the tail with the curved faces 912. At a position on
      the wall 911, over the engaging member 913, a governer block 914 is fixed.
      Projection of the governer block 914 into the path of the carried cops is
      so selected that the cops that have passed the engaging member 913 without
      hindrance will come in contact therewith. But the cops hindered and pushed
      by the engaging member 913 will pass by the governer block 914 without
      contact. The falling direction of the cops in regulated as above-described
      by the combined function of the engaging member 913 with the governer
      block 914.
PAR  Due to the circulation of the vertical lattice 903, the cops are carried
      upwards being held, in the respective buckets 904. When the cop tail is
      situated on the right side in FIG. 49, the cop is pushed leftwards, as
      shown in FIG. 52, through contact with the curved faces 912 of the
      engaging member 913 as the cop passes by the latter. After being
      leftwardly displaced in this way, the cop approaches the upper end of the
      run of the lattice and is thrown out into the guide chute 909, without any
      engagement with the governer block 914. On the other hand, when the cop
      head is located on the right in FIG. 49, the cop freely passes through the
      engaging member 913 as shown in FIG. 53 and, upon arrival at the position
      of the upper rotary guide 907, the cop head comes in contact with the
      governer block 914. The cop then falls down into the guide chute 909 with
      its tail being directed downwards.
PAR  The cops falling down along the guide chute 909 are once received by the
      cop receiver 910 and transferred to the automatic winder. Because the cop
      direction controller C of the present embodiment is made up of the
      stationarily disposed engaging member 913 and governer block 914, a
      reliable operation thereof can be expected in comparison with the one
      employed in the structure of the preceding embodiment of the present
      invention.
PAR  The correlated operation of the entire arrangement of the present
      embodiment of the present invention is as follows.
PAR  When the cops in a bobbin feeder 307 of the assembly 300 are almost
      consumed, the feeler lever 226 senses this situation and sends a
      corresponding instruction signal to the drive motor 209 for starting of
      the latter. Upon starting of the drive motor 209, the endless chain 208
      starts its circulation. Following this, the bucket 210 of the chain 208
      kept in the position I, shown with solid lines in FIG. 24, move towards
      the position II. And, upon arrival at this position, it kicks the switch
      224 in order to stop the running of the drive motor 209, and it at once
      stands still at that position II. At this moment, the drawer hook 126 of
      the cop container positions just within the cut-out 219 of the bucket 210,
      and the point of the hook 126 can lock the cop container placed within the
      bucket 210.
PAR  When the switch 224 is kicked by the bucket 210, the motor 127 starts its
      running simultaneously and the drawer assembly 123 moves rightwards in
      FIGS. 19 and 20. By this movement, the drawer hook 126 is forced into
      engagement with the bottom of the cop container 229. The empty cop
      container 229 in the bucket 210 is pulled out of the bucket 210 passing
      over the roller conveyers 214a and 214'a, which are located at somewhat
      raised level on the termination of the roller conveyers 214 and 214'. The
      empty cop container 229 so pulled out is placed on the upper roller
      conveyers 103 and 103'. As the chain 128 circulates, the drawer assembly
      123 kicks the switch 129 and the motor 127 is de-energized. The empty cop
      container 229 slides down along the roller conveyers 103 and 103'
      automatically because the latter is inclined.
PAR  Concurrently with the stopping of the running of the motor 127 by the
      de-energization, the other motor 209 starts its running in order to lower
      the bucket 210 to the position III shown in FIG. 24. At the end of this
      lowering, the switch 225 is depressed by the bucket 210 and the motor 209
      is de-energized for stopping. Accordingly, the bucket 210 at once stands
      still at this position III. Simultaneously with this, the other motor 114
      starts running in order to carry the pusher assembly 106 leftwards in
      FIGS. 19, 21 and 22 via the chain 115. In the initial disposition, the
      pusher assembly 106 assumes the position I shown in FIG. 21. That is, the
      sideway roll 107 of the pusher assembly 106 rides on the sector cam 119
      and turns it clockwisely. Owing to this, the bent lever 122 linked to the
      sector cam 119 turns counterclockwise while overcoming the resilient force
      of the spring 121 and the end of the lever 122 projects above the level of
      the roller conveyer 102 and 102'. The end of the lever 122 so projected is
      brought into engagement with the cop container 229 full of new cops so
      that the latter is held still at the first stop position in FIG. 19.
PAR  In this disposition, the bucket 210 is guided to a position corresponding
      to the ends of the roller conveyers 102 and 102' as already explained, and
      kicks the switch 225 so that the motor 114 is energized for running. By
      this running of the motor 114, the pusher assembly 106 travels leftwards
      in FIGS. 19, 21 and 22, and the sideway rolls 107 of the assembly 106 are
      released from engagement with the sector cam 119. By the resilient force
      of the spring 121, the bent lever 122 is turned clockwisely while the
      sector cam 119 is turned counterclockwisely. Especially, the sector cam
      119 places its part 119' over the level of the roller conveyers 102 and
      102'. Due to this, the cop container 229 retained in the first stop
      position in FIGS. 19, 21 and 22, slides down leftwardly until it stops at
      the second stop position II through abutment with the projecting part 119'
      of the sector cam 119.
PAR  On the other hand, as the pusher assembly 106 displaces leftwards in FIGS.
      19, 21 and 22, the end of the pusher rod 109 is disengaged from the upper
      cover 111 and is pushed up into the elongated opening 112, due to the
      resilient force of the spring 110. By this action the end of pusher rod
      109 forces the cop container 229, resting at the third stop position III
      (see FIG. 19), to slide into the bucket resting at the position III in
      FIG. 24. Meanwhile, the pusher assembly 106 moves till the foremost
      position in FIG. 21, kicks the switch 117 and reverses its direction of
      movement. Simultaneously the drive motor 209 of the container overturning
      mechanism 200 starts its running in order to lift the bucket with the new
      container off from the position III.
PAR  Upon arrival at the rearmost position, the pusher assembly 106 includes a
      clockwise turning of the sector cam 119 by the sideway rolls 107'. And the
      part 119' of the cam 119 is made to sink below the level of the roller
      conveyers 102 and 102'. Following this, the cop container 229, at the
      position II in FIG. 19, is released from the engagement with the part 119'
      of the cam 119 and slides down along the inclined roller conveyers 102 and
      102' leftwards until it collides against the stopper 132. The clockwise
      turning tendency of the stopper 132 being urged by the spring 133 is
      restrained by the stop pin 134. Although the collision with the cop
      container does not cause counterclockwise turning of the stopper 132, the
      pushing by the pusher assembly 106 causes a corresponding counterclockwise
      turning of the stopper 132 overcoming the spring 133 for a free passage of
      the cop container.
PAR  As above-mentioned, the sector cam performs the clockwise turning being
      pushed by the sideway roll 107'. The bent lever 122 also turns
      counterclockwise as the container moves from the position II to III in
      FIG. 19 and the end thereof is projected over the level of the roller
      conveyers 102 and 102' in order to stop the next container 229 at the
      position I.
PAR  After being lifted from the position III in FIG. 24, the bucket 210 moves
      leftwards from the position of the sprocket 204 and further moves
      downwards at the position of the sprocket 205. This lowering of the bucket
      210 is hindered by the engagement of the roll 212 with the guide rail 211.
      However, as the shaft 213 of the bucket 210, secured to the endless chain
      208, continues its movement with the chain 208, the bucket 210 is fully
      overturned at the position IV in FIG. 24 so as to throw off cops into the
      bobbin feeder 307 located just under the container in that position.
      Meanwhile the endless chain 208 continuously carries on its movement until
      it kicks the switch 223 at the position V in FIG. 24 in order to actuate a
      timer not shown. At a prescribed time point, the timer functions so as to
      stop the electric service to the drive motor 209. In the present
      embodiment, setting of this timer is designed in view of the length of the
      time until the moment whereupon the bucket 210 reaches the position I in
      FIG. 24. Therefore, after kicking the switch at the position V, the bucket
      210 is automatically brought to the position I and stands still there
      while carrying the empty cop container inside. This is the stand-by
      position of the bucket for the next cycle of traveling.
PAR  When the switch 223 is kicked, not only the timer but also the drawer
      assembly 123 of the cop container aligning mechanism 100 is actuated for
      operation. Initially, the drawer assembly 123 stands still at the rearmost
      position whereat it has kicked the switch 129 for drawing-in of the cop
      container. Upon the actuation by the depressing of the switch 223, the
      assembly 123 starts to move leftwards in FIGS. 19 and 20 until it presses
      the switch 130 at a position whereon the drawer hook 126 is most extruded.
      This is the stand-by position of the drawer assembly 123.
PAR  When the cops are fed into the feeder 307, and the cop boxing assembly 500
      carries out the cop boxing operation, pulsating electric current flows in
      the coil of the assembly 300. This is in order to issue the cops through
      the terminal area 313 thereof by utilizing the high frequency vibration of
      the feeder 307 caused by the coil energization.
PAR  The cops so issued are further transported by the conveyer 401 of the
      conveyer assembly 400. When the shaft 406 is rotated by the chain 404 via
      the sprocket 405, the rotor 403 tends to co-rotate therewith. However, as
      the pin 419 of the stopper lever 418 is in engagement with the recess 416
      of the rotor 403, the rotor 403 does not co-rotate but slides relative to
      the clutches 411 and 412. Thus overcoming the pressure by the pushing disc
      413 depressed by the spring force of the spring 415. When the cop 402 is
      brought into the recess 416 of the rotor 403 as shown in FIG. 31 by the
      conveyer 401 from the guide gutter 424, the end of the cop 402 collides
      against the stop lever 418 so as to turn it clockwise in FIG. 31. Thereby,
      the pin 419 is released from the engagement with the recess 416 of the
      rotor 403. Upon this cancellation of the engagement, the rotor 403 is
      rotated over one-fourth of a revolution in the clockwise direction in FIG.
      30 so that the cop 402 is discharged down into the receiver chute 423.
      Inside the chute 423, the path of the cops is closed by the control plates
      425 and 426, associated by the weight 427. The cop 402 falling down is,
      therefore, placed on the conveyer belt 431 with its horizontal disposition
      being controlled by the plates 425 and 426.
PAR  As the belt 431 circulates, the cops on the belt comes in contact with the
      direction control plate 435. When the cop is inclined about the width
      direction of the belt as indicated by A in FIG. 32, the direction is
      corrected as indicated by B through contact with the plate 435 and is
      pushed forward passing over the plate 436 by the succeeding cop. Thus the
      cops are discharged in the right direction through the discharge outlet
      432 over the endless conveyer of the cop boxing assembly 500.
PAR  The receiver chutes 423 are accompanied with the light emitter 429 and the
      light receiver 430. And, when the light beam across the chutes is
      intercepted for an appreciable length of time, that is the cops are
      stagnated inside the chutes, supply of the cops is stopped. The switch 434
      is located near the discharge outlet 432 of the chute 423 and, when the
      feeler 433 of this switch does not sense the cop, the operation of the cop
      boxing assembly 500 is stopped. With this control of the feed rate of the
      cops, the cop is discharged from the outlet 432 over the endless conveyer
      511 and, as the conveyer 511 travels, is supplied to the next stage on the
      righthand end in the arrangement shown in FIG. 33. During the off-working
      period, the push-up rods 533 and 536 stand still in the disposition shown
      with solid lines in FIG. 33. Although the drive motor 504 is always
      running, the sprocket 505 rotates without any operation because of the
      engagement of the governer arm 514 with the pin 517 and the endless
      conveyer 511 stands still.
PAR  When the boxing instruction is issued as later explained, the motor 522 of
      the screw cylinder 520 starts its running. Its front end 523 advances
      leftwards in FIG. 33 in order to cause the turning of the arms 526 and 529
      via the lever 524 and the shaft 525. By this turning, the rods 533 and 536
      are lifted so that the all cops 513 on the conveyer 511 are pushed-up. As
      the caps so pushed-up pass by the position of the stopper 539 shown in
      FIG. 34, the front end 523 of the cylinder 520 pushes the switch 554 and
      the rods 533 and 536 descend. During this lowering movement of the rod
      533, the pressor nose 519 accompanying the rod presses the projection 518
      so as to cancel the engagement of the arm 514 with the pin 517, thereby
      the conveyer wheel 507 is rotated over one revolution being driven by the
      sprocket 505. Meanwhile, the engagement of the arm 514 with the pin 517 is
      revived so that the conveyer wheel 507 ceases its rotation after the one
      complete revolution. By this one complete revolution of the wheel, the
      conveyer moves until the subsequent cops are brought under the container
      502. Following this, the motor 522 restarts its running in order to repeat
      the above-described sequence of operation.
PAR  In this manner, the prescribed number of cops are successively encased into
      the container 502. After the prescribed number of startings of the motor
      522 have been registered in a counter, the front end 523 reaches the
      position shown with chain-and-dot lines in FIG. 33 on its last time of
      advance and lets the arms 526 and 529 turn by a great deal. Due to this
      turning, rods 533 and 536 are lifted to the position shown with
      chain-and-dot lines in FIG. 33, i.e. the position shown with solid lines,
      in order to place all the cops within the cop container.
PAR  On the other hand, concurrently, the pin 554 of the arm 553 forces the hook
      551 to turn counterclockwise in FIG. 35 overcoming the resistance by the
      spring 549 and the engagement of the hook point 550 with the L-shaped rod
      543 is cancelled. Thereby the latter is turned clockwise in FIG. 35 so as
      to remove the pressure on the L-shaped lever 555. Then the L-shaped lever
      turns in the clockwise direction as shown with chain-and-dot lines in FIG.
      35 and the closure member 557 is moved leftwards due to its connection 556
      and 558. The closure member 557 so moved closes the path of the container
      502 so that the cops are fully and completely encased within the
      container.
PAR  After the above-described encasement of the cops, the container 502 assumes
      the position 502a in FIG. 33 and the preceding container full of the cops
      is located on the position 502b.
PAR  The empty container let-off part 700b of the supply station supplies new
      cops to the automatic winder E upon receipt of requirement signals from
      the latter. At every request by the automatic winder E, the drive motor
      726 starts running in order to lift the bucket 725 of the vertical lattice
      724. After orientation by the cop direction controlling assembly 900, cops
      722 are fed to the automatic winder E. New cops 722 are supplied from the
      container 502c on the new container reception part 700a. The container
      502c is placed on the conveyer belt 703 of the new container reception
      part 700a. The L-shaped lever 555 is turned by the container open cam and
      the closure segment of it is kept open.
PAR  The first section of the container interior space is located just over the
      opening 719 and the cops 722 are supplied over the conveyer via the guide
      chute. When the cops in the first section of the container 502c are almost
      consumed, the feeler mechanism turns clockwise, the contact of the switch
      is closed and the drive motor 714 is started for running. Then the
      conveyer belt 703 is moved so that the second section of the container
      502c comes just over the opening 719 and the cops are supplied from the
      section into the guide chute.
PAR  After repetition of this procedure, cops in the last section are discharged
      and the empty container 502c moves further in order to press the switch
      S.sub.1. At this moment, the pulley 586 of the container 502 is positioned
      over the holder rod 743 of the container replacer part 700c. Upon pressing
      of the switch S.sub.1, the fluid cylinder 746 operates to lift the holder
      rod 743 via the curved arms 741 and 742. Accordingly, the container 502 is
      hoisted with its pulley 586 being in engagement with the holder rod 743.
      However, because the rod is inclined towards the empty container let-off
      part 700b, the container tends to slide toward this part and the upper
      recess 744 comes in engagement with the pulley 586. The container stops
      its sliding as the switch S.sub.2 is depressed.
PAR  Upon depression of the switch S.sub.2, the fluid cylinder 746 operates in
      the reverse manner and the container is placed on the horizontal belt 732
      of the let-off part 700b. When the placing of the container on the
      horizontal belt 732 is completed, the switch S.sub.3 is closed, thereby
      the presence of the empty container is announced.
PAR  On the other hand, the container 502d on the belt 702 is brought to the
      position, whereat the preceding container 502c has been placed, by the
      running of the drive motor 711 in order to initiate the discharge of the
      cops. At the same moment, the switch S.sub.4 is opened by the container
      502d. By this opening of the switch, it is announced that the horizontal
      belt 702 of the new cop reception part 700a of the supply station 700 is
      provided with an unoccupied space for reception of a new container. This
      announcement induces a corresponding issue of the signal for movement of
      the traverse assembly 800. Then, the air cylinder of the positioner
      assembly 701 ceases its suction of the piston rod and the piston rod 735
      protrudes into the advancing path of the traverse assembly due to the
      force of the spring 739. Owing to this protrusion, it is known which
      supply station is in need of new cops and the traverse assembly 800
      initiates its movement.
PAR  The traverse assembly 800 carries a container 502e mounted thereon, the
      mounting of the container being confirmed by the pressing of the switch
      S.sub.5. When the switch S.sub.6 is depressed by the traverse assembly 800
      and the switch S.sub.7 is depressed by the full container 502b, the
      assembly 800 is in a condition ready for starting its movement. Upon
      arrival at the destination, the traverse assembly 800 presses the switch
      S.sub.7 and stops, whereat the cam 817 of the assembly 800 comes in
      engagement with the roll of the positioner assembly 701.
PAR  When the switch S.sub.7 is closed, the belt 807 is driven for circulation
      by the drive motor 810 and, thereby, the container 502e is fed towards the
      conveyer belt 702 of the new container reception part 700a. The belt 702
      is driven for circulation by the drive motor 711 in order to receive the
      container so fed. However, the belt 703 does not circulate at this stage
      because of the provision of the one-way clutch 718. When the switch
      S.sub.4 is depressed by the arrival of the container 502e at the position
      of the preceding container 502d, movements of the traverse assembly 800,
      the belt 807 and the belt 702 are stopped. On the other hand, by the
      closure of the switch S.sub.7, both the belt 732 of the empty container
      let-off part 700b and the belt 812 of the traverse assembly 800 are
      started for circulation. The empty container placed on the horizontal belt
      732, is moved onto the traverse assembly and the switch S.sub.8 is
      depressed thereby in order to stop the circulation of the belts 732 and
      812.
PAR  When the switches S.sub.4 and S.sub.8 are closed, the traverse assembly 800
      starts its movement returning to the initial position. It is set in
      position when the switch S.sub.6 of the cop boxing station is depressed.
PAR  Simultaneously with the closure of the switch S.sub.6, the drive motor 814
      of the assembly 800 starts its running for circulation of the belt 812. At
      the same time, the drive motor 577 of the container reception part 600b
      starts its running for circulation of the conveyer belt 575. Thereby the
      empty container is received from the assembly 800 into the container
      reception part 600b. When the switch S.sub.9 is kicked by the empty
      container, the belt 812 stops its let-off operation. The conveyer belt 575
      on which the empty container is placed goes on with its circulation until
      the switch S.sub.10 is depressed by the container. Meanwhile the traverse
      assembly 800 moves the belt 807; the let-off belt 564 of the stand-by part
      600d starts its circulation; the full container is mounted on the traverse
      assembly, and the circulation of the conveyer belt is stopped when the
      container presses the switch S.sub.5.
PAR  If the switch S.sub.11, just under the container replacer part 600c, is in
      a closed condition when the switch S.sub.10 is depressed by the empty
      container, that is, if an empty container has already been placed on that
      position, the newly fed empty container stands by at the position whereat
      it has kicked the switch S.sub.10. Whereas, if there is no empty container
      at the position of the switch S.sub.11, the fluid cylinder 585 of the
      container replacer part 600c operates when the switch S.sub.10 is kicked
      by the empty container. (see FIGS. 38 and 39) Through this operation, the
      pulley 586 of the container is engaged by the holder rod 582 and, thereby,
      the container is hoisted off from the conveyer belt 575. As the holder rod
      582 is inclined towards the cop storage part 600a, the empty container
      naturally slides along the inclination until the upper recess 583 comes in
      engagement with the pulley 586. At this moment, the switch S.sub.12 is
      pressed by the pulley 586, the fluid cylinder ceases its operation, the
      holder rod 582 descends. The empty container then stands by at a position
      over the chain 569 while pressing the switch S.sub.11.
PAR  If there is no full container at the position of the container 502b and the
      switch S.sub.7 is not depressed when the switch S.sub.11 is depressed, the
      drive motor 570 in FIG. 33 starts its running. The container pusher rod
      565 is moved leftwards via the chain 569 and the empty container 502f is
      pushed to a position on the boxing arrangement until it presses the switch
      S.sub.13. On the other hand, the full container on the boxing position is
      moved over one pitch by the let-off belt 564 until it presses the switch
      S.sub.7. The pusher rod 564, that has already pushed the switch S.sub.13,
      urges the hook 546 for a counterclockwise turning in FIG. 35; the
      connecting rod 545 is pulled via the damper spring 547, and; the L-shaped
      lever 542 is turned in the counterclockwise direction. At the same time,
      the L-shaped lever 555 is turned so as to open the closure segment of the
      container and the cops can be encased into the container from the
      underside. Lateral play of the container is well restricted by the
      engagement of the L-shaped lever with the base portion of the container.
      Simultaneously, as is clear from FIGS. 35 and 36, also the stopper 560
      engages with the projection 561 of the container in order to prevent the
      rightward movement of the container. Meanwhile, the pusher rod that has
      pressed the switch S.sub.13 returns to its initial position whereat it
      kicks the switch S.sub.14.
PAR  After one cyclic of operation is completed, the switches S.sub.5 and
      S.sub.6 are closed. After that, the traverse assembly restarts its
      movement when the switches S.sub.3 and S.sub.4 are closed.
PAR  As is clear from the above description, in the case of the present
      embodiment, cops can be stocked by utilizing the containers. Therefore,
      even when any malfunction happens in any part of the arrangement, supply
      of the cops to the automatic winder can be carried out without any
      interruption. Further, by installing multiple cop boxing stations 600 side
      by side, or by installing a plurality of stations for containers full of
      the handled cops separately from the boxing stations, it is possible to
      stock cops in a disposition classified according to the type of the yarns.
      Thereby the apparatus can be used in combination with multiple automatic
      winders of different yarn types. In addition, containers of heavy weight
      can be fully automatically processed while contributing to a remarkable
      reduction in manual labour.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder comprising,
PA1  a cop sequencing means of a high frequency vibration type for delivering
      cops fed thereto at random, and for discharging said cops separately in
      sequential order;
PA1  a cop direction controller means (C) for receiving randomly fed cops from
      said cop sequencing means for controlling the head and tail direction of
      the cops fed from said cop sequencing means, and which commences its
      operation according to an electrical signal received from a winder
      requesting a cop to be fed thereto;
PA1  an inclined cop conveyor means (D) for receiving cops from said cop
      direction controller means for feeding said cops in controlled direction
      to a position adjacently above a cop supply device, and which commences
      its operation according to an electrical signal received from the winder
      requesting a cop to be fed thereto;
PA1  actuator means (43) for stopping said cop sequencing device, each time one
      cop is discharged from said cop sequencing device (B) to the cop direction
      controller means;
PA1  and another actuator means (55) for stopping said inclined cop conveyor
      means (D), each time one cop is discharged from said cop direction
      controller means (C).
NUM  2.
PAR  2. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder according to claim 1, wherein said
      actuator means for stopping the cop sequencing means comprises a contact
      switch (44) fixed in a path for a cop passing therethrough.
NUM  3.
PAR  3. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder according to claim 1, wherein said
      another actuator means for stopping the inclined cop conveyor means
      comprises a sensing means (55) which senses a cop discharged from the cop
      direction controller means and which is being conveyed by the cop conveyor
      means.
NUM  4.
PAR  4. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder according to claim 3, wherein the
      sensing means of said another actuator means is provided with a contact
      switch (59).
NUM  5.
PAR  5. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder according to claim 1, wherein said
      cop direction controller means comprises, a swingable pusher rod (22)
      driving means moving said pusher rod comprising a driving means for said
      inclined cop conveyor means, said driving means being controlled by the
      actuator means on said cop conveyor means, and; a gauge means for
      permitting a smooth passage for a cop head but not for a cop bottom.
NUM  6.
PAR  6. An apparatus for automatically feeding cops to a cop supply device
      cooperative with an automatic winder according to claim 1, wherein said
      cop direction controller means comprises, a cop receiver (75) with a
      bottom plate (76) pivotally mounted and arranged in the region between a
      chute (71) and a cop conveyor belt (72), and resting on a stopper by the
      influence of a dead weight 82;
PA1  a receiver plate (79) facing said cop receiver (75);
PA1  cut-outs (77) and (80) provided on both of said bottom plate (76), and said
      receiver plate (79), the width of said cut-outs being equal to or larger
      than the diameter of a cop head, but smaller than the diameter of a cop
      tail.
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ABST
PAL  A conveyor having a single row of receptacles to seat individual fruit of a
      corresponding row of citrus fruit moves the fruit in succession past a
      station where it is required that the major axis of each fruit, i.e., the
      axis through the stem and blossom ends of the fruit be parallel to the
      direction of travel of the fruit. In each receptacle the individual fruit
      rests on a pair of parallel power-actuated spool-shaped rollers the axes
      of which are parallel to the direction of travel of the receptacles, which
      rollers spin the fruit to cause the major axes of the fruit to be oriented
      parallel to the direction of travel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the handling of ellipsoidal objects which may be
      manufactured objects or may be agricultural produce and is directed to the
      problem of moving the ellipsoidal objects in rapid succession to or past a
      given station with the major axes of the elongated objects at a selected
      orientation relative to the direction of travel of the fruit. For example,
      the orientation may be parallel to the direction of travel or may be
      perpendicular. The initial practice of the invention pertains to the
      handling of runs of oranges or lemons in a fruit packing plant where it is
      required that the major axes of the fruit be oriented in the direction of
      travel.
PAC  SUMMARY OF THE INVENTION
PAR  To achieve an economical production rate, the first problem to be solved is
      to provide a high speed apparatus to take the fruit from a bulk supply and
      to feed the fruit at random orientation to a single row conveyor that
      travels at a rapid rate. For example, the desired rate may be ten fruit
      per second, which means 600 fruit per minute or 36,000 fruit per hour.
      This initial problem is solved by an apparatus disclosed in a copending
      application of Paul F. Paddock and Jerry W. Cramer, Ser. No. 295,915,
      filed Oct. 10, 1972.
PAR  The second problem, which is the problem solved by the present invention,
      is to change the random orientation of the major axes of the travelling
      fruit to orientation parallel to the direction of travel as the travelling
      fruit reaches an inspection station. The purpose of the inspection station
      may be to check the fruit for defects and/or to classify the fruit on some
      other basis.
PAR  Accordingly, one object of the invention is to provide a series of
      receptacles for the fruit in a single row conveyor wherein each fruit is
      supported at four points by parallel rollers which rotate on horizontal
      axes parallel to the direction of travel to spin the travelling fruit
      rapidly to cause the major axes of the fruit to assume an orientation that
      is parallel to the direction of travel before the fruit reaches the
      inspection station.
PAR  In the initial embodiment of the invention the conveyor is a chain conveyor
      with a single row of interconnected receptacles for the individual fruit
      and each fruit seats on a pair of parallel spool-shaped rollers that have
      their axes oriented in the direction of travel of the receptacles. Each of
      the two spool-shaped rollers contacts the fruit at two spaced points of
      the fruit and therefore a spool-shaped roller is in effect equivalent to a
      pair of spaced coaxial rollers.
PAR  The means for driving the pair of longitudinally aligned spool-shaped
      rollers comprises gearing which includes a pair of driven gears unitary
      with the two spool-shaped rollers respectively and a pair of drive gears
      which mesh with the driven gears respectively and which rotate in planes
      that are parallel with the direction of travel of the receptacles. The two
      drive gears mesh respectively with corresponding sprocket chains which
      extend along the path of travel of the receptacles. The invention teaches
      that the two longitudinal sprocket chains may be stationary so that the
      rotation of the spool-shaped rollers is determined solely by the rate of
      travel of the receptacles, but in the preferred practices of the invention
      the two parallel sprocket chains are power-actuated so that the rate of
      rotation of the two spool-like rollers is the resultant or differential
      between the travel of the receptacles and the rate of longitudinal
      movement of the two sprocket chains. Thus, actuation of the two
      longitudinal sprocket chains makes it possible to rotate the
      fruit-orienting rollers on the receptacles at any desired rate
      independently of the rate of travel of the receptacles.
PAR  A feature of the invention is that the spacing of the spool-shaped rollers
      on the receptacles is adjustable to handle fruit of different sizes with
      corresponding adjustment in the axial positions of the drive gears of each
      receptacle and corresponding adjustment in the spacing of the two
      longitudinal sprocket chains that engage the drive gears.
PAR  A further feature of the invention is that the successsive receptacles of
      the conveyor releasably hook together in a pivotal manner and a receptacle
      may be removed for replacement by simply lifting one end of the receptacle
      and slightly retracting the tilted receptacle longitudinally. With the
      receptacles releasably mounted in this manner for quick replacement, two
      sets of receptacles may be used interchangeably with the two sets adjusted
      for two different sizes of fruit. Thus, the "down" time for changing over
      from a run of one size of fruit to a run of another size of fruit is
      reduced to the minimum because one set of receptacles is simply
      substituted for another set without taking time to adjust the spacing of
      the two spool-shaped rollers on each receptacle.
PAR  The various features and advantages of the invention may be understood from
      the following detailed description and the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, which are to be regarded as merely illustrative:
PAR  FIG. 1 is a fragmentary side elevational view of the initial embodiment of
      the conveyor;
PAR  FIG. 2 is a greatly enlarged fragmentary view of the conveyor with portions
      of the structure broken away;
PAR  FIG. 3 is an enlarged fragmentary plan view of the conveyor with portions
      of the structure broken away;
PAR  FIG. 4 is a transverse vertical section taken as indicated by the line 4--4
      of FIG. 2;
PAR  FIG. 5 is an enlarged fragmentary side view of the conveyor indicating how
      a receptacle may be released for removal and replacement by tilting one
      end of the receptacle upward;
PAR  FIG. 6 is a view similar to FIG. 3 showing how a receptacle may be
      assembled for greater spacing between the two spool-shaped rollers to
      handle a run of fruit of larger size;
PAR  FIG. 7 is a transverse section of the receptacle shown in FIG. 6; and
PAR  FIG. 8 is a fragmentary sectional view taken along the line 8--8 of FIG. 2
      showing the structure that permits varying the spacing beween the two
      longitudinal sprocket chains that engage the drive gears of the
      receptacles.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring first to FIG. 1, the illustrated embodiment of the invention has
      a frame which includes a pair of upper opposite longitudinal side members
      10 supported by legs 12 which extend upward from a base 14. A conveyor
      having a pair of spaced parallel continuous conveyor sprocket chains 15
      has an upper run where the conveyor sprocket chains ride on a pair of
      rails 16 which, as indicated in FIG. 4, are supported on the side frame
      members 10 by spaced angle iron brackets 18. In like manner, the lower
      return run of the pair of conveyor sprocket chains rests on similar rails
      20 shown in FIGS. 1 and 5 which are suitably supported by the legs 12 of
      the conveyor frame. At each end of the conveyor the pair of conveyor
      sprocket chains 15 pass over upper and lower pairs of conveyor sprockets
      22, 23 and in a well known manner one of these four pairs of conveyor
      sprockets is suitably power actuated.
PAR  Operatively connected to the pair of conveyor sprocket chains 15 is a
      travelling row of receptacles 24 for the individual citrus fruit which
      conveys the fruit in rapid succession through a longitudinal housing 26
      having an inspection station 28 where, for example, the individual fruit
      may be successively X-rayed. The function of the receptacles 24 is not
      only to move the individual fruit successively past the inspection
      station, but also to insure that the major axes of the elongated fruit are
      oriented parallel to the direction of travel of the conveyor. The length
      of each receptacle 24 is approximately 71/2  inches and since the
      objective in the initial embodiment of the invention is to process ten
      fruit per second or 36,000 per hour, the rate of travel of the conveyor is
      75 inches or 6.25 feet per second.
PAR  Referring to FIGS. 2 and 3, each of the two conveyor sprocket chains 15 is
      of conventional construction comprising longitudinal links 30
      interconnected by pins 32 which are embraced by rotatable sleeves 34.
      Transverse rods 35 spaced 71/2  inches apart are substituted for pins 32
      of the conveyor sprocket chains with the opposite ends of the transverse
      rods carried by the two conveyor sprocket chains respectively and with the
      leading ends of the receptacles 24 pivotally connected to the transverse
      rods respectively.
PAR  Each of the receptacles 24, which may be made of nylon, is formed with a
      bowl 36 which is open at the bottom to permit a pair of parallel
      spool-shaped rollers 38 to support the individual fruit and to spin the
      individual fruit to cause each fruit to seek an orientation with its major
      axis parallel to the direction of travel of the conveyor. Each of the two
      spool-shaped rollers 38 is equivalent to two coaxial rollers and in the
      construction shown comprises two abutting tubular soft rubber roller
      elements 38a, each of which makes supporting contact with one point of the
      individual travelling fruit.
PAR  As indicated in FIG. 3, the leading end of each receptacle 24 has two end
      slots 42 near its opposite sides respectively which form corresponding
      leading longitudinal tongues 44 at the opposite sides of the receptacle
      and, as shown in FIG. 2, each of the leading tongues 44 is hook-shaped
      with an upwardly extending entrance slot 45 to receive the corresponding
      transverse rod 35. The entrance slot extends upward from a seat 46 which
      engages the transverse rod from below. As shown in FIG. 3 the trailing end
      of each receptacle 24 has a pair of longitudinal trailing tongues 48 which
      loosely extend into the corresponding forward slots 42 of the next
      succeeding receptacle and each of these trailing tongues in formed with a
      longitudinal slot 50 which slidably straddles the corresponding transverse
      rod 35 as may be seen in FIG. 2. The slots 50 in the trailing tongues 48
      permit sufficient longitudinal relative movement between the receptacles
      to permit the receptacles to change direction as required to pass over the
      various conveyor sprockets 22, 23.
PAR  When the receptacles 24 traverse the lower return run of the conveyor the
      receptacles are upside down as shown in FIG. 1 and at this time the
      entrance slots 45 of the leading tongues 44 of the receptacles incline
      downward instead of upward, as may be seen in FIG. 5, to permit the
      leading end of a receptacle to be disengaged from the corresponding
      transverse rod 35 by simply lifting the leading end of the receptacle
      upward as indicated by the tilted position shown in phantom in FIG. 5.
      With the leading end of the receptacle tilted upward in this manner it is
      a simple matter to move the tilted receptacle slightly longitudinally
      forward to cause the slots 50 of the trailing tongues 48 of the receptacle
      to slide out of engagement with the associated transverse rod 35. It is
      apparent that receptacles constructed to handle a run of one size of fruit
      may be quickly and conveniently replaced by an alternate set of
      receptacles that are constructed to handle a run of fruit of different
      size.
PAR  As shown in FIGS. 2 and 3, each pair of the spool-shaped rollers 38 is
      positioned with its parallel axes oriented longitudinally of the direction
      of travel for corresponding orientation of the major axes of the elongated
      fruit. The receptacles shown in FIGS. 2, 3 and 4 are assembled with
      relatively small spacing between the axes of the two spool-shaped rollers
      38 for handling relatively small fruit and the receptacles shown in FIG. 6
      and 7 are assembled with greater spacing between the axes of the two
      spool-shaped rollers for handling fruit of larger size. A feature of the
      invention is that a receptacle 24 may be assembled to handle fruit of
      either size. Thus, it is a simple matter to provide two interchangeable
      sets of receptacles 24 to handle respectively runs of two different sizes
      of fruit.
PAR  Each of the two halves of a spool-shaped roller 38, i.e., each of the soft
      rubber roller elements 38a is tubular and has the general shape of a
      truncated cone of stepped configuration. The two roller elements are
      positioned coaxially with their smaller ends in mutual abutment, as may be
      seen in FIGS. 2 and 3. Referring to FIG. 3, each pair of abutting roller
      elements 38a telescope at their inner ends over a common rigid tubular
      core 52. The opposite larger end of one of the roller elements 38a
      telescopes over the tubular hub 54 of a nylon driven sprocket 55 while the
      opposite larger end of the other roller element 38a telescopes over a
      similar tubular hub 56 of a nylon disc 58 at the other end of the
      spool-shaped roller.
PAR  Each of the two tubular hubs 54, 56 of the drive sprocket 55 and the nylon
      disc 58 respectively is mounted on a corresponding eccentric axle 60. Each
      of the eccentric axles 60 is of stepped configuration, being formed with
      an enlarged portion 62 of circular configuration, an intermediate portion
      63 of circular configuration concentric to the enlarged portion 62, and an
      outer end portion 64 of reduced diameter that is eccentric to the two
      portions 62 and 63. Each of the reduced end portions 64 of the two
      eccentric axles 60 is mounted in a bore of an adjacent wall 66 of the
      receptacle and is immobilized therein by a suitable metal dowel 68.
PAR  Each of the tubular hubs 54, 56 of the drive sprocket 55 and the nylon disc
      58 respectively is rotatably mounted on the enlarged portion 62 of the
      corresponding eccentric axle 60 with an inner radial flange 70 of the hub
      confined between the enlarged portion 62 of the axle and the adjacent wall
      66.
PAR  In FIGS. 3 and 4 the two eccentric axles 60 are turned inwardly towards
      each other for minimum spacing of the two spool-shaped rollers 38 and it
      is apparent that rotation of each of the eccentric axles 180.degree. would
      result in maximum spacing of the two spool-shaped rollers.
PAR  Each of the two nylon driven sprockets 55 of a receptacle 24 is driven by a
      corresponding nylon drive sprocket 72 which is positioned perpendicularly
      of the driven sprocket and therefore rotates in a plane that is parallel
      with the direction of travel of the receptacle. If, as in FIGS. 3 and 4,
      the two spool-shaped rollers 38 of a receptacle are at minimum spacing
      from each other, each of the two drive sprockets 72 of the receptacle is
      mounted on an adjacent wall 74 of the receptacle in the manner shown in
      FIG. 3 where the tubular hub 75 of a drive sprocket 72 is rotatable on a
      fixed axle 76. The fixed axle 76 is of stepped configuration having an
      enlarged portion 78, an intermediate portion 80 of lesser diameter, and a
      concentric end portion 82 of reduced diameter that is mounted in a bore in
      the wall 74 and is immobilized therein by a metal dowel 84. As shown in
      FIG. 3 the hub 75 of the drive sprocket 72 is formed with an inner radial
      flange 85 which is confined between the intermediate portion 80 of the
      spindle and a spacer collar 86 that backs against the wall 74.
PAR  FIGS. 6 and 7 show how a receptacle 24 may be assembled with maximum
      spacing between the two spool-shaped rollers 38 of the receptacles for
      handling fruit of relatively large size For this purpose the previously
      mentioned eccentric axles 60 are turned away from each other as shown in
      FIG. 7 instead of being turned towards each other as shown in FIG. 4. The
      rotation of the eccentric axles 60 180.degree.  from the positions shown
      in FIGS. 3 and 4 shifts the driven sprockets 55 of the spool-shaped
      rollers outward relative to the longitudinal center line of the receptacle
      and accordingly the two cooperating drive sprockets 72 must be shifted
      axially outward to mesh with the driven sprockets 55 at their new
      positions. For this purpose shorter axles 88 are substituted for the
      previously described relatively long axles 76 and the spacer collars 86
      are omitted.
PAR  As shown in FIG. 6 each of the two shorter axles 88 for a drive sprocket 72
      has an enlarged circular portion 90, an intermediate circular portion 92
      of lesser diameter, and a concentric reduced end portion 94 which is
      mounted in a bore in the wall 74 and is immobilized by a metal dowel 84.
      The tubular hub 75 of the drive sprocket 72 embraces the enlarged portion
      90 of the short spindle with the previously mentioned inner radial flange
      85 of the drive sprocket confined between the enlarged portion 90 of the
      axle and the adjacent wall 74.
PAR  For the purpose of actuating the pairs of drive sprockets 72 of the
      travelling receptacles 24, upper runs of a pair of spaced parallel
      auxiliary sprocket chains 95 extend under the upper run of the travelling
      receptacles 24 to engage and actuate the two drive sprockets 72
      respectively of each travelling receptacle thereby to actuate the
      spool-shaped rollers 38 of the receptacles. The upper runs of the two
      auxiliary sprocket chains 95 travel along a longitudinal shelf 96 and are
      free to slide laterally on the shelf to follow minor lateral deviations of
      the travelling receptacles. As indicated by dotted lines in FIG. 1, the
      pair of auxiliary sprocket chains 95 pass around a pair of drive sprockets
      100 which are actuated by a variable speed motor 102 by means of a drive
      chain 104. At the beginning of their upper runs the auxiliary sprocket
      chains pass around a pair of idler sprockets 105. The two auxiliary
      sprocket chains may be adjustably tightened by means of a pair of
      adjustable sprockets 106 on a bracket 107 in cooperation with the idler
      sprockets 105 and another adjacent pair of idler sprockets 108. As shown
      in FIG. 2 the longitudinal shelf 96 has an end portion 110 which is bent
      to incline upward to bring the upper runs of the auxiliary chains 95 to a
      level for cooperation with the approaching drive sprockets 72.
PAR  Since, as heretofore explained, the spacing of the pairs of drive sprockets
      72 of a receptacle 24 from the longitudinal center line of the receptacle
      is variable in accord with the sizes of fruit for which the spool-shaped
      rollers 38 are assembled, it is accordingly necessary that the pair of
      auxiliary sprocket chains 95 be adjustable in their spacing to follow the
      adjustments of the positions of the drive sprockets 72. For this purpose
      the various pairs of sprockets 100, 105, 106, and 108 are adjustable with
      respect to their spacing on their respective shafts.
PAR  FIG. 8 shows how the pair of idler sprockets 105 may be mounted on a common
      shaft 112 in a manner that permits changes in the spacing of the two
      sprockets. The shaft 112 is journalled in a bearing 114 that is supported
      by a suitable bracket 115 and the hubs 116 of the two sprockets 105 are
      provided with suitable set screws 118. The shaft 112 is formed with a pair
      of peripheral sockets 120 for engagement selectively by one set screw 118
      and a similar pair of peripheral sockets 120 for engagement selectively by
      the other set screw. This arrangement permits the two sprockets 105 to be
      positioned at maximum spacing when the spool-shaped rollers 38 of the
      receptacles are at maximum spacing and to be positioned at minimum spacing
      when the spool-shaped rollers are at minimum spacing. FIG. 8 shows the
      sprockets 105 at minimum spacing.
PAR  In the initial practice of the invention two sets of receptacles 24 are
      employed interchangeably, one set being assembled to handle relatively
      large fruit and the other set being assembled to handle relatively small
      fruit. As heretofore explained, it is a simple matter to change over from
      one set of the receptacles to the other set for a changeover from a run of
      fruit of one size to a run of fruit of another size and it is also a
      simple matter to change the spacing of the auxiliary sprocket chains 95 in
      accord with changes in positions of the drive sprocket 72 of the
      receptacles.
PAR  The description herein of the presently preferred practice of the invention
      will suggest various changes, substitutions, and other departures from the
      disclosure within the spirit and scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for moving successive ellipsoidal objects such as citrus
      fruit in a given direction of travel with the major axes of the objects at
      a selected orientation relative to the direction of travel,
PA1  the combination of:
PA1  a receptacle to carry an individual ellipsoidal object;
PA1  means to move the receptacle in the given direction;
PA1  a plurality of rollers on the receptacle arranged on laterally spaced
      parallel axes extending in the direction of receptacle movement to support
      the ellipsoidal object at four spaced points with said parallel axes at
      said selected orientation relative to the given direction of travel; and
PA1  means on opposite sides of said receptacle responsive to the movement of
      the receptacle in the given direction to separately rotate the rollers on
      said respective axes to spin the ellipsoidal object to cause the major
      axis of the ellipsoidal object to seek said selected orientation.
NUM  2.
PAR  2. A combination as set forth in claim 1, in which the rollers comprises
      four rollers to support the fruit at said four points respectively,
PA1  two pairs of the rollers being arranged on two parallel axes respectively.
NUM  3.
PAR  3. A combination as set forth in claim 2 in which the two rollers on each
      of the parallel axes are combined to form a spool-shaped roller.
NUM  4.
PAR  4. A combination as set forth in claim 1 in which the means to actuate the
      rollers includes elongated means separate from the receptacle and
      extending below the receptacle along the path of travel thereof;
PA1  and rotary means on the receptacle for rolling engagement with the
      elongated means, said rotary means being operatively connected to said
      rollers.
NUM  5.
PAR  5. A combination as set forth in claim 4 in which said rotary means is
      sprocket means and said elongated means is sprocket chain means.
NUM  6.
PAR  6. A combination as set forth in claim 4 which includes means to actuate
      said elongated means longitudinally whereby the rate of rotation of the
      rollers depends both on the rate of travel of the receptacle and the rate
      of actuation of the elongated means.
NUM  7.
PAR  7. A combination as set forth in claim 1 in which the receptacle includes
      surrounding wall means to confine the object to the region of the rollers.
NUM  8.
PAR  8. A combination as set forth in claim 1 in which the receptacle includes a
      bowl to confine the object and said rollers serve as the bottom of the
      bowl.
NUM  9.
PAR  9. In a system for moving successive ellipsoidal objects such as citrus
      fruit in a given direction of travel with the major axes of the objects at
      a selected orientation relative to the direction of travel,
PA1  the combination of:
PA1  a row of receptacles for the individual objects;
PA1  means to move the row of receptacles longitudinally in said given
      direction;
PA1  a plurality of rollers on each receptacle arranged on two parallel axes to
      cradle an ellipsoidal object at four spaced points whereby rotation of the
      rollers to spin the ellipsoidal object causes the object to seek said
      selected orientation with the major axis of the object parallel to the
      parallel axes of the rollers;
PA1  toothed gearing on each receptacle to rotate the rollers simultaneously in
      a given rotary direction,
PA1  said gearing including driven gear means operatively connected to the
      plurality of rollers; and
PA1  means extending below the receptacles along the path of travel thereof to
      mechanically drive said gearing to actuate the plurality of rollers in
      response to the movement of the receptacles in said given direction.
NUM  10.
PAR  10. A combination as set forth in claim 9, in which the rollers are
      arranged on two parallel axes in parallel relation to the given direction
      of travel to cause the major axis of the spinning object to be oriented in
      the given direction of travel;
PA1  and in which said gearing includes drive gear means to drive the driven
      gear means, said driven gear means being oriented longitudinally of the
      receptacle, and said means extending along the path of travel of the
      receptacles being engaged with said drive gear means.
NUM  11.
PAR  11. A combination as set forth in claim 10 in which said drive gear means
      comprises sprocket means;
PA1  and in which said means extending along the path of travel of the
      receptacles comprises sprocket chain means positioned to engage the
      sprocket drive gear means of the receptacles.
NUM  12.
PAR  12. A combination as set forth in claim 1 in which the sprocket chain means
      has a leading end portion that converges onto the path of travel of said
      sprocket drive means so that the successive sprocket drive gear means of
      the receptacles engages said leading end of the sprocket chain means as
      they reach the leading end.
NUM  13.
PAR  13. A combination as set forth in claim 11 in which said sprocket chain
      means intermediate its ends is free to move laterally to maintain
      engagement with the sprocket drive means of the receptacles when the
      receptacles deviate slightly in their travel in said given direction.
NUM  14.
PAR  14. A combination as set forth in claim 10 in which said drive gear means
      comprises two driven gears to operate the rollers on the two parallel axes
      respectively;
PA1  in which said drive gear means comprises two drive gears engaging the two
      driven gears respectively;
PA1  and in which the sprocket chain means comprises two sprocket chains
      cooperative with the two drive gears respectively.
NUM  15.
PAR  15. A combination as set forth in claim 14 in which the spacing between the
      two parallel axes of the plurality of rollers is adjustable to accommodate
      runs of fruit of different sizes;
PA1  in which the spacing between the two drive gears is correspondingly
      adjustable;
PA1  and in which the spacing between the two sprocket chains is correspondingly
      adjustable.
NUM  16.
PAR  16. A combination as set forth in claim 15 in which the plurality of
      rollers comprises two parallel spool-like rollers;
PA1  and in which the two spool-like rollers are rotatable on eccentrics that
      are rotatable to vary the spacing between the two spool-like rollers.
NUM  17.
PAR  17. A combination as set forth in claim 16 in which the eccentrics are
      rotatable towards each other and away from each other through 180.degree.
      to position the spool-like rollers at minimum and maximum spacing
      respectively.
NUM  18.
PAR  18. A combination as set forth in claim 16 in which the two driven gears
      are unitary with the two spool-like rollers respectively;
PA1  in which the two drive gears mesh with the two driven gears perpendicularly
      of the two driven gears;
PA1  and in which the two drive gears are adjustable axially to follow the
      changes in positions of the two driven gears.
NUM  19.
PAR  19. A combination as set forth in claim 9 in which at least the major
      portions of said receptacles are made of plastic material having the
      general characteristics of nylon.
NUM  20.
PAR  20. A combination as set forth in claim 19 in which said gearing comprises
      gears made of plastic material having the general characteristics of
      nylon.
NUM  21.
PAR  21. A combination as set forth in claim 9 in which each of said receptacles
      is shaped to form a bowl to receive a single ellipsoidal object with the
      plurality of rollers of the receptacle forming the bottom of the bowl.
NUM  22.
PAR  22. A combination as set forth in claim 10 in which said plurality of
      rollers on each receptacle comprises two parallel spool-like rollers;
PA1  in which said driven gear means comprises two sprocket gears unitary with
      the two spool-like rollers respectively coaxially thereof;
PA1  in which said drive gear means comprises two drive gear sprockets in mesh
      with the two driven sprockets respectively and positioned 90.degree.
      relative thereto in planes of rotation that are parallel with said given
      direction of travel;
PA1  and in which said means extending along the path of travel comprises two
      parallel sprocket chains.
NUM  23.
PAR  23. A combination as set forth in claim 22 in which the spacing between the
      two spool-like rollers is adjustable to accommodate fruit of different
      sizes;
PA1  and in which the two drive sprockets are adjustable axially to cooperate
      with the two driven sprockets at adjusted positions of the driven
      sprockets.
NUM  24.
PAR  24. A combination as set forth in claim 23
PA1  in which the spacing of the two sprocket chains is adjustable in accord
      with the axial adjustments of the drive gear sprockets.
NUM  25.
PAR  25. A combination as set forth in claim 24 which includes means to drive
      the two parallel sprocket chains longitudinally independently of the means
      to move the row of receptacles.
NUM  26.
PAR  26. A combination as set forth in claim 9 which includes actuating means to
      drive said means that extends along the path of travel of the receptacles.
NUM  27.
PAR  27. A combination as set forth in claim 26 in which said actuating means is
      independent of said means that moves the row of receptacles.
NUM  28.
PAR  28. A combination as set forth in claim 27 in which said actuating means is
      adjustable to adjust the rate of longitudinally movement of said means
      that extends along the path of travel of the receptacles.
NUM  29.
PAR  29. A combination as set forth in claim 9 in which the receptacles are
      quickly detachable for individual removal from said row to permit one
      receptacle to be quickly replaced by another receptacle.
NUM  30.
PAR  30. A combination as set forth in claim 29 which includes two
      interchangeable sets of receptacles constructed to handle two different
      sizes of the ellipsoidal objects.
NUM  31.
PAR  31. A combination as set forth in claim 29
PA1  which includes two endless parallel means at opposite sides of the row of
      receptacles;
PA1  which includes spaced transverse rods connected at their opposite ends to
      the two endless parallel means respectively;
PA1  and in which the receptacles are detachably connected to the transverse rod
      means.
NUM  32.
PAR  32. A combination as set forth in claim 31 in which the leading ends of the
      receptacles are shaped for hook engagement with the transverse rods.
NUM  33.
PAR  33. A combination as set forth in claim 32 in which the trailing ends of
      the receptacles are formed with longitudinal slots to slidingly straddle
      the transverse rods.
NUM  34.
PAR  34. A combination as set forth in claim 33 in which the two endless
      parallel means move said receptacles along one run in said given direction
      and along a return run in the opposite direction with the receptacles
      upside down on the return run;
PA1  and in which the receptacles are releasable from hook engagement with the
      transverse rods by tilting the leading ends of the receptacles upward when
      the receptacles are upside down on said return run.
NUM  35.
PAR  35. A combination as set forth in claim 9 in which the means to move the
      row of receptacles comprises sprocket chain means; in which the means
      extending along the path of travel of the receptacles comprises sprocket
      chain means; and in which the speed of rotation of said roller may be
      varied in response to changes in the relative velocity of the respective
      sprocket chain means.
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ABST
PAL  An artist palette is provided which is easily held by the artist during
      mixing and applying paints and which may have a pad of disposable sheets
      of material carried thereon for mixing the paints upon. The palette has a
      removable cover which holds the palette pad in place and a cap for sealing
      the opening for holding the palette whereby the drying of mixed paint can
      be slowed for later use. The palette is designed to be easily stacked in a
      class or carried about by the artist.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to artist palettes and especially to
      enclosable artist palette for mixing paints upon.
PAR  In the past, a great variety of shapes and designs have been provided for
      artist palettes in which an artist can hold a palette with one hand by
      placing a thumb through an opening in the bottom thereof and gripping the
      palette for mixing the paints and for holding the mixed paints for
      application to a surface being painted upon. In recent years, palette pads
      have been provided in which a pad of disposable sheets are attached to a
      more rigid support member and the sheets and support member are shaped for
      supporting in the same manner as a palette. Each sheet is used for mixing
      paints upon and is then torn off and thrown away, to avoid the bother of
      cleaning a more permanent surface palette. However, many times paint and
      especially oil base paints can be used for several days once mixed and is
      sometimes difficult to mix up the same color once the used paints are
      disposed of. It has been suggested to provide palettes and paint boxes
      with covers to protect the paints from drying so that once mixed they may
      be used for several days in a row until they are used up. These containers
      for holding paint are sometimes attached to palettes, such as in U.S. Pat.
      No. 3,188,036 for a PAINT RECEPTACLE FOR USE WITH ARTIST'S PALETTES in
      which paint receptacles are attached directly to a palette and having a
      top for sealing each receptacle, and in U.S. Pat. No. 3,278,007 for a
      MULTICOLOR PAINT KIT in which the paints are not connected to the palette
      but a paint box has a top with a plurality of closures for closing a
      plurality of paint receptacles simultaneously. U.S. Pat. No. 2,473,532
      teaches a paint box and may also be utilized as a palette in which the top
      swings around to form the palette while the bottom acts as a paint brush
      storage kit. U.S. Pat. No. 2,711,605 for a PALETTE AND PIGMENT HOLDER
      teaches a disposable pad of palette surfaces having a pigment holder
      attached thereto for holding a plurality of different pigments which are
      covered so that the pigments may be utilized directly onto the disposable
      palette sheets. U.S. Pat. NO. 3,428,167 for an ARTIST'S PALETTE teaches an
      artist palette which may be slid into an envelope cover storing the
      palette and artist's brushes while U.S. Pat. No. 2,563,455 teaches a
      container for holding a plurality of receptacles. U.S. Pat. No. 3,280,966
      teaches a PALETTE AND PAINT KIT having a removable cover which is used as
      a palette and which provides storage for brushes and paints, which paints
      can be covered when not being used. The present invention on the other
      hand provides an inexpensive artist palette which can be easily covered
      and stacked when not in use, such as in the art class and which may be
      sealed sufficiently to maintain oil base paints for several days and which
      may hold paint brushes and palette pads of disposable sheets without the
      mixed paints coming in contact with the palette cover.
PAC  SUMMARY OF THE INVENTION
PAR  An artist palette is provided having a palette base having a flat portion
      with sides with paint cups and a space for holding brushes formed into the
      flat portion of the palette base. The base has raised rimmed edges for
      holding a removable palette pad of layers of paper sheet material. The
      palette base has a thumb hole opening therethrough for holding the base
      and a removable cap for covering the opening when the palette is not in
      use. The cover is shaped to fit over the palette base for removable
      attachment thereto. The cover has sides to fit over the sides of the base
      and a ledge extending over the raised rim and over a portion of a
      removable palette pad placed on the base to hold the palette pad when the
      cover is attached to the palette base. The cover also has additional sides
      extending from the ledge to form a raised cover portion to prevent contact
      with any paints on the top layer of the palette pad. The cover is attached
      to the base by matching grooves on the cover side and base side and tabs
      are provided for snapping the cover off.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the present invention will be
      apparent from the written description and the drawings in which:
PAR  FIG. 1 is a perspective view of the palette base being held by an artist's
      hand;
PAR  FIG. 2 is a palette base having a removable, disposable palette pad thereon
      for painting upon; and
PAR  FIG. 3 is an exploded perspective view of an artist's palette including the
      cover, disposable pad, palette base and base covering cap.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2, an artist palette 10 is illustrated being
      held by a hand 11 having a thumb 12 protruding through an opening 13 in
      the palette base. The palette 10 has a flat base portion 14 with a
      plurality of paint cups or receptacles 15 formed therein and a rectangular
      recessed area 16 for holding artist paint brushes. In addition to the
      opening 13, the palette has a curved finger gripping portion 17 for
      gripping the palette while painting or mixing paints. The palette 10 also
      has a raised rim 18 which conveniently allows a palette pad 20 having a
      plurality of disposable palette sheets 21 for mixing paints 22 upon the
      top sheet which may then be torn off and disposed of and the next sheet
      used, thereby avoiding the messy clean ups, especially when using oil base
      paints. The pad 20 conveniently has an opening 23 therethrough at the same
      position as the opening 13 and is shaped the same general shape as the
      palette 10 to fit within the raised rim 18 of the palette base 10 which
      holds the disposable palette sheets in place during mixing and painting.
      The palette can be conveniently made of easily vacuum-formed plastics for
      inexpensive and rapid manufacture and includes four sides 24 each having
      recessed grooves 25 therein and at least one protruding tab 26. Grooves 25
      and tab 26 are for attaching and removing a cover that fits over the
      palette 10 as will be described in connection with FIG. 3. It should be
      clear in the present invention that the receptacles 15 can be used for
      storing pigment to be mixed or can be used for mixing paints for use as a
      palette which is cleaned after each use especially in the case of water
      base paints which are more easily cleaned from the plastic surface 14.
PAR  Referring now more specifically to FIG. 3, the palette base 10 is
      illustrated having the opening 13 which as a removable rubber cap 27 with
      an annular groove 28 therein for engaging the edge of the opening 13 for
      sealing the opening when the palette is not in use. The palette also has
      the receptacles 15 formed into the base 14 along with the sides 24 having
      a plurality of recessed, elongated grooves 25 and a tab 26. A paint brush
      recessed area 16 is provided along with the curve portion 17. The
      disposable sheet palette pad 20 is illustrated having a plurality of
      sheets 21 and has a base member 30 along with an opening 23 therethrough.
      The base member gives support for using the disposable palette pad 20
      without the palette 10, if desired, but the palette 10 provides additional
      support and is conveniently situated to fit within the raised rim 18 which
      holds it in place during use and during storage. A cover 31 has a
      plurality of sides 32 with an elongated recessed groove 33 in each side
      which groove protrudes on the inside of the side 32 as illustrated at 34.
      The side also has at least one tab 35 for removing the cover 31 from the
      palette 10. The palette cover 31 has a wide ledge 36 extendidng all the
      way around the cover 31 and additional sides 37 extending from ledge 36 to
      form a raised surface 38. The palette cover has a curved portion 40 so as
      to conform to the shape of the base 10. Thus, a palette pad 20 can be
      placed on the base 10 in the raised rim 18. The cap 27 fitted in place in
      the opening 13 and the cover 31 placed on top of the base 10 completely
      enclose the palette 10. The protruding portion 34 of grooves 33 snap into
      the recessed portions of grooves 25 of the base 10 to lock or removably
      attach the cover 31 to the base 10 allowing the tabs 26 and 35 to be
      placed adjacent each other so that they may be gripped to pull the cover
      31 from the base 10. These grooves conveniently allow a rapid connection
      and removal of the cover 31 thereby providing an attachment means which
      can be readily vacuum-formed into the palette and cover. The ledge 36 of
      cover 31 extends over and may press down against the rim 18 of the base 10
      and is wide enough to extend over a portion of a palette pad 20 placed in
      the base 10 thereby holding the palette pad in place against the base. If
      a palette pad 20 has paints 22 upon the top sheet which are to be saved
      for the next painting session, these paints are conveniently held away
      from the raised top portion 38 of the cover 31 by the distance of the
      raised sides 37 and since the ledge 36 holds the pad down, the pad cannot
      flop onto the raised portion 38 if the palette is turned sideways or
      upsidedown thereby messing up the cover 31. The top 31 with the groove
      attachment and the sealing cap 27 conveniently seal the palette
      sufficiently to reduce the movement of air into the palette enclosure and
      thereby reducing the drying of the paint, especially oil base paints. The
      palettes are also designed with a raised cover 38 so that the recessed
      bottom portion of the palette 10 allows a plurality of covered palettes to
      be stacked one onto the other without messing up the paints in any one
      palette and may be easily removed, such as in a painting class where the
      palettes could be stacked each day after class and removed for the next
      class.
PAR  It should be apparent to those skilled in the art that an artist palette
      with the unique cover and features has been provided which can be made of
      any material desired but it should also be clear that the present
      invention is not to be construed as limited to the particular forms
      disclosed herein since these are to be regarded as illustrative rather
      than restrictive.
CLMS
STM  I claim:
NUM  1.
PAR  1. An artist palette comprising:
PA1  a palette base having a flat portion and sides and an opening therethrough
      for grasping said base, said base having paint cups formed therein and a
      raised rim for holding a removable palette pad having a plurality of
      layers of sheet material, with said raised rim and said base forming a
      recessed area contoured to hold therein said removable palette pad;
PA1  a removable cap for covering said opening in said base when said palette is
      being stored;
PA1  a cover shaped to fit over said palette base, said cover having sides to
      fit over said base and sides and a ledge extending from said sides over
      said raised rim and over a portion of a removable palette pad placed on
      said base to hold said palette pad when said cover is attached to said
      palette base and said cover having additional sides extending from said
      ledge to form a raised cover portion whereby paint or the like on a
      palette pad will be held out of contact with said cover; and
PA1  removable attaching means for attaching said cover to said palette base.
NUM  2.
PAR  2. The artist palette in accordance with claim 1 in which said removable
      attaching means includes a plurality of elongated raised areas on the
      inside of the sides of said cover and a plurality of elongated recessed
      grooves on the outside of the sides of said palette base, said cover
      elongated raised portions adapted to fit into said recessed grooves on
      said palette base to attach said cover to said base.
NUM  3.
PAR  3. The artist palette in accordance with claim 2 in which said base and
      said cover each have at least one protruding tab for separating said cover
      from said palette base.
NUM  4.
PAR  4. The artist palette in accordance with claim 3 in which said palette and
      cover are made of a thermoplastic material.
NUM  5.
PAR  5. The apparatus in accordance with claim 4 in which said removable cap is
      a circular rubber cap having an annular sealing groove therein for
      snapping into a circular opening in said palette base.
NUM  6.
PAR  6. The apparatus in accordance with claim 5 in which said palette base
      includes an elongated recessed area for holding paint brushes.
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ABST
PAL  This invention relates to devices and means to retain, to hold or to grip
      securely coins, keys, jewerly and other such like items, and more
      particularly to hold coins in readiness for automobile drivers who must
      often pay highway and bridge tolls. The main embodiment of the present
      invention is to provide a pocket-like or a lip-like extruded section or
      clamping device, preferably made of resilient plastic or rubber. Various
      lengths of such an extruded section may then be glued or otherwise secured
      to strategic places to support quarters or dimes or half dollars near the
      driver's seat and within easy reach of the driver. Such extruded sections
      may be directly built or formed as an integral part of the inner body of
      the automobile itself in the process of manufacture or may be attached to
      the automobile's inner walls or upon the door frame near the stearing
      wheel or upon the dash-board of the car, or in the flooring space near the
      reach of the driver's hand so that the driver need only reach out to grasp
      the necessary coin, pull it effortlessly from its retainer and hand it
      over to the toll attendant.
BSUM
PAR  The present invention relates to such devices which may be readily utilized
      to support necessary small items such as coins, keys, jewerly and the like
      which due to their small size and normal use must be readily available or
      accessible to a person driving an automobile. Particularly this device may
      become extremely useful to support and to hold small change when passing
      through highway and bridge toll booths. By providing coins easily
      accessible to the driver he need not fumble through his pockets to search
      for change but can simply reach out and remove from the holding device the
      coins he needs for paying the tolls. In such manner passing through the
      toll gates safety is increased, the passage is speeded up. Quite often as
      the driver fumbles through his pockets in search for toll money he often
      inadvertantly may ride into a car just ahead of him in the toll booth.
      Other objects of the embodiment of this invention will appear as the
      description of this specification proceeds.
PAR  In its general configuration this invention provides for an extruded vinyl
      or rubber strip that may be used for holding coins, providing a
      convenience when paying tolls or parking meters. The device in question
      may be provided with a flattened under section or base which may be coated
      with a strip of cement or self applying glue so that the strip (in various
      lengths) depending on the requirements can be cemented in various readily
      accessible places within convenient reach or distance of the automobile
      driver. In the automobile there are accessible places such as the
      dashboard, the floor (near the driver), the ceiling (right above the
      driver's seat) and under the seat on which the driver sits and other
      places.
PAR  Furthermore this invention may find application inside a woman's handbag as
      a coin and key supporting holder, and can be also used in attache cases
      and in gentlemen's wallets.
PAR  Another object of an embodiment of this invention and its application may
      be in combination with other holding accessory means and devices. For
      instance such items may be pipe holders or small shelves or a table or a
      container that may be secured to the walls of the car or the dashboard to
      facilitate and to make items easily accessible to the car driver. For
      instance, the device for holding keys and coins can be provided with an
      additional surface or extension upon which may be secured and attached the
      aforesaid items as an accessory. This combination will be described later
      in greater detail as the specification proceeds.
PAR  Another object of this invention is to provide an extruded strip preferably
      made of or resilient plastic or rubber in the form of a lip having a flat
      base, said lip formed as an integral part of said base and located in a
      plane 90.degree. rotated in its relationship to the lip section aforesaid.
PAR  An additional object of the embodiment of this invention is to provide an
      extruded vinyl section formed also of rubber which will provide an
      elongated slot into which coins such as dimes, quarters and half dollars
      may be readily inserted and held securily until needed.
PAR  Still another object of this invention is to provide a flat surface under
      said coin accessory which may contain a quantity of glue or rubber cement
      or some other type self-holding means to facilitate attaching or fasyening
      this device by hand to walls in a car, or in the home to facilitate
      fastening items to the strip which otherwise may be readily displaced.
PAR  This invention also contains certain other features of construction and the
      combination and arrangement of several parts to be hereinafter fully
      described and illustrated.
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PAR  In describing the invention in detail, references will be made to the
      accompanying drawings where like character numerals denote like and
      corresponding parts throught the several views in which:
PAR  FIG. 1 is a side elevation of the coin holding extruded vinyl strip showing
      the embodiment of the present invention partially in section;
PAR  FIG. 2 is a section taken on the line 2--2 of FIG. 1, showing the
      configuration of the lip design for holding coins. In "A" the section is
      shown in its natural cross-section whilr at "B" in the manner in which it
      can support a coin such as a quarter;
PAR  FIG. 3 is a similar side elevational view shown in FIG. 2, but of smaller
      size destined to support coins of smaller denomination such as dimes and
      pennies. This view is also shown in partial cross-section broken away;
PAR  FIG. 4 is a section taken on the line 4--4 of FIG. 3 showing the
      cross-section of the extruded vinyl device. In FIG. 4 at "C" it is shown
      in its natural extruded configuration as it comes out from the extruding
      die and at "D" the strip is shown holding a penny or a dime.
PAR  FIG. 5 shows a combination of a section shown in FIGS. 1 and 2, 3, and 4,
      inclusive and particularly in FIGS. 2 and 4. The extruded vinyl strip
      instead of being extruded in individual lengths may be extruded from the
      extruding die combined and later cut or separated along the dotted line
      shown in FIG. 5;
PAR  FIG. 6 is a modification showing the vinyl strip combined (see FIG. 5) but
      in a substantially different configuration. In this case the lip coin
      holding device is formed not vertically (as in FIG. 5) but in a
      substantially inclined or angular position in its overall relationship to
      the base;
PAR  FIG. 7 shows an additional modification. In this case the device is formed
      of a pair of separately extruded sections; an upper and a lower section
      with separately extruded lip sections. The two separate sections by means
      of rivets or eylets may be held to one another substantially as
      illustrated to form the configuration shown in FIG. 6;
PAR  FIG. 8 shows an additional modification. In this embodiment there are two
      lip sections separated from one another by a substantial space which
      connects both sections to one another. The extruded strips on either side
      carry elongated V-shaped extrusions to help support various acessory items
      such as shown in dotted lines;
PAR  FIG. 9 is a plan elevational view of FIG. 7;
PAR  FIG. 10 is a plan elevational view of FIG. 8;
PAR  FIG. 11 shows the manner in which the vinyl extruded section may be secured
      by means of glue to the flooring of the car, near the driver's seat,
      adjacent to the gear-shift in the car.
PAR  FIG. 12 shows the manner the extruded section in FIG. 8 may be secured to
      the dash-board of the car to support a small utility table, in addition to
      the lip sections which will support keys, coins and the like;
PAR  FIG. 13 is similar to FIG. 12 indicating the manner in which the vinyl
      section shown in FIG. 8 will support a container or a pouch to hold a pipe
      and other items, handy, and close to the driver's seat;
PAR  FIG. 14 indicates the manner in which the vinyl strips shown in FIGS. 1 and
      2, inclusive, may be mounted inside a lady's bag to support coins, keys
      and the like; an
PAR  FIG. 15 shows the manner in which a U-shaped vinyl extruded section may be
      glued in short length directly upon the inner walls of a gentleman's
      wallet to support coins and keys; and
PAR  FIG. 16 is an enlarged cross-section through the base of the extruded
      section to show the manner in which a thin layer of glue is applied
      thereto with a protective strip of paper lining.
PAR  Referring now more particularly to FIGS. 1 and 2, which show the embodiment
      of the present invention, it can be readily discerned that in their
      general configuration (see FIG. 1) the vinyl strip 20 may be provided with
      a pair of vertically curved extensions 21 and 22, respectively, facing one
      another and forming between the two a narrow arcuate space 24. Both
      vertical sections 21 and 22 are extruded as an integral part of the base
      24 which is substantially flat. Upon the base 24 may be applied glue or
      cement (not shown) to facilitate mounting the strip 20 to various wall
      inside a conventional type car and in the home.
PAR  From FIGS. 3 and 4, it can be readily discerned that they are similar in
      their overall configuration (like FIGS. 1, and 2) and only differ in
      relative size. The extruded vinyl section shown in FIGS. 1, and 2, is
      largely intended to support larger coins (like quarters and half dollars)
      while the lower strip (in FIGS. 3, and 4) is substantially smaller to
      support dimes, nickels and pennies. The vinyl strip in FIGS. 3, and 4 is
      comprised of the pair of vertically curved extensions 21a and 22a, to form
      a slot 23a and being provided with a substantially flat mounting base 24a.
PAR  FIG. 5 shows a combination formed of the two aforesaid figures. In other
      words the extruded vinyl sections in FIGS. 1, and 2 are combined with the
      vinyl extrusion shown in FIGS. 3 and 4, inclusive, to form the section
      shown in FIG. 5. Because of this conbimation the same index numerals will
      here apply. The vinyl strip shown in FIG. 5 can be split later into two
      separate strips by means of a rotating disk knife (not shown) along the
      dotted line "L" shown in FIG. 5, so as to form two separate strips
      substantially as shown in FIGS. 2 and 4, inclusive.
PAR  Refering now to FIG. 6 (which is a modification) it can be readily
      discerned that this is simply a different configuration of the same vinyl
      strip. In this embodiment the holding strip shown in FIGS. 2, and 4, is
      mounted in an inclined section or position relative to its flat base. In
      general, however, this vinyl strp consists of the vertical section 21b and
      22b forming an arcuate slot 23b, and the vertical sections 21c and 22c
      forming the arcuate slot 23c. Both strips are mounted side by side upon
      the common mounting base 24b.
PAR  Refering now to FIG. 7, it can be discerned that this extruded strip
      section very much resembles the one already shown in FIG. 6. However, it
      is now formed of two entirely separate sections, an upper section "U" and
      an under section "U'". The upper section "U" may be formed with the
      inclined extensions 21d and 22d, forming an arcuate slot 23d, and the
      extensions 21e and 22e forming an arcuate slot 23e. Both sections "U" and
      "U'" are secured to one another by means of rivets or the eylets 25,
      substantially as indicated.
PAR  FIG. 8 is made of arcute shaped members or lips 21f and 22f to form the
      arcuate slot 23f on one side, and on the opposite side, are another pair
      of lips 21g and 22g to form the arcuate slot 23g. Both sides of the
      flexible or resilient base forming strip herein described are connected to
      one another by means of the flat strip portion or bridge-like connection
      26a.  On either side of the two strips there are provided a pair of
      V-shaped extrusions or channels 27 and 28, respectively which serve to
      support various utility items substantially as illustrated.
PAR  A cursory study of FIG. 10 indicates that this is a plan elevational view
      of FIG. 8 showing substantially all the details of FIG. 8 including the
      manner in which an item marked "I" may be secured within the space formed
      by the two parallel lips being connected by the connecting bridge 26. The
      lips 23f and 26g have already been described above in detail, and need no
      further description here.
PAR  Refering more particularly to FIG. 11, there is shown the manner in which a
      pair of strips 20 (described in FIGS. 1 to 4, inclusive) and the strip 26
      (described in FIGS. 8 to 10, inclusive) may be mounted by means of
      permanent glue or cement to the gear shif housing in the automobile in
      close proximity to the driver's seat.
PAR  In FIG. 12 there is shown the manner in which the strip 26 may be secured
      by means of glue to the vertical wall of the dash-board "D" in the
      automobile to support within its V-shaped sections 27 and 28,
      respectively, a small plastic (or metal) utility table "T." The table "T"
      may be provided with V-shaped extensions 30 and 31 which fit snugly within
      the slots or channels 27 and 28 in the base forming strip 26.
PAR  FIG. 13 shows the manner in which the strip 26 may be secured to the dash
      board "D" of the automobile to support a pouch or a container (made of
      plastic or metal) by means of a pair of V-shaped extensions 32 and 33
      which slide within the V-shaped channels 27 and 28 in the strip 26
      substantially as indicated.
PAR  FIG. 14 shows in detail the manner in which the vinyl strip shown in FIGS.
      1, to 4, inclusive may be secured to the bottom section of a lady's bag to
      support coins and keys. The index numerals in FIG. 14 read on the index
      numerals in FIGS. 1 to 4, inclusive.
PAR  Refering to the gentleman's wallet shown in FIG. 15, it can be readily
      discerned that the lip supporting device 34 in this case may consist of a
      pair of vertical lip sections 35 and 36 so as to form the U-shaped body
      connected by the arcuate bridge section 37 to form the U-shaped body above
      referred to. The strips 34 are secured to the wallet by means of glue or
      cement upon the inner walls "W" of the wallet during the process of
      manufacture of they can be individually and manually secured thereto as an
      accessory by the owner of the wallet.
PAR  A careful examination of the foregoing description in conjunction with the
      invention as illustrated in the drawings, will enable the reader to obtain
      a clear understanding of the features of merit and novelty, sufficient to
      clarify the construction of the invention as hereinafter claimed.
PA1  Various changes in size, shape, and materials may be resorted to without
      departing from the spirit and scope of the invention as defined by the
      appended claim.
CLMS
STM  Having described my invention what I claim as new and novel is the
      following:
NUM  1.
PAR  1. An article support comprising a strip of resilient material forming a
      base, a first and second pair of resilient arcuate-shaped members attached
      to said base and each forming a slot for receiving coins, a pair of spaced
      V-shaped parallel channels formed in the base and separated by a flat
      strip portion, each pair of arcuate-shaped members being parallel to the
      channels and located on the outer boundaries thereof.
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PAL  An electrical switch including first and second fixed electrical contacts
      carried by the body of the switch. Fastened to the body is an L-shaped
      flexible strip which carries first and second movable contacts, one end of
      one limb of the L-shaped strip being secured to the body. In order to
      engage the first movable contact with the first fixed contact the strip is
      flexed along the length of said one limb, and in order to engage the
      second movable contact with the second fixed contact the strip is twisted
      along the length of said one limb.
BSUM
PAR  This invention relates to electrical switches.
PAR  A switch according to the invention includes first and second fixed
      electrical contacts, and an L-shaped flexible strip carrying first and
      second movable contacts, one end of one limb of the strip being fixed and
      the strip, in use, being flexed along the length of said one limb to
      engage the first movable contact with the first fixed contact and being
      twisted along the length of said one limb to engage the second movable
      contact with the second fixed contact.
PAR  Conveniently the movable contacts are defined by regions of the strip.
PAR  Preferably the movable contacts are defined by contact members carried by
      the strip.
PAR  Desirably the two limbs of the strip lie in perpendicular planes, the
      junction of the two limbs extending at right angles to the longitudinal
      axes of the limbs, the first fixed contact being carried by said one limb
      and the second fixed contact being carried by the other limb, said other
      limb being moved longitudinally to flex said one limb and being moved
      laterally in its own plane to twist said one limb.
PAR  Preferably the switch includes a body to which the first and second fixed
      contacts and said one end of said one limb of the strip are secured, the
      free end of said other limb of the strip carrying an operating member
      which extends through an aperture in the body with sufficient clearance to
      permit the necessary longitudinal and lateral movement.
DRWD
PAR  One example of the invention is illustrated in the accompanying drawings
      wherein
PAR  FIG. 1 is a sectional view of an electrical switch, and
PAR  FIG. 2 is a fragmentary sectional view of the switch on the line 2--2 in
      FIG. 1. de
PAR  Referring to the drawings, the switch includes a hollow moulded synthetic
      resin body 11 the portions of the lower wall of which is closed by an
      insulating board 12 carrying a first fixed contact 13. The body 11
      includes an open ended channel portion 14 and mounted on an inner wall of
      the channel portion 14 so as to be disposed in a plane at 90.degree. to
      the contact 14 is a second fixed contact 15.
PAR  Mounted within the body 11 is an L-shaped phosphor bronze strip 17 having a
      first limb 18 within the major portion of the body and a second limb 19
      extending within the channel 14. The end of the limb 18 remote from the
      junction of the limbs 18, 19 has integral therewith a keying portion 21
      which is embedded in the wall of the body 11 so that one end of the limb
      18 is fixed with respect to the body 11, The keying portion 21 projects
      from the body, and defines an electrical terminal whereby electrical
      connection can be made to the strip 17. The limbs 18, 19 of the strip 17
      lie in perpendicular planes, so that the junction of the limbs 18, 19
      extends at right angles to the longitudinal axes of the limbs 18, 19. The
      free end of the limb 19 carries a moulded synthetic resin operating member
      22 which projects from the open end of the channel 14, and adjacent the
      junction of the limbs 18, 19 the limb 18 carries a first movable contact
      member 23. The strip 17 is of course flexible, and by depressing the
      operating member 22 towards the body 11 the limb 19 is moved substantially
      longitudinally, and the limb 18 is flexed along its length to engage the
      contact member 23 with the fixed contact 13, and so complete an electrical
      circuit between a terminal associated with the contact 13, and the
      terminal region of the keying portion 21 integral with the strip 17.
PAR  The operating member 22 engages opposite faces of the channel 14, but there
      is a clearance between the front and rear walls of the channel, and the
      front and rear surfaces of the operating member 22 so that the operating
      member 22 can be moved relative to the channel 14 in a manner to twist the
      limb 18 of the strip 17 about its longitudinal axis. Thus by so moving the
      operating member 22 a second movable contact member 24 carried by the limb
      19 can be moved into engagement with the fixed contact 15 on the inner
      wall of the channel 14. Such lateral movement of the operating member 22
      causes lateral movement of the limb 19, and twisting of the limb 18 and
      establishes an electrical circuit between a terminal member associated
      with the contact 15 and the terminal region of the keying portion 21
      integral with the strip 17.
PAR  It will be appreciated that both deformations of the limb 18 of the strip
      17 take place against the inherent resilience of the limb 18, and so upon
      release of the operating member 22 the strip 17 will return to a rest
      configuration wherein both electrical circuits are broken. Moreover, the
      diameter of the fixed contact 15 and the positioning of the movable
      contact 24 are so chosen that the limb 19 can be moved laterally to engage
      the movable contact 24 with the fixed contact 15 in the flexed position of
      the limb 18 wherein the moving contact 23 is engaged with the fixed
      contact 13. Thus if desired both electrical circuits can be completed
      simultaneously.
PAR  The body 11 is, in one practical embodiment, secured to a moulded synthetic
      resin cover member 25 which carries a plurality of further switches. The
      cover member 25 is intended to be secured to for example the handle bars
      of the motor cycle, and the two circuits controlled by the switch can be a
      headlamp circuit, and a horn circuit of the motor cycle. The further
      switches carried by the cover 25 can for example be the main lighting
      switch and a direction indicator switch.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical switch including an L-shaped flexible strip, first and
      second movable contacts carried by the strip, first and second fixed
      electrical contacts associated with the first and second movable contacts
      respectively, one end of one limb of the strip being fixed, and said first
      and second fixed electrical contacts being so positioned relative to one
      another that the first movable contact can be engaged with the first fixed
      contact by flexing said one limb of the strip along its length, the second
      movable contact being engageable with the second fixed contact by twisting
      said one limb along its length.
NUM  2.
PAR  2. A switch as claimed in claim 1 wherein the movable contacts are defined
      by regions of the strip.
NUM  3.
PAR  3. A switch as claimed in claim 1 wherein the movable contacts are defined
      by contact members carried by the strip.
NUM  4.
PAR  4. A switch as claimed in claim 1 wherein the two limbs of the strip lie in
      perpendicular planes, the junction of the two limbs extending at right
      angles to the longitudinal axes of the limbs, the first fixed contact
      being carried by the other limb, said other limb being moved
      longitudinally in its own plane to twist said one limb.
NUM  5.
PAR  5. A switch as claimed in claim 1 further including a body to which the
      first and second fixed contacts and said one end of said one limb of the
      strip are secured, the free end of said other limb of the strip carrying
      an operating member which extends through an aperture in the body with
      sufficient clearance to permit the necessary longitudinal and lateral
      movement.
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PAL  Packages supported upon a pallet or slip sheet are stabilized and held
      securely together by a sleeve or tube of an open mesh thermoplastic heat
      shrinkable net enclosure that extends around the periphery of the load and
      usually is open at the top and bottom. The sleeve and loaded pallet or
      slip sheet is exposed to a source of heat to shrink the sleeve about the
      load of packages to thereby hold them in place. The openings in the net
      permit free circulation of air and the degree of prestretch given to the
      horizontal and vertical fibers controls horizontal and vertical shrinkage
      of the sleeve.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to packaging methods, the resulting package
      and to heat shrinkable wrappings for packages.
PAC  THE PRIOR ART
PAR  Heat shrinkable plastic sleeves formed from plastic film have been used on
      an ever increasing scale in recent years. There are several important
      defects in present products. The first is that the degree or percentage of
      shrink in the vertical and horizontal directions cannot be controlled as
      well as desired. Moreover, the strength of film is not always
      satisfactory. In addition, the applicant of the present invention found in
      experimental work leading to the development of the invention that
      perforated plastic film does not allow adequate circulation of air. This
      leads to an accumulation of moisture primarily from condensation in some
      products. This is especially true when the product is packed warm or loses
      moisture during transit which is the case with flour and certain other
      foods. This in turn results in degradation of food products contained in
      the packages.
PAR  Prior patents show plastic films of this kind with one or more holes.
      Examples are U.S. Pat. Nos. 3,092,439; 3,097,787; and 3,804,235. Films of
      this general kind were tried but found unworkable for the purposes of the
      invention, the primary disadvantage being moisture condensation due to
      lack of air circulation around the group of packages. Other patents that
      show various approaches in overwrap packaging are U.S. Pat. Nos.
      2,545,243; 3,640,048; 3,667,598 and 3,670,880. Plastic foam has also been
      applied in heat shrink applications but in addition to being relatively
      weak in strength, air circulation through plastic foam is relatively poor.
      Examples are patents 3,563,839 and 3,734,273. Furthermore, the relative
      shrink in vertical and horizontal shrink is hard to control.
PAC  OBJECTS OF THE INVENTION
PAR  The primary objects are: (a) to provide a shrinkable closure or overwrap
      for packages wherein the high degree of strength can be achieved with a
      relatively small amount of overwrap material, (b) excellent control and a
      wide degree of variability between horizontal and vertical shrink, (c)
      excellent air circulation through the overwrap, (d) good performance in
      large size packaged units such as pallets measuring about 4 feet by 4 feet
      in plan view and as much as 50 or more inches high and a total weight
      being upwards of as much as 2,900 pounds or more, (e) suitability for
      applications in which the stretch in both vertical and horizontal
      directions is either the same or substantially different and wherein the
      shrink wrap sleeve can be formed from any of several readily available
      packaging materials.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is the perspective view of a loaded pallet in a loose condition with
      the upper layer shifting, before the sleeve is applied.
PAR  FIG. 2 is a view of the loaded pallet similar to FIG. 1 with the sleeve of
      the invention applied and shrunk into place.
PAR  FIG. 3 is a side elevational view on a reduced scale of the pallets
      traveling through a shrink tunnel.
PAR  FIG. 4 is a view of a portion of the shrink wrap sleeve slightly reduced
      from its natural size, and
PAR  FIG. 5 is a view similar to FIG. 4 showing a portion of a shrink wrap
      sleeve of a different material.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Packages loaded on a pallet or slip sheet are stabilized and held firmly in
      place by an open mesh thermoplastic heat shrinkable woven or unwoven net
      material or fabric that extends around the periphery of the load on the
      pallet. The net is preferably a sleeve or tube that is open at the top and
      bottom. The loaded pallet is exposed to a source of heat to shrink the
      sleeve onto the load of packages to thereby secure them in place.
PAR  The openings in the net permit free circulation of air and the degree of
      pre-stretch of the horizontal and vertical fibers controls horizontal and
      vertical shrinkage of the sleeve.
PAR  In the typical application, the fabric consists of highly stretched organic
      resinous ribbons that are bunched or gathered transversely to form a
      fiber. The width of each ribbon is on the order of about 1/32 to 1/16
      inch. The net can be knitted if desired or the fibers merely adhered
      together, for example by means of an adhesive or thermoplastic bonds at
      their points of contact rather than comprising a true woven net. A woven
      net is, however, greatly preferred because of its commercial availability
      and strength. While the term "sleeve" has been used herein, the term is
      meant to encompass a shrinkable wrapper that extends over the top and
      sides of the stack of packages as well as one that encloses the side only
      and not the top.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 is shown a loaded pallet 10 composed of five layers of filled
      packages 12 rather loosely stacked with the upper layers shifting, the
      stack is resting on a wooden pallet 14 formed from the usual wooden
      stringers 16 and the top and bottom platforms 18 and 20 respectively.
PAR  In FIG. 2 the shrink wrap sleeve 22 has been applied. Sleeve 22 includes a
      circular upper edge 24 which at least at certain points e.g. on the
      corners 28 projects centrally from the upper edge of the load 12. The
      edges 24 and 26 can be standard selvage edges. The sleeve is made from a
      rectangular piece of net by sewing it to itself to form an endless tube
      along a vertical seam 27 (FIG. 2). The lower circular edge 26 which
      extends horizontally around the bottom of the load 12 can be unattached
      but if desired it can be secured to the bottom layer of packages or to the
      top of the pallet in any suitable way, for example by means of staples,
      nails, etc. The sleeve consists of a woven net or fabric.
PAR  As shown in FIG. 3, the packages 12 are first covered with the sleeve 22
      and then passed through a commercially available heat shrink tunnel 32
      where heat is applied for sufficient time to shrink the sleeve tightly
      onto the packages 12 with at least portions of the top 28 preferably
      extending centrally over the corners of the load.
PAR  Any suitable commercially available shrink tunnel can be used. The shrink
      tunnel normally includes a gas or electrically heated hot air oven which
      shrinks the sleeve by exposing it to hot air. A typical shrink temperature
      and time is between about 300.degree.F. and 400.degree.F. and preferably
      between 325.degree.F. to 335.degree.F. for about 10 seconds. The time and
      temperature will, of course, vary depending upon the net. Longer times are
      required for lower temperatures.
PAR  FIGS. 4 and 5 show two forms of woven net in accordance with the invention.
      As seen in FIG. 4, the warp fibers 42 and 44 consist of stretched strands
      of a thermoplastic resinous material such as polyvinylchloride or a
      polyolefin for example, polyethylene or polypropylene, the latter being
      preferred. The number of fibers per lineal inch is typically about 1.5 to
      5.5 per inch. The weft fibers 40 are formed from any of the thermoplastic
      materials listed above or can consist of a non-shrinkable material. The
      warp normally runs in a horizontal direction and weft in a vertical
      direction. Excellent results have been achieved in the present invention
      by providing the fibers in both vertical and horizontal directions with a
      2.5% stretch which will cause them to shrink by approximately 16% when
      heat is applied. It is not as necessary for the weft fibers to shrink (in
      a vertical direction) but the warp fibers should shrink. Thus, the weft
      fibers 40 can be provided with little or no stretch which will result in
      little or no shrinkage upon the application of heat whereas the warp
      fibers are provided with about 2.5% stretch. This will bind the load 12
      together by the application of horizontal forces only.
PAR  A similar woven net of a somewhat looser weave is shown in FIG. 5. The warp
      fibers are indicated at 48 and 50 and the weft fibers at 46. This net has
      four openings to the inch in the cross machine direction and five openings
      to the inch in the machine direction.
PAR  One preferred net material comprises a thermoplastic shrinkable woven
      material or combination of thermoplastic and a non-shrinkable fiber in
      gauges of about 0.002 inch to 0.030 inch. The width of each fiber is
      preferably between about 1/32 inch and 1/4  inch with about 1.5 to 5.5
      fibers per lineal inch. The net material can include an ultraviolet
      stabilizer and a shrink ratio that varys from about 1% to 20% depending
      upon the amount of stretch the fibers are subjected to.
PAR  Another preferred net material which was found suitable for use in the
      invention will now be described by way of example. The net consists of a
      polypropylene fibers and weighs 2.3 ounces .+-. 15% per square yard
      including the selvages. The weight is determined by ASTM method D 1910.
      The count, determined by the same method is warp 8 per inch +1, - 0.5 and
      weft 5.5 +1 -0.5 per inch. The tensile strength as measured by ASTM test D
      1682 (grab method) 40 pounds minimum average for the warp and 30 lbs.
      minimum average for the weft. The tensile strength of the seam 27 as
      determined by ASTM test 1683 (grab method) is at least 70% of the average
      tensile strength of the material itself. For tensile tests the jaw speed
      should be 12 inches per minute and the distance between jaw 3 inches. The
      number of fibers or ribbons in the jaw during the test is 8 for the warp
      and 6 for the weft. The shrinkage upon heating of a 10 inch .times. 10
      inch sample at 125.degree.C. for 20 minutes is warp 10-12% and weft
      15-20%.
PAR  The fibers from which the net is formed each consist of ribbons of about
      1/8 inch in width and 2 mills in thickness. These ribbons are highly
      directionally oriented by cold stretching extruded polypropylene film
      between about 1% and 20% of its original length in the machine direction.
      Ribbons are then gathered or bunched, for example by passing them through
      a die or the like to give them a fiberlike appearance about 1/32 to about
      1/16 of an inch in width prior to being woven into the net.
PAR  While the degree of shrinkage that takes place upon heating can be
      different in the vertical and horizontal directions, it is preferred for
      the present usages to have shrinkage the same in both directions;
      preferably from about 2.0% to about 2.5% pre-stretch resulting in 10% to
      16% shortening in the fibers during heating. In any event, by providing
      discrete fibers or threads in vertical and horizontal directions it is
      possible to produce different degrees of stretch in mutually perpendicular
      planes to tailor the vertical and horizontal shrinkage upon heating to
      exactly that needed in a specific application.
PAR  It can be seen that the invention provides a secure support for the
      packages and can be used either to bunch the packages together by holding
      them against themselves or if desired can be used to secure them to the
      pallet itself. The sleeves are rugged in construction, reliable in
      operation and provide excellent air circulation. In tests carried out in
      the course of development of the invention it was found that food
      packages, for example packages of flour, showed no greater
      moisture-induced deterioration e.g. mold growth than packages that were
      not enclosed in a shrink wrap of any kind whereas packages that were
      enclosed in a shrink wrap composed of perforated plastic film had a
      substantial amount of moisture condensation.
PAR  The unseamed net can, for example, be obtained commercially in finished
      form. For example, a polypropylene net material manufactured by the
      Patchogue Plymouth Company of Atlanta, Ga. or Western Textile Corporation,
      subsidiary of Chase Bag Company of Greenwich, Connecticut is suitable.
      This netting material is Conn. used for such things as carpet backing and
      potato bags.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package comprising a base composed of a pallet or slip sheet, at least
      one container resting upon the pallet or slip sheet, a heat shrinkable
      open mesh net at least partially enclosing the container, the net being
      formed from a heat shrinkable fiber material and being heat shrunk tightly
      over the container and the net comprising a tube having the shape of an
      endless sleeve extending horizontally around the side of the container and
      being open at the top and bottom thereof.
NUM  2.
PAR  2. A package comprising a supporting pallet or slip sheet, at least one
      container resting thereupon, an open mesh net at least partially enclosing
      the container, the net being formed from a heat shrinkable fiber material
      and being heat shrunk into engagement with the container, the net being
      woven and having warp and weft fibers of approximately the same degree of
      stretch whereby substantially the same degree of shrinkage exists in both
      the warp and weft fibers.
NUM  3.
PAR  3. The enclosure of claim 2 wherein the enclosure comprises a rectangular
      section of netting having warp fibers running in the horizontal direction
      and weft fibers running in the vertical direction and a vertically
      disposed seam wherein the ends of the rectangular piece of net are sewn
      together thereby forming the rectangular section of netting into an
      endless sleeve.
NUM  4.
PAR  4. A package comprising a pallet or slip sheet, at least one container
      resting thereupon, an open mesh net at least partially enclosing the
      container and pallet or slip sheet, the net being formed from a heat
      shrinkable synthetic, resinous material and being heat shrunk to engage
      the container, the net comprising threads formed from a thermoplastic
      material with a predetermined degree of pre-stretch prior to heat
      shrinking.
NUM  5.
PAR  5. The enclosure of claim 4 wherein the fiber material comprises
      polypropylene.
NUM  6.
PAR  6. The enclosure of claim 4 wherein the net comprises a polyethylene fiber.
NUM  7.
PAR  7. The enclosure of claim 4 wherein the netting is formed from a woven
      thermoplastic fabric having about 3 to 10 openings per lineal inch in
      vertical and horizontal directions.
NUM  8.
PAR  8. The package of claim 4 wherein the the net is formed from warp and weft
      fibers and warp fibers are nonshrinking upon the application of heat and
      the weft fibers shrink when heated.
NUM  9.
PAR  9. A package comprising a base comprising a pallet or slip sheet, one or
      more articles thereon, a tube of heat shrinkable woven net material
      including a generally rectangular sheet of heat shrunken net material
      engaging the articles and having its cut ends bonded together to form the
      tube, said tube having a longitudinally extending seam, the tube having
      two sets of mutually perpendicular fibers, the first set running parallel
      to the axis of the tube and the second set running at right angles
      thereto, said tube terminating at upper and lower circular edges and being
      formed from stretched strands of a thermoplastic resinous material with
      the number of fibers per lineal inch being on the order of about 1.5 to
      5.5.
NUM  10.
PAR  10. The package of claim 9 wherein the fiber is a polyolefin.
NUM  11.
PAR  11. The package of claim 9 wherein the net material is formed from a
      thermoplastic polyolefin resin.
NUM  12.
PAR  12. The package of claim 13 wherein the polyolefin comprises polypropylene.
NUM  13.
PAR  13. The package of claim 9 wherein the fibers are formed from pre-stretched
      polypropylene weighing about 2.3 ounces per square yard, the warp being 8
      per inch and the weft being about 5 per inch with shrinkage upon heating
      of a 10 .times.  10 inch section at 125.degree.C. for 20 minutes being
      10-12% in the warp direction and 15-20% in the weft direction.
NUM  14.
PAR  14. The package of claim 9 wherein the top and bottom circular edges of the
      tube comprise selvage edges and the weft fibers run in a vertical
      direction and the warp fibers run in a horizontal direction.
NUM  15.
PAR  15. A method of wrapping loads placed on pallets or slip sheets to
      stabilize the load and prevent moisture condensation comprising providing
      a heat shrinkable woven net material having thermoplastic resinous fibers
      running in at least two mutually perpendicular directions, placing the net
      around the load, exposing the thus wrapped load to a source of heat to
      shrink the net material onto the load to stabilize the load and the draw
      the net material against the outer surface of the load.
NUM  16.
PAR  16. The method of claim 15 wherein the net material is formed into a tube
      open at its upper and lower ends and the tube is placed to extend around
      the sides of the load with one open end at the top of the load and the
      other open end at the bottom edge thereof and is secured to the pallet or
      slip sheet prior to exposing the wrapped load to heat.
NUM  17.
PAR  17. The method of claim 15 wherein the net is a tube formed from a
      rectangular section of woven net having the weft fibers running in a
      vertical direction, the warp fibers running in a horizontal direction and
      being sewn together at its cut ends to form a vertical seam, the tube
      being open at the bottom and top thereof and the bottom and top edges
      being selvage edges, the tube being placed over the load with the top and
      bottom edges being at the top and bottom edges of the load respectively
      and extending horizontally around the circumference of the load and having
      about 1/1/2 to 51/2 fibers per lineal inch, the fibers being formed from a
      prestretched polyolefin resin and heating and net after being thus placed
      to shrink the fibers between about 1-20% of their original length.
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ABST
PAL  A panel consisting of elastic cardboard, synthetic plastic material or a
      combination of both has one or more openings for reception of selected
      portions of cartridges for exposed but undeveloped photographic film and
      elastic lugs or tongues which hold the cartridge in its opening or
      openings or bias one or more projections of the cartridge against the
      panel. The cartridge is attached to the panel by a dealer who receives it
      from a customer and forwards the panel with the cartridge to a developing
      laboratory. A first section of the panel with a serial number and date of
      receipt is broken off the major portion of the panel and handed to the
      customer as a receipt. Another section of the panel which is provided with
      the same serial number as the first section and with the name of the
      customer is broken off and held by the dealer. The main portion of the
      panel is provided with encoded and/or unencoded information including the
      serial number, the dealer identification number and/or other data. The
      panel is used as a simpler and less expensive substitute for presently
      employed envelopes wherein the dealers mail or ship cartridges to the
      developing laboratory.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices for facilitating transportation,
      storage, identification and/or other manipulation of cartridges,
      magazines, cassettes and/or analogous receptacles for photographic film,
      especially receptacles for exposed but undeveloped photographic roll film.
PAR  When a customer delivers or mails a receptacle with exposed photographic
      film to a dealer in photographic materials or another agency which accepts
      films for shipment or delivery to a developing laboratory, the receptacle
      is normally placed into an envelope a portion of which is detached and
      handed to the customer as a receipt. The receipt is provided with a serial
      number a duplicate of which appears on the major portion of the envelope
      and the dealer often inscribes the date of anticipated completion of the
      order. The envelope is shipped to the processing laboratory where the film
      is developed and prints made therefrom, whereupon the envelope with the
      prints and/or developed film therein is returned to the dealer for
      shipment to or for pickup by the customer. The envelope is further
      provided with an encoded dealer identification number so that the
      laboratory can return the completed order to the proper party, and such
      envelope may be provided with a second detachable portion which is kept by
      the dealer to serve as a receipt and as a means for facilitating the
      identification of an order which is not returned to the dealer in time.
PAR  A drawback of the just described envelopes is that their manipulation
      necessitates a large amount of manual labor which contributes to the cost
      of development and print making. For example, a peson at the laboratory
      must manually remove a receptacle from the envelope in order to determine
      the nature of the receptacle and the type of film therein. Moreover, an
      envelope often contains two or more receptacles for exposed film which is
      highly undesirable, especially when the envelopes are processed
      automatically or semi-automatically. The situation is aggravated if the
      dealer inserts two or more difficult receptacles into the same envelope.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved device which
      can support and hold receptacles for photographic film during storage in a
      photo shop, during transport or shipment to a developing laboratory,
      during shipment or delivery back to the shop, and/or during storage in the
      shop prior to handing of the completed order to the customer.
PAR  Another object of the invention is to provide a novel and improved carrier
      for receptacles containing photographic film which is simpler, more
      compact, more versatile and less expensive than heretofore known carriers.
PAR  A further object of the invention is to provide a carrier which permits at
      all times the determination of the nature of receptacle which is being
      supported thereby and/or for determination of the type of film in such
      receptacle.
PAR  An additional object of the invention is to provide a carrier which is
      designed to allow for achievement of substantial savings in time and labor
      cost during utilization as a means for supporting and holding receptacles
      for photographic roll film.
PAR  Still another object of the invention is to provide a versatile carrier
      which can support any one of two or more different types of receptacles
      for photographic film.
PAR  A further object of the invention is to provide a carrier which is designed
      in such a way that it does not permit for proper attachment of more than
      one receptacle at a time and to or from which a receptacle may be attached
      or detached in a simple way, without the exertion of a substantial effort
      but that the receptacle is properly held until and unless its detachment
      from the holder is desired or necessary.
PAR  The invention is embodied in a carrier for receptacles containing
      photographic film, especially exposed but undeveloped photographic roll
      film. The carrier constitutes a substantially flat panel which may but
      need not have a rectangular outline and may consist entirely or in part of
      an elastic material, such as cardboard, one or both sides of which are
      coated with a synthetic plastic substance or a synthetic plastic material.
      The panel has two surfaces at least one of which is provided with encoded
      and/or unencoded information which may include a serial number, a dealer
      identification number, data indicating the number of prints to be made,
      the size of prints, the quality and nature of prints, special instructions
      regarding the development of film and/or others. The panel is further
      formed with at least one opening for reception of a portion of a
      receptacle and elastic detent means for yieldably holding such portion of
      the receptacle in the opening. The outline of the opening preferably
      matches or closely resembles the outline of that predetermined portion of
      a receptacle which is to be received in the opening when the detent means
      properly engages and holds the receptacles on the panel.
PAR  The detent means may comprise one or more projections in the form of lugs
      or tongues which preferably bound a portion of the opening and may be
      flanked by notches, slits or analogous recesses which communicate with the
      opening and enhance the flexibility of the respective projections. Such
      projections may enter sockets which are provided in a receptacle for
      exposed film or they may serve to bias one or more projections of a
      receptacle against one side of the panel.
PAR  If the panel has two or more openings, they are preferably distributed in
      such a way that the panel cannot properly hold a second receptacle once a
      first receptacle has been properly secured thereto. The configuration of
      the opening or openings and/or detent means is such that the panel can
      support different types of receptacles but preferably only one receptacle
      at a time. A receptacle can extend into a single opening or it may extend
      simultaneously into a plurality of openings.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved carrier
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side-elevational view of a carrier which embodies the
      invention;
PAR  FIG. 2a is a similar view of the carrier and further showing a first
      receptacle for exposed photographic film which is separably connected to
      and held by the carrier;
PAR  FIG. 2b is an end elevational view of the structure shown in FIG. 2a;
PAR  FIG. 3a is a side elevational view of the carrier and further showing a
      second receptacle which is separably connected to and held by the carrier;
PAR  FIG. 3b is an end elevational view of the structure shown in FIG. 3a;
PAR  FIG. 4a is a side elevational view of the carrier and further showing a
      third receptacle which is separably connected to and held by the carrier;
      and
PAR  FIG. 4b is an end elevational view of the structure shown in FIG. 4a.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a side elevational view of a carrier which embodies the
      invention. The carrier constitutes a substantially flat panel 1 which may
      but need not have a rectangular outline and may consist entirely or in
      part of an elastic material such as cardboard, one or both sides of which
      are coated with a synthetic plastic substance, or a synthetic plastic
      material. The panel has two surfaces, at least one of which is provided
      with encoded information 5a and/or unencoded information 5b which may
      include a serial number (54321), a dealer identification number (09876),
      data indicating the number of prints to be made, the size of prints, the
      quality and nature of prints, special instructions regarding the
      development of film and/or others.
PAR  The panel is further formed with three differently configurated openings
      1e, 1f, 1g for reception of one or more portions of a receptacle (not
      shown), and with elastic detent means 1h, 1i, 1k, 1l, 1m, 1n for yieldably
      holding such portion or portions of the receptacle in the opening or
      openings. The carrier 1 further comprises two rows of perforations 1d
      which weaken the panel between the sections 1b, 1c and 1a of the carrier
      1. The sections 1b and 1c contain spaces where customer number, name, date
      of anticipated completion of the order or other information may be
      imprinted or written. The section 1a is the main section of the panel 1
      and the openings 1e-1g and detent means 1h-1n are provided to this main
      section. The section 1b is intended to constitute a receipt for the
      customer, and the section 1c is intended to constitute a receipt for the
      dealer.
PAR  The rows of perforations 1d may be replaced by scoring lines or other means
      for weakening or reducing the thickness of the panel 1 between the
      sections 1a, 1b and 1c so that the dealer can readily separate the section
      1b from the sections 1a, 1c and hand it to a customer, and the section 1c
      from the section 1a so as to keep the section 1c in his shop. Prior or
      after separation of the section 1b from sections 1a, 1c, the dealer
      inscribes the anticipated date of completion of the order (May 4, 1972 in
      FIG. 1) on the section 1b. At the same time, the dealer can inscribe the
      name and address and/or account number of the customer on the section 1c.
PAR  The left-hand encoded number 5a on the main section 1a of the panel is
      identical with the unencoded serial numbers (54321) on the sections 1b and
      1c. The right-hand encoded number (09876) on the main section 1a is a
      dealer identification number.
PAR  The outline of the centrally located opening 1f in the main section 1a of
      the panel 1 corresponds to the outline of a predetermined portion of a
      receptacle 2 shown in FIGS. 2a and 2b. This receptacle is a substantially
      cylindrical cartridge of the type used in many still cameras for storage
      of 35-millimeter roll film. The receptacle 2 has customary sockets 2A at
      its ends and the detent means 1h, 1i which bound a portion of the opening
      1f are designed to penetrate into the respective sockets 2A and to thereby
      yieldably hold the receptacle 2 in the position shown in FIGS. 2a and 2b.
      It will be noted that the detent means 1h, 1i extend into the respective
      sockets 2A when a predetermined portion of the receptacle 2 is received in
      the opening 1f, namely, a portion which includes the axis of the
      receptacle. When the panel 1 serves for retention of a receptacle 2, the
      openings 1e and 1g remain empty.
PAR  FIGS. 3a and 3b show that the opening 1f can further serve to receive a
      portion of the takeup section 3a of a receptacle 3 of the type known as a
      drop-in cartridge or cassette No. 126. A portion of the supply section 3b
      of the receptacle 3 extends into the opening 1e whereby the elastic detent
      means 1k biases a projection 3p of the receptacle 3 against the upper side
      of the main section 1a, as viewed in FIG. 3b. The detent means 1h, 1i
      extend into the respective sockets 3A of the section 3a so that the
      receptacle 3 is held at three spaced-apart points, namely, by the detent
      means 1h, 1i and 1k. The opening 1g  remains empty. The elasticity of the
      detent means 1h is enhanced by the provision of two recesses or notches
      1r, 1s (FIG. 1) which flank a portion of the detent means 1h and
      communicate with the opening 1f. Similar recesses 1t, 1u are provided
      adjacent to the detent means 1k which is a flexible tongue and urges the
      projection 3p against the main section 1a when the receptacle 3 is
      properly mounted on the panel 1. The configuration of the openings 1f and
      1e is such that a portion of the supply section 3b of the receptacle 3
      practically fills the opening 1e when the detent means 1k maintains the
      projection 3p in contact with the main section 1a, and that a portion of
      the takeup section 3a practically fills the opening 1f when the detent
      means 1h, 1i extend into the respective sockets 3A. The intermediate
      section 3c of the receptacle 3 has a customary window for admission of
      scene light against the foremost unexposed film frame, and such window
      faces the adjacent side of the main section 1a when the receptacle 3 is
      secured to the panel 1 in a manner as shown in FIGS. 3a and 3b.
PAR  FIGS. 4a and 4b illustrate a third receptacle 4 which is known as cassette
      No. 110 and is somewhat similar to the receptacle 3 of FIGS. 3a and 3b.
      The takeup section 4a of the receptacle 4 is received in the opening 1g
      and the supply section 4b is received in the opening 1f. The elastic
      detent means or tongue 1n performs the same function as the detent means
      1k of FIGS. 3a and 3b, i.e., the detent means 1n biases a projection 4B of
      the supply section 4b against the adjacent side of the main section 1a.
      The section 4a of the receptacle 4 has sockets 4A which receive portions
      of the detent means 1l and 1m to thus insure that the opening 1g receives
      that portion of the takeup section 4a which practically completely fills
      the opening 1g. The detent means 1l is a pointed projection of
      substantially triangular outline. It will be noted that the receptacle 4
      need not completely fill the opening 1f even when the projection 4B abuts
      against the main section 1a of the panel 1.
PAR  The panel 1 may be made of cardboard which should exhibit sufficient
      elasticity to allow for necessary flexing of certain detent means in order
      to insure satisfactory attachment of a receptacle 2, 3 or 4 to the main
      section 1a. Also, the panel 1 may comprise a layer of cardboard one or
      both sides of which are coated with one or more layers of a synthetic
      plastic material. For example, the thickness of a cardboard panel which is
      coated with one or more layers of synthetic plastic material may be in the
      range of 1 millimeter. Furthermore, the panel 1 may be made entirely of an
      elastic synthetic plastic material having a thickness of less than 1
      millimeter, for example, one half millimeter. The nature of synthetic
      plastic material should be such that it can be readily imprinted to
      receive and retain encoded and/or unencoded information. Regardless of the
      nature of the material of the panel, a certain amount of elasticity is
      always desirable in order to avoid breakage or permanent deformation of
      detent means during attachment of a receptacle 2, 3 or 4 to the main
      section 1a.
PAR  The distribution of openings 1e, 1f, 1g in the main section 1a of the panel
      1 is such that only one receptacle can be attached and held at a time.
      Thus, if the receptacle 2 occupies the centrally located opening 1f, the
      panel 1 cannot properly support a receptacle 3 or 4. Analogously, when the
      panel 1 supports a receptacle 3 or 4, it cannot support a receptacle 2.
      This will be readily appreciated by considering that the receptacle 2 is
      insertable into the centrally located opening 1f whereas the receptacle 3
      or 4 respectively occupies the openings 1e, 1f or 1f 1g.
PAR  The improved carrier is utilized as follows:
PAR  The processing laboratory sends or delivers to a dealer a supply of panels
      1 each of which has a different serial number on each of the sections
      1a-1c and an identical dealer identification number on the main section
      1a. The serial numbers on the sections 1b, 1c are unencoded and the serial
      number on the main section 1a is encoded. The dealer identification number
      is also encoded so that the information which is applied to the main
      section 1a can be read by an automatic reader.
PAR  If a customer brings to the dealer a receptacle 2, 3 or 4 with exposed but
      undeveloped film (e.g., to a shop specializing in the sale of photographic
      equipment, to a drugstore, to a cigar stroe or to a department store), the
      dealer or his employee attaches the receptacle to the main section 1a in a
      manner as shown in FIGS. 2a-2b, 3a-3b or 4a-4b, depending on the type of
      receptacle. This involves some flexing of one or more elastic detent
      means. The person in charge further writes the date of anticipated
      completion of the order onto the section 1b and the name of the customer
      onto the section 1c. Once the receptacle is properly attached to the main
      section 1a, it remains in such position until it reaches the processing
      laboratory. The person in charge detaches the section 1b and hands it to
      the customer, and the person also detaches the section 1c and retains it
      in the film so as to allow for convenient identification of the
      corresponding main section 1a and the receptacle if the order is not
      returned to the dealer in good time before the customer calls for the
      developed film and/or prints.
PAR  When the section 1a (with the receptacle 2, 3 or 4 attached thereto)
      reaches the processing laboratory, the receptacle is detached, either by
      hand or automatically, and the film in the receptacle and/or the
      receptacle itself is provided with identifying data so as to insure that
      the section 1a can be assembled with developed film and prints when the
      development and making of prints in the laboratory are completed. This can
      be achieved by imprinting or otherwise applying an identification number
      or symbol on the film, on the receptacle and/or on the respective main
      section 1a, or by processing the films which are withdrawn from successive
      receptacles in the same sequence in which the main sections 1a are stored
      in the laboratory.
PAR  For billing of the customer upon completion of the order, the dealer relies
      on the section 1c for determining the name of the customer (and eventually
      the address of the customer if the developed film and the prints are to be
      shipped to the customer rather than picked up at the dealer's shop). The
      processing laboratory uses the information on the main section 1a for the
      preparation of an invoice to the dealer or for charging the dealer's
      account if the payments to the laboratory are to be made on a monthly or
      quarterly basis. To this end, the laboratory normally resorts to an
      automatic reader which supplies data to an automatic invoice writer or to
      an automatic apparatus which charges the account of the dealer.
PAR  The invoice to the dealer preferably includes the serial number in
      unencoded form so that the dealer can properly file the invoices to thus
      insure that the invoice can be found without delay when the customer calls
      for the completed order.
PAR  The purpose of the main section 1a is fulfilled with completion of the
      invoice to the dealer or with completion of the charging of the dealer's
      account, i.e., the section 1a can be discarded in the laboratory. However,
      it is equally possible to enclose the section 1a with the shipment to the
      dealer.
PAR  It is equally within the purview of the invention to provide each carrier
      with a single opening or with such number of openings that the carrier can
      separably support a single type of receptacles. For example, the carrier
      of FIG. 1 can be replaced with three carriers one of which has only one
      opening 1f, another of which has openings 1e, 1f and a third of which has
      openings 1f, 1g. In such instance, the laboratory will provide the dealer
      with requisite supplies of three different carriers.
PAR  An advantage of the improved carrier is that manual sorting of carriers
      according to the types of films takes up much less time than the sorting
      of conventional envelopes and that the carriers can be sorted
      automatically without necessitating a separation of receptacles.
PAR  Without further analysis the foregoing will so fully reveal the gist of the
      present invention that others can, by applying current knowledge, readily
      adapt it for various applications without omitting features which fairly
      constitute essential characteristics of the generic and specific aspects
      of our contribution to the art and, therefore, such adaptations should and
      are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is:
NUM  1.
PAR  1. A combination of a carrier and receptacles of different configurations
      containing photographic films, especially exposed but undeveloped
      photographic roll films, said carrier constituting a substantially flat
      panel having two surfaces at least one being provided with encoded and/or
      unencoded information, said panel having a plurality of openings of
      different configurations corresponding to said different configurations of
      said receptacles, and elastic detent means, at least one in each opening,
      a portion of either one of at least two receptacles of different
      configurations being received in at least one of said openings with said
      portion extending into said opening engaged by the respective detent means
      and preventing the attachment of additional receptacles to said panel.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein the outlines of said
      openings substantially conform, respectively, to the outlines of portions
      of said receptacles for photographic film.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said information includes
      data pertaining to the customer and/or dealer and a serial number.
NUM  4.
PAR  4. A combination as defined in claim 1, wherein said detent means comprises
      one tongue for each of said openings arranged to be flexed out of the
      plane on one of said openings and to engage a second portion of one of
      said receptacles another portion of which extends into another of said
      openings.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said projections are
      located in the plane of said one opening, at least when said one opening
      is unoccupied.
NUM  6.
PAR  6. A combination as defined in claim 4, wherein said one of said
      receptacles is of the type having a projection which abuts against one
      side of said panel under the action of said tongue while said other
      portion of said one receptacle extends into said other opening.
NUM  7.
PAR  7. A combination as defined in claim 1, wherein said detent means comprises
      at least one elastic projection bounding a portion of one of said
      openings, said panel having recesses communicating with said one opening
      and flanking a portion of said projection to thereby enhance the
      flexibility of said projection.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said detent means for one
      of said openings includes a pair of flat projections bounding said one
      opening and wherein a portion of one of said receptacles having a pair of
      sockets extends into said one opening, said projections respectively
      extending into said sockets of said one receptacle.
NUM  9.
PAR  9. A carrier as defined in claim 8, wherein said detent means for another
      of said openings comprises at least one tongue arranged to be flexed out
      of the plane of said other opening and to engage a second portion of a
      receptacle another portion of which extends into said other of said
      openings.
NUM  10.
PAR  10. A combination as defined in claim 1, wherein said panel includes a
      first section which is provided with said openings and comprises said
      detent means, and at least one additional section, said panel further
      having a weakened portion extending between said sections to facilitate
      the breakage of said panel between said sections.
NUM  11.
PAR  11. A combination as defined in claim 10, wherein said panel comprises
      several additional sections.
NUM  12.
PAR  12. A combination as defined in claim 11, wherein said information includes
      an unencoded customer number applied to each of said additional sections.
NUM  13.
PAR  13. A combination as defined in claim 10, wherein said weakened portion has
      a row of perforations.
NUM  14.
PAR  14. A combination as defined in claim 10, wherein the thickness of said
      weakened portion is less than the thickness of the major part of said
      panel.
NUM  15.
PAR  15. A combination as defined in claim 1, wherein the entire panel consists
      of elastic material.
NUM  16.
PAR  16. A combination as defined in claim 15, wherein said panel consists of
      cardboard.
NUM  17.
PAR  17. A combination as defined in claim 15, wherein said panel consists of
      synthetic plastic material.
NUM  18.
PAR  18. A combination as defined in claim 16, wherein said panel includes a
      first layer consisting of cardboard and at least one layer of synthetic
      plastic material applied to one side of said first layer.
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ABST
PAL  Rolls of household or consumer type films or wrapping materials are
      provided with a curled leading edge that is ideally suited as a grasping
      tab for starting initial withdrawal of the film such as from a standard
      consumer type dispensing carton. The invention is applied to films
      exhibiting relatively high residual shrinkage or stress relaxation and is
      practiced by applying a coating to, or alternately solvent treating, the
      leading edge, in a manner that unbalances the rate of shrinkage at the
      opposite surfaces of the edge, thereby inducing a curling effect. Further
      attributes of such a starting feature would include easy identification of
      the leading edge, and the lessening of sensitivity to tear propagation
      such as from a notch or a like tear propagating flaw as may be left in the
      leading edge by the film cutter bar.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rolls of household film such as are commonly sold in a dispensing carton
      through the grocery trade, are customarily manufactured with a cling or
      adhesive surface character in order to enhance the functionality of the
      film as a wrapping. This creates a need for a roll starting feature since
      the leading edge of the roll has a tendency to block intimately against
      the underlying layer in a manner whereby it is difficult to locate or find
      the edge, and difficult to peel it away to start the roll. Roll starting
      means or convenience features as have been used or proposed in the past,
      however, have oftentimes not been entirely satisfactory from a
      manufacturing standpoint, or because of poor or inadequate functionality.
PAR  Referring to certain specifics, it has been a common expediency to employ
      incremental lengths of adhesive tape as a starting feature. The tape is
      folded upon itself to provide a grasping end, and the opposite end of the
      tape is fastened adhesively to the film. It has been a problem, however,
      to reliably or faultlessly register the tape with the leading edge of the
      roll at high manufacturing speeds. Also the tape has a tendency to tear
      the film since it doesn't lift the edge evenly across the entire width of
      the roll.
PAR  An embossed pattern may also serve to distinguish the edge of the film, and
      reduce blocking or sticking of the edge to the underlying layer, such as
      to serve the function of a roll starting feature. Embossing the film at
      high speeds, however, is difficult since the film is relatively fragile
      and susceptible to breaking upon repeated contact with the embossing
      plate. Maintaining adequately precise temperature control is also
      difficult since if the plate is too hot, it may excessively thin the film
      causing extreme proneness to tear propagation, whereas if it is too cold,
      the embossing may not be distinct enough to serve as a functionally good
      starting feature.
PAR  The leading edge of the film may also be coated to make it less likely to
      block and the coating can be pigmented to easily identify the leading
      edge. However, the foreign substance or coating that is used must meet
      certain applicable government regulations since household wrapping
      materials are frequently used to preserve food. Moreover, the coating must
      survive extreme warehouse storage temperatures, while maintaining its
      functionality, and must be compatible with application to the film at high
      speed. So far as is known, the art has not heretofore developed a
      commercially successful coating of this type for household films.
PAR  Accordingly, it would be of advantage to the art if there were available a
      roll of household film having an improved means for conveniently
      identifying and grasping the leading edge of the roll, such as to start a
      new roll from a standard dispensing carton.
PAR  It would be of further advantage if the design of such convenience feature
      were compatible with the high speed production of the film in roll form.
PAR  It would be of still even further advantage if such convenience feature in
      addition to its grasping and identifying function, effectively if not
      altogether eliminated the problem or the tendency of the leading edge of
      the roll to block against the underlying film layer, such as under severe
      and protracted warehouse temperature conditions.
PAR  It would be of yet even further advantage if such convenience feature in
      addition to some or all of the above noted characteristics, would comprise
      an effective deterrent to the tendency of the edge to tear propagate such
      as from notches or flaws unintentionally formed in the edge in
      manufacturing the roll.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the present invention utilizes the inherent tendency for delayed
      shrinkage of film due to relaxation of orentation imparted thereto by
      stretching the film longitudinally during its manufacture, to provide a
      unique and admirably suited means for starting a new roll of such film.
      The invention specifically contemplates the step of adhering a coating to,
      or alternately treating the leading edge of the roll in a manner that
      unbalances the degree of shrinkage at the opposite surfaces of the edge
      such that the edge will curl, preferably away from the surface of the
      roll. As can be readily appreciated, the invention not only provides a
      convenient indicator and grasping means for starting a new roll of
      household film, but in addition because it curls the leading edge,
      substantially eliminates the possibility of tears propagating from the
      edge due to a notch or like tear propagating flaw in the edge. Further,
      because the edge is in a curled posture, there is little possiblity that
      the coating (where used) will adhere or block against the roll such as
      under extreme warehouse storage temperatures.
DRWD
PAR  The preferred embodiments of the present invention are shown in the
      accompanying drawings wherein:
PAR  FIG. 1 is a front elevational view illustrating a roll of household film
      having the leading edge thereof curled backwardly away from the roll in
      order to provide a convenient grasping tab to start the roll;
PAR  FIG. 2 is an enlarged partial view taken along section line 2--2 of FIG. 1,
      and illustrates the curled edge as viewed in cross-section; and
PAR  FIG. 3 is a view like FIG. 2 only showing a modified form of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The invention is broadly applicable to known synthetic resinous films or
      wrapping materials which can exhibit high degrees of shrinkage or
      dimensional contraction by treatment or by aging such as when placed in a
      non-restrained or relaxed position. However, whether or not any particular
      film will qualify as to the teachings herein would necessarily be
      determined by trial and error as relates to that particular film. Certain
      polyvinyl chloride films, for example, may contain too much plasticizer to
      respond to the coatings or treatments taught herein and thus would be
      inappropriate subjects as concerns this invention. Known polyethylene
      homopolymers and copolymers moreover may or may not respond to the
      practice of this invention depending on the degree of orientation imparted
      to the film during its manufacture, and depending possibly on the
      formulation and make-up of the film.
PAR  The preferred film material that responds particularly to the ends sought
      herein are household films made of the vinylidene chloride copolymers or
      saran films. This general type of film will accept high amounts of
      orientation. Moreover, when free of restraint, orientated saran films tend
      to shrink slowly even at or near room temperatures. For example, if saran
      film is wound on a core the leading edge of the roll of such film is in
      what may be referred to as a non-restrained position. As the roll ages at
      room temperature the edge shrinks backwardly or contracts in dimension.
      The underlying layers of the roll may exhibit a much lesser degree of
      shrinkage since the same are at least in a partially restrained state.
      Thus, the degree of shrinkage is most marked at the leading edge of the
      roll.
PAR  The invention utilizes this trait of orientated saran films, and any like
      thermoplastic films having similar character, to provide a convenient and
      inexpensive grasping tab to start a new roll of such film. Particularly,
      the invention teaches the application of a thin coating to one surface of
      the edge of the material as will adhere to the film and selectively
      restrain shrinkage of the film along that surface to which it is adhered.
      The opposite surface since it is not affected by the restraint function of
      the coating, will shrink to a greater degree whereby as the roll ages a
      curling effect is achieved along the leading edge of the roll.
PAR  A like result is possible also through solvent treatment of the leading
      edge, whereby a near immediate curling effect oftentimes can result. The
      solvent treatment may be applied to films of saran, polyethylene and known
      copolymers thereof, vinyl chlorides, and other synthetic resinous
      thermoplastics, provided the same have imparted thereto sufficient
      orientation during their manufacture to respond adequately to such
      treatment, i.e., to have induced thereon a curling effect by the action of
      the solvent to release orientation stress selectively at one surface of
      the film.
PAR  The invention is now discussed in detail in respect to the coating method
      and solvent treatment methods below.
PAC  COATED EDGE
PAR  The invention as it contemplates a coated edge is illustrated in FIGS. 1
      and 2 wherein there is depicted a roll of household film 10 wound on a
      conventional hollow paper core 12. The roll 10 terminates in an upwardly
      and backwardly curled leading edge 14 which is thus adapted to present a
      convenient grasping tab to start the roll for dispensing and use purposes.
      This curled effect is induced by a thin coating layer 16 adhered to the
      underside or undersurface 18 of edge 14 (in reference to the original
      non-curled posture of the edge). Should the coating alternately have been
      applied to the opposite surface 20, the directionality of the curl would
      be reversed to that illustrated in FIG. 2, and functional in the general
      manner contemplated by these teachings.
PAR  The preferred coating material is a carnauba wax layer applied as a melt,
      and which is permitted to solidify on the film as a relatively hard, thin
      wax coating. Other coating materials, of course, may be substituted for
      the preferred material such as various known latexes, hot melts, and
      lacquers which would provide the essential performance of this wax.
PAR  A carnauba wax coating is preferred, however, for the reason that it
      solidifies at a fast rate whereby it is compatible with the high speed
      manufacture of rolls 10. Moreover, it is characteristically hard at normal
      environmental temperatures, thus having relatively good dimensional
      stability at or near room or manufacturing plant temperatures. Further it
      appears to nevertheless have sufficient flexibility to permit a pronounced
      curling effect.
PAR  The carnauba wax may be used in essentially pure form or in mixtures such
      as with micro-crystalline or paraffinic waxes. The latter waxes, however,
      if used in pure form, that is without mixture with carnauba wax, would
      normally be too soft to provide an adequate performance according to these
      teachings. The deficiency may be the result of insufficient dimensional
      stability whereby a softer wax does not provide an adequate restraining
      function on the surface to which it is adhered, and as a probable
      secondary causative factor, the softer wax is more likely to flow and
      attach or adhere the edge to the underlying layer of the roll. Should the
      restraint function be less than adequate, the desired curling effect may
      not occur at least to the extent desired; or should the edge adhere to the
      underlying layer, the edge may be prevented or restrained from assuming
      the curled posture desired by this invention.
PAC  SOLVENT TREATED EDGE
PAR  Also as mentioned above, a solvent treatment of the edge may be utilized in
      order to accomplish the objectives of this invention. This embodiment is
      illustrated in FIG. 3 wherein like parts to the FIG. 1 embodiment are
      given corresponding reference numeral designations having the suffix "a".
      The solvent treatment will oftentimes result in a near immediate curling
      effect, although as the roll ages, the curl may change somewhat in degree
      to produce either a greater or lesser effect. For a saran film composition
      the preferred solvent is a methylethyl ketone which is brought to a boil,
      and the roll is passed through the refluxing vapor of the boiling solvent.
      This results in a near immediate curl of the edge of a saran film.
      Acetone, dimethyl ketone and dimethylene chloride may also be used.
PAR  The aforegoing solvents, and particularly methylethyl ketone may also be
      applied to highly orientated ethylene homopolymer and copolymer films in
      order to induce a curling effect. The tightness of the curl will usually
      be more pronounced with saran films however, and may comprise in regard
      particularly to the latter, several or more turns. Preferably at least one
      full turn is achieved, although a curl of even one-half or three-quarters
      of a turn would significantly promote the objectives of this invention as
      compared to an edge, for example, which is intimately blocked against the
      roll and is difficult to start or grasp.
PAC  GENERAL ASPECTS OF THE INVENTION
PAR  As may have been noted above, the solvent is preferably applied to the
      finished roll by passing the same through the refluxing vapor of a boiling
      solvent whereas preferably, the coating would be applied to the film prior
      to the cut-off, and the cut-off would then be registered with the coating
      in order that the same would ultimately be located at the leading edge of
      the finished roll. The steps can be reversed, of course, such as by
      brushing or otherwise treating a strip of the film with solvent, and then
      registering the cut-off with the treated area. Also a coating in
      particular situations might advantageously be applied to the finished
      roll.
PAR  The rolls as taught herein are contemplated particularly for use with
      standard one-use, consumer type dispensing carton, in the known manner.
      Exemplary of such cartons would be the trunk lid style carton as typified
      by the cartons shown in U.S. Pat. Nos. 2,096,837, 2,226,477, 3,118,581,
      3,129,870, and 3,549,066; and the conventional flap lid style carton which
      is illustrated in certain various forms thereof in U.S. Pat. Nos.
      1,972,069, 2,433,445, 2,463,375, 2,472,521, 2,624,501, and 2,888,181.
      These patent teachings are hereby incorporated herein by reference.
PAR  Various modifications of the invention are, of course, possible without
      material deviation from the general principles and teaching hereof. For
      example, the curl need not be across the entire width of the roll, but may
      be selectively located at a corner or mid-area of the edge. It is intended
      that such non-material deviations and/or modifications be covered by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A roll of consumer type plastic wrapping film wound on a core, the film
      being characterized as a film having inherent residual shrinkage due to
      orientation imparted to the film in the longitudinal direction during the
      manufacture thereof, the improvement which comprises, a coating adhered to
      one surface of the leading edge of the roll to induce curling of said
      edge, to thereby promote easy identification and grasping of same to
      initiate the use of the roll.
NUM  2.
PAR  2. The combination of claim 1 wherein said roll is contained within a
      carton for dispensing the film.
NUM  3.
PAR  3. The combination of claim 2 wherein said curl is at least about one full
      turn.
NUM  4.
PAR  4. The combination of claim 3 wherein said coating comprises carnauba wax.
NUM  5.
PAR  5. The combination of claim 1 wherein said film comprises a vinylidene
      chloride copolymer.
NUM  6.
PAR  6. A roll of film contained within a dispensing carton and wherein the
      leading edge of the roll is curled by selectively induced shrinkage
      thereof to promote easy identification and grasping thereof to initiate
      dispensing of the roll.
NUM  7.
PAR  7. The combination of claim 6 wherein said curl has been induced by solvent
      treatment.
NUM  8.
PAR  8. The combination of claim 6 wherein said curl has been induced by
      adhering a coating to one surface of said leading edge.
NUM  9.
PAR  9. The combination of claim 6 wherein said film comprises a vinylidene
      chloride copolymer.
NUM  10.
PAR  10. The combination of claim 9 wherein said curl comprises at least about
      three-quarters of a turn or greater.
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ABST
PAL  A multiple compartment thermally insulated container having at least two
      compartments preferably detachable from each other by luggage-type
      fasteners; at least one of the compartments having a side door for access
      to solid or semi-solid food such as stews, puddings, etc. A handle member
      is removably coupled to one of said compartments and swively coupled to
      the other of said compartments.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a multiple compartment thermally insulated
      container and more particularly to a multiple compartment thermally
      insulated container in which at least one of the compartments is adapted
      for carrying and dispensing solid foods.
PAR  According to the invention, a multiple compartment thermally insulated
      container is provided in which at least two of the compartments are
      preferably removably attached as by luggage fasteners. At least one of the
      multiple compartments has a wide door for loading and dispensing from the
      compartment more solid foods such as stews, puddings, salads, etc. Hence,
      a complete meal can be carried in a thermally insulated condition instead
      of the usual liquid such as soups, milk, etc.
PAR  An object of the present invention is the provision of an improved multiple
      compartment thermally insulated container.
PAR  Another object of the invention is the provision of a multiple compartment
      thermally insulated container adapted for carrying and dispensing solid
      foods.
PAR  A still further object of the invention is the provision of a multiple
      compartment thermally insulated container in which at least one of the
      compartments is detachable.
DRWD
PAR  Other objects and many of the attendant advantages of the present invention
      will be readily appreciated as the same becomes better understood by
      reference to the following detailed description when considered in
      connection with the accompanying drawing in which like reference numerals
      designate like parts throughout the FIgures thereof and wherein:
PAR  FIG. 1 is a perspective view of the preferred embodiment of the present
      invention;
PAR  FIG. 2 is a front elevational view of a partially sectioned and broken away
      portion of the embodiment of FIG. 1;
PAR  FIG. 3 is a plan view of the bottom compartments of the embodiment of FIG.
      1; and
PAR  FIG. 4 is a side elevational view of another embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIGS. 1, 2 and 3, a multiple compartment thermally insulated
      container is shown generally at 11 having a flat elongated bottom member
      shown generally at 12 and a top member indicated generally at 13. Bottom
      member 12 has compartments 12A and 12B therein. Compartment 12b carries
      top member 13 and is removably attached by luggage-type fasteners 14.
      Compartment 12A has a door 16 with a hinge 17. Handle member 18 is
      swivelly and removably attached to the top compartment 12A (FIG. 2) and is
      captured by a saddle member 19 on top portion 13. A cup 21 forms a cap to
      top member or compartment 13 and can be threadably attached thereto.
PAR  Top member 13 is shown with the top portion of handle member 18 captured
      within recess 20 on saddle 19 by an extension 22 on handle member 18.
PAR  Referring specifically to FIG. 3, bottom member 12 is shown having
      compartments 12A and 12B with doors 16 and 23, respectively. Doors 16 and
      23 are hingedly attached at 17 and 30, respectively. Upward protrusion 24
      cooperates with recess 25 in handle 18 to capture handle 18 between bottom
      member 12 and top member 13.
PAR  Referring to FIG. 4, top member 13 is shown threaded with cup 21. Top
      member 13 is carried by bottom member 26 and latched thereto by
      suitcase-type fasteners 14. Bottom member 26 has an arcuate door 27
      hingedly attached at 28.
PAC  OPERATION
PAR  Referring back to FIGS. 1, 2, and 3, it can be seen that lower member 12
      and upper member 13 are removably coupled together by luggage-type
      fasteners 14. Here it is pointed out that in both the embodiments FIG. 1
      and FIG. 4, there are three luggage-type fasteners spaced at approximately
      120.degree. apart around the periphery of upper members 13. In use, the
      lower member 12, having two compartments 12A and 12B, is filled through
      doors 16 and 23, and due to their flat configuration and extended openings
      provided by doors 16 and 23, it is contemplated that these compartments
      will be filled with solid foods such as stew, pudding, salad, etc., while
      upper member 13 can be filled with a liquid such as coffee, milk, soup,
      juice, etc. After these compartments have been filled, when in use, the
      upper member 13 is detached from lower member 12 by uncoupling the
      fasteners 14 and lifting upper member 13 away. Saddle member 19 then
      releases extension 22 of handle 18 leaving it free to swivel on upwardly
      extending protuberance 24 from lower member 12. Handle 18 can be lifted
      off at this point and the two doors 16 and 23 on lower member 12 can be
      opened, exposing compartments 12A and 12B. Cup 21, of course, can be
      removed in the conventional manner from upper member 13.
PAR  Referring to FIG. 4, lower member 26 forms one compartment with door 27
      hingedly attached at 28. This, of course, would be the solid food
      compartment as opposed to upper member 13 which is a more or less standard
      compartment with a cup cap 21 removably attached. Here, again,
      luggage-type fasteners 14 couple and uncouple upper member 13 to lower
      member 26.
PAR  It should be understood, of course, that the foregoing disclosure relates
      to only a preferred embodiment of the invention and that it is intended to
      cover all changes and modifications of the example of the invention chosen
      herein, for the purposes of the disclosure, which do not constitute
      departures from the spirit and scope of the invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A multiple compartment thermally insulated container comprising:
PA1  a flat elongated thermally insulated container member dimensioned for
      carrying solid foods, said flat elongated member having a top flat surface
      thereon terminating in one end in a circular portion;
PA1  at least one door in said top flat surface dimensioned for receiving and
      dispensing solid foods;
PA1  a second thermally insulated container member dimensioned for receiving and
      dispensing liquid, said second thermally insulated container member being
      circular in cross section and conforming to the dimensions of said
      circular portion of said top flat elongated member and being removably
      coupled to a surface thereof, the said first and second members forming an
      L shaped assembly when coupled together; and
PA1  a handle member removably coupled to said second insulated container member
      and swively coupled to said flat elongated member.
NUM  2.
PAR  2. The multiple compartment thermally insulated container of claim 1
      wherein:
PA1  said handle member is swively and removably attached to said flat elongated
      member.
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ABST
PAL  A storage appliance for use with tubing, pipes and similar items. A
      generally U-shaped member carries a peg at a distal end of each of its
      legs and a coupling device at their proximal end. The pegs have a first
      portion of a generally circular cross section and taper to a rounded point
      at one terminus. The coupling device has an aperture of the same general
      cross section as the peg first portion. A storage rack is assembled from
      the appliances by inserting the pegs of one appliance into the coupling
      devices of another, the number of appliances used being dependent upon the
      particular storage requirement. The distal ends of the legs of each
      appliance are made flat to provide a mating surface for an appliance
      placed thereon while the tapered pegs allow a cooperation between the pegs
      of one appliance and the coupling device of another even when the legs of
      the peg-carrying appliance are spread due to loading or otherwise. The
      circular cross section of the pegs allow an empty appliance to be pivoted
      about one of the pegs to fully expose the items stored in the appliance
      immediately below. The pivoted appliance may be thus stored on the storage
      rack until it is needed. Further, a storage rack assembled from the
      appliances of the present invention allows a compartmentalized inventory
      control.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending application,
      Ser. No. 391,929, filed Aug. 27, 1973, entitled: STORAGE APPLIANCE.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The efficient storage and inventorying of cylindrical items such as tubing
      and pipes has long been a problem. Typical of prior art storage systems
      for cylindrical items is a double row of upstanding members between which
      the items to be placed are stored. This system allows the placing of
      stored members upon each other while restraining their natural tendency to
      roll. However, it is necessary that the upstanding members be made
      sufficiently tall to accommodate the maximum number of items to be stored
      without regard to the actual number being stored. This necessarily results
      in an unduly, combersome loading of the storage area. In addition, the
      cylindrical cross section of items such as tubing and pipes and their
      resulting tendency to roll produces an outward force against the
      upstanding members which force restricts the height to which the
      cylindrical items can be stored or, alternatively, requires a cross
      bracing or some other restraint which severely limits the utility of the
      storage system. Further, an inventory of the materials stored within such
      a storage area requires the individual counting of each item.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides an appliance for the efficient storage of
      tubing, pipes and similar items. A generally U-shaped member is formed by
      an elongated support having first and second spacers extending therefrom.
      The spacers carry a peg at their distal end, the peg having a first
      portion of a generally circular cross section and taper to a rounded point
      at their terminus. A coupling device having an aperture of the same
      general cross section as the peg first portion is carried by the spacers
      at their proximal end. By inserting the pegs of one appliance into the
      coupling devices of another, a compartmentalized storage rack may be
      formed. The height of the storage rack closely approximates the height
      required to store the desired number of items, the height being readily
      altered by the utilization or removal of additional appliances. Further,
      the supporting members of each appliance automatically provide the cross
      bracing often required in the prior art systems but, in a manner which is
      not burdensome to the loading or unloading of the storage rack. In
      addition, by placing a predetermined number of items or bundles of items
      in each storage compartment and removing items only from the top
      compartment, inventorying of the storage rack is greatly facilitated, it
      being necessary to count individually only items or bundles of items
      within the top compartment. When the top compartment is empty, the
      appliance or appliances which form it may be pivoted about one of the pegs
      to fully expose the next lower compartment. The pivoted appliances may be
      stored on the storage rack in the pivoted position until more storage
      space is needed. In a preferred embodiment, the storage appliance of the
      present invention may be provided with pegs of different heights, the
      shorter peg facilitating disengagement from the coupling devices of
      another appliance so that the other appliance may be pivoted about the
      longer peg.
DRWD
PAR  These and other objects, advantages, and novel features of the present
      invention will become apparent from the following detailed description of
      the invention when considered in conjunction with the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a preferred embodiment of the present invention.
PAR  FIG. 2 illustrates a storage rack assembled through the use of the
      preferred embodiment of FIG. 1.
PAR  FIG. 3 illustrates an operational feature of the preferred embodiment of
      FIG. 1.
PAR  FIG. 4 illustrates an additional operational feature of the preferred
      embodiment of FIG. 1.
PAR  FIG. 5 illustrates a further operational feature of the preferred
      embodiment of FIG. 1.
PAR  FIG. 6 illustrates a still further operational feature of the present
      invention and a modification to the preferred embodiment of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1, which illustrates a preferred embodiment of the appliance of the
      present invention, shows an elongated support member 10 having first and
      second spacing members 11 and 12 extending from the support member 10 at
      the end thereof. While the spacing members 11 and 12 are illustrated as
      being attached to and extending from the ends of the support member 10, it
      is to be understood that they may extend from any portion of the support
      member 10, the top surface 13 or side 14, for example. Further, the
      spacing members 11 and 12 may be unitary with the support member 10 or,
      alternatively, they may be separately fabricated and attached to the
      support member 10 in any known manner, welding, for example. The support
      member 10 and spacing members 11 and 12 are illustrated as being
      fabricated from channels. It is to be recognized that this is an
      illustration of a preferred embodiment and that these members may be
      formed from any desired structural shape such as angles or beams of any
      configuration. However, it is desirable that the surface corresponding to
      the top surface 13 of support member 10 and the inner faces of spacing
      members 11 and 12 be flat no matter what configuration is used. This flat
      surface provides a stable platform having no projections to mar or damage
      the stored materials.
PAR  Spacing members 11 and 12 each carry a peg 15 at their distal end. The pegs
      15 have a first portion 16 of a generally circular cross section and taper
      to a rounded point at their terminus 17. The pegs 15 are carried by the
      spacing members 11 and 12 through a peg holder 10. As illustrated, the peg
      holder 20 has a cylindrical configuration and an aperture of generally the
      same configuration as the portion 16 of the peg 15 into which the portion
      16 is inserted. The peg 15 may be permanently affixed within the peg
      holder 20 as by welding, for example, or alternatively, the peg holder 20
      may be provided with a stop (not shown) which will maintain the peg 15 in
      the extended position illustrated. It is to be understood, that the peg
      holder 20 may be of any configuration and may be attached to the spacing
      members 11 and 12 by any known manner, welding, for example.
      Alternatively, the peg holder 20 may be eliminated and the peg 15 itself
      attached to the spacing members 11 and 12.
PAR  A coupling device 22 is carried at the proximal end of the spacing members
      11 and 12 (here illustrated with respect to spacing member 11 only). In
      the embodiment illustrated, the coupling device 22 is essentially
      identical to the peg holder 20. That is, the coupling device is generally
      cylindrical and has an aperture 23 whose cross section generally
      corresponds to the circular cross section of the portion 16 of peg 15. The
      particular configuration of the coupling device 22 forms no part of the
      present invention, it being important only that the aperture 23 correspond
      to the circular cross section of the portion 16 of peg 15.
PAR  Referring now to FIG. 2, there is shown a three column storage rack formed
      with the preferred embodiment of FIG. 1. Each of the columns is formed by
      placing the pegs 15 of one appliance into the coupling devices 22 of
      another in a manner to be described more fully below. Any number of
      columns may be formed in this manner, the number used being dependent upon
      the length of the materials to be stored, their weight and other similar
      factors. Similarly, the number of appliances and thus, the number of
      compartments within the rack, is determined by the total number of the
      materials to be stored and the number to be stored within each
      compartment. For example, assuming that the materials illustrated in FIG.
      2 were initially positioned within the rack at 50 per compartment and that
      no materials were taken except from the uppermost compartment, a glance
      immediately determines that there are 102 items left in the rack -- 50 in
      the bottom compartment 25, 50 in the middle compartment 26 and 2 in the
      top compartment 27.
PAR  Referring now to FIG. 3, there is shown the cooperation between appliances
      of the type illustrated in FIG. 1. Specifically, appliance 28 is
      illustrated with its pegs 15 extending upwardly. A second appliance 29 is
      positioned above the appliance 28 with the coupling devices 22 in position
      over the peg 15. As stated above, the coupling devices 22 have an aperture
      whose configuration corresponds to the circular cross section of the
      portion 16 of the peg 15 so that when the appliance 29 is lowered, the
      pegs 15 will engage the aperture of the coupling devices 22 to provide a
      firm restraint against horizontal movement. Further, the end 30 of the
      spacing members 11 and 12 from which the pegs 15 project are made flat to
      provide a mating surface with the appliance 29. The mating of the
      appliances 28 and 29 is illustrated in FIG. 5. Thus, with the pegs 15
      inserted into the coupling devices 22, a stable column is provided with
      the pin-coupling device combination providing a restraint against
      horizontal movement and the mating surface 30 tending to eliminate any
      "rocking" between the appliances 28 and 29.
PAR  As stated above with regard to the pior art storage systems, the loading of
      materials between upright members tends to spread them from each other. As
      can be seen, the support members 10 which occur periodically throughout a
      column of appliances tend to eliminate this problem. However, it is
      present in any member to which a sufficient outward force is applied. In
      FIG. 4, there is shown a portion of the appliances 28 and 29 of FIG. 3, it
      being assumed that the appliance 28 is loaded so that the spacing members
      11 and 12 have, indeed, spread -- the spread being illustrated in FIG. 4
      as the distance .DELTA.. Recalling that the portion 16 of the peg 15 has
      the same cross section as the aperture through the member 22, this spread
      would make impossible the placement of the appliance 29 onto the appliance
      28 to form a column were it not for the tapered end 17 of the peg 15. As
      can be seen in FIG. 4 this taper allows the peg 15 to engage the aperture
      23 through the coupling device 22 to urge the spacing members 11 and 12 of
      the appliance 28 against the force of the stored materials such that the
      appliance 29 can be placed in mating engagement with the appliance 28 as
      illustrated in FIG. 5 to provide a stable rack.
PAR  When the top compartment 27 (see FIG. 2) is empty, it is desirable to
      remove the appliances which form that compartment to fully expose the next
      lower compartment 26. The circular cross section of the portion 16 of the
      pegs 15, and the cooperating coupling device apertures 23, allow this
      removal while providing storage for the removed appliance. That is, one
      coupling device 22 of each of the storage appliances which form an empty
      compartment may be disengaged from its cooperating peg 15 while the other
      peg 15 and coupling device 22 remain engaged. The circular cross section
      of the portion 16 of the engaged peg 15 will then allow the appliance or
      appliances which form the empty compartment to be pivoted about that peg
      away from a position over the next lower compartment 26 to expose that
      compartment while retaining the pivoted storage appliances on the storage
      rack for future use.
PAR  FIG. 6 illustrates two storage appliances in "pivoted" relation. The
      appliance 35 has one of its pegs 15 engaging the coupling device 22 of a
      second appliance 38, with the peg 15 extending into the coupling device 22
      an amount which is sufficient to support the appliance 38. The second peg
      carried by the appliance 35 may be made shorter than the peg 15 to
      facilitate disengagement of the second peg from the second coupling device
      of the appliance 38 by reducing the distance that the appliance 38 must be
      lifted to effect the disengagement. In addition, the second shorter peg
      and coupling device will disengage while the peg 15 and its cooperating
      coupling device remain engaged. FIG. 6 illustrates a second peg 36 which
      is shorter than the peg 15.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. An example of such a
      modification would be the spring loading of the peg 36 to facilitate its
      disengagement from the coupling device of appliance 30 for pivoting of the
      appliance 35. It is therefore to be understood that, within the scope of
      this appended claims, the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  What is claimd is:
NUM  1.
PAR  1. A storage appliance which comprises:
PA1  at least first and second members formed by elongated support means having
      first and second spacing means extending therefrom at the ends thereof,
      all of said support means and spacing means having at least one flat
      surface with the flat surfaces of said first and second spacing means
      being in opposing relation to each other and generally perpendicular to
      the flat surface of their cooperating support means, the distal ends of
      said first member spacing means forming mating surfaces for said second
      member;
PA1  coupling means carried by each of said second member spacing means at the
      proximal end thereof, said coupling means having a circular aperture; and
PA1  first and second peg means each being carried by a different one of said
      first member spacing means at the distal ends thereof for engaging said
      coupling means in a first mode, wherein said second member is fully
      supported on only one of said mating surfaces by only said first peg means
      and is pivotable relative to said first member, and a second mode, wherein
      said second member is supported on both of said mating surfaces by both of
      said first and second peg means and is restrained against horizontal
      movement relative to said first member, said first and second peg means
      extending beyond said mating surfaces and having a first portion of
      circular cross section and generally identical diameter to the diameter of
      said coupling means aperture and a tapered portion at its terminus with
      said first peg means extending a greater distance than said second peg
      means and remaining in engagement with its cooperating coupling means when
      said second member is lifted a sufficient distance from said mating
      surfaces to disengage said second peg means from its cooperating coupling
      means.
NUM  2.
PAR  2. The storage appliance of claim 1 wherein said support means and said
      spacing means are formed of channels, said coupling means and said peg
      means being carried by said spacing means between the legs of said
      channels.
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ABST
PAL  The invention comprises an article of manfacture made principally of two
      lengths of chain in which the lengths, arranged either circularly or
      semi-circularly, have had their links welded together to form a pair of
      diverging units connected together at their upper ends by welding either
      to the under side of a top plate or to other connecting elements. Legs
      have been welded to the bottom portions to support the unit on a floor or
      other under surface. The units may be utilized to hold a quantity of logs
      adjacent a fireplace or if of proper size might be used as magazine racks
      or as holders of any other kind of relatively rigid material that could be
      placed thereon.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention which is an article of manufacture consists of lengths of
      conventional chain which have had their links welded together to form a
      pair of identical elements. These elements may be preferably semi-circular
      or circular, but it will be understood that the invention is not limited
      to these configurations. The two rigid chain elements are placed together
      in downwardly diverging positions and the adjacent top portions are welded
      together. In the case of the circular construction the tops of the
      circular chain elements are welded to the underside of a metal plate. In
      the case of the semicircular construction, the upper ends are preferably
      connected to a pair of terminal members which may be in the form of rings
      or other configurations to which the chain ends can be welded. Each of the
      two elements, whether circular or semicircular has a pair of legs welded
      thereto so that the entire finished units will stand on four widely spaced
      legs.
PAR  The chains can be of any size according to the loads that are to be
      supported. The welding of the links is preferably limited to welds on the
      interior sides of the links where they are relatively invisible. The welds
      are of such strength that a man may sit on the top plate of the circular
      type without fear of breakage of the welds, or of the legs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a prespective view of the circular type unit.
PAR  FIG. 2 is a side elevation of FIG. 1.
PAR  FIG. 3 is an enlarged front elevation of a portion of a chain and one leg,
      showing the welds on the interior sides of the areas of engagement of the
      links.
PAR  FIG. 4 is a section taken approximately on the line 4--4 of FIG. 3.
PAR  FIG. 5 is a section taken approximately on the line 5--5 of FIG. 3.
PAR  FIG. 6 is a fragmentary enlarged front elevation showing the welding of the
      ends of the circular chains to the underside of the top plate.
PAR  FIG. 7 is a vertical section taken approximately on the line 7--7 of FIG.
      6.
PAR  FIG. 8 is a perspective view of the semi-circular form of the article.
DETD
PAC  DETAILED DISCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to FIG. 1, it will be seen that the article of manufacture is
      comprised of two lengths of chain, 2 and 4, each of which has been
      arranged in the form of a circle and the links then welded to each other
      so as to produce a pair of circularly disposed chains. The upper ends of
      the chains, as shown in FIG. 6 preferably come relatively close together
      but do not touch. They rest against the underside of a top supporting
      plate 6, to which the end links 8 and 10 have been welded as at 12 and 14.
      Two legs, 16 and 18, have been welded to the lower part of chain 2 and
      legs 20 and 22 have been welded to the lower part of chain 4.
PAR  While the invention contemplates that the links may be welded to each other
      in any manner that will present a strong construction, in a preferred form
      the links will be welded on the interior side of the circle, which
      construction is plainly shown in FIGS. 3, 4, and 5. The links 24, which
      are representative of the links that lie substantially in the plane of
      each circular unit are at right angles to the links 26 which are
      representative of the remaining links. The welds indicated at 28 are shown
      as being on the interior side of the circular arrangement in which
      position they are inconspicous. It has been found by experimentation that
      the welds 28 connect links 24 and 26 together with such strength that when
      the unit is heavily loaded, the links will bend before the welds will
      break. Likewise, as shown in FIGS. 1, 3 and 4 it will be noted that all of
      the legs 16, 18, 20 and 22 have been welded to the interior sides of links
      24 which effectively hides the welds from the user's view.
PAR  The top plate 6 is preferably in the form of a sheet of steel of any
      suitable dimensions and thickness to support the loads that it will be
      called on to carry. In a preferred construction the top plate 6 may be
      6.times. 12 inches and 3/16 or 1/4 inch thick. No limitation however, is
      to be imposed on the dimensions of the top plate so long as it is of
      suitable size to receive against its underside the terminal links 8 and
      10, which are welded to the underside of the plate as at 12 and 14 in
      FIGS. 6 and 7.
PAR  While the alternate links of the circular unit are shown as aligned, it is
      to be understood that the chain links could be twisted somewhat with
      respect to each other in order to vary the appearance without in any way
      diminishing the serviceability of the construction.
PAR  A modified form of the invention is shown in FIG. 8. Here the chains 30 and
      32 have been shortened to form a pair of semi-circular elements comprised
      of links 34 and 36 welded together in the same manner as links 24 and 26
      with the ends links 36 having rings 40 passing therethrough and to which
      the end links 36 are welded.
PAR  In this modification there are also four legs, 42, 44, 46 and 48, which
      will support the unit firmly on the floor.
PAR  It will be appreciated that the invention is not limited as to the exact
      configuration of the lengths of chain, nor in the particular manner in
      which the upper ends of the chain elements are connected together. The
      intention is to provide curved structural elements made of lengths of
      chain which have been rendered rigid by welding the links together. The
      form of the chain lengths permits two substantially identical elements to
      be welded together to form a useful article for supporting something such
      as, for example, fire place logs. The addition of the legs is essential
      for proper stability.
PAR  It will be understood that various changes in the details, materials and
      arrangement of parts which have herein been illustrated in order to
      explain the nature of the invention may be made by those skilled in the
      art within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture comprising
PA1  a first length of chain in which the links are arranged in a curved pattern
      and each link has been welded to each next adjacent link to form a first
      rigid curved chain element,
PA1  a second length of chain in which the links are arranged in a curved
      pattern and each link has been welded to each next adjacent link to form a
      second rigid curved chain element,
PA1  means rigidly connecting the said chain elements together at their upper
      portions to provide a pair of downwardly extending curved chain elements
      spaced at their lower portions,
PA1  supporting means welded to the lower portions of each chain element adapted
      to rest on an underlying surface and to maintain said connected curved
      chain elements in a stable condition on said surface,
PA1  each of said rigid curved chain elements extending through substantially a
      semi-circle,
PA1  the means rigidly connecting the said chain elements together comprising a
      pair of rings to which said chain elements are welded.
NUM  2.
PAR  2. The construction set forth in claim 1, said semi-circular chain elements
      being set at a downwardly diverging angle and said supporting means being
      in the form of a plurality of individual legs.
NUM  3.
PAR  3. An article of manufacture comprising,
PA1  a first length of chain in which the links are arranged in a substantially
      semi-circular planar pattern and each link has been welded to each next
      adjacent link to form a first rigid curved chain element,
PA1  a second length of chain formed substantially identical to said first
      length of chain thereby to provide a pair of rigid curved chain elements,
PA1  said first and second rigid curved chain elements being positioned with
      respect to each other at downwardly diverging angles from a vertical plane
      located therebetween,
PA1  the upper ends of said first and second chain elements being welded to
      common connecting means in the form of rings,
PA1  a plurality of supporting members welded to the intermediate portions of
      said chain elements, said supporting members having their lower ends lying
      in a common plane that does not intersect said chain elements,
PA1  the aforesaid structure providing a rigid unit in which the semi-circular
      portions of said first and second chain elements may act as supports for
      articles placed there across.
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ABST
PAL  A rack for mounting on a wall and which serves to store a safety razor and
      a cartridge of safety razor blades when not in use; the device consisting
      of one piece molded plastic or the like, and including a vertical back
      wall from an upper portion of which there forwardly extends a cup-like
      structure over a front lip of which the safety razor can be hooked so to
      depend therefrom, an open tray formed in front of the lower end of the
      back wall and in which the blade cartridge is stored in upright position
      by resting against a series of vertical ribs formed on the front side of
      the back wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to racks. More specifically it relates to
      holders for storage of safety razors and safety razor blade cartridges.
PAR  2. Description of the Prior Art
PAR  It is well known that heretofore numerous cases and trays have been
      designed for the purpose of storing safety razors and blade cartridges
      between uses, and which were intended for convenient placement upon
      counter tops or inside medecine chests, which however unfortunately are
      often over-crowded, or which do not provide adequate air circulation for
      drying out these articles when laid down therein. This situation is
      therefore in want of an improvement.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a Storage Hook
      for retaining the safety razor and blade cartridge in a stored position
      between uses, the Storage Hook incorporating a bottomless cup over an
      upper lip of which the safety razor is suspended, and the Storage Hook
      including a tray formed by a series of vertical ribs and an inclined wall
      between which the blade cartridge is supported; openings at the cup
      bottom, between the ribs and on the tray bottom allowing ventilation for
      these shaving articles.
PAR  Another object of the present invention is to provide a Storage Hook for a
      safety razor and blade cartridge which is designed to be wall-mounted so
      that it facilitates the organization of a shaving area.
PAR  Other objects are to provide a storage hook which is simple in design,
      inexpensive to manufacture, rugged in construction, easy to use, and
      efficient in operation.
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of the present invention.
PAR  FIG. 2 is a front elevation view thereof.
PAR  FIG. 3 is a side cross-sectional view taken on line 3--3 of FIG. 2, and
      illustrating the safety razor and blade cartridge in both a stored and
      removing position respective thereto.
PAR  FIG. 4 is a front elevation view showing the safety razor and blade
      cartridge supported upon the device.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Referring now to the drawing in detail, the reference numeral 10 represents
      a Storage Hook according to the present invention for retaining a safety
      razor 11 and blade cartridge 12.
PAR  The Storage Hook 10 comprises a one piece member made preferably by being
      molded of rigid plastic or other moldable materials in order to be
      inexpensive to manufacture, and to eliminate hidden crevices that hold
      germs and dirt such as occurs with assembled devices.
PAR  The Storage Hook includes an upper hook A for supporting the razor, and a
      lower hook B for storing the blade cartridge.
PAR  The Storage Hook 10 includes a thin vertical rear wall 13, the upper
      portion of which is integral with parallel, spaced apart, forward
      extending side walls 14 and which at their front edges are integral with a
      downwardly rearwardly inclined front wall 15 having a notch 16 on its
      upper edge 17, and which serves to support the safety razor therefrom. A
      pair of intermediate braces 18 connect front wall 15 to the rear wall.
PAR  The lower portion of the rear wall has a plurality of vertical, spaced
      apart, parallel ribs 19 integral with a front side thereof. A tray 20 is
      formed at a bottom by means of forward extending side webs 21 which at
      their front edges are integral with a downwardly rearwardly inclined front
      wall 22 having notches 23 along its upper edge 24. The lower edge of the
      wall 22 is integral with a narrow bottom wall 25, and an open space 26 is
      formed between the rear wall 13 and the rear edge of the bottom wall so to
      allow air circulation therethrough and between the ribs.
PAR  A horizontal fulcrum edge 27 enjoins the upper front corners of the ribs.
PAR  An opening 28 extends completely across the middle of the rear wall 13, and
      a forwardly, downwardly inclined forward wall 29 is in front thereof. The
      opposite side edges of the wall 29 enjoin side webs 21.
PAR  The Storage Hook includes adhesive pads 30 on its rear for being supported
      on a vertical wall 31 of a bathroom or a cabinet. Alternately, the rear
      wall 13 can additionally include mounting openings for receiving mounting
      nails or screws, if so wished.
PAR  It is now evident that in operative use, as shown in FIGS. 3 and 4, the
      safety razor is simply placed on the upper hook A by a simple motion of
      dropping its head over the notch 16 and allow the razor handle to hang
      downward. The blade cartridge is simply dropped into the tray 20 of hook B
      so it rests upright against the ribs. To remove the cartridge, a finger 32
      is simply placed in the notch 23, pushes up, thus causing the cartridge to
      pivot about the fulcrum edge 27 (as shown in FIG. 3) so its lower edge
      swings out forwardly and the cartridge thus easily drops into a person's
      hand.
PAR  It is also now evident that the bottomless cup forms a tubular throat for
      the circulation of air therethrough so to dry the razor head. Likewise,
      the cartridge resting upon the inclined wall 22 and against the ribs 19
      has air circulate all around its outer surface for a same purpose.
PAR  Thus, an improved Storage Hook is provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a storage hook, the combination of a rear wall integral with an upper
      hook and a lower hook on the front side thereof, said upper hook extending
      outwardly and downwardly with respect to the rear wall to form a
      substantially triangular compartment with the apex of the triangle
      downward, a pair of forward extending side walls in the compartment
      integral at their front side edges with a front wall having a notch on the
      upper edge, said upper hook serving to support a safety razor with the
      head of the razor resting across the notch and in the triangular
      compartment with the razor handle hanging vertically against the front of
      the lower hook, said lower hook serving to support a blade cartridge, said
      upper and lower hooks allowing air circulation all around said razor and
      cartridge, said lower hook comprising a tray formed on a front side of
      said rear wall, said tray consisting of opposite side webs which at their
      forward side edges are integral with a rearwardly, downwardly inclined
      front wall and a plurality of ribs on a front side of said rear wall, said
      ribs serving to support a rear side of said cartridge when resting
      thereagainst, and said inclined front wall serving to support a front
      lower edge of said cartridge when rested at a same time thereupon.
NUM  2.
PAR  2. The combination as set forth in claim 1, wherein an upper forward corner
      of said ribs is enjoined by a horizontal fulcrum member and around which
      said cartridge is adaptable to pivot.
NUM  3.
PAR  3. The combination as set forth in claim 2, wherein finger notches are
      provided on an upper edge of said tray front wall.
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ABST
PAL  A generally flat panel of semi-rigid plastics material has a plurality of
      horizontally spaced inclined columns each of which supports a set of
      vertically spaced and cantileveredly projecting horizontal tie support
      bars disposed in an inclined row. The support columns are integrally
      connected by frame members, and an integral hook portion projects upwardly
      and in the same horizontal direction as the tie bars for receiving a
      clothes support rod within a closet. Each of the tie support bars is
      connected to its corresponding support column by a vertical integral hinge
      so that vertically adjacent tie support bars may be pivoted to opposite
      sides of the panel to provide for a complete display of the neckties and
      for convenient selection and return of the neckties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been numerous necktie or tie racks and hangers either proposed
      or used for supporting a number of neckties within a clothes closet. Many
      of the racks are designed for mounting on a vertical surface such as the
      inner surface of a swinging closet door. However, when the closet is
      equipped with sliding or bifold doors, it is common to use some type of
      hanger which is suspended from the horizontal clothes rod within the
      closet. For example, U.S. Pat. Nos. 2,492,226 and 2,626,735 disclose two
      different forms of suspended necktie hangers which are adapted to be
      constructed from an inexpensive cardboard material. Other forms of
      suspended necktie hangers have been constructed entirely of wire.
PAR  In the construction of any type of necktie hanger which is suspended from
      the clothes support rod within a closet, it is highly desirable for the
      hanger to display each tie for easy selection and also to separate and
      position the ties so that each tie may be conveniently removed and
      returned without disturbing the other ties. It is also desirable to
      support a number of neckties within a laterally compact space so that a
      hanger filled with neckties does not occupy substantial longitudinal space
      along the clothes support rod. Furthermore, it is desirable for the tie
      hanger to be made for easy sliding movement along the clothes support rod
      and to position the ties generally in a plane extending perpendicular to
      the clothes support rod so that the ties are not folded and creased when
      the tie hanger and other garments are moved along the clothes support rod.
      It is apparent after using or studying the presently known tie hangers
      that none of them provides all of the above mentioned desirable features.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an improved hanger which is
      particularly adapted for use on a closet support rod for supporting and
      retaining a number of neckties in a manner which provides all of the
      desirable features mentioned above. That is, the necktie hanger of the
      invention provides for displaying a group of ties within a compact space
      and for supporting the ties in a manner so that each individual tie may be
      easily selected for removal and also easily returned after use. The
      necktie hanger also has substantial durability and is inexpensive in
      construction in addition to being adapted for automatic production either
      with use of a plastics injection molding machine or by die cutting and
      scoring a sheet of semi-rigid plastics material or other sheet material.
PAR  In general, the tie hanger of the invention incorporates a plurality of
      horizontally spaced inclined columns each of which supports a plurality or
      set of vertically spaced tie support bars which are also arranged in an
      inclined row. The upper and lower ends of the inclined columns are
      integrally connected by corresponding frame members which are, in turn,
      integrally connected by a forward end frame member. Each tie support bar
      projects cantileveredly from its corresponding support column and is
      connected to the column by a vertically extending integral hinge so that
      the tie support bar may be pivoted to one or either side of the hanger.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawing and the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a necktie hanger constructed in accordance
      with the invention and illustrating its use on a clothes rod for
      supporting and displaying a number of neckties;
PAR  FIG. 2 is a side view of the necktie hanger shown in FIG. 1 and showing the
      preferred arrangement and positions of the tie support bars;
PAR  FIG. 3 is a slightly enlarged end view taken generally on the line 3--3 of
      FIG. 2; and
PAR  FIG. 4 is a substantially full size fragmentary section taken generally on
      the line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a necktie hanger 10 which is constructed in accordance
      with the invention and which is supported by a clothes rod 12 within a
      closet between other clothing garments such as several shirts 14 supported
      by convention hangers 16. As illustrated, the hanger 10 is constructed to
      support 24 individual neckties, 12 on each side of the hanger.
PAR  Referring to FIGS. 2-4, the necktie hanger 10 of the invention includes a
      generally flat panel 25 which is adapted to be die cut from a sheet of
      thermoplastics material such as polyethylene or polypropylene. The panel
      25 has a generally parallelogram exterior configuration, and a hook
      portion or member projects upwardly from the panel 25 for engaging the
      clothes rod 12. The hook portion or member 28 is die cut from the sheet of
      plastics material when the panel 25 is die cut so that the panel 25 and
      hook member 28 are integrally connected. The hook member 28 also has a
      generally parallelogram external configuration, and the center or axis of
      the part-circular recess 29 is disposed within a vertical plane P which
      extends through the center of gravity of the hanger 10.
PAR  The panel 25 includes a series of horizontally spaced inclined columns 31,
      32, 33 and 34 which are inclined at an angle of approximately 33.degree.
      relative to the vertical plane P. The upper portions of the inclined
      columns 31 - 34 are integrally connected by an upper frame or head portion
      38, and the lower portions of the columns 31 - 34 are integrally connected
      by a lower frame or base portion 42. The forward ends of the head portion
      38 and the base portion 42 are integrally connected by an end column or
      frame portion 44 which is inclined at the same angle as the columns 31-34.
      The additional weight added to the forward end portion of the hanger by
      the end frame portion 44 is counter balanced relative to the vertical
      center plane P by the additional mass of the hook member 28 on the
      opposite side of the center plane and the narrower width of the inclined
      column 31 relative to the corresponding width of the columns 32-34.
PAR  Each of the inclined support columns 31- 34 supports a plurality or set of
      six tie support bars 45 which project horizontally in a cantilevered
      manner into a corresponding opening 48 which is defined between the
      adjacent columns. Each of the tapered tie bars 45 includes an upwardly
      projecting tip portion 51 and is connected to the corresponding support
      column by a vertically extending integral hinge 54 (FIG. 4) formed by a
      thin web of the panel 25. The leg-shaped configuration of each tie bar 45
      is only for ornamental purposes.
PAR  As illustrated in FIG. 3, the integral hinges 54 provide for flexing or
      pivoting the tie bars 45 to opposite sides of the hanger 10 while
      maintaining a high strength connection between each tie bar and its
      support column. Preferably, the adjacent horizontal rows of tie bars 45
      are pivoted to opposite sides of the hanger (FIG. 3) so that the tie bars
      of each inclined set project in an alternating manner to opposite sides of
      the hanger. Each tie bar 45 is pivoted to an angle of between 20.degree.
      and 45.degree. (FIG. 4) relative to the plane of the support columns
      31-34. As is also apparent from FIGS. 1 and 2, the tie bars 45 project in
      the same direction as the hook member 28, that is, towards the front of
      the hanger 10 which is adjacent the inner or rear wall of the closet. This
      arrangement and angles of the tie bars 45 provide for displaying each tie
      for convenient viewing and selection from the front of the closet.
PAR  As mentioned above, the inclined arrangement of each set of vertically
      spaced tie bars 45 relative to the vertical center plane P and the angular
      positions of the tie bars cooperate not only to provide a complete display
      of the ties 20 but also provide for conveniently removing a selected tie
      and are turning the tie without disturbing the adjacent ties. The group of
      neckties 20 are also supported generally within a plane normal or
      perpendicular to the clothes rod 12 so that when the hanger 10 and other
      clothing articles are shifted or slid longitudinally along the rod 12, the
      neckties are not creased as the group of ties are pressed between articles
      of clothing. Moreover, the pivotal tie bars 45 cooperate with the openings
      48 to permit the ties to be compacted or pressed into a space only
      slightly greater than the thickness of the hanger 10.
PAR  As also mentioned above, the tie hanger is adapted to be die cut from a
      sheet of thermoplastics material of uniform thickness, and the integral
      web hinges 54 are adapted to be formed by corresponding heated scoring
      blades. This method of producton minimizes the cost of tooling for
      producing the tie hanger 10. However, it is also within the scope of the
      invention to form the tie hanger 10 within a single or multiple cavity
      mold which is supplied with fluid plastics material from an injection
      molding machine.
PAR  While the form of necktie hanger herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of hanger, and that changes may be made
      therein without departing from the scope and spirit of the invention as
      defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. An improved hanger for neckties, comprising a generally flat body of
      semi-rigid material, a plurality of horizontally spaced inclined support
      columns disposed in substantially parallel relation and defining
      horizontally spaced inclined openings therebetween, a set of vertically
      spaced tie support bars projecting cantileveredly and horizontally from
      each of said columns generally into the adjacent said opening, said sets
      of tie support bars being arranged in a plurality of substantially
      parallel rows inclined in the same direction, frame means integrally
      connecting the corresponding upper and lower portions of said support
      columns, a hook member projecting upwardly from said frame means and
      adapted to engage a clothes rod within a closet, a substantially vertical
      thin web hinge integrally connecting each of said tie support bars to the
      corresponding said column, said hinges for said sets of tie support bars
      being arranged in a plurality of substantially parallel rows inclined in
      the same direction, a first plurality of said tie support bars in each
      said inclined row of bars projecting angularly outwardly from one side of
      said body, a second plurality of said tie support bars in each said
      inclined row projecting angularly outwardly from the other side of said
      body, and each said opening providing for open space between adjacent tie
      support bars in each said inclined row to facilitate convenient removal
      and return of each necktie.
NUM  2.
PAR  2. A hanger as defined in claim 1 wherein said tie support bars in each
      inclined row project to opposite sides of said body in an alternating
      manner.
NUM  3.
PAR  3. A hanger as defined in claim 1 wherein said frame means includes a lower
      base portion integrally connecting the lower portions of said inclined
      support columns and an upper head portion integrally connecting the upper
      portions of said columns, and an inclined end portion integrally
      connecting said base and head portions.
NUM  4.
PAR  4. A hanger as defined in claim 1 wherein said body has a lower portion
      with a generally parallelogram external configuration, and said hook
      member is formed as an integral portion of said body.
NUM  5.
PAR  5. A hanger as defined in claim 4 wherein said hook portion also has a
      generally parallelogram external configuration.
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PAL  There is disclosed an internestable storage rack for accommodating storage
      of goods, the rack having internestable attachments, and consisting of a
      series of four vertically and rectangularly oriented support posts, front
      and rear lower brace members fixedly secured to an interconnecting opposed
      support post, a pair of opposed lower cross brace members secured to the
      front and rear lower brace members to form a rigid lower assembly, a rear
      upper brace member fixedly secured to opposed support posts, a pair of
      opposed upper side brace members secured to and interconnecting opposed
      and cross oriented ones of the support posts, the rear upper brace member
      being off-set and positioned externally of the corresponding and cross
      oriented support posts, nesting means positioned on top of each of the
      vertical support posts, mating nestable means for matingly nesting with
      the nesting means, at least one pair of nestable means mounted on and
      extending downwardly from the offset and externally positioned upper rear
      brace, and stabilizing means mounted on the opposed upper side brace
      thereby to stabilize the rack when internested with other similar racks in
      a vertically offset stacking posture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of storage racks of diverse constructions are known in the art,
      and generally such racks are constructed with specific goals in mind. In
      general, the provision of storage racks has the end goal of providing a
      maximum quantum of storage space utilizing a minimum of floor area. For
      this reason, it has been deemed advisable to construct and design storage
      racks which permit vertical stacking of one rack atop the other in order
      to maximize vertical storage of materials as opposed to spreading the
      storage of materials horizontally over a warehousing space.
PAR  Another feature of known storage racks relates to the particular materials
      which are to be stored. For example, some of the storage racks developed
      in the art are specific with respect to cylindrical loads whereas others
      are specifically designed for the vertical storage of flat sheet
      materials. For example, U.S. Pat. No. 3,844,600, issued in the name of the
      assignee of the present invention, is specifically directed to a storage
      rack which accommodates the storage of large cylindrical loads, while at
      the same time permitting the rack to be transported either by way of
      conventional fork lift trucks, or by way of lifting cranes and the like.
      Hence, it will be observed that the rack has specific features which
      permit not only the transport of the subject rack, but also features which
      accommodate the vertical stacking of racks one atop the other. Similarly,
      other racks have been designed with a view toward the convenient storing
      of larger flat sheet materials such as the rack depicted in application
      Ser. No. 418,859, entitled "Improved Unitized Modular Rack for Vertical
      Storage of Flat Sheet Materials," owned by the assignee of the present
      invention. The storage rack depicted therein is constructed in a manner to
      permit the modularization of the component parts of the rack such that a
      rack of a size sufficient to accommodate only those materials to be stored
      may be constructed on the situs of the warehouse facility. In short, by
      modularizing the component parts, the operator need not have empty storage
      bins on the floor to take up useable warehouse space when there are no
      materials to store.
PAR  Still other racks which have a variety of features convenient for not only
      storing materials, but also permitting the stacking of the racks one upon
      the other is shown in U.S. Pat. No. 3,565,018, also owned by the assignee
      of the present invention. The rack depicted in this patent is of the type
      permitting the easy storage of materials on a rack having a pair of
      opposed side walls and also including a series of four truncated feet
      which nest within nesting seats in order to permit the vertical stacking
      of the racks one atop the other. The advantageous feature of the rack
      depicted in the aforementioned patent is the fact that side walls are
      foldable into a flat orientation such as to permit the easy storage of the
      rack when not in use. A variety of other similarly hinged storage racks
      are known wherein the side walls or side and front and rear walls are all
      collapsible in order to permit the storage rack to be disassembled and
      stored within a minimum amount of storage space when not in use.
PAR  With respect to those racks having collapsible side walls or front and rear
      walls, or both, such racks have generally been found to be quite useful in
      that the same may be disassembled for ease of storage. However, where
      significant loads are to be stored within the rack and the racks then
      stacked vertically, the point of the hinged interconnection of the side
      walls or front and rear walls with the base generally presents a point of
      stress which cannot take heavy loads. Hence, while one obtains the feature
      of ease of disassembling and stacking of these racks within a minimum of
      storage space, one must give up the rigidity generally attributable to
      solid racks lacking any hinged members.
PAR  As to those racks which have been developed having rigid and non-hinged
      support posts or front and rear walls, generally these racks have been
      very difficult to store since they do not lend themselves to storage
      within a minimum amount of warehousing space.
PAC  OBJECTS AND ADVANTAGES
PAR  The object of the present invention is to provide a rigid storage rack
      which eliminates any hinged members, in order to accommodate the storage
      of materials between a series of four support posts and lying on a rigid
      base, while at the same time, the rack is provided with internestable
      attachments or components thereby to permit ease of storage stacking when
      not in use to achieve the storage of the racks in a minimum amount of
      warehousing space.
PAR  A further object of the invention is to provide a storage rack formed by a
      series of four vertically and rectangularly oriented support posts, front
      and rear lower brace members fixedly secured to an interconnecting opposed
      adjacent support post, a pair of opposed lower cross brace members fixedly
      secured to an interconnecting the front and lower brace members to form a
      rigid lower assembly, a rear upper brace member fixedly secured to an
      interconnecting opposed adjacent support posts, a pair of opposed upper
      side brace members fixedly secured to an interconnecting opposed and cross
      oriented ones of the support posts, at least the upper rear brace member
      being offset and positioned externally of the corresponding opposed and
      cross oriented support posts, nesting means positioned on top of each of
      the vertical support posts, mating nestable means for matingly nesting
      with the nesting means, at least one pair of the nestable means mounted on
      and extending downwardly from the offset and externally positioned upper
      rear brace member, and stabilizing means mounted on the opposed upper side
      brace members thereby to stabilize the rack when internestable with other
      similar racks in a vertically offset stacking posture, such that the
      provision of at least one upper brace member having at least one pair of
      nestable means mounted thereon permits the rack to be internestably
      stacked atop another similar rack by matingly nesting the nestable means
      with a nesting means such that the racks will stack in a vertically offset
      orientation one with respect to the other.
PAR  In connection with the foregoing object, it is yet a further object of this
      invention to provide a storage rack of the type described wherein the
      nesting means comprises a series of four nesting cups, each of the cups
      fixedly secured on top of a corresponding support post.
PAR  In further connection with the above-noted objects and advantages, it is a
      further object to provide a storage rack of the type described wherein
      each of the opposed upper side brace members and rear brace member are
      offset and positioned externally of the corresponding opposed and cross
      oriented support posts in order to further facilitate the offset vertical
      stacking of the racks when in the internested posture.
PAR  Still a further object of this invention is to provide a storage rack of
      the type described wherein the nestable means comprises a pair of nesting
      wedge plates mounted on the upper rear brace member in horizontal
      alignment with respect to the nesting cups and extending downwardly
      therefrom such that upon the positioning of one rack upon another in
      internestable orientation, the wedge plates will nest within the
      corresponding opposed nesting cups.
PAR  In connection with the foregoing object, it is still a further object of
      this invention to provide a rack of the type described which further
      includes a pair of rest plates fixedly secured to and mounted between a
      corresponding upper side brace member and a vertical support post and
      positioned in opposed relation to said corresponding wedge plates such
      that when the rack is positioned in internestable stacking relation with
      another rack, the wedge plates nest within the nest cups of the lower rack
      to support the front of the stacked rack while the rest plates seat atop
      the opposed nest cups of the lower rack to support the rear of the stacked
      rack.
PAR  Another object of this invention is to provide a storage rack of the type
      described which accomplishes all of the foregoing objects and advantages
      but relates to an alternate embodiment and wherein the nesting means
      comprises a series of tubular members, two of the tubular members mounted
      on the interior walls of corresponding support posts and extending
      downwardly therefrom, and the remaining two tubular members mounted on the
      upper rear support brace member being offset and positioned externally of
      the corresponding opposed support post and extending downwardly therefrom,
      and the nestable means each comprising a tubular rod mounted on and
      extending upwardly from the top end of each of the support posts such that
      upon positioning of one rack upon another in internestable orientation,
      the tubular rods nest within the corresponding tubular members to effect
      an offset internestable stacking orientation of the racks.
PAR  Further features of the invention pertain to the particular arrangement of
      the elements and parts whereby the above-outlined and additional operating
      features thereof are attained.
DRWD
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof, will best be
      understood by reference to the following specification, taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a front elevational view of the rack of the present invention
      showing the internestable attachments as well as having a representative
      load positioned thereon;
PAR  FIG. 2 is a side elevational view of the subject rack shown in FIG. 1
      showing a representative load positioned therein, and showing the offset
      cross brace having the wedge plates extending downwardly therefrom;
PAR  FIG. 3 is a rear elevational view of the subject rack showing the offset
      cross braces and the nesting wedge plates extending downwardly therefrom;
PAR  FIG. 4 is a top view of the rack of the present invention illustrating the
      positioning of the nesting wedge plates, nesting cups, and rest plates
      associated therewith;
PAR  FIG. 5 is a side elevational view of two of the subject racks positioned in
      vertical stacking orientation;
PAR  FIG. 6 is a side elevational view showing a series of three of the subject
      racks positioned in vertically offset internestable stacking relationship
      for storage purposes;
PAR  FIG. 7 is a plan view, partly cut away, showing, in greater detail, the
      means by which the subject storage racks are internestable one with
      respect to the other;
PAR  FIG. 8 is a front elevational view of an alternate embodiment of the
      present invention wherein the nestable means consists of a series of
      tubular rods extending upwardly from each of the vertical support posts to
      achieve the vertically offset internestable orientation during stacking;
PAR  FIG. 9 is a side elevational view of the rack shown in FIG. 8 showing the
      combination of the nestable means consisting of tubular rods and the
      nesting means consisting of tubular members extending downwardly from the
      upper side brace members thereby to achieve the vertically offset
      internesting stacking relationship;
PAR  FIG. 10 is a top view showing the details of construction of the rack as
      depicted in FIGS. 8 and 9 of the drawings;
PAR  FIG. 11 is a side elevational view showing the stacking mode of the
      alternate form of the rack of the present invention; and
PAR  FIG. 12 is a side elevational view showing the vertically offset
      internestable stacking relationship of a series of three of such racks
      when stacked for storage purposes.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is particularly concerned with the provision of a
      solid and rigid storage rack for accommodating the storage of materials,
      the rack eliminating any hinged or pivotal members, but nevertheless,
      including internestable stacking attachments to permit ease of vertically
      offset internestable stacking when not in use thereby to conserve
      warehousing space. The rack of the present invention is provided with
      nesting means which may be formed either by a nesting cup, or by tubular
      members, and nestable means which consist of either wedge plates in
      association with the nesting cups, or tubular rods in association with the
      tubular members, at least one pair of either the nesting wedge plates, or
      tubular members, being offset with respect to the opposed cross oriented
      support posts such that the racks, when stacked, are positioned in
      vertically offset orientation in order to achieve the internestable
      stacking thereof. In this manner, a rigidly constructed rack is provided
      to accommodate the storage of heavy loads, while at the same time
      permitting such rigid racks to be internestably stacked to minimize the
      amount of warehousing space necessary in order to store such racks when
      not in use.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring now to the drawings, the internestable rack generally indicated
      by the numeral 10, is shown to be formed by a series of four vertically
      oriented support posts 12, joined at the bottom by a lower rear brace
      member 14, a lower front brace member 16, and lower cross brace members
      22. It will be observed that the lower cross brace members 22 are
      horizontally inset from the side edges of the rack thereby to provide a
      sturdy and rigid support for a load L stored thereon. The upper portion of
      the rack 10 is shown to include an upper rear brace member 18, and upper
      cross brace members 24. In the preferred embodiment, the brace members 14,
      16, 18, 22, and 24 are fixedly secured to the corresponding vertically
      oriented support posts 12 by any suitable means such as welding or the
      like. It will be observed that the end result is a very rigid and sturdy
      storage rack 10 which permits the loading and storage of a significantly
      heavier load then is permitted by a rack of the type having hinged members
      to form the sides thereof.
PAR  It will also be observed that in order to further add stability and
      rigidity to the rack, the brace members as described above as well as the
      vertical support posts 12 are formed of tubular steel. Quite obviously,
      any rigid material may be utilized for the various brace members and
      support posts, and it is considered to be merely a matter of design choice
      as to whether tubular steel or other metallic materials or indeed plastic
      materials are to be utilized.
PAR  In the embodiment illustrated in FIGS. 1 through 7 of the drawings, it will
      be observed that the upper rear brace member 18 is horizontally offset and
      positioned externally of the corresponding support post 12. This
      construction is provided by similarly offsetting the upper cross brace
      members 24 to be positioned externally of the corresponding support posts
      12 and thereby to permit the welding or other securement of the upper rear
      brace member 18 to not only the corresponding support post 12 but also to
      the outer edges of the upper cross brace members 24. This construction is
      illustrated in FIG. 4 of the drawings.
PAR  It will be observed that the upper rear brace member 18 is provided with a
      pair of nesting wedge plates 25 fixedly secured to the upper rear brace
      member 18 by any suitable means such as welding or the like, and extend
      downwardly for a distance beyond the lower edge of the rear brace member
      18. In addition, the rack 10 is provided with a pair of rest plates 27
      which are formed by triangular metallic members, fixedly secured between
      the upper cross brace members 24 and the corresponding support post 12. As
      shown in FIG. 7 of the drawings, the rest plates 27 are fixedly secured
      such as by welding or the like at a point immediately adjacent to the
      lower end of the upper cross brace members 24 and to the corresponding
      support post 12.
PAR  The top end of each of the vertical support posts 12 is provided with a
      nesting cup 30 which, in the present embodiment, takes the form of a
      substantially rectangular open cup bounded by side walls and suitably
      secured to the upper ends of the support post 12 by welding or the like.
      It will further be noted that each of the support posts 12 includes a
      tapered lower end depicted by the numeral 32 which serves the purpose of
      facilitating the stacking mode as shown in FIG. 5 of the drawings.
PAR  It will be observed that the nesting cups 30 serve the dual purpose of
      providing a nest for the tapered ends 32 of the support posts 12 when in
      the stacking mode (FIG. 5), as well as providing a nest for the wedge
      plates 25 when the racks 10 are positioned in the internesting storage
      mode, as shown in FIG. 7 of the drawings.
PAR  With respect to the internesting storage mode, it will be observed that the
      pair of wedge plates 25 secured to the upper rear brace member 18 are
      positioned within a pair of corresponding nesting cups 30 thereby to
      support the upper rear portion of the rack 10, while the rest plates 27
      are supported on the opposed pair of nesting cups 30 on a lower rack
      thereby to support the front portion of the rack 10. It will also be
      observed that by having the upper rear brace member 18 offset with respect
      to the corresponding support posts 12, the internestable storage mode for
      stacking and storing racks when not in use assumes an offset vertical
      orientation as shown in FIG. 6 of the drawings. It is therefore clear that
      by constructing the rack 10 in the manner described above, a rigid rack
      may be provided which nevertheless permits a storage mode to be achieved
      by stacking a plurality of such racks while utilizing a minimum of
      warehousing space when stored in the manner described. Hence, it is
      possible to provide a rigid storage rack for storing heavy weight
      materials thereby eliminating pivoted or hinged members while at the same
      time providing a rack which accommodates and permits ease of storage.
PAR  It will further be observed that the lower rear brace member 14, lower
      front brace member 16, and lower cross brace members 22 are positioned, as
      an assembly, a distance spaced upwardly from tapered ends 32 of the
      support posts 12. In this manner, sufficient space is provided for the use
      of any load transport vehicle such as a fork lift truck or the like.
      Additionally, and where desired, bails, hooks, or rings may be secured to
      the rack 10 as a means for adapting for crane pickup and movement.
PAR  In FIGS. 8 through 11 of the drawings, an alternate embodiment of the
      subject storage rack is illustrated. The alternate rack 50 similarly
      formed by a series of four vertical support posts 52 provided with a lower
      assembly including a lower front brace 58, lower rear brace 60, and a
      lower cross brace 56. The upper portion of the rack 50 is provided with an
      upper rear brace 62, and upper cross brace members 64 interconnected
      between opposed vertical support posts 52 respectively. The upper rear
      support brace 62 is mounted on and extends between corresponding opposed
      support posts 52, the upper cross brace members 64 extending laterally
      across the terminal ends of the rear brace member 62. The upper cross
      brace members 64 are mounted to and interconnected between the upper rear
      brace 62 and support post extension plates 65.
PAR  It will further be observed that a series of four tubular nest members 66
      are provided, two of the tubular nest members 66 being mounted along the
      inner surface of the support posts 52 and extending downwardly therefrom
      for a distance and two of the tubular nest members 66 being mounted to the
      lower surface of the upper rear support brace 62 and extending therefrom.
PAR  In addition, each of the vertical support posts 52 are provided with
      tubular rods 68 extending upwardly from the top end of the corresponding
      support posts 52, the tubular rods 68 being dimensionally sized such that
      the same will fit within the corresponding tubular nest members 66. In the
      preferred embodiment, and indeed in order to effect a functional useage of
      the racks for both stacking as well as storing purposes, the vertical
      support posts 52 are hollowed or tubular at the lower ends thereof, the
      hollow in the lower ends of the support posts 52 being dimensionally sized
      to accommodate in nesting relationship the tubular rods 68 therein. FIG.
      11 of the drawings clearly illustrates the stacking mode for the subject
      racks when in use.
PAR  FIG. 12 of the drawings illustrates the internestable storage mode for the
      alternate rack 50 and indicates the manner in which the racks 50 may be
      stored one atop the other. In this connection, it will now be apparent
      that in order to accomplish a vertically offset internestable stoage mode,
      the tubular nest member 66 must be vertically offset with respect to the
      corresponding vertical support post 52. It will be observed that the four
      tubular nest members 66 are positioned on the next adjacent rack such that
      the tubular rods 68 to the support rack positioned below nest within the
      tubular nest member 66 of the supported or stacked rack thereby to permit
      an internestable storage mode wherein the racks are vertically offset one
      with respect to the other.
PAR  The principal advantage achieved by the construction of the alternate form
      of rack 50 as opposed to the rack as shown and described in FIGS. 1
      through 7 of the drawings may be observed by comparing FIGS. 6 and 12 of
      the drawings. It will be noted that the internested storage mode for the
      rack 10, a gap depicted by the numeral 70 exists between each of the
      adjacent racks. Alternatively, the construction of the alternate rack 50
      is such that when the racks are positioned in the internestable storage
      mode in vertically offset orientation the racks fit such that the vertical
      support posts 52 of each adjacent rack are flush with the next adjacent
      rack. In this manner, this type of rack will fit more easily into critical
      spaces which often times is a requirement for the shipment of such racks
      in vehicles such as street trucks or vans.
PAR  It will be appreciated from the above description that various alternative
      embodiments may be designed which accomplish the similar purpose.
      Generally, any design may be utilized wherein the nesting attachments for
      the rack are positioned offset with respect to the corresponding vertical
      support posts such that when the racks are internestably stored, a
      vertically offset storage mode is achieved. Hence, a hook and rod
      arrangement could be utilized, as well as various other types of nesting
      elements. It will be appreciated that the present invention provides a
      rigid and sturdy storage rack which may accommodate storage of heavy loads
      by eliminating any pivoted or hinged members associated with the rack,
      while at the same time, including nesting attachments which permit the
      internestable storage of a plurality of such racks in the minimum amount
      of warehousing space. In addition, the racks of the present invention
      provide not only a sturdy lower assembly to support a load, but also
      provide a sturdy and rigid upper brace assembly in order to minimize and
      resist forces tending to deflect the posts out of coupling or stacking
      engagement. This is an important design feature when it is considered that
      each of the racks may be loaded with a load L of heavy materials and one
      rack stacked vertically upon another similarly loaded rack. Hence, these
      as well as other advantages are provided by a rack designed in accordance
      with the description as set forth above. It is, therefore, appreciated
      that all of the objects and advantages have been accomplished by means of
      the storage racks depicted herein and the various embodiments thereof to
      provide a compact but rigid and internestable storage rack.
PAR  While there has been described what is at present considered to be the
      preferred embodiments of the invention, it will be understood that various
      modifications may be made therein and it is intended to cover in the
      appended claims all such modifications as fall within the true spirit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rigid internestable storage rack for accommodating the storage of
      heavy loads positioned in horizontal orientation, said rack being further
      adapted for transport by conventional transport vehicles such as fork lift
      trucks and the like, the combination comprising,
PA1  a series of four vertically and rectangularly oriented support posts,
PA1  front and rear lower brace members fixedly secured to and interconnecting
      opposed adjacent support posts,
PA1  a pair of opposed lower cross brace members fixedly secured to and
      interconnecting said front and rear lower brace members thereby to form a
      rigid lower assembly for said rack,
PA1  an upper rear brace member fixedly secured to and interconnecting opposed
      adjacent support posts,
PA1  a pair of opposed upper cross brace members fixedly secured to and
      interconnecting opposed and cross oriented ones of said support posts.
PA1  at least said upper rear brace member being offset and positioned
      externally of said corresponding opposed and cross oriented support posts,
PA1  nesting means positioned on top of each of said vertical support posts,
PA1  mating nestable means for matingly nesting with said nesting means, at
      least one pair of said nestable means mounted on and extending downwardly
      from said offset and externally positioned upper rear brace member.
PA1  and stabilizing means mounted on the upper portion of said rack in opposed
      relation to said nestable means thereby to stabilize said rack when
      internested with other similar racks in a vertically offset stacking
      posture.
PA1  whereby the provision of at least one upper brace member having at least
      one pair of said nestable means mounted thereon permits said rack to be
      internestably stacked atop another similar rack by matingly nesting said
      nestable means with said nesting means such that said racks will stack in
      vertically offset orientation one with respect to the other.
NUM  2.
PAR  2. The storage rack as set forth in claim 1 above, wherein said lower cross
      brace members are each horizontally and inwardly offset with respect to
      the corresponding support post.
NUM  3.
PAR  3. The storage rack as set forth in claim 1 above, wherein each of said
      opposed upper side brace members are offset and positioned externally of
      said corresponding opposed and cross oriented support posts and wherein
      each is fixedly secured to said corresponding support posts and rear upper
      brace members, and said upper rear brace member is horizontally offset and
      positioned externally of said corresponding support posts.
NUM  4.
PAR  4. The storage rack as set forth in claim 1 above, wherein said nesting
      means comprises a series of four nesting cups, each of said cups fixedly
      secured atop a corresponding support post.
NUM  5.
PAR  5. The storage rack as set forth in claim 4 above, wherein each of said
      nesting cups is rectangular in configuration.
NUM  6.
PAR  6. The storage rack as set forth in claim 4 above, wherein said nestable
      means comprises a pair of nesting wedge plates mounted on said upper rear
      brace member in horizontal alignment with said nesting cups and extending
      downwardly therefrom such that upon the positioning of one rack upon
      another in internestable orientation, said wedge plates nest within the
      corresponding opposed nesting cups.
NUM  7.
PAR  7. The storage rack as set forth in claim 6, above, wherein said
      stabilizing means comprises a pair of rest plates fixedly secured to and
      mounted between a corresponding upper side brace member and vertical
      support posts, and positioned in opposed relation to said corresponding
      wedge plates such that when said racks are positioned in internestable
      stacking relation, said wedge plates nest within the nest cups of a lower
      rack to support the rear of the stacked rack while said rest plates seat
      atop the opposed nest cups of the lower rack to support the front of the
      stacked rack.
NUM  8.
PAR  8. The storage rack as set forth in claim 1 above, wherein said nestable
      means comprises a series of four tubular members, two of said tubular
      members mounted on opposed vertical support posts internally thereof and
      extending downwardly therefrom, and the remaining two of said tubular
      members mounted on said upper rear support member and extending downwardly
      therefrom.
NUM  9.
PAR  9. The storage rack as set forth in claim 8 above, wherein said nesting
      means each comprises a tubular rod mounted on and extending upwardly from
      the top end of each of said support posts such that upon positioning of
      one rack upon another in internestable orientation, said tubular rods nest
      within the corresponding tubular members to effect an offset internestable
      stacking orientation of said racks.
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ABST
PAL  A device for lifting cables to an overhead structure is disclosed. The
      device includes an A-frame jib pivotally supported through a pair of yoked
      clevises on an elongated shaft fixed to a base clamping member. The
      uppermost section of the jib includes a head assembly having a stationary
      shaft to which a pulley is rotatably mounted and a bifurcated purchase is
      pivotally mounted. A hoist is hung from the purchase for lifting cables to
      the overhead structure. An adjustable guy line or boom hoist cable is
      secured at one end of the head assembly and at the other end to the
      overhead structure. Any adjustment made to the boom hoist caable will be
      reflected by a corresponding pivotal movement of the jib about its yoked
      clevis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field
PAR  This invention is directed generally to a hoisting device and particularly
      to a device for hoisting cables overhead.
PAR  2. State of the Art
PAR  Prior art devices such as those shown in U.S. Pat. Nos. 898,010; 2,130,464;
      2,553,779 and 2,951,596 are representative of the devices and techniques
      heretofore employed in placing cables on an overhead structure. In each
      instance, the devices employed are specifically designed for lifting
      cables; however, they are generally incapable of positioning the lifted
      cable at a particular point of placement on the overhead structure.
PAR  Further, the devices shown in the above patents have limited capabilities
      of redistributing the forces encountered during the lifting process,
      particularly when the angle of the jib or boom is altered. As a result,
      the devices have limited application in raising or lifting heavy loads. In
      those instances where the devices are designed to handle heavy loads, they
      are from a structural standpoint, very large and cumbersome and as a
      result cannot be readily transported and used in areas where vehicular
      movement is restricted.
PAR  To overcome the above shortcomings, it is a primary object of this
      invention to provide a hoisting device which is portable and which is
      capable of being used in areas which would normally be inaccessible.
      Another object of this invention is to provide a hoisting device which is
      structurally sound and operationally safe. Still another object of this
      invention is to provide a hoisting device which is capable of lifting up
      to forty times its own weight. Another object of this invention is to
      provide a hoisting device which can lift and move cables in both a
      vertical and a horizontal plane. A final object of this invention is to
      provide a device capable of transferring lifting forces to the base of the
      jib over a broad range of angular positions.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of this invention are achieved by the lifting
      device hereinafter described. The device of this invention comprises
      broadly a base clamping member adapted for attachment to an overhead
      structure, a jib pivotally supported to the base clamping member and a
      head assembly fixed to the top section of the jib. The head assembly is
      adapted to include a stationary shaft to which a purchase is journaled for
      pivotal movement. To achieve lifting, a hoist is hung from the head
      assembly and an adjustable boom hoist cable is secured at one of its ends
      to the top of the jib and secured at the other end to the overhead
      structure. The cable to be lifted is attached to the hoist and raised in a
      vertical plane to an elevation higher than the point of placement. The
      cable is then moved in a substantially horizontal plane to a point
      directly above the point of placement by adjustment of the boom hoist
      cable. The cable is then lowered into position by manipulation of the
      hoisting mechanism.
PAR  More specifically, the lifting device of this invention includes a base
      member having an elongated shaft and an "A" frame shaped jib pivotally
      carried on the elongated shaft by means of a pair of yoked clevises fixed
      to and extending downward from the legs of the jib. A head assembly is
      attached to the upper end of the jib which includes a stationary shaft to
      which a pulley is rotatably mounted and a bifurcated purchase is pivotally
      mounted. An arcuate, overhead, U-shaped member or crown bow is welded at
      its ends to sleeves circumscribing the ends of the stationary shaft. This
      member reinforces the jib point, forms a gusset to stiffen the A-frame and
      provides a handle for maneuvering the jib. To prevent the yoked clevis
      from slipping off the elongated shaft during use, keeper pins are provided
      to pass through openings in the end section of the yoked clevis
      encompassing the elongated shaft and thereby secure the jib to the
      stationary shaft without interfering with the jib's pivotal movement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a three dimensional view of the cable lifting device of this
      invention operatively mounted to the top of a ski lift tower;
PAR  FIG. 2 is a side elevation of the cable lifting device shown in FIG. 1;
PAR  FIG. 3 is a front elevation of the head assembly taken along line 3--3 of
      FIG. 2;
PAR  FIG. 4 is a front elevation of the base clamping member taken along line
      4--4 of FIG. 2;
PAR  FIG. 5 is a side cross section of the head assembly taken along line 5--5
      of FIG. 3;
PAR  FIG. 6 is a partial side cross section of the base member taken along line
      6--6 of FIG. 4;
PAR  FIG. 7 is a partial side cross section taken along line 7--7 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the cable lifting device of this invention includes a
      base clamping member 10 fixed to an overhead structure 12. Although the
      overhead structure can be used to support any type of line or cable such
      as telephone or power lines, the tower shown in the drawing is one
      specifically designed to support an extended overhead cable 14 such as
      those found on most conventional ski lifts. As shown, the cable is
      slideably carried on a series of pulleys 16. Chairs in turn are hung from
      the cable by suitable attachments. The cable and chair lifts are moved by
      a power source located at or near the base of the ski lift.
PAR  A jib 18 is pivotally supported at or near its lower end section 20 to a
      base clamping member 10. A head assembly 22 is fixed to the top section of
      the jib. A hoist 24 is hung from the head assembly which, upon
      manipulation, can be lowered to receive a cable 14 and to vertically lift
      the cable to an elevation higher than the point of placement which, as
      shown in the illustration depicted in FIG. 1, is the pulleys 16 rotatably
      mounted to the overhead structure 12. A boom hoist cable 26 having a
      ratchet assembly 28 is secured at one of its ends to the head assembly 22
      and the other end to an overhead structure by means of a chain 30. The
      main component parts of the device of this invention, namely, the jib 18,
      the overhead assembly 22 and the base support member 20, will now be
      considered in more specific detail.
PAC  Jib
PAR  Referring now to FIGS. 2-7, inclusive, it can be seen that the jib 18 is
      pivotally supported on an elongated shaft 34 of the base member 20 by
      means of a yoked clevis or a forked member 36a and 36b. The yoked clevises
      are attached to each flattened or squeezed end 49a and 49b of legs 38 and
      40, respectively, of the A-frame jib 18 through reinforced gussets or
      connecting members 37a and 37c and intermediate member 49b. A threaded
      keeper pin 42 is carried in openings 43a and 43b in each of the yoked
      clevises 36a and 36b to prevent the jib from inadvertently slipping out of
      engagement from the base support member. As indicated above, one end of
      the pin is threaded and screwed into a fixed nut 41a and 41b which is
      mounted to the side of each yoked clevis in alignment with openings 43a
      and 43b. A ring 42a is attached to each threaded keeper pin to facilitate
      injection and removal thereof. The legs 38 and 40 of the jib 18 are
      structurally supported by cross members 44 and 46, respectively. (See FIG.
      1.) Vertical structural support of the leg members 38 and 40 is achieved
      by the use of welded sleeves 47a, 47b, 47c and 47d to which the cross
      members 44 and 46 are welded.
PAC  Head Assembly
PAR  At or near the top of the jib 18 a head assembly 22 shown best in FIGS. 3
      and 5, is attached through end sleeves 50a and 50b circumscribing the end
      sections of a stationary shaft 45. More specifically, the head assembly
      includes a threaded stationary shaft 45 which is fixed to the head
      assembly 22 by means of staked nuts 45b and 45c. About shaft 45 are two
      end sleeves 50a and 50b to which the legs 38 and 40 are welded via
      connecting plate gussets 53a and 53b. To add additional structural
      stability to the head assembly, a U-shaped, arcuate, overhead reinforcing
      member comprising a pair of steel rods 48a and 48b curved to form a
      U-shape are welded near their ends to sleeves 50a and 50b and welded
      together at or near their top 51. The ends of the U-shaped members (just
      below the sleeve weld) are bent inwardly to form a double pair of eyelets
      52a and 52b, respectively. (See FIGS. 2 and 3.)
PAR  A pulley or sheave 60 is rotatably and centrally mounted through its hub on
      the shaft 45. In addition, a bifurcated, dual U-shaped, self equalizing
      purchase designated by numerals 62a and 62b is mounted on a sleeve 61
      intermediate end sleeves 50a and 50b for pivotal movement on shaft 45.
      Preferably, the bifurcated dual purchase will be mounted such that it can
      form an angle of between about 20.degree. and 80.degree. . The purchase is
      structurally reinforced by cross member 64. The dimensions of the pulley
      60 and the depth of the U-shaped purchase 62a and 62b is such that the
      pulley is free to rotate therebetween. In some cases, each loop of the
      dual purchase 62a and 62b can be fitted with hoists to complement the
      lifting process or to transfer loads from one hoist to another.
PAR  Attached to and hanging from one of the bifurcated purchase ends 62a is a
      conventional hoist 24 in combination with a conventional hook snatch block
      64. (See FIG. 2.) The hoist is operated by a lever 66 which manipulates a
      conventional gear, pawl and dog (not shown) operatively connected within
      the casing 23 of the hoist shown. The cable is raised through the hook
      snatch block 64 by a chocker hook 68 which may be attached thereto. The
      forces generated by the hoist 24 during vertical lifting are redirected to
      the legs 38 and 40 of the jib 18 by means of a boom hoist cable 26 which
      is secured at one end to one of the eyelets 52a of the head assembly 22
      run through the block 31 and back to the head assembly and secured to the
      second of the two eyelets 52a. The cable passing through block 31 provides
      a first line 95 and a second or return line 96. The second set of eyelets
      52b would be used in the same manner as the eyelets 52a if a cable was to
      be lifted on the other side of the tower. Interposed in the boom hoist
      cable is a ratchet assembly 28 which is manually manipulated through a
      handle 70. Manipulation of this handle will either tighten or loosen the
      boom hoist cable 26 as may be desired. The ratchet 28 is of conventional
      design and includes a gear, pawl and dog (not clearly visible) in
      cooperative working combination.
PAC  Base Support Member
PAR  The base support member shown generally by numeral 20 includes a base
      channel member 88 and an elongated stationary shaft 34. The elongated
      shaft 34 is carried within the channel member by annular end connecting
      sleeves 68a and 68b and an intermediate connecting sleeve 89 fastened to
      the bottom wall of the channel member 88 as by pins or welds. A pair of
      overhead support spans 74a and 74b are welded to the bottom or floor of
      the channel member 88 adjacent to the annular end sleeves 68a and 68b.
      Additional structural support is provided by vertically mounted U-shaped
      rods 76a and 76b welded to the outside side walls of channel member 88.
      The U-shaped rods also provide grasp handles to facilitate handling during
      installation. A centrally located rectangular shaped support member 77 is
      welded to the base channel 88 and maintained centered to the intermediate
      sleeve 89 by a pin or bolt 89a. The supporting spans 74a and 74b are
      centrally fastened to the upper section of the rectangular support member
      77 by welds.
PAR  A pair of reinforced connecting members 86a and 86b are slideably hung by
      their internally hooked end sections 97a and 97b from the upright side
      walls or flanges of the channel member 88. The hooked end sections are
      bent in a manner such that the reinforced connecting member can be slid
      along the channel member 88 and thereby allow for lateral adjustment
      (shown in phantom in FIG. 4) of the clamping assembly. This feature will
      permit the clamping assembly to be adjusted and thereby accommodate most
      overhead support structures.
PAR  A pair of clamping bars 80a and 80b are slideably carried within a pair of
      clamp bar boxes 87a and 87b which in turn are connected to the lower
      section of the reinforced connecting members 86a and 86b by threaded studs
      82a and 82b and nuts 84a, 84b, 85a and 85b. The clamp bar boxes 87a and
      87b are covered by bent washers 81a and 81b welded thereto. Nuts 85a and
      85b are carried within the reinforced connecting members 86a and 86b,
      respectively. Turning of the nuts 84a and 84b will vertically raise or
      lower the clamping bars 80a and 80b, as may be required whenever the base
      member 20 is clamped to the overhead support structure. In operation the
      threaded studs 82a and 82b are rotated so that their ends rest against the
      base of channel member 88 and thereby functions much like a set screw.
      This procedure tends to stabilize the reinforced connecting members 86a
      and 86b with the base channel member 88. To facilitate lateral movement of
      the clamping bars 80a and 80b, a cable or ring 97 is looped through
      openings in the ends of each bar. In addition, a safety chain 94 is
      provided to pass through an eyelet 92 vertically mounted to the top of the
      channel member 88 for attachment around the overhead structure 12 when the
      device is in operation.
PAC  Operation
PAR  In utilizing the device of this invention, the base clamping member is
      lifted to an overhead structure and clamped thereto by positioning the
      reinforced connecting members 86a and 86b about a beam of the overhead
      structure and tightening the clamping bar 80a and 80b by rotation of stud
      nuts 84a and 84b. After the clamping member has been securely fastened to
      the overhead structure, the jib is lifted and connected to the base
      support member through placement of the yoked clevises 36a and 36b about
      the ends of the elongated shaft 34 fastened to the base support member.
      Keeper pins 42 are then passed through the openings 43a in the bottom
      portion of the yoked clevis and screwed into the mounted nut 41a and 41b.
      The jib is positioned at an angle of preferably about 20.degree. to
      35.degree. from vertical. The boom hoist cables 22 are then secured at one
      end to the head assembly of the jib and at the other end by means of a
      chain 30 and block 31 to the overhead structure.
PAR  After the lifting device has been securely positioned on the overhead
      structure, the sheave or pulley 60 rotatably carried on the head assembly
      may be utilized to lift the hoist 24 for attachment to the purchase 62 as
      shown in FIG. 2. The sheave or pulley 60 may also be used to hoist light
      loads from the ground in conjunction with conventional lifting means,
      i.e., block and tackle, hoists or power equipment. The same equipment may
      also be used for lowering loads from the overhead structure to the ground.
      With the hoist now in position, the handle 66 is manipulated so that the
      chocker hook 68 is lowered to receive and lift the cable 14 overhead.
      After the cable has been placed on the chocker hook, the hoist again is
      manipulated to raise the cable overhead to a point where it is at an
      elevation slightly above the point of placement. At this point the boom
      hoist cable 26 is tightened through ratchet 28. During tightening of the
      boom hoist cable 22, the jib 18 is moved from, for example, a 30.degree.
      position to possibly a 20.degree. position, thereby moving the lifted
      cable in a substantially horizontal plane directly above the point of
      placement. When this has been accomplished, the hoist 24 is then
      manipulated through handle 66 to lower the cable on the desired point of
      placement which, as shown in FIG. 1, would be the pulley 16. When the
      cable has been properly positioned, the chocker hook is removed from the
      cable and lowered to the ground. If necessary, that is, if a second cable
      is to be lifted, the action hereinabove described is repeated. If a cable
      is to be removed from the pulleys 16, the above sequence is, of course,
      reversed, permitting the cable to be lowered to the ground.
PAR  Although the operational procedures just described pertain to the lifting
      of cables for use on ski lifts, it should be apparent that cables or lines
      used in power or telephone installations may be lifted or lowered in like
      fashion. In fact, the device of this invention, with possibly minor
      modifications, could be used in a variety of other related lifting
      operations.
PAR  While the invention has been described with reference to specific
      embodiments, it should be understood that changes may be made by one
      skilled in the art and would not thereby depart from the spirit and scope
      of this invention which is limited only by the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable device for lifting cable to an overhead structure comprising:
PA1  a laterally adjustable base clamping member having a means for attached and
      securing same to an overhead structure,
PA1  an A-frame jib pivotally mounted on said base clamping member,
PA1  hoist means for detachable connection to said cables,
PA1  means detachably connected between said overhead structure and said jib for
      adjusting the degree of pivot of said jib with respect to said base
      clamping member, and
PA1  a head assembly fixed to the upper end of said "A" frame jib, said head
      assembly including a stationary shaft, a rigid, unitary, bifurcated
      purchase element with separate loop ends, each arranged to suspend a said
      hoist means, and connected by a central member which is journaled for
      pivotal movement on said stationary shaft, a crown bow fixed at or near
      the ends of said stationary shaft, and a pulley rotatably mounted on said
      stationary shaft and straddled by said bifurcated purchase element,
      whereby separate hoist means may be suspended from said separate loop
      ends.
NUM  2.
PAR  2. The cable lifting device of claim 1 wherein said bifurcated purchase
      forms an angle therebetween of between 20.degree. and 80.degree..
NUM  3.
PAR  3. The cable lifting device of claim 1 wherein said crown bow has eyelets
      extending downward from the point of attachment to said shaft.
NUM  4.
PAR  4. The cable lifting device of claim 1 wherein said purchase includes a
      hoist hung therefrom.
NUM  5.
PAR  5. The cable lifting device of claim 4 wherein said head assembly includes
      an adjustable boom hoist cable connected at one end thereto.
NUM  6.
PAR  6. A cable lifting device comprising:
PA1  an adjustable base clamping member which includes a top elongated shaft, a
      bottom elongated shaft and a pair of spaced-apart, laterally slidable,
      vertical connecting members for raising and lowering said bottom elongated
      shaft,
PA1  an A-frame jib pivotally supported on said elongated shaft by means of a
      yoked clevis fixed to and extending downwardly from each leg of said
      A-frame jib,
PA1  a head assembly fixed to the upper end of said A-frame jib, said head
      assembly including a stationary shaft, a rigid, unitary bifurcated
      purchase element with separate loop ends, each arranged to suspend a said
      hoist means, and connected by a central member which is journaled for
      pivotal movement on said stationary shaft, a crown bow fixed at or near
      the ends of said stationary shaft, and a pulley rotatably mounted on said
      stationary shaft and straddled by said bifurcated purchase element, and a
      crown bow fixed at its ends to sleeves encircling the ends of said
      stationary shaft, whereby separate hoist means may be suspended from said
      separate loop ends, and
PA1  removable pins passing through openings in each of said yoked clevis for
      securing said jib to said elongated shaft without hindering its pivotal
      movement.
NUM  7.
PAR  7. The cable lifting device of claim 1 wherein the laterally adjustable
      base clamping member includes a pair of spaced-apart longitudinal clamping
      bars and a pair of spaced-apart laterally slidable, vertically adjustable
      connecting bars for raising and lowering one of said longitudinal clamping
      bars.
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ABST
PAL  A variable centers rope suspension system for a gantry crane including a
      pair of trolleys mounted on the crane and interconnected by a frame which
      reciprocates the trolleys with respect to each other. The trolleys are
      moved synchronously along the gantry through the drive cables being
      connected to the frame.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 77,584 filed on Oct. 2, 1970
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to anti-sway devices for inhibiting and
      arresting sway of a suspended load and more particularly it relates to a
      variable centers rope suspension system for a gantry crane. The invention
      is particularly adapted to large dockside cranes used to load and unload
      standardized cargo containers.
PAR  A problem associated with the handling of cargo by large cranes is sway of
      the load as the load is moved between its pickup point and its deposition
      point. Due to the length of the ropes supporting the load, and the
      distance and speed with which the load must be moved to obtain the maximum
      utilization of the crane, the load experiences pendulum motion due to the
      combined action of the horizontal acceleration and deceleration forces
      acting on the inertia of the load.
PAR  It is necessary to accurately position the suspended load for deposition,
      and to effect this it is very important to be able to stop the horizontal
      movement of the load and accurately place and release the load in the
      shortest possible time in order to reduce the cycle time of the crane in
      effecting the transfer of each cargo container.
PAR  In a crane suspending a load from a high gantry, inhibiting sway of the
      load is very difficult. The load is suspended from long ropes, and the
      amplitude of sway is likewise greatly increased. Since a large crane is a
      very expensive item to both acquire and operate, it therefore is very
      important to obtain maximum efficiency and utilization of the crane. To do
      this, it is necessary to pick up and move the load as fast as possible
      from its pickup point to its point of deposition. Increasing the movement
      speed over the same length of travel intensifies the sway problem since
      larger horizontal acceleration and deceleration rates are produced and
      these are the primary causative factors inducing sway in a load.
PAR  In the very large and expensive container cranes now being utilized, where
      the gantry is typically 75 to 80 feet above the dock area, a need exists
      for an anti-sway device for high lift cranes which can increase the
      handling capacity of the crane by decreasing the cycle time of moving a
      container between the load pickup and deposition points. This can be most
      effectively achieved by reducing the sway of the load while it is being
      handled by the crane to minimize the time required to accurately position
      the load for set down and release.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Many types of methods and devices have been considered for the arresting or
      inhibiting of sway or pendulum motion of suspended loads. One such device
      which considers the problems involved is disclosed in U.S. Pat. No.
      3,375,938 for ANTI-SWAY DEVICE by G. H. Crittenden, et al., issued Apr. 2,
      1968, to applicant's assignee. However the device of the referenced patent
      relates to a relatively short lift suspension system having relatively
      short suspension cables.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a variable centers rope suspension system for an
      overhead traveling crane. It is designed to arrest or inhibit the swaying
      motion of a suspended load and to reduce the time necessary for locating
      and setting the load at its deposition point. Because of the high degree
      of control provided by the invention, it is particularly useful in loading
      and unloading containerized cargo.
PAR  In brief, the present invention includes a crane structure supporting a
      gantry having a pair of trolley rails mounted thereon. At least one
      trolley is mounted on the rails and a load engaging means is suspended
      from the trolley by reeving depending from sheaves mounted on the trolley.
      Means are provided for moving the sheaves apart a selected distance to
      angulate the reeving with respect to the loader engaging means, and means
      are provided for moving the trolley along the gantry rails to transport a
      load between its pickup and deposition areas. The dampening of sway in the
      load is accomplished by a "fleet-through" reeving arrangement and without
      the necessity of mounting the hoisting drums on movable trolleys.
      Moreover, the present invention coordinates the movements of the trolleys
      with reference to a single load point and prevents rocking movement of the
      load about a horizontal axis -- a point of special importance in the
      handling of containerized cargo.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an important object of the present invention to provide a
      variable centers rope suspension system for inhibiting and arresting
      pendulum motion of a suspended load.
PAR  It is another object of the present invention to provide an anti-sway
      device for a crane which permits the load to be moved with great
      horizontal speed and large acceleration and deceleration rates and quickly
      and accurately located over the deposition point.
PAR  It is a further object of the present invention to provide an anti-sway
      device for a crane which is adaptable to cranes having very large lift
      heights.
PAR  It is yet another object of the present invention to provide an anti-sway
      device for a crane which permits the load to be lowered into a deep
      shipboard cell without interference of the suspension cables with the cell
      guides.
PAR  It is yet a further object of the present invention to provide an anti-sway
      device for a crane which can be operated concurrently with the movement of
      the load between it pickup and deposition points.
PAR  It is still another object of the present invention to provide an anti-sway
      device for a crane which arrests pendulum motion in both directions of the
      sway and rotational sway around a horizontal, as well as, a vertical axis.
PAR  It is still a further object of the present invention to provide an
      anti-sway device which operates continually during raising and lowering of
      the load.
PAR  And it is yet another object of the present invention to provide an
      anti-sway device for a crane which includes a new method of arresting
      pendulum motion of a suspended load.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      when the variable centers rope suspension system is considered in
      conjunction with the accompanying drawings of which:
PAR  FIG. 1 is a side elevation of a typical gantry crane employing the present
      invention;
PAR  FIG. 2 is a plan view of the trolley and frame arrangement of the present
      invention;
PAR  FIG. 3 is an end elevation of the trolley and frame arrangement and a
      suspended load as viewed along the gantry rails of the crane;
PAR  FIG. 4 is a plan view of the trolley and frame and lifting spreader showing
      the reeving arrangement;
PAR  FIG. 5 is a side elevation showing the reeving arrangement with the
      trolleys spaced apart a selected distance;
PAR  FIG. 6 is an end elevation showing the reeving with the trolleys moved
      together;
PAR  FIG. 7 is a schematic of the reeving of the trolleys and lifting spreader
      of the present invention; and
PAR  FIG. 8 is a schematic of the reeving of the drive for the trolleys on the
      gantry.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is made to the drawings for a description of the preferred
      embodiment of the invention wherein like reference numbers represent like
      elements on corresponding views.
PAR  The present invention is a rope suspension system for an overhead traveling
      crane. FIG. 1 of the drawings shows a crane structure 21 supporting a
      gantry 23, which has trolley rails 25 thereon and which extend along both
      the boom portion 27 as well as the fixed portion 29 of the gantry. The
      crane itself is also mounted on rails 31 whereby it can be moved along the
      dock 33. The supporting structure of the crane is so arranged that a
      trolley 35 mounted on the gantry can move from one end of the gantry to
      the other and carry a suspended load 37 thereunder without the load
      physically interfering with the crane supporting structure.
PAR  A trolley 35 is mounted on the gantry rails and is movable therealong. In
      the preferred embodiment, the trolley actually comprises a pair of
      trolleys 39, 41 having means for moving said trolleys apart a selected
      distance. A means is provided which interconnects the trolleys and
      includes a frame 43 having sliding connections with each of the trolleys.
PAR  The means for moving the trolleys apart includes at least one carriage
      screw 45 driven by a motor 47 mounted on the frame. The carriage screw
      includes a right hand threaded portion engaging one of the trolleys and a
      left handed threaded portion engaging the other of the trolleys whereby as
      the carriage screw is rotated in one direction or the other the trolleys
      are reciprocated with respect to the frame and to each other.
PAR  In the preferred embodiment, the trolleys are generally rectangular and
      have wheels 49 mounted at the ends thereof which engage the gantry rails
      25. This can be seen most clearly in FIGS. 2-4 of the drawings. The frame
      is shown in FIG. 2 as having longitudinal side beams 51 and
      interconnecting cross braces 53. The frame is carried on the trolleys by
      means of sliding connections which includes side 55, bottom 57, and, if
      necessary, top rollers (not shown) mounted on the trolleys within which
      the longitudinal side beams 51 of the frame reciprocate.
PAR  A motor 47 is mounted on the middle cross-brace 61 of the frame and
      includes a pair of drive shafts 63 which rotate differential gear
      transmissions 65. The gear transmissions drive carriage screws 45 which
      engage the trolleys through a threaded flange 67 secured to the trolleys.
      The outside ends of the carriage screws are mounted in bearing blocks 69
      mounted on the frame. The carriage screws on opposite sides of the
      differential housings have opposite threads whereby as the motor is turned
      in one direction or the other the trolleys will reciprocate and move
      toward or away from each other. Limit switches are provided whereby as the
      trolleys reach their furthest extension or closest approach, the motor is
      automatically shut down to prevent any damage to the reciprocating drive
      system.
PAR  It is obvious that the frame 43 and drive screws 45, or any other drive
      means, could be fixed to one of the trolleys whereby that trolley is
      dominant and the other trolley acts as a movable outrigger with respect to
      the dominant one.
PAR  Load engaging means in the form of a lifting spreader 71 quick change
      headblock is suspended from the trolley 35 by reeving depending from
      sheaves mounted on the individual trolleys and engaging sheaves mounted on
      the headblock. The quick change headblock can be attached to different
      length lifting spreaders or to a lifting beam to permit different sizes of
      cargo containers to be handled as well as other types of loads. Of course,
      the sheaves could be mounted directly on the spreader if versatility in
      load handling is not required.
PAR  The reeving includes at least two sets of sheaves 73, 75, 77, 79 spaced
      apart on each of the trolleys and at least two sheaves 81, 83 mounted
      proximate each end of the headblock. In the preferred embodiment, the two
      sets of sheaves on the trolleys are each located in the corners of the
      trolleys proximate the gantry rails and proximate the adjacent edges of
      the two trolleys. Reference is made to FIGS. 2 and 4 which show the
      particular trolley and lifting spreader headlock sheave arrangements
      wherein the first pair of sheaves 73 of the first or left hand trolley 39
      is located closer to the rails 25 than the second set of corresponding
      sheaves 77 on the other or second trolley at the proximate or first ends
      of said trolleys. A similar staggering of the sheaves is provided for the
      other or third and fourth sets of sheaves 75, 79 at the other
      corresponding or second ends of the trolleys. The sets of sheaves 81, 83
      at the ends of the lifting spreader headblock are coaxially mounted at the
      longitudinal lift center of the headblock. It is of course obvious that
      other positioning of the sheaves on either the trolley or the headblock
      can also perform the present invention.
PAR  One wire rope is reeved from each of the sets of sheaves on each of the
      trolleys through at least one corresponding sheave disposed at the end of
      the headblock proximate or corresponding to the set of sheaves the wire
      rope is reeved from. In the preferred embodiment, this is effected by a
      first wire rope 85 being reeved from a first wire rope drum 87 outward
      along the gantry and over a first trolley sheave 89 in the first set of
      sheaves 73 on the left trolley 39 and down to the lifting spreader
      headblock 71, through a first load sheave of the sheaves 91 coaxially
      mounted in the pair of sheaves 81 at the first end of the spreader
      headblock proximate the first set of trolley sheaves 73 the wire rope is
      reeved from, back up over the other or second trolley sheave 93 of the
      first set of sheaves 73 on the trolley the rope is reeved from, the first
      trolley, and then outward until it is deadended 95 with an adjustable
      connection 97 at the end of the gantry. A second wire rope 99 is reeved
      outward along the gantry from the same or first wire rope drum 87 and over
      a third trolley sheave 101, one of the sheaves on the other or second
      trolley 41 in the set of sheaves at the first end corresponding to the
      first end of the first trolley, down through the other load sheave or
      second coaxially mounted sheave 103 of the pair of sheaves 81 at the first
      end of the spreader headblock, corresponding to the first ends of the
      first and second trolleys, and proximate the set of trolley sheaves 77 the
      wire rope is reeved from, and back up over a fourth trolley sheave 105 or
      the other sheave of the set of trolley sheaves (77) on the second trolley,
      and outboard to the end of the gantry where it is adjustably deadended
      107.
PAR  The same wire rope reeving arrangement from a second wire rope drum 109
      occurs at the other or second ends of the first and second trolleys for
      supporting the other or second end of the lifting spreader headblock.
PAR  To prevent or arrest rocking of the load about the coaxially mounted
      headblock sheaves, the reeving for suspending the lifting spreader can
      also include at least one middle set of sheaves 111, 113 on each of the
      trolleys and at least a pair of sheaves 115, 117 disposed midway from the
      ends of the spreader headblock with a wire rope reeved from each of the
      sets of the sheaves on the trolleys through at least one of the sheaves
      disposed midway between the ends of the headblock. In the preferred
      embodiment, this reeving includes a pair of staggered trolley sheaves 111,
      113 mounted generally in the middle of each of the trolleys and two load
      sheaves 115, 117 mounted midway from the ends of the spreader headblock
      and turned 90.degree. with respect to the sheaves on the trolleys. A third
      wire rope 119 is reeved from a third wire rope drum 121 over a fifth
      trolley sheave 123 located on the first trolley closer to the removed edge
      125 of the first trolley, down around a third load sheave 115 on the side
      of the spreader headblock corresponding to the first or left trolley, back
      up and over a sixth trolley sheave 127 mounted on the first trolley closer
      to the edge 129 of the first trolley adjacent to the second trolley, and
      outward along the gantry and deadened at the end of the gantry with an
      adjustable connection 131. A fourth wire rope 133 is then reeved from the
      third drum 121 outboard over a seventh trolley sheave 135 mounted closer
      the edge 137 of the second trolley adjacent to the first trolley, down
      around a fourth load sheave 117 mounted on the spreader headblock on the
      edge 139 of the headblock corresponding or proximate to the second
      trolley, back up around an eighth trolley sheave 141 mounted closer the
      removed edge 143 of said second trolley, and outboard to the end of the
      gantry where it is deadended with an adjustable connection 145.
PAR  In the preferred embodiment, three wire rope drums 87, 109, 121 are
      utilized for driving the reeving which suspends the spreader. However, two
      drums could be employed with the three ropes on each side of the center of
      the spreader headblock being reeved over the same drum, and all wire ropes
      could be reeved from a single drum.
PAR  The above-described reeving arrangement is commonly known in the industry
      as a "fleet-through" reeving system. Its dominate characteristic is that
      it allows the hoisting drums and associated hardware to be mounted on the
      crane structure, rather than on the gantry or trolleys, while allowing
      free movement of the trolley without affecting the overall length of the
      lifting ropes and the corresponding attitude of the lifting spreader and
      load.
PAR  Means are provided for coordinated moving of the trolleys along the gantry
      in any selected spaced apart relation. In the preferred embodiment, this
      is effected by engaging the moving means with the means which
      interconnects the trolleys. In other words, the drive cables for the
      trolleys are secured to the frame 43 which interconnects them. This
      reeving and drive arrangement is shown in FIG. 8 of the drawings in a
      schematic form. Two continuously reeved wire ropes 147, 149 are wrapped
      around drive drums 151, 153 and run out around pulleys 155, 157 at the end
      of the gantry where they reverse direction and run inward and are secured
      159, 161 to the trolley interconnecting frame 43. The other ends 163, 165
      of the wire are secured to the frame and go rearward around reversing
      sheaves 167, 169 at the rear end of the gantry, up over a set of tensioner
      pulleys 171, 173, and outward to the drive drums 151, 153.
PAR  While the preferred embodiment of the invention shows a pair of trolleys
      interconnected by a frame, the trolley can be considered as a single unit
      having movable portions. The important feature is that means are provided
      for spacing the sheaves, mounted on the trolleys, apart from each other
      any selected distance. Thus it is contemplated that simply a single
      trolley could be provided with movable sheaves mounted on the trolley, and
      this would effect the invention equally as well as the preferred
      embodiment. Alternately a trolley could be provided with a movable
      outrigger which would carry the sheaves. In either form, the means for
      coordinated moving of the trolleys along the gantry would probably involve
      attaching the drive cables directly to the trolleys rather than to an
      interconnecting frame. The basic concept of the invention is the fact that
      sheaves supporting the lifting spreader can be moved apart on the gantry
      of the crane and then moved in the spaced apart relation along the gantry
      with synchronous movements.
PAR  In operation, the load is picked up under the crane from a stack of
      containers, or a railroad flat car or a truck bed or from within a cell on
      board a ship, or off a storage rack on the deck of a ship, and then lifted
      from the pickup point and moved to its deposition area. If the container
      is being moved from a shoreside position to on board a ship, it is picked
      up usually with the trolleys spread apart and moved in that condition at
      relatively high spaced outboard on the gantry until it is over the
      deposition point. If this be on top of the ship, then the trolleys can be
      left in their spaced apart position and the load deposited on the ship.
      However, if the load must be dropped into the hold of the ship within a
      cell, the load is moved over its deposition point, and after it has
      stopped swaying, the trolleys are then moved together and the load
      concurrently lowered into the coil guides as shown in FIG. 1 of the
      drawings where the trolleys are illustrated in the outboard position. This
      is also illustrated in FIG. 4 of the preferred embodiment views. The
      reeving is then retrieved and pulled up out of the ship, and as it is
      moved inboard, the trolleys are moved apart and spaced, and the cycle is
      begun again when the trolleys reach the inboard position over the pickup
      point.
PAR  The moving apart of the trolleys during the lifting and movement of the
      load angulates the reeving which supports the lifting spreader whereby
      sway is inhibited or arrested by placing horizontal force components on
      the load through the angled lifting ropes.
PAR  It will be noted in the preferred embodiment shown in the drawings that the
      arrangement of the trolleys and frame is such that movement of the
      trolleys is accomplished without any consequent shifting of the load.
      Movement of the trolleys in both directions occurs with reference to a
      central point on the frame positioned directly above the load.
      Accordingly, movement of the trolleys toward or away from each other does
      not result in any lateral displacement of the load.
PAR  An operator's cab is suspended from the end of the frame interconnecting
      the trolleys. It contains controls for remotely controlling the movement
      of the trolleys along the gantry, and for moving the trolleys apart any
      selected distance within the range of operation, and for operating the
      crane to handle the container or any other load.
PAR  It is therefore an important feature of the invention that a new and novel
      method of arresting sway of a load suspended from a gantry crane is
      provided. The method includes suspending a lifting spreader by wire ropes
      reeved from movable sheaves mounted on at least one trolley disposed on
      the gantry rails, and to inhibit sway of the load or arrest it, moving the
      sheaves apart when lifting a load attached to the spreader to angulate the
      lifting ropes with respect to the spreader. It further contemplates,
      instead of moving the sheaves apart, mounting the sheaves on a pair of
      trolleys and simply moving the trolleys apart, and then providing means
      for moving the trolleys synchronously in a spaced apart relation along the
      gantry when moving the load between the pickup and deposition areas.
PAR  It will be apparent from the foregoing description of the invention in its
      preferred form that it will fulfill all the objects attributable thereto,
      and while it is illustrated and described in detail, the invention is not
      to be limited to such details as have been set forth except as may be
      necessitated by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A variable centers rope suspension system for suspending a load from an
      overhead traveling crane comprising,
PA1  a crane structure,
PA1  a gantry supported by said crane structure,
PA1  a pair of rails mounted on said gantry,
PA1  a pair of trolleys mounted and adapted to roll on said rails and supported
      by said gantry,
PA1  a frame interconnecting said trolleys and having slidable connections
      therewith,
PA1  means for translating said load by moving said trolleys and interconnecting
      frame as a unit along said gantry on said rails,
PA1  means mounted on said frame for reciprocating said trolleys with respect to
      said frame whereby said trolleys can be synchroneously moved on said rails
      with respect to the centerline of the load a selected distance toward or
      away from each other within the limits of the frame and whereby the
      reciprocation of the trolleys on the rails with respect to the frame is
      independent of the translational movement of the load achieved by moving
      the trolleys and interconnecting frame as a unit, and
PA1  a fleet through reeving system comprising,
PA1  a load engaging means having at least two sheaves mounted thereon,
PA1  at least one hoisting drum mounted on said crane structure removed from
      said trolleys,
PA1  at least one pair of sheaves mounted on each of said trolleys,
PA1  at least one pair of ropes reeved from said hoisting drum,
PA1  one of said pair of ropes being reeved from said hoisting drum through one
      of said pair of sheaves mounted on one of said trolleys, down through one
      of said pair of sheaves mounted on said load engaging mean, up through the
      other of said pair of sheaves mounted on said trolley, and then to the
      outboard end of said gantry opposite said hoisting drum where it is
      deadended, and
PA1  the other of said pair of ropes being reeved from said hoisting drum
      through one of said pair of sheaves mounted on the other of said trolleys,
      down through the other of said pair of sheaves mounted on said load
      engaging means, up through the other of said pair of sheaves mounted on
      said other trolley, and then to the outboard end of said gantry opposite
      said hoisting means where it is deadended.
NUM  2.
PAR  2. The variable centers rope suspension system of claim 1 wherein said
      interconnecting frame includes slidable connections with said trolleys and
      said trolley reciprocation means includes a carriage screw driven by a
      motor on said frame, said carriage screw having a right-hand threaded
      portion engaging one of said trolleys and a left-hand threaded portion
      engaging the other of said trolleys for reciprocating said trolleys with
      respect to said frame.
NUM  3.
PAR  3. The variable centers rope suspension system of claim 1 wherein the
      fleet-through reeving system further includes additional reeving comprised
      of
PA1  an additional set of sheaves disposed midway from the ends of each of said
      trolleys
PA1  an additional pair of sheaves disposed midway from the ends of said load
      engaging means,
PA1  and at least one additional rope reeved from said hoist drum through said
      additional sets of trolley sheaves and additional load engaging means
      sheaves whereby said additional reeving stabilizes the load against
      pivoted sway about its horizontal longitudinal axis.
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ABST
PAL  An apparatus for arresting the pendulums and rotational sway motion of a
      suspended load relative to its lifting platform and utilizing a
      compensated reeving system. Rope drums are mounted on the ends of a shaft
      which is rotatably secured to a lifting spreader having a load attached
      thereto. Wire ropes are reelable from the rope drums and are secured at
      their ends to a feeder reel mounted on the lifting platform. Unreeling of
      the ropes from the drums due to sway of the load causes work to be done on
      a brake engaged with the shaft. The feeder reel gathers in and pays out
      the wire rope as the load is raised and lowered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to an anti-sway system and more
      particularly to an improved anti-sway system utilizing a compensated
      reeving system for arresting the pendulum and rotational sway motions of a
      load suspended from a lifting platform, such as a mobile crane or crane
      trolley.
PAR  A problem commonly encountered in handling cargo by cranes is sway of the
      load occurring because the cargo must be moved horizontally while
      suspended by cables. Due to this movement, the cargo experiences pendulum
      sway motion from the horizontal acceleration and deceleration forces
      inherent to the movement, and rotational sway motion from the centrifugal
      forces which occur as a mobile crane is steered in and around the storage
      area.
PAR  Therefore, in order to accurately position the suspended load for set down
      and release, it is necessary to wait until the pendulum and rotational
      sway motions have subsided. Thus, in each cargo handling cycle of the
      crane, considerable time is lost due to such sway. To increase the
      handling capacity of the crane, it is of primary importance to reduce this
      time necessary for sway motion abatement.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Numerous types of anti-sway devices have been developed for preventing or
      arresting the pendulum and rotational sway motions of suspended loads.
PAR  Two anti-sway devices closely related to the present invention are those
      disclosed in U.S. Pat. Nos. 3,375,938 and 3,532,324. The present invention
      is an improvement of the apparatus disclosed in these patents in that it
      utilizes a compensated reeving system in combination with the anti-sway
      mechanisms disclosed therein.
PAR  Certain significant problems and drawbacks have been encountered in the
      operation of anti-sway devices of the types disclosed in these patents.
PAR  For example, with such conventional devices, a complex spring drive system
      for the rope rewinding means is required because take-up of the anti-sway
      ropes must be provided by this means throughout the entire vertical hoist
      range of the lifting spreader. Correspondingly, the vertical hoist lifting
      range of the lifting spreader is limited by the capability of the spring
      drive system used.
PAR  In addition, wear on the take-up spring and brake system has proven to be
      excessive due to the necessity of providing take-up by this means of the
      anti-sway ropes during lifting of the spreader and drag against the brake
      while lowering the spreader.
PAR  A further operational problem encountered with such conventional systems is
      that the anti-sway action is not particularly effective during lifting of
      the load. The reason for this is that when the direction of the load sway
      corresponds with the direction of the take-up of the rewinding means, the
      forces thereby created tend to relieve the action of the take-up spring
      rather than causing the brake to engage. As a result, the sway of the load
      must be great enough to overhaul the rewinding means, reverse its
      direction, and set the drum clutch before effective braking occurs to
      dampen the sway. Hence, it has been found that with the prior art devices
      the load generally has a tendency to raise in a series of unequal swings
      without coming to rest as rapidly as desired.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an anti-sway system utilizing a compensated
      reeving system designed primarily for use on container handling cranes to
      arrest the pendulum and rotational sway motion of containers when
      suspended by wire ropes. However, it will be apparent that the present
      invention may be utilized for arresting sway in a wide variety of
      suspended loads.
PAR  The present invention overcomes the problems and drawbacks encountered with
      prior art anti-sway devices by providing a compensated reeving system
      which gathers in and pays out the anti-sway ropes during raising and
      lowering of the load. In this manner, substantial engagement of the
      rewinding means and brake system are avoided during such raising and
      lowering operations, thereby allowing for less complex and expensive
      spring drive systems, less wear and greater operational life of the
      take-up spring and brake system, and greater vertical hoist lifting range.
PAR  In addition, a more effective anti-sway action is provided during lifting
      of the load since positive retrieval of the anti-sway rope allows for a
      nearly static condition of the anti-sway system, which greatly improves
      the response of the brake in dampening any sway of the load so
      experienced.
PAR  In brief, the invention entails mounting rope drums on a load lifting
      spreader. Means are engaged with each of said rope drums for rewinding
      slack in ropes reelable therefrom. Brake means are also engaged with the
      rope drums for causing work to be done by the ropes when unreeled from the
      rope drums due to any sway experienced by the lifting spreader. A feeder
      reel is mounted on the crane lifting platform above the lifting spreader.
      The ends of the ropes reelable from the rope drums are secured to the
      feeder reel and a means is provided for driving the feeder reel relative
      to the vertical position of the lifting spreader. In this manner the
      anti-sway ropes are gathered in or payed out by the feeder reel as the
      lifting spreader and attached load are raised or lowered respectively,
      without causing substantial engagement of the rewinding and brake means.
PAR  Other features and advantages are inherent in the invention disclosed and
      claimed herein, or will become apparent to those skilled in the art from
      the following detailed description of the preferred embodiment considered
      in conjunction with the accompanying diagrammatic drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a mobile cargo container handling crane
      having an anti-sway system constructed in accordance with an embodiment of
      the present invention;
PAR  FIG. 2 is a partial side elevation in section of the anti-sway mechanism
      taken along line 2--2 of FIG. 4;
PAR  FIG. 3 is an end elevation view of the lifting platform and spreader
      assembly shown in FIG. 1 illustrating the reeving of the anti-sway ropes
      of the present invention;
PAR  FIG. 4 is a side elevation view of FIG. 3;
PAR  FIG. 5 is a partial top schematic view of the lifting platform and spreader
      assembly of FIG. 3 illustrating the reeving of the anti-sway ropes of the
      present invention;
PAR  FIG. 6 is a schematic prespective view of the present invention showing a
      suspended load moving with a pendulum sway motion in a lateral direction;
PAR  FIG. 7 is a schematic perspective view similar to FIG. 6 showing the
      suspended load moving with a rotational sway motion in a counterclockwise
      direction; and
PAR  FIG. 8 is a schematic perspective view similar to FIG. 6 showing the
      suspended load being raised.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, there is generally illustrated a
      mobile cargo handling crane 11 having a lifting platform 13, which may be
      a movable trolley supported on cross beams 15 of the crane frame 16. A
      cargo container lifting spreader 17 is suspended by substantially
      vertically depending wire rope hoist cables 19 below the movable trolley
      for picking up a load such as cargo containers 21, individually, or truck
      trailers 23 with containers on them.
PAR  When the load is lifted, the crane moves across the ground or dock and the
      acceleration, deceleration, and centrifugal forces experienced by the
      suspended load during movement and turning induce pendulum and rotational
      sway motion.
PAR  Referring now to FIG. 2, anti-sway mechanism 25 is shown secured to lifting
      spreader 17. The apparatus includes shaft 29 which is rotatably secured to
      the spreader by means of journal bearings 31. A brake means 45 is mounted
      on the shaft and lifting spreader for causing work to be done when the
      anti-sway ropes are lengthened due to sway of the load, as will be more
      fully described below. A large capacity commercially available disc type
      brake has been found to be particularly effective for use as the braking
      means in the anti-sway system of the present invention.
PAR  Referring now to FIGS. 2-5, two wire rope drums 51 are mounted on each end
      of the shaft 29 and have wire anti-sway ropes 41 reelable thereform. The
      wire ropes extend in opposite directions from the drums on the same end of
      the shaft in such a manner that unreeling of the ropes from any of the
      drums causes unidirectional rotation of the shaft.
PAR  The anti-sway ropes are reeved through direction changing shackle blocks 53
      mounted on the lifting spreader 17 along its edge, and, correspondingly,
      along the edge of the attached load, and at opposite ends thereof. The
      ropes are then reeved through another set of direction changing shackle
      blocks 55 mounted on the underside of lifting platform 13 about the center
      thereof and at the opposite edges of the load from shackle blocks 53. The
      ends of the ropes are secured to feeder reels 57 which are mounted on the
      underside of the lifting platform 13 and proximate one end thereof. In the
      preferred embodiment of the invention illustrated, feeder reels 57 are
      interconnected by a shaft 59 which may be rotatably secured to the lifting
      platform by means of journal bearings 61. By reeving from the edges and
      opposite ends of spreader 17 to the opposite edges of lifting platform 13,
      as is shown in the drawings, the anti-sway ropes 41 effect the maximum
      lateral force possible to arrest swaying motion of the suspended load and
      the spreader.
PAR  Each of the drums 51 includes an independent internal clutch means, shown
      in dotted lines as 51 in FIG. 2, which interconnects each drum with the
      shaft for rotating the shaft when rope is pulled off any one of the rope
      drums. The commercially available clutch means are utilized to permit the
      drums to overrun wherever an anti-sway rope is rewound onto a rope drum.
PAR  Rewind means are engaged with drum 51 for taking up slack in ropes 41. This
      means may include independent pre-wound spring motors 63 which are engaged
      with each of the drums. The motors rewind the anti-sway ropes on the drums
      whenever slack occurs therein due to difference in the reeving geometry
      during lifting of the spreader or during the return sway motion of the
      suspended load.
PAR  A means for driving feeder reel 57 relative to the vertical position of the
      lifting spreader 17 is shown in FIGS. 3 and 4. Chain sprockets 65 and 67
      are mounted respectively on the ends of feeder reel shaft 59 and hoist
      shaft 33 which is mounted on the top side of lifting platform 13. Hoist
      drums 35 are secured to hoist shaft 33. A roller chain 69 interconnects
      chain sprockets 65 and 67.
PAR  Therefore, as hoist drums 35 are rotated to raise or lower lifting spreader
      17 by vertically depending hoist cables 19, feeder reels 57 are caused to
      revolve to retrieve or pay out anti-sway ropes 41. The ratio of rotation
      between the hoist drums and feeder reels is selected to average the amount
      of anti-sway rope gathered in and payed out throughout the hoist lift
      range, so that substantial engagement of the anti-sway mechanism may be
      avoided, thereby minimizing the amount of spring take-up and brake drag.
      For example, with the prior art anti-sway device described above, the
      spring take-up was required to provide for up to 25 revolutions of
      anti-sway mechanism drums 51 during lift of the spreader over a typical
      range. However, with the present invention, only one or two revolutions
      are necessary over the same lift range in order to accommodate differences
      in the reeving geometry between the anti-sway ropes and the hoist ropes.
PAR  FIGS. 6-8 illustrate the operation of the anti-sway system in a variety of
      sway motion situations. The arrows show the direction of sway motion of
      the lifting spreader 17 and attached load, the direction of movement of
      the anti-sway ropes 41, and the direction of rotation of drum 35, 51 and
      57.
PAR  FIG. 6 shows spreader 17 moving with a pendulum sway motion in a lateral
      direction. Sway-arrest ropes 41 are pulled from the two lower drums 51 by
      the sway of the spreader toward the upper left. The unidirectional
      clutches engage the shaft and cause work to be done on brake 45 which, in
      turn, arrests the unreeling of the ropes from the drums. Concurrently, the
      upper drums 51 are overrunning their unidirectional clutches and the ropes
      attached to these drums are rewound by the pre-wound spring motors.
PAR  FIG. 7 shows spreader 17 moving with a counterclockwise rotational sway
      motion. The pairs of drums 51 at each end of the shaft are turning in
      opposite directions, one rewinding and the other unreeling. Brake 45
      applies an arresting force through the unidirectional clutches to the
      ropes at opposite ends of the shaft being pulled from the drums. From the
      operation of the sway-arrest mechanism as is illustrated in FIGS. 6 and 7,
      it can be seen that any combination of sway motions of the spreader,
      including silultaneous pendulum and rotational sway motion, will be
      arrested whenever the sway is great enough to pull rope from a drum, since
      whenever this occurs, work must be done on the brake.
PAR  FIG. 8 shows spreader 17 being lifted by hoist drums 35 through vertically
      depending wire rope hoist cables attached to the spreader (for clarity the
      hoist cables are not shown in FIG. 8 but are shown in FIG. 1). Drums 51
      remain substantially stationary as feeder reels 57 retrieve anti-sway
      ropes 41. Feeder reels 57 are revolved at a predetermined rate by hoist
      drums 35 through interconnecting roller chain 69. It is to be noted that
      the embodiment of the invention illustrated above provides an added
      advantage in that special machinery is not necessary to drive the feeder
      reels since they are powered in a simple manner by the existing hoist
      drums 35 and motor M.
PAR  The foregoing detailed description and example have been given for
      clearness of understanding alone, and no unnecessary limitations should be
      understood therefrom as modifications will be obvious to those skilled in
      the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an anti-sway system for arresting the sway motion of a load and load
      lifting spreader suspended by separate rope hoist cables from the lifting
      platform of a traveling crane wherein said sway motion is arrested by
      means of anti-sway ropes which are freely gathered in and payed out when
      the load is vertically raised or lowered by said separate rope hoist
      cables, but which causes work to be done when the load is set into a sway
      motion, the improvement comprising:
PA1  a shaft rotatably secured to said lifting spreader,
PA1  rope drums mounted on said shaft having said anti-sway ropes reelable
      therefrom,
PA1  a clutch means engaged with each of said rope drums for rotating the shaft
      when the rope is unreeled from said drums and for overrunning the shaft
      when the rope is rewound onto said drums,
PA1  means engaged with said rope drums for rewinding slack which occurs in the
      anti-sway ropes due to changes in reeving geometry during the return sway
      motion of the suspended load, but which is not required to gather in and
      pay out rope when the load is vertically raised or lowered,
PA1  means engaged with said shaft for causing work to be done by said ropes
      when unreeled from said rope drums due to the sway of the load,
PA1  feeder reels mounted on said lifting platform with one end of said
      anti-sway ropes secured thereto; and
PA1  means for interconnecting said feeder reels to the vertical hoist means of
      said traveling crane for driving said feeder reels relative to the
      vertical position of said lifting spreader whereby said ropes are gathered
      in or payed out by said feeder reels as the lifting spreader and attached
      load are raised or lowered respectively, without causing substantial
      engagement of said rewinding and work causing means.
NUM  2.
PAR  2. The anti-sway system of claim 1 including two rope drums mounted on each
      end of said shaft and said work causing means is engaged with said shaft.
NUM  3.
PAR  3. The anti-sway system of claim 2 including a plurality of sets of rope
      direction changing shackle blocks, said ropes being reeved from each of
      the drums at said shaft ends through a first set of said direction
      changing shackle blocks mounted on said spreader proximate the edges of
      said load and at opposite ends thereof and through a second set of
      direction changing shackle blocks mounted on said lifting platform
      proximate the opposite edges of said load and from there to said feeder
      reel.
NUM  4.
PAR  4. In an anti-sway system for arresting the sway motion of a load and load
      lifting spreader suspended by separate rope hoist cables from the lifting
      platform of a traveling crane wherein said sway motion is arrested by
      means of anti-sway ropes which are freely gathered in and payed out when
      the load is vertically raised or lowered by said separate rope hoist
      cables, but which causes work to be done when the load is set into a
      swaying motion the improvement comprising
PA1  a shaft rotatably secured to said lifting spreader,
PA1  two rope drums mounted on each end of said shaft rotatably secured to said
      lifting spreader and having ropes reelable therefrom;
PA1  a clutch means engaged with each of said drums for rotating the shaft when
      the rope is unreeled from said drums and for overrunning the shaft when
      the rope is rewound onto said drums;
PA1  means engaged with each of said rope drums for rewinding slack which occurs
      in the anti-sway ropes due to changes in the reeving geometry during the
      return sway motion of the supended load, but which is not required to
      gather in and pay out rope when the load is vertically raised and lowered,
PA1  means engaged with said shaft for causing work to be done by said ropes
      when unreeled from said rope drums due to the sway of the load;
PA1  feeder reels mounted on said lifting platform with an end of said ropes
      secured thereto,
PA1  a plurality of sets of rope direction changing shackle blocks said
      anti-sway ropes being reeved from each of the drums at said shaft ends
      through a first set of direction changing shackle blocks mounted on said
      spreader proximate the edges of said load and at opposite ends thereof and
      through a second set of direction changing shackle blocks mounted on said
      lifting platform proximate the opposite edges of said load and from there
      to said feeder reels, and
PA1  means for interconnecting said feeder reel to the vertical hoist means of
      said traveling crane for driving said feeder reels relative to the
      vertical portion of said lifting spreader whereby said ropes are gathered
      in or payed out by said feeder reels as the lifting spreader and attached
      load are raised or lowered respectively, without causing substantial
      engagement of said rewinding and work causing means.
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ABST
PAL  Apparatus for successively indexing slots of a wafer carrier into position
      at an end of a conveying means, such as an air slide, utilizes motion of a
      rotary drive means to move pins within drive slots and impart motion to
      the carrier. As the rotary drive head rotates, a pin moves down into a
      drive slot, pushes against a sidewall of the slot to move the carrier,
      then retracts back to the end of the slot. With proper positioning of the
      rotary drive means, the pins also serve to prevent extraneous motion of
      the carrier when the drive means is not rotating. This apparatus has
      negligible starting torque when rotation of the drive means begins, and
      has smooth acceleration and deceleration of the carrier as its motion
      stops and starts.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to an indexing apparatus for successively
      positioning slots in a wafer carrier at the end of a conveying means. More
      particularly, the invention relates to indexing apparatus for this purpose
      of simplified construction which will position these slots efficiently,
      reliably, and precisely without requiring sophisticated controls for the
      indexing apparatus.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The manufacture of integrated circuits or discrete semiconductor devices in
      semiconductor wafers is a highly sophisticated, labor intensive operation.
      As manufacturing volumes have increased and the manufacturing techniques
      employed have become more sophisticated, an era of automated wafer
      handling has begun to develop. A technique that is achieving wide
      acceptance for transporting the semiconductor wafers from process
      operation to process operation involves use of so called "air slides", in
      which the wafers move along a track while suspended on air jets.
PAR  For many process operations, it is necessary to load the semiconductor
      wafers into wafer boats or other carriers which are arranged to hold the
      wafers in spaced, parallel relationship to each other in slots. For the
      loading operation, it is further known to index a wafer boat or other
      carrier successively at the end of the air slide or other conveyer in
      order to load wafers from the end of the air slide into the carrier, or to
      remove the wafers successively from the carrier onto the air slide.
      Conventionally, the indexing motion is imparted to the carrier by a gear
      which interacts with teeth on the carrier. While this approach for
      carrying out the indexing has been reasonably successful, there are some
      problems with it. When an indexing motion starts, a high level of starting
      torque is present, which must be overcome by the motor used to drive the
      gear. Secondly, motion of the gear is transmitted in a linear relationship
      to motion of the carrier. This means that very precise control over the
      motor is required in order to position the carrier precisely as required
      for the indexing operation. Precisely controlling the stopping of a motor
      is made more difficult with increasing size of the motor. To overcome the
      starting torque, a substantially larger motor than would otherwise be
      required must be employed. Thus, in order to obtain full benefit from
      automated wafer handling, including loading and unloading from a carrier,
      a need remains for an indexing apparatus that meets the rather stringent
      requirements imposed by this particular environment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide an indexing
      apparatus for wafer carriers which has a negligible starting torque when
      the carrier begins to move.
PAR  It is another object of the invention to provide an indexing apparatus for
      wafer carriers which has a smooth acceleration and deceleration when
      motion of the carrier starts and stops.
PAR  It is still another object of the invention to provide an indexing
      apparatus for wafer carriers in which precise control of an indexing motor
      is not required for accurate positioning of the carrier.
PAR  The attainment of these and related objects may be achieved through use of
      the indexing apparatus for wafer carriers herein disclosed. The apparatus
      successively indexes slot of a wafer carrier into position at an end of an
      air slide or other conveying means. The wafer carriers to be indexed each
      have a plurality of drive slots arranged along them, the slots having
      sides, and an end. A support member is positioned on the apparatus
      proximate to where the drive slots pass through the apparatus. A rotary
      drive member is mounted on the support member near to where the end of the
      drive slots passes through the apparatus. The rotary drive member has a
      plurality of pins adapted to engage the drive slot as the drive head
      rotates. A pin engages a slot at a point proximate to the end of the drive
      slot, then moves down into the slot as the drive head rotates, provides a
      force against a wall of the slot perpendicular to the slot against the
      carrier, then moves back near the end of the slot as the rotary drive
      member continues to rotate. As the pin first begins to move into the slot,
      it exerts little or no force perpendicular to the slot. This means that
      there is little or no starting torque for the motor which rotates the
      drive member. As the pin moves further and further into the slot and nears
      the extent of its path of travel within the slot, the amount of force
      applied perpendicular to the slot increases, until the component of force
      is virtually all perpendicular to the slot for driving the carrier
      forward. This means that acceleration of the carrier is smooth. Then, as
      the pin begins moving toward the end of the slot, the perpendicular force
      against the slot decreases. Should the drive motor not be stopped
      precisely as the pin reaches the end of the slot, since little or no force
      is being applied perpendicular to the slot at that time, failure to stop
      the drive motor precisely does not result in improper positioning of the
      carrier. With an indexing apparatus operating in accordance with this
      invention, it is therefore possible to use both a smaller drive motor and
      less sophisticated control circuitry for the motor than is required with a
      conventional gear driven indexing apparatus. The attainment of the
      foregoing and related objects, advantages, and features of the invention
      should be apparent after review of the following detailed description of
      the invention, taken in conjunction with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 represents a perspective in partial cross section and partial
      schematic form showing an apparatus in accordance with the invention;
PAR  FIGS. 2A-2C are enlarged cross sections taken along the line 2--2 in FIG.
      1, showing how the invention operates.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Turning now to the drawings, more particularly FIG. 1, an apparatus for
      indexing a wafer carrier 10 is shown. The wafer carrier 10 has a plurality
      of wafer slots 12 into each of which a semiconductor wafer 14 is to be
      loaded. The semiconductor wafer 14 has a top surface 16 in which
      integrated circuits or other semiconductor devices are formed, and which
      is liable to damage by contact. Consequently, wafers 14 are moved to the
      wafer carrier 10 by means of air slide 18, which moves them without
      physical contact. The air slide 18 has top plate 20 with a large number of
      air holes 22 through it. Manifold 24 of the air slide receives air under
      pressure, which is expelled through openings 22 in the form of air jets
      26. The air jets 26 serve to suspend semiconductor wafer 14 above top 20
      of the air slide 18, as well as to propel it in the direction indicated by
      arrow 28. Wafer carrier 10 is positioned at end 30 of air slide 18,
      preferably at a slight angle from the vertical away from the air slide 30,
      to aid retention of the wafers 14 loaded into the slots 12. As a
      semiconductor wafer 14 is loaded into wafer carrier 10, it is necessary to
      index the carrier upwards to present another slot 12 in loading position.
      Obviously, this indexing operation must be carried out reliably and
      reproducibly in order to prevent damage to the semiconductor wafers 14,
      jamming of the apparatus and the like.
PAR  The indexing apparatus has a rotary drive member 32 rotatively mounted on
      support 34, such as by means of a ball bearing assembly (not shown). The
      rotary drive member has first and second pins 36 and 38, which fit into
      indexing slots 40 of carrier 10, as best shown by considering FIG. 1 and
      FIGS. 2A-2C together. Rotary drive member 32 is connected to indexing
      motor 42.
PAR  In order to allow automatic operation of the indexing apparatus herein, a
      light source 44 and a photocell 46 are positioned near end 30 of air slide
      18 so that the path of light beam 48 is intercepted by a semiconductor
      wafer 14 approaching end 30 of air slide 18. Photocell 46 is connected to
      control circuit 50 for indexing motor 42 by line 52. Light source 44 and
      photocell 46 are utilized to initiate an indexing cycle.
PAR  A second light source 54 and photocell 56 are positioned so that light beam
      58 from light source 54 will pass through aperture 60 in rotary drive
      member 32 to photocell 56 each half rotation of rotary drive member 32.
      Photocell 56 is connected to control circuit 50 by line 62. Control
      circuit 50 is connected to indexing motor 42 by line 64. Light source 54
      and photocell 56 are used to terminate an indexing cycle.
PAR  With particular reference to FIGS. 2A-2C, the operation of the indexing
      apparatus of this invention will now be explained. When semiconductor
      wafer 14 interrupts light beam 48 from light source 44, the resulting
      change in signal from photocell 46 on line 52 is fed to indexing motor
      control circuit 50. After a suitable delay to allow the wafer 14 to enter
      the wafer slot 12 of carrier 10 which is in wafer receiving position at
      end 30 of air slide 18, control circuit 50 supplies a suitable signal on
      line 64 to start indexing motor 42. Indexing motor 42 rotates rotary drive
      member 32 in the direction indicated by arrow 66. Rotary drive member 32
      is positioned with its axis of rotation coextensive with ends 68 (see
      FIGS. 2A and 2B) of drive slots 40. At the beginning of a rotation cycle,
      first and second pins 36 and 38 of rotary drive member 32 are in the
      position shown in FIG. 2A. With the pins 36 and 38 in the position shown,
      wafer carrier 10 is restrained from moving in either direction.
PAR  Rotation of the rotary drive member 32 causes drive pin 36 to move out of
      first drive slot 40A shown in FIG. 2A, and it causes second drive pin 38
      to move into second drive slot 40B as shown in FIG. 2B. The initial motion
      of drive pin 38 is essentially completely along slot 40B toward position
      70. As the drive pin 38 moves closer to the position 70 in slot 40B, it
      begins to exert a vertical force against drive slot 40B in the direction
      indicated by arrow 72. When pin 38 has traveled in slot 40B over to
      position 70 in the course of its rotation, substantially all of the force
      exerted by it against slot 40B is in the direction indicated by arrow 72.
      As more and more of the force exerted by pin 38 is in the direction shown
      by arrow 72, wafer carrier 10 moves in the direction of arrow 72 with a
      steadily increasing velocity.
PAR  As a consequence of this motion, slot 40B of the wafer carrier 10 moves to
      the position shown in FIG. 2C. As rotation of rotary drive member 32
      continues, drive pin 38 begins to withdraw from slot 40B, as shown in FIG.
      2C. As pin 38 withdraws during its rotation, the force applied by it
      against slot 40B decreases, and the motion of wafer carrier 10 in the
      direction of arrow 72 correspondingly decreases. As the indexing cycle
      completes, pin 36 enters slot 40C and the pins 36 and 38 assume a
      corresponding position in slots 40B and 40C, respectively, to their
      positions in slots 40A and 40B shown in FIG. 2A, and the indexing
      apparatus is ready for another cycle. It thus can be seen that wafer
      carrier 10 moves upward one slot for each half rotation of rotary drive
      member 32.
PAR  As pin 36 enters top 68 of slot 40C, aperture 60 through rotary drive
      member 32 rotates into proper position so that light beam 58 from light
      source 54 strikes photocell 56. Photocell 56 provides an output on line 62
      to control circuit 50, which in turn provides a suitable signal on line 64
      to indexing motor 42 to stop it. In like manner, a succeding indexing
      cycle is initiated by interruption of light beam 48 passing from light
      source 44 to photo detector 46 by another semiconductor wafer 14.
PAR  It should now be apparent that an indexing apparatus for a wafer carrier
      capable of accomplishing the stated objects of the invention has been
      provided. Because substantially no force is applied against wafer carrier
      10 at the time the indexing apparatus begins rotation, there is negligible
      starting torque at the beginning of rotation of the apparatus. As rotation
      of the apparatus continues, the apparatus applies more and more force to
      the wafer carrier, thus accelerating its indexing motion. The force
      reaches a maximum, then decelerates in a corresponding manner, with little
      or no force applied against wafer carrier 10 as the indexing cycle is
      completed. Because little or no force is applied at the beginning and end
      of an indexing cycle, precise control over the stopping of indexing motor
      42 is not required to provide precision indexing of the wafer slots 12 in
      wafer carrier 10.
PAR  While the invention has been particularly shown and described in reference
      to a preferred embodiment thereof, it will be understood by those skilled
      in the art that changes in form and details may be made therein without
      departing from the spirit and scope of the invention. For example, a
      greater number of pins on the rotary drive member 32 than the two shown in
      the embodiment can be employed, although it is not desirable to have a
      large number of pins on the rotary head, since the operation begins to
      approximate that of a gear driven indexing apparatus as the number of pins
      is increased. Further, in the embodiment shown, the axis of rotation of
      the rotary drive head 32 is perpendicular to the plane of motion of the
      wafer carrier 10. This axis of rotation could equally well be parallel to
      the plane of motion of the wafer carrier 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for successively indexing slots of a wafer carrier into
      position at an end of a conveying means, comprising:
PA1  a. a plurality of drive slots arranged along the carrier to be indexed,
      said slots having sides and an end,
PA1  b. a support member positioned proximate to said drive slots,
PA1  c. a rotary drive member mounted on said support member proximate to the
      end of the drive slots on said carrier, said rotary drive member having a
      plurality of pins adapted to engage the drive slots as said drive head
      rotates, beginning at a point proximate to the end of the drive slots,
      move into the slots, provide a force perpendicular to said slots against
      said carrier, then move back toward the point proximate to the end of the
      slots,
PA1  d. means responsive to motion of a wafer with respect to the wafer carrier,
      for initiating an index cycle, and
PA1  e. means, responsive to rotation of said drive member one indexing
      position, for terminating an index cycle.
NUM  2.
PAR  2. The apparatus of claim 1 in which said rotary drive means has two pins
      adopted to engage the drive slots.
NUM  3.
PAR  3. The apparatus of claim 2 in which said means for terminating an index
      cycle comprises:
PA1  1. a photocell mounted on one side of said rotary drive member.
PA1  2. a light source directed at said photocell and positioned on the other
      side of the rotary drive member from said photocell,
PA1  3. an aperture through said rotary drive member arranged to selectively
      allow light to pass between said light source and said photocell each half
      rotation of said rotary drive member and
PA1  4. control means operatively connecting said photocell and said rotary
      drive means.
NUM  4.
PAR  4. The apparatus of claim 1 in which the axis of rotation of said rotary
      drive member is in the plane of motion of the wafer carrier.
NUM  5.
PAR  5. The apparatus of claim 1 in which the axis of rotation of said rotary
      drive member is perpendicular to the plane of motion of the wafer carrier.
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ABST
PAL  A bar stock feeding apparatus for an automatic lathe, comprising a tube for
      guiding the bar stock. A piston is situated in the tube behind the bar
      stock for pushing it towards the headstock of the lathe, the piston itself
      being urged towards the headstock by means of oil pressure while part of
      the oil overtakes the piston by flowing through a clearance left between
      the piston and the inner wall of the tube and through an inner channel
      through the piston having an adjustable cross-section. Regulating means
      and non-return valve means are provided in the inner channel for rendering
      the piston retractable responsive to oil underpressure applied instead of
      the oil pressure.
BSUM
PAR  This invention relates to a feed apparatus for an automatic lathe having a
      headstock spindle equipped with a collet opening at the end of each cycle,
      comprising at least one tube intended to guide a piece of bar stock
      engaged in the headstock spindle, and means for exerting pressure upon the
      bar stock in order to prevent it from remaining axially integral with the
      collet when the collet opens at the end of each cycle.
PAR  Feed apparatus of this kind are already commonly known in which the
      pressure means are purely mechanical and comprise, for example, a stock
      pusher disposed within the tube and provided with a lateral lug which
      projects from the tube through a slot and is driven along the tube by a
      linear driving mechanism outside the tube. These completely mechanical
      feed arrangements are complicated, and besides having a tendency to break
      down easily, they are noisy to operate, above all when the bar to be
      machined is rotated at high speed by the headstock. Moreover, the friction
      between the bar and the end of the stock pusher produces scraps which tend
      to clog up the tube rapidly. On the other hand, these completely
      mechanical arrangements make it possible to retract the stock pusher
      without too much difficulty, particularly to withdraw it when it has
      penetrated relatively far forward into the headstock in order to push the
      bar stock back behind the collet so as to use up the bar to the maximum.
      Such retraction is then necessary to enable a lateral displacement of the
      tube, which must either be supplied with a new piece of bar stock and then
      realigned with the headstock, or else make way for a new tube already
      supplied with a bar. An extractor will meanwhile have temporarily taken
      the place of tube in alignment with the headstock in order to withdraw the
      scrap end of the bar which cannot be machined any further.
PAR  Offsetting the advantage of comparatively easy retraction of the stock
      pusher in such apparatus, however, are the disadvantages represented by
      the complicated arrangement of such a mechanism and the other drawbacks
      already mentioned above.
PAR  Also known is a feed apparatus comprising hydraulically operated pressure
      means. In one embodiment of such an apparatus, (disclosed in Swiss Pat.
      No. 514,381) oil is purposely allowed to leak into the tube and serves
      both as a hydraulic pressure agent and as a lubricating and flushing
      agent. This arrangement makes the apparatus less noisy to operate and
      avoids clogging of the tube by machining scraps. This advantage is not
      present in another hydraulic construction (U.S. Pat. No. 3,464,203) where
      the pressure oil is retained by fluid-tight seals instead of being allowed
      to leak out. On the other hand, this fluid-tight piston arrangement makes
      it possible to control the retraction of the stock pusher hydraulically.
      Such retraction is difficult and delicate to accomplish with the
      first-mentioned hydraulic arrangement, where the oil may leak into the
      tube, for in the form in which it has been proposed, it can be easily used
      in but one direction, viz., to advance the bar towards the headstock,
      owing to the necessarily limited amount of suction head (not supported by
      any pressure in excess of atmospheric pressure in the other direction) and
      to the irregular and indeterminate effect of the "leakage" passages
      provided for the oil but, if all the oil is exhausted, also admitting air.
      Thus mechanical auxiliary means are virtually required for retracting the
      stock pusher, at least when the apparatus assumes any but the smallest
      dimensions. These auxiliary means may consist, for example, of two nylon
      pulleys mounted against each side of the stock pusher and driven in
      rotation at the proper time and in the proper direction in order to
      retract the stock pusher. These complications represent a significant
      drawback of the hydraulic arrangement of the "oil leakage" type, even
      though it does have the abovementioned notable advantages of low noise and
      no wear or clogging, plus simplicity of design as far as the purely
      hydraulic portion is concerned, i.e., not counting the auxiliary
      mechanical retraction means.
PAR  It is the object of this invention to provide a feed apparatus which is
      simple in its construction, quiet in its operation and free of any
      tendency to clog the tube, and which, in addition, enables the pusher
      element to be retracted simply and reliably, under favorable conditions,
      without any outside auxiliary mechanism, and whatever may be its size.
PAR  To this end, in the feed apparatus according to the present invention, the
      means for exerting pressure comprise a piston engaged with clearance in
      the tube and a hydraulic device adapted to supply oil under pressure to
      the rear of the tube, the oil overtaking the piston with loss of pressure
      and simultaneously pushing the piston forwards, and the piston in turn
      pushing the bar stock towards the headstock, the piston comprising an
      inner channel for the passage of oil disposed parallel to a channel formed
      by the clearance of the piston in the tube, the inner channel being
      sealable and adjustable with the aid of regulating means.
PAR  In a preferred embodiment, the regulating means comprise a needle-valve
      arrangement adapted to close or to open, to a greater or lesser extent, a
      passage formed by the inner channel through the piston.
PAR  Also, in a preferred embodiment, the pressure means are so disposed that
      when the bar has reached the end of its use, it may be pushed, with the
      aid of an extension-piece adapted to penetrate into the headstock spindle,
      until its rearward end is situated just behind the collet of the
      headstock. For this purpose the aforementioned extension-piece consists of
      a part forming a continuation of the piston towards the front, being
      axially connected to it in both directions, and being of such dimensions
      that it is able to penetrate into the headstock spindle up to the collet,
      the hydraulic device being so arranged as to be likewise capable of
      drawing the oil out of the tube by means of underpressure, thereby causing
      the piston and the part forming a continuation thereof to retract
      sufficiently to disengage this part completely from the headstock.
PAR  Preferably, the feed apparatus comprises a plurality of tubes disposed in
      the form of a drum, and the pressure means comprise one piston in each
      tube and one hydraulic device which is common to all tubes and is provided
      with means for connecting a reversible-action oil-pump to whichever of the
      tubes is brought into alignment with the headstock spindle.
PAR  In order to prevent the exhaustion of the oil from causing too great a
      quantity of oil to return through the inner channel, especially when this
      channel is completely opened, the regulating means may also be provided
      with non-return valve means disposed on the inner channel in order to
      allow the oil to flow from behind the piston to in front of it to the full
      extent determined by the regulating means, and to prevent or at least
      impede the return of the oil from in front of the piston to behind it
      through the inner channel. Preferably, these valve means are ball-valve
      means.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following detailed description of a preferred embodiment thereof, taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an elevation of a movable-headstock lathe equipped with a feed
      apparatus of the type in question,
PAR  FIG. 2 is a partial axial section, on a larger scale than FIG. 1, of the
      feed apparatus illustrated in FIG. 1,
PAR  FIG. 3 is a horizontal section of a piston comprised in the feed apparatus
      according to FIGS. 1 and 2,
PAR  FIG. 4 is a plan view corresponding to FIG. 1 and further showing an
      extractor, and
PAR  FIG. 5 is a longitudinal section of a part of the extractor shown in FIG. 4
     .
DETD
PAR  The drawing shows a movable-headstock automatic lathe 1, the essential
      elements of which are a headstock 2, a frame 3 for the radial
      tool-holders, and a tool-holder frame 4 disposed frontally facing the
      headstock 2. The means for driving the headstock and the various tools,
      which are controlled in a conventional manner from a cam shaft, are not
      shown. Disposed behind the lathe 1 on a support 5 is a drum 6 composed of
      a number of bar-guiding tubes 7 integral with one another and disposed
      equidistantly parallel to an axis of rotation parallel to that of the
      headstock 2. The drum 6 is adapted to rotate about its axis so as to bring
      each of the tubes 7 (FIG. 2) which compose it into a position coaxial with
      the headstock 2. The tube 7 which is aligned with the axis of the
      headstock 2 is the one situated halfway up the drum (or capstan) 6 on the
      side of it facing away from the viewer of FIG. 1, i.e., at the location
      which would correspond to "three o'clock" if the drum 6 were viewed from
      the right-hand end with respect to FIG. 1. Each tube 7 of the drum 6
      contains a bar 8 to be machined, the front end of which engages in the
      headstock 2 when the respective tube 7 is in working position. The free
      space between the front end of the drum 6 and the rearward end of the
      headstock 2, on the order of 15-20 cm., is crossed freely by the bar 8.
PAR  The bar 8 engaged in the headstock 2 is pushed from right to left, as
      viewed in FIGS. 1 and 2, by pressure means comprising a stock pusher 9 and
      a piston 10 disposed one behind the other. The stock pusher 9 comprises a
      rod 12 provided at its front end with a pushing head 11 machined with a
      conical recess 15. The bar 8 may be inserted in the tube 7 with its
      rearward end rough as it comes fron the works. It is in contact with the
      stock pusher 9 via the conical face of the recess 15. The conicity of the
      latter is sufficient to establish proper centering of the bar 8 without
      there ever being any risk of the bar 8 becoming jammed in the recess 15.
      Hence if the stock pusher 9 is withdrawn towards the rear (right-hand side
      of FIG. 2), it will never be held back by the bar 8, which is itself
      clamped in the collet of the headstock 2. The rearward end of the
      connecting rod 12 of the stock pusher 9 is provided with an "arrowhead" 14
      which cooperates with a coupler 13 integral with the piston 10, this
      coupler 13 comprising (FIG. 3) a cavity 29 which receives the "arrowhead"
      14, and the front wall of which has a notch 30 admitting the rod 12, so as
      to establish in a known manner a bidirectional axial kinematic connection
      between the coupler 13 of the piston 10 and the arrowhead 14 of the stock
      pusher 9.
PAR  The rearward end of the tube 7 is normally open. It projects towards the
      rear away from a brace 16 which forms part of the frame of the drum 6.
      However, the rearward end of the tube 7 which is in working position is
      connected to an oil supply circuit via a coupling member 17 made of rubber
      or of a plastic material having the elasticity of rubber, and forming a
      suctioncup. The oil supply circuit is, as will be explained further on,
      capable of supplying oil at either overpressure or underpressure by means
      of a reversible-action pump 28 (FIG. 1). The couplingmember 17 is borne by
      a support 18 which can be actuated by a pneumatic cylinder 19 mounted on a
      support 20. The control means for the cylinder 19 are not shown. The
      coupling member 17 has a passage 21 connecting with a pipe 22, which is in
      turn connected to the pump 28. The oil supply circuit may also comprise an
      oildischarge container as well as multichannel gates and the checkvalves
      necessary to enable the apparatus to operate properly.
PAR  The operation of the apparatus is as follows: when the drum 6 shifts to
      bring a new tube 7 opposite the headstock 2, this tube 7 is provided with
      a bar 8, and both the stock pusher 9 and the piston 10 are situated at its
      rearward end. The cylinder 19 moves the support 18 of the coupling member
      17 so as to cause the latter to engage on the rearward end of the tube 7,
      as shown in FIG. 2. The supply pump 28, shut off during the shifting
      operation, is then started up so as to provide oil under pressure, and the
      oil fills the rearward end of the tube 7 so that pressure is exerted upon
      the piston 10. However, there is enough clearance between the cylindrical
      surface of the piston 10 and the tube 7 to allow the oil to flow between
      the piston and the tube. It therefore flows on around the connecting rod
      12 of the stock pusher 9 and around the bar 8, after having undergone a
      drop in pressure around the piston 10. The clearance between the pushing
      head 11 and the tube 7 is appreciably greater than that between the piston
      10 and the tube 7, especially taking into consideration the presence of a
      second passage for the oil through the piston 10, which will be described
      below. Thus the oil flows freely at reduced pressure up to the front end
      of the tube 7, where it is collected in a container 23 before being
      returned through a pipeline 24 to a main reservoir 25 of the oil supply
      circuit. If necessary, deflectors may be provided to keep the oil from
      coming into contact with the other tubes 7 of the drum 6. Thus the
      pressure of the oil exerts an axial thrust upon the bar 8 via the piston
      10 and the stock pusher 9. When the bar 8 has been gripped by the collet
      of the headstock 2, it is driven rotatingly. Generally, it will cause the
      stock pusher 9 to rotate as well inasmuch as the friction between the
      point of the "arrowhead" 14 of the stock pusher 9 and the bottom of an
      inner conical depression 31 at the rear of the cavity 29 will be less than
      the friction between the rearward end of the bar 8 and the conical recess
      15 of the pushing head 11. In certain cases, however, it is possible that
      instead of the stock pusher 9 being rotated, the bar 8 will rotate with
      friction in the conical recess 15. Particles may be detached from the bar
      8 by this friction, and, they are carried away by the oil, as is the
      contaminating waste matter from the surface of the bar 8 which is liable
      to rub off on the inner wall of the tube 7 when the bar 8 comes in contact
      with it. Thus the tube 7 is kept clean. Moreover, it has been found that
      the noise is considerably lessened when the bar 8 rotates in an oil bath.
PAR  As may be seen in FIG. 2, a sensor 32, which may be a sensor of the type
      which operates electromagnetically or some other type and which is
      sensitive to the pressure prevailing within the tube 7, is disposed in the
      vicinity of the front end of the tube 7. As the bar 8 is used up, the
      stock pusher 9 and the piston 10 approach the headstock 2 until finally
      the pushing head 11 of the stock pusher 9 leaves the tube 7 at the front,
      enters the headstock 2, and arrives just behind the collet gripping the
      bar 8 in front of the headstock 2. The sensor 32 is so positioned along
      the tube 7 that the piston 10 passes the sensor 32 at the moment when the
      pushing head 11 reaches the point just behind the collet, allowing for a
      certain safety margin. The sensor 32 is adjusted to respond, not to the
      reduced pressure prevailing in front of the piston 10, but to the higher
      pressure prevailing behind the piston 10. Hence the sensor 32 is actuated
      at the moment when the bar 8 has advanced far enough for the piston 10 to
      be completely past the sensor 32. A signal transmitted by the sensor 32 at
      that moment causes a triggering action, the result of which is that at the
      end of the machining cycle then in progress, the lathe comes to a complete
      stop, the collet being opened. At that moment, i.e., at the end of the
      cycle during which the sensor 32 has provided the aforementioned
      triggering action, electric means act upon the pump 28 so as to reverse
      its direction of operation, and this has the rapid effect of producing an
      underpressure of oil behind the piston 10 instead of an overpressure. The
      piston 10 therefore begins to retract, pulling along the stock pusher 9,
      the pushing head 11 of which withdraws from the headstock 2 again and --
      preferably but not necessarily--  re-enters the tube 7. The period of time
      during which the operation of the pump 28 is reversed in order to apply
      the underpressure behind the piston 10 is governed by a timer adjusted so
      that the piston 10 and the stock pusher 9 retract for a suitable distance.
      It should be noted that the oil pressure applied to cause the piston 10 to
      advance is on the order of 1-3 atm gauge pressure, i.e., 1-3 kg/sq.cm.,
      and might be even higher, if necessary. On the other hand, the
      underpressure used to cause the piston 10 and the stock pusher 9 to
      retract can naturally not reach -1 atm gauge pressure (absolute pressure =
      0), and it is within the range of from 0.6 to 0.8 atm gauge pressure,
      i.e., 0.6 to 0.8 kg/sq.cm., preferably 0.75 kg/sq.cm., which means that
      the absolute pressure of the oil is then approximately one-quarter of an
      atmosphere.
PAR  Once the stock pusher 9, including its pushing head 11, has retracted far
      enough, the drum 6 may move sideways towards the "operator" side of the
      lathe, i.e., towatds the eye of a person viewing FIG. 1, and while the
      drum 6 rotates by one step to prepare for the placement of a new tube 7
      provided with a new piece of bar stock to be machined, an extractor 56-59
      mounted on the frame of the drum 6 comes into alignment with the headstock
      2, enters into it, grasps the scrap end of the used bar, and pulls it
      backwards out of the headstock. The specific structure of this extractor
      will be explained further in relation to FIGS. 4 and 5. The drum 6 then
      moves back into place to align the new tube with the headstock, and the
      extractor moves laterally towards the back of FIG. 1 to discharge the
      scrap end. These movements are favored by a positioning of the drum 6
      which necessitates only a minimal lateral displacement. This positioning
      is such that during normal operation of the lathe, the particular tube of
      the drum which is aligned with the headstock is the one halfway up the
      drum on the "hidden" side in FIG. 1, i.e., in the three o'clock position
      if the drum is viewed from the right-hand side of FIG. 1 (the rear of the
      drum). This arrangement of the drum likewise facilitates re-loading of the
      emptied tubes by the operator.
PAR  It will be understood that the apparatus in question is just as suitable
      for a fully-automatic installation, where all the movements of the drum
      are controlled automatically, as for a semi-automatic installation, where
      the machine is stopped when a bar is used up and the operations to be
      carried out at that time are performed manually. It should also be noted
      that when the pump 28 supplies an underpressure, the oil exhausted from
      the tube through the pipe 22 is returned by the pump 28 to the main
      reservoir 25 via the pipe-line 27 connecting the pump to that reservoir.
      Upon changing tubes, when the resilient coupling member 17 is retracted by
      the action of the cylinder 19, a certain amount of oil runs out at the
      back of the tube. Provision has therefore been made at the back of the
      frame of the drum 6 for a collector pan 33 which catches this oil and
      returns it to the main reservoir 25 via a pipe-line 26.
PAR  It may happen that bars 8 of different diameters may have to be loaded in
      any tube 7, according to the parts to be machined on the lathe 1, and
      there may even be bar stock which is not round but angular in section,
      e.g., square or hexagonal. It has been found that in order to have the
      quietest possible operation and the best possible conditions for flushing
      waste matter out of the tube, the amount of oil passing in front of the
      piston to flow around the stock pusher and the bar should differ according
      to the diameter and the profile of the bar. It is important to be able to
      use the same piston 10 for the same tube diameter. Therefore, if the only
      provision for allowing the oil to flow from behind the piston to in front
      of it were the clearance between the piston and the tube, the pressure of
      the pump would have to be considerably increased if the oil flow were to
      be increased, e.g., for certain types of profiled bars. Besides requiring
      a pump capable of supplying a higher pressure, such an increase in
      pressure increases the force of the pressure to an extent which may no
      longer be acceptable. In other circumstances, it may be desired to
      increase the advancing pressure without increasing the amount of oil
      flowing from the back to the front of the piston. To remedy these
      drawbacks, an adjustable inner channel is provided for the passage of oil
      through the piston, as shown in FIG. 3. By decreasing the clearance
      between the outer wall of the piston and the inner wall of the tube, with
      respect to what it would be in the absence of this inner channel, the
      result obtained is that the adjustment of the passage through this channel
      provides a choice between a greater or lesser flow of oil, with the same
      pump pressure, than there would be in the absence of the inner channel.
PAR  Moreover, when this inner channel is fully open, the flow of oil is
      relatively great; and when underpressure is applied to cause the piston
      and the stock pusher to retract, it might happen that the entire rather
      small quantity of oil still in front of the piston at that moment is
      pumped out, so that the underpressure of the pump begins to exhaust air
      rather than oil. If that were to happen, the retraction of the piston and
      the stock pusher might be seriously prejudiced. Hence valve-forming means
      are provided inside the piston which allow oil to pass through the inner
      channel of the piston in only one direction, viz., from back to front, and
      which block the passage of the oil in the opposite direction when
      underpressure is applied to retract the piston.
PAR  The sectional view shown in FIG. 3 illustrates in detail the particular
      arrangement of the piston which enables the aforementioned result to be
      obtained. It will be seen that the piston 10, leaving aside the coupler 13
      intended to connect it to the stock pusher 9, is formed of a cylindrical
      piece, the middle portion of which has an outer cylindrical surface 34 of
      a diameter very close to the inside diameter of the tube 7, so that there
      is relatively little clearance (app. one-tenth of a millimeter) between
      the piston and the tube at this location. The piece comprises two
      cylindrical end portions, one on each side of the middle portion having
      outer surfaces designated as 35 for the rearward end portion and 36 for
      the front end portion. The outer surfaces 35 and 36 are appreciably
      smaller in diameter than the inside of the tube 7, so that the oil may
      pass without loss of pressure between the inside wall of the tube 7 and
      the outer surfaces 35 and 36. The piece also comprises an axial bore 37,
      38, 39 which, although the ends of it are stopped as will be seen further
      on, passes completely through the piece prior to assembly. This axial bore
      comprises a rear portion 37 and a front portion 38, both of relatively
      large diameter, and between them, a narrowed portion 39 situated within
      the middle portion of the piece. There is a frustoconical transition
      passage 40 between the portions 39 and 37, and a similar frustoconical
      transition passage 41 between the portions 39 and 38. Moreover, two or
      more radial bores 42 extend from the surface 35 of the rearward end
      portion to the wide portion 37 of the axial bore; in like manner, two or
      more radial bores 43 connect the outer surface 36 of the front end portion
      and the wide front portion 38 of the axial bore. The rearward end of the
      axial bore comprises an internal thread 48 into which is screwed the
      threaded head 47 of a valve needle 44 which projects a cylindrical stem 45
      axially towards the forward end of the portion 37 of the axial bore and
      ends in a point 46 which is adapted to cooperate with the frustoconical
      inner surface 40 to regulate the cross-section of the passage between the
      portion 37 and the portion 39 of the axial bore. The fact that the head 47
      of the needle 44 stops the rearward end of the axial bore does not at all
      interfere with the communication between the portion 37 of the bore and
      the space behind the piston 10 in the tube 7, owing to the presence of the
      radial bores 42 which open out on the surface 35 relatively distant from
      the inner surface of the tube 7. Thus by screwing the needle 44 in or out
      to a greater or lesser extent when the piston 10 is out of the tube 7 or
      is all the way at the back of it, it is possible to adjust the
      cross-section of the inner channel through the piston 10. A check nut 49
      is screwed onto the threaded head 47 of the needle 44, and when tightened,
      it eliminates the risk of the needle 44 becoming maladjusted as a result
      of vibration.
PAR  Towards the front of the piston 10, a ball 50 is inserted in the wide front
      portion 38 of the axial bore. The ball 50 is larger in diameter than the
      narrowed portion 39 and the radial bores 43 but appreciably smaller in
      diameter than the wide portion 38. Once the ball 50 has been inserted in
      the portion 38, a threaded projection 51 integral with the coupler 13 is
      screwed into an internal thread 52 at the forward end of the portion 38 of
      the axial bore, and the threaded projection 51 imprisons the ball 50
      within the portion 38. Owing to the presence of the radial bores 43, free
      communication is at all times ensured between the space in front of the
      piston 10 and the inner space 38 where the ball 50 is situated, even
      though the front end of the axial bore is stopped by the threaded
      projection 51 of the coupler 13. It will be noted that the outside
      diameter of the coupler 13 is the same as that of the end portions 35 and
      36 of the piece forming the body of the piston 10, so that the oil has no
      trouble flowing from the mouths of the bores 43 to the space in front of
      the coupler 13 integral with the piston 10. It will also be noted that the
      piece provided with the aforementioned bores and forming the body of the
      piston 10 is, as a component part, completely symmetrical, thus
      facilitating assembly of the fully-equipped piston; the threads 38 and 52
      are identical, the spaces 37 and 38 are identical, the inner frustoconical
      surfaces 40 and 41 are identical, and the outer surfaces 35 and 36 are
      likewise identical.
PAR  It will be easily understood that when the oil seeks to pass from back to
      front (from right to left as viewed in FIG. 3), the oil which is allowed
      to pass by the point 46 of the needle 44 pushes the ball 50 away from the
      frustoconical passage 41, so that nothing but the point 46 forms an
      obstacle to the passage of the oil through the channel 42, 37, 39, 38, 43.
      When underpressure is applied at the rear of the tube 7, on the other
      hand, the oil seeking to pass from front to back through the channel 43,
      38, 39, 37, 42 pushes the ball 50 against frustoconical surface 41, so
      that the passage is substantially closed off. Obviously, the intention is
      not to prevent all passage of the oil in this way since a certain amount
      of oil passes outside the surface 34 into the clearance 53 in any case.
      The function of the ball 50 is rather very greatly to reduce the possible
      flow from front to back in the inner channel. Moreover, in order that the
      oil may carry the ball 50 along easily, this ball is made of a light
      material, e.g., of an oil-resistant plastic material having a specific
      gravity close to that of the oil, or of aluminum.
PAR  Furthermore, it is possible to dispose in the face of the threaded part 51
      of the coupler 13 a projection 54 appreciably smaller in diameter than the
      portion 38; as shown by the dot-dash line in FIG. 3, this projection 54
      prevents the ball 50 from rolling forward until it is in line with the
      radial bores 43 if it is feared that the ball 50, coming to rest near a
      radial bore 43 would no longer be displaced by the oil circulating back
      and entering by the other bore or bores 43. With the projection 54, the
      ball 50 is forced to remain in the oil current and cannot help but be
      pressed against the frustoconical surface 41 if that current flows from
      front to back.
PAR  It should be noted that the piece forming the piston 10 is preferably made
      of the usual bar-lathe steel (cemented iron), although other metals may
      likewise be used, and even certain plastic materials might be suitable in
      certains cases.
PAR  Finally, it is pointed out that according to the adjustment effected by
      means of the needle 44, the pump 28 must supply a greater or lesser flow
      at a given uniform pressure. Depending upon the type of pump used, it will
      be necessary or unnecessary to change the adjustment of the pump when the
      adjustment of the needle 44 is changed; if it is a pump with a very flat
      characteristic, i.e., one with only a slight variation in pressure even
      for a great variation in flow, it will not be necessary to change the
      adjustment of this pump, whereas if the pump has a falling characteristic,
      a widening of the channel through the piston will require that the
      pressure/flow characteristic of the pump be raised.
PAR  When passing alongside the pushing head 11 of the stock pusher 9, the oil
      should not undergo a loss of pressure less than the loss of pressure it
      undergoes when passing around and through the piston. Therefore, the
      cross-section of the oil passage around the pushing head 11 should be as
      great as the maximum passage cross-section left through the needle-valve.
      If this condition is met, the adjustment of the pressure sensor 32 may
      remain the same whatever the adjustment of the needle 44 may be; if, on
      the contrary, there were too great a drop in pressure alongside the
      pushing head 11, an increase in the oil flow would mean--despite the fact
      that this flow results from a wider passage cross-section in the piston
      10--an increase in the pressure to be supplied by the pump, i.e., an
      increase upstream from the pushing head 11. The pressure which would exist
      alongside the sensor 32 at the moment when the pushing head 11 passes by
      it, but before the piston 10 has passed by it, in the case of a large
      passage cross-section through the piston, might be as great as, or even
      greater than, the pressure prevailing behind the piston with a low flow of
      oil. Hence the sensor 32 would be liable to operate prematurely when the
      pushing head 11 passes by instead of only when the piston 10 has passed
      by. In order to avoid this, it is naturally possible to reduce the
      diameter of the pushing head 11; if it is desired not to leave too much
      play for it in the tube 7, so that it will not vibrate there, provision
      may be made along the peripheral surface of the pushing head 11 for large
      longitudinal grooves which will give the pushing head 11 a cross-section
      taking the form of a star or of a triangle. It would naturally also be
      possible to provide that a change in the adjustment of the needle 44,
      which does not take place very often, be associated with a change in the
      adjustment of the pressure sensor 32.
PAR  FIG. 4 shows how an extractor comprising a cylinder 58, a rod 57, and an
      extractor-gripper 56 is mounted on the side of the frame 5 of the drum 6.
      A cylinder 61 having a rod 62 connected to the frame 5, moves the latter
      sideways and brings the extractor system 56, 57, 58 into alignment with
      the headstock, the rod 57 being retracted in the piston 58. The pressure
      is applied to the piston 58 and the rod 57 with the extractor gripper 56
      is moved forwards, the gripper 56 being so pushed into the headstock.
PAR  As shown in FIG. 5 the extractor-gripper 56 is hollow with its front part
      radially sliced, so that it can grip the scrap end with a sufficient force
      due to its resiliency. An ejector 59 having a lateral lug 59a fixed
      thereto, is lodged in the hollow of the extractor-gripper. This ejector 59
      has the same diameter as the scrap end to be removed by the extractor.
      With the ejector 59 being near the front end of the gripper 56, the chuck
      formed by the sliced front part is slightly open and the scrap end enters
      the gripper without difficulty since the latter is pushed forwards. Then
      the scrap end abuts the ejector 59, which slides toward the rear end of
      the hollow within the extractor gripper 56. Resiliency of the front part
      of the gripper 56 causes it to grip the scrap end with force.
PAR  Pressure is then given in the other direction into cylinder 58 and the
      gripper 56 returns backwards, taking with it the scrap end. When the scrap
      end is entirely retracted from the headstock, the lug 59a abuts a stop 60
      during its movement backwards caused by the cylinder 58; the ejector 59
      then stops its movement while the gripper 56 further moves backwards. The
      ejector 59 thus slides again towards the front end of the gripper 56, in
      the internal hollow thereof. This relative movement pushes the scrap end
      which is ejected from the gripper and falls into a convenient receptacle.
      At this moment the cylinder 61 moves again the drum 6 into a working
      condition and a new tube is placed in alignment with the headstock.
PAR  It will be understood that the concept of the apparatus described above
      might be applied in numerous other embodiments; for example, the pressure
      means, the oil-channel regulating means, and the oil-return blocking means
      might very well also be utilized in a feed apparatus comprising a single
      tube which is reloaded and replaced each time the bar it contains is used
      up. By the same token, the means for adjusting the inner channel for the
      oil might be different from the needle-valve means described, and the
      valve-forming means might very well be of some other type than the
      ball-type.
PAR  Moreover, it will be clear that the term "reversible-action pump" is
      understood to mean not only a pump such as a geared pump or an
      axial-propellor pump, where the direction of flow depends upon the
      direction of rotation, but also a pump such as a centrifugal pump, where
      the internal flow is always in the same direction, but which is equipped
      with channel-switching gates to reverse the direction of flow relative to
      the pipe-lines outside the pump.
PAR  Finally, the feed apparatus might very well also be used for a machine-tool
      other than a movable-headstock automatic lathe.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A feed apparatus for an automatic lathe having a headstock equipped with
      a collet opening at the end of each working cycle of said lathe,
      comprising:
PA1  at least one tube arranged for being disposed in alignment with said
      headstock for guiding a piece of bar stock engaged in said headstock, the
      front end of said tube being near said headstock and the rear end of said
      tube being remote from said headstock,
PA1  means for exerting pressure upon said bar stock for preventing it from
      remaining axially integral with said collet when said collet opens,
PA1  wherein said means for exerting pressure comprise: a piston engaged with
      clearance in said tube, said clearance forming a passage bypassing said
      piston,
PA1  means provided on said piston for pushing said bar stock towards said
      headstock responsive to a movement of said piston towards said headstock,
      and
PA1  a hydraulic arrangement adapted for supplying oil under pressure at said
      rear end of said tube and thereby urging said piston with said bar stock
      towards said headstock, said piston including:
PA1  an inner channel having an adjustable cross-section and being operatively
      parallel to said passage formed by said clearance, and
PA1  regulating means in said inner channel for adjusting said cross-section of
      said inner channel, wherein said oil supplied under pressure by said
      hydraulic arrangement passes by said piston with loss of pressure through
      said passage and through said inner channel in an amount determined by
      said regulating means.
NUM  2.
PAR  2. A feed apparatus in accordance with claim 1, wherein said regulating
      means comprise a needle-valve arrangement adapted to close and open said
      inner channel to a greater or lesser extent.
NUM  3.
PAR  3. A feed apparatus in accordance with claim 1, wherein said means provided
      on said piston for pushing said bar stock comprise an extension piece
      forming a continuation of said piston towards said front end of said tube
      and being axially connected to said piston in both directions, said
      extension piece having a sufficiently small diameter to penetrate into
      said headstock almost up to said collet, thereby allowing said bar stock,
      when reaching the end of its use, to be pushed until its rearward end is
      situated just behind said collet, and wherein said hydraulic arrangement
      is further adapted to draw said oil out of said tube by means of
      underpressure, whereby said piston and said extension piece are
      sufficiently retracted to disengage said extension piece completely from
      said headstock.
NUM  4.
PAR  4. A feed apparatus in accordance with claim 3, wherein said piston further
      comprises non-return valve means disposed in said inner channel for
      allowing said oil to flow from behind said piston to in front of it to the
      full extent determined by said regulating means and for at least
      substantially preventing a return of said oil from in front of said piston
      to behind it through said inner channel.
NUM  5.
PAR  5. A feed apparatus in accordance with claim 4, wherein said non-return
      valve means are ball-valve means.
NUM  6.
PAR  6. A feed apparatus in accordance with claim 3, wherein there is a
      plurality of tubes disposed in the form of a drum, each tube being adapted
      to come in turn into alignment with the axis of said headstock, and
      wherein said means for exerting pressure comprise one piston in each tube
      and one said hydraulic arrangement common to all tubes provided with means
      for connecting a reversible-action oil-pump to whichever of said tubes is
      brought into alignment with said headstock, said plurality of tubes
      disposed in a drum form being further provided with an extractor and
      arranged to enable said extractor, each time another tube has to replace a
      preceding tube in alignment with the axis of said headstock, to enter said
      headstock for withdrawing therefrom the scrap end of a used bar stock.
NUM  7.
PAR  7. A feed apparatus in accordance with claim 3, wherein said extension
      piece includes a stock pusher comprising a rod, the rearward end of which
      is axially attached to said piston, and a pushing head integral with said
      rod at the front end thereof.
NUM  8.
PAR  8. A feed apparatus in accordance with claim 7, wherein said pushing head
      is designed to leave between it and said tube an oil passage having a
      cross-section at least equal to the greatest bypassing cross-section
      around and through said piston.
NUM  9.
PAR  9. A feed apparatus in accordance with claim 8, wherein sensor means are
      disposed in the vicinity of said front end of said tube at a predetermined
      distance therefrom for detecting the arrival of said piston in an advanced
      position corresponding to the farthest permissible advance position of
      said pushing head into said headstock, said sensor means being responsive
      to oil pressure in said tube with such an adjustment that said sensor
      means are actuated by the operative oil pressure existing behind said
      piston but not actuated by the reduced pressure existing in front of said
      piston.
NUM  10.
PAR  10. A feed apparatus in accordance with claim 3, wherein a single
      reversible-action oil-pump is provided for supplying said oil pressure and
      said oil underpressure, said oil pressure being approximately 1-3
      kg/sq.cm. above atmospheric pressure and said underpressure being
      approximately 0.6-0.8 kg/sq.cm. below atmospheric pressure.
NUM  11.
PAR  11. A feed apparatus in accordance with claim 4, wherein said piston
      comprises:
PA1  a body of generally cylindrical form and comprising symmetrically a middle
      part adapted to be guided in said tube with said clearance, and two end
      parts of equal diameter, said diameter being less than that of said middle
      part,
PA1  an axial bore passing through said body and having a throttling over a
      length axially corresponding to said middle part, and two non-throttled
      portions over the lengths axially corresponding to said end parts, tapered
      transition portions being disposed at both ends of said length presenting
      a throttling for rejoining said non-throttled portions,
PA1  radial bores constituting at both end parts at least one flowpath between
      the peripheral surface of said end part and the corresponding
      non-throttled portion of said axial bore, a needle screwed from the
      rearward end into the rear non-throttled portion of said axial bore for
      providing said regulating means in cooperation with one of said tapered
      transition portions,
PA1  a ball with a diameter larger than that of said radial bores, disposed in
      the front non-throttled portion of said axial bore for providing said
      non-return valve means in cooperation with the other of said tapered
      transition portions, and
PA1  a coupler adapted to axially secure said extension piece to said piston and
      screwed from in front into said front non-throttled portion of said axial
      bore for providing a stop closing off said front non-throttled portion and
      preventing said ball from escaping therefrom.
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ABST
PAL  A bale wagon has improved means for facilitating tier pattern selection and
      formation on a table of the wagon. A plurality of paddles are mounted on
      the table for sensing bale presence at any of a plurality of locations
      thereon and, upon sensing a bale, actuating some of a plurality of
      operable means associated with the table for arranging bales into a
      plurality of tier patterns on the table. A cam acts upon a plurality of
      links, being associated therewith and coupled with respective paddles, for
      selecting which of the paddles will actuate the operable means and in such
      manner thereby selects which of the tier patterns will be formed. The cam
      may be moved between different positions for selecting different ones of
      the paddles.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Reference is hereby made to the following co-pending U.S. applications
      dealing with related subject matter and assigned to the assignee of the
      present invention:
PAR  1. "Improved First Table for a Bale Wagon" by Edward J. Wynn et al. U.S.
      Ser. No. 408,782, filed Aug. 19, 1974.
PAR  2. "Mode of Operation Selection for the First Table of a Bale Wagon" by Lee
      D. Butler et al, U.S. Ser. No. 498,833, filed Aug. 19, 1974.
PAR  3. "Load Position Sensing and Tier Pattern Selection for a Bale Wagon" by
      Lee D. Butler et al, U.S. Ser. No. 498,834, filed Aug. 19, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to the art of forming a stack of
      crop material bales and, more particularly, is concerned with a bale wagon
      incorporating improved features for facilitating the formation of a
      block-type, tied or interlocked stack of bales thereon.
PAR  2. Description of the Prior Art
PAR  It is accepted present day practice to form bales of crop material such as
      hay or the like into stacks through the employment of an automatic bale
      wagon.
PAR  One type of bale wagon which has achieved widespread commercial acceptance
      is the automatic bale wagon which employs the three table concept, as
      originally illustrated and described in U.S. Pat. No. 2,848,172 which
      issued to Gordon E. Grey.
PAR  The Grey bale wagon includes a first table which successively receives
      bales from a bale loader or pickup on the wagon and accumulates a
      predetermined number of them, for example two, being arranged end-to-end
      in a row, a second table which successively receives the accumulated rows
      of bales from the first table and accumulates a plurality thereof, such as
      4, 5 or 6 rows, which plurality of rows is commonly called a tier of
      bales, and a third table or load bed which successively receives the tiers
      from the second table and accumulates a plurality of the tiers, for
      example, 7, to form a stack thereon. Once the stack has been accumulated
      on the load bed, it may be unloaded by pivoting the load bed 90.degree.
      and depositing the stack on the ground or the like with the first tier of
      bales which was previously accumulated on the second table now being the
      lowermost tier of the stack in contact with the ground surface.
PAR  Since the stack formed by the bale wagon and deposited on the ground at a
      storage location may remain there for an extended period of time, it is
      desirable that the bales forming the lowermost tier be oriented such that
      a non-twine or-wire bearing side of each bale, commonly referred to as an
      "edge" of a bale, is in contact with the ground in order to avoid wire
      rusting or twine rotting which eventually would result in broken bales in
      the lowermost tier and probable toppling of the stack.
PAR  To provide the aforementioned desired orientation of the bales of the
      lowermost tier of the stack, the operations which have heretofore been
      performed in picking up and forming bales into each of the tiers of the
      stack by the bale wagon are as follows. First, bales deposited on one of
      their edge sides in a field by a baler are picked up by the bale wagon
      loader and moved through a 90.degree. lateral path to the first table
      where they are supported on one of their twine or wire bearing sides,
      commonly referred to as a "flat" side of the bale. Then, the first table
      is pivotally moved so as to lift and revolve the bales approximately
      90.degree. and deposit them on the second table of the wagon in the same
      desired edge side orientation as they will appear when subsequently
      transferred in stack form by the load bed of the wagon to the ground.
PAR  In order to enhance the stability of the stack, it is generally desirable
      to provide one or more tie tiers within the stack, such being tiers having
      individual bales arranged to overlap two bales in adjacent tiers above and
      below the the tier. Formation of one or more tie tiers can be accomplished
      during formation of the stack on the bale wagon, for example, through
      utilization of a mechanism which is similar to that illustrated and
      described in U.S. Pat. No. 3,395,814 and has been incorporated into
      several present day commercial models of the Grey bale wagon.
PAR  Overall, the stacks of bales formed by these current models of the Grey
      bale wagon, wherein all of the bales are oriented on their edge sides,
      have satisfactory stability.
PAR  However, with respect to stacks which must conform to certain legal width
      restrictions in order for transport on public highways by trucks and are
      formed of bales having certain size dimensions, it has been found more
      desirable to orient the bales of all of the tiers of the stacks, including
      the tie tiers, but excluding the lowermost tier, on their flat sides. For
      example, in the case of bales having the approximate size dimensions of 16
      inches (edge side width) .times. 23 inches (flat side width) .times. 46
      inches (length), being most prevalent in the southwestern region of the
      U.S., bales oriented on their flat (23 inches wide) sides each cover a
      surface area having a length approximately twice that of its width and
      thus may be formed by some current Grey bale wagon models into compact,
      square tie tier patterns utilizing a tie mechanism similar to that
      disclosed in the aforementioned U.S. Pat. No. 3,395,814, as well as a
      compact and square standard tier pattern, if such models were adapted to
      pick up bales lying on their flat sides in the field. Standard and tie
      tiers having such a compact and square configuration would form a
      block-type stack which conforms to the legal width and tier pattern
      restrictions for public highway transportation.
PAR  Although current models of the Grey bale wagon utilizing the aforementioned
      tie mechanism could readily be adapted, by widening their bale loader, to
      pick up bales placed on their flat sides on the field by a baler, as
      opposed to the prevailing, more desirable, practice of depositing bales on
      their edge sides in the field, and build a stack in which all bales of the
      standard and tie tier patterns would be oriented on their flat sides after
      the stack is unloaded upright from the bale wagon, the advantage described
      hereinbefore associated with orienting the bales of the lowermost tier on
      their edge sides would not be retained since the first table and its
      standard mode of operation as heretofore provided on all models of the
      Grey bale wagon up to the present most current ones do not have the
      capability of selectively depositing bales onto the second table in either
      one of an edge side or flat side orientation.
PAR  Additionally, although one manner of automatically providing the formation
      of bales into a tie tier pattern after a predetermined number of standard
      tier patterns have been formed and stacked on the bale wagon was disclosed
      in the aforementioned U.S. Pat. No. 3,395,814, which also disclosed in the
      above-referred to tie mechanism, none of the recent models of the Grey
      bale wagon, which have utilized a tie mechanism similar to the disclosed
      in aforementioned patent, have the capability of automatically forming
      bales into a tie tier pattern without the bale wagon operator closely
      monitoring and controlling the tier-forming operations on the second table
      on the bale wagon. The operator must count the tiers as they are formed
      and, at the proper moments, manually operate control levers to actuate the
      tie mechanism and, in some instances, partially cycle the second table to
      cause formation of the tie tiers.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred embodiment of an improved bale wagon, as disclosed herein,
      includes several improved features for facilitating the formation of one
      preferred stack pattern, as well as alternative stack patterns, of the
      above-mentioned block-type stack, which overcome the above-described
      disadvantages of the aforementioned Grey bale wagon models.
PAR  While the improved features are particularly adapted for facilitating the
      formation of a block-type stack on a bale wagon, it is readily apparent
      that such features may be incorporated, either singly or together, into
      bale wagons for forming other types of stacks.
PAR  Some of the several improved features comprise inventions claimed in other
      co-pending applications, cross-referenced above; however, all of the
      improved features of the bale wagon are illustrated and described herein
      for facilitating a complete and thorough understanding of those of the
      features comprising the present invention.
PAR  The present invention relates to those features incorporated into a bale
      wagon for facilitating tier pattern selection and formation on the wagon.
PAR  Accordingly, the present invention broadly comprises, in a bale wagon
      having means for accumulating bales and a plurality of operable means
      associated with the bale-accumulating means for delivering bales thereto
      and arranging bales into a plurality of different tier patterns, improved
      means associated with the bale-accumulating means for sensing bale
      presence at any of a predetermined number of locations, improved means for
      selecting at which of the locations bale presence will be sensed by the
      sensing means, and improved means for controlling the operation of some of
      the plurality of bale delivering and arranging means upon the sensing of
      bale presence at the selected locations to thereby facilitate arrangement
      of bales into a corresponding one of the tier patterns.
PAR  More particularly, the bale presence sensing means includes a plurality of
      paddles mounted to the bale-accumulating means at the predetermined
      locations. The paddles normally extend from the bale-accumulating means.
      Each of the paddles is movable to a depressed position upon being engaged
      by a bale to thereby sense its presence at that respective location of the
      paddle. Still further, the controlling means includes means for actuating
      some of the bale delivering and arranging means. The selecting means
      includes means movable between a plurality of different positions each
      respectively representing a different one of the plurality of tier
      patterns. Also, the selecting means includes means associated with the
      movable means and associated with the bale presence sensing paddles at
      each of their locations. The associated means may be activated by the
      movable means, upon diposition thereof at each of its different positions,
      for selecting ones of the paddle locations by connecting the paddle or
      paddles at the selected location or locations to the actuating means such
      that the actuating means will cause operation of some of the bale
      delivering and arranging means upon the sensing of bale presence at the
      selected location or locations.
PAR  Further, more particularly, a memory element is provided having successive
      positions defined thereon for storing a predetermined sequence of the
      plurality of tier patterns. Each position represents one of the tier
      patterns. Also, means are movably coupled to the movable means of the
      selecting means and associated with the memory element. The latter means
      is responsive to each of the memory element positions to cause disposition
      of the movable means of the selecting means at one of its positions which
      corresponds to the one of the tier patterns represented by such memory
      element position. Further, means are provided for successively disposing
      the coupled and associated means at each of the memory element positions.
PAR  Other advantages and attainments of the present invention will become
      apparent to those skilled in the art upon a reading of the following
      detailed description when taken in conjunction with the drawings in which
      there is shown and described an illustrative embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the course of the following detailed description reference will be
      frequently made to the attached drawings in which:
PAR  FIG. 1 is a side elevational view of a bale wagon embodying the principles
      of the present invention, showing the bale wagon with a partially formed
      block-type stack of bales on its load bed and during formation of a tier
      of bales on its second tier-forming table;
PAR  FIG. 2 is a perspective view of the standing block-type stack on a smaller
      scale than that of FIG. 1, showing the stack after it has been deposited
      upright on the ground or the like by the bale wagon of FIG. 1, with the
      bales of lowermost tier resting on one of their edge sides and the bales
      of the remaining tiers resting on one of their flat sides;
PAR  FIG. 3 is an enlarged perspective view of the front portion of the bale
      wagon of FIG. 1, which portion is located immediately rearwardly of the
      wagon cab, showing the bale-receiving means, the front portion of the
      second tier-forming table in phantom, a tie spike mechanism associated
      with the front second table portion, and the outer and inner trip levers
      for the bale-receiving means;
PAR  FIGS. 4 and 5 are schematic representations of at least one bale being
      delivered by the bale-receiving means of FIG. 3 on its edge side onto the
      front portion of the second table;
PAR  FIGS. 6 and 7 are schematic representations of the bale being delivered by
      the bale-receiving means of FIG. 3 on its flat side onto the front portion
      of the second table;
PAR  FIG. 8 is a schematic representation of the hydraulic circuit associated
      with the hydraulic cylinders for driving the bale-receiving means;
PAR  FIG. 9 is an enlarged, exploded perspective view of a second table
      actuating mechanism, and a storage cam, a cable drum and associated
      components for tier pattern sequence storage and selection, located below
      the second table of the bale wagon of FIG. 1, as seen when standing along
      the right side of the wagon;
PAR  FIG 10 is another enlarged perspective view of the second table actuating
      mechanism of FIG. 9, as seen when standing along the left side of the bale
      wagon;
PAR  FIG. 11 is an enlarged plan view of the cam of FIG. 9 for storing tier
      pattern sequences, illustrating the various initial positions along the
      periphery of the cam at which a cam follower will be located prior to
      formation of different stack patterns by the bale wagon and the various
      lobes of the cam along which the cam follower will be located for
      formation of the standard tier patterns and two tie tier patterns on the
      second table of the bale wagon;
PAR  FIG. 12 is an enlarged, perspective view on the load bed, rolling rack and
      rolling rack hydraulic cylinder of the bale wagon of FIG. 1;
PAR  FIG. 13 is a schematic representation of the hydraulc circuit associated
      with the rolling rack cylinder;
PAR  FIG. 14 is an enlarged perspective view of the load bed in its upright
      position, showing the rolling rack hydraulic cylinder, the cable drum and
      the route of a pair of interconnected cables, being connected to the
      piston end of the rolling rack hydraulic cylinder and extending about the
      cable drum;
PAR  FIG. 15 is an enlarged, fragmentary perspective view of a trip mechanism
      actuated by raising of the load bed of the bale wagon for shifting a
      selector valve for the first table;
PAR  FIG. 16 is an enlarged perspective view of the second table of the bale
      wagon of FIG. 1, showing the respective positions of sensor paddles of a
      tier-forming mechanism being mounted through respective openings in the
      second table;
PAR  FIG. 17 is an enlarged, fragmentary perspective view of the underside of
      the second table of FIG. 16, as seen from below and along the right side
      of the bale wagon, showing the various linkage and components of the
      tier-forming mechanism being associated with the second table sensor
      paddles;
PAR  FIG. 18 is a fragmentary side elevational view, on a larger scale than that
      of FIG. 17, showing respective positions of the linkage and components of
      the tier-forming mechanism, located on the underside of the second table,
      for forming a standard tier pattern of bales;
PAR  FIG. 18A is a fragmentary end elevational view taken along line 18A--18A of
      FIG. 18;
PAR  FIG. 19 is a fragmentary view elevational view similar to that of FIG. 18,
      but showing respective positions of the linkage and components for forming
      a double rail tie tier pattern of bales;
PAR  FIG. 19A is a fragmentary end elevational view taken along line 19A--19A of
      FIG. 19;
PAR  FIG. 20 is a fragmentary side elevational view similar to that of FIG. 18,
      showing respective positions of the linkage and components for forming a
      center rail tie tier pattern of bales;
PAR  FIG. 20A is a fragmentary end elevational view taken along line 20A--20A of
      FIG. 20;
PAR  FIG. 21 is an enlarged, fragmentary top plan view of some of the linkages
      for controlling the actuation of a tie spike component of the tier-forming
      mechanism and for controlling a selector valve for the first table, such
      linkage being mounted to the right side of the bale wagon chassis below
      the front end of the second table at the location shown in outline in FIG.
      3;
PAR  FIG. 22 is an elevational view of FIG. 21, as seen from along the right
      side of the bale wagon;
PAR  FIGS. 23 to 26 are enlarged perspective views of the three basic tier
      patterns into which bales are formed on the second table of the bale wagon
      of FIG. 1, wherein FIG. 23 illustrates the standard tier pattern with all
      bales resting on their edge sides, FIG. 24 illustrates the standard tier
      pattern of FIG. 23 except all bales are resting on their flat sides, FIG.
      25 illustrates a double rail tie tier pattern with all bales resting on
      their flat sides and FIG. 26 illustrates a center rail tie tier pattern
      with all bales resting on their flat sides;
PAR  FIGS. 27 to 32 are perspective schematic representations of the initial
      steps in the formation of bales into the double rail tie tier pattern of
      FIG. 25;
PAR  FIGS. 33 to 37 are perspective schematic representations of the remaining
      steps in the formation of bales into the double rail tie tier pattern of
      FIG. 25;
PAR  FIGS. 38 to 43 are perspective representations of the initial steps in the
      formation of bales into the center rail tie tier pattern of FIG. 26;
PAR  FIGS. 44 to 48 are perspective schematic representations of the remaining
      steps in the formation of bales into the center rail tie tier pattern of
      FIG. 26; and
PAR  FIGS. 49 to 51 are perspective views of alternative patterns of standing
      block-type stacks which may be formed on the bale wagon of FIG. 1 through
      use of the storage cam of FIG. 11.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the following description, right hand and left hand references are
      determined by standing at the rear of the machine and facing in the
      direction of forward travel. Also, in the following description, it is to
      be understood that such terms as "forward," "left," "upwardly," etc., are
      words of convenience and are not to be construed as limiting terms.
PAC  IN GENERAL
PAR  Referring now to the drawings, and particularly to FIG. 1, there is shown a
      bale wagon, being indicated generally by the numeral 10, comprising the
      preferred embodiment of the present invention for forming a preferred
      block-type, tie or interlocked stack of bales, as shown in FIGS. 2.
PAR  The bale wagon 10 is provided with a mobile chassis, indicated generally at
      12, formed of left and right longitudinally extending channels 14 (only
      the right channel being shown), suitably interconnected by spaced
      transverse channels (not shown), and front and rear parts of wheels 16,
      18, only the right front and rear wheels of each pair being shown in FIG.
      1, for movably supporting the interconnected channels 14. On the forward
      ends of the channels 14 is mounted a cab 20 for housing the operator and
      various controls for the wagon. A source of power, such as a engine (not
      shown) is suitably mounted on the chassis 12 within a support structure 21
      fixed between channels 14 for driving, preferably, the rear pair of wheels
      18. Although the wagon illustrated is a self-propelled type, it could
      readily take the form of a pull-type wagon with the forward ends of the
      channels 14, instead of mounting the cab 20, converging in an assembly
      which would adapt the wagon to be secured to a tractor, or other towing
      vehicle, located at the front of the wagon.
PAR  Mounted near the forward end of the mobile chassis 12, immediately
      rearwardly of the cab 20, and extending transversely thereto, is a first
      improved feature employed by the bale wagon 10, such feature being means
      for receiving bales, generally indicated by the numeral 22 and hereinafter
      referred to as the improved first, bale-receiving table of the wagon 10.
      The first table 22 is positioned adjacently along and generally below a
      bale-supporting area, generally designated 24, defined by
      bale-accumulating means hereinafter referred to as the second,
      tier-forming table of the wagon 10, generally indicated by the numeral 26.
PAR  The improved first table 22 is selectively operable in either one of two
      modes to lift the bales received thereon on their flat sides upwardly and
      deposit the bales on the bale-supporting area 24 on either one of the edge
      or flat sides of the bales. The improved construction of the first table
      22 and the components for operating it in either one of its two modes will
      be described in greater detail hereinafter.
PAR  It will be understood by those skilled in the art, that the bales are first
      introduced to the first table 22 by means of a bale loader or pickup,
      generally indicated at 28, which is mounted to the chassis 12 at the right
      end of the table 22 and operative to lift bales, resting on one of their
      edge sides, from the ground and direct them through a generally 90 degree
      arcuate lateral path to the right receiving end of the table 22. The
      loader 28 is generally similar to the one illustrated and described in
      U.S. Pat. No. 2,848,127 and need not be illustrated and described in
      detail herein for a thorough and clear understanding of the present
      invention.
PAR  Also, it will be understood by those skilled in the art, that a cross
      conveyor 30 (FIGS. 5 and 7) is operatively mounted to the chassis 12 and
      longitudinally extends along and above certain spaced structural portions
      of the first table 22 from approximately the right receiving end to near
      the middle thereof for moving the bales laterally from the loader 28
      toward the left end of the first table 22. The cross conveyor 30 is
      generally similar to the one illustrated and described in the
      aforementioned U.S. patent and need not be illustrated and described in
      detail herein for a thorough and clear understanding of the present
      invention.
PAR  The second, tier-forming table 26 is formed by an L-shaped structure having
      a forwardly extending leg portion 34 across which is defined the area 24
      which provides a surface upon which bales are supported and formed into a
      tier and an upwardly extending rear leg portion 36 which is pivotally
      secured at 38 between spaced apart upstanding brackets 40, only the right
      one being shown in FIG. 1, mounted on the longitudinal channels 14. A
      hydraulic cylinder 42 is pivotally secured at its anchor end to a frame
      member 44 mounted between the longitudinal channels 14. The rod end of the
      hydraulic cylinder 42 is pivotally secured to the free end of an arm
      portion 46 which is fixedly secured to, and extends rearwardly from, the
      L-shaped structure of the second table 26.
PAR  When the second table 26 is in its normal horizontal tier-forming position,
      as shown in FIG. 1, it rests at its forward end on a transverse support
      member, not shown, fixed to front brackets 48, only the right one being
      seen in FIG. 1. When the requisite number of bales have been accumulated
      and formed on the second table 26 in a suitable manner into either a
      standard tier pattern, or one of several tie tier patterns through
      utilization of other improved features provided on the bale wagon 10,
      which will be described hereinafter and includes a tie spike mechanism 50,
      being similar to that disclosed in aforementioned U.S. Pat. No. 3,395,814,
      mounted to the transverse support member and positioned below the second
      table 26, the hydraulic cylinder 42 is actuated so as to extend and cause
      the table 26 to swing or pivot upwardly generally 90.degree. about its
      pivot point 38 to a generally vertical position adjacent the front end of
      the rearwardly disposed tier-accumulating means hereinafter referred to as
      the load bed, or third load table, being generally indicated by the
      numeral 52. In this manner, the tier of bales formed on the second table
      26 is transferred to the load bed 52.
PAR  The load-carrying bed 52 includes a platform assembly 54 which is pivotally
      mounted at 56 between spaced apart upstanding rear brackets 58, only the
      right one being shown in FIG. 1, mounted on the longitudinal channels 14.
      A pair of spaced apart hydraulic cylinders 60, only the right one being
      shown, are pivotally secured at their anchor ends to transverse frame
      member 62 being fixed between channels 14 and at their rod ends to the
      platform assembly 54. When the load bed 52 is in its normal, generally
      horizontal tier-receiving position, as shown in FIG. 1, it rests at its
      forward end on upstanding brackets 40. A stack of bales is progressively
      formed on the load bed 52 upon successive delivery thereto of tiers of
      bales by pivotal movement of the second table 26 from its normal
      horizontal tier-forming position of FIG. 1 to its generally upright
      position adjacent the forward end of the load bed 52.
PAR  As the first tier of bales is delivered or deposited onto the load bed 52,
      a rolling rack for supporting the rear of the load being formed on the
      load bed 52, being generally indicated by the numeral 64 and
      longitudinally movable rearwardly along the load bed by the load being
      formed and forward by a hydraulic cylinder (not shown in FIG. 1), is
      contacted by the tier and forced to move rearwardly along the load bed 52
      against the residual holding pressure of the hydraulic cylinder. It will
      be understood by those skilled in the art, that while the rolling rack 64
      is held by hydraulic pressure at the position to which it has been moved
      along the load bed 52, the pressure of the rolling rack cylinder is
      overcome with the delivery of each successive tier of bales from the
      second table 26 to the front end of the load bed 52 whereby the rolling
      rack 64 is forced to move rearwardly one bale width until the rack 64
      reaches a generally rearmost position along the load bed 52, depending
      upon the desired number of tiers forming the stack, whereupon a complete
      stack has been formed on the load bed 52.
PAR  The aforementioned other improved features on the bale wagon 10, which
      features will be described hereinafter, also include the rolling rack 64
      and relate to the role it plays the manner of selecting which of the
      several tier patterns will be formed on the second table 26 of the bale
      wagon 10.
PAR  When the load bed 52 has been loaded with the desired number of tiers, the
      stack can be transferred to the ground in the form of a composite stack by
      extension of the hydraulic cylinders 60 which cause the load bed 52 to
      pivot generally 90.degree. about point 56 from its generally horizontal
      position of FIG. 1 to an upright position in which the rolling rack 64 and
      the rear end of the load bed 52 which mounts additional upright support
      tines 66 are disposed adjacent the ground.
PAC  THE IMPROVED FIRST TABLE
PAR  The improved first table 22 is illustrated in detail in FIG. 3 and
      generally includes first and second structures, generally designated 68
      and 70 respectively.
PAR  The first structure 68 of the table 22, generally similar to the
      construction of the first table on the Grey bale wagon as known
      heretofore, is comprised by two transversely-extending and spaced-apart,
      front and rear beams 72, 74 which are mounted on a forwardly extending
      horizontal portion 76 of an L-shaped structure which also includes rear
      upwardly extending leg portions 78 which are pivotally secured at 80
      between the spaced-apart upstanding front brackets 48 being mounted on the
      longitudinal channels 14. The front transverse beam 72 of the first
      structure 68 will support the bale (or bales) received on the first table
      22 along one flat side of the bale at a location remote from the bale
      supporting area 24 of the second table, as seen in FIGS. 1 and 4. While
      the rear transverse beam 74 will support the bale (or bales) received on
      the first table 22 along the one flat side of the bale at a location near
      the second table 26, also as seen in FIGS. 1 and 4, the presence of the
      latter rear beam 74 is not essential for satisfactory operation of the
      improved first table 22 since the second structure 70, which will be
      described hereinafter, includes means for supporting the bale (or bales)
      at substantially the same location. The rear beam 74 is retained in the
      improved first table 22 only to enhance the structural integrity or
      strength of the first structure 68. The fact that it takes the shape or
      form as it appeared heretofore in the first table of the Grey bale wagon
      is a matter of expediency since other members having different
      constructions could be utilized to provide the necessary strength for the
      first structure 68.
PAR  The second structure 70 of the improved first table 22 was not heretofore
      present in the first table of the Grey bale wagon. Structure 70 is
      comprised by a transverse pipe 82 mounted on the forward ends of a pair of
      spaced-apart arms 84 being interconnected by a brace 86. The pipe 82
      constitutes the aforementioned means of the second structure 70 which
      supports the bale (or bales) received on the first table 22 along the one
      flat side of the bale at the location near the second table, as seen in
      FIGS. 1 and 4. The rear ends of the arms 84 are pivotally secured at 90
      between the upstanding brackets 48 generally below, inwardly from, and
      rearwardly of, the pivotal securement of the first structure 68 at 80 to
      the brackets 48. A shield piece 88 is fixed across the arms 84 rearwardly
      of the pipe 82 for helping to prevent the flow of hay chaff from the bales
      received on the first table 22 to under the front end of the second table
      26 where the engine for the bale wagon 10 is preferably located on support
      structure 21.
PAR  The improved first table 22 further includes means for selectively
      operating the first and second structures 68, 70 in either one of two
      modes for moving the bale (or bales) upwardly to respectively deposit the
      bale on its edge side or flat side on the bale-supporting area 24 of the
      second table 26.
PAR  The means for selectively operating structures 68, 70 of the first table 22
      includes first and second actuatable driving components being in the form
      of first and second hydraulic cylinders 92, 94.
PAR  The first hydraulic cylinder 92 is pivotally secured at its anchor end to
      the forward side of the engine support structure 21. Its rod end is
      pivotally secured to the free end of an arm 96 which is fixedly secured
      to, and extends rearwardly and upwardly from, the L-shaped structure of
      the first structure 68 of the first table 22. The first structure 68
      normally rests on a generally horizontal, bale-receiving position, as
      shown in FIGS. 1, 4 and 6, with its beams 72, 74 upon the longitudinal
      channels 14. As the first hydraulic cylinder 92 is extended, the first
      structure 68 will swing or pivot approximately 90.degree. upwardly about
      its pivot point 80 in a counterclockwise direction to a generally
      vertical, bale-discharging position adjacent the second table 26, as seen
      in FIGS. 5 and 7.
PAR  The second hydraulic cylinder 94 is pivotally secured at its anchor end
      also to the forward side of the engine support structure 21. Its rod end
      is pivotally secured to the free end of an arm 98 which is fixedly secured
      to, and extends rearwardly and downwardly from, the brace 86 of the second
      structure 70 of the first table 22. The second structure 70 normally rests
      in a generally horizontal, bale-receiving position, as shown in FIGS. 1
      and 4, with its transverse pipe 82 being positioned rearwardly of, and
      adjacent, the rear beam 74 of the first structure 68 and overlapping and
      being supported by the forwardly extending horizontal portion 76 of the
      L-shaped structure of the first structure 68. As the second hydraulic
      cylinder 94 is extended, the second structure 70 will swing or pivot
      approximately 60.degree. upwardly about its pivot point 90 in a
      counterclockwise direction to a generally forwardly-inclined position with
      its pipe 82 positioned adjacent the front edge of the second table 26, as
      seen in FIG. 6. Also, in view of the overlapping relationship of the pipe
      82 of the second structure 70 with the first structure 68, the second
      structure 70, even when not positively driven by its second cylinder 92,
      will be carried to its upper position by the first structure, as is the
      case in FIG. 5, whenever the second structure 70 is initially resting at
      its horizontal position and only the first hydraulic cylinder 92 is
      actuated to pivot the first structure 68 to its upper, vertical position.
PAR  The means for selectively operating structures 68, 70 further includes
      hydraulic means, generally designated by numeral 100 in FIG. 8, for
      actuating the first and second hydraulic cylinders 92, 94 so as to operate
      the first and second structures 68, 70 of the improved first table 22 in
      either one of their two modes.
PAC  TWO MODES OF OPERATION OF IMPROVED FIRST TABLE
PAR  FIGS. 4 and 5 illustrate the respective positions of the structures 68, 70
      comprising the improved first table 22, at the start and end of a first of
      the two modes of operation of the structures 68, 70. The first mode
      generally simulates the single mode of operation of the first table as
      heretofore provided on the Grey bale wagon and merely involves actuation
      (extension) of the first hydraulic cylinder 92. As has been explained
      hereinbefore, even though the second hydraulic cylinder 94 is not actuated
      during the first mode of operation of the first table 22, the second
      structure 70 is carried with the first structure 68 and pivoted from its
      lower to its inclined position. Accordingly, as in the case of the first
      table known heretofore, the operation of the improved first table 22 in
      the first mode lifts the bale resting on one of its flat sides through an
      approximately 90.degree. arcuate path and deposits it on the area 24 of
      the second table 26 on an adjacent edge side of the bale.
PAR  FIGS. 4, 6 and 7 illustrate the respective positions of the structures 68,
      70, comprising the improved first table 22, at the start, middle and end
      of a second of the two modes of operation of the first table structures
      68, 70. In the second mode, initially the second hydraulic cylinder 94 is
      actuated (extended) and pivots the second structure 70 from its lower
      horizontal position of FIG. 4 toward its upper inclined position of FIG.
      6. As the second structure 70 pivots, its pipe 82 lifts the longitudinal
      portion of the bale located adjacent the second table 26 upwardly which
      pivots the bale in a clockwise manner forwardly until its upper forward
      longitudinal corner contacts the rear side of the cab 20 (or contacts the
      rear side of a vertically disposed guide plate, not shown spaced
      rearwardly from, and mounted horizontally along, the rear side of the cab
      20). The location of the rear side of cab 20 remote from the second table
      26 and along the front beam 72 of first structure 68 limits movement of
      the tilted bale away from the second table 26. After contact of the bale
      with the cab 20, further pivoting of the second structure 70 to its upper
      position moves its pipe 82 relative to, and along, the flat side of the
      bale toward its rear lower longitudinal corner and to adjacent the front
      edge of the second table 26 and causes the bale to fulcrum about its upper
      forward longitudinal corner against the cab 20 and its lower forward
      longitudinal corner to drop rearwardly behind the front beam 72 of the
      first structure 68 which places the front beam 72 in contact with the
      forward edge side of the bale. It will be noted that after the middle
      position is reached, as shown in FIG. 6, the lower flat side of the bale
      is now tilted and aligned upwardly and rearwardly along a plane which
      extends above and past the front edge of the second table 26.
PAR  Once the second structure 70 has reached its upper position of FIG. 6, the
      first hydraulic cylinder 92 is actuated and pivots the first structure 68
      from its lower horizontal position, as seen in FIGS. 4 and 6, toward its
      upper vertical position of FIG. 7. As the first structure 68 pivots, its
      front beam 72 pushes on the front edge side of the bale and thereby moves
      the bale upwardly along the aforementioned rearwardly inclined plane and
      onto the arm 24 of the second table 26, whereby the bale is deposited on
      the second table 26 on its same flat side.
PAR  Referring now to FIG. 8, there is shown the hydraulic means 100 for
      selectively actuating the first and second hydraulic cylinders 92, 94 so
      as to selectively operate the structures 68, 70 of the improved first
      table 22 in either one of their above-described two modes.
PAR  The hydraulic means 100 includes a first table selector valve 102 having a
      spool 104 being movable between an "out" position in which it selects or
      allows actuation of the improved first table 22 in the first of its two
      modes and an "in" position, as shown in FIG. 8, in which it selects or
      allows actuation of the table 22 in the second of its two modes. The
      selector valve spool 104 may be moved between its in and out positions by
      any suitable arrangement, such as by appropriate movement of a control
      lever in the cab 20 by the bale wagon operator, which lever is connected
      to the valve spool 104 by suitable mechanical linkage. However,
      preferably, the bale wagon 10 incorporates the mechanical trips and
      linkages illustrated in FIGS. 15, 21 and 22 and associated with the load
      bed 52 and the second table 26 for shifting the selector valve spool 104
      between its out and in positions, respectively, as will be described in
      detail hereinafter.
PAR  The hydraulic means 100 further includes a first table valve 106 having a
      spool 108 being movable between an in position and an out position. When
      the spool 108 is at its in position, the first and second hydraulic
      cylinders 92, 94 are connected to the tank 110 and hydraulic fluid under
      pressure from a pump (not shown) via line 112 passes through the valve 106
      and via line 114 flows to a hydraulic motor (not shown) for operating the
      cross conveyor 30. When the spool 108 is at its out position, as seen in
      FIG. 8, hydraulic fluid under pressure flows from line 112 through the
      valve 106 to line 116.
PAR  A first table delay valve 118 is also shown in association with the
      hydraulic means 100. The valve 118 has a spool 120 being movable between
      an out position, as seen in FIG. 8, in which fluid from line 116 passes
      through the valve 118 and therefrom to selector valve 102 via line 122,
      and an in position in which passage of fluid to the selector valve 102
      (and thus to cylinders 92, 94) will be obstructed and thus the first table
      22 will be prevented from actuation. Movement of the valve spool 120 to
      its in position may be controlled by a lever in the cab 20 or by automatic
      mechanical linkage which is responsive to either actuation of the second
      table 26 or movement of the bale loader 28 to its transport position in
      which it overlies the right end of the first table 22. Thus, the valve 118
      performs the beneficial function of preventing damage through a collision
      between the first table 22 and the loader 28, but it does not represent an
      essential feature of the means 100 with respect to the present invention.
      Thus, for purpose of the present dicussion, it will be assumed that the
      valve 118 remains in its out position interconnecting lines 116 and 122.
PAR  Whenever a desired number of bales have been received on the first table
      22, a suitable first table trip mechanism, similar to that heretofore
      provided on some recent commercial models of the Grey bale wagon, is
      engaged and moved which, in turn, moves the spool 108 of the first table
      valve 106 to its out position of FIG. 8. When only one bale is intended to
      be delivered by the first table 22 to the second table 26, an intermediate
      trip arm 121 is pivoted, by activation of suitable control means (not
      shown), upwardly between the beams 72, 74 of the first structure 68 and
      into the path of bale movement along the first table 22. Thus, when a
      single bale is received and conveyed along the first table 22, it engages
      and moves the arm 121. The spool 108, being connected to the arm 121 by
      suitable linkage (not shown), is then moved to its out position. When a
      pair of bales are intended to be delivered by the first table 22 to the
      second table 26, the intermediate trip arm 121 is pivoted, by deactivation
      of its control means, downwardly out of the path of bale movement along
      the first table 22. Thus, when two bales are received and conveyed along
      the first table, the second bale pushes the first bale into engagement
      with an outer trip arm 123, normally positioned in the bale path near the
      left end of the first table 22, and moves the arm 123. The spool 108,
      being connected to the arm 123 by suitable linkage (not shown), is moved
      to its out position.
PAR  Movement of the spool 108 to its out position allows hydraulic fluid flow
      under pressure to line 122 via line 116. The presence of one-way check
      valves 124, 126 in branch lines 128, 130 of line 132 prevent flow in these
      lines from line 116 to the cylinders 92, 94. Also, a flow line 134 is
      provided interconnecting flow line 122 with one path in each of the two
      pairs of flow paths through the valve 102. A relief valve 136 is connected
      in the line 134 which will normally prevent the flow of fluid from line
      122 in line 134 to the valve 102 until a predetermined level of line
      pressure is reached. Such level is above the level of pressure needed to
      extend the second hydraulic cylinder 94. Thus, when the selector valve 102
      is at its in position for operation of the first table 22 in its second
      mode to deposit the bales on their flat sides on the second table 26, the
      flow of fluid initially proceeds through valve 102 to the second cylinder
      94 via line 138 to cause extension thereof, as seen in FIG. 6. Once the
      cylinder 94 has fully extended, a level of pressure is almost
      instantaneously reached which overcomes the spring bias of relief valve
      136, whereby the flow of fluid proceeds in line 134 through valve 102 to
      the first cylinder 92 via line 140 to cause extension thereof, as seen in
      FIG. 7. When the cylinder 92 has fully extended with the first structure
      68 pivoted to its upper vertical position, suitable mechanical linkage
      (not shown) such as has heretofore been provided on the Grey bale wagon,
      is tripped which moves the spool 108 of the first table valve 106 to its
      in position, allowing the first table to return to its lower position.
PAR  If the selector valve 102 had been at its out position for operation of the
      first table 22 in its first mode to deposit the bales on their edge sides
      on the second table 26, the flow of fluid would have proceeded from line
      122 across through valve 102 to cylinder 92 via line 140 to cause
      extension thereof, as seen in FIG. 5. Once the cylinder 92 had fully
      extended with the first structure 68 pivoted to its upper vertical
      position (which also would carry second structure 70 to its upper
      position), the same aforementioned linkage would move the spool 108 of the
      first table valve 106 to its in position. Thus, the positive delivery of
      hydraulic fluid to the second cylinder 94 through relief valve 136 is not
      necessary in the operation of the first table 22 in its first mode.
PAR  Regardless of which mode of operation has just occurred, once the spool 108
      of the first table valve 106 has moved to its in position, line 116 is
      connected through the valve 106 to the tank 110 and hydraulic fluid will
      return flow to the tank 110 via lines 140 to 128 to 132 to 116, via lines
      138 to 130 to 132 to 116 and via lines 138 to 122 to 116.
PAC  IMPROVED FEATURES FOR STACK PATTERN STORAGE AND FORMATION
PAR  The bale wagon 10 disclosed herein employs several other improved features
      which allow the wagon operator to divert his attention from monitoring and
      controlling the tier-forming operations to guiding the bale wagon across
      the field, while still being able to build a stack of bales in a desired
      pattern on the wagon.
PAR  A first of the other improved features employed by the wagon relieves the
      operator of the necessity of remembering the particular stack pattern he
      wants to build and of constantly counting the tiers as they are formed and
      deposited on the load bed in order that he will be ready, at the proper
      moment, to actuate appropriate mechanisms and operations for forming a tie
      tier pattern on the second table to insure assembly of standard and tie
      tier patterns in the desired sequence for achieving the desired stack
      pattern.
PAR  A second of the other improved features relieves the operator of the
      responsibility for actuating and controlling the appropriate mechanisms
      and operations to form the tie tier pattern.
PAR  The first other improved feature provides the bale wagon with a memory in
      which is stored the desired stack pattern and thus the sequence in which
      standard and tie tier patterns are to be assembled. The first other
      improved feature further provides the bale wagon with means which senses
      completion of the final step of each tier-forming operation, that being,
      delivery of the tier just formed to the load bed, and activates the memory
      of the bale wagon to provide an instruction to the second other improved
      feature as to which of the tier patterns should be formed on the next
      following tier-forming operation. The second other improved feature then
      responds to the successive delivery of bales to the second table by the
      first table to automatically carry out the instruction received by causing
      bales to be formed in the desired tier pattern and delivered to the load
      bed. The activation of the improved second other feature, and, hence,
      utilization of the bale wagon memory to form the desired sequence of tier
      patterns, is initiated and perpetuated by successive loading and delivery
      of bales to the first table of the bale wagon.
PAR  The first other improved feature of the bale wagon 10 will now be described
      in detail, with the second other improved feature being described
      thereafter.
PAC  TIER PATTERN SEQUENCE STORAGE AND SELECTION
PAR  Each of the bale tiers forming the preferred stack pattern of FIG. 2 is in
      one of three basic patterns. One basic pattern is the standard tier
      pattern illustrated in FIGS. 23 and 24. Another basic pattern is the
      double rail tie tier pattern illustrated in FIG. 25. The last basic
      pattern is the center rail tie tier pattern illustrated in FIG. 26.
PAR  The first other improved feature of the bale wagon 10 relates to tier
      pattern sequence storage and selection and provides a memory element on
      which a desired sequence of these tier patterns may be stored. The memory
      element, being indicated by numeral 142, is illustrated in FIGS. 9 and 11.
      Further, the first improved feature provides means for sensing load or
      stack position along the load bed 52 during stack formation and for
      activating the memory element 142. Such sensing and activating means,
      being generally indicated by numeral 144, is illustrated partially in both
      FIGS. 9 and 14.
PAR  Referring to FIGS. 9 and 11, the memory element 142 of the first improved
      feature is in the form of a cam plate having a continuous peripheral edge
      on which is defined several platforms or lobes 146, 148, 150 which each
      correspond to, or represent, one of the standard and tie tier patterns and
      are arranged about the periphery of the cam plate 142 in a sequence which
      corresponds to the desired sequence of the three basic tier patterns
      within the preferred stack pattern. Lobe 146 represents a standard tier
      pattern, lobe 148 represents a double rail tie tier pattern, and lobe 150
      represents a center rail tie tier pattern. It should be mentioned here,
      that, with respect to any of the basic tier patterns and particularly to
      the standard tier pattern, the selection of whether to position the bales
      on their edge sides, as shown in FIG. 23, or flat sides, as shown in FIG.
      24, is not determined by the cam plate 142. Other means are provided for
      facilitating such selection and will be described later on in the
      application.
PAR  The lobes 146, 148, 150 are generally in the shape of arcs which are
      respectively struck by radii of different lengths and having a common axis
      of revolution.
PAR  The cam plate 142 is adjustably fixed on the upper end of a shaft 152 which
      is rotatably mounted in a support assembly, generally indicated as 154,
      being located below the rear end of the second table 26 and mounted to a
      transverse frame member 156 extending between the channels 14 of the
      chassis 12. The axis of rotation of the cam plate 142 and shaft 152 is
      common with the axis of revolution of the arcs defining lobes 146, 148,
      150 on the cam plate periphery.
PAR  Referring now to FIGS. 9 and 12 through 14, the means 144 of the first
      improved feature utilizes the rolling rack 64, its hydraulic cylinder 65
      and hydraulic circuitry associated therewith, a cable drum 158 and motion
      transmitting means in the form of cables 160, 162 being routed along an
      endless path and interconnecting the rolling rack cylinder 65 and the
      cable drum 158, for sensing stack position as it is being formed on the
      load bed and for activating the memory element or cam plate 142.
PAR  The cable drum 158 is fixed on the lower end of the shaft 152 below the cam
      plate 142. Thus, the cable drum 158 also rotates about the same axis as
      the shaft 152 and cam plate 142. The drum 158 has lower and upper grooves
      164, 166 with respective adjacently positioned lower and upper holes
      formed therein through the drum structure. In its initial position, as
      shown in FIG. 9, the drum 158 is oriented such that the holes in grooves
      164, 166 face toward the front of the bale wagon. The cable 160 extends
      from along the rear left side of the lower groove 164 clockwise through
      approximately 1/4 of the circumference of the drum 158, passes through the
      one hole of the lower groove 164 to the interior of the drum 158, loops
      back through the hole of the upper groove 166 to the exterior of the drum
      158 and then wraps clockwise within the upper groove 166 around the drum
      158 through approximately 11/4 times the circumference of the drum 158.
      Then, the two right and left portions of the cable 160 extend rearwardly
      from the drum 158 along and between the channels 14 of the chassis 12 to
      the rear end thereof, over a first pair of idler pulleys, generally
      designated 168, being rotatably mounted on a transverse frame member 170
      of the chassis 12 and a second pair of idler pulleys, generally designated
      172, being rotatably mounted on transverse frame member 62 of the chassis
      12 and about a third pair of idler pulleys, generally designated 174,
      being rotatably mounted on a rear transverse frame member 176 of the
      chassis 12. From the third pair of idler pulleys 174, the right portion of
      cable 160 extends over a single idler pulley 178, being rotatably mounted
      to the underside of the platform assembly 54 of the load bed, to one of
      the ends of the cable 160 which is attached to the piston rod end 180 of
      the rolling rack hydraulic cylinder 65. Also, from the third pair of idler
      pulleys 174, the left portion of cable 160 extends to the other of the
      ends of cable 160 which is coupled through a spring 182 to one end of the
      other cable 162. The other cable 162 extends therefrom to the forward end
      of the load bed 52 along the underside of its platform assembly 54, about
      another single idler pulley 184, being rotatably mounted to the platform
      assembly 54, and therefrom rearward to its other end being attached to the
      piston rod end 180 of the rolling rack cylinder 65. Adjustment of the
      tension of spring 180 by a turnbuckle 186, being coupled between spring
      182 and the one end of cable 162, removes slack from the interconnected
      cables 160, 162 such that movement of the rod end 180 of cylinder 65 is
      effectively transmitted by the cables 160, 162 to the cable drum 158 so as
      to cause rotation of the drum 158 and, thus, simultaneous rotation of the
      cam plate 142.
PAR  From the preceding, partially completed description of the means 144, which
      is embodied by those elements which sense stack position along the load
      bed 52 during stack formation and activate the memory of the bale wagon
      10, it is readily understood that such activation of the bale wagon memory
      is represented by rotation of the cam plate 142. Before completing the
      description of the means 144 which respect to those of its elements which
      facilitate accurate sensing of the stack position along the load bed 52,
      it would be beneficial to again refer to cam plate 142 depicted in FIG. 11
      and recall that lobes 146, 148, 150 are arranged about the periphery of
      the cam plate 142 in a sequence which corresponds to, and provides a
      memory for, the desired sequence of the three basic tier patterns within
      the preferred stack pattern of FIG. 2. Also, it should be mentioned that
      not only are the lobes 146, 148, 150 arranged, and displaced both
      circumferentially and radially from one another, about the cam plate
      periphery to store the sequence of the three basic tier patterns for the
      preferred stack pattern of FIG. 2, but also to store respective sequences
      for three alternative stack patterns, being shown in FIGS. 49 to 51. Thus,
      four different stack patterns are stored in the memory of the bale wagon
      10. Further, it is readily apparent that cam plates having other lobe
      arrangements, and thus other tier pattern sequences stored thereon, may be
      interchanged for the one illustrated in FIG. 11 in order to form still
      other stack patterns on the bale wagon 10.
PAR  Prior to beginning formation of one of the four different stack patterns on
      the bale wagon 10, the cam plate 142 must be adjusted about the shaft 152
      such that one of the positions A, B, C, or D being indicated on the cam
      plate 142 in FIGS. 11, which corresponds to the stack pattern to be
      formed, is aligned with a cam follower, indicated as 188 in FIG. 9. The
      cam follower 188 is the element of the second improved feature which
      receives an instruction from the memory of the bale wagon, that being, the
      lobe arrangement on the cam plate 142, and initiates transmission of that
      instruction to the remaining elements of the second improved feature so
      that the desired tier pattern will be formed, which elements will be
      described shortly hereafter.
PAR  The preferred stack pattern of FIG. 2 is represented by position B on the
      cam plate 142. In FIG. 9, the cam plate 142 is shown adjusted to position
      B.
PAR  It has been explained hereinbefore that movement of the rod end 180 of the
      rolling rack cylinder 65 causes rotation of the cam plate 142. An improved
      arrangement of the rolling rack 64, its cylinder 65 and a hydraulic
      component associated with the cylinder 65, comprising the other elements
      of the means 144 of the first improved feature, allows accurate sensing of
      successive stack movements and positions along the load bed 52 during
      stack formation thereon which insures successive rotation of the cam plate
      142, via the interconnected motion transmitting cables 160, 162 and the
      cable drum 158, to a desired sequence of angular positions with respect to
      the cam follower 188.
PAR  After one tier of bales has been placed on the load bed 52 and as each
      subsequent tier is delivered thereto, the tier or tiers standing upright
      thereon are moved toward the rear end of the load bed 52 through a
      distance equal to the width of the flat or edge side of the bales,
      depending upon which of the sides of the bales is oriented in a horizontal
      plane, as the tier is delivered to the front end of the load bed 52. For
      example, in the case of bales having the dimensions 16 inches .times. 23
      inches .times. 46 inches, a tier delivered to the load bed 52 having bales
      oriented to rest on their edge sides either on the load bed 52 or on top
      of each other (which bales will be oriented to rest on their flat sides
      either on the ground or on the next lowermost tier when the stack is
      deposited on the ground) will move the stack of tiers, already positioned
      on the load bed 52, rearward through a distance of 16 inches on the width
      of a bale edge side. A tier having bales oriented to rest on their flat
      sides either on the load bed 52 or on top of each other will move the
      stack rearward through a distance of 23 inches or the width of a bale flat
      side.
PAR  In order to store the desired sequences of tier patterns on the cam plate
      142, as well as compensate for the fact that some of the tiers may have
      their bales stacked or resting on their flat sides, while others may be on
      their edge sides, the displacements between the lobes 146, 148, 150 about
      the cam plate periphery must be proportionate to, and accomodate, the
      various sequences of 16 and 23 inch dimensions of the stack tiers.
      However, with respect to the four different stack patterns stored on cam
      plate 142, at least four of the tiers in each stack pattern are arranged
      in an identical sequence of both standard and tie tier patterns, as well
      as side orientations. Thus, with respect to these four tiers, the
      displacements between the respective lobes are equal. These four tiers are
      represented on the cam plate 142 of FIG. 11 by the counterclockwise
      sequence of double rail tie tier pattern lobe 148, standard tier pattern
      lobe 146, center rail tie tier pattern lobe 150 and double rail tie tier
      pattern lobe 148. These four lobes have equal arcuate lengths of
      30.degree. and their centers are displaced from one to the next by
      60.degree.. In the preferred, position B stack pattern of FIG. 2 and the
      positions A and C stack patterns of FIGS. 49 and 50 respectively, by
      counting upwardly from the lowermost tier of the stacks, these four tiers
      correspond to the third through sixth tiers of the stacks. In the position
      D stack pattern of FIG. 51, these four tiers correspond to the fourth
      through seventh tiers of the stack. The position A, B and C stack patterns
      differ in their first and second tiers with respect to side orientations
      of the bales of these tiers. In the position A stack pattern, bales in
      both of these tiers rest on their edge sides on the load bed and on their
      flat sides when the stack is uprighted on the ground. In the position B
      stack pattern, bales in the first tier rest on their flat sides on the
      load bed and on their edge sides in the uprighted stack, while bales in
      the second tier rest on their edge sides on the load bed and on their flat
      sides in the uprighted stack. In the position C stack pattern, bales in
      both of these tiers rest on their flat sides on the load bed and on their
      edge sides in the uprighted stack. In the position D stack pattern, bales
      in the first, second and third tiers rest on their edge sides on the load
      rack and on their flat sides in the uprighted stack. The first and second
      tiers of positions A, B and C stack patterns are all of the standard tier
      pattern, as are the first through third tiers of the position D stack
      pattern. The position A stack pattern is seven tiers high with the seventh
      tier being in the standard tier pattern and the bales thereof resting on
      their edge sides on the load bed and on their flat sides in the uprighted
      stack. The position B stack pattern may be either 7 or 8 tiers high with
      the seventh (and eighth) tier being in the standard tier pattern and the
      bales thereof oriented as in the seventh tier of position A stack pattern.
      The position C stack pattern is 8 tiers high with both the seventh and
      eighth tiers being in the standard tier pattern and the bales thereof also
      oriented as in the seventh tier of position A stack pattern. The position
      D stack pattern is nine tiers high with its eighth and nineth tiers being
      identical to the seventh and eighth tiers of position C stack pattern.
PAR  The above-noted differences in the side orientations of bales in first two
      tiers of the four stack patterns, as well as the variation in the number
      of standard pattern tiers at the bottom and top portions of the four stack
      patterns, is compensated for on the first standard tier pattern lobe 146
      of the cam plate 142, which has initial positions A, B, C and D indicated
      thereon, by its greater arcuate length than that of the other four lobes
      and the displacements between the initial positions. The first lobe 146
      has an arcuate length of 90.degree..
PAR  From the foregoing description of the four stack patterns stored by the cam
      plate 142, the importance of accurate sequential rotation of the cam plate
      142 with respect to the cam follower 188, such that the cam follower 188
      is successively positioned on the lobes 146, 148, 150 as arranged on the
      cam plate 142, will be appreciated.
PAR  At the start of bale wagon operation for forming any one of the stack
      patterns, the rolling rack 64 is positioned near the forward end of the
      load bed 52, preferably 23 inches therefrom, and the cam plate 142 is
      aligned with the cam follower 188 at a desired one of the A, B, C or D
      positions. The rolling rack 64 was initially moved to such position by its
      cylinder 65. The cylinder 65 is of a single-acting type having its anchor
      end secured to a rear beam 190 of the load bed platform assembly 54. The
      cylinder 65 extends within a longitudinal slot 192 in the platform
      assembly 54 and is clamped near its forward end to a transverse brace 194
      located generally at the longitudinal middle of the assembly 54 and
      bridging the assembly slot 192.
PAR  As seen in FIG. 12, the rolling rack 64 includes a carriage portion 196
      which supports a plurality of upright support members 198 and is mounted
      within the assembly slot 192 for fore-and-aft movement along the load bed
      52. A cable 200 is secured at one end to the carriage portion 196, extends
      therefrom in a forward direction and then about a pulley 202, being
      rotatably mounted on the piston rod end 180 of the cylinder 65, and
      finally extends therefom in a rearward direction to its other end which is
      secured to the brace 194. Extension of the cylinder 65 moves the rolling
      rack from the rear to near the front of the load bed 52 such that cylinder
      extension is equal to one-half the total distance of rack movement.
PAR  The cable drum 158 is constructed such that one revolution of the drum 158
      will meter out a length of the cable 160 equivalent to 1/2 of the total
      combined widths of 6 tiers of bales resting on their edge (16 inches)
      sides on the load bed 52. Thus, as the rolling rack 64 is moved through a
      distance equal to the combine widths of 6 tiers of "on edge" bales, for
      example 96 inches, the drum 158 and cam plate 142 are rotated one
      revolution. This will be equivalent to formation of the position B stack
      pattern, since the first tier of "on flat" bales, as placed on the load
      bed 52, does not move the rolling rack 64 due to the initial position of
      the rolling rack 64 approximately 23 inches from the front end of the load
      bed 52, while each of the next 6 tiers of "on edge" bales, as placed on
      the load bed 52, moves the rolling rack 64 approximately 16 inches and
      thereby rotates the cam plate 142 approximately 60.degree., starting from
      position B along lobe 146, to successive positions along lobes 148, 146,
      150, 148 and back to initial position B along lobe 146. Thus, the cam
      plate 142 is rotated a total of approximately 360.degree., or one
      revolution, during formation of the position B stack pattern.
PAR  In the formation of position A stack pattern, the rolling rack 64 is moved
      through a distance somewhat less than the combine widths of 6 tiers of "on
      edge" bales, since the first tier placed on the load bed 52 does not cover
      all of the 23 inch displacement between the rolling rack 64 and the front
      end of the load rack 52. However, return of the rolling rack 64 to its
      initial forward position along the load bed 52 will reverse rotate the cam
      plate 142 back to the initial position A.
PAR  In the formation of positions C and D stack patterns, the rolling rack 64
      is moved more than the combined widths of 6 tiers of "on edge" bales,
      since more than 7 tiers are formed. The extra one-quarter turn of cable
      160 about drum 158 allows the cam plate 142 to overrun its initial
      position. However, as in the case of position A, return of the rolling
      rack 64 to its initial forward position along the load bed 52 will also
      reverse rotate the cam plate 142 back to the respective one of initial
      positions C or D.
PAR  The rolling rack cylinder 65 only moves the rolling rack 64 in the forward
      direction. It is the force of a tier of bales being delivered to the front
      end of the load bed 52 by the second table 26 that causes rearward
      movement of the rolling rack 64.
PAR  Referring now to FIG. 13, hydraulic means is associated with the cylinder
      65 for controlling its actuation. A component of the hydraulic means
      associated with the cylinder 65, being in the form of a relief valve 204,
      maintains sufficient pressure within the cylinder 65 between the moments
      of delivery of successive tiers to the load bed 52 by the second table 26
      to thereby restrict movement of the rolling rack 65 to during only those
      moments when the second table 26 delivers the successive tiers. Thus, the
      rolling rack 65 will only be moved through a distance equal to the bale
      width of the respective tier being delivered and thereby the desired
      angular displacement of the cam plate 142, being proportional to such bale
      width, will be transmitted to the cam plate 142 via the cables 160, 162
      and the cable drum 158.
PAR  As seen in FIG. 13, the relief valve 204, having a mechanical shutoff
      mechanism 206 the purpose for which will be explained later, is placed in
      the line 208 within which hydraulic fluid will flow from the cylinder 65
      to the tank 210. As will be explained hereinafter the valve 204 provides
      the rolling rack 64 with a brake.
PAR  Initially, the spool 212 of a control valve 214 is moved from its centered
      position of FIG. 13 to a right position which allows hydraulic fluid
      flowing under pressure in line 216 to pass through control valve 214 to
      line 218 and then into the rolling rack hydraulic cylinder 65 to cause
      extension thereof and movement of the rolling rack 64 to near the forward
      end of the load bed 52. Once the rolling rack 64 has reached its initial
      forward position, the spool 212 is returned to its centered position of
      FIG. 13, blocking off pressure line 216. Fluid is prevented from
      evacuating from the cylinder 65 by relief valve 204. Thus, the rolling
      rack 64 is incapable of inadvertently creeping toward the rear end of the
      load bed 52 due to rough terrain or sudden accelerations in the movement
      of the bale wagon 10. Each time a tier of bales is delivered to the front
      end of the load bed 52 by the second table 26, the force of delivery of
      the tier against the support members 198 of the rolling rack 64, or
      against the front side of a partially completed stack on the load bed 52
      being supported on its rear side by the support members 198 of the rolling
      rack 64, is transmitted through the rolling rack 64 to the piston rod end
      180, via cable 200 and pulley 202, and finally to the fluid within the
      cylinder 65, and instantaneously reaches a level sufficient to overcome
      the preset force level of the spring of the relief valve 204 at which it
      will open. Once such level is passed, the valve opens and allows hydraulic
      fluid flow in line 208 from the cylinder 65 to the tank 210.
PAR  AS fluid evacuates from the cylinder 65, the rolling rack simultaneously
      retreats toward the rear end of the load bed 52, but only for so long as
      the delivery force of the second table is being imposed on the rolling
      rack 64. Once tier delivery is completed and the force being imposed by
      the second table 26 is removed, the force transmitted to the rolling rack
      cylinder 65 diminishes below the preset level of the relief valve spring
      and valve 204 closes off line 208 and fluid flow to tank 210. Thus, the
      relief valve 204 prevents further rearward movement of the rolling rack 64
      and insures that the rack 64 will only have moved, during delivery of the
      tier, through a distance equivalent to the width of the bales of the tier
      and, thus, the cam plate 142 rotatably moved through a desired
      proportional displacement.
PAR  From the above discussion, it will be realized that rotation of the cam
      plate 142 will automatically, and can only, occur upon addition or
      delivery of a tier of bales to the load bed 52. This eliminates the
      necessity of counting second table cycles in order to know when to form a
      tie tier pattern and also the possibility of getting the cam plate 142 out
      of its desired sequence, should the empty second table 26 be inadvertently
      cycled to its upper position.
PAR  The mechanical shutoff mechanism 206 of the relief valve 204 is utilized
      for facilitating unloading of either a complete or partially completed
      stack from the bale wagon 10. In either case, at the start of the pivotal
      tilting of the load bed 52, the mechanical shutoff mechanism 206 is
      shifted to prevent the relief valve 204 from opening the line 208
      regardless of the forces imposed on the rolling rack 64 by the stack or
      partial stack as the load bed 52 is tilted. Then, the load bed 52 is
      pivoted until it reaches a great enough angle that all the bales of the
      complete or partial stack will slide as a unit. Following next, the spool
      212 of the control valve 214 is moved from its centered position of FIG.
      13 to a left position which connects line 218 to line 219 and thus to tank
      210, which lets fluid from the cylinder 65 return flow to the tank 210
      through the control valve 214. As a result, the rolling rack 64 will move
      downwardly to the rear end of the load bed 52 under the weight of the
      complete or partial stack. Once the stack is unloaded, the rolling rack
      may be returned to its initial forward position by moving the control
      valve 214 to its right position, which allows fluid under pressure to flow
      through the valve 214 into line 218 and into cylinder 65 to cause
      extension thereof.
PAC  TIER PATTERN FORMATION
PAR  The aforementioned second other improved feature of the bale wagon 10
      relates to means for forming bales into the standard and tie tier pattern
      and provides for their automatic formation into either one of the double
      rail tie tier or center rail tie tier patterns, as well as the normal
      standard tier pattern, according to which ever one is selected by the
      memory of the bale wagon at any given time.
PAR  A first element of the tier-forming means has already been mentioned
      hereinabove, that being, the cam follower 188 which receives an
      instruction from the bale wagon memory, as represented by the lobe
      arrangement on the cam plate 142, and initiates transmission of that
      instruction to the remaining elements of the tier-forming means in order
      that a desired one of the three tier patterns will be formed on the second
      table 26 and delivered by the second table 26 to the load bed 52. It has
      also been mentioned that the lobes 146, 148, 150 are respectively in the
      shape of arcs respectively struck by radii of different lengths from a
      common axis of revolution. Thus, the instruction received by the cam
      follower from the bale wagon memory is represented by the position of the
      cam follower along one of the three arcs forming the lobes and thus at one
      of three possible radial distances from the center of the cam plate 142.
PAR  It will be readily understood, therefore, that the initial position of the
      cam follower 188 along the periphery of the cam plate 142, such as at
      either one of positions A, B, C or D along lobe 146, provides the first
      instruction from the memory with respect to which one of the three basic
      tier patterns will be formed during the next following tier forming
      operation. In the case of each of these initial positions, the instruction
      commands the formation of the standard tier pattern. Furthermore, it will
      be recognized that in the case of each of the position A, B, C and D stack
      patterns, the second instruction is identical to the first since delivery
      of the completed tier to the load bed 52 does not cause rearward movement
      of the rolling rack 64 and thus rotation of the cam plate 142. However, in
      the case of the position B stack pattern, for example, the third
      instruction is not the same as the second and first instructions, since
      delivery of the second tier moved the rolling rack 64 and thereby rotated
      the cam plate 142 such that the cam follower is now positioned along lobe
      148, which in the preferred construction of the cam plate 142 has a radius
      of a length approximately 1 inch shorter than that of the radius of lobe
      146. From inspection of FIG. 11, it is readily apparent that the fourth
      instruction is the same as the first and second instruction, while the
      fifth instruction is represented by the position of the cam follower 188
      along lobe 150, which in the preferred construction of the cam plate 142
      has a radius of a length approximately 1 inch shorter than that of the
      radius of lobe 148, and thus 2 inches shorter than that of the radius of
      lobe 146. The sixth instruction is identical to the third, and the seventh
      is identical to the first and second.
PAR  Referring now to FIG. 9, the cam follower 188 includes a roller 220 mounted
      to one end of an arm 222 being pivotally mounted at its opposite end to
      support assembly 154 and loaded by spring biasing assembly 224 to follow
      the periphery of the cam plate 142 as the latter is rotated clockwise as
      seen in FIG. 9, whereby the movement of the cam follower 188 may be toward
      and away from the center of the cam plate 142 as the cam plate 142 rotates
      and changes the position of the cam follower 188 from along one of the
      lobes 146, 148, 150 to another. The end of the arm 222 of the cam follower
      188 which mounts the roller 220 also pivotally mounts an end of a
      push-pull cable 226 which has its other end pivotally connected to one of
      the remaining elements of the tier-forming means.
PAR  The remaining elements of the tier-forming means includes means arranged on
      the second table 26 for sensing bale position during tier formation
      thereon, being generally indicated by numeral 228 in FIG. 16, and means,
      being generally designated as numeral 230 in FIGS. 17 through 20A, which
      receives the instruction transmitted thereto from the cam follower 188 and
      activates the second table bale position sensing means 228 such that the
      one of the standard and tie tier patterns, commanded by the instruction
      received, will be formed during the next tier-forming operation on the
      second table 26.
PAR  Referring now to FIGS. 16 and 17, the bale position sensing means 228
      includes an arrangement of 5 sensor paddles on the second table 26.
PAR  A first sensor paddle 232 is provided projecting within a first opening 234
      formed in the second table 26 generally located within the area thereof
      which would be covered, for example, by the right bale of a pair of bales
      arranged longitudinally end-to-end in a row transversely along the front
      end of the second table 26.
PAR  A second sensor paddle 236 is provided projecting within a second opening
      238 formed in the second table 26 generally straddling the longitudinal
      centerline thereof and located within the area thereof which would be
      covered, for example, by a single bale displaced rearwardly generally one
      bale width from the front end of the second table 26 and longitudinally
      aligned in a transverse relationship across the second table 26 between a
      forward pair of spaced rail bales being respectively longitudinally
      aligned along opposite sides of the second table 26.
PAR  A third paddle 240 is provided projecting within a third opening 242 formed
      in the second table 26 in general alignment with the second opening 238
      but located within the area of the second table 26 which would be covered,
      for example, by a single, centrally-located bale being displaced
      rearwardly generally two bale widths from the front end of the second
      table 26.
PAR  Fourth and fifth paddles 244, 246 are provided projecting within a fourth
      opening 248 formed in the second table slightly offset to the left of the
      second table longitudinal centerline with the fourth paddle 244 generally
      located within the area of the second table which would be covered, for
      example, by one of the rearmost bales in a tier of bales formed on the
      second table 26 and with the fifth paddle 246 within an area covered by
      one bale width forward of the load bed 52.
PAR  As seen in FIG. 17, the first through fifth paddles 232, 236, 240, 244, 246
      are respectively fixed at their forward ends to shafts 250, 252, 254, 256,
      258 being rotatably mounted at their opposite ends between respective
      pairs of spaced frame components on the underside of the second table 26.
PAR  The bale position sensing means 228 further includes four links 260, 262,
      264, 266 respectively associated with the sensor paddles. Each of the
      links is composed of forward and rear sections being adjustably fastened
      together in order to allow for shortening or lengthening of the links as
      may be required in the initial adjustment of the links. However, for
      purposes of the present discussion, it may be assumed that each of the
      links is a unitary piece.
PAR  The forward end of the first link 260 is pivotally connected to the lower
      free end of an arm 268 which is fixed to, and depends generally downward
      from, the shaft 250 mounting the first sensor paddle 232.
PAR  The forward end of the second link 262 is pivotally connected to the lower
      free end of an arm 270 which is fixed to, and depends generally downward
      from, the shaft 252 mounting the second sensor paddle 236.
PAR  The forward end of the third link 264 is pivotally connected to the lower
      free end of an arm 272 which is fixed to, and depends generally downward
      from, a shaft 274 rotatably mounted at its opposite ends between
      respective pairs of spaced frame components on the second table underside
      and being located in the area between the second sensor paddle 236 and the
      third sensor paddle 240. The shaft 274 fixedly mounts a downwardly
      depending arm 276 which at its lower free end is pivotally coupled to the
      forward end of a connecting link 278. The rear end of the connecting link
      278 is pivotally coupled to the lower free end of an arm 280 which is
      fixed to, and depends generally downward from, the shaft 254 mounting the
      third sensor paddle 240.
PAR  The rear end of the fourth link 266 is pivotally connected to the lower
      free end of an arm 282 which is fixed to, and depends generally downward
      from, the shaft 258 which mounts the fifth sensor paddle 246. Further, the
      shaft 258 fixedly mounts another downward depending arm 284 which at its
      lower free end is pivotally connected to the rear end of a connecting link
      286. The forward end of the connecting link 286 is pivotally connected to
      the lower free end of an arm 288 which is fixed to, and depends generally
      downward from, the shaft 256 mounting the fourth sensor paddle 244,
      whereby the fourth and fifth sensor paddles 244, 246 are pivotally
      connected together so as to work as a single sensor of bales positioned
      within their combined areas of the second table 26.
PAR  Each of the first, second and third links 260, 262, 264 at a portion
      thereof located adjacent its rear end, and the fourth link 266 at a
      portion thereof located adjacent its forward end, is closely associated
      with the means 230 which receives the instruction transmitted from the cam
      follower 188.
PAR  Referring to FIG. 17 and, more particularly, to FIGS. 18 through 20A, the
      means 230 includes a shaft 290 being rotatably mounted at its opposite
      ends between a pair of spaced frame components on the second table
      underside. The shaft 290, near one of its ends, has fixed thereto a crank
      arm 292 which depends generally downward therefrom and has a lower free
      end to which is pivotally secured the other end of the push-pull cable 226
      which, as mentioned hereinbefore, is pivotally secured at its one end to
      the cam follower 188.
PAR  The means 230 further includes a cam 294 for controlling activation of the
      sensor paddles 232, 236, 240 and 244 (with 246). The control cam 294 is
      comprised by four pairs of spaced-apart discs, generally designated as
      296, 298, 300, 302 respectively, being fixedly mounted closely adjacent to
      one another in a row on the shaft 290. It is the cam 294 of the means 230
      with which the abovementioned respective portions of the first through
      fourth links 260, 262, 264, 266 are closely associated, as is readily
      apparent in FIGS. 18 through 20A.
PAR  Turning again briefly to the links, each of the first, second and third
      links 260, 262, 264 extend from their respective arms 268, 270, 272, to
      which they are pivotally secured at their respective forward ends,
      longitudinally along the second table underside and in general alignment,
      respectively, with the spaces defined between the discs of the first,
      second and third pairs of discs 296, 298, 300, to their rear ends which
      are pivotally secured to respective springs, being generally designated
      overall as numeral 304, for biasing the links 260, 262, 264 in an upward
      direction toward the second table underside to thereby maintain the links
      in their desired aligned relationship, respectively, between the pairs of
      discs of the cam 294. The springs 304 are pivotally secured to a strip 306
      fixed to the second table underside. The fourth link 266 extends from its
      arm 282, to which it is pivotally secured at its rear end, longitudinally
      along the second table underside and in general alignment with the spaced
      defined between the discs of the fourth pair of discs 302, to its forward
      end being located forwardly beyond the fourth pair of discs 302. Further,
      one of the springs 304, being pivotally coupled to the strip 306, is also
      pivotally coupled to the fourth link 266 at a point therealong generally
      located intermediately between its forward and rear ends and rearward from
      the fourth pair of discs 302 for biasing the fourth link 266 in an upward
      direction toward the second table underside to thereby maintain the link
      266 in its desired aligned relationship between the pair of discs 302.
PAR  The springs 304 further bias the first through fourth links 260, 262, 264,
      266 in a rearward direction and hold the links at respective positions in
      which the respective sensor paddles pivotally interconnected therewith
      will assume inclined positions wherein the sensor paddles extend upwardly
      and rearwardly through their respective openings 234, 238, 242, 248 in the
      second table 26 to above the bale-supporting area 24 thereof, as seen in
      FIG. 16. Also, suitable stop elements are associated either with the arms
      which pivotally connect with the links, or with other arms being fixed to
      the respective shafts mounting the sensor paddles, to limit the extent to
      which the respective springs 304 may rearwardly pull the links. One form
      of such stop elements being associated with the shaft 250 of the first
      sensor paddle 232 is shown in FIG. 17 at 308. Other of such stop elements
      are not shown for purpose of avoiding confusion as to the overall
      arrangement of the basic operative elements of the bale position sensing
      means 228 which have just been described. However, it may be assumed that
      such stop elements are present and limit rearward movement of the links to
      their respective positions as seen in FIGS. 17, 18, 19 and 20 and upward
      deflection of the sensor paddles to the respective positions shown in FIG.
      16.
PAR  Returning now to the cam 294 of the means 230, it will be noted in FIGS.
      18, 19 and 20 that three series of rollers 310, 312, 314 are incorporated
      by the cam 294 at rear, center and front positions. Individual rollers of
      two of the three series are disposed in various combinations between the
      discs of each of the pairs of discs 296, 298, 300, 302 of the cam 294 so
      as to support the respective links 260, 262, 264, 266 as the links are
      held in their respective positions by the springs 304 in alignment between
      the discs of the pairs of discs.
PAR  Specifically, as more clearly seen in FIGS. 18A, 19A and 20A, rear and
      center rollers 310, 312 are disposed between the discs of each of the
      first and third pairs of discs 296, 300, rear and front rollers 310, 314
      are disposed between the second pair of discs 298, and center and front
      rollers 312, 314 are disposed between the fourth pair of discs 302.
PAR  The rollers when viewed as shown in FIGS. 18, 19 and 20 are spaced at equal
      distances from the shaft 290 of the cam 294 as well as at equal distances
      from each other. Therefore, if a combination of all the rollers 310, 312,
      314 were located between the discs of each of the first through fourth
      pairs of discs 296, 298, 300, 302, rotation of the cam 294 between its
      three positions as shown more clearly in FIGS. 18, 19 and 20 would not
      affect the positions of the links 260, 262, 264, 266.
PAR  However, since rear roller 310 is the lowermost one when the cam 294 is
      disposed in its first rotational position of FIGS. 18 and 18A and in view
      of its presence between the discs of the first through third pairs of
      discs 296, 298, 300 and its absence from between the fourth pair of discs
      302, the first through third links 260, 262, 264 are respectively
      maintained by rear rollers 310 of first through third pairs of discs 296,
      298, 300 at a position lower than the elevated position of fourth link 266
      which rests against center roller 312 of the fourth pair of discs 302.
PAR  When the cam 294 is disposed in its second rotational position of FIGS. 19
      and 19A, the center roller 312 is then the lowermost one. However, in view
      of its absence from between the second pair of discs 298, the first, third
      and fourth links 260, 264, 266 are now respectively maintained by center
      rollers 312 of first, third and fourth pairs of discs 296, 300, 302 at a
      position lower than the elevated position of second link 262 which rests
      against the front roller 312 of the second pair of discs 298.
PAR  When the cam 294 is disposed in its third rotational position of FIGS. 20
      and 20A, the front roller 314 is now the lowermost one. However, in view
      of its absence from between the first and third pairs of discs 296, 300,
      the second and fourth links 262, 266 are now respectively maintained by
      front rollers 314 of second and fourth pairs of discs 298, 302 at a
      position lower than the elevated position of first and third links 260,
      264 which may respectively rest against the center rollers 312 of the
      first and third pairs of discs 296, 300. However, the first and third
      links 260, 264 are prevented from resting on center rollers 312 at the
      same time by a sensor paddle deactivation cam, generally indicated as 316,
      in FIGS. 17, 18, 19 and 20. The deactivation cam 316 includes a shaft 318
      rotatably mounted at its opposite ends between a pair of the spaced frame
      components on the second table underside. The cam 316 is comprised by two
      pairs of spaced-apart arms, generally designated as 320, 322, being
      fixedly mounted on the shaft 318 such that one pair 320 depends downward
      from the shaft 318 at a small angular displacement from the generally
      vertical downward dependency of the other pair 322 from the shaft 318. The
      one pair 320 mounts a roller 324 and the other pair 322 mounts roller 326.
      The one pair 320 is positioned along the shaft 318 such that its roller
      324 is in alignment with the first link 260, while the other pair 322 is
      positioned along the shaft 318 such that its roller 326 is in alignment
      with the third link 264.
PAR  The shaft 318, as seen in FIG. 17 has fixedly mounted thereto, and
      depending generally downward therefrom, an arm 328 having its lower free
      end pivotally connected to the forward end of a connecting link 330 which
      is pivotally connected at its rear end to the lower free end of an arm 332
      fixedly mounted to, and depending generally downwardly from, the shaft 258
      of the fifth sensor paddle 264. Therefore, the determination of which of
      the first and third links 260, 264 will be allowed by the deactivation cam
      316 to rest against the respective center rollers 312 of the first and
      third pairs of discs 296, 300 of the activation cam 294, depends upon
      whether the fourth and fifth sensor paddles 244, 246, which act as a unit,
      are deflected or raised. As seen in FIGS. 17, 20 and 20A, when the sensor
      paddles 244, 246 are raised, roller 326 of the deactivation cam 316 holds
      the third link 264 at the lower position of second and fourth links 262,
      266, while first link 260 assumes the more elevated position against
      rollers 312, 324. When the sensor paddles 244, 246 are deflected, the
      shaft 318 is rotated counterclockwise, as viewed in FIG. 20, which
      disposes arm pair 320 in the generally vertical depending position, while
      the arm pair 322 is angularly displaced toward the second table underside.
      Now, the roller 324 of the deactivation cam 316 holds the first link 260
      at the lower position of second and fourth links 262, 266, while third
      link 264 assumes the more elevated position against rollers 312 and 326.
PAR  The sensor paddle activation cam 294 is moved between its first, second and
      third rotational positions, as seen respectively in FIGS. 18, 19 and 20,
      upon rotation of the storage cam 142, as seen in FIG. 9, so as to bring
      various of the lobes 146, 148, 150 into engagement with the cam follower
      188. The cam follower 188 is positioned through its maximum displacement
      from the center of storage cam 142 when it is positioned along standard
      tier pattern lobe 146. Such position of the cam follower 188, in turn, via
      push-pull cable 226, positions the arm 292 and activation cam 294 as shown
      in FIGS. 18 and 18A. The cam follower 188 is positioned through its
      minimum displacement from the center of storage cam 142 when it is
      positioned along center rail tie tier pattern lobe 150. Such position of
      the cam follower 188, in turn, via push-pull cable 226, positions the arm
      292 and activation cam 294 as shown in FIGS. 20 and 20A. The cam follower
      188 is positioned through an intermediate displacement from the center of
      storage cam 142 when it is positioned along double rail tie tier pattern
      lobe 148. Such position of the cam follower 188, in turn, via push-pull
      cable 226, positions the arm 292 and actiavtion cam 294 as shown in FIGS.
      19 and 19A.
PAR  Thus, the rotational position of the activation cam 294 is a manifestation
      of the instruction received by the cam follower 188 and transmitted by it
      via the push-pull cable 226 to the activation cam 294. In other words, the
      rotational position of the activation cam 294 represents the command that
      will be carried out by the elements of the tier-forming means to form
      bales into one of the standard and tie tier patterns authorized by the
      command.
PAR  Another of the remaining elements of the tier-forming means of the bale
      wagon 10 is a mechanism, generally indicated by the numeral 334 and
      partially illustrated in FIGS. 9, 10, 17, 18, 19 and 20, for actuating the
      hydraulic cylinder 42 (FIG. 1) for pivotally moving the second table 26
      from its lower, horizontal position toward its upper, vertical position.
PAR  The mechanism 334 includes a second table trip, generally designated 336 in
      FIGS. 17, 18, 19 and 20, which is comprised by a shaft 338 rotatably
      mounted at its opposite ends between a pair of the spaced frame components
      on the second table underside, a pair of spaced lever arms 340, 342 fixed
      to, and depending generally downwardly from, the shaft 338, and a rod 344
      interconnecting the lever arms 340, 342 and extending in a parallel,
      spaced relationship to the shaft 338.
PAR  The first through fourth links 260, 262, 264, 266 of the bale position
      sensing means each have an upper notch formed therein. The notches of the
      links are aligned with each other and will receive the second table trip
      rod 344 therethrough when the respective links are disposed at the
      aforementioned elevated positions. When the links are disposed at their
      aforementioned lower positions, their respective notches will not receive
      the rod 344. It is readily apparent that longitudinal movement of a link
      disposed in the elevated position will cause corresponding pivotal
      movement of the lever arms 340, 342. Such longitudinal movement occurs in
      a forward direction when the sensor paddle connected to such link is
      deflected or depressed toward the second table 26 upon being engaged by a
      bale and occurs in a rearward direction when the paddle is released upon
      being disengaged from the bale.
PAR  The sensor paddle being connected to the one of the links disposed in the
      elevated position is referred to as an "active" (or "sensitive") paddle
      since its deflection will move or pivot the second table trip 336 which,
      in turn, moves other components of the second table actuating mechanism
      334 to cause pivoting of the second table 26, as will be explained
      hereinafter.
PAR  Therefore, when the cam follower 188 is on the standard tier pattern lobe
      146 of the storage cam 142, the activation cam 294 is at its first
      rotational position, as shown in FIGS. 18 and 18A, which disposes the
      fourth link 266 at the elevated position with its notch receiving the
      second table trip rod 344 and thereby renders active the fourth and fifth
      sensor paddles 244, 246, and which also disposes the first, second and
      third links 260, 262, 264 at the lower position with their notches removed
      out of alignment with the rod 344 and thereby deactivates the first,
      second and third sensor paddles 232, 236, 240.
PAR  When the cam follower 188 on the double rail tie tier pattern lobe 148 of
      the storage cam 142, the activation cam 294 is at its second rotational
      position, as shown in FIGS. 19 and 19A, which disposes the second link 262
      at the elevated position with its notch receiving the second table trip
      rod 344 and thereby renders active the second sensor paddle 236, and which
      also disposes the first, third and fourth links 260, 264, 266 at the lower
      position with their notches removed out of alignment with the rod 344 and
      thereby deactivates the first, third, fourth and fifth sensor paddles 232,
      240, 244, 246.
PAR  When the cam follower 188 is on the center rail tie tier pattern lobe 150
      of the storage cam 142, the activation cam 294 is at its third rotational
      position, as shown in FIGS. 20 and 20A, which alternately disposes one of
      the first and third links 260, 264 at the elevated position and thereby
      alternately renders active one of the first and third sensor paddles 232,
      240, and which also disposes the second and fourth links 262, 266 at the
      lower position with their notches removed out of alignment with the rod
      344 and thereby deactivates the second, fourth and fifth sensor paddles
      236, 244, 246. As seen in FIG. 20, when the activation cam 294 is at its
      third rotational position, initially the first link 260 is disposed at the
      elevated position and the third link 264 is disposed at the lower position
      by roller 326 of the deactivation cam 316. When the cam 316 is rotated
      counterclockwise upon depression of the fourth and fifth sensor paddles
      244, 246, the first link 260 is moved to the lower position and the third
      link 264 is allowed to assume the elevated position and thereby the third
      sensor paddle 240 is rendered active and the first sensor paddle 232 is
      deactivated.
PAR  In the initial situation just referred to above wherein the first sensor
      paddle 232 is rendered active, when the first sensor paddle 232 is
      deflected or depressed by receipt of two bales on the front end of the
      second table 26, as will be explained in greater detail hereinafter the
      second table 26 is pivoted upwardly until the bales reach the rear end of
      the table and depress the fourth and fifth sensor paddles 244, 246. Then,
      the second table returns to its lower position. However, some means must
      be provided to maintain the first sensor paddle 232 in its depressed
      condition after the second table begins to pivot upwardly and the bales
      begin to slide rearwardly off the first paddle 232 and toward the rear end
      of the table, otherwise return of the first paddle 232 to its normal
      inclined, raised position as soon as the bales slide away therefrom would
      cause the second table 26 to return to its lower position before the bales
      reached the rear end of the table. Means in the form of a latch 346
      mounted on the first link 260, as shown in FIG. 17, will hold the link 260
      in the forward position it assumed when the first sensor paddle 232 was
      depressed and thus will hold the paddle 232 in its depressed position
      until the bales reach the rear end of the second table 26 and downwardly
      deflect the fourth and fifth sensor paddles 244, 246. As explained above,
      deflection of the fourth and fifth paddles 244, 246, via the deactivation
      cam 316, elevates the third link 264 and lowers the first link 260.
      Lowering of the first link 260, as has been explained, deactivates the
      first sensor paddle 232. It also allows the latch 346 to unlatch which
      allows the first link 260 to move rearwardly and the first sensor paddle
      232, although now being deactivated, to return to its raised, inclined
      position.
PAR  The second table actuating mechanism 334 further includes a push-pull cable
      348 being pivotally connected at one end to the free end of the lever arm
      340 of the second table trip 336, as seen in FIGS. 17, 18, 19 and 20, and
      at its other end to linkage, generally designated 350, associated with a
      second table hydraulic valve 352, as seen in FIGS. 9 and 10, which
      controls the flow of hydraulic fluid to the second table hydraulic
      cylinder 42.
PAR  When one of the sensor paddles on the second table 26 is depressed by a
      bale, its associated one of the links is moved in a forward direction. The
      second table trip rod 344, being received through the notch of such one
      associated link, is carried forward which causes the second table trip
      lever arms 340, 342 to be pivotally moved forward. The forward movement of
      lever arm 340 is transmitted by the push-pull cable 348 to the second
      table valve linkage 350 as a rearwardly-directed pull.
PAR  The second table valve linkage 350 includes a first pivotal assembly,
      generally designated 354, having an arm 356 being pivotally mounted at its
      lower end to a cylindrical stud 358 projecting outwardly from left
      longitudinal rail 14 and being pivotally connected at its intermediate
      section to the other end of the push-pull cable 348. The first pivotal
      assembly 354 further has a latch 360 pivotally connected to the upper free
      end of the arm 356 and biased by a spring 362 to pivot counterclockwise
      toward the arm 356. The latch 360 has a forward portion 364 defining a
      rearwardly facing shoulder which will engage and latch with an upper ledge
      portion 366 fixed on a second pivotal assembly 368 being pivotally mounted
      at its lower end to the stud 358 and located adjacent, and outwardly from,
      the arm 354 of the first pivotal assembly 354.
PAR  The second pivotal assembly 368 further has a vertical slot 370 defined
      therein which receives therethrough a link 372 being connected at a
      forward end to a spool 374 of the second table valve 352. A spring 376 is
      connected between a support 378 for the valve 352 and the second pivotal
      assembly 368 which biases the assembly 368 in a forward direction. A
      washer 380 is attached on the link 372 at a location spaced from the
      rearward side of the assembly 368 and a spring 382 is disposed about the
      link 372 between the washer 380 and the assembly 368.
PAR  The rearwardly-directed pull transmitted to the first pivotal assembly by
      the push-pull cable 348 pivots the arm 356 clockwise and moves the latch
      360 rearward. Rearward movement of the latch 360 causes the second pivotal
      assembly 368 to pivot clockwise and compress spring 382 against the link
      washer 380 until finally the link 372 is moved in a rearward direction
      which also shifts the valve spool 374 to a rear (or "out") position. At
      its rear position, the valve spool 374 allows hydraulic fluid under
      pressure to flow into the second table hydraulic cylinder 42 which causes
      it to extend and pivotally move the second table 26 from its lower
      position toward its upper position.
PAR  Fluid will continue to flow into the second table hydraulic cylinder 42 and
      cause upward pivotal movement of the second table 26 until the valve spool
      374 is returned to its forward (or "in") position which allows return flow
      of fluid from the second table cylinder 42 and thereby causes the second
      table 26 to return back to its initial, lower position. The valve spool
      374 may be returned to its forward position either as a result of the
      unlatching of latch 360 by actuation of a second table return trip,
      generally designated 384 in FIGS. 9 and 10, when the table 26 reaches its
      generally vertical, upper position adjacent the front end of the load bed
      52, or as a result of relaxation of the pull on the arm 356 of the first
      pivotal assembly 354 by the push-pull cable 348 prior to when the second
      table 26 has reached its upper position.
PAR  The latter result occurs during the initial steps in the formation of bales
      into the double rail and center rail tie tier patterns, as will be
      explained hereinafter, when second table 26 pivots toward its upper
      position. As table 26 reaches a sufficiently inclined position, a bale,
      which initially depressed the one active sensor paddle, slides rearwardly
      along table 26 and off the paddle, whereupon the paddle returns to its
      raised position due to the return pull of the spring attached to the rear
      end of the one link connected to that paddle. Rearward return movement of
      the link moves trip rod 344 rearward. Such rearward movement of trip rod
      344 is transmitted via trip lever arm 340 and push-pull cable 348 to the
      first pivotal assembly 354 which allows latch 360 to move to its forward
      position, in turn, allowing second pivotal assembly 368 to be moved to its
      forward position by the bias in spring 376, which causes return of valve
      spool 374 to its forward position.
PAR  The second table return trip 384, when actuated, unlatches the forward
      portion 364 of latch 360 from the upper ledge portion 366 of the second
      pivotal assembly 368 and thereby allows the assembly 368 to pivot in a
      forward direction back to its initial position due to return spring 376.
      As the assembly 368 moves forward, it will carry with it the link 372 due
      to engagement by the assembly 368 with a cotter pin (not shown) being
      located on the link 372 on the forward side of the assembly 368. Also, the
      first pivotal assembly 354 and its latch 360 will subsequently return to
      its initial forward position due to a return spring 386 being connected
      therewith and relatch with the assembly 368, once the second table 26
      beings to fall downwardly away from the tier of bales it has just
      deposited on the load bed 52 and the respective paddle returns to its
      raised position.
PAR  The second table return trip 384 includes a transverse shaft 388 being
      rotatably mounted at its opposite right and left ends by brackets 390
      (only the right one being shown in FIGS. 9 and 10) fixed respectively to
      the transverse frame member 156 and left longitudinal rail 14. An arm 392
      is fixed to the shaft 388 near its right end and extends upwardly and
      rearwardly therefrom. A spring 394 is connected between the arm 392 and
      the right bracket 390, biasing the arm 392 and thus the shaft toward
      counterclockwise rotation, as seen in FIG. 9; however, one end of a flat
      piece 396 fixed to the shaft 388 near its left end engages the top of the
      left rail 14 to limit such rotation of the shaft 388.
PAR  The trip 384 also includes a generally J-shaped arm 398 pivotally mounted
      at its lower end to support assembly 154 for the storage cam 142 and cable
      drum 158. A link rod 400 interconnects the arm 392 of shaft 388 with the
      J-shaped arm 398. As the second table 26 reaches its upper position, as
      seen in FIG. 9, it brings a U-shaped rod 402, fixed to, and depending
      from, the arm portion 46 thereof, into engagement with the upper end of
      the J-shaped arm 398 and causes a slight amount of clockwise rotation of
      the arm 398 which, in turn, rotates the shaft 388 via the link rod 400 and
      arm 392.
PAR  Referring now to FIG. 10, it is seen that such rotation of the shaft 388
      (appearing in a counterclockwise sense in FIG. 10) pivotally moves a plate
      404, being fixed near the left end of shaft 388, upwardly such that an
      outwardly protruding stud 406 fixed to the plate 404 lifts the latch 360
      at its forward portion 364 to an elevated position in which the
      rear-facing shoulder of the portion 364 is clear of the upper ledge
      portion 366 of the second pivotal assembly 368 which thereby unlatches the
      assembly 368 and allows it to pivot in a forward direction back to its
      initial position due to its return spring 376. As explained hereinbefore,
      such movement of the assembly 368 shifts the second table valve spool 374
      back to its forward position, which causes the second table 26 to return
      back to its initial, lower position.
PAR  Still another of the remaining elements of the tier-forming means of the
      bale wagon 10 is the tie spike mechanism 50, already briefly mentioned
      hereinbefore, shown in FIGS. 1 and 3 and other means associated therewith
      for controlling its actuation, being partially shown in FIGS. 9, 17, 18,
      19, 20, 21 and 22. The mechanism 50, being generally similar to that
      illustrated and described in aforementioned U.S. Pat. No. 3,395,814,
      facilitates the rearrangement of a pair of bales, initially disposed
      end-to-end in a row transversely along the forward end of the second table
      26, into side rail positions in which the bales are separated from each
      other and respectively disposed longitudinally along opposite sides of the
      second table 26 adjacent the forward end thereof.
PAR  Referring to FIG. 3, the tie spike mechanism 50 includes an elongated shaft
      408 rotatably mounted through the outer free ends of a series of four
      support strips 410 being fixed at their inner ends to a transverse support
      member 412 at spaced locations therealong and extending in a rearward
      direction therefrom. The transverse support member 412, as mentioned
      hereinbefore, is fixed on the front brackets 48 and supports the forward
      end of the second table 26 (being shown in outline form in FIG. 3) when it
      is at its normal, lower horizontal tier-forming position.
PAR  Also, U-shaped support brackets 414 are fixed to the transverse support
      member 412 respectively adjacent its opposite ends and extend first
      rearwardly and then inclined upwardly and rearwardly therefrom. A shaft
      416 is rotatably mounted transversely across the upper end portions of
      each of the U-shaped brackets 414 and has a bore 418 defined therethrough
      generally perpendicular to the longitudinal axis thereof. A crank arm 420
      is fixed at each opposite end of the elongated shaft 408, being located
      between the sides of each U-shaped support bracket 414, and extends
      generally perpendicular to the longitudinal axis of the shaft 408. The
      outer end of each crank arm 420 pivotally mounts a cylindrical spike 422
      having a pointed upper end and being received through a respective one of
      the bores 418 in shafts 416.
PAR  Means are provided in the form of a hydraulic cylinder 424 for rotating the
      elongated shaft 408 and, thus, for raising the spikes 422. Retraction of
      the hydraulic cylinder 424 raises the spikes 422 from the lower, retracted
      position, as shown in FIG. 3, in which the spikes 422 are aligned
      respectively with holes 426 defined in the second table 26 adjacent its
      opposite forward corners, to an upper, elevated position in which the
      spikes 422 will extend upwardly and generally vertically through the holes
      426. Preferably, the spikes 422 are positioned such that when the spikes
      are elevated with a pair of bales resting end-to-end transversely along
      the forward end of the second table 26, the spikes 422 will penetrate the
      respective bales approximately 6 to 8 inches inwardly from their outer end
      sides. The anchor end of the hydraulic cylinder 424 is pivotally secured
      to an upstanding brace 428 fixed on left longitudinal rail 14 and the
      piston rod end of the cylinder 424 is pivotally secured to the free end of
      another crank arm 430 fixed along, and generally perpendicular to, the
      elongated shaft 408.
PAR  Means, generally indicated by numeral 432, for controlling actuation of the
      hydraulic cylinder 424 for the tie spike mechanism 50 is partially shown
      in each of FIGS. 9 and 17 through 22. The control means 432 includes a
      first pivotal assembly, generally designated as 434, and a second pivotal
      assembly, generally designated as 436, both being illustrated in FIGS. 21
      and 22.
PAR  The first pivotal assembly 434 includes a shaft 438 rotatably mounted
      through the spaced, rearwardly-extending opposite ends of a U-shaped
      bracket 440 fixed to the rear side and right end of an angled support
      plate 442 being fixed between the front brackets 48 on rails 14 rearward
      from, and generally below, the transverse support member 412 of FIG. 3.
      Short and long arms 444, 446 are fixed to, and depend downwardly from, the
      respective opposite left and right ends of the shaft 438. At the lower end
      of a short arm 444 is fixed the rear end of a cam follower arm 448 which
      extends first forwardly and then inclined downwardly and forwardly from
      the short arm 444 to adjacent the lower end of a cam 450 attached to the
      upper rear side of the right upwardly extending leg portion 78 of the
      first table 22. A cam follower roller 452 rotatably mounted on the forward
      end of the arm 448 engages the surface of the arm 450 at the lower end
      thereof. The lower end of the long arm 446 is pivotally secured to a link
      454 at an intermediate location therealong between its ends. The link 454
      is coupled at a rear one of its ends of the spool 456 of a hydraulic valve
      458 for the tie spike mechanism 50 being mounted on a support 460 fixed to
      the right longitudinal rail 14. The other end of the link 454 is
      associated with the second pivotal assembly 436, which will be described
      now.
PAR  The second pivotal assembly 436 includes a trip member 462 having a
      rearwardly-extending, upper angled portion 464 and a downwardly-extending
      leg portion 466 which depends from the front end of the upper portion 464
      and is pivotally secured at its upper end to a upstanding bracket 468
      mounted at the right end of the angled support plate 442, as seen in FIG.
      22. The lower end of the trip member leg portion 466 is pivotally secured
      to the upper ends of a pair of vertical members 470, 472. The right member
      470 slants outwardly and downwardly for a short distance and then
      generally downward and parallel to the left, downwardly-extending member
      472. The two members 470, 472 are pivotally secured at their lower ends
      about a common axis by suitably fixed means (not shown) mounted to the
      right rail 14.
PAR  Intermediately along is length, the right member 470 has fixed thereto a
      vertically-slotted washer 474 which receives the link 454 therethrough.
      The link 454 has another washer 476 fixed at its front end with a spring
      478 extending about the link 454 between slotted washer 474 and end washer
      476. A stop element 480 is also formed on the link 454 adjacent the rear
      side of the member 470.
PAR  Intermediately along its length, the left member 472 has also fixed thereto
      a vertically-slotted washer 482 which receives a link 484 therethrough.
      The link 484 is coupled at a rear one of its ends to the spool 120 of the
      first table delay valve 118, mentioned hereinbefore. The link 484 has
      another washer 486 fixed at its front end with a spring 488 extending
      about the link 484 between slotted washer 482 and end washed 476. A stop
      element 490 is also formed on the link 484 adjacent the rear side of the
      member 472. Further, two springs 492 are respectively secured between the
      support 460 and the members 470, 472, only the right spring associated
      with member 470 being shown in FIG. 22. As mentioned above, the first
      table delay valve 118 does not represent an essential feature of the
      improvements incorporated in the bale wagon 10 and thus the valve 118, and
      the member 472 and link 484 associated therewith, need not be discussed
      further.
PAR  Referring to FIG. 22, the second pivotal assembly 436 is disposed in the
      solid line position depicted, when the second table 26 has been lifted off
      the trip member 462. The assembly 436 is disposed in the broken line
      position when the second table 26 is at its lower position in which it has
      deflected the trip member 462 downwardly and counterclockwise, as seen in
      FIG. 22. Further, as seen in FIG. 22, the spool 456 of the tie spike
      mechanism valve 458 is initially disposed in a "centered" or neutral
      position when the first table 22 (not shown) is at its horizontal
      position. Even though the pivotal deflection of the trip member 462 causes
      the member 470 to pivot forward and clockwise and compress spring 478
      against link washer 476, the link 454 is prevented from being carried
      forward by the compressed spring 478 due to engagement of the cam follower
      roller 452 with the first table cam 450 and the rigid connection between
      the cam follower arm 448, short arm 444, shaft 438 and long arm 446 which
      is coupled to link 454. However, when the first table 22 is actuated and
      as it reaches its upper position, the cam 450 moves free of the roller 452
      which allows forward, counterclockwise pivoting of the first pivotal
      assembly 434 due to forward movement of the link 454 as caused by
      extension of compressed spring 478. Such forward movement of link 454
      pulls the spool 456 to an out or forward position which allows hydraulic
      fluid to flow to the cylinder 424 and cause its actuation. Return of the
      first table 22 to its lower position moves its cam 450 back into
      engagement with cam follower roller 452 which shifts spool 456 back to its
      centered position. Such actuation raises the tie spikes 422 through the
      bores 418 of shafts 416 and through openings 426 in the front end of the
      second table 26. Thus, when the second table 26 is at its lower position,
      each pivotal cycling of the first table 22 from its lower position to its
      upper position and back to its lower position would result in shifting of
      the tie spike mechanism valve spool 456 from its centered position to its
      forward position and back to its centered position and, thereby, raising
      of the spikes 422 to their elevated position.
PAR  However, other elements are provided by the means 432 which will prevent
      the aforementioned result from occurring during formation of bales into
      the standard tier pattern and which will further only allow its occurrence
      at desired periods during formation of bales into the two tie tier
      patterns.
PAR  Such other elements include a lever arm 494, shown in FIG. 9, being
      pivotally mounted to support assembly 154 in a coaxial relationship with,
      and spaced relationship above, the cam follower arm 222. The lever arm 494
      is interconnected at one of its ends to the short arm 444 of the first
      pivotal assembly 434 by a connecting rod 496. Therefore, forward pivotal
      movement of the first assembly 434, due to movement of the first table cam
      450 free of first table cam follower roller 452 as the first table 22
      reaches its upper position, would cause counterclockwise pivotal movement
      of lever arm 494 toward the center of storage cam 142.
PAR  However, the provision of a lug 498 fixed to the forward side of lever arm
      494 and depending therefrom past storage cam follower arm 222 will prevent
      such counterclockwise pivotal movement of the lever arm 494 toward the
      storage cam center and relative to the storage cam follower arm 222 when
      the storage cam follower roller 188 is located along any of lobes 146 on
      the storage cam 142. Thus, during formation of the standard tier pattern,
      which corresponds to first lobe 146, the tie spike valve spool 456 is
      prevented from shifting from its centered to its forward position, and
      thus the tie spikes 422 from their retracted to their raised positions,
      each time the first table 22 is cycled. However, when the storage cam
      follower roller 188 is located along any of lobes 148, 150 on the storage
      cam 142, such as during formation of the double rail tie tier pattern and
      center rail tie tier pattern, respectively, the lever arm 494 is free to
      pivot counterclockwise toward the storage cam center through a distance
      sufficient to allow shifting of the tie spike valve spool 456 from its
      centered to its forward position before the depending lug 498 on the lever
      arm 494 engages the storage cam follower arm 222.
PAR  Retraction of the tie spikes 422, through shifting of the tie spike valve
      spool 456, occurs in either one of two ways, by the second table 26 being
      cycled upward or by depression of the second sensor paddle 236 on the
      second table 26.
PAR  In FIG. 22, it will be noted that as the second table 26 is lifted, the
      trip member 462 of the second assembly 436 is released and the spring 492
      causes the member 470 of the second pivotal assembly 436 to pivot
      counterclockwise and rearwardly and against stop element 480 or link 454
      which carries the link 454 rearwardly also and thereby pushes the tie
      spike valve spool 456 from its centered to an in or rearward position
      which allows retraction of tie spikes 422. Once the second table returns
      to its lower position, the valve spool 456 is shifted back to its centered
      position.
PAR  Referring now to FIGS. 17 through 20, there is shown a push-pull cable 500
      pivotally secured at one of its ends to the rear end of the second link
      262, which is pivotally connected to second sensor paddle 236, and at its
      other end to the opposite end of the lever arm 494, as seen in FIG. 9.
PAR  It will be recalled that the ability of the second sensor paddle 236 to
      actuate the second table trip rod 344, and thereby cycle the second table
      26, depends upon whether the second link 262 is disposed in the elevated
      position with its notch receiving the trip rod 344. If the second link 262
      is in such position, the second paddle 236 is rendered "active";
      otherwise, if the link 262 is in the lower position, the paddle 236 is
      deactivated or inactive. However, with respect to the ability of the
      second sensor paddle 236 to actuate the tie spike mechanism 50 so as to
      cause retraction of the tie spikes 422, the position of the second link
      262 with respect to trip rod 344 is not a controlling factor. The second
      paddle 236 is always active with respect to its ability to cause
      retraction of the tie spikes 422.
PAR  Each time a bale depresses the second sensor paddle 236, the second link
      262 is moved for a short distance in a forward direction which pulls the
      push-pull cable 500 forward. The forward movement of the cable 500, in
      turn, pivots the lever arm 494 clockwise, as seen in FIG. 9. It should be
      noted that lever arm 494 is free to pivot clockwise or away from the
      storage cam center since the lug 498 carried by the arm 494 is moved away
      from the storage cam follower arm 222. Clockwise pivoting of lever arm 494
      pulls the connecting rod 496 in a rearward direction. The connecting rod
      rearward movement, in turn, via its pivotal securement to short arm 444,
      pivots the second pivotal assembly 434 clockwise and rearwardly which
      pulls link 454 rearward and pushes in tie spike valve spool 456 from its
      centered position to its in or rearward position. If the tie spikes 422
      happened to be at their raised position, they will now pivot to their
      retracted position. Then, once the bale is removed from the second sensor
      paddle 236, it will return to its raised position due to spring 304
      pulling the second link 262 rearwardly. This, in turn, pushes the cable
      500 rearward, pivots lever arm 494 counterclockwise, pushes connecting rod
      496 in a forward direction, and pivots the second pivotal assembly 434
      counterclockwise which returns the tie spike valve spool 456 to its
      centered position.
PAR  It should be mentioned that the aformentioned means which operate to raise
      and retract the tie spikes 422 also simultaneously raise and retract the
      intermediate or single bale trip arm 121 of FIG. 3, since the hydraulic
      cylinder (not shown) for actuating the trip arm 121 is hydraulic coupled
      to the tie spike mechanism hydraulic cylinder 424.
PAC  THREE MODES OF OPERATION OF MEANS FOR TIER PATTERN FORMATION
PAR  As explained hereinabove, the one of the three tier patterns into which
      bales will be formed is selected or determined according to the one of the
      lobes 146, 148, 150 of the storage cam 142 along which the storage cam
      follower 188 is located. Thus, in other words, the one of the three
      possible modes, which correspond respectively to the three tier patterns,
      in which the above-described tier-forming means will operate at any given
      time is selected or determined by the lobe location of the storage cam
      follower 188.
PAR  When the storage cam follower 188 is located along one of lobes 146, the
      tier-forming means will operate in a first mode to form bales into the
      standard tier pattern of FIGS. 23 and 24.
PAR  Whether the bales in the standard tier pattern will be resting on their
      edge or flat sides on the second table 26 depends upon which mode of
      operation of the first table 22 is selected. The mechanical trips and
      linkages associated with the load bed 52 and the second table 26 for
      shifting the selector valve spool 104 of the first table selector valve
      102 between its out and in postions, respectively, for selecting one of
      the two modes of operation for the first table 22, will be described in
      detail after the three modes of operation of the tier-forming means has
      been described.
PAR  With the storage cam follower 188 so located for operation of the
      tier-forming means in its first mode, the activation cam 294 assumes its
      first rotational position of FIGS. 18 and 18A in which it holds the first,
      second and third links 260, 262, 264 in their lower position which
      deactivates the first, second and third sensor paddles 232, 236, 240 and
      allows the fourth link 266 to assume the elevated position, shown in FIG.
      18A, due to the rearward and upward pull of its associated one of the
      springs 304 which activates the interconnected fourth and fifth sensor
      paddles 244, 246 for sensing bale position.
PAR  Further, with the storage cam follower 188 so located, it prevents
      counterclockwise pivotal rotation of lever arm 494 toward the storage cam
      center which, in turn, prevents shifting of the tie spike valve spool 456
      between its centered and forward position, as the first table 22 is cycled
      to successively deliver pairs of bales to the forward end of the second
      table 26. Thus, the tie spikes 422 are maintained in an initial retracted
      position below the second table forward end during formation of the
      standard tier pattern of bales.
PAR  Thus, the first mode of operation of the tier-forming means generally
      simulates the manner in which bales have heretofore been formed into a
      standard tier pattern on previous Grey bale wagons. The first bale of
      successive pairs of bales, being received on the first table 22 and
      arranged end-to-end in a row on their flat sides, engages and moves the
      outer trip arm 123 which causes successive pivotal cycling of the first
      table 22 to its upper position and thereafter return to its lower position
      and thereby successive delivery of pairs of bales to the forward end of
      the second table 26. As each successive pair is delivered, it pushes the
      pairs accumulated in successive transverse alignments across the second
      table in a rearward direction. Delivery of pairs of bales continues until
      the rearmost pair of the tier being formed engages and depresses the
      fourth sensor paddle 244. Depression of the fourth paddle 244 trips the
      second table actuating mechanism 344, in a manner heretofore described,
      and causes pivoting of the second table 26 to its upper position and
      delivery of the standard tier pattern of bales to the load bed 52. The
      fourth paddle 244 is spaced from the forward end of the second table 26
      such that either four transverse rows of bales resting on their flat sides
      or five transverse rows of bales resting on their edge sides must be
      accumulated on the second table 26 in order for the rearmost row to engage
      and depress the fourth paddle 244.
PAR  It should be noted that as the pairs or rows of bales accumulate on the
      second table 26 and are moved rearwardly therealong as more pairs are
      delivered to its forward end, the second sensor paddle 236 is depressed
      which, in a manner explained hereinbefore, causes the tie spike valve
      spool 456 to shift from its centered to its rearward position. However,
      since the tie spikes 422 were already retracted when the spool 456 was in
      its centered position, its movement to the rearward position has no
      effect. Also, when the second table 26 is lifted to deliver the completed
      standard tier pattern of bales to the load bed, the trip member 462 of the
      tie spike control means 482 is released which has the effect of shifting
      valve spool 456 to its rearward position. Then, when the second table 26
      lowers back to its horizontal position, after delivering the completed
      tier to the load bed 52, the trip member 462 is deflected downwardly which
      has the effect of shifting the valve spool 456 back to its centered
      position with the tie spikes 422 still being maintained in their retracted
      position at the start of the next tier-forming operation on the second
      table 26.
PAR  When the storage cam follower 188 is located along one of the lobes 148,
      the tier-forming means will operate in a second mode to form bales into
      the double rail tie tier pattern of FIG. 25.
PAR  With the storage cam follower 188 so located for operation of the
      tier-forming means in its second mode, the activation cam 294 assumes its
      second rotational position of FIGS. 19 and 19A in which it holds the
      first, third and fourth links 260, 264, 266 in their lower position which
      deactivates the first, third, and interconnected fourth and fifth sensor
      paddles 232, 240, 244, 246 and allows the second link 262 to assume the
      elevated position, shown in FIG. 19A, due to the rearward and upward pull
      of its associated one of the springs 304 which activates the second sensor
      paddle 236 for sensing bale position.
PAR  Also, with the storage cam follower 188 so located along one of the lobes
      148, it will allow counterclockwise pivotal rotation of lever arm 494
      toward the storage cam center which, in turn, will allow shifting of the
      tie spike valve spool 456 between its centered and forward positions, as
      the first table 22 is cycled to successively deliver one or two bales to
      the forward end of the second table 26. Thus, the tie spikes 422 may be
      raised from their initial retracted position to their elevated position
      and maintained at such position after delivery of the first pair of bales
      in the initial step of forming the double rail tie tier pattern of bales.
PAR  FIGS. 27 through 37 schematically illustrate the steps involved in the
      formation of bales into the double rail tie tier pattern of FIG. 25,
      beginning with the initial delivery of a row of bales onto the forward end
      of the second table, as shown in FIG. 27, and ending with delivery of the
      completed tier to the load bed, as depicted in FIG. 37.
PAR  As just mentioned, initial cycling of the first table to deliver the first
      pair of bales, as shown in FIG. 27, raises the tie spikes, being
      represented by the pair of arrows in FIG. 28, such that they penetrate the
      bales adjacent their respective outer ends. Also, as mentioned
      hereinbefore, whenever the spikes are raised, the intermediate or single
      bale trip arm is also raised to its operative position, whereby, now,
      receipt of a single bale by the first table will engage this trip arm and
      cause the first table to cycle and deliver the bale to the second table
      forward end.
PAR  Since the two bales already positioned on the second table forward end are,
      in effect, pivotally secured at their respective outer ends to the second
      table by the tie spikes, delivery of the single bale to the center of the
      forward end of the second table pushes the respective inner ends of the
      two bales rearwardly and partially toward rail positions at the respective
      opposite sides of the second table, as seen in FIG. 29.
PAR  At the start of the next first table cycle, the tie spikes and single bale
      trip still remain at their elevated positions since, up to this stage in
      the second mode of operation of the tier-forming means, neither depression
      of the second sensor paddle 236 or actuation of the second table has
      occurred.
PAR  Again, the first table cycles upon receiving a single bale and pushes the
      bale onto the second table and into the single bale already positioned
      there such that the latter single bale is moved rearwardly onto the second
      sensor paddle 236 which causes its depression and the two partially
      pivoted bales are moved completely to their rail positions, as seen in
      FIG. 30. Since the second paddle 236 is the one that is active, its
      depression causes the second table actuating mechanism 334 (FIGS. 9, 10
      and 17 through 20) to shift the second table valve spool 374 to its
      rearward position and thereby cause actuation of the second table pivotal
      cycle toward its upper position, as well as retraction of the tie spikes
      which the second paddle would cause regardless of whether it is active or
      not. As the second table pivots upwardly, it soon reaches an angle of
      incline at which the partially formed tier of bales slide to the rear half
      of the second table, as seen in FIG. 31. Once the bales have slid past,
      and are clear of the second paddle 236, the one of the springs 304
      associated with the second link 262 pulls it rearwardly, raising the
      second paddle 236 and causing the second table actuating mechanism 334 to
      shift the second table valve spool 374 back to its forward position and
      thereby cause the second table to return back to its lower position, as
      seen in FIG. 32.
PAR  The steps described above and illustrated in FIGS. 27 through 30 are
      repeated to complete formation of the bales into the double rail tie tier
      pattern of FIG. 25. However, this time, upon delivery of the last single
      bale to the second table, as seen in FIG. 36, the next
      centrally-positioned single bale, which is pushed rearward by the last
      single bale and depresses the paddle 236, remains positioned upon it until
      the second table reaches its upper position, as seen in FIG. 37, at which
      point the second table return trip 384 causes the second table actuating
      mechanism 334 to shift the second table valve spool 374 back to its
      forward position and thereby cause the second table to return back to its
      lower position.
PAR  Finally, when the storage cam follower 188 is located along the lobe 150,
      the tier-forming means will operate in a third mode to form bales into the
      center rail tie tier pattern of FIG. 26.
PAR  With the storage cam follower 188 so located for operation of the
      tier-forming means in its third mode, the activation cam 294 assumes its
      third rotational position of FIGS. 20 and 20A in which it holds the second
      and fourth links 262, 266 in their lower position, deactivates the second
      are interconnected fourth and fifth sensor paddles 236, 244, 246 and
      allows the first and third links 260, 264 to assume the elevated position,
      with first link 260, as shown in FIG. 20A, initially assuming such
      position due to the rearward and upward pull of its associated one of the
      springs 304 which activates the first sensor paddle 232 for sensing bale
      position. As explained hereinbefore, a deactivation cam 316, pivotally
      interconnected with the fourth and fifth paddles 244, 246, prevents the
      first and third links 260, 264 from assuming the elevated position at the
      same time. When the paddles 244, 246 are raised, the deactivation cam 316
      retains third link 264 at the lower position; and when the paddles 244,
      246 are depressed, the first link 260 is retained at the lower position,
      with the third link 264 allowed to assume the elevated position.
PAR  Also, with the storage cam follower 188 being located along the lobe 150,
      it will allow counterclockwise pivotal rotation of lever arm 494 toward
      the storage cam center which, in turn, will allow shifting of the tie
      spike valve spool 456 between its centered and forward positions, as the
      first table 22 is cycled to successively deliver one or two bales to the
      forward end of the second table 26. Thus, the tie spikes 422 may be raised
      from their initial retracted position to their elevated position upon
      delivery of the first pair of bales in the initial step of forming the
      center rail tie tier pattern of bales.
PAR  FIGS. 38 through 48 schematically illustrate the steps involved in the
      formation of bales into the center rail tie tier pattern of FIG. 26,
      beginning with the initial delivery of a row of bales onto the forward end
      of the second table, as shown in FIG. 38, and ending with delivery of the
      completed tier to the load bed, as depicted in FIG. 48.
PAR  As just mentioned, initial cycling of the first table to deliver the first
      pair of bales, as shown in FIG. 38, raises the tie spikes, being
      represented by the pair of arrows in FIG. 39, such that they penetrate the
      bales adjacent their respective outer ends. However, since initially the
      first sensor paddle 232 is active and is depressed by the right one of the
      pair of initially delivered bales, it causes the second table actuating
      mechanism 334 (FIGS. 9, 10, 17 through 20) to shift the second table valve
      spool 374 to its rearward position and thereby cause activation of the
      second table pivotal cycle toward its upper position. Lifting of the
      second table releases the trip member 462 of the tie spike control means
      432 which causes shifting of the spike valve spool 456 to its rearward
      position and thereby retraction of the tie spikes.
PAR  As the second table pivots upwardly, it soon reaches an angle of incline at
      which the first pair of bales slide to the rear end of the second table,
      as seen in FIG. 40.
PAR  It will be recalled that as soon as the right bale of the pair slides away
      from the first sensor paddle 232, if it was not for the latch 346 (FIG.
      17), which maintains the paddle 232 in its depressed condition until the
      bales reach the rear end of the second table and depress the
      interconnected fourth and fifth paddles 244, 246, the second table would
      prematurely fall and the bales would never reach the desired rear
      position. Once the bales reach and depress the interconnected fourth and
      fifth sensor paddles 244, 246, the first link 260 is lowered by the
      deactivation cam 316 and the third link 264 is allowed to assume the
      elevated position which deactivates the first sensor paddle 232 and
      activates the third sensor paddle 240, with the lowering of the first link
      260 allowing the second table trip mechanism 336 (FIGS. 9, 17 through 20)
      to return to its initial position due to the spring return bias on the
      first and second pivotal assembly 354, 368 of the second table actuating
      mechanism 334 (FIG. 10) and thereby shift the second table valve spool 374
      back to its forward position and cause the second table to return back to
      its lower position, as seen in FIG. 41.
PAR  The next several steps in the third mode of operation of the tier-forming
      means, as illustrated in FIGS. 42 through 45, are identical to those
      described hereinabove with respect to the second mode of operation of such
      means, as illustrated in FIGS. 27 through 30, with one exception, that
      being, that the second sensor paddle 236 is not active and thus its
      depression does not cause pivotal cycling of the second table. The
      depression of the paddle 236 only causes the tie spike valve spool 456
      (FIG. 22) to shift to its rearward position and thereby retraction of the
      tie spikes and the single bale trip arm.
PAR  A final pair of bales is delivered to the second table and pushes the group
      of four bales rearward, as shown in FIG. 47, with the rearmost center bale
      of the group being pushed onto the third sensor paddle 240. Since the
      third paddle 240 had been previously rendered active by the deactivation
      cam 316, at the same time the first paddle 232 was deactivated, its
      depression causes the second table actuating mechanism 334 (FIGS. 9, 10
      and 17 through 20) to shift the second table valve spool 374 to its
      rearward position and thereby cause actuation of the second table pivotal
      cycle toward its upper position. Since, the third paddle 240 remains
      depressed until the second table reaches its uper position, as seen in
      FIG. 48, the second table return trip 384 causes the second table
      actuating mechanism 334 to shift the second table valve spool 374 back to
      its forward position and thereby cause the second table to return back to
      its lower position. Also, the initial lifting of the second table released
      the trip member 462 of the tie spike control means 432 and caused
      retraction of the tie spikes.
PAR  In reviewing the above-described three modes of operation of the
      tier-forming means, it will be apparent that in the formation of bales
      into the standard tier pattern, only the interconnected fourth and fifth
      sensor paddles 244, 246 play a role, while in the formation of bales into
      the double rail tie tier pattern, only the second sensor paddle 236 plays
      a role. However, in the formation of bales into the center rail tie tier
      pattern, all of the sensor paddles play a role.
PAC  SELECTION OF FIRST TABLE MODE OF OPERATION
PAR  A final improved feature of the bale wagon 10 relates to means for
      selecting either the first or second of the two modes of operation for the
      first table 22 in response to movement of the load bed 52 or to movement
      of the second table 26.
PAR  As was stated hereinabove, the preferred form of such first table
      mode-selecting means is provided by mechanical trips and linkages, being
      operatively associated with the load bed 52 and the second table 26, for
      causing movement of the first table selector valve spool 104 to either its
      out or in positions.
PAR  The first table mode-selecting means is illustrated in FIGS. 8, 15, 21 and
      22 and includes the first table selector valve 102 being mounted on a
      support plate 502 fixed to the right longitudinal rail 14.
PAR  The mode-selecting means further includes a first actuating rod 504 and a
      trip mechanism, generally designated as 506 in FIG. 15, being mounted to
      the right longitudinal rail 14 under the load bed 52, with the rod 504
      extending from the trip mechanism 506 to adjacent the rear end of the
      selector valve spool 104, as seen in FIGS. 21 and 22.
PAR  The trip mechanism 506 includes an upper arm 508 pivotally mounted to the
      upper portion of an upstanding brace means 509 fixed to the rail 14 and a
      lower angled plated 510 pivotally mounted to the rail 14. The upper
      pivotal arm 508 includes a laterally-extending tab 512 with a slot 514
      formed through its outer end portion. The upper end of a connecting link
      516 is received through the slot 514 and held therethrough by a cotter key
      518 fitted through a hole in the link 516 at location adjacent the upper
      side of the tab 512. A washer 520 is fixed to the link 516 at a location
      spaced through a short distance below the cotter key location and a spring
      522 extends about the link 516 between the washer 520 and the underside of
      the tab 512. The lower end of the link 516 is pivotally secured to a
      rearwardly-extending leg 524 of the lower angled plate 510 and the rear
      end of the first actuating rod 504 is pivotally secured to an
      upwardly-extending front leg 526 of the lower angled plate 510. A spring
      528 is connected from the tab 512 forwardly to the upper portion of the
      brace means 509.
PAR  When the load bed 52 is disposed in its lower position of FIG. 1, its
      underside rests on, and downwardly depresses, the upper pivotal arm 508
      which causes downward movement of connecting link 516 through compression
      of spring 522 against the washer 520 fixed to the link 516. Downward
      movement of the link 516 causes the lower angled plate 510 to pivot
      rearwardly and clockwise, as viewed in FIG. 15, which pulls the actuating
      rod 504 rearward such that its forward end is spaced rearwardly of the
      rear end of the selector valve spool 104, as seen in FIGS. 21 and 22.
PAR  Lifting of the load bed 52 allows the upper pivotal arm 508 to pivot
      upwardly and counterclockwise, as viewed in FIG. 15, due to the pull of
      spring 528 on the tab 512 when the arm 508 is released by the load bed.
      Such pivotal movement of upper arm 508 upwardly lifts the connecting link
      516 which pivots the lower plate counterclockwise, as viewed in FIG. 15,
      and pushes the actuating rod 504 in a forward direction through a
      sufficient distance for the front end of the rod 504 to engage the rear
      end of the selector valve spool 104 and push it to its forward or out
      position. As stated hereinbefore, when the spool 104 is at its out
      position, the first table 22 is thereby selected or allowed to operate in
      the first of its two modes in which it will deliver bales to the second
      table on their edge sides.
PAR  Referring now to FIGS. 21 and 22, the mode-selecting means also includes a
      second actuating rod 530 and the second pivotal assembly 436 of the tie
      spike control means 432. The rod 530 is pivotally secured at its forward
      end to the second pivotal assembly 436 at the lower end of the trip member
      leg portion 466 and the upper ends of vertical members 470, 472. The rod
      530 extends rearwardly to adjacent the front end of the selector valve
      spool 104.
PAR  Pivotal movement of second pivotal assembly 436 from its dotted line
      position to its solid line position, as seen in FIG. 22, when the second
      table 26 is lifted upwardly off the trip member 462 of the assembly 436,
      causes the second actuating rod 530 to be pushed in a rearward direction
      through a sufficient distance for the rear end of the rod 530 to engage
      the front end of the selector valve spool 104 and push it to its rearward
      or in position. As stated hereinbefore, when the spool 104 is at its in
      position, the first table 22 is thereby selected or allowed to operate in
      the second of its two modes in which it will deliver bales to the second
      table on their flat sides.
PAR  When the second table 26 is returned to its lower position, the trip member
      462 is depressed, causing the second pivotal assembly 436 to pivotally
      move from its solid line position to its broken line position, as seen in
      FIG. 22, which pulls the second actuating rod 530 in a forward direction
      such that its rearward end is spaced forwardly of the front end of the
      selector valve spool 104.
PAR  With respect to the four stack patterns, stored on the storage cam 142, it
      has been mentioned that one difference between the position A, B and C
      stack patterns is in the side orientation of the bales in their first and
      second tiers. In this respect, the position D stack pattern is identical
      to the position A stack pattern. Further, the tiers of all the stack
      patterns above the first two lowermost tiers are composed of bales having
      identical side orientations, that being, bales resting on their flat sides
      on the second table and when the stacks have been uprighted on the ground.
PAR  In the position A stack pattern of FIG. 49 (and also the position D stack
      pattern of FIG. 51), bales in both of the first and second tiers rest on
      their flat sides on the second table and when the stack has been uprighted
      on the ground. Therefore, in preparing for formation of the first tier of
      the position A stack pattern (or the position D stack pattern) on the bale
      wagon 10, if the first table selector valve spool 104 is disposed at its
      out position due to the pivotal lifting of the load bed 52 to unload the
      stack previously formed on the wagon 10, the second table 26 must be
      lifted approximately 10 inches to shift the selector valve spool 104 to
      its in position, and then lowered, so that the first table 22 will
      commence operation in its second mode for delivering bales on their flat
      sides onto the second table 26. Then, once the first or lowermost tier has
      been formed on the second table 26 and transferred to the load bed 52 by
      pivotally lifting the second table 26, the selector valve spool 104 will
      remain at its in position, whereby the first table 22 will again commence
      operation in its second mode. The same will be true for the remaining five
      tiers of the position A stack pattern (or the remaining seven tiers of the
      position D stack pattern).
PAR  In the preferred, position B stack pattern of FIG. 2, bales in the first
      tier rest on their edge sides on the second table and when the stack has
      been uprighted on the ground, and in the second tier rest on their flat
      sides on the second table and when the stack has been uprighted on the
      ground. Normally, due to the pivotal lifting of the load bed 52 to unload
      the stack previously formed on the bale wagon 10, the first table selector
      valve spool 104 will be initially disposed at its out position. If such is
      the case, then the first table 22 will commence operation in its first
      mode for delivering bales on their edge sides onto the second table 26, as
      desired. However, if the spool 104 should happen to be disposed at its in
      position, for example, because the second table 26 had previously been
      lifted when empty in order to make adjustments to the wagon mechanisms,
      the load bed 52 must be lifted approximately 10 inches to shift the
      selector valve spool 104 to its out position, and then lowered, so that
      the first table 22 will commence operation in its first mode. Then, once
      the first or lowermost tier has been formed on the second table 26 and
      transferred to the load bed 52 by pivotally lifting the second table 26,
      the selector valve spool 104 will now be shifted to its in position,
      whereby the first table 22 will commence operation in its second mode for
      delivering bales on their flat sides to the second table 26 during
      formation of the second tier on the second table 26. The same will be true
      for the remaining 5 (or 6) tiers of the position B stack pattern.
PAR  In the position C stack pattern of FIG. 50, bales in the first and second
      tiers rest on their edge sides on the second table and when the stack has
      been uprighted on the ground. With respect to formation of the first or
      lowermost tier of the position C stack pattern, the same possibilities as
      to the initial position of the selector valve spool 104 and procedures for
      shifting the spool 104 apply as outlined above in connection with the
      position B stack pattern. With respect to formation of the second tier of
      the position C stack pattern, since transfer of the previously formed
      first tier to the load bed 52 necessitated lifting of the second table 26,
      the selector valve spool 104 will be disposed at its in position.
      Therefore, prior to commencement of operations for forming the second
      tier, the load bed 52 now having the first tier disposed thereon must be
      lifted approximately 10 inches to shift the spool 104 to its out position,
      and then lowered, so that the first table 22 will again commence operation
      in its first mode. Then, once the second tier has been formed on the
      second table 26 and transferred to the load bed 52 by pivotally lifting
      the second table 26, the spool 104 will be shifted to its in position,
      whereby the first table 22 will commence operation in its second mode for
      delivering bales on their flat sides to the second table 26 during
      formation of the third tier on the second table 26. The same will be true
      for the remaining five tiers of the position C stack pattern.
PAR  It is thought that the improved bale wagon of the present invention and
      many of its attendant advantages will be understood from the foregoing
      description and it will be apparent that various changes may be made in
      the form, construction and arrangement of the parts of the bale wagon
      described without departing from the spirit and scope of the invention of
      sacrificing all of its material advantages, the form hereinbefore
      described being merely a preferred or exemplary embodiment thereof.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In a bale wagon having means for accumulating bales and being movable
      between bale accumulating and non-accumulating positions and means for
      successively delivering a predetermined number of bales in a predetermined
      arrangement to said bale-accumulating means when it is at its accumulating
      position for forming a first tier pattern of bales, the improvement which
      comprises:
PA1  at least one element arranged on said bale-accumulating means for sensing
      bale presence at a predetermined location on said means;
PA1  first means disposed in a first, inoperative position and movable between
      said first position and a second, operative position for rearranging some
      of said bales on said bale-accumulating means;
PA1  second means actuatable between a first, inoperative condition and a
      second, operative condition for moving said bale-accumulating means
      between its positions, said first means and second means, when in their
      respective operative position and condition, being capable of coordinated
      operation in at least one mode for forming successively-delivered bales
      into a second tier pattern;
PA1  means for selecting an inoperative mode, or said operative mode, for said
      first means and second means to thereby respectively select said firsts
      tier pattern or said second tier pattern;
PA1  means coupled with said selecting means for controlling the position of
      said first means according to the mode selected by said selecting means,
      said control means maintaining said first means in its first position upon
      selection of said inoperative mode and allowing movement of said first
      means between its positions during its coordinated operation with said
      second means in said operative mode; and
PA1  means coupled with said element, said means being activated by said
      selecting means upon selection of said operative mode to render said
      second means responsive to said one element and thereby actuated to its
      operative condition for moving said bale-accumulating means between its
      said positions when said one element senses the presence of a bale, said
      means being deactivated by said selecting means upon selection of said
      inoperative mode to render said second means non-responsive to said one
      element.
NUM  2.
PAR  2. A bale wagon as recited in claim 1, wherein:
PA1  said bale-delivering means is disposed in a first position for successively
      receiving bales and movable between said first position and a second
      position for successively delivering said bales to said bale-accumulating
      means; and
PA1  said control means includes
PA2  first actuatable means operatively associated with said bale-delivering
      means and responsive to its movement from its first position to its second
      position for allowing said first means to move from its first, inoperative
      position to its second, operative position during coordinated operations
      of said first means and second means in said operative mode, and
PA2  second actuatable means operatively associated with said bale-accumulating
      means and responsive to its movement from its bale accumulating position
      to its non-accumulating position for causing said first means to move from
      its second, operative position to its first, inoperative position during
      coordinated operations of said first means and second means in said
      operative mode.
NUM  3.
PAR  3. A bale wagon as recited in claim 2, wherein:
PA1  said bale-accumulating means has an opening formed therein at said
      predetermined location on said means; and
PA1  said paddle extends through said opening in said means.
NUM  4.
PAR  4. A bale wagon as recited in claim 1, wherein said element comprises a
      paddle mounted to said bale-accumulating means and normally extending from
      said means, said paddle being movable to a depressed position upon being
      engaged by a bale.
NUM  5.
PAR  5. In a bale wagon having means for accumulating bales and being movable
      between bale accumulating and non-accumulating positions and a plurality
      of operable means associated with said bale-accumulating means for
      delivering bales thereto and arranging bales into a plurality of different
      tier patterns, the improvement which comprises:
PA1  means associated with said bale-accumulating means for sensing bale
      presence at any of a predetermined number of locations;
PA1  means for selecting at which of said locations bale presence will be sensed
      by said sensing means; and
PA1  actuatable means for moving said bale-accumulating means between its said
      positions, said actuatable means capable of being rendered responsive to
      said sensing means by said selecting means such that, when at least a
      predetermined one of said locations has been selected for sensing bale
      presence and upon the presence of a bale being sensed at said location
      prior to completion of the delivering and arranging of bales into at least
      one of said plurality of different tier patterns by some of said plurality
      of operable means, said actuatable means responds to said sensing means to
      cause said bale-accumulating means to move between its said positons for
      facilitating further delivering and arranging of bales by said some of
      said plurality of operable means to complete said one of said different
      tier patterns.
NUM  6.
PAR  6. A bale wagon as recited in claim 5, wherein said selecting means
      includes:
PA1  means movable between a plurality of different positions each respectively
      representing a different one of said plurality of tier patterns; and
PA1  means associated with said movable means and associated with said bale
      presence sensing means at each of said predetermined locations, said
      associated means being activated by said movable means, upon disposition
      thereof at each of said different positions, for selecting different ones
      of said locations by connecting said bale presence sensing means at said
      selected locations to said actuatable means such that said actuatable
      means will cause said bale-accumulating means to move between its said
      positions upon the sensing of bale presence at least at said predetermined
      one of said selected locations.
NUM  7.
PAR  7. A bale wagon as recited in claim 6, further comprising:
PA1  a memory element having successive positions defined thereon for storing a
      predetermined sequence of said plurality of tier patterns, each of said
      positions representing one of said tier patterns;
PA1  means movably coupled to said movable means of said selecting means and
      associated with said memory element, said coupled and associated means
      responsive to each of said memory element positions to cause said movable
      means of said selecting means to become disposed at one of its positions;
      and
PA1  means for successively disposing said coupled and associated means at each
      of said memory element positions.
NUM  8.
PAR  8. A bale wagon as recited in claim 5, wherein said selecting means
      includes:
PA1  a memory element having successive positions defined thereon for storing a
      predetermined sequence of said plurality of tier patterns, each of said
      positions representing one of said tier patterns; and
PA1  means associated with said memory element and associated with said bale
      presence sensing means at each of said predetermined locations, said
      associated means being activated upon disposition thereof at each of said
      memory element positions for selecting different ones of said locations by
      connecting said bale presence sensing means at said selected locations to
      said actuatable means such that said actuatable means will cause said
      bale-accumulating means to move between its said positions upon the
      sensing of bale presence at least at said predetermined one of said
      selected locations.
NUM  9.
PAR  9. A bale wagon as recited in claim 5, wherein said bale presence sensing
      means comprises a plurality of paddles respectively mounted to said
      bale-accumulating means at said plurality of predetermined locations, said
      paddles normally extending from said bale-accumulating means and each
      being movable to a depressed position upon being engaged by a bale to
      thereby sense bale presence at a respective one of said locations.
NUM  10.
PAR  10. A bale wagon as recited in claim 9, wherein:
PA1  said bale-accumulating means has a plurality of openings formed therein
      respectively at said predetermined locations thereon; and
PA1  said paddles extend through said respective openings.
NUM  11.
PAR  11. A bale wagon as recited in claim 9, wherein said selecting means
      includes:
PA1  a plurality of links coupled with said respective paddles; and
PA1  a cam movable between different positions for providing connection between
      respective ones of said links and said actuatable means to thereby select
      which one of said paddles said actuatable means will be responsive to when
      said one of said paddles are engaged and depressed by a bale.
NUM  12.
PAR  12. In a bale wagon having means for accumulating bales and being movable
      between bale accumulating and non-accumulating positions and a plurality
      of operable means associated with said bale-accumulating means for
      delivering bales thereto and arranging bales into a plurality of different
      tier patterns, the improvement which comprises:
PA1  means associated with said bale-accumulating means for sensing bale
      presence at any of a predetermined number of locations;
PA1  means for selecting at which of said locations bale presence will be sensed
      by said sensing means, said selecting means being movable between a
      plurality of different positions each respectively representing a
      different one of said plurality of tier patterns;
PA1  actuatable means for moving said bale-accumulating means between its said
      positions, said actuatable means capable of being rendered responsive to
      said sensing means by said selecting means such that, when at least a
      predetermined one of said locations has been selected for sensing bale
      presence and upon the presence of a bale being sensed at said location
      prior to completion of the delivering and arranging of bales into at least
      one of said plurality of different tier patterns by some of said plurality
      of operable means, said actuatable means responds to said sensing means to
      cause said bale-accumulating means to move between its said positions for
      facilitating further delivering and arranging of bales by said some of
      said plurality of operable means to complete said one of said different
      tier patterns;
PA1  means for storing a predetermined sequence of said plurality of tier
      patterns, said means defining a plurality of successively-displaced
      positions which each represent one of said tier patterns;
PA1  means movably coupled to said selecting means and associated with said
      storing means, said coupled and associated means responsive to each of
      said storing means positions to cause said selecting means to become
      disposed at one of its positions; and
PA1  means for successively disposing said coupled and associated means at each
      of said storing means positions.
NUM  13.
PAR  13. In a bale wagon having means for accumulating bales and being movable
      between bale accumulating and non-accumulating positions and operable
      means associated with said bale-accumulating means for delivering bales
      thereto and arranging bales into at least one tie tier pattern, the
      improvement which comprises:
PA1  means associated with said bale-accumulating means for sensing bale
      presence at least at one predetermined location on said means;
PA1  means for selecting when bale presence will be sensed by said sensing
      means; and
PA1  actuatable means for moving said bale-accumulating means between its said
      positions, said actuatable means capable of being rendered responsive to
      said sensing means by said selecting means such that, when said at least
      one predetermined location has been selected for sensing bale presence and
      upon the presence of a bale being sensed at said location prior to
      completion of the delivering and arranging of bales into said at least one
      tie tier pattern by said operable means, said actuatable means responds to
      said sensing means to cause said bale-accumulating means to move between
      its said positions for facilitating further delivering and arranging of
      bales by said operable means to complete said tie tier pattern.
NUM  14.
PAR  14. A bale wagon as recited in claim 13, wherein said selecting means
      includes:
PA1  means movable to at least one position which respectively represents said
      at least one tie tier pattern; and
PA1  means associated with said movable means and associated with said bale
      presence sensing means, said associated means being activated by said
      movable means, upon disposition thereof at said at least one position, for
      selecting said at least one location for sensing bale presence by
      connecting said bale presence sensing means to said actuatable means such
      that said actuatable means will cause said bale-accumulating means to move
      between its said positions upon the sensing of bale presence at said at
      least one location.
NUM  15.
PAR  15. A bale wagon as recited in claim 13, wherein said bale presence sensing
      means comprises a paddle mounted to said bale-accumulating means at said
      at least one predetermined location, said paddle normally extending from
      said bale-accumulating means and being movable to a depressed position
      upon being engaged by a bale to thereby sense bale presence at said
      location.
NUM  16.
PAR  16. A bale wagon as recited in claim 15, wherein:
PA1  said bale-accumulating means has an opening formed therein at said at least
      one predetermined location; and
PA1  said paddle extends through said opening.
NUM  17.
PAR  17. A bale wagon as recited in claim 15, wherein said selecting means
      includes:
PA1  a link coupled with said paddle; and
PA1  a cam movable to a position for providing connection between said link and
      said actuatable means to thereby render said actuatable means responsive
      to said paddle when engaged and depressed by a bale.
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ABST
PAL  Cargo transfer device for transferring heavy loads at sea between ships or
      ship and an off-shore platform. In one embodiment the device essentially
      comprises an inverted V-shaped cargo boom including two booms pivoted
      together at their top ends and to the respective ships at their bottom
      ends. A manoeuvering cable with its winch brings the cargo boom into
      position once the ships are coupled together. A lifting cable with its
      associated winch lifts the load at the beginning and end of the transfer
      operation. The transfer operation per se is insured by a traction cable
      with its winch and a restraining cable with its winch. This arrangement of
      three cables acting in three different directions prevents pendular
      movement of the load during transfer. The resultant force exerted by the
      device tends to maintain the ships at a distance from each other. In the
      other embodiment a crane is provided on the supply ship having its boom
      pivotally mounted about a horizontal pivot. A structural arm pivotally
      mounted on the ship being supplied is also pivotally connected to the
      boom. Winches and cables as in the first embodiment are also provided.
BSUM
PAR  The present invention relates to devices for transferring heavy loads at
      sea.
PAR  It has become increasingly common to transfer diverse cargo, e.g., small
      equipment, food provisions, fuel in containers, sub-construction
      assemblies, at sea from one ship to another or from a ship to a floating
      platform. For carrying out such a transfer operation, cable equipment
      connecting the ships is generally used; however, up to now the use of such
      equipment has been limited to loads of less than about 5 metric tons.
      Further, such equipment has the drawback of not being able to eliminate
      the pendular movement of the load being transferred. For the transfer of
      heavy loads the use of more powerful lifting means, such as cranes, can
      only be considered in case the ships are at rest in a calm sea; however,
      even in case of the best possible conditions at sea, the transfer
      operations are still tricky owing to relative displacements of the ships
      caused by the swell of the sea. Further, in each of the above types of
      transfer, the distance between the ships must be carefully watched to
      avoid the possibility of collision, particularly since the above-mentioned
      cable transfer equipment tends to bring the ships closer together. The
      development of techniques used for capitalizing on the riches of the sea,
      namely, off-shore drilling, and the increase in capacity of certain ships
      and their turning speed necessitate the use of more powerful means for the
      transfer of heavier loads. Such loads can be, for example, large diameter
      pipe, motors, drives, pumps. Further, it is possible to conceive of the
      transfer of an entire cargo from a large ship to smaller capacity ships or
      barges for shuttling cargo ashore.
PAR  The device according to the invention makes it possible to transfer heavy
      loads between two ships at sea, whether they are at rest under calm
      conditions or in rough conditions, the transfer being effected smoothly
      without jerking, the load being maintained along its entire transfer
      trajectory, and the supply ship remaining at a suitable distance from the
      supplied ship during the entire transfer operation.
PAR  According to the invention the supply ship may have a cargo boom including
      first and second booms pivotally connected together at their top ends, the
      bottom ends of the first and second booms being respectively pivotally
      mounted on the decks of the two ships. The means for securing the pivotal
      mounting on the deck of the ship being supplied may be a quick mounting
      and or dismounting system. The cargo boom is arranged in a vertical plane
      perpendicular to longitudinal axes of the ships and is manoeuvered from
      aboard the supply ship by means of a winch on which is rolled a cable
      passing over the top pivotal connection between the booms. The load to be
      transferred is held at three points by means of a lifting cable, and a
      traction cable and a restraining cable. The two cables are driven by
      winches aboard the ships, winding and unwinding speeds of these latter two
      winches being equal. The transfer operation per se is effected once the
      load has been lifted sufficiently above the deck of the supply ship by
      means of the lifting cable. Thus, once the load has reached the desired
      height, it is subjected to translatory movement by means of the latter two
      winches.
PAR  By way of alternative embodiment, the supply ship may be equipped with a
      crane whose boom is connected at its free end to an arm on the ship to be
      supplied. Once ships are coupled, the manoeuvering cable for the boom is
      slackened so as not to prevent oscillating movements of the boom. The boom
      is provided with a trolley or crab for supporting the load, the load being
      also steadied during transfer by means of a traction cable and a
      restraining cable.
DRWD
PAR  The accompanying drawings show, by way of example, two possible embodiments
      of the device according to the present invention, wherein:
PAR  FIG. 1 is a schematic end elevation view of a cargo transfer device having
      a cargo boom with two articulated booms; and
PAR  FIG. 2 shows a schematic and elevation view of a cargo transfer device
      including a crane.
DETD
PAR  The device as shown (FIG. 1) effects the transfer of a load Q from a first
      supply ship 1 to a second ship or other floating vessel 2 to be supplied
      and comprises a cargo boom shaped as a compass and arranged in a vertical
      plane perpendicular to the longitudinal axes of the two ships, including
      two elongate structural elements or boom members 3 and 4 pivotally
      connected to each other at their upper ends by a pivot 5. The lower end of
      the boom member 3 is pivotally mounted at 6 on a yoke 7 fixed on the deck
      of the first ship. The lower end of the boom member 4 is pivotally mounted
      at 8 on a pivotal mounting device 9 fixed to the deck of the second ship,
      the mounting device 9 may be of the quick mounting and/or dismounting type
      such as systems using one or more electromagnets for example. The
      manoeuvering of the cargo boom necessary for effecting the coupling of the
      two ships is controlled from the first ship by means of a winch 10 around
      which is wound a cable 11 secured to the top end of the cargo boom.
PAR  In order to avoid pendular movement of the load Q, the load Q is held at
      three points by means of a lifting cable 12, a traction cable 13 and a
      retaining cable 14 driven by the winches 15 and 16, respectively, fixed to
      the decks of the first and second ships.
PAR  The winding and unwinding speeds of the winches 15 and 16 are equal so that
      the load Q is constantly maintained during the transfer operation, the
      lifting cable 12 being tensioned by the load. The transfer operation per
      se can get under way once the load is lifted several dozen centimeters. At
      the end of the transfer operation per se, the load Q is set down on the
      deck of the second ship by means of the lifting cable 12. During the
      entire transfer operation the manoeuvering cable 11 is sufficiently
      tensioned so as not to adversely affect the variations in the angle formed
      by the boom members and the oscillations thereof. The resultant force on
      the device constantly tends to move the ships apart during the transfer of
      the load, thereby eliminating any possibility of collision. The maximum
      desired distance between the ships is maintained by moorings thrown from
      one ship to the other.
PAR  It is possible to provide only the supply ship with the necessary winches
      for the lifting and lowering, and transfer operations.
PAR  FIG. 2 shows a second possible embodiment of the cargo transfer device. In
      this embodiment the ships are also coupled by means of two elongate
      structural elements pivotally connected to each other by a pivot 17, that
      is, an arm member 18 pivotally mounted at one end at 19 on a pivotal
      mounting device 20 of the quick mounting and/or dismounting type fixed to
      the deck of the second ship being supplied and a boom member 21 pivotally
      mounted on the frame of the crane 22 which is fixed to the deck of the
      first supply ship. The boom member 21 of the crane has a track for the
      displacement of a crab or trolley 23 from which a lifting cable 24
      depends. The crab or trolley 23 is driven by a motor (not shown) mounted
      in the crane 22, for displacement along the track; the winch (not shown)
      for the lifting cable is also mounted abroad the crane 22. During the
      linking up operation, the boom member 21 mounted for oscillating movement
      about a horizontal pivot 25 is manoeuvered by a winch 26 controlling the
      manoeuvering cable 27. In order to avoid pendular movement of the load Q
      lifted several decimeters above the deck of the supply ship at the
      beginning of the transfer operation, the load Q is maintained by means of
      a traction cable 28 and a restraining cable 29 driven by winches 30 and
      31, respectively, fixed to the decks of the first and second ships. The
      winding and unwinding speeds of the winches are equal so that the load Q
      is never free. During the entire transfer operation the manoeuvering cable
      27 is sufficiently slackened so as not to inhibit oscillations of the boom
      member about the pivot 25.
PAR  It goes without saying, and follows from the above, that the invention is
      in no way limited to the mode of construction of its different
      specifically identified parts but on the contrary encompasses all possible
      variations within the scope of the appended claims.
PAR  The present invention is applicable to all heavy load cargo transfers
      between two ships or a ship and a platform at sea, even if the sea is
      rough, regardless if the ships are at rest or in motion.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for transferring heavy loads from a supply ship to another
      floating vessel to be supplied, comprising a first elongate structural
      element pivotally mounted on the supply ship, a second elongate structural
      element pivotally mounted on the floating vessel, pivot means pivotally
      interconnecting said elongate structural elements remote from their
      respective pivotal mountings, a lifting cable associated with a first
      winch for raising and lowering the load at the beginning and end of a
      transfer operation, a traction cable and a restraining cable associated
      with a second and third winches, respectively, and acting in opposed
      directions on the load during the transfer operation, whereby the cables
      cooperate to prevent oscillating and pendular movement of the load during
      the transfer operation and at the same time the resultant force exerted by
      the device tends to keep the supply ship at a distance from the floating
      vessel.
NUM  2.
PAR  2. A device according to claim 1, wherein said first and second elongate
      structural elements form a cargo boom which in operation is disposed in a
      vertical plane perpendicular to the longitudinal axes of the ship and the
      floating vessel, the pivotal mountings of said structural elements
      allowing variations of the included angle therebetween and therefore
      oscillations of the cargo boom.
NUM  3.
PAR  3. A device according to claim 2, further comprising a manoeuvering cable
      for manoeuvering the cargo boom into position when the ship is coupled to
      the floating vessel, and a fourth winch associated with the manoeuvering
      cable mounted aboard the supply ship, and wherein the manoeuvering cable
      remains slack during the transfer operation.
NUM  4.
PAR  4. A device according to claim 1, wherein the lifting, traction and
      restraining cables act on the load at three distinct points, an idle
      pulley being freely mounted at the pivot means pivotally interconnecting
      the structural elements, the second and third winches being mounted on the
      supply ship and the floating vessel respectively, and winding and
      unwinding speeds of the second and third winches being equal so that the
      tension of the traction and restraining cables are maintained throughout
      the transfer operation.
NUM  5.
PAR  5. A device according to claim 1, wherein the lifting cable is generally
      disposed vertically, and the traction and restraining cables are generally
      disposed horizontally.
NUM  6.
PAR  6. A device according to claim 1, wherein the second elongate structural
      element is pivotally mounted in a quick mounting and dismounting assembly.
NUM  7.
PAR  7. A device according to claim 1, wherein the first, second and third
      winches are all mounted on the supply ship.
NUM  8.
PAR  8. A device according to claim 1, wherein the first elongate structural
      element is a boom of a crane mounted on the supply ship and the second
      elongate structural element is a connecting arm, the boom being pivotally
      mounted about a horizontal axis and having along its length a track for
      displacement of a crab, the lifting cable and first winch being mounted on
      the crab.
NUM  9.
PAR  9. A device according to claim 1, and further comprising a second device
      substantially identical to the first-mentioned device and mounted in
      parallel therewith.
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ABST
PAL  A heavy shielded nuclear fuel cask is lowered into and removed from a water
      filled spent fuel pool by providing a vertical guide tube in the pool,
      affixing to the bottom of the cask a base plate that approximates the
      transverse dimension of the guide tube, and lowering and elevating the
      cask and base plate assembly into and out of the pool by causing it to
      traverse within the guide tube. The guide tube and base plate coact to
      function as a dashpot, thereby cushioning and controlling the fall of the
      cask in the pool should it break loose while being lowered into or raised
      out of the pool. A specified approach path to the guide tube insures that
      the cask assembly will not fall into the pool, should it break loose on
      its approach to the guide tube.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 224,495, filed Feb. 8, 1972, now abandoned.
BSUM
PAC  INTRODUCTION AND SUMMARY OF INVENTION
PAR  The present invention relates to the field of article handling, and more
      particularly is concerned with the handling of fuel casks utilized in
      nuclear reactor installations.
PAR  In the operation of nuclear reactor installations, such as nuclear power
      plants, it is necessary from time to time to change the fuel charge, as a
      particular charge within the reactor becomes spent. The spent charge is,
      of course, quite radioactive, and appropriate shielding precautions must
      be taken in its removal and handling. Transportation of spent fuel charges
      is accomplished in heavily shielded fuel casks, that may weigh as much as
      100 tons. At the nuclear plant site, the fuel casks are placed under water
      in an area known as the spent fuel storage pool. This storage pool is
      located adjacent to, and is connected with a main reactor cavity pool, in
      such relationship that spent nuclear fuel assemblied may be extracted from
      the reactor, transported to the spent fuel storage pool, stored on racks
      in the pool until their radioactivity decreases to an appropriate level,
      then loaded into fuel casks for removal, with all these operations being
      accomplished while retaining the radioactive fuel assemblies under water
      shielding at all times. At the time that it is desired to remove spent
      fuel from the spent fuel pool, a fuel cask is placed in the pool, and
      spent fuel assemblies are placed in the cask for removal and
      transportation to, for example, a fuel reprocessing plant.
PAR  It is therefore necessary, from time to time, to place fuel casks in and
      remove them from the storage pool. As mentioned previously, these shielded
      casks are very heavy, weighing as much as 100 tons. Great care must be
      taken to insure against dropping these casks in the process of introducing
      them into, or removing them from the storage pool. Dropping a cask of this
      weight could not only cause serious and expensive structural damage to the
      pool, but such damage could result in a loss of shielding water from the
      pool with resultant radiation hazards. Furthermore, a falling cask could
      seriously damage spent fuel assemblies stored in the pool, and/or damage
      the cask itself.
PAR  The present invention is addressed to the problem of positioning fuel casks
      in a storage pool and removing the casks therefrom, and eliminating or
      minimizing the risks of structural damage and radiation hazard should a
      cask be dropped in this process. The basic concept of the present
      invention is to locate a cask receiving guide tube at an appropriate
      position within the pool, preferably in a corner of the pool. The
      transverse dimensions of the guide tube are substantially larger than
      those of the cask per se, but before introducing the cask into the pool,
      the cask is fitted on its bottom end with a plate that approximates but is
      smaller than the tranverse dimensions of the guide tube. Thus, as a cask
      is lowered into a guide tube, the plate functions as a piston and the
      guide tube as a cylinder therefor, providing a dashpot effect. In this
      way, should the cask break loose from a crane or hoist mechanism during
      removal from or insertion into a guide tube, its rate of fall would be
      controlled and cushioned by the dashpot effect, thereby creating no
      significant danger. Additionally, the guide tube would constrain the cask
      to a substantially upright position and restrain the falling cask from
      toppling over and colliding with the fuel racks or side walls of the pool.
PAR  Also, the cask might break loose and fall while being transported to the
      guide tube. It is important that the cask not fall into the pool under
      these circumstances, for the reasons expressed above. The present
      invention is directed to a particular approach path to the guide tube, to
      insure that the cask does not fall into the pool should it break loose at
      any point in its traverse.
PAR  It is therefore one object of the present invention to provide for the safe
      introduction and removal of nuclear fuel casks from the spent fuel storage
      pool of a nuclear reactor plant.
PAR  Another object of the present invention is to insure against damage to
      fuel, casks and pool structure in the handling of fuel casks in the spent
      fuel storage pool of a nuclear reactor plant.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      to those skilled in the art from a consideration of the following detailed
      description of one exemplary embodiment of the invention, had in
      conjunction with the accompanying drawings in which like numerals refer to
      like or corresponding parts, and wherein:
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of a conventional fuel cask, modified for the
      practice of the present invention;
PAR  FIG. 2 is a perspective view of one embodiment of a guide tube which may be
      utilized in the practice of the present invention;
PAR  FIG. 3 is a vertical sectional view of the guide tube of FIG. 2 with the
      cask of FIG. 1 being lowered therein;
PAR  FIG. 4 is an isometric view of a second embodiment of a guide tube which
      may be utilized in the practice of the present invention;
PAR  FIG. 5 is a top plan view of the guide tube embodiment shown in FIG. 4, and
      further illustrating a safe approach path to the guide tube for the fuel
      cask assembly and the area of stable support for the assembly;
PAR  FIG. 6 is a vertical sectional view of a third embodiment of a guide tube
      which may be utilized in the practice of the present invention; and
PAR  FIG. 7 is a cross sectional view of the guide tube, taken along the line
      7--7 of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, numeral 10 generally designates a nuclear fuel cask.
      The basic cask itself constitutes no part of the present invention, and
      therefore is not illustrated or described in detail. It is basically a
      stainless steel container with heavy lead exterior shielding. Appropriate
      finned or corrugated structure is provided to facilitate heat dissipation
      from within the cask. Access to the interior storage compartment of the
      cask is had through a removable top. In FIG. 1, in addition to the cask
      itself, a lifting rig is shown in the form of a yoke 11, which removably
      engages the lugs 12, whereby a crane or hoist may lift, transport and
      lower the cask.
PAR  In accordance with the present invention, a base plate 13 is affixed to the
      bottom or base of the cask 10. The plate 13 is substantially larger in
      diameter than the cask 10, and may be mounted removably or permanently to
      the cask by means of brackets 14 and pins 15.
PAR  The guide tube 20 is shown in FIG. 2 positioned in the corner of a concrete
      spent fuel pool 21 lined with stainless steel 21a. The tube 20 rests upon
      a reinforcing plate 22 on the bottom of the pool. Pool 21 would normally
      be filled with water to a point near its top. The tube 20 is shown as
      essentially cylindrical, and comprising a top guide section 23 and a
      bottom dashpot section 24. These two sections are bolted together by means
      of flanges 25. A top plate 26 is affixed to flange 27 at the top of guide
      section 23, and engages the top deck of the pool and is anchored thereto
      to impart stability to the guide tube assembly. Obviously, other or
      additional anchoring means may be employed, such as tie rods and brace
      plates along the length of tube 20.
PAR  The cylindrical wall of guide section 23 is formed with an axially
      extending opening 28, running from the top plate 26 to the flange 25. The
      purpose of opening 28 is to enable spent fuel elements to be manipulated
      by hoist mechanisms and the like from the deck of the pool, to enable the
      fuel elements to enter the guide tube while being retained under water,
      for insertion in a cask 10 that has been positioned at the bottom of the
      guide tube 20 in the dashpot section 24. The dashpot section 24 is
      completely circumambient, and is provided with four columns of regularly
      spaced apertures 29. These apertures function as dashpot ports, as will be
      explained subsequently.
PAR  For illustration purposes, in an actual embodiment the cask 10 might weigh
      approximately 100 tons, and be approximately 15 feet in height and 6 to 7
      feet in diameter. Base plate 13 is substantially larger in diameter, and
      may be for example 119 inches. The pool 21 may be about forty feet deep,
      and the overall height of the guide tube 20 would be approximately the
      same, with the dashpot section 24 being about 16 feet in height and the
      guide section 23 being approximately 24 feet. With a 119 inch diameter for
      base plate 13, the internal diameter of the guide tube 20 would be
      selected to be about 120 inches. Preferably, the guide tube 20 and base
      plate 13 would be fabricated from stainless steel.
PAR  In the practice of the present invention, an empty fuel cask 10 is prepared
      for lowering in the pool by affixing the base plate 13 to the bottom
      thereof. The yoke 11 is also applied to the lugs 12, and the assembly is
      hoisted and positioned over the top opening 30 of the guide tube. The
      assembly is then lowered into the guide tube, and descends therein as
      shown in FIG. 3. Because of the open channel 28 in the wall of guide
      section 23, very little dashpot effect is had until the base plate enters
      the dashpot section 24. At that time, because of the close clearance
      between the base plate rim and the internal surface of the guide tube, and
      because of the limited exit area for pool water through the dashpot ports
      29, continued descent of the cask assembly is slowed and cushioned. As the
      base plate passes successive sets of dashpot ports 29, the exit area for
      water within the tube section 24 and below the base plate 13 is decreased,
      thereby increasing the dashpot effect. Thus, once a cask assembly has
      started its descent into the guide tube 20, should it break loose from its
      crane or hoist, its descent into the pool 21 will be guided by the tube
      20, thereby protecting the storage racks and spent fuel assemblies in the
      pool. Furthermore, the dashpot effect of the guide tube will control the
      rate of descent of the cask assembly, and will cushion its ultimate impact
      with the floor of pool 21, thereby protecting the pool and the cask itself
      from serious damage.
PAR  Once the cask assembly has been positioned at the bottom of pool 21, the
      yoke 11 and top cover of the cask are removed. Spent fuel assemblies
      stored on the racks in the pool are then transported by a suitable fuel
      handling crane from the racks, through the open channel 28 in the wall of
      guide section 23, and then down into the interior of the cask. Because of
      the height of water above the top of the cask, this entire operation can
      be conducted with the spent fuel assemblies under water at all times, for
      radiation shielding. After the desired spent fuel assemblies are loaded
      into the cask, the cask cover and hoist assembly yoke are again affixed to
      the cask, and the cask assembly is lifted up the guide tube and out of the
      pool. Obviously, if the cask assembly should break loose during this
      hoisting operation, the above described action of the guide tube would
      protect the pool and cask from damage.
PAR  It is suggested in the foregoing description that the guide tube 20 be
      cylindrical with a uniform internal diameter along its entire length.
      Alternatively, the guide tube could be uniformly tapered with its largest
      diameter at the top and its smallest diameter at the bottom, which would
      facilitate initial insertion of the cask assembly at the top of the guide
      tube and contribute to a gradually increasing dashpot effect as the cask
      descended toward the bottom of the pool. Or, if preferred, a taper could
      be introduced only near the bottom of the guide tube, to contribute to an
      increasing dashpot cushion effect at that point. Also, it may be desired
      to insure that if the cask assembly should break loose from its hoist or
      crane mechanism, it does not cant or tilt in the guide tube during its
      descent. This result could be insured by providing an upstanding rim or
      skirt around the periphery of base plate 13. Coaction between this skirt
      or rim and the guide tube 20 would constrain the cask assembly to a
      substantially vertical orientation at all times.
PAR  The embodiment of the invention illustrated in FIG. 4 incorporates the
      axial taper concept suggested above. FIG. 4 being an isometric view, shows
      a taper of a continuously and uniformly decreasing diameter for the guide
      tube 120, from a maximum diameter at the top opening 130 to a minimum
      diameter at the bottom adjacent the reinforcing plate 122. As in the
      preceding embodiment, guide tube 120 includes an upper section 123 which
      functions primarily as a guide section, and a lower section 124 which
      functions primarily as a dashpot section. The two sections 123 and 124 are
      bolted together by flanges 125, and extend from the reinforcing plate 122
      on the bottom or floor of the spent fuel pool 21, to the top of the pool.
      The guide tube 120 is again preferably positioned in a corner of the pool
      21, and at the top is provided with a top plate 126 affixed to flange 127
      of the tube. This top plate 126 provides an extension of, or bridge from
      the pool deck to the rim of the guide tube 120. In addition, the top plate
      may function to anchor the top of the tube 120 to the concrete structure
      of the pool 21, although it is apparent that other means, such as tie
      rods, braces and the like, may also be employed for anchoring the tube to
      the pool structure.
PAR  In addition to the axial taper, guide tube 120 in FIG. 4 differs from guide
      tube 20 in FIG. 2 in two additional material respects. The dashpot section
      124 does not contain the apertures 29 shown in FIG. 2; and the open slot
      28 in the guide section 23 of FIG. 2 is shown in FIG. 4 as closed by a
      hinged door 128. Thus, the guide tube 120 is essentially closed to the
      surrounding pool environment, and this has the advantage of protecting
      spent fuel racks in the pool from potential damage from rushing water,
      should the fuel cask break loose during its insertion in, or removal from
      the guide tube.
PAR  The door 128 is shown as hinged at 132 along one edge. The opposite edge
      has a similar hinge type structure at 133, except that the pin 134 is
      removable. With pin 134 removed, the door 128 is readily swung open on
      hinge 132, to provide clear access to the interior of the guide tube, as
      in the embodiment of FIG. 2.
PAR  In the embodiment of FIG. 4, the increasing dashpot effect for a fuel cask
      10 carrying a base plate 13, as it descends in the guide tube 120, is
      dependent entirely on the taper of the guide tube and the movement of pool
      water between the edge of the decending plate 13 and side of the tube 120.
      For illustrative purposes, an effective dashpot relationship is obtained
      for a 100 ton fuel cask, by using a base plate 13 having a diameter of 110
      inches, and a guide tube 120 having a height of 40 feet and a diameter at
      the upper opening 130 of 130 inches tapering uniformly to a diameter at
      the bottom of 110.5 inches. The top plate 126 may have a somewhat smaller
      opening than the adjacent upper end of tube 120, and may conveniently have
      an opening of about 120 inches in diameter, which is sufficiently large to
      permit the ready insertion of the 110 inch base plate 13. It will thus be
      seen that once a cask 10 and base plate 13 assembly is positioned in tube
      120, should the assembly break loose, its free fall will be restrained by
      a gradually increasing dashpot effect as the plate 13 descends into the
      decreasing diameter taper of tube 120. Relief ports 131 are provided at
      the bottom of tube 120 to permit water to enter and exit from said tube in
      order to facilitate installation and removal of the tube from the pool.
PAR  In addition, further energy absorbing construction may be utilized with the
      guide tube structure. For example, crushable hollow steel bricks or tubes
      135 may be positioned between the top plate 126 and the upper flange 127
      of tube 120, to cushion any impact of the cask assembly with the top plate
      126. Similar energy absorbing structure may be applied along the inside of
      the upper guide section 123 of tube 120, to cushion impacts along the side
      of the tube from a falling or misaligned cask assembly. Such energy
      absorbing elements may also be used in association with the structure for
      anchoring or bracing the tube 120 to the walls of the pool structure 21;
      and they may be likewise positioned on the reinforcing plate 122 at the
      bottom of tube 120, to receive the final impact of the cask assembly as it
      settles at the bottom of tube 120.
PAR  In the foregoing description of FIG. 4, the tube 120 is described and shown
      as having a continuous axial taper from the top to the bottom. If desired,
      the top guide section 123 may be cylindrical without any taper, and the
      bottom dashpot section 124 may alone embody the taper. Also, particularly
      in this latter instance, it may be beneficial to utilize a compound taper,
      by which is meant that different tapers may be used at different portions
      of the tube. For example, a relatively shallow taper may be employed over
      most of the length of the tube, followed by a more abrupt taper near the
      bottom of the tube, and the very last increment of travel may be defined
      by a non-tapered cylindrical section.
PAR  The basic purpose of the present invention is to provide for the safe
      insertion and removal of a nuclear fuel cask into and out of a spent fuel
      pool, so that spent fuel may be inserted in the cask and removed from the
      pool. Because of shielding, these casks are very heavy, and if dropped,
      can cause extensive damage to the pool, and to the racks of spent fuel in
      the pool. Heretofore, the description of the invention has addressed the
      function of the guide tube in cushioning the descent of a cask should it
      break loose from its crane and hoist during the time it is being raised or
      lowered in the guide tube. The present invention further contemplates a
      method of approaching the guide tube, so that if the cask breaks loose
      before it is located in the guide tube, it will not fall into the pool.
PAR  Reference to either FIGS. 2 or 4 will reveal that if the cask is brought
      straight from the deck of the pool over the top plate 26 or 126 into
      alignment with the opening of the guide tube, there is a substantial
      portion of the travel path beginning at some point after the center of
      gravity of the cask assembly has passed over the lip of the top plate,
      where the cask assembly would fall into the pool if it were to break
      loose. Much less damage would be incurred if on such an accident it were
      assurred that the cask assembly would always fall toward an adjacent pool
      deck, rather than away from the pool deck and into the pool itself. FIG. 5
      is a top plan view of the structure shown in FIG. 4, and illustrates a
      path of approach to the guide tube 120 from the deck of the pool, wherein
      there is no portion of travel where the cask would fall into the pool if
      dropped.
PAR  In FIG. 5, for purposes of descriptive reference, the guide tube is assumed
      to be located in the northwest corner of the pool, and a north wall and a
      west wall are indicated for the pool corner. The hatched portion of the
      drawing defines the area where the assembly of cask and base plate asembly
      would find stable static support, if the assembly center of gravity is
      located therein. In determining the hatched area, only the pool deck and
      the guide tube rim are considered as support areas -- the top plate 126
      and the door 128 are ignored. The double hatched portion designates the
      area of location for the centerline of the cask assembly for insertion
      into the guide tube. The unhatched areas indicate positions where the cask
      assembly would not find stable support and would tip. The dot-dash line
      within and following the perimeter of the hatched area designates a safe
      margin within the stable support area to account for lateral momentum of
      the cask assembly should it be dropped during transport. The dimensions
      provided in FIG. 5 are applicable to the illustrative structural
      dimensions stated above with reference to FIG. 4.
PAR  Thus, it will be seen from FIG. 5 that the safe transport path for the cask
      and base plate assembly is for the center of gravity of the assembly to
      remain within the path boundaries defined by the dash lines. By retaining
      the center of gravity of the cask and base plate assembly within these
      boundaries, should the assembly be dropped as a result of crane or hoist
      failure, for most of the path the assembly will find stable support and
      will not fall over. Should the assembly be dropped while the center of
      gravity is over the unhatched portion of said path, it would fall toward
      the north or west deck of the pool and not into the pool. Should the
      assembly be dropped while its centerline is over the double hatched
      portion of the path, it will enter the guide tube 120. Thus, in general,
      the safe path may be defined as running eastward from the west wall of the
      pool along a line located to the south of the central axis of the guide
      tube, to a point substantially due south of said central axis, and thence
      northward substantially to said central axis of the guide tube, whereupon
      the cask assembly is lowered into the guide tube.
PAR  Still another embodiment of the invention is illustrated in FIGS. 6 and 7.
      In this embodiment a guide tube 220 is provided in a specially formed
      section 221 integral with the main spent fuel pool 21. The pool is formed
      of concrete or the like with a stainless steel liner, as in the preceding
      embodiments, and is provided with a niche type of recess at 222 having an
      open top at 230. An elongate passageway 227 is formed from the top of the
      pool down to about half the depth of the pool, between the main pool
      section 21 and the niche 222. The structure and dimensions of the niche
      222 define the guide tube 220 for receipt of the fuel cask and base plate
      assembly indicated at 229. The passageway 227 between the main pool and
      the niche is opened and closed by means of removable gate 228.
PAR  In the embodiment shown, the top half of the guide tube 220 is formed as an
      untapered cylindrical guide section 223, while the bottom half is formed
      with a compound taper to provide a dashpot section. The major length of
      the dashpot section provides a gradual taper at 224, and near the bottom
      provides an increased taper at 225, while the final section is untapered
      and has a dimension that is only slightly greater than that of the base
      plate of the fuel cask assembly 229.
PAR  As in the preceding embodiments, the fuel cask assembly 229 is lowered into
      the guide tube 220 through the mouth 230 at the top, while the gate 228 is
      closed. If during the lowering or raising of the assembly 229, it breaks
      loose from the crane or hoist mechanism, it will be guided to the bottom
      of the guide tube, and its fall will be controlled and cushioned by the
      dashpot effect experienced primarily in the tapered section 224, 225, and
      226 of the guide tube 220.
PAR  After the cask assembly 229 is lowered to the bottom of the guide tube 220,
      the gate 228 is removed to open the passageway 227 between the guide tube
      and the main spent fuel pool 21, at which time appropriate hoist and
      handling mechanisms can be used to transfer fuel elements between the cask
      and the pool.
PAR  Having thus described in detail several specific embodiments of the
      invention, it is likely that various modifications will become apparent to
      those skilled in the art. All modifications or variations that are
      embraced by the spirit and scope of the appended claims are contemplated
      as being within the purview of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for inserting and removing a nuclear fuel cask into and out
      of a water filled fuel pool of a nuclear power plant: a pool structure, a
      substantially vertical guide tube positioned in the pool and extending
      substantially from the bottom to the top of the pool and supported therein
      in fixed position, a cask, a base plate on the bottom of the cask,
      dimensioned to approximate the transverse dimension of at least a part of
      the guide tube, and means for lowering and raising said cask in said guide
      tube, whereby said base plate and guide tube coact upon accidental
      dropping of the cask in said tube to provide a dashpot for the descent of
      said cask into said pool, and said guide tube having an axial dimension
      substantially greater than that of said cask, and said guide tube having a
      slot opening in its wall in the upper portion thereof extending from the
      top downwardly, whereby nuclear fuel assemblies can be brought by a crane
      from a remote section of said pool and introduced into said guide tube
      through said slot opening for introduction into the top of a cask lowered
      to the bottom of said guide tube.
NUM  2.
PAR  2. In a system as set forth in claim 1, a deck plate extending from the top
      of said guide tube to said pool structure.
NUM  3.
PAR  3. In a system as set forth in claim 1, said guide tube having a
      substantially constant internal transverse dimension throughout its
      length.
NUM  4.
PAR  4. In a system as set forth in claim 1, said guide tube having a smaller
      transverse dimension at the bottom than at the top.
NUM  5.
PAR  5. In a system as set forth in claim 4, the transverse dimension of said
      guide tube continuously decreasing from the top to the bottom thereof.
NUM  6.
PAR  6. In a system as set forth in claim 4, said guide tube having a
      substantially constant transverse dimension along a top portion thereof,
      and having a continuously decreasing transverse dimension along a portion
      below said top portion.
NUM  7.
PAR  7. In a system as set forth in claim 1, a cover for said slot opening for
      the selective opening and closing thereof.
NUM  8.
PAR  8. In a system for inserting and removing a nuclear fuel cask into and out
      of a water filled fuel pool of a nuclear plant, a substantially vertical
      guide tube positioned in the pool and supported therein in fixed position,
      a cask, a base plate on the bottom of said cask dimensioned to approximate
      the transverse dimension of at least a part of the guide tube, means for
      lowering and raising said cask in said guide tube, whereby said base plate
      and guide tube coact upon accidental dropping of the cask in said tube to
      provide a dashpot for the descent of said cask into said pool, and said
      guide tube having an axial extending channel opening in its wall in the
      upper portion thereof to fascilitate the introduction of fuel assemblies
      into the top of a cask lowered into the bottom portion of said guide tube.
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NUM  9.
PAR  9. In a system as set forth in claim 8, said guide tube having a plurality
      of vertically spaced openings in its wall in the lower portion thereof,
      whereby the dashpot effect is increased as the base plate descends in said
      guide tube past said openings.
NUM  10.
PAR  10. In a system as set forth in claim 8, said guide tube having
      substantially uniform transverse dimensions along its entire length.
NUM  11.
PAR  11. In a system as set forth in claim 8, said guide having substantially
      continuously decreasing transverse dimensions from the top of said guide
      tube to the bottom thereof.
NUM  12.
PAR  12. In a system as set forth in claim 8, said guide tube having greater
      transverse dimensions at the top than at the bottom.
NUM  13.
PAR  13. In a system as set forth in claim 8, said guide tube having
      substantially constant transverse dimensions along a top portion thereof,
      and having continuously decreasing transverse dimensions along a portion
      below said top portion.
NUM  14.
PAR  14. In a system as set forth in claim 8, a cover for said channel opening
      for the selective opening and closing thereof.
NUM  15.
PAR  15. In a system for inserting and removing a nuclear fuel cask into and out
      of a water filled fuel pool of a nuclear plant, a pool structure including
      a main pool section, a guide tube formed as a part of said pool structure
      and adjacent said main pool section, a channel area extending from the top
      of the pool down a portion of the depth of said guide tube and
      interconnecting said guide tube and said main pool section, a cask, a base
      plate on the bottom of said cask dimensioned to approximate the transverse
      dimension of at least a part of the guide tube, means for lowering and
      raising said cask in said guide tube, whereby said guide tube and base
      plate coact upon accidental dropping of said cask in said tube to provide
      a dashpot for the descent of said cask into said pool, and fuel assemblies
      may be transferred between said cask when lowered in said guide tube and
      said main pool section through said channel area.
NUM  16.
PAR  16. In a system as set forth in claim 15, a closure means for said channel
      area for selectively opening and closing the same.
NUM  17.
PAR  17. In a system as set forth in claim 15, said guide tube having
      substantially constant transverse dimensions along a top portion thereof,
      and having continuously decreasing transverse dimensions along a portion
      below said top portion.
NUM  18.
PAR  18. In a system as set forth in claim 15, said guide tube having greater
      transverse dimensions at the top than at the bottom.
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ABST
PAL  A multi-shelf storage rack having spaced shelf-supporting uprights arranged
      in pairs, each pair has a front and a rear upright, the uprights having
      two rows of vertical notches extending vertically thereof in which the
      shelves are supported. The shelves have a pair of transverse rails
      extending from the front to back with a stop at the back. A wheeled dolly
      is positioned on these rails and the dolly has a spring-biased latch pin
      that restrains it against movement on the rails. An outrigger, can be hung
      on the uprights in position in front of a selected shelf, secured against
      accidental removal whereupon a latch pin-releasing device on the outrigger
      may be operated to release the latch pin on the dolly and the forward end
      of the dolly rolled from the rails on the shelf onto matching rails on the
      outrigger to a position where the dolly is exposed vertically for loading
      or unloading by a crane or hoist. When loading or unloading is completed,
      the dolly is rolled back onto the shelf and an inclined ramp on the
      outrigger retracts the latch pin on the dolly until the dolly is back on
      the shelf when the latch pin will spring into latching position. The
      outrigger is thereafter lifted off the rack by the crane or hoist and
      placed on the floor or hung in front of another shelf.
PARN
     This is a division of application Ser. No. 187,608, filed Oct. 8, 1971 now
      U.S. Pat. No. 3,743,115.
BSUM
PAR  This invention relates to material storage equipment for use particularly
      in industries and other places where heavy loads are placed on and removed
      from multi-shelved racks by the use of an overhead traveling hoist or
      crane.
PAR  In many manufacturing industries, as well as elsewhere, storage racks are
      provided which are typically but not necessarily from twelve to twenty
      feet in height, with notched front and rear uprights at regular intervals
      that support adjustable shelves. Commonly there may be two or more rows of
      such racks in parallel relation with an aisle between each two confronting
      racks. The shelves to which this invention relates are used for the most
      part to store heavy articles, such for example as spare or replacement
      parts for machinery used in a manufacturing operation, heavy die blocks,
      or even inventory of parts used in the assembly of products or completed
      inventory of manufactured articles. In other instances, such storage racks
      may be used in warehouses and storerooms of various kinds. In any event,
      the articles placed on the shelves are frequently of a nature that
      require, or at least make advantageous, the use of an overhead traveling
      crane or hoist for bringing articles to or carrying them from the storage
      racks as distinguished from placing the load on a pallet and putting it
      into place or removing it from the shelf with a fork lift truck. However,
      the cranes can only effectively lift or lower a load vertically, but
      cannot, in most cases maneuver a heavy article into a selected shelf or
      remove it from the shelf where there are one or more shelves above it,
      especially if the shelves, as is usually the case, are at most only two or
      three feet apart. Considerable manual labor and time, therefore, may be
      required for the placing of an article or load on a shelf or removing it
      therefrom. Moreover, it is an operation not free of danger to a workman
      who may be on a ladder trying to swing the load into place.
PAR  It has heretofore been proposed to provide track-forming rails on each
      shelf, with each shelf having a wheeled dolly movable on said rails.
      Removable bridge bars are put in place extending from a shelf on one side
      of the aisle to a shelf on the other side, and the dolly may be rolled
      from the tracks on the shelf onto matching rails on the bridge bars
      whereupon the overhead hoist may lower a load onto the dolly or lift a
      load therefrom after which the dolly is rolled back into position on the
      shelf. Often loads of as much as a ton or more are handled in this way,
      but this procedure has several drawbacks. One drawback is that the
      positioning of the columns and the level of the shelves on each side of
      the aisle must be matched so that the bridge bars will be level, and
      another drawback is that there may be a row or rows of shelving where
      there is no confronting row of shelves on which such bridge bars can be
      rested. In addition, there is a safety hazard because if a dolly is not
      properly restrained on the shelf or is prematurely released the dolly may
      roll off the shelf resulting in considerable damage and possible injury to
      a worker.
PAR  The present invention is designed to overcome these dangers and
      shortcomings and provide a space-saving storage system where heavy loads
      can be placed on or removed from the storage rack shelves with greater
      facility and safety and without regard as to whether one row of shelving
      confronts another or whether the shelves and columns at one side of the
      aisle are directly across from each other or are at the same level.
PAR  According to our invention there is provided an outrigger that may be
      wheeled along the shop floor to a selected position, then lifted with the
      crane or hoist to the level of the shelf to be loaded or unloaded and
      hooked into the notched uprights at each end of the selected shelf. In
      this operation a workman will generally ride up on the outrigger and
      immovably secure it in position on the columns. Once the outrigger is
      secured on the rack the crane or hoist is disconnected. The outrigger has
      rails on the top thereof that will align with rails on the shelf. The
      dolly has an interlocking latching engagement with the shelf that can be
      released only when the outrigger is in place, so that the dolly cannot
      roll forward until at least a considerable portion of it is positioned
      over and supported by the outrigger after this safety interlock has been
      released. The latching means snaps back into restraining position when the
      dolly is rolled from the outrigger back onto the shelf.
PAR  The outrigger is preferably provided with means to limit the travel of the
      dolly to a position where the major portion of the area of the dolly is
      clear for the placing of a load thereon or removing a load therefrom but
      the wheels at the inner end of the dolly will not move off the shelf.
      Thus, part of the weight of the load is always supported vertically in the
      rack structure and part of it is transmitted to the columns as lateral
      components of thrust and tension to prevent overstressing of the rack
      structure.
PAR  During the actual transfer of the load to or from the hoist to the dolly
      the workman will be on a safety ladder adjacent the outrigger at a
      location where he can secure or release the hooks or sling connecting the
      load and the hoist.
DRWD
PAR  The invention may be fully understood by reference to the accompanying
      drawings showing a preferred embodiment of our invention and in which:
PAR  FIG. 1 is an end view of a storage rack showing the outrigger in full lines
      on the floor at the base of the rack, while the drawing also shows the
      outrigger in phantom lines at an elevated position on the rack.
PAR  FIG. 2 is a front elevation of a portion of rack with several shelves and
      with a dolly on each of two of the shelves.
PAR  FIG. 3 is a horizontal section in about the plane of line III--III of FIG.
      2 but on a larger scale.
PAR  FIG. 4 is a fragmentary front view of FIG. 3.
PAR  FIG. 5 is a transverse fragmentary vertical section in the plane line V--V
      of FIG. 3.
PAR  FIG. 6 is a plan view of the dolly but with portions thereof broken away to
      better disclose the structure.
PAR  FIG. 7 is a front view of the dolly shown in FIG. 6.
PAR  FIG. 8 is a plan view of the outrigger showing it attached to the front
      columns of the rack, these columns being shown in section and the rack
      shelf and the dolly are omitted for better illustration.
PAR  FIG. 9 is an end elevation of FIG. 8.
PAR  FIG. 10 is a fragmentary vertical section on a larger scale showing a
      portion of the outrigger attached to the front column of the rack with
      portions of the shelf and dolly.
PAR  FIG. 11 is a fragmentary side elevation on a larger scale and partly in
      section of the safety locking pin on the dolly.
PAR  FIG. 12 is a front elevation of the outrigger with the removable lifting
      bar, by which the outrigger is hoisted into place.
DETD
PAR  Referring to the drawings, the rack structure itself may take several
      different forms, the one here shown being generally similar to that shown
      in U.S. Pat. No. 2,729,342 granted Jan. 3, 1956 to Samuel Saul, Jr. one of
      the present inventors.
PAR  The rack has spaced vertical front supporting posts 2 and spaced directly
      behind them are rear posts 3. Each post has two vertical rows of notches 4
      therein providing hook-like projections 4a between each two notches. There
      are two rows of notches so that each pair of one front and one rear
      upright will support one end of each of two shelves, as is well understood
      in the art.
PAR  The shelves are designated generally as 5 and in a given installation it is
      desirable that any shelf be interchangeable with any other shelf. The
      shelves each have a structured section 6 across the front, preferably a
      channel section with the web vertical and the flanges turned toward the
      frontof the rack. There is a similar section 7 at the back of the shelf.
      There are transverse sections 8 extending from front to rear near each end
      of the shelf and intermediate sections 9 also extending from front to
      rear. At each corner of the shelf there is a mounting structure 10 adapted
      to be fitted and hooked into the notches and hooks of the uprights to hold
      the shelves in place and restrain them against lateral or fore and aft
      movement. Each mounting structure 10 is constructed to engage in two
      notches on the upright with which it is hung. Each shelf may therefore be
      set in the upright at any selected elevation, all as described in said
      U.S. Pat. No. 2,729,342.
PAR  Each shelf with which the present invention is particularly concerned also
      has apair of rails 11 preferably in the form of inverted angle sections
      positioned over the sections 8 near each end of the shelf. Each rail 8 has
      its front end extending across the top of the front channel section 6 (see
      FIG. 3) but at its rear end there is a stop member 12 to prevent the
      hereinafter described dolly from rolling off the shelf at the back, so
      that the rail 11 stops forwardly of the rear structural shelf section 7.
      The stop 12 is positioned above said section at the end of each rail.
      Since all shelves are interchangeable the rails on all shelves which are
      provided with rails are the same and are spaced the same distance apart.
      It may be, however, that in some installations some of the shelves may not
      be equipped with rails 11 where it may be more convenient to merely place
      a loaded pallet on some particular shelf or shelves, especially the lower
      ones that can be loaded or unloaded with a fork lift truck. The present
      invention is used where at least some if not all of the shelves have rails
      and stops, as here provided.
PAR  Each shelf that is equipped with the rails 11 is designed to receive a
      dolly, designated generally as 15 which has four grooved wheels 16 on the
      underside thereof, one near each corner and with the front and back wheels
      at each side of the dolly in alignment, so that one pair of front and back
      wheels will ride on one rail 11 and the other pair on the other rail and
      the V-shaped groove in the peripheries of the wheels will guide the dolly
      on the inverted V-shaped rails 11. Each dolly, as best seen in FIG. 6 has
      a frame of structural sections 17 and 18, the sections 17 being at the
      front and rear of the dolly and 18 designates the other sections. There is
      a deck plate 19 over the bed of the trolly and it is desirably surrounded
      by front, rear, and side wall structures 20 for assuring that articles or
      loads placed on the dolly cannot slide off the deck of the trolley.
PAR  At the center of the front cross member 17 of the dolly there is welded a
      latch pin assembly designated generally as 21 as shown in FIG. 11. It
      comprises a vertical barrel 22 having a slidable latch pin 23 projecting
      from its lower end. The pin has an upwardly extending stem 24 that passes
      through an abutment or disk 25 fixed in the upper end of the barrel. There
      is a compression spring 26 in the barrel around the stem confined between
      the top of the pin 23 and the disk 25 to resiliently urge the pin to a
      fully projected position while a stop 27 on the inner or upper end of the
      stem 24 limits the outward movement of the pin, which, however, may be
      pressed inwardly against the pressure of the spring. The spring is
      desirably a strong spring, so strong in fact that a workman cannot press
      the pin in with his hands, or at least not without great effort. There is
      an end piece 28 at the top of the barrel welded to the barrel so that one
      cannot tamper with the latch pin or spring from the upper end of the
      assembly.
PAR  The latch pin is so positioned on the cross member 17 that when the dolly
      is pushed onto the shelf against the stops 12 at the rear ends of the
      rails 11 the latch pin will project down below the top of the front shelf
      rail 6 and thereby prevent the accidental removal of the dolly from the
      shelf. It is only possible to remove the dolly by raising the latch pin
      high enough to clear the top of the shelf section 6 and this, for all
      practical purposes cannot be done by one trying to push the pin up with
      his hand.
PAR  The third element of the combination is the outrigger itself. It is
      designated generally as 30 and has a structural frame of a width
      substantially equal to the width of the shelf in an end-to-end direction,
      that is, at least equal to the distance required to reach from a row of
      hooks and notches on one column to a row of hooks and notches on an
      adjacent column. There is a rectangular base frame of structural sections
      including front and rear sections 31 and for and aft sections 32 at the
      ends and intermediate the ends. There are casters 33 at each corner of the
      base at least two of which swivel, as indicated in the drawing. The
      central area of the front of the base has a platform 34 thereon which is
      desirably formed of expanded metal (see FIG. 8) on which a workman may
      stand.
PAR  At each corner of the base there is a corner post 35 which supports an
      upper frame structure comprising an elongated rear section 36, end
      sections 37, front sections 38, each of which extends from a front corner
      post 35 to an upright 39 leaving an entrance at 40 through which a workman
      may step onto the platform 34. There are desirably tubular posts 41 at
      each side of this entrance onto which a workman may hold and a safety
      chain 42 may be hooked across the entrance, as indicated in FIGS. 1 and
      12. There is other vertical and diagonal bracing, as indicated, between
      the upper and lower frames and the structure is welded to give it complete
      rigidity. Spaced inwardly from each end of the upper frame are horizontal
      struts 43 that extend from the backsection 36 to one of the front sections
      38 and there are rails 44, similar to the rails 11 on the shelves, mounted
      on each of these struts. These rails extend from the rear edge of the
      upper elongated section 36 to a stop element 45, similar to the elements
      12, and they are located at the front ends of the rails 44. The spacing
      and location of the rails 44 on the outrigger is such that when the
      outrigger is hung on the front of the rack for cooperation with a selected
      shelf, as hereinafter described, the rails 44 of the outrigger will be in
      exact alignment with the rails 11 on the selected shelf and, in effect,
      then provide a continuation of the rails 11.
PAR  There is welded to each rear corner of the outrigger a mounting piece 50
      for hanging the outrigger on two front columns of the rack structure. This
      mounting piece as here shown is a structural T-section with the leg of the
      T projecting to the rear. Near its upper end it has a short bar 51 of a
      slightly angled section passing therethrough and rigidly welded thereto.
      Near the lower end of the leg of the T-section there is a second similar
      cross bar 52. The vertical spacing between these two bars or cleats 51 and
      52 from the lower edge of one to the lower edge of the other exactly
      corresponds to the distance from the bottom of one notch 4 in the upright
      2 to the bottom of the fourth notch below it, as shown in FIG. 9, that is,
      the edge-to-edge distance is a multiple of the center-to-center distance
      between notches on the uprights, so that when the outrigger is brought to
      a proper level to align the rails 44 with the rails 11 on the shelf the
      cross bars or cleats 52 will engage the bottoms of two spaced notches in
      the uprights. Moreover, as seen in FIG. 8 the cleats project from each
      side of the leg of the T-section far enough to engage in the corresponding
      notches of both vertical rows of notches on the same column so that the
      load or stress on each cleat is exerted against two hooks on the column.
PAR  At each top rear corner of the outrigger there is a yoke comprised of two
      rigid arms 55 the free terminal portions of which curve slightly away from
      each other. Each yoke straddles one of the upright columns (See FIGS. 8
      and 9) as the outrigger is moved by a hoist into position to be hung on
      the columns and aids in guiding the cleats 51 and 52 into the notches of
      the upright columns and exactly aligning the rails on the outrigger with
      those on the shelf.
PAR  There are aligned holes 56 in the terminal portions of the two arms 55.
      There is a removable safety device best seen in FIG. 8 in the form of an
      angled connecting bar with a long pin 57 at one end thereof and a short
      pin 57a at the other end, the two pins being parallel. When the outrigger
      is in place, a workman standing on the platform of the outrigger holding
      the connecting bar inserts the long pin of the safety pin device through
      the aligned holes 56 in the two arms of the yoke at one end of the
      outrigger while the short arm passes through the formed notch portion 4 in
      the upright just under one of the hooks 4a. The operation is repeated with
      a second safety device at the other corner. The long pin of the safety
      device forms a tie between the two arms of the yoke at the back of the
      upright of the rack so that the outrigger cannot pull away from the
      upright so long as the safety device is in place, and the short pin 57a
      being rigidly connected to the first will enter the notch below the yoke
      and wedge against the under surface of the hook 4 beneath which it is
      located and prevent the yoke and outrigger from being accidentally raised
      or lifted to a level where the cleats 51 and 52 could move up in the
      notches in which they are engaged, or even to a level that would lift the
      track rails of the outrigger above the level of the track rails on the
      shelf There is usual type of spring ball detent in the free end of the
      longer pin member 57 at 58 to prevent accidental displacement of this
      safety element.
PAR  For lifting the outrigger from the floor to the shelf level at which it is
      to be used there is a lifting extension 60 secured to and extending
      upwardly from each of the upper end sections 37 of the outrigger. Below
      its upper end each extension has an inverted hook-like notch 61 therein
      and above the notch the extension has a hole 62 therethrough. The
      extensions 60 are positioned at about the center of the end pieces 37 to
      which they are secured so that when the outrigger is being lifted as
      hereinafter described, it will stay nearly level but can be easily tilted
      to a slight extent by the workman on the platform shifting his weight.
PAR  There is a removable lifting bar 65 of rectangular section with reduced
      rectangular end portions 66 at each end. This bar is slightly longer than
      the distance from one lifting extension 60 to the other and the end
      portions of this bar can be slipped sideways under and up into the bight
      of the hook-like notches 61. Near each end of the top edge of the bar
      there is a toggle lever operated latching pin unit 67 of a well known type
      so positioned that when the lifting bar is in place the latching pin can
      be projected into the adjacent hole 62 of the lifting extension (See FIG.
      12) and thus retain the lifting bar in position until the latching pins
      are retracted. At the center of the lifting bar there is a lifting bail 68
      into which the lifting hook of a crane or hoist can be engaged.
PAR  After the outrigger has been secured in place in front of a selected shelf
      and the lifting bar 65 has been released and carried away by the hoist, it
      is necessary to release the latch pin 21 from its locking position against
      the rear section 6 at the front of the shelf before the dolly can be moved
      forward onto the rails of the outrigger. For this purpose there is a shaft
      70 mounted in bearings 71 below the level of the rails 44 and the rear top
      cross bar 36 of the outrigger (See FIG. 9). This shaft is slidable endwise
      in the bearings and also is rotatable and has a crank 72 at its forward
      end above the platform 34. The rear end of the shaft has a somewhat
      quadrant shaped eccentric cam 73 on its rear end. There is a hub 74 fixed
      on this shaft with two diametrically opposite spokes or arms 74' radiating
      therefrom, each of which is long enough to contact the depending leg of a
      downwardly and forwardly sloping T-section 75 (See FIG. 10) that has its
      top surface at one end flush with the top of the rear section 36 of the
      outrigger and its forward end resting on long frame member or bracing
      section 76 extending between the two struts 43 but the top of which is
      lower than the top of the rear rail 36. These spokes limit the arc through
      which the shaft 70 may rotate in either direction to 180.degree. or
      slightly less because one will contact one side of the leg of the
      T-section 75 when the shaft rotates one direction and the other arm will
      strike the other side when the shaft is rotated in the opposite direction.
PAR  Finally, there is a spring 77 attached to one arm 74' and anchored to the
      frame member 76 and this spring resiliently restrains the shaft from
      sliding rearwardly and also biases the shaft to return to a position where
      the cam 73 is in the position shown in FIG. 8.
PAR  To release the latch pin 23 of the latch 21 so that the dolly may roll from
      the shelf onto the outrigger, the workman must push the crank toward the
      rear and then rotate it about 90.degree. until the leading end of the cam
      contacts the end of the latch pin. Then the continued rotation of the cam
      will lift the latch pin against the pressure of spring 26 to a level where
      it just clears the shelf bar 6 and the dolly can then be pulled forward.
      As the pin 23 rides off the cam it slides across the top of the shelf
      section 6, then the top of the outrigger section 36 and then down the
      sloping top of the T-section 75 until it is again fully extended.
PAR  The stops 45 at the ends of the rails 44 are so positioned that the rear
      two wheels of the dolly will never roll off the rails 11 on the shelf, as
      shown in the phantom outline in FIG. 1, so that the outrigger is not
      required to support the full weight of the dolly and its load. This
      eliminates excessive overhang of the load at the front of the rack, but
      gives the dolly adequate exposure from above for loading or unloading it
      from a hoist.
PAR  After loading or unloading the dolly it is pushed back onto the shelf, and
      as it is pushed back, the top of the sloping T-section 75 will provide a
      ramp that will cam the latch pin 23 back up to a level where it will slide
      across the tops of the bars 36 and 6 and when the dolly is fully back the
      latch pin will snap down to its latching position.
PAR  From the foregoing it will be seen that the invention provides an outrigger
      construction that may be wheeled from one position to another over the
      floor or carried by a crane and then hoisted to a selected shelf with a
      workman riding up on the outrigger. The rack, the rack shelves, the dolly
      on the shelves and the outrigger all are designed for use together, and
      when the outrigger has been hung on the rack at the front of the selected
      shelf, the workman applies the safety devices to the yokes to immovably
      secure the outrigger against displacement. He also releases the hoisting
      bar 65 from the lifting extensions and the hoist takes it away. Operating
      the crank 72, the latch pin 23 on the dolly is released and the dolly is
      rolled out onto the outrigger until its forward travel is stopped by the
      stops 45. As a matter of safety, the workman will have moved to a safety
      ladder which has been brought into position. The crane or hoist will lift
      a load from or deposit a load onto the dolly and the dolly will be pushed
      back onto the shelf. As it moves back, the sloped ramp 75 will raise the
      latch pin 23 and it will snap into latching position when the dolly wheels
      contact the back stops 12. The workman may then get back onto the
      outrigger, remove the dual pin safety devices, attach the hoisting bar and
      the crane or hoist will remove the outrigger ot return it to the floor or
      to another shelf.
CLMS
STM  We claim:
NUM  1.
PAR  1. For use with an adjustable pallet type storage rack having a series of
      equally spaced pairs of uprights each of which has two series of notches
      extending up the greater portion of its height and a series of spaced
      shelves extending between and supported by each two adjacent pairs of
      uprights, at least some of the shelves having spaced rails thereon
      extending in a front to back direction, and a dolly on at least some of
      said shelves with front and rear wheels guided on said rails means to
      releasably retain said dolly in a retracted position on said rails, the
      improvement comprising an outrigger adapted to be selectively raised up to
      and be supported on any two adjacent front uprights of the rack at the
      front of a selected shelf, said outrigger comprising:
PA1  a. a generally rectangular structural frame having mounting means thereon
      arranged for interlocking engagement with the notches in two adjacent
      uprights by means of which the outrigger can be hung on two adjacent front
      uprights at a level in front of a selected one of said shelves and remain
      in position thereon without other means of support,
PA1  b. spaced rails on the outrigger positioned to be aligned vertically and
      horizontally with the rails on the selected shelf when the outrigger is so
      hung on two front uprights, means on said outrigger to release a dolly in
      a selected one of said shelves whereby a dolly may be rolled from the
      rails on the shelf onto the rails of the outrigger,
PA1  c. the outrigger having means thereon positioned in the path of travel of
      the dolly to limit the movement of the dolly on said outrigger to a
      position where the rear wheels of the dolly will remain on the rails on
      the shelf.
NUM  2.
PAR  2. An outrigger as defined in claim 1 wherein there are two pairs of arms
      secured to the rectangular frame, each pair forming a yoke arrangement to
      straddle one of the uprights on which the outrigger is hung the arms of
      each yoke being of such length that their free terminal ends extend beyond
      the back surface of said columns, and a safety device for each yoke
      comprising a pin removably passed through said free terminal ends at the
      back of the upright which the arms of the yoke straddle to prevent the
      accidental removal of the outrigger from the uprights while the safety
      device is so positioned.
NUM  3.
PAR  3. An outrigger as defined in claim 2 in which each safety device has a
      second pin joined thereto and parallel therewith positioned to enter the
      upper portion of one of said notches in the upright below the yoke to
      prevent accidental vertical movement of the outrigger on the uprights.
NUM  4.
PAR  4. An outrigger as defined in claim 1 wherein the outrigger has a lower
      rectangular structure with a platform on which a workman may stand and an
      upper structure on which said rails are positioned and structural sections
      connecting said lower and upper structures.
NUM  5.
PAR  5. An outrigger as defined in claim 1 in which the mounting means comprises
      two vertical sections, one near each end of the outrigger and located on
      that side thereof which is toward the rack on which the outrigger is to be
      hung, said sections each having an upper transverse cleat thereon
      positioned where it will engage the upright on which it is hung at a level
      above the selected shelf and another such cleat on said section at a level
      below said selected shelf.
NUM  6.
PAR  6. An outrigger as defined in claim 1 in which there is a lifting hook at
      each end of the outrigger, a removable lifting bar extending across the
      top of the outrigger having its ends engaged under said hooks and having a
      lifting bail intermediate its ends, and manually operable latch means on
      the lifting bar releasably engaging said hooks for holding the lifting bar
      in position for lifting the outrigger until said latch means are manually
      released to effect removal of the lifting bar from the hooks.
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ABST
PAL  An improved silo for storage of asphalt, or similar materials which contain
      several different components that tend to separate in handling and
      storage, comprises first deflector means adjacent the silo inlet for
      causing material entering the silo to fall evenly over the total silo
      cross-section and second deflector means adjacent the silo discharge
      opening for causing materials to fall evenly from the discharge opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the storage of hot bituminous asphalt and like
      material, and to improvements in the construction of silos of the type
      normally used in the industry for the storage of such materials.
PAR  2. Description of the Prior Art
PAR  A basic problem in the storage of bitumen is the segregation of materials
      in the mixed condition caused by the method of storage and "angle of
      respose" of asphalt mixes in containers and angled or cylindrical silos
      used conventionally in the industrial use of asphalt. The separation of
      course and fine materials in a mix results in a loss of compact
      homogeneous qualities leading to porous, weak and sub-standard road paving
      materials due to aeration and separation.
PAR  The above difficulties result, at least partially, from the conventional
      method of depositing asphalt into silos. Thus, conventional handling is in
      such a manner that as the asphalt mix falls, it deposits in a more or less
      conical form. Thus, the asphalt within the silo forms a pile that is
      higher in the centre than it is at its edges. On the other hand, as the
      material falls out of the silo for use, the material tends to flow from
      the centre of the pile only, due to the fact that the outlet from the silo
      is central. Since the natural pattern of materials dropped in a continuous
      stream on a conical pile is for the coarser component of the material to
      migrate to the outside of the pile and the finer material to stay in the
      centre, then it follows that the material will flow from the silo in an
      uneven manner leading to inconsistency of texture when the product is
      finally laid in road paving operations.
PAR  Among proposals for dealing with the above difficulties are those disclosed
      in Canadian Pat. No. 784,409 granted on May 7, 1968, to J. S. Eaton. Eaton
      proposed to feed asphalt from a conveyor into a silo through a rotatable
      silo top so that the mix would fall into the silo in a uniform thickness
      blanket eliminating "coning up." Eaton also provided an adjustable cone
      near the discharge of the silo so that the material would fall out of it
      in a uniform manner again to hold segregation of the mix to a minimum.
PAR  The unit proposed by Eaton, however, is unnecessarily complex and expensive
      since it is necessary to provide a mechanically rotatable top to achieve
      the desired uniform deposition of the material within the silo.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention seeks to overcome the above disadvantages of prior
      art structures while achieving the desired objective of uniform deposition
      of the mix into the silo. This is achieved, in a preferred embodiment, in
      a surprisingly simple manner by providing a conical baffle adjacent the
      inlet to the silo, and adjacent the outlet thereof, so that in the first
      case even deposition of the materials takes place within the silo and in
      the second case, flow from the silo is also uniform. The simplicity of the
      present construction results in economies such that the cost of making a
      silo according to the present invention is only marginally greater than
      the cost of conventional, unimproved silos.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the improved silos of the invention and
      their use in handling and storage of asphalt and like materials may be had
      by reference to the accompanying drawings in which:
PAR  FIGS. 1 and 2 are schematic side sectional views of silos of the prior art.
PAR  FIGS. 3 and 4 are schematic side sectional views of silos of the invention.
PAR  FIG. 5 illustrates a preferred embodiment of conical deflector for silos of
      the invention and comprises in the upper half a side sectional view and in
      the lower half a plan view of the deflector.
DETD
PAR  Dealing first with the prior art, there is shown in FIG. 1 a conventional
      silo 10 having an inlet 11 and a discharge opening 12. Bituminous material
      deposited into silo 10 forms a generally conical pile 13. As mentioned
      above, the tendency is for coarser material in the mix deposited through
      the opening 11 to migrate to the outer edges of the pile at 14 and for the
      finer material to remain in the centre generally at 15.
PAR  In FIG. 2, the material is seen as it passes from the silo through the
      discharge opening. The material which is in the centre of the silo tends
      to pass through the opening first, and thus the finer material is the
      first to leave the silo. Then, as the finer material passes out it leaves
      a void in the centre of the mass into which the coarser material
      previously at the outer edges falls. Thus, separated masses of fine and
      coarse material can be discharged from such prior art silos.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  According to the present invention, adjacent the inlet opening 11 of the
      vertically elongated silo 3 there is provided a conical deflector 20. The
      deflector is so proportioned that material deposited through the inlet 11
      falls on to it and is caused to fall on to the mass 16 in a generally
      circular pattern. Thus, any tendency for coarse material to migrate to the
      outer edges of the silo and for the fine material to remain in the centre
      is eliminated. Instead, an even, properly mixed mass is deposited and
      remains in the silo until discharged from the outlet 12.
PAR  The shape and size of the deflector 20 may, of course, be varied within
      certain limits as will be obvious to those skilled in the art. In general,
      however, it should be so proportioned that the material will drop evenly
      over the full cross-section of the silo and may have a diameter
      approximately 30% of that of the silo. It may be a circular or square
      cross-section, or any other suitable shape.
PAR  In FIG. 4, the material is seen as it passes through the outlet opening 12.
      The silo 3 is provided a conical deflector 18, the objective of which is
      to provide an even flow 17 of material within the silo and to prevent
      uneven discharge through outlet opening 12. Deflector 18 is spaced a
      substantial distance from the discharge opening 12 to prevent obstruction
      of the flow therethrough.
PAR  The deflectors may be suspended within the silo in any suitable manner. For
      example, they may be suspended by suitable frame work attached to the top
      or sides of the silo.
PAR  A preferred form of deflector is illustrated in FIG. 5, in which, as can
      clearly be seen, a double deflector is shown. The central portion of the
      deflector 20a is generally similar to the above described deflector in the
      embodiment of FIGS. 3 and 4. There is provided, however, an annular
      frustro-conical deflector portion 20b radially outwardly of the deflector
      20a. Deflector 20b is spaced from deflector 20a by radial vanes such as
      those identified by the numeral 19. The form of deflector shown in FIG. 5
      is suitable for use in large silos but may advantageously be used in silos
      of any size.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A silo for the storage of asphalt and like materials and subsequent
      discharge without substantial segregation into different size components
      which comprises:
PA1  a. a vertically elongated housing,
PA1  b. an inlet opening centrally located at the top of said housing,
PA1  c. a discharge opening centrally located at the bottom of said housing,
PA1  d. a first conical deflector fixed in position beneath said inlet opening
      adjacent the top of said housing, said first deflector consisting
      essentially of:
PA1  a stationary cone having its apex facing toward said inlet opening,
PA1  an annular frusto-conical member fixed concentrically around said cone, the
      maximum radius of said cone being less than the minimum radius of said
      member, and
PA1  radial vanes extending between said cone and said member holding them in
      fixed concentric relationship with the top of said member being in
      substantially the same horizontal plane with the apex of said cone,
PA1  e. a second conical deflector fixed in position above said discharge
      opening adjacent the bottom of said housing, said second deflector
      constituting means for causing material within the silo to fall evenly
      therefrom out of the discharge opening.
NUM  2.
PAR  2. The silo of claim 1 wherein the base of said cone and the base of said
      member lie in substantially the same horizontal plane.
NUM  3.
PAR  3. The silo of claim 2 wherein there are two of said radial vanes, one of
      which is perpendicular to the other.
NUM  4.
PAR  4. The silo of claim 1 wherein said housing is circular in cross-section
      and said first conical deflector has a diameter about 30% that of said
      housing.
NUM  5.
PAR  5. The silo of claim 1 wherein said second conical deflector has a diameter
      substantially equal to the diameter of said first conical deflector.
NUM  6.
PAR  6. The silo of claim 1 wherein said second conical deflector consists
      essentially of:
PA1  a stationary cone having its apex facing toward said inlet opening,
PA1  an annular frusto-conical member fixed concentrically around said cone, and
PA1  radial vanes extending between said cone and said member holding them in
      fixed concentric relationship.
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ABST
PAL  Elongated receptacles, such as mushroom trays, are emptied of particulate
      material by positioning a screw conveyor transversely to the length of the
      tray and at one end of the tray. A winch, placed at the opposite end of a
      tray, with its cable attached to the frame of the screw conveyor, pulls
      the screw conveyor along the length of the tray to discharge the
      particulate matter out one side of the tray. Steering pads in the form of
      plates pivotally mounted to the rear portion of the screw conveyor frame
      may be selectively depressed by the operator standing on them and shifting
      his weight to aid in steering the screw conveyor through the length of the
      tray. The winch cable is connected to the frame of the screw conveyor by
      means of an L-shaped hook which acts on the lower rear portion of the
      frame. This enables the bottom portion of a shroud, which encloses the
      screw conveyor, to ride against the bottom of the tray, scrape the bottom
      of the tray, and remove any loose particulate matter left by the conveyor.
      Alternatively, the winch may be positioned on the screw conveyor itself
      and the winch cable secured to the end of the tray.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to screw conveyors for use in emptying elongated
      receptacles of particulate matter.
PAR  In the greenhouse, mushroom house and other indoor adjuncts of the food
      industry, soil, compost or other nutrient material of a particulate nature
      is placed in elongated receptacles or trays in which the mushrooms and/or
      plants are grown. When it becomes necessary to remove or replace the soil
      or other nutrient material (with mushrooms, the compost is spent and must
      be removed after each crop) it is incumbent upon the grower to retain in
      most instances labor to manually shovel the soil out of the trays. In the
      case of mushrooms, long, horizontal conveyors are placed in the aisles
      between stacks of mushroom trays and the mushroom compost is shoveled onto
      the moving conveyor belt for removal from the mushroom house. This is
      particularly difficult due to the relatively close vertical spacing
      between the trays and the otherwise confined working area that generally
      exists in most mushroom houses. These conditions are such that emptying
      the trays becomes a sheer time-consuming, back-breaking effort which
      requires a disproportionate amount of time even when labor is available.
      With today's labor market, this is not always the case.
PAR  Accordingly, it is an object of this invention to provide an improved
      apparatus for emptying elongated receptacles of particulate manner.
PAR  Another object of this invention is to provide an apparatus for emptying
      elongated receptacles of particulate matter which obviates many of the
      disadvantages of the prior art techniques.
PAR  A further object of this invention is to provide an improved apparatus for
      emptying elongated receptacles of particulate matter which apparatus is
      light and easily handled by an operator.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, an apparatus is constructed which is
      adapted to empty a receptacle of particulate matter. The receptacle has a
      bottom and at least one side such that a screw conveyor is adapted to be
      positioned transversely to said one side of the receptacle. The conveyor
      has a screw, a frame for mounting the screw, and a shroud surrounding the
      top and back of the screw adapted to engage and scrape the bottom of the
      receptacle. In a preferred embodiment of the invention, a first drive
      means is mounted on the frame for rotating the screw to discharge the
      particulate matter transversely of the receptacle away from the one side
      of the receptacle. A second drive means is adapted to propel the screw
      conveyor along the receptacle in a direction generally parallel to said
      one side. Linking means interconnects the second drive means, the screw
      conveyor and one end of the receptacle for this purpose.
PAR  In a particularly preferred embodiment of the invention, the second drive
      means is adapted to engage one end of the receptacle and the linking means
      connects the drive means and the screw conveyor. The linking means is
      connected to the lower, rear portion of the frame of the conveyor so as to
      maintain the shroud in contact with the receptacle bottom and steering
      pads are pivotally connected to the rear portion of the frame such that
      they may be drug along the bottom of the receptacle. The operator, by
      standing on the pads and selectively applying pressure by shifting his
      weight to one pad or the other, can aid in steering the screw conveyor
      along the receptacle. Preferably, the linkage to the frame is effected at
      an eccentric point along the width of the frame close to the one side of
      the bed thereby to compensate for the larger load which occurs opposite
      the discharge end of the conveyor.
PAR  In another embodiment of the invention, the second drive means is mounted
      on the screw conveyor itself and the linkage interconnects it with the end
      of the receptacle such that the conveyor may be pulled through the
      receptacle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention,
      itself, however, both as to its organization and method of operation, as
      well as additional objects and advantages thereof will be best understood
      from the following description when read in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a typical mushroom tray and an apparatus
      constructed in accordance with this invention in the process of emptying
      such tray;
PAR  FIG. 2 is a side elevation view of the apparatus and mushroom tray depicted
      in FIG. 1 with a portion of one side shown partially in section;
PAR  FIG. 3 is a sectional end elevation view of the screw conveyor of FIG. 1
      taken along the section lines 3--3;
PAR  FIG. 4 is a sectional end elevation view of the tray and winch of FIG. 1
      taken along the section line 4--4;
PAR  FIG. 5 is an enlarged, fragmentary side elevation view of a pivotal
      mounting for the drive arm illustrated in FIG. 1 taken along the section
      line 5--5; and
PAR  FIG. 6 is a partial plan view of an alternative embodiment of the invention
     .
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  There may be seen in the drawings of FIGS. 1 and 2 an elongated tray or
      receptacle 10 of the type that is used typically in the culture of
      mushrooms. It is to be understood that such application is purely by way
      of illustration and is in no way to be construed as limitational of the
      uses to which the apparatus may be put, i.e., emptying particulate matter
      from receptacles. While the invention is described in conjunction with
      particulate matter for growing plants, it may also be used for removing
      any type of particulate matter such as grain, malt and the like from trays
      or receptacles.
PAR  A typical tray 10 has a flat bottom 12 supported by longitudinal braces 13
      and a pair of sides of which only a single side 14 is shown. Typically, in
      mushroom houses the side (not shown) adjacent the aisle is removable to
      facilitate the cleaning of the bed. The trays also have ends 15 which may
      be secured to the sides 14. The tray 10 is supported by legs or posts 16
      at each corner which may be either continuous from top to bottom or may be
      in the form of individual legs for each tray, each tray being stacked upon
      a lower tray. Continuous legs 16 are illustrated. Typically, the trays are
      made of wood, although any suitable, rigid, strong material may be used.
PAR  According to this invention, a screw conveyor 20 is positioned across the
      width of the tray 10. One side, the aisle side, of the tray is removed
      such that the aisle side of the tray's contents are exposed. The screw
      conveyer 20 is mounted within a frame 22 which may include essentially a
      rear structural cross member 24 positioned between end plates or flanged
      mounting pieces 26 and a shroud 32 secured to the end pieces as by
      welding. Tabs 27, which may be welded to the front portion of the shroud
      32 at either end house bearings (not shown). These bearings hold an auger
      or screw 28 forwardly of the frame 22. The screw 28 may be conventional
      and contain a spiral flanged portion which actually effects the transport
      of the particulate matter depicted by the numeral 30. The shroud is
      positioned relatively close to the back peripheral portions of the screw
      28, thereby to aid in discharging the particulate matter. The shroud 32
      covers the rear portion of the screw 28 and is secured to the frame 22 by
      suitable bolts or other means such as welding as is depicted in the
      drawing. A horizontal plate 33 is bolted to the top portion of the shroud
      32 and extends forwardly over the top of the screw 28 to prevent the
      particulate matter from being thrown upwardly. Shield strips 35 form a
      portion of the plate 33 to facilitate the lateral positioning of a linking
      member or drive arm 40 as will be described. The shield strips 35 are
      bolted as at 37 to the shroud 32. The lower portion of the shroud 32 may
      be reinforced to form a blade (not shown) so that as it scrapes along the
      bottom 12 of the tray 10 it is better able to remove any remaining
      particulate matter.
PAR  The linking member or drive arm 49 is L-shaped and pivotally secured at one
      end of the backside of the shroud 32 so as to provide a means of
      propelling or pulling the screw conveyor along the length of the tray. A
      propelling force is applied in the desired direction (typically the length
      of the tray) at the lower portion of the shroud 32. This permits the
      shroud to remain in contact with the bottom of the tray and thereby scrape
      up any particulate material not removed by the auger. Specifically, the
      pivotally secured end of the drive arm 40 is povitally attached to a pivot
      shaft 41 which is pivotally mounted in one of several holes 43 formed in
      tabs 45 secured to the backside of the shroud 32 as by welding or other
      suitable means. The holes 43 are spaced vertically to permit the point at
      which the pulling force is applied to the screw conveyor to be adjusted
      vertically simply by positioning the pivot shaft 41 in the appropriate
      hole. A remaining ring 49 keeps the pivot shaft 41 securely held within
      the given hole.
PAR  The other end of the drive arm 40 is connected to a cable 42 which is taken
      up by a winch drum 44. The winch drum is driven by a suitable electric
      motor 46. The motor 46 and winch drum 44 combination are mounted on a
      frame comprising two horizontally disposed bars 48 which may be clamped as
      by a clamp means 49, to the end posts 16 at the end of each tray 10.
      Alternatively, these bars may be changed to a plate-type mounting and
      clamped to the tray itself. A control and reversing switch for the motor
      46 may be connected through a length of wire (not shown) of sufficient
      length such that the operator of the screw conveyor may control the
      operation of the winch from a remote location. The wire may be held on a
      spring loaded reel of conventional design to insure the wire is
      automatically taken up and does not become entangled in the screw
      conveyor.
PAR  A prime mover or motor 52 for driving the screw is mounted to support
      members 51 which are secured as by welding to the back side of the support
      members 51 which are secured as by welding to the back side of the shroud
      32. A drive sprocket 56 is journaled to the drive shaft of the motor. An
      end chain 58 links the drive sprocket 52 to a driven gear 60 which may be
      journaled into the end of a drive shaft 63. The drive shaft 63 has a
      second driven gear 65 journaled on its other end to drive through a second
      chain 67 a third driven gear 69 journaled onto the end of the shaft of the
      screw 28. A protective housing 61 may enclose the end sprocket 52, a gear
      60, and chain 58.
PAR  To facilitate steering of the screw conveyor, a handle bar 62 may be welded
      to the shroud and extend backwardly and upwardly. The handle bar is
      gripped by the operator as will be described. A pair of foot pedals 64 are
      pivotally mounted at their front portion 66 to the structural member 24
      with the rear portion 68 of each foot pedal being permitted to drag along
      the bottom 12 of the tray.
PAR  In this manner, the operator may grasp the handle bar 62 and, standing (or
      stooping) on the foot pedals 64, energize the screw motor 52 which drives
      the screw and the winch motor 46. The rotary operation of the screw 28
      forces the particulate matter in the bed out through the open end of the
      tray into the aisle. A conventional conveyor belt may be positioned in the
      aisle for removing the screw conveyor discharged particulate matter from
      the area. Alternatively, carts or other suitable conveyances may be
      positioned to receive the discharged particulate. The winch forces the
      threads or blades of the auger to bite into the particulate matter as the
      screw conveyor is drawn along the length of the bed (to the right in the
      drawing). The operator now by selectively shifting his weight from one
      foot pedal 64 to the other, thereby to vary the drag, may, in effect,
      steer the screw conveyor. It is noted that the drive arm 40 is connected
      eccentrically to the frame of the screw conveyor. Specifically, the drive
      arm 40 is connected close to the side 14 of the tray since, as the
      particulate matter is propelled to the aisle, there is a greater dragging
      force on the inside portion of the screw conveyor (that portion away from
      the aisle) than elsewhere. Hence, this eccentric load is compensated for.
PAR  Depending upon the density of the particulate matter, the drive arm pivotal
      mounting shaft 41 is repositioned to a lower or high hole 43. For heavier
      material, a lower hold is selected to lower the point of thrust and
      thereby maintain the lower end of the shroud in contact with the bottom 12
      of the tray to scrape and remove any material missed by the screw. The
      screw is formed typically to approximate or be slightly less than the
      width of the tray. A guide skid 70 may be mounted to the end piece
      adjacent the side wall 14 to permit the frame to slide along the side 14
      of the bed and be guided thereby. The auger or screw is rotated such that
      the weight of the particulate matter forces the screw conveyor and guide
      skid against the side wall 14. The guide skid is shaped to reduce friction
      between the screw conveyor and tray side.
PAR  The apparatus described is thus seen to be relatively light in weight since
      the motor for the screw can be relatively lightweight. The winch motor
      which drives the entire screw conveyor along the length of the tray is
      mounted in a separate frame remote from the screw conveyor. Thus, it is a
      relatively simple matter for two men to quickly assemble the apparatus,
      place it in the tray, empty the tray and then reposition the apparatus in
      a second tray. The repositioning is accomplished simply by unclamping the
      bars 48 from the end post, disconnecting the cable from the drive arm 40,
      repositioning the winch assembly at the end of a new tray, lifting the
      screw conveyor out of the empty tray, and repositioning it in the new tray
      to be emptied. Finally, the cable is reconnected and the next tray is
      ready to be emptied simply by energizing first the screw conveyor motor
      and allowing the conveyor to dig its way to the bottom of a tray at which
      time the winch motor is energized. Preferably, the winch motor may be
      adjustable in speed.
PAR  In the apparatus described, by vertically positioning the point at which
      the drive arm 40 acts, such that the drive arm acts upon the lower rear
      portion of the screw conveyor, the shroud is maintained in good contact
      with the bottom of the tray and does not tend to lift up. Furthermore, the
      screw conveyor may be steered by the pivotal foot pedals. Sideways
      stability is attained by positioning laterally the point at which the
      drive arm acts. This is accomplished by removal and replacement of the
      strips 35 until the desired lateral location is attained.
PAR  In another embodiment of the invention, the cable may be split as seen most
      clearly in FIG. 1. In this arrangement, the cable is terminated in a
      Y-shaped configuration and is connected to two point on the frame 22 --
      the one is described, the other 71 at a point on the plate 33 contiguous
      the discharge end of the conveyor. This tends to stabilize the wobble
      which can occur with movement of the screw conveyor if only a single drive
      point is used. Thus, with the two point drive, if the one end of the screw
      tends to lag, more tension is applied to it and less tension is applied to
      the other, which is now in a more forward position. Thus, wobble is
      automatically compensated for and neutralized. Also, a scraper 22 may be
      mounted to the frame to engage the screw and insure that the threads are
      clean.
PAR  A wiper blade 84 may be secured to the aisle or discharge side to permit
      the machine to be used in wider trays without increasing the width of the
      machine itself. An adjusting arm 86 is pivotally mounted to engage the
      wiper blades and act as a brace which controls the angle of the wiper
      blade and hence permits the adjustment of the effective width of the
      conveyor. The wiper blade typically would have a height slightly less than
      that of the screw conveyor.
PAR  A further embodiment of the invention is illustrated in FIG. 6. In this
      embodiment, the construction is substantially the same as previously
      described in conjunction with FIGS. 1-5 with one exception. In this
      instance a winch drum 44' and its drive motor 49' are mounted to the upper
      backside of the shroud 32. The cable 42 from the drum 44' has its end
      connected to an eye bolt 68 secured to a single horizontal bar 48' which
      may be clamped as by clamps 49 to the end posts of the tray. This
      embodiment, while heavier than that illustrated in FIGS. 1-5 is useful
      where space at the ends of the trays is limited. Otherwise, the operation
      is substantially the same as previously described.
PAR  The use of separate motors mounted one on the conveyor, one on the tray, is
      preferred because of the lighter weight machine. In the embodiment of FIG.
      6, the two motors 49' and 52 may be combined in a single motor and
      suitable gearing and clutches employed to obtain the desired operating
      speeds and control. Further, instead of the chain drives, suitable
      transmissions may be employed.
PAR  It is obvious that many embodiments may be made of this inventive concept,
      and that many modifications may be made in the embodiments hereinbefore
      described. Therefore, it is to be understood that all descriptive material
      herein is to be interpreted merely as illustrative, exemplary and not in a
      limited sense. It is intended that various modifications which might
      readily suggest themselves to those skilled in the art be covered by the
      following claims as far as the prior art permits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for emptying an elongated receptacle of particulate matter,
      said receptacle having a bottom and at least one side, said apparatus
      having a conveyor comprising a screw, a frame for mounting said screw,
      said screw being horizontally disposed and adapted to be positioned
      transversely to the length of said receptacle, a shround cooperating with
      said screw to effect the lateral transport of said particulate matter, and
      adapted to engage the bottom of said receptacle, said apparatus
      comprising, in combination:
PA1  first drive means mounted on said frame for rotating said screw, thereby to
      discharge said particulate material transversely of said receptacle away
      from said one side and to urge said screw against said one side to be
      guided thereby,
PA1  second drive means effecting a pulling force at a fixed point at the end of
      said receptacle toward which said screw conveyor is to be moved,
PA1  cable linking means interconnecting said second drive means, a frame
      portion of said screw conveyor and said end of said receptacle for moving
      said screw conveyor lengthwise of said receptacle, thereby to empty said
      receptacle, and
PA1  auxiliary means for assisting in the steering of said screw conveyor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said second drive means includes
      a winch having said cable interconnecting said linking means and said end
      of said receptacle.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said linking means is positioned
      to act eccentrically on said frame at a point along said one side of said
      receptacle.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said linking means is connected
      to the back and bottom portion of said frame thereby to maintain said
      shroud in engagement with the bottom of said receptacle.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said second drive means is
      adapted to be mounted on said frame.
NUM  6.
PAR  6. Apparatus according to claim 1 wherein said second drive means is
      adapted to be mounted at one end of said receptacle.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein:
PA1  said second drive means includes a winch having a cable connected to said
      linking means, and
PA1  said linking means is an L-shaped member having one end connected to said
      cable and the other end connected to the back and bottom portion of said
      shroud thereby to maintain said shroud in engagement with the bottom of
      said receptacle.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said linking means is positioned
      to act eccentrically on said frame at a point away from said one side of
      said receptacle.
NUM  9.
PAR  9. Apparatus according to claim 6 wherein said linking means is positioned
      to act upon two spaced transverse points of said apparatus thereby to
      maintain the angle of attack of said screw conveyor within said
      receptacle.
NUM  10.
PAR  10. Apparatus according to claim 6 which also includes a pair of plates
      each pivotally connected to the back portion of said frame and adapted to
      drag along the bottom of said receptacle thereby to permit friction
      steering of said screw conveyor as it moves through the length of said
      receptacle.
NUM  11.
PAR  11. Apparatus according to claim 10 herein said linking means is connected
      to the back and bottom portion of said frame thereby to maintain said
      shroud in engagement with the bottom of said receptacle.
NUM  12.
PAR  12. Apparatus according to claim 6 which includes a guide skid positioned
      on said frame so as to engage said receptacle side, the movement of said
      screw urging said skid against said side.
NUM  13.
PAR  13. Apparatus according to claim 6 which includes a wiper blade positioned
      on the end of said frame away from the discharge side of said apparatus,
      thereby to assist in the discharge of said material in wide receptacles.
NUM  14.
PAR  14. Apparatus according to claim 5 which includes a wiper blade positioned
      on the end of said frame away from the discharge side of said apparatus,
      thereby to assist in the discharge of said material in wide receptacles.
NUM  15.
PAR  15. An apparatus according to claim 1 in which said cable linking means
      includes a pivotable mounting affording the application of the said
      pulling force at different angles relative to said bottom of said
      receptacle.
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ABST
PAL  A at discharge oven for heating a large number of production parts which
      pass through the oven on a conveyor belt and are pushed by a pushing
      mechanism mounted att the oven, evidence whereby the conveyor belt is
      attached to a swingable beam and a vibrator is mounted for exerting a
      force on the belts and parts thereon which has a component in a direction
      perpendicular to the direction of part movement through the oven.
BSUM
PAR  The invention relates to a gravity-discharge furnace for heating production
      parts.
PAR  Furnaces of this sort are commonly used, for example, in the mass
      production of forgings for heating up steel ingots before forging to a
      forging temperature, which for steel is about 1,150.degree. -
      1,280.degree. C., while the parts are intermittently advanced through the
      furnace. In one type of conventional furnace, the parts are pushed through
      the furnace. However, in this type of furnace, as the number of parts
      increases, the pushing forces that are required to be exerted by the
      pushing mechanism upon advancement of the production parts through the
      furnace become very large due to the friction between the parts and the
      conveyor belt. Thereby, they make a correspondingly great demand on the
      pushing mechanism.
PAR  Such frictional forces are important even during periods when the parts are
      at rest, i.e. between successive pushing movements of the mechanism, and
      they hinder the thermal expansion of the heated parts. The result is often
      that the ingots stick together or weld together in the high temperature
      region of the furnace and thus cause a disturbance in the fixed-cycle
      operation. It is then often impossible to separate the two parts that have
      stuck or welded together, and the parts must be scrapped.
PAR  It is also already known that it is advantageous that the conveyor belt
      which passes through the furnace in the conveyor direction be bendable in
      different directions, so that the parts arranged in proximity strike
      against one another at constantly changing angles during transport, and
      thus make difficult welding or adhesion of one or more parts to one
      another. A problem in this approach is that the required pushing forces
      that the pushing mechanism must exert are increased.
PAR  Another type of furnace is the gravity-discharge furnace, in which the
      parts are placed on a level conveyor belt, which in turn is hinged to a
      beam so that it swings, and is connected to a vibrator. The vibrator
      exerts oblique thrusts upon the parts being transported on the conveyor
      belt. These thrusts lift the parts from the conveyor belt and speed them
      in the direction of transport. Such mechanisms have one principle
      disadvantage; the transport velocity depends, among other factors, on the
      bulk of the parts. It is therefore difficult to maintain the constant
      transit times in the furnace that are necessary for attaining exact
      forging temperatures.
PAR  The object of this invention is to produce a gravity-discharge furnace with
      an ingot pusher, intended to push the production parts, largely consisting
      of steel ingots, that are supported on slipways and arranged in a columnar
      row, in a forward direction through the furnace, and which -- under
      otherwise equal conditions -- requires a lesser transporting force; i.e.
      in the time between two forward movements, there is less resistance to the
      expansion of the column of parts than is the case in existing
      gravity-discharge furnaces.
PAR  This object is fulfilled by gravity discharge furnaces according to the
      invention -- described in greater detail below -- in that the conveyor
      belt is attached to a beam in such a way that it swings, and is also
      connected with a vibrator that acts upon the conveyor belt with an
      acceleration of the vibratory motion and has a component that is arranged
      perpendicalarly to the direction of transport of the parts. With this
      construction it is possible to transport the parts with substantial
      freedom from frictional forces between the parts and the vibrating
      conveyor belt.
PAR  According to a particularly advantageous aspect of this invention, the
      pushing mechanism is also arranged on the swinging beam.
PAR  In another advantageous aspect of this invention, the vibrator is attached
      to the beam and an additional vibrator is connected with the pushing
      mechanism and impresses an acceleration in the vibratory motion upon this
      pushing mechanism in the direction of the extension of the conveyor belt,
      whereby the accelerators of the vibrators are of the same frequency and
      have a fixed phase relationship.
PAR  In devices according to the invention, so-called imbalance-vibrators, that
      are driven by an electric motor are used preferably.
DRWD
PAR  In the following, the invention is described in detail with reference to
      the drawings, with
PAR  FIG. 1 showing a first preferred embodiment of the gravity-discharge
      furnace of the invention in cross-section.
PAR  FIG. 2 shows a partial longitudinal cross section of a second embodiment.
PAR  FIG. 3 shows a third embodiment in partial cross section.
DETD
PAR  Referring to FIG. 1, a swing beam 2 extends through the furnace space 1 of
      a conventional fuel-heated oven. Swing beam 2 is connected with the
      foundation of the furnace 4 by means of flexible supports 3. A slipway 7
      is mounted on the swing beam 2, to support the steel ingots 5 that are to
      be heated and which are to be pushed in the forward direction, indicated
      by arrow 6 through furnace space 1. Also attached to the swing beam 2 is a
      main vibrator 8, which impresses an acceleration of vibratory motion on
      the swing beam 2 in the direction of the arrow 9. This motion has both
      vertical and horizontal components. The acceleration component in the
      vertical direction is preferably equal to or greater than 5% of the
      acceleration due to gravity.
PAR  An ingot pusher 10, arranged on the rails 11 of the swing beam 2 and
      movable in the forward direction, is connected on the one hand with a
      pneumatic setting mechanism 12 that serves as the ingot pusher actuator,
      and on the other hand, with an auxiliary vibrator 13, which exerts an
      acceleration of vibratory motion on the ingot pusher in the direction of
      the slipway extension, as indicated by the arrow 14. Both vibrators 8 and
      13 are fed by the same alternating-current source, whereby the phase
      relationship of the oscillation of the auxiliary vibrator 13 to that of
      the main vibrator 8 is regulated by a phase changer 15 in the power line
      connected to the auxiliary vibrator 13. Vibrators 8 and 13 are
      conventional imbalance-vibrators.
PAR  The gravity-discharge furnace of FIG. 1 operates as follows:
PAR  In the position of the ingot pusher 10 shown in FIG. 1, the ingot 5',
      located just outside the furnace, has been moved into the position shown
      in FIG. 1 by a movement vertical to the forward direction of transport 6,
      e.g., lateral to a chute (not shown in the figure). During operation, the
      main vibrator 8 operates continuously. Ingot pusher 10 when activated by
      the pneumatic setting mechanism 12 has a significantly lesser resistance
      to overcome to push the ingot column in the forward direction when the
      main vibrator 8 is turned on, than when it is turned off. This effect is
      further strengthened when the auxiliary vibrator 13 is switched on,
      impressing an acceleration of vibratory motion on the ingot pusher in the
      direction of the ingot slipway extension, this acceleration assisting the
      thrust of the ingot pusher 10. For certain phase relationship of the
      oscillations of vibrator 8 and 13 as can be easily determined for any
      specific installation, there is an optimum which can be regulated easily
      by shifting the conventional phase changer 15.
PAR  However, even in the time between the separate forward movements, during
      which the main vibrator 8 remains switched on, the ingot columns can
      expand more easily than would be the case without the vibration of the
      main vibrator 8. The strong pushing forces that otherwise would appear as
      a result of the high degree of friction between the ingots and the slipway
      upon thermal expansion of the ingot columns between neighboring ingots are
      largely avoided.
PAR  FIG. 2 shows a partial longitudinal cross-section of another preferred
      embodiment of the gravity-discharge furnace of this invention, which
      differs from FIG. 1 in that the ingot pusher 10, along with the auxiliary
      vibrator 13 and the hydraulic setting mechanism 12 that drives it, are
      mounted not on the swing beam 2 itself, but rather, by means of their own
      pedestal, with the furnace base. This embodiment is especially suited to
      heavy ingots, for which the already necessarily heavy swing beam
      construction is preferably not weighted down even more by addition of
      further elements of the device.
PAR  In the case of the embodiments of FIGS. 1 and 2, if the action of the main
      vibrator 8 is sufficient, the auxiliary vibrator 13 can, be eliminated.
PAR  In FIG. 3, another advantageous embodiment of the gravity-discharge furnace
      of the invention is represented in partial longitudinal cross-section. It
      differs from the variation of FIG. 1 essentially in that the main vibrator
      and the auxiliary vibrator are replaced by a single imbalance-vibrator 17,
      connected with the ingot pusher 10. This vibrator imparts an acceleration
      of vibratory motion to the swing beam 2 with a component perpendicular to
      the slipway through the slide of the ingot pusher 10 on the swing beam 2.
      It also causes the ingot pusher to swing in its slide, i.e. in the
      direction of the parts-slipway extension.
PAR  Many changes and modifications on the above described embodiment of the
      invention can of course be carried out without departing from the scope
      thereof. Accordingly, that scope is intended to be limited only by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gravity-discharge oven for heating a large number of production
      parts, which pass through the oven along slipway on which they lie, the
      parts being pushed through the oven by means mounted at the entrance to
      the said oven, for exerting a force upon the nearest part on the slipway
      to push all of the parts, as a column of parts over a stretch whose length
      is determined by the stroke of the pushing mechanism, the improvement
      including a beam, means for attaching said slipway to said beam in such a
      way that said beam swings, and a vibrator that acts upon said slipway with
      an acceleration of vibratory motion that has a component perpendicular to
      the direction of transport of the parts.
NUM  2.
PAR  2. In a gravity-discharge furnace as in claim 1, the further improvement
      wherein the amplitude of the component of the acceleration of vibratory
      motion pependicular to the extension of the parts-slipway is greater than
      or equal to 5% of the acceleration due to gravity.
NUM  3.
PAR  3. A gravity-discharge furnace as in claim 1, further including means for
      attaching said pushing means to said swing beam.
NUM  4.
PAR  4. A gravity-discharge furnace as in claim 1, wherein said pushing means
      includes a pneumatic cylinder.
NUM  5.
PAR  5. A gravity-discharge furnace as in claim 1, including means for fastening
      said vibrator onto the swing beam and further including an additional
      vibrator connected with said pusher, means for impressing an acceleration
      in vibratory motion on the swing beam in the direction of extension of
      said slipway, whereby the accelerations in vibratory motion of the
      vibrators have the same frequency and a predetermined phase relationship
      to one another.
NUM  6.
PAR  6. A gravity-discharge furnace as in claim 1, wherein said vibrator
      includes an imbalance-vibrator connected to the ingot pusher.
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ABST
PAL  A gripping and lifting device, especially for use with fuel elements and
      control rod means in a nuclear core reactor in which a carriage having a
      winch thereon supports a mast beneath the carriage in which is slidable a
      tubular body within which, in turn, is slidable a housing. Cables lead
      from the winch to the first body for vertical movement thereof while the
      housing has limited axial movement in the aforementioned body. On the
      lower end of the housing are two gripper devices, one for engagement with
      the control rods and the other for engagement with the fuel element.
      Separate actuators are provided for the two grippers and sensing devices
      are included in the structure for sensing the positions of the grippers. A
      feature of the arrangement is that when the body is elevated and the
      housing moves downwardly therein to a stopped position, the gripper for
      the fuel element is locked in its respective position.
BSUM
PAR  In core reactors, there is encountered the problem of exchanging the
      rod-shaped fuel elements as well as the blind, control, trim, poisoning
      and control rods in a manner which is not dangerous to the operator. To
      this end, it has been suggested according to U.S. Pat. No. 3,768,668
      Schukei issued Oct. 30, 1973 to equip a charging device intended for a
      core reactor and provided with a vertically movable double grab, with an
      independently operable control rod grab and with a fuel element grab.
      According to this patent, in a guiding mast which has its upper end
      rotatably journaled on the charging device for rotation about its vertical
      axis there is vertically displacably guided a centering bell. Within this
      bell there is vertically displaceably guided a control rod guiding insert
      with a fuel element gripper head at its lower end. Furthermore, within the
      control rod guiding insert there is a control rod gripper linkage guided
      for telescopic movement in vertical direction. Said linkage is suspended
      on two cables of a winch which is rotated when rotating the guiding mast.
      The lifting of the control rod guiding insert is effected by lifting the
      control rod gripper linkage after a shoulder on the control gripper head
      has from below engaged a flange at the upper end of the control rod
      guiding insert. A supporting plate which is mounted at the upper end of
      said control rod guiding insert will, after a certain movement in upward
      direction, engage from below a flange at the upper end of the centering
      bell. It is with this flange that the centering bell up to that time was
      deposited on abutments of the guiding mast. By further lifting the control
      rod gripper linkage and of the control rod guiding insert by means of the
      winch, subsequently, the centering bell is moved upwardly.
PAR  When by means of this charging device, a fuel element is to be pulled out
      of its jacket in the reactor core or in a bearing frame, the control rod
      guiding insert is, by lowering the control rod gripper linkage by means of
      the winch lowered until the fuel element gripper head sets open the fuel
      element. This takes place after the centering bell which was likewise
      first lowered has its upper flange resting upon the abutment of the
      guiding mast and after centering pins at the lower end of said centering
      bell have moved into bores of the adjacent fuel elements. Shortly prior to
      the fuel element gripper head setting down on the fuel element, the
      gripper pawls mounted on the burner element-gripper head are unlatched by
      upwardly moving a pin. Subsequently, the gripper pawls are by means of a
      pneumatic actuating cylinder mounted on the control rod guiding insert,
      brought into engagement with recesses of the fuel element head. During the
      start of the lifting of the fuel rod guiding insert, the gripper pawls are
      locked in their locking position. When the control rods are to be pulled
      out of a fuel element, the control rod gripper linkage is lowered further
      after the fuel element gripper head has set upon the head of the fuel
      element, until the control rod gripper head located at the lower end of
      said control rod gripper linkage has set upon the control rod head
      combining the control rods. By means of said last mentioned head the
      control rod gripper head is coupled to said control rod head by means of a
      pneumatic actuating cylinder which is located on the upper end of the
      control rod gripper linkage. By lifting the control rod gripper linkage by
      means of the winch, subsequently the control rods are pulled into the
      split pipes of the control rod guiding insert. The accidental
      disengagement of the coupling connection between the control rod gripper
      head and the control rod head is effected by outwardly spreading abutments
      (Beistellanschlaege) during the establishment of the coupling connection,
      which for abutments are arranged at the upper portion of the control rod
      gripper linkage. This spreading is effected in such a way that when
      lifting the control rod gripper linkage, the said abutments engage from
      below the flange provided at the upper end of the centering bell and by
      means of the weight of the centering bell lifted upwardly onto said flange
      are held in their spread position thereby preventing an actuation of the
      control rod gripper head in the sense of disengaging the clutch
      connection.
PAR  This construction has the drawback that when a fuel element has been
      lowered into the core or in a mounting the control rods are pulled out of
      the fuel element, this cannot be effected directly subsequent to the
      setting down of the fuel element-gripper head onto the fuel element head.
      It is rather necessary for this purpose first to further lower the control
      rod gripper linkage until the control rod gripper head has set upon the
      control rod head of the control rods in the fuel element.
PAR  Inasmuch as furthermore the control rods when being pulled out of the fuel
      element enter the control rod guiding insert, they can subsequently not
      without difficulties, for instance, by means of an endoscope, be
      inspected. It is rather necessary that after the centering bell has been
      pulled far enough upwardly into the guiding mast and has been deposited on
      pivotal abutments within said guiding mast, the control rods have to be
      lowered by means of the winch. After the control rod guiding insert rests
      by means of abutments on abutments provided at the lower end of the
      centering bell, the control rods extend downwardly from the control rod
      guiding insert. During this operation, the spread abutments move away from
      the upper flange of the centering bell so that the said abutments no
      longer serve as safety means for the coupling connection between the
      control rod gripper head and the control rod head.
PAR  It is an object of the present invention to provide a gripping apparatus of
      a lifting device for long extending bodies which pertain to two different
      groups with different functions, especially in a core reactor, for
      depositing and picking up of fuel elements and rods, said gripping
      apparatus being designed as integrated gripper in such a way that a simple
      and thus less expensive construction will be obtained which will not be
      liable to relatively frequent disorders and will bring about a
      considerable reduction in time heretofore required, especially when
      pulling rods subsequently to the depositing of a fuel element.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is an axial section through a charging device for fuel elements and
      rods with a burner element head and a control rod.
PAR  FIGS. 2 and 3 illustrate in axial section through parts of said charging
      device of FIG. 1 in two different positions respectively and on a larger
      scale than that of FIG. 1.
PAR  FIGS. 4, 5 and 6 diagrammatically illustrate a latching device in different
      positions respectively.
PAR  FIGS. 7, 8 and 9 diagrammatically illustrate another latching device in
      different positions respectively.
DETD
PAR  The invention brings about the advantage that the telescope-like guiding
      between a control rod gripper linkage and a control rod guiding insert
      carrying a fuel element gripper head will be avoided so that a
      considerable simplification in the construction will be obtained. The
      checking of the pulled fuel elements and rods will be facilitated. At any
      rate, the coupling connections between the fuel element grippers and the
      fuel element suspended thereon as well as between the rod-gripper and the
      rod head suspended thereon will be reliably assured. Furthermore, a
      turning of the winch during the turning of the guiding mast will be
      avoided.
PAR  A further advantage of the device according to the invention is seen in the
      fact that the various positions of the two grippers are safely indicated
      by remote indication to the operator. In particular, the feeler pin which
      is slidably guided in a vertical bore extending through the piston and the
      piston rod of the power device pertaining to the rod-gripper, indicates
      toward the outside whether the control rod head is disengaged from the
      burner element head and is coupled to the rod-gripper or vice versa.
PAR  Referring now to the drawings in detail, as will be seen therefrom, a
      guiding mast 2 extends vertically downwardly from the carriage 1 of the
      charging device. This mast 2 has its upper end by means of a flange and
      through the intervention of a bearing 3 rotatably resting on the platform
      of the carriage. The said upper end is rotatable about a vertical axis 4.
      The drive for rotating the guiding mast 2 is effected by means of a
      turning mechanism provided in the carriage 1. This turning mechanism
      comprises a motor 5 and a pinion 6 which meshes with a gear ring at the
      above mentioned flange of the guiding mast. If desired, also a frictional
      drive may be used.
PAR  Mounted on the carriage 1 is a drum 7 of a winch. From this drum, two
      cables 8 which are parallel to each other lead to traversing rollers 9 or
      bolts on which are suspended two racks 10. A plurality of pinions 11 mesh
      with the teeth of said racks which teeth face each other. The shafts of
      said pinions 11 are arranged in a pot-shaped supporting body 12 which
      receives the racks 10. The supporting body 12 thus, through the
      intervention of racks 10, is suspended on the cables 8 of the winch while
      by means of the pinions 11 a load equalization is effected between the two
      cables 8.
PAR  Within the hollow guiding mast 2 which may, for instance, have a
      square-shaped cross section there is in vertical direction displaceably
      guided a hollow gripper body 13 which may likewise have a square cross
      section. The gripper body 13 is guided by means of rollers 14 which are
      arranged on the inner side of the guiding mast 2. The gripper guiding body
      13 is supported by the supporting body 12 by having an upper end wall 15
      with the edge of a circular opening resting on the upper rim portion of
      the supporting body 12 through the intervention of the axial pressure
      bearing 16.
PAR  Within the gripper body 13, a gripper housing 17 is vertically displaceably
      guided, said housing 17 likewise having a square-shaped cross section.
      This displacement is possible by means of guiding strips 18, 19 which are
      arranged on the gripper housing 17 or on the gripper body 13. The gripper
      housing 17 is closed at its top by a plate 20 which latter is provided
      with a collar 21 projecting over the side walls of the gripper housing 17.
      When the gripper body 13 is lifted, strips 22 engage from below the collar
      21. These strips 22 are arranged on the side walls of the gripper body 13
      and more specifically on the inner sides thereof so that the gripper
      housing 17 will be supported by the gripper body 13 when the gripper
      housing 17 is lifted. Gripper pawls 23 which in pairs are located opposite
      each other are by means of bolts 24 pivotable about horizontal axes and
      are located at the lower end of the gripper housing 17. The lower ends of
      the gripper pawls 23 are designed in the form of inwardly directed hooks
      equipped at their ends with upwardly directed noses 25. The gripper links
      23 are designed as angle levers with legs 26, which at the level of the
      bolts 24 are approximately horizontally directed inwardly. Rods 27 engage
      legs 26 of two oppositely located gripper links 23. These rods 27 extend
      through openings in a lower platform 28 of the gripper housing 17 and
      further extend upwardly to the end of a traverse 29. The center of the
      traverse 29 is engaged by a piston rod 30 of a pneumatic power operable
      device, said piston rod 30 extending through a bore in the plate 20. The
      pertaining piston 31 is guided in a cylinder 32 mounted on plate 20. The
      piston rod 30 continues from the piston 31 upwardly in the form of a rod
      33 which passes through a bore in an upper end wall of the cylinder 32. A
      helical spring 34 presses from below against a collar provided at the
      upper end of the rod 33. Spring 34 is mounted on the upper end wall of the
      cylinder 32. It will be appreciated that spring 34 will thus have the
      tendency to urge the rod 33 and thereby the piston rod 30 and the traverse
      29 with the rods 27 to move in upward direction which means that the
      spring 34 tends to pivot the gripper pawls 23 into the coupling position
      shown in FIGS. 1 and 2 in which the hook-shaped ends of the gripper pawls
      23 extend through cutouts 35 in extensions on the head 36 of a fuel
      element.
PAR  The pivoting of the gripper pawls 23 into coupling position is brought
      about on the other hand, primarily by means of compressed air which may be
      fed through a conduit 37 into that chamber of the cylinder 32 which is
      located below the piston 31, whereas air is displaced through a conduit 38
      from the cylinder above the piston 31.
PAR  When the coupling connection between the gripper housing 17 and the head 36
      of the fuel element is to be disengaged, the piston 31 is moved downwardly
      against the thrust of spring 34 in order to permit outward pivoting of the
      gripper pawls 23 according to FIG. 3. This is effected by means of
      compressed air which is fed through a conduit 38 into the cylinder chamber
      provided above the piston 31. At the same time, air escapes from the
      cylinder chamber below the piston through the conduit 37. In this
      connection, care is to be taken that the respective escaping air will
      still be under a certain overpressure in order to prevent water in case of
      a leak from entering the conduits 37, 38.
PAR  At the upper end of the rod 33 there is provided a cam piston 39, the
      lateral profile surface of which is engaged by the horizontally movable
      pins of two limit feelers 40. These feelers 40 are arranged in a holder on
      cylinder 32 and have electrical conductors connected thereto which in a
      cable 41 lead upwardly. Cable 41 extends through the upper face wall 15 of
      the gripper body 13 and from there extends to the carriage 1 and a control
      station. In this control station the position of the piston 31 is
      indicated so that is can be ascertained whether the gripper pawls 23 are
      in closing or opening position.
PAR  The gripper housing 17 has fingers 42 which extend downwardly and by means
      of which the gripper housing can be placed upon a collar 43 of the fuel
      element head 36. The gripper housing 17 is centered relative to the head
      36 by fingers 44 which protrude upwardly from the collar 43 and which rest
      against the inner surfaces of the fingers 42.
PAR  The cylinder 45 of a pneumatic operable power device for actuating the rod
      gripper is mounted on the lower platform 28 of the gripper housing 17.
      This rod gripper comprises a cylindrical coupling pivot 46 which is
      axis-centrally mounted on the bottom side of the platform 28 and extends
      downwardly. Pivot 46 is, in conformity with the showing of FIGS. 1-3,
      slipped from above fitting into a bore of a sleeve 47 which extends
      upwardly from a plate 48 which forms the rod head. In plate 48 and
      distributed in a diamond-like manner are the upper ends of rods 49
      (control rods, trim rods, poisoning rods, or regulating rods) which have
      been inserted into the bores of the fuel element in conformity with FIGS.
      1 and 2.
PAR  The rod gripper is, for purposes of establishing a coupling connection
      between the gripper housing 17 and the rod head 48 provided with a ring of
      supporting balls 50 which are located in radial bores of the coupling
      pivot 46. In the positions which the gripper housing assumes in FIGS. 1, 2
      and 3, an annular groove 51 in sleeve 47 is located opposite said radial
      bores. On the other hand, opposite the radial bores containing the balls
      50, according to the setting shown in FIGS. 1 and 2 of the power device
      pertaining to the rod gripper there is located an annular groove 52. The
      annular groove 52 is located in a guiding rod 53 which is displaceably
      guided in a central bore of the coupling pivot 46. The guiding rod 53
      forms the continuation of the piston rod which starts from the piston 54
      in cylinder 45 and passes through a bore of the platform 28.
PAR  From piston 54 a rod 55 extends upwardly which is passed through a bore in
      an extension 56 of a lid 57 which closes the cylinder 45. A helical spring
      58 which extends around the rod 55 is located in a bore of the extension
      56. This helical spring exerts a downwardly directed pressure upon a
      collar 59 on rod 55. Spring 58 aids the action of the compressed air which
      may be introduced through a conduit 60 into the chamber of cylinder 45,
      said chamber being located above the piston 54. Simultaneously, air
      escapes from the chamber below the piston 54 through a conduit 61. For
      purposes of lifting the piston 54 against the thrust of spring 58,
      compressed air may, through conduit 61, be introduced into the cylinder
      chamber below the piston 54. Simultaneously, air escapes from the cylinder
      chamber above the piston 54 through the conduit 60. As in this instance,
      care has been taken that the respectively escaping air is still under an
      overpressure. The conduits 60, 61 are together with the conduits 37, 38
      combined into a strand 62 which passes through the upper end wall 15 of
      the gripper 13 to the carriage 1 and to a non-illustrated compressed air
      storage and control device. At that end of the rod 55 which protrudes
      beyond the extension 56 there is provided a cam piston 63 having its
      lateral profile surface engaged by the displaceable pins of two limit
      feelers 64 which are arranged in a frame 65 connected to the lid 57.
      Connected to these pins are electric conductors which are bound into the
      cable 41 which latter passes through plate 20.
PAR  For purposes of establishing a coupling connection between the rod head 48
      and the fuel head 36 there is provided a cylindrical pivot 67 which forms
      the continuation of sleeve 47 and passes through a bore in plate 48 and
      through an extension 68 which extends from plate 48 in downward direction.
      When the gripper housing 17 occupies the position illustrated in FIGS. 1
      and 2, the extension 68 rests on a sleeve 69 which extends upwardly from
      the fuel element head 36. The cylindrical pivot 67 has, in such an
      instance, its lower end fittingly inserted into the bore of sleeve 69,
      said lower end protruding in downward direction from the extension 68.
PAR  In the bore of sleeve 47, which bore receives the coupling pivot 46 there
      is guided a piston 70 followed in downward direction by a cylindrical
      guiding rod 71. Guiding rod 71 is displaceably guided in a downwardly
      extending narrower bore of the cylindrical pivot 67, said last mentioned
      bore following the bore in sleeve 47. Pivot 67 is, in the vicinity above
      its lower end 72, provided with an annular groove 73 and above the latter
      has a slit 74. Through this slit, a bolt 75 passes which fits tightly in
      bores of the cylindrical pivot 67 and of the extension 68. That end of the
      pivot 67 which protrudes downwardly from the extension 68 has radial bores
      provided with supporting balls 76. Assuming that the gripper housing 17
      and the rod head 48 occupy the positions illustrated in FIGS. 1 and 2, the
      said radial bores have located opposite thereto an annular groove 77 of
      the sleeve 69. On the other hand, with the position of the parts 17 and 18
      located as shown in FIGS. 1 and 2, said radial bores are closed by the
      lower end 72 of the guiding rod 71 which has been moved upwardly as far as
      possible. With the lower end position of guiding rod 71, as illustrated in
      FIG. 3, the radial bores have located opposite thereto the annular groove
      73. A pressure spring 78 located in the bore of sleeve 47 has the tendency
      to move the piston 70 as far as possible in upward direction.
PAR  The guiding rod 53, the piston 54, and the rod 55 have an axis-central
      continuous bore. In this bore there is displaceably guided a feeler pin
      79, the upper end of which projects considerably beyond the bar 55 and is
      passed through a bore in an upper cover plate 80 of the frame 65. That end
      of the feeler pin 79 which projects beyond the cover plate 80 has an
      abutment 81. A cam piston 82 is mounted on the feeler pin 79 below the
      cover plate 80. The later profile surface of cover plate 80 is engaged by
      a horizontally displaceable pin of a limit feeler 83 which is located in
      the frame 85. At the limit feeler 83 there originates an electric
      conductor which is wound into the cable 41. A helical spring 84 which
      rests against the cover plate 80 and has the tendency to move the feeler
      pin 79 downwardly, acts upon a cam piston 82. The feeler pin 79 will thus
      always have its lower end rest against the piston 70.
PAR  FIGS. 1 and 2 illustrate the instance in which the gripper housing 17 rests
      with its fingers 42 on the fuel element head 36 and is coupled thereto by
      the gripper pawls 43. Accordingly, the piston 31 of the power device
      pertaining to the fuel element gripper is by compressed air from conduit
      37 and by spring 34 pushed upwardly as far as possible.
PAR  In this connection it is assumed that the rod head 48 is coupled to the
      fuel element head 36. This is actually so, according to FIG. 2, the piston
      54 of the power device pertaining to the rod gripper is by compressed air
      from conduit 61 pushed upwardly against the resistance of spring 58 and
      consequently, also piston 70 is by spring 48 moved into the upper end
      position determined by the bolt 75. In this upper end position, the lower
      end 72 of the guiding rod 71 prevents the supporting balls 46 from leaving
      the annular groove 77 of sleeve 69.
PAR  In conformity with the upper position of piston 54, the coupling connection
      between the gripper housing 17 and the rod head 48 is not yet established.
      It will be appreciated that the annular groove 52 of the guiding rod 53 is
      located opposite the radial bores of the coupling pivot 46, which radial
      bores contain the supporting balls 50. The annular groove 52 receives the
      supporting balls 50 so that they cannot engage the annular groove 51 of
      sleeve 47.
PAR  This condition, which means the position of piston 54 and of guiding rod 53
      is through cam piston 63 and limit feelers 64 as well as the cable 41
      indicated in the control panel where it is also indicated that the rod
      head 48 is not coupled to the gripper housing. Furthermore, the feeler pin
      79 which in FIGS. 1 and 2 occupies its uppermost end position, indicates
      through the cam piston 82 and limit feeler 64 as well as the cable 41 to
      the control panel that the rod head 48 is still coupled to the fuel
      element head 36.
PAR  The placing of the gripper head housing 17 upon the fuel element head 36 is
      effected in conformity with FIGS. 1 and 2 by lowering the gripper body 13
      by means of winch 7. After the gripper housing has by means of finger 42
      been deposited on the fuel element head 36, the gripper body has still a
      certain coasting stroke, the stroke of which is indicated in FIG. 1 with
      the letter N. Consequently, the fuel mantle head 36 will be only under the
      load of the gripper housing 17 but not under the load of the gripper body
      13.
PAR  In order that the fuel element together with the rods 49 inserted therein
      will be pulled out of its fitting 84 in the core or in a bearing frame,
      the gripper body 13 is lifted by means of winch 7 through the supporting
      body 12. If the strips 22 of the gripper body rest against the collar 21
      of the gripper housing 17, the latter is lifted together with the fuel
      elements coupled through the cable pawls 23.
PAR  In this case it has to be assured that the coupling connection between the
      gripper housing and the fuel element cannot be disengaged. To this end,
      there is provided for instance the locking device illustrated
      diagrammatically in FIGS. 4, 5 and 6. According to this showing, a locking
      element 86 is provided on the top side of a strip 22 of the gripper body
      13. Pivotally mounted on the collar 21 of the gripper housing 17 is a
      sector 87, said sector being pivotably about a horizontal axis and has two
      ratchets 88, 89 adapted to be engaged by the locking member 86. The sector
      87 is through a linkage system, for instance a linking member 90 and an
      angle lever 91 in positive connection with the traverse 29.
PAR  According to FIG. 4, it is assumed that the gripper housing 17 is to be
      placed upon a fuel element head 36. In such an instance the collar 21
      rests still on the strips 22 of the gripper body 13 which is moved
      downwardly. The gripper pawls 23 are spread so that they can extend beyond
      the coupling extensions of the fuel element gripper head 36 which coupling
      extensions comprise the recesses 35. Accordingly, the piston 31 of the
      pertaining power operable device is moved into its lower end position.
      This is in automatic conformity with the rotary position of sector 87
      illustrated in FIG. 4, according to which the locking member 86 engages
      the ratchet 89. Consequently, the actuating linkage for the gripper pawls
      23 is blocked. According to FIG. 5, the gripper housing has been placed
      upon the fuel element heads according to FIGS. 1 and 2. Accordingly, the
      gripper body has moved over a portion of the coast stroke N so that the
      strip 22 has moved from the collar 21 downwardly by the distance n.
      Consequently, the locking member 86 has moved out of the ratchet 89.
      Therefore, the linkage for actuating the gripper pawls 23 is no longer
      blocked. These pawls 23 are therefore by movement of the piston 31 in
      upward direction moved into the closing position of FIGS. 1 and 2 whereby
      the fuel element head 36 is coupled to the gripper housing 17. This
      automatically corresponds to the rotary position of sector 87 shown in
      FIG. 5 in which position the ratchet 82 is located opposite the locking
      member 86.
PAR  If now in conformity with FIG. 5 the gripper body 13 is lifted until the
      strips 22 engage the collector 21, the locking member 86 engages the
      ratchet 88. As a result thereof, the sector 87 is held in its position,
      and consequently will be able due to the positive connection between the
      sector 87 and the traverse 29 cannot be moved. In this way the coupling
      connection between the gripper housing and the fuel element suspended
      thereon is assured. Only when the fuel element pulled out of its holding
      means has been placed into another holding means while the gripper housing
      is placed upon the burner element head and while the gripper body 13
      coasts further downwardly, the locking will be eliminated because the
      locking member 86 leaves the ratchet 88. Then the piston 31 can be moved
      downwardly so that the gripper pawls 23 are pivoted into the disengaging
      position according to FIG. 3.
PAR  It is a matter of course that the positive connection between the pivotable
      part of the locking device and any desired part of the linkage serving for
      actuating the gripper pawls 23 may be realized in various other ways.
PAR  When the rods 49 are to be pulled out from the fuel element in fitting 85,
      the gripper housing is in the above described manner with its fingers 42
      placed upon the fuel element head. The gripper pawls 23 will be in the
      opening position shown in FIG. 3. Thereupon the piston 54 of the power
      operable device pertaining to the rod gripper is by means of compressed
      air from conduit 60 and with the aid of spring 58 moved downwardly into
      the position shown in FIG. 3. In this connection, the guiding rod 53 will
      with its cylinder surface located above the annular groove 52 move behind
      the radial bars containing the supporting balls 50 so that the said balls
      will be pressed into the annular groove 51 of the sleeve 47.
PAR  This condition is indicated on the control panel by the cam piston 63, the
      limit feeler 64 and the cable 41 with the downward movement of the buiding
      bar 53; the piston 70 is against the thrust of spring 78 moved into the
      lower end position illustrated in FIG. 3 which is limited by the bolt 75.
      The annular groove 73 moves behind the bores of pivot 67 which bores
      contain the supporting balls 76. Since in view of this fact, the
      supporting balls 76 have moved out of the annular groove 77 of the sleeve
      69 mounted on the fuel element head 36, the coupling connection between
      the rod head 48 and the fuel element head 36 is disengaged. This condition
      is indicated on the operator's stand by the feeler pin 79, which due to
      the pressure of the spring 84 followed the downward movement of the piston
      70, through the intervention of the cam piston 82, the limit feeler 83,
      and the cable 41.
PAR  The rods 49 can now be pulled out of the fuel element as is illustrated in
      its initial phase in FIG. 3.
PAR  In order to assure the coupling connection between the rod head 48
      suspended on the gripper housing 17 on one hand and on the housing 17 on
      the other hand, a locking device is provided, preferably on the same type
      as illustrated in FIGS. 4-6. A sector of the locking device which sector
      is correspondingly provided with ratchets is by a linkage positively
      coupled for instance to the rod 55 or to another structural element taking
      part in the movement of the piston 54. Also in this instance the locking
      will be effected when during the lifting of the gripper body 13 a strip 22
      rests from below against the collar 21 of the gripper housing, and thus
      the locking member 36 engages the respective ratchet of the sectors.
PAR  Of course the locking device may suitable also be designed in a different
      way for instance in a kinematic reversal between the ratchets and the
      locking member. It is also within the scope of the present invention if
      the coasting movement of the gripper body relative to the gripper housing
      is in any other manner effected in such a way that after the gripper
      housing has been placed upon the fuel element head, a support of any
      suitable type of the gripper body moves from a counterbearing of the
      gripper housing in downward direction.
PAR  It is important that if, for instance according to FIGS. 1 and 2 a fuel
      element has been deposited in an insert while the gripper housing 17 with
      its fingers 42 is seated on the fuel element head 36, without delay rods
      49 can be pulled out of the fuel element head 36. It will be appreciated
      that when placing the fuel element into the fitting 85, the coupling pivot
      46 has already entered the bores of the sleeve 47 while the supporting
      balls 50 are located already opposite the annular groove 51 of sleeve 47.
      Thus, it is now merely necessary that the piston 54 of this power operable
      device pertaining to the rod gripper moves downwardly and that the piston
      31 of the power operable device pertaining to the fuel element gripper is
      moved downwardly for spreading the gripper pawls 23.
PAR  The guiding mast 2 can, depending on the requirements, be rotated about its
      axis 4 while the gripper body 1 and the gripper housing 17 are likewise
      turned automatically, This is effected for instance for purposes of
      inspecting fuel elements or rods mounted on the gripper housing or of the
      rods which are suspended on the rod head provided on the gripper housing.
      Furthermore, a corresponding rotary movement may be effected in order to
      rotate a group of rods about a certain angle after said rods have been
      pulled out from a fuel element and to place the rods in the annular
      position into the bores of the fuel element. In this connection it is
      favorable if the winch is introduced by the rotation of the gripper body.
PAR  It is, of course, to be understood that the present invention is by no
      means limited to the specific showing in the drawings but also comprises
      any mocifications within the scope of the appended claims.
PAR  FIGS. 7, 8 and 9 show that a locking element and a locking member shown in
      FIGS. 4, 5 and 6 may be used for locking the gripper means 47, 53
      pertaining to the rod means 48, 49. In FIGS. 7, 8, and 9 portions 186 and
      191 are similar to portions 86 to 91 respectively in FIGS. 4, 5 and 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a gripping and lifting device, for the fuel elements
      and rod means in a core reactor; a carriage, a winch drum on the carriage,
      a support member beneath the carriage and cable means suspending the
      support member from the winch drum, a gripper body having at its upper end
      an inwardly protruding first abutment which can rest upon said support
      member and having a lower situated inwardly protruding second abutment, a
      gripper housing reciprocable within said gripper body having a third
      abutment which can rest upon said second abutment and having at its lower
      end a first gripper means for engagement with rod means and a second
      gripper means for engagement with a fuel element, the rod means being
      insertable in the fuel element and removable completely independently from
      the fuel element, a first power operable means arranged within said
      gripper housing and attached to said gripper housing for actuating said
      first gripper means, a second power operable means attached to said
      gripper housing at a higher level than said first power operable means for
      actuating said second gripper means, locking means for locking said first
      and second gripper means in gripping positions.
NUM  2.
PAR  2. In a gripping and lifting device, especially for the fuel elements and
      rod means in a core reactor; a carriage, a winch drum on the carriage, a
      support member beneath the carriage and cable means suspending the support
      member from the winch drum, a gripper body supported by said support
      member and dependent therefrom, a gripper housing in said body and having
      first and second gripper means at the bottom for engagement with rod means
      and a fuel element respectively, said housing being provided with first
      and second power operable means arranged one above the other for actuating
      said first and second gripper means respectively between gripping and
      release positions, locking means for locking said means in gripping
      position, said housing being reciprocable in said body, cooperating
      elements of abutment means on said body and housing for limiting the
      downward movement of the housing in the body, the power operable means for
      said first gripper means comprising a first cylinder and a first piston in
      said housing, a first separable ball coupling between said rod means and
      said first gripper means, a second separable ball coupling between said
      rod means and said fuel element, a first guiding rod extending downwards
      from said first piston and forming an actuator for said first separable
      ball coupling, a first spring means which may urge said first piston
      downwards into a first position for locking said first separable ball
      coupling means, a second guiding rod arranged below said first guiding rod
      and forming an actuator for the second separable ball coupling, and a
      second spring means which may urge said second guiding rod upwards into a
      first position for locking said second second separable ball coupling,
      said first guiding rod in its first position holding said second guiding
      rod in a second position for releasing said second separable ball
      coupling, said first piston may be urged by a fluid supplied into the
      lower portion of said first cylinder upwards into a second position for
      releasing said first separable ball coupling.
NUM  3.
PAR  3. A device in combination to claim 2 which includes a mast dependent from
      said carriage and reciprocably receiving said gripper body, said winch
      drum being horizontally disposed on said carriage and being nonrotatable
      in the horizontal plane of the axis thereon, and bearing means rotatably
      supporting said gripper body on said support member.
NUM  4.
PAR  4. A device according to claim 2 in which said first piston has a rod
      connected thereto and extending axially from said first cylinder upwards,
      cam means on said rod, and switch means stationary relative to said
      cylinder and actuated by said cam as said first piston moves in said first
      cylinder.
NUM  5.
PAR  5. A device according to claim 4 which includes a feeler pin extending
      axially and reciprocably through said upwards extending rod, through said
      first piston and through said first guiding rod and at the lower end being
      engageable by the actuator for said second ball coupling, a third spring
      biasing said pin downwards toward said actuator for said second ball
      coupling, a cam on the upper end of said pin, and switch means operated by
      said cam in response to axial movement of said pin.
NUM  6.
PAR  6. A device according to claim 2 in which said second power operable means
      for said second gripper means comprises a second cylinder and a second
      piston therein arranged above said first power operable means, a crosshead
      connected to said second piston, rods connected to said crosshead and
      extending to said second gripper means which comprises a pair of pivotally
      supported angle levers having said rods connected to the one end and
      adapted for engaging said fuel element at the other end, a cam actuated by
      said second piston, and switch means operated by said cam in response to
      movement of said second piston in said second cylinder.
NUM  7.
PAR  7. A device according to claim 6 which includes a lock member moveably
      mounted on said gripper housing and connected to said crosshead for
      movement thereby, a lock element on said gripper body operable to engage
      and lock said locking member in a first position in which said second
      gripper means is released and in a second position in which said second
      gripper means is engaged, said lock element and lock member being
      engageable and disengageable in response to relative axial movement
      between said gripper body and said gripper housing.
NUM  8.
PAR  8. A device according to claim 7 in which said lock element is moved into
      locking engagement with said locking member when said cooperating elements
      of abutment means are engaged.
NUM  9.
PAR  9. A device according to claim 2 which includes a lock member moveably
      mounted on said gripper housing and connected to a member fixedly
      connected to said first piston for movement thereby, a lock element on
      said gripper body operable to engage and lock said locking member in a
      first position in which said first gripper means is released and in a
      second position in which said first gripper means is engaged, said lock
      element and lock member being engageable and disengageable in response to
      relative axial movement between said gripper body and said gripper
      housing.
NUM  10.
PAR  10. A device according to claim 9 in which said lock element is moved into
      locking engagement with said locking member when said cooperating elements
      of abutment means are engaged.
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ABST
PAL  A furnace has a normally closed filling inlet. There is provided an
      arrangement for opening the filling inlet, then filling the interior of
      the furnace with a charge, and then reclosing the inlet, all in gas-tight
      and dust-tight manner, in order to prevent the free escape of dust and
      gases into the ambient atmosphere during the filling of the furnace. The
      arrangement includes a housing having an opening positioned in proximity
      to the normally closed filling inlet. A sealing arrangement is activatable
      for establishing a gas-tight and dust-tight seal between the portion of
      the housing surrounding the housing opening and the portion of the furnace
      surrounding the normally closed filling inlet, so as to confine within the
      interior of the housing any dust and gas entering the filling inlet or
      escaping from the filling inlet during the filling of the interior of the
      furnace. Inside the housing there is provided an arrangement activatable
      for opening and closing the normally closed filling inlet of the furnace.
      A filling arrangement is operative for conveying a charge through the
      interior of the housing and into the furnace filling inlet. The filling
      arrangement has a discharge end portion located within the housing
      gas-tightly and dust-tightly connected to the housing so that dust and gas
      leaving the discharge end portion but not entering the filling inlet is
      confined within the housing and is unable to freely escape into the
      ambient atmosphere. Advantageously, the arrangement is used in conjunction
      with a battery of furnaces having respective filling inlets arranged in a
      row, and the arrangement, as a whole, is movable into sealing engagement
      with successive ones of the filling inlets for filling successive ones of
      the furnaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates broadly to the problem of filling a furnace without
      permitting gas and dust to escape freely into the ambient atmosphere.
PAR  More specifically, the invention relates to the problem of lifting off the
      cover of a furnace opening, filling the interior of the furnace with a
      charge of moist or preheated coal, and then replacing the cover, without
      permitting gas and dust to escape freely into the ambient atmosphere.
PAR  Still more specifically, the invention relates to the problem of lifting
      off the covers, charging and then reclosing successive ones of the
      furnaces in a battery of furnaces, without permitting gas and dust to
      escape freely into the ambient atmosphere.
PAR  When filling the successive furnace chambers of a battery of coke furnaces
      with preheated coal, a great amount of gas and dust escapes into the
      atmosphere. This escape of dust and gas is environmentally detrimental and
      presents a serious health hazard to persons working in the vicinity of
      such a battery of coke furnaces. The known arrangements for counteracting
      this escape of dust and gas, such as those incorporating steam jet nozzles
      in the furnace feed pipe and those incorporating suction ventilating
      devices, have not proved completely satisfactory.
PAR  West German patent application Ser. No. 2,060,677 discloses an arrangement
      for charging coke ovens with dry, sometimes preheated coal. This
      arrangement constitutes an improvement over prior arrangements, in so far
      as the undesired release of dust and gas during the charging operation is
      concerned. However, this known arrangement has the disadvantage that it
      cannot prevent the escape of a very considerable amount of dust and gas
      during the time interval between the completion of the filling operation
      and the reclosing of the furnace filling inlet.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the invention to provide an arrangement for
      opening the filling inlet of a furnace, filling the interior of the
      furnace with a charge and then reclosing the filling inlet of the furnace,
      without permitting the escape of dust and gas.
PAR  This object, and others which will become more understandable from the
      description, below, of a preferred embodiment, can be met, according to
      one advantageous concept of the invention, by providing, in combination
      with a furnace having a normally closed furnace filling inlet, an
      arrangement for opening the filling inlet, then filling the interior of
      the furnace and then reclosing the inlet all in gas-tight and dust-tight
      manner in order to prevent the free escape of dust and gas during the
      filling of the furnace. The arrangement advantageously comprises a housing
      having an opening positioned in proximity to the normally closed filling
      inlet of the furnace. Sealing means is activatable for establishing a
      gas-tight and dust-tight seal between the portion of the housing
      surrounding the housing opening and the portion of the furnace surrounding
      the normally closed furnace filling inlet, in order to confine within the
      interior of the housing any dust and gas entering the filling inlet or
      escaping from the filling inlet during the filling of the interior of the
      furnace. Means is provided within the housing activatable for opening and
      reclosing the normally closed furnace filling inlet. Filling means is
      operative for conveying a charge through the interior of the housing and
      into the furnace filling inlet. The filling means has a discharge end
      portion located within the housing gas-tightly and dust-tightly connected
      to the housing so that dust and gas leaving the discharge end portion but
      not entering the filling inlet are confined within the housing and are
      unable to freely escape into the ambient atmosphere. Advantageously, means
      can be provided for ventilating the interior of the housing prior to
      termination of the gas-tight and dust-tight seal established by the
      sealing means. Advantageously, the arrangement cooperates with a battery
      of furnaces having respective filling inlets arranged in a row, the
      arrangement being moved, as a whole, along such row, and serving to open,
      charge and reclose each furnace in turn, in a manner preventing the free
      escape into the ambient atmosphere of dust and gas.
PAR  Advantageously, the housing can be a generally tubular housing gas-tightly
      and dust-tightly sealed at its top by means of a removable cover member
      and having a lower open end. Provided at the lower open end is a
      telescoping sealing arrangement which can be telescoped out into
      engagement with the surface portion of the furnace wall surrounding the
      furnace filling inlet to form a gas-tight and dust-tight chamber into
      which the furnace inlet opens. The furnace inlet is normally provided with
      a removable cover. Accordingly, there is provided inside the housing of
      the arrangement an electromagnetic lifting arrangement which descends to
      electromagnetically engage and then lift off the furnace cover during the
      filling of the furnace. For the filling of the furnace, a telescopic
      filling pipe arrangement moves into working position, with its discharge
      end portion in proximity to the filling inlet of the furnace. Upon
      completion of the filling operation, the filling pipe arrangement is
      telescopically retracted, and then the electromagnetic lifting arrangement
      descends to replace the furnace cover and then rises in deenergized state
      to its retracted position. The housing is provided with a guide portion
      defining a guide opening for guiding the movement of the telescopically
      retractable filling pipe arrangement. The peripheral clearance defined
      between the filling pipe arrangement and the guide opening is gas-tightly
      and dust-tightly sealed, so that during and after the filling operation
      dust and gas cannot escape from the interior of the housing, until such
      time as the telescopically retractable sealing arrangement is retracted.
      However, before such retraction occurs, the interior of the housing will
      have been vented, so that no escape of injurious dust and gas into the
      ambient atmosphere will occur. The infeed end of the telescopically
      retractable filling pipe arrangement receives preheated or moist coal from
      a conveyor arrangement, for example a hopper car, a belt-type conveyor
      arrangement, a drag-link conveyor, or a screw conveyor.
PAR  The advantage of the invention resides not only in the fact that the
      filling operation can be performed without any escape of gas or dust into
      the atmosphere, particularly during the interval between the termination
      of filling and the closing of the furnace filling inlet, but additionally
      in the fact that the inventive arrangement prevents the free entrance of
      ambient air into the furnace chamber.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE depicts in schematic manner one embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The arrangement includes a generally tubular body 1 provided at its lower
      end with a telescopic extension 2. The telescopic extension 2 can be
      lowered into gas-tight engagement with the upper surface of an upper
      furnace wall 3. The telescopic extension 2 can be raised and lowered by
      means of non-illustrated hydraulic cylinder-and-piston units of per se
      conventional construction, or by other conventional means.
PAR  When the telescopic extension 2 is lowered into engagement with the upper
      surface of the upper furnace wall 3, the seal-tight engagement between the
      extension 2 and the wall 3 is both gas-tight and dust-tight. This can be
      accomplished by providing the lower peripheral end face of the telescopic
      extension 2 with conventional sealing members.
PAR  The upper end of the tubular body 1 is sealed off by means of a removable
      cover portion 4.
PAR  Provided in the upper portion of the interior of the tubular body 1 is a
      schematically depicted electromagnetic lifting arrangement 5. The
      electromagnetic lifting arrangement 5 is operative for lifting the furnace
      cover 6 off the upper furnace wall 3 thereby opening the furnace filling
      inlet 9, and is operative for subsequently lowering the furnace cover 6
      back into place thereby closing off the furnace filling inlet 9. When the
      furnace cover 6 is thusly replaced, the electromagnetic lifting
      arrangement 5 is deenergized, so that when it is subsequently raised, the
      furnace cover 6 remains in place, closing off the inlet 9. The
      electromagnetic lifting arrangement 5 can be raised and lowered by means
      of a conventional hydraulic cylinder-and-piston arrangement, the piston of
      which is shown rigidly connected to the housing which encloses the
      electromagnet of the lifting arrangement 5.
PAR  The arrangement shown in the FIGURE is further comprised of a filling pipe
      7 slidable within a guide pipe 8 rigid or integral with the tubular body 1
      and disposed at an angle relative to the tubular body 1. The filling pipe
      7, in the illustrated embodiment, is composed of telescoped sections, of
      which only two are shown. The outermost one of the telescoped filling pipe
      sections is connected by means of the illustrated pulling cable to the
      piston of a non-illustrated hydraulic cylinder-and-piston arrangement of
      per se conventional construction. The cylinder-and-piston arrangement is
      operative for pulling upwardly on the pulling cable to effect retraction
      of the telescoped sections of the filling pipe 7. When the
      cylinder-and-piston arrangement is released, the filling pipe 7 sections
      lower under their own weight, being guided by the housing section 8.
PAR  The lowermost section of the telescoped filling pipe 7 is narrowed at its
      lower end, having an end section a portion of which is substantially
      vertical. The filling pipe 7 is gas-tightly and dust-tightly sealed
      relative to the cylindrical guide section 8 of the housing, by
      conventional sealing means.
PAR  The operation of the illustrated arrangement is as follows:
PAR  Initially, the filling pipe 7 is in its upwardly retracted position, the
      electromagnetic lifting arrangement 5 is in the illustrated upwardly
      retracted position, the telescoped lower extension 2 is in its upwardly
      retracted position, and the furnace cover 6 is in place closing off the
      furnace filling inlet 9.
PAR  The telescoped extension 2 of the housing 1 is then lowered into gas-tight
      and dust-tight engagement with the upper furnace 3 of the furnace, by
      hydraulic means for example. Next, the electromagnet arrangement 5,
      preferably in unenergized condition, is lowered, for example by hydraulic
      means, into engagement with the furnace cover 6. The electromagnet lifting
      arrangement 5 is then energized, causing the furnace cover 6 to be
      magnetically attracted thereto. Next, for example by hydraulic means, the
      electromagnetic lifting arrangement 5 is upwardly retracted into its
      illustrated position, the furnace cover 6 being magnetically raised
      therewith, as shown in the FIGURE. Thereupon, the non-illustrated
      hydraulic cylinder-and-piston unit connected to the lifting cable of the
      filling pipe 7 is deactivated, thereby causing the telescopic filling pipe
      7 to descend, until the lower open end thereof is positioned directly over
      the now-open furnace filling inlet 9. Preheated or moist coal is then fed
      into the interior of the furnace, through the filling pipe 7 and into the
      opening 9, from a non-illustrated coal conveying arrangement which
      discharges into the upper open end of the telescoping filling pipe
      arrangement 7.
PAR  When the filling of the furnace has been completed, the discharging of coal
      into the filling pipe arrangement 7 is terminated. Thereupon, the
      non-illustrated hydraulic cylinder-and-piston arrangement connected to the
      lifting cable of the filling pipe 7 is activated, causing the filling pipe
      arrangement 7 to telescopically retract upwards, to a position out of the
      path of downwards movement of the electromagnetic lifting arrangement 5.
      Thereupon, by hydraulic or other means, the lifting arrangement 5, in
      energized condition and supporting the furnace cover 6, is caused to
      descend, until the furnace cover 6 is again in place closing off the
      furnace filling opening 9. Thereupon, the electromagnetic lifting
      arrangement 5 is deenergized and upwardly retracted. Advantageously, the
      interior of the housing 1 is then vented. Finally, the telescoped end
      section 2 of the arrangement is upwardly retracted, thereby destroying the
      gas-tight and dust-tight sealing between the upper furnace wall 3 and the
      interior of the housing 1 of the arrangement.
PAR  After this, the illustrated arrangement is shifted to the next one of the
      filling openings 9 in the battery of furnaces. The translation can be
      either in sideways direction, as viewed in the FIGURE, or in a direction
      normal to the plane of the FIGURE. It will be understood that although
      only a single furnace filling opening 9 is illustrated there is actually
      provided a plurality of such openings, arranged in a row, and
      corresponding to the side-by-side arrangement of the furnaces of the
      battery of furnaces. The arrangement 1, 2, 4-8, 10 can be suspended from a
      structure which is slidably mounted on rails extending in direction
      lengthwise of the row of furnace filling openings 9, or can be mounted for
      shifting movement in other conventional manner.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in an
      arrangement for opening a furnace filling inlet, filling the interior of
      the furnace and then reclosing the filling inlet, all in a dust-tightly
      and gas-tightly sealed manner, to prevent the escape of dust and gas into
      the atmosphere, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In combination with a furnace having a normally closed furnace filling
      inlet, an arrangement for opening the filling inlet, then filling the
      interior of the furnace and then reclosing the inlet all in gas-tight and
      dust-tight manner in order to prevent the free escape of dust and gases
      during the filling of the furnace, the arrangement comprising a housing
      having an opening positioned in proximity to the normally closed furnace
      filling inlet; sealing means activatable for establishing a gas-tight and
      dust-tight seal between the portion of said housing surrounding said
      opening and the portion of said furnace surrounding said normally closed
      furnace filling inlet in order to confine within the interior of said
      housing any dust and gas entering said filling inlet or escaping from said
      filling inlet during the filling of the interior of said furnace; means
      within said housing activatable for opening and reclosing said normally
      closed furnace filling inlet; and filling means operative for conveying a
      charge through the interior of said housing and into said furnace filling
      inlet, said filling means having a discharge end portion located within
      said housing gas-tightly and dust-tightly connected to said housing so
      that dust and gas leaving said discharge end portion but not entering said
      filling inlet are confined within said housing and are unable to freely
      escape into the ambient atmosphere, wherein the furnace filling inlet is
      provided with a removable cover, and wherein said means for opening and
      reclosing said furnace filling inlet comprises a cover-engaging
      arrangement movable in a first stroke along a first path into engagement
      with said cover and operative for then engaging said cover and retractable
      in an opposite second stroke along said first path with said cover
      engaged, and wherein said filling means comprises a retractable filling
      pipe arrangement the discharge end portion of which is located within the
      interior of said housing, said retractable filling pipe arrangement being
      mounted for movement along a second path between an operative and an
      operative position, said first and second paths intersecting so that said
      filling pipe arrangement cannot move into operative position unless said
      cover-engaging arrangement is in retracted position, and so that said
      cover-engaging arrangement cannot perform said first stroke unless said
      filling pipe arrangement is in retracted position.
NUM  2.
PAR  2. In combination with a furnace having a normally closed furnace filling
      inlet, an arrangement for opening the filling inlet, then filling the
      interior of the furnace and then reclosing the inlet all in gas-tight and
      dust-tight manner in order to prevent the free escape of dust and gases
      during the filling of the furnace, the arrangement comprising a housing
      having an opening positioned in proximity to the normally closed furance
      filling inlet; sealing means activatable for establishing a gas-tight and
      dust-tight seal between the portion of said housing surrounding said
      opening and the portion of said furance surrounding said normally closed
      furance filling inlet in order to confine within the interior of said
      housing any dust and gas entering said filling inlet or escaping from said
      filling inlet during the filling of the interior of said furnace; means
      within said housing activatable for opening and reclosing said normally
      closed furnace filling inlet; and filling means operative for conveying a
      charge through the interior of said housing and into said furnace filling
      inlet, said filling means having a discharge end portion located within
      said housing gas-tightly and dust-tightly connected to said housing so
      that dust and gas leaving said discharge end portion but not entering said
      filling inlet are confined within said housing and are unable to freely
      escape into the ambient atmosphere, wherein said furnace filling inlet is
      provided with a removable cover, wherein said sealing means comprises a
      telescoped housing section movable into and out of engagement with the
      portion of said furnace surrounding said filling inlet, wherein said means
      for opening and reclosing said filling inlet comprises electromagnetic
      lifting means operative for descending to engage said cover and for then
      lifting said cover by electromagnetic force and for then descending again
      to replace said cover, and wherein said filling means comprises a
      telescopically retractable filling pipe arrangement the discharge end
      portion of which is located within the interior of said housing, wherein
      said telescopically retractable filling pipe arrangement is mounted for
      retracting movement in an inclined direction, wherein the discharge end
      portion of said filling pipe arrangement is of bent configuration having a
      terminal portion which extends in vertical direction, and wherein said
      housing is provided with a guide portion defining a guide opening through
      which said filling pipe arrangement is guided for movement and wherein the
      peripheral clearance between said filling pipe arrangement and said
      opening is gas-tightly and dust-tightly sealed.
NUM  3.
PAR  3. In a combination with a furnace having a normally closed furnace filling
      inlet, an arrangement for opening the filling inlet, then filling the
      interior of the furnace and then reclosing the inlet all in gas-tight and
      dust-tight manner in order to prevent the free escape of dust and gases
      during the filling of the furnace, the arrangement comprising a housing
      having an opening positioned in proximity to the normally closed furnace
      filling inlet; sealing means activatable for establishing a gas-tight and
      dust-tight seal between the portion of said housing surrounding said
      opening and the portion of said furnace surrounding said normally closed
      furnace filling inlet in order to confine within the interior of said
      housing any dust and gas entering said filling inlet or escaping from said
      filling inlet during the filling of the interior of said furnace; means
      within said housing activatable for opening and reclosing said normally
      closed furnace filling inlet; and filling means operative for conveying a
      charge through the interior of said housing and into said furnace filling
      inlet, said filling means having a discharge end portion located within
      said housing gas-tightly and dust-tightly connected to said housing so
      that dust and gas leaving said discharge end portion but not entering said
      filling inlet are confined within said housing and are unable to freely
      escape into the ambient atmosphere, wherein said furnace filling inlet is
      provided with a removable cover, wherein said sealing means comprises a
      telescoped housing section movable into and out of engagement with the
      portion of said furnace surrounding said filling inlet, wherein said means
      for opening and reclosing said filling inlet comprises means operative for
      descending to engage said cover, lifting said cover and then descending
      again to replace said cover, and wherein said filling means comprises a
      telescopically retractable filling pipe arrangement the discharge end
      portion of which is located within the interior of said housing, wherein
      said telescopically retractable filling pipe arrangement is mounted for
      retracting movement in an inclined direction, wherein the discharge end
      portion of said filling pipe arrangement is of bent configuration having a
      terminal portion which extends in vertical direction, and wherein said
      housing is provided with a guide portion defining a guide opening through
      which said filling pipe arrangement is guided for movement and wherein the
      peripheral clearance between said filling pipe arrangement and said
      opening is gas-tightly and dust-tightly sealed.
NUM  4.
PAR  4. The combination defined in claim 3, wherein said sealing means comprises
      a housing section movable into and out of engagement with the portion of
      said furnace surrounding said filling inlet.
NUM  5.
PAR  5. The combination defined in claim 4, wherein said housing section is a
      telescoped housing section.
NUM  6.
PAR  6. The combination defined in claim 1, wherein said retractable filling
      pipe arrangement is comprised of telescoped pipe sections.
NUM  7.
PAR  7. The combination defined in claim 1, wherein said retractable filling
      pipe arrangement is mounted for movement through a guide opening in the
      wall of said housing, and wherein the peripheral clearance between said
      retractable filling pipe arrangement and said guide opening is gas-tightly
      and dust-tightly sealed so as not to detract from the confinement of dust
      and gas within the interior of said housing during the filling of said
      furnace.
NUM  8.
PAR  8. The combination defined in claim 7, wherein said housing is provided
      with an elongated guide pipe forming said guide opening and guiding and
      filling pipe arrangement for movement.
NUM  9.
PAR  9. The combination defined in claim 3, and further including a plurality of
      additional furnaces forming a battery of furnaces having respective
      filling inlets arranged in a row, and wherein said arrangement is movable
      along said row.
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ABST
PAL  A vehicle load lifting and lowering apparatus, which can be used as a
      vehicle tail lift to lift and lower loads of up to 8 tons between the
      level of the ground on which the vehicle stands and the level of the
      vehicle's load carrying deck, comprises a pair of parallel spaced apart
      guide columns which can be swung via a deformable articulated linkage
      towards and away from the vehicle. Runners slidably mounted in equal
      numbers on each column support between them a load carrying platform, and
      hydraulic rams power the runners (and hence the platform) up and down the
      columns during load lifting operations. An arm is secured to the guide
      column and each articulated linkage so as to be movable from a first,
      inoperative, position in which movement of the runners along the columns
      effects only raising or lowering of the load carrying platform, to a
      second position, in which the arm is locked to one of the links of the
      articulated linkage and projects into the path of movement of one of the
      runners so that powered sliding movement of the runners up the columns is
      transmitted to the linkage to move the guide columns towards or away from
      the vehicle. In the disclosed embodiment, there are two hydraulic rams,
      associated one with each guide column and each operable in two
      synchronized stages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to vehicle load lifting and lowering apparatus.
PAR  1. Field of the Invention
PAR  The invention is particularly applicable to the form of such apparatus
      known as a vehicle tail lift.
PAR  2. Description of the Prior Art
PAR  Vehicle tail lifts in use at the present time are commonly designed to
      raise and lower loads of up to three tons on a vertically movable load
      carrying platform which overhangs the vehicle's rear wheels. If, as often
      happens, these wheels are the rearmost contact between the vehicle and the
      ground on which it stands, a load being lifted will tend to cantilever the
      lifting platform about the vehicle's rear axle. This tendency must be
      resisted by the vehicle chassis, which is thus placed under strain, and if
      a very heavy load is lifted, the strain could damage the vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention sets out to provide a vehicle load lifting and
      lowering apparatus which can be used as a vehicle tail lift, and which can
      lift and lower loads of, for example, up to eight tons between the level
      of the ground on which the vehicle stands and the level of the vehicle's
      load carrying deck.
PAR  According to the invention, a vehicle load lifting and lowering apparatus
      comprises a pair of parallel spaced apart guide columns, two or more
      runners slidably mounted in equal numbers on each column and supporting
      between them a load carrying platform, means between the columns and the
      runners for effecting powered up and down sliding movement of the runners
      along the columns to raise and lower the platform, and a deformable
      articulated linkage, one end of which is pivotally connected to the guide
      columns and the other end of which may be pivotally mounted on the rear of
      a vehicle to locate the guide columns in a substantially upright position
      spaced apart transversely of an access opening to the vehicle, there being
      provided further means operable, by powered sliding movement of the
      runners in one direction along a predetermined length of the guide
      columns, to deform the linkage and swing the platform, the columns and the
      power operated means towards the vehicle access opening for storing there
      against, and operable, by powered sliding movement of the runners along a
      predetermined length of the guide columns in the opposite direction, to
      articulate the linkage in the opposite sense and swing the platform, the
      columns and the power operated means away from the access opening towards
      the ground on which the vehicle stands for load lifting purposes.
PAR  Said means for effecting powered up and down sliding movement of the
      runners on the columns may comprise a hydraulic ram, and in this case the
      ram is preferably designed for two stage operation. There may be provided
      two such rams, each associated with one of the guide columns, operable in
      synchronism.
PAR  The articulated linkage preferably comprises a pair of deformable
      parallelogram linkages associated one with each guide column.
PAR  Said further means may comprise an arm, secured to one link of the
      articulated linkage and movable from a first, inoperative, position in
      which movement of the runners along the columns effects only raising or
      lowering of the load carrying platform to a second position, in which the
      arm projects into the path of movement of a runner (or a part movable
      therewith) and constitutes a rigid extension of the said link, whereby
      powered sliding movement of the runners along the guide columns is
      transmitted, via interengagement of the said runner (or the said part) and
      the projecting arm, to the said link to articulate the linkage in either
      sense.
PAR  The said part may comprise a roller, mounted on the runner or movable
      therewith, and there may be provided two arms and two rollers associated
      one with each parallelogram linkage.
PAR  The invention includes within its scope a vehicle when fitted with a load
      lifting and lowering apparatus embodying the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the invention will now be described, by way of example
      only and with reference to the accompanying drawings in which:
PAR  FIG. 1 shows, in side elevation and in a fully-opened position, a vehicle
      tail lift embodying the invention;
PAR  FIG. 2 shows in end elevation the tail lift of FIG. 1;
PAR  FIG. 3 shows the tail lift in a fully-closed position; and
PAR  FIG. 4 shows diagrammatically the hydraulic supply system of the tail
      lift's rams.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tail lift shown in the drawings is fitted to the rear end of a heavy
      goods vehicle - which is not itself shown in any great detail.
PAR  The lift is powered by a hydraulic power-take-off pump (not shown), driven
      by the vehicle's engine and incorporating a governor which automatically
      matches the engine speed to the weight of any load lifted. Electrical
      controls for the lift are connected to the vehicle's batteries (not
      shown).
PAR  The lift comprises a pair of guide columns 11 which are fitted at their
      lower ends with support feet 12. Each foot 12 is connected to the piston
      of a hydraulic ram 13 co-axially housed inside the guide column 11.
      Hydraulic fluid is supplied to the ram 13 through a two-way valve 14 from
      a header tank 15, and a compression spring 16 is coiled about the axis of
      each support foot 12 as it extends from its associated guide column 11.
      The operation of these support feet will become apparent later.
PAR  Each guide column 11 is provided with a flanged guide rail 17 extending
      along its length, which acts as a guide for an associated runner 18. Each
      runner 18 is mounted on its guide rail by means of two sets of rollers 19
      engaging on each side of the flange of the rail, and each upper set of
      rollers is free to pivot, as a unit, clockwise or anti-clockwise (as
      viewed in FIG. 1) so that the rollers remain in contact with the rail
      flange despite slack developing during use.
PAR  A power operated, two-stage hydraulic ram 21 is associated with each guide
      column 11, and is mounted between the column 11 and its associated runner
      18 to effect powered up and down sliding movement of the runner on the
      guide rail 17. The ram connections comprise a pivoted cross-head 22 at the
      runner and a spherical ended swivel pad bearing 23 at the bottom end of
      the column. FIG. 4 shows in greater detail the hydraulic interconnection
      of the two rams 21, one associates with each guide column 11, and their
      operation will shortly be described in conjunction with the use of the
      tail lift.
PAR  There is associated with each guide column 11 a deformable articulated
      parallelogram linkage, the two main arms 24, 25 of the linkage being
      pivotally connected at one end to the guide column 11 and at the other end
      to a supporting post 39 attached to the rear of the vehicle. An arm 26 is
      associated at the pivot 27 with one of the arms 24 of each linkage. The
      arms 26 are movable from a first position in which they are locked to
      their links 24 to hang vertically downwards, to a second position (shown
      in FIG. 1 in broken line) in which each arm 26 projects into the path of
      movement of a roller 28 which is fixed to each runner 18 and is thus
      movable with the runner. In this second position, the arm 26 is again
      locked, to constitute a rigid extension of its associated link 24.
PAR  A load carrying platform 29 is pivoted between the runners 18 on an axis
      31. Manually operable locks 37 are provided between each runner 18 and the
      adjacent platform edge, and the platform can thus be locked to the runners
      to project substantially at right angles to the line of movement thereof
      and unlocked to balance horizontally about its pivot axis 31. The platform
      forms an apron, onto which loads to be lifted into the vehicle can be
      manoeuvred, and incorporates pivoted ramps 38 to guide the loads over the
      rear edge of the platform.
PAR  It will be appreciated from the FIGS. that the tail lift is mounted on the
      vehicle with the supporting posts 39 and guide columns 11 in a
      substantially upright position, spaced apart transversely of an access
      opening to the vehicle. The level of the vehicle's load carrying deck
      inside the opening is indicated in FIG. 1 by a broken line 33.
PAR  The tail lift operates in the following manner:
PAR  With the lift opened, the platform at ground level, and the arms 26 locked
      in their chain line positions, a load can be manoeuvred onto the load
      carrying platform 29 to straddle the platform pivot axis 31. The locks 37
      are closed to lock the platform 29 to the runners 18. Actuation of the
      two-stage hydraulic rams 21 causes powered sliding upward movement of the
      runners 18 past the arms 26 along the guide columns 11, and the load can
      thus be lifted to the level 33 of the vehicle's load carrying deck. As
      this level is approached, projections 35 adjacent the inboard edge of the
      platform engage latches 36 on the supporting posts 39 to lock the platform
      in position against the edge of the vehicle's load carrying deck (FIG. 1).
      Engagement of these latches also causes automatic retraction of a barrier
      42 spanning the access opening. The rams 21 are held in position under
      pressure, and the load can then be manoeuvred into the vehicle over the
      retracted barrier 42.
PAR  To lower the platform 29 to the ground again, the latches 36 are manually
      released and the rams 21 are depressurised to allow the platform 29 to
      sink to the ground. As the latch release levers are operated, the barrier
      42 is automatically raised again to obstruct the vehicle's access opening.
PAR  To close the tail lift against the supporting posts 39 for travelling
      purposes, from this position, each arm 26 is moved into its broken line
      position and is locked there, the platform 29 remains unlocked to balance
      about its pivot axis 31, and the rams 21 are again extended. Each roller
      28 contacts the arm 26 which projects into its path, and the power of the
      rams is thus transmitted via the roller 28 and the arm 26 to the arm 24 of
      the linkage. The rams thus exert a torque in an anti-clockwise direction
      (as viewed in FIG. 1) about the pivots 27, counteracting the clockwise
      torque about these pivots caused by the weight of the columns 11, the rams
      21 and runners 18, and the platform 29. Thus, continued upward movement of
      the rams will articulate the parallelogram linkages and swing the columns,
      the runners, the platform and the rams themselves in an arcuate path
      towards the vehicle's access opening. When this movement has been
      completed, the rams are in the position shown in FIG. 3 and the columns,
      the linkages and the platform are folded substantially flat against the
      supporting posts 39 at the rear of the vehicle.
PAR  As the columns 11 reach their final folded flat position, projections 45 on
      the arms 24 engage latches 46 on the supporting posts 39 to lock the
      columns finally in position against the posts.
PAR  During this operation, with the platform 29 balancing horizontally about
      its pivot axis 31, as the columns and other equipment approach the
      supporting posts 39 the inboard edge of the platform will contact the
      posts. Rollers 44 are provided on the inboard edge of the platform to
      cushion this contact, which then causes the platform to swing upwardly and
      anti-clockwise about its pivot axis, as the rams 21 continue to be
      extended, into a final folded flat position against the guide columns 11
      and posts 39.
PAR  To open the tail lift and lower the columns 11 to the FIG. 1 position for
      load lifting operations, the latches 46 are manually released, the rams 21
      are depressurised and, with the arms 26 locked in their broken line
      positions, the above sequence of events is reversed. As the support feet
      12 contact the ground, the guide columns 11 come to rest on top of them.
      This contact is cushioned by the springs 16, and causes fluid to be forced
      out of the rams 13 through the opened valves 14 and back into the header
      tanks 15. With the columns 11 finally at rest, a pressurised hydraulic
      equilibrium is achieved and the valves 14 are then closed to fix the
      extension of the support feet 12 below the columns 11. Thus each support
      foot 12 is enabled to find its own level as the tail lift is opened, and
      the lift can thus operate to a certain extent on uneven ground.
PAR  When the tail lift is closed to swing the columns 11 towards the vehicle
      access opening for travelling purposes, the valves 14 are again opened in
      readiness for the next time the columns 11 are lowered to the ground.
PAR  The two-stage rams 21 operate as follows:
PAR  With reference to FIG. 4, chamber B is charged permanently with fluid and
      is linked via a supply line to chamber C on the adjacent ram cylinder, and
      vice versa. High pressure hydraulic fluid is fed into chamber A of both
      ram cylinders, which propels the first stage of both rams upward along the
      guide columns 11, in turn compressing the fluid in chambers B and hence
      chambers C, and thus extending the second stages of the rams at the same
      time and same velocity as the first stages.
PAR  This hydraulic system also compensates for uneven loading in either ram as
      follows:
PAR  Should cylinder 1 have a higher load imposed on it than cylinder 2, the
      piston in cylinder 1, chamber A senses the higher load in terms of fluid
      volume and the piston in cylinder 1, chamber C also senses the higher load
      -- fluid is immediately transferred to chamber B of cylinder 2 and thence
      to chamber A of cylinder 2. Thus, both cylinders demand the same feed
      volume at all times.
PAR  The electrical circuit of the tail lift incorporates limit switches on all
      locks to ensure that the sequence of operations is correctly carried out.
      Limit switches are also incorporated into the platform 29 which prevent
      the platform from being lowered fully to the ground on which the vehicle
      stands if the ground is so uneven as to cause unacceptable lateral twist,
      or horizontal droop, of the platform.
PAR  The hydraulic circuit of the tail lift incorporates safety valves so that,
      in the event of a leak or fracture in any line of the hydraulic circuit,
      pressure is automatically maintained to prevent the platform 29 failing
      during a lifting or loading operation.
PAR  Modifications may be made to the embodiment described above within the
      scope of the invention. For example, each support foot 12 could comprise a
      threaded cylindrical stub which is adjustable in a corresponding tapped
      bore formed in the bottom of its associated guide column 11. A locking
      collar could be provided to set the adjustment of the foot 12, with the
      end of the foot comprising a ball and socket connection to accommodate
      slight unevenness in the ground on which the column stands when in use.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vehicle load lifting and lowering apparatus comprising in combination:
PA1  a pair of parallel spaced apart guide columns,
PA1  a plurality of runners slidably mounted in equal numbers on each of said
      columns,
PA1  a load carrying platform supported between said runners,
PA1  means between the columns and the runners for effecting powered up and down
      sliding movement of the runners along the columns to raise and lower the
      platform,
PA1  a deformable articulated linkage,
PA1  means pivotally connecting one end of said linkage to the guide columns,
PA1  means pivotally connecting the opposite end of said linkage to the rear of
      a vehicle to locate the guide columns in a substantially upright position
      across the vehicle,
PA1  and, further means responsive to powered sliding movement of the runners in
      one direction along a predetermined length of the guide columns, to deform
      the linkage and swing the platform, the columns and the power operated
      means towards the vehicle for storing thereagainst, and responsive to
      powered sliding movement of the runners along a predetermined length of
      the guide columns in the opposite direction, to articulate the linkage in
      the opposite sense and swing the platform, the columns and the power
      operated means away from the vehicle towards the ground on which the
      vehicle stands for load lifting purposes,
PA1  wherein said further means comprise an arm, with means securing said arm to
      one link of the articulated linkage so as to be movable from a first,
      inoperative, position, in which movement of the runners along the columns
      effects only raising or lowering of the load carrying platform, to a
      second position, in which the arm projects into the path of movement of a
      part of one of said runners and constitutes a rigid extension of the said
      link, whereby powered sliding movement of the runners along the guide
      columns iss transmitted, via interengagement of the said runner and the
      projecting arm, to the said link to articulate the linkage in either
      sense.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said part comprises a roller, mounted
      on the runner so as to be movable therewith, and wherein there are
      provided two arms and two rollers associated one with each guide column.
NUM  3.
PAR  3. The apparatus of claim 2, wherein said means for effecting powered up
      and down sliding movement of the runners on the columns comprise two
      hydraulic rams, each designed for two stage operation, each associated
      with one of the guide columns, and both operable in synchronism.
NUM  4.
PAR  4. The apparatus of claim 3, wherein said articulated linkage comprises a
      pair of deformable parallelogram linkages associated one with each guide
      column.
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ABST
PAL  A bulldozer is provided with a relatively rugged or strong canopy which
      overlies the operator position, and a power-driven, cable-winding winch is
      mounted on the top of the canopy to winch or yard logs or similar
      materials toward the front end of the bulldozer. A fairlead and
      line-guiding structure are supported from the main frame of the bulldozer
      forward of the operator and engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to bulldozers and, more particularly, to the large
      bulldozers commonly used in building logging roads; and, more
      particularly, the invention relates to the novel concept of mounting a
      cable-winding winch on the top of the canopy so as to permit extension of
      the cable forward of the front end of the bulldozer.
PAR  2. Description of the Prior Art
PAR  In the past, it has been common to mount the winch on the rear of the
      bulldozer. This requires that the rear end of the bulldozer be facing in
      the direction of the object to which the cable extending from the winch is
      to be attached.
PAR  A frequent problem encountered by road building crews in new logging areas
      is that of removal of logs in the path ahead of the road being built or on
      the road itself. When new roads are being developed in a new logging area,
      the road building equipment must frequently travel long distances before
      adequate space can be found to provide a turnaround area for the vehicle.
      A typical example is road construction along the face of a steep hillside.
      On conventional road building equipment whereon the winch is located on
      the rear of the vehicle, the vehicle is required to reverse for a long
      distance along a newly constructed and relatively narrow road until it can
      be turned around and headed back again in reverse to reach the log. This
      operation is both time-consuming and dangerous to the operator of the
      vehicle.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a bulldozer that can winch
      logs from in front of the vehicle.
PAR  It is another object of this invention to provide a road building bulldozer
      with a forwardly directed winch to remove logs and similar items from in
      front of the vehicle.
PAR  Basically, these objects are accomplished by providing the vehicle with a
      heavy-duty, load-supporting canopy that surrounds the operator's station
      and is adjacent the rear end of the vehicle. A winch is placed on the top
      of the canopy with a cable guide and fairlead supported from the forward
      end of a frame connected with the vehicle main frame. The main frame thus
      supports the majority of the load and stress imparted to the cable while
      pulling on logs from in front of the vehicle.
PAR  With such a winch arrangement, the cable may be secured to a log in front
      of the bulldozer without having to first turn the bulldozer around. The
      log can then be removed using the cable or a combination of the cable and
      the bulldozer blade, allowing the bulldozer to proceed ahead with the road
      building function.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  FIG. 1 is an isometric of a typical vehicle embodying the principles of the
      invention.
PAR  FIG. 2 is a fragmentary side elevation, partly broken away, illustrating a
      preferred form of winch arrangement used on the vehicle of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE FIGURES OF THE DRAWING
PAR  As is best shown in FIG. 1, a vehicle, such as a bulldozer 10, is provided
      with a conventional blade 12 and an operator's station 14. The vehicle is
      also provided with a heavy-duty frame 16 capable of withstanding the
      weight of the vehicle in the event the vehicle is turned over and for
      supporting loads carried by a winch 18 mounted on top of the frame above
      the operator's station. The frame 16 is secured to the main frame of the
      vehicle.
PAR  The winch 18, although shown mounted directly above the operator's station,
      can also be placed forward of the operator's station on the forward end of
      the frame 16. Mounted on the forward end of the frame 16 is a bull's-eye
      fairlead 20 of a conventional design. The fairlead is carried on a pair of
      support brackets 22 that are rigidly secured to the frame and extend
      forwardly of the radiator. A cable 24 is threaded through the fairlead and
      through a guide tube 26 to the winch 18. The rearmost end of the guide
      tube 26 is provided with a rearwardly and outwardly diverging funnel 28
      for guiding the cable without interfering with the movement of the cable
      along the cable drum.
PAR  As is readily understood, the operator can drive the vehicle up to the
      obstructing log and wrap the cable either directly around the log or, with
      the use of well-known choker cables or the like, secure the cable to the
      log. Then, by winching back on the cable 24, the log can be pulled out of
      the path of the vehicle. As is also quite apparent, the operator, when
      viewing forward, advantageously has a clear line of vision to assist in
      manipulating the log from his normal sitting position.
PAR  While the preferred embodiment of the invention has been illustrated and
      described, it should be understood that variations will be apparent to one
      skilled in the art. Accordingly, the invention is not to be limited to the
      specific embodiments shown in the drawing.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vehicle for use in road building in a logging area having an
      operator's station, a load-supporting frame surrounding said operator's
      station and extending to the forward end of the vehicle, and means for
      moving the vehicle along the ground, the improvement comprising a cable
      winding winch means mounted on said frame over the operator's station, a
      cable wound on and extending from said winch, and guide means mounted at
      the forward end of the frame for guiding the cable from forward of the
      vehicle to the winch, said guide means including a guide tube and a
      fairlead forward of the guide tube, said guide tube having a rearwardly
      and outwardly flared rearward end, said winch and guide means providing a
      structure whereby logs forward of the vehicle can be secured to the cable
      for removal of the logs from the path of the vehicle.
NUM  2.
PAR  2. A bulldozer vehicle having an operator's station, a frame structure
      including a canopy mounted on and extending above the vehicle and a
      vertically movable earthmoving blade mounted on said vehicle at the
      forward end thereof, the improvement comprising:
PA1  a powered cable drum mounted on said vehicle;
PA1  a fairlead secured to said vehicle forward of said drum and blade at a
      height sufficiently above the operating position of said blade to lift
      large objects; and
PA1  a cable wrapped on said drum and extending therefrom and passing through
      said fairlead to a point forward of said vehicle whereby said cable is
      adapted to be secured to and remove objects in front of said vehicle with
      said blade in operation.
NUM  3.
PAR  3. The vehicle of claim 2 wherein said operator's station is enclosed by
      said canopy and said drum is mounted on the top surface thereof.
NUM  4.
PAR  4. The vehicle of claim 3 wherein said canopy is supported by a plurality
      of upstanding members and said fair-lead is mounted on the center portion
      of a U-shaped bracket having downwardly extending ends fastened to the
      fowardmost of said upstanding members.
NUM  5.
PAR  5. A bulldozer vehicle having an operator's station surrounded by a canopy,
      the improvement comprising:
PA1  a powered cable drum secured to said canopy;
PA1  a fairlead secured to said vehicle forward of said drum and operator's
      station;
PA1  a cable wrapped on said drum and extending directly to said fairlead, said
      cable further passing through said fairlead to a point forward of said
      vehicle; and
PA1  a guide tube surrounding a portion of said cable intermediate said drum and
      fairlead, said tube having a flared rearward end.
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ABST
PAL  A hydraulic circuit for moving a heavy article or counterweight is provided
      which includes a cylinder, a source of hydraulic pressure for supplying
      oil to the cylinder, and a bypass valve provided in a conduit for
      connecting the source to the cylinder. The bypass valve drains part of the
      oil supplied to the conduit when the pressure in the conduit drops below a
      predetermined value so as to smoothly move the heavy weight from first
      position to second position without shock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a hydraulic circuit including a cylinder for
      moving a heavy article or counterweight from one position to another
      position, and more particularly a hydraulic circuit adapted for smoothly
      moving a heavy article without shock.
PAR  2. Description of the Prior Art
PAR  Referring to FIGS. 1 and 2, which show the conventional pipe layer
      bulldozer, the bulldozer has a crane b at one side of the body a thereof
      and a counterweight c provided through a quadric link d at the other side
      of the body a. A cylinder (e) is provided for moving the counterweight c
      between the first position as shown in FIG. 1 extending from the body a
      and the second position as shown in FIG. 2 drawn to the body a. This pipe
      layer bulldozer has a disadvantage that since a large force is necessary
      at the initial part of the movement of the counterweight c by the cylinder
      e from the first to the second positions and a small force is sufficient
      at the end of the movement thereof, if the cylinder e is quickly moved in
      order to accelerate the moving speed of the counterweight c, the
      counterweight c stops with shock at the end of its stroke with the result
      that the shock stress takes place at the pivotal portions of the quadric
      link d and cylinder e causing the pivotal portions to be damaged.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a hydraulic
      circuit including a cylinder for moving a heavy article which eliminates
      the aforementioned disadvantages of the conventional pipe layer bulldozer
      and generates large force at the cylinder at the initial part of the
      movement of the heavy article to quickly move the cylinder while the heavy
      article is moving and decelerates the cylinder smoothly at the end of the
      movement of the heavy article.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This and other objects, features and advantages of the hydraulic circuit
      according to the present invention will become more fully apparent from
      the following description taken in conjunction with the accompanying
      drawings, in which like reference numerals and characters designate
      corresponding parts and components and in which:
PAR  FIGS. 1 and 2 are front views of the conventional pipe layer bulldozer;
PAR  FIG. 3 is an explanatory view of one embodiment of the hydraulic circuit
      with a counterweight of the present invention;
PAR  FIG. 4 is a schematic view of a by-pass valve used in the hydraulic circuit
      for explaining the operation thereof; and
PAR  FIG. 5 is a graph showing the relationships of the pressure in the cylinder
      and piston speed in terms of the stroke of the piston for explaining the
      operation of the hydraulic circuit of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 3, a counterweight 5 is pivotally connected through a pair of links
      3 and 4 to a frame 2 which projects from one side of the body 1 of a
      bulldozer, and a cylinder 6 is also pivotally connected to both the
      counterweight 5 and frame 2. A piston rod 7 is reciprocatingly engaged
      with the cylinder 6 through a piston (not shown) connected thereto. When
      the piston rod 7 with the piston (not shown) is reciprocatingly moved in
      the cylinder 6, the counterweight 5 is moved between a first position
      extending from the body 1 of the bulldozer and a second position drawn to
      the body 1.
PAR  The hydraulic circuit of the present invention comprises an oil reservoir
      17, a pump 8 connected at input thereof to the oil reservoir 17, and a
      control valve 10. The control valve 10 has a first port 11 connected to
      the output of the pump 8, a second port 12 connected through a conduit 13
      with the bottom chamber 6a of the cylinder 6, a third port 14 connected
      through a conduit 15 with the rod chamber 6b of the cylinder 6, and a
      fourth port 16 connected to the oil reservoir 17. The hydraulic circuit
      also includes a by-pass valve 18 connected to the conduit 13 for draining
      the conduit 13 when the hydraulic pressure in the conduit 13 is lowered
      than a predetermined value. The control valve 10 has a spool 10a having
      three positions I, N and II, and when the spool 10a of the control valve
      10 is at position I, the first port 11 of the valve 10 is communicated
      with the second port 12. When the spool 10a is at position N, name of the
      ports of the control valve 10 are connected with each other, and when the
      spool 10a is at position II, the first port 11 is connected with the third
      port 14 and the second port 12 is connected with the fourth port 16.
PAR  The by-pass valve 18 formed in a valve box 19 which has a drain port 25
      formed therein and a spool 20 slidably inserted thereinto. The spool 20 of
      the by-pass valve 18 has a first axial hole 21 of large diameter connected
      with the conduit 13 and a second axial hole 23 of small diameter connected
      to the first hole 21 at one side and also connected with a back pressure
      chamber 22 formed at the other side of the by-pass valve 18. The first
      hole 21 of the spool 20 is connected to drain port 25 through a radial
      drain hole 24 formed in the spool 20. The spool 20 of the by-pass valve 18
      is urged by a coil spring 26 disposed between the spool 20 and the right
      end of the by-pass valve 18 for draining the conduit 13 connected to the
      first hole 21.
PAR  In operation of the hydraulic circuit thus constructed when the
      counterweight 5 is moved from the first position extended from the body 1
      of the bulldozer to the second position drawn to the body 1, if the spool
      10a of the control valve 10 is moved to the position I, the hydraulic
      fluid through the pump 8 from the oil reservoir 17 is supplied through the
      first port 11 of the control valve 10 connected to the output of the pump
      8, the second port 12 connected through the spool 10a of the control valve
      10 with the first port 11, the conduit 13 connected to the second port 12
      of the control valve 10 to the bottom chamber 6a of the cylinder 6. At
      this time, the spool 20 of the by-pass valve 18 is so disposed as to drain
      the first drain hole 21 communicated with the conduit 13 through the
      radial hole 24 formed in the spool 20 of the by-pass valve 18 and the
      drain port 25 of the by-pass valve 18, but since the hydraulic pressure in
      the conduit 13 from the pump 8 through the control valve 10 urges the end
      surface 20a of the spool 20 of the by-pass valve 18 against the tension of
      the spring 26, the spool 20 of the by-pass valve 18 moves to the position
      as designated in FIG. 4 so as to shut off the connection of the drain hole
      21 of the spool 20 of the by-pass valve 18 with the drain port 25 through
      the radial drain hole 24. This results in all the hydraulic fluid from the
      pump 8 through the control valve 10 and the conduit 13 flowing into the
      bottom chamber 6a of the cylinder 6, and accordingly the pressure in the
      bottom chamber 6a of the cylinder 6 is abruptly increased to the level as
      illustrated by A in the graph in FIG. 5 so as to rotatably move the
      counterweight 5 upwardly in FIG. 3 toward the second position. As the
      counterweight 5 is moved from the first position to the second position,
      the hydraulic pressure in the bottom chamber 6a of the cylinder 6 is
      decreased as designated by B in FIG. 5, and as the pressure in the bottom
      chamber 6a of the cylinder 6 is reduced, the operating speed of the piston
      is increased. When the pressure in the bottom chamber 6a of the cylinder 6
      is decreased to a predetermined pressure as represented by C in FIG. 5,
      the hydraulic pressure on the end surface 20a of the spool 20 of the
      by-pass valve 18 is accordingly decreased so that the spool 20 is urged
      backward or to the left by the spring 22 disposed at the right end of the
      bypass valve 18. This movement connects drain port through the drain hole
      24 with the conduit 13 with the result that part of the hydraulic fluid in
      the conduit 13 is drained through the drain port 25, and accordingly the
      hydraulic oil supplied from the pump 8 through the control valve 10 and
      the conduit 13 to the bottom chamber 6a of the cylinder 6 is decreased.
      This results in the operating speed of the piston rod 7 with the piston
      slidably inserted into the cylinder 6 being abruptly decelerated with the
      result that the counterweight 5 is smoothly stopped at the second
      position.
PAR  Since the hydraulic circuit of the present invention is thus constructed,
      when the output of the pump 8 is constant and the counterweight or heavy
      article 5 is moved from the first position extending from the body 1 of
      the bulldozer to a second position drawn to the body 1 thereof, the
      hydraulic pressure in the bottom chamber 6a of the cylinder 6 is abruptly
      increased and is gradually decreased while the counterweight 5 is moving
      and the operating speed of the piston rod 7 with the piston (not shown)
      slidably inserted into the cylinder 6 is gradually accelerated. Further
      when the hydraulic pressure in the bottom chamber 6a of the cylinder 6 is
      decreased to a predetermined value in the vicinity of the second position
      of the counter-weight 5, the by-pass valve 18 is actuated so that part of
      the hydraulic oil supplied into the bottom chamber 6a of the cylinder 6
      from the pump 8 is drained through the bypass valve 18 to abruptly
      decrease the operating speed of the piston rod 7 with the piston (not
      shown) slidably inserted into the cylinder 6.
PAR  Therefore, the hydraulic pressure in the bottom chamber 6a of the cylinder
      6 is abruptly increased at the initial part of the movement of the
      counterweight 5, the cylinder 6 is quickly moved while the counterweight 5
      is moving, and the operating speed of the cylinder 6 is abruptly
      decelerated at the end part of the movement of the counterweight 5, and
      accordingly the heavy weight or counterweight 5 may be quickly moved from
      the first to second positions in a manner that the heavy article 5 is
      smoothly moved to a desired position without shock stress at the
      respective parts thereby lengthening the life of the respective parts of
      the bulldozer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lifting apparatus including a counterweight and a hydraulic circuit
      for moving said counterweight from a first position to a second position,
      said circuit comprising:
PA1  a. a hydraulic cylinder for moving said counterweight from the first
      position to the second position;
PA1  b. source means for supplying hydraulic fluid under pressure to said
      cylinder;
PA1  c. conduit means connected between said hydraulic cylinder and source means
      for coupling said source means to said hydraulic cylinder; and
PA1  d. bypass valve means connected to said conduit means and responsive to the
      pressures therein, for draining a portion of the fluid in said conduit
      when the hydraulic pressure in said conduit means falls below a
      predetermined value when the counterweight is in the vicinity of said
      second position, said bypass valve means comprising a body having a hole
      therein, a drain port therein coupled to said source means and a spool
      positioned in said hole in said body, said spool having an axial hole in
      the center thereof and a radial hole extending from said axial hole to the
      exterior thereof, wherein when the pressure is below said predetermined
      value, said spool means moves within the hole in said body, such that said
      radial hole is aligned with said drain port, such that fluid flows from
      said conduit through said axial hole, through said radial hole and then
      through said drain port to said source, whereby the pressure in said
      hydraulic cylinder is reduced, thereby reducing the speed of movement of
      said heavy article.
NUM  2.
PAR  2. The hydraulic circuit of claim 1 wherein said bypass valve means drains
      said fluid in said conduit as said heavy article approaches said second
      position.
NUM  3.
PAR  3. The hydraulic circuit of claim 1 wherein said source means comprises a
      source of hydraulic fluid and a pump for pumping the hydraulic fluid from
      said source to said hydraulic cylinder through said conduit.
NUM  4.
PAR  4. The hydraulic circuit of claim 1 wherein said bypass valve further
      includes spring means in the hole in said valve body positioned in a
      chamber between said valve body and said spool and wherein said axial hole
      extends into said chamber wherein when said pressure is below said
      predetermined value the pressure of said fluid on the surface of said
      spool in said chamber and the pressure of said spring is greater than the
      pressure on the opposing surfaces of said spool whereby said spool is
      moved to a position where said radial hole is aligned with said drain
      port.
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ABST
PAL  A loading machine having two rotatably connected scoops. One of the scoops
      is, in one of its end positions, received in the other scoop and is
      thereby directed in the same direction as the other scoop.
PARN
PAR  This is a division of application Ser. No. 313,129, filed Dec. 7, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a loading machine of the type which
      comprises a vehicle to which is connected a tiltable load-bucket which can
      be raised and lowered. The machine according to the invention differs from
      previously known machines through a scoop being rotatably connected to the
      load-bucket. This connection is so made that the scoop in one of its end
      positions is located within the load-bucket. The scoop is thus steered in
      the same direction as the load-bucket. By reason of this arrangement a
      substantial increase of the loading capacity is achieved while still
      maintaining the vehicle dimensions designed for the load-bucket only. When
      the scoop is filled and locked in a raised position by a hooking device on
      the vehicle, the filling of the load-bucket is facilitated since the
      weight of the filled scoop favourably influences the driving capacity of
      the front wheel-pair. The invention has the characteristics defined in the
      appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  One embodiment of the invention will be described below with reference to
      the attached drawing on which
PAR  FIG. 1 is a side view of a loading machine with the load-bucket raised to
      the position where hooking of the scoop occurs.
PAR  FIG. 2 shows the loading machine with the load-bucket lowered and the scoop
      hooked.
PAR  FIG. 3 shows the loading machine with the load-bucket raised and the scoop
      raised past the hooking position.
PAR  FIG. 4 shows the loading machine with the load-bucket and the scoop in
      dumping position.
PAR  FIG. 5 is a top plan view of the front part of the loading machine.
PAR  FIG. 6 is a side view of the load-bucket showing the scoop in three
      positions.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The loading machine shown on the drawing comprises a centrally steered
      vehicle 1 which is steered by hydraulic jacks 45. To make the central
      steering possible the vehicle 1 has central joints 43, 44. Since the
      design of the vehicle does not form a part of the invention it will not be
      further described.
PAR  The loading machine is provided with two arms 4, 5 which are rotatably
      connected to the vehicle 1 through joints 22, of which one is shown. A
      load-bucket 2 is rotatably carried by the arms 4, 5 through joints 32, of
      which one is shown. For raising or lowering of the load-bucket 2, the
      loading machine is provided with two hydraulic jacks 16, 17. The hydraulic
      jacks 16, 17 are connected to the arms 4, 5 by cylindrical pins 20, 21.
      The hydraulic jacks 16, 17 are furthermore connected to pivots 18, 19 on
      the vehicle 1. For tilting of the load-bucket 2 about the joints 32 the
      loading machine is provided with hydraulic jacks 26, 27. The latter are
      connected to the load-bucket 2 through joints 30, 31. The hydraulic jacks
      26, 27 are furthermore connected to pivots 28, 29, which are mounted on
      projections 24, 25 on the arms 4, 5. On the side turned towards the
      vehicle 1, the load-bucket 2 is provided with two brackets 8, 9, which
      through joints 10, 11 are connected to brackets 6, 7 on a scoop 3. A
      cylindrical rod 12 extends between the brackets 6, 7 on the scoop 3. A
      hook 13 is pivotally connected to braces 15 on the vehicle 1 by means of a
      pin 14. The hook 13 is adapted to cooperate with the rod 12 for hooking of
      the scoop 3. In order to achieve a simple automatic hooking of the scoop
      the pivot pin 14 of the hook 13 has been so located that the hook 13 by
      force of gravity will return to the position 42 in which position hooking
      of the scoop 3 occurs. The load-bucket 2 is so designed that the scoop 3
      in one of its end positions is located within the load-bucket 2. The scoop
      3 is thus steered in the same direction as the load-bucket. This position
      has in FIG. 6 been given the reference numeral 33. When the load-bucket 2
      is raised so that the scoop 3 is moved from the position 33 to the
      position 34 the scoop 3 is automatically hooked and locked in position.
      This hooking action is produced by the rod 12 removing the hook 13 from
      the position shown at 42, in FIG. 6. When the rod 12 has passed the hook
      13 the latter swings back by force of gravity to the position shown at 42.
      The position 35 of the scoop 3 corresponds to the position which the scoop
      takes in FIG. 3.
PAR  The loading machine shown on the drawing operates in the following manner.
      In the starting position the scoop 3 is located within the load-bucket 2.
      After the scoop 3 is filled, the load-bucket has been raised to the extent
      necessary for the scoop 3 to be hooked and locked in position by the hook
      13. This position is shown in FIG. 1. Thereafter the load-bucket 2 is
      lowered to the position shown in FIG. 2, and filled. The load-bucket 2 is
      then again raised to the position shown in FIG. 3, whereby the scoop 3 is
      raised further by the material in the load-bucket 2 so that the rod 12
      will become disengaged from the hook 13. The loading machine is thereafter
      driven to a dumping place where the load-bucket 2, through the action of
      the hydraulic jacks 26, 27, is tilted about the joints 32. This position
      is shown in FIG. 4. As the material is discharged from the load-bucket 2,
      the scoop 3 is swung about the joints 10, 11 into the load-bucket 2, in
      turn and emptied. In order to facilitate the emptying process the
      hydraulic jacks 26, 27 or the hydraulic jacks 16, 17 or eventually all can
      be supplied with hydraulic fluid, the pressure of which pulsates so that
      the load-bucket 2 and the scoop 3 are subject to vibrations. The loading
      machine is furthermore suitably provided with means for preventing the
      scoop 3 to tilt towards the driver's cabin.
PAR  The above described and on the drawing shown embodiment of the invention is
      only to be regarded as an example which can be modified within the scope
      of the subsequent claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of loading, transporting and discharging material obtaining
      increased capacity comprising:
PA1  positioning a scoop to be nested within a load bucket connected to arm
      means pivotally connected to a load transporting vehicle,
PA1  raising and lowering the arm means for selectively positioning the load
      bucket,
PA1  steering the load bucket and scoop therein toward the material to be loaded
      and loading material into the scoop,
PA1  raising the scoop to a raised position by raising the load bucket to a
      selected position, retaining the scoop in the raised position while
      lowering the load bucket to unnest the scoop from within the load bucket,
PA1  loading material into the load bucket, and transporting the loaded material
      and discharging the same from the scoop and from the load bucket.
NUM  2.
PAR  2. A method of loading, transporting and discharging material as claimed in
      claim 1, wherein discharging the material comprises the steps of
PA1  tilting the load bucket and the scoop relative to the arm means to
      discharge material therefrom.
NUM  3.
PAR  3. A method for loading with a bucket loading machine having a load bucket
      connected to a vehicle for transporting the loaded material comprising:
PA1  swinging the load bucket along an arc, in a vertical plane, from a material
      loading position to a transporting position,
PA1  swinging a scoop mounted on the vehicle along the arc,
PA1  nesting the scoop within the load bucket when in a material loading
      position,
PA1  loading the scoop,
PA1  raising the scoop to a predetermined position by upwardly swinging the load
      bucket,
PA1  retaining the scoop in the predetermined position,
PA1  swinging the load bucket downward to a material loading position, and
PA1  loading the bucket.
NUM  4.
PAR  4. A method as claimed in claim 3 further comprising the steps of
PA1  swinging the loaded bucket upward to a position for transporting the loaded
      material by the vehicle,
PA1  releasing the scoop through engagement with the loaded material in the load
      bucket as it swings upward to a position for transporting the material by
      the vehicle,
PA1  tilting the load bucket to discharge loaded material therefrom,
PA1  tilting the scoop through the discharge of material from the load bucket to
      discharge the material from the scoop.
NUM  5.
PAR  5. A method of loading, transporting and discharging material obtaining
      increased capacity comprising:
PA1  positioning a scoop to be nested within a load bucket connected to arm
      means pivotally connected to a load transporting vehicle,
PA1  raising and lowering the arm means for selectively positioning the load
      bucket,
PA1  steering the load bucket and scoop therein toward the material to be loaded
      and loading material into the scoop,
PA1  raising the scoop so that the scoop is no longer nested within the load
      bucket,
PA1  loading material into the load bucket,
PA1  transporting the loaded material,
PA1  discharging the material by tilting the load bucket relative to the arm
      means to discharge material therefrom, and
PA1  tilting the scoop as a result of the discharge of material from the load
      bucket to discharge the material from the scoop.
NUM  6.
PAR  6. A method of loading, transporting and discharging material as claimed in
      claim 5 wherein the scoop is raised by raising the load bucket.
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ABST
PAL  Apparatus for transferring discrete loads to or from a pallet, comprising
      pallet infeed means for moving a pallet to a loading station, first and
      second load conveying means adapted to move numbers of discrete loads to
      or from respective first and second loading positions arranged on opposite
      sides of the loading station, load transfer means adapted to transfer
      loads simultaneously between each load conveying means at its loading
      position and a pallet at the loading station, and pallet discharge means
      for discharging the pallet from the apparatus. Two forms of the apparatus
      are described, one for loading cylindrical articles, such as kegs, on to a
      pallet, the other for removing such articles from a loaded pallet.
PARN
PAR  This is a division of application Ser. No. 350,188, filed Apr. 11, 1973,
      now U.S. Pat. No. 3,863,776, issued Feb. 4, 1975.
BSUM
PAR  This invention relates to apparatus for transferring discrete loads to or
      from pallets.
PAR  According to this invention there is provided apparatus for transferring
      discrete loads to or from a pallet, comprising pallet infeed means for
      moving a pallet to a loading station, first and second load conveying
      means adapted to move numbers of discrete loads to or from respective
      first and second loading positions arranged on opposite sides of the
      loading station, load transfer means adapted to transfer loads
      simultaneously between each load conveying means at its loading position
      and a pallet at the loading station, and pallet discharge means for
      discharging the pallet from the apparatus.
PAR  Preferably the infeed means and discharge means comprise respective
      horizontal infeed and discharge conveyors, the loading position of the
      load conveying means are arranged at a distance above the infeed and
      discharge conveyors greater than the height of a loaded pallet, and pallet
      lift means are provided for raising a pallet from the infeed conveyor to a
      loading station at the same level as the loading positions of the
      conveying means and for lowering the pallet from the loading station to
      the discharge conveyor. Suitably, the infeed conveyor and discharge
      conveyor are collinear, and each load conveying means comprises a
      horizontal conveyor arranged at right angles to the infeed and discharge
      conveyors.
PAR  In one form of the invention there is provided apparatus for transferring
      discrete loads to a pallet, comprising pallet infeed means for moving an
      empty pallet to a loading station, first and second load conveying means
      adapted to move numbers of discrete loads to respective first and second
      loading positions arranged on opposite sides of the loading station, load
      transfer means adapted to move loads simultaneously from each load
      conveying means at its loading position onto a pallet at the loading
      station, and pallet discharge means for discharging a loaded pallet from
      the apparatus.
PAR  The apparatus may be used for transferring cylindrical articles, such as
      kegs or drums, onto pallets of the kind having a load-bearing surface
      shaped to support two rows of cylindrical articles lying on their curved
      surfaces. In that case, the load transfer means preferably comprise a pair
      of transfer members arranged one at each side of the pallet loading
      station and each pivotally mounted for rotation about a horizontal axis
      above the corresponding loading position, so that movement of the transfer
      member, in operation, pushes a number of cylindrical loads from the
      corresponding loading position onto a pallet at the loading station, the
      loads being so orientated on the load conveying means that they roll into
      position on the pallet. Suitably, each transfer member carries roller
      means, rotatable about a horizontal axis spaced from the axis of rotation
      of the transfer member, with which the loads are engaged during the
      transfer operation thereby to push the loads onto the pallet.
PAR  In another form of the invention there is provided apparatus for removing
      discrete loads from a pallet on which the loads are arranged in two
      adjacent rows, comprising pallet infeed means for moving a loaded pallet
      to a loading station, first and second load conveying means adapted to
      discharge discrete loads from respective first and second loading
      positions arranged on opposite sides of the loading station, load transfer
      means adapted to move each of the two rows of loads simultaneously from a
      pallet at the loading station onto the respective load conveying means,
      and pallet discharge means for discharging an empty pallet from the
      apparatus.
PAR  The apparatus may be used for removing cylindrical articles, such as kegs
      or drums, from pallets of the kind having a load-bearing surface shaped to
      support two rows of cylindrical articles on their curved surfaces. In that
      case, the load transfer means may comprise a pair of transfer members
      pivotally mounted for rotation about a horizontal axis above the loading
      station and arranged so that in one position thereof they project between
      the two rows of loads on a loaded pallet moved into the loading station,
      rotation of the transfer members causing each member to engage one of the
      rows of loads and push the load onto the adjacent load conveying means.
DRWD
PAR  The invention will now be described, by way of example, with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic end elevation of apparatus according to the
      invention for loading cylindrical articles onto pallets,
PAR  FIG. 2 is a diagrammatic side elevation of the apparatus of FIG. 1,
PAR  FIG. 3 is a plan view showing diagrammatically the arrangement of various
      conveyors of the apparatus of FIGS. 1 and 2,
PAR  FIG. 4 is a diagrammatic end elevation of apparatus according to the
      invention for unloading cylindrical articles from pallets, and
PAR  FIG. 5 is a diagrammatic side elevation of the apparatus of FIG. 4.
DETD
PAR  Referring to FIGS. 1 and 2, there is provided apparatus for loading
      cylindrical or generally cylindrical articles, such as kegs or drums, onto
      a pallet. The apparatus comprises a pallet infeed conveyor 10 for carrying
      empty pallets into a pallet lift unit 12, in which a pallet can be raised
      to a loading station, a discharge conveyor 14 for carrying loaded pallets
      from the lift unit 12, two load conveyors 16 and 18 for carrying loads to
      loading positions adjacent the lift unit, and transfer means for
      transferring loads from the load conveyors to a pallet at the loading
      station.
PAR  The apparatus is adapted for use with pallets of the kind having an upper
      surface shaped to support two rows of cylindrical articles lying on their
      curved surfaces, i.e. with their axes horizontal, each row containing two
      articles arranged end to end.
PAR  The pallet infeed conveyor 10 and discharge conveyor 14 are collinear and
      comprise horizontally disposed, driven chain conveyor which extend into
      the pallet lift unit from opposite sides to points near the centre of the
      lift unit. The lift unit includes an H-shaped supporting frame 20 which is
      carried by two pairs of vertically arranged, endless chains 22 positioned
      at opposite sides of the lift unit 12 and driven through gearing 50 by an
      electric motor 52 so that frame 20 can be moved vertically in the lift
      unit to lift an empty pallet off the conveyors 10 and 14 and raise it to a
      loading station at the level of the load conveyors 16 and 18, and
      subsequently lower the loaded pallet onto the conveyors 10 and 14, the
      cross-member of the frame 20 at its lowermost position entering the gap
      between the ends of conveyors 10 and 14. FIGS. 1 and 2 show a pallet 41
      supported on the frame 20 at an intermediate position of its travel.
PAR  Each load conveyor 16 and 18 comprises a horizontally disposed, driven
      chain conveyor arranged at right angles to the pallet infeed and discharge
      conveyors 10 and 14 and at a height above those conveyors sufficient to
      allow a loaded pallet to move freely beneath the load conveyors as it is
      discharged by conveyor 14 from the pallet lift unit 14. The two load
      conveyors 16 and 18 extend to loading positions on opposite sides of the
      pallet lift unit, so that loads carried on the conveyors to the loading
      positions are positioned adjacent opposite sides of a pallet raised to the
      loading station by the lift unit, as shown by loads 40 in FIG. 1.
PAR  Near the end of each load conveyor 16 and 18 is a back stop 24 (see FIG. 3)
      positioned to arrest movement of a load on the conveyor at the position
      corresponding to the position it is to take up on a pallet at the loading
      station. The position of the back stop 24 is adjustable so that it can be
      set for loads of different lengths. At a position on each load conveyor
      near to the centre of a pallet at the lift station there is provided a
      retractable stop member 26 which, in operation, is raised by a suitable
      mechanism (not shown) after a first load has moved past it to the back
      stop 24, to arrest movement of the following load, so that the two loads
      are spaced by a desired amount before they are transferred to a pallet.
      The position of the retractable stop member 26 is adjustable to allow for
      loads of different lengths.
PAR  Mounted above each load conveyor 16 and 18, at its loading position, is a
      load transfer member 28, comprising a pair of arms 30 pivotally mounted at
      their upper ends about a horizontal axis 32 positioned above and parallel
      to the associate load conveyor. Each transfer arm 30 has a portion 34
      which, in its inoperative position, extends downwards and outwards and is
      joined to a portion 36 extending vertically downwards to a point just
      above the level of the conveyor 16 or 18. The vertically disposed portion
      is positioned so that a load can be moved into position alongside the arm.
      Each pair of arms carries, at its lower end, a horizontal support member
      38, on which are rotatably supported two rollers 42. The rollers have an
      axis of rotation parallel to the pivotal axis of the arm, and are arranged
      so that when the arms 30 are pivotally moved towards two cylindrical loads
      which have been moved to the loading position on the conveyor 16 or 18
      each roller engages the adjacent load at points angularly spaced about
      45.degree. from the lowest points on the cylindrical surface of the load.
      Double-acting pneumatic rams 44 are connected beneath the frame of the
      lift unit 12 and each arm 30; to effect rotation of arms 30 about pivotal
      axes 30 thereby to engage loads on the conveyors 16 and 18 at the loading
      positions and push them off the conveyors onto a pallet at the loading
      station, and to retract the arms to their inoperative position.
PAR  Fixed above the pallet lift unit 12 is a horizontal bar 46 extending
      parallel to and midway between the load conveyors 16 and 18 and positioned
      so as to prevent loads pushed from either load conveyor from overshooting
      their position on the pallet during the transfer operation.
PAR  In operation of the apparatus, an empty pallet is carried by the infeed
      conveyor 10 into the pallet lift unit 12, where it is raised by the
      support frame 20 to the level of the load conveyors 16 and 18. At the same
      time loads are carried to the loading positions by the load conveyors 16
      and 18 so that two loads are disposed at each side of the pallet. The
      transfer arms 30 are then operated simultaneously to push the four loads
      from the load conveyors 16 and 18 onto the pallet, the loads rolling on
      their curved surfaces during this movement. The loaded pallet is then
      lowered onto the discharge conveyor 14 and moved on that conveyor out of
      the lift unit 12, as the next empty pallet is moved into the lift unit. At
      the same time the transfer arms 30 are retracted so that further loads can
      be moved to the loading positions, and the cycle is repeated.
PAR  It will be appreciated that the apparatus can be provided with suitable
      control mechanism, including sensing devices, e.g. photoelectric sensing
      devices, to sense the positions of pallets and loads at various stages in
      the operating cycle, so that the apparatus can operate automatically.
PAR  Since loads can be supplied to the apparatus along two load conveyors, and
      the two rows of loads are transferred simultaneously to the pallet, the
      apparatus enable pallets to be loaded rapidly and thus can handle a large
      number of pallets per hour.
PAR  FIGS. 4 and 5 show an apparatus for removing cylindrical or generally
      cylindrical articles, such as kegs or drums, from pallets of the kind
      having an upper surface shaped to support two rows of the articles lying
      on their curved surfaces.
PAR  The apparatus includes pallet infeed and discharge conveyors 10 and 14, a
      pallet lift unit 12, and two load conveyors 16 and 18 arranged as in the
      apparatus of FIGS. 1 to 3. However, the stop members 24 and 26 associated
      with the load conveyors and the centrally disposed horizontal bar 46 kind
      dispensed with, and the transfer mechanism 28 is replaced with a stripping
      transfer mechanism for removing loads from a pallet raised in the pallet
      lift unit, as will now be described.
PAR  The stripping transfer mechanism comprises two pairs 60 and 62 of transfer
      arms pivotally mounted on a common shaft 64 the axis of which is
      positioned horizontally above the lift unit 12 and parallel to and midway
      between the two load conveyors 16 and 18. Each transfer arm comprises a
      lever arm 66 rotatably carried on shaft 64, a plate 70 fixed to the lever
      arm 66 at its lower end, plate 70 being vertical in the inoperative
      position of the arm, and an inclined, load-engaging plate 68 fixed to the
      plate 70. The transfer arms 60 and 62 are arranged so that in their
      inoperative position the plates 70 of adjacent arms 60 and 62 lie against
      one another and the corresponding plates 68 of the two transfer arms
      together form a downwardly tapering element which becomes positioned
      between two loads on a pallet as it is raised on frame 20 to the loading
      position. Double-acting pneumatic rams 72 are connected between fixed
      points on the frame of the apparatus and each lever arm 66 to effect
      rotation of the transfer arms, movement of the arms away from each other
      and from their inoperative position causing each plate 68 to engage a load
      on the pallet and push it from the pallet to the adjacent load conveyor 16
      or 18.
PAR  At the side of each load conveyor 16 or 18 remote from the lift unit 12 is
      fixed a horizontal bar 74 positioned to prevent articles pushed from a
      pallet from overshooting the load conveyor.
PAR  In operation of the apparatus, a loaded pallet supporting two rows, each of
      two cylindrical articles, is moved into the lift unit by the infeed
      conveyor 10. The pallet is raised by the support frame 20 of the lift unit
      12 to the level of the load conveyors. The two pairs of transfer arms 60
      and 62 are operated simultaneously to push the rows of articles onto the
      respective load conveyors 16 and 18, on which the articles are conveyed
      from the apparatus. The transfer arms are retracted, and at the same time
      the empty pallet is lowered onto the pallet discharge conveyor 14, on
      which it is discharged from the lift unit as the next loaded pallet is
      carried into the lift unit on the infeed conveyor 10.
PAR  As with the first described embodiment, suitable control mechanism can be
      provided to enable the apparatus to operate automatically.
PAR  It will be apparent that the simultaneous removal of two rows of loads from
      a pallet enables the apparatus to unload pallets rapidly, and thereby
      handle a large number of pallets per hour.
PAR  It will be appreciated that many modifications could be made in both
      described embodiments. For example, the pallet lift unit could be
      dispensed with, and the two load conveyors could be arranged at the same
      level as the pallet infeed and discharge conveyors, the load conveyors
      running parallel to, and on opposite sides of the infeed and discharge
      conveyors. This would have the disadvantage, however, of requiring a
      relatively complex system for supplying articles to, or discharging
      articles from, both side of the pallet infeed and discharge conveyors.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for removing discrete loads from a pallet on which the loads
      are arranged in two adjacent rows, comprising pallet infeed means for
      moving a loaded pallet to a loading station, first and second load
      conveying means adapted to discharge discrete loads from respective first
      and second loading positions arranged on opposite sides of the loading
      station, load transfer means adapted to move each of the two rows of loads
      simultaneously from a pallet at the loading station onto the respective
      load conveying means, and pallet discharge means for discharging an empty
      pallet from the apparatus.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, and adapted for removing cylindrical
      articles from pallets of the kind having a load-bearing surface shaped to
      support two rows of cylindrical articles on their curved surfaces, in
      which the load transfer means comprises a pair of transfer members
      pivotally mounted for rotation about a horizontal axis above the loading
      station and arranged so that in one position thereof they project between
      the two rows of loads on a loaded pallet moved into the loading station,
      rotation of the transfer members causing each member to engage one of the
      rows of loads and push the loads onto the adjacent load conveying means.
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PAL  This invention is a unique vehicle towed trailer, useful in loading and
      unloading power driven equipment. The trailer has the features of a
      rotatable bed, means for tilting the bed, means for locking and clamping
      towing tongue to the trailer, means for removing to trailer from the lower
      frame, for use as a pallet, means to use the lower frame as a trailer and
      means to rotate the trailer bed to facilitate loading and unloading of
      power equipment.
BSUM
PAR  This invention relates to trailer means adapted to be towed by a vehicle
      and, more particularly to trailer means, the bed of which may be rotated
      in any direction.
PAR  The present invention is a new design trailer with a bed which will rotate
      360.degree.. In addition, the trailer bed also tilts.
PAR  These features are particularly desirable when loading and unloading power
      driven equipment, such as a snowmobile or lawn tractor. In such a case the
      snowmobile or tractor may be driven upon the tilted trailer and parked.
      When the snowmobile or tractor is to be removed from the trailer, the bed
      may be rotated 180.degree. allowing the snowmobile or tractor to be driven
      forward and off the trailer.
PAR  In addition, the rotatable trailer bed may be easily removed and the lower
      part of the frame, connected to the wheels, may be utilized for a
      conventional motorcycle trailer, terrain vehicle trailer, or boat. Thus a
      fully convertible trailer is had by the use of this present invention.
PAR  Accordingly an object of this invention is to provide for a trailer means
      having a rotatable bed thereon.
PAR  Another object of this invention is to provide for a trailer means having a
      tilting mechanism thereon.
PAR  Still another object of this invention is to provide for a convertible
      trailer, the rotable bed of which may be removed allowing the lower
      portion to be adapted to conventional trailer means.
PAR  Yet another object of this invention is to provide a rotable trailer means
      which may be unloaded or loaded at various bed rotation angles.
PAR  It is yet another object of this invention to provide a spring loaded lock
      mechanism for securing a trailer means in an untilted position.
PAR  It is yet another object of this invention to provide a trailer rotating
      means comprised of a single circular rail member upon which is mounted a
      plurality of wheel members supporting a trailer bed.
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PAR  These and other objects of the invention may be seen from the following
      discussion taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side view of the trailer means of this invention attached to a
      towing vehicle, the trailer means having a skimobile load thereon.
PAR  FIG. 2 is a side view of the invention in which the trailer means is tilted
      allowing the skimobile load to be driven off the trailer means in a
      forward direction.
PAR  FIG. 3 is a bottom view of the trailer means along lines 3--3 of FIG. 1.
PAR  FIG. 4 is a cross sectional view of FIG. 3 along lines 4--4.
PAR  FIG. 5 is a cross-sectional view along lines 5--5 of FIG. 3.
PAR  FIG. 6 is a cross sectional view along lines 6--6 of FIG. 3.
PAR  FIG. 7 is a cross sectional view along lines 7--7 of FIG. 4.
PAR  FIG. 8 is a cross sectional view along lines 8--8 of FIG. 5.
PAR  FIG. 9 is a perspective view of the trailer means with the trailer bed
      removed.
PAR  FIG. 10 is a perspective view of the trailer means of FIG. 9 having rails
      thereon for the transportation of motorcycles.
PAR  FIG. 11 is a perspective view of the trailer means of FIG. 9 having rails
      thereon to carry an all-terrain vehicle.
PAR  FIG. 12 is a perspective view of the drawing of FIG. 9 having rails and
      support thereon for the carrying of a boat.
DETD
PAR  Referring now to the drawings, and in particular to FIGS. 1 and 2, the
      trailer of this invention is generally represented by the numeral 10 and
      is coupled by means of tongue 12 to the rear end of a vehicle 14, by means
      of a conventional trailer hitch 16. Trailer 10 is generally shown with a
      snowmobile 18 resting thereon. Trailer 10 rests on the ground by means of
      wheels 20 which are coupled in a conventional manner to springs 22
      connected to the trailer's lower frame 24. A trailer bed 26 rests upon the
      lower frame 24 and rotates about center pivot pin 28 which passes through
      centering hole 30 in the lower frame 24.
PAR  Tongue 12 is connected to lower frame 24 by means of hinge plate 32 which
      allows trailer 10 to tilt about the axis of wheels 20 as is seen in FIG.
      2. When the trailer 10 is in the normal towing position, a screw clamp 34
      clamps the trailer bed 26 to tongue 12, thus preventing any motion of the
      trailer bed 26. A locking means 36 is attached to tongue 12 and engages
      trailer bed 26 rigidly locking it in the towing position.
PAR  As may be seen by FIGS. 1 and 2 the skimobile 18 may be driven upon the
      trailer bed 26 while the trailer is in the tilted position of FIG. 2. When
      it is desired to remove the skimobile, or snowmobile, the trailer bed may
      be rotated 180.degree., the trailer 10 tilted and the snowmobile 18 driven
      off in a manner indicated in FIG. 2.
PAR  Referring now to FIG. 3 and FIG. 9 the lower frame 24 is comprised of a
      circular turntable 42 having an outwardly disposed L-shaped cross section
      44. Parallel cross members 46 are integrally attached to turntable 42
      perpendicular to tongue 12 to which they are welded. Springs 22 are
      likewise bolted to cross members 46 in the conventional manner.
PAR  Trailer bed 26 (FIG. 3) is genereally comprised of a rectangular metal
      frame 48 having support struts 50 extending from frame 48 to turntable 42.
      Rollers 52 are attached to the center portion of the support struts 50 as
      well as to the center portion of frame 48, (see FIG. 5). These rollers
      rest upon and are engaged by the circular turntable 42 in such a manner
      that the trailer bed 26 may be rotated about the turntable 42. Center
      pivot pin 28 (FIG. 4) extends outwardly and downward from the center
      portion of trailer bed 26 and is inserted in centering hole 30 of tongue
      12. Center pivot pin 28 is attached to trailer bed 26 by means of support
      plate 54 which is bolted to the trailer bed 26. A removable lock pin 29
      extends through center pivot pin 28 locking pin 28 in position.
PAR  Referring now to FIGS. 4, 5 and 7, rollers 52 are generally comprised of a
      roller wheel 56 having an axle 58 which extends through U-bracket 60.
      U-bracket 60 is integrally attached to support struts 50 and frame 48,
      permitting the roller wheels to turn upon turntable 42. It is within the
      scope of this invention to have a plurality of rollers 52 engaging
      turntable 42 as well as the four rollers herein shown and described.
PAR  Screw clamp 34 (FIG. 4) generally consists of clamp frame 62 secured about
      tongue 12 by means of bolt 63 extending through frame 62. A hand screw 64
      screwably attached to clamp frame 62 may be hand turned forcing clamped
      frame 62 against bed protrusion 68 which is integrally attached to trailer
      bed 26. As may be seen from FIG. 4, as well as FIGS. 1 and 2, handscrew 64
      contacts and bears against the upper surface of tongue 12 slightly the
      left of bolt 63, or on the opposite side of bolt 63 from that occupied by
      bed protrusion 68. When handscrew 64 bears against tongue 12, it causes
      clamp frame 62 to pivot about bolt 63, forcing clamp frame 62 against the
      bed protrusion 68 locking them together. Bolt 63 is thus acting as the
      fulcrum of a first class lever (similar to a see-saw) whereas handscrew 64
      and clamp frame 62, adjacent to handscrew 68, acts as the end portions of
      the lever. As may be seen, trailer bed 26 is then effectively locked to
      tongue 12. As may be seen when hand screw 64 is advanced, the clamp frame
      62 will pivot and press clamp frame 62 against protrusion 68 thus securing
      the trailer bed 26 in stationary position.
PAR  Locking means 36 (FIG. 6) attached to the side portion of tongue 12 is
      generally comprised of a spring loaded pin 70 which extends through pin
      member 72 which is attached to trailer turntable 42. Helical spring 73 is
      positioned around pin member 70. When the trailer 10 is in the driving
      position, spring loaded pin 70 will thus secure the trailer bed immobilly
      upon the trailer's lower frame 24. A washer 80 is positioned on pin 70,
      adajcent to spring 73, and is secured in position by cotter pin 82 which
      passes through pin 70. Thus when pin 70 is withdrawn spring 73 is
      compressed. Pulling of the spring loaded pin 70 out of the pin member 72
      will likewise release the trailer bed 26, allowing it to tilt.
PAR  In operation, the trailer bed 26 may be rotated about center pivot pin 28
      in any direction. During rotation, the rollers 52 bear against the
      circular turntable 42 supporting the trailer bed on the lower frame 24. In
      addition, by releasing screw clamp 34 and locking means 36 the trailer 10
      may be allowed to tilt in a manner indicated by FIG. 2, permitting a
      self-propelled vehicle to be driven thereon and secured. Unloading of the
      self-propelled vehicle may be easily accomplished by rotating trailer bed
      180.degree. tilting the trailer and driving the self-propelled vehicle off
      the trailer 10. In addition, trailer 10 may be utilized with any type of
      load, allowing loading and unloading to take place at any convenient angle
      which trailer bed 26 may be rotated.
PAR  Furthermore trailer bed 26 may be lifted and removed from the trailer's
      lower frame 24 with or without the load attached thereto. When a load is
      attached to the trailer bed 26, it may be lifted as a pallet, as by a fork
      lift truck (not shown), and stacked with the attached load. The trailer
      bed, acting as a pallet may then be lifted back upon the trailer, the
      center pivot pin 28 secured and the trailer driven away in normal manner.
PAR  Referring now to FIG. 10, there is seen the lower frame 24 of trailer 10
      having tracks 74 secured to the upper portion thereof. Such tracks may be
      used to engage the wheels of a motorcycle or bicycle for the
      transportation thereof. Likewise FIG. 11 indicates the trailer frame 24
      having two tracks 74 adapted to receive the wheels of an all-terrain
      vehicle for transportation.
PAR  Referring now to FIG. 12, the lower frame 24 of trailer 10 is shown with
      tracks 74 mounted thereon upon which are boat rollers 76 mounted in the
      center portion. Boat supports 78 are mounted on the outer tracks 74 so as
      to engage the hull of a boat when it is positioned upon the lower frame
      24.
PAR  In operation, a motorcycle or all-terrain vehicle may be driven or placed
      upon the trailer frame in a manner indicated in FIGS. 10 and 11 and
      secured thereto for transportation. Likewise a boat may be rolled upon
      boat rollers 76 of FIG. 12, supported by boat support 78. After the boat
      is secured it may be transported in the usual manner by the lower frame
      24.
PAR  As may be seen a great degree of versatility is had by the use of this
      invention in the transportation of various objects.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trailer apparatus adapted to be attached to a towing vehicle having a
      rotatable and removable bed thereon, comprising in combination:
PA1  a wheel supported lower frame having coupling means to be attached to a
      towing vehicle;
PA1  a trailer bed positioned upon said lower frame;
PA1  a circular turntable integrally attached to said lower frame;
PA1  a plurality of wheels rotably attached to said trailer bed and adapted to
      engage said turntable;
PA1  a center pivot pin integrally attached to the center portion of said bed
      and adapted to fit into a center hole located in said lower frame;
PA1  a hinge plate positioned upon said lower frame;
PA1  a tongue attached to said trailing vehicle;
PA1  a pin extending through said hinge plate and through said tongue;
PA1  a clamp frame rotably attached to said frame;
PA1  screw means attached to press said clamp frame against said tongue whereby
      said clamp frame is pivoted;
PA1  a spring loaded pin attached to sid tongue;
PA1  a bed protrusion attached to said bed having an opening therethrough for
      the insertion of said spring loaded pin means.
NUM  2.
PAR  2. The combination as claimed in claim 1, in which said trailer bed is
      removably attached from said lower frame including
PA1  means releasably securing said center pivot pin to permit removal of said
      trailer bed from said lower frame.
NUM  3.
PAR  3. The combination as claimed in claim 1, in which said plurality of wheels
      is comprised of four, comprising in combination:
PA1  a U-shaped box member;
PA1  an axle extending through said U-shaped box member;
PA1  a roller wheel mounted upon said axle.
NUM  4.
PAR  4. The combination as claimed in claim 3, in which said centering pivot pin
      has an opening therethrough;
PA1  a locking pin adapted to extend through said opening securing said center
      pivot pin and said trailer bed to said lower frame.
NUM  5.
PAR  5. A trailer apparatus adapted to be attached to a towing vehicle having a
      rotatable and removable bed thereon, comprising in combination:
PA1  a wheel supported lower frame having coupling means to be attached to a
      towing vehicle;
PA1  a trailer bed positioned on said lower frame;
PA1  a circular turntable integrally attached to said lower frame;
PA1  a plurality of wheels rotably attached to said trailer bed and adapted to
      engage said turntable;
PA1  a center pivot pin integrally attached to the center portion of said bed
      and adapted to fit into a center hole located in said lower frame;
PA1  a hinge plate positioned upon said lower frame;
PA1  a tongue attached to said trailing vehicle;
PA1  a pin extending through said hinge means and through said tongue;
PA1  a clamp frame rotably attached to said frame;
PA1  screw means attached to press said clamp frame against said tongue means,
      whereby said clamp frame is pivoted;
PA1  a spring loaded pin attached to said tongue means;
PA1  a bed protrusion attached to said bed having an opening therethrough for
      the insertion of said spring loaded pin means;
PA1  a U-shaped box member;
PA1  an axle member extending from said U-shaped box member;
PA1  a roller wheel mounted upon said axle;
PA1  said centering pivot pin with an opening therethrough;
PA1  a locking pin adapted to extend said pin securing said pivot pin to said
      trailer bed to said lower frame.
NUM  6.
PAR  6. The combination as claimed in claim 5,:
PA1  wherein said lower frame, upon removal of said rotable bed, is adapted to
      removably support tracks with detachable boat rollers and boat supports
      thereon;
PA1  whereby a boat may be rolled upon said lower frame supported by said boat
      supports.
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PAL  Apparatus wherein a conveyer supporting goods to be loaded is moved toward
      the loading place, and thereafter the conveyer is so driven that the goods
      on the conveyer are forwardly fed, while at the same time the conveyer is
      moved backwardly or retracted to thereby transfer the goods successively
      onto the loading place in the arrayed state as they are on the conveyor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to an apparatus for loading goods
      to be transported or shipped and, in particular, to an apparatus for
      loading the goods onto a loading place of a transporting vehicle such as a
      truck, container and railroad freight car.
PAR  Heretofore, fork lift trucks or the like have been employed for loading the
      goods to be transported onto a loading place of the truck, container or
      freight car. However, such a conventional loading method has the
      disadvantage that man power, and time consuming and troublesome labor are
      required.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is therefore to provide an apparatus which is
      easily operated and capable of loading goods on a loading place of a
      truck, container, freight car or the like sequentially and in a relatively
      short time to thereby reduce the man power required for the loading
      operation.
PAR  According to the invention, a conveyer supporting goods to be loaded is
      moved toward the loading place, and thereafter the conveyer is so driven
      that the goods on the conveyer are forwardly fed, while at the same time
      the conveyer is moved backwardly or retracted to thereby transfer the
      goods successively onto the loading place in the arrayed state as they are
      on the conveyer.
PAR  Another object of the invention is to provide an apparatus for loading
      goods which allows easy adjustment of the loading positions thereof in
      vertical and horizontal planes so as to be matched with the height or
      lateral position of the loading place, to thereby facilitate the loading
      of goods.
PAR  Still another object of the invention is to provide an apparatus which can
      smoothly transfer the goods from a carrier conveyer onto a loading place.
PAR  A further object of the invention is to provide an apparatus which can
      perform the loading work smoothly, even if a gap should exist between the
      loading apparatus and the place to be loaded with goods such as the rear
      body of a truck, container, freight car or the like.
PAR  A further object of the invention is to provide an apparatus which can load
      goods packed in bags as well as box-like articles.
PAR  The above and other objects as well as novel features and advantages of the
      invention will become apparent from the following detailed description of
      preferred embodiments of the invention. The description makes reference to
      the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view showing an embodiment of a loading apparatus
      according to the invention with portions broken away;
PAR  FIG. 2 is a side view of FIG. 1 with portions broken away;
PAR  FIG. 3 is a sectional view of FIG. 1;
PAR  FIG. 4 is a plan view of a front portion of a carrier assembly used in the
      embodiment of FIG. 1 shown with portions broken away;
PAR  FIG. 5 is a sectional view of FIG. 4;
PAR  FIG. 6 is a plan view similar to FIG. 4 but showing another embodiment of
      the load carrier assembly;
PAR  FIG. 7 is a sectional view of FIG. 6;
PAR  FIG. 8 is a partially broken away plan view showing a further embodiment of
      the loading apparatus according to the invention;
PAR  FIG. 9 is a side view of FIG. 8 with portions broken away; and
PAR  FIG. 10 is a sectional view of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Now, the invention will be described at first with reference to FIGS. 1 to
      5 which show a preferred embodiment of the invention.
PAR  Reference numeral 1 denotes an elongated foundation platform on which a
      plurality of rails 2 are fixedly laid transversely of the platform 1 and
      in parallel with one another. Carriages 3 are supported transversely
      movably on the respective rails 2 through wheels 4 pivotally mounted on
      the associated carriage at both sides thereof. A reversible electric motor
      5 mounted on each of said carriages 3 is operatively coupled to one of the
      wheels 4 at one side of the carriage by way of a transmission apparatus 6.
      In this manner, the carriages 3 can be reciprocatively moved on the rails
      2 transversely of the foundation platform 1 by driving the respective
      electric motors 5 to thereby rotate the wheels 4 through the transmission
      apparatus 6.
PAR  A plurality of vertically extensible and collapsible lift structures 7 are
      provided on every carriage 3, each of which structures comprises a
      hydraulic cylinder 8 having a base or lower portion pivotally connected to
      the carriage 3 and provided with a piston rod 9, and lift arms 10 each
      having a lower end pivoted to the carriage 3 and an upper end pivotally
      connected to a vertically movable support body 11. It will be noted that
      said lift arms 10 are pivotally connected to each other at an intermediate
      portion thereof to thereby cross each other, and the piston rod 9 of the
      hydraulic cylinder 8 is pivotally connected to the lift arms 10 at said
      intermediate portion thereof. The vertically movable support body 11 can
      be selectively lowered or lifted by the corresponding reciprocating
      movement of the piston rod 9 of the hydraulic cylinder 8 through the lift
      arms 10.
PAR  Rails 12 are mounted on the vertically movable support body 11 at both
      sides thereof extending longitudinally of the foundation platform 1 in
      parallel with each other. Disposed movable along the longitudinal axis of
      the elongated foundation platform 1 on the rails 12 through a plurality of
      wheels 14 is a load carrier assembly generally indicated by numeral 13 and
      comprising a plurality of support frames 15 successively arranged in the
      longitudinal direction and connected vertically swingably to one another.
      Sprocket wheels 16 are rotatably mounted on the vertically movable support
      body 11 at front and rear ends thereof and a chain 17 extends between and
      around the sprockets 16, both ends of said chain 17 being connected to the
      above mentioned load carrier assembly 13. By driving the sprocket wheels
      16 through a reversible electric motor (not shown), the load carrier
      assembly 13 may be reciprocatively moved on the rails 12 along the
      longitudinal axis of the elongated platform 1.
PAR  The load carrier assembly 13 comprises a conveyer 18 composed of a
      plurality of rollers 19 rotatably mounted on the upper surfaces of the
      support frames 15 in juxtaposition to one another. Pulleys 20 are
      rotatably mounted on the intermediate lower portion of each of the support
      frames 15 at the front and rear ends of the longitudinally reciprocatable
      load carrier assembly 13 and an endless belt 21 is so suspended between
      the pulleys 20 that the upper surface of the upper running portion of the
      belt 21 may bear against the lower peripheries of the rollers 19. One of
      the pulleys 20 is operatively connected to a reversible electric motor 22
      by way of a reduction gear apparatus or transmission 23. In this manner,
      the rollers 19 may be rotated in either directions due to the frictional
      contact with the belt 21, when the electric motor 22 is energized to
      rotate the pulleys 20 through the transmission 23.
PAR  Rotatably mounted on a frame 11a positioned at the rear portion of the
      vertically movable support body 11 succeeding to the rollers 19 of the
      conveyer 18 in juxtaposition thereto are rollers 19a which are adapted to
      be rotated by an electric motor 24 through a transmission apparatus 25,
      both of which are securely mounted on the frame 11a. Further mounted
      rotatably freely on a front frame 15b of the support frames 15 of the
      assembly 13 are a plurality of rollers 19b which are operatively coupled
      to the aforementioned pulley 20 through a transmission apparatus 26 and
      adapted to be rotated at a higher speed than the rollers 19. A guide plate
      27 is provided at the front end portion of the load carrier assembly 13 in
      front of the conveyer 18, said plate 27 slanting down forwardly.
PAR  As can be seen in FIG. 3, additional rollers 28 formed of a material such
      as gum or the like and having a greater diameter than the wheels 14 are
      rotatably mounted on each of the support frames 15 below the lower
      surfaces and at both sides thereof. Further, guide rollers 29 of a similar
      material are provided at both sides of each frame 15.
PAR  A feed-out conveyer 31 is provided at the rear portion of the foundation
      platform 1. This conveyer 31 comprises a plurality of driving rollers 33
      supported rotatably freely on a frame structure 32 in juxtaposition to one
      another. An entry and exit station 34 is arranged for transport vehicles
      in front of the foundation platform 1.
PAR  Reference numeral 35 denotes an autotruck having a rear body 36 which is to
      be loaded with goods 37 to be transported or shipped.
PAR  In operation, goods to be transported which are fed on the rollers 33 of
      the feed-out conveyer 31 are transferred onto the conveyer 18 of the
      longitudinally movable load carrier assembly 13 and moved forwardly by
      driving the rollers 19 and 19a in the corresponding direction, which are
      stopped when a predetermined quantity of goods 37 to be transported have
      been loaded on the conveyer 18.
PAR  Subsequently, the carriages 3 are moved transversely of the foundation
      platform 1 so as to be horizontally aligned with the loading position of
      the rear body 36 of the autotruck 35 which is in the stand-by position at
      the entry and exit station 34. Additionally, the lift structures 7 are
      actuated to thereby move the support body 11 in the vertical direction so
      that the lower level of the load carrier assembly 13 may be in vertical
      alignment with the rear body 36 of the autotruck 35.
PAR  Thereafter, the load carrier assembly 13 is moved forwardly onto the rear
      body 36 of the truck 35, whereby the wheels 14 mounted on the frames 15 of
      the carrier assembly 13 are disengaged from the rails 12 and the rollers
      28 run on the loading surface of the rear body 36 of the truck 35 until
      they have been reached to the front side of the rear body 36.
PAR  Next, the rollers 19 of the conveyer 18 are driven again to thereby feed
      the goods 37 thereon forwardly with the carrier assembly 13 being moved
      rearwardly. At that time, if the speed of the goods 37 fed by driving the
      rollers 19 of the conveyer 18 is the same as the speed of the rearward
      movement of the carrier assembly 13, the goods 37 to be transported are
      successively transferred onto the loading surface of the rear body 36 by
      way of the guide member 27 while the goods 37 remain substantially in the
      same positions relative to one another. The goods 37 to be transported can
      be smoothly fed out onto the loading surface of the truck if the front
      rollers 19b of the conveyer 18 are driven at higher speed than the rollers
      19. When all the goods 37 have been loaded on the truck, the load carrier
      assembly 13 may be returned to the starting position.
PAR  Another embodiment of the invention will be described hereinafter with
      reference to FIGS. 6 and 7.
PAR  In this embodiment, the vertically movable support body 11 as hereinbefore
      described is provided with a rotatable shaft 41 extending transversely at
      the front side of the support body 11. Guide plates 42 are fixedly secured
      to the shaft 41 at both sides thereof by means of supporting frames 43 in
      positions corresponding to those of the guide rollers 28 hereinbefore
      described with reference to FIGS. 1 to 5. A hydraulic cylinder 44 is
      pivotally connected to the front lower portion of the support body 11,
      while a piston rod 45 of said cylinder 44 is pivoted to a connecting rod
      46 at one end thereof, the other end of which is fixedly secured to the
      rotatable shaft 41. By actuating the cylinder 44 to reciprocate the piston
      rod 45, the shaft 41 is rotated by way of the connecting rod 46, as a
      result of which the guide plates 42 are swung. These guide plates 42 are
      usually set in the erected positions as indicated by phantom line in FIG.
      7.
PAR  In operation, after the carriages 3 and the vertically movable support body
      11 have been operated so that the lower level of the load carrier assembly
      13 is positioned in alignment with the loading surface of the rear body 36
      of the truck 35, the guide plates 42 provided at the front side of the
      vertical movable support body 11 are rotated from the position depicted in
      FIG. 7 by the double dot-and-dash line to the position indicated by solid
      line to be laid on the rear end of the rear body 36 of the truck 35 in a
      bridge-like manner. Subsequently, the load carrier assembly 13 is moved
      forwardly, whereby the wheels 14 thereof are dismounted from the rails 12
      and the rollers 28 then can ride on the loading surface or rear body 36 of
      the truck 35 by way of the now horizontally positioned guide plates 42.
PAR  The above described embodiment has an advantage that the load carrier
      assembly 13 can be easily placed on the rear body 36 of the truck 35, even
      if a gap should occur between the front side of the vertically movable
      support body 11 and the rear end of the loading body 36 of the truck 35.
PAR  FIGS. 8 to 10 show still another embodiment of the invention.
PAR  In this embodiment, the frames 15 of the load carrier assembly 13 are
      provided with vertical guide plates 51. An extensible transport conveyer
      52 composed of, for example, a conventional belt conveyer is disposed over
      the load carrier assembly 13 in such a manner that the conveyer 52 may be
      moved both vertically and transversely or laterally. In operation, the
      conveyer 52 is at first so extended that the loading end thereof is
      positioned over the front portion of the load carrier assembly 13. Then
      the conveyer 52 is driven to thereby feed goods 37a to be transported or
      shipped such as packaged goods, which may freely drop from the free end of
      the conveyer 52 on the conveyer 18 of the carrier assembly 13 or
      alternatively may be manually handled to be placed on the conveyor 18
      between the guide plates 51 successively from the front to the rear side,
      while the conveyor 52 is simultaneously retracted, until a predetermined
      quantity of the goods 37a have been supported on the conveyer 18. In this
      manner, goods such as those packed in bags can be easily loaded on the
      truck.
PAR  In the foregoing description, preferred embodiments of the invention have
      been described and illustrated in the drawings. However, it should be
      appreciated that many changes and modifications may be made without
      departing from the scope and spirit of the invention. Accordingly, the
      invention should neither be restricted to these embodiments nor
      interpreted in any restrictive sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A loading apparatus for loading goods onto a receiving surface
      comprising: a horizontally movable carriage, a horizontally disposed
      support means secured to said carriage, means for elevating said support
      means, said elevating means including lifting arms pivotably connected in
      a crisscross manner, said support means mounted above and connected to
      said carriage by said elevating means, load carrier means supported on
      said support means, means for supporting said load carrier means and for
      causing horizontal movement to said support carrier means with respect to
      load carrier means to convey said load carrier means onto and away from
      said receiving surface, said load carrier means including a conveyor means
      forming a conveyor surface, said conveyor means including a plurality of
      transversely disposed parallel rollers driven by a belt disposed below
      said rollers in driving engagement therewith, said conveyor means being
      operable to support said goods and to convey said goods onto said
      receiving surface as said load carrier means is reciprocated away from
      said receiving surface, means extending between said support means and
      said receiving surface for supporting said load carrier means as said load
      carrier means is conveyed onto and away from said load carrier means, said
      means extending between said support means and said receiving surface
      including a guide means provided at the front of said support means to
      guide said load carrier means onto said receiving surface and a driving
      means for swinging said guide means so as to be set in an erect position
      when said guide means is not used and to be laid on said receiving surface
      when it is used.
NUM  2.
PAR  2. Apparatus as set forth in claim 1, wherein said load carrier means is
      divided into a plurality of sections which are swingably coupled to one
      another.
NUM  3.
PAR  3. Apparatus as set forth in claim 1, wherein a guide plate is provided at
      the front of said conveyer means to guide said goods fed from said
      conveyer means to said loading place.
NUM  4.
PAR  4. The loading apparatus as set forth in claim 1 wherein the means for
      causing horizontal movement of said load carrier means includes a pair of
      horizontally disposed tracks rigidly secured to said support means and
      driven wheels rotatably connected to said load carrier means and riding on
      said tracks.
NUM  5.
PAR  5. The loading apparatus set forth in claim 1 further comprising guide
      rollers attached to said load carrier means at both sides thereof and
      adapted to support said load carrier means on said receiving surfaces.
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ABST
PAL  A system for the transferral, freezing, storage and processing of liquids
      with a minimum of contamination is described. The components of the system
      include a hollow disc-shaped vessel of special construction which permits
      rapid freezing at extremely low temperatures, a pierceable, resilient
      sealing member on the ports of the disc-shaped vessel and a pointed
      cannular needle which is protected from contamination prior to use and
      operable to pierce the sealing member free of any contamination.
PARN
PAR  This is a continuation of application Ser. No. 373,083, filed June 25,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The need for aseptic transfer, storage and processing of various biological
      liquids is well recognized. While this need is a practical consideration
      in such operations as microbiological fermentation and lyophilization, it
      takes on even greater importance in hematological operations. Thus for
      example, the various operations involved in blood transfusions necessitate
      the utmost care in the maintenance of aseptic conditions. The chances of
      contamination are especially great in indirect transfusion since the
      requisite transfer of the blood in the course of processing, freezing and
      storage involves a number of individual manipulations, each of which
      presents an opportunity for contamination. The present limitations on the
      permissible time during which previously frozen blood may be used are
      largely based on these contamination possibilities inherent in an open
      system.
PAR  In a closed system, the blood is transferred directly from the donor into a
      closed, aseptic system capable of performing the requisite processing
      steps. The blood is subjected to these various steps in different portions
      of the system without being removed at any time and without the
      introduction into the system of any other materials. While blood which is
      processed in a closed system can be safely maintained for a long period of
      time, the operation is so cumbersome and expensive when applied to
      frozen-thawed blood products that it is not presently feasible to employ.
PAR  In an open system, the various operations are conducted separately in
      different containers. Because of the inherent possibility of contamination
      in the course of transfer from one container to another and in the
      addition of processing materials, blood frozen and processed in an open
      system has a much shorter permissible period of use.
PAR  The actual freezing of the blood in the open system is generally performed
      in one of two ways. In the so-called "high glycerol content" technique,
      the blood is mixed with a quantity of glycerol to minimize cell damage and
      subjected to temperatures of -80.degree. to -90.degree. C. When the blood
      is ready for use, it is thawed, as for example through immersion in warm
      water, and then treated with an osmotic gradient such as saline solution
      to draw out the glycerol. In the second method, the so-called "low
      glycerol content" technique, the blood is rapidly frozen in the liquid
      phase of liquid nitrogen, that is at -196.degree. C. Although glycerol is
      also added in this technique prior to the freezing, the amount which is
      added is considerably less than in the first technique. When the blood is
      to be used, it is thawed, again simply by immersion in warm water, and
      again treated with an osmotic gradient to remove the glycerol.
PAR  Originally, the container for the blood was fabricated out of stainless
      steel in order to withstand the stresses encountered on a structure upon
      plunging it into liquid nitrogen. These containers were invariably
      rectangular canisters having a thickness no greater than about
      three-eighths of an inch in order to incur the rapid and uniform freezing
      of the canister's contents. More recently, the use of stainless steel
      canisters has been largely replaced through the introduction of special
      plastic containers. These are generally constructed out of polyvinyl
      chloride and supported in a rigid cassette. To minimize the dangers of
      contamination, current regulations and practice precludes the use of any
      plasticizer in the formulation of the PVC. While the plastic containers
      are an improvement over the stainless steel containers, experience has
      shown that a failure rate of about 2 to 3 percent can be expected. These
      failures, which probably occur in the course of freezing but which cannot
      be detected until thawing, constitute a very serious disadvantage to the
      use of plastic containers for the freezing of blood. Moreover, plastic
      containers are not reuseable and thus constitute an expensive if not
      wasteful luxury.
PAR  Finally, in any open system, whether the container employed is a stainless
      steel canister or a plastic bag, the possibility of contamination in the
      course of transfer and the resultant limitations on the time in which the
      blood may be safely used are highly undesirable. It is clear from the
      foregoing that a definite need exists for a system which eliminates the
      possibility of outside contamination yet permits the flexibility of the
      open system of blood freezing and at the same time permits the
      minimization of loss through container failure and the reuse of the
      containers.
PAC  DETAILED DESCRIPTION
PAR  The present invention provides a system, including its various components
      individually, for the transferral, freezing, storage and processing of
      liquids with minimum contamination. Although the system is most notably
      employed in the processing of blood, it is also useful in microbiological
      processes such as fermentation and in the lyophilization of pharmaceutical
      preparations and biological materials.
PAR  It is an object of the present invention to provide a system which permits
      the freezing of liquids at extremely low temperatures by the rapid
      insertion of a suitable container with a minimum of danger of container
      failure.
PAR  A further object of the present invention is to provide a system in which
      the frozen liquid can be conveniently stored in suitable refrigeration
      means and be readily observable throughout storage.
PAR  A further object of the present invention is to provide a system which
      permits the introduction of processing substances into the contents of the
      container, and/or the removal of liquid from the container, without
      contamination of the interior of the container or its contents.
DRWD
PAR  These and other objects of the invention will be apparent from the present
      specification and from the drawings in which:
PAR  FIG. 1 is a perspective view of the freezing and storage vessel;
PAR  FIG. 2 is a partially cutaway side view of the vessel;
PAR  FIG. 3 is a partially cut-away end view of the vessel;
PAR  FIG. 4 is a detailed view in cross section of the tubular port of the
      vessel;
PAR  FIG. 5 is a partially cut-away side view of a further embodiment of the
      present invention;
PAR  FIG. 6 is a partially cut-away elevation of the pointed cannular needle,
      associated tubing and protective cap prior to use; and
PAR  FIG. 7 is a cross section of the tubular port with its seal depicting the
      rupture and foldable retraction of the coating of the cannular needle in
      the course of insertion of the needle into the surface of the seal.
DETD
PAR  Referring now to the drawings in a greater detail, there is shown in FIGS.
      1, 2 and 3 a disc-shaped vessel having an annular outside wall 11 of
      uniform thickness and a pair of substantially flat and parallel faces 12
      and 13 which are continuously joined to and integral with the edges of
      wall 11. Disposed on the wall and integrally joined thereto are a
      plurality of tubular ports 14, 15 and 16 which communicate with the
      interior volume of vessel 10. As can be seen from FIG. 3, the tubular
      ports are disposed so that their axis is coplanar with the principal plane
      of the disc shaped vessel.
PAR  Each of the tubular ports has a lip portion 17 at its open end operable to
      engage sealing means 18 and 19. While sealing means 18 and 19 are depicted
      as being composed of two components, namely plug 18 and cap 19, it is
      apparent that this sealing component may be fabricated in a single unit.
PAR  The material from which the disc-shaped vessel and its tubular ports are
      constructed is of critical importance. Heretofore, it has been generally
      expected that glass containers could not be immersed rapidly in
      refrigerants at temperatures as low as -170.degree. C, the vapor phase
      temperature of liquid nitrogen, and certainly not at -196.degree. C, the
      temperature of liquid nitrogen, for fear of shattering. It has now been
      discovered that specially treated borosilicate glass having a low
      coefficient of expansion can be repeatedly immersed in liquid nitrogen
      without shattering or exploding. Borosilicate glass having a low
      coefficient of expansion is a well known article of commerce, being sold
      for example in a number of forms under the trademark PYREX. Such a glass
      will have a silica content of from about 55 to about 85 percent, a boron
      oxide content of from about 5 to about 30 percent, an aluminum oxide
      content of 0 to about 20 percent, a lead oxide content of from 0 to about
      6 percent, a magnesium oxide content of from 0  to about 12 percent, and
      varying amounts of other alkaline oxides, ranging from about 2 to about 6
      percent. These borosilicate glasses will demonstrate a low coefficient of
      expansion; i.e. approximate 3 to 5 .times. 10.sup..sup.-6.
PAR  Such commercially available material will not however withstand the rigors
      of immersion in liquid nitrogen and it is well known that such immersion
      will generally result in a shattering of the container. It has been
      discovered however that if this commercially available material, which was
      previously annealed in the course of manufacture, is again subjected to a
      second annealing treatment to effect stress relief, thee resultant glass
      is capable of withstanding the temperatures encountered in immersion in
      liquid nitrogen. The conditions of this second annealing process are
      substantially the same as those utilized with any given glass and the
      optimum temperature and cooling rates may be found according to known
      relationships from the particular expansion coefficient of the glass, its
      thickness, thermal diffusivity and elastic constant. Typical borosilicate
      glasses having a low coefficient of expansion include those sold under the
      trademark PYREX 1720, 7070, 7720 and 7740.
PAR  Returning now to the drawings, there is shown in FIG. 5 a second embodiment
      of the disc-shaped vessel 20 having annular wall 21 and a pair of parallel
      faces 22 and 23. In this embodiment, the disc-shaped vessel has only two
      tubular ports 24 and 25. Although it is possible to fabricate the
      disc-shaped vessel with only a single port, it is more convenient to
      utilize two and preferably three ports, a first for introduction of the
      blood or other liquid to be frozen and a second for simultaneous escape of
      the displaced air in the vessel. Utilization of a third port, as shown in
      FIGS. 1, 2 and 3, permits the introduction of processing substances,
      either simultaneously or at a later time.
PAR  The circular perimeter and dimensions of the disc-shaped vessel according
      to the present invention are also important. Thus it is possible to employ
      dimensions in which the width of the face of the container is reduced and
      the thickness increased. This in turn results in the possibility of
      employing a smaller container for the liquid nitrogen than would be
      possible with, for example, a rectangular or square container.
      Surprisingly it has been found that the dimensions of the disc-shaped
      vessel can have a very significant effect on the properties of the blood.
      In contrast to the thin metal canisters, and plastic bags which are
      completely filled, the present vessels are designed so as to have a volume
      approximately 50 to 100 percent greater than that of the blood mixture
      being processed. For example, if the total liquid being frozen is, for
      example, 700 ml including 350 ml of blood and an approximately equal
      amount of glycerol, the volume of the container should be approximately
      1000 to 1400 ml. Moreover, the relationship of volume to radius should be
      such that the product of the ratio of total volume of red cells being
      processed in ml to the square of the inside radius of the disc-shaped
      vessel in cm times cm.sup..sup.-1 should be no more than .pi.. These
      conditions have been found to result in less hemolysis and a brighter
      product when blood is processed in the disc-shaped vessel than has
      heretofore been obtained with plastic or metal containers.
PAR  The tubular ports are, as has been noted, disposed within the plane of the
      vessel to facilitate storage, as for example by stacking. Moreover it is
      desirable, although not necessary, that the ports terminate at a distance
      from the annular wall below the intersection of the port's axis with a
      line perpendicular thereto and tangential to the annular wall. This
      preferred arrangement, which is embodied in the vessel depicted in FIGS. 1
      through 3, permits the entire vessel to fit within the smallest possible
      square area which is needed to receive the circular portion of the vessel.
PAR  While the disc-shaped vessel of the present invention thus represents in
      and of itself an improvement over cannisters and plastic containers
      heretofore employed, it is particularly advantageous for use in an entire
      system of transferring, freezing, storing and processing liquids with
      minimum contamination. A second important conponent of this overall system
      is the pointed cannular needle shown in FIGS. 6 and 7. This needle, which
      is connected to an appropriate conduit such as tubing 31 through adapter
      holder 32, comprises a shaft portion 33 and a point portion 34. Sheathing
      point 34 and a portion of shaft 33 is a continuous coating 35 of a
      rupturable flexible plastic such as for example polyvinyl chloride,
      polyethylene or the like. Coating 35 serves to prevent contamination of so
      much of the needle as is coated, it being apparent that the needle can be
      sterilized prior to this coating. The coating can be tightly adhered to
      the entire needle, as for example, through heat shrinking or preformed,
      slipped over the needle and constricted at the top to seal the covered
      shaft. A cap member 36 can be provided to protect this coating, and the
      needle, prior to use.
PAR  As shown in FIG. 7, the needle is inserted into a sealing member by the
      application of force exerted upon the needle against the seal. This force
      results in needle point 34 first piercing the coating and then the seal
      itself. The coating upon this piercing or rupture foldably retracts along
      the shaft of the needle under the pressure and movement of insertion.
      Consequently, the sterile needle moves directly from the aseptic
      conditions existing under the coating prior to use through the sealing
      member into the interior areas of the vessel and is at no time exposed to
      the air or outside environment. It is apparent that additional protection
      against contamination can be achieved by using a similar coated needle in
      the actual venipuncture of the donor, the skin here serving to foldably
      retract the sheathing.
PAR  By equipping the disc-shaped vessel of the present invention with a
      pierceable resilient member sealing the open end of each of the vessel's
      tubular ports and utilizing the coated cannular needle of the present
      invention, it is thus possible to achieve a system which enjoys the
      flexibility of the open blood processing systems and at the same time
      minimize if not eliminate the opportunity for contamination which
      heretofore was enjoyed only by the closed blood processing systems. It
      should be noted that the success of this system is in large measure due to
      the interworkings of the individual components. Thus the specially treated
      glass disc-shaped vessel provides a rigid and reuseable container which
      not only withstands the rigors of being rapidly subjected to temperatures
      as low as -196.degree. C but permits an immediate visual observation of
      the condition of its contents. The coated cannular needle provides a means
      for eliminating any contamination of the blood or other liquid in the
      course of its introduction into this special vessel.
PAR  It is apparent that the various specific embodiments described herein may
      be varied and modified without departure from the spirit of the present
      invention since such embodiments have been presented solely for the
      purpose of exemplification and not for limitation, the invention being
      defined solely by the added claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for use in the rapid freezing of liquids through immersion
      in liquid refrigerants and in the subsequent storage and processing of the
      frozen or thawed liquids comprising a hollow, disc-shaped vessel having a
      volume at least 50 percent greater than that of the liquid to be frozen,
      said vessel being made entirely of double annealed borosilicate glass
      having a low coefficient of expansion and consisting essentially of an
      annular outside wall of uniform thickness and convex cross-section. a pair
      of substantially flat and parallel faces continuously joined to and
      integral with the edges of said annular wall, and three parallel tubular
      ports in communication with the interior of said vessel and projecting
      from and integral at one end with the annular wall and terminating at its
      other end below the intersection of its axis with a line perpendicular
      thereto and tangential to said annular wall, said ports being disposed
      within an arc of the annular wall of less than 180.degree. in a plane
      parallel to said faces.
NUM  2.
PAR  2. A container according to claim 1 wherein each of said ports has a lip
      portion at its open end operable to engage a sealing member.
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ABST
PAL  A bottle holder and clamp, fitted with tubing and nipple permitting
      unattended bottle feeding of an infant from the contents of a bottle
      enclosed in the device.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to a device for the bottle feeding of babies, and
      particularly to a bottle holder with clamp with attached tubing
      terminating in a nipple which permits a baby to drink from the contents of
      a bottle enclosed in the device without supervision. A filled bottle is
      capped and placed in the holder. The holder may be clamped to the top rail
      of a playpen or to the headboard of a crib. Flexible tubing is attached to
      the device with a nipple mounted on the free end of the tubing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the invention in use;
PAR  FIG. 2 is a sectional view of the invention;
PAR  FIG. 3 is a plan view of the invention;
PAR  FIG. 4 is a side view of the invention;
PAR  FIG. 5 is a side view of the nipple; and
PAR  FIG. 6 is an end view of the nipple taken along line III--III of FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIGS. 1-6
      illustrate the invention 10 which consists of a bottle holder 11 fitted
      with a clamp 12 that may be fastened by a thumbscrew 14 to the rail 31 of
      a crib 30. A conventional baby's milk bottle 35 may be inserted into the
      holder 11, with the bottle 35 capped by a bottle top 15 fitted to a length
      of flexible tubing 16 that terminates in a nipple 17 fitted with an
      x-shaped valve slot 18.
PAR  The bottle holder 11 is in the form of a hollow open tube, completely open
      at its rear end 37 and fitted with a U-shaped opening 38 at its forward
      end 37, with the rear end opening of a size to permit free passage of a
      conventional baby's bottle. The U-shaped opening 38 at the forward end 36
      is of a size to permit the central portion of the bottle cap 15 to extend
      beyond opening 37 while restraining the peripheral section of the bottle
      cap 15 so that a bottle 35 may be retained in the inverted position when
      the holder is clamped in place with the forward end 36 of the holder
      oriented downwards.
PAR  Clamp 12 of the device preferably extends from the side of the rear end 37
      of the holder 11 and permits fastening the holder section 11 so that its
      axis is oriented in the vertical plane or at any desired angle to the
      vertical plane, when clamp 12 is tightened by thumbscrew 14 to a crib rail
      31.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A device for use in feeding a baby comprising
PA1  A bottle holder fitted with a clamp, and
PA1  A bottle top fitted with tubing, the free end of which terminates in a
      nipple, said bottle top being detachably engageable to a bottle,
PA1  said bottle holder being of tubular construction, with one end completely
      open, said open end of a size to admit a baby's bottle fitted with said
      bottle top, the other end of the said bottle holder being sufficiently
      constricted to permit the passage therethru of the tubing attached to the
      bottle top engageable to the bottle; but small enough to restrain the
      passage therethru of said bottle top, said bottle holder having an axial
      length substantially equal to the axial dimension of the bottle to be
      retained therein said clamp fitted to the bottle holder being of a size to
      fit about the rail of a crib, and fitted to an external side of the bottle
      holder.
NUM  2.
PAR  2. The combination as recited in claim 1 in which the side of the bottle
      holder is fitted with a continuous slot of a width greater than the width
      of the tubing leading from the bottle top, said slot joining a U-shaped
      opening in the constricted end of the bottle holder through which the
      tubing is fitted in the installed position of the device.
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ABST
PAL  A closure system for a medical liquid container having a dispensing outlet
      surrounded by a flange over which is fitted a plastic cap. The cap is
      externally threaded and has an outwardly-projecting brim at its lower end
      overlying the flange. The brim is sealed to the flange along an annular
      zone having an inner boundary defining an annular line of weakness, and an
      internally-threaded breakaway ring is threadedly disposed on the cap. The
      breakaway ring includes a plurality of circumferentially-spaced depending
      projections for stressing the brim along portions of the annular line of
      weakness and for initiating and propagating the rupture of the brim as the
      breakaway ring is screwed downwardly upon the cap.
BSUM
PAC  BACKGROUND
PAR  Co-pending co-owned application Ser. No. 338,685, filed Mar. 7, 1973,
      discloses a closure for a medical liquid container having a cap which is
      separately formed with a thin integral brim overlying and hermetically
      sealed to the neck flange of the container. An inner boundary of the
      annular fusion joint provides a line of structural weakness which is
      ruptured when a breakaway ring, or jacking ring, is threaded downwardly
      over the cap and into forceful engagement with the brim of the cap. The
      intermeshing threads of the cap and breakaway ring are left-handed;
      therefore, a user simply rotates the breakaway ring (which has the
      appearance of an external cap) in a conventional counterclockwise
      direction when the container is to be opened. Because of the left-handed
      nature of the threads, the breakaway ring is actually forced downwardly
      towards the brim and neck flange of the container and it is the inner cap
      which is forced upwardly. Such upward force results in a rupture of the
      brim along its annular line of weakness and the combined cap and brim are
      then removed as a unit from the container.
PAR  While such a construction is highly effective in maintaining a
      bacteria-tight seal and also insures that the mouth of the dispensing
      outlet will not become contaminated by the brim of the cap as the cap is
      removed, the twisting force necessary to rupture the brim along its line
      of weakness has been found to be undesirably high. To reduce the twisting
      force which a user must apply to cause such rupture, the brim might be
      substantially reduced in thickness and might even be scored; however, the
      advantage of possible reduction in operating torque which such
      modifications might provide would be more than offset by the greater
      difficulties of manufacture and the increased possibilities of bacterial
      invasion and contamination should the brim inadvertently separate during
      normal handling, processing, and storage.
PAR  The following patents are further illustrative of the efforts of others in
      this field: U.S. Pat. Nos. 3,730,372, 3,597,793, 2,317,420, 3,517,847,
      3,767,076, 2,140,732, 3,394,831, 3,393,818, 2,851,201, 2,040,789,
      3,443,711, 3,025,988, 3,640,417, 3,108,708, 3,804,282, 3,058,631, and
      3,784,282.
PAC  SUMMARY
PAR  This invention is concerned with a container closure construction in which
      relatively low torque is required for operation of the breakaway ring but
      which does not involve altering the brim thickness or construction, or in
      making any changes in the cap which might possibly present contamination
      problems during processing, handling and storage of the container.
PAR  Briefly stated, the improvement lies in forming at least one
      downwardly-tapered projection along the bottom of the breakaway ring. In
      the best mode presently known for practicing the invention, a plurality of
      such projections are provided, each projection including a pair of
      downwardly-extending surfaces which meet along a generally
      radially-oriented bearing edge. One of the surfaces of each projection,
      the leading surface thereof, slopes downwardly towards that edge at an
      angle within the range of 1.degree. to 20.degree.  measured from a plane
      normal to the rotational axis of the ring, the preferred range being
      2.degree. to 10.degree., with the optimum angle believed to be about
      5.degree.. Four such projections have been found particularly effective
      although a greater or smaller number might be provided.
PAR  The depending projections are formed integrally with the ring (which in
      turn is preferably formed of rigid plastic material) and are engagable
      with the brim of the cap adjacent the outside edge of its annular line of
      weakness to initiate and propagate the rupturing of the brim as the ring
      is threaded downwardly to direct the projections into forceful sliding
      engagement with the brim. Initiation of the rupturing occurs because each
      projection localizes the downward force of the cap to cause slight
      deformation of the brim and to stress the brim in the zones of contact
      with the tapered projections. Once rupture has been initiated, the lines
      of stress about the brim developed by each of the projections continue
      along the paths of movement of those projections and thereby result in
      propagation of the ruptures.
PAR  Other advantages and objects of the invention will become apparent from the
      specification and drawings.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a fragmentary elevational view, taken partly in section, showing
      the upper portion of a medical liquid container equipped with a closure
      system embodying the present invention.
PAR  FIG. 2 is a perspective view of the breakaway or jacking ring of the
      closure.
PAR  FIG. 3 is a greatly enlarged and somewhat schematic view of the cooperative
      relationship between one of the projections of the breakaway ring and the
      brim of the container cap as the container is being opened.
PAR  FIG. 4 is an enlarged fragmentary sectional view of the closure system when
      the container is in its normal sealed condition.
PAR  FIG. 5 is an enlarged sectional view similar to FIG. 4 but showing the
      closure system immediately after the cap's frangible brim has been
      ruptured.
DETD
PAC  DESCRIPTION
PAR  Referring to the drawings, the numeral 10 generally designates a container
      or bottle having an annular collar or flange 11 and an integral upstanding
      neck 12 of reduced diameter, the neck and collar together defining the
      dispensing outlet for the container. A cap 13 fits over the neck and
      thereby covers the outlet. As shown most clearly in FIGS. 4 and 5, the cap
      includes a top wall 14 and a generally cylindrical side wall 15. A slight
      space 16 is provided between the cap's side wall 15 and the outer surface
      of the neck 12, such space facilitating the assembly and removal of the
      cap from the neck.
PAR  The opposing surfaces of the neck 12 and side wall 15 are smooth to permit
      axial separation of the parts without resistance. Should it be desirable
      to thread a cap directly upon neck 12, then the outer surface of the neck
      would be provided with threads and a secondary inner cap (not shown) with
      complementary threads would be fitted upon the neck, the secondary cap
      providing a substantially smooth (unthreaded) outer surface similar to the
      outer surface of neck 12 as illustrated and bearing the same relationship
      with the inner surface of cap 13 as represented in the drawings between
      cap 13 and neck 12.
PAR  At the lower end of the cap's side wall 15 is an annular
      outwardly-projecting brim 17. The brim extends along a plane normal to the
      longitudinal axis of the cap and has a minimum thickness within the range
      of approximately 0.005 to 0.050 inches (0.127 to 1.27 millimeters). The
      thickness of the brim depends in part on the size of the container and the
      material from which the container and cap is fabricated; however, the brim
      must be of sufficient thickness and strength to withstand not only the
      normal forces incurred during handling but also the internal pressures
      created when the container and its contents are sterilized in an autoclave
      at temperatures ranging between 240.degree. to 260.degree.F. (116.degree.
      to 127.degree.C.).
PAR  It will be observed that the brim is provided with an outer portion 17a
      which is hermetically sealed, preferably by thermal fusion, to the outer
      top surface of neck flange 11. The inner boundary of sealed annular
      portion 17a defines an annular line or zone of brim weakness 17b. Within
      that line of weakness, the brim and cap remain unsealed to flange 11.
      Thus, rupturing of the flange along line 17b permits the cap 13 to be
      lifted free of neck 12.
PAR  The breakaway ring for rupturing the brim along its line of structural
      weakness is generally designated by numeral 18. The inner surface of the
      ring is provided with threads 19 which intermesh with threads 20 on the
      outside of cap 13. Left-handed threads are preferred so that when the
      breakaway ring 18 is rotated in a counterclockwise direction, the ring
      will be urged downwardly rather than upwardly.
PAR  As illustrated most clearly in FIG. 2, ring 18 has a plurality of uniformly
      and circumferentially spaced projections 21 along the otherwise planar
      undersurface 22 thereof. Each depending projection tapers downwardly,
      having a pair of surfaces 23 and 24 which meet along a generally radially
      oriented bearing line 25. It is to be noted that leading surface 23 (i.e.,
      the surface which faces partially in the direction of ring rotation when
      the ring is operated to rupture the brim) slopes gradually downwardly at
      an angle x (FIG. 3) within the range of about 1.degree. to 20.degree. when
      measured from a plane normal to the axis of rotation of the ring. The
      preferred range is believed to be approximately 2.degree. to 10.degree.,
      the particular angle shown in the drawings being approximately 5.degree..
PAR  At least two circumferentially-spaced projections should be provided to
      minimize canting of the breakaway ring and avoid possible jamming of the
      threads during operation of the ring. While there appears to be no
      sharply-defined upper limit, it is believed that more than six such
      projections would result in an undesirable increase in the area of contact
      between the parts. Four such projections has been found particularly
      effective, apparently because the contact areas are sufficiently limited
      and, at the same time, there are enough projections to insure that during
      a rupturing or separating operation the lines of sliding engagement
      between the brim and the projections, taken in the aggregate, will
      approach the total circumference of the brim measured along the line of
      structural weakness.
PAR  The breakaway ring may be formed of any relatively hard, strong material.
      Metal may be used, although a rigid plastic such as SAN
      (styrene-acrylonitrile), medium impact styrene, acetal, or ABS
      (acrylonitrile-butadiene-styrene) is preferred. In general, the plastic
      material from which the container and cap are formed should be softer and
      more resilient. While a number of plastics might be suitable, polyolefins,
      such as a polyallomer (propylene-ethylene copolymer) thermoplastic
      material, have been found particularly suitable.
PAR  As shown in FIG. 3, rotation of the breakaway ring 18 in a counterclockwise
      direction (when viewed from above) as represented by arrow 26 results in
      the ring being screwed downwardly as indicated by arrow 27. Because of the
      threaded engagement between cap 13 and ring 18, a corresponding upward
      force is exerted on the cap which projects upwardly through the ring. As
      the twisting movement is continued, the tapered projections 21 deform brim
      portion 17a in the manner somewhat schematically illustrated in FIG. 3,
      with the inclined leading surfaces 23 of the projections serving as moving
      ramps which bear forcibly downwardly to stress the brim in localized areas
      along the line of weakness 17b (FIG. 4). The result is that the
      projections initiate the rupturing of the brim along the line of
      structural weakness and, as rotation of the ring is continued, such
      projections also serve to propagate the rupture until finally the cap is
      separated from the sealed portion 17a of the brim by a clean break 28
      formed along the previous line of weakness 17b (FIG. 5).
PAR  The superiority in ease of operation of a closure in which the breakaway
      ring is provided with projections or lugs of the type shown in the
      drawings, in contrast to a closure having a breakaway ring lacking such
      projections, is illustrated in the following chart based on test studies
      comparing 50 of each type of closure.
TBL  ______________________________________                                    
     Peak Removal Torque (inch-pounds)                                         
                                       Standard                                
              Minimum                                                          
                     Maximum  Average  Deviation                               
     ______________________________________                                    
     Closure with                                                              
     Projections                                                               
                11       25       15     2.35                                  
     Closure without                                                           
     Projections                                                               
                17       51       27     5.32                                  
     ______________________________________                                    
PAR  It will be observed that the maximum torque required in the operation of a
      closure having a breakaway ring equipped with such projections is
      approximately one half of the maximum torque required for the operation of
      a similar closure in which such projections are omitted. Such greater ease
      of removal is achieved without scoring, reducing, or weakening the brim
      prior to forceful manipulation of the breakaway ring. Thus, ease of
      removability is achieved without structural changes that might increase
      risks of accidental rupture during handling, processing (sterilization),
      or storage.
PAR  While in the foregoing an embodiment of the invention has been disclosed in
      considerable detail for purposes of illustration, it will be understood by
      those skilled in the art that many of the details may be varied without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container for storing and dispensing sterile liquids, said container
      having a dispensing outlet surrounded by a flange, an externally-threaded
      cap fitting over the outlet and having an outwardly-projecting brim at its
      lower end overlying said flange, said brim being sealed to said flange
      along an annular zone having an inner boundary defining an annular line of
      weakness of said brim, and an internally-threaded breakaway ring
      threadedly disposed on said cap, wherein the improvement comprises
PA1  said breakaway ring having a plurality of torque-reducing
      circumferentially-spaced depending projections for slidably engaging and
      stressing said brim along portions of said annular line of weakness and
      for initiating and propagating the rupture of said brim as said ring is
      threaded downwardly to force said cap upwardly away from said container.
NUM  2.
PAR  2. The container of claim 1 in which said projections taper downwardly to
      define narrow bearing edges for engagement with said brim.
NUM  3.
PAR  3. The container of claim 1 in which said flange and brim are thermoplastic
      and are heat sealed together along said annular zone.
NUM  4.
PAR  4. The container of claim 3 in which said thermoplastic material is
      polyolefin.
NUM  5.
PAR  5. The container of claim 4 in which said polyolefin is propylene-ethylene
      copolymer.
NUM  6.
PAR  6. The container of claim 3 in which said breakaway ring is formed of a
      material having greater hardness than said thermoplastic material of said
      brim and flange.
NUM  7.
PAR  7. The container of claim 2 in which said projections and cap are
      integrally formed.
NUM  8.
PAR  8. The container of claim 6 in which said breakaway ring is provided with
      two to six of said projections.
NUM  9.
PAR  9. The container of claim 8 in which said ring is provided with four of
      said projections.
NUM  10.
PAR  10. A container for storing and dispensing sterile liquids, said container
      having a dispensing outlet surrounded by a flange, an externally-threaded
      cap fitting over the outlet and having an outwardly-projecting brim at its
      lower end overlying said flange, said brim being sealed to said flange
      along an annular zone having an inner boundary defining an annular line of
      weakness of said brim, and an internally-threaded breakaway ring
      threadedly disposed on said cap, wherein the improvement comprises
PA1  said breakaway ring having a plurality of torque reducing
      circumferentially-spaced depending projections engagable with said brim
      along said line of weakness, each of said projections having a pair of
      downwardly extending surfaces meeting along a generally radially-directed
      bearing edge, said edge and at least one of the surfaces adjacent thereto
      being slidably engagable with said brim for stressing the same along a
      portion of said annular line of weakness for initiating and propagating
      rupture of the brim as said ring is forcefully threaded downwardly.
NUM  11.
PAR  11. The container of claim 10 in which said one surface is a leading
      surface facing partially in the direction of rotation of said ring as the
      same is threaded downwardly upon said cap, said leading surface sloping
      gradually downwardly towards said bearing edge.
NUM  12.
PAR  12. The container of claim 11 in which said leading edge slopes downwardly
      at an angle within the range of 1.degree. to 20.degree. measured from a
      plane normal to the rotational axis of said ring.
NUM  13.
PAR  13. The container of claim 12 in which said angle falls within the range of
      about 2.degree. to 10.degree..
NUM  14.
PAR  14. The container of claim 12 in which said angle in approximately
      5.degree..
NUM  15.
PAR  15. The container of claim 10 in which said ring is provided with two to
      six of said projections.
NUM  16.
PAR  16. The container of claim 15 in which said ring is provided with four of
      said projections.
NUM  17.
PAR  17. The container of claim 10 in which said projections and cap are formed
      integrally of a rigid plastic material, said brim being formed of a
      plastic material softer than the material of said ring and projections.
NUM  18.
PAR  18. A container for storing and dispensing sterile liquids, said container
      having a dispensing outlet surrounded by a flange, an externally-threaded
      cap fitting over the outlet and having an outwardly-projecting brim at its
      lower end overlying said flange, said brim being sealed to said flange
      along an annular zone having an inner boundary defining an annular line of
      weakness of said brim, and an internally-threaded breakaway ring
      threadedly disposed on said cap, wherein the improvement comprises
PA1  said breakaway ring having at least one downwardly tapered depending
      projection for slidably engaging and stressing said brim along said
      annular line of weakness and for initiating and propagating the rupture of
      said brim as said ring is threaded downwardly to force said cap upwardly
      away from said container.
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ABST
PAL  A cap, which in addition to serving to removably seal a container, also
      acts as a carrier for torque-applying means that permit the cap to be
      released from a stuck position. The cap of the present invention is
      particularly well adapted for use on containers holding a lacquer based
      fingernail polish, although not restricted to such use. Caps on containers
      holding a lacquer base fingernail polish are notorious for tending to
      remain in a stuck position thereon, and to such an extent that pliers must
      be used to grip the cap and initially rotate the latter relative to the
      container on which it is mounted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Improved closure cap.
PAR  2. Description of the Prior Art
PAR  For many years it has been common practice to market lacquer based
      fingernail polish in containers having a threaded neck that is engaged by
      an internally threaded cap. After a cap on such a container is removed and
      replaced thereon, a quantity of the polish contents will invariably flow
      between the threads, with the volatile components thereof subsequently
      escaping to the ambient atmosphere. That portion of the polish remaining
      between the threads may range between tacky to a hard, rigid consistency.
      Regardless of the degree to which the polish between the threads
      solidifies, this portion of polish acts as a cement to bind the cap to the
      neck of the container. Caps such as above described are so small that it
      is difficult to grip them to the extent that they may be forcibly rotated
      relative to the necks on which they are mounted to break the bond of
      solidified polish between the threads.
PAR  A major object of the present invention is to provide a closure cap that
      not only serves as a seal on a container in which a quantity of a liquid
      lacquer based fingernail polish, or like material, is situated, but as a
      carrier for torque-applying means that permit a sufficient rotationally
      directed force to be applied to the cap to release it from a stuck
      position on a container.
PAR  Another object of the invention is to furnish a combined cap and
      torque-applying means which is susceptible to being formed from a
      polymerized resin, is easy to use, is of a simple mechanical structure,
      and is sufficiently inexpensive as to encourage the widespread use
      thereof.
PAC  SUMMARY OF THE INVENTION
PAR  A closure cap, which in addition to serving the normal function of sealing
      a container on which it is mounted, also serves as a carrier for
      torque-applying means that permit a sufficient rotational force to be
      applied to the cap to initially rotate it relative to the container on
      which the cap is mounted. By such initial rotation, the binding effect of
      a film of solidified material between the threads on the cap and neck of a
      container is broken, with the cap thereafter being easily unscrewed from
      the container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of one embodiment of the present invention;
PAR  FIG. 2 is a view like FIG. 1, but showing a portion of the present
      invention in a torque-applying relationship;
PAR  FIG. 3 is a cross-sectional view of the embodiment of FIG. 1, taken along
      line 3--3 thereof;
PAR  FIG. 4 is a fragmentary longitudinal cross-sectional view of the embodiment
      of FIG. 3, taken along line 4--4 thereof;
PAR  FIG. 5 is a side elevational view of an alternate form of the present
      invention;
PAR  FIG. 6 is a top plan view of the embodiment of FIG. 5, but showing portions
      of the alternate form in a torque-applying relationship; and
PAR  FIG. 7 is a perspective view of a second alternate form of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment A of the present improved closure member is shown in
      FIGS. 1-4 of the drawing, and includes a cap or closure 10, and a cap or
      closure remover 30. Cap or closure 10 as illustrated, includes a base
      portion 12 that has a bottom 14 from which an internally threaded recess
      16 extends upwardly. Recess 16 engages threads 18 on a neck 20 of a
      container 22, which container may be of any desired shape. Base portion 12
      includes an upper flat central surface 24 in which a cavity 26 extends
      downwardly therefrom, as shown in FIG. 4. Upper central surface 24 is
      situated between two laterally spaced uprights 28, as best seen in FIG. 2.
      The uprights 28 are adapted to receive a torque-applying cap remover 30
      therebetween.
PAR  Cap remover 30 is elongate in shape and includes a first end portion 32
      that may be of any desired ornamental configuration, a mid-portion 33, and
      a second end portion 34. The second end portion 34 is flat and tapered in
      configuration, and is of such thickness as to fit snugly between uprights
      28 when it is slid therebetween. Second end portion 34 has a pin 36
      projecting outwardly therefrom which engages cavity 26 when the remover 30
      is disposed on cap 10, as shown in FIG. 4.
PAR  When the cap remover 30 is not in use it is removably supported on the cap
      10, as shown in FIGS. 1 and 4, with the second end portion 34 being
      disposed between uprights 28, and the pin 36 in cavity 26. When it is
      desired to remove the cap 10 from container 22, the remover 30 is
      withdrawn from the cap, and disposed in the transverse position
      illustrated in FIG. 2 where the intermediate portion 33 is situated
      between uprights 28. First and second end portions 32 and 34 may then be
      grasped by one hand of the user, while his other hand grasps container 32.
      When the user applies a twistingly directed force to the remover 30,
      sufficient torque may be applied to the cap 10 to cause it to rotate
      relative to the neck 20 of container 22. After the initial twisting, any
      bond by a film of a lacquer based fingernail polish (not shown) between
      the engaging threads on the neck 20 and cap 10 is broken, and the cap may
      thereafter be easily unscrewed from the container 22.
PAR  After the remover 30 has been used as above described, it may be replaced
      on the cap 10 in the position shown in FIG. 1.
PAR  A first alternate form A-1 of the cap is shown in FIGS. 5 and 6 that
      includes a base portion 42 that is adapted internally to engage an
      externally threaded neck 20 of a container 22 in the same manner as cap A.
      Base portion 42 has a ring-shaped surface 44 from which a frusto-conical
      portion 46 extends upwardly. Portion 46 is provided with a top 48. First
      and second oppositely disposed, laterally off-set slots 50 and 52 extend
      downwardly into portion 46 from positions adjacent top 48 thereof, as
      shown in FIG. 6.
PAR  First and second arms 54 and 56 are provided that are partially disposed in
      first and second slots 50 and 52 when occupying first positions, as shown
      in FIG. 5. First and second arms 54 and 56 have adjacently disposed inner
      portions 54a and 56a, as may be seen in FIG. 6, which are pivotally
      mounted on a transverse portion 58.
PAR  When it is desired to use the first and second arms 54 and 56 to apply
      torque to the first alternate form A-1 of the cap, the arms are pivoted
      from the first position shown in FIG. 5 to the second position illustrated
      in FIG. 6. When so positioned, the arms 54 and 56 are used to apply torque
      to the cap A-1 in the same manner as remover 30 was used to apply torque
      to cap 10.
PAR  A second alternate form A-2 of the closure is shown in FIG. 7 that includes
      an internally threaded cap 60 which has a base portion 62 that may be
      manually gripped to rotate the cap relative to the neck of the bottle (not
      shown) on which it is mounted. Base portion 62 has a ring-shaped upper
      surface 64 from which a tapered body 66 extends upwardly. At the top of
      body 66 it develops into two laterally spaced uprights 70 that have a
      transverse pin 68 extending therebetween that pivotally supports an arm
      72. The arm 72 when pivoted outwardly as shown in FIG. 7 may be used to
      apply torque to the cap 60 to release the latter from a stuck position on
      a neck of a bottle. When arm 72 is not in use it is pivoted into the
      confines of a downwardly extending recess 74 formed in body 66 and base
      portion 62.
PAR  The use and operation of the various forms of the invention has been
      explained previously in detail and need not be repeated.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cap of the type that may be rotated into sealing engagement with an
      open portion of a container, said cap being characterized by including
      manually actuated torque applying means as a part thereof to permit
      sufficient rotationally directed force to said cap to release the latter
      from a stuck position on said container in which said torque applying
      means includes:
PA1  a. two laterally spaced uprights that extend upwardly from said cap;
PA1  b. an elongate rigid member having first and second ends; and
PA1  c. means for removably supporting said member from said cap in a first
      position substantially parallel to said uprights, with said member capable
      of being removed from said first position and disposed in a second
      transverse position where a portion of said member intermediate said first
      and second ends is disposed between said uprights to permit torque to be
      applied to said cap to release the latter from a stuck position on said
      container.
NUM  2.
PAR  2. A cap as defined in claim 1 in which said means is a pin that extends
      outwardly from said second end of said member and slidably engages a
      cavity in said cap situated between said uprights.
NUM  3.
PAR  3. A cap of the type that may be rotated into sealing engagement with an
      open portion of a container, said cap being characterized by including
      manually actuated torque applying means as a part thereof to permit
      sufficient rotationally directed force to said cap to release the latter
      from a stuck position on said container, in which said torque applying
      means includes:
PA1  a. two elongate arms having first and second ends; and
PA1  b. means for pivotally connecting said first ends of said arms to said cap,
      said arms when in first positions being at least partially disposed in
      slots formed in said cap, and said arms when in second positions being
      oppositely disposed and transversely positioned relative to said cap to
      permit rotational torque to be manually applied to said cap to release the
      latter from a stuck position on said container.
NUM  4.
PAR  4. A cap as defined in claim 3 in which said means includes:
PA1  c. a pin that extends transversely through said cap and pivotally supports
      said first ends of said arms.
NUM  5.
PAR  5. A cap of the type that may be rotated into sealing engagement with an
      open portion of a container, said cap being characterized by including
      manually actuated torque applying means as a part thereof to permit
      sufficient rotationally directed force to said cap to release the latter
      from a stuck position on said container, in which said torque applying
      means includes:
PA1  a. two laterally spaced uprights that extend outwardly from said cap;
PA1  b. a pin that extends transversely between said uprights; and
PA1  c. an arm having first and second ends, said first end pivotally supported
      from said pin, said arm when in a first position being at least partially
      disposed in a slot formed in said cap, and said arm when in a second
      position transversely disposed relative to said cap to permit rotational
      torque to be applied to said cap to release said cap from a stuck position
      on said container.
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PAL  A paint brush wiping device is provided for use with paint cans of the type
      having a circular lid-attaching portion that comprises inner and outer
      concentric beads with a friction groove therebetween.
PAL  The paint brush wiping device includes a circular rim having a
      circumferential friction tongue for sealably engaging the friction groove
      of the paint can.
PAL  A wiper blade is attached to the circular rim by means of a web. The wiper
      blade includes a wiping surface adjacent to a rectangular brush-opening in
      the device; and the wiper blade includes a wiping edge which is exposed to
      the rectangular brush-opening.
PAL  The rectangular brush-opening provides a first fluid flow path for the
      return of excess paint to the paint can and a second fluid flow path is
      provided intermediate of the wiper blade and a proximal portion of the
      circular rim as a second means of returning excess paint to the paint can.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to paint brush wiping devices for
      attachment to and for use with conventional paint cans, and more
      particularly to a paint brush wiping device that provides an essentially
      straight wiping edge for a vertically disposed paint brush and that
      provides first and second fluid flow paths for the return of excess paint
      to the paint can.
PAR  2. Description of the Prior Art
PAR  Paint brush wiping devices for use with paint cans have been provided by
      Saunders, Jr., U.S. Pat. No. 3,744,671 and Levin in U.S. Pat. No.
      3,727,792.
PAR  The present invention provides advantages over the above-cited prior art in
      that a straight wiping edge is presented to brushes that are positioned
      either vertically or on an inclined angle and thereby more uniform wiping
      of the paint brush is provided than by the aforesaid prior art in which a
      curved wiping surface was provided for all inclinations of a paint brush
      except horizontal. The present invention also provides an improvement over
      the cited art in that paint is kept out of the friction groove of the
      paint can by a circumferentially disposed friction tongue similar to that
      of a paint can lid. Further, the present invention provides an improvement
      over the invention of Saunders, Jr., in that all surfaces are exposed for
      easy cleaning of the device. Finally, the present invention provides an
      improvement over the invention of Levin in that a second fluid flow path,
      for the return to the inside of the paint can of any paint that crosses
      the wiper blade toward the outside of the can, is provided.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the broader aspects of this invention, there is provided
      a paint brush wiping device for use with paint cans of the type having a
      circular lid-attaching portion that comprises inner and outer concentric
      beads with a circumferential friction groove therebetween. The device
      comprises a circular rim that includes a circumferential friction tongue
      for sealably engaging the friction groove of a conventional paint can.
      This friction tongue provides both an attaching means for attaching the
      device to a paint can and also a means for sealably excluding paint from
      the friction groove of the paint can.
PAR  The device also includes brush wiper means comprising a wiper blade that is
      attached to the rim intermediate of the inside bead and that presents a
      substantially straight wiping edge to a paint brush that is held either
      vertically or in an inclined position inside the inside bead of the paint
      can.
PAR  The wiper blade is attached to the circular rim by means of a web
      therebetween; and a brush-opening is provided in the device for insertion
      of a paint brush into the can, the wiper blade having a wiping edge and
      being positioned to expose the wiping edge to the brush-opening.
PAR  The paint brush wiping device of the present invention also provides first
      and second fluid flow paths for the return of excess paint to the inside
      of the paint can. The aforementioned brush-opening provides a first fluid
      flow path; and a second flow path is provided by a trough in the web
      intermediate of the wiper blade and a proximal portion of the rim and by a
      plurality of perforations through the web communicating the trough with
      the inside of the paint can.
PAR  It is an object of the present invention to provide a paint brush wiping
      device for use with standard paint cans in which the device includes a
      circumferential friction tongue for sealably engaging the friction groove
      of the can and for excluding entrance of paint into the friction groove.
PAR  It is another object of this invention to provide a paint brush wiping
      device in which a straight wiping edge is provided for paint brushes which
      are held either vertically or at an inclined angle.
PAR  It is still another object of this invention to provide a paint brush
      wiping device in which first and second fluid flow paths are provided for
      return of paint to the paint can.
PAR  The above-mentioned and other features and objects of this invention and
      the manner of attaining them will become more apparent and the invention
      itself will be best understood by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial top plan view of a first embodiment of the invention;
PAR  FIG. 2 is a cross-section of FIG. 1; taken substantially as shown by
      section line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial cross-sectional elevation of the top of a conventional
      paint can;
PAR  FIG. 4 is a top plan view of a second embodiment of the invention; and
PAR  FIG. 5 is a cross-section of the embodiment of FIG. 4, taken substantially
      as shown by section line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIGS. 1 and 2, a
      paint brush wiping device, generally indicated at 10a, includes a circular
      rim 12a. The circular rim 12a includes a circumferential flange 14a that
      serves as an attaching means to attach the device to a conventional paint
      can such as is shown in FIG. 3. The circular rim 12a additionally includes
      an upper surface 13a and a lower surface 15a. The circular rim 12a also
      includes a circumferential friction tongue 16a that serves as an excluding
      means to sealably exclude paint from entering into the friction groove of
      a paint can (FIG. 3). The friction tongue 16a also serves, either
      separately or in cooperation with the flange 14a, as an attaching means to
      attach the device to a conventional paint can.
PAR  The device 10a includes a first wiper blade 18a having a first wiping edge
      20a, and a second wiper blade 22a having a second wiping edge 24a, a first
      auxiliary wiper blade 26a having a first auxiliary wiping edge 28a and a
      second auxiliary wiper blade 30a having a second auxiliary wiping edge
      32a. The first wiper blade 18a and the second wiper blade 22a are disposed
      in parallel and spaced-apart relationship to each other with the first
      wiping edge 20a and with the second wiping edge 24a proximal to each
      other. In like manner, the first auxiliary wiper blade 26a and the second
      auxiliary wiper blade 30a are disposed orthogonally to and at opposite
      ends of the first wiper blade 18a and the second wiper blade 22a; so that
      the auxiliary wiper blades 26a and 30a serve as first and second brush
      guides, or guide means, to retain a paint brush (not shown) inside of an
      inner circumferential bead 68 (FIG. 3) of a conventional paint can 60; and
      so that all of the wiper blades are disposed in a rectangular pattern to
      provide a continuous wiping edge that includes the wiping edges 20a, 24a,
      28a, and 32a; and so that all wiper blades cooperate to form a rectangular
      brush-opening or third rectangular opening 34a. The brush-opening 34a
      provides an opening for inserting and removing a paint brush (not shown)
      from a paint can (not shown, similar to FIG. 3). The brush-opening 34a
      also provides a first fluid flow path or returning means for returning
      excess paint to the paint can.
PAR  A web 36a is disposed in planar relationship to the upper surface 13a and
      the lower surface 15a, includes a circular outer periphery 35a which is
      attached to the circular rim 12a, and includes a first rectangular opening
      37a.
PAR  The device 10a includes a plurality of trough portions 38a, 40a, 42a, and
      44a which are disposed in a rectangular pattern within the first
      rectangular opening 37a and in conformity thereto and which are attached
      to respective proximal portions of the first rectangular opening 37a.
PAR  The trough portions 38a, 40a, 42a, and 44a cooperate to provide a second
      rectangular opening 45a. The wiper blades 18a, 22a, 26a, and 30 are
      interposed into the second rectangular opening 45a and are attached to the
      trough portions 38a, 40a, 42a, and 44a, respectively; so that respective
      ones of the trough portions and the wiper blades cooperate to form four
      interconnecting and open troughs which open toward the upper surface 13a.
      The trough portions 38a, 40a, 42a, and 44a, cooperate with a plurality of
      apertures 46a to provide a second fluid flow path or a returning means for
      returning excess paint to a paint can.
PAR  Referring now to FIG. 3, a conventional paint can, generally depicted at
      60, includes a circular lid-attaching portion 62 which is attached to an
      upright cylindrical portion 64 by an outer cylindrical bead or double seam
      66. The lid-attaching portion 62 includes an inner circumferential bead 68
      and a circumferential friction groove 70 that is disposed intermediate of
      the inner circumferential bead 68 and the outer circumferential bead 66.
      Since paint cans such as the paint can 60 are conventional and highly
      standardized, the foregoing brief description will suffice.
PAR  Referring now to FIGS. 4 and 5, a paint brush wiping device, generally
      indicated at 10b, includes a circular rim 12b having a circumferential
      flange 14b which serves as an attaching means to attach the device 10b to
      the can 60 (FIG. 3). The circular rim 12b also includes a circumferential
      friction tongue 16b which serves as an excluding means and which, either
      separately or in cooperation with the flange 14b, serves as an attaching
      means to attach the device 10b to the can 60.
PAR  The device 10b includes a first wiper blade 18b having a first wiping edge
      20b, a second wiper blade 22b having a second wiping edge 24b, a web 36b
      which interconnects the first wiper blade 18b and the second wiper blade
      22b, a first brush-opening 80b which is intermediate of the first wiper
      blade 18b and a proximal portion of the circular rim 12b, and a second
      brush-opening 82b which is intermediate of the second wiper blade 22b and
      a proximal portion of the circular rim 12b.
PAR  Referring again to FIGS. 1 and 2, in operation, a paint brush (now shown)
      is inserted into the rectangular brush-opening 34a and into the paint (not
      shown) of a paint can (similar to FIG. 3). The paint brush is then removed
      from the paint and is wiped against one or both of the first and second
      wiping edges 20a and 24a. Excess paint from the paint brush is returned to
      the paint can by way of the brush-opening 34a and by way of one or both of
      the troughs 40a and 42a and by way of a plurality of the apertures 46a.
PAR  The auxiliary wiper blades 26a and 30a serve as a guide means to retain the
      paint brush within the inner bead 68 of the paint can 60 (FIG. 3). Any
      paint that may be wiped from the paint brush by the auxiliary wiping edges
      28a and 32a of the wiper blades 26a and 30a is returned either by means of
      the first fluid flow path which is provided by the brush-opening 34a
      and/or by the troughs 42a and 44a and by the apertures 46a.
PAR  Referring now to FIGS. 4 and 5, in operation, a paint brush (not shown) is
      inserted through one of the brush-openings, 80b or 82b, into a paint can
      (not shown, similar to FIG. 3), and into the paint therein. The paint
      brush is then removed from the paint and excess paint from the brush is
      wiped off by means of the first wiping edge 20b of the first wiper blade
      18b and/or by means of the second wiping edge 24b of the second wiper
      blade 22b.
PAR  It can be seen that, if excess paint is wiped from the paint brush by means
      of the first wiping edge 20b of the first wiper blade 18b, then the
      brush-opening 80b serves as a first fluid flow path or returning means for
      returning excess paint to the can; and, any paint that should happen to
      cross the web 36b is returned to the paint can by the brush-opening 82b
      which then serves as a second fluid flow path or returning means for
      returning excess paint to the paint can.
PAR  In like manner, if excess paint is removed by means of the second wiping
      edge 24b of the second wiper blade 22b, then the second brush-opening 82b
      serves as a first fluid flow path or returning means for returning excess
      paint to the paint can and the first brush-opening 80b serves as a second
      fluid flow path or returning means for returning excess paint to the paint
      can.
PAR  While there have been described above the principles of this invention in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A paint brush wiping device for use with paint cans of the type having a
      circular lid-attaching portion that includes inner and outer concentric
      beads with a circumferential friction groove therebetween, which device
      comprises:
PA1  a. a circular rim having upper and lower surfaces and including
      circumferential friction tongue means depending from said lower surface
      for sealably and attachably engaging said friction groove;
PA1  b. a web having a circular outer periphery and a first rectangular opening
      therethrough, being interposed into said rim in planar relationship to
      said surfaces, and having said outer periphery attached to said rim;
PA1  c. four elongated trough portions, being disposed in a rectangular pattern,
      having outer rectangular dimensions conforming to said first rectangular
      opening, having a second rectangular opening therethrough intermediate of
      said four elongated trough portions, being disposed within said first
      rectangular opening in planar relationship thereto, being attached to said
      rim proximal to said first rectangular opening, and including perforation
      means therethrough for the return of fluid from said trough portions to
      said paint can; and
PA1  d. wiper blade means, comprising four elongated and substantially straight
      wiper blades each having an elongated wiping edge, being disposed in a
      second rectangular pattern, having outer dimensions conforming to said
      second rectangular opening, having a third rectangular opening
      therethrough that provides a rectangular paint brush opening with said
      wiping edges proximal thereto, being disposed within said second
      rectangular opening in planar relationship thereto, and being attached to
      respective ones of said trough portions proximal to said second
      rectangular opening.
NUM  2.
PAR  2. A paint brush wiping device for use with paint cans of the type having a
      circular lid-attaching portion that includes inner and outer concentric
      beads with aa circumferential friction groove therebetween, which device
      comprises:
PA1  a. a circular rim having upper and lower surfaces and including means for
      removably attaching said rim to said lid-attaching portion and for
      excluding paint from said friction groove;
PA1  b. a pair of elongated and substantially straight wiper blades each having
      a wiping edge thereupon, being disposed with said wiping edges in
      spaced-apart proximal relationship to each other, and being disposed
      intermediate of said rim and in substantially planar relationship to said
      surfaces;
PA1  c. a pair of elongated trough portions each being interposed between one of
      said wiper blades and a proximal portion of said rim, each being in planar
      relationship to said surfaces, each being in elongated parallel
      relationship to said wiper blades, each being attached to the proximal one
      of said wiper blades, each including perforation means for the return of
      paint from respective ones of said trough portions to said paint can, and
      each cooperating with one of said wiper blades to form an open trough that
      opens toward said upper surfaces; and
PA1  d. web means, being interposed between said trough portions and said
      respective proximal portions of said rim and being in substantially planar
      relationship to said upper and lower surfaces, for securing said wiper
      blades and said trough portions to said rim.
NUM  3.
PAR  3. A device as claimed in claim 2 in which said device includes brush guide
      means, including a first brush guide intermediate said wiper blades at one
      end thereof and a second brush guide intermediate the other end thereof,
      for positioning a vertically disposed paint brush inside said rim and
      spaced therefrom.
NUM  4.
PAR  4. A device as claimed in claim 2 in which said attaching means comprises a
      circumferential friction tongue depending from said lower surface.
NUM  5.
PAR  5. A device as claimed in claim 4 in which said attaching means further
      comprises a circumferential flange depending from said lower surface and
      circumscribing said friction tongue at a constant radial distance
      therefrom.
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PAL  A method and means for manufacturing a plastic lid with a frangible portion
      to facilitate the formation of an aperture is described. In one embodiment
      a platen having ruled steel cutting blades mounted thereon is pressed
      against a plastic lid backed up by a hardened steel anvil with sufficient
      force to merely score the plastic lid in accordance with the pattern of
      the cutting blades without actually breaking through the plastic lid. The
      scored area which forms said frangible portion of the lid may then be
      easily punctured to form a straw-slot or vent opening. In another
      embodiment the cutting tool used comprises two cutting blades disposed on
      intersecting paths, each blade having a portion removed adjacent the point
      of intersection of said paths. In this embodiment the cutting blades are
      permitted to cut completely through the lid leaving a diamond-shaped
      weakened area in the region corresponding to the intersection of said
      cutting blades. This diamond-shaped portion can be easily fractured by
      pressing a straw or other suitable means through the lid at that point.
      This embodiment also provides a substantially leak-proof closure lid.
PARN
PAR  This is a continuation of application Ser. No. 298,519, filed Oct. 18,
      1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Statement of Invention
PAR  This invention relates to an apparatus and method for forming a straw-slot
      or vent-opening in a plastic lid which will be substantially air tight and
      leak proof until ready for use in the desired mode.
PAR  2. Description of Prior Art
PAR  Heretofore straw-slots or vent-openings in plastic lids have been made by
      tools which completely penetrate the thickness of the plastic lid thereby
      forming an opening through which the contents of the container on which it
      is used may leak. Plastic lids of this type are disclosed in U.S. Pat. No.
      3,387,765 to Paul Davis, assigned to the assignee of the present
      invention.
PAR  Due to the nature of the opening disclosed in the foregoing mentioned
      patent, it is not suitable for use on containers which must be completely
      sealed from the ambient atmosphere.
PAR  Therefore, when using the lid of said patent or other similar lids, a
      merchant must keep in inventory an additional supply of lids which
      facilitate the complete sealing of a container to prevent leakage
      therefrom.
PAC  SUMMARY OF INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      apparatus and method for forming a lid which in its original form contains
      substantially no openings therein but which may be easily punctured by a
      straw or other suitable means just prior to use.
PAR  It is a further object of the present invention to provide a novel
      configuration of cutting blades for scoring the closure lid in a selected
      area.
PAR  It is a further object of the present invention to provide a novel plastic
      closure lid with a straw-slot or vent-opening therein which may be easily
      formed in an in-line process with the lid per se.
DRWD
PAR  These and other objects of the present invention will become more apparent
      with reference to the following drawings wherein:
PAR  FIG. 1 is a side elevational view of an apparatus for scoring the lid of
      the present invention.
PAR  FIG. 2 is an end plan view of a cutting blade configuration used in the
      apparatus of FIG. 1.
PAR  FIG. 3 is an end plan view of another embodiment of a cutting blade
      configuration suitable for use in the apparatus of FIG. 1.
PAR  FIG. 4 is a top plan view of the closure lid formed by the cutting blade of
      FIG. 3.
DETD
PAR  Referring in detail to FIG. 1, there is shown a moving platen 10 disposed
      in alignment with a stationary platen 12. Platen 10 has a mounting plate
      14 disposed thereon which may be attached by a mounting bolt as shown at
      13.
PAR  A cutter holder 18 is secured to mounting plate 14 by bolts 19 or other
      suitable means. A cutting means generally indicated at 22 is supported in
      holder 18 be a suitable means. In a preferred embodiment cutting means 22
      may be screwed into holder 18 to facilitate easy removal therefrom.
      Cutting means 22 may be provided with a plurality of removable steel rule
      cutting blades in selected configurations as shown in FIGS. 2 and 3. The
      cutting blades are removable and adjustable in cutting means 22. Set
      screws may be provided at 23 to hold the cutting blades in place.
PAR  A mounting plate 16 is provided on stationary platen 12 and is secured
      thereto by bolts such as shown at 15. An anvil holder 20 is secured to
      mounting plate 16 by bolts 21. A hardened steel anvil 24 is disposed in
      anvil holder 20. The apparatus shown in FIG. 1 in a preferred embodiment
      is disposed in the trim press of a lid forming machine to facilitate the
      in-line production of the straw or vent holes within the lid-forming
      machine.
PAR  Referring to FIG. 2, there is shown a first embodiment of the cutting blade
      configuration for use in cutting means 22 of FIG. 1. This blade
      configuration comprises two steel rule blades 26 and 28 disposed on
      intersecting paths. Blade 26 has a portion removed therefrom in the area
      adjacent the point of intersection of said paths.
PAR  When using the blade configuration of FIG. 2 the moving platen 10 of FIG. 1
      is moved toward stationary platen 12 until cutting blades 26 and 28
      contact a plastic lid (not shown) disposed on hardened steel anvil 24.
      Platen 10 is driven only far enough and with enough force to score the
      plastic lid in a selected area without actually penetrating the thickness
      of the lid. However, due to the configuration of the score lines the
      plastic lid is sufficiently weakened in said selected area to facilitate
      the easy puncture of said area with a conventional drinking straw or other
      suitable means when access to the container is desired.
PAR  Referring to FIG. 3, there is shown another embodiment of a cutting blade
      configuration suitable for use with the cutting means of FIG. 1. As shown
      in FIG. 3, there are four steel rule cutting blades 30, 32, 34, and 36
      provided which are disposed on two intersecting paths. Each of said blades
      30, 32, 34, and 36 extend up to a point short of the point of intersection
      of said paths.
PAR  When using the cutting blade configuration of FIG. 3 the moving platen 10
      of FIG. 1 is moved against platen 12 with sufficient force to cause blades
      30, 32, 34, and 36 to cut through the plastic lid disposed on anvil 24.
      The stress pattern caused by blades 30, 32, 34, 36 forms a diamond-shaped
      weakened area 38 in the area in lid 40 adjacent the point of intersection
      of the paths on which said cutting blades are disposed. See FIG. 4. This
      weakened diamond-shaped area may then be easily punctured by a
      conventional straw or other suitable means to form an opening in the lid.
PAR  The present invention may be modified as would occur to one of ordinary
      skill in the art without departing from the spirit and scope of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thin-walled plastic closure lid for a container, said plastic
      characterized by the property of exhibiting stress patterns in areas
      proximate to cuts in said lid in response to the formation of said cuts,
      said stress pattern causing the weakening of said plastic in the area
      thereof, said lid having a frangible portion for selectively providing a
      straw receiving aperture therein, said fragible portion comprising:
PA1  a first continuous score line on a surface of said lid extending along a
      first path; a second score line on said surface extending along a second
      path which intersects said first path at a predetermined point, said
      second score line stopping short of said predetermined point on both sides
      thereof on said second path;
PA1  said score lines being of sufficient depth to facilitate puncturing of said
      lid in the area of said score lines to form a straw receiving aperture in
      said lid;
PA1  said frangible portion being air tight and leak proof prior to puncturing.
NUM  2.
PAR  2. A thin-walled plastic closure lid for a container, said plastic
      characterized by the property of exhibiting stress patterns in areas
      proximate to cuts in said lid in response to the formation of said cuts,
      said stress pattern causing the weakening of said plastic in the area
      thereof, said lid having a frangible portion for selectively providing a
      straw receiving aperture therein, said frangible portion comprising:
PA1  a plurality of cuts disposed along two paths which intersect at a
      predetermined point, said cuts stopping short of said predetermined point
      defining a diamond-shaped area which is weakened by the stress pattern of
      said cuts, thereby facilitating the puncturing of said lid in the
      diamond-shaped area to form an aperture in said lid;
PA1  said frangible portion being substantially leak proof prior to puncturing.
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PAL  A sealing closure for containers, more particularly cans and the like, in
      which a liquid is stored under pressure and is removed therefrom under
      pressure. The sealing closure of the invention comprises an axially bored
      plug-like closing body having a conically tapered outer surface, a flange
      which is adapted to bear against the container top, and an annular
      peripheral recess disposed between the flange and the said conically
      tapered outer surface. A sealing formation is arranged in the bore and
      comprises two spaced-apart annular projections. An ejectable sealing cap
      is provided which fits into the lower opening of the bore, as well as a
      removable closure cap for closing the upper opening of the bore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to sealing closures for containers in which liquid is
      stored under pressure and is removed under pressure. The sealing closure
      of the invention comprises an axially bored plug-like closing body having
      a conically tapered outer surface, a flange which is adapted to bear
      against the container top, and an annular peripheral recess disposed
      between the flange and the said conically tapered outer surface. Sealing
      means are provided in the bore and comprises two annular projections. A
      removable sealing cap is provided which fits into the lower opening of the
      bore, as well as a removable closure cap for closing the upper opening of
      the bore.
PAR  In a known sealing closure of the aforedescribed type, the intermediate
      space between the parallel ring seals (annular projections) is arranged
      opposite the said peripheral recess, the spacing between these ring seals
      corresponding essentially to the height of the peripheral recess. The
      sealing cap which can be fitted into the lower opening of the axial bore
      is essentially cylindrical, is open at one side and is provided with a
      radially outwardly projecting flange at the lower outer margin of the open
      side. This known sealing closure is used for containers, more particularly
      cans, which are breached with a special miniature tapping arrangement in
      order to tap the liquid, for example, beer, which is stored under pressure
      in the container. The sealing closure must on the one hand ensure that the
      isobarometrically stored liquid remains completely airtightly enclosed in
      the container, and on the other hand, on breaching, the inserted breaching
      spike of the tapping arrangement is sealed in such a manner as not to
      disturb and impair the pressure tightness.
PAR  The above-described known sealing closure operates satisfactorily under
      normal conditions and careful handling when driving it into the bung-hole
      of a container. It has, however, been observed that, for example, when the
      insertion of the breaching spike is not carried out absolutely axially,
      the seal is not always faultlessly provided by the ring seals. Moreover,
      the danger exists that with forceful insertion of the sealing closure in
      the bung-hole, the sealing cap is loosened and thereby the seal is no
      longer completely sound so that under certain conditions pressure gas can
      escape from the container.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a sealing closure for
      containers in which a liquid is stored under pressure and is removed
      therefrom under pressure. It is another, more specific object of the
      invention to provide a sealing closure which firmly seals the breaching
      spike of a tapping arrangement serving for the breaching and tapping, both
      during and after the insertion, and in which, even with forceful insertion
      into the bung-hole of the container, the sealing cap at the lower end of
      the axial bore of the closure body is not loosened, but can nevertheless
      be pushed out on breaching of the container by means of the breaching
      spike, without great expenditure of force.
PAR  The invention consists therefore essentially of a sealing closure of the
      kind set forth above which is characterized in that the upper ring seal
      has a relatively large radius and is arranged at the upper inner margin of
      the axial bore, and the lower ring seal is arranged at the lower inner
      margin of the bore.
PAR  The lower ring seal preferably has a smaller radius of convex curvature
      than the upper ring seal. The smallest inner clearance diameters of these
      ring seals can either be equal to each other or the smallest inner
      diameter of the upper ring seal may be slightly larger than that of the
      lower ring seal.
PAR  The sealing cap which closes the lower opening of the axial bore,
      preferably has a flat upper side with a downwardly extending bevel on its
      marginal edge, a radially outwardly projecting flange arranged at the
      lower peripheral margin of the sealing cap, and a peripheral circular
      recess provided between the lower peripheral edge of the bevel and the
      upper side of the said flange and having a configuration adapted to
      sealingly contact the lower ring seal of the closure body.
PAR  Such a sealing closure ensures a reliable seal during breaching by means of
      the breaching spike and also when driving the closure into the bung-hole
      of a container.
PAR  The pressing force of the ring seal with the relatively large radius is
      stronger than that of two relatively closely adjacently running smaller
      rings seals, which is also the case with the above-mentioned known sealing
      closure. The larger ring seal is stabler and stronger than two smaller
      ring seals. Since preferably the highest effective region of the upper
      ring seal is aligned with a sealing lip provided in the peripheral recess
      at the outer side of the closure body, the pressing force of this ring
      seal is still further increased. The lower ring seal surrounds the
      breaching spike quite firmly after it has ejected the sealing cap, and
      therefore serves as a supplementary sealing. The sealing cap is preferably
      provided with a peripheral circular recess in which the lower ring seal on
      the closure body fits. Thereby, the sealing cap is firmly seated and is
      neither loosened on driving the sealing closure into the bung-hole of the
      container, nor prematurely pushed out. By applying pressure on the upper
      side of the sealing cap, it can be pushed out without difficulty and
      without too great an expenditure of force.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other characteristics and features will be described in the following
      detailed description taken in conjunction with the appended drawing, in
      which:
PAR  FIG. 1 is a longitudinal section through a closure body of a sealing
      closure in accordance with the invention;
PAR  FIG. 2 is a longitudinal section through a sealing cap for the lower
      opening of the axial bore of the closure body;
PAR  FIG. 3 is a longitudinal section of a closure cap for the upper opening of
      the inner bore of the closure body, essentially along the line 1--1 of
      FIG. 4;
PAR  FIG. 4 is a plan view of the closure cap according to FIG. 3;
PAR  FIG. 4a is a partial sectional view of a detail of the closure cap along
      line II--II of FIG. 4; and
PAR  FIG. 5 is a section through an embodiment of a bung-hole of a container,
      which can be closed with the sealing closure according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, the sealing closure according to the
      invention consists essentially of three parts, consisting of the closure
      body 1 preferably of rubber and the two caps 9 and 12 which serve for
      closing the axial bore 2 of the rubber body 1 which preferably consists of
      polyethylene or another suitable plastic material.
PAR  The plug-like closure body 1 comprises an axial bore 2 which is essentially
      cylindrical and extends completely therethrough and has two parallel
      disposed ring seals 3 and 3' which present curved surfaces to the interior
      of the bore. The arrangement and the configuration of these ring seals is
      important. The ring seal 3 is arranged at the upper marginal portion of
      the inner periphery of the axial bore 2 and the other lower ring seal 3'
      is arranged at the lower marginal portion of the inner periphery of the
      axial bore. The upper bead ring seal 3 has a relatively large radius,
      whereas the radius of the lower bead ring seal 3' is smaller. At the upper
      margin of the closure body 1, a ring-shaped flange 4 extends radially
      outwardly, its lower side being flat and resting on the peripheral surface
      of the bung-hole of a container after insertion of the closure of the
      bung-hole. The outer side 5 of the wall of the closure body 1 extends
      conically downwards and an annular recess 6 is provided at the junction
      between the flange and the conically tapered outer side wall. The
      horizontal radius of the upper ring seal 3 preferably intersects the
      center line of the ring-shaped recess 6 and thus is arranged precisely
      opposite this recess at the inner periphery of the axial bore 2. The
      resilience of the closure body 1 is increased by the conical construction
      of its wall.
PAR  For additional sealing between the sealing closure and the container, the
      base of the ring-shaped recess 6 is provided with a radially outwardly
      projecting sealing lip 7 which is pointed in cross-section. Preferably
      this sealing lip is arranged along the center line of the recess 6 and
      lies in the plane of the horizontal radius of the ring seal 3. As is
      visible from the sectional view, in FIG. 1, it follows that the highest
      effective (radially most inward) point of the ring seal 3 is precisely
      opposite the tip of the sealing lip 7. After insertion of the sealing
      closure in the bung-hole 19 (see FIG. 5), this sealing lip lies quite
      firmly against the inner downwardly bent rim 20 bordering the bung-hole
      and increases the tightness at this region by the increased force of the
      ring seal acting on the breaching spike (not illustrated) when it is
      introduced and also when the closure cap 12 (see FIG. 3) is inserted into
      the closure body.
PAR  The second or lower ring seal 3', the radius of convex curvature of which
      is smaller than the radius of convex curvature of the upper ring seal 3,
      is arranged at the lower inner end portion of the axial bore 2 of the
      closure body 1. Preferably, the curvature of the ring seal merges into the
      flat under side 5' of the closure body 1.
PAR  This flat underside 5' of the closure body 1 serves as a seat for the
      flange 10 of a sealing cap 9 which closes the lower opening of the axial
      bore 2. This sealing cap 9 is hat-shaped having a flat upper side 10' the
      peripheral edge 10" of which is beveled outwardly and downwardly. The side
      of the sealing cap 9 opposite the upper side 10' is open and the flange 10
      extends radially from the lower marginal section of its outer periphery.
      The upper side of this flange 10, after insertion of the sealing cap 9
      into the lower opening of the axial bore 2 of the closure body 1 rests on
      the flat lower surface 5' of the closure body 1 and abuts firmly thereon.
      The sealing cap 9 is pressed with its closed side upwardly into the axial
      bore 2 of the closure body 1.
PAR  The bevel portion 10" at the upper peripheral margin of the sealing cap 9,
      the pressing in and also the pushing out of the sealing cap 9 by means of
      the breaching spike is facilitated, since firstly the bevel portion 10"
      slides better over the curved surface of the lower ring seal 3' and
      secondly the end of the breaching spike obtains a better attack surface
      for its action.
PAR  In a preferred embodiment, the sealing cap 9 is provided with a curved
      annular groove 11 extending around its exterior, which is disposed between
      the lower peripheral edge of the bevel portion 10" and the upper side of
      the flange 10. The radius of concave curvature of this annular groove 11
      corresponds approximately to the radius of convex curvature of the lower
      bead ring seal 3' in the axial bore 2 of the closure body 1, so that after
      pressing the sealing cap 9 into the lower opening of the axial bore 2, the
      ring seal 3' snaps into the annular groove 11. In this manner, the sealing
      cap 9 is held firmly in the closure body 1 and cannot readily be loosened
      by a blow and released from its sealing seat. Nevertheless, the sealing
      cap 9 can be pushed out by a relatively light pressure by means of the
      breaching spike. For further facilitating the pushing out, the curvature
      of the annular groove 11 at its upper marginal section bordering on the
      bevel portion 10" is preferably somewhat shallower, so that this marginal
      section slides more easily over the curved portion of the ring seal 3'.
PAR  The smallest inner clearance diameter of the lower ring seal 3' is
      preferably somewhat smaller than the diameter of the circumference formed
      at the base of the annular groove 11 in the sealing cap 9. In this manner,
      the sealing force between groove 11 and ring seal 3' in this region is
      further increased.
PAR  The third part of the combination forming the sealing closure is a closure
      cap 12 by means of which the upper opening of the axial bore 2 of the
      closure body 1 is closed. This closure cap 12 also acts as a dust cap
      which prevents the entry of dust into the axial bore of the closure body
      1.
PAR  An embodiment of the closure cap is illustrated in FIG. 3. This closure cap
      12 consists of a cover plate 14 on which a cylindrical extension 13 is
      formed. The cover plate 14 is preferably round. The outer diameter of the
      cylindrical extension 13 is smaller than the diameter of the axial bore 2
      in the closure body 1, but somewhat larger than the smallest inner
      clearance diameter of the upper ring seal 3. Thus, on applying the closure
      cap 12, a light spreading pressure is exerted on the ring seal 3.
PAR  The cover plate 14 is provided with a marginally projecting strip 18
      extending radially from the top of the cylindrical extension 13, on which
      a gripping ring 15 is formed which facilitates the lifting of the closure
      cap 12. Furthermore, a central hole 16 is provided in the cover plate 14,
      through which the air can escape from the axial bore 2 of the closure body
      1, when the closure cap 12 is pressed into the opening of the axial bore 2
      of the closure body 1. In this manner, the compression of air in the bore
      2 between the upper closure cap 12 and the lower sealing cap 9 is
      prevented when inserting the upper closure cap 12 into the closure body 1.
      In order that this hole 16 is not accidentally closed on pushing in the
      closure cap 12, it terminates in a groove 17 extending transversely over
      the surface of the cover plate 14, so that blocking of the hole by the
      thumb or some other article is not readily possible.
PAR  A container opening 19 suitable for the sealing closure according to the
      invention is shown in FIG. 5. The portion 20 of the top wall of the
      container, surrounding the container opening 19 is bent downwardly. The
      curve formed thereby merges at 21 into a flat portion which gradually
      rises at 22 until it reaches the flat cover of the can or container and
      merges into this flat cover.
PAR  Directly after the isobarometric filling of the liquid, for example beer,
      into the container, the closure body 1, having the lower sealing cap 9
      inserted therein, is pressed into the container opening 19. The closure
      body 1 is introduced so deeply that the upper edge of the conical outer
      side 5 of the wall of the closure body 1 lies below the lower edge 20' of
      the bung-hole. Due to the CO.sub.2 pressure present in the container, the
      closure body 1 is pushed outwardly and seals against the lower edge of the
      bung-hole 19. The pointed sealing lip 7 in the peripheral recess 6 in the
      closure body 1 lies firmly against the inner margin of the section 20 of
      the container surrounding the bung-hole. When the bung-hole has been
      closed in this manner, the upper closure cap 12 having an integral grip
      ring 15 is introduced.
PAR  In order to breach the container and tap the beverage, firstly the upper
      closure cap 12 is removed and then the breaching spike of the tapping
      arrangement is pushed into the axial bore of the closure body 1. The inner
      diameters of the ring seals are somewhat smaller than the outer diameter
      of the breaching spike (not illustrated) or the outer diameter of the pipe
      of the breaching spike (not illustrated) is always somewhat larger than
      the narrowest diameter in the axial bore 2 of the closure body 1, formed
      by the ring seals 3 and 3' or by the upper ring seal 3. Thus, firstly the
      upper ring seal 3 embraces the introduced pipe of the breaching spike in a
      firm sealing manner so that this can be pushed further into the axial bore
      2 and the sealing cap 9 which is mounted below can be pushed out without
      the danger existing that pressure gas escapes from the interior of the
      container. As soon as the sealing cap 9 slides over the lower ring seal
      3', its place is taken by the pipe of the breaching spike, which is also
      sealingly embraced at this region by the ring seal 3'.
PAR  The smallest inner clearance diameters of the ring seals 3, 3' are either
      of equal size or the smallest inner clearance diameters of the lower ring
      seal 3' is somewhat smaller than the smallest inner clearance diameter of
      the upper ring seal 3. This last-mentioned relationship is preferred since
      the spreading pressure exerted on the lower ring seal 3' by the breaching
      spike improves the sealing action.
PAR  Although the invention is illustrated and described with reference to a
      single preferred embodiment thereof, it is to be expressly understood that
      it is in no way limited to the disclosure of such a preferred embodiment,
      but is capable of numerous modifications within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sealing closure for containers in which a liquid is stored under
      pressure and removed therefrom under pressure by means of a tapping
      arrangement having a breaching spike, comprising in combination, a
      plug-like closing body having an axial bore and a conically tapered outer
      side, a flange which is adapted to bear against the container top, said
      body having an anjular groove disposed between said flange and said
      conically tapered outer side, a sealing means on said body including at
      least two ring seals projecting in said bore and axially spaced from each
      other, an ejectable sealing cap removably mounted in the lower opening of
      said bore to close said lower opening, as well as a removable closure cap
      removably mounted in the upper opening of the bore to sealingly close said
      upper opening, the upper ring seal having a relatively large radius of
      curvature and being arranged at the upper inner margin of said bore and
      the lower ring seal being arranged at the lower inner margin of said bore,
      said removable closure cap being adapted to be penetrated and said sealing
      cap being adapted to be ejected by said tapping spike when said tapping
      arrangement is operatively mounted on the sealing closure.
NUM  2.
PAR  2. The sealing closure as defined in claim 1, wherein the ring seals have
      curved surfaces convexly projecting into the interior of the bore, the
      lower ring seal having a smaller radius of convex curvature than the upper
      ring seal.
NUM  3.
PAR  3. The sealing closure as defined in claim 2, wherein the smallest inner
      clearance diameters of said two ring seals are substantially equal.
NUM  4.
PAR  4. The sealing closure as defined in claim 2, wherein the smallest inner
      clearance diameter of the upper ring seal is somewhat larger than the
      smallest inner clearance diameter of the lower ring seal.
NUM  5.
PAR  5. The sealing closure as defined in claim 1, wherein the upper ring seal
      is disposed opposite to said annular groove which is disposed at the outer
      side of the closure body.
NUM  6.
PAR  6. The sealing closure as defined in claim 5, wherein a sealing lip which
      is pointed in cross-section extends radially outwardly from the base of
      said annular groove.
NUM  7.
PAR  7. The sealing closure as defined in claim 1, wherein said sealing cap has
      a flat upper side with a beveled marginal edge, a radially outwardly
      projecting flange arranged at the lower peripheral margin of the sealing
      cap, and a second annular groove between the lower peripheral edge of the
      beveled marginal edge and the upper side of the said outwardly projecting
      flange.
NUM  8.
PAR  8. The sealing closure as defined in claim 7, wherein the smallest inner
      clearance diameter of the lower ring seal is somewhat smaller than the
      smallest diameter clearance of the second annular groove.
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ABST
PAL  An improved enclosure for electrical use comprising a box having an open
      top and front, and a cover for closing both openings simultaneously. The
      front is bordered by lips turned inward from the sides, and near its lower
      end is provided with a pair of internal ramps sloping downwardly backward.
      The inside surface of the front portion of the cover, near its bottom,
      carries a rod whose ends extend into engagement with the ramps when the
      cover is placed on the box. The top and side edges of the cover are formed
      with resilient rims to engage the outer surfaces of the back and sides of
      the box, and are formed from the material of the cover itself by a
      multiple successive right angle bends in the same direction. Means are
      carried by the top and the back for preventing removal of the cover, and
      include apertured lugs for a padlock, a screw having a pentagonal drive
      recess, and means for preventing lateral access to the periphery of the
      screw. The enclosure is to be mounted by anchor bolts passing through lugs
      at its bottom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to enclosures for electrical use, and particularly
      to such enclosures for use in sectionalizing electrical systems. For this
      purpose an enclosure is desirable which gives maximum accessibility to its
      interior for use by the electricans in installing and connecting the
      sectionalizing components. Moreover, since such arrangements are not
      always located in sheltered, supervised areas it is desired that be
      resistant to the entrance of windborn particles such as snow or sand, and
      that access by unauthorized persons to the contents of the enclosure be
      made difficult, to discourage sabotage and vandalism.
PAC  SUMMARY OF THE INVENTION
PAR  My invention is embodied in a rectangular box with a cover completedly
      separable therefrom to maximize access to the interior. Means are provided
      for drawing the cover close to the box at the bottom of the front, and
      resilient means are provided for maintaining contact between the cover and
      the box around the top and down the sides. To accomplish these results the
      sides of the box are inturned at their front to provide lips which support
      internal ramps sloping downwardly backward, and the cover is provided with
      a rod adapted to engage the ramps: the cover is formed around its edges,
      by a succession of three inward right angle bends, to resiliently engage
      the box and thus prevent windblown dust and snow from gaining access. When
      the cover is on the box it may be locked thereto either by a padlock or by
      a screw passing through a lug in the cover and threadedly received in the
      back of the box: the lug is formed to prevent lateral access to the head
      of the screw, which also is cylindrical, and which has a shaped recess to
      enable it to be turned if the proper, non-conventional stub wrench is
      available.
PAR  It is accordingly a principal object of the invention to provide a new and
      improved enclosure for electrical use having greater accessibility for
      workmen, security against sabotage and vandalism, and protection against
      the weather that has heretofore been known. Another object is to provide
      such an enclosure in which a cover is integrally formed with resilient
      edges to engage a box and prevent the entrance of substantial windborn
      dust and snow. Another object is to provide such an enclosure with means
      for drawing a cover tightly toward a box when applied thereto. Another
      object is to provide such an enclosure which is made virtually tamper
      proof by the use of both a padlock and a locking bolt which cannot be
      removed by laterally applied tools, but only by a special axially inserted
      member. A more specific object is to provide an enclosure embodying all
      the special features just enumerated.
PAR  Various other objects, advantages, and features of novelty which
      characterize my invention are pointed out with particularity in the claims
      annexed hereto and forming a part hereof. However, for a better
      understanding of the invention, its advantages, and objects attained by
      its use, reference should be had to the drawing which forms a further part
      hereof, and to the accompanying descriptive matter, in which there is
      illustrated and described a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing
PAR  FIG. 1 is a perspective view of an enclosure according to my invention,
      seen from above and to the rear;
PAR  FIG. 2 is a bottom view of the enclosure;
PAR  FIG. 3 is a fragmentary section taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmentary section taken along the line 4--4 of FIG. 3;
PAR  FIG. 5 is a fragmentary section taken along the line 5--5 of FIG. 3;
PAR  FIG. 6 is a somewhat enlarged showing of how the principle components of
      the enclosure are assembled; and
PAR  FIG. 7 is a further detail of structure shown in FIGS. 1 and 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawing, my improved enclosure 10 comprises as major
      components a rectangular box 11 and a cover 12. Box 11 has an open top and
      front, sides 14 and 15, a back 16, and a bottom 17 with a central aperture
      of considerable size. Straps 20 are secured to bottom 17 for cooperating
      with conventional anchor bolts to fasten the box down securely. Near the
      center of its top edge, back 16 is provided with a tapped insert 21 and an
      apertured lug 22, for purposes presently to be explained. The sides of the
      box are inturned at the front to provide lips 23, 24 extending vertically
      along the side edges of the open front of the box. Near the bottom of the
      lips are a pair of internal ramps 25, 26 which slope downwardly backward
      at a steep angle.
PAR  Cover 12 comprises a top 30, which may be slightly ribbed for rigidity if
      desired, and a front 31. Along all of its edges except its bottom a
      resilient rim 32 is formed integral therewith by repeatedly folding the
      material inwardly at right angles, as suggested at 33, 34, 35 in FIG. 3.
      Near its bottom, front 31 carries a transverse rod 36 mounted in an angle
      37 which is shorter than the distance between ramps 25 and 26, although
      the rod is longer than that distance.
PAR  Secured under the resilient rim at the back of the cover top is a locking
      member 40. As best shown in FIG. 7, member 40 has an apertured lug 41 and
      recess 42 crossed by a member 43 apertured at 44 to pass a bolt 45
      threaded to engage in insert 21. The head of bolt 45 is cylindrical, and
      is formed with a pentagonal opening 46 to receive a stub wrench of like
      configuration. The wall 47 of the recess 42 is configured to fit closely
      against the head of the bolt and thus prevent application of any tool
      laterally thereto to loosen the bolt.
PAC  OPERATION
PAR  In use my box 11 is mounted by anchor bolts at its desired location, and
      the desired sectionalizing components are mounted therein and wired
      appropriately. To close the box the front of the cover is pressed against
      the front of the box at a point where rod 36 passes between lips 23 and
      24. As the case is pushed against the box laterally the resilient rims
      grip the sides of the box. Now the cover is pushed downwardly as well as
      rearwardly: as it slides downward rod 36 engages ramps 25 and 26 and draws
      the bottom of the cover front tightly against the box. The resilient rim
      of the top engages the sides and back of the box as the cover is pressed
      home to substantially seal the opening. Bolt 45 is now passed through
      aperture 44 and threaded tightly into insert 21 using an appropriate
      wrench, and a padlock 50 is passed through lugs 22 and 41 to complete the
      security closure of the assembly.
PAR  From the above it will be evident that I have invented a new and useful
      electrical enclosure made up of two principal components which are
      entirely separable, but can be easily assembled to make a strong unit
      which is secure against tampering and resistant to the weather.
PAR  Numerous objects and advantages of my invention have been set forth in the
      foregoing description, together with details of the structure and function
      of the invention, and the novel features thereof are pointed out in the
      appended claims. The disclosure, however, is illustrative only, and
      changes may be made in detail, especially in matters of shape, size, and
      arrangement of parts, within the principle of the invention, to the full
      extent indicated by the broad general meaning of the terms in which the
      appended claims are expressed.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In an enclosure for electrical use:
PA1  a rectangular box comprising sides, a back, an open top, and an open front
      bordered by lips turned inwardly from at least said sides;
PA1  a cover separable from said box and comprising mutually perpendicular top
      and front portions;
PA1  a pair of internal ramps sloping downwardly backward near the bottoms of
      said lips;
PA1  and a rod extending across the inner surface of said front portion of said
      cover near the bottom thereof for engaging said ramps to draw said cover
      against said box when said cover is moved downwardly against said box.
NUM  2.
PAR  2. The structure of claim 1 together with means for securing said cover to
      said back to prevent removal of said cover.
NUM  3.
PAR  3. The structure of claim 2 in which the securing means includes a bolt and
      means for preventing lateral access to the periphery of the head of said
      bolt.
NUM  4.
PAR  4. The structure of claim 2 in which the securing means includes a female
      thread in said back, a bolt engaging said thread, a lip extending downward
      from said rim to pass said bolt, and means for preventing lateral access
      to the periphery of the head of said bolt.
NUM  5.
PAR  5. In an enclosure for electrical use:
PA1  a rectangular box comprising sides, a back, an open top, and an open front
      bordered by lips turned inwardly from at least said sides;
PA1  a cover separable from said box and comprising mutually perpendicular top
      and front portions;
PA1  a resilient rim formed around the top and side edges of said cover to
      engage the outer surfaces of said back and said sides, whereby to minimize
      entry of windborn sand or snow into said enclosure;
PA1  and means securing said rim to said sides near the bottoms thereof.
NUM  6.
PAR  6. The structure of claim 5 in which said resilient rim is formed from the
      material of said cover by three successive right angle bends in the same
      direction.
NUM  7.
PAR  7. In an enclosure for electrical use:
PA1  a rectangular box comprising sides, a back, an open top, and an open front
      bordered by lips turned inwardly from at least said sides;
PA1  a cover separable from said box and comprising mutually perpendicular top
      and front portions;
PA1  a pair of internal ramps sloping downwardly backward near the bottoms of
      said lips;
PA1  a rod extending across and spaced from the inner surface of said front
      portion of said cover near the bottom thereof for engaging said ramps to
      draw said cover against said box when said cover is moved downwardly
      against said box;
PA1  and a resilient rim formed around the top and side edges of said cover to
      engage the outer surfaces of said back and said sides, whereby to minimize
      entry of windborn sand or snow into said enclosure.
NUM  8.
PAR  8. The structure of claim 7 in which said resilient rim is formed from the
      material of said cover by three successive right angle bends in the same
      direction.
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ABST
PAL  Apparatus for paying out a bonus or a premium when a machine, such as a
      petrol pump, has dispensed a predetermined quantity of a commodity. The
      apparatus comprises a control device in a housing and a pay-out device on
      the housing. The control device is arranged to generate an output signal
      to actuate the pay-out device when the machine with which it is associated
      has dispensed a predetermined quantity of the commodity.
BSUM
PAR  This invention relates to control apparatus for a pay-out device of the
      kind in which a bonus or premium is paid out occasionally to a person
      using, or having goods dispensed from a machine with which the device is
      associated.
PAR  Such devices may be associated with vending machines, coin-operated
      washing-machines and dry-cleaning machines, and to any other machine which
      dispenses goods and/or services. One application of the invention is to
      the control of a pay-out device associated with a pump for dispensing
      petroleum spirit, such as a self-service petrol pump.
PAR  According to the invention in one aspect there is provided electrical
      control apparatus for a pay-out device, comprising means for providing a
      plurality of pulses in dependence upon the quantity of a commodity
      dispensed by, or the number of operations of, a machine with which the
      device is, in operation, associated, a counter for counting pulses from
      the pulse-generating means and for generating an output signal when the
      count reaches a predetermined value and means for coupling the output
      signal to actuate a pay-out device.
PAR  The means for providing a plurality of pulses may comprise means for
      providing a pluraltiy of pulses of light in dependence upon the quantity
      of commodity dispensed by, or the number of operations of, the machine
      with which the pay-out device is associated, and means for converting the
      light pulses to electrical pulses. For example, it may be a fibre-optic
      light guide arranged to receive pulses of light at one end and a
      photosensitive device, such as a photo-cell or photo-transistor arranged
      at the other end to receive the pulses and to convert them to electrical
      pulses.
PAR  In a preferred embodiment for use with a petrol or other fuel pump having
      say, three rotatable wheels which register and indicate the quantity of
      petrol dispensed in tens, units and tenths of a gallon respectively, a
      mirror is attached, for example, to one side of a wheel, preferably the
      tenths wheel, a first fibre optic light guide is arranged to receive light
      from a lamp in the pump or elsewhere and direct it onto the wheel so that
      light is reflected from the mirror once per revolution of the wheel and is
      received by a second fibre-optic light guide and communicated to the
      photosensitive device.
PAR  In another embodiment a wheel may be formed with an aperture radially
      spaced from the axis thereof so that when a source of light is directed
      towards the wheel on one side thereof a light guide arranged on the other
      side receives a pulse of light through the aperture once per revolution of
      the wheel.
PAR  The means for providing a plurality of pulses may be means for receiving
      electrical pulses initiated by the periodic action of a switch or in the
      case of a petrol filling station the counting pulses used to operate a
      remote registering desk, or from the cash register in a retail store or
      the like.
PAR  The pay-out device may be arranged to pay-out a bonus or premium
      automatically on receipt of an actuating signal but preferably is
      manually-operable to effect pay-out only after receipt of the actuating
      signal.
PAR  The output signal may be coupled to actuate an audible or visual indicator
      or both when the predetermined value is reached.
PAR  Means may be provided for resetting the control apparatus when a pay-out
      has been made.
PAR  Preferably the predetermined value is variable.
PAR  Means may be provided for resetting the counter to a datum value, such as
      zero.
PAR  The control apparatus may be housed in a closed housing.
PAR  In the case of apparatus for use with a petrol pump the housing is
      preferably sealed to exclude inflammable vapours, moisture and the like.
      Preferably the housing is suspended above the petrol pump with the pay-out
      device so mounted in the housing that it is readily accessible to a person
      at the pump.
PAR  Preferably the housing is provided with transluscent panels and illuminated
      from the inside by lamps, which may be caused to flash to provide a
      visual, and eye-catching indication that a pay-out is to be made.
PAR  The pay-out device may be a device as disclosed in U.S. Pat. No. 3,640,292
      modified so that pay-out is effected manually after it has been actuated
      by an output signal.
DRWD
PAR  The invention will now be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a schematic diagram of one embodiment of control apparatus
      according to the invention;
PAR  FIG. 2 shows apparatus according to the invention for paying out a bonus or
      premium for use with a petrol pump;
PAR  FIG. 3 shows a method of coupling a fibre-optic light guide to receive
      light pulses generated when the pump is dispensing petroleum spirit;
PAR  FIG. 4 shows various methods of suspending apparatus according to the
      invention above a petrol pump, and
PAR  FIG. 5 shows a modified form of the control apparatus of FIG. 1.
PAR  In the drawings, like parts are given like references.
DETD
PAR  Referring to FIG. 1, there is shown a schematic diagram of a control
      apparatus for use with a petrol pump. In the drawing there is shown a
      fluorescent lamp 10 and wheels 12, 14, 16 rotatably mounted on a shaft 18.
      The wheels 12, 14, 16 are the convention wheels mounted in a petrol pump
      (not shown) for indicating in tens, units and tenths of a gallon
      respectively the quantity of petroleum spirit dispensed by the pump.
      Likewise the lamp 10 is housed in the pump.
PAR  The control apparatus comprises a first fibre-optic light guide 20 arranged
      to receive light from the lamp 10 and to direct it towards the side of the
      tenths wheel 12. A mirror 22 is mounted on the side of the wheel 12 as
      shown so that a pulse of light is reflected back from the mirror once per
      revolution of the wheel, that is once for each gallon of petrol dispensed.
      The pulse of reflected light is picked-up by a second fibre-optic light
      guide 24 and communicated thereby to a photo-sensitive device 26 which
      converts the light pulse into an electrical pulse. The electrical pulses
      are coupled through a pulse shaper 28 to a counter 30. The output of the
      counter 30 is coupled to an output circuit 32 which provides an output
      signal which is coupled to energise an actuating device 34 of a pay-out
      device 36 and to means 38 for energising a bell 40 and a lamp 42. The
      actuating device 34 may be an electromagnet which, when operated, releases
      a latching device in the pay-out device 36. The pay-out device is arranged
      to pay-out a premium, of say five coins of suitable denomination, such as
      five 5 pence coins, when the latching device is released and a
      manually-operable member 37 is operated. The manually-operable member
      shown schematically at 37 may be a lever or pull-cord or other suitable
      member, such as a slide. The pay-out device may be similar to that
      disclosed in U.S. Pat. No. 3,640,292 modified to make it
      manually-operable.
PAR  The energising means may include a circuit which causes the lamp 42 to
      flash and the bell 40 to ring to draw attention to the fact that a premium
      is about to be paid. The lamp 42 may be a fluorescent lamp. The parts 26
      to 42 may be housed in a housing 54 (FIGS. 2 and 4 and to be described
      later) suspended above a petrol pump with which it is associated.
PAR  The counter 30 may be set to provide a signal to the output circuit 32 when
      the pump has delivered a predetermined quantity of petrol, say 20 gallons.
      Thus each time the pump has delivered 20 gallons of petrol, an output
      signal will be generated by the circuit 32 to release the pay-out device
      36 and to cause operation of the bell 40 and lamp 42 to attract the
      attention of the customer purchasing petrol from the pump and any other
      potential or actual customers in the vicinity of the pump. The bell 40 and
      lamp 42 continue to operate until the customer has operated the pay-out
      member 37 to receive his premium. Operation of the member 37 automatically
      actuates a reset device 44 in the form of a magnetically actuated
      proximity switch. The reset device 44 provides a signal to reset the
      counter to its datum count, for example, zero and the circuit 32 to stop
      the bell 40 and the lamp 42.
PAR  Referring now to FIG. 2 there is shown apparatus 50 for paying out a bonus
      or premium when a petrol pump 52 has dispensed a predetermined quantity of
      petrol, say 20 gallons.
PAR  The apparatus 50 comprises a housing 54 in the form of a box suspended
      above the pump 52. The box has transluscent side panels 56, of which one
      is shown and is illuminated from within by fluorescent lamps (not shown)
      controlled by the control apparatus of FIG. 1. The panels may carry
      advertising literature or other eye-catching material.
PAR  A control box 58 mounted in the housing contains control apparatus
      according to FIG. 1 with the lamp or lamps and bell mounted elsewhere in
      the housing. The fibre-optic light guide 24 has one end inserted in the
      control box to illuminate the photo-cell 26 and the other end is lead
      through a conduit 60 and into the pump 52 where it is arranged to pick up
      light reflected from a mirror 22 as described with reference to FIG. 1.
      The other light guide 20 has one end directed to receive light from the
      fluorescent lamp 10 in the pump 52 and the other end arranged to direct
      light towards the side of the wheel 12 as described with reference to FIG.
      1. It will be seen that there are no electrical connections between the
      housing 54 and the pump 52.
PAR  The housing 54 is suspended above the pump 52 by two metal conduits 62,64
      which depend from a canopy which extends over the pumps on the forecourt
      of a filling station. The mains supply for the electrical apparatus in the
      housing 54 is supplied by a cable 66 which passes through the conduit 62.
PAR  The panels 56 are removeably secured by screws, for example to provide
      access to the inside of the housing 54 and a rubber gland is provided to
      make it airtight. This is particularly desirable to exclude inflammable
      vapours and/or moisture. Likewise, rubber or plastics seals admit entry of
      the light guide and the electricity supply through the wall of the housing
      54.
PAR  The pay-out device 36 is detachably secured to the bottom of the housing
      54, by means of a bayonet-fixing or other quickly detachable device
      secured by a lock for example. The unit can thus be removed when the
      filling station is unattended to prevent theft.
PAR  The pay-out unit 36 includes a resevoir 36a for coins or the like, such as
      described in U.S. Pat. No. 3,640,292.
PAR  FIG. 3 illustrates another way of connecting the fibre-optic light guide 24
      down through the pump, underground, up one of the stanchions 70 of the
      canopy and then down to the housing 54.
PAR  FIG. 4 shows other methods of suspending the apparatus above the petrol
      pump.
PAR  Because the vertical tube or reservoir 36a containing the coins must
      necessarily penetrate the air-tight case 54, airtightness is maintained by
      a larger tube 68 with its top end 68a closed off forming part of the case
      into which the detachable money tube can protrude when the payout unit is
      in position.
PAR  A payout slide or swivelling plate with an orifice immediately below and
      aligned with the reservoir-tube is in this application locked in position
      by one or more pawls which prevent its being moved to the pay-out
      position.
PAR  When however the warning devices 40, 42 are actuated to indicate a payout,
      at the same time an electro-magnet situated inside the box 58 and acting
      through the wall of the case 54 will lift the pawl or pawls and allow the
      slide to be moved to the payout position.
PAR  Physical movement to the payout position may be by a hand-lever or pulling
      a cord.
PAR  When the slide is moved to the payout position it carries with it a magnet
      (not shown) which when the slide was in the at-rest position had been
      maintaining a proximity switch (switch 44 in FIG. 1) disposed within the
      airtight case in the "on" position.
PAR  Movement of this magnet causes the switch contacts to break, releasing a
      relay, thus stopping the chime and flash and releasing the pawl to prevent
      any further movement of the slide until another payout is due.
PAR  An internal safety switch for isolating the device may similarly be
      operated by movement of a magnet placed outside the case without the need
      for the case to be pierced.
PAR  Thus there has been described:
PAR  Apparatus in which all the electrical parts are enclosed within a sealed
      case, which is actuated at a distance by light pulses received from an
      area where inflammable vapours may be present and where electrical devices
      are forbidden unless expensively flame-proofed and approved, which gets
      its light-source from existing and approved flame-proofed components
      present for another purpose within that ares, which does not require
      special licencing to be within or near a prescribed dangerous area, which
      is actuated by an electronic control box containing solid-state components
      in which a series of integrated-circuit memory-banks are actuated by a
      light sensitive cell to count a pre-set number of light pulses before
      actuating an intermittent flashing and/or other intermittent warning
      device, in which internal switches are actuated by magnetic fields from
      outside the case.
PAR  Other changes can be made without changing the scope of the invention, for
      example electromechanical counting devices could be used instead of the
      electronic counter.
PAR  The device may with advantage be provided with a visible digital indicator
      to show what quantity of the commodity has been dispensed since the last
      pay-out, or conversely, how many more units need to be purchased in order
      to obtain pay-out of the bonus or premium.
PAR  One reason for including such an indicator is to eliminate any suggestion
      of chance or lottery which might conceivably be levelled in some
      applications of the device when it is used in certain States of the world
      if such indication were not visibly registered.
PAR  The indicator is so arranged that it cannot be cancelled or set back to
      zero, thus assuring that the number of pay-outs made will always be in
      exact proportion to the quantity of the commodity dispensed.
PAR  For example in FIG. 1 the counter 30 could be provided in known manner with
      a decode and display drive circuit and a digital indicator device for
      indicating to a user the quantity of a commodity dispensed, the indicator
      device being so situated in the housing 54 that it can be viewed by the
      user. In such a case it may be preferable to use a recycling counter and
      to couple the reset device 44 to de-energise the means 38. The means 38
      may be a bistable device set to one state by the output circuit 32 to
      energise the bell 40 and lamp 42 and to its other state by the reset
      device 44 to de-energise the bell and lamp.
PAR  In another control apparatus shown in FIG. 5, the electronic counter is
      replaced by a motor 69 having a shaft 71 arranged to rotate a segmented
      disc 73 fixedly secured thereto. The disc 73 is provided with digits
      around its peripheral face and, in use, is so mounted in the housing 54
      that the digits can be seen by a user. The motor 69, which may be a
      stepping motor, is arranged to step or rotate the disc by discrete amounts
      equivalent to the volume of petrol dispensed. Thus by calibrating the disc
      73 in gallons, the user will see at a glance how many gallons have already
      been dispensed by the pump and how many gallons he has to purchase to gain
      the bonus. The disc 73 is provided on one side surface near its periphery
      with an actuating member 75 for actuating a micro-switch 77 for providing
      a signal to the output circuit 32 for actuating the actuating device 34
      and energising means 38 as described above. The reset device 44 is
      arranged to reset the means 38 as described in the preceding paragraph.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bonus or premium dispensing apparatus adapted for use with a machine
      to permit dispensing of a bonus or premium after preselected operation of
      said machine, said apparatus comprising:
PA1  closed housing means having a plurality of walls defining within said
      housing means a closed compartment;
PA1  a bonus or premium dispensing device attached to one of said walls and
      disposed exteriorly of said compartment;
PA1  pulse generating means adapted for association with said machine for
      generating a plurality of pulses in dependence upon the operation of the
      machine;
PA1  control means disposed within said closed compartment for counting the
      pulses generated by said pulse generating means and for actuating the
      bonus dispensing device upon counting of a predetermined number of pulses
      which is representative of said preselected operation;
PA1  said control means including counting means disposed within said
      compartment for counting the pulses received from said pulse generating
      means and for generating an output signal when the count reaches said
      predetermined number;
PA1  said control means further including actuating means disposed within said
      compartment and responsive to said output signal for actuating the bonus
      dispensing device to permit dispensing of a bonus or premium, said
      actuating means and said bonus dispensing device being separated and
      isolated from one another by one of the walls of said housing means; and
PA1  indication means operatively connected to said counting means for
      continuously indicating when the next bonus or premium is to be dispensed,
      said indication means disposed as to be visible from the exterior of the
      housing means.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said bonus dispensing device
      is detachably mounted on said housing means exteriorally of said
      compartment.
NUM  3.
PAR  3. An apparatus according to claim 1, wherein said bonus dispensing device
      has manually operable means associated therewith to permit dispensing of
      the bonus only after said dispensing device is actuated by said actuating
      means.
NUM  4.
PAR  4. An apparatus according to claim 3, including reset means for resetting
      the control means only after a bonus has been dispensed.
NUM  5.
PAR  5. A bonus or premium dispensing apparatus adapted for use with a machine
      to permit dispensing of a bonus or premium after preselected operation of
      said machine, said apparatus comprisng:
PA1  closed housing means having a plurality of walls defining within said
      housing means a closed compartment;
PA1  a bonus or premium dispensing device attached to one of said walls and
      disposed exteriorly of said compartment;
PA1  pulse generating means adapted for association with said machine for
      generating a plurality of pulses in dependence upon the operation of the
      machine;
PA1  control means disposed within said closed compartment for counting the
      pulses generated by said pulse generating means and for actuating the
      bonus dispensing device upon counting of a predetermined number of pulses
      which is representative of said preselected operation;
PA1  said control means including counting means disposed within said
      compartment for counting the pulses received from said pulse generating
      means and for generating an output signal when the count reaches said
      predetermined number;
PA1  said control means further including actuating means disposed within said
      compartment and responsive to said output signal for actuating the bonus
      dispensing device to permit dispensing of a bonus or premium, said
      actuating means and said bonus dispensing device being separated and
      isolated from one another by one of the walls of said housing means;
PA1  said bonus dispensing device having manually operable means associated
      therewith to permit dispensing of a bonus or premium only after said
      dispensing device is actuated by said actuating means; and
PA1  reset means for resetting the control means only after a bonus or premium
      has been dispensed, said reset means including magnetically operated
      switch means disposed within said compartment for resetting said control
      means and magnet means associated with said dispensing device and
      responsive to movement of said manually operable means for activating said
      switch means upon movement of said manually operable means for dispensing
      a bonus or premium, said switch means and said magnet means being isolated
      from one another by one of the walls of said housing means.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said bonus dispensing device
      is detachably mounted on one of the walls of said housing means.
NUM  7.
PAR  7. A bonus or premium dispensing apparatus adapted for use with a machine
      to permit dispensing of a bonus or premium after preselected operation of
      said machine, said apparatus comprising:
PA1  closed housing means having a plurality of walls defining within said
      housing means a closed compartment;
PA1  a bonus or premium dispensing device attached to one of said walls and
      disposed exteriorly of said compartment;
PA1  pulse generating means adapted for association with said machine for
      generating a plurality of light pulses in dependence upon the operation of
      the machine;
PA1  control means disposed within said closed compartment for counting the
      pulses generated by said pulse generating means and for actuating the
      bonus dispensing device upon counting of a predetermined number of pulses
      which is representative of said preselected operation;
PA1  said control means including counting means disposed within said
      compartment for counting the pulses received from said pulse generating
      means and for generating an output signal when the count reaches said
      predetermined number;
PA1  said control means also including converter means disposed within said
      compartment for converting said light pulses into electrical signals, said
      converter means supplying said electrical signals to said counting means,
      and fiber-optic light guide tube means extending between said pulse
      generating means and said converter means for transmitting the light
      pulses from said pulse generating means to said converter means; and
PA1  said control means further including actuating means disposed within said
      compartment and responsive to said output signal for actuating the bonus
      dispensing device to permit dispensing of a bonus or premium, said
      actuating means and said bonus dispensing device being separated and
      isolated from one another by one of the walls of said housing means.
NUM  8.
PAR  8. An apparatus according to claim 7, wherein said housing means is
      disposed remote from said machine, and wherein said light guide tube means
      comprises the sole operative connection between said pulse generating
      means which is located at said machine and the control means which is
      located within said housing means, the interconnection between said
      housing means and said machine being free of electrical connections.
NUM  9.
PAR  9. An apparatus according to claim 8, wherein said machine is a fluid
      dispensing mechanism having a plurality of rotatable wheels which register
      and provide a digital indication of the quantity of fluid dispensed, and
      said pulse generating means coacting with one of said rotatable wheels for
      generating light pulses responsive to the rotation of said one wheel.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein said pulse generating means
      includes a light source associated with said fluid dispensing apparatus
      and a light guide tube extending between said light source and said one
      wheel for receiving light from said light source and for directing said
      light onto said one wheel, said one wheel having means thereon adapted to
      pass by said light tube for generating light pulses, and said light guide
      tube means having one end thereof disposed in the vicinity of said one
      wheel for receiving the light pulses created by rotation of said one
      wheel.
NUM  11.
PAR  11. An apparatus according to claim 9, wherein said fluid dispensing device
      comprises a pump having nozzle means associated therewith for dispensing a
      combustible fluid, said housing means being disposed remote from said pump
      and being sealed to exclude inflammable vapors and moisture.
NUM  12.
PAR  12. An apparatus according to claim 11, wherein said housing means is
      suspended above the pump and has the bonus dispensing device mounted
      thereon and positioned so as to be readily accessible to a person located
      in the vicinity of the pump, the pump and the housing means being free of
      any electrical interconnection therebetween.
NUM  13.
PAR  13. The combination comprising:
PA1  a pump assembly for dispensing a liquid, said pump assembly including a
      dispensing nozzle and also including indicating means for visually
      indicating the quantity of liquid dispensed, said indicating means
      including a plurality of rotatable indicating members which register and
      provide a visual indication of the quantity of liquid dispensed in
      volumetric units, and a pulse generating means associated with said pump
      assembly for generating a plurality of pulses in dependence upon the
      quantity of liquid dispensed by said pump assembly; and
PA1  a bonus dispensing apparatus associated with said pump assembly for
      dispensing a bonus or premium after a predetermined quantity of liquid has
      been dispensed by said pump assembly, said dispensing device including
      housing means positioned remote from said pump assembly and defining
      therein a closed compartment, counting means positioned within said
      compartment for counting the number of pulses generated by said pulse
      generating means and for emitting an output signal upon counting a
      predetermined number of pulses, a bonus dispensing mechanism mounted on
      said housing means and disposed externally of said housing means, and
      actuating means disposed within said compartment and associated with said
      counting means for actuating said bonus dispensing mechanism to permit
      dispensing of a bonus upon generation of said output signal by said
      counting means; and
PA1  connecting means joining said housing means to said pump assembly for
      transmitting the pulses generated by said pulse generating means to said
      counting means, said connecting means being free of electrical
      connections.
NUM  14.
PAR  14. A combination according to claim 13, further including indicator means
      associated with said counting means for visually indicating when the next
      bonus is to be dispensed.
NUM  15.
PAR  15. A combination according to claim 14, wherein said pulse generating
      means generates a plurality of light pulses, and said connecting means
      including a fiber-optic light transmitting tube extending from said pulse
      generating means into the interior of said compartment defined by said
      housing means.
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ABST
PAL  A metering and dispensing device for flowable materials of the type in
      which material is caused to flow onto a metering element in such manner as
      to impose thereupon a force which is a function of the rate of mass flow
      of the material and by detecting a component of such force a signal
      representing the rate of mass flow is provided. A rotary element is
      provided upstream of the metering element from which material is
      centrifugally ejected to be intercepted by baffle means causing the
      material to flow by gravity onto the metering element. Such structure
      establishes the energy condition of the material prior to deposition upon
      the metering element and defines the path followed by material flowing to
      said element.
BSUM
PAR  This invention relates to a metering device for flowable materials which
      are, for example, dispensed at a rate which is required to be known, or
      which can be controlled, or which is in terms of intermittent or `dose`
      dispensing such as the supply of successive measured quantities of
      material into separate receptacles. Materials with which the invention is
      concerned must be flowable, thus they may be free-flowing solids in
      particulate form, (such as grain, salt, granulated sugar); or non-adhesive
      liquids; and the invention in some forms may also be tolerant of materials
      which have a tendency to arch or stick (such as flour or powdered sugar).
PAR  The invention seeks to provide a metering device for the kind of purpose
      indicated above, which although useful as a pure meter giving indications
      of rates of mass flow or of total mass flow, is particularly useful when
      combined with flow control means so as to enable sufficiently accurate and
      repeatable doses to be dispensed. The device may be used to measure or
      dispense in absolute terms, e.g. in terms of specifically weighed doses,
      or in comparitive terms, e.g. doses or equal, but only approximately
      specific, weight.
PAR  The invention is concerned with the type of device in which material is
      caused to flow onto a metering element in such manner as to impose upon
      that element a force which is a function of the rate of mass flow of the
      material, the metering element being supported by means adapted to detect
      changes in at least a component of such force, thereby to provide a
      signal, (which may, for example, be in terms of an electrical impulse, a
      mechanical movement, or a pneumatic or hydraulic pressure), representing
      the rate of mass flow of material through the device.
PAR  It is recognised that for a device of this type to be able to afford
      consistently accurate and repeatable indications of rate of mass flow, and
      particularly to retain such accuracy and repeatability over a considerable
      range of such rates, it is important that the material flows onto the
      metering element in a well defined manner and from a condition in which
      the kinetic and potential energies of the material are established in
      repeatable fashion.
PAR  It is the primary aim of the present invention to provide a device in which
      these conditions can be met, and accordingly the invention provides a
      metering device of the type stated comprising an element adapted to be
      driven in rotation and means for supplying flowable material to such
      rotary element whereby material supplied to that element is centrifugally
      ejected therefrom when the element rotates, and baffle means disposed in
      the path of material ejected from the rotary element for intercepting such
      material and causing the same to flow by gravity onto the metering
      element.
PAR  In this way, the energy condition of each individual particle of material
      at the point where the particle is intercepted by the baffle means is
      established by the relative disposition of the baffle means and rotary
      element and the rotational speed of the latter, as is the distribution of
      material around the baffle means so that the path followed by the material
      flowing from the baffle means to the metering element is also established.
      These conditions will be repeatable for equal rates of mass flow of
      material and furthermore will be independent of the rate of mass flow of
      material supplied to the rotary element over a wide range of such rates so
      that a substantially linear response may be obtained from the metering
      element over this range.
PAR  The device may be so arranged that the force which is imposed upon the
      metering element by the material which is caused to flow thereonto is due
      predominantly to the absorption by the metering element of momentum from
      the material.
PAR  In such a case the baffle means may comprise a tubular skirt surrounding
      the rotary element, the metering element comprising a tube convergent in
      the direction of material flow disposed vertically below the skirt, (and
      either separate from the skirt or integral therewith), so as to provide an
      inclined surface for the impact of the material ejected from the rotary
      element and intercepted by the skirt.
PAR  However it is not necessary that such an arrangement prevails, it only
      being required that some force which is a function of the rate of mass
      flow of the material be imposed upon the metering element and it is also a
      feature of the invention that the device may be so arranged that the force
      which is imposed upon the metering element by the material which is caused
      to flow thereonto is due predominantly to friction between the material
      and the metering element. In such a case the baffle means may again
      comprise a tubular skirt surrounding the rotary element, the metering
      element comprising a tube disposed vertically below the skirt, (perhaps
      separate from though preferably integral with the skirt), so as to provide
      a surface in contact with which the material ejected from the rotary
      element and intercepted by the skirt can flow, a frictional `drag` being
      imposed upon the surface by such flow.
PAR  In any case, the means by which the force imposed upon the metering element
      is to be detected will normally be required to be sensitive and of low
      inertial mass, and as far as possible to be friction-free; it is therefore
      preferred to support the metering element at the end of a resilient lever
      -- or cantilever -- like suspension so that the force which is imposed
      upon such element displaces the element, means being provided for
      detecting such displacement. Such a suspension will necessarily involve
      that the metering element moves arcuately (albeit through a very small
      distance) so it is contemplated that a relatively long arm will be used.
PAR  The displacement detecting means referred to above will preferably be an
      inductive or capacitative transducer having a high response rate per unit
      of positional displacement. However, other displacement detecting means
      may be used such as a pneumatic or hydraulic transducer, e.g. a very
      flexible metal bellows filled with gas or liquid and arranged to contract
      and expand with movement of the metering element so as to generate a fluid
      pressure signal indicative of the position thereof.
PAR  The `rotary element` referred to herein is preferably a substantially
      horizontally aligned disc.
PAR  The device according to the invention may advantageously further comprise:
      means for controlling the rate of mass flow of material through the device
      in response to the signal which represents such rate; means for
      integrating said signal with respect to time, thereby to provide a second
      signal representing the total mass flow of material through the device;
      and means for controlling the flow of material through the device in
      response to said second signal, whereby successive measured doses of
      material can be dispensed from the device.
DRWD
PAR  The invention will now be more particularly described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view, partly in section and partly schematic, of a
      first embodiment of the invention; and
PAR  FIG. 2 is a similar view of a second embodiment of the invention.
DETD
PAR  In FIG. 1 a source of flowable material is indicated at 1, such as a hopper
      of particulate solid material or a tank or liquid. A feeding device 2
      having an outlet at 2A is arranged to supply material from the source 1 to
      the rotary element described below, the particular form of the device 2
      being chosen with regard to the type of material to be handled. Thus, in
      the case of free-running solids or non-adhesive liquids the feeding device
      may simply comprise a duct for the gravitational discharge of material,
      and having a variable gate, valve or other means of flow control as may be
      required; in the case of somewhat sticky or arching materials a more
      positive means of supply is required and the feeding device may
      accordingly comprise a tube within which a rotatable worm or screw helix
      is provided, which we shall term an auger; in the case of nonadhesive
      liquids a positive displacement pump may also be used as the feeding
      device.
PAR  The rotary element to which material from 1 is supplied comprises a disc 3
      fast on a substantially vertically aligned spindle 4, adapted to be driven
      by any suitable motor means, the plane of the disc being transverse to the
      axis of the spindle, i.e. horizontal. The disc may have a slightly
      upturned peripheral lip if desired, as depicted at 3A in FIG. 1.
      Surrounding the disc and extending above its plane is a tubular skirt 5
      fixed within an outer shell 6 which is continued downwards in convergent
      form to define the outlet of the device at 6A. Below the skirt 5 and
      within the outer shell is a convergent tubular metering element 7 which is
      supported by a pair of horizontally spaced brackets 8 of which one is
      shown in FIG. 1, the brackets in turn being carried at the ends of
      respective resilient cantilever arms 9 anchored at 9A. The suspension 8, 9
      also carries the core 10A of an inductive or capacitative displacement
      transducer 10, employed to detect changes in the vertical position of
      element 7.
PAR  In operation, the source 1 is charged with material to be metered and
      feeding device 2 activated to deliver material onto the upper face of disc
      3, which has been set spinning. From here the material is flung radially
      by centrifugal action to be intercepted by skirt 5, arresting the radial
      motion of the material. The material then falls, from a height which is
      very accurately defined by the spinning disc 3, until it impacts the wall
      of metering element 7. If necessary, the skirt 5 may be divergent in the
      direction of material flow or may be vibrated, to prevent material
      adhering to the skirt during its fall. By deflecting the material a
      component of momentum of the material is thus imposed as a vertical force
      upon the metering element, this force together with secondary vertical
      forces such as are due to the resident mass of material on the metering
      element, and the vertical component of the frictional forces between the
      material and metering element, resulting in a displacement of the metering
      element which is detected by the transducer 10. From element 7, the
      material falls through the outlet 6A whence it may be removed, as
      required, by any suitable means, again chosen with regard to the type of
      material concerned, such means being schematically depicted in FIG. 1 as a
      conveyor 11.
PAR  The displacement detected at 10 is a measure of the rate of mass flow of
      material passing through the device and the output from the transducer may
      be displayed by a suitably calibrated meter 12 to give a visual indication
      of this rate. Also, the transducer output may be integrated with time by
      an integrator 13 to result in a measure of total mass of material passed,
      for display by a meter 14. Furthermore, a controller 15 may be provided to
      which the transducer and/or integrator outputs are fed and which may be
      employed e.g. to control the rate of mass flow through the device by
      controlling the operation of the feeding device 2, or to perform other
      control functions based on the values of rate of mass flow or total mass
      experienced thereby.
PAR  Thus, for example, the controller 15 may be devised so as to interrupt the
      flow of material through the device whenever a specified total mass has
      been passed, irrespective of the rate, so that the device may be used as a
      dispenser of accurately determined and repeatable doses of material. Such
      flow interruption may be effected by controlling the operation of feeding
      device 2, or in certain cases simply by stopping the rotation of the disc
      3. The latter method will be practical for example in cases where measured
      doses of solid material are to be supplied in succession to separate
      receptacles, rotation of the disc being stopped when the specified total
      mass of material has been passed, allowing material supplied continuously
      from device 2 to build up on the disc while a new receptacle is placed in
      position. Clearly if the device is to operate in this way the disc 3 must
      be of sufficient capacity to prevent material spilling over its edge
      during the time it is at rest, and such a method of operation will not of
      course be practical for the supply of liquids, a positive displacement
      pump controlled by the unit 15 being necessary in this case.
PAR  Turning now to FIG. 2 there is shown a similar device to that of FIG. 1 in
      which like parts are identified by the same reference numerals, the FIG. 2
      device however depending upon frictional forces for the activation of its
      metering element. In this case the skirt 5 and metering element 7 of FIG.
      1 are replaced by a single tubular element 16 supported in like manner to
      the metering element of FIG. 1. In operation of this device material is
      supplied to the disc 3 as before, to be arrested by element 16 when flung
      from the disc. The material impacts element 16 with no substantial
      vertical component of motion, and thus no substantial vertical component
      of force is imposed upon the element by virtue of this impact. The
      material then falls by gravity, from a height which is again very
      accurately defined by the spinning disc 3, in contact with the wall of
      element 16, in so doing imposing a frictional `drag` upon that element in
      the vertical sense resulting in displacement of the element. The detection
      of this displacement and the manner in which it may be used to control the
      operation of the device corresponds exactly with the FIG. 1 case. It can
      also be mentioned here that the element 16 need not necessarily be of
      constant cross-section as shown in FIG. 2 but may be slightly convergent
      in the direction of material flow as indicated at 16A to ensure that
      contact is maintained between the element and the material during the
      latter's fall. The profile of the wall of such a convergent element 16 may
      be rectilinear, as illustrated, or may perhaps have a degree of concavity.
PAR  It is clear therefore, that the present invention may be performed with
      considerable variation as to construction. In particular the use of such
      terms as `convergent` and `tubular` in this Specification is to be noted,
      no explicit or implied limitation of the actual cross-sectional shape of
      parts such as 5, 6, 7 and 16 being made, since this is relatively
      unimportant. Thus, such parts may be circular in cross-section (so that
      element 7 would be frusto-conical), or of regular or irregular polygonal
      form, or indeed of any other form that may be desired.
PAR  Devices of any desired size or capacity may be provided according to the
      invention, varying from those capable of dispensing foodstuffs or the like
      in quantities in the order of a few grams, to those capable of handling
      mine or quarry products where rates of mass flow may be in the order of
      tons per second.
CLMS
STM  I claim:
NUM  1.
PAR  1. A metering device for flowable materials comprising:
PA1  an element mounted for rotation about a substantially vertical axis;
PA1  means for supplying flowable material to said rotary element;
PA1  tubular baffle means surrounding said rotary element;
PA1  a convergent tubular metering element disposed beneath said baffle means;
PA1  means for rotating said rotary element at such speed that flowable material
      supplied thereto is centrifugally ejected therefrom and intercepted by
      said baffle means;
PA1  said baffle means and metering element being so disposed that substantially
      all of the material intercepted by the baffle means flows by gravity from
      its point of interception substantially vertically to the metering element
      and thereafter flows within the metering element, the material received by
      the metering element imposing thereupon a force which is a function of the
      rate of mass flow of the material; and
PA1  said metering element being so configured that material can be received
      thereby from said baffle means around a continuous internal perimeter
      thereof; and
PA1  means attached to said metering element externally thereof for supporting
      said element and detecting changes in at least a component of said force,
      thereby to provide a signal representing the rate of mass flow of material
      through the device.
NUM  2.
PAR  2. A device according to claim 1 wherein said rotary element comprises a
      disc and said means for supplying flowable material has an outlet
      substantially coaxial with said disc and disposed to supply material to
      the upper surface of said disc, the diameter of said disc considerably
      exceeding the diameter of said outlet.
NUM  3.
PAR  3. A device according to claim 2 further comprising means for integrating
      with respect to time said signal representing the rate of mass flow of
      material through the device, thereby to provide a second signal
      representing the total mass flow of material through the device, and means
      for stopping and starting the rotation of said disc in response to said
      second signal, thereby to dispense successive doses of material of equal
      mass from the device.
NUM  4.
PAR  4. A device according to claim 1 wherein said metering element is
      convergent in the direction of material flow through the element and is so
      disposed that the material received thereby from said baffle means impacts
      the internal surface therefore so that the force which is imposed
      thereupon by said material is due predominantly to the absorption by the
      metering element of momentum from the material.
NUM  5.
PAR  5. A device according to claim 1 wherein said metering element is so
      disposed that the material received thereby from said baffle means can
      gravitationally flow in contact with the internal surface thereof so that
      the force which is imposed thereupon by said material is due predominantly
      to friction between the material and the metering element.
NUM  6.
PAR  6. A device according to claim 5 wherein said metering element is integral
      with said baffle means.
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ABST
PAL  Apparatus for metering a predetermined timed volume of fluidic material
      through a dispensing circuit upon activation of a trigger, where the
      trigger actuates an air valve which is connected to a second
      time-controlled air valve. The second air valve delivers a predetermined
      timed shot of pressurized air to an air cylinder which is mechanically
      coupled to the fluidic material dispensing circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for applying fluidic material, and
      more specifically to an apparatus for applying a predetermined quantity of
      fluidic material.
PAR  In industrial manufacturing plants a great many repetitive assembly
      operations require the application of fluidic material such as grease,
      adhesive, sealants, and other relatively high density and high viscosity
      material. These operations usually require a relatively small volume shot
      of material, but it is important that such material be repeatably
      dispensed, frequently in places which are difficult of access. Cost
      efficiency in manufacturing operations also requires that excess material
      applications be kept under strict control, and the quality of the
      manufacturing process requires that materials be uniformly and
      consistently applied with highly accurate repeatability so that product
      quality can be kept uniform.
PAR  For example, an automobile manufacturing plant has hundreds of assembly
      operations which require the application of glue or RTV silicones on parts
      to hold them together. Small quantities of grease and other lubricants are
      required to be applied to areas where moving parts contact one another,
      and sealers, sound deadening insulation, and adhesives are used in
      considerable quantity. Each of these many fluidic materials are applied to
      the product as it moves down an assembly line in sequential and repeatable
      fashion. The cost and quality of the final product is determined in part
      by the extent to which these material applications can be tightly
      controlled. Material applications such as described above are typically
      metered in the 0-2 fluid ounce range by a hand-held gun applicator device.
      Because a great number of such operations may be performed in any given
      time period, it is desirable that the gun triggering mechanism be actuated
      with minimal force. Since the fluidic materials dispensed by such
      apparatus are usually of high viscosity, a pneumatic piston valve is
      usually used in conjunction with the trigger to provide an assist to the
      trigger valving force necessary for opening and closing the fluidic
      material valve. The fluidic material is typically delivered to the
      applicator gun in a pressurized hose, and the pressurized air supply used
      to operate the gun triggering mechanism is delivered in a second
      pressurized hose. The trigger mechanism opens an air valve which actuates
      an air piston assembly connected to the fluidic material valve. This opens
      the fluidic material valve and enables the pressurized fluidic material to
      pass through the applicator gun and onto the product part. When the
      trigger is released, the air supply to the air actuated piston is removed
      and a return spring generally closes the air piston and fluidic material
      actuator valve. The flow of fluidic material through the applicator gun
      then ceases.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an applicator gun having a trigger for
      actuating an air cylinder which in turn controls a fluidic material valve
      for release of fluidic material through the gun. The trigger opens an air
      valve into an air impulse valve which immediately opens upon receiving an
      air impulse from the trigger air valve, but remains open only for a
      predetermined time necessary to develop a closing pressure force,
      whereupon it closes its output port. Connected to the air impulse valve
      output port is an air cylinder which opens upon application of the trigger
      and closes after the predetermined air impulse time has elapsed. The air
      cylinder is mechanically coupled to a fluidic material valve to open it
      and allow fluidic material to pass through the gun for the same
      predetermined time set by the air impulse valve. Thus, if the gun trigger
      is depressed and held, only a predetermined timed volume of fluidic
      material will be ejected from the gun before it automatically shuts off.
      The gun cannot be again actuated until the trigger is first released and
      then depressed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the present invention is illustrated in the
      attached drawings, in which:
PAR  FIG. 1 illustrates the invention in side view and partial cross section;
PAR  FIG. 2 illustrates the air impulse valve construction; and
PAR  FIG. 3 is a diagram of the air and fluid circuits utilized by the invention
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, the apparatus is shown in side view and in
      partial cross section. The gun handle 10 has an air connector 12 and a
      fluidic material connector 14 attached at its base. Fluidic material
      passes into connector 14 and through pipe 16 into a chamber 18. Chamber 18
      is normally blocked by a fluidic material valve which may be retracted via
      valve stem 20. When valve stem 20 is retracted, the fluidic material valve
      opens and fluid is ejected from orifice 22.
PAR  Air connector 12 is coupled into an air valve 24 which may be actuated by a
      spring loaded tab 25. Tab 25 contacts trigger 26 which is pivotal about
      pin 28. When trigger 26 is depressed, it forces tab 25 inwardly and opens
      an air flow path through air valve 24 into impulse air valve 30. Impulse
      air valve 30 opens to pass air through conduit 32 for a predetermined
      time, and then automatically closes. Air flow through conduit 32 passes
      into air cylinder valve 34 to actuate an internal piston which is
      mechanically coupled via rod 36 to valve stem 20, A spring return
      internally biased against air piston closes cylinder valve 34 upon
      cessation of air flow through conduit 32.
PAR  FIG. 2 shows air impulse valve 30 in side view and cross section. An inlet
      40 is threadably coupled to air valve 24. Inlet 40 opens into a
      cylindrical space having a slidable piston 44 therein. Piston 44 slides
      over the internal surface of cylinder 42, and also over an internal
      cylindrical sleeve 46 which has its lower edge spaced away from adjacent
      contact with cylinder 42 to create a passage 48 therebetween. Passage 48
      communicates with an outlet passage 50 which passes through a connector 52
      for coupling with conduit 32. Piston 44 has an O-ring 54 around its outer
      circumference to provide a sealable contact between the piston and sleeve
      46 and cylinder 42. A compression spring 56, seated between the bottom end
      of cylinder 42 and the top interior surface of piston 44, exerts an upward
      force against piston 44 which tends to open inlet 40 to passage 48. This
      upward spring force is opposed by the force of air pressure acting over
      the top surface 58 of piston 44, and is aided by the force of air pressure
      acting over bottom annular surface 60 of piston 44. The cross-sectional
      area of top surface 58 is greater than the cross-sectional area of annular
      surface 60, so that for equalized air pressure within valve 30 the net
      force upon piston 44 is downwardly. A second seal ring 62 is located near
      the upper end of piston 44, and the region 66 beneath this upper section
      of piston 44 is vented to the atmosphere via passage 64. Thus, the annular
      region 66 beneath the top portion of piston 44 is always maintained at
      atmospheric pressure so that any air pressure on top surface 58 will
      create a net downward force, if the air pressure on top surface 58 exceeds
      atmospheric pressure, and also exceeds the force of compression spring 56.
      An orifice 68 of precise and predetermined diameter is drilled through the
      top surface of piston 44 to create a communication path for air flow
      therebetween. Thus, although initially air pressure received at inlet 40
      causes piston 44 to move upwardly and thereby exposes passage 48 and 50 to
      inlet 40, gradually the inlet air leaks through orifice 68 to fill the
      region above top surface 58. This pressure develops to a point where the
      force caused thereby is greater than the combined force of air pressure on
      annular bottom surface 60 and compression spring 56. When this excess
      pressure differential occurs, piston 44 is forced downwardly to close off
      passage 48. Once this occurs, the air pressure at inlet 40 must be removed
      before piston 44 can again be moved upwardly. Once the air pressure at
      inlet 40 is removed, the excess pressure acting on top surface 58
      gradually leaks back through orifice 68 to bleed down to a valve whereby
      compression spring 56 can exert sufficient upward force to again slide
      piston 44 upwardly. After this has occurred, the gun trigger may again be
      depressed to cause the valve 30 to actuate. The overall operation of this
      valve is to cause piston 44 to initially move upwardly, remain in an
      upward position for a predetermined time as measured by the size of
      orifice 68, and then to move downwardly to block the flow therethrough.
PAR  FIG. 3 shows a schematic diagram of the air and fluid supply circuits. The
      air supply is coupled into air valve 24 which is actuated upon depressing
      tab 25. This causes a spool 23, or other similar air control device, to
      shift into a flow through conductive position wherein the air supply
      passes through valve 24 to impulse air valve 30. The flow of air through
      air impulse valve 30 is also symbolically shown in FIG. 3. Initially, air
      directly flows through valve 30 via spool 31 to conduit 32. This air
      arrives at air cylinder 34 where it causes piston 72 to move rearwardly
      against the force of adjustable spring 74. This retracts valve stem 20 and
      causes fluidic valve 76 to open. The fluidic material supplied via pipe 62
      is then permitted to be ejected from orifice 22.
PAR  After a predetermined time, as set by time delay 70, spool 31 moves to
      close off the flow path through valve 30. The air pressure developed in
      conduit 32 is then bled backward through valve 30 to discharge through the
      atmosphere via passage 64, thus relieving the air pressure force against
      piston 72. Spring 74 causes piston 72 to thereby move forwardly to again
      close off fluidic valve 76. The operation of the air circuit remains in
      this stable condition until such time as trigger 26 is released. When this
      happens, tab 25 causes spool 23 to move leftward to thereby relieve the
      air pressure from time delay 70 and valve 30 via exhaust 78. The cycle
      again repeats when the trigger is next depressed to provide a timed shot
      of fluidic material for each consecutive trigger activation and release.
PAR  In operation, the apparatus is connected to a suitable pressurized fluidic
      supply source and also to a suitable compressed air source. When an
      application of fluidic material is desired, orifice 22 is placed adjacent
      the desired location and the trigger is squeezed. A timed volume of
      fluidic material is ejected from orifice 22 and the flow immediately
      ceases. The gun may then be removed from the application area and the
      trigger released at any convenient time, for the next successive timed
      application of fluidic material cannot be made until after the gun trigger
      has been released.
PAR  Modifications and adaptations may be made to the specific internal valving
      features of this apparatus, to accomplish the novel and timed valving
      ejection feature. The preferred embodiment described herein provides an
      adequate metering feature for the application of most commonly used
      fluidic materials, and also serves as a useful portable applicator tool.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An application gun for applying pressurized fluidic material under
      trigger control with timed volumetric repeatability, comprising:
PA1  a. a fluidic material dispensing circuit having an actuable valve therein,
      connected to said gun;
PA1  b. an air cylinder having a piston connected to said actuable valve;
PA1  c. an air piston valve having an outlet port connected to said air cylinder
      and having an inlet port for receiving pressurized air, said air piston
      valve being characterized by a first open valve position responsive to
      pressurized air at said inlet port, and a second overriding closed valve
      position responsive to a predetermined time presence of pressurized air at
      said inlet port; and
PA1  d. an air valve having an outlet connected to said air piston valve inlet
      port and having an inlet for receiving pressurized air, said air valve
      having an actuable connection to said gun trigger.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein said air piston valve
      further comprises an exhaust port connection to its outlet port when said
      valve is in its second closed valve position.
NUM  3.
PAR  3. The apparatus as claimed in claim 2, further comprising a return spring
      in said air cylinder and biased against said piston in force opposition to
      pressurized air acting upon said piston.
NUM  4.
PAR  4. The apparatus of claim 3, further comprising means for adjusting the
      biasing force of said return spring.
NUM  5.
PAR  5. The apparatus of claim 4, wherein said air piston valve further
      comprises a piston having a first predetermined area in communication with
      said inlet port and having a second a larger predetermined area in
      pressure opposition to said first area, and having a predetermined sized
      orifice opening between said areas.
NUM  6.
PAR  6. The apparatus of claim 5, wherein said fluidic material dispensing
      circuit further comprises an outlet dispensing orifice.
NUM  7.
PAR  7. Apparatus for applying fluidic material under trigger control with timed
      volumetric repeatability, comprising:
PA1  a. A gun-shaped housing having an inlet for accepting pressurized air and
      an inlet for accepting fluidic material, and having a fluidic material
      outlet;
PA1  b. an actuable valve in said housing, one side of said valve being in
      communication with said fluidic material outlet, and the other side of
      said valve being in communication with said inlet for accepting fluidic
      material;
PA1  c. an air valve in said housing having an inlet coupled to said inlet for
      accepting pressurized air, and having an outlet, and connected in actuable
      contact with said trigger
PA1  d. a first piston valve having a first piston surface area in communication
      with said air valve outlet, and having an orifice of predetermined size in
      said first piston area and through said piston to a second piston area in
      force opposition to said first area, wherein said second area is greater
      than said first area, said piston valve being slidable to uncover an
      outlet port;
PA1  e. a second piston valve in communication with said outlet port, and having
      a slidable piston responsive to pressurized air in said outlet port, said
      piston being connected to said actuable valve in said housing.
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ABST
PAL  Food preparation, or processing and dispensing apparatus having an outer
      housing provided with an opening in a one wall, and an inner housing
      arranged in the first housing with a projecting portion arranged extending
      through the outer housing opening and in sealed relationship with the
      opening. Each housing has an access opening sealable simultaneously by
      connected-together covers. A food package is arrangeable in the inner
      housing. This food package has a neck threadable through the projecting
      portion, and a flexible bag attached to the neck. A collar mounted on the
      end of the neck engages an end surface of a valve assembly connected to
      the projecting portion of the inner housing to lock the package in the
      device. The valve assembly may pinch the neck and close it off, or release
      the neck and permit it to open. Either a pipe associated with the collar
      or a venting tube, or both, may be used to increase the pressure inside
      the bag and force the contents of the package out through the neck when
      same is open. If the pipe is used, an advantageous sparging action is
      obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for packaging, processing, and
      dispensing food.
PAR  2. Description of the Prior Art
PAR  The retail and wholesale food industries have undergone rapid change in the
      past decade. Among these changes has been rapid development in the food
      packaging materials field, notably the increased use of plastic packaging.
      Examples of such packaging include boiling bags and shrink wrap. These new
      packaging developments, together with the continual quest for new consumer
      products, have rapidly expanded the array of products available to the
      consumer. They are the core of today's self-service economy.
PAR  In general, the new products among the new packaging and material
      development share common characteristics. The products in question tend to
      be pre-prepared, and are usually promoted as convenience foods. Concurrent
      with a more exotic or segmented market appeal, these products place great
      emphasis on product promotion, brand identification, and readily
      understandable advertising to stimulate sales.
PAR  Although new packaging materials are considered useful in terms of
      convenience to the retail buyer, the institutional buyer has not
      experienced the availability of similar developments. The food of
      institutional food users, such as restaurants, hospitals, and schools,
      still must be conventionally prepared and dispensed. Further, incident to
      this preparation and dispensing are associated problems of quality
      control, consistant qualified help, and sanitation.
PAR  The American economic scene is shifting towards increased employment of
      women, smaller families, and more available institutional services for a
      more varied diet. Each of these changes generally tends to reduce the
      amount of at-home cooking, while increasing the demand for convenience
      products.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a food processing and
      dispensing apparatus particularly suited for institutional use.
PAR  It is another object of the present invention to provide a food processing
      and dispensing apparatus for use with packaged foods.
PAR  It is yet another object of the present invention to provide a food package
      for use with food processing and dispensing apparatus according to the
      present invention.
PAR  These and other objects are achieved according to the present invention by
      providing apparatus having: a first housing provided with an opening in a
      wall; and a second housing removably arranged in the first housing and
      having a projecting portion arranged for extending through the first
      housing opening.
PAR  A cover may be arranged for sealing another opening of the first housing
      and permitting the first housing to be a pressure vessel, and a further
      cover arranged for sealing an opening of the second housing adjacent the
      other, or cover sealing opening of the first housing. Advantageously,
      these covers are connected together so placement of one in an opening
      sealing position assures placement of the other in a similar position.
PAR  A valve assembly is preferably connected to the projecting portion of the
      inner housing, and arranged for selectively opening and closing the neck
      of a food package arranged in the apparatus.
PAR  A preferred food package for use with apparatus according to the present
      invention has a bag arrangeable in the second, or inner housing. This bag
      is provided with a constricted portion forming a neck terminating in an
      opening and arrangeable threaded through the projecting portion and valve.
      Advantageously, the bag neck is provided with a collar mounted adjacent
      the opening of the neck for engaging an end surface of the valve and
      locking the food package in the second housing and valve.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings is a perspective view showing a food processing and
      dispensing apparatus according to the present invention.
PAR  FIG. 2 is a vertical sectional view, with some parts not in section,
      showing the apparatus of FIG. 1.
PAR  FIG. 3 is a sectional view, with some parts not in section, taken generally
      along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary, perspective view showing a food package according
      to the present invention.
PAR  FIG. 5 is a fragmentary, vertical sectional view, with some parts not in
      section, showing an advantageous feature according to the present
      invention.
PAR  FIG. 6 is a fragmentary, vertical sectional view, with some parts not in
      section, showing another advantageous feature according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 to 3 show an apparatus 10 according to the present invention having
      a first, or outer housing 12 provided with openings 14 and 16, and a
      second, or inner housing 18 arrangeable in housing 12 and having a
      constricted, projecting portion 20 arranged for extending through opening
      16. A seal 22, constructed from a suitable, known material, permits
      projecting portion 20 to extend through opening 16 in sealed relation with
      respect thereto. In this manner, housing 12 forms a container for a fluid
      which, for example, heats the contents of housing 18, which itself forms a
      restraining container. The processing fluid is designated 24 in FIG. 2 of
      the drawings. Projecting portion 20 is shaped such that it forms a neck
      arranged for receiving a neck of a food package to be set out below.
PAR  A cover 26 is shown arranged on housing 12 for sealing, with the aid of a
      gasket 28, opening 14 and permitting housing 12 to function as a pressure
      vessel, while a cover 30 is arranged covering an opening 32 of housing 18
      for sealing, with the aid of a gasket 34, opening 32. As can be readily
      appreciated from the drawings, opening 32 is adjacent opening 14 so that a
      food package may be readily inserted into housing 18. Advantageously,
      covers 26 and 30 are connected together as by a post 36 so placement of
      one cover 26, 30 in an opening sealing position ensures placement of the
      other cover 30, 26 in a similar position. Post 36 may be provided with a
      bore (not shown) permitting communication with the interior of housing 18
      from outside of housing 12. Conventional gauges 38 and 40 are provided for
      measuring the pressure within housings 18 and 14, respectively; the latter
      being placed in communication with the interior of housing 12 as by a
      hollow post 42. Valves 44 and 46 are provided to permit the selective
      release of pressure from within the housings 12 and 18.
PAR  A valve assembly 48 is connected to the flanged end of portion 20, and is
      arranged for selectively opening and closing the neck of a food package.
      This valve assembly 48 has a, for example, electrical or pneumatic
      actuator 50 (FIG. 3) which is advantageously of a known type permitting
      proportional control of food dispensed by apparatus 10. The illustrated
      embodiment has a piston 52 acting on a diaphragm 54 which pinches the food
      package neck to closeoff same. Valve housing portions 56 and 58 are
      selectively connected together to form the valve housing of valve assembly
      48. A piece of, for example, suitable, known resilient material is mounted
      in a known manner in portion 56 to form a seat for diaphragm 54 and piston
      52.
PAR  Referring now to FIG. 4 of the drawings, a food package 62 according to the
      present invention has a bag 64 constructed in a conventional manner from a
      suitable, known flexible material. Bag 64 has a constricted portion
      forming a neck 66 terminating in an opening 68. This neck 66 is
      arrangeable in projecting portion 20 and valve assembly 48, as can best be
      seen in FIG. 2 of the drawings. Once neck 66 is threaded through valve
      assembly 48, a collar 70 mounted on the neck adjacent opening 68 will
      engage the end of the valve housing adjacent opening 68 and lock the food
      package 62 in housing 18 and valve assembly 48. Collar 70 may be threaded
      through the valve housing by designing the latter to have a larger
      dimension in one direction than the other, as can best be seen in FIG. 3
      of the drawings, so that collar 70 may be arranged to pass through the
      opening of the valve housing in a plane parallel to collar 70, and then
      after passing through the valve housing be arranged in a plane
      perpendicular to the passage for locking the package 62 in position.
PAR  Tie 72 is used to close off neck 66 while bag 64 is being filled. Filling
      advantageously takes place by leaving open the side of bag 64 opposite tie
      72, and then sealing this side in a conventional manner once bag 64 is
      filled with a suitable food.
PAR  A fitting 74 may be provided on collar 70 for a purpose to be set out
      below. In addition, a tube 76 is advantageously attached to bag 64 and
      arranged for selectively venting package 62 during, for example, cooking
      of a food in the bag.
PAR  FIG. 5 of the drawings shows how tube 76 may be passed through openings 78
      and 80 provided in covers 36, 26, respectively, for venting a food in a
      package 62. Grommet-like seals may be used in openings 78 and 80. When it
      is not desired to vent a package 62, tube 76 may be closed off as by a tie
      82 (FIG. 2), while suitable plugs (not shown) may be inserted in openings
      78 and 80.
PAR  FIG. 6 of the drawings shows a line 84 arranged passing through fitting 74
      and into bag 64. This line may be used to inject a fluid, such as air,
      into the bag and forcing a food contained in the bag out of opening 68.
      Alternatively, or in combination, tube 76 may be used to inject the
      pressure increasing fluid. Line 84 has the advantage of sparging the food
      in package 62 and stirring same.
PAR  In those instances when tube 76 is arranged as shown in FIG. 5 for venting
      the contents of the package 62, tube 76 may be closed off as by a tie 82
      to permit the pressure increase in bag 64.
PAR  A food processing and dispensing apparatus 10 according to the present
      invention comprises an integrated system which brings food, which may be
      initially frozen or chilled, from a cold or ambient temperature up to, for
      example, 250.degree. F., and then reduces the temperature down to and
      holds the food at 180.degree. F., for example. The food can then be
      dispensed in controlled portions through valve assembly 48. Food package
      62 may be constructed from a heavy-duty plastic or polymeric film. The
      special configuration of package 62 and the use of film in its
      construction results in increased sanitation levels, uniform bulk
      handling, little or no clean-up, and the elimination of such expensive
      materials as stainless steels normally required for handling foods and the
      like.
PAR  A package 62 according to the present invention has several functions.
      First, the package is a container for a food product which has previously
      been packaged in a, for example, processing plant. In this instance, the
      material must be durable, have good resistance to cracking even when
      frozen, and must be relatively inexpensive. Second, the packaging material
      must have good heat transfer properties, and must be able to withstand,
      for example, 250.degree. F. temperatures for short periods of time and,
      for example 180.degree. F. temperatures for extended time periods.
PAR  In addition to its function as a food container, protector, and heating
      vessel, package 62 must have structural features such as those set out
      above in order to be properly matched with the processing and dispensing
      apparatus 10.
PAR  In order to use apparatus 10, the dual covers 26, 30 are first removed and
      valve assembly 48 is actuated to its open position (FIG. 6). It is to be
      understood that in place of a common diaphragm valve as illustrated, a
      peristaltic or finger valve could also be used where the actuated valve
      would close like a "V" collapsing. An electrically actuated valve coupled
      with an electrically actuated pressure valve interconnecting housings 12
      and 18 could also be employed. An electrical impulse would initiate
      opening. Simultaneously, the pressure valve connecting the housing would
      be opened, pressurizing bag 64 and housing 18. This increased pressure
      assists gravity in forcing the food contents into a proper receptacle. Use
      of electronically actuated valving is the basis for a completely automated
      apparatus 10. An electronic counter, and the like, could be incorporated
      to record the number of servings and indicate when package 62 must be
      replaced.
PAR  Once covers 26, 30 are removed and valve assembly 48 is opened, a food
      package 62 may be removed from its, for example, carboard container (not
      shown) in a, for example, frozen or chilled state. Tie 72, if still on
      package 62, would now be removed. Neck 66 of bag 64 would be threaded
      through projecting portion 20 and valve assembly 48 and clamped into
      position by proper orientation of collar 70. A sanitary paper cap or seal
      (not shown) covering opening 68 would be removed. Collar 70 is preferably
      constructed from a rigid material to facilitate the performance of its
      locking function. Tube 76 and line 84 would be connected as desired, and
      covers 26, 30 locked into place. Valve assembly 48 may not be moved to its
      closed position, as shown in FIG. 2.
PAR  Steam, and the like, would now be injected into apparatus 10 in a suitable,
      known manner (not shown). It is to be understood that other suitable
      heating mediums, such as hot oil or grease, may be used in place of steam.
      As the contents of package 62 melt, neck 66 will fill with the food
      material. After initially heating the apparatus 10 to a predetermined
      temperature, the temperature may be dropped to another predetermined
      temperature and maintained at that temperature for a predetermined period
      of time. After this predetermined period of time has expired, valve
      assembly 48 may be opened in a suitable manner, such as by electrical
      actuation, and the pressure of bag 64 increased by passing a fluid medium
      from a conventional source (not shown) of that pressurized medium by means
      of tube 76, line 84, or both. Sparging may be used if applicable.
PAR  After package 62 is emptied, the heating fluid may be drained or vented
      either to the atmosphere or to a central heat reservoir (not shown); a
      plug (not shown) may be used to reclose neck 66; and covers 26, 30 may be
      removed to permit removal of the empty package 62.
PAR  Regarding the use of the line 84 to sparge the food, such sparging may be
      completely inappropriate for such foods as mashed potatoes. In these
      cases, only tube 76, which may be considered an umbilical cord, need be
      used. On the other hand, if the food is a sauce, gravy, soup, or light
      stew, the stirring action created by the sparging could be beneficial.
      Line 84 should be constructed from a flexible material which will be
      closed by the action of valve assembly 48.
PAR  The material selected for package 62 must be such as to permit mass
      production, low cost, durability, the ability to withstand prolonged
      exposure to heat and cold, and acceptable to the Food and Drug
      Administration. Such materials as high density polyethylene,
      polyester-polyethylene composites, and polyester films have been found
      satisfactory. Polyethylene may also be used for the rigid parts such as
      collar 70. Properties which must be considered in selecting a material
      include: moisture change; oxygen gain; rancidity level; carbon dioxide
      change; flavor changes; color changes; factor affecting staling of the
      product; and storage time.
PAR  Since the food does not come in contact with apparatus 10 at any time
      during the processing and dispensing thereof, materials such as aluminum,
      high temperature withstanding synthetics, and miscellaneous carbon steels
      may be used to construct housings 12 and 18. The basic requirements for
      material selection for housings 12 and 18, are that housing 12, the
      heating container, must be able to withstand heat and pressure, and that
      housing 18, the restraining container, must be able to withstand heat and
      provide structural support to package 62 and its contents. Housing 18 also
      serves as a cylinder when pressure is applied to force the food contents
      from package 18 and through valve assembly 48 and into a food receptacle
      (not shown).
PAR  Alternatively to packaging food in packages 62, containers in size from one
      to five gallons, depending on the situation, could be used, and the food
      could be put directly into housing 18.
PAR  Although the exact manner of admitting the heating medium into housing 12
      is not shown in the drawings, it is to be understood that it could be
      simply a port in a wall of housing 12. Further, a conventional drain (not
      shown) could be arranged in the bottom of housing 12 adjacent its opening
      16.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. Apparatus for processing and dispensing food, comprising, in
      combination:
PA1  a. a first housing provided with a cavity, an opening, and a further
      opening, both openings communicating with the cavity, the opening being
      disposed in a wall of the first housing;
PA1  b. a cover pressure withstandingly connected to the first housing and
      arranged for sealing the further opening thereof and permitting the first
      housing to be a pressure vessel;
PA1  c. a second housing arranged in the first housing and having a further
      cavity, an open side, and a hollow projecting portion, the latter being
      arranged extending through the first housing opening, with the open side
      and projecting portion communicating with the further cavity;
PA1  d. a further cover arranged on the second housing for sealing the open side
      thereof, the open side being disposed adjacent the first housing further
      opening;
PA1  e. passage means connected to the further cover and passing through the
      cover for permitting communication with the further cavity from outside
      the first housing;
PA1  f. a food package including a bag removably arranged in the second housing
      and provided with a constricted portion forming a neck terminating in an
      outlet opening, the bag neck arranged in the projecting portion of the
      second housing; and
PA1  g. a valve assembly connected to the projecting portion and arranged for
      selectively opening and closing the bag neck.
NUM  2.
PAR  2. A structure as defined in claim 1, wherein the further cover is
      connected to the cover so placement of one in an opening sealing position
      assures placement of the other in an opening sealing position.
NUM  3.
PAR  3. A structure as defined in claim 1, wherein the bag neck is threaded
      through the valve, and means is mounted on the bag neck adjacent the
      opening for locking the food package in the second housing and valve.
NUM  4.
PAR  4. A structure as defined in claim 1, wherein the projecting portion is
      constricted and forms a further neck arranged for receiving a neck of the
      food package contained in the second housing.
NUM  5.
PAR  5. A structure as defined in claim 1, wherein the projecting portion
      extends through the opening of the first housing in sealed relation with
      respect thereto, and the first housing forms a container for a fluid which
      processes contents of the second housing, the second housing forming a
      restraining container.
NUM  6.
PAR  6. A structure as defined in claim 1, further including means for
      selectively injecting a fluid into the bag and forcing a substance
      contained in the bag out of the outlet opening of the bag neck.
NUM  7.
PAR  7. A structure as defined in claim 6, wherein the injecting means is a
      fluid line connected to the locking means for additionally sparging the
      contents of the bag.
NUM  8.
PAR  8. A method for heating and dispensing food, comprising the steps of:
PA1  a. placing food to be cooked in a bag and arranging the bag in a
      restraining container;
PA1  b. arranging the restraining container within a heating container;
PA1  c. controlling pressure within the restraining container and heating
      container;
PA1  d. supplying a heating medium under pressure into the heating container for
      indirectly heating the food bag for cooking the food in the bag;
PA1  e. selectively venting the bag during cooking of the food;
PA1  f. opening an outlet to the heated food bag and through the restraining
      container and the heating container; and
PA1  g. increasing the pressure inside the bag to force the food out of the bag
      through the opened outlet.
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ABST
PAL  Apparatus for feeding to a mold a plasticized synthetic material containing
      a foaming agent, the apparatus using a heated extruder and its associated
      transfer cylinder which emits the material in a thin stream by means of a
      nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  By means of the present apparatus, the synthetic material is melted in the
      heated extruder and homogenized at the same time. The foaming agent may
      have already been added to the synthetic material or may be mixed with it
      in the extruder. The foaming agents liberate the expanding gases by
      thermal separation, so that the plastic must be heated above the
      separation temperature, while it is kept under a pressure such that the
      foaming up of the plastic is completely prevented. Therefore, this
      temperature can only be surpassed at the extruder exit. It was, therefore,
      recommended in German Pat. DT-OS No. 1,932,437, that heating above this
      temperature can only take place in the connection between the extruder and
      the transfer cylinder. It is also well known, as per German Pat. DT-AS No.
      1,233,578 and also per German Pat. DT-OS No. 1,903,540, that the plastic
      should only be heated above the separation temperature in the transfer
      cylinder proper or at its exit, in the area of the nozzle. This is true
      whether the foaming agent is liquid or gas forming; the pressure existing
      at any given time must surpass the vapor pressure of the foaming agent at
      the existing temperature.
PAR  In all these cases a homogenous plasticized synthetic material will be
      formed, which will expand and fill up the mold, due to the pressure
      relief. The particles of the synthetic material which are nearest to the
      surface of the mold cavity will be cooled so fast that they foam very
      little and will lay on the mold cavity wall in a very smooth state. On the
      other hand, in the areas separated from the walls, foaming will occur, so
      that the resulting casting entirely fills the cavity despite the shrinkage
      of the synthetic material during the cooling process. A casting will be
      produced which, by the effect of the massive and stable limit zones, will
      have an average density which will fall well below that of the synthetic
      material, because of the presence of the captive bubbles. The problem
      still appears that, even with polished cavity surfaces, synthetic
      materials containing foaming agents have a tendency to form castings with
      a superficial texture. If, however, a given texture is desired, it is
      possible to form the walls of the cavity with markings or texture, without
      the need of additional structure.
PAR  In order to suppress such texture, it has already been proposed that the
      pressure existing in the cavity must be increased at least momentarily, or
      otherwise, the charge being brought into the cavity must be separated into
      two components as per German Pat. DT-AS No. 1,778,457, such that one is
      free of foaming agent and the other containing the foaming agent. For
      carrying out this process, a machine can be used which introduces the
      charges one after the other; two extruders with corresponding transfer
      cylinders can be foreseen, which would be connected to a single nozzle by
      means of valves, and working together with the former, guiding pieces
      connected in series. These transfer cylinders can also be, as per German
      Pat. DI-OS No. 2,241,002, made to work partially in parallel, where the
      middle of the stream is formed by the expelled contents of one of the
      cylinders, while the extruded material from the other is located at the
      outside of the stream. In this way, one can be sure that the extruded
      material containing foaming agent will be completely surrounded by
      extruded material free from foaming agent. The necessary expense is
      relatively high, because one not only must take into account the fact that
      the extruder and the transfer cylinder are duplicated, but also that both
      cylinders fed separately must impel the outgoing synthetic material in
      synchronism, so that efficient and fast acting valves as well as accurate
      controls are required.
PAR  Difficulties are also experienced in the lead bodies and also during the
      gliding of the synthetic material masses against each other, after they
      are led together. Further problems appear by the change in the masses of
      synthetic, for example, for a color change. In this case, it will be
      necessary to completely regulate the action of the two extruders, the two
      transfer cylinders and the complicated extra-flow arrangement, because
      otherwise color errors will appear in the extrusion.
PAR  The present invention stems from the task of finding a process for charging
      a mold with plastic synthetic material containing a foaming agent, with
      little expense and using simple methods; producing a stream of synthetic
      material which at the exit from the nozzle and entrance to the mold has an
      outer limiting zone which does not foam; whereas in a central region of
      the stream flowing into the mold, the synthetic material foams in the
      known way. The central region is completely surrounded by the
      "non-foaming" material of the limiting zone.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the present invention solves the problem by the additional
      heating of the inner region of the foaming stream made out of or being
      made out of synthetic material containing the foaming agent, and the
      cooling of the outer zone. Thus, the outer zone of the stream entering the
      mold will have a higher viscosity than that of the inner zone. This higher
      viscosity of the material of the outer zone causes its "foamability" to be
      lowered, as compared with that of the material of the inner zone of the
      stream without allowing the "fitting" against the walls of the cavity to
      be surpassed beyond the desired value. In addition, any foaming agent
      contained in the cooler outer part of the stream will react more slowly
      (or, when its separation temperature is not exceeded, very little or not
      at all), so that the action obtained through the higher viscosity of the
      outer zone will be strengthened.
PAR  In order to carry out the process, a hollow nozzle needle has been used.
      This needle is located against the outlet opening of the nozzle and its
      position is adjustable. It can produce a closing of the nozzle, and is
      supplied with a ring-shaped protuberance or frontal surface which can rest
      upon the nozzle opening. It is also equipped with a rod-shaped heating
      element. This nozzle may have the heating element inside its inner space.
      A strong heating of the middle zone of the outgoing stream can be
      accomplished if the heating element is located in a closed tube at the
      front side which can be attached to the nozzle needle and freely grips
      through the outlet opening and extends itself in front of the nozzle. In
      another way, the heating element can also be located in a tube closed in
      the front, which can axially slide inside the nozzle needle and be pulling
      the latter backwards, can, at least within some range, be advanced, thanks
      to the free play of the passage.
PAR  The process can also be conducted by the use of a pouring sleeve, which
      during the changing of the mold remains in contact with the mouthpiece of
      the nozzle and shares in the resulting cooling of the mold. The use of a
      cooled pouring sleeve can also be anticipated together with the additional
      use of a heating element to increase the resulting action. It has been
      established, in this respect, that at least the side of the pouring sleeve
      opposing the mouthpiece of the nozzle should be thermally insulated from
      the mold. The pouring sleeve is best made in the form of a tube and the
      portion facing the frontal surface of the mold which is turned towards the
      transfer cylinder remains free. A corresponding outwardly-projecting
      cooling piece can be mounted on the pouring sleeve. The pouring sleeve and
      the cooling pieces can be provided to advantage with cooling holes or with
      a cooling coil for the admission and passage of cooling water. Heating of
      the inner zone can also be obtained by means of a torpedo having a heating
      element mounted in the pouring sleeve, in the nozzle, or in the cooling
      piece. It may be worthwhile to equip the free end of a heating element
      carrying tube mounted on the nozzle needle with a pouring closure
      mechanism to a mold, or otherwise with a device which permits the making
      of the connection with the pouring closure mechanism of a mold.
PAR  The heating elements can be electrically heated and constructed as
      resistors; inductive or capacitive heating is also possible. In such case,
      the tube carrying the heating element can be built as a spool or as a
      continuous flow plastic tube provided with a central electrode, or whose
      outer surface is divided into electrodes. Heating elements can also be
      constructed as heat exchangers and heated with a heat exchanging medium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional view of apparatus including a nozzle
      following a transfer cylinder with a heating element preceding a nozzle
      needle, and
PAR  FIG. 2 is a vertical sectional view of a modified form of the invention
      including the mouthpiece of a nozzle, whose nozzle needle is provided with
      a heating element and which is connected by a pouring closure mechanism to
      a mold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a nozzle 1 which is located after a transfer cylinder and its
      feeding extruder, not shown. The nozzle is shown in section and at its
      free end is the nozzle closed by the mouthpiece 2. A nozzle needle 3 is
      centrally located and can be displaced in the axial direction by means of
      a push rod 4. The nozzle needle, which is constructed with a bore, carries
      a tube 5 located in the bore and provided with a heating element 6. The
      heating element contains a heating electric resistance whose leads 7 are
      guided through the bore in the nozzle needle. The nozzle needle is
      provided around the tube 5 with a frontal surface 8 which (by sliding the
      nozzle needle) can be located in contact with the nozzle opening 9 to open
      and close it.
PAR  In FIG. 1 the mouthpiece 2 of the nozzle is located against a mold 10 to be
      filled, whose pouring sleeve 11 is attached to a cooling box 12. The
      cooling box 12 is thermally insulated from the mold by means of insulating
      plates 13, and is also provided with cooling fins 14.
PAR  To carry out the process, the transfer cylinder is fed synthetic
      plasticized material containing foaming agent and with its temperature
      kept somewhat lower than that which is customary for the same foaming
      agent, same synthetic material, and otherwise similar conditions.
      Preferably, the temperature of the synthetic material is maintained
      slightly under that at which the added foaming agent reacts and separates.
      In order to fill the mold and/or to proceed with the load, the nozzle
      needle 3 is pulled backwards, so that its frontal face 8 clears the nozzle
      opening 9 and the quantity of the load is pressed into the mold through
      the nozzle. In this way, the inner areas of the tubular stream passing
      through the nozzle opening 9, will come into contact with the tube 5 which
      is heated by the heating element 6. Consequently, the synthetic material
      will be heated to a temperature above that which existed inside the
      transfer cylinder.
PAR  At the same time, the outer zone of the stream which is in contact with the
      inner face of the cooling box 12, will be cooled so that its temperature
      will drop. The stream will reunite itself at the frontal face of the tube
      5 and enter the mold with a heated inner zone of lower viscosity and a
      cooler outer zone with higher viscosity. The outer zone of the stream
      comes into contact with the walls of the cavity and adjust themselves to
      their surface without the formation of unwanted superficial textures
      caused by released foaming agent. The inner part of the stream fills the
      inner part of the cavity and is not affected in its capacity to foam, so
      that the resulting pouring presents the desired "sandwich" structure: a
      dense smooth outer skin covering a porous, higher stability nucleus.
PAR  The action which takes place through the different viscosities can still be
      substantially increased by manipulating the temperatures of the outer and
      inner layers of the synthetic material, so that the separation temperature
      of one of the solid foaming agents added falls between them. In this way
      the foaming agent is maintained at a temperature considerably below its
      separation temperature, so that no foaming gas is produced, while at the
      same time the temperature at the central zones can be increased to above
      the separation valve in such a way as to produce the foaming inside the
      mold with a desired intensity.
PAR  The invention is not limited to the cooling of the outer zone and the
      heating of the middle zone. The desired separation between the
      temperatures of the inner and outer zones can also be obtained by either
      only heating the inner zone or by only cooling the outer zone. This
      cooling and/or heating can also be accomplished inside the nozzle when
      these zones are supplied with suitable devices, for instance, torpedoes,
      and heating and/or cooling can be conducted either in the pouring box or
      in the cooling box of the mold, as well as in the nozzle.
PAR  Through another arrangement, not shown, the tube 5 can be made movable
      lengthwise in the nozzle needle 3. In the exit, the nozzle 3 is pushed
      forward, so that the frontal surface 8 is against the nozzle opening 9 and
      the tube 5 is retracted in the bore of the nozzle needle 3. In accordance
      with the description example of FIG. 1, the synthetic material which
      surrounds the tube 5 will be peeled off by retracting the nozzle through
      the cooling box by the frictional action of the passage between the tube 5
      and the frontal face 8. The surrounding synthetic material will by this
      retraction of tube 5 be completely removed.
PAR  A further apparatus for carrying out the process is shown in FIG. 2. A
      nozzle needle 3a, which slides axially against the mouthpiece 2a, is shown
      mounted on which a tube 5a is mounted and contains a heating element 6a.
      The tube, through the positioning of the nozzle, engages the cooling box
      15 of a mold 10a. This cooling box 15 is provided with a rectangular
      spiral 16 surrounded by a tight box 17, so that a continuous canal is
      formed to pass cooling water. The enlarged tube 5a is supplied with a
      thread at its free end so that a stem 18 of a pouring closure can be
      attached. When the nozzle 1a engages the cooling box 15, the tube 5a with
      its heating element 6a and the attached stem 18 are moved through the
      cooling box 15 as well as through the walls of the pouring canal of the
      mold 10a. Prior to conducting the load, the apparatus appears in the
      position shown in FIG. 2. In order to carry out the load, the nozzle
      needle is retracted, but the little tube 5a with the mounted stem 18
      remains in the same position, although it is also possible to retract the
      tube 5a along with the hollow nozzle needle 3a which surrounds it. In this
      manner the nozzle 1a and the pouring closure 19 are opened and the load
      can be introduced into the mold cavity 20. Again, as has already been
      explained, the cooling box will cool the outer zone of the stream which
      enters the cavity from the nozzle, while its inner zone is heated around
      the tube 5a by means of the heating element 6a. Because of the good
      contact between the free end of the tube 5a and the stem 18, there is
      contribution by the latter to the heat exchange, even when the stem is
      thermally inert. After the expulsion of the load, the nozzle needle 3a
      will be positioned with its frontal surface 8a against the nozzle opening
      9a and closes the nozzle. The tube 5a likewise slides forward and the stem
      18 (which is mounted on its frontal face) closes the pouring closure 19 in
      such a way that its frontal face is united with the receiving part of the
      walls of the cavity, so that by cooling, a form free of a mold mark is
      formed. After sufficient cooling, the tube 5a is retracted in the nozzle
      needle and the nozzle is removed from its place on the cooling box 15.
PAR  In this case also, the invention is not limited to the example described.
      For example, the tube 5a can be solidly attached to the nozzle if, by use
      of fine manufacturing tolerances, the frontal surface of the stem is set
      accurately flush with the walls of the cavity at the position where the
      mouthpiece 2a and nozzle opening 9a are set in place. The assemblies
      necessary for a common drive can be simplified if the sliding movement of
      the tube 5a inside the nozzle needle, is limited and is preloaded by means
      of a spring toward the closing direction. By retracting the nozzle needle
      (at least in a second part of the stroke travel) the pouring closure 19
      will be opened. By sliding the nozzle opening 9a, the stem 18 under the
      action of the spring will be pressed against the pouring closure, so that
      a proper tolerance can be obtained through the spring travel. It is also
      not necessary to produce the stem 18 and the tube 5a in one piece, or, as
      shown in FIG. 2, to firmly lock them together. The stem 18 may be axially
      set in place in the pouring canal and preloaded by a spring, so that the
      simple act of the engagement of the free end of the tube 5a with the rear
      surface of the stem 18, will produce such an effect that the union shown
      in FIG. 2 by use of a screw thread or the like is rendered superfluous. In
      the same way, a stem 18, longer than that shown in FIG. 2, can be mounted
      in the pouring canal and be preloaded by means of a spring in the
      direction of opening of the pouring closure 19. By closing the pouring
      closure 19 through the forward sliding of the nozzle needle 3a, the tube
      5a will press the stem 18 into the closing position. Also, close
      tolerances can be reduced if the tube 5a is made to slide into the nozzle
      needle 3a in the longitudinal direction and is kept in place and preloaded
      against a collar by a spring which is stronger than that of the stem 18.
      Finally, for the control of the stem 18 a special device may be installed
      so that it is possible to preload the stem 18 in its closing cycle and to
      retract it through special devices (by the use of a two arm reversing
      lever) when the mouthpiece is located in place. Through further coupling
      it is possible to retract the stem 18 along with the nozzle needle 3a.
PAR  The tube 5a, as well as the stem 18 can be supplied with a heating element,
      so that it contributes to the heating. Finally, the axial driving of the
      stem can be built as a heated torpedo or, where no pouring closure is
      supplied, such a torpedo be visualized in the mold.
PAR  It has been suggested in the previous discussion that the additional
      heating, i.e., the heating element 6a, heating elements from torpedoes, or
      the like, are connected permanently. It may be found to be advantageous to
      connect these heating elements during a given time before the stroke,
      during its operation, disconnected again at the end of the stroke, so that
      over-heating may be reduced without it being necessary to provide
      controlled connections. Equal temperatures, or spontaneous occurrence of
      heating, and a simplification of the control of the action of the heating
      can be obtained by constructing the heating element of the tube 5a, or of
      a stem, or of a torpedo not as electric resistors, but as electrodes or
      coils, so that they can be heated electrically through inductive or
      capacitive action.
PAR  In such case, it is possible to obtain not only spontaneous heating of the
      wall surfaces, but also heating of the mass of the synthetic material
      itself. Furthermore, it has also been found of value to construct the
      heating elements as heat exchangers, which through a heat exchanging
      medium will produce definite temperatures.
PAR  The effect to be accomplished by the invention may be also reached or
      strengthened by equipping the nozzle or mouthpiece with a cooling box or
      its equivalent. In all these cases it will be possible to arrive at
      comparatively lower cost methods by which the walls of the mold cavity
      come in contact only with synthetic material which is at least lower in
      foaming capacity then that of the material which fills the inner parts of
      the cavity, so that undesired textures in the wall areas are reduced.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for injecting a plasticized material containing a foaming
      agent into a mold from an extruder, comprising:
PA1  a. a channel adapted to carry material from the extruder to the mold, the
      channel having an inner surface,
PA1  b. a nozzle in the channel, the nozzle having a nozzle opening which forms
      a portion of the channel,
PA1  c. a nozzle needle movable through the nozzle opening and having a frontal
      surface adapted to selectively close the nozzle opening,
PA1  d. a heating element adapted to maintain the nozzle needle at a high
      temperature,
PA1  e. a cooling system adapted to maintain at least a portion of the inner
      surface of the channel at a temperature below that of the nozzle needle,
      and
PA1  f. carrying means adapted to move the nozzle needle to open and close the
      nozzle opening.
NUM  2.
PAR  2. Apparatus as recited in claim 1, wherein the nozzle needle has an
      elongated central bore.
NUM  3.
PAR  3. Apparatus as recited in claim 2, wherein the heating element is
      contained in the bore.
NUM  4.
PAR  4. Apparatus as recited in claim 1, wherein the needle is adapted to extend
      a substantial distance through the nozzle opening toward the mold.
NUM  5.
PAR  5. Apparatus as recited in claim 1, wherein a distributing portion of the
      channel between the nozzle and the mold is cooled.
NUM  6.
PAR  6. Apparatus as recited in claim 5, wherein thermal insulating plates are
      provided at those points on the distributing portion which points are
      adjacent the mold when the apparatus is operating.
NUM  7.
PAR  7. Apparatus as recited in claim 5, wherein the distributing portion is
      provided with cooling passages through which fluid will flow.
NUM  8.
PAR  8. Apparatus as recited in claim 1, wherein the end of the needle closest
      to the mold forms a portion of the mold wall when the nozzle is closed.
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ABST
PAL  A tank is provided which may be filled with water and pressurized from a
      CO.sub.2 bottle or the like and it may be connected to the system to be
      cleansed by means of conventional quick connector hoses. An inner
      container is provided which holds a cleansing solution and a valve system
      is located within the inner container connecting and disconnecting same to
      the outlet of the main tank. When pressure is applied to the main tank, a
      one-way valve in the container permits this pressure to act upon the
      liquid within the container which is then forced into the valve system and
      thence to the outlet of the main tank mixing with water from the main tank
      as it passes from the outlet. The discharge of the liquid is controlled by
      the dispensing taps of the system to which it is attached. When the
      cleansing solution is exhausted from the inner container, the valve system
      closes and the remaining water in the main tank is then forced through the
      system to purge the lines of cleansing liquid and dissolved deposits. Once
      the tank and container are filled and connected to the soft drink system,
      operation is by opening and closing of the drink dispensing taps at the
      dispensing head.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and useful improvements in apparatus for the
      cleaning of soft drink dispensing equipment.
PAR  Such equipment normally consists of a source of CO.sub.2 gas, tanks or pre
      or post mixed drinks of various flavors, a cooling or chilling unit and a
      series of dispensing taps whereby the requisite flavour of drink can be
      dispensed in the conventional manner.
PAR  Flexible lengths of hose with quick connect couplings on either end, couple
      the CO.sub.2 tank to the premix tanks and it is quite conventional that a
      plurality of tanks of one flavour be coupled together in series by what
      are known as jumper hoses, once again using the conventional quick connect
      couplings.
PAR  All of this equipment has to be cleaned on a regular basis for obvious
      reasons and this cleansing process is normally time consuming and arduous.
PAR  Also to be cleaned are the lines or hoses running between the tanks and the
      cooling unit and the lines extending between the cooling unit and the
      dispensing head.
PAC  SUMMARY OF THE INVENTION
PAR  The present arrangement permits the sanitizing and cleansing of all of the
      equipment readily and easily so that the principal object and essence of
      the invention is to provide apparatus which can readily be hooked into
      circuit with the existing equipment whereby the existing equipment can be
      sanitized and cleansed readily and easily and on an automatic cycle.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is portable in concept so that it can easily be
      moved from one system to another.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which includes means to sanitize and clean the jumper
      hoses when desired.
PAR  A still further object of the invention is to provide a device of the
      character herewithin described which may be hooked up to the existing
      CO.sub.2 tank which supplies the necessary pressure to operate the
      cleansing equipment.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially schematic view showing the device in circuit with a
      drink dispensing system.
PAR  FIG. 2 is a partially isometric view of the device per se.
PAR  FIG. 3 is an enlarged fragmentary partially sectioned view of the
      sanitizing fluid container together with the automatic float device.
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
DETD
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference should
      first be made to FIG. 1 in which 10 illustrates schematically, a
      conventional drink dispensing head having a plurality of dispensing taps
      or handles 11 connected by lines or conduits 12 to a conventional cooling
      or chilling unit shown schematically by reference character 13.
PAR  Individual lines or conduits 14 extend from the unit 13 and may be
      connected to conventional tanks of pre or post mixed beverages (not
      illustrated) and these conduits are provided with conventional quick
      connect couplings 15 on the distal ends thereof for connection to the
      aforementioned drink tanks.
PAR  Carbonation and pressure to drive the beverage to the dispensing head is
      provided by a source of CO.sub.2 as indicated by CO.sub.2 tank 16 and
      control gauges 17 are connected to this tank together with a plurality of
      flexible hoses 18 each one of which may be connected to an individual
      drink tank by means of conventional quick connect couplings 19 on the
      distal ends of these hoses.
PAR  The device collectively designated 20 consists of a tank 21 having a
      convenient hand hold 22 provided in an upper shroud 23 which extends
      partially around the upper end of the tank.
PAR  Situated within this tank is a sanitizing fluid container 24 with the upper
      end coinciding with the upper side 25 of the main tank 21 and being
      provided with an access cover 26 detachably securable to the sanitizing
      fluid tank 24 in any conventional manner so that the cover can be in
      sealing relationship with the tank 24, when closed.
PAR  The remaining volume surrounding the container 24 is adapted to hold a
      supply of water which may be poured in through a further filler aperture
      27 with the tank lying on its side. When full, a conventional cover 28 may
      be engaged with the aperture 27 in sealing relationship thus closing off
      the aperture. Alternatively, conventional valves may be provided in both
      container 24 and tank 21 for the filling of the necessary fluids
      therewithin.
PAR  A quick connect coupling 29 extends through the upper side 25 of the main
      tank 21 and communicates with the interior thereof and any one of the
      conduits 18 may be connected to this coupling thus supplying a source of
      CO.sub.2 under pressure to the tank 21, and communicating with the volume
      within this tank surrounding the container 24.
PAR  Situated through the wall of the container 24 is a one-way or back check
      valve 30 communicating with the interior of container 24 and the volume
      within tank 21 surrounding same and this one-way valve permits CO.sub.2
      under pressure within tank 21 to be fed into the container 24 in the
      direction of arrow 31 (see FIG. 3). An automatic valve assembly
      collectively designated 32 is situated within container 24. It consists of
      a small cylindrical container 33 having an outlet 34 at the base thereof
      communicating with a screw threaded gland 35 by which the valve is screw
      threadably engaged within a nut 36 provided at the base of the container
      24 so that the valve is in sealing relationship with the base of the
      container as clearly shown in FIG. 3.
PAR  Situated within the container 33 is a pair of tubes 37 extending through
      the base of the container and into the container 24 as clearly shown in
      FIG. 3. These two tubes extend upwardly in spaced and parallel
      relationship and terminate in open ends 38 adjacent the upper end 39 of
      the valve container 33. A float 40 is situated within the valve container
      33 and is guided in vertical movement by the two vertical cutouts 41 on
      the side of the float, engaging the tubes 37 which act as guides for the
      float. A valve 42 extends below float 40 and is connected thereto and when
      the float is in the lowermost position, this valve 42 engages valve seat
      43 surrounding the interior of nut 35 thus closing off the connection
      through the gland nut 35.
PAR  A one-way valve 44 is situated in the upper end 39 of the valve container
      33 and allows air to escape from the valve container, in the direction of
      arrow 45, as the container is filling with fluid from container 24,
      through the tubes 37 as will hereinafter be described.
PAR  A conduit 46 extends downwardly into the main container 21 and terminates
      adjacent the base of the container as indicated by reference character 47
      and a one-way valve 48 is situated adjacent the lower end 47, said one-way
      valve operating in the direction of arrow 49. A junction 50 is provided
      within conduit 46 and a branch conduit 51 extends from this junction and
      is connected to the aforementioned gland nut 35 extending through the base
      of the container 24.
PAR  A conventional quick connector 52 is provided at the upper end of conduit
      46 externally of the container and is connected to hoses 14 as will
      hereinafter be described.
PAR  In this connection reference should be made to FIG. 1 in which a manifold
      53 is provided with a plurality of quick connector attachments 53A adapted
      to receive the quick connectors 15 upon the ends of conduits 14 thus
      connecting all of the conduits to this manifold. A hose or conduit 54 is
      provided with quick connectors 55 and 56 upon the ends thereof, one of
      which is adapted to be connected to one end of the manifold 53 and the
      other end is adapted to be connected to the quick connector 52 on conduit
      46 if the device is to be used without the cleaning of jumper cables.
PAR  If, however, jumper cables 57 are to be cleaned also, then these are
      connected in series to a manifold 58 secured to the outside of the main
      container 21 whereupon a further hose or conduit 59 extends between one
      end of the manifold as at 60 and the quick connector 52 and the connector
      56 of conduit 54 is connected to the opposite end of the manifold 58 as
      indicated by reference character 60A. This means that any fluid passing
      from the container 21, passes through the conduit 59, through all of the
      jumper cables 47 and thence through conduit 54 to the conduits 14
      connected to manifold 53.
PAC  OPERATION OF THE DEVICE
PAR  In operation, the container 24 is filled with a sanitizing or cleansing
      fluid and the cover 26 is clamped into position. The outer container 21 is
      filled with water through the aperture 27 and the cover 28 is then clamped
      into position.
PAR  The sanitizing fluid will flow by gravity through tubes 37 into the float
      chamber or container 33 so that the float rises into the uppermost
      position, with air escaping through the one-way air valve 44.
PAR  The CO.sub.2 tank is connected to the quick connector 29 by means of one of
      the conduits 18 and the valve 61 on the tank 16 is opened thus supplying
      CO.sub.2 under pressure to the outer container 21 upon the surface of
      water therewithin, thus pressurizing the system.
PAR  With the device connected to the conduits 14 either directly or through the
      jumper cables 57, the dispensing head taps 11 are opened and the CO.sub.2
      pressure upon the water in the container 21, causes some of this water to
      pass through conduit 46 and in this connection it should be appreciated
      that one-way valve 48 acts as a restricter so that the volume of water
      flowing at this point, may be controlled by choosing a valve having the
      desired flow characteristics. At the same time the CO.sub.2  pressure
      enters the inner container 24 through the one-way valve 30 and applies
      pressure above the sanitizing or cleansing fluid within this container.
      This drives the fluid up through the tubes 37 and into the float chamber
      33. With the float in the uppermost position, the fluid is then driven out
      through the gland nut 35 into conduit 51 where it is mixed with the water
      at the T or junction 50 and passes through the conduit 46, through
      conduits 14, through the cooling unit 13, through the conduits 12 and
      flows from the dispensing heads 11. This flow is continued until all of
      the sanitizing fluid has been discharged from the inner tank or container
      24 and from the float chamber 33. As this point approaches, the level of
      fluid within the float chamber lowers and the float moves downwardly until
      such time as the valve 42 engages the seat 43 which shuts off the float
      chamber so that all of the CO.sub.2 pressure is now directed upon the
      surface of water within the outer container 21 flowing through the conduit
      end 47. This causes a change in pressure which is easily recognized by the
      operator at the dispensing head taps and if desired, the taps are closed
      at this point so that sanitizing fluid contained within all of the lines
      and apparatus may act to dissolve any deposits which may be present within
      the lines.
PAR  At this point it is essential that no residual sanitizing fluid is allowed
      to enter the system and this is ensured by the valve 42 remaining upon
      seat 31. In the event that there may be some residual sanitizing fluid
      within the valve chamber 33 which might lift the valve, a relatively small
      aperture 62 is provided within the base of the valve chamber so that any
      residual fluid may drain outwardly therefrom.
PAR  When the desired waiting period has expired, the taps 11 are once again
      opened so that CO.sub.2 pressure acting upon the water within the outer
      container 21, drives this water through the entire system thus purging
      same of all sanitizing and cleansing fluid together with any deposits
      which may have been dissolved therein. This action continues until all of
      the water has been expelled from the container and CO.sub.2 gas is passing
      through the entire system to purge same of all fluids and to dry the lines
      completely. When this has taken place, the taps are closed and the device
      is disconnected from the system which is then ready for use.
PAR  It will therefore be seen that once the device is filled with necessary
      fluids and connected in series with the system, the action of the device
      is automatic so that first a sanitizing or cleansing fluid is fed into the
      lines followed by fresh rinsing water and then followed by CO.sub.2 of any
      other available gas under pressure.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. Apparatus detachably connected to soft drink dispensing systems and the
      like which include a source of gas under pressure, various drink
      dispensing conduits normally connected between tanks of post or pre mixed
      drinks and a dispensing head, said dispensing head including a control tap
      for each of said conduits for dispensing the drink under pressure provided
      by the source of gas, said conduits being detachably connected to said
      tanks by means of conventional quick connector couplings; the apparatus
      comprising in combination a main tank, means to fill said tank with a
      rinsing fluid such as water, means on said main tank connectable to the
      associated source of gas under pressure to pressurize the contents of said
      main tank, outlet means on said main tank detachably and operatively
      connectable to the drink conduits and dispensing head of the associated
      dispensing system, said last mentioned means including a conduit having
      the intake end thereof adjacent the base of said tank and extending
      downwardly into said tank, and a one-way valve adjacent said intake end
      acting in the direction of the other end of said last mentioned conduit, a
      cleansing fluid container within said main tank, means to fill said
      container with cleaning fluid, means communicating between said tank and
      said container whereby when said main tank is pressurized, said container
      is also pressurized, and an automatic valve assembly within said container
      controlling said discharge of the associated cleansing fluid in said
      container to said outlet means of said main tank, means operatively
      connecting said automatic valve assembly with said outlet means whereby
      when the associated dispensing head control tap is opened, gas under
      pressure forces the cleaning fluid from said container into said outlet
      means and thence through said system, said automatic valve assembly
      closing off said container from said tank when the contents of said
      container have been discharged.
NUM  2.
PAR  2. The apparatus according to claim 1 in which said container is situated
      within said tank with the upper end of said container adjacent the upper
      end of said tank and above the fluid line of said tank, said means
      communicating between said container and said tank, comprising a one-way
      valve in said container above the fluid line of said tank, said one-way
      valve operating from the outside of said container into the interior
      thereof.
NUM  3.
PAR  3. The apparatus according to claim 2 in which said automatic valve
      assembly includes a valve container within said first mentioned container,
      an outlet in the base of said valve container communicating through the
      wall of said first mentioned container and being operatively connected to
      said outlet means between the one-way valve thereof and said other end of
      said outlet conduit, a float valve assembly in said valve container
      closing off said outlet of said valve container when in the lowermost
      position and opening the outlet of said valve container when moved
      upwardly from said outlet of said valve container, fluid means
      communicating between said container and said valve container and air
      escape means adjacent the upper end of said valve container.
NUM  4.
PAR  4. The apparatus according to claim 3 in which said fluid means connecting
      between said container and said valve container includes at least one
      substantially vertical conduit secured by one end thereof adjacent the
      base of said valve container and extending upwardly within said valve
      container to adjacent the upper end of said valve container, said float
      assembly including a float, float guide means on said float and a valve
      head connected to the underside of said float, said float guide means
      freely engaging over said last mentioned conduit, said last mentioned
      conduit acting as a guide for said float valve assembly.
NUM  5.
PAR  5. The apparatus according to claim 4 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of the contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  6.
PAR  6. The apparatus according to claim 3 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of the contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  7.
PAR  7. The apparatus according to claim 2 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of the contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  8.
PAR  8. The apparatus according to claim 1 in which said automatic valve
      assembly includes a valve container within said first mentioned container,
      an outlet in the base of said valve container communicating through the
      wall of said first mentioned container and being operatively connected to
      said outlet means between the one-way valve thereof and said other end of
      said outlet conduit, a float valve assembly in said valve container
      closing off said outlet of said valve container when in the lowermost
      position and opening the outlet of said valve container when moved
      upwardly from said outlet of said valve container, fluid means
      communicating between said container and said valve container and air
      escape means adjacent the upper end of said valve container.
NUM  9.
PAR  9. The apparatus according to claim 8 in which said fluid means connecting
      between said container and said valve container includes at least one
      substantially vertical conduit secured by one end thereof adjacent the
      base of said valve container and extending upwardly within said valve
      container to adjacent the upper end of said valve container, said float
      assembly including a float, float guide means on said float and a valve
      head connected to the underside of said float, said float guide means
      freely engaging over said last mentioned conduit, said last mentioned
      conduit acting as a guide for said float valve assembly.
NUM  10.
PAR  10. The apparatus according to claim 9 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of said contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  11.
PAR  11. The apparatus according to claim 8 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of the contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  12.
PAR  12. The apparatus according to claim 1 in which said means operatively
      connecting said automatic float assembly with said outlet means includes a
      further conduit extending from the base of said automatic float assembly
      to the conduit of said outlet means between said one-way valve of said
      outlet means and said other end of said outlet means, said last mentioned
      one-way valve acting as a restrictor for the passage of fluid from said
      main tank to said outlet means whereby the contents of said container are
      discharged prior to the contents of said tank, said restrictor permitting
      a portion of the contents of said tank to mix with the contents of said
      container as said contents are being discharged through said outlet means.
NUM  13.
PAR  13. The apparatus according to claim 1 which includes a manifold
      connectable between said outlet means and the associated various drink
      conduits whereby a plurality of said last mentioned conduits may be
      operatively connected to said apparatus for individual cleansing of said
      various conduits.
NUM  14.
PAR  14. The apparatus according to claim 13 which includes a further manifold
      operatively connected between said outlet means and said first mentioned
      manifold, means on said further manifold for detachably connecting a
      plurality of associated jumper conduits in series whereby the contents of
      said tank and said container pass through said jumper conduits prior to
      entering said first mentioned manifold.
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ABST
PAL  A discharge device including a discharge member rotating about a vertical
      axis, arranged below a conical bunker outlet and above a base plate with a
      discharge opening, over which member is a fixed cover, said member being a
      peripherally driven disc having openings separated by bars, the openings
      being eccentric, the cover extending radially, and an adjusting element
      for adjusting the height of the edge of the cover over the disc.
BSUM
PAR  The invention relates to a discharge device for a bunker for loose material
      for material which has poor flow properties and has a tendency to form
      bridges, especially, lignite. Bunkers of this type are filled
      discontinuously whereas the material is drawn off continuously or
      quasi-continuously for further use. In the case of lignite, mills are
      arranged after the bunker and the coal dust is then discharged from them
      to fire steam generators.
PAR  For an orderly operation of such lignite power plants it is important that
      the removal of the coal from the bunker is metered in accordance with the
      requirement of the steam generator. It must therefore be possible to
      regulate a discharging device of this type. Many loose materials, however,
      even more or less moist lignite, have extremely poor flow properties. The
      result is that in the case of unfavourably constructed bunkers or
      discharging devices bridges form, that is to say, the material comes to a
      standstill above the discharging device despite the effect of the force of
      gravity. As a result the discharge is reduced or completely interrupted
      and the regulation is upset. If this bridge subsequently collapses there
      is a further disturbance of the discharge regulation but in the opposite
      sense.
PAR  Sometimes the conditions are so unfavourable that the bridges only
      partially collapse or do not collapse at all. The material lying above
      exerts a continuous and often extremely substantial pressure on these
      bridges which can jam the material to such an extent that the bunker
      finally has to be stopped and released again by knocking out the material
      by hand.
PAR  A discharge device in which these disadvantages are said to be counteracted
      is described and illustrated in German Auslegeschrift No. 1,275,470. In
      this case, below a conical bunker outlet there is arranged a
      crescent-shaped discharge member rotating about a vertical axis, above a
      plate which has a discharge opening in the centre of rotation. Above the
      discharge opening, on the central axis of the bunker, is disposed a
      conical hood of which the diameter at the lower end is greater than that
      of the discharge opening, and which extends approximately up to the top of
      the discharge member. The material introduced into the bunker rests above
      the working range of the discharge member, on the base plate. The
      material, which slopes inwards between the lower edge of the hood and the
      base plate is taken along by the discharge member. Since the angle of
      slope depends on the properties of the material, for example, its moisture
      content, a scraper device provided with its own drive is arranged inside
      the hood, by means of which the angle of slope is to be levelled. The
      drive means of the discharge member is, on the other hand, arranged below
      the base plate of the bunker, and is itself controlled to control the
      quantity of material discharged.
PAR  Disadvantages of this device are poor access to the inside of the hood: the
      hood is surrounded by loose material so that maintenance or repairs leads
      to problems. A further disadvantage is that the space below the bunker
      base plate, where it is desirable to arrange a belt conveyor, is at least
      partially taken up by the drive means for the discharge member.
PAR  In addition, such a discharge device is suitable only for relatively large
      bunkers, because the hood with the devices arranged in it cannot be made
      smaller than a certain size.
PAR  An object of the invention is to provide a discharge device of the kind
      initially mentioned in which such disadvantages are avoided, that is, the
      important parts are easily accessible for maintenance and the space below
      the base plate is unoccupied; the device shall also be equally suitable
      for very large and for very small bunkers.
PAR  In accordance with the invention, a discharge device comprising a discharge
      member rotating about a vertical axis arranged below a conical bunker
      outlet and above a base plate having at least one discharge opening, and
      above the discharge opening there is provided a fixed cover over the
      discharge member, which device is characterised in that the discharge
      member is a centrally mounted discharge disc driven at its periphery
      projecting horizontally beyond the lower bunker-outlet-rim and having
      openings separated from each other by bars, and in that each discharge
      opening is arranged eccentrically in the base plate and its cover extends
      radially from the bunker outlet wall in the direction of the vertical axis
      and has adjusting means operable from the outside, for adjusting the
      height above the disc surface of that edge of the cover below which the
      disc first passes when it revolves.
PAR  It can be seen that in the device of the invention the centre below the
      bunker base remains free, since the drive of the discharge member is
      effected at the side, and that also the adjusting means, for regulating
      the height of the gap through which the material is tangentially conveyed
      to the discharge openings, are easily accessible from the outside. This
      has the additional advantage that regulation usually provided does not
      have to be effected by means of the speed of the discharge member,
      although this is also possible in principle, but that the said adjusting
      means can be acted upon. The speed of the discharge member, can only be
      adjusted slowly because of the relatively large moving mass, whereas the
      adjusting means can react much more quickly.
PAR  The arrangement can also be so designed that a second base plate is
      arranged below the bunker base and this is provided with its own disc as
      discharge member. The upper bunker base plate has a plurality of discharge
      openings which are distributed over the total circumference whereas the
      lower plate has only one or two openings in alignment with an underlying
      conveyor belt. The metering is in this case effected by the upper disc
      whilst the lower disc acts as an intermediate conveying means. There may
      be a common drive for the two discs, however, the drive motor engaging on
      the periphery of the lower disc.
DRWD
PAR  Two forms of discharge device constructed in accordance with the invention
      will now be described, by way of example, with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic illustration of an axial section through a first form
      of device according to the invention;
PAR  FIG. 2 is a top plan view taken along the lines 2--2 of FIG. 1 and
      partially broken away;
PAR  FIG. 3 is a section along the line 3--3 of FIG. 1,
PAR  FIG. 4 shows in a view similar to that in FIG. 1 a section through a second
      form of device according to the invention; and
PAR  FIG. 5 shows an alternative arrangement for the upper sections of the
      devices.
DETD
PAR  Referring to FIG. 1, the outlet 10 of a conical bunker rests by means of
      lugs 12 or the like on a frame 14 (not illustrated in detail). Inwardly
      projecting edges 16 may be seen above the actual bunker outlet which serve
      to relieve the border region in the outlet to some extent of the weight of
      the loose material stored in the bunker. In the conical section 18 below,
      cover means 20 and guide arrangements 22, described in detail hereinafter,
      are built, or preferably welded in.
PAR  The lower edge 24 of the section 18 meets the outer ring 26 of the
      discharge member 28, which in this region can, if desired, have an
      upstanding flange so as to form a labyrinth seal.
PAR  The discharge member is a substantially flat disc with numerous openings
      30, between which there are only narrow bars 32. The shape of the openings
      is so selected that when the disc revolves, the edges of the bars convey
      more material in the tangential direction at the outer edges than further
      in, corresponding to the conical shape of the bunker or of the bunker
      outlet. For, since it is desirable to achieve as uniform as possible a
      descent of the level of loose material in the bunker over the total
      cross-section -- different speeds introduce the danger of bridge formation
      -- more material has to be discharged at the outer edge than close to the
      middle. The curvature of the bar contours is designed accordingly.
PAR  Disposed below the discharge member 28 is the bunker base plate on which
      the disc rests by means of cams 38. These cams are secured to the
      underside of the disc (preferably welded on) in such a manner that the
      base plate is "swept free" successively by the cams and no sediment or any
      other adhering crust of material can be deposited.
PAR  The disc is centrally mounted on a large pin 36 which is welded to the base
      support construction (girders 34) and is sealed from the revolving parts
      of the discharge member for the protection of roller bearings for the
      discharge member. The disc is mounted by means of its hub 40 which sits
      over the pin 36 and has, on its outside, spiral projections 42 and/or
      cones 44 with or without blades 46. The configuration of the hub and the
      elements associated therewith depends on the type of loose material.
      Spirals or blades, when they revolve together with the hub, convey
      material downwards and to the outside. Although as a result the material
      is loosened and caking together is counteracted, the action can be so
      great that the loose material flows more slowly outside the operating
      range of these elements and there is therefore a danger of bridge
      formation in the peripheral region of the outlet.
PAR  Once the type of material to be conveyed is chosen -- for example lignite
      or cement -- it is easy for the expert to determine the most suitable
      configuration for the hub by means of a few tests. In the case of lignite
      it has proved particularly advantageous, for example, to arrange a cone,
      provided with spiral projections, on the upper side of the hub and to
      provide a reduction gear between hub and cone so that the cone rotates
      considerably more slowly than the hub with the disc.
PAR  The bunker base plate 48 in this embodiment has only two discharge openings
      50 which are essentially the shape of a sector of a circle and are
      diametrically opposite each other. The base plate 48 is supported in the
      middle and beyond the openings 50 by girders 34, which in turn rest on a
      framework construction (not shown). Below the openings 50 runs the upper
      track of a conveyor belt 52 which is supported in the region of the
      discharge openings by a plurality of rollers 54; the design of the
      conveyor belt itself does not form a part of the present invention.
PAR  The entire drive is effected at the outer circumference of the disc which
      for this purpose has spur-gear toothing 61. A geared motor 60 drives via a
      reduction gear 62 a pinion 64 which meshes with the toothing 61. The speed
      of the motor 60 can be selected so that the desired quantity of loose
      material is discharged at an approximately central position of the
      adjusting means to be described hereinafter. Fine adjustment is then
      effected by means of these adjusting means.
PAR  FIG. 3 shows the structure of these adjusting means. The cover means 20 are
      hollow and are substantially the shape of a ridged roof. The edge 70 below
      which the disc 28 passes first (arrow 66) does not close flush with the
      surface of the disc but leaves a relatively large gap, whereas the edge
      72, which comes afterwards in the direction of rotation, extends down to
      the disc. Arranged inside the cover means, directly behind the edge 70 is
      adjusting means in the form of a slider member 74 which extends radially
      over the entire length of the cover means and which is adjustable in
      height. In the embodiment the slider member 74 is for this purpose
      arranged at the free end of a lever 76 which is in turn joined to a shaft
      78. This shaft extends parallel to the edge 70 close to the lower edge 72
      and passes through the wall of the bunker outlet. Swivelling the shaft 78
      lifts or lowers the slider member 74 and thus increases or reduces the
      distance between the bunker base plate and the lower edge of the slider
      member. The greater the gap there between, the more material is discharged
      from the device while the disc is rotating at constant speed. The slider
      member could if desired be linearly movable. In any case, its drive means
      (motor 80 in FIG. 1), is connected to a control or regulating system by
      means of which the position of the slider member can be adapted to the
      requirements of the parts of the plant connected thereto.
PAR  The guide arrangements 22 are constructed in a similar manner to the cover
      means 20 but do not have any slider members. If desired, they do not need
      to extend as far as the hub of the discharge member. They serve to render
      uniform the flow of the loose material. The roof incline of the cover
      means 20 and of the guide arrangements 22 is to be selected so that the
      angle to the horizontal is greater than the angle of slope of the material
      disposed in the bunker so that it is not possible for bridges to form over
      parts thereof. Generally an angle of approximately 70.degree. is
      sufficient, even for difficult cases for example, (wet lignite dust).
PAR  In the second form device shown in FIG. 4, instead of there being two
      discharge opening cover means and guide arrangements as in FIGS. 1 to 3,
      there are six of each of these elements, uniformly arranged around the
      circumference of the discharge member. As a result the area over which
      material is withdrawn is tripled and consequently the charge of the
      discharge means is rendered homogeneous. Disposed below the bunker base
      plate is a further intermediate base plate 82 which has only one or two
      discharge openings. The discharge member is in the form of a double disc
      84-84' which has a common drive at the outer circumference of the lower
      disc 84. Whilst the above arrangement conveys the material in metered form
      onto the intermediate base plate 82, it is finally discharged from there
      by means of the disc 84'. To ensure that no material can become deposited
      at the outermost periphery of the bunker outlet, the upper disc 84 has
      extensions 86 fitted snugly inside the bunker outlet which run along the
      wall of the outlet; the covers and guide arrangements have corresponding
      recesses 88 through which the extensions 86 pass.
PAR  FIG. 5 finally shows an alternative arrangement in the upper section of the
      discharge devices; the figure shows the part of the devices above the
      cover means 20; for the remainder the arrangement can correspond to that
      of the embodiment of FIGS. 1 to 3 or to that of FIG. 4.
PAR  The hub 40 is extended upwards beyond the upper side of the rim 16 and
      above this rim there is fixedly installed in the bunker outlet 10 a sheet
      metal cone 100; the installation is effected, for example, by means of
      three supports 102 which are uniformly distributed round the circumference
      and join the cone to the wall of the bunker outlet. Disposed inside the
      cone 100 is a bearing plate 104 with a central opening, in which there is
      disposed a bearing pin 106 of the hub 40, and with bearings 108 for
      pinions 110 which bearings are uniformly distributed round the
      circumference. In the drawing, two bearings 108 and two pinions 110 can be
      seen. All the pinions mesh with a pivot pinion 112 which is keyed to the
      hub 40 or joined to it in some other manner. Disposed on the hub 40 there
      is a shoulder 114 which acts as an end journal bearing for an auxiliary
      member 116. This auxiliary member is in the form of a partially conical
      sleeve with an inner toothed rim 118 at its upper free end and with blades
      124, which are uniformly distributed about the circumference, at the lower
      end; the blades 124 extend radially from the lower edge 120 of the cone
      100 to the lower edge 16 of the bunker outlet 10. A support bearing 122
      can be provided in a radial direction between the sleeve 116 and the hub
      40.
PAR  Accordingly a planetary gear is provided between the hub 40 and the sleeve
      116, by means of which the sleeve and also the blades 124 are rotated, but
      at a substantially lower speed than the speed of the hub 40. The material
      in the gap between bunker outlet 10 and cone 100, which should, to a
      certain extent have the tendency to dam up and form a bridge at the narrow
      point between the edge 120 and the edge 16, is removed continuously by the
      rotation of the blades 124, and thus passes downwards to the actual
      discharge member.
PAR  The surfaces of the cover means 20 the grinding arrangements 22 and of the
      cone 100 facing the material may be coated with a smooth material, for
      example plastics, to reduce the coefficients of friction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A discharge device for a loose material bunker for material which has
      poor flow properties and has a tendency to form bridges, comprising a
      discharge for arrangement below a conical bunker outlet, the discharge
      member being rotatable about a vertical axis and being arranged above a
      base plate having at least one discharge opening, and above the discharge
      opening fixed cover means is provided, characterised in that the discharge
      member includes at least one centrally mounted discharge disc driven at
      its periphery which projects horizontally beyond the lower rim of the
      bunker outlet and having openings separated from each other by bars, and
      in that each discharge opening is arranged eccentrically in the base plate
      and its cover means extends radially from the bunker outlet wall in the
      direction of the vertical axis and has adjusting means, operable from the
      outside, for adjusting the height above the disc surface of that edge of
      the cover means below which the disc first passes when it revolves.
NUM  2.
PAR  2. A discharge device as claimed in claim 1, in which there is provided at
      least two discharge openings with associated cover means, which discharge
      openings are diametrically opposite to each other.
NUM  3.
PAR  3. A discharge device as claimed in claim 2, in which there is an even
      number, greater than two, of discharge openings, a second base plate is
      provided under the first base plate and having at least one discharge
      opening, and a second disc revolving together with the first is provided
      for discharging the material, which has been conveyed by the first disc
      through the upper base plate, through the discharge openings of the second
      base plate.
NUM  4.
PAR  4. A discharge device as claimed in claim 3, in which there is a common
      drive means for the two discs at the outer periphery of the lower disc.
NUM  5.
PAR  5. A discharge device as claimed in claim 3 in which between cover means
      following each other in the circumferential direction in each case a guide
      arrangement projects radially into the inside of the bunker.
NUM  6.
PAR  6. A discharge device as claimed in claim 3, in which the inner ends of the
      cover means are joined together.
NUM  7.
PAR  7. A discharge device as claimed in claim 1, in which each cover means is
      in the form of a roof with a discharge slope which extends almost down to
      the disc, and a feeder slope which only extends as far as the maximum
      desired height above the disc, and that the adjusting means comprises a
      slider member arranged inside the cover means which is vertically movable
      behind the lower edge of the feeder slope.
NUM  8.
PAR  8. A discharge device as claimed in claim 7, in which the slider member is
      arranged on the end of a lever, the lever being pivotable about a
      horizontal shaft which is arranged close to the discharge slope and
      extends beyond the bunker outlet.
NUM  9.
PAR  9. A discharge device as claimed in claim 1, in which the disc carries a
      central shaft for projection vertically into the interior of the bunker.
NUM  10.
PAR  10. A discharge device as claimed in claim 9, in which the shaft is
      provided with blades, one or more points and/or a spiral.
NUM  11.
PAR  11. A discharge device as claimed in claim 9, in which the shaft and the
      parts joined to it, and the disc have a common drive means.
NUM  12.
PAR  12. A discharge device as claimed in claim 9, in which the shaft is
      rotatable by the disc, but at a speed that is different from that of the
      disc.
NUM  13.
PAR  13. A discharge device as claimed in claim 9, in which the shaft is mounted
      at its free end in the inside of a cone securely arranged in the bunker
      outlet, and is in rotating connecting with rotating blades which stroke
      over the annular gap between the lower edge of the cone and the outer wall
      of the bunker outlet.
NUM  14.
PAR  14. A discharge device as claimed in claim 13, in which the blades are
      driven at a substantially lower speed than the disc with the shaft.
NUM  15.
PAR  15. A discharge device as claimed in claim 1, in which the disc has cams on
      its lower side for continuously scraping free the base plate.
NUM  16.
PAR  16. A discharge device as claimed in claim 1, in which the disc has
      upstanding projections, passing behind the covers, on its outer
      circumference.
NUM  17.
PAR  17. A discharge device as claimed in claim 1, in which the surfaces of the
      cover and of the cone facing the material are coated with a smooth
      material, for example, plastics, to reduce the coefficients of friction.
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ABST
PAL  The invention relates to apparatus for delivering viscous or pasty food
      materials such as batter or sugar confectionery, and especially for
      producing complex decorative shapes. The apparatus comprises a fitting
      connected to a pump and formed with a row of discharge nozzles, each with
      a non-symmetrical orifice, and an independent variable speed motor for
      rotating the nozzles simultaneously while the material is discharged. The
      nozzles are readily removable for cleaning.
BSUM
PAR  This invention relates to apparatus for delivering or dispensing viscous,
      pasty, or other semi-solid materials, and is particularly though not
      exclusively applicable to apparatus for use in delivering materials as
      used by bakers, confectioners or pastry makers such as dough, batter,
      whipped white of egg, or sugar or cream confections, e.g., in the making
      of small cakes, pies, pastries, meringues, etc.,
PAR  In present day bakery trade operations there is a need to deliver a variety
      of different materials in large numbers of individual portions onto baking
      trays for subsequent processing. It is common practice to dispense the
      material by means of a pump and a discharge nozzle onto a baking tray
      below, the rate of discharge being controlled and also the movement of the
      tray to control the quantity and to some extent the shape of the
      individual portions of material discharged onto the tray. Existing nozzle
      dispensers however have only limited facility for producing different
      shapes and it is an object of the present invention accordingly to provide
      an improved dispensing apparatus which will have an improved capacity in
      this respect.
PAR  Broadly stated the invention consists in apparatus for use in delivering a
      viscous, pasty, or semi-solid material, such as bakers', confectioners '
      or pastry makers' material, comprising means for supporting a discharge
      nozzle for rotation about an axis, the nozzle orifice being
      non-symmetrical about the axis, and drive means for imparting continuous
      rotary movement to the nozzle.
PAR  The apparatus preferably comprises a plurality of such nozzles supported
      for rotation on parallel spaced axes, and arranged to be driven from a
      common input drive element. The drive means conveniently includes a worm
      drive shaft extending transversely to the axis of the or each nozzle, and
      a co-operating gear coupled to the or each nozzle. The drive means in any
      case preferably includes a variable speed control and may incorporate a
      separate electric motor solely for use in driving the discharge nozzle.
PAR  According to another preferred feature of the invention the or each nozzle
      is readily removable from the apparatus for cleaning purposes. The motor,
      when provided, is also preferably detachable readily from the remainder of
      the apparatus to facilitate cleaning.
PAR  The invention is particularly applicable to an apparatus of the type
      defined, constructed and arranged as a self-contained unit for attachment
      to a dispensing machine. Alternatively however the apparatus may be built
      into a dispensing machine as an integral component thereof.
DRWD
PAR  The invention may be performed in various ways and one specific embodiment
      will now be described by way of example with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a side elevation of a hopper and gear pump dispensing unit with a
      rotary discharge nozzle according to the present invention fitted thereto,
PAR  FIG. 2 is a plan view of the discharge nozzle unit,
PAR  FIG. 3 is a side elevation partly in section of the discharge nozzle unit,
PAR  FIG. 4 is a diagrammatic exploded view of the worm drive mechanism, and
PAR  FIG. 5 is a sectional elevation on an enlarged scale through the vertical
      axis of one of the discharge nozzles.
DETD
PAR  The apparatus illustrated in FIG. 1 forms part of a complete bakery trade
      dispensing machine for example of the type described in U.S. Pat. No.
      3,782,428. For the purposes of the present invention it is sufficient to
      state that the machine includes a hopper 10 with an upper opening into
      which the batter or other material is introduced, and a gear pump 11
      located at the lower delivery from the hopper, the pump being driven by
      the main drive for the machine. The gear casing 12 is provided with an
      elongated slot 13 in its under-surface, with undercut flanks, to receive
      and locate the rotary discharge nozzle unit 14 as described in more detail
      below with reference to FIGS. 2 to 5.
PAR  This unit 14 comprises an upper mounting bar or template 15 having
      corresponding inclined flank surfaces to fit within the undercut slot 13,
      and a lower gear casing 16 securely attached thereto. The parts 15 and 16
      are provided with a plurality (in this case five) of spaced vertical
      apertures receiving vertical rotary guide tubes 17 within bearing sleeves
      8. Each guide tube is mounted for rotation in its bearing sleeve and
      supported vertically by thrust washers or the equivalent. The upper end of
      each guide tube 17 is flush with the upper face 21 of the template 15 for
      a purpose to be described and its lower end projects downwardly below the
      under-surface of the casing 16 and is formed with an internal socket to
      receive a discharge nozzle as will be described below.
PAR  Each tube is secured to a surrounding annular gear 18 and these five gears
      18 mesh with corresponding worm drive sections 19 on a worm shaft 20
      extending longitudinally within the casing 16. The worm drive shaft 20 is
      located within the casing 16 by bearings and at its right hand end as
      illustrated in FIGS. 3 and 4 it is located by a ball bearing 22 positioned
      on the axis. The opposite end of the shaft which projects from the casing
      at 23 is provided with a short transverse pin 24 which provides part of a
      detachable torsional connection with a slotted clevis coupling sleeve 25
      connected to a drive shaft 26. The drive shaft 26 is driven by a small
      variable speed electric motor 27, preferably a D.C. shunt wound motor,
      with an electronic variable speed control. The motor shaft is connected to
      the shaft 26 through a reducing gear box 28. The drive unit, including the
      motor 27, gear box 28 and variable speed control, is provided as a
      separate unit detachable from the unit 15, 16. For this purpose the motor
      casing is formed with a horizontal top flange 30 having a slot 31 to
      receive a vertical stud 32 attached to the adjacent end of the template
      15. A tightening screw 33 on the stud 32 acts as a quick release means for
      clamping the parts 30 and 13 rigidly together. This coupling also provides
      means for maintaining the connection between the worm drive shaft 20 and
      the gear shaft 26, which is likewise readily detachable.
PAR  The actual rotary discharge nozzles may take various different forms but
      advantageously they are of a type in which the discharge nozzle aperture
      is non-symmetrical about the vertical axis of the nozzle so that as the
      nozzle rotates it generates the required shape which may be annular,
      spiral, cycloidal, or otherwise, depending upon the relative speed of
      rotation of the nozzle the linear speed of movement of the baking tray
      onto which the material is being dispensed, and the speed of the gear pump
      11.
PAR  Referring to FIG. 3, the left hand nozzle indicated generally at 35
      comprises a cylindrical upper portion 36 designed to fit into the lower
      end of the guide tube 17 and to be connected thereto by a quick release
      device such as a simple screw thread 37 in the lower end of the sleeve, or
      a spring detent, or friction fit. The lower part of the nozzle includes an
      inclined lateral discharge section 38 and an off-set discharge aperture 39
      with a serrated edge. Thus it will be seen that as the nozzle rotates,
      with or without simultaneous linear movement of the baking tray below, the
      shape of the dispensed material will produce a decorative annular ring
      structure or a spiral or cycloidal type of profile.
PAR  In another form of discharge nozzle as illustrated at 40 in FIG. 3, there
      is again an upper cylindrical portion 41 designed to fit into the lower
      end of the guide tube 17 and a lower discharge portion 42 with a serrated
      lower edge. Although this nozzle has a concentric circular aperture as
      seen in section, the serrations are not symmetrical and the flow of the
      material over the serrations will be downwards and outwards at an incline
      and the result will be a form of spiral or fluted cone. The further
      discharge nozzle illustrated at 45 also includes an upper cylindrical
      section 46 to fit in the lower end of the guide tube 17, and a lateral
      tube portion 47 having a circular vertical discharge opening 48. On
      rotation of the nozzle this will generate an annular shape which may be
      varied to cycloidal depending upon the speed of movement of the batter
      tray below.
PAR  For cleaning purposes it is extremely simple to remove the whole unit from
      the pump gear casing 12 by sliding the template 15 out of the inclined
      slot 13. The motor unit can then be detached by releasing the clamping
      screw 33. The top surface 21 can then be wiped clean, after which all the
      rotary nozzles can be removed from the guide tubes 17. It is then only
      necessary to wash the individual nozzles themselves.
PAR  It will be noted that this apparatus as described is capable of providing
      continuous rotation of all the individual rotary nozzles. This is of great
      advantage by comparison with any system which can only rotate the nozzles
      through limited angular movement. In lieu of the worm drive described and
      illustrated, other drive systems may be used. For example the individual
      nozzle guide tubes may be coupled together by providing annular
      surrounding drive gears which mesh directly one with each other, the end
      gear being driven from an external drive gear. Alternatively the rotary
      nozzles may be driven by a continuous looped chain drive or friction or
      toothed belt drive, and instead of using an electric motor as illustrated,
      the drive to the rotary nozzles may be provided by a flexible transmission
      drive coupling designed to be attached to a power take-off on the main
      machine itself.
PAR  All exposed parts of the apparatus are preferably formed of stainless
      steel, synthetic plastics, or other non-corrosive readily cleaned material
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A nozzle device for use with apparatus for dispensing pasty food
      products comprising a hopper and a motor driven pump, including an
      elongated mounting member adapted to be removably connected to a part of
      said hopper, a plurality of tubular nozzle drive elements mounted for
      rotation on spaced parallel vertical axes in said mounting member each
      nozzle drive element having an open upper end to communicate with the
      outlet from said pump, and an open lower end formed to act as a nozzle
      socket, a plurality of nozzles respectively removably located in the said
      nozzle socket of a corresponding one of said nozzle drive elements, each
      nozzle having a nozzle orifice which is non-symmetrical about the axis of
      rotation of said nozzle, a variable speed nozzle drive motor, independent
      of the motor driving said pump, and drive means connecting said drive
      motor to each of said nozzle drive elements, to cause simultaneous
      synchronous rotation of said nozzles.
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ABST
PAL  Disclosure is directed to an apparatus for expelling liquid fuel from a
      tank in a rocket engine comprising a flexible bladder which closely fits
      the walls of the tank and is bonded thereto by an adhesive with a force
      greater than the force required to flex the bladder to progressively peel
      the bladder from the tank wall as it is flexed and rolled by a motive
      fluid to displace the liquid therefrom.
BSUM
PAR  This invention relates to a method of and apparatus for positively
      displacing a fluid from a container and more particularly to an expulsion
      system utilizing a diaphragm or bladder attached to the inner surface of a
      liquid containing tank and actuated through the tank by a propellant gas
      under pressure to expel stored fluid therefrom.
PAR  Bladders of this general type are particularly useful in expulsion systems
      for rocket engines having packaged liquid propellants, but their
      usefulness has been limited for various reasons chief among which is the
      fact that the pressure which acts on the bladder to start the expulsion of
      the liquid, acts at the same time on the entire bladder surface. This
      pressure distribution is apt to move the entire surface of the bladder
      away from the walls of the tank and makes it impossible to predict the
      exact movement of liquid and hence the center of gravity of the tank
      during expulsion. Moreover, complete expulsion of the liquid may not be
      effected due to the collapse of remote portions of the bladder around the
      outlet before a reversal of the adjacent portion of the bladder has been
      completed.
PAR  Accordingly, the main object of the present invention is to provide an
      improved method of and apparatus for the positive expulsion of fluid which
      will obviate the above and other limitations of known systems.
PAR  Another important object of the present invention is to provide an improved
      positive expulsion apparatus having a liquid expulsion bladder whose
      expulsion movement is predictable and which will eliminate the collapse or
      buckling of the bladder in irregular folds to permit complete expulsion of
      the liquid.
PAR  Still another important object of the present invention is to provide an
      improved positive expulsion apparatus in which the bladder is
      progressively peeled from the wall of a tank by the pressurizing gas
      during liquid expulsion in a controlled and predictable manner.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following description. It will be understood, however,
      that the drawings are for the purpose of illustration, only, and are not a
      definition of the limits of the invention reference being had for this
      purpose to the appended claims.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a sectional view of a liquid expulsion apparatus incorporating
      the novel features of the present invention and showing a tank for storing
      liquid to be expelled and the bladder bonded to the wall of the tank;
PAR  FIG. 2 is a similar view showing the position and shape of the bladder
      midway of a liquid expulsion step; and
PAR  FIG. 3 is a similar view showing the bladder completely moved through the
      tank at the end of the liquid expulsion step.
DETD
PAR  Referring to the drawing, the reference character 10 designates a liquid
      expulsion apparatus as a whole comprising a tank 12 which may be
      cylindrical, or spherical as shown, and a bladder 16. The tank may be
      constructed of a material having considerable strength, such as stainless
      steel, so that it may be made thin and have a minimum weight, but which
      may be incompatible with the fluid being stored, such as a liquid
      propellant. The bladder also may comprise a thin sheet metal foil, such as
      aluminum, which is compatible with the liquid being stored.
PAR  One side 18 of the tank 12 is provided with a pressurizing inlet 24 for the
      admission of a gas or other pressurizing medium into the tank to act on
      the bladder 16 and force it through the tank to abut the other
      diametrically opposite side 20 of the tank. The liquid or other fluid
      filling the tank 12 to the right of the bladder 16 is expelled through a
      discharge port 26 which may be provided with a burst disc, etc. 28. The
      pressurizing inlet 24 is provided with a spherically shaped, perforate
      diffuser plate 22 which is suitably secured to the tank as by welding.
PAR  In accordance with the present invention, the movement of the bladder 16
      from left to right, as shown, is controlled and made predictable by
      initially bonding the bladder to the wall of the tank with a suitable
      bonding agent 30 applied over the entire outer surface of the bladder 16
      except in the area of the perforate diffuser plate 22. A bonding agent 30
      should be selected which will bond the bladder 16 to the wall of the tank
      12 with an adhesive force greater than the force required to deform and
      move the bladder from the position shown in FIG. 1 to that shown in FIG.
      3, and less than the force required to tear the bladder material. For
      example, such a bonding material 30 may require a force of fifty pounds
      per square inch to flex, deform and bend the bladder from the position
      shown in FIG. 1 to that shown in FIG. 3, which force may be divided into
      an adhesive sealing force of 39 pounds per square inch and an actual
      bending force of only 11 pounds per square inch when the bladder material
      used has a resistance to tearing or a yield force of 350 pounds per square
      inch. Suitable bonding materials which have been used successfully in
      bonding bladders of aluminum foils of from 0.020 inches to 0.060 inches
      thickness to the wall of stainless steel tanks are synthetic rubber
      compounds such as "Silastic" No. 140 as manufactured by Dow Corning
      Chemical Co. and "R.T.V. 510 " as manufactured by General Electric Co.
      After proper curing or setting which may be effected by heat, pressure,
      etc., the bonding agent 30 provides an integral assembly except in the
      area of the diffuser plate 22 which forms a spherical depression 32 in the
      bladder in its contact therewith.
PAR  In the operation, a pressurizing medium such as gas is directed into the
      inlet 24 where it flows through the diffuser plate 22 and exerts a force
      on the spherical depression 32 of the bladder 16. As the force of the
      pressurizing medium is applied, the bladder will tend to retain the
      spherical depression since it will act as a membrane.
PAR  As the spherical depression 32 of the bladder 16 moves (to the right as
      shown) toward the diametrically opposite discharge port 26 to expel the
      liquid therethrough when the built-up pressure bursts the disc 28, the
      movement applies a force on the bladder greater than the adhesive force of
      the bonding agent 30 resulting in a peeling action of the bladder from the
      wall of the tank. The bladder 16 peels evenly from the tank wall with the
      spherical depression 32 always extending toward the tank wall at the
      opposite side and thus growing larger until it completely reverses itself
      and contacts the discharge outlet 26 and completely overlies the unpeeled
      bladder portion to effect complete expulsion of the liquid.
PAR  Thus, the bonding agent acts as both a controlled restraining force and a
      pressure seal preventing the pressurizing medium from seeping between the
      tank and the bladder to collapse it, and the apparatus comprises a
      controlled and predictable expulsion system.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      restored to without departure from the spirit of the invention or the
      scope of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for storing and delivering a fluid, the combination of a
      tank for storing the fluid and having inlet and outlet ports at opposite
      sides thereof, a flexible bladder attached to the tank between the inlet
      and outlet ports and of an area to closely fit the wall of said tank, said
      flexible bladder being movable by a pressure fluid supplied through the
      inlet from a position where it conforms with one side of the tank to a
      position where it conforms with the other side of the tank to eject fluid
      from the tank, and a bonding material adhesively bonding the bladder to
      the tank wall with a force greater than the force required to flex the
      bladder whereby to progressively peel the bladder from the tank wall as
      the bladder is flexed.
NUM  2.
PAR  2. The combination recited in claim 1 wherein a perforated diffuser plate
      is provided on the tank wall which projects outwardly therefrom to
      initially shape said bladder and facilitate said initial peeling action of
      said bladder.
NUM  3.
PAR  3. The combination recited in claim 1 wherein said tank is spherical.
NUM  4.
PAR  4. The combination recited in claim 3 wherein a depression is formed in
      said bladder by contact with said diffuser plate to facilitate the peeling
      back action of said bladder.
NUM  5.
PAR  5. The combination recited in claim 4 wherein said diffuser plate is
      spherical.
NUM  6.
PAR  6. An expulsion device comprising: a container, inlet means for
      introduction of a first fluid into said container, an outlet for expulsion
      of a second fluid from said container, a thin metal diaphragm separating
      said first and second fluids, said diaphragm being bonded over
      substantially its entire surface to the interior of said container,
      whereby said diaphragm will peel from said container smoothly when said
      second fluid is expelled through said outlet in response to said first
      fluid being introduced into said container.
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ABST
PAL  For the closure of bottles and similar containers for liquid substances, it
      is foreseen an improved dispensing closure with valve means and safety
      means constituted of an axially gravity actuated sliding plugger working
      into a sleeve mounted on the bottle neck, the plugger having a downward
      opening to fit the stem of an ogive head shaped safety clogging means,
      whose seat is obtained from the converging walls of an inner section of
      said sleeve, projecting into the bottle mouth, the whole valve assembly
      being protected by a pressure cap fitting over the said sleeve.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is broadly referred to dispensing closures for bottles and
      more specifically to valvular closures whose main feature is found in the
      improved construction leading to a more practical-to-use and
      easy-to-manufacture structure.
PAR  The value closure means of this invention is designed for bottles and the
      like containing non-pressurized liquids such as liqueurs, soft and hard
      beverages and similars which are usually consumed in a relatively long
      period thus making necessary a leak-proof and ready-to-use dispensing
      device closing the bottle mouth.
PAR  As it is known by those skilled in the art, all dispensing closures of this
      type need special machinery for the permanent fitting on the neck of the
      bottle, not mentioning the bulky and expensive safety arrangements
      heretofore designed and employed trying to prevent unauthorized persons to
      substitute or to re-fill the bottle with falsified or counterfeited liquid
      all of this leading to a substantial increase in manufacturing costs.
PAR  It is so a primary object of this invention to provide an improved
      dispensing closure structure for bottles and the like, having a neck and
      mouth with a simpler and cheaper construction.
PAR  It is another object of this invention to provide a valvular dispensing
      closure for bottles or neck-provided containers which allows a leak-proof
      shut-off and prevent any dripping when in fluid-delivering position.
PAR  Yet another object of this invention is to provide a valvular dispensing
      closure as defined above, having a safety arrangement to prevent any
      unauthorized re-filling or substitution of the originally filled in liquid
     .
DRWD
PAR  These and other advantages of this invention will become apparent from the
      following description thereof, made in the light of the attached drawing
      in which it is illustrated in a preferred embodiment given by way of
      examples.
PAR  FIG. 1 shows a fragmentary view of the dispensing closure of a preferred
      first embodiment of this invention cut from an axial plane;
PAR  FIG. 2 shows the dispensing closure of FIG. 1 in working conditions;
PAR  FIG. 3 is an elevational sectional view of another embodiment of the
      dispensing closure provided with safety valve means;
PAR  FIG. 4 shows the same device of FIG. 3 with the stopper forcedly up-raised
      and the safety valve means in shutoff conditions;
PAR  FIG. 5 shows an alternative embodiment of the safety device;
PAR  FIG. 6 is a perspective view of the stopper of FIG. 5, and
PAR  FIG. 7 shows in a perspective view the safety means of FIG. 5.
DETD
PAR  In accordance with the attached drawings, it is seen in FIG. 1 that the
      liquid dispensing closure of this invention is mainly constituted of a
      collar 1 made of relatively resilient material, which is tightly fitted
      over the mouth of the bottleneck 2, having an intermediate horizontal
      section 3 limiting the upwardly projected cylindrical end section 4 which
      defines an axial constriction of the said mouth while acting as guiding
      means for the sliding stopper or valvular element 5.
PAR  This stopper 5 is substantially constituted of an "I" longitudinal section
      body provided with vertical radially disposed wings 6 having, the upper
      flanged portions of the body 5, a tapered circumference defining a
      complementing surface 5' matching the conical seat 4' foressen on the free
      end of the said cylindrical projections 4.
PAR  The lower flanged portions 5" of the said valvular element 5 abuts
      peripherically with the innermost corner of the said horizontal section 3
      thus playing the role of a limiting device for the forward movement of the
      stopper 5.
PAR  The aforementioned stopper 5 slides inside the chamber defined by the
      cylindrical cap 10 that, after the filling in of the bottle with the
      desired liquid, is spacedly welded or fixed to the annular section 8 of
      the downwardly projected neck 7 of the bottle cap 12, by means of the
      easily breakable attaching points 9.
PAR  The said cap 12 is mechanically pressed over the said resilient collar 1 so
      as to make unremovable the lower projection 7 whilst the upper part of the
      cap set 12 may be removed from the bottle mouth by a right or left slight
      rotation followed by its lifting vertically.
PAR  The said cap 12 is furtherly provided with a concentric internal wall 11
      which is tightly engaged and cooperates with the inner cap 10, thus
      forming the whole set of outer and inner cap 12, 10 a removable structure.
PAR  As schematically shown in FIG. 1, during transportation and handling of the
      bottles, beside the said welding spots 9, there is also provided a general
      covering of metallized paper 13, having a punched line 14 on the same
      plane of the welding spots 9, thus ensuring a perfect sealing of the cap
      which allows a quick releasing and uncovering of the dispensing device, by
      means of a simple rotary movement tearing the metallized paper 13 (or
      similar) and the welding spots 9 and allowing the easy removal of the cap
      assembly 12, 10.
PAR  In FIG. 2 it is seen how the slidable stopper 5 projects itself outside of
      the mouth level of the bottle, as a result of the tilting of the bottle,
      letting the liquid to flow outside through the passageways formed between
      two adjacent radial wings 6 of the stopper 5.
PAR  As an alternative construction, the dispensing closure of this invention
      may be provided with safety valve means as illustrated in FIGS. 3 to 7.
PAR  In regard of FIGS. 3 and 4, it is seen that the stopper 5 has a reel like
      shape with the upper and lower flanges 5',5" acting the same way as in the
      firstly described construction, being the reel provided with a central
      hole 15 forming a cavity into which it is slidably and freely fitted the
      stem 16 of the safety valve element 17, made of glass or other high
      density material, having an ogive-like outline.
PAR  To form the seat of the said safety valve element 17, from the lower
      surface of the horizontal annular section 3 of the resilient collar 1, it
      is foreseen a curved receptacle 18 with an axial opening 19 through which
      is allowed to pass only the apex portion of the said ogive-like head in
      which position the stem end will still be guided into said cavity 15.
PAR  The way this safety device functions and how much it guarantees against
      unauthorized substitution of the liquid contents, is illustrated in FIG. 4
      where it is shown the result of an imagined attempt to make the refilling
      of the bottle by forcedly lifting the stopper 5, in the assumption to free
      the passage for the injection of a falsified liquid, verifying, although,
      that this will not be possible due to the occured plunging of the safety
      device 17 which closes under leak-proof conditions the remaining
      passageway 19.
PAR  The only way to have the safety device 17 leaving its seat 19 is by tilting
      the bottle causing both the stopper and the plunger valve elements 5 and
      17 to slide outside under gravity. Of course, under such circumstance the
      liquid may only be delivered outside.
PAR  In FIGS. 5, 6, and 7 it is seen another alternative construction of the
      said dispensing closure and safety device structure, in which the said
      stem 16 freely receiving chamber 15 has a preferred square section or
      other non-circular section, obviously complementary to the stem 16
      prismatic section.
PAR  The reel-like stopper 5 is provided with an upper flanged portion 5' with a
      greater diameter than the lower one 5" and both the facing surfaces of the
      top of the said larger flange 5' and of the bottom of the inner cap 10 are
      matchingly provided with indentations or grooves 20.
PAR  All of the illustrated features of the prismatic section of the stem 16
      engagement and of the grooved matching surfaces of the stopper and
      covering cap 10 are intended to solidarize the valve assembly to make it
      all turnable along with the rotation of the outer cap 12 thus causing a
      brushing effect of the abutting surfaces 5' and 17 of the stopper and
      plunger safety elements against their respective seats 4' and 19 (FIG. 5)
      thus preventing the glueing of such valve elements due to the adhesive
      action of the sugar usually contained in a rather high percentage in
      liqueurs or sweet beverages.
PAR  Of course, this invention was described and illustrated by way of example,
      being admitted a lot of constructive adaptations without exorbitating from
      its scope as it may be verified, by the fact that in the figures of the
      attached drawing, the component parts have been diferently designed, being
      this a mere question of choice in accordance with the particular use which
      the dispensing closure of this invention is intended to.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A closure for containers, particularly bottles, comprising a closure
      member mounted on a container and having a passage adapted for alignment
      with an opening of the container, said closure member forming an outer and
      an inner valve seat; cap means surrounding said closure member and having
      a turnable portion which is removable from said container; a plug member
      freely movable under the influence of gravity in said passage between a
      first storage position and a second dispensing position, said plug member
      having an outer valve portion and an inner valve portion respectively
      engaging said outer and inner valve seats when said plug member is in said
      first storage position, said outer valve portion having an end facing said
      turnable portion of said cap means and a polygonal recess at its opposite
      end, said inner valve portion having a mating stem portion received in
      said polygonal recess; and cooperating engaging portions on said turnable
      portion of said cap means and said outer valve portion so that, when said
      turnable portion is removed from said container, said inner and outer
      valve portions move relative to their seats so as to break any adherence
      between said valve portions and their cooperating valve seats.
NUM  2.
PAR  2. A closure for containers as defined in claim 1, wherein said container
      is a bottle having a neck, and wherein said closure member is formed of
      resilient material mounted in tight frictional engagement with said neck.
NUM  3.
PAR  3. A closure for containers as defined in claim 2, wherein said closure
      member comprises a first annular portion extending substantially
      vertically of said neck and containing said passage for axial movement of
      said plug member and, said outer valve seat having a first engageable
      surface, and a second annular portion which is pressed over said neck so
      as to surround the same and to maintain tight frictional engagement
      therewith and having a second engageable surface.
NUM  4.
PAR  4. A closure for containers as defined in claim 3, wherein said plug member
      is of I-shaped cross-section, and further comprises axially spaced first
      and second abutment means, said first position being assumed when said
      first abutment means abuts said first engageable surface, and said second
      position being assumed when said second abutment means abuts said second
      engageable surface, whereby the contents of a container can be emptied
      through said passage without said plug member being manually removed off
      the container.
NUM  5.
PAR  5. A closure for containers as defined in claim 1, wherein said plug member
      comprises a cylindrical body portion of smaller diameter than said opening
      of said container, and a plurality of axially-extending radial projections
      defining channels with each other within said passage, whereby the
      contents of a container can be emptied through said passage via said
      channels wherever said plug member is not in said first position.
NUM  6.
PAR  6. A closure for containers as defined in claim 1, said cap means
      comprising a metallic annular sleeve member pressed into tight frictional
      engagement with said closure member, and said turnable portion being
      manually-tearable, so that the absence of said manually-tearable turnable
      portion offers a subsequent user visible proof of prior usage of the
      container.
NUM  7.
PAR  7. A closure for containers as defined in claim 6, wherein said removable
      turnable portion is provided with breakable metallized paper
      circumferentially spaced about said annular sleeve member, so that a
      manual rotary motion will tear said metallized paper.
NUM  8.
PAR  8. A closure for containers as defined in claim 7; said inner valve portion
      being supported by said closure member and cooperating with said plug
      member, so that a container cannot be refilled when the container is
      oriented in any of said positions.
NUM  9.
PAR  9. A closure for containers as defined in claim 8, wherein said stem
      portion is adapted to be received fully into said recess when said plug
      member assumes said first position, and partially received into said
      recess when said plug member assumes said second position; and wherein
      said inner valve portion has an ogive -shaped head portion connected with
      said stem portion and adapted to fit within said opening of a container
      and cooperating with said closure member to completely close said opening,
      whereby the contents of a container cannot be adulterated when the
      container is upright.
NUM  10.
PAR  10. A closure for containers as defined in claim 9, wherein said stem and
      said recess is of substantially rectangular configuration, and wherein
      said plug member has an annular head portion of larger diameter than said
      opening of said container, and wherein said cooperating engaging portions
      include roughened surfaces on said turnable portion and on said end of
      said outer valve portion facing said turnable portion, said roughened
      surfaces being adapted to engage each other.
PATN
WKU  039455416
SRC  5
APN  5428068
APT  1
ART  353
APD  19750121
TTL  Cloth forming jigs for use in the manufacture of clothing
ISD  19760323
NCL  8
ECL  1
EXP  Larkin; G. V.
NDR  2
NFG  3
INVT
NAM  Levine; Nathan
STR  1, Ferndale Road
CTY  Sefton Park, Liverpool, 15, Lancashire
CNT  EN
INVT
NAM  Levinson; Eric Leon
STR  31, Burnham Road
CTY  Allerton, Liverpool, L18 6JU, Lancashire
CNT  EN
CLAS
OCL  223 38
EDF  2
ICL  A41H 3300
FSC  223
FSS  1;38;37;2;52;52.1
FSC  112
FSS  147
UREF
PNO  2394219
ISD  19460200
NAM  Vachon
XCL  223 38
UREF
PNO  2609129
ISD  19520900
NAM  Goldberg
OCL  223 38
UREF
PNO  2858967
ISD  19581100
NAM  Gilbert
OCL  223 38
UREF
PNO  2934247
ISD  19600400
NAM  West
OCL  223 38
UREF
PNO  3093275
ISD  19630600
NAM  Silverman
OCL  223 38
LREP
FR2  Linton; Ulle C.
ABST
PAL  The invention provides a cloth forming jig for use with a conventional
      clothing press in the formation of garment parts such as pockets and
      collars in preparation for their being stitched into position. The jig
      broadly comprises a base plate formed with a cut-out corresponding in
      shape to a part to be formed, a forming plate corresponding to said
      cut-out and pivotal in, and out of, said cut-out, and a forming arm or
      arms displaceable on said base plate from a position or positions clear of
      said cut-out to a position or positions overlapping said cut-out.
BSUM
PAR  This invention relates to cloth forming jigs for use in formation of
      garment parts, such for example as pockets, collars and the like (all
      hereinafter for convenience of reference included in the term `pocket`)
      wherein it is desirable to provide the piece of material destined to
      constitute a pocket with a preformed turned over edge, or hem, thereby to
      greatly facilitate the subsequent stitching of the pocket material in
      place.
PAR  Special purpose machines for achieving this purpose are known, but such
      machines are costly to install and maintain, utilise dry electric heat in
      the forming operation, and entail time wasting procedures in changing jigs
      for each different shape and size of workpiece to be treated.
PAR  The present invention has for its object to provide a simple and
      inexpensive hand operable cloth forming jig arranged for use with any
      existing clothing press, preferably a steam press, as conventionally found
      in tailoring establishments.
PAR  According to the invention, and in one mode of embodiment, a cloth forming
      jig broadly comprises a base plate formed with a cut-out of a shape
      corresponding to the shape and size of a pocket to be formed, a forming
      plate corresponding in shape and size with said cut-out of the base plate
      and pivotal from a position clear of said base plate to a position wherein
      it lies substantially co-planar with said base plate within the cut-out,
      and a forming arm or arms displaceable on said base plate from a position
      or positions clear of said cut-out, to a position or positions overlapping
      said cut-out, i.e. extending beyond the margins of the material defining
      said cut-out.
PAR  Said forming plate may be attached to said base plate by means of a hinge
      or hinges the axis or axes whereof extend transversely of the lower part
      of said base plate.
PAR  A pair of forming arms may be provided attached one to each side of the
      upper part of said base plate on pivots the axes whereof are normal to the
      plane of said base plate. Said forming arms may be formed or provided with
      handle parts to facilitate their manipulation. The inner peripheral and
      operative edges of the forming arms may be provided with a plurality of
      apertures or perforations which facilitate the access of heat or/and steam
      to the cloth being formed as hereinafter described.
PAR  The invention is further described with the aid of the accompanying
      drawings which illustrate by way of example only two embodiments.
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PAR  In said drawings:
PAR  FIG. 1 is a plan view of a cloth forming jig according to the invention.
PAR  FIG. 2 is an underneath plan view, and
PAR  FIG. 3 is a section on line III--III of FIG. 1.
DETD
PAR  Referring to said drawings, the numeral 10 denotes a generally rectangular
      base plate, which may be composed of any thermally insulating, heat
      resistant material for example a reinforced plastics material, and which
      is formed with a cut-out 11 which corresponds in shape and size to a
      pocket to be formed. In the present case said cut-out 11 is rectangular
      having rounded corners 12 and is suitable for use in preforming, i.e.
      folding over three edges, of a piece of material intended to be a patch
      pocket.
PAR  Secured transversely of the lower leg pieces 13, 13 of the base plate 10 is
      one leaf of a hinge 14, and to the other leaf of said hinge is secured a
      forming plate 15. Said forming plate 15 corresponds in shape and size with
      suitable clearance with cut-out 11 and is adapted to be moved from a
      position in which it lies flush with the base plate 10 within said cut-out
      11 as shown most clearly in full lines in FIG. 3, to an open position as
      indicated in broken lines in said Figure. Said forming plate 15 may be
      composed of sheet metal provided on its rear end with a heat insulating
      handle 16. Also secured to the fixed leaf of the hinge 14 is a member 17
      of angle section the projecting flange whereof functions as a stop which
      determines the extent to which the jig is to be inserted in a steam press.
      Secured to the underside of the base plate 10 is a stop piece 18 which is
      arranged so as to limit the pivotal movement of the forming plate 15 past
      a position in which it lies co-planar with said base plate 10.
PAR  Pivoted to the upper part of the base plate 10 on axes 20, 21 are two
      cranked forming arms 22, 23 the inner edges 24 whereof are shaped so as to
      correspond generally with the shape of the cut-out 11 of the base plate
      10. Said arms 22, 23 are pivotal from an open position as illustrated by
      the arm 23 in FIG. 1, to a closed position as shown by the arm 22. In
      their closed positions the inner edges 24 of the said arms extend over the
      clearance space which is provided between the edge of the cut-out 11 and
      the periphery of the forming plate 15. Said arms 22, 23 are formed with
      handle portions 25, 26 thereby to facilitate their manipulation in use.
      The inner margins of said arms 22, 23 are formed with a plurality of
      apertures 27. A triangular stop 35 may be fitted to the upper part of base
      plate 10 to limit outward movement of the arms 22, 23, and stops 36 may be
      provided which limit inward movement of said arms. The stops 36 function
      as positioning means for material X to be formed.
PAR  In use, said arms 22, 23 are pivoted to open position, the forming plate 15
      opened to the position shown in dotted lines in FIG. 3, and a piece of
      material X (FIG. 1) to be treated is positioned uniformly across the
      cut-out 11 of base plate 10. The forming plate 15 is then closed whereby
      the margin of the cloth on three sides is upwardly turned as indicated at
      Y. The arms 22, 23 are then closed whereby the cloth margins are turned
      fully over so as to lie flatly against and closely conform to the
      peripheral edges of the forming plate 15 as shown at Z in FIG. 1. The jig
      is then inserted in a conventional steam press (up to the stop 17) for a
      short period of time, removed, the jig opened, and the formed workpiece
      removed from the forming plate 15.
PAR  Experiment has shown that a jig in accordance with the present invention is
      simple to use and effective in operation. Further it has been found to be
      particularly effective in the forming of workpieces to which a thermally
      fusible lining is applied and secured in a single forming operation. This
      provides a more permanent and precise fold due to the lining material
      being allowed to adopt a smaller radius of curve along the line of fold
      before the application of heat. The forming plate 15 may be provided on
      its upper surface with a layer of heat insulating material 28 to
      facilitate its manipulation.
PAR  It is to be understood that, whilst the invention has been herein described
      more particularly in relation to cloth forming jigs for use with
      rectangular patch pockets, its scope is not so restricted inasmuch as jigs
      according to the invention may readily be manufactured for use in the
      forming of cloth pieces generally as used in the clothing industry.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cloth forming jig, comprising a base plate formed with a cut-out, a
      forming plate corresponding in shape and size with said cut-out and
      pivotal from a position clear of said base plate to a position wherein it
      lies substantially co-planar with said base plate within said cut-out,
      hinge means attaching said forming plate to said base plate, said means
      having the axis thereof extending transversely of said base plate and a
      stop being provided on the underside of said base plate arranged to limit
      pivotal movement of said forming plate, and a pair of forming arms
      displaceable on said plate from a position clear of said cut-out to a
      position wherein they extend beyond the margin of said cut-out, and said
      forming arms being attached one to each side of the upper part of said
      base plate on pivots the axes whereof are normal to the plane of said base
      plate.
NUM  2.
PAR  2. A cloth forming jig, as claimed in claim 1 wherein said arms are
      provided with handle parts to facilite their manipulation.
NUM  3.
PAR  3. A cloth forming jig, as claimed in claim 2 wherein said forming arms are
      provided with a plurality of apertures.
NUM  4.
PAR  4. A cloth forming jig, as claimed in claim 3, wherein said base plate is
      composed of a thermally insulating, heat resistant material and said
      forming plate is composed of metal and provided with a thermally
      insulating handle.
NUM  5.
PAR  5. A cloth forming jig, as claimed in claim 4, wherein stops are provided
      on said base plate to limit the extent of the permitted outward and inward
      movement of said forming arms.
NUM  6.
PAR  6. A cloth forming jig, as claimed in claim 5, wherein certain of said
      stops function as positioning means for cloth to be formed by said jig.
NUM  7.
PAR  7. A cloth forming jig, as claimed in claim 6, wherein said base plate is
      provided with a flange on its under surface which determines the extend to
      which the jig is to be inserted in a steam press.
NUM  8.
PAR  8. A cloth forming jig, as claimed in claim 7, wherein the upper surface of
      the forming plate is provided with a layer of thermally insulating
      material.
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ABST
PAL  A device and method for manually everting a cloth or fabric tube where all
      manipulations may be visually monitored. The device comprises an elongated
      hollow body having a convergent passageway entrance at one end thereof and
      a fabric attachment member connected to a handle member adapted to be
      selectively introduced into or removed from the other end of said hollow
      body. The body portion of the tool is preferably cylindrical in
      configuration. The means connecting the handle member and the fabric
      attachment member is arranged within the interior of said hollow body when
      the handle member is introduced into said one end thereof. With the handle
      member so arranged, the fabric attachment means engages the open end of
      the cloth tube. The tube may then be everted by moving the handle
      outwardly from the hollow body, thereby pulling the end of the tube into
      the convergent passageway entrance. This causes the fabric tube to gather
      and move upwardly through the hollow body. The fabric attachment means is
      then removed from the fabric and the open end of the gathered tube is
      spread over and pulled down around the outside of the hollow body while
      the remaining portion of the tube is automatically pulled through the
      cylindrical body until the entire cloth tube is reversed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of cloth or fabric handling tools and
      is more particularly concerned with tools for everting tubes of cloth or
      fabric material.
PAR  2. Description of the Prior Art
PAR  It is often required in applications utilizing fabric or cloth, such as the
      clothing industry or other industries which manufacture covering
      materials, to assemble various pieces of material in final form with the
      inside turned outwardly. Long, thin pieces of cloth that have been sewn
      wrong side out are commonly called tubes. After these tubes are reversed,
      they are used as belts or ties, as parts of wearing apparel, and
      particularly dresses, shirts or blouses. By everting them, all seams
      between adjacent pieces are hidden from view when the finished item is
      everted to place the correct side or finished surface on the outside.
PAR  While there are both manual and automated tools available for everting
      fabric tubes or tubing, their use is often difficult and frustrating to
      the operator. Heretofore it has been difficult to evert long tubes of
      flexible material, particularly where the diameter of the tube was small.
      It has been noted that the problem is significant in the manufacturing of
      piping such as that found along the seams of upholstery and in other areas
      including the manufacture of fabric covered belts or decorative, stuffed
      lacing. A significant shortcoming in utilizing prior art devices is that
      it is necessary to insert the device into the interior of the fabric tube
      and make a mechanical connection to the fabric from inside the tube, and
      often at the closed end thereof. Since the operator is unable to see what
      is being done, the operation must be accomplished by a sense of touch,
      which is difficult and time-consuming. Furthermore, the quality of the
      finished product may be compromised as the result of the device poking too
      many holes in the material while attempting to make a satisfactory
      attachment, since the operator cannot observe the critical aspect of this
      manipulation.
PAR  The problem of everting cloth tubes is not new and a number of prior art
      devices are known. The most common of these is the bodkin which is defined
      as a large blunt needle, long hair pin, or pointed tool for making holes.
      Other devices have been patented such as those disclosed in U.S. Pat. Nos.
      2,156,339; 2,626,090; and 3,643,840 which disclose several examples of
      devices which facilitate the reversal of cloth tubes. In U.S. Pat. No.
      2,156,339, the fabric to be everted is pierced by a hook projecting from
      one end of a cylindrical member. Once engaged by the hook, the tube can be
      everted by sliding the tube off the end of the cylindrical member where
      the end of the fabric tube is hooked. In U.S. Pat. No. 2,626,090, the
      fabric tube is clamped between a pair of grips at the end of a cylindrical
      member while the fabric tube is slid off the cylindrical member as in
      patent '339. In U.S. Pat. No. 3,643,840, the cloth tube is arranged around
      the outer diameter of a cylindrical member and fabric engagement means
      pulls the cloth tube partially into the cylindrical tool. The cloth tube
      is reversed by pulling it off of the tool. In each of these prior art
      devices, the everting tool connecting means is arranged within the cloth
      tube, thereby hiding from sight the step of fabric attachment.
      Furthermore, utilization of the prior art tools to evert cloth tubes is
      made increasingly difficult as the diameter of the cloth tubes is made
      smaller, or the fabric selected is of a harder or less flexible material.
PAC  SUMMARY OF THE INVENTION
PAR  The tube everting device of the present invention is comprised of an
      elongated hollow body member, preferably of cylindrical shape, having a
      convergent passageway entrance at one end thereof and a fabric or cloth
      attachment member connected to a handle member which is adapted to be
      selectively introduced into or removed from the other end of said hollow
      body. The handle is joined to the fabric attachment member by a connecting
      means which is arranged within the interior of said hollow body when the
      handle member is introduced within said one end thereof. The fabric
      attachment member is adapted to freely move within and from the interior
      passageway of said hollow body to the exterior at either end thereof, and
      can take numerous forms such as that of a hook, or a bodkin of the type
      shown in U.S. Pat. No. 1,747,436. In the method of operation, the cloth or
      fabric tube is engaged by the fabric attachment member extending outwardly
      of the hollow body from the end having a convergent passageway entrance.
      The engagement of the fabric by the fabric attachment member is
      consummated exteriorly of the cylindrical body, in full view of the
      operator. While holding the body of the tool in one hand, the operator
      then grasps the handle member with the other, pulling the cloth tube into
      the tool body passageway by pulling the handle member outwardly away from
      the tool body. The cloth tube gathers as it enters the hollow tool body
      through the convergent entrance, and is in a gathered condition as it
      emerges from the opposite end. The fabric attachment means is removed from
      the cloth tube which is then spread downwardly over the open end of the
      hollow tool. The cloth tube is then pulled downwardly over the outside of
      the tool body until the entire tube is reversed, whereupon the tool body
      is removed from inside the everted cloth tube.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel cloth tube everting device and method of the present invention,
      together with their numerous objects and advantages will be better
      understood and described by reference to the following drawings in which
      the same elements bear the same reference numerals throughout the several
      figures.
PAR  FIG. 1 shows the novel tube everting device in a side perspective view
      showing its relationship to a tube of fabric;
PAR  FIG. 1A is a bottom plan view of the device along section line A--A of FIG.
      1, illustrating the convergent passageway entrance at one end of the
      device;
PAR  FIG. 1B is a sectional view of the device of the present invention taken
      along line B--B of FIG. 1A showing the convergent passageway entrance;
PAR  FIG. 2A is a sectional view of an alternate convergent passageway entrance;
PAR  FIG. 2B is yet another variation of a cylindrical tool having a convergent
      passageway entrance;
PAR  FIG. 3 is a side plan view showing the entrance and emergence of the
      gathered fabric tube from the hollow tool body as the handle is drawn
      upwardly; and
PAR  FIG. 4 is a side plan view showing the fabric tube as it emerges from the
      device with the tube of fabric slipped over the tool body and partially
      reversed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The novel everting device 10 of the present invention and a tubular sleeve
      24 of fabric material as shown in FIGS. 1, 3 and 4. The everting device,
      generally designated 10, basically comprises an elongated hollow tool body
      member 12 with an interior passageway 18 having a convergent entrance 14
      at one end thereof. A fabric attachment member 16, adapted to freely move
      within the interior passageway 18 of said body member 12 to the exterior
      at either end of said body member 12, and which may be in the form of a
      hook or bodkin or the like, is connected to a handle member 20 by a
      connecting means 22. The handle member 20 is adapted to be selectively
      introduced into or removed from the end 13 of the hollow tool body 12
      opposite the convergent entrance 14. When the handle member 20 is
      introduced into the body member 12, the connecting means 22 is arranged
      within the interior of said tool body 12, thereby extending the fabric
      attachment member 16 outwardly through the convergent entrance 14 for
      engagement with the fabric tube 24. The configuration of the handle 20,
      connecting means 22, and fabric attachment member 16, are sometimes
      hereinafter referred to as the fabric pulling assembly 19. The fabric tube
      24 shown in the drawing is held in tubular configuration by means of
      stitching 26 extending longitudinally along one side of the tube 24 and
      laterally at the end, although the present invention is equally operative
      where the cloth or fabric tube 24 is stitched only in a longitudinal
      direction, and has both ends open. If desired, the tube could also be of a
      material that had been heated along the seam or seams and bonded to bring
      about a tubular configuration.
PAR  In the embodiment illustrated in FIGS. 1 and 3, the handle member 20 is
      shown with a fitting appendage 21 in the form of a tapered lower portion
      so that the handle 20 is adapted to be selectively engaged in snug-fitting
      relationship, or disengaged, from the end 13 of the body 12 opposite the
      convergent passageway entrance 14. An advantage of such snug-fitting
      relationship is that the handle 20 and corresponding body member 12 can be
      assembled in a unitary structure such as when laid aside on a work bench
      or when packaged for sales display or shipment. Another advantage of a
      unitary structure is that when manipulating an assembled small tool 10 or
      working with a stiff fabric, the operator may grasp the cylindrical body
      12 during the operation of joining the fabric attachment member 16 to the
      fabric tube 24, which might provide better control than simply grasping
      the handle member 20. It is not critical that the handle 20 be
      snug-fitting, however. It may be desirable to package or utilize more than
      one tool body 12 with a particular handle member 20 which may or may not
      be snug-fitting with respect to one or more of the tool bodies, depending
      upon the presence or absence, and configuration and dimensions of a
      fitting appendage 21.
PAR  The elongated cylindrical body 12 in the preferred embodiment has a
      circular cross-section, however, other sectional shapes may be employed
      with equal facility so long as the wall thickness is adequate to prevent
      collapse of the wall under normal use contemplated for the everting
      device. The particular material from which the body member 12 is
      constructed may be either a metal, a plastic, or a fiber-reinforced
      composite or the like.
PAR  A particular feature of the present invention is the convergent or flared
      passageway entrance 14 at the end of the tool body member 12, as shown in
      FIGS. 1, 1A and 1B. The purpose of the convergent entrance 14 is to
      facilitate and maintain the bunching or gathering of the fabric as the
      cloth tube 24 enters and is drawn through the interior 18 of the tool body
      12. The gathered condition of the fabric tube 24 eases the operation of
      folding it back and downwardly along the body 12 as it emerges from the
      end 13. It has been found more difficult to evert fabric tubes 24 without
      the flare 14, particularly when the harder, less flexible fabrics are
      utilized. In comparative tests, up to double the force has been required
      to pull fabric tubes through an unflared body as to pull fabric tubes
      through a flared end body, the additional amount of force required being a
      function of the flexibility and type of fabric utilized as well as the
      surface or applique thereof.
PAR  It has been found that with the flared embodiment illustrated in the
      figures, the elongated hollow body member 12 should be provided with a
      convergent passageway entrance 14 having a flare angle .theta. of from
      about 15.degree. to about 45.degree. and with the flare diameter 28 being
      from about 1.2 to 1.8 times the outside diameter 30 of the unflared
      cylindrical portion of the body member 12. Preferably, the flare angle
      .theta. should be between about 30.degree. to about 38.degree..
PAR  FIGS. 2A and 2B show alternate convergent entrance passageways 14. The
      embodiment in FIG. 2A shows a land portion 32 between the outer diameter
      30 of the hollow body member 12 before the wall begins to converge
      inwardly to form the convergent entrance 14 to the interior passageway 18,
      whereas FIG. 2B shows an embodiment wherein the outer wall of the body
      member 12 commences an inward convergence immediately to form the
      convergent entrance 14 to the interior passageway 18 of the hollow body
      member 12. In both embodiments the flare angle should be from about
      15.degree. to about 45.degree., preferably being from about 30.degree. to
      about 38.degree..
PAR  In the method of operation, the fabric attachment member 16 is passed
      through the interior 18 of the tool body 12 by introducing the handle 20
      into the end 13 of the body 12 until the fabric attachment member 16
      extends outwardly of the tool body 12 at the other end. The fabric
      attachment member 16 is secured to the fabric tube 24 near the open end 25
      in full view of the operator. The operator then holds the body member 12
      in one hand, grasping the handle 20 with the other and pulls the fabric
      tube 24 into the interior passageway 18 of the hollow body member 12
      through the entrance 14. As shown in FIG. 3, the material 24 is pulled up
      inside the body 12 through the interior passageway 18 to emerge at the end
      13 therefrom, and the fabric attachment member 16 can be removed from the
      material as shown in FIG. 4. The fabric pulling assembly 19, (comprising
      handle 20, connecting means 22 and fabric attachment member 16) may be
      laid aside. As further shown in FIG. 4 the open end 25 of the fabric tube
      24 is spread over the open end 13 of the tool body 12 and pulled
      downwardly over the outside of the body until the entire fabric tube 24 is
      reversed with the pattern showing on the outside surface thereof. The tool
      body 12 may then be removed from inside the fabric tube 24 and the tool 10
      reassembled for reuse.
PAR  What has been disclosed is a novel and unusual tool which may be utilized
      in a novel method for eversion of a fabric tube wherein the operation of
      mechanical connection of the tool to the fabric is completely visible.
      While the process has been described in terms of a manual operation, it
      can obviously be automated. Furthermore, when a convergent entrance
      passageway is utilized, the material is readily gathered or bunched as it
      is brought up through the tool and the gathering maintained, thereby
      easing the reversal operation for smaller diameter fabric tubes and those
      made of less flexible fabrics.
PAR  It is contemplated that the tool of the present invention would be provided
      to users in a plurality of different sizes, the handle members 20 and the
      body members 12 being of an identical color for a particular size. Such
      color coding would make for easy size identification and also matching the
      proper handle with body when a plurality of tools are utilized at the same
      time. Furthermore, the body member 12 could be made of a transparent
      material, although this is not necessary. Another possibility is to
      provide the present invention in a combination where a single fabric
      pulling assembly 19 is utilized with more than one body member 12 of
      differing diameters 30, which may be stacked, one within another on a
      display board, or in storage, to conserve space.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for everting a tube of fabric comprising: an elongated hollow
      body member; a handle member adapted to be selectively introduced into, or
      removed from, the immediate vicinity of a first end of said hollow body
      member; a fabric attachment member adapted to freely pass within the
      interior of said hollow body to the exterior thereof at either the first
      or other end of said body member; and means connecting said handle member
      to said fabric attachment member; said fabric attachment member being
      further adapted to extend outwardly from the other end of said hollow body
      member after passing through the interior of said hollow body member as
      the handle member is introduced into the immediate vicinity of said first
      end of said hollow body member, and to freely pass, in the opposite
      direction, within the interior of said hollow body member to the exterior
      thereof at said first end after attachment to a tube of fabric, with said
      tube of fabric attached thereto.
NUM  2.
PAR  2. A device as described in claim 1 wherein said hollow body member is
      generally cylindrical in form.
NUM  3.
PAR  3. A device as described in claim 1 wherein said hollow body member is
      circular in cross-section.
NUM  4.
PAR  4. A device as described in claim 1 wherein said hollow body member has a
      convergent passageway entrance at the other end thereof.
NUM  5.
PAR  5. A device as described in claim 4 wherein said convergent entrance is in
      the shape of a flare having a flare angle between about 15.degree. to
      about 45.degree..
NUM  6.
PAR  6. A device as described in claim 4 wherein said convergent entrance is in
      the shape of a flare having a flare angle between about 30.degree. to
      about 38.degree..
NUM  7.
PAR  7. A device as described in claim 4 wherein said convergent entrance is in
      the shape of a flare and the flare diameter is from 1.2 to 1.8 times the
      diameter of the outer diameter of the unflared portion of said hollow body
      member.
NUM  8.
PAR  8. A device as described in claim 4 wherein said convergent passageway
      entrance comprises a uniform gradual inward taper from the outer periphery
      of said hollow body member to the hollow interior thereof.
NUM  9.
PAR  9. A tool as described in claim 4 wherein the convergent passageway
      entrance comprises a uniform gradual inward taper from a point inwardly
      offset from the outer periphery of said elongated hollow body member to
      the hollow interior thereof.
NUM  10.
PAR  10. A device as described in claim 1 wherein the handle member is adapted
      to be selectively engaged in snug-fitting relationship into, or disengaged
      from said first end of said hollow body member.
NUM  11.
PAR  11. A device as described in claim 1, and in addition, a fitting appendage
      arranged on said handle member whereby the handle member may be
      selectively engaged in snug-fitting relationship into, or disengaged from
      said first end of said hollow body member.
NUM  12.
PAR  12. A device as described in claim 1, and in addition, a plurality of
      additional elongated hollow body members.
NUM  13.
PAR  13. The combination of claim 12 wherein each of said body members is of a
      different diameter.
NUM  14.
PAR  14. The combination of claim 13 wherein each of said body members is of a
      sufficiently different diameter so that a portion of the body member of at
      least some of them may successively nest, one within another.
NUM  15.
PAR  15. A plurality of devices as described in claim 1, said devices being of
      different sizes, wherein handle members adapted for introduction into
      corresponding body members are of the same color as at least some of the
      corresponding body members, but of a different color from other handle
      members, to provide ready size identification and ease of matching handle
      members with body members with which they are to be associated.
NUM  16.
PAR  16. The method of turning or reversing tubular fabric articles exemplified
      by belts, neckties and the like, with the assistance of a tool comprising
      an elongated hollow body member, a handle member adapted to be selectively
      introduced into, or removed from the vicinity of a first end thereof, a
      fabric attachment means, and means connecting said handle member to said
      fabric attachment means, which method comprises passing the fabric
      attachment means through the interior of said hollow body member in a
      first direction to extend outwardly therefrom by introducing the handle
      member into the immediate vicinity of said first end of said body member,
      securing said fabric attachment means to said tubular fabric article to be
      turned, and drawing said tubular fabric article interiorly into said
      hollow body member by moving the handle member outwardly from the body
      member in the opposite direction until said tubular fabric article extends
      exteriorly from said first end of said body member; removing the fabric
      attachment means from securement to the tubular fabric article; and
      completing the turning of the tubular fabric article by pulling the
      tubular fabric article in said first direction along the outer surface of
      the body member until the tubular fabric article is completely reversed;
      and then removing the tubular fabric article from the outer surface of
      said body member.
NUM  17.
PAR  17. The method of claim 16 wherein the hollow body member is cylindrical in
      configuration and has a flared portion at the end where the tubular fabric
      article is drawn interiorly.
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ABST
PAL  A garment hanger includes a wire frame formed into a lower member, a pair
      of upper members and an intermediate hook. The lower member is provided
      with upwardly extending lugs spaced to accommodate the waistband loops of
      pairs of trousers of various sizes so that the trousers can be suspended
      from the hanger and conveyed through laundering apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved garment hanger for supporting
      trousers during laundering.
PAR  Conventional methods of laundering garments require that the garment be
      suspended from a hanger while it is passed through the washing and drying
      zones of the laundering system. The laundering apparatus is somewhat
      similar to automatic car wash systems and works most efficiently when the
      garments are suspended in such a manner that folding, which produces
      overlapping of the fabric, is substantially eliminated. In this way the
      detergent spray used can reach all portions of the garment during the
      cleaning process.
PAR  The suspension of trousers provides a particular problem because of the
      difficulty of finding a hanger which is capable of solving the fold
      problem and is adapted to suit trousers of various sizes, but is yet
      inexpensive to manufacture. It will be particularly appreciated that it is
      exceedingly important for the hanger to be adapted so that the trousers
      can be hung thereon, preferably from the waistband, with a minimum of
      delay: obviously, therefore, it is necessary to provide a hanger which
      does not require relative movement of its parts before the trousers can be
      hung. In addition, it is important to provide a hanger which is strongly
      constructed.
PAR  Conventional hangers, formed into an open frame are relatively strong.
      unfortunately, they are quite unsuitable for laundering purposes because
      the trousers must be folded. This is a time consuming process and moreover
      results in four plies of material.
PAR  Hangers have been devised having a cantilevered lower arm which cuts down
      the hanging time to some extent but results in a relatively weak hanger.
PAR  Other attempts have also been made to solve this combination of problems.
      For example, U.S. Pat. No. 2,288,551 discloses a hanger which is
      relatively simply constructed to provide twin longitudinal arms which
      slidingly receive the waistband loops. However, these arms must be
      interlocked at their ends by the operator. U.S. Pat. No. 2,496,088
      discloses a hanger having end hooks which carry trousers by engaging the
      waistband loops. However, the hanger is quite complicated and adjustment
      of the hook spacing must be made by relative movement of hanger parts.
      U.S. Pat. No. 2,692,711 discloses a hanger which aims at suspending
      trousers by the waistband loops. However, although there are no moving
      parts on this hanger the trousers must be installed in at least two steps
      which is time consuming for the operator.
PAR  The present hanger solves these and related problems in a manner not
      disclosed in the known art.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important object of this invention to provide a garment hanger
      which can readily support trousers of various waistband sizes by utilizing
      the waistband loops and which does not utilize relatively moving hanger
      parts.
PAR  Another important object is to provide a hanger from which trousers can be
      suspended with the waistband uppermost with a minimum of movement on the
      part of the operator.
PAR  An important object of this invention is to provide a hanger which includes
      a substantially peripheral open frame and an intermediate hook formed from
      a single length of wire, the frame including a lower member, and to
      provide a plurality of upwardly projecting elements integrally formed with
      the lower member and disposed in spaced relation on each side of said
      hook.
PAR  Another object is to form the projecting elements from relatively short
      wire lengths of the same diameter as the frame which are welded to the
      lower frame portion said lengths being disposed in a different plane from
      the open frame.
PAR  Another object is to provide the projecting elements which are spaced in
      mirror image of each other relative to the midpoint of the lower frame
      member and to provide at least three elements on each side of said
      midpoint disposed at different spaced intervals from each other.
PAR  It is an object to provide a garment hanger of greatly simplified
      construction which can be inexpensively manufactured and easily used by
      anyone.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevational view of the garment hanger;
PAR  FIG. 2 is a sectional plan view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a perspective view from the front showing the hanger in use; and
PAR  FIG. 4 is a similar view from the rear.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now by characters of reference to the drawing and first to FIGS.
      1 and 3, it will be understood that the garment hanger, which is generally
      indicated by numeral 10, is adapted to hang a pair of trousers 20 in an
      upright position in such a manner that the trousers can be passed by a
      conveyor (not shown) through a washing and drying process.
PAR  The hanger 10 includes an open frame 11 formed from a single length of wire
      and providing a lower member 12, side members 13 and inwardly directed
      upper members 14 having ends which are intertwined 15 and formed into a
      hook 16. Importantly, the hanger lower member 12 is provided with a
      plurality of vertical lugs 17, 18 and 19 constituting upwardly projecting
      elements. In the preferred embodiment said elements are provided by
      relatively short lengths of the same diameter wire as the frame 11 and are
      integrally constructed with said lower member 12 by being welded to the
      front face thereof. This structural arrangement of parts provides that the
      lugs are, as shown in FIG. 2, disposed in a different plane from said open
      wire frame 11.
PAR  The use of the hanger 10 is clearly shown by reference to FIGS. 3 and 4,
      which illustrate the front and rear views respectively of the hanger 10
      carrying a pair of trousers 20. The trousers 20 are conventional in that
      they include a waistband 21 having a plurality of belt loops attached
      thereto, namely front loops 23, side loops 24 and rear loops 25. Said
      loops 23-25 are spaced about the waistband 21 in substantially symmetrical
      relation relative to the fly overlap 22. The side loops 24 are used to
      hang the trousers 20 over the hanger lugs having a spacing most closely
      corresponding to the spacing of said loops 24 when the fly overlap 22 is
      closed. In order for the trousers 20 to hang properly during the
      laundering process it is desirable that one portion of the waistband 21 be
      taut to minimize folding. In the embodiment shown the distance between the
      loops 24 on waistband 21 at the front of the trousers 20 is somewhat less
      than the distance between loops 24 at the rear. Thus, the trousers 20 are
      hung with the front portion 26 taut and the rear portion 27 relatively
      slack. This arrangement avoids overlapping of the fabric and permits the
      cleaning detergent to be directed into the interior of the trousers 20.
PAR  It will be readily understood that the hanger lugs 17-19 provide a means by
      which the trousers can be hung in a single movement by the operator
      without loss of time. This is achieved by simply holding the trousers by
      loops 24, with the front portion of the waistband taut, and placing the
      loops over the lugs most nearly corresponding in spacing to the loops 24.
      The spacing between lugs 17 and 18, in the preferred embodiment, is
      different from that between lugs 18 and 19, which permits a greater
      adjustment potential than would otherwise be possible, it being not
      essential that the weight of the trousers be distributed exactly evenly on
      the hanger 10. Thus, a relatively small number of lugs can accommodate a
      fairly wide range of different trouser size. Further, the welding of the
      lugs 17 through 20 to the front face of the lower member 12 renders the
      emplacement of the loops easier by positioning said lugs forwardly of the
      frame 11.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A garment hanger for hanging trousers from the waistband loops said
      hanger comprising:
PA1  a. a substantially peripheral frame including a lower member and opposed
      upper members, formed from a single length of wire said lower member being
      substantially straight,
PA1  b. a hook integrally formed with said upper members,
PA1  c. a plurality of upwardly projecting elements welded to the face of said
      lower frame member and disposed in spaced relation on each side of said
      hook for receiving selected waistband loops,
PA1  d. said projecting elements being independently formed from single,
      straight wire lengths of the same diameter as said frame, and
PA1  e. said projecting elements being disposed in a plane parallel to the plane
      of said frame and said projecting elements being spaced in mirror image of
      each other relative to the midpoint of the lower frame member and
      including at least three elements on each side disposed at different
      intervals.
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ABST
PAL  A bicycle toolbox attachment including a split sleeve which is secured to
      the bicycle frame and which includes adaptors providing slotted bores into
      which split pins cantelevered from the toolbox are insertable. The pins
      include an oversized cap on one end and a lip projecting from the split
      end, the cap and lip engaging the distal surfaces of the adaptors when the
      pins are inserted therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to detachable toolboxes, and more
      particularly to a bicycle frame mounted toolboxes adapted for convenient
      removal.
PAR  2. Description of the Prior Art:
PAR  Toolboxes adapted for attachment to a bicycle frame have been known in the
      past. Generally, the size of such toolboxes is relatively small since the
      number of tools necessary to maintain a bicycle is also small, and
      attachment thereof can be conveniently made at any selected frame location
      of the bicycle. Since bicycles generally include few spring suspension
      devices attachment to the frame exposes the toolbox to relatively large
      levels of vibration. Accordingly, in the prior art relatively complex
      structures were required in order to secure the toolbox to the frame and
      to furthermore deaden or attenuate the impact of the tools against the
      container.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is the general purpose and object of the present invention
      to provide a detachable bicycle frame toolbox which is conveniently
      mounted on a bicycle frame and which furthermore by virtue of its mounting
      structure reduces or attenuates the high frequency components of a road
      shock. Other objects of the invention are to provide a bicycle frame
      mounted toolbox which includes few parts and which can be arranged in any
      convenient orientation relative its mounting.
PAR  Further objects of the invention are to provide a bicycle frame mounted
      toolbox which comprises a plastic structure shaped to accommodate both a
      releasable mounting and shock attenuation by virtue of its configuration.
PAR  These and other objects are accomplished within the present invention by
      providing a cylindrical split mounting sleeve hinged along one peripheral
      axis for opening, to receive on the interior thereof any selected frame
      segment of the bicycle. Disposed along one peripheral surface of the split
      mounting sleeve are two split adapters, each including a transverse bore
      on the interior thereof communicating across a transverse slot to the
      distally opposed surface thereof. The split sleeve is secured to the
      bicycle frame following receipt of the frame on the interior by a
      conventional clamp and the split adapters respectively receive, within the
      corresponding bores thereof, corresponding split mounting pins which in
      turn are attached to corresponding radial web structures adapted to pass
      to the exterior of the adapters. The distal ends of the radial webs in
      turn terminate in nut retaining truss fixtures, each including a
      nut-receiving cavity at the juncture between the fixture and the radial
      web, such nut-receiving cavities being closed at the extreme distal
      surfaces by base planes each including a bolt hole aligned with the
      received nut. The toolbox is then drilled at appropriate locations to
      permit passage of a bolt through the toolbox wall and through the bolt
      holes in the fixture, such bolt then engaging the nut received in the
      nut-receiving cavities. In order to provide additional structural rigidity
      to the mounting interface between the fixture and the toolbox, the distal
      exterior faces of the fixture include further exteriorally projecting
      dimples or domes, such dimples being compressed into the surface of the
      toolbox upon torquing of the bolt into corresponding nuts. The split pins
      are retained in the transverse bores following insertion by an oversized
      cap on one end thereof and an exteriorally projecting lip on the other end
      of one of the split sections thereof. The lip extends from the peripheral
      distal edge of one section of the pin, such section of the cylinder being
      separated from the rest of the cylinder by a longitudinal slot. The
      cylinder is thus deformable by closing the slot gap splitting a segment
      thereof to permit insertion and removal thereof within the transverse
      bore.
PAR  In this manner, a positively secured detachable mounting fixture is formed
      which furthermore by virtue of its construction provides a structural
      interface secured in friction to thus attenuate the fundamental modes of
      motion and which furthermore by virtue of its structure provides a
      relatively low fundamental mode of resonance, thus damping or attenuating
      most of the passed components of road shock.
PAR  The toolbox itself is similarly constructed from plastic and includes a
      hinged lid secured pivotally along one longitudinal edge thereof to the
      toolbox itself and closed at the other peripheries by hinge flaps
      respectively engaging in interference fit corresponding conical
      projections joined to the walls of the toolbox across reduced diameter
      sections.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective illustration of a toolbox attached to a frame
      segment, such toolbox being secured in position by attachment devices
      constructed according to the present invention;
PAR  FIG. 2 is a cross sectional view of one attachment device constructed
      according to the present invention;
PAR  FIG. 3 is a plan view of the exterior joining face of one such inventive
      device;
PAR  FIG. 4 is a side view of one section of the toolbox illustrating an
      inventive closure device; and
PAR  FIG. 5 is a sectional view taken along Line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENT
PAR  While particular reference in this disclosure is made to a toolbox, such is
      made only for reason of description and is not intended to limit the scope
      thereof and other utility for the inventively attached container is
      contemplated within the scope of the present description.
PAR  As shown in FIG. 1, the inventive toolbox is designated generally by the
      numeral 10 and includes a split mounting sleeve 11 cast from a material
      like plastic and including an interior central bore substantially
      conformed to the typical exterior dimensions of a frame segment 12 of any
      conventional bicycle (not shown). In order to allow opening articulation
      of the sleeve 11 for receipt on the interior thereof of the frame segment,
      the tubular mount is also slotted longitudinally on the diametrically
      opposite periphery and connected to form an integral unit structure by a
      plurality of plastic strap hinges 13, as shown in FIG. 2. When placed in
      position, the sleeve 11 is secured to the frame segment 12 by a
      surrounding hose clamp 14 in a conventional manner.
PAR  The split sleeve 11 further includes on the exterior periphery thereof two
      radially extending adapters respectively designated 15 and 16, such
      adapters being aligned along one longitudinal axis of the periphery.
      Adapters 15 and 16 project outwardly from the exterior peripheral surface
      of sleeve 11 on the interior thereof in the manner of a cube and include
      across the longitudinal plane of the sleeve corresponding bores 17 and 18
      transversely aligned to communicate across the lateral surfaces of the
      adapters. Such bores are therefore aligned in the direction orthogonal to
      the central axis of sleeve 11. As shown in FIGS. 1 and 2, the adapters 15
      and 16 further include transverse slots 19 and 20 respectively, again
      extending across the width thereof in planes common to the central axis of
      the transverse bores to provide a communicating path between the interior
      of the corresponding bores 17 and 18 and the distally exterior surface of
      the adapters.
PAR  As shown with particularity in FIG. 2, each adapter receives within the
      corresponding bores 17 and 18 and slots 19 and 20 a mounting fixture
      generally designated as fixture 25. Fixture 25 comprises a cylindrical pin
      26 conformed on the exterior to the interior dimensions of the
      corresponding bores 17 and 18, pin 26 extending beyond the longitudinal
      dimensions of the bores. Extending radially from the pin 26 is a web
      member 28 which at the free end terminates in a nut receiving assembly 29.
      The nut-receiving assembly 29 is generally formed in the manner of a truss
      having attached thereto in cantilever the other end of the radially
      projecting web member 28 and including a base plate 31 joined by two
      longitudinal truss sections 32 to the longitudinal edges of the web member
      28. In this manner, an interior cavity 33 is formed between the truss
      sections 32 which is conveniently sized to the minimum exterior dimensions
      of a nut 34. The base plate 31 therefore provides the abutting structure
      against which a toolbox 35 is secured by way of a securing bolt 36 which
      passes through a bolt hole 37 formed in the wall of the toolbox 35 and
      through a corresponding bore 38 through the base plate 31 to the interior
      of cavity 33 wherein it engages the nut 34.
PAR  In order to provide further securing of the fixture 25 against the exterior
      wall of the toolbox, the distally exterior surface of base plate 31 is
      provided with exteriorally projecting domes or deformations 39. These
      deformations are compressed against or into the wall structure of the
      toolbox 35 upon application of torque to the bolt 36. In this manner, the
      fixture 25 is secured both in beam and in shear to the wall of the
      toolbox. Pins 26 are diametrically split by a slot 21 in a plane
      orthogonal to web member 28 over one end section thereof and are
      longitudinally retained within the corresponding bores by an oversized end
      cap 24 on one end and a projecting lip 23 extending from the free edge of
      the split section
PAR  In order to facilitate a convenient closure of the toolbox itself, as shown
      in FIGS. 4 and 5, the toolbox is formed with a cover 45 hinged along one
      longitudinal edge from a wall of the toolbox. The free end of the cover 45
      includes a flexibly connected flap 47 having a circular opening 48 formed
      to engage a correspondingly located conical projection 49 extending across
      a reduced diameter segment 49 (a) from the toolbox. The conical projection
      49 tapers from an exteriorally projecting apex to a circular ridge 51
      which is conformed to be received in interference fit within the circular
      hole 48. Thus the circular dimensions of the hole 48 is sized for
      interference fit with the maximum radial dimension of projection 49 to
      provide a positive lock by which the toolbox is maintained closed. When it
      is required that the toolbox be opened, the flexibly mounted flap 47 is
      pulled outwardly against the circular ridge 51 and is deformed thereacross
      to effect a release.
PAR  In operation, the inventive toolbox mounting fixture can be assembled in
      any of a number of arrangements. More specifically, a particular
      arrangement of toolbox 35 relative fixtures 25 can be achieved by simply
      selecting the drilling location of bolt holes 37. Once both holes 37 are
      appropriately drilled, the bolts 36 are inserted therein to engage the
      corresponding nuts 34 which are held in place within the cavities 33. By
      applying sufficient torque to deform the wall of the toolbox by the domes
      39, a secure joint is made by which the web member 28 is cantelevered from
      the toolbox. The respective split pins 26 are then in position for
      insertion within the corresponding bores 17 and 18 formed in adapters 15
      and 16. Pins 26 are secured longitudinally by the end cap 24 which is
      larger than the interior dimensions of the corresponding bore, and
      similarly at the other end one peripheral edge of the slotted sections of
      the split pin 26 is formed with a semicircle projection 23, which is sized
      to extend to a dimension less than the gap dimension of slot 27 such that
      upon deformation of the slot to a closed position, insertion of the split
      pin within the appropriate bore can be achieved. When insertion is fully
      completed, the projecting lip 23 is free to spring outwardly to securely
      lock the split cylinder within the interior of the bore.
PAR  It is to be noted that an additional benefit of this structure is the
      compound beam form of the fixtures 25. More particularly, one end of the
      fixture 25 is secured by friction within the corresponding bores and is
      thus relatively free to bend on the exterior of the slots 19 and 20. Slots
      19 and 20 being slightly larger than the dimensions of the web structure
      received therein permit a certain degree of articulation of the split
      cylinders within the corresponding bores. Accordingly, much of the
      vibrational motions are exerted on the interior walls of the bores by way
      of frictional engagement. Thus, a self-damping structure is provided by
      which any normal modes of vibration of the box mount combination are
      quickly damped out. In addition, the end fixity of the web structure 28 is
      relatively flexible in the attachment points with the vertical truss
      members 32. Accordingly, a relatively low spring coefficient is obtained
      which, in combination with the relatively large mass of the toolbox,
      produces a relatively low fundamental frequency of motion of the box
      relative the frame. In this manner, the high frequency components of road
      shock which pass through the bicycle to the frame attachment point are
      taken out both by friction and attenuation within the inventive mounting
      structure.
PAR  Obviously, many modifications and variations of the present invention may
      be made with regard to the foregoing detailed description without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A selectively attached container adapted for installation on a bicycle
      frame, comprising:
PA1  a split sleeve conformed to receive on the interior thereof a segment of
      said bicycle frame;
PA1  securing means for compressing said split sleeve onto said frame;
PA1  adapter means disposed on the exterior peripheral surface of said split
      sleeve including a bore aligned transversely to said sleeve and a slot
      communicating between said bore and the exterior of said adapter means;
PA1  mounting means securable to said container, including a base member
      attachable to said container, a projecting element cantalevered from said
      base member and split pin formed on the free end of said projecting
      element, said element and said pin being conformed for receipt within said
      slot and bore respectively, said mounting means further including a nut
      receiving cavity formed in the juncture of said projecting element and
      said base member, a nut received within said cavity, a first bolt hole
      formed in said base member in alignment with said nut, a second bolt hole
      formed in said container in alignment with said first bolt hole, and a
      bolt inserted through said first and second nut holes to engage said nut
      and said pin includes a slot extending longitudinally across an end
      segment thereof, an end cap on the other end thereof, and a projecting lip
      extending from the free edge of the bolted end of said pin, the projecting
      dimensions of said lip being less than the gap dimensions of said slot.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said container includes a hinged
      cover, said cover including hinged flaps on the free edges thereof, cones
      formed on said container in opposition to said flaps and securing holes
      formed in said flaps to engage said cones.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said cones include exteriorly
      projecting ridges of a dimension greater than said securing holes.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said container, split sleeve,
      adapter means and mounting means are made of plastic material.
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ABST
PAL  Yarn is fed pneumatically through a flexible tube having a delivery end
      which oscillates transversely over a conveyor. The yarn leaving the
      delivery end of the tube strikes a transverse deflector and is deposited
      randomly and without tension to form a web on a conveyor belt. The web is
      then printed and the printed yarn subsequently collected.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the formation of a yarn web on a conveyor, and in
      particular to the formation of such a web in a printing installation, in
      which the web passes through a printing head, then through a heat
      treatment zone for fixing the dyestuff.
PAR  A particular aim of the invention is the formation of a web, well suited
      for carrying out the various treatments to which it must be subjected.
PAR  Another aim of the invention is to provide for easy recovery of the yarn on
      completion of the operations carried out on the web.
PAR  The invention is also aimed at avoiding, during application of the print,
      the formation of "images" or patterns on the fibre, i.e. the avoidance of
      regular repeats of colour applied to the finished product, which may be
      knitted or woven.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The process according to the invention is characterised in that the yarn in
      the form of a single thread or a plurality of threads is conveyed
      pneumatically in a tube and continuously projected from the end of said
      tube, on to a deflector, which extends laterally above the conveyor, and
      on leaving said deflector, the yarn material falls freely, under gravity
      and without tension on to the conveyor, being deposited in random manner,
      the tube being traversed in order that the thread sweeps the deflector
      over at least a part of its width.
PAR  The apparatus according to the invention is characterised in that it
      consists of: feed means for supplying the yarn; a tube through which the
      yarn passes, the inlet of the tube being located close to the feed means
      and the outlet of which being located close to the conveyor; means for
      circulating compressed air through the tube to the outlet; a deflector or
      baffle extending laterally above the conveyor and designed to be struck by
      the thread projected from the tube outlet; and means for traversing the
      end of the tube in order to project the thread randomly against a section
      of at least the width of the deflector, the arrangement being such that
      the thread is conveyed pneumatically through the tube, strikes the
      deflector to leave same to fall freely under gravity and without tension
      on to one section at least of the width of the conveyor in random manner.
PAR  According to one embodiment of the invention, the delivery end of the tube
      is attached to a device which traverses over the width of the conveyor,
      the deflector being planar.
PAR  According to another embodiment, the thread is projected from the tube
      backwards with respect to the direction of travel of the conveyor.
DRWD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Other embodiments of the invention will be described in more detail below
      in conjunction with the drawings in which:
PAR  FIG. 1 shows a scematic diagram, partly sectioned, of an apparatus
      according to one embodiment of the invention;
PAR  FIG. 2 is a plan view of the apparatus of FIG. 1;
PAR  FIG. 3 is a perspective view on a larger scale, illustrating the apparatus
      for producing the web, used in the apparatus of FIGS. 1 and 2;
PAR  FIG. 4 is a perspective view in detail, showing an arrangement according to
      one variant, and
PAR  FIG. 5 is a perspective view, also in detail, showing the apparatus of
      FIGS. 1 to 3 arranged in different layout.
DETD
PAR  The following description will be with reference to the application of the
      invention for printing a yarn web, the yarn being present in the form of a
      bundle; of course the invention is by no means restricted to this mode of
      application nor to the use of a bundle of threads.
PAR  The apparatus comprises: a station 1, at which the yarn threads are
      supplied; a station 2 in which the yarn web is formed on an endless
      conveyor 11, rotating over rolls 11a; a printing station 3; a heating
      station 4; and a delivery station 5 for collecting the treated yarn.
PAR  The station 1 includes a creel 6 carrying yarn packages 7. The yarn threads
      8, initially separate, are collected in a thread guide 9 to form a non-
      intertwined bundle 10. The thread bundle passes through another guide 9
      before reaching the station 2 where the web is formed.
PAR  The printing station 3, includes in known manner, overhead tanks 12, each
      controlled by an electric valve 13. From each valve a tube 14 leads to a
      nozzle 15 for ejecting dye liquor at low pressure. The nozzles 15 are
      directed transversely to the conveyor which they overhang.
PAR  The valves 13 are controlled according to a predetermined programme via a
      control unit 16. The tanks 12 contain various colours/dyes, from which,
      with the aid of the control unit 16, any sequence of colours can be
      obtained, with or without repetition.
PAR  The dye liquor issuing from the nozzles 15 falls under gravity. According
      to a preferred embodiment, the dye liquor does not fall directly on to the
      belt 11 but on to a smooth roller 17, idle and driven by the belt 11; this
      roller operating in conjunction with a lower idle roller 18, located
      beneath the belt, so that the belt 13 and the web deposited at zone 2 will
      be nipped between the two rollers.
PAR  The dye liquor falls on to the roller 17 upstream of its axis; thus the dye
      liquor is deposited on to the web just prior to the nip point of the
      rollers. During passage of the web through the rollers, the liquor
      penetrates into the yarns to effect a thorough dyeing. Nevertheless some
      spreading of the dye occurs and this is why the belt is used, preferably
      perforated such as wire mesh, for example of stainless steel, so that any
      possible surplus of dye liquor can leave the upper surface of the belt
      thereby preventing the accumulation of dye liquor on this surface.
      Similarly, a cylinder 17 of different construction may be used, in known
      manner.
PAR  On leaving the printing station 3, the web passes into the heating station
      4 for fixing and drying the dye. This equipment is standard and will not
      be described. On leaving the station 4, the web may be washed to remove
      additives and dried in air. These operations will not be described.
PAR  The printed and dried web then passes through a guide 19 and over a series
      of guiding rollers 20 before entering the station 5 which comprises a
      conventional winding mechanism. The rollers 20 and the winding mechanism
      divide the sheet 10 into its separate threads 38 which are then wound
      separately.
PAR  Various embodiments of the station 2, where the web is formed, will now be
      described. In these embodiments, the bundle 10, after leaving the last
      guide 9, is entrained by the feed rolls 21 to enter a flexible tube 22.
      The entry end of the tube is in the form of a funnel 23 and its delivery
      end, in the vicinity of the belt 11, is supported by a traversing device.
      The yarn is conveyed pneumatically through the tube 22. For this purpose,
      compressed air from a tube 24 is fed into the tube 22 close to the funnel;
      the tube 24 terminates in the tube 22 parallel with the thread bundle 10
      such the air is directed to the delivery end and while circulating through
      the tube, it entrains the thread bundle.
PAR  In the embodiment illustrated in FIGS. 1 to 3, the delivery end of the tube
      22 is supported on a traverser 25 which engages a lead screw 26 having
      both right and left hand threads and driven with uniform rotation. The
      screw is located transversely above the belt 11. A cover 27 prevents the
      transverser from being caused to rotate with the screw. In this manner,
      the traverser undergoes a rectilinear movement to and fro across the belt
      and the delivery end of the tube 22 undergoes the same movement in
      parallel thereto. From the end of the tube, the thread bundle 10 is
      projected obliquely at the belt 11; in its path, a fixed deflector 28 is
      provided, for example, of a plastics material and comprising a plate 29
      with two lateral cheeks 30 and which is held above the belt 11. The plate
      29 is planar and extends transversely across the belt over a width
      slightly less than the width of the belt; it is inclined slightly to the
      vertical such that its face which meets the thread bundle is sloping
      upwards. The cheeks 30 extend forwards from the ends of the plate 29.
PAR  As shown in FIGS. 1 to 3, the station where the web is formed incorporates
      a flexible tube 22 for projecting the thread bundle 10 backwards with
      respect to the direction of movement of the belt 11. On striking the plate
      29, the thread bundle loses its kinetic energy and falls freely under
      gravity and without tension on to the belt, which is moving, thereby
      forming a web 31. The plate 29 is situated at a distance from the belt so
      that the air projected from the tube 22 can dissipate in the gap thus
      provided without disturbing the web 31. As shown in FIG. 3, the thread
      bundle is deposited in spirals or loops in random manner which obviates
      any possibility of patterning in the final product. Moreover, the thread
      bundle is deposited in an untangled manner, thereby allowing for easy
      recovery in the station 5. As it is deposited, the web 31 is advanced
      between the cheeks 30, as indicated by the arrow. The speed of advance of
      the belt, the feed of the yarns as well as the movement of the transverser
      25 and the flow and pressure of the compressed air are determined
      according to the type of yarns used and the thickness of the web required.
PAR  The embodiment shown in FIG. 4 differs from the preceding one by the shape
      of the deflector and by the movement of the delivery end of the flexible
      tube 22. This end is fixed to a vertical shaft 32 driven with an
      alternating angular motion. In order that the threads bundle 10 will
      strike the deflector 33 at a constant height with respect to the belt 11,
      the plate 34 is given a cylindrical shape, such that its axis intersects
      the rotational axis of the shaft 32 near the delivery end of the tube 22.
      As before, two lateral cheeks 35 are attached to the ends of the central
      plate 34. In this manner, the resultant web 36 comprises a succession of
      arcuate rows of spirals.
PAR  It will be seen that by projecting the thread bundle 10 rearwardly with
      respect to the belt movement 11 (FIGS. 1 to 4), a doubling of the spirals
      over themselves is obtained at the time they are deposited, such that they
      are easy to unravel. However, in certain applications at least, it is
      possible to project the thread bundle forwards and to pass the web beneath
      the deflector. Such an embodiment is illustrated in FIG. 5 and may, for
      example, embody the same means as those of FIG. 3 but arranged
      differently. The delivery end of the tube 22 faces forwards and is located
      upstream of the deflector, the cheeks 30 of which are directed upstream.
      The deflector 28 is located higher above the belt 11 than shown in FIG. 3
      in order that in the space provided, not only the air projected through
      the tube can dissipate but also that the web 37 can pass beneath the
      deflector during its formation.
PAR  In one embodiment of the invention, the deflector serves the role of a
      leveller in that it prevents the yarn from making pointed and elongated
      loops, the latter creating very great printing anomalies and also
      difficulties at the re-winding station at the output of the fixing
      station. It goes without saying that this mode of operation may be used
      equally well with the arrangement illustrated in FIG. 4.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Apparatus for producing a yarn web comprising yarn supply means for
      feeding therefrom yarn in a longitudinal direction, an elongated tubular
      guide member having a hollow interior through which said yarn passes, said
      tubular guide member including an entry end through which yarn is
      introduced thereinto and a delivery end from which said yarn is emitted,
      said tubular guide member being formed from flexible material throughout
      its length at least between said entry end and said delivery end, means
      holding said entry end fixed relative to said yarn supply means to enable
      feeding of yarn therefrom into said entry end, a horizontal planer
      conveyor moving in a given linear direction beneath said delivery end for
      having said yarn emitted from said delivery end accumulated thereon to
      form said yarn web, pneumatic means for injecting compressed air flow
      through said tubular guide member toward said delivery end for projecting
      said yarn through said guide member and out of said delivery end, a fixed
      deflector plate located proximate said delivery end above said horizontal
      conveyor and arranged to be upstanding therefrom in a generally vertical
      arrangement, said fixed plate including a central wall extending across
      said conveyor transversely of said given linear direction of movement and
      a pair of end walls entending generally parallel to said given direction,
      and traversing means having said delivery end mounted thereon to direct
      said yarn emitted therefrom to impinge said fixed deflector plate at an
      angle extending generally obliquely to said conveyor, said traversing
      means operating to move said delivery end to reciprocally horizontally
      vary the direction in which said yarn is emitted therefrom across said
      conveyor in directions transversely of said given direction of movement to
      distribute said yarn upon said conveyor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said traversing means comprise a
      lead screw extending across said conveyor substantially perpendicularly to
      said given direction of movement, and a traverser member threadedly
      engaging said lead screw and having said delivery end of said tubular
      guide member fixed thereto, said lead screw having thereon threaded means
      to effect reciprocal transverse movement of said traverser member and said
      delivery end across said conveyor upon rotation of said lead screw, said
      central wall of said deflector plate comprising a configuration which
      extends generally linearly across said conveyor.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said traversing means comprise a
      vertically extending rod mounted for rotation about a fixed vertical axis,
      means mounting said delivery of said tubular guide member upon said rod to
      effect angular movement of the direction in which said delivery end
      extends with rotation of said rod, said rod being arranged to reciprocally
      rotate within fixed angular limits to aim said delivery end at said
      deflector plate with the direction in which said delivery end is aimed
      being reciprocated across said conveyor, and wherein said central wall of
      said fixed deflector plate is formed in a semi-circular cylindrical
      configuration having a center of revolution which is coincident with said
      fixed vertical axis of rotation of said rod.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the delivery end of said tubular
      guide member is directed rearwardly taken relative to said given linear
      direction of movement of said conveyor.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein the delivery end of said tubular
      guide member is directed forwardly taken relative to said given linear
      direction of movement of said conveyor.
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ABST
PAL  A tray for accommodating flat pack material such as computer fanfold
      adapted to enable feeding of the flat pack from off the bottom of the
      tray. The subject tray includes a base section comprising a plurality of
      rollers distributed for movement in a track means such that the rollers
      move back and forth in correspondence with unfolding movement of the flat
      pack. As another embodiment, the rollers may be reciprocated back and
      forth in timed relationship with unfolding of the flat pack by drive
      means.
BSUM
PAR  This invention relates to a tray useful with copiers, and more particularly
      to an improved tray for handling flat pack material.
PAR  It is sometimes desirable, in copier or reproduction machine environments,
      to handle endless web type material such as computer fanfold. This may
      take the form of either an original to be copied and/or the sheet material
      on which copies are produced. In either event, handling of web material,
      i.e. feeding, stacking, unstacking, etc. is difficult to accomplish
      reliably and without damaging or tearing the web material.
PAR  One aspect of the above that poses a particularly difficult problem
      involves attempts to unstack a pile of fanfolded material, conventionally
      termed a flat pack, particularly where it is desired to unstack, i.e.,
      feed, from the bottom of the pack. In that circumstance the pack, which is
      normally supported in a tray must unfold, at least initially, against the
      weight of the web material stacked on top. Some prior art trays have, in
      their attempt to accomplish bottom feeding from a flat pack provided
      relatively complex mechanism with attendant high frictional
      characteristics.
PAR  It is therefore a principal object of the present invention to provide a
      new and improved tray for use with document reproduction apparatus.
PAR  It is a further object of the present invention to provide an improved
      apparatus for bottom feeding a pack of fanfolded web.
PAR  It is an object of the present invention to provide an improved feed tray
      for fanfolded material.
PAR  It is an object of the present invention to provide an improved low
      friction feed tray for flat pack material.
PAR  It is an object of the present invention to provide apparatus for
      supporting flat pack material for feeding such material from the bottom of
      the pack.
PAR  It is an object of the present invention to provide a power unfolder for
      use in feeding fanfolded web from the bottom of the fanfolded supply pack.
PAR  This invention relates to a pack tray for supporting an endless web
      fanfolded into a pack for feeding of the web from off the bottom of the
      pack, the combination comprising plural tray base members arranged in
      substantially parallel relationship to one another and movable in a
      direction paralleling the direction of unfolding of the web from the pack;
      and tray end walls defining parallel track segments within which the
      terminal ends of the base members are supported for movement in the
      direction as aforesaid, the web being routed from the web pack between an
      adjoining pair of the members such that on oscillation of the web as the
      web unfolds from the pack, the base members move in unison therewith back
      and forth in the aforesaid track segments.
DRWD
PAR  Other objects and advantages of the present invention will be apparent from
      the ensuing description and drawings in which:
PAR  FIG. 1 is an enlarged isometric view showing a fanfold web of the type
      adapted for handling by the tray of the present invention;
PAR  FIG. 2 is a schematic view of an exemplary copier with which the tray of
      the present invention may be used;
PAR  FIG. 3 is an enlarged isometric view showing details of the tray of the
      present invention;
PAR  FIG. 4 is a side view in cross section showing the displaceable tray base
      of the tray shown in FIG. 3 in one extreme position;
PAR  FIG. 5 is a side view in cross section showing the displaceable tray base
      of the tray shown in FIG. 3 in the opposite extreme position;
PAR  FIG. 6 is an enlarged cross section view showing details of the tray base
      roller bearing support along lines 6/6 of FIG. 4; and
PAR  FIG. 7 is a sectional view showing an alternate construction for the tray
      of the present invention.
PAR  In the ensuing description, tray 110 of the present invention is described
      in the environment of an exemplary copying or reproduction apparatus, tray
      110 in that environment being used to support a fanfolded web of original
      documents or masters to be copied. However, it will be understood that
      tray 110 may be used in other applications and environments where it is
      desired to provide both support and feeding facilities for fanfold
      material.
DETD
PAR  Referring now to FIGS. 1 and 2 of the drawings, there is shown fanfold
      material, designated generally by the numeral 10, which feed tray 110 of
      the present invention is esepcially adapted to handle. Fanfold material 10
      comprises, in the exemplary arrangement illustrated, a series of original
      documents or masters 11 fastened together end to end as by means of
      flexible tape 12 to form an endless web 13. The web 13 of masters 11 may
      be used with a suitable electrostatic type copying apparatus, such as the
      copier 15 shown in FIG. 2, to produce copies of masters 11. To facilitate
      the copying procedure, particularly where the masters 11 are copied a
      number of times in succession, the terminal ends of web 13 may be joined
      together to form an endless loop to be recirculated once for each full
      copy set or book desired, copier 15 being provided with suitable feeding
      means 45 engageable with holes 14 in the side margins 16 of web 13 to
      advance web 13 and masters 11 thereof into and out of copying position.
PAR  Where the length of web 13 is substantial, the portion of web not in
      process is folded into a pack 17, conventionally termed a flat pack. Flat
      pack 17 is held in tray 110, fresh web material being drawn from the
      bottom of the flat pack 17 through tray 110 while used web material
      returns onto the top of flat pack 17 as will appear more fully herein.
PAR  Masters 11 may comprise any type of original document, i.e. drawing,
      letter, etc. Masters 11 may be prepared individually as by means of
      xerographic flat plate equipment or directly onto fanfolded web material
      as by means of a typewriter employing a sprocketed paper feed platen, or
      by a computer impact printer, etc. Where the masters 11 are prepared
      individually, the masters are fastened together as by means of flexible
      tape 12.
PAR  Referring now to FIG. 2 of the drawings, the exemplary copier 15 includes a
      rotatable xerographic drum 25, a corona charging device 26, a xerographic
      developer 28, a transfer corotron 29 and a drum cleaning brush 30. Copy
      paper in the form of cut sheets stored in supply tray 31 are fed out one
      by one by a suitable paper feeder (not shown) onto conveyor 32. Conveyor
      32 brings the individual sheets into operative transfer relationship with
      drum 25 opposite corotron 29 whereat transfer of the image developed on
      drum 25 to the individual copy sheets takes place. Conveyor 34 carries the
      image bearing sheets to a roll type fuser 36 where the toner delineated
      image is permanently fixed. The fused copy is discharged into output tray
      37 by conveyor 38.
PAR  The xerographic drum 25, following cleaning by brush 30, is charged by the
      corona charging device 26 prior to exposure to the image being copied at
      exposure station 39. The image at station 39 originates from scanning by
      rotating mirror 40 the document resting on platen glass 41, the image
      reflected by mirror 40 passing through lens 42 and mirror 43 onto the
      surface of drum 25 at exposure station 39.
PAR  Copier 15 is adapted to copy either single page documents or continuous
      documents such as fanfolded web 13. For this purpose, copier 15 includes,
      adjacent one side of platen glass 41, a form or web feeder comprising a
      pair of sprocketed feed rolls 45 cooperable with edge perforations 14 in
      web 13 to draw the web across platen glass 41. Feed rolls 45 are
      intermittently driven to draw or index web 13 in increments corresponding
      to a page, copying thereof being effected while web 13 is stopped.
PAR  Web 13 is fed from flat pack 17 stored in tray 110 appended to one side of
      copier 15. For this purpose, suitable pinch and guide rolls 50 are
      provided to guide web 13 from tray 110 to copier 15 and from copier 15
      back to tray 110 as shown by the solid line arrows in FIG. 2. It will be
      understood that web 13 need not be recirculated, and in this circumstance,
      a second tray structure may be provided to receive used web.
PAR  Referring now to FIG. 3, supply tray 110, comprises a pair of side members
      120, 121. In the embodiment shown, members 120, 121 are generally U-shaped
      to form a U-shaped track 124 through which a series of rollers 126, making
      up base 125 of tray 110 extend. This track configuration reduces space
      requirements of tray 110. However, as will be understood, side members
      120, 121 and the track 124 formed thereby may be horizontal.
PAR  Rollers 126 rest within and are supported by side members 120, 121, the
      dimension of tracks 124 being slightly larger than the diameter of rollers
      126. By this construction, rollers 126 are free to turn and base 125 to
      move back and forth within the confines of tracks 124.
PAR  The number of rollers 126 utilized is sufficient to support the pack 17 of
      fanfolded material, and in the exemplary embodiment shown, eight rollers
      126 are provided with web 13 being fed between the innermost roller pair.
      To maintain tray base forming rollers 126 in spaced relationship relative
      to one another, spacer links 128 are pivotally secured between adjoining
      rollers at each end thereof.
PAR  As seen best in FIG. 6, each roller 126 is journaled by bearing 150 on the
      outer race of tracking wheel 151, which rides in track 124. To control
      movement of rollers 126 in the axial direction, the inside section of side
      members 120 depends at 152 into the track area.
PAR  Locating pins 154 are provided, pins 154 being journaled by bearing 155 in
      coaxial alignment with tracking wheels 151. Spacer members 128 for rollers
      126 are rotatably attached to the outer extremity 154' of pin 154.
PAR  In operation, as web 13 is withdrawn from the bottom of pack 17, base 125
      oscillates back and forth within tracks 124 in accordance with the point
      of unfolding of web 13 from pack 17. This displacement at the point of
      unfolding reduces the force required to unfold web 13 and prevents tearing
      or ripping thereof. Note FIGS. 4 and 5.
PAR  To reproduce copies from web 13, the master, in the form of a flat pack 17
      and with leading and trailing web ends free, is set into supply tray 110.
      In doing so, the leading end is inserted between the innermost rollers of
      base 125, and from there routed between and over guide rollers 50 to
      platen 41. There, the leading end is led across platen 41, and threaded
      onto the sprocketed feed rolls 45. Following this, the leading and
      trailing ends of web 13 may be joined together by tape 12 to form an
      endless loop where repetitive copying is desired.
PAR  As copies of the web 13 are made, fresh web material is unfolded from the
      bottom of pack 17 and routed over guide rolls 50 to platen 41. At the same
      time, the used web material is restacked onto pack 17. The above proceeds
      until the last page on web 13 has been copied, at which point copier 15 is
      stopped or the above procedure repeated to form another set of copies in
      accordance with the program under which copier 15 is operated.
PAR  Referring to the embodiment shown in FIG. 7, wherein like, numerals
      designated like parts, a power source is provided to oscillate base 125
      back and forth in timed relationship with unfolding of the fanfolded
      master 13 from pack 17. The aforesaid power source includes a slider 160
      suitably supported for reciprocating movement on the copier frame. Link
      162 drivingly connects slider 160 with spacer link 128. Slider 160 is
      generally T-shaped, the cross portion 160' thereof being slotted at 164
      for receipt of drive pin 165 of driving crank 166.
PAR  To provide oscillation of base 125 in timed relationship with feed of the
      fanfolded web 13, crank 166 is preferably driven in harmony with
      sprocketed feed rolls 45. For this purpose, crank 166 is preferably driven
      from the same source as rolls 45, shown in exemplary fashion herein as
      motor 105 (see FIG. 2). Additionally, suitable means such as a geneva
      drive mechanism, or web buffer loop, may be provided to correlate the
      sinusoidal motion produced by crank 166 with the rotary motion of feed
      rolls 45.
PAR  Rotation of crank 166 works through the pin and slot connection 165, 164
      respectively to reciprocate slider 160 and oscillate base 125 back and
      forth, rollers 126 thereof riding back and forth en masse within tracks
      124. By timing oscillation of base 125 with feeding of web 13, base 125
      serves in effect to unfold the pack 17 in unison with withdrawal of web 13
      therefrom.
PAR  While the invention has been described with reference to the structure
      disclosed, it is not confined to the details set forth, but is intended to
      cover such modifications or changes as may come within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pack tray for supporting an endless web fanfolded into a pack for
      feeding of said web from off the bottom of said pack, the improvement
      comprising:
PA1  plural base members arranged in substantially parallel relationship to one
      another on which said pack is adapted to rest;
PA1  track means supporting the terminal ends of said base members with said
      base members extending therebetween for movement in a direction
      paralleling the direction of web unfolding,
PA1  said web being disposed between an adjoining pair of said members so that
      on movement of said web and unfolding of said pack, said base members
      oscillate back and forth, and means to restrain said pack against
      oscillation in said tray whereby said pack remains substantially
      stationary during oscillation of said base members as said pack unfolds.
NUM  2.
PAR  2. The pack tray according to claim 1, including means to maintain said
      base members in preset spaced relationship to one another.
NUM  3.
PAR  3. The pack tray according to claim 1 including drive means to oscillate
      said members back and forth in unison with unfolding of said pack.
NUM  4.
PAR  4. The pack tray according to claim 1 in which said base members comprise
      rotatable elements.
NUM  5.
PAR  5. The pack tray according to claim 1 in which said pack restraining means
      comprises at least one upright side guide adjacent each end of said tray,
      and
PA1  means supporting at least one of said side guides for movement whereby to
      permit the space between said side guides to be correlated with the size
      of the pack in said tray.
NUM  6.
PAR  6. In a system for feeding fanfolded web material, the improvement
      comprising:
PA1  tray means for holding a supply of said web material pending feeding
      thereof, said web material being folded into a pack configuration,
PA1  said tray means including a base and upstanding sides, said base and sides
      cooperating to form a generally U-shaped tray for receiving said pack,
      said sides cooperating to restrain said pack against movement along said
      base as said web material is fed from below said pack,
PA1  said base having at least two pack supporting members for supporting said
      pack in said tray, said supporting members being movable back and forth
      along said base in a direction paralleling the direction of unfolding of
      said pack during feeding thereof, said web material being movable between
      said pack supporting members during feeding.
NUM  7.
PAR  7. The system according to claim 6, in which said tray means includes link
      means to retain said pack supporting members in predetermined spaced
      relationship.
NUM  8.
PAR  8. The system according to claim 6, in which said tray means base and sides
      comprise a track pair within which said pack supporting members ride, said
      track pair extending parallel to the direction of unfolding of said pack
      adjoining each side of said tray.
NUM  9.
PAR  9. The system according to claim 6, including drive means to drive said
      pack supporting members back and forth in unison with unfolding of said
      pack.
NUM  10.
PAR  10. In a system for feeding fanfolded web material, the improvement
      comprising:
PA1  tray means for holding a supply of said web material pending feeding
      thereof, said web material being folded into a pack configuration,
PA1  said tray means including a base for supporting said pack and adapted to
      permit said web material to be fed from below said pack,
PA1  said base having at least two pack supporting members movable in a
      direction paralleling the direction of unfolding of said pack during
      feeding thereof, said web material being movable between said pack
      supporting members during feeding, and
PA1  a track pair for supporting said pack supporting members, said track pair
      extending parallel to the direction of unfolding of said pack adjoining
      each side of said tray, said track pair being U-shaped in configuration to
      render said tray means compact.
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ABST
PAL  Tractive apparatus for longitudinally moving elongated material providing
      opposed tractive assemblies for gripping material therebetween by opposed
      and balanced gripping forces. Each tractive assembly provides a plurality
      of tractive members in end-to-end relation confined to circulation in a
      closed path and the apparatus is characterized by the provision of means
      for holding the tractive members in abutting relationship at least during
      the time they grip the material.
PAL  The apparatus is further characterized by the reduction of frictional
      forces on the tractive members by forcing the latter against the elongated
      material by sets of rolling bodies, each set of which circulates in a
      closed path within a respective tractive member path. Each tractive member
      has a material gripping face and each face is maintained in assembled
      relation with its tractive member by magnetic attraction to provide for
      ready removal and replacement of such faces.
PARN
PAR  This is a continuation of application Ser. No. 25,418 filed Apr. 3, 1970.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  Tractive apparatus for longitudinally moving elongated material and of the
      type providing opposed tractive assemblies which grip the interposed
      material between material gripping bodies circulating in a closed path
      have long been known. An example of such apparatus is disclosed in Von
      Eldik U.S. Pat. No. 3,103,306. In prior art apparatus, of which I am
      aware, each individual material gripping body, or tractive member, was
      secured to and was part of a link chain trained over sprockets. In such
      prior apparatus, tractive member movement was effected by application of a
      driving force to one of the sprockets to thus pull the chains and the
      attached tractive members against the resistance offered by the gripped
      material.
PAR  Despite the highly efficient material gripping force available in apparatus
      of the type herein concerned, such prior art devices have not been widely
      used for the following reasons: First, sprocket drive under heavy loadings
      at high speed has not been smooth, and second, and most important, chains
      are formed of many relatively small parts subjected to very heavy stresses
      when loads and speeds are high. This has resulted in nearly prohibitive
      maintenance problems in many applications where the apparatus would
      otherwise be suitable.
PAR  The present invention, by confining the tractive members to circulation in
      a closed path in end-to-end relation and with such members substantially
      completely filling such path, avoids the previous necessity of
      interconnecting the members to form a chain. Since the tractive members
      need not be interconnected, many small, highly stressed and rapidly
      wearing parts are eliminated to thus provide for long, trouble-free
      operation.
PAR  To effect movement of a group of tractive members through their travel
      path, a drive pinion is engaged with teeth formed on each tractive member
      and, since the tractive members are so related to each other that they
      resist only compressive rather than tensile forces, such tractive members
      are held in abutting relation about their path by the drive pinion.
PAR  These and other advantages will readily become apparent from a study of the
      following and from the drawings appended hereto, and it is a primary
      object of this invention to provide new and improved tractive apparatus of
      the character disclosed.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this description and forming a part of this
      specification, there is shown, for purposes of illustration, an embodiment
      which my invention may assume, and in these drawings:
PAR  FIG. 1 is a broken top plan elevational view of apparatus embodying the
      present invention,
PAR  FIG. 2 is a broken side elevational view of the apparatus,
PAR  FIG. 3 is an end elevational view of the apparatus,
PAR  FIG. 4 is a broken elevational view of certain parts shown in FIG.3,
PAR  FIG. 5 is a broken enlarged sectional view corresponding generally to the
      line 5--5 of FIG. 3,
PAR  FIG. 6 is an enlarged, fragmentary sectional view of the left hand portion
      of the apparatus shown in FIG. 5,
PAR  FIG. 7 is an enlarged, broken sectional view, corresponding generally to
      the line 7--7 of FIG. 6, the tube gripping members being shown in
      elevation,
PAR  FIG. 8 is a separated perspective view of parts forming part of the
      assembly,
PAR  FIG. 9 is a fragmentary, sectional view, corresponding generally to the
      line 9--9 of FIG. 7,
PAR  FIG. 10 is a fragmentary view showing a slightly alternate form of a
      detail,
PAR  FIGS. 11 and 12 are fragmentary sectional views respectively corresponding
      generally to the lines 11--11 and 12--12 of FIG. 5, the tube gripping
      members being shown in elevation, and
PAR  FIG. 13 is an enlarged fragmentary sectional view of a detail.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A base structure 10 is provided to support the apparatus to be described,
      this base being formed of fabrications which are welded and/or bolted
      together in customary manner. Referring particularly to FIG. 1, the base
      structure supports a drive motor 11 and a speed reducer 14 having a pair
      of take-off shafts 15 and 16, both being driven at the same speed but in
      opposite directions.
PAR  The base structure 10 provides a pair of vertically spaced bearings 17,
      18(see FIG. 3) in which shafts 19 and 20 are journalled for rotation.
      Fixed to one end of the shafts are crank arms 19.1, 20.1 and fixed to the
      opposite end of the shafts are crank arms 19.2, 20.2, the latter arms
      being journalled in bearings carried by a pair of tractive assemblies 21,
      22 which are identical in construction but are oppositely disposed so that
      facing edges are in operative relation.
PAR  Extending between the crank arms 19.1, 20.1 is a fluid cylinder 23, with
      its piston rod 24 (see FIG. 4) pivotally connected at 25 to the free end
      of the arm 19.1 and its blank end connected at 26 to the free end of the
      arm 20.1. Each of the tractive assemblies 21, 22 comprises a horizontally
      elongated body, as best seen in FIG. 2, and each is movable toward and
      away from the pass line 27 of the tubing T to be propelled by apparatus
      hereinafter to be disclosed.
PAR  The base structure 10 also supports a horizontally disposed beam 28 which
      is C-shaped in cross-section and which has its longitudinal axis centered
      on the pass line 27. Springs 29, 29 are disposed between the beam 28, and
      brackets 19.3 and 20.3, at longitudinally spaced places to normally urge
      the tractive assemblies 21, 22 apart as shown in FIGS. 2 and 3, and to
      maintain them approximately parallel to the pass line as they are opened
      and closed. The base structure 10 has spaced lugs 129 (only one being
      visible in FIG. 3) through which bolts 30 are threaded, the upper end of
      the bolts bearing against respective brackets 31 fixed to the lower
      tractive assembly 22 to adjustably limit downward movement of the
      assembly. The upper tractive assembly 21 has spaced lugs 32 (see FIG. 1)
      through which bolts 33 are threaded, the lower end of the bolts being
      adapted to bear against the upper surface of the beam 28 when the
      assemblies 21 and 22 are closed on the tube T to maintain the tube
      gripping portion of the upper assembly in fixed relation with the pass
      line 27.
PAR  In FIG. 4, the piston rod 24 of the cylinder 23 is in extended relation
      whereby the arms 19.2, 20.2 are swung apart their greatest distance,
      thereby holding the tractive assemblies 21, 22 separated to provide for
      the threading of a tube into the apparatus. The piston rod 24 is retracted
      when fluid under pressure is admitted to the rod end of the cylinder and
      fluid is withdrawn from the blank end, to simultaneously shift the rod
      connection 25 and the blank connection 26 toward each other in equal
      amounts, as suggested by the phantom lines in FIG. 4. This causes the
      upper tractive assembly 21 to move downward until the lower end of the
      bolts 33 hear against the upper surface of the beam 28, and causes the
      lower tractive assembly to move upward to operative relation with the
      upper tractive assembly, and the assemblies are held in such position by
      the force exerted by the piston 23.
PAR  A tube threading device 35 (FIG. 1) is provided for threading the leading
      end of the tube into the pass line between the tractive assemblies 21, 22,
      and such device comprises a tube gripping clamp 36 which may be of any
      suitable construction. The clamp 36 comprises jaw parts (not shown) which
      are movable together to grip the tube therebetween, and such parts are
      carried by a slide 37 which is slidable along the beam 28. A fluid
      cylinder 38 has its piston rod 39 connected to the slide 37 and its blank
      end supported by a standard 40. When fluid under pressure is admitted to
      the blank end of the cylinder 38, the slide will be driven to the left, as
      viewed in FIG. 2, in position wherein its clamp 36 may engage a tube
      entering from the left. Pressure fluid is then admitted to the rod end of
      the cylinder 38 and the gripped tube is pulled through the apparatus until
      the clamp 36 reaches the position shown in FIG. 2, whereupon the clamp 36
      is disengaged from the tube and the tractive assemblies are closed upon
      the tube.
PAR  As before stated, the tractive assemblies 21, 22 are identical, but are
      oppositely disposed to have their cooperating parts in facing relation, as
      shown in FIGS. 6 and 7. Each tractive assembly is formed of a pair of side
      plates 40, 41. Each side plate provides an inturned lip 44 which has
      rectilinear portions 44.1 along opposite edges of the side plate and
      semi-circular portions 44.2 at the ends 42, 43.
PAR  Fixed inwardly of each side plate are longitudinal ribs 45 and cross-ribs
      46, and fixed inwardly of each end are arcuate ribs 47, the ribs of one
      side plate 40 and ends abutting corresponding ribs of the opposite side
      plate 41 and ends, to maintain a fixed spacing between such plates, and
      bolts 48 are passed through openings in such ribs to hold the cooperating
      side plates and ends in side to side position.
PAR  An arcuate track section 50 is secured inwardly of each end 42, 43, as
      shown in FIGS. 5 and 6, and provides an arcuate track surface 51. A
      further arcuate track section 52 is also secured inwardly of each end 42,
      43 and provides a track surface 53 which is in facing and cooperating
      relation with the track surface 51, the track surface 53 being useful
      during assembly of the apparatus to hold the tube gripping members 61
      (later to be described) in relative position. Each side plate has a
      rectilinear track section 54, such as a bronze wear plate, forming a
      continuation of the ends of the arcuate track sections 50 and a bronze
      wear plate 55 forming a continuation of the ends of the arcuate track
      section 52, the opposite ends of the wear strip being inclined, as seen at
      56, for a purpose to appear.
PAR  In order to provide for adjustment of the total length of the track formed
      by the track section 50, and wear strips 54 and 55, one or both ends of
      the track may be adjustable. In the disclosed embodiment, the track
      sections 50 at the right end (FIG. 5) are mounted to the ends 43 for
      movement toward and away the ends of the track sections 54 and wear strips
      55. This may be accomplished by elongating bolt holes which receive
      holding bolts 148, and a pressure applying member 60 (see FIG. 13) may be
      carried by each of the lips 44.2 on the ends 43, to constantly exert a
      pressure on the track section in an inward direction. The pressure
      applying member 60 comprises a tube 60.1 having a reduced end 60.2
      threaded into a pad 60.3 which is welded to a lip 44.2, and also into a
      threaded hole in the lip. A rod 60.4 extends longitudinally through the
      tube and is pressed to the left by a spring 60.5 which is compressed
      between a head 60.6 (held to the rod by a snap ring 60.7) and a cap 60.9.
      which is threaded on the open end of the tube. A set screw 60.8 holds the
      cap in adjusted position on the tube. The holding bolts 148 will be
      threaded on amount to hold the track 50 in position, and yet permit
      sliding of the track in the amount limited by the elongated holes through
      which the bolts pass.
PAR  A plurality of identical tractive or tube gripping members 61 (see
      expecially FIGS. 6 and 8) are adapted to move along the tracks mentioned
      above, each member comprising a block portion 62 and a gripper portion 63.
      Each block portion comprises a flat body 64 with spaced side members 65
      extending from one side surface, and gear teeth 66 extending from an
      opposite surface. The spacing of the side members and the length of the
      gear teeth are such that flat sided projections 66.1, 66.1 extend
      therebeyond. The body 64 of each block portion 62 is formed with an
      opening in which a permanent magnet 67 is fixed.
PAR  The gripper portion 63 comprises a block 63.1 of material which has tube
      gripping properties and which will withstand wear. In the disclosed
      embodiment, the block is made of urethane, although other suitable
      material, such as metal or rubber, may be used. The block has a
      longitudinal groove 68 therein, the groove in cross-section being slightly
      less than semi-circular so that opposed blocks will grip the tube without
      interference with each other. A thin metal plate 69 is bonded to that
      surface of the block which is opposite the groove, the plate having
      depending ends 70, 70 which closely fit over edges 71, 71 of the block
      portion 62, to hold the gripper block against lateral movement in one
      direction. The gripper block 63 closely fits between the side members 65
      so as to be held against movement in another direction. The magnet 67
      holds the gripper portion assembled with the block portion.
PAR  Opposite ends of the block portion have arcuate surface 72, 72 to closely
      fit cylindrical portions of rods 73 which are interposed between adjoining
      gripping members 61. As best seen in FIG. 8, the rods are fully
      cylindrical at an intermediate portion 74 and are semi-cylindrical at the
      end portions 75. The surface 76 of each end portion is ground
      complementary to the arcuate shape of the track surfaces 51 for a purpose
      to appear.
PAR  The gripping members 61 are of a chosen number so that they completely fill
      the rectilinear and semi-circular portions of the tracks of each tractive
      assembly 21, 22, and their length (from edge 71 to edge 71, FIG. 8) is
      carefully chosen so that their combined lengths, plus the spacing of the
      rods 73 maintain the blocks 62 and intervening rods 73 in substantially
      abutting relationship. The teeth 66 on the blocks are also carefully
      formed so that the teeth on a driving gear 80 will mesh with the teeth on
      successive blocks, as best seen in FIG. 6.
PAR  Referring to FIG. 7, driving gears 80, 80.1 are keyed to shafts 81, 81.1
      which are supported in bearings in the respective side plates 40, 41, each
      of the shafts being driven at the same speed, but in opposite directions,
      by universal-jointed connection with respective take-off shafts 15, 16 of
      the speed reducer 14. The upper shaft 81, in the illustrated embodiment,
      is driven in the direction of the arrow 82 (FIG. 6) and therefore the
      lower shaft 81.1 is driven in the opposite rotation. As seen in FIG. 6,
      the upper gear 80 meshes with the teeth of blocks 62, which are adjacent
      thereto and pushes such blocks and the preceding ones to the right. In
      view of the abutting relationship between blocks 62 and interposed rods
      73, the gripping members 61 will be recirculated along the closed track
      formed by the rectilinear and semi-circular track sections, the ground
      surfaces 76 of the rods 73 having bearing contact with the arcuate track
      surfaces 51, and the gripping members 61 are arranged in their respective
      tracks so that they are in opposed relationship, as suggested in FIG. 6.
PAR  In order that opposed gripping members are maintained in exact laterally
      spaced relationship as they move along the pass line, hardened steel rails
      85, 85 (see FIGS. 7 and 9) are fixed to and inwardly of each of the side
      plates 40, 41 of each tractive assembly 21, 22 paralleled to but spaced
      from the pass line. Each rail 85 has a slight longitudinal groove in a
      face thereof to provide a track along with a plurality of hardened steel
      balls 86 roll. Retainer plates 87, 87 may be secured to opposite sides of
      each rail 85 to insure against displacement of the balls.
PAR  As seen in FIGS. 7 and 9, the balls 86 are interposed between the rails 85
      and the flat side surfaces 66.1 (on the same side as the gear teeth 66) to
      oppose any deflection, which might be caused when the oppositely disposed
      gripper portions 61 grip the tube T, to thereby maintain a tight gripping
      engagement on the tube and thereby prevent slippage, and to minimize
      frictional resistance to the driving of the gripping members 61 along the
      track. As seen in FIGS. 5 and 6, the balls 85 outside of the pass line,
      are contained within metal tubes 90 which are secured to respective sides
      and ends, as shown at 91. Each tube terminates adjacent to the pass line,
      as seen at 92, in FIG. 5. The balls 85 fill each tube and are in abutting
      relationship, and the ends of the tubes may be ground, if nexessary, to
      exact size to take any clearance out of the balls. As the opposed pairs of
      tube gripping members 61 are driven through the pass line, the balls will
      roll along the rails 85 and thus recirculate through the tubes 90.
PAR  Preferably alternate balls 85 are of slightly smaller diameter, as shown in
      FIG. 9, so as not to be subjected to compressive forces. Therefore, high
      compressive forces may be utilized to grip the tube, without any tendency
      of the balls to bind against rotation. Instead of the balls 85, a roller
      chain 95 (see FIG. 10) may be utilized, the chain providing hardened steel
      rollers 96 which function in place of the balls. In this case, the chain
      may be trained over spaced sprockets 97 (only one shown in FIG. 10) which
      are journalled on shafts 98.
PAR  In operation, the tractive assemblies 21, 22 are initially held in the
      separated relationship shown in FIGS. 2 and 3, by the fluid cylinder 23,
      so that the tube threading device 35 may be moved to the left (with
      respect to FIG. 1). The leading end of the tube T is gripped by the clamp
      36 and is drawn to the right and through the pass. The clamp 36 is then
      released from the tube and the fluid cylinder 23 actuated to close the
      tractive assemblies 21, 22 onto the tube, Since the shafts (to which the
      crank arms 19.1, 20.1 are connected) are disposed substantially at the
      longitudinal center of a respective tractive assembly, an equalizer effect
      is produced to insure that the gripping members 61 of the lower tractive
      device may be held to the pass line, it being remembered that the upper
      tractive assembly is held in exact relation with the pass line by the
      bolts 33.
PAR  The motor 14 is now started to drive the speed reducer 14 and thereby drive
      both driving gears 80, 80.1. Rotation of the gears will push the opposed
      pairs of gripping members 61 along the pass line or working portion of the
      path, these members at this time being closely held in tube gripping
      relation by reason of the action of the balls 85 (or the rollers 96 of the
      roller chains 95). As the gripping members 61 leave the pass, the ground
      surfaces 76, 76 of the rods 73 bear against the track surface 51 on the
      right hand semi-circular end (with respect to FIG. 5) and then enter the
      rectilinear track portion (opposed to the pass) and move to the left (with
      respect to FIG. 5). As the gripping members 61 move through this
      rectilinear track portion, the surfaces of the flat side surfaces 66.1 (on
      the same side as the teeth 66) are supported by and slide along the wear
      plate 55, and the surfaces of the flat-sided projections 66.1 (on the
      opposite side of the teeth) are supported by and slide along the wear
      plates 54.
PAR  On leaving the left hand end (with respect to FIG. 5) of the rectilinear
      track portion, the ground surfaces 76 of the rods 73 engage against the
      track surface 51 of the left hand semi-circular end plate 42 to guide the
      gripping members to the pass line.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tractive device for gripping elongated stock and for exerting a force
      thereon longitudinally thereof, the improvement comprising:
PA1  a plurality of tractive members circulating in a closed path toward and
      away from successive engagement with said stock,
PA1  and means removably secured to each member by magnetic attraction and
      providing a replaceable stock-engaging face.
NUM  2.
PAR  2. A tractive device for gripping elongated stock and for exerting a force
      thereon longitudinally thereof, the improvement comprising:
PA1  a plurality of tractive members circulating in a closed path toward and
      away from successive engagement with said stock,
PA1  and means removably secured to each member providing a replaceable
      stock-engaging face, each of said means comprising a non-magnetically
      permeable, stock-gripping body affixed to a magnetically permeable backup,
PA1  each member mounting a magnet positioned to attract and retain a respective
      backup aforesaid to a respective member.
NUM  3.
PAR  3. In a tractive device for gripping elongated stock and for exerting a
      force thereon longitudinally thereof and including two sets of tractive
      members circulating in respective closed paths, portions of which are in
      opposed adjoining relation to provide a pass through which the stock
      travels, the improvement comprising:
PA1  a plurality of rolling bodies arranged in two sets each circulating in
      respective closed paths within respective member paths and portions of
      said rolling body paths paralleling respective member path portions
      aforesaid, said rolling bodies bearing against said tractive members when
      the latter are at respective path portions aforesaid to retain said
      members in gripping relation with the stock while minimizing frictional
      resistance to tractive member movement,
PA1  said rolling bodies in each set comprising rollers on a respective roller
      chain.
NUM  4.
PAR  4. A tractive device for forcing elongated work, such as a bar, tube and
      the like, in a longitudinal manner, comprising:
PA1  track means forming a guide surface along a closed path, a portion of which
      is arcuate and another portion of which is rectilinear and defines a
      working station wherein force is applied to said work to move it
      longitudinally,
PA1  a plurality of rigid gripping members movable along said path and adapted
      to grip said work in travel along said retilinear path portion and thus
      move said work longitudinally, said gripping members being disposed in
      end-to-end relation in said path,
PA1  a plurality of separate, rigid intermediate members, each interposed
      between facing ends of adjoining gripping members, and having only
      abutment interengagement therewith,
PA1  said gripping members and said intermediate members completely filling said
      path to substantially maintain facing ends of all adjoining gripping
      members in abutment with respective intermediate members, the latter
      providing for longitudinal angular displacement of adjoining gripping
      members as they move through said arcuate path portion, while providing
      for solid transmission of force from one gripping member to an adjoining
      gripping member as such members move along said rectilinear path portion,
      and
PA1  means for forcing said gripping members along said path.
NUM  5.
PAR  5. The construction according to claim 4, wherein said intermediate members
      are rod-like, and each disposed with its longitudinal axis normal to the
      path of movement of said gripping members.
NUM  6.
PAR  6. The construction according to claim 5, wherein facing ends of adjoining
      gripping members extend normal to the path of movement of the latter, each
      facing end having a convexly curved surface, and
PA1  wherein each of said rod-like intermediate members has a cylindrical
      portion, opposed parts of which fit within said curved surfaces.
NUM  7.
PAR  7. The construction according to claim 6, wherein an end portion of each
      intermediate member has sliding engagement with said guide surface.
NUM  8.
PAR  8. The construction according to claim 4, wherein each of said gripping
      members has a toothed portion directed inwardly of said closed path, and
PA1  a gear rotatably mounted within the confines of said closed path and
      meshing with the teeth of said gripping members as the latter enter said
      rectilinear path portion, and
PA1  means for driving said gear.
NUM  9.
PAR  9. The construction according to claim 4, and further including backing
      means disposed along said rectilinear path portion and forming a rigid
      rectilinear backing against which said gripping members bear to restrict
      movement of the latter transversely away from said work.
NUM  10.
PAR  10. The construction according to claim 9, wherein said backing means
      comprises a plurality of circular anti-friction members held to movement
      within a closed path.
NUM  11.
PAR  11. The construction according to claim 7, wherein the closed path for said
      circular anti-friction members is smaller than the path for said gripping
      members and is disposed therewithin.
NUM  12.
PAR  12. A tractive device for forcing elongated work, such as a bar, tube and
      the like, in a longitudinal manner, comprising:
PA1  a pair of laterally spaced side plates,
PA1  a track on the inside surface of one side plate, forming a guide surface
      along a closed path, a portion of which is arcuate and another portion of
      which is rectilinear and defines a working station wherein force is
      applied to said work to move it longitudinally,
PA1  a plurality of rigid gripping members, each extending crosswise of the
      space between said plates, and movable along said path and adapted to grip
      said work in travel along said rectilinear portion and thus move said work
      longitudinally, said gripping members being disposed in end-to-end
      relation in said path,
PA1  a plurality of rigid intermediate members, each extending crosswise of the
      space between said plates and interposed between facing ends of adjoining
      gripping members, each intermediate member having a central portion having
      abutment interengagement with respective facing ends, and an end portion
      slidable along said guide surface to guide movement of said gripping
      members along said path,
PA1  said gripping members and said intermediate members completely filling said
      path to substantially maintain facing ends of all adjoining gripping
      members in abutment with the central portion of respective intermediate
      members, the latter providing for angular displacement of adjoining
      gripping members as they move through said arcuate track portion, while
      providing for solid transmission of force from one gripping member to the
      next as they move along said rectilinear track portion, and
PA1  means for forcing said gripping members along said path.
NUM  13.
PAR  13. The construction according to claim 12, and further including a pair of
      tracks, each on the inside surface of a respective side plate, forming a
      pair of matching guide surfaces along identical closed paths,
PA1  opposite end portions of each intermediate member being slidable along
      respective guide surfaces.
NUM  14.
PAR  14. The construction according to claim 12, wherein each of said gripping
      members has gear teeth extending inward of said closed path, and
PA1  a driven gear journalled between said side plates and disposed within the
      confines of said closed path, the teeth on said gear meshing with the
      teeth on those gripping members entering said rectilinear path portion.
NUM  15.
PAR  15. The construction according to claim 12, and further including a
      plurality of hardened steel circular members movable in a closed path
      which is smaller than the closed path for said gripping members, a portion
      of the smaller closed path comprising a rectilinear hardened steel rail
      carried by a side plate and disposed in juxtaposed relation with respect
      to the rectilinear portion of the larger closed path, said circular
      members being interposed between said rail and said gripping members as
      the latter move along the rectilinear portion of said larger closed path
      and providing a rigid backup for said gripping members.
NUM  16.
PAR  16. The construction according to claim 12, and further including a base,
      said side plates being connected to each other, and a pivotal connection
      between a side plate and said base to permit said side plates to rock in
      edgewise manner.
NUM  17.
PAR  17. The construction according to claim 12, and further including a second
      set of spaced side plates similar to the first named side plates and
      having a guide surface forming a closed path, gripping members and
      intermediate members of the character specified in connection with said
      first named side plates,
PA1  said first named and second sets of side plates being held in edge-to-edge
      aligned relation wherein the rectilinear portion of one path is in
      juxtaposed relation with the rectilinear path portion of the other to form
      a rectilinear throat through which said work is forced.
NUM  18.
PAR  18. The construction according to claim 17, and further including a base,
PA1  a connection between each set of side plates and said base, at least one
      connection providing for edgewise adjustment of one set of side plates
      relative to the other to adjust the transverse size of said rectilinear
      throat.
NUM  19.
PAR  19. The construction according to claim 17, and further including a base,
PA1  a pair of spaced parallel shafts journalled in said base, one set of common
      ends of said shafts having a first set of crank arms respectively secured
      thereto, and the other set of common ends of said shafts having a second
      set of crank arms respectively secured thereto, the free ends of the
      second set of crank arms being respectively journalled in bearings carried
      by the side plates of respective first and second sets of side plates, and
PA1  means connected to the free ends of said first set of crank arms for
      rotating said shafts in opposite directions.
NUM  20.
PAR  20. The construction according to claim 19, wherein said last named means
      comprises a fluid cylinder having its barrel pivotally connected to the
      free end of one of said first set of crank arms, and its piston rod
      pivotally connected to the free end of the other crank arm.
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ABST
PAL  A powder-actuated fastening gun including a housing in which a barrel
      assembly is mounted for movement between a locked position and an unlocked
      forward position. A percussion assembly is mounted in said housing for
      movement between a firing position and a fired position. A rod member,
      external of the barrel assembly, is moveable between a forward position
      and a rearward position. The rod member is releasably connected to the
      percussion assembly. A projection on the barrel assembly is adapted to
      engage the forward end of the rod member and move it from its forward to
      its rearward position as the barrel assembly is moved from its unlocked to
      its locked position. Actuating means are provided for disconnecting the
      percussion assembly and the rod member only when the rod member is in its
      rearward position. A second rod member may be provided which includes a
      safety catch to prevent disconnection of the percussion assembly and the
      rod member if the second rod member has not been moved rearwardly.
BSUM
PAR  This invention relates to a piston-actuated fastening gun.
PAR  In such guns, the piston usually slides into a bore in the barrel, which
      barrel is extended by a fastener guide, together known as a barrel
      assembly. In a known embodiment of such a fastening gun, the barrel guide
      assembly is movable with respect to a body. A breech is provided in the
      bore and is located forwards of a percussion assembly subjected to the
      action of a percussion spring. This percussion assembly cooperates with
      the breech to cause ignition of the charge.
PAR  The appearance of charges without a case consisting of agglomerated powder
      (pills) has required, in particular, the detailed study of the
      constitution of a chamber enclosing this pill before ignition. Thus, it
      has been suggested that a movable barrel cooperates through an abutment
      with the breech in order to simultaneously bring the gun into a position
      of preparation for firing and enclose the pill in a combusiton chamber
      provided between the barrel and the breech. The setting into position of
      preparation for firing of the gun implies, in particular, compression of
      the percussion spring. In addition, very stringent safety regulations have
      to be observed in order to avoid accidental firing of the charge.
      Regulations generally provide that this firing can only take place when
      the free end of the barrel assembly is in a bearing position on a wall
      with a force at least equal to a predetermined force. These conditions are
      particularly difficult to achieve in devices having remote control.
PAR  The object of the invention is to use such fastening guns with all
      desirable safety guarantees.
PAR  To this effect, the object of the invention is a fastening gun which
      employs a piston that slides in a bore of a barrel assembly, the
      barrel-plug-guide assembly being movable with respect to a housing. A
      breech is placed in a movable manner within said housing and a percussion
      assembly cooperates with said breech in order to cause firing. The barrel
      cooperates through an abutment, during its motion within said housing,
      with said breech in order to place the gun in a position of preparation
      for firing and encloses said charge in a combustion chamber provided
      between the barrel and the breech. The gun is characterized by the
      provision of at least one rod which is external to the barrel and
      resiliently urged back and movable with respect to the housing. The rod is
      engageable, at one end with a component of the percussion system
      projecting outside the barrel, and at its other end by a part which
      projects from the barrel assembly so as to cause backward motion of the
      percussion system and compression of the percussion spring.
PAR  According to a preferred embodiment, the member designed to actuate the
      barrel assembly is provided so as to communicate to it a translational
      motion followed by a combined translational and rotational motion and
      finally a pure rotational motion. The pure rotational motion gives rise to
      the locking of the barrel assembly with respect to the housing and breech.
PAR  Preferably, the part that overhangs the barrel assembly comprises an
      incline.
PAR  In order to make it possible to apply the safety regulations relating to
      the pressing on the gun, the latter, according to a particular embodiment,
      comprises a second rod which is external to the sliding barrel and is,
      urged back elastically parallel to the first rod. The end part of this
      second rod opposite the part that overhangs the barrel assembly includes a
      component that blocks a release member of the percussion system.
PAR  In this case, the part that projects from the barrel assembly preferably
      includes a bore in which is mounted a control finger subjected to the
      action of elastic means tending to cause it to project forwardly of said
      barrel assembly, said bore being arranged so as to come within the
      extension of said second rod in the locking position of the gun and in
      that position only. The finger is set up so as to allow free rotation of
      said barrel assembly and provide for the sliding of said second rod so as
      to cause the deblocking of said release member when its forward end part
      is brought back substantially to the level of the forward face of said
      overhanging part when the gun is in a bearing position.
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PAR  The invention will be more clearly understood upon reading of the following
      description with reference to the drawing in which:
PAR  FIG. 1 is a schematic lateral elevation view partially broken away, of one
      example of an embodiment of a fastening gun according to the invention,
      the gun being cocked;
PAR  FIG. 2 is a partial sectional top view of one part of the gun according to
      FIG. 1, in the position shown in FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of the gun according to FIG. 1
      before closure;
PAR  FIG. 4 is similar to FIG. 2, but for the position shown in FIG. 3, the
      plug-guide not being shown;
PAR  FIG. 5 is a lateral elevation view partially broken away, of the gun shown
      in FIGS. 1-4 bearing against a wall and ready for firing;
PAR  FIG. 6 is similar to FIG. 4, but for the position shown in FIG. 5; and
PAR  FIG. 7 is a longitudinal sectional view of the gun shown in FIGS. 1-6,
      after firing.
DETD
PAR  In the embodiment described and shown in the drawing, the gun is designed
      to be operated at a distance and it comprises a grip 1 of appropriate
      shape and length, as well as a trigger 2, in order to cause firing. Grip 1
      is integral with a lateral projection 3 of the housing 4 of the gun.
PAR  A barrel 5, at the front of which is mounted a fastener guide 6, can move
      in a longitudinal bore 7 provided in a housing 4. Fastener guide 6 is
      screwed onto the barrel 5 and is immobilized by a socket 8 urged back by a
      spring 9. A longitudinal bore 10 is provided in a barrel 5 which stops
      towards the rear near the bottom of a blind bore 11 opening at the rear of
      barrel 5, bores 10 and 11 communicating through longitudinal channels
      having a small diameter 12. Bore 10 opens towards the front of barrel 5
      and is extended in the fastener guide 6 by a coaxial bore 13 having a
      smaller diameter connecting to bore 10 through a truncated part 14.
PAR  A piston 15 is housed in bores 10, 13 and 14. It comprises in a known
      manner, a shank 16, the diameter of which is slightly smaller than that of
      bore 13, a truncated part 17 having the same shape as truncated bore 14
      and a head 18 having a diameter very slightly smaller than that of bore
      10. A fastener 19, the head 20 of which bears on the forward end of shank
      16 and the tip of which bears a washer 21 which is force fitted, is fitted
      into bore 13 of fastener guide 6. Fastener guide 6 includes at its forward
      end a peripheral flange 22.
PAR  A breech 23 is movably mounted in bore 7 of housing 4. Breech 23 comprises
      a forward cylindrical projection 24 designed to cooperate with bore 11.
      The rear face of barrel 5 bears against a shoulder 25 provided at the
      front of breech 23 by projection 24. The forward face of projection 24 is
      provided with a cylindrical chamber 26 in which is housed a combustible
      charge 27. Chamber 26 is extended rearwards, into projection 24, through a
      cylindrical bore 28 communicating in turn with a bore having a larger
      diameter 29 which in turn opens into a bore 30 having a large diameter
      which in turn opens on the rear face of breech 23. A guide screw 31, the
      head of which 32 cooperates with a longitudinal opening 33 provided in
      housing 4 in order to limit the sliding motion of breech 23 and prevent
      its rotation, is screwed into breech 23.
PAR  A striker is located in the rear part of housing 4 of the gun, the striker
      comprises a percussion rod 34 which cooperates with bore 28 and a front
      hammer 35 cooperates with bore 29. The external surface of hammer 35 has
      longitudinal grooves which provides for the exhaust of combustion gases. A
      rear hammer 36 is provided which passes through a bore 37 provided in the
      rear face of plug 4' of housing 4. An abutment 38 is screwed into the rear
      of the rear hammer 36 in order that the head 39 of abutment 38, through
      cooperation with the external periphery of bore 37, limits the forward
      motion of the striker. The front hammer 35 and rear hammer 36 are united
      through a part 40 the diameter of which is slightly less than that of bore
      41 provided in the back part of housing 4 as an the extension of bore 7, a
      shoulder 42 being provided between these two bores.
PAR  A helicoidal percussion spring 43 is interposed between the rear surface of
      part 40 and the bottom of plug 4' and surrounds the rear hammer 36. A
      helicoidal spring 44 bears onto the front surface of part 40 and the
      bottom of bore 30 while surrounding the front hammer 35. The percussion
      spring 43 tends, when compressed, to propel the striker forwards in order
      to give rise to motion of the percussion rod 34 towards charge 27 and
      cause its ignition. Spring 44 tends to draw breech 23 away from the
      percussion system in order to clear chamber 26 and provide, for the
      introduction of charge 27, upon loading.
PAR  In part 40 of the striker, there is provided a blind transverse bore 45, in
      which slides a cylindrical part 46 urged back towards the outside of part
      40 by a helicoidal spring 47. At its end, opposite spring 47, part 46
      comprises a head cooperating with a fork 49 integral with a longitudinal
      rod 50 outside the barrel and extending towards the fastener guide. The
      forward part of rod 50 slides longitudinally in a bore 51 provided in a
      radial projection 52 of housing 4. A helicoidal spring 53 tends to push
      the rod 50 towards the front by bearing of the back of a tip 54 covering
      the forward part of rod 50, this tip being provided in such a way that it
      can project forwardly from the front of projection 52. The forward motion
      of rod 50 is limited by the bearing of fork 49 against a shoulder 55
      surrounding a bore 56 in which the back part of rod 50 slides. Both
      branches of fork 49 are provided with bores 57 and 58 respectively, the
      head 48 of part 46 passing through bore 57. A release part 59 sliding in a
      bore 60 of projection 3 of housing 4 against the action of a helicoidal
      spring 61, can be brought into engagement with part 46 by pressing on
      trigger 2. In pressing the trigger, the end of release part 59 adjacent to
      part 46 will pass through bore 58 of fork 49 when rod 50 is moved back
      towards the rear. The rearward movement of rod 50 is caused by cooperation
      of the front part of tip 54 and the rear of flange 22 of fastener guide 6
      upon locking of the device.
PAR  In order to control this locking, barrel 5 comprises a handle 62 provided
      with a grip 63 fastened to barrel 5 through a rectangular plate 64. An
      opening 65 is provided in housing 4 with which the plate 64 cooperates in
      order to provide for guiding of the barrel-plug-guide assembly with
      respect to housing 4. Opening 65 comprises from the forward part to the
      rear part, a longitudinal guiding zone 66 followed by an inclined zone 67
      and terminating in a transversal guiding zone 68. In zone 66, plate 64 is
      subjected to a translation which is followed by a helicoidal motion in
      zone 67 and which terminates in a pure rotational motion in zone 68. These
      motions are of course followed by the barrel assembly which is integral
      with plate 64.
PAR  During the various aforesaid motions, flange 22 of the fastener guide comes
      into contact with the tip 54 of rod 50 which is pushed back towards the
      rear during the first two phases of the motion. The backward motion of rod
      50 is amplified and extended during the third phase of the motion due to
      the fact that flange 22 has on its rear face an incline 69 which, for
      example, is helicoidal. At the end of the locking operation, the barrel is
      locked with respect to the housing, the percussion spring 43 has been
      compressed due to the fact that part 46 and therefore the percussion
      assembly, has been pushed back rearwards by fork 49. The combustion
      chamber is closed around charge 16 and part 59 is opposite bore 58 of fork
      49.
PAR  However, the invention provides, in addition, for the insertion between the
      two branches of fork 49, of a safety catch member 70 integral with rod 71
      similar to rod 50. The forward portion of rod 71 slides through another
      bore in projection 52 against the action of a spring 72. The front end of
      rod 71 is capped by a tip 73 similar to tip 54. At the end of the locking
      operation, rods 50 and 71 have been moved back through the same distance
      so that the safety catch member 70 prevents part 59 from engaging and
      moving head 48 against the action of spring 47 (FIG. 2).
PAR  In order to provide for the movement of the safety catch member 70, a
      longitudinal bore 74 is provided in flange 22 of fastener guide 6. In bore
      74, is housed a sliding part 75 comprising at its rear, a head 76 bearing
      on the front end of tip 73 of rod 71 and integral towards the front with a
      projection 77 projecting forwards of flange 22 under the action of a
      spring 78. It is only when projection 77 is pushed in by bearing on a wall
      (FIGS. 5 and 6) that the safety catch member 70 is pushed back towards the
      rear relative to fork 49, and provides for the engagement of part 59 with
      part 46 to cause the depression thereof.
PAR  The depression of part 46 against the action of spring 47 provides for the
      propulsion of the striker towards the front as soon as the free end of
      head 48 of part 46 is cleared of fork 49. Charge 27 is then ignited. The
      charge combustion gases propel the piston 15 towards the front after
      passing through conduits 12 and the piston drives the fastener 19 into the
      wall. Washer 21 remains captive, at the surface of this wall, adjacent
      head 20 of fastener 19 (FIG. 7).
PAR  After firing and removal of the tool from the wall, the unlocking and the
      forward return of the barrel assembly liberates rods 50 and 71 which
      return to occupy their positions as shown in FIGS. 3 and 4. Part 46, under
      the action of its spring 47 is again introduced into bore 57. Breech 23,
      under the action of spring 44, retakes its forward position. The striker
      remains immobilized by head 39 of abutment 38. Chamber 26 of breech 23 is
      then accessible to receive a new piece of ammunition.
PAR  The fastening gun according to the invention can of course be provided with
      a control system other than the remote control system described above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A powder-actuated fastening gun including a housing, a barrel assembly
      mounted in said housing for movement between a locked position and an
      unlocked forward position, percussion assembly means in said housing for
      initiating the ignition of a powder charge and moveable between a firing
      position and a fired position, a rod member external of said barrel
      assembly, said rod member being moveable between a forward position and a
      rearward position, means releasably connecting said percussion assembly
      means and said rod member, means projecting from said barrel assembly to
      engage said rod member and move it from its forward position to its
      rearward position as said barrel assembly is moved from its unlocked to
      its locked position, and means for disconnecting said percussion assembly
      means and said rod member only when said rod member is in its rearward
      position.
NUM  2.
PAR  2. The powder-actuated fastening gun of claim 1 further including means for
      guiding said barrel during movement from its unlocked to its locked
      position, said guide means first imparting translation motion followed by
      combined rotational and translational motion and finally pure rotational
      motion, said final rotational movement causing the final locking of the
      barrel with respect to the housing.
NUM  3.
PAR  3. The powder-actuated fastening gun of claim 1 wherein said projection
      from said barrel assembly includes an inclined surface engageable with
      said rod member during movement of said barrel assembly from its unlocked
      to its locked position.
NUM  4.
PAR  4. The powder-actuated fastening gun of claim 1 further including a second
      rod member external of said barrel, said second rod member including
      safety catch means to prevent disconnection of said percussion assembly
      means and said rod member, said second rod member being mounted for
      movement between a forward position, an intermediate position wherein said
      safety catch means prevents disconnecting of said percussion assembly
      means and said rod member when said rod member is in its rearward
      position, and a rearward position wherein said safety catch means permits
      disconnecting of said percussion assembly means and said rod means when
      said rod member is in its rearward position.
NUM  5.
PAR  5. The powder-actuated fastening gun of claim 4 further including a bore in
      said projection of said barrel assembly, a control finger mounted in said
      bore and biased into a position normally extending forward of the barrel
      assembly, said bore being positioned in said projection so as to be
      co-axial with said second rod when said barrel assembly is in its locked
      position, to permit the control finger to move said second rod from its
      intermediate to its rearward position when said control finger is moved
      rearwardly.
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ABST
PAL  A stitch nailing apparatus for automatically sequentially placing
      transversely extending slats in predetermined spaced relationship with one
      another onto a plurality of longitudinally advancing stringers and for
      repetitively nailing each slat to the stringer in stitch nailing fashion,
      immediately following its placement thereon. A first conveyor, mounted on
      an elongated frame, advances and guides a lowermost stringer
      longitudinally of the elongated frame from each of a plurality of spaced
      stringer magazines. The plurality of advancing stringers simultaneously
      proceed in spaced parallel relationship to a nailing station wherein a
      separate nailing head is adjacent each stringer. A slat magazine, disposed
      between the nailing heads and the stringer magazines, holds a vertical
      stack of slats. A slat conveyor advances the lowermost slat from the slat
      magazine to a position transversely overlying the stringers at the nailing
      station. Electromechanical control means are provided for sequentially
      actuating the first and the slat conveyors and the nailing heads to drive
      nails through the positioned slat and into each stringer, and for
      thereafter coordinating alternate movement of the first conveyor with
      actuation of the nailing heads to drive additional nails in stitch fashion
      through the slat and into each of the stringers. The electromechanical
      control means automatically senses the completed nailing of a slat to the
      stringers, and repeats the cycle sequentially by advancing the stringers a
      predetermined longitudinal distance by positioning another slat overlying
      the stringers and by stitch nailing the slat to the stringers. The cycle
      is continuously repeated or interrupted in response to the control means.
      The apparatus readily adjusts to accomodate stringers and slats of varied
      dimensions and to assemble such stringer and slat assemblies of varied
      shapes and configurations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention: The present invention relates generally to
      automatic nailing devices and more particularly to an automatic stitch
      nailing device for repetitively positioning and nailing transverse slats
      onto parallel longitudinally advancing stringers.
PAR  Description of the Prior Art: The economics required in manufacturing
      practices today, demand that automatic devices replace manual labor in
      certain repetitive manufacturing operations. This demand is particularly
      noticeable in the construction of such articles as docks, pallets, certain
      types of fences, etcetera, having assembly steps involving the common
      operation of repeatedly securing or nailing a plurality of parallel slats
      to at least one side of a plurality of parallel, spaced apart stringers.
      Another such example is in the construction of certain types of wood
      frames which contain transverse members secured to longitudinal stringers
      and assembled in a given pattern to form a frame.
PAR  Known prior art devices for performing such tasks have attacked the problem
      by first collecting and positioning the individual parts of the article of
      manufacture and thereafter conveying the pre-positioned parts to a
      plurality of nailing heads for the final securing operation. This, of
      course, requires complicated jigs and clamping devices for holding the
      individual parts in their correct positions relative one another during
      both the conveying and the nailing operations. This pre-assembly concept
      also requires the use of manual labor to assemble the parts in their
      aligned positions, or alternatively, complicated mechanical or
      electromechanical mechanisms must be provided to accomplish the
      pre-assembly operations.
PAR  Another approach toward solving the automation problem, which applies
      particularly to the construction of pallets has been to provide a machine
      which advances a plurality of stringers extending on a conveyor
      transversely of the direction of their advancement, into underlying
      engaging relationship with a plurality of deck boards stacked in a hopper
      in predetermined relationship to one another and extending longitudinally
      of the conveyor. Thereafter, the stringers and the bottom layer of deck
      boards are unitarily advanced beneath a nailing mechanism with the
      remaining vertically stacked deck boards in the hopper serving to hold the
      advancing stringers and engaged deck boards in position during the nailing
      process. This arrangement not only requires the use of a large number of
      nailing heads, since at least one nailing head and more often a plurality
      of nailing heads must be provided to nail each deck board, but also
      requires heavy duty components for producing articles having long
      stringers with a large number of deck boards, as for example long sections
      of dock or fence structures. The heavy duty construction is required as a
      consequence of the large mechanical forces exerted by the weight of the
      increased number of deck boards stacked in the hopper for holding down the
      lowermost deck board being nailed to the stringers. These requirements not
      only result in an expensive machine but also one in which the possibility
      of malfunction is increased because of the greater number of nailing heads
      which must be operated.
PAR  An additional problem in many automatic and semiautomatic assembly and
      nailing machines is their failure to permit ready adjustment to the parts
      and control devices of the machine for accommodating stringers and slats
      of varying sizes and shapes and for readily adjusting the positioning of
      the stringers and slats relative one another to enable the manufacture of
      assembled structures of varying sizes and configurations.
PAR  The present invention overcomes these problems and shortcomings of the
      prior art by providing a simple, reliable and relatively inexpensive
      apparatus for automatically assembling transverse slats to longitudinally
      advancing stringers by using a minimum number of nailing heads operative
      in repetitive stitch nailing fashion, and which is rapidly adjustable for
      accommodating slats and stringers of varied dimensions and for
      manufacturing articles of various sizes and configurations. While the
      present invention will be described with reference to a specific
      embodiment thereof employing a given number of stringers and nailing heads
      it will be understood that the invention is not limited to this specific
      embodiment but includes any number of such stringers and nailing heads.
      Further, while the present invention as described employs a particular
      electromechanical control system, it will be understood that other control
      systems which perform equivalent functions necessary to the operation of
      the apparatus may be used without departing from the spirit or intent of
      this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The automatic nailing apparatus of the present invention includes an
      elongated frame having a transversely extending frame member overlying the
      frame. A plurality of stringer magazines are mounted on the frame for
      vertically stacking a plurality of stringers to extend longitudinally of
      the elongated frame at spaced apart parallel positions. A first conveyor
      is mounted on the elongated frame for guiding and for advancing a
      lowermost one of the vertically stacked stringers from each of the
      stringer magazines in a direction longitudinal of the elongated frame and
      toward the transversely extending frame member. A plurality of nailing
      heads are positionally mounted on the transverse frame member, each in
      longitudinal alignment with one of the stringers, for defining a plurality
      of nailing stations. A slat magazine is mounted on the transversely
      extending frame member to vertically stack a plurality of slats extending
      transversely of the stringers and between the transverse frame member and
      the stringer magazines. A slat conveyor cooperates with the slat magazine
      for advancing a lowermost slat therefrom and for positioning the slat on
      the advancing stringers at the nailing stations. Control means activate
      the first conveyor for advancing the stringers to their respective nailing
      stations, actuate the slat conveyor for advancing and positioning a slat
      on the stringers at the nailing stations and actuate the plurality of
      nailing heads for driving at least one nail through the slat into each
      stringer positioned at the plurality of nailing stations. The control
      means is electromechanically activated and includes cam activated limit
      switches and cooperating control circuits. The cam device and limit
      switches can be adjustably cooperatively positioned for controlling the
      number of nails driven into each slat and for controlling the relative
      spacing between successive slats on the stringers, independent of the
      width of the slats.
PAR  It is one object of the present invention, therefore, to provide a stitch
      nailing machine which will automatically feed stringers toward nailing
      stations where transversely extending slats will be rapidly and accurately
      positioned and nailed thereto regardless of the dimensions of the slats or
      of the length of the stringers.
PAR  It is another object of the present invention to provide a device of the
      above-described character which may be readily adjusted to accept
      stringers and slats of varying lengths, widths and thicknesses.
PAR  It is a further object of the present invention to provide a device of the
      above-described character which requires a minimum of skill and effort on
      the part of an operator and which rapidly, accurately and reliably
      performs its intended functions over extended periods of operation.
PAR  These and other objects of the invention will become apparent to those
      skilled in the art upon consideration of the accompanying specification,
      claims and drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Referring to the drawing, wherein like numerals represent like parts
      throughout the several views:
PAR  FIG. 1 is a view in side elevation of a preferred embodiment of a stitch
      nailing device constructed in accordance with the present invention;
PAR  FIG. 2, Sheet 2 is an enlarged vertical sectional view of the device of
      FIG. 1, as generally seen from the section line 2--2 of FIG. 1;
PAR  FIG. 3, Sheet 2, is a detail sectional view of the device of FIG. 2, as
      taken along the section line 3--3 of FIG. 2, illustrating a portion of the
      slat magazine and the slat advancing mechanism of the present invention;
PAR  FIG. 4, Sheet 3, is an enlarged vertical sectional view of the device of
      FIG. 1, as generally taken along the section line 4--4 of FIG. 1;
PAR  FIG. 5, Sheet 4, is an enlarged vertical sectional view of the device shown
      in FIG. 1, as generally seen from the section line 5--5 of FIG. 4,
      illustrating a nailing head unit in side elevation, a portion of a
      stringer advancing conveyor and a portion of the slat magazine and slat
      advancing mechanism of the present invention;
PAR  FIG. 6, Sheet 5, is an enlarged horizontal sectional view of the device
      shown in FIG. 1, as generally taken along the section line 6--6 of FIG. 1;
PAR  FIG. 7, Sheet 5, is an enlarged detailed view of that mechanism illustrated
      within the circle "A" of FIG. 6, portions thereof being broken away and
      shown in section for illustrating the means for accurately positioning a
      stringer member within a respective guide track of the present invention;
PAR  FIG. 8, Sheet 5, is a plan view of that mechanism illustrated within the
      circle "B" of FIG. 6, portions thereof being broken away and shown in
      section to better illustrate one of a pair of devices for positioning a
      slat to be nailed by the device shown in FIG. 1;
PAR  FIG. 9, Sheet 6, is a fragmentary plan view of the device of FIG. 1, as
      generally viewed along the line 9--9 of FIG. 1, illustrating the mechanism
      for orienting and for controlling the flow of nails to nailing heads of
      the present invention;
PAR  FIG. 10, Sheet 6, is an enlarged horizontal sectional view of one of a
      plurality of nailing heads of the present invention, as generally taken
      along the section line 10--10 of FIG. 4;
PAR  FIG. 11, Sheet 7, is a view in vertical section of the nailing head of FIG.
      10, as generally taken along the section line 11--11 of FIG. 10,
      illustrating the internal construction of the nailing head;
PAR  FIG. 12, Sheet 7, is a view in vertical section of the nailing head of FIG.
      10, as generally taken along the section line 12--12 of FIG. 10, further
      illustrating the internal construction of the nailing head;
PAR  FIG. 13, Sheet 7, is a view in vertical section of that portion of the
      nailing head mechanism shown in FIG. 11, as generally taken along the
      section line 13--13 of FIG. 11;
PAR  FIG. 14, Sheet 7, is an enlarged view in vertical section of a portion of
      the device shown in FIG. 4, as generally taken along the section line
      14--14 of FIG. 4, illustrating a limit switch for positioning a slat to be
      nailed to a plurality of underlying stringer members;
PAR  FIG. 15, Sheet 3, is a plan view of a gate member used in each nailing head
      of the present invention to control the supply of nails thereto;
PAR  FIG. 16, Sheet 3, is a view in perspective of a biasing means for the gate
      member shown in FIG. 15;
PAR  FIG. 17, Sheet 3, is a view in vertical section of a portion of the device
      shown in FIG. 4, generally taken along the section line 17--17,
      illustrating a slat stopping member employed in the present invention for
      positioning a slat prior to nailing the underlying stringer members;
PAR  FIG. 18, Sheet 4, is an enlarged plan view of a cam member mounted to the
      stringer conveyor and contained within the circle "C" of FIG. 6, portions
      thereof being broken away to better illustrate the cam member sequential
      activation of the spaced limit switches cooperating therewith;
PAR  FIG. 19, Sheet 4, is a view in front elevation of the cam member of FIG.
      18, as generally seen along the line 19--19 of FIG. 18;
PAR  FIG. 20, Sheet 4, is a view in vertical section of the stringer conveyor
      and attached cam member of FIG. 18, as generally taken along the section
      line 20--20 of FIG. 18; and
PAR  FIG. 21, Sheet 8, is a schematic diagram illustrating the major functional
      circuits of the electrical control portion of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the Figures, there is generally shown a preferred embodiment
      of a stitch nailing system constructed in accordance with the teachings of
      the present invention. Referring to FIGS. 1, 2 and 6, a pair of parallel
      spaced apart elongate frame rail members 50 longitudinally extend between
      a receiving end generally designated at 51 of the system, and a delivery
      end generally designated at 52. A pair of upright support legs 53 support
      the frame rail members 50 at the receiving end 51, and a pair of upright
      support legs 54 support the frame rail members 50 at their delivery end 52
      in generally parallel relationship upon and above a floor 55. A plurality
      of cross member support beams, generally designated at 56, connect the
      pair of rail members 50 at spaced intervals longitudinally therealong,
      maintaining the spaced parallel relationship of the rails 50 with one
      another. A pair of vertically oriented outwardly directed frame members 58
      are connected to support the elongate frame rail members 50 at a position
      therealong intermediate their receiving and delivery ends 51 and 52
      respectively, and in the preferred embodiment are approximately near the
      longitudinal central portion of the frame rail members 50.
PAR  In the preferred embodiment, that portion of each of the frame rail members
      50 disposed between the receiving end 51 and the vertical frame members 58
      comprise a pair of cooperatively engaging beam members (the outwardly
      directed beam member being designated as 50a and the inwardly directed
      beam member being designated as 50b), for adjustably operatively extending
      the effective length of the frame rail members 50. The beam rail members
      50a and 50b are adjustably slidably connected to one another by means of a
      plurality of bolts 62 which are rigidly anchored to the inner rail beam
      member 50b and project outwardly therefrom through a pair of
      longitudinally extending adjustment slots 64 in the outer rail beam member
      50a, allowing the outer rail beam member 50a to be moved longitudinally
      with respect to the inner wall rail beam member 50b within the adjustment
      range provided by the slots 64. In the preferred embodiment, the outer and
      inner rail beam members 50a and 50b respectively are securely clamped to
      one another in the desired extended position by hex-head nuts threaded to
      the projecting ends of the bolts 62. This adjustment feature provides for
      rapidly extending or shortening the effective length of the frame rail
      members 50 between the receiving end 51 and the vertical frame members 58
      to accomodate stringers of varied lengths, as hereinafter described.
PAR  In the preferred embodiment, a plate of sheet material 65 is supported by
      and connected to the cross member support beams 56 (FIG. 2) and extends
      laterally between the elongate frame rail members 50 such that the top
      surface of the plate 65 and the top surfaces of the rail members 50 define
      a generally planar surface bed upon which a plurality of stringers
      slidably advance, as hereinafter described. The plate 65 extends
      longitudinally from the receiving end 51 and toward the delivery end 52,
      terminating at a position intermediate the frame members 58 and the
      delivery end 52 (FIG. 6).
PAR  A first stringer magazine support member 67 extends transversely between
      and is secured near its end to the top surfaces of the pair of rail beam
      members 50 at the receiving end 51 (FIGS. 1 and 6). The support member 67
      is of predetermined thickness and has a plurality of elongate
      longitudinally extending adjustment slots 68 formed therein. A second
      stringer magazine support member 70, extends transversely between and is
      secured at its ends to the pair of elongate frame beam members 50 at a
      longitudinal position along the frame rail members 50 that is between the
      non-receiving disposed end of the plate 65 and the delivery end 52 of the
      system. The top surface of the support member 70 is generally planar with
      the top surface of th plate 65. The support member 70 has a plurality of
      elongate adjustments slots 71 formed therein, generally longitudinally
      disposed therealong to align with the adjustment slots 68 in the first
      support member 67.
PAR  In the preferred embodiment, three stringer magazine units generally
      designated at 73, longitudinally extend between and are bolted to the
      first and second stringer support members 67 and 70 respectively, in
      parallel spaced apart relationship to one another (FIGS. 1, 2 and 6). The
      plurality of elongate adjustment slots 68 and 71 in the stringer magazine
      support members 67 and 70 respectively allow for precise and rapid lateral
      adjustment and alignment of the stringer magazine units 73 between the
      pair of frame rail members 50. Although three stringer magazine units 73
      are illustrated in the preferred embodiment, it will be understood that
      the support members 67 and 70 could be adapted to accomodate any desired
      number of such magazine units within the spirit and intent of this
      invention.
PAR  In the preferred embodiment, each stringer magazine unit 73 comprises a
      pair of base support guides 74 longitudinally extending between and
      adjustably connected to the first and second lateral support cross members
      67 and 70. At the receiving end 51 of the system, the bottom surfaces of
      the plurality of base support guides 74 directly engage the top surface of
      the first stringer magazine support member 67. At the delivery end 52 of
      the system, a plurality of spacer members 75, of predetermined thickness,
      are connected between the plurality of base support guides 74 and the
      second stringer magazine support 70 (FIGS. 1 and 2) so as to elevate the
      bottom surfaces of the base support guides a predetermined height from the
      top surface of the plate 65 and in generally parallel relationship
      therewith. The plurality of base support guides 74 are bolted at their
      ends to the first and second magazine support members 67 and 70
      respectively through the adjustment slots 68 and 71 respectively therein.
      Each base support guide 74 is longitudinally extendable near the receiving
      end 51 of the system, in similar fashion to that previously described with
      respect to the extension capabilities of the elongate frame rail members
      50, for enabling rapid adjustment of the effective length of the base
      support guide members 74, whenever the effective lengths of the pair of
      elongate frame rail members 50 are adjusted.
PAR  Each stringer magazine unit 73 further has a pair of downwardly converging
      side plates 76 (FIGS. 1 and 6) secured respectively at their lower ends to
      the pair of base support guides 74, and longitudinally extending between
      the receiving end 51 of the system to a position intermediate the
      receiving end 51 and the vertically oriented frame members 58. The
      converging side plates 76 and the base support guide members 74 in
      combination form a hopper-like structure for holding a plurality of
      vertically stacked stringer boards. The stringer boards are designated
      throughout the Figures by "ST". The plate bed 65, therefore, defines the
      lower surface of the plurality of stringer magazine units 73 such that the
      lowermost stringer (ST) held within one of the stringer magazine units 73
      will directly contact the plate 65. In practice, the pair of base support
      guides 74 of each stringer magazine unit 73 are oriented parallel to one
      another and are laterally spaced apart a distance somewhat larger than the
      width of a stringer (ST) being held thereby to enable generally
      unrestricted longitudinal movement of the stringer between each pair of
      base support guides 74, along the entire lengths thereof.
PAR  Referring to FIG. 6, each of the rightmost ones, as viewed from the
      receiving end 51, of the pairs of base support guides 74 of the stringer
      magazine units 73 has a stringer positioning element, generally designated
      at 77. The plurality of stringer positioning elements are generally
      laterally aligned with one another at a longitudinal position along the
      system near the vertically oriented frame members 58. A detail enlarged
      view of one of the stringer positioning elements 77 is illustrated in FIG.
      7. Referring to FIG. 7, the stringer positioning element 77 generally
      comprises a cam member 77a connected for pivotal rotation about a
      vertically oriented pivot axis 77b, and freely movable thereabout through
      a slot 78 formed in the inwardly directed surface of the base support
      guide 74 in which it is mounted, so as to project within the stringer race
      defined between each pair of base support guides 74. A spring element 77c
      normally urges the cam 77a in counterclockwise rotation (as viewed in FIG.
      7) about its pivot axis 77b such that the cam 77a extends within the
      stringer race, for urging an advancing stringer board (ST) therein toward
      engagement with the opposing base support guide 74 which defines that
      particular stringer race. The cam element 77a is shown in FIG. 7 as it
      would appear when forced by a stringer board (ST) to rotate in the
      clockwise direction about its pivot axis 77b against the bias of the
      spring element 77c, to the "retracted" position illustrated.
PAR  A pair of matching endless conveyor chains 80a and 80b are longitudinally
      disposed between and in relatively close proximity with the pair of
      elongate frame rail members 50, such that the "upper" longitudinally
      extending portions of the conveyor chains extend above the plate bed 65
      (see FIGS. 1, 2 and 6). The conveyor chains 80a and 80b engage a pair of
      idler sprockets 81a and 81b respectively, connected for common rotation by
      means of an axle 82 adjacent the receiving end 51 of the assembly (FIG.
      6). The ends of the axle 82 are journaled in bearings 83 connected to the
      pair of elongate frame rail members 50. The conveyor chains 80a and 80b
      are repectively driven by a pair of drive spockets 85a and 85b commonly
      connected by means of an axle 86. That end of the axle 86 which is
      connected to the drive sprocket 85b rides in a bearing 87 mounted to one
      of the pair of elongate frame members 50. The opposite end of the axle 86
      is journaled for rotation through a bearing 88 in the opposing elongate
      frame rail member 50 and terminates at an axially connected primary drive
      sprocket 89. The lower (return) portions of the pair of conveyor chains
      80a and 80b pass beneath the general plane of the plate member 65 and
      engage a pair of idler sprockets 90 (FIG. 1), rotatably connected to the
      inside surfaces of the pair of upright support legs 53 at the receiving
      end 51 of the apparatus. In the preferred embodiment, the conveyor chains
      80a and 80b comprise a plurality of interconnected links which may be
      added to or subtracted from one another for respectively increasing or
      decreasing the lengths of the chains to correspond to adjustments made in
      the effective lengths of the pair of elongate frame rail members 50, as
      previously described.
PAR  A plurality of drive bars 92 (FIGS. 2 and 6) laterally extend between the
      pair of conveyor chains 80a and 80b at predetermined spaced intervals
      therealong and are connected for movement therewith along the top surface
      of the plate 65. The drive bars 92 are connected to the conveyor chains
      80a and 80b so as to lie generally perpendicular to the longitudinally
      extending stringer magazine units 73. The drive bars 92 are of a thickness
      to enable them to proceed unimpeded below the bottom surface of the
      plurality of base support guides 74 of the stringer magazine units 73 and
      operatively engage, at the receiving end 51, the ends of the lowermost
      stringers (ST) in each stringer magazine unit 73 and longitudinally
      simultaneously advance (from right to left in FIG. 6) those engaged
      stringers along the bed formed by the top surface of the plate 65. It will
      be noted that the thickness of the first stringer magazine support member
      67 and of the spacer elements 75 is somewhat greater than that of the
      drive bars 92, thus providing sufficient elevation of the base support
      guides 74 above the plate 65 to enable free longitudinal movement of the
      drive bars 92 thereunder.
PAR  A first reversing motor 94 (FIG. 6) is mounted to one of the cross member
      support beams 56 of the system near the second stringer support member 70.
      The motor 94 has a shaft 95 journaled for rotation through a bearing 96 in
      one of the elongate frame rail members 50, and terminating at a drive
      sprocket 97 (FIG. 1). A primary endless drive chain 98 engagably connects
      the primary conveyor drive sprocket 89 for rotation with the drive
      sprocket 97. The drive chain 98 passes over an idler sprocket 99, also
      journaled in a bearing 100 (FIG. 6) connected to the elongate frame rail
      member 50. In the preferred embodiment, the assembly comprising the drive
      sprockets 97 and 89, the chain 98, and the idler sprocket 99 is enclosed
      for safety purposes, by a hinged door 101 (FIG. 1).
PAR  In the preferred embodiment, the pair of vertically oriented support
      members 58 are U-shaped channel beams having a plurality of staggered
      slots 110 longitudinally extending in staggered relationship near the
      upper portion of the beams 58 (FIG. 1). Referring to FIGS. 1, 2, 4 and 5,
      a pair of U-shaped channel beams 112 cooperatively mate with the upright
      support members 58 at a position vertically above the general plane of the
      plate 65 such that the "bottom" portions of the "U" channels of the beams
      58 and 112 engage one another. The beams 112 carry the nailing and slat
      supply apparatus of the system, as hereinafter described. Each of the
      upright beam members 112 has a plurality of bolts 113 anchored therein and
      projecting outwardly through the "bottom" surface of the "U" channel (see
      FIGS. 5 and 1), so as to extend through the elongated staggered slots 110
      in the outer upright frame members 58. The ends of the bolts 113 extending
      through the slots 110 are threaded to receive nuts for securely clamping
      the respective beam members 112 to the outer stationary beam members 58.
      This bolt and slot arrangement enables vertical adjustment of the inner
      upright beams 112 relative to the outer stationary upright beam members
      58.
PAR  The upright frame members 58 have vertically oriented gear rack portions
      115 (FIGS. 1 and 4) forming vertical extensions of their upper ends. Each
      of the beam members 112 has a pinion gear and associated crank assembly
      116 secured to its outwardly directed surface and sized to matingly engage
      the rack gear extensions 115 of the support members 58. This rack and
      pinion gear assembly provides ready adjustment capability for vertically
      positioning the inner beams 112 relative the outer beams 58 as permitted
      by the bolt and slot configurations (113 and 110 respectively). A vertical
      height adjustment of the inner beams 112 relative the outer beams 58 is
      effects by loosening the nuts on the bolts 113, and by thereafter turning
      the cranks on the pinion gear assemblies 116 in the desired direction to
      raise or lower the beams 112. The nuts on the bolts 113 are then resecured
      after the desired vertical position has been obtained.
PAR  The pair of inner upright support beams 112 are rigidly attached to one
      another by means of a first transversely extending cross beam 118 (see
      FIGS. 2, 4 and 5) and by means of a second upper transversely extending
      mounting beam 119. The pair of upright support beams 112 are further
      connected to one another by means of a plate 120 transversely extending
      between and securely attached to those inwardly directed walls of the
      U-shaped beams 112 which are oriented toward the receiving end 51 of the
      system. The structure, therefore, defined by the upright support beams 112
      and its interconnecting beams and plate, is one unified assembly which is
      vertically movable between the upright beams 58 as previously described
      and to which other apparatus is attachable, as hereinafter described.
PAR  A pair of support plate members 125 (FIGS. 1, 2 and 5) are secured to each
      of the inner upright support members 112 and extend longitudinally with
      the rail beam members 50 toward the receiving end 51 of the system. The
      support plates 125 generally mount the transverse slat supplying and
      handling apparatus of the present invention. A plurality of angle iron
      support members 127 transversely extend between and are secured at their
      ends to the outer support plates 125 at a distance longitudinally spaced
      from the plate 120 in the direction toward the receiving end 51 of the
      system (FIGS. 1 and 5). The angle iron support members 127 are disposed in
      generally parallel fashion with and above the plate 65. Two pairs of the
      support members 127 are relatively positioned with respect to one another
      such that adjacent members of each pair are separated by a predetermined
      vertical distance to slidingly allow passage of the shank of an adjustment
      bolt therebetween. A vertically oriented plate 128 is secured to the
      planarly aligned surfaces of the plurality of support members 127 near the
      center of the system, and in combination with the plate 120 define front
      and rear walls of a hopper for holding a vertical stack of slat boards
      (SL) therebetween. A stiffener support brace 126 transversely extends
      between and is secured at its ends to the pair of support plates 125, and
      is connected to the plate 128 adjacent its bottom edge to give stiffening
      support thereto.
PAR  A pair of vertically oriented slat end guide plates 129 (FIGS. 2 and 5) are
      adjustably mounted to the plurality of support members 127 and define end
      walls of the "slat hopper". The end plates 129 have a plurality of
      adjustment brackets 130 mounted thereto, and aligned for slidable movement
      within the adjustment slots or races defined by the cooperating pairs of
      angle iron supports 127. The brackets 130 enable rapid lateral adjustment
      of the end plates 129 for positioning slat boards stacked therebetween in
      the desired position relative to the longitudinally advancing stringers.
PAR  Referring to FIGS. 2, 3 and 5, the floor of the slat hopper is defined by a
      bottom plate 131 laterally extending between and secured to the outer
      support plates 125, overlying and generally parallel with the plate 65 and
      at a spaced distance thereabove as determined by the adjustable "height"
      position of the entire central portion of the system. Those ends of the
      plate 131 adjacent the support plates 125 are recessed (FIG. 2) to form a
      pair of guides or races 132 (the purpose of which will be hereinafter
      described) with the outer support plates 125, which run longitudinally
      with the bottom plates 125 along their inwardly directed surfaces.
      Referring to FIG. 3, it will be noted that the bottom plate 131
      longitudinally extends slightly beyond the plate 120 toward the delivery
      end 52 of the system, and extends considerably past the plate 128 toward
      the receiving end 51 of the system.
PAR  A mounting plate 137 generally centrally positioned along the length of the
      plurality of angle iron support members 127 and of the stiffener support
      brace 126 and is welded thereto in generally vertical fashion (FIGS. 2 and
      3). The vertical height of the mounting plate 137 is generally defined by
      the topmost angle iron 127 and the bottom surface of the stiffener brace
      member 126. The outwardly oriented ends of the mounting plate 137 are
      flanged (137a) to project toward the receiving end 51 of the system. A
      pair of braces 138 are bolted at 139 to the flanges 137a of the plate 137
      and extend obliquely downward therefrom to the base plate 131. The braces
      138 are welded to the base plate 131 and support the plate 131 along its
      span between its end connections to the support plates 125.
PAR  A pair of slat guide arms 144 (FIGS. 2 and 3) project within the slat
      hopper at each side of its rear wall plate 128 and are pivotally connected
      at 145 to one of the plurality of transverse angle iron support members
      127. The movable slat guides 144 are pivotally movable in a
      counterclockwise direction (as viewed in FIG. 3) about their pivot
      connections 145, by means of a linkage apparatus generally designated at
      146 which is connected to a rod 147 transversely extending between and
      rotatably mounted through the pair of brace members 138. One end of a
      lever arm 148 is securely clamped to the rod 147, and its other end is
      pivotally attached to a piston rod 149 of a hydraulic ram cylinder 150
      which is mounted to the plate 137. The slat guide arms engage and urge any
      slats in the lower portion of the slat hopper toward engagement with the
      forward wall (plate 120) of the hopper as follows. As the piston 149 of
      the ram cylinder 150 moves in an extending direction, the rod 147 is
      caused to rotate in a counterclockwise direction (FIG. 3), thus causing by
      means of the linkage elements 146, the pair of lower slat guide arms 144
      to rotate in a counterclockwise direction (FIG. 3) about their pivot
      points 145 and urging the lower portion of the arms 144 toward the plate
      120.
PAR  A slat board advancing plate (or conveyor) 160 is generally inversely
      configured with respect to the bottom plate 131 and slidably rests thereon
      as illustrated in FIG. 2. The advancing plate 160 has a pair of
      longitudinally extending slots 161 formed therein and projecting from that
      edge of the plate 160 oriented toward the receiving end 51 of the system,
      to enable longitudinal movement of the plate 160 without interference by
      the brace members 138. Referring to FIG. 2, the lower side of the plate
      160 is keyed along its longitudinally extending side edges for matingly
      engaging and longitudinally sliding within the pair of races 132 formed by
      the plate 131.
PAR  The upper surface of the slat advancing plate 160, along both of the side
      edges thereof, is notched in "rack" gear manner at 163 (FIGS. 2, 3 and 5).
      A pair of mating "pinion" gears 164 are oriented to matably engage the
      rack gears 163 on the plate 160 (see FIGS. 2 and 5). The pinion gears 164
      are connected for unified rotation by means of an axle 165 transversely
      extending between and journaled for rotation in the pair of outer support
      plates 125. The axle 165 is also journaled for rotation through the pair
      of downwardly extending brace members 138. One end of the axle 165
      projects through the rightmost (as viewed in FIG. 2) one of the support
      plate 125 and terminates at a sprocket 170.
PAR  A reversible slat feed motor 175 is mounted to the plate 137, and upon
      energization, rotates a drive sprocket 176 by means of a shaft 177
      journaled through that same support plate 125 through which the axle 165
      projects. In the preferred embodiment, the motor 175 is a hydraulically
      operated motor whose direction of rotation is controlled by means of a
      reversing solenoid 178 mounted to the plate 137 (note: the
      interconnections between the motor 175 and the solenoid 178 are not
      illustrated).
PAR  Referring to FIGS. 4 and 5, two pairs of channel iron cross members
      transversely extend between and are connected at their ends to the
      delivery end (52) oriented sides of the support members 112. The upper
      pair of these cross members are labeled as 180, and the lower pair of
      cross members are labeled as 182. The members of each pair of cross
      supports 180 and 182 are disposed in parallel spaced apart relationship
      with one another, the spacing between cooperating ones of each pair of the
      cross members being sufficient to allow the shank of an adjustment bolt to
      slide longitudinally therebetween along the length of the cross members.
      Those surfaces of the cross members 180 and 182 which are oriented toward
      the delivery end 52 of the system are vertically aligned in generally
      planar relationship with that outer edge of the first cross support beam
      118 which is also oriented toward the delivery end 52 of the system. The
      cross support beam 118 and the two pairs of channel iron cross members 180
      and 182 collectively form mounting surfaces for the nailing units (to be
      hereinafter described) of the present invention.
PAR  In the preferred embodiment, a plurality of automatic nailing units
      generally designated at 190 (FIGS. 1, 4 and 5), are adjustably mounted to
      the cross members 180 and 182 in predetermined spaced relationship to one
      another. Each of the nailing units 190 is operatively associated with one
      of the plurality of the stringer magazine units 73 and is alignable
      therewith as hereinafter described. Since, in the preferred embodiment,
      there are three stringer magazine units 73, there also are three nailing
      units individually identified as 190A, 190B and 190C. That area laterally
      extending across the system at which the nailing units 190 are located is
      generally termed the "nailing station" of the system.
PAR  Since each of the nailing units 190 is identical in construction and
      operation, the details of only one of such nailing units will be
      described, it being understood that identical considerations are also
      applicable to the other two. Referring to FIGS. 1, 4 and 5, each nailing
      unit 190 generally has a vertically oriented mounting plate 192 adjustably
      connected to the pair of cross mounting members 180 and 182 by means of a
      plurality of bolts 194 threaded into the mounting plate 192 and having
      shanks which project between the slots defined by the two pairs of cross
      members 180 and 182 and are slidable therein. Those ends of the bolts 194
      projecting toward the receiving end 51 are capped by enlarged heads. Each
      mounting plate 192 when securely fastened by means of the mounting bolts
      194 engages those surfaces of the first cross beam 118, and of the cross
      member 180 and 182 which are oriented toward the delivery end 52 of the
      system. The adjustment bolts 194 may be loosened to enable "sideways"
      adjustment longitudinally along the support members 180 and 182 for
      aligning the nailing units 190, as hereinafter described, with the pair of
      base support guides 74 of the associated stringer magazine unit 73.
PAR  Each nailing unit 190 generally comprises a ram cylinder 196 mounted to the
      plate 194 such that the piston of the cylinder moves in a generally
      vertical up and down fashion. In the preferred embodiment, the nailing
      cylinders 196 are hydraulically operated ram units operative in a manner
      well known in the art, having a pair of hydraulic fluid hoses 196a and
      196b operatively extending from the longitudinally opposing ends of the
      cylinder and operatively connected to (connections not illustrated) a
      reversing valve 197 mounted thereabove to the upper cross beam 119.
PAR  A drive rod 200 is operatively connected with and downwardly extends from
      the piston of the ram cylinder 196 and forms a "nailing hammer" 201 (FIG.
      11) at its lower terminal. The hammer end 201 portion of the rod 200
      extends within a "nailing head" assembly, generally designated at 205. The
      drive rod 200 further has a shoulder 202 positioned longitudinally
      therealong so as to clear the bottom of the cylinder 196 when the drive
      rod 200 is in its uppermost position, illustrated in FIGS. 1, 4 and 5. The
      upper end of the piston within the ram cylinder 196 is directly connected
      to a second rod member 203 which is movable therewith. The upper end of
      the rod 203 terminates with a cam 204 for operatively actuating toggle
      arms of a pair of electrical limit switches associated therewith, as
      hereinafter described.
PAR  A detailed cross-sectional view of one nailing head assembly 205 of the
      nailing unit 190 is illustrated in FIG. 11. Referring to FIG. 11, the
      shaft 200 slidably extends within a cylinder guide 210 vertically
      extending within a housing 211 of the nailing head assembly 205. The
      nailing hammer end 201 of the drive rod 200 is shown in FIG. 11 in its
      uppermost or "retracted" position.
PAR  Referring to FIG. 11, the lowermost portion of the guide cylinder 210
      formed by the nailing head assembly housing 211 comprises a pair of
      cooperating jaw elements 216 pivotally mounted to the housing 211 and
      biased toward one another by means of a pair of leaf-spring elements 217
      to a normally "closed" position as illustrated, thereby normally closing
      the lower end of the guide cylinder 210 and forming a chuck for holding
      nails during the nailing process. The leaf-spring elements 217 are
      maintained in the position illustrated in FIG. 11 by means of a U-shaped
      bracket clamp 219 which engages the upper portions of the spring elements
      217. The clamp 219 has an adjustable bias spring generally designated at
      220 for adjusting the tension upon the spring leaf elements 217. The lower
      end portions of the spring leaf elements 217 are yieldingly movable
      against pressure exerted thereon by the pair of jaw elements 216 as they
      pivot about their pivot points 216a. The inwardly directed lower portions
      of the jaw elements 216 are cammed in a downwardly converging (conical)
      manner about and toward the longitudinal axis 212 of the guide cylinder
      210.
PAR  The housing 211 of the "nailing head" assembly 205 defines a nail feed
      channel 222 adjacent the guide cylinder 210. The feed channel 222
      downwardly angles toward and opens into the guide cylinder 210 at an
      elongated opening 224 (FIGS. 11 and 12). The feed channel 222 is
      sufficiently large to enable a nail to be guided therethrough and to
      proceed under the force of gravity through the opening 224 and downwardly
      into the guide cylinder 210.
PAR  The housing 211 is slotted at 225, forming an elongated opening into the
      nail feed channel 222. A nail track guide 270 (to be described hereinafter
      in more detail) is anchored to the housing 211 adjacent the slotted
      opening 225 such that the space between the tracks of the guide 270 align
      with the slot 225.
PAR  Referring to FIGS. 10, 11, 12 and 13, an inverted U-shaped actuator plunger
      member 230 is generally disposed at the top portion of the nailing head
      assembly 205. The actuator 230 generally has a top plate 231 having a
      circular hole 232 formed therein and axially aligned with the axis 212 of
      the guide cylinder 210, for allowing unimpeded vertical motion of the
      drive rod 200 therethrough. The actuator 230 further has a pair of
      downwardly projecting wall members 234 and 235 connected to the top plate
      231, which are vertically movable within a pair of cooperating races 236
      defined by the housing 211, each of the housing races terminating at a
      bottom surface 237. Each of the wall portions 234 and 235 of the actuator
      member 230 terminates at its lower end with an enlarged shoulder element,
      234a and 235a respectively, sized for vertical travel within the lower
      portions of the races 236. Each of the races 236 has a mating shoulder,
      which narrows the width of the upper portions of the races 236 and defines
      a stopping surface 236a for matingly engaging the enlarged shoulder
      elements 234a and 235a of the walls 234 and 235 respectively to define the
      upper limit of vertical motion of the actuator member 230. A pair of coil
      spring elements 238 are compressed within the races 236 between their
      bottom surfaces 237 and the bottom ends of the enlarged shoulder portions
      234aand 235a of the actuator walls 234 and 235 respectively, normally
      urging the actuator assembly 230 in an upward direction (as illustrated in
      FIGS. 11, 12 and 13). The actuator 230 is illustrated in FIG. 12 in its
      uppermost position with the stopping elements 234a and 235a in resting
      engagement against the stopping surfaces 236b of the races 236, under the
      bias of the springs 238.
PAR  Referring to FIG. 12, the upper inwardly directed portion of the wall
      member 235 of the actuator 230 has a camming surface 240, vertically
      upwardly sloping from a position intermediate the length of the wall
      member 235 in a direction toward the outwardly directed surface of the
      wall member 235, terminating at the bottom surface of the top plate 231.
PAR  The housing 211 defines a pair of parallel elongate slots 242 oppositely
      disposed to one another near the top of and on either side of the nail
      feed channel 222, for slidably retainably engaging a nail gate member 244
      therebetween (FIG. 11). The gate 244 is illustrated in more detail in FIG.
      15. Referring to FIG. 15, the gate 244 generally comprises: a generally
      rectangular sheet material element having a recessed portion 245
      longitudinally extending along a portion thereof, a cammed end 246 and an
      aperture 247 extending therethrough and connected by means of an obliquely
      oriented passage 248 to a notch 249 formed in one of the longitudinally
      extending edges of the gate 244.
PAR  The gate 244 is sized to slide in its longitudinal direction within the
      pair of slots 242, enabling the cammed surface 246 of the gate 244 to
      matably engage and ride upon the cammed surface 240 of the wall 235 of the
      actuator 230. The "forward" motion of the gate 244 is, therefore, defined
      by the cammed surface 240 of the wall 235 of the actuator 230. The
      recessed portion 245 in the gate 244 is sized to enable free sliding
      movement of the gate 244 past the wall 234 of the actuator 230 (see FIG.
      10).
PAR  That end of the gate member 244 oppositely disposed from its cammed end
      246, slidably engages and rides within an elongated slot 250 (FIGS. 12 and
      13) formed in one end of a cylindrical spring housing 251. The housing 251
      (illustrated in detail in FIG. 16) retainably mounts a coil spring 252
      therein and has a bracket member 253 integrally forming a part thereof.
      The spring housing 251 is bolted by means of the bracket 253 to the
      mounting plate 192 such that the slot 250 of the housing 251 is aligned in
      cooperating relationship with the parallel pair of elongated slots 242 of
      the housing 211. The gate member 244 slidably simultaneously engages both
      the slot 250 and the slots 242 and is normally urged under the bias of the
      spring 252 toward engagement with the camming surface 240 of the wall 235
      of the actuator 230.
PAR  The gate 244 is illustrated in FIG. 10 in its leftmost (retracted)
      position, corresponding to that situation wherein the actuator 230 is in
      its uppermost position.
PAR  The notch 249 in the gate element 244 is positioned longitudinally along
      the gate 244 (see FIG. 10) such that when the gate element 244 is
      positioned in its rightmost position the notch 249 will align with the
      central opening of the nail track guides 270.
PAR  Referring to FIGS. 1 to 9, a bridge support base 260, mounted at its ends
      to the pair of elongate frame rail beams 50 spans the width of the
      assembly and mounts a nail orienting and supplier apparatus, generally
      designated at 262, thereon. The bottom of that portion of the bridge
      support structure 260 which overlies the generally planar "bed" of the
      system is sufficiently elevated thereabove to enable free movement of
      completed pallets longitudinally advancing along the bed thereunder.
PAR  The nail orienting and supplier apparatus 262 may be of any type known in
      the art which functions generally to continuously supply properly oriented
      nails to a plurality of outputs for use by the automatic nailing units
      190. In the preferred embodiment, the nail orienting and supplier
      apparatus 262 has a conically shaped hopper 264 having a plurality of
      spiraled grooves 266 circumferentially formed therein, for accepting a
      plurality of nails. A vibrating motor 267 is mounted to the base of the
      hopper 264 and provides vibrating oscillatory motion to the hopper 264 in
      such a manner so as to enable nails within the lowermost part of the
      hopper 264 to be moved to the high outmost grooves 266 of the bowl where
      they are properly oriented (in the preferred embodiment, point first). In
      the preferred embodiment, the hopper 264 has three outlet ports 268a, 268b
      and 268c.
PAR  The nail track guides 270 are connected adjacent each of the outlet ports
      268 of the hopper 264 to accept nails thereat. In the preferred
      embodiment, the nail track guides each comprise a pair of parallel tracks,
      spaced apart a sufficient distance to enable the shank of the nail to
      slidingly proceed therebetween while the head of the nail rests upon and
      slidingly moves upon the upper surfaces of the spaced tracks. The spacing
      between the cooperating tracks of each of the nail guides 270 is
      adjustable to accommodate nail shanks of varied sizes. The nail track
      guides 270 downwardly incline from the hopper 264 to the respective
      nailing head assemblies 205 of the nailing units 190 - one each of the
      nail track guides 270 being connected to one each of the nailing head
      assemblies 205 for supplying nails thereto. Referring to FIGS. 10 and 11,
      the lower terminis of each of the nail track guides 270 is connected to
      the housing 211 of the respective nailing head unit 205 such that the
      central race between the tracks of the guide 272 aligns with and opens
      directly into the slotted opening 225 feeding into the nail feed channel
      222 of the nailing head unit 205. The slotted opening 225 in the housing
      211 is of sufficient length to enable the unobstructed movement (except
      for the gate member 244 as hereinafter described) of a shank of a nail --
      illustrated in phantom at "N" in FIG. 11 -- to pass into the nail feed
      channel 222.
PAR  Referring to FIG. 9, each of the plurality of outlets 268 of the nail
      hopper 264 has an electrically operated solenoid 278 aligned at the
      respective outlets 268 such that when the plunger of one of the solenoids
      278 is activated in its extended position, the plunger will block further
      movement of nails out of that outlet into the connecting nail guide. Each
      of the solenoids 278 is operatively connected to a sensor 279, one each of
      said sensors being mounted on each of the nail track guides 270 at a
      predetermined distance therealong so as to be activated by a nail head
      passing thereby. In the preferred embodiment, microswitch sensors are
      employed for this purpose, although other types of sensors could equally
      well be employed within the spirit and intent of this invention. Each of
      the microswitches 279 is respectively connected to that solenoid 278 which
      is mounted adjacent that same nail guide member 270 to which both are
      connected, and operatively energizes the solenoid 278 in response to the
      movement of nails along the nail guide 270, as hereinafter described.
PAR  Referring to the nailing station, mounted between the center and outermost
      nailing units 190, and in general lateral alignment at the nailing
      station, are a pair of hydraulically operated slat stop pistons 282 (FIG.
      4). THe slat stop pistons 282 are mounted to the lower pair of channel
      iron cross members 182 such that the piston travel of the units 282 is in
      a generally vertical direction. The pistons of the slat stop pistons 282
      are illustrated in FIG. 4 in their uppermost positions. A detailed side
      elevational view of one of the slat stop pistons 282 is illustrated in
      FIG. 17. Each of the slat stop pistons 282 has a stop element 283
      connected to the lower portion of the piston. When the piston is extended
      in its lowermost position, the stop element 283 connected therewith
      extends in the path of a slat board (SL) riding on top of the advancing
      stringers (ST) to prevent movement of that slat past nailing positions
      under the nailing units at the nailing station. Both of the slat stop
      pistons 282 are simultaneously operated by means of a single reversing
      valve (not illustrated). A guide bracket 284 guides the vertical travel of
      the stop elements 283 and protects the pistons 282 from damage caused by
      forces exerted upon the stop elements 283.
PAR  Referring to FIGS. 4 and 6, a pair of slat centering guide elements,
      generally designated at 290 are adjustably mounted to the mounting plates
      192 of the two outermost positioned nailing units 190aa 190c. The slat
      centering guides 290 are adjustably mounted to the base mounting plates
      192 of the respective nailing units to which they are attached by means of
      brackets 291, and are employed to center a slat board (SL) being presented
      to the nailing stations therebetween. A detailed top elevational view of
      one of the slat centering guides 290 is illustrated in FIG. 8. Referring
      to FIG. 8, it will be noted that the slat centering guide comprises a
      pivotally connected cam member 292 normally urged in clockwise rotation
      about its pivot point 292p by means of a leaf-spring element 293. The
      clockwise motion of the cam 292 is limited by a flange extension 292a of
      the cam 292 which engages the bracket that houses the slat centering guide
      assembly 290.
PAR  The automatic stitch nailing system is controlled by an electrical control
      system. In the preferred embodiment, the control circuits respond to a
      plurality of conditions and sequential events initiated by the toggling of
      a plurality of limit switches throughout the system. To facilitate the
      latter discussion of the electrical control schematic, the physical
      locations and mechanics of operation of the plurality of limit switches
      will first be described.
PAR  Referring to FIG. 4, a limit switch 400 is secured to the lower pair of
      cross beams 182 at the nailing station. A detailed view in side elevation,
      of the limit switch 400 is illustrated in FIG. 14. Referring to FIG. 14,
      the limit switch 400 has a vertically movable toggle arm 400t which rides
      upon the top surface of a lever arm 401. The lever arm 401 is pivotally
      mounted at 401p to an extension of the switch 400 chassis, and has a
      flanged portion adjacent its pivotal connection point to prevent pivotal
      motion in the counterclockwise direction beyond that position in which it
      appears in FIG. 14. The lever arm 401 has a cam element 402 protruding
      from its lower surface and extending therebelow a sufficient distance to
      engage a slat board (SL) riding upon a longitudinally advancing stringer
      (ST). In FIG. 14, the stringer (ST) and slat (SL) boards advance from
      right to left. As the slat (SL) advances, the cam element 402 rides up
      upon the top surface of the slat, causing the lever arm 401 to rotate in a
      clockwise direction about its pivot point 401p imparting vertical upward
      actuating motion to the toggle arm 400t of the limit switch 400.
PAR  The rightmost chain 80b, when viewed from the receiving end 51 of the
      system, is adapted to receive cam members on its non-roller edges (see
      FIGS. 6, 18, 19 and 20). The cam elements are removably attachably to the
      chain 80b for movement therewith and can be secured to the chain at spaced
      intervals therealong. Referring to FIGS. 18 and 19, the chain 80b
      comprises a plurality of cylindrical rollers 405 linked together by a
      plurality of links 406 at their ends, such that the central holes 407 of
      the cylindrical rollers 405 are accessible. Cam elements are mounted to
      the chain 80b by means of U-shaped cam mounting brackets 408 which have a
      pair of parallel leg portions 408a and 408b which matingly align with and
      are insertable within the central holes 407 of successive ones of the
      rollers 405 (see FIG. 18) in telescopic-like fashion. The cam mounting
      bracket 408 is securely attached to the body of the cam element which is
      to be attached to the chain 80b.
PAR  In the preferred embodiment the cam members 410 are secured to the
      "outside" of the chain 80b are of peculiar design for sequentially
      activating a plurality of limit switches, as hereinafter described. That
      portion of the chain 80b illustrated within the circle "C" in FIG. 6,
      which contains a cam 410 in cooperative engagement with a plurality of
      limit switches, is illustrated in more detail in FIG. 18, with portions
      thereof broken away. Referring to FIG. 18, the cam element 410 illustated
      has three outwardly projecting cam surfaces labeled 411, 412 and 413. As
      viewed in FIG. 18, the chain 80b operatively advances from right to left.
      The cam element 410 further has an upper cammed surface illustrated in
      profile in FIG. 19 and numerically designated as 414. In the preferred
      embodiment, each of the cam elements 410 attachable to the outside of the
      chain 80b has only one "upper" cammed surface 414, while the number of
      "outwardly" directed cammed surfaces (i.e., 411, 412 and 413) varies with
      the nailing requirements of the specific item being produced. As
      hereinafter described, the outwardly directed cam surfaces (411, 412 and
      413) of the cam element 410 are generally termed as "nailing" cams while
      the upwardly directed cam surface 414 is termed the "slat-feed" cam.
PAR  Referring to FIGS. 6 and 18, the outwardly directed cam surfaces 411, 412
      and 413 of the cam member 410 actuate toggle arms (t) of a first limit
      switch 420 and of a second limit switch 422 which are cooperatively
      attached to the frame rail member 50 so as to engage the cammed surfaces
      411, 412 and 413 as they adavnce with the chain 80b. A third limit switch
      424 is mounted above the path of the cam elements 410 as they proceed with
      the chain 80b and is aligned therewith such that its toggle arm 424t is
      operatively engaged and activated by the upper cam surfaces 414 of the
      cams 410. The cooperative sequential activation relationship between the
      second and third limit switches 422 and 424 respectively and one of the
      cam elements 410 is illustrated in end view in FIG. 20.
PAR  The chain 80b also has a cam member 415 attached to its inwardly directed
      surface. The cam member 415 is detachably connectable so as to be placed
      at any predetermined position along the length of the chain 80b in like
      manner as previously discussed with respect to the attachment of the cams
      410. As viewed in FIG. 6, the cam 415 travels from right to left with the
      chain 80b and actuates the toggle arm (t) of a limit switch 425 mounted to
      the frame rail 50 in the general proximity of the limit switches 420, 422
      and 424.
PAR  Referring to FIG. 4, each of the nailing units 190A, 190B and 190C has a
      pair of limit switches 426 and 427 secured to the mounting plate 192 near
      the upper end of the ram cylinder 196, and aligned with the cam 204 on the
      upper rod 203 so as to be operatively toggled thereby. The upper one 427
      of each pair of limit switches has its toggle arm positioned relative the
      cam 204 on the rod 203 so at to be activated whenever the piston of the
      cylinder 196 is in its uppermost position. The lowermost one 426 of each
      pair of limit switches on a nailing unit 190 has its toggle arm positioned
      relative the travel of the cam 204 so as to be operatively toggled
      whenever the piston of the nailing cylinder 196 is in its lowermost
      (nailing) position. For later reference, the respective limit switches 426
      and 427 have been designated by the suffixes a, b and c to respectively
      correspond to the three nailing untis 190A, 190B and 190C.
PAR  Referring to FIG. 5, a limit switch 428 is mounted to one of the support
      plates 125 and is positioned such that its toggle arm is operatively
      activated by the rightmost end (as viewed in FIG. 5) of the slat board
      advancing plate 160 when it is in its rightmost (retracted) position.
PAR  The electrical control circuits are schematically represented in FIG. 21
      (sheet 8) of the drawings. Referring to FIG. 21, the control circuits are
      generally divided into the following functional blocks: the slat feed
      circuit 440, the nail control circuit 442 and the conveyor control circuit
      444. A plurality of manually operable switches for the control circuits
      are mounted on a master control panel 446 (FIG. 1) and have been included
      within a dashed line of like designation, for convenience of reference in
      FIG. 21.
PAR  To simplify the description of the electrical schematic, the energizing
      power sources for the circuits have been designated by an encircled "P"
      throughout the schematic, it being understood that an appropriate
      connection to a power source is intended by such references. Further,
      electrical solenoids for energizing the pneumatic motors and controls
      throughout the system will be referred to as rectangular blocks, each
      designated by a word therein depicting the specific function of that
      solenoid. A plurality of normal switching relays and time delay switching
      relays are employed throughout the control circuits. The normal switching
      relays are of the type having a coil generally designated as c, a pair of
      armatures (designated as a1 and a2), a first pair of contacts (designated
      as b1 and b2), and a second pair of contacts (designated as d1 and d2).
      For convenience in reading the electrical schematic, the first pair of
      relay contacts b1 and b2 schematically illustrated above the pair of
      armatures a1 and a2 in the schematic will be referred to as "upper"
      contacts, while the second pair of contacts d1 and d2 schematically
      illustrated below the armatures a1 and a2 of the relays will be referred
      to as the "lower" contacts. The time delay relays employed within the
      control circuits are of the type having an energizing coil (designated as
      c), an amature (designated as a) and a single contact (designated as b).
      Further, the positions of the armatures of the relays shown in FIG. 21
      relative the upper and lower contacts thereof, are illustrated in those
      positions they would assume when the coils (c) of the relays are
      de-energized.
PAR  The plurality of manual control switches on the master control panel 446 of
      the system comprise: a double pole single throw "direction" switch 450, a
      "high speed enable" switch 451, a "nailing enable" switch 452, a
      push-button "start" switch 453, a "slat feed enable" switch 454 and a
      "manual slat feed" switch 455. All of these manually controlled switches
      (450-455) are physically located upon the control panel 446 of the system
      and are readily accessible to an operator of the system.
PAR  Referring to FIG. 21, the system start switch 453 has a first stationary
      contact 453a directly connected to the power supply (P), a movable contact
      453b and a second stationary contact 453c. The second stationary contact
      453c is directly connected to a movable toggle contact 424a of the
      normally closed limit switch 424, to a movable toggle contact 400 of the
      limit switch 400 and to a coil 460c of a first switching relay 460. The
      relay 460 further has a pair of armatures (a1 and a2), a pair of upper
      contacts (b1 and b2) and a pair of lower contacts (d1 and d2).
PAR  The limit switch 400 further has a first stationary contact 400b and a
      second stationary contact 400c which is directly connected to the power
      source (P). The movable contact 400a of the limit switch 400 is normally
      positioned to close the circuit with its first stationary contact 400b.
PAR  The limit switch 424 also has a first stationary contact 424b and a second
      stationary contact 424c which is directly connected to a first upper
      contact 460(b1) of the switching relay 460. The movable contact 424a of
      the limit switch 424 is normally in electrical circuit with its second
      stationary contact 424c.
PAR  The second stationary contact 424c of the limit switch 424 is also directly
      connected to a movable toggle contact 428a of the normally closed limit
      switch 428. The limit switch 428 further has a first stationary contact
      428b and a second stationary contact 428c, The movable contact 428a of the
      limit switch 428 is normally in engagment with its first stationary
      contact 428b which is directly connected to energize a "return" solenoid
      470.
PAR  The first armature 460(a1) of the relay 460 is directly connected to the
      power source(p). The first lower contact 460(d1) of the relay 460 is
      directly connected to a movable contact 454a of the slat feed enable
      switch 454. The switch 454 further has a stationary contact 454b which is
      directly connected to energize a "slat feed" solenoid 471. The stationary
      contact 454b of the switch 454 is also directly connected to a movable
      contact 455aof the manual slat feed switch 455. The switch 455 further has
      a stationary contact 455b directly connected to the power source (P).
PAR  The second lower contact 460(d2) of the relay 460 is unconnected. The
      second upper contact 460(b2) of the relay 460 is directly connected to a
      coil 461(c) of a first time delay relay 461. The time delay relay 461
      further has an armature 461(a) and a contact 461(b) which is also directly
      connected to the coil 461(c) of the relay 461. The armature 461(a) of the
      relay 461 is directly connected to a first armature 462(a1) of a second
      switching relay 462.
PAR  The relay 462 further has a coil 462(c), a second armature 462(a2), a pair
      of upper contact 462(b1 and b2) and a pair of lower contacts 462(d1 and
      d2). The first lower contact 462(d1) of the relay 462 is directly
      connected to energize a "down" solenoid 472. The first upper contact
      462(b1) of the relay 462 is directly connected to energize an "up"
      solenoid 473.
PAR  The second upper contact 462(b2) of the relay 462 is driectly connected to
      its coil 462(c). The coil 462(c) of the relay 462 is also directly
      connected to an armature 463(a) of a second time delay relay 463. The
      second time delay relay 463 further has a coil 463(c) and a contact 463(b)
      which are in direct electrical circuit with one another.
PAR  The second lower contact 462(d2) of the relay 462 is directly connected to
      a first armature 464(a1) of a third switching relay 464. The relay 464
      further has a second armature 464(a2), a coil 464(c), a pair of upper
      contacts 464(b1 and b2) and a pair of lower contacts 464(d1 and d2).
PAR  The first upper contact 464(b1) and the coil 464(c) of the relay 464 are
      directly connected. The first lower contact 464(d1) of the relay 464 is
      unconnected. The second upper contact 464(b2) of the relay 464 is
      unconnected. The second lower contact 464(d2) is directly connected to a
      movable contact 427A(d) of the normally closed limit switch 427A. The
      limit switch 427A also has a stationary contact 427(e) directly connected
      to a movable toggle arm contact 427B(d) of the normally closed limit
      switch 427B. The limit switch 427B further has a stationary contact
      427B(e) directly connected to a movable toggle arm contact 427C(d) of the
      limit switch 427C. The limit switch 427C further has a stationary contact
      427(e) directly connected to the power source (P) and also directly
      connected to a movable contact 426A(d) of the normally open limit switch
      426A.
PAR  The limit switch 426A also has a stationary contact 426A(e) directly
      connected to the movable contact toggle arm 426B(d) of the limit switch
      426B. The limit switch 426B further has a stationary contact 426B(e)
      directly connected to the movable toggle arm 426C(d) of the limit switch
      426C. The limit switch 426C further has a stationary contact 426C(e)
      directly connected to the coil 463(c) of the second time delay relay 463.
PAR  The second armature 464(a2) of the relay 464 is directly connected to a
      coil 465(c) of a fourth switching relay 465. The switching relay 465
      further has a pair of armatures 465(a1 and a2), a pair of upper contact
      465 (b1 and b2) and a pair of lower contact 465 (d1 and d2). The first
      upper contact 465(b1) is unconnected. The first lower contact 465(d1) of
      the relay 465 is directly connected to a movable contact 452a of the
      nailing enable switch 452. The nailing enable switch 452 further has a
      stationary contact 452b which is directly connected to the second armature
      460(a2) of the switching relay 460.
PAR  The second armature 465(a2) of the fourth switching relay 465 is directly
      connected to the power supply (P). The second lower contact 465(d2) of the
      relay 465 is directly connected to the second armature 462(a2) of the
      second switching relay 462. The second upper contact 465(b2) of the relay
      465 is directly connected to a coil 466(c) of a fifth switching relay 466.
      The switching relay 466 further has a pair of armatures 466(a1 and a2), a
      pair of upper contacts 466(b1 and b2), and a pair of lower contacts 466(d1
      and d2). The first armature 466(a1) of the relay 466 is directly connected
      to the power source (P). The first lower contact 466(d1) and the second
      upper contact 466(b2) of the relay 466 are unconnected.
PAR  The second armature 466(a2) of the relay 466 is directly connected to a
      first movable contact 422(a1) of the limit switch 422. The limit switch
      422 is a double pole single throw switch having a second movable contact
      422(a2) simultaneously movable with the first contact 422(a1) as
      illustrated by the dashed line therebetween. The first movable contact
      422(a1) is movable between a first stationary contact 422(b1) and a second
      stationary contact 422(c1), and is normally engagable with the first
      stationary contact 422(b1), which is directly connected to the power
      source (P). The second stationary contact 422(c1) is unconnected.
PAR  The second movable contact 422(a2) of the limit switch 422 is movable
      between a first stationary contact 422(b2) and a second stationary contact
      422(c2). The second movable contact 422(a2) of the limit switch 422 is
      directly connected to the power source (P), and is normally in engagement
      with the first stationary contact 422(b2) of the switch. The stationary
      contact 422(b2) of the switch 422 is directly connected to the coil 464(c)
      of the third switching relay 464. The stationary contact 422(c2) of the
      switch 422 is directly connected to the first armature 465(a1) of the
      fourth switching relay 465.
PAR  The first upper contact 466(b1) of the fifth switching relay 466 is
      directly connected to the second lower contact 466(d2) of the relay 466
      and is also connected to a first movable contact 450(a1) of the direction
      switch 450. The direction switch 450 also has a second movable contact
      450(a2) simultaneously movable with the first movable contact 450(a1). The
      first movable contact 450(a1) is movable between a first stationary
      contact 450b and a second stationary contact 450c. The second movable
      contact 450(a2) of the switch 450 is movable between the second stationary
      contact 450c and a third stationary contact 450d of the switch 450. The
      third stationary contact 450d is directly connected to the power source
      (P). The first stationary contact 450b of the switch 450 is directly
      connected to energize a "forward" solenoid 474. The second movable contact
      450(a2) of the switch 450 is directly connected to energize a "backward"
      solenoid 475.
PAR  A sixth switching relay 467 having a coil 467(c), a pair of armatures
      467(a1 and a2), and pair of upper contacts 467(b1 and b2), and a pair of
      lower contact 467(d1 and d2), has its coil 467(c) directly connected to
      its first upper contact 467(b1) and also directly connected to a movable
      contact 425a of the limit switch 425. The limit switch 425 is normally
      open, having a stationary contact 425b directly connected to the power
      supply (P).
PAR  The first armature (a1) of the relay 467 is directly connected to a movable
      wiper 420a of the limit switch 420. The movable wiper 420a of the switch
      420 is in a normally closed position with a stationary contact 420b which
      is directly connected to the power source (P).
PAR  The pair of lower contact 467(d 1 and d2) of the relay 467 are unconnected.
      The second armature 467(a2) of the relay 467 is directly connected to the
      power source (P). The second upper contact 467(b2) of the relay 467 is
      directly connected to a movable contact 451a of the high speed enable
      switch 451. The switch 451 further has a stationary contact 451b directly
      connected to energize a "high speed" solenoid 476.
PAR  Referring to FIGS. 21, 4 and 6, the "forward" (474), the "backward" (475)
      and the "high speed" (476) solenoids are connected (not illustrated) to
      energize the first reversing motor 94 which drives the pair of endless
      conveyor chains 80a and 80b. The "down (472) and the "up" (473) solenoids
      are connected (not illustrated) to energize the reversing valves 197 which
      operate the ram cylinders 196 of the automatic nailing units 190. The
      "return" (470) and the "slat feed" (471) solenoids are connected (not
      illustrated) to energize the reversing valve 178 (FIG. 2) for the slat
      feed motor 175. The "slat feed" (471) solenoid is also connected (not
      illustrated) to energize the pair of slat stop pistons 282 (FIG. 4), such
      that when the solenoid 471 is energized, the slat stop pistons 282
      downwardly extend their stop elements 283 in the path of an advancing slat
      board (SL).
PAC  OPERATION OF THE PREFERRED EMBODIMENT
PAR  In general, the automatic nailing system of the preferred embodiment
      simultaneously advances three parallel stringers (ST) along the three
      pairs of base support guides 74 of the stringer magazine units 73 toward
      the nailing station adjacent the automatic nailing units 190. As the
      stringers advance past the nailing station, slat boards (SL) are
      sequentially placed at spaced intervals thereupon, are aligned so as to
      lie generally perpendicular to the stringers and are automatically nailed
      in stitch nailing fashion to the advancing stringers by the automatic
      nailing units 190.
PAR  The apparatus of the automatic stitch nailing system may be adjusted to
      assemble stringer and slat assemblies of varied configurations including
      such factors as: (1) the length of the stringers (ST) -- by adjusting the
      effective length of the pair of elongate frame rail members 50 by means of
      the cooperating adjustment slot 64 and bolt 62 apparatus; (2) the spacing
      between adjacent stringers -- by adjusting the lateral position of the
      stringer magazine units 73 upon the first and second stringer magazine
      support members 67 and 70 respectively and by positioning the automatic
      nailing units 190 in alignment thereabove (3) the width (when placed on
      edge) of the individual dual stringer members -- by adjusting the spacings
      between associated one of the pairs of base support guides 74 of each of
      the stringer magazine units 73; (4) the total height (thickness) of a
      pallet assembly (including the thickness of a stringer board when placed
      on edge plus that of a slat board secured thereto) -- by adjusting the
      movable assembly including the nailing head units 190 and the slat
      supplying apparatus, which is attached to the inner pair of U-shaped
      channel beams 112, via the rack and pinion adjustment apparatus 115 and
      116 respectively; (5) the length of the transverse slat boards (SL) to be
      secured to the advancing stringers -- by adjusting the slat end guide
      plates 129 of the slat hopper by means of the brackets 130 mounted within
      the plurality of angle iron support members 127 (FIG. 2); (6) the width of
      slat boards and the spacings between successive slat boards added to the
      advancing stringers -- by positioning the cam elements 410 along the
      endless conveyor chain 80b at the desired positions; (7) the number of and
      spacing between nails that are stitch nailed into each respective slat
      board as it is secured to the advancing stringers -- by placing cam
      elements 410 with preselected numbers of and relative spacing between
      "outwardly" directed cam surfaces (e.g., cam surfaces 411, 412 and 413)
      along the chain 80b; and (8) the size of nails to be used in securing the
      slat boards to the advancing stringers -- by adjusting the spacing between
      associated ones of the three pairs of nail track guides 270.
PAR  Once the desired adjustments have been performed for the construction of a
      particular stringer and slat configuration according to the above outline,
      the automatic stitch nailing apparatus will automatically manufacture in
      repetitive fashion such stringer and slat configurations without further
      attention by an operator of the system except to add stringer boards (ST)
      to the plurality of stringer magazine units 73, to supply the slat hopper
      with slat boards (SL) and to supply the nail orienting and supply
      apparatus 262 with an become supply of nails.
PAR  Once the initial adjustments are complete, an operator of the system
      enables the automatic control circuits (FIG. 21) of the system by
      appropriate positioning of the switches 450, 451, 452, 453 and 454 on the
      master control panel 446 as will become apparent upon a more detailed
      description of the operation of the control system. Thereafter, the entire
      coordination of the stitch nailing apparatus is controlled by control
      circuits (FIG. 21) and the associated activating cam elements
      strategically located throughout the system. In general, the cam elements
      410 are positioned along the conveyor chain 80b and relative the drive bar
      82 at distances which are directly related to that length of the stringer
      boards (ST) to be used for a particular assembly configuration. For
      example, the foremost cam element 410 to cooperatively engage the first
      limit switch 420, is spaced relative the drive bar 92 (FIG. 6), by a
      predetermined longitudinal distance, determined by the length of the
      stringer board to be employed. The relative spacings between subsequent
      ones of the cam elements 410 and the individual configuration of their
      cammed surfaces will become clear upon a more detailed explanation of the
      control circuits operation.
PAR  Since it will aid in an understanding of the operation of the control
      circuits and of the system in general, a brief outline of the operative
      events in the assembly of a pallet follows. Stringer boards from the
      stringer magazine units 73 initially advance at a fairly rapid speed from
      the receiving end 51 of the system to its delivery end 52, under the
      guidance of the drive bar 92 connected to the conveyor chains 80. As the
      forward ends of the stringers approach the nailing station, cam elements
      410 on the conveyor chain 80b sequentially toggle appropriate limit
      switches, to effect:
PA1  1. a reduction in speed of the advancing drive conveyor chains 80;
PA1  2. activation of the slat board feed assembly to accurately place a slat
      board transversely upon the advancing stringers at a predetermined
      longitudinal position therealong;
PA1  3. activation of the nailing sequence including:
PA2  a. stopping the forward movement of the conveyor chains 80 when the slat
      board provided to the stringers is in proper position for nailing;
PA2  b. simultaneously activating the plurality of automatic nailing units 190
      to secure the slat board to the underlying stringers by driving nails into
      the slat board and underlying stringers;
PA2  c. reloading the nailing head assemblies 205 of the automatic nailing units
      190 for subsequent nailing operations, while longitudinally advancing the
      stringer and slat assemblies; and
PA2  d. recycling the nailing operation in stitch-bond nailing fashion to place
      additional securing nails into the slat board and stringers at
      predetermined locations according to the specific configurations of the
      cam elements 410;
PA1  4. longitudinally advancing the stringers and attached slat boards a
      predetermined distance (as determined by the relative spacing between
      successive cam elements 410) at which time another slat board is added and
      nailed to the stringers as above described;
PA1  5. repeating the slat board addition and nailing sequence until the pallet
      is completed; and
PA1  6. upon completion of a pallet rapidly advancing a a new set of stringers
      to the nailing station and repeating the entire sequence for constructing
      another pallet.
PAR  Referring to FIG. 6, the conveyor chains 80a and 80b advance from right to
      left along the top of the plate bed 65, advancing the drive bar 92 secured
      therebetween along the top of the plate 65. The lowermost stringers
      positioned in the stringer magazine units 73 are in direct engagement with
      the top surface of the plate 65 and are free to longitudinally move
      therealong. As the drive bar 92 engages the rightmost (as viewed in FIG.
      6) ends of the lowermost stringers within each of the stringer magazine
      units 73, it simultaneously advances those stringers from right to left
      longitudinally along and between the respective pairs of the base support
      guides 74. As the advancing stringers in each of the magazine units 73
      approach the nailing station, they are urged toward sliding engagement
      with the leftmost base support guide 74 (as viewed from the receiving end
      51) by means of the stringer positioning elements 77. Therefore, the
      stringers (ST) are laterally positioned with reference to the leftmost one
      of each pair of base support guides 74 of the stringer magazine units 73.
      In the preferred embodiment, the "foremost" cam 110 is positioned along
      the conveyor chain 80b such that its leading outwardly directed cam
      surface 411 (see FIGS. 6, 18, 19 and 20) engages the toggle arm 420(t) of
      the first limit switch 420 just as the leading ends of the stringer boards
      (ST) approach the nailing station.
PAR  The limit switches (referring to FIGS. 6, 18, 19 and 20) 420, 422 and 424
      are longitudinally positioned relative one another and cooperatively
      engage the cam surfaces of the cam element 410 in sequential manner to
      activate the control circuits (FIG. 21) as below described.
PAR  The first reversing motor 94 is operable to cause the pair of conveyor
      chains 80a and 80b to advance along the top surface of the plate 65 (as
      illustrated in FIG. 6) via the drive sprocket 89 and associated linkage
      apparatus, at two speeds -- a first relatively fast speed and a second
      much slower speed. That forward speed at which the motor advances the
      conveyor chains 80 is determined by the energization state of the sixth
      switching relay 467 of the conveyor control circuit 444 (FIG. 21).
      Referring to FIG. 21, it will be noted that the "high speed" solenoid 476
      is activated when the relay 467 is energized, causing the second armature
      and second upper contacts 467(a2) and 467(b2) respectively of the relay
      467 to actively engage one another. Whenever the high speed solenoid 476
      is energized, the first reversing motor 94 is caused thereby to become
      operative in its relatively fast forward speed. Conversely, whenever the
      high speed solenoid 476 is de-energized, either by the opening of the
      switch 451 on the master control panel 446, or by the de-energization of
      the sixth switching relay 467, the motor 94 is caused to operate at the
      second much slower speed. It will be noted that for the high speed option
      to become active in any instance, the high speed enable switch 451 on the
      master control panel 446 must be closed; i.e., the operator must initially
      enable this portion of the system
PAR  The high speed control circuit is generally operable as follows. The first
      limit switch 420 is normally operable (in its untoggled condition) in a
      closed position as illustrated in FIG. 21. The limit switch 425 (in its
      untoggled condition) is normally open, also as illustrated in FIG. 21.
      Under these conditions (and assuming that the high speed option is enabled
      by the closing of the high speed enable switch 451) the coil 467(c) of the
      sixth switching relay 467 is de-energized. To energize the coil 467(c) of
      the relay 467, the limit switch 425 must be momentarily closed. Assuming a
      toggling of the limit switch 425, and a momentary closing thereof, the
      coil 467(c) of the relay 467 will be energized, causing the armatures
      467(b1) and 467(a2) to engage the upper contacts 467(b1) and 467(b2) of
      the relay 467, thus effecting an energized and latched condition of the
      relay 467 through the closed limit switch 420, while simultaneously
      applying an energizing signal to the high speed relay 476. Therefore, the
      first reversing motor 94 will become activated in its fast state, causing
      the conveyor chains 80 to advance the drive bar 92 therebetween across the
      top of the plate 65 at a relatively fast speed. Any stringer boards
      engaged thereby will be pushed from right to left in FIG. 6, at the same
      speed at which the drive bar 92 is advancing. The stringers (SI) will be
      advanced at the faster speed until the limit switch 420 is toggled, thus
      opening the latching signal to the relay 467.
PAR  As previously described, the limit switch 420 is initially toggled by means
      of the foremost outwardly directed cam surface 411 of the cam element 410
      (see FIGS. 18, 19 and 20). In the preferred embodiment, the "foremost" cam
      element 410 is positioned along the conveyor chain 80b at a longitudinal
      position advanced slightly forward of the leading end of the advancing
      stringer boards between the stringer magazine base support guides 74.
      Since the length of the stringers to be employed is known in advance and
      is constant throughout the automated assembly process of any particular
      pallet configuration, the foremost cam element 410 can be accurately
      positioned along the conveyor chain 80b at the desired location. When the
      first outwardly directed cam surface 411 of the cam element 410 toggles
      the limit switch 420, the switching relay 467 will be de-energized,
      causing a simultaneous de-energization of the high speed solenoid 476 and
      an immediate reduction in speed (to its relatively slower speed) of the
      first reversing motor 94. Therefor, the advancing stringer boards (ST) are
      advanced at a relatively fast speed toward the nailing station until their
      leading edges just approach the nailing station, at which time the
      conveyor chains 80 are caused to advance at a much slower rate, by means
      of the toggling of limit switch 420.
PAR  The limit switch 424 is longitudinally spaced relative the first limit
      switch 420 at a predetermined distance, to allow sufficient time for the
      "slowing down process" of the conveyor chains 80 after the toggling of the
      limit switch 420, and such that its toggle arm 424(t) will be activated by
      the upper cam surface 414 of the advancing cam elements 410 at a point
      wherein the leading ends of the advancing stringers (ST) are approximately
      vertically aligned with the forward wall 120 (see FIG. 3) of the slat
      hopper. Upon toggling of the limit switch 424 by the upper cam surface 414
      of the cam element 410, the slat board feed control circuit 440 (FIG. 21)
      is energized, as hereinafter described, causing the lowermost slat board
      within the slat hopper to be advanced onto the top surfaces of the
      underlying advancing stringers and at a speed relatively akin to that of
      the advancing stringers.
PAR  Referring to the slat feed control circuit 440 of FIG. 21, the "slat feed"
      enable switch 454 on the master control panel 446 when manually closed,
      enables the slat feed control circuit 440. In the initial start-up of the
      system, however, the slat feed enable switch 454 is closed only
      sequentially after the system start button 453 is momontarily closed to
      initiate a start-up of the control circuits. When the system start switch
      453 is momentarily closed, an energizing signal is delivered thereby to
      the coil 460(c) of the switching relay 460. Upon energization, armatures
      460(a1) and 460(a2) of the relay 460 are caused to engage the pair of
      upper contacts 460(b1) and 460(b2). The signal path provided by means of
      the first upper contact 460(b1) and the normally closed limit switch 424
      provides an energizing latching signal to the coil 460(c) of the relay
      460. This latching signal is maintained until the limit switch 424 is
      toggled to an open condition. Simultaneously, an energizing signal is
      applied by means of the first upper contact 460(b1) of the relay 460 and
      of the normally closed limit switch 428 to the "return" solenoid 470.
      Energization of the "return" solenoid 470 causes the slat feed motor 175
      to become operable in its reversed direction, causing the slat board
      advancing plate 160 to be pulled in its rearmost (rightmost as viewed in
      FIG. 5) position by means of the rack and pinion gear assembly 163 and 164
      respectively.
PAR  Note that as soon as the "system start" switch 453 is depressed, activating
      the relay 460, the "slat feed enable" switch 454 may be closed. When the
      slat board advancing plate 160 has reached its rearmost position, it will
      cooperatively engage and toggle the limit switch 428 to its open
      condition, de-energizing the "return" solenoid 470. The slat feed
      apparatus is now "ready" to provide a slat board (SL) to the advancing
      stringers (ST) of the system.
PAR  In its "ready" position, the coil 460(c) of the relay 460 remains
      energized, until the limit switch 424 is toggled to an open condition.
      When the upper cam surface 414 of the cam element 410 toggles the limit
      switch 424, the energizing signal to the coil 460(c) of the relay 460 is
      removed, thereby de-energizing the relay 460 and causing its armatures
      460(a1) and 460(a2) to engage its lower pair of contacts 460(d1) and
      460(d2). This de-energizing of relay 460 provides an energizing power
      signal via the closed "slat feed enable" switch 454 to the "slat feed"
      solenoid 471. When the solenoid 471 is energized, it provides a signal to
      the reversing valve 178 causing the slat feed motor 175 to become operable
      in its "forward" direction and the slat board advancing plate 160 to
      advance in its forward direction (from right to left as viewed in FIG. 5),
      and simultaneously energizes the pair of slat stop pistons 282 (FIG. 4).
      When energized, the slat stop pistons extend their stop elements 282
      across the path of the slat board being advanced from the slat hopper.
PAR  As the slat advancing plate 160 moves in its forward direction, the limit
      switch 428 is reclosed (as illustrated in FIG. 21), and the forward edge
      (see FIG. 3) of the slat advancing plate 160 engages the lowermost slat
      board within the slat hopper and advances it through the forward slot
      defined by the lower edge of the wall 120 and the bottom plate 131 of the
      hopper and onto the top surfaces of the underlying advancing stringer
      boards. The speed of the slat feed motor 175 and the linkage assembly to
      the rack and pinion gears 115 and 116 respectively are cooperatively
      designed such that the speeds of the advancing plate 160 and that of the
      underlying stringer boards (ST) are relatively close.
PAR  When the slat advancing plate 160 has pushed a lowermost slat board from
      the slat hopper onto the advancing stringers such that the foremost edge
      of the slat board (SL) engages the extended stop elements 283, the lever
      arm 401 (see FIG. 14) will have simultaneously been pivoted in the
      clockwise direction about its pivot point 401(p) by means of the cam 402
      so as to toggle the limit switch 400. When toggled, the movable contact
      400(a) (FIG. 21) of the limit switch 400 will move from engagement with
      its first contact 400(b) to its second contact 400(c), thereby reapplying
      energizing power to the coil 460(c) of the relay 460. Accordingly, the
      return solenoid 470 will be re-energized, as previously discussed, to
      retract the slat advancing plate 160 to its rearmost position, thus
      recycling the slat feed system. Note that the limit switch 400 will
      maintain the energization of the relay 460 for the duration of the period
      of time in which the limit switch 400 remains toggled (i.e., whenever a
      slat board is in nailing position). Therefore, as long as a slat board is
      in position for nailing, the slat feeding apparatus will be disabled by
      means of the limit switch 400 from feeding another slat board to the
      nailing station. When the limit switch 400 is toggled, thus energizing the
      relay 460, the energizing signal to the slat feed solenoid 471 is removed,
      causing the pair of stop elements 283 of the stop pistons 282 to be
      retracted and allowing forward movement of the properly positioned slat
      board with the advancing stringers. The slat board (SL) is now in proper
      position for nailing to the underlying stringers at the nailing station.
PAR  Throughout the above described slat feeding and positioning process, the
      conveyor chains 80 have continually advanced (from right to left as viewed
      in FIG. 6), causing the first outwardly directed cam surface 411 of the
      foremost cam element 410 to activate the second limit switch 422. It
      should also be noted that due to the relative positioning of the toggle
      arms of the limit switches 422 and 424, the limit switch 424 remains in
      its activated position via the upper cam surface 414 throughout the
      toggling of the limit switch 422 by the first and second outwardly
      directed cam surfaces 411 and 412 and through the initial toggling of the
      limit switch 422 by the third outwardly directed cam surface 413. Toggling
      of the limit switch 422 activates the nailing circuit portion of the
      control apparatus.
PAR  Referring to FIG. 21, it will be noted that when the limit switch 400
      within the slat feed circuit 440 has been toggled (indicating that a slat
      board is in proper position for nailing) the relay 460 is energized,
      closing the circuit established by its second armature 460(a2) and its
      second upper contact 460(b2) to the coil 461(c) of the first time delay
      relay 461. This circuit path to the coil 461(c) is the path which must be
      followed by a "nailing signal" to effect a nailing operation. It will be
      noted from FIG. 21, that following the proper positioning of a slat board
      transversely upon the advancing stringers, the conveyor chains continue to
      advance at a slow rate by reason of the energization of the "forward"
      solenoid 474 via the direction switch 450, the second armature and second
      lower contact 466(a2) and 446(d2) respectively of the switching relay 466
      and the normally closed first movable contact 422(a1) of the limit switch
      422. A nailing operation is effected each time one of the outwardly
      directed cam surfaces (411, 412 and 413) of the cam element 410 toggles
      the limit switch 422. Each toggling of the limit switch 422 effects a
      separate nailing operation as hereinafter described.
PAR  Prior to activation of the limit switch 422, the electrical status of the
      nail control circuits 422 is as follows: the switching relay 464 is
      energized via the normally closed second movable contact 422(a2) of the
      limit switch 422; the second time delay relay 463 and the switching relay
      462 are de-energized since the plurality of limit switches 426 are
      normally open when the drive rods 200 of the automatic nailing units 190
      are in their uppermost positions; the switching relay 465 is de-energized
      since the relay 464 is energized, causing its second armature 464(a2) to
      electrically contact its second upper contact 464(b2) which is
      electrically neutral; and, as previously described, the switching relay
      460 is energized, thus enabling the first time delay relay 461 when the
      slat board is in proper position for nailing. When the limit switch 422 is
      toggled, its first movable contact 422(a1) opens the energizing circuit to
      the "forward" solenoid 474 by means of the relay 466, thus stopping the
      forward movement of the conveyor chains 80, arresting movement of the
      stringers and slat positioned thereon. Simultaneously, the second movable
      contact 422(a2) of the limit switch 422 removes one source of energization
      from the relay 464 while providing an energizing ("nailing signal") to the
      coil 461(c) of the first time delay relay 461 by means of the first
      armature and first lower contact 465(a) and 465(d1) respectively, the
      closed nailing enable switch 452 and the second armature and second upper
      contact 460(a2) and 460(b2) respectively of the relay 460. It will be
      noted, however, that the relay 464 remains energized by means of its
      latched condition through its first armature 464(a1) as long as the relays
      462 and 465 remain de-energized.
PAR  Upon energization, the time delay relay 461 delays the transfer of the
      "nailing signal" to the first armature 462(a1) of the relay 462 by a
      predetermined time interval. The predetermined time interval by which the
      first time delay relay 461 delays the "nailing signal" is sufficient to
      enable the advancing stringers and attached slat board mounted thereon to
      come to rest at the nailing station and under the individual nailing
      positions of the automatic nailing units 190. When the predetermined time
      interval has lapsed, the first time delay relay 461 will switch, sending
      the nailing signal to the "down" solenoid 472 by means of the first
      armature and first lower contact 462(a1) and 462(d1) respectively of the
      relay 462. Upon receipt of the nailing signal, the "down" solenoid 472
      will energize the plurality of ram cylinders 196 of the automatic nailing
      units 190, causing them to rapidly extend their drive rods 200 in the
      downard "nailing" direction, as hereinafter described. When the drive rods
      200 of the nailing units 190 have effected a nailing operation and the
      nailing rams are in their lowermost positions, the cams 204 on the upper
      rods 203 of the nailing units 190 toggle the plurality of limit switches
      426 to their closed positions, thus energizing the coil 462(c) of the
      second time delay relay 463. It will be noted that upon initiation of
      their downward movement, the cams 204 also open the plurality of limit
      switches 427.
PAR  Following a predetermined time delay, the second time delay relay 463
      provides an energizing signal to the coil 462(c) of the switching relay
      462, causing its armatures to electrically contact its upper contacts.
      Energization of the relay 462 breaks the latching energization signal to
      the relay 464, causing it to de-energize and to resume that electrical
      status illustrated in FIG. 21. Energization of the relay 462 further
      breaks the nailing signal to the "down" solenoid 472 and establishes an
      energizing signal to the "up" solenoid 473 by means of its first armature
      and first upper contact 462(a1) and 462(b1) respectively. Energization of
      the "up" solenoid 473 causes the ram cylinders 196 of the automatic
      nailing units 190 to be driven upward in preparation for a subsequent
      nailing operation, thus opening the plurality of limit switches 426. The
      second time delay relay 463 and the switching relay 462, however, remain
      energized due to the latching condition applied thereto via the second
      armature 462(a2) of the relay 462. Upon complete return of the ram
      cylinders 196 to their uppermost positions, the cam 204 on the upper rod
      203 of the cylinders retoggles the plurality of limit switches 427. This
      provides an energizing signal from the power supply through the now closed
      limit switches 427 and the second armature and second lower contacts 464(
     a2) and 464(d2) respectively, of the switching relay 464 to energize the
      coil 465(c) of the switching relay 465. Upon energization, the switching
      relay 465 terminates the nailing signal by breaking the circuit path at
      its first armature 465(a1) and removes the energizing latching signal to
      the second time delay relay 463 via the switching relay 462, and provides
      an energizing signal to the switching relay 466 to resume the forward
      motion of the conveyor drive chains 80. The relay 465 acts as a
      "recycling" relay for enabling a subsequent nailing operation.
PAR  Upon recycling of the circuits via the relay 465, the conveyor chains 80
      advance, removing the engagement of the outwardly directed cam surfaces
      with the toggling arm 422(t) of the limit switch 422, and reclosing the
      movable contacts 422(a1) and 422(a2) of the limit switch 422 in those
      positions illustrated in FIG. 21. Upon recycling, the energization states
      of the relays 462, 464 and 465 return to that condition previously
      described just prior to the nailing operation -- and are once again
      positioned for initiating a subsequent nailing operation.
PAR  The nail control circuits 442 are thus repetitively enabled for
      sequentially effecting nailing operations as above described as long as
      the limit switch 400 remains toggled (indicating that a slat board remains
      ready for nailing at the nailing station). Therefore, the number of
      outwardly projecting cam surfaces (see 411, 412 and 413 in FIGS. 18 and 6)
      represent the actual number of nails to be driven into each slat board
      (SL) as they are intermittently advanced to the nailing positions of the
      automatic nailing units 190 where they momentarily stop while the nail is
      driven. The physical spacing between the outwardly directed cam surfaces,
      is directly analogous to the physical longitudinal spacing between
      sequentially driven nails through the slat boards and into the underlying
      stringers. Each of these parameters can be readily adjusted by
      respectively selecting cam elements 410 with the desired number of
      outwardly directed cam surfaces and by positioning these cam elements at
      properly spaced locations along the length of chain 80b. It will be noted
      that in the preferred embodiment all three of the automatic nailing units
      190 are simultaneously operative, and that if any one of the automatic
      nailing units 190 should fail to operate properly, the appropriate limit
      switches 426 and 427 will indicate such a malfunction and disable the
      control system.
PAR  Following the nailing operation associated with the final (rearmost)
      outwardly directed cam surface 413 (FIG. 18) and the subsequent
      advancement of the stringers and secured slat board by means of recycling
      of the switching relay 465, the limit switch 400 resumes its position as
      illustrated in FIG. 21, indicating that a slat board is no longer
      available for nailing. Since the limit switch 424 is also now in an
      electrically open position, the relay 460 will be de-energized, "safing"
      any subsequent nailing operating and re-enabling subsequent feeding of a
      slat board to the advancing stringers for a subsequent nailing sequence.
PAR  The system automatically supplies slats to the advancing stringers and
      secures the slats to the stringers in stitch bond nailing fashion as above
      described as determined by the cam configuration and spacing along the
      conveyor chain 80b, i.e. the stringers longitudinally advance until cam
      activation momentarily stops them and initiates the driving of a nail
      through the slat, and the stringer then advances until a subsequent cam
      activation again stops the stringer advance and initiates the driving of
      another nail through the slat longitudinally spaced apart from the
      previously driven nail. When the trailing end of a group of advancing
      stringers pass beneath the nailing station and after the last slat is
      nailed thereto, the cam 415 (FIG. 6) appropriately longitudinally
      positioned along the inwardly directed side of the chain 80b, toggles the
      limit switch 425 to its closed position, (see FIG. 21) energizing the
      relay 467. Upon energization, the relay 467 is latched in its energized
      state by means of the energizing signal provided thereto through the limit
      switch 420. The "high speed" solenoid 476 is thereby energized, causing
      the conveyor chains 80 to advance at their rapid speed until the limit
      switch 420 it toggled by means of a cam element 410 indicating that
      another plurality of stringers is approximately approaching the nailing
      station as previously described. Thereafter, the automatic slat feeding
      and stitch nailing sequence is repeated.
PAR  Should any malfunctions occur during the operation of the automatic
      sequence of the machine, an operator of the machine can disable any
      portion of the circuitry by switching the appropriate switch upon the
      control panel 446. For example, should there be a malfunction in the
      nailing unit 190, the entire nailing operation can be disabled by the
      operator's opening of the nailing enable switch 452; should something jam
      within the conveyor system, the movement of the conveyor chains 80 can be
      reversed by switching the "direction" switch 450 so as to de-energize the
      "forward" solenoid 474 and to energize the "backward" solenoid 475.
PAR  A detailed operation of the mechanical operation of the automatic nailing
      units 190 can be understood with reference to FIGS. 9, 10, 11, 12, 13 and
      15. Referring thereto, the nail track guides 270 provide a supply of nails
      to the nailing head assembly 205 such that one nail at a time is allowed
      to advance through the nail feed channel 222 downwardly into the guide
      cylinder 210 in resting engagement with the cooperating jaws 216 enclosing
      the lower terminous of the guide cylinder 210. When the automatic nailing
      units 190 receive an energizing signal from the "down" solenoid 472, the
      reversing valve 197 is appropriately opened so as to cause the piston
      within the ram cylinder 196 to rapidly advance in the "downward"
      direction, advancing the drive rod 200 longitudinally downward within the
      guide cylinder 210. The drive rod 200 (hammer) longitudinally advances
      within the guide cylinder 210 until its nailing hammer end 201 engages the
      head of that nail positioned against the jaws 216 at the bottom of the
      guide cylinder 210. The nail is driven by the drive hammer 200 downwardly
      between the cooperating jaws 216 which open against the bias of the spring
      elements 217 under the force of the downwardly advancing drive hammer 200.
      The vertical height of the head assembly 205 is adjusted before operation
      of the system such that the nailing hammer end 201 of the drive rod 200
      advances downwardly through the open jaws 216 sufficiently far to drive
      the nail through the slat board and into the underlying stringer such that
      the head of the nail is slightly recessed within the slat board.
PAR  Prior to the downward descent of the drive rod 200, the nail gate member
      244 is positioned in its leftmost (as viewed in FIG. 10) position as urged
      thereto by the cam surface 240 of the wall 235 of the actuator member 230.
      It will be noted that the actuator 230 is, under these conditions,
      positioned in its uppermost position (as illustrated in FIG. 12) with the
      enlarged shoulders 234a and 235a of its walls 234 and 235 respectively in
      engagement with the stopping surfaces 236b, as urged therein under bias of
      the coil springs 238. Referring to FIG. 10, when the nail gate element 244
      is in its leftmost position, the path for advancement of nails on the nail
      track guide 270 to the nail feed channel 222 is obstructed by the gate
      element 244.
PAR  As the drive rod 200 advances downwardly within the guide cylinder 210, and
      nears the "bottom" of its stroke, its shoulder 202 (FIG. 4) engages the
      top plate 231 of the actuator 230, causing the actuator 230 to move
      downwardly therewith against the bias of the coil springs 238. As the
      actuator 230 moves in the downward direction as guided by the pair races
      236, the gate element 244 (FIG. 12) is enabled to move from left to right
      along the cammed surface 240 of the wall member 235 of the actuator 230
      under the bias of the spring 252. When the drive rod 200 is at the bottom
      of its nailing stroke, the gate element 244 will have moved to its
      rightmost position (see FIG. 10) such that its notch 249 is directly
      aligned with the central race defined by the nail track guide 270, thus
      allowing the shank of the foremost nail positioned between the track
      guides 270 to advance within the notch 249 of the gate element 244. The
      nails between the nail track guides 270 advance under gravity feed from
      the hopper 264 as aided by the vibration normally incident to the nailing
      operation and by the vibratory movement imparted to the tracks 270 from
      the oscillatory motion of the hopper 264.
PAR  When the drive rod 200 has completed its nailing stroke, it is upwardly
      returned within the guide cylinder 210 by energization of the "up"
      solenoid 473, causing its shoulder 202 to release its downward force upon
      the actuator 230, and enabling the actuator 230 to return to its uppermost
      position under the bias of the coil springs 238. As the actuator 230
      returns to its uppermost position, the nail gate element 244 will be
      forced by means of the cammed surface 240 of the wall 235 of the actuator
      230 to move from its rightmost to its leftmost position (as viewed in
      FIGS. 10 and 12) against the bias of the spring 252, causing the nail
      which had entered its notch 249 to be advanced along the slot 248 in the
      gate element 244 and into its aperture 247. As the nail reaches the
      aperture 247, its head will no longer be restrained by the gate element
      244 and the nail will drop through the aperture 247, into the nail feed
      channel 222, proceeding downwardly into the guide cylinder 210 and into
      resting engagement with the cooperating jaws 216. The nailing head
      assembly is now "reloaded"  for a subsequent nailing operation.
PAR  Referring to FIG. 9, the sensor switches 279 positioned along the pairs of
      nail guide tracks 270 sense the presence of a "full track" of nails and
      actuate the associated solenoid 278 at the outlet ports 268 of the nail
      hopper 264 to prevent more nails from entering the nail track guides 272,
      thus preventing clogging of the nail track guides 272.
PAR  While a specific embodiment of this invention has been disclosed, it is to
      be understood that this is for the purpose of illustration only, and that
      the invention is to be limited solely by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic nailing apparatus for nailing transverse slats to spaced
      parallel stringers, said nailing apparatus comprising:
PA1  a. an elongated frame having a transversely extending frame member
      overlying said frame;
PA1  b. a plurality of stringer magazines for vertically stacking a plurality of
      stringers to extend longitudinally of said elongated frame at spaced
      parallel positions transversely thereof;
PA1  c. first conveyor and guiding means for advancing and simultaneously
      guiding a lowermost one of said vertically stacked stringers from each of
      said stringer magazines longitudinally of said elongated frame;
PA1  d. a slat magazine for vertically stacking a plurality of slats to extend
      transversely of the stringers between said transverse frame member and
      said plurality of stringer magazines;
PA1  e. second conveyor means for advancing and positioning a lowermost one of
      said vertically stacked slats onto said advancing stringers;
PA1  f. nailing means mounted on said transverse frame member and generally
      above said first conveyor means, for automatically nailing a slat to each
      of said advancing stringers, said nailing means including:
PA2  i. a plurality of nailing heads, each of said nailing heads having a
      hydraulically actuated hammer member for individually driving a nail into
      a slat positioned therebeneath;
PA2  ii. each of said nailing heads being transversely spaced apart from one
      another and in longitudinal alignment with one of said stringer magazines
      to drive a nail through a slat into an underlying stringer as it is
      positioned therebeneath; and
PA2  iii. each of said nailing heads being maintained in a fixed longitudinal
      and lateral position during the automatic operation of that nailing
      apparatus; and
PA1  g. control means:
PA2  i. for selectively advancing and momentarily stopping said first conveyor
      means to uniformly advance the lowermost ones of the stacked stringers to
      a position beneath said nailing heads where said first conveyor means may
      be momentarily stopped with a slat positioned beneath each said nailing
      head while a nail is driven by the hammer elements;
PA2  ii. for periodically actuating said second conveyor means, responsive to
      positional advancement of said first conveyor means, to advance and
      position said lowermost stacked slat onto said advancing stringers and
      subsequently to a position beneath said nailing heads; and
PA2  iii. for actuating said nailing means in cooperation with the momentary
      stopping of said first conveyor means, to simultaneously energize each of
      said nailing heads at least one time, thereby driving a nail through the
      slats into each of the underlying stringers, and to then allow said first
      conveyor means to advance.
NUM  2.
PAR  2. An automatic nailing apparatus according to claim 1, wherein said
      elongated frame includes generally planar surface portions for supporting
      said longitudinally advancing stringers and wherein said means for guiding
      said advancing stringers comprises: a plurality of pairs of elongated
      stringer guide members, one each of said pairs operatively cooperable with
      one of said stringer magazines and extending longitudinally therefrom at a
      receiving end of said frame to at least the position of said nailing
      heads, and mounting means for securing said plurality of stringer guide
      members to said elongated frame in overlying relationship with said
      supporting surface portions, such that the stringer guide members of each
      of said pairs define a race therebetween for permitting unobstructed
      longitudinal movement of said advancing stringers therealong in a
      direction toward the position of said nailing heads.
NUM  3.
PAR  3. An automatic nailing apparatus according to claim 2, wherein said first
      conveyor means comprises:
PA1  a. a pair of transversely spaced endless linked chains,
PA1  b. sprocket means for mounting one each of said spaced chains adajcent the
      opposing longitudinal edges of said elongated frame with an upper flight
      of each chain positioned above said planar surface portions and connected
      for common movement longitudinally of said elongated frame;
PA1  c. at least one connecting drive element extending between and connected to
      said pair of chains to simultaneously engage the lowermost ones of the
      vertically stacked stringers from each of the plurality of stringer
      magazines and to longitudinally advance said engaged stringers along said
      races defined by the associated pairs of stringer guide members toward
      said nailing station; and
PA1  d. power means for simultaneously driving said pair of chains to advance
      said upper flights to the chains longitudinally of said elongated frame
      from said receiving end toward said nailing heads.
NUM  4.
PAR  4. An automatic nailing apparatus according to claim 3, wherein said
      mounting means includes transversely extending support members secured to
      said elongated frame for supporting the longitudinal ends of said stringer
      guide members in spaced relationship above said underlying planar surface
      portions such that said connecting drive element is free to pass between
      said stringer guide members and the underlying planar surface portions,
      and wherein said mounting means is adjustably configured to enable lateral
      positioning of individual stringer guide members relative one another and
      to enable lateral adjustment of the respective pairs of said stringer
      guide members relative other pairs of said guide members.
NUM  5.
PAR  5. An automatic nailing apparatus according to claim 4, wherein a
      correpsonding one of each pair of said stringer guide members includes
      means adjacent said nailing heads for yieldingly urging a stringer
      positioned within said race defined by that pair of stringer guide members
      toward the oppositely disposed guide member of that pair.
NUM  6.
PAR  6. An automatic nailing apparatus according to claim 4, wherein each of
      said plurality of stringer magazines comprises:
PA1  a. a pair of spaced side wall portions each fixedly mounted on and
      extending upwardly from and longitudinally of an associated one of said
      pair of stringer guide members, said sidewall portions each having
      oppositely disposed end edges and an upper edge; and
PA1  b. a transverse stop wall member mounted to at least one of said side wall
      portions and adjacent that one of said end edges thereof proximate said
      slat magazine, the opposite ones of said end edges of the spaced side
      walls cooperatively laterally defining an open end to the magazine
      proximate said receiving end of the system, and said upper edges of the
      spaced side wall portions cooperatively flaring outwardly to define an
      upwardly opening mouth to the magazine.
NUM  7.
PAR  7. An automatic nailing apparatus according to claim 1, wherein said
      nailing means includes a nailing head at each nailing position, and nail
      supply means for continuously supplying nails to each of said nailing
      heads, each of said nailing heads comprising:
PA1  a. a gate means cooperatively connected with said nail supply means for
      controlling the entrance of nails to that nailing head; and
PA1  b. a hammer means including said hammer member and operatively connected to
      and activated by said control means for engaging a nail within said
      nailing head and for driving said engaged nail out of said nailing head.
NUM  8.
PAR  8. An automatic nailing apparatus according to claim 7, wherein said
      control means includes means operatively connected to each of said
      plurality of hammer means for simultaneously activating said hammer means.
NUM  9.
PAR  9. An automatic nailing apparatus according to claim 7, wherein each of
      said nailing heads comprises:
PA1  a. a housing defining a vertically extending first passageway having an
      upper end and a lower end, said lower end of said first passageway
      terminating in close proximity to said positioned slat and defining said
      nailing position for that nailing head assembly;
PA1  b. a second passageway formed in said housing having an upper end and a
      lower end, said lower end of the second passageway communicating with said
      first passageway between its said upper and lower ends;
PA1  c. cooperating spring biased jaw elements connected to normally yieldingly
      close the lower end of said first passageway; and
PA1  d. wherein said gate means is positioned adjacent said upper end of said
      second passageway for cooperative engagement by said hammer means during
      its nailing motion.
NUM  10.
PAR  10. An automatic nailing apparatus according to claim 9, wherein said nail
      supply means includes a plurality of pairs of nail guide tracks for
      holding a plurality of nails in consecutive alignment therebetween, one
      each of said nail guide track pairs mounted for opening into said upper
      end of said second passageway of each of the nailing head assemblies, and
      wherein each of said gate means comprises:
PA1  a. a plate-like gate member mounted on said nailing head apparatus adjacent
      said upper end of said second passageway for reciprocal movement between a
      first position blocking entrance of nails from said nail guide track to
      said second passageway associated therewith, and a second position causing
      delivery of a single nail from said associated nail guide track to said
      second passageway;
PA1  b. actuator means movably mounted to said nailing head and engageable by
      said hammer means, for enagaging and causing movement of said gate member
      to its said first position and for limiting movement of said gate member
      to its said second position in response to engagement and disengagement
      respectively of said actuator means by said hammer means;
PA1  c. first spring means operatively connected with said gate member for
      normally urging said gate member toward rest in its said second position;
      and
PA1  d. second spring means operatively connected with said actuator means for
      normally urging said actuator means toward engagement with said gate
      member so as to urge said gate member toward rest in its said first
      position against the bias of said first spring means, said second spring
      means having a greater spring force than first spring means.
NUM  11.
PAR  11. An automatic nailing apparatus according to claim 10, wherein each of
      said plate members is characterized by:
PA1  a. an edge portion disposed adjacent that said nail guide track mounted to
      supply nails to said associated second passageway of the nailing head
      assembly, a portion of said edge defining a blocking surface for blocking
      the exit of nails from said nail guide track when said plate member is
      positioned in its said first position;
PA1  b. a notch formed in said edge portion and disposed adjacent said blocking
      surface so as to be offset from said nail guide track when said plate
      member is positioned in its said first position, and so as to be aligned
      with said nail guide track when said plate member is positioned in its
      said second position;
PA1  c. an aperture formed through said plate member and disposed therealong so
      as to be vertically aligned with said upper end of said second passageway
      when said plate member is positioned in its said first position;
PA1  d. a slot formed through said plate member extending between and connecting
      said notch with said aperature for allowing passage of a nail shank
      therebetween; and
PA1  e. a gate cam surface forming a longitudinally disposed end of said plate
      member;
PAL  and wherein said actuator means is mounted for reciprocatory movement
      parallel to the longitudinal axis of said first passageway of the nailing
      head assembly and defines an actuator cam surface positioned to
      cooperatively engage said gate cam surface for imparting movement to said
      gate member between its said first and second positions respectively in
      response to engagement and disengagement of said actuator means by said
      hammer means.
NUM  12.
PAR  12. An automatic nailing apparatus according to claim 11, wherein said
      hammer means includes siad hammer member being vertically movable within
      said first passageway of the nailing head assembly in response to said
      control means, said hammer member having abutment means thereon for
      engaging and moving said actuator means against bias of said second spring
      means in response to movement of said hammer member toward engagement with
      said positioned nail within said first passageway.
NUM  13.
PAR  13. An automatic nailing apparatus according to claim 9, wherein said
      nailing means includes a plurality of mounting plates for mounting each of
      said nailing heads to said transverse frame member, said mounting plates
      including adjustment means for laterally adjustably positioning said
      respective nailing heads transversely of said elongated frame, and wherein
      each of said hammer means includes a hydraulically operated ram mounted to
      said mounting plate and having a nailing hammer piston rod axially aligned
      with and operatively extendable through said first passageway of said
      associated nailing head assembly.
NUM  14.
PAR  14. An automatic nailing apparatus according to claim 13, wherein said nail
      supply means includes:
PA1  a. a nail hopper; and
PA1  b. a plurality of nail guide tracks one each of said tracks extending from
      said nail hopper to one of said nailing heads and communicating with said
      nail gate means thereof; wherein said nail hopper and guide tracks are
      cooperatively constructed to continuously deliver nails to said nail gate
      means in a head-up orientation.
NUM  15.
PAR  15. An automatic nailing apparatus according to claim 14, including a
      sensor positioned on each of said nail guide tracks operative to signal
      the presence of the predetermined number of nails in that respective nail
      guide track, and a plurality of barrier members, one each of said barrier
      members being operatively connected with one of said sensors and
      positioned at the juncture of each of said nail guide tracks with said
      nail hopper to selectively prevent the entrance of nails into that nail
      guide track in response to said signal from its associated sensor.
NUM  16.
PAR  16. An automatic nailing apparatus according to claim 1, wherein said
      second conveyor means includes:
PA1  a. a pair of stop members mounted on said transverse frame member at
      longitudinally spaced positions therealong and operatively movable between
      first and second positions, said stop members being operative in their
      said first positions to obstruct the path of travel of a slat board
      positioned upon said advancing stringers, and operable in their said
      second positions to permit unobstructed travel of a slat board positioned
      upon said advancing stringers, said pair of stop members when positioned
      in their said first positions being operative to align an engaged
      advancing slat board relative the underlying stringers;
PA1  b. means operatively connected with said pair of stop members for imparting
      said movement thereto between said first and second positions; and
PA1  c. wherein said control means includes means operatively connected to said
      stop member movement means for causing said stop members to become
      positioned in their said first positions immediately prior to the nailing
      of said slat to the underlying stringers and to become positioned in their
      said second positions during the nailing of said slat to the stringers.
NUM  17.
PAR  17. An automatic nailing apparatus according to claim 1, wherein said slat
      magazine includes an upwardly opening receptacle having a front side wall
      mounted on said transverse frame member, a rear side wall spaced from said
      front side wall, opposed spaced end walls and a bottom wall, said front
      and rear side walls terminating spaced from said bottom wall to define a
      front and a rear slot adjacent said bottom wall; and wherein said second
      conveyor includes:
PA1  a. a slat board advancing plate operatively mounted for longitudinal
      movement through said rear slot to engage a lowermost slat in said slat
      magazine and to longitudinally advance the engaged slat through said front
      slot onto said underlying advancing stringers at the position of said
      nailing heads;
PA1  b. a gear rack longitudinally fixedly mounted on each opposite end of said
      advancing plate;
PA1  c. a pinion gear cooperatively mounted in meshing engagement with each of
      said gear racks;
PA1  d. a rotary pinion shaft rotatably mounted on said rear side wall and
      connecting said pinion gears for common rotation; and
PA1  e. power means connected to impart rotation to said pinion gears in
      opposite first and second rotational directions for respectively
      longitudinally advancing and retracting said advancing plate.
NUM  18.
PAR  18. An automatic nailing apparatus according to claim 17, wherein said
      power means comprises a hydraulically driven motor having a rotary output
      shaft operatively connected to said rotary pinion shaft by an endless link
      chain entrained over a drive and a driven sprocket respectively fixedly
      mounted on said rotary output shaft and on said pinion shaft.
NUM  19.
PAR  19. An automatic nailing apparatus according to claim 17, wherein the lower
      edges of said opposed end walls terminate adjacent an upper surface of
      said advancing plate, wherein said opposed end walls are each mounted for
      adjustable movement toward and away from each other, wherein said front
      and rear side walls are spaced apart a distance predetermined to be
      greater than the transverse dimension of slats contained within said
      receptacle and wherein said apparatus includes spaced arms mounted on said
      rear side wall and projecting between said rear and front side walls
      operatively movable toward and away from said front side wall to engage
      and urge the lower slats in said receptacle toward engagement with said
      front side wall.
NUM  20.
PAR  20. An automatic nailing apparatus according to claim 19, wherein said
      spaced arms each have an upper end and a lower end, wherein each spaced
      arm is pivotally connected near its said upper end to said rear side wall
      and wherein said lower ends of the spaced arms are movable toward and away
      from said front side wall, and including means connected between said rear
      side wall and said lower end of each of said spaced arms for imparting
      said pivotal movement to said lower end.
NUM  21.
PAR  21. An automatic nailing apparatus according to claim 20, wherein said
      means for imparting movement to said lower ends of said spaced arms,
      comprises:
PA1  a. a crank shaft having a pair of corresponding crank arms and a third
      crank arm;
PA1  b. means for rotatably mounting said crank shaft on said rear side wall;
PA1  c. a link pivotally connected to each of said corresponding crank arms and
      to said pair of spaced arms; and
PA1  d. a hydraulic ram pivotally operatively connected between said third crank
      arm and said rear wall.
NUM  22.
PAR  22. An automatic nailing apparatus according to claim 1, wherein said first
      conveyor means includes a pair of endless link chains transversely spaced
      of said elongated frame, at least one of said link chains having
      individual links connected by cylindrical tubular connectors of the type
      having axial openings oriented so as to project transversely of the
      longitudinal length of the chain; and wherein said control means includes:
PA1  a. a plurality of cam members detachably secured to said one endless link
      chain at spaced positions therealong, each cam member having a plurality
      of cam surfaces formed thereon;
PA1  b. a plurality of switch members mounted on said elongated frame and
      positioned for activation by said cam surfaces of said cam members secured
      to said one endless link chain in response to movement of said one endless
      link chain longitudinally of the elongated frame member; and
PA1  c. circuit means operatively connected to receive activation signals from
      said switch members for sequentially cooperatively actuating said first
      and second conveyor means and said nailing means.
NUM  23.
PAR  23. An automatic nailing apparatus according to claim 20, wherein said cam
      members each comprise:
PA1  a. a U-shaped mounting bracket having generally parallel extendable leg
      portions, sized to be telescopically received in selected ones of said
      axial openings in said tubular connectors of said one link chain;
PA1  b. a main cam body member configured to define said plurality of cammed
      surfaces; and
PA1  c. mounting means for adjustably mounting said main cam body member on said
      U-shaped mounting bracket in a manner enabling adjustment of the main cam
      body member longitudinally relative said one endless link chain.
NUM  24.
PAR  24. An automatic nailing apparatus according to claim 23, wherein the
      maximum longitudinal adjustment distance permitted by said means mounting
      said main cam body to said U-shaped mounting bracket is at least equal to
      the distance between adjacent ones of said axial openings of said tubular
      connectors in said one endless link chain.
NUM  25.
PAR  25. An automatic nailing apparatus according to claim 22, wherein said
      control means further includes at least one pair of switches mounted on
      said transverse frame member adjacent one of said hammer means, wherein
      one of said pair of switches is operatively engaged by said hammer means
      to indicate a down nailing position and the other of said pair of switches
      is operatively engaged by said hammer means to indicate a normally up
      position, wherein a third switch is mounted on said transverse frame
      member and is operative to indicate the presence of a slat at the position
      of said nailing heads and wherein electrical circuit means is provided for
      operably connecting said plurality of switch members said pair of switches
      and said third switch to actuate said first conveyor means said second
      conveyor means and said nailing means in a predetermined sequence to nail
      a slat to said stringers at each of said nailing heads.
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ABST
PAL  There is disclosed a staple-feeding magazine for a stapler of the kind
      comprising a driving channel, a staple driver having work and return
      strokes within the driving channel and a staple-feeding magazine connected
      to the driving channel. In order to allow the rear-loading of the staples
      without involving any bulk problem, the magazine has the baseplate
      rearwardly extending with respect to the open rear end of the staple
      guiding channel so as to define a projecting end portion on which
      anchoring means for the pusher are provided. The anchoring means are made
      and arranged so that the pusher, when anchored thereto, is still within
      the overall space of the magazine but in a depressed position at which the
      rear end of the guiding channel is left clear for staple loading purposes.
BSUM
PAR  This invention relates to a staple-feeding magazine for a stapler which
      uses metal staples.
PAR  It is known that the staplers which use metal staples (the term "metal
      staples" being intended herein as to indicate also staples of another
      material but having the usual U-shaped outline) essentially comprise a
      driving channel, a driver for driving and ejecting the metal staples,
      mechanical or pneumatical means for controlling the reciprocal motion of
      the work or active and return strokes of the driver in the driving channel
      and a staple feeding magazine which is connected to the driving channel so
      as to feed thereto in a transversal direction and in orderly sequence a
      succession or bar of metal staples.
PAR  It is likewise known that the feeding magazine for the metal staples
      basically comprises, as affixed to a baseplate, a guiding and supporting
      channel for the metal staples as arranged in succession, which has an
      inverted-U shaped in cross-section with at least a front end open and
      communicating with the driving channel for orderly delivering the staples
      to the driving channel. The connection between the magazine and the
      driving channel is obtained by means of a plate, which is formed as an
      entity with the baseplate and the magazine guiding channel and has a hole
      formed therethrough, whose shape, size and position are such as actually
      to be an extension of the open end of the guiding channel. This plate is
      introduced into a corresponding lateral opening of the driving channel and
      is locked therein so as actually to provide a portion of one of the
      sidewalls of the driving channel which provide to guide the staples in the
      driving channel aforesaid. Within the magazine guiding channel, but behind
      the succession of staples as inserted in the guiding channel, there is
      slidably housed a follower or pusher having substantially an inverted-U
      shape in cross-section, the pusher being resiliently biased towards the
      aforesaid open end of the guiding channel, so as to impress to the staple
      bar a continuous thrust to have it urged forwards towards the driving
      channel.
PAR  One of the problems which prevailingly concern the manufacturers of
      staplers and cause discordance among them is that of the procedure as used
      for loading the staples. It is obvious, in point of fact, that, to be able
      to effect a "rear loading" of the staples, that is, to load them through
      the rear end, which in this case is also open, of the guiding channel,
      this being doubtless the preferred approach, it is first necessary to
      remove the pusher for the guiding channel so as not to create an obstacle
      to the introduction of the staples. To do so, however, it is required that
      an appropriate anchoring position be provided to retain the pusher under
      such conditions as to clear the access to the rear end of the guiding
      channel against the bias of the resilient means which urge the pusher
      towards its working position. The anchoring of the pusher in such a
      position as to clear the access to the guiding channel usually originates
      bulk problems, in the sense that the approaches as adopted heretofore have
      proven to be either intricate or poorly functional, or they have
      originated an unduly high increase of the overall bulk of the machine, or,
      moreover, they have required the temporary withdrawal of the pusher from
      the magazine space.
PAR  An object of the present invention is thus to provide a magazine for a
      stapler, in which the problem of the staple loading through the open rear
      end of the guiding channel is solved in a simple, functional way which is
      such as not to involve any problems as to the increase of the bulk, even
      as a temporary measure.
PAR  According to the invention, this object is achieved by means of a magazine
      which is characterized in that the follower has an inverted-U
      cross-sectional shape of such a size that the distance between the outer
      surfaces of its vertical walls is less than the distance between the inner
      surfaces of the legs of the staples to be fed in, and that the open rear
      end of the guiding channel is in an advanced position relative to the
      corresponding end of the baseplate so as to define a projecting end
      portion of the plate on which an anchoring means is provided which can
      releasably engage a complementary anchoring means with which the follower
      is provided, said anchoring means being so made and arranged that the
      follower, whenever it is withdrawn from the guiding channel and anchored
      to said end position of the baseplate owing to the mutual engagement of
      the anchoring means, is still within the overall space of the magazine but
      in a depressed position which allows the horizontal wall of the magazine
      to leave clear the access to the rear end of the guiding channel for
      introducing a staple bar into said channel.
PAR  It is obvious that such an approach does not originate any bulk problems,
      since the follower always remains within the usual magazine bulk
      boundaries. On the other hand, when the follower is withdrawn from the
      guiding channel and depressed and anchored, as outlined above, to the
      baseplate, the access to the rear end of the guiding channel is left
      wholly clear and a new staple succession or bar can conveniently be
      introduced from behind into the channel, by, so to speak, straddling the
      lowered follower. As can be seen, this is thus a simple and functional
      solution to the problem of the rear-loading of the magazine.
PAR  The two complementary anchoring means, whose mutual engagement permits
      anchoring the follower to the end position of the baseplate in the
      appropriate depressed position after having withdrawn the follower from
      the guiding channel, can be obtained in several ways. According to a
      preferred embodiment of the magazine according to the invention, one of
      the two anchoring means is formed by a pin, or another upright member
      affixed to the above mentioned end portion of the baseplate, which is
      extended upwardly to a height which is below the horizontal portion of the
      guiding channel and, which has therein rearwardly of the guiding channel,
      at least one notch which can engage the follower or pusher, as the latter
      is withdrawn from the guiding channel, anchoring the pusher to maintain
      same in the above indicated depressed position where the access to the
      rear end of the guiding channel is made clear to load the staple bar. In
      its turn, the other anchoring member is preferably the rear edge of an
      opening in the horizontal wall of the pusher, the pin aforesaid being
      capable of entering said opening and sliding therein when the pusher is
      displaced towards said lowered position upon having been withdrawn from
      the guiding channel. Still preferably, the above mentioned pin is also
      equipped, on the same surface as before, with a second notch placed at a
      higher level than the first, in which the same rear edge of the pusher
      opening can be both engaged and anchored in the case of an accidental
      release of the rear edge, and thus of the pusher, from the first named
      notch. The second notch is thus an efficient safety means against
      accidental and hazardous forward snaps of the pusher.
PAR  Another feature which is not of vital significance but is nevertheless
      preferred for the magazine according to the invention is the fact that the
      bottom ends of the vertical walls of the pusher have outwardly curled tabs
      which engage the prongs of the last staple of a staple bar to supplement
      the thrust imparted to the staple head. Thus a better balanced overall
      thrust is produced, which is such as to prevent possible jams of staples
      within the guiding channel.
PAR  Still another feature which preferably characterizes the magazine according
      to the invention is the fact that the guiding channel is so shaped as
      indifferently to allow for the use of metal staples having two different
      widths. This is due to the fact that the guiding channel is defined
      between two coaxial longitudinal structures as arranged the one inside the
      other, both having a U-shaped cross-section but with the internal
      structure having vertical walls with the top portions placed closer to one
      another than the bottom ones. The result is that the possibility is
      afforded both of using wider staples, whose legs are guided by the
      vertical walls of the external structure, and of using narrower staples,
      whose legs are guided by the more widely spaced apart bottom portions of
      the vertical walls of the internal structure. The vertical walls of the
      pusher, in their turn, are guided by the less closely spaced apart portion
      of the inner structure while, concurrently, the curled end tabs of the
      vertical walls of the pusher find their space in those symmetrical
      portions of the guiding channel which are defined between the vertical
      walls of the external structure and the top portions of the vertical walls
      of the internal structure.
PAR  Another problem as encountered in the construction of feeding magazines for
      staplers is the plate which, as outlined above, is arranged in
      correspondence with the magazine front end and is intended to provide a
      portion of either sidewall of the driving channel. Upon considering the
      guiding functions entrusted to the plate and thus the intense wear
      stresses it must undergo (also due to the considerable speed at which,
      especially in the pneumatically actuated stapling machines, the staples
      travel in the driving channel), this plate should be made of hardened
      steel or another material having a high resistance to wear, and, therewith
      the entire magazine or at least the baseplate should be made to make up a
      single piece. The result is, obviously, a high first cost of the magazine.
PAR  According to the invention, this problem is solved, instead, by making the
      plate as a discrete unit with respect to the remainder of the magazine, to
      which it will be fastened subsequently in the course of the assembly
      stage.
PAR  By so doing, the plate only needs to be made of a very expensive special
      material, while the remainder of the magazine can be made of a more usual,
      and thus less costly, material as desirable.
DRWD
PAR  The foregoing and other features of the present invention will be better
      understood from the ensuring detailed description of a metallic staple
      machine having a magazine made according to the invention. In the detailed
      description reference will be had to the accompanying drawings, wherein:
PAR  FIG. 1 is an elevational view, partly in section, of the entire
      metal-staple stapling machine.
PAR  FIG. 2 is a plan view, partly in section, which shows in more detail the
      mode of connection between the magazine and the remaining portion of the
      stapler of FIG. 1.
PAR  FIG. 3 is a cross-sectional view taken along the line III--III of FIG. 1.
PAR  FIG. 4 is a cross-sectional view taken along the line IV--IV of FIG. 1.
PAR  FIG. 5 is a plan view, partly in section, which shows the rear portion of
      the magazine contained in the machine of FIG. 1, the metallic staple
      pusher being shown herein in a position which is well behind the position
      of FIG. 1.
PAR  FIG. 6 is a longitudinal cross-sectional view of the portion of magazine
      shown in FIG. 5.
PAR  FIG. 7 is a cross-sectional view, taken along the line VII--VII of FIG. 6.
PAR  FIG. 8 is a longitudinal cross-sectional view showing the pusher as
      anchored in a position which is adapted to load a staple bar.
PAR  FIG. 9 is an elevational view from the back, which shows how the
      arrangement of the pusher according to FIG. 8 makes clear the access to
      the guiding channel for the magazine in order to effect the loading of a
      metal staple bar, and
PAR  FIG. 10 is a cross-sectional view similar to FIG. 8 but with the pusher in
      a different anchoring position outside the guiding channel.
DETD
PAR  The metal tack stapler as shown in the drawings comprises a header piece 1,
      within which a driving channel 2 is defined for metal staples 3 which are
      sequentially and individually fed from a magazine or loader 4.
PAR  In the driving channel 2 there is slidably mounted a driver or striker 5
      which is affixed to a block 6: the latter, in its turn, slides in a
      guiding channel of its own. The block 6 is connected by the agency of a
      link 7 to an actuating lever 8, which is pivoted at 9 to the outer casing
      10 of the header piece 1 and is urged towards its at rest position as
      shown in FIG. 1 by a spring 11.
PAR  The magazine 4 is formed by two elongate structures or frames 12 and 13
      which are arranged parallel and one inside the other, and which are
      mutually fastened in correspondence with their respective baseplates 14
      and 15. As can be seen in FIG. 7, the inner frame 12 has substantially a
      U-shaped cross-section as formed by the baseplate 14 and two upright
      sidewalls 50 equipped with more widely spaced apart bottom portions 51 and
      with more closely spaced apart top portions 52. In its turn, the outer
      frame 13 has a U-shaped cross-section as provided by the baseplate 15 and
      two sidewalls 17 equipped with top end curls or flanges 16.
PAR  Between the two frames 12 and 13 a longitudinal guiding channel 18 is
      defined, having a cross-section somewhat in the form of an inverted U,
      which is open at both ends and in which there can be housed for sliding
      movement staple bars 27, each comprising a plurality of staples 3 arranged
      to be fed one by one to the driving channel 2. More exactly, the guiding
      channel 18 can house metal staple bars of two different sizes, that is,
      either staple bars with narrower staples, whose legs are guided by the
      bottom portions 51 (more widely spaced apart) of the sidewalls of the
      inner frame 12 (a case shown in the drawings and more particularly in
      FIGS. 4, 7 and 9), or wider staple bars whose legs are guided by the
      sidewalls of the outer frame 13.
PAR  In correspondence with the front end of the guiding channel 18 there is
      arranged a plate of hardened steel 19 (FIGS. 2 and 3) which is affixed to
      the remaining part of the magazine by bolts 20 and 21 engaged in the plate
      19 and in external flanges 22 and internal flanges 23 of the two frames 13
      and 12 (FIG. 4). Through the plate 19 an inverted-U hole 24 is formed,
      which exactly mates the front end opening of the guiding channel 18 and
      actually is an extension thereof. Lastly, the plate 19 has two vertical
      and parallel ribs 25.
PAR  Within the guiding channel 18 and behind the metal staple bar 27, there is
      slidably inserted a follower or pusher 26, which has substantially the
      shape of an inverted-U in cross-section, and which is formed by a
      horizontal wall 53 slidably housed in the horizontal portion of the
      guiding channel 18, and by two vertical walls 54 housed to slide in the
      vertical parts of the guiding channel 18 above the bottom portions 51 of
      the sidewalls 50 of the inner frame 12. The distance between the outer
      surfaces of the vertical walls 54 of the pusher 26 is less than the
      distance between the outer surfaces of the bottom portions 51 of the
      sidewalls of the frame 12, and thus less than the distance between the
      inner surfaces of the legs of the staples, irrespective of the size of the
      latter (FIGS. 4 and 7). To allow the pusher to act upon the staple legs
      and upon the staple head too, the bottom ends of the vertical walls 54
      have tabs 55, curled outwardly, which are housed adjacent the upper ends
      of the vertical portions of the channel 18.
PAR  The pusher 26 is pulled towards the open front end of the guiding channel
      18 and thus towards the last metal staple of a staple bar by a spring 28
      wrapped around an idle roll 29 (FIG. 2) and having either end affixed to
      the pusher 26 (FIG. 1), the other end being affixed to the baseplate 15 of
      the outer frame 13 (FIG. 6).
PAR  The pusher 26 has also a hooked rear extension 30, by whose agency it is
      possible to overcome the bias of the spring 28 and to withdraw the pusher
      from the guiding channel 18 through the rear end opening thereof. Once it
      has been removed from its guiding channel, the pusher 26 can be anchored
      in such a position as to clear the access to the rear end of the channel
      in order to load a metal staple bar again. To this purpose, an upright pin
      31 is provided, which is affixed to the baseplate 15 of the outer frame 13
      (as extended rearwards relative to the inner frame 12) and is extended
      upwards to a level which is below the horizontal portion of the rear end
      of the guiding channel 18 (FIGS. 6, 8 and 10). This pin can engage the
      pusher 26, the latter being equipped to this purpose with a central
      opening 32. The sliding of the pusher 26 along the pin 31 is both guided
      and encouraged by the engagement between a sloping tongue 33 of the pusher
      and the front wall, also sloping, 34, of the pin 31. An additional
      possibility of engagement is the slope of the rear end 35 of the internal
      frame 12. To anchor the pusher, the rear surface of the pin 31 has a notch
      36 which, as can be seen in FIGS. 8 and 9, is positioned in such a way as
      to keep the pusher 26 outside the route along which the metal staple bars
      should go to be fed into the guiding channel 18. An additional notch 37 in
      the rear of pin 31 has a safety function, in the sense of anyhow locking
      the pusher 26 in the case of disengagement from the notch 36 (FIG. 10).
      The notches 36 and 37 are intended to engage the rear boundary edge 56 of
      the pusher opening 32.
PAR  To support the magazine 4, there is provided, lastly, an elongate bracket
      38, having a U-shaped cross-section, which projects from the outer casing
      of the stapler header piece. In use the magazine is inserted into said
      elongate bracket and locked in a resiliently yieldable manner through the
      engagement of two side tabs 39 of the outer frame 13 with a bridge 40
      which is pivoted to the bracket 38 and resiliently biased by springs 41
      (FIG. 2).
PAR  With the magazine in position (FIG. 1), the plate 19 is inserted in a
      lateral opening 42 of the driving channel 2 and is virtually a completion
      of the corresponding wall 43 of the driving channel.
PAR  From the foregoing and a careful scrutiny of the drawings, the operation of
      the stapler as shown is obvious. The pusher 26, and more exactly its
      horizontal wall 53 and its curled tabs 55, thrusts, one at a time, the
      individual metal staples into the driving channel 2, where, at every
      actuation of the lever 8, they are engaged, still individually, by the
      driver 5 and ejected out of the driving channel.
PAR  When, as a first staple bar has been exhausted, it is desired to introduce
      a fresh metal staple bar in the guiding channel 18, the hooked extension
      30 of the pusher 26 is pulled so as to remove the pusher from the guiding
      channel. Then, the engagement is caused to occur between the opening 32 of
      the pusher and the fixed pin 31 and, by exploiting the engagement aids as
      formed by the sloping planes 33, 34 and 35, the pusher is urged downwards
      until anchoring it to the notch 36 of the pin 31. Inasmuch as the access
      to the rear end opening of the guiding channel 18 has become clear (FIGS.
      8 and 9), it is possible to load a fresh metal staple bar, by having it,
      so to speak, straddling the lowered pusher (FIG. 9) and by exploiting the
      guiding action as provided by the vertical walls 17 and the end curls 16
      of the outer frame 13 as well as by the sloping plane 35 of the inner
      frame 12. Should the pusher become accidentally clear of the notch 36, it
      would equally be retained by the notch 37, that which would prevent a
      dangerous abrupt snap thereof towards the machine head. As the reloading
      has been carried out, the pusher is obviously disengaged from the pin 31
      and introduced in the guiding channel 18 again.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A staple-feeding magazine for a stapler of the kind comprising a driving
      channel, a staple-ejecting driver, means for controlling a reciprocation
      of active and return strokes of the driver within the driving channel, and
      a feeding magazine connected to the driving channel so as to feed a
      succession of metallic staples individually one after the other to said
      driving channel, said magazine also comprising
PA1  a baseplate,
PA1  means defining an elongate guiding channel intended to support and to guide
      a succession of staples, said guiding channel being formed on said
      baseplate and being open at both ends to form staple loading and feeding
      ends, respectively, and to progressively guide said staples to the driving
      channel,
PA1  a follower mounted for sliding movement in said guiding channel behind said
      succession of staples and resiliently urged towards said feeding end of
      the guiding channel so as to impart to said succession of staples a
      continuous thrust towards said feeding end,
PA1  said follower being withdrawable from said guiding channel through said
      loading end thereof, and having generally an inverted-U cross-sectional
      shape of such a size that the distance between the outer surfaces of its
      parallel side walls is less than the distance between the inner surfaces
      of the staple legs,
PA1  the open, rear, staple loading end of the guiding channel being in an
      advanced position relative to the corresponding rear end of the baseplate
      so that an end portion of said baseplate projects rearwardly beyond said
      guiding channel, and
PA1  cooperating anchoring means provided on said follower and on said end
      portion of said baseplate, respectively, and releasably engageable, when
      said follower is removed from the guiding channel, to anchor said follower
      to said end portion of the baseplate in a position in which said follower
      remains within the overall contour of the magazine and above said
      baseplate and said end portion thereof, but in a lowered position which
      allows its transverse wall portion between said side walls thereof to
      leave clear said rear end of the guiding channel to permit insertion of a
      succession of staples in the guiding channel,
PA1  one of said anchoring means comprising an upright member affixed to said
      end portion of the baseplate and extending upwardly therefrom to a height
      beneath the horizontal portion of the guiding channel and having in its
      rear end at least one notch which is engageable with the anchoring means
      on said follower, when the follower is removed from its guiding channel,
      to anchor said follower in said lowered position.
NUM  2.
PAR  2. A magazine according to claim 1, wherein said upright member has in its
      rear end a second anchoring notch arranged at a higher level than the
      first-named notch.
NUM  3.
PAR  3. A magazine according to claim 1, wherein said upright member is inclined
      towards the rear end of the guiding channel.
NUM  4.
PAR  4. A magazine according to claim 1, wherein the anchoring means on said
      follower comprises the rear edge of an opening formed through the
      transverse wall of the follower and through which opening said upright
      member can be introduced to engage the rear edge of said opening in the
      notch in said upright member as the follower is displaced towards said
      lowered position after having been removed from the guiding channel.
NUM  5.
PAR  5. A magazine according to claim 1, wherein the side walls of the follower
      have outwardly curled tabs which are adapted to impart a thrust action
      against the legs of the staples to be fed in.
NUM  6.
PAR  6. A magazine according to claim 1, wherein said guiding channel is defined
      between two coaxial longitudinal structures arranged one inside the other,
      each of said structures having a substantially U-shaped cross-section,
      with the outer structure equipped with sidewalls spaced from the sidewalls
      of the inner structure, and curled inwardly at their upper ends so as to
      define an inverted-U cross-sectional space for said guiding channel.
NUM  7.
PAR  7. A magazine according to claim 6, wherein the bottom wall of the outer
      structure is the magazine baseplate.
NUM  8.
PAR  8. A magazine according to claim 6, wherein the sidewalls of the outer
      structure are extended to the rear end of the baseplate.
NUM  9.
PAR  9. A magazine according to claim 7, wherein the rear end of the internal
      structure is spaced forwardly from the rear end of the baseplate and is
      inclined to extend parallel to said upright member.
NUM  10.
PAR  10. A magazine according to claim 7, wherein the outer structure has spaced
      vertical sidewalls, and the inner structure has spaced sidewalls portions
      of which adjacent the lower ends thereof, are spaced wider apart from each
      other than the upper portions of the last-named sidewalls.
NUM  11.
PAR  11. A magazine according to claim 11, wherein the sidewalls and the curled
      tabs of the follower are slidably housed in the upper portions of the
      guiding channel as defined by the spaces between the sidewalls of the
      outer structure and the upper portions of the sidewalls of the inner
      structure.
NUM  12.
PAR  12. A magazine according to claim 1, comprising a plate arranged in
      correspondence with the feeding end of the guiding channel and equipped
      with a hole adapted to be an extension of said guiding channel, said plate
      being mounted in a lateral opening of the driving channel of the stapling
      machine and being made as a piece separate from the remaining part of the
      magazine, and being fastened to the latter by fastening means.
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ABST
PAL  A pneumatically operated nailing machine for driving nails by a main piston
      operated by compressed air. A nail feeding piston is actuated by
      compressed air, synchronous with the movement of the main piston. To make
      the feeding of nails smooth, a device to accelerate evacuation of
      compressed air from the nail feeding piston is attached and the nail
      feeding piston is resiliently engaged with a nail feeding pawl. The front
      end of the nail feeding pawl is provided with a cutting edge for cutting a
      steel wire connecting the nails. A nail magazine is provided with a flat
      nail placing plate so that the nails are always fed to a fixed position,
      and against which each of the contained nails is resiliently pressed. The
      fitting position of the nail placing plate is changeable to permit the use
      of nails of different lengths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a pneumatically operated nailing machine
      for continuously driving nails by a main piston which is operated by
      compressed air. The first requisite of the pneumatically operated nailing
      machine is that it can drive nails quickly and accurately.
PAR  Accordingly, an object of this invention is to provide a pneumatically
      operated nailing machine having a nail feeding piston mechanism that is
      capable of feeding nails quickly and accurately.
PAR  Another object of this invention is to provide a rapid compressed air
      evacuating device for the nail feeding piston, which permits quick nail
      feeding.
PAR  Still another object of this invention is to provide an engaging device for
      the nail feeding piston and a nail feeding pawl, which permits accurate
      and smooth nail feeding.
PAR  Yet another object of this invention is to provide a device for cutting a
      steel wire connecting the nails, both accurately and easily.
PAR  A further object of this invention is to provide a nail magazine that
      allows the use of nails of different lengths.
PAR  A still further object of this invention is to provide a nail placing plate
      designed to always feed the nails to a fixed position, in order that
      accurate nail feeding can be achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an overall view showing a pneumatically operating nailing
      machine, with a part thereof cut open.
PAR  FIG. 2 is a cross section taken along the line A--A of FIG. 1.
PAR  FIGS. 3 and 4 are cross sections illustrating the moving conditions of a
      main piston in FIG. 1.
PAR  FIG. 5 is a cross section taken along the line B--B of FIG. 1.
PAR  FIG. 6 is a cross section taken along the line A--A of FIG. 5.
PAR  FIG. 7 is a cross section taken along the line C--C of FIG. 1.
PAR  FIG. 8 through 12 are cross sections illustrating the moving conditions of
      a nail feeding mechanism.
PAR  FIG. 13 is a cross section taken along the line D--D of FIG. 1,
      illustrating that nails of maximum length are loaded.
PAR  FIG. 14 is a cross section similar to FIG. 13, excepting that the nails
      have decreased in number.
PAR  FIG. 15 is a cross section of a nail magazine in which shorter nails are
      loaded.
PAR  FIG. 16 is a perspective view of a nail placing plate shown in FIG. 13.
PAR  FIG. 17 is a perspective view of a ring for adjusting the fitting position
      of the nail placing plate.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the first place, the general structure of a pneumatic nailing machine
      100 will be briefly described with reference to FIG. 1.
PAR  At the side of a pneumatically operated nailing machine 100 having a
      housing 1 there is provided a handle portion 2, through which compressed
      air is supplied via a connector 2A to an air chamber 3 formed inside the
      housing 1. There is provided a fixed cylinder 4 inside the housing 1, and
      a main piston 5 is inserted therein. A driver 6 for driving nails is fixed
      below the main piston 5. On the top of the cylinder 4 there is provided a
      cylindrical head valve 7 which is concentrically and engagingly positioned
      relative to the upper edge of said cylinder 4 so as to separate the inside
      and outside thereof.  This head valve 7 is fitted in such a manner that it
      reciprocatingly slides within an annular head valve air chamber 8 formed
      in the head portion of the housing. As may be seen in FIG. 1, the
      cross-sectional area of said head valve 7 is larger at the top than at the
      bottom, in order that the head valve 7 is moved upward and downward by the
      difference between the surface pressures working on the top and bottom
      thereof. The lower portion of the head valve 7 is formed as a flange 9,
      which serves to connect and disconnect the upper space in the cylinder
      with and from the atmosphere, alternatingly coming into contact with a
      base portion 11 of an upper bumper 10 mounted on the cylinder head. To
      permit this, a communicating passage 12 is formed in the housing head. The
      space between the cylinder 4 and the housing 1 is divided into upper and
      lower chambers 3 and 13, respectively.
PAR  While the upper chamber forms said air chamber 3, the lower one constitutes
      an air reservoir 13 for returning the piston, and it is separated from the
      aforesaid air chamber 3. When said head valve 7 moves upward, the air
      chamber 3 communicates with the upper space in the cylinder 4 located
      above the piston 5. Said head valve air chamber 8 communicates with an air
      reservoir 15 through a tube-formed air passage 14 provided within said air
      chamber 3. Said air reservoir 15 in turn communicates with a trigger valve
      air port 17 and a trigger valve opening 18, and thence with the air
      chamber 3 and the atmosphere, respectively. The port 17 and opening 18 are
      opened and closed by a trigger valve 16 which is normally urged downwardly
      by spring 16A to thus close the opening 18. Valve 16 is moved upwardly by
      a manually movable trigger device 16B. The air reservoir 15 also
      communicates with an air passage housing 20 through an air passage 19
      formed inside the housing 1, and further actuates a nail feeding piston to
      be described later, which is provided within a nail feeding piston housing
      21.
PAR  There are provided a small-diameter opening 22 and a large-diameter opening
      23 in the lower portion of said cylinder 4. The purpose of the
      small-diameter opening 22 is to permit spouting of compressed air from the
      cylinder 4 to the air reservoir 13 when the main piston 5 descends.
      Therefore, said small-diameter opening 22 is provided at such a position
      that it communicates with the space within the cylinder 4 above the main
      piston 5, when the main piston 5 reaches the lowest point of its stroke.
      On the other hand, the large-diameter opening 23 is situated below the
      main piston 5 even when it descends to said lowest point, and introduces
      compressed air from the air reservoir 13 to below the main piston 5,
      thereby causing it to return to its original upper position.
PAR  A bumper 24 is provided in the bottom portion of the cylinder 4 for
      absorbing the shock of the descending main piston 5 that might otherwise
      impinge against the bottom of the cylinder 4. At the lowest end of
      cylinder 4 there is provided a disklike diaphragm 25, which in turn is
      provided with a hole that serves both for letting out air from the space
      in the cylinder 4 below the main piston 5 so that the air should not be
      compressed during the descending stroke of the main piston 5 and for
      passing the driver 6. Also, a communication port 26 is provided so that
      the air escaping through said diaphragm 25 can be let out into the
      atmosphere.
PAR  Said driver 6 is pushed down by the main piston 5 through a driver passage
      27, thereby driving nails as described later. The nails are loaded in a
      nail magazine 28, in which they are held under the pressure of a magazine
      cap 29, and are supplied into said driver passage 27 past said nail
      feeding piston housing 21. A door 30, which can be freely opened and
      closed, is provided in the nail feeding piston housing 21, so that the
      feeding condition of the nails may be watched therethrough.
PAR  Next, a description will be given as to the cross-sectional view of FIG. 2
      taken along the line A--A of FIG. 1, and referring also to FIG. 1.
PAR  As described previously, the space between the housing 1 and the cylinder 4
      is divided into the air chamber 3 and the piston returning air reservoir
      13. The air reservoir 15, communicating with the trigger valve 16 as shown
      in FIG. 1, communicates with the head valve air chamber 8 through the air
      passage 14 on one hand, and with an air passage 31 in the air passage
      housing 20 through the air passage 19 on the other, thence leading to a
      quick exhaust piston to be described later. The piston returning air
      reservoir 13 communicates with a nail feeding piston, which will be
      described later, provided in the air passage housing 20 through a passage
      32 (FIG. 2) provided thereunder.
PAR  Now the operation of the device of this invention that is constructed as
      described above will be discussed hereunder.
PAR  First, it will be assumed that the device is in the stationary condition
      shown in FIG. 1. Because the trigger valve 16 is pushed downward by spring
      16A, compressed air in the air chamber 3 is supplied to the air reservoir
      15 through the trigger valve air port 17, and from there to the head valve
      air chamber 8 through the air passage 14 on one hand and to the quick
      exhaust piston through the air passages 19 and 31. Therefore, compressed
      air in the air chamber 8 presses down the head valve 7 to bring it into
      sealing contact with the upper end of the cylinder 4, thereby
      disconnecting the upper space in the cylinder 4 from the air chamber 3.
      However, the upper space in the cylinder 4 now communicates with the
      atmosphere through the passage 12, since the flange 9 formed on the head
      valve 7 is separated from the base portion 11 of the upper bumper 10.
      Compressed air discharged from the air passage 31, running past the quick
      exhaust piston (to be described later), actuates a nail feeding piston (to
      be described later) to a condition in which nails are fed.
PAR  On starting a nailing operation from the above-described condition, the
      trigger valve 16 is pushed up (see FIG. 3) whereby the trigger valve air
      port 17 is closed, while the trigger valve opening 18 is opened to cause
      the air reservoir 15 to communicate with the atmosphere. Consequently, the
      pressure in the head valve air chamber 8 becomes atmospheric, whereby the
      balance between the pressures working on the top and bottom of the head
      valve 7 is disturbed and, therefore, the head valve 7 moves upward (see
      FIG. 3) due to the pressure within chamber 3. As illustrated in FIG. 3,
      this upward movement of head valve 7 causes the flange 9 on the head valve
      7 to sealingly contact the base portion 11 of the upper bumper 10, and
      also permits compressed air in the air chamber 3 to flow into the space
      above the main piston 5. The piston 5 is thus pushed downwardly by
      compressed air, whereupon the driver 6 descends through the driver passage
      27 to hit the nail positioned therein.
PAR  The main piston 5 descends to the position shown in FIG. 4 where it stops
      by impinging against the lower bumper 24. When the main piston 5 moves
      down to this position of FIG. 4, air in the space below said main piston 5
      is let out into the atmosphere through the communication port 26 by way of
      the hole in the diaphragm 25. On completion of the descending stroke of
      the main piston 5, compressed air within the cylinder 4 flows into the air
      reservoir 13 through the small-diameter opening 22 provided in the lower
      portion of the cylinder 4. This compressed air which flows into the air
      reservoir 13 then flows through the air passages 32 and 33 (FIG. 2) to
      actuate the nail feed piston (to be described later).
PAR  Now the operation for returning the main piston 5 will be described.
PAR  On releasing the trigger valve 16 it is pushed down by spring 16A to the
      position of FIG. 1, whereby the trigger valve opening 18 is closed, and
      whereupon compressed air inside the air chamber 3 is introduced into the
      air reservoir 15 through the air port 17. As a consequence, pressure in
      the head valve air chamber 8 is increased, whereby the pressure working on
      the top of the head valve 7 becomes greater than that working on the
      bottom thereof and, therefore, the head valve 7 descends. The head valve 7
      comes into sealing contact with the top end of the cylinder 4 to
      disconnect the air chamber 3 and the inside of the cylinder 4. Also, the
      flange 9 of the head valve 7 separates from the base portion 11 of the
      upper bumper 10, thereby letting out compressed air within the cylinder 4
      into the atmosphere through the passage 12. Of the two openings provided
      in the lower portion of the cylinder 4, the small-diameter opening 22
      offers greater resistance to the passage of air than the large-diameter
      opening 23, and therefore when the pressure inside the cylinder 4 is
      reduced, air in the piston returning air reservoir 13 flows in through
      said large-diameter opening 23 to work on the bottom surface of the main
      piston 5 to push it back to its upper position. At this time, the passage
      communicating with the atmosphere through the diaphragm 25 also does not
      hamper the upward return motion of the main piston 5 because the pressure
      level below the piston 5 is too low to force open the diaphragm 25. The
      compressed air introduced into the air reservoir 15 passes to the quick
      exhaust piston (described later) through the air passages 19 and 31, and
      further to the nail feeding piston to actuate it so that the next nail to
      be driven is pushed out into the bottom end of the driver passage 27.
PAR  Here follows a description of the structures of the nail feeding mechanism,
      which is to be read with reference to FIGS. 5, 6 and 7.
PAR  FIG. 5 is an enlarged cross section taken along the line B--B of FIG. 1,
      illustrating a nail feeding piston 34 disposed within a cylindrical
      opening 35 formed in the nail feeding piston housing 21. A piston stopper
      26 is mounted in the opening 35 so as to face the free surface of the
      piston (on the right thereof in the drawing) for stopping the rightward
      motion of the nail feeding piston 34 and for sealing the opening 35. At
      the end of the rod 37 on the nail feeding piston 34 is fitted a nail
      feeding pawl 38 which is pivotal about a shaft 39. The pawl 38 is normally
      maintained in the FIG. 5 position by a spring 40. A pair of teeth 41 and
      45, resembling those of a saw, are formed at the front end of said nail
      feeding pawl 38. The first tooth 41 formed at the utmost end (the left end
      in FIG. 5) has an edge 44 to cut a steel wire 43 that connects nails 42.
      In contrast, the second tooth 45 holds the next nail 42 adjacent and
      directly behind the first tooth 41 so as to permit feeding of the next
      nail into the bottom end of the driver passage 27. The distance between
      the teeth 41 and 45 is smaller than the connecting pitch of the nails 42.
PAR  On the inside of the door 30 there is provided a nail return preventing
      pawl 48, which pawl is free to pivot about a shaft 46 and is pressed
      against the nails 42 and the nail feeding pawl 38 by a spring 47. This
      nail return preventing pawl 48 is formed with a projection 49 having an
      inclined surface, so that it offers no obstruction when the nails 42
      advance (move leftwardly in FIG. 5), while it prevents the nails 42 from
      being carried along with the nail feeding pawl 38 when it moves in the
      opposite direction (rightwardly in FIG. 5).
PAR  Now details of said nail feeding pawl 38 and nail return preventing pawl 48
      will be described with reference to FIG. 6.
PAR  The nail feeding pawl 38 is provided with grooves which permit the nail
      connection steel wires 43 and 43' to pass therethrough, which grooves
      extend through both teeth. Pawl 38 also has a groove to receive said
      projection 49 of the nail return preventing pawl 48.
PAR  Here follows a description as to the structure of a quick exhaust piston as
      shown in FIG. 7.
PAR  For quickly exhausting the air in the chamber 50 above the nail feeding
      piston 34, there is provided a passage 51 which communicates with
      cylindrical opening 35 and which opens into a cylinder chamber 53 through
      which a quick exhaust piston or valve 52 slides. The exhaust piston 52 has
      an air pressure 55 in its central portion which passes through its rod
      portion 54. The cylinder chamber 53 is provided with an annular guide 57
      in which an air passage 56 is formed opposite to said passage 51. This
      guide 57 sealingly engages both the rod 54 and the inner wall of the
      cylinder 53. The air passage 56 communicates with the passage 51 and also
      communicates with said air passage 55 through an opening 58 provided
      opposite to said passage 56 in the rod 54. At the rod-end side of the
      cylinder chamber 53 there is provided an opening 59 communicating with the
      atmosphere. On the other hand, in the end surface of an air chamber 60
      that is formed above (on the left in the drawing) the quick exhaust piston
      52 in the cylinder chamber 53, there is provided an opening 61 that
      communicates with the air passage 31 in the air passage housing 20. Also,
      on the rod-end side (on the right in the drawing), the end surface of the
      cylinder chamber 53 is fitted with a valve seat 63 which, on contacting
      the end surface 62 of the rod 54, disconnects the opening 59 from the air
      passage 55. An air chamber 64 formed in the cylinder chamber 53 between
      the guide 57 and the piston 52 communicates with the air passage 55
      through a small-diameter opening 65 formed in the rod 54.
PAR  The nail feeding mechanism having the above-described structure operates as
      follows: By manually pushing up the trigger valve 16 shown in FIG. 1 into
      the FIG. 3 position, this causes the air reservoir 15 to be opened to the
      atmosphere through the trigger valve opening 18. Since the nail feeding
      mechanism is in a standstill position as shown in FIG. 5 and 7, then the
      compressed air in the air chamber 60 and air passage 55 escapes into the
      atmosphere through the air passage 19 and 31 (FIG. 2). Because the
      small-diameter opening 65 provided in the rod 54 offers great resistance,
      the pressure within the air chamber 64 does not fall rapidly. Accordingly,
      the quick exhaust piston 52 is moved to the left, as illustrated in FIGS.
      7 and 8, under the influence of expansion of compressed air within the
      chamber 64. At this time, the main piston 5 stays in its advanced position
      shown in FIG. 4. When the end surface 62 on the rod 54 separates from the
      valve seat 63, the air passage 55 is opened to the atmosphere through the
      opening 59. Also, the air chamber 50 above the nail feeding piston 34
      communicates with the atmosphere through the passage 51, air passage 56,
      opening 58, air passage 55 and opening 59.  This permits a quicker
      evacuation of air from above the nail feeding piston so as to permit a
      quicker return of the piston to its retracted position, whereby the nails
      may be fed into the driver passage 27 at a more rapid rate.
PAR  Then, when the main piston 5 reaches its lowermost position as shown in
      FIG. 4, that is, when the driving of a nail has been completed, compressed
      air flows through the small-diameter opening 22, the piston returning air
      reservoir 13, and the air passages 32 and 33 so as to be supplied below
      the nail feeding piston 34 (see FIG. 9). This causes the nail feeding
      piston 34 to be retracted (rightwardly in FIGS. 9 and 10), thereby
      expelling the air from the air chamber 50 and impinging the piston 34 on
      the piston stopper 36. This movement of the nail feeding piston 34 to the
      right is carried out quickly because the air chamber 50 has previously
      communicated with the atmosphere through the passage 51, air pressure 56,
      opening 58, air passage 55 and opening 59 as described above.
PAR  As illustrated in FIG. 10, the nail feeding pawl 38 moves to the right when
      the piston 34 is retracted whereupon the sloped rear surfaces on the teeth
      41 and 45 engage the nails 42 and cause the pawl 38 to swing upwardly
      (clockwise) about the shaft 39. When fully retracted, spring 40 urges the
      pawl 38 downwardly between the nails as shown in FIG. 12. On releasing the
      trigger valve 16 of FIG. 1 to close the trigger valve opening 18 and open
      the trigger valve air port 17, compressed air inside the air chamber 3 is
      introduced into the air chamber 50 through the trigger valve air port 17,
      air reservoir 15, air passages 19 and 31, and opening 61. By this means,
      the quick exhaust piston 52 returns to the original position shown in FIG.
      7, thereby closing the opening 59. Then, the air reaches the air chamber
      50 through the air passage 55, opening 58, air passage 56 and passage 51,
      thus returning the nail feeding piston 34 to its advanced position as
      shown in FIG. 5. At this time, the second tooth 45 moves the second nail
      42 to the left by one step, and feeds the first nail 42 into the driver
      passage 27. Because the pitch of the teeth 41 and 45 is smaller than the
      connecting pitch of the nails 42, the nail 42 is perfectly sent into the
      driver passage 27. The cutting edge 44 formed at the front end of the
      first tooth 41 is adapted to cut the nail connecting steel wires 43 and
      43' when the driver 6 drives the nail 42 downwardly, which cutter 44
      prevents the descending motion of said wires.
PAR  Now a nail feeding magazine will be described in the following paragraphs.
PAR  FIG. 13 is a cross section showing a nail magazine 28 according to this
      invention. At the center of the magazine housing 66 there is projectingly
      provided a magazine cylinder 67, and a nail placing plate 68, made of a
      flat plate, is inserted thereinto. A position adjusting ring 69, which is
      adapted to adjust the fitting position of said nail placing plate 68, is
      fixed to the cuplike housing 66. A plurality of windows 70 (FIG. 17) are
      formed in the cylindrical wall portion of said ring 69. Each window 70 is
      formed with a suitable number of differently stepped engaging indentations
      71, 72, 73. As shown in FIG. 16, said nail placing plate 68 is disklike in
      shape, with a tubular shaft 74, adapted to engage with said cylindrical
      portion 67, standing at the center thereof. The nail placing plate 68 is
      fixed by forcibly inserting a spring 75 in the annular space between said
      cylindrical portion 67 and shaft 74 and passing a pin 77 through a cover
      ring 76 mounted thereon and the cylindrical portion 67. Also, projections
      78 are formed, as shown in FIG. 16, along the periphery of said nail
      placing plate 68, which projections are to be engaged with any of said
      stepped indentations 71, 72, 73 formed on said ring 69. A pressing member
      79 is inserted in the cylindrical portion 67, with a spring 80 placed
      between said pressing member 79 and the lower end of the cylindrical
      portion 67 so as to always push said pressing member 79 upward.
PAR  The magazine cover 29 looks like a hat in shape, with its central portion
      being swollen upward to form a knob 82. A cylindrical fitting shaft 83 is
      provided, consisting of a small-diameter upper portion and a
      large-diameter lower portion 84. A cylindrical nail pressing member 85 is
      slidably engaged on said upper shaft portion, so that it presses downward
      the nails 87 which are loaded in a spiral conical arrangement, by the
      action of a spring 86 interposed between the pressing member 85 and said
      knob 82 of the magazine cover 29. In this way, the position of the nail
      which is to be fed out of the magazine is kept constant by being engaged
      with the plate 68. Also, a guide passage 88 is provided in said
      large-diameter portion 84, which opens at the lower end and bends in the
      upper portion. An engaging indentation is formed in the furthermost
      portion of said guide passage 88, so as to receive said pin 77.
PAR  The following is a description as to the loading of nails.
PAR  According to the length of nails, the nail placing plate 68 is raised
      against the force of the spring 75, and rotated in order that projections
      78 formed thereon are engaged with any of engaging indentations 71, 72, 73
      which are formed stepwise in the windows 70. FIG. 13 shows a condition in
      which long nails are used, while FIG. 15 shows a condition where short
      nails are used. Following this, the fitting shaft 83 of the magazine cover
      29 is inserted into the cylindrical portion 67 so as to depress the
      pressing member 79 against the action of the spring 80, and the pin 77 is
      engaged with the receiving indentation in the guide passage 88. By so
      doing, the magazine cover 29 is fitted to the magazine housing 66, and the
      nail pressing member 85 always depresses a number of wire-stringed nails
      87, irrespective of the remaining quantity thereof (see FIG. 14).
PAR  Being so constructed and adapted to be operated as described above, the
      device according to this invention produces many excellent effects as
      given hereunder.
PAR  Since the nail feeding piston 34 is pneumatically operated in phase with
      the main piston 5, no mistaken lead or lag occurs in the nail feeding
      operation, thus achieving perfect synchronization. The use of pneumatic
      pressure eliminates the need for a mechanical interlocking etc., which
      results in extensive reduction in nail feeding troubles.
PAR  Provision of a device that permits quick evacuation of working air for the
      nail feeding piston insures a quick and reliable nail feeding operation.
      Compared with conventional devices, this machine increases working
      efficiency by making it possible to drive a greater number of nails per
      unit time.
PAR  Resilient engagement of the nail feeding piston with the nail feeding pawl
      allows a smooth nail feeding operation, thereby increasing quick
      operativity and durability of the device.
PAR  Provision of a cutting edge at the front end of the nail feeding pawl
      permits accurate cutting of the nail connecting steel wire, synchronized
      with the nail driving operation of the main piston.
PAR  Because a flat nail placing plate is fitted to the magazine, and a number
      of spirally and conically wound nails are placed thereon and held by a
      movably and resiliently depressing nail pressing member, the position of
      the nail fed out of the magazine is always kept constant, irrespective of
      the quantity of nails remaining therein.
PAR  Finally, this pneumatically operated nailing machine may be used for
      extensive purposes, irrespective of the length of nails to be used, since
      a device to change the vertical position of the nail placing plate is
      provided in the magazine housing.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. In a pneumatically operated nailing machine including housing means;
PA1  driving means associated with said housing means for permitting driving of
      a nail, said driving means including a driving member mounted for
      reciprocating movement along a first line of movement and adapted for
      driving a nail to thereby eject the nail from the machine, said driving
      means also including a driving piston interconnected to said driving
      member for reciprocating same;
PA1  nail feeding meeans for positioning a nail in a selected location wherein
      said nail is adapted to be contacted and driven by said driving member,
      said nail feeding means including a nail feeding piston mounted for
      reciprocating movement along a second line of movement which is
      substantially transverse to said first line of movement;
PA1  means for supplying a pressurized gaseous fluid to each of said pistons for
      controlling the reciprocation thereof; and
PA1  manually movable trigger-controlled valve means mounted on said housing
      means, first passage means for supplying pressurized fluid to said
      trigger-controlled valve means, and second passage means for supplying
      pressurized fluid from said trigger-controlled valve means to said driving
      piston and said nail feeding piston for causing movement of said pistons,
      said second passage means including first and second passageways for
      controlling flow of pressure fluid to said driving piston and said nail
      feeding piston respectively, comprising the improvement wherein shiftable
      exhaust valve means is associated with said second passageway, said
      shiftable exhaust valve means permitting an advancing chamber associated
      with said nail feeding piston to be selectively disposed in communication
      with an exhaust passage which communicates with the surrounding
      atmosphere.
NUM  2.
PAR  2. A machine according to claim 1, including a nail holding magazine
      mounted on said housing means for holding therein a conical nail unit
      which includes a plurality of nails fixed to an elongated connecting wire
      wound in a conical form, said magazine including a substantially flat base
      plate adapted to support the conical nail unit thereon, and said magazine
      also including a movable and resiliently urged pressing member spaced
      opposite said base plate and disposed in engagement with said nail unit
      for confining said nail unit between said pressing member and said base
      plate.
NUM  3.
PAR  3. In a pneumatically operated nailing machine including housing means;
PA1  driving means associated with said housing means for permitting driving of
      a nail, said driving means including a driving member mounted for
      reciprocating movement along a first line of movement and adatped for
      driving a nail to thereby eject the nail from the machine, said driving
      means also including a driving piston interconnected to said driving
      member for reciprocating same;
PA1  nail feeding means for positioning a nail in a selected location wherein
      said nail is adapted to be contacted and driven by said driving member,
      said nail feeding means including a nail feeding piston mounted for
      reciprocating movement along a second line of movement which is
      substantially transverse to said first line of movement; and
PA1  supply means for supplying a pressurized gaseous fluid to each of said
      pistons for controlling the reciprocation thereof, comprising the
      improvement wherein the nail feeding means includes a nail feeding pawl
      pivotally mounted on the forward end of said nail feeding piston, said
      nail feeding pawl having a cutting edge on the forward end thereof for
      cutting a connecting wire which extends between and connects a plurality
      of nails, said nail feeding pawl having first and second teeth thereon
      adapted to engage the nails and advance same so that the frontmost nail is
      moved into said selected location, the teeth of said feeding pawl having
      groove means formed therein and extending transversely thereacross, said
      groove means accommodating therein the connecting wire, and the cutting
      edge being provided on the frontmost tooth with the connecting steel wire
      extending through said groove means and across said cutting edge so that
      advancing of said driving member causes the nail in said selected location
      to be driven while said cutting edge cuts said connecting wire.
NUM  4.
PAR  4. In a pneumatically operated nailing machine including housing means;
PA1  driving means associated with said housing means for permitting driving of
      a nail, said driving means including a driving member mounted for
      reciprocating movement along a first line of movement and adapted for
      driving a nail to thereby eject the nail from the machine, said driving
      means also including a driving piston interconnected to said driving
      member for reciprocating same;
PA1  nail feeding means for positioning a nail in a selected location wherein
      said nail is adapted to be contacted and driven by said driving member,
      said nail feeding means including a nail feeding piston mounted for
      reciprocating movement along a second line of movement which is
      substantially transverse to said first line of movement; and
PA1  supply means for supplying a pressurized gaseous fluid to each of said
      pistons for controlling the reciprocation thereof, comprising the
      improvement wherein the nail feeding means includes a nail feeding pawl
      pivotally mounted on the forward end of said nail feeding piston, said
      nail feeding pawl having a cutting edge on the forward end thereof for
      cutting a connecting wire which extends between and connects a plurality
      of nails, said nail feeding pawl having first annd second teeth thereon
      adapted to engage the nails and advance same so that the frontmost nail is
      moved into said selected location, the cutting edge being provided on the
      frontmost tooth with the connecting steel wire extending thereacross so
      that advancing of said driving member causes the nail in said selected
      location to be driven while said cutting edge cuts said connecting wire;
      and
PA1  a nail holding magazine mounted on said housing means for holding therein a
      conical nail unit which includes a plurality of nails fixed to an
      elongated connecting wire wound in a conical form, said magazine including
      a substantially flat base plate adapted to support the conical nail unit
      thereon, and said magazine also including a movable and resiliently urged
      pressing member spaced opposite said base plate and disposed in engagement
      with said nail unit for confining said nail unit between said pressing
      member and said base plate.
NUM  5.
PAR  5. A machine according to claim 4, including adjustment means coacting with
      said base plate for varying the spacing thereof from said pressing member
      to permit said magazine to accommodate therein nails of different length.
NUM  6.
PAR  6. A machine according to claim 4, therein said supply means includes
      manually movable trigger-controlled valve means mounted on said housing
      means, first passage means for supplying pressurized fluid to said
      trigger-controlled valve means, and second passage means for supplying
      pressurized fluid from said trigger-controlled valve means to said driving
      piston and said nail feeding piston for causing movement of said pistons,
      said second passage means including first and second passageways for
      controlling flow of pressure fluid to said driving piston and said nail
      feeding piston respectively, and shiftable exhaust valve means associated
      with said second passageway, said shiftable exhaust valve means permitting
      an advancing chamber associated with the nail feeding piston to be
      selectively disposed in communication with an exhaust passage which
      communicates with the surrounding atmosphere.
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ABST
PAL  A method and apparatus for forming a corrugated waveguide which has pairs
      of sub-blocks for forming the corrugated metal tube into the desired shape
      repeatedly by mating the sub-blocks, separating and advancing them
      intermittently so that the desired elliptic section or predetermined shape
      of section of the corrugated tube may be gradually approximated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for forming a corrugated
      waveguide from a cross-sectional shaped tube into a desired shape such as
      elliptical or rectangular shape in cross-section having longitudinal
      uniformity.
PAC  SUMMARY OF THE INVENTION
PAR  It is, an object of the present invention to provide a method of forming a
      corrugated waveguide which eliminates the disadvantages of the
      conventional method of forming the corrugated waveguide and forms a
      corrugated waveguide having good electric characterisitics.
PAR  It is another object of the present invention to provide an apparatus for
      forming a corrugated waveguide which performs the foregoing method.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1(a) and 1(b) are longitudinal sectional views of various corrugated
      waveguide;
PAR  FIGS. 2(b) to 2(e) are lateral sectional views of various waveguides, and
      FIG. 2(a) is a lateral sectional view of a waveguide before being formed
      as the waveguide shown in FIGS. 2(b) to 2(e);
PAR  FIGS. 3(a) and 4(a) are lateral sectional views of other types of
      waveguides, and FIGS. 3(b) and 4(b) are lateral sectional views of the
      waveguides before being formed as the waveguides shown in FIGS. 3(a) and
      4(b);
PAR  FIG. 5(a) is a side view of of the conventional apparatus for forming an
      elliptic waveguide, and FIG. 5(b) is a front view of roller groups forming
      the apparatus;
PAR  FIG. 6(a) is a side view of another type of apparatus, and FIG. 6(b) is a
      front view of mated sub-blocks of the apparatus;
PAR  FIG. 7(a) is a longitudinal sectional side view of the operating state of
      the apparatus for forming a generally circular metal tube to a desired
      shape according to the present invention, and FIGS. 7(b) and 7(c) are
      right and left end views of the apparatus shown in FIG. 7(a);
PAR  FIGS. 8(a) to 8(c) are side explanatory views of the operating state of the
      apparatus;
PAR  FIGS. 9(a) to 9(c) are lateral sectional views of the various strokes of
      the shape of the passage of the apparatus;
PAR  FIG. 10 is a longitudinally sectional side view of another embodiment of
      the apparatus of the present invention;
PAR  FIGS. 11(a) and 11(b) are end views of still another embodiment of the
      apparatus of the present invention having another types of sub-blocks;
PAR  FIG. 12a to 12c are lateral sectional views of various passages of the
      apparatus;
PAR  FIG. 13a to 13c are lateral sectional views of various passages of another
      type of the apparatus;
PAR  FIG. 14a and 14b are lateral sectional views of the passage forming on the
      way of operation of the apparatus;
PAR  FIG. 15 (a) is a longitudinal sectional side view of the apparatus of the
      present invention using a core in the passage thereof when the sub-blocks
      are mated, FIG. 15(b) is a side end view of the apparatus, FIG. 15(c) is a
      lateral sectional plane view of the apparatus;
PAR  FIG. 16(a) is a longitudinal sectional view of the apparatus shown in FIG.
      15 but when the sub-blocks are separated FIG. 16(b) is a side end view of
      the apparatus, and FIG. 16(c) is a lateral sectional plane view of the
      apparatus;
PAR  FIGS. 17(a) and 17(b) are side end views of another type of the apparatus
      using core;
PAR  FIG. 18 is a partly enlarged longitudinally sectional view of the apparatus
      showing a generally circular corrugated metal tube inserted into the
      tapered passage of the apparatus;
PAR  FIG. 19 is an explanatory view of the part shown in FIG. 18;
PAR  FIG. 20 is a longitudinally sectional side view of an example of improper
      use of the apparatus;
PAR  FIG. 21 is an explanatory view of the side of the entire apparatus of the
      corrugated waveguide using the apparatus;
PAR  FIGS. 22(a) to 22(c) are views of still another type of apparatus of the
      present invention;
PAR  FIGS. 23(a) to 23(d) are views of still another embodiment of the apparatus
      of the present invention, and FIG. 23(a) is a side view, FIG. 23(b) is a
      plane view, FIG. 23(c) is an end view of the apparatus in the state cut
      along the line C--C--C'--C', FIG. 23(d) is end view of FIG. 23(a);
PAR  FIGS. 24(a) and 25(a) are longitudinally sectional front views of the
      waveguides of the present invention, and FIGS. 24(b) and 25(b) are side
      views of the waveguides shown in FIGS. 24(a) and 24(b);
PAR  FIGS. 26 and 27 show another embodiment of the apparatus of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Generally, there are corrugated waveguides formed in spiral shape, as shown
      in FIG. 1(a), formed in bellow type, as shown in FIG. 1(b), and as shown
      in FIGS. 2(b) to 2(e), their sections may be elliptical, rectangular, flat
      elliptic, cocoon shape or, as shown in FIG. 3(a), center-recessed
      rectangular shape, or as shown in FIG. 4(a), flat elliptic shape having a
      small corrugated height at the center thereof, but as shown in FIG. 2(a),
      FIGS. 3(b) and 4(b), the corrugated metal tube b formed generally in
      circular shape in the inner diameter and corrugated peripherally is
      deformed by forming apparatus rollers as shown in FIGS. 5(a) and 5(b) and
      6(a) and 6(b). However, the forming apparatus shown in FIG. 5(a) and 5(b)
      have pairs of several squeeze rollers d1d1, d2 d2, d3 d3, ... each having
      different curvature of recesses c1, c2, c3, ... so disposed that the
      peripheral edges  d1' d1', d2' d2', d3' d3'... are contacted in elevation
      in an opposing manner, and passages e1, e2, e3, ... formed by the recesses
      c1, c2, c3, ... are generally semi-circular in cross-section at the inlet
      side A, changing gradually towards the desired shape such as elliptical at
      the outlet side B in one straight line, and accordingly a generally
      circular corrugated metal tube D advances in the direction of the arrow C
      in the passages e1, 32, e3, ... is contacted at several points with the
      rollers d1 d1, d2 d2, d3, d3 ... at the upper and lower contacting
      portions d1' d1', d2' d2', d3' d3'...... and therefore, the load applied
      to the metal tube D is applied to the contacting portions d1' d1', d2' d
      2', d3' d3',...with the result that the upper and lower ends of the metal
      tube D are pressed locally so that the corrugated portions are strained so
      as to lose the longitudinal uniformity of the tubes.
PAR  Such non-uniformity of the tube takes place particularly when the metal
      tube D is thin and in the case of a thick tube having a diameter exceeding
      100 mm, such as an elliptic waveguide used for a relatively low frequency,
      the diameters of the rollers d1 d1, d2 d2, d3 d3,... are naturally large,
      and accordingly more difficult to operate when the metal tube is replaced
      with another metal tube having a different size, and also the cost of the
      product become high so as to lose its economy, Further, since the rollers
      rotate around stationary shafts f1, f2, f3,... through bearings (not
      shown) similar to the general rollers, if the centering is not proper,
      they rotate eccentrically so that the corrugated metal tube D is not
      uniformly formed in shape over the entire length, and therefore its
      electric characteristics become bad. If, in order to prevent this, the
      roller and centering are done with high accuracy, it becomes hard to
      operate the rollers and difficulties are introduced.
PAR  The forming apparatus shown in FIG. 6 has many split sub-blocks hh....,h'
      h'... each having recesses g, g'... formed in desired semi-shape and
      arranged in pairs along caterpillars i, i' elevationally in a manner that
      elliptic passage j is formed to advance in a direction of arrow C with the
      corrugated metal tube D by the opposing recesses g, g' of the sub-blocks,
      and therefore, if there exists an irregularity in the shape of the
      recesses g, g', some variation of shape occurs in response to the rotating
      period of the sub-blocks hh,..., h', h'...at the metal tube D, and
      therefore it becomes difficult to obtain desired electric characteristics,
      and in case of a large type of waveguide using a low frequency band, the
      respective sub-blocks must be made large, and therefore its operability
      becomes worse as its disadvantage.
PAR  As shown in FIGS. 7(a) to 7(c), split mold sub-blocks 6 and 6' possess
      tapered recess portions 2 semi-circular in section at the inlet side 1,
      uniform recess portions 4 semi-circular in section at the outlet side 3,
      and mating surfaces 5 longitudinally provided. A corrugated metal tube D
      generally circular in section is inserted between sub-blocks 6 and 6'. As
      shown in FIG. 7(a) to 7(c) and FIG. 8(a), the sub-blocks 6 and 6' are
      mated together at the mating surfaces 5. Thus the tapered recesses 2 and 2
      of the sub-blocks 6 and 6' form a tapered passage 7, which presses and
      deformes the inserted portion of the corrugated metal tube D. Then, the
      sub-blocks 6 and 6' are separated by a distance of w as shown in FIG.8(b).
      In this state, the corrugated metal tube is advanced towards the outlet
      side 3 (in the direction of C as shown in FIG. 7 (a) by a predetermined
      stroke. Then the sub-blocks 6 and 6' are mated together again as shown in
      FIG. 8(c). The above-mentioned series of the mating and separating
      operations of the sub-blocks 6 and 6' and the advancing operation of the
      metal tube D are repeated. By the above-mentioned repetition of
      operations, the corrugated tube D is pressed and deformed by the tapered
      passage 7 intermittently so that the desired elliptic section of the
      corrugated tube D may be approximated gradually. Then the corrugated tube
      D is formed into the desired elliptic shape in section by a uniform
      passage 8 formed by the uniform recesses 4 when the sub-blocks 6 and 6'
      are mated. Then the portion D.sub.1 having the desired elliptic shape in
      section is guided out from the uniform passage 8 as the corrugated tube D
      is advanced. In this case, the advance stroke E (FIGS. 18 and 19) of the
      corrugated tube D is selected to be equal to or less than the length l of
      the uniform passage 8 so that the corrugated tube may be pulled out with
      the rear end D.sub.2 of the portion D.sub.1 remaining slightly inside the
      uniform passage 8.
PAR  In the drawings, the numeral 9 designates a passage formed by the tapered
      passage 7 and the uniform passage 8. In the embodiments shown in the
      drawings, the tapered recesses 2 of the sub-blocks 6 and 6' are flattened
      in section gradually from the inlet side 1 to the tube-advancing direction
      to become semi-elliptic in section, and these tapered recesses 2 are
      smoothly connected at the connecting portion 0 to the uniform recesses 4
      having a length of l thereby forming the passage 9.
PAR  The sub-blocks 6 and 6', whose tapered recesses 2 and uniform recesses 4
      are arranged to be opposite to each other, are also arranged to
      periodically abut against and separate from each other by a suitable
      mechanism (not shown) as shown in FIG.8. As shown, the separating distance
      is w. In addition, the tapered passage 7 formed when the sub-blocks 6 and
      6' abut against each other has at its inlet 1 a diameter slightly larger
      than that of the corrugated metal tube D and generally circular in
      cross-section so that the tube D may be easily introduced thereinto. As
      shown in FIGS. 9(a), (b) and (c), the sectional shape of the passage 7 is
      preferably formed so that the internal circumference thereof may have the
      same length as that of the corresponding outer circumference of the
      corrugated metal tube D at any section from the inlet 1 to the outlet 3
      and, in addition, so that the it may gradually changed to reach a desired
      shape such as ellipse or rectangle at the uniform passage 8. However, in
      cases where such a construction is impossible to produce, the internal
      circumference length of the tapered passage 7 may be made slightly larger
      than the external circumference length of the corrugated metal tube D and
      only the internal circumference may be made to be the desired forming
      shape.
PAR  In special cases, the sectional shape of the passage 7 may be gradually
      changed from the inlet 1 to the outlet 3 to finially reach the desired
      forming shape and, in addition, the internal circumference length of the
      passage 7 may be made to be the desired size shorter than the external
      circumference length of the corrugated tube D.
PAR  In the latter method, deformation of the sectional shape may be carried out
      simultaneously with reduction of the external circumference length, or
      after the deformation is completed, the reduction of the external
      circumference length may be separately carried out. According to this
      method, since the corrugated metal tube D is work-hardened by compression,
      a special wave guide can be produced which has a corrugation small in
      pitch and having little difference between curvatures of its top and
      bottom and, in addition, has remarkable rigidity for tension and bending
      in spite of the fact that the change of the sectional shape during bending
      is reduced.
PAR  In the above-mentioned embodiments, the sub-blocks are shown as a pair.
      However, the number of the sub-blocks is not limited to two. As shown in
      FIG. 10, the sub-blocks 6 and 6' havina a predetermined length may be
      divided vertically to the axis of the passage 9 into a portion with the
      uniform recesses 4 and two portions with tapered recesses 2. As shown in
      FIG. 11, four wedge-shaped sub-blocks 6, 6', 6" and 6'" may be used for
      forming the passage 9.
PAR  FIGS. 22 and 23 show the example in which only two sub-blocks are made
      movable from among four sub-blocks. In this example, the pressing
      sub-blocks 6 and 6" with recesses 2 are separated vertically by a
      predetermined distance and the supporting sub-blocks 6' and 6"' with
      recesses 2 are disposed apart from each other by a predetermined distance
      between the pressing sub-blocks 6 and 6". Thus the sub-blocks 6, 6', 6"
      and 6"' form the passage 9 through the recesses 2.
PAR  As shown in FIG. 22(b) and 22(c), the sub-blocks 6, 6', 6" and 6'" are
      adpated to periodically reciprocate between the state where the mating
      surfaces 5 thereof abut against each other and the state where the mating
      surfaces 5 thereof are apart from each other.
PAR  In this example, the recesses 2 of the sub-blocks are arcuately curved so
      that the inlet 1 of the passage 9 may turn into a circular shape whose
      diameter is slightly larger than the outer diameter of the corrugated
      metal tube D, and are somewhat flattened at the outlet side so that the
      outlet 3 of the passage 9 be of rectangular shape in cross-section as
      desired for the corrugated wave guide to be formed.
PAR  In the example shown in FIG. 23, the lower pressing sub-block 6" is
      provided with guide rods 23 erected at the four corners of the upper
      surface thereof. These guide rods 23 are inserted through sliding pair
      rings 25 into holes 24 provided on the support sub-blocks 6 and 6" and the
      upper prssing sub-block 6. Upper and lower spring-accomodating portions 27
      formed by recesses 26 of the pressing sub-blocks 6 and 6" and recesses 26'
      of the support sub-blocks 6' and 6"' accomodate coil springs 28 for
      upwardly urging the upper sub-block 6 and downwardly urging the lower
      sub-block 6", thereby normally maintaining the upper and lower pressing
      sub-blocks 6 and 6" apart from the support sub-blocks 6' and 6'". Thus, if
      the lower pressing sub-block 6" is mounted on the bolster of a
      general-purpose press to periodically press the upper pressing sub-block
      6, the upper sub-block 6 and the support sub-blocks 6' and 6'" will
      reciprocate in the direction of arrows shown along the guide rods 23 and,
      simultaneously, the coil springs 28 will at all times maintain the support
      sub-blocks 6' and 6"' between the sub-blocks 6 and 6" relatively thereto.
PAR  If a high speed press or the like is used to decrease the period of the
      separating and abutting operations, the distance of advance of the
      corrugated metal tube D per period may be made less than one pitch of the
      corrugation. Therefore, it is not necessary to make the length of the
      uniform passage 8 as long as l shown in FIG. 7. Thus, the masses of the
      sub-blocks 6, 6', 6" and 6'" can be decreased and, therefore, a forming
      device suitable for high speed operation.
PAR  In cases where the corrugated wave guide is of rectangular cross-section,
      the uniform passage 8 is made rectangular in section as desired in the
      forming, and the tapered passage 7 is made so that it may have a hexagonal
      shape in section (FIG. 12) or a beer-barrel shape in section (FIG. 13)
      and, in addition, this sectional shape is gradually flattened as it nears
      the uniform passage 3. Thus, in the separating and mating operation of the
      sub-blocks 6 and 6', the upper and lower longitudinal surfaces D.sub.3 and
      D.sub.4 of the corrugated metal tube D can be pressed externally so that
      upper and lower longitudinal surfaces of the metal tube D may not collapse
      internally when deformed, as shown in FIG. 14, of the material, height of
      corrugation, selection of pitch, etc. Moreover, in order to prevent such
      collapse, a core 10 may be inserted in the uniform passage 8 of the metal
      tube D when the tube D is deformed, as shown in FIGS. 15 and 16.
      Generally, the electric characteristics of the rectangular wave guide
      depend upon the accuracy of the upper and lower surfaces D.sub.3 and
      D.sub.4 . Therefore, the core 10 is made into a rectangular sectional
      shape corresponding to the desired rectangular finished shape and, in
      addition, the width of the core 10 is made slightly shorter than that of
      the desired rectangular forming shape so that, when the sub-blocks 6 and
      6' are mated, the upper and lower surfaces 10.sub.1 and 10.sub.2 may abut
      against the internal circumference D.sub.5 of the metal tube D, but,
      shorter surfaces 10.sub.3 and 10.sub.4 may be slightly apart from the
      internal circumference D.sub.5, as shown in FIG. 15. In this way, the
      upper and lower longitudinal surfaces D.sub.3 and D.sub.4 are improved at
      least in in accuracy thereby obtaining a corrugated metal tube D superior
      in electric characteristics. When such metal tube D recovers its original
      shape due to elasticity, a clearance 11 is created between the internal
      circumference D.sub.5 of the metal tube D and the external surface
      10.sub.5 of the core 10 thereby facilitating the advance of the metal tube
      D in the direction of the arrow C, as shown in FIG. 16.
PAR  As shown in FIG. 15, each clearance between the the internal wall of the
      uniform passage 8 and the upper and lower surfaces 10.sub.1 and 10.sub.2
      may be made less than the corrugation height of the corrugated metal tube
      D. Thus, when the sub-blocks 6 and 6' are mated to form the uniform
      passage 8, the passage 8 can finish the inserted portion of the corrugated
      metal tube D into the desired sectional shape and, in addition, can
      flatten the predetermined positions of the corrugation ends of the
      inserted portion of the metal tube D as shown in FIGS. 24 and 26. In FIGS.
      24 and 25, the corrugation of the corrugated metal tube is uniformly
      shaped throughout the entire length and, therefore, a corrugated flexible
      wave guide of excellent electric characteristics can be obtained.
PAR  A clearance between the shorter side surfaces 10.sub.3 and 10.sub.4 of the
      core 10 and the internal surface of the metal tube is not necessarily
      required. The core 10 is useful not only for producing a rectangular wave
      guide, but also for producing wave guides with other sectional shapes by
      the application thereof corresponding to the desired forming shape, as
      shown in FIG. 17.
PAR  In order to actually use the aforementioned apparatus a, generally circular
      corrugated metal tube D is inserted into the passage 9, and at the same
      time the metal tube D is not pulled out to advance every time, but the
      tension force is preferably always applied in the direction of the arrow C
      so that the corrugated metal tube D is advanced by the tension force when
      the sub-blocks 6 and 6' are separated, and the mating surfaces 5 and 5 of
      the sub-blocks 6 and 6' opposing each other are in contact with each other
      by reciprocatingly moving one or both of the sub-blocks 6 and 6' by a
      predetermined constant period T, and then separating them.
PAR  Thus, as shown by a solid line in FIG. 18, when the sub-blocks 6 and 6' are
      put into contact, the corrugated metal tube D is depressed by the shape of
      the tapered recesses 4 and 4' of the passage 9 and is stopped, but as
      shown by a broken line in FIG. 18, when the sub-blocks 6 and 6' are
      separated, since the recesses 4 and 4' are separated from each other and
      from the metal tube D, the metal tube D is advanced in a direction of
      arrow C by the tension force always applied thereto, and also at this time
      a point P of the metal tube D upon contacting by the sub-blocks is
      advanced to the point Q contacting with the tapered recesses 4 and 4'
      which are separated, and is stopped there at a point, which is the length
      of advancing stroke E.
PAR  Therefore, if this contacting and separating are periodically repeated, the
      corrugated metal tube D is depressed gradually in the tapered passage 7 to
      be approximately the desired shape such as elliptic or rectangular shape,
      and is finally finished in the desired shape at the portion reached in the
      uniform passage 8, and at this time if the length l of the passage 8 is
      equal to or longer than the length E of the advancing stroke, the finished
      portion of the metal tube D is merely guided out intermittently, but any
      unfinished portion may not be guided out at all.
PAR  If the material of the metal tube D has plenty of plasticity, the advancing
      speed V of the metal tube D guided out is generally a ratio of the length
      of the advancing stroke of the metal tube D at one contact and separation
      of the sub-blocks 6 and 6' to the period T of the sub-blocks 6 and 6' at
      one contact and separation repeatedly, that is V = E/T (1) wherein T =1/f
      (wherein f represents vibrating frequency of the sub-blocks 6 and 6'), as
      clear from FIG. 18,
      ##EQU1##
      wherein w is a width of separation of the sub-blocks 6 and 6', .theta.max
      is taper maximum angle of the tapered passage 7 as shown in FIG. 18, and
      from this formula and the formula (1),
      ##EQU2##
PAR  Here, the characteristics of spring back takes place in the metal tube, and
      accordingly since the corrugated metal tube D on contacting the sub-blocks
      6 and 6' springs back to the position shown by a dotted line in FIG. 19
      when the sub-blocks 6 and 6' are separated, the metal tube D pulled in a
      direction of arrow C by the tension force does not move to the point Q,
      but is stopped at the point Q' so that the actual distance the metal tube
      D advances becomes E' with the result that it becomes smaller than the
      theoretical length of the advancing stroke E, and yet the larger the
      spring back is, the smaller the advancing distance E' becomes. From the
      formula (2), as both or one of the vibrating frequency f of the sub-blocks
      6 and 6' and the width of separation of the sub-blocks 6 and 6' w becomes
      large, or the smaller the tapered maximum angle .theta.max of the tapered
      passage 7 becomes, the advancing speed V becomes larger, and yet the
      frequency f has is limited by the device for imparting the vibration to
      the sub-blocks 6 and 6', but if it is provided as high as possible, not
      only the advancing speed V but the uniformity of the metal tube D in the
      longitudinal direction become preferable so as to improve the electric
      characteristics of the metal tube D. However, if the width w is
      unnecessarily large or the maximum angle .theta.max is made unnecessarily
      smaller, as shown in FIG. 20, as shown in FIG. 20, improper length of
      advancing stroke E' becomes longer than the length l of the uniform
      passage 8 with the result that, as shown in FIG. 20, not only the portion
      D1 finished deformed instead of in the desired shape in the passage 8 but
      the portion D6 formed in the tapered passage 7 pass out of the uniform
      passage 8 to be fed out of the outlet 3 so that the finished product
      becomes irregular in shape, and accordingly it is preferable that the
      width w and maximum angle .theta.max be properly determined with respect
      to the relation of the length l of the passage 8.
PAR  FIG. 21 shows one example wherein the apparatus of the present invention is
      longitudinally arranged like a tube mill with a welding corrugating
      apparatus, and numeral 12 illustrates an elongated strip metal sheet
      having good electric conductivity such as copper, aluminum known as good
      conductors, 13 a welding station for welding the connecting portions of
      the metal sheet 12 curved by the tube forming rolls 14 at the forming
      stage, a pulling device 15 for pulling the formed metal tube 16 welded at
      the forming stage, a prime mover 17 for driving the device, a corrugating
      device 18 for corrugating the metal tube 16, a constant speed device 19
      driven by the prime mover 17 through a transmission 20 for pulling the
      corrugated metal tube D at a predetermined speed ratio with respect to the
      pulling device 15 to absorb the vibration transmitted from the forming
      device 21 having the sub-blocks 6 and 6' of the present invention provided
      at the latter stage to the metal tube 16 as to smoothly corrugate the
      metal tube. When the core 10 is used, a supporting bar 22 is passed
      through the metal tube 16, and when the metal tube 16 and the strip sheet
      12 are curved by the forming device 14, the free end of the bar 22
      projects externally from the opening in advance of the welding station as
      is conventional in tube welding and can making equipment.
PAR  In another embodiment the inserted corrugated metal tube D is pressed and
      deformed and the sub-blocks mated for pressing the metal tube D are
      advanced at the same speed as that of the sub-blocks in the advancing
      direction of the metal tube D, and then when the metal tube is advanced by
      a predetermined distance, the sub-blocks are separated so as to release
      the pressing force and simultaneously are returned to the original
      position before advanced, and this pressing operation to deform the metal
      tube, advancing and returning is repeated and thus the vibration imparted
      to the metal tube is reduced. As shown in FIG. 26, the sub-blocks 6 and 6'
      are disposed between a reciprocatingly movable station 29 which moves up
      and back as shown by the arrow by reciprocating means along a stationary
      travel path 30 through needle rolls 31, 31,... guide rod 23 having the
      same function as shown and hereinbefore described with reference to FIG.
      23, slide bearing 25, coil spring 28, etc., and advancing mover 32 for
      reciprocatingly moving the corrugated metal tube D, provided on the lower
      sub-block 6' such as a device for feeding material when the press is
      moving upwardly and for stopping it when the press is moving downwardly to
      apply pressure thereto.
PAR  Therefore, when the movable station 29 is moved downwardly so that the
      upper sub-block 6 is pressed in FIG. 26, the corrugated metal tube D is
      pressed and deformed, and at this time the sub-blocks 6 and 6' are
      advanced at the same speed as that of the metal tube D in the advancing
      direction of the metal tube D by the advancing mover 32, and accordingly
      the metal tube D is advanced without stopping, and therefore even if the
      metal tube is led during the stroke as shown in FIG. 22, the metal tube D
      is not vibrated as before, and further since the pressing of the upper
      sub-block 6 by the movable station 29 when the sub-blocks 6 and 6' are
      advanced to the predetermined position is released, the sub-block 6 is
      pressed upwardly by the coil spring 28 so as to be separated therefrom,
      and at this time the sub-blocks 6 and 6' are returned to their original
      position before advanced by the advancing mover 32, and the upper
      sub-block 6 is pressed again by the movable station 29 as before being so
      as to press and deform the portion of the corrugated metal tube D to be
      deformed so as to repeatedly press to deform, advance, separate and return
      and press to deform the metal tube periodically.
PAR  The apparatus shown in FIG. 27 also operates similarly to the above, and
      further has sub-blocks at the side, and accordingly the side of the metal
      tube D is not strained by the pressing and deforming from the upside and
      downside so as to obtain a preferable corrugated waveguide of good
      characteristics.
PAR  It should be understood from the foregoing description that the method of
      the present invention comprises inserting a generally circular corrugated
      metal tube D between partially tapered and partially uniform sub-blocks 6
      and 6' from the inlet 1, mating the sub-blocks 6 and 6' to press and
      deform the inserted portion of the metal tube D by the tapered passage 7
      formed by the pair of the tapered recesses 2 and 2 of the sub-blocks 6 and
      6', then separating the sub-blocks 6 and 6' and advancing the metal tube D
      by a predetermined advancing stroke E toward the outlet 3, this mating of
      the sub-blocks 6 and 6', separating and advancing of the metal tube D is
      then repeated so as to approximate the metal tube D to the desired shape
      such as rectangular or elliptic shape intermittently through the tapered
      passage 7 formed by the tapered recesses of the sub-blocks 6 and 6', the
      metal tube is then further formed by the advance of the metal tube into
      the uniform passage 8 formed by the uniform recesses 4 and 4 of the
      sub-blocks 6 and 6' upon mating of the sub-blocks and guiding out the
      deformed portion of the metal tube D from the passage 8 and at the same
      time the length of advancing stroke E is selected to be equal to or less
      than the length l of the uniform passage 8, the outer diameter of the
      corrugated metal tube thus formed is superior in uniformity to the
      conventional metal tube formed by the conventional apparatus having
      caterpillars i and i', several rollers of different diameters and
      curvature, and yet since E .ltoreq. l is provided, this uniformity is
      still obtained even by the intermittent operation so that there exists no
      intermittent or periodical strain on the surface of the waveguide so as to
      eliminate the conventional disadvantages.
PAR  It should also be understood that since the apparatus of the present
      invention comprises sub-blocks 6 and 6' each having a tapered recess 2 and
      2 semi-circular in section at the inlet 1 side, uniform recess 4 and 4
      semi-circular in section at the outlet 3 side and mating surfaces 5,
      5,...longitudinally provided, so disposed that the mating surfaces 5,
      5,... may periodically be mated, and separated, the tapered recesses 2 and
      2 forming a tapered passage 7 upon mating thereof so that the
      predetermined shape of section such as elliptic section or rectangular
      section of the corrugated tube may be gradually formed, the uniform
      recesses 4 and 4 forming a uniform passage 8 upon mating thereof to form
      the passage 9 of the sub-blocks 6 and 6', if the tension force toward the
      outlet 3 is always or timely applied to the corrugated metal tube D
      inserted into the passage 9 of the sub-blocks 6 and 6', the corrugated
      metal tube D is gradually shaped to the desired shape such as a
      rectangular or elliptic shape by the pressing and deforming operation of
      the tapered passage 7 of sub-blocks 6 and 6' upon mating, and the metal
      tube D is guided out toward the outlet 3 by a predetermined distance upon
      separating, and thus the portion of the metal tube D advanced into the
      uniform passage 8 is finished in the desired shape in the passage 8, and
      further only the portion D1 formed in the desired shape is fed out from
      the outlet 3, and thus of the metal tube is uniformly pressed and deformed
      over its entire length so as to obtain good characteristics of corrugated
      metal tube.
PAR  It should also be understood that since the sub-blocks 6 and 6' may be
      divided into a number at the mating surfaces 5,5,... as shown in FIGS. 10
      and 11 which are compact, preferably the sub-blocks are changed according
      to the size of the waveguide to be deformed.
PAR  It should also be understood that since the corrugated metal tube D may not
      be strained inside as shown in FIG. 14 if a core 10 is used as shown in
      FIGS. 15 and 16, a corrugated metal tube of more accuracy may be provided,
      and yet since the metal tube D is advance when the sub-blocks 6 and 6' are
      separated, the advancing of the metal tube D is not disturbed due to the
      insertion of the core 10.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a corrugated waveguide of longitudinal uniformity
      from corrugated tubing of circular cross-section comprising the steps of:
PA1  a. using in a first work zone, opposed first forming blocks, outwardly
      tapered in elongation within the block interior, said blocks having a
      desired cross-sectional configuration, and applying said blocks to a first
      length of tubing at one end of said tubing so as to form said tubing
      approximately in the desired cross-sectional shape, removing said blocks
      from said first length of the tubing, advancing the first lengths of
      tubing to which said first blocks have been applied, by a predetermined
      stroke, applying said blocks to a second length adjacent to said first
      length and continuing said operation with third, fourth and nth lengths of
      tubing;
PA1  b. simultaneously using in a second work zone second forming blocks,
      uniform in interior cross-section of predetermined length and of said
      desired cross-section and applying them to said first, second, third,
      fourth and nth lengths of said tubing, as said tubing which has been
      advanced by said predetermined stroke leaves said first work zone, said
      predetermined stroke corresponding to a length no greater than the said
      predetermined interior length of said second blocks, so as to finish form
      said tubing in the desired shape; and,
PA1  c. guiding out the finished tubing of desired cross-sectional
      configuration.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the first blocks are advanced at
      the same speed as the tubing in the advancing direction of the tubing upon
      deformation of the first length of tubing by the first blocks, separating
      the opposing blocks and returning said blocks to their original position
      before the tubing is further advanced.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein on guiding out the finished
      tubing predetermined peripheral surfaces are flattened.
NUM  4.
PAR  4. An apparatus for forming a corrugated waveguide comprising a plurality
      of pairs of blocks with inlet and outlet sides each having a tapered inner
      recess semicircular in cross-section at the inlet side thereof, a uniform
      recess of desired cross-section at the outlet side thereof and mating
      longitudinal surfaces, so disposed that the mating surfaces thereof may
      periodically be mated and separated, said tapered recesses thereof forming
      a tapered passage upon mating thereof so that a predetermined
      cross-sectional shape as desired of the corrugated tube may be gradually
      approximated, said uniform recesses thereof forming a uniform passage upon
      mating thereof of said desired shape.
NUM  5.
PAR  5. An apparatus for forming a corrugated waveguide as claimed in claim 4,
      wherein the tapered passage formed by the tapered recesses of opposing
      blocks is so formed that the internal circumference thereof may have the
      same length as that of the corresponding outer circumference of the
      corrugated metal tubing at any section from the inlet thereof to the
      outlet thereof to finally form a predetermined shape in section of the
      metal tubing.
NUM  6.
PAR  6. A tube mill for making a corrugated waveguide of uniform longitudinal
      configuration and of predetermined cross-section comprising in
      combination:
PA1  a. an elongated work table;
PA1  b. first forming squeeze rollers (14) longitudinally disposed at one end of
      said elongated work table for receiving an elongated flat strip (12) and
      gradually forming said strip (12) into a circular tube at a weld point;
PA1  c. welding means (13) disposed on said work table past said squeeze rollers
      (14) for welding the longitudinal edges of the metal strip (12) formed in
      tubular shape by the squeeze rollers (14);
PA1  d. pulling means (15) for pulling the formed tube (16) on said work table
      past said welding means (13);
PA1  e. a corrugating device (18) on said work table past said pulling means to
      corrugate said formed tube (16); and,
PA1  f. the apparatus as claimed in claim 10, on said work table past said
      corrugating device (18).
NUM  7.
PAR  7. An apparatus for forming a corrugated waveguide comprising a plurality
      of pairs of pressing blocks each having a tapered recess formed of a
      predetermined cross-sectional shape from the inlet toward the outlet so
      that a desired corss-sectional shape of the corrugated metal tubing may be
      gradually approximated and mating surfaces longitudinally provided, and a
      plurality pairs of supporting sub-blocks each having a tapered recess
      formed of a predetermined cross-sectional shape from the inlet toward the
      outlet, so disposed between pairs of pressing sub-blocks that the mating
      surfaces thereof may periodically be mated and separated movably to form a
      tapered passage upon mating thereof.
NUM  8.
PAR  8. An apparatus as claimed in claim 4 including block advancing means and
      separating means for separating the pairs of the blocks by a predetermined
      distance and advancing the corrugated metal tube toward the outlet side
      thereof by a predetermined stroke so that the advance stroke of the
      corrugated tube is selected to be equal to or less than the length of the
      passage.
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ABST
PAL  A soldering iron and tip therefor in which the tip has a bore along its
      longitudinal axis with a transverse vent opening through the tip
      connecting with the bore to increase the capillary action of drawing
      solder up into the bore. An arrangement is also provided for threading a
      braided wire into the bore to further enhance the capillary action. In the
      latter case it is preferred that a second hole be formed in the tip at an
      angle to the bore.
BSUM
PAR  In U.S. Pat. No. 3,580,462 to Vanyi issued on May 25, 1971, a soldering
      apparatus is disclosed which utilizes a stylus-like solder tip as a part
      of a soldering iron. The solder tip has a tubular sleeve surrounding one
      or more rods for producing capilary action to draw heated solder from an
      area, such as a re-heated connection, into the bore of the sleeve between
      the rods by capillary action. As an alternative to this, the said patent
      also discloses a tip merely having a single bore therethrough to draw off
      the solder by capillary action.
PAR  The present invention relates to improvements in the general types of
      soldering tips disclosed in the aforesaid U.S. Pat. No. 3,580,462. In
      accordance with the subject invention, a tip is provided which also has
      the longitudinal bore, or passage, through at least a portion of the
      length thereof. In accordance with the improvement in the invention, a
      vent hole is made through the tip to the bore to provide communication
      between the atmosphere and the bore. The vent hole provides increases in
      capillary action for drawing off the solder from an area. In addition, it
      presents a further exit for the molten solder to be removed from the
      passage either by suction or by mechanical movement of the soldering tip.
      As a further advantage, suction can be applied through the vent to draw
      off the solder. The use of the vented tip provides control and uniformity
      in the soldering operation since excess solder will be drawn up into the
      bore leaving only the solder necessary to make the connection.
PAR  In a preferred embodiment of the invention a further opening is made from
      the outside of the tip to the bore. Braided wire is fed through this
      further opening into the bore to aid in the capillary action. Also, the
      braid can be used as a brush.
PAR  It is therefore an object of the invention to provide a novel tip for
      soldering irons.
PAR  A further object is to provide a tip for soldering irons utilizing
      capillary action.
PAR  It is still a further object to provide a tip for soldering irons utilizing
      capillary action by means of a bore with a vent hole to the bore to aid in
      the capillary attraction of the solder as well as the removal therefrom
      from the tip.
PAR  A further object is to provide a solder tip having a bore therein for
      drawing or applying solder by capillary action and an arrangement for
      removing the solder in the tip by suction.
PAR  Yet another object is to provide a solder tip having a central bore into
      which a braided wire can be fed from outside of the tip.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings, in which:
PAR  FIG. 1 is an exploded view in plan showing a typical type of soldering iron
      and a tip therefor in accordance with the invention;
PAR  FIGS. 2 through 7 are plan views showing other types of tips according to
      the subject invention;
PAR  FIGS. 8 and 9 are cross-sections of still further embodiments of the
      invention;
PAR  FIG. 10 is a plan view of another embodiment of a tip;
PAR  FIGS. 11 through 14 are plan views of a further embodiment of a tip.
PAR  FIGS. 15A-15F are plan views, partly in cross-section, of another
      embodiment of the invention; and
PAR  FIG. 16 is a plan view, also partly in cross-section, of still a further
      embodiment of the invention.
DETD
PAR  Referring to the drawings, FIG. 1 shows a typical electrically heated
      soldering iron 10. The iron 10 includes the usual handle 12 of
      heat-insulating material such as wood or a high temperature resistant
      plastic. A line cord 14 exits from the handle to be connected to a
      suitable source of current (not shown) to energize a heating element (not
      shown) housed in the iron handle 12. The heating element is of any
      conventional construction as is the iron 10. The heat produced is conveyed
      to a metallic heat-conductive portion 16 of the iron which terminates in a
      sleeve 18, having an internal end wall 20. A set screw 22 is located in
      the sleeve and a solder tip 26 is placed in an opening 21 and held therein
      in heat-conductive relationship by the set screw 22. The rear end of the
      tip is normally placed against the internal end wall 20 of sleeve 16.
PAR  FIG. 1 also shows an embodiment of solder tip 26 of the subject invention.
      Tip 26 includes an elongated tubular piece of metal of any suitable length
      having a through bore 28 on its longitudinal central axis. In the
      embodiment of FIG. 1, bore 28 runs the length of the tip. The internal
      diameter of bore 28 is made relatively small so as to provide capillary
      action with respect to solder to be drawn thereinto.
PAR  In accordance with the invention, a vent hole 30 is also formed in the tip
      26 from the outer surface to communicate with bore 28. The vent hole is at
      an angle, shown in FIG. 1, to bore 28 and, in the preferred type, is
      transverse to the bore. In FIGS. 1-14 described herein the vent extends
      through about half the diameter of the respective portion of the tip. In
      FIGS. 15A-15F and 16 it extends through the tip. In general, it is
      preferred that the diameter of the vent be somewhat larger than the bore.
      However, they can be made the same diameter. The vent is preferably formed
      by drilling or processing the tip material. The bore can also be drilled
      or, as described below, the tip can be originally made from tubular
      material.
PAR  In all of the embodiment of the invention described herein, when the tip is
      inserted into the sleeve of the iron, the vent is clear of the sleeve to
      communicate with the atmosphere.
PAR  The soldering iron and tip of FIG. 1 are used to solder in the conventional
      manner. The iron 10 is heated and the end of tip 26 is applied to the area
      to be soldered and then the solder is applied and it melts. During the
      soldering operation the bore and vent serve to draw up excess solder from
      the connection by capillary action. This essentially provides controlled
      soldering since excess solder is removed leaving only the solder necessary
      to make the connection. This provides a more uniform connection which is
      highly reliable. This makes the tip highly useful for production, repair
      and hobby applications.
PAR  In a desoldering operation the free end of tip 26 is applied adjacent to,
      or on top of, the solder to be melted. The solder melts and is drawn up
      into the bore 28 by capillary action.
PAR  The vent 30 serves two purposes during both soldering and desoldering.
      First, it provides an air passage from the atmosphere to the bore 28 so
      that the capillary action will be increased to more readily draw the
      molten solder up the capillary bore 28. The molten solder can be drawn up
      the bore to the area of the vent. The prior art arrangement of U.S. Pat.
      No. 3,580,462, cannot draw molten solder as far up into its passage as can
      be drawn in the bore of the present invention using the vent. The second
      purpose served by the vent is to remove the solder in the bore. To do
      this, it is only necessary to flick the iron and tip. When this is done,
      the solder leaves the tip both from the free open end of bore 28 and the
      vent 30.
PAR  The material for the tip 26 of FIG. 1, as well as the materials for the
      other tips of the invention described herein, can be made of any suitable
      material, for example, copper or brass. In general, a material with a
      high-heat conductivity is preferred and copper has been found quite
      suitable for this. As an alternative, brass is also suitable. In the
      embodiment of FIG. 1, the bore 28 runs the entire length of tip 26. This
      is not absolutely necessary. As shown in FIG. 2, the bore 28a of tip 36
      terminates at, or slightly beyond, the vent 30. In any case, when the tip
      36 of FIG. 2 is inserted into the iron, the bore 30 must still be free to
      communicate with the atmosphere.
PAR  The use of the through bore 28, as shown in FIG. 1, provides an advantage
      in that the tip can be made from tubular material in which the bore is
      already present rather than drilling or machining the bore 28a as would be
      required in the embodiment shown in FIG. 2. In either case, the same
      materials can be utilized.
PAR  FIG. 3 still shows a further embodiment of the invention which is similar
      to that of FIG. 1. Here, a tip 46 is provided with a threaded end 33 for
      threading into a socket (not shown) of a type of soldering iron that uses
      a threaded tip. Tip 46 has a through bore 26. It can be made of solid
      material and then machined with the bore, vent and thread, or,
      alternatively, it can be made of tubular material in that only the vent 30
      and thread 33 need be machined.
PAR  FIG. 4 shows another embodiment in which a tip 46 having a through bore 28
      is provided with a rear connector 35 for threading onto a threaded plug of
      another conventional type soldering iron. Here, the connector 35 with its
      internal threads 37 would have to be connected to the reduced diameter
      portion of the tip 46. The tip of both FIGS. 2 and 3 operate in the same
      manner as the tip of FIG. 1 for both soldering and desoldering.
PAR  Any of the embodiments of the tips of FIGS. 1-4 can be provided with a
      shaped free end working surface. FIGS. 5, 6 and 7 show different types of
      working surfaces. In FIG. 5 the front end of the tip 51 is forked, or
      tined, with spaced ends 52a and 52b, defining an opening 53. The bore 28
      communicates with the end surface of opening 53. The opening 53 can be
      placed over a wire having solder thereon and the molten solder will be
      drawn up with the opening.
PAR  In FIG. 6, the front portion 57 of the tip 51 is tapered down into a
      generally conical shape. Cone 57 can be formed by any suitable process,
      for example, maching a solid piece of material originally used for the
      tip. Where tubular material is used for the tip 56, it is also possible to
      draw or compress down the diameter to the conical shape.
PAR  FIG. 6 shows a further modification of the invention in which a small tube
      60 is attached to the outside of the tip 56 at the vent 30. A solder
      sucker, including a syringe bulb 58 is connected to the tube 60 by a
      flexible heat-resistant tube 59. By squeezing and releasing the syringe
      bulb 59, solder can be drawn into the syringe. This clears out the bore 28
      without having to flick the iron. The solder sucker arrangement also can
      be used to control the clearing of solder from the heated connection.
PAR  In FIG. 7, the tip 61 has a chisel end 63 which can be formed by cutting or
      grinding off the end of the tip 61 at the desired angle. The bore 28
      terminates at the face of the chisel end 63. The tips of FIGS. 5 and 7 can
      be utilized, for example, to pry off leads from a circuit board as well as
      to draw up the solder by capillary action.
PAR  The interior surface of capillary bore 28 need not be smooth. Instead, as
      shown in the cross-section of FIG. 8, the bore of tip 66 is machined with
      a tool suitable to produce a rough interior surface, such as knurl, as
      shown at 67. The roughening of the interior surface of the bore provides
      additional paths for the capillary action to take place, thereby
      increasing the flow of the molten solder material. FIG. 9 shows a tip 71
      similar to that of FIG. 8. Here, the internal bore 28 is formed with a
      number of lands 73 extending parallel to the bore's longitudinal axis.
      This aids in the flow of the wet solder in the bore.
PAR  FIG. 10 shows a still further embodiment of the invention. Here a piece of
      wire braid 74 is placed within the length of bore 28 and extends out past
      the front of the working end. The braid 74 is heated and acts to provide
      an increased number of capillary passages for the wet solder to travel up
      the length of the bore. Such an arrangement is useful in desoldering and,
      also, using the free end of the braid 74 to push through holes, such as in
      printed circuit boards, to clean out the holes for further use. Instead of
      using braid, stranded wire can be used. The material for the braid can be
      either of the type to which solder will or will not adhere. In either
      case, the capillary action still takes place. The vent 30 of tip 76 serves
      the same purpose as previously described.
PAR  FIGS. 11 through 13 show a still further embodiment a tip 81 where, in
      addition to the vent hole 30 provided to communicate with the bore 28, a
      slot 82 is formed between the vent 30 and the work end. The slot 82 is
      preferably formed with the trailing end (toward the rear of the tip). The
      leading end is also angled. A hole 84 is cut from the slot to the bore 28.
      The hole 84 is angled toward the working end of the tip. As shown in FIG.
      13, a small piece of braid or stranded wire 88 is passed into the slot 82,
      through the hole 84 into the bore 28. The free end of the braid 88 extends
      beyond the working end of the tip.
PAR  The tip of FIGS. 11 through 13 has several advantages over that shown in
      FIG. 10. For example, the tip 76 of FIG. 10 cannot readily be used for
      soldering as well as desoldering. That is, it is difficult to solder a
      connection when the braid 74 is in place in the tips of FIG. 10.
PAR  In the embodiment shown in FIGS. 11 through 13, it is a simple matter to
      pull on the braid 88 to remove it either from the front end or the slot 82
      and hole 84. Thus the tip can be used for soldering as well as
      desoldering. Further, the small strip of braid 88, when saturated with
      solder, can be repeatedly reactivated in the same flicking motion of the
      iron as when using the hollow tip without the braid. That is, since both
      ends of the braid extend out from the tip the solder attracted into the
      braid by the capillary action can be flicked off of both ends.
PAR  In general, the hollow tip of FIGS. 11 through 13 does an excellent job of
      desoldering surface connections. The braid acts as a "brush" when extended
      into plated through holes such as found in circuit boards and commerical
      computer boards. The braid 88 can be used repeatedly and a new length can
      be pulled out from the front end of the tip as the material is consumed by
      normal wear and tear.
PAR  The use of a relatively small strip of braid is preferred in a tip of the
      type shown in FIG. 13 since larger strips would be cumbersome and act as
      unwanted heat sinks.
PAR  The tip of FIG. 13 can be further improved by having the strands of the
      braid clad with a material, such as iron, which will not hold solder. In
      this case, the capillary action will still take place in the bore between
      the strands of the braid. The tip itself, if ironclad, must be
      solder-wettable in the axial bore 28 as well as externally where it is to
      make contact with the solder area.
PAR  Ironclad braiding can be permanently attached to the end of an ironclad
      tip. This arrangement would result in longer life of the materials but
      would necessarily be more expensive.
PAR  In FIG. 14 a tube 89 is attached to the tip 81 in the slot 82 to
      communicate with the bore 28. A solder sucker such as the syringe bulb 58
      and tube 59 shown in FIG. 6, can be used to draw solder out of the bore
      28. The braid 88 is passed through the tube 89.
PAR  It is not necessary to have a tube such as 60 of FIG. 6 or 89 of FIG. 14
      fixed to the tip in order to use the solder sucker 58-59. Instead, a
      hollow needle (not shown) can be attached to the end of the tubing 59 and
      the needle held in the vent hole duirng the time the syringe bulb is
      operated.
PAR  FIGS. 15A through 15F show a still further embodiments of the invention.
      Here, the tip 91 has an axial bore 28a which extends only part way of the
      length of the tip, as in FIG. 2. Two holes 95 and 97 are formed
      diametrically through the tip to communicate with the bore 28a. Hole 95 is
      in the forward, reduced diameter, part of the tip while hole 97 is in the
      rear, enlarged diameter portion. The holes can be made by drilling or any
      other process.
PAR  FIG. 15C shows a piece of braid 88 passed through the bore 28a, extending
      through the front end of the tip and through one exit of the rear hole 97.
      As in the case of FIGS. 11 through 13, the braid 88 enhances capillary
      action. In this embodiment, several vent passages are provided. There is
      one vent passage from each end of the forward hole 95 to the bore 28a and
      one from the open end of the rear hole 97 which is not occupied by the
      braid. The passage in the rear hole 97 is the most effective for vent
      action since the solder is drawn along the length of the braid for at
      least up till the termination of bore 28a at the hole 97.
PAR  In FIG. 15D, the braid 88 is shown extending from one end of the front hole
      95 through the bore 28a and out the front end of the tip. In this case,
      the entire hole 97 is available for vent action.
PAR  In each of the cases shown in FIGS. 15C and 15D, the braid 88 is used for
      desoldering in the manner previously described. For soldering operations,
      the braid would be removed.
PAR  FIGS. 15E and 15F show an arrangement for removing large amounts of solder
      by capillary action. Here, the braid 88 extends completely through the
      forward hole 95 in the tip. When desoldering, the braid is bent toward the
      front of the tip and a large capillary attractive surface is presented by
      the ends of the braid to the area to be desoldered. The rear hole 97
      provides the vent action for bore 28a. When it is desired to use the tip
      for soldering, the ends of the braid 88 are bent backward as shown in FIG.
      15F so that the front, active, end of the tip is exposed.
PAR  FIG. 16 shows a further modification in which the tip 101 has only the hole
      97 in the rear, enlarged diameter, portion of the tip. This arrangement,
      as is the case of all other tips used without the braid, can be used for
      controlled soldering as well as for desoldering. However, if desired, the
      braid 88 can be utilized in the same manner shown in FIG. 15C.
PAR  In the tips shown in FIGS. 15 and 16, the axial bore 28 terminates at the
      rear hole 97. As explained previously with respect to FIGS. 1 and 5
      through 14, the tip can be formed of tubular material in which case the
      bore 30 would extend the complete length of the tip.
PAR  The use of non-corrosive solder pastes of fluxes greately increases the
      usefulness of the vented tips when used as a controllable soldering
      device, that is with no wire braid, as well as in the brush configuration
      with the braid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tip for a soldering iron in which the tip is an elongated generally
      cylindrical member of heat conductive material, said tip having an active
      end for placement adjacent an area where solder is to be melted and
      another end adapted for connection to a solder iron for heating the tip, a
      single bore only for substantially uniform diameter throughout formed
      axially in said tip extending along at least a portion of the length
      thereof and having an opening at the active end of the tip, said tip also
      formed with a vent passage which extends from the outer surface of the tip
      at a point spaced from the active end through at least a part of said tip
      to communicate with said bore and a piece of wire braid material extending
      through said vent passage into said bore and out of the active end of the
      tip to provide a plurality of capillary passages to molten solder.
NUM  2.
PAR  2. A tip as in claim 1 wherein said vent passage is formed only part way
      through the tip to provide only one opening to the bore.
NUM  3.
PAR  3. A tip as in claim 1 wherein said vent passage is formed through the tip
      to provide a pair of openings to the bore.
NUM  4.
PAR  4. A tip as in claim 1 wherein the bore extends the length of the tip.
NUM  5.
PAR  5. A tip as in claim 1 wherein said bore extends only part way of the
      length of the tip from the active end thereof at least until said vent
      passage.
NUM  6.
PAR  6. A tip as in claim 1 wherein the active end is forked with at least a
      pair of tines, the bore opening in the tip located between said tines.
NUM  7.
PAR  7. A tip as in claim 1 wherein the active end of the tip is formed with a
      face at an angle to the tip longitudinal axis, the opening of the bore
      located at a point on the face.
NUM  8.
PAR  8. A tip for a soldering iron in which the tip is an elongated generally
      cylindrical member of heat conductive material, said tip having an active
      end for placement adjacent an area where solder is to be melted and
      another end adapted for connection to a solder iron for heating the tip, a
      single bore only of substantially uniform diameter throughout formed
      axially in said tip extending along at least a portion of the length
      thereof and having an opening at the active end of the tip, said tip also
      formed with a vent passage and a second passage which extend from the
      outer surface of the tip at points spaced from the active end through at
      least a part of said tip to communicate with said bore with said second
      passage being more remote from the active end of the tip than said first
      passage, and a piece of wire braid material extending through one of said
      passages, said bore and out of the opening of said bore at the active end
      of the tip to provide a plurality of capillary passages for molten solder.
NUM  9.
PAR  9. A tip as in claim 8 wherein said second passage is formed only part way
      through the tip to provide only one opening to the bore.
NUM  10.
PAR  10. A tip as in claim 8 wherein said second passage is formed through the
      tip to provide a pair of openings to the bore.
NUM  11.
PAR  11. A tip as in claim 9 wherein said vent passage is formed only party way
      through the tip to provide only one opening to the bore.
NUM  12.
PAR  12. A tip as in claim 9 wherein said vent passage is formed through the tip
      to provide a pair of openings to the bore.
NUM  13.
PAR  13. A tip as in claim 8 wherein the piece of wire braid material extends
      through said second passage and out the opening of the bore at the active
      end of the tip to provide the plurality of capillary passages.
NUM  14.
PAR  14. A tip as in claim 8 wherein the opening of said vent passage at the
      surface of the tip is a slot having at least one surface angled.
NUM  15.
PAR  15. A tip as in claim 14 wherein the piece of wire braid material extends
      through the angled opening of said vent, said bore and out of the opening
      of the bore at the active end of the tip to provide the plurality of
      capillary passages.
NUM  16.
PAR  16. A tip as in claim 8 wherein the piece of wire braid material extends
      from the vent passage through the bore and out the bore opening at the
      active end of the tip to provide the plurality of capillary passages.
NUM  17.
PAR  17. A tip as in claim 8 further comprising means external to said tip for
      drawing molten solder out of said bore through said wire braid.
NUM  18.
PAR  18. A tip as in claim 8 wherein the cylinder is stepped and of different
      diameters, said second passage located in the larger diameter cylinder.
NUM  19.
PAR  19. A tip for a soldering iron in which the tip is an elongated generally
      cylindrical member of heat conductive material, said tip having an active
      end for placement adjacent an area where solder is to be melted and
      another end adapted for connection to a solder iron for heating the tip, a
      single bore only of substantially uniform diameter throughout formed
      axially in said tip extending along at least a portion of the length
      thereof and having an opening at the active end of the tip, the diameter
      of said bore being such as to provide capillary action to molten solder,
      said tip also formed with a vent passage and a second passage which extend
      from the outer surface of the tip at points spaced from the active end
      through at least a part of said tip to communicate with said bore with
      said second passage being more remote from the active end of the tip than
      said first passage, one of said vent and second passages being formed
      through the tip to provide a pair of openings to the bore, and a piece of
      wire braid material extending through the said pair of openings of said
      one passage and communicating with said bore.
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ABST
PAL  A series of thin-walled, heat exchange tubes are soldered to return bends
      of similar materials so as to complete a flow path through the tube bundle
      by a process which comprises press-fitting the return bends to the tubes,
      preheating the return bends and portions of the tube adjacent the bends to
      a temperature, the average of which is approximately the soldering
      temperature, soaking the preheated portion in a liquid which will equalize
      the temperature of the various preheated portions, and ultrasonically
      soldering the return bends to the tubes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Tube bundles of tubes having high heat-conductivity, such as of aluminum or
      copper, are well known in the art. For example, such materials are used as
      heat exchangers in air conditioning units, both for the evaporator section
      and for the condenser section. Generally, these tube bundles are formed by
      mounting a plurality of thin-walled tubes, parallel to each other, in two
      or more support plates. Actual mounting of the tube bundles is via the
      support plate.
PAR  In use, a heat transfer fluid passes through these tubes, generally with a
      plurality of passes through a single bundle. Thus, the fluid will flow in
      one direction in one tube, and in a reverse direction through another tube
      in the bundle. Obviously, under these circumstances, it is required that
      the tubes be joined together in pairs to allow for this reverse flow. Such
      joining is accomplished by attaching a reverse bend to a pair of tubes.
      This is far more economical than taking a single length of tubing and
      bending it to provide the necessary return bends. Further, bending of the
      tube is impractical in view of the fins which must be placed on the tube
      and, further, in view of the fact that normally more than one layer of
      tubes is employed. The joint formed between the reverse bend and the
      straight section of tubing must be fluidtight to prevent leakage of the
      heat transfer fluid which passes through the tubes. A variety of methods
      have existed in the prior art for accomplishing this joining, including
      the use of ultrasonic soldering.
PAR  Ultrasonic soldering provides a number of advantages over other soldering
      methods known to the art, as is apparent to those skilled in the art.
      However, there are problems with ultrasonic soldering, particularly if the
      two members being soldered to each other are not at the proper
      temperature. With too low a temperature, it may not be possible to form an
      acceptable bond. Particularly with ultrasonic soldering, however, if the
      temperature is too high, there is a great danger of disintegrating the
      thin-walled tubes in the ultrasonic soldering bath. The prior art has not
      dealt with these two distinct problems in an economical manner. A
      preferred method of dealing with the problem is to assure a relatively
      constant, equal temperature on all parts of the tube assembly, prior to
      its insertion into the ultrasonic soldering bath.
PAR  In the patent to Rosales, U.S. Pat. No. 2,417,662, a method for brazing
      similar tube bundles is set forth, though that brazing method does not
      involve an ultrasonic process. Rather, Rosales deals with preheating of
      the tube bundles, dipping the preheated bundles into a flux to clean the
      adjacent parts, and then brazing the materials. Rosales assures a constant
      temperature on the portions of the tube bundle to be brazed in the preheat
      step. This is not an economical solution.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, reverse bends are ultrasonically
      soldered to parallel tubes in a bundle employing an ultrasonic soldering
      process. The process comprises the following steps:
PAR  1. Fitting the reverse bends onto or into the ends of the parallel,
      straight tubes. For example, this can be accomplished by press-fitting.
PAR  2. Preheating the reverse bends, and the adjacent portions of the straight
      tubes, to an average temperature at which the assembly is to be soldered.
PAR  3. Soaking the preheated portion of the assembly in a liquid which will
      equalize the temperature of the portions to be soldered.
PAR  4. Placing the portions to be soldered into an ultrasonic soldering bath
      where soldering is completed.
PAR  The crux of the present invention is the preheating of the portions to be
      soldered to an average temperature at which the reverse bends are to be
      ultrasonically soldered to the straight tubing portions and then soaking
      the portions to be soldered so as to equalize the temperature. For
      example, an ultrasonic soldering process on aluminum tubing will generally
      be carried out at about 775.degree. to 850.degree.F., preferably between
      780.degree. and 800.degree.F. Thus, to assure an adequate solder bond and
      to prevent disintegration of the thin-walled tubing in the ultrasonic
      soldering bath, the temperature of the assembly to be soldered should be
      from about 775.degree. to 850.degree.F., and generally within .+-.
      5.degree. of the particular temperature selected, before being placed into
      the ultrasonic soldering bath. It is, however, uneconomical to preheat the
      assembly to this temperature.
PAR  The portion of the assembly to be soldered can be preheated by any of a
      variety of means including soaking of that portion in a hot gas, or, more
      preferably, by flame preheating. The most economical methods of heating
      the assembly to be soldered, at this point, provide a temperature over the
      area to be soldered which is particularly non-uniform. For example, one
      portion of the assembly, after flame preheating, may be at 700.degree.F.,
      while another portion may be 900.degree.F. This variation is generally not
      important at this stage of the process, though it would become critical in
      the actual ultrasonic soldering bath.
PAR  Thus, according to the present invention, it is important, only, that the
      average temperature of the various parts of the portion to be soldered
      approximate the ultimate ultrasonic soldering temperature after preheat.
      By then soaking this portion in a fluid held at, or very slightly above,
      the ultrasonic soldering temperature, the temperature of all parts of this
      portion to be soldered are equalized to the desired temperature and may
      then be placed in the ultrasonic soldering bath where a good bond is
      obtained without the danger of disintegration. This combination of steps
      is far more economical than attempting to obtain such a uniform
      temperature in the preheating phase.
DRWD
PAC  BREIF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of several tubes to be soldered,
      representative of one row of tubes in the layer of tubes which generally
      comprises the heat exchanger, to which reverse bends have been attached,
      the tubes being held in parallel relation by a support plate;
PAR  FIG. 2 is a representation of the structure of FIG. 1 being preheated;
PAR  FIG. 3 is a representation of the preheated structure of FIG. 2 where the
      temperature is equalized on all portions of the structure;
PAR  FIG. 4 is a representation of the structure of FIG. 3, after temperature
      equalization, being ultrasonically soldered; and
PAR  FIG. 5 shows a solder bond formed between a straight tube and a portion of
      a reverse bend, according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with the present invention, and particularly referring to the
      drawings, a tube bundle is formed from a plurality of thin-walled tubes 2
      which are held in parallel relationship by one or more support plates, of
      which one is represented at 3. In order to provide for a completed tube
      bundle, the ends of two tubes are joined by reverse bends 4 which are to
      be soldered in place, onto the ends of the straight tubes 2, the composite
      forming a tube bundle assembly 1. The assembly 1 is placed into an area 10
      where heat is applied as a first step in the soldering process. Any of a
      variety of methods can be employed for this preheat step, though flame
      heating is the most preferred, as it is the most economical method. It
      will be noted that only a portion of the overall assembly 1 is placed in
      the preheat area. The portion placed into the preheat area is the portion
      which will be ultrasonically soldered, or is immediately adjacent that
      portion. No particular purpose would be served by preheating the entire
      tube bundle assembly and, in fact, preheating of the entire assembly would
      be uneconomical. In the preheat chamber, the average temperature of the
      various portions to be soldered is raised to, or slightly above, the
      temperature at which the ultrasonic soldering is to be carried out.
      However, this does not mean that each part of the tube assembly which is
      to be soldered is raised to this temperature. There may be as much as a
      200.degree.F. variation between different portions. For example, section
      11 may be preheated to about 700.degree.F., section 12 to about
      800.degree.F., and section 13 to about 900.degree.F. However, the average
      temperature of sections 11, 12, and 13 will be at, or slightly above, the
      ultimate, ultrasonic soldering temperature. From the preheat section 10
      shown in FIG. 2, the tube bundle assembly 1 is moved to a temperature
      equalization chamber 20. This chamber is filled to a level indicated at 21
      with a heat-conducting liquid, capable of withstanding the temperatures to
      which the assembly 1 has been preheated, so long as the liquid has no
      chemical effect upon the tubes at this temperature. For example, materials
      such as Dowtherm A or C, various inorganic salts, and certain metals can
      be used. A preferred material is molten 95-5 zinc-aluminum alloy. The tube
      bundle assembly 1 is left in structure 20 for a sufficient period of time
      to assure that the temperature of all sections of the tube assembly 1 are
      at, or within only a few degrees above, the temperature to be encountered
      in the ultrasonic soldering bath. The tube bundle assembly 1 is then
      moved, protecting it from heat loss, to ultrasonic soldering bath 30,
      illustrated in FIG. 4. A bath of soldering material in the bath 30 is
      maintained at level 31 so as to provide a sufficient depth of the solder
      to accomplish joining of the straight tubes 2 and return bends 4. The
      ultrasonic bath 30 is also provided with an ultrasonic generator,
      illustrated schematically at 32, to accomplish soldering of the return
      bends 4 to the straight tubes 2.
PAR  Upon removal of the tube bundle assembly 1 from the ultrasonic soldering
      bath 30, a completed solder joint will have been formed between tube 2 and
      return bend 4 as illustrated by 40 in FIG. 5.
PAR  Employing the process of the present invention, there is an assurance of
      obtaining a firm, adequate bond between the return bends of a tube bundle
      and the straight tube sections of that bundle, without the danger of
      destruction of the tubes due to localized overheating under the effect of
      ultrasonic wave generation.
PAR  The present process has been described with regard to three treating areas,
      a preheat area, an equalization area, and an ultrasonic soldering area. It
      is possible, however, to employ a single treating area for both the
      equalization and ultrasonic soldering steps. In such a system, the
      ultrasonic generating unit is not turned on during the equalization step.
      While this method can be used, it is generally not as economical as the
      three-treatment-area process specifically shown.
PAR  While specific embodiments have been shown and described, the invention
      should not be considered as so limited, but only as limited by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for ultrasonically soldering thin-wall metal tube bundles
      consisting of straight tubular sections and return tubular sections, the
      method comprising:
PA1  a. fitting said return bends to said straight tubes;
PA1  b. preheating the return bends and adjacent portions of the straight tubes
      to an average temperature approximating the temperature to be employed in
      ultrasonic soldering;
PA1  c. soaking said preheated tube bundle portion in a heat transfer liquid so
      as to equalize the temperature of said portion; and
PA1  d. ultrasonically soldering said return bends to said straight tube
      sections.
NUM  2.
PAR  2. The process of claim 1 wherein the ultrasonic soldering temperature is
      from 775.degree. to 850.degree.F.
NUM  3.
PAR  3. The process of claim 2 wherein the ultrasonic soldering temperature is
      from 780.degree. to 800.degree.F.
NUM  4.
PAR  4. The process of claim 1 wherein the variations of temperature in the
      preheating step are from 700.degree. to 900.degree.F.
NUM  5.
PAR  5. The process of claim 1 wherein the preheating step is carried out with
      flame heat.
NUM  6.
PAR  6. The process of claim 1 wherein the heat transfer liquid is a
      zinc-aluminum alloy.
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ABST
PAL  Manufacturing process for a solid or hollow shaft consisting of aluminum or
     itanium with beryllium reinforcing therein. Beryllium rods are either clad
      with aluminum or titanium or, in the alternative, holes are drilled in an
      aluminum or titanium block which beryllium material is thereafter inserted
      into the holes. The preform with a hard steel central mandrel around which
      the beryllium rods are positioned is placed within a steel can and heated
      to a predetermined temperature. Pressure is then uniformly applied to
      outer circumference of the can to ensure uniform deformation of the
      beryllium reinforcement. The uniform exterior pressure on the outer
      surfaces of the beryllium rods and the interior pressure on these rods
      caused by the hard steel mandrel against the under surfaces of the rods as
      a result of a reduction process causes the beryllium rods to assume an
      arcuate ribbon configuration. For hollow shafting, the mandrel at the
      center of the preform may later be removed.
PARN
PAR  The present application is a continuation-in-part of my previous
      application, Ser. No. 256,491, filed 5/24/1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Shafts are probably one of the oldest structural elements known to man.
      They generally take the form of a long slender rod forming the body of a
      spear, the handle of a hammer, ax or golf club, and many other long
      implements. Modern aircraft use shafts to transmit motion, i.e. control
      rods. Most machinery use shafts to transmit motion in a push-pull or
      rotating action.
PAR  The major shortcoming of shafting used in advanced aircraft or high-speed
      rotating machinery is a low modulus of elasticity to density ratio
      (stiffness to weight). This poor stiffness to weight ratio requires the
      use of mid-support bearings or other mechanical devices which greatly
      increase weight, waste power and complicate design. One method of
      increasing the modulus and reducing the weight of a metal shaft is to
      reinforce it with a higher modulus and lower density material. Another
      characteristic necessary for the reinforcement is ductility sufficient for
      redistribution of stresses.
PAR  Many shafts are subject to impact loading, for example, connecting rods in
      a reciprocating engine, transmission shafts in a helicopter, and control
      rods in an aircraft. Previous work has proven that the metal beryllium
      used as reinforcement in a metal matrix composite in superior to all other
      plastic and metal matrix composites when subject to impact loads. The lack
      of ductility has proven to be a serious limitation in boron aluminum,
      boron epoxy and carbon epoxy type composites. In addition, the excellent
      elevated temperature ductility of beryllium allows fabrication procedures
      to be employed which could not be considered for less ductile composite
      systems.
PAR  Others have employed beryllium fiber, filaments and wires as reinforcing
      material. The diameter of this wire has not exceeded 0.01 inches and is
      quite costly to make, almost $4,000 per pound. In my previous U.S. Pat.
      Nos. 3,609,855 and 3,667,108, methods and techniques for the production of
      beryllium ribbon-reinforced composites and beryllium-titanium blading were
      disclosed. This invention is directed toward a different approach for
      fabricating the shafting identified in my previous patents. By utilizing
      larger diameter beryllium rods in the process of the invention the cost of
      the rods is reduced to $80 per pound.
PAC  SUMMARY OF THE INVENTION
PAR  There are several important considerations to be kept in mind when
      selecting a manufacturing process for a composite beryllium-aluminum or
      beryllium-titanium shaft. The important considerations are: (1) volume
      fraction of the beryllium reinforcement; (2) size and shaft of the
      reinforcement; (3) the mechanical properties of both the beryllium and the
      aluminum or titanium matrix after the fabrication of the shaft; and (4)
      the bond strength and degree of reaction (alloying) between the beryllium
      and the aluminum or titanium matrix. The present invention has been
      developed with these considerations in mind.
PAR  In accordance with an embodiment of the invention, the shaft results from
      cladding beryllium rods with aluminum or titanium and then bundling the
      rods to form a preform. The clad rods surround a harder central solid core
      such as steel which resists pressure to a far greater extent than the
      ductile beryllium and the surrounding aluminum or titanium and the preform
      is enclosed within a steel can. The entire preform is then heated and
      deformed by uniform application of pressure to the can.
PAR  In accordance with another embodiment of the invention, the beryllium rods
      are stuffed into drilled holes in an aluminum or titanium block and the
      foregoing manufacturing steps repeated.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is to provide a method of manufacturing
      composite beryllium-aluminum or beryllium-titanium shafts of enhanced
      characteristics.
PAR  Another object is to provide a manufacturing process which produces a shaft
      with a relatively high modulus of elasticity to density ratio.
PAR  A further object of the invention is to manufacture a shaft which
      eliminates the need for mid-support bearings in advanced aircraft or high
      speed rotating machinery.
PAR  Other objects, advantages, and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 show in cross-section alternative embodiments of the initial
      form of the bundled preform of the invention;
PAR  FIGS. 3 and 4 show a cross-section of the preforms of either FIGS. 1 or 2
      at successive stages of the deformation;
PAR  FIGS. 5 and 6 show an enlarged corss-section of a completed shaft with and
      without the core removed, respectively and with the surrounding steel can
      be removed from the shaft. The mandrel in FIG. 5 is shown enlarged
      relative to the same mandrel in FIGS. 1-4 in the interest of clarity of
      illustration although in practice the mandrel size would be the same; and
PAR  FIG. 7 is a die casting arrangement which is exemplary of one possible
      method of deforming or compressing the preform.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The first step of the process is indicated by either FIGS. 1 or 2. In both
      FIGS. 1 and 2, beryllium rods 1 having a diameter of 1/8 inch or greater,
      are used and may be formed by extrusion, drawing, swagging, rolling or
      machining from blocks. The beryllium rods 1 are then clad with aluminum or
      titanium 3. The cladding may be accomplished by many methods, such as
      slipping the rods 1 into tubing 3 (FIG. 1), stuffing the rods 1 into an
      aluminum or titanium block 5 drilled with evenly spaced holes 4 (FIG. 2),
      wrapping sheet or foil around the beryllium, or by vapor depositing or
      electroplating. Next, the clad beryllium rods are bundled into the
      configuration shown in FIGS. 1 and 2.
PAR  The volume fraction of the beryllium reinforcement is controlled by the
      thickness of the cladding as shown in FIG. 1 or by the spacing of the
      drilled holes as shown in FIG. 2. Thus the thickness of the cladding can
      vary as desired. The preform for the shafting should utilize a solid steel
      core or mandrel section 7 which is of harder material than the beryllium
      or aluminum or titanium, for example a solid steel core. The preform for
      hollow shafting can use a removable steel core mandrel 7 or a hard metal
      material which can be leached out later with a suitable acid in the
      manufacturing process. In either case the core section 7 has a diameter
      appreciably greater than any one of the beryllium clad rods.
PAR  After the bundle has been formed it is heated to a temperature for
      consolidation of the preform. Particularly in the case of an aluminum
      matrix, most of the deformation will occur in the aluminum, unless uniform
      hydrostatic pressures are maintained. Cladding the preform in a steel can
      9 permits uniform circumferential application of the pressure. The steel
      can 9 will also prevent galling between the titanium and the steel die
      (FIG. 7) and is typically one-eighth of an inch thick.
PAR  The size reduction of this preform to a shaft is accomplished by a series
      of controlled metallurgical deformation or compression processes.
      Reduction can be accomplished by extrusion, swagging, drawing or rolling.
      The important factor is to control the flow pattern of the beryllium.
      FIGS. 3, 4 and 5 illustrate the shaft at various points in this reduction
      process. It will be noted that the primary size reduction takes place by
      flatening of the beryllium rods. The steel core or hard mandrel does not
      deform appreciably at most, only insignificantly. The fact that beryllium
      is a ductile reinforcement enables one to form the composite into a
      complex shape either during the initial fabrication or after the composite
      shaft is made. It is only necessary to heat the composite to a temperature
      at which the shear strength of the matrix or reinforcement matrix bond is
      very low, permitting the reinforcement to bend and the matrix to flow
      around the reinforcement. Application of pressure on the outer surface
      steel can produces uniform exterior pressure on the outer surfaces of the
      clad beryllium rods while the hard round steel mandrel applies interior
      pressure against the inner surfaces the clad rods, causing them to assume
      the final arcuate shape shown in FIGS. 5 and 6. An arcuate
      ribbon-reinforced shaft as shown in FIGS. 5 and 6 has been found to be
      most efficient for this purpose. The final shape of the reinforcement will
      depend on the initial shape of the reinforcement and the direction and
      amount of deformation. However, the arcuate ribbon-shaped reinforcement
      shown in FIGS. 5 and 6 is highly desirable.
PAR  The shaft of FIG. 5 represents the finished product when it is desired to
      retain the core 7 as part of the finished shaft. Hollow shafting as shown
      in FIG. 6 may be formed over a removable mandrel as in conventional
      drawing or swagging operations. In the alternative, the solid center can
      be formed of suitable material which leached out with a suitable acid. The
      steel can 9 is shown removed in FIGS. 5 and 6 and this may be accomplished
      by sliting the can and peeling it off or by inserting the preform in an
      acid bath to etch off the can.
PAR  For a typical shaft forming operation, the volume fraction of the beryllium
      reinforcement should be between 25 and 85 percent. Less than 25 percent
      would not give sufficient reinforcement and over 85 percent would result
      in a brittle composite shaft. A good balance between stiffness and
      toughness would be about 50 percent. For optimum strength and fracture
      toughness, the resultant size of the beryllium reinforcement should be as
      small as economically practical. A good rule of thumb is to provide a
      minimum of three layers of reinforcement for good impact resistance. The
      fabrication temperature for aluminum should be between 600.degree. to
      800.degree.F. and 1200.degree. to 1400.degree.F. for titanium to minimize
      the loss in strength of the beryllium and the reaction between the
      beryllium and the matrix.
PAR  Size reduction of the preform can be accomplished by a number of methods,
      one of which is the die forming method of FIG. 7 with the preform being
      forced in the direction indicated. Two or more dies of progressively
      diminishing size such as shown in FIG. 7 may be used successively to
      obtain the desired diameter shaft, depending on the pressure utilized to
      force the preform through the dies. In actual practice, the preforms of
      FIGS. 3, 4, 5 and 6, shown in the various stages of the process,
      progressively diminish in size from that shown in FIG. 1. This can be done
      by forcing the preform through a series of successively smaller dies. For
      example, a 3 inch diameter preform such as shown in FIGS. 1 and 2 may
      result in a 1/2 inch diameter shaft of FIG. 5; a 3 1/2 to 4 inch diameter
      preform may result in a 1 inch diameter shaft of FIG. 6 having a 1/2 inch
      diameter mandrel removed. The amount of deformation of the preform depends
      on the final geometry required of the shaft and the stresses or pressures
      applied to the preform in its various stages of deformation.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a shaft comprising:
PA1  forming beryllium rods;
PA1  cladding the beryllium rods with a metal selected from the group consisting
      of aluminum and titanium;
PA1  arranging the clad beryllium rods around a hard central mandrel selected
      from a material which resists deformation to a far greater degree extent
      than said clad rods at a given temperature and which has a diameter
      appreciably greater than the diameter of each of said rods and into a
      configuration having a substantially circular cross-section to make a
      preform;
PA1  enclosing the preform within a cylindrical steel can;
PA1  heating and reducing the preform including converting the beryllium rods
      under pressure into arcuate ribbons spaced from each other and from other
      arcuate ribbons to form a composite shaft; and
PA1  removing the shaft from the steel can.
NUM  2.
PAR  2. The method of claim 1 wherein the clad beryllium rods are arranged so
      that their axes define a plurality of spaced concentric cylinders
      surrounding the central mandrel, and includes the step of removing the
      mandrel after said rods have been converted into said arcuate ribbons.
NUM  3.
PAR  3. The method of claim 1 wherein the volume fraction of beryllium in the
      completed shaft is between 25 and 85 percent.
NUM  4.
PAR  4. A method of forming a shaft comprising:
PA1  cladding beryllium rods with a metal selected from the group consisting of
      aluminum and titanium;
PA1  bundling the clad beryllium rods around a central mandrel selected from a
      material which is harder than said clad rods and which has a diameter
      greater than the diameters of said rods so that the beryllium rods define
      a plurality of concentric cylinders surrounding the central mandrel;
PA1  enclosing the preform within a cylindrical can such that spaces devoid of
      material exist between adjacent rods;
PA1  heating, and then reducing the preform under pressure to form a composite
      shaft; whereby the clad material flows and occupies said spaces and the
      beryllium rods are converted into arcuate ribbons, said arcuate ribbons
      arranged to define a plurality of concentric cylinders surrounding the
      central mandrel; and
PA1  removing the shaft from the can.
NUM  5.
PAR  5. A method of forming a shaft comprising:
PA1  surrounding a hard core mandrel with concentrically arranged circles of
      smaller diameter beryllium rods which are spaced from one another by a
      metal selected from the group consisting of aluminum and titanium to make
      a preform;
PA1  enclosing the preform within a cylindrical steel can;
PA1  heating the preform with its surrounding can to a temperature between
      600.degree. to 800.degree. F. for the aluminum and 1200.degree. to
      1400.degree. F. for the titanium,
PA1  and simultaneously with the foregoing step reducing the preform under
      uniform pressure applied to the exterior surface of said steel can to
      thereby convert the beryllium rods into arcuate-shaped ribbons arranged in
      circles around the hard core mandrel.
PATN
WKU  039455564
SRC  5
APN  5528089
APT  1
ART  111
APD  19750225
TTL  Functional alloy for use in automated soldering processes
ISD  19760323
NCL  5
ECL  1
EXA  Weise; E. L.
EXP  Rutledge; L. Dewayne
INVT
NAM  Manko; Howard H.
CTY  Teaneck
STA  NJ
ASSG
NAM  Alpha Metals, Inc.
CTY  Jersey City
STA  NJ
COD  02
CLAS
OCL  228263
XCL   75175A
EDF  2
ICL  C22C 1300
FSC   75
FSS  175 A
FSC  228
FSS  263
UREF
PNO  1087561
ISD  19140200
NAM  Tebbetts
XCL   75175A
UREF
PNO  1568224
ISD  19260100
NAM  Karafiat
XCL   75175A
UREF
PNO  1669580
ISD  19280500
NAM  Speichert
XCL   75175A
UREF
PNO  3607252
ISD  19710900
NAM  North
OCL   75175A
LREP
FR2  Klauber; Stefan J.
ABST
PAL  A solder alloy for use in automated soldering of workpieces by application
      thereto of liquid solder from a molten reservoir. The alloy consists
      essentially of from about 50 to 57.5% by weight tin, from about 1.5 to 4%
      by weight antimony, with the balance being substantially lead. The alloy
      is preferably further characterized in displaying a solidus-to-liquidus
      temperature range no greater than that of a 60/40 weight ratio tin/lead
      solder.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to soldering alloys, and more specifically
      relates to alloy compositions useful in machine soldering applications.
PAR  The use of machine (or "automated") soldering operations, is an
      indispensable aspect of many modern industrial applications. A
      particularly noteworthy example is the use of such techniques in the
      electronics and related industries. In a typical operation common in such
      industries, for example, an integrated circuit package may be soldered to
      the conductive pattern of a printed circuit board, by disposing the
      package on the board with the leads from the package inserted into and
      through openings in the board. These board openings may, for example, be
      placed through, and interconnected by the aforementioned printed circuit
      pattern. Electrical connection is thereupon effected between the leads and
      printed pattern, by contacting the lower surface of the board with a
      volume of molten solder in a suitable reservoir.
PAR  As is known in the art of machine soldering, various techniques may be used
      for effecting contact between the workpiece to be soldered and the molten
      volume of solder in its reservoir. In some instances, for example,
      so-called dip soldering techniques are used. These are basically static in
      nature, which is to say that the workpiece is simply immersed into the
      reservoir of molten soldering alloy and withdrawn after a specified
      period. In other instances dynamic techniques are utilized. Thus the
      workpiece -- e.g. a pre-fluxed circuit board -- may be passed face
      downward along the surface of the solder bath, or it may be conveyed
      across the crest of a standing wave or weir of flowing solder pumped out
      of a nozzle communicating with the molten reservoir.
PAR  As opposed to the relatively simple requirements for alloys used in
      hand-soldering, certain rather stringent requirements are imposed upon the
      soldering alloys used in the aforementioned automated soldering
      environments. The soldering alloys so utilized, must, among other things,
      display rheological characteristics such as to provide high mobility and
      free-flow of the melt. The flow and wetting characteristics of the melt
      must assure that effective and rapid wetting of the workpiece occurs even
      under the stringent requirements of the dynamic mode of operation
      mentioned above.
PAR  Particularly where soldering of circuit boards or other workpieces
      including solid state electronic devices is involved, the time and
      temperature of exposure during soldering are highly significant. This is
      true in that many of the electronic devices thus exposed, are quite
      sensitive to heat damage. In general, therefore, the alloy used should
      have as low a melting point as possible. The rheological characteristics
      and time and temperature of exposure are also significant in that it is
      desirable to limit diffusion into the materials of the workpiece.
      Typically it is desirable to work at about 120.degree.F above the melting
      point in the type of environment of interest.
PAR  A particularly significant aspect of automated soldering from a molten
      reservoir, is the problem of avoiding production of cold or disturbed
      joints in the soldered components. Again this problem can become
      particularly acute where a dynamic mode of machine soldering is utilized,
      such as, for example, the wave soldering techniques previously alluded-to.
PAR  In order to minimize the aforementioned difficulties encountered in
      automated soldering, it has been generally recognized desirable, to
      utilize a soldering alloy which is close to the tin-lead eutectic
      composition. Cost factors aside, the ideal composition for such purposes
      is indeed the tin-lead eutectic, i.e. a nominally 63% tin, 37% lead alloy,
      which, as is well-known, has a sharp and distinct melting point at
      361.degree.F. Use of such eutectic composition results in fine-grained
      joints having excellent mechanical properties.
PAR  In practice, the eutectic composition above mentioned, may be modified by
      addition of small fractional percentages of certain elements. For example,
      Federal Specification QQ-S-571 calls for 0.10 to 0.25% antimony -- which
      element inhibits the risk of white-to-grey tin transformation in soldered
      joints exposed to temperatures less than 55.8.degree.F. or 13.2.degree.C.
      The said specification also permits the presence of certain other
      impurities within prescribed limits.
PAR  Notwithstanding the advantages of the aforementioned eutectic tin-lead
      composition, it is in general not widely utilized in automated soldering
      processes, because of the very cost of tin. This factor is so compelling,
      that it has been deemed desirable to utilize tin/lead alloys wherein the
      content of tin is lowered to such degree as does not seriously impair the
      usefulness of the alloy in machine soldering applications. In general, it
      has been considered in the past that the practical limit of such
      displacement extended no further than about the use of a so-called "60/40"
      solder, i.e. a solder with a nominal composition of 60% tin and 40% lead.
      Theoretically a 60/40 solder has an approximate solidus-to-liquidus range
      of 13.degree.F. It may, however, be noted in this connection that as used
      in this specification, the term "60/40" solder refers to the nominal
      composition identified as "Sn 60" in the aforementioned Federal
      Specification QQ-S-571. Taking this factor into consideration, the 60/40
      alloy commercially available can, pursuant to the said Federal
      Specification, actually display a solidus-to-liquidus range as much as
      17.degree.F, at the allowable 59.5% tin, and it is this latter numerical
      value which is intended hereinbelow, where reference is made to the
      "solidus-to-liquidus range of 60/40 solder".
PAC  SUMMARY OF INVENTION
PAR  Now in accordance with the present invention, it has unexpectedly been
      discovered that outstanding results are yielded in automated soldering
      processes of the type heretofore discussed, where a solder alloy is
      utilized, consisting essentially of from about 50 to 57.5% by weight of
      tin, from about 1.5 to 4% by weight antimony, with the balance being
      substantially lead. In a preferable form of the invention, the proportions
      of the components are so adjusted within the range indicated, that the
      alloy is further characterized in displaying a solidus-to-liquidus
      temperature range no greater than that of 60/40 weight ratio tin-lead
      solder. A relatively optimum composition of this type may thus include by
      weight approximately 55% tin, 42.23% lead, and 2.77% antimony. This latter
      composition is found to display a solidus-to-liquidus temperature range of
      approximately 2.degree.-3.degree.F, and is therefore, in spite of a
      relatively low tin content, (together with the attendant economic
      advantages) extremely well-suited to automated soldering techniques.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Compositions useful in accordance with the present invention may consist
      essentially of from about 50 to 57.5% by weight tin, from about 1.5 to 4%
      by weight antimony, with the balance being substantially lead. It will be
      appreciated by those skilled in the present art that the compositional
      range indicated may define a three-dimensional phase diagram which, in
      turn, indicates a solidus-to-liquidus temperature range for any given
      composition within the values specified. It has been found in accordance
      with the invention, that the solidus-to-liquidus range corresponding to
      the limits mentioned, is approximately 30.degree.F, and it has been found
      further, that such compositions when used in automated soldering
      processes, yield soldered joints which in terms of mechanical and
      electrical properties are at least as acceptable as those yielded with a
      conventional 60/40 solder -- even where the values of the composition
      mentioned reside at the outer limits of the range specified.
PAR  Preferred compositions in accordance with the invention include proportions
      of the components specified, such as to define an alloy characterized in
      displaying a solidus-to-liquidus temperature range no greater than that of
      the 60/40 weight ratio tin/lead solder. This range (as previously
      mentioned) is approximately 17.degree.F, and the approximate corresponding
      component range of these preferred alloys are from about 51 to 54% weight
      tin, from about 2 to 3.5% weight antimony, and the balance lead.
PAR  A relatively optimal composition in accordance with the invention includes
      approximately 55% tin, 42.23% lead, and 2.77% antimony. This composition,
      in spite of a considerable reduction in tin content in comparison to the
      aforementioned 63/37 solder alloy, is found to possess a
      solidus-to-liquidus temperature range of approximately 2.degree. to
      3.degree.F -- in consequence of which the composition is extremely close
      in melting characteristics to the eutectic composition. The cited
      composition is specifically found, to display a solidus at approximately
      366.5.degree.F, and a liquidus at approximately 368.5.degree.F. The
      superior characteristics of this particular composition as set forth in
      the following Example:
PAC  EXAMPLE I
PAR  A soldering alloy in accordance with the invention was prepared, including
      by weight 55% tin, 42.23% lead, and 2.77% antimony. As already indicated,
      the solidus-to-liquidus temperature range for such alloy was established
      at between 2.degree. and 3.degree.F, depending upon the testing methods
      utilized. Various tests were conducted for the purpose of comparing the
      characteristics of this alloy when used in automated soldering, with
      results yielded by use of prior art alloys, such as 60/40 alloy. In a
      first test the comparative drossing characteristics of the inventive
      composition was compared with a 60/40 alloy. In a typical run it was found
      that the 60/40 alloy yielded approximately 84.6 grams/hour of dross,
      whereas the test alloy yielded 78.6 grams/hour of dross-- which indicates
      approximately comparable properties.
PAR  Comparison tests were then undertaken with regard to soldering of circuit
      boards by the same respective compositions. For the purpose of such tests
      the boards were pre-fluxed and the preheat at the soldering apparatus was
      set to yield a top-of-the-board temperature of approximately 200.degree.F.
      The pot temperature was set at either 495.degree.F or 500.degree.F. The
      conveyor speeds were varied to attain the best results. Where the
      soldering alloy of the invention was utilized the joints obtained were
      shiny with excellent wetting on the board and up to the holes thereof.
      Shallow filleting was observed. A board treated under comparable
      conditions with the conventional 60/40 alloy displayed shiny, shallow
      fillets. The alloy of the present invention, in general produced solder
      joints whose quality and appearance were indistinguishable from those
      produced by 60/40 alloy.
PAC  EXAMPLE II
PAR  Test joints produced by the composition of Example I were examined for
      micro-structure, and specifically were compared to test joints prepared
      under similar conditions, but by use of either a conventional 60/40
      solder, or by the use of the nominal eutectic solder, i.e. a 63/37 solder.
      It was found that the alloy of the invention yielded in general,
      fine-grained micro-structures which more nearly resembled the
      micro-structures yielded by the idealized eutectic alloy, than did the
      conventional 60/40 solder. The mechanical properties of the joints yielded
      by use of the cited test alloy further, were superior to the same
      properties in joints of the 60/40 composition.
PAC  EXAMPLE III
PAR  A further composition in accordance with the invention was prepared, which
      included by weight approximately 52% tin, 4% antimony, and 45% lead. This
      composition was found to display a liquidus-to-solidus temperature range
      of approximately 18.degree.F. When utilized in automated soldering
      environments it was found to yield soldered joints of characteristics
      similar to those of 60/40 solder joints produced under comparable
      conditions. This, in spite of the fact that the tin content of the new
      composition, in comparison to the 60/40 composition, was very much
      reduced, and therefore represented a significant cost saving to the
      manufacturer.
PAR  While the present invention has been particularly set forth in terms of
      specific embodiments thereof, it will be understood in view of the present
      disclosure, that numerous variations upon the invention are now enabled to
      those skilled in the art, which variations yet reside within the scope of
      the instant teaching. Accordingly, the invention is to be broadly
      construed, and limited only by the scope and spirit of the claims now
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process of machine soldering a workpiece by application thereto
      of liquid solder from a molten reservoir; the improvement wherein:
PA1  said solder is an alloy consisting essentially of from about 50 to 57.5% by
      weight tin, from about 1.5 to 4% by weight antimony, and the balance being
      substantially lead.
NUM  2.
PAR  2. A process in accordance with claim 1, wherein the compositional range of
      said alloy is such as to further characterize said alloy as displaying a
      solidus-to-liquidus temperature range no greater than that of a 60/40
      weight ratio tin/lead solder.
NUM  3.
PAR  3. A process in accordance with claim 1, wherein said alloy consists
      essentially of from about 51 to 54% by weight tin, from about 2 to 3.5% by
      weight antimony, and the balanace being substantially lead.
NUM  4.
PAR  4. A process in accordance with claim 1, wherein said alloy by weight
      consists essentially of approximately 55% tin, 2.55% antimony, and 42.23%
      lead.
NUM  5.
PAR  5. A process in accordance with claim 1, wherein said alloy by weight
      consists essentially of approximately 52% tin, 3% antimony, and 45% lead.
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PAL  A partition divider is formed from a cut and scored blank of flat sheet
      material such as paperboard or the like and comprises a flat blank having
      at least one partition divider erectable from the plane of the blank. The
      divider is comprised of a partition member and a partition position
      maintaining member defined by cut lines and a common, continuous hinge
      line in the material of the flat blank. The partition member is rotatable
      out of the plane of the blank along the hinge line through an angle of 90%
      approximately to an erected position, and the partition position
      maintaining member is rotatable independently of the partition member in
      the same direction out of the plane of the blank along the common hinge
      line through an angle of approximately 180.degree. and into an opening
      resulting from the rotation of the partition member thereby maintaining
      the erected position of the partition member.
PARN
PAR  This application is a continuation-in-part of my co-pending patent
      application, Ser. No. 354,922, filed Apr. 27, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention herein relates generally to that class of structures employed
      in the packaging of discrete articles of merchandise to maintain them in a
      separated state.
PAR  2. The Prior Art
PAR  The prior art is best exemplified in the following patents:
TBL  Levigton   1,464,182   Aug. 7,1923   229/15                               
     Powell     2,314,896   March 30, 1943                                     
                                          229/28                               
     Van Sickels                                                               
                2,329,866   Sept. 21, 1943                                     
                                          229/27                               
     Roche      2,857,089   Oct. 21, 1958 229/28                               
     Graser     3,352,473   Nov. 14,1967  229/15                               
     Griffith   3,394,860   July 30, 1968 229/15                               
PAR  The patents listed foregoing are characterized in that a partition or
      separating member is folded out of the plane of the board material in
      which it is formed, but none of the structures shown in said patents
      teaches the provision of structure maintaining the partition member in the
      erected position.
PAR  The structure disclosed herein, on the other hand, teaches the folding of a
      partition member out of the plane of the board material, the partition
      member being maintained in position by a second member foldable out of the
      plane of the board material in the same direction and back into the plane
      of board and through an angle of approximately 180.degree..
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a plan view of a cut and scored blank for forming a partition
      divider incorporating the teachings according to the present invention;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1 looking in
      the direction of the arrows; and
PAR  FIG. 3 is an isometric view showing the divider according to the present
      invention in situ within a conventional shipping container.
DETD
PAR  The improved partition divider according to the present invention is
      referred to generally by the reference numeral 10 and is formed from a cut
      and scored blank 10A of paperboard or the like. The latter has at least
      one partition divider indicated by the reference numeral 11 formed
      therein, and each such partition divider 11 comprises a partition member
      12 defined by a first cut line 13, laterally spaced second cut lines 13A
      extending normally to said first cut line, and by a continuous hinge line
      14.
PAR  A partition position maintaining member indicated generally by the
      reference numeral 16 is partly defined by a first cut line 17 spaced from
      and parallel to the continuous hinge line 14 and the cut line 13. The
      partition position maintaining members are each also defined by laterally
      spaced second cut lines 18 extending normally to first cut line 17 and
      terminating at the hinge line 14. The hinge line 14 is common to members
      12 and 16 and extends continuously between second cut lines 13A of each
      partition member.
PAR  Partition member 12 is rotatable out of the plane of the blank 10A along
      the hinge line 14 through an angle of approximately 90.degree. to an
      erected position. The partition position maintaining member 16 is
      rotatable in the same direction through an angle of approximately
      180.degree. leaving behind an opening O.sub.1 in the blank 10A and moving
      into an opening O.sub.2 remaining in the blank 10A resulting from the
      movement of the partition member 12 to the erected position seen in FIG.
      2.
PAR  Each of the partition members 12 has a semicircular opening 19 in the
      distal edge thereof whereby the member 12 may be rotated out of the plane
      of the blank 10A.
PAR  The partition divider 10 is shown in position in a conventional shipping
      container C, the erected partition members 12 serving to separate canned
      articles referred to by reference character CH. By reason of the
      elasticity of the material of the blank 10A and by reason of the rotation
      of the members 12 and 16 through the angles recited, each partition member
      can assume and maintain the erected position.
PAR  As seen in FIG. 3 the partition dividers 10 can be tiered, each divider
      maintaining separation between tiers of the articles CH within the
      container C.
PAR  The continuous hinge line 14 separates members 12 and 16 so that they can
      be rotated about the hinge line 14 independently of one another. The
      essence of the concept disclosed in this application deals with deliberate
      folding of member 16 through 180.degree. while member 12 is rotated only
      90.degree. so that the tension generated by that part of the hinge line
      across member 16 operates in a reverse direction from the tension on the
      remainder of the hinge line 14. The two tension forces tend to neutralize
      one another so that member 12 remains in the 90.degree. position instead
      of returning to its original plane.
CLMS
STM  I claim:
NUM  1.
PAR  1. A partition divider formed from a cut and scored blank of flat sheet
      material such as paperboard or the like comprising:
PA1  a. a flat blank;
PA1  b. at least one partition divider erectable from the plane of said blank
      comprised of:
PA1  c. a partition member and a partition position maintaining member defined
      by first cut lines and laterally spaced second cut lines normal to said
      first cut lines;
PA1  d. said partition member and said partition position maintaining member
      being further defined by a common hinge line formed in the material of the
      blank and extending continuously between said laterally spaced second cut
      lines;
PA1  e. said partition member being rotatable independently of said partition
      position maintaining member about said common hinge line out of the plane
      of said blank through an angle of approximately 90.degree. to an erected
      position;
PA1  f. said partition position maintaining member being rotatable independently
      of said partition member about said common hinge line in the same
      direction through an angle of approximately 180.degree. and into the
      opening resulting from the rotation of said partition member to maintain
      the erected position of said partition member.
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ABST
PAL  A paperboard, bulk bin for heavy, palletized loads of meat and the like,
      which includes:
PAL  A side wall that is formed by a plurality of alternating, foldably
      connected, substantially rectangular, upstanding side panels and corner
      panels; each of the side panels having a horizontally disposed,
      substantially rectangular flap, foldably connected to its bottom edge;
      each of the corner panels having a horizontally disposed, four sided,
      tapered flap foldably connected to its bottom edge; and each of the
      tapered flaps and rectangular flaps being foldably connected to a
      triangular gusset panel, horizontally disposed between them; and
PAL  A bottom wall that is formed by a substantially flat, horizontally disposed
      panel insert having a perimeter corresponding to the bottom edges of the
      side panels and corner panels and overlying the tapered flaps, rectangular
      flaps and gusset panels;
PAL  The angle in each gusset panel which is included between the rectangular
      flaps and the tapered flaps being equal to 180.degree. divided by the
      number of triangular gusset panels; and
PAL  The edge of each of the tapered flaps connected to the corner panels being
      equal to or greater than twice the width of the rectangular flaps times
      the cosine of [90.degree. minus twice the angle in the triangular gusset
      panels included between the rectangular and tapered flaps].
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a paperboard, bulk bin for relatively heavy
      quantities, on the order of about 2,000 pounds, of cut-up meat and the
      like. This invention is particularly concerned with a bin for relatively
      heavy, palletized loads which are to be moved from place to place. This
      invention is also particularly concerned with a bin which has a flat
      bottom and which will not be prone to tip-over or break-apart when the
      relatively heavy, palletized load is in motion or is brought to a sudden
      stop. This invention is quite particularly concerned with bins for use in
      centralized meat-cutting operations.
PAR  Paperboard bins for relatively small quantities of materials are well known
      in the art. See, for example, U.S. Pat. Nos. 1,397,756, 1,904,365,
      2,085,239, 2,091,291, 2,459,727, 2,459,728, 2,687,070, 3,000,496,
      3,253,767, and 3,526,352. Often, such bins have been formed with a side
      seamed, upstanding side wall and a bottom which includes a plurality of
      interfolded flaps, connected to the side wall. See, for example, U.S. Pat.
      Nos. 1,397,756, 1,904,365 and 2,687,070. However, such bins have been
      entirely inappropriate for relatively heavy loads. This has been due to
      the fact that the cuts provided in the bins, between flaps in the bottom
      construction, have provided sites where the bins have been prone to tear
      and break under the weight of heavy loads of material. Often, such bins
      also have been provided with recessed bottoms. See, for example, U.S. Pat.
      Nos. 2,091,291, 2,459,727, 2,459,728, and 3,000,496. However, such bins
      also have been completely unsatisfactory for use with relatively heavy
      loads. This has been so because the bottom constructions have invariably
      collapsed under the weight of heavy loads in the bins, causing the bins to
      tip-over and break.
PAR  There has been an unfilled need therefore for a paperboard, bulk bin for
      relatively heavy quantities of materials. This need has been especially
      acute in centralized meat-cutting operations.
PAR  Centralized meat-cutting operations, involving the mechanized cutting-up,
      packaging and shipping of large quantities of fresh meat, have required a
      heavy duty, bulk bin that can be easily formed, filled and moved from
      place to place to pallets. In order to be satisfactory for use in a
      centralized meat-cutting operation, the bin has had to be designed to hold
      relatively large quantities of meat, on the order of about 2,000 pounds.
      The bin also has had to be rugged enough to withstand abuse during the
      handling and moving of such bins from place to place on pallets in the
      centralized meat-cutting operation. The bin further has had to be adapted
      to being quickly and easily set-up, preferably by a single workman, at the
      site of the centralized meat-cutting operation from a folded, tubular
      blank.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a paperboard, bulk bin is provided which
      comprises:
PAR  a side wall formed from a plurality of alternating, foldably connected,
      substantially rectangular, upstanding side panels and corner panels; each
      of said side panels having a horizontally disposed, substantially
      rectangular flap, foldably connected to the bottom edge thereof; each of
      said corner panels having a horizontally disposed, four-sided, tapered
      flap foldably connected to the bottom edge thereof; and each of said
      tapered flaps and said rectangular flaps being foldably connected to a
      triangular gusset panel, horizontally disposed between them; and
PAR  a bottom wall formed from a substantially flat, horizontally disposed panel
      insert having a perimeter corresponding to the bottom edges of said side
      and corner panels and overlying said rectangular and tapered flaps and
      said gusset panels;
PAR  the included angle in each of said gusset panels between said rectangular
      flaps and said tapered flaps being equal to about 180.degree. divided by
      the number of triangular gusset panels; and
PAR  the edge of each of said tapered flaps connected to said corner panels
      being equal to or greater in length than twice the width of said
      rectangular flaps times the cosine of [90.degree. minus twice the included
      angle in said triangular gusset panels between said rectangular and
      tapered flaps].
PAR  In accordance with another aspect of this invention, a paperboard blank is
      provided which can be formed into the side wall of the bulk bin, having: a
      plurality of alternating side panels and corner panels; rectangular flaps
      and four-sided tapered flaps connected to the side and corner panels
      respectively; and triangular gusset panels connected to the flaps.
PAR  By the improved constructions for a bin and for a blank for the side wall
      of the bin of this invention, a bulk bin for relatively heavy loads of
      meat and the like is provided which is strong, which has a flat bottom and
      can stand stably on a moving pallet without tipping-over or bursting, and
      which can also be easily and rapidly assembled by a single workman for use
      in a centralized, meat-cutting operation.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a paperboard blank which can be formed into the
      side wall of the bulk bin of this invention.
PAR  FIG. 2 is a plan view of a paperboard blank which can be formed into the
      bottom wall of the bulk bin of this invention.
PAR  FIG. 3 is a perspective view of a cylinder formed by side seaming the blank
      of FIG. 1.
PAR  FIG. 4 is a perspective view of the cylinder of FIG. 3 in which the flaps,
      provided along an edge of the cylinder, have been urged somewhat inwardly
      of the cylinder.
PAR  FIG. 5 is a perspective view of the cylinder of FIGS. 3 and 4, in which the
      flaps, provided along an edge of the cylinder, have been urged inwardly of
      the cylinder so that the free edges thereof are positioned interiorly of
      the cylinder.
PAR  FIG. 6 is a fragmentary, sectional view taken along line 6--6 in FIG. 5.
PAR  FIG. 7 is a fragmentary, sectional view, taken along line 7--7 in FIG. 5,
      after the cylinder of FIG. 5 has been turned-over and the bottom wall,
      formed from the blank of FIG. 2, has been horizontally disposed in the
      cylinder of FIG. 5, on top of the inwardly positioned flaps.
PAR  FIG. 8 is a fragmentary, plan view of the exterior of the bottom of the
      bulk bin, after the bottom wall has been urged downwardly, from its
      position in FIG. 7, so that the flaps are horizontally disposed beneath
      the bottom wall.
PAR  FIG. 9 is a fragmentary, sectional view taken along line 9--9 in FIG. 8,
      showing the bottom wall of the bulk bin on top of the horizontally
      disposed flaps, connected to the side wall of the bulk bin.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Shown in FIG. 1 is a paperboard blank, generally 10, which can be formed
      into the side wall of the bulk bin of this invention. The side wall blank
      10 includes a plurality of alternating, substantially rectangular, side
      panels 11 and corner panels 12 and a plurality of scored, fold lines,
      generally 13. The side panels 11 and corner panels 12 are foldably
      connected along a plurality of the fold lines 13 between the side and
      corner panels 11 and 12. Foldably connected to one edge of each of the
      side panels 11 is a substantially rectangular flap 14, and foldably
      connected to one edge of each corner panel 12 is a four-sided, tapered
      flap 15. The rectangular flaps 14 and tapered flaps 15 are foldably
      connected to their respective side panels 11 and corner panels 12 along a
      single, scored, fold line 13a.
PAR  For purposes of this Description, the edge of each panel 11 and 12, along
      fold line 13a, will be considered as the widthwise edge thereof, and the
      edge of each flap 14 and 15, along fold line 13a, will be considered as
      the lengthwise edge thereof. Hence, in the side wall blank 10, the width
      of each side panel 11 equals the length of each rectangular flap 14, and
      the width of each corner panels 12 equals the length of each tapered flap
      15.
PAR  The rectangular flaps 14 and tapered flaps 15 are also foldably connected
      to triangular gusset panels 16. Each of the rectangular flaps 14 is
      connected to a triangular gusset panel 16 along a scored, fold line 13b,
      which defines the width of the rectangular flap 14. Likewise, each of the
      tapered flaps 15 is foldably connected to a triangular gusset panel 16
      along an angled, scored, fold line 13c. The fold lines 13b and 13c of each
      triangular gusset panel 16 intersect at a point, along fold line 13a,
      where the fold lines 13, separating the side panels 11 and corner panels
      12, intersect fold line 13a.
PAR  The side wall blank 10 can, if desired, also be provided with an adhesive
      pattern 17 on one or more surface portions thereof, adjacent a width-wise
      edge 10a thereof. The adhesive pattern 17 can be provided on either a side
      panel 11 and rectangular flap 14 or on a corner panel 12 and tapered flap
      15. As shown in FIG. 1, the edge portion of the side wall blank 10
      containing the adhesive pattern 17 is an edge portion of half of a side
      panel 11 and of half of a rectangular flap 14. The half 11a of the halved
      side panel 11 and the half 14a of the halved rectangular flap 14,
      containing the adhesive pattern 17, are located at one end of the blank
      10, adjacent blank edge 10a. The other half 11b of the halved side panel
      11 and the other half 14b of the halved rectangular flap 14 are located
      adjacent the opposite, widthwise edge 10b of the side wall blank 10. When
      the adhesive pattern 17 on one end of the side wall blank 10 is attached
      to the other end of the blank 10, a full-sized, side panel 11 and
      rectangular flap 14 are obtained having a double thickness where the two
      half side panels 11a and 11b and the two half rectangular flaps 14a and
      14b overlap.
PAR  Shown in FIG. 2 is a blank, generally 18, which can be formed into the
      bottom wall of the bulk bin of this invention. The bottom wall blank 18
      includes a plurality of scored, fold lines 19, which define a central,
      bottom panel 20 and a plurality of triangular corner panels 21.
PAR  The bottom panel 20 has a predetermined shape and size, adapted to act in
      cooperation with the side and corner panels 11 and 12 of the side wall
      blank 10, in the bulk bin of this invention. For this purpose, in the
      bottom wall blank 18, the fold lines 19 have a length about equal to the
      width of the corner panels 12, as measured along fold line 13a. Also for
      this purpose, the edges 22 of the bottom panel 20, which lie between the
      fold lines 19 in the bottom wall blank 18, have a length about equal to
      the width of the side panels 11, as measured along fold line 13a. On the
      other hand, if desired, the same purpose can be served by having the fold
      lines 19 with the same length as the width of the side panels 11 and the
      edges 22 with the same length as the width of the corner panels 12. In any
      case, it is considered that the compatibility of the shape of the central
      panel 20 with the widths of the panels 11 and 12 is critical in the bulk
      bin of this invention. However, neither the shape nor the inclusion of the
      triangular corner panels 21 is considered an essential part of the bulk
      bin of this invention.
PAR  The side wall blank 10 and bottom wall blank 18 can be formed of any
      paperboard material conventionally utilized in bulk bins. The selection of
      a particular thickness and weight of paperboard material for a bulk bin
      will depend upon the weight and quantity of material to be held in the
      bulk bin. For loads of cut-up meat and the like weighing about 2,000
      pounds, it is preferred that the blanks 10 and 18 be formed from a single
      wall, corrugated board, such as a board having a thickness of about 0.177
      inches and a weight of about 210 lbs./1000 sq. ft., or a double wall,
      corrugated board, such as a board having a thickness of about 0.325 inches
      and a weight of about 240 lbs./1000 sq. ft. The particularly preferred
      paperboard materials for the blanks 10 and 18 are the double wall,
      corrugated boards. If desired, one or both surfaces of the blanks 10 and
      18 can be coated with a film of a barrier material, such as a moisture
      barrier material. Among the barrier materials which can be suitably
      utilized are the polyolefins, such as polyethylene and polypropylene, and
      saran. Preferably, the paperboard material utilized in the blanks 10 and
      18 is a water resistant material, and no additional barrier material is
      utilized on its surface.
PAR  In the side wall blank 10, shown in FIG. 1, certain proportions of its
      members are considered critical to assure that the resulting bulk bin will
      stand stably on a pallet, when filled with about 2,000 pounds of meat and
      the like, and to assure that the bulk bin and its flaps and panels will
      not be damaged during use of the loaded bin. In this regard, it is
      considered necessary that the rectangular flaps 14, tapered flaps 15 and
      triangular gusset panels 16 be so proportioned that they can be properly
      disdisposed, relative to each other, perpendicular to the side panels 11
      and corner panels 12 and substantially horizontal in the bulk bin formed
      from the side wall blank 10. For this purpose, it is believed essential
      that: the included angle in each triangular gusset panel 16, between the
      rectangular flaps 14 and tapered flaps 15, i.e., between fold lines 13b
      and 13c, be equal to about 180.degree. divided by the number of triangular
      gusset panels 16 in the side wall blank 10; and that the length of each
      tapered flap 15, as measured along fold line 13a, be equal to or greater
      than twice the width of the rectangular flaps 14, as measured along fold
      line 13b, times the cosine of [90.degree. minus twice the angle in the
      triangular gusset panels 16 included between the rectangular flaps 14 and
      tapered flaps 15, i.e., 90.degree. minus twice the angle between fold
      lines 13b and 13c]. When these conditions are met in the side wall blank
      10, the resulting bulk bin can be used as intended. As placed on a pallet
      and filled, the bulk bin stands on its horizontally disposed flaps 14 and
      15, without danger of its tipping-over or bursting during movement of the
      pallet. Also, its side panels 11, corner panels 12, flaps 14 and 15 and
      gusset panels 16 do not tend to become weakened, in use, by being crimped
      or bent.
PAR  The side wall blank 10 in FIG. 1 is shown as having four side panels 11,
      four corner panels 12, four rectangular flaps 14, four tapered flaps 15
      and eight gusset panels 16. The included angle in each gusset panel 16,
      between the flaps 14 and 15, is about 180.degree./8 or about
      221/2.degree.. The corresponding bottom wall blank 18 is shown in FIG. 2,
      having an eight sided, bottom panel 20 defined by four fold lines 19 and
      four edges 22. However, the blanks 10 and 18 for forming a bulk bin in
      accordance with this invention are not limited to this particular
      configuration. In fact, the side wall blank 10 can, if desired, suitably
      include from 4 to 12, preferably 6 to 8, alternating side and corner
      panels 11 and 12 and a corresponding number of flaps 14 and 15 and gusset
      panels 16, and the bottom wall blank 18 can suitably include a bottom
      panel 20 of 4 to 12 sides. Likewise, in the side wall blank 10 of FIG. 1,
      the side panels 11 are shown as substantially wider than the corner panels
      12, and correspondingly, in the bottom wall blank 18, the bottom panel
      edges 22 are substantially longer than the fold lines 19. However, such
      proportions also are not required in the blanks 10 and 18 in accordance
      with this invention. On the other hand, the eight panels 11 and 12 and
      corresponding flaps 14 and 15 and gusset panels 16 of the side wall blank
      10 of FIG. 1 and the corresponding eight sides of the bottom panel 20 in
      the bottom wall blank 18 of FIG. 2, wherein the side panels 11 are
      substantially wider than the corner panels 12 and, correspondingly, the
      bottom panel edges 22 are longer than the fold lines 19, provide, in
      combination, a preferred, bulk bin, having a substantially square shape
      which is adapted to occupy the minimum amount of space on a pallet.
PAR  Shown in FIG. 3 is a tubular blank or cylinder, generally 23, formed by
      side seaming the side wall blank 10 along its widthwise edges 10a and 10b.
      The side and corner panels of the cylinder 23 form the side wall of the
      bulk bin of this invention. As seen in FIG. 3, the cylinder 23 is formed
      by bonding the two side panel halves 11a and 11b and the two rectangular
      flap halves 14a and 14b, adjacent the widthwise edges 10a and 10b of the
      side wall blank 10. For this purpose, the adhesive pattern 17 on the side
      wall blank 10, adjacent its first widthwise edge 10a, is bonded to the
      portion of the side wall blank 10 adjacent its opposite widthwise edge
      10b. Preferably, the two side panel halves 11a and 11b and the two
      rectangular flap halves 14a and 14b, adjacent the widthwise edges 10a and
      10b of the side wall blank 10, are stapled together, either with or
      without the use of the adhesive pattern 17. The use of staples in side
      seaming the blank 10 assures a strong bond between the opposite, widthwise
      edges of the blank 10. For this purpose, any conventional, strong staples
      can be utilized. It is especially preferred that the edges 10a and 10b of
      the blank 10 be adhered with both staples for strength and an adhesive
      pattern 17 for added strength and for sealant purposes.
PAR  Shown in FIG. 4 is an intermediate step in forming the bulk bin of this
      invention from the cylinder 23. The flaps 14 and 15 and the triangular
      gusset panels 16 have been partially folded about the fold line 13a, which
      separates the flaps 14 and 15 from the side panels 11 and corner panels
      12. In accordance with this invention, it has been found that the bulk bin
      of this invention can be expeditiously formed by one workman, merely by
      placing the cylinder 23 on the floor with its flaps 14 and 15 facing
      upward, as shown in FIG. 3, and urging the tapered flaps 15 inwardly and
      downwardly of the cylinder 23. Urging the tapered flaps 15 inwardly and
      downwardly of the cylinder 23 results in the tapered flaps 15 and
      rectangular flaps 14 being folded about the fold line 13a. Urging the
      tapered flaps 15 inwardly and downwardly of the cylinder 23 also causes
      the triangular gusset panels 16 to fold about the fold lines 13b and 13c
      separating the gusset panels from the rectangular flaps 14 and tapered
      flaps 15.
PAR  When all of the tapered flaps 15 have been urged inwardly and downwardly of
      the cylinder 23, past the plane formed by the fold line 13a, each
      rectangular flap 14, tapered flap 15 and triangular gusset panel 16 is
      surrounded by the side panels 11 and corner panels 12, and the free edges
      of the flaps 14 and 15 and gusset panels 16 are positioned interiorly of
      the cylinder 23. This position of the flaps and gusset panels is shown in
      FIGS. 5 and 6. The flaps and gusset panels, once urged past the plane
      formed by fold line 13a, stay within the cylinder 23. They do not tend to
      spring out of the cylinder 23, but, rather, they tend to remain in place
      and to provide a somewhat rigid perimeter for the cylinder 23 along fold
      line 13a. Because the flaps and gusset panels tend to stay inwardly of the
      cylinder, a workman can easily turn over the resulting cylinder 23 of
      FIGS. 5 and 6, so that the fold line 13a rests on the floor and the flaps
      14 and 15 and gusset panels 16 extend upwardly into the cylinder 23.
PAR  That the flaps 14 and 15 and gusset panels 16 maintain their position
      inwardly of the cylinder 23, once pushed past the plane formed by fold
      line 13a, is a significant feature of this invention. It enables a single
      individual to form the side wall portion of the bulk bin of this invention
      merely by pressing the tapered flaps 15 inwardly of the cylinder until
      they pop into position, interiorly of the cylinder 23. That the resulting
      cylinder has a somewhat rigid perimeter is also quite advantageous in
      allowing one workman to turn the cylinder 23 over to receive the bottom
      wall blank 18, of FIG. 2, as an insert. Because the rectangular flaps 14,
      tapered flaps 15 and gusset panels 16 stay interiorly of the cylinder 23,
      once urged inwardly of the cylinder 23, to maintain a rigid perimeter for
      the cylinder 23, one workman can turn the bin over and insert the bottom
      wall blank 18 through the open end 24 of the cylinder 23 without fear of
      the cylinder 23 collapsing along the fold lines 13.
PAR  As shown in FIG. 7, a bottom wall insert 25, formed from the bottom wall
      blank 18 of FIG. 2, is inserted in the cylinder 23 of FIGS. 5 and 6 on top
      of the flaps 14 and 15 and gusset panels 16. The bottom wall insert 25 is
      formed merely by folding all the triangular corner panels 21 along the
      fold lines 19 in the bottom wall blank 18. After being formed from the
      blank 18, the bottom wall insert 25 is placed into the open mouth 24 of
      the cylinder 23. The bottom panel 20 of the bottom wall insert 25 forms
      the bottom wall of the bulk bin of this invention.
PAR  As also seen in FIG. 7, as positioned inside the cylinder 23, the bottom
      panel 20 of the bottom wall insert 25 is horizontally disposed on top of
      the rectangular flaps 14, tapered flaps 15 and triangular gusset panels
      16, connected to the side and corner panels 11 and 12 of the cylinder 23.
      The flaps and gusset panels 14, 15 and 16 are upwardly disposed in the
      cylinder 23, beneath the bottom wall insert 25. The triangular corner
      panels 21 of the bottom wall insert 25 preferably are disposed
      perpendicularly upward relative to the bottom panel 20 and adjacent to the
      corner panels 12. The scored, fold lines 19 of the bottom wall insert 25,
      as positioned in the cylinder 23, abut the corner panels 12 of the
      cylinder 23.
PAR  As shown in FIGS. 8 and 9, the bottom wall insert 25 and the bottom panel
      20 have been urged downwardly in the cylinder 23 from their position in
      FIG. 7, to form the bulk bin construction, generally 26, of this
      invention. In the bulk bin 26, all of the rectangular flaps 14, tapered
      flaps 15 and gusset panels 16 of the cylinder 23 are horizontally
      disposed, beneath the bottom panel 20. Each triangular gusset panel 16 is
      disposed between an adjacent rectangular flap 14 and an adjacent tapered
      flap 15, preferably above the rectangular flap 14 and beneath the tapered
      flap 15. After all of the flaps and gusset panels 14, 15 and 16 of the
      cylinder 23 and the bottom panel 20 of the bottom wall insert 25 have been
      urged downwardly, into a horizontal position, as by pushing down upon the
      bottom wall insert 25 or by commencing the filling of the bulk bin, the
      bulk bin 26 of this invention is formed and ready to hold relatively heavy
      quantities of meat and the like on a pallet.
PAR  As seen in FIG. 9, in the bulk bin 26 of this invention, the triangular
      corner panels 21 of the bottom wall insert 25 preferably are located
      against the corner panels 12 of the cylinder 23. As also seen in FIG. 9,
      the plurality of fold lines 19 in the bottom wall insert 25 preferably
      abut against the corner panels 12, adjacent the fold line 13a. As further
      seen in FIG. 9, the flaps 14 and 15 and gusset panels 16 of the cylinder
      23 are preferably horizontally disposed and pressed together by the bottom
      panel 20 of the bottom wall insert 25, and the edges 22 of the bottom
      panel 20 of the bottom wall insert 25 preferably abut against the side
      panels 11, adjacent the fold line 13a, of the cylinder 23. As still
      further seen in FIG. 10, fold line 13a and rectangular flaps 14 lie
      substantially within the same, horizontal plane, which constitutes the
      bottom of the bulk bin 26.
PAR  In combination, the elements of the cylinder 23 and bottom wall insert 25,
      as shown in FIG. 9, provide a substantially flat-bottomed, stable, bulk
      bin 26 for relatively heavy loads of meat and the like. The bulk bin 26
      stands, without tipping-over or bursting, when being loaded with large
      quantities of meat or when filled and moved on a pallet. Also, because of
      the intimate, abutting relationship between the elements of the bottom
      wall insert 25 and the cylinder 23, moisture and fluids, which may leak
      from the meat, will tend to stay in the bulk bin.
PAR  The bulk bin 26 in accordance with this invention can be disposed of, after
      use, or can be expeditiously taken apart for subsequent reuse. The design
      of this bulk bin is such that, generally, it is not significantly damaged
      or weakened during assembly or use. For this reason, it can be suitably
      reused many times.
PAR  As set forth above, the preferred bulk bin construction 26 in accordance
      with this invention includes four side panels 11 and four corner panels 12
      in the cylinder 23 and four, corresponding, triangular corner panels 21
      and four edges 22, between the scored, fold lines 19, in the bottom wall
      insert 25. It is also preferred that the panels in the cylinder 23,
      designated as side panels 11, be wider than the panels in the cylinder 23
      designated as corner panels 12. However, in accordance with this
      application, it is not necessary that four side panels and four corner
      panels be utilized or that the side panels be wider than the corner
      panels. In fact, the relative dimensions and number of elements of the
      side wall blank 10 and bottom wall blank 18 can be varied within wide
      limits to provide the bulk bin construction 26 of this invention which can
      stably hold large quantities of meat and the like, which is designed so
      that the paperboard elements thereof are not unduly weakened or abused
      during use of the bulk bin construction and which can be easily and
      quickly assembled by a single workman.
PAR  It is thought that the invention and many of its attendant advantages will
      be understood from the foregoing description and it will be apparent that
      various changes may be made in the form, construction and arrangement of
      the parts without departing from the spirit and scope of the invention or
      sacrificing all of its material advantages, the form hereinbefore
      described being merely a preferred embodiment thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paperboard bulk bin, comprising:
PA1  a side wall formed from a plurality of alternating, foldably connected,
      substantially rectangular, upstanding side panels and corner panels; each
      of said side panels having a horizontally disposed, substantially
      rectangular flap, foldably connected to the bottom edge thereof; each of
      said corner panels having a horizontally disposed, four-sided, tapered
      flap foldably connected to the bottom edge thereof; and each of said
      tapered flaps and said rectangular flaps being foldably connected to a
      triangular gusset panel, horizontally disposed between them; and
PA1  a bottom wall formed from a substantially flat, horizontally disposed panel
      insert having a perimeter corresponding to the bottom edges of said side
      and corner panels and overlying said rectangular and tapered flaps and
      said gusset panels;
PA1  the included angle in each of said gusset panels between said rectangular
      flaps and said tapered flaps being equal to about 180.degree. divided by
      the number of said gusset panels; and
PA1  the edge of each of said tapered flaps connected to said corner panels
      being equal to or greater in length than twice the width of said
      rectangular flaps times the cosine of [90.degree. minus twice the included
      angle in said gusset panels between said rectangular and tapered flaps].
NUM  2.
PAR  2. The bin of claim 1 which includes four side panels, four corner panels,
      four rectangular flaps, four tapered flaps and eight gusset panels; and
      the included angle in said gusset panels is about 221/2.degree..
NUM  3.
PAR  3. The bin of claim 1 wherein said bin is formed from a single wall or
      double wall, corrugated board.
NUM  4.
PAR  4. The bin of claim 1 wherein said side panels are substantially longer
      than said corner panels.
NUM  5.
PAR  5. The bin of claim 1 wherein said foldably connected side panels, corner
      panels, rectangular flaps, tapered flaps and gusset panels are connected
      along scored, fold lines.
NUM  6.
PAR  6. The bin of claim 1 wherein said bottom wall comprises: a central panel
      having a plurality of straight edge portions of alternating length, each
      edge portion having a length about equal to either the width of said side
      panels or said corner panels; and a triangular corner panel, connected to
      a straight edge portion of said central panel and disposed perpendicularly
      to said central panel.
NUM  7.
PAR  7. The bin of claim 6 wherein a plurality of triangular corner panels are
      connected to alternating, straight edge portions of said central panel.
NUM  8.
PAR  8. The bin of claim 7 wherein said triangular corner panels are located
      against said corner panels.
NUM  9.
PAR  9. The bin of claim 7 wherein said foldably connected triangular corner
      panels and straight edge portions of said central panel are connected
      along scored, fold lines and said foldably connected side panels, corner
      panels, rectangular flaps, tapered flaps and gusset panels are connected
      along scored, fold lines.
NUM  10.
PAR  10. A paperboard blank for a bulk bin, which comprises:
PA1  a plurality of alternating, foldably connected, substantially rectangular,
      side panels and corner panels; each of said side panels having a
      substantially rectangular flap, foldably connected to an edge thereof;
      each of said corner panels having a four-sided, tapered flap foldably
      connected to an edge thereof; and each of said tapered flaps and said
      rectangular flaps being foldably connected to a triangular gusset panel
      disposed between them;
PA1  the included angle in each of said gusset panels between said rectangular
      flaps and said tapered flaps being equal to about 180.degree. divided by
      the number of said gusset panels;
PA1  the edge of each of said tapered flaps connected to said corner panels
      being equal to or greater in length than twice the width of said
      rectangular flaps times the cosine of [90.degree. minus twice the included
      angle in said gusset panels between said rectangular and tapered flaps];
      and
PA1  said foldably connected side panels, corner panels, rectangular flaps,
      tapered flaps and gusset panels being connected along scored, fold lines.
NUM  11.
PAR  11. The blank of claim 10 which includes four side panels, four corner
      panels, four rectangular flaps, four tapered flaps and eight gusset
      panels, and the included angle in each gusset panel is about
      221/2.degree..
NUM  12.
PAR  12. A paperboard construction, comprising:
PA1  a cylinder formed from a plurality of alternating, foldably connected,
      substantially rectangular, upstanding side panels and corner panels; each
      of said side panels having a substantially rectangular flap foldably
      connected to the bottom edge thereof; each of said corner panels having a
      four-sided, tapered flap foldably connected to the bottom edge thereof;
      and each of said tapered flaps and said rectangular flaps being foldably
      connected to a triangular gusset panel, disposed between them;
PA1  said rectangular flaps, tapered flaps and gusset panels being positioned
      interiorly of said cylinder;
PA1  the included angle in each of said gusset panels between said rectangular
      flaps and said tapered flaps being equal to about 180.degree. divided by
      the number of said gusset panels; and
PA1  the edge of each of said tapered flaps connected to said corner panels
      being equal to or greater in length than twice the width of said
      rectangular flaps times the cosine of [90.degree. minus twice the included
      angle in said gusset panels between said rectangular and tapered flaps].
NUM  13.
PAR  13. The construction of claim 12 wherein said rectangular flaps, tapered
      flaps and gusset panels are horizontally disposed.
NUM  14.
PAR  14. The construction of claim 12 wherein said foldably connected side
      panels, corner panels, rectangular flaps, tapered flaps and gusset panels
      are connected along scored, fold lines.
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ABST
PAL  A holder or the like for presenting an assemblage of items to be taken
      therefrom on a one-by-one basis including a foldable support sheet that
      can be attached to differently oriented surfaces. The sheet is composed of
      a lower main portion and an upper support portion including an attachment
      section and a connection section. Adhesive on the front surface of the
      attachment section and the rear surface of the connection section permits
      the connection section to be secured to the rear surface of the sheet and
      thus adapted for attachment to a forward-facing surface via the adhesive
      on said attachment section. The sheet can be folded differently and the
      holder attached to a pole or to a rearward-facing surface.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of United States Patent
      application Ser. No. 464,855, filed Apr. 29, 1974, entitled "Folders
      Having Foldable Support", which issued on May 5, 1975, as U.S. Pat. No.
      3,881,649.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to holders for dispensing sheetlike items and more
      particularly to improvements in holders of this type which facilitate
      mounting in several different ways. Few drugstores, grocery supermarkets
      and retail shops of this type in the United States do not contain various
      types of holders which display advertising material and the like at
      locations of convenience or of high traffic flow in order to catch the eye
      of the consumer. U.S. Pat. No. 2,755,576 is an example of one such
      advertising display device which carries a plurality of tear-off sheets in
      the form of a gummed pad attached to a backing sheet wherein the upper
      rear surface of the backing sheet is provided with a strip of
      pressure-sensitive adhesive designed to facilitate its mounting by
      pressing the adhesive-coated backing sheet against the front surface of
      the price channel of a supermarket shelf or the like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improved holder for an assemblage of sheetlike
      items which is capable of being mounted in several different positions.
      More particularly, a foldable holder is provided which is designed to fit
      about and connect to a vertical pole, as well as to a flat surface like a
      wall and/or to a rearward-facing surface, such as the rear side of a
      depending price channel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a holder embodying various features of the
      invention which carries a pad of advertising sheets;
PAR  FIG. 2 is a rear view of the holder shown in FIG. 1;
PAR  FIG. 3a is an enlarged side view showing the holder as it is being folded
      in preparation for attachment to a forward-facing surface;
PAR  FIG. 3b shows the holder folded and attached to a wall;
PAR  FIG. 4a is a side view, enlarged in size, showing the holder as it is being
      folded in preparation for attachment to a rearward facing surface;
PAR  FIG. 4b shows the holder attached to the rear surface of a price channel;
PAR  FIG. 5a is a perspective view showing the holder as it is being folded in
      preparation for attachment to a vertical pole;
PAR  FIG. 5b shows the holder disposed upon the pole, and
PAR  FIG. 5c is a side view showing the holder attached to the pole.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention provides a versatile holder 11, depicted in FIGS. 1 and 2,
      which is simple in construction but which is capable of supporting an
      assemblage of sheetlike items by attachment to a vertical pole, a wall, or
      the rear surface of a depending element, such as the price channel on a
      grocery supermarket shelf. The holder is considered to have substantial
      advantage in the distribution of advertising material of various types,
      particularly order blanks for special offers, coupons, partial price
      return offers, recipes, applications for credit cards or loans, which are
      desirably located in high customer traffic areas; however, the invention
      may also have application in providing convenient mounting of assemblages
      of more standard items, such as telephone return call slips, memo paper
      and the like, in locations where they will be conveniently available when
      repeatedly needed. The assemblage of items for distribution or for any use
      may be single sheets, folded sheets or even thin booklets. Moreover, the
      items may be attached to one another at their upper edges in the form of a
      commonly used gummed pad, or they may be held loosely within an open top
      tray or pocket (not shown) which the holder may provide.
PAR  The holder 11 is a generally planar foldable sheet made of a suitable
      weight fiberboard material, or the like, which includes a main portion 13
      and an upper support portion 15. In the illustrated embodiment, the main
      portion 13 includes an upper heading portion 17 and a lower portion 19 to
      which the pad of advertising sheets 21 is connected.
PAR  The illustrated assemblage of advertising display sheets 21 is held
      together by a suitable hot-melt padding adhesive 25 -- the sheets 21 being
      attached to a backing sheet 27 by the padding adhesive 25, and the backing
      sheet 27 being appropriately adhesively attached to the lower portion 19
      of the holder. However, it should be understood that the sheets 21 could
      be directly attached to the lower portion 19, and if desired, the portion
      19 could be longer so as to extend the full height of the sheets 21. As
      best seen in FIG. 2, the line of demarcation between the upper heading
      portion 17 and the lower portion 19 can be provided with perforations 29
      along a major central portion of its length so as to allow the holder to
      be folded substantially in half upon itself to facilitate easy packing for
      shipment.
PAR  The upper support portion 15 of the holder 11 is hinged to the main portion
      along a fold line 31 and includes an attachment section 33 which contains
      a generally centrally located aperture 37. The attachment section 33 is
      split in the middle by a parallel fold line 39 which intersects the
      aperture 37. A connection section 43 is hinged to the attachment section
      33 along a line 41 parallel to the lines 31 and 39, the relatively short
      central portion of which line constitutes a folding or hinge section which
      is flanked by a pair of slits or cuts 45 of substantially equal length.
      The flanking slits 45 and a pair of perpendicular fold lines 47 divide the
      connection section 43 into a main portion 43a and flanking tab portions
      43b.
PAR  As best seen perhaps in FIG. 3a, the region 49 of the attachment section 39
      which lies between the fold lines 31 and 39 carries a layer 51 of
      pressure-sensitive adhesive upon its front surface, which layer is covered
      by a release liner 53, which in the illustrated embodiment extends past
      the fold line 33 to facilitate easy removal. As best seen perhaps in FIGS.
      2 and 4a, the connection section 43 carries a layer 55 of
      pressure-sensitive adhesive upon its rear surface which is covered by
      release liner 57. Although the front surface of the region 49 and the rear
      surface of the section 43 are shown as being completely covered with
      pressure-sensitive adhesive, it should be understood that a lesser amount
      of the surface might be adhesively coated to achieve the desired
      objective.
PAR  FIGS. 3a and 3b illustrate the folding of the support portion 15 of the
      holder 11 in a manner to facilitate its attachment to a forward-facing
      surface, such as a wall 61 or the like. To achieve this configuration, the
      support portion 15 is first folded about the fold line 31 which defines
      the upper edge of the heading section 17, as depicted in FIG. 3a. The
      release liner 57 is removed to expose the pressure-sensitive adhesive 55
      which coats the rear surface of the connection section 43. When folding is
      complete, the adhesive 55 bonds the connection section 43 to the rear
      surface of the lower portion 19, thus locking the holder in the
      doubled-over configuration depicted in FIG. 3b. Removal of the release
      layer 53 then allows the holder 11 to be pressed against the vertical
      surface of a wall 61 or the like, where the pad of sheets 21 will be held
      in hanging relationship thereupon.
PAR  FIGS. 4a and 4b depict the folding of the support portion 15 of the holder
      11 in a manner to facilitate its attachment to the rear surface of the
      price channel 65 of a grocery supermarket shelf 63. The attachment section
      33 is folded rearward in half upon itself along the fold line 39. The
      release liner 57 is removed, and the adhesive-coated rear surface of the
      connection section 43 is pressed against the rear surface of the heading
      portion 17, effecting adhesive joinder thereto. With the holder thus
      locked in the doubled-over configuration depicted in FIG. 4b, the release
      liner 53 is removed, and the holder is installed below the supermarket
      shelf 63 by simply pressing the adhesive-coated front surface of the
      attachment section 33 against the rear surface of the price channel 65.
PAR  FIGS. 5a, 5b and 5c depict the mounting of the holder 11 to a vertical pole
      67 or the like. Although the aperture 37 is generally circular and
      accordingly designed to accommodate a pole 67 of circular cross section,
      the aperture 37 could be contoured to accommodate a pole of substantially
      any cross sectional shape. The initial folding is depicted in FIG. 5a
      where the support portion 15 is folded rearward about 90.degree. along the
      fold line 31, and the tab portions 43b of the connection section 43 are
      folded slightly downward along the perpendicular fold lines 47. The holder
      11 is then installed on a suitable pole 67 by inserting the pole through
      the aperture 37.
PAR  The release liner 57 is then removed from the connection section 43, and
      with the holder located at the desired vertical level on the pole 67, the
      adhesive-coated surface of the central connection section 43a is pressed
      into contact with the rear of the pole. Thereafter, the tab portions 43b
      are pressed into contact with the side surfaces of the pole 67 to locate
      them as depicted in FIG. 5c with their upper and lower edges horizontal.
      As a result of this disposition, the edges of the tabs 43b which are
      defined by the slits 45 provide a planar support for the underside of the
      attachment section 33, thus providing a squared appearance from the side
      and a firm support on the pole as a result of attachment in three
      different planes. In the pole support disposition illustrated in FIGs. 5a,
      5c, the adhesive coating on the attachment section 33 is not used and
      accordingly the release liner 53 is not removed.
PAR  The invention provides a holder of relatively simple design which can be
      shipped in substantially flat condition to users or to distribution
      points. Because of the versatility of its support arrangement, the holder
      can be employed without concern with regard to the type of shelves or
      display points available at its ultimate destination. Although some
      modifications have been mentioned throughout the specification, other
      modifications that would be obvious to one having the ordinary skill in
      this art should be understood as falling within the scope of the invention
      which is defined by the claims appended hereto. Various additional
      features of the invention are set forth in the claims that follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holder or the like for presenting an assemblage of items to be taken
      therefrom on a one-by-one basis, which holder comprises
PA1  a generally planar foldable support sheet having a plurality of parallel
      fold lines and first and second adhesive attachment means so disposed that
      said support sheet can be attached to differently oriented surfaces,
PA1  said support sheet comprising a lower main portion and an upper support
      portion including an attachment section and a connection section, all of
      which are defined by said fold lines, said main portion being located at
      one end of said sheet and being designed to carry the assemblage of items,
      said attachment section being hinged to said main portion and said
      connection section being located adjacent the other end of said sheet,
PA1  said first and second adhesive attachment means being disposed,
      respectively, upon the front surface of said attachment section and upon
      the rear surface of said connection section
PA1  said sections being proportioned so that
PA2  by folding said attachment section rearward about 180.degree. and by
      connecting said connection section to one location on the rear surface of
      said sheet via said second adhesive attachment means, said holder is
      adapted for attachment to a forward-facing surface via said first adhesive
      attachment means, or alternatively
PA2  by folding said support portion rearward in a different orientation, said
      holder is adapted for attachment to a differently oriented surface.
NUM  2.
PAR  2. A holder in accordance with claim 1 wherein said attachment section
      contains an additional parallel fold line located generally medially
      therein so that, by folding said attachment section rearward upon itself
      about said additional fold line and by connecting said connection section
      to another location on the rear surface of said sheet, said holder is
      adapted for attachment via said first adhesive attachment means to a
      rearward-facing surface.
NUM  3.
PAR  3. A holder in accordance with claim 2 wherein said adhesive attachment
      means comprises pressuresensitive adhesive covered by a release liner.
NUM  4.
PAR  4. A holder in accordance with claim 1 wherein said attachment section is
      formed with an aperture proportioned to fit about a pole and wherein said
      connection section is partially severed from said attachment section along
      said parallel fold line a distance sufficient to produce a tab portion
      hinged to the remainder of said connection section, which tab is adapted
      for orientation generally transverse to said remainder of said connection
      section to which it is hinged and for attachment to a pole received in
      said aperture via said second adhesive attachment means.
NUM  5.
PAR  5. A holder in accordance with claim 4 wherein a pair of cuts are provided
      along said fold line between said attachment section and said connection
      section and extending inward from both ends to create
PA1  a pair of tab portions which are hinged to the remaining central portion
      along lines substantially perpendicular to said parallel fold lines, so
      that when said attachment section is bent rearward about 90.degree. and
      received upon a pole, said connection section is bent 90.degree. downward
      to a generally vertical orientation and said pair of tab portions are bent
      inward and attached to the pole via said second adhesive attachment means,
      the edges of said tab portions formed by said cuts engaging the
      undersurface of said attachment section.
NUM  6.
PAR  6. A holder in accordance with claim 5 wherein the ends of said tab
      portions are substantially perpendicular to said parallel fold lines and
      wherein said tab portions are of sufficient length so that said ends abut
      the rear surface of said main portion when the holder is attached to a
      pole.
NUM  7.
PAR  7. A holder or the like for presenting an assemblage of items to be taken
      therefrom on a one-by-one basis, which holder comprises
PA1  a generally planar foldable sheet having a plurality of parallel fold lines
      defining a main portion, an attachment section and a connection section
      which are serially connected to one another at said fold lines,
PA1  adhesive attachment means being disposed upon the rear surface of said
      connection section,
PA1  said attachment section being formed with an aperture proportioned to fit
      about a vertical pole and said connection section being severed from said
      attachment section along said parallel fold line a distance sufficient to
      produce a tab portion hinged to the remainder of said connection section
      which tab is adapted for orientation generally transverse to said
      remainder of said connection section to which it is hinged, whereby
      attachment to a pole received in said aperture is effected via said
      adhesive attachment means carried by said tab portion and by said
      remainder of said connection section.
NUM  8.
PAR  8. A holder in accordance with claim 7 wherein a pair of cuts are provided
      along said fold line between said attachment section and said connection
      section and extending inward from both ends to create a pair of tab
      portions which are hinged to the remaining central portion along lines
      substantially perpendicular to said parallel fold lines, so that when said
      attachment section is bent rearward 90.degree. and disposed about a pole,
      and when said connection section is bent 90.degree. downward to a vertical
      orientation and when said pair of tab portions are bent inward and
      attached to opposite-facing surface portions of the pole via said adhesive
      attachment means, the edges of said tab portions formed by said cuts
      engage the undersurface of said attachment section and provide square
      support therefor.
NUM  9.
PAR  9. A holder in accordance with claim 8 wherein the ends of said tab
      portions are substantially perpendicular to said parallel fold lines and
      wherein said tab portions are of sufficient length so that said ends abut
      the rear surface of said main portion when the holder is attached to a
      pole.
NUM  10.
PAR  10. A holder in accordance with claim 7 wherein additional adhesive
      attachment means is disposed upon the front surface of said attachment
      section and wherein by folding said attachment section rearward about
      180.degree. and by connecting said connection section to one location on
      the rear surface of said sheet via said adhesive attachment means on said
      connection section, said holder is adapted for attachment to a
      forward-facing surface via said additional adhesive attachment means.
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ABST
PAL  An improved package lock is disclosed that may be used in a folding carton
      package of the type having an inner and outer flap which are double locked
      together, that is with at least one primary lock utilized in combination
      with at least one secondary lock with the secondary lock functioning to
      keep the primary lock from disengaging. The subject invention comprises
      the inner flap having formed thereon a primary female lock adjacent to the
      edge of the inner flap and the inner flap also having formed adjacent and
      separate from the primary lock, a secondary male lock. The new and
      improved lock structure may be utilized for an end-loading type package
      and also for a wrap-around type package.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to article retaining packages and more
      specifically relates to a new and improved mechanical lock which may be
      utilized in various types of packages where a double lock feature is
      desired.
PAR  In recent years it has been customary to pack small, uniform articles such
      as cans, bottles or similar items in groups by arranging the articles in
      plural rows and end loading the articles in a preformed package of a sheet
      of packaging material such as paper, plastic or a composite of paper and
      plastic board. After the articles are end loaded in the preformed
      packages, the sides of the package are then held tightly closed by the use
      of at least one primary locking structure in combination with a secondary
      locking structure. An example of this type of package is shown in FIG. 1
      of the applicants' drawing and would be utilized for example, to package a
      plurality of 12 cans or bottles of a soft drink or some other beverage.
PAR  In recent years it has also been customary to package small, uniform
      articles such as cans, bottles or similar items in groups by arranging the
      articles in single or plural rows and encircling a definite number of
      articles with a wrapper which is characterized by a sheet of packaging
      material such as paper, plastic or a composite of paper and plastic board.
      After the articles are thusly encircled, the ends of the package are held
      tightly together by means of a similar beforementioned combination of at
      least one primary lock structure with a secondary lock structure. An
      example of this type of package is shown in FIG. 2 of the drawing and may
      be utilized for packaging not only bottles but also cans of soft drinks or
      other beverages.
PAR  Group packaging of the latter type requires that the wrapper be drawn
      tightly about the articles because retention of the articles within the
      package is a function of how tautly they are wrapped in the package. Group
      packaging of the former type articles requires also that the wrapper be
      permanently locked in place by the use of the double lock to prevent the
      ends of the package from separating and resulting in a droppage of the
      articles from the carrier. It is important to be able to positively retain
      the cans or bottles in the package to prevent injury to the consumer in
      the event the cans or bottles should separate from the package due to a
      malfunction in the package lock.
PAR  In order to understand more fully the applicant's new and improved package
      lock there is shown in the drawings and in particular in FIGS. 10 and 11
      of the drawing a prior art type of package lock which will be described in
      some detail along with the structural locking steps involved in locking
      the package together in order to more fully understand the problems
      encountered in the utilization of a double lock. FIGS. 3-9 show in detail
      the locking sequence utilized for locking a double lock such as that shown
      in FIGS. 10 and 11 of the drawing and also would be the same sequence of
      locking steps that would be utilized in locking the applicant's new and
      improved package lock. This type of prior art double lock which has many
      variations, is also detailed along with the locking sequence in the U.S.
      Pat. No. 3,220,155, issued to E. C. Sherman on Nov. 30, 1965 and also in
      other U.S. patents issued and referred to in that patent.
PAR  By referring now to the prior art representation shown in FIGS. 10 and 11
      of the drawing there will be described more fully the prior art version of
      the double lock along with some of the problems encountered in the use of
      this type of double lock.
PAR  A double lock of the type herein referred to comprises an inner flap shown
      generally by the numeral 10 as well as an outer flap shown generally by
      the numeral 12, with the outer flap 12 being overlapped and positioned to
      the outside of the package and with the inner flap 10 being positioned
      inside the package. The outer flap 12 contains a plurality of primary male
      locking tabs 14 along with a plurality of secondary female locking
      openings 16. The inner flap 10 contains a plurality of secondary male
      locking tabs 18 which are hingedly formed on an elongated tab 20 and which
      form the primary female locking opening 22 whenever the elongated tab 20
      is hinged along scoreline 24 and is pivoted at an angle away from the
      plane of the inner flap 10.
PAR  Whenever the double carton lock shown in FIGS. 10 and 11 is locked in
      place, the primary male locking tabs 14 are positioned to be secured about
      the line surface 26 as will be more fully described hereinafter when
      referring to FIGS. 3-8 and the secondary male locking tabs 18 are
      positioned within the secondary female locking openings 16 after being
      bent about the scorelines 28. This beforedescribed locking, is also shown
      in the U.S. Pat. No. 3,098,583, issued to E. C. Sherman et al. on July 23,
      1963, and is shown in particular in FIGS. 3-6 of that patent.
PAR  It can be seen that problems present themselves in that the primary female
      locking opening 22 is totally dependent upon the position and the size of
      the secondary male locking tabs 18 resulting in limitations being placed
      on the designer in positioning his locking elements at a place of his own
      choosing. Because of the limitation placed upon the position and size of
      the primary female locking opening 22 in respect to the secondary male
      locking tabs 18, the spacing of the primary male locking tabs 14 in
      relation to the secondary female locking opening 16 is also controlled
      resulting in extremely small spaces within which to effect the lock which
      will now be described.
PAR  By referring to FIGS. 3-9 of the drawing there is shown the locking
      sequence in effecting the double lock hereinbefore described with FIG. 3
      showing the first step wherein the inner flap 10 is folded inwardly of the
      package and has its elongated tab 20 folded outwardly by means of a
      plurality of guide bars 30. At the same time the outer flap 12 is folded
      inwardly while having its primary male locking tabs 14 folded outwardly by
      means of a plurality of folding rails 32 and 34.
PAR  FIG. 4 depicts the next step in the folding sequence wherein the inner flap
      10 is folded inwardly at a much greater angle to be positioned inside the
      outer flap 12 while the primary male locking tab 14 is folded, by means of
      the folding rails 32 and 34, into a position prior to inserting it in the
      primary female locking opening 22. FIG. 5 shows the insertion of the
      primary male locking tabs 14 into the primary female locking opening 22
      after which the position of the primary male locking tab 14 is reversed
      and is repositioned to the position shown in FIG. 6. The reversal of
      primary male locking tab 14 is accomplished by means of the folding rail
      32 and 33 as shown in FIGS. 6 and 7 of the drawing.
PAR  Reference should be now made to FIGS. 7 and 8 of the drawing wherein the
      elongated tab 20 has been repositioned prior to the insertion of the
      secondary male locking tabs 18 in the secondary female locking openings 16
      which is shown in FIG. 8 of the drawing and which is accomplished by means
      of the folding rail 36 in combination with the block 38. The final step in
      the locking sequence is shown in FIG. 9 of the drawing where the block 38
      then is utilized to insert the secondary male locking tabs 18 into the
      secondary female locking openings 16.
PAR  From the review of the above folding and locking sequence, it can be seen
      that extremely tight conditions are encountered due to the placement of
      the various locking parts and their relationship to their mating locking
      openings. It has been found that it would be more advantageous to be able
      to construct the primary and female parts so that they would be separate
      from each other and not controlled by one or the other's position which
      would allow for greater freedom in bending and positioning the various
      primary and secondary male locking members in their mating primary and
      secondary female openings. It was found that it would also be advantageous
      to separate the various locking elements which would eliminate the problem
      of scrapping out of the area 40 (shown in FIG. 10 of the drawing) which
      also required the placing of nicks 42 and 44 to prevent dislodgement of
      the secondary male locking tabs 18 during the scrapping out procedure.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome the beforementioned problems and to provide an
      improved new and novel package lock there has been developed the improved
      locking structure of the subject invention which comprises forming the
      inner flap with a primary female lock adjacent to the edge of the inner
      flap and forming the secondary male lock adjacent and separate from the
      primary female lock. When thusly formed, the respective locking parts may
      be constructed of a predetermined size which is not controlled by another
      locking element of the complete lock structure.
PAR  Accordingly it is an object of the invention to separate the primary
      locking structure from the secondary locking structure in order to be able
      to make the primary locking structure longer to receive a larger primary
      locking tab without having to make the secondary locking tab larger.
PAR  Another object of the invention is to separate the primary lock from the
      secondary lock in order to be able to increase the distance between the
      respective locks and the point of entry of the secondary locking tab
      thereby reducing the angle of entry of the tab in effecting the carton
      lock.
PAR  Yet another object of the invention is to provide a primary female and male
      secondary locks which are separated to allow easier scrapping out of the
      primary female lock without having to disturb the secondary male lock.
PAR  Yet another object and advantage of the invention is to provide primary
      locks for a package which are totally independent of the secondary locks
      resulting in the use of larger and stronger locks on the package.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-2 show packages of the type utilizing the applicant's improved
      locking structure;
PAR  FIGS. 3-9 are sectional views showing the folding sequence of the prior art
      and the applicant's locking structure;
PAR  FIGS. 10-11 show prior art type locking structures;
PAR  FIGS. 12-13 show the applicant's new and improved locking structure;
PAR  FIG. 14 shows a production blank as used for packaging a plurality of
      twelve cans or bottles and showing the applicant's new and improved
      locking structure positioned thereon; and
PAR  FIG. 15 is a view of the production blank for the type of package that is
      generally referred to as a "wrap-around" package and showing the
      applicants' new and improved locking structure placed there upon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawing there is shown an end-filled type of
      package as beforementioned which is shown generally by the numeral 46 and
      which comprises a plurality of sides 48 and 50 as well as a top 52 and a
      bottom 54. The ends of the package comprise an inner flap 56 as well as an
      outer flap 58 on each end of the package. Holding these flaps together are
      a plurality of primary locks shown generally by the numeral 60 as well as
      a plurality of secondary locks shown generally by the numeral 62. The
      production blank for this type of package is shown more fully in FIG. 14
      of the drawing and will be described more fully hereinafter.
PAR  Referring now to FIG. 2 of the drawing there is shown the type of package
      often referred to as a "wrap-around" package and which is shown generally
      by the numeral 64 and comprises a top portion 66 having formed on each
      side thereof a plurality of sides 68 and 70 as well as a plurality of
      sides 72 and 74. The sides 72 and 74 have formed thereon at the lower
      portion thereof sides 76 and 78. The side 76 has formed thereon the inner
      flap 80 while the side 78 has formed thereon the outer flap 82. The
      locking of the inner flap 80 and the outer flap 82 together is
      accomplished by the beforementioned primary and secondary locks similar to
      the type shown locking the package in FIG. 1 but are not shown in the
      drawing FIG. 2. The production blank for this type of package is shown
      more fully in FIG. 15 of the drawing and will be described more fully
      hereinafter.
PAR  The locking of the package 46, end filled shown in FIG. 1, as well as the
      package 64, wrap around shown in FIG. 2, is accomplished by the same
      general method shown in the prior art FIGS. 3-9 of the drawings which is
      also the locking sequence which is utilized not only to lock together the
      prior art type lock shown in FIGS. 10 and 11 but the applicants' new and
      novel improved lock shown in FIGS. 12 and 13.
PAR  Referring now to FIG. 12 of the drawing there is shown the inner flap of
      the before described packages which would comprise the inner flap 56 for
      the package shown in FIG. 1 or the inner flap 80 for the package shown in
      FIG. 2. For the purpose of the remainder of this specification the inner
      flap 56 or the inner flap 80 will be collectively referred to as the inner
      flap numeral 84 which has formed thereon at least one primary female
      locking opening 86 as well as at least one secondary male locking tab 88.
      The primary female locking opening 86 is formed adjacent to the edge 90 of
      the inner flap 84 while the secondary male locking tab 88 is formed
      adjacent to but separate from the primary female locking opening 86. In
      the preferred embodiment shown, the separation, shown generally by the
      numeral 92, between the primary and the secondary locks is approximately
      one-eighth inch with the primary female locking opening 86 being formed as
      an elongated rectangular shaped opening having at least one straight edge
      portion 94 lying substantially parallel to the edge 90 of the inner flap
      84. The edge 96 of the primary female locking opening 86 opposite to the
      straight edge portion 94 is formed in a generally curved semi-circular
      configuration which allows an end portion, shown generally by the numeral
      97, to be sized approximately three-eighths inch. The three-eighths of an
      inch distance is shown by the arrow 98 and is the minimum distance needed
      to scrap out the material from the primary female locking opening 86.
PAR  By separating the male and female locks from each other as shown in FIG. 12
      of the drawing the primary female locking opening 86 is able to be formed
      of a predetermined length, shown generally by the numeral 100, which is
      longer than the length, shown generally by the numeral 102, of the
      secondary male locking tab 88 resulting in a much stronger lock for the
      package.
PAR  The secondary male locking tab 88 is formed as an elongated tab having a
      hinged semi-circular portion 105 formed on the end thereof by means of the
      die cuts 104, 107, 109, 111 and 113 and is hingedly fixed, by means of the
      cut and scoreline 106 to the remaining portion 108 of the secondary male
      locking tab 88. The remaining portion 108 is hingedly attached to the
      inner flap 84 by means of the cut and scoreline 115. It has been found
      preferable to design the subject lock so that the semi-circular
      configuration of the hinged semi-circular portion 105 of the secondary
      male locking tab 88 is substantially the same radius as the radius of the
      semi-circular configuration of the edge 96 on the primary female locking
      opening 86.
PAR  Referring now to FIG. 13 of the drawing there will be shown in detail the
      mating outer flap of the respective packages which, for the purposes of
      the remainder of this specification will be hereinafter referred to as the
      outer flap 110 but which is the same outer flap referred to as the outer
      flap 58 in the package shown in FIG. 1 and the outer flap 82 of the
      package shown in FIG. 2.
PAR  The outer flap 110 has formed thereon at least one flap 112 which is formed
      by means of the cut and scoreline 114, 116, and 118 as well as the die cut
      lines 120 and 122. The die cut lines 120 and 122 form the primary male
      locking tab 124 which is designed to be positioned within the primary
      female locking opening 86 shown in FIG. 12 and to mate thereof with the
      straight edge portion 94 of that opening as has been more fully described
      hereinbefore.
PAR  In the preferred embodiment shown in FIG. 13 the flap 112 may be formed as
      two flaps which are separated by the cut line 126 and have formed thereon
      the secondary female locking openings shown generally by the numeral 128.
      These secondary female locking openings 128 comprise a plurality of die
      cut lines 130, 132 and 134 as well as a plurality of die cut lines 136,
      138 and 140. When formed in this manner, the secondary female locking
      opening 128 is designed to receive the secondary male locking tab 88 with
      the hinged semi-circular portion 105 of the secondary male locking tab 88
      being inserted into the secondary female locking opening 128 formed by the
      die cut lines 130, 132 and 134. In forming the die cut lines 136, 138 and
      140 perpendicular to the die cut line 132, the area at the point of
      insertion of the secondary male locking tab 88 is weakened allowing the
      secondary male locking tab 88 easier entry into the secondary female
      locking opening 128. In addition the positioning of the cutline 130 and
      134 at a predetermined angle of approximately 160 degrees to the cut line
      132 serves the purpose of helping to retain the secondary male locking tab
      88 from being inadvertently released from the secondary female locking
      opening 128 after insertion of the tab in the secondary female locking
      opening 128. The predetermined angle is shown generally by the numeral 133
      in FIG. 13 of the drawing.
PAR  By virtue of fact that the primary female locking opening 86 has been
      separated from the secondary male locking tab 88, the primary male locking
      tab 124 may also then be separated at a predetermined distance from the
      secondary female locking opening 128. This separation is shown generally
      by the numeral 142 and results in more flexibility being built into the
      lock in that the heretofore tight tolerances built into the prior art lock
      shown in FIGS. 10 and 11 are not encountered in the applicant's new and
      novel lock shown in FIGS. 12 and 13.
PAR  Referring now to FIG. 14 of the drawing there is shown a production blank
      of the type of package shown in FIG. 1 of the drawing and comprises a
      centrally located bottom 54 having a pair of sides 48 and 50 hingedly
      attached thereto by means of the score lines 144 and 146. At least one of
      the sides 48 or 50 has formed thereon a top 52 by means of the scoreline
      148. In the preferred embodiment shown the side 50 has also formed thereon
      a top panel 150 by means of the scoreline 152. Positioned centrally within
      each of the tops 52 and 150 if utilized, are openings 154 and 156 as well
      as a plurality of cutouts 158 and 160 which combine to form a handle
      opening for the end filled package 46. The side 48 has formed on one end
      thereof, by means of the cut and score line 162, an inner flap 84 and has
      formed on the other end thereof, by means of the scoreline 164, the outer
      flap 110 as well as the flap 112. In a similar manner the side 50 has
      formed on one side thereof, by means of the scoreline 166, an outer flap
      110 as well as the panel 112 while the other end of the side 50 has formed
      thereon, by means of the scoreline 168, the inner flap 84.
PAR  The inner flap 84 has formed thereon, at least one secondary male locking
      tab 88 as well as at least one primary female locking opening 86. In the
      preferred embodiment shown in FIG. 14 the production blank is formed with
      two such primary and secondary openings and tabs. In a like manner the
      outer flap 110 and flap 112 have formed thereupon at least one primary
      male locking tab 124 while the flap 112 has formed thereupon at least one
      secondary female locking opening 128 of the type hereinbefore described.
      In the preferred embodiment shown in FIG. 14 the end panel has formed two
      of these primary and secondary tabs and openings. It should be obvious
      from a study of FIG. 14 that the inner flap 84 with its primary and
      secondary locking members is designed to be juxtapositioned with the outer
      flap 110 and flap 112 and their primary and secondary locking members.
PAR  Referring now to FIG. 15 of the drawing there is shown a production blank
      of the "wrap-around" type which comprises a centrally positioned top
      portion 66 having formed on each side thereof, by means of scorelines 170
      and 172 a pair of sides 68 and 70. The sides 68 and 70 have formed on each
      side thereof, by means of the scorelines 174 and 176, a pair of sides 72
      and 74 which in turn have formed on each side thereof, by means of the
      scorelines 178 and 180, a pair of sides 76 and 78.
PAR  Formed on each side of the sides 76 and 78, are inner flaps 84 and outer
      flaps 110. The inner flap 110 is formed in two sections by means of the
      cut and scorelines 182, 184, 186 and 188 in combination with the die cut
      lines 190, 192 and 194. As a result of this there is formed the
      beforementioned primary male locking tabs 196, 198 and 200 which
      corresponds to the primary male locking tabs 124 described before in
      reference to FIG. 13 of the drawing. Formed in the flap 112, by means of
      the die cut lines 202, 204, 206, 208, 210 and 212, are a plurality of
      secondary female locking openings of the type hereinbefore described as
      numeral 128 when referring to FIG. 13 of the drawing.
PAR  Formed in the inner flap 84 are a plurality of primary female locking
      openings 214, 216 and 218 which are formed as an elongated
      rectangular-shaped opening having at least one straight edge 220, 222, and
      224 which lies substantially parallel to the edge 226 of the inner flap
      84.
PAR  Also formed in the inner flap 84 and spaced a predetermined distance apart
      from the primary female locking openings 214, 216 and 218, are a plurality
      of secondary male locking tabs 228 and 230 which are hingedly attached, by
      means of the cut and scorelines 232 and 234 to a pair of tabs 236 and 238.
      The tabs 236 and 238 are formed out of the inner flap 84 by means of the
      plurality of die cuts 231, 233, 235, 237 and 239. The tabs 236 and 238 are
      hingedly attached, by means of the cut and scorelines 240 and 242 to the
      inner flap 84.
PAR  By locating the secondary male locking tabs 228 and 230 a predetermined
      distance and apart from the primary female locking openings 214, 216 and
      218 then the production blank is able to be constructed so that the
      primary female locking opening length, as shown by the arrow distance 244
      was able to be constructed of a length longer than the secondary male
      locking tab shown by the arrow distance 246. Practically speaking, this
      means then that the size of the secondary male locking tab does not
      control the size of the primary female locking opening and primary male
      locking tabs.
PAR  In the preferred embodiment shown, the wrap-around blank has been
      constructed with three primary locking members and two secondary locking
      members, however, it is within the spirit and scope of the invention that
      the blank could be formed with more or less locking members according to
      the particular design of the package.
PAR  From the foregoing it can be seen that there has been provided by the
      subject invention a new and novel folding carton package of the type
      wherein the inner and outer flap portions are double locked together and
      the female primary lock is physically separated from and spaced a distance
      apart from the male secondary lock thereby resulting in greater latitude
      in forming the package and greater strength to the package. The subject
      new and novel invention can be utilized on a wrap-around package of the
      type shown in FIG. 15 and can also be utilized with an end-loaded package
      of the type shown in FIG. 14 as well as with other types of packages
      without departing from the spirit and scope of the invention.
PAR  From the foregoing it can also be seen that there has been provided a new
      and novel invention which accomplishes all the objects and advantages of
      the invention as beforementioned. It should be apparent, however, that
      many changes can be made in the invention and the particular location of
      the various parts of the invention without departing from the spirit and
      scope thereof and the foregoing description of the preferred embodiment
      has been given by way of illustration only.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. In a folding carton package of the type having an inner and an outer
      flap double locked together, said flaps having an elongated edge thereon,
      the improvement comprising:
PA1  a. the inner flap having formed thereon a primary female locking opening
      adjacent to the edge of the inner flap; and
PA1  b. the inner flap also having formed thereon a secondary male locking tab
      located adjacent to and separate from said primary female locking opening.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein said primary female
      locking opening is formed of a predetermined length which is longer than
      the length of the secondary male locking tab.
NUM  3.
PAR  3. The improvement as defined in claim 2 wherein said primary female
      locking opening is formed as an elongated rectangular shaped opening
      having at least one straight edge portion lying parallel to the edge of
      the inner flap.
NUM  4.
PAR  4. The improvement as defined in claim 3 wherein the edge of the primary
      female locking opening opposite to the straight edge portion is formed in
      a generally semi-circular configuration.
NUM  5.
PAR  5. The improvement as defined in claim 4 wherein said secondary male
      locking tab is formed as an elongated tab having a hinged semi-circular
      portion formed on the end thereof.
NUM  6.
PAR  6. The improvement as defined in claim 5 wherein the semi-circular
      configuration of the edge opposite to the straight edge portion is
      substantially the same radius as the radius of the hinged semi-circular
      portion formed on the end of the elongated tab.
NUM  7.
PAR  7. The improvement as defined in claim 1 wherein the separation between the
      primary female locking opening and the secondary male locking tab is
      approximately one-eighth inch.
NUM  8.
PAR  8. An improved folding carton blank, comprising:
PA1  a. a centrally positioned bottom;
PA1  b. a pair of sides hingedly attached to said bottom;
PA1  c. at least one of said sides having formed thereon a top;
PA1  d. said sides having formed thereon and positioned on each side thereof an
      inner flap and an outer flap, each inner flap having formed thereon at
      least one secondary male locking tab and at least one primary female
      locking opening, each outer flap having formed thereon at least one
      primary male locking tab and at least one secondary female locking
      opening; and
PA1  e. said secondary male locking tab being formed separate from and spaced a
      pre-determined distance from said primary female locking opening.
NUM  9.
PAR  9. The carton blank as defined in claim 8 wherein said primary female
      locking opening is formed of a pre-determined length which is longer than
      the length of the secondary male locking tab.
NUM  10.
PAR  10. The carton blank as defined in claim 8 wherein said primary female
      locking opening is formed as an elongated rectangular shaped opening
      having at least one straight edge portion lying parallel to the edge of
      the inner flap.
NUM  11.
PAR  11. The carton blank as defined in claim 10 wherein the edge of the primary
      female locking opening opposite to the straight edge portion is formed in
      a generally curved semi-circular configuration.
NUM  12.
PAR  12. The carton blank as defined in claim 11 wherein said secondary male
      locking tab is formed as an elongated tab having a hinged semi-circular
      portion formed on the end thereof.
NUM  13.
PAR  13. The carton blank as defined in claim 12 wherein the semi-circular
      configuration of the edge opposite to the straight edge portion is
      substantially the same radius as the radius of the hinged semi-circular
      portion formed on the end of the elongated tab.
NUM  14.
PAR  14. The carton blank as defined in claim 8 wherein the separation between
      the primary female locking opening and the secondary male locking tab is
      approximately one-eighth of an inch.
NUM  15.
PAR  15. An improved folding carton blank comprising:
PA1  a. a centrally positioned top;
PA1  b. a plurality of sides, hingedly attached to said top;
PA1  c. an inner flap hingedly attached to one of said sides with an outer flap
      hingedly attached to the other of said sides;
PA1  d. one of said flaps having formed thereon a plurality of primary female
      locking openings and a plurality of secondary male locking tabs;
PA1  e. the other of said flaps having formed thereon a plurality of primary
      male locking tabs and a plurality of secondary female locking openings;
      and
PA1  f. said primary female locking openings being formed separate from and
      spaced apart at a pre-determined distance from said secondary male locking
      tabs.
NUM  16.
PAR  16. The carton blank as defined in claim 15 wherein said primary female
      locking openings are formed of a predetermined length which is longer than
      the length of the secondary male locking tabs.
NUM  17.
PAR  17. The carton blank as defined in claim 15 wherein said primary female
      locking openings are formed as elongated rectangular shaped openings
      having at least one straight edge portion lying parallel to the edge of
      the inner flap portion.
NUM  18.
PAR  18. The carton blank as defined in claim 17 wherein the edge of the primary
      female locking openings opposite to the straight edge portion are formed
      in a generally curved semicircular configuration.
NUM  19.
PAR  19. The carton blank as defined in claim 18 wherein said secondary male
      locking tabs are formed as elongated tabs having a hinged semi-circular
      portion formed on the end thereof.
NUM  20.
PAR  20. The carton blank as defined in claim 19 wherein the semi-circular
      configuration of the edge opposite to the straight edge portion is
      substantially the same radius as the radius of the hinged semi-circular
      portion formed on the end of the elongated tab.
NUM  21.
PAR  21. The carton blank as defined in claim 15 wherein the separation between
      the primary female locking openings and the secondary male locking tabs
      are approximately one-eighth of an inch.
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ABST
PAL  A semi-stiff cardboard carton produced, stored and transported flat until
      required for use, when it is set up in a single simple operation. The
      carton is produced from a blank having a rectangular base, side and end
      panels, the end panels having flaps glued to adjacent side panels. The
      major symmetrical axis of the blank is a first fold line and secondary
      fold lines extend between each apex of the base and the first fold line,
      the secondary fold lines lying on the interior bisector of the angle
      formed between edges of adjacent end and side panels. When folded, the end
      panels are folded in half toward the centre of the carton so that the side
      panels come together, and the base folds in half along the major axis and
      projects downwardly from the side panels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a semi-stiff package that can be packed
      flat, and also to a machine intended to produce it and pack it in a flat
      condition.
PAR  It is a known fact that semi-stiff packages such as cardboard boxes and
      cartons are normally produced folded flat so as to facilitate handling,
      transport and storage.
PAR  Various forms are known at the present time. The inconvenience that these
      various forms have in common lies in the fact that utilisation of the
      package necessitates a number of handling operations which may sometimes
      be complicated. In order that the package ready for use will keep its
      shape, it is necessary in some cases either to stick or staple the flaps
      of the package, while in other cases a specific number of folding
      operations must be performed in a given sequence, an operation that
      unnecessarily lengthens the preparation period.
PAR  None of the methods of folding at present known for packing packages flat
      can actually present the user with a package that can be set up quickly
      without complicated handling procedures.
PAR  A prime object of the invention is to remedy this inconvenience by
      providing a semi-stiff package that can be transported flat and which has
      fold lines of such kind that it can be set up ready for use without any
      further sticking or stapling of the flaps and without complex folding.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a semi-stiff package capable
      of being packed flat in assembled form and comprising: a polygonal convex
      base having a maximum of four edges; lateral panels hingedly connected to
      said base with one panel connected to each edge of said base; at least one
      of the centre lines of the base forming the symmetrical axis of the whole
      when said lateral panels are folded down along the plane of the base; a
      first fold line lying along the said symmetrical axis along the base and
      along the lateral panels; and, between each apex of the base and said
      axis, a number of secondary and tertiary fold lines. The secondary fold
      lines advantageously extend along the interior bisectors of the angles
      formed between two joining edges of each two neighbouring lateral panels
      when the latter are folded down along the plane of the base.
PAR  Utilisation of the package is greatly facilitated as the package can be set
      up ready for use by simple folding carried out in a single operation.
PAR  Furthermore it is possible in this way to reduce packages of a given volume
      to the use of a minimum of raw card or sheet material, as it is no longer
      necessary to provide widely dimensioned flaps to strengthen the side
      panels. The proposed package is in actual fact far more economic than
      earlier packages produced in the form of a sheet blank and assembled by
      simple folding, as strengthening of the side panels in the earlier
      techniques necessitates the provision of double flaps.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be described by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIGS. 1 and 2 are plan views of sheets or blanks intended for the
      construction of two half-boxes in accordance with the invention,
      respectively forming a receptacle and a lid intended to cover the
      receptacle in box fashion;
PAR  FIG. 3 is a perspective view of the assembled receptacle;
PAR  FIG. 4 is a plan view of the receptacle assembled and folded flat;
PAR  FIG. 5 is a diagrammatic view of a machine for producing packages according
      to the invention, in vertical axial section; and
PAR  FIG. 6 is a diagrammatic view of the machine in a horizontal plane along
      line VI -- VI of FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The drawings relate to the production of half-boxes of substantially
      parallelepiped shape which, together with the possible variants described,
      constitute the most commonly used form of semi-stiff packages. However, as
      will be described below, packages may be made up in accordance with the
      invention in other forms.
PAR  FIG. 1 shows a pre-cut sheet of bland, e.g. of cardboard or of plastic,
      intended to form a receptacle with a rectangular base 1.
PAR  To each side or edge 31 to 34 of the base 1, a lateral panel, 2 to 5
      respectively, is hingedly attached, each of which in this case takes the
      form of a trapezium the longer parallel edge of which is formed by the
      corresponding edge of the base.
PAR  The base and the lateral panels are altogether symmetrical, in accordance
      with the invention, in relation to one of the centre lines of the base,
      preferably the longest centre line 18. The lateral panels 2 to 5 take the
      form of isosceles trapezia where the receptacle has a rectangular base.
      The interior angles of these trapezia are preferably close to being right
      angles for practical reasons stated below.
PAR  In the embodiment illustrated, the two end lateral panels 2 and 4
      corresponding to the short edges 31 and 33 of the base 1 have along their
      oblique edges 10,11 and 12, 13, respectively, which are intended to enable
      these end panels 2 and 4 to be joined to the two other lateral side panels
      3 and 5, flaps 6 to 9 intended to be stuck or fixed by any other suitable
      means to the panels 3 and 5 during manufacture and assembly of the
      receptacle.
PAR  According to a preferred means of realising the invention, the form of the
      flaps 6 to 9 is such that a gap 35,36,37 or 38 exists between them and the
      two lateral side panels 3 and 5, but not between them and the end panels 2
      and 4 which bear them, when the receptacle is still in its flat sheet
      blank form.
PAR  The purpose of the gaps 35 to 38 is to allow the lateral side panels 3 and
      5 and the flaps 6 to 9 to be disengaged and to allow the various parts to
      move independently during folding in order to prevent them from touching
      one another when the half-box is assembled, particularly where this has to
      be done mechanically at high speed: in fact, simultaneous accidental
      folding of panels 3 and 5 and flaps 6 to 9 would prevent the folding of
      panels 2 and 4 which bear the latter.
PAR  The flaps 6 to 9 must of course be shaped in such a way that they do not
      extend beyond the lateral panels 3 and 5 when they are folded onto them
      during assembly of the receptacle.
PAR  If required, flaps may be provided attached to the exposed edges 14 to 17
      of the lateral panels 2 to 5 corresponding to upper edges of the
      receptacle (FIG. 3) and formed in this case by the shorter edges of the
      trapezia. Such flaps can form a lid completely or partly closing the
      receptacle (this variation is not shown on the drawing).
PAR  The new receptacle, which is shaped so that it converges towards the
      opening, is also intended to take a cover constructed in a way analogous
      to itself, except that it diverges towards its opening; this allows the
      cover to be fitted around or on the receptacle without having to bend the
      lateral panels of the latter, and therefore without any risk of the
      contents escaping or deteriorating and without the use of force, and the
      risk of catching and tearing that this would involve.
PAR  According to preferred method of realization, the angles of the various
      trapezia are close to 90.degree. so as to ensure that the box shape is
      maintained by the mutual friction of the lateral panels of the receptacle
      and its cover. The lateral panels therefore are virtually rectangular in
      shape, as shown in FIGS. 3 and 4. This usually meets up with the optimum
      conditions for use and storage.
PAR  The cover intended to be fitted on the receptacle described with reference
      to FIG. 1 is described in relation to FIG. 2 which illustrates the sheet
      or blank from which it can be manufactured.
PAR  The blank of FIG. 2 comprises, in a way analogous to the blank intended to
      form the receptacle, a rectangular base 86, which may be identical in size
      to the base 1, and four lateral panels 39 to 42 hinged to the edges 43 to
      46 of the base respectively. Like the lateral panels 2 to 5, of the
      receptacle, the panels 39 to 42 are of trapezoidal shape, but in this case
      the small edge of the trapezium is hinged to the base 86.
PAR  To allow proper adjustment of the cover on the receptacle, the angles of
      these trapezia forming the panels intended to be superimposed, are in this
      case, equal.
PAR  As is the case with the receptacle, each of the small end lateral panels 39
      and 41 bears along the edges that join the two other panels 40 and 42 a
      flap 47 to 50 intended to be fixed against one of the latter during
      assembly.
PAR  In this case, as in the foregoing, the sheet blank includes a disengagement
      gap, 51 to 54 respectively, between each flap, 47 to 50 respectively, and
      a panel against which it is to fit during assembly. Furthermore, the same
      geometrical conditions as above must be observed if the flaps are to be
      prevented from projecting beyond the lateral panels 40, 42 when they are
      fixed thereto: overall, these conditions are such that in the embodiment
      shown in FIG. 2 triangular flaps have been adopted.
PAR  The scope of the invention would not be exceeded, of course, if the lateral
      panels of the half-box were given the shape of rectangles instead of
      trapezoidal shape. Closure of the half-box could then be effected by means
      of a second analogous half-box of slightly larger dimensions, the lateral
      panels of which would be fitted round the lateral panels of the first.
PAR  The scope of the invention would not be exceeded if the flaps were to be
      provided in a different way to that described, particularly by hinging
      them to the large side lateral panels instead of hinging them to the small
      end lateral panels; provision could equally be made of a different means
      of joining the neighbouring lateral panels, provided that the joint
      obtained were sufficiently flexible to allow the package to be handled in
      relation to its flap packing in assembled form, i.e. when flaps 6 to 9
      might, e.g. be fixed in final position to panels 3 and 5 lateral (as
      regards the receptacle). The handling operations being are set out below.
PAR  According to the invention, in view of the desired flat packing of the
      assembled package, the sheet blank includes a certain number of pre-folded
      lines described for present purposes with reference to FIG. 1 relating to
      a receptacle, it being understood that the sheet blank intended to form
      the cover of this receptacle FIG. 2, includes analogous fold lines.
PAR  A first fold line runs along the symmetrical axis which here constitutes
      the main centre line 18 of the base 1 of the blank and its extensions 19
      and 20 on the two small end panels 2 and 4. As shown in FIG. 1 this fold
      line 18 intersects each short side or edge 31,33 of the base, dividing one
      half (31',33') from the other half of that side or edge.
PAR  The blank further contains a number of secondary fold lines 21 to 24
      diagonally extending, between each apex or corner of the base and a point
      on the first fold line. As shown in FIG. 1, these diagonal fold lines are
      extensions of the interior bisector of angles each formed by two joining
      edges of two neighbouring lateral panels when the latter are folded down
      along the plane of the base, i.e., when the receptacle, e.g., is in its
      flat blank state.
PAR  In the embodiment of the receptacle illustrated in FIG. 1 these secondary
      fold diagonal lines are formed by four lines 21 to 24 each joining an apex
      of the base 1 to the centre line 18 of the latter. Diagonal lines 21 and
      22, as shown, intersect the centre line 18 at a point 25 on this line 18,
      separated from the adjacent edge 35 of the base by a section 18' of this
      line 18. Similarly, the secondary, diagonal fold lines 23 and 24 intersect
      this center line 18 at a point 26 on the latter line, separated from the
      adjacent edge 33 of the base by a section 18" of this line 18. For
      example, the line 21 follows the path of the interior bisector 21a of the
      angle .alpha. formed by the oblique edge 10 of the end panel 2 and the
      oblique edge 55 of the side panel 5, these edges 10 and 55 being angularly
      spaced apart when the sheet for the receptacle is in its flat blank state,
      prior to setting up the receptacle, as shown in FIG. 1. The two edges 10
      and 55 are combined to become one and the same when the receptacle is
      assembled.
PAR  It should be noted that the larger one (18) of the two centre lines of the
      rectangle should preferably be chosen as the first fold line, this choice
      being the only way to ensure that the lines 21 and 22 do not cut across
      the lines 23 and 24 between their point of intersection with the axis 18
      and the apex to which they are connected, which would greatly complicate
      folding.
PAR  The assembled receptacle or carton can be flattened or collapsed as
      illustrated in FIG. 3, and can be folded or set up in the form illustrated
      in FIG. 4. To collapse the carton the end panels 2 and 4 are respectively
      folded along lines 19, 18 and 20, 18" towards the inside of the box. This
      operation makes the base 1 close upon itself upwards, the sections 18, 18"
      18 the first fold line 18 generally folding at a right angle, or virtually
      so, at intersection points 25 and 26 so as to become extensions of lines
      19 and 20.
PAR  This unfolding movement and the inverse folding or collapsing movement
      require end panels 2 and 4 to twist. This twisting is facilitated in
      accordance with the invention. For this purpose the end panels 2 and 4
      have tertiary or supplementary fold lines 27 to 30, connecting each apex
      of the base 1 to the intersection point of the first folding line with the
      edge, 14 and 16 respectively, of the end panels 2 and 4. These fold lines
      27 to 30 localise contraints in the panels 2 and 4, forming hinges during
      the folding and unfolding of base and panel portions, about the several
      hinge and fold lines, in the collapsing and setting up of the carton.
PAR  Folding may easily be carried out by applying pressure directed upwards
      towards the interior of the receptacle, close to each point where the
      first fold line 18 intersects a short edge 31,31'; 33,33'  of the base 1.
      Unfolding with a view to utilisation is for its part effected by applying
      pressure downwards on the edges 31,31'; 33,33' of the receptacle, the
      projecting part of the first fold line 18 of the base between points 25
      and 26, being rested on a fixed suport; this unfolding is effected in a
      single operation in which the operator, applying pressure as described
      ensures that the panels separate, moving in different, opposite
      directions.
PAR  Setting up and maintaining the package in folded or unfolded form, these
      two forms corresponding to the stable state of the package, are made much
      easier by the fact that movement applied to the panels in order to attain
      either of the two forms subject these panels to torsion compensated by the
      elasticity of the material with which they are made. In view of such
      torsion, however, if the folding and unfolding operations are to be
      repeated without tearing, the fold lines must be only lightly marked: in
      practice, this is carried out by forming an impression on the sheet blank
      with a rounded metal profile.
PAR  The sheet blanks that have just been described may easily be folded and
      assembled in the form of a half-box by means of the machine that will now
      be described in relation to FIGS. 5 and 6.
PAR  This machine, for providing cartons according to the invention, comprises
      means to apply a force to the blank, against the central part of the first
      fold line 18, directed at right angles to its general plane and from a
      first face which is intended to form the interior surface of the package,
      towards its second face intended to form the exterior surface of the
      package.
PAR  In the embodiment shown, these means comprise a ram 56 the body of which is
      fixed in relation to a frame (not shown) and the head 57 of which presses
      against the first face 58 of the blank 59.
PAR  The ram 56 may, e.g., act horizontally thrusting against the face 58 of the
      blank 59, the latter being fed in vertically by any known insertion
      facility, possibly in series. The blank may be held vertically at the
      start of folding by a facility formed, for example, by two lateral
      vertical guides 60 and 61, but could also simply be suspended by grips or
      a band on which the blanks are pre-cut one after the other, disengaging
      themselves from each other when folding commences.
PAR  Preferably, a facility such as a horizontal bar 62 whose height is
      adjustable would allow the blank 59 to be positioned in front of the head
      57 of the ram 56 in such a way that the latter would act exactly along the
      first fold line.
PAR  With similar effect, the head 57 of the jack takes the form of a ridge
      where it enters into contact with the blank, the length of this ridge
      being substantially equal to that of the central part of the first line,
      i.e. in the embodiment of FIG. 1, to the distance separating the two
      intersection points 25 and 26.
PAR  In the embodiment of the machine illustrated in FIGS. 5 and 6 the ridge of
      the head 57 lies horizontally, as does the first fold line of the blank
      59.
PAR  The machine also comprises a first set of cams entering into contact with
      the blank at the end parts 18', 18" of the first fold line 18 under the
      influence of the force applied, e.g. by the ram.
PAR  In the embodiment shown, the first set of cams comprises two substantially
      flat plates 63 and 64 lying in the same plane at right angles to the
      blank, alongside the second face 65 of the latter. The general plane of
      the two plates 63 and 64 is, in this case, horizontal and coincides with
      the plane formed by the ridge of the head 57 and by the direction 66 along
      which force is applied: consequently, when the head 57 of the ram presses
      on the first face 58 of the blank 59 towards the centre part of the first
      fold line, the two plates 63 and 64 react against the second face 65 of
      the blank, and equally along the first fold line.
PAR  Provided that the distance separating the plates 63, 64 exceeds the length
      of the centre part of the first fold line, the first fold will then be
      made along the central part and an inverse fold along the end parts of
      this central line, by folding of the base 1 along the two lines.
PAR  In the case of the receptacle illustrated in FIG. 1, the two small end
      panels 2 and 4 therefore fold along their central line 19 and 20
      respectively so as to close in upon themselves and to be interposed
      between the two large side panels 3 and 5, which are superimposed in the
      course of this folding by the closure of the base 1 in upon itself about
      the central part 25-26 of the first fold line 18-19-20. The folding of the
      two panels 2 and 4 takes place in relation to the base along the two pairs
      of fold lines 21-22 and 23-24, the parts of 18' and 18" of the first fold
      line lying respectively between point 25 and edge 31 of the base and
      between point 26 and edge 33 of the base respectively falling within the
      extension of lines 19 and 20.
PAR  Preferably, so as to avoid the blank tearing along the end parts of the
      first fold line, each of the plates 63 and 64 includes a rounded portion,
      directed towards the sheet and the other plate, of such a form that the
      rounded portions of the two plates form a space converging in the
      direction 66 in which the force is applied, the size of this space being
      at its smallest at least equal to the length of the central part of the
      first fold line.
PAR  Facilities may of course be provided to adjust plates 63 and 64 outwards so
      as to allow the same machine to be used to fold blanks of different
      dimensions.
PAR  According to a preferred embodiment, the machine according to the invention
      also comprises means to guide the blank at least while it is being folded.
PAR  These means are in this embodiment constituted by a second set of two cam
      plates 67 and 68 lying on either side of the general plane of the first
      set of cams, substantially at right angles to the space separating the
      latter, and forming a space between them converging in the direction 66 of
      the force applied by the head of the ram.
PAR  Each of the plates 67, 68 takes the form, e.g., of a plate offering,
      towards the blank and towards the other plate of the same set, a
      supporting surface for one of the large side panels 3 and 5 of the blank
      being folded. Where the base 1 is rectangular, the two supporting surfaces
      of the plates 67 and 68 are produced by two parallel lines lying
      diagonally in relation to the direction in which the force is applied.
PAR  Preferably, the machine according to the invention also comprises means to
      move the folded blank in the direction 66 to which the force is applied
      when the ram 56 has reached its maximum extent and when folding has
      reached a sufficient stage, so as to be completed by pressing on the face
      65 of the folded blank without the application of internal pressure, i.e.,
      without any pressure having to be put on the first face 58, along the
      central part of the first fold line.
PAR  In the embodiment shown, these means for transporting the folded blank
      comprise two moving belts 69 and 70 placed so as to face each other, at
      each side of the general plane of the plates 63, 64 of the first set of
      cams, the mutually facing parts of these two belts moving in the direction
      66 in which force is applied. These two moving belts are situated beyond
      the plates 67 and 68 of the second set of cams, the mutually facing parts
      of these belts each extending the supporting surface of one of these cams:
      in the illustrated embodiment a support roller 71, 71a respectively, is
      inserted between the leading roller 72 and 73 respectively, and the
      trailing roller, 74 and 74 respectively, of each of the belts 69 and 70 in
      such a way as to divide these into two zones: an upper, converging zone
      76, extending the coverging space formed by the plates 67 and 68, and a
      lower zone 77, in which the space between the two belts is constant and
      corresponds substantially to the thickness of the folded blank, i.e., in
      this case approximately to four times the thickness of the sheet of
      material forming the blank.
PAR  The two belts 69 and 70 may be moved by any known means and fitted with any
      facility for synchronization and for adjusting tension. Further, provision
      may be made for replacing them with another transporting facility taking
      hold of the folded blank upon its exit from the cam plates, e.g., by a set
      of bands or roller trains.
PAR  In the embodiment illustrated, where the package to be manufactured
      includes at least a base and lateral panels joined in one piece with the
      base, the machine according to the invention preferably includes means to
      set up the lateral panels of the folded package.
PAR  If the package for this purpose includes flaps hinged to the lateral panels
      along the edge where these join a neighbouring lateral panel, these means
      may for example include two guides set on either side of the moving belt,
      beyond the first set of cam plates, each of these guides being located
      along the path of the flaps which project beyond the belt, and the shape
      of these guides is such that movement of the folded blank causes these
      flaps to bend over.
PAR  Where a blank analogous to that illustrated in FIG. 1 is folded, each flap
      6 to 9 lies, while folding is being undertaken by two sets of cam plates,
      along the extension of the lateral panel 2 or 4 to which it is attached:
      consequently, when the blank is engaged between the two belts 69 and 70,
      the two flaps 6 and 7 are superimposed, as are the two flaps 8 and 9.
PAR  As the width of the two belts is selected so that the two sets of two
      superimposed flaps are always on the inside of these belts whatever may be
      the dimensions of the blank being folded, bending over the flaps towards
      the large lateral panel on which they have to be fixed is effected by
      moving the two superimposed flaps apart by means of two guides 78 and 79
      each in this case being formed by two shanks such as 80 and 81, in the
      case of the guide 78, these two shanks having a common end substantially
      in the general plane of the cam plates of the first set of cams and
      forming a whole, diverging symmetrically in relation to this plane. The
      two shanks each forming a guide may then converge the one towards the
      other so as to cause each flap to be applied against the large lateral
      panel 3 or 5 on which it has to be fixed (this operation is not shown
      here, the superposing and fixing of the flaps on the large lateral panels
      being carried out, e.g., by hand.)
PAR  In order to facilitate the engagement of each guide between the flaps to be
      parted, the leading end of each set of the two shanks, which is their
      common end, is attached to the trailing end of the cam plate of the first
      set situated on the same side of the belts, e.g., by a wire ensuring
      continuity between these elements: for example, a wire 82 attaches the
      plate 63 to the common leading end of the shanks 80 and 81 forming the
      guide 78, this wire 82 ensuring the existence and continuity of an element
      between the two flaps 6 and 7 of the blank; a similar wire 83 ensures
      continuity between the second plate 64 of the first set and the leading
      end of the second guide 79.
PAR  In the preferred instance of these flaps 6-9 having to be fixed by sticking
      them to the lateral panels 3 and 5, the machine may, downstream of the
      plates of the first set, include a gluing facility placed in the path of
      the flaps or of the said lateral panels.
PAR  In the embodiment, where the folded blank is guided by two moving belts,
      gluing of the flaps is more practical to effect and between each cam plate
      of the first set and the corresponding guide shanks, a gluing facility has
      been shown in FIGS. 5 and 6, constituted by two sets, 84 and 85
      respectively, of two rollers rotating about a horizontal shaft fitted
      crosswise in relation to the direction 66; each of these rollers dipping
      into a bath of gum and lying in contact with one of the flaps, the two
      rollers of a set being situated on either side of the flaps, which are
      still superimposed at this state.
PAR  In this way, the flaps are first glued, then bent about their respective
      fold line to the small lateral panel to which they are attached, being
      finally bent over to their superimposed position on the large lateral
      panels to which they have to be fixed either by hand or by means of the
      guides 78 and 79, the shape of which can easily be determined by an
      experienced operator.
PAR  As stated above, the invention is not limited purely to substantially
      parallelepiped packaging with trapezoidal rectangular faces.
PAR  Flat packing in assembled form can also be undertaken of packaging whose
      base and lateral panels are in the form of a rectangle, or of a square, or
      of an isoceles trapezium, or packaging whose base is in the shape of an
      isoceles triangle, the first fold line being in this case formed by the
      length forming the median, the secondary fold lines being two in number
      and lying along the base of the triangle.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blank for a collapsible carton, comprising a sheet of carton material,
      said sheet having;
PA1  a plurality of panel members constituting outer parts of the sheet;
PA1  a convex-polygonal base member constituting a central part of the sheet;
PA1  a system of hinge lines, each defining a side of one of the panel members
      and a side of the base member coincident with the panel side, to enable
      turning the panel members about the hinge lines for setting up a carton;
      and
PA1  a system of fold lines extending over surfaces of said base member and of
      several of said panel members, said system including (a) a primary fold
      line coinciding with a center line of the sheet, (b) a number of secondary
      fold lines extending into the base member, one between each corner of the
      base member and a point on the first fold line diagonally spaced from the
      respective corner, and (c) a similar number of tertiary fold lines
      diagonally extending across panel members, each connecting as intersection
      of the first fold line and of one outer edge with an adjacent corner of
      the base, to enable repeated twisting of the members over which the fold
      lines extend, relative to the fold lines, with localization of resulting
      constraints in the fold lines, for collapsing the set-up carton into a
      flat sheet unit and for unfolding said unit to again set up the carton.
NUM  2.
PAR  2. A blank according to claim 1 in which the secondary fold lines are
      extensions of interior bisectors of angles, each defined by mutually
      converging edges of two of the panel members.
NUM  3.
PAR  3. A blank according to claim 1 additionally including a second generally
      similar sheet of carton material disposed to be set up as a cover for said
      carton.
NUM  4.
PAR  4. A blank according to claim 3 in which the base members of both sheets
      are rectangular and generally identical with one another, the panel
      members of both sheets being isoceles trapezoids, those of the carton
      having their major base lines coinciding with the hinge lines and those of
      the cover having their minor base lines coinciding with the hinge lines.
NUM  5.
PAR  5. A collapsible carton, comprising;
PA1  a plurality of panel members constituting walls of a carton; and
PA1  a convex-polygonal base member extending between substantially coplanar
      edges of said panel members; said panel and base members having a system
      of hinge lines, each defining one of said edges of the panel members and a
      side of the base member coincident therewith, to enable turning the panel
      members about the hinge lines for setting up the carton; and
PA1  a system of fold lines extending over surfaces of such members to enable
      repeated twisting of the respective members relative to the fold lines
      with localization of resulting constraints in the fold lines, for
      collapsing the carton into a flat sheet unit and for unfolding said unit
      to reconstitute the carton, said system of fold lines including (a) a
      primary fold line coinciding with a center line of the base member, (b) a
      number of secondary fold lines extending into the base member, one between
      each corner of the base member and a point on the first fold line
      diagonally spaced from the respective corner, and (c) a similar number of
      tertiary fold lines diagonally extending across panel members, each
      connecting an intersection of the first fold line and of one outer edge
      with an adjacent corner of the base.
NUM  6.
PAR  6. A carton according to claim 5 in which said base member extends between
      lower ones of the coplanar edges of the panel members to provide a bottom
      of the carton.
NUM  7.
PAR  7. A carton according to claim 5 in which said base member extends between
      upper ones of the coplanar edges of the panel members to provide a top
      member of the carton.
NUM  8.
PAR  8. A carton according to claim 5 in which said plurality of panel members
      comprises four such members, said base member being rectangular and said
      panel members being trapezia.
NUM  9.
PAR  9. A carton according to claim 8 in which the hinge lines define major base
      lines of the trapezia.
NUM  10.
PAR  10. A carton according to claim 8 in which the trapezia have interior
      angles of nearly 90.degree..
NUM  11.
PAR  11. A flat sheet unit which can be converted into a carton and, before such
      conversion, stored as part of a pack of carton sheet units, comprising;
PA1  a plurality of interconnected, folded panel members having surfaces in
      contact with one another, said members being unfoldable to provide walls
      of a carton;
PA1  a convex-polygonal member having folded surface portions in contact with
      one another and unfoldable to provide a base of said carton; said members
      having
PA1  a system of hinge lines, each defining a side of one of the panel members
      and a side of the convex-polygonal member coincident therewith, to enable
      turning the panel members about the hinge lines for setting up the carton;
      and
PA1  a system of fold lines extending over surfaces of such members to enable
      repeated twisting of the respective members relative to the fold lines
      with localization of resulting constraints in the fold lines, for
      unfolding said members to set up the carton and for collapsing the set-up
      to reconstitute a flat sheet unit, said system of fold lines including (a)
      a primary fold line a part of which coincides with a center line of the
      base member, (b) a number of secondary fold lines extending into the base
      member, one between each corner of the base member and a point on the
      first fold line diagonally spaced from the respective corner, and (c) a
      similar number of tertiary fold lines diagonally extending across panel
      members, each connecting an intersection of the first fold line and of one
      outer edge with an adjacent corner of the base.
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ABST
PAL  In a composite bag comprising an outer bag and an inner bag which is
      secured thereto by adhesive, the outer bag is provided with a cross-bottom
      folded closure at least at one end where no filling valve is provided.
      Adjacent said one end of the outer bag, the inner bag is closed by a weld
      seam and folded back on itself and secured in position so that, in a
      flattened condition of the composite bag when the cross-bottom folded
      closure lies snug against the bag body, the inner bag extends no further
      than the centre line of the cross-bottom closure.
BSUM
PAR  The invention relates to a composite cross-bottom bag and to a method of
      making same. More particularly, the invention is concerned with a
      composite bag comprising a single or multi-ply outer bag of, say, paper
      closed at least at one end by cross-bottom folding, and a plastics inner
      bag secured to the outer bag.
PAR  Such a bag and a method of making same have already been suggested by us in
      German Specification P 21 55 265.8. In this case, the inner bag is
      incorporated in the cross-bottom closure of the outer bag but without
      hindering the proper securing of the cross-bottom folding by adhesive, the
      inner bag being itself closable by separate applications of adhesive. This
      form of closure has a particular advantage over other closures (such as
      that described in German Specifications 1 802 854), namely, that a
      plastics tube which serves as a filling valve can be inserted in the
      cross-bottom closure before it is finally secured, in much the same way as
      is known for unlined paper bags, the tube opening into the inner bag and
      being sealed into the folded flaps of the cross-bottom closure by means of
      specially applied adhesive. On the other hand, our previously suggested
      construction for a cross-bottom closure is comparatively expensive.
PAR  Valved cross-bottom bags which are provided with a cross-bottom closure at
      both ends really require only one filling valve and only at one end of the
      bag. The invention therefore aims to provide a cross-bottom closure at the
      other end without complicating the manufacture and at the same time
      ensuring that the inner bag will in no way interfere with the cross-bottom
      folding or become damaged during folding, as could be the case in the
      aforementioned German Specification 1 802 854.
PAR  According to the invention, there is provided a composite cross-bottom bag
      comprising an outer bag having a plastics inner bag secured thereto, the
      outer bag being provided with a cross-bottom folded closure at least at
      one end where no filling valve is provided, wherein a first end of said
      inner bag adjacent said one end of the outer bag is closed by a weld seam
      and is folded back on itself and secured in position so that, in a
      flattened condition of the composite bag when the cross-bottom folded
      closure lies snug against the bag body, the inner bag extends no further
      than the centre line of the cross-bottom closure.
PAR  By means of this construction, the inner bag is not incorporated in the
      cross-bottom closure of the outer bag but, during filling of the composite
      bag, the inner bag becomes unfolded and comes to lie closely against the
      base of the outer bag and the adjoining side walls of the outer bag,
      thereby avoiding over-stressing of the thin inner bag which is not
      intended to bear the weight of the contents.
PAR  In a first form of the invention, the welded first end of the inner bag is
      simply folded back on itself through 180.degree..
PAR  In another form of the invention, the welded first end of the inner bag is
      twice folded back on itself to assume a Z-formation. In this case, the
      total length of the folded back portion need be only one half of that when
      the bag is folded back once through 180.degree. and as a result the inner
      bag will readily unfold itself during filling.
PAR  At the other end of the outer bag, i.e., at the end remote from that where
      the inner bag is folded back on itself, the inner bag is preferably
      secured to the outer bag. To avoid undue stretching of the inner bag at
      this other end of the outer bag, an unfolded portion of the inner bag
      adjacent the back folding thereof is desirably secured to the outer bag at
      a side of the inner bag remote from the back folding, preferably by means
      of a transverse row of dabs of adhesive and as closely as possible to the
      fold line, or first fold line, of the back folding.
PAR  The invention also extends to a method of making the aforementioned
      composite cross-bottom bags, wherein inner bags preformed with back
      folding at the said first end are placed to lie at intervals on a single
      or multi-ply web of material for forming the outer bags, the web having
      adhesive preapplied thereto and the inner bags being arranged in a
      predetermined relationship to said adhesive, the longitudinal edges of the
      web are brought together and interconnected by preapplied further adhesive
      to form a tube successively enveloping the inner bags, outer bags, each
      containing one of the inner bags, are successively severed from the tube
      by cutting or by tearing along preformed perforations, and a cross-bottom
      folded closure is applied to each outer bag at an end adjacent to the said
      first end of the associated inner bag.
PAR  This method, which is a development of the method described in French
      Specification 2 000 222, permits fully mechanised manufacture of the
      composite bags, and in particular the unvalved cross-bottom closures
      thereof, without taking any special measures that might make manufacture
      more costly. The sequence for supplying the web with inner bags which are
      simply folded back through 180.degree. at their welded ends can likewise
      be carried out fully mechanically by the method and apparatus of German
      Specification 2 110 815. If the inner bags contain back folding of Z
      formation, the sequence can again be fully mechanised by means of the
      method and apparatus of German Specification 22 44 697.5.
DRWD
PAR  Various examples of the invention will now be described with reference to
      the accompanying drawings wherein:
PAR  FIG. 1 is a fragmentary side elevation of flattened tube sections for a
      composite bag of which the outer bag is to be provided with a cross-bottom
      closure;
PAR  FIG. 2 is a section on the line II--II in FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 but in which the cross-bottom closure is
      in the process of being formed;
PAR  FIG. 4 is a section on the line IV--IV in FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 3 but in which the cross-bottom closure
      has been finally formed;
PAR  FIG. 6 is a section on the line VI--VI in FIG. 5;
PAR  FIG. 7 is a fragmentary perspective view showing the composite bag of FIG.
      5 in an expanded condition that it would assume after filling;
PAR  FIG. 8 is a section on the line VIII--VIII in FIG. 7;
PAR  FIGS. 9 to 12 are views corresponding to FIGS. 5 to 8, respectively, but of
      a composite bag in which the inner bag has a modified construction;
PAR  FIG. 13 is a cross-section through a composite bag according to FIGS. 1 to
      8 or FIGS. 9 to 12 in the condition that it would assume after filling;
PAR  FIGS. 14 and 15 are views similar to FIGS. 6 and 10, respectively, but
      showing the entire composite bag in a flattened condition and
      demonstrating two possible constructions for the filling end of the
      composite bag;
PAR  FIGS. 16 and 17 are views corresponding to FIGS. 6 and 10, respectively,
      and again showing the entire composite bag in a flattened condition and
      demonstrating two further possible constructions for the filling end of
      the composite bag;
PAR  FIGS. 18a to 23a are sections each showing a tube length for making one of
      the FIGS. 13 to 17 composite bags;
PAR  FIGS. 18b to 23b are sections showing the tube lengths of FIGS. 18a to 23a
      in the course of being formed;
PAR  FIG. 24 is a diagrammatic side elevation of equipment for forming the
      composite bags; and
PAR  FIG. 25 is a plan view of the FIG. 24 equipment.
DETD
PAR  FIGS. 1 to 8 illustrate that end of a composite bag where no filling valve
      is to be provided, a cross-bottom closure for the outer bag being shown in
      various stages of production in FIGS. 3 to 8. In FIGS. 1 and 2, the outer
      bag is shown in a condition before folding has been commenced. A flattened
      tubular section 1 for forming the outer bag comprises one or more plies
      and inserted in it there is an inner bag 2 of which the end 4 has been
      folded back simply through 180.degree. and the end edges are welded shut
      by a weld seam 3. By means of a transverse row of adhesive dabs 5 the
      inner bag is secured at a spacing x from the end of the outer bag so that
      the part of the outer bag containing no insert is sufficient to form a
      cross-bottom closure 6 (FIGS. 5 and 6), whereafter the inner bag will not
      extend further than the centre line 7 of the cross-bottom closure when the
      latter lies snug against the bag body as shown in FIGS. 5 and 6. The
      formation of the cross-bottom closure will therefore be in no way impeded
      by the inner bag; nor will the inner bag become damaged in the process.
      FIGS. 3 and 4 illustrate an intermediate stage in the fomration of the
      cross-bottom closure and in FIGS. 5 and 6 the closure 6 has been finally
      formed and secured by means of adhesive 8.
PAR  The folded back portion 4 of the inner bag 2 has a length which is
      approximately equal to the width of the cross-bottom closure 6 and is
      therefore sufficient to line the base of the outer bag when the composite
      bag becomes erected during filling. During the filling process, the folded
      portion 4 of the inner bag becomes unfolded to lie closely adjacent the
      cross-bottom closure, triangular corners 9 and 10 being formed in the
      inner bag in the process; these corners come to lie against the narrow
      sides of the erected composite bag.
PAR  The construction of FIGS. 9 to 12 differs from that illustrated in FIGS. 5
      to 8 only in that the end portion 11 of the inner bag adjacent the weld
      line 3 is folded back on itself in Z formation. This facilitates unfolding
      of the inner bag during filling because the extent of back folding is only
      half of that in FIGS. 5 to 8. The unfolded portion of the inner bag
      adjacent the back folding is secured to the outer bag by dabs 12 of
      adhesive at the side remote from the back folding.
PAR  FIGS. 13 to 17 illustrate various composite bags incorporating an unvalved
      cross-bottom closure at one end. More particularly, in FIG. 13 the outer
      bag at the other end of the composite bag is provided with a valved
      cross-bottom closure and in FIGS. 14 to 17 the other end of the composite
      bag is left open.
PAR  Referring to FIGS. 13, the end without a valve is designated 13; it is
      shown as being constructed in accordance with the FIG. 8 embodiment but
      could be in accordance with FIG. 12. The other or filling end 14 of the
      FIG. 13 composite bag incorporates a valve tube 15 and is made as
      described in our German Specification P 21 55 265.8. By reason of the
      present invention, only the cross-bottom closure for the valved end 14
      need be made by the more expensive method. The cross-bottom closure
      without a valve is very readily formed and the welded end of the inner bag
      at this end of the composite bag will be substantially 100% leak-proof.
PAR  FIGS. 14 and 15 show two different embodiments where the filling end 16 of
      the composite bag is left open and the inner bag projects beyond the outer
      bag to be welded shut after filling and inserted in the outer bag before
      the latter is closed. The unvalved end 17 in FIG. 14 has the inner bag
      simly folded back in the manner previously described with reference to
      FIGS. 1 to 8 whilst the end 18 in FIG. 15 is constructed as described with
      reference to FIGS. 9 to 12. At the filling end 16, the inner bag is
      secured to the outer bag by dabs 19 of adhesive, but this is optional.
      What is important is that somewhere or other the inner bag should be
      secured to the outer bag, this being best achieved at the unvalved end 17
      or 18 so as to prevent the entire inner bag from sliding downwardly during
      filling, which would make the unfolding of the back folded portion of the
      inner bag quite impossible.
PAR  In FIGS. 16 and 17, the inner bag is folded back in Z formation and through
      180.degree., respectively, at the filling end 20 and 21, respectively, so
      as to be inserted in the outer bag. It is not pulled out again until just
      before the filling operation. At the unvalved end 22 and 23, respectively,
      a form of folding for the inner bag is chosen which is different from that
      at the other end. Thus, if at the end 20 the inner bag is folded back in Z
      formation, it is simply folded back through 180.degree. at the end 22 as
      shown in FIG. 16. Conversely, in FIG. 17 the inner bag is folded back in Z
      formation at the end 23 because it is folded back through 180.degree. at
      the end 21. The reasone for this is that we have developed a technique for
      mechanising the production of inner bags having simple folding at one end
      and Z folding at the other, but not the same at both ends.
PAR  The embodiments of composite bag as described with reference to FIGS. 13 to
      17 are produced with the aid of bag blanks according to FIGS. 18a to 23a,
      the FIG. 18a embodiment being used to make a composite bag according to
      FIG. 13 and the FIG. 19a embodiment being used to make a composite bag
      according to FIGS. 9 to 12. In each case, at the unvalved end of the bag
      blanks the inner bag is spaced from the end of the outer bag by the
      distance x. The direction of travel of the outer bag blank during
      manufacture is indicated by the arrows and it will be seen that, where the
      inner bag is simply folded back through 180.degree., the unvalved end
      constitutes the leading end, but when the inner bag is folded back in Z
      formation the unvalved end constitutes the trailing end. This arrangement
      is chosen because it has been found most satisfactory for fully automated
      production. Accordingly, the end 24 in FIG. 18a and the end 25 in FIG. 19a
      are destined to form the valved end 14 (FIG. 13) of the finished composite
      bag. It will be evident that the bag blanks according to FIGS. 20a, 21a,
      22a and 23a will result in the embodiments of FIGS. 14 to 17,
      respectively.
PAR  Each tube blank for the outer bag in FIGS. 18a to 23a is obtained by
      severing from a tubular web along a predetermined severing line indicated
      at P in FIGS. 18b to 23b. In the case of FIGS. 18b to 21b, where the inner
      bag projects beyond the severing line P, the web of material for the outer
      bags is provided at the severing line with a line of perforations, the
      leading section then being successively torn off the web along the
      perforations with the respective inner bag located therein but projecting
      somewhat therebeyond. In the embodiment of FIGS. 22b and 23b, in which the
      inner bag does not project beyond the severing line P, a simple transverse
      cut through the tubular web can be used to sever the leading sections.
PAR  Equipment for making the composite bags from a tubular web of material for
      the outer bags, the inner bags being provided with back folding and
      secured at proper spacings within the web, is illustrated in FIGS. 24 and
      25. Inner bags 26, each preformed with a welded and closure and with back
      folding in a manner as hereinbefore described are applied to a single or
      multi-ply travelling web 29 of material for making the outer bags and
      secured in position by means of transverse lines of adhesive dabs 27, and
      possibly 28, on the web. The inner bags are applied in proper relationship
      to the adhesive dabs and perforations by means of a system of circulating
      belts 30, 31 and 32. The reference 33 diagrammatically indicates means for
      applying the transverse perforations P to the web whilst 34
      diagrammatically indicates means for applying adhesive to the web. At the
      location indicated by the reference 35, the longitudinal edges of the web
      29 are brought together and secured to each other by means of adhesive 36
      to envelop the inner bags and form a tube. Feeding of the material for the
      outer bags is effected by feeding means 37 and severing of each outer bag
      from the leading end of the web along one line of the perforations P is
      effected by severing means 38. In a modification, where each inner bag
      does not project beyond its associated severed outer bag, the material for
      the outer bag may be severed by a cutting knife which would be located
      between the pairs of rollers 37 and 38; in that case, the rollers 38 will
      serve to hold the web tight during cutting and to feed the severed tubular
      blank.
PAR  For reasons of stability, open bags are provided with a cross-bottom
      closure at the base. Accordingly, the present invention is applicable to
      open bags generally, quite apart from bags that are closed at the top by a
      valved cross-bottom closure. In addition to the previously described and
      illustrated embodiments of bags that are open or closed at the filling
      end, other variations are of course possible. For example, the inner bag
      may be flush with the end of the outer bag at the filling end and, to
      facilitate opening of the bag, the inner bag may be secured to the outer
      bag at both sides, i.e., around the entire periphery, instead of at only
      one side. If the inner bag is secured at both sides, it may project beyond
      the outer bag at the filling end so that it can be turned over the end of
      the outer bag and thereby produce a clean filling orifice. In this case,
      the open bags may be used for garbage sacks which are tied shut after use.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composite cross-bottom bag comprising:
PAR  an outer bag having longitudinal side edges and at one end a cross-bottom
      folded closure having a cross-bottom fold center line extending
      transversely between the longitudinal side edges of said outer bag, said
      outer bag being in a flattened condition with said cross-bottom closure
      lying snugly against the body thereof; and
PA1  an inner bag disposed within said outer bag and secured thereto, said inner
      bag being folded back on itself to define a lower fold line, said lower
      fold line being positioned at a selected location between the cross-bottom
      fold center line and the other end of said outer bag.
NUM  2.
PAR  2. A composite bag according to claim 1, wherein said inner bag is folded
      back on itself through 180.degree..
NUM  3.
PAR  3. A composite bag according to claim 1, wherein said inner bag is twice
      folded back on itself to assume a Z formation.
NUM  4.
PAR  4. A composite bag according to claim 1, wherein said folded inner bag
      forms a back folding and wherein an unfolded portion of the inner bag
      adjacent the lower fold line thereof is secured to the outer bag at a side
      of the inner bag remote from the back folding.
NUM  5.
PAR  5. A composite bag according to claim 4, wherein the inner bag is secured
      to the outer bag by a transverse row of dabs of adhesive.
NUM  6.
PAR  6. A composite bag according to claim 1, wherein the other end of the outer
      bag is provided with a cross-bottom folded closure and incorporates a
      filling valve.
NUM  7.
PAR  7. A composite bag according to claim 1, wherein the other end of the outer
      bag is open and the inner bag projects therebeyond.
NUM  8.
PAR  8. A composite bag according to claim 1 wherein the other end of the outer
      bag is open and the end of the inner bag which is remote from said lower
      fold line is folded back through 180.degree. to be flush with said other
      end.
NUM  9.
PAR  9. A composite bag according claim 7, wherein one side of the inner bag is
      secured to the outer bag near said other end thereof.
NUM  10.
PAR  10. A composite bag according claim 1, wherein the other end of the outer
      bag is open and the inner bag is flush with said other end and is secured
      on both sides thereof to the outer bag at said other end.
NUM  11.
PAR  11. The composite bag according to claim 1 wherein the other end of the
      outer bag is open and the end of said inner bag which is remote from said
      lower fold line projects beyond said open end and said inner bag is
      secured to the outer bag at a location above said lower fold line.
NUM  12.
PAR  12. A composite bag according to claim 11, wherein the other end of the
      outer bag is open and the end of the inner bag which is remote from said
      lower fold line is folded in Z formation to be flush with said outer bag
      other end.
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ABST
PAL  This invention has for its object to do away with the defects of the
      prevailing transfer pinion carrier plates made of metal. In the process of
      manufacturing a metallic carrier plate, a separately prepared small shaft
      for supporting the transfer pinion should be planted vertically to the
      plate with care. Further, as the transfer pinion is only partially
      surrounded by the plate, a gap is always formed between each pair of the
      figure wheels of the completed odometer. Such a gap not only admits the
      intrusion of dust and dirt into the odometer but invites the destruction
      of the transfer pinion permitting the insertion of a sharp tool through
      the gap inadvertently or by a malicious person. All such defects may be
      effectively avoided by producing carrier plates with plastic materials in
      accordance with the present invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The transfer pinion carrier plates positioned between each pair of figure
      wheels for odometers have previously been made of metal. In the process of
      preparing such a carrier plate, it has been a laborsome operation to
      attach a separately prepared small metal shaft for supporting the transfer
      pinion vertically to the plate. Further, as the transfer pinion is only
      partially surrounded by the plate, a gap has been always formed between
      each pair of the figure wheels of the finished odometer. Such a gap not
      only admits the intrusion of dust and dirt into the odometer but also
      invites the destruction of the transfer pinion by the insertion of a sharp
      tool through the gap inadvertently or by a malicious person.
PAR  This invention has for its object to do away with such defects by producing
      the transfer pinion carrier plate with plastic material.
PAR  The invention will be understood from the following description.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of the transfer pinion carrier plate according to
      this invention;
PAR  FIG. 2 is a rear view of the same;
PAR  FIG. 3 is the sectional view along the line 3--3 of FIG. 2 in which the
      transfer pinion and coil spring are omitted;
PAR  FIG. 4 is the sectional view along the line 4--4 of FIG. 1; and
PAR  FIG. 5 is a perspective view of the transfer pinion.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  1 is the transfer pinion carrier plate made of plastic material such as
      polyvinyl acetal, polyvinyl butyral, polyvinyl formal or the like. The
      plate 1 has a central opening 4 surrounding the odometer shaft and a
      circular opening 10 surrounding the transfer pinion 3. Behind the circular
      opening 10, a pocket 11 is formed. Within the pocket 11, the transfer
      pinion 3 is rotatively mounted on a shaft 2 which is formed as one body
      with the pocket wall.
PAR  As can best be seen in FIG. 5, the transfer pinion 3 is provided with three
      long teeth B and three short teeth C arranged alternately to each other.
PAR  Referring again to FIG. 1, a coil spring 12 is supported by a stud 5. The
      horizontal leg 12B of the coil spring 12 engages yieldably with two long
      teeth of the transfer pinion and its end is inserted in the split 8'
      formed under an embossed portion 8 while the vertical leg 12A of the coil
      spring passes through the slit 6' formed under an embossed portion 6 and
      its end engages with a stopper 7. 9 are slotted arms for holding the
      carrier plate from rotation. The arms 9 may be made thicker as shown at A
      in FIG. 3 than the other portion to strengthen them.
PAR  As is clearly shown in FIG. 4, the central opening 4 is provided with a
      thick tubular portion 4' projecting rearwardly.
PAR  Different from the hitherto known metallic carrier plates, the carrier
      plate 1 of the present invention is provided with an arcuate bridge
      portion 13 above the transfer pinion 3 so as to obliterate the gap which
      has been usually formed by the known metallic carrier plate between each
      pair of figure wheels of the odometer.
PAR  As is clear from the above, according to this invention, the shaft for
      supporting the transfer pinion is formed as one body with the carrier
      plate and the transfer pinion is totally surrounded by the carrier plate.
      Further, the thick projecting tubular portion of the central opening
      permits dispensing with the ordinarily necessary spacer ring.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transfer pinion carrier plate for an odometer having a plurality of
      figure wheels rotatably mounted on an odometer shaft and spaced apart from
      each other at a predetermined distance, said carrier plate being
      constructed of plastic material and having a central opening surrounding
      the odometer shaft, a transfer pinion, a circular opening surrounding the
      transfer pinion, a pocket formed integrally with said carrier plate behind
      said circular opening having a shaft integral therewith for supporting the
      transfer pinion, a coil spring yieldably engaging with said transfer
      pinion, a thick tubular portion projecting rearwardly behind the central
      opening, slotted arms for holding the carrier plate from rotation and an
      arcuate bridge portion integral with said carrier plate, wherein said
      bridge portion extends over said transfer pinion between adjacent figure
      wheels.
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ABST
PAL  A temperature control system for providing an automatic reduction in the
      temperature of a room or a house during the nighttime hours which requires
      only the conventional two conductor wiring between the furnace and the
      thermostat thereby avoiding the necessity of adding to or replacing the
      existing wiring between the furnace and the thermostat. The system
      includes a temperature responsive element, a heater near the temperature
      responsive element for providing supplemental heating of the element, a
      conventional furnace control, a clock-operated current control for the
      heater, and a diode steering circuit for directing one portion of an
      alternating current waveform through the heater current control and the
      heater, and another portion of the alternating current waveform through
      the temperature responsive element and the furnace control for providing
      independent control of the heater and the furnace control. The heater
      provides supplementary heating of the temperature responsive element
      during the nighttime hours to establish an apparent room temperature which
      is higher than the actual room temperature so that the thermostat element
      will lower the room temperature during the nighttime hours.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a system for automatically lowering the
      temperature of a room or a house during certain periods such as the
      nighttime hours utilizing the conventional two-conductor wiring from the
      furnace to the thermostat control. In this regard, it will be appreciated
      that in veiw of the national need to conserve energy, it is highly
      recommended that home temperatures be lowered every evening. As a
      practical matter, home owners will be less likely to effect a nightly
      temperature reduction if he must remember to adjust the thermostat each
      night and must arise to a cold house each morning and then readjust the
      thermostat. Consequently, the advantages of an automatic system for
      reducing the temperature setting of the thermostat each night and for
      increasing the temperature setting just prior to the usual awakening time
      are apparent.
PAR  It will be appreciated that if the installation of an automatic system
      requires the trouble and expense of replacing or supplementing the
      existing wiring from the thermostat to the furnace or the automatic system
      is costly, home owners will be discouraged rather than encouraged to save
      energy through the installation of an automatic temperature reduction
      system.
PAR  The present invention provides an automatic temperature reduction system
      for a room or house which is straightforward in construction so that it
      may be manufactured at low cost, and additionally, utilize the two
      existing conductors of the conventional thermostat wiring. The present
      invention achieves these advantageous results by providing a temperature
      control system utilizing a heat source which is associated with the
      temperature responsive element in the heated area and which is activated
      during the nighttime hours to make the apparent room temperature appear to
      be higher than the actual room temperature thereby causing the temperature
      responsive element to signal for a reduction in room temperature. A
      clock-controlled adjustable current source for the heater is located near
      the usual furnace control. Steering circuitry such as a first pair of
      diodes at the furnace control and heater current source location and a
      second pair of diodes at the temperature responsive element and heater
      location is provided for directing one-half of an alternating current
      waveform through the furnace control and the temperature responsive
      element, and the other half of the alternating current waveform through
      the heater current source and the heater so that the furnace temperature
      control can be independently controlled by the temperature responsive
      element and the heater can be independently controlled by the heater
      current source by using respective halves of the waveform for each control
      function.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The figure is a schematic illustration of a temperature control system
      according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the figure, a temperature control system 10 is illustrated which
      includes a first unit or system portion 12 which is located in the room or
      area in which the temperature is to be controlled, and a second unit or
      system portion 14 which is located proximate the furnace. The units 12 and
      14 are connected by a single pair of conductors 16 and 18 which may be the
      pre-existing wiring from a conventional home thermostat unit. The unit 14
      receives standard alternating current energy of 110-120 volts on
      conductors 20 and 22.
PAR  The unit 14 includes a step-down transformer 24 which converts the 110-120
      volt alternating current energy to approximately 24 volts of alternating
      current energy across conductors 26 and 28. The unit 14 further includes a
      temperature control relay or solenoid switch 30 having a relay coil 32 and
      relay contacts 34 which are connected in series with a furnace control
      conductor 36 which in turn is connected to a conventional furnace control
      so that the furnace is turned on to supply heat to the heated area upon
      powering of the relay 30 which closes relay contacts 34. A spike
      suppression capacitor 37 is connected across the relay coil 32. The unit
      14 still further includes a heater control unit 38 which consists of a
      timer motor 40, which controls timer contacts 42, and a variable resistor
      44.
PAR  The unit 12 includes a thermostat switch 46 such as a conventional bimetal
      element which is adapted to bend in one direction on cooling to a preset
      temperature to close the switch and to bend in the other direction on
      heating to a somewhat higher temperature. The unit 12 further includes a
      heating unit 48 which may be an incandescent lamp bulb or the like. The
      heater 48 is in thermal transfer relationship with the thermostatic switch
      46 so that the thermostatic switch 46 is heated by the heater 48 to make
      the room temperature or house temperature appear higher when the heater 48
      is operated.
PAR  Each of the relay coil 32, the variable resistor 44, and the timer
      controlled contacts 42, the heater control unit 38, the heater 48, and the
      thermostatic switch 46 are connected to the two conductors 16 and 18 and
      the alternating current source on conductors 26 and 28 by a steering
      circuit which includes diodes 50, 52, 54 and 56. More particularly, the
      diode 50 is connected in parallel with the relay 32 and the spike
      suppression capacitor 37 and is connected in series with the supply line
      26 and the conductor 16. The diode 52 is connected in parallel with a
      series connection of the variable resistor 44 and the timer controlled
      switch 42, and in series with the supply conductor 28 and the conductor
      18. The diode 54 is connected in series with the heater 48, and across the
      existing conductors 16 and 18 so that it is in parallel with the
      temperature responsive switch 46. The diode 56 is connected in series with
      the temperature responsive switch 46, and across the conductors 16 and 18
      so that it is in parallel with the heater 48.
PAR  In view of the above connection of the diodes, it will be appreciated that
      the positive-going portion of the potential waveform on supply line 26
      provides a current which flows through diode 50, diode 54, heater 48,
      timer controlled contacts 42, and the variable resistor 44 to the other
      supply line 28. Negligible current flows through the temperature
      controlled relay coil 32 since the voltage drop across the forward-biased
      diode 50 is very small, and no current flows through the thermostatic
      switch 46 since the diode 56 is reversed biased.
PAR  When a positive-going portion of the potential waveform appears on the
      supply line 28, a current flows through the diode 52, the thermostatic
      switch 46, the diode 56, and the temperature controlled relay coil 32 to
      the other supply line 26. Negligible current flows through the adjustable
      resistor 44 and the timer controlled switch 42 since the voltage drop
      across the forward-biased diode 52 is very small, and no current flows
      through the heater 48 since the diode 54 is back biased.
PAR  In view of the above, it will be appreciated that the time-varying,
      alternating current voltage waveform provided by the step-down transformer
      24 on lines 26 and 28 is divided into two time displaced portions, with
      one portion being directed through the circuit including the thermostatic
      switch 46 and the temperature controlled relay 32 and the other portion
      being directed through the heater 48, the timer controlled switch 42, and
      the heater control variable resistor 44. As a result, the furnace and the
      heater 48 can be independently controlled.
PAR  In operation, the user sets the thermostatic switch 46 for the appropriate
      daytime room temperature. As explained above, the thermostatic switch 46
      operates in conjunction with the temperature control unit 30 to control
      the operation of the furnace through the opening and closing of the
      furnace control switch 34. The user also sets the timer motor so that the
      switch 42 is closed during the nighttime hours and sets the variable
      resistor 44 to establish the number of degrees of reduction of the
      nighttime temperature in the heated area. Preferably, the variable
      resistor is calibrated in degrees. For example, the calibration can be
      between 0.degree. and 20.degree. reduction in nighttime temperature with
      increasing resistance establishing a decreasing number of degrees of
      reduction of the nighttime temperature and infinite resistance, i.e an
      open at the resistor 44, providing no reduction in nighttime temperature.
      If desired, a switch may be placed in series with the variable resistor 44
      to provide a means for overriding the automatic nighttime temperature
      reduction.
PAR  During the periods in which the timer controlled switch 42 is closed,
      current will flow through the heater 48 in an amount determined by the
      setting of the variable resistor 44 to cause supplemental heating of the
      temperature responsive switch 46. The supplemental heating of the
      temperature responsive switch 46 makes the apparent temperature of the
      heated area to appear higher than the actual temperature. Accordingly, the
      temperature responsive switch 46 will react to cause a decrease in the
      actual temperature of the heated area in accordance with the amount of
      heating of the temperature responsive switch 46 by the heater 48, and
      accordingly, in accordance with the amount of current flowing through the
      heater 48 as established by the setting of the variable resistor 44. The
      closing and opening of the temperature responsive switch 46 is responsible
      for the closing and opening of the relay switch 34 so as to turn the
      furnace on whenever the temperature falls below the set temperature and
      turn the furnace off when the temperature rises above a temperature
      slightly above the set temperature.
PAR  In view of the above description of the temperature control system
      accordiing to the present invention, it will be appreciated that the
      system of this invention uses few components and that the components used
      are available at low cost. Consequently, the system can be constructed at
      low cost. Importantly, the system is adapted to utilize the existing two
      conductors in the wiring system of conventional thermostats so that the
      temperature control system according to the present invention may be
      easily installed at low cost.
PAR  It is to be understood that the foregoing description is that of the
      preferred embodiment of the invention. Various changes and modifications
      may be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for controlling temperature at a first location from a remotely
      located second location utilizing a source of time varying electrical
      energy which alternates between two directions of current flow and two
      conductors extending from said first location to said second location
      comprising:
PA1  a first system portion located at said first location including temperature
      responsive means for responding to the temperature at said first location
      and a heat source in heat transfer relationship with said temperature
      responsive means for heating said temperature responsive means;
PA1  a second system portion located at said second location including control
      means for said heat source and a temperature control means for controlling
      the temperature at said first location; and
PA1  steering circuitry means for receiving said time varying electrical energy
      and for connecting said heat source control means to said heat source and
      said temperature responsive means to said temperature control means only
      through said two conductors, said steering circuitry means providing a
      first time period of said time varying electrical energy exclusively to
      said heat source control means and said heat source and a second time
      period of said time varying electrical energy exclusively to said
      temperature control means and said temperature responsive means for
      providing independent control of said heat source by said heat source
      control means and said temperature control means by said temperature
      responsive means.
NUM  2.
PAR  2. A system according to claim 1 wherein said time varying electrical
      energy is characterized by current which alternates between two directions
      of current flow and wherein said steering circuitry means includes means
      for directing current in one direction through said heat source control
      means and said heat source and for directing current in the other
      direction through said temperature control means and said temperature
      responsive means.
NUM  3.
PAR  3. A system according to claim 2 wherein said means for directing said
      current includes diode means.
NUM  4.
PAR  4. A system according to claim 3 wherein said diode means is a plurality of
      diodes.
NUM  5.
PAR  5. A system for controlling temperature at a first location from a remotely
      located second location utilizing a source of time varying electrical
      energy which alternates between two directions of current flow and two
      conductors extending from said first location to said second location
      comprising:
PA1  a first system portion located at said first location including temperature
      responsive means for responding to the temperature at said first location
      and a heat source in heat transfer relationship with said temperature
      responsive means for heating said temperature responsive means;
PA1  a second system portion including control means for said heat source and a
      temperature control means for controlling the temperature at said first
      location; and steering circuitry means for receiving said time varying
      electrical energy and for connecting said heat source control means to
      said heat source and said temperature responsive means to said temperature
      control means through said two conductors, said steering circuitry means
      including current directing means for directing current in one direction
      through said heat source control means and said heat source and for
      directing current in the other direction through said temperature control
      means and said temperature responsive means for providing independent
      control of said heat source by said heat source control means and said
      temperature control means by said temperature responsive means, said
      current directing means causing current in said one direction to bypass
      said temperature control means and said temperature responsive means and
      current in said other direction to bypass said heat source control means
      and said heat source.
NUM  6.
PAR  6. A system according to claim 5 wherein said current directing means
      includes a first diode connected in parallel with said temperature control
      means to bypass said current in said one direction, a second diode
      connected in parallel with said temperature responsive means to bypass
      said current in said one direction, a third diode connected in parallel
      with said heat source control means to bypass said current in said other
      direction, and a fourth diode connected in parallel with said heat source
      to bypass said current in said other direction.
NUM  7.
PAR  7. A system according to claim 6 wherein said first and second diodes are
      connected in series with said heat source control means and said heat
      source to direct current in said one direction through said heat source
      control means and said heat source, and said third and fourth diodes are
      connected in series with said temperature control means and said
      temperature responsive means to direct current in said other direction
      through said temperature control means and said temperature responsive
      means.
NUM  8.
PAR  8. A system according to claim 1 wherein said heat source control means
      includes means for activating said heat source control means for a
      predetermined period.
NUM  9.
PAR  9. A system according to claim 8 wherein said means for activating said
      heat source control means includes a timing means with a switch operated
      by said timing means for connecting said heat source control means to said
      heat source during said predetermined period.
NUM  10.
PAR  10. A system according to claim 1 wherein said heat source control means
      includes a variable resistor for adjusting the magnitude of current
      through said heat source thereby adjusting the heat output of said heat
      source.
NUM  11.
PAR  11. A system according to claim 1 wherein said heat source is an
      incandescent lamp.
NUM  12.
PAR  12. A system for controlling temperature at a first location from a
      remotely located second location utilizing a source of time varying
      electrical energy which alternates between two directions of current flow
      and two conductors extending from said first location to said second
      location comprising:
PA1  a first system portion located at said first location including temperature
      responsive means for responding to the temperature at said first location
      for providing control of temperature at said first location at a first
      temperature level and additional means for providing control of
      temperature at said first location at a second temperature level;
PA1  a second system portion at said second location for controlling the
      temperature at said first location; and steering circuitry means for
      receiving said time varying electrical energy and for connecting said
      temperature responsive means and said additional means to said second
      system portion through said two conductors, said steering circuitry means
      including directing means for directing current in one direction through
      said temperature responsive means and said second system portion and for
      directing current in the other direction through said additional means and
      said second system portion for providing independent control of said
      temperature at said first location by said temperature responsive means
      and said additional means through said second system portion, said
      directing means causing current in said one direction to bypass said
      additional means and current in said other direction to bypass said
      temperature responsive means.
NUM  13.
PAR  13. A system according to claim 12 wherein said second system portion
      includes a first control means cooperative with said temperature
      responsive means for controlling the temperature at said first location at
      said first level and second control means cooperative with said additional
      means for controlling the temperature at said first location at said
      second temperature level, said steering circuitry means connecting said
      first control means to said temperature responsive means and said second
      control means to said additional means so as to direct current in one
      direction through said temperature responsive means and said first control
      means and to direct current in the other direction through said additional
      means and said second control means for providing independent control of
      said temperature responsive means by said first control means and said
      additional means through said second control means, said directing means
      causing current in said one direction to bypass said second control means
      and current in said other direction to bypass said temperature responsive
      means.
NUM  14.
PAR  14. A system according to claim 12 wherein said directing means includes
      diode means.
NUM  15.
PAR  15. A system according to claim 14 wherein said diode means is a plurality
      of diodes.
NUM  16.
PAR  16. A system according to claim 13 wherein said directing means includes a
      first diode connected in parallel with said first control means to bypass
      said current in said other direction, a second diode connected in parallel
      with said temperature responsive means to bypass said current in said
      other direction, a third diode connected in parallel with said second
      control means to bypass said current in said one direction, and a fourth
      diode connected in parallel with said additional means to bypass said
      current in said one direction.
NUM  17.
PAR  17. A system according to claim 16 wherein said first and second diodes are
      connected in series with said second control means and said additional
      means to direct current in said other direction through said second
      control means and said additional means, and said third and fourth diodes
      are connected in series with said first control means and said temperature
      responsive means to direct current in said one direction through said
      first control means and said temperature responsive means.
NUM  18.
PAR  18. A system according to claim 13 wherein said second control means
      includes means for activating said second control means for a
      predetermined period.
NUM  19.
PAR  19. A system according to claim 18 wherein said means for activating said
      second control means includes a timing means with a switch operated by
      said timing means for connecting said second control means to said
      additional means during said predetermined period.
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ABST
PAL  A conduit with inlet and discharge ends respectively for receiving a supply
      of air under pressure and for delivering the air at a lower pressure has a
      cylindrical configuration and an eliptical butterfly type damper is
      disposed diagonally therein. The damper turns about an axis intermediate
      its diagonally opposite ends and the oncoming air stream thus impinges on
      the upstream face of the damper on opposite sides of the axis and creates
      a differential force, the said differential force tending to close the
      damper and constituting a first closing force. A second closing force for
      the damper is provided by a small bellows supplied with air through a
      small conduit from the downstream side of an orifice member disposed in
      the main conduit upstream of the damper. A second and substantially larger
      bellows serves to open the damper and a small conduit connects the said
      bellows with a controller supplied with air from an upstream side of the
      orifice member in the main conduit. The controller regulates pressure in
      the large bellows as determined by a pressure drop signal across the
      orifice member and a thermostat. The thermostat vents air from the
      controller to reduce large bellows pressure for damper closing operation
      and, conversely, the large bellows is pressurized to cause the butterfly
      damper to move in the opening direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  System powered actuating means for butterfly and other dampers find
      increasing favor in air conditioning systems. Further, such actuating
      means have heretofor been designed to obviate the need for spring loaded
      butterfly dampers by employing velocity pressure derived actuating forces
      for closing the dampers. Such a damper is illustrated and described in
      U.S. Pat. No. 3,361,157 to Schach and actuating means of this type have
      been generally satisfactory. Certain disadvantages are encountered,
      however, in the use of velocity pressure to create a damper closing force.
      More particularly, it is necessary to limit the range of movement of the
      damper so that the damper is never permitted to completely close or
      completely open. Obviously, a damper which is not fully open creates an
      unnecessary and undesirable pressure drop at high flow conditions and, the
      inability to fully close the damper of course results in system leakage.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the present invention to provide a system
      powered actuating means for a butterfly type damper wherein a velocity
      pressure derived force is employed to close the damper, and wherein a
      second closing force is provided by a small bellows operating in
      opposition to a larger actuating or control bellows, the aforementioned
      disadvantages of limited range thus being overcome.
PAR  A more specific object of the invention resides in the provision of an
      actuating means with a small biasing bellows as mentioned above wherein
      the bellows is so designed and its air supply so connected as to provide a
      relatively high closing force to the damper when the requirement for such
      force is at a high level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of an air conduit, a butterfly type damper and
      actuating means constructed in accordance with the present invention, a
      portion of the conduit being broken away for clarity of illustration.
PAR  FIG. 2 is a side view of the elements shown in FIG. 1, a portion of a
      bellows seating member being broken away for clarity of illustration.
PAR  FIG. 3 is a sectional view taken generally as indicated at 3--3 in FIG. 1.
PAR  FIG. 4 is a fragmentary view illustrating pressure taps and a portion of an
      orifice member in the air conduit.
PAR  FIG. 5 is a fragmentary view illustrating the butterfly type damper in the
      air conduit.
PAR  FIG. 6 is a sectional view through the damper of FIG. 5 and illustrating a
      preferred sandwich construction thereof.
PAR  FIG. 7 is a side view of a small biasing bellows.
PAR  FIG. 8 is a plan view of the small biasing bellows mounted on its seating
      member.
PAR  FIG. 9 is a plan view of a large bellows mounted on its seating member.
PAR  FIG. 10 is a schematic view showing the damper and actuating means for the
      damper in a fully open condition.
PAR  FIG. 11 is a schematic illustration showing the damper and actuating means
      for the damper in a fully closed position.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring particularly to FIG. 1, it will be observed that an air conduit
      10 has inlet and discharge ends 12 and 14 respectively for receiving a
      supply of air under pressure and for delivering the air at a lower
      pressure toward an area of use. The conduit 10 may vary widely in form but
      as shown, is cylindrical in shape with left and right hand flanged
      mounting collars 16, 18. Disposed within the conduit adjacent a right hand
      end portion thereof is an orifice member 20 which has a reduced diameter
      to provide a cross-sectional area somewhat smaller than that of the
      conduit and to thus create a pressure drop thereacross.
PAR  Disposed within the conduit 10 is a generally flat butterfly type damper 22
      which turns about an axis 24 disposed intermediate opposite ends of the
      damper and which extends diametrically with respect to the conduit. The
      said opposite ends of the damper, in accordance with the present
      invention, have a substantially greater distance therebetween than the
      sides of the damper such that the damper is disposed diagonally of the
      conduit in its closed position, FIG. 11, and throughout its range of
      movement to its fully open position where it resides in the plane of the
      conduit axis as illustrated in FIG. 10. As is well-known, a butterfly type
      damper so arranged in a conduit is subject to the impingement of the
      oncoming airstream on opposite sides of its axis and a differential force
      is thus created, said force tending to close the damper and, in accordance
      with the present invention, constituting a first closing force. Reference
      may be had to the aforementioned patent for a further discussion of a
      velocity pressure derived closing force on a diagonally arranged butterfly
      damper. Such closing force terminates when the damper reaches a fully
      closed position and air flow over the damper edges ceases. Similarly, when
      the damper is in parallelism with the conduit axis in its fully open
      position, the velocity pressure derived force is ineffective.
PAR  The presently preferred construction of the damper 22, best illustrated in
      FIGS. 3, 5 and 6, is of the sandwich type with outer plates 26,28 riveted
      or otherwise attached to a resilient intermediate member 30 which projects
      outwardly beyond the members 26 and 28 for sealing action against the wall
      of the conduit 10. The butterfly damper takes an elliptical configuration
      in plan form as illustrated in FIG. 5 with the longer dimension of the
      ellipse extending diagonally in the conduit in FIG. 1. Short stub shafts
      32, 34 respectively affixed to the damper by integral flat members 36, 38
      project outwardly through appropriate openings in the conduit 10 and are
      adapted to rotate about the aforementioned axis 24. The stub shaft 34 is
      slightly longer than the stub shaft 32 and serves as a part of an
      actuating means for the damper 22 as described hereinbelow.
PAR  As best illustrated in FIGS. 1 and 3 the stub shaft 34 has an associated
      linkage means comprising a link 36 adjustably connected thereto at 38 and
      connected at an opposite end to a link 40. A small pivot pin 42 connects
      the links 36 and 40 and, at its opposite end, the link 40 has a pivot pin
      44 connecting the same with a swingable bellows seating member 46. The
      member 46 is of generally flat construction and is pivoted at a small pin
      48 so as to swing thereabout in clockwise and counterclockwise directions
      and to thereby urge the links 40, 36, and the butterfly damper 22 in one
      and opposite directions respectively to close and open the conduit 10.
PAR  The swingable member 46 further serves as a seat for the movable ends of
      first and second bellows 50, 52, each of which is expansible and
      contractible. The bellows 50 has its fixed end secured to a generally flat
      member 54. As best illustrated in FIG. 8, the bellows is formed with a
      pocket 56 which is partially circular and which receives a similar
      partially circular flap 58, FIG. 7, mounted at one end on the plate 54. At
      its movable end, the bellows has a second pocket 60 receiving a second
      flap member 62 whereby to be secured in operative position between the
      members 54 and 46. The bellows 52 is similarly provided with a pocket 64
      for receiving a flap member on a seating member 66 arranged generally in
      an V configuration with the member 54. The movable end of the bellows 52
      has a pocket 68 receiving a similar flap member on the swingable member 46
      opposite the bellows 50.
PAR  As will be apparent, the small bellows 50 urges the swingable member 46 in
      a clockwise direction thereby tending to close the damper 22 and the
      bellows 52 urges the member 46 in a counter-clockwise direction tending to
      open the damper 22. The small bellows 50 thus serves as a biasing means
      providing a second closing force on the damper 22 and has a pressure or
      effective area substantially smaller than the bellows 52. Preferably, the
      area of the small bellows is between one third and two thirds the pressure
      area of the large bellows. The large bellows 52 is an actuating or control
      bellows and control pressure therein is varied as described hereinbelow.
PAR  A first air passageway means in the form of a small conduit 70 communicates
      at a fitting 72 with the interior of the bellows 50 and, at an opposite
      end, a fitting 74 provides communication between the conduit 70 and the
      interior of the conduit 10 upstream of the damper 22. It should also be
      noted that the communication of the fitting 74 with the conduit 10 occurs
      downstream of the orifice member 20. This is the preferred form of the
      invention, and provides for a relatively high closing force on the damper
      22 when it is most needed. That is, the aerodynamic or first closing force
      mentioned above is at a relatively low level when flow through the conduit
      10 is at a low level with the damper 22 nearly closed. In this condition,
      the pressure drop across the orifice member 20 is minimal and the pressure
      available at the fitting 74 and thence to the bellows 50 is relatively
      high for effective and full closing of the damper. The use of a higher
      pressure source of supply for the bellows 50 would of course entail the
      use of an unnecessarily large control bellows 52. During high flow
      conditions with larger damper openings in the conduit 10, the aerodynamic
      force tending to close the damper 22 is substantially higher and the
      relatively large pressure drop then existing across the orifice member 20
      is of little or no consequence as the closing force of the bellows 50 is
      not needed and may be at a minimum.
PAR  The actuator or control bellows 52 has a fitting 76 in communication with a
      small control conduit 78 extending to a controller 80, the said conduit
      constituting a second air passageway means. A third air passageway means
      takes the form of a small supply conduit 82 extending from the controller
      80 to air conduit 10 and communicating therewith on the upstream side of
      the orifice member 20. The conduit 82 at its entrance to air conduit 10
      may also include a pitot tube, not shown, so as to provide for a total
      pressure pick-up upstream of the orifice member 20. Conduits 84 and 86
      respectively communicate with the air conduit 10 on downstream and
      upstream sides of the orifice member 20 and extend therefrom to the
      controller 80 whereby to provide a pressure differential or pressure drop
      signal in a conventional manner. Extending from the controller 80 is a
      small conduit 88 which communicates with a thermostat 90 operable to vent
      air from the controller to atmosphere at 92.
PAR  As indicated, the controller 80 may be of a conventional type found in air
      conditioning systems using conventional damper actuating means, as for
      example in the aforementioned patent. Further, the thermostat 90 may be of
      a conventional type adapted to vent air under pressure to atmosphere when
      a reduced cooling requirement prevails, thus reducing pressure in the
      bellows 52 through the controller 80 and the control conduit 78 and
      allowing the damper 22 to move in the closing direction. When the
      thermostat 90 calls for additional cooling, the thermostat operates to
      terminate the venting of air under pressure at 92 and thus, through the
      controller 80 and the conduit 78 to pressurize the bellows 52 and to
      further open the damper 22. At a thermostat setting for full cooling, the
      controller senses the pressure drop across the orifice number 20 and if
      the drop is higher than a preset drop in the controller air is vented from
      the large bellows. If the pressure drop across the orifice member is low
      as compared with a presetting in the controller, the large bellows is
      inflated to further open the damper 22. In this manner, and under a
      requirement for full cooling, the controller can limit the maximum flow
      through the conduit 10 to within a few per cent of a designed flow setting
      despite duct pressure variation of several inches of water.
PAR  From the foregoing, it will be apparent that temperature and other control
      functions can be readily achieved with the actuating means of the present
      invention. For example, a constant flow or volume control system can be
      provided merely by eliminating the thermostatic means described above and
      balancing a measured pressure drop against a preset pressure drop.
      Similarly, a constant static pressure control can be provided as in the
      aforementioned patent merely by balancing a measured static pressure
      against a preset pressure and venting air from the control bellows as
      required. In each such system, positive closing action of the damper is
      provided for by the second closing force of the small bellows 50. There is
      no need to maintain a slightly open position of the damper in its "closed"
      position nor is there a requirement that the damper be prevented from
      assuming a full open position in alignment with the axis of the air
      conduit. Still further, there is no requirement for a specific arrangement
      of actuating means as in the aforementioned patent in order to derive a
      gravity closing force. The axis 24 of the damper 22 is preferably
      positioned in a vertical plane but no stringent requirements of axis
      attitude are encountered. Finally, it is to be noted that a most effective
      damper closing action of the small bellows 50 is achieved at precisely the
      desired point in damper operation, e.g., at a low flow condition with the
      damper approaching its fully closed position.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination comprising:
PA1  a. a conduit having inlet and discharge ends respectively for receiving a
      supply of air under pressure and for delivering the air at a lower
      pressure toward an area of use,
PA1  b. a butterfly type damper disposed in said conduit and mounted to turn
      about an axis disposed intermediate opposite ends of the damper and
      extending diametrically of the conduit,
PA1  c. the said opposite ends of the damper having a substantially greater
      distance therebetween than the sides of the damper and the damper thus
      being disposed diagonally of the conduit in its closed position whereby
      impingement of the oncoming air stream on opposite sides of said axis
      creates a differential force, said force tending to close the damper and
      constituting a first closing force,
PA1  d. a first expansible and contractible bellows of small pressure area
      having one wall fixed and a second wall movable and connected with said
      damper to provide a second damper closing force,
PA1  e. first air passageway means connecting the interior of said bellows with
      said conduit upstream of said damper for a supply of air under pressure to
      said bellows,
PA1  f. a second expansible and contractible bellows substantially larger in
      pressure area than said first bellows and having one wall fixed and a
      second wall movable in opposition to said first bellows and connected with
      said damper to provide a damper opening force,
PA1  g. second air passageway means connected with said second bellows,
PA1  h. a controller connected with said second air passageway means and
      operable to control air pressure in said second bellows and thereby to
      control damper position,
PA1  i. and third air passageway means connected between said controller and
      said conduit upstream of said damper for a supply of air under pressure to
      said bellows.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein the pressure area of
      said small bellows is between one-half and three-fourths the pressure area
      of the large bellows.
NUM  3.
PAR  3. The combination as set forth in claim 1 wherein said conduit is
      cylindrical and wherein said damper takes an elliptical configuration, the
      longer dimension of the elipse extending diagonally in the conduit with
      the damper in a closed position.
NUM  4.
PAR  4. The combination as set forth in claim 1 wherein an orifice member is
      provided in said conduit upstream of said damper, said member having a
      cross-sectional area less than the cross-sectional area of the conduit
      whereby to provide for a pressure drop thereacross.
NUM  5.
PAR  5. The combination as set forth in claim 4 wherein said first air
      passageway means is connected with said conduit between said damper and
      said orifice member.
NUM  6.
PAR  6. The combination as set forth in claim 4 wherein said third air
      passageway means is connected with said conduit on the upstream side of
      said orifice member.
NUM  7.
PAR  7. The combination as set forth in claim 5 wherein said third air
      passageway means is connected with said conduit on an upstream side of
      said orifice member and comprises a total pressure pick-up.
NUM  8.
PAR  8. The combination as set forth in claim 7 and including thermostatic means
      operatively connected with said controller and serving to vent air
      therefrom and from said second bellows through said second air passageway
      means whereby to control the pressure in said bellows and the position of
      said damper.
NUM  9.
PAR  9. The combination as set forth in claim 8 wherein fourth and fifth
      passageway means are connected with said controller and with said conduit
      respectively on upstream and downstream sides of said orifice member
      whereby to provide a pressure drop signal to the controller, and wherein
      said thermostatic means operates in opposition to said pressure drop
      signal to control pressure in said second bellows and thus to maintain
      temperature control.
NUM  10.
PAR  10. The combination as set forth in claim 7 wherein a swingable member is
      provided for connection between the movable sides of said first and second
      bellows, and wherein linkage means is provided between said swingable
      member and said damper for positioning the latter under the control of
      said first and second bellows.
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ABST
PAL  A railroad track fastener assembly consisting of a spring plate and a
      resilient seat for a railroad rail comprising a pad of resilient material
      positioned between the rail base and the base of a spring plate. The
      spring plate may be bolted to any type of cross tie or foundation of
      concrete, steel, or wood. The pad of resilient material is formed with a
      plurality of spaced vertical holes and is either bonded to the base of the
      spring plate and is freely positioned within the spring plate. The pad is
      retained within the spring plate by spring shoulder clips that are secured
      to the spring plate shoulders resiliently checking the upward motion of
      the rail under a heavy load. Guard rails and braces are provided for
      maintaining the wheels of rolling stock on the rails while rounding
      curves. Accordingly, the rail seat assembly of the subject invention is in
      effect a railroad track direct fixation spring plate fastener which is
      operative to achieve noise and vibration attenuation; resistance to rail
      wave action stress and tie twisting, and is also adaptable for variation
      in the gage of the rails.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is the standard practice to support railroad rails by securing them on
      wooden cross ties with steel tie plates being placed between the cross
      ties and the rails. The wooden ties, anchored in a bed of crushed stone,
      provide the proper resiliency for the rails when a heavy load passes over
      them. Wood ties, however, have short life span, do not abate noise and
      must be replaced often. Efforts have been made to use concrete and steel
      cross ties or concrete roadbeds but these attempts have not been too
      successful because there is no "give" to a concrete or steel block
      resulting in a hard ride for the rolling stock and a frequent failure of
      the cross ties and fasteners after a few months under operation.
PAR  In known prior art direct fasteners, the fasteners merely cushion the
      downward forces developed by the rails to a smaller or a larger degree
      depending on the resiliency and the configuration of the resilient pads
      placed directly under the base of the rail. All of such known direct
      fasteners are rigid in relation to the upward motion of the rails that, of
      course, flex under moving loads of rolling stock. Upward flexing becomes
      extremely critical under the impact of defective wheels with flats or
      out-of-rounds. It is believed that failures or damages sustained by
      presently know direct fasteners used to anchor rails, concrete beds or
      concrete ties are caused primarily by those extreme conditions produced by
      defective rolling stock. It is generally recognized that presently
      available fasteners are too rigid to meet the requirements of modern
      railroad transportation systems.
PAR  In order to obviate the shortcomings of the prior art systems, the present
      invention is broadly concerned with improved railroad trackage, and is
      particularly directed towards relieving the anchor pull-out stresses in
      rigid track bed slabs, as well as the pull-out and twisting stresses
      developed in the cross ties as induced by the wave action of the rail in
      moving loads. The subject invention meets the criteria of a fastener that
      is rigid enough to restrain logitudinal rail movement, while at the same
      time being resilient enough to accommodate the upward movement of the rail
      during its wave action when subjected to a moving load. The development of
      twisting of cross ties induced by out-of-phase wave action of the opposed
      rails, and by the differential depression and lifting action in the track
      rails, is prevented by the subject invention by means of the spring plate
      fastener thereof. With respect to the latter, the subject device utilizes
      a specially formed steel plate having folded over shoulders which,
      together with an air entrapped elastomeric molding, forms a rail base and
      a guideway for the rail. The elastomeric element is of special design and
      shape, and includes air entrapped pockets which inhibit noise and
      vibration developed in the trackway.
PAR  In the design of the spring plate fastener of the subject invention, the
      steel spring plate is in combination with an elastomeric rail base
      supporting element and track bed slabs, beams or cross ties. The subject
      assembly may be employed in all environments of track installation and
      geometry, and in all applications dealing with different track alignments.
      The subject invention greatly improves the track operational properties,
      and may be employed in conjunction with concrete or steel track beds, as
      well as in conjunction with wood ties in stone or concrete ballast. The
      subject device may be employed in new construction, or may be substituted
      during reconstruction of existing track. Utilizing the subject invention,
      all of the forces acting on the rail are accommodated; upward forces are
      dissipated by means of the folded-over shoulders of the steel spring
      plate; traction or longitudinal forces, as well as lateral or centrifugal
      forces are transferred into the base of the steel spring plate, thus
      engaging simultaneously all anchor bolts in shear thereby preventing the
      latter from bending, breaking or pulling out; and vibrational forces are
      dissipated by means of the elastomeric rail base supporting element
      dampening noise and tremors, as more fully described hereinafter.
PAR  Utilizing the subject fastening system, easy maintenance as well as
      improved life of the rail system is achieved. This is especially so when
      the subject system is employed in subway systems which include sharp
      curves and are subjected to heavy usage. The subject device is also
      adaptable for installation of guard or restraining rails parallel to the
      running or main rail.
PAR  Accordingly, it is an object of the subject invention to provide a simple,
      economical, and highly efficient rail fastener system that can be readily
      adaptable for a wide variety of usage in either existing or new rail
      construction. At the same time it is an object of this invention to
      provide a system that greatly reduces noise polution and vibration
      transmission to the surroundings.
PAC  SUMMARY
PAR  The invention comprises a resilient rail seat for a railroad rail and
      includes a spring plate secured to a foundation by anchor bolts. The ends
      of the spring plate are turned over to form shoulders for checking the
      upward wave action of the rail and for retaining the rail against side
      slip. An elastomeric pad is positioned between a base portion of the
      spring plate and the bottom surface of the rail, this portion of the pad
      being formed with a plurality of spaced compartments for providing the
      desired shape factor and elastic behavior of the pad. The pad is also
      formed with two side extensions for folding around the two base flanges of
      the rail. Two shoulder extension clips are fastened to the shoulders of
      the spring plate for retaining the two pad extensions in contact with the
      upper surfaces of the rail flanges.
PAR  The invention also includes a rail brace secured to a shoulder of the
      spring base for bracing the rail against side motion on curves. Additional
      check for centrifugal forces is provided by a guard rail, supported on the
      elastomeric pad vertically, or secured horizontally on a steel bracket.
PAR  The unique railroad track fastener assembly of the subject invention
      achieves direct fixation of the rail to the supporting base, and
      inherently includes means for noise and vibration reduction, as well as
      inherently including means for relieving rail wave action and cross tie
      twisting stresses. The fastener assembly base is rigidly secured to the
      track bed, and is adaptable to accommodate track gauge adjustment
      mechanisms and unbalanced super elevation restraining hardware, as well as
      guard rail supports. One of the unique features of the subject fastener
      assembly is that the spring steel plate is shaped to act as a rail
      alignment guideway; a rail-to-base fastener; and a rail hold-down spring
      to cushion upward rail motion under the wave action, and to relieve
      destructive stresses. The specially formed elastomeric rail supporting
      seat that is either separate from or bonded to the spring plate at its
      base, cushions downward forces, whereby the resilient elastomeric element
      combines the cushioning effect of the elastomeric materials and the
      trapped air within the resilient element.
DRWD
PAR  Additional details of the invention will be disclosed in the following
      description, taken in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a perspective view of the rail seat assembly.
PAR  FIG. 2 is an end view, with some parts in section, of the rail seat
      assembly in conjunction with a horizontal guard rail supported by a
      bracket and a bracket bridge.
PAR  FIG. 3 is a cross sectional view of the rail seat assembly for super
      elevated rail taken along line 3--3 of FIG. 4.
PAR  FIG. 4 is a plan view of the rail seat assembly for a super elevated rail
      brace.
PAR  FIG. 5 is an end view, with some parts in section, of the rail seat
      assembly in combination with a vertical guard rail.
PAR  FIG. 6 is an end view, with some parts in section, of the rail seat
      assembly in combination with a horizontal guard rail supported by the bar
      chairs and and secured to the guard rail bracket.
PAR  FIG. 7 is a top view of the guard rail bracket support shown in FIG. 6.
PAR  FIG. 8 is a side view, with some parts in section, of the super elevated
      rail seat assembly shown in FIG. 3 and is taken generally along line 8--8
      of that figure.
PAR  FIG. 9 is a cross sectional view of the elastomeric pad showing the air
      holes and the side extensions. This section is taken along line 9--9 of
      FIG. 10.
PAR  FIG. 10 is a cross sectional view of the elastomeric pad taken along line
      10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1, 3, and 4, the resilient rail seat comprises a
      spring plate 15 formed with turned over end portions 16, 17, and vertical
      shoulder portions 18 and 20. The spring plate 15 is anchored to a base 21
      (shown in FIGS. 2, 3, 6, and 8) which may be a concrete block concrete
      roadbed, concrete, wood or a steel tie. Anchor bolts 22 or any other
      convenient form of fastening units may be used to secure the spring plate
      15 to a roadbed. In view shown in FIG. 1 bolts 22 are used, tightened by a
      wrench inserted through holes 23.
PAR  An elastomeric pad 24 is positioned on the base portion of the spring base
      15 with overhanging flanges 26. The railroad rail 25 is placed on top of
      the pad 24 and then side extensions 26 are folded around the bottom
      flanges of the rail and held in place by shoulder extension clips 27. When
      the clips 27 are firmly secured in place by bolts 28, the extensions 26
      are firmly clamped in the positions shown and the end portions 17 provide
      proper hold-down force and cantilevered spring beams.
PAR  The main portion of the pad 24 is below the bottom surface of rail 25 and,
      in order to provide the desired resiliency, a plurality of holes 29 are
      formed in this portion. The holes do not pass entirely through the pad
      section but limit near one surface. FIGS. 2, 9, and 10 show the holes 29
      open at the bottom, FIG. 6 shows them open at the top. Either structure is
      efficient as long as the open ends of the holes 29 are assembled adjoining
      a flat surface. The preferred method of assembly is by bonding, so that
      the air in the compartments can never escape but always acts as an air
      spring permitting the walls of the elastomeric material to compress and
      expand as a heavy load are intermittently applied to the rails. The pad 24
      may, of course, be made of natural rubber and many other materials but the
      preferred materials are neoprene and butyl rubber, this material, having a
      long life and not subject to hardening nor to disintegration in the
      presence of oils and petrochemical derivatives.
PAR  It is important to provide upward vertical resiliency as well as the spring
      action under the rail. Upward flexing becomes critical under the impact of
      defective wheels with flats or out-of-round shapes. During the time an
      impact of defective wheel acts in the vicinity of the rail seat the rail
      flexes and urges the rail to move upwardly. If such a movement is
      restrained or blocked, damage may result. Spring clips 27 provide the
      required upward resiliency when such violent vertical forces are
      encountered. Spring clips 27 are mounted on the turned over portions 16
      and 17 and are secured by bolts 28, threaded into a support rod 30 which
      are secured to the end portions 16 and 17 before assembly by a central
      small machine screw 32 or tackwelds and completes the cantilevered portion
      of the spring plate.
PAR  The spring steel fastener plate 15 preferably consists of a single
      continuous strip, with the shoulders 18 and 20 thereof, together with the
      shoulder extension brackets or clips 27 providing the guideway to hold the
      rail base within the fastener assembly. The amount of the grip depends on
      the elasticity and strength of the folded-over plate 15 at the side bends
      or turned-over end portions 16, 17. As mentioned above, the spring plate
      15 is anchored at its base with four or two anchor bolts 22 to the
      trackway base, and by this arrangement, all of the anchor bolts 22 act
      together to resist stresses in all directions. The strength of the spring
      plate 15 and its grip with which it holds the rail base depends on the
      thickness of the plate, forming methods, type of steel, heat treatment,
      tempering, annealing, etc. It is suggested that no less than a 3/8 inch
      plate of carbon steel be used employing cold forming followed by
      annealing.
PAR  With respect to the elastomeric rail seat base 24, it is suggested that the
      pad be approximately 3/4 inch thick and canted at its base with a 3/8 inch
      thick upward side long enough to fold over the rail flange and extend on
      its web for approximately 1/2 inch under the shoulder extension brackets
      27. The sides of the pad are preferably formed vertically, as at 26 in
      FIG. 9, for easier rail installation and rail removal. The pad may be
      removable or permanently bonded to the base plate and, as mentioned above,
      removal of the rails is simply accomplished by removing the shoulder
      extension brackets 27 only. Thus, the fastener assembly remains in
      anchored position during the rail removal operation.
PAR  With respect to the elastomeric pad, it is noted that the air pockets
      provide the desired cushioning properties in combination with the inherent
      cushioning properties achieved by the resiliency of the pad.
PAR  The rail seat assembly shown in FIG. 2 is the same as that shown in FIG. 1
      except that a guard rail supporting bracket 33 is added to the assembly
      for holding a horizontal guard rail 34 in positions on curved tracks.
      Horizontal guard rails are used on lower rails on curves to retain the
      wheels in their normal positions. When the rolling stock moves too fast on
      a curve, the wheels tend to move off the rails. FIG. 2 shows a wheel 35 on
      rail 25 held by guard rail 34. It is obvious that the guard rail 34 be
      securely anchored to the base structure. Bracket 33 is formed with a long
      base 36 which is welded to the bracket 33 and the bridge 37 and is free of
      the spring plate 15. The bracket is formed of two similar plates which
      straddle the spring plate 15 and are connected to each other by a bridge
      bar 37. Plates 38 are inserted for horizontal adjustments of the guard
      rail 34. The bridge bar 37 supports the web of guard rail 34 and is
      anchored thereto by a bolt 40. Plate 38 supports the guard rail 34 against
      side motion.
PAR  The rail seat shown in FIGS. 3 and 8 is the same as that shown in FIG. 1
      except that a brace 41 is added to a clip 27 and a brace bar 42 is added
      to the spring plate 15 to check the rail 25 against side motion. The rail
      brace 41 is welded to the shoulder extension clip 27 and the brace bar 42
      welded to the spring plate shoulder 16. Side pressure on rail 25 is first
      resisted by the pad 24; further side motion moves the rail 25 into contact
      with the rail brace 41 and resilient counter action is provided by spring
      plate shoulder 16 and shoulder clip 27.
PAR  The rail arrangement shown in FIG. 5 adds an additional vertical guard rail
      43 to reduce the slide slip of wheel 35. In this array the guard rail 43
      is embedded in an extension 44 of the elastomeric pad 24 and its bottom
      flange is held in place by extension 26A and shoulder clip 27. An elevated
      rail brace 41 and brace bar 42 also added to resiliently maintain the
      guard rail 43 against side movement. A center clip 45, made of steel,
      holds the pad extension 26 in its proper position and also holds the guard
      rail 43 at a predetermined position from rail 25. The clip 45 is held in
      place by two bolts 46 which pass through the pad 24 and the base portion
      of the spring plate 15. The elastomeric pad 24-44 is formed with a
      plurality of vertical holes 29 (not shown in FIG. 5) in the portion under
      the running rail 25 only as indicated in FIGS. 2, 6, 9, and 10.
PAR  The horizontal guard rail device shown in FIGS. 6 and 7 is the same as the
      device shown in FIG. 2 except that the guard rail 34 is supported by a
      pair of bent rods 47 and secured to the guard rail bracket 33A by a bolt
      48. The rail bracket 33A performs the same function as the rail bracket
      33, shown in FIG. 2, but is formed of a single piece of steel, bent into a
      U-shape, as shown in FIG. 7. Rods 47 are welded to the sides of the
      bracket 33A and base plate 21.
PAR  FIGS. 9 and 10 show the elastomeric pad 24 as it is taken from the mold
      having a base 24 and two vertical extensions 26 with slightly turned out
      ends. The holes 29 are shown open at the bottom, the preferred form, but
      they can be made so as to be open at the top. The overhanging flanges 26
      are formed on both ends of the pad so as to provide a definite placement
      location on the base portion 15 of the spring plate. When the pad 24 is
      assembled, extensions 26 are bent over by the application of shoulder
      clips 27.
PAR  In summary, the rail seating means of the subject invention provides a
      smoother ride for passengers and freight and eliminates most of the noise
      caused by action of the wheels on the rails, while extending the life of
      the rail and the supporting cross tie elements. In the subject fastening
      means, the spring plate is designed to achieve two important objectives as
      it fastens the steel railroad rail to a rigid concrete bed or a massive
      concrete tie: (1) it provides flexibility in the upward direction under
      the extreme forces of the deflecting railroad rail. The spring plate is
      capable of action as a resilient spring along its curved sides, and it is
      thus capable to "give" rather than to fail as do presently available
      fasteners under extreme stresses. Thus, the spring plate greatly increases
      the safety and operational characteristics of the rail system; and (2) the
      cushioning pad incorporated in the design of the subject assembly improves
      the use of a resilient pad placed directly under the base of a rail in
      that it utilizes trapped air as a cushioning effect. Sudden shock will
      instantly trap the air in the pockets of the elastomeric pad, thereby
      aiding in the ride and operational characteristics of the rail system. In
      addition to the above, the subject fastener means greatly aids in noise
      and vibration abatement programs, and it is adaptable for use with welded
      rail installations, thereby requiring no anchors. The subject system may
      be inexpensively produced, and rapidly and efficiently installed.
PAR  The rail seat of the subject invention may be employed in conjunction with
      a railroad load carrying rail that may comprise a curved rail, rail guard,
      switch, rail switch point, turn-out or a rail cross-over.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A resilient rail seat for a railroad load carrying rail comprising: a
      spring plate secured to a foundation by anchor bolts and including turned
      over cantilevered end portions having vertical shoulder portions for
      retaining the rail against side slip; an elastomeric pad positioned
      between a base portion of the spring plate and the bottom of the rail, the
      pad formed with a plurality of spaced vertical air compartments for
      increasing the flexibility of the pad, each said air compartment being
      open at one side of the pad, the pad also formed with two side extensions
      for folding around the two base flanges of the rail; and two shoulder
      extension clips, secured to the cantilevered end portions of the spring
      plate for retaining the two extensions of the pad in contact with the rail
      flanges.
NUM  2.
PAR  2. A rail seat according to claim 1 wherein said air compartments in the
      pad are open at the lower pad surface and the pad is bonded to the upper
      surface of the spring plate to form closed air spring cells.
NUM  3.
PAR  3. A rail seat according to claim 1 wherein said air compartments in the
      pad are open at the top pad surface for a plunger effect under a sudden
      application of a load on the rail.
NUM  4.
PAR  4. A rail seat according to claim 1 wherein super elevated rail brace is
      secured to one of the shoulder extension clips and having an abutting edge
      positioned adjacent to the rail for bracing the rail against side
      movement.
NUM  5.
PAR  5. A rail seat according to claim 1 wherein a second railroad rail is
      mounted parallel to the load carrying rail and is seated in an extension
      of the elastomeric pad material which holds the load carrying rail, said
      second rail held in position by a spring clip on one side and by a
      shoulder extension clip on the other side.
NUM  6.
PAR  6. A rail seat according to claim 5 wherein said elastomeric pad is made to
      support the parallel guard rail.
NUM  7.
PAR  7. A rail seat according to claim 1 wherein a second railroad rail is
      mounted horizontally adjacent to the load carrying rail for bracing
      contact with a wheel moving on the load carrying rail, said second rail
      carried by chairs of bent rods secured to a supporting bracket in
      combination with the subject spring plate.
NUM  8.
PAR  8. A rail seat according to claim 7 wherein said supporting bracket is made
      from a single piece of steel and formed with a U-shape.
NUM  9.
PAR  9. A rail seat according to claim 1 wherein a second railroad rail is
      mounted horizontally adjacent to the load carrying rail for bracing
      contact with a wheel moving on the load carrying rail, said second rail
      carried by a bridge secured to a supporting bracket and secured to the
      bridge by a bolt in combination with said spring plate.
NUM  10.
PAR  10. A rail seat as in claim 1 wherein said railroad load carrying rail may
      comprise a curved rail, rail guard, switch, rail switch point, turn-out or
      a rail cross-over.
NUM  11.
PAR  11. A resilient rail seat for a railroad load carrying rail comprising: a
      spring plate secured to a foundation by anchor bolts and including turned
      over cantilevered end portions having vertical shoulder portions for
      retaining the rail against side slip; an elastomeric pad positioned
      between a base portion of the spring plate and the bottom of the rail, the
      pad formed with a plurality of spaced vertical air compartments for
      increasing the flexibility of the pad, the pad also formed with two side
      extensions for folding around the two base flanges of the rail; and two
      shoulder extension clips, secured to the cantilevered end portions of the
      spring plate for retaining the two extensions of the pad in contact with
      the rail flanges, and wherein a second railroad rail is mounted parallel
      to the load carrying rail and is supported in an extension of the
      elastomeric pad material which supports the load carrying rail, said
      second rail held in position by a spring clip on one side and by a
      shoulder extension clip on the other side; said elastomeric pad being made
      to support the parallel guard rail, and said elastomeric pad being molded
      with a plurality of vertically aligned compartments under the running rail
      open at one side of the pad with three integrally formed extensions
      disposed at right angles to the upper surface of the pad.
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ABST
PAL  A snow-making system having a relatively large number of remotely located
      snow-making devices supplied with compressed air and pressurized water
      from sources thereof at a generally centralized location. Each device
      includes a compressed air driven motor for driving impeller blades which
      move external air at ambient, below freezing, temperatures through the
      device. Each device further includes means for mixing compressed air and
      pressurized water which mixture is combined with exhaust air from the air
      motor, such combination thereupon being further combined with the external
      air, the latter combination thereupon exiting from one end of the device.
      The exiting combination comes into contact with a spray of pressurized
      water at a location external to the device which contact produces
      nucleated particles which fall to the ground as artifically produced snow.
      Each snow-making device can operate generally at ambient temperatures as
      low as about 26.degree.F and each is sufficiently mobile to permit it to
      be moved relatively easily from one ski slope location to another, even
      where such slopes are relatively steep.
BSUM
PAC  INTRODUCTION
PAR  This invention relates generally to snow-making apparatus and, more
      particularly, to such apparatus utilizing air impeller blades driven by a
      rotary powered air motor.
PAC  BACKGROUND OF THE INVENTION
PAR  In order to assure adequate skiing in most areas of the world over an
      extended ski season, many such areas cannot fully rely upon natural snow
      to provide an adequate snow cover for such purpose. Consequently,
      apparatus and methods for making artificial snow are required both in the
      United States and in other countries to insure a profitable skiing season
      for many, if not most, operators of ski areas.
PAR  At the present time, two principal systems for making artificial snow are
      in use. The first such system, often referred to as an "air" system,
      utilizes a relatively large air compressor which is located at a
      centralized position (e.g. at the bottom of one or more ski slopes) and
      which provides compressed air fed through appropriate pipes to one or more
      remote locations of the ski area. Water under pressure is also supplied to
      such remote locations from a central water source which may, for example,
      be located near the air compressor. The compressed air and pressurized
      water are fed to appropriate "snow guns" which merely mix the two
      components in various ways to provide artificial snow. Such systems are
      relatively expensive to install and operate. The compressors must be quite
      large if they are to provide a sufficient supply of compressed air at more
      than a few locations.
PAR  In such air systems, the air flow rates at each gun may vary depending on
      the size of the guns that are being used, such air flow rates ranging from
      as low as about 100 cubic feet per minute (c.f.m.) to as high as
      1,800-2,000 c.f.m., for example. Even at the relatively high end of the
      range of air flow rates, relatively little water is converted into snow
      despite the relatively large amount of air that is compressed for such
      purpose. Moreover, such installations are very costly to install and to
      operate. A known system, for example, which utilizes two relatively large
      air compressors, supplying a total combined output of 6,000 c.f.m. of
      compressed air to only three remotely located snow guns, can provide
      relatively little snow even at these few locations at any one time. The
      installation costs of such a system may well run as high as $200,000.00 or
      more, which represents a large investment with less return than is
      desirable to make the use thereof economically justifiable.
PAR  One advantage of using such conventional compressed air systems however, is
      that their operation can produce artificial snow at relatively high
      ambient temperatures i.e., at temperatures, which while below
      sub-freezing, are generally about or above 26.degree. F, as compared with
      other "airless" artificial snow making systems discussed below which
      usually require temperatures lower than about 26.degree. F for providing
      adequate snow-making performance. Accordingly, such compressed air systems
      are generally found necessary for use in ski areas where the average mean
      temperature even in the cold months is generally higher than 26.degree. F.
PAR  Another system which has been utilized in many ski areas is often referred
      to as an "airless" system wherein a plurality of snow-making units located
      at a plurality of remote locations of a ski area each use either internal
      combustion motors or electric motors to drive air propellers associated
      therewith to produce a cold air stream at each snow-making unit. Water
      from a centralized source is piped under pressure to each of such
      locations and suitable snow guns provide an appropriate mixture of the
      water with a cold air stream created by the propellers to produce
      artificial snow. While the system tends to provide for conversion of
      larger amounts of water to snow than the "air" systems as described above
      and eliminates the high cost of installing a relatively large central air
      compressor, each of the individual air propeller and motor units at the
      remote locations are in themselves relatively expensive. Moreover,
      appropriate electrical power, for example, must be supplied to each unit
      when electrical motors are used, requiring the laying of a large number of
      cables over the ski area. Such systems are considered relatively dangerous
      where high voltage industrial electric sources must be used, particularly
      at night under adverse conditions. Moreover, the relatively large size and
      overall weight of such motor units makes them cumbersome to move from one
      remote location to another as well as making it difficult to position them
      in a stable manner on relatively steep slopes. A further and significant
      disadvantage of such systems, which do not use compressed air is that they
      are not as effective at temperatures at or above about 26.degree. F as are
      conventional "air" systems which are presently available.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a system using one or more novel devices for making
      snow each of which utilizes compressed air in a manner which reduces the
      overall manufacturing, installation and operating costs of the system
      while still retaining the advantages of operation at relatively high
      average mean temperatures (i.e., about 26.degree. F). The system of the
      invention avoids the need for electric or internal combustion motors and
      the consequent expense and potential dangers associated therewith.
      Moreover, the overall size and weight of the devices is such that they are
      more mobile than previously used "airless" motors and permits them to be
      useable even on relatively steep slopes.
PAR  In accordance with the invention, a snow-making device which includes a
      rotary air motor is utilized at each of a plurality of remote locations in
      a ski area where snow is to be made. The air motor is actuated by a
      compressed gas, such as air, from a centralized compressed air source for
      driving axial-flow, air impeller blades which draw external air at ambient
      temperature and pressure through the device so as to create a flow of
      sub-freezing air within the device. Exhaust air from the air motor is
      directed to a means within the device for combining the exhaust air with a
      previously formed mixture of compressed air and pressurized water, the
      exhaust air thereby aiding in the diffusion and atomization of the
      air/water mixture into a combined stream of droplets which are relatively
      small. When such combined stream enters into the flow of sub-freezing air
      stream created by the impeller blades, the overall combination is directed
      outwardly from the device where it is further contacted by a spray of
      pressurized water at the output end of the device, the pressurized water
      being thereupon converted into snow which then falls to the ground as an
      appropriate snow cover.
PAR  In a preferred embodiment, the air motor, the air/water mixing means and
      the means for combining the various components to form the output from the
      device are housed within a single housing, such as a clyindrical body,
      which also houses the impeller fan blades to form a snow-making unit the
      overall operation of which is effective and efficient even at temperatures
      at or above about 26.degree. F. Such devices are located at a plurality of
      remote locations and are supplied with compressed air and pressurized
      water from sources which can be centrally located with respect thereto.
      The devices are light in weight and are highly mobile and relatively easy
      to manipulate even on steep ski slopes. Elimination of the use of the need
      for an electrical energy source removes the potential dangers that occur
      therefrom and such devices are readily adaptable for use in present
      systems having centralized compressed air sources already installed. By
      the use of such unique devices in accordance with the invention, the
      number of remote locations that can be serviced with a single centralized
      air compressor (and, hence, the total amount of artificial snow that can
      be produced) is increased considerably over present "air" systems so that
      the overall costs of the system in terms of the output snow produced is
      considerably reduced.
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PAR  The invention can be described in more detail with the help of the
      accompanying drawings wherein
PAR  FIG. 1 shows an overall block diagram of a system in accordance with the
      invention;
PAR  FIG. 2 depicts a view partially in section of the snow making units
      including the exhaust gun, air motor, and air impeller blades used at each
      remote location of the system in FIG. 1;
PAR  FIG. 3 is a view partially in section of a portion of the exhaust gun
      member of the unit shown in FIG. 1;
PAR  FIG. 4 is a front end view of the unit depicted in FIG. 1; and
PAR  FIG. 5 is a view partially in section of the forward portion of the unit
      shown in FIG. 1.
DETD
PAR  The system of the invention is shown in simplified block diagram form in
      FIG. 1, wherein a centralized source of compressed air 10 and a
      centralized water pump source 11 of pressurized water are both located at
      an appropriate region of a ski area, as at the bottom of one or more ski
      slopes thereof. A plurality of snow making devices 12 are located at a
      relatively large number of selected locations on one or more ski slopes
      where it is desirable to provide a new artificial ground snow cover or to
      supplement the natural snow cover which may already be present. Each of
      the remote located devices 12 is supplied with water under pressure from
      water pump source 11, via water pipe lines 13 such water being supplied at
      a pressure of about 250 psi for example. Compressed air under pressure of
      about 70 psi, for example is supplied from compressed air source 10 via
      appropriate air pipe lines 14, to each of said remotely located devices.
PAR  An exemplary snow making device at each such location is depicted in FIG. 2
      and, as can be seen therein in a preferred embodiment, the device
      comprises a cylindrical housing 20 having mounted therein an exhaust gun
      21, an air motor 22 which drives a plurality of air impeller blades 23
      mounted at the rear, or input, end of housing 20 and a water spray unit 24
      mounted at the front end, or output, of housing 20. Water from the
      centralized source 10 is supplied thereto via one of the water pipe lines
      13, a portion of which is shown in FIG. 2. Compressed air from centralized
      compressed air source 11 is supplied via one of the air pipe lines 14 to
      two points at the device via suitable branch members 14A and 14B shown in
      FIG. 2. Thus, compressed air is fed via one input branch pipe line 14A to
      air motor 22, the latter being, for example, a motor of the type sold
      together with fan blades in an appropriate housing by Strobic Air
      Corporation of Trenton, N.J. under its trade designation as an
      explosion-proof fan.
PAR  Air motor 22 thereupon causes impeller blades 23 to rotate at an
      appropriate speed, such as 2,000 r.p.m. for example, so as to create a
      cold air stream by drawing in air at ambient pressure and ambient
      temperature which is below freezing, and causing said air to flow along
      the direction of arrows 25 through the device to the left thereof in the
      view shown in FIG. 2. The compressed air, after flowing through the air
      motor 22, exhausts from the air motor by way of exhaust pipe 26 which
      carries the exhaust air into an exhaust gun 21 for use therein as
      described in more detail below with reference to FIG. 3. Pressurized water
      is also supplied to exhaust gun 21 via water line 27. The flow therein
      being controlled by a valve 28 shown in FIG. 2. For efficient operation,
      the valve may be set to provide a relatively large flow thereof, up to as
      high as 70 gallons per minute (gpm), for example. The exhaust gun 21
      provides a combined stream of exhaust air and a compressed air/water
      pressurized mixture, as described below, at its output end 29, as shown by
      arrow 20 (best seen in FIGS. 3 and 5). The combined stream 30 ultimately
      exits from the front end of the housing 20 at which end it generally
      enters the central portion of the air stream 25 created by the air
      impeller blades 23 (See FIG. 5) to form an overall output stream 33 from
      the device. A spray of water from a water spray means 24 positioned at the
      front end of the overall device enters the periphery of output stream 33,
      thereby becoming diffused both in the forward current of the sub-freezing
      air stream 25 created by air impeller blades 23 and in the forward
      projected current of the exhaust air and compressed air/pressurized water
      combination provided by the stream 30 from exhaust gun 21. Nucleation
      takes place external to the unit near the front end thereof so that the
      water particles then fall as snow onto the ground to form an appropriate
      artificial snow cover. The operation and structure of the exhaust gun is
      shown in more detail in FIG. 3.
PAR  Thus, water originating from the main water pipe line 13 is ultimately
      conveyed through pipe lines 27 and control valve 28 (see FIG. 2) so as to
      enter the front section of exhaust gun 21 into a jacket or chamber 35,
      formed by the external tubular section 36 and an internal generally
      tubular section 37 extending partially backward, for example, toward the
      rear end of exhaust gun 21. Inner tubular member 37 thereby forms an
      effective barrel for controlling the projection of exiting fluids while
      chamber 35 forms a water jacket around the barrel to maintain the
      discharge orifice 30 thereof at a sufficiently high level to prevent any
      ice formation thereof.
PAR  The water in chamber 35 exits therefrom via pipe line 27A extending into
      chamber 35 at an opening in tubular member 36 and flows to a nozzle 40
      mounted at the opposite end of exhaust gun 21. Nozzle 40 directs the water
      into a mixing chamber 41 where it mixes with compressed air fed thereto
      via nozzle 42 supplied from an input pipe line 14B from the centralized
      air compressor. The compressed air which reaches chamber 41 may be at a
      pressure of about 70 psi, for example. The water and air entering chamber
      41 from nozzles 40 and 42, respectively, thereupon become mixed and exist
      therefrom via an orifice 43 in plate 44 into a tube 45 formed as an
      extension of mixing chamber 41. Tube 45 extends generally to the central
      region of exhaust gun 21 into inner tubular member 37 so as to convey the
      compressed air and pressurized water mixture 34 therethrough.
PAR  Exhaust air from air motor 22 is supplied to exhaust gun 21 via exhaust
      pipe 26 and enters into a region 47 from which region it is conveyed into
      the interior of inner tubular member 37 as shown by arrows 46. The
      compressed air/pressurized watermixture 34 from tube 45 thereupon joins
      the exhaust air from air motor 22 within inner tubular member 37 to form a
      combined stream 30 thereof which exits from opening 39 formed, for
      example, by a cap member 38.
PAR  The exhaust pipe 25 is placed at a position sufficiently remote from the
      exit end of tube 45 so that the highly pressurized air and water mixture
      from tube 45 (at an air pressure, for example, of about 70 psi and at a
      water pressure, for example, of 250 psi) will draw forward the lesser
      pressurized exhaust air (at a pressure, for example, of less than 70 psi)
      in a venturi-like fashion. Such operation decreases the back pressure of
      the exiting air from the air motor and serves to increase the operating
      efficiency of the air motor. The combined stream 30 which contains the
      higher pressurized air/water combination from tube 45 and the lower
      pressurized exhaust air from the air motor 22 exits from opening 39 at the
      output end of exhaust gun 21. Such stream thereupon joins the sub-freezing
      air in cylinder 20 (see FIG. 5) which flows therethrough from the
      operation of the impeller blades 31 to form an overall mixture 33 thereof
      as discussed above.
PAR  The overall mixture 33 exits from the output end of the device (See FIGS. 1
      and 5) where it thereupon comes into contact with the water sprayed from
      nozzles 51 of water spray means 24, as shown by arrows 34 (FIG. 5),
      generally externally to the device. The water spray means is shown in more
      detail in FIGS. 2 and 4 where, as can be seen therein, the water from pipe
      line 13 from the centralized water pump source 11 is fed into a generally
      circular chamber 50 at a relatively high pressure (as high as 250 psi, for
      example), chamber 50 being generally annularly shaped and mounted at the
      front end of the housing 20. Water circulating in chamber 50 comes into
      contact with a plurality of spray nozzles 51 and in effect maintains the
      temperature of such nozzles at a level above freezing so as to prevent
      clogging thereof by the formation of ice thereon. The nozzles are supplied
      with water from a plurality of pipes 52 connected to a second chamber 53,
      displaced from chamber 50 and having a correspondingly circular
      configuration, such water being supplied to the input ends thereof via
      pipe line 54 from chamber 50. The pressure at which the water is fed to
      the water spray nozzles can be suitably controlled by valves 55. Water in
      chamber 53 is thereupon fed to pipe line 27 for use in the exhaust gun 21,
      as described above.
PAR  Thus, the water conveyed to spray nozzles 51 is at a relatively high
      pressure so that, as it comes into contact with the pressurized overall
      combined stream 33 from the output end of chamber 20, it becomes diffused
      both in the forward current of the sub-freezing air stream created by
      impeller blades 23 and in the forward projected current of the combined
      stream of exhaust air and pressurized air/water mixture from the exhaust
      gun and appropriate nucleation of the water particles takes place outside
      of the unit and falls to the ground as snow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for making artificial snow comprising
PA1  means responsive to compressed air supplied thereto for moving air external
      to said device through said device from an input to an output thereof,
      said external air being at ambient temperature and pressure, and said air
      moving means further having exhaust air produced therefrom;
PA1  means responsive to compressed air supplied thereto and to water supplied
      under pressure thereto for forming a mixture of said compressed air and
      said pressurized water;
PA1  first means responsive to said mixture and to said exhaust air for
      combining said mixture and said exhaust air to form a combined stream
      thereof;
PA1  second means for further combining said stream with said external air
      moving through said device, the combination of said stream and said
      external air thereupon exiting from said device at said output thereof;
      and
PA1  means responsive to water supplied under pressure thereto for producing a
      spray of pressurized water external to said device at said output thereof
      and for directing said spray into contact with the combination of said
      stream and said external air exiting from said device at said output to
      produce artificial snow.
NUM  2.
PAR  2. A device in accordance with claim 1 wherein said air moving means
      includes
PA1  one or more air impeller blades positioned near said input of said device;
      and
PA1  an air motor responsive to compressed air supplied thereto for actuating
      said air impeller blades to move said external air through said device,
      said air motor having said exhaust air produced therefrom.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 wherein said mixture forming
      means comprises
PA1  a mixing chamber;
PA1  a first nozzle means responsive to compressed air supplied thereto for
      directing said compressed air into said chamber; and
PA1  a second nozzle means responsive to water supplied under pressure thereto
      for directing said pressurized water into said chamber, said compressed
      air and said pressurized water impinging upon one another within said
      chamber so as to form a mixture thereof in said chamber.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 wherein said mixture forming
      means further includes a channel means having a first opening in
      communication with said mixing chamber for re-receiving said mixture and a
      second opening for directing said mixture outwardly from said channel
      means into said first combining means for combining said mixture with said
      exhaust air.
NUM  5.
PAR  5. An apparatus in accordance with claim 4 wherein said first combining
      means includes means at least partially enclosing the region where said
      mixture and said exhaust air are combined, said means receiving water
      supplied under pressure thereto for maintaining the temperature of said
      region at a level sufficiently high to prevent the formation of ice at the
      second opening of said channel means; and
PA1  means for conveying said pressurized water from said enclosing means to
      said second nozzle means.
NUM  6.
PAR  6. An apparatus in accordance with claim 5 wherein said pressurized water
      spray producing means is generally annularly-shaped and includes a
      plurality of nozzles positioned at the output of said device, the
      combination of said stream and said external air thereby exiting from said
      device through the opening formed by said annularly-shaped means.
NUM  7.
PAR  7. An apparatus in accordance with claim 6 wherein said pressurized water
      spray producing means further includes
PA1  a first annular chamber at the output of said device, said plurality of
      nozzles being mounted at said chamber, said chamber receiving water under
      pressure for maintaining the temperature of said plurality of nozzles at a
      level sufficiently high to prevent the formation of ice thereat.
NUM  8.
PAR  8. An apparatus in accordance with claim 7 wherein said pressurized water
      spray producing device further includes
PA1  a second annular chamber displaced from said first annular chamber;
PA1  means for supplying water under pressure from said first annular chamber to
      said second annular chamber; and
PA1  means for conveying said pressurized water from said second annular chamber
      to said plurality of nozzles at said first annular chamber.
NUM  9.
PAR  9. A system for producing artificial snow comprising
PA1  a first source of compressed air;
PA1  a second source of pressurized water;
PA1  one or more snow making devices located at positions remote from said first
      and second sources;
PA1  means for supplying compressed air from said first source to said one or
      more snow making devices;
PA1  means for supplying pressurized water from said second source to said one
      or more snow making devices;
PA1  each of said snow making devices including
PA1  means responsive to said compressed air for moving air external to said
      device through said device from an input to an output thereof, said
      external air being at ambient temperature and pressure, and said air
      moving means further having exhaust air produced therefrom;
PA1  means responsive to said compressed air and to said pressurized water for
      forming a mixture of said compressed air and said pressurized water;
PA1  first means responsive to said mixture and to said exhaust air for
      combining said exhaust air and said mixture to form a combined stream
      thereof;
PA1  second means for further combining said stream with said external air
      moving through said device, the combination of said stream and said
      external air exiting from said device at said location thereof; and
PA1  means responsive to said pressurized water from said second source for
      producing a spray of said pressurized water external to said device at
      said output thereof and for directing said spray into contact with the
      combination of said stream and said external air exiting from said device
      at said output to produce artificial snow.
NUM  10.
PAR  10. A system in accordance with claim 9 wherein said air moving means
      includes
PA1  one or more air impeller blades positioned near said input of said device;
      and
PA1  an air motor for activating said air impeller blades to move said external
      air through said device.
NUM  11.
PAR  11. A system in accordance with claim 10 wherein said first source supplies
      said compressed air therefrom at a pressure within a range from about 70
      psi to about 100 psi.
NUM  12.
PAR  12. A system in accordance with claim 11 wherein said compressed air is
      supplied at a pressure of about 70 psi.
NUM  13.
PAR  13. A system in accordance with claim 11 wherein said second source
      supplies water therefrom at a pressure within a range from about 250 psi
      to about 500 psi.
NUM  14.
PAR  14. A system in accordance with claim 13 wherein said water is supplied at
      a pressure of about 250 psi.
NUM  15.
PAR  15. A system in accordance with claim 10 wherein said mixture forming means
      comprises
PA1  a mixing chamber;
PA1  a first nozzle means responsive to said compressed air for directing said
      compressed air into said chamber; and
PA1  a second nozzle means responsive to said pressurized water for directing
      said pressurized water into said chamber, said compressed air and said
      pressurized water impinging upon one another within said chamber so as to
      form a mixture thereof in said chamber.
NUM  16.
PAR  16. A system in accordance with claim 15 wherein said mixture forming means
      further includes a channel means having a first opening in communication
      with said mixing chamber for receiving said mixture and a second opening
      for directing said mixture outwardly from said channel means into said
      first combining means for combining said mixture with said exhaust air.
NUM  17.
PAR  17. A system in accordance with claim 16 wherein said first combining means
      includes means at least partially enclosing the region where said mixture
      and said exhaust air are combined, said means receiving said pressurized
      water for maintaining the temperature of said region at a level
      sufficiently high to prevent the formation of ice at the second opening of
      said channel means; and
PA1  means for conveying said pressurized water from said enclosing means to
      said second nozzle means.
NUM  18.
PAR  18. A system in accordance with claim 17 wherein said compressed air is
      supplied to said first nozzle means at a pressure of about 70 psi and said
      pressurized water is supplied to said second nozzle means at a pressure of
      about 250 psi and said exhaust air is supplied to said first combining
      means at a pressure of about 50 psi.
NUM  19.
PAR  19. A system in accordance with claim 17 wherein said pressurized water
      spray producing means is generally annularly-shaped and includes a
      plurality of nozzles positioned at the output of said device, the
      combination of said stream and said external air thereby exiting from said
      device through the opening formed by said annularly-shaped means.
NUM  20.
PAR  20. A system in accordance with claim 19 wherein said pressurized water
      spray producing means further includes
PA1  a first annular chamber at the output of said device, said plurality of
      nozzles being mounted at said chamber, said chamber receiving pressurized
      water for maintaining the temperature of said plurality of nozzles at a
      level sufficiently high to prevent the formation of ice thereat.
NUM  21.
PAR  21. A system in accordance with claim 19 wherein said pressurized water
      spray supplying device further includes
PA1  a second annular chamber displaced from said first annular chamber;
PA1  means for supplying pressurized water from said first annular chamber to
      said second annular chamber; and
PA1  means for conveying said pressurized water from said second annular chamber
      to said plurality of nozzles at said first annular chamber.
NUM  22.
PAR  22. A system in accordance with claim 21 wherein said pressurized water is
      supplied to said first chamber at a pressure of about 250 psi.
NUM  23.
PAR  23. A system in accordance with claim 22 wherein said pressurized water
      conveying means includes control means for supplying sasid pressurized
      water to said plurality of nozzles at a pressure of about 250 psi.
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ABST
PAL  A scented Christmas tree ornament intended for support on Christmas trees
      of the live or artificial type and wherein the ornament consists of a top
      section and a bottom section which are detachably threaded together and
      which define a hollow compartment interiorly thereof, the side walls of
      the ornament being provided with a multiplicity of small holes and
      perforations in communication with the compartment, and with the bottom
      section having supported therein a pedestal type stand with a cup at the
      top thereof adapted to receive therein a capsule of pine-scented liquid
      with the capsule being broken so that the liquid is contained in the cup
      and with the pine scent thereof emanating through the compartment and out
      of the holes and perforations into the surrounding atmosphere to provide a
      natural pine scent to the surrounding atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to Christmas tree ornaments and more
      particularly to a novel and improved ornament intended to have a scent
      emitting liquid placed therein for providing a pleasing scent to the
      atmosphere about the tree on which the ornament is suspended in a home,
      office and the like.
PAR  2. Description of the Prior Art
PAR  The celebration of the Christmas season is universal throughout the country
      and foreign lands, with the Christmas tree being universally used at this
      time in the celebration of the Christmas season. However, due to the
      dangers associated with the use of normal pine trees inside a home and
      office or other structure, such as the danger of fire, along with the
      ecological aspect of not wishing to destroy trees merely for temporary
      decorative purposes in a home, there has in recent years become quite
      popular a complete range of artificial trees manufactured of metal and
      plastic materials for use during the Christmas season.
PAR  These artificial trees are becoming increasingly more popular every year
      due to the safety thereof, the ease of assembly and disassembly thereof,
      and their attractiveness in the home. However, while many people
      appreciate an enjoy such artificial trees, they miss the fresh and natural
      odors associated with a pine tree formerly used during the Christmas
      season, and as such while they would prefer to have an artificial tree due
      to its safety and convenience features, are still utilizing real trees
      during the Christmas season.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the advantages of artificial trees as well
      as recognizing that the main deficiency and disadvantage thereof is its
      lack of the fresh outdoors odor, such as a pine odor, and accordingly the
      present invention provides a novel solution thereto in the form of a
      decorative ornament intended to be suspended from the artificial tree and
      adapted to contain therein a scent producing device, such as a pine
      scented liquid, the scent emanating from the ornament to provide the
      desired odor about the tree and the immediate atmosphere simulating the
      odor which would be obtained if a real pine Christmas tree were utilized
      instead of the artificial tree.
PAR  It is a feature of the present invention to provide a scented Christmas
      tree ornament.
PAR  A further feature of the present invention provides a scented Christmas
      tree ornament which is relatively simple in its construction and which
      therefore may be readily manufactured at a relatively low cost and by
      simple manufacturing methods such that it can be retailed at a
      sufficiently low price to encourage widespread use thereof.
PAR  Still a further feature of the present invention provides a scented
      Christmas tree ornament which is possessed of few parts and which
      therefore is unlikely to get out of order.
PAR  Yet still a further feature of the present invention provides a scented
      Christmas tree ornament which is easy to use and reliable and efficient in
      operation.
PAR  Still yet a further feature of the present invention provides a scented
      Christmas tree ornament which is of a rugged and durable construction and
      which therefore may be guaranteed by the manufacturer to withstand many
      years of intended usage.
PAR  Yet still a further feature of the present invention provides a scented
      Christmas tree ornament which is aesthetically pleasing and refined in
      appearance.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the Christmas tree ornament of the
      invention;
PAR  FIG. 2 is an enlarged fragmentary front plant view of the ornament which is
      partially broken away to illustrate interior details thereof;
PAR  FIG. 3 is an enlarged top plan view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary front elevational view of the bottom section of the
      ornament having a capsule of scenting liquid inserted into the pedestal
      cup; and
PAR  FIG. 5 is a perspective view of a modified form of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail and in particular to FIGS. 1 to 4
      inclusive, a first preferred form of a scented Christmas tree ornament
      constructed in accordance with the principles of the present invention is
      designated generally in its entirety by the reference numeral 10 and is
      comprised generally of three component parts, namely a top member 11, a
      bottom member 12, and a pedestal 13 disposed inwardly of the bottom
      member.
PAR  The ornament 10 may be manufactured out of metal, wood, hard rubber,
      plastic, or any other suitable satisfactory material providing an
      aesthetically pleasing and refined appearance, with the preferred
      embodiment being manufactured of a high impact polystyrene plastic
      material which may be provided in a variety of decorative colors and
      patterns appealing to prospective purchasers.
PAR  The device 10 is of a spherical ball shape with the top and bottom members
      11 and 12 each being of a hollow hemi-spherical configuration making up
      respective half portions of said ball shape.
PAR  Top member 11 is of a hemi-spherical hollow configuration having an
      exterior surface 21, an interior surface 22, a surrounding peripheral edge
      23, a hemi-spherically shaped hollow interior compartment 24, and a
      plurality of holes and perforations 25 extending through the wall surfaces
      in communication with the compartment. Disposed integrally with peripheral
      edge 23 and forming an interior annular flange thereabout is flange member
      26 which projects vertically downwardly from edge 23 and is spaced
      inwardly from the edge and has formed on its outer surface 27 a screw
      thread for use with bottom member 12 as will be later described.
PAR  Affixed to the topmost portion of top member 11 is a ring 28 projecting
      vertically upwardly therefrom and adapted to be supported on a branch of
      the Christmas tree (not shown) to hold the ornament 10 in a suspended
      manner relative thereto.
PAR  The bottom member 12 is of a hollow hemi-spherical shape identical to that
      of FIG. 11 and is provided with an exterior surface 31, an interior
      surface 32, peripheral terminal edges 33, a hollow hemi-spherically shaped
      compartment 34, and a plurality of holes and perforations 36 extending
      therethrough placing the compartment 34 in communication with the
      surrounding atmosphere. Disposed about the interior surface 32 adjacent
      edge 33 are screw threads 37 of a size and pitch adapted to be threadedly
      received on screw threads 27 of flange 26 of top member 11 for detachably
      threadedly connecting bottom member 12 to top member 11 to define the
      spherical ball shape of the device 10.
PAR  Disposed at the bottommost portion of the interior walls 32 and projecting
      radially inwardly therefrom is a cylindrical base 41 of the pedestal 13
      which terminates at its top end in an inverted conically shaped cup member
      42 having a chamber 43 formed integrally therewith and opening out of the
      top end 44 thereof.
PAR  The cup 42 with chamber 43 is adapted to receive therein a scented liquid
      which may be poured directly thereinto from a bottle or the like, or which
      is more often provided in a capsule form, such as the capsule designated
      generally by reference numeral 51, with the capsule being broken on its
      positioning in the chamber 43 to emit the scent of the liquid contained in
      the capsule.
PAR  In operation, bottom member 12 is unscrewed from top member 11, a capsule
      51 of scented liquid, such as having a pine scent, is inserted into the
      chamber 43 of pedestal 13 and broken therein to release the liquid
      therefrom, the bottom member 12 is then rethreaded onto the top member 11
      with the ornament 10 then being suspended from a branch of the Christmas
      tree to emit the scent from the capsule 51 to emanate from the joint
      compartment 24 and 34 out of the perforations 25 and 36 into the
      surrounding atmosphere to provide a pine scent thereabout.
PAR  It is to be noted that the longitudinal axis of pedestal 13 extends
      diametrically of the device 10 and intersects the longitudinal axis of the
      ring 28 such that when the device 10 is suspended from the Christmas tree
      the pedestal 13 is suspended in a vertical position.
PAR  Referring now to FIG. 5 there is illustrated an alternative embodiment of
      the Christmas tree ornament which, for ease of reference, is designated
      generally by reference numeral 10'. Due to similarity between parts of the
      two embodiments of the invention, and in order to avoid needless
      repetition of description and illustration, similar reference numerals but
      having a single prime mark applied thereto have been utilized to identify
      the corresponding parts as between the disclosure of FIG. 5 and the
      disclosure of FIGS. 1-4.
PAR  The modified embodiment 10' is identical in structure and features to the
      embodiment 10 except that the top and bottom members 11' and 12' are of a
      conical configuration rather than a hemi-spherical configuration.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as preferred examples of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. An ornament intended for use on a Christmas tree and adapted to receive
      an odor emitting substance therein, the ornament comprising, in
      combination:
PA1  a top member formed of a hollow hemi-spherically shaped body member
      including an interior surface, an exterior surface, and a peripheral
      surrounding bottom edge surface;
PA1  a hemi-spherically shaped compartment defined interiorally of said top
      member interior surface and opening out of a base thereof defined between
      said peripheral surrounding bottom edges;
PA1  a multitude of circular spaced apart perforations disposed in said top
      member body member placing said top member compartment in communication
      with the surrounding atmosphere;
PA1  a bottom member formed of a hollow hemi-spherically shaped body member of a
      size and configuration substantially identical to the size and
      configuration of said top member, said body member including an interior
      surface, an exterior surface, and a peripheral surrounding top edge
      surface;
PA1  a hemi-spherically shaped compartment defined interiorally of said bottom
      member interior wall and opening out of a base defined between said top
      peripheral edges;
PA1  a multitude of circular spaced apart perforations identical in size to the
      perforations in said top member and disposed in said bottom member body
      member placing said bottom member compartment in communication with the
      surrounding atmosphere;
PA1  an annular flange formed contiguous with said top member bottom edge and
      disposed radially inwardly therefrom and extending tangentially downwardly
      relative thereto, the flange having an inner surface in communication with
      said top member compartment, a bottom rim forming end surface, and an
      outer facing circumferal surface disposed radially inwardly from said body
      member bottom edge;
PA1  the radial inward spacing of said flange member relative to said top member
      exterior surface being equal to the wall thickness of said bottom member
      as defined between said bottom member interior and exterior surfaces;
PA1  screw threads disposed about said outer circumferal surface of said flange
      member extending completely between said top member bottom edge surface
      and said flange end rim surface;
PA1  screw threads disposed adjacent said bottom member top edge surface
      extending circumferally about said interior surface of said bottom member
      body member, said screw threads being of a size and pitch complementary to
      said screw threads formed on said top member flange member for threadedly
      receiving said bottom member attached to said top member in a manner
      providing for ease of assembly and disassembly of said bottom member to
      said top member;
PA1  an elongated cylindrically shaped base member having a top end and a bottom
      end, the bottom end formed integrally with said interior surface of said
      bottom member body member with the top end projecting radially outwardly
      therefrom into said bottom member compartment, the axis of the base member
      extending normal to a plane defined by said top edges of said bottom
      member;
PA1  an inverted conically shaped hollow cup formed integrally with said top end
      of said base member and opening outwardly therefrom;
PA1  a chamber defined inwardly of said inverted conical cup and opening out of
      the top end thereof;
PA1  an elongated hollow cylindrical chamber formed in said base member top end
      extending slightly inwardly of said base member and open at its top to be
      in communication with said conical cup chamber;
PA1  said conical cup chamber and said base member chamber adapted to receive a
      scented liquid therein;
PA1  a supporting ring affixed to said exterior surface of said top member body
      member at the vertex thereof and projecting outwardly therefrom, the
      longitudinal axis of said supporting ring being diametrically aligned with
      the longitudinal axis of said base member, said supporting ring adapted to
      retain said top member body member on a tree in a suspended manner
      therefrom;
PA1  said bottom member body member forming a continuous co-planar junction with
      said top member body member when said bottom member is threadedly affixed
      to said flange of said top member to provide a smooth continuous exterior
      surface for the ornament;
PA1  said top member body member, said bottom member body member, said base
      member, and said conical cup are each manufactured of a high impact
      polystyrene plastic material; and
PA1  whereby said multitude of perforations in said top and bottom members
      permit the odor emanating from said scented liquid to pass from said top
      and bottom member compartments outwardly through said perforations and
      into the surrounding atmosphere.
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ABST
PAL  Apparatus for mixing and dispensing two liquids such as organic resins and
      polyisocyanates which react to form a polyurethane foam. The apparatus
      comprises a dispensing gun and related equipment and includes a
      reciprocally mounted valving rod in the gun, which valving rod is circular
      at its ends and flattened intermediate such ends. In its retracted
      position, the valving rod is bathed in a liquid which acts as a cleansing
      agent therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for mixing and dispensing a plurality
      of liquids and more especially is directed to apparatus for mixing and
      dispensing the chemical reactants for forming polyurethane foam.
PAR  As is well known to those skilled in the art, the use of synthetic foams,
      especially of the polyurethane type, is growing for numerous users.
      Despite this, the users have been required to use dispensing equipment
      which is somewhat less than completely satisfactory. Much of this results
      from the fact that polyurethane "sets" in the dispenser -- within the
      mixing chamber or the nozzle (which may be one and the same), which,
      eventually makes the system inoperative. The freeze or set problem becomes
      more critical when the dispensing system is used intermittantly. In some
      present systems, an interruption in pouring or dispensing for even 30
      seconds can result in solidification of material within the dispenser.
PAR  To overcome these problems the art has generally developed along three
      lines viz:
PAR  1. Throw away nozzles. The nozzle containing the mixing chamber is replaced
      practically everytime there is an interruption in pour. For large scale
      use the economics of this is not particularly desirable.
PAR  2. The so-called "Solvent Flush" systems. After every dispensing action a
      small volume usually in the order of a few ounces of cleaning solvent, is
      passed through the mixing chamber to clean it. This is messy, affords some
      cleaning action, but in actual practice it has been found necessary to
      disassemble such dispensers every day after use for a thorough cleaning.
PAR  3. Dispensers containing valving rods as disclosed in Gusmer U.S. Pat. Nos.
      2,890,836 and 3,263,928. In these patents a tight fitting cylindrical
      valving rod movable in a cylindrical mixing chamber is used, and the rod
      attempts to scrape the mixing chamber clean as it moves. This works fairly
      well except here too in practice, is is necessary to disassemble the
      dispenser every day after use for a thorough cleaning.
PAR  In the dispensing apparatus which I have disclosed and claimed in my U.S.
      Pat. No. 3,687,370, many of the foregoing problems in polyurethane
      dispensing have been overcome, and such units operate for extended period
      without cleaning. In such apparatus the cylindrical valving rod at each
      retraction is withdrawn into a solvent which serves for cleaning purposes.
      Upon protraction of the rod, a small amount of such solvent is carried
      into the mixing chamber for cleaning purposes.
PAR  The present invention is an improvement over the dispensing apparatus of my
      above noted patent, in that I now provide for substantially better
      cleaning of the valving rod and mixing chamber, and at the same time
      improve the flow of liquid through the entry ports and the sealing
      capability of the valving rod. How this is accomplished is set forth as
      this description proceeds.
PAR  Essentially, in this invention I make use of a partially flattened valving
      rod, to provide a self cleaning polyurethane dispenser and the like. The
      mode of operation is essentially the same as set out in my prior patent,
      the teachings of which are incorporated by reference herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings in which the same characters of reference are
      employed to indicate corresponding or similar parts throughout the several
      figures of the drawings.
PAR  FIG. 1 is a side view of a liquid mixing and dispensing gun, embodying the
      principles of the invention;
PAR  FIG. 2 is a cross-sectional view of the gun in a non-operative or
      closed-condition;
PAR  FIG. 3 is a fragmentary cross-sectional view similar to FIG. 2 except the
      gun is in the mixing-condition ready to dispense two mixed liquids;
PAR  FIG. 4 is an exploded perspective view of the various parts of the inside
      barrel assembly;
PAR  FIG. 5 is a fragmentary enlarged top view of the valve rod, viewed along
      the plane of the line 5--5 in FIG. 4;
PAR  FIG. 6 is a sectional end view of the rear portion of the valve rod taken
      on the plane of the line 6--6 in FIG. 5;
PAR  FIG. 7 is a sectional end view of the flattened portion of the valve rod,
      taken on the plane of the line 7--7 in FIG. 5;
PAR  FIG. 8 is a sectional end view of the forward portion of the valve rod,
      taken on the plane of the line 8--8 in FIG. 5;
PAR  FIG. 9 is a fragmentary sectional view taken on the plane of the line 9--9
      in FIG. 2, to illustrate the valve rod closing the liquid pathways in the
      shank member;
PAR  FIG. 10 is a fragmentary enlarged top view of another embodiment of the
      valve rod, which includes a solvent pathway; and
PAR  FIG. 11 is a sectional view taken on the plane of the line of 11--11 in
      FIG. 10 and viewed in the direction indicated.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2 and 3 of the drawings, the reference numeral 10
      indicates generally a gun for dispensing one or more liquids. The gun 10
      is particularly suitable, although not limited thereby, for mixing two
      liquids such as liquid organic resins and liquid polyisocyantes, which
      react to form polyurethane foam. The gun 10 comprises a barrel section 11
      and a handle section 12.
PAR  The barrel section 11 includes a head portion 13 and a hollow cylindrical
      portion 14. A pair of opposed liquid entry ports 16, 17 are provided in
      the head 13. An axial bore 18 is formed in the head 13 and extends from
      the tip 20 and through an inner wall 21 to communicate with the
      cylindrical portion 14.
PAR  A pair of passages 22, 23 link ports 16, 17 respectively with bore 18. One
      of liquids is injected in the barrel 11 at port 16, and the other liquid
      via port 17.
PAR  The handle section 12 is provided with an actuating button or trigger 24,
      for controlling the flow of pressured air into the barrel section 11 from
      an air inlet port 26. When the trigger 24 is outward as shown in FIG. 2,
      the gun 10 is in a closed-condition and the two liquids from ports 16 and
      17 are prevented from mixing. When the trigger 24 is forced inward as
      shown in FIG. 3 the gun is in a dispensing-condition.
PAR  Referring now more particularly to FIG. 4, an inside barrel assembly is
      identified generally by the reference numeral 28 and comprises a movable
      piston 30, a substantially T-shaped reservoir member 31 and a shank member
      32. A valve rod 33 is fixidly attached at its rear end 34 to piston 30,
      and is slidably associated with the T-member 31 and shank member 32.
PAR  The T-member 31 includes a cylindrical neck 35 extending forward from an
      annular shoulder 36. A reservoir 37 (FIGS. 2 and 3) is formed in the neck
      for containing a cleaning fluid such as "cellosolve" solvent. A rear axial
      bore 38 extends through the shoulder 36 to link with the reservoir 37, and
      a forward axial bore 39 extends from the reservoir 37 and through the
      forward end 40 of the neck 35. An annular notch 41 is formed in the outer
      periphery of the shoulder 36 to receive an O-ring 42, and thereby provide
      a seal between the shoulder 36 and the inside surface of the cylinder 14.
PAR  A T-shaped sleeve 43, which may be constructed of teflon or other suitable
      material, is seated in the rear bore 38 of T-member 31. The back end of a
      bushing 44 formed of metal is received in the forward end 40 of neck 35,
      and the front end of the bushing 44 extends into the rear end of the shank
      32.
PAR  A circular cap 46 is integrally formed to the rear end of the shank 32. A
      central axial bore 48 is formed through the shank 32. The shank member 32
      has an outer diameter just less than the diameter of bore 18 and is
      tightly received therein. The front side of cap 46 abutts the inner wall
      21, and the back side thereof abutts the protruding circular flange of the
      bushing 44.
PAR  A pair of lateral openings 50, 51 are formed in shank member 32 to link
      passages 22, 23 respectively with the axial bore 48. The shank 32 may be
      formed from a plastic, such as Teflon or other suitable material.
PAR  The piston 30 is pneumatically driven to move within the cylindrical
      portion 14 of the barrel 13 and control the movement of the valve rod 33.
      The piston 30 includes a forward end 53 and a rear end 54, each having a
      diameter slightly less than the inside diameter of the cylinder 14. Piston
      ends 53 and 54 are integrally connected together by a reduced diameter
      portion 55. An annular groove 56 is formed in the outer periphery of the
      forward end 53 to seat an O-ring 58. A plurality of apertures 59 spaced
      apart in a circular pattern extend through the rear end 54 of the piston
      30.
PAR  As may be seen particularly from FIGS. 5 through 8, the valve rod 33 is
      cylindrical except for an intermediate portion 60 adjacent to the front
      end 61 of the rod 33. Portion 60 includes a pair of opposed flat or planar
      side surfaces 62, 63 depressed inward respectively from the opposed convex
      side walls 64, 65 of the rod 33. The top and bottom surfaces 66, 67 of the
      intermediate portion 60 are convex and a continuous part of the convex top
      and the bottom surfaces of the rod 33. Thus, to form the flattened portion
      60, arcuate segments are cut away from the rod 33 on vertical planes
      parallel to the to the longitudinal axis of the rod 33 as viewed in FIG.
      7.
PAR  The flattened portion 60 is in the solvent reservoir 37, when the gun 10 is
      in the dispensing-condition. The flattened sides 62, 63 carry the solvent
      into the mixing chamber, as the trigger 24 is released for switching the
      gun into the closed-condition.
PAR  A stop annular plate 68 is mounted at the rear end 69 of the cylindrical
      portion 14 of the barrel 13 in front of a retainer ring 70. An annular
      slot 72 is formed in plate 68 to seat an O-ring 73 therein. The forward
      end of the cylindrical portion 14 is defined by the inner wall 21. The
      piston 30 contacts the stop plate 68 when the gun 10 is in the
      dispensing-condition and contacts the T-member 31 when the gun is in the
      closed-condition.
PAR  Turning now to FIGS. 2 and 3, the pneumatic means for moving the valve rod
      33 will be described. Two air ports 74, 75 are provided in the cylindrical
      portion 14. Port 74 is always in front of the forward end 53 of the piston
      30, and port 75 is positioned so that it will always be in back of the
      piston forward end 53.
PAR  A pair of passageways 78, 79 in the handle 12 communicate the ports 74, 75
      respectively with a cavity 80 in which the trigger 24 moves. The
      compressed air inlet 26 communicates with the cavity 80 via passage 82. An
      air outlet passage 84 provides communication from cavity 80 to the outside
      at the butt end of handle 12.
PAR  The trigger 24 includes a shaft portion 86 which moves within cavity 80.
      Three spaced apart annular grooves 87, 88 and 89 are formed in the
      periphery of the shaft 86, to receive O-rings 90, for sealing the desired
      air passages. Groove 87 is located at the rear end of shaft 86, and the
      remaining two grooves are located approximately midway between the ends of
      the shaft 86. An axial hole 92 extends from the rear end of the shaft to a
      point intermediate between grooves 88 and 89, and a lateral hole 94
      intersects hole 92.
PAR  A retainer washer 96 is mounted on the shaft 86 of the trigger 24 to
      prevent the trigger from slipping out from the cavity 80.
PAR  A pressurized source 97 of a first liquid such as a liquid organic resin is
      connected to port 16, and a pressurized source 98 of a second liquid such
      as isocyanate is connected to port 17. A source 99 of compressed or
      pressurized gas or air is coupled to the inlet 26.
PAR  Turning now to FIGS. 10 and 11, a second embodiment for a valve rod
      indicated by the reference numeral 100 is shown. Valve rod 100 is also
      cylindrical except for a flattened portion 102 adjacent the forward end
      103 of the rod 100. Portion 102 includes a pair of opposed flat or planer
      side surfaces 104, 106 recessed respectively from the opposed convex side
      walls 108 and 110 of the valve rod 100. The top and bottom surfaces 112
      and 114 of the flattened portion 102 are convex and a continuous part of
      the convex top and bottom surfaces of the rod 100.
PAR  An elongated passage or channel 116 is formed in the rod 100 and extends
      from an inlet 118 in the flat side 106 of portion 102 to an outlet 120 at
      the forward end 103 of the rod. Channel 116 includes a lateral part 122
      extending from the inlet 118 to a longitudinal part 123 which terminates
      with the outlet 120.
PAR  When rod 100 is in a retracted-position, the inlet 118 lies inside the
      cleaning solvent reservoir 37 and the channel 116 fills up with the
      solvent. When the rod 100 is in the extended-position, the inlet 118 lies
      outside reservoir 37. The solvent inside the channel 116 could now be used
      to clean the tip 20 of the gun 10, as the solvent flows out from the
      outlet 120. Also, some solvent may flow out from the inlet 118, and
      thereby provide solvent additional to the solvent carried out of the
      reservoir 37 by the flattened sides 104, 106.
PAR  Thus, the valve rod 100 cleans the inside of the gun by scraping the
      defining wall of axial bore 48 as the circular outer end 102 thereof moves
      forward, and the solvent carried by the flattened sides 104, 106 upon
      leaving the reservoir dissolves any residue material in the mixing
      chamber. The solvent channel 116 filled up with the cleaning solvent,
      provides additional cleaning capability for cleaning the mixing chamber
      and the tip of the gun.
PAR  The cleaning solvent such as cellosolve solvent is deposited into the
      barrel section 11 via an aperture 126. A removable screw cap 128 closes
      the aperture 126. The solvent is filled in the space defined by the
      T-reservoir member 31 and inner wall 21 and filled within reservoir 37.
      When the supply of solvent depletes, any remaining solvent passes through
      the openings 130, 132 in the neck 35 of the reservoir member 31 and into
      reservoir 37, as the gun is shifted from one position to another during
      use.
PAC  MODE OF OPERATION
PAR  The operation of the gun 10 will now be described when used for
      polyurethane formation. A pressurized source of liquid organic resin 97 is
      coupled to entry port 16 and a pressurized source of isocyanate 98 is
      coupled to entry port 17. A source of compressed or pressurized gas or air
      99 is connected to the inlet port 26.
PAR  In the closed-condition as shown particularly in FIG. 2, the valve rod 33
      extends past the openings 50, 51 in shank member 32. The convex top and
      bottom surfaces 66, 67 of the flattened portion 60 block openings 50, 51
      (FIG. 9), and thereby prevent the flow of the resin and isocyanate.
PAR  The trigger 24 is maintained outward (forward) by the pressure built up in
      cavity 80 from the gas source 97. The O-ring 90 in the rear groove 87 in
      the trigger shaft 86, seals the exhaust pathway 84 from the air input
      passage 82. O-rings 90 in grooves 88 and 89 block any air flow via holes
      92, 94. Air then flows into the barrel 11 only via pathway 79, to build up
      pressure against the back side of the piston rear end 54. Due to the air
      flow via piston openings 59, pressure is also developed against the back
      side of the piston forward end 53. This causes the front side of piston 30
      to abutt the back side of shoulder 36 of the T-member 31. Air between the
      piston 30 and T-member 31 flows out of the barrel section 11 via
      passageway 78 and the space around shaft 86, and finally out of the gun
      through the exhaust passage 84.
PAR  In order to activate the gun 10 for mixing and spraying, the trigger 24 is
      pressed inward to the position shown in FIG. 3. The O-ring 90 in the rear
      groove 87 in the trigger shaft 86 seals the exhaust pathway 84 and
      passageway 79 from the air input passage 82. O-rings 90 in grooves 88, 89
      confine the input air flow to passageway 78 from holes 92, 94 in the
      trigger shaft 86. The air pressure builds up at the front of the piston
      and forces the piston back toward the stop plate 68.
PAR  As the piston 30 moves backward, the valve rod 33 is retracted and moves
      past the openings 50 and 51 in the shank 32 and thereby permitting the
      inflow of pressurized resin and isocyanate. The valve rod moves within
      reservoir 37 except for the front end 61 thereof, which seals off the
      reservoir and back end of bore 48 from the liquid inrush. Therefore, when
      the isocyanate and resin flow into bore 48, they will mix and due to the
      respective pressures, will be forced or sprayed outward from the tip 20 of
      the gun 10.
PAR  The magnitude of liquid flow pressure will determine the rate of liquid
      mixing and the size of the particles ejected from the gun 10. When the gun
      10 is in the dispensing condition, the flattened portion 60 of the rod 33
      is immersed in the cleaning fluid of the reservoir 37. For the valve rod
      100 (FIGS. 11 and 12) the inlet 118 lies within the cleaning fluid and the
      solvent channel 116 is filled up with the cleaning fluid. While such
      chamber represents the preferred embodiment hereof other means such as
      direct feed of solvent to the valving rod may be employed.
PAR  When it is desired to stop the despensing, either the operator or some
      mechanical means releases the trigger 24, and the air pressure from inlet
      passageway 82 causes the trigger 24 to move forwardly to the outward or
      rest position. As this occurs, the piston 30 and valve rod 33 moves
      forwardly and the valve rod 33 closes off the liquid inlet openings 50,
      51. The forward end 61 of the valve rod 33 scrapes and forces any
      remaining isocyanate and urethane outwardly. The solvent collecting on the
      flattened sides 62, 63 of portion 60 cleans any residue of the isocyanate
      and urethane inside the gun. Since the forward end 61 of the valve rod 33
      finally moves up to the tip 20 of the gun, cleaning at the tip is also
      accomplished. The solvent pathway 116 for the rod 100 (FIGS. 11 and 12)
      having the outlet 120 for the cleaning fluid at the forward end 103
      provides solvent for cleaning the gun tip 20 and also the inside of the
      mixing chamber, and is a further safeguard for preventing hardening of the
      isocyanate or urethane. Thus, when it is desired to dispense again, the
      valve rod 33 (or 100) is easily retracted since there is no build up or
      hardening of urethane foam.
PAR  It is further pointed out that since the flattened sides 62, 63 are
      depressed inward from the cylindrical forward and rear parts of the rod
      33, the space between such flattened sides 62, 63 and the bore 48 of the
      shank 32 enables the cleaning fluid from the reservoir 37 to flow therein
      as the rod 33 moves from the retracted to the extended-position. However,
      when the rod 33 is in the extended-position such flow from the reservoir
      37 is blocked off by the cylindrical part of rod 33 rearward from the
      flattened portion 60.
PAR  The liquid organic resin from source 97, sometimes referred to as polyol,
      is one of the two primary reactants in the polyurethane foam making
      process and may be selected from the group consisting of polyethers,
      polyesters, polythioethers, polyesteramides, alkylene glycols and
      polyisocyanate modifications thereof. The other principal reactant in the
      polyurethane foam making reaction is aromatic or aliphatic
      polyisocyanates. Ethylene glycol monethyl ether has been found to be the
      most effective cellosolve used, for preventing reaction in the manufacture
      of polyurethane foam.
PAR  It will be appreciated that numerous changes and modifications can be made
      to the embodiment described herein without departing from the sprit and
      scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for mixing and dispensing a plurality of liquids having
      a housing means, a mixing chamber in said housing means having an outlet
      at its forward end and a plurality of entrance ports upstream of said
      outlet and each entrance port for introducing fluid into said chamber, a
      movable valving rod for opening and closing said entrance ports, means for
      moving said valving rod from a forward or extended-position to rear or
      retracted-position away from said forward end, and a reservoir adapted to
      hold material for cleaning said rod when in said retracted position, the
      improvement comprising:
PA1  said rod having a reduced cross-sectional portion intermediate the ends
      thereof having a portion with a flat side, said flat side being positioned
      in said reservoir when the rod is in said retracted-position and out of
      the reservoir and within the mixing chamber when the rod is in the
      extended-position.
NUM  2.
PAR  2. The rod of claim 1, wherein said flat side is depressed inward from an
      adjacent longitudinal surface of the rod.
NUM  3.
PAR  3. The rod of claim 1, wherein said portion presenting convex surfaces to
      said entrance ports when said rod is in the extended-position.
NUM  4.
PAR  4. The rod of claim 1, wherein:
PA1  a second side of said portion of the rod is flat.
NUM  5.
PAR  5. The apparatus as recited in claim 1 and in combination therewith:
PA1  a. a source of liquid organic resin in communication with at least one
      entrance port;
PA1  b. a source of liquid isocyanate in communication with at least one other
      entrance port; and
PA1  c. means for reciprocating said valving rod.
NUM  6.
PAR  6. The rod of claim 1, wherein two opposed sides of said portion are flat
      and the remaining surfaces of said portion are convex.
NUM  7.
PAR  7. The rod of claim 5, wherein said flat sides are positioned in said
      reservoir when the rod is in said retracted-position and said convex
      surfaces blocking said entrance ports when the rod is in the
      extended-position.
NUM  8.
PAR  8. The apparatus as recited in claim 6 and in combination therewith:
PA1  a. a source of liquid organic resin in communication with at least one
      entrance port;
PA1  b. a source of liquid isocyanate in communication with at least one other
      entrance port; and
PA1  c. means for reciprocating said valving rod.
NUM  9.
PAR  9. The rod of claim 1, wherein an elongated opening is formed in said rod
      and extends from said portion to the forward end of the rod to provide a
      flow path for said cleaning material.
NUM  10.
PAR  10. The rod of claim 9, wherein said opening includes an inlet formed in
      said flat side and an outlet at the forward end of the rod, said inlet
      being in said reservoir when the rod is in the retracted-position and out
      of the reservoir when the rod is in the extended-position.
NUM  11.
PAR  11. The rod of claim 1, wherein said rod is cylindrical except for said
      portion.
NUM  12.
PAR  12. The rod of claim 1, wherein a part of said rod forward of said flat
      portion is cylindrical and a part of said rod rear from said flat portion
      is cylindrical, said cylindrical parts being dimensioned to tightly move
      within said gun and thereby preventing the flow of said cleaning fluid.
NUM  13.
PAR  13. The apparatus of claim 6, wherein said flat sides are depressed inward
      from adjacent surfaces of said rod, to provide a space for cleaning fluid
      as said rod moves from the retracted to the extended-position.
NUM  14.
PAR  14. In an apparatus for mixing and dispensing a plurality of liquids having
      a housing means, a mixing chamber in the housing having an outlet at its
      forward end and a plurality of entrance ports upstream of said outlet each
      for introducing fluid into the chambers, a movable valving rod for opening
      and closing the entrance ports, means for moving the valving rod from an
      extended-position to a retracted-position, and a reservoir adapted to hold
      material for cleaning said valving rod, the improvement comprising said
      rod having a reduced cross-sectional portion intermediate the ends
      thereof:
PA1  an elongated passageway connecting an opening formed in said rod from an
      intermediate opening to the forward end of the rod, said point being in
      said reservoir when said rod is in said retracted-position and out of said
      reservoir and within the mixing chamber when said rod is in the
      extended-position.
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ABST
PAL  A steam supply apparatus. At least a first and second pipe are located in
      spaced apart, side by side relationship. A cover member extends
      longitudinally between the pipes and is secured to them. A bottom wall is
      spaced below the cover member and extends longitudinally of the pipes and
      is secured to them. The pipes, cover member and bottom wall form between
      them a steam chamber. End members close the steam chamber near opposite
      ends of the pipes. There are steam outlet means in the bottom wall that
      extend substantially the length of the chamber between the pipes. There
      are means for supplying steam to the pipes. Each pipe has a plurality of
      apertures arranged longitudinally of the pipe to maintain the interior of
      the steam pipes in communication with the steam chamber. The pipes are
      adapted to extend across a surface against which steam is to be directed
      through the outlet means and to support the steam chamber above the
      surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a steam supply apparatus.
PAR  2. Description of the Prior Art
PAR  It is frequently desired to apply steam in industrial processes. A
      particular example of such a process is the paper-making process. It is
      well established that the application of steam to the Fourdrinier section
      of a paper-making machine aids the removal of water from the pulp on the
      section. The steam is normally applied immediately above the suction box
      and is forced through the pulp by the suction boxes. The use of steam aids
      the drainage of water from the pulp by eliminating air from the sheet and
      by raising the temperature. The raising of the temperature lowers the
      viscosity and surface tension of the water and thus facilitates its
      removal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a steam supply apparatus comprising at least
      a first and a second pipe located in spaced apart, side by side
      relationship, a cover member extending between the pipes and extending
      longitudinally thereof and secured thereto, a bottom wall spaced below
      said cover member and extending longitudinally of and between and secured
      to the pipes, said pipes, cover member and bottom wall forming a steam
      chamber therebetween, end members closing said steam chamber near opposite
      ends of the pipes, steam outlet means in the bottom wall and extending
      substantially the length of the chamber between the pipes, and means for
      supplying steam to the pipes, each pipe having a plurality of apertures
      therein arranged longitudinally thereof and maintaining the interior of
      said steam pipe in communication with the steam chamber, and said pipes
      being adapted to extend across a surface against which steam is to be
      directed through said outlet means and to support the steam chamber above
      said surface.
PAR  In a preferred embodiment the invention is a steam supply apparatus
      comprising first, second and third pipes located in spaced apart, side by
      side relationship, the second pipe between the first and third; upper and
      lower extending in spaced relationship between the first and second pipes
      to define a first steam chamber; end walls closing the first steam chamber
      near the ends of the first and second pipes; steam outlet means in the
      lower wall of the first steam chamber substantially the length of the
      chamber between the pipes; apertures arranged longitudinally in the first
      and second pipes whereby steam can be fed from each pipe into the first
      steam chamber; baffles dividing the first steam chamber into a plurality
      of compartments; openings in the upper surface of the second pipe and of
      the upper surface of the steam chamber, at least one opening to one
      compartment, the openings being in pairs, one opening of each pair in the
      second pipe, one in the steam chamber; conduits joining each pair of
      openings; a valve in each conduit; upper and lower walls extending in
      spaced relationship between the second and third pipes to define a second
      steam chamber; end walls closing the second steam chamber near the ends of
      the second and third pipes; steam outlet means in the lower walls of the
      second steam chamber substantially the length of the chamber between the
      second and third pipes; apertures arranged longitudinally in the second
      and third pipes whereby steam can be fed from each pipe into the second
      steam chamber; means to supply steam to the first, second and third pipe;
      said pipes being adapted to extend across the surface against which steam
      can be directed through the apertures in the bottom walls of the first and
      second steam chambers and support the first and second steam chambers
      above the surface.
PAR  The above steam outlet means in the lower wall may comprise slots arranged
      longitudinally of the steam chamber. The slots are preferably in a
      plurality of rows and slots in each row are staggered relative to the
      slots in the neighboring row. In this embodiment the lower wall or walls
      are preferably curved.
PAR  In a further desired embodiment, steam outlet means in the lower wall or
      walls comprise a plurality of holes along the length of the wall or walls.
      There is a further wall arranged above and spaced from the lower wall and
      extending between the pipes. The further wall is also provided with a
      plurality of holes along its length.
PAR  In use, the steam supply apparatus is positioned so that the pipes extend
      transversely in the direction of motion of the Fourdrinier web. Steam
      supplied to the steam pipe passes through the apertures into the spaces
      between the pipes, out from the steam chamber to the steam outlet means
      onto the pulp sheet. Condensation of steam within the apparatus drains to
      the bottom of the pipe from whence it can be drained by apertures and
      drain tubes.
PAR  The steam pipes form a main, intregal part of the steam supply apparatus.
      This reduces the bulk of the apparatus as compared with the prior art.
      Stiffeners may be secured at intervals between the pipes to ensure that
      the apparatus is proficiently rigid.
PAR  Desirably the apparatus is provided with a jacket in spaced relationship to
      the cover member. Insulating material may be located in the space between
      the jacket and the cover. It is preferable if the jacket extends over the
      outer sides of the outer pipe.
PAR  In the embodiment of the invention in which there are openings in the upper
      surface of the second pipe and of the upper surface of the first steam
      chamber with valved conduits joining pairs of openings it is possible to
      vary the amount of steam supplied at various points across the web of the
      Fourdrinier. Furthermore, this embodiment permits a control of the steam
      applied initially to the web. The amount of steam supplied can be
      increased by opening the valves completely when a relatively large amount
      of steam will pass through the first steam chamber.
DRWD
PAR  This invention is illustrated, by way of example, in the drawings in which:
PAR  FIG. 1 is a plan, partly broken away, of a preferred embodiment of the
      present invention,
PAR  FIG. 2 is a section along the line 2--2 in FIG. 1,
PAR  FIG. 3 is a segment of a section taken on the line 3--3 in FIG. 2,
PAR  FIG. 4 is a plan, partly broken, of a further embodiment according to the
      present invention, and
PAR  FIG. 5 is a section along the line 5--5 in FIG. 4.
DETD
PAR  FIGS. 1 to 3 show a steam supply apparatus comprising a first pipe 2, a
      second pipe 4 and a third pipe 6 located in spaced apart, side by side
      relationship.
PAR  An upper wall 8 and a lower wall 10 extend between the first pipe 2 and the
      second pipe 4 to define a first steam chamber 12. End walls 14 close the
      first steam chamber 12 near the ends of the first pipe 2 and the second
      pipe 4 as best illustrated in FIG. 1. There are steam outlet means 16 in
      the lower wall 10 of the steam chamber 12. These steam outlet means run
      substantially the length of the chamber 12. As illustrated in FIG. 3 the
      outlets 16 are slots arranged in a plurality of rows. A typical slot may
      measure, for example, 6 inch by 3/16 inch. The slots 16 in any one row are
      staggered relative to the slots 16 in the neighboring row. In the
      embodiment illustrated in FIGS. 1 to 3 the lower wall 10 is curved.
PAR  There are apertures 18 arranged longitudinally in the first pipe 2 and the
      second pipe 4. These apertures permit the feeding of steam from the pipes
      2 and 4 into the first steam chamber 12. These apertures are located above
      the horizontal diameter of the pipes 2 and 4 to reduce the possibility of
      condensate passing from the pipes 2 and 4 into the chamber 12. Baffles 20
      divide the steam chamber 12 into a plurality of compartments 22. There are
      openings 24 in the upper surface of the second pipe 4 and openings 26 in
      the upper surface of the first steam chamber 12. There is at least one
      opening 26 to each compartment 22. The openings 24 and 26 are arranged in
      pairs, one opening 24 of each pair 24 and 26 in the second pipe 4 and one
      opening 26 of each pair 24 and 26 in the chamber 12. As shown in FIG. 2
      there are conduits 28 joining each pair of openings 24 and 26. For clarity
      these conduits are not shown in FIG. 1. Each conduit 28 has a valve 30 to
      enable control of the steam flow through the conduit.
PAR  An upper wall 32 and a lower wall 34 extend in spaced relationship between
      the second pipe 4 and the third pipe 6. Between them the walls 32 and 34
      define a second steam chamber 36. The end walls 14 also close off the
      second steam chamber 36 near the ends of the second pipe 4 and the third
      pipe 6. There are steam outlet means 38 in the lower wall 34 of the second
      steam chamber 36. These outlets 38 run substantially the length of the
      steam chamber 36. The steam outlet means 38 comprise a plurality of holes
      arranged in a pattern. There is a further wall 40 arranged above and
      spaced from the lower wall 34, also extending between the pipes 4 and 6.
      The wall 40 is also provided with a plurality of holes 32 along its
      length. There are apertures 44 arranged longitudinally in the second pipe
      4 and the third pipe 6 whereby steam can be fed from pipes 4 and 6 into
      the second steam chamber 36. Again, to reduce the possibility of
      condensate passing from the pipes 4 and 6 into the steam chamber 36,
      apertures 44 are arranged above the horizontal axis of the pipes 4 and 6.
PAR  The main inlet pipe 46, shown in FIG. 1, feeds steam into the second,
      central steam pipe 4. At the other end of the steam pipe 4, a pipe 48
      directs the steam into a manifold 50 from which steam can be fed into
      first pipe 2 and second pipe 4. There are valves 52 in the manifold 50 to
      control the distribution of steam in and to the pipes 2, 4 and 6.
PAR  The illustrated apparatus is provided with an insulation cover 54 although,
      for clarity, this has been removed in FIG. 1. This cover 54 extends
      downwardly alongside pipes 2 and 6.
PAR  Each compartment 22 in the first steam chamber 12 is provided with a steam
      distributor 56 which facilitates the even distribution of steam throughout
      each section 22. Condensate can be removed through pipes 57.
PAR  To maintain adequate rigidity, the apparatus is provided with stiffeners 58
      extending across the steam chambers 12 and 36 and around the pipes 2, 4
      and 6. Where necessary the stiffeners 58 are provided with openings 60 to
      permit communication between the sections of the chamber 12 or the chamber
      36 upon each side of the stiffeners 58. Generally speaking, in the
      embodiment illustrated in FIGS. 1 to 3, such openings 60 will not be
      desirable in the first steam chamber 12 as it is not desired that the
      sections 22 should communicate with each other. Instead it is desired that
      the sections 22 be, at least in part, controllably communicable with the
      first pipe 2 so that the amount of steam fed from each section 22 can
      vary, depending upon the adjustment of the plurality of valves 30 in the
      conduits 28.
PAR  It should be emphasized that the apparatus in FIGS. 1 to 3 may be varied in
      one particularly important respect. That is the lower walls 10 and 34 of
      the steam chambers 12 and 36 can be interchanged. In this matter each
      steam chamber 12 and 36 has a lower wall as illustrated in FIG. 2 for
      chamber 12. Alternatively each chamber 12 and 36 can have a lower floor
      34, with a spaced wall 42 as illustrated in FIG. 2 for chamber 36. Of
      course the illustrated embodiment is also useful. However, the two lower
      walls could be interchanged. That is chamber 12 could have the lower wall
      34 with spaced wall 40 and the chamber 36 could have the lower wall 10. In
      general the lower wall 10 permits the feeding of high velocity steam. The
      lower wall 34 in combination with the spaced wall 42 diffuses a blanket of
      low velocity steam but gives a good uniformity of the steam across a large
      cross-sectional area.
PAR  The lower wall 10 is formed by cutting slots 16 in a single plate in the
      pattern as illustrated in FIG. 3. The plate is then rolled to a given
      radius, as illustrated in FIG. 2, then welded to the pipes 2 and 4. If the
      plate shifts during operation the slots will also shift but they will
      maintain their relative width. A disadvantage of pior art machines is
      their distortion upon heating. This feature is not as prevalent in the
      embodiment of the present invention illustrated in FIGS. 2 to 4 and, as
      indicated above, if distortion occurs its undesirable effects are reduced
      to a minimum. Lower wall 34 and spaced wall 40 have the same advantage,
      the open area of these walls is maintained under all conditions. This
      ensures uniform steam output.
PAR  The apparatus illustrated in FIGS. 1 to 3 is adapted to extend across a
      surface against which steam can be directed through the apertures 16 and
      38. The preferred direction of movement on the surface is illustrated by
      the arrow A in FIG. 2.
PAR  A further embodiment of a steam supply apparatus according to the present
      invention is illustrated in FIGS. 4 and 5. In these figures the
      illustrated steam supply apparatus comprises a first pipe 102 and a second
      pipe 104 spaced apart from the first pipe. A cover member 106 extends
      between the pipes 102 and 104 and is secured to the pipes. A bottom wall
      108 is spaced below the cover member 106 and extends longitudinally of and
      between the pipes 102 and 104. The pipes 102 and 104, the cover member 106
      and the bottom wall 108 form a steam chamber 110 between end members 112
      to close the steam chamber 110 near opposite ends of the pipes 102 and
      104. These end members 112 are best shown FIG. 4. There are steam outlet
      means in the bottom wall 108 in the form of a plurality of holes 112 along
      the length of the bottom wall. A plurality of apertures are arranged in
      each pipe longitudinally. These apertures 114 maintain the interior of the
      steam pipes 102 and 104 in communication with the steam chamber 110. The
      apertures 114 are arranged above the horizontal diameter pipes 102 and 104
      to reduce the possibility of condensate passing through the apertures 114
      into the steam chamber 110. Like the apparatus illustrated in FIG. 1 to 3
      the apparatus of FIGS. 4 and 5 have means for feeding steam to the pipes
      102 and 104 although these are not shown in the plan view FIG. 4. Steam
      supply means will comprise an inlet pipe connected to one end of one of
      the pipes 102 and 104. At the end opposite the inlet pipe a connector pipe
      joins the pipes 102 and 104. Thus steam can be fed into one of the pipes
      through the inlet pipe and distributed to the other pipes through the
      connector pipe.
PAR  A further wall 115 is arranged above and spaced from the lower wall 108.
      This further wall 115 is provided with a plurality of holes 116 along its
      length. Walls 108 and 115 are located by attachment to projecting portions
      118, one portion 118 projecting from each of the pipes 102 and 104.
PAR  The apparatus in FIGS. 4 and 5 includes stiffeners 120 extending across the
      steam chamber 110 and secured to the pipes 102 and 104, and the cover
      member 106. Stiffeners 120 are spaced apart as shown in FIG. 4 and divide
      the chamber 110 into a series of sections 122. Where necessary, the
      stiffeners 120 are provided with apertures 124 that permit communication
      between adjacent sections 122.
PAR  The apparatus of FIGS. 4 and 5 is provided with an insulation cover 126.
      Flaps 128 extend from the cover 126 to the lower part of the pipes 102 and
      104. The insulation cover 126, the flaps 128 and the exterior of the pipes
      102 and 104 and of the central wall 106 define a chamber which can be
      packed with an insulating material.
PAR  All embodiments of the present invention are desirably provided with
      support brackets, which will vary depending upon where the apparatus is to
      be installed. Such brackets are normally equipped with four corner
      levelling bolts and an anchoring arrangement. The apparatus is anchored at
      the steam inlet end, the other end is free to expand. The support brackets
      are not illustrated in the drawings because of the wide variation
      depending upon the installation conditions.
PAR  Lifting eyes are desirably located at the upper corners of the unit, above
      the insulation covers. Typically one and one quarter inch diameter lifting
      eyes have proved useful. The apparatus is desirably made of stainless
      steel, Type 304 stainless steel has been used. A typical embodiment of the
      invention measures 60 inches wide, 125 inches long and about 24 inches
      high.
PAR  A 11/2 inch thick fibreglass insulation rated for 400.degree. F service has
      proved useful as an indicator. Suitable slip type expansion joints can be
      formed integral with the insulation jacket to compensate for differences
      in thermal expansion between the jacket and the main structure.
PAR  In use steam is fed into the main inlet pipe of the illustrated apparatus.
      The steam passes into pipe 4 in FIGS. 1 to 3 and is distributed to pipes 2
      and 6 through the manifold 50. The apparatus of FIGS. 4 and 5 have
      analogous equipment. Steam passes through the apertures in the pipes into
      the steam chamber or chambers. From the steam chamber or chambers the
      steam is drawn through the Fourdrinier web. The amount of steam fed to
      each pipe 4 and 6 can be controlled by valves 52. The amount of steam fed
      across the web can be controlled by valves 30 in FIGS. 1 to 3. Opening a
      valve 30 increases the flow to the associated compartment 22.
CLMS
STM  I claim:
NUM  1.
PAR  1. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; stiffeners
      extending across the steam chamber and secured to the pipes, the cover
      member and the bottom wall, said stiffeners being spaced apart and
      dividing the chamber into sections; openings in the upper surface of the
      second pipe and in the cover member, above the steam chamber, at least one
      opening to each section, the openings being in pairs, one opening of a
      pair in the second pipe, one in the steam chamber; conduits joining each
      pair of openings; and a valve in each conduit.
NUM  2.
PAR  2. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; a third pipe
      spaced laterally from an adjacent end of said second pipe; a second cover
      member and a second bottom wall spaced from each other and secured to and
      extending longitudinally of said third pipe and said second pipe and
      forming a second steam chamber therebetween; end members closing said
      second chamber near opposite ends of the pipes; steam outlet means in said
      second bottom wall and extending substantially the length of the second
      chamber; means for supplying steam to the third pipe; said adjacent pipes
      and said third pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interiors of said adjacent and
      third pipes in communication with the second steam chamber; said adjacent
      and third pipes being adapted to support the second steam chamber above
      said surface; baffles dividing the first steam chamber into a plurality of
      sections; openings in the upper surface of the second pipe and of the
      first steam chamber, at least one opening to each section, the openings
      being in pairs, one opening of a pair in the second pipe, one in the steam
      chamber; conduits joining each pair of openings; and a valve in each
      conduit.
NUM  3.
PAR  3. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; and an
      insulation cover disposed over the pipes and extending downwardly
      alongside each pipe.
NUM  4.
PAR  4. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; a third pipe
      spaced laterally from an adjacent end of said second pipe; a second cover
      member and a second bottom wall spaced from each other and secured to and
      extending longitudinally of said third pipe and said second pipe and
      forming a second steam chamber therebetween; end members closing said
      second chamber near opposite ends of the pipes; steam outlet means in said
      second bottom wall and extending substantially the length of the second
      chamber; means for supplying steam to the third pipe; said adjacent pipes
      and said third pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interiors of said adjacent and
      third pipes in communication with the second steam chamber; said adjacent
      and third pipes being adapted to support the second steam chamber above
      said surface; and an insulation cover disposed over the pipes and
      extending downwardly alongside the first and third pipes.
NUM  5.
PAR  5. Apparatus according to claim 1 in which there is a steam distributor
      positioned beneath each aperture in the first steam chamber whereby steam
      fed into each section of the chamber may be distributed evenly throughout
      the section.
NUM  6.
PAR  6. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; the steam
      outlet means in said second bottom wall comprising slots arranged
      longitudinally of the bottom wall, the slots being in a plurality of rows,
      each slot in each row being staggered relative to the slots in the
      neighboring row.
NUM  7.
PAR  7. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; a third pipe
      spaced laterally from an adjacent end of said second pipe; a second cover
      member and a second bottom wall spaced from each other and secured to and
      extending longitudinally of said third pipe and said second pipe and
      forming a second steam chamber therebetween; end members closing said
      second chamber near opposite ends of the pipes; steam outlet means in said
      second bottom wall and extending substantially the length of the second
      chamber; means for supplying steam to the third pipe; said adjacent pipes
      and said third pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interiors of said adjacent and
      third pipes in communication with the second steam chamber; said adjacent
      and third pipes being adapted to support the second steam chamber above
      said surface; and in at least one of the first and second steam chambers,
      the steam outlet means in the lower wall comprising slots arranged
      longitudinally of the chamber, the slots being in a plurality of rows,
      slots in each row being staggered relative to the slots in the neighboring
      row.
NUM  8.
PAR  8. Apparatus according to claim 7 in which the lower walls are curved.
NUM  9.
PAR  9. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; the steam
      outlet means in the bottom wall comprising a plurality of holes along the
      length of the bottom wall; and a further wall arranged above and spaced
      from the lower wall and extending between the pipes, the further wall also
      being provided with a plurality of holes along its length.
NUM  10.
PAR  10. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; a third pipe
      spaced laterally from an adjacent end of said second pipe; a second cover
      member and a second bottom wall spaced from each other and secured to and
      extending longitudinally of said third pipe and said second pipe and
      forming a second steam chamber therebetween; end members closing said
      second chamber near opposite ends of the pipes; steam outlet means in said
      second bottom wall and extending substantially the length of the second
      chamber; means for supplying steam to the third pipe; said adjacent pipes
      and said third pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interiors of said adjacent and
      third pipes in communication with the second steam chamber; said adjacent
      and third pipes being adapted to support the second steam chamber above
      said surface; in at least one of the lower walls of the first and second
      steam chambers, the steam outlet means comprising a plurality of holes
      along the length of the wall; and a further wall arranged above and spaced
      from the lower wall and extending between the second and third pipes, the
      further wall also being provided with a plurality of holes along its
      length.
NUM  11.
PAR  11. Steam supply apparatus comprising at least a first and a second pipe
      located in spaced apart, side by side relationship; a cover member
      extending between the pipes and extending longitudinally thereof and
      secured thereto; a bottom wall spaced below said cover member and
      extending longitudinally of and between and secured to the pipes; said
      pipes, cover member and bottom wall forming a steam chamber therebetween;
      end members closing said steam chamber near opposite ends of the pipes;
      steam outlet means in the bottom wall and extending substantially the
      length of the chamber between the pipes; means for supplying steam to the
      pipes; each pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the intrior of said steam pipe in
      communication with the steam chamber; said pipes being adapted to extend
      across a surface against which steam is to be directed through said outlet
      means and to support the steam chamber above said surface; a third pipe
      spaced laterally from an adjacent end of said second pipe; a second cover
      member and a second bottom wall spaced from each other and secured to and
      extending longitudinally of said third pipe and said second pipe and
      forming a second steam chamber therebetween; end members closing said
      second chamber near opposite ends of the pipes; steam outlet means in said
      second bottom wall and extending substantially the length of the second
      chamber; means for supplying steam to the third pipe; said adjacent pipes
      and said third pipe having a plurality of apertures therein arranged
      longitudinally thereof and maintaining the interiors of said adjacent and
      third pipes in communication with the second steam chamber; said adjacent
      and third pipes being adapted to support the second steam chamber above
      said surface; the steam outlet means in one lower wall comprising slots
      arranged in lines along the chamber, the slots being in a plurality of
      rows and the slots in each row being staggered relative to slots in each
      neighboring row; and the steam outlet means in the other bottom wall
      comprising a plurality of holes along the length of said bottom wall,
      there being a further wall arranged above and spaced from the lower wall
      and extending between the adjacent pipes, the further wall also being
      provided with a plurality of holes along its length.
NUM  12.
PAR  12. Steam supply apparatus comprising:
PA1  first, second and third pipes located in spaced apart side by side
      relationship, the second pipe between the first and third;
PA1  upper and lower walls extending in spaced relationship between the first
      and second pipes to define a first steam chamber;
PA1  end walls closing the first steam chamber near the ends of the first and
      second pipes;
PA1  steam outlet means in the lower wall of the first steam chamber
      substantially the length of the chamber between the pipes;
PA1  apertures arranged longitudinally in the first and second pipes whereby
      steam can be fed from each pipe into the first steam chamber;
PA1  baffles dividing the first steam chamber into a plurality of compartments;
PA1  openings in the upper surface of the second pipe and of the upper surface
      of the first steam chamber, at least one opening to one compartment, the
      openings being in pairs, one opening of each pair in the second pipe, one
      in the steam chamber;
PA1  conduits joining each pair of openings;
PA1  a valve in each conduit;
PA1  upper and lower walls extending in spaced relationship between the second
      and third pipes to define a second steam chamber;
PA1  end walls closing the second steam chamber near the ends of the second and
      third pipes;
PA1  steam outlet means in the lower walls of the second steam chamber
      substantially the length of the chamber between the second and third
      pipes;
PA1  apertures arranged longitudinally in the second and third pipes whereby
      steam can be fed from each pipe into the second steam chamber;
PA1  means to supply steam to the first, second and third pipe;
PA1  said pipes being adapted to extend across the surface against which steam
      can be directed through the apertures in the bottom walls of the first and
      second steam chambers and support the first and second steam chambers
      above the surface.
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ABST
PAL  A portable self-contained pressure apparatus including a pressurized tank
      releasably fastened on a backpack carrier for carrying the tank on the
      back of a user during operation thereof while a handle attachment on the
      tank and backpack carrier assembly allows them to be manually carried to
      the point of use. A line pressure control and flexible hose coupling
      assembly couples the tank pressure to an air pressure responsive load
      device herein shown as a hand-held spray gun with a feed hopper for
      applying a texture coating to walls. The line pressure control reduces the
      tank pressure and affords selective pressure ranges as well as on-off
      pressure control to the spray gun. The line pressure control and flexible
      hose coupling assembly are detachable from the pressurized tank when not
      in use and carried in the feed hopper.
BSUM
PAC  FIELD
PAR  This invention relates generally to pressure apparatus and more
      particularly to self-contained, portable pressure apparatus that is
      readily carried around by hand to the location needed and particularly
      suited for use with a spray gun for applying a texture coating material to
      walls for texture touchup and the like.
PAC  BACKGROUND
PAR  A significant problem with pressure-driven equipment, such as spray guns,
      is that the compressor, tank and electric and air flow lines are
      relatively heavy and difficult to manipulate for smaller scale operations.
      For example, in applying texture coating material to walls in a building
      structure, once the project is completed there are numerous areas which
      require touching up, such as scratches or areas around the light switches,
      etc. The equipment presently available for applying texture coating
      material requires a fairly cumbersome machinery weighing on the order of
      80 to 100 pounds of equipment that includes a relatively large storage
      tank that requires the plugging of electric lines and numerous air lines
      to operate, together with an air compressor and a carrying around of these
      lines from place to place. During bad weather conditions, the use of this
      type of equipment with wheels and numerous lines usually results in the
      tracking of mud into the structure such as a building structure that is
      substantially completed. It is estimated that the minumum set up time for
      conventional equipment of the type described would be 1.5 hours.
PAR  Accordingly, it is an object of this invention to provide novel portable
      self-contained pressure apparatus that affords many advantages over
      presently used apparatus utilizing an air compressor, storage tank,
      electric cords and air lines.
PAR  Another object of this invention is to provide novel portable
      self-contained pressure apparatus in which there is no set up time of
      electrical cords and air lines, no wheels, quietness of operation and no
      appreciable clean-up after usage.
PAR  A further object of this invention is to provide a novel portable,
      self-contained pressurized apparatus that is highly mobile and may be
      carried around by hand to the location needed with a relatively
      lightweight pressure tank placed in a backpack carrier on the back of the
      user and is highly efficient in powering a number of air pressure driven
      loads such as air guns and the like.
PAR  Yet another object of this invention is to provide a novel self-contained
      pressure apparatus and hand spray assembly that is particularly suitable
      for texture touch-up on walls characterized by being considerably lighter
      than conventional spray apparatus presently in use for this purpose and
      will afford considerable savings for this particular application.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds taken in conjunction with
      the accompanying drawings, in which;
PAR  FIG. 1 is a schematic perspective view of portable, self-contained pressure
      apparatus and spray gun embodying features of the present invention
      capable of being used to spray coat a wall surface;
PAR  FIG. 2 is a schematic perspective view of portable self-contained pressure
      apparatus and spray gun shown in FIG. 1 being hand carried in its entirety
      to the point of use;
PAR  FIG. 3 is a side elevation view of the line pressure control and coupling
      between the pressure tank and spray gun;
PAR  FIG. 4 is an elevation view of the backpack carrier and pressurized tank
      assembly as viewed from the handle side looking toward the back of the
      user;
PAR  FIG. 5 is a top plan view of the backpack carrier and tank assembly of FIG.
      4;
PAR  FIG. 6 is a side elevation view of the assembly of FIGS. 4 and 5 in an at
      rest position on a floor or like support surface;
PAR  FIG. 7 is a fragmentary side elevation view of the spray gun to show
      interior construction.
DETD
PAR  Referring now to the drawings, there is shown self-contained portable
      pressure apparatus and hand spray gun assembly particularly suitable for
      spraying a texture coating material on walls, ceilings, etc. which in FIG.
      1 is shown in an operating position. The apparatus shown in general is
      comprised of a pressurized air tank or cylinder 11 releasably mounted on a
      backpack carrier 12 together with a handle attachment 13 releasably
      fastened to the tank. A pressure control and coupling line 14 is coupled
      between an outlet of the tank and an inlet of a hand spray gun 15 having a
      feed hopper 16.
PAR  As shown in FIG. 1, the backpack tank carrier 12 is positioned on the back
      of a user represented at 18 and supports the pressurized air tank 11 while
      the spray gun 15 is held in one hand with the line 14 being sufficiently
      long to afford ease of movement of the spray gun. In FIG. 2, the combined
      pressurized tank and backpack carrier are shown carried in one hand the
      feed hopper 16 containing the spray gun 14 and control and coupling line
      14 therein are carried in the other hand illustrating the high degree of
      mobility and portability the entire apparatus exhibits while being carried
      to a point of use at a work site.
PAR  The pressurized tank 11 is a conventional high pressure air cylinder or
      bottle normally filled with compressed air to a pressure of about 2,500
      pounds per square inch, the tank having an on-off control valve 20 on top
      regulated by a knob 21 and also having a tapered recess around an outlet
      22 surrounded by an O-ring 23. The pressurized tank 11 complies with OSHA
      safety standards.
PAR  The backpack tank carrier 12 shown in more detail in FIGS. 4 through 6 is
      comprised of a generally L-shaped support frame adapted for supporting the
      tank having a flat base plate 25 with an upturned retaining flange 26 on
      one edge and an upright support plate 27 extending up from an edge of the
      base at right angles thereto and opposite the retaining flange 25 for
      providing a back side for supporting the tank. A side gusset plate 28 is
      secured at the side at each corner between the base plate 25 and upright
      support plate 27. An auxiliary plate 29 is secured across the upright
      support plate 27 providing a pair of side extensions beyond the side edges
      of the upright support plate. A rigid shoulder strap 31 is affixed at one
      end on a side extension of the auxiliary plate to be essentially flush
      with plate 27 and extends up, out away from and back down so as to be
      generally arcuate to fit over the shoulders of the user. In turn, a rigid
      shoulder strap 32 is affixed to the other side extension of the auxiliary
      plate 29. A cushion member 33 of a rubber or rubberized material fits over
      the strap 31 and a similar cushion member 34 on strap 32 to engage the
      shoulders of the user for comfort. The shoulder straps 31 and 32 are
      constructed and arranged on the frame so that when disposed on its side as
      shown in FIG. 6 with the corner of the frame on a support surface, the
      shoulder straps dispose the tank at an angle of inclination with the upper
      end portion of the tank substantially above the support surface and the
      angle and weight distribution of the tank is such that there is no
      tendency to tip over toward the top so as to damage the tank valve 20. In
      this way the tank valve 20 is protected against an accidental sharp blow
      or the like.
PAR  For releasably securing the tank to the carrier frame there is shown an
      arcuate stationary arm 36 that is affixed at one end to an upper portion
      of the upright support plate 27 and is curved to extend partially around
      the tank and an arcuate movable arm 37 that is pivotally attached to the
      upright support plate 27 by means of a hinge 38 so that it will extend
      partially around the opposite side and co-operate with the stationary arm
      36 to secure the tank to the carrier. A releasable buckle-type fastener is
      secured at the free ends of the support arms. This fastener is
      conventional and is in the form of a hook 41 on the movable arm 37 and
      loop and lever member 42 on the stationary arm 36 so that when the lever
      is pivoted to one side it is closed and the arms are tightly held against
      the tank and when pivoted to the other side the loop is moved out of the
      hook. The movable arm 37 is shown in an open position in dashed lines at
      37' in FIG. 5 allowing the tank to be removed from the carrier.
PAR  To provide for manually carrying the backpack carrier 12 and tank 11
      assembly to the point of use the handle attachment 13 is releasably
      mounted on an upper portion of the tank. This handle attachment 13 has a
      C-clamp portion 48 in the form of relatively wide plate bent along its
      length to conform to the circular transverse cross section of the tank in
      a C-clamp arrangement and further has a pair of opposed extended portions
      49 and 50 through which screw fasteners 51 extend so that it clamps firmly
      against the tank. Extension 50 is elongated and terminates in a rounded
      grip portion 52 covered by a cylindrical hollow cushion 53 and is also
      provided with a slot 54 allowing the user to insert the fingers into the
      slot and grip the cushion and grip portion 52. The handle attachment 13 is
      located on a center line above the midpoint between the top and bottom of
      the tank so that when the handle is gripped, there is a counter balancing
      effect whereby the lower part of the tank remains in a dependent lowermost
      position.
PAR  For further releasably securing the carrier frame to the user there is
      provided a belt 45 that extends through a pair of slots in the support
      plate to extend around the body of the user together with a buckle 46 on
      the free ends of the belt to fasten said free ends of the belt together.
PAR  The line pressure control and hose coupling 14 comprise a conventional
      pressure regulator tank valve 61 adapted to be releasably coupled to the
      valve 20 on the tank having an outlet coupled by a length of flexible hose
      62 to the inlet of a pressure regulator 63 having a pressure indicator 64
      and control knob 65. A commercially available regulator 63 is Wilkerson
      No. 2019-21. A length of flexible hose 66 is coupled to the outlet of the
      pressure gauge to the inlet of an on-off air valve 67 which in turn
      coupled to the inlet of the spray gun 15. Conventional brass fittings are
      shown on the ends of the flexible hoses and these fittings are attached to
      the tank valve 61, pressure regulator gauge 62 and on-off valve 67 in
      sequence in the flow line.
PAR  The tank valve 61 is a conventional commercially available unit and has a
      portion 71 that fits over the O-ring 23 on the valve 20 and a threaded
      screw 72 that releasably locks the tank valve 61 in place on the top of
      the tank as shown in FIG. 1. The pressure regulator tank valve 61 reduces
      the tank pressure from about 2,500 psi to 110 to 95 psi. In turn, the
      pressure gauge will control the pressure from 110 psi down to 0 psi to
      give a full range of pressure control for operating the spray gun or like
      load. The on-off valve 67 permits the selective shutting off of the
      pressure to the spray gun entirely.
PAR  The spray gun shown is conventional Pattern Piston such as that sold by
      Goldblatt. The feed hopper 16 is releasably held on the gun by a hose
      clamp 75 at its lower end. The feed hopper has a handle 76 and an open
      upper end into which the fluent coating material is poured. In the hand
      carrying of the apparatus as shown in FIG. 2 the spray gun 15 and line
      pressure control and coupling assembly is placed in the hopper.
PAR  The spray gun shown has an air pressure inlet 81, a spring biased control
      trigger 82, a material cavity 83 receiving material from the feed hopper
      16 by gravity flow, a rubber jacket 84 with a hollow beveled head 85 is
      movable against a rubber washer 86 whereby as the trigger 82 is pulled
      back, compressed air forces the material through an aperture in the rubber
      washer 86. The gun also has a ring 87 forming an outlet orifice 88 alines
      with the rubber washer that determines the pattern. These things will
      affect the texture of the material being sprayed: the size of the orifice
      88, the liquid state of the material and the air pressure.
PAC  OPERATION
PAR  In a full sequency of operation for the above described apparatus, the
      pressurized tank 11, backpack carrier 12 and handle attachment 13 are
      carried in one hand, the line pressure control, hose couplings 14 and
      spray gun 15 placed inside the feed hopper 16 and carried in the other
      hand. At the point of use the pressure regulator valve 61 is coupled to
      the tank and the valve 20 turned on, the regulator valves 61 and 63 are
      set to the desired pressure and the shoulder straps 31 and 32 are placed
      over the shoulders and the belt 45 positioned around the user's body and
      the buckle 46 fastened as shown in FIG. 1.
PAR  The feed hopper is filled with the fluent coating material and when ready
      to spray, the on-off valve 67 is opened. The hand gun is directed toward a
      wall surface and the trigger 82 is pulled back producing a spraying of the
      material on the wall surface toward which it is directed.
PAR  While the above described pressure apparatus is particularly suitable for
      driving a pistol pattern hand spray gun for applying a texture coating
      material as above described, it should be understood that it is also
      applicable to the other types of pressure driven hand devices such as nail
      guns, paint guns and the like.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable, self-contained pressure apparatus readily carried around by
      hand to the location of operation and supported primarily by the back of a
      user when in operation, said apparatus comprising, in combination:
PA1  a pressurized tank,
PA1  a backpack carrier adapted to be releasably mounted on the back of a
      person, said carrier having a tank support frame and releasable tank
      fastening means on the support frame for releasably fastening the
      pressurized tank to the support frame, said carrier having a pair of
      laterally spaced, generally arcuate rigid shoulder straps attached at one
      end to an upper portion of said upright portion extending out away and
      then down therefrom to mount the tank support frame on the shoulders of
      the user and to dispose said support frame and tank at an angle of
      inclination with the tank outlet and at an elevated position in a
      demounted at rest position.
PA1  handle means for hand carrying the backpack carrier and tank to a point of
      use, said handle means including a C-clamp portion surrounding the tank
      positioned and centered about the midpoint between the top and bottom of
      the tank, releasable fastening means holding the C-clamp portion on the
      tank and a handle grip portion affixed to and disposed a distance away
      from said C-clamp portion,
PA1  a line pressure control and coupling means coupled to said tank to regulate
      the amount of air pressure from said tank to a pressure responsive load
      device, and
PA1  a pressure driven spray gun coupled to the output of said line pressure
      control and coupling means, said spray gun being a pattern spray gun for
      spraying a fluent texture coating material on walls and the like, said
      spray gun having a feed hopper for storing a batch of fluent texture
      coating material and delivering said material to the spray gun which
      selectively sprays the material in response to air pressure from said line
      pressure control and coupling means.
NUM  2.
PAR  2. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein said tank support frame is generally L-shaped with a base portion
      and an upright portion and fastening means on the upright portion
      extending around the tank and releasably connected at the ends to fasten
      the tank to the support frame.
NUM  3.
PAR  3. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein the center of gravity of the tank on the carrier support frame is
      closer to the bottom than the top in the at-rest position so that the
      assembly does not tend to tip toward the top.
NUM  4.
PAR  4. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein said backpack carrier has a belt extending through slots in the
      support frame adapted to extend around the body of the user and having a
      releasable fastener at the free ends to fasten the support frame to the
      body of the user.
NUM  5.
PAR  5. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein each of said shoulder straps includes a rigid core portion and an
      outer resilient cushion portion.
NUM  6.
PAR  6. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein said grip portion handle means includes a rigid annular core
      portion and an outer resilient cushion portion together with a slot
      adjacent the grip portion.
NUM  7.
PAR  7. A portable, self-contained pressure apparatus as set forth in claim 1
      wherein said pressurized tank has a flow control valve at the top.
NUM  8.
PAR  8. A portable, self-contained pressure apparatus as set forth in claim 7
      wherein said line pressure control and coupling means includes:
PA1  a first pressure regulator valve removably mounted on the flow control
      valve of the tank to reduce the tank pressure,
PA1  a second pressure regulator valve coupled to said first regulator valve
      having a pressure indicator and a manually operable pressure adjustment
      member to vary the pressure over a lower range down to zero pressure, and
PA1  an on-off valve coupled to said second pressure regulator valve to
      selectively turn the pressure from the tank on and off.
NUM  9.
PAR  9. A portable, self-contained pressure apparatus as set forth in claim 8
      wherein there is provided a first flexible flow line coupled between said
      first and second pressure regulator valves and a second flexible flow line
      coupled between said second pressure regulator valve and said on-off
      valve.
NUM  10.
PAR  10. In portable, self-contained pressure apparatus as set forth in claim 9
      wherein said on-off valve has coupling means to releasably couple the
      on-off valve to a pressure responsive load device.
NUM  11.
PAR  11. Portable self-contained pressure and spray apparatus as set forth in
      claim 1 wherein said feed hopper has a handle and a top opening and is
      sized to receive said line pressure control and coupling means and said
      spray gun when detached from said tank.
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ABST
PAL  A spray nozzle for mounting on an aircraft which controls droplet size
      comprises a bonnet section having a flexible diaphragm for permitting
      passage of spray material through a channel and outwardly through one of a
      plurality of selectively positionable orifices of varying cross-section
      for further passage through a flexible connection to a rotating cage
      assembly actuated by air flow impinging upon mounted fan blades for
      dispensing the spray material in relatively constant sized droplets for
      spreading over a large swath of crop terrain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  The present invention relates to crop-spraying equipment and more
      particularly to a nozzle which is secured to a boom fixed aircraft used to
      spray or dust crops.
PAR  Typically, in a fixed-wing aircraft, the boom is secured to the trailing
      edge of the wings. The boom incorporates a plurality of spray nozzles
      affixed thereto and serves as a passageway for a liquid pesticide or
      economic poison which is discharged through the nozzles for spreading over
      a swath of crops, timber, other agricultural products or pest habitats. If
      a helicopter rather than a fixed-wing aircraft is used, the boom is
      attached to the fuselage or body of the craft.
PAR  The spray nozzle of the present invention is designed to correctly apply
      various pesticides to growing agricultural products. In order for correct
      application to occur, the "drift" must be accurately controlled. Drift
      refers to the spreading out of a released pesticide from a spray nozzle.
      Drift may occur from a complex of indicia, i.e., speed and attitude of the
      aircraft, wind conditions, the rate of discharge from the spray nozzle,
      etc. The present invention is directed to providing a spray droplet of
      relatively constant size issuing from the nozzle so that the drift may be
      readily controlled.
PAR  Accordingly, the spray nozzle of the present invention is adapted to be
      mounted upon a boom and incorporates a flexible diaphragm for allowing
      pesticide to be channeled into one of a plurallty of selectively
      adjustable orifices located in a rotatably arranged discharge device.
      After the liquid pesticide passes through such a selected orifice at a
      predetermined flow rate, it is directed through a flexible connecting tube
      to a rotating cage dispenser. The rotating cage dispenser is actuated by
      means of air flow striking fan blades arranged on the dispenser. The
      dispenser further comprises a meshed cylindrical cage assembly driven by
      the fan blades. The meshed cage determines the droplet size of spray to be
      discharged during rotation of the case assembly. Centrifugal force propels
      the pesticide through the meshed cage during rotation thereof.
PAR  It has been found that by controlling the quantity of spray and the droplet
      size, the drift of spray issuing from a nozzle may also be correspondingly
      controlled. Some or all of the following methods of control may also be
      employed with regulating quantity of spray and droplet size to further
      enhance control of drift: (1) using foam as a spray material; (2)
      rearranging nozzle location; (3) varying flying attitude; (4) compensating
      for meterological conditions; (5) redesigning mechanical nozzle, and (6)
      using stringing or polymerizing agents.
PAR  B. Description of the Prior Art
PAR  Prior art devices have dealt extensively with providing various types of
      valves to be used in spray nozzles. One such prior art device is disclosed
      in U.S. Pat. No. 2,639,194 which describes an anti-drip valve for spray
      nozzles. The valve utilizes a rubber diaphragm which is actuated by
      pressure from a liquid to be sprayed. The diaphragm is displaced from a
      closing position over a tube to permit spray to be channeled through the
      tube into a strainer and outwardly through a discharge passageway. While
      the diaphragm provides for an efficient sealing construction to prevent
      dripping of spray from the nozzle, there is no disclosure of providing an
      adjustable metering device for varying the rate of discharge of liquid
      spray. Thus, such a valve would not enable a spray nozzle to have the
      capability of selectively varying droplet size of a sprayed pesticide and
      therefore would not permit the control of spray drift from a nozzle.
PAR  An adjustable turret spray nozzle is disclosed in U.S. Pat. No. 3,596,835.
      Here, a spray nozzle is employed as part of a crop spraying system and
      incorporates a rotatable plate having a plurality of differently sized
      orifices for alignment with a discharge passage of a spray nozzle. A
      passage leads from a liquid spray source to spiral passageways which
      impart a turbulent flow to the liquid being discharged through a selected
      orifice in the rotatable plate. Thus, a rather small amount of liquid
      spray may be discharged in a spiral swirling path by means of the spiral
      passageways. However, this patent does not disclose a rotating cage
      assembly used in conjunction with the orifices in the rotatable plate.
      Therefore, it is apparent that the adjustable turret spray nozzle would
      not dispense insecticides or emulsions over relatively wide areas of crops
      or terrain.
PAR  A device for dispensing spray from a moving vehicle which incorporates a
      propeller driven hollow chamber is disclosed in U.S. Pat. No. 3,398,893.
      This patent describes the use of a meshed screen which is rotatably driven
      by a propeller. The propeller is activated by air flow impinging thereon
      when a vehicle is moving at a certain speed. The material to be sprayed is
      directly passed from a source through a tube into the rotating spray
      dispenser. It is apparent that this spray dispensing device does not
      enable the specific rate of discharge of spray material to be adjustably
      controlled unless there is an exchange of differently sized rotatable
      meshed spray dispenser chambers.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to providing a rotating atomizer nozzle
      which incorporates a flexible diaphragm for permitting spray material to
      be channeled through a passageway in a bonnet to one of a plurality of
      selectively arrangeable orifices in a metering plate so that the spray
      material may be further dispensed at a regulated rate to a cage assembly
      rotated by means of air impinging upon fan blades for spraying pesticide
      droplets of a relatively constant size over a relatively wide swath of
      crop terrain. The rotating atomizer nozzle of the present invention
      regulates both quantity and droplet size of pesticide spray.
PAR  Another object of the present invention is to provide a rotating atomizer
      nozzle which incorporates a flexible connection or tubing between the
      selectively adjustable metering plate and the rotatable cage assembly. The
      flexible connection serves as a means for absorbing shock or vibration
      from the aircraft or moving vehicle which could be transmitted from the
      head portion of the spray nozzle to the rotating cage assembly. The
      flexible connection or tubing also serves to dampen vibrations from the
      rotating cage assembly to the bonnet which may result from cage imbalance,
      gyroscopic precession, etc. Furthermore, the flexible hose connection
      provides for a connection which may be readily removed between a head
      portion or bonnet of the valve and the rotating cage assembly. By removing
      a hose clamp, one rotating cage assembly may be replaced for another.
PAR  Another object of the present invention is to provide a rotating atomizer
      nozzle having a head portion or bonnet which incorporates an adjustable
      metering plate for selection of an orifice for discharging spray fluid
      under pressure from an anti-drip diaphragm inlet.
PAR  Yet a further object of the present invention is to provide a rotating
      atomizer nozzle which enables spray material to be discharged at a
      predetermined rate from one of a plurality of selectively positionable
      orifices to a rotating dispenser. Droplet size of spray issuing from the
      dispenser is controlled by the size of wire mesh in the dispenser. With
      droplet size being maintained relatively constant, and with the quantity
      of spray also being regulated, the drift of spray material from the
      rotating cage assembly may, in turn, be controlled so that a uniform swath
      of spray may be spread over agricultural crops.
PAR  Still another object of the present invention is to provide a rotating
      atomizer nozzle which may be secured to a boom by means of a small adapter
      which does not require special support brackets.
PAR  Additional objects of the spray nozzle of the present invention reside in
      the specific construction of the exemplary apparatus hereinafter
      particularly described in the specification and shown in the drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Novel features of the improved rotating atomizer spray nozzle of the
      present invention will be more readily understood from a consideration of
      the following description taken together with the accompanying drawing, in
      which a preferred adaptation is illustrated with the various parts thereof
      identified by suitable reference characters and in which:
PAR  The drawing is a cross-sectional view taken longitudinally through the
      spray nozzle of the present invention and illustrates the construction of
      an inlet passage leading from a diaphragm through a passageway which
      directs spray material through a selected orifice in a rotatable metering
      plate for dispensing spray material through a flexible hose and outwardly
      from a rotating cage assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference to the drawing, the spray nozzle of the present invention is
      generally designated at 10. Spray nozzle 10 is comprised essentially of
      three sections, i.e., a head section 12 flexibly connected by means of
      hose 14 to rotating cage assembly 16. Head section 12 is secured to a boom
      at the trailing edge of an aircraft wing by means of a boom adapter (not
      shown) which directs spray fluid upwardly through port 18. Port 18 is
      provided with threads 20 to enable the boom adapter to be threadedly
      secured thereto. Port 18 is contained within a tube 22 formed integrally
      with head section 12 for contacting a diaphragm 24. Diaphragm 24 is
      secured to head section 12 by means of an external cap 26 which is rigidly
      disposed against diaphragm 24 and head section 12 by means of a threaded
      locking clamp 28.
PAR  The drawing illustrates the spray nozzle of the present invention in the
      operating or open position. The open position is maintained by loosening
      wing nut 34 and screw 32 to enable slidable pressure member 30 to be urged
      to the left against spring 38 by diaphragm 24 when sufficient spray
      pressure is maintained through port 18. Screw 32 further serves as a
      locking means when it is desired not to operate the nozzle.
PAR  When no spray pressure is transferred to diaphragm 24, spring 38 biases
      slidable pressure member 30 against diaphragm 24 which in turn tightly
      fits against seat 22a. To ensure that no leakage past seat 22a occurs,
      screw 32 may be turned inwardly to hold slidable pressure member 30
      securely against diaphragm 24 and seat 22a. Wing nut 34 is provided to
      prevent screw 32 from working loose and a knurled surface 36 enables screw
      32 to be readily turned.
PAR  The above described anti-drip shut-off features of the spray nozzle are
      necessary to prevent spray fluid from leaking past seat 22a when the
      nozzle is not in operation, i.e., during transport of the aircraft from
      one spraying site to another.
PAR  With slidable pressure member 30 arranged in the open position as shown in
      the drawing, spray material may be transported through passageway 18 until
      it contacts diaphragm 24. If the spray material is at sufficient pressure,
      i.e., approximately 15-20 psi., diaphragm 24 will be lifted from seat 22a
      of tube 22 to enable the spray material to be transported through channel
      40. Disposed at the downward end of channel 40 and rotatably secured to
      head section 12 is selective metering plate 42 which is secured to an
      actuating cap 48. Rotatable metering plate 42 has a circular periphery,
      and is provided with a plurality of different sized orifices such as 42a
      and 42b shown in the drawing. It is contemplated that as many as eight
      different orifices be disposed on metering plate 42 so that a variety of
      spray discharge rates may be selected. Metering plate 42 and actuator cap
      48 are secured to head section 12 by means of a bolt 43. In order to vary
      the discharge rate of spray fluid under pressure from channel 40, metering
      plate 42 may be disposed by turning cap 48 in a plurality of positions so
      that a predetermined orifice opening such as 42a or 42b may be selectively
      aligned with channel 40. With a selected orifice aligned with passage
      channel 40, spray material under pressure is displaced through the orifice
      into chamber 44 and outwardly through tube 46. Tube 46 is secured to cap
      48 by means of a hollow screw or bolt 50. Tube 46 communicates with
      support shaft 52 by means of a flexible connection 14. Flexible tube
      connection 14 is secured to tube 46 and support shaft 52 by means of
      clamping members 53 and 53a.
PAR  A rotatable supporting assembly 16 is disposed upon support shaft 52 by
      means of bearings 54 and 56. A hollow cylindrical cage assembly 58 is
      connected to rotatable assembly 16 by means of elongated securing bolts 60
      and 60a. Fan blade members 17 and 17a are connected to rotatable assembly
      16 by any conventional means.
PAR  Cage assembly 58 comprises a two-ply screen assembly. A first woven mesh
      inner screen of stainless steel wire is arranged interiorly of an outer
      screen of stainless steel sheet. With spray nozzle 10 mounted onto a boom
      of an airplane or other moving vehicle, air will strke fan blades 17 and
      17a and thus impart rotation to cage assembly 58. Spray material under
      pressure will travel at a predetermined discharge rate from an orifice in
      metering plate 42 through support shaft 52 into chamber area 59 of
      rotating cage assembly 58. Centrifugal force will displace the spray
      droplets outwardly through the plurality of apertures 58a formed in the
      external circumferences of rotatable cage assembly 58. The spray droplets
      are of a relatively constant size as determined by apertures 58a and also
      are dispensed at a predetermined rate because of the selective positioning
      of metering plate 42. Furthermore, the droplets are thrown or spread from
      rotatable cage assembly 58 in a relatively wide path so that a wide swath
      of crop terrain may be sprayed or dusted. It can be readily appreciated
      that the spray nozzle of the present invention provides for a wide
      dispensing of spray material under pressure. Thus, the number of spray
      nozzles may be significantly reduced for a specific spraying application
      if the spray nozzle of the present invention is employed. Because the
      droplet size and discharge rate of the spray may be selectively
      controlled, the drift of the dispensed spray may also be controlled.
      Metering plate 42 may be rotated to preselect an orifice for alignment
      with channel 40 to compensate for various weather conditions, speed of the
      aircraft or terrain desired to be sprayed.
PAR  While the present invention has been shown and described in a preferred
      form, a person having ordinary skill in the art can readily recognize that
      changes may be made therein without departing from the spirit and scope of
      the present invention, the scope of which is to be determined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A spray nozzle for use on a moving vehicle comprising:
PA1  diaphragm means disposed adjacent to an inlet tube and movable between open
      and closed positions with respect to said inlet tube, said open position
      being maintained by a predetermined spray pressure within said inlet tube
      urging said diaphragm means away therefrom to permit the passage of spray
      material from said inlet tube to an adjacent downstream channel;
PA1  selectively positionable orifice means alignable with said channel for
      permitting spray material to be transported from said channel through a
      preselected orifice so that spray material passing therefrom flows at a
      predetermined discharge rate; and
PA1  flexible connecting means for transporting spray material passing from said
      orifice means to a cage assembly having fan blades, said cage assembly
      being rotatably supported upon a shaft which is in turn supported by said
      flexible connecting means so that when air of a sufficient velocity
      impinges upon said fan blades said cage assembly rotates about said shaft
      and thereby dispenses spray material outwardly therefrom.
NUM  2.
PAR  2. A spray nozzle as defined in claim 1 wherein said selectively
      positionable orifice means comprises a metering plate having a plurality
      of orifices each of which has a different cross-sectional flow opening,
      said metering plate being positionable by means of a hand turnable
      actuator secured thereto, said actuator including a chamber which leads to
      said flexible connecting means.
NUM  3.
PAR  3. A spray nozzle as defined in claim 2 wherein a slidable pressure member
      is disposed adjacent to said diaphragm, an adjustable screw means being
      arranged to position said slidable pressure member against said diaphragm
      to prevent leakage when said diaphragm is disposed in said closed
      position.
NUM  4.
PAR  4. A spray nozzle as defined in claim 2 wherein said flexible connecting
      means comprises a hose having one end disposed over a tube emerging from
      said actuator and the other end disposed over said shaft, said shaft being
      hollow to permit spray material to be transported therethrough from said
      hose inwardly to said cage assembly.
NUM  5.
PAR  5. A spray nozzle as defined in claim 4 wherein said cage assembly
      comprises a portion secured to bearings which are rotatably journalled
      upon said hollow shaft.
NUM  6.
PAR  6. A spray nozzle as defined in claim 5 wherein said rotatable cage
      assembly comprises an inner mesh screen disposed within a perforated outer
      screen, said screens being located downstream from said fan blades.
NUM  7.
PAR  7. A spray nozzle for use on a moving vehicle comprising:
PA1  diaphragm means disposed adjacent to an inlet tube and movable between open
      and closed positions with respect to said inlet tube, said open position
      being maintained by a predetermined spray pressure within said inlet tube
      urging said diaphragm means away therefrom to permit the passage of spray
      material from said inlet tube to an adjacent downstream channel;
PA1  selectively positionable orifice means alignable with said channel for
      permitting spray material to be transported from said channel through a
      preselected orifice so that spray material passing therefrom flows at a
      predetermined discharge rate; and
PA1  a cage assembly having fan blades, said cage assembly being connected to
      said orifice means and rotatably supported upon a shaft so that when air
      of a sufficient velocity impinges upon said blades said cage assembly
      rotates about said shaft and thereby dispenses spray material outwardly
      therefrom.
PATN
WKU  039455734
SRC  5
APN  3951693
APT  1
ART  313
APD  19730907
TTL  Flexible duct assemblies
ISD  19760323
NCL  8
ECL  1
EXA  Kashnikow; Andres
EXP  Love; John J.
NDR  3
NFG  3
INVT
NAM  Burgess; Brian
CTY  Bewdley
CNT  EN
INVT
NAM  Bayliss; Raymond Terence
CTY  Bewdley
CNT  EN
INVT
NAM  Stokes; Peter Bryan
CTY  Halesowen
CNT  EN
INVT
NAM  Eynon; George Thomas
CTY  Farnborough
CNT  EN
ASSG
NAM  Imperial Metal Industries (Kynoch) Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730301
APN  10049/73
RLAP
COD  72
APN  220621
APD  19720125
PSC  03
CLAS
OCL  23926535
XCL   60232
XCL  285265
EDF  2
ICL  B64C 1508
ICL  F16L 2706
FSC  239
FSS  265.35;587;265.11;265.19;265.33;265.37
FSC   60
FSS  228;232;39.31;39.5
FSC  285
FSS  223;265
UREF
PNO  3106061
ISD  19631000
NAM  Eder
XCL  239265.35
UREF
PNO  3157028
ISD  19641100
NAM  Gaubatz
OCL  239265.35
UREF
PNO  3275243
ISD  19660900
NAM  Gaubatz
OCL  239265.35
UREF
PNO  3390899
ISD  19680700
NAM  Herbert et al.
XCL  239265.35
UREF
PNO  3519260
ISD  19700700
NAM  Irwin
XCL  239265.35
UREF
PNO  3680895
ISD  19720800
NAM  Herbert et al.
XCL  285223
UREF
PNO  3727843
ISD  19730400
NAM  Parilla
OCL  239265.35
UREF
PNO  3759446
ISD  19730900
NAM  Bligh et al.
OCL  239265.35
UREF
PNO  3811713
ISD  19740500
NAM  Barrett et al.
XCL   60232
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A flexible duct assembly comprising axially first and second duct parts, a
      mounting system adjustably supporting the second duct part with respect to
      the first duct part, a primary seal between complementary relatively
      movable surfaces of the first and second parts, and a secondary seal
      between the first and second duct parts, the secondary seal being afforded
      protection from the interior of the duct assembly by the primary seal. The
      secondary seal may be an annular sliding seal or an annular strip of
      elastomeric material bonded on opposite sides to relatively movable facing
      surfaces of the first and second parts.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 220,621,
      filed Jan. 25, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flexible duct assemblies. The invention is
      especially concerned with exhaust nozzle assemblies particularly, but not
      exclusively, for rocket motors, for example rocket motors using solid
      propellants.
PAR  It is an object of the present invention to provide an improved flexible
      duct assembly. It is a subsidiary object of an embodiment of the present
      invention to provide an exhaust nozzle assembly which is adjustable to
      alter the thrust vector produced by the nozzle, and thereby provide
      guidance for a missle to which the nozzle assembly is attached.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a flexible duct assembly comprises
      axially first and second duct parts, a mounting system adjustably
      supporting the second duct part with respect to the first duct part for
      rotation with respect to a center fixed relative to the first duct part a
      primary seal between complementary relatively movable surfaces of the
      first and second parts, and a secondary seal between the first and second
      duct parts, the secondary seal being afforded protection from the interior
      of the duct assembly by the primary seal.
PAR  In a first embodiment the secondary seal includes an annular seal member
      mounted on one of the duct parts and slidable over a curved surface
      centered on said fixed center and formed on the other of the duct parts,
      and preferably the sealed member and the curved surface are symmetrical
      about a plane perpendicular to the longitudinal axis of the duct part on
      which is formed the curved surface, said plane containing the fixed
      center.
PAR  In a second embodiment the secondary seal includes an elastomeric strip
      bonded on opposite sides to relatively movable facing surfaces of the
      first and second parts. Preferably the elastomeric strip is bonded between
      facing surfaces of the first and second duct parts in shear. Preferably
      also the second duct part is adjustable relative to the first duct part
      about a center located on the longitudinal axis of the duct assembly, and
      the elastomeric strip is symmetrical about a plane perpendicular to said
      axis and containing said center.
PAR  In both embodiments it is preferable that the primary seal be constituted
      by complementary frusto-concavo and frusto-convexo surfaces centered upon
      said center. Preferably the mounting system comprise a gimbal ring
      centered upon said center to permit angular adjustment of the second duct
      part with respect to the first duct part, and actuation means for
      providing and controlling said angular adjustment. Preferably, also, the
      flexible duct assembly constitutes an exhaust nozzle assembly, the first
      duct part is an axially inner nozzle part, and the second duct part is an
      axially outer nozzle part.
PAR  The invention also provides a rocket motor having an exhaust nozzle in the
      form of the flexible duct assemblies summarized above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Typical examples of the invention will now be described with reference to
      the accompanying diagrammatic drawings in which:
PAR  FIG. 1 is an end elevation of the preferred embodiment of a flexible duct
      assembly constituted by an exhaust nozzle assembly;
PAR  FIG. 2 is a staggered section taken along the line 2--2 on FIG. 1; and
PAR  FIG. 3 is a section similar to FIG. 2 illustrating a second embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and in particular to FIG. 2, there is shown a
      solid propellant rocket motor blast pipe 5 of which the inner surface is
      lined at 6 with "Durestos"; this is a phenolic resin filled with asbestos
      fiber. The left-hand end of the blast pipe 5, as shown in the drawing, is
      flared radially outwardly at 7 and is fitted to a rocket motor body by
      conventional means (not shown).
PAR  The right-hand end of the blast pipe 5 carries a support ring 8 which
      mounts an actuating unit 9 and a pair of radially opposed mounting arms
      10. Each arm 10 carries a bearing 11 receiving a corresponding trunnion
      12.
PAR  The right-hand end of the blast pipe 5 also carries an axially inner nozzle
      part 13 which comprises a steel support 14 of which the radially inner
      surfaces are provided with "Durestos" rings 15 and 16 respectively. Rings
      15 and 16 support an annular molybdenum shield 17.
PAR  The trunnions 12 extend radially outwardly from an axially outer nozzle
      part 20 which comprises a steel support ring 21 on to the inner surface of
      which is secured a nozzle support ring 22. The axially outer nozzle part
      20 also comprises Durestos rings 23 and 24 which thermally separate the
      steel parts 21 and 22 from a molybdenum choke ring 25.
PAR  The axially inner nozzle part 13 is fixed to the blast pipe 5 and through
      the radially inner surface of the molybdenum shield 17 commences the choke
      of the rocket nozzle. The choke is completed by the radially inner surface
      of the molybdenum choke ring 25. The remainder of the nozzle is
      constituted by the frusto-conical extension of the molybdenum choke ring
      25 and the contiguous axially inner surface of the Durestos ring 24. The
      choke ring 25, together with the remainder of the axially outer nozzle
      part is angularly adjustable to effectively deviate the rocket nozzle and
      change the vector of the thrust produced by the passage of hot exhaust
      gases through the interior thereof.
PAR  The angular adjustment referred to above necessitates seals between the
      relatively movable parts to prevent loss of pressure within the nozzle and
      minimize the thermal and erosive effects of gases penetrating from the
      nozzle between those parts. Thus there is provided a primary proximity
      seal by contouring the molybdenum shield 17 to have a frusto-concavo
      surface 29 centered upon the point 28 located on the longitudinal axis of
      the nozzle and about which is displaced the axially outer nozzle part 20.
      Similarly there is provided on the choke ring 25 a complementary
      frusto-convexo surface 30, such that the surface 30 is also centered on
      the point 28. The surfaces 29 and 30 are in close juxtaposition to one
      another but are arranged in such a way that contact, and thereby
      frictional resistance, is avoided. However, the degree of overlap between
      the surfaces 29 and 30, which will vary at different angular positions
      around the nozzle according to the relative angular positions of the
      nozzle parts 13 and 20, provide a proximity seal 30a that reduces the
      amount and velocity of high pressure, high temperature and erosive gas
      that can penetrate to a cavity 31 between the parts 13 and 20.
PAR  There is also provided a secondary seal comprising a part-spherical convex
      surface 40 formed on the external surface of the steel support 14 and
      symmetrically disposed with relation to the center 28. The secondary seal
      also comprises an annular sliding seal 41 which is mounted on the steel
      support ring 21 at a position symmetrical about the center 28 and pressing
      against and slidable over the convex surface 40. A suitable sliding seal
      is in the form of an annulus preferably of polytetrafluoroethylene of
      U-shaped cross-section with the base and open mouth of the U forming the
      two planar sides of the annulus, the U receiving a helical spring which
      extends around the annulus and tends to deflect the inner and outer faces
      of the seal away from one another. The seal 41 is snapped into an annular
      groove 42 in the steel support ring 21 with the open side of the U forming
      the cavity 31. Gases penetrating the primary seal into the cavity 31
      assist the action of the spring in pressing the inner and outer faces of
      the seal 41 into sealing engagement with the convex surface 40 and the
      steel support ring 21 respectively whilst the seal 41 can slide with the
      ring 21 over the convex surface 40 with deflection of the nozzle. The
      resistance to movement is greatly diminished in comparison with the rubber
      block 32 of the Patent Application referred to above.
PAR  In use, the axially outer nozzle part 20 is angularly adjusted with respect
      to the inner nozzle part 13 and the blast pipe 5 to provide the required
      thrust vector. Angular displacement of the thrust vector of at least
      20.degree. is possible. Adjustment is effected through the actuating unit
      9 which via a linkage 35 and a saddle 36 can displace a spur 37 upstanding
      from the support ring 21 midway between the trunnions 12. This provides
      turning of the nozzle part 20 about the trunnion bearings 11. The saddle
      36 can readily be modified to pull the spur 37 towards the unit 9 to
      effect turning in the opposite sense. The proximity seal 30a provided
      between the surfaces 29 and 30 has sufficient overlap between those
      surfaces to provide a seal even at the maximum displacement possible. In
      addition, the sliding seal 41 will maintain a seal between parts 13 and
      20.
PAR  In the drawings and the description given above, the support ring 21 is
      located through the trunnions 12 in fixed arms 10. This provides angular
      adjustment in one plane alone. It may be preferred for the arms 10 to be
      replaced by a gimbal ring mounted on suitable means in a plane
      perpendicular to the plane of the trunnions 12. With a second actuating
      unit, this provides angular adjustment in a second plane perpendicular to
      the first, and through combinations between two planes, in any angle. If
      required the gimbal system or the arms 10 may be replaced by four actuator
      units located at 90.degree. spacing around the periphery of the nozzle and
      operated in complementary diametrically opposite pairs in order to provide
      adjustment in all directions whilst preventing axial displacement relative
      between the parts 13 and 20.
PAR  In a modification of the typical example described above, the invention is
      applied to a flexible duct assembly for transmitting domestic or
      industrial fluids other than hot exhaust gases as described for rocket
      motors. Thus, in this modification, the axially inner nozzle part becomes
      an axially first duct part and is connected to preceding piping for
      transmitting any desired fluid, be it gas or liquid. The outer nozzle part
      described above becomes a second duct part and is connected by suitable
      piping for onward transmission of the fluid. The relative movement between
      the first and second duct parts can provide for thermal movements of the
      piping and can be used to impart flexibility either for that purpose or
      for example for reducing thermal and/or vibration transmission along the
      piping. In this modification, there will not normally need to be any
      actuation unit although this may be provided if desired to effect or
      control the relative movement between the duct parts. If desired, there
      may be provided a gimbal system to transmit end thrusts from the first
      duct part to the second duct part or vice versa.
PAR  In FIG. 3 the same reference numerals are used to identify the elements
      which appear in FIG. 2. In the FIG. 3 embodiment there is provided a
      secondary seal comprising an elastomeric strip 32 of which opposite sides
      are bonded to facing surfaces of the inner and outer nozzle parts 13 and
      20. Thus, the radially outer surface of the support 14 is convex about the
      center 28, and the facing portion of the radially inner surface of the
      support ring 21 is concave about the center 28. The respective convex and
      concave surfaces of the parts 14 and 21 are symmetrical about the plane
      perpendicular to the longitudinal axis of the nozzle and containing the
      point 28. The elastomeric strip 32 is bonded between these surfaces, and
      is thereby placed in shear strain upon angular adjustment between the
      nozzle parts 13 and 20. The elastomeric strip 32 provides a complete seal
      and one that is not subjected to frictional resistance, or to a
      degradation of sliding surfaces. The only resistance offered to relative
      movement is the resistance of the elastomer, and the only energy loss in
      the seal is the internal hysteresis of the elastomer.
PAR  It should be noted that the primary proximity seal 30a affords some
      protection of the secondary seal from exhaust gases, and although some
      high temperature and erosive gas will enter the cavity 31, the substantial
      thickness of the strip 32 ensures that extreme conditions will be required
      over a protracted period of time to penetrate the seal provided by the
      strip 32.
PAR  In use, the axially nozzle part 20 is angularly adjusted with respect to
      the inner nozzle part 13 and the blast pipe 5 to provide the required
      thrust vector, all in the same manner as described with reference to FIG.
      2. In the FIG. 3 embodiment the elastomeric block will deform in shear but
      maintain a perfect seal between parts 13 and 20.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flexible duct assembly for high temperature gases comprising axially
      first and second duct parts, a mounting system adjustably supporting the
      second duct part with respect to the first about a center located on the
      longitudinal axis of the duct assembly, generally axially extending
      portions on said duct parts, which portions interfit to provide a first
      pair of radially facing surfaces and a second pair of such surfaces
      located radially outwardly from the first, said axially extending portions
      including an annular axial extension on the first duct part extending into
      an annular channel on the second duct part, a radially inwardly facing
      surface of the extension providing a surface of said pair and a radially
      outwardly facing surface of the extension providing a surface of the
      second pair, the surfaces of the first pair being complementary and
      relatively movable, there being a primary seal between the surfaces of the
      first pair and an annular block of elastomeric material bonded between the
      surfaces of the second pair so as to present a major thickness against
      passage of gases between the surfaces of the second pair and so as to be
      deformable in shear upon adjustment of the second duct part relative to
      the first, the block being afforded protection from the interior of the
      duct assembly by the primary seal.
NUM  2.
PAR  2. A flexible duct assembly according to claim 1 wherein the primary seal
      is constituted by complementary frusto-concavo and frusto-convexo surfaces
      centered upon said center.
NUM  3.
PAR  3. A flexible duct assembly according to claim 1 wherein the mounting
      system comprises a gimbal ring centered upon said center to permit angular
      adjustment of the second duct part with respect to the first duct part,
      and actuation means for providing and controlling said angular adjustment.
NUM  4.
PAR  4. A flexible duct assembly according to claim 1 wherein the flexible duct
      assembly constitutes an exhaust nozzle assembly, the first duct part is an
      axially inner nozzle part, and the second duct part is an axially outer
      nozzle part.
NUM  5.
PAR  5. A flexible duct assembly as recited in claim 4 wherein said flexible
      duct assembly comprises a rocket motor.
NUM  6.
PAR  6. A duct assembly as claimed in claim 1 wherein the surfaces of the second
      pair are frusto-concavo and frusto-convexo and are symmetrical about a
      plane perpendicular to said axis and including said center.
NUM  7.
PAR  7. A duct assembly as claimed in claim 1 wherein said block is symmetrical
      about a plane perpendicular to said axis and including said center.
NUM  8.
PAR  8. In a rocket motor a flexible duct assembly for high temperature gases
      comprising axially first and second duct parts, a mounting system
      adjustably supporting the second duct part with respect to the first about
      a center located on the longitudinal axis of the duct assembly, generally
      axially extending portions on said duct parts, which protions interfit to
      provide a first pair of radially facing surfaces and a second pair of such
      surfaces located radially outwardly from the first said axially extending
      portions including an annular axial extension on the first duct part
      extending into an annular channel on the second duct part, a radially
      inwardly facing surface of the extension providing a surface of said first
      pair and a radially outwardly facing surface of the extension providing a
      surface of the second pair, the surfaces of the first pair being
      complementary and relatively movable, there being a primary seal between
      the surfaces of the first pair and an annular block of elastomeric
      material bonded between the surfaces of the second pair so as to present a
      major thickness against passage of gases between the surfaces of the
      second pair and so as to be deformable in shear upon adjustment of the
      second duct part relative to the first, the block being afforded
      protection from the interior of the duct assembly by the primary seal.
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ABST
PAL  Dual orifice spray nozzles for spraying of fluids and other sprayable
      materials which produce two cone-shaped sprays of very fine droplets that
      are uniformly discharged by the use of two swirl chambers.
PARN
PAR  This application is a division of my prior copending application Ser. No.
      274,467, filed July 24, 1972 entitled "DUAL ORIFICE SPRAY NOZZLE" now
      abandoned.
BSUM
PAR  The present invention relates to nozzles for spraying materials and more
      particularly to nozzles of the dual orifice type which eject the material
      to be sprayed through one orifice in the proximity of a second material
      which is ejected from a second orifice. In many cases, the second material
      is a fluid, such as air or gas, which combines with the first material to
      improve the operational characteristics of the nozzle or to obtain a
      desired spray characteristic. Nozzles of this type are capable of having a
      relatively wide range of flow rates in response to a variation of the
      fluid pressure as compared to nozzles which utilize only a single fluid
      sprayed through one orifice.
PAR  In accordance with the subject invention, various embodiments of dual
      orifice nozzles are disclosed including those which utilize two swirl
      chamber bodies, each of which is capable of producing a generally spiral
      fluid-flow and a spray of very fine droplets. One of the swirl chamber
      bodies receives the fluid to be sprayed and the other receives a second
      fluid, which can be the same as the first fluid. Each swirl chamber body
      forms a generally conical spray which exists through a respective orifice
      and the two sprays are combined. Various nozzle constructions are provided
      such that the two bodies and their respective orifices can be
      concentrically aligned in a simple and positive manner. In the preferred
      embodiments, the swirl chamber bodies are of the single inlet type to
      reduce the possibility of clogging.
PAR  Another embodiment of the invention utilizes one swirl chamber body having
      a single inlet for the fluid to be sprayed to produce a first conical
      spray. An arrangement of ribs is provided so that rotational motion can be
      imparted to the secondary fluid before it leaves the nozzle through its
      orifice as a conical spray.
PAR  It is therefore an object of the present invention to provide a dual
      orifice atomizing nozzle.
PAR  An additional object is to provide a dual orifice nozzle having at least
      one swirl chamber body for receiving a first fluid and forming a spray and
      an arrangement for receiving a second fluid and forming a spray therefrom
      which reacts with the spray of the first fluid.
PAR  It is still an additional object to provide an atomizing nozzle having two
      swirl chamber bodies, each having single inlets, the first of which
      receives the fluid to be sprayed and the second of which receives an
      auxiliary gas or fluid to produce a spray which combines with the spray
      from the first body.
PAR  An additional object is to provide nozzles having two swirl chambers in
      which the outlet orifices of the bodies are concentrically aligned in a
      positive manner.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent upon reference to the following specification and annexed
      drawings, in which:
PAR  FIG. 1 is an elevational view in cross-section through the center of one
      embodiment of the dual orifice spray nozzle constructed according to the
      principles of the invention;
PAR  FIG. 2 is a top view of the nozzle taken on line 2--2 of FIG. 1 showing the
      primary swirl chamber body;
PAR  FIG. 3 is a top view of the nozzle taken on line 3--3 of FIG. 1 showing the
      secondary swirl chamber body;
PAR  FIG. 4 is an elevational view in cross-section of another embodiment of a
      dual orifice spray nozzle;
PAR  FIGS. 4A and 4B are top elevational views, the latter in cross-section of
      the primary swirl chamber for use with the nozzle of FIG. 4;
PAR  FIG. 5 is a top view of the nozzle along line 5--5 of FIG. 4 showing the
      secondary swirl chamber body;
PAR  FIG.6 is a fragmentary elevational view, in cross-section of another
      embodiment of a dual orifice nozzle showing a replaceable outlet orifice
      plate;
PAR  FIG. 7 is a fragmentary elevational view, in section, of another form of
      nozzle;
PAR  FIGS. 8 and 9 are top views of the nozzle taken along lines 8--8 and 9--9
      of FIG. 7 respectively;
PAR  FIG. 10 is a fragmentary elevational view, in section, of another form of
      nozzle;
PAR  FIG. 11 is an elevational view, in cross-section, of another embodiment of
      nozzle;
PAR  FIGS. 12A, 12B and 12C are top views of different forms of flow passage
      channels for use with nozzles of FIG. 11;
PAR  FIG. 13 is a top view of the flange of the retainer plug of FIG. 11;
PAR  FIG. 14 is a cross-sectional view of the nozzle taken along line 14--14 of
      FIG. 11;
PAR  FIG. 15 is an elevational view, in cross-section, of the upper portion of a
      further embodiment of nozzle; and
PAR  FIG. 16 is a top view of the nozzle taken along line 16--16 of FIG. 15.
DETD
PAR  Referring to FIG. 1, a preferred embodiment of a dual orifice spray nozzle
      includes a nozzle housing 10 of overall cylindrical shape with a set of
      lower and upper male threads 12 and 13 formed on different portions of its
      outer diameter. The threaded portion 12 is used to mount the housing of
      nozzle 10 to the device with which it is to be used, for example, on the
      combustor wall or the manifold of an engine. Adjacent the top end of
      housing 10 are mounted an outer secondary swirl chamber body 14 and an
      inner primary swirl chamber body 15.
PAR  The outer swirl chamber body 14 is closely fitted within the inner bore 16
      of a threaded cap 17. The upper face of cap 17 also forms the orifice body
      or plate, with an opening 18 for the swirl chamber 19 of the secondary
      swirl chamber body 14. The inner wall of cap 17 has a female thread 17a
      for mating with the male thread 13 of housing 10. By the mating of these
      threads 13 and 17a the axial alignment of all components of the nozzle is
      preserved. That is, secondary swirl chamber body 14 is located and gaged
      within gap 17 and primary swirl chamber body 15 is located and gaged
      within a central bore 14a of body 14. The central portion of the swirl
      chamber 19 of the secondary body 14 is formed with an opening 29 which
      serves as the orifice for the spray from the swirl chamber 23 of primary
      body 15.
PAR  An O-ring seal 28 located in a groove 29 of housing 10 prevents leakage of
      the fluid between the housing 10 and cap 17. Cap 17 bears firmly down on
      the upper face of secondary swirl chamber body 14 and thus prevents
      leakage of the fluid at the upper surface of the body. The inner wall 16
      of the cap 17 achieves a gage action with the secondary body 14 and holds
      the swirl chamber 19 in line with its center at the center of the orifice
      18 of cap 17. The outer wall 20 of cap 17 is of circular configuration and
      an air shroud 22 fits over the cap.
PAR  The primary swirl chamber body 15 with its swirl chamber 23 is closely
      fitted in bore 14a of the secondary swirl chamber body 14 and firmly held
      in place by a plug 25 which has a male thread 26 along a substantial
      portion of its outer diameter. Housing 10 has an inner threaded bore 10a
      and is axially aligned for mating with the thread 26 of plug 25. Plug 25
      is provided with a primary fluid (fuel) central passage, or bore, 28
      axially aligned with the swirl chamber body 15.
PAR  The primary fluid, from a fluid supply conduit (not shown) flows through
      primary fuel passage bore 28 and through several passage bores 32 located
      in the cylindrical reduced diameter upper portion 33 of plug 25. These
      bores are perpendicular to the axis of plug 25. A filter screen 34 is
      mounted on the outer wall of the upper portion 33 of plug 25. The fuel
      passes through filter screen 34, continues upward through vertical slots
      34a (FIG. 1a) at the upper end of plug 25 and then flows through a central
      passage bore 36 of primary body 15. From there the fluid flows through
      cutouts 37 and 38 and a tangential inlet 39 (FIG. 2) of the primary swirl
      chamber body 15 into the primary swirl chamber 23. The primary fluid
      circulates in chamber 23 and exits through orifice 29 in the secondary
      body 14 and orifice 18 of cap 17.
PAR  The primary flow circulates in a generalized spiral form, generally a
      logarithmic spiral, within the primary swirl chamber 23 and is discharged
      through a primary orifice 29 located at the top end of the secondary swirl
      chamber body 14 in the shape of a cone which is usually hollow. Orifice 29
      is axially aligned with both swirl chamber bodies 14 and 15.
PAR  A cylindrical filter housing 45 is mounted at the bottom of housing 10
      within an annular recess 46. A filter screen 47 is brazed to an annular
      recess 45a of filter housing 45. Filter housing 45 has one or more supply
      inlet bores 49 leading into an annular distributing channel 50 formed in
      the lower end of housing 10. A supply passage bore 52 in housing 10 leads
      into an annular distributing channel 51 on top of housing 10. The fluid
      passing through filter screen 47 and channel 50 continues through the
      passage bores 52 into distributing channel 51. From there it flows through
      the cutouts 53 and 54 and the tangential inlet 54a of the secondary swirl
      chamber body 14 into the secondary swirl chamber 19 (see FIG. 3).
PAR  FIG. 2 shows the primary swirl chamber body 15 in top plan view. The flow
      path of the fluid in the tangential inlet 39 is indicated by the arrow.
      The fluid in the swirl chamber 23 takes a generally spiral shape,
      preferably in the form of a logarithmic spiral, and is discharged through
      the orifice 29 of secondary body 14. FIG. 3 is a top plan view of the
      secondary swirl chamber body 14 and the arrow indicates the flow path of
      the fluid in the tangential inlet 45a. The fluid in the swirl chamber 19
      of body 14 also assumes a generally spiral flow, also preferably a
      logarithmic spiral, and exits through the orifice opening 18 of the cap
      17. The primary orifice 29 produces the primary cone 30 of fluid and the
      secondary orifice 18 produces a secondary cone 31 of fluid.
PAR  It is known that flows having the shape of a logarithmic spiral produce
      very high exit velocities and therefore atomizing energies which are much
      higher than those produced in conventional multiple inlet swirl chamber
      nozzles. The combination of two separate logarithmic spiral flows from
      bodies 14 and 15 which are combined in one dual orifice nozzle produces
      atomizing effects far superior to those produced by conventional dual
      orifice nozzles.
PAR  It is a feature of the invention that the secondary swirl chamber body 14
      has several functions. First of all, it has the secondary swirl chamber
      19. In addition, the primary swirl chamber body 15 is located within bore
      14a. Further, the primary outlet orifice 29 is formed on body 14. This
      arrangement offers maximal assurance for the axial alignment of both
      primary and secondary swirl chambers and of primary and secondary outlet
      orifices.
PAR  FIGS. 4, 4A, 4B and 5 show another embodiment of nozzle which is useful for
      fuel injection in gas turbine engines. It differs from the embodiment of
      FIGS. 1-3 in that it has a secondary swirl chamber body 60 of somewhat
      different construction. Here a nozzle body 61 of generally cylindrical
      shape is provided with a male thread 62 and a female thread 62a at its
      lower end portion. Thread 62a mates with the male thread 63 of a secondary
      plug 64 which engages a secondary swirl chamber body 60 so that its top
      surface firmly engages the inner surface of housing body 61. This prevents
      leakage of fluid at the upper surface of the nozzle.
PAR  The outside diameter of the secondary swirl chamber body 60 is made to fit
      closely into and be gaged by a matching bore 60a in the nozzle body 61.
      Body 60 is formed at its upper end with a swirl chamber 67 and is shaped
      to provide an outlet orifice 66 for the primary swirl chamber. The
      secondary swirl chamber body 60 has a longitudinal bore 68, as seen in the
      top plan view of body 60 in FIG. 5, cut through its entire width. Bore 68
      is generally rectangular with rounded ends. At its top end, bore 68
      intersects with the tangential inlet 69 of the secondary swirl chamber 67.
PAR  The secondary plug 64 is provided with one or more fluid supply passage
      bores 70 leading into an annular secondary fluid distribution channel 71
      at the top of secondary plug 64. The secondary fluid, after passing from a
      fluid supply conduit (not shown) passes through an annular distributing
      channel 70a formed in the lower end of plug 64, continues through passage
      bores 70 into channel 71 and from there into passage 68 of body 60. From
      there it exists into the swirl chamber 67. The secondary swirl chamber
      body 60 also contains the primary outlet orifice 66.
PAR  A primary swirl chamber body 72 with its primary swirl chamber 73 is
      closely fitted into a bore 74 of the secondary body 60 and firmly held in
      place by a primary plug 75 which carries a male thread 76. The inner bore
      74 of body 60 is axially aligned with the secondary swirl chamber 67 and
      orifice 66 of secondary body 60 and has a female thread 76a for mating
      with the thread 76 of plug 75. Plug 75 is also provided with a primary
      fuel passage bore 77 which is axially aligned with the secondary swirl
      chamber body 60. The primary fluid comes from a fluid supply conduit (not
      shown) and passes through a primary fuel passage bore 78 centrally located
      in secondary plug 64. The fluid continues through the primary passage bore
      77 of plug 75.
PAR  The primary swirl chamber body 72 is of the type, for example, as described
      in my prior U.S. Pat. No. 3,532,271 and is shown in FIGS. 4A and 4B. The
      fluid from passage 77 enters the lower portion of the body 72 and from
      there exists into the swirl chamber 73 through a cutout 73a of a
      transverse wall 72a. The fluid entering the swirl chamber is guidhd
      between the outer wall 73b of the inlet passage 73d and the inner wall 73c
      of the inlet passage 73d. Several of the parameters of the swirl chamber
      are shown in FIGS. 4A and 4B which are:
PAR  B = the width of the tangential portion of the inlet close to said opening
      thereof into the swirl chamber;
PAR  H = the height of the chamber;
PAR  R.sub.sc = the largest radius of the chamber which, itself, is formed in
      the general shape of a spiral;
PAR  S = the thickness of the rib 73c formed by the inner wall of the swirl
      chamber at the swirl chamber inlet.
PAR  The selection of these parameters, and their ratios, is discussed in the
      aforesaid patent.
PAR  The operation of the nozzle of FIGS. 4, 4A, 4B and 5 is similar to that of
      the nozzle of FIGS. 1-3. That is two sprays are set up in the swirl
      chambers 67 and 73 of the bodies 60 and 72. The energies of the two sprays
      produce an excellent atomizing effect.
PAR  FIG. 6 shows another embodiment of the invention which differs from the
      embodiments of FIGS. 1-3 and FIGS. 4-5. Here, the orifice for the primary
      body 72 is formed as part of a resplaceable outlet orifice plate 82 of
      conical shape. Plate 82 is of generally conical shape and fits tightly
      within a matching inner conical surface 83 formed on the upper end of the
      secondary swirl chamber body 60'. The advantage of this design, as
      compared to those shown in FIGS. 1-3 and FIGS. 4-5 is that the separate
      orifice plate 82 is less costly to change, in case a different orifice is
      required for the primary swirl chamber body than if the entire secondary
      swirl chamber body carries the primary orifice as an integral part
      thereof.
PAR  FIGS. 7-9 shows another form of a nozzle according to the invention. An
      outer body 83 serves as a cap for a secondary swirl chamber body 84 having
      a chamber 84a. The body 84 is formed with a central bore 85 having an
      inwardly tapered upper end 85a. A retainer shell 86 is located in the bore
      85 and has an outer wall shaped to conform to mate with the bore 85,
      including its upper portion 85a. The shell 86 is formed at its upper end
      with a conical shaped section 86a which forms at its top a primary orifice
      86b. The primary orifice 86b is aligned at the center of a secondary
      orifice 83a which is formed in the top wall of the cap 83.
PAR  The shell 86 has a cylindrical central bore 86c which is shaped to accept
      and hold a primary swirl chamber body 87 having a swirl chamber 87a. Body
      87 is of the same general construction as the primary swirl chamber body
      15 of FIG. 1. Therefore, no further description is necessary.
PAR  Top views of the primary and secondary swirl chamber bodies are shown in
      FIGS. 8 and 9, respectively. Primary body 87 is substantially the same as
      body 15 of FIG. 1. The use of the shell 86 permits precise gaging and
      alignment of the primary body with respect to the secondary body so that
      both swirl chambers thereof are accurately aligned with respect to the
      center of the primary orifice 86b and the secondary orifice 83a.
PAR  The nozzle of FIGS. 7-9 operates in the same manner as that of FIG. 1. That
      is the fluids in the primary and secondary chambers, which can be the same
      or different, generate two spiral fluid sprays which exit from the
      orifices 86b and 83a. These two sprays combine to produce a very high
      energy spray.
PAR  FIG. 10 shows another embodiment of the invention similar to that of FIGS.
      7-9. Here, the primary swirl chamber body 97 is placed within a bore 97a
      of a secondary swirl chamber body 104 which has a hollow boss, or collar
      99, which protrudes upwardly from the floor, or bottom wall, 100 of the
      swirl chamber 102 of the secondary swirl chamber body 104. The outside of
      boss 99 has a conically shaped upper section 99a which has a primary
      orifice 107 for the exit of the fluid from a primary swirl chamber 109 of
      the primary body 97. The interior of boss section 99a also is shown as
      having a tapered shape leading to the orifice 107 at its upper end. The
      upper end of the interior of shell 99 has a chamfered portion 99b. This
      mates with and gages a similar chamfered portion 97a at the upper end of
      the primary swirl chamber body 97. The latter is similar in construction
      to body 15 of FIG. 1, with the exception of the slight taper of the upper
      end of passage 38 into the swirl chamber 109. The secondary body 104
      differs from the secondary body of FIGS. 1 and 3 in the formation of the
      boss 99, including the conical portion 99a forming the orifice 107, to
      house the primary body. A top view of the secondary swirl chamber body for
      the nozzle of FIG. 10 would correspond to that shown in FIG. 9 with the
      exception of the shell 99 being formed as part of body 104 rather than
      being the separate piece 86 as in FIGS. 7-9.
PAR  A cap 112 fits over the secondary body 104. The remainder of the
      construction of the nozzle can be similar to that of FIG. 1, that is, a
      plug (not shown) is fastened into the cap 112 to hold the secondary body
      104 against the inner top surface of cap 112. The filtering arrangement as
      well as the primary and secondary fluid supplies can be the same.
PAR  The nozzles of FIGS. 7-10 differ in construction from that of FIG. 1. In
      particular, they have a deeper chamber in the secondary swirl chamber
      body. This permits a higher flow rate. The nozzle of FIGS. 7-9 is somewhat
      simpler to manufacture than that of FIG. 10 since it does not require the
      formation of the boss 99. The nozzles of FIGS. 7-10 can operate over a
      flow range of more than 40:1.
PAR  In the nozzles of FIGS. 1-10, the fluid for the primary swirl chamber body
      is typically the fluid to be used for work purposes, for example, it could
      be fuel oil, gasoline, water, chemicals, etc. In many cases, the fluid for
      the secondary swirl chamber body could also be air, steam or gas under
      pressure. The combination of the two fluids in the nozzle produce highly
      efficient atomization. Of course, the secondary fluid can be a liquid and
      identical with the primary fluid.
PAR  FIG. 11 shows another embodiment of the invention showing a dual orifice
      nozzle, but using only one swirl chamber body with a single inlet swirl
      chamber for producing a generally spiral fluid flow. This nozzle can be
      used with a secondary auxiliary fluid, such as air, to spray fluid into
      the combustor of an engine with a high degree of atomization efficiency.
PAR  The nozzle of FIG. 11 includes a housing 200 of stepped cylindrical shape
      with one set of threads 202 formed on the inside of its lower end, and a
      second set of threads 204 formed in a bore through the wall of housing 200
      perpendicular to its ceneral axis. A secondary orifice 208 is formed at
      the top of housing 200 at the end of a bore 210 of cylindrical shape,
      which is formed part way of the length of the housing. A housing 212
      having a bore 214 has a swirl chamber body 216 located therein at the top
      end. Swirl chamber body 216, a top view of which is shown in FIG. 14, is
      of the same general type as the swirl chamber bodies of FIGS. 4A and 4B,
      for example, and includes a primary swirl chamber 220 in which the
      generally spiral fluid flow is generated.
PAR  The top of housing 212 is formed as the primary orifice 224 for the primary
      swirl chamber 220. A thread 226 is formed on the lower portion of the
      interior of housing 212 which accepts and holds a tubular threaded plug
      228 having a passage 229 to keep the swirl chamber body 216 held within
      bore 214 of housing 212 against the lower face of the primary orifice 224.
      Thus, the central axis of the body 216 is held concentric with the
      longitudinal axis of housing 212.
PAR  The upper surface of housing 212 is generally conical and is provided with
      fluid flow directors or ribs. FIG. 12A shows a preferred embodiment in
      which the flow directors include a plurality of spaced, radially extending
      ribs 230. The ribs 230 are of equal height and cooperate with a
      complementary inner conical shape surface 200a of the top of nozzle
      housing 200. The spaces between the ribs 230 form radially inwardly and
      axially extending secondary fuel supply passages 236. These passages exit
      at the orifice 208 of nozzle housing 200.
PAR  The housing 212 for primary swirl chamber body 216 is formed at its lower
      end with a conical surface 240. A retainer plug 242 is located within the
      central bore of nozzle housing 200 and has a conical upper surface 246
      formed at the top of a shoulder, or flange, 247. The conical surface 246
      of plug 242 cooperates with the adjacent conical surface 240 of the lower
      end of housing 212. The flange 247 of plug 242 has a plurality of grooves
      or cut-outs 250 (see FIG. 13) around its circumference to serve as fluid
      supply passage. Retainer plug 242 also has a through bore 249 which is
      aligned with the central longitudinal axis of the swirl chamber body 216.
      A cylindrical recess 251 into which a filter screen 252 is located at the
      top end of bore 249 in plug 242. The screen can be brazed to the plug.
PAR  An annular passage 258 for the secondary fluid is formed between the outer
      cylindrical surface of the swirl chamber housing 212 and the inner bore
      210 of the nozzle housing 200. A spring 262 is supported on the top
      surface 264 of a retainer plug 266 which has threads 267 which mate with
      the threads 202 of nozzle housing 200. The spring presses against the
      flange 247 of plug 242 to press its conical surface 246 against the lower
      conical surface 240 of swirl chamber housing 212. The retainer plug 266
      has an upper portion with an axial bore 266a, which gages an intermediate
      portion of plug 242. This arrangement retains swirl chamber housing 212
      firmly in place and axially aligned with nozzle housing 200.
PAR  A recessed top 269 on retainer plug 266 firmly presses a seal 270 located
      within an annular recess 271 of nozzle housing 200. A stuffing box 274 has
      a thread 275 along a portion of its outer diameter which engages a
      complementary thread 277 on the lower portion of retainer plug 266. A
      packing 280 located between retainer plug 266 and stuffing box 274
      prevents leakage of the fluid.
PAR  A threaded nipple 282 is fastened into threads of the transverse bore 204
      of nozzle housing 200. Nipple 282 has internal threads 285 adapted to
      accept a secondary fluid base (not shown). A filter screen 288, which
      serves as a strainer for the fluid entering through a fluid inlet passage
      in the nipple 282, is located within an inner bore 290 of nozzle housing
      200 and is supported by the shoulder 269 of retainer plug 266.
PAR  The fuel, after passing from a supply conduit (not shown) through the
      primary fuel passage bore 249 of plug 242 and filter screen 252, flows
      through the inner bore 229 of plug 228, enters through the inlet 217 of
      swirl chamber body 216 (see FIG. 14) into the swirl chamber 220,
      circulates along a spiral and is discharged through a primary orifice 224
      in the shape of a hollow cone 292.
PAR  The secondary fluid enters through the passage in nipple 282, passes
      through filter screen 288 and grooves 250 in flange 247. The fluid then
      continues through annular passage 258 and finally is discharged through
      the supply passages 246 between the ribs 230. It reaches it highest
      velocity at the exit of passages 236 and circulates within an imaginary
      circle formed by the inner tips of the ends of the ribs. The secondary
      flow may be discharged through the secondary orifice 208 in the form of a
      cone 292a. Should air be used it will impinge upon the primary fluid spray
      cone thereby exerting a maximum "tearing" effect. This increases the
      atomization of the liquid.
PAR  FIG. 12B shows a further form of arrangement for the flow directors 230.
      Here a plurality of ribs 230a are provided which have spaces 236
      therebetween so that fluid flowing through slots 250 and passage 258 can
      exit through orifice 208. The ribs 230a are offset, or canted, so that
      their tip ends 233 lie on a circle drawn from the center of housing 212 to
      inner tips of the ribs. The tip ends 233 can be rounded off or cut
      slightly as shown, to reduce turbulence. The amount of angle that each rib
      230a lies off of a radical drawn from the center of the circle on which
      the tip ends lie can be selected to produce a good flow pattern. A typical
      angle is in the range of from about 0.degree. to about 60.degree.. The
      canted arrangement of ribs 230a gives the secondary fluid an additional
      swirling motion to enhance its atomizing effect.
PAR  FIG. 12C shows another arrangement for the flow directors in which the ribs
      230c are of a somewhat arcuate shape. The ribs and their ends are shaped
      so that the inner tips of the ends describe a circle when joined by an
      imaginary line. This configuration also produces a swirling motion for the
      secondary fluid to enhance its atomizing effect.
PAR  While the flow directors 230 are shown formed on the top of housing 212 in
      each of FIGS. 12A, 12B and 12C, it should be understood that they also can
      be formed on the lower surface of the portion 200a of housing 200
      surrounding the outlet orifice 208.
PAR  FIGS. 15-16 show another embodiment of the invention  which differs from
      the embodiment of FIG. 11 in that the secondary fluid circulates in a
      separate swirl chamber in a spiral path. It has been found that this
      provides greater secondary fluid velocities as compared to that produced
      by the nozzle of FIG. 11. This increases the atomizing power of the fluid,
      which is of particular advantage for the spraying of highly viscous
      fluids.
PAR  A nozzle housing 302 of stepped cylindrical shape has a bore 304 within
      which is located the secondary swirl chamber body 306 with its swirl
      chamber 307. Body 306 is formed with a central opening 306a within which
      is located a shell 309 having a shoulder 310 which abuts the lower face of
      body 306. The wall of body 306 surrounding the bore 306a serves as a gage
      for shell 309. The shell in turn is formed with a reduced diameter of
      upper section 309a which serves as a gage for a primary swirl chamber body
      311 which has a swirl chamber 312. Housing 302 has a secondary orifice 313
      in its top wall while shell 309 has a primary orifice 315. The two
      orifices and swirl chambers are maintained in alignment by the gaging
      action of the mating surfaces.
PAR  The primary swirl chamber body 311 is held within shell 309 by a helical
      spring 325 and a hollow bushing 321, having a passage 321a. The bushing
      sits on a retaining snap ring 322 held in a groove 323 in the wall of the
      shell. Bushing 321 has a reduced diameter upper section on which is placed
      the lower end of a helical spring 325. The upper end of the spring engages
      the lower face of a shoulder of a plug 327 and the lower end of the
      primary body 322 rests on the upper face of the plug's shoulder. The
      retaining snap ring 322 holds the entire spring and filter assembly firmly
      in place. This arrangement keeps the primary body 311 properly located in
      the upper end of shell 309. A filter screen 330 is located between bushing
      321 and the lower end of body 311 to filter the fluid moving through
      bushing passage 321a for primary body 311.
PAR  The shell 309 is held in place by an arrangement similar to that used in
      the nozzle of FIG. 11 to hold housing 212. That is, a plug 326 having a
      central passage 327, only a portion of which is shown, has a tapered upper
      surface 329 on which the lower end 309b of the shell rests. The plug 325
      has a flange portion with cutouts 250, as in FIG. 13.
PAR  In the operation of the nozzle of FIG. 15, the secondary fluid enters the
      nozzle housing 302 through a suitable port, for example, the threaded
      nipple 282 of the nozzle of FIG. 11. It moves through the passages 250 of
      the plug 325 into the secondary swirl chamber 307 of the secondary swirl
      chamber body 306. The primary fluid enters the primary swirl chamber 312
      of the primary body 311 by going through the passage 321a and the filter
      330. The spray from the swirl chamber 312 of the primary body 311 leaves
      through orifice 315 where it mixes with the spray from the secondary swirl
      chamber 307 which exits through orifice 313.
PAR  The nozzles of the present invention also have a substantially uniform
      weight distribution of the flow in the conical spray, that is, good
      patternation index over a relatively wide flow range. In addition, the
      nozzles are simple to construct in a manner such that accurate alignment
      of parts is ensured.
PAR  The nozzles of the present invention have several advantages. First of all,
      in those embodiments wherein only a single inlet is used in open or both
      of the swirl chamber bodies, the nozzles are highly resistant to clogging.
      In addition, the nozzles have a very wide range of flow discharge rates.
      Whereas prior art nozzles of the simple type, for example, those described
      in British Pat. No. 760,972 have a range of flow rates from about 1:5 by
      variation of the fluid pressure, the nozzles of the present invention have
      considerably higher flow rates, 1:40 or more. In addition, the nozzles of
      the present invention have the ability to maintain a substantially
      constant angle of spray over a wide flow range under varying pressures of
      the fluid. This is important in spray drying applications where it is
      generally desired that a wide spray angle be maintained. Further, the
      nozzles have the capability of maintaining a relatively constant
      coefficient of discharge over a realtively wide range of inlet pressures
      and a relatively wide range of flow rates. As a still further advantage,
      the nozzles of the present invention, due to their high atomizing
      efficiency, produce very fine droplets at relatively low fluid pressures
      over a wide range of flow rates.
PAR  In addition, it is only a minimumm of pressure variation in each swirl
      chamber between the largest and smallest flow rate which is needed to keep
      the maximum pressure in each swirl chamber low.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nozzle for spraying fluids comprising a nozzle body, said body
      including first means forming a first swirl chamber having a substantially
      flat bottom wall and a side wall with a portion thereof in the shape of an
      arc of a curve, said first means including a single inlet only for
      receiving a first fluid to be sprayed and conveying it to said first swirl
      chamber, said first means producing a sprial fluid flow in said first
      swirl chamber, means forming a first orifice providing the outlet of said
      first swirl chamber for the first fluid to exit therefrom, said first
      orifice having a lower surface in communication with said first swirl
      chamber and an upper surface, and a second means forming a second swirl
      chamber having a substantially flat bottom wall and a side wall with a
      portion thereof in the shape of an arc of a curve, said second swirl
      chamber of said second means is formed surrounding said means forming said
      first orifice with the depth of the second swirl chamber being greater
      than the height of said first orifice, said second means including a
      single inlet only for receiving a second fluid and conveying it to said
      second swirl chamber, said second means producing a spiral fluid flow in
      said second swirl chamber, and means forming an outlet for the second
      fluid adjacent the location where the first fluid exits from adjacent said
      first orifice commencing at a location which is substantially coplanar
      with said upper surface of said means forming said first orifice whereby
      said first and second fluids are mixed.
NUM  2.
PAR  2. A nozzle as in claim 1, wherein said means forming said first orifice
      for the outlet of said first swirl chamber includes a portion of said
      second means forming said second swirl chamber.
NUM  3.
PAR  3. A nozzle as in claim 1, wherein said second means forming said second
      swirl chamber has a central bore and said first means forming said first
      swirl chamber are held in a fixed relationship within said bore to align
      the respective axes of the two swirl chambers.
NUM  4.
PAR  4. A nozzle as in claim 2, wherein said second means forming said second
      swirl chamber has a central bore and said first means forming said swirl
      chamber are held in a fixed relationship within said bore to align the
      respective axes of the two swirl chambers.
NUM  5.
PAR  5. A nozzle as in claim 1, wherein said body means includes a cover having
      a top portion which engages said second means, said cover top portion
      having an opening therein through which the fluids leaving said first
      orifice means and the outlet of said second swirl chamber exit.
NUM  6.
PAR  6. A nozzle as in claim 3, wherein said means forming said first orifice
      includes a fitting located within said central bore of said second means,
      said fitting having an outer wall which defines a portion of the second
      swirl chamber, said first means forming said first swirl chamber located
      within said fitting.
NUM  7.
PAR  7. A nozzle as in claim 3, wherein said means forming said first orifice
      includes a hollow projection extending upwardly from the floor of the
      second swirl chamber of said second means, said hollow projection forming
      a portion of said bore of said second means, said first means having at
      least a portion thereof located within said projection.
NUM  8.
PAR  8. A nozzle as in claim 7, wherein said projection is formed as an integral
      part of said second means.
NUM  9.
PAR  9. A nozzle as in claim 1, wherein said means forming said second swirl
      chamber body includes a passage extending for a substantial portion of the
      height of said second means, one end of said passage communicating with a
      supply means for said second fluid within said nozzle body, the other end
      of said passage communicating with the inlet of said second swirl chamber.
NUM  10.
PAR  10. A nozzle as in claim 9, wherein said means forming said first orifice
      for the outlet of said first swirl chamber includes a portion of said
      second means forming said second swirl chamber.
NUM  11.
PAR  11. A nozzle as in claim 1, wherein said first means is located within said
      second means, and said means forming said first orifice for the outlet of
      said first swirl chamber comprises a piece mounted at the outlet end of
      said first swirl chamber and having a central passage therethrough forming
      said first orifice, the outer surface of said piece engaging and being
      gaged by a portion of said second means.
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ABST
PAL  Mixed solid waste, such particularly as municipal waste, is subjected to a
      pulping action which results in fragmenting the glass and metal
      constitutes into particles of similar size, with the cast and foil
      aluminum being converted into the form of chunks and pellets respectively
      while the aluminum which is present as alloy, such as is used in cans and
      other food containers, is cut into flake-like particles, after which the
      mixed particles are dried and then subjected to agitation causing the
      flakes of aluminum to be concentrated at the top of the mix for separate
      removal by skimming or scalping. The remaining mixture of glass, aluminum
      and other materials is then subjected to high tension electrostatic
      treatment effecting separation of the glass from the other materials.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to, METHOD OF WASTE TREATMENT, Ser. No.
      861,778, filed Sept. 29, 1969, now U.S. Pat. No. 3,595,488; METHOD FOR THE
      TREATMENT OF GARBAGE AND OTHER WASTE, Ser. No. 6,041, filed Jan. 26, 1970,
      now U.S. Pat. No. 3,549,092; and WASTE TREATMENT AND FIBER RECLAMATION
      SYSTEM, Ser. No. 94,084, filed Dec. 1, 1970, now U.S. Pat. No. 3,736,223,
      and is a continuation in part of RECOVERY OF SALVAGEABLE COMPONENTS FROM
      WASTE MATERIAL, Ser. No. 332,886, filed Feb. 16, 1973 and now abandoned,
      which is a continuation in part of RECOVERY OF SALVAGEABLE COMPONENTS FROM
      WASTE MATERIAL, Ser. No. 99,986, filed Dec. 21, 1970, now U.S. Pat. No.
      3,720,380.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Solid waste materials of the type exemplified by municipal waste have
      traditionally presented problems of disposal which have become
      increasingly critical in recent years as a result of not only a rapidly
      increasing population but the compounding difficulty of a drastic increase
      in per capita production of solid waste. Conventionally, such solid waste
      has been disposed of by such means as incineration and landfill.
      Obviously, with the ever increasing concern with problems of natural
      resources and the dwindling supply of acreage suitable for landfill
      operations within a reasonable distance of population centers, both of
      these methods of solid waste disposal are becoming less acceptable.
PAR  While proposals have been made from time to time for processing solid waste
      material so that the various components thereof can be reused, a
      continuing problem with such proposals is the quality of the recovered
      material, which is often so inferior as to reduce the market value of the
      recovered components below that which would make such recovery operations
      commercially attractive or even economically feasible. For example,
      although reclaimed glass has a potential value for reuse as cullet in the
      manufacture of new glass products, a commercially feasible method of
      reclaiming glass from waste materials in a form suitable for such reuse
      has eluded the industry prior to the invention disclosed and claimed in my
      above U.S. Pat. No. 3,720,380.
PAR  Another method of sorting refuse to isolate reclaimable glass is disclosed
      in U.S. Pat. No. 3,650,396 to Gillespie et al, in which the initial steps
      are the same as in my U.S. Pat. No. 3,720,380, in that the refuse or trash
      is pulped, and passed through a cyclone separator to separate the
      inorganics from the water and fiber. The separated inorganics are screened
      to isolate particles in the size rangee of between 1/4 inch and 3/4 inch
      (which screening allows the particles to be subsequently optically
      sorted), dried, and passed through a series of pneumatic separators to
      separate the glass particles from the lighter weight particles. Since the
      object of U.S. Pat. No. 3,650,396 is to isolate the reclaimable glass, the
      lighter fraction produced by the separators, which are operated by passing
      a high volume of air upward through the columns so that the particles will
      separate by gravity, includes all of the lighter nonglass particles
      without distinction but including light weight metals, stones, bones,
      wood, rubber and plastics.
PAR  As is pointed out in U.S. Pat. No. 3,650,396, in addition to glass,
      municipal waste contains substantial quantities of both ferrous and
      non-ferrous metals, particularly aluminum in several forms. For example,
      aluminum in an alloy form is used in many cans, can tops, and containers
      for food, especially as trays for convenience foods such as "TV Dinners"
      and the like. Large quantities of relatively pure aluminum occur in solid
      waste as pieces of foil in a variety of thicknesses, and a third
      relatively common form comprises structural parts cast from aluminum, such
      as lawn furniture and the like.
PAR  The value of reclaimed aluminum is relatively high, and it is desirable to
      facilitate its recovery in as uncontaminated form as possible in order to
      obtain the maximum return. While U.S. Pat. No. 3,650,396 discloses that a
      lighter fraction including aluminum can be isolated in addition to the
      glass, it would not be useful in and of itself to recover all of the types
      of aluminum because that does not isolate aluminum alone. It is able only
      to isolate aluminuum along with other lightweight odds and ends. Thus to
      isolate a particularly valuable type of aluminum would be even further
      removed from the teachings of U.S. Pat. No. 3,650,396.
PAR  What is more important in the background of the present invention is that
      the several forms of aluminum differ among themselves in value, with the
      first form noted above being of significantly greater value, for a number
      of reasons. In particular, aluminum as used in cans and other food
      containers, which for purposes of distinction will be referred to herein
      as "wrought" aluminum, has a definite and uniform alloy content, and
      recovered scrap aluminum of this type can be reused for similar purposes
      with a minimum of processing expense. The value of this form of recovered
      scrap, however, depends upon its relative purity, in terms of
      contamination both by other forms of aluminum and by other materials.
PAC  SUMMARY OF THE INVENTION
PAR  My U.S. Pat. No. 3,720,380 describes a method and system for treating
      municipal waste in such manner as to recover two main classes of solid
      particles, namely glass and aluminum. The aluminum recovered in accordance
      with that application, however, includes all forms of aluminum as it
      occurs in municipal waste, and that application does not disclose any
      means or procedure for segregating any form of aluminum from the others.
PAR  It is the major objective and result of the present inventon to provide a
      method and system for treating municipal waste in such manner as to
      recover the wrought aluminum as a mass of particles relatively free from
      other forms of aluminum as well as contaminants of other kinds. Other
      results of the invention are to recover the other forms of aluminum from
      municipal waste as a separate mass of particles, and also to recover the
      glass as a third mass of particles relatively free of contaminants.
PAR  In the practice of the invention, municipal waste is deposited in a
      treating vessel with sufficient liquid, commonly water, to establish a
      suspension of pulpable consistency, e.g., up to about 6% solids. The
      municipal waste can be delivered to the vessel with no preliminary
      treatment, although it is usually desirable to eliminate massive articles
      therefrom, such as stoves, refrigerator, bicycles, bed springs and the
      like. The suspension is subjected in the treating vessel to combined
      forces of hydraulic and mechanical shear and mechanical impact until the
      following results have been achieved.
PA1  a. Large pieces of ferrous metals are removed from the vessel separately
      from most other constituents.
PA1  b. The wrought aluminum is cut into flake-like particles.
PA1  c. The aluminum foil is crushed into the form of pellets comparable in
      outline to the flake-like pieces of aluminum but of substantially great
      thickness.
PA1  d. The structural aluminum and other non-ferrous metals are reduced to
      chunks similar in overall dimensions to the pellets.
PA1  e. The mechanically reducible ferrous metal contaminants, such as tin cans,
      wire and miscellaneous scrap, are reduced to particles comparable in
      maximum dimensions to the aluminum pellets and chunks.
PA1  f. The glass and other pulverulent inorganic materials are reduced to
      particle sizes comparable to those of the pellets and chunks of aluminum.
PA1  g. The paper and paperboard are reduced to the form of fibers or bundles of
      fiber which are dispersed in the liquid.
PA1  h. The plastic and other organic materials, including food and other
      garbage, are similarly reduced to small particle sizes.
PAR  The range of particle sizes to which the various materials are reduced in
      the treating vessel is determined and controlled by means of a perforated
      extraction plate through which the suspension is withdrawn form the
      vessel. The diameter of the holes in this plate establish the maximum
      dimensions of the particles which can be extracted therethrough, and in
      practice holes of diameters in the range of 1 to 2 inches have been
      successfully used. The extracted suspension is then subjected to a
      centrifugal cleaning action for the purpose of separating as much as
      possible of the fiber and other organic materials from the mixed particles
      of aluminum, other non-ferrous metals, ferrous metal, glass and other
      inorganic materials, after which these solid particles are preferably
      washed and also screened or subjected to dense media separation to
      eliminate as many fine particles as possible.
PAR  After or in conjunction with the waahing of liquid and fines from the
      cleaned mixture, the ferrous metal particles are readily removed by
      magnetic separation. The mixture which remains comprises predominately
      aluminum, other non-ferrous metals and glass in the form of particles of
      relatively uniform size, or rather of a size falling within a predictable
      range. Test results indicate that maximum dimension of these particles
      will usually not exceed 11/2 inches when the holes in the extraction plate
      are from 1 inch in diameter, and the wrought aluminum pieces extracted
      through one-inch holes will have an average maximum dimension of about 3/4
      inch and maximum cross dimension of about a 1/2 inch.
PAR  When the resulting mixture is agitated, as by a shaking actin which may be
      aided by an upward current of a fluid, such as air or water, through the
      mixture, it has been found that the various particles interact on each
      other in such manner as to cause the wrought aluminum flakes to migrate to
      the top of the mass. The resulting concentration of wrought aluminum
      flakes is readily removed by a skimming or scalping action, and these
      flakes have been found to be relatively uncontaminated either by the other
      forms of aluminum or by other materials. When air is used as an aid to the
      agitation, it will be desirable to dry the mixture before agitating.
PAR  The glass and metals which remain in the mixture following separation of
      the plate aluminum are then separated from each other. The preferred
      method is by means of high tension electrostatic separating action with
      the aid of a suitable drum, the glass remaining on the drum while the
      aluminum and other materials drop away therefrom. This last mixture will
      usually include also a variety of heavy materials other than aluminum,
      such as stones, ceramics, and some other metals such a zinc and lead. This
      mixture is preferably crushed to reduce the stones and ceramics to
      particle sizes readily screenable from the remaining mixture of aluminum
      and other metals.
PAR  The primary advantage which this invention provides lies in the ease and
      effectiveness with which the most valuable form of scrap aluminum is
      reclaimed from municipal waste in such concentrated and relatively
      uncontaminated condition that it requires minimal processing to be ready
      for reuse. It is also an important feature of the invention that this
      advantage is achieved without reducing the reclaimability of the other
      forms of aluminum, the other metals, and the glass particles which are
      also capable of recovery from municipal waste for reuse.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a somewhat schematic and fragmentary showing of a system for
      performing the process of the invention; and
PAR  FIGS. 2 and 3 are views similar to and of a part of the system of FIG. 1
      showing further embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the practice of the invention as illustrated in FIG. 1, heterogeneous
      municipal waste of the general character referred to above is deposited in
      a treatment vessel 10 with sufficient water to dilute it to a solids
      content of the order of 4 to 6%. In the vessel 10, it is subjected to
      forces of mechanical and hydraulic sheer and mechanical impact of
      sufficient intensity to reduce the frangible portions of the waste to a
      predictable maximum particle size. This is accomplished by means of a
      rotor 11 rotating above a bed plate 12 having perforations therethrough of
      such diameter that as the solids in the mixture are reduced to the desired
      particle size range, they are extracted continuously from the vessel
      through the outlet line 13 to pump 14 with a portion of the water or other
      liquid in slurry form for further treatment.
PAR  U.S. Pat. No. 3,595,488, of which I am a co-inventor, show a treatment
      vessel particularly suited for the practice of this invention by reason of
      the provision therein of flails or hammer members 15 pivoted on the rotor
      and cooperating with stator means 16 in the form of a series of attrition
      bar members to effect chopping and shearing of solid materials which are
      engaged therebetween, such particularly as the plate aluminum components
      of municipal waste. The same patent shows the relationship to the rotor of
      an appropriate extraction plate, and for the purposes of this invention,
      satisfactory results are obtained with cylindrical extraction holes in the
      range of 1 to 2 inches in diameter.
PAR  The treatment vessel 10 is also provided with an outlet 20 located radially
      outwardly of the stator 16 and connecting downwardly with a junk remover
      21 for removing relatively large infrangible solids, which usually include
      the majority of the ferrous metal pieces. A suitable junk remover is shown
      in detail in Baxter U.S. Pat. No. 3,549,092, and as indicated in the
      drawing, it includes conveyor means 22 for carrying large solids upwardly
      from below outlet 20 for gravity discharge to a separator 23. The
      separator 23 should include magnetic means for separating ferrous metals
      from other materials, and also means for screening liquid and fines for
      recirculation to the treament vessel as indicated at 24. Preferred results
      have been obtained when the separator 23 is adapted to deliver only pieces
      having a maximum dimension in the range of 4 to 6 inches to the outlet
      lines 25 and 26. The outlet line 26 for non-ferrous materials will include
      the structural aluminum, and this line may be connected at 27 back to the
      pulper 10 for further size reduction facilitating further treatment of
      this scrap aluminum in the balance of the system shown in FIG. 1.
PAR  The drawing shows a connection 28 for continuously resupplying liquid to
      the treatment vessel 10 to maintain the desired level of liquid therein.
      Preferably the liquid is supplied directly to the junk remover 21 as
      shown, to create a flow of liquid upwardly through the outlet 20 in
      counterflow relation with the heavy materials moving downwardly through
      the outlet 20 under the influence of gravity. This liquid counter-flow
      will not only wash fibrous and other small particles from the solids
      discharging through the outlet 20, but it has the important function of
      carrying back into the treatment vessel the pieces of relatively light
      metal which would otherwise tend to remain with the heavier ferrous
      pieces. This is especially true of aluminum present in the form of cans,
      trays and other food containers, which are thus caused to remain within
      the treatment vessel for commutation and extraction through the plate 12.
PAR  The ultimate effect of these conditions in a treatment vessel as described
      is that the aluminum tends to remain in the vessel until there has been
      substantial separation through the outlet 20 of the heavier metals which
      were present in the charge of waste materials, and the action of the rotor
      11 and flails 15 on the aluminum is to reduce it to particles of
      sufficiently small size for extraction through the plate 12. It appears
      that this size reduction is effected by wadding or crumpling pieces of
      foil into the form of pellets of roughly spherical shape, and the cast
      aluminum pieces are broken and chopped into chunks similar to the pellets
      in size, along with the other non-ferrous metals. The wrought aluminum,
      however, due to the fact that it is an alloy, and thicker than foil, is
      stiffer and substantially more resistant to balling or wadding than is the
      foil. It therefore tends primarily to be cut by the flails 15 and stator
      16 into predominately two-dimensional flakes which are comparable in
      length and width to the pellets and chunks but of a thickness comparable
      with the original thickness of the trays, can tops and bodies, and other
      aluminum elements present in the charge of waste.
PAR  Preferred results have been obtained in the practice of the invention, as
      noted above, by utilizing an extraction plate 12 wherein the holes are
      approximately 1 inch in diameter. As a practical matter with such hole
      sizes, the maximum dimension of the particles passing therethrough will
      usually not exceed 11/2 inches, and the average dimensions of the wrought
      aluminum pieces will be of the order of 1/2 by 3/4 inch. The glass and
      other materials which also remain in the vessel for commutation and
      extraction through the plate 12 will be of similar dimensions when they
      reach the outlet line 13.
PAR  In the next stage of a system for practicing the invention, the organic and
      other light materials are removed as completely as possible from the
      glass, aluminum, and other inorganic materials extracted through the
      outlet line 13. This stage is represented in the drawing by a pair of
      liquid cyclones 30 and 31 connected in series so that the light fraction
      from the first unit 30 is delivered by the line 32 to the inlet of the
      second cyclone 31. The light fraction from the second cyclone will
      comprise the great majority of the fibrous materials in the initial
      charge, along with other organic materials such particularly as garbage
      and vegetation, and this material is transported by a line 33 for whatever
      further treatment may be desired, such for example of recovery of fiber
      therefrom as disclosed in my U.S. Pat. No. 3,736,223.
PAR  The glass, aluminum and other heavy metal and non-metallic particles
      discharged from the cyclones 30-31 are collected by a conveyor 35 which
      delivers them to an elutriation tower 40 for removal of as much as
      possible of any remaining organic and other light materials. As indicated
      diagrammatically in the drawing the material discharged from the conveyor
      35 passes downwardly in the tower and is then carried upwardly by conveyor
      means such as a screw 41 to the discharge line 42. Water or other
      elutriation liquid is added at 43 for upward counterflow against the heavy
      materials on the inlet side of the tower in order to wash light particles
      back out of the tower at 44, and with the water inlet 43 located, as
      shown, at a level below discharge line 42 but above the overflow outlet
      44, the heavy materials will be washed and discharged relatively dry.
PAR  The outlet line 42 for accepted material from tower 40 leads to a screen 45
      where the total bulk of solid materials is reduced by removal of fines,
      e.g., particles with a maximum dimension of the order of 1/8 to 3/16 inch,
      in order to reduce the load on the subsequent processing equipment.
      Preferably a magnetic drive 46 is used in conjunction with the line 42 to
      remove ferrous metal particles from the feed ahead of the screen 45.
      Satisfactory results have been obtained in the practice of the invention
      if 15 to 25% of the total solids present in the line 42 are removed by the
      discharge line 47 from the screen 45.
PAR  The material retained at the screen 45 is conducted by a line 49 to a dryer
      50. To remove whatever ferrous metal particles remain in the mass, a
      second magnetic separator 53 is shown as located for action in conjunction
      with the discharge line 54 from the dryer 50.
PAR  The purpose of the dryer 50 is to prepare the solid particles for
      subjection to a dry separating action at the next station 55, which
      comprises means for agitating the mixed particles in such manner as to
      effect the removal of the plate aluminum pieces. Satisfactory results in
      the practice of the invention have been obtained when the station 55
      comprises a gravity separator of the shaker screen type which includes
      means for providing an upward flow of air through the particles while they
      are being subjected to a shaking action. This is represented in the
      drawing by an oscillating element 60 into which the line 54 delivers the
      particulate mixture, and the air supply is represented by the arrow 61.
PAR  The practice of the invention has established that under these conditions,
      the various particles in the mixture interact with each other in such
      manner as to cause the aluminum flakes to be concentrated in the top layer
      from which they are readily removed by a mechanical scalping action or by
      a skimming action such as may be effected by causing the top layer to flow
      over a weir 62 to the outlet line 63. Apparently this result is in large
      measure due to the physical characteristics of the wrought aluminum flakes
      with relation to the other particles in the mixture. More specifically,
      these flakes have relatively large surface areas in comparison with their
      bulk and weight, and agitation causes them to migrate upwardly in the
      mixture.
PAR  This concentrating action can be carried out by agitation alone, but it is
      accelerated in the presence of an upward flow of a fluid, such as air,
      through the mixture, as indicated at 61. An example of a commercially
      available apparatus which is suitable for this purpose is a vibrating
      Bauer Specific Gravity Separator.
PAR  The wrought aluminum flakes recovered in the manner just described have
      been found to be relatively free not only of glass and other materials,
      but also of the other forms of aluminum which were present in the original
      waste, namely the chunks and pellets into which the cast and foil aluminum
      is reduced, as well as the other non-ferrous metal particles. The wrought
      aluminum recovered in this manner is accordingly of such high quality that
      it can be prepared for reuse for the same purposes as before with minimum
      further processing.
PAR  The material remaining in the mixture from which the wrought aluminum
      pieces have been removed has been found to comprise primarily glass,
      aluminum in chunk and pellet form, other metals including brass, bronze,
      copper, zinc and lead, and a residue of non-metallic materials such
      particularly as ceramics and stones. These materials are delivered by a
      line 64 to the next stage of the system where the mixture is subjected to
      high tension electrostatic separating forces with the aid of a grounded
      drum 65 and high voltage charging electrode 66 which cooperate to pin the
      glass particles and other non-conductors to the drum for removal by wiper
      67, while the particles of conducting materials are thrown off the drum
      surface to a collecting bin 68.
PAR  The invention contributes significantly to the efficiency of the
      electrostatic sorting procedure, because the majority of the particles of
      relatively large area are removed at station 55. The mass delivered to the
      drum 65 therefore comprises predominately particles of small area which
      are correspondingly more responsive to electrostatic forms.
PAR  The glass removed from drum 65 is conducted away at 69 for separation in
      accordance with color by optical sorting means 70, such as are shown in
      Gillespie et al., U.S. Pat. No. 3,650,396. The materials which collect in
      the bin 68 are preferably delivered by line 74 to a second shaker screen
      station 75, which may be a duplicate of station 55 having an air inlet 76,
      for separation of whatever wrought aluminum was not removed at station 55.
      The accepted material from station 75 will usually include more than
      wrought aluminum, and it is therefore recycled at 77 to the inlet side of
      station 55 to assure both that the maximum feasible amount of the plate
      aluminum is recovered separately and also that it is in as uncontaminated
      condition as possible.
PAR  The materials rejected at the station 75 are delivered by a line 78 to a
      crushing station, represented by a pair of rolls 80, for the purpose of
      crushing the ceramic, stone, and other hard non-metallic materials of
      minimum value to a sufficiently fine particle size for ready elimination
      by screening as indicated at 81. The remaining metal particles can be sold
      as a mixture, or separated by conventional chemical or other treatments
      into the individual metal components. Since the majority of this material
      will usually be aluminum, it can readily be recovered for reuse for
      purposes requiring a lower grade of metal than the plate aluminum removed
      at station 55.
PAR  FIGS. 2 and 3 shown further embodiments of the invention in the form of
      modifications of the system of FIG. 1. To the extent possible, the same
      reference numerals as in FIG. 1 are used for the same parts in FIGS. 2 and
      3. Basically, the modifications in FIGS. 2 and 3 involve the use of a
      dense media separator to effect removal of the organic and other light
      materials from the glass and metal particles.
PAR  As shown in FIG. 2, the particles accepted by the screen 45 are conveyed by
      line 49 to dense media separator 100, where separation is effected in a
      manner conventional in the art by means of a fluid medium (not shown) such
      as a fluid having a specific gravity which is between the specific
      gravities of materials to be separated, so that as with the materials
      involved herein, the organic and other light materials (having a lesser
      specific gravity than the medium) will be separated from the remaining
      glass, aluminum and other particles having a greater specific gravity than
      the medium. The organics and other light materials are taken out of the
      top of the dense media separator 100 by line 101, while the greater
      specific gravity particles, i.e., aluminum, glass, other metals, ceramics,
      and stones, are removed by line 102 from the bottom of separator 100 to
      dryer 50 to prepare the solid particles for the remaining process steps
      shown in FIG. 1, including passing the particles through shaker-separator
      55 so that the flakes of wrought aluminum can be separated from the mass.
PAR  The process shown in FIG. 3 is similar to that of FIG. 2, except that
      instead of drying the solid particles from output 102 from dense media
      separator 100 as in FIG. 2, the wet particles are passed directly under a
      magnetic separator 109 to a jig 110. Jig 110 operates in essentially the
      same manner as station 55 in that it is a shaker screen wherein the
      interaction of the shaking particles causes the flake-like wrought
      aluminum particles to migrate to the top and to be skimmed off, while the
      block-like particles migrate to the bottom and are passed on to further
      processing. Basically, the only difference between station 55 and jig 110
      is that station 55 uses air as the fluid to aid the separation of the
      particles while jig 110 uses water as the fluid, as indicated at 111. The
      flake-like aluminum particles are recovered at 112. The block-like bottom
      particles are passed out at 113 to a dryer 115 wherein the remaining
      particles are dried and then passed by line 116 to the further glass
      sorting steps as shown in FIG. 1.
PAR  While the methods herein described constitute preferred embodiments of the
      invention, it is to be understood that the invention is not limited to
      these precise methods, and that changes may be made therein without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of salvaging scrap aluminum from heterogeneous municipal
      waste materials which comprises the steps of:
PA1  a. depositing such waste material and a liquid in treating vessel,
PA1  b. subjecting the resulting suspension to combined forces of hydraulic and
      mechanical shear and mechanical impact causing the frangible solids
      therein to be reduced to the following:
PA2  i. flake-like particles of aluminum alloy,
PA2  ii. other metal particles including pellets of aluminum foil,
PA2  iii. particles of glass and other pulverulent inorganic materials,
PA2  iv. fiber and other organic materials in particle form,
PA1  c. extracting said reduced materials of less than a preselected maximum
      particle size from the remainer of said suspension,
PA1  d. treating said extracted materials to separate the majority of said fiber
      and other organic materials from said particles of aluminum, other metal,
      and glass and other inorganic materials,
PA1  e. removing fines from the resulting mass of aluminum, other metal, and
      glass and other inorganic particles to establish a predetermined small
      range of sizes for the remaining mass of particles,
PA1  f. causing physical interaction of the various particles in said remaining
      mass of aluminum, other metal, and glass and other inorganic particles
      within said range of sizes by agitating said mass until said aluminum
      flake-like particles migrate to the top surface portion of said mass, and
PA1  g. effecting removal of the resulting concentrated aluminum flake-like
      particles from the top surface portion of said mass by a skimming action.
NUM  2.
PAR  2. The method defined in claim 1 wherein said agitation is carried out in
      the presence of an upward flow fluid therethrough.
NUM  3.
PAR  3. The method defined in claim 1 wherein said agitation is carried out in
      the presence of an upward flow of liquid therethrough.
NUM  4.
PAR  4. The method defined in claim 1 comprising the further step of
      substantially drying said mass of aluminum, glass and other inorganic
      particles prior to subjecting the same to agitation.
NUM  5.
PAR  5. The method defined in claim 4 wherein said mass of aluminum, glass and
      other inorganic particles is subjected to agitation in the presence of an
      upward flow of gaseous fluid therethrough.
NUM  6.
PAR  6. The method defined in claim 1 wherein said treating step (d) is carried
      out in a fluid medium having a specific gravity between those of said
      organic materials and those of aluminum and glass.
NUM  7.
PAR  7. The method of salvaging scrap aluminum from heterogeneous municipal
      waste materials which comprises the steps of:
PA1  a. reducing said materials to a particulate mixture consisting essentially
      of:
PA2  i. flake-like particles of aluminum alloy,
PA2  ii. other metal particles including pellets of aluminum foil,
PA2  iii. particles of glass and other pulverulent inorganic materials,
PA2  iv. all of said particles being of a particle size within a predetermined
      small range,
PA1  b. causing physical interaction of the various particles in said mixture by
      agitating said mixture until said aluminum flake-like particles migrate to
      the top surface portion of said mixture, and
PA1  c. effecting removal of the resulting concentrated aluminum flake-like
      particles from the top surface portion of said mixture by a skimming
      action.
NUM  8.
PAR  8. The method defined in claim 7 wherein said particulate mixture is
      subjected to said agitation in the presence of an upward flow of fluid
      therethrough.
NUM  9.
PAR  9. The method defined in claim 8 wherein said fluid is air.
NUM  10.
PAR  10. The method defined in claim 8 wherein said fluid is water.
NUM  11.
PAR  11. The method defined in claim 7 wherein said particle size range is
      approximately 3/16 inch to 11/2 inches.
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ABST
PAL  The stock pulper has a container in which the screen has a dimensional
      component disposed axially of the container to receive an inwardly
      directed radial flow of the stock suspension. The screen can be
      cylindrical or conical. Breaker dogs are also fixedly mounted in the
      container to extend to the ends of the rotor arms.
BSUM
PAR  This invention relates to a stock pulper.
PAR  Heretofore, stock pulpers for pulping and sorting waste paper have usually
      been constructed with a container substantially in the form of a body of
      revolution to accommodate a stock suspension, an axially mounted rotor
      having arms to impart a rotational and circulatory motion to the contents
      of the container, and also a sieve or screen which is followed by a
      discharge pipe for good stock. Stock pulpers of this type serve for
      pulping and sorting waste paper which is used in the manufacture of paper.
      The good stock can be used directly for the manufacture of new paper.
      Usually, light impurities, as for example synthetic plastics foils, are
      removed through an outlet opening disposed axially of the container. Also,
      an outlet opening is usually formed in the circumferential wall for the
      removal of heavy impurities, as for example metallic parts.
PAR  It is an object of this invention to improve the sorting action of a stock
      pulper of the above type.
PAR  It is another object of the invention to reduce the wear on the screen of a
      stock pulper which is caused particularly by heavy impurities.
PAR  Briefly, the invention provides a stock pulper comprising a container for
      receiving a stock suspension, a rotor, a screen and a discharge pipe. The
      container is in the form of a body of revolution about a longitudinal axis
      while the rotor is rotatably mounted within the container on the axis of
      the container. The rotor has a plurality of arms or blades for imparting a
      rotational and circulatory motion to the stock suspension in the
      container. Also, the screen is mounted within the container and has a
      dimensional component disposed axially of the container to receive an
      inwardly directed radial flow of the suspension and to pass good stock
      therethrough. The discharge pipe is connected to the container downstream
      of the screen relative to a flow of the good stock.
PAR  The arms of the rotor are spaced slightly from the screen to define a
      shearing zone therebetween in which the suspension can be processed in
      known manner.
PAR  The effect which is achieved by the flow of the stock suspension through
      the screen with a radial component directed towards the axis of the rotor
      is that the stock has to flow towards and through the screen against the
      centrifugal force. In this way, the sorting action and more particularly
      the separation of heavy parts is assisted. The centrifugal force prevents
      the heavy parts reaching the shearing zone existing between the rotor and
      the screen. As a consequence, the wear on these comparatively expensive
      elements is substantially reduced.
PAR  In one embodiment, the screen is cylindrical, the flow through the screen
      passing from outside inwardly. This form of screen can be easily
      manufactured and is particularly effective as regards the influence of the
      centrifugal force.
PAR  In another embodiment, the screen is conical. In this case, the flow
      through the screen is from outside and inwardly. If the apex of the
      conical screen is directly into the interior of the container, this
      results in certain circumstances in technical flow advantages being
      obtained with respect to the circulatory flow of the suspension in the
      container.
PAR  A plurality of breaker dogs or cams may also be fixedly mounted within the
      container opposite the ends of the arms of the rotor to assist in the
      breaking up of wet-strength papers with an advantageous utilization of the
      circulatory flow of the stock suspension in the container.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the following detailed description and appended claims taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 illustrates an axial section of a stock pulper according to the
      invention;
PAR  FIG. 2a illustrates a view taken on line IIa--IIa of FIG. 1;
PAR  FIG. 2b illustrates a view taken on line IIb--IIb of FIG. 1; and
PAR  FIG. 3 illustrates a section corresponding to FIG. 1 of another
      constructional form of the screen and rotor according to the invention.
DETD
PAR  Referring to FIGS. 1, 2a and 2b, a stock pulper has a container 1 in the
      form of a body of revolution about a horizontal axis A with a conical
      circumferential wall 2, a front wall 3 and a likewise conical end wall 4.
      The front wall 3 is formed by a front wall 3' of a bearing housing 5 and
      also a wall section 6. In addition, a cylindrical screen 7 is situated
      between the wall 3' and the wall section 6 and a discharge pipe 7' for
      good stock is connected to the container 1 downstream of the screen 7.
PAR  Referring to FIG. 1, a rotor 9 is rotatably mounted in the container 1 by
      means of a suitable bearing in the bearing housing 5. The rotor 8 is
      mounted on the axis A and is driven through a shaft 10 extending through
      the front end of the container 1. The rotor 9 has arms or blades 8 which
      are movable over the screen 7 and are slightly spaced from the screen 7 to
      define a shearing zone. As shown, a section 11 of the circumferential wall
      2 adjacent the front wall 3 has a larger cone angle than the remainder of
      the wall 2 with both so arranged to have a diameter increasing in the
      direction towards the end wall 4. The conical end wall 4 is arranged with
      its cone apex directed into the interior of the container 1.
PAR  A discharge pipe 12 for heavy impurities is arranged as is known in the
      section of the circumferential wall 2 which adjoins the end wall 4.
      Similarly, a discharge opening 13 for carrying away specifically light
      impurities, as for example synthetic plastic parts and foils, is arranged
      in the end wall 4 opposite the rotor 9 in the direction of the axis A.
PAR  As will be seen particularly from FIG. 2a, the container 1 is provided with
      an inlet pipe 14 for waste paper which is fixed on the circumferential
      wall 2. In addition, as shown in FIGS. 1 and 2b, the container 1 is
      provided with supports 15 for being set up on a floor.
PAR  Referring to FIG. 2b, a compartment 16 extends over a part of the
      circumference of the container 1 for the removal of the heavy impurities.
      The discharge pipe 12 is in this case disposed at the point of the
      compartment 16 having the largest depth.
PAR  If the rotor 9 is rotated with the container 1 full, there is first
      established a rotation of the contents in the direction of rotation of the
      rotor (arrow P) and secondly a circulatory motion in the direction of the
      arrows R in FIG. 1. By virtue of these movements, the mass of waste paper
      pulped by the rotor 9 is subjected to the action of centrifugal force,
      whereby a sorting effect is established. Because of the slope of the
      circumferential wall 2 and of the section 11, heavy parts quickly pass
      into the angular zone between the circumferential wall 2 and the end wall
      4 and these parts are collected in the compartment 16. Light impurities
      accumulate along the axis A of the container 1 and can be discharged
      through the outlet opening 13.
PAR  The good stock, which flows through the screen 7 into the pipe 7' and is
      extracted through the pipe 7 from the stock pulper, has to flow through
      the screen 7 in an inward direction against the action of the centrifugal
      force. As a consequence, the separating action on the heavy substances is
      assisted, so that they are unable in practice to reach the shearing zone
      between the arms 8 of the rotor 9 and the screen 7. As a consequence, the
      comparatively costly screen is protected against rapid wear.
PAR  As will also be seen from FIGS. 1 and 2a, breaker cams or dogs 20 can be
      arranged in a fixed position in the container 1 in the region of the ends
      of the arms 8 of the rotor 9. These breaker dogs 20 assist the tearing of
      particularly stubborn lumps of paper, as for example lumps of wet-strength
      papers. In this case, in order to feed the lumps between the arms 8 of the
      rotor 9 and the breaker dogs 20 use is made of the circulatory flow which
      extends in this region in the direction of arrows S.
PAR  Referring to FIG. 3, wherein like reference characters indicate like parts
      as above, the screen 30 is alternatively made conical with the apex of the
      cone being directed into the interior of the container. As above, the arms
      31 of a rotor 32 extend along the screen 30. Following the screen 30 is a
      pipe 33 for the removal of the good stock. In this example, the screen 30
      forms the front wall of the container 1.
PAR  In the embodiment of FIG. 3, an advantageous flow around the screen 30 is
      established by the circulatory flow R, S in the container 1. This is able
      in certain circumstances to have a favorable effect on the functioning of
      the stock pulper. It is understood that fixed breaker dogs 34 can also be
      arranged in the region of the ends of the arms 31 of the rotor 32.
PAR  It is also possible, in principle, for the screen 30 to be arranged in the
      reverse position, i.e., with its cone apex outwardly. In this case, with
      somewhat less satisfactory flow around the screen, an improved protection
      is obtained for the screen against heavy parts which are to be separated
      out.
PAR  In both constructional forms given by way of example, the rotor 9 or 32 has
      arms 8 and 31, respectively, which are moved along the screen. As will be
      clear from the section of the arms 8 in FIG. 2a, the arms have rearwardly
      rising surfaces 40, which in known manner result in pulsation surges of
      the stock flow with the movement of the rotor and in this way prevent any
      clogging of the screen. it is understood that these pulsations can also be
      produced by other means, for example, by pulsator arms movable in known
      manner on the inside of the screen. In such a case, the arms 8 and 31 only
      serve to produce the rotation and circulatory motion of the stock and do
      not have to extend along the screen, at least not along its full extent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stock pulper comprising
PA1  a container for receiving a stock suspension, said container being in the
      form of a body of revolution about a horizontal longitudinal axis with an
      increasing diameter from one end towards an opposite end;
PA1  a rotor rotatably mounted within said container on said axis at said one
      end and having a plurality of arms for imparting a rotational and
      circulatory motion to a stock suspension in said container;
PA1  a discharge pipe in said container at said opposite end for discharging
      heavy impurities from the stock suspension during rotation of said rotor;
PA1  a screen within said container at said one end, said screen having a
      dimensional component disposed axially of said container to receive an
      inwardly directed radial flow of the stock suspension and to pass good
      stock therethrough; and
PA1  a discharge pipe connected to said container downstream of said screen
      relative to a flow of the good stock.
NUM  2.
PAR  2. A stock pulper as set forth in claim 1 wherein said screen is
      cylindrical.
NUM  3.
PAR  3. A stock pulper as set forth in claim 1 wherein said screen is conical.
NUM  4.
PAR  4. A stock pulper as set forth in claim 3 wherein said conical screen has
      an apex directed into the interior of said container.
NUM  5.
PAR  5. A stock pulper as set forth in claim 1 which further comprises a
      plurality of breaker dogs fixedly mounted within said container and said
      arms extend to the vicinity of said dogs.
NUM  6.
PAR  6. A stock pulper as set forth in claim 1 wherein said arms are spaced
      slightly from said screen to define a shearing zone therebetween.
NUM  7.
PAR  7. A stock pulper comprising
PA1  a container for receiving a stock suspension, said container being in the
      form of a body of revolution about a longitudinal axis;
PA1  a plurality of breaker dogs fixedly mounted within said container;
PA1  a rotor rotatably mounted within said container on said axis and having a
      plurality of arms extending to the vicinity of said dogs for imparting a
      rotational and circulatory motion to a stock suspension in said container;
PA1  a screen within said container with a dimensional component disposed
      axially of said container to receive an inwardly directed radial flow of
      the stock suspension and to pass good stock therethrough; and
PA1  a discharge pipe connected to said container downstream of said screen
      relative to a flow of the good stock.
NUM  8.
PAR  8. A stock pulper comprising
PA1  a container for receiving a stock suspension, said container being in the
      form of a body of revolution about a longitudinal axis;
PA1  a rotor rotatably mounted within said container on said axis and having a
      plurality of arms for imparting a rotational and circulatory motion to a
      stock suspension in said container;
PA1  a screen within said container with a dimensional component disposed
      axially of said container to receive an inwardly directed radial flow of
      the stock suspension and to pass good stock therethrough, said screen
      being spaced slightly from said rotor arms to define a shearing zone
      therebetween; and
PA1  a discharging pipe connected to said container downstream of said screen
      relative to a flow of the good stock.
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ABST
PAL  The present invention comprises a method of helically winding wire on an
      endless ring-shaped core, and an apparatus used for practicing such
      method, which feature novel means for fixing the wire to the core when
      coiling the former on the latter. Heretofore, fixing of the wire to be
      wound to the core has been accomplished by either soldering the end of the
      wire to the core or by manually holding the wire end, but these methods
      are poor in working efficiency and reliability. According to the present
      invention, the wire is securely fixed to the core by projecting the
      leading end of the wire in a direction pointing away from the section of
      contact with the core and holding the same against rotation about the
      circumferential line of the core with a guide disposed about the core
      periphery and having transfer means thereon for permitting passage of the
      wire therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an improved method of helically winding
      wire on an endless ring-shaped core and an apparatus for practicing such
      method, and more particularly to a method of and an apparatus for fixing
      the wire end to the core before winding the wire on the core.
PAR  The use of a machine for helically winding wire on a ring-shaped core has
      been proposed heretofore, for example, in U.S. Pat. No. 1,570,821. This
      patent discloses means for accomplishing helical winding of wire on a
      ring-shaped core by revolving the ring-shaped core in its peripheral
      direction while simultaneously rotating the wire drum relatively to the
      core so that the drum will turn around a part of the core and will also
      pass through the ring of the core. However, the patent makes little
      explanation of the manner in which the leading end of the wire is or may
      be fixed to the core before commencing the winding of the wire thereon.
PAR  Generally, fixing of the leading end of the wire to the core is practiced
      in one of the following ways:
PAR  I. The worker holds with his hand the leading end of the wire on the core
      until the wire is sufficiently wound on the core to secure the leading end
      of the wire against becoming loose thereon; and
PAR  II. The leading end of the wire is temporarily joined to the core by
      soldering or other similar means.
PAR  However, these methods also involve many defects and difficulties which
      hamper productivity of the ring-shaped core having a helical winding
      thereon. That is, in the case of manual fixing as mentioned in (i) above,
      since the core must be revolved in its peripheral direction, the worker
      himself must go round the core while grasping the foremost end of the wire
      and a part of the core. This is extremely troublesome and also makes it
      impossible to attain the best winding effect of the machine. On the other
      hand, in the case of the soldering method mentioned in (ii), such problems
      arise as the soldering work itself requiring much time, the work being
      difficult and requiring skill and experience, and finally solder must be
      removed following completion of the winding. Thus, either of these methods
      is bad from the view of workability and also from the view of being low in
      reliability. Further, in view of the fact that formation of the winding
      layers is governed by the delicate positional relation between the wound
      wire and its foremost end, it must be said that it is practically
      impossible to perform such winding, that is, to produce the ring-shaped
      helical beads, on a mass production scale with a machine by using such
      conventional techniques having such poor reliability.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to effectuate secure
      fixing of the wire end to the core before winding the wire on the core
      without resorting to manual labor or soldering in producing ring-shaped
      cores having helically wound wire thereon.
PAR  Another object of the present invention in producing such ring-shaped cores
      having helically wound wire thereon is to prevent the wire end being fixed
      to the core from obstructing movement of the wire portion which is being
      wound on the core.
PAR  Still another object of the present invention is to ensure secure fixing of
      the wire end to the core even when the wire end is so arranged as it will
      not obstruct movement of the wire portion which is being wound.
PAR  Yet another object of the present invention is to permit easy setting of
      the positional relation between the end of the wire portion to be wound
      and the wire portion which is being wound on the core.
PAR  According to one aspect of the present invention, the foregoing and other
      objects are achieved through the provision of a method of helically
      winding a wire on a ring-shaped core by revolving the core in its
      peripheral direction while rotating the wire drum, on which wire is wound
      in reserve, relatively to the core, so that the wire drum will pass around
      a part of the core and also through the core ring, which comprises the
      steps of projecting the leading end of the wire in a direction in which it
      points away from the point of contact with the core, retaining the leading
      end of the wire by a guide disposed along the locus of revolution of the
      core so that the leading end of the wire will not rotate around the core
      in its peripheral direction, and then moving the leading end of the wire
      along the guide in accordance with revolution of the core, and thereby
      helically winding the wire on the core.
PAR  According to another aspect of the present invention, there is provided an
      apparatus for practicing the method described herein which comprises a
      mechanism for revolving the ring-shaped core in its peripheral direction,
      a mechanism for rotating the wire drum relative to the core so that the
      wire drum will pass around a part of the core and through the circle
      described by the ring-shaped core, and a guide provided along the locus of
      revolution of the core for guiding the leading end of the wire to be
      wound, the guide being arranged so as not to permit the leading end of the
      wire to rotate around the core in its peripheral direction but to allow
      non-rotatable movement of the wire end along the circumference of the
      core, and having at a part thereof a transfer section designed to allow
      passage of the wire therethrough.
PAR  According to the present invention, therefore, as understood from the
      features thereof set forth herein, the leading end of the wire to be wound
      moves forward in accordance with revolution of the core, but is held by a
      guide against rotating around the core in its peripheral direction, so
      that the desired secure fixing of the wire to the core can be effectuated
      without requiring any human hand or soldering or other similar means. This
      permits production of ring-shaped helical beads in a practical manner in
      commercial quantity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, wherein like reference numerals
      designate like or corresponding parts through the several figures, and in
      which:
PAR  FIGS. 1 to 3 are schematic drawings illustrating the fundamental conception
      of the present invention;
PAR  FIG. 4 is a sectional view of an apparatus embodying the present invention;
PAR  FIG. 5 is an enlarged view showing the details of the transfer section of
      the embodiment of FIG. 4;
PAR  FIGS. 6 and 7 are a perspective view and a partial perspective view,
      respectively, of the transfer section shown in FIG. 5;
PAR  FIGS. 8 to 10 are a plan view and perspective views, respectively, showing
      modifications of the transfer section of FIG. 5;
PAR  FIG. 11 is a sectional view of the wire end guide in the embodiment of FIG.
      4; and
PAR  FIGS. 12 to 16 are sectional views showing modifications of the wire end
      guide and their relations of engagement with the wire end.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the Drawings, and more particularly to FIGS. 1 to 3, the
      fundamental concept of the present invention is depicted, particularly the
      movements of the core 1 and the wire 2 to be wound on the core and the
      behavior of the wire end guide 3, which according to this invention is
      concentrically positioned about the core 1. It will be noted that a
      leading end 2' of the wire 2 extends in a direction pointing outward from
      the circle of the core and away from the section of contact 2" with the
      core 1, and is bent or hooked so as to be caught by the guide 3 provided
      along the locus of revolution of the core 1. The wire portion 2'" wound
      upon a drum or such in the form of a roll is moved so as to pass around a
      part 1' of the core 1 and through the ring of the core, as shown by an
      arrow A in FIG. 1, and at the same time, the core 1 itself also revolves
      in the direction of an arrow B. Such movement of the wire portion 2'" and
      revolution of the core 1, when combined, causes the wire 2 to be helically
      coiled on the core. At this time, the leading end 2' of the wire 2 slides
      along the guides 3 synchronously with revolution of the core 1. As a
      result, the leading end 2' of the wire 2 will not be wound back in the
      peripheral direction, or around the axis, of the core 1 and the wire 2 is
      thus fixed to the core 1. As shown in FIG. 3, the guide 3 is provided with
      a transfer section 4 which accommodates passage of the wire 2"" which is
      being wound, when the wire portion 2'" makes movement around the part 1'
      of the core 1. This transfer section 4, as will be described in detail
      hereinafter, is designed to transfer the leading end 2'  without
      liberating it while allowing passage of the wire portion 2"" therethrough.
PAR  In this way, the wire 2 is fixed to the core 1 and is helically wound
      thereon with no need of manually holding the wire end 2' or soldering it
      to the core 1.
PAR  Referring now to FIG. 4, there is shown a preferred embodiment of the
      apparatus used for practicing the method described above according to the
      present invention. This apparatus includes a mechanism 5 for revolving the
      core 1 in its circumferential direction about the axis thereof, the
      mechanism being provided along a part of the circumference of the core 1,
      and a rotative structure 7 carrying a rotary wire drum 6 on which a
      reserve supply of the wire 2 is wound. The rotative structure 7 is
      arranged to rotate about the part 1' of the core 1 in a plane
      perpendicular to the surface of the drawing sheet. Thus, the wire drum 6
      makes rotating movement around the part 1' of the core 1 and also through
      the ring of the core, thereby helically coiling the wire 2 on the core 1
      while allowing continuous feed of the wire 2.
PAR  It will be seen that a wire guide 3 is provided along the outer periphery
      of the core 1, the guide being provided at a part thereof with a transfer
      section 4 designed to allow passage of the wire 2 therethrough.
PAR  Turning to FIGS. 5 - 7, the guide 3 is formed from a continuous protuberant
      strip designed to facilitate catching of the leading end 2' of the wire 2,
      and the transfer section 4 in the guide 3 is composed of a receiving
      contact portion 8 describing a curve continuous to the guide 3 and a guide
      end portion 9 which projects to overlap with but being slightly spaced
      apart from the receiving portion 8, thereby forming a slit 10 between the
      portions 8 and 9, such slit 10 accommodating passage of the wire portion
      2"" which is just about to be wound on the core 1.
PAR  In the operation of this embodiment of the present invention, first the
      core 1 is properly set in the mechanism 5 and then the leading end 2' of
      the wire 2 is drawn out from the drum 6 and is bent and caught by the
      guide 3 past the core 1. The wire 2 is firmly fixed on the core 1 since
      the elasticity of the wire 2 makes its contact with the surrounding
      surface of the core 1 under pressing force which occurs while the wire 2
      is bent. Then the mechanism 5 and the rotative structure 7 are driven to
      let the core revolve in its circumferential direction, about its axis,
      while causing the wire 2 to move around a part of the core 1 and through
      the ring thereof, whereby the leading end 2' of the wire 2 is allowed to
      move circumferentially with the core 1 along and retained by the guide 3.
      Since the wire 2 itself is securely fixed to the core 1, the wire 2 is
      continuously wound helically on the core 1. When the leading end 2' of the
      wire makes a complete revolution and arrives at the transfer section 4,
      the end 2' is freed downwardly from the guide end portion 9, but it is no
      sooner released from the end portion 9 than it is received and sustained
      on the receiving portion 8, and thus is is immediately returned to its
      position on the guide 3 wherein it is retained thereby against peripheral
      motion about the core as the core 1 revolves. Thus, the leading end 2' of
      the wire moves continuously along the guide without the bent portion
      changing its direction or orientation relative thereto by passing through
      a slit 10 formed in the transfer section 4 of the guide 3. Thus, the wire
      end 2' is transferred from the condition of B to the condition of A in
      FIG. 7, instead of passing through the slit 10. Also, since the wire
      portion 2"" being wound on the core 2 passes through the slit 10, the
      presence of the guide 3 offers no hindrance to the continuous feeding of
      the wire onto the core 1.
PAR  It is thus possible to positively obtain a desired ring-shaped bead through
      continuous movement of the leading end 2' of the wire 2 and rotation of
      the wire portion 2"" in the manner described above.
PAR  Referring now to FIG. 8, there is shown another embodiment of the transfer
      section. In this embodiment, a groove or channel 11 is provided in the
      guide 3 and the end bent portion of the wire end 2' is placed within this
      channel. The receiving contact portion 12 is dish-shaped and is connected
      to a channel portion 11' thereof with a curve continuous thereto. In this
      case, too, the wire end 2' freed downwardly from the tip of the guide end
      portion 9 and is immediately received on the dish-shaped receiving portion
      12 and thus, directly returned or guided into the channel 11'. The
      behaviors of the leading end 2' of the wire 2 and the wire portion 2"" are
      substantially the same as in the previous embodiment shown in FIG. 5, thus
      allowing continuous and positive winding of the wire.
PAR  FIG. 9 shows still another embodiment of the transfer section in which a
      receiving contact member 13 is arranged to be pivotable about a shaft 14
      to allow optional adjustment of the position at which the wire end 2' is
      received on the receiving member. This movable arrangement of the
      receiving member 13 eliminates any possibility of collision between, for
      example, the wire portion 2"" and the wire end 2'.
PAR  In still another embodiment shown in FIG. 10, a guide end portion 15 is
      arranged to be pivotable about a shaft 16 so as to allow optional setting
      of the position at which the leading wire end 2' is freed from the guide
      end portion 15. Owing to this movable arrangement of the guide end portion
      15, it is possible to select at will either to release the wire end 2'
      onto the respective receiving member 8, 12 or 13 after the wire portion
      2"" has passed the wire end 2' or to effect such release before the
      portion 2"" passes the end 2'. Such free selection is greatly significant
      in easily allowing optional control of the relative location of the
      portion 2"" to the wire 2 which has been wound on the core 1 in the
      manufacture of ring-shaped helical beads. In either case, correct and
      positive control of the positional relation between the wire 2 and the
      core 1 can be accomplished by arranging either or both of the receiving
      member 13 and guide end portion 15 to be movable in the manner indicated.
PAR  FIG. 11 shows a sectional view of the guide 3 being formed from a
      continuous protuberant strip used in the embodiment of FIG. 4. The section
      configuration of the guide, however, is not restricted to that shown in
      this figure, but it may be channel-shaped, as in FIGS. 12 and 13, or
      bar-shaped as in FIG. 14. Also, as shown in FIG. 15, the leading end 2' of
      the wire 2 may not be bent, but may be mounted with a cap 17 adapted to be
      fitted with the guide 3 to thereby retain the guide in position. It will
      be apparent that if the direction of winding of the wire 2 is reversed,
      the direction of the guide 3 is also reversed, as shown in FIG. 16.
PAR  As described above, it is possible with the present invention to securely
      fix the wire to the core with no need of using human hands or soldering or
      other similar means. Also, the leading end of the wire and the wire
      portion which is about to be wound can freely move without interfering
      with each other. Rather, such relation proves helpful to ensure correct
      and secure winding of the wire on the core. Such secure, correct and easy
      fixing of the wire to the core practically enables the manufacture of
      ring-shaped helical beads by machine.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of these teachings. It is therefore to be understood
      that within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A method of helically winding a wire on a ring-shaped core by revolving
      the core circumferentially about its axis while rotating a wire drum
      having a reserve supply of wire thereon relatively to the core so that
      said wire drum moves around a part of the revolving core while passing
      through the ring thereof, said method further comprising the steps of:
PA1  projecting the leading end of the wire in a direction pointing away from
      the leading section of contact of said wire with the core;
PA1  securing said leading end of the wire to a guide member disposed along the
      locus of revolution of the core, so that said wire end will not rotate
      about the circumferential line of the core; and
PA1  moving said leading end of the wire along said guide in accordance with
      revolution of the core and thereby helically winding the wire on the core.
NUM  2.
PAR  2. The method as set forth in claim 1, further comprising bending said
      leading end of the wire before projecting it in said direction.
NUM  3.
PAR  3. The method as set forth in claim 1, further comprising fixing a cap
      adapted to be engaged with said guide to said leading end of the wire and
      then projecting said end of the wire in said direction.
NUM  4.
PAR  4. An apparatus for helically winding a wire on a ring-shaped core by
      revolving the core circumferentially about its axis while rotating a wire
      drum having a reserve supply of wire thereon relatively to said core so
      that said wire drum will move around a part of the revolving core while
      passing through the ring thereof, comprising:
PA1  a mechanism for revolving the ring-shaped core circumferentially about its
      axis;
PA1  a mechanism for rotating the wire drum relatively to the core so that said
      wire drum will move around a part of the revolving core while passing
      through the ring thereof; and
PA1  guide means disposed substantially continuously along the entire locus of
      revolution of the core, for slidably securing the leading end of the wire
      thereon and for allowing movement of the leading end of the wire
      circumferentially along with the core relative to said guide means but
      inhibiting rotation of said wire end around the core transversely to the
      circumferential direction thereof, said guide means also having at a part
      thereof a transfer section designed to allow passage of the wire
      therethrough.
NUM  5.
PAR  5. The apparatus as set forth in claim 4, wherein said transfer section is
      composed of a receiving contact member describing a curve continuous to
      the guide means and a guide end portion projected to overlap but being
      slightly spaced apart from said receiving contact member.
NUM  6.
PAR  6. The apparatus as set forth in claim 5, wherein said receiving contact
      member is pivotably disposed for pivotable movement along a line
      substantially perpendicular to the plane of the ring-shaped curve.
NUM  7.
PAR  7. The apparatus as set forth in claim 5, wherein said guide end portion is
      pivotably disposed for pivotable movement along a line substantially
      perpendicular to the plane of the ring-shaped curve.
NUM  8.
PAR  8. The apparatus as set forth in claim 5, wherein both of said receiving
      contact member and said guide end portion are pivotably disposed for
      pivotable movement along a line substantially perpendicular to the plane
      of the ring-shaped curve.
NUM  9.
PAR  9. The apparatus as set forth in claim 5, wherein said receiving contact
      member is dish-shaped.
NUM  10.
PAR  10. The apparatus as set forth in claim 4, wherein said guide means is
      formed from a continuous protuberant strip.
NUM  11.
PAR  11. The apparatus as set forth in claim 4, wherein said guide means is
      provided with a channel for receiving said leading end of said wire.
NUM  12.
PAR  12. The apparatus as set forth in claim 4, wherein said transfer section is
      composed of a receiving contact member describing a curve continuous to
      said guide means and a guide end portion projected to overlap with but
      being slightly spaced apart from said receiving contact member.
NUM  13.
PAR  13. The apparatus as set forth in claim 4, wherein said transfer section is
      composed of a portion of said guide means and includes a slit through
      which the wire portion being wound on the core passes.
PATN
WKU  039455785
SRC  5
APN  4937260
APT  1
ART  242
APD  19740731
TTL  Machine for winding casings
ISD  19760323
NCL  2
ECL  1
EXP  Gilreath; Stanley N.
NDR  3
NFG  3
INVT
NAM  Kaminsky; Igor Vasilievich
STR  ULITSA Lenina, 51, kv. 12
CTY  Severodonetsk Luganskoi oblasti
CNT  SU
INVT
NAM  Pimenov; Viktor Alexeevich
STR  ULITSA Donetskaya, 35, kv. 57
CTY  Severodonetsk Luganskoi oblasti
CNT  SU
INVT
NAM  Severov; Genrikh Fedorovich
STR  ULITSA PERVOMAISKAYA, 29, KV. 4
CTY  Severodonetsk Luganskoi oblasti
CNT  SU
RLAP
COD  71
APN  284460
APD  19720828
PSC  03
RLAP
COD  82
APN  4954
APD  19700122
PSC  03
CLAS
OCL  242  721
XCL  242158B
EDF  2
ICL  B65H 5464
ICL  B65H 5428
FSC  242
FSS  158 B;158 R;7.21;7.22;2;3;43 R
UREF
PNO  2964898
ISD  19601200
NAM  Werner
XCL  242158B
UREF
PNO  3133236
ISD  19640500
NAM  McCauley
UCL  242  2
UREF
PNO  3146962
ISD  19640900
NAM  Hardwick
XCL  242158B
UREF
PNO  3174388
ISD  19650300
NAM  Gaubatz
OCL  242  7.21
UREF
PNO  3250493
ISD  19660500
NAM  Burkley et al.
OCL  242158B
UREF
PNO  3331722
ISD  19670700
NAM  Ponemon
OCL  242  7.21
UREF
PNO  3367586
ISD  19680200
NAM  Eshbaugh
UCL  242158B
UREF
PNO  3499616
ISD  19700300
NAM  McClean
OCL  242158B
LREP
FRM  Haseltine, Lake & Waters
ABST
PAL  A machine for winding casings on mandrels, comprising a mechanism to rotate
      the mandrel, a carriage with a filament-guiding head moving in guides
      parallel to the axis of the mandrel, and a mechanism to move the carriage.
      The latter mechanism includes an endless Gall's chain whose shape is
      defined by curved guide plates and which transmits motion from the
      uniformly rotating mandrel to the non-uniformly reciprocating carriage by
      means of a pin of a vertical slide which is hingedly connected to a link
      of the endless chain. The shape of the guide plates is chosen so that with
      a uniform continuous-path movement of the chain link, the carriage with
      the head moves in conformity with an equation of motion of its feed eye,
      as a function of the angle of rotation of the mandrel, to wind closed
      casings of any chosen shape along geodesic lines.
PARN
PAR  This application is a continuation application of Ser. No. 284,460; filed
      Aug. 28, 1972 now abandoned, which is a continuation-in-part application
      of Ser. No. 4,954, filed Jan. 22, 1970, now abandoned.
BSUM
PAC  1. INTRODUCTION.
PAR  The present invention relates to devices for producing wound casings, and
      more exactly to machines used to form casings on mandrels by winding
      thereon strands, sliver, or filaments, for example, of resin-impregnated
      glass fibre.
PAR  Such casings can be employed, for instance, as pressure vessels featuring
      equal strength in all directions, etc.
PAC  2. STATE OF THE ART.
PAR  Known in the prior art are machines to wind casings on mandrels (see U.S.
      Pat. No. 3367586), comprising a mechanism to rotate the mandrel, a
      filament guide, and a mechanism to move the latter.
PAR  In this prior-art machine, the mechanism for moving the filament guide is
      essentially an electromechanical system provided with a program control
      and a follow-up drive. The actuating element of the system is a servomotor
      which ensures displacement of the filament guide in accordance with a
      program recorded on a graph band secured on a rotary drum.
PAR  One of the disadvantages of this prior-art machine is a complex design of
      the mechanism for moving the filament guide, which reduces the reliability
      of the device, as well as the precision of filament laying.
PAR  Also known are machines to wind casings on mandrels (see U.S. Pat. No.
      3250493), comprising a mechanism to rotate the mandrel, a carriage with a
      filament guide head, a mechanism to move the carriage relative to the
      mandrel which includes an endless flexible band whose position in space
      and shape is predetermined by guide plates, and whose shape exactly
      conforms to the profile of the outer surface of the mandrel, said tie
      transmitting motion from the mandrel rotating mechanism to the carriage
      with the filament guide he by means of a pin connected to an element of
      the endless flexible band and disposed in a transverse slot of the
      carriage.
PAR  This machine is disadvantageous in that it can perform only cosswise
      winding of filaments, i.e., it can lay rings of filament only at an angle
      to the axis of the mandrel that almost exactly coincides with 90.degree..
      Winding closed casings along geodesic paths at any winding angle of the
      filament to the mandrel axis from 0.degree. to 90.degree. is impossible
      with this machine.
PAR  It is an object of the invention to provide a machine for producing casings
      on mandrels that permit winding closed casings along geodesic lines at any
      filament winding angle to the axis of the mandrel.
PAR  Another object of the invention is to provide a machine for winding
      casings, of simpler design which at the same time ensures high accuracy in
      laying the filament.
PAR  In accordance with the aforesaid and other objects, the invention relates
      to a machine to form a machine to form casings on mandrels along geodesic
      lines by winding thereon, for example, filaments of resin-impregnated
      glass fibre, comprises a mechanism to rotate the mandrel, a carriage with
      a filament-guiding head, and a mechanism to move the carriage relative to
      the mandrel, including an endless flexible band the position in space and
      the shape of which is predetermined by guide plates, and which transmits
      motion from the mandrel rotating mechanism to the carriage with the
      filament-guiding head by means of a pin connected to an element of the
      flexible band and disposed in a transverse slot of the carriage.
PAR  According to the invention, the shape of the guide plates is chosen so that
      with a uniform continuous-path movement of the connected element of the
      flexible band, the projection of its velocity onto the axis of rotation of
      the mandrel (in an appropriate coordinate system) varies in conformity
      with an equation of motion of the filament-guiding-head, to wind casings
      of desired shapes along the geodesic lines.
PAR  It is expedient to define the shape of the guide plates in a rectangular
      system of coordinates X,Y by the following relationship:
      ##EQU1##
      where x is the carriage displacement; .psi.= f(x) - is the angle of turn
      of the mandrel as a function of displacement x of the carriage with the
      filament-guiding head, which function is determined by a chosen geodesic
      line;
PA1  A - a constant characterizing the relationship between the rate of motion
      of the connected element of the endless flexible band and the rotational
      speed of the mandrel, depending on a chosen winding angle;
PA1  C - an integration constant which can be assumed to equal zero; and
PA1  Y - the ordinate of a curve defining the shape of the guide plates.
PAR  It is also expedient to use as the endless flexible band an endless chain,
      such as a Gall's chain, one of the links of which is connected to the pin
      which itself is connected to one of the elements of the flexible band.
PAR  The machine to wind casings made according to the present invention enables
      the manufacture of closed casings by the method of continuous winding,
      provides for highly accurate laying of the filament along geodesic paths,
      has a simple design, and fearures high reliability.
DRWD
PAR  Other objects and advantages of the present invention will become clear
      from the following discussion of a particular exemplary embodiment thereof
      with references to the accompanying drawings, wherein;
PAR  FIG. 1 is a front view of the machine for winding casing according to the
      invention;
PAR  FIG. 2 is a plan view of the machine of FIG. 1; and
PAR  FIG. 3 is a vertical section III-III, as shown in FIG. 1 through the
      machine for winding casings.
DETD
PAR  For clarity, the machine to wind casings is shown in FIG. 1 without a
      mandrel whereon casings are wound. A shaft of the mandrel is fixed in a
      clamping chuck 1 and a back stop 2, and is brought into rotation by a
      rotating mechanism 3 comprising an electric motor 4, a V-belting 5, a worm
      reducer 6, an elastic coupling 7, a spindle 8, and a front bearing 9. The
      mandrel rotating mechanism 3 is housed in a headstock 10 of a bed 11. The
      back stop 2 is supported by a back bearing 12 which is fixed in a
      tailstock 13 of bed 11.
PAR  FIG. 2, which is a plan view of the machine for winding casings, shows a
      mandrel 14 mounted on a shaft 15, the latter being fixed in the chuck 1
      and the back stop 2. A carriage 16 mounts a filament-guiding head 17
      having at its end a rigidly secured feed eye 18, passing there-through
      toward mandrel 14 is a winding material 19 which is, for example, a
      resin-impregnated fiberglass filament.
PAR  The filament-guiding head 17 can with the aid of rollers 20 (FIG. 1) move
      relative to carriage 16 toward the axis of rotation of mandrel 14 (FIG.2).
      These displacements are determined by a guide plate 21 whose central slot
      22 accommodates a roller 23 (FIG.3) fixed on the filament-guiding head 17.
      The filament-guiding head 17 is essentially a prism whose side faces rest
      on four pairs of rollers 20 (FIG.1) whch are attached to a bracket 24 of
      carriage 16.
PAR  Carriage 16 itself can in turn freely travel in guides 25 parallel to the
      axis of rotation of mandrel 14. The movement of carriage 16 is based on
      the principle of rolling, for which purpose guides 25 have two prisms 26
      (well seen in FIG. 3) wherealong rolling are four pairs of rollers 27
      secured on an extension 28 of carriage 16. Besides, carriage 16 has a
      transverse guides 29 (FIG. 2) whose design is similar to that of guides
      25, i.e., it has inner prisms wherealong a transverse slide 30 can freely
      travel on four pairs of rollers (not identified by reference numerals).
PAR  A mechanism 31 (FIG.1) for moving carriage 16 controls the movement of the
      latter in guides 25, and comprises only mechanical elements, namely:
      change gears 32, 33, 34, and 35 for coarse adjustment, which are brought
      into rotation by the mandrel rotating mechanism 3, a pair of bevel gears
      36 and 37, a cross shaft 38 (FIG.2), a gearbox 39 with change gears 40,
      41, 42, 43, 44, and 45 for fine adjustment, a driving sprocket 46 (FIG.1),
      its support 47 (FIG.2), and a flexible band which in the present case is
      an endless Gall's chain 48.
PAR  The position in space and shape of chain 48 are defined by curve by guide
      plates 49 (FIG.1) and 50 and the driving sprocket 46. Motion from chain 48
      to carriage 16 is transmitted by way of a pin 51 (FIG.2) which is hinged
      to one of links 52 of chain 48 and is rigidly connected to the transverse
      slide 30, the latter being capable of free movement in the transverse
      guides 29.
PAR  The guide plates 49 (FIG.1) and 50 are made of hard steel plates, the
      thickness of which is slightly less than the distance between the inner
      plates of the Gall's chain 48, and which are cut to a calculated contour
      in the area of their contact with the Gall's chain 48.
PAR  The guide plates 49 and 50 are fixed by bolts 53 through tubular bushes 54
      (FIG.2) to support rods 55 (FIG.1), the latter being secured by bolts 56
      to uprights 57. Provided in the curved guide plates 49 and 50 are holes
      for bolts 53, which in combination with slots in the support rods 55 and
      uprights 57 ensure disposition of the guide plates 49 and 50 in the
      designed places.
PAR  The shape of the guide plates 49 and 50 is defined in a rectangular system
      of coordinates X,Y from the following relationship:
      ##EQU2##
      where x is the displacement of carriage 16 with the filament-guiding head
      17;
PA1  .psi.=f(x)- is the angle of turn of the mandrel as a function of
      displacement x of carriage 17, which function is determined by a chosen
      geodesic line;
PA1  A - a constant characterizing the relationship between the rate of motion
      of link 52 and the rotational speed of mandrel 14, depending on a chosen
      wind angle; and
PA1  C - an integration constant which can be assumed to equal zero.
PAR  Assuming values of x at chosen values of .psi. and A, obtained are the
      respective values of Y, i.e., the points of the curve defining the shape
      of the curved guide plates 49 and 50 in the rectangular system of
      coordinates X,Y.
PAR  As is seen in FIG.3, the filament can also be fed from the top if a spool
      creel (not shown in FIGS. 1,2,3) is placed over the machine. In the
      instant case the spool creel may be located near the machine, say, to the
      right of mandrel 14 as in FIG.3, and in the case of long mandrels it can
      be made shiftable with its drive, which is not attempted to be protected
      by the present invention.
PAR  Filament 19 passes from the spool creel to under mandrel 14, and through a
      swivel pulley 58 follows into feed eye 18. Pulley 58 should either be
      secured on the spool creel, or bracketed on the filament-guiding head 17,
      which is not shown in the drawings.
PAR  The machine for winding casings operates as follows. Before starting the
      work, the end of the filament is attached to mandrel 14 (FIGS. 1,2,3).
      Then motor 4 is energized, whose rotation by way of the V-belting 5, the
      worm reducer 6, the elastic coupling 7, the spindle 8, and the chuck 1 is
      transmitted to mandrel 14. The latter rotating at a specified speed draws
      the filament through feed eye 18 of head 17 with a definite force preset
      by the tension device arranged on a spool creel (not shown in the
      drawing).
PAR  Besides that, motion from the mandrel rotating mechanism 3 is transmitted
      through the change gears 32,33,34, and 35, the pair of bevel gears 36 and
      37, the cross shaft 38, the gearbox 39, and the driving sprocket 46 to the
      closed chain 48. The position in space and shape of chain 48 in accordance
      with the preset law of winding is determined by the location of the curved
      guide plates 49 and 50, and of the driving sprocket 46.
PAR  One of links 52 of chain 48 is by means of pin 51, connected with the
      transverse slide 30 movable in the transverse slot 29 of carriage 16.
      Motion is thus transmitted to carriage 16 with the filament-guiding head
      17, so that it traverses in guides 25, while in the extreme positions head
      17 also shifts across carriage 16 normally to guides 25 and the transverse
      slot 29 toward the axis of mandrel 14, due to the action of roller 23
      engaging guide plate 21.
PAR  When link 52 is within rectilinear sections ab and cd of chain 48 which are
      inclined to the axis of rotation of mandrel 14, feed eye 13 of the
      filament-guiding head 17 performs a uniform and straight-line motion, thus
      tracking the predetermined geodesic line (helix) on the cylindrical part
      of the casing. When link 52 moves within curved sections aec and bfd of
      the chain, feed eye 18 moves with a variably decelerated velocity until
      link 52 reaches points e and f. At these moments the filament-guiding head
      17 stops, the direction of its velocity being reversed.
PAR  While passing through sections aec and bfd, feed eye 18 forms the end
      surfaces of the casing which may be of conical, spherical, elliptical,
      isotensoid or other complex shapes, by tracking the predetermined geodesic
      path, and smoothly passing into a reverse helix on the cylindrical part of
      the casing.
PAR  It should be noted that the position in space of chain 48 as defined by the
      curved guide plates 49 and 50 and sprocket 46 is such that during the
      uniform motion of link 52 of chain 48 the projection of its velocity onto
      the axis of rotation of mandrel 14 strictly conforms to an equation of
      motion as applicable to feed eye 18 intended to form the chosen shape of
      the casing.
PAR  After link 52 passes through all the points of the closed curve abfdce,
      formed on the mandrel will be one complete loop, i.e., the geodesic line
      of the casing to be wound. By imposing an advance or a delay on the
      rotation of mandrel 14 relative to the movement of feed eye 18 of the
      filament-guiding head 17, each subsequent loop of the casing will be
      spaced some distance away from the preceding one, or close to it if this
      advance or delay are chosen to equal the width of the filament (sliver).
PAR  Adjustment of the advance or delay is done by the fine-adjustment change
      gears in box 39. When winding the next layers of the casing, the pitch of
      the helix can be changed to provide the required oriented strength at any
      point of the casing, as well as the required thickness of its wall.
PAR  Described as an exemplary embodiment thereof, the machine is intended for
      serial production of casings having only insignificant variations in
      diameter.
PAR  To extend the versatility of the machine and widen the range of the
      possible working speeds, employed in the mandrel rotating mechanism 3 can
      be other motors, gearboxes, speed variators, etc.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A machine for winding resin-impregnated glass fiber filaments on a
      mandrel along geodesic lines for forming casings having convex end faces;
      said mandrel having an outer surface coinciding with the inner surface of
      a closed casing of rotation being wound and having convex end faces; a
      mechanism for uniformly rotating said mandrel about its longitudinal axis;
      guides extending in parallel with the axis of rotation of said mandrel; a
      carriage mounted in said guides adapted to reciprocate therein; transverse
      guides rigidly secured on said carriage and extending normal to a plane
      passing through the axis of rotation of said mandrel and said parallel
      extending guides; a slide mounted in said transverse guides adapted to
      reciprocate therein; a pin rigidly secured on said slide; a
      filament-guiding head movably secured on said carriage for reciprocation
      in the direction of the axis of said mandrel relative to said carriage; a
      feedeye for said filament-guiding head being secured rigidly on the latter
      and guiding the filaments onto said mandrel; a mechanism for moving said
      carriage in said guides and transmitting motion from the uniformly
      rotating mandrel to the non-uniformly reciprocating carriage; a driving
      sprocket for said mechanism for moving the carriage; a gear train for said
      mechanism adapted to move the carriage and transmit rotation from said
      mandrel to said driving sprocket; curved guide plates in said mechanism
      for moving the carriage; an endless flexible band in said mechanism
      adapted to move the carriage, said endless flexible band being in meshed
      engagement with said driving sprocket and enveloping said curved guide
      plates the latter of which define the curved shape of the endless flexible
      band and the path of its movement; one point on said endless flexible band
      being articulated to a pin on said slide; said curved guide plates
      defining the shape of a curved surface in a rectangular system of
      coordinated X, Y determined by the equation:
EQU  Y = .intg..sqroot.A.sup.2 (d .psi. /dX).sup.2 - 1 dX + C
PAL  wherein X = abscissa of the curve, or the displacement of said carriage in
      said guides;
PA1  .psi. = angle of turn of said mandrel from the equation .psi. = f(X) of the
      dependence of the angle of turn .psi. of the mandrel upon displacement X
      of said carriage, for winding the filaments precisely along geodesic
      lines;
PA1  A = a constant characterizing the ratio between the rotational speed of
      said mandrel and the rate of movement of said endless flexible band along
      its path;
PA1  C = integration constant which can be assumed to be equal to zero; and
PA1  Y = ordinate of said curve, to which corresponds the shape of curved
      surfaces of said curved guide plates, as a result of which, upon the
      movement of said point of the endless flexible band over these curved
      surfaces, said filament-guiding head effects the winding along geodesic
      lines of the curved end faces of said casings.
NUM  2.
PAR  2. The machine for winding casings as defined in claim 1, further
      comprising an endless Gall's chain constituting said endless flexible
      band, said chain having a plurality of links, one of said links being
      connected to said pin.
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ABST
PAL  A winding mechanism with a friction drive roller for driving the winding
      package; at least one peripherally tapered, friction drive wheel inside
      the friction drive roller for rotatably driving same at variable speeds,
      the variation of which is obtained by axial shifting of the friction drive
      roller and its support; cam control means for attaining the axial shifting
      with increasing diameter of the winding; and the friction drive inside the
      roller being disengageable upon movement of the roller at right angles to
      its axis of rotation.
BSUM
PAR  Known winding arrangements utilize a projecting or U-shaped bobbin holder
      (e.g., German published patent application OS 2,106,493). The bobbin
      holder rotatably supports a winding package, i.e., a winding tube and the
      winding formed thereon. The winding tube and said winding are driven by a
      friction drive roller. The bobbin holder and the drive roller move
      relative to one another with the diameter increase of the winding formed
      on the winding tube.
PAR  The drive roller is ordinarily driven at a constant speed. Its
      circumferential speed is attuned to the constant thread feed rate. The
      thread conveying devices preceding the winding mechanism, e.g., godets,
      are connected to the winding mechanism via a regulating device, gear
      trains, etc. to maintain one or more predetermined ratios of rate of feed
      of the thread to rate of take up of the thread on the winding package.
PAR  In today's technology, it has been found to be desirable to vary the
      circumferential speed of the friction drive roller, which determines the
      rate of take up of the thread on the winding package, within certain
      limits during the course of the winding. This is desirable in the case of
      certain threads with low elasticity, or even necessary, in order to
      deposit the thread with constant thread tension in the course of the
      bobbin journey or at least to deposit it with a prescribed course of
      thread tension and/or to produce bobbin windings with uniform hardness.
      How the drive roller circumferential speed is to be varied in individual
      instances has to be determined by experiment. This determination lies
      within the scope of the ability of an average worker in the field.
PAR  Through the variation of the drive roller circumferential speed
      independently of the constant thread delivery speed it is also possible,
      in the case of variable traverse speed, to influence the thread winding
      speed, which is of importance in the production of cylindrical windings
      within conical or biconical ends. For the production of biconical windings
      there are used traverse systems with reverse-thread shaft and traverse
      thread guides. The reverse-thread shafts are driven at a constant speed in
      a prescribed translation ratio to the drive of the drive roller and of the
      pre-engaged conveying arrangements. The stroke reduction in the course of
      the bobbin journey has the consequence now that the traverse speed
      decreases with constant numbers of traverse strokes per time unit. From
      this there is yielded, with constant circumferential speed of the bobbin,
      a reduction of the thread winding speed according to the formula
EQU  V.sub.F = .sqroot.  V.sup.2.sub.u + V.sup.2 ch, where
PA1  V.sub.F is the threading winding speed
PA1  V.sub.ch is the transverse speed
PA1  V.sub.u is the circumferential speed of the drive roller.
PAR  In the production of biconical windings, therefore, for the maintaining
      constant of the thread winding speed with traverse speed becoming smaller,
      the circumferential speed of the drive roller must increase.
PAR  The varying of the drive roller circumferential velocity can be achieved in
      an obvious manner by varying the rotational speed of the drive roller
      drive. If, however, several drive rollers are fixedly mounted on a shaft,
      then the collective shifting of the drive roller drive speed is
      disadvantageous since it permits no adaptation of the drive roller
      circumferential speed to the individual working places and to the
      particular stage of the bobbin winding.
PAR  The object of the invention, therefore, is the providing of a drive
      connection between the roller drive shaft driven at a constant rate and
      the drive roller, which permits the individual adjustment of the turning
      speed of each drive roller.
PAR  The invention herein pertains to winding mechanisms having a friction drive
      roller rotatably journalled for rotation relative to the drive shaft for
      said drive roller. The drive roller is rotatably journalled on a drive
      roller holder which is shiftable in the axial direction of the drive
      roller and also perpendicularly to the drive roller in a radial direction.
      The drive roller is driven by the drive shaft through one or more friction
      wheel couplings including at least one tapered friction wheel or gear. The
      friction drive roller has a ring-like friction drive wheel or gear which
      rests or bears upon a friction drive wheel or gear mounted on and
      rotatable with the drive shaft. The friction wheel pair is engaged and
      disengaged by movement of the drive roller and its holder perpendicular to
      the axis of rotation of the drive roller and in a radial direction of the
      drive roller. The rate of rotational drive of the drive roller is
      adjustable by axial displacement of the drive roller and its holder to
      bring into engagement in each friction wheel pairing segments of different
      diameter of a tapered surface on one or both wheels of each friction wheel
      pair.
PAR  A special advantage of the invention is that the drive roller can be set in
      operation and stopped and varied in its circumferential speed, without
      there being necessary for this a shifting or switching of the collective
      drive roller drive gear and, in particular, of the drive shaft. The
      variation of the circumferential speed of the drive roller takes place,
      therefore, according to this invention, through axial displacement of the
      drive roller holder and the coupling and uncoupling is accomplished
      through movement of the drive roller holder perpendicularly to the drive
      roller axis, i.e., in radial direction.
PAR  In thread processing operations, dust, or airborne solids, preparation and
      finishing sprays applied to the threads, etc. are a source of fouling of
      textile machine parts. Such airborne substances are particularly
      detrimental in friction drive gear connections. For this reason, the
      aforesaid friction wheel pairs are located in the interior of the drive
      roller where they are less susceptible to fouling by airborne substances.
      One of the friction wheels or gears is a annular wheel attached to the
      inside of the friction drive roller and coaxial therewith. The other
      friction wheel is preferably a tapered wheel or gear coaxially mounted on
      the drive shaft, which extends through the friction drive roller.
PAR  The axial shifting of the drive roller holder to vary the circumferential
      speed of the drive roller can be carried out by hand or in dependence on
      operating parameters of a programming or a time control. One form of such
      control utilizes a control cam operatively associated with the bobbin
      holder, e.g., mounted thereon, in a manner whereby the control cam
      mechanism shifts the drive roller holder in the axial direction of the
      drive roller in direct dependence upon the distance between the drive
      roller axis and the winding tube axis, which distance changes as the
      winding diameter increases. Preferably, the winding mechanism includes a
      plurality of exchangeable control cams having camming surfaces of
      different curvatures, each suited for a particular winding operation.
PAR  A special advantage of these control cam combinations is that the
      rotational speed of the drive roller at each individual winding station is
      controlled in dependence upon the particular stage of the winding and type
      of winding according to the predetermined program imparted by the
      particular cam surface. Hence, a plurality of friction drive rollers can
      be driven off the same drive shaft with different drive speeds imparted to
      the individual drive rollers at the various winding stations in accord
      with the particular state of the winding at each station.
PAR  In order to obtain a constant thread winding speed in the production of
      biconical windings-- for example with the aid of a winding and traverse
      system according to German published patent application OS 1,916,580-- a
      steady rise of the control cam in the sense that the drive speed ratio of
      drive roller to drive shaft increases continuously in the course of the
      bobbin journey is demanded. In the winding of bobbins with a constant
      hardness of the winding or other predetermined hardness pattern, a cam
      having the crown of the curved cam surface intermediate the ends of the
      cam surface path is advantageous. By use of such cam surface, the axial
      position of the drive roller is moved in such a way that the relative
      speed of rotation of the drive roller to the drive shaft first increases
      and then decreases in the course of the formation of the winding package.
PAR  In order to reduce the wearing down of the proposed drive roller drive with
      use of inner friction wheels, it is suggested that the friction wheels of
      the bevel wheel pairing have equal diameter in an axial end position of
      the drive roller holder. This creates an axial position of the drive
      roller which should be maintained when no change of the translation ratio
      between driving roller and drive roller is desired in the course of the
      bobbin journey. In this axial position of the drive roller, outer and
      inner friction wheels are in contact with one another over their entire
      periphery, and no wear between them occurs.
PAR  A special advantage of the invention--as mentioned--lies also in that each
      individual drive roller can be brought to a stop without its being
      necessary to halt the collective drive of the drive roller shaft and the
      thread conveying arrangements. For this, the drive roller holder is
      movable by sliding into an axial end position to shift the drive roller
      radial direction, so that the friction wheel pairing loses contact.
      Obviously, the drive roller holder could be moved also merely in radial
      direction to stop the drive roller. The aforesaid combination, however,
      offers the advantage that only one device for the axial shifting of the
      drive roller holder is needed and that only low forces are required for
      lifting the drive roller holder when the drive roller holder, for example,
      is lifted by an inclined plane.
PAR  The aforesaid axial shifting of the drive roller and its holder can be
      actuated by a thread monitoring device or control. Such device or control
      may embody an electric circuit operable by a thread tension feeler to
      energize an electromagnet which shifts the drive roller and its holder and
      drive roller in an axial direction if thread breakage should occur. The
      axial shifting by the electromagnet shifts the drive roller holder onto
      the inclined plane to disengage the friction drive wheels or gears.
PAR  The embodiments of the invention hereinafter described with reference to
      the drawings constitute preferred embodiments of winding mechanisms used
      for the winding of threads, yarns, filaments, etc., herein referred to
      collectively as threads. The mechanism may be used for winding devices of
      other types of machines, e.g., for the winding of fabrics, foils, webs,
      bands, etc. wherein such machines have several winding stations utilizing
      a collective drive for the various drive rollers or where there is an
      advantage in using a variable drive roller speed.
PAR  The preferred embodiments utilize the feature of encasement or housing of
      the driving wheels or gears within the drive rollers. The bearing support
      for the drive roller can also be taken over solely by the drive shaft or
      the friction wheels or gears, as is analogously shown in German Pat. No.
      652,407. The drive roller holder serves then merely for the axial shifting
      and the radial movement of the drive roller. If the arrangement of the
      friction wheels or gears is not in the interior of the drive roller, the
      drive roller can be supported parallel to and beside the drive shaft with
      the friction wheels or gears located exteriorly of the drive roller.
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PAR  Referring to the drawings:
PAR  FIG. 1 is a front perspective view of a winding mechanism at one winding
      station of a thread winding machine;
PAR  FIG. 1a is a vector diagram of the thread velocities for the winding
      mechanism of FIG. 1;
PAR  FIG. 2 is a front, fragmentary, partially sectioned, detail view of the
      embodiment of FIG. 1;
PAR  FIG. 3 is a front perspective view, partly in diametric cross section, of
      another embodiment of the invention utilizing two friction drive wheel
      pairs and bearing support for the friction drive roller at only one end
      thereof;
PAR  FIG. 4 is a fragmentary, section view of an alternative embodiment of a
      friction drive wheel pair;
PAR  FIG. 5 is a fragmentary, front elevation of another embodiment of the cam
      control member usable in the embodiment of FIGS. 1 and 2;
PAR  FIG. 6a is a fragmentary, diametric section of the friction wheel drive of
      the embodiment of FIGS. 1 and 2 with the friction drive wheels in a 1:1
      drive ratio position; and
PAR  FIG. 6b is a fragmentary, diametric section of the friction wheel drive of
      the embodiment of FIG. 4 with the friction drive wheels in a 1:1 drive
      ratio position.
DETD
PAR  FIG. 1 shows the bobbin winding 1, which is driven by the drive roller 8.
      The bobbin 1 is journalled on the bobbin holder. The bobbin holder is a
      pivotable U-shaped bracket 2 consisting of two arms 2' and 2" mounted on
      the shaft 6, which is rotatable in bearings 6a, 6b. At the ends of the
      arms 2', 2" there are rotatable, bobbin-holding discs 3. Further, the arm
      2', which has the handle 5, is swingable perpendicular to the shaft 6
      about the pin axle 31. The arm 2' is spring-biased to pivot toward its end
      of the bobbin. In this construction of the bobbin holder there can be
      clamped between the rotatable discs 3 a winding tube 4. The tube and
      thereafter the winding formed thereon are driven by frictional contact
      with the drive roller 8.
PAR  The drive roller 8 is journalled to turn freely in a drive roller holder
      10. The drive roller holder consists of a U-shaped arrangement of two arms
      10', 10" which are mounted on the shaft 11 in a manner whereby they are
      pivotable with the shaft 11 and are reciprocable with shaft 11 when it is
      moved axially. The drive roller holder is pressed to the left (FIG. 1) by
      the coil spring 13 mounted about the shaft 11 and compressed between the
      fixed sleeve 11a and the support arm for bearing 6b.
PAR  The thread is supplied at a constant thread delivery rate by the belt
      delivery mechanism 36, which consists of the roll 34 driven at a constant
      rate of rotation and the contactpressure belt 35 riding on and driven by
      the roll 34. The thread is reciprocated by the traverse thread guide 24
      over the traverse stroke range. For the production of biconic windings
      there is used a traverse thread guide, such as is described, for example,
      in German published Pat. application OS 1,916,580. The thread guide 24
      should touch neither the drive roller 8 nor the bobbin 1 when the drive
      roller is lifted or lowered. For this reason, the thread guide 24 can be
      connected, through a mechanism not illustrated, with the drive roller
      holder 10 so that the guide pivots about the traverse rod 23 or is raised
      or lowered with a correspondingly articulated traverse rod 23.
PAR  FIG. 1a shows the vector diagram of the respective velocities for the
      winding process, the symbols of which also appear in FIG. 1. The thread
      winding speed, which must correspond essentially to the constant thread
      feed rate V.sub.Z, is designated with V.sub.F. V.sub.F is the geometrical
      sum of the drive roller circumferential velocity V.sub.u and of the
      traverse velocity V.sub.ch. In the production of biconic windings the
      circumferential velocity decreases in the course of the bobbin journey.
      For this reason, the drive roller circumferential velocity V.sub.u has to
      increase in the course of the bobbin journey according to the formula
EQU  V.sub.F = .sqroot.V.sub.u.sup.2 + V.sub.ch.sup.2
PAL  and from the geometric relations to be seen from FIG. 1a, so that V.sub.F
      remains constant and substantially equal to V.sub.z. The vectors V.sub.u
      and V.sub.F enclose between them the displacement angle d, which is also
      represented in FIG. 1 as angle between the thread and the tangent lying in
      the normal plane.
PAR  FIG. 2, a section view of the embodiment of FIG. 1, shows in particular the
      drive connection between the driving shaft 9 and the drive roller 8. The
      hollow drive roller 8 has an internal, driven wheel 16 with a
      frusto-conical inner wall 16a.  This annular wheel 16 is in friction
      contact with the friction drive wheel 17 of the drive shaft 9. The
      periphery 17a of the wheel 17 has a peripherally tapered configuration and
      preferably is frusto-conical with a taper approximating the taper of wall
      16a. The diameter of the larger face of the friction wheel 17 is at least
      as great as the smallest diameter of the frusto-conical wall 16a of the
      wheel 16. Through axial shifting of the drive roller holder 10, in which
      the drive roller is journalled on both ends in the bearings 15, the drive
      output ratio or translation ratio between drive roller 8 and drive shaft 9
      is variable in stageless increments.
PAR  FIGS. 1 and 2 show structures by which the translation ratio between drive
      roller 8 and drive shaft 9 can be controlled in dependence on the
      increasing bobbin diameter. The bobbin holder carries on arm 2" a control
      cam 20. The curved, cam surface 20' is engaged by a cam follower wheel 22'
      of the cam follower unit 22, which is mounted on the arm 10a of the drive
      roller holder 10. Engagement of the follower wheel 22' and control cam
      surface 20' is maintained by the pressure from the spring 13. The control
      cam is exchangeable for another of a different cam surface configuration.
      The control cam represented in FIGS. 1 and 2 brings about in the course of
      the bobbin winding a steady decrease of the circumferential velocity
      V.sub.u of the drive roller and bobbin by progressively allowing the
      friction drive wheel 8 and its holder 10 to shift to the left (as viewed
      in FIGS. 1 and 2) under the urging of spring 13 as control cam 20 moves
      upwardly relative to the follower wheel 22'.
PAR  In FIG. 5, the control cam 21 has a cam surface 21' of a different
      configuration, a longitudinally convex instead of longitudinally concave
      cam surface. This control cam brings about in the course of the bobbin
      winding first a progressive increase in circumferential velocity of the
      drive roller 8 to a maximum velocity at the crown of the cam surface 21'
      and then a progressive decrease in said circumferential velocity as the
      drive roller 8 and its driven wheel 16 or 18 are moved first to the right
      and later to the left (as these parts are viewed in FIG. 2) as the
      diameter of the winding increases and the cam control 21 correspondingly
      moves upwardly relative to the cam follower unit 22. In the interest of
      clarity it should be mentioned that the curvate form of the cam surface of
      the control cam depends on where the control cam is mounted, e.g., the
      left or to the right of the bobbin holder.
PAR  For the shifting of the drive roller holder in case of thread breakage,
      there is provided on the shaft 11 a core 26 with an electromagnet 27.
      Magnet 27 is activated by thread tension sensor 29 with dancer roll 30,
      connected in a circuit including amplifier 28. On the machine frame 7
      there is provided as oblique plane a run-on block 14 with an upper,
      oblique or sloping surface 14', which serves the purpose of interrupting
      the drive connection between the constantly driven drive shaft 9 and the
      drive roller 8 by lifting the drive roller as the lower edge of the arm
      10a slides across the surface 14' when the core 26 is drawn into the coil
      of the electromagnet 27.
PAR  The section view of FIG. 3 shows another embodiment. This embodiment is
      distinguished in that the drive roller holder 10 consists of only a single
      swingable arm, on which there is rotatably carried the drive roller 8 in
      the bearing 15. The drive roller 8 has two driven, like wheels 16' and
      16", which are in frictional contact with the two, like drive wheels 17'
      and 17". The advantage of this embodiment is that the two drive-wheel
      pairings 16', 17' and 16", 17" simultaneously assume a bearing function,
      so that the single bearing on the drive roller holder 10 can be designed
      without concern for structural strengths needed for what would otherwise
      be demanded in a cantilevered support for roller 8 by bearing 15. Through
      the movable frame 32, to which the brake jaws 33' and 33" are fastened,
      the drive roller 8 can be raised, separated from the drive shaft and
      braked by moving frame 33 upwardly in the direction of the illustrated
      arrow. The operation of the frame 32 can take place manually by way of
      corresponding levers, electromagnetically, pneumatically, etc.
PAR  FIG. 4 shows a modification of a drive-wheel pairing, which can be used
      instead of the drive-wheel pairings shown in FIGS. 1 to 3. It consists of
      the frusto-conical drive wheel 19, which is secured to the drive shaft 9.
      The wheel 19 engages in frictional contact the transversely rounded,
      circular inner wall 18' of the wheel 18, which is secured to the inner
      wall of the drive roller.
PAR  FIGS. 6a and 6b show the sleeve-wheel pairings in reciprocal engagement at
      the translation ratio of 1:1, which is adjustable through axial sliding of
      the drive roller holder into an axial end position, to which the holder
      should always be shifted when there is desired a low-wear, continuous
      operation without variation of the translation ratio. The diameter of the
      smaller end of the frusto-conical inner wall of drive wheel 16' (or 16 in
      the case of FIGS. 1 and 2) is approximately equal to, and not greater
      than, the diameter of the larger end of the drive wheel 17' (or 17 in the
      case of FIGS. 1 and 2). Similarly, the minimum diameter of the circular
      opening in the wheel 18 is approximately equal to, and not greater than,
      the diameter of the larger end of the frusto-conical drive wheel 19.
PAR  It is thought that the invention and its numerous attendant advantages will
      be fully understood from the foregoing description, and it is obvious that
      numerous changes may be made in the form, construction and arrangement of
      the several parts without departing from the spirit or scope of the
      invention, or sacrificing any of its attendant advantages, the forms
      herein disclosed being preferred embodiments for the purpose of
      illustrating the invention.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A winding mechanism comprising a hollow drive roller, bobbin bearing
      means rotatably supporting a bobbin for winding thread or the like when
      the bobbin or the thread wound thereon is driven in frictional contact
      with said drive roller, drive roller support means with said roller
      rotatably mounted thereon, said support means including means for shifting
      said roller in the axial direction of said roller and additional means
      allowing said drive roller to move perpendicularly to its axis of
      rotation, a drive shaft extending axially inside said roller, variable
      speed friction drive wheel means inside said roller and coupling said
      drive shaft and said drive roller for rotating said drive roller at
      stagelessly variable drive output ratios in response to axial shifting of
      said drive roller, said friction drive wheel means being disengageable
      upon movement of said roller perpendicularly to its axis of rotation, and
      said friction drive wheel means thereby being engageable and disengageable
      by movement of said drive roller perpendicularly to its axis of rotation
      and, when engaged, having a variable drive output ratio attained by axial
      shifting of said drive roller.
NUM  2.
PAR  2. A winding mechanism as claimed in claim 1 said friction drive wheel
      means embodying a drive wheel inside said drive roller mounted on the
      drive shaft extending axially inside said roller, an annular driven wheel
      inside and attached to said drive roller engaging said drive wheel, and at
      least one of said wheels having an axially tapered driving surface.
NUM  3.
PAR  3. A winding mechanism comprising a drive roller, drive roller support
      means with said roller rotatably mounted thereon, means for shifting said
      support means and said roller in the axial direction of said roller,
      friction drive wheel means for rotatably driving said roller at
      stagelessly variable drive output ratios in correspondence to the axially
      shifted position of said drive roller, bobbin bearing means rotatably
      supporting a bobbin for winding thread or the like when the bobbin or the
      thread wound thereon is driven in frictional contact with said drive
      roller, and control means responsive to the diameter of the winding formed
      on said bobbin for shifting said drive roller axially to change the drive
      output ratio.
NUM  4.
PAR  4. A winding mechanism as claimed in claim 3, said control means embodying
      cam means operatively associated with said support means for shifting said
      support means and said drive roller axially as the increasing winding
      diameter causes movement of the bobbin axis of rotation away from said
      drive roller.
NUM  5.
PAR  5. A winding mechanism as claimed in claim 4, said cam means embodying a
      cam member with a cam surface and being removably mounted on said bobbin
      bearing means and exchangeable with another cam member having a cam
      surface of different configuration.
NUM  6.
PAR  6. A winding mechanism as claimed in claim 4, said cam means embodying a
      cam member with a curved cam surface shaped to axially shift said drive
      roller to provide a continuously decreasing rotational drive ratio of said
      driven wheel relative to said drive wheel as the diameter of the winding
      increases.
NUM  7.
PAR  7. A winding mechanism as claimed in claim 4, said cam means embodying a
      cam member having a convexly curved cam surface with the crown of the
      curve in the mid-portion of said surface.
NUM  8.
PAR  8. A winding mechanism as claimed in claim 2, said annular wheel having an
      axial opening therein, the radially inner surface of which is in driving
      engagement with the periphery of the drive wheel, and at least a portion
      of said drive wheel and at least a portion of said inner surface of said
      annular wheel having equal diameters to provide, when engaged, a 1:1 drive
      ratio.
NUM  9.
PAR  9. A winding mechanism as claimed in claim 1, and means for disengaging
      said friction drive wheel means upon axial shifting of said drive roller
      to one end of the limit of its axial movement.
NUM  10.
PAR  10. A winding mechanism as claimed in claim 1, thread monitoring means for
      sensing the thread running onto the bobbin, and means to move said drive
      roller in a direction perpendicular to its axis of rotation to disengage
      said friction drive wheel means in response to a thread-breakage signal
      from said thread monitoring means.
NUM  11.
PAR  11. A winding mechanism as claimed in claim 2, two pair of drive wheels and
      two corresponding driven wheels being positioned in said hollow roller at
      axially spaced positions approximately symmetric relative to the
      longitudinal center of said drive roller and functioning as support
      members for said drive roller.
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ABST
PAL  A winding machine for metal wire including apparatus to protect, for
      example, a reel or wire wound on a reel should feed wire break during
      feeding of the reel. The apparatus includes: a support for at least one
      reel; a motor for driving the reel in rotation; a guiding mechanism
      including a traversing carriage bearing a pulley for guiding the wire as
      the wire is wound on the reel; and a protective device, to protect the
      reel in the event of wire breakage, including two protective plates of
      arcuate shape extending the entire length of the reel. At least one of the
      plates is hinged about an axis parallel to that of the reel and is movable
      between an open position and a closed position in which one of its edges
      meets a corresponding edge of the other of the plates, the opposite edges
      of the two plates being spaced from one another so as to define a
      longitudinal slot between them. The slot is adapted to admit the wire when
      the protective device is in the closed position, and the protective device
      further includes a sliding, protective member disposed in the slot. The
      sliding member is carried by the carriage and has a small opening situated
      in the plane of the pulley and adapted to admit the wire.
BSUM
PAR  This invention relates to a winding machine for metal wire comprising a
      support for at least one reel, means for driving the reel in rotation, and
      means for guiding the wire being wound on the reel.
PAR  The production of insulated or bare metal wire of small diameter requires
      the use of winding machines operating at increasingly high speeds. Owing
      to such high speeds, the risk of breakage of the wire during the filling
      of a reel cannot be entirely eliminated, particularly with fine wire or
      wire made of low-strength materials such as aluminum, for example. Thus if
      the wire breaks, the broken end whips about the reel and is liable to
      damage not only certain parts of the reel but also the layers of wire
      already wound.
PAR  It has hitherto been attempted to remedy these drawbacks by automatically
      detecting the breaking of the wire and then blocking the reel as quickly
      as possible. However, this method does not adequately remedy the drawbacks
      resulting from wire breakage.
PAR  It is the object of this invention to provide a means of avoiding as
      completely as possible the risk of damage to the reel and to the layers
      already wound in the event of the breakage of a wire being wound on a reel
      mounted on a winding machine.
PAR  To this end, the winding machine according to the present invention further
      comprises a protective device, intended to protect the reel in the event
      of wire breakage, comprising two protective plates extending the entire
      length of the reel, at least one of the plates being hinged about an axis
      parallel to that of the reel and being movable between an open position
      and a closed position in which one of its edges meets a corresponding edge
      of the other plate, the opposite edges of the two plates being spaced from
      one another so as to define a longitudinal slot between them, and the slot
      being adapted to admit the wire when the protective device is in the
      closed position.
PAR  The system of protection defined above may be applied to various types of
      winding machines. The known types include both single-reel winding
      machines requiring interruption of the wirefeed and stopping of the reel
      when it is full so that it may be removed and replaced by an empty reel,
      and several types of socalled double-reel winding machines, i.e., those
      comprising supporting means for two reels and a transfer device enabling
      the wire to be guided alternately onto one and then the other of the
      reels. The extraction of the full reel and its replacement by an empty one
      then take place while another reel is in the process of being filled.
PAR  The protective means defined above may be utilized in all of these cases.
PAR  Both the single-reel and double-reel winding machines are generally
      equipped with a traverse mechanism which, in the case of the double-reel
      machines, moves with respect to the reel supports so as to cooperate
      alternately with one or the other of the reels. In a more especially
      preferred embodiment of this invention, the slot which is formed between
      the two protective plates to admit the wire, and which extends along the
      entire length of the reel, is partially closed off by a sliding protective
      member mounted on the traversing carriage and moving along with it.
DRWD
PAR  A preferred embodiment of the invention will now be described in detail
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a simplified elevation of the winding machine,
PAR  FIG. 2 is a partial elevation of the winding machine, viewed in the
      direction of the arrow A of FIG. 3, showing the protective means,
PAR  FIG. 3 is a section taken on the line III-III of FIG. 2, and
PAR  FIG. 4 is an inverted plan view on a larger scale showing the sliding
      protective member.
DETD
PAR  A brief description will first be given of the winding machine on which the
      protective device is mounted. A rigid frame 30 (FIG. 1) bears a cage 31
      comprising a shaft 32 pivoting on the frame 30. The cage 31 in turn bears
      two pairs of coaxial chucks 33 and 34 disposed in such a way that reels
      may be mounted between the two coaxial chucks of each pair. Belts 40, 41,
      and 42 and a motor 43 drive the reels in rotation via the driving chuck. A
      driving motor 35, connected to the shaft 32 by a belt 36, causes the cage
      31 to rotate by 180.degree. about its axis each time the reel situated at
      the top of the cage 31 reaches its final stage of winding. After the
      rotation of the cage 31, the full reel which is now situated at the bottom
      of the cage 31 is discharged onto a lift 37 after retraction of the chucks
      by means of control devices 38 and 39. The full reel is then taken away
      and replaced by an empty reel. A traverse mechanism 44, which will be
      described in more detail further on, guides the wire wound on the upper
      reel so as to distribute it in uniform layers.
PAR  FIG. 2 shows two uprights 1 and 2 forming part of the cage 31 and the
      traverse mechanism borne by a support 3. The uprights 1 and 2 and equipped
      with chucks 4 and 5, one of which is provided with a driving pulley 6
      rotated by the belt 40, while the other is controlled by a jack and is
      movable in the direction of its axis in order to release a reel 9 mounted
      between the tips of the chucks 4 and 5. The traverse mechanism comprises a
      carriage 10 guided by two fixed bars 11 and 12 disposed parallel to one
      another and secured to the support 3. The carriage 10 is movable
      longitudinally, i.e., in a direction parallel to the axis of the chucks 4
      and 5, along the entire length of the reel 9. It is driven by a screw 13
      mounted between the bars 11 and 12 and coupled to a motor accommodated in
      the support 3. The screw 13 engages a nut integral with the carriage 10. A
      traversing pulley 14 guides a wire 15 which comes from a production line
      and is led onto a drum 9a of the reel 9 driven in the direction indicated
      by an arrow B by the motor 43. The pulley 14 is carried by an arm 16
      integral with the carriage 10 so that its axis of rotation is parallel to
      that of the reel 9 and so that it moves in the vicinity of the reel 9.
PAR  The support 3 also carries two pivoting spindles 17 and 18 which are
      parallel to one another and to the axis of the reel 9. The two spindles 17
      and 18 are situated spaced from one another below the pulley 14. They are
      connected to rotary-action jacks 19 and 20, the movable parts of which
      pivot about their axes alternately in one direction or the other through a
      given angle. Each of the spindles 17 and 18 bears a rectangular protective
      plate 21 and 22, respectively, bent into an arcuate shape. One of the
      edges of each of the plates 21 and 22 extends alongside the corresponding
      pivoting spindle, and the dimensions of these plates are such that when
      they are in the position shown in solid lines in FIG. 3, they together
      form a cylindrical jacket coaxial with the reel 9 and surrounding this
      reel almost completely, except for the space between the spindles 17 and
      18. Thus this space constitutes a longitudinal slot which, like the plates
      21 and 22, is slightly longer than the length of the reel 9. It is
      important that the edges of the plates 21 and 22 opposite the spindles 17
      and 18 should meet when the plates are in the closed position in order
      that the cylindrical surface formed by the plates may be as regular as
      possible.
PAR  It will be realized that if the protective jacket formed by the plates 21
      and 22 is closed during winding, the wire 15 passes through the slot
      between the spindles 17 and 18, all the while moving back and forth from
      one end of the slot to the other as the successive layers of wire are
      wound. If the wire should break, then no matter when that happens, the
      wire-tail, under the effect of centrifugal force, will follow along the
      inner surface of the jacket formed by the plates 21 and 22, which will to
      a certain extent prevent the broken end from lashing about and possibly
      damaging the layers of wire already wound. However, in passing through the
      slot between the spindles 17 and 18, the wire-tail will tend to be
      projected towards the outside, then returned towards the inside, and to
      undulate, thus being liable to touch the upper layer on the reel. In order
      to avoid this drawback, the protective device described is supplemented by
      a sliding protective member 23. This member is a sheet-metal part bent
      into an arcuate shape which is just slightly longer than the width of the
      slot between the spindles 17 and 18. It is fastened to the lower end of
      the arm 16. This sheet-metal part 23 is a little wider than the pulley 14
      but has a central slot 24 which is of substantially the same width as the
      pulley 14. Moreover, both the edges of the slot 24 and the outer edges of
      the member 23 are bent back so as to define two parallel tracks of equal
      width running on each side of the plane of the pulley 14. As may be seen
      in FIG. 4, the front part of the slot 24 is likewise provided with bent
      edges forming a V-shaped deflection wall 25a, 25b. The member 23 widens
      out gradually at the end where the front of the slot 24 is situated. This
      front end of the member 23 is so disposed as to meet the edge of the plate
      21, while the rear end of the member 23 slightly overlaps the inner
      surface of the plate 22. The member 23 prevents the broken end of the wire
      from rebounding in the manner described above. This broken end, which is
      slipping along on the plates 22 and 21 and which is contained in the plane
      of the pulley 14, will be picked up after one revolution by the deflecting
      wall 25a, 25b and led into one of the two curved tracks of the member 23
      until it comes in contact with the protective plate 22. Hence the device
      described ensures continuous protection of the portion of the wire already
      wound until the reel can be halted.
PAR  The winding machine described is equipped with a device for detecting wire
      breakage. This device, known per se, is so arranged as to transmit a
      signal whenever the wire breaks. Inasmuch as the tension of the wire
      abruptly drops to zero in such an event, it is this parameter which may be
      utilized to control the appearance of the signal. Numerous means are known
      for continuously measuring the tension of a continuously moving wire and
      for causing a signal to be transmitted whenever there is any abrupt
      fluctuation of that tension. Devices of this kind are well known. They
      may, for example, comprise a pulley mounted on a lever acted upon by a
      spring, the pulley and the lever normally being held in a position where
      the spring is tensed by the pull which the wire exerts upon the pulley.
      This pulley may be situated just before the pulley 14, for example. As
      soon as the wire breaks, it no longer exerts any pull, and the lever
      pivots under the influence of the spring. It may be equipped with a
      contact which opens or closes when it moves, thus transmitting a signal
      through an electric circuit. The signal detecting the breakage of the wire
      will be supplied to the motor of the carriage 10 so as to stop it
      immediately and to keep the protective part in the plane of the last turn
      of wire wound on the reel 9.
PAR  Although the winding machine which has been described above is one with a
      rotary cage, the protective means consisting of the plates 21 and 22 may
      likewise be used with other winding machines. In the case of a double-reel
      winding machine with parallel reels, the traverse mechanism is mounted on
      a transfer carriage moving perpendicular to the axes of the reels so as to
      be positioned alternately above the one and then the other reel. In this
      case, the spindles 17 and 18 may be borne either by the transfer carriage,
      in which event only one pair of plates 21 and 22 will be necessary, or by
      the uprights supporting the chucks. In the latter case, two pairs of
      protective plates will be required, and the sliding protective member 23
      carried by the traversing carriage will be arranged so as to be positioned
      alternately in one or the other of the slots defined by each pair of
      protective plates.
PAR  In the case of a winding machine where the two reels are coaxial and where
      the traversing carriage is movable parallel to the axis of the reels over
      a distance such that it can cover the two reels successively, two pairs of
      protective plates will preferably be provided, one pair associated with
      each reel.
PAR  In all the cases described above, the winding machine may additionally be
      equipped with protective channels surrounding the reels at one end so as
      to receive the end of the wire of the full reel after the transfer
      operation when the wire has been cut and seized by a hook rotating with
      the empty reel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A winding machine for metal wire comprising: a support for at least one
      reel; means for driving said reel in rotation; guiding means including a
      traversing carriage bearing a pulley for guiding said wire as said wire is
      wound on said reel; and a protective device, to protect said reel in the
      event of wire breakage, including two protective plates of arcuate shape
      extending the entire length of said reel, at least one of said plates
      being hinged about an axis parallel to that of said reel and being movable
      between an open position and a closed position in which one of the edges
      of said one plate meets a corresponding edge of the other of said plates,
      the opposite edges of said two plates being spaced from one another so as
      to define a longitudinal slot between them, said slot being adapted to
      admit said wire when said protective device is in said closed position,
      and said protective device including a sliding protective member disposed
      in said slot, said sliding member being carried by said carriage and
      having a small opening situated in the plane of said pulley and adapted to
      admit said wire.
NUM  2.
PAR  2. A winding machine for metal wire comprising: a rotatable support
      carrying two reels having their axis parallel to one another; means for
      driving each one of said reels in rotation; guiding means for guiding said
      wire as said wire is wound on one of said reels; means for rotating said
      support to successively displace said reels into a winding position in
      front of said guiding means; and a protective device to protect a reel
      which is in said winding position in the event of wire breakage, said
      device including two protective plates of arcuate shape hinged about an
      axis parallel to that of said reel in the winding position and movable
      between an open position in which said plates permit rotation of said
      support with the reels and a closed position in which said plates encircle
      said reel in the winding position, said plates extending the entire length
      of said reel and having one of their edges meeting each other in the
      closed position, and wherein the opposite edges of said plates are spaced
      from one another so as to define a longitudinal slot between them, said
      slot being adapted to admit said wire when said protective device is in
      said closed position.
NUM  3.
PAR  3. A winding machine in accordance with claim 2, wherein said means for
      guiding comprises a traversing carriage bearing a pulley for guiding said
      wire, and wherein said carriage carries a sliding protective member
      disposed in said slot and having a small opening situated in the plane of
      said pulley and adapted to admit said wire.
NUM  4.
PAR  4. A winding machine in accordance with claim 1, wherein said opening is
      bounded by a deflecting wall inclined with respect to said plane.
NUM  5.
PAR  5. A winding machine in accordance with claim 1, wherein each of said two
      plates is hinged about a spindle disposed parallel to the axis of said
      reel.
NUM  6.
PAR  6. A winding machine in accordance with claim 5, wherein said plates are
      controlled by jacks mounted on the body of said winding machine.
NUM  7.
PAR  7. A winding machine in accordance with claim 5, wherein said spindles are
      respectively situated alongside said opposite edges.
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ABST
PAL  High-speed cross-winding apparatus with two traverse motion devices for
      winding elongated materials, especially continuous filaments, into
      packages and embodying a reciprocable thread guide as a first traversing
      device, and a second traversing device in the form of a roller with
      spiral, thread-guiding grooves, the first and second traverse motion
      devices being driven synchronously, and a drive roller for driving the
      package being driven independently thereof. The grooves of the latter
      traverse roller have variable depth for winding tension uniformity, and
      may also temporarily accelerate stroke velocity above the stroke velocity
      of the first traverse device immediately before and/or after stroke
      reversal. The groove depth increases from the middle of the roller to a
      maximum depth preceding the stroke reversal point and then either (a)
      immediately and continuously decreases in depth or (b) immediately
      decreases, then increases and then again decreases in depth.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 289,152, filed Sept. 14, 1972, now U.S. Pat. No. 3,861,607.
PAC  THE INVENTION
PAR  It is the principal objective of the present invention to provide
      high-speed cross-winding devices capable of producing winding packages of
      cylindrical shape with substantially uniform tension of the thread
      throughout the winding package even when such winding is done at high
      speeds exceeding 2500 m/min. These high-speed winding devices are capable
      of producing cylindrical packages of substantially uniform thread tension
      throughout at high winding speeds up to about 3000 to 4000 m/min.
PAR  The improvements herein over the cross-winding devices of the aforesaid
      application reside principally in the contours of the variable depth of
      the thread-guiding groove of the second traverse device, a roller with
      spiral thread guide grooves of variable depth.
PAR  Briefly, the invention provides (1) a first traverse device having a
      reciprocable thread guide for guiding the thread, and (2) a second
      traverse drive comprising a roller having spiral, thread-guiding grooves.
      The stroke length of the first traverse device is approximately equal to
      the distance between the stroke reversal points of the grooves of the
      grooved traversing roller. The apparatus has a drive for said reciprocable
      thread guide. The drive preferably reciprocates the thread guide through
      the stroke reversal zones at low deceleration and acceleration while
      imparting, before and/or after stroke reversal, a velocity of said thread
      guide which is greater than the velocity thereof while it traverses said
      mid-range. Preferably, the drive is a reversibly spirally grooved roller,
      the groove of which at the sroke ends having before and/or after the
      stroke reversal point a pitch angle greater than the pitch angle in said
      mid-range and also a greater radius of curvature at said stroke ends i.e.,
      greater than would be the radius of curvature at the stroke ends with
      grooves pitched at the pitch angle of the mid-range, if the stroke length
      of said first traverse device is approximately equal to the maximum
      distance between the stroke reversal points of the grooves of the second
      traverse device.
PAR  The second traverse device is a rotating thread guide roller with thread
      guiding, spiral grooves. The second traverse device of this invention may
      be a rotatable roller having spiral thread guide grooves which extend
      continuously in spiral fashion over the traverse length of the roller, or
      which may be interrupted at the mid-portion of the traverse roller. Both
      traverse devices run--except in the vicinities of the stroke
      ends--according to the same law of motion, but with a certain constant
      lead of the first thread guide in order to take into account the lag of
      the thread between the first and second traverse device. Through this
      constant lead it is assured that the thread upon entry and exit from the
      grooves of the second rotating traverse roller runs onward at a constant
      speed in the traverse direction and without change of the lag or
      distribution angle.
PAR  During the running of the thread in the second traverse arrangement in the
      vicinities of the stroke ends, the frist traverse device, i.e., the thread
      guide, however, follows a principle of motion peculiar to it, the
      objective of which is to keep as small as possible, through as small as
      possible changes of velocity, the inertia forces acting on the thread
      guide as it reverses direction.
PAR  These small changes in velocity were hitherto possible to realize only when
      the stroke of the thread guide is considerably smaller than the stroke of
      the second traverse devices, the spiral thread guide grooves. With this
      motion of the thread guide, it has been demonstrated that the thread,
      because of excessive deviation of its running direction from the thread
      guide groove direction, is occasionally pulled out of the thread guide
      groove. This occurs especially when--as provided according to a preferred
      embodiment of said application--the guide groove has immediately after the
      reversal point an increased pitch angle. Thereby there exists the problem
      of disturbances of the thread distribution and of thickenings or hard
      zones in the winding. These can lead to uneven engagement of the friction
      drive roller against the package, damage to the thread and to the slippage
      of the threads down end faces of the packages.
PAR  The thread guide grooves of the thread guide roller preferably extend
      spirally continuously over the length of the roller, or alternatively
      extend spirally from the longitudinal mid-portion of the roller to the
      respective stroke reversal zones at each end of the roller and thereafter
      return spirally to a terminus point short of the mid-portion of the
      roller. These spiral grooves have a special variable depth wherein the
      depth increases progressively from the mid-portion of the roller to a
      maximum depth at a point preceding the place of stroke reversal of such
      grove. In a first embodiment, the depth immediately decreases from said
      point at a rate less than the rate of increase immediately preceding said
      point to a point immediately preceding, at or beyond the point of stroke
      reversal of the groove.
PAR  The next portion of the groove following the stroke reversal point
      preferably decreases at a rate of inclination more sharply than the rate
      of increase of depth of the portion of the groove between the mid-point of
      the roller and the aforesaid maximum depth. After this more sharp rate of
      decrease in depth of the thread groove, the rate of decrease of depth is
      at a lesser value than the sharp rate of decrease to the terminus point of
      the end of the groove or to mid-point of the roller, the latter being
      applicable to the embodiment with a continuous, uninterrupted spiral
      groove.
PAR  In a second embodiment, the depth of the groove similarly increases
      progressively from the mid-portion of the roller to a maximum depth at a
      point preceding the place of stroke reversal of the groove. At said point,
      the groove depth immediately sharply diminishes to a second point also
      preceding the place of stroke reversal. At the second point, the groove
      depth again begins to increase to a third point having a depth less than
      the depth of the first point. The third point is substantially at the
      place of stroke reversal. At the third point the groove resumes its
      decrease in depth, which continues until the groove reaches its shallowest
      depth or merges with the cylindrical surface of the roller.
PAR  It is important to maintain a low friction between the grooves and the
      thread running therein and also between the cylindrical surface of the
      roller and the thread running thereover. The grooved roller constituting
      the second traverse device preferably runs at a peripheral velocity which
      is greater than the peripheral velocity of the drive roller which rotates
      the winding package. The drive roller, on the other hand, has a higher
      friction with the running thread and with the thread on the winding
      package. These differences in friction are attained by differences in the
      character of the surface of the rollers and the walls of the grooves. The
      higher friction is attained by polishing the surface of the drive roller,
      while the surface and walls of the grooves of the traversing roller have a
      matte finish.
PAR  The thread runs over the grooved roller in a manner wherein the contact arc
      between the running thread and the grooved roller is at least 60.degree.,
      preferably about 90.degree.. This contact arc, coupled with the
      independently controlled peripheral velocity of the grooved roller and its
      matte finish for providing a low co-efficient of friction with the thread
      running thereover, facilitates control of the uniformity of the desired
      tension of the thread running off the grooved roller onto the winding
      pckage. The latter is driven by the higher friction drive roller at a
      predetermined constant peripheral velocity of the package by a separate
      drive for the friction drive roller. By the capability to adjust the
      tension of the thread portion running from the grooved traversing roller
      onto the winding package through varying the peripheral velocity of the
      low friction, grooved traversing roller, the thread manufacturer or
      processor may select, depending upon the particular requirements, a
      tension for such thread portion, which is:
PAR  1. greater than the thread tension of the portion running between the
      thread delivery device (e.g., a godet) and the low friction, grooved
      traversing roller by using a peripheral velocity of the latter which is
      less than the peripheral velocity of the drive roller;
PAR  2. the same tension by using equal peripheral velocities; or
PAR  3. a lesser tension by using a greater peripheral velocity of the grooved
      traversing roller.
PAR  As the thread proceeds in its traverse path from the mid-portion of the
      grooved, thread-traversing roller toward the stroke reversal zone, there
      is an increasing tendency toward a tension build-up in the running thread,
      particularly at the stroke reversal zones. To overcome this problem, it is
      preferred, in accordance with certain embodiments of the invention, to
      utilize the variable depth grooves as afore-described. Such variable depth
      grooves, particularly in combination with higher peripheral velocity of
      the grooved, thread-traversing roller than the peripheral velocity of the
      drive roller, and the lower friction finish of its cylindrical surface and
      the walls of the grooves, enable the winding of cylindrical packages
      without hard ends and with substantially uniform tension at velocities
      even exceeding 3000 m/min. As is known in the art, such variable tensions
      of the thread in the winding package lead to subsequent technical
      difficulties in dyeing or other processing of the thread, to cylindrical
      packages with hard ends, and poor laying of the superposed winding layers
      on the winding package.
PAR  The controllable peripheral velocity of the grooved transverse roller,
      particularly one with the variable depth of the spiral crossing grooves,
      enables the winding at high winding speeds of 1500 to about 4000 m/min
      without serious tension fluctuation during the traverse stroke, which may
      reach 600 m/min. With known winding devices operating at high winding
      speeds, such uncontrolled tension and tension build-up or break-down
      changes would cause the running thread to climb up out of the spiral
      grooves, particularly in the traverse stroke reversal zones, and/or take
      the path of the oppositely spiralled groove at the groove crossing points.
PAR  An advantage of the invention lies in that it makes it possible to keep the
      speed changes of the thread guide in the reversal places within suitable
      limits, but nevertheless, to adapt the thread guide stroke to the stroke
      length between the thread guide grooves. Through this adaptation of the
      movements of the thread guide to those of the thread guide grooves it
      becomes possible to construct the thread guide grooves in such a way as is
      required for the even distribution and, in particular, for the exact
      reversal of the thread in the package edges without danger that the thread
      guide grooves will lose the thread.
DRWD
PAC  THE DRAWINGS
PAR  In the following description, the invention is illustrated by preferred
      embodiments illustrated herein, wherein:
PAR  FIG. 1 is a front elevation of the traverse devices, the drive roller, and
      the winding package with the thread thereon;
PAR  FIG. 2 is a graphic projection of the movement of the traverse devices and
      the distribution of the thread onto the package, the ordinate being the
      stroke (H) and the abscissa being the development .gamma...phi.;
PAR  FIG. 3 is a side elevation of the winding device of FIGS. 1, 4 and 5, with
      the omission of the thread delivery godet shown in FIG. 1;
PAR  FIG. 4 is a front elevation of a second embodiment of the invention wherein
      the second traversing device comprises a spirally grooved roller with
      continuous, spiral crossing grooves;
PAR  FIG. 5 is a front elevation of a third embodiment of the invention in which
      the second traversing device comprises a spirally grooved roller in which
      the entrant portion of the respective spiral crossing grooves begins in
      the longitudinal mid-portion of the roller, continues through the thread
      reversal zone near the respective ends of the roller, and terminates its
      reversely spiralled portion short of the longitudinal mid-portion of the
      roller;
PAR  FIG. 6 is a diagram of embodiments of the variable depths of the spiral
      groove plotted with the length of the spiral groove illustrated in linear
      dimension as the abscissa and the variable depth of the groove plotted as
      the ordinate; and
PAR  FIG. 7 is a diagrammatic view of an electric motor drive for the package
      drive roller and for the two traversing devices.
DETD
PAC  THE ILLUSTRATED EMBODIMENTS
PAR  The first traverse device is a thread guide 1, which in FIG. 1 has the
      instantaneous direction of movement 1' and is driven by the reverse thread
      roller 24. The second traverse device is a parallel cylinder or roller 2
      with the thread guide grooves 5 and 6 at the stroke ends. The roller 2 has
      the direction of rotation 2'. The thread 7 coming from the delivery
      mechanism 8 or directly from the spinning nozzles (not shown) through the
      fixed thread eye 9 is guided in the zone of the traverse stroke ends over
      the thread guide 1 into the groove 5 and from this onto the winding
      package 3, which is driven by drive roller 4 in the direction of rotation
      3'.
PAR  In the process there occur the following angles:
PAR  The lag angle 18 is the angle formed by the thread portion between thread
      guide 1 and thread guide groove 5 or 6. The angle 19 is that between
      thread 7 and thread guide groove 5 or 6. The distribution angle 20 is that
      formed by the thread running onto the winding package.
PAR  The curves 11, 12, 13 of FIG. 2 represent the movement of the thread guide
      1, of the thread guide grooves 5 and 6 and of the run-on point 7' of the
      thread 7 onto the package 3. In principle, all the movements, except in
      the zones of the stroke ends, follow the same laws of motion with a phase
      displacement in time. The underlying requirement for the avoidance of
      irregularities in the windings with respect to hardness and thickness is
      the maintenance of the sharp cornered curve 13 for the run-on point 7' of
      the thread 7 onto the package 3 as exactly as possible during reversal of
      the thread at the reversal point 13'.
PAR  In order to bring about this exact reversal of the thread, the aforesaid
      application provided that the thread guide grooves 5 and 6 do not reverse
      at point 13' but, in correspondence to the curve 12, had an overstroke 12'
      and thereupon an increased pitch angle 12". The thread guide 1 cannot
      follow the principle of motion along curve 13 in the zone of the stroke
      ends, since then there would occur inadmissibly high inertial forces
      resulting from the sudden decelerations or accelerations. For this reason,
      the thread guide 1 in a typical thread guide drive reverses with only
      slight delay or acceleration in correspondence to the curve 11'. Through
      the overstroke 12' of the thread guide grooves 5 or 6 on the one hand, and
      through the gentle reversal 11' of the thread guide 1 on the other hand,
      however, the angle 19 (FIG. 1) between the running thread 7 and the thread
      guide groove 5 becomes so great that the thread is easily pulled out of
      the groove.
PAR  In order to avoid this, the thread guide drive according to this invention
      follows, in an example of execution, the curve 11" which is distinguished
      besides by small delay of accelerations at its stroke reversal points, by
      a stroke length increase with respect to the curve 11' and an increased
      velocity in the zone 14 after the reversal of the stroke for the
      reattainment of the synchronous traverse movements of the traverse devices
      1 and 2 and of the thread in the middle stroke range 17. It is likewise
      possible to maintain an increased velocity analogously to 14 only in the
      zone before the reversal.
PAR  Another possible example uses for the thread guide drive a principle of
      movement according to curve 11'". This is distinguished, besides by a
      still less rate of deceleration or acceleration at the stroke reversal
      places, by the increased velocities in the zones 15 and 16 before and
      after stroke reversal.
PAR  In all cases, through the temporarily increased velocity of the thread
      guide, it becomes possible to adapt its stroke to the stroke of the second
      traverse device despite low acceleration or deceleration values in the
      reversal zone, in which system its stroke there can be greater or smaller
      than the stroke of the thread guide grooves 5 or 6.
PAR  The temporarily increased velocities of the thread guide 1 are achieved, in
      the case of drive by the reverse thread roller 24, by the increased pitch
      angles 21 and 22 of the reversal thread. This simultaneously makes
      possible an increase of the radius of curvature 23 to provide a reduction
      of the velocity change at stroke reversal. One or both of the increased
      pitch angles 21 and 22 may be used at the stroke ends to provide before
      and/or after the stroke reversal point a pitch angle greater than its
      pitch angle in said mid-range and also a greater radius of curvature at
      said stroke ends.
PAR  Referring now to FIG. 4, this embodiment is similar to the embodiment of
      FIG. 1 with the exception of the character of the spiral grooves in the
      second, thread-traversing roller 30. Where applicable, like numerals
      designate like parts of the winding apparatus. The roller 30 has a
      continuous, cross-spiral groove 31 extending substantially its entire
      length. The thread 7 runs first through the reciprocating guide 1" of the
      first traverse device. The guide's reciprocal movement of the thread leads
      the reciprocal movement of the thread in the continuous groove 31 to
      provide the lag angle 18, which will lay the thread at the proper angles
      for guidance thereof in the portion of groove 31 in which the thread is
      positioned at any given time. The thread reversal zones 32 and 33 have a
      configuration similar to the corresponding thread reversal zones of the
      embodiment of FIG. 1 in plan view. The grooves 31, however, have a
      variable depth over the length thereof. The variable depth-length
      relationsip is illustrated in FIG. 6. The ordinate applicable to the
      embodiment of FIG. 4 is the lefthand ordinate of FIG. 6 wherein the zero
      reference line indicates the surface of the roller 30 and the 1 reference
      line indicates the depth of the groove at the middle of the drum. As can
      be seen from FIG. 6, the respective cross-spiral grooves, beginning in the
      longitudinal middle of the roller, deepen progressively to a maximum depth
      at point A, which precedes the place of stroke reversal of the thread
      (designated by the line B) at the end of the roller. The groove contour
      between the point A and the stroke reversal zone may have a variable depth
      pattern shown in FIG. 6, which is later described. The respective points
      of reversal of the thread traverses are the curved apices 34 (FIG. 4).
PAR  After the stroke reversal zone, the depth of the thread 31 decreases at a
      sharper rate of change or inclination than the progressive rate of change
      or inclination for the increasing depth indicated by the curve portion C
      of FIG. 6. This is shown in FIG. 6 by the curve portion D which has a
      greater inclination than does the curve portion C. The more sharply
      inclined portion D preferably continues to a point E wherein the depth of
      the groove is about 20 - 40% of the maximum depth of the groove,
      whereafter the groove further decreases in depth at a more gradual rate of
      decrease indicated by the curve segment G. This more gradual rate of
      decrease of depth preferably terminates at a point H laterally of the
      longitudinal middle of the roller; thereafter the depth remains constant
      to the middle of the roller, as indicated by the curve portion J.
PAR  The embodiment of FIG. 5 is similar in most respects to the embodiments of
      FIGS. 1 and 4. Where applicable, like numerals designate like parts. The
      principle difference of the embodiment of FIG. 5 with respect to the
      previous embodiments lies in the length of the spiral groove of the roller
      35 constituting the second traversing device. Here the spiral grooves 36
      respectively have beginning points 37 (points of thread entry) at the
      longitudinal mid-portion of the roller. These grooves 36 proceed spirally
      toward the rspective ends of the roller 35 through the thread reversal
      zones 32 and 33, and return in opposite spirals in a manner similar to the
      embodiment of FIG. 4. The returning portions of the spiral grooves 36,
      however, have terminus points 38 spaced laterally from the longitudinal
      mid-portion of the roller. As can be seen in FIG. 5, the portions of the
      groove constituting the beginning points 37 are in alignment with the
      portions of the respective grooves comprising the terminus points 38. This
      is done to accomplish take-over of the thread traverse motion by the
      beginning points 37 when the thread is in or has just exited from the
      terminus points 38.
PAR  In FIG. 6, the depth of groove has the righthand index for the embodiment
      of FIG. 5. Here, the respective cross-spiral grooves proceed in the
      illustrated depth-length relationship from the actual surface of the
      roller 35 and back to the actual surface designated by the number 0. The
      curve of FIG. 6 applicable to this embodiment includes all curve portions
      except the portion J--the terminus points 38 corresponding to point H in
      FIG. 6. The left hand index applies to the continuous groove of the roller
      30, wherein the minimum depth (index = 1) is below the roller's
      cylindrical surface (index number = 0).
PAR  Between curve portions C and D in FIG. 6, the groove for the embodiments of
      FIGS. 4 and 5 may have two alternative types of contours. In the first
      type, the depth contour follows the path F between points A and A'. Here
      the groove reaches its maximum depth at point A before the stroke reversal
      point and immediately begins to decrease its depth at a rate of decrease
      shown by path F at rate less than the rate of increase of depth in the
      portion C of the depth contour. This decrease in depth continues to the
      approximate stroke reversal point of the groove, where its contour changes
      to a sharper rate of decrease of depth in order to merge smoothly with the
      contour segment D beginning at about A'.
PAR  In the second type of groove contour shown in FIG. 6, the depth contour
      follows the path a, b, c, d, e between the curve portions C and D. Here,
      point A is again the point of maximum depth and precedes the stroke
      reversal point of the groove. Here the depth increase (C) quickly is
      reversed to a sharp rate of decrease designated by the curve portion a.
      The decrease in depth continues to point b, located before the point of
      stroke reversal. The depth of the groove at point b is about 15-60% of the
      groove depth at point A.
PAR  At point b, the depth of the groove again increases at a relatively sharp
      rate along the curve path c similar to the rate of increase of the portion
      of curve path C which is adjacent point A. The depth increase continues to
      point d, the depth of which is about 60-90% of the depth of point A. Point
      d preferably is just before, at or just after the point of stroke reversal
      (End of Roller, FIG. 6). At point d, the groove depth again begins to
      decrease along the curve path e until it merges smoothly with the sharply
      depth-decreasing curve portion D.
PAR  The embodiments encompassed by FIGS. 4-6 thus are:
PAR  1. a spirally grooved thread guide roller 30 or 35 having spiral grooves of
      opposite hand for guiding the thread in traverse strokes thereof and
      stroke reversal zones at respective opposite ends of the roller, the
      spiral grooves having a variable depth which increases progressively from
      a shallowest segment at or below the surface of the roller in the
      longitudinal mid-portion of the roller to a point of maximum depth
      preceding the point of stroke reversal of the respective stroke reversal
      zones, and the respective spiral grooves then immediately decreasing in
      depth at a small rate of decrease to about the point of stroke reversal,
      and thereafter decreasing in depth at a rate of decrease greater than said
      small rate to a shallowest groove depth in the longitudinal mid-portion of
      the roller; and said spiral grooves either being (a) continuous, crossing
      grooves having their shallowest segments at the longitudinal mid-portion
      of said roller or (b) respectively beginning at the cylindrical surface of
      the longitudinal mid-portion of said roller and ending on the cylindrical
      surface of said roller at said point laterally displaced from the
      longitudinal mid-portion of said roller.
PAR  2. a spirally grooved thread guide roller 30 or 35 having spiral grooves of
      opposite hand for guiding the thread in traverse strokes thereof and
      stroke reversal zones at respective opposite ends of the roller, grooves
      in the cylindrical surface thereof, the spiral grooves having a variable
      depth which increases progressively from a shallowest segment at or below
      the surface of the roller in the longitudinal mid-portion of the roller to
      a point of maximum depth preceding the point of stroke reversal of the
      respective stroke reversal zones, which depth then decreases from said
      first-mentioned point to a second point preceding said point of stroke
      reversal, then again increases to a point substantially at the point of
      stroke reversal, and then again decreases to a shallowest groove depth in
      the longitudinal mid-portion of said roller; and said spiral grooves
      either being (a) continuous, crossing grooves having their shallowest
      segments at the longitudinal mid-portion of said roller or (b)
      respectively beginning at the cylindrical surface of the longitudinal
      mid-portion of said roller and ending on the cylindrical surface of said
      roller at said point laterally displaced from the longitudinal mid-portion
      of said roller.
PAR  Groove depth contours of the type shown by curve C, A, F, A', D, etc.,
      (FIG. 6) are preferred for grooved guide rollers 30 or 35 which have a
      thread-traverse stroke length of about 150 mm. or more, e.g., up to about
      350 mm. Groove depth contours of the type shown by curve C, A, a, b, c, d,
      e, D, etc. (FIG. 6) are preferred for spirally grooved guide rollers 30 or
      35 which have a shorter thread-traverse stroke length, e.g., up to about
      100 mm. For grooved guide rollers 30 or 35 having a thread-traverse stroke
      length of about 100-150 mm, the groove contour adjacent the stroke
      reversal point preferably has a curve lying within the shaded area of FIG.
      6 between the two aforesaid curves.
PAR  The aforesaid embodiments of the rollers 30 and 35 preferably are used in
      high speed winding systems in combination with another traverse device
      having a reciprocable thread device for guiding the thread in traversing
      winding strokes, the latter traverse device being the first traverse
      device through which the thred runs. The first traverse device has means
      for reciprocably driving said thread guide to provide reciprocable
      movement of the guided, running thread in leading relationship to the
      reciprocable movement of the thread in said spiral grooves to provide a
      lag angle to lay the thread at proper angles for guidance in the
      respective portion of the spiral groove in which the thread is positioned
      at any given time during the traverse movement of the running thread by
      the reciprocating thread guide and said spiral grooves of said rotating,
      cylindrical, traverse roller. The first traverse device preferably has its
      thread guide reciprocably driven by drive means embodying a rotatable
      cross-spiral grooved roller, the groove of which at the stroke ends having
      before and/or after the stroke reversal point a pitch angle greater than
      the pitch angle in said mid-range and also a greater radius of curvature
      at said stroke ends.
PAR  The walls of said spiral grooves and/or said cylindrical surface of said
      roller preferably have a matte finish with a depth of roughening in said
      matte finish of about 1.5 to 40 microns, most preferably 3 to 10 microns.
PAR  The cylindrical surface of the thread-traversing rollers 2, 30 and 35 have
      a relatively low friction on the thread running thereover. This relatively
      low friction is attained by a matte surface for both the cylindrical
      surface of the rollers and the walls of the grooves therein. Such
      surfaces, for example, may be the so-called "matte-chromed" surfaces
      obtained by sand blasting the surfaces a predetermined depth of roughness
      and then hard-chroming this roughened surface. The depth of roughening of
      such matte-chromed surfaces generally amounts to said 1.5 to 40 microns,
      preferably about 3 to 10 microns. The package drive roller 4, on the other
      hand, has a higher friction with reference to the running thread and to
      the thread on the package, such as may be attained by using a highly
      polished chrome, cylindrical surface on this roller.
PAR  FIG. 7 illustrates a preferred form for the drive of the two thread
      traverse devices and the package drive roller. The drive comprises a
      common source of alternating current 40, a synchronous motor 41 for
      driving the drive roller 4, a rotary transformer 42, and a synchronous
      variable speed motor 43 for driving the spirally grooved roller 2, 30 or
      35. The cross-groove roller 24 for the first traverse device is driven
      synchronously with the grooved rollers 2, 30 and/or 35, e.g., by means of
      a toothed belt-pulley connecting drive. The synchronous motor 41 drives
      the drive roller 4 fro the package 3 at a constant speed of rotation. The
      electrical energy for the synchronous motor 43 is also supplied by the
      source of alternating current 40, but via the rotary transformer 42. The
      rotatable part of the latter is periodically oscillated by an auxiliary
      drive, not shown. This brings about a periodic shift in the frequency of
      the current supplied to the synchronous motor 43, the speed of rotation of
      which consequently periodically oscillates briefly above and below its
      mean or average value. The speed of rotation of the grooved rollers of the
      traversing devices within thereby changes accordingly. This results in
      similar changes in the stroke velocities imparted to the thread by the
      thread-traversing devices, thereby eliminating or avoiding ribboning or
      mirror-image formations on the winding package.
PAR  The rate of rotation, and hence the peripheral velocity, of the
      thread-traversing rollers 2, 30 and/or 35 can be controlled independently
      of the rate of rotation, and hence peripheral velocity, of the drive
      roller 4 by virture of their drive by separate motors. It is preferred, in
      order to attain uniform and desired thread tension in the thread package 3
      and in the segment 50 of running thread (FIG. 3), to drive the spirally
      grooved roller 2 at a slightly higher peripheral velocity than peripheral
      velocity of the roller 4. Furthermore it is possible to change by
      controlling of the rate of rotation of the thread-traversing rollers 2, 30
      and/or 35 also the distribution angle 20. The deviation of the peripheral
      velocity of the thread-traversing rollers 2, 30 and/or 35 to the
      peripheral velocity of the drive roller can be approximately .+-. 17%
      without the danger that the thread will climb out of the grooves of the
      second traverse device. By the same velocity of thread and surface of the
      spiral grooved roller the distribution angle 20 was 8.degree.30' and could
      be varied between 7.degree. and 10.degree. by changing the peripheral
      velocity of the spiral grooved roller. It is to be further noted from FIG.
      3 that the thread runs onto and contacts the winding package 3 at a point
      7' prior to the point of contact 52 between the cylindrical thread package
      and the surface of the drive roller 4. This pre-contact of the thread with
      the winding package seats the thread in the package prior to its contact
      with the polished, high friction surface of the drive roller 4. Such high
      friction surface would otherwise tend to carry the running thread on its
      surface beyond the point of contact 52, and result in a progressively
      greater looping in the thread beyond the point of contact 52, particularly
      in cases where the tension of the thread running onto the package is low.
      In the arrangement shown, the friction between the running thread and the
      thread of the winding layers of the package is greater than the forces
      tending to carry the thread on the surface of the roller 4 beyond the
      point of contact 52, so that the thread is laid uniformly and at
      substantially constant tension on the winding package.
PAR  The two traverse devices and friction drive roller preferably are mounted
      on the same frame or unit and together are movable as a single unit up and
      down relative to the winding bobbin, its spindle or shaft and the bobbin
      winding thereon. The single unit in turn is vertically operated by a
      piston and cylinder unit with a diaphragm seal. The piston and cylinder
      unit in turn is operated under the control of a pneumatic (or hydraulic)
      control system to (a) regulate or control the contact pressure between the
      drive roller and the bobbin winding, (b) raise the unit at the end of the
      winding operation to allow the wound bobbin to be removed and (c) lower
      the unit to drive-operating position for the beginning of a new bobbin
      winding. A preferred form for this purpose and function is that disclosed
      in German Published Application No. P 20 39 772, published Mar. 2, 1972.
CLMS
STM  The invention is hereby claimed as follows:
NUM  1.
PAR  1. A high speed winding apparatus comprising a traverse device, said
      traverse device being a rotatably driven, cylindrical, traverse roller
      with spiral grooves in the cylindrical surface thereof, said spiral
      grooves being of opposite hand for guiding the thread in traverse strokes
      thereof and having stroke reversal zones at respective opposite ends of
      the roller, the spiral grooves having a variable depth which increases
      progressively from a shallowest segment at or below the surface of the
      roller in the longitudinal mid-portion of the roller to a point of maximum
      depth preceding the point of stroke reversal of the respective stroke
      reversal zones, and the respective spiral grooves then immediately
      decreasing in depth at a first rate of decrease to about the point of
      stroke reversal, and thereafter decreasing in depth at a rate of decrease
      greater than said first rate to a shallowest groove depth in the
      longitudinal mid-portion of the roller.
NUM  2.
PAR  2. A high speed winding apparatus as claimed in claim 2, said spiral
      grooves being continuous, crossing grooves having their shallowest
      segments at the longitudinal mid-portion of said roller.
NUM  3.
PAR  3. A high speed winding apparatus as claimed in claim 1, embodying in
      combination with said traverse device another traverse device having a
      reciprocable guide for guiding the thread in traversing winding strokes,
      the latter traverse device being the first traverse device through which
      the thread runs, and means for reciprocably driving said thread guide to
      provide reciprocable movement of the guided, running thread in leading
      relationship to the reciprocable movement of the thread in said spiral
      grooves to provide a lag angle to lay the thread at proper angles for
      guidance in the respective portion of the spiral groove in which the
      thread is positioned at any given time during the traverse movement of the
      running thread by the reciprocating thread guide and said spiral grooves
      of said rotating, cylindrical, traverse roller.
NUM  4.
PAR  4. A high speed winding apparatus as claimed in claim 1, embodying in
      combination with said traverse device another traverse device having a
      reciprocable thread device for guiding the thread in traversing winding
      strokes, the latter traverse device being the first traverse device
      through which the thread runs, and means for reciprocably driving said
      thread guide to provide reciprocable movement of the guided, running
      thread in leading relationship to the reciprocable movement of the thread
      in said spiral grooves to provide a lag angle to lay the thread at proper
      angles for guidance in the respective portion of the spiral groove in
      which the thread is positioned at any given time during the traverse
      movement of the running thread by the reciprocating thread guide and said
      spiral grooves of said rotating, cylindrical, traverse roller, said thread
      guide being reciprocably driven by drive means embodying a cross-spiral
      grooved roller, the groove of which at the stroke ends having before
      and/or after the stroke reversal point a pitch angle greater than the
      pitch angle in said mid-range and also a greater radius of curvature at
      said stroke ends.
NUM  5.
PAR  5. A high speed winding apparatus as claimed in claim 1 wherein the walls
      of said spiral grooves and said cylindrical surface of said roller have a
      matte finish with a depth of roughening in said matte finish of about 1.5
      to 40 microns.
NUM  6.
PAR  6. A high speed winding apparatus as claimed in claim 5 wherein said depth
      of roughening is about 3 to 10 microns.
NUM  7.
PAR  7. A high speed winding apparatus as claimed in claim 1 wherein said spiral
      grooves respectively begin at the cylindrical surface of the longitudinal
      mid-portion of said roller and end on the cylindrical surface of said
      roller at said point laterally displaced from the longitudinal mid-portion
      of said roller.
NUM  8.
PAR  8. A high speed winding apparatus comprising a traverse device, said
      traverse device being a rotably driven, cylindrical, traverse roller with
      spiral grooves in the cylindrical surface thereof, said spiral grooves
      being of opposite hand for guiding the thread in traverse strokes thereof
      and having stroke reversal zones at respective opposite ends of the
      roller, the spiral grooves having a variable depth which increases
      progressively from a shallowest segment at or below the surface of the
      roller in the longitudinal mid-portion of the roller to a point of maximum
      depth preceding the point of stroke reversal of the respective stroke
      reversal zones, which depth then decreases from said first-mentioned point
      to a second point preceding said point of stroke reversal, then again
      increases to a point substantially at the point of stroke reversal, and
      then again decreases to a shallowest groove depth in the longitudinal
      mid-portion of said roller.
NUM  9.
PAR  9. A high speed winding apparatus as claimed in claim 8, said spiral
      grooves being continuous, crossing grooves having their shallowest
      segments at the longitudinal mid-portion of said roller.
NUM  10.
PAR  10. A high speed winding apparatus as claimed in claim 8, embodying in
      combination with said traverse device another traverse device having a
      reciprocable guide for guiding the thread in traversing winding strokes,
      the latter traverse device being the first traverse device through which
      the thread runs, and means for reciprocably driving said thread guide to
      provide reciprocable movement of the guided, running thread in leading
      relationship to the reciprocable movement of the thread in said spiral
      grooves to provide a lag angle to lay the thread at proper angles for
      guidance in the respective portion of the spiral groove in which the
      thread is positioned at any given time during the traverse movement of the
      running thread by the reciprocating thread guide and said spiral grooves
      of said rotating, cylindrical, traverse roller.
NUM  11.
PAR  11. A high speed winding apparatus as claimed in claim 8, embodying in
      combination with said traverse device anoother traverse device having a
      reciprocable thread device for guiding the thread in traversing winding
      strokes, the latter traverse device being the first traverse device
      through which the thread runs, and means for reciprocably driving said
      thread guide to provide reciprocable movement of the guided, running
      thread in leading relationship to the reciprocable movement of the thread
      in said spiral grooves to provide a lag angle to lay the thread at proper
      angles for guidance in the respective portion of the spiral groove in
      which the thread is positioned at any given time during the traverse
      movement of the running thread by the reciprocating thread guide and said
      spiral grooves of said rotating, cylindrical, traverse roller, said thread
      guide being reciprocably driven by drive means embodying a cross-spiral
      grooved roller, the groove of which at the stroke ends having before
      and/or after the stroke reversal point a pitch angle greater than the
      pitch angle in said mid-range and also a greater radius of curvature at
      said stroke ends.
NUM  12.
PAR  12. A high speed winding apparatus as claimed in claim 11 wherein the walls
      of said spiral grooves and said cylindrical surface of said roller have a
      matte finish with a depth of roughening in said matte finish of about 1.5
      to 40 microns.
NUM  13.
PAR  13. A high speed winding apparatus as claimed in claim 12 wherein said
      depth of roughening is about 3 to 10 microns.
NUM  14.
PAR  14. A high speed winding apparatus as claimed in claim 8 wherein said
      spiral grooves respectively being at the cylindrical surface of the
      longitudinal mid-portion of said roller and end on the cylindrical surface
      of said roller at said point laterally displaced from the longitudinal
      mid-portion of said roller.
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ABST
PAL  A tape cassette comprises a case open at its top and having a tape-loaded
      reel rotationally mounted therein, a cover slidably opening and closing
      the opening of the case in a sidewise direction, and a pair of tape
      delivery members mounted on the forward portion of the cover to permit the
      part of the tape to be delivered merely upon withdrawal of the covering.
BSUM
PAR  This invention relates to a tape cassette of the type in which part of a
      tape can be delivered out upon loading the tape onto a tape travelling
      device.
PAR  A video tape recorder (VTR) is generally used as a device for recording and
      reproducing video signals such as TV signals. The conventional video tape
      recorder adapted to record and reproduce video signals through a magnetic
      head of a rotary type requires a servo mechanism for tracking and
      furthermore, a rotary head mechanism and a tape travelling mechanism are
      complicated in construction. This provides a bar to the simplification and
      miniaturization of the video tape recorder, resulting in an extremely high
      cost.
PAR  To obviate the above-mentioned drawbacks, there has been considered a
      device for recording and reproducing video signals using an endless tape
      and a stationary magnetic head. In this device the tape is required to
      travel stably at a high speed, such as, a speed of more than 3m per
      second. A tape travelling mechanism used in this case is different from a
      low-speed tape travelling mechanism for an acoustic signal recording and
      reproducing device and is constructed, for example, as will be set forth
      below. An endless tape wound around a reel is delivered from the innermost
      periphery of a tape roll, passed between a capstan and an inlet pinch roll
      and between the capstan and an outlet pinch roll, and wound around the
      outermost periphery of the tape roll. The tape passed between the capstan
      and the inlet pinch roll is scanned by a stationary magnetic head, while
      being guided along a head facing guide disposed opposite the magnetic
      head.
PAR  Where the tape is embodied in a cassette form, it is impossible in the
      above-mentioned tape travelling device to provide the pinch roll on the
      cassette, in view of stable tape travelling, unlike a tape travelling
      device for acoustic signals. For this reason it is required that, upon
      loading the cassette tape onto a tape travelling device, part of the tape
      be delivered outward for insertion into a tape passage between the
      magnetic head and head guide of the tape travelling device.
PAR  In this case the tape is directly manually delivered outward from the case,
      so that its operation is very cumbersome and, furthermore, it is very
      difficult to quickly load the tape onto the tape travelling device in a
      good loading condition.
PAR  Accordingly, an object of this invention is to provide a tape cassette
      capable of readily delivering the part of a tape outward without the
      necessity of directly manually contacting the tape and when loading of the
      tape onto a tape travelling device by a simple operation.
PAR  Another object of this invention is to provide a tape cassette capable of
      being readily removed from the tape travelling device.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of a tape cassette according to one embodiment
      of this invention;
PAR  FIG. 1a is a plan view showing part of the tape cassette of FIG. 1;
PAR  FIG. 2 is a plan view showing one aspect of a tape travelling device
      capable of being used in combination with the cassette tape of this
      invention;
PAR  FIG. 3 is a side view showing a pair of guide members used in the tape
      travelling device of FIG. 2;
PAR  FIG. 4 is a plan view showing another aspect of the tape travelling device
      of FIG. 2; and
PAR  FIGS. 5a and 5b are side and plan views, respectively, showing the variants
      of the tape delivery member.
DETD
PAR  Referring now to the drawings, a tape casette according to one embodiment
      of this invention, is shown having an endless tape 1, preferably being a
      magnetic tape, but not restricted thereto, is wound around a reel 4
      rotatably supported on a shaft 3a and housed within a rectangular case 2.
      The shaft 3a is securely mounted on the rear part of a base plate 2a. The
      front wall 2b of the case 2 is pivoted on the base plate and may be swung
      about the pivot to open the front side of the case 2. Movement of the tape
      1 is effected by a mechanism to be later described so that the tape is
      delivered from the innermost periphery of a tape roll 5 and then is wound
      around the outermost periphery thereof. Below the tape roll 5 means (not
      shown) for preventing the tape from being largely expanded outward under a
      centrifugal force applied to the tape roll 5 due to the high travelling
      speed of the tape is provided in a manner to contact with the lower
      surface of the tape roll.
PAR  Near the tape roll 5 are provided first and second fixed guide poles 6 and
      7 extending slantwise relative to the base plate 2a. The tape delivered
      from the innermost periphery of the tape roll 5 is oriented, through the
      guide poles 6 and 7, with its lower edge run parallel with the base plate.
      Ahead of the second guide 7 is provided a third fixed guide pole 8
      projecting vertically relative to the base plate and having flanges at its
      upper and lower ends. The guide pole 8 may prevent any movement of the
      tape across the width of the tape running between the flanges.
PAR  In the upper portions of the opposite side walls of the case 2, guide
      grooves are provided so that a covering 9 can be slidably moved relative
      to the case 2 to open and close the upper opening of the case 2. At the
      forward portion of the under surface of the covering 9 a pair of tape
      delivery poles 10 and 11 are vertically projected with a predetermined
      space left therebetween. The tape delivery pole have at their free ends a
      flange adapted to be contacted with the lower edge of the tape to thereby
      prevent the tape from dropping downwardly.
PAR  With the tape cassette according to this invention there is provided a
      mechanism for eliminating a loosened portion of the tape. The mechanism
      has a swinging arm 12, the base end of which is pivotally mounted on the
      upper end of the shaft 3a and the free end of which is extended outwardly
      of the tape roll 5. The swinging arm 12 has a downwardly directing guide
      roll 12a rotatably mounted at its free end. Midway of the arm 12 there is
      anchored one end of a spiral spring 13, the other end of the spiral 13
      being secured to the shaft 3a. As a result, the swinging arm 12 is
      normally urged in a counter-clockwise direction and located in a position
      in a dash line shown by FIG. 1a while being held, during tape travelling,
      by a position shown in a solid line in FIG. 1a against the force of the
      spiral spring 13 so that the roll 12a exerts no influence on the
      travelling tape. The holding in the latter position of the swinging arm is
      attained, for example, by providing a leaf spring 14 bent in a U-shape for
      holding therein the roll 12a ahead of the tape roll 5. A fourth pole 3 is
      provided near the leaf spring 14. As a result, the tape passed through the
      pole 11 is turned at the roll 12a mounted on the forward end of the
      swinging arm 12, again turned at the fourth pole 3 and then wound around
      the outermost periphery of the tape roll 5, while the tape is received in
      the case. Under this condition the tape 1 is kept tensioned by the
      swinging arm 12 to which a rotation force is applied. The tape continues
      to be kept tensioned even when the covering 9 is withdrawn from the case
      2, as shown in FIG. 1, for insertion into a tape travelling device,
      because the swinging arm 12 is swung in accordance with the extent to
      which the tape is delivered out through the tape delivery poles 10 and 11.
      When the tape is caused to move by the tape travelling device, arm 12 is
      swung to the position shown by solid line in FIG. 1a, where the roll 12a
      is ahead of the pole 3 and held in its position within spring detent 14,
      the downwardly extending roll 12a moving outside the roll 3 during its
      rotational translation in a clockwise direction against the biasing force
      of spring 13. Consequently, the tape passed about the pole 11 is then
      wound on the outermost periphery of the tape roll 5 without being
      influenced by the roll 12a.
PAR  The above-mentioned tape cassette is loaded onto a tape travelling device,
      for example, as shown in FIGS. 2 to 4, when signals are recorded to, and
      reproduced from, the tape.
PAR  A cassette tape travelling device, shown in FIGS. 2 to 4, is suitable for
      running the above-mentioned cassette tape when loaded therein. On a
      substrate 15 there are provided a capstan 16, adapted to be rotated in the
      direction of an arrow shown in FIG. 2 by a motor (not shown), and inlet
      and outlet pinch rolls 17 and 18 respectively situated at opposite sides
      of the capstan 16. These pinch rolls 17 and 18 have their surface layers
      made of rubber. During a tape travelling, the pinch rolls, in association
      with the capstan, permit the tape to be brought into a scanning position.
      When the tape is loaded, the pinch rolls 17, 18 are located away from the
      capstan 16 so that the tape can be easily inserted between the capstan and
      the pinch roll. With this embodiment, elongated holes 15b are provided in
      the substrate 15 and the respective shafts of the pinch rolls are inserted
      into the respective elongated holes so that the pinch rolls can be moved
      along the elongated holes.
PAR  At the front portion of the substrate 15 a stationary magnetic head 19 is
      located opposite to, and at a predetermined interval from, the capstan 16.
      The magnetic head 19 is mounted on a head base 20. The magnetic head 19
      and head base 20 are integrally movable vertically, i.e. across the width
      of the tape, relative to the substrate 15, by a suitable drive mechanism,
      not shown. On the substrate between the magnetic head and the capstan
      there is provided a tape supporting plate 21 for supporting the lower side
      edge of the tape. A guide device 22 is rotationally mounted on the
      supporting plate 21. In the first rotational position of the guide device,
      a wide tape passage is provided between the magnetic head and the guide
      device 22 so that the delivered tape portion can be readily inserted into
      the cassette tape travelling device, and in the second rotational position
      of the guide device 22, a narrower tape passage is provided so that the
      magnetic head 19 can normally scan the magnetic tape. The guide device 22
      has a pair of rotatable support shafts 23 extending upward through the
      substrate 15. A pair of rotational bodies 25 are mounted to the respective
      projecting ends of the support shafts 23. The rotational bodies 25 have
      respective arcuate guide plates 24 mounted on their peripheries. The
      rotational body is substantially sectional in configuration and has the
      support shaft 23 near its central axis. The guide plates 24, when in the
      second or scanning position, are moved closest to the head base 20 as
      shown in FIG. 2 to permit the magnetic head 19 to scan the magnetic tape
      slidably travelling along the guide plate 24. When the support shafts 23,
      and thus the rotational bodies 24, are rotated through about 180.degree.
      into the first or tape inserting position, the rotational bodies 25, and
      thus the guide plates 24, are moved furthest away from the head base 20 so
      that the wide tape passage is defined, as shown in FIG. 4, between the
      guide plate 24 and the magnetic head 19. This permits the magnetic tape to
      be easily inserted between the magnetic head 19 and the poles 10, 11. The
      pair of guide plates 24 may be manually rotated. With this embodiment,
      however, the pair of guide plates 24 are electrically rotated, as shown
      below, in synchronism with the movement of the pinch rolls 17, 18. Below
      the substrate 15 a pair of intermeshing gears 26 are individually
      coaxially mounted on the support shafts 23. A driven pulley 27 is further
      mounted to one of the support shafts 23. The driven pulley 27 is
      operatively connected through a rope 29 to a driving pulley 28 which is
      driven by a motor. The driving of this motor is controlled by a switch 30
      mounted below the base substrate 15. The driving pulley 28 is operatively
      connected by a rope and spring assembly 31 to the pair of pinch rolls 17,
      18 to permit the pinch rolls 17, 18 to be selectively located into the
      tape travelling and tape inserting positions in synchronism with the
      movement of the guide device 22.
PAR  There will now be explained the operation of the abovementioned cassette
      tape travelling device into which the cassette tape of FIG. 1 is
      incorporated.
PAR  When the motor is energized through the switch 30, the guide device 22 and
      pinch rolls 17, 18 are brought into the tape inserting position in which
      the wide tape passage is provided. Then, the upper covering 9 is withdrawn
      from the case 2, as shown in FIG. 1, to cause the tape to be delivered
      outward through the pair of guide poles 10, 11 as shown in broken lines in
      FIG. 1. That tape delivery portion defined between the pair of poles 10
      and 11 is inserted between the magnetic head 19 and the guide device 22
      with the remaining tape delivery portion located between the capstan 16
      and the pinch rolls 17, 18. Under this state, the case 2 is fixed by a
      suitable mechanism, not shown, to the device. Upon energization of the
      switch 30 the motor is driven to cause the guide plates 24 to the guide
      device 22 to be rotated through about 180.degree. to permit the tape to be
      located relative to the magnetic head 19. In synchronism therewith, the
      pair of pinch rolls 17, 18 are moved along the respective elongated holes
      15b into contact with the capstan 16. When the capstan 16 is rotated, the
      tape 1 is delivered from the innermost periphery of the tape roll 5, then
      passed through the poles 7, 8 and the nip between the capstan 16 and the
      inlet pinch roll 17, through the narrow passage between the magnetic head
      and the guide plate, and then through the nip between the capstan 16 and
      the outlet pinch roll 18, and wound around the outermost periphery of the
      tape roll 5.
PAR  With the above-mentioned tape cassette, the tape is automatically delivered
      out by merely withdrawing the covering, a predetermined amount from the
      case 2. In other words, the tape can be brought into a tape loading
      position without being touched by the hand of the operator. Consequently,
      the withdrawal of the covering 9 from the case 2 and thus the delivery of
      the tape from the case are readily effected without any error. Where the
      tape cassette is used in combination with the tape travelling device, as
      shown in FIGS. 2 to 4, the cassette tape can be easily loaded into the
      tape loading device. Even when the tape is delivered out, the tape is kept
      tensioned without sagging and there is no fear that the portion of the
      tape will drop from the case 2 or be entangled on the tape travelling
      device. Upon removal of the cassette tape from the tape travelling device,
      that slack or loosened portion of the tape which, during a tape
      travelling, acts as a buffer can be easily eliminated. After the cassette
      tape is removed from the tape travelling device, the cassette is closed
      into an original position by slidably moving the covering 9 relative to
      the case 2.
PAR  Though the pair of flanged poles 10 and 11 are used in the above-mentioned
      cassette, they should not be taken in a limitative way. For example, use
      may be made of a pair of tape delivery members 10a, each upwardly bent to
      have a tape guide space, as shown in FIG. 5a.
PAR  The tape delivery member may be mounted on the free end of a pair of arms
      10b, the base ends of which are pivotally mounted at the forward portion
      of the covering 9, as shown in FIG. 5b, with a predetermined space left
      between the arms. In this case, a pin 24a is fixed, as shown in dotted
      lines, at one end of the guide plates 24. When the guide plates 24 of the
      tape travelling device is swung from the tape loading position to the tape
      scanning position, the pin 24a pushes the arm 10b to cause it to be swung
      to permit the tape to be disengaged from the tape delivery member.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cassette tape comprising:
PA1  a case;
PA1  a reel rotatably mounted on the bottom of said case adjacent one end
      thereof;
PA1  a cover member slidably mounted on said case for opening and closing the
      top thereof, said cover member being slidable in one direction away from
      said one end of said case to expose said reel positioned within said case
      adjacent said one end thereof and being slidable in an opposite direction
      for closing said top of said case; and
PA1  tape delivery means mounted on the inside surface of said cover member on
      the end thereof in the closed position opposite said one end of said case
      wherein said reel is rotatably mounted for permitting the tape to be
      carried outside said case upon sliding movement of said cover member in
      said one direction.
NUM  2.
PAR  2. A cassette tape according to claim 1, further including tape tension
      means for tensioning the tape under a predetermined tension force, except
      during a tape travelling, to prevent a sagging of the tape.
NUM  3.
PAR  3. A cassette tape according to claim 2, in which said tape tension means
      comprises:
PA1  an arm pivotable about one end thereof through an axis coincident with the
      axis of said reel;
PA1  a roll mounted at the opposite free end of said arm for guiding said tape;
PA1  an urging member for swingably urging said arm for causing said tape to be
      tensioned through said roll; and
PA1  a member for holding the roll in position against the urging force of said
      urging member during tape travelling, so as to thereby exert no influence
      on said travelling tape.
NUM  4.
PAR  4. A cassette tape according to claim 3, in which said urging member is a
      spring, one end of which is fixed and the other end of which is connected
      to the arm.
NUM  5.
PAR  5. A cassette tape according to claim 1, in which said tape delivery means
      comprises a pair of poles mounted at a predetermined interval near the
      forward end of said cover member opposite said one end of said case and
      projecting into the interior of the case and each having its free
      projecting end a flange for preventing the tape from dropping therefrom.
NUM  6.
PAR  6. A cassette tape according to claim 1, in which said tape delivery means
      comprises a pair of tape delivery members mounted at a predetermined
      interval near the forward end of said cover member opposite said one end
      of said case and projecting into the interior of the case and each having
      at its free projecting end an upturned portion defining a tape guide
      space.
NUM  7.
PAR  7. A tape cassette according to claim 1, in which said tape delivery means
      comprises a pair of arms having respective one ends swingably mounted at a
      predetermined interval on the cover member and a pair of tape guide poles
      each mounted at the opposite free end of the arm and projecting into the
      interior of the case.
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ABST
PAL  An improved rewind shaft of a web slitting machine has a long shaft portion
      supporting cores which are held in exact positions and against movement
      along the shaft by a retaining sleeve held against longitudinal movement
      relative to the rewind shaft by an expansible air shaft segment forming a
      detachable end portion of the rewind shaft.
BSUM
PAR  This invention relates to an improved rewind shaft, and has for an object
      thereof the provision of an improved rewind shaft.
PAR  Another object of the inventin is to provide a rewind shaft having a
      detachable journal and core retainer end segment.
PAR  A further object of the invention is to provide a  hybrid air shaft
      construction including a long bar portion which slidably mounts rewind
      cores, and also including a short air shaft and journal segment which
      holds a retainer sleeve in engagement with the adjacent one of the cores.
PAR  Another object of the invention is to provide a combined chucking and
      journaling segment attachable to an end of a rewind bar.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a fragmentary perspective view of a paper web slitting machine
      including an improved rewind shaft forming one embodiment of the
      invention;
PAR  FIG. 2 is a schematic view of the machine of FIG. 1;
PAR  FIG. 3 is an enlarged, fragmentary, partially sectional view of the
      improved rewind shaft of FIG. 1; and
PAR  FIG. 4 is an enlarged, vertical sectional view taken along line 4--4 of
      FIG. 3.
DETD
PAR  Referring now in detail to the drawings, there is shown therein a paper web
      slitting machine including an improved rewind shaft 10 forming one
      embodiment of the invention and forming a part of a two-drum and riding
      roll surface wind system 12. A paper web 14 is advanced from an unslit
      supply roll 16 through rotary shears 15, and the several resulting slit
      webs 18 travel over a bow spreader 19 and under driving drum 20 and are
      wound on the rewind shaft 10 to form rolls 22, a second driving drum 24
      also serving to support and rotate the rolls 22. A known, counterweighted
      pressing roll 25 engages the rolls 22. More specifically, the rolls 22 are
      wound on cores 26 (FIG. 3) which are coextensive in lengths with the
      lengths of the respective rolls 22 thereon, and may be formed of fiber,
      steel or other materials.
PAR  The fiber cores 26 are held against substantial movement along the shaft 10
      by a collar 28 of a journaling and segment 34 and a retaining sleeve 30,
      which mag be a random length piece of salvage or scrap core, like the
      cores 26. The sleeve 30 and collar 28 hold the cores 26 in exact positions
      on the shaft 10. The shaft 10 includes a long tube or bar 32 to one end of
      which the end segment 34 is detachably secured. The end segment 34 has a
      reduced tapered end portion 36 press fitted into a bushing 40 fixed to the
      bar 32. The end segment 34 is detachably secured by a tapered pin 42 to
      the tube 32, shims 43 controlling the press fit. The end segment 34 has a
      journal portion 44 and a pulling collar 46. The journal portion has collar
      portions 48 larger than the central portion of the journal and an even
      larger stop portion 50. The collar portions fit in a known, quick
      releasable bearing structure 52 movable along a known vertical guide
      structure 54, as is well known in the art.
PAR  The shaft 10 also includes a short, expansible shaft segment 60 which may
      be an air shaft or chuck having a tapered end portion 61 breakaway fitted
      into complementary, tapered socket 64 in a bushing 66 welded to the tube
      32. Shims 62 between the ends of the tube 32 and a sleeve 74 of the air
      shaft permit just the desired extent of jamming of the tapered end portion
      61 in the socket 64. A tapered pin 68 locks the bushing to the tube and to
      the tapered portion 61.
PAR  An alternate structure for locking the shaft segment 60 to the tube 32
      comprises providing American Pipe Institute locking threads on the portion
      61 and in the tapered socket 64.
PAR  A tubular journal portion 70 has an enlarged end portion 72 press-fitted
      into the sleeve 74 of the air shaft. The air shaft also includes internal
      leaf and lug assemblies 76 having lugs 78 (or other gripping members)
      projecting through slots 80 in the sleeve 74. The lugs have rounded end or
      corner portions 82. A rubber tube 84 plugged at one end and sealed to a
      female tube fitting 86 and an end cap 88, when supplied with air under
      pressure, expands to press the lugs 78 radially outwardly into locking
      engagement with the retaining sleeve 30. When the pressure on the air in
      the tube 84 is relieved, the tube contracts radially and the lugs are free
      to move radially inwardly to positions flush with the outer periphery of
      the sleeve 74.
PAR  A nut 90 screwed onto the fitting 86 presses the cap 88 into clamping
      engagement with the end portion of the rubber tube 84. A pipe 92 screwed
      into tapped end portion of the fitting 86 is connected by a detachable
      rotary coupling 93 and a known manually operable valve structure (not
      shown) which is connected to a source of air under pressure. The valve
      structure may be selectively set in an operating condition which connects
      the air under pressure to the rubber tube or a release condition
      connecting the rubber tube to atmosphere. In place of the rotary coupling
      93, the pipe 92 may be provided with an end fitting valve like a tire
      valve for receiving air under pressure.
PAR  In a slitting operation, with the air shaft exhausted, the fiber cores 26
      and the retaining sleeve 30 are slid onto the air shaft 10 and snugly
      pressed against each other and the collar 28, which forms a reference
      shoulder or edge. The valve structure (not shown) then is set manually in
      its operating condition, and air under pressure is supplied to the
      interior of the rubber tube 84. The tube 84 expands to press the lugs 78
      into locking engagement with the retaining sleeve 30 to hold the sleeve 30
      and the cores 26 against endwise movement. The shaft is then placed in the
      bearing 52 and in a similar, known, quick-release bearing structure 100
      which is movable along a known vertical guide 104 of the paper web
      slitting machine. The ends of the slit webs 18 are attached to the cores
      26, and the drums 20 and 24 are rotated to rotate the shaft and the
      portions of the slit webs 18 on the shaft to take up the webs as they are
      formed by slitting the web 14. After the slitting is completed, the shaft
      10 with the rolls 22 thereon is removed from the machine after the bearing
      structure 52 and 100 are released. Then, the valve structure is actuated
      to release the air pressure in the rubber tube 84, and the shaft 10 is
      pulled out of the rolls 22, the pulling collar 46 being used.
PAR  The rewind shaft 10 holds the cores 26 securely in precise positions
      thereon, the cores being on the bar 32 whose length is many times the
      lengths of the short segments 34 and 60. The segments 34 and 60 may be
      easily detached from the bar 32 for replacement or repair, and the sleeve
      30 may be a short length of scrap core material.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a rewind shaft,
PA1  an elongated tube of a predetermined length having a first end and a second
      end,
PA1  a first journal means detachably secured to the first end of the tube,
PA1  a stop collar on the first journal means projecting radially beyond the
      outer periphery of the tube,
PA1  an expansible shaft segment of a length a small fraction of that of the
      tube, attachment means releasably securing the shaft segment to the second
      end of the tube, and a second journal means secured to the shaft segment
      at an end thereof remote from the tube, a sleeve for holding a series of
      fiber cores on the tube between the sleeve and the stop collar, the
      expansible shaft segment serving to hold said sleeve against endwise
      movement relative to said tube, whereby said fiber cores are held against
      endwise movement.
NUM  2.
PAR  2. The rewind shaft of claim 1 wherein the expansible shaft segment
      comprises an expansible air shaft segment.
NUM  3.
PAR  3. The rewind shaft of claim 2 wherein the air shaft includes a plurality
      of radially expansible lugs and an expansible tube for pushing the lugs
      outwardly into engagement with the sleeve.
NUM  4.
PAR  4. The rewind shaft of claim 1 wherein the attachment means includes an
      internally threaded bushing fixed rigidly in the tube, an externally
      threaded end member fixed rigidly to the expansible shaft segment and
      threadedly engaging the internally threaded bushing.
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ABST
PAL  Cassette for a spool of photographic film, having a pair of lips through
      which the leading end of a roll of photographic film located in the
      cassette protrudes, the pair of lips consisting of an upper extended lip
      and a lower co-acting lip, the pair of lips leading to an internal
      extended peripheral slot through which the film is to be led, the slot
      consisting of an upper and a lower channel member, each channel member
      having an outer portion and a inner curved portion, the inner curved
      portion of the upper channel member forming part of the wall of the
      cylindrical cassette, the outer portion of the pair of lips being set at
      an angle to the cylindrical body of the cassette so as to constitute a
      tangent to a concentric circle which has a diameter of less than 0.8 of
      the internal diameter of the cylindrical cassette.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  THIS invention relates to cassettes for photographic film material mounted
      on a spool.
PAR  Cassettes of this type, which find particular use in 35 mm cameras, are
      light tight so that they can be placed into and removed from a camera in
      the light. The cassette has a pair of lips through which the leading edge
      of the roll of film material protrudes. This leading edge is pulled out
      and fastened on to the take-up spool of the camera when loading the
      camera. It is important that light is not able to enter into the cassette
      through the lips of the cassette and in order to prevent the ingress of
      light the lips are usually lined internally with velvet or other such
      material. However the velvet or other such material which can be used
      prevent the ingress of light into the cassette is expensive and difficult
      to secure firmly in place within the lips of the cassette. Further dust or
      dirt particles are able to become entrapped in the velvet and these
      particles when so trapped will scratch any film material which is drawn
      over them. This happens particularly if the cassette is reloaded with film
      and re-used.
PAR  There is described in U.S. Pat. No. 3,128,058 a cassette which has a pair
      of lips which extend inwardly into the cassette to form a light labyrinth
      which traps the light and thus obviates the need to use a velvet light
      seal. However in this proposed cassette the labyrinth contains a number of
      steps and baffles which are required to prevent the ingress of light.
PAC  SUMMARY OF THE INVENTION
PAR  It is the object of the present invention to provide a film cassette which
      does not need to use velvet or like material in its lips and which has a
      light labyrinth which does not comprise steps or baffles and thus is
      easier to produce by injection moulding.
PAR  According to the present invention there is provided a cylindrical cassette
      for a spool photographic film, having a pair of lips through which the
      leading end of a roll of photographic film located in the cassette
      protrudes, the pair of lips consisting of an upper extended lip and a
      lower co-acting lip, the pair of lips leading to an internal extended
      peripheral slot through which the film is to be led, the slot consisting
      of an upper and a lower channel member, each channel member having an
      outer portion and a inner curved portion, the inner curved portion of the
      upper channel member forming part of the wall of the cylindrical cassette,
      the outer portion of the pair of lips being set at an angle to the
      cylindrical body of the cassette so as to constitute a tangent to a
      concentric circle which has a diameter of less than 0.8 of the internal
      diameter of the cylindrical cassette.
PAR  Suitably the cylindrical cassette is made of light-proof plastics material.
      Preferably the cylindrical light proof cassette comprises two
      semi-cylindrical body halves with integral end walls, the end walls being
      provided with semi-circular openings of a size suitable to receive the hub
      of a film spool and have overlapping interface surfaces and/or
      interfitting tongues and grooves. The hub of a film spool preferably has
      two flanges which abut the end walls of the cassette and thus serve to
      prevent ingress of light into the cassette.
PAR  Preferably the surface of the elongated slot over which the picture area of
      the film material is to pass has a matt surface. This is to minimise the
      effect of light reflection. If the cassette is made of a pigmented
      plastics material the matt surface area may have been produced by
      roughening the surface or produced in the moulding process. In such cases
      the matt area is preferably at a slightly lower level than the area of the
      slot which does not have a matt surface and which is to support the
      non-image area of the film material. Preferably the central area of the
      end of the lower channel member of the slot inside the cassette has been
      relieved so that the film from the hub inside the cassette touches only
      the edges of this channel.
PAR  The elongated slot constitutes a light labyrinth and allows substantially
      no light to enter the loaded cassette. No steps of light baffles in the
      labyrinth are required and no velvet or other materials are required to
      light seal the lips of the slot. However if the extended portion of the
      pair of lips is set at an angle to the cylindrical body of the cassette to
      constitute a tangent to a circle which has a diameter greater than 0.8 of
      the internal diameter of the cylindrical cassette, then light is able to
      enter the cassette.
PAR  preferably the extended portion of the pair of lips is set at an angle to
      the cylindrical body of the cassette to constitute a tangent to a
      concentric circle which has a diameter between 0.6 to 0.8 of the internal
      diameter of the cylindrical cassette. When it is less than 0.6 an
      increasingly greater effort is required to unwind the film from the hub in
      the cassette through the slot.
PAR  Preferably the material used for the construction of the cassette is a
      light-opaque easily mouldable thermoplastics material. Examples of such
      plastics material are polypropylene,polystyrene, a copolymer of
      acrylonitrile-butadiene-styrene, cellulose nitrate and cellulose acetate
      each of which have been heavily pigmented to render the material
      light-opaque. The preferred light-opaqueing pigment is carbon black.
      Another suitable opaqueing agent is titanium oxide which is preferably
      used together with a dye to render the plastics material a dark colour.
PAR  Most preferably the easily mouldable plastics material is polystyrene with
      a proportion e.g. 5% of a plastics material having low-friction
      characteristics. A particularly suitable plastics material of this type is
      polytetrafluorethylene. When a low friction plastics material is combined
      with an easily mouldable plastics material the pull required to unwind the
      film from the spool through the slot is very considerably reduced.
PAR  The invention also includes cassettes having an elongated slot as
      hereinbefore described loaded with a spool of photographic film material.
PAR  The cassette of the present invention preferably comprises only two body
      portions which when locked together form a cylindrical cassette.
PAR  Therefore in a preferred embodiment of the present invention there is
      provided a cassette for holding a spool loaded with a roll of photographic
      film material which has a pair of lips through which the leading end of a
      roll of photographic film located in the cassette protrudes and of the
      type which do not require velvet or like material in the lips or steps or
      baffles in the lips as hereinbefore described, which comprises two
      semi-cylindrical body members of opaque plastics material which members
      are provided with end walls having semi-circular opening adapted to
      receive the hub of a film spool having at each end a flange, each of which
      abuts an end wall of the two assembled body members, the bottom and side
      edges of the members having either overlapping extensions or interfitting
      tongues and grooves in order to render light-tight the assembled cassette,
      the end walls of the lips having interfitting tongues and grooves or
      overlapping extensions, each body member having at each end a
      semi-cylindrical axial extension of the body on which are present two lugs
      one at each end of the extension each of the lugs on one body member being
      adapted to co-act with the corresponding lugs on the other body member to
      form four pairs of locking means which hold the two body members locked
      together when the cassette is in the assembled state.
PAR  In this embodiment of the invention preferably at least two of the pairs of
      locking lugs which constitute the locking means for the cassette are a
      snap-fit locking means, that is to say the body members have to be flexed
      in order to engage these locking means. Preferably the two pairs of
      locking lugs which constitute the locking means on the bottom of the
      cassette, that is to say away from the pair of lips, are rounded so that
      the lugs on one body member may be rolled by a pivoting action to fit into
      the co-acting lugs on the other body member.
PAR  Preferably the two pairs of lugs which constitute the locking means at the
      top of the cassette, that is to say adjacent to the pair of lips, are a
      snap-fit locking means.
PAR  When the bottom pair of lugs are rounded and the top pair of lugs are snap
      fit the cassette is assembled by first engaging the bottom pair of lugs
      and then flexing the body members to cause the snap-fit pair of lugs to
      lock together.
PAR  Preferably the bottom and side edges of each body member have overlapping
      extensions. Most preferably the overlapping extensions on the side and
      bottom edges on the member having the extended lip fit over the extensions
      on the side and bottom edges on the member having the co-acting lip so
      that this member fits partially into the member having the extended lip.
PAR  The spool having the roll of film which fits into the cassette has two
      flanges on the hub which abut the end walls of the two body members and
      thus serve to prevent the ingress of light into the cassette. The spool of
      film is loaded into the cassette before the two body members are assembled
      and the film leader is drawn out and placed on one slot member so that
      when the cassette is assembled it protrudes from the slot formed by the
      lips thus enabling the film to be unwound through the slot after the
      cassette has been assembled.
PAR  The cassette of this preferred embodiment of the present invention does not
      require any external means to enable the two body members to be held in
      assembled relation, i.e. no locking ring nor adhesive tape are required to
      ensure that the two members do not come apart when the cassette is being
      used.
PAR  The two body members may be assembled together with the spool holding the
      film either manually, automatically or semi-automatically. The two body
      members are of different shape because one has an extended lip and the
      other a co-acting lip, this helps to distinguish the body members in the
      dark.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the two halves which constitute
      the cassette in the preferred embodiment, a spool for photographic
      material being shown in between the two halves of the cassette.
PAR  FIG. 2 is a sectional side elevation of the cassette of the present
      invention, the two halves having been joined together.
PAR  FIG. 3 shows possible actual dimensions of the cassette of FIG. 2 in the
      scale 4:1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 the cassette comprises a half cassette 1 which has an extended
      lip 2. Placed on either end of the half cassette 1 adjacent to the
      extended lip 2 are two lugs 3. Remote from the side of the cassette with
      the lugs 3 are two lugs 4.
PAR  On the other half cassette 8 are two lugs 10 which are adapted to co-act
      with lugs 3 to form a snap fit and two rounded lugs 11 which are adapted
      to co-act with the lugs 4. The edges of the axial face of the half
      cassette 8 are recessed to fit behind the edges of the axial face on the
      half cassette 1.
PAR  There is also shown on the half cassette 8 a peripheral extended portion
      20. The extended portion 20 together with the extended lip 2 and the
      co-acting lip 9 constitute a light labyrinth. This is shown more clearly
      in FIG. 2 in which the same numbers have the same signification portion 20
      preferably has a roughened or mat surface (shown by the stippled area in
      FIG. 1) which is lower than the remainder of portion 20.
PAR  In FIG. 2 it is shown that the inner curved portion of the upper channel
      member of the labyrinth is part of the wall of the cylindrical cassette.
PAR  In FIG. 3 there is shown one particular cassette which was made of
      polystyrene pigmented with carbon black so as to be light opaque. The
      internal diameter D of the cylindrical cassette is 0.943 inches (23.95
      mm).
PAR  The extended lip 2 is set at an angle to the cylindrical body of the
      cassette so as to constitute a tangent to a concentric circle which had a
      diameter d of 0.672 inches (17.07 mm). This is less than 0.8 of the
      internal diameter of the cylindrical cassette.
PAR  In FIG. 2 the two halves of the cassette 1 and 8 are shown joined together.
      The cassette is held together by the four pairs of lugs, there being a
      similar pair to lugs 4 and 11 at the other side of the cassette and a
      similar pair to lugs 3 and 10 at the other side of the cassette. When
      these four pairs have been fitted together, the top pair in each case
      being snapped together, the cassette remains as a unitary body and will
      not come apart unless considerable force is used to separate the two
      halves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cylindrical cassette for a spool of photographic film, said cassette
      including a pair of lips through which the leading end of a roll of
      photographic film located in the cassette protrudes, said pair of lips
      comprising an upper extended lip and a lower co-acting lip, said pair of
      lips leading to an internal extended peripheral slot through which the
      film is to be led, the slot consisting of upper and lower channel members,
      each channel member having a outer portion and a inner curved portion, the
      inner curved portion of the upper channel member forming part of the wall
      of the cylindrical cassette, the extended portion of the pair of lips
      being set at an angle to the cylindrical body of the cassette so as to
      constitute a tangent to a concentric circle which has a diameter of less
      than 0.8 of the internal diameter of the cylindrical cassette.
NUM  2.
PAR  2. A cassette according to claim 1 wherein the extended portion of the pair
      of lips is set at an angle to the cylindrical body of the cassette to
      constitute a tangent to a concentric circle which has a diameter between
      0.6 to 0.8 of the internal diameter of the cylindrical cassette.
NUM  3.
PAR  3. A cassette according to claim 1 which comprises two semi-cylindrical
      body halves with integral end walls, the end walls being provided with
      semi-circular openings of a size suitable to receive the hub of a film
      spool and have overlapping interface surfaces having interfitting tongues
      and grooves.
NUM  4.
PAR  4. A cassette according to claim 3 wherein the hub of the film spool has
      two flanges which abut the end walls of the cassette.
NUM  5.
PAR  5. A cassette according to claim 1 wherein the surface of the elongated
      slot over which the picture area of the film material is to pass has a
      matt surface.
NUM  6.
PAR  6. A cassette according to claim 5 wherein the matt area is at a lower
      level than that part of the slot which does not have a matt surface.
NUM  7.
PAR  7. A cassette according to claim 1 wherein the central area of the end of
      the lower channel member of the slot inside the cassette is relieved so
      that the film from the hub inside the cassette touches only the edges of
      the lower channel member.
NUM  8.
PAR  8. A cassette according to claim 1 which is composed of a light-opaque
      plastics material.
NUM  9.
PAR  9. A cassette according to claim 8 wherein the plastics material is
      polypropylene, polystyrene, a copolymer of
      acrylonitrile-butadiene-styrene, cellulose nitrate or cellulose acetate,
      each of which have been heavily pigmented to render the plastics material
      light-opaque.
NUM  10.
PAR  10. A cassette according to claim 9 wherein the opaqueing pigment is carbon
      black.
NUM  11.
PAR  11. A cassette according to claim 10 wherein the plastics material is
      polystyrene containing 5% polytetrafluorethylene.
NUM  12.
PAR  12. A cassette according to claim 8 which comprises two semi-cylindrical
      body members of opaque plastics material which members are provided with
      end walls each having a semi-circular opening adapted to receive the hub
      of a film spool having at each end a flange, each of which abuts an end
      wall of the two assembled body members, the bottom and side edges of the
      said members having interfitting tongues and grooves in order to render
      light-tight the assembled cassette, the end walls of the lips having
      interfitting tongues and grooves or each body member having at each end a
      semi-cylindrical axial extension of the body on which are present two lugs
      one at each end of the extension, each of said lugs on one body member
      being adapted to co-act with the corresponding lugs on the other body
      member to form four pairs of locking means which hold the two body members
      locked together when the cassette is in the assembled state.
NUM  13.
PAR  13. A cassette according to claim 12 wherein at least two of the pairs of
      locking lugs are a snap-fit locking means.
NUM  14.
PAR  14. A cassette according to claim 12 wherein the two pairs of locking lugs
      which constitute the locking means on the bottom of the cassette, are
      rounded so that the lugs on one body member may be rolled by a pivoting
      action to fit into the co-acting lugs on the other body member.
NUM  15.
PAR  15. A cassette according to claim 14 wherein the two pairs of lugs which
      constitute the locking means at the top of the cassette are a snap-fit.
NUM  16.
PAR  16. A cassette according to claim 15 wherein the bottom and end walls of
      each body member have overlapping extensions.
NUM  17.
PAR  17. A cassette according to claim 16 wherein the overlapping extensions on
      the side end walls on the member having the extended lip fit over the
      extensions on the side and end walls on the member having the co-acting
      lip so that such member fits partially into the member having the extended
      lip.
NUM  18.
PAR  18. A light proof film cassette which comprises a film spool in a casing
      which comprises two semi-cylindrical body members of opaque plastics
      material, which members are provided with end walls having semi-circular
      openings adapted to receive the hub of a film spool having at each end a
      flange, each of which abuts an end wall of the two assembled body members,
      the bottom and side edges of the said members having interlocking means to
      render light-tight the assembled cassette, one of said members having an
      extended lip and the other a co-acting lip, the lips forming a narrow slot
      for the passage of the film from the spool out of the cassette, the end
      walls of said lips having interfitting members, each body member having at
      each end a semi-cylindrical axial extension of the body on which are
      present two lugs, one at each end of the extension, each of said lugs on
      one body member being adapted to co-act with the corresponding lugs on the
      other body member to form four pairs of locking means which hold the two
      body members locked together when the cassette is in the assembled state.
NUM  19.
PAR  19. A cassette according to claim 18 wherein at least two of the pairs of
      locking lugs which constitute the locking means for the cassette are a
      snap-fit locking means.
NUM  20.
PAR  20. A cassette according to claim 18 wherein the two pairs of locking lugs
      which constitute the locking means on the bottom of the cassette, that is
      to say away from the pair of lips, are rounded so that the lugs on one
      body member may be rolled by a pivoting action to fit into the co-acting
      lugs on the other body member.
NUM  21.
PAR  21. A cassette according to claim 20 wherein the two pairs of lugs which
      constitute the locking means at the top of the cassette adjacent to the
      pair of lips are a snap-fit locking means.
NUM  22.
PAR  22. A cassette according to claim 18 wherein the bottom and side edges of
      the body members have overlapping extensions.
NUM  23.
PAR  23. A cassette according to claim 22 wherein the interlocking means on the
      side and bottom edges on the body member having the extended lip comprise
      overlapping extensions fitting over extensions forming the interlocking
      means on the side and end walls on the member having the co-acting lip so
      that this latter member fits partially into the casing member having the
      extended lip.
NUM  24.
PAR  24. A cassette according to claim 18 wherein the material of construction
      therefore is polypropylene, polystyrene, a copolymer of
      acrylonitrile-butadiene-styrene, cellulose nitrate or cellulose acetate
      each of which have been heavily pigmented to render the material
      light-opaque.
NUM  25.
PAR  25. A cassette according to claim 24 wherein the light-opaqueing pigment is
      carbon black.
NUM  26.
PAR  26. A cassette according to claim 18 wherein the material of construction
      is polystyrene with 5% of polytetrafluorethylene.
NUM  27.
PAR  27. A cassette according to claim 18 wherein the slot through which the
      film is led leads to an internal extended peripheral slot which consists
      of an upper and a lower channel member, each channel member having an
      outer portion and an inner curved portion, the inner curved portion of the
      upper channel member forming part of the wall of the cylindrical cassette,
      the extended portion of the pair of lips being set an angle to the
      cylindrical body of the cassette so as to constitute a tangent to a
      concentric circle which has a diameter of less than 0.8 of the internal
      diameter of the cylindrical cassette.
NUM  28.
PAR  28. A cassette according to claim 27 wherein the surface of the elongated
      slot over which the picture area of the film material is to pass has a
      matt surface.
NUM  29.
PAR  29. A cassette according to claim 28 wherein the matt area is at a lower
      level than the area of the slot which does not have a matt surface.
NUM  30.
PAR  30. A cassette according to claim 27 wherein the central area of the end of
      the lower channel member of the slot inside the cassette is relieved.
NUM  31.
PAR  31. A cassette according to claim 27 wherein the extended portion of the
      pair of lips is set at an angle to the cylindrical body of the cassette to
      constitute a tangent to a concentric circle which has a diameter between
      0.6 to 0.8 of the internal diameter of the cylindrical cassette.
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ABST
PAL  The disclosure relates to a coiling stand arranged to receive hot wire-like
      material, directly from a rolling mill or other forming mill and to wind
      the material into convenient coils. The coiling stand is positioned to
      receive wire-like material tangentially, and includes a novel and highly
      effective sleeve-like guide bell, which surrounds a portion of the spool.
      As a fresh end of hot wire-like material leaves the coil stand at high
      speed and approaches the coiling stand, it is directed into the space
      between the spool and the surrounding guide bell. The leading end of the
      material is thus captured and guided to the desired position, as the
      winding operation is initiated. As soon as a few convolutions of the coil
      are wound, the guide bell may be retracted axially. Desirably, however, it
      is not fully retracted, but continues to isolate the initial one or two
      convolutions, for easy subsequent access. The new coiling stand also
      includes provisions for advancing the guide bell axially over the spool,
      at the conclusion of a winding operation, to strip the just-wound coil
      from the spool. The new system is simplified, yet extremely efficient and
      reliable.
BSUM
PAC  BACKGROUND AND PRIOR ART
PAR  In the operation of modern, high speed rolling mills, for the production of
      wire and similar rolled steel products, it is important to provide for the
      on-line winding of the wire-like material, as it is discharged at high
      speed and in a hot condition from the forming mill. In this connection,
      the efficient performance of the rolling mill is dependent, to a large
      extent, on the performance of the coiling equipment at the discharge end.
      Any malfunction or other discontinuity in the operation of the coiling
      device will entail an interruption in the operation of the entire rolling
      mill. It is therefore important to utilize coiling devices of a highly
      reliable and efficient nature, and which are capable of a relatively high
      coiling capacity.
PAR  One known mechanism for the purpose is the so-called Edenborn winder, in
      which the wire-like material is first guided through a revolving pipe and
      is directed by the pipe into a receiving basket. The Edenborn equipment,
      however, has certain significant limitations with respect to speed. Thus,
      with increasing speeds of discharge from the rolling mill, the friction of
      the material in passing through the pipe may exceed the stability of the
      still-hot material discharged from the mill. When this occurs, the
      wire-like material folds up at the entry end of the pipe, requiring the
      shut down of the entire line while the ensuing mess is cleared.
PAR  Another known prior art device is the so-called Garret winder, in which the
      wire-like material is directed more or less tangentially into a
      basket-like container, which is being rotated at a speed appropriate to
      the discharge of the material from the forming mill. The basket-like
      container usually consists of a bottom plate and a plurality of
      distributed vertical rods forming the circumference of the container. A
      combination of gravity and centrifugal force is utilized to form the coil
      in the container in coiling operations. One significant shortcoming of the
      Garret-type winder concerns the fact that, with high speed forming mills,
      the basket-like container must be rotated at high speed, and the
      centrifugal forces involved cause the vertical rods, forming the
      circumference of the basket, to bend outward. Consequently, this type of
      equipment can only be used effectively at relatively lower speed. The
      utilization of a solid container, while it would avoid the problem caused
      by centrifugal deflection, introduces difficulties in connection with the
      coiling operation, and also involves excessive momentum in the rotating
      container, resulting in unfavorable economical considerations.
PAR  Both of the above described, previously known types of equipment have a
      characteristic disadvantage of providing poor coil density and uniformity,
      occasioned by the fact that the wire is directed into the receiving
      container in a more or less random manner. This can result in significant
      difficulties when unwinding the wire for further processing, as the
      convolutions of disorderly coils often become entangled.
PAR  While it is known to be desirable to wind coils in uniform layers on the
      exterior of a spool, and winding stands of this nature are well known,
      there has been no practical such device having an efficient capability of
      picking up the fresh end of a wire-like material arriving at high speed
      from a high speed rolling mill. One known device of the last described
      type includes a winding spool arranged to receive material moving in an
      axial direction. The means for engaging the fresh end of rapidly moving
      material includes a clamping device, surrounding one end of the spool, and
      a guide for engaging the fresh end of material and leading it toward and
      into the clamping device. This is disclosed in German publication No.
      2,027,516. A serious limitation of such equipment, however, is that, when
      the hot, rapidly moving material is first introduced into the guide means,
      the axially moving wire-like material engages an axially stationary guide
      wall. The friction occasioned by this relative movement frequently causes
      the still hot and relatively unstable wire-like material to fold up,
      requiring the processing line to be shut down.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a new coiling apparatus and
      procedure is provided which eliminates the important disadvantages of the
      known prior art devices, enabling wire-like material to be efficiently
      wound in an on-line basis as it comes directly from a high speed forming
      mill. The equipment of the invention is simple, rugged, yet highly
      efficient, enabling the forming of highly uniform, dense coils of
      relatively large size, such that the rolling mills may be kept in
      operation with an optimum efficiency.
PAR  Pursuant to the invention, a winding spool is arranged generally at right
      angles to the line of advance of the wire-like material, as it is
      discharged from the rolling mill or other forming mill. The spool is
      arranged to be operated at a speed just slightly greater than the normal
      speed of advance of the material, in order to maintain a slight tension
      during the wind-up. As a significant feature of the invention, a novel
      guide bell arrangement is provided at one axial end of the spool. The
      guide bell is rotatable with the spool, but is axially displaceable along
      the spool in the performance of its function. Thus, in a "start" position,
      the guide bell surrounds one end portion of the spool, providing an
      annular recess of a thickness somewhat greater than one layer of the
      material. The outer end of the guide bell is flared upwardly, to
      facilitate the insertion into the annular space of a fresh end of the
      wire-like material at the start of a wind-up operation. The guide bell
      thereafter is retractable, to accommodate winding of large, heavy coil.
PAR  In accordance with another and more specific aspect of the invention, the
      guide bell is of a two part construction, consisting of an inner
      sleeve-like member and an outer sleeve-like member. The outer sleeve-like
      member forms the principal guide means to receive the incoming fresh end
      of material, while the inner sleeve-like member serves to confine axially
      the end of the material, in order to locate the initial convolution. The
      two parts of the guide bell are axially displaceable, independent of each
      other, enabling the outer sleeve to be axially retracted, without moving
      the inner member, immediately after the start up of a winding operation.
      At the end of a winding operation, both parts of the guide bell may be
      axially moved together, for stripping off the wound coil from the wind-up
      spool.
PAR  For a better understanding of the above and other features and advantages
      of the invention, reference should be made to the following detailed
      description of a preferred embodiment of the invention, and to the
      accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawing is a longitudinal, cross sectional view of
      a coil winding stand incorporating the principles of the invention, the
      portion of the drawing above the longitudinal center line illustrating the
      equipment as at the start of a coil winding operation, and the portion of
      the drawing below the center line illustrating the equipment as during and
      at the end of a coil winding operation.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the numeral 1 represents a spindle shaft,
      which is supported by suitable bearings 5 in a housing 4. One end of the
      spindle shaft projects outwardly from the housing 4 and mounts a plurality
      of spool drum segments 2 which, in the aggregate, form a winding spool.
      The spool segments 2 are mounted for limited radial movement, by means of
      an actuator slide 3. The full lines show the spool segments in their
      normal, expanded positions. The dotted lines, located a short distance
      radially inward, reflect the radially retracted positions of the spool
      segments. Appropriate means of a well known type (not shown) may be
      provided for controlling the position of the slide 3, as will be
      appreciated. In the illustrated arrangement, the actuator slide 3 is
      mounted on the outer end extremity 12 of the spindle shaft for limited
      sliding movement, while the spool segments 2 are slideably engaged with
      inclined surfaces 13 of the slide. Radial guide ways 14, at the inner end
      of the spool segments 2, cooperate with similar guides in a fixed collar
      15, carried by the spindle shaft, to assist in guiding and supporting the
      spool segments 2.
PAR  The collar 15 is fixed to the shaft 1 and has a rearwardly extending flange
      16 forming a cylindrical outer surface 17. In the illustrated arrangement,
      the surface 17 of the flange has a diameter between the expanded and
      retracted diameters of the spool segments 2.
PAR  Slideably supported on the cylindrical flange 16 is a sleeve-like member
      6b, forming part of a two-part guide bell assembly 6. At its forward end,
      the sleeve member 6b has an abutment surface 18 arranged, in a normal or
      retracted position of the sleeve 6b, to lie close to the end surface of
      the spool segments 2. At its inner or rear end, the sleeve member 6b, is
      provided with an annular groove 19 receiving an operating member 8. In
      conjunction with suitable means (not shown), the operating member 8 serves
      to slide the sleeve-like member 6b axially with respect to the spindle
      shaft. An outer sleeve-like member 6a of the guide bell assembly is
      slideably supported on surface 20 of the inner sleeve 6b. The rearward end
      of the sleeve is annularly recessed at 21, to receive an operating member
      7, by means of which the outer sleeve 6a may be advanced or retracted
      axially on the inner sleeve 6b, between the advance position shown in the
      upper portion of the drawing and the retracted position shown in the lower
      portion of the drawing.
PAR  At its outer extremity, the sleeve 6a is provided with an outwardly flaring
      guide surface 10, which merges into a cylindrical inner confining surface
      11. As reflected in the drawing, the diameter of the cylindrical confining
      surface 11 exceeds the retracted diameter (dotted lines) of the winding
      spool by an amount which somewhat exceeds the diameter of the wire-like
      element 9 to be wound on the spindle. The length of the outer sleeve
      member 6a is such that, in a retracted position, its forward extremity
      projects slightly beyond the abutment 18 of the inner sleeve, as reflected
      in the lower portion of the drawing.
PAR  In the operation of the coiling stand shown in the drawing, the spindle 1
      is initially set into rotation, having a rotational speed such that the
      winding speed tends to exceed slightly the oncoming speed of the wire-like
      material, as it is discharged from the last stand of the rolling mill. The
      spool segments 2, initially, are in a retracted position, at the diameter
      reflected in the dotted lines in the drawing. Likewise, the outer sleeve
      6a of the guide bell assembly is actuated to its advanced or projected
      position, as reflected in the upper part of the drawing. This forms an
      annular recess at the inner end of the spool assembly 2, defined in part
      by the radially retracted spool segments, the confining surface 11, and
      the abutment surface 18. The width of the recess is somewhat in excess of
      the diameter of the wire-like material 9, as shown.
PAR  The positioned relationship of the rolling mill and winding stand is such
      that the incoming fresh end of material advances towards the spindle
      generally tangentially with respect to the outer surface and with an axial
      component directed towards the recessed end of the spool. As the end
      reaches the guide bell assembly 6, it is directed by the flaring surface
      10 into the recess and eventually into contact with the abutment surface
      18. As the leading end 9a of the wire is captured in the recess, it will
      commence to rotate around the spool, being confined by the cylindrical
      surface 11 of the sleeve member 6a and being held thereagainst by
      centrifugal force.
PAR  After the first few turns of the coil, the actuator 7 is operated to drive
      the sleeve 6a to its retracted position, and simultaneously the slide 3 is
      shifted to expand the spool segments 2 to the enlarged diameter indicated
      in full lines in the drawing. Thereafter, the winding operation proceeds,
      with successive convolutions of the wire-like material being laid
      side-by-side in the first course, and similarly in successive courses
      until the desired size of coil is achieved. The suitable level wind guide
      means (not shown but of conventional construction) may be provided to
      guide the wire-like material during the main portion of the coil winding
      operation.
PAR  As reflected in the lower portion of the drawing, at least the forward
      extremity of the outer sleeve 6a projects slightly beyond the abutment
      surface 18, even in a retracted position of the outer sleeve. This tends
      to isolate and protect the first one or two convolutions of the coil,
      during the subsequent portions of the winding operation, so that these
      convolutions are in a known position and easily accessible in the wound
      coil.
PAR  When a coil 9b has been completed, it may be stripped from the spindle by
      moving the slide 3 outwardly, to retract the spool segments 2, and
      thereafter advancing axially the guide bell assembly 6a 6b, pushing the
      wound coil ahead of it off of the spindle in the manner desired.
PAR  The apparatus and procedure of the invention enables dense, compact coils
      to be wound in an orderly fashion and in a highly reliable manner. The
      advantage of this are twofold, in that, on the one hand, the rolling
      operation may be carried on with greater continuity and therefore greater
      efficiency, because of the significant reliability of the coil winding
      process, and, on the other hand, a more orderly coil is achieved, in that
      the successive convolutions may be laid out without entanglement. Also,
      the initial convolution is in a known position, easily accessible for
      subsequent paying out of the coil and/or butt welding of the successive
      coils, for example.
PAR  One of the advantageous features of the invention resides in the use of a
      retractable guide bell arrangement, which initially partly surrounds the
      winding spool at one end. An incoming end of rapidly moving wire-like
      element is directed tangentially and with a slight axial component into an
      annular recess formed in part by the guide bell. The bell guides the fresh
      end into the proper starting position and confines it temporarily, for the
      first few convolutions of the winding operation. Thereafter, it is
      retracted, and winding of the coil continues under slight tension by
      appropriate driving of the spool. Conveniently, the guide bell assembly is
      utilized at the conclusion of the coil winding operation to strip the coil
      axially from the winding spindle.
PAR  It should be understood, of course, that the illustrated form of the
      invention is intended to be representative only, as many changes may be
      made therein without departing from the clear teachings of the disclosure.
      Accordingly, reference should be made to the following appended claims in
      determining the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for on-line coiling of wire-like material as it is discharged
      from a forming mill, which comprises
PA1  a. a rotatable spool positioned to receive the discharged wire-like
      material in generally tangential manner with a slight axial component,
PA1  b. a guide bell positioned at one end of the spool and mounted for rotation
      therewith,
PA1  c. said guide bell surrounding said spool in concentric relation,
PA1  d. a first surface portion of said guide bell having a radially outward
      flaring end portion facing toward the opposite end of the spool and
      serving as a guide for a fresh end of wire-like material coming from the
      forming mill, and
PA1  e. a second surface portion of said guide bell surrounding said one end of
      the spool and being spaced radially outward thereof a distance to receive
      a limited number of convolutions of said wire-like material.
NUM  2.
PAR  2. An apparatus according to claim 1, further characterized by
PA1  a. said guide bell being mounted for axial movement along said spool from
      said one end toward said opposite end, for stripping a completed coil of
      wire-like material from said spool, and
PA1  b. means being provided for controllably moving said guide bell axially
      along said spool.
NUM  3.
PAR  3. An apparatus according to claim 2, further characterized by
PA1  a. said guide bell comprising inner and outer sleeve-like members,
PA1  b. said inner sleeve-like member being slideable on said spool and said
      outer sleeve-like member being slideable on said inner sleeve-like member,
      and
PA1  c. said apparatus further including independent actuating means for said
      inner and outer sleeve-like members.
NUM  4.
PAR  4. Apparatus for on-line coiling of wire-like material as it is discharged
      from a forming mill, which comprises
PA1  a. a rotatable spool positioned to receive the discharged wire-like
      material in generally tangential manner with a slight axial component,
PA1  b. a guide bell positioned at one end of the spool and mounted for rotation
      therewith,
PA1  c. said guide bell surrounding said spool in concentric relation,
PA1  d. a first surface portion of said guide bell having a radially outward
      flaring end portion facing toward the opposite end of the spool and
      serving as a guide for a fresh end of wire-like material coming from the
      forming mill, and
PA1  e. a second surface portion of said guide bell surrounding said one end of
      the spool and being spaced radially outward thereof a distance to receive
      a limited number of convolutions of said wire-like material,
PA1  f. said guide bell having a first portion slideable axially from a "start"
      position, surrounding a portion of said spool corresponding to a plurality
      of coils of the wire-like material arranged side-by-side, to a retracted
      "winding" position, surrounding a more limited portion of the spool.
NUM  5.
PAR  5. An apparatus according to claim 4, further characterized by
PA1  a. said guide bell having a second portion disposed within said first
      portion and serving as an end wall to axially position the fresh end of
      the wire-like material, and
PA1  b. independent means for moving first and second portions axially of said
      spool.
NUM  6.
PAR  6. Apparatus for on-line coiling of wire-like material as it is discharged
      from a forming mill, which comprises
PA1  a. a rotatable spool comprising a plurality of radially expandable
      segments, and positioned to receive the discharged wire-like material in
      generally tangential manner with a slight axial component,
PA1  b. a guide bell positioned at one end of the spool and mounted for rotation
      therewith,
PA1  c. said guide bell surrounding said spool in concentric relation,
PA1  d. said segments being temporarily retractable at the start of a coil
      winding operation to facilitate entry of a fresh end of wire-like material
      into the annular space between said guide bell and said spool,
PA1  e. a first surface portion of said guide bell having a radially outward
      flaring end portion facing toward the opposite end of the spool and
      serving as a guide for a fresh end of wire-like material coming from the
      forming mill; and
PA1  f. a second surface portion of said guide bell surrounding said one end of
      the spool and being spaced radially outward thereof a distance to receive
      a limited number of convolutions of said wire-like material.
NUM  7.
PAR  7. The method of on-line winding on a spool of coils of wire-like material
      as discharged from a forming mill, which comprises
PA1  a. initially providing a rotating spool of a diameter slightly less than
      required for the winding of the coil of wire-like material, and rotating
      at a speed slightly greater than the speed of discharge of the wire-like
      material from the forming mill,
PA1  b. initially positioning an annular, outwardly flaring guide surface in
      surrounding relation to said spool to form an annular guide space, and
      rotating said surface with said spool,
PA1  c. directing a fresh end of the wire-like material generally tangentially
      of the spool and somewhat axially into the annular guide space to initiate
      the winding operation, and thereafter
PA1  d. expanding said spool radially to the required diameter for winding the
      coil and axially retracting said guide surface.
NUM  8.
PAR  8. The method of claim 7, further characterized by
PA1  a. providing an abutment surface in conjunction with said guide surface to
      axially position said fresh end on said spool, and
PA1  b. maintaining the position of said abutment surface while axially
      retracting said guide surface.
NUM  9.
PAR  9. The method of claim 8, further characterized by
PA1  a. limiting the retracting movement of said guide surface whereby, after
      retraction, a portion thereof still surrounds said spool to isolate the
      initial convolutions of said wire-like material for subsequent access.
NUM  10.
PAR  10. The method of claim 8, further characterized by
PA1  a. simultaneously projecting axially said guide surface and said abutment
      surface, upon completion of a coil winding operation, to strip the coil
      axially from said spool.
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ABST
PAL  A locker retractor for seat belt harness and the like which includes an
      interposer element articulated by movement of the drum or reel to
      selectively block or release a spring biased pawl bar and holding the pawl
      bar away from locking a ratchet on one or both of the reel flanges or
      selectively freeing the pawl bar so that it may lock the ratchet in
      prevention of further drum rotation in the withdrawal direction. The shift
      from blocking to non-blocking position is achieved by a slight retraction
      of the webbing after initial free withdrawal, whereupon the interposer
      element falls free of its blocking relation. The interposer is a
      latch-like element pivotally and slidably connected to the frame and
      oriented and frictionally directed by a ring element turned by the moving
      of the drum. The interposer described is also useful in providing quiet
      free-pull and retraction in inertial retractors as described in copending
      application Ser. No. 258,576 filed on June 1, 1972 now U.S. Pat. No.
      3,865,320.
BSUM
PAR  The present invention comprises a retractor in which the means for
      activation of the pawl in prevention of further withdrawal of safety
      harness webbing, cable, or the like, is an interposer or frictionally
      guided latch which engages or disengages the pawl element in accord with
      the desired function of the retractor. On slight retraction or rewinding
      of the webbing, the interposer is caused to fall free of its blocking
      position of the pawl and any further withdrawal of webbing is prevented
      because the pawl is biased toward contact with the ratchet and can thus
      engage the ratchet. A free-pull cam acting intially on the interposer
      assures initial relief from lock-up despite retraction for a selected
      number of revolutions of the retractor drum. Thereafter the slight
      retraction arms the structure to lock the ratchet and hence the reel or
      drum against any further withdrawal movement. The cam or spine also serves
      to eliminate ratchet to pawl chatter through a selected distance of
      retraction. In the application of the interposer of inertial retractors,
      the pawl is similarly blocked by the interposer from access to the ratchet
      teeth thus avoiding lock-up during initial free-pull falling free of the
      pawl blocking position on slight retraction. In such instances the pawl is
      not usually spring loaded toward the ratchet on the storage drum.
PAC  BACKGROUND OF THE ART
PAR  Automatic locking retractors are relatively well known in the art and the
      U.S. Pat. No. 3,174,704 to Replogle; U.S. Pat. No. 3,412,952 to Wohlert;
      and U.S. Pat. No. 3,667,698 to Fisher are characteristic of such devices
      in commercial usage. All involve a reel or drum which is a receptacle for
      safety webbing or harness. The drum is biased to rewind the harness by a
      retractor spring motor which winds the webbing on the drum. The drum
      includes ratchet means movable with the drum and providing a one-way lock
      against withdrawal of webbing when a pawl is engaged therewith. The pawl
      is pivotal on the frame which supports the drum and is spring biased
      toward closure against the teeth of the ratchet. In Replogle the pawl is
      pivotal on a shaft which includes a webbing feeler and a cripple link, the
      latter selectively engageable or disengageable from the drum shaft on
      recock depending upon the slight retraction of the webbing after
      withdrawal beyond the contact of the webbing feeler with the webbing.
      Retraction was noisy until the retracting motion built up sufficient
      webbing on the drum to lift the pawl away from engagement with the
      ratchet. In Wohlert and in Fisher a face clutch structure selectively
      moves a blocking cam plate to free a spring biased pawl so that engagement
      with the ratchet is possible. The blocking cam plate during initial
      withdrawal of webbing prevents lock-up, but on a slight retraction of the
      webbing, and corresponding motion of the cam plate, the blocking cam plate
      is released from its blocking of the pawl and on any further withdrawal,
      the pawl engages the ratchet. In Wohlert, the initial free-pull is
      dependent upon a webbing feeler or sensor which holds the pawl away from
      ratchet engagement and allows the cam plate to achieve its blocking
      position until otherwise influenced by retraction after withdrawal beyond
      the sensor contact limit. In Fisher the sensing for free-pull is
      determined by a gear driven element which is essentially a rotation
      counter and depending on the desired number of rotations, it holds the
      pawl out of all possible locking action until the desired withdrawal has
      occurred. Concurrently, a face clutch operated blocking cam plate is moved
      into blocking relation to be released on slight retraction. Then the cam
      is freed from its blocking relation and further withdrawal is prevented
      because the pawl can and does contact the ratchet and prevent the drum
      from withdrawal. On further retraction, after the slight retraction, the
      cam blocking plate locates in a secondary blocking of the pawl preventing
      noise by preventing contact of pawl to ratchet during rewind.
PAR  As will be seen, the present invention contemplates the use of an
      interposer acted upon by selected drum motion to provide an interference
      with a spring biased pawl thereby avoiding the need or desire for a
      cripple link construction and avoiding the necessity of a face clutch
      construction driving from the drum. The present invention is amenable to a
      rotation counting system but greatly simplifies the linkages required and
      at substantial reduction of weight and parts.
PAR  Accordingly, the principal object is to provide a new structure for
      actuating the pawl lock in automatic locking retractors.
PAR  Another object is to provide a new and inventive means for blocking the
      pawl of a safety belt retractor which is acted upon by a ring and most
      particularly the outer surface of the ring and where the ring is moved in
      selected (as by geared) proportion to the movement of the retractor drum.
PAR  Another object is to provide an interposer blocker to assure initial quiet
      free-pull and quiet retraction in the inertial retractor of the copending
      application Ser. No. 258,576 filed on June 1, 1972 now U.S. Pat. No.
      3,865,320.
PAR  Other objects including quiet actuation on retraction and withdrawal
      together with a reel amenable to easy electrical interlock integration and
      with savings in parts and complexity will be increasingly appreciated as
      the description proceeds.
PAC  GENERAL DESCRIPTION
PAR  In general, a spring motor retractor for safety harness or webbing is
      provided which construction parallels, for example, the spring motor
      retractor shown in U.S. Pat. No. 3,667,698 where a reel or drum receptacle
      is mounted for rotation in a frame and where the shaft of the drum is
      connected to a spring loaded retractor motor and the drum includes ratchet
      end flanges. In the frame a pawl bar is pivotally mounted and the integral
      pawl teeth are movable into and out of contact with the ratchet on the
      drum flanges so that withdrawal of webbing from the drum is prevented when
      the pawl engages the ratchet. In the present construction one end of the
      pawl bar is bifurcated to provide a pair of laterally extending stubs, the
      uppermost of which extension forms a latch element restrained by the
      blocking end of an interposer element and the interposer element is
      pivotal and slightly extendable and includes a hook-like end which
      selectively grips or restrains the uppermost stub of the pawl bar in
      prevention of the latch bar or pawl from tilting into contact with the
      ratchets on the drum or reel. Accordingly, the latch bar or pawl is
      mounted in the frame and is spring biased toward contact with the
      ratchets. The interposer is pivoted from the frame or the latch bar. When
      it is pivoted from the frame, it rests on a pin or pivot and the pin is in
      the frame and extends into the slotted opening transversely through the
      interposer. The hook end of the interposer is split longitudinally and is
      split-legged to straddle a guide cam spine element which extends
      peripherally from a ring or disc. The perimeter face of the guide cam
      element, other than the cam portion, is serrated or coined and
      frictionally engages the outermost hook end of the interposer causing the
      interposer to climb the serrations in a withdrawal direction of drum
      rotation and to fall free of the serrations or coining when a slight
      retraction motion occurs.
PAR  The ring or disc is rotated proportionately by the movement of the drum and
      the amount of movement is easily selected by the gearing employed to
      positively drive the disc or ring. For example, a spur gear may directly
      drive the ring or a spur gear keyed to the shaft of the drum may turn a
      planet gear which in turn moves the ring via engagement with a ring gear.
      As will be seen, it is important that the direction of movement of the
      ring gear causes frictional engagement of the interposer so that the
      interposer rises with the motion of the ring or disc. In this manner, the
      rotation of the ring and its cam or spine can be selected as desired, the
      cam portion entering the split portion of the interposer and itself
      blocking the pawl or latch bar during initial withdrawal and thereafter
      the interposer climbs the ring as frictionally urged by the serrations
      thereby holding the pawl by its upper stub from locking. Then, on
      retraction of a slight amount, the interposer falls away from the climbing
      and blocking posture and on any further withdrawal the spring loaded pawl
      locks the ratchet and stops withdrawal rotation of the drum. On
      retraction, the entry of the cam portion into the split portion of the
      interposer assures quiet performance during the completion of retraction
      and reorients the interposer for the next sequence from free-pull to
      slight retraction. So long as the cam portion of the ring restrains the
      interposer and blocks the pawl, the webbing or harness can be manipulated
      in or out at will without changing the condition of the interposer to lock
      against withdrawal. The friction between ring and interposer occurs with
      further withdrawal of harness and causing the interposer to climb the
      ring. Such lock-out of the pawl only occurs after the distance of the
      ram-ended cam sector on the ring has been exceeded.
PAR  While the preferred embodiment contemplates the pivoting of the interposer
      from the frame, it is also possible to pivot the interposer on the lower
      leg or stub of the latch bar or pawl element.
PAR  Functionally, an economical automatic locker has been provided and the
      interposer is never subjected to any severe shock or strain and a very
      positive control is established over the free-pull aspect of the operation
      of such retractors. The face clutch problems are eliminated and the
      structure performs reliably at reduced weight and with improved
      simplicity.
PAR  This interposer structure is useful in all types of harness retractors
      wherein a spring bias urges a latch bar or pawl toward the ratchet and in
      particular it has been applied in inertial retractors where an initial
      free-pull is desired and in avoidance of premature lock-up because of
      chance acceleration on initial withdrawal or free-pull.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a safety belt retractor in accord with
      the present invention and indicating the interposer of the present
      invention acting between a driven ring or disc and a pawl element. This
      postures the interposer to prevent pawl movement.
PAR  FIG. 2 is an exploded perspective view of the principal elements in the
      structure of FIG. 1 and indicating the position and structure of the
      interposer in cooperation with the ring-cam or spine element and the latch
      bar or pawl.
PAR  FIG. 3 is a geared variation of the ring to disc form and acting on an
      interposer.
PAR  FIG. 4 is an interposer in accord with the present invention in floating
      position and useful where the webbing ultimately restrains the pawl or
      latch bar element from engaging the ratchet for initial free-pull and
      where frictional engagement of the interposer with the serrated disc or
      ring causes blocking of the pawl on withdrawal and then releases the pawl
      on slight retraction.
PAR  FIG. 5 is an increased scale somewhat stylized fragmental side elevation
      view of the interposer of FIG. 1 where the cam portion of the disc is
      straddled by the interposer and cam and interposer restrains the pawl or
      latch bar.
PAR  FIG. 6 is a side elevation fragmental view of the structure in claim 5 and
      showing the cam rotated out of engagement against the pawl but with the
      serrated face of the ring frictionally carrying the interposer in the pawl
      blocking position during withdrawal.
PAR  FIG. 7 is a side elevation fragmental view of the structure in FIGS. 5 and
      6 and showing that on slight retraction the ring element reverses its
      friction causing the interposer element to be floating on its pivot and
      dropping force of its blocking relation in respect to the pawl thereby
      causing the pawl to obey the spring bias toward the engagement of the
      ratchet teeth.
PAR  FIG. 8 is a fragmental perspective view showing the cam portion of the ring
      lifting and repositioning the interposer element as retraction continues
      and where the cam portion blocks the pawl from reaching the ratchet.
PAR  FIG. 9 is a perspective view showing a modified version of the interposer
      adapted to pivot from the end of the pawl or latch bar element and to
      selectively frictionally engage the driven ring element for blocking the
      pawl on withdrawal.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Referring to the drawings and more specifically to the FIG. 1 thereof, a
      retractor 11 is shown comprising a frame 12 having a pair of spaced apart
      walls 13 which, as will be seen, provide journal support for a shaft of
      reel or drum onto which is wound webbing 14 with terminal connecting
      hardware element 15 usually at the terminal end thereof. The terminal
      hardware element 15 such as the latch plate as shown for a buckle is
      typical of a safety harness arrangement as used in automobiles, aircraft,
      and other vehicles to restrain the drivers or passengers. A spacer strut
      16 is shown spanning between the walls 13 and in support of a spring
      element 17 which, as will be seen, applies a constant bias against the
      pawl bar 18 urging the pawl bar 18 toward engagement with a ratchet which
      turns with the drum or reel and is preferably formed in teeth on the
      flanges of the drum or reel. The shaft of the drum or reel is connected to
      a splined gear 19 and the gear rotates with the drum or reel during
      withdrawal of webbing 14 therefrom and during rewinding retraction of the
      webbing 14. As shown, the gear 19 is operably connected to another gear
      element 20 and the gear element 20 rotates the internally toothed ring 21.
      The outer perimeter face of the ring 21 is upset at 22 to provide an
      increased frictional engagement with the end of the interposer 23. The
      interposer 23 is pivotal on the pin 25 and the slot 24 in the interposer
      23 allows the interposer 23 to be radially extended in accord with
      selected movement of the interposer 23. The housing 26 extending from the
      wall 13 of the frame 12 is to adapt the frame for connection to selected
      electrical or electronic hardware as relays or switches to accommodate
      specific electrical interlock as desired.
PAR  In FIG. 2 the structure broadly expressed in FIG. 1 is in an assembly
      relationship of elements as operative in respect to the frame 12.
PAR  The shaft 27 which supports the reel or drum 28 is shown as bifurcated on
      one end 29 so that it can be operatively connected to the inner end of the
      retractor motor spring 30. As will be appreciated, the motor spring 30 is
      connected at its center to the shaft 27 and is connencted at its outer
      periphery to the frame 12 or to an extension thereof. The spring 30 is
      wound up during withdrawal of webbing 14 from the reel or drum 28 (in a
      clockwise direction or rotation as shown) and this applies a rewind bias
      to the webbing 14 and reel 28 urging the return of the webbing 14 onto the
      drum or reel 28 (rewind is counterclockwise as shown). The pinion gear 19
      fixed to the splined stub shaft 31 extends axially into the shaft 27 at
      the splined opening 32. This assures that the pinion gear 19 will move in
      accord with shaft or drum movement since the shaft 27 is secured to the
      drum 28. The gear element 20 is operably engaged with the pinion and is
      pivotal on its stub shaft 33 which is fixed to the frame 12 in a suitable
      journalling recess or opening (not shown). The ring element 21 with its
      perimetric upsets 22 (such as coining) is secured for rotation in respect
      to the frame 12 in accord with movement of the gear 20 and in response to
      the movement of the pinion gear 19 turning with the shaft 27. A ramp
      segment or spine extension 34 is integral with the ring gear 21 and
      extends for a spaced distance as a segment extension of the periphery of
      the ring 21. It will be appreciated that the gearing arrangement for the
      ring 21 assures that the ring 21 will move in an opposite direction to
      movement of the drum 28. In all instances during withdrawal of webbing 14
      from the drum 28 the ring 21 should frictionally urge the interposer 23
      upward. The interposer 23 is bifurcated and the limbs 35 extend to
      straddle the spine 34 in a guide relationship. The slot 24 in the
      interposer 23 is mounted on pin 25 so that the interposer 23 is pivotal on
      the pin 25 and radially extendable in respect to the pin 25 to the extent
      permitted by the slot 24. Accordingly, the interposer 23 may depend from
      the pin 25 and under selected frictional engagement may extend itself in
      respect to the pin 25 in climbing engagement with the ring 21 in one
      direction as webbing 14 is withdrawn. This function will be better
      appreciated as the description proceeds. The interposer 23 is thus freely
      pivotal on the pin 25 and movable to the extent of the slot 24 located at
      one end of the interposer 23. The other end of interposer 23 is bifurcated
      and the bifurcations or limbs 35 frictionally engage the ring perimeter
      under selected conditions to climb upward to pawl blocking position and
      then on reversal of the rotation of the ring 21 the interposer 23 falls
      free of the ring 21 allowing the pawl bar 18 to reach the ratchet teeth 36
      in the flanges 37 of the drum 28. This restraint and release of the pawl
      bar 18 carrying the pawl faces 38 is because the bifurcated end of the
      interposer 23 includes a hook portion 39 which, on climbing the ring 21,
      will be seen to latch the pawl bar 18 at the pawl bar extension 40 thereby
      preventing rotation of the pawl bar 18 under the influence of the spring
      17 which spring 17 provides a constant bias toward closure of the bar 18
      against the ratchet teeth 36. The pivoting of the pawl bar 18 is in the
      wedge shaped openings 41 provided in the sides 13 of the frame 12. The
      opening 41 is best appreciated by reference to FIG. 1. From the FIG. 2 it
      will be appreciated that the pawl bar 18 is prevented from closing on the
      ratchet teeth 36 by blocking engagement of the spine 34 through a selected
      amount of travel. The spine 34 has frictionally urged the interposer 23
      (acting on the flanks or cheeks of the split legs 35) to climbing or
      following frictional engagement with the surface 22 of the ring 21 and
      this latches the pawl bar 18 at the extension 40 as further withdrawal of
      harness 14 proceeds. The latch action also blocks overrun of the
      interposer 23 by engagement with the pawl bar extension 40. Then, on
      slight retraction of the webbing 14, the interposer 23 reverses its
      direction of movement (the hook end depending to rest engagement against
      the stop 42 on the bar 18). This releases the pawl bar extension 40 and
      the pawl bar 18 can now effectively pivot to engage the teeth 36 on the
      flanges 37 of the drum 28. This, then stops any further withdrawal of
      webbing 14 from the drum. Retraction can proceed at any time because the
      pawl faces 38 are initially cleared by the backs of the teech 36 pushing
      the pawl bar 18 outward against the spring 17 as the retractor spring 30
      urges rewind. All lock up stresses are absorbed by the ratchet - pawl
      engagement and the stresses are carried by the pawl 18 and shaft 27 into
      the frame 12 and thence into the supporting vehicle (not shown) to which
      the retractor 11 is secured.
PAR  In FIG. 3 a slightly modified version of the structure shown in FIGS. 1 and
      2 is shown in which the ring 21 is replaced by a gear driven disc 50,
      driven by a pinion or gear 51 which is directly or indirectly driven by
      the shaft 52 in accord with the movement of a drum 28. The disc 50 rotates
      on a shaft or pin through the opening 53 and the disc 50 includes a spine
      extension segment 54 which otherwise performs in accord with the
      description of the spine 34 in causing the interposer 23 to be
      frictionally oriented to block the pawl 18 and in addition the spine
      segment 54 operates to disengage the pawl 18 from the ratchet teeth 36
      during initial withdrawal.
PAR  FIGS. 4, 5, 6, 7, and 8 illustrate best the operation of the interposer 23
      at various moments of usage in the retractors 11. FIG. 4 shows the webbing
      14 filling a drum 28 and in which the bulk of the webbing or harness 14
      urges the pawl bar 18 out of contact with the ratchet teeth 36 in the
      flanges 37 of the drum 28. As withdrawal of the webbing 14 occurs the drum
      28 and teeth 36 rotate in a counterclockwise direction as seen in FIG. 5
      and the ring 21 via its gearing moves in a clockwise direction as shown.
      The ramp ended spine segment or cam 34 follows the ring direction of
      movement, enters between the bifurcated limbs 35 of the interposer 23 and
      orients the interposer 23 frictionally as shown in FIG. 5 to hooked grip
      relation on the pawl bar extension 40 and holding the pawl bar 18 out of
      contact with the teeth 36 in the ratchet flanges 37 of drum 28. This
      continues after passage of the spine segment 34 since the bifurcated ends
      35 of the interposer 23 frictionally engage the coining or upsets 22 in
      the ring 21. Thus the motion of the ring 21 causes the interposer 23 to
      climb the ring 21 and continues the latch relationship restraining the
      pawl bar 18 from following the bias of the spring 17. In FIG. 6 this
      relationship is clear as withdrawal of webbing 14 continues. In FIG. 7
      withdrawal of webbing 14 has been completed and a passenger or driver in a
      vehicle has coupled the buckle to the belting and a retraction movement
      occurs as belt slack is picked up by the rewind bias of the spring motor
      30. This action reverses the direction of drum rotation and ring rotation.
      As the ring 21 rotates in obedience to its gearing to the drum 28 in a
      counterclockwise direction during retraction, the teeth 36 rotate
      clockwise. As the ring 21 reverses direction, pawl bar 18 is freed because
      the interposer 23 is rotated out of its grip relation on the extension 40
      and the interposer 23 falls free of latching. Thereupon any further
      withdrawal of webbing 14 is opposed because the pawl engaging surfaces 38
      are tilted by the spring 17 into continuing contact with the ratchet teeth
      36. Retraction can always occur and as retraction fills the drum 28 with
      harness 14, first the ramped spine segment 34 acting as a cam blocks
      access to the teeth 36 as it reaches that point in retraction and the
      condition of FIG. 4 is ultimately restored on full retraction. The
      operating cycle is then ready for repeat.
PAR  In the FIG. 8 the fragmental perspective best indicates the straddle
      relationship of the interposer limbs 35 on either side of the spine
      segment 34 to accomplish orienting positioning of the interposer 23 prior
      to frictional engagement with the coining 22. The ramped character of the
      ends of the spine segment 34 of the ring 21 are best shown and frictional
      mechanism is best illustrated for positioning the interposer during
      initial withdrawal.
PAR  The FIG. 9 shows a slightly modified version of an interposer 23' in accord
      with the present invention and used with a ring 21 and spine 34. The
      interposer 23' is slotted at one end and the slot 24' rides over or on a
      pin extension 25' which is integral with the latch or pawl bar 18'. Then
      the hook extension 39' on the upper surface of the interposer 23 climbs
      upward (allowed by the slot) to block the rotation of the pawl bar 18' by
      blocking engagement with the extension 40' of the bar 18'. On reversal of
      the direction of the ring 21 (clockwise as shown) the interposer drops
      vertically downward and frees the pawl bar 18' for locking with the
      ratchet surfaces. The bifurcated limbs 35' still flank the spine segment
      34 for orientation. In this modification no pin 25 is required to be
      separately provided in frame 12 of retractor 11.
PAR  In operation, the structures described have worked smoothly and well during
      repetitive testing and the system is utilizable in locking retractors and
      in inertial retractors where it is desired to provide selected initial
      free-pull to disengage the pawl from inertial influence until the
      structure is latched. As will be appreciated, no major stresses are
      transmitted to the interposer-ring structure and these elements can be
      made from resin materials and the like in mass produced form as by
      injection molding at relatively low costs and without materially
      increasing the weight of the structure. The use of resin gears and
      interposer components can reduce weight. Generally greater compactness
      results unless collateral apparatus such as interlock hardware is required
      to be integrated.
PAR  Having thus described our invention and several operative embodiments
      thereof, those skilled in the art will perceive improvements,
      modifications and changes therein and such improvements, modifications and
      changes are intended to be included herein limited only by the scope of
      the hereinafter appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a safety belt harness retractor having a spring motor retractably
      driving a harness storage drum mounted in a frame, and said drum having
      ratchet teeth on the flanges of said drum and harness wound on said drum
      for withdrawal and retraction, the combination comprising:
PA1  a freely pivotal interposer element having an elongated pivot slot in one
      end and a split portion and a friction engaging surface at the other end
      and a channel shaped blocking surface intermediate the ends thereof;
PA1  a ring, means drivably connecting said ring to said drum, said ring having
      a friction outer perimeter surface and a cam spine extending peripherally
      therefrom through a selected arc and said cam spine portion engaging said
      interposer in said split portion and said friction outer perimeter surface
      of said ring engageable with said friction engaging surface of said
      interposer;
PA1  a pin connected to said frame extending through said elongated pivot slot
      in said interposer and said interposer pivotal on said pin and said
      interposer radially movable in respect to said pin to the extent of said
      slot in said interposer; and
PA1  a spring biased pawl element biased toward closure against the ratchet
      teeth of said drum having a portion overlapping the cam spine and blocked
      from contact with said ratchet teeth by said interposer after an initial
      free-pull of said harness, said pawl initially blocked by said cam spine
      and thereafter by said channel shaped blocking surface of said interposer,
      said interposer urged to blocking position by engagement of said cam spine
      with said split portion as harness is withdrawn from said drum, and on
      retraction of harness said ring reversing its motion and releasing said
      interposer by engagement of said friction surfaces, thereby permitting
      said pawl to engage with said ratchet teeth.
NUM  2.
PAR  2. A pawl blocking combination for seat belt retractors having a spring
      loaded pawl urged toward closure against a drum driven ratchet comprising:
PA1  a drive means connected to said drum for movement therewith;
PA1  a friction ring having an outer friction surface drivably connected with
      said drive means and said ring having a cam spine in radial alignment with
      a portion of said pawl, said spine radially extending from said ring
      through an arc of said ring; and
PA1  a split legged interposer element, means securing said element to said
      retractor for pivotal and radial movement, said element having a friction
      surface engagable with said friction surface of said ring and being
      radially shiftable on said retractor in accord with the direction of
      travel of said ring, said interposer including a blocking interposable
      between said pawl and said ratchet and a frictional engagement with said
      spine when said spine is positioned between said split legs, said spine
      when positioned between said split legs of said interposer providing
      initial blockage of said spring loaded pawl and thereafter frictionally
      drawing said interposer into blocking relation with said pawl by friction
      contact with said split legs, said interposer thereupon holding said pawl
      out of contact with said ratchet until rotation of said drive means is
      reversed whereupon said blocking surface falls away due to engagement of
      said friction surfaces and said blockage of the pawl is released.
NUM  3.
PAR  3. A pawl blocking combination for seat belt retractors of the type having
      spring loaded pawls urged toward locking against a drum driven ratchet
      comprising:
PA1  a drive means driven by retraction and withdrawal rotation of said drum;
PA1  a ring connected to said drive means and proportionately driven thereby,
      said ring including a peripheral friction surface and a cam spine segment
      extending radially therefrom, said cam segment ramped fore and aft to
      initially and terminally lift said pawl free of said ratchet;
PA1  a split legged interposer having a pawl blocking surface element, means for
      pivotally and extendably mounting said interposer on said retractor, said
      interposer legs being positioned in an interference path with said ring to
      engage frictionally the periphery of said ring and to straddle and
      frictionally engage said cam spine of said ring, said interposer pivoting
      on said retractor and extending by frictional engagement between said cam
      and legs to frictionally engage said ring and climb said ring during
      withdrawal rotation of said ring driven by said drive means to a position
      blocking said pawl by engagement of said pawl with said pawl blocking
      surface, and thereafter on slight rotation during retraction motion of
      said retractor, said interposer, by frictional engagement between said
      interposer and said friction surface of said ring, reversing its pivotal
      extension motion to release blockage of said pawl.
NUM  4.
PAR  4. In the combination as set forth in claim 3, wherein a gear train is
      connected to said ring and to said retractor for rotation thereby to
      provide proportional rotation of said ring.
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ABST
PAL  A saddle pawl and pendulum support for vehicle sensitive inertial
      retractors having a saddle element which pivotally supports a pawl and
      which also supports, in spaced-apart relation, a pendulum operable on an
      omnidirectional seat. The pendulum includes a head element detachable from
      the pendulum mass and the head element rests on the circular knife edge of
      the seat and registers beneath a tab extension of the pawl so that upon
      the tilting of the pendulum in respect to the vertical axis through the
      seat, the head tilts and engages the tab and tilts the pawl into locking
      engagement with rotary ratchet teeth provided on a retractor drum or
      spool. The mass of the pendulum depends beneath the seat and is secured to
      the head by means of a rod which extends axially through the circular
      knife edge seat. The saddle element is supported as a separate assembly in
      a retractor housing in an established dimensional relationship to the
      spring biased retractor reel or drum so that the pawl lockably engages the
      ratchet flanges of the drum upon sensing inertial imbalance in the vehicle
      in which the retractor is located. The pawl is fulcrumed in the saddle on
      an axis transverse of the vertical axis of the pendulum and offset
      therefrom. The weight bias on the pawl is such as to maintain it normally
      out of contact with the ratchet of the drum or reel. The saddle is
      supported by the retractor frame and positioned intermediate the
      upstanding flanges of the retractor frame.
BSUM
PAR  The present invention is a saddle pawl and pendulum support for vehicle
      sensitive inertial retractors and most particularly for that type of
      retractor which is activated to lock by a pendulum which is responsive to
      vehicular changes in acceleration or deceleration by the vehicle in which
      the retractor is mounted.
PAR  Retractors are spring biased reels or drums biased to rewind loose safety
      harness or webbing when such webbing is not in use by a driver or
      passenger. The retractor is usually (but not always) a part of the
      terminal hardware in safety harness arrangements for all manner of
      vehicles. They perform a housekeeping and receptacle function and allow
      any selected amount of webbing withdrawal to adjust for variant seat
      position and various physical characteristics of the users. Some
      retractors are termed locking retractors and these are locked by
      manipulation of the webbing by manual means or by a time or delay
      actuation which closes the locking element, such as a pawl, against a
      ratchet or similar stop surface in prevention of further withdrawal of
      webbing. When the trip condition is met, further withdrawal is
      unavailable. Rewind may always occur when there is slack in the harness.
      Other retractors are of the inertial type. They provide the housekeeping
      and adjustment features but they are responsive and lock to a sensed
      inertial imbalance which occurs in the dynamics of vehicular movement.
      Such retractor devices are in two categories: (a) webbing sensitive, as
      where the webbing moves with the projectile tendencies of the passenger or
      driver (as in crashes or braking) and on acceleration or deceleration
      beyond selected thresholds the acceleration of the drum consequent to the
      inertial force is sensed and causes a locking mechanism such as a pawl to
      block withdrawal of webbing from the drum until the relaxation of the
      system and restoration of conditions below the sensitive threshold and (b)
      the vehicle sensitive type retractors where the pawl responds to forces
      acting on the vehicle and the chassis or frame of the retractor. The
      inertial imbalance from acceleration or deceleration of the vehicle is
      sensed by an inertial sensor such as a pendulum which registers consequent
      relative change of position and the change of position in the sensor acts
      directly or indirectly on a lock or restraint mechanism such as a pawl
      engaging a ratchet and preventing further webbing withdrawal. Some of
      these latter devices are position sensitive, meaning that the inertial
      sensing structure may operate, for example, only in the direction or path
      of vehicle movement. Other such devices are omnidirectional and their
      sensing extends to sense force imbalance from all directions, as for
      example, from side impacts or quartering impacts as well as from the
      impacts occurring in the line of travel. There are also combinations of
      both webbing sensitive and vehicle sensitive structures in the same
      retractor providing back-up or redundant locking features.
PAR  The present invention relates to the vehicle sensitive systems in which
      inertia activates a pendulum sensor and the pendulum thereupon acts on the
      pawl element for locking the retractor against withdrawal and more
      particularly the invention relates to the embodiment of the sensor and
      pawl in an assembly for locking under reaction to inertial change that is
      separately assembled and then staked or otherwise secured into a retractor
      frame so that dimensional control over the mounting can be held within
      tolerable limits so that upon installation the pawl is dimensionally
      properly related to the ratchet for the accomplishment of locking without
      accumulated error as in prior systems of pendulum and pawl pivot support.
PAC  BACKGROUND OF THE INVENTION
PAR  The closest art known to applicants is expressed in the U.S. Pat. No.
      3,489,367 to Kovacs, et al.; U.S. Pat. Nos. 3,508,720 and 3,578,260 to
      Kell; and U.S. Pat. No. 3,758,044 to Nilsson.
PAR  None of these pieces of art show or propose a saddle supporting the
      pendulum and pawl and the saddle suspended between the flanges of a
      retractor frame or chassis and wherein the saddle is a complete
      subassembly ready to be installed in the retractor frame.
PAR  Accordingly, the principal object of the invention is to provide a new and
      inventive pendulum and pawl support useful in seat belt retractors.
PAR  Another object is to provide a saddle structure in which the tolerances
      arising from the mounting of pawl and pendulum are delimited and so that
      upon mounting the pawl to retractor dimension is held to good
      manufacturing tolerance.
PAR  Another object is to provide a symmetrical saddle support supportable
      between the upstanding flanges of the retractor frame or chassis so that
      the pawl element tilts on an axis transverse of the frame to engage the
      ratchet flanges of the webbing spool or drum.
PAR  Still another object is to teach a simplified form of pendulum inertial
      sensor so that assembly of the structure is facilitated while providing
      omnidirectional sensing.
PAR  Other objects including improved economy and the marriage of plastic or
      resin in the saddle to steel in the frame will be increasingly appreciated
      as the description proceeds.
PAR  It will be appreciated that no reel locking stresses are felt by the saddle
      structure and the pawl carries the lock stresses into the frame.
PAC  GENERAL DESCRIPTION
PAR  In general, the invention comprises a saddle element having two pairs of
      outboard protuberances and a web or platform therebetween which are
      pierced vertically and have a seat or support of the circular knife edge
      type provided therein. One pair of the outboard protuberances are in
      spaced-apart parallel axial relation and include fulcrum support means
      which impinge on a pawl bar to form the pivotal axis for the pawl element
      and pawl bar. The pawl element is thus positionally secured in the saddle.
PAR  The pawl element includes ratchet engaging teeth extending in one direction
      and a tab extension which extends in an opposite direction from the axis
      established by the pawl bar. The extension overlays the seat for the
      omnidirectional pendulum and is biased toward engagement with the head of
      the pendulum. The pendulum comprises a head, a rod extension from the head
      and a depending mass selectively attachable and detachable to the rod as
      by threaded or upset means and selectively locatable on the rod. Assembly
      is by dropping the rod axially through the seat opening so that the head
      rests upon the seat and by then attaching the mass to the end of the rod
      so that the mass depends axially and vertically from the seat unless
      influenced by inertial imbalancing forces.
PAR  The flanges of the retractor frame or chassis are lanced to tiltably
      receive the saddle element in such manner that the two pairs of
      protuberances are supported in the lanced openings. These protuberances
      may be staked or otherwise secured against chance dislodgement and the
      lanced portions of the frame constitute thrust abutments which carry the
      lock stresses on the pawl into the frame. When the retractor motor is
      rewinding webbing, the ratchet is disposed so that the retracting force
      kicks the pawl teeth out of engagement with the ratchet. This minimum
      stress on rewind is the only force tending to dislodge the pawl support
      protuberances. Under locking stresses the pawl translates the lock forces
      through the saddle and into the frame at the journal openings. The web
      beneath the pawl bar limits the movement of the pawl bar by providing a
      thrust resisting abutment in prevention of the harness forces upsetting
      the pawl. As thus constructed, the retractor can be most rudimentary,
      including a well known spring return motor which biases the drum to rewind
      webbing on the drum and yet which bias can be overcome to extend a desired
      amount of webbing from the drum. The drum includes ratchet means in
      interference relation with the pawl when the pawl is tilted by the action
      of the pendulum. The webbing is wound on the drum and withdrawn as
      necessary against the bias of the spring motor. As will be appreciated,
      this results in a much simpler retractor construction in which the frame
      merely supports the drum and spring motor and the saddle assembly carrying
      pendulum and pawl is staked into cradle locating position in the frame.
      The ratchet elements on the drum rotate in accord with the withdrawal or
      retraction of webbing. In the withdrawal direction, the teeth of the
      ratchet are in a lock attitude with respect to the pawl teeth but are not
      engaged therewith in locking relation until the pendulum is displaced.
      Because of this simplicity so that the saddle pawl and pendulum are
      separately provided and mounted, a simpler and more accurate construction
      results and a redundant locking system can also be applied to the
      retractor of the present invention. Using this construction, a lighter and
      cheaper lock system is available because the saddle may then be precision
      formed in suitable plastic material with high repetitive accuracy and
      resulting good dimensional control.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevation view of a retractor in accord with the present
      invention and is cut away to show the pawl in non-locking position and
      with the tab extension resting on a pedestal in registry above the head of
      the pendulum.
PAR  FIG. 2 is a top plan view of the retractor construction of FIG. 1 and
      illustrating the arrangement of pawl and pendulum to the saddle and the
      saddle supported in the retractor frame.
PAR  FIG. 3 is a side elevation view as in the FIG. 1 of the retractor of the
      present invention but with the pendulum tilted to tilt the pawl into
      locking engagement with the ratchets of the drum and both pawl and
      pendulum supported by the saddle.
PAR  FIG. 4 is an exploded perspective view of the retractor and the saddle and
      showing the assembly of pawl element and pendulum and mounting procedures
      and provisions for securing the saddle to the lanced journal provisions in
      the flanges of the retractor body or chassis.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  Referring to the drawings and with particularity to the FIG. 1 thereof, the
      invention is seen embodied in a retractor 11 which includes a retractor
      frame or chassis 12 having a bottom web 13 and a pair of integral
      upstanding side flanges 14 and 15 which (between them) rotationally
      support drum 16 on the shaft 17 and the drum 16 includes a pair of
      spaced-apart end ratchet flanges 18 which include the ratchet teeth 19.
      The ratchet teeth 19 rotate with the drum 16 and drum 16 rotates against,
      as will be seen, a customary bias of a spring motor which urges the drum
      16 to rewind the harness or webbing 20 onto the drum 16. The harness 20
      usually includes terminal hardware such as the buckle tongue 21, as shown.
      This allows the harness 20 to be secured around a wearer in a vehicle. The
      retractor 11 is secured to the vehicle (not shown) as by bolts through the
      web 13 at suitable mount openings as the opening 22 in FIG. 2. As will be
      seen, the attitude for mounting the retractor 11 is such that the pendulum
      hangs vertically when the vehicle is at rest on reasonably level terrain.
      As thus described, the webbing 20 may be withdrawn from the drum 16
      against the usual bias of a spring rewind motor and upon release the same
      spring motor will rewind the webbing 20 on the spool or drum 16. The
      retractor movement is quiet, chatter-free, and is limited only by the
      storage capacity of the drum 16.
PAR  In order to provide an inertially responsive lock for the drum 16 and
      retractor 11, it is necessary to mount a pawl 23 for pivotal movement
      toward locking engagement with the ratchet teeth 19 and return. Then
      inertial sensing means such as the rigid pendulum structure 24 must be
      provided to act on the pawl 23 when an inertial imbalance occurs. The
      pendulum 24 is shown at rest in the vertical depending position in the
      FIG. 1 with the head 25 of the pendulum 24 resting on a circular fulcrum
      or seat 26. The mass 27 of the pendulum 24 is depending from the head 25
      on the rod 28. The pendulum 24 and pawl 23 are supported by a saddle 30
      and the saddle 30 is supported and held in the retractor body 12 between
      the flanges 14 and 15 of the body 12 by grasping the pairs of
      protuberances 31 and 32 in axial array. These, as will be appreciated,
      impinge on the perimeters of the lanced openings 33 and 34 in the flanges
      14 and 15 of the frame 12. The pair of protuberances 31 from the pan-like
      saddle 30 are in axial and fulcrum support of the pawl element 23. The
      cylindrical protuberances 32 will be seen to facilitate the assembly of
      the saddle 30 to the retractor frame 12 by pivotally locating the saddle
      30 allowing it to be tilted into and seated within the lanced opening 33
      at the protuberances 31.
PAR  Butterfly shaped recesses 35 are provided through the protuberances 31 in
      support of the bar portion 36 of the pawl 23. This permits, as will be
      seen, the pawl 23 to be tilted toward engagement with the teeth 19 of the
      ratchet flanges 18, and the center of the recesses 35 act as fulcrums
      which allow the bar portion 36 of the pawl 23 to rock toward and away from
      lock relationship. The tooth portion 37 of the pawl 23 is beveled to
      facilitate locking engagement with the ratchet teeth 19. A tab portion 38
      of the pawl 23 extends rearwardly (to the right as shown in FIGS. 1, 2 and
      3) and rests upon a pedestal 39 formed in the web portion 40a of the
      saddle 30. A gravity bias assures this position normally so that the tab
      extension 38 is in parallel registry above the pendulum head 25 and this
      gravity bias may be augmented as by a spring where desired. Such
      augmentation provides a means of dampening the sensitivity of the pendulum
      24 to displacement. The pedestal 39 in the saddle 30 thus provides a limit
      stop against which the pawl 23 rests under normal circumstances when the
      pendulum 24 is vertically depending.
PAR  In the FIG. 2 the construction described in respect to FIG. 1 is oriented
      best and the rewind spring motor 40 is seen secured to the flange 14.
      While the spring is not shown, it is of the spiral type driveably secured
      to the drum 16 at one end and secured at the other end to the flange 14 of
      frame 12. The ratchet flanges 18 of the drum 16 are seen to be in
      interference registry with the teeth 37 of the pawl element 23. In the
      FIG. 3 the circular knife edge seat 26 providing omnidirectional sensing
      is best appreciated and the head 25 is tilted as by an imbalance in
      inertial forces causing the omnidirectional tilting of the head 25
      upwardly and impinging on the tab extension 38 of the pawl 23 causing it
      to tilt on the fulcrum formed by the butterfly openings 35 and thereby
      engaging the pawl teeth 37 with the ratchet teeth 19 and halting any
      further withdrawal of webbing 20 or rotation of the drum 16. The lock
      stresses are conveyed into the pawl 23 through the saddle 30 and into the
      frame 12 at the lanced openings 32 and 33 in the flanges 14 and 15. A
      buttress 41 in the web portion 40a of the saddle 30 provides an added
      obstacle to overrun but the stresses predominantly flow into the saddle 30
      at the interface between the protuberances 31 at the opening 35 and at the
      outer perimeter of the protuberances 31 at the openings 33. In FIG. 3 it
      will be appreciated that any substantial tilting of the pendulum 24 in any
      direction results in the elevation of the head 25 and tilting displacement
      of the pawl 23 to locking position.
PAR  The saddle 30 is preferably injection molded from a suitable and durable
      shock resistant plastic or resin material. The selected resin should
      provide good dimensional control and repetitive accuracy for mounting the
      one-piece pawl element 23 and the two-piece pendulum 24 while precision
      locating its assembly position in respect to the retractor frame 12.
PAR  FIG. 4 best illustrates the assembly simplicity of the thus described
      retractor 11. The basic retractor 11 is seen to comprise two assembly
      clusters. These are the frame 12 in support of the ratchet drum 16 and
      rewind motor 40 with attendant harness webbing 20; and the saddle assembly
      comprising the saddle 30 in support of the pendulum 24 and the pawl member
      23. The two are integrated by assembly together placing the protuberances
      32 in the prearranged and axially aligned openings 34 and then tilting in
      the protuberances 31 into the prearranged and axially aligned openings 33
      to lock by compression deformation or by staking.
PAR  Noteworthy in the described construction is that the saddle support allows
      the use of a vehicle sensitive inertial property in the setting of almost
      any safety belt retractor. Accordingly, a redundant system combining
      vehicle sensitive and webbing sensitive locking properties is possible.
      The parts are generally reduced. The dimensional control is substantially
      better and the assembly is substantially simplified. The two-piece
      pendulum where the head and rod are integral represents a simplification
      of assembly on the circular seat which is precision formed in the webbing
      of the saddle. The integral buttresses in the saddle provide stop locating
      functions in respect to the movable pawl.
PAR  While a precise embodiment is shown in which the retractor is mounted
      horizontally in its frame and the pendulum is vertical, such a
      construction may be obviously modified to suit variant installations as
      where the retractor may be mounted at variant angles from the horizontal
      as in the seats or door posts of vehicles. The pendulum is still oriented
      in its vertical relation in normal usage but the pawl may be configured
      differently on the frame and saddle reoriented on the frame to properly
      relate the pawl teeth to the ratchet teeth on the retractor drum. Other
      modifications well known in the art may be used and all of such
      modifications and improvements are intended to be included in the present
      invention limited only by the scope of the hereinafter appended claims.
PAR  The assembly of the pawl element 23 in the saddle is by sliding the longer
      of the bar portions 36 of the pawl 23 into one of the butterfly slots 35
      and this provides clearance for the bar portion 36 to be aligned between
      the protuberances 31 so that axial movement of the bar portion 36, then
      locates both ends of the bar portion 36 of the pawl 23 in the butterfly
      shaped recesses 35 for tilting support. This assembly is best appreciated
      by reference to the FIG. 4 and to FIG. 1. As thus assembled, the pawl 23
      cannot escape from pivotal capture in the protuberances 31 because the
      tooth extensions 37 of the pawl 23 are secured by the frame flanges 14 and
      15 from lateral movement.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a retractor with a ratchet flanged drum, the vehicle sensitive
      inertial locking structure comprising:
PA1  a retractor frame defining precision located and prearranged openings;
PA1  a separate saddle structure mounted in said frame and located in said
      openings;
PA1  a pawl element pivotable in said saddle structure and having an extending
      tab, said pawl element having ratchet engaging teeth tiltable with said
      pawl into locking engagement with said ratchet; and
PA1  a headed omnidirectional rigid pendulum supported by said saddle and
      beneath said extending tab of said pawl, said headed pendulum, upon
      displacement, tilting said pawl.
NUM  2.
PAR  2. In the structure of claim 1 wherein said saddle includes a circular
      knife edge defining an opening therethrough and said circular knife edge
      supporting said rigid headed pendulum.
NUM  3.
PAR  3. In the structure of claim 1 wherein said saddle structure is
      preassembled to include said pendulum and said pawl and secured to said
      retractor frame at said prearranged openings in said retractor frame.
NUM  4.
PAR  4. In the combination set forth in claim 3 wherein said saddle is provided
      with plural axially aligned pairs of protuberances and said protuberances
      being secured in said prearranged openings in said retractor frame.
NUM  5.
PAR  5. An inertial retractor of the vehicle sensitive type comprising:
PA1  a retractor frame having selected pairs of openings;
PA1  a webbing support drum biased to rewind rotatably supported in said frame
      and including ratchet flanges rotatable with said drum;
PA1  a resin saddle structure supported by said frame and comprising an integral
      plurality of pairs of indexing protuberances, said protuberances impinging
      on said selected pairs openings provided in said frame and a web platform
      portion of said saddle structure providing therethrough a vertical opening
      surrounded by an annular raised seat;
PA1  a pawl with ratchet engaging teeth pivotally supported between one pair of
      coaxially related protuberances and said pawl and having a tab extension
      registrably over said seat in said web portion of said saddle; and
PA1  a headed pendulum depending through said vertical opening and supported by
      said seat which, upon displacement from vertical, tilts said pawl into
      locking engagement with the ratchet flanges of said drum in prevention of
      webbing withdrawal from said drum.
NUM  6.
PAR  6. In the structure of claim 5 wherein said saddle is integrally formed
      from tough, dimensionally stable and impact resistant plastic material.
NUM  7.
PAR  7. In the structure of claim 5 wherein said resin saddle includes a resin
      fulcrum upon which said pawl tilts and a resin support for said headed
      pendulum.
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ABST
PAL  This invention which is a surface to surface anti-tank missile following a
      modified ballistic trajectory incorporating a guidance computer system
      with manual setting (ascending mode) and infrared optical system
      (descending mode), solid fuel rocket motor and a shaped charge high
      explosive warhead is designed as an effective and inexpensive means for
      the destruction of armored vehicles.
BSUM
PAR  An object of this invention is to provide a means by which the destruction
      of armored vehicles may be accomplished through the safety provided by the
      indirect fire method.
PAR  Another object of this invention is to provide a means by which a shaped
      charge high explosive warhead may be placed upon the engine compartment of
      the armored vehicle.
PAR  A third object of this invention is to provide a means by which the large
      investment represented by an armored vehicle may be defeated by the small
      investment represented by a missile of the type herein described and
      illustrated.
PAR  A fourth object of this invention is to provide a means for the destruction
      of armored vehicles which is highly portable.
PAR  A fifth object of this invention is to provide a means for the destruction
      of armored vehicles not requiring highly trained personnel.
DRWD
PAR  A detailed description of the invention now follows in conjunction with the
      appended drawings in which:
PAR  FIG. 1 is an exterior view of the modified trajectory infrared guidance
      tank exterminator.
PAR  FIG. 2 is an exposed view showing location of the internal components of
      the missile.
PAR  FIG. 3 is a schematic chart of the tracking control system ascending mode.
PAR  FIG. 4 is a schematic chart of the tracking control system descending mode.
DETD
PAR  In operation the operator will first place the indirect trajectory infrared
      guidance tank exterminator in such a position that it stands vertically on
      the aerodynamic stabilization fins 19 which also function as the missile
      support stand with the infrared optical system 1 at the uppermost point.
      The operator will then determine the direction to the target by means of
      taking a compass reading of the direction of said target from his
      position. The operator will then set the lateral aerodynamic attitude
      control adjustment 3 in accordance with said reading which will
      automatically set the computer controlled aerodynamic control activation
      system 6 for the correct directional heading.
PAR  The operator will then determine the approximate distance of the indirect
      trajectory infrared guidance tank exterminator from the target and then
      set the vertical aerodynamic attitude control adjustment 4 to the correct
      setting in accordance with said estimated range to the target which will
      automatically set the computer controlled aerodynamic control activation
      system 6 for the correct vertical angle of flight which determines the
      range of the indirect trajectory infrared guidance tank exterminator.
PAR  The operator will then activate the shaped charge detonating mechanism 10
      by use of the detonating lock release 11.
PAR  The operator will then rotate the electrical systems activation switch 13
      which will connect the electrical power source 12 and activate all
      electrical systems of the indirect trajectory infrared guidance tank
      exterminator with the exception of the infrared optical system 1.
PAR  The operator will then attach an insulated electrically conductive wire to
      the quick release rocket motor ignition input electrical coupler 15
      whereupon said operator will unreel said wire to a point where the
      operator will be safe from the blast effect of the solid fuel rocket motor
      16.
PAR  The operator will then activate an electrical charge generator or similar
      device which will produce an electrical current through the insulated
      electrically conductive wire through the quick release rocket motor
      ignition input electrical coupler 15 and into the solid fuel rocket motor
      igniter 14 whereupon ignition of the solid fuel rocket motor 16 takes
      place.
PAR  The indirect trajectory infrared guidance tank exterminator is then lifted
      from the surface upon which it has been resting under the action of the
      gases generated by the said solid fuel rocket motor 16.
PAR  Aerodynamic forces acting upon the aerodynamic directional control surfaces
      17 and 18 guide the indirect trajectory infrared guidance tank
      exterminator along the correct modified ballistic flight path. The
      aerodynamic directional control surfaces 17 and 18 are acted upon by the
      aerodynamic control activation system 6 through the control rods 7 and 8
      in accordance with the input information of the vertical aerodynamic
      attitude control adjustment 4 and the lateral aerodynamic attitude control
      adjustment 3 as supplied by the operator, prior to the ignition of the
      solid fuel rocket motor 16, through the guidance computer 2.
PAR  Upon burnout of the solid fuel rocket motor 16, the indirect trajectory
      infrared guidance tank exterminator will coast upwards for some distance
      due to its own momentum; after which it will begin a downwards modified
      ballistic trajectory towards the earth.
PAR  Aerodynamic forces acting upon the indirect trajectory infrared guidance
      tank exterminator will cause the forward portion containing the infrared
      optical system 1 to assume the bottommost or downward position at which
      point the gravity switch 5 will inactivate the manually adjusted tracking
      control system ascending mode (FIG. 3) and in turn activate the infrared
      guidance tracking control system descending mode (FIG. 4).
PAR  The infrared guidance tracking control system descending mode will then
      locate the greatest source of infrared energy in the area immediately
      below through the infrared optical system 1 and activate the aerodynamic
      directional control surfaces 17 and 18 through the control rods 7 and 8
      and the guidance computer 2 in such a manner that the indirect trajectory
      infrared guidance tank exterminator is directed to the engine compartment
      of the target vehicle since this will be the greatest source of infrared
      radiant energy.
PAR  Upon reaching the engine compartment of the target vehicle a detonating
      mechanism 10 will detonate the high explosive shaped charge warhead 9
      which will absolutely ruin the engine, transmission system and everything
      else in the immediate vicinity and also ignite anything flammable in the
      immediate area such as fuel.
PAR  It is to be understood that changes in form, size and construction may be
      made in the device shown and herein described without departing from the
      spirit of the invention and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A surface to surface guided missile incorporating a solid fuel rocket
      motor activated through a quick release rocket motor ignition input
      electrical coupler, guidance in the ascending mode being provided by
      vertical aerodynamic attitude control surfaces and lateral aerodynamic
      attitude control surfaces actuated by control rods actuated by an
      aerodynamic control activation system under the control of a guidance
      computer in accordance with input from a vertical aerodynamic attitude
      control adjustment and a lateral aerodynamic attitude control adjustment
      input being provided by a gravity switch through an electrical systems
      activation switch from an electrical power source, guidance in the
      descending mode being provided by said vertical aerodynamic attitude
      control surfaces and said lateral aerodynamic attitude control surfaces
      actuated by said control rods actuated by said aerodynamic control
      activation system under control of said guidance computer according to
      input from an infrared optical system activated by said gravity switch by
      input from said electrical systems activation switch under input from said
      electrical power source, the transfer from the ascending to the descending
      mode of guidance being accomplished by means of said gravity switch, input
      in the ascending and descending modes being provided to the aerodynamic
      control activation system by the electrical power source through the
      electrical systems activation switch, the said vertical aerodynamic
      attitude control adjustment and the said lateral aerodynamic attitude
      control adjustment being manually adjusted by the operator prior to
      launching of the missile, the said electrical systems activation switch
      being also manually actuated by the operator prior to the launching of the
      missile, the operator will also manually actuate the detonating lock
      release prior to the launching of the missile which will permit the
      detonating mechanism to function upon the arrival of the missile at the
      source of infrared energy upon termination of the descending mode said
      functioning of the said detonating mechanism activating the high explosive
      shaped charge warhead, the missile being provided with aerodynamic
      stabilization fins, functioning during the ascending and descending modes,
      which will also function as a missile support stand.
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ABST
PAL  A lighter than air ship, with a bow plate on the bow, two cars suspended
      beneath the elongated bag, the cars having water ballast tanks, with
      scoops to take in water when the airship is landing on water and valves to
      let the water out when the airship is taking off, with a sea anchor and
      rode (rope) to the bow plate, a ground (bottom) anchor and rode (rope) to
      the bow plate, metal ribs attached to the bow plate and extending to a
      stern plate and connected to the bag both above and below the bag, with a
      vertical rudder for steering right and left, horizontal rudders for
      steering up and down and a ballonet inside the bag for keeping proper
      pressure, landing wheels for landing the airship on land, the cars being
      capable of landing the airship on water, the bag having an aerodynamic
      lifting shape so that the airship can take off and fly heavy and by
      dumping water can land safey and landing on water can take in water to be
      stable on the surface, can land on land with the wheels and be secured by
      the rodes.
BSUM
PAR  This invention relates to airships, lighter than air, that is, to aircraft
      which derive lift from a gas lighter than air, and it is an amphibious
      dirigible airship.
PAR  One object of the invention is to provide an airship which is amphibious,
      i.e., can land upon the land, e.g., a runway, and can land upon the sea
      including a bay or a large lake. Another object is to provide an airship
      which can take off heavy, which is not new, but which can take off heavier
      than usual, and which can land on the water, having pontoon-like floats to
      sustain it. Another object is to provide an airship which can come in
      light and, by taxiing along the surface of the water, can take in water to
      keep it down. Another object is to provide an airship which can taxi over
      the surface of the water and which, being heavy, can jettison the water
      and become light enough for takeoff.
PAR  Another object is to provide an airship which can be moored in a bay, for
      example, Great South Bay, N.Y., Barnegat Bay, N.J., Chesapeake Bay, Md.,
      Pamlico Sound, N.C., by ground anchor, i.e., bottom anchor, and also at
      sea by sea anchor. Another object is to provide an airship and anchors,
      both ground anchor and sea anchor, whereby the officers and crew can
      readily release the airship from either one without assistance of ground
      or water crew and carry away the anchor or anchors with them. Another
      object of the invention is to provide an airship which can land on water,
      either a bay or the open sea, without assistance and which can readily be
      serviced by motor boats.
PAR  Another object is to provide a lighter than air craft having efficient
      aerodynamic properties for taking off and flying using aerodynamic lift to
      supplement the aerostatic lift. In World War II, the King airships took
      off as much as two thousands pounds heavy, but size for size this airship
      can take off heavier still. Another object is to provide an airship of the
      type indicated with control surfaces well above the bottom of the envelope
      to avoid any damage on takeoff or landing. Another object is to provide an
      airship capable of very high speeds when provided with sufficient power,
      that is, having a body which can withstand a very large aerodynamic drag.
      Another object is to provide simple controls for admitting water to the
      ballast tanks under the cars and equally simple controls for sealing the
      ballast tanks and for discharging the water therefrom. Another object is
      to provide an airship excellently designed for carrying armament such as
      rockets and with good controls so that the rockets can be fired, for
      example at a submarine, by maneuvering the airship so that they shoot dead
      ahead, thus simplifying operations and obviating any possibility that the
      reaction blast of the rockets shall injure the airship, especially the
      vital gas containing envelope which can contain hydrogen without risk of
      fire.
PAR  Another object is to provide the advantages of the semi-Astra-Torres
      construction and fore and aft ribs together with conventional ballonets
      for utmost strength and resistance to aerodynamic drag.
PAR  Other objects will be in part obvious or in part pointed out hereinafter.
DRWD
PAR  In the accompanying drawings illustrating one version of the amphibious
      semi-rigid dirigible airship, L.T.A. of this invention.
PAR  FIG. 1 is a longitudinal sectional view of the airship, being taken on the
      line 1--1 of FIG. 2,
PAR  FIG. 2 is a plan view,
PAR  FIG. 3 is an elevation of the airship from the stern (tail),
PAR  FIG. 4 is a cross section of a rib,
PAR  FIG. 5 is a cross section of a U-coupler to join together two ribs,
PAR  FIG. 6 is a cross sectional view of the airship taken on the line 6--6 of
      FIG. 1, showing the forward ends (bows) of the cars in elevation,
PAR  FIG. 7 is a front elevation of the nose (bow) plate on an enlarged scale,
PAR  FIG. 8 is a longitudinal sectional view of a car on an enlarged scale,
PAR  FIG. 9 is an isometric view of a useful sea anchor otherwise called a
      drogue, together with the rode and the retrieving line,
PAR  FIG. 10 is a cross section of the lower part of the airship modified for
      cruising, transportation and pleasure, port is to the left,
PAR  FIG. 11 is a cross section taken on the line 11--11 of FIG. 10, forward is
      to the left,
PAR  FIG. 12 is a cross section of the floor of the airship of FIGS. 10 and 11.
DETD
PAR  Referring first to FIGS. 1, 2 and 6, the airship envelope 21 is typically a
      three-ply rubberized fabric, the plies being joined on the bias and
      cemented together, and Goodyear Aircraft, a division of Goodyear Tire and
      Rubber Company, Akron, Ohio, has made airship envelopes by the hundreds in
      this manner. Such fabric is cut into gores and then the gores are joined
      together in a manner well known to Goodyear. I envision this airship as
      having a capacity of 250,000 cubic feet which will give a gross lift at
      70.degree. F. and 30 inches of mercury sea level pressure of 17,500
      pounds, using hydrogen. Helium can be used instead of hydrogen, and is
      safer, and gives a little less lift. Hydrogen was safe enough in World War
      I, and I am unaware of any hydrogen airship being lost by accidental fire
      alone, the Hindenburg was destroyed by sabotage.
PAR  This envelope 21 is reinforced with ribs 22, FIGS. 1, 2 and 4. The ribs 22
      are of T-shape cross section, FIG. 4, and have heads 23 and webs 24. The
      webs 24 are of dove-tail shape and rib sections, for it would be
      inconvenient to make each rib 22 in one piece, are joined together by
      U-couplers 25, FIG. 5. The U-couplers 25 have internal dove-tails 26
      whereby two rib sections 22 can be joined together with a coupler just by
      sliding the coupler over one rib web and sliding the next rib web into the
      coupler. Then by taper pins through preformed holes in two webs 24 and two
      couplers 25, two rib sections 22 are joined together.
PAR  This operation can be performed in the assembly of the airship. I recommend
      that the bag 21 be filled with a mixture of helium and air to put it in
      substantially static equilibrium, then the workmen can build up the ribs
      22 section by section. It will be seen that the different sections will
      have different curvatures, some being nearly straight, others will sharply
      curve, for example, those near the bow. An adjustable pair of toggle
      pliers, available in many hardware stores, can be used to drive the taper
      pin through from one side of a coupler 25 through the web 24 through the
      other side of the coupler 25. These pliers are adjustable so that the
      distance between the jaws when the handles are in closed position can be
      varied and due to the toggle action they exert tremendous force, but they
      are hand tools easily managed. As aforesaid, the holes are preformed, and
      the holes in the couplers 25 on one side should be of slightly larger
      diameter than the matching holes on the other side.
PAR  The ribs 22 are secured in place on the outside of the envelope 21 by
      finger patches and cords going through holes in the heads 23, but as
      finger patches and cords are common in airship construction and well known
      to Goodyear, I have not illustrated same. I recommend as a material for
      the ribs 22 and the couplers 25 the metal titanium, which is widely used
      today in the manufacture of air frames (airplanes). It is strong and light
      in weight, corrosion resistant and malleable enough for present purposes.
      It can be drawn into the shapes shown. It used to be expensive but now by
      the Kroll process it is reasonable in price. It is far better than
      aluminum because aluminum checks and cracks, fractures, and this includes
      the alloy called duralumin, and airship disasters have been caused by the
      frangibility of aluminum and its alloys.
PAR  For the pins, not shown, I recommend bronze, and a good example is
      beryllium bronze, 99 Cu. 1Be, as bronze is swageable, thus making it
      possible to drive the pins through the ribs and the couplers to a vary
      tight fit. Furthermore there will be a slight electrolytic action between
      the titanium and the bronze thus bonding the pins to the couplers so that
      the final result is that each rib 22 is as if it were of one piece. In
      FIG. 2 I have shown five ribs 22 but there could be more and I don't
      recommend fewer.
PAR  The shape of my airship is shown in FIGS. 1, 2 and 3. As shown in FIG. 1,
      the nose 31 is blunt and resembles the leading edge of the early slow
      speed aircraft wings, in fact, the cross section of the airship, FIG. 1,
      is similar to an aircraft wing except that it is much thicker relatively.
      The tail 32 has a general resemblance to the tail of a K (King) type
      airship and has a general resemblance to the trailing edge of an airplane
      wing except that for structural reasons it is not sharp. The upper forward
      edge 33 deflects the air stream upwardly to cause reduced pressure over
      the after downwardly inclined portion 34 of the airship envelope which can
      be called a hull. The more or less flat bottom 35 has positive pressure on
      it when the axis of the airship is inclined upwardly. Thus the airship can
      take off with considerable aerodynamic lift, much more so than the more or
      less round in cross section airships such as the King airship, the L
      (Love) airship and World War I airships, that is with a given thrust.
PAR  As shown in FIGS. 1, 2 and 3, a rudder plate 41 which can be made of
      titanium extends across and is secured to the ribs 24 by the expedient of
      cords and holes in the webs and the plates. This rudder plate 41 supports
      a rudder post 42 made of hollow titanium which has a base 43 which is
      welded to the rudder plate 41. Bracing wires 45, 46 and 47 which can also
      be made of titanium hold the rudder post 42 against drag. Those wires 45,
      46 and 47 extend through holes in and are welded into a streamlined
      welded-on top 49 of the rudder post 42. The other ends extend through
      holes in the webs 24 and then are twisted back on the wires and welded.
      Throughout this specification, "welded" means "soldered" wherever the
      context requires.
PAR  The rudder 51 has a counter balance 52 so that steering can be done by hand
      without a booster. It can be made of titanium sheets with titanium ribs,
      not shown, between the sheets, the sheets being welded to a titanium pipe
      54 surrounding the rudder post 42. The usual horns, not shown, which can
      be welded to the titanium pipe 54 and themselves made of titanium provide
      the means for moving and holding the rudder 51; wires run from them to the
      steering wheels in the cars via guides and as this is well known airship
      construction, I am not showing the wires nor the guides and will not show
      the wheels for the vertical rudder 51 nor for the horizontal rudder which
      is an elevator about to be described.
PAR  Just aft of the rudder plate 41 is an elevator plate 61 which is curved as
      it fits the tail 32. It is desirably tied by cords through holes to the
      rudder plate 41 and is secured to the webs 24 of the ribs 22 by the same
      expedient. This elevator plate 61, which can also be called the stern
      plate, is likewise desirably made of titanium and has fixed hinges 62
      welded to the stern plate 61.
PAR  The elevator 71 can be made out of titanium sheet with titanium braces
      between the sheets and they are welded to movable hinges 72 between the
      fixed hinges 62. The elevator 71 has counter balances 74 to make operation
      possible by manpower alone. Extending through the elevator 71 through the
      fixed hinges 62 and the movable hinges 72 is a pintle 75, which can be
      made of titanium tube, having an integral head 76 at one end and a
      screw-on cap 77 at the other end which can be pinned to prevent it from
      turning off. Horns, wires and guides provide means for operating the
      elevator by elevator wheels in the cars, and these are not shown because
      this construction is well known.
PAR  Referring now to FIG. 7, the bow plate 81 can also be made of titanium
      sheet. It has rib sections 22 welded to it and this gives it strength. It
      fits over the nose (bow) and is indicated in FIG. 1. It gives strength
      against the aerodynamic drag and has a ring 82 for one anchor, a ring 83
      for the other anchor and a ring 84 for connection to the mooring mast. Let
      us say that the ring 82 is for the ground anchor and the ring 83 is for
      the sea anchor. These rings can also be made of titanium as I don't want
      to mix metals because that makes for trouble except in certain cases where
      you want electrolytic action.
PAR  Referring now to FIG. 6, the cars 91 and 92 are identical except that the
      one on the starboard side is mirrored with respect to the one on the port
      side. The one shown in FIG. 8 is the starboard side car. I prefer to make
      the cars of titanium throughout, except for windows, doors and the like
      and these should have titanium frames, and the transparent part is best
      made of methyl methacrylate. The front windows 93 and 94 are shown in FIG.
      6, and these are desirably bowed for streamlining reasons, see also FIG.
      8, and these windows do not open. Similarly for streamlining reasons, the
      cars 91 and 92 have sharp sterns, 95 (upper level), 97 (lower level).
      Connected to the cars 91 and 92 are engines 100. Access to and egress from
      the cars 91 and 92 is by way of doors 101 and 102 on the insides of the
      cars, these doors 101 and 102 having methyl methacrylate windows 103 and
      104. By "the insides" I mean that the doors 101 and 102 face each other,
      that is, the door 101 of the car 91, which is the starboard car, is on the
      port side of the car 91 and the door 102 of the car 92, which is the
      starboard car, is on the port side of the car 92. However, this is merely
      a preference and the exact opposite could be adopted and in fact there
      could be two doors in each car. Numerous fixed methyl methacrylate windows
      which can be called ports can be set in the walls of the cars and these
      are not shown. For example, there could be such windows in the sterns 95
      and 97 and methyl methacrylate transmits heat more slowly than any metal
      and, furthermore, it has low specific gravity and is quite strong.
PAR  In FIG. 1 I show the usual ballonets 105 and 106 to hold air to keep the
      airship inflated when descending, since the hydrogen or helium contracts
      when the airship descends. They are connected by large rubberized fabric
      pipes 107 and 108 to scoops (not shown) behind the propellers.
PAR  Referring now to FIGS. 1 and 6, the cars 91 and 92 are supported by cords
      111 and I see no point in giving each cord a separate number since these
      figures show a suggested way of arranging the cords. These are nylon cords
      in the best mode known to me because I would hate the job of constructing
      the airship with metal wires inside. On the top these cords are secured to
      the fabric, in a manner known to Goodyear which represents the skill of
      the art. Just inside the ribs 22, at the bottom, they extend through
      glands in a manner also known to Goodyear to prevent the escape of gas.
PAR  After the envelope 21 is inflated with air and helium as aforesaid and the
      ribs 22 are secured in place, more helium should be pumped into the
      envelope 21 to give it more lift, and of course at that time it is
      prevented from rising by fabric bands about it to which are attached
      sandbags in the usual manner of airship erection. The nylon cords 111 are
      already in place having been arranged therein when the bag contained only
      air and was resting on the hangar floor so that the workmen could work
      inside. Every cord should be of surplus length inside so that it can be
      pulled down through the glands to make every cord taut and to divide the
      weight of the cars evenly among the many cords. A counting will show eight
      cords 111 in FIG. 1 which, multiplied by 10 shown in FIG. 6, makes 80 and
      this, of course, is only an illustrative example.
PAR  Now extra helium is added and this means a mixture of helium and air will
      be exhausted from bag 21 and either lost or reprocessed because it is
      possible to reprocess a mixture of air and helium and this is what was
      done at Lakehurst U.S. Naval Air Station in World War II. Finally, the bag
      has lift enough to lift both cars and then they are attached and sealed in
      a manner well known to Goodyear.
PAR  Referring now to FIG. 9, a sea anchor or drogue 121 is represented. This
      can be made of canvas (cotton duck will do, does not have to be watertight
      but can be rubberized.) It should have a hole 122 in the "bottom" to
      create a current of water when in use and a wide mouth 123 for entrance of
      the (sea) water. The hole 122 should be protected by a ring (bronze or
      brass will do) 124 and the mouth 123 should be held open by a ring 125,
      same metal or any other. To the ring 125 is connected a bridle 130 (say
      three nylon cords) that are connected to a rode 131 at 132. The rode 131
      goes through the ring 83 and then through a porthole 140 (FIG. 8) and is
      belayed in the car. (The outside engines 100, FIG. 3, have propellor
      blades 141, 142.) There can be a ring 143 on the rode 131 connected to a
      line 144, which line goes directly through the porthole 140 and is belayed
      inside.
PAR  Advancing the airship by the engines until the sea anchor is approximately
      under the ring 83, any able bodied man can pull on the rode 131 and the
      water will flow out of the hole 122 until the sea anchor is empty. He can
      then pull on the line 144 (or another hand or officer can) to pull rode
      131 and drogue 121 through the porthole 140.
PAR  In the meantime an officer pulls up the rod 150 (FIG. 8) by means of the
      handle 151 and this raises a conical valve 152 from a seat 153 to let the
      (sea) water out of a large chamber 160 connected by a large pipe 161 to a
      forward water chamber 162 which is filled by the landing and taxiing of
      the airship by the water going over the nose 164 of the car bottom. The
      water can be, of course, ordinary ocean salt water, Great Salt Lake water,
      brackish Great South Bay water, brackish "river" water of North Carolina,
      nearly pure water of Lake Erie, Lake Ontario, Lake Huron, Lake Michigan,
      Lake Superior, the Caspian Sea, etc. etc. Lots of it will be contaminated,
      as everyone knows, but if picked up from Lake Okeechobee in Florida, it is
      perfectly good to drink.
PAR  The sea anchor or drogue should hold about 90 pounds avoirdupois of water
      and when the axis is vertical, the water should run out in about 1 minute,
      so this will not strain any seaman 2C. In an airship at sea anchor, up
      elevator takes the airship down and down elevator lifts it. Perhaps Prof.
      Capt. J. C. Hunsaker, U.S.N. 08 retired, M.I.T., Cambridge, Mass. can
      explain this. He designed the 79,000 airships I flew in W.W.I.
PAR  The ground anchor, i.e., an anchor which reaches and clings to the bottom
      of the bay, river, pond, sea, harbor, etc., needs hardly be illustrated
      nor described. There is the fluke swivel type used on steamships,
      battleships, aircraft carriers, destroyers, etc., the old yachtsman's
      anchor with fixed flukes and a steel crossbar which could be folded to the
      shank for stowage on deck. I used to heave one of these weighing 90 lbs.
      from the deck of my yacht and the flukes were always forward. In this case
      i recommend a plow anchor or "Danforth" (trademark) and it can be pulled
      right up to the ring 82 by its rode. Rode is found in the unabridged
      Webster's dictionary and is local to U.S. and Newfoundland, but all U.S.
      Naval officers and yachtsmen understand it. It is usually Manila rope. As
      every Naval officer and yachtsman know, you move the ship forward with
      engines until the anchor is directly under the chocks on the bow and then
      haul on the rode and you can get it out of the worst mud (Cuttyhunk
      Harbor, Mass., for example, an excellent anchorage for my airship and
      right out to sea). FIG. 7 shows a ground anchor 165.
PAR  The ground anchor rode 166 goes through the porthole 140 and is cleated or
      belayed inside the cabin. It should be long, about 400 feet, as the nose
      of a 250,000 cu. ft. airshipp is high above the water.
PAR  I claim to have flown more airships to sea anchor than any man living or
      dead. I experimented with them in 1918 when I was Dirigible Officer at the
      above N.A.S. I experimented with them when I was Experimental Officer in
      1942 and 1943 in the Atlantic from N.A.S., Lakehurst, N.J. They are very
      practical, but never never use a ballast bag with them.
PAR  FIG. 3 shows the engines (radial) 100 and the propellers 141 at the stern
      of the cars 91 and 92. To the rear of these are the conventional scoops
      (hollow cones) to collect the air blast from the propellers when they have
      r.p.m.'s half speed or better to send the air to ballonets 105 (rear) and
      106 (forward) by rubberized fabric tubes 107 and 108. These are controlled
      in the cars by the dampers to let air into the ballonets, and by valves to
      let the air out.
PAR  Complete controls should be in each car. I like the controls of the King
      airships built by Goodyear (over 100 of them) for the U.S. Navy. On the
      starboard side of the car was the wheel (with longituding axis shaft) for
      the vertical rudder, on the port side the wheel with a thwartship axis
      shaft for the elevator, and forward on the panel were the manometer tubes,
      central one for medium pressure, right and left for ballonet pressure,
      left forward, I believe, right aft, I believe, and there were the lanyards
      within easy reach of both officers to open and close each damper, to open
      and close each ballonet valve, and to open a helium valve to exhaust
      helium in emergency. It also opened automatically. I believe the lanyard
      for the helium valve was hardly ever used. There was also the ripcord
      probably never used.
PAR  In World War I, 1917 and 1918, the 79,000 cu. ft. dirigibles had similar
      controls, but the officer conning the ship had a rudder bar for the
      vertical rudder, and a hand wheel on his right for the elevator, the same
      lanyards and manometer tubes within his reach. The pressure on the three
      was similar, calibrated in inches of water (but the liquid was alcohol and
      red ink). One and one half inches was right, about 4 might burst the bag,
      one half was dangerously low, the bow might cave in and rupture the
      fabric, so my ribs 22 and my bow plate 81 offer great advantages. In World
      War I, I being Captain, ordered Gunner Meduskey (Warrant Officer) to pull
      the ripcord as we were in a dangerous place and the 79,000 cu. ft.
      Goodyear dirigible was filled with hydrogen. It was customary to pull the
      ripcord at the end of a free balloon flight to deflate the bag and then it
      and basket could be packed on a small truck. Meduskey and Chief Mate
      Nichols and I packed the 79,000 deflated dirigible on flat cars in 3 days
      and she flew again. I had flown her for about 15 hours continuously that
      day. There was no room for a second man in the pilot's seat.
PAR  All of this construction and control not special to my invention is known
      to Goodyear (subsidiary Goodyear Aero Space Corp. I believe) and to some
      of the L.T.A. Society, Masillon Road, Akron, Ohio, Pres. Dr. A. D.
      Topping, to many retired U.S. Naval Officers L.T.A., for example, to my
      friend Rear Admiral Scott E. Peck, U.S.N. retired, Naval Aviator 976 40 L
      St., Chula Vista Calif. 92011 (W.W.I. and W.W.II) and to Warner L. Hamlen
      (W.W.I.) 853 South Lucerne Blvd., Los Angeles, Calif. 90005, and
      Vice-Admiral Charles E. Rosendahl, Tom's River, Dover Township, Ocean
      County, N.J.
PAR  Therefore, I shall not elaborate upon these matters further for they
      represent the skill of the art. I note, however, that there were lanyards
      to pull the scoops up out of the slip stream.
PAR  I may provide a brace 170 between the cars, it should be made of hollow
      titanium and can carry wires for the intercoms between cars. But I may
      leave it off also as the intercoms can be T.B.S. radio or the wires can be
      attached to the inside or underside of the bag 21. It is desirable to be
      able to close the water scoop or port 171 so I provide a screw 172 passing
      through a swivel nut 173, the screw having a handle 174 and being pivoted
      at 175 to a plate 176 (titanium) pivoted at 177 to the car. I can do very
      well with one car so my invention is not restricted to two cars. The one
      car should be about amidships laterally.
PAR  For landing on the ground, the runway of an airport, large or small, or a
      golf course, etc., I provide a rubber tired wheel 180, FIG. 8, axled on an
      arm 181, pivoted 182 in a wheel well 83 either side of the tube 161, with
      a lanyard 184 going through a ring 185 to a shaft 186 of a hand wheel 187
      which should have a ratchet wheel to be engaged by a liftable pawl, this
      being a common mechanical device so it is not illustrated. The airship
      should also have the common trailing handling lines but these are old and
      not shown.
PAR  Essentially, my airship is one which can be landed on water. Therefore, it
      can be anchored and serviced by small motor boats. The K airships of
      W.W.II generally had a landing crew of 40 men. Nor does it have to be
      semi-rigid as it has other advantages. In the U.S. Navy in W.W.I the
      airships were landed "on the ground" but they had no wheels. Mine can be
      easily landed "on the ground" without wheels.
PAR  My invention is not limited to a semi-rigid airship. With a car which can
      land on the sea, ocean, bay, river, etc., and take on water ballast and
      discharge same, fly to a sea anchor on the ocean and moor to a ground
      anchor in shallow water, it can be otherwise along the lines of the U.S.
      Navy K or the U.S. Navy M (Goodyear). See plate II Airship, Ency. Brit.,
      Vol. 1, op. p 459.
PAR  As a fighting airship, I have now completed the description, except that I
      note I prefer a long coil spring 190 around the shaft or rod 150 as the
      hydraulic pressure can sometimes be from below. This airship is a fighting
      airship. Mount rockets on her, either several of the 5 inch variety of
      W.W.II and she can sink most any merchant ship or a destroyer. Mount an 11
      inch rocket developed at the end of W.W.II on her and she can sink an
      aircraft carrier, a battleship or a cruiser. Mount a homing torpedo on her
      (I invented it in 1918 but it was not perfected for many years. On May 26,
      1941 the giant German battleship Bismark was hit by a homing torpedo
      (which strikes the propellers and rudder) dropped by an aircraft of the
      Royal (British) Navy, and other torpedoes soon sank her.) My airship can
      carry a homing torpedo and sink any submarine and most warships.
PAR  Where to mount the rockets and the torpedo and how to aim them and fire
      them are secrets of the United States Navy and will not be dealt with
      herein. Consider a fleet of enemy ships and a dense fog on the sea up to
      150 feet. The radar of my airship will locate the enemy ships, but the
      enemy ships cannot with their radar locate my airship. Their radar will
      pass right through the bag 21, the titanium will return but ripples and
      the cars 91 and 92 will return very little radar as my airship will be
      flown a mere 10 feet above the crests of the waves. (We flew a U.S. Navy K
      ship at 60 knots only 6 feet above the crests of the waves in W.W.II, I
      was the bombardier). Certainly underwater listening devices and sonar can
      be used by my airship but the details are secret. These will locate
      submarines and track them.
PAR  My airship is not limited to the use of reciprocating radial or other
      piston engines since jet engines can be used mounted on the outside
      brackets 191 or on the inside brackets 192. The efficient K airships
      (Goodyear) of W.W.II had a "displacement" of 425,000 cubic feet (of
      helium). They cruised at 50 knots. Build my airship of 750,000 cubic feet
      gas displacement, install two powerful jet engines and she can exceed 100
      knots. The air scoop for the ballonets can be amidships, fore and aft, of
      the bag and at 70 knots or less it will provide the 3 inches water
      pressure of air wanted for the ballonets, less is reguired. The dampers
      will control sending the air to the forward ballonet 106 (FIG. 1) or to
      the after ballonet 105 or both. The scoop should be close to the bag and
      the inlet probably rectangular, say 2 inches vertical and 12 inches long,
      cross section uniform and outlet controlled by the dampers to 108 and 107,
      FIG. 1. No lanyard to raise and lower the dampers need be provided and the
      drag will be minimal. Lanyards can operate the dampers from the car or
      cars.
PAR  In specifying titanium in this specification, I mean strong titanium and,
      as is usually the case, alloys are stronger. Page 251 of the Encyclopaedia
      Britannica, Vol. 22, copyright 1963, see table lower right, gives Beta
      (heat treated) 11% chromium, 3% aluminum, remainder titanium, Ti, as
      having a tensile strength of 200,000 pounds per square inch, p.s.i. In the
      best mode of the invention I now know, this is the Ti alloy to be used.
PAR  On page 1555 of the 44th edition of the Handbook of Chemistry and Physics,
      the tensile strength of Methyl Methacrylate (MM hereinafter, Trademarks
      Lucite Plexiglas) is given as 6,000-10,000 p.s.i. I know that MM can be
      copolymerized with other organic compounds, because in the 1930's, as a
      patent lawyer, I wrote 50 or more of such copolymers into ultimately
      issued patents for Samuel S. Kistler, Ph.D. and Carl E. Barnes, Ph.D.,
      severally and maybe jointly. I do not have a better mode than MM and
      10,000 p.s.i. seems adequate.
PAR  When MM is to be joined to Ti as in FIGS. 10, 11, and 12, I recommend a
      cement and the same Handbook of Chemistry and Physics gives a long list on
      p. p. 3433-3436. A-6, Armstrong Products Co., Warsaw, Ind. seems good to
      me, epoxy resin with activator. It is said to bond aluminum, so it will
      bond Ti and since it is a resin, it will bond MM. It is my best mode
      (choice) now.
PAR  For transportation and just pleasure, I modify the airship as shown in
      FIGS. 10, 11 and 12. There is a passenger compartment 200, located between
      and fastened to the cars 91 and 92. The floor 201 is made of MM plates 202
      supported by Ti girders 205 having heads 23a and webs 24a, see FIG. 12. I
      envision the surface of the plates 202 to be 1 foot square and the plates
      202 to be 1 foot square and the plates to be 1 inch thick, the rest in
      proportion as shown in FIG. 12. MM is highly transparent and the
      passengers will have good views of the sea, ship, yachts, cities, towns,
      hills, forests, woods. The forward end 210 is rounded to be streamlined
      and needs no Ti girders. The step 211 is for take-off and landing on water
      and can have Ti girders. This makes a sub-compartment 212 for officers'
      quarters, haing a bulkhead 213 and a door 214. Enlisted men can sleep in
      the cars 91 and 92 in bunks; officers have bunks with legs of different
      lengths. The superior quarters for passengers are in sub-compartment 215,
      FIG. 11, since they can see down and some of them to port or starboard.
      Where the Ti webs 24 are found, Ti posts 200 can be provided to connect
      them to webs 24a.
PAR  Titanium can be welded. See Ency. Brit. same article on Ti. Bars 24a should
      be welded end to end to extend the entire width of the compartment 201.
      Then short bars 24a a foot long apiece (and mortised to fit) should be
      welded to the long bars to make the spaces 1 foot square for the MM plates
      202. The MM plates are also mortised as shown.
PAR  I have shown companionways 230 at each side of the compartment 200 leading
      to and from the doors 101 and 102. I don't see why I have to describe
      companionways, these can be built of attractive cedar wood, with newel
      posts and balustrades and Jaquard woolen carpets on the stairs and
      landings. Doors 240 should be provided at the outsides of the cars 91 and
      92 in the cruising passenger airships to let the officers, crew and
      passengers in and out. The compartment 215 should be tapered aft to nearly
      a vertical line to reduce aerodynamic and hydraulic drag.
PAR  This airship (Naval or civilian) may be light after a long flight. It
      should be heavy with excess fuel on take-off and it can be flown heavy off
      the water because of the aerodynamic lift. If light when about to land,
      land in the ocean first, heading hard down and the tanks 160 and 162 will
      quickly fill with water. Then balance the airship to neutral (if
      possible), and neither heavy forward or aft by use of the ballonets 105
      and 106. That is, the pilot can discharge air from one ballonet while
      filling the other ballonet (if he has r.p.m. of the propellers high enough
      or sufficient speed of the airship by jet engines.) Then fly to the bay,
      or river, or other shallow quiet water and landing is easy and the airship
      can be anchored by the ground anchor.
PAR  It will thus be seen that there has been provided by this invention a
      semi-rigid airship, an airship in which the various objects hereinabove
      set forth, together with many thoroughly practical advantages are
      successfully achieved. As many possible embodiments can be made of the
      invention and as many changes can be made in the embodiments described
      herein, it is to be understood that all matter hereinbefore set forth or
      shown in the accompanying drawings is to be interpreted as illustrative
      and not in a limiting sense.
PAR  When, in the claims, I recite "in which the airship envelope has a flat to
      slightly concave bottom in vertical section to enhance the aerodynamic
      lift of the airship," "slightly concave" means like the underside of a
      propeller driven airplane from the Wright Brothers through Glen H.
      Curtiss' various planes, the "Jennys", the R6 and N9 seaplanes, the NC
      flying boats, and later planes, including the propeller driven transports,
      but excluding turbo-jets and the true jet. The jet airplane was invented
      in or before 1910 by Henri Coanda of France and in 1910 was built by and
      flown by him over the Paris wall, but not being a good enough pilot, he
      crashed it on the other side and did not have money enough to build
      another one.
CLMS
STM  I claim:
NUM  1.
PAR  1. A semi-rigid dirigible airship comprising an envelope for containing
      lifting gas (lighter-than-air), said envelope having a bow which is curved
      in vertical section for reduction of drag, having a metal bow plate on the
      bow, the stern of the airship being curved in vertical section for
      strength but on a shorter radius than that of the bow, a metal stern plate
      on said stern, an elevator pivotally connected to said stern metal plate,
      the axis of pivotal connection being substantially horizontal, a plurality
      of metal ribs attached to the bow plate and connected to the stern plate
      and extending fore and aft both on the top and on the bottom of the
      airship and secured to the envelope all along their lengths on top and
      bottom, said airship having a vertical rudder for steering starboard and
      port, propulsion means for said airship, at least one ballonet in said
      envelope to take in and exhaust air to keep the pressure up and not too
      great, a pair of separate cars one on either side of the airship
      underneath, cords inside said envelope extending from and attached to the
      upper part of the airship and attached to the cars for the support
      thereof, the cars being floatable for landing the airship on water, at
      least one car having a water ballast compartment, a scoop at the forward
      end of such car to take in water to the ballast compartment, and a valve
      to discharge the water.
NUM  2.
PAR  2. A semi-rigid dirigible airship according to claim 1, in which the
      vertical rudder is on top of the airship mounted on a rudder post which is
      mounted on a metal plate which is secured to the airship.
NUM  3.
PAR  3. A semi-rigid dirigible airship according to claim 2, in which the
      vertical rudder and the elevator have counter balances.
NUM  4.
PAR  4. A semi-rigid dirigible airship according to claim 3, in which the ribs
      are made of titanium alloy.
NUM  5.
PAR  5. A semi-rigid dirigible airship according to claim 4, in which the
      airship has a flat to slightly concave bottom in vertical section to
      enhance the aerodynamic lift of the airship.
NUM  6.
PAR  6. A semi-rigid dirigible airship according to claim 1 in which both the
      vertical rudder and the elevator have counter-balances.
NUM  7.
PAR  7. A semi-rigid dirigible airship according to claim 6, in which the ribs
      are made of titanium alloy.
NUM  8.
PAR  8. A semi-rigid dirigible airship according to claim 7, in which the
      airship bottom has a flat to slightly concave bottom in vertical section
      to enhance the aerodynamic lift of the airship.
NUM  9.
PAR  9. A semi-rigid dirigible airship according to claim 1 in which both the
      vertical rudder and the elevator have counter balances and in which the
      airship envelope has a flat to slightly concave bottom in vertical section
      to enhance the aerodynamic lift of the airship.
NUM  10.
PAR  10. A semi-rigid dirigible airship according to claim 1, in which the
      airship has a flat to slightly concave bottom in vertical section to
      enhance the aerodynamic lift of the airship.
NUM  11.
PAR  11. A semi-rigid dirigible airship according to claim 10, in which the
      vertical rudder is on top of the airship mounted on a rudder post which is
      mounted on a metal plate which is secured to the airship.
NUM  12.
PAR  12. A semi-rigid dirigible airship according to claim 11, in which both the
      vertical rudder and the elevator have counter balances.
NUM  13.
PAR  13. A semi-rigid dirigible airship according to claim 1, in which the
      airship envelope has a flat to slightly concave bottom in vertical section
      to enhance the aerodynamic lift of the airship and in which the ribs are
      made of titanium alloy.
NUM  14.
PAR  14. A semi-rigid dirigible airship according to claim 13, in which the
      vertical rudder is on top of the airship mounted on a rudder post which is
      mounted on a metal plate which is secured to the airship.
NUM  15.
PAR  15. An amphibious dirigible airship comprising an elongated bag containing
      gas lighter than air, said bag having a bow, rudders to direct said
      airship to starboard, to port, up and down, an air ballonet in said bag to
      keep said bag inflated and to prevent the pressure from rising too high
      despite changes in altitude of the airship, a bow plate on and secured to
      said bow, a sea anchor for said airship, a rode for and attached to said
      sea anchor, a ground anchor for said airship to be held to the bottom of a
      body of water, a rode for and attached to the ground anchor, a ring having
      an orifice for passage of the sea anchor rode therethrough, said ring
      being mounted to the bow plate, a ring having an orifice for passage of
      the ground anchor rode therethrough, said ring being mounted to the bow
      plate, a car secured to the bag and below it, means to belay said rodes so
      that they will not run through the rings, a water chamber in the bottom of
      said car, a water scoop near the bottom of the car to collect water for
      the water chamber when the car is on the surface of a body of water, a
      valve in the bottom of the chamber to let the water out and to keep it in,
      means in the car to operate the valve, a wheel well in the bottom of said
      car, a wheel for landing the moving airship on a runway, and apparatus for
      raising the wheel into the wheel well and for lowering it for landing.
NUM  16.
PAR  16. An amphibious dirigible airship according to claim 15 having two cars
      each car having a landing wheel.
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ABST
PAL  A semi-automatic takeoff flight control system for automatically capturing
      a predetermined takeoff pitch attitude at a predetermined pitch rate
      during the aircraft takeoff rotation maneuver. In response to the manual
      rotation command from the pilot, control circuitry generates a pitch rate
      command to the elevator, limited to the predetermined pitch rate. As the
      craft rotates to an intermediate pitch attitude less than the desired
      predetermined takeoff climb attitude, circuitry is included to provide a
      pitch attitude command with regard to the predetermined reference
      attitude, which by virtue of rate, displacement, and integral control
      provides asymptotic capture of the predetermined reference attitude.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to flight control systems, particularly with regard
      to the takeoff mode thereof.
PAR  2. Description of the Prior Art
PAR  In modern aircraft requiring a takeoff run to become airborne, the pilot
      applies a pitch-up command to the control column when the aircraft attains
      a predetermined forward velocity, designated as the rotation velocity
      V.sub.R. The manual command from the pilot rotates the craft about the
      main gear so as to increase the angle of attack thus lifting the craft
      from the runway. To achieve specified takeoff performance, the manual
      command must be precisely applied to rotate the craft at a predetermined
      pitch rate to asymptotically capture a predetermined climb-out pitch
      attitude.
PAR  In most aircraft, this maneuver requires complete pilot attention and a
      nominal degree of pilot skill. In other aircraft, particularly the short
      takeoff and landing variety, hereinafter referred to as STOL aircraft, the
      maneuver is critical with regard to aircraft safety. In STOL aircraft,
      because of the narrow stall margin configurations thereof, the pilot must
      precisely command a high maximum pitch rate and capture the predetermined
      climb-out pitch attitude with no overshoot thereof. In the STOL aircraft,
      over-rotation causes excessive angle of attack and the attendant lack of
      forward acceleration; conversely, under-rotation causes the aircraft to
      become airborne beyond the designated takeoff point. Thus, in the short
      runway STOL environment, it is clear that the takeoff maneuver must be
      precise or the aircraft will over-run the runway surface without having
      become airborne. This maneuver is difficult to manually execute through
      elevator control because of the lack of adequate guidance information and
      the high forces and large elevator deflections required. Even with an
      elevator boost system which reduces the required force inputs, the
      rotation maneuver is difficult to perform precisely. With such aircraft,
      pilots tend to vary the pitch rate in an attempt to hunt for and seek the
      required pitch attitude. Such maneuvering is considered to be dangerous
      because of the aforementioned narrow stall margin configuration of such
      STOL aircraft.
PAC  SUMMARY OF THE INVENTION
PAR  With the present invention, the pilot is merely required to apply such
      stick force as to approximate the precise maneuver. When the pilot applies
      the manual rotation command, circuitry is utilized to provide a pitch rate
      command to the elevator limited to the desired maximum pitch rate. Thus,
      pitch rates that would result in an overshoot or undershoot of the desired
      pitch climb out attitude are not developed. When the aircraft achieves an
      intermediate attitude less than the desired climbout attitude, circuitry
      is utilized in an attitude hold mode with regard to a reference source for
      the predetermined climbout attitude for asymptotically capturing the
      desired attitude.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE is a schematic block diagram of a flight control system
      configured in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is applicable to a wide variety of aircraft types and
      to a wide variety of flight control systems. The invention will be
      explained in terms of a stability and command augmentation system (SCAS)
      for a STOL aircraft with particular characteristics. The system to be
      described will rotate the aircraft in response to an appropriate manual
      pitch-up command from the pilot at a maximum rate of 8.degree. per second
      to asymptotically capture a climb-out pitch attitude of +15.degree. so as
      to provide the shortest takeoff distance.
PAR  Referring to the sole FIGURE, a schematic block diagram of a pitch axis
      SCAS incorporating the takeoff control features of the present invention
      is illustrated. A manual controller 10, such as a conventional control
      wheel and control column arrangement, is coupled via appropriate
      mechanical linkages 11 to a mechanical summing device 12 to provide manual
      pitch commands from the pilot. The output of the mechanical summing device
      12 is applied to a main surface actuator 13 which, in turn, positions
      elevator control surfaces 14 of the aircraft. The surface actuator 13 may
      comprise any of a wide variety of conventional full authority actuator
      systems such as electrically controlled or hydraulic boost actuators or
      the like. It is appreciated that the surface actuator 13 may also comprise
      a suitable direct mechanical linkage from the mechanical summing device 12
      to position the elevator 14.
PAR  A second input to the mechanical summing device 12 is provided by a
      conventional SCAS servo 15. The SCAS servo 15 includes a summing junction
      16 whose output is applied through a servo amplifier 17 to drive a SCAS
      series actuator 20. The SCAS actuator 20 is designed to provide limited
      authority of one-half of the total elevator authority. The actuator 20 may
      be of a conventional type as described in U.S. Pat. Nos. 3,213,702 and
      3,269,199, both by L. W. Deenan et al., issued Oct. 26, 1965 and Aug. 30,
      1966, respectively, entitled "Jackscrew" and "Motion Converting
      Mechanism", respectively, and both assigned to the assignee of the present
      invention; or it may be a conventional electro-hydraulic secondary
      actuator such as shown in U.S. Pat. No. 2,936,135. The output of the
      actuator 20 is applied as an input to the mechanical summing device 12 and
      is also applied via an actuator position feedback transducer 21 to provide
      an input to the summing junction 16 to close the positioning servo loop
      15. The output of the servo amplifier 17 is also applied through a
      two-position switch 22 to actuate a conventional automatic trim system 23.
      In the takeoff position of the switch 22, the SCAS servo 15 is
      disconnected from the trim system 23 and in the attitude command position
      thereof the SCAS servo 15 is connected thereto. The switch 22 is
      positioned in accordance with logic to be later described.
PAR  A stick force sensor 24 mounted in the control wheel 10 provides a signal
      proportional to the force applied to the wheel 10 by the human pilot in
      manually commanding a pitch maneuver. The sensor 24 is a mechanical to
      electrical transducer and of the type described in U.S. Pat. No. 3,703,267
      by K. L. Oliver entitled "Control Wheel Force Sensors", issued Nov. 21,
      1972 and assigned to the assignee of the present invention. The output of
      the stick force sensor 24 is applied to the wiper of a two-position switch
      25 which is positioned with the switch 22 in a manner to be explained.
      With the switch 25 in the takeoff position, the stick force sensor 24 is
      connected through a shaping filter 26 as an input to a summing junction
      27. The shaping and filtering required for the signal of the stick force
      sensor 24 as provided by the filter 26 is well known in the flight control
      art and will not be further described herein for brevity.
PAR  The output of the summing junction 27 is applied as an input to a rate
      limiter 30. The limiter 30 is a conventional circuit that provides an
      output signal proportional to its input up to a predetermined limit, the
      limit being set so that the maximum command to the SCAS servo 15 results
      in an aircraft pitch rate of 8.degree. per second. The output of the
      limiter 30 is applied as an input to a summing junction 31 which receives
      as an other input a pitch rate signal from a pitch rate gyro 32. The
      output from the summing junction 31 is applied as an input to a summing
      junction 33 whose output is, in turn, applied as an input to the summing
      junction 16 of the SCAS servo 15. Thus it is appreciated that when the
      human pilot applies, for example, a pitch-up command to the control wheel
      10, the elevator 14 is deflected through the mechanical linkage 11, the
      mechanical summing device 12 and the main actuator 13 in proportion to the
      manual pitch command. Additionally, the command is augmented by a signal
      from the stick force sensor 24 through the limiter 30 to the SCAS servo 15
      and hence to the main surface actuator 13 through the mechanical summing
      device 12. Because of the input from the pitch rate gyro 32 to the summing
      junction 31, the aircraft responds with a pitch rate proportional to the
      signal provided by the stick force sensor 24 when the stick force signal
      is operating within the proportional region of the limiter 30. When the
      signal from the stick force sensor 24 equals or exceeds the value
      determined by the limiter 30, the aircraft is constrained to a maximum
      pitch rate of 8.degree. per second by said limiter 30.
PAR  With the switch 25 in the attitude command position, the output of the
      stick force sensor 24 is applied through a shaping filter 34 as an input
      to a summing junction 35. The filter 34 may have similar well known
      characteristics to those of the filter 26 and, in fact, may be identical
      thereto. It will be appreciated therefore that the filters 26 and 34, when
      identical, may be replaced by a single filter upstream of the switch 25.
PAR  A takeoff attitude reference source 36 is included that provides a fixed
      signal to control the aircraft precisely to a pitch attitude of
      15.degree.. The output of the reference source 36 is applied as an input
      to a summing junction 37 whose output is, in turn, applied through the
      takeoff contact of a two-position switch 40 as the input to an integrator
      41. The switch 40 is simultaneously controlled with the switches 22 and 25
      in a manner to be explained. The output of the integrator 41 is applied as
      an input to the summing junction 35 as well as an input to the summing
      junction 37. When the switch 40 is in the takeoff position, the integrator
      41 is connected through the summing junction 37 in a follow-up
      configuration to thereby assume the 15.degree. reference potential from
      the source 36. Also applied as an input to the summing junction 35 is a
      pitch attitude signal from a vertical gyroscope 42. Thus, with the
      switches 25 and 40 in the take-off position, the output signal from the
      summing junction 35 is a pitch attitude error signal representative of the
      difference between the actual craft pitch attitude and the reference
      attitude of 15.degree..
PAR  The output of the summing junction 35 is applied through a limiter 43 to a
      two-position switch 44. The limit values for the limiter 43 are set to
      command a maximum of one-quarter of the total elevator authority to
      preclude hard-over elevator commands in the event of a failure in the
      pitch attitude command provided by the summing junction 35 and the
      components upstream therefrom. The switch 44 is positioned in a manner to
      be described in detail hereinafter by logic signals as indicated by the
      legends associated therewith. The switch 44 is positioned as illustrated
      in the drawing when the system is in the attitude command mode or is in
      the take off mode with a pitch attitude of greater than 7.degree.. When
      other logical conditions exist, the switch 44 is in the position opposite
      to that illustrated in the figure. Such other position may be controlled
      in accordance with the system being in, for example, a rate command mode
      or an altitude hold mode or in the take off mode with a pitch attitude of
      less than 7.degree.. When the switch 44 is in the position illustrated in
      the figure, the pitch attitude command from the limiter 43 is applied as
      an input to the summing junction 27 and hence through the limiter 30 to
      control the SCAS servo 15. It is appreciated that the pitch attitude
      command signals applied from the limiter 43 cannot result in a pitch rate
      greater than 8.degree. per second by reason of the limiter 30.
PAR  The pitch attitude command applied from the limiter 43 through the switch
      44 to the summing junction 27 is also applied through an integrator 45 as
      an input to the summing junction 33 to provide pitch attitude integral
      control in a well known manner.
PAR  The system also includes a conventional manual pitch attitude reference
      command controller 46, the output of which is applied to the attitude
      command contact of the switch 40. Such pitch command controllers are well
      known in the art and may be instrumented by a conventional manual pitch
      attitude "beep" controller, usually mounted on the pilot's control wheel.
PAR  The switches 22, 25, 40 and 44 are positioned by logic circuit 47 via any
      convenient coupling means (not shown). The logic circuit 47 is comprised
      of AND gates 50, 51 and 52 as well as OR gates 53 and 54. A force level
      detector 55 coupled to receive the signal from the stick force sensor 24
      provides logic signals to the logic circuit 47 when the pitch command
      force applied by the pilot to the control wheel 10 is greater than three
      pounds or is not greater than three pounds as indicated by the legends. A
      weight on gear detector 56 applies logic signals to the logic circuit 47
      when the weight of the aircraft is on the gear or when the weight of the
      aircraft is off the gear, i.e. when the aircraft is not or is airborne,
      respectively. A pitch attitude detector 57 coupled to the pitch attitude
      output of the vertical gyroscope 42 provides a logic signal to the logic
      circuit 47 when the pitch attitude of the aircraft exceeds 7.degree..
PAR  The logic circuit 47 implements the following logic expressions:
EQU  Take Off Mode = wt-on-gear + wt-on-gear . F &gt; 3 lbs.       (1)
EQU  Att Cmd Mode = wt-on-gear . F &lt; 3 lbs.                     (2)
EQU  Att Cmd + Take Off . .theta. &gt; 7.degree.                   (3)
PAL  where equation (1) represents the output of the OR gate 53, equation (2)
      represents the output of the AND gate 51 and expression (3) represents the
      output of the OR gate 54. Thus it is appreciated that the logic output
      signal from the OR gate 53 positions the switches 22, 25 and 40 to the
      respective contacts designated by the take off legend and the logic output
      signal from the AND gate 51 positions these switches to the respective
      attitude command contacts. In a similar manner the output of the Or gate
      54 positions the switch 44 to the contact designated by the legend
      associated with the gate 54 and logic circuitry not shown positions the
      switch 44 to the other contact when the logic conditions designated by the
      legend associated with the gate 54 are not satisfied.
PAR  In operation, when the aircraft is in the take off run and consequently
      since the weight is on the gear, the logic circuit 47 positions the
      switches 22, 25 and 40 to the take off contact and since the pitch
      attitude is not greater than 7.degree., the switch 44 is positioned to the
      "other" contact. When the aircraft attains the rotation velocity, the
      pilot applies back pressure to the control wheel 10 of an approximate
      amount to endeavor to rotate the aircraft to a 15.degree. attitude. Since
      the switch 44 is open, the elevator 14 is deflected in accordance with the
      direct mechanical signal from the mechanical linkage 11 and the signal
      from the stick force sensor 24 through the shaping filter 26 and the
      limiter 30 to the SCAS servo 15. Because of the rate limit established by
      the limiter 30 and the pitch rate aerodynamic feedback through the pitch
      rate gyro 32, the craft is constrained to pitch up at a rate not exceeding
      8.degree. per second. When the craft becomes airborne, since the force
      applied to the control wheel 10 is greater than 3 pounds, the system
      remains in the take off mode. When the aircraft exceeds a pitch attitude
      of 7.degree.,the logic circuit 47 closes the switch 44 thus applying a
      pitch attitude command to the SCAS servo 15 in accordance with the
      15.degree. reference signal stored in the integrator 41. The system then
      controls the craft to reduce the difference between the pitch attitude
      signal from the vertical gyroscope 42 and the reference signal stored in
      the integrator 41 so that the aircraft approaches the desired 15.degree.
      climb out attitude. The respective gains of the displacement path through
      the limiter 30, the rate path through the pitch rate gyroscope 32 and the
      integral path through the integrator 45 are adjusted in a well known
      manner such that the aircraft asymptotically approaches the desired
      15.degree. pitch attitude.
PAR  When the aircraft attains the desired climbout attitude, the pilot releases
      the force on the control wheel 10 thus causing the system to enter the
      attitude command mode. In this mode the switches 22, 25 and 40 are
      positioned to the attitude command contacts, respectively, and the switch
      44 remains in the position illustrated. Thus it is appreciated that the
      system is then operating in a conventional attitude command configuration
      where craft attitude control is effected by the control wheel 10 or the
      pitch reference beep command 46 with stability and command augmentation
      provided by the SCAS system as illustrated. It is appreciated that when
      the system is in the attitude command mode the automatic trim system 23
      operates in a conventional manner to maintain the limited authority SCAS
      series actuator 20 toward the central portion of its authority region.
PAR  It will be appreciated that although the preferred embodiment of the
      invention was explained in terms of specific parameters such as pitch rate
      limited to 8.degree. per second to approach a pitch attitude of 15.degree.
      and an intermediate pitch attitude of 7.degree., which parameters were
      chosen for a particular STOL aircraft, other pitch attitudes and pitch
      rates may be selected in accordance with the characteristics of the
      aircraft for which the system is designed. Similarly pilot control wheel
      forces other than 3 pounds may be utilized in effecting control in the
      system and alternatively a control wheel displacement sensor may be
      utilized to the same effect. The above described embodiment of the
      invention was explained in terms of a limited authority SCAS series
      actuator. The concepts of the present invention are equally applicable to
      full authority parallel actuator control systems.
PAR  From the foregoing it will be appreciated that when the aircraft attains
      the rotation velocity V.sub.R, the pilot is required merely to apply
      normal up elevator force and to thereafter provide only approximately the
      correct elevator force for the aircraft to precisely capture and hold the
      reference pitch attitude. The system as described automatically
      establishes the desired pitch rate to asymptotically capture the desired
      climb out pitch attitude.
PAR  While the invention has been described in its preferred embodiment, it is
      to be understood that the words which have been used are words of
      description rather than limitation and that changes may be made within the
      purview of the appended claims without departing from the true scope and
      spirit of the invention in its broader aspects.
CLMS
STM  We claim:
NUM  1.
PAR  1. A semi-automatic take off control system for aircraft for rotating said
      aircraft at no greater than a maximum predetermined pitch rate to capture
      a predetermined climb pitch attitude in response to a manual rotation
      command, comprising
PA1  first control means including limiter means responsive to said manual
      rotation command for rotating said aircraft at a pitch rate no greater
      than said maximum predetermined pitch rate,
PA1  detector means for detecting an intermediate pitch attitude less than said
      predetermined climb pitch attitude,
PA1  reference source means for providing a reference signal representative of
      said predetermined climb pitch attitude, and
PA1  second control means responsive to said detector means and said reference
      source means for controlling said aircraft to capture said predetermined
      climb pitch attitude after said aircraft attains said intermediate pitch
      attitude.
NUM  2.
PAR  2. The system of claim 1 in which said aircraft includes
PA1  pitch control surface means,
PA1  main surface actuator means coupled to said surface to control the
      positioning thereof,
PA1  manual pitch control column means for applying said manual rotation
      command, and
PA1  linkage means coupling said control column means to said main actuator
      means for coupling said manual rotation command thereto.
NUM  3.
PAR  3. The system of claim 2 in which
PA1  said control column means includes a mechanical to electrical transducer
      for providing an electrical pitch command signal in accordance with said
      manual rotation command, and
PA1  said first control means comprises servo means including a series actuator
      coupled to said surface to control the positioning thereof, said
      mechanical to electrical transducer being coupled through said limiter
      means to said servo means, thereby rotating said aircraft at a pitch rate
      no greater than said maximum predetermined pitch rate in response to said
      manual rotation command.
NUM  4.
PAR  4. The system of claim 3 in which said second control means comprises
PA1  pitch attitude sensor means for providing a pitch attitude signal
      representative of the pitch attitude of said aircraft,
PA1  combining means for combining said pitch attitude signal with said
      reference signal to provide a pitch attitude error signal, and
PA1  switch means responsive to said detector means for coupling said pitch
      attitude error signal through said limiter means to said servo means when
      said aircraft attains said intermediate pitch attitude,
PA1  thereby controlling said aircraft to capture said climb pitch attitude at a
      pitch rate no greater than said maximum predetermined pitch rate.
NUM  5.
PAR  5. The system of claim 4 in which said first control means further includes
PA1  pitch rate sensor means for providing a pitch rate signal representative of
      the pitch rate of said aircraft, and
PA1  further combining means coupled between said limiter means and said servo
      means for combining said pitch rate signal with the output signal from
      said limiter means.
NUM  6.
PAR  6. The system of claim 5 in which said first control means further includes
      integrator means responsive to said pitch attitude error signal for
      applying the integral thereof to said servo means.
NUM  7.
PAR  7. The system of claim 6 in which said limiter means, said pitch rate
      sensor means and said integrator means are in respective displacement,
      rate and integral signal paths with respective gains associated therewith
      in such a manner that said aircraft asymptotically captures said
      predetermined climb pitch attitude.
NUM  8.
PAR  8. The system of claim 4 in which said second control means further
      includes additional limiter means coupling said pitch attitude error
      signal to said first control means for limiting said pitch attitude error
      signal to a predetermined maximum amplitude, whereby to limit the
      authority of said pitch control surface means controlled thereby to a
      predetermined fraction of the total authority thereof.
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ABST
PAL  A hot air balloon of conventional construction with a balloon envelope
      having an inlet aperture for hot air received from a heat generating
      device coupled with the envelope and directed into the aperture is
      provided with a hood coupled with the envelope adjacent the aperture. The
      hood extends part way round the aperture and is of scoop form extending
      outwardly from the aperture and partially around the heat generating
      device and serves to direct wind and hot air into the aperture to
      facilitate inflation when the scoop is directed windwardly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hot air balloons.
PAR  The normal method of inflating a hot air balloon involves first laying the
      balloon out on the ground with its bottom aperture facing towards the
      wind, and the basket lying on its side. The gas burner is directed
      horizontally into the aperture, which is held open during this operation.
      As the balloon inflates, the top or peak attempts to rise, and is held
      down as long as possible. Once the balloon must be allowed to raise
      itself, it becomes more difficult to direct the air into the open
      aperture, while on the other hand, sufficient hot air may not yet have
      flowed into the balloon to render it fully stable, particularly if
      conditions are windy.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the invention provides a hood coupled with the envelope
      adjacent the aperture and extending part way therearound, which hood is of
      scoop form extending outwardly from the aperture and partially around the
      heat generating means, which hood can act as a scoop when the balloon is
      partially or fully inflated into its raised position such that wind and
      hot air can be guided into the aperture of the balloon to facilitate
      inflation by directing the scoop form windwardly.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the invention will now be described by way of example only
      with reference to the accompanying drawing which shows front elevation of
      a hot air balloon in an inflated condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawing illustrates a hot air balloon having an envelope 10 with an
      aperture 11. An inverted hood or scoop 12, which in this preferred form is
      detachably mounted by a fastening 14, is provided to hang from the edge of
      the aperture 11. This scoop 12 extends around approximately 240.degree. of
      the circular aperture, although it may cover up to 320.degree. or as
      little as 130.degree.. Preferably the scoop is large enough to hang at
      about or just below the level of the gas burner 13.
PAR  During inflation with the balloon still horizontal, the hood is allowed to
      hang loosely around the aperture while hot air is blown in horizontally.
      Once the balloon has risen to a vertical position, the scoop hangs beneath
      the balloon and serves to catch the wind or air flow and to divert it
      upwards into the balloon.
PAR  This causes the wind to help fill the balloon and improves the stability
      and handling of the balloon during the later stages of the inflation
      process, particularly at a time when the hot gases, while sufficient to
      raise the balloon, are not yet sufficient to fully inflate it. At that
      time, there is a danger that a gust of wind might case the balloon to fold
      inwards and collapse. The scoop also provides an improved performance
      whilst the balloon is tethered.
PAR  The hood or scoop may be left in position during normal flying, in which
      case it may be useful to provide a vane arrangement to ensure that the
      balloon flies with the opening of the scoop continually facing the wind.
      In any event, the hood may be useful to protect the burner flame in
      flight.
PAR  The hood or scoop in its preferred form is removably coupled with the
      balloon at or near its aperture by any suitable means e.g. by means of a
      Velcro strip or zip fastener but may of course be permanently attached.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hot air balloon comprising a balloon envelope having an inlet
      aperture for hot air and a heat generating means coupled with the envelope
      and adapted to direct hot air into said aperture, the provision of a hood
      coupled with the envelope adjacent the aperture and extending part way
      therearound and which hood is of scoop form extending outwardly from the
      aperture and partially around said heat generating means, whereby the
      scoop form is directed windwardly, wind and hot air is guided into the
      aperture to facilitate inflation of the balloon envelope.
NUM  2.
PAR  2. A hot air balloon according to claim 1, wherein the hood is formed of a
      fabrics material.
NUM  3.
PAR  3. A hot air balloon according to claim 2, including fastening means
      whereby the hood is detachably coupled with the envelope adjacent the
      aperture.
NUM  4.
PAR  4. A hot air balloon according to claim 1 wherein the aperture of the
      balloon envelope is circular and the hood extends therearound by an angle
      of between 130.degree. and 320.degree..
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ABST
PAL  An air reefing system of the type to be used primarily in combination with
      a flexible flow form device. The air reefing system basically comprises a
      flexible flow form device construction comprising at least three skins of
      interrelating shape and construction to define a predetermined
      configuration including a plurality of Jordan clusters formed in the first
      and second skins and a plurality of holonomic ports formed in the third
      skin, in combination with air reefing enhancers disposed on the device,
      whereby the device is both self-inflating and self-reefing upon its
      exposure to the air.
PARN
PAR  This application is a continuation-in-part of my presently co-pending
      application Ser. No. 462,027, filed Apr. 18, 1974, now U.S. Pat. No.
      3,893,641.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an air reefing system of the type to be
      used primarily in combination with a flexible flow form device, and
      specifically to air reefing means disposed on the device.
PAR  2. Description of the Prior Art
PAR  For as long as man has been utilizing parachute structures, he has
      recognized serious problems associated with opening the parachute upon its
      deployment and coping with the tremendous opening shock normally
      associated with the inflation of parachute devices. In recognition of
      these problems, numerous devices are known in the prior art for insuring
      that parachutes will open, and for reducing the attendant opening shock.
      These prior art devices are generally referred to as reefing assemblies
      and generally take the form of various restraining means, whereby
      inflation of the parachute may be controlled in a predetermined fashion.
      Such devices are generally thought of as contributing positively to both
      the comfort and safety of parachute deployment. However, a study of the
      prior art devices reveals that numerous problems associated with reefing
      assemblies remain unsolved. Most importantly, prior art reefing assemblies
      simply are not sufficiently reliable in operation.
PAR  U.S. Pat. No. 3,278,143, discloses a parachute canopy reefing at panel
      center lines. The mid-panel reefing means is mounted inside the base of
      the canopy on a reinforcing band around the bottom edge portion of the
      canopy and basically comprises reefing line guide rings, a reefing line,
      and reefing line cutters. By its terms, the mid-panel reefing means is
      limited in its application to those parachute canopys in which the shroud
      lines are connected around the canopy to the skirt at equal
      circumferentially spaced points. It is therefore apparent that the reefing
      means disclosed by this patent would not be applicable to today's ram air
      parachutes. Just as clearly, this reefing means would have no application
      to the flow form device disclosed in my presently pending application
      referred to above. However, dismissing its inapplicability to various
      specific parachute structures, the reefing means disclosed therein is
      clearly subject to mechanical malfunction because of its construction. The
      reefing means cannot operate properly if the reefing line becomes twisted
      or tangled. Failure of the reefing line cutters to operate properly would
      prevent the parachute from fully inflating. Finally, as the reefing line
      is pulled through the reefing line guide rings, the resultant frictional
      forces create heat which could result in burning through the parachute
      canopy.
PAR  A rereefing parachute assembly and system is disclosed in U.S. Pat. NO.
      3,434,680. An express purpose of the invention disclosed therein is to
      provide an improved parachute suitable for towing which may be released
      while in tow and will then reopen to allow the payload to make a normal
      descent. This reopening, or rereefing, effect is accomplished by means of
      the suspension and rigging assembly disclosed therein. The suspension and
      rigging system result in a pulling down of the central portion of the main
      parachute, which provides a much larger area over which the opening shock
      pressures are distributed. This distribution of pressure during opening
      minimizes damage to the canopy of the main parachute. However, because the
      assembly depends on its suspension and rigging for its effectiveness, the
      device is still subject to mechanical malfunction resulting primarily from
      tangled lines. Furthermore, such a construction has been known to result
      in complete failure as a result of canopy inversion.
PAR  U.S. Pat. No. 3,506,225, relating to an opening shock inhibitor for
      parachutes, discloses the use of one or more reefer straps secured at
      fixed locations to the canopy and/or the load lines and wrapped thereabout
      so as to slowly unwind after the canopy is released from its enclosure and
      the load lines are deployed. This patent teaches that unwrapping of the
      reefers delays inflation of the canopy to regulate opening shock. The
      disclosure of this patent further teaches that the effectiveness of the
      reefer strap in delaying complete inflation in opening of the parachute is
      enhanced by preventing unwrapping of the strap until inflation of the
      canopy has begun. This result is accomplished through the use of
      releasable holding devices comprising "Velcro" fabric fastener portions
      mounted on the reefer strap. In effect then, a parachute employing these
      shock inhibitors is tied together at predetermined points by the reefer
      strap. Internal pressures resulting from inflation of the parachute canopy
      overcome the restraining forces of the reefer straps, thus breaking their
      hold and allowing the parachute to fully inflate. Obviously, if sufficient
      internal pressure is not created to overcome the restraining force of the
      reefer straps, the parachute cannot perform its intended preface. Just as
      obviously, if the reefer straps release prematurely, there will be no
      inhibition of opening shock.
PAR  A pilot chute controlled inflation system for parachutes is disclosed in
      U.S. Pat. No. 3,540,684. The drag of a pilot chute initiates inflation of
      a canopy to which it is connected by at least one continuous reefing line
      having a timed length to regulate dereefing and opening of the canopy. The
      drag force of the pilot chute is distributed in a stabilizing surface to
      the canopy at spaced locations by guide rings through which the reefing
      line extends. In fact, the embodiment of this invention shown in FIG. 4 is
      used today on substantially all ram air parachutes. With particular
      reference to this embodiment, it should be noted that ram air parachutes
      depend upon maintaining approximately a 28.degree. angle of attack along
      their leading edge to fly properly. Their construction accordingly results
      in the creation of areas of relatively greater air pressure at the two
      outboard edges of the device, and an area of relatively least air pressure
      at the center of the device. Thus, ram air parachutes tend to inflate from
      their outboard edges toward the middle. Such inflation necessarily creates
      flight instability during the opening sequence, and may even result in
      complete failure of the device. Accordingly, the system disclosed in U.S.
      Pat. No. 3,540,684, has as one of its primary objectives, means for
      reversing the normal opening sequence of ram air parachutes. That is, the
      device of this patent "forces" the ram air parachute to open from the
      middle, outwardly. This result is accomplished by the drag force of the
      pilot chute on the reefer lines tending to collapse the outboard cells
      toward the middle of the ram air parachute. Of course, inflation of the
      parachute pulls against, and subsequently overcomes, this pilot chute drag
      force.
PAR  It is therefore apparent that the effectiveness of the pilot chute
      controlled inflation system relates most directly to the size of the pilot
      chute. As the main parachute opens, the pilot chute is in its wake;
      therefore, its drag is reduced. Reefing then becomes a matter of friction
      between the reefing lines and the corresponding guide rings.
      Unfortunately, the friction of the reefing line as it passes through the
      guide rings and as it passes over the top surface of the parachute often
      results in burns and tears, resulting in parachute failure. Similarly, if
      the reefing line becomes twisted or tangled about itself or about the
      guide rings, the parachute cannot inflate properly. Finally, since the
      operation of this system is most directly related to the size of the pilot
      chute, if the pilot chute does not inflate properly, the main parachute
      will not properly inflate.
PAR  Yet another attempt at solving the problems associated with parachute
      opening shock is shown in U.S. Pat. No. 3,642,237, relating to a spiral
      reefed variable drag parachute. That patent teaches the use of a plurality
      of reefing lines positioned about the parachute canopy in a spiral shaped
      manner whereby the drag of the parachute is varied by actuating control
      means. This device is particularly susceptible to malfunction occasioned
      by tangling and twisting of the many reefing lines. The device is
      furthermore susceptible to malfunction as a result of burning and tearing
      the parachute canopy as the reefing lines pass through their respective
      grommets.
PAR  Finally, U.S. Pat. No. 3,652,041, discloses a reefing device including a
      cord or band disposed in confining relation around the parachute and
      connected to a releasing means which is responsive to the amount and
      duration of the forces applied thereto. Until it is released, the band
      encircles the canopy and serves to restrain the canopy so as to retard its
      full deployment until it has been disconnected by the releasing means.
      Accordingly, the releasing means is the critical element of this reefing
      device. The releasing means is disclosed as comprising a cylinder and
      piston assembly including a cylinder and a piston which are relatively
      movable in response to forces applied to the band placed in restraining
      relation around the canopy. Obviously, if the cylinder and piston assembly
      fails, the parachute will not open properly. Even if this reefing device
      does function properly, it is undesirable because of its mechanical
      complexity. This mechanical complexity not only increases its probable
      failure rate and maintenance requirements, but also results in a
      relatively expensive reefing device.
PAR  It is thus apparent that there is a great need in the art for a reefing
      system which eliminates the problem of opening shock to the maximum
      possible extent without interferring with the parachute's normal opening
      sequence. For reasons of safety and economy, the reefing assembly should
      be self-operating, requiring no external control means. For these same
      reasons the reefing system should comprise the fewest possible number of
      elements in addition to the basic parachute structure. Ideally, the basic
      reefing system would in fact comprise the parachute structure, with
      reefing means added for the purpose of enhancing the parachute's
      self-reefing tendencies. Of course, the dangers normally associated with
      friction and tangling in present reefing systems must be eliminated to the
      maximum possible extent. Additionally, such a reefing system should
      utilize existing air flow pressures created within and without the device
      in a manner that will not detract from the device's stability and
      maneuverability characteristics. Finally, such a reefing system should
      automatically disengage upon substantially full inflation of the device.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an air reefing system of the type used primarily
      in combination with a flexible flow form device. More specifically, this
      invention is primarily intended for use with the flow form device
      disclosed in my presently co-pending application referred to above.
      Accordingly, while the reefing system of this invention will be discussed
      in terms of its utilization in a gaseous environment, it should be obvious
      that the principles of the present air reefing system have equal
      application in virtually any fluid environment.
PAR  It has been determined that the characteristics exhibited by a form as it
      passes through a fluid environment are determined primarily by four
      variables and their relationship to each other. These variables have been
      designated skins I, II, and III, and payload IV respectively. Skin I is
      defined by the top skin of the flow form device. Skin II is defined by the
      bottom skin of the device. Skin III includes a plurality of rib-like
      structures running from the leading edge of the device to its trailing
      edge, and interconnecting skins I and II. Payload IV refers to the payload
      which is attached to the device and which is transported through the fluid
      environment by the device, and the means for attaching the payload to the
      device.
PAR  Accordingly, the flow form device basically comprises a first skin means of
      predetermined configuration, a second skin means in corresponding
      predetermined configuration disposed beneath and in corresponding relation
      to the first skin, third skin means disposed in interconnecting relation
      between the first and second skins, and a payload means attached to and
      generally depending from, the device. The volume defined at its perimeters
      by the first, second and third skins is defined as a spor means; thus, the
      flow form device must include at least one spor means. However, skin means
      I, II and III may be configured and dimensioned to include any number of
      spor means greater than one. It should also be apparent that the shape and
      cubic displacement of any individual spor means are determined by the
      relative disposition of the first, second and third skins, and that this
      relative disposition may, in turn, vary depending upon the overall
      configuration of the device. One end of the spor means at least partially
      defines the leading edge of the device, and the trailing edge of the
      device is defined by at least a portion of the spor means being closed at
      its opposite ends.
PAR  It has been determined that it is desirable to form air passages at various
      predetermined points along skin means I, II and III for the purpose of
      enhancing the stability and maneuverability characteristics of the device.
      These air passages also serve as automatic reefing means, controlling the
      inflation of the device so as to reduce opening shock and insuring proper
      inflation. As will be discussed in more detail hereinafter, all that is
      necessary to provide a complete air reefing system for the device is the
      addition of air reefing means. The air passages formed through the first
      skin means are termed first Jordan clusters; those formed through the
      second skin means are termed second Jordan clusters; those formed through
      the third skin means are termed holonomic ports. The first and second
      Jordan clusters and the holonomic ports are formed in the device so that
      each spor means communicates with at least one of each type air passage.
      Thus, there is maintained a constant three dimensional flow of fluid in
      terms of pressures, volumes and rigidity, through the device. It is this
      three-dimensional flow of fluid which allows the device to reef itself.
      Air enters the device primarily through the second Jordan clusters formed
      in the second skin means. Air exits the device primarily through the first
      Jordan clusters formed in the first skin means. Finally, air passes
      between adjacent spor means through the holonomic ports formed in the
      third skin means. Control of the three-dimensional air flow in terms of
      pressures, volumes and rigidity is accomplished by the relative
      disposition and size of individual first and second Jordan clusters and
      holonomic ports. Accordingly, their relative disposition and size may be
      varied, resulting in a corresponding variance in the self-reefing
      capabilities of the device.
PAR  By virtue of the construction of the device, it actually "reads" its fluid
      environment with respect to skin means I, II, and III, and payload IV.
      Skins I, II and III are self-forming to terms of demands transmitted from
      the payload means and to changes in the fluid environment. The
      interrelationships of each individual element of the device to its other
      elements result in a device construction which generates two mirror image
      quadratic fluid flow forms with respect to a plane perpendicular to skin
      means I and II and parallel to skin means III through the center of the
      device. Each quadratic fluid flow form comprises four pentahedral fluid
      flow forms having mutually orthogonal apex sectors disposed about the
      center of a quadratic fluid flow form. This construction therefor provides
      an intrinsic parametric transitive flow form device which permits a
      non-degenerative transformation of fluid flow pressures in a fluid
      environment.
PAR  It is by virtue of this construction that the device requires no external
      reefing system when formed from flexible material for use in a gaseous
      environment. Rather, it is only necessary that the air reefing system be
      enhanced by the addition of air reefing means to the device. As the device
      travels through its environment, its construction results in determinable
      air flow pressures within the device. For example, a volume of relatively
      greatest air flow pressures is defined by determinable points around the
      middle of the device. Conversely, volumes of relatively lesser air flow
      pressures are created along the outboard edges of the device. This results
      in the device tending to open from its center, outwardly.
PAR  At this point, it should be noted that the fluid flow pressures created
      within the flow form device are virtually the opposite of the pressures
      created within conventional ram air parachutes. That is, today's ram air
      parachutes have the areas of greatest pressure along their outboard edges,
      and an area of least pressure at the middle of the device. Therefore, ram
      air parachutes tend to inflate at the outboard edges first. This results
      in undesirable, erratic flight characteristics during the opening
      sequence. Thus prior art reefing devices have sought to overcome this
      natural opening sequence by providing various external means for "forcing"
      ram air parachutes to open from the middle, outwardly. Obviously, such
      external means need not be used in combination with a flow form device.
PAR  As previously stated, however, it has been determined that it is desirable
      to enhance the natural reefing tendencies of a flow form device by the
      addition of air reefing means. The air reefing means of the present
      invention may take the form of any of a number of embodiments. A single
      embodiment may be utilized on the device, or combinations of embodiments
      may be utilized. Of course, the type and number of embodiments chosen is
      determined by the degree to which it is desired to control the reefing
      characteristics of the device.
PAR  One effective air reefing means comprising one embodiment of the present
      invention includes, fastener means disposed in mating relation on the
      third skin means of the device along a predetermined portion, and
      preferably substantially the entire perimeter, of adjacent pairs of
      holonomic ports. The fastener means may include male and female fastener
      means comprising lengths of "Velcro" material. When the flow form device
      is folded for packing, corresponding male and female fastening means
      engage, tending to retain the device in a folded, accordion-like
      configuration. When the device is released from its container and exposed
      to the air, it will naturally tend to inflate from the middle, outwardly.
      However, this natural inflation will now be controlled somewhat from spor
      means to spor means because sufficient air flow pressure, volume, and
      rigidity must now be obtained within an individual spor means to "break"
      the connection between corresponding male and female fastener means thus
      allowing the next outboard spor means to inflate. Accordingly, inflation
      across the device is retarded, further reducing opening shock.
PAR  Another embodiment of the air reefing means comprises a plurality of male
      and female fastener means disposed in mating relation on the third skin
      means, and substantially perpendicular to the third skin means, between
      adjacent pairs of holonomic ports. As above, these male and female
      fastener means preferably comprise lengths of "Velcro" material. However,
      unlike the male and female fastener means discussed in the immediately
      preceding paragraph, the male and female fastener means of this embodiment
      engage each other in overlapping rather than abutting relation. Greater
      air flow pressure, volume and rigidity are required to disengage such an
      overlapping connection. Of course, the forces required for disengagement
      may be controlled by varying the width of corresponding fastener means or
      by varying the extent to which they overlap.
PAR  It should be noted that both these embodiments for air reefing means are
      completely self-disengaging. Furthermore, there is virtually no chance of
      either of these means becoming tangled or creating frictional heat which
      could damage the device, either of which could result in a device
      malfunction.
PAR  Yet another air reefing means embodiment comprises at least one biasing
      means disposed in interconnecting relation between pairs of third skin
      means defining side walls of the device spor means. The biasing means
      preferably comprises an elastic material of predetermined length such that
      interconnected third skin means are normally urged one toward the other.
      This necessarily results in an accordion-like folding of the device. It is
      furthermore desirable to attach the biasing means to the third skin means
      frangibly, so that the biasing means will automatically disengage
      substantially full inflation of the device. This embodiment serves to
      control and enhance the reefing characteristics of the device by requiring
      that sufficient air pressure, volume and rigidity be created within each
      spor means to overcome the biasing means as the device naturally inflates
      from its middle, outwardly. As above, it should be noted that this
      embodiment also virtually elminates any chance of device malfunction
      occasioned by tangling or frictional heat. Obviously, the reefing effect
      of this embodiment may be controlled by varying forces exerted by the
      biasing means.
PAR  Yet another embodiment for the air reefing means of this invention
      comprises retention line means disposed at least partially within the
      device in interconnecting relation between the outermost third skin means.
      This retention line means comprises a plurality of lines, at least one of
      which is attached at one end to the interior surfaces of the outermost
      third skin means. Additionally, a plurality of guide means are disposed
      within the device and depend from substantially the midpoint of the first
      skin means, and a plurality of apertures are formed through the second
      skin means in corresponding relation to the guide means. Each of the
      plurality of lines preferably extends from the outermost third skin means
      through the holonomic ports, through one of the plurality of guide means
      and through one of the plurality of apertures of the exterior of the
      device. At a predetermined point outside the device, connector means is
      formed whereby the lines are joined together, and lanyard means extend
      from the connector means in substantially coextensive relation with
      control means formed on the device. The lanyard means is simply a length
      of material similar to that from which the control means is formed.
      Accordingly, when the lanyard means is pulled downwardly, as in folding
      the device, a contracting force is exerted on each of the outermost third
      skin means tending to fold the device in an accordion-like fashion. The
      plurality of lines are preferably frangibly attached to the outermost
      third skin means so to automatically disengage upon substantially full
      inflation of the device. Alternatively, automatic disengagement may be
      accomplished by forming each of the lines to include a weakened portion
      which will sever upon substantially full inflation of the device. As will
      be discussed in more detail hereinafter, it may further be desirable to
      form the plurality of lines and/or the lanyard means from substantially
      elastic material. In operation the retention line means enhances the
      self-reefing capabilities of the device by using the weight of the payload
      means depending from the device to transmit contractng forces to the
      outermost third skin means. These forces are transmitted by attaching the
      lanyard means to the payload means. Thus, as the device self-inflates,
      sufficient air pressure, volume, and rigidity must be maintained to
      overcome the pull of the payload means.
PAR  It has further been determined that the reefing capabilities of the flow
      form device maya be controlled and enhanced by air reefing means
      comprising a plurality of slit means formed at predetermined points
      through the first and second skin means. It is further desirable that the
      slit means include a plurality of flap means formed in overlapping
      relation thereto. Flap means formed in overlapping relation to slit means
      formed on the first skin means are formed on the exterior of the first
      skin means, and flap means on the second skin means are formed on the
      interior of the second skin means. While the exact construction and
      placement of this air reefing means embodiment will be discussed
      hereinafter in greater detail with regard to a preferred embodiment, it is
      sufficient to note at this point that the slit means perform essentially
      as additional escape paths for air pressure within the device, thus
      delaying full inflatation of the device. Furthermore, it should be noted
      that this embodiment is primarily intended for use in combination with
      extremely heavy payload means. Once the device is fully inflated, the flap
      means will seal the slit means, thus effectively disengaging this air
      reefing means embodiment automatically. It is obvious that this embodiment
      has virtually no chance of tangling, tearing or burning the device, for it
      includes no reefing lines whatsoever.
PAR  It has further been determined that the reefing capabilities of the flow
      form device are enhanced by wetting the device prior to its deployment.
      Accordingly, the air reefing means of this invention may comprise liquid
      jacket means including a liquid-tight container means into which the
      device is releasably packed, the container means being filled with liquid
      prior to being sealed. While virtually any non-corrosive liquid could be
      used, water is preferred for reasons of economy and availability. This
      liquid jacket means enhances self-reefing characteristics by cooling the
      device as it rubs against itself during the inflation sequence and by
      adding weight to the device. It enchances the self-reefing characteristics
      by virtue of the cohesive attraction between water molecules
      interconnecting folded layers of the device. As the device naturally
      inflates from its center, sufficient air pressure, volume and rigidity
      must be generated to overcome the water's forces of cohesion, thus slowing
      full inflation and reducing opening shock.
PAR  Finally, the air reefing means may comprise a plurality of closure means
      formed at predetermined points across the leading edge of the device to
      provide a relatively lesser flow of air into the device. In a flow form
      device constructed to define an open leading edge, this opening obviously
      allows large quantities of air to enter the spor means upon deployment of
      the device. Accordingly, by selectively closing portions of the leading
      edge, less air is available to inflate the device. The device inflates
      more slowly, and opening shock is correspondingly reduced.
PAR  While each of the foregoing air reefing means has been discussed as a
      separate entity, it is to be remembered that the air reefing system of the
      present invention may comprise any combination of these air reefing means
      in combination with a flow form device as thus far defined.
PAR  In accord with the disclosure of my co-pending application referred to
      above, it has been found desirable to construct the flow form device to
      further include jiro port means and jet port means. The jiro means is
      formed in the second skin means around the mid-point of the second skin.
      The jiro port means is formed in a substantially circular configuration,
      and the size of its diameter is predetermined in relation to the size of
      the first and second Jordan clusters. At this point, it is sufficient to
      note only that the jiro port means is substantially larger then any of the
      Jordan clusters or holonomic ports. Accordingly, the jiro port means
      provides a ready access for large quantities of fluid to enter and exit
      the device. As fluid enters the jiro port means, it creates flow pressures
      which interact with the flow pressures already present in the device as a
      result of the first and second Jordan clusters and holonomic ports. These
      flow pressures combine to form a substantially spherical cushion of fluid
      on which the device travels. Because the spherical cushion is always
      present at the center of the device as it travels through fluid, it is
      termed an intransitive hub. Because the surface of this intransitive hub
      is formed from the combined fluid flow pressure within the device, the
      intransitive hub is said to have spherical surfaces of transitivity.
PAR  Though this intransitive hub is invisible inasmuch as it is formed as
      result of the combining of fluid flow pressures, its presence within the
      device is immediately identifiable in the form of a hump, or bubble,
      formed in the first skin means immediately above the jiro port means. To
      insure the structural integrity of the device, root cross stem enforcer
      means are formed in skin I in corresponding relation to the jiro port
      means. Similar root cross enforcer means may be formed in the outermost
      third skin means in corresponding relation to the holonomic ports. The
      root cross stem enforcer means not only strengthens the device, but also
      it and the root cross enforcer means are constructed to allow excess fluid
      pressures to exhaust from the device.
PAR  The jet port means is defined by a portion of the spor means being open at
      its aft end. As should be obvious, the jet port means provides an exhaust
      for the fluid flow pressures formed within the device, necessarily tending
      to move the device horizontally with a corresponding enhancement of
      vertical stability and maneuverability. To fully utilize the energy
      generated by this exhaust of fluid flow pressures, the device further
      comprises transitive manifold means formed between the first and second
      skin means in communicating relation between the intransitive hub and the
      jet port means. The transitive manifold comprises a truncated pentahedron
      including an open apex disposed in communicating relation with a portion
      of the spherical surface of the intransitive hub. The transitive manifold
      further comprises an open base co-extensive with the jet port, and side
      walls of substantially equal lengths extending radially from the perimeter
      of the intransitive hub in interconnecting relation between the first and
      second skin means. The side walls need not be continuous, but may take the
      form of a plurality of spaced apart strut means. That is to say, it is not
      necessary that the manifold side walls block the flow of fluid within the
      device. In fact, even in the complete absense of side walls, the fluid
      flow pressures within the device accomplish substantially the same result.
      In fact, fluid flow pressures within the device actually create a reverse
      transitive manifold in corresponding relation to the transitive manifold
      in the forward half of the device.
PAR  Construction of the flow form device to include jiro port means and jet
      port means in addition to the first, second and third skin means, first
      and second Jordan clusters, and holonomic ports as previously defined,
      serves to reinforce the self-reefing capabilities of the device. The
      center of such a flow form device exhibits the greatest air pressure, flow
      and rigidity as a result of the formation of the intransitive hub. The
      jiro port means is obviously the largest and therefore the easiest inlet
      for air immediately upon deploying the device; thus, such a device
      inevitably tends to open from its center, outwardly. To prevent extreme
      opening shock, the transitive manifold means, jet port means, root cross
      stem enforcer means, and reverse transitive manifold automatically exhaust
      excess air. Once the center of the flow form device, termed the domain
      spor, is fully inflated and the intransitive hub is formed, air is
      automatically directed through the holonomic ports to the outermost, or
      tensor spors. Thus the flow form device naturally tends to inflate in an
      accordion-like fashion. Furthermore, because the payload means is
      suspended from the center of this flow form device, it does not depend
      upon scooping quantities of air along its leading edge in order to
      inflate. In fact, no angle of attack along the leading edge of the flow
      form device is required; rather, the device prefers to open perfectly
      flat.
PAR  Thus, the jiro port means, jet port means, transitive manifold means, and
      reverse transitive manifold all function to enhance and back up the
      self-reefing capabilities initially derived from the first and second
      Jordan clusters and the holonomic ports. It should be noted that by
      varying the relative size and placement of first and second Jordan
      clusters with respect to each other and also with respect to the holonomic
      ports, one can correspondingly vary the relative speed of inflation of the
      device. Changes in relative disposition would be made to correspond to
      varying the geometrical configuration of the device, for the device may be
      constructed to define a circular configuration presenting virtually no
      leading or trailing edge, to define an equilateral triangular
      configuration presenting its base as the leading edge and its apex as the
      jet port, or any possible configuration between these extremes. Varying
      the relative sizes actually varies the relative speed of opening and the
      corresponding opening shock. Of course, it is intended that any of the air
      reefing means described above may be used in combination with this flow
      form device as now defined. The construction and operation of the air
      reefing means would be substantially the same as that described above.
PAR  In order to maximize even further the stability and maneuverability
      characteristics of the flow form device, it was found desirable to
      incorporate fluid flow regulating means in the structure of the device.
      Accordingly, the device may further comprise at least first and second
      fluid flow regulating means integrally formed on the first, second and
      third skin means in fluid communicating relation to the closed portion of
      the spor means. One end of each of the fluid flow regulating means
      actually defines the trailing edge of the device; therefore, the fluid
      flow regulating means may be visualized as extensions of the closed spor
      means. In keeping with the purpose of maximizing stability and
      maneuverability characteristics, each of the fluid flow regulating means
      is operably independent one from another. It was further found desirable
      to correspondingly vary the longitudinal dimension of each fluid flow
      regulating means with respect to the third skin means of the device. That
      is, the trailing edge of the device including these fluid flow regulating
      means defines a wing-like taper extending from points substantially
      adjacent the jet port means to the outboard edge of the outermost, or
      tensor, spors. The fluid flow regulating means further comprise a
      plurality of matrix tri-vent means formed in the second skin means
      thereof, and a plurality of second holonomic ports formed in the third
      skin means thereof. While it was originally noted that the fluid flow
      regulating means materially enhanced the stability and maneuverability
      characteristics of the device because of their functioning as thrusters,
      stabilizers, and additionally conduits for the passage and control of
      fluid flow pressures created within and without the device, it has now
      been determined that these fluid flow regulating means materially enhance
      the self-reefing capabilities of a flow form device upon its deployment.
      More specifically, the wing-like trailing edge defined by the fluid flow
      regulating means is important to the present air reefing system. By virtue
      of this taper, the spor means adjacent the domain spor define the
      relatively smallest longitudinal dimension with respect to the third skin
      means, and the tensor spor define the relatively greatest such dimension.
      Thus, spor means adjacent the domain spor tend to inflate before more
      outboard spor means, with the tensor spors being last to inflate. This
      necessarily enhances the accordion-like inflation sequence of the flow
      form device. The matrix tri-vent means obviously provides yet additional
      conduits through which the device may exhaust excess air pressures, thus
      tending to reduce opening shock. Finally, the second holonomic ports allow
      each of the first and second fluid flow regulating means to "read" air
      pressures across their width, thereby transferring excess pressures and
      assisting in a smooth opening sequence from the center of the device,
      outwardly. As above, it is of course intended that any of the air reefing
      means described above may be employed in combination with a flow form
      device including first and second fluid flow regulating means.
PAR  This invention accordingly comprises an article of manufacture possessing
      the features, properties and the relation of elements which will be
      exemplified in the article hereinafter described, and the scope of the
      invention will be indicated in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is an elevational view of a preferred embodiment of the flow form
      device.
PAR  FIG. 2 is a top plan view of the flow form device.
PAR  FIG. 3 is a bottom plan view of the flow form device.
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG. 2.
PAR  FIG. 5 is a detailed plan view of a portion of the bottom of the flow form
      device shown in FIG. 3.
PAR  FIG. 6 is a segmentary sectional view taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a segmentary elevational view of a portion of the transitive
      manifold side walls.
PAR  FIG. 8 is a segmentary sectional view similar to that of FIG. 4 showing an
      alternate embodiment for the leading edge of the flow from device.
PAR  FIG. 9 is a sectional view taken along line 9--9 of FIG. 2.
PAR  FIG. 10 is a fragmentary sectional view showing one embodiment of the air
      reefing means of the present invention.
PAR  FIG. 11 is a fragmentary elevational view taken along line 11--11 of FIG.
      10.
PAR  FIG. 12 is a fragmentary elevational view taken along line 12--12 of FIG.
      10.
PAR  FIG. 13 is a fragmentary sectional view of another embodiment of the air
      reefing means of the present invention.
PAR  FIG. 14 is a fragmentary elevational view taken along line 14--14 of FIG.
      13.
PAR  FIG. 15 is a fragmentary elevational view taken along line 15--15 of FIG.
      13.
PAR  FIG. 16 is a sectional view showing the line retention means embodiment of
      the air reefing means.
PAR  FIG. 17 is a detail view showing the fragible attachment means of the
      present invention.
PAR  FIG. 18 is a detail view of a portion of the line retention means showing a
      weakened portion formed therein.
PAR  FIG. 19 is a fragmentary sectional view showing air reefing means
      comprising biasing means.
PAR  FIG. 20 is a fragmentary isometric view showing air reefing means
      comprising slit means.
PAR  FIG. 21 is a sectional view of the liquid jacket means.
PAR  Similar reference characters refer to similar parts throughout the several
      views of the drawings.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention relates to an air reefing system of the type used primarily
      in combination with a flexible flow form device, generally indicated as 10
      in FIG. 1. While the ensuing detailed description will be given with
      reference to a particular embodiment of flow form device 10, it is to be
      remembered that the air reefing system of the present invention is
      intended for use in combination with any applicable flow form device.
      Accordingly, while the air reefing system of this invention is discussed
      in terms of its utilization in a gaseous environment, it should be obvious
      that the principles of the present air reefing system have equal
      application in virtually any fluid environment. Furthermore, while each of
      the air reefing means of the present invention will be discussed as
      separate entities, it is to be remembered that the air reefing system may
      comprise any combination of these air reefing means.
PAR  Flow form device 10 comprises a first skin means 12 of substantially
      rectangular configuration, a second skin means 14 of substantially
      corresponding configuration disposed beneath and in corresponding relation
      to first skin means 12, a plurality of third skin means 16 disposed in
      interconnecting relation between the first and second skin means 12 and
      14, and a payload means, generally indicated as 18 in FIG. 1, depending
      from the device. The payload means 18 depends from the device from
      substantially equilateral wedges 20 formed on second skin means 14 by
      means of shroud lines 22. A plurality of spor means, generally indicated
      as 24 in FIG. 2, are defined by the first skin means 12, the second skin
      means 14 and the third skin means 16. The centermost spor means is domain
      spor 26, and the outermost spor means are tensor spors 28. Obviously, the
      shape and cubic displacement of any individual spor means 24 are
      determined by the relative placement of the first, second and third skin
      means 12, 14 and 16, respectively. One end of spor means 24 defines
      leading edge 30 of the device, and trailing edge 32 of the device is
      defined by at least most of spor means 24 being closed at their opposite
      ends.
PAR  Referring now to FIGS. 2, 3, and 4, air passages are formed at various
      predetermined points along skin means I, II and III. First Jordan clusters
      34 are formed in first skin means 12. Second Jordan clusters 36 are formed
      in second skin means 14, and first holonomic ports 38 are formed in third
      skin means 16. As best seen in FIG. 4, each spor means 24 communicates
      with at least one of each air passage, 34, 36 and 38. Holonomic ports 38
      are formed in third skin means 16 with their centers substantially
      parallel to leading edge 30. Furthermore, holonomic ports 38 are
      preferably elliptical in shape in order to allow third skin means 16 to
      "flex" in response to varying fluid pressures within the device. As shown
      in FIG. 6, holonomic ports 38 are of decreasing size, the largest
      holonomic ports 38 being formed in third skin means 16 which define the
      side walls of domain spor 26 and the smallest holonomic ports 38 being
      formed in third skin means 16 defining inboard side walls of tensor spors
      28. The largest first holonomic port 38 is twice the size of the smallest
      first holonomic port 38.
PAR  As best seen in FIGS. 2 and 3, first Jordan clusters 34 and second Jordan
      clusters 36 comprise substantially circular air passages. First Jordan
      clusters 34 and second Jordan clusters 36 are spaced apart longitudinally
      one from the other on first skin means 12 and second skin means 14
      respectively, in inverted V configurations. Of course, at the two points
      where these V configurations intersect, a first Jordan cluster 34 is
      congruent with respect to a correspondingly positioned second Jordan
      cluster 36. It should also be noted that first Jordan clusters 34 and
      second Jordan clusters 36 are of correspondingly reducing diameter along
      their respective V configurations. First and second Jordan clusters 34 and
      36 which are of equal size communicate with a common spor means 24.
      Largest first and second Jordan clusters 34' and 36' are formed in
      communicating relation with tensor spors 28, and smallest first and second
      Jordan clusters 34" and 36" are formed in communicating relation with
      domain spor 26. First and second Jordan clusters 34' and 36' are twice the
      size of first and second Jordan clusters 34" and 36".
PAR  Device 10 further includes jiro port means 40 formed in second skin means
      14 around the midpoint of second skin means 14. Jiro port means 40 is
      substantially circular in configuration, and its diameter is four times
      the size of the diameter of the largest first and second Jordan clusters
      34' and 36'. Fluid flowing through jiro port means 40 reacts with fluid
      flow pressures already present within the device by virtue of first Jordan
      clusters 34, second Jordan clusters 36 and first holonomic ports 38 to
      form a cushion of fluid on which the device travels. This substantially
      spherical cushion is defined as an intransitive hub and its presence is
      identifiable in the form of a protrusion or hump 42 in first skin means
      12, best seen in FIGS. 1 and 4. To insure the structural integrity of the
      device, root cross stem enforcer means 44 is formed in first skin means 12
      in corresponding relation to jiro port means 40. Root cross stem enforcer
      means 44 not only strengthens the device, but is also provided with slits
      45 whereby excess fluid pressures may automatically exit from the device.
      As best seen in FIG. 1, the outermost walls of tensor spors 28 may also
      include similarly constructed root cross enforcer means 46 formed therein
      for the automatic bleeding of excess fluid pressures.
PAR  Device 10 further includes jet port means 48 defined by a portion of spor
      means 24 being open at their aft ends. Jet port means 48 provides a ready
      exhaust for fluid flow pressures formed within the device, necessarily
      tending to maneuver and move the device both horizontally and vertically.
      A transitive manifold means 50 is formed between first skin means 12 and
      second skin means 14 in communicating relation between the intransitive
      hub formed above jiro port means 40 and jet port means 48. A detailed view
      of this structure for jiro port means 40, jet port means 48 and transitive
      manifold means 50 is shown in FIG. 5. As represented by the broken lines
      in FIGS. 2 and 3, a reverse transitive manifold means 51 is formed in the
      forward half of the device in corresponding relation to transitive
      manifold means 50.
PAR  With particular reference to FIG. 5, it is seen that transitive manifold
      means 50 comprises a truncated pentahedron including an open apex 52
      disposed in communicating relation with a portion of the spherical surface
      of the intransitive hub, and an open base 54 co-extensive with jet port
      means 48. Transitive manifold means 50 further comprises side walls 56 of
      substantially equal length extending radially from the surface of the
      intransitive hub in interconnecting relation between first skin means 12
      and second skin means 14. Side walls 56 of transitive manifold means 50
      need not be continuous, but preferably take the form of a plurality of
      spaced apart struts 58, as shown in FIG. 7. Additionally, as shown in FIG.
      5, it is also desirable to form a rib 60 parallel to third skin means 16
      through the center of transitive manifold means 50 and jet port means 48
      for the purpose of pre-forming the opening of jet port means 48. Rib 60 is
      preferably formed from spaced apart struts 58 as shown in FIG. 7 with
      reference to side walls 56. It is further desirable to form third skin
      means 16 included within domain spor 26 from spaced apart strut means, as
      represented by the broken lines in FIGS. 2 and 3.
PAR  As best seen in FIGS. 2 and 3, device 10 further comprises first and second
      fluid flow regulating means, generally indicated as 62 and 64
      respectively. First and second fluid flow regulating means 62 and 64 are
      integrally formed on first skin means 12, second skin means 14 and third
      skin means 16 in communicating relation to the closed spor means 24. Thus,
      as shown in FIGS. 2 and 3, one end of each of the fluid flow regulating
      means 62 and 64 actually defines trailing edge 32. First fluid flow
      regulating means 62 and second fluid flow regulating means 64 are operably
      independent one from the other and also from jet port means 48. Trailing
      edge 32 defined by first and second fluid flow regulating means 62 and 64
      is tapered by varying the longitudinal dimension of each fluid flow
      regulating means with respect to the third skin means 16 of the device.
      Accordingly, each spor means 24 included within first fluid flow
      regulating means 62 or second fluid flow regulating means 64 is of
      different cubic displacement. Of course, correspondingly positioned spor
      means 24 on opposite sides of device 10 are of substantially equal cubic
      displacement. It has been determined that this wing-like taper of trailing
      edge 32 materially enhances the stability and maneuverability
      characteristics of the device, while at the same time enhancing the
      self-reefing capabilities of the device.
PAR  Fluid flow regulating means 62 and 64 further comprise a corresponding
      plurality of matrix tri-vent means 68 formed in the second skin means 14
      thereof, and a corresponding plurality of second holonomic ports 70 formed
      in the third skin means 16 thereof. Each of the matrix tri-vent means 68
      is defined by a triangular-shaped aperture. Ideally, each tri-vent means
      68 is defined by an equilateral triangular-shaped aperture having a
      perimeter equal to the circumference of the congruent first and second
      Jordan clusters 34 and 36. An apex of each matrix tri-vent means 68 is
      oriented towards trailing edge 32. Each of the second holonomic ports 70
      is of equal size and elliptical configuration, and one second holonomic
      port is formed through each third skin means 16 extending between adjacent
      matrix tri-vent means 68 and third skin means 16' defining side wall
      extremities of jet port means 48.
PAR  As best seen in FIG. 1, control means 72 are provided which operatively
      interconnect payload means 18 to second skin means 14 and first and second
      fluid flow regulating means 62 and 64. The demands transmitted from
      payload means 18 to second skin means 14 and first and second fluid flow
      regulating means 62 and 64 actually determine the device's path of travel
      through its environment. Arrow X in FIG. 4 shows the relative movement of
      first and second fluid flow regulating means 62 and 64 as a result of
      demands transmitted through control means 72 from payload means 18. As
      represented by the broken lines in FIG. 4, pulling first and second fluid
      flow regulating means 62 and 64 downwardly creates a bubble-shaped
      configuration along second skin means 14 somewhat inboard and transverse
      to trailing edge 32. This configuration is formed by virtue of control
      means 72 being attached to second skin means 14 and first and second fluid
      flow regulating means 62 and 64 inboard of trailing edge 32 substantially
      in line with apexes of matrix tri-vent means 68. This necessarily allows
      matrix tri-vent means 68 to function as stabilizers and additionally as
      conduits for the passage and control of fluid flow pressure, volume and
      rigidity created within and without the device. Because of the placement
      and size of the second holonomic ports 70, fluid flow pressure, volume and
      rigidity created within first and second fluid flow regulating means 62
      and 64 are equalized to terms of the remainder of the device. Furthermore,
      when first and second fluid flow regulating means 62 and 64 are in their
      normal positions as shown by the solid lines in FIG. 4, matrix tri-vent
      means 68 function as clusters because of their apex being oriented toward
      trailing edge 32.
PAR  As best seen in FIG. 9, it has been found desirable to modify the structure
      of tensor spors 28 effectively resulting in the formation of tensor spors
      having a cubic displacement substantially greater than that of adjacent
      spor means 24. The modification is accomplished by splitting third skin
      means 16 defining the inboard walls of tensor spors 28 longitudinally from
      points on opposite sides of the corresponding first holonomic ports 38 to
      points immediately below the circumference of first Jordan clusters 34'
      and immediately above the circumference of the second Jordan clusters 36'
      to form fluid passage means 66. This modification provides for the storage
      of additional quantities of fluid within the device in such fashion that
      these additional quantities are automatically available to maintain
      desirable stability and maneuverability characteristics during the
      device's passage through its environment.
PAR  While the device 10 has thus far been described with reference to leading
      edge 30 being open as shown in FIG. 4, it should also be noted that
      substantially all of the leading edge may be closed as shown in FIG. 8.
      Specifically, all of leading edge 30 except that corresponding to reverse
      transitive manifold means 51 may be closed. Of course, this closure may be
      affected by extending first skin means 12 downwardly to meet second skin
      means 14. Additionally, the closure may be affected by extending any
      applicable material, such as a mesh fabric, between first skin means 12
      and second skin means 14 whereby a relatively lesser quantity of fluid is
      allowed to enter the device. By closing leading edge 30 as shown in FIG.
      8, fluid flow pressures created within the device actually reinforce the
      formation of reverse transitive manifold means 51 in corresponding
      relation to transitive manifold means 50 in the forward half of the
      device.
PAR  Having thus described the construction of a preferred embodiment of device
      10, specific relationships among various elements of the device and the
      operation of the device will now be discussed. While the specific
      relationships were originally thought to contribute only to the
      maneuverability and stability of the device, it has now been determined
      that these same relationships are of material importance to the air
      reefing system of the present invention.
PAR  As previously pointed out, correspondingly positioned first Jordan clusters
      34 and second Jordan clusters 36 are of equal size. Furthermore, the
      diameter of the largest Jordan clusters 34' and 36' is two times that of
      the smallest Jordan clusters 34" and 36". Jiro port means 40 is formed at
      the center of device 10, and its diameter is four times the diameter of
      largest Jordan clusters 34' and 36'. First Jordan clusters 34 and second
      Jordan clusters 36 are disposed in first skin means 12 and second skin
      means 14, respectively, in inverted V configuration. Accordingly, these V
      configurations intersect at two points, thereby presenting congruent first
      and second Jordan clusters 34 and 36. The circumference of the
      elliptical-shaped first holonomic ports 38 is inversely related to the
      circumference of corresponding first and second Jordan clusters 34 and 36.
      That is, the smallest first holonomic ports 38 are formed in third skin
      means 16 defining inboard side walls of tensor spors 28. These smallest
      first holonomic ports 38 are of a circumference equal to the circumference
      of first and second Jordan clusters 34" and 36". As the first holonomic
      ports 38 advance toward the third skin means defining side walls of domain
      spor 26, they become increasingly larger in circumference in inverse
      relation to the decreasing circumference of first and second Jordan
      clusters 34 and 36.
PAR  Each of the matrix tri-vent means 68 is of a perimeter equal to the
      circumference of congruent first and second Jordan clusters 34 and 36.
      Elliptical-shaped second holonomic ports 70 are each of a circumference
      equal to that of the congruent first and second Jordan clusters 34 and 36.
PAR  Thus, still with reference to this preferred embodiment and with particular
      reference to FIGS. 2 and 3, this construction presents a flow form device
      platform defined by the points A, B, C and D. The relatively small area
      forward of line AB represents an overhanging portion of first skin means
      12, and areas aft of line BC represent first fluid flow regulating means
      62, jet port means 48 and second fluid flow regulating means 64,
      respectively.
PAR  As shown in FIGS. 2 and 3, it should also be noted that a plane
      perpendicular to device 10 and intersecting points E and F generates two
      mirror image quadratic fluid flow forms defined by the points A, B, E and
      F and C, D, E and F. Moreover, each quadratic fluid flow form comprises
      four pentahedral fluid flow forms having mutually orthogonal apex vectors
      disposed about the center G and H, respectively, of each quadratic fluid
      flow form. For example, one pentahedral fluid flow form is defined by the
      points A, B and G.
PAR  This construction provides an intrinsic parametric transitive flow form
      device which permits a non-degenerative transformation of fluid flow
      pressures in a predetermined fluid environment. The device fully utilizes
      and enhances fluid flow pressures, volumes and rigidity created by its
      travel through its environment. By virtue of this unique construction, the
      device "reads" its environment with respect to skin means I, II, and III
      and payload IV, and skin means I, II and III are self-forming to terms of
      demands transmitted from payload IV and to changes in its fluid
      environment. That is, each individual spor means 24 will exhibit varying
      fluid pressures, fluid volumes and fluid rigidity automatically to
      maintain maximum desirable characteristics of stability and
      maneuverability. As will be explained in more detail hereinafter, it is
      also this self-forming nature of the first, second and third skin means
      which results in the self-reefing capabilities of device 10.
PAR  In operation, the non-rigid construction shown in the drawings requires no
      external reefing system. Of course, well known staging means are utilized
      to extract the device from its container and to expose the device to the
      air. Once exposed, device 10 is self-inflating and exhibits extremely low
      opening shock. All that is required to obtain a truly unique air reefing
      system is the addition of air reefing means to device 10, which air
      reefing means will be fully described hereinafter.
PAR  Because of the construction of device 10, self-inflation occurs
      substantially from the center of the device outwardly. That is, domain
      spor 26 is first to inflate, and tensor spors 28 are the last of spor
      means 24 to fully inflate. As previously described in my co-pending
      application referred to above, this construction results in determinable
      fluid flow within the device as it travels through its environment. For
      example, a space of relatively greatest fluid flow pressure, volume and
      rigidity is defined by the points G, E, H and F as best seen in FIGS. 2
      and 3. Corresponding spaces of relatively lesser fluid pressure, volume
      and rigidity are defined by the points A, B and G and C, D and H. Of
      course, because first skin means 12, second skin means 14 and third skin
      means 16 are self-forming to terms of demands transmitted from payload
      means 18 and changes in the fluid environment, fluid flow pressure, volume
      and rigidity at individual points within the device are constantly
      variable in order to maintain the most desirable characteristics of
      maneuverability and stability as the device travels through its
      environment. In fact, each air passage formed in the device allows a
      two-way flow of fluid therethrough. This two-way flow of fluid not only
      allows device 10 to maintain maximum desirable characteristics of
      stability and maneuverability while travelling forward, backward, up or
      down, turning, banking, pitching, yawing and hovering, but also allows
      device 10 to be self-reefing upon its deployment.
PAR  More specifically, upon initial deployment of device 10, fluid enters the
      device primarily through jiro port means 40. Of course, substantial
      quantities of air also enter through second Jordan clusters 36 and the
      open leading edge 30. Thus, device 10 inevitably tends to open from its
      center, outwardly. To prevent extreme opening shock, transitive manifold
      means 50, jet port means 48, root cross stem enforcer means 44, and
      reverse transitive manifold means 51 automatically exhaust excess air.
      Once domain spor 26 is fully inflated and the intransitive hub is formed,
      air is automatically directed through first holonomic ports 38 toward
      tensor spors 28. Flow form device 10 naturally tends to inflate in an
      accordion-like fashion. As previously stated, because payload means 18 is
      suspended from the center of device 10, device 10 does not depend upon
      scooping large quantities of air in through leading edge 30 in order to
      inflate. In fact, no angle of attack along leading edge 30 is required;
      rather, device 10 prefers to open perfectly flat.
PAR  First and second fluid flow regulating means 62 and 64 also materially
      enhance the self-reefing characteristics of flow form device 10 upon its
      deployment. More specifically, wing-like trailing edge 32 defined by fluid
      flow regulating means 62 and 64 is important to the present air reefing
      system. By virtue of this taper, spor means 24 adjacent domain spor 26
      define the relatively smallest longitudinal dimension with respect to
      third skin means 16 within device 10, and tensor spors 28 define the
      relatively greatest such dimension. Thus, spor means 24 adjacent domain
      spor 26 tend to inflate before more outboard spor means 24, with tensor
      spors 28 being last to inflate. This necessarily enhances the
      accordion-like inflation sequence of device 10. Additionally, first and
      second fluid flow regulating means 62 and 64 tend to bend upwardly, above
      the plane of first skin means 12, during opening sequence. Matrix tri-vent
      means 68 are thereby fully exposed to provide yet additional conduits
      through which device 10 may exhaust excess air pressures, thus tending to
      reduce opening shock. Additionally, it must be remembered that second
      holonomic ports 70 allow each of the first and second fluid flow
      regulating means 62 and 64 to bleed air pressure, volume, and rigidity
      across their width, thereby transferring excess air and assisting in a
      smooth opening sequence from domain spor 26, outwardly.
PAR  Accordingly, the construction of the flow form device 10 thus far defined
      provides the basic air reefing system of the present invention. The
      addition of various air reefing means to device 10 is made for the purpose
      of controlling and regulating the self-reefing capabilities of the device.
      These air reefing means will now be particularly described by reference to
      various embodiments thereof.
PAR  One effective air reefing means is illustrated by the drawings of FIGS. 10,
      11 and 12. That embodiment comprises a plurality of male fastener means 74
      disposed in mating relation to female fastener means 76 on third skin
      means 16 along substantially the entire perimeter of adjacent pairs of
      first holonomic ports 38. While male and female means 74 and 76 are
      preferably formed from "Velcro" material, it should be obvious that any
      applicable self-actuating fastening means such as snaps may be employed.
      While adjacent first holonomic ports 38 are of different sizes, it is
      obvious that the width of male fastener means 74 may be relatively greater
      than that of the adjacent female fastener means 76, in order to insure a
      mating, abutting relation therebetween. When device 10 is folded for
      packing, corresponding male and female fastening means 74 and 76 engage,
      tending to retain the device in a folded, accordion-like configuration.
      The natural inflation of device 10 upon its deployment will now be
      controlled from spor means 24 to spor means 24 because sufficient air flow
      pressure, volume and rigidity must now be obtained within an individual
      spor means 24 to break the abutting connection between corresponding male
      and female fastener means 74 and 76, thus allowing the next outboard spor
      means 24 to inflate.
PAR  It should be noted that this air reefing means comprising male fastener
      means 74 and female fastener means 76 is completely self-disengaging.
      Additionally, there is virtually no change of this air reefing means
      becoming tangled or creating frictional heat which could damage device 10.
PAR  FIGS. 13, 14 and 15 illustrate another embodiment for the air reefing means
      of the present invention. Similar to the means described above, this
      embodiment comprises male fastener means 78 disposed in mating relation
      with female fastener means 80 on third skin means 16. As best seen in FIG.
      13, male and female fastener means 78 and 80 are attached to skin means 16
      so as to provide corresponding male arms 82 and female arms 84 extending
      substantially perpendicular to third skin means 16. When device 10 is
      folded for packing, corresponding male and female fastener means 78 and 80
      engage with male arm 82 overlapping corresponding female arm 84. Of
      course, greater air flow pressure, volume and rigidity are required to
      disengage such an overlapping connection. It should be obvious that the
      forces required for disengagement may be controlled by varying the width
      of corresponding male and female arms 82 and 84, or by varying the extent
      to which they overlap.
PAR  As above, it should be noted that this air reefing means is completely
      self-disengaging. Again, there is virtually no change of the means
      becoming tangled or creating frictional heat which could damage the
      device.
PAR  With particular reference to FIG. 19, there is disclosed therein air
      reefing means comprising at least one biasing means 86 disposed in
      interconnecting relation between adjacent pairs of third skin means 16
      defining side walls of spor means 24. Biasing means 86 are preferably
      formed from substantially elastic material of predetermined length such
      that adjacent third skin means 16 are normally urged one toward the other.
      Thus, device 10 necessarily tends to fold in upon itself in an
      accordion-like manner. It is furthermore desirable to attach biasing means
      86 to third skin means 16 frangibly at attachment points 88, whereby
      biasing means 86 will automatically disengage upon substantially full
      inflation of device 10. It should be obvious that automatic disengagement
      could also be accomplished as by pre-forming a weakened portion at a
      predetermined point along the length of biasing means 86.
PAR  This embodiment serves to enhance the natural reefing tendencies of device
      10 by requiring that sufficient air pressure, volume and rigidity be
      created within each spor means 24 to overcome biasing means 86 as the
      device naturally inflates from its middle, outwardly. The relative effect
      of this air reefing means may of course be controlled by varying the
      biasing force exerted by biasing means 86. Finally, it should be noted
      that biasing means 86 need not extend between adjacent third skin means
      16. Rather, biasing means 86 may extend between any pair of third skin
      means 16 by passing biasing means 86 through first holonomic ports 38. For
      example, a biasing means 86 interconnecting outermost third skin means 16
      is indicated in broken lines in FIG. 16.
PAR  Yet another embodiment for the air reefing means of the present invention
      is illustrated in FIG. 16. The means shown therein comprises two retention
      line means 90 disposed at least partially within device 10 in
      interconnecting relation between outermost third skin means 16. One
      retention line means 90 is attached at one end 92 thereof to oppositely
      disposed outermost third skin means 16 by attachment means 94. Two guide
      means 96 are disposed within the device and depend from substantially the
      mid-point of first skin means 12. Each of the retention line means 90
      extends from the outermost third skin means 16 through holonomic ports 38,
      through one of guide means 96 and to the exterior of device 10 through
      jiro port means 40. At a predetermined point outside device 10 connector
      means 98 is formed whereby retention line means 90 are joined together.
      Lanyard means 100 extends from connector means 98 in substantially
      co-extensive relation with control means 72 and shroud lines 22. When
      device 10 is folded and lanyard means 100 is pulled downwardly, a
      contracting force is exerted on each of outermost third skin means 16 by
      retention line means 90, tending to fold the device in an accordion-like
      fashion. In operation, retention line means 90 retard the natural reefing
      tendencies of device 10 by utilizing the weight of payload means 18
      depending from device 10 to transmit contracting forces to outermost third
      skin means 16. The contracting forces are transmitted, of course, by
      attaching lanyard means 100 to payload means 18. Thus, as device 10
      self-inflates, sufficient air pressure, volume and rigidity must be
      maintained to overcome the pull of payload means 18.
PAR  To provide for automatic disengagement of air reefing means comprising line
      retention means 90, attachment means 94 is preferably formed to break upon
      substantially full inflation of the device. As best seen in FIG. 17, this
      may be accomplished by forming attachment means 94 to include fracture
      lines 102. When device 10 is substantially fully inflated, sufficient
      force will be exerted on attachment means 94 by retention line means 90 to
      break attachment means 94 at fracture lines 102. Of course, substantially
      the same result could be accomplished simply by forming attachment means
      94 from a frangible material. Alternatively, as best seen in FIG. 18,
      automatic disengagement may be accomplished by forming retention line
      means 90 to include at least one weakened portion 104 therein. Upon
      substantially full inflation of device 10, sufficient force would be
      exerted along retention line means 90 to cause a break at weakened portion
      104.
PAR  Still with reference to the embodiment shown in FIG. 16, it may be
      desirable to form retention line means 90 from substantially elastic
      material. It may furthermore be desirable to form lanyard means 100 at
      least partially from elastic material. Of course, either method would
      provide yet additional forces tending to fold device 10 in an
      accordion-like fashion. During its opening sequence device 10 would then
      not only have to overcome the weight of payload means 18, but also the
      biasing force of the applicable elastic member. Accordingly, self-reefing
      would be enhanced.
PAR  The reefing capabilities of flow form device 10 may further be controlled
      and enhanced by air reefing means comprising a plurality of slit means,
      generally indicated as 106 in FIG. 20, formed at predetermined points
      through first skin means 12 and second skin means 14. Slit means 106
      comprise a plurality of slits 108, and may comprise a plurality of flap
      means 110 disposed in overlapping relation thereto. Slits 108 may be of
      virtually any size and configuration. They may be substantially parallel
      to third skin means 16 as shown in FIG. 20. They may be substantially
      perpendicular to third skin means 16. In fact, slits 108 may define
      virtually any angle with respect to third skin means 16, and may be
      arc-shaped. However, the relative placement of slits 108 with respect to
      the platform defined by points A, B, C, and D, is predetermined by the
      overall configuration of device 10.
PAR  Specifically, slits 108 are to be formed in first skin means 12 and second
      skin means 14 outside the area of relatively greatest fluid pressure,
      volume and rigidity. That is, slits 108 are to be formed in the platform
      outside the area defined by points E, H, F and G. Additionally, in those
      constructions employing flap means 110, flap means 110 must be disposed as
      shown in FIG. 20. That is, flap means 110 formed in overlapping relation
      to slits 108 formed through first skin means 12 must be formed on the
      exterior of first skin means 12. Similarly, flap means 110 formed in
      overlapping relation to slits 108 through second skin means 14 must be
      formed on the interior of second skin means 14.
PAR  Upon deployment of a device utilizing slit means 106 shown in FIG. 20, flap
      means 110 open to allow air to pass through slits 108. Once device 10 is
      fully inflated, flap means 110 close to seal slits 108, thus effectively
      disengaging this air reefing means automatically. Because slit means 106
      primarily function as exhaust ports to reduce opening shock, it is
      intended that they be used primarily in combination with extremely heavy
      payload means 18. It is obvious that this embodiment has virtually no
      chance of tangling, tearing or burning device 10, for it includes no
      reefing lines whatsoever.
PAR  It has also been determined that the reefing capabilities of flow form
      device 10 are enhanced by wetting device 10 prior to its deployment.
      Wetting may be accomplished by any non-corrosive liquid or gel; however,
      water is preferred for reasons of economy and availability. Wetting device
      10 prior to its deployment serves several distinct functions in enhancing
      the natural reefing tendencies of the device. Self-reefing characteristics
      are enhanced by the resultant cooling as device 10 rubs against itself
      during the inflation sequence. Wetting device 10 also adds to its weight,
      which results in improved self-reefing characteristics without adversely
      affecting its flight characteristics. Of course, wetting device 10 further
      enhances its self-reefing capabilities by virtue of the cohesive
      attraction between water molecules interconnecting folded layers of the
      device. As device 10 naturally inflates from its center, sufficient air
      pressure, volume and rigidity must be generated to overcome the water's
      forces of cohesion, thus slowing full inflation and reducing opening
      shock.
PAR  Accordingly, in another embodiment the air reefing means of this invention
      may comprise liquid jacket means generally indicated a 112 in FIG. 21.
      Liquid jacket means 112 comprises a liquid-tight container means 114 into
      which flow form device 10 is releasably packed. Of course, container means
      114 is filled with liquid 116 prior to sealing device 10 therein.
PAR  Finally, the air reefing means of the present invention may comprise a
      plurality of closure means formed at predetermined points across leading
      edge 30 of device 10. By selectively closing portions of leading edge 30
      less air is available to inflate device 10. Accordingly, device 10
      inflates more slowly, and opening shock is correspondingly reduced. As
      previously discussed with specific reference to FIG. 8, it is intended
      that the closure means of this embodiment may be formed from any
      applicable material providing a relatively lesser flow of air into device
      10. It is furthermore contemplated that corresponding portions of leading
      edge 30 be closed in each half of device 10 as defined by the lines AF and
      DF. Furthermore, no portion of leading edge 30 corresponding to reverse
      transitive manifold means 51 is closed. For example, corresponding spor
      pairs generally indicated as Y in FIG. 3 may be closed at leading edge 30.
      Additionally, corresponding spor pairs generally indicated as Z in FIG. 3
      may be similarly closed.
PAR  While each of the foregoing air reefing means has been discussed as a
      separate entity, it must be remembered that the air reefing system of the
      present invention may comprise any combination of these air reefing means
      in combination with a flow form device. Similarly, while the air reefing
      system has been described with reference to a preferred embodiment, it is
      intended that device 10 may be constructed in any known geometric
      configuration or combinations thereof. Specifically, any of the individual
      elements of device 10 may be varied with regard to both its size and
      placement so long as the remaining elements are correspondingly varied. So
      long as device 10 is so constructed, the air reefing system claimed
      herein, and specifically the air reefing means, may be constructed and
      will function substantially as described herein.
PAR  It will thus be seen that objects made apparent from the preceding
      description are efficiently attained, and since certain changes may be
      made in the above construction without departing from the scope of the
      invention, it is intended that all matter contained in the above
      description or shown in the accompanying drawings shall be interpreted as
      illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Now that the invention has been described, what is claimed is:
NUM  1.
PAR  1. An air reefing system of the type to be used in combination with a
      flexible flow form device, said system comprising: a first skin means of
      predetermined configuration; a second skin means of predetermined
      configuration disposed in substantially spaced apart relation from said
      first skin means; a plurality of third skin means disposed in
      interconnecting relation between said first and second skin means; at
      least one spor means defined by said first, second and third skin means,
      one end of said spor means at least partially defining a leading edge of
      said device, at least a portion of said spor means being closed at its
      opposite end to at least partially define the trailing edge of said
      device; a plurality of first Jordan clusters formed in said first skin
      means; a plurality of second Jordan clusters formed in said second skin
      means; a plurality of holonomic ports formed in said third skin means; a
      jet port means defined by at least a portion of said one spor means being
      open at its aft end; a jiro port means formed in said second skin means;
      control means operatively connected with said second skin means; and air
      reefing means disposed on said device, whereby said device is self-reefing
      upon its exposure to predetermined fluid flow.
NUM  2.
PAR  2. An air reefing system as in claim 1 wherein said air reefing means
      comprises at least one biasing means disposed in interconnecting relation
      between pairs of said third skin means defining side walls of said spor
      means, whereby said pairs are urged one toward the other.
NUM  3.
PAR  3. An air reefing system as in claim 2 wherein said biasing means is
      frangibly attached to said third skin means, whereby said biasing means is
      automatically disengaged upon substantially full inflation of said device.
NUM  4.
PAR  4. An air reefing system as in claim 1 wherein said air reefing means
      comprises retention line means disposed at least partially within said
      device in interconnecting relation between pairs of said third skin means.
NUM  5.
PAR  5. An air reefing system as in claim 4 wherein said air reefing means
      comprises retention line means disposed at least partially within said
      device in interconnecting relation between the outermost of said third
      skin means.
NUM  6.
PAR  6. An air reefing system as in claim 4 wherein said retention line means
      comprises a plurality of lines, at least one of said plurality being
      attached at one end thereof to the interior surfaces of said pairs of said
      third skin means; a plurality of guide means disposed within said device
      and depending from substantially the midpoint of said first skin means; at
      least one aperture formed through said second skin means in corresponding
      relation to said guide means, each of said plurality of lines extending
      from said outermost third skin means through said holonomic ports, through
      one of said plurality of guide means, and through said aperture to the
      exterior of said device; connector means formed at a predetermined point
      outside said device whereby said plurality of lines are joined; and
      lanyard means extending from said connector means.
NUM  7.
PAR  7. An air reefing system as in claim 6 wherein said plurality of lines are
      frangibly attached at said one end to said pairs of said third skin means.
NUM  8.
PAR  8. An air reefing system as in claim 6 wherein said plurality of lines are
      formed from substantially elastic material, whereby said pairs of said
      third skin means are normally urged one toward the other.
NUM  9.
PAR  9. An air reefing system as in claim 6 wherein said lanyard means is at
      least partially formed from substantially elastic material, whereby said
      pairs of said third skin means are normally urged one toward the other
      when the free end of said lanyard means is attached to a payload means
      depending from said device.
NUM  10.
PAR  10. An air reefing system as in claim 6 wherein the free end of said
      lanyard means is attached to a payload means depending from said device
      and is restrainingly stowed to normally urge said pairs of said third skin
      means one toward the other.
NUM  11.
PAR  11. An air reefing system of the type to be used in combination with a
      flexible flow form device, said system comprising: a first skin means of
      predetermined configuration; a second skin means of predetermined
      configuration disposed in substantially spaced apart relation from said
      first skin means; a plurality of third skin means disposed in
      interconnecting relation between said first and second skin means; at
      least one spor means defined by said first, second and third skin means
      one end of said spor means at least partially defining a leading edge of
      said device, at least a portion of said spor means being closed at its
      opposite end to at least partially define the trailing edge of said
      device; a plurality of first Jordan clusters formed in said first skin
      means; a plurality of second Jordan clusters formed in said second skin
      means; a plurality of holonomic ports formed in said third skin means; a
      jet port means defined by at least a portion of said one spor means being
      open at its aft end; a jiro port means formed in said second skin means;
      at least first and second fluid flow regulating means connected to said
      first, second and third skin means in fluid communicating relation to said
      closed portion of said spor means, one end of said fluid flow regulating
      means at least partially defining said trailing edge, each of said fluid
      flow regulating means being operably independent one from another; control
      means operatively connected with said second skin means and said first and
      second fluid flow regulating means; and air reefing means disposed on said
      device, whereby said device is self-reefing upon its exposure to
      predetermined fluid flow.
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ABST
PAL  A flight control apparatus for the control of the trajectory and the
      airspeed of an airplane comprises a measuring equipment for measuring the
      deviation of the aircraft position from a commanded trajectory, and a
      measuring equipment for measuring the deviation of the angle of attack
      from a commanded value. Both deviation signals are applied with
      appropriate transfer functions to both the throttle actuator and to the
      control surface actuator. The transfer functions, which in the simplest
      case are constants, may be selected such that a deviation of the
      trajectory and its correction is substantially without any influence on
      the angle of attack and a deviation of the airspeed and its correction is
      substantially without any influence on the trajectory. According to
      another aspect of the invention, the apparatus measures altitude, angle of
      attack, pitch rate and vertical and longitudinal acceleration of the
      aircraft. There is a pseudo-observer including a number of appropriately
      dimensioned filters to form a number of additional state variables derived
      from the variables directly measured, the additional state variables
      comprising the time integrals of both the trajectory deviation signal and
      the angle of attack deviation signal, and a signal indicative of vertical
      speed. All measured and derived signals are applied in linear combinations
      to a throttle actuator, a spoiler actuator and an elevator actuator. The
      output of the elevator actuator is applied to a model system simulating
      the actual elevator movements and applying a feedback signal to the
      elevator actuator.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation in part of my two prior applications
      Ser. Nos. 295,898 and 295,899, both filed Oct. 10, 1972, both now
      abandoned, the disclosures of which are incorporated herein by reference.
      Under 35 U.S.C. 120, the applicant claims the benefit of Oct. 10, 1972 as
      the filing date of all the disclosure herein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to a flight control apparatus for the control of the
      trajectory and of the aerodynamic condition of flow (for example, of the
      air speed) of airplanes, comprising a measuring arrangement for the
      aircraft position, a measuring arrangement for the aerodynamic condition
      of flow, a thrust-changing actuator and at least one actuator for a
      control surface of the aircraft (for example, the elevator) including
      inputs for command values for trajectory and aerodynamic condition of
      flow, further comprising means for forming deviation signals from the
      signals of the measuring arrangements and of the associated command
      values, and comprising means for controlling the actuators in dependence
      on such deviation signals in a sense of reducing the deviations.
PAR  In conventional flight control apparatus separate control systems are
      provided for the aerodynamic condition of flow, such as the air speed
      relative to the ambient air, and for the trajectory. The air speed is
      usually derived by means of a dynamic pressures sensor, and is compared to
      a command value. The deviation signal is applied to an actuator for the
      throttle and thus effects a change of the engine thrust in a sense
      counteracting the air speed deviation. The operation of the control system
      for the attitude control and trajectory control (automatic pilot and
      damper) is completely independent thereof.
PAR  It includes a measuring arrangement for the position of the aircraft, for
      example, an altimeter. The signal thus obtained is compared to a command
      value and the deviation signal thus formed is applied to an automatic
      pilot acting, for example, on the elevator through a servomotor. In case
      of an elevational deviation the elevator is then actuated so that the
      aircraft climbs or descends as necessary to correct the deviation.
PAR  In addition to automatic pilot, damper and speed controller in some
      applications, recently a direct lift control (DLC) has been provided for
      improving the trajectory control, for increasing the touch-down accuracy,
      for increasing passenger comfort and for reducing aircraft cell load, in
      which, for example, vertical acceleration and angle of attack signals are
      applied to a lift-changing regulating means (such as lift flaps or
      spoilers).
PAR  Moreover, it is prior art to apply additional flight state variables to the
      speed controller and the automatic pilot so as to improve the control
      performance. Thus, by way of example, in a prior speed controller a
      longitudinal acceleration signal from a longitudinal accelerometer is
      connected in opposition to the deviation signal in order to reduce the
      throttle activity. If the aircraft is subjected to a gust from ahead so
      that the relative speed between aircraft and ambient air is temporarily
      increased, the aircraft is simultaneously decelerated with respect to
      ground whereby a declaration signal is generated. These signals can be
      made to cancel each other and the control apparatus does not react with
      throttle activity to such gusts -- similar to the human pilot (British
      patent specification No. 1,190,199).
PAR  Also in other speed controllers longitudinal acceleration signals are
      applied in order to obtain a damping of the control loop, the longitudinal
      acceleration signal replacing the otherwise hard-to-form time derivative
      of the speed signal. A signal proportional to the pitch angle speed and
      derived from a rate gyro is, for example, applied for damping to that
      channel of an automatic pilot controlling the servomotor for the elevator.
PAR  These prior art flight control apparatus, namely speed control apparatus,
      direct lift control means (DLC) and automatic pilots suffer from the
      shortcoming that the control systems separated instrumentally, e.g. for
      air speed or the like and for trajectory, are intercoupled via the
      performance of the aircraft. An intervention in one control system causes
      a disturbance in the other one, and vice versa. By way of example, it
      shall be assumed that the altimeter indicates too great an elevation with
      respect to the commanded elevation. The automatic pilot then initiates a
      descent in order to again obtain the commanded elevation. In so doing,
      however, potential energy of the aircraft is converted to kinetic energy
      and the air speed increases. Thus, by the correction of the deviation in
      the trajectory control system by the automatic pilot a disturbance of the
      air speed control system is caused. This disturbance must be counteracted
      by an intervention of the speed controller. Conversely a change in thrust
      generally involves a change in the trajectory angle so that the aircraft
      climbs or descends, thus changes its trajectory. It is obvious that such a
      type of control tends to result in rather large deviations and small
      damping. It is extremely difficult with such a flight control apparatus
      comprising a separate speed control apparatus and automatic pilot to guide
      the aircraft with respect to trajectory and speed with the accuracy
      required, for example for an automatic STOL-landing.
PAR  In order to avoid these difficulties it is known to apply to the speed
      controller, in addition to the air-speed-deviation signal .alpha. u, a
      signal proportional to the vertical acceleration or the acceleration in
      the direction of the aircraft yaw axis. This prior arrangement (British
      patent specification No. 1,190,198) is intended for a type of aircraft in
      which a change in thrust primarily affects the trajectory and an elevator
      adjustment primarily affects the air speed. By the signal proportional to
      the vertical acceleration h, a deviation from the constant flight altitude
      or a straight glide path is determined and used for trajectory control on
      the shortest signal path, namely via the speed controller. Also in this
      prior arrangement there are a separate speed controller and an automatic
      pilot, the former only acting on the throttle and the latter acting only
      on the elevator. Also this prior art apparatus encounters the previously
      described difficulties which by the additional application of the vertical
      acceleration to the speed control apparatus are insufficiently alleviated
      and only for the special case of straight trajectories flown at constant
      speed.
PAR  Modern control theory teaches that an optimum control is obtained if all
      state variables relevant to the performance of the controlled system are
      applied in a suitable linear combination to all actuators provided. In
      practice, however, this theoretical requirement cannot be met in general.
      In the case of complex control systems the number of the condition
      variables to be considered becomes too great and part of these condition
      variables is not readily measurable.
PAR  It is an object of this invention to provide a flight control apparatus
      capable of maintaining a given trajectory -- which might be curved -- and
      given air speeds of the aircraft with very good accuracy, while providing
      low throttle activity and high passenger comfort.
PAR  It is a more specific object of this invention to reduce the influence of
      the air speed control on the trajectory control, and vice versa, which is
      particularly great in STOL-airplanes having great lift factors.
PAR  In accordance with the broad concept of the invention there is apparatus
      for controlling the trajectory and aerodynamic condition of flow of an
      airplane having thrust changing actuator means and control surface
      actuator means. Said apparatus comprises trajectory sensor means for
      producing an acutal trajectory signal, aerodynamic condition of flow
      sensor means for producing an actual aerodynamic of flow signal,
      trajectory deviation detector means having a command value input and being
      connected to the trajectory sensor means to produce a trajectory deviation
      signal indicative of the deviation of the actual trajectory signal from a
      commanded value, aerodynamic condition of flow deviation detector means
      having a command value input and being connected to the aerodynamic
      condition of flow sensor means to produce an aerodynamic condition of flow
      deviation signal indicative of the deviation of the actual aerodynamic
      condition of flow signal from a command value, and control means connected
      to the actuator means and to the deviation detector means for controlling
      the actuators in accordance with said deviation signals. Said control
      means control the thrust changing actuator means in response to first
      control signals, which are related to the signals from both of the
      deviation detector means by given associated transfer functions, and
      control the control surface actuator means in response to second signals
      which are related to the signals from both of the deviation detector means
      by given associated transfer functions.
PAR  The transfer functions may be just coefficients, the signals from both of
      the deviation detector means being applied directly with these
      coefficients to both of said actuator means. Alternatively, the signals
      from both of said deviation detector means are applied to both of the
      actuator means through filters, i.e. with appropriate transfer functions,
      as the characteristics of the system may require.
PAR  Said coefficients or transfer functions may be selected to reduce the
      mutual influence of the two controlled variables, namely trajectory and
      aerodynamic condition of flow.
PAR  When applying the deviation signal for the trajectory (for example, the
      elevational deviation) only to the actuator for the associated control
      surface (for example, the elevator), then, as described above, in addition
      to the trajectory also the aerodynamic condition of flow (for example, the
      air speed or the angle of attack) is influenced thereby. On the other
      hand, when applying the deviation signal only to the thrust-determining
      actuator (throttle) the trajectory as well as the air speed can be
      influenced thereby. Therefore, the signal from the measuring arrangement
      for the trajectory, both when applied to the thrust-determining actuator
      and also when applied to the actuator for the elevator, for example, also
      influences the aerodynamic condition of flow and the air speed. By
      simultaneously applying the trajectory deviation signal with appropriate
      factors and appropriate sign to the thrust-determining actuator and to the
      respective control surface (elevator) actuator, it is possible to
      substantially compensate the two influences of the trajectory deviation
      signal on the aerodynamic condition of flow. Thus, the combined
      intervention has no effect on the aerodynamic condition of flow. However,
      there is a resultant influence on the trajectory counteracting the
      deviation.
PAR  The same considerations apply to a deviation of the aerodynamic condition
      of flow. An application of the aerodynamic condition of flow deviation
      signal to the throttle only does not only influence the aerodynamic
      condition of flow but also the flight altitude via a change in the angle
      of attack and, consequently, in the lift. An application of the deviation
      signal to the elevator alone does not only cause a change in the air speed
      -- via the conversion of potential energy to kinetic energy or vice versa
      -- but, of course, also a change in the flight altitude. The aerodynamic
      condition of flow deviation signal can be applied both to the throttle and
      also to the elevator with such factors and sign that its effects on the
      flight altitude are completely or substantially compensated. However, a
      resultant influence on the air speed is maintained. By using such an
      instrumentally integrated flight control apparatus for trajectory and
      aerodynamic condition of flow, the control operations for these quantities
      can actually be decoupled, leading to a substantial improvement of the
      control accuracy, of gust and thermal wind suppression, to reduced
      throttle activity and improved passenger comfort. At the same time the
      integrated flight control apparatus permits a greater freedom in the
      selection of the control parameters for the control of each individual
      controlled variable.
PAR  It is already advantageous if the factors or transfer functions are
      selected to reduce the mutual influence of the control operations.
      Preferably, however, the coefficients of the linear combinations and the
      filter time constants are selected so that a deviation of the trajectory
      and its correction is substantially without any influence on the
      aerodynamic condition of flow and a deviation of the aerodynamic condition
      of flow and its correction is substantially without any influence on the
      trajectory.
PAR  In accordance with another aspect of the invention, a flight control
      apparatus for automatically controlling the position and the aerodynamic
      condition of flow of an aircraft comprises devices for producing state
      variable signals including first measuring means for producing a first
      signal indicative of aircraft position, such as altitude, second measuring
      means for producing a second signal indicative of aerodynamic condition of
      flow, such as angle of attack, first command signal generating means for
      producing an aircraft position command signal, second command signal
      generating means for producing an aerodynamic condition of flow command
      signal, a first comparator means for comparing said first signal and said
      aircraft position command signal to produce a position deviation signal,
      second comparator means for comparing said second signal and said
      aerodynamic condition of flow command signal to produce a flow condition
      deviation signal. A thrust actuator has an input and is adapted to vary
      the thrust of the aircraft in response to signals at the input thereof. A
      control surface actuator has an input and is adapted to vary the
      deflection of a control surface of the aircraft, such as the elevator, in
      response to signals at the input thereof. Circuit means are connected to
      said devices and the inputs of said actuators for applying a plurality of
      signals at each of said inputs as linear combinations, each signal of said
      plurality of signals being indicative of one state variable. Said
      plurality of signals includes said position deviation signal, said flow
      condition deviation signal, the time integral of said position deviation
      signal, the time integral of said flow condition deviation signal and a
      signal indicative of vertical speed. Said circuit means comprise at least
      one of each of the following items:
PAR  a. direct connection means for directly applying a state variable signal as
      one signal out of said plurality and
PAR  b. filter means connected to receive one of said state variable signals and
      from it to produce another state variable signal which then is applied to
      said inputs as being one of said plurality of signals.
PAR  It has been found that a selection of state variables sufficient to provide
      the accurate control of trajectory and aerodynamic condition of flow of an
      aircraft can be derived either by direct measurement or by appropriate
      filtering of directly measured quantities. The state variables thus
      obtained are applied in linear combinations to both the thrust and
      aerodynamic condition of flow actuators.
PAR  Preferably each of the state variables is also applied to a servomotor
      actuating a control surface, such as a spoiler, for direct lift control.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a signal flow diagram of an integrated flight controller designed
      in accordance with this invention; and
PAR  FIG. 2 is a diagram of a portion of the flight controller of FIG. 1
      illustrating in greater detail the summing amplifier for linearly
      combining the signals.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  The following terminology is employed herein:
PA1  K -- coefficients with which the various input signals to the matrix
      circuit are linearly combined at the various outputs
PA1  k -- a constant
PA1  s -- the variable of the Laplace transform
PA1  t -- time
PA1   T -- time constant of the filters
PA1  .alpha. -- angle of attack
PA1  .theta. -- pitch angle
PA1  h -- elevation
PA1  h -- vertical acceleration
PA1  u -- speed
PA1  u -- speed signal
PA1  u -- longitudinal acceleration
PA1  .omega..sub.y -- pitch rate
PA1  .omega..sub.y -- angular acceleration about the pitch axis
PA1  .omega..sub.o -- characteristic frequency of the elevator system
PA1  .eta. -- elevator deflection
PA1  .eta. -- elevator speed
PA1  .eta. - output of elevator servomotor strict integration has a transfer
      function of 1/s.
PA1  pseudointegration has a transfer function of
      ##EQU1##
       the result of employing usual integrating networks. pseudodifferentiation
      -- a differentiation by means of a differentiating network having a
      transfer function of
      ##EQU2##
      observer -- a device that detects all "state variables" in a system.
      pseudoobserver -- a device that detects an appropriate selection of all
      "state variables" in a system. observation filter -- a filter which
      derives one state variable from another, directly measured, state
      variable.
PAR  The flight controller according to the invention includes an angle of
      attack measuring transmitter 10 (i.e. aerodynamic condition of flow sensor
      means) for producing a condition of flow signal, accelerometer 12
      producing a signal indicating the longitudinal acceleration u and the
      vertical acceleration h , a rate gyro 14 for measuring the pitch rate and
      producing an indicative signal. A signal indicative of an actual
      trajectory measurement is produced by a trajectory sensor, as for example
      an altimeter 16. In a deviation detector 18 the signal .alpha.
      representing the measured angle of attack is compared with a commanded
      value .alpha..sub.soll signal from a commanded value transmitter 20 to
      produce a deviation signal .DELTA. .alpha.. Accordingly, in a deviation
      detector 24 the altimeter signal h is compared with a commanded value
      h.sub.soll from a commanded value transmitter 22 and an elevational
      deviation signal .DELTA. h is formed. The command value transmitter 20, 22
      could, for example, each be the knob 382 and the bridge 370 of U.S. Pat.
      No. 2,738,682.
PAR  There are three servomotors, i.e. a thrust-servomotor 26 (i.e. thrust
      changing actuator means) by which an adjustment of the throttle is
      effected, an elevator-servomotor 28 (i.e. control surface actuator means)
      for adjusting the elevator, and a spoiler-servomotor 30 (i.e. spoiler
      actuator means) by which a spoiler of the wing is adjusted to affect the
      direct lift. The elevator-servomotor 28 is preceded by a conventional
      analogue divider circuit 32 such as described in
      Halbleiter-Schaltungstechnik, Springer Verlag (1971) pages 282 - 299 , to
      which a dynamic pressure signal from dynamic pressure sensor 33 (which may
      be, for example, a Prandtl-tube) is applied and which effects a division
      by the dynamic pressure. Thereby, the control surface effectiveness of the
      elevator, increased with increased dynamic pressure (increased air speed)
      is taken into consideration. The spoiler-servomotor 30 is preceded by a
      high-pass filter 34. As spoiler or lift flaps shall only operate in a
      given operating range and only two command values (.alpha..sub. soll,
      h.sub.soll) exist, the stationary condition of all signals for direct lift
      control must be eliminated by this high-pass filter 34. The output of the
      elevator-servomotor 28 is .eta.. A set of state variables or "state
      vector" is formed from the measured quantities .alpha. , u, h,
      .omega..sub. y and h. This is accomplished by means of a "pseudoobserver"
      generally referenced 35. At an input 36 the output of the
      elevator-servomotor 28 in the form of a signal .eta. is also applied to
      this pseudoobserver 35. The state variables utilized by the pseudoobserver
      35 in producing state vector output signals are as follows:
PA1  a. The deviation .DELTA. .alpha. of the angle of attack formed in deviation
      detector 18 by difference formation from the commanded value .alpha..sub.
      soll and the measured angle of attack .alpha..
PA1  b. The integral of angle of attack deviation .intg. .DELTA. .alpha. dt
      which is formed by means of a strict integrator 38 from the value of
      .DELTA. .alpha. derived from deviation detector 18.
PA1  c. The air speed u. This is obtained from the longitudinal acceleration u
      by pseudointegration by means of a low-pass filter 42, the steady state
      final value being eliminated by a high-pass filter 40. The resultant
      transfer function of filters 40 and 42 is
      ##EQU3##
      d. The time derivative of the air speed. It is obtained from the
      longitudinal acceleration supplied by the accelerometer 12, the steady
      state final value being eliminated by high-pass filter 40 having a
      transfer function
      ##EQU4##
      e. The angular acceleration about the pitch axis .omega..sub. y. It is
      obtained from the pitch rate signal .omega..sub. y of the rate gyro 14 by
      pseudodifferentiation by means of a high-pass filter 44 having a transfer
      function
      ##EQU5##
      f. The pitch angle .theta.. It is also derived from the pitch rate signal
      .omega..sub. y by pseudointegration by means of a filter 46 having a
      transfer function
      ##EQU6##
      g. The vertical speed h. It is obtained redundant, namely on one hand by
      pseudointegrating the vertical acceleration h through high-pass filter 40,
      which eliminates the steady-state final value, and by means of low-pass
      filter 48 having a transfer function
      ##EQU7##
       and on the other hand by pseudodifferentiating the elevational deviation
      signal .DELTA. h by means of filter 50, having a transfer function
      ##EQU8##
       These two signals are interconnected at point 52. The complementary
      filters 48 and 50, respectively, perform in accordance with the following
      equation:
      ##EQU9##
       with k = T  h = s .DELTA. h.
PA1  h. The altitude deviation signal .DELTA. h is formed directly in deviation
      detector 24 by difference formation from the altitude signal h measured by
      the altimeter 16 and the commanded altitude h.sub.soll supplied by the
      commanded value transmitter 22.
PA1  i. The time integral of the altitude deviation, i.e. .intg..DELTA.h dt, is
      obtained from the signal .DELTA. h from deviation detector 24 by strict
      integration in an integrator 54.
PA1  j. From the output signal .eta. of the elevator-servomotor 28, which is
      supplied to the pseudoobserver 35 through the input 36, the control
      surface deflection .eta. and its time derivation (i.e. speed) .eta. are
      formed by means of a model system or simulator 56 simulating the
      performance of the elevator.
PAR  The elevator deflection cannot be measured directly. Though it is possible
      to measure the regulating movement carried out by the elevator-servomotor,
      however, the actual elevator deflection may greatly differ from the
      servomotor output by looseness, elasticity and oscillations of the
      elevator. Therefore, the elevator deflection and its time derivative are
      as additional state variables from the elevator-servomotor output by means
      of model system 56. Signals .eta. and .eta. are applied in linear
      combination to the input 3a of the elevator-servomotor 28 as feedback.
PAR  The elevator model (or simulator) may, for example, be an oscillator of
      second order which is formed a series-connection of two low-pass filters
      58 and 60 each having a transfer function of the form
      ##EQU10##
      with corresponding feedback, the signal for the elevator deflection .eta.
      being picked off at the output of the filter 60 and the signal for the
      elevator speed .eta. being picked off between the filters 58 and 60. Then
      the following equation is obtained:
      ##EQU11##
      wherein .eta. = elevator deflection
PA1  .eta. = output of the elevator-servomotor
PA1  D = damping of the elevator system
PA1  .omega..sub. o = characteristic frequency of the elevator system.
PAR  Through the distribution network and servomotor controllers 62, the 12
      state variables thus obtained are applied linearily to the servomotors
      with gains K.sub.ij by means of conventional summing networks.
      Illustrative of each summing network, as shown in FIG. 2 in connection
      with the signals to the thrust servomotor 26, a summing amplifier 63 is
      employed with the signals representing the state variables being applied
      to the amplifier input through respective resistors 64- 73.
PAR  The state variables .eta. and .eta. , i.e. elevator deflection and elevator
      speed, as well as the angle of attack deviation .DELTA..alpha. and its
      time integral are applied directly to the input of the elevator-servomotor
      28. Simulated elevator deflection and elevator speed are only applied to
      the elevator-servomotor 28 as feedback signals. All other state variables
      are applied to all servomotors 26, 28 and 30. An analog divider circuit 32
      is connected to the input of the elevator-servomotor 28, the state
      variables -- with the exceptions mentioned hereinbefore -- being applied
      to the input of this divider. Divider 32 has applied thereto a dynamic
      pressure signal from dynamic pressure sensor 33 and acts to divide the
      input state variable signals by dynamic pressure q thus serving as a rate
      control means. This is to make allowance for the increase of control
      surface effectiveness, which is known to increase with increasing dynamic
      pressure.
PAR  A filter 34 of the high-pass type having a transfer function
      ##EQU12##
      is connected to the input side of the spoiler servomotor 30 whereby all
      state variables are applied to the spoiler servomotor 30 through said
      filter. Thus the spoiler is used to counteract high frequency
      disturbances.
PAR  The gains for the application of the individual state variables to the
      different servomotors are obtained (using appropriate summing amplifiers
      such as amplifier 63 illustrated in FIG. 2 and used in connection with
      input resistors 64-73) from the following feedback matrix:
TBL  Feedback Matrix                                                           
     State variable                                                            
     Servo-                                                                    
     motor .DELTA..alpha.                                                      
              .intg..DELTA..alpha.                                             
                  u  u  .omega..sub.y                                          
                           .omega..sub.y                                       
                              .theta.                                          
                                 h  .DELTA.h                                   
                                       .intg..DELTA.h                          
                                          .eta.                                
                                             .eta.                             
     __________________________________________________________________________
     Thrust                                                                    
           K.sub.1,1                                                           
              K.sub.1,2                                                        
                  K.sub.1,3                                                    
                     K.sub.1,4                                                 
                        K.sub.1,5                                              
                           K.sub.1,6                                           
                              K.sub.1,7                                        
                                 K.sub.1,8                                     
                                    K.sub.1,9                                  
                                       K.sub.1,10                              
                                          0  0                                 
     Spoiler                                                                   
           K.sub.2,1                                                           
              K.sub.2,2                                                        
                  K.sub.2,3                                                    
                     K.sub.2,4                                                 
                        K.sub.2,5                                              
                           K.sub.2,6                                           
                              K.sub.2,7                                        
                                 K.sub.2,8                                     
                                    K.sub.2,9                                  
                                       K.sub.2,10                              
                                          0  0                                 
     Ele-  K.sub.3,1                                                           
              K.sub.3,2                                                        
                  0  0  0  0  0  0  0  0  K.sub.3,11                           
                                             K.sub.3,12                        
     vator                                                                     
     (direct)                                                                  
     Dynamic                                                                   
           0  0   K.sub.3,3                                                    
                     K.sub.3,4                                                 
                        K.sub.3,5                                              
                           K.sub.3,6                                           
                              K.sub.3,7                                        
                                 K.sub.3,8                                     
                                    K.sub.3,9                                  
                                       K.sub.3,10                              
                                          0  0                                 
     pressure                                                                  
     (adapted)                                                                 
     __________________________________________________________________________
PAR  The different state variables in the described embodiment of the invention
      are obtained in different manners: Some are obtained by direct
      measurement, namely .DELTA..alpha., .omega..sub. y , .DELTA.h. Other state
      variables are derived by filtering from the measured quantities
      (observation filter). These are, for example, the integrals
      .intg..DELTA..alpha.dt and .intg..DELTA.h dt or the pitch acceleration or
      the pitch angle. Other state variables are obtained by a model simulation
      which simulates, for example, the performance of the elevator, according
      to model.
PAR  In the present case state variables have been selected to provide:
PA1  1. decoupling of the control loops for trajectory and aerodynamic condition
      of flight,
PA1  2. precise guidance of the aircraft along a given trajectory,
PA1  3. precise control of the aerodynamic condition of flow,
PA1  4. good stability,
PA1  5. satisfactory gust suppression (in trajectory, aerodynamic and thrust),
PA1  6. elimination of the thermal wind effect,
PA1  7. simple generation of the state variables,
PA1  8. substantial redundancy in the generation of the state variable,
PA1  9. insensitivity to parameters over a large range of airspeeds and
PA1  10. performance of one control function by different state variables in
      different frequency ranges.
PAR  These aspects can be taken care of sufficiently with the present
      combination of state variables. Redundancy of the state variables provides
      for multiple allowance for specific influences, whereby even in the case
      of a failure in one channel such influence is still effective in the
      control. By way of example, for high-frequency operations
EQU  .omega..sub.y .apprxeq.  .eta..
PAR  Since both .eta. is observed at the output of the elevator model 56, and
      .omega..sub. y is derived from rate gyro 14 through filter 44, .eta. is
      observed in redundant manner, leading to a reduction of the sensitivity to
      the parameters of the apparatus.
PAR  The pitch angle .theta. can also be derived from the measured angle of
      attack .alpha. and the state variables h and u according to the equation
      ##EQU13##
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In an apparatus for controlling the trajectory and aerodynamic condition
      of flow of an airplane having thrust changing actuator means and control
      surface actuator means, said apparatus comprising trajectory sensor means
      for producing an actual trajectory signal, aerodynamic condition of flow
      sensor means for producing an actual aerodynamic condition of flow signal,
      trajectory deviation detector means having a command value input and being
      connected to the trajectory sensor means to produce a trajectory deviation
      signal indicative of the deviation of the actual trajectory signal from a
      commanded value, aerodynamic condition of flow deviation detector means
      having a command value input and being connected to the aerodynamic
      condition of flow sensor means to produce an aerodynamic condition of flow
      deviation signal indicative of the deviation of the actual aerodynamic
      condition of flow signal from a commanded value, and control means
      connected to the actuator means and to the deviation detector means for
      controlling the actuators in accordance with said deviation signals, the
      improvement comprising: said control means controlling the thrust changing
      actuator means in response to first control signals, which are related to
      the signals from both of the deviation detector means by given associated
      transfer functions, and controlling control surface actuator means in
      response to second control signals which are related to the signals from
      both of the deviation detector means by given associated transfer
      functions.
NUM  2.
PAR  2. In an apparatus as set forth in claim 1 wherein said transfer functions
      have been selected to reduce the mutual influence of the variables of the
      two control signals.
NUM  3.
PAR  3. In an apparatus as set forth in claim 2, wherein the control means
      utilizes transfer functions of the signals of the deviation detector means
      such that a deviation in the trajectory and its correction is
      substantially without any influence on the aerodynamic condition of flow
      and a deviation in the aerodynamic condition of flow is substantially
      without any influence on the trajectory.
NUM  4.
PAR  4. In an apparatus as set forth in claim 3 which includes additional sensor
      means for producing signals representative of other flight condition
      variables of the airplane, the improvement comprising means connecting
      said control means to said additional sensor means, said control means
      controlling the actuator means is response to linear combinations of said
      first and second control signals and additional signals which are the
      signals from said additional sensor means modified by given transfer
      functions.
NUM  5.
PAR  5. In a flight control apparatus for automatically controlling position and
      aerodynamic condition of flow of an aircraft, comprising devices for
      producing state variable signals including
PA1  first measuring means for producing a first signal indicative of aircraft
      position,
PA1  second measuring means for producing a second signal indicative of
      aerodynamic condition of flow,
PA1  first command signal generating means for producing an aircraft position
      command signal,
PA1  second command signal generating means for producing an aerodynamic
      condition of flow command signal,
PA1  a first comparator means for comparing said first signal and said aircraft
      position command signal to produce a position deviation signal,
PA1  second comparator means for comparing said second signal and said
      aerodynamic condition of flow command signal to produce a flow condition
      deviation signal, and
PA1  at least one measuring means for measuring an aircraft dynamics
      characteristic and producing a signal indicative of said aircraft dynamics
      characteristic,
PAL  a thrust actuator having an input and adapted to vary the thrust of the
      aircraft in response to signals at the input thereof, and a control
      surface actuator having an input and an output and adapted to vary the
      deflection of a control surface of the aircraft in response to signals at
      the input thereof, said apparatus being characterized by:
PA1  circuit means connected to said devices and the inputs of said actuators
      for applying a plurality of signals at each of said inputs as linear
      combinations, each signal of said plurality of signals being indicative of
      one state variable, said plurality of signals including said position
      deviation signal, said flow condition deviation signal, the time integral
      of said position deviation signal, the time integral of said flow
      condition signal, and a signal indicative of aircraft vertical speed,
PA1  said circuit means comprising at least one of each of the following items:
PA2  a. direct connection means for directly applying a state variable signal as
      one signal out of said plurality
PA2  b. filter means connected to receive one of said state variable signals and
      from it produce another state variable signal which then is applied to
      said inputs as being one of said plurality of signals.
NUM  6.
PAR  6. A flight control system as claimed in claim 5, wherein said signal
      producing means further include:
PA1  simulator means connected to the output of said control surface actuator to
      produce a feedback signal representative of the positioning of said
      control surface in response to said control surface actuator actuation.
NUM  7.
PAR  7. A flight control system as claimed in claim 5, wherein said signal
      producing means includes:
PA1  first means for producing a first state variable signal indicative of a
      first state variable
PA1  and a first combination of first means for directly measuring a second
      state variable and producing a second state variable signal indicative
      thereof, and first filter means connected to receive said second state
      variable signal and designed to produce a third state variable signal,
      which is also indicative of said first state variable, said third state
      variable signal being another signal out of said plurality,
PA1  whereby two signals indicative of said first state variable are produced in
      redundant manner from two sources of different nature.
NUM  8.
PAR  8. A flight control system as claimed in claim 7, wherein said first state
      variable signal producing means comprises
PA1  a second combination of second means for directly measuring a fourth state
      variable and producing a fourth state variable signal indicative thereof,
      and second filter means connected to receive said fourth state variable
      signal and designed to produce said first state variable signal.
NUM  9.
PAR  9. A flight control system as claimed in claim 8, wherein said first direct
      measuring means is an accelerometer for measuring vertical acceleration
      and producing a signal indicative thereof and said first filter means is
      adapted to pseudointegrate said vertical acceleration signal, and wherein
      said second direct measuring means is an altimeter for measuring aircraft
      altitude and producing a signal indicative thereof and said second filter
      means is adapted to pseudodifferentiate said altitude signal, whereby said
      first state variable is vertical speed.
NUM  10.
PAR  10. A flight control system as claimed in claim 7 wherein said first state
      variable signal producing means comprise
PA1  means for measuring aircraft angle of attack, and producing an attack angle
      signal .alpha., means for producing a signal indicative of vertical
      aircraft speed h and
PA1  means for linearly combining said signals at least approximately in
      accordance with the formula
      ##EQU14##
       u being aircraft forward speed, to produce a signal indicative of pitch
      angle, and
PA1  wherein said first direct means of said first combination is a rate gyro
      for measuring pitch rate to produce a pitch rate signal, and said first
      filter means pseudointegrates said pitch rate signal,
PA1  whereby two pitch angle signals are produced in redundant manner from two
      sources of different nature.
NUM  11.
PAR  11. In a flight control apparatus as set forth in claim 5 wherein said
      devices for producing said state variable signals include accelerometer
      sensor means for producing a signal and rate gyro sensor means for
      producing a signal, said circuit means being connected to all said sensor
      means for controlling all said actuators in response to functions from all
      of the sensor means.
NUM  12.
PAR  12. In a flight control apparatus as set forth in claim 11, including
      simulator means connected to the output of the control surface actuator to
      produce a feedback signal representative of the positioning of the control
      surface in response to said control surface actuator actuation, rate
      control means having an input connected to the circuit means and an output
      connected to the control surface actuator means for producing an output
      signal to the control surface actuator, means connected to said rate
      control means for applying to said rate control means a dynamic pressure
      signal to modify the signals received at the input of the rate control
      means by a transfer function for considering the effectiveness of the
      control surface increased with increased dynamic pressure, and means to
      apply the feedback signals from the simulator means as well as the angle
      of attack deviation and the integral thereof directly to the control
      surface actuator means, all other signals for the control surface actuator
      means applied thereto through the rate control means.
NUM  13.
PAR  13. In an apparatus as set forth in claim 11, wherein said circuit means
      includes pseudoobserver means and produces the following signals from the
      sensor means signals and utilizing them in establishing the control of the
      actuator means:
PA1  a. Deviation of the aerodynamic flight condition (angle of attack) by
      direct measurement and difference formation with a command value;
PA1  b. Integral of the deviation of the aerodynamic flight condition by strict
      integration of this deviation;
PA1  c. Speed by measurement of the longitudinal acceleration of the aircraft by
      means of a longitudinal accelerometer and by pseudointegration thereof
      with elimination of the stationary final value via a high-pass-low-pass
      filter
      ##EQU15##
       Longitudinal acceleration is integrated by the
      ##EQU16##
       filter, the high-pass filter
      ##EQU17##
      eliminating the stationary final value; d. Time derivative of the speed
      from the longitudinal acceleration with elimination of the stationary
      final value by a high-pass filter
      ##EQU18##
      e. Angular acceleration about pitch axis by measuring the angular velocity
      by means of a rate gyro and pseudodifferentiation via a high-pass filter
      ##EQU19##
      f. Angular velocity about pitch axis by direct measurement by means of a
      rate gyro;
PA1  g. Pitch angle by pseudointegration
      ##EQU20##
       of the angular velocity; h. Vertical speed via complementary filters
      ##EQU21##
       on the one hand by measuring the vertical acceleration by means of a
      vertical accelerometer and pseudointegration thereof, and on the other
      hand from the altitude deviation by pseudodifferentiation via a high-pass
      filter;
PA1  i. Altitude deviation by direct altitude measurement by means of an
      altimeter and difference formation with a command value;
PA1  j. Time integral of the altitude deviation by strict integration of the
      latter.
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ABST
PAL  A cable clamp which is a one piece plastics moulding, grips by two pairs of
      wings, and independently resists both pushing and pulling of the cable
      because the two pairs incline in opposite directions. The cable is slid
      along the gripping edges of the wings when being applied to the clamp, and
      the wings do not bend or crimp the cable. The clamp can have an integral
      closeable lid and a fastener for anchoring to an apertured support.
BSUM
PAR  This invention concerns cable clamps.
PAR  A cable clamp is a device which can be anchored adjacent to a panel and can
      clamp a cable passing through an aperture in the panel. Usually the panel
      is the exterior wall of an electrical appliance such as a cooker,
      refrigerator or television, and the clamp is anchored to strong frame
      members concealed by the panel. When moving the appliance around, or when
      children are playing, the cable can be subjected to tension or pushing,
      either gradual or sudden, which would be sufficient to wrench the cable
      from electrical terminals to which it connects inside the appliance. A
      cable clamp fastens the cable to the frame member, and there is a length
      of slack cable between the clamp and the terminals whereby any tension
      exerted on the cable outside the appliance is carried by the clamp and the
      frame member and is not transmitted to the terminals.
PAR  According to the present invention a cable clamp is a one-piece plastics
      moulding and comprises first and second pairs of flexible gripping wings,
      the two wings of each pair being opened from one another by the action of
      pushing a cable along their gripping edges to be gripped between them;
      during their opening actions the first pair of wings deflecting towards
      one end of the clamp, and the second pair towards the opposite end.
DRWD
PAR  A cable clamp constructed in accordance with this invention is described
      below with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan of the clamp in its "as moulded" condition, two portions
      of a cable lying adjacent to the clamp being shown in the position for
      application to the clamp;
PAR  FIG. 2 is an end view of the clamp, taken in the direction indicated by the
      arrow y seen in FIG. 1, but the clamp having been applied to a frame
      member ready for anchoring; and
PAR  FIG. 3 is a diagrammatic view of an alternative arrangement for certain
      parts of the clamp.
DETD
PAR  In use, the clamp is first anchored to a frame member 10 such as a bracket
      or beam within the appliance, by passing a shank 12 which projects from an
      undersurface of the clamp, as viewed in FIG. 2, through an aperture 14 in
      the frame member 10. It is to be understood that although the member 10 is
      shown horizontal, and this description is appropriate to that, the member
      could lie in any other attitude at all, as far as the present invention is
      concerned. The shank has three legs defining between them a downwardly
      converging bore. A pin 16 lies coaxially with the upper end of the bore
      and connects to the legs by thin webs which are sheared by driving the pin
      16 axially downwards to force the pin to lie within the bore and hold the
      legs divergent. This form of anchoring is known, and could be replaced by
      mechanically equivalent anchorings which might be more appropriate to
      differen applications.
PAR  The cable is then laid over the clamp, in the position indicated
      diagrammatically in FIG. 1 by the two spaced portions X which are portions
      lying just outside the clamp. The cable is then forced down into the
      clamp. This involves forcing the cable between the free, gripping edges of
      a first pair of wings 18 near the one end of the clamp, and those of a
      second pair of wings 20 lying near to the opposite end of the clamp. Each
      of the wings is integrally formed to project from a thick wall defining
      the general hollow body of the clamp. Each pair converges obliquely
      towards its adjacent end. FIG. 1 shows the relaxed condition of the wings
      18 and 20. When the cable is forced down between the gripping edges the
      wings obviously lie opened out and much further apart so that they grip
      the cable firmly. When the cable has been pressed down between the pairs
      of wings it lies below the surface of the clamp indicated at 22 in FIG. 2.
      A lid 24 can then be hinged through an interconnecting plastic hinge 26 to
      overlie the cable and the wings. A slot 28 in the lid fastens over a hook
      30 formed on a cantilever projection on the far side of the body of the
      clamp. Surrounding the portions of the cable adjacent to the wings are
      tubular portions, shown as 32 and 34. In use, the tube 32 passes through
      an aperture in the panel of the appliance, giving a neat seal and
      preventing the cable or a tool from being pushed between the panel and the
      clamp. The tube 34 is principally for styling, to conceal the wings 18.
      The lid 24 has substantially the same outline as the body of the clamp.
PAR  If a force is exerted on the cable in the direction of the arrow Y it is
      resisted by the wings 20 because the friction between the cable and the
      wings would tend to pull the wings inwards towards one another and grip
      the cable more tightly. A force in the direction of the arrow Y could be
      caused by pulling of the the upper part of the cable seen in FIG. 1, away
      from the clamp, or by a pushing on the lower part of the cable as viewed,
      towards the cable clamp.
PAR  Similarly, a pulling on the lower part of the cable would be resisted by
      the wings 18, and a pushing by the wings 20.
PAR  It has been found that existing cable clamps which for many years have been
      required by British Standards to withstand pulling, have been so
      successful that children now try to push the cables, and a new safety
      requirement is being enacted whereby cable clamps must withstand pushing
      as well as pulling.
PAR  The design of cable clamp described has the advantage that it can be
      moulded integrally in a two-plate mould, and can be of plastics material.
      Nylon 66 is suitable.
PAR  It is possible to incorporate the present invention in a clamp which can
      accomodate a wide range of sizes of cable. FIG. 3 shows merely portions of
      such a clamp. There are eight different wing ends, which in this case are
      the two ends of each of four wings, but could be the ends of eight
      seperate wings. The two pairs of wing ends 36 and 38 hold a cable of
      fairly small diameter, two portions of which are shown as 37. The pairs of
      wing ends 40 and 42 have much greater spaces between them and grip a
      larger cable shown as 39. The clamp can be mounted on the frame member to
      lie in either of two perpendicular directions to accomodate the
      appropriate cable. This arrangement halves the number of clamps required
      to be kept in stock to clamp a range of cable diameters.
PAR  Each pair of wings, in the clamps described, grips the cable by mere
      pressure, rather than bending or crimping as in the prior art. This is
      less damaging to the cable insulation. The clamping pressure is in the
      direction perpendicular to that in which the lid is applied to the body,
      making the strength of the grip predictable rather than depending on the
      throughness of whoever assembles the appliance.
CLMS
STM  What I claim:
NUM  1.
PAR  1. A one-piece plastic cable clamp including a housing having a generally
      rectangular base and an upstanding wall around the perimeter of said base
      providing a pair of end walls and a pair of side walls, a slot-like
      opening having a predetermined dimension in each end wall in alignment
      with the opposite opening, a slot-like opening having a predetermined
      opening greater than the other mentioned openings in each side wall in
      alignment with the opposite opening, at least four flexible gripping wings
      within said housing each wing supported intermediate its length to provide
      a gripping free edge at opposite extremities of each wing and positioned
      angularly between adjacent end and side walls and the free ends of the
      wings converging obliquely with the next adjacent gripping wing towards
      the opening in its adjacent end or side wall, each of said adjacent pairs
      of said wings being positioned generally normal to said base with the free
      ends of the wings providing gripping edges initially spaced from the next
      adjacent wing a distance less than the thickness of a cable to be accepted
      therebetween and to be deflected by said cable when inserted between the
      free edges of said adjacent wings, the ends of each two adjacent wings
      being opened from one another by the action of laying the cable into the
      housing and pushing the cable along their gripping edges, to be gripped
      therebetween and to extend continuously through each of the opposite wall
      openings whereby during their opening action adjacent pairs of wings
      deflect towards the slot in the adjacent wall while the second pair of
      wings deflect toward the opposite wall thereby preventing movement of said
      cable in either direction, said clamp being capable of gripping a cable of
      a predetermined first diameter that is acceptable within said
      predetermined dimension of the slotlike opening in the end wall while the
      opposite ends of said gripping wings are capable of accepting a cable
      having a predetermined dimension greater than the first dimension and lies
      in a direction transversely to the position that would be assumed by the
      first mentioned cable to thereby permit usage of the cable clamp with
      individual grips having differing diameters.
NUM  2.
PAR  2. A cable clamp according to claim 1 in which there is a fastener
      projecting therefrom and permitting the clamp to be anchored to an
      apertured surface.
NUM  3.
PAR  3. A cable clamp according to claim 1 in which the housing converges at
      least at one of its ends or side walls to define a tubular portion which
      closely surrounds a cable passing through the clamp.
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ABST
PAL  A refrigerator shelf support member for use with those refrigerators having
      a sheet metal internal wall panel and which is inserted through the wall
      comprises a shelf support member and a steel fastener. The steel fastener
      is a flat member having a pointed tip, two outwardly curved portions
      outwardly and oppositely directed from the tip, and two tapered portions,
      all of which portions of the steel fastener protrude from the shelf
      support member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to shelf support members for supporting the
      shelves in a refrigerator having an internal sheet metal wall and for
      joining two or more thin sheet metal panels.
PAR  At the present time refrigerators are manufactured with various types of
      internal walls, i.e., liners. The internal wall of the refrigerator is
      separated from the exterior wall by insulation, for example, of foamed
      plastic such as foam polystyrene or foam polyurethane. It is generally
      desired that the shelves in the refrigerator, used to support the
      foodstuffs within the refrigerator, are not permanently attached to the
      internal side walls of the refrigerator but may be moved from one level to
      another. This enables the user to vary the shelf heights and distances
      between shelves to accord with the height of the bottles or other
      foodstuffs within the refrigerator. For example, the shelves may be
      temporarily removed so that the refrigerator will accommodate a large
      turkey or a large pot or the shelves may be moved upwardly or downwardly
      to accommodate tall bottles.
PAR  There have been many proposals for various types of shelf support members.
      For example, if the internal walls of the refrigerator are of molded
      plastic, it is possible to mold extending tabs as integral parts of the
      internal refrigerator side walls. These tabs may then serve as the shelf
      supports. However, if the internal side wall of the refrigerator is of
      sheet metal, it is not possible to integrally mold the shelf support as
      part of the wall. Rather, the shelf support members must be separate
      members which are fastened to the wall.
PAR  To provide flexibility of shelf arrangements, it is known to use a large
      number of shelf support members which are knobs or other shapes of
      protruding members and which are fastened in place by being secured
      through the internal wall of the refrigerator. The fastening of such shelf
      support members to the internal wall of a refrigerator when the internal
      wall is of sheet metal presents various problems. One problem arises
      because it is essential that the shelf support member be firmly fixed in
      position. It is an accepted industry standard that each individual shelf
      support member should support a minimum of 50 pounds. A further problem
      arises because it is a further requirement that the shelf support member
      not become loosened with the passage of time, for example, after it has
      received a considerable number of sideways forces due to the insertion and
      removal of the shelves as well as occasional bumps received when bottles
      and other food containers are removed or inserted into the refrigerator.
      It is still a further requirement that the part not deteriorate in usage
      or become discolored.
PAR  Some of the shelf support members which have been proposed meet these
      various requirements and some of them have been used in the past. However,
      there has been a constant demand that the shelf support members should be
      low in price and should be readily fastened to the refrigerator wall. Both
      of these requirements relate to the overall cost of inserting a set of
      shelf support members in a refrigerator. With the ravages of inflation and
      the cost-consciousness of consumers in purchasing large household
      appliances such as refrigerators and freezers, the engineers and
      purchasing agents of refrigerator manufacturers have been very conscious
      of the total cost of furnishing a refrigerator with shelf supporting
      members and they have sought means to lower such costs. The problem of
      securing a shelf support member in a sheet metal panel is particularly
      acute if the sheet metal panel is thin, as a thin panel may provide less
      frictional engagement to hold the shelf support member.
PAR  Consequently, it is an objective of the present invention to provide a
      shelf support member which will be low in cost and which will be
      self-piercing so as not to require drilling or otherwise forming holes in
      the refrigerator liner before insertion of the shelf support member.
PAR  It is a further objective of the present invention to provide such a shelf
      support member which is adapted for the automatic piercing of the internal
      wall of the refrigerator by machine.
PAR  It is a further objective of the present invention to provide such a shelf
      support member which will firmly support a shelf of a refrigerator and
      meet the standard of supporting at least 50 pounds placed on each
      individual shelf support member and further which will retain its ability
      to support that load over a long period of time without becoming loosened
      in its hole.
PAR  It is a further objective of the present invention to provide a "blind
      rivet" type of fastener which is utilized to join together two thin
      panels, for example, two thin sheet metal panels, by inserting the
      fastener through both panels from one side of one of the panels, without
      the necessity of forming holes in both panels prior to their being joined
      together. Alternatively, the panel next to the shelf support member may
      have a pre-formed hole or both panels may have pre-formed holes.
PAR  Other objectives of the present invention will be apparent from the
      following detailed description which provides the inventor's best mode of
      practicing the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which accompany the following detailed description of the
      present invention and should be considered along with such description:
PAR  FIG. 1 is a side plan view showing the first embodiment of the shelf
      support member of the present invention;
PAR  FIG. 2 is a back plan view of the shelf support member of FIG. 1;
PAR  FIG. 3 is a side view showing the shelf support member of FIG. 1 as
      inserted through a sheet metal panel, for example, the internal wall
      panel, of a refrigerator;
PAR  FIG. 4 is a perspective view of the shelf support member of FIG. 1 of the
      present invention;
PAR  FIG. 5 is a perspective view of an alternative embodiment of a shelf
      support member within the scope of the present invention;
PAR  FIG. 6 is a perspective view of a still further embodiment of a shelf
      support member within the scope of the present invention; and
PAR  FIG. 7 is a perspective view of the steel fastener which is shown in place
      and inserted through a panel.
DETD
PAR  Although the shelf support member of the present invention is particularly
      described in connection with the sheet metal panels which form the
      internal walls of the refrigerator or a freezer, it will be understood
      that the shelf support member may be used as a support member with other
      types of sheet metal panels.
PAR  The shelf support member of the present invention is particularly adapted
      for self-insertion through relatively thin sheet metal panels, for
      example, sheet metal panels having a thickness of from 15 thousandths of
      an inch through 25 thousandths of an inch. Such thin panels, as may be
      readily appreciated, provide a particularly difficult environment for a
      shelf support member and intuitively it may be thought that they would be
      too thin to hold a support member by frictional contact on the sides of
      the support member. The "self-insertion" of the support member of the
      present invention means that the support member forms its own hole when it
      is pushed, either by machine or by hand, into the sheet metal panel.
      Alternatively, in thicker sheet metal panels it may be desirable to form a
      hole in the form of an elongated slot which is slightly shorter in length
      than the height of the steel fastener member.
PAR  As shown in FIG. 1, the shelf support member of the present invention
      comprises two portions, a support member 10 and a steel fastener 11.
PAR  The FIGS. 1, 2, 3 and 4 all show the same shelf support member having the
      same support member 10. It will be understood, however, as further
      explained in connection with FIGS. 5 and 6, that the support members may
      be of other alternative configurations. The support member 10 has, as
      integral portions thereof, a cylindrical portion 12 having left and right
      side walls 13 and 14, which are straight-sided walls, and top and bottom
      curved walls 15 and 16 joining the side walls 13,14. A curved exterior
      slightly protruding cap portion 17 joins the aforesaid side walls 13,14
      and top and bottom walls 15,16. The entire cylindrical portion 12 blends,
      by curvature 18, into the flange portion 19. The flange portion 19 has
      straight side walls 20 and 21 which are joined with top and bottom curved
      walls 22 and 23, respectively.
PAR  As shown in FIG. 2, the back of the flange portion 19 preferably, but not
      necessarily, has a raised ledge 24 around its periphery. The raised ledge
      24 is on a raised level compared to the depressed body portion 25.
PAR  The steel fastener 11 is securely encased within the support member 10. For
      that purpose it has inwardly extending portion 30 which is fastened within
      support member 10. Preferably the support member 10 is made of a suitable
      plastic resin. The steel fastener may be molded into the plastic member 10
      by wellknown plastic resin injection molding techniques and for that
      purpose any of a number of well-known plastics may be used for the
      one-piece plastic member 10, such as nylon, ABS or high-impact
      polystyrene. Alternatively the fastener may be heat-welded, glued or
      otherwise secured within the support member 10. Instead of a plastic
      resin, other materials, such as a zinc alloy suitable for die casting, may
      be utilized for the support member 10.
PAR  The steel fastener 11 is a flat member having side walls 31 and 32 and may
      be stamped out of relatively thick stiff sheet metal, for example, 1/16 of
      an inch in thickness or 1/8 of an inch in thickness. As seen in the side
      view as shown in FIGS. 1 and 3, the steel fastener member has a point 33
      and two oppositely directed angled portions 34a and 34b leading from the
      aforesaid point 33. The ends of the curved portions 35 and 36 are
      connected to tapered portions, respectively 37 and 38. The tapered
      portions 37 and 38 are not parallel to the central axis 39, which is the
      central axis of the support member. Rather, the tapered portions 37 and 38
      are each tapered starting from the respective points 37a, 38a, and are
      tapered downwardly (inwardly) towards the flange member 19, i.e., inwardly
      toward the axis. Preferably that taper is more than 2 and less than
      20.degree. and preferably is about 3.degree.. That tapered portion may
      have small short serrations to grip the turned-back portion of the metal
      panel.
PAR  The shelf support members of the alternative embodiments, shown in FIGS. 5
      and 6, utilize the same type of steel fastener 11 as was previously
      described. Their difference, from the prior embodiment of FIGS. 1-4, is
      that the shelf support cylindrical portion of the shelf support member
      differs in shape.
PAR  In the embodiment of FIG. 5 the shelf support member has a shelf support
      portion which is a right-sided cylinder whose cross-section, in a plane
      perpendicular to the axis, is a circle whose end 26 is flat. The flange
      19a is of the same shape as the flange 19 of the prior embodiment.
PAR  In the embodiment shown in FIG. 6 the flange portion 19b is also of the
      same shape as flange portion 19 of the prior embodiment. The shelf support
      portion 27 has a cylindrical cone portion 36 which merges into flange
      portion 19b; a straight portion 37, which is circular in cross-section in
      a plane perpendicular to the axis and a cap portion 38 which is rounded on
      top and circular in cross-section.
PAR  As shown in FIG. 7, the steel fastener 11 is inserted through a thin sheet
      metal wall panel 29 without the necessity of forming a hole prior to press
      insertion of the steel fastener 11. The steel fastener, upon being pressed
      through wall panel 29, forms its own elongated slot and curves back the
      metal 39a, 39b. The spring action of the curved-back metal 39a, 39b acting
      upon the tapered portions 37,38 provides a surprising and unexpected
      holding power to secure the steel fastener in the panel wall.
PAR  In addition, small flanges of the bent-back panel metal 41 may be formed on
      both sides of the fastener. These flanges also exert pressure on the
      fastener and prevent it from being withdrawn from its slot. A still
      additional aid to retention of the fastener is provided by the bell-like
      indentation 42 which is formed on the reverse side of the panel. That
      indentation also aids in exerting force on the fastener in the direction
      opposing the withdrawal of the fastener from its slot.
PAR  The small flanges 41 are metal portions formed when the fastener 11 is
      pushed through the panel and they exert force inwardly on the two side
      walls of the fastener. The bell-like indentation 42 is a bending of the
      metal which forms an indentation (an indentation on the front wall of the
      panel which is a bulge on the back wall of the panel). That indentation is
      sufficiently small so that it is hidden by the flange 19 and is not seen
      by the customer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shelf support member for insertion into a panel comprising:
PA1  a one-piece support member, said support member having as portions thereof
      a flange portion and a support portion projecting from said flange
      portion, and
PA1  a metal fastener member having an extension portion which is fastened in
      said support member and an insertion portion,
PA1  said insertion portion of said fastener having two flat and parallel sides
      and two edges, said two edges meeting in a point, which point is adapted
      to cut the panel for insertion of said fastener, each of said edges having
      a curved portion starting near said point, each of which curved portions
      curving outwardly so that the insertion portion at said curved portions
      becomes wider toward said flange portion, said curved portions rolling
      back portions of the said panel after insertion of said point through said
      panel, each of said edges also having a tapered portion, each of said
      tapered portions being next to and in contact with said flange portion,
      said tapered portions tapering inwardly toward each other so that they
      each taper inwardly toward said flange, wherein upon insertion of said
      fastener through said panel portions of said panel are formed to hold said
      fastener at its said tapered portions.
NUM  2.
PAR  2. A shelf support member as in claim 1 wherein said support member is
      injection-molded of plastic resin and said extension portion is encased in
      said plastic support member.
NUM  3.
PAR  3. A shelf support member as in claim 1 wherein said flange portion has a
      front face and a rear face, and said rear face has thereon a raised ledge
      about its periphery.
NUM  4.
PAR  4. A shelf support member as in claim 1 wherein said fastener member is of
      steel.
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ABST
PAL  A support for fixing an object, for example an ashtray, palette, container
      or pen holder, removably in projecting manner to a substantially vertical
      structural member of office furniture, such as a leg of a chair or writing
      desk. The support comprises a wall of the object, following in
      complementary form substantially the shape of one side of a structural
      member having a predetermined cross-section, and a projection of the
      object opposite the wall. The wall and the projection bear against the
      structural member when in the operative position and are spaced from one
      another in such manner that the support may be removed by tilting it
      upwardly with respect to the structural member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a support for fixing objects, for example
      ashtrays, palettes, containers and pen holders, removably in projecting
      manner to substantially vertical structural members of office furniture,
      such as the legs of chairs and writing desks.
PAR  In a known support of the above type, an arm integral with the object has a
      fixed lug and an opposite lug which can be swivelled and is adapted to be
      fixed to the structural member by means of a setscrew. This may entail the
      use of a tool and a considerable loss of time. This and other
      disadvantages are obviated by the support according to the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a support for fixing an object, for example
      an ashtray, palette, container or pen holder, removably in projecting
      manner to a substantially vertical structural member of office furniture,
      such as a leg of a chair or writing desk. The support comprises a wall of
      the object, following in complementary form substantially the shape of one
      side of a structural member having a predetermined cross-section, and a
      projection opposite the wall, the wall and the projection bearing against
      the structural member when in the operative position and being spaced from
      one another in such manner that the support may be removed by tilting it
      upwardly with respect to the structural member.
PAR  In this way, when the support is fitted, the wall and projection retain the
      object on the structural member in a predetermined position through their
      grip, and removal of the object can be achieved by means of a simple
      upward tilting action and a following transverse movement of the object
      with respect to the structural member.
PAR  The invention will be described in more detail by way of example, with
      reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view from the right of a support according to
      the invention applied to an ashtray fixed removably to the leg of a chair;
PAR  FIG. 2 is a rear perspective view of the support of FIG. 1 from the left;
PAR  FIG. 3 is a side view of the support of FIG. 1;
PAR  FIG. 4 is a view of the device as shown in FIG. 3 in the direction IV
      indicated therein;
PAR  FIG. 5 is a side view of the support of FIG. 1 in a fitting position; and
PAR  FIG. 6 is a view of the device as shown in FIG. 5 in the direction VI
      indicated therein.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In this example, the support according to the invention is applied to an
      ashtray fixable removably to the leg of a chair and the cross-section of
      the leg is substantially U-shaped.
PAR  Referring to FIG. 1, the support is indicated generally by the reference 11
      and is integral with an ashtray 12 of substantially prismal form which is
      open at the top and hollow internally so as to define a receptacle 13.
PAR  The support 11 comprises a first wall 14 (FIG. 4) formed on one side of the
      ashtray 12 and following or repeating in complementary form substantially
      the shape of a part of the U-shaped structural member 16 constituting the
      leg of a chair 17 (FIG. 1). In this particular case, the wall 14 (FIG. 4)
      is of substantially circularly cylindrical form and copies a circularly
      cylindrical outer profile 18 connecting the arms or sides of the leg 16.
      The support 11 moreover comprises a projection 19 (FIG. 3) opposite and
      substantially parallel to the first wall 14. The wall 14 and projection 19
      are spaced from one another in such manner that, by tilting the support 11
      (FIG. 5) upwardly with respect to the leg 16 about the projection 19, they
      permit the support 11 itself to be engaged with and removed from the leg
      16. The first wall 15 (FIG. 3) is formed on one side 20 of the ashtray
      which forms an obtuse angle within the ashtray with respect to the bottom
      thereof, so that the bottom remains horizontal when the ashtray is
      supported by an inclined leg. The projection 19 is formed on a second wall
      21, which is an extension of a side 22 (FIG. 4) of the ashtray 12. The
      first wall 14 and projection 19 are thus disposed at one end of the
      ashtray 12 so that the centre of gravity of the ashtray is completely
      outside the support 11. The projection 19 terminates in a lug 23 (FIG. 6)
      shaped to define a recess 24. In addition, the projection 19 carries a
      resilient ring 26 (FIG. 3) having a high coefficient of friction, such as
      a rubber ring.
PAR  Finally, at one side of the first wall 14, the support 11 includes an
      essentially triangular extension 27 (FIG. 3). One horizontal edge 29 of
      the extension 27 projects in line with the bottom of the ashtray and
      another vertical edge 31 of the extension 27 joins up with the top edge of
      the ashtray so that the extension 27 is shaped like a nose. The extension
      27 cooperates with the leg 16 to prevent rotary movement of the support 11
      about the axis of the leg when the ashtray 12 is mounted thereon.
PAR  To fit the support 11 to the leg 16 the following procedure is followed.
PAR  The ashtray 12 is grasped with one hand and is arranged so that the edge 31
      of the extension 27 is parallel to the profile 18 and the edge 28 of the
      leg 16 is in contact with the second wall 21, as shown in FIGS. 5 and 6.
      The ashtray 12 (FIG. 6) is now turned clockwise about a vertical axis
      until the second wall 21 is brought into contact with the side of the leg
      16 and the recess 24 is brought into engagement with the edge 28. The
      ashtray 12 is tilted downwardly about the projection 19 until the wall 14
      is in parallel contact with the profile 18 and the extension 27 lies
      parallel and adjacent to the leg 16, thus preventing rotation of the
      ashtray, as shown in FIG. 4. The ring 26, pressing against the edge 28 of
      the leg improves the grip between the projection 19 and the edge 28. As an
      alternative to the ring 26, an element of resilient material having a high
      coefficient of friction may be attached to the wall 14, where it improves
      the grip between the wall 14 and the profile 18 of the leg 16. In either
      case, the tendency for the support to slide down the leg is countered.
PAR  The perpendicular distance between the wall 14 and the nearer side of the
      ring 26 is slightly less than the width of the leg 16, which in this case
      is the distance measured normally between the profile 18 and the edge 28.
      A stress is therefore created due to the slight difference in dimensions,
      which causes slight squeezing of the ring and assists in increasing the
      grip of the support 11 on the leg 16.
PAR  To remove the ashtray 12 from the leg 16, it is grasped with one hand and
      is tilted upwardly about the projection 19 so that the wall 14 ceases to
      make parallel contact with the profile 18, and the extension 27 is
      disposed with the edge 31 parallel to the profile 18, as shown in FIG. 5.
      Since the circularly cylindrical wall 14 and the extension 27 have lost
      close contact with the leg 16, the ashtray itself may be turned
      anticlockwise about a vertical axis. The recess 24 leaves the edge 28 as
      the ashtray may be removed from the leg 16.
PAR  It is understood that diverse modifications, variations and improvements
      may be made in the described support 11 without departing from the scope
      of the claims. For example, if the cross-section of the leg 16 is
      circular, the second wall 21, the first wall 14 and part of the projection
      19 have to be circularly cylindrical and have a radius of curvature equal
      to that of the outer surface of the leg 16. If, on the other hand, the
      cross-section of the leg 16 is rectangular, the wall 14 will no longer be
      circularly cylindrical, but will be constituted by a plane surface with
      parts at two opposite edges corresponding to the parts 21 and 27 of the
      described embodiment, while the projection 19 will also be planar.
PAR  It is therefore clear that the support 11 is formed essentially by a wall
      14 forming part of the ashtray 12 which follows or repeats in
      complementary form the outer shape 18 of the leg 16. The support 11
      moreover comprises a projection 19 opposite the wall 14. When the wall 14
      and projection 19 are in the supporting position, they bear against the
      leg 16 and are spaced from one another in such manner that by tilting the
      support 11 upwardly with respect to the leg 16 about the projection 19,
      the support may be removed.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An ashtray, removably mountable in projecting manner to a substantially
      vertical structural member, said member having a substantially U-shaped
      cross-section including two arms and a circular profile connecting said
      arms, each of said arms being defined by an outer wall adjacent to the
      outer circular profile, an inner wall and an edge wall connecting the
      inner wall with the outer wall, said ashtray including a substantially
      parallelepipedal hollow body having at one side thereof a substantially
      circular cylindrical portion for cooperating with and complementary to
      said circular profile of said structural member and two extensions of said
      body, arranged at two sides of said cylindrical portion, for cooperating
      with the outer walls of said arms, one of said two extensions having an
      end wall inclined with respect to said one side of said hollow body
      ashtray, said one extension overlying partially a portion of one outer
      wall of an arm of said two arms, the other of said extensions being
      parallel with said one extension and overlying the entire depth of the
      outer wall of the other arm of said arms, said other extension having in
      an upper portion and near to the distal end thereof extending beyond the
      depth of said outer wall a projection opposite said cylindrical portion
      for cooperating with the edge wall of the other of said two arms, said
      projection being provided with a lug cooperative with the inner wall of
      said other arm adjacent said edge, said cylindrical portion and said
      projection bearing against said leg when in the mounted position, so that
      the centre of gravity of the ashtray is completely outside said structural
      member, said cylindrical portion, said projection and said lug defining a
      recess for holding said edge wall and being spaced from one to another in
      such manner that the ashtray may be removed by tilting it upwardly so as
      to disengage the lower portion of said one extension from said one arm so
      that the inclined end wall thereof may pass by the structural member and
      thereafter rotating the ashtray with respect to the structural member so
      as to disengage the lug of the projection from the inner wall of said
      other arm of the structural member and remove said edge wall from said
      recess.
NUM  2.
PAR  2. An ashtray according to claim 1, further comprising a rubber ring with a
      high coefficient of friction carried by said projection for increasing the
      grip of the projection on the edge wall of the structural member.
NUM  3.
PAR  3. An ashtray according to claim 2, wherein the other of said extensions is
      aligned with another side of said ashtray body adjacent said one side.
NUM  4.
PAR  4. An ashtray according to claim 3, wherein said one side of said ashtray
      forms an obtuse angle within the ashtray with respect to the bottom wall
      thereof, so that the ashtray bottom remains horizontal when the ashtray is
      supported by the structural member.
NUM  5.
PAR  5. An ashtray as claimed in claim 4, wherein said lug comprises a cut-off
      portion substantially parallel to the inclination of said end wall of said
      one extension, so that said lug rotates past said edge wall when said
      ashtray is rotated upwardly as said one extension is rotated past said
      structural member.
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ABST
PAL  A microsurgical operating unit for the movable installation of an operating
      microscope in an operating theater. The unit includes a ceiling member for
      attachment to the ceiling, several pivotably interconnected members for
      holding and locking the microscope in any desired orientation, and a motor
      drive for elevation adjustments of the microscope.
BSUM
PAR  The present invention relates to a microsurgical operating unit adapted to
      be installed at the ceiling of an operating theater and serving to mount
      and control an operation microscope.
PAR  Heretofore known mountings for operation microscopes include telescopically
      adjustable tubular elements for the purpose of height adjustment of the
      microscope, and either crank-type twin arms or guide rails for lateral
      adjustment, i.e., adjustment of the microscrope in a desired vertical
      plane. These known microsurgical operating units may be used efficiently
      if the operating field is relatively small and preferably confined to a
      limited area, as is usually the case in ophthalmological and otological
      applications.
PAR  For adjustment of the microscope within a more extended space the known
      microsurgical operating units, however, are less suitable because
      telescopic assemblies require for long extensions a correspondingly
      increased overall length which in turn may lead to problems of
      installation in rooms with lower ceiling levels. Moreover, multi-segment
      telescopic tubes do not have the required rigidity, due to inevitable fit
      clearances. With twin arms and guide rails, on the other hand, the
      necessary insensitivity to vibrations cannot be obtained.
PAR  It is therefore the object of the present invention to provide a novel and
      improved microsurgical operating unit of a small vertical installation
      extension, having well placed, readily accessible control elements, and
      designed so as to ensure the required rigidity of the microscope
      suspension.
PAR  In accordance with the present invention there is now proposed a
      microsurgical operating unit that is characterized by a vertical support
      column mounted at its upper end at the ceiling of a room such as an
      operating theater, a sleeve rotatably supported on the vertical support
      column, a pivot arm for height adjustment, the pivot arm being rotatably
      mounted about a horizontal pivot axis disposed adjacent the free lower end
      of the sleeve, a vertical pendulum arm rotatably mounted at the free lower
      end of the pivot arm, and a microscope mounted at an articulation on the
      free lower end of the pendulum arm.
PAR  Furthermore, a pivot mounting for horizontal alignment of the microscope
      may be interposed between the articulation and a microscope mounting, and
      there may be provided a parallelogram-type control linkage, a chain drive
      or the like for maintaining the microscope in a vertical orientation in
      any rotational position of the pendulum arm.
PAR  In accordance with additional features of the present invention, for
      alignment of the microscope in a vertical position during rotation of the
      pendulum arm, a first sprocket and the microscope mounting are rigidly
      secured to the articulation axis on the free lower end of the pendulum
      arm, a second sprocket is operatively coupled by a chain to the first
      lower sprocket, the second sprocket is rigidly secured to a shaft, the
      shaft is rotatably journalled in the upper articulation and operatively
      couples the pivot arm to the pendulum arm, a lever is secured to a
      projecting portion of the shaft, a connecting rod is rotatably connected
      at its one end to the free end of the lever, and rotatably connected at
      its opposite end to a fixed pivot point on the sleeve rotatably mounted on
      the support column. This sleeve and the chain interconnecting the two
      sprockets form part of a parallelogram-type control linkage for the
      microscope.
PAR  To enhance the mobility, i.e., the ease of handling of the microscope, a
      mass balance is provided for the pendulum arm and the microscope.
PAR  For height adjustment of the microscope the pivot arm is coupled to a motor
      drive, and a control panel for controlling the motor drive is arranged on
      the microscope mounting.
DRWD
PAR  In the following, the novel microsurgical operating unit according to the
      present invention will be described with reference to a preferred
      embodiment as shown in the appended drawings wherein:
PAR  FIG. 1 is a front elevational view of a microsurgical operating unit
      according to the present invention;
PAR  FIG. 2 is a lateral elevational view of the microsurgical operating unit of
      FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional vertical view along the line III--III
      of FIG. 2;
PAR  FIG. 4 is a fragmentary view of the mounting for the microscope, partly in
      elevation and partly in vertical cross-section;
PAR  FIG. 5 is an enlarged horizontal cross-sectional view along the line V--V
      of FIG. 1;
PAR  FIG. 6 is an enlarged vertical cross-sectional view along the line VI--VI
      of FIG. 1;
PAR  FIG. 7 is an elevational view of the microsurgical operating unit with the
      microscope moved into its uppermost position;
PAR  FIG. 8 is a view similar to FIG. 7, with the microscope moved into a
      position in which the pivot arm includes substantially a right angle with
      the pendulum arm;
PAR  FIG. 9 is a view similar to FIG. 7 in which the microscope has been moved
      into a position below the vertical support column of the microsurgical
      operating unit; and
PAR  FIG. 10 is a view similar to FIG. 7 in which the pivot arm and the pendulum
      arm are aligned along a nearly straight line.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, the microsurgical operating
      unit includes a vertical support column 10 to which is rigidly secured at
      one end a mounting plate 11 that is fixed to the ceiling of a room such as
      an operating theater. A sleeve 12 is rotatably mounted on the support
      column 10, as may perhaps be seen best in FIG. 5. The lower end 12a of the
      sleeve 12 mounts a pivot arm 13 or a two-armed pivot arm consisting of a
      pair of flat-section pivot arm members parallel to each other, and
      indicated in FIG. 5 by the reference numerals 13 and 13a respectively. The
      pivot arm 13 or the pair of parallel disposed pivot arm members 13, 13a
      are rotatably mounted about a horizontal pivot axis 14 on the sleeve 12 so
      that the two pivot arm members 13, 13a may be oscillated in the direction
      of the double headed arrow x.sub.1. The sleeve 12 may be rotated in the
      direction of the double headed arrow x.
PAR  A pendulum arm 20 is rotatably mounted at the free lower end of the pivot
      arm 13 or of the pivot arm members 13, 13a respectively. As shown in the
      drawings, the pendulum arm 20 is held in a vertical position and may be
      rotated about a horizontal axis 21 in the directions indicated by the
      double headed arrow x.sub.2 (see FIGS. 1 and 2). A mounting 22 is
      rotatably mounted at the free lower end of the pendulum arm 20 and serves
      to attach a mircroscope 25 of a type known per se. The mounting 22 which
      is rotatably mounted on the pendulum arm 20 may be rotated about a
      horizontal axis 23 in the directions indicated by the double headed arrow
      x.sub.3.
PAR  The pendulum arm 20 serves to adjust the microscope 25 into a desired
      horizontal position, whereas the pivot arm 13 serves to adjust the
      microscope 25 into any desired height within a given adjustment range. The
      pivot axis 14 of the pivot arm 13, the pivot axis 21 of the pendulum arm
      20 and the pivot axis 23 of the microscope mounting 22 are spatially
      parallel to each other.
PAR  As an important feature of the present invention, the mounting 22 of the
      microscope 25 will always be maintained in a predetermined and preferably
      vertical alignment, independently of the positions assumed by the pivot
      arm 13 and the pendulum arm 20. This is achieved by suitable means such as
      a parallelogram-type control linkage, a chain drive or the like. In the
      embodiment shown in the drawings there is provided a chain drive for this
      purpose. To this end, the pendulum arm 20 is arranged in the form of a
      hollow cylindrical or tubular member defining a correspondingly shaped
      interior cavity 26. A sprocket 30 is mounted in the interior 26 of the
      pendulum arm 20 on the pivot axis 23 of the microscope mounting 22 (see
      FIG. 4). A shaft 31 is provided in the pivot axis 21 defining the
      articulation between pivot arm 13 and pendulum arm 20. A second sprocket
      32 is mounted on the shaft 31 and operatively coupled by a chain 33 to the
      first sprocket 30 mounted in the lower end of the pendulum arm 20 opposite
      the microscope mounting. A lever 34 is fastened to a projecting end
      portion of the shaft 31 which shaft end portion is opposite to the shaft
      end portion bearing the sprocket 32. A connecting rod 36 is rotatably
      coupled at 35 to the free upper end of the lever 34. The other end of the
      connecting rod 36 is rotatably coupled at 37 to a pivot point at the
      sleeve 12 (see FIGS. 1, 3 and 6). The chain 33 which extends along the
      interior 26 of the pendulum arm 20, the lever 34 which is mounted on the
      shaft 31, and the connecting rod 36 jointly define the parallelogram-type
      control linkage holding the articulation 23 for the microscope mounting 22
      in a desired orientation. The two strands of the chain 33 extend on
      opposite sides of the pendulum arm 20 within suitable pendulum arm
      guideways (not shown) or within a casing mounted externally on the
      pendulum arm 20.
PAR  For enhancing the mobility, i.e., the ease of handling of the microscope 25
      a mass balance is provided for the pendulum arm 20 and the microscope 25
      supported thereby. This mass balance may consist of a counterweight
      attached to an upper extension of the pendulum arm 20. Preferably, the
      weight 40 shown in FIGS. 1 and 2 is mounted at a smaller spacing from the
      horizontal pivot axis 14 of the pivot arm 13. This may be achieved, as
      shown in FIGS. 1 and 2, by mounting the weight 40 in the pivot axis 14 of
      the pivot arm 13 by means of a shaft 41 which -- as may be seen best in
      FIG. 3 -- is rotatably journalled within an internal bore of the pivot
      axis 14. The weight 40 is furthermore connected to the pendulum arm 20 by
      a parallelogram rod 42 and a lever 43 that is connected to the pivot axis
      21 (see FIG. 6). This arrangement is highly advantageous, as will be
      explained further below.
PAR  Elevational movements of the microscope 25 may likewise be counterbalanced
      by means of a counterweight on the pivot arm 13. Preferably, however,
      there is provided a motor drive 50 for effecting up and down pivot
      movements of the pivot arm 13. For controlling the motor drive 50 there is
      provided a control panel 51 with suitable actuators on the microscope 25
      itself or on the microscope mounting 22 (see FIGS. 1 - 3). The control
      cable 52 schematically shown in FIG. 1, by which the motor drive 50 is
      connected to the control panel 51, is of course installed along the
      interiors of the support column 10, the pivot arm 13 and the pendulum arm
      20, so as not to interfere with the adjustment movements of the microscope
      25.
PAR  The shaft 41 for the counterweight 40 in the pivot axis 14 and the
      articulation 21 of the pendulum arm 20 on the pivot arm 13 are each
      provided with a clamping device 60, 61 respectively. Each clamping device
      60, 61 is continuously biased by suitably designed spring assemblies 62
      and 63 respectively (see FIGS. 1, 5 and 6). When it is intended to adjust
      the microsurgical operating unit the clamping devices 60, 61 may be
      deactivated by means of hydraulic or pneumatic pistons, solenoids or the
      like not shown in the drawings.
PAR  The microsurgical operating unit of the present invention allows the
      following methods of operation: When both clamping devices 60 and 61 are
      deactivated, the microscope 25 may be moved freely, both manually and by
      the motor drive 50. When deactivating the clamping device 60 for the
      counterweight 40, the microscope 25 may be rotated about the pivot axis of
      the counterweight into the inoperative or rest position shown in FIG. 7,
      or into any desired operative position. When deactivating the clamping
      device 61 in the pendulum arm articulation the pendulum arm 20 may be
      moved upwardly or downwardly, parallel to itself, by a rotational movement
      of the pivot arm 13. This movement allows minor height adjustments without
      defocussing the microscope 25.
PAR  FIGS. 7 - 10 show various rotational positions of the microscope 25.
PAR  The vertical support column 10 consists of a hollow cylindrical tube and is
      provided with an internal mounting for a vertically adjustable operating
      lamp 70. About the circumference of the lamp 70 may be provided various
      outlets for electrical power, compressed air, vacuum and the like, as well
      as control elements and switches for the lamp.
PAR  The novel microsurgical operating unit of the present invention needs only
      a very restricted space for its installation and allows a precise and
      steady adjustment of the microscope. The relatively small extension of the
      unit in vertical direction enables the operating surgeon free movements
      below the operating unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A microsurgical operating unit comprising a vertical support column
      mounted at its upper end to the ceiling of a room such as an operating
      theater, a sleeve rotatably supported on said vertical support column, a
      height-adjustment pivot arm rotatably mounted about a horizontal pivot
      axis disposed adjacent the lower free end of said sleeve, a vertical
      pendulum arm rotatably mounted at the free lower end of said pivot arm, a
      microscope mounted at an articulation on the free lower end of said
      pendulum arm, a pivot mounting for horizontal alignment of said microscope
      interposed between said articulation and a microscope mounting, and a
      parallelogram-type control linkage including a chain drive for maintining
      said microscope in a given vertical orientation for any rotational
      position of said pendulum arm.
NUM  2.
PAR  2. A microsurgical operating unit including a vertical support column
      mounted at its upper end at the ceiling of a room such as an operating
      theater, a sleeve rotatably supported on said vertical support column, a
      pivot arm for height adjustment, said pivot arm being rotatably mounted
      about a horizontal pivot axis disposed adjacent the free lower end of said
      sleeve, a vertical pendulum arm rotatably mounted at the free lower end of
      said pivot arm, a microscope mounted at an articulation on the free lower
      end of said pendulum arm, a pivot mounting for horizontal alignment of
      said miscroscope being interposed between said articulation and a
      microscope mounting, and a parallelogram-type control linkage including a
      chain drive for maintaining the microscope in a vertical orientation in
      any rotational position of said pendulum arm, with the pivot axes of said
      pivot arm, said pendulum arm pivot on said pivot arm, and said
      articulation pivot of said microscope on said pendulum arm all being
      arranged parallel to each other, with a first sprocket and said microscope
      mounting being rigidly secured to the articulation axis on the free lower
      end of said pendulum arm for alignment of said microscope in a vertical
      position during rotation of said pendulum arm, a second sprocket
      operatively coupled by a chain to said first lower sprocket, said second
      sprocket being rigidly secured to a shaft, said shaft being rotatably
      journalled in an upper articulation between said vertical pendulum arm and
      said pivot arm and operatively coupling said pivot arm to said pendulum
      arm, a lever secured to a projecting portion of said shaft, a connecting
      rod rotatively connected at its one end to the free end of said lever, and
      rotatably connected at its opposite end to a fixed pivot point on said
      sleeve rotatably mounted on said support column, said pendulum arm
      consisting of a hollow cylindrical member, said chain extending along the
      interior of said hollow cylindrical pendulum arm whereby said lever, said
      connecting rod and said chain form part of said parallelogram-type control
      linkage for said microscope.
NUM  3.
PAR  3. A microsurgical operating unit as defined in claim 2, wherein a mass
      balance is provided for said pendulum arm and said microscope, for ease of
      handling of said microscope.
NUM  4.
PAR  4. A microsurgical operating unit as defined in claim 3, wherein said
      pendulum arm is provided with an upper extension, and a counterweight is
      mounted on said upper extension.
NUM  5.
PAR  5. A microsurgical operating unit as defined in claim 4, wherein said
      counterweight is mounted by a shaft on the pivot axis for said pivot arm,
      and a parallelogram rod connects the counterweight with a lever, the lever
      being secured to the lower pivot axis on said pendulum arm.
NUM  6.
PAR  6. A microsurgical operating unit as defined in claim 1, wherein said pivot
      arm is coupled to a motor drive for height adjustments of said microscope,
      and a control panel for controlling said motor drive is arranged on said
      microscope mounting.
NUM  7.
PAR  7. A microsurgical operating unit as defined in claim 6, wherein said shaft
      in the pivot axis of said pivot arm is provided with a counterweight, and
      said articulation for said pendulum arm in said pivot arm is continuously
      biased by spring assemblies of clamping devices.
NUM  8.
PAR  8. A microsurgical operating unit as defined in claim 7, wherein said
      support column is provided with a mounting for a vertically adjustable
      lamp.
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ABST
PAL  A holder for desk-top display of pages of typing books, ring-top shorthand
      books, and the like, consists of two sturdy wire support elements of
      identical inverted-V shaping held in laterally-spaced relationship by two
      additional wire elements joined with legs of the support elements near
      their lower ends, one of the additional wire elements being of rigid form
      to receive the bottom edge of a notebook and the other being formed as an
      elongated spring clip component which cooperates with proximate legs of
      the support elements to receive and grasp turned-over portions of a
      supported book, the said lower ends of the support element legs being
      tipped with relatively soft caps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in implements for holding
      typing or shorthand books or the like in position for viewing atop a desk,
      and, in one particular aspect, to a novel and improved book holder of
      inexpensive and lightweight open-frame construction which is nevertheless
      sturdy and stable, the holder consisting mainly of but a few bent wire -
      or rod-like elements whose form and distribution for cooperative
      supporting action with portions of books uniquely obviates need for
      broad-area components.
PAR  Racks and stands of various desk-mounted types have of course long been
      used to hold notebooks, pads, papers and books in erect positions for
      convenient viewing by typists in the course of transcription during
      training or in office employment. In some instances, it is desirable that
      the pages of top-bound materials be held securely after being turned over,
      and that relatively large and thick typing books or similar items be
      firmly grasped by the holder, rather than simply being rested in place;
      such considerations have led to holder designs which function as large
      spring clips, and the same is true of the construction here disclosed.
PAR  Examples of earlier approaches to solutions of book holder problems may be
      found in U.S. Des. Pat. Nos. 169,903 and 215,767 and 219,757.
PAR  Although the prior concepts involving combined stands and clips can be
      attractively styled in plastic or sheet metal, both of which can be
      relatively costly and bulky in stable designs, the present improvements
      are instead based upon use of advantageously simple and readily-fabricated
      bent rod-like wires (i.e., metal wires which are sufficiently stiff to
      resist deformation under loading of supported books and yet offer a degree
      of flexibility which promotes a needed spring-clipping action). These
      wires are disposed in an open frame array involving no broad-area
      surfaces, and those portions which cooperate to develop the clip action
      need not be adjacent one another.
PAC  SUMMARY
PAR  A preferred desk-top book holder in accordance with the present teachings
      is fashioned principally of four bent metal wire elements, two of which
      are of advantageously identical V-shaping and which are inverted to
      provide four sloping legs the lower ends of which may be capped with soft
      molded tips serving to prevent marring and slipping in use. The two
      inverted V-shaped elements are held in spaced parallel relationship by two
      further wire elements, each of which has its two ends spot-welded to a
      parallel pair of the sloping legs just above their tipped lower ends. One
      of the two further wire elements extends forwardly and upwardly, to
      outline a shallow ledge upon which the lower edge of a stenographer's
      notebook may be rested, and the other of said elements is of an elongated
      inverted V shape and inclined upwardly at a slightly greater angle than
      that of the sloping legs with which it is associated, to define a
      wedge-type clip with those legs.
PAR  Accordingly, it is one of the objects of the present invention to provide
      novel and improved desk-type book holders of relatively inexpensive and
      lightweight construction involving but few relatively stiff wire elements
      in an open-frame construction serving both supporting and spring-clipping
      functions.
PAR  Another object is to provide a unique simple wire-fabricated book holder
      which is both sturdy and stable and which solidly supports and grasps
      transcription materials without involving broad-area components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Although the aspects and features of this invention which are considered to
      be novel are expressed in the appended claims, further details as to
      preferred practices and as to the further objects and features thereof may
      be most readily comprehended through reference to the following
      description of preferred embodiments taken in connection with the
      accompanying drawings, wherein.
PAR  FIG. 1 is a pictorial view of the improved book holder in operative
      association with a top-bound typing book having turned-over pages
      spring-clipped in place;
PAR  FIG. 2 provides a pictorial view of the same book holder supporting a
      stenographer's shorthand notebook;
PAR  FIG. 3 is a perspective view of the same wire-fabricated book holder alone;
      and
PAR  FIG. 4 is a side view of elements of a book holder such as that of FIG. 3,
      with the elements separated and with dashed linework designating their
      joined relationships.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The arrangement portrayed in FIG. 1 is one wherein a typing book, 5, of a
      commonly-used form is supported upon a desk surface 6 by way of a holder 7
      whose construction appears more fully in FIGS. 3 and 4. A book of the
      illustrated type poses a particularly troublesome mounting problem,
      inasmuch as its overall length dimension is quite large and its holder is
      preferably of smaller proportions; moreover, the hard-cover top binding 5a
      and hinging creases 5b-5e promote an unwanted tendency for the displayed
      pages to turn or flip over by themselves. Accordingly, although holder 7
      is made as a relatively low-height item, it is also made stable enough to
      grasp and sustain the bulk of book 5 without relying upon significant
      auxiliary support through the book itself. In that connection, it should
      be noted that holder 7 has four well-spaced points of support upon the
      desk surface, through its soft leg tips 8-11, and that it serves to clip
      and hold one of the hard covers, 5f, and turned-over pages, 5g, between
      cooperating frame parts 12 and 13a and 14a.  In another use, such as
      mounting of a ring-bound shorthand notebook 15 in the manner represented
      in FIG. 2, the holder simply carries the lower edge of the notebook in a
      shallow front tray element, 16, and the notebook will rest rearwardly
      against rearwardly-sloping frame parts 13b and 14b (FIGS. 3 and 4).
PAR  Holder 7 is preferably fabricated mainly of rod-like metal wire stock, such
      as steel, which is stiff enough to retain the desired bent forms under
      loading and which also has a desired degree of resilience enabling the
      back part 12 to flex slightly as a spring clip. Two of the wire members,
      13 and 14, are identical in size and shaping, and have the general shaping
      of inverted V's, although their rear leg portions 13a and 14a are
      preferably bent inwardly slightly, at 13c and 14c, to promote insertions
      of book covers and pages between those leg portions and the cooperating
      clip member 12. Members 13 and 14 form the two sides of the holder, as
      well as defining a rearwardly-sloping plane of support, via forward legs
      13b and 14b, and a forwardly-sloping plane of support, via the two rear
      legs 13a and 14a. Lateral spacing and parallelism between the planes of
      side members 13 and 14 are maintained by the front tray-defining wire
      member 16 and by the rear clip-defining wire member 12; in both instances,
      the ends of the latter members are united with the adjoining legs, as by
      spot welds at 16a and 16b, and at 12a and 12b, respectively. The sites of
      these welds are just above the lower ends of legs 13a, 13b, 14a and 14b,
      such that those ends remain exposed to receive small tips or caps 8-11,
      the latter being of somewhat soft plastic or rubber, to insure that the
      holder will not inadvertently slide or skid across a desk surface or mar
      the same.
PAR  Clip member 12 extends upwardly and forwardly, as shown, preferably at a
      slightly greater angle than that defined by the rear legs 13a and 14a, for
      purposes of admitting a cover and turned-over pages of a book in the
      manner portrayed in FIG. 1. Member 12 is generally V-shaped, also, and its
      apex portion 12c is preferably bent slightly rearwardly (FIG. 4) to
      facilitate the insertions and to facilitate its manual spring-deflection
      rearwardly. Although neither the legs 13a and 14a nor clip member 12 are
      themselves of broad area, their combination nevertheless develops the
      desired spring-clipping action in relation to relatively stiff materials
      inserted between them.
PAR  Those skilled in the art will appreciate that certain modifications may be
      effected within the scope of this invention. By way of example, use of
      somewhat thinner wire stock may make it desirable to augment structural
      strength through addition of bracing members, between and/or across the
      legs of members, 13 and 14. Further, the illustrated shapings of the
      various members may be changed so long as their functions are retained.
      Accordingly, it should be understood that the specific preferred
      embodiment and practices described herein have been presented by way of
      disclosure rather than limitation, and that certain departures may be
      accommodated within the spirit and scope of this invention in its broader
      aspects and as set forth in the accompanying claims.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A desk-type book holder comprising a pair of substantially identical
      inverted-V shaped side members of relatively stiff metal wire, and a pair
      of transversely-extending support members of relatively stiff metal wire
      each fixed at its ends with lower end portions of a different pair of the
      legs of said side members, said support members maintaining the planes of
      said side members in substantially parallel spaced relationship, whereby
      said book holder has two parallelly spaced front legs and a pair of
      parallelly spaced rear legs, one of said support members extending
      forwardly from the front legs and then upwardly to define a tray for
      receipt of the lower edge of a book in one use of the holder, the other of
      said wire support members comprising a spring clip of elongated V-shape
      with the free ends of the clip secured to the rear legs adjacent the ends
      thereof, said clip being equidistantly positioned between the rear legs
      and with its apex extending at least half way up the length of the rear
      legs, the lower portion of the clip extending upwardly and rearwardly with
      respect to the rear legs so that a wedge-shaped space is formed between
      the plane of the rear legs and that of the lower portion of the clip, the
      remaining portion of the clip extending upwardly and forwardly with
      respect to the plane of the lower clip portion whereby when a hard-cover
      book is carried by said holder the turned over pages and hard-cover book
      back will be held in position between a gripping plane formed by the rear
      legs and a spring gripping surface formed by the clip.
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ABST
PAL  A picture hanging arrangement in which an elongated horizontal member is
      fastened to the wall surface from which a picture is to be suspended. A
      vertical elongated member is slidingly arranged along the horizontal
      member fastened to the wall. The verical member is provided with a
      plurality of notches into which the picture hanging wire may be inserted.
      Selection of the notches into which the picture hanging wire is inserted,
      allows varying the position of the picture along the vertical direction on
      the wall, whereas sliding of the vertical member along the horizontal
      member allows varying of the picture position along the horizontal
      direction on the wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a picture hook and especially to a
      picture hook which permits varying or adjusting the position of the
      picture on a wall after hanging of the picture. While picture hooks have
      taken various forms, such conventional picture hanging hooks have not made
      it possible to easily vary or adjust the position of a picture, after the
      hook was fastened to the wall, without tilting the picture. Picture hook
      arrangements providing for any adjustability, furthermore, have been
      complex in design, costly to fabricate, and difficult to install by the
      user.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a picture hanging
      arrangement is provided in which a plastic elongated member is fastened to
      the wall with its axis oriented horizontally. This horizontal elongated
      member has two holes at the ends of the member, through which nails may be
      inserted for fastening the member to the wall. The horizontal member has,
      on its rear side, grooves along which a vertically-oriented elongated
      member slides. The vertical member has a plurality of notches along a
      predetermined length of the vertical member, into which the picture
      hanging wire may be inserted. By varying the selection of the notch into
      which the picture hanging wire is inserted, the height of the picture in
      the vertical direction can be adjusted or varied. By slidingly varying the
      position of the vertical member along the horizontal member, furthermore,
      the position of the picture may be varied in the horizontal direction,
      without tilting the picture. With the notch arrangement on the vertical
      member in combination with the sliding feature by which the vertical
      member is slidable along the horizontal member, the picture may be
      adjusted in position both horizontally and vertically without tilting or
      causing an off center effect.
PAR  Accordingly, it is an object of this invention to provide an improved
      picture hook arrangement which allows varying the position of a picture in
      both horizontal and vertical directions without tilting of the picture
      after the hook has been fastened to a wall.
PAR  Another object of the invention is to provide an improved picture hook
      which allows varying the position of a picture along a wall without
      adjustment in the picture hanging wire.
PAR  A further object of the invention is to provide an improved picture hook
      arrangement which may be fastened to a wall surface while minimizing
      cracking of the wall plaster.
PAR  Still another object of the invention is to provide an improved picture
      hook which is simple in design, and may be economically fabricated and
      installed without requiring special skills or tools.
PAR  Still other objects and advantages will in part be obvious and will in part
      be apparent from the specifications and drawings.
PAR  The invention accordingly comprises an article of manufacture possessing
      the features, properties, and the relation of elements which will be
      exemplified in the article hereinafter described, and the scope of the
      invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of a picture hook arrangement in position for
      fastening to a wall, in accordance with a preferred embodiment of the
      instant invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 in FIG. 1; and
PAR  FIG. 3 is a sectional view taken along line 3--3 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a picture hook arrangement indicated
      generally at 11 is fastened to the wall 12 with fastening devices which
      may be in the form of nails 13, for example. The picture hook arrangement
      has a horizontally-oriented elongated member 14 which may be made of
      plastic for economical fabrication. The elongated member 14 is provided
      with an upper groove 14a and a lower groove 14b which serve as sliding
      grooves for a vertical elongated member 15. The grooves 14a and 14b are
      ledge-shaped or L-shaped for firmly holding the member 15 without the
      danger that this member 15 may become separated from the member 14 and
      thereby drop the picture from the wall.
PAR  To mate with the grooves 14a and 14b of the horizontal member 14, the
      vertical member 15 is provided with an internal recessed groove 15a in
      which the member 14 slides. As may be seen from FIG. 3, the groove 15A is
      shaped to closely conform to the profile of the grooves 14a and 14b. Part
      of the recessed groove of the member 15, is the extending portion 15b
      which bears against the back side of the member 14 to prevent the member
      15 from slipping off the member 14. Thus, the groove 15a is shaped to
      substantially wrap about the member 14 and thereby provide a slidable
      assembly of the horizontal and vertical elements, while guarding against
      accidental separation of these elements while in service and to also
      prevent relative rotation in a plane parallel to the plane of the wall to
      which the assembly is mounted.
PAR  For fastening against the wall 12 the horizontal member 14 has two holes or
      openings 16 through which nails 13 may be freely passed. The nails 13 are
      hammered, furthermore, into the wall 12 in a manner so that the
      longitudinal axis of the nail 13 is perpendicular to the surface of the
      wall 12. This right-angle arrangement of the nail 13 and wall 12 prevents
      or minimizes cracking of the plaster or plaster board of which the wall is
      fabricated, when hammering the nail. Conventional picture hooks require
      hammering the nail at an angle inclined to the wall, for fastening a
      conventional hook to the wall. When hammering the nail at such an inclined
      angle to the wall, cracking of the surface plaster on the wall is often
      encountered. The perpendicular arrangement of the nail and the wall
      surface, in accordance with the present invention, substantially reduces
      such cracking of the wall plaster while hanging a picture.
PAR  The vertically-oriented member 15 is provided with a plurality of notches
      17 along the length of the member. Picture hanging wire 18 attached to the
      back of a picture frame 19 may be inserted into any selected one of the
      notches 17. The notches 17, furthermore, form an acute angle with the
      upper vertical to form a safety structure which prevents the picture wire
      18 from slipping accidentally out of the notches 17. Thus, the notches 17
      are inclined upwards, and this arrangement assures that the picture
      hanging wire 18 always rests at the interior end of the notch which is
      well below the exposed end of the notch as a result of the inclination.
      The weight of the picture and frame 19 prevents the wire 18 from riding up
      the notch and sliding or slipping out of the notch thereafter.
PAR  The distribution of a plurality of notches 17 along the length of the
      vertically-oriented member 15, make it possible to vary the height or
      vertical position of the picture to conform to the desires and wishes of
      the user or consumer. Thus, the picture may be centered on the hook
      arrangement, without tilting of the picture, at various positions along
      the vertical, by moving the wire 18 among the notches 17 provided on the
      member 15. At the same time, the picture may be moved in horizontal
      position, as desired by the user or consumer, by sliding the member 15
      along the horizontally-oriented member 14. It may be seen from the
      arrangement in accordance with the present invention, that movement of the
      vertical member 15 relative to the horizontal member 14 will not cause
      tilting of the picture. As a result, a consumer or user may vary the
      position of the picture in both vertical and horizontal directions without
      tilting the picture during such adjusting movement or operations and
      without the need for changing the position of the picture hook. In other
      words, minor adjustment in position of the picture along the vertical and
      horizontal axes is easily accomplished.
PAR  To retain the vertically-oriented member 15 in predetermined position after
      adjustment has been made by a user or consumer, the horizontally-oriented
      member 14 is provided with rib-shaped raised projections 20. These raised
      projections 20 are oriented at right angles to the longitudinal axis of
      the member 14, and move into the groove 15a as the member 15 is slid along
      the member 14. When these raised projections 20 are within the groove 15a
      they bear against the internal recessed surface of the groove 15a, and
      thereby against the member 15. This bearing pressure of the projections 20
      against the member 15, prevents this member from creeping along the member
      14 as a result of vibrations that may be experienced, for example, by the
      wall. These raised projections 20, furthermore, may also be used as
      indexing elements which aid the user or consumer to remember predetermined
      positions of the picture that were considered in finding an optimum
      position, for example, for the picture during the adjustment operation.
PAR  In the use of the picture hook arrangement, in accordance with the present
      invention, the member 15 is first slid onto the member 14. The member 14
      is then fastened to the wall 12 by means of the nails 13. After the member
      14 has thus been fastened in place, the member 15 is prevented from
      sliding off the ends of the member 14 by the heads of nails 13. As a
      result, the member 15 is at all times securely assembled in a safe manner
      to the member 14. The picture hanging wire 18 is then inserted into a
      selected one of the notches, and a desired position for the picture may be
      obtained without tilting the picture by moving the member 15 along the
      member 14 and varying the selection of the notches for insertion of the
      wire 18, as required.
PAR  The picture hook elements 14 and 15 are preferably formed from plastic
      material. At the same time, they may also be made of metal or wood, for
      example, depending on which material may be most economical at a
      predetermined time of fabrication. The length of the horizontally-oriented
      member 14 determines substantially the horizontal distance to which the
      picture may be adjustably moved without tilting. The length of the member
      15 together with the number of notches provided thereon, on the other
      hand, determines the distance in height through which the picture may be
      adjustably positioned.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above article without departing
      from the spirit and scope of the invention, it is intended that all matter
      contained in the above description and shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A picture hook arrangement comprising, in combination, a first elongated
      member for fastening to a wall and a second elongated member, one of said
      first and second elongated members having at least one groove portion
      extending along the longitudinal axis thereof for slidably retaining said
      other elongated member in a direction parallel to the longitudinal axis of
      said first elongated member, said second elongated member having means
      integrally formed therewith for suspending a picture wire and the like
      from different locations along the length of said second elongated member,
      said suspension means being poisitioned along a line substantially
      perpendicular to said longitudinal axis, a picture being adjustable in
      directions along the longitudinal axes of said elongated members without
      tilting by slidably moving said second elongated member relative to said
      first elongated member and moving the location on said second elongated
      member from which said picture wire and the like is suspended.
NUM  2.
PAR  2. The arrangement as defined in claim 1 wherein said groove portion is on
      said first elongated member and is substantially L-shaped.
NUM  3.
PAR  3. The arrangement as defined in claim 2 wherein said groove portion is on
      said first elongated member, and said second elongated member has a
      recessed groove portion mating with the groove portion of said first
      elongated member, the groove portion on said second member having
      projections mating with the groove portion of said first member so that
      said second member is inseparable from said first member when said first
      member is fastened to a wall.
NUM  4.
PAR  4. The arrangement as defined in claim 3 including raised rib-shaped
      elements on said first elongated member bearing against the interior
      recessed groove of said second member in predetermined position relative
      to said first member.
NUM  5.
PAR  5. The arrangement as defined in claim 4 wherein said elongated members are
      of plastic material.
NUM  6.
PAR  6. The arrangement as defined in claim 1 wherein said axes of said
      elongated members are at right angles to each other, said first elongated
      member being horizontally oriented on said wall and said second elongated
      member being vertically oriented with respect to said first elongated
      member.
NUM  7.
PAR  7. The arrangement as defined in claim 1 wherein said horizontally-oriented
      first elongated member has a plurality of holes for fastening said
      horizontally-oriented member to said wall with fastening means directed
      perpendicular to the surface of said wall.
NUM  8.
PAR  8. The arrangement as defined in claim 1 wherein said integrally formed
      suspension means on said second elongated member for suspending said
      picture from different locations along the length of said member comprises
      a plurality of notches distributed along the length of said second
      elongated member.
NUM  9.
PAR  9. The arrangement as defined in claim 8 wherein said notches are directed
      upwards at an acute angle with the upper vertical directed along a wall.
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ABST
PAL  A set of connecting elements and mounting elements are provided with split
      openings and clamping means arranged selected distances apart and at
      selected orientations so that these elements may be attached to rods to
      form a multidimensional frame for mounting laboratory and experimenting
      equipment. Adjustable mounting devices are provided with three point
      supports centrally arranged on the mounting elements adjacent to apertures
      therein so that optical elements and other such devices may be supported
      on the mounting elements and so that the axes of such devices may be
      tipped or displaced as required for a particular situation.
BSUM
PAC  Background and Summary of the Invention
PAR  The present invention relates to a multi-dimensional apparatus having rods
      and having connecting elements and mounting elements that can be placed
      and fixed between the rods for mounting laboratory and experimenting
      equipment and/or for additionally mounting optical elements. The
      connecting elements and mounting elements have split openings in
      conjunction with clamping means. Apparatus of this type is preferably
      employed in research. It permits an experimenting frame to be constructed
      and can be employed in both the physics/chemical and optical fields. The
      first field of application requires an apparatus which must be especially
      stable and variable without increased accuracy requirements being
      necessary. However, if optical elements are employed, special demands are
      placed, for example, on the accuracy of a path of rays, whereby, of
      course, the stability and rigidity of the frame are also important. It is
      often necessary to combine physics/chemical elements and optical elements
      in one and the same experimenting frame.
PAR  A purely optical system is known from German Utility Pat. No. 7,012,258.
      That system operates with a number of support rails of differing design,
      which, in a manner similar to known optical benches, have a number of
      clamping surfaces machined with high precision. Rails of this type are
      connected with one another by means of a wide variety of clamping pieces,
      which are extremely expensive as a result of their high accuracy. Such a
      system cannot logically be employed for a laboratory frame in which a
      lesser degree of accuracy is entirely sufficient. Moreover, such a system
      works with connecting elements which are placed on supports and are
      equipped for mounting optical elements provided with a pin. The
      adjustability of the optical elements is not advanced by this measure, as
      has been known for some time.
PAR  Also known is a micro-optical bench, which is employed exclusively for
      optical purposes. The micro-optical bench has rods, connecting elements,
      and mounting elements, which, however, are machined with a high degree of
      precision. The accuracy with which they are machined extends to the area
      of quality fits and tolerances. A micro-optical bench of this type
      permits, for example, the parallel displacement of lenses or similar items
      with no readjustment being necessary. It is obvious that the fabrication
      of the elements for micro-optical benches is correspondingly expensive and
      difficult. The individual components of the micro-optical bench are
      therefore not employed for simple physics laboratory frames, since no
      demands are placed on the precision machining of the parts in that case.
PAR  Also known is a modular-design laboratory frame which also works with rods
      and connecting elements. Here, too, the rods and connecting elements are
      machined precisely, so that the modular frame is employed exclusively for
      optical purposes. The connecting elements are designed for the employment
      of pins, as used in known optical elements. The adjustability and setting
      accuracy of the optical elements thus also depends on the condition of the
      rods and the connecting elements.
PAR  The object of the present invention is to avoid the disadvantages of the
      known state of the art and to create a multi-dimensional apparatus of the
      type described at the outset which can be universally employed in a
      logical manner. The apparatus should be equally well suited for realizing
      a physics/chemical experimenting frame and for permitting the installation
      of optical elements and/or systems. In addition, the disadvantages
      inherent in the known "on pin" design are to be avoided.
PAR  The apparatus according to the present invention is characterized in that
      the mounting elements have split openings in conjunction with clamping
      means for fixing the mounting elements to the rods; in that the connecting
      elements, the rods, and the mounting elements are components fabricated
      without precision machining to tolerance; and in that the mounting
      elements have adjustable mounting devices for tipping and for displacing
      the axes of optical elements or mechanical components or devices.
PAR  The apparatus according to the present invention provides a number of
      advantages over the state of the art. It is equally well suited for
      constructing experimenting arrangements for either the highest or less
      stringent accuracy. The reason for this is that the rods can, for example,
      be of drawn material, which is employed without any subsequent machining.
      It is evident that this material guarantees the required stability and
      rigidity of the apparatus. Moreover, the split openings in the connecting
      and mounting elements do not require high accuracy as is common with
      optical elements.
PAR  The basis of the invention is to separate the supporting function on the
      one hand and the guidance and setting function on the other. The
      connecting elements, the rods, and the mounting elements are components
      which are fabricated by means of normal machining, i.e. they do not
      require precision machining to high tolerance. The rods and the connecting
      elements have only a supporting function. The mounting elements also have
      a supporting function. The guidance and setting function is handled by the
      mounting elements, which have only adjustable mounting devices for tipping
      and displacing the axes of optical elements. This permits only the optical
      elements to be adjusted so that the rod frame is not employed for
      adjusting purposes. Through the arrangement of the mounting devices for
      tipping and displacing the axes of the optical elements on the mounting
      elements, every optical system can be centered immediately. This applies
      to those mounting devices which are provided for the employment of optical
      elements.
PAR  The apparatus of the present invention also comprises other mounting
      elements which are employed for the arrangement of physical elements, e.g.
      for holding a cup, a stirrer, etc. In this case, precise setting accuracy
      is not required. For this reason, these mounting elements have only
      mechanical components or devices for attachment of the elements (cups,
      stirrers, etc.) to be held.
PAR  A further advantage of the apparatus of the present invention is that
      optical benches, micro-optical benches, or other optical elements can be
      readily inserted in the apparatus and attached thereto. The small number
      of parts employed simplifies the applicability of the apparatus. It
      nevertheless provides all possibilities which can be realized with
      comparatively expensive optical laboratory systems. It must further be
      taken into consideration that the fabrication of the elements is greatly
      simplified, as precise tolerances are no longer required. However, this
      inexpensive system also permits precise demands to be satisfied. A further
      advantage is that the subsequent installation of elements in an existing
      laboratory frame is possible without extensive disassembly. Other
      advantages of the invention will be explained below in connection with the
      detailed description of the illustrated embodiments.
PAR  It is especially advantageous for each adjustable mounting device to have
      at least one three-point support. Preferably, however, only two
      three-point supports are provided, one designed for tipping and the other
      for displacing the axis of an optical element. Each mounting device is
      arranged centrally on a corresponding mounting element so that, for
      example, lenses of differing diameter can be immediately centered if the
      mounting element first put in place was centered at all.
PAR  The apparatus of the present invention is preferably constructed in a
      square system. For this purpose, the mounting elements have four openings
      arranged in a square. It is obvious that a triangular or hexagonal system
      is also possible. The apparatus also includes further mounting elements
      which only have two openings, however, and whose corners opposite the
      openings are canted. These elements are preferably employed for subsequent
      insertion, as they can be effortlessly swivelled in place between the rods
      of the frame and fixed there without disassembly.
PAR  The apparatus of the present invention differentiates between pure
      connecting elements and so-called mounting elements. The connecting
      elements are employed in the experimenting frame primarily for clamping
      and stabilizing purposes, while the mounting elements are for the
      employment of experimenting components or devices or, in particular, of
      optical elements. Connecting elements for forming corner connections are
      also provided. Each of these connecting elements has two intersecting
      openings and is split or separated into two sections at a common central
      plane. Mounting elements are also provided which have at least two
      intersecting openings and are preferably employed for pin mounting of
      equipment and other stand material. Special connecting elements for
      forming corners are designed for connection to at least one mounting
      element. Each of these special connecting elements has two parallel holes
      and one hole rotated 90.degree. relative to the axis of symmetry of the
      two parallel holes.
PAR  The above discussed and other objects, features, and advantages of the
      present invention will become more apparent from the following
      description, when taken in connection with the accompanying drawings.
DRWD
PAC  Description of the Drawings
PAR  FIG. 1 is a perspective view of the major elements of apparatus according
      to the preferred embodiment of this invention.
PAR  FIG. 2 is a partially cut away top view of the mounting element of FIG. 1.
PAR  FIG. 3 is a partially cut away top view of a modified form of the mounting
      element of FIG. 2.
PAR  FIG. 4 is a top view of a connecting element for forming corner
      connections.
PAR  FIG. 5 is a partially cut away side view of the connecting element of FIG.
      4.
PAR  FIG. 6 is a sectional side view of another connecting element.
PAR  FIG. 7 is a sectional side view of a further connecting element.
PAR  FIG. 8 is a sectional side view of a connecting element like that of FIG.
      1.
PAR  FIG. 9 is a partially cut away top view of another connecting element for
      forming corner connections.
PAR  FIG. 10 is a partially cut away side view of a special embodiment of a
      mounting element.
PAR  FIG. 11 is a top view of the mounting element of FIG. 10.
DETD
PAC  Description of the Preferred Embodiments
PAR  Referring now to the drawings, FIG. 1 schematically illustrates the major
      components of apparatus according to the preferred embodiment of this
      invention, namely rods 1, connecting elements 2, and mounting elements 3.
      The rods 1 are of drawn material in raw form. Precise machining of these
      rods 1 is not necessary. Connecting elements 2 and mounting elements 3
      have split openings 4, which are designed as holes in the illustrated
      embodiments. As can be seen, the openings 4 are split to permit the
      individual members of the connecting elements 2 and of the mounting
      elements 3 to be placed around the rods 1 without requiring the connecting
      elements 2 or mounting elements 3 to be slid onto the rods. If, for
      example, unsplit openings, which are known, were used, the connecting
      elements 2 and the mounting elements 3 could only be pushed onto the rods
      1. This would have a hindering effect, particularly if an element were to
      be subsequently installed.
PAR  The connecting elements 2 and the mounting elements 3 have clamping means
      5, which, as illustrated below, are realized by means of threaded holes in
      conjunction with corresponding screws. It should be mentioned that with
      these clamping means 5, the entire surfaces of the openings 4 of the
      connecting elements 2 and the mounting elements 3 act on the rods 1,
      thereby avoiding point strains such as are caused, for example, by set
      screws.
PAR  As can be seen, the apparatus illustrated schematically in FIG. 1 is based
      on a square system. However, it is equally possible to employ a triangular
      or hexagonal system and to apply the idea of the invention thereto.
PAR  FIGS. 2 and 3 illustrate two embodiments of the mounting element, 3 and 3',
      respectively. Each of the mounting elements 3 and 3' comprises a plate
      having the depth of a connecting element. This plate has openings 4 in a
      square arrangement. Each of these openings 4 is designed as a split
      opening. The mounting element 3 therefore has two bridges 6 associated
      with it. All the openings 4 and the bridges 6 are manufactured with
      comparatively low accuracy since they are employed exclusively for
      clamping, i.e. for the construction of the frame itself, but not for
      adjusting any optical elements. The openings 4 have a given, defined
      center-to-center distance 2a, which can be 100 mm, for example. The
      clamping means 5, which are provided in the form of holes and threaded
      holes in the mounting elements 3 and 3', preferably have the arrangements
      illustrated in FIGS. 2 and 3. A threaded hole is located along the
      illustrated vertical axis of symmetry, while two additional holes are
      arranged in such a manner that they are staggered symmetrically relative
      to the threaded hole and spaced from one another by a distance b, which
      can be 50 mm, for example.
PAR  Each of the mounting elements 3 and 3' has concentrically positioned at its
      center a mounting device comprising at least one three-point support 7 in
      conjunction with an aperture 8. Such three point support mounting devices
      are commercially available and are shown and described, for example, in
      British Pat. No. 655,856 (see FIGS. 1 and 5- 7), in Gaertner Optical
      Instrumentation Bulletin 156-68 (see pages 1 and 15), and in the 1968/1969
      catalog of the Ealing Corporation of Cambridge, Massachusetts (see page
      73). The mounting device 7 and 8 serves, for example, to mount optical
      elements such as lenses, filters, etc. on the mounting element 3 or 3'.
      The mounting element 3 is connected with the rods 1 in the manner
      illustrated in FIG. 1, whereby it can also be subsequently installed
      between other mounting elements. Depending on the distance to the
      neighboring mounting element 3 or a connecting element 2, it is merely
      necessary to loosen the clamping means 5 slightly to permit the mounting
      element 3 to be swivelled in place between four rods 1. Bending the rods 1
      apart slightly is not harmful. In any event, it is not necessary to
      completely remove neighboring elements 3 from the apparatus. If, on the
      other hand, it is not desirable for the rods 1 to be bent, or if this is
      not possible for any reason, the mounting element 3' is preferably
      employed. Because of its canted corners, the mounting element 3' can be
      readily swivelled into a module field formed by a plurality of rods 1. In
      every case, the mounting device 7 and 8 is arranged on the mounting
      element 3 or 3' in the center of the module field, thereby permitting
      coarse adjustment. The actual (fine) adjustment is accomplished by means
      of the three-point support 7 for tipping and/or another unillustrated
      three-point support for displacing the axes of the optical elements. The
      nature of the mounting elements 3 and 3' is such that the clamping means
      for the frame are separate from the adjustment of any optical elements.
      This very significantly simplifies fabrication of the mounting elements 3
      and 3'. Moreover, however, with the aid of these relatively simple and
      inexpensively fabricated elements, it is possible to create a test frame
      of the type necessary to meet the highest demands in the field of optics.
PAR  FIGS. 4 and 5 illustrate a special connecting element 9 for forming corner
      connections. Connecting element 9 comprises, for example, two circularly
      defined plates separated at their common central plane and provided with
      two intersecting openings 4'. Clamping means 5 connect the two sections of
      the connecting element 9. As can be seen, connecting elements 9 not only
      permit attachment of a right-angled corner connection, but also of a
      corner connection having an acute or obtuse angle (this is accomplished,
      for example, by employing two connecting elements 9, one behind the
      other).
PAR  FIG. 6 illustrates a connecting element 2'. This connecting element 2' has
      two sections and two openings 4 placed through the common central plane
      between those sections. In this case, the center-to-center distance
      between the openings 4 is a, while the center-to-center distance between
      the openings 4 in the connecting element 2 of FIG. 1 is 2a. Connecting
      element 2' therefore permits further construction at half the distance of
      the rods 1 illustrated in FIG. 1. In particular, this provides the
      possibility of achieving a central ray path in the module field
      construction.
PAR  FIG. 7 illustrates a connecting element 2" having a total of three openings
      4, two of which are separated by the center-to-center distance a and two
      of which are separated by the center-to-center distance 2a. This also
      provides various possibilities for frame construction. FIG. 8 illustrates
      the connecting element 2 in which the center-to-center distance between
      the openings 4 is 2a.
PAR  In the illustrated connecting elements, the clamping means 5 are arranged
      in a logical manner. In this regard, the distance b, which coincides with
      the distance b on the mounting elements 3 and 3', is of significance. The
      two symmetrically arranged holes separated by the distance b are employed
      for clamping the connecting element. The remaining hole is for the further
      construction of the experimenting arrangement. For example, by employing
      two mounting elements 3 a corner connection can be created with the
      connecting element 11 illustrated in FIG. 9, whereby the mounting elements
      3 are arranged relative to one another at an angle of 90.degree.. The
      connecting element 11 is bolted to one mounting element by means of the
      central hole and attached to the other mounting element by means of the
      two symmetrically arranged holes 5.
PAR  FIGS. 10 and 11 illustrate a mounting element 3" having an opening 4 in
      conjunction with clamping means 5. A hole 12 is displaced a distance a
      from the opening 4 and rotated 90.degree. for holding a pin attached to
      optical elements which are present. This pin is firmly clamped to the
      edges of the groove 14 with the aid of a setscrew which can be inserted in
      the threaded hole 13. Thus, mounting element 3" permits known optical
      elements which are equipped with pins to be employed within the present
      apparatus. The center-to-center distance a of the hole 12 from the opening
      4 permits the central arrangement of an optical element in the indicated
      module field.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. It should therefore be
      understood that within the scope of the appended claims, the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multi-dimensional apparatus for mounting optical and other components,
      said apparatus comprising a plurality of rods, a plurality of connecting
      elements having split openings for receiving the rods and having clamping
      means for releasably fixedly engaging the connecting elements with the
      rods received by the split openings of the connecting elements, and a
      plurality of mounting elements also having split openings for receiving
      the rods and also having clamping means for releasably fixedly engaging
      the mounting elements with the rods received by the split openings of the
      mounting elements, each of said mounting elements further having an
      adjustable mounting device for mounting an optical or other component on
      the mounting element and for adjusting the axis of that component while
      the mounting element is fixedly engaged with the rods.
NUM  2.
PAR  2. A multi-dimensional apparatus as in claim 1 wherein the split openings
      of at least some of said connecting and mounting elements are arranged at
      a given distance or at a whole multiple thereof from one another.
NUM  3.
PAR  3. A multi-dimensional apparatus as in claim 1 wherein the adjustable
      mounting device of each of said mounting elements has at least one
      three-point support.
NUM  4.
PAR  4. A multi-dimensional apparatus as in claim 1 wherein the adjustable
      mounting device of each of said mounting elements is arranged centrally on
      its mounting element.
NUM  5.
PAR  5. A multi-dimensional apparatus as in claim 1 wherein at least some of
      said mounting elements have four split openings arranged in a square along
      opposite sides of those mounting elements.
NUM  6.
PAR  6. A multi-dimensional apparatus as in claim 1 wherein at least some of
      said mounting elements have two split openings arranged along one side of
      those mounting elements and two canted corners arranged along another side
      of those mounting elements opposite those two split openings.
NUM  7.
PAR  7. A multi-dimensional apparatus as in claim 1 wherein at least some of
      said connecting elements have two intersecting split openings for forming
      a corner connection and have two sections separated at a common central
      plane passing through those two split openings.
NUM  8.
PAR  8. A multi-dimensional apparatus as in claim 1 wherein at least some of
      said mounting elements have at least two split openings spaced from and
      oriented at right angles to one another.
NUM  9.
PAR  9. A multi-dimensional apparatus as in claim 1 including at least some
      connecting elements having two parallel holes and one hole rotated
      90.degree. relative to those two holes and located along an axis of
      symmetry of the connecting element, said holes being arranged for forming
      corner connections in conjunction with at least one of said mounting or
      connecting elements.
NUM  10.
PAR  10. A multi-dimensional apparatus as in claim 1 wherein the split openings
      of at least some of said mounting and connecting elements are arranged at
      a given distance or at a whole multiple thereof from one another, and the
      adjustable mounting device of each of said mounting elements has at least
      one three-point support arranged centrally on its mounting element and
      positioned adjacent to an opening therein.
NUM  11.
PAR  11. A multi-dimensional apparatus as in claim 1 wherein the adjustable
      mounting device of each of said mounting elements has at least one
      three-point support positioned adjacent to an associated opening in its
      mounting element.
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ABST
PAL  A concrete construction form embodies separable panels each equipped with
      attached longitudinal metal frame members and plural transverse braces.
      Four identical panels with the attached metal components are assembled to
      form a self-squaring column form which is reusable indefinitely after
      separation of the panels. The form is secured in the assembled state by a
      plurality of easily detachable spring steel assembly clips applied to the
      transverse braces at the four corners of the form. Strength, tightness and
      a reduction of labor are prime features.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of prior copending application
      Ser. No. 344,290, filed Mar. 23, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A need has long existed in the concrete construction industry for a
      practical, efficient and convenient column or beam form which is reusable
      and economical to manufacture and laborsaving.
PAR  The prior art has contained some proposals to satisfy this need, and a
      typical example of the patented prior art is U.S. Pat. No. 3,107,087
      issued to C. I. Williams on Oct. 15, 1963. In general, known or proposed
      devices for this purpose have not been adopted to any significant degree
      commercially for the simple reason that none has proven to be sufficiently
      convenient and fool-proof to use particularly by unskilled construction
      workers, and hence the need for a satisfactory knock-down reusable column
      or beam form has not been satisfied.
PAR  Accordingly, it is the objective of this invention to totally satisfy the
      above need of the art through the provision of a separable and reusable
      concrete construction form which is economical to manufacture, extremely
      durable and long-lasting, easy to assemble by unskilled labor and, in this
      sense, substantially fool-proof since it cannot be assembled improperly.
      Among the important features and advantages of the invention over the
      prior art are the self-squaring ability of the assembled form, its
      resistance to grout leakage at the corners due to a tight and uniform fit
      of the components and a superior resistance to bulging or buckling under
      heavy fluid-induced internal pressure. It is realistically estimated that
      the customary time involved in the construction of conventional forms on
      the job site can be reduced by fifty per cent. A great deal of plywood and
      other material waste is eliminated by the reusable nature of the form. The
      components of the invention are lightweight and strong and the panels are
      easily carried and set up in single, double or triple side combinations.
PAR  Other features and advantages of the invention will become apparent during
      the course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING FIGURES
PAR  FIG. 1 is a fragmentary perspective view of a knock-down reusable concrete
      column form embodying the invention.
PAR  FIG. 2 is a perspective view of one typical side panel and attached metal
      parts embodied in the form.
PAR  FIG. 3 is an enlarged typical horizontal cross section through the
      assembled form in the plane of transverse braces and assembly clips, taken
      on line 3--3 of FIG. 1.
PAR  FIG. 4 is a perspective view of a spring steel assembly clip.
PAR  FIG. 5 is a fragmentary vertical section taken on line 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts throughout, the numeral 10 designates one of four identical panel
      sub-assemblies embodied in the assembled form depicted in FIG. 1. Since
      the panel sub-assemblies are identical a detailed description of one will
      suffice to describe them all.
PAR  Each panel sub-assembly 10 comprises an elongated rectangular plywood body
      portion 11 preferably formed from commercial 7-ply exterior plywood or
      equivalent material. Conveniently, the panel sub-assemblies 10 can be
      constructed in 6 and 8 foot lengths so that joints between longitudinal
      sections of the form can be staggered around the four sides of the
      rectangular cross-section assembly. Other panel lengths may be utilized to
      meet particular needs.
PAR  Each plywood panel body portion 11 has rigidly attached to it by riveting
      or similar fastening means, not shown, a single sturdy 90.degree. metal
      angle bar 12 which extends continuously along one longitudinal edge of the
      body portion 11 from end-to-end thereof. One of the two equal width webs
      of the angle bar 12 lies against the outer face of plywood body portion 11
      and the other right angular web abuts the adjacent edge 13 of the plywood
      as depicted in FIG. 2. This latter angle bar web designated 12' in FIG. 2
      projects considerably inwardly of the body portion 11 at right angles
      thereto.
PAR  Somewhat inwardly of and parallel to the opposite exposed longitudinal edge
      14 of the plywood body portion 11 a continuous flat longitudinal metal
      frame bar 15 extends for the full length of the sub-assembly and is
      fixedly secured to the plywood by riveting or equivalent fastener means,
      not shown. The bars 12 and 15 are also parallel as well as coextensive
      lengthwise.
PAR  At regular intervals along each panel sub-assembly 10, such as one foot
      intervals, plural identical transverse hat braces 16 are fixedly secured
      to the underlying bars 12 and 15 by suitable bolts 17 whose heads are
      recessed into the inner faces of the plywood panel body portions 11 as
      indicated at 18 in FIG. 5. These bolts pass through the wooden panels and
      through the adjacent portions of bars 12 and 15 and also through the
      opposite side flat flanges 19 of the transverse hat cross-section braces
      16, as best shown in FIG. 5. It may be seen that the plural transverse
      braces 16 which are very rigid structurally tie together the metal bars 12
      and 15 at a plurality of points along each form sub-assembly 10.
      Collectively, these attached metal parts render each panel sub-assembly
      very rigid and stable and highly resistant to bulging, springing or other
      deformation under wet concrete pressure loading.
PAR  As shown in the drawings, the opposite ends of the transverse braces 16 are
      beveled or mitered as at 20 to enable the complete assembling of the
      square cross-section form, as shown in FIG. 1. These mitered end portions
      20 project beyond the longitudinal edges 13 and 14 of each panel body
      portion 11 as is readily apparent in FIG. 3, so that the mitered corners
      of the four braces 16 at each level on the assembled form project
      outwardly of the corners formed by metal angle bars 12.
PAR  Additionally, each brace 16 on sub-assembly 10 is provided near and
      equidistantly from its opposite ends and in its outer wall with a pair of
      slots 21 adapted to receive releasably the inturned terminals 22 of
      generally L-shaped tempered spring steel assembly clips 23, each clip
      having a pair of equal length arms 24, see FIG. 4. FIG. 4 shows one of the
      spring clips 23 in a free or relaxed state wherein the clip is tensioned
      to hold the arms 24 at an angle of less than 90.degree.. When the clips 23
      are applied to the corners of the form during the assembly process as
      illustrated in broken lines at the lower right hand corner of FIG. 3, each
      clip will be sprung or tensioned to a right angular shape so that it will
      tend to snugly embrace the square corner formed by the mitered ends 20 of
      the adjacent braces 16. Also, as best shown in FIG. 3, the curved
      terminals 22 of the clips are readily snapped into interlocking engagement
      with the braces 16 through the slots 21 by slight tapping with a hammer or
      screwdriver handle. The clips can be readily separated from the assembly
      when knocking it down by a screwdriver blade. In assembly, the terminals
      22 are enclosed inside of the hollow braces 16 to produce a smooth
      exterior corner as clearly illustrated in FIG. 1. The collective holding
      power of the numerous spring clips 23 on the assembled form is tremendous
      so that the form is fully capable of resisting any and all bursting
      pressures to which it will ever be subjected in practice.
PAR  In view of the foregoing structural description of the invention, the
      manner of assembling and disassembling the form shown in FIG. 1 should be
      fairly clear. However, the following summary may be given. To start the
      assembly, a pair of the panel sub-assemblies 10 may be erected to form one
      square corner of the form. A significant feature of this invention is that
      the form is self-squaring with a high degree of accuracy as it is
      assembled. No problem arises in connection with properly pairing the
      sub-assemblies 10 as they are all identical with no "lefts" or "rights".
      In assembling one corner of a form, the projecting angle bar web 12' of
      one sub-assembly 10 is slipped under the end portions of braces 16 of
      another sub-assembly 10, which end portions are projecting beyond the flat
      bar 15 of the secondnamed sub-assembly. As shown clearly in FIG. 3, there
      is a space or slot formed between the end portion of each brace 16 beyond
      the flat bar 15 and the underlying plywood panel body portion 11. This
      narrow slot extends continuously across each brace 16 throughout the
      sub-assembly 10 and the collective slots receive the web or flange 12' of
      the particular angle bar 12 snugly. When properly in place, the free edge
      of the web 12' will abut the adjacent longitudinal edge of the flat bar 15
      on the other sub-assembly 10 making up the particular corner of the square
      cross-section form. When the parts are thus slipped into place, the spring
      clips 23 are applied in the already-described manner and the assembly
      procedure is completed in substantially the identical manner until the
      erection of the column form is complete and secure. In the completed
      assembly, FIG. 1, the exposed edges 14 of the four plywood panel body
      portions 11 will abut the interior faces of the adjacent plywood panels
      making up the corners of the form and there are no slots or cavities into
      which the plywood must be placed or forced during the assembly process. On
      the completed form, the four corners are completely metal clad to resist
      injury and the corners are truly square and sufficiently tight to prevent
      loss of grout and yet not excessively tight so as to resist easy
      disassembling of the form. At all four corners of the form, after
      assembly, the projecting edges of webs 12' abut or contact the opposing
      straight edges of the flat bars 15 as shown in FIG. 1. The corner clips 23
      are outermost on the assembly for easy access. The placement of the braces
      16 at regular intervals renders the assembled form extremely strong and
      resistant to bursting pressure. The entire assembling and disassembling
      process is very simple, requires no particular skill and is economical and
      labor-saving. Preferably, the lowermost group of braces 16 on the
      assembled form are no more than about six inches above the base or bottom
      of the form for maximum strength.
PAR  FIG. 3 shows the inclusion in the form assembly of conventional sheet metal
      chamfering corner elements 25. This is an optional feature of the
      invention which may be omitted in some cases. FIG. 1 shows the assembly
      without the elements 25 included.
PAR  The column form may be modified to produce a beam form by omitting one
      sub-assembly 10 and substituting therefor suitable cross bracing means at
      the open side of the form. Such means are omitted in the drawings, and
      except for this change, the basic construction of the form is the same in
      either case.
PAR  Another relatively minor feature which may be mentioned is the provision of
      through openings 26 near the ends of each brace 16 to receive elements of
      adjustable props or braces, not shown, which may be used to stabilize the
      erected form. This also is an optional feature and the openings 26 could
      be omitted and other forms of propping or bracing means to stabilize the
      upright form can be used.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A knock-down reusable concrete construction form comprising plural flat
      panel body portions of elongated rectangular form and substantially equal
      dimensions, a substantially ninety degree angle bar attached to one
      longitudinal edge of each panel body portion with one flange of the angle
      bar lapping the outer face of the panel body portion and the other flange
      of the angle bar lapping the adjacent longitudinal edge of the panel body
      portion and extending inwardly of the interior face thereof, a
      substantially flat bar attached to the outer face of the panel body
      portion in parallel spaced relation to the angle bar and spaced inwardly
      of the other longitudinal edge of the panel body portion, said angle and
      flat bars being substantially coextensive lengthwise with the panel body
      portion, plural substantially equidistantly spaced transverse brace
      members mounted on said one flange of the angle bar and the outer face of
      the flat bar and extending across the panel body portion and having
      mitered ends, said brace members being of channel cross section including
      opposite side longitudinal mounting flanges adjacent the open sides of the
      brace members and said mounting flanges lying on said one flange of the
      angle bar and the outer face of said flat bar, the open sides of said
      brace members facing said panel body portion, through bolt means common to
      said angle and flat bars and said brace members passing through said panel
      body portion, angle and flat bars and said mounting flanges and anchoring
      such elements firmly to said panel body portion, said brace members spaced
      from the panel body portion by an amount equal to the thickness of said
      one web of the angle bar and said flat bar, said brace members having a
      pair of transversely elongated slots formed therethrough and each of said
      slots spaced equidistantly from a respective one of each of said mitered
      ends and being substantially centered transversely of the brace members,
      and plural identical symmetrically formed generally right angular spring
      clips snugly embracing the corners of a rectangular cross section
      construction form constructed from four of said panel body portions and
      associated angle and flat bars and brace members, said clips having equal
      length arms terminating in substantially right angular inwardly projecting
      reversely curved terminals yieldingly interlocking with pairs of said
      slots in adjacent brace members at the corners of said form, the bights of
      said clips receiving the tips of the mitered ends of the brace members at
      the corners of the form and the equal length arms of the clip lying
      substantially flat against the exterior faces of the brace members at the
      corners of the form, said clip terminals substantially enclosed and
      protected in the interiors of the brace members.
NUM  2.
PAR  2. The structure of claim 1, and said spring clips formed of spring steel
      flat strip stock having uniform width from end-to-end of the clip and said
      width slightly less than the length of said brace member slots, said slots
      and clips substantially centered transversely of the brace members on said
      form.
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ABST
PAL  A gang tie holding bolt holding tie rods of multiple panel units in gang
      form sections for pouring concrete has a folded over body portion with two
      spaced parallel flanges from one of which a finger is formed to extend
      through adjacent frame members of adjacent panel units, the other flange
      being cut away opposite the finger. Spaced from this finger is a hole
      through both flanges to receive a key. The tie rod passed between the
      flanges and the loop in the end of the tie rod receives the key to hold
      the bolt and tie rod in position. The shoulders formed on the two flanges
      by the cut away portions thereof engage the outer faces of adjacent frame
      members to prevent tipping of the bolt thus locking the panel units more
      securely together.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of prefabricated panels in a gang of formed sections either
      preassembled or assembled on the job is well known in the concrete pouring
      art. Such prefabricated units usually have a flat face of plywood or other
      suitable material of appropriate dimensions reinforced by a metal frame
      extending around the periphery of each unit. The metal frame is usually of
      H-shape cross-section and edges thereof abut when the panel units are in
      position. These edges are suitably cut away to provide space for the
      insertion of tie rods to extend between spaced gang form sections between
      which the concrete is to be poured. The tie rods prevent the weight of the
      concrete from forcing the gang form sections away from each other.
PAR  Gang form bolts for locking adjacent sections together and for holding the
      looped ends of the tie rods have heretofore been proposed and their use
      described as in U.S. Pat. No. 3,067,479, granted Dec. 11, 1962, to V. R.
      Schimmel and entitled Panel-Securing Tie Rod Anchor Bolt With Offset
      Anchor Point and in U.S. Pat. No. 3,756,555 granted Sept. 4, 1973 to Max
      Doubleday et al.
PAC  SUMMARY OF THE INVENTION
PAR  A gang tie holding bolt comprises a folded over body portion with two
      spaced parallel flanges, from one of which a finger is formed extending
      from one end of the body portion to pass through slots in adjacent frame
      members of panel units, an opening in said flanges spaced from said
      finger, a tie rod passing between said flanges and having a looped end
      adjacent said opening, a metallic key passing through said opening and
      through said loop to hold the bolt in place and prevent the looped end of
      the tie rod from leaving the bolt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, in which like reference characters indicate
      like parts,
PAR  FIG. 1 is a perspective view of a gang tie holding bolt of the present
      concept showing the relationship of the body portion to the extending
      finger, frame members of adjacent panel units and tie rod holding key;
PAR  FIG. 2 is a perspective view from the embodiment of FIG. 1;
PAR  FIG. 3 is a view partially in section from above of the embodiment of FIG.
      1 on the line 3--3, shown in position for insertion from right to left
      through adjacent frame members of adjacent panels showing the position of
      the tie rod loop and key therethrough;
PAR  FIG. 4 is a sectional view of the bolt of FIG. 3 on the line 4--4 thereof;
PAR  FIG. 5 is a view from above of the bolt of FIG. 3 in position for movement
      from right to left into position to receive the tie rod; and
PAR  FIG. 6 is a view from above of the bolt of FIG. 3 with the bolt in position
      for movement from left to right to engage in the frames of adjacent panels
      and to receive the tie rod.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As seen in FIGS. 1 and 2, the tie rod bolt has a folded over body portion
      10 having spaced parallel flanges 11 and 12 with flange 11 provided with a
      finger 13 extending in the principal plane thereof and formed by a cut
      away portion 14 providing shoulders 15 and 16. Flange 12 is cut away at 17
      to provide a shoulder 18 parallel to shoulder 16. An opening 19 extends
      through flanges 11 and 12 to receive key 20. Tie rod 21 having a looped
      end 22 is received between flanges 11 and 12 and key 20 then passes
      through loop 22.
PAR  Referring now to FIGS. 3 and 5, the tie bolt there being disposed for
      insertion from right to left through frames 23 and 24 of panels 25 and 26,
      respectively, frames 23 and 24 being provided in known manner, with half
      slots or openings 27 and 28, respectively, to receive a tie rod 21 and its
      conventional looped end 22. Frames 23 and 24 are also provided with mating
      opening 29 and 30 respectively, in known manner to receive finger 13 of
      the bolt.
PAR  The tie bolt is held with finger 13 facing up and finger 13 is entered in
      openings 29 and 30. The tie bolt is moved to the left until loop 22 passes
      unto alignment with opening 19, the flat portion of the loop being
      disposed between flanges 11 and 12. Key 20 is then inserted through
      opening 19 to hold the bolt and tie rod together and in position so that
      key 20 cannot disengage from loop 22 and finger 13 disengage from frames
      23 and 24, the adjacent flange of frame 24 fitting into slot 14. Shoulders
      16 and 18 engage the outer faces of frames 23 and 24 to prevent tipping of
      the bolt.
PAR  Referring now to FIG. 6, the tie bolt is to be inserted through openings 29
      and 30 of frames 23 and 24 from left to right. In this case the bolt is
      held with finger 13 down and finger 13 is slid into openings 29 and 30
      until loop 22 enters between flanges 11 and 12 and is aligned with opening
      19. Key 20 is then entered through opening 19 to hold the elements in
      position, as above, and the adjacent flange of frame 23 enters slot 14.
PAR  The tie bolt does not function to lock frames 18 and 19 together, this
      being done by conventional wedge bolts, not shown.
PAR  Variations to the above-described preferred embodiment of the present
      invention may be made without departing from the inventive concept.
      Reference should therefore be had to the appended claims to determine the
      scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An elongated gang tie holding bolt for holding a tie rod having a looped
      end adapted to pass through abutting frames of prefabricated panel units,
      the frames having mating slots, comprising a body portion folded along a
      longitudinal axis thereof, two spaced parallel longitudinal flanges for
      said body portion, a finger extending from an end of one of said flanges
      adapted for entry through the mating slots, a cut away portion in the
      other of said flanges opposite said finger, parallel shoulders on said
      flanges adapted to engage the adjacent faces of the frames, an opening
      through said flanges away from said finger, the tie rod adapted to pass
      between said flanges and the looped end being aligned with said opening, a
      key adapted to pass through said opening and through the looped end for
      holding the tie rod in said bolt and for holding said finger in the mating
      slots and a slot in said one of said flanges containing said finger
      adapted to receive a portion of the adjacent one of the frames.
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ABST
PAL  This invention relates to a vacuum valve having a hollow body formed of a
      resilient material and a valve means securely positioned at the center of
      the valve body in a seat integral with the body. The body is divided into
      two parts, being connected to a vacuum source at one end and an ampule at
      the other. The valve means alternately closes and opens this connection to
      the vacuum source in the manner common to valves. The valve further has
      openings connecting the ampule end of the valve body to the ambient air
      pressure, allowing release of the ampule without undue turbulence. The
      body has grooves in its interior walls, two on the ampule side and one on
      the side of the vacuum source, to enable the valve body to accept
      different sizes of ampules and connections without deforming and the
      subsequent loss of vacuum.
BSUM
PAC  Description of the Invention
PAR  This invention relates to a valve device capable of accepting ampules and
      other like specimen containers for freeze drying purposes. Freeze drying
      entails the use of a vacuum, and a valve that will effectively retain this
      vacuum and then release it gently without undue effort on the part of the
      operator is a necessary component of a freeze drying system.
PAR  While stopcock valves are well known in the art, the present invention is
      unique in using a combination of a resilient material, preferably a rubber
      or rubber-like substance, for the body portion of the valve with grooves
      molded into this material in the interior passageways of the invention.
      These grooves allow the resilient material to accept different size
      ampules and connectors from 1/2 inch to 3/4 inch outside diameter (OD)
      mouths, without deforming or stretching the valve body in such a manner as
      to cause a loss of vacuum. Prior valve devices without these grooves
      forced the operator to change the valve every time a different size ampule
      was used, thus making necessary a supply of valves, each corresponding to
      a different size ampule.
PAR  If one did not change the valve when inserting an ampule of a larger
      diameter into a valve without these grooves, the result would be a gradual
      creeping of the ampule off the valve and a subsequent disengagement of the
      ampule from the valve. If this disengagement is allowed to occur, then the
      sample is lost through spattering from the sudden loss of vacuum and the
      possible breakage of the ampule as it falls off the valve.
PAR  Previous to this invention, if the operator wished to use a different size
      ampule having a larger or smaller diameter opening, he had to release the
      vacuum, remove the incompatible valve, replace it with a properly-sized
      valve, turn on the vacuum, and then wait until the pressure dropped to an
      acceptable level. This whole procedure is obviated with the use of the
      present invention in that the same valve may be used for different size
      ampules.
PAR  Accordingly, it is an object of this invention to allow use of different
      size ampules without necessitating a change of valves.
PAR  Another object of the present invention is to provide a valve which will
      hold and release a vacuum gently and easily.
PAR  Yet another object of the present invention is to allow release of vacuum
      from the specimen container without also releasing vacuum from the vacuum
      source.
PAR  A still further object of the present invention is to form a vacuum-tight
      seal around the mouth of different sizes of specimen containers and vacuum
      connections.
DRWD
PAR  The foregoing and other objects, features and advantages of this invention
      will be apparent from the following more particular description of
      embodiments of the invention, as illustrated in the accompanying drawings
      wherein:
PAR  FIG. 1 is a front perspective view of the preferred embodiment of the
      present invention showing a connection attaching it to a vacuum source
      (not shown), and showing the stopcock in the R (release) position;
PAR  FIG. 2 is a top plan view of the preferred embodiment of the present
      invention;
PAR  FIG. 3 is a side view of the preferred embodiment of the present invention;
PAR  FIG. 4 is a cross section of the embodiment of the present invention of
      FIG. 2 taken along line 4--4 and showing the mouth of a specimen container
      attached to the left portion of the invention, a connection to the vacuum
      source (not shown) on the right side, and the stopcock disposed to allow
      atmospheric pressure into the specimen container; and
PAR  FIG. 5 is a cross section of the embodiment of the present invention of
      FIG. 2 also taken along line 4-4 and showing the mouth of a larger
      diameter specimen container attached to the left portion of the invention,
      a connection to the vacuum source (not shown) on the right side, and the
      stopcock disposed to permit entry of vacuum into the specimen container.
DETD
PAR  Referring more specifically to the preferred embodiment shown in FIG. 1,
      the valve unit 11 includes two opposing, spaced, cylindrical end portions
      13 and 15 disposed in a straight line fashion, one end portion 13 designed
      to accept ampules or other specimen containers, and the other end portion
      15 designed to accept a connector device 16 leading to the vacuum source
      and, particularly, a nipple-type freeze dryer. These opposing end portions
      13 and 15 are integrally connected by another hollow cylinder disposed
      perpendicular to the end portions 13 and 15, and serving as a stopcock
      seat or valve seat 17. Securely fitted inside this seat 17 is a stopcock
      or movable valve member 19 which, as can be better seen in FIG. 4,
      includes a flange 21 on the top of the valve 19 which serves as a handle
      for turning the valve to the various positions. The stopcock further
      includes a stopcock stem 29 which has a passageway 31 which connects the
      interior passageways 14 of the two end portions 13 and 15 when the valve
      is in the position shown in FIG. 5. When the valve is in the position
      shown in FIGS. 2 and 4, the interior passageways 14 of the two end
      portions 13 and 15 are not connected; however, the interior passageway 14
      of the ampule end portion 13, as shown in FIG. 4, is connected to the
      exterior of the valve by a small duct 31 from the top of the valve and
      opening within the interior passageway 14, thus forming a means of gently
      releasing vacuum to the ampule without releasing vacuum from the source
      also. To retain the vacuum, a position such as that in FIG. 5 is employed.
      These respective positions of the valve are indicated on the top of the
      valve by markings 25 accompanied by the letters C and R, for close and
      release, respectively.
PAR  The interior passageways of both end portions 13 and 15 of the preferred
      embodiment have grooves 32, 33 and 35 molded into the interior walls of
      these passageways. The groove 33 is of such a width that it will accept
      the lip 36 of an ampule 35 or 37 and a nipple of a freeze dryer, as shown
      in FIGS. 4 and 5, and still retain a vacuum. There are two such grooves 33
      and 35 on the ampule end portion 13 and one groove 32 on the vacuum source
      end portion 15. They perform the function of allowing the end portion to
      accept different sizes of entry connections without deforming the valve
      seat, and thus maintaining the vacuum. The vacuum source end portion in
      the preferred embodiment accepts the connection from the freeze dryer. The
      ampule end portion of the preferred embodiment, however, can accept
      ampules or other specimen containers having mouths of varying size ranges.
      FIG. 4 shows an ampule with a roughly 1/2 inch OD inserted into the end
      portion 13 of the valve unit and the groove 33 with substantially no
      deformation and, therefore, no threat of loss of vacuum occurs. In FIG. 5,
      an ampule of a roughly 3/4 inch OD is shown inserted into the end portion
      13. Here the outer edge of the end portion is shown deformed. However,
      while the outer groove 33 serves to maintain a vacuum-tight seal on the
      ampule mouth, the inner groove 35 prevents the deformity from extending
      beyond it into the stopcock seat 17 where a possibility of loss of vacuum
      would present itself were it not for the inner groove 35. In a sense, the
      inner groove might be said to act as a hinge or a pleat whereby all
      disruptions or irregularities in shape brought on by the larger sizes of
      ampules are absorbed and thereby limited to the end portion in front of
      the groove.
PAR  Upon a consideration of the foregoing, it will become obvious to those
      skilled in the art that various modifications may be made without
      departing from the invention embodied herein. Therefore, only such
      limitations should be imposed as are indicated by the spirit and scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A valve assembly particularly adapted for use in vacuum applications
      such as freeze drying and the like, said valve assembly including a
      resilient hollow valve body, a first connector means having interior walls
      forming a first fluid passageway connected to said hollow valve body, a
      second connector means having interior walls forming a second fluid
      passageway connected to said hollow valve body, a movable valve member
      disposed in rotatable fluid-tight relationship within said hollow valve
      body in such a manner that said valve member is movable to a first or open
      position to provide line-of-sight transmission of fluids from said first
      connector means through said valve member to said second connector means,
      said valve member being movable to a second or closed position wherein
      said flow of fluids is obstructed, said valve member having means formed
      therein for communication between the interior of one of said fluid
      passageways and the ambient surroundings when said valve member is moved
      to a third or release position thereby to provide for vacuum release, said
      connector means having grooves formed in said interior walls thereof, a
      plurality of said grooves being spaced on said interior wall of said first
      connector means, the outermost of said grooves being adapted to receive
      and hold vessels of varying size and the innermost of said grooves
      designed to prevent the deformation of the configuration of said valve
      body and loss of said fluid-tight seal when vessels of varying size are
      inserted into said connector means, a plurality of said grooves being
      formed on said interior walls of said second connector portion, the
      innermost of which being designed to prevent deformation of said valve
      body when connectors of varying size are inserted.
NUM  2.
PAR  2. The vacuum valve assembly of claim 1 wherein the hollow valve body
      comprises a valve member seat with an open top and a closed bottom and has
      a rigid band around said open top, thus securing said valve member and
      preventing deformation of said valve member seat on the application of
      external force.
NUM  3.
PAR  3. The vacuum valve assembly of claim 1 wherein said first and second
      connector means are integrally joined with said valve body to form an
      integral part of said vacuum valve assembly.
NUM  4.
PAR  4. The vacuum valve assembly of claim 1 wherein said plurality of grooves
      spaced on said interior wall of said first connector means include a first
      groove positioned in said first connector means adjacent said hollow valve
      body adapted to prevent deformation of said hollow valve body, and a
      second groove positioned adjacent the outer end of said first connector
      means adapted to receive and hold a vessel.
NUM  5.
PAR  5. The vacuum valve assembly of claim 1 wherein said plurality of grooves
      formed on the interior wall of said second connector means include one
      groove on the interior wall of said second connector means adjacent the
      valve means adapted to receive and hold connectors of varying size.
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ABST
PAL  A packingless gate valve having a stepped through passage defined by
      respective half housings formed with passages of different diameter and
      respective bolt connector flanges disposed in face to face relation with
      spacer strips interposed between diametrically opposite flange face
      margins to define a laterally related gate passage, a compressible
      elastomeric liner sleeve fitted to the passage of greater diameter with
      its opposite ends protruding axially from the passage ends and the end
      opposed to the flange face defining the end of the smaller diameter
      passage formed to span the gate passage and provide a protruding lip
      sealingly engaging the last mentioned flange face in annular surrounding
      relation to the smaller diameter passage end, a gate having a leading
      knife edge slidingly mounted in the gate passage with the lead tip of the
      knife edge disposed to enter the line of seal and deform the lip into
      sealing engagement with the opposed face of the knife edge and gate in its
      reciprocal movement in the gate passage, and actuator means operatively
      supported by the connector flanges and connected to the gate to effect
      controlled movement of the gate between its open and closed positions. The
      packingless gate valve is adapted for spigot or take off point mounting
      relative to a pipe line sidewall passage by means of a suitably formed
      saddle and pipe wall sealing gasket clampingly disposed between the pipe
      outer wall and the opposite end of the housing defining the larger
      diameter through passage by pipe encircling straps connected to the
      corners of the housing connector flanges by suitable draw bolt and nut
      assemblies.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The present invention relates in general to an improvement in gate valves
      which assures full through flow with no line obstruction when fully open
      and eliminates the need of packing, stuffing boxes, and packing glands to
      prevent leakage in any of its selected control positions whether used as
      an in-line shut-off valve or as a spigot or take-off point valve mounted
      on the side of a pipeline. While intended primarily for the control of
      abrasive slurries, including tailings, spigotting, hydrocyclone feed
      shut-off valving, slurry pump isolation, and dump valve applications, the
      valve can be used wherever gate valve control may be desired to close
      against line pressures up to 100 pounds per square inch. It further
      provides a face-to-face dimension equal to that of a standard 125 lb. gate
      valve, employees an inlet flange connection meeting 150 lb. ASTM-A181
      Grade 1 Specifications and optional outlet connections of flange,
      Victaulic or plain end type meeting these same specifications. It further
      accomodates lever, handwheel, or air cylinder actuators with equal
      facility.
PAC  SUMMARY OF INVENTION
PAR  A principal object of the present invention resides in the provision of a
      gate valve employing an internal seal which is abrasion resistant and
      eliminates the need of packing, stuffing boxes or packing glands to
      prevent leakage in any selected control position.
PAR  A further important object of the present invention resides in the
      provision of a gate valve comprising a first half housing and a second
      half housing each having a bolt receiving connector flange at one end
      adapting said half housings for interconnection with their said flange end
      faces along diametrically opposed marginal portions in abutting clamped
      engagement with the opposed faces of respective spacer strips defining
      between them a gate passage, said first half housing defining a through
      flow passage of greater diameter than the flow passage defined by said
      second half housing, both said flow passages intersecting said gate
      passage inwardly of said spacer strips to form a coaxial stepped through
      flow passage, a soft sleeve-like elastomeric liner defining a flow passage
      substantially equal in diameter to the passage of said second housing half
      disposed in said flow passage of greater diameter with one end formed to
      provide an axially protruding annular sealing lip abuttingly sealingly
      engaging the flange face of said second half housing radially outwardly of
      its coaxial flow passage and its opposite end projecting slightly beyond
      the opposite end of said greater diameter flow passage, and a plate-like
      gate disposed in said gate passage for sliding movement inwardly from one
      open end of said gate passage and bevelled along its leading end to form a
      knife edge disposed to enter between said annular sealing lip and the
      flange face of said second half housing and progressively shift said
      annular sealing lip into sealing engagement with said knife edge and the
      face of said gate remote from said second half housing flange face.
PAR  A further object of this invention resides in providing said one end of the
      sleeve-like elastomeric liner of the proceeding object with an internal
      annular recess inset longitudinally relative to said annular sealing lip
      to receive in surface bonded assembly an elastomeric ring of greater
      hardness operative to rigidify said liner one end inwardly of said annular
      sealing lip against localized deformation.
PAR  Still another object of the present invention resides in providing adapter
      support means for mounting gate actuators on said half housing connector
      flanges.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects will appear from the following description and appended
      claims when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a longitudinal section through a typical valve constructed in
      accord with this invention showing the gate in fully closed position and
      omitting therefrom any illustration of a gate actuator;
PAR  FIG. 2 is an end elevational view of the valve of FIG. 1 as viewed from the
      right end of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view similar to FIG. 1 showing the
      sealing sleeve in full sealing engagement with the flange face of the
      right end half housing with the gate leading edge disposed in its fully
      open position;
PAR  FIG. 4 is a left end elevational view of the valve of FIG. 1 assembled with
      a lever actuator in accord with this invention;
PAR  FIG. 5 is a left end elevational view of the valve of FIG. 1 assembled with
      a handwheel driven screw actuator in accord with this invention;
PAR  FIG. 6 is a side elevational view of the assembly of FIG. 5 with the near
      side angle irons of the support structure broken away and the handwheel
      drive and nut assembly and horizontal angle irons sectioned along line 6-6
      of FIG. 5 to illustrate the mounting of the drive nut assembly on the
      support structure employed in the screw actuator;
PAR  FIG. 7 is a left end elevational view of the valve of FIG. 1 assembled with
      an air cylinder actuator in accord with this invention;
PAR  FIG. 8 is a side elevational view of the assembly of FIG. 7 with the near
      side angle irons of the mounting structure broken away to illustrate the
      mounting of the air cylinder actuator on the support structure;
PAR  FIG. 9 is a transverse sectional view through a pipeline illustrating the
      valve assembly of FIG. 4 installed as a spigot or take-off point valve;
PAR  FIG. 10 is a top plan view of the valve installation of FIG. 9;
PAR  FIG. 11 is a side elevational view of the valve installation of FIG. 9 as
      viewed from the right side of FIG. 9;
PAR  FIG. 12 is a perspective view of the pipeline saddle mount provided to
      effect the spigot or take-off point valve assembly of FIG. 9;
PAR  FIG. 13 is a perspective view of one of the pair of attachment straps
      employed in the assembly of FIG. 9;
PAR  FIG. 14 is a perspective view of one of the four draw bolts employed in the
      assembly of FIG. 9 to draw the gate valve of this invention and the saddle
      mount into clamped sealing engagement and sealingly secure the saddle
      mount of FIG. 12 around the sidewall outlet opening provided in the
      pipeline in effecting the valve installation of FIG. 9; and
PAR  FIGS. 15 and 16 disclose respectively a slotted link and a slotted actuator
      screw or stem for use in the actuators of FIGS. 4 and 6.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With continued reference to the drawings wherein the same reference
      numerals are employed throughout the several views to indicate the same
      parts, numeral 20 generally designates the improved gate valve of this
      invention. Gate valve 20 is made up of a pair of half housings 21 and 22
      provided at their adjacently connected ends with respective bolt connector
      flanges 23 and 24 and respectively defining through longitudinal passages
      25 and 26. As best seen in FIGS. 1 and 3, the passages 25 and 26 are
      centered with relation to the flange edges and passage 25 of half housing
      21 is of greater diameter than passage 26 of housing half 22 the purpose
      of which will be hereinafter pointed out.
PAR  Referring for the moment to FIG. 2, bolt connector flanges 23 and 24,
      laterally outwardly of passage 25 of greater diameter, are provided with
      oppositely laterally aligned bolt passages 27 for receiving the shanks of
      respective nut and bolt assemblies 28 to clampingly draw the connector
      flanges 23 and 24 into face butting engagement with respective steel
      spacer strips 29 extending the full length of the lateral marginal
      portions of flanges 23 and 24. Preferably the spacer strips are of a
      thickness approximating 0.03 times the overall length of the sleeve liner
      presently to be described and a width to extend laterally inwardly from
      the opposite lateral edges of flanges 23 and 24 a short distance past bolt
      passages 27 and are provided with bolt passages disposed to align with
      bolt passages 27 of flanges 23 and 24. When the nut and bolt assemblies 28
      are fully tightened, the spacer strips form between them a gate passage
      chamber 30 open at its upper and lower ends as viewed in FIGS. 1 and 2,
      closed throughout the full length of the opposed lateral flange edges, and
      having a thickness in the axial direction of the stepped through passage
      defined by the axially spaced passages 25 and 26 of the assembled housings
      (See FIGS. 1 and 3) equal to the thickness of strips 29.
PAR  The opposite free ends of the assembled half housings 21 and 22 may be
      variously formed adapting the assembled structure for connection to any of
      the generally used pipeline connector fittings, for example 150 lb. ASTM
      flange (J Dia. Through bolts), plain nipple, victaulic nipple. In the
      preferred embodiment disclosed in the accompanying drawings, the opposite
      free end of housing half 21 is illustrated with a 150 lb. ASTM flange 31
      with through bolt passages while the opposite free end of housing half 22
      illustrates a plain nipple connector.
PAR  Turning for the moment to FIGS. 1 and 3, sealing of the gate valve of this
      invention is accomplished by means of a simple liner sleeve 32 slidably
      fitted into passage 25. As best seen from FIG. 3, illustrating the gate
      valve 20 in its fully open position before installation in a pipeline,
      sleeve 32 comprises a primary cylindrical body 33 of a soft elastomeric
      material (for example soft rubber of 45-50 Durometer on the Shore A
      scale). The upstream end 34 of sleeve 32 protrudes slightly from passage
      25 of half housing 21 while the downstream end is externally
      circumferentially chamferred and internally recessed to form an axially
      protruding, flexible, annular sealing lip 35 of triangular cross section
      and a length to span gate passage 30 and abuttingly engage the opposing
      axially facing surface of connector flange 24 in surrounding relation to
      the upstream end of passage 26 of half housing 22. The internal recess
      includes a cylindrical counterbore 36 longitudinally inset from lip 35 and
      mounting in surface bonded relation an annular rigidifying ring 37 of
      elastomeric material (for example a hard rubber of 95-100 Durometer
      hardness on the Shore A scale). Rigidifying ring 37 is provided to prevent
      bodily inward deformation of soft rubber ring body 32 immediately adjacent
      the base of lip 35 during opening and closing movement of a plate-like
      gate 38 of tough abrasion and corrosion resistant material, for example,
      stainless steel dimensioned to snugly slidingly fit gate passage 30. Ring
      37 and sleeve 32 cooperate to define a flow passage 26a of a diameter
      equal to passage 26 communicating with the upstream face of gate passage
      30.
PAR  As will be clear from a consideration of FIGS. 1 and 9, the valve 20, when
      installed for use, is disposed in the line of flow from a pipeline flow
      passage 41 of a diameter equal to the smaller through passage 26 of half
      housing 22 which forms the downstream end of valve 20. As a consequence,
      when the valve 20 is drawn up, either by flange connector bolts 28 (FIG.
      1) or straps and draw bolts in the spigot or take-off point valve usage of
      FIGS. 9 to 11, the rubber sleeve 32, due to its end butted engagement
      between face 42 (FIG. 1) of the pipeline fitting or flange and the face of
      connector flange 24 outwardly of passage 26, will be axially compressed
      into fluid tight sealing engagement at its opposite ends. As a
      consequence, leakage through gate passage 30 is prevented by the annular
      sealing lip 35 in the fully open position of the valve.
PAR  As best seen in FIG. 3, the leading end of plate-like gate 38 in the fully
      open valve position is disposed outwardly of annular sealing lip 35 and is
      formed to provide a knife edge 43. The tip 44 of knife edge 43 slidingly
      edges the face of connector flange 24 during its closing and opening
      movement and its bevelled upstream face is preferably inclined to define a
      minimal included tip angle. As gate 38 moves inwardly toward its closed
      position the knife edge tip 44 enters between the compressed sealing lip
      35 and the opposing face of connector flange 24 progressively cammingly
      further compressing the soft deformable lip 35 into sealing engagement
      with the bevelled upstream knife edge face and finally the upstream planar
      face of gate 38. Due to the unique construction of lip 35 and the knife
      edge 43 of gate 38, a positive sealing engagement of sealing lip 35 in
      spanning relation to the entering knife edge 43 as well as the adjacently
      related end face of connector flange 24 and the entering upstream face of
      gate 38 is maintained at all times during closing and opening movement of
      gate 38.
PAR  It will furthermore be appreciated that the close sliding fit of gate 38 in
      gate passage 30 assures entry of knife edge 43 along the line of contact
      between lip 35 and the opposed face of connector flange 24 with its tip 44
      in scraping contact with the face of connector flange 24. As a
      consequence, any corrosive or adherent matter that may be present on the
      opposed face of connector flange 24 will be scraped free during closing
      movement of the gate conditioning the flange face for proper sealing
      cooperation with lip 35 during its next opening movement. Also, since the
      sole leakage path of applicant's valve 20 lies between the compressed
      sealing lip 35 and the upstream face of connector flange 24 or the
      bevelled face of knife edge 43 and the upstream face of gate 38, the
      annular internal seal provided by the present invention obviates any need
      of packing, stuffing boxes, or packing glands for externally sealing the
      gate passage.
PAC  DESCRIPTION OF ACTUATORS
PAR  The basic valve structure heretofore described provides a gate valve which,
      most readily and inexpensively, may be provided for lever type, screw
      type, or air cylinder type actuation.
PAR  Referring for the moment to FIG. 4, an effective lever actuator is provided
      by providing a spacer strip 29a in the form of an angle iron. Flange 52 of
      angle iron 29a is of a thickness to serve as the left side spacer strip,
      of a width to extend outwardly beyond the left edge of connector flanges
      23 and 24 to right angularly directed strengthening flange 53, and of a
      length approximately twice that of spacer strips 29. The inner edge of
      flange 52 disposed in guiding relation to the left edge of gate 38 as seen
      in FIG. 4 is provided with a series of space U-shaped notches 54 formed to
      journal a cross shaft 55 carried by the bifurcated end 56 of an actuator
      lever 57. Inwardly from end 56 lever 57 at 58 a depending link 59 the
      opposite end of which is fitted with a removable pivot pin 61 is provided
      adapting the opposite end of link 59 for connection to the outer end of
      gate 38 along its longitudinal center line upon fitting cross shaft 55
      into a selected notch 54. Assuming gate 38 to be fully open as illustrated
      in FIG. 4, cross shaft 55 would be fitted to the outermost notch 54 and
      lever 57 would be rocked into position to align the pin passage at the
      opposite end of link 59 with the pin passage in the outer end of gate 38
      and pivot pin 61 would be inserted to connect actuator lever 57 as shown
      in FIG. 4. In this position, the axis of shaft 55 lies in a horizontal
      plane bisecting the arc passing through the centers of pivots 58 and 61.
      Downward pressure applied to the free end of lever 57 will be applied to
      gate 38 through pivot pin 61 along the longitudinal center line of gate 38
      to advance gate 38 toward its closed position a distance substantially
      equal to the distance between the centers of pivots 58 and 61. This
      movement will position the leading edge of gate approximately at the
      dot-dash line position 62 of FIG. 4 restricting through flow to about
      three-fourths of full flow. If further restriction of through flow is
      desired, pin 61 may be removed, shaft 55 may be fitted into the next lower
      notch 54, and pin 61 may be replaced to connect lever 57 for further
      inward movement of gate 38 to its half closed position or any desired
      increment of closure between three-fourths flow and half flow. It will be
      appreciated from the foregoing description of operation that the lever
      actuator may be employed to secure any desired through flow between full
      flow and no flow and that a single lever actuator may be employed to
      service any number of valves 20 fitted for lever operation.
PAR  Should it be desired to prove the gate valve 20 of this invention with a
      screw and handwheel actuator, this may be readily accomplished by removal
      of the uppermost bolt and nut assemblies 28 and attaching the four angle
      iron support standards 65 of the screw and handwell actuator assembly 66
      to the upper corners of connector flanges 23 and 24 as shown in FIGS. 5
      and 6 by means of the longer bolt and nut assemblies 28a. As will be clear
      from FIGS. 5 and 6, actuator assembly 66 includes four angle iron support
      standards 65 the lower ends of which are provided with bolt passages 67
      (FIG. 6) to receive the shanks of the bolts of nut and bolt assemblies 28a
      and the upper ends of which are interconnected in end butted assembly by
      angle iron tie plates 68. While tie plates 68 may be secured in any
      suitable manner to the upper ends of support standards 65 a welded
      connection (not shown) is preferred. The outwardly directed flanges 69 of
      tie plates 68 are each provided with bolt passages 70 (FIG. 5)
      equidistantly spaced from the ends of tie plates 68 and support in lateral
      spanning relation the support base 71 of a screw actuator assembly 72. As
      best seen in FIG. 6, support base 71 includes a square connector flange 73
      and an upstanding cylindrical body 74. Support base 71 defines a stepped
      bore 75 the major diameter end of which opens downwardly through connector
      flange 73. The four corners of connector flange 73 are each provided with
      bolt passages 76 spaced to align with bolt passages 70 receiving the
      shanks of attachment bolt and nut assemblies 77 fixedly mounting support
      base 72 and actuator assembly 72 to tie plates 68.
PAR  Stepped bore 75 journals a stepped yoke sleeve 78 (FIG. 6) the larger
      flanged end 79 of which is housed in the major diameter portion of stepped
      bore 75 and the intermediate diameter portion 81 of which is journalled in
      the minor diameter portion of stepped bore 75. The minor diameter portion
      82 of yoke sleeve 78 protrudes upwardly from support base 72, is threaded
      at its upper end at 83, and provided immediately inwardly of threaded end
      83 with a Woodruff key way 84 the purpose of which will presently appear.
PAR  Yoke sleeve 78 is also provided with a stepped bore the upper minor
      diameter portion of which is internally threaded at 85 to receive an
      externally threaded, elongated, actuator screw or stem 86 depending
      downwardly and formed at its lower end with a bifurcated connector tip 87
      dimensioned to receive between the bifurcations the medial portion of the
      upper end of gate 38. The bifurcated connector tip 87 and the received
      medial portion of gate 38 are through drilled to receive a headed
      connector pin 88 the shank of which at the end opposite the headed end is
      through drilled and fitted with a cotter pin 89 to secure stem 86 to gate
      38.
PAR  The upwardly protruding minor diameter portion 83 of yoke sleeve 78 at its
      juncture with the upper end of the cylindrical body 74 of support base 71
      mounts a thrust washer 91 supportingly engaging the end of hub 92 of a
      handwheel having four radially directed arms 94. Hub 92 is provided with a
      through bore dimensioned to closely encircle the minor diameter portion 82
      of yoke sleeve 78 and is provided at 95 with an axially directed key way
      extending from end-to-end adapted to slidingly receive a Woodruff key 96
      conventionally fitted in keyway 84 of yoke sleeve 78 prior to endwise
      assembly of hub 92 on yoke sleeve 78. A securing nut 97 threaded onto the
      threaded end of yoke sleeve 78 is provided to draw yoke sleeve 78 and
      handwheel hub 92 into assembled relation to support base 71 with thrust
      washer 91 operatively positioned to permit relative rotation of hub 92 and
      the cooperating end face of support base 71.
PAR  In order to move gate 38 from its fully closed position illustrated in
      FIGS. 5 and 6 handwheel 93 is rotated clockwise around the longitudinal
      axis of stem 86. Such clockwise rotation feeds stem 86 axially upwardly
      through yoke sleeve 78 drawing gate 38 upwardly with stem 86 since
      rotation of stem 86 is prevented by the pin connection of stem 86 with
      gate 38 constrained for sliding reciprocal movement in gate passage 30.
      Opposite counterclockwise rotation of handwheel 93, feeds stem 86 axially
      downwardly pushing gate 38 downwardly toward its illustrated fully closed
      position. From the foregoing description of actuator assembly 72 and its
      operation, it will be appreciated that valve 20 of FIGS. 1 through 3 may
      be readily fitted for screw and handwheel operation without any
      modification of the basic valve structure.
PAR  Installation of an air cylinder actuator may also be readily accomplished
      without modification of the basic valve structure 20 as will be clear from
      a consideration of FIGS. 7 and 8. Here again removal of the uppermost bolt
      and nut assemblies 28 and attachment of angle iron support standards 65 of
      air cylinder actuator assembly 66a using longer bolt and nut assemblies
      28a is all that is required. As will be clear from a comparison FIGS. 5
      and 6 with FIGS. 7 and 8, the support standards 65 are differently
      oriented so as to dispose the laterally directed flanges in alignment with
      the outermost lateral edges of connector flanges 23 and 24 and longer
      angle iron tie plates 68a having wider mounting flanges are employed to
      accomodate the larger diameter square flanged mounting header 101 of air
      cylinder 102. The flanged mounting header 101 at its four corners and the
      wider flange of tie plates 68a are through drilled to provide aligned bolt
      passages 76, 70 to receive the shanks of attachment bolt and nut
      assemblies 77 fixedly mounting air cylinder 102 in centered spanning
      relation to tie plates 68a. Air cylinder 102, apart from the square
      flanged mounting header 101, is of conventional construction and provides
      a reciprocating piston (not shown) fixed to the upper end of piston rod
      103 protruding downwardly through a conventionally sealed passage (not
      shown) formed in header 101 in coaxial relation to cylindrical piston
      chamber 104 of air cylinder 102. The opposite end of piston chamber 104 is
      closed by a header 105. Headers 101 and 105 are conventionally provided
      with air connection passages 106 (FIG. 8) adapting air cylinder 102 for
      connection to an air supply source (not shown) through conventional
      valving (not shown) adapted to supply air at a minimum 80PSI pressure
      selectively to header 101 or header 105 to effect the desired directional
      reciprocation of the piston and attached piston rod 103.
PAR  The lower end of piston rod 103 mounts a bifurcated connector fitting 107
      the opposed arms of which are spaced apart as best seen in FIG. 8 to
      freely but closely receive the outer end of gate 38 which is preferably
      reinforced by laterally directed reinforcing strips 108 welded or
      otherwise permanently secured to the opposite marginal ends faces of gate
      38. The opposed arms of connector fitting 107 are axially slotted at 109
      (FIG. 7) to receive the opposite ends of a connector pin 111 fixedly
      secured as by welding in a through passage 112 (FIG. 8) drilled through
      the respective reinforcing strips 108 and the outer end margin of gate 38
      in centered relation to the longitudinal axis of gate 38. Preferably the
      lower end of piston rod 103 is threaded as indicated at 113 to receive
      fitting 107 so the fitting can be adjusted axially to assure a proper
      clearance between its lower end and the opposing edges of connector
      flanges 23 and 24.
PAR  Assuming it is desired to open gate 38 shown in fully closed position in
      FIGS. 7 and 8 air is admitted through air connection 106 of header 101 to
      the lower end of cylinder 104 and air connection 106 of header 105 is
      vented to the atmosphere. The entering air under pressure fills the
      cylinder end below the piston and drives it and piston rod 103 toward
      header 105 against the minimal frictional resistance offered by the
      sliding piston and rod 103 with its air seal provided in header 101. Due
      to this minimal resistance to movement, the initial upward increment of
      movement is quite rapid until the lost motion provided by slot 109 and pin
      111 disposed in the upper end of slot 109 is eliminated by the lower end
      of slot 109 engaging the ends of pin 111. This rapid movement results in a
      hammerlike upward directed blow being delivered to the ends of pin 111 and
      through pin 111 to gate 38 in advance of the continued upward movement of
      the piston, piston rod 103, fitting 107, pin 111 and gate 38 as a unit
      structure. This hammerlike blow is effective to break gate 38 loose in
      event it has, by reason of corrosive action or otherwise, become stuck in
      its previous set position. Upon reaching the new fully or partially open
      position, the air supply is cut off and the air connection 106 of header
      101 is vented to the atmosphere equalizing the air pressure on the
      opposite sides of the piston. As a consequence, gate 38 will remain in its
      newly set position suspended from the ends of pin 111 engaged in the lower
      end of slot 109 and the lost motion provided by the slot and pin
      connection will be shifted to the opposite side of pin 111. In event the
      gate 38 is moved only to a partially open position, further opening
      movement may be effected, so long as the gate does not become stuck in its
      new position, without the delivery of a hammer blow merely by restoring
      the supply of pressurized air to air connection 106 of header 101.
      However, if sticking does occur, the freeing hammer blow may be effected
      merely by reversing the supply of air under pressure to connection 106 of
      header 105 and again reversing the supply to header 101. The same ability
      to deliver a hammer blow to free gate 38 for movement when it becomes
      stuck in any open position is provided by the described structure since
      the lost motion will always be disposed on the side of pin 111 opposite
      that last engaged by the slot end in the movement of the gate to its
      previous set position.
PAR  It will be further appreciated that this lost motion feature can be
      incorporated in either the lever actuator of FIG. 4 or the screw and hand
      wheel actuator of FIGS. 5 and 6 by providing the link 59 of the lever
      actuator or the lower end of actuator screw or stem 86 of the screw and
      hand wheel actuator with a slot connection 109 to their respective gate
      supported pins 61 and 88 as illustrated by FIGS. 15 and 16. While the
      delivered hammer blow will be of lesser magnitude in the last mentioned
      actuator mechanisms, they may be repeated a sufficient number of times to
      break the gate free in most, if not all, instances of gate sticking.
PAC  SPIGOT OR TAKE-OFF POINT USAGE
PAR  The valve 20 of this invention fitted with any of the previously described
      actuators and a 150 pound ASTM Flange for bolt connection may most
      conveniently be installed for spigot or take-off point usage by means of
      the pipeline saddle and draw bolt-strap mounting fittings disclosed in
      FIGS. 9 through 14 of this invention. Referring for the moment to FIGS. 9
      through 11 where the lever actuated valve assembly of this invention is
      illustrated fitted to a sidewall opening 41 in pipeline 121, the fittings
      required are a saddle 122, a pair of securing straps 123 and four double
      shanked draw bolts 124 employed as corner connector bolts for connector
      flanges 23 and 24 and strap end connector bolts for clampingly securing
      saddle 122 and valve 20 in fluid communication with pipeline sidewall
      opening 41.
PAR  As best seen in FIGS. 9 and 12, saddle 122 comprises a cylindrical body
      having an axial passage 125, the diameter of which is equal to that of
      passages 26 and 26a of valve 20, a planar right angularly related end face
      126 adapted for end butted engagement with flange 31 of valve 20, and an
      opposite concave end face 127 generated around a center located on the
      longitudinal axis of passage 125 at a radius equal to that of the outer
      peripheral wall of pipe line 121. Face 126 of saddle 122 is provided with
      a pair of diametrically opposite, axially directed, blind tapped passages
      128 the axis of which, preferably lie in a plane containing the axis of
      passage 125 and disposed at right angles to the concavity of face 127.
      Passages 128 are fitted with respective protruding aligning studs 129
      (FIGS. 9 and 12) adapted, when saddle 129 is fitted to flange 31 of valve
      20, to enter freely into diametrically opposite bolt passages 131 of
      flange 31 (FIG. 9) and orient valve 20 so its gate passage 30 will be
      parallel to the flow passage 132 of pipe line 121 (See FIG. 11) in the
      final assembly of saddle 122 and valve 20 with pipe line 121.
PAR  To adapt saddle 122 and the associated valve 20 for assembly with pipeline
      121, the four corner connector nut and bolt assemblies 28 of FIG. 2 are
      replaced by draw bolts 124. This replacement is effected by passing the
      threaded shanks 133 of draw bolts 124 through the corner bolt passages 27
      of flanges 23 and 24 to engage the abutment nuts 134 threaded home on draw
      bolt shanks 133 into end butted engagement with flange 23 of valve 20 and
      threading the nuts of replaced nut and bolt assemblies up tight against
      flange 24 of valve 20. In the final tightening of the last mentioned nuts,
      the angularly related threaded shank 135, defining with shank 133 an
      included angle of the order of 135.degree., should be oriented to extend
      radially outwardly with respect to the axis of the corner bolt passages so
      they can be associated with the ends of straps 123 as will presently be
      pointed out.
PAR  Assembly with pipe line 121 is effected by lifting the loosely associated
      valve 20 and saddle 122 into position onto a flexible annular sealing
      gasket 130 positioned in surrounding relation to the sidewall passage in
      pipe line 121, encircling the midsection of the respective straps 123
      around the pipe sidewall directly opposite the sidewall passage in pipe
      line 121, telescoping the tubular sleeve fittings 136 fixed to the outer
      face of the opposite straps ends by welding or other suitable means over
      the threaded shanks 135 of draw bolts 124, and threading draw nuts 137
      onto shanks 135 to tension straps 123 around pipe line 121. Before and
      during final tightening of nuts 137, the alignment of gasket 130 and
      saddle 122 with the pipe line passage and the outer wall of pipe line 121
      should be repeatedly checked to assure a leakproof clamping of gasket 130
      between the outer wall of pipe line 121 and the concave and face of saddle
      122.
PAR  Since continued tightening of nuts 137 tensions straps 123 around pipe line
      121 drawing valve 20 and saddle 122 bodily toward pipe line 121, it will
      be appreciated that the protruding end 34 of sleeve 32 will be axially
      compressed into sealing engagement with face 126 of saddle 122 and gasket
      130 will be sealingly clamped between concave face 127 of saddle 122 and
      the wall of pipe line 121 defining the pipe line sidewall passage. As a
      consequence, a leakproof assembly of valve 20 and saddle 122 with pipe
      line 121 is assured.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A packingless gate valve comprising a pair of body half housings
      defining respective through passages, said through passages of one body
      half housing being of appreciably greater diameter than that of the other
      body half housing and each half housing being provided at a respective end
      with outwardly directed bolt receiving connector flanges adapting said
      body half housings for end to end connection; a deformable sleevelike,
      elastomeric liner dimensioned to snugly fit in the larger through passage
      of said one body half housing and define a flow passage of a diameter
      substantially equal to that of said other body half housing, said liner at
      one end extends beyond the flanged end of said body half housing to
      provide a protuberant annular sealing lip; respective spacer strips of a
      thickness less than the axial projection of said annular sealing lip
      interposed between the opposed outer marginal portions of said connector
      flanges outwardly of said liner; respective bolt and nut assemblies
      disposed in said bolt receiving connector flanges and adapted, upon
      tightening, to draw the connector flanges of said body half housings
      together into clamping engagement with said spacer strips to form between
      said spacer strips a laterally directed gate passage and to also compress
      said annular sealing lip into sealing engagement with the flange face of
      said other body half housing outwardly of its smaller diameter through
      passage; a plate-like gate disposed in said gate passage for guided
      reciprocal movement in said gate passage and formed at its leading end to
      enter between said annular sealing lip and said flange face of said other
      body half housing upon inward closing movement of said gate to
      progressively shift said protuberant sealing lip into sealing engagement
      with said gate.
NUM  2.
PAR  2. The combination of claim 1 wherein said protuberant annular sealing lip
      comprises a longitudinally and radially inwardly chamfered peripheral wall
      originating at the terminus of the cylindrical outer wall of said
      sleeve-like liner and a longitudinally and radially outwardly directed
      wall intersecting said chamfered peripheral wall outwardly of the flow
      passage defined by said liner to define an annular line-like sealing tip.
NUM  3.
PAR  3. The combination of claim 1 wherein said sleeve-like liner at said one
      end radially inwardly of said protuberant annular sealing lip is provided
      with an annular recess opening into the flow passage defined by said liner
      and a hard rubber ring is disposed in said annular recess bonded to the
      walls of said annular recess to rigidify said liner adjacent the base of
      said protuberant annular sealing lip to localize bodily deformation of the
      soft rubber liner to the protuberant annular sealing lip.
NUM  4.
PAR  4. In a gate valve, two hollow housing members having coaxial cylindrical
      passages of different diameter and rigidly secured together end to end
      with axial spacer means between them defining a relatively narrow
      transverse gate receiving and guiding space disposed normal to said
      passages, a cylindrical sleeve of greater axial length than said space
      substantially wholly lining the larger diameter one of said passages and
      having at one end an annular resilient end lip that in the valve open
      position extends through said space into sealing engagement with an
      axially facing surface of the other housing member, the internal diameter
      of said sleeve being substantially equal to the diameter of the passage in
      said other housing member, and a gate member having an imperforate portion
      slidable in said space between a valve closed position wherein it blocks
      flow through said valve and a valve open position wherein it permits
      unobstructed flow through said valve, said lip being sufficiently
      resilient to permit sliding movement of the gate member between said
      positions and being compressed in resilient sealing engagement with the
      upstream side of said gate member in the valve closed position.
NUM  5.
PAR  5. In the gate valve defined in claim 4, said gate member being a flat
      imperforate plate having substantially sliding clearance with the adjacent
      ends of said housing members.
NUM  6.
PAR  6. In the gate valve defined in claim 5, said spacer means comprising flat
      rigid strips clamped between said housing members and defining guide means
      for said gate.
NUM  7.
PAR  7. In the gate valve defined in claim 4, said sleeve being an integral
      resilient element maintained under axial compression in said valve.
NUM  8.
PAR  8. A packingless gate valve comprising two body housing members having
      coaxial through passages, the passage of one housing member being of
      appreciably greater diameter than that of the other, means securing said
      housing members together in end to end relation with rigid spacer means
      therebetween to define a relatively narrow transverse gate chamber, an
      annular sleeve snugly lining the larger passage to define in said one
      housing member a coaxial flow passage of a diameter substantially equal to
      that of the passage in said other housing member, said sleeve extending
      through said chamber in the form of an annular resilient lip adapted to
      sealingly engage an axially facing surface on said other housing member in
      the open position of said valve, a gate slidable through said chamber
      between a valve open position where it does not block fluid flow through
      said passages and a valve closed position wherein it is interposed between
      said sealing lip and said axially facing surface.
NUM  9.
PAR  9. The packingless gate valve defined in claim 8, wherein said sleeve is an
      integral elastomeric element and means is provided for maintaining said
      element in axial compression.
NUM  10.
PAR  10. The packingless gate valve defined in claim 8, wherein said axially
      facing surface is substantially planar and normal to the flow axis and
      said gate is slidable across said surface.
NUM  11.
PAR  11. The packingless valve defined in claim 8, wherein said spacer means
      comprises flat rigid strips clamped between the housing members at
      opposite sides of the gate chamber, said strips being spaced apart a
      distance greater than the diameter of said annular lip and serving to
      slidingly guide said gate between open and closed positions.
NUM  12.
PAR  12. In a gate valve, two hollow housing members having coaxial cylindrical
      passages of different diameter and rigidly secured together end to end
      with axial spacer means between them defining a relatively narrow
      transverse gate receiving and guiding space disposed normal to said
      passages, an annular sleeve of greater axial length then said space lining
      the larger diameter one of said passages and having at one end an annular
      resilient end lip that in the valve open position extends through said
      space into sealing engagement with an axially facing surface of the other
      housing member, the internal diameter of said sleeve being substantially
      equal to the diameter of the passage in said other housing member, a
      reinforcing ring within said sleeve adjacent said lip, and a gate member
      having an imperforate portion slidable in said space between a valve
      closed position wherein it blocks flow through said valve and a valve open
      position wherein it permits unobstructed flow through said valve, said lip
      being sufficiently resilient to permit sliding movement of the gate member
      between said positions and being compressed in resilient sealing
      engagement with the upstream side of said gate member in the valve closed
      position.
NUM  13.
PAR  13. In the gate valve defined in claim 12, said ring being of a resilient
      material of greater hardness than said sleeve whereby the ring maintains
      the configuration of the softer sleeve while the valve is being opened and
      closed.
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PAL  A multiple plate valve is provided which is designed to continue to
      function to close off a conduit even after portions of the valve have
      worn. The valve includes a body portion in the form of a pair of outer
      cover members each having an aperture therein, at least a pair of closure
      members, such as plates, operatively retained between said outer cover
      members and adapted to be moved between open and closed positions and to
      cooperate with each other to close off the apertures in the outer cover
      members, and means for repositioning the closure members with respect to
      each other and the apertures, as the closure members wear out, so that the
      closure members will continue to cooperate with each other to close off
      the apertures.
PAL  Such a valve is particularly useful where it is employed in a conduit used
      for delivering abrasives or caustic chemicals which tend to wear out the
      closure members of the valve.
PARN
PAR  REFERENCE TO OTHER APPLICATIONS
PAR  This application is a continuation-in-part application of copending
      application Ser. No. 382,961filed July 26, 1973now U.S. Pat. No. 3,880,402
     .
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PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a multiple plate valve which includes at
      least two closure members which cooperate with each other in opening and
      closing the valve. Such a valve is particularly adapted to handle flow of
      abrasive materials.
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional valves employed in conjunction with equipment for delivering a
      flow of abrasive materials, such as sand blasting equipment, normally have
      a relatively short working life. Such valves generally comprise a valve
      body which includes an opening therein, and a plate member housed in said
      body and which includes an opening therein. The plate member can be
      manipulated from outside of the valve body to open the valve in which case
      the opening in said plate member is moved into alignment over the opening
      in the valve body so as to allow abrasive material to flow through the
      valve. The valve is closed to stop flow of abrasives therethrough by
      merely manipulating the plate member so that the opening therein is moved
      out of alignment and away from the opening in the valve body so that said
      openings in no way overlap. As the valve is moved from its open position
      to its closed position and vice versa, the plate member, specifically that
      area surrounding the opening therein, comes into direct contact with
      abrasive or caustic material. This action causes wear about the opening in
      the plate member. The amount of wear produced will depend upon the type of
      abrasive or caustic employed, the rate of flow thereof through the valve
      and the number of times the valve is opened and closed. Eventually, and
      usually within a relatively short time, the abrasive etc. will cause
      sufficient wear of the plate member so that the opening therein will be so
      large as to make it impossible to close off the valve. At this stage, the
      valve becomes useless and can only be made operable by replacing the worn
      out plate member with another plate member. Depending upon the design of
      the valve, this is at the least, an expensive and frequent maintenance
      operation since the plate members required wear out quickly and are
      costly. At the most, it is impossible to replace the worn out plate
      members andn thus, the worn valve would have to be discarded and replaced
      with a new valve.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  In accordance with the present invention, there is provided a multiple
      plate valve which can be employed in conjunction with equipment designed
      for delivering abrasive or caustic materials, such as sand-blasting
      equipment, and which overcomes the maintenance and replacement problems
      associated with the prior art valve described hereinbefore. Applicant
      overcomes such problems by replacing the plate member of the prior art
      valve with at least two closure or plate members which are designed to
      move between spaced and overlapping positions corresponding to open and
      closed positions, respectively, and which can be periodically repositioned
      with respect to each other as each plate wears, so that the plates can
      continue to cooperate with each other to close off the valve.
PAR  The multiple plate valve of the invention includes a body portion, which
      can take the form of a pair of outer cover members each having an aperture
      therein, at least a pair of closure members, such as plates, operatively
      disposed and retained within said body portion and adapted to be moved
      between open and closed positions and to cooperate with each other to
      close off the apertures in the body portion, and means for repositioning
      the closure members with respect to each other and the apertures, as the
      closure members wear out, so that the closure members will continue to
      cooperate with each other to close off the valve.
PAR  Such a valve may be employed for many uses as will be apparent to one
      skilled in the art and is particularly useful where it is employed in a
      conduit used for delivering abrasives, etc., which tend to wear out the
      closure members of the valve.
PAR  In one aspect of the multiple plate valve of the invention, the clousre
      members commprise a pair of circular plates or disks, or plates of other
      shape such as oblong, square, etc., which are spaced apart from each other
      and are eccentrically and pivotally mounted on the body portion for
      movement into and out of overlapping relationship with each other for
      closing off the apertures in the body portion or alternately allowing flow
      of material through the opening of the body portion. The valve also
      includes means for repositioning the plates with respect to each other as
      the plates wear out. Such means for repositioning the plates will provide
      increasing pivotal movement of each plate toward each other to provide
      greater overlapping of each plate with the other so that the plates can
      continue to cooperate with each other to close off the apertures in the
      body portion as the plates continue to wear or if the plates wear
      unevenly.
PAR  In another aspect of the multiple plate valve of the present invention, the
      closure members can comprise a pair of plates each of which includes a
      plurality of teeth, and ratchet or other gear means for engaging
      corresponding teeth on said plates, said gear means being adapted to cause
      movement of said plates into open and closed positions over the apertures
      in the body portion. As the plates wear out, the gear means can be used to
      cause movement of said plates in a manner such the unworn sections of the
      plates can continue to cooperate with each other to close off the
      apertures in the body portion.
PAR  Any conventional means may be employed to reposition the closure members
      from outside of the valve, regardless of whether gear means are employed
      to move the closure members. Where gear means are employed, any
      conventional means, such as a shaft member or worm gear connected to the
      gear means and extending outside the valve, may be employed to cause
      movement of the gear means and resultant movement of the closure members.
PAR  It will be apparent to those skilled in the art that the multiple plate
      valve of the invention may include more than two closure members, and may
      in fact include three, four or more closure members which can cooperate
      with each other to close off one, or even two or more apertures in the
      body portion of the valve.
PAR  It will be understood that in the various embodiments of the multiple plate
      valve of the invention, the closure members are housed in and may be
      supported by a pair of cover plates as will be seen hereinafter and in
      many of such embodiments, the one or both covers function as the valve
      body.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a view of a multiple plate valve in accordance with the present
      invention which includes a pair of closure members, in the form of
      circular disks and wherein one outer cover member has been removed;
PAR  FIG. 1A is a view of the closure members of FIG. 1 in a partially worn
      condition;
PAR  FIG. 2 is a side view of the valve shown in FIG. 1;
PAR  FIG. 2A is a fragmentary view of the valve shown in FIG. 1, wherein various
      positions of the closure members are indicated by phantom lines;
PAR  FIG. 3 is a view of another embodiment of the valve of the invention
      wherein one outer cover member has been removed;
PAR  FIG. 4 is a side view of the valve shown in FIG. 3;
PAR  FIG. 5 is a view of yet another multiple plate valve in accordance with the
      present invention wherein one outer cover member has been removed;
PAR  FIG. 6 is a side view of the valve shown in FIG. 6;
PAR  FIG. 7 is a view of another embodiment of the multiple plate valve of the
      invention wherein one of the outer cover members has been removed;
PAR  FIG. 8 is a side view of the valve shown in FIG. 8;
PAR  FIG. 9 is a view of yet another embodiment of the multiple plate valve of
      the invention wherein one of the outer cover members thereof has been
      removed;
PAR  FIG. 10 is a side view of the valve shown in FIG. 9;
PAR  FIG. 10A is a view of a portion of the valve shown in FIG. 9 in its closed
      position;
PAR  FIG. 10B is a view of a portion of the valve shown in FIG. 10;
PAR  FIG. 11 is a view of an additional embodiment of the multiple plate valve
      of the invention wherein one of the outer cover members has been removed;
PAR  FIG. 12 is a view of the closure members employed in the valve shown in
      FIG. 11, which closure members are in a partially worn condition;
PAR  FIG. 13 is a side view of the valve shown in FIG. 11;
PAR  FIG. 13A is a fragmentary view of a portion of the valve shown in FIG. 13;
PAR  FIG. 14 is a view of still another embodiment of the multiple plate valve
      of the invention wherein one of the outer cover members has been removed;
PAR  FIG. 15 is a side view of the valve shown in FIG. 14;
PAR  FIG. 16 is a view of another emboeiment of the valve in accordance with the
      present invention wherein one of the outer cover members has been removed;
PAR  FIG. 17 is a side view of the valve shown in FIG. 16;
PAR  FIG. 18 is a view of yet another embodiment of the multiple plate valve of
      the invention wherein one of the outer cover members has been removed;
PAR  FIG. 18A is a side sectional view of the valve shown in FIG. 18 including
      both outer cover members;
PAR  FIG. 19 is a view of the valve shown in FIG. 18 wherein one working portion
      of each of the closure members is worn;
PAR  FIG. 20 is a view of the valve shown in FIG. 19 wherein a second pair of
      working areas of the closure members are employed in conjunction with each
      other to close off the valve;
PAR  FIG. 21 is a view of still another embodiment of the multiple plate valve
      of the invention wherein one of the outer cover members has been removed;
PAR  FIG. 21A is a side sectional view of the valve shown in FIG. 21 including
      both outer cover members;
PAR  FIG. 22 is a view of the valve shown in FIG. 21 wherein one working area in
      each of the valve plates is worn;
PAR  FIG. 22A is a view of the valve shown in FIG. 21 wherein as shown by the
      phantom lines, the valve plates are rotated as a unit until they assume
      the position shown in FIG. 23;
PAR  FIG. 23 is a view of the valve shown in FIG. 21 wherein a new set of
      working areas of the valve plates is employed in conjunction with one
      another to close off the valve;
PAR  FIG. 24 is a view of another embodiment of the valve in accordance with the
      present invention wherein one of the outer cover members has been removed;
PAR  FIG. 25 is a view of the valve shown in FIG. 24 wherein one working area in
      each of the valve plates is worn;
PAR  FIG. 25A is a side view of a gear arrangement employed to control the main
      gear of the valve embodiment of FIG. 24;
PAR  FIG. 25B is a fragmentary sectional view of a portion of the gear
      arrangement shown in FIG. 25A taken along lines 25B--25B thereof;
PAR  FIG. 26 is a view of the valve shown in FIG. 24 wherein the valve plates
      are moved in conjunction with one another so that a new set of working
      areas are employed to close off the valve;
PAR  FIG. 27 is a view of the valve shown in FIG. 24 wherein the valve plates
      are now disposed so that the new working areas in each of the plates are
      employed in conjunction with one another to close off the valve;
PAR  FIG. 28 is a view of yet another embodiment of the valve in accordance with
      the present invention wherein one of the outer cover members has been
      removed;
PAR  FIG. 29 is a view of the valve shown in FIG. 28 wherein one working area in
      each of the valve plates is worn; and
PAR  FIG. 29A is a side view of the valve shown in FIG. 28 including both outer
      cover members.
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PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  Referring to the accompanying drawings wherein like numerals refer to the
      like parts in the several views, FIGS. 1, 1A and 2 illustrate one of the
      embodiments of the multiple plate valve of the inventions indicated
      generally by the numeral 10.
PAR  The valve 10 is mounted in a conduit generally referred to by the numeral
      12 which includes conduit portions 14 and 16, as shown in FIG. 2. The
      conduit portion 14 may be connected to a sand or other abrasive supply
      tank which may also include water or other liquid, and conduit portion 16
      may be connected to an abrasive delivery nozzle or hose. The valve 10
      includes outer cover plates 18 and 20, only cover plate 18 being shown in
      FIG. 1. Cover plate 18 includes an aperture or hole 22 which is in
      alignment with the interior of conduit 14; cover plate 20 includes an
      aperture generally shown by the numeral 24 (FIG. 2) which is in alignment
      with aperture 22 in cover plate 18. In this embodiment, the valve body is
      actually defined by the cover plates 18 and 20 and the area between these
      cover plates. Cover plates 18 and 20 are secured to each other by any
      conventional means such as by a plurality of nuts and bolts which are
      adapted to engage the openings 26 in cover plate 18 and similar openings
      in cover plate 20, said openings in cover plate 20 not being shown for
      purposes of clarity.
PAR  Disposed within the internal chamber 28 (shown in FIG. 2) defined by the
      area formed between the cover plates 18 and 20, are closure members 30 and
      32. Closure members 30 and 32 as illustrated take the form of a pair of
      circular disks or plates which are eccentrically and pivotally mounted on
      cover plate 18 by means of pivot mounting means generally referred to by
      the numerals 34 and 36, respectively. Pivot mounting means 34 and 36
      generally comprise shafts 38 and 38a, respectively, which pass through
      off-centered bores 40 and 40a, respectively, in disks 30 and 32,
      respectively.
PAR  Disks 30 and 32 are adapted to be pivotally moved about shafts 38 and 38a,
      respectively, from the position shown in FIGS. 1 and 2 (which is the open
      position) into overlapping relationship with each other so as to close off
      the aperture 22 in the cover plate 18. In addition, disks 30 and 32 are
      adapted to be moved from such overlapping position (the closed position)
      away from each other so as to clear the aperture 22 and allow material
      flowing through conduit portion 14 to flow through the cover plate 18 via
      aperture 22 into the internal chamber 28 and through the aperture 24 in
      cover plate 20 and finally into conduit portion 16. This can be
      accomplished by applying an upward force to each of the disks 30 and 32 so
      that said disks 30 and 32 pivot on shafts 38, 38a which causes rotation of
      disk 32 in a clockwise direction and rotation of disk 30 in a
      counter-clockwise direction so that the disks 30 and 32 move out of
      overlapping relationship with each other away from the aperture 22 in
      cover plate 18 and thereby clear the aperture 22. The disks 30 and 32 can
      than be made to move into overlapping relationship with each other and
      over the aperture 22 by applying a downward force to the disks 30 and 32
      about the pivot means 34 and 36, which causes counter-clockwise rotation
      of disk 32 and clockwise rotation of disk 30 about the shafts 38a, 38.
      Such movement is shown in FIG. 2A. As shown in FIG. 2A, the position of
      disks 30 and 32 represented by the solid lines is the open position
      allowing flow of material through the aperture 22 and cover plate 18. As a
      downward force is applied to disks 30 and 32 thereby causing said disks to
      pivot about pivot means 34 and 36, respectively, the disks 30 and 32 move
      from their open position to the position indicated by the phantom lines
      30a and 32a, which is a partially closed position, to their overlapping
      and closed position as represented by the phantom lines 30b and 32b. The
      disks 30 and 32 may then be moved from their closed and overlapping
      position back to their open position by applying an upward force to said
      disks along or about the pivot means 34 and 36, respectively, so that the
      disk move from their closed position to the partially closed position as
      represented by the phantom lines 30a and 32a and back to their open
      position as indicated by the solid lines 30 and 32, respectively.
PAR  The means employed for effecting the movement of the disks 30 and 32 are
      shown in FIGS. 1 and 2 and include U-shaped member 44 which includes
      horizontal leg 46 and vertical legs 48 and 49, which include angled slots
      50 and 52, respectively, which are adapted to engage pins 54 and 56 which
      are eccentrically mounted on disks 30 and 32, respectively. The downward
      force necessary to move the disks 30 and 32 into their closed position is
      provided by merely moving the U-shaped member 44 in a downward direction
      thereby causing the slots 50 and 52 to ride downwardly so that the walls
      of slots 50 and 52, respectively, of vertical legs 48 and 49, engage and
      contact the shafts 38, 38a causing the disks 30, 32 to move downwardly
      each other in clockwise and counter-clockwise directions, respectively.
      Such a downward force can be applied to the U-shaped member 44 through
      member 58 (shown in FIG. 1), which is connected to the U-shaped member 44,
      as shown. Likewise, an upward force can be applied against the U-shaped
      member 44 by means of the elongated member 58. Guide members or ridges 44a
      and 44b are disposed in cover plate 18 and serve to define an up or down
      path of travel for the member 44.
PAR  The means for applying such forces to the elongated member 58 can comprise
      any conventional means such as elongated member 60 which may be connected
      at one end 61 to member 58 which in turn is connected, for example by
      welds, to member 44 as shown in FIGS. 1 and 2. The member 60 is pivotally
      connected to one end of rod 63, the other end of rod 63 being connected to
      the cover plate 20 as shown in FIG. 2, the member 60 then passing through
      a vertically disposed opening 65 in the cover plate 20 and terminating in
      a handle portion 66, which is disposed externally of the cover plates 18,
      20 and, in fact, externally of the entire valve 10, for easy manipulation.
PAR  In a preferred embodiment as shown, the member 58 will include a
      longitudinal opening 58a (which is about 50% greater in diameter than the
      width of member 60) through which the member 60 passes and is thereby
      retained by the member 58. Thus, it will be appreciated that when a
      downward force is applied to the elongated member 58, by merely lifting
      handle portion 66, the end 61 pivots downwardly about pivot rod 63 thereby
      causing member 58 and U-shaped member 44 to move downwardly causing the
      disks 30 and 32 to move downwardly into their closed position over the
      aperture 22 in cover plate 18. It will be apparent to one skilled in the
      art that the disks 30 and 32 can be moved into their open position by
      merely applying a downward force to the handle portion 66 of member 60.
PAR  As the plates or disks 30 and 32 are moved from their closed position to
      their open position, and vice versa, the disks begin to wear as shown in
      FIG. 1A due to the action of abrasives on the disks. In such case, the
      means for repositioning the disks 30 and 32 with respect to each other and
      the aperture 22 in the cover plate 18, so that the disks will continue to
      cooperate with each other to close off the aperture, are provided in the
      same means for applying the upward and downward forces to the disks 30 and
      32, namely, the U-shaped member 44 and the member 60 and related
      components as described hereinbefore. Thus, where the disks 30 and 32
      begin to wear (as shown in FIG. 1A) the disks 30 and 32 can be moved into
      their closed position by merely applying a larger upward force to the
      handle portion 66, greater than that originally applied to move the disks
      into their closed position when such disks are in an unworn condition. In
      this manner, the disks 30 and 32 are made to move a greater distance about
      pivots 34, 36, so that unworn portions thereof will overlap to continue to
      close off the aperture 22.
PAR  It will be understood that as the disks are continually used as closure
      members for closing off the aperture 22 in cover plate 18, wear of the
      disks will continue until the disks are essentially worn from one
      periphery thereof across the disks to almost another periphery thereof. At
      this stage, the disk will be completely worn for purposes of the valve of
      the invention and will have to be replaced.
PAR  It will also be understood that the circular disks in the above embodiment
      as well as in all of the other embodiments described hereinafter, can be
      replaced by other shaped disks such as oblong disks or even rectangular or
      square disks, as will be apparent to one skilled in the art. Futhermore,
      it will be appreciated that all such closure members or disks can be
      employed to open and close the aperture 24 in the cover plate 20 or open
      and close both apertures 22 and 24 in cover plates 18 and 20,
      respectively, which apertures need not necessarily be in alignment with
      each other.
PAR  Referring now to FIGS. 3 and 4 there is shown another embodiment of the
      multiple plate valve in accordance with the present invention similar to
      the embodiment shown in FIGS. 1 and 2 and described above. The valve
      embodiment shown in FIGS. 3 and 4 is identified generally by the numeral
      10' and is adapted to be mounted in a conduit 12, which conduit includes
      portions 14 and 16, as shown in FIG. 4. The valve 10' includes outer cover
      plates 18 and 20, cover plate 18 including an aperture 22 which is in
      alignment with the interior of conduit 14 and cover plate 20 including
      aperture 24 which is in alignment with the aperture 22 in cover plate 18.
      Closure members 30a and 32a which are shown in the form of circular disks
      30a and 32a are disposed in the internal chamber 28 as shown in FIG. 4.
      The valve 10' includes means associated with each of the circular disks 30
      and 32 for defining a path of travel for such disks, which means comprises
      guide means 70 and 72 which are disposed in and connected to at least one
      of the cover plates 18, 20 (said guide means 70, 72 being connected to
      cover plate 18 in the embodiment shown in the Figures). Guide means 70 and
      72 may comprise rigid members in the form of metal or plastic strips which
      are disposed below and to either side of the aperture 22 in the cover
      plate 18, as shown. The guide means 70, 72 are so disposed that when the
      disks 30a and 32a are in their open position away from the aperture 22 in
      the cover plate 18, the peripheral edges of the disks 30a and 32a are in
      contact with the guide means 70, 72, respectively. The disks 30a and 32a
      are adapted to be moved along the guide means 70. 72, respectively, into
      overlapping relationship with each other so as to close off the aperture
      22 in the cover plate 18. In a similar vein, the disks 30a and 32a are
      adapted to be moved from such overlapping position away from each other
      along the guide means 70 and 72, respectively, so as to clear the aperture
      22 and allow material flowing through the conduit portion 14 to flow
      through the cover plate 18 into the internal chamber 28 and through the
      cover plate 20 and into the conduit portion 16.
PAR  The means employed for effecting movement of the disks 30a and 32a are
      similar to that shown in FIGS. 1 and 2 and include U-shaped member 44
      which includes horizontal leg 46 and vertical legs 48 and 49 which include
      angled slots 50 and 52, respectively, which slots are adapted to engage
      pins 54 and 56 which are eccentrically mounted on disks 30a and 32a,
      respectively, as shown. The member 44 is adapted to travel between guides
      or ridges 44a and 44b. Elongated member 60 extends through opening 58a in
      a member 58, and is pivotally connected to rod 63 and extends through the
      outer cover plate 20 as it passes through slot 65 as shown in the Figures
      and as described above in conjunction with the valve embodiments shown in
      FIGS. 1 and 2.
PAR  In operation, the valve 10' shown in FIGS. 3 and 4 will function in
      essentially the same manner as the valve 10 shown in FIGS. 1 and 2 with
      the exception that the guide members 70 and 72 replace the pivot means 34
      and 36 and their associated shafts 38, 38a, respectively.
PAR  In order to further define the path of movement of the disks 30a and 32a,
      stop means 74 and 76 which may take the form of metal or plastic strips,
      are connected to the cover plate 18 and are disposed above and to either
      side of the aperture 22 in the cover plate 18 in a manner such that they
      prevent undesirable movement of the disks 30a and 32a after such disks are
      raised away from the aperture 22. It will now be appreciated that the
      guide members 70 and 72 in conjunction with the stop members 74 and 76
      define a path of travel for the disks 30a and 32a as they are moved into
      overlapping relationship and out of overlapping relationship with each
      other.
PAR  Referring now to FIGS. 5 and 6, there is shown still another embodiment of
      the multiple plate valve of the invention which is identified generally by
      the numeral 10". The valve 10" is mounted in a conduit 12 which includes
      conduit portions 14 and 16 as described above in conjunction with FIGS. 1
      to 4. The valve 10" includes outer cover plates 18 and 20, only cover
      plate 18 being shown in FIG. 5. Cover plate 18 includes aperture 22 which
      is in alignment with the interior of conduit 14 and cover plate 20
      includes aperture 24 which is in alignment with aperture 22 in cover plate
      18.
PAR  Disposed within the internal chamber 28 are closure members 30b and 32b
      which as illustrated take the form of a pair of circular disks or plates.
      The path of travel for the disks 30 and 32 within the cover plates 18 and
      20 is defined by a first pair of upper and lower track members 80 and 82,
      respectively, which may take the form of a pair of ridges or grooves
      disposed in at least one of the cover plates 18 and 20; the track members
      80 and 82 define a path of travel for the disk 30b toward or away from
      disk 32b and the aperture 22. In addition, upper and lower track members
      84 and 86, respectively, which also may take the form of a pair of ridges
      or grooves disposed in at least one of the cover plates 18 or 20, define a
      path of travel for the disk 32b toward or away from the disk 30b and the
      aperture 22. In FIG. 6, only the upper track members 80 and 84 are shown
      for purposes of drawing clarity.
PAR  As will now be appreciated, the disks 30b and 32b adapted to be moved
      within the track members 80 and 82, and 84 and 86, respectively, into
      overlapping relationship with each other so as to close off the aperture
      22 in the cover plate 18. In addition, disks 30b and 32b are adapted to
      move from such overlapping position away from each other between the
      abovementioned track members so as to clear the aperture 22 to open the
      valve 10". In a preferred embodiment, the disks 30b and 32b will include
      slightly flattened peripheries 31a, 31b, respectively, which flatterned
      peripheries contact track member 82, 86 when the valve is in its open
      position. Thus, the flattened peripheries 31a, 31b facilitate movement of
      the disks toward each other.
PAR  The means employed for effecting movement of the disks 30b and 32b are
      shown in FIGS. 5 and 6 and include U-shaped member 88 (adapted to ride
      between guides or ridges 88a and 88b connected to cover plate 18) which
      includes horizontal leg 90 and vertical legs 92 and 94. The vertical legs
      92, 94 include slots 92a, 94a which are adapted to engage pins 96 and 98
      which are eccentrically mounted to portions of disks 30b and 32b which are
      disposed near the sides of the disks 30b, 32b, away from the aperture 22,
      as shown.
PAR  In order to close the aperture 22 to flow of materials therethrough, the
      U-shaped member 88 is moved downwardly towards the aperture 22 thereby
      causing disks 30b and 32b to move toward each other along the track
      members 80, 82, and 84, 86, and into overlapping position over the
      aperture 22. Such a downward force may be applied to the U-shaped member
      88 through means similar to that employed in the embodiments shown in
      FIGS. 1 to 4, such as through elongated member 58 including opening 58a
      through which elongated member 60 passes. The member 60 is pivotally
      connected via rod 63 to the cover plate 20 and passes through opening 65
      in the cover plate 20 and terminates in a handle portion 66 which is
      disposed externally of the cover plates 18, 20, as shown. A downward force
      is applied to the U-shaped member 88 by lifting handle portion 66 so that
      the end 61 pivots downwardly thereby causing member 60 and U-shaped member
      88 to move downwardly causing the disks 30b and 32b to move downwardly
      into their closed position over the aperture 22 in cover plate 18. It will
      be apparent to one skilled in the art that the disks 30b and 32b can be
      moved into their open position by merely applying a downward force to the
      handle portion 66 of member 60.
PAR  As in the case ofothe valve embodiments 10 and 10' shown in the previous
      Figures, when the disks 30b and 32b begin to wear, the disks 30b and 32b
      can be moved into their closed position (that is overlapping position) by
      merely applying a larger upward force to the handle portion 66, greater
      than originally applied to move the disks into their closed position when
      such disks are in an unworn condition. In this manner, the disks 30b and
      32b are made to move a greater distance downwardly alogn the
      aforementioned track members, so that unworn portions thereof will overlap
      to continue to close off the aperture 22.
PAR  It will also be appreciated that in the valve embodiments 10, 10' and 10"
      shown in FIGS. 1 to 6, the elongated member 60 may extend completely
      across the cover plates 18 and 20 so that portions of the elongated member
      60 extend externally with respect to the cover plate 20 on either side
      thereof. In such embodiment, the pivot 63 is no longer necessary and
      another slot 65 will be provided on the other side of the cover plate 20.
      The elongated member 60 would in such embodiment be adapted to be raised
      or lowered along such slots thereby raising or lowering the U-shaped
      member 44 or 88 which in turn causes corresponding movement of the disks
      30 and 32 as desired.
PAR  Referring now to FIGS. 7 and 8, there is shown yet another embodiment of a
      multiple plate valve in accordance with the present invention which is
      identified generally the numeral 10'". The valve 10"' is mounted in
      conduit 12 as described hereinbefore with respect to the valve embodiments
      shown in FIGS. 1 to 6 and includes outer cover plates 18 and 20 which
      cover plates include aligned apertures 22 and 24, respectively.
PAR  Closure members in the form of disks 30c and 32c eccentrically and
      pivotally mounted on cover plate 18 by means of pivot mounting means 34
      and 36, respectively, which, as shown, generally comprise shafts 38 and
      38a, respectively, which pass through off-centered bores in the disks 30c
      and 32c, respectively. As in the case of the valve 10 embodiment shown in
      FIGS. 1 and 2, the disks 30c and 32c are adapted to be pivotally moved
      about shafts 38 and 38a, respectively, from the position shown in FIGS. 7
      and 8 into overlapping relationship with each other so as to close off the
      aperture 22 in the cover plate 18. In addition, disks 30c and 32c are
      adapted to be moved from such overlapping position away from each other so
      as to clear the aperture 22. The means for effecting the movement of the
      disks 30c and 32c are shown in FIGS. 7 and 8 and include first and second
      leg portions 100, 102, one end portion of each being pivotally connected
      to cross members 104 and 106, by means of pivot pins 108 and 110,
      respectively. The other end portions of the first and second legs 100 and
      102 are connected to pivot pins 109 and 111 which are eccentrically
      mounted on disks 30c and 32c respectively, as shown. The cross members 104
      and 106 are connected to member 58 which in turn is connected to elongated
      member 60 which is pivotally mounted via pivot pin 112 to cover plate 20,
      as shown in FIG. 8. An end portion 114 of the member 60 extends externally
      to the cover plates and terminates in handle portion 66. Furthermore,
      guide means in the form of ridges 116 and 118 are connected to the cover
      plate 18 and provide a path of travel for the member 58 as it moves
      upwardly or downwardly.
PAR  When it is desired to move the disks 30c and 32c from their open,
      non-overlapping position to their overlapping position, the handle portion
      66 is moved upwardly thereby causing the elongated member 60 to pivot
      about pivot 112a thereby causing member 58 to move downwardly which in
      turn causes cross members 104 and 106 to move downwardly thereby causing
      disks 30c and 32c to move downwardly and pivot on pivots 34, 36,
      respectively, and move into overlapping relationship with each other over
      the aperture 22. It will be apparent to one skilled in the art that the
      disks 30c and 32c can be moved into their open position by merely applying
      a downward force to the handle portion 66 of member 60. Again, as in the
      case of the previous valve embodiments, when the disks 30c and 32c begin
      to wear, unworn portions of the such disks may be oved into overlapping
      relationship with each other by merely applying a greater upward force on
      the handle 66 which causes the disks 30c and 32c to move toward the
      aperture 22 so that fresh unworn portions of such disks are maintained in
      overlapping relationship with each other.
PAR  Referring now to FIGS. 9, 10, 10A and 10B, there is shown another
      embodiment of the multiple plate valve of the invention which is
      identified generally by the numeral 10.sup.IV which includes outer cover
      members or plates 18 and 20, cover plate 18 including aperture 22 which is
      in alignment with the interior of conduit 14 and cover plate 20 including
      aperture 24 which is in alignment with aperture 22.
PAR  Disposed within internal chamber 28 are closure members 30d and 32d which
      are adapted to be held between the cover plates 18 and 20 in a manner such
      that they can be moved into overlapping relationship with each other over
      the aperture 22 so as to close off the same. The plates 30d and 32d are
      adapted to move toward or away from each other between and along the upper
      track member 119 and the lower track member 121, as shown. The upper and
      lower track members 119 and 121 comprise ridges or grooves disposed in the
      cover plate 18, which ridges or grooves define a substantially straight
      path angled downwardly, preferably at an angle to the horizontal of within
      the range of from about 10.degree. to about 40.degree. and preferably
      within the range of from about 15.degree. to about 30.degree. . The means
      employed for effecting movement of the plates 30d and 32d comprise a first
      leg member 123 which is pivotally mounted to an off-centered portion of
      the plate 30d by means of pivot mounting means 125 which takes the form of
      shaft 127. A second leg 129 is pivotally connected to the plate 32d an
      off-centered portion, as shown, by means of pivot mounting means 131 which
      includes shaft 131a. The other ends of the first and second leg portions
      123, 129, respectively, are pivotally connected by means of pivot pins
      133, 135 to cross member 137, as shown in FIG. 9. In a preferred
      embodiment, the leg member 123 will be slightly biased toward opening 22,
      while the leg member 129 will be slightly biased away from opening 22, as
      shown.
PAR  It will now be appreciated that the plates 30d and 32d are adapted to be
      moved between and along the track members 119 and 121 into overlapping
      relationship with each other so as to close off the aperture 22 in the
      cover plate 18. This is accomplished by rotating or pivoting the cross
      member 137 at pivot 139, as shown in FIG. 9 and FIG. 10A so that the
      second leg portion 129 pivots toward the aperture 22 and the first leg
      portion 123 pivots toward the aperture 22, which leg portions in turn
      carry the plates 30d and 32d into overlapping relationship over the
      aperture 22.
PAR  Pivoting of the cross member 137 about the pivot 139 is effected as
      follows. The cross member 137 is rotatably connected by means of shaft 228
      to the cover plate 18 as shown. Thus, rotation of the shaft 228 will cause
      pivotal movement of the cross member 137 thereon, which, in turn, will
      cause the pivotal movement of the first and second leg portions 123, 129
      and the plates 30d and 32d, respectively, as described above. The means
      employed for pivoting or rotating the shaft 228 comprises gear means 230
      (best shown in FIG. 10B) disposed at the end of the shaft 228 away from
      cover plate 18 which is adapted to mesh with gear 232 disposed in gear
      holding box 233 and connected to rod 234 which terminates in handle 236;
      thus rotation of the handle 236 and shaft 234 will cause rotation of the
      gear 232 which in turn causes rotation of the gear 230 and shaft 228
      thereby causing the cross member 137 to pivot or rotate clockwise or
      counter-clockwise depending upon the direction of rotation.
PAR  As in the case of the previous embodiments described above, as the plates
      30d and 32d begin to wear as shown in FIG. 1A, the plates 30d and 32d may
      be moved into greater overlapping relationship with each other so that
      unworn portions of these plates can be employed in conjunction with each
      other to overlap and close off the aperture 22.
PAR  Referring now to FIGS. 11, 12, 13 and 13A, there is shown yet another
      embodiment of the multiple plate valve of the invention which is
      identified generally by the numeral 10.sup.V which includes outer cover
      members or plates 18 and 20. As in the previous embodiment, cover plate 18
      includes aperture 22 which is in alignment with the interior of conduit 14
      and cover plate 20 includes aperture 24 which is in alignment with
      aperture 22.
PAR  Disposed within internal chamber 28 are closure members 30' and 32' which
      are adapted to be held between the cover plates 18 and 20 in a manner such
      that they can be moved into overlapping relationship with each other over
      the aperture 22 in the cover plate 18 so as to close off such aperture.
      The plates 30' and 32' are adapted to move toward or away from each other
      between and along the upper track member 120 and the lower track member
      122, as shown. The upper and lower track members comprise ridges or
      grooves disposed in the cover plate 18, which ridges or grooves define an
      arcuate or curved path. The means employed for effecting movement of the
      plates 30' and 32' comprise gear teeth 124 disposed on plage 30' which
      gear teeth extend from end to end of the plate 30' and extend beyond the
      plate 30' along extension 128; gear teeth 126 of plate 32' extend from end
      to end thereof and extend beyond the plate 32' along the extension 130.
      The gear teeth 124 and 126 of plates 30' and 32' , respectively, which
      define a slightly arcuate or curved path corresponding to the upper and
      lower track members 120, 122, are adapted to engage the gear 132, as
      shown, so that the plates 30' and 32' can be made to move along the gear
      132 toward or away from each other depending upon the direction of
      rotation of the gear 132. Thus, where it is required to open the valve
      10.sub.V, the gear 132 can be rotated in a first desired direction thereby
      causing the plates 30' and 32' to ride along the gear 132 and move in
      opposite directions away from each other so as to open the valve. However,
      where it is desired to close the valve, the gear 132 can be made to rotate
      in the opposite direction thereby causing movement of the plates 30' and
      32' toward each other until they overlap and close off the aperture 22 in
      the cover plate 18 and thereby close the valve 10.sup.V.
PAR  Rotation of the gear 132 can be effected by means of shaft 134 which is
      connected to gear 132 and preferably extends from the gear 132 to cover
      plate 20, as shown. Rotation of the shaft 134 can be effected from outside
      of the valve 10.sup.V as follows. In a preferred embodiment of the
      invention, the shaft 134 includes a gear 136 disposed in gear holding box
      138. The gear 136 meshes with gear 140 (best shown in FIG. 13A), gear 140
      being connected to rod 142 which extends through a slot 144 in the cover
      plate 20 and terminates in handle portion 146, as shown in FIGS. 13 and
      13A. Rotation of handle 146 and rod 142 causes rotation of the gear 140
      which in turn causes rotation of the gear 136, shaft 134 and gear 130,
      which in turn causes movement of the plates 30' and 32'.
PAR  As in the case of the previous embodiments described above, as the plates
      30' and 32' begin to wear as shown in FIG. 12, the plates 30' and 32' may
      be moved into greater overlapping relation with each other so that unworn
      portions of these plates can be employed in conjunction with each other to
      overlap and close off the aperture 22.
PAR  In the event that one plate, for example, plate 30', wears more than the
      other plate 32', then, in such case, the position of the plates 30' and
      32' may be adjusted from side to side in one coarse adjustment by merely
      pulling handle 146 and rod 142 outwardly away from the cover plate 20
      thereby causing the plates 30' and 32' to move to the right as shown in
      FIG. 13. In this way, the plate 30' will be moved closer to the aperture
      22 so that unworn portions thereof may be employed in conjunction with
      unworn portions of the plate 32' to close off the aperture 22, as
      described above. Alternatively, the handle 146 and rod 142 connected
      thereto may be pushed toward the cover plate 20 thereby causing the plates
      30' and 32' to move to the left as shown in FIG. 13 so that the cover
      plate 32 will be disposed closer to the aperture 22 and unworn portions of
      the cover plate 32' can be employed in conjunction with unworn portions of
      plate 30' to close off the aperture 22 as described above. During the left
      to right or vice versa movement of the plates 30' and 32' by means of the
      coarse adjustment described above, the end portion 148 of the rod 134 will
      move but remain between shoulders 150 and 152 disposed on the cover plate
      20, as shown, so that the position of the plates 30' and 32' and the gear
      132 during the coarse adjustment described above is easily controlled.
      Furthermore, the gear 132 will preferably be beveled as shown in FIG. 13A
      so that during the side-to-side coarse adjustment, it will remain in
      contact with the gear teeth 124, 126 of the plates 30' and 32'.
PAR  Referring now to FIGS. 14 and 15, there is illustrated another embodiment
      of the multiple plate valve in accordance with the present invention
      identified generally by the numeral 10.sup.VI. As in the case of the
      previous valve embodiments described above, the valve 10.sup.VI is adapted
      to be mounted in a conduit 12, which conduit 12 includes portions 14 and
      16 as shown in FIG. 15. The valve 10.sup.VI includes outer cover plates 18
      and 20, cover plate 18 including an aperture 22 and cover plate 20
      including an aperture 24, which apertures are in alignment with each
      other. Closure members in the form of circular disks 30" and 32" are
      disposed in the internal chamber 28. The valve 10.sup.VI includes means
      associated with each of the disks 30" and 32" for defining a path of
      travel for such disks toward or away from each other, which means
      comprises plate gears 200 and 202 eccentrically mounted on the plates 30"
      and 32", respectively, by means of pivot pins 204 and 206, respectively,
      which pivot pins also connect plates 30" and 32" to the cover plate 18 as
      shown. Main drive gear 208 engages auxiliary gears 210 and 212 which are
      rotatably mounted via shafts 209 and 211, respectively, to cover plate 18,
      as shown; the auxiliary gears 210 and 212 engages the plate gears 200 and
      202, respectively. Thus, where it is required to open the valve 10.sup.VI,
      the main drive gear 208 can be rotated in a first desired direction
      thereby causing the auxiliary gears 210, 212 to rotate which in turn
      causes rotation of the plate gears 200 and 202 thereby causing plates 30"
      and 32" to move away from each other so as to open the valve. However,
      where it is desired to close the valve, the main drive gear 208 can be
      made to rotate in the opposite direction thereby causing opposite rotation
      of the auxiliary gears 210 and 212 and opposite rotation of the plate
      gears 200 and 202. The result is that the plates 30" and 32" are made to
      move toward each other into overlapping relationship and close off the
      aperture 22 in the cover plate 18 and thereby close the valve.
PAR  Rotation of the main drive gear 208 can be effected in the manner similar
      to that shown in FIGS. 13 and 13A wherein shaft 134 includes gear means
      136 which engages the gear means 140 connected to rod 142. Rotation of the
      rod 142 causes rotation of the gear 140 which in turn causes rotation of
      the gear 136 thereby causing rotation of the shaft 134 and the main drive
      gear 208.
PAR  As in the case of the previously described valve embodiments of the
      invention, as the plates 30" and 32" begin to wear, the plates 30" and 32"
      may be moved into greater overlapping relationship with each other, so
      that unworn portions of these plates can be employed in conjunction with
      each other to overlap and close off the aperture 22.
PAR  Referring now to FIGS. 16 and 17 there is illustrated another embodiment of
      a valve in accordance with the present invention which is identified
      generally by the numeral 10a. As in the previous valve embodiments
      discussed above, the valve 10a is adapted to be mounted in a conduit 12,
      which conduit includes portions 14 and 16, shown in FIG. 17. The valve 10a
      includes cover plates 18 and 20, cover plate 18 including aperture 22 and
      cover plate 20 including aperture 24, which apertures are in alignment
      with each other.
PAR  The valve 10a shown in FIGS. 16 and 17 basically differs from the valves
      shown in the Figures described above in that valve 10a includes closure
      members 30e and 32e only one of which closure members functions to close
      off the aperture 22 at a given point in time, whereas in the previous
      valve embodiment, two closure members function in conjunction with one
      another to present overlapping portions of such closure members to close
      off the aperture 22.
PAR  The closure members 30e and 32e are disposed in internal chamber 28 of the
      valve 10a and are connected to vertical legs 216, 218 of U-shaped member
      220 by means of pins 222 and 224, respectively. The horizontal leg 226 of
      the U-shaped member 220 is rotatably connected by means of shaft 228 to
      the cover plate 18 as shown. It will now be appreciated that rotation of
      the U-shaped member 220 about the shaft 228 will cause either plate 30e or
      plate 32e to move over the aperture 22 to close off the valve 10a or away
      from the aperture 22 to open the valve 10a.
PAR  The means employed for rotating the U-shaped member 220 comprises gear
      means 230 (best shown in FIG. 17) disposed at the end of the shaft 228
      away from the cover plate 18 which is adapted to mesh with gear 232
      disposed in holding box 233 and connected to rod 234 which terminates in
      handle 236. Thus, rotation of the handle 236 and shaft 234 will cause
      rotation of the gear 232 which in turn causes rotation of the gear 230 and
      shaft 228 thereby causing the U-shaped member 220 to rotate clockwise or
      counter-clockwise depending upon the direction of rotation. In this
      manner, one of the plates 30e and 32e may be moved over the aperture 22 to
      close off the same while the other plate is moved away from such aperture.
      When it is desired to open the valve 10a and aperture 22, the handle 236
      and shaft 234 are rotated in the opposite direction thereby causing the
      plates 30d and 32d to move to the position shown in FIG. 16.
PAR  It will be appreciated that with the embodiment shown in FIGS. 16 and 17,
      only one of the plates 30e and 32 e is used at any one time to close off
      the aperture 22 in the cover plate 18. Thus, when one of the plates 30e
      and 32e begins to wear, as shown, for example in FIG. 1A, then such plate
      may be moved so that unworn portions thereof continue to close off the
      aperture 22. However, when such plate has completely worn so that it is no
      longer of use, the other plate may be employed to close off the aperture
      22, as described above.
PAR  Referring now to FIGS. 18, 18A, 19 and 20, there is shown another
      embodiment of the multiple plate valve of the present invention wherein
      the numeral 400 generally designates such valve. As shown, the valve 400
      includes a cover plate 18a and a cover plate 20a, (the latter cover plate
      being shown only in FIG. 18A) which cover plates are held together by
      means of conventional connecting means such as bolts 402 and 404 as shown
      in FIG. 18A. The closure members employed in the valve 400 comprises
      plates 406 and 408 (disposed between cover plates 18a, 20a) which include
      gear 410 and gear 412, respectively, such gears being fixedly mounted to
      each of the plates 406 and 408 by conventional means, such as screws or
      bolts (not shown for purposes of drawing clarity). The gear teeth of each
      of the gears 410 and 412 are adapted to engage main gear 414 which is
      fixedly mounted to shaft 415, the ends of shaft 415 extending through and
      externally of cover plates 18a, 20a as shown in FIG. 18A. It will thus be
      appreciated that rotation of gear 414, as described below, allows movement
      of the closure members or plates 406 and 408 with respect to each other to
      open and close off the opening 416 in the cover plate 18a and the opening
      416a in the cover plate 20a.
PAR  The closure members or plates 406, 408, are designed so that they each
      include two elongated working areas, I, II and I', II', respectively.
      Thus, when one working area of each of the plates 406, 408 wear out, (for
      example areas I, I'), the plates 406, 408 are designed to be rotated about
      each other by means of gear 414 so that the other working areas of each of
      the plates 406, 608 (areas II, II') can be employed.
PAR  The closure members or plates 406 and 408 are maintained in constant
      contact with main gear 414 through the aid of one or more of the biasing
      members 418, 420 and 422, 424. The biasing members 418 and 420 each
      include a contact or base member 426 (adapted to bear against plate 406 or
      plate 408) connected to one end of a spring (or other bias means) 428, the
      other end of spring 428 being connected to a portion of cover plate 18a as
      shown in FIG. 18A; the biasing members 422 and 424 each include a contact
      or base member 430 (adapted to bear against plate 408 or plate 406)
      connected to one end of a spring (or other bias means) 432, the other end
      of spring 432 being connected to a portion of cover plate 20a as shown in
      FIG. 18A.
PAR  As seen best in FIG. 19, the closure member or plate 406 is preferably of
      rectangular shape (but may be comprised of other shapes, such as circular
      shape as will be apparent to one skilled in the art) and includes the
      elongated gear 410 disposed intermediate and preferably substantially
      equidistant between the sides 434, 436 and ends 438, 440 thereof. Disposed
      below gear 410 is a first elongated slot 442, which begins at end 438 and
      terminates short of end 440, and is adapted to engage shaft 415 of main
      gear 414 when the plate 406 is in the position shown in FIG. 18. A second
      elongated slot 444, which begins at end 438 and terminates short of end
      440, is adapted to engage shaft 415 of main gear 414 when the plate 406 is
      in the position shown in FIG. 20.
PAR  Closure member or plate 408 includes elongated gear 412 intermediate and
      preferably substantially equidistant between the sides 443 and 445 thereof
      and further includes similar first and second elongated slots 446 and 448,
      respectively, disposed above and below the elongated gear 412 and
      beginning at end 450 and stopping short of end 452. The elongated slot 446
      is adapted to engage shaft 415 of main gear 414 when plate 408 is in the
      position shown in FIG. 18, while the elongated slot 448 is adapted to
      engage shaft 415 of main gear 414 when plate 408 is in the position shown
      in FIG. 20.
PAR  As shown in FIG. 18, closure member or plate 406 includes an opening A
      disposed between elongated gear 410 and elongated slot 442, (in working
      area I) which opening may be moved into and out of alignment with the
      openings 416 and 416a in cover plates 18a and 20a, respectively, by
      movement of plate 406 toward or away from main gear 414. Furthermore,
      closure member or plate 408 includes a notched portion A' (in a portion of
      working area I') disposed at end 452 thereof which notched portion is
      adapted to be moved into and out of alignment with openings 416 and 416a
      of cover plates 18a and 20a, respectively, by movement of plate 408. Thus,
      plate 408 with notch portion A' works in conjunction with plate 406 and
      opening A thereof to open or continue to close off the openings 416 and
      416a, even after such plates begin to wear about the opening A and notched
      portion A'.
PAR  In operation, the valve 400 may be moved from its open position into its
      closed position by merely rotating shaft 415 and thus rotating main gear
      414 to cause the plates 406 and 408 to be moved toward each other into
      overlapping position so that the opening A and notch portion A' are out of
      alignment with openings 416 and 416a of cover plates 18a and 20a,
      respectively. After the plates 406 and 408 are repeatedly moved between
      open and closed positions, abrasive or corrosive materials passing through
      the opening A and notch portion A' will cause the working areas I and I'
      of plates 406 and 408 to wear about such portions. Thus, after such wear,
      in order to be able to continue to close the valve 400, it will be
      necessary to move to the plates 406, 408 into increasing overlapping
      relation until the worn portions (Ax on plate 406 and A'x on plate 408)
      become so large that the plates eventually pass out of overlapping
      relation with each other as shown in FIG. 19. When this occurs, continued
      rotation of main gear 414 will cause the plates 406 and 408 to move from
      the position shown in FIG. 19 into the position shown in FIG. 20 so that
      new unworn working areas (II and II') will be disposed over the openings
      416, 416a in the cover plates. Thus, in plate 408, the working area (II')
      below gear 412 which includes opening B' and in plate 406, the working
      area (II) above the gear 410 including notched portion B can now cooperate
      with each other to open or close off the openings 416, 416a. Again, as
      portions of the plates 406, 408 wear about opening B' and notch portion B,
      the plates 406, 408 may be moved via main gear 414 into greater
      overlapping relation with each other so that such plates may continue to
      open or to close off the valve.
PAR  The main gear 414 may be rotated from externally of the cover plates 18a
      and 20a by means of a conventional gear arrangement as described with
      respect to the valve embodiment shown in FIGS. 24 through 27. In such
      embodiment, the elongated slots 442 and 444 of plates 406 and the
      elongated slots 446 and 448 of plate 408 may be eliminated.
PAR  Yet another embodiment of the multiple plate valve of the invention is
      shown in FIGS. 21, 21A, 22, 22 A and 23 which is identified generally by
      the numeral 500. As shown, the valve 500 includes a cover plate 18a having
      guide or ridge 501 on an inside surface thereof and a cover plate 20a
      (cover plate 20a being shown only in FIG. 21A) having guide or ridge 503
      on an inside surface thereof, which plates are secured to each other by
      means of bolts or screws 502 and 504 as shown in FIG. 21A. Disposed
      between the cover plates 18a, 20a are closure members or plates 506 and
      508 which include a row of gear teeth 510 and 512, respectively, fixedly
      mounted thereto by conventional securing means. The gear teeth 510, 512
      are adapted to engage main gear 514 which is fixedly mounted to shaft 515
      the ends of which extend through and externally of cover plates 18a, 20a
      as shown in FIG. 21A. It will now be appreciated that as with respect to
      valve embodiment 400, the rotation of main gear 514 as described below
      allows movement of the closure members or plates 506, 508 with respect to
      each other to open and close off the opening 516 in cover plate 18a and
      the opening 516a in cover plate 18a.
PAR  As in the valve embodiment 400 of FIGS. 18 to 20, in the valve 500, the
      closure members or plates 506, 508 are designed so that they each include
      two elongated working areas I, II and I', II', respectively. Thus, as will
      be described in detail hereinafter, when one working area of each of the
      plates 506, 508 wear out (for example areas I and I'), the plates 506, 508
      are designed to be rotated as a unit by means of gear 514 and with the
      assistance of guides or ridges 501 and 503 in cover plates 18a and 20a,
      respectively.
PAR  As shown in FIG. 21, the closure member or plate 506 is preferably larger
      than closure member or plate 508 and (the plate 506) includes the row of
      gear teeth 510 intermediate the sides 518, 520 thereof and extending from
      end 522 to end 524 thereof. An elongated slot 526 begins at end 524 and
      extends along the plate 506 terminating short of the end 522 and engages
      shaft 515 of gear 514. The first working area I of plate 506 is partially
      defined by opening A therein and extends from opening A between the row of
      gear teeth 510 and the elongated slot 526, while the second working area
      II thereof is partially defined by opening B and extends below and along
      the elongated slot 526 as shown in FIG. 21.
PAR  The closure member or plate 508 includes the row of gear teeth 512
      extending between sides 528, 530 and from ends 532 to end 534 thereof.
      Disposed between side 528 and the row of gear teeth 512 is elongated slot
      536 which extends from end 532 along the plate 508 and terminates short of
      end 534 thereof. As seen in FIG. 21, the first working area I' of plate
      508 begins at notched portion A' in end 532 and extends between and along
      side 528 and elongated slot 536, while the second working area II' begins
      at notched portion B' and extends along and between gear teeth 512 and
      elongated slot 536. Thus, it will now be appreciated that when the plates
      506, 508 are disposed so that the gear teeth 510, 512 thereof engage main
      gear 514 the shaft 515 extends through the elongated slots 526, 536 and
      through the cover plates 18a, 20a so that the shaft 515 may be rotated
      externally of such cover plates, while rotation of gear 514 will cause the
      plates 506, 508 to move towards or away from each other so that the
      working areas I, I' move into overlapping or non-overlapping relation to
      open or close off the openings 516, 516a of cover plates 18a, 20a
      depending on the direction of rotation.
PAR  The gear teeth 510, 512 of plates 506, 508, respectively, are maintained in
      constant contact with main gear 514 through the use of biasing members
      538, 540 and biasing members 570, 572. The biasing members 538, 540 each
      include a contact or base member 542, 544, respectively, connected to one
      end of a spring (or other bias means) 546, 548, respectively. The other
      end of spring 546 is connected to a portion of cover plate 18a, while the
      other end of spring 548 is connected to a portion of cover plate 20a. The
      biasing member 570 comprises a spring 574 one end of which is connected to
      a portion of plate 506 and the other end of which is connected to carriage
      576 which is engaged in and adapted to ride on and along ridge or groove
      503. The biasing member 572 comprises a spring 578 one end of which is
      connected to a portion of plate 508 and the other end of which is
      connected to carriage 580 which is engaged in and adapted to ride on and
      along ridge or groove 501.
PAR  In operation, the valve 500 may be moved from its open position into its
      closed position by merely rotating shaft 515 and thus rotating main gear
      514 to cause the plates 506 and 508 to move towards each other into
      overlapping position so that opening A and notched portion A' are out of
      alignment with openings 516 and 516a of cover plates 18a and 20a,
      respectively. After the plates 506 and 508 are subjected to repeated
      movement between open and closed positions, abrasive or corrosive
      materials passing through the opening A and notched portion A' will cause
      the working areas I, I' of plates 506, 508, respectively, to wear about
      such portions to form worn portions Ax and A'x shown in FIG. 22. Thus, as
      in the case of the valve 400 of FIGS. 18-21, in order to continue to be
      able to close the valve 500, it will be necessary to move plates 506, 508
      into increasing overlapping relation until the worn portions (Ax on plate
      506 and A'x on plate 508) become so large that the plates eventually have
      to be moved to the positions shown in FIG. 22. As shown in FIG. 22, the
      working areas I and I' are now substantially worn. Accordingly, in order
      to reposition the plates 506, 508 so that the second working areas II and
      II' may be employed to close off the openings 516, 516a of valve 500, the
      main gear 514 is simply rotated clockwise thereby causing the plates 506,
      508, which engage ridges or grooves 503, 501 via biased carriages 576 and
      580, respectively, to rotate clockwise as a unit as shown by the phantom
      lines in FIG. 22A until they assume the position shown in FIG. 23. As
      shown in FIG. 23, the working areas II and II' of plates 506 and 508,
      respectively, are now in position to cooperate to open or close off the
      openings 516, 516a of valve 500.
PAR  In order to ensure that the biasing members 538, 540 will not block the
      movement of plates 506, 508 as they are rotated as shown in FIG. 22A, the
      plates 506, 508 may be tapered from front to rear (in the manner of an
      airplane wing) and the ends of the base members 542, 544 disposed near the
      ridges or grooves 501, 503 may be connected via springs to the outer
      plates 18a and/or 20a. Thus, when the plates 506, 508 are rotated and
      contact the base members 542, 544 of the biasing means 538, 540, the base
      members 542, 544 will retract and move out of the path of the plates 506,
      508 and the plates 506, 508 will slide by the same. When the plates 506,
      508 have moved to a horizontal position, the base members 542, 544 will
      move (due to spring tension) to the position shown in FIG. 22.
PAR  If desired, when the plates 506, 508 have been rotated to assume the
      position shown in FIG. 23, biasing members 538, 540 may be repositioned as
      shown in FIG. 23 so that biasing member 538 now exerts pressure on side
      530 of plate 508 and biasing member 540 exerts pressure on side 518 of
      plate 506 to ensure that the gear teeth of plates 506, 508 will remain in
      engagement with main gear 514. This can be easily accomplished by simply
      removing cover plates 18a and 20a and repositioning such biasing members.
PAR  It will also be appreciated that the main gear 514 may be rotated
      externally of the cover plates 18a, 20a by means of a conventional gear
      arrangement as described with respect to the valve embodiment shown in
      FIGS. 24 to 27. In such embodiment, the elongated slots 526, 536 may be
      eliminated.
PAR  Another embodiment of the multiple plate valve of the present invention is
      shown in FIGS. 24 to 27 wherein the numeral 600 generally designates such
      valve. As shown, a cover plate 18a includes ridge or guide 602, the
      purposes of which will become apparent later. The other cover plate 20a
      (shown in FIG. 27A only) which is connected to cover plate 18a by means of
      bolts or screws as described with respect to valves 400 and 500, includes
      ridge or groove indicated by phantom lines 604. The closure members
      employed in the embodiment of FIGS. 24 to 27 comprise plates 606 and 608
      which include elongated gears 610 and 612, respectively, connected thereto
      by conventional securing means. The gear teeth of each of the gears 610,
      612 are adapted to engage main gear 614 which allows movement of the
      closure members with respect to each other to open and close off the
      openings 616 and 616a in cover plates 18a, and 20a respectively, or the
      openings 617 and 617a in cover plates 18a and 20a, respectively in a
      manner as described hereinbefore with respect to FIGS. 18 to 23.
PAR  The closure members 606 and 608 are designed so that they each include two
      elongated working areas, I, II, and I', II", respectively, Thus, when one
      working area of each of the closure members 606 and 608 wear out, (for
      example areas I and I' adapted to close openings 616, 616a) the closure
      members are designed to be moved about each other, as shown in FIGS. 26
      and 27 and substantially turned around to reverse their positions so that
      the other working areas (II, II') of each of the closure members (areas II
      and II') can be employed to close off the openings 617, 617a during which
      time the openings 616, 616a will be kept closed as described hereinafter.
PAR  As will be apparent, the same main gear 614 is adapted to be employed for
      movement of the closure members 606 and 608 wherein the first working
      areas of each of said members are employed and also wherein the second
      working areas are employed that is after the first working areas are worn.
PAR  The elongated gears 610, 612 of closure members or plates 606, 608,
      respectively, are maintained in constant contact with main gear 614
      through the use of biasing members 638, 640 and biasing members 670, 672.
      The biasing members 638, 640 each include a contact or base member 642,
      644, respectively, connected to one end of a spring (or other bias means)
      646, 648, respectively. The other end of spring 646 is connected to a
      portion of cover plate 18a, while the other end of spring 648 is connected
      to a portion of cover plate 20a.
PAR  The biasing member 670 comprises a spring 674 one end of which is connected
      to a portion of plate 606 and the other end of which is connected to
      carriage 676 which is engaged in and adapted to ride on and along ridge or
      groove 602. The biasing member 672 comprises a spring 678 one end of which
      is connected to a portion of plate 608 and the other end of which is
      connected to carriage 680 which is engaged in and adapted to ride on and
      along ridge or groove 604.
PAR  In operation, the valve 600 may be moved from its open position into its
      closed position as shown in FIG. 24 by rotating main gear 614 to cause the
      plates 606 and 608 to move towards each other into overlapping position so
      that opening A of plate 606 and notched portion A' of plate 608 are out of
      alignment with openings 616 and 616a of cover plates 18a and 20a,
      respectively. After the plates 606 and 608 are subjected to repeated
      movement between open and closed positions, abrasive or corrosive
      materials passing through the opening A and notched portion A' will cause
      the working areas I and I' of plates 606 and 608, respectively, to wear
      about such portions such as shown by worn portions Ax and A'x in FIG. 25.
      Thus, as in the case of valves 400 and 500, in order to continue to be
      able to close the valve 600, it will be necessary to move plates 606, 608
      into increasing overlapping relation until the worn portions become so
      large that working areas I and I' can no longer close the valve as shown
      in FIG. 25. Accordingly, in order to reposition the plates 606 and 608 so
      that the second working areas II and II' may be employed to close off the
      openings 617, 617a in cover plates 18a, 20a, respectively, (during which
      time openings 616, 616a are maintained in a closed disposition), the main
      gear 614 is simply rotated clockwise thereby causing the plates 606, 608
      which engage ridges or grooves 602, 604, respectively, via biased
      carriages 676, 680 respectively, to rotate or revolve about each other as
      shown in FIG. 26 until they assume the position shown in FIG. 27. As shown
      in FIG. 27, the working areas II, II' of plates 606, 608, respectively,
      via opening B and notched portion B', are now in position to cooperate to
      open or close off the openings 617, 617a of valve 600.
PAR  As indicated, when working areas I, I' of plates 606, 608, respectively,
      are functioning to open or close off openings 616, 616a in cover plates
      18a, 20a, respectively, the openings 617, 617a in cover plates 18a, 20a
      are kept closed. This may be accomplished as shown in FIG. 25A through the
      use of the Y-shaped connection indicated generally by the numeral 635. The
      leg 637 of the Y-shaped connection 635 is connected to a source of
      material to be passed through valve 600, while the leg 639 extending from
      leg 637 is connected to opening 616a and the leg 641 extending from leg
      637 is connected to opening 617a as shown in FIG. 25A. Disposed at the
      juncture of leg 637 and legs 639, 641 is a valve or flow control device
      643 which includes pivotally mounted flap 645 which may be connected to a
      knob or handle 647 which sets the position of flap 645 relative to legs
      639 and 641 depending upon whether leg 639 is to be opened or closed or
      leg 641 is to be closed or opened. Thus, where working areas I, I' of
      plates 606, 608, respectively, are to open or close off openings 616,
      616a, the flap 645 will be positioned to close off leg 641 so that flow of
      material through leg 637 must be directed into leg 639 and through opening
      616a in cover plate 20a. Moreover, where working areas II, II' of plates
      606, 608, respectively, are to open or close off openings 617, 617a, the
      flap 645 will be positioned to close off leg 639 so that flow of material
      through leg 637 must pass into leg 641 and through opening 617a in cover
      plate 20a.
PAR  The main gear 614 may be controlled and rotated from externally of valve
      600 through use of any conventional gear arrangement, one example of which
      is shown in FIGS. 25A and 25B. As shown in FIGS. 25A and 25B, main gear
      614 is rotated through gear 651 which is fixedly connected to beveled gear
      653, the gears 651, 653 being fixedly connected to common shaft 655. The
      shaft 655 is rotatably mounted in trunnions 657 and 659 which are
      connected to portions of cover plates 18a, 20a. Shaft 655 is connected to
      shaft 615 upon which main gear 614 is mounted through linking member 661
      to ensure that gear 651 is retained in constant contact with main gear
      614. The beveled gear 653 is rotated via tapered gear 663 which is
      connected to shaft 665 which extends through the cover plates externally
      of valve 600 and terminates in handle 667. Thus, rotation of handle 667
      will cause rotation of shaft 665 and gear 663 which will in turn cause
      rotation of gears 653 and 651 about shaft 655 thereby causing rotation of
      main gear 614 about shaft 615.
PAR  It will be appreciated that the shaft 615 will be retained between the
      plates 606, 608 so as to maintain the main gear 614 in a fixed position.
PAR  Although the plates 606, 608 will slide by the ends of the shaft 615, the
      shaft 615 will remain fixed since shaft 615 is maintained in a fixed
      position by means of linking member 661.
PAR  Referring now to FIGS. 28, 29 and 29A there is shown yet another valve
      embodiment of the invention represented by the numeral 700. The valve 700
      includes cover plates 18a and 20a, (cover plate 20a being shown in FIG.
      29A) which are joined to each other by conventional means such as bolts or
      screws as described with respect to valves 400 and 500. The closure
      members employed in valve 700 comprise plates 706 and 708 which include
      elongated gears 710 and 712, respectively, connected thereto by
      conventional securing means. As in valve embodiments 400 and 600, the gear
      teeth of each of the gears 710, 712 are adapted to engage main gear 714
      which allows movement of the closure members with respect to each other to
      open and close off the openings 716, 716a in cover plates 18a and 20a,
      respectively, or the openings 717, 717a in cover plates 18a, 20a,
      respectively.
PAR  The closure members 706, 708 are designed so that they can include two
      elongated working areas, I, II and I', II", respectively. Thus, when
      working areas I, I' (adapted to close off openings 716, 716a) of closure
      members 706, 708, respectively, are worn, the working areas II, II' can be
      employed to open or close off openings 717, 717a (while openings 716, 716a
      are maintained in a closed disposition).
PAR  The elongated gears 710, 712 of closure members or plates 706, 708,
      respectively, are maintained in constant contact with main gear 714
      through the use of biasing means 738, 740 for plate 706 or 708 and biasing
      means 742, 744 for plate 708 or 706. The biasing members 738, 740 each
      include a contact or base member 746, 748, respectively, connected to one
      end of a spring 750, 752 while the other end of springs 750, 752 are
      connected to a portion of cover plate 18a; the biasing members 742, 744
      each include a contact or base member 754, 756, respectively, connected to
      end of spring 758, 760, the other end of such springs being connected to a
      portion of cover plate 20a.
PAR  The closure members or plates 706, 708 include elongated slots 726, 736,
      respectively, which engage shaft 715 of main gear 714 and allow the plates
      706, 708 to move toward and away from main gear 714 without being
      obstructed thereby.
PAR  In operation, the valve 700 may be moved from open to closed positions by
      rotating main gear 715 to cause the plates 716, 708 to move towards each
      other into overlapping position so that opening A of plate 706 and notched
      portion A' of plate 708 are out of alignment with openings 716, 716a.
      After the plates 706, 708 are subjected to repeated movement between open
      and closed positions, abrasive or corrosive materials passing through
      opening A and notched portion A' will cause the working areas I and I' to
      wear such as shown by worn portions Ax and A'x in FIG. 29. Thus, as in
      previously described valve embodiments, in order to continue to be able to
      close the valve 700, it will be necessary to move plates 706, 708 into
      increasing overlapping relation until the worn portions become so large
      that working areas I, I' can no longer cooperate to close valve 700, as
      shown in FIG. 29. In such case, the openings 716, 716a may be simply
      closed off as described with respect to FIG. 25A, and as shown in FIG.
      29A, so that the second working areas II, II' including opening B' of
      plate 708 and notched portion B of plate 706 can be employed to open or
      close off openings 717, 717a in the cover plates 18a, 20a, by rotating the
      main gear 714 in the opposite direction from that when working areas I, I'
      were employed to close off openings 716, 716a.
PAR  In this embodiment, as in all of the embodiments described hereinbefore,
      the closure members are adapted for long and continued use because they
      can be repositioned with respect to the valve opening so that the unworn
      portions of these closure members can be employed in conjunction with each
      other and be moved into and out of overlapping relationship to close off
      and open the multiple plate valve of the invention.
PAR  It will also be appreciated that the conduits leading to and from the
      valves of the invention (such as conduits 14 and 16) as well as the
      apertures 22 and 24 and corresponding conduits and apertures in other
      valve embodiments may include internally and removably positionable wear
      sleeves. Thus, when the sleeves wear due to flow of abrasives
      therethrough, they may easily be replaced without the need for replacing
      the outer plates 18a or 20a and connecting conduits (or equivalent
      components in other valve embodiments of the invention).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve designed to continue to function to close off a conduit even
      after portions of the valve have worn, said valve comprising, in
      combination,
PA1  a body portion including a pair of outer cover members each having an
      aperture therein;
PA1  at least first and second closure members retained between said outer cover
      members, each of said closure members including a plurality of gear teeth
      extending substantially across each of said closure members, said gear
      teeth being adapted to engage gear means;
PA1  gear means for positioning said first and second closure members relative
      to each other and to said apertures in said outer cover plates, said gear
      means being in engagement with said gear teeth of said first and second
      closure members, so that movement of said gear means causes movement of at
      least one of said first and second closure members relative to each other
      so that said closure members may cooperate with each other to overlap over
      at least one of said apertures in said outer cover plates to close off
      said aperture, and as said first and second closure members wear, at least
      one of said closure members may be moved by said gear means so that unworn
      portions of said closure members will overlap and continue to cooperate
      with each other to close off said aperture in said outer cover members;
      and
PA1  means for maintaining said gear teeth of said closure members in engagement
      with said gear means.
NUM  2.
PAR  2. The valve as defined in claim 1 wherein said first and second closure
      members comprise first and second plates, and at least one of said outer
      cover members includes guide means defining a path of travel for said
      first and second plates while maintaining said gear teeth of said plates
      in engagement with said gear means.
NUM  3.
PAR  3. The valve as defined in claim 2 wherein said first and second plates are
      of generally circular configuration, and said guide means in said at least
      one outer cover member comprises a ridge or groove of generally curve
      configuration and said gear teeth defining a path across said first and
      second plates, said path substantially paralleling the generally curved
      configuration of said guide means.
NUM  4.
PAR  4. The valve as defined in claim 3 wherein said first and second circular
      plates each includes an extension member having gear teeth thereon, said
      gear teeth defining a gear path across said plates and said extension
      members thereof.
NUM  5.
PAR  5. The valve as defined in claim 2 wherein said gear means includes a gear
      in engagement with said gear teeth of said first and second plates, and a
      shaft a first end of which is connected to said gear, said shaft being
      adapted to be moved from side to side so as to adjust the position of said
      first and second plates and said gear relative to each other and said
      apertures in said outer cover members when one plate is worn more than the
      other plate.
NUM  6.
PAR  6. The valve as defined in claim 5 wherein said gear is beveled.
NUM  7.
PAR  7. The valve as defined in claim 6, further including gear moving means
      connected to said shaft, a portion of said gear moving means extending
      outside of said outer cover members and adapted to be manipulated so as to
      rotate said shaft and gear and to laterally move said shaft, gear and
      plates relative to each other and said apertures in said outer cover
      members.
NUM  8.
PAR  8. A valve designed to continue to function to close off a conduit even
      after portions of the valve have worn, said valve comprising, in
      combination,
PA1  a body portion including a pair of outer cover members, each of said cover
      members having an aperture therein;
PA1  at least first and second closure members retained between said outer cover
      members, said closure members comprising first and second plates which are
      adapted to move between overlapping and non-overlapping positions and to
      cooperate with each other and close off at least one of said apertures in
      said outer cover members;
PA1  means associated with each of said first and second plates for defining a
      path of travel of said plates as said plates are urged toward or away from
      said apertures in said outer cover members; and
PA1  plate moving means connected to said plates for moving said plates with
      respect to each other and said apertures in said outer cover members,
      whereby said overlapping portions of said plates will be positioned in
      alignment with said aperture in said outer cover members to close off said
      aperture, and as said plates wear, said plates may be moved by said plate
      moving means so that unworn portions of said plates will overlap and
      continue to cooperate with each other to close off said aperture in said
      outer cover members.
NUM  9.
PAR  9. The valve as defined in claim 8 wherein said means associated with each
      of said first and second plates for defining a path of travel therefor
      comprise first and second pivot means, each connected to at least one of
      said outer second pivot means, each connected to at least one of said
      outer cover members, said first and second plates being eccentrically
      mounted to said first and second pivot means, respectively.
NUM  10.
PAR  10. The valve as defined in claim 9 wherein said plate moving means is
      connected to said first and second plates so as to cause simultaneous
      movement of said plates.
NUM  11.
PAR  11. The valve as defined in claim 10 wherein said plate moving means
      includes at least first and second leg portions, said first and second leg
      portions each engaging an off-centered portion of said first and second
      plates, respectively, so that movement of said plate moving means toward
      said apertures in said outer cover members causes said first and second
      plates to pivot into overlapping relationship with each other the
      overlapping portions of said plates being disposed over at least one of
      the apertures in said outer cover members to close off the same, and
      movement of said plate moving means away from said apertures causes said
      first and second plates to move out of overlapping relationship with each
      other and away from said apertures in said cover plates so as to open said
      apertures.
NUM  12.
PAR  12. The valve as defined in claim 11 wherein said first and second plates
      each include an off-center mounted pin and said first and second leg
      portions of said plate moving means each includes a slot to engage
      respective pins of said first and second plates, said slots being angled
      downwardly toward each other and said apertures in said cover plates.
NUM  13.
PAR  13. The valve as defined in claim 12 wherein said first and second plates
      are of circular configuration.
NUM  14.
PAR  14. The valve as defined in claim 8 wherein said means associated with each
      of said first and second plates for defining a path of travel therefor
      comprises at least first guide means connected to at least one of said
      outer cover members and in contact with said first plate, and at least
      second guide means connected to at least one of said outer cover members
      and in contact with said second plate, said first and second guide means
      defining a path of movement for said first and second plates as said
      plates are urged toward said apertures in said outer cover members.
NUM  15.
PAR  15. The valve as defined in claim 14 further including first stop means
      connected to at least one of said outer cover members and in close
      proximity to said first plate, and second stop means connected to at least
      one of said outer cover members and in close proximity to said second
      plate, said first and second stop means preventing undesired movement of
      said plates away from said apertures in said outer cover members.
NUM  16.
PAR  16. The valve as defined in claim 15 wherein said plate moving means is
      connected to said first and second plates so as to cause simultaneous
      movement of said plates.
NUM  17.
PAR  17. The valve as defined in claim 16 wherein said plate moving means
      includes at least first and second leg portions, said first and second leg
      portions engaging an off-centered portion of said first and second plates,
      respectively, so that movement of said plate moving means towards said
      apertures in said outer cover members causes said first and second plates
      to pivot into overlapping relationship with each other, the overlapping
      portions of said plates being disposed over at least one of the apertures
      in said outer cover members to close off the same, and movement of said
      plate moving means away from said apertures causes said first and second
      plates to move out of overlapping relationship with each other and away
      from said apertures in said cover plates so as to open said apertures.
NUM  18.
PAR  18. The valve as defined in claim 17 wherein said first and second plates
      each include an off-center mounted pin and said first and second leg
      portions of said plate moving means each includes a slot to engage
      respective pins of said first and second plates, said slots being angled
      downwardly toward each other.
NUM  19.
PAR  19. The valve as defined in claim 18 wherein said first and second plates
      are of circular configuration.
NUM  20.
PAR  20. The valve as defined in claim 9 wherein said plate moving means is
      connected to said first and second plates so as to cause simultaneous
      movement of said plates.
NUM  21.
PAR  21. The valve as defined in claim 20 wherein said plate moving means
      includes at least first and second leg portions one end portion of each
      being pivotally connected to cross members, and the other end portion of
      each of said first and second leg portions engaging an off-centered
      portion of said first and second plates, respectively, so that movement of
      said cross members toward said apertures in said outer cover members
      causes said first and second plates to move into overlapping relationship
      with each other, the overlapping portions thereof being disposed over at
      least one of the apertures in said outer cover members to close off the
      same, and movement of said cross members away from said apertures causes
      said first and second plates to move out of overlapping relationship so as
      to open said apertures.
NUM  22.
PAR  22. The valve as defined in claim 14 wherein said plate moving means is
      connected to said first and second plates so as to cause simultaneous
      movement of said plates.
NUM  23.
PAR  23. The valve as defined in claim 22 wherein said plate moving means
      includes at least first and second leg portions one end portion of each
      being pivotally connected to cross members, and the other end portion of
      each of said first and second leg portions engaging an off-centered
      portion of said first and second plates, respectively, so that movement of
      said cross members towards said apertures in said outer cover members
      causes said first and second plates to move into overlapping relationship
      with each other, the overlapping portions thereof being disposed over at
      least one of the apertures in said outer cover members to close off the
      same, and movement of said cross members away from apertures causes said
      first and second plates to move out of overlapping relationship so as to
      open said apertures.
NUM  24.
PAR  24. The valve in accordance with claim 8 wherein said means associated with
      each of said first and second plates for defining a path of travel
      therefor comprise a first pair of spaced apart upper and lower track
      members in the form of a pair of ridges or grooves disposed in at least
      one of said outer cover members and defining a path of travel for said
      first plate toward or away from said second plate and said apertures in
      said outer cover members, and a second pair of spaced apart upper and
      lower track members in the form of a pair of ridges or grooves disposed in
      at least one of said outer cover members and defining a path of travel for
      said second plate toward or away from said first plate and said apertures
      in said outer cover members.
NUM  25.
PAR  25. The valve as defined in claim 24 wherein said plate moving means is
      connected to said first and second plates so as to cause simultaneous
      movement of said plates.
NUM  26.
PAR  26. The valve as defined in claim 25 wherein said plate moving means
      includes at least first and second leg portions, said first and second leg
      portions engaging off-centered portions of said first and second plates,
      respectively, so that movement of said plate moving means towards said
      apertures in said outer cover members causes said first and second plates
      to pivot the overlapping relationship with each other, the overlapping
      portions of said plates being disposed over at least one of the apertures
      in said outer cover members to close off the same, and movement of said
      plate moving means away from said apertures causes said first and second
      plates to move out of overlapping relationship with each other and away
      from said apertures in said cover plates so as to open said apertures.
NUM  27.
PAR  27. The valve as defined in claim 17 wherein said first and ssecond plates
      each include an off-center mounted pin and said first and second leg
      portions of said plate moving means engage respective pins of said first
      and second plates.
NUM  28.
PAR  28. The valve as defined in claim 27 wherein said first and second plates
      are of circular configuration.
NUM  29.
PAR  29. The valve as defined in claim 8 wherein said means associated with each
      of said first and second plates for defining a path of travel therefor
      comprise a upper track member and a lower track member, said track members
      being in the form of ridges or grooves disposed in at least one of said
      outer cover members and defining a common path of travel for said first
      and second plates toward or away from said apertures in said outer cover
      members, and said plate moving means comprises first and second leg
      portions, one end of which is pivotally connected to a cross member, the
      other end of said first leg portion being pivotally connected to an
      off-centered portion of said first plate, and the other end of said second
      leg portion being pivotally connected to an off-centered portion of said
      second plate; whereby pivoting of said cross member downwardly toward said
      apertures in said outer cross members causes said first leg to pivot
      toward said aperture, said first leg carrying said first plate toward said
      aperture and causing said second leg to pivot toward said aperture, said
      second leg carrying said second plate toward said aperture so that said
      first and second plates overlap over at least one of said apertures to
      close off the same, and pivoting of said cross member upwardly or in the
      opposite direction causes said first and second plates to move out of
      overlapping relationship with each other and away from said apertures in
      said cover plates so as to open said apertures.
NUM  30.
PAR  30. The valve as defined in claim 29 wherein said upper and lower track
      members are parallel and are angled downwardly to the horizontal at an
      angle ranging from about 10.degree. to about 40.degree..
NUM  31.
PAR  31. The valve as defined in claim 30 wherein said first plate is disposed
      between said track members at a lower position than in said second plate,
      and said first leg portion is pivotally connected to an off-centered upper
      portion of said first plate and said second leg portion is pivotally
      connected to an off-centered lower portion of said second plate.
NUM  32.
PAR  32. A valve designed to continue to function to close off a conduit even
      after portions of the valve have worn, said valve comprising, in
      combination,
PA1  a body portion including a pair of outer cover members, each of said cover
      members having an aperture therein;
PA1  at least first and second closure members retained between said outer cover
      members, said closure members comprising first and second plates which are
      adapted to move between overlapping and non-overlapping positions and to
      cooperate with each other and close off at least one of said apertures in
      said outer cover members;
PA1  first and second plate gears connected to an off-centered portion of each
      of said first and second closure members, respectively, so that rotation
      of said plate gears will cause corresponding eccentric rotation of said
      closure members toward each other into overlapping positions in alignment
      with at least one of said apertures, or away from each other into
      non-overlapping positions and out of alignment with said apertures;
PA1  at least first and second auxiliary gears disposed in engagement with said
      first and second plate gears, respectively; and
PA1  a drive gear disposed in engagement with each of said auxiliary gears,
      whereby rotational movement of said drive gear causes rotational movement
      of said auxiliary gears which in turn causes rotational movement of said
      plate gears and said first and second closure members, so that said first
      and second closure members may be moved into overlapping relationship with
      each other, the overlapping portions thereof being positioned in alignment
      with at least one of said apertures in said outer cover members to close
      off said apertures, and as said overlapping portions of said closure
      members wear, said closure members may be moved by said drive gear,
      auxiliary gears and plate gears so that unworn portions of said closure
      members will overlap and continue to cooperate with each other to close
      off at least one of said apertures in said outer cover members, and so
      that said closure members may be moved away from each other and said
      apertures to open said apertures; and
PA1  means for maintaining said auxiliary gears in engagement with said plate
      gears and for maintaining said drive gear in engagement with said
      auxiliary gears.
NUM  33.
PAR  33. A valve comprising, in combination,
PA1  a body portion including a pair of outer cover members, each having an
      aperture therein;
PA1  at least first and second closure members retained between said outer cover
      members, said closure members being adapted to move so that a portion of
      one of said closure members is in alignment with at least one of said
      apertures in said outer cover members to close off said aperture,
PA1  a common connecting member portions of which are connected to portions of
      said first and second closure members, respectively, said connecting
      member being pivotally mounted between said outer closure members, and
PA1  moving means for pivotally moving said connecting member, whereby a portion
      of one of said closure members is adapted to be moved into or out from
      alignment with at least one of said apertures in said outer cover members
      to open or close the same and after said one of said closure members is
      worn, said moving means is adapted to pivotally move said connecting
      member so that said worn closure member is moved away from said apertures,
      and an unworn portion of the other closure member is moved into alignment
      with at least one of said apertures to close off the time.
NUM  34.
PAR  34. The valve as defined in claim 33 wherein said connecting member
      comprises first and second leg portions connected to said first and second
      closure members, respectively.
NUM  35.
PAR  35. The valve as defined in claim 33 wherein said first and second leg
      portions are connected to off-centered portions of said first and second
      closure members, respectively.
NUM  36.
PAR  36. The valve as defined in claim 33 wherein said moving means comprises
      gear means connected to said connecting member and adapted to cause
      pivotal movement of the same.
NUM  37.
PAR  37. A valve designed to continue to function to close off a conduit even
      after portions of the valve have worn, said valve comprising, in
      combination,
PA1  a body portion including a pair of outer cover members, each of said cover
      members having at least one aperture or opening therein;
PA1  at least a pair of closure members comprising first and second plates
      retained between said outer cover members, said first plate having at
      least two working areas, including a first elongated working area I and a
      second elongated working area II, said second plate having at least two
      working areas including a first elongated working area I' and a second
      elongated working area II', said first working areas I, I' being adapted
      to be positioned to work in conjunction with one another so as to be in or
      out of alignment with each other and with at least one of the apertures in
      said outer cover members, each of said first and second closure members
      further including a plurality of gear teeth which are adapted to engage
      gear means;
PA1  gear means for positioning said first and second closure members relative
      to each other and to said apertures in said outer cover members, said gear
      means being in engagement with said gear teeth of said first and second
      closure members so that movement of said gear means causes movement of
      said first and second closure members toward or away from each other so
      that said closure members may be positioned to cooperate with each other
      to open or close off at least one of said apertures in said outer cover
      plates, and so that after the first or second working areas of said first
      and second plates are worn, movement of said gear means causes said first
      and second plates to move relative to each other to present unworn second
      or first working areas for use in closing off at least one of said
      apertures in said outer cover members; and
PA1  means for maintaining said gear teeth of said first and second plates in
      engagement with said gear means.
NUM  38.
PAR  38. The valve in accordance with claim 37 wherein said means for
      maintaining said gear teeth of said first and second plates in engagement
      with said gear means comprises said outer cover members.
NUM  39.
PAR  39. A valve in accordance with claim 37 wherein at least one of said outer
      cover members includes grooves or ridges therein for guiding said first
      and second plates as said plates are revolved about each other by said
      gear means.
NUM  40.
PAR  40. The valve as defined in claim 37 wherein said gear teeth of said first
      and second closure members divide said closure members into first and
      second working areas.
NUM  41.
PAR  41. The valve as defined in claim 37 wherein said first working area I of
      said first closure member includes an opening A and the first working area
      I' of said second closure member includes an opening A', the openings A,
      A' being adapted to be moved into and out of alignment with said openings
      in said outer cover members, and said second working area II of said first
      closure member includes an opening B and the second working area II' of
      said second closure member includes an opening B', the first and second
      closure members including openings B, B' being adapted to be moved via
      said gear means into and out of alignment with said openings in said outer
      cover members to open or close in the same after said first working areas
      I, I' have worn.
NUM  42.
PAR  42. The valve as defined in claim 41 wherein said gear teeth of said first
      closure members comprises a first elongated gear, and said gear teeth of
      said second closure member comprises a second elongated gear, and the
      first working area I of said  first closure member is disposed below said
      first gear, and the first working area I' of said second closure member is
      disposed above said second gear, said working areas I and I' working in
      conjunction with one another via said gear means to close off said valve,
      said first working area I of said first closure member and said second
      working I' area of said second closure member between worn, the first and
      second closure members are repositioned by means of said gear means so
      that the second working area II disposed above said first gear of said
      first closure member and the second working area II', disposed below said
      second gear of said second closure member work in conjunction with one
      another through said gear means to close off said valve.
NUM  43.
PAR  43. The valve as defined in claim 42 wherein said gear means includes a
      shaft extending through at least one of said outer cover members for use
      in rotating said gear means, and said first and second closure members
      include slots therein through which said shaft of said gear means passes
      so that as said gear means is rotated, said closure members move toward or
      away from said openings in said outer cover members and said slots allow
      unrestricted movement of said closure members relative to said gear means
      and said shaft connected to said gear means.
NUM  44.
PAR  44. The valve as defined in claim 43 wherein said first and second closure
      members include slots adapted to allow said shaft of said gear means to
      pass through, said slots being out of alignment with said openings in said
      outer cover members.
NUM  45.
PAR  45. The valve as defined in claim 39 wherein said ridges or grooves in said
      outer corner members comprise an upper ridge or groove and a lower ridge
      or groove.
NUM  46.
PAR  46. The valve as defined in claim 45 wherein said gear teeth of said first
      closure member are disposed above said first working area I and above said
      second working area II with said first working area I being disposed
      between said gear teeth and said second working area II thereof, and said
      gear teeth of said second closure member are disposed below said first
      working area I' and said second working area II' with said second working
      area II' being disposed between said gear teeth and said first working
      area I'.
NUM  47.
PAR  47. The valve as defined in claim 46 wherein said first and second closure
      members include slots adapted to allow said shaft of said gear means to
      pass through, said slots being out of alignment with said openings in said
      outer cover members.
NUM  48.
PAR  48. The valve as defined in claim 46 including first biased guide means
      connected to said first closure member and one of said upper or lower
      groove or ridge, and second biased guide means connected to said second
      closure member and to the other of said lower or upper groove or ridge,
      said first and second biased guide means being adapted to control the path
      of travel of and guide said first and second closure means as they are
      rotated by said gear means.
NUM  49.
PAR  49. The valve as defined in claim 46 wherein said first working area I of
      said first closure member includes an opening A and the first working area
      I' of said second closure member includes an opening A', the openings A,
      A' being adapted to be moved into and out of alignment with said openings
      in said outer cover members, and said second working area II of said first
      closure member includes an opening B and the second working area II' of
      said second closure member includes an opening B', the first and second
      closure members including openings B, B' being adapted to be moved via
      said gear means into and out of alignment with said openings in said outer
      cover members to open or close the same after said first working areas I,
      I' have worn.
NUM  50.
PAR  50. The valve as defined in claim 39 wherein said ridges or grooves in said
      outer cover member comprise first and second ridges or grooves disposed in
      superimposed overlapping relation with each other.
NUM  51.
PAR  51. The valve as defined in claim 50 wherein said gear teeth of said first
      closure member are disposed above said first working area I and above said
      second working area II thereof, said gear teeth of said second closure
      member are disposed between said first working area I' and said second
      working area II' thereof, so that initially said first working areas I, I'
      of each of said closure members work in conjunction with one another to
      close off said valve, and after said first working areas I, I' have worn,
      continued rotation of said gear means causes said first and second closure
      members to rotate in the same direction at the same time, whereby said
      closure members are repositioned so that said second working areas II, II'
      of said closure members are positioned to cooperate with each other to
      close off said valve.
NUM  52.
PAR  52. The valve as defined in claim 51 wherein each of said outer cover
      members includes first and second opening therein which first openings are
      in alignment with each other, and said second openings are in alignment
      with each other.
NUM  53.
PAR  53. The valve as defined in claim 52 wherein said first closure member is
      larger than said second closure member and said gear teeth are positioned
      in said first closure member to divide said first closure member into
      upper and lower working areas I, II, respectively, and said gear teeth of
      said second closure member divide said second closure member into upper
      and lower working areas II', I', respectively, so that in a first working
      position said upper working area I of said first closure member and said
      lower working area I' of said second closure member are adapted to be
      moved via said gear means to close off at least one of said first openings
      in said outer close off at least one of said first openings in said outer
      cover members to close off said valve, and when said upper working area I
      of said first closure member and said lower working area I' of said second
      closure member are worn, said gear means is adapted to cause said first
      and second closure members to revolve about each other with the aid of
      said ridges or grooves so that the lower working area II of said first
      closure member and the upper working area II' of said second closure
      member may be moved via said gear means to cooperate with one another to
      close off at least one of said second openings in said outer cover members
      so as to close off said valve.
NUM  54.
PAR  54. The valve as defined in claim 53 wherein said first and second openings
      in each of said outer cover members is connected to a T-shape like conduit
      which conduit includes means for closing off one or both of said first and
      second openings in each of said outer cover members depending upon the
      position of said first and second closure members relative to said first
      and second openings, so that when said closure members are positioned to
      open or close said first openings, said last-mentioned means will close
      off said second openings, and when said closure members are positioned to
      open or close said second openings said last-mentioned means will close
      off said first openings.
NUM  55.
PAR  55. The valve as defined in claim 53 further including first biased guide
      means connected to said first closure member and said first ridge or
      groove, and second biased guide means connected to said second closure
      member and said second ridge or groove, said first and second biased guide
      means being adapted to guide the first and second closure members as they
      are revolved past each other by means of said gear means.
NUM  56.
PAR  56. The valve as defined in claim 54 wherein said first working area I of
      said first closure member includes an opening A and the first working area
      I' of said second closure member includes an opening A', the openings A,
      A' being adapted to be moved into and out of alignment with said first
      openings in said outer cover members, and said second working area II of
      said first closure member includes opening B and the second working area
      II' of said second closure includes an opening B', the first and second
      closure members including openings B, B' being adapted to be moved via
      said gear means into and out of alignment with said second openings in
      said outer cover members to open or close the same after said first
      working areas I, I' have worn.
NUM  57.
PAR  57. The valve in accordance with claim 37 wherein each of said outer cover
      members include first and second openings therein which first openings are
      in alignment with each other and said second openings are in alignment
      with each other.
NUM  58.
PAR  58. The valve as defined in claim 57 wherein said gear teeth of said first
      closure member are disposed between said first working area I and said
      second working area II, and said gear teeth of said second closure member
      are disposed above said first working area I' and said second working area
      II' with said first working area I' being disposed between said gear teeth
      and said second working area II'.
NUM  59.
PAR  59. The valve as defined in claim 58 wherein said first working area I of
      said first closure member includes an opening A and the first working area
      I' of said second closure member includes an opening A', the openings A,
      A' being adapted to be moved into and out of alignment with said first
      openings in said outer cover members, and said second working area II of
      said first closure member includes an opening B and the second working
      area II' of said second closure includes an opening B', the first and
      second closure members including openings B, B' being adapted to be moved
      via said gear means into and out of alignment with said second openings in
      said outer cover members to open or close the same after said first
      working areas I, I' have worn.
NUM  60.
PAR  60. The valve as defined in claim 59 wherein said first and second openings
      in each of said outer cover members is connected to a T-shape like conduit
      which conduit includes means for closing off one or both of said first and
      second openings in each of said outer cover members depending upon the
      position of said first and second closure members relative to said first
      and second openings, so that when said closure members are positioned to
      open or close said first openings, said last-mentioned means will close
      off said second openings, and when said closure members are positioned to
      open or close said second openings said last mentioned means will close
      off said first openings.
NUM  61.
PAR  61. The valve as defined in claim 60 wherein said first and second closure
      members include elongated slots adapted to engage the shaft of said gear
      means.
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ABST
PAL  A gate valve particularly for controlling the flow of chemicals and
      corrosives includes a knife edge gate and means to assure parallelism
      between the gate and a stainless steel gate seat in the valve casing. A
      bonnet on the top of the casing has guides for the gate and allows full
      withdrawal of the gate from the flow line without the necessity for the
      gate passing through the gate stem packing. Leakage of the valve is
      substantially eliminated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention arises as a result of a need for a more reliable and
      efficient gate valve to control the flow of chemicals including corrosives
      without leakage and without constant maintenance to free the binding of
      parts as has been necessitated by prior art valve structures.
PAR  In achieving the objectives of the invention, a gate valve has been
      provided which employs a stainless steel knife edge gate and coacting
      stainless steel seat, together with means to assure true parallelism and
      face-to-face contact between the gate and its annular seat. Additionally,
      the valve employs a bonnet above the casing integrally secured thereto and
      having opposing parallel guide channels for the gate which further assure
      its freedom of moving without binding. The channels are provided with
      clean out means. The valve actuator stem passes through a packing gland
      above the bonnet cap or top plate and therefore the gate element does not
      engage or pass through a packing and is sliding contact during its
      operation with metal faces only. Leakage and binding of moving parts is
      substantially eliminated in the invention.
PAR  Other features and advantages of the valve will become apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of a gate valve embodying the invention.
PAR  FIG. 2 is a central vertical section taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a vertical section taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a horizontal section taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a horizontal section taken on line 5--5 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings in detail wherein like numerals designate like
      parts, a gate valve designated in its entirety by the numeral 10 comprises
      a body or casing formed of two opposing plates 11 and an intervening
      cylindrically curved spacer element 12 welded to the plates 11 to form
      therewith a unit. As best shown in FIG. 1, the plate 11 have top
      extensions 13 integral therewith for attachment by welding at 14, FIG. 2,
      to a bonnet 15 whose structure will be further described.
PAR  A sturdy stainless steel ring 16 is secured by welding or the like within
      aligned openings of the casing plates 11, and within the bore of the ring
      16 centrally is an annular flange or shoulder 17 whose interior face is
      accurately formed to provide a true flat surface for seating the adjacent
      true flat face 18 of a preferably stainless steel gate 19 having a
      peripheral knife edge 20 extending entirely around its lower portion which
      is semicircular in form, FIG. 3. The knife or beveled edge 20 of the gate
      19 extends above the axial center of the ring 16 in two parallel
      longitudinal sections or lengths 21 which terminate at 22, FIG. 3,
      substantially above the axial center of the lower valve casing or body.
      The upper portion 23 of the gate 19 is noncircular with parallel vertical
      square edge portions 24 and a top transverse right angular edge 25, as
      shown in FIGS. 3 and 4.
PAR  Welded in the bore of stainless steel ring 16 in spaced opposed
      relationship to the annular seat element 17 are plural gate truing lugs
      26, preferably four in number and equidistantly spaced circumferentially
      on the ring 16. The ring 16 also has a beveled seating groove 27 to accept
      the gate knife edge 20 and conform to its shape and this groove, as best
      shown in FIG. 3, extends continuously around the lower circumferential
      side of the ring and gate. Above its axial center, the ring 16 is slotted
      at 28 centrally to allow vertical movement of the gate 19 during valve
      operation. The opposite sides of the slot 28, as viewed in FIG. 3, form
      straight parallel continuations of the arcuate groove 27.
PAR  The previously-mentioned bonnet 15 is rectangular in configuration and
      constitutes an integral top extension on the lower casing formed by the
      elements 11 and 12. The bonnet 15 comprises flat parallel side plates 29
      and intervening relatively narrow spacer plates 30 welded or otherwise
      integrally joined to the side plates 29 to produce a box-like
      configuration open at its top end, a substantial distance above the
      annular casing. As shown in the drawings, the bonnet plates 30 have
      opposed parallel guide grooves 31 for the vertically movable gate 19, to
      assure proper alignment and guidance thereof during its vertical movement.
      The square edges 24 of the gate are slidably received by the guide grooves
      31 during the operation of the valve. The gate 19 moves centrally through
      the bonnet 15, midway between the side plates 29. As shown in FIG. 2, the
      construction is symmetrical throughout.
PAR  Adjacent the open top of the bonnet 15, a marginal mounting flange 32 is
      welded thereto, and a bonnet cap or top plate 33 is firmly secured to this
      flange by bolts 34 with a compressible sealing gasket 35 intervened, as
      shown, to render the bonnet fluid-tight. Clean out plugs 36 for the guide
      grooves 31 are provided, preferably at the locations shown in FIG. 3.
PAR  The gate 19 is raised and lowered by a centrally attached rod or stem 36
      which is provided with screw-threads 37 on its upper end portion above the
      bonnet 15. A packing 38 receives the smooth portion of gate stem 36,
      immediately above top plate 33, and this packing is contained within a
      sleeve 39 fixedly secured to the top plate centrally. A packing pusher 40
      is received telescopically in the sleeve 39 and is adjustably held by a
      pair of upstanding threaded studs 41, rigidly attached to the top of plate
      33 near opposite sides of the sleeve 39. Immediately below the packing 38,
      FIG. 3, the top plate 33 has an opening 42 receiving the stem 36 movably.
      The packing 38 assures no leakage of the bonnet around the gate stem, and
      a feature of the valve is that the gate per se does not intersect or pass
      through any nonmetal packing or seal.
PAR  The gate 19 and its stem 36 are caused to move vertically between valve
      open and valve closed positions by an upper hand wheel 43, keyed at 44 to
      an internally threaded bushing 45 which rotates with the hand wheel and
      has threaded engagement with stem portion 37. A hand wheel retainer nut 46
      and washer are carried by the top of the rotary threaded bushing 45.
PAR  The bushing 45 is swiveled within a vertical bore of a fixed collar 47
      carried by the top of a yoke having diverging arms 48 whose lower ends are
      attached at 49 to rigid brackets 50, welded or otherwise fixedly secured
      to the bonnet 15. By virtue of this construction, rotation of the hand
      wheel 43 will produce longitudinal movement of the stem 36 and gate 19 as
      a unit within the valve casing and bonnet. The gate may be elevated to the
      level of the top plate 33 and in this position the valve will be fully
      opened with the entire bore of the ring 16 unobstructed. The drawings show
      the gate valve fully closed with the knife edge 20 seated and the gate in
      full contact with the annular seat 17.
PAR  The valve casing is adapted to be coupled as at 51, FIG. 5, with the
      flanges of pipe sections 52, and toward this end a series of bolt
      receiving through openings 53 are provided around the lower part of the
      casing, with several tapped and threaded openings 54 in the top part
      thereof to receive pipe coupling screws.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same, and that
      various changes in the shape, size and arrangement of parts may be
      resorted to, without departing from the spirit of the invention or scope
      of the subjoined claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gate valve comprising a casing including a ring member whose bore
      defines a flow passage through the valve, an annular flange on the ring
      member projecting inwardly of said bore and having a side face forming a
      seat, the ring member having a beveled groove in the bore thereof adjacent
      said seat and the ring member having a slot substantially tangential to
      said groove opening through the upper side thereof, a bonnet on said
      casing extending upwardly therefrom and having opposite side guide grooves
      registering with and leading upwardly from said slot of the ring member, a
      plate-like valve element including a beveled edge movably engageable with
      said seat and said beveled groove through said slot and adapted in one
      position to completely close said bore defining said flow passage and in a
      second position to completely open said bore, said valve element in said
      second position rising into said bonnet, an actuating stem connected with
      said valve element and extending through and above said bonnet and being
      screw-threaded on a portion thereof above said bonnet, a packing means for
      said stem and slidably receiving the stem at the top of said bonnet, a
      hand wheel means having threaded engagement with said screw-threaded
      portion of the stem and operable to raise and lower the stem with said
      valve element, and support means for the hand wheel means secured to the
      bonnet and extending substantially thereabove and having a swiveled
      connection with the hand wheel means.
NUM  2.
PAR  2. A gate valve as defined in claim 1, wherein the top of said bonnet is
      open, a removable top cover plate for the top of said bonnet having an
      opening receiving said stem movably, said packing means comprising an
      upstanding sleeve on the top cover plate surrounding said stem, a
      compressible packing within said sleeve surrounding said stem, a tubular
      packing pusher having telescopic engagement within said sleeve and
      engaging the top of said packing, and adjustable screw-threaded means
      interconnecting the packing pusher and said top cover plate of the bonnet.
NUM  3.
PAR  3. A gate valve as defined in claim 2, and a compressible sealing gasket
      between the top of the bonnet and said top cover plate.
NUM  4.
PAR  4. A gate valve as defined in claim 3, and at least a pair of removable
      clean out plugs on opposite sides of the bonnet adjacent said opposite
      side guide grooves of the bonnet.
NUM  5.
PAR  5. A gate valve as defined in claim 1, and a plurality of circumferentially
      spaced gate valve element positioning and truing lugs on the bore of the
      ring member in space opposed relation to said seat and slidably contacting
      one face of said plate-like valve element.
NUM  6.
PAR  6. A gate valve as defined in claim 1, and said hand wheel means comprising
      a rotary bushing having threaded engagement with said screw-threaded
      portion of said stem and having swiveled engagement with said support
      means, and a hand wheel keyed to said threaded bushing to turn therewith.
NUM  7.
PAR  7. A gate valve as defined in claim 6, and said support means comprising an
      elevated support collar for said hand wheel having a swiveled connection
      with said bushing, and spaced downwardly divergent arms carrying the
      support collar at a fixed elevation above the bonnet and having lower ends
      anchored to opposite sides of the bonnet.
NUM  8.
PAR  8. A gate valve as defined in claim 1, wherein said ring member and said
      plate-like valve element are formed of stainless steel.
NUM  9.
PAR  9. A gate valve as defined in claim 1, and means on opposite sides of said
      casing to facilitate coupling the casing to a pair of axially aligned
      pipes with the bores of said pipes in substantial registration with said
      flow passage.
NUM  10.
PAR  10. A gate valve as defined in claim 1, and said bonnet being hollow and
      rectangular in cross section with said guide grooves disposed centrally
      therein, said valve element having a rectangular cross section upper
      extension whose substantially square edges are engaged in said guide
      grooves.
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ABST
PAL  A safety valve for use in gaseous service at elevated temperatures,
      including a casing provided with an annular valve seat and a selectively
      moveable valve member having mounted thereon a plastic annular sealing
      ring for seating on the valve seat. The plastic annular sealing ring is
      preferably formed of Teflon P.F.A. fluorocarbon and is shrunk fit onto a
      projecting shoulder portion of a metal seal retainer detachably mounted on
      the valve member, and the valve seat includes a projecting ridge formed by
      intersecting flat surface portions disposed at an obtuse angle to one
      another, whereby the plastic annular sealing ring will be engaged by the
      valve seat ridge when the valve member is seated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Safety valves utilized in fluid systems where the temperature of the fluid
      is not significantly high commonly employ a valve sealing surface or ring
      formed of a soft material such as rubber or plastic because such material
      provides a pliable mating surface which forms a tight seal, a valve of
      this type being disclosed for example in U.S. Pat. No. 3,623,699, issued
      Nov. 30, 1971, to Matousek. However, where safety valves are placed in a
      fluid system in which the temperature of the fluid is substantially
      raised, the use of such soft materials at the mating surfaces of these
      valves has been virtually non-existent because such materials have an
      extremely high coefficient of expansion which cause it to "flow" and
      become distorted when exposed to the high temperature fluid in the system,
      whereby the mating surfaces of the valve do not seat properly. As a
      result, substantially all high temperature safety valves currently employ
      metal-to-metal mating surfaces, but valves having metal-to-metal mating
      surfaces present additional problems in that they are expensive to produce
      because of the extremely close tolerances which require lapping to obtain
      the necessary flatness to form an adequate seal at the mating surfaces,
      and in that even with precision lapping there is a likelihood of some
      leakage at the mating surfaces particularly when small foreign particles
      become entrapped between the smooth seating surfaces of the valve and
      cause marring thereof as a result of the slight lateral movement of the
      surfaces with respect to one another during seating and unseating of the
      valve member.
PAR  In an attempt to overcome the above-discussed problems, it has been
      heretofore proposed in U.S. Pat. No. 2,641,278, issued June 9, 1953, to
      Eplett et al., to provide a molded valve member which is formed entirely
      of nylon, and which is unconfined peripherally so as to permit the radial
      expansion of the valve member caused by the temperature of the fluid and
      the very high coefficient of expansion of nylon. Because the valve member
      is made entirely of nylon, the substantial expansion of the valve member
      would make it prohibitive in many high temperature systems, and the patent
      itself suggests that the valve would not be effective in systems where the
      fluid temperature exceeds 300.degree. F.
PAR  The present invention provides a safety valve which avoids the
      aforementioned drawbacks of conventional safety valves, and which operates
      substantially without leakage, even after use, in fluid systems at
      elevated temperatures.
PAC  Summary of the Invention
PAR  In accordance with the present invention, a safety valve is provided which
      includes a casing formed with a valve seat, and a selectively moveable
      valve member having a seal retainer with a projecting shoulder portion
      about which an annular plastic sealing ring is mounted by a shrink fit.
      Since the annular plastic sealing ring is mounted on the seal retainer of
      the valve member with a shrink fit, the plastic seal material has a
      tensile stress imposed thereon, and when the plastic sealing ring is
      exposed to heat, the heat acts principally to neutralize this tensile
      stress rather than to cause undesirable expansion of the radial dimension
      of the sealing ring which would result in buckling, and seat misalignment,
      and corresponding leakage of the valve seat.
PAR  Preferably, the annular sealing ring is shrunk fit onto a generally
      cylindrical seal retainer made of metal which can be attached and detached
      from the valve member and has an annular lip projecting radially over the
      inner edge of the sealing ring to retain it in place, with the lip spaced
      from the base of the valve member a distance approximately equal to the
      corresponding thickness of the sealing ring to avoid any buckling of the
      sealing ring by the lip. Also preferably, the valve seat is formed with an
      end face provided with a projecting ridge which contacts the annular
      sealing ring when the valve member is seated. This projecting ridge is, in
      accordance with the present invention, formed by flat surfaces
      intersecting at a substantial angle to one another so as to present a
      projecting ridge which will engage the relatively soft annular sealing
      ring and form a tight seal, yet which is flat enough to avoid wire drawing
      thereat as fluid passes thereover upon functioning of the safety valve. It
      has been found that surfaces having an angle of intersection of
      approximately 150 degrees will provide an ideal projecting ridge for the
      valve seat. For the obtuse angle to be effective in avoiding wire drawing,
      the ridge is preferably spaced from the edges of the valve seat so that
      there will be an adequate extent of the flat surfaces between the edges
      and the ridge.
PAR  There are a number of plastic materials from which the annular sealing ring
      of the present invention could be made, depending generally upon the
      temperature of the fluid to which the annular ring is exposed, but Teflon
      P.F.A. fluorocarbon has been found to give particularly good results at
      elevated temperatures.
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PAC  Brief Description of the Drawings
PAR  FIG. 1 is a perspective view of the safety valve of the present invention;
PAR  FIG. 2 is a side elevational view, partly cut away, of the safety valve
      shown in FIG. 1;
PAR  FIG. 3 is a side elevational view taken through the center of the safety
      valve shown in FIG. 1, illustrating the valve member at its closed, or
      seated, position;
PAR  FIG. 4 is a side elevational view corresponding to FIG. 3 and illustrating
      the valve member at its open position;
PAR  FIG. 5 is a detail view illustrating the valve seat and the lower portion
      of the valve member;
PAR  FIG. 6 is an exploded view of the valve member; and
PAR  FIG. 7 is a bottom view of the plastic annular sealing ring.
DETD
PAC  Description of the Preferred Embodiment
PAR  Looking now in greater detail at the accompanying drawings, FIGS. 1-4
      illustrate a safety valve 10 including a conventional casing 12 made of
      any suitable material such as metal, the casing 12 being provided with a
      threaded inlet 14 which permits the safety valve 10 to be fitted into an
      elevated temperature system to provide over pressure protection, and an
      outlet 16 through which gas is exhausted when the safety valve 10 is at
      its open position. The upper portion of the casing 12 has fitted therein a
      stationary sleeve member 18 in which a valve stem 20 is slideably carried
      for longitudinal movement within the casing 12. The upper end of the valve
      stem 20 has a cap element 22 fixed thereto, the cap element 22 including a
      flange 24 arranged for abutment with a projection 26 formed on a test
      lever 28 mounted for pivotal movement about a pivot rod 30 fixed to the
      casing 12. The test lever 28 may be manually pivoted upwardly (see FIG. 4)
      to raise the valve stem 20 for testing the operation of the safety valve
      10 in a conventional manner, although the valve stem 20 moves up and down
      independently of the test lever 28 during normal operations of the safety
      valve 10.
PAR  A valve member 32, preferably made from a metal such as brass, is secured
      to the lower end of the valve stem 20, and this valve member 32 is urged
      downwardly by a spring 34 bearing against a pair of spring buttons 36 and
      38 which are disposed in abutment with the fixed sleeve 18 and the valve
      member 32, respectively. The valve member 32 is formed with an extending
      flange portion 40, and a seal retainer 42 projects from the bottom face of
      the valve member 32 and is detachably held in place thereat by the
      threaded screw 44, the projecting retainer shoulder 42 being preferably
      formed of metal, such as brass, and having a cylindrical peripheral
      surface or shoulder 43 about which an annular sealing ring 46 is mounted
      with a shrink fit as will be discussed in greater detail below. An O-ring
      47 is located between the seal retainer 42 and the valve member 32 to
      prevent leakage therebetween. Thus, as seen in FIGS. 3 and 4, the sealing
      ring 46 is mounted in the valve member 32 in a seal retaining compartment
      having a bottom surface and two parallel side surfaces, one being the
      cylindrical surface 43, all of which are in abutment with the sealing ring
      46 to contain it on three sides thereof.
PAR  The lower portion of the valve casing 12 includes an upwardly extending
      nozzle 48 forming part of the inlet 14, and a blow down ring 50 is
      threadably received about the periphery of the nozzle 48 and cooperates
      with the valve member 32 and valve seat 46 to control the blow down
      characteristics of the safety valve 10 in accordance with specified
      requirements. Once the blow down ring 50 is properly adjusted to meet such
      specified requirements, it is necessary to maintain this adjustment, and
      the blow ring 50 may therefore be formed with a plurality of flutes 52
      which can be engaged by a lock screw 54 extending through the valve casing
      12 to thereby prevent rotation of the blow down ring 50. A thin wire seal
      56 may extend from the lock screw 54 to the valve casing 12 to indicate,
      when the wire seal 56 is intact, that the lock screw 54 has not been
      tampered with. The upper surface of the nozzle 48 forms an annular valve
      seat 58 which abuts the annular sealing ring 46 when the valve member 32
      is seated as illustrated in FIGS. 2 and 5, to thereby close and seal the
      inlet 14.
PAR  The annular sealing ring 46 is formed of a relatively soft plastic material
      which will depress slightly when it abuts the valve seat 58 to form a
      tight seal thereby overcoming the previously discussed disadvantages
      associated with metal-to-metal contact at the valve seat. As has also been
      previously discussed, the use of plastic material for the contact surfaces
      of valves used in elevated temperature systems has heretofore been
      impractical because of the high coefficient of expansion of plastic
      material (approximately ten times higher than the coefficient of expansion
      of metal), which causes serious buckling or other deformation of the
      plastic material and thereby adversely affects its sealing capability. In
      particular, if a conventional plastic annular sealing ring is mounted at
      its exterior surface and exposed to heat, the expansion of the exterior
      diameter of the ring against its mounting can cause buckling or similar
      serious deformation. Moreover, if such a conventional sealing ring is
      mounted at its interior diameter, expansion of the sealing ring when heat
      is applied thereto will cause significant enlargement of the interior
      diameter so that the sealing ring may separate from its mounting and
      become loose. However, such drawbacks have been substantially eliminated
      in the present invention by shrink fitting the plastic annular sealing
      ring 46 onto the cylindrical seal retainer shoulder 43, thereby setting up
      internal tensile stresses in the plastic annular sealing ring 46.
PAR  Thus, by way of example, if the seal retainer shoulder 43 has an exterior
      diameter of 0.620 inches, a plastic annular sealing ring 46 having an
      interior diameter at its center opening of 0.600 inches at ambient
      temperature is used. This plastic annular sealing ring 46 is then heated
      to a sufficiently high temperature (e.g., 500.degree.F.) to cause it to
      expand until its interior diameter is greater than 0.620 inches, whereupon
      it is mounted about the seal retainer 42 and allowed to cool. As the
      plastic annular sealing ring 46 cools, it tends to contract, but it cannot
      because of the presence of the seal retainer 42, and the result is that
      when the annular sealing ring 46 cools to ambient temperature, it is
      securely mounted on the seal retainer 42 with a shrink fit and it has
      imposed upon it the aforementioned internal tensile stresses. The seal
      retainer 42, which supports the plastic annular sealing ring 46, is then
      attached to the valve member 32 by the screw 44, and when the safety valve
      10 is then placed in an elevated temperature gas system the temperature of
      the fluid to which the plastic annular sealing ring 46 is exposed acts
      principally to release the internal stresses of the plastic annular
      sealing ring 46 rather than to cause undesirable expansion or deformation
      thereof, as discussed previously. Accordingly, even at high temperatures
      below the shrink fit temperature, the plastic annular sealing ring 46
      maintains its shape and provides an excellent seal with the valve seat 58.
      Finally, it is to be noted that, heretofore, a problem has been
      encountered in mounting plastic annular sealing rings securely in place on
      a valve member because the inherent resiliency of the material makes it
      difficult to retain in place without undesirably compressing the material.
      This difficulty is overcome in the present invention by virtue of the fact
      that the annular sealing ring 46 is securely mounted on the seal retainer
      shoulder 43 with a shrink fit, and the metal seal retainer 42 can then be
      tightly secured to the metal valve member 32 with a screw 44 or the like.
      To assist in retaining the annular sealing ring 46 on the seal retainer
      42, particularly when the sealing ring 46 is heated, the seal retainer 42
      is formed with an annular lip 42' projecting radially over the inner edge
      of the annular sealing ring 46 (see FIG. 5) where it cannot slide off of
      the seal retainer shoulder 43. The projecting extent of the seal retainer
      shoulder 42 from the valve member 32 to the lip 42' is at least equivalent
      to the corresponding thickness of the annular sealing ring 46 so as to
      assure that the lip 42' will not press against or buckle the annular
      sealing ring 46 even when the seal retainer 42 is secured flush against
      the valve member 32 by the screw 44.
PAR  There are a variety of plastic materials which can be used in making the
      annular sealing ring 46, such as Lexan and nylon for example, where the
      temperature of the gas to which the material will be exposed in service is
      low, and where the material is able to withstand deformation at such
      temperature after the plastic annular sealing ring 46 has been mounted on
      the seal retainer 42 as described above. However, it has been found that
      in gaseous systems, at elevated temperatures, exceptionally good results
      are obtained if the plastic annular sealing ring 46 is formed of Teflon
      P.F.A. fluorocarbon because of its stability at these elevated
      temperatures. For example, in a gas system where saturated steam at 200
      p.s.i. is used, the temperature of the steam is approximately
      400.degree.F. and a sealing ring 46 made of Teflon P.F.A. fluorocarbon
      performs well even at this elevated gas temperature. To mount an annular
      sealing ring 46 made of Teflon P.F.A. fluorocarbon on the seal retainer
      42, the sealing ring 46 is usually pre-heated to a temperature of about
      500.degree.F.
PAR  To further improve the sealing capabilities of the safety valve 10 of the
      present invention, the valve seat 58 is formed with a special surface
      configuration which cooperates exceptionally well with the plastic annular
      sealing ring 46. As best seen in FIG. 5, the valve seat 58, which is
      generally annular, is formed by two flat surfaces 58', 58" intersecting
      one another at an obtuse angle in excess of 90 degrees, preferably at an
      angle of 150.degree., so as to form a projecting ridge 60 located between
      and spaced from the edges of the annular valve seat 58 and arranged to
      contact the plastic annular sealing ring 46 when the valve member 32 is
      seated on the valve seat 58. By virtue of the wide angle between the
      intersecting surface 58', 58" and the location of the ridge 60 between the
      edges of the annular valve seat 58, the ridge 60 is prominent enough to
      readily cause a slight depression of the plastic annular sealing ring 46
      whereby a tight seal is formed therewith, yet the ridge 60 is not sharp
      enough to penetrate the plastic annular sealing ring 46 so as to cause
      tearing or cutting thereof, nor is it sharp enough to create any
      significant problem of wire drawing when elevated temperature, high
      pressure gas passes thereover upon opening of the valve member 32 (FIG.
      4). In the latter regard, where a sharp edge is formed at a valve seat, as
      for example where the intersecting surfaces forming the edge be at an
      angle of 90.degree. or less, there is less metal material contained
      between the intersecting surface and elevated temperature, high pressure
      gas flowing thereacross can cause enough pitting or erosion of this metal
      material to adversely affect its sealing relationship with the plastic
      annular sealing ring 46. Finally, it is to be noted that the projecting
      ridge 60 will, after a period of use, form a shallow annular depression 62
      in the plastic annular sealing ring 46 as illustrated in FIG. 7 whereby
      the coaction of projecting ridge 60 and the shallow depression 62 will
      render the valve member 32 largely self-centering.
PAR  The safety valve 10 described above is used in gas systems at elevated
      temperatures, but it is to be understood that the present invention is
      also equally applicable to safety relief valves used in liquid systems at
      elevated temperatures.
PAR  The present invention has been described in detail above for purposes of
      illustration only and is not intended to be limited by this description or
      otherwise to exclude any variation or equivalent arrangement that would be
      apparent from, or reasonably suggested by, the foregoing disclosure to the
      skill of the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A blow-down safety valve for use with elevated temperature fluid
      systems, and the like, said valve including a casing formed with an
      annular valve seat having two flat surfaces intersecting one another to
      form a projecting edge, and a valve member selectively movable to a
      position seated on said valve seat, said valve member including a seal
      retaining compartment having a bottom surface and two parallel side
      surfaces extending generally perpendicularly from said bottom surface, and
      an annular plastic ring mounted in said seal retaining compartment for
      abutment with said bottom and side surfaces thereof with the remaining
      surface of said plastic ring being positioned to contact said valve seat
      projecting edge, said plastic ring being pre-stressed to a condition
      whereby the areas of contact between said plastic ring and said projecting
      edge remain substantially constant with respect to one another to
      predetermined elevated fluid temperatures.
NUM  2.
PAR  2. A safety valve as defined in claim 1 and further characterized in that
      said valve member includes a detachable seal retainer member having a
      projecting shoulder forming one of said parallel side surfaces of said
      seal retainer compartment, and in that said plastic ring is mounted on
      said seal retainer projecting shoulder with a shrink fit.
NUM  3.
PAR  3. A safety valve as defined in claim 2 and further characterized in that
      said seal retainer projecting shoulder portion is formed with an annular
      lip projecting radially over the inner edge of the annular sealing ring to
      retain said ring on said seal retainer shoulder portion.
NUM  4.
PAR  4. A safety valve as defined in claim 3 and characterized further in that
      the projecting extent of said seal retainer shoulder portion to said lip
      is at least equivalent to the corresponding thickness of said sealing ring
      to avoid buckling of the ring by the lip.
NUM  5.
PAR  5. A safety valve as defined in claim 2 and further characterized in that
      said annular plastic ring is supported on said valve member solely by its
      shrink fit mounting on said projecting shoulder portion of said detachable
      seal retainer.
NUM  6.
PAR  6. A safety valve as defined in claim 1 and characterized further in that
      said projecting ridge is between and spaced from the edges of said annular
      valve seat.
NUM  7.
PAR  7. A safety valve as defined in claim 1 and further characterized in that
      said projecting ridge of said valve seat end face is formed by two flat
      surface portions intersecting one another at an obtuse angle substantially
      in excess of 90.degree..
NUM  8.
PAR  8. A safety valve as defined in claim 7 and further characterized in that
      said two flat surface portions intersect one another at an angle of
      approximately 150.degree..
NUM  9.
PAR  9. A safety valve as defined in claim 1 and further characterized in that
      said annular plastic ring is formed of Teflon P.F.A. fluorocarbon.
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PAL  An anchoring means for an earth works tunneling device includes a unit
      having two planar back-stop members secured together in spaced relation
      from one another. Between the back-stop members is provided a means for
      mounting the tunneling device so that a force exerted on the device is
      transmitted to the stop members. Thus, as the device drives or pulls a
      pipe or pipe stem through the earth, the counterreactive force is
      transmitted to one of the stop members which pushes against the adjacent
      earth bank so as to anchor the tunneling device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to earth working machinery and, more
      specifically, to an anchoring means for earth tunneling devices.
PAR  In laying pipelines, electric transmission lines, cable, etc, through road
      beds and other places where it is undesirable to dig a trench along the
      top of the earth, various tunneling devices have been developed.
PAR  These tunneling devices generally either drive a pipeline through the earth
      between trenches on each side of the earth section which is to be tunneled
      or a stem is first driven through the earth and then it is pulled back
      through the earth with the pipe attached thereto.
PAR  One common tunneling device which utilizes such a stem system is attached
      to a trenching machine known as a backhoe. Normally, this device is
      lowered into the ditch adjacent the earth section to be tunneled and by
      vertical up and down motion of the hydraulic lift system of the backhoe,
      the stem is forced through the earth to displace the stem sections into
      the earth under the road or other earth section which is to be tunneled.
PAR  The tunneling device, as it drives the stem into the earth, creates a
      counterreactive force which tends to force the device in a direction
      opposite to which the stems are driven. To prevent movement of the device
      in such opposite direction, several telescoping anchor arms, known as
      jacks, are attached to the device and extend from it to engage the earth
      bank so as to provide a back stop for the devices.
PAR  Upon each use, these jacks must be attached to the tunneling device,
      telescoped and locked into place against the earth bank. If the earth bank
      is not sufficiently solid enough to secure one or more of the jacks, the
      tunneling device will shift and become askew preventing further driving of
      the stem. After so shifting, the tunneling device must be realigned and
      the jacks reset which frequently requires pulling of the stem because of
      its askew position.
PAR  With such prior apparatus, after the stem is driven through the entire
      section of earth to be tunneled and before the stem is pulled back through
      the earth with the pipe, etc. attached thereto, the jacks must be
      repositioned on the opposite side of the tunneling device to provide a
      back stop for the device as it pulls on the pipe. The operation of these
      prior devices as above described obviously spells out many problems,
      including the inability to consistently drive the stems in a straight
      line. This causes breakage of equipment, misalignment of the pipe, and a
      very slow operation caused by the requirement to realign these tunneling
      devices and its associated jacks and also the complete removal and
      positioning of the jacks. Further, since frequently the ditch is filled
      with loose dirt, muck, or water, fouling of the tunneling device may
      result. Also, it is difficult with present equipment to feed the stems
      straight into the tunneling device.
PAR  Accordingly, there has been a long-felt need for improved means for
      anchoring tunneling devices as above described.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an anchoring means for
      an earth tunneling device which will solidly anchor the device in the
      earth no matter which direction of force is exerted by the device.
PAR  It is a further object to provide an anchoring means for an earth tunning
      device which does not require telescoping and locking of parts before each
      time the tunneling device is used.
PAR  It is still a further object to provide an anchoring means for an earth
      tunneling device which, when firmly engaging the earth, does not sink into
      or move around in the earth.
PAR  It is even a further object to provide an anchoring means for an earth
      tunneling device which keeps the device from clogging with dirt, muck, or
      water when placed in a ditch or hole adjacent the earth.
PAR  It is even still a further object to provide an anchoring means for an
      earth tunneling device which may include a flooring for keeping the area
      adjacent the device clear when feeding pipe or stem sections into the
      device.
PAR  These and other objects are accomplished in the present invention by an
      anchoring means for an earth tunneling device utilizing two planar
      back-stop members and two elongated spacing members attached between the
      abutting portions which rigidly secure them in spaced relation from each
      other.
PAR  The planar back-stop members include at least one port therein to allow
      stems, pipes, etc., from the tunneling device to extend through the
      members and into the earth.
PAR  The elongated spacing members include means thereon for mounting or locking
      the tunneling device in spaced relation between the back-stop members.
PAR  When the tunneling device is engaged, one of the back-stop members push
      against the adjacent earth so as to resist movement caused by the
      counterreactive force exerted on the tunneling device which is secured to
      the elongated spacing members.
PAR  In the preferred embodiment, the means for mounting the tunneling device on
      the anchor means includes circular bar members which extend along and are
      attached to the two spacing members.
PAR  Also, in the preferred embodiment of this invention, a flooring is placed
      between the back-stop members at the bottom of the anchoring means. When
      utilized, the flooring prevents clogging of the tunneling device by dirt,
      muck, or water in the ditch or hole in which the tunneling device is
      placed. Further, the flooring provides a suitable loading and unloading
      surface for feeding pipe or stem sections into the tunneling device and
      attaching other sections thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view with portions thereof cut away of a tunneling
      operation in which this invention is used;
PAR  FIG. 2 is a partial top and side elevational perspective view of the anchor
      means for an earth tunneling device with the device secured therein;
PAR  FIG. 3 is a top and side elevational perspective view of the earth
      tunneling device;
PAR  FIG. 4 is a top and side elevational perspective view of the earth
      tunneling device from the side opposite that shown in FIG. 3;
PAR  FIG. 5 is a top and side elevational perspective view of the anchor means
      for an earth works tunneling device;
PAR  FIG. 6 is an elevational side view of the anchor means for an earth works
      tunneling device; and
PAR  FIG. 7 is a plan view of the anchor means for an earth works tunneling
      device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an anchor means 1 for tunneling device 10 which is
      attached to a conventional backhoe 40 is placed with device 10 mounted
      therein at the bottom of a hole 41 positioned adjacent road 42. Backhoe 40
      powers tunneling device 10 which drives stems 30 into road 42 and anchor
      means 1 prevents sliding of and otherwise secures device 10 in hole 41.
PAR  Referring particularly to FIG. 5, the anchor means 1 for an earth works
      tunneling device 10 includes back-stop members or end plates 2 and two
      elongated spacer members 4 which are attached between and secure back stop
      or end plates 2 in spaced relation from each other. An earth works
      tunneling device 10, is secured in anchor means 1 as shown in FIG. 2.
PAR  In the embodiment of the anchor means for an earth works tunneling device
      10 shown in the figures, back-stop members or end plates 2 are generally
      planar and rectangular in shape and comprise therein generally circular
      ports 3. The end plates 2 are secured in spaced relation from each other
      by spacer members 4 which are generally elongated and rectangular in shape
      and are rigidly attached to the end plate 2 so as to not obstruct access
      to port 3. As is apparent from these figures, spacer members 4 are
      generally parallel to each other and extend perpendicularly from end
      plates 2.
PAR  A rectangular flooring 8 is secured between end plates 2 and spacer members
      4 so that anchor means 1 has a trough-like appearance. Flooring 8 may also
      act to secure end plates 2 in spaced relation from each other. Flooring 8,
      similar to spacer members 4, does not obstruct access to ports 3.
PAR  As shown in FIG. 2 only, a further reinforcing member or bar 6 may be
      secured between end plates 2 to aid in securing end plates 2 in spaced
      relation.
PAR  As best shown in FIGS. 5-7, means for securing a tunneling device in spaced
      relation between end plates 2 is provided by support bars 5 which are
      secured to spacer members 4 and are generally parallel to each other along
      the interior walls of spacer members 4. These support bars comprise
      therein bolt holes 5a for securing a tunneling device to support bars 5 in
      a fixed position. As best shown in FIG. 6, support bars 5 do not
      continuously extend between end plates 2 but comprise an open portion
      therein for allowing slidable mounting of a tunneling device onto the
      support bars 5.
PAR  Referring to FIGS. 2, 3, and 4, tunneling device 10 consists of a generally
      U-shaped frame or housing 11 which contains therein slanted driving clamps
      14 which are connected to driving arms 13. Clamps 14 include a circular
      opening therein allowing close engagement with the outer surface of pipe
      or stem 30 when it is inserted therethrough. Rigid guide 15 anchored to
      housing 11 acts to secure stem or pipe 30 when inserted through the
      slanted driving clamps 14.
PAR  Arms 13 are connected to clamps 14 and clamps 14 are rotatably mounted so
      that as arms 13 move up and down in a reciprocating motion, clamps 14 move
      in a corresponding manner. In particular, when a pipe or stem 30 is
      inserted through guide 15 and the circular openings in clamps 14 and arms
      13 are moved, clamps 14 engage pipe or stem 30 by pressing down thereon,
      slide it in the direction that the clamps 14 are slanted, release pipe or
      stem 30 and reciprocate back and re-engage it again at another position.
PAR  When it is desired to change the direction which driving clamps 14,
      displace pipe or stem 30, control 17 which is connected to clamps 14 as
      shown in FIG. 4, is pivoted so that the direction of the slant of the
      clamps 14 is changed and arm 13 moves clamps 14 and clamps 14 engage pipe
      or stem 30 and displace it in the above-described manner.
PAR  Tunneling device 10 is secured to support bars 5 of anchor means 1 by
      sliding mounts 16 of device 10 over the support bars 5. As seen in FIGS. 2
      and 3, mounts 16 are pivotally attached to the outside of housing 11 of
      tunneling device 10 and are generally U-shaped and open outward from the
      tunneling device so that they may slide along support bars 5 without being
      obstructed by spaced members 4. Mounts 16 comprise therein bolt holes 16a
      which correspond to bolt holes 5a on support bars 5 for bolting device 10
      onto the support bars 5.
PAR  Before mounting onto anchor means 1, tunneling device 10 is attached to a
      conventional trenching machine known as a "backhoe." Tunneling device 10
      is attached to the backhoe (not shown) by means of movable support arm 20
      shown in FIGS. 1-3 which extends downward from the backhoe and enables
      raising and lowering of tunneling device 10 into the vertical position
      desired. Tunneling device 10 is also attached to the backhoe hydraulic
      lift arm 21 which provides the up and down driving motion for driving arm
      13.
PAR  The embodiment of tunneling device 10 herein discussed and shown in FIGS.
      2, 3, and 4 is known as a POWER MOLE and is manufactured by POW-R DEVICES,
      INC. of Clarence Center, New York 14032.
PAR  This tunneling device is one among several conventional devices which may
      be suitable for use with the anchor means of the present invention.
PAC  OPERATION
PAR  When it is desired to drive a stem or pipe 30 through an earth works such
      as a roadway 42, anchor means 1 is placed in a ditch or hole 41 adjacent
      the roadway 42 and aligned in the direction in which it is desired to
      drive the stem (or pipe) 30 therethrough. Tunneling device 10, which is
      attached to a backhoe by support arm 20 and hydraulic arm 21, is lowered
      into anchor means 1 so that mounts 16 are generally aligned for slidable
      engagement with support bars 5. When so aligned, tunneling device 10 is
      horizontally displaced along support bars 5 until bolt holes 16a on mounts
      16 are aligned with bolt holes 5a on the support bars 5. When so aligned,
      bolts are secured through the bolt holes and tunneling device 10 is locked
      in spaced relation between the end plates 2.
PAR  A stem or pipe 30 is fed into tunneling device 10 along tracks 15 and
      through the downwardly open portion of clamps 14. Stem 30 extends through
      port 3 and into the earth works through which it is desired to tunnel.
PAR  After clamps 14 are shifted by control 17 to slant in the desired direction
      of tunneling, hydraulic lift arm 21 of backhoe is activated. While
      activated, lift arm 21 moves driving arms 13 up and down in a
      reciprocating motion, while arms 13 in turn drive clamps 14 which displace
      stem 30 into the earth works as here before discussed.
PAR  If stem 30 is formed in sections, as each section is driven into the earth
      works, another section is attached to its end using flooring 8 as an
      attaching platform.
PAR  As stems 30 are being driven into the earth works, tunneling device 10 is
      biased in a direction opposite to that in which wedges 14 are driving stem
      30. The end plate 2 which is so directed acts to engage earth works
      adjacent the ditch or hole and prevents displacing of tunneling device 10.
PAR  Once stem 30 is driven through the earth works, if it is desired to push a
      larger stem or pipe through the earth works, an enlarger coupler 31, such
      as shown in FIG. 2, is attached to stem 30 and to the larger stem or pipe
      and driven into the earth works.
PAR  Once driven through the earth works, a pipeline, cable, etc., is attached
      to stem 30 and control 17 is rotated so as to change the direction of
      slant of clamps 14. Once so changed, hydraulic arm 21 is activated and the
      clamps 14 pull stem 30 back through the earth works with the pipeline,
      cable, etc. attached thereto.
PAR  When pulling stem 30 back through the earth works, tunneling device 10 is
      biased toward the earth works and the end platae 2 so directed engages the
      earth works and prevents displacement of tunneling device 10 attached
      thereto.
PAR  As seen in FIG. 2, if it is desired, boards 9 or other props may be used to
      generally level anchor means 1. However, in most cases where the ditch or
      hole adjacent the earth works being tunneled through is generally level,
      the rectangular shape of end plates 2 will generally align tunneling
      device 10 so that such leveling is not needed.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangements of parts which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and the scope of the
      invention as expressed in the appended claims.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. An anchor means for an earth working tunneling device comprising:
PA1  two back stop members, at least one of said back stop members having a
      circular port formed therein,
PA1  elongated spacer members attached between said back stop members and
      rigidly securing said members in spaced relation from each other, said
      spacer members and said back stop members dimensioned so that the
      tunneling device and one end of the associated pipe or rod driven by the
      tunneling device are positioned wholly within the comfines of said
      members; and
PA1  means secured along the inner surfaces of said spacer members for slidably
      mounting a tunneling device in spaced relation between said back stop
      members.
NUM  2.
PAR  2. The anchor means of claim 1 wherein said means for mounting a tunneling
      device between the back stop members includes bar members which extend
      along the inner surfaces of said spacing members and are attached to said
      spacing members, said bar members including means for adjustably attaching
      a tunneling device thereto.
NUM  3.
PAR  3. The anchor means of claim 1 further including a flooring, said flooring
      extending between said back stop members and being attached thereto and
      extending along the bottom of the anchor means.
NUM  4.
PAR  4. The anchor means of claim 3 wherein said flooring is also attached to
      said spacer members and extends therebetween.
NUM  5.
PAR  5. The anchor means of claim 1 wherein said spacer members are bar members,
      said bar members including a means for mounting a tunneling device
      thereon.
NUM  6.
PAR  6. In combination with an earth works tunneling device, said tunneling
      device being places adjacent an earth works and when tunneling through the
      earth works being biased, an anchor means for the tunneling device
      comprising:
PA1  two back stop members;
PA1  two elongated spacer members attached between said back stop members and
      rigidly securing said members in spaced relation from each other;
PA1  at least one access port in one of said back stop members allowing
      communication between the tunneling device and the earth works; and
PA1  means secured along the inner surfaces of said spacer members for slidably
      mounting the tunneling device in spaced relation between said back stop
      members and for permitting multiple positioning of said tunneling device
      whereby said back stop members counter the bias of the tunneling device
      when tunneling through earth works.
NUM  7.
PAR  7. The anchor means of claim 6 wherein said means for mounting a tunneling
      device in spaced relation between said back stop members includes bar
      members which extend along and are attached to the inner surfaces of said
      spacing members.
NUM  8.
PAR  8. The anchor means of claim 6 further including a flooring, said flooring
      extending between said back stop members and being attached thereto and
      extending along the bottom of the seat.
NUM  9.
PAR  9. The anchor means of claim 6, wherein said spacing members extend in a
      parallel spaced relationship between said back stop members and the ends
      of said back stop members extend outwardly from and perpendicular to said
      spacer members.
NUM  10.
PAR  10. In a combination with an earth works tunneling device for driving stem
      portions through an earth works, said tunneling device including
      adjustable slanted clamps with a circular open portion therein, and
      up-and-down reciprocating driving arms, said clamps being attached to said
      arms and being driven by the up-and-down reciprocating motion thereof, and
      said clamps being capable of insertion of a stem portion through said
      circular open portion therein and after insertion of a stem portion
      therethrough, said clamps being capable of driving stem portions through
      the earth works in the direction the clamps are slanted by pressing down
      on the stem portion, sliding it in the direction that the wedges are
      slanted, releasing the stem portion and reciprocating back and reengaging
      the stem portion at another position thereon when said arms are moved in
      an up-and-down reciprocating motion, said reciprocating motion of said
      arms and said clamps biasing the tunneling device; an anchor means for the
      earth works tunneling device comprising:
PA1  two rectangular back stop members;
PA1  two elongated spacer members attached between said back stop members and
      rigidly securing said members in spaced relation from each other;
PA1  a flooring extending between the bottom edges of said rectangular back stop
      members, said flooring also extending between said elongated spacer
      members;
PA1  at least one access port in each of said back stop members allowing the
      stem portions being driven by the wedges of the tunneling device to extend
      through said back stop members and into the earth works; and
PA1  mounting means including four bar members, two bar members extending
      perpendicularly from and being attached to each of said rectangular back
      stop members and each bar being further attached to one of said spacer
      members and being positioned between said spacer members, the bar members
      on each spacer member having a space therebetween allowing slidable
      mounting of the tunneling device thereon, said bar members further
      including means for attaching said tunneling device thereto and when so
      mounted thereto, the bias of the tunneling device created by the clamps
      and up-and-down reciprocating motion of the driving arms, being countered
      by engagement of said rectangular back stop members with adjacent earth
      works.
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ABST
PAL  A device for stretching two segments of carpet for drawing said segments
      together to close a gap therebetween and for providing an apparently
      seamless carpet area. A pair of carpet grippers, each of which grips one
      of the carpet segments, are coupled through coupling means so as to be
      displaceable toward each other. A jack is arranged with the coupling means
      and is operator-actuated for displacing the grippers and stretching the
      segments toward each other until said segments are adjacent one another
      and the gap is closed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to devices for closing gaps between carpet
      segments and, more particularly, to devices of the type described which
      are operator-actuated for stretching the carpet segments toward each other
      until they are adjacent for closing the gap therebetween, whereupon said
      segments may be secured for providing an apparently seamless carpet area.
PAR  2. Description of the Prior Art
PAR  Practitioners of the carpeting trades frequently face a situation wherein
      carpet segments of often different materials and unequal tautness must be
      drawn together to form an apparently seamless, continuous carpet area.
      This occurs when carpeting is initially installed such as in wall-to-wall
      fashion in a series of rooms, or when carpeting is cleaned by shampooing
      or steam cleaning methods, with the detergents and steam which are used
      causing the carpet segments to shrink away from one another where they
      have been previously stitched or cemented together. Likewise, carpeting
      patchwork may be required such as in cases where a segment of the carpet
      has been mutilated or otherwise destroyed and the necessity of providing
      an apparently seamless carpet area by joining several carpet segments is
      presented.
PAR  Prior art devices for accomplishing the aforenoted purposes may be such as
      described in U.S. Pat. 2,882,642 issued on Apr. 21, 1959 to Hill and U.S.
      Pat. No. 3,374,023 issued on Mar. 19, 1968 to Hill and Giandomenico, both
      of said patents being assigned to Roberts Associated Industries, Inc.
      These prior art devices grip only one carpet segment and require an
      operator applied stretching force to stretch the gripped segment toward
      the other for closing a gap that may exist therebetween. A disadvantage
      exists in that when only one carpet segment is stretched, splitting and
      tearing of the stretched segment is likely to occur due to the stretching
      force required before the segment ends are brought together to close the
      gap. In this connection it is to be noted that when carpet segments have
      shrunk due to the aforenoted cleaning, a high degree of force is necessary
      to bring the carpet segments together since the gap must be closed by
      stretching the existing carpet, as compared to an installation where
      excess carpet is most likely available.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the disadvantages of the prior art devices
      and contemplates a pair of carpet grippers, each of which grips a carpet
      segment and which grippers are coupled so as to be displaceable toward
      each other, and the coupling is operator-actuated by a jack type device
      whereby a force is exerted to displace the grippers to draw the segments
      together until the gap therebetween is closed. When the gap has been so
      closed the carpet segments may be held in place first by cementing and
      then by tacks, and which tacks may be removed when the cement has cured.
      The device of the invention is easier and safer to use and provides a
      higher degree of force and a more satisfactory result than that possible
      with the prior art devices.
PAR  One object of this invention is to provide an improved dual action carpet
      stretching device for use by practitioners of the carpeting trades.
PAR  Another object of this invention is to provide a dual action carpet
      stretcher whereby a pair of carpet segments are stretched toward each
      other to close a gap therebetween and to thereby eliminate excessive
      stretching of only one carpet segment toward the other which may cause
      splitting or tearing of the segment being stretched.
PAR  Another object of this invention is to provide a device of the type
      described including a pair of coupled carpet grippers and operatoractuated
      means for displacing the coupled grippers toward each other whereby a
      force is exerted by each of the grippers to provide a dual stretching
      action for stretching the carpet segments toward each other.
PAR  Another object of this invention is to provide a device of the type
      described which is particularly adaptable to stretching carpet segments
      which are unequally taut and which may be of different materials.
PAR  Another object of this invention is to provide a device of the type
      described which is safer and easier to operate and provides a greater
      stretching force than devices heretofore known in the art.
PAR  The foregoing and other objects and advantages of the invention will appear
      more fully hereinafter from a consideration of the detailed description
      which follows taken together with the accompanying drawing wherein a
      single and preferred embodiment of the invention is illustrated by way of
      example. It is to be expressly understood, however, that the drawing is
      for illustration purposes only and is not to be construed as defining the
      limits of the invention.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single FIGURE in the drawing is a side view of a device according to
      the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The device of the invention includes a main tubular support member
      designated by the numeral 2 and a pair of carpet grippers designated by
      the numerals 4 and 6. Grippers 4 and 6 may be, for purposes of
      illustration, of the type described in the aforenoted U.S. Pat. No.
      2,882,642, and it will suffice to say for purposes of the present
      invention that the grippers include a pair of support arms 8 and 10
      terminating in foam or rubber backed bumper pads 12 and 14, respectively,
      at one end, and terminating in carpet gripping heads 16 and 18 include
      gripping teeth 20 and 22, respectively, and which gripping teeth grip the
      piling of the carpet segments 24 and 26 separated by a gap designated by
      the numeral 28.
PAR  Gripping heads 16 and 18 include adjustable knobs 30 and 32, respectively,
      whereby the height of gripping teeth 20 and 22 may be adjusted for varying
      the gripping action exerted on carpet segments 24 and 26 as may be
      described depending on the depth of the carpet pile, the carpet texture
      and such other considerations as are necessary. When using the device of
      the invention, head 16 is placed on carpet segment 24 and head 18 is
      placed on carpet segment 26 near the ends of the segments so that the
      device of the invention spans gap 28 for purposes which will be
      hereinafter become evident. The operator, upon using the invention, may
      grasp member 2 between heads 16 and 18 to exert a downward force as may be
      desired.
PAR  A sleeve member 34 includes an upper sleeve 36 and a lower sleeve 38. The
      sleeves are substantially C-shaped and carry communicating extensions for
      supporting bolts 39 which affix the sleeves each to the other. Sleeve 38
      surrounds arm 8 and is closed by drawing the ends of the sleeve together
      through bolts 40, while sleeve 36 surrounds member 2 and is closed by
      drawing the ends of the sleeve together through bolts 41. The arrangement
      is such that sleeve 36 grips tubular member 2, and arm 8 and sleeve 38 are
      in sliding relation.
PAR  A similar sleeve 42 surrounds member 2 and is disposed alongside sleeve 36.
      A clamp 44 is secured to sleeve 42 through a bolt 46 supported by
      communicating extensions of the sleeve and clamp. Clamp 44 is fastened
      around arm 8 through a bolt 48 carried at an opposite extension of the
      clamp to grip the arm. The arrangement is such that arm 2 and sleeve 42
      are in sliding relation.
PAR  Likewise, a sleeve member 50 includes an upper sleeve 52 and a lower sleeve
      56. Sleeves 52 and 56 carry extensions in communication with each other
      for supporting bolts 58 which affix the sleeves each to the other. Sleeve
      52 surrounds member 2 and the sleeve is closed by drawing the ends of the
      sleeve together through bolts 60. Sleeve 56 surrounds arm 10 and the
      sleeve is closed by drawing the ends of the sleeve together through bolts
      61. The arrangement is such that sleeve 56 grips arm 10 and sleeve 52
      grips member 2.
PAR  In this connection it is to be noted that arms 8 and 10 may be removed from
      their respective sleeves 38 and 56 by removing bolts 40 and/or 61, as the
      case may be, to use grippers 4 and 6 in the manner described in the
      aforenoted U.S. Pat. No. 2,882,642.
PAR  A conventional type jack which may be, for purposes of illustration, a
      hydraulic jack designated by the numeral 62, may be secured to sleeve 36
      through a clamp 66 and bolt 68, and secured to arm 2 through a clamp 69
      and bolt 71. An end plate 72 may be suitably affixed to tubular member 2
      as by welding or the like and an angle plate 74 may be secured to sleeve
      42 by bolts 76 carried by communicating ends of the angle plate and
      sleeve. Angle plate 74 may carry a securing bolt 75 at an opposite end
      thereof. Bolts 76 further serve the purpose of drawing the ends of sleeve
      42 together to close the sleeve. In this connection it is to be noted that
      the ends of sleeves 38 and 42 may carry spacers or washers (not shown)
      therebetween so that when bolts 39 and 76, respectively, are tightened to
      draw the sleeve ends together sufficient clearance exists between arm 8
      and sleeve 38 and member 2 and sleeve 42 to provide the aforenoted sliding
      action.
PAR  A removable jack handle 80 is in engagement with a conventional type jack
      actuating linkage arrangement 82. Jack 62 is operated by operator pumping
      or displacement of handle 80 alternately in opposite directions as shown
      by the arrows in the drawing.
PAR  A spring arrangement including a spring 84 coupled to a spring 86 through
      spring loops 88 applies a restraining force for purposes which will be
      hereinafter explained. Spring 84 is secured at its end 89 to a threaded
      hook 90 secured to end plate 72 through a wing nut 92 for adjusting the
      spring tension as may be required. Spring 86 is secured at its end 91
      through a clamp 93 in engagement with a threaded eye-rod 95 for vertical
      alignment of the spring as may be required. Rod 95 engages jack shaft 98
      adjacent a shoulder 99 thereon.
PAC  OPERATION OF THE INVENTION
PAR  Upon the aforenoted operation of jack 62, shaft 98 moves out of the jack
      and pushes against angle plate 74 against the tension or force provided by
      springs 84 and 86. As heretofore noted, sleeves 36 and 52 grip tubular
      member 2, sleeve 56 grips arm 10, clamp 46 couples sleeve 42 to arm 8,
      tubular member 2 is in sliding relation with sleeve 42 and arm 8 is in
      sliding relation with sleeve 38. With this arrangement between the
      sleeves, arms, clamps, tubular member and angle plate, operation of jack
      62 as heretofore described causes either gripping head 4 to 6 to move
      toward the other gripping head, or both gripping heads to move toward each
      other to stretch carpet segments 24 and 26 to close gap 28 as will be next
      described.
PAR  It will be assumed that carpet segments 24 and 26 are initially under
      unequal conditions of tension as indicated by the vectors T.sub.24 and
      T.sub.26 in the drawing. That is, carpet segment 24 may be affected by a
      lesser tensile force T.sub.24 so as to be less taut than carpet segment
      26. This may be due to a variety of reasons such as different carpet
      materials for the segments, carpet segment 24 having shrunk less during
      cleaning than carpet segment 26, carpet segment 24 having more material
      than carpet segment 26, and such other conditions as will be understood by
      those skilled in the art.
PAR  Upon the aforenoted operative action of jack 62, carpet segment 24 offers
      less resistance to the jack force than carpet segment 26, whereupon arm 8
      slides in sleeve 38 to displace gripping head 16 rightwardly with
      reference to the figure so that carpet segment 24 is stretched toward
      carpet segment 26. It will be understood that if carpet segment 26 were
      initially less taut than carpet segment 24, carpet segment 26 would offer
      less resistance to the jack force, whereupon member 2 would slide in
      sleeve 42 to displace gripping head 18 leftwardly with reference to the
      figure so that carpet segment 26 would be stretched toward carpet segment
      24.
PAR  If carpet segments 24 and 26 are initially equally as taut or become
      substantially so by first stretching one of the segments toward the other
      as aforenoted, then both segments offer equal resistance to the jack force
      and the operative action of the jack causes arm 8 to slide in sleeve 38
      and member 2 to slide in sleeve 42, whereupon gripping heads 16 and 18 are
      displaced toward each other. Thus, the device of the invention closes gap
      28 by first stretching the less taut carpet segment toward the other and
      then by stretching both of the carpet segments toward each other when the
      segments are equally as taut.
PAR  When carpet segments 24 and 26 coincide with each other, that is, when gap
      28 is closed, the carpet segments may be held in place by first applying a
      glue or cement underneath the carpet segments for securing purposes and
      then by using carpet tacks which may be removed when the glue has suitably
      cured. Removal of the device of the invention from the carpet is achieved
      by releasing or opening hydraulic jack pressure valve 102, and which may
      be accomplished by providing a suitable wrench arrangement at the end of
      removable jack handle 80 or by a separate wrench as may be desired. Upon
      opening the pressure valve, jack shaft 18 moves back into jack 62 and away
      from angle plate 74 aided by the action of spring members 84 and 86,
      whereupon gripper heads 4 and 6 may be manually moved away from each other
      and the device of the invention may be lifted away and respositioned at
      another carpet area for further stretching or closing another gap as may
      be desired.
PAR  It will now be seen from the aforenoted description of the invention that a
      device of great utility in the carpet trades has been provided. In
      contrast to the prior art devices, a pair of carpet grippers are coupled
      so as to be displaceable toward each other upon actuation of the jack to
      stretch the carpet segments, whereby a gap between the segments is closed.
      The device requires no operator applied stretching force as do the prior
      art devices and is thus easier and safer to use. The invention overcomes
      the disadvantages of the prior art devices in that both carpet segments
      may be drawn toward each other so as to prevent tearing and splitting of
      the carpet as often occurs if only one of the segments is drawn toward the
      other segment, while providing a greater overall stretching force.
PAR  Although only one embodiment of the invention has been illustrated and
      described, various changes in the form and relative arrangement of the
      parts which will now appear obvious to those skilled in the art may be
      made without departing from the spirit and scope of the invention. For
      example, although the invention has been described as using a hydraulic
      jack, conventional mechanical or pneumatic jacks may be used as well.
      Likewise, various types of carpet grippers may be employed with the
      invention to achieve the purposes described. Further, although the spring
      arrangement described employs a pair of springs 84 and 86 as has been
      found to provide a wider spring force adjustment range, a single spring
      might be used as well.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for stretching a pair of carpet segments for closing a gap
      between the segments, comprising:
PA1  a pair of carpet gripping members disposed so that each member grips a
      corresponding carpet segment:
PA1  means for coupling the carpet gripping members so that said members are
      displaceable toward each other and including a support member extending
      substantially parallel to the carpet segments, one of the pair of carpet
      gripping members having a first arm extending parallel to the support
      member near one end thereof and the other of the pair of carpet gripping
      members having a second arm extending parallel to the support member near
      the opposite end thereof, and each of the first and second arms supporting
      a gripping head for gripping a carpet segment, sleeve means disposed near
      the one end of the support member and including a first sleeve in sliding
      relation with the first arm near said one end and a second sleeve which
      grips the support member, a third sleeve disposed near the second sleeve
      in sliding relation with the support member and means for coupling the
      third sleeve to said arm, other sleeve means disposed near the opposite
      end of the support member and including a fourth sleeve which grips the
      second arm near said opposite end and a fifth sleeve which grips the
      support member, means for coupling the first and second sleeves together,
      and means for coupling the fourth and fifth sleeves together; and
PA1  means arranged with the coupling means and operator-actuated for displacing
      the gripping member which grips a less taut segment of the pair of carpet
      segments for stretching said segment toward the other, and for displacing
      both gripping members when the segments gripped thereby are equally as
      taut for stretching said segments toward each other, with the gap between
      the segments being thereby closed.
NUM  2.
PAR  2. Apparatus as described by claim 1, wherein the means arranged with the
      coupling means and operator-actuated for displacing a gripping member
      which grips a less taut segment of the pair of carpet segments for
      stretching said segments toward each other, and for displacing both
      gripping members when the segments gripped thereby are equally as taut for
      stretching said segments toward each other, with the gap between the
      segments being thereby closed, includes:
PA1  jack means supported by the support member and the second sleeve;
PA1  a first plate member coupled to the third sleeve;
PA1  said jack means including a shaft extending substantially parallel to the
      support member and disposed adjacent the first plate member, and axially
      displaced upon operator-actuation of the jack means for exerting a force
      on said plate member whereupon the gripping member gripping the less taut
      carpet segment is displaced and both gripping members are displaced when
      the carpet segments are equally as taut.
NUM  3.
PAR  3. Apparatus as described by claim 2, including:
PA1  a second plate member supported near the one end of the support member;
PA1  the jack means disposed between the first and second plate members;
PA1  spring means;
PA1  means for coupling an end of the spring means to the second plate member;
PA1  means for coupling the other end of the spring means to the jack shaft
      adjacent the first plate member; and
PA1  the force exerted by the jack shaft upon the first mentioned plate member
      being exerted in opposition to a force exerted by the spring means.
NUM  4.
PAR  4. Apparatus as described by claim 3, wherein the means for coupling the
      one end of the spring means to the second plate member, includes:
PA1  an adjusting member having an end engaging the one end of the spring means
      and an opposite threaded end extending through the second plate means; and
PA1  a nut in engagement with the threaded end of the adjusting member and
      operator-operable therewith for adjusting the force exerted by the spring
      means.
NUM  5.
PAR  5. Apparatus as described by claim 3, wherein the means for coupling the
      other end of the spring means to the jack shaft adjacent the first
      mentioned plate member, includes:
PA1  an aligning member having an end engaging the jack shaft and an opposite
      threaded end;
PA1  clamping means in engagement with the threaded end and clamping the other
      end of the spring means to said aligning member; and
PA1  said aligning clamping means operable with the threaded end of said member
      for aligning the spring means.
NUM  6.
PAR  6. Apparatus as described by claim 3, wherein:
PA1  the spring means is disposed substantially parallel to the axis of the jack
      shaft.
NUM  7.
PAR  7. Apparatus as described by claim 4, wherein:
PA1  the adjusting member is disposed substantially parallel to the axes of the
      spring means and jack shaft.
NUM  8.
PAR  8. Apparatus as described by claim 5, wherein:
PA1  the aligning member is disposed substantially normal to the axes of the
      spring means and jack shaft.
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ABST
PAL  A portable timber felling device for controlled felling of a tree including
      a hydraulic ram unit positionable in a backcut of the tree for extension
      therein to fell the tree. A hydraulic power unit includes a pump and
      control valves to generate and regulate the hydraulic power required to
      operate the hydraulic ram unit. A hose means of a considerable length
      interlinks the power and ram units for the transmission of the generated
      hydraulic power. A remote control unit with a manually operable control
      member controls at least one of the valves on the power unit via a
      communication means which places the operator of the remote control at a
      substantial distance from the power unit and the tree to be felled. The
      entire structure is portable and a battery provides the electrical power
      for remote control.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a portable timber felling device for controlled
      felling of a tree with safety.
PAR  Pertinent prior art includes the following U.S. Patents: Evenson No.
      2,657,904; Evenson No. 2,690,323 and Thiermann No. 3,773,292.
PAR  In certain prior art devices, a hydraulic wedge member was inserted into a
      kerf in a tree for felling. The wedge member, besides being unduly
      cumbersome, had the distinct disadvantage of having the hydraulic valves
      and the manual levers to operate the same located on the wedge, which
      placed the operator in a dangerous position. In addition, a second person
      was necessary to operate a chain saw engine which drove a hydraulic pump
      member connected between a reservoir and the wedge. The reservoir and pump
      were often heavy and bulky so that a truck or a similar vehicle was
      required to carry them to the felling site. This factor precluded such a
      felling device being used on steep slopes or other terrain inaccessible to
      a motor vehicle.
PAR  In other prior art devices the valves and manual controls thereto were
      located adjacent the hydraulic pump member instead of being on the wedge
      member. However, the operators were still close enough to the felled tree
      when operating the controls to be hit by flying debris. Moreover, these
      wedge members developed into a rather complicated structure which offered
      negligible control over the direction in which the tree might fall.
      Inaccurate felling of a tree often resulted in increased breakage and
      lower lumber yields especially on steep hillsides as well as damage to
      nearby timber.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a portable
      timber felling device which improves job safety for the operator while
      felling trees.
PAR  Another object of the present invention is to provide a portable timber
      felling device which can easily be backpacked by a single operator over
      terrain inaccessible to motor vehicles.
PAR  A further object of the present invention is to provide a portable timber
      felling device which allows accurate felling of a tree even on steep
      slopes and in which the accurate felling reduces breakage and increases
      lumber yield without damage to adjacent trees.
PAR  A still further object of the present invention is to provide a portable
      timber felling device which is activated by manually operable controls on
      a remote control unit so that the operator is located a safe distance away
      from the tree and flying debris during the felling operation.
PAR  In accordance with the present invention, a portable timber felling device
      for causing the controlled felling of a tree includes a hydraulic ram unit
      which is positioned in the backcut of a tree and is extended to cause the
      felling of the tree. A hydraulic power unit generates hydraulic power for
      the ram unit and it includes a pump and control valves. A hose extends
      between the power unit and the ram unit to transmit the generated
      hydraulic power. A remote control unit has a manually operable control
      member for at least one of the control valves on the power unit. The
      remote control unit is placed in communication with one of the control
      valves while it is at a substantial distance from the power unit.
PAR  One feature of the invention is the provision of an electrically operated
      valve for controlling fluid to the ram unit in which the valve is operated
      by a momentary electric pulse from a battery powered circuit. More
      particularly, the valve is a solenoid valve which is opened by a momentary
      electric pulse and remains in the open position until another momentary
      pulse of the opposite polarity is received.
PAR  Another feature is the provision of a pressure transducer on the power unit
      which produces a signal that is read by a meter on the remote control unit
      to indicate the hydraulic pressure within the system.
PAR  A further feature of the invention is a manually operable control on the
      remote control unit which disables the engine on the power unit so that in
      case of an emergency or malfunction the pressure to the ram unit can be
      stopped immediately.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of the invention will readily be apparent
      from the following specification and from the drawings, in which:
PAR  FIG. 1 is a diagrammatic illustration of a tree on a hillside about to be
      felled by a timber felling device embodying the invention;
PAR  FIG. 2 is a perspective view of the apparatus in its backpacking position;
PAR  FIG. 3 is a schematic diagram of the hydraulic circuits thereof;
PAR  FIG. 4 is a schematic diagram of the electrical circuits thereof; and
PAR  FIG. 5 is a schematic diagram of a second embodiment of the solenoid
      switching circuit disclosed in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  One embodiment of the portable timber felling device for causing the
      controlled felling of a tree is illustrated in FIG. 1, and includes a
      hydraulic ram unit 10 which is positioned in a backcut 12 of a tree 14.
      Preferably, the ram unit 10 includes one or more hydraulic rams each of
      which has a bottom plate and a top plate that is mounted on a movable
      piston in a cylinder. The plates are designed to concentrate the force at
      the center of the piston which reduces off center loading. Also, the base
      for the plates should be as level as possible which requires the backcut
      12 in the tree 14 to be cut accordingly. The rams are placed well inside
      the tree bark 16 for best results. The tree 14 has an undercut 18 opposite
      the backcut 12 which faces toward the hillside 20 so that the tree 14 will
      fall to the left (FIG. 1) when the rams are extended. This can provide any
      desired direction of fall for the tree including an uphill felling when it
      is desirable to reduce breakage and thereby increase lumber yield. The
      rams 10 are extended by the fluid power from a hydraulic power unit 22 via
      a hydraulic hose 24. The fluid power from the power unit to the ram unit
      10 is regulated by a remote control unit 26 which has manually operable
      control members for at least one of the control valves on the power unit
      to be described later in detail. The remote control unit 26 communicates
      with the power unit 22 by an electrical cable 28.
PAR  In the preferred embodiment, the hydraulic hose 24 and the electrical cable
      28 are each approximately 50 feet in length so that an operator at the
      remote control unit 26 can stand at a substantial distance, approximately
      100 feet, from the base of the tree 14. Thus the operator 30 is safely
      away from flying debris when the tree is felled and yet he can accurately
      control the felling.
PAR  The power unit 22 is illustrated in greater detail in FIG. 2. Preferably,
      all of the power unit components are constructed of lightweight and
      durable materials for easy portability on a backpacking frame 32. The
      hydraulic hose 24 and electrical cable 28 are attached to the frame 32 by
      carrying straps 34. A horizontal mounting plate 36 fastened to the frame
      32 divides the frame into upper and lower portions. The lower frame
      portion has a fluid reservoir 38 secured to the bottom of plate 36. The
      upper frame portion has a hydraulic pumping unit 40 secured to the top of
      the plate 36. A gasoline engine 42 is mounted on top of the pumping unit
      40 and is in direct operative engagement with a pump therein. A pressure
      gauge 44 is connected to the pumping unit 40 to indicate the output
      pressure of the system. A 3-way valve 46 with a push-pull lever is
      connected to the pumping unit 40 for controlling the fluid power of the
      system.
PAR  As also seen in FIG. 2, an enlargement of the operating face on the remote
      control unit 26 is depicted with a pressure meter 48 and the following
      manual button controls: a zero adjust screw 50 for the pressure meter 48,
      an engine kill switch 52, a meter read switch 54, a ram extend switch 56,
      and a ram hold switch 58. The operable electric circuit means between the
      power unit and remote control unit will be described in more detail
      subsequently.
PAR  Turning now to FIG. 3, the hydraulic power circuit is illustrated with the
      cylinders of the rams in their retract position. Generally, this circuit
      has a low pressure stage for pilot fluid and ram unit extension with a
      high pressure stage for felling a tree. The direction control of ram
      extension or retraction and ram hold is by the 3-way valve 46 and with
      movement of the ram unit determined by a remote solenoid operated valve
      76. The engine 42 rotates a shaft 60 which drives a pump in the pumping
      unit 40 that has a low pressure stage 62 and a high pressure stage 64. The
      low pressure stage 62 receives fluid from the reservoir 38 through a
      filtered inlet line 66 and supplies fluid power to a low pressure output
      line 68. The low pressure line 68 has three branch lines 70, 72 and 74.
      Branch line 70 delivers fluid to the inlet port of the high pressure stage
      64. The branch line 72 provides pilot fluid to the inlet port of a 3-way,
      normally closed, solenoid valve 76 with a manual override. The branch line
      74 extends to the reservoir 38 and has a normally closed relief valve 78
      whereby when the pressure on line 68 exceeds a predetermined value, the
      valve opens to discharge fluid into the reservoir 38. In addition, the low
      pressure line 68 has a ball check valve 80 which opens in the direction of
      the low pressure flow.
PAR  The high pressure stage 64 of the pump receives fluid at its inlet port
      under low pressure and supplies fluid under a high pressure to an outlet
      line 82. A relief line 84 connects with outlet line 82 and to the pump
      reservoir 38 through a pressure relief valve 86. In addition, the high
      pressure line 82 is connected to the low pressure line 68 with the check
      valve 80 preventing flow from the high pressure line through the low
      pressure line 68.
PAR  A branch line 88 from the high pressure line 82 extends to a 2-way,
      normally open, valve 90 which is pilot controlled by vavle 76. In the open
      position, the valve 90 exhausts the fluid in the high pressure line 82 to
      the pump reservoir 38. When the valve 90 is closed by a signal from valve
      76, the fluid in the high pressure line is directed to the hose 24 through
      a ball check valve 98 in a line 83.
PAR  A branch line 94 from line 83 has a 3-way, manually operable, valve 46. In
      FIG. 3, the 3-way valve 46 is shown in a ram retract position. In this
      position, the fluid power in line 83 is exhausted through branch line 94
      to the pump reservoir 38 as is the flow from hose 24 through a line 96
      leading to the valve 46.
PAR  The check valve 98 permits fluid flow toward the hose 24 but blocks flow in
      the opposite direction.
PAR  The valve 46 has a hold position for the ram unit wherein line 94 is open
      to the reservoir 38 and the line 96 is blocked. A third position of the
      valve for ram extension has both lines 94 and 96 blocked.
PAR  Assuming now that the valve 46 is positioned to close branch line 94, the
      fluid in the line 83 would flow through the check valve 98 to a line
      junction 100. The junction 100 has a pressure branch line 102 with a
      pressure transducer 104 and the pressure gauge 44 and connects a filtered
      output line 106 of the pumping unit 40. With the valve 46 in the ram
      extend position with lines 94 and 96 closed, the fluid power flows through
      a quick disconnect coupler 108 with two check valves which open upon
      coupling of the coupler 108 to the hydraulic hose 24.
PAR  The hydraulic hose 24 connects to one end of a Y-connected hose 110 by a
      quick disconnect coupler 112. The other two ends of the Y-connected hoses
      110 extend through quick disconnect couplers 114 and 116 to the jack
      cylinders 118 and 120, respectively, of the ram unit 10. The cylinders 118
      and 120 include return springs 118a and 120a, acting on the pistons 118b
      and 120b in the cylinders.
PAR  As shown in FIG. 3, the solenoid valve 76 is deenergized with the manual
      override inoperative. The line 72 is blocked and the pilot line 90a is
      open to the reservoir 38. The valve 90 is in its normally open position
      and is exhausting the fluid from the line 88 to the reservoir 38. The
      manual valve 46 is in the ram retract position. Any fluid passing through
      line 83 is being exhausted through the branch line 94 to the reservoir and
      the cylinders 118 and 120 are also connected to the reservoir.
PAR  For extension of the jack cylinders of the ram unit 10, the manual valve 46
      is shifted to the position wherein both lines 94 and 96 are blocked from
      communication with the reservoir 38. An operator can then move to a
      distance from the tree and with the remote control unit operate the valve
      76, as described hereinafter, to connect the branch line 72 to the pilot
      line 90a which shifts the valve 90 and blocks the line 88 from
      communication with the reservoir 38. Fluid under pressure is then directed
      to the cylinders 118 and 120. Also described hereinafter, another pulse of
      the solenoid 160 will return valve 76 to the position shown in FIG. 3
      which operates to hold the cylinders 118 and 120 in their extended
      position with return flow being blocked both at the valve 46 and by the
      check valve 98 and the pump flow returns to reservoir 38 through valve 90.
PAR  The operable electric circuit means which operates the power unit 22 by
      remote control 26 is shown in FIG. 4. An operating voltage for a remote
      control meter circuit 122 and the solenoid 160 of the valve 76 is provided
      by a battery 124 which may be an alkaline throw-away battery or a
      rechargeable battery with a chassis ground 126 on the remote control unit
      26 and with a mounting on the power unit 22. Alternatively, since the
      battery is sufficiently small and lightweight, it may be mounted in the
      remote control unit.
PAR  In accordance with a preferred form of the invention, an operating voltage
      V.sub.S is provided for the remote control meter circuit 122 by the
      battery 124 when the meter read button on the remote control unit 26 is
      depressed and held, which closes a spring-loaded, normally open, switch
      54. This supplies a voltage to a voltage regulator circuit 128 which is
      part of integrated meter circuit on a printed circuit board enclosed
      within the remote control unit 26. The voltage regulator circuit 128
      includes a zener diode 130 for providing a reference voltage and an
      operational amplifier 132 (of a voltage follower configuration) with a
      transistor 134 at its output to provide driving capabilities. An output
      136 of the voltage regulator circuit 128 has a capacitor 138 between the
      output lead and the chassis ground 126 to eliminate any oscillations of
      the amplifier 132 which are caused by switching transients.
PAR  With the switch 54 closed and the output 136 of the voltage regulator
      connected across the input to the pressure transducer 104, there is a
      current flow across a resistive bridge network of the transducer. The
      measured potential at points 138 and 140 on the resistive network of the
      transducer 104 produces an electrical output which is proportional to the
      pressure sensed in the hydraulic system. The pressure-related signals from
      points 138 and 140 are fed to a meter drive circuit 142 where a
      differential amplifier 144 responds to the difference between the two
      signals to produce an output current that drives the pressure meter 48. A
      pull-up resistor 146 is connected between the output of the amplifier 144
      and the output 136 of the voltage regulator 128 which maintains the
      amplifier's output voltage and supplies the required current to drive the
      meter 48.
PAR  A unity gain circuit 148 completes the remote control meter circuit 122.
      The purpose of this circuit is to maintain point X at the same potential
      as point Y in the resistive circuit of the transducer 104, which allows
      the meter 48 to be referenced to chassis ground 126 without loading the
      transducer. In addition, the zero adjust screw 50 adjusts a potentiometer
      150 which changes the input to differential amplifier 152 so that offset
      currents and voltages can be provided to permit a zero adjustment of the
      meter 48. A pull-up resistor 154 is connected between the supply voltage
      136 and the output of the amplifier 152 to prevent loading of the same. In
      addition, when the three-way valve 46 is in the ram extend position and
      the pressure gauge 44 is reading approximately 7500 P.S.I., the meter 48
      can be calibrated to equal the reading on the pressure gauge 44. This is
      accomplished by adjusting a variable resistor 156 in series between the
      output of the amplifier 144 and the meter 48 until equal readings are
      obtained.
PAR  A solenoid circuit 158 for the three-way solenoid valve 76 includes extend
      and hold switches 56 and 58, respectively on the remote control unit 26.
      The valve, as an example, may be a Skinner magnelatch valve with a manual
      override, Model V53, which is manufactured and sold by Skinner Electric
      Valve Div. of Skinner Precision Industries, Inc. of New Britain, Conn.
      Unlike a conventional solenoid valve which requires a continuous flow of
      current through the coil to hold the plunger in one position, the
      magnelatch valve operates by means of a permanent magnet latch circuit.
      This latch circuit allows the valve to be controlled by a momentary
      current pulse of 20 milliseconds in duration. An operating current pulse
      for the solenoid 160 of the valve 76 is provided by the battery 124 when
      the operator closes momentarily either the ram extend or hold switches 56
      and 58, respectively, by pushing the corresponding buttons on the remote
      control unit.
PAR  For example, if the operator pushes the ram extend button, then the valve
      shifts to a latch position which is equivalent to the energized position
      on a conventional solenoid valve. A magnet in the valve circuit holds the
      plunger in the latch position without drawing current from the battery
      124. This prolongs battery life. In the latch position, the valve 76
      normally pilots the valve 90 to closed position. When an operator pushes
      the button to operate the hold switch 58, a momentary pulse of opposite
      polarity unlatches the valve. The unlatch position is a release position
      which is equivalent to the de-energized position of a conventional
      solenoid valve. The spring-biased valve 90 opens to exhaust the fluid in
      line 88 to the reservoir while check valve 98 presents a backflow of fluid
      from the ram unit 10. The solenoid circuit 158 further includes a pair of
      back-to-back zener diodes 162 which are in parallel with the coil 160 to
      provide a clipping circuit to protect other circuitry from harmful voltage
      and current transients.
PAR  An engine kill circuit 164 is another feature of the invention. The engine
      42 has an engine primary 166 which is connected via the normally open
      push-button switch 52 on the remote control unit to a ground 168 on the
      power unit. If the operator wants to stop the engine, he closes the engine
      kill switch 52 which shorts the engine primary to ground.
PAR  FIG. 5 shows another embodiment of the switching elements 169 for the
      solenoid valve circuit. A single pushbutton switch 170 on the remote
      control unit releases and latches the plunger of valve 76. The switch 170
      is normally in the ram hold position and this causes the battery 124 to
      charge a capacitor 172 in series between the battery and solenoid coil
      160. As a result, the valve 76 remains in the release or unlatched
      position. When the switch is closed by pushing the button 170, the
      capacitor rapidly discharges, which causes a reverse current pulse across
      the coil 160 to latch the plunger and to activate the pilot control of
      valve 76. Upon the release of the push button switch 170, the capacitor
      172 starts to recharge, which causes a current pulse of opposite polarity
      across the coil 160 to unlatch the valve plunger and cut off the pilot oil
      to the valve 90. The capacitor 172 gives this circuit the same battery
      saving feature of the solenoid circuit in FIG. 4.
PAR  In operation, the hydraulic power unit 22 is placed on the ground out of
      the path in which the tree 14 might fall. The hydraulic rams are placed
      into the backcut 12 of the tree and the connected hydraulic hoses 24 and
      110 are coupled to the pump unit 40 and the ram unit 10, respectively. The
      remote control unit 26 is connected to the power unit 22 via the electric
      cable 28. The three-way hydraulic valve 46 is manually placed in the ram
      retract position. The ram hold switch 58 is depressed and released to put
      the plunger of the three-way solenoid valve 76 in the release position.
      Next, the gasoline engine 42 is started and the engine speed is set at
      one-half to two-thirds throttle. Valve 46 on the power unit 22 is shifted
      to the ram extend position. The pump unit 40 is now controlled by the ram
      extend and hold buttons 56 and 58, respectively, on the remote control
      unit 26. To read the pressure within the system during operation, the
      meter switch button 54 is depressed and held for reading meter 48. After
      the tree is felled, the operator depresses and holds the engine kill
      switch button 52 until the engine stops. The operator then places the
      lever of the three-way valve 46 on the power unit in the ram retract
      position and waits for the pistons on the rams to completely return before
      disconnecting the hydraulic hoses. After a short cooling period for the
      engine's muffler, the hydraulic hoses and electric cable can be strapped
      to the backpacking frame 32 and the timber tipper apparatus is carried to
      the next job site.
PAR  Moreover, in an emergency, when the battery becomes discharged or the
      remote control unit fails after the last remote operation performed was
      ram extend, the power unit may be operated manually with the three-way
      valve 46 on the power unit. On the other hand, if the last performed
      remote operation was ram hold, the manual override on valve 76 must be
      placed in the "on" position before manually operating the lever on valve
      46. During the normal remote control operation the manual override must be
      placed in the "off" position.
CLMS
STM  We claim:
NUM  1.
PAR  1. A portable timber felling device for causing controlled felling of a
      tree comprising, a hydraulic ram unit positionable in a pre-cut recess of
      a tree for extension to cause the felling of the tree, a transportable
      hydraulic power unit separate from the ram unit for generating hydraulic
      power for said ram unit and including a pump and control valves, hose
      means extended between the power unit and the ram unit, a pressure
      transducer on said power unit and in circuit with the ram unit for
      detecting the pressure in the ram unit, a remote control unit with a
      manually operable control member for at least one of said control valves
      and a pressure gauge, and means placing said remote control unit in
      communication with said one control valve and said pressure gauge in
      communication with said pressure transducer while at a substantial
      distance from said power unit.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said one control valve is an
      electrically operated valve, and said communication means includes a
      battery powered circuit for operation of said electrically operated valve.
NUM  3.
PAR  3. A device as defined in claim 2 wherein said communication means includes
      a length of electric cable.
NUM  4.
PAR  4. A device as defined in claim 3 wherein said hydraulic power unit and
      battery are on a backpack frame, and means for removably attaching said
      hose means, said remote control unit and said electric cable to the
      backpack frame.
NUM  5.
PAR  5. A device as defined in claim 2 wherein said one control valve has two
      positions and a solenoid operator therefor with means for placing said
      control valve in alternate ones of the two positions by a momentary
      energization of the solenoid and with said control valve remaining in said
      one alternate position after deenergization of the solenoid.
NUM  6.
PAR  6. A device as defined in claim 1 wherein said hydraulic ram unit includes
      a plurality of extensible jack cylinders.
NUM  7.
PAR  7. A device for felling trees including a power unit having an engine, a
      pump driven by the engine, a reservoir, and a plurality of control valves,
      a ram unit separate from the power unit positionable in a tree recess and
      extensible under pressure to fell a tree; hose means connecting said power
      unit to said ram unit; said control valves including a first valve in
      circuit with said hose means to either connect the hose means to said
      reservoir for retraction of the ram unit or to block said last-mentioned
      connection, a second pilot operated valve for causing the pump output to
      flow either to said hose means or to reservoir, and a third pilot valve
      for controlling the operation of said second valve; and a remote control
      unit at a distance from said power unit for operating said third pilot
      valve.
NUM  8.
PAR  8. A device as defined in claim 7 wherein said third pilot valve has one
      position to direct pilot fluid to said second valve and another position
      to relieve pilot fluid from the second valve, and means responsive to a
      momentary electrical pulse to sequence said third pilot valve from one
      position to the other.
NUM  9.
PAR  9. A device as defined in claim 8, wherein successive momentary electrical
      pulses are of sequentially opposite polarity and provided by a circuit,
      comprising:
PA1  a chassis ground on said remote control unit;
PA1  a voltage source for providing said momentary electrical pulses and having
      a pair of terminals with one terminal connected through a conductor to the
      chassis ground;
PA1  a switch on said remote control unit having a first position connecting
      said responsive means with the other terminal of said voltage source and a
      second position connecting said responsive means to chassis ground;
PA1  a capacitor in series between the switch in said first position and said
      responsive means being charged by said battery for establishing a
      momentary electrical pulse of one polarity across said responsive means
      and being discharged to chassis ground when the switch is in said second
      position for establishing a momentary electrical pulse of an opposite
      polarity across said responsive means.
NUM  10.
PAR  10. A device as defined in claim 7 wherein said pump has first and second
      stages connected to said hose means with said third pilot valve being in
      circuit with said low pressure stage, and check valve means in parallel
      with said second valve to permit pump output to flow to said hose means
      with bypass of the second valve but blocking said bypass of return flow
      from said hose means.
NUM  11.
PAR  11. A device as defined in claim 10 wherein said second pilot operated
      valve is positioned upstream of said check valve means whereby said ram
      unit may be held in an extended position by said check valve means when
      said second pilot operated valve is positioned to direct pump output to
      the reservoir.
NUM  12.
PAR  12. A device as defined in claim 11 wherein said remote unit includes a
      switch in electrical circuit with a solenoid for said third pilot valve.
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ABST
PAL  A device for tilting heavy objects having a handle associated with the
      upper surfaces of the heavy object is disclosed. The device includes an
      elongated base, one end of which engages the handle and the opposite end
      of which seats in a housing. The device also includes a lever, one end of
      which is pivoted in the housing and the opposite end of which has a hand
      grip. The lever is mounted to move away from a position approximately
      parallel to the elongated base through a predetermined number of degrees
      to an upper second position. When the lever is in this latter position,
      the object is tilted by applying pressure upon the hand grip of the lever.
BSUM
PAR  This invention relates to a tilting device that is useful for tilting heavy
      outboard motors out of the water, or for tilting other heavy objects.
PAC  BACKGROUND OF THE INVENTION
PAR  With the increase in demand in recent years for powered boats, both in
      terms of quantity and size, there has been a corresponding growth in the
      number and size of conventional type outboard motors. One of the problems
      facing a boater having a boat with a large heavy outboard motor, which is
      located at the rear of the boat, arises in tilting the motor into or out
      of the water.
PAR  Outboard motor manufacturers generally have endeavoured to solve this
      problem for some types of larger motors by using an auxiliary power system
      to tilt the motor. However, while such a system provides one answer to the
      problem, the cost to the motor purchaser is high.
PAR  The invention disclosed and claimed in this application provides a simple
      mechanical method at a reasonable cost for enabling the boater to readily
      cope with the problem of tilting the outboard motor into and out of the
      water.
PAR  The invention is also useful for other applications requiring the tilting
      of heavy objects. For example, in the construction industry, workers on
      high rise construction projects are required to manoeuver heavy
      construction materials such as steel beams. The device is useful in
      assisting the worker to readily move and locate such materials in the
      desired position. The tilting or moving of heavy containers for liquids
      from one location to another is another example. A further example can be
      found in the tilting or moving of heavy warehouse materials from or into
      the storage position in the warehouse, or to mechanical or automotive
      transporting means.
PAR  Therefore, this invention also provides a simple mechanical device which is
      inexpensive and easy to use for tilting or moving of heavy objects.
PAR  The invention can be constructed in various sizes or can be adjustable in
      size for use with different sized objects.
PAC  SUMMARY OF THE INVENTION
PAR  The tilting device comprises an adjustable elongated tubular base member
      and a lever member. The base member has two ends which are adapted to
      engage the object to be tilted. The first end includes flanges, and the
      second end is either rigidly or adjustably mounted in a housing. The lever
      member has two ends, one of which is pivotally mounted within the housing
      and the other end of which has a hand grip. The pivotal mounting and the
      housing enable the lever to swing through an arc from a first position,
      adjacent to and approximately parallel with the base member, to a second
      position that is a number of degrees removed from the base member. The
      tilting device is constructed so that the lever cannot move beyond the
      second position. When the lever is in the second position, the object to
      be tilted can be tilted by applying pressure at the hand grip in the
      direction that the object is to be tilted.
PAR  Where the object to be tilted is an outboard motor, the base member is
      constructed with flanges that engage the motor handle. The other end of
      the base member rests on the upper surface of the motor. The device can be
      constructed in different sizes or can be constructed to be adjustable to
      accommodate various sizes of outboard motors.
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PAC  DRAWINGS
PAR  FIG. 1 is a perspective view of the tilting device with the handle of the
      device shown in alternative positions;
PAR  FIG. 2 is an enlarged fragmentary detail view of a portion of one
      embodiment of the tilting device showing the elements of the device that
      permit the tilting device to be adjustable in size;
PAR  FIG. 3 is a side elevational view of embodiment of the tilting device that
      is adjustable illustrating the manner in which it may be adjusted to
      accommodate different sizes of objects to be tilted; and
PAR  FIG. 4 is a side elevational view of the tilting device demonstrating the
      manner in which it fits on an outboard motor mounted at the stern of a
      boat.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, the tilting device comprises an elongated base member
      2 that includes a support member 14 and a housing member 1. The housing
      member 1, the support member 14 and the elongated base member 2 may be
      rigidly connected to one another, or may be detachably and adjustably
      connected at each of its ends to the support member 14 and the housing
      member 1, respectively.
PAR  An elongated rigid lever member 10 has one end thereof pivotally mounted in
      the housing member 1 so that the lever can pivot relative to the base
      member 2 along a predetermined path between a first and a second position.
PAR  The housing member 1 has an aperture extending horizontally through it from
      front to rear. One end 2A of the elongated base member 2 slidably fits
      into the aperture. The member 2 is secured in the desired location in the
      aperture by a set screw 3 disposed through side 4 of the housing 1. The
      set screw 3 is tightened until it exerts sufficient force upon the member
      2A to prevent it from sliding in the aperture.
PAR  As can be seen in FIG. 2, the portion of base member 2 can be adjusted
      relative to housing 1 by loosening set screw 3 and moving base member 2
      backward or forward through the aperture in housing 1. Once the position
      has been selected, the set screw 3 is tightened. In FIG. 1, base member 2
      is positioned so that the end of base member 2 is coincident with base 5
      of housing 1. When in this position, the distance between housing 1 and
      support member 14 is at a maximum to accommodate large objects to be
      tilted. In FIG. 2, a part of the base member 2 extends out of the housing
      1 and thus the distance between the housing 1 and supporting member 14 is
      less than maximum to accommodate smaller objects.
PAR  The base 5 of the housing 1 is supported by a pair of pads 6, illustrated
      in the form of rubber grommets, secured to the base 5 by screws 7. These
      screws 7 extend vertically through laterally disposed shoulders 8 of the
      base 5. These shoulders 8 by providing space between the two pads 6
      thereby lending stability to the tilting device.
PAR  The base member 2 and the lever member 10 can be constructed of aluminum
      tubing. Other light but high tensile strength materials may also be used
      to form the base member 2 and lever member 10.
PAR  As may be seen in FIG. 2, the upper portion 1A of the housing 1 has an
      elongated opening 9 in which the lever member 10 is mounted. The end 11 of
      the lever member 10 has an aperture into which a pivot pin 12 is inserted.
      The diameter of the pin 12 is slightly less than the diameter of the
      aperture to permit the lever 10 to pivot about the pin 12. The pin 12 may
      be fixed securely within the housing wall portions 13 and 13A by
      flattening the ends of the pin 12 against the walls, or by welding, or by
      other suitable securing means.
PAR  The opening 9 meets the aperture for the tubular base member 2 at a
      relatively large acute angle. The portion of the housing 1 at the apex of
      this angle forms a bearing surface 9B. The end 11 of the lever member 10,
      while in its rest position (the position shown in full lines in FIGS. 1
      and 2), is supported by the surface 9A and extends into the opening to a
      point adjacent the inside surface of the upper part of the housing 1.
PAR  In an example of the tilting device, the lever member 10 is approximately 2
      feet long, and the end portion 11 dispoed within the housing 1 is
      approximately 3 inches long. The length of this end portion 11 provides
      sufficient surface area to bear against surfaces 9B and 9C on the inside
      wall forming the opening 9 when the lever member 10 is in its raised
      position. It will be appreciated that these dimensions are illustrative
      only, and the lever member 10 and other components of the tilting device
      may have a variety of different lengths as required to suit the situation.
PAR  The surfaces 9B and 9C (See FIG. 2) are located inside the upper portion of
      the housing 1. The surface 9B is curvilinear and of a shape corresponding
      to the exterior surface 11A of end 11. Thus, when lever member 10 is moved
      upwardly about pivot pin 12 to its operative or second position (See
      position shown in broken lines in FIG. 2), it will bear snugly against
      surface 9B. When an upward force is applied to lever member 10 when it is
      in the second position, much of the force is translated through surface
      9B. To avoid breakage, the housing 1 is more heavily constructed or
      thicker in the region of surface 9B.
PAR  In the case of a tilting device having a lever 10 of approximately two feet
      as described above, the upper portion 1A of the housing 1 should have a
      thickness of approximately one-fourth inch or more in order to provide
      unyielding support for the end 11 of the lever member 10 when it bears
      against surface 9B. It has been found that a tilting device with these
      dimensions can be used to tilt the large outboard motors of approximately
      135 horsepower and weighing about 500 pounds.
PAR  Surface 9C is of similar configuration to that of surface 9B. A portion 11B
      of the lever end 11 bears against surface 9C to provide additional support
      for the lever when the lever member 10 is in the second operative
      position. In the illustrative device having the dimensions mentioned
      hereinbefore, approximately one-fourth of an inch of the end 11 bears
      against the surface 9C. The thickness of the portion of the housing
      dividing the surface 9C from the surface 9A is approximately one-half
      inch.
PAR  When the lever member 10 abuts bearing surface 9B, terminal end 11 of the
      lever member 10 is disposed adjacent tubular base member 2. In order to
      provide for sufficient clearance between end 11 and base member 2, in the
      device having the dimensions discussed previously, the distance between
      surface 9A and base member 2 is in the area of one-half inch.
PAR  The tilting device in a preferred embodiment has the surfaces 9B and 9C
      related to the surface 9A in such a manner that the lever member 10
      travels through an arc of between 33.degree. - 35.degree. from the first
      rest position to the second operative position. The surfaces 9B and 9C
      serve as stops to prevent further pivotal movement of the lever member 10.
PAR  As can be seen in FIGS. 1 and 3, base member 2 has an opposite end 2B
      affixed to a support member 14. The support member 14 includes an upper
      plate portion 14A having a surface 14B which extends in a plane
      perpendicular to the axis of the base member 2. Protruding in the
      direction of housing 1 from surface 14B is a cylindrical projection 15
      having a diameter which approximates the inside diameter of tubular base
      member 2. This projection 15 is firmly fixed within base member 2 to
      provide a mounting for end 2B of base member 2.
PAR  The lower portion 14C of the support member 14 includes two flanges 16 and
      17 which project from upstanding surface 14B in the direction of housing 1
      in a plane substantially parallel to the base member 2. Flanges 16 and 17
      are for the purpose of engaging the handle or other protrusion on the
      object to be tilted, for example an outboard motor, as shown in FIG. 4. In
      place of two flanges, a simple elongate flange in the same relative
      position may be used.
PAR  The flanges 16 and 17 and the other exposed surfaces of surface 14C may be
      coated with a resilient plastic, soft rubber or other like material 18 in
      order to prevent the object being tilted from being scratched or abraded,
      and to provide better frictional engagement with the object being tilted
      and thus resist slippage.
PAR  The base member 2 meets the support member 14 at a level such that the
      lever member 10, when in rest position, will lie adjacent to or rest
      against the apex 14D.
PAR  A handle or grip 20 can be disposed at the end of the lever member 10
      opposite to that which pivots within the housing 1. The grip 20 preferably
      extends beyond the support member 14 a sufficient distance so that it can
      be readily gripped by the hand without interference from the support
      member 14 or base member 2. Normally, the lever member 10 should be
      sufficiently long so grip 20 is located beyond support member 14 even when
      the base member 2 is extended to its maximum length.
PAR  In order to use the tilting device, the device is positioned on the object
      to be tilted with the support member 14 and flange 16 engaging one edge of
      the upper surface of the object to be tilted and the two pads 6 resting on
      the upper surface of the object removed from the edge. If the tilting
      device does not fit the object to be tilted, the base member 2 can be
      decreased or increased in length as required by loosening the set screw 3
      and moving the base member 2 relative to the housing 1 until the support
      member 14, housing 1 and pads 6 are in the desired positions. The set
      screw 3 is then retightened, the lever member 10 is pivoted to its raised
      operative position, and the grip 20 is pulled in a direction away from the
      base member 2 thereby tilting the object. If at a later time, it is
      desired to lower the object, the grip 20 is moved in the reverse direction
      to its initial rest position, and force is exerted on the grip 20 to lower
      the object.
PAR  The terms, words and dimensions used in this detailed description of the
      invention are not to be considered as limitative and equivalents or
      modifications that can be employed by a person skilled in the art without
      exercising inventive ingenuity are to be construed as coming within the
      scope of the invention claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for tilting heavy objects, the device comprising:
PA1  base means including a support member, a housing and an elongated base
      member detachably and adjustably connected at each of its ends to the
      support member and the housing, respectively;
PA1  the support member and the housing being adapted to engage the object to be
      tilted;
PA1  an elongated rigid lever member having one end thereof pivotally mounted in
      the housing so that the lever member is pivotable relative to the base
      means along a predetermined path between a first and a second position;
PA1  means for adjustably connecting the base member to the housing.
NUM  2.
PAR  2. The device of claim 1 wherein the lever member when it is in the first
      position is substantially parallel to the base member, and when the lever
      member is in the second position, it is pivoted away from the base member
      a predetermined number of degrees.
NUM  3.
PAR  3. The device of claim 1 wherein the housing includes a bearing surface
      against which the lever member connected thereto abuts when the lever
      member is in the second position.
NUM  4.
PAR  4. The device of claim 1 wherein the housing includes two bearing surfaces
      against which the lever member connected thereto abuts when the lever
      member is in the second position.
NUM  5.
PAR  5. The device of claim 1 wherein the heavy object to be tilted is an
      outboard motor for a boat.
NUM  6.
PAR  6. The device of claim 5 wherein the lever means includes gripping means
      located away from the end of the lever means that is connected to the
      housing.
NUM  7.
PAR  7. The device of claim 6 wherein the housing includes a bearing surface
      against which the lever member connected thereto abuts when the lever
      member is in the first position.
NUM  8.
PAR  8. The device of claim 1 wherein the object to be tilted has a protrusion
      therefrom and the support member includes means to engage the protrusion.
NUM  9.
PAR  9. The device of claim 8 wherein the engaging means on the support member
      bears thereon a resilient coating.
NUM  10.
PAR  10. The device of claim 9 wherein the resilient coating is slip resistant.
NUM  11.
PAR  11. The device of claim 8 wherein the engaging means comprise two flanges
      which extend toward the support member and substantially parallel with the
      base member.
NUM  12.
PAR  12. The device of claim 1 wherein the housing includes pads for contacting
      the heavy object.
NUM  13.
PAR  13. The device of claim 1 wherein the lever member pivots in relation to
      the housing about a pin extending through the housing and the lever
      member.
NUM  14.
PAR  14. The device of claim 3 wherein the lever member and the base member are
      of tubular construction and the bearing surface or surfaces are
      curvilinear.
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PAL  A lifting apparatus is provided with an upper limit position setting device
      which comprises a limit switch installed on a fixed part of the lifting
      apparatus and a dog provided on a rope which is adapted to move a load
      upward and downward. The dog and the limit switch are so arranged to
      determine the upper limit position to which the movement of the load is
      allowable.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 460,144
      filed on Apr. 11, 1974, now abandoned, which in turn is a continuation of
      application Ser. No. 356,064 filed on May 1, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lifting apparatuses for lifting heavy materials
      or loads and more particularly to an upper limit position setting device
      which operates to prevent the lifting of a load higher than a
      predetermined height in the lifting apparatus.
PAR  A conventional lifting apparatus, as is indicated in FIG. 1, comprises: a
      support 1; a driving section 2 which is provided on the support 1 for
      driving the apparatus; arms 3 and 4 connected to the driving section 2
      through an arm connecting member 5 which is adapted to connect arms 3 and
      4 to each other; an operating section 6 which is provided at the end of
      the arm 4; and a load carrying or supporting member 9 which is adapted to
      support a load 8 which is to be moved to a desired place. The operating
      section 6 has a control lever 7 which is operated by an operator 10.
PAR  An electrical arrangement of this conventional lifting apparatus is shown
      in FIG. 2, and a structure of the operating section 6 is illustrated in
      FIG. 3.
PAR  The electrical arrangement shown in FIG. 2 includes an adder 11 which
      carries out addition and subtraction operations of a target speed signal
      Vr, an automatic balance signal S and a speed feedback signal Vc to apply
      a driving signal Ve to an amplifier 12. An electric motor 13 is driven
      with the aid of a driving signal Vm obtained by amplifying the driving
      signal Ve by the amplifier 12. A tachogenerator 14 is connected to the
      rotary shaft of the motor 13 to produce the speed feedback signal Vc
      proportional to the rate of rotation of the rotary shaft and is connected
      to a reduction gear mechanism 15. An automatic balance signal generating
      device 17 is connected to an output shaft 16 of the gear mechanism 15 and
      when the vertical movement of the load is stopped, produces the automatic
      balance signal S which is employed to maintain the load wherever it is
      stopped.
PAR  The operating section 6, as is shown in FIG. 3, comprises a potentiometer
      20 for providing the target speed signal Vr corresponding to the vertical
      displacement (angle .theta. of rotation) of the control lever 7 from the
      neutral position n of the control lever 7, and a pair of springs 21 and 22
      to bias the control lever to the neutral position n. One end of the upper
      spring 21 is connected to the control lever 7, while the other end is
      connected to the upper wall of the operating section 6. Similarly, one end
      of the lower spring 22 is connected to the control lever, while the other
      end is connected to the lower wall of the operating section 6.
PAR  With the lifting apparatus thus organized, the operator 10 hangs a heavy
      load 8 on the load carrying member 9 and moves the load vertically to a
      desired place by operating the control lever 7.
PAR  When the control lever 7 is not operated, the control lever 7 is set at the
      neutral position n by the mutual action of the upper and lower springs 21,
      and 22 and accordingly, no target speed signal Vr for driving the motor 13
      is produced by the potentiometer 20, that is, the target speed is zero. In
      this case, an automatic balance signal S corresponding to the weight of
      the load 8 is produced by the automatic balance signal generating device
      17, whereby the position of the load 8 is maintained unchanged, that is,
      the load is not moved downward.  In other words, the driving power of the
      motor 13 is controlled by the automatic balance signal S which is
      dependent on the weight of the load 8 so that the load is not moved
      downward by the weight thereof.
PAR  When the end of the control lever 7 is depressed downward for instance, the
      control lever 7 is turned around the axis of rotation of the potentiometer
      20. As a result, the target speed signal Vr is produced by the
      potentiometer 20 to drive the motor 13 provided in the driving section 2
      (FIG. 1). The rotation of the motor thus driven is transmitted through the
      gear mechanism 15 to the output shaft 16, whereby the arms 3 and 4 are
      moved. In this operation, the target speed signal Vr operates to drive the
      motor 13 so that the operating section 6 is moved downward, that is, the
      load 8 is moved downward.
PAR  The downward movement speed, in this case, is proportional to the
      rotational angle .theta. of the control lever 7. Accordingly, if the
      control lever is operated to decrease the rotational angle .theta. as the
      load 8 is moved downward, the downward movement speed of the load is
      decreased with a decrease of the angle .theta.. Finally, when the angle
      .theta. becomes zero, that is, the control lever is at the neutral
      position n, the downward movement of the load is stopped, whereupon the
      load 8 is automatically balanced by the automatic balance signal
      generating device 17.
PAR  The automatic balance signal generating device 17 detects movement of the
      shaft 16 caused by the weight of the load, and converts the movement thus
      detected into, for instance, a voltage variation which is fed back, as the
      automatic balance signal S, to the amplifier 12 (adder 11). In this
      operation, since the device 17 is so designed that the automatic balance
      signal S is obtained in a known manner, e.g. from a potentiometer, which
      is provided in the device 17 and is frictionally connected to the output
      shaft 16, in such a manner that the balance signal S is increased and
      decreased by the relative weight of the load 8, a balance signal S
      corresponding to the variation of weight of the load is produced and the
      motor 13 is driven through the amplifier, thereby achieving the automatic
      balance operation.
PAR  In the case when the operator 10 moves the load upward or downward by
      operating the control lever 7, it is unnecessary to produce the automatic
      balance signal S, since movement is controlled substantially by target
      speed signal Vr. However, it is necessary that the automatic balance
      signals S be produced with respect to all of the at rest positions of the
      operating section 6 ranging from the uppermost position to the lowermost
      position.
PAR  On the other hand, when the control lever 7 is moved upward, a target speed
      signal Vr corresponding to the angle .theta. is produced to move the load
      8 upward. Similarly as in the case when the control lever 7 was moved
      downward, the upward movement of the load is stopped by operating the
      control lever in such a manner that the angle .theta. becomes zero, that
      is, the automatic balance of the load is obtained.
PAR  When the operator 10 removes his hand from the control lever 7, the control
      lever 7 is set at the neutral position n by the mutual action of the
      springs 21 and 22 and the lifting apparatus is under the automatic balance
      condition.
PAR  As is clear from the description above, the conventional lifting apparatus
      forms a feedback control system, and the load is moved upward or downward
      in accordance with movement of the operator's hand holding the control
      lever.
PAR  Furthermore, in consideration of simplification in construction,
      convenience in installation and distance in load movement, the lifting
      apparatus is in the form of a crane having an arm. Therefore, the lifting
      arm is less mechanical rigid than machine tools. However, in general, the
      lifting apparatus has a mechanically determined upper limit position
      (hereinafter referred to as "mechanical upper limit position" when
      applicable) to which it can lift a load. Accordingly, if the load is
      lifted above the mechanical upper limit position, a relatively too great a
      mechanical stress is applied to the power transmission mechanism of the
      lifting apparatus. This is undesirable with respect to safety of
      operation. Furthermore, if the operator removes his hand from the control
      lever when the load has reached the mechanical upper limit position, the
      movement of the load is stopped with an excessively great stress being
      imparted to the power transmission mechanisms. This is dangerous.
PAR  In order to overcome these difficulties accompanying the conventional
      lifting apparatus, the following method has been employed. That is, the
      arrival of the load to the upper limit position is detected, for instance,
      by a limit switch thereby to stop the motor, and furthermore the load is
      moved downward by operating a push button switch, which produces a command
      signal for moving a load downward, instead of by operating the control
      lever. Thus, it is impossible to smoothly move a load upward or downward
      by the conventional lifting apparatus. Accordingly, it has been strongly
      demanded in the art to improve the above-described control system of the
      lifting apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a lifting
      apparatus in which all of the above-described difficulties accompanying
      the conventional lifting apparatus have been overcome.
PAR  More specifically, an object of the invention is to provide a lifting
      apparatus in which when a load is lifted to a predetermined upper limit
      position, it is no longer moved upward even if a control lever is operated
      in a manner to normally move the load upward, and when an operator removes
      his hand from the control lever, the lifting apparatus is automatically
      balanced, and the load can be moved downward by moving the control lever
      downward.
PAR  Another object of the invention is to provide a lifting apparatus the
      operation of which is achieved safely by the employment of a simple
      electric circuit.
PAR  The nature, utility and principle of this invention will be more clearly
      understood from the following description and the appended claims when
      read with reference to the accompanying drawings, in which like parts are
      designated by like reference numerals or characters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a schematic diagram illustrating a lifting apparatus to which
      this invention can be applied;
PAR  FIG. 2 is a block diagram illustrating the control system of the lifting
      apparatus shown in FIG. 1;
PAR  FIG. 3 is a perspective view of an operating section in the lifting
      apparatus shown in FIG. 1;
PAR  FIG. 4 is an explanatory diagram of an upper limit position setting device
      according to this invention;
PAR  FIG. 5 is a control circuit diagram employed in this invention; and
PAR  FIG. 6 is a graphical representation indicating characteristics of a target
      speed signal which controls the operation of the lifting apparatus shown
      in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention will be described with reference to FIG. 4 in which
      reference numeral 30 designates a rope which is wound on and unwound from
      a drum 31 provided on the output shaft 16 (FIG. 2). 32 designates a dog
      which is fixedly provided on the rope although the dog's position on the
      rope can be adjusted. 33 is a member fixed to the driving section 2
      (FIG.2), and 34 is a limit switch provided on the member 33 so that its
      lever 35 is engaged with, or depressed by, the dog 32. The position of the
      dog on the rope is determined in such a manner that when the load 8 is
      lifted to the upper limit position, the dog comes into contact with the
      lever 35 of the limit switch 34. However, the dog is set to operate switch
      34 slightly below the position thus determined, for safety of operation.
PAR  The limit switch 34 has contact means 34A which is included together with a
      Zener diode 36 in an electrical control circuit as is indicated in FIG. 5.
      This circuit produces a target speed signal Vr as is indicated in FIG. 6.
      In the graphical representation of FIG. 6, .theta. &gt; 0, or a positive
      value of .theta., means that the control lever is operated to move the
      load upward; .theta. &lt; 0, or a negative value of .theta., means that the
      control lever is operated to move the load downward; and .theta. = 0 means
      that the control lever is at the neutral position. Furthermore, a target
      speed signal Vr when .theta. = 0, that is an output voltage e.sub.0,
      corresponds to a bias voltage which is to produce a motor driving power
      necessary for balancing the load 8.
PAR  When the load 8 is below the upper limit position determined by the dog 32
      and the limit switch 34, the contact means 34A is open. Therefore, in this
      case, the output of the potentiometer 20 connected through resistors
      R.sub.1 and R.sub.2 to a power source E is employed as a target speed
      signal Vr (FIG.4). That is, the target speed signal Vr has a
      characteristic I as indicated in FIG. 6, and serves to carry out the
      movement of the load as was described before.
PAR  Upon arrival of the load to the upper limit position, the dog 32 depresses
      the lever 35 of the limit switch 34 to close the switch 34. As a result,
      the output voltage of the potentiometer 20 becomes equal to the Zener
      voltage (e.sub.0) of the Zener diode 36, and therefore the load is not
      moved upward even if the control lever 7 is moved further upward. In other
      words, when the load has reached the upper limit position, the target
      speed signal Vr has a characteristic II as indicated in FIG. 6 further is,
      the target speed signal Vr is maintained equal to the Zener voltage
      e.sub.0 (Vr = e.sub.0 ) even if the control lever is operated to move the
      load further upward (.theta. &gt;0). Accordingly, the load 8 is maintained at
      a certain position. When the movement of the load 8 has been stopped as
      described above, the automatic balance signal generating device 17 is
      operated to carry out the automatic balance operation as described above.
PAR  Under this condition or upon the arrival of the load to the upper limit
      position, if the control lever is pushed downward such that .theta. &lt; 0,
      the output voltage of the potentiometer 20 is caused to be lower than the
      Zener voltage e.sub.0. Therefore, the load is moved downward, and the
      contact means 34A of the limit switch 34 is opened and accordingly the
      target speed signal Vr has the characteristic I again, that is, the
      movement of the load is controlled in accordance with the characteristic
      I.
PAR  The upper limit position determined by the dog 32 and the limit switch may
      be set at a desired position if it is below the mechanical upper limit
      position.
PAR  As is apparent from the above description, the upper limit position to
      which the load can be moved upward can be set, and the arrival of the load
      to the upper limit position can be positively and simply detected,
      according to this invention. Furthermore, since the load is never lifted
      higher than the mechanical upper limit position, this invention
      contributes to the safe operation of the lifting apparatus, and it should
      be highly appreciated that the very simple circuit device described above
      can achieve the various operations that the movement of the load is
      automatically stopped and balanced when the load has reached the upper
      limit position, and that the load is moved downward by pushing the control
      lever downward.
PAR  Although the combination of the dog and the limit switch is employed as the
      upper limit position setting device, this device may be constituted by a
      photosensitive element, a magnetic element, or a proximity switch.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a lifting apparatus for moving a load vertically, said lifting
      apparatus being of the type including a driving section, a crane-type arm
      connected to and operable by said driving section, an operating section
      connected to said arm, a load carrying member attached to said operating
      section, said operating section including a manually movable control
      lever, and driving and control circuit means interconnecting said control
      lever and said driving section for transmitting a target speed signal
      proportional to movement of said control lever to said driving section to
      thereby move said arm and thus a load supported on said load carrying
      member in a direction and by an amount dependent upon corresponding said
      movement of said control lever; the improvement comprising:
PA1  upper limit position setting means operably connected to said lifiting
      apparatus for determining the upper limit position to which a load
      supported by said load carrying member is to be lifted;
PA1  normally open switch means positioned to be closed by said setting means
      when said upper limit position is reached;
PA1  a Zener diode electrically connected in series with said switch means; and
PA1  the series circuit of said Zener diode and said switch means being
      connected in parallel with said driving and control circuit means, the
      resultant circuit formed when said switch means is closed comprising means
      for limiting the value of said target speed signal to a value to prevent
      further upward movement of said load, but for allowing downward movement
      of said load upon corresponding relative movement of said control lever.
NUM  2.
PAR  2. The improvement claimed in claim 1, wherein said upper limit position
      setting means comprises a dog adjustably positioned on a rope connected to
      said operating section.
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PAL  A vibrating device comprising a cylinder with at least one inlet opening
      for a pressure fluid and at least one outlet opening and a piston moveable
      in the cylinder. The cylinder is arranged to serve as a vibration
      generator and to be mechanically connected to the object which is to be
      subjected to vibrations. The piston moveable in the cylinder is made with
      a relatively great weight and is arranged to be moved from an inner end
      position to an outer end position by the pressure fluid admitted via the
      said inlet opening and to return to the said inner position under the
      influence of its own weight and escape of the said pressure fluid through
      the outlet opening.
BSUM
PAR  This invention relates to a vibrating device of the kind which comprises a
      cylinder and a reciprocatingly moveable piston which is driven by a
      pressure fluid fed to the cylinder.
PAR  Devices for collection of the stone dust formed in rock drilling usually
      include a cyclone with thereto connected filters. A current of air which
      carries the dust formed in the course of drilling is supplied to the
      cyclone, in which the coarser particles are separated, whereafter the air
      current, before being released to the atmosphere, is made to pass through
      one or a plurality of filters. In these the finer dust which is injurious
      to the health is separated from the air current. Since very large
      quantities of dust are formed in rock drilling the permeability of these
      filters very quickly becomes impaired. In order to prevent clogging of the
      filters, the filtering device is usually provided with an air-powered ball
      vibrator, which comprises a ball freely rotatable in a housing. When the
      ball rotates in the housing the latter is made to oscillate and these
      oscillations can be transmitted to the filters which will thus vibrate.
      The ball vibrators are highly reliable and rugged, but it has been found
      that they are not sufficiently effective, i.e. the vibrations achieved are
      not capable of keeping the filters clean. Thus the need of shaking the
      filters manually is not eliminated.
PAR  In other fields, use has been made in order to achieve more powerful
      vibrations of devices comprising a piston reciprocatingly moveable in a
      cylinder, the movement of which is controlled by compressed air supplied
      to the cylinder. In the utilization of such devices the cylinder is
      attached firmly in relation to the object which is to be vibrated and the
      movement of the piston is transmitted to the said object via a rod or the
      like. The requirement that the cylinder must be firmly attached in
      relation to the object which is to be vibrated makes it difficult for
      these devices to be utilized for certain applications. Moreover, they
      normally have a plurality of narrow air passages with valves for control
      of the piston, which greatly reduces the functional reliability of the
      device, particularly when this is used in dusty and moist environments and
      at low temperature.
PAR  The object of the present invention is to provide a vibrating device driven
      by a pressure fluid of cylinder-piston type, which achieves powerful
      vibrations, is simple to assemble and highly functionally reliable and
      rugged. It must also be able to be manufactured at low cost.
PAR  This is achieved according to the invention in that the device is so
      constructed that the cylinder serves as a vibration generator and is
      arranged to be connected directly to the object which is to be vibrated.
      The device is then made with a piston with relatively great weight which
      when accelerated or retarded gives rise to reaction forces on the
      cylinder, which forces are transmitted to the object to which the cylinder
      is attached. The device is also so designed that it does not require any
      further moving part apart from the said piston.
DRWD
PAR  The invention will now be described in greater detail and in the
      description reference will be made to the embodiment thereof shown in the
      accompanying drawing, wherein
PAR  FIG. 1 is a perspective view of a vibrating device according to the
      invention with the piston in its lower end position.
PAR  FIG. 2 is a sectional view through the vibrating device according to FIG.
      1.
PAR  FIG. 3 is a sectional view through the device according to FIG. 1 but with
      the piston in an outer position.
DETD
PAR  The vibrating device shown in FIG. 1 comprises a cylindrical casing 1 with
      an inlet connection 2 which is intended to be connected to a compressed
      air line. Reference numeral 3 designates an outlet connection via which
      the consumed compressed air can be collected and removed through a line in
      order to be released at some suitable place. The cylinder 1 is at its
      lower end closed by means of a tubular sleeve 4, on the bottom face of
      which a homogeneous cylindrical body 7 is fitted (see FIGS. 2 and 3). A
      yoke 5 attached to the cylinder 1 extends above the upper end of the
      cylinder. Fitted to the yoke is an appropriately elastic damping body 6.
PAR  As seen best in FIG. 2 and FIG. 3, a piston 8 is moveably mounted in the
      cylinder 1. The piston has the form of a sleeve closed at its upper end
      with an outside diameter only negligibly smaller than the inside diameter
      of the cylinder 1. The closed end surface of the sleeve 8 is made with a
      slightly bigger diameter than the sleeve and has a relatively large wall
      thickness, which gives the sleeve a relatively great weight. The said
      enlarged section is provided with recesses corresponding to the shanks of
      the yoke 5, whereby very good guidance of the piston is obtained. Two
      openings 9 and 10 are made in the side walls of the sleeve which forms the
      piston. The opening 9 is located opposite the opening of the inlet
      connection 2 when the piston 8 is in an inner end position as shown in
      FIG. 2 whereas the opening 10 is located opposite the opening of the
      outlet connection 3 when the piston is in the outer position shown in FIG.
      3.
PAR  The above described vibrating device functions in the following manner.
      When at rest the device is in the position shown in FIG. 1 and FIG. 2.
      When a compressed air line coupled to the inlet connection 2 is opened the
      piston 8 will be moved upwards at a speed proportionate to the pressure of
      the air supply. After only a short distance the opening 9 will have passed
      the opening of the inlet connection 2 so that further air cannot be
      admitted into the cylinder. The piston 8 will then, on account of its
      relatively large weight, be rapidly retarded, which occurs at
      approximately the same time as the opening 10 becomes aligned with the
      opening of the outlet connection 3. On account of the positive pressure in
      the cylinder, air will then flow out through the outlet connection 3 and
      the piston 8  will again be lowered by its own weight and, when the
      opening 9 again comes opposite the opening of the inlet connection 2, will
      receive a new compressed-air impulse, whereupon the cycle is repeated.
PAR  Although the device according to the drawing is so constructed that the
      piston 8 in its inner position bumps against both the bottom sleeve 4 and
      the upper edge surface of the cylinder 1 the device is appropriately made
      so that the opening 9 will co-act with the opening of the inlet connection
      2 in a position in which the piston 8 has not yet reached the said
      surfaces. Similarly, the opening 10 is appropriately located so that the
      device can be driven without the piston in its outer position against the
      damping body 6. A device modified in this manner will work very gently
      without jolts and blows and will cause gentle vibrations of the object
      appropriately connected to the sleeve 4. By means of the circular body 7
      mounted in the sleeve an annular slot is formed around the bottom surface
      of the sleeve 4 in which the sleeve-shaped piston 8 will slide down during
      its return movement. The air cushion thus contained in the annular
      clearance will contribute further to achieving gentle retardation of the
      piston 8.
PAR  Since the desired vibrations are transmitted via the cylinder, which is
      made possible on account of the fact that the relatively heavy piston 8
      brings about large reaction forces on the cylinder upon acceleration and
      retardation respectively of the piston, the device can be mounted directly
      on the object which is to be subjected to the vibrations. The device is
      appropriately mounted vertically with the sleeve 4 connected to the said
      object. For shaking of filter hoses the device can for example be hung up
      in the stand supporting the hoses and one of the hoses be attached to the
      sleeve 4. If the device is driven so that the piston 8 bumps against the
      elastic damping body 6 an extra impulse is obtained which contributes
      towards rapid return of the piston to its inner end position.
PAR  The described device can be manufactured at very low cost and will be
      highly functional and reliable, in that it does not contain any additional
      moving part over and above the said piston. On account of the positive
      pressure in the cylinder a tiny amount of air will continuously pass out
      between the cylinder and the piston, and this air current prevents direct
      metallic contact between the said parts, since it serves as a type of
      lubrication between them. No extra seals which are liable to wear are
      needed. The device also works very quietly and with an easily adjustable
      stroke frequency. The device can also be used without risk of failure in
      dusty and damp environments and at very low temperature in consequence of,
      among other things, the absence of sensitive valves and the cleaning
      effect of the air oozing out between the piston and the cylinder. Further,
      on account of its robust construction the device is highly resistant to
      external mechanical damage.
PAR  The vibrating device according to the invention can be utilized not only
      for the application mentioned in the introduction of this specification
      but also for other types of dust filters and in numerous other contexts,
      such as in the foundry and packaging industries. It is particularly
      valuable in applications requiring relatively powerful but gentle
      vibrations and where a low noise level is wanted.
PAR  The embodiment shown as an example in the drawing can be modified in
      several respects. For example, the sleeve-shaped piston can be given a
      relatively large wall thickness throughout its length, in which case its
      upper end surface can be made smaller and thinner. The opening 10 can be
      entirely excluded if the piston 8 is shortened so that in the outer
      position shown in FIG. 3 it goes clear of the opening of the outlet
      connection 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vibrating device comprising
PA1  a. a piston member,
PA1  b. a cylinder member and means on said cylinder member for connecting said
      cylinder member to the body that is to be vibrated,
PA1  c. said cylinder and piston members being disposed substantially coaxially
      and vertically with respect to each other so that the piston can
      reciprocate vertically up and down with respect to said cylinder and with
      only a very limited fluid flow between the exterior of said piston and the
      interior of said cylinder,
PA1  d. a fluid inlet formed in the side wall of said piston and a fluid outlet
      formed in the sidewall of said piston at a point spaced away from said
      fluid inlet,
PA1  e. a fluid outlet formed in the sidewall of said cylinder and a fluid inlet
      formed in the sidewall of said cylinder,
PA1  f. said inlets and outlets being spaced apart so that
PAR  1. the cylinder fluid inlet and the piston fluid inlet can be periodically
      aligned with each other,
PA2  2. the cylinder fluid outlet and the piston fluid outlet can be
      periodically aligned with each other, and
PA2  3. the inlets and outlets are never all aligned at the same time
PAL  whereby upon alignment of said fluid inlets the pressure of the fluid
      introduced through said aligned inlets will cause the following sequence
PA1  i. the piston to move axially upwardly with respect to said cylinder so
      that the piston and cylinder separate, then
PA1  ii. the inlets in said piston and cylinder to move out of alignment so that
      there will be a cessation of fluid flow, then
PA1  iii. the outlets in said piston and said cylinder to come into alignment
      thereby allowing the fluid that has moved the piston to escape, and
PA1  iiii. the piston to return downwardly to its original position by virtue of
      its own weight whereby said inlets will once again be aligned.
NUM  2.
PAR  2. A vibrating device according to claim 1 wherein the axial distance
      between the inlet and outlet openings in said piston member is greater
      than the axial distance between the inlet and outlet openings in said
      cylinder member.
NUM  3.
PAR  3. A vibrating device according to claim 1 which additionally includes
      means attached to said cylinder member to limit the extent to which the
      piston can move axially with respect to said cylinder.
NUM  4.
PAR  4. A vibrating device comprising
PA1  a. a piston member having an end wall and a cylindrical side wall,
PA1  b. a cylinder member having side walls that are concentric with respect to
      the side wall of said piston, and means on said cylinder member for
      connecting said cylinder member to the body that is to be vibrated,
PA1  c. said piston member and cylinder member being disposed substantially
      vertically and coaxially with respect to each other so that the piston can
      reciprocate vertically up and down with respect to said cylinder with only
      a very limited fluid flow between the exterior of said piston side wall
      and the interior of said cylinder,
PA1  d. inlet means in the sidewall of said piston member for introducing fluid
      under pressure into the interior of said piston so as to cause said piston
      member to move upwardly with respect to said cylinder member,
PA1  e. outlet means in the sidewall of said cylinder member for permitting the
      escape of pressurized fluid from both said piston and cylinder means so
      that the piston member can fall back to its original position by virtue of
      its own weight,
PA1  f. said inlets and outlets being spaced apart so that
PAR  1. the cylinder fluid inlet and the piston fluid inlet can be periodically
      aligned with each other,
PA2  2. the cylinder fluid outlet and the piston fluid outlet can be
      periodically aligned with each other, and
PA2  3. the inlets and outlets are never all aligned at the same time.
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ABST
PAL  An ice cream freezer has a sauce supplying means arranged near an ice cream
      forcing-out nozzle, the sauce fed by the supplying means being applyed to
      the ice cream to be forced out from the nozzle, thereby forcing out the
      ice cream with the desired sauce from the nozzle.
BSUM
PAR  The present invention relates to an ice cream freezer for a soft and hard
      ice cream, particularly to an ice cream freezer able to supply a sauce
      such as a chocolate, a jam and the like on an ice cream to be forced out
      from a nozzle of the freezer.
PAR  Hitherto, in an ice cream freezer which is located and used at a store, it
      has not been possible to supply ice cream with a desired sauce
      automatically added when the ice cream is forced out from the freezer.
PAR  According to the present invention, there is provided an ice cream freezer
      comprises a nozzle for forcing out an ice cream and means for supplying a
      sauce into a clearance defined by a member defining said nozzle, said
      sauce being supplied on the ice cream in said clearance. Thus, the ice
      cream freezer according to the present invention may provide automatically
      the ice cream with the desired sauce.
PAR  It is, therefore, a primary object of the present invention to provide an
      ice cream freezer capable of dressing a sauce such as a chocolate, a jam
      and the like on the ice cream to be forced out from a nozzle of the
      freezer.
PAR  It is an another object of the present invention to provide an ice cream
      freezer able to be set easily in an ice cream store and operated easily by
      a non-experienced operator.
DRWD
PAR  The other several features, objects and advantages of the invention will
      become apparent from the following detailed description of a preferred
      embodiment thereof, reference being made to the accompanying drawing, in
      which:
PAR  FIG. 1 is a perspective view of an ice cream freezer embodying this
      invention;
PAR  FIG. 2 is a vertically sectional view of a freezer embodying this
      invention;
PAR  FIG. 3 is a vertically sectional view of a nozzle assembly used in this
      embodiment; and
PAR  FIG. 4 is a sectional view taken along a line IV--IV in FIG. 3.
DETD
PAR  Referring now to FIG. 2, an open mix tank 2 is located at the upper portion
      of a casing 1. The upward opened inlet of the tank 2 acts to receive a
      cream mix from a pipe 33 and is shielded with a cover 3 which may form a
      part of the top plate of the casing 1 so as to prevent the insertion of
      impurities in the air outside into the interior of the casing. A freezing
      box or freezer barrel 4 is provided below the mix tank 2 for receiving the
      cream mix supplied from said tank 2. In the embodiment of the present
      invention, a couple of mix tanks and freezer barrels are located in
      parallel so that different color-ice cream may be made individually or
      mixed. A heat exchanging pipe or barrel cooling pipe 5 is coiled around
      the barrel 4 and connected to a freezer or refrigerator 6 housed in the
      lower portion of the casing 1. A shaft 8 with a helical blade 7 for
      agitating the cream in the barrel passes through the barrel 4 and is
      rotatably supported outside of the barrel 4 by bearing assemblies 9, 10.
      The shaft 8 is rotated by a motor 11 through a belt 12, a pulley 13, an
      intermediate shaft 14, a pulley 15, a belt 16 and a pulley 17. The bearing
      assembly 9 is formed with an outlet 18 and a vertical passage 19
      communicating therewith. A nozzle assembly 20 is provided at the lower
      portion of the vertical passage 19.
PAR  The nozzle assembly 20 has a body 21 having an axial bore 21a and a sleeve
      22 fitted around the body 21. First nozzle holes 23a are made radially in
      both the body and the sleeve, further, second nozzle holes and third
      nozzle holes 23b, 23c are made radially in both the body and the sleeve.
      The second nozzle holes are drilled below the first nozzle holes and the
      third nozzle holes are drilled below the second nozzle holes. In this
      embodiment each hole of each nozzle holes 23a, 23b, 23c has been drilled
      at a right angle each other. For the purpose mentioned hereinafter, the
      nozzle holes 23a, 23b, 23c are made in the positions offset slightly in a
      vertical line, respectively. Annular valve bodies 24a, 24b, 24c are fitted
      rotatably around the external surface of the sleeve 22. The valve bodies
      24a, 24b, 24c have on its exterior annular channels 25a, 25b, 25c and
      these channels are shielded with covers 26, respectively. 32a, 32b, 32c
      indicate handles for operating the valve bodies 24a, 24b, 24c.
PAR  The shaft hole 21a made in the main body 21 is so arranged as to be
      connected with the vertical passage 19 of the bearing assembly 9 and a
      valve stem 27 is axially slidably inserted into the passage 19 and the
      shaft hole 21a. As shown in the drawings, the valve stem 27 is inserted
      loosely into passage 19 and the shaft hole 21a to form a clearance between
      the inner walls of the holes 21a and the passage 19 of the bearing
      assembly 9 and the outer wall of the valve stem 27 so as to define a
      passage for the ice cream to be forced out. The valve stem 27 has at its
      extremity a beveled tip portion which meets with a conical valve seat 29
      of the body 21. Thus, the ice cream-outlet port will be closed when the
      valve stem moves downward and the beveled portion of the valve stem meets
      with the valve seat 29. The channels 25a, 25b, 25c made in the valve
      bodies 24a, 24b, 24c are connected to sauce pumps 31 through hoses 30a,
      30b, 30c.
PAR  When the ice cream freezer assembled according to the forgoing is operated,
      firstly the shaft 8 is rotated by actuating the motor while the
      refrigerator 6 is operated. With the rotation of the shaft 8, the ice
      cream in the barrel 4 is always agitated by the blade 7. The desirous one
      of the sauce supplying pumps 31 for a chocolate, a jam and the like is
      made actuated. The valve stem 27 is moved upward, simultaneously with the
      opening of the desirous one of the valve bodies 24a, 24b, 24c. While the
      ice cream is forced out through the passage 28, the desirous sauce is
      supplied on the external surface of the ice cream to make a stripped
      pattern on the ice cream surface. The forced out ice cream with the
      desirous sauce may be received in a usual corn cup. In this embodiment, as
      the nozzle holes 23a, 23b, 23c for the three kinds of sauces are made in
      the body 21 and the sleeve and the positions of the nozzle holes 23a, 23b,
      23c are offset slightly in a vertical line, the freezer according to the
      present invention may apply the three kinds of sauces at the same time if
      desired.
PAR  The embodiment described above may selectively supply the three kinds of
      sauces on the ice cream because of the using of three valve bodies.
      However, it should be understood that the number of the valve bodies may
      be changed according to the kinds of sauces. According to the present
      invention the ice cream freezer may be provided which can make the ice
      cream with the chocolate, the jam and the like. Particularly, the present
      invention will be suitable to application of the freezer intended to be
      put in an ice cream store.
PAR  Although only a single embodiment has been shown and described, it will be
      appreciated that the description is for purpose of illustration only,
      without there being any intent to limit the scope of the invention except
      insofar as defined by the appended claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An ice cream dispenser comprising: a nozzle for forcing out the ice
      cream, said nozzle comprising a cylindrical member and a valve stem
      inserted into said cylindrical member so as to leave an annular passage
      between said member and said valve stem for the ice cream, and means for
      supplying a sauce onto the ice cream being forced out through said nozzle,
      said sauce supplying means comprising at least one annular channel formed
      around said member, and a plurality of transverse nozzle holes connecting
      the respective annular channel with said passage.
NUM  2.
PAR  2. An ice cream dispenser according to claim 1, which comprises a plurality
      of vertically spaced annular channels and wherein the nozzle holes of one
      annular channel are circumferentially offset with respect to the nozzle
      holes of another annular channel.
NUM  3.
PAR  3. An ice cream dispenser according to claim 2, which comprises means for
      respectively establishing and interrupting the connection between the
      respective annular channel and said passage.
NUM  4.
PAR  4. An ice cream dispenser according to claim 1, wherein said nozzle holes
      extend radially between the respective annular channel and said passage.
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ABST
PAL  A method and device for the continuous mixing and removal of pulverous or
      fragmentary material from a container, such as a silo or the like, so that
      the various layers of material simultaneously become mixed with each
      other, in which case material is removed at a level below the feeding
      level, essentially over the entire silo width, the material being removed
      so that its sinking rate in the silo increases towards the line between
      the feeding and the removal points in order to slant the material layers
      towards the said line so that the material can be removed in a controlled
      manner from the slanted layers by means of a removal member or members
      directed across the layers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method and device for the continuous
      mixing and removal of pulverous or fragmentary material from a container,
      such as a silo or the like.
PAR  2. Description of the Prior Art
PAR  Mixing different pulverous or fragmentary components before a mechanical,
      thermal, or chemical treatment is necessary in very many industries, such
      as the cement and metallurgical industries. In the cement industry in
      particular there is a great need to mix the powder which is ground in
      raw-powder mills and which has a chemical composition which varies more or
      less during the process, into a mixture homogeneous in regard to its
      chemical composition before the material is fed into the cement furnaces.
      In the said industry it is also necessary to mix great amounts of clinker
      or cement prepared at different times in order to lessen the quality
      fluctuations of the final product.
PAR  The known methods for mixing pulverous or fragmentary materials in order to
      even out the quality can be classified into batch methods and continuous
      methods.
PAR  In continuous methods, an amount of material approximately equal to the
      amount fed into the silo is continuously removed from the silo. In one
      known method, pulverous material is continuously kept in a suspended state
      by means of air blowing, while powder is fed and removed continuously.
      However, this method requires a considerable air compressor efficiency.
PAR  In another known method, in which the mixing efficiency is, however, very
      low, air is blown through openings at the bottom of the silo so that
      powder continuously flows out of the silo while powder is fed into the
      upper part of the silo. Even if the air blowing mechanisms cover most of
      the silo bottom, the removal of powder takes place through narrow channels
      directly above the outlet opening, in which case the fed material is
      carried through these channels directly to the outlet opening without
      becoming mixed with the bulk of the material in the silo. A certain mixing
      effect is obtained in these silos if the powder is fed periodically while
      the removal is taking place continuously. In this case depressions are
      created on the surface of the material above the outlets, and the upper
      layers in the silo become mixed with each other when the powder collapses
      into these depressions. Becuase powder has a relatively low collapsing
      angle once it has been made to move, the collapsing causes mixing only in
      a relatively thin layer in the silo.
PAR  A better mixing effect is obtained if the homogenization silo has been
      divided into two layers one on top of the other, in which case the upper
      one is filled continuously while the lower one is being emptied. When the
      upper compartment has become filled to a certain degree, the several
      openings at the bottom of this compartment open and its contents rapidly
      flow into the lower compartment. In this way a more effective mixing by
      collapse is effected in the upper compartment while the pulverous material
      forms a suspended surface layer in the lower compartment and thereby
      becomes mixed.
PAR  The object of the present invention is to eliminate the aforementioned
      drawbacks and to provide a continuous method and device for removing
      pulverous or fragmentary material from a container, such as a silo or the
      like, so that the composition of the outlet flow represents approximately
      the mean of the compositions of the layers of materials of different
      compositions in the silo in order to minimize the quality fluctuations of
      the outlet flow per time unit, and this device is simple and inexpensive
      both to use and to acquire.
PAC  SUMMARY OF THE INVENTION
PAR  According to the results of experiments reported to literature, powder, as
      well as fragmentary material, sinks almost only vertically downwards in a
      silo when material is removed from the bottom of the silo. If material is
      removed in a controlled manner essentially over the entire width of the
      silo bottom surface, the entire contents of the silo will sink. By
      designing the removing member so that the outlet rate of the material
      increases towards the center line of the silo, the material is caused to
      sink at a higher rate in the middle of the silo than at its circumference.
      The fed material with a composition which changes as a function of time
      settles in layers in the silo. Owing to the material sinking rate which
      changes as a function of the radius of the silo, the various layers settle
      with time more and more in a vertical position, that is, they slant
      downwards towards the center of the silo. By using as the removing member
      an arm which turns around the central axis of the silo, extends away from
      this axis across the slanted layers, and has outlets, material can be
      separated simultaneously from several layers with different compositions
      which are, when removed, mixed with each other into a homogeneous outlet
      flow the composition of which does not greatly vary even if the
      composition of the feed flow varies greatly.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic vertical section of a preferred embodiment of the
      invention;
PAR  FIG. 1a is a vertical cross section of the apparatus and specifically the
      silo bottom.
PAR  FIG. 2 shows a partial section of a device according to the invention at
      the bottom part of the silo;
PAR  FIG. 3 shows a vertical section along line I--I in FIG. 2;
PAR  FIG. 4 shows a plan view of the bottom of the container;
PAR  FIG. 5 is a vertical partial section of one alternative embodiment;
PAR  FIG. 6 is a section along line II--II in FIG. 5;
PAR  FIG. 7 is a plan view of a third embodiment; and
PAR  FIG. 8 is a section along line III--III in FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows how the layers fed into the silo at different times settle in
      the silo. The layers with different compositions are indicated by lines.
      The curve indicated by 2 shows how the sinking rate of the powder
      increases towards the center of the silo. Number 3 refers to the silo
      bottom and 4 to the silo wall.
PAR  FIG. 1 shows that the powders of several different layers are combined
      during the removal. Because the bottom surface areas of the cut layers
      increase when the radii increase, while the heights of the layers which
      are being removed decrease each as a function of its radius, the portions
      removed from each layer are of an approximately equal size, in which case
      the composition of the outlet flow is approximately the mean of the
      compositions of the cut layers. It can be proven that, when the removal
      takes place horizontally at the bottom of the silo, the most advantageous
      downward sinking rate w(r) of the material in a vertical silo follows the
      formula:
      ##EQU1##
      in which G is the mass flow of the powder through the silo, p the volume
      weight of the powder, r.sub.y and r.sub.i are the radii between which the
      removal is achieved, and r is the radius of the silo. When powder is
      removed from the silo according to this velocity profile, a mixing effect
      which evens out the quality is also achieved, an effect which is better
      than if the powder were mixed in a suspended state in the same silo space.
PAR  The advantages of the invention are thus: a better mixing efficiency in the
      same silo space, no upper limit to the mixing silo volume, and a very low
      power consumption.
PAR  As can be seen from FIGS. 1-4, at the lower part of the silo, on the
      horizontal level, there are radial conveying screws 2 which feed the
      powder to the funnel 1 in the center of the silo bottom. A conveying screw
      is surrounded by a groove 3 and the screw supporting bearings 6 and 7 have
      been secured to the end structures 4 and 5 of the groove. The end 5 is
      open. The driving motor of the screw is indicated by 8. Above the
      conveying screw there is a dispensing device 9, which works according to
      the stop-feed principle. The dispensing device has been coupled to the
      driving motor through gear pair 10, 11. The dispensing device closes the
      bottom opening of the V-shaped groove which is parallel to the radius and
      which consists of gradated adjacent plates 12 and is situated above the
      conveying screw. The silo bottom consists of adjacent V-grooves which,
      close to the center line of the silo, join with the pyramidal center part
      13. The gradation of the plates has been arranged so that it has been
      possible to place a perforated air blowing pipe 14 between the plates.
      Compressed air, which fluidizes the material layer in the vicinity of the
      groove and thereby promotes the conveying of the material towards the
      dispensing device at the bottom of the V-groove, is fed into the pipe 14.
PAR  When material is removed from the silo during the rotation of the
      dispensing device, new material flows in from above to replace it.
PAR  Since the amount of material removed by the dispensing device is constant
      per length unit of the device, the vertical flow rate w(r) of the material
      in the silo will follow the formula given above.
PAR  The conveying screw below the dispensing device feeds the material into a
      funnel 1 on the center line of the silo, from where it can be carried away
      by means of, for example, a belt conveyor.
PAR  An alternative embodiment is illustrated in FIGS. 5 and 6.
PAR  In this embodiment, as in the previous one, the bottom of the silo consists
      of adjacent, radial, V-shaped grooves. In the horizontal bottom plate 16
      of the V-groove there are round openings 17 at regular intervals. At each
      hole there is an air blowing pipe 18 through the perforated wall of which
      air is directed to the surrounding space where a fluidized material layer
      is thereby created. Compressed air is fed into the blowing pipes through
      divider 19. The blowing pipe has been covered with a porous weave 20, such
      as a metal wire screen, in order to distribute the air evenly. A groove 22
      provided with a perforated floor is situated under the V-groove.
      Compressed air is fed through the pipe 23, through the perforated bottom
      plate 22; the conveying of the material in the groove 22 towards the
      outlet 24 is thereby promoted.
PAR  When the material at the bottom of the V-groove is fluidized by means of
      compressed air, material is removed from it through openings 17. The
      openings are of an equal size, and an equal amount of material is removed
      through each opening. An equal amount is removed per each length unit of a
      radial groove, so that the material flow in the silo follows the principle
      set forth in the invention. The material which falls in the groove 22 is
      carried under the effect of the slanted bottom plate and the fed air to
      the outlet 24, from where it is removed in a manner not described in more
      detail.
PAR  A third embodiment is illustrated in FIGS. 7 and 8.
PAR  In this case the silo bottom consists of several adjacent funnels 25, in
      which vertical screw conveyors 26 for removing material from the silo have
      been placed. The distribution and feeding capacities of the conveying
      screws are chosen so that the desired velocity profile is obtained in the
      silo.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous method of withdrawing a homogeneous mixture of particulate
      materials from a container containing the particulate materials in layers,
      comprising feeding the materials to the container at one point to form
      horizontal layers of materials therein and withdrawing said materials at
      another point positioned at a level below the feeding point, essentially
      over the entire width of the container, causing the descending and
      withdrawal rates of the materials to increase from the periphery towards
      the center of said container and withdrawing an amount of material per
      surface unit which is the smallest at the periphery of the container and
      which increases towards said center, whereby the layers of the material
      become at first slanted and then assume a vertical direction towards the
      bottom center, removing the material from said layers in equal amount from
      each layer by means of withdrawal means, whereby an homogeneous mixture is
      formed.
NUM  2.
PAR  2. The method of claim 1, wherein the material is fed from above into a
      cylindrical silo at its center and is removed from the silo bottom at its
      center.
NUM  3.
PAR  3. The method of claim 1, wherein the sinking rate of the layers in the
      silo is controlled so that it is inversely proportional to the distance of
      each layer from the withdrawal point in the container.
NUM  4.
PAR  4. A device for continuously withdrawing a homogeneous mixture of
      particulate materials from a container comprising means for feeding a
      plurality of particulate materials into the container to form horizontal
      layers of the materials, said means being disposed in the upper part of
      the container, means for increasing the descending and the withdrawal rate
      of the material from the periphery towards the center of the container
      whereby the layers of material become slanted downwardly towards the
      center of the container, and slanted layers are formed which become more
      vertical towards the center of the container, a plurality of apertures
      extending radially across each of said slanted layers and outlet channels
      under the apertures for receiving and removing material withdrawn from
      each of said slanted layers through the bottom of the container, said
      means for increasing the descending and the withdrawal rate comprising a
      plurality of grooved shafts parallel to said apertures, said grooved
      shafts operating according to the stop-feed principle and rotating around
      their longitudinal axis.
NUM  5.
PAR  5. The device of claim 4, further comprising ridges at the container bottom
      between the radially extending apertures to divide the material in the
      container and direct it to the openings.
NUM  6.
PAR  6. The device of claim 4, in which air blowing means have been fitted above
      the apertures in order to fluidize the material.
NUM  7.
PAR  7. The device of claim 4, in which each aperture has an essentially
      vertical feeding screw for removing at a controlled rate the material from
      the silo through an opening at the silo bottom.
NUM  8.
PAR  8. The device of claim 4, in which the outlet channel below it is parallel
      to the aperture and that it has a feeding screw for feeding towards the
      outlet opening at the other end of the outlet channel the material
      separated into the outlet channel.
NUM  9.
PAR  9. The device of claim 4, in which each aperture comprises a series of
      radially aligned openings.
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PAL  A device for mixing glue or a like flowable substance with particulate
      material such as wood chips in which the chips are fed into one end of an
      elongated horizontal cylindrical chamber and are discharged from the other
      end while being caused to follow a rotary path in the chamber by a mixing
      member in the chamber having arms extending radially to near the periphery
      of the chamber. Glue feeding conduits extend into the chamber and into the
      ring of material therein between adjacent ones of said arms. The glue
      feeding conduits are connected in groups to manifolds and can be removed
      from the chamber in groups together with the respective manifold.
BSUM
PAR  The present invention relates to a device for applying glue to chips,
      fibers or similar mixed material of wood, bagasse or the like, especially
      cellulose-containing substances, with at least one cylindrical mixing
      chamber in which mixing tools rotate which cause the mixed material to
      rotate along the wall of the mixing chamber, and in which discharge
      openings of glue-feeding passages which pass from the outside through the
      cylindrical wall into the mixing chamber and in spaced relationship from
      the inner wall of the mixing chamber point to an area inside the
      circulating mixed material and in the circulating direction thereof. With
      this heretofore known device, the glue feed is provided at the entrance
      region of the first third of the length of the mixing chamber and also
      within the region of the outlet portion of the mixing chamber. Individual
      glue-feeding conduits are passed through the cylindrical mantle of the
      mixing chamber and feed the glue in a pressureless way into the ring for
      the mixing material.
PAR  This known device has the drawback that during the feed of the pressureless
      glue through the glue-feeding passages extending through the wall of the
      mixing chamber, within the region of the outer surface of the inner
      passage section, droplets form and glue particles get stuck which impede
      the gluing and from time to time drop off thereby mixing with the chip
      material and making the respective plywood plate or the like useless. A
      further disadvantage in this connection consists in that an intensive and
      uniform glue distribution is only under difficulties obtainable when the
      glue-feeding passages are arranged stationarily.
PAR  It is, therefore, an object of the present invention to provide a
      particularly intensive glue distribution when feeding the glue from the
      outside into the mixing chamber.
DRWD
PAR  This object and other objects and advantages of the invention will appear
      more clearly from the following specification in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 diagrammatically illustrates a longitudinal section through a
      glue-applying machine according to the invention.
PAR  FIG. 2 represents a section taken along the line II -- II of FIG. 1.
PAR  FIG. 3 represents a section taken along the line III -- III of FIG. 2.
PAR  FIG. 4 illustrates a section taken along the line IV -- IV of FIG. 2.
PAR  FIG. 5 illustrates a modified detail of FIG. 4.
PAR  FIGS. 6a and 6b illustrate the device according to the invention while
      employing boot-shaped mixing tools, and more specifically,
PAR  FIG. 6a is a section taken along the line VIa--VIa of FIG. 6b.
PAR  FIG. 6b shows a view of FIG. 6a as seen in the direction of the arrow VIb
      in FIG. 6a.
DETD
PAR  The device according to the present invention is characterized primarily in
      that in axial direction of the mixing chamber there are provided a
      plurality of serially arranged glue-feeding conduits while at least two
      adjacent glue-feeding conduits in axial direction of the mixing chamber
      are spaced from each other by a distance which is greater than the passage
      width of a mixing tool but is only of such a size that each of the two
      adjacent conduits is located within the region of the material to be mixed
      moved laterally of the mixing tool.
PAR  With this arrangement, the high circumferential speed of the ring of chip
      material which is brought about by the mixing tools is directly taken
      advantage of for discharging in an ejector-like manner the glue which
      flows into the mixer in a pressure-like manner. This ejector-like
      discharge is brought about by the suction effect exerted upon the
      discharge openings of the conduits so that also at a relatively high
      viscosity of the glue, without additional devices, but merely due to the
      finest chip particles which are circulated in the mixing material ring at
      high speed, a sufficient quantity of glue will be discharged.
      Simultaneously in view of the sideward movement of the material to be
      mixed, which movement is generated by the mixing tools, a distribution of
      the glue in width, i. e. in axial direction, is obtained without
      additional technical means and even without particular employment of
      energy. The mixing tools will during their passage narrow the space
      between two glue-feeding passages and simultaneously will displace the
      chip material which is located in said intermediate space and circulates
      annularly so that the chip material flows with a strong lateral component
      of movement around the feeding passages. In this way, the glue which is
      drawn out of the stationary feeding passages in a pressureless manner is
      distributed not only in circumferential direction but directly after its
      exit is immediately distributed laterally in the gluing zone onto the
      individual chip particles whereby the chip to chip friction between the
      material to be mixed in a compact ring is aided as it is necessary for a
      good glue application. Due to the fact that these glue-feeding passages
      are passed around in circulating direction and to the simultaneous
      periodic action upon the passage sections by the sidewardly directed
      currents of chips during the passing through of the mixing tools, a
      continuous self-cleaning of the passage or conduit sections protruding
      from the cylinder wall from glue particles which might crawl along said
      conduit sections will be effected. This brings about the advantage that
      the conduit sections which protrude from the cylinder wall and which are
      particularly exposed to the danger of crusting by the adherence of glue
      can continuously clean themselves so that also when the device is used
      continuously, the danger of the admixture of breaking-off particles of
      agglomerates and the danger adherent thereto that the entire plywood plate
      becomes useless will be avoided.
PAR  The lateral displacement of the material to be mixed according to the
      invention may be further increased by having at least those mixing tools.
      These tools pass between adjacent glue-feeding passages or conduits for
      obtaining a movement of component of the material to be mixed. This
      component acts laterally with regard to the circulating direction. On at
      least one side thereof there is at least one profile section which when
      viewed in of a section of mixing tool is greater than the adjacent
      narrowed minimum cross section of the mixing tool.
PAR  An optimum cleaning and mixing effect is obtained particularly when, as a
      preferred embodiment of the invention, at least those mixing tools which
      pass between adjacent glue-feeding passages or conduits have at least the
      approximate shape of a boot or a drop so that the tip of the boot points
      in circulating direction toward the front and the wall of the boot points
      toward the inner wall of the mixing chamber. During the rotation of a
      boot-shaped mixing tool which rotates at both sides of a glue-feeding
      conduit in view of this boot shape during the entry of the boot tip into
      the intermediate space between adjacent conduits and during a further
      immersion of the boot into said intermediate space, the material to be
      mixed is displaced laterally to such an extent that each lateral surface
      of the boot passes the material to be mixed to the respective adjacent
      glue-feeding conduit. As a result thereof, the glue-feeding conduit is
      passed around by a lateral component of movement of the material to be
      mixed, and the directly adjacent boot-shaped mixing tool will in opposite
      direction generate a lateral component of movement against the same
      glue-feeding conduit. It will thus be appreciated that when the
      boot-shaped mixing tools pass through, the respective feeding conduits
      between said mixing tools are subjected to currents of materials to be
      mixed of opposite direction, said currents bringing about an intensive and
      complete absorption of glue liquid which might have collected at the wall
      of the respective conduit or at the cylinder wall within said region. In
      this way, the forming of a crust on this endangered region of the walls
      will be safely avoided. Surprisingly, it has been found that with the
      boot-shaped design of the mixing tools according to the invention, the
      pressure of the ring of the material to be mixed on the cylindrical inner
      wall of the mixing chamber is less even though the wall of the boot-shaped
      mixing tool extends close to the inner wall of the mixing chamber. The
      boot-shaped design of the mixing tool according to the invention therefore
      has the advantageous effect that a portion of the material to be mixed as
      caught by the tip of the boot is moved away from the wall into the region
      around the inwardly protruding conduit so that an undesired accumulation
      of the material to be mixed in the region of the wall will be avoided.
PAR  The design of the passages in form of conduits has, as mentioned above, the
      advantage that in a simple manner a connection to an outer glue-feeding
      line will be possible. An increase in the supply of glue may in certain
      instances also be obtained by providing between each two mixing tools two
      or more glue-feeding conduits which are arranged adjacent to each other in
      the direction of the mixer axis. Over a cross-sectional increase of a
      conduit for increasing the glue supply in case of need, the arrangement of
      a plurality of the same type of conduits and of the same cross-sectional
      opening has the advantage that the flow behavior of the glue and thus the
      gluing characteristic is independent of the quantity of the fed glue
      because, depending on the requirement, more or less conduits will under
      otherwise the same conditions be in operation.
PAR  According to a simple structural design, the glue-feeding conduits are in
      the passages detachably guided by sleeves. This permits an easy exchange
      and a simple cleaning of the glue-feeding conduits. The checking of the
      glue supply is furthermore facilitated by the fact that for conveying the
      glue to the feeding conduits there is employed a transparent conduit which
      permits an observation of the glue supply in operation so that a clogging
      up or an accumulation of glue can immediately be observed.
PAR  It is particularly advantageous to supply the glue-feeding conduits from a
      distributing chamber, especially a distributor pipe having the design of a
      rake. Such a distributor pipe is uniformly supplied with glue due to the
      fact that it is connected to two or more feeder conduits, especially to
      the branch conduit of a forked central feeding pipe. A proper flow of the
      glue to the feeding pipe may also be assured by arranging the conduits in
      the upper half of the mixing chamber wall while said conduits are
      vertically arranged. The connection to the distributing chamber is
      advantageously effected at the lowermost portion so that due to the
      shearing force and the suction effect of the rotating chip material, the
      feeding of the glue from the distributing chamber is not primarily
      dependent on the pressure in the feeding conduit and thus the glue feeding
      will also be effected uniformly at those points of the distributing
      chamber which are farther removed from the feeder lines.
PAR  Advantageously, also individual or more feeder pipes with special feeder
      lines may be employed for adding other materials adapted to flow. In this
      connection, a division of the distributing chamber has proved advantageous
      so that in case of need it will be possible separately to add over
      different regions of the distributing chamber different materials adapted
      to flow such as an emulsion, a glue or a hardener.
PAR  Referring now to the drawings in detail, the glue-applying machine
      diagrammatically illustrated in longitudinal section in FIG. 1 has a
      mixing chamber 1 on which at one end thereof there is provided an inlet
      chute 2 for the chip material while at the other end there is provided an
      outlet chute 4. Centrally located in the cylindrically designed mixing
      chamber 1 there is provided a mixing shaft 5 which is journalled at both
      ends and which rotates at high speed in the direction indicated by the
      arrow 6. The mixer shaft is at the inlet zone below the inlet chute 2
      provided with two mixing tools 7 which convey the chip material received
      through the inlet chute 2 in the direction of the arrow 8 with a component
      parallel to the mixer shaft into the interior of the mixing chamber 1.
      Axially arranged thereto and mounted on the mixer shaft 5 are mixing tools
      9 the design of which will be explained further below. These mixing tools
      9 plow through the chip material ring 10 which forms on the inner wall of
      the drum due to the centrifugal force and which spirally moves in the
      direction toward the discharge chute 4 and subsequently moves into the
      region of the mixing tool 11. Above the discharge chute 4 there is
      provided a throttle 12 which is urged into closing position by a spring
      and permits a discharge of the material through the discharge chute 4 in
      conformity with the pressure of the material onto the inner wall of the
      drum-shaped mixing chamber. The mixing chamber is defined by a cylindrical
      wall 13 having associated therewith an outer wall 14 so that between the
      walls 13 and 14 an annular chamber is formed in which a cooling fluid
      flows.
PAR  As will be evident from FIG. 2, a passage 15 is formed in the wall 13 of
      the mixing chamber 1 through which passage glue may pass in a fluid flow
      into the interior of the mixing chamber 1. According to the specifically
      shown embodiment of FIG. 1, a plurality of passages 15 and thus of feeding
      stations for the glue are provided. The feeding of glue is effected within
      the region of the mixing tools 9 designed in the shape of boots (see FIGS.
      6a and 6b). These mixing tools have a tip or nose 16 running ahead and a
      surface 16a which forms the sole of the boot. From the surface 16a,
      against the direction of rotation (arrow 6) two surfaces 17 extend toward
      the rear which are inclined toward each other in the manner of a roof.
      These surfaces act upon the chip material like a double plow blade and
      convey said material to both sides as well as in the direction toward the
      mixer shaft 5. The mixing material which is thus displaced to both sides
      (arrows 31 and 31a in FIG. 6) is moved toward the conduits 19 arranged on
      both sides and passes around said conduits and moves into the free space
      behind these conduits and the adjacent wall range of the inner wall 13 so
      that glue fluid which may be at these places is immediately moved away by
      the continuous back and forth movement of the material to be mixed. The
      arrows 31 in FIG. 6 show the flow lines of the material to be mixed which
      in view of the influence of the boot surfaces 17 passes around the
      conduits 19 from the rear. The arrows 31a indicate that material which
      passes the conduits 19 at the front side. The glue fundamentally be
      conveyed directly through the passage-like opening 15 in wall 13 of the
      mixing chamber 1. In this instance, it is advantageous to feed the glue
      directly radially outwardly of each mixing tool whereby the glue leaving
      the conduit 15 is wiped off and in view of the turbulence and the
      influence of the surfaces 17, is distributed over the chip material toward
      the interior as well as toward the sides. In order to assure a proper flow
      of the glue from the passages 15, the inflow direction should be inclined
      toward the direction of rotation of the chip material (arrow 6) so that a
      tangential inflow occurs and the glue is by the suction of the chip
      material pulled into the mixing chamber.
PAR  In the present embodiment, however, the cross section of the passages 15 is
      greater than the cross section for the passage of the necessary quantity
      of glue would have to be. The reason for this feature consists in that in
      the passages 15 there are arranged sleeves 18 in which the glue feeding
      conduits 19 are provided. The conduits 19 in their turn extend into the
      ring 10 of the chip material and more specifically preferably at least up
      to half the thickness of said ring while assuming maximum filling of the
      machine. With a normal dimensioning of the passages, this corresponds to
      approximately a distance of 30 millimeters from the wall 13 of the mixing
      chamber 1. As a result thereof, the glue is discharged approximately in
      the center of said ring 10, and it is avoided that the glue is discharged
      on the wall 13 of the mixing chamber 1. When employing the conduits 19,
      these conduits are advantageously arranged between the mixing tools 9 as
      shown in FIG. 1 while the uniform distribution of the glue is again aided
      particularly by the lateral movement of the chip material by the surfaces
      17. The movement of the chip material in the direction away from the wall
      13 of the mixing chamber 1 prevents a deposit of the glue on the wall of
      the mixing chamber. Advantageously, between each two adjacent conduits 19
      there may be provided at least one mixing tool passing therethrough so
      that each conduit 19 is from both sides by means of the displacement
      surfaces 17 laterally acted upon by material to be mixed so that a
      continuous pulsating laterally oppositely directed flow around the
      conduits is obtained.
PAR  In case of need, naturally also a plurality of passages 15 and if desired,
      a plurality of glue feeding conduits 19 may be arranged within the region
      between two mixing tools 9. Such increased supply of glue may be employed
      in particular in the front region (viewed in the conveying direction of
      the chip material) of the glue applying zone which comprises the mixing
      tools 9. Two or more passages 15 of feeding conduits 19 may distributed
      over the circumferential direction be provided between two tools 9 and may
      also be arranged adjacent each other in axial direction.
PAR  The glue feeding conduits 19 are straight which fact not only facilitates
      the manufacture thereof but also their cleaning. The cleaning of these
      conduits is furthermore simplified by the fact that the conduits 19 can be
      removed from the sleeves 18. Furthermore, the supply to the conduits 19
      and if desired, also directly to the passages 15 is effected by a
      connecting member 20 which is transparent and thus permits the observation
      of the flow of the glue during operation and also if impurities deposit or
      collect.
PAR  The charging of the glue conveying conduits 19 is according to an important
      feature of the invention effected through connection pieces 20 from a
      distributing tubular chamber 21 if so desired which through a connection
      22 is connected to a connecting piece 20. The glue feeding conduits 19 or
      the passages 15 are arranged in the upper section of the mixing drum 1
      while pointing downwardly and advantageously are standing upright so that
      the supply of the glue is aided by the suction of the ring 10 and also by
      the force of gravity. The connections 22 are advantageously arranged on
      the tubular distributing chamber 21 above the feeding pipes 23 and 24
      whereby the uniform glue supply to the ring 10 will be assured because all
      connections 22 can be simultaneously charged when the glue level 30 has
      been reached. Furthermore, a glue dripping when the glue supply is turned
      off is limited to a minimum because the glue in the distributing chamber
      21 is retained and can flow back through the pipe 23 and 24, the
      distributing chamber 21 in its turn is charged by feeder pipes 23 and 24
      which in the specific example shown branch off in a fork-shaped manner
      from a central feeder pipe 25. The distance of the respective feeding line
      23 or 24 from the individual connections 22 and the different flow
      resistance inherent thereto will not bring about a non-uniform supply of
      the connections 22 and thus of the glue feeding conduits 19 or passages
      15.
PAR  In the embodiment according to FIG. 5, the distributing chamber 23 is
      divided into three parts 21a, 21b and 21c. The maximum central section 21a
      is as heretofore charged by the feeder pipes 23 and 24. One side portion
      21c is charged through a separate feeder pipe 26 and the still smaller
      side part 21b through a likewise separate feeder pipe 27. In this way, the
      glue feeding conduits 19 may, if desired, be employed for a dosed addition
      of other substances which are adapted to flow such as an emulsion and a
      hardener. Of course, also all feeder pipes 23, 24, 26 and 27 may be
      charged with glue.
PAR  As will be evident from FIG. 2, the feeder pipes 23 and 24 and if desired
      also the feeder pipes 26 and 27 may be held by a sleeve 28 which is
      located relative to the outer wall 14 of the mixing chamber 1 by a
      supporting arm 29. In view of the inclined position of the pipes 23, 24,
      26 and 27 inherent thereto, the substances flowing therein have to be
      lifted which fact in case of a plurality of feeder pipes which are charged
      together such as the pipes 23 and 24, brings about an always uniform
      distribution of the quantity of glue. In this way, it is assured that the
      distributing chamber 21 is supplied with glue uniformly over its length.
PAR  As indicated in the drawing, all feeding elements for the glue are placed
      one inside the other and are disengageable so that the entire glue feeding
      device can be removed from the mixing chamber 1 and can be dismantled into
      their individual parts. This simplifies the manufacture and also the
      servicing and purification considerably. In particular, when employing
      glue feeding conduits 19 in the passages 15, the glue is spaced
      sufficiently far from the inner wall 13 of the mixing chamber 1 and is so
      introduced into the chip material that a deposit of the glue on the wall
      of the mixing chamber can be safely avoided. The ends of the conduits 19
      in ring 10 aid the mixing operation because they are fixedly arranged
      between the mixing tools 9 in the fast rotating ring 10 and thus
      contribute to the agitation of the particles of the chip material. In a
      typical case of employment, the mixing tools rotate at a slight distance
      of a few millimeters past the inner ends of the glue feeding conduits 19,
      and at a speed of rotation of approximately 1000 revolutions per minute so
      that the glue flowing off in a second through a conduit is by the mixing
      tools on both sides caught 35 times per second and in the ring 10 is by
      the lateral movement of the chip material intermixed. In this way,
      comparatively large quantities of glue can by the machine according to the
      invention be distributed at a high speed and homogeneously.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for mixing glue with particulate material comprising an
      elongated, horizontal cylindrical mixing chamber having an inlet at one
      end and an outlet at the other end, said chamber having a glue applying
      zone at the end adjacent said inlet, a rotating shaft extending along the
      central longitudinal axis of said chamber, a plurality of axially spaced,
      radial arms extending from said shaft to adjacent the wall of said chamber
      for mixing material in said chamber upon rotation of said shaft, said
      rotating arms moving said material circumferentially in a path adjacent
      the wall of said chamber, a plurality of axially spaced glue feeding
      conduits in said glue applying zone extending adjacent the periphery
      within said chamber with their ends in the path of said material and
      opening in the forward direction of rotation of said material, each of
      said conduits being adjacent the path of one of said arms so that said arm
      moves the material laterally in passing the open end of the adjacent
      conduit to prevent accumulation of glue on the open end of said conduit,
      the rotation of said arms mixing said material and glue.
NUM  2.
PAR  2. A device in combination according to claim 1 in which each said arm is
      widened in the axial direction at the radially outer end to cause lateral
      movement of the material in said chamber.
NUM  3.
PAR  3. A device in combination according to claim 1 in which each said arm
      rotates between adjacent glue feeding conduits and has the radially outer
      end substantially boot shaped with the toe at the leading end and the heel
      at the trailing end and in substantially radial alignment with the
      respective arm.
NUM  4.
PAR  4. A device in combination according to claim 3 in which each arm narrows
      in the axial direction inwardly from the radially outer end and has the
      narrowed cross section thereof near the material in the chamber.
NUM  5.
PAR  5. A device in combination according to claim 1 which includes sleeves
      carried by said chamber and receiving said glue feeding conduits.
NUM  6.
PAR  6. A device in combination according to claim 1 in which each glue feeding
      conduit includes a transparent section for observing the glue flow
      therein.
NUM  7.
PAR  7. A device in combination according to claim 1 which includes a supply
      manifold connected to supply a plurality of said glue feeding conduits.
NUM  8.
PAR  8. A device in combination according to claim 7 in which said manifold is
      tubular and is horizontally disposed, said glue feeding conduits
      pertaining to said manifold being distributed horizontally therealong.
NUM  9.
PAR  9. A device in combination according to claim 7 which includes at least two
      main glue supply lines connecting to each manifold in spaced relation
      therealong.
NUM  10.
PAR  10. A device in combination according to claim 9 which includes a primary
      glue supply conduit, said main glue supply lines branching off from a
      common connection to said primary supply conduit.
NUM  11.
PAR  11. A device in combination according to claim 7 in which said glue feeding
      conduits are in the upper portion of said chamber and extend substantially
      vertically upwardly therefrom to said manifold.
NUM  12.
PAR  12. A device in combination according to claim 7 which includes at least
      one glue supply line connected to the bottom of said manifold, said glue
      feeding conduits being connected to said manifold at a level above the
      bottom thereof.
NUM  13.
PAR  13. A device in combination according to claim 7 which includes a glue
      supply line extending upwardly into said manifold for the supply of glue
      thereto.
NUM  14.
PAR  14. A device in combination according to claim 7 in which said manifold and
      the said glue feeding conduits connected thereto are removeable from said
      device as a unit.
NUM  15.
PAR  15. A device in combination according to claim 1 which includes further
      feeder conduits extending into said chamber for the supply of at least one
      other flowable substance to the material in said chamber.
NUM  16.
PAR  16. A device in combination according to claim 1 which includes a plurality
      of separate glue supply manifolds, a group of said glue feeding conduits
      being connected to each manifold, and separate glue supply lines connected
      to supply glue to the individual manifolds.
NUM  17.
PAR  17. A device in combination according to claim 1 in which the outlet end of
      each said glue feeding conduits is spaced radially inwardly from the
      peripheral wall of said chamber a distance on the order of about 30
      millimeters.
NUM  18.
PAR  18. A device for mixing glue with particulate material comprising an
      elongated, horizontal cylindrical mixing chamber having an inlet at end
      and an outlet at the other end, said chamber having a glue applying zone
      at the end adjacent said inlet, a rotating shaft extending along the
      central longitudinal axis of said chamber and having a plurality of
      axially spaced, radial arms extending from said shaft to adjacent the wall
      of said chamber, said arms moving said material in a circumferential path
      adjacent the wall of said chamber, a plurality of axially spaced, glue
      feeding conduits in said glue applying zone extending downwardly into said
      chamber adjacent its circumferential wall and opening into the path of
      said material with their open ends facing in the direction of forward
      motion of said material, each of said conduits being adjacent the path of
      one of the arms in the glue applying zone, each of said arms in said zone
      having an outer end adjacent the wall of said chamber projecting forwardly
      circumferentially from said radial arm to move the material inwardly from
      said wall, said end having inclined faces converging in the direction of
      movement of said arm to deflect the material axially as said arm rotates
      to move said material laterally in passing the open end of an adjacent
      conduit to prevent accumulation of glue on the end of said conduit.
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ABST
PAL  The mixing of materials pre-packaged in precise amounts in separate vials.
      Use is made of an adaptor of resilient material in which a pair of vials
      are releasably engaged in sealing relation, in end-to-end relation, with a
      communicating passage therebetween. The assembled adaptor and vials can be
      shaken to effect the desired intermixing of the materials present in the
      vials without loss of material or contamination. Thereafter the mixture
      can be located in one vial and the adaptor separated from the vials for
      re-use.
BSUM
PAR  This invention relates to a method and means for admixture of precise
      amounts of material immediately prior to use.
PAR  Very often, two or more materials are required to be admixed one with
      another in precise amounts prior to use. Ordinarily, such precise amounts
      of material can be introduced in a single container in which they are
      admixed for subsequent use. However, where such admixture of materials
      leads to undesirable change, deterioration or reaction, it is necessary to
      maintain the materials in a separated relation for mixing immediately
      prior to use. This is experienced often times in various medical, clinical
      and testing procedures where mixtures of liquids, oils, powders, or other
      flowable materials are required to be combined in precise amounts for
      various treatments, tests or analysis, where the materials cannot be
      pre-packaged as a pre-mix.
PAR  Under such circumstance, it has been necessary to effect measurement of the
      desired amounts of material from bulk at the station of use, as by
      pouring, pipetting, weighing, or the like, with the result that the
      procedure is subject to inaccuracies and/or error and the materials are
      exposed to possible contamination by elements coming into contact
      therewith during measurement and transposition to the mixing means.
PAR  It is an object of this invention to provide a device which enables the
      materials to be admixed to be pre-packaged in precise amounts in separate
      containers in which they are sealed. Such measurement of precise amounts
      and pre-packaging in separate containers can be effected in a mass
      production process, with automatic equipment, whereby precise measured
      amounts of material are introduced into each container with immediate
      sealing. Such separately pre-packaged material is characterized by long
      shelf life to enable storage and shipment over extended periods of time
      and to enable large inventories of such precise amounts of pre-packaged
      material to be maintained at the station of use.
DRWD
PAR  These and other objects and advantages of this invention will hereinafter
      appear, and for purposes of illustration, but not of limitation, an
      embodiment of the invention is shown in the accompanying drawing, in which
PAR  FIG. 1 is a schematic sectional elevational view of the relative
      arrangement of elements employed in the practice of this invention, and
PAR  FIG. 2 is a sectional elevational view showing the open ends of the vials
      in operative engagement with the adaptor for intercommunication between
      the interior of the vials for intermixing the materials originally
      contained in the separate vials.
DETD
PAR  In accordance with the practice of this invention, use is made of vials 10,
      open at one end, and which are defined by an annular lip portion 12
      connected by a neck portion 14 of smaller diameter to a body portion 16 of
      the desired capacity for the amount of material to be packaged therein and
      preferably of larger wall-to-wall dimension than the lip portion. The vial
      10 can be formed of glass, plastic, or other relatively rigid structural
      material with a body portion of rounded, rectangular, or other geometrical
      shape.
PAR  A material 18 to be admixed, in fluid form such as a liquid, solvent, oil,
      powder, or other particulate substances, is pre-loaded into the vial in
      precise amounts, as by means of an automatic filling machine, after which
      the vial is sealed, as by means of a cork, stopper, cap, plastic film or
      the like for shipment and storage until use.
PAR  Use is made of an adaptor 20 in the form of a cylindrical section having a
      central bore 22 extending continuously therethrough. A pair of axially
      spaced annular grooves 24 and 26, of curvilinear cross section, extend
      outwardly continuously from the bore 22, with the grooves being shaped to
      correspond with the contour of the lip portion 12, and dimensioned to
      correspond and preferably to be slightly less in the crosswise dimension
      than the outside wall-to-wall dimension of the lip 12, to enable the lip
      portion to be received therein in gripping or sealing relation. The
      grooves 24 and 26 are each spaced inwardly from the opposite ends of the
      adaptor by a distance corresponding to the length of the neck portion 14
      of the vial and preferably slightly less, with the inside diameter of the
      portion 28 beyond the grooves to the ends of the adaptor corresponding to
      the outer wall-to-wall dimension of the neck portion 14 of the vial and
      preferably slightly less, so as to provide a gripping relation
      therebetween when the vial is inserted in position of use in the adaptor
      with the lip portion 12 seated within the groove. The portion 30 between
      the axially aligned grooves 24 and 26 is dimensioned to have a diameter
      corresponding to the diameter of the opening 32 at the outlet through the
      neck portion of the vial and a length sufficient to maintain the grooves
      24 and 26 in separated relation, such as a distance within the range of
      1/8 inch to 1/4 inch and preferably 1/4 inch to 1/2 inch. The spaced
      relationship between the grooves 24 and 26 is not critical, it being
      sufficient to maintain the lip portions of the vials out of contact one
      with the other when disposed in the grooves, but sufficient to permit
      relative movement while in the adaptor to facilitate the insertion and
      removal of the vials from the adaptor.
PAR  The adaptor 20 is preferably molded or otherwise formed as a unitary
      structure of a flexible material which is not in any way reactive or
      otherwise affected by the materials in the vials or a mixture thereof. For
      this purpose, the adaptor can be formed, as by molding, of a rubber-like
      material or a plastic material characterized by a sufficient degree of
      resiliency to enable flexure of the end portions to facilitate the
      insertion or removal of the lip portions of the vials into and out of the
      grooves respectively. Suitable materials include polyethylene,
      polypropylene, ethylene-propylene copolymer, polyurethanes, polyesters and
      the like plastic materials, or polyisoprene, butyl rubber,
      butadiene-styrene copolymer, butadieneacrylonitrile copolymer, EPDM
      rubbers, polychloroprene and the like elastomeric materials and blends
      thereof.
PAR  It is preferred to standardize on the dimensional characteristics of the
      vials, especially with respect to the neck and lip portion so that the
      adaptor can be standardized to have bores and grooves of the same
      dimension. In the event that vials are employed which have neck portions
      and lips which differ in dimension, then adaptors must be stock-piled with
      bores and grooves of different dimensional characteristics corresponding
      to the various vials which may be used.
PAR  As illustrated in the drawing, in use, the closure is removed from one of
      the vials and the adaptor 20 is displaced endwise onto the open end of the
      vial. As the adaptor is forced downwardly over the open end of the vial,
      the lip portion 12 of the vial causes flexure of the engaged end portion
      of the adaptor until the lip snaps into position as it becomes seated in
      gripping relation within the groove, with the portions of the adaptor in
      between gripping the adjacent neck portion of the vial all around to
      effect a sealing engagement therebetween.
PAR  The other vial is unsealed and the open end is brought into engagement with
      the other end of the adaptor, as by inclining the adaptor with the
      previously assembled vial and dipping the lip of the other vial into the
      open end of the adaptor in a manner to bring the two together until the
      lip snaps into the groove for interengagement in sealing relation.
PAR  Instead, after the first vial has been joined in sealing relation to the
      adaptor, the other vial can be dipped to pour the measured amount of
      material therefrom through the open end of the adaptor. Thereafter the
      second vial can be positioned with the lip portion immediately above the
      open end of the vial, as illustrated in FIG. 1, whereupon the lip snaps
      into sealing engagement into the upper groove as the vial is displaced in
      the downwardly direction into the open end of the adaptor.
PAR  Now both vials are joined with the adaptor with the open ends of the vials
      in adjacent end-to-end, facing relation with only the short intermediate
      section 30 of the adaptor in between.
PAR  Under these conditions, the assembly can be rocked to effect the
      displacement of material from one vial to the other while shaking the
      assembly to achieve uniform admixture of material if in solid and/or
      liquid form, or to effect solution of one material with the other, and the
      like. Such solution or admixture is achieved with the precisely measured
      amounts of material in the vials, and without handling of the materials or
      exposure of the materials in a manner which might otherwise cause loss of
      material or contamination.
PAR  When the desired admixture or solution has been completed, the assembly can
      be up-ended to cause all of the material to flow into the lower vial. The
      assembly can be removed from the lower vial as by gripping the adaptor
      adjacent the lip portion of the upper vial and then bending the assembly
      downwardly about the lip portion of the lower vial while twisting
      whereupon the assembly will slip off the lower vial, leaving it free to
      enable the mixture or solution to be poured from the vial or otherwise to
      make use of the mixture.
PAR  The adaptor can be freed of the upper vial by pushing the ends of the
      adaptor off of the vial or by bending and twisting the adaptor as
      previously described for removal from the lower vial.
PAR  The adaptor can be washed and/or sterilized for use over and over again.
PAR  By way of example, for use with vials of the following dimensions:
     Body portion, outside diameter                                            
                             1-5/16 inches                                     
     Neck portion, outside diameter                                            
                             15/16 inch                                        
     Neck portion, length    1/4 inch                                          
     Lip portion, maximum outside diameter                                     
                             1-1/4 inches                                      
     Lip portion, height     5/16 inch                                         
     Inside diameter of mouth of vial                                          
                             11/16 inch                                        
PAR  The following dimensional characteristics would be embodied in adaptors for
      use with vials having the dimensional characteristics described above:
TBL  Diameter of bore beyond the grooves                                       
                            7/8 inch                                           
     Maximum diameter of grooves                                               
                            1-3/16 inches                                      
     Diameter of bore between grooves                                          
                            11/16 inch                                         
     Length of bore beyond the grooves                                         
                            1/4 inch                                           
     Length of bore between the grooves                                        
                            1/8 to 5/8 inch                                    
PAR  It will be noted that in the above specifications, the adaptor is
      one-sixteenth inch less in diameter than the corresponding portions of the
      bores and grooves of the vial. This is for the purpose of establishing a
      resilient gripping relationship therebetween with provisions to minimize
      crevices between the vial and adaptor in position of use, so as to
      minimize entrapment of material.
PAR  It will be understood that changes may be made in the details of
      construction, arrangement and operation without departing from the spirit
      of the invention, especially as defines in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in intermixing flowable content material from separate vials
      having a body portion, a neck portion of smaller internal diameter than
      the body portion to provide an access opening of lesser diameter than the
      interior of the vial, and a lip portion on the end of the neck portion of
      larger diameter than the neck portion, with an access opening extending
      through the lip and neck portion into the body portion, an adaptor of
      rigid resilient material having a passage extending continuously
      therethrough including a pair of axially spaced grooves shaped to
      correspond to the outer contour of the lip portion of the vials and having
      an inner wall-to-wall diameter within the range of slightly less than to
      up to the outer wall-to-wall diameter of the outer lip portion of the
      vials, expandable portions beyond the grooves at the ends of the passage
      having a diameter within the range of slightly less than to up to the
      outer wall-to-wall diameter of the neck portion of the vials and a length
      no greater than the length of the neck portion of the vials, while the
      portion between the grooves has a length dimensioned to space the grooves
      one from the other and a diameter corresponding to the diameter of the
      access opening of the vials to provide for a continuous passage of uniform
      dimension between the access openings of the vials when in the adaptor.
NUM  2.
PAR  2. An adaptor as claimed in claim 1 in which the portion of the passage
      between the grooves is dimensioned to have a length within the range of
      1/8 to 3/4 inch.
NUM  3.
PAR  3. An adaptor as claimed in claim 1 in which the portion of the passage
      between the grooves is dimensioned to have a length within the range of
      1/4 to 1/2 inch.
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ABST
PAL  This invention refers to an arrangement for providing vibratory energy to a
      liquid contained in an enclosure. The liquid is readily agitated and
      brought to cavitation by introducing sonic energy into a strip of metal in
      such a manner that the strip, being immersed in the liquid, exhibits
      flexural vibrations and thereby agitates the liquid.
BSUM
PAC  Background of the Invention
PAR  This invention refers to an arrangement for providing vibratory energy to a
      liquid and, more specifically, has reference to an apparatus in which a
      liquid contained in an enclosure is subjected to sonic wave energy,
      particularly energy in the high frequency range from 1 to 100 kHz.
PAR  The use of sonic energy for agitating a liquid in connection with cleaning,
      degreasing, soldering, etc. of workpieces is well-known in the art. In
      sonic cleaning an enclosure adapted to contain a suitable solvent is
      fitted with one or more transducers for transmitting energy through a
      selected side wall or the bottom of the tank into the liquid for causing
      the liquid to cavitate. The combined action of the solvent and the
      cavitation produced in the solvent causes a workpiece immersed in the
      liquid to be cleaned, that is, surface contaminants are removed in a most
      thorough manner, even from normally inaccessible locations. Alternatively,
      instead of attaching sonic energy transducers to an exterior surface of
      the container, a liquid submersible transducer assembly may be used. This
      latter arrangement comprises a liquid immersible enclosure housing therein
      one or more sonic energy transducers. The arrangements indicated
      hereinabove are well-known to those skilled in the art and are described
      in greater detail in "Ultrasonics in Industry", by E. B. Steinberg,
      "Proceedings of the IEEE", Vol. 53, No. 10, October, 1965, page 1298, or
      in "Ultrasonic Engineering" (book) by Julian R. Federick, John Wiley &
      Sons, Inc. (1965) New York, N. Y., pp. 130-145.
PAR  Aside from sonic cleaning, there is another important application in which
      a liquid is subjected to sonic energy, namely ultrasonic soldering or
      tinning. Again, transducers are attached to a tank containing molten
      solder and parts to be soldered or coated with metal in a fluxless manner
      are brought into contact with the molten metal. This application is
      particularly useful for soldering components to printed electronic circuit
      boards, for providing structural joints between aluminum wire or aluminum
      tubings, and the like, see Steinberg supra, page 1301.
PAR  As described in connection with sonic energy cleaning, a relatively
      expensive electroacoustic energy transducer, having magnetostrictive or
      piezoelectric transducing means, is mechanically coupled to the tank
      containing the liquid, such attachment being made by welding or epoxy
      resin in order to obtain a sound, low loss acoustic interface. In the
      event of a mechanical or electrical failure of a transducer means, repair
      or replacement of the transducer means entails certain complications and
      expenses. Moreover, it is known that the tank wall through which sonic
      energy is transmitted is subject to erosion due to surface cavitation and,
      hence, the tank life is limited.
PAR  Other arrangements are known, especially in connection with solder pots, in
      which a high power sonic converter unit is provided with a horn, also
      known as tool, mechanical amplitude transformer, or resonator. The frontal
      part of the horn is immersed in the molten metal to transmit vibratory
      energy to the liquid metal. Provisions must be made to maintain the
      converter suitably cooled. Moreover, the horn, an acoustically tuned
      precision part, is subject to erosion and its replacement is relatively
      expensive.
PAC  Brief Summary of the Invention
PAR  The present invention concerns an extremely easy and simple arrangement for
      introducing vibratory energy into a liquid, obviating many, if not all, of
      the complications and problems experienced heretofore. Quite specifically,
      it has been discovered that a liquid can readily be agitated and brought
      to cavitation by introducing sonic energy into a strip of metal in such a
      manner that the strip, being immersed in the liquid, exhibits flexural
      vibrations and thereby agitates the liquid. Flexural vibrations are known
      in the art, see for instance, "Ultrasonic Engineering" (book) by J. R.
      Frederick, John Wiley & Sons, New York, N. Y., pages 12 through 16 and
      "Sonics" (book) by T. F. Hueter and R. H. Bolt, John Wiley & Sons, New
      York, N. Y., pages 27 and 28. This arrangement is extremely simple,
      inexpensive, and lends itself to innumerable variations to provide an
      extremely versatile tool which can be suited to almost all conceivable
      workpiece configurations. For instance, the strip operating as a wave
      guide for sonic energy can be bent to conform to the general shape of a
      workpiece and thereby expose irregular contours of a workpiece to the
      intense vibrations of sonic or ultrasonic energy. The exchange or
      replacement of a wave guide and its attachment to the converter unit is
      extremely simple and is accomplished without the permanent securement
      features required heretofore. Since high intensity sonic energy is
      exhibited by the wave guide near its surface, usually within one half
      wavelength of the flexual standing wave in the guide, the present
      arrangement is particularly useful in those applications which require the
      application of intense sonic energy, such as soldering, descaling of
      workpieces, emulsifying of two liquids, homogenizing a liquid mixture and
      the like.
PAR  Further and still other features of the present invention will be more
      clearly apparent by reference to the following description when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 is an elevational view showing schematically an embodiment of the
      present invention;
PAR  FIG. 2 is a plan view of a typical wave guide shown in FIG. 1;
PAR  FIG. 3 is a schematic illustration explaining certain phenomena;
PAR  FIG. 4 is a schematic illustration of an alternative embodiment;
PAR  FIG. 5 is a plan view of a certain embodiment of the invention;
PAR  FIG. 6 is a plan view of a modified arrangement per FIG. 5;
PAR  FIG. 7 is a further modified embodiment of the arrangement shown in FIG. 5;
PAR  FIG. 8 illustrates an alternative method of coupling the wave guide to the
      source of sonic energy;
PAR  FIG. 9 is a perspective view showing a still further embodiment, and
PAR  FIG. 10 is a schematic elevational view of a specific arrangement involving
      an irregularly shaped workpiece.
DETD
PAC  Detailed Description of the Invention
PAR  Referring now to the Figures and FIG. 1 in particular there is shown a
      container 10 which is filled with a liquid 12, such as water, molten metal
      and the like. A wave guide 14 in the form of a metal strip is immersed
      with one end in the liquid 12 and with its other end is coupled to a
      converter unit 16 which provides high frequency vibrations, preferably in
      the sonic and ultrasonic frequency range from 1 to 100 kHz, by being
      energized from a high frequency electrical generator 18 via a cable 20.
      The converter unit, in a typical example, is of the construction shown in
      U.S. Pat. No. 3,328,610, issued to S. E. Jacke et al., dated June 27,
      1967, entitled "Sonic Wave Generator". The converter unit 16 provides
      vibrations along its longitudinal axis and is dimensioned to operate as a
      half wavelength resonator at a predetermined frequency of sound, for
      instance 20 kHz. The wave guide 14 is coupled to the converter by having
      one end thereof clamped to the converter at an antinodal region thereof,
      the antinodal region being defined as the area where there is maximum
      motional excursion along the longitudinal axis as is indicated by the
      double headed arrow 15.
PAR  As more clearly seen in FIG. 2, clamping is achieved by tightening a screw
      22 so that a bushing 24 urges the underside of the wave guide 14 into
      intimate contact with the radial end surface 26 of the converter, such end
      surface being disposed substantially at the antinodal region of
      longitudinal motion as stated above.
PAR  The wave guide 14, typically a flat metal strip of rectangular cross
      sectional area, receives the vibratory energy and propagates it in the
      form of flexural waves, see Fredrick and Hueter et al., supra. Using, for
      instance, a frequency of 20 kHz and a stainless steel strip one inch (26
      mm) wide and a 1/4 inch (6.5 mm) thick, active areas, that is, antinodal
      regions as shown by the shading in FIG. 2, are distanced from one another
      0.6 inch (15 mm) apart. Conversely, nodal points are spaced apart by the
      same distance, which distance corresponds to .lambda.'/2 as seen in FIG.
      3. The peak displacement amplitude of the standing waves can be increased
      relative to the displacement amplitude of the energy source 16, arrow 15,
      by varying the length of the wave guide. FIG. 4 shows an alternative
      arrangement wherein the wave guide 14A has a central section which is
      immersed in the liquid 12 and wherein both ends are disposed outside of
      the liquid and each such end being coupled to a converter 16A and 16B
      respectively. In order to make the peak amplitude displacement of the wave
      guide equal to the peak amplitude displacement of the converter at the
      antinodal region, the length of the wave guide between the clamped
      terminations is selected to be n .lambda.'/2, wherein n is a positive
      integer and .lambda.' is the wavelength of the flexural waves propagated
      along the strip.
PAR  It has been noted that in the active areas 28 excellent transfer of
      vibratory energy to the liquid occurs which, in the case of water causes
      cavitation of the liquid. Such action is useful for cleaning, degreasing,
      emulsification, cell disruption and such other processes in which high
      intensity vibratory energy is desired.
PAR  For providing electrical circuit connections between the conductors of
      components which are mounted upon an electrical printed circuit board and
      the conductive areas of the board, it is frequently required that such
      bonding occur in a fluxless manner. Ultrasonic vibrations which agitate
      the solder bath accomplish the removal of oxide and effect the desired
      solder bond. Moreover, in cases where flux is used, ultrasonics reduces
      the reject rate of soldered assemblies. FIGS. 5, 6 and 7 clearly
      illustrate how this can be accomplished by means of the present invention.
      Numeral 40 identifies a printed circuit board which is "floated" over the
      surface of a molten solder bath and moved in the direction of the arrow
      42. A wave guide 14, as shown in FIG. 1, is immersed slightly below the
      surface of the molten liquid. The vibrations at the antinodal regions of
      the wave guide vibrate the solder and a high quality solder joint is
      obtained. To overcome non-uniformity of ultrasonic exposure which may
      result due to the presence of active and dead areas along the wave guide,
      the wave guide 14 can be arranged to be angled relative to the translating
      motion of the board, arrow 42, so that in the course of the translatory
      motion, each area of the board comes into contact with the sonically
      activated molten solder, see FIG. 6. A still further alternative
      embodiment is shown in FIG. 7 wherein two wave guides 14 and 14B are
      arranged in side by side relation, but the wave guides are slightly
      staggered to cause the antinodal region of one wave guide to be juxtaposed
      with the nodal region of the second wave guide. Thus, there is a shift
      between wave patterns of the two strips equal to .lambda.'/4. The two wave
      guides can be energized also from a single converter.
PAR  A further way of coupling a wave guide 14 is shown in FIG. 8 wherein the
      converter 16 is fitted with a half wavelength horn 46, also known as tool,
      resonator, mechanical amplitude transformer and the like. The wave guide
      14 is rigidly clamped with its end between the converter end surface and
      one end surface of the horn 46. As stated before, the coupling of the wave
      guide to the source of sonic energy is accomplished at the antinodal
      region of the source of sonic energy.
PAR  FIG. 9 illustrates a further modification wherein a relatively wide wave
      guide 14C is coupled to a converter 16 by means of a slotted bar horn 48
      which, as is well-known in the art, is dimensioned to resonate as a half
      wavelength resonator at the predetermined frequency. The wave guide 14C is
      coupled to the output surface of the horn 48 by means of a cover plate 50
      and a plurality of screws 52 which provide clamped contact between the
      wave guide and the horn.
PAR  It will be apparent that the present wave guide arrangement is eminently
      suited for achieving agitation by sonic energy of an ultrasonic bath for
      the purpose of degreasing, cleaning, etching, and the like. However, the
      present wave guide arrangemennt has one particular noteworthy advantage
      which resides in the feature that the strip can be bent to conform to the
      shape of an irregularly shaped workpiece and thereby enhance the cleaning
      or degreasing action by providing high intensity sonic energy very close
      to the workpiece surface. This is shown more clearly in FIG. 10 wherein a
      workpiece W is suspended by a lifting rod 60 in the liquid 12. The free
      end of the wave guide 14D is bent to conform to the surface of the
      workpiece. The cavitation in the liquid resulting from the sonic energy
      provided to the wave guide occurs in close proximity to the workpiece
      surface.
PAR  It will be apparent that the heretofore described arrangements are
      extremely simple and easy to operate. Specifically, the wave guides can be
      prepared and manufactured in various shapes and forms, are readily
      replaceable, are inexpensive, and do not form a portion of the container
      or tank structure. Hence, if a particular wave guide is corroded, or
      erodes by cavitation during use, it can readily be replaced without
      significant cost. Moreover, the converter 16 is not a permanent part of
      the container, thereby permitting ease of maintenance, exchange or the use
      of different converters with various power ratings depending upon the
      particular work to be accomplished. Moreover, a standard liquid bath can
      readily be converted to one having sonic energy agitation.
PAR  While there have been described and illustrated certain preferred
      embodiments of the present invention, it will be apparent to those skilled
      in the art that further variations and modifications may be made without
      deviating from the scope of the invention which shall be limited only by
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sonic apparatus comprising:
PA1  a liquid;
PA1  a wave guide dimensioned to undergo flexural vibrations disposed in said
      liquid, and
PA1  means coupled to said wave guide for transmitting sonic energy to said wave
      guide for causing responsive to the propagation of flexural waves said
      wave guide to undergo flexural vibrations for producing vibrations in said
      liquid.
NUM  2.
PAR  2. A sonic apparatus comprising:
PA1  a liquid;
PA1  a wave guide dimensioned to undergo flexural vibrations disposed in said
      liquid and having at least one end outside said liquid, and
PA1  means coupled to said one end for transmitting sonic energy to said wave
      guide for causing responsive to the propagation of flexural waves said
      wave guide to undergo flexural vibrations for producing vibrations in said
      liquid.
NUM  3.
PAR  3. A sonic apparatus as set forth in claim 2, said wave guide being a strip
      of metal.
NUM  4.
PAR  4. A sonic apparatus as set forth in claim 3, said means coupled to said
      one end comprising a source of sonic energy dimensioned to resonate as a
      half wavelength resonator at a predetermined frequency of sound traveling
      longitudinally through said source and exhibiting when resonant at least a
      pair of antinodal regions of longitudinal motion, and means coupling said
      strip of metal to said source of energy at one of said antinodal regions.
NUM  5.
PAR  5. A sonic apparatus as set forth in claim 2, said wave guide having a
      substantially rectangular cross section.
NUM  6.
PAR  6. A sonic apparatus as set forth in claim 2, said liquid being an aqueous
      solution.
NUM  7.
PAR  7. A sonic apparatus as set forth in claim 2, said liquid being molten
      metal.
NUM  8.
PAR  8. A sonic apparatus as set forth in claim 2, said wave guide having a
      bend.
NUM  9.
PAR  9. A sonic apparatus as set forth in claim 2, said wave guide being a strip
      of metal having its two ends disposed outside said liquid, and means
      coupled to each of said ends for transmitting sonic energy to said wave
      guide.
NUM  10.
PAR  10. A sonic apparatus comprising:
PA1  a liquid bath;
PA1  a source of energy dimensioned to resonate as a half wavelength resonator
      at a predetermined frequency of sound traveling longitudinally through
      said source and exhibiting when resonant at least two antinodal regions of
      longitudinal motion;
PA1  a wave guide comprising a strip of metal of substantially rectangular cross
      sectional area having at least one end outside said bath and a portion
      immersed in said bath, and
PA1  means removably coupling said one end of said wave guide to said source at
      a surface disposed substantially in a plane through one of said antinodal
      regions for causing said wave guide responsive to the receipt of energy
      from said source to undergo flexural vibrations which are transmitted into
      said liquid, said vibrations being the result of the propagation of
      flexural waves in said guide.
NUM  11.
PAR  11. A sonic apparatus as set forth in claim 10, said wave guide being with
      one of its sides forming said rectangular cross section in forced contact
      with said surface disposed substantially in a plane through one of said
      antinodal regions.
NUM  12.
PAR  12. The method for subjecting a liquid to high frequency sonic energy
      comprising:
PA1  providing a liquid;
PA1  immersing a wave guide in said liquid, and
PA1  causing flexural waves to be propagated along said wave guide for causing
      said wave guide to undergo flexural vibrations and exhibiting a pattern of
      standing waves.
NUM  13.
PAR  13. The method for subjecting a liquid to high frequency sonic energy as
      set forth in claim 12, said wave guide comprising a metal strip.
NUM  14.
PAR  14. The method for subjecting a liquid to high frequency sonic energy as
      set forth in claim 13, said metal strip having a rectangular cross
      sectional area.
NUM  15.
PAR  15. The method for subjecting a liquid to high frequency sonic energy
      comprising:
PA1  providing a liquid;
PA1  immersing one portion of a wave guide in said liquid while disposing
      another portion of said wave guide outside said liquid;
PA1  coupling said another portion to a source of high frequency sonic energy
      for causing said wave guide responsive to said source being operative to
      undergo flexural vibration for exhibiting a pattern of standing waves,
      which waves cause vibrations in the liquid and said vibrations being the
      result of the propagation of flexural waves in said guide.
NUM  16.
PAR  16. The method for subjecting a liquid to high frequency sonic energy as
      set forth in claim 15, said source being a half wavelength resonator
      providing at a predetermined frequency vibrations along a longitudinal
      axis and exhibiting when resonant at least one nodal region and a pair of
      antinodal regions of longitudinal motion, and said wave guide being
      coupled to one of said antinodal regions.
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PAL  The present disclosure is directed to a continuous concrete proportioning
      plant of the mobile type movable from job site to job site not requiring
      extensive site preparation. The primary frame has a compact combination of
      cement sand and aggregate systems which permits sand and aggregate trucks
      to be backed onto a three sided hopper for each material which when
      charged is lifted and tilted toward the center of the machine where it
      feeds a belt conveyor running longitudinally toward the front of the
      machine. Each belt system contains a continuous belt weighing device and a
      totalizer will stop and/or clear the conveyor when a predetermined amount
      is attained. The sand and aggregate hoppers may be tilted to achieve the
      best flow rate through metering gates.
BSUM
PAR  An object of the present invention is the provision of a mobile continuous
      concrete proportioning plant the transfer and set up time of which from
      job site to job site is minimal since it does not require extensive site
      preparation such as concrete footings, pits in the ground or power
      connections.
PAR  A further object of the present invention is the provision of a concrete
      proportioning plant for mobile transport in which the sand and aggregate
      systems are compactly to each side of the cement system during transport
      mode and which when on the job site the sand and aggregate may be charged
      directly from the trucks hauling the material by dumping directly from the
      truck into the respective hopper which may be telescopically extended to
      accommodate a full truck load (approx. 20 tons) and the hopper elevated
      about a pivot to the main plant frame to charge the sand and aggregate
      conveyor belts at varying load and batch requiring rates.
PAR  A still further object of the present invention is the provision of a
      mobile plant as described above having at least one cement silo storage
      and conveyor weigh and metering systems which lends to compact
      construction and good weight distribution on the main frame of the plant.
PAR  With the foregoing objects in view the invention will be more fully
      described hereinafter and more particularly pointed out in the appended
      claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is a side elevational view of the plant of the present invention
      with transport wheels up at a job site location ready for batching.
PAR  FIG. 2 is a mechanical perspective schematic of the plant of FIG. 1,
      showing the sand and aggregate conveying and weighing system relative to
      the cement, mixing and distribution system.
PAR  FIG. 3 is a top plan view of the plant of FIG. 1 with the sand and
      aggregate hoppers in their rigged out charging position.
PAR  FIG. 4 is a vertical transverse sectional view taken through the sand and
      aggregate hoppers showing their telescopic construction and elevating
      mechanism.
PAR  FIG. 5 is a fragmentary vertical transverse sectional view through the
      plant main frame at the cement silo area showing the sand hopper in solid
      line charging position and in dash line metering position.
PAR  FIG. 6 is a fragmentary longitudinal sectional view of the cement silo,
      conveying and weighing screw system in place on the main frame.
PAR  FIG. 7 is a top plan view of the upper forward end of the plant showing the
      relationship of the sand, aggregate, cement and mixing systems.
PAR  FIG. 8 is a front elevational view of the components of FIG. 7.
PAR  FIG. 9 is a fragmentary longitudinal sectional view of the sand conveyor
      belt beneath the cement silo area of the main frame.
DETD
PAR  Referring now to the drawings and for the moment to FIGS. 1 through 3
      inclusive, 10 represents the plant main frame having an upper forward
      portion 10A and a rear lower portion 10B. An aggregate conveyor transport
      and weighing belt system is shown at 11 and a sand conveyor transport and
      weighing system is shown at 12. Lying therebetween is a cement conveyor
      and weigh screw system 13. At the upper end or forward end a transverse
      conveyor 14 moves the sand from conveyor 12 over to the collecting hopper
      15 where it is combined with aggregate and cement after which the
      resultant mix is moved on distributor conveyor 16 to either a large mixer
      or waiting vehicles.
PAR  As best seen in FIGS. 3 and 5, the endless belt conveyors 11 and 12 are
      charged with their respective materials from hoppers 16 and 17 which are
      of telescopic construction, by way of example in FIG. 5, 17 and 17A, the
      sections 17A being movable in the direction of the arrows and the portion
      17B being open for charging with sand from a truck. The end of the hopper
      17 nearest the pivot 17C to the main frame has a metering gate 17D to
      regulate the rate of flow of sand through a charging mouth 12A onto the
      endless belt conveyor 12.
PAR  Hydraulic telescopic cylinders and rams 17E raise the hopper from the solid
      to the dash line position where under either hydraulic or pneumatic
      control the hopper contents are metered onto the conveyor belt for its
      trip to the collecting hopper 15.
PAR  Since both hoppers 16 and 17 are identical and each is equidistant from the
      center line of the plant only one has been shown in detail in FIG. 5.
PAR  As best seen in FIG. 6 the cement silo 18 is shown mounted in the main
      frame 10. While only one silo has been shown two may be employed in tandem
      in which each is provided with a conveyor screw 18A for advancing the
      powdered cement to the weighing conveyor 13A where it is measured by a
      load cell system and thence to conveyor screw 13C up to the collecting
      hopper 15.
PAC  OPERATION
PAR  The aggregate and sand subsystems operate identically on opposite sides of
      the plant. One system will be described. Trucks delivering rock (or sand)
      are backed onto a three sided hopper 16,17 capable of receiving a full
      truck load (approx. 20 tons). After the truck has cleared the way, the
      hopper 16, 17 is lifted and tilted toward the center of the machine (see
      FIG. 5) where it feeds a belt conveyor 11,12 running longitudinally toward
      the front of the machine. The belt conveyor contains a continuous belt
      weighing device and a totalizer which will stop and/or clear the conveyor
      when a preset amount is reached and control the tilt of the hoppers 16, 17
      and the opening of the gates 16D,17D to achieve the best flow rate.
PAR  The cement is contained in one or more silos 18 in the center of the
      machine frame 10. Each silo 18 contains a screw conveyor 18A feeding a
      simple conveyor 13A which continually totalizes the amount of cement
      delivered and turns the feeders off when a preset amount has been reached.
PAR  All materials except water are combined at a point to the front of the
      machine where they can be fed into a waiting vehicle or a stationary mixer
      by means of a pivoted telescoping belt conveyor.
PAR  When the machine is to be moved to a new job site, the receiving hoppers
      16,17 telescope and fold into the machine, hydraulic jacks raise the plant
      to travel position, and the running gear 10C locks in the down transport
      position. A standard fifth wheel tractor can tow the plant to the new
      location.
PAR  Cement is delivered pneumatically to the silo 18. Filtering of the
      conveying air is provided in the top of the cement silo.
PAR  All motors and actuators are operated hydraulically; the hydraulic pump can
      be powered by a gasoline engine or an electric motor. The weighing devices
      require 115 volt A C.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A mobile concrete proportioning plant comprising an elongated primary
      frame having retractable transport wheels at one end and a towing fifth
      wheel at the other end, cement silo means proximate the rear of said
      primary frame extending transversely thereof and dischargable
      substantially centrally thereof, a sand belt conveyor system along one
      side of said primary frame, an aggregate belt conveyor system along the
      other side of said primary frame, a three sided telescopic aggregate
      hopper pivoted to said main frame adjacent the aggregate belt conveyor
      having means for tilting said hopper to discharge aggregate onto said
      conveyor, a three sided telescopic sand hopper pivoted to said main frame
      adjacent said sand belt conveyor having means for tilting said hopper to
      discharge sand onto said sand belt conveyor, collecting hopper means
      proximate the front of said primary frame positioned to receive cement
      from said silo means and sand and aggregate from their respective conveyor
      belts for collecting and discharge upon a concrete distributor, and means
      connected between said pivoted telescopic sand and aggregate hoppers for
      maintaining them in the fully raised rigged in condition for over the
      highway transport.
NUM  2.
PAR  2. A mobile concrete proportioning plant as claimed in claim 1 further
      comprising cement conveyor weighing and conveyor means between said cement
      silo means and mixing means passing between said sand and aggregate
      conveyor belt means for delivering cement from said cement silo for
      combining the cement with the sand and aggregate at the collecting hopper
      means.
NUM  3.
PAR  3. A mobile concrete proportioning plant as claimed in claim 1 wherein said
      sand and aggregate belt conveyors have horizontal runs under the cement
      silo means and inclined runs from the cement silo means up to the mixer
      means.
NUM  4.
PAR  4. A mobile concrete proportioning plant as claimed in claim 3 wherein said
      telescopic sand and aggregate hoppers are pivoted to the primary frame
      adjacent the horizontal runs of the sand and aggregate belt conveyors
      beneath the cement silo means.
NUM  5.
PAR  5. A mobile concrete proportioning plant as claimed in claim 1 wherein said
      three sided sand and aggregate hoppers have an open side which when in the
      rigged out job site operating position defines an open top into which sand
      and aggregate trucks dump their loads, metering gates at the end of each
      hopper closest their pivotal connection to the main frame, and hopper
      tilting means between said main frame and hopper to raise the telescoping
      end of the hopper to discharge sand and aggregate through the metering
      gates onto the respective conveyor belt.
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ABST
PAL  The machine includes a hydraulically operated rotatable and axially
      displaceable plasticizer and injection screw, and has a frame including a
      traverse or supporting bridge member. An injection cylinder is secured to
      one side of the traverse and a plasticizing cylinder, guiding the screw,
      is secured to the opposite side of the traverse. A hollow, non-rotating
      piston is guided in the injection cylinder, and a hydromotor is fixedly
      connected with the injection piston. The hydromotor has a drive shaft
      extending coaxially through the injection piston and coupled coaxially to
      the plasticizer and injection screw. The hydromotor, its drive shaft, the
      injection piston and the plasticizing screw thus form an axially movable
      coaxial unit mounted for limited axial movement on beams secured on the
      mold-carrier plate at the nozzle side of the mold. A part of the drive
      shaft extending out of the injection piston for connection to the screw is
      preferably sealed in the injection cylinder so that no pressure medium can
      penetrate from the injection cylinder into the cylinder chamber into which
      plastic scrap material extends during the return stroke of the screw.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to a plastic injection molding machine with a
      hydraulically operated, rotatable and axially displaceable plasticizer and
      injection screw.
PAR  In known machines of this type, the forces necessary for the forward stroke
      of the screw, for producing the injection pressure, and for the return of
      the screw, are produced in axial directions but are exerted in laterally
      spaced relation to the screw. This requires not only strong force
      transmission elements but also a relatively large space for these
      elements. In turn, this results in expensive, large and heavy machines.
PAC  SUMMARY OF THE INVENTION
PAR  In order to avoid these disadvantages, the objective of the invention is to
      provide an injection molding machine of the above-mentioned type but
      wherein the forces to be transmitted to the screw are produced in direct
      alignment with the screw axis and transmitted to the screw by using solely
      elements coaxial with the screw. In this way, there is obtained a
      relatively lightweight, compact, plasticizing, injection and driving unit.
PAR  To this end, the machine embodying the invention is characterized by the
      fact that the drive shaft of a hydromotor, which drive shaft is coupled
      coaxially with the plasticizing screw for rotating the latter, is mounted
      in a hollow, nonrotating injection piston fixedly connected with the
      hydromotor. This piston is guided in an injection cylinder secured to
      extend from one side of a traverse or supporting bridge member, with the
      plasticizing cylinder, guiding the screw, being secured to extend from the
      other side of the traverse.
PAR  The hydromotor, its drive shaft, the injection piston and the plasticizing
      screw thus form an axially moving coaxial unit which, in turn, is guided
      in the unit formed by the associated injection and plasticizing cylinder
      and carried by the traverse. This plasticizing, injection and driving unit
      carried by the traverse preferably is mounted for limited axial movement
      on beams secured on the mold-carrier plate at the nozzle side of the mold.
      A part of the drive shaft extending out of the injection piston for
      connection to the screw preferably is so sealed in the injection cylinder
      that no pressure medium can penetrate from the injection cylinder into the
      cylinder chamber into which plastic abrasions arrive during the return
      stroke of the screw.
PAR  An object of the invention is to provide an improved plastic injection
      molding machine of the type including a hydraulically operated, rotatable
      and axially displaceable plasticizer and injection screw.
PAR  Another object of the invention is to provide such an injection molding
      machine in which the forces to be transmitted to the screw are produced
      directly in alignment with the axis of the screw.
PAR  A further object of the invention is to provide such a plastic injection
      molding machine having a relatively lightweight and compact plasticizing,
      injection and driving unit.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIGS. 1a, 1b and 1c conjointly form an axial sectional view of the
      plasticizing, injection and driving unit of a plastic injection molding
      machine embodying the invention and carried by a traverse or supporting
      bridge member;
PAR  FIG. 2 is a top plan view of the traverse illustrating the place of
      attachment of the unit and the feed mechanism for the traverse;
PAR  FIG. 3 is a transverse sectional view taken on the line III--III of FIG.
      1a;
PAR  FIG. 4 is an axial sectional view illustrating an embodiment of the
      connection between the plasticizing screw and the injection piston; and
PAR  FIG. 5 is a side elevation view, to a reduced scale, of the machine units
      associated with the mold carrier plate on the nozzle side of the mold.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, the illustrated plastic injection molding
      machine embodying the invention is provided, in a known manner, with two
      mold carrier plates bearing on a machine frame 1, of which only one mold
      carrier plate 2 is shown in FIG. 5. On mold carrier plate 2, there are
      secured, on both sides of a central plate opening, hydraulic feed
      mechanisms 3 with guide beams 4 which are supported by supports 5 on
      machine frame 1. On the mold side, the feed mechanisms 3 are secured by
      screws 6 to a traverse or supporting bridge member 7.
PAR  On the mold side of traverse 7 and coaxially to the central opening of mold
      carrier plate 2, there is secured, by means of screws 8, the plasticizing
      unit 9. Cylinder 11 of plasticizing unit 9, carrying the injection nozzle,
      is secured on the mold side of traverse 7 and has the usual filling hole
      12 adjacent traverse 7. A rotatable and axially movable plasticizing screw
      13 is received in cylinder 11. The end part 13a of screw 13, remote from
      the mold and which extends into a recess 14 of the traverse 17, which
      recess widens conically to the rear, is secured by two connecting flanges
      15a, 15b on the cylindrical head 16a of a drive shaft 16 coaxial to screw
      13. Through the medium of intermediate pieces or spacers 17, 18, there is
      screwed to that side of traverse 7 remote from the mold, by means of
      screws 19, the cylinder 20 of the hydraulic injection device 21 which is
      coaxial to screw 13 and to drive shaft 16. The intermediate piece or
      spacer 18 is designed as a ring which is provided on its side toward
      traverse 7 with recesses 18a between which are formed cams 18b serving to
      center injection mold device 21 on traverse 7.
PAR  The chamber 22, enclosed by intermediate piece 18 and in communication with
      the recess 14, is open to the exterior due to the recesses 18a and the
      spacing between intermediate pieces 17, but is sealed from cylinder 20 by
      a packing 23 arranged in intermediate piece or spacer 18 and cooperating
      with drive shaft head 16a. The hollow injection piston 25 is guided in
      cylinder 20, with the interposition of sealing rings 24, and drive shaft
      16 is mounted coaxially of piston 25 through two bearings 26a, 26b. Drive
      shaft 16 is also mounted, by an additional bearing 26c, in a guide plate
      27 arranged behind cylinder 20 of the hydraulic injection device. Screws
      28 secure piston 25 to one side of guide plate 27 and screws 29 secure the
      hydromotor 30, having the drive shaft 16, to the opposite side of guide
      plate 27. On the end of injection piston 25 adjoining guide plate 27,
      there is arranged a bush 31 which forms the hydraulic screw-retracting
      device, in connection with a packing 32 and an auxiliary cylinder 33
      secured on cylinder 20.
PAR  A connecting portion 20a of cylinder 20 serves to connect an
      electro-hydraulic control unit to the machine, this control unit not being
      shown. The control unit contains the control means for the movements of
      the plasticizing screw, involving axial displacement and rotation, and
      contains the regulating means for the speed, injection pressure and back
      pressure stages for the plasticizing screws.
PAR  The head 16a of drive shaft 16, arranged in chamber 22, is sealed by the
      packing 23 throughout the screw stroke range H, so that no leaking medium
      can arrive from cylinder 20 into chamber 22 and mix there with the plastic
      abrasions which are rejected during the axial movement of screw 13 into
      chamber 14, 22, and which plastic abrasion is dropped between the
      intermediate pieces or spaces 17 out of the plasticizing, injection and
      driving unit. On the other hand, leaking medium from cylinder 20 is
      collected in a groove 34 on the internal surface of cylinder 20, and can
      be returned through an outlet 35 into a pressure medium reservoir which
      has not been shown.
PAR  FIG. 4 illustrates a particularly advantageous design of the connection
      between plasticizing screw 13 and drive shaft head 16a. The offset screw
      end 43a is formed with a recess 44 which is engaged by radial pins 47
      which are loaded or biased by "Schnorr" springs 46 arranged in recesses of
      a collar or flange 45. The outer ends of springs 46 bear on guide bushes
      48 of pins 47, and collar or flange 45 is screwed into the outer end of
      drive shaft head 16a.
PAR  The plasticizing, injection and driving unit described above is very
      compact, due to the coaxial arrangement of its individual parts, and has
      short force-transmission paths, which provides a particularly light-weight
      and space-saving machine construction.
PAR  While specific embodiments of the invention, have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a plastic injection molding machine of the type including a
      hydraulically operated rotatable and axially displaceable plasticizer and
      injection screw, the improvement comprising, in combination, a supporting
      bridge member extending transversely of the injection axis of the machine;
      a cylinder of a hydraulic injection device secured to one side of said
      bridge member coaxially with the injection axis; a plasticizing cylinder,
      guiding said screw, secured to the opposite side of said bridge member
      coaxially with said first-named cylinder; a hollow, nonrotating injection
      piston guided in said first-named cylinder; a hydromotor fixedly connected
      with said injection piston and having a drive shaft extending coaxially
      through said injection piston; and means coupling said drive shaft
      coaxially to said screw.
NUM  2.
PAR  2. In a plastic injection molding machine, the improvement claimed in claim
      1, in which said drive shaft has a head secured to the rear end of said
      screw; and means sealing said head, throughout the entire stroke length,
      from said first-named cylinder.
NUM  3.
PAR  3. In a plastic first-named molding machine, the improvement claimed in
      claim 2, in which said sealing means is a packing sealing said injection
      cylinder from a chamber facing said plasticizing cylinder; said chamber
      being open to the exterior.
NUM  4.
PAR  4. In a plastic injection molding machine, the improvement claimed in claim
      3, in which the chamber in the first-named cylinder, rearwardly of said
      packing, is connected, through a collecting groove on the interior surface
      of said first-named cylinder, with an outlet for any leaking fluid medium.
NUM  5.
PAR  5. In a plastic injection molding machine, the improvement claimed in claim
      4, including intermediate spacers interposed between said first-named
      cylinder and said bridge member; the chamber defined by said intermediate
      spacers and open to the exterior communicating with a conical recess in
      said opposite side of said bridge member; the end of said plasticizing
      cylinder being secured in said conical recess.
NUM  6.
PAR  6. In a plastic injection molding machine, the improvement claimed in claim
      5, including a collar screwed onto the head of said drive shaft; and
      spring loaded radial pins mounted in said collar with their inner ends
      engaging an annular recess in the end of said screw projecting from said
      plasticizing cylinder.
NUM  7.
PAR  7. In a plastic injection molding machine, the improvement claimed in claim
      1, including a machine frame; a mold carrier plate mounted on said machine
      frame on the nozzle side of a mold; hydraulic feed mechanisms for the
      plasticizing, injection and driving unit secured to said mold carrier
      plate; said plasticizing, injection and driving unit being guided on beams
      supported on said machine frame and in cylinders of said hydraulic feed
      mechanisms.
NUM  8.
PAR  8. In an injection molding machine, the improvement claimed in claim 1, in
      which said first-named cylinder has a connection portion extending
      laterally therefrom for mounting an electro-control unit for controlling
      the screw movements and for regulating the speed, injection pressure and
      back pressure stages of the screw.
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ABST
PAL  Extruder, especially a multi-worm extruder with a housing and one or more
      mixing worms with associated shaft, as well as at least one hydrostatic
      bearing for absorbing the axial load of the conveying and mixing worm. A
      slit between a bearing disc on the worm shaft and a counter bearing ring
      can be filled with oil via a pipe connected to a pump, radial sealings
      preventing the oil from escaping between the gliding faces of the bearing,
      whereas the said counter bearing ring is rotatably supported in the
      extruder housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an extruder, especially to a multi-worm extruder,
      comprising an extruder housing, one or more mixing worms with associated
      shaft and at least one hydrostatic bearing for absorbing the axial load of
      the conveying and mixing worm, while the slit between a bearing disc
      provided on the worm shaft and a counter bearing ring can be filled with
      oil via a pipe connected to a pump and radial sealings are provided,
      preventing the oil from escaping between the gliding faces of the bearing.
PAR  Such an extruder with a hydrostatic bearing is known per se. If this known
      extruder is axially loaded, an oil pressure is built up in the bearing
      slit, causing the bearing to be hydrostatically supported.
PAR  For obtaining a proper bearing, the slit between the bearing disc on the
      worm shaft and the counter bearing ring, is namely connected with an oil
      pump with a constant output. This pump pumps the oil towards the slit and
      as soon as the slit is filled with oil, the worm shaft will be slightly
      pressed forwards. At that moment the extruder can be switched in, since
      the sliding faces of the bearing disc and of the counter bearing ring do
      not longer contact. When the axial power of the worm increases, the slit
      becomes narrower whereby the oil velocity in the slit increases as well
      and the pressure becomes greater. A new balance is established then and
      the slit gets a new width.
PAR  Such a bearing shows many drawbacks.
PAR  When the oil pressure fails for instance, the oil pressure is discontinued
      owing to which the sliding faces of the bearing discs on the shaft of the
      mixing and conveying worm and of the counter bearing ring are pressed on
      each other rather soon with a great vigor. Consequently the two faces will
      "freeze", while damaging the counter bearing ring.
PAR  Another disadvantage is that when the oil pressure is suddenly
      discontinued, the synthetic material in the extruder is still at a high
      temperature, but is no longer mixed and conveyed. This results into
      decomposition of the synthetic material. This is attended with the
      formation of solid deposits in various parts, so that after the oil
      pressure pump has failed, one is mostly compelled to dismount the extruder
      entirely since presently it is impossible to remove the quantity of
      plastics, resting in the extruder housing, by further rotation of the
      mixing and conveying worm(s). Neither can this be done by hand since the
      sliding faces of the bearing disc on the shaft of the mixing and conveying
      worm and of the counter bearing ring have been "freezing".
PAR  One has tried to reduce damage to bearings in an extruder by using several
      hydrostatic bearings but nevertheless, the aforementioned difficulties
      could not be entirely obviated.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims to provide a multiworm extruder which does not suffer
      from the aforementioned disadvantages.
PAR  The invention aims especially to provide a multi-worm extruder in which,
      when the oil pressure is discontinued, the surfaces of the bearing disc on
      the shaft of the mixing and conveying worm and of the counter bearing ring
      contact, whereby no "freezing" occurs, however.
PAR  Moreover, the invention aims to provide an extruder with such a bearing,
      that after the oil pressure has discontinued, the mixing and conveying
      worms can be caused to rotate for a sufficiently long time without
      disadvantageous results for the high temperature synthetic material in the
      extruder housing.
PAR  A special advantage is that in this way the synthetic material can always
      be pressed away and never changes into hard solid deposits which can
      easily give rise to injuries to the mixing and conveying worms, the
      extruder housing respectively.
PAR  Finally the invention aims to provide an extruder, particularly a
      multi-worm extruder with such a bearing that after repair of the oil pump
      the extruder can again be put into use without entirely dismounting the
      device.
PAR  This is achieved by the arrangement that the counter bearing ring is
      likewise rotatably supported in the extruder housing.
PAR  One accomplishes thus that after the oil pressure is discontinued the
      surfaces of the bearing disc on the shaft of the mixing worm and the
      counter bearing ring come to bear against each other, but that immediately
      thereupon the whole can rotate further, due to rotation of the counter
      bearing ring which is likewise rotatably supported in the extruder
      housing.
PAR  With special advantage the at least partially spherical surface of the
      counter bearing ring, which surface lies opposite that of the counter
      bearing ring, situated directly in front of the bearing disc, is rested in
      a cup-shaped space which is at least partially adapted thereto.
PAR  The counter bearing ring can thus freely rotate in this cup which results
      in that, when the oil pressure is discontinued the worm shaft with the
      counter bearing ring can continue rotating.
PAR  Another advantage of this embodiment is that, when the worm shaft moves,
      the counter bearing ring part can follow each movement, so that the ground
      faces of the counter pressure ring and the bearing disc on the shaft of
      the mixing worm never damage each other.
PAR  So as to prevent the spherical surface from "freezing", the surface of the
      cup-shaped space the cup is made of bronze, whereas the counter bearing
      ring is manufactured from steel.
PAR  The surfaces of the counter bearing ring and the bearing disc on the shaft
      of the mixing worm which can cooperate with each other, are both steel
      made. One has chosen two ground steel faces in order to keep any damage,
      should the axial force still exist when the oil pressure is discontinued,
      as small as possible. The ground steel faces will then press on each
      other, while the surface is selected in such a way that the permissible
      surface pressure is not exceeded.
PAR  Movements, if any, of the worm will be entirely followed by the counter
      bearing ring when the same is moving in the bronze cup. The friction
      coefficient of steel on steel is namely higher than that or bronze on
      steel, so that the extruder shaft can continue to rotate.
PAR  By means of the aforementioned bearing in a single or multiworm extruder a
      very good extruder protection is obtained while the risks of injuries to
      the device are limited to a minimum.
DRWD
PAR  The drawing shows a bearing in outline.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the drawing part of an extruder is shown comprising an extruder housing
      and several mixing and conveying worms 3 one of which is depicted.
PAR  The mixing and conveying worm is provided with a shaft 4 which, via a
      connection 5 can be connected with a motor drive.
PAR  The shaft 4 of the relative worm carries a standing ring 6 constituting the
      bearing disc. Opposite the surface of the bearing disc 6 is situated the
      surface of the steel counter bearing ring 7. The slit 8 between the
      surface of bearing disc 6 and counter bearing ring 7 is connected to an
      oil pipe 9, which is connected with a hydraulic oil pump with a constant
      output. By means of this pump the slit 8 between bearing disc 6 and
      counter bearing disc 7 can be filled with oil, whereby in dependence of
      the axial load taken by the shaft, a more or less wide slit 8 is formed.
PAR  When the oil pressure is discontinued, the surfaces of the bearing disc and
      the counter bearing ring will be directly pressed against each other in
      such an extruder, so that they could amalgamate. Consequently, the mixing
      and conveying worms stop. This happens mostly when there is still a
      considerable quantity of synthetic material in the extruder.
PAR  In order to avoid superheating or combustion of synthetic material the
      counter bearing ring 7 is at its other spherical end 12 rotatably
      supported in a stationary cup-shaped piece 10 with a cup-shaped surface
      13. The slit between the surfaces 12 and 13 is lubricated by oil supplied
      via lubricating apertures 14 this oil being under the same pressure as the
      oil in the slit 8.
PAR  Due to the fact that the counter bearing ring 7 is rotatably supported,
      this ring can glide with respect to the cup-shaped surface 13. When too
      intense a friction is produced hereby between the counter bearing ring 7
      and the bearing disc 6 on shaft 4 of the conveying worm, the counter
      bearing ring 7 will be capable of rotation with respect to the stationary
      cup-shaped part 10.
PAR  The extruders are thus well protected, the more so since the supply of
      synthetic material can be immediately stopped when the oil pressure is
      discontinued.
PAR  The bearing ring 7 can moreover adjust itself in a desired position by
      rotation.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An extruder especially a multi-worm extruder comprising an extruder
      housing having at least one mixing worm with associated shaft and at least
      one hydrostatic bearing for absorbing the axial load of the conveying and
      mixing worm, a bearing disc on the worm shaft, a counter bearing defining
      a slit on one end and having a partially spherical surface on its other
      end, means supplying said slit with oil, said counter bearing ring being
      rotatably supported in a partially spherical recess in said extruder
      housing, and said partially spherical surface of the counter bearing
      resting in said partially spherical recess in said extruder housing.
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PAL  A cascade type dynamic mixer for extrusion of plastic comprises extruder
      screw means to advance a thermoplastic resin material through a hollow
      barrel, and having a mixing section along a length thereof provided with a
      plurality of encircling barrier rings in axially spaced relation
      therealong. The rings have localized high shear cascade areas which are
      graduated to pass progressively smaller size particles along the mixing
      section. On each ring, undulations provide alternating plastic advancing
      and reversing flight lengths, the shear areas being on the reversing
      flight lengths which are shallower than the plastic advancing flight
      lengths and progressively higher in each ring downstream along the mixing
      section.
BSUM
PAR  This invention relates to improvements in plastic extruders, and is more
      particularly concerned with a new and improved cascade type dynamic mixer
      for enhancing the product quality and performance in plastic extrusion.
PAR  A well known problem in the extrusion of resinous thermoplastic materials
      is the attainment of satisfactorily uniform melt and mixing of the
      particles or granules supplied to the extruders. In a common form, such
      extruders comprise a hollow barrel within which the plastic material is
      heated for fluxing and a helical screw mixes and advances the material
      toward an outlet such as an extrusion die or nozzle. Some high molecular
      weight particles frequently resist melting while propelled through the
      heated passage within the extruder and therefore various screw supplements
      to improve melt quality have been proposed, sometimes referred to as
      mixing sections, to work the material and subject it to shearing action.
      Among such mixing sections are those referred to as of the barrier type.
      The simplest form of this type of mixing section includes a ring sometimes
      referred to as a blister. A fairly elaborate example of a prior structure
      of this type is disclosed in U.S. Pat. No. 3,486,192 in which alternate
      closed end grooves or flutes are provided along the mixing section. While
      such arrangements improve mixing, they also considerably decrease output.
      A major deficiency of such prior arrangements has been that there is a
      tendency for solid particles to lodge upstream along the barrier and
      create a plugged-up condition.
PAR  It is an important object of the present invention to provide a new and
      improved cascade type dynamic mixer which will overcome the foregoing and
      other disadvantages, deficiencies, inefficiencies, shortcomings and
      problems or prior devices and attain uniform mixing and fluxing of
      thermoplastic material in an extruder.
PAR  According to the principles of the present invention, there is provided a
      cascade dynamic mixer for extrusion of plastic comprising a mixing section
      along a length of screw means adapted to advance thermoplastic resin
      material through a hollow barrel toward an outlet, and wherein the mixer
      section has a plurality of encircling barrier rings in axially spaced
      relation therealong, such rings having respective localized high shear
      cascade areas which are graduated to pass particles of progressively
      smaller size in the direction of plastic advance along the mixing section.
PAR  As another features of the invention, each ring has undulations which
      provide alternating plastic advancing and reversing flight lengths, the
      shear areas being on the reversing flight lengths which are shallower than
      the plastic advancing flight lengths and progressively higher in each ring
      downstream along the mixing section. This arrangement according to the
      present invention is such that particles which are too large to pass the
      successive barriers are subjected to dynamic mixing upstream from the
      restraining barrier until they have melted to a size to pass the shear
      areas of such barriers. This action progresses along the mixing section
      until thorough fluxing of the plastic material is complete, all without
      any flow stagnation.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodied in the disclosure, and in which:
PAR  FIG. 1 is a fragmentary longitudinal sectional elevational view through an
      extruder embodying features of the invention;
PAR  FIG. 2 is an enlarged fragmentary view of the mixing section along the
      extruder screw;
PAR  FIG. 3 is an enlarged fragmentary sectional detail view taken substantially
      along the line III--III of FIG. 1;
PAR  FIG. 4 is a developed plan view of the mixing section; and
PAR  FIGS. 5 to 8, inclusive, are respectively fragmentary sectional detail
      views taken substantially along the lines V--V, VI--VI-, VII--VII, and
      VIII--VIII in FIG. 4.
DETD
PAR  Referring to FIG. 1, a typical extruder such as may be employed for
      injecting fluent plastic material into an injection molding die includes a
      hollow tubular barrel 10 having therein a cylindrical inner wall 11 within
      which an extruder screw 12 having one or more flights on helical threads
      13 advances plastic material which has been fed into the barrel at a
      suitable point upstream toward a reduced diameter outlet or nozzle passage
      14. At a suitable point upstream from the discharge outlet a vent 15 may
      be provided for drawing off volatile components from within the barrel.
PAR  According to the present invention, a cascade type dynamic mixer comprising
      a mixing section 17 is provided along a suitable length of the screw means
      provided by the screw 12. Desirably the mixing section 17 is located on
      the terminal end portion of the screw 12 and may be separately formed and
      attached structure or may be formed in one piece with the shaft of the
      screw 12. In any event, the mixing section 17 is functionally integral
      with the screw 12 and receives the plastic material from the forward end
      of the spiral thread means 13 of the screw. Whereas up to this point the
      plastics material will have undergone substantial fluxing and mixing, a
      substantial proportion of unfluxed particles may still be present, and it
      is to the elimination of such particles that the mixing section 17 is
      provided. In advancing along the mixing section 17, the heated plastic
      material must pass a plurality of encircling barrier rings, herein three
      in number and identified as 18, 19 and 20, respectively, in axially spaced
      relation along the mixing section. All of the barrier rings are preferably
      of substantially the same structure and they may be located at equally
      spaced intervals along the mixing section 17, although if preferred a
      differential spacing may be employed. Each of the barrier rings has a
      circumference which in part closely approaches the inner wall 11 of the
      barrel and which circumference is in part shallower to provide
      circumferentially uniform depth narrow gap relative to the barrel inner
      wall, the gaps providing respective localized high shear cascade areas,
      comprising areas 21 on the ring 18, areas 22 on the ring 19 and areas 23
      on the ring 20. As best seen in reference to FIGS. 3 and 4, each of the
      barrier rings in a typical installation may have three equally spaced
      shear cascade areas. Each of the shear cascade areas is shallower than the
      remainder of the respective barrier ring, with full diameter areas 24
      separating the shear areas. Desirably the shear areas 21, 22 and 23 are
      circumferentially longer than the intervening areas 24 of the barrier
      rings. Improved mixing and plastic advancing action is attained by having
      the barrier rings 18, 19 and 20 of undulant form wherein the cascade areas
      21, 22 and 23 are provided on what may be considered reverse flight
      lenghts 25 of the barrier rings and the intervening areas 24 are provided
      on plastic material advancing flight lengths 27.
PAR  In operation of the extruder screw 12, it rotates in the direction of the
      arrow 28 in FIGS. 2 and 4. Thermoplastic material is accordingly advanced
      by the screw threads 13, as indicated by the directional arrows 29, toward
      the mixing section 17. Along the mixing section 17, the thermoplastic
      material is compelled to advance across the shear cascade areas 21, 22 and
      23 which are of graduated recessed depths in the barrier rings 18, 19 and
      20, respectively, to pass particles of progressively smaller size in the
      direction of plastic advance along the mixing section, the intervening
      barrier ring areas 24 being on a diameter close to that of the barrel wall
      11 (FIGS. 3 and 5) and serving as scrapers. In a desirable arrangement,
      the cascade gaps provided by the areas 21, 22 and 23 diminish relative to
      one another progressively downstream by about one-half. By way of example,
      the areas 21 may be of a depth in the ring 18 which will provide with the
      barrel wall 11 a gap of about 0.060 inch (FIGS. 3 and 6), while the areas
      22 in the ring 19 may be of a depth to provide a gap of about 0.030 inch
      (FIG. 7) and the areas 23 in the ring 20 may be of a depth to provide a
      gap of about 0.015 inch (FIG. 8).
PAR  Melted thermoplastic material advanced along the screw 12 toward the first
      barrier ring 18 in the series can flow with substantial freedom across the
      barrier areas 21 as indicated by directional arrows 30 in FIG. 2. However,
      unmelted particles of larger than 0.060 inch will be held back by the
      reverse flights 25 of the ring 18 as indicated by the directional arrows
      31 in FIG. 2 and propelled in reverse into the advancing stream of
      thermoplastic material, and in effect circulating at the upstream side of
      the barrier ring 18 until the oversize particles have melted down
      sufficiently to pass the gap across the shear cascade areas 21. By virtue
      of the dynamic propulsion effect of the screw threads 13 and the reversing
      effect of the reverse flights 25 of the barrier ring 18, the oversize
      particles are maintained in constant agitation and will not stagnate along
      the upstream side of the barrier ring 18.
PAR  Thermoplastic material which advances past the barrier ring 18 moves on
      toward the barrier ring 19 which is next in the series, and except for
      unmelted particles which are oversize relative to the depth of the gap
      across the shear cascade areas 22 will move on over and past the cascade
      ring 19 as indicated by the directional arrow 32 in FIG. 2. Particles of a
      size greater than the depth of the gap at the shear cascade areas 22 are
      shunted in reverse as indicated by the directional arrows 33 in FIG. 2
      into the material advancing toward the barrier ring 19. Propulsion advance
      of the thermoplastic material from the barrier ring 18 toward the barrier
      19 is effected by the propelling flights 27 of the barrier ring 18 as
      indicated by the directional arrows 34 in FIG. 2.
PAR  Thermoplastic material advancing past the barrier ring 19 moves toward the
      final barrier ring 20 in the series, the suitably fluxed thermoplastic
      material moving on over the shear cascade areas 23 as indicated by the
      directional arrow 35 in FIG. 2, particles of plastic oversize relative to
      the shear gap over the areas 23 being shunted in reverse as indicated by
      the arrows 37, and the driving flights 27 of the ring 19 providing
      impelling force to the thermoplastic material. Downstream from the barrier
      ring 20, the thermoplastic material is propelled onward by the driving
      flights 27 of the ring 20 to move on toward and into the outlet 14.
PAR  By the arrangement of the barrier rings 18, 19 and 20 wherein their shear
      cascade areas are of respectively decreasing clearance in serial
      progression, each barrier stage in effect filters a predetermined range of
      particle sizes against advancing to the next stage until ultimately the
      minimum clearance stage at the ring 20 is reached where the ultimate
      highest shear and maximum mixing takes place along the mixing section 17.
      This avoids plugging the final stage and minimum clearance shear cascade
      areas.
PAR  In each progressive stage along the mixing section 17, the action of the
      reverse flights 25 effects a pushing back of solid particles of the
      thermoplastic material too large to pass the associated shear cascade
      areas, in a rhythmic, pulsating manner until the pushed back particles are
      reduced in size by fluxing action of the applied heat and can pass the
      barrier to undergo further size reduction at the next barrier stage. This
      rhythmic pusating action on the overside particles at each stage
      contributes to mixing of the melt as well as facilitating fluxing of the
      material.
PAR  In effect, the shorter connecting intermediate fight lengths 27 may be
      considered as extensions of the main material advancing helical thread
      flight 13 of the screw 12 since the flight lengths 27 act to drive the
      thermoplastic material in substantially the same direction and function in
      much the same way as the screw flight proper. Onward driving action of the
      flight lengths 27 may be considered as a substantial pumping action which
      compensates for any restrictive losses due to the filtering action of the
      shear cascade areas at the several stages along the mixing section 17. By
      virtue of their alternate relation to the reverse action flights 25,
      mixing of the thermoplastic material melt by the flights 27 is vigorous
      and eliminates flow stagnation.
PAR  By arranging the undulations of the barrier ring 19 so that the upstream
      apices at juncture of the flight lengths 25 and 27 thereof are about
      opposite the midpoint of the length of the shear cascade areas 21 of the
      ring 18, flow over the areas 21 will split, with part of the flow going
      toward the aligned areas 22 on the ring 19, as indicated by directional
      arrows 38 in FIG. 4, and part of the thermoplastic material stream flowing
      toward the next adjacent off-running side shear cascade areas 22 of the
      ring 19, as indicated by the directional arrows 39 and mixing with the
      part of the stream indicated by the arrows 38 of the corresponding
      off-running side adjacent area 21. To the same effect, thermoplastic
      material passing over the shear cascade areas 22 will split and flow as
      indicated by the directional arrows 40 to move part of the stream toward
      the aligned shear cascade areas 23 of the barrier ring 20, while another
      portion of the stream is directed toward and mixes with the stream from
      the shear area 22 at the off-running side, as indicated by the directional
      arrows 41. Such redistribution of the advancing thermoplastic material
      substantially contributes to the mixing action.
PAR  It will be understood that variations and modifications may be effected
      without departing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A cascade type dynamic mixer comprising a mixing section along a length
      of screw means adapted to advance thermoplastic resin material through a
      hollow barrel toward an outlet, having the improvement comprising:
PA1  said section provided with a plurality of encircling barrier rings in
      axially spaced relation therealon; and
PA1  each of said rings having a circumference which in part will closely
      approach an inner wall of the barrel and which circumference is in part
      shallower to provide substantially uniform depth narrow gap relative to
      the barrel inner wall, the shallower parts of the ring circumferences
      providing respective localized high shear cascade areas which are of
      progressively shallower depth in the successive rings downstream along the
      mixing section whereby to pass particles of progressively smaller size in
      the direction of plastic advance along said mixing section.
NUM  2.
PAR  2. A mixer according to claim 1, wherein said barrier rings are of undulant
      form providing reverse flight lengths defining said high shear areas, and
      intervening thermoplastic material advancing flight lengths.
NUM  3.
PAR  3. A mixer according to claim 1, wherein each of said rings has a plurality
      of the localized high shear cascade areas separated by intervening scraper
      areas of larger diameter than the cascade areas and cooperative with the
      barrel inner wall to compel passing of advancing thermoplastic material
      over the cascade areas.
NUM  4.
PAR  4. A mixer according to claim 1, wherein each of the rings has a plurality
      of the cascade areas separated in each ring by intervening plurality of
      areas of the ring which are on a larger diameter approximating the
      diameter of the barrel inner wall, the cascade areas being about half as
      deep downstream as the cascade areas upstream on the rings along the
      mixing section.
NUM  5.
PAR  5. A mixing section according to claim 1, including three of the barrier
      rings, said shear areas being recessed in the tops of said rings, the
      recess depth of the areas in the first of said rings in the path of the
      advancing thermoplastic resin material being twice as deep as the areas in
      the second of the rings considered in the direction of advance of the
      material, and the areas on the third of the rings in the direction of
      advance of the thermoplastic material being half as deep as the areas on
      the second ring.
NUM  6.
PAR  6. A mixer according to claim 1, wherein said barrier rings are of
      undulating form having reverse flight lengths on which said high shear
      areas are located and material advancing intermediate flight lengths, said
      lengths joining at respective apices, the upstream apices of the flight
      lengths of the barrier rings being located generally aligned with the
      center of the high shear areas of the barrier rings located upstream
      therefrom.
NUM  7.
PAR  7. A cascade type dynamic mixer according to claim 1, in combination with a
      hollow barrel having a cylindrical inner wall, said screw means including
      a helical flight upstream from the mixing section for advancing the
      thermoplastic resin material toward the mixing section, said barrier rings
      including means providing a pumping action to promote advance of the
      thermoplastic material along the mixing section.
NUM  8.
PAR  8. A combination according to claim 7, wherein said barrier rings are of
      undulating shape having angularly related reversing flight lengths
      associated with said high shear areas, and intervening pumping flight
      lengths.
NUM  9.
PAR  9. A combination according to claim 8, wherein said pumping flight lengths
      provide scrapers cooperating with the barrel wall, and said high shear
      areas associated with the reversing flight lengths define said high shear
      areas with said wall.
NUM  10.
PAR  10. A combination according to claim 9, wherein the high shear areas
      downstream diminish by about one-half relative to upstream areas provided
      by the high shear areas of the rings.
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ABST
PAL  The invention relates to a machine for cooling metal wire. This machine
      comprises a cooling tube, an injection device for the cooling fluid and a
      bypass device for the cooling fluid. The injection device comprises an
      oblique annular slot fed under high pressure and injectors fed under low
      pressure. The bypass device comprises an open elbow extending the tube and
      a second elbow of an opposite curvature terminating in a direction normal
      in relation to that of the wire. The invention is applied to the cooling
      of a metal wire, with or without hardening.
BSUM
PAR  The present invention relates to a machine for cooling metal wire.
PAR  A metal wire having a drawplate or a rolling mill generally is at a high
      temperature. Cooling, amounting to several hundred degrees, must be
      carried out over a short distance. This cooling may or may not correspond
      with a hardening operation.
PAR  According to prior art, this cooling is accomplished by causing the wire to
      pass into the axis of a tube traversed by a cooling fluid most frequently
      in backwash or counter-current flow. However, most frequently, a
      completely insufficient heat flux is obtained.
PAR  The flux to be accomplished, still on the order of several hundred
      megawatts per square meter, is a function of the diameter and the linear
      speed of the wire, as well as of the desired cooling velocity.
PAR  For example, to cool an aluminum wire 7.5 mm in diameter, traveling by at a
      speed of 10 meters per second by 200.degree.C per meter, an average heat
      flux density of 10 megawatts per square meter must be achieved. For a wire
      9.5 mm in diameter, traveling at a speed of 5 meters per second, a flux
      density of 6.5 megawatts per square meter is required.
PAR  The objective of the invention is a machine for cooling a metal wire which
      meets with these requirements.
PAR  The machine according to the invention comprises a cooling tube, an
      injection device for the cooling fluid and a discharge device for the jet
      of cooling fluid leaving the tube. The injection device includes an
      oblique annular slot, placed in front of the cooling tube, directed in the
      direction of the movement of the fluid and fed with cooling fluid under
      high pressure and at least one cooling fluid injector under low pressure,
      placed in front of the annular slot. The discharge means assures the
      bypassing of the cooling fluid jet; it is constituted by an open elbow
      extension of the cooling tube.
PAR  The elbow is preferably extended by a second elbow of opposite curvature
      and of a smaller radius, whose inner edge is open. Said elbow terminates
      in a direction normal with that of the metal wire.
DRWD
PAR  The invention thus defined is exemplified by an embodiment illustrated in
      the attached figures which is given by way of illustration and not by way
      of limitation:
PAR  FIG. 1 is a schematic sectional elevational view of the overall machine
      design, embodying the features of this invention;
PAR  FIG. 2 shows a sectional view of the cooling fluid injection means;
PAR  FIG. 3 is an elevational view of the bypass means of the cooling fluid jet;
      and
PAR  FIG. 4 is a plan view of the bypass of FIG. 3.
DETD
PAR  In these figures identical members are identified by identical reference
      marks.
PAR  In the machine, the principle of which is illustrated in FIG. 1, the wire 1
      passes by continuously. In case of a break and if necessary, it must be
      automatically refeedable. It thus traverses the cooling machine while
      remaining straight and without having any possibility of encountering a
      solid obstacle.
PAR  The machine comprises three parts: a cooling tube 2, a cooling fluid
      injection means 3, and a cooling fluid discharge means 4 which assures
      bypassing the jet of fluid leaving the tube.
PAR  The cooling tube 2 is straight; the cooling fluid, generally water,
      circulates in a current moving in the same direction, that is in the
      direction of movement of the wire 1 or in counter-current or backwash,
      that is in the opposite direction. In this tube the essential cooling is
      effected.
PAR  When the surface temperature of the wire is above 200.degree.C, a vapor
      film forms between it and the water. The heat flux of cooling is, on a
      first approximation, inversely proportional to the thickness of this film.
      This thickness is a function of the relative speed of the cooling fluid in
      relation to the wire, the temperature of this fluid and the distance from
      the point considered to the point of fluid injection. The density of the
      flux of evacuated heat is at a very high level at the point of injection
      and will decrease along the wire.
PAR  When the surface temperature of the wire drops below 200.degree. and the
      cooling fluid is constituted of water, the latter wets the wire. The
      density of the cooling flux is higher than before and the surface
      temperature of the wire rapidly decreases to a value proximal to that of
      the water.
PAR  The speed or flow rate of the cooling fluid is calculated on the assumption
      that the cooling of the wire is only of the first type. The theoretical
      speed of water in the tube 2 then is a function of the average density of
      the heat flux to be extracted, the temperature of the water, the length of
      the tube 2, the diameters of the tube and the wire, the speed of travel of
      the wire and its direction of movement.
PAR  For example, in order to cool by 200.degree.C an aluminum wire 7.5 mm in
      diameter, moving at 10 meters/second in a tube 25 mm in diameter and 750
      mm long with water at 30.degree.C, the relative theoretical speed of the
      water in relation to the wire is 22 meters/second.
PAR  For a wire, 7.5 mm in diameter, moving at 5 meters/second, the relative
      theoretical speed is 13.5 meters/second.
PAR  Naturally, it is advisable to add to these speeds that of the wire,
      depending on whether the latter moves counter-current or in the same
      direction, in order to obtain the absolute speed of the water in the tube.
PAR  In reality, in case of a co-current flow, the speed of the water may be
      lower than the theoretical value calculated according to the above
      indications because the very high flux densities of the injection point
      take place at locations where the wire is hottest.
PAR  The diameter of the tube 2 is such that the wire 1 can pass through as
      freely as possible and so that the passage section for the cooling fluid
      is sufficient. For example, for wires ranging in diameter between 5 and 12
      mm, a tube with an inside diameter of 25 mm is suitable.
PAR  The cooling fluid injection device 3 is represented in FIG. 2. It
      comprises, ahead of the cooling tube 2, an oblique annular slot 5 directed
      in the direction of movement of the fluid, its yielding section being
      smaller than the section of tube 2. This slot 5 is fed by a feed ring 6
      connected to one or several conduits 7 which in turn are connected to a
      source of high pressure cooling fluid. In order to fill the tube, the
      water must slow down, enabling it to recover part of its dynamic pressure
      in the form of static pressure intended to overcome the resistance to the
      outflow from the tube. This injection means acts like a pump which is so
      set that there is no suction or that there is even delivery. The thickness
      of the slot 5 and the feed pressure are a function of the speed to be
      accomplished in the tube and of the resistance to the discharging of the
      latter. For example, to maintain a speed of 30 meters per second in a tube
      25 mm in diameter and 1 meter long, a slot about 3 mm wide and a feed
      pressure in water of 10 bars are required.
PAR  To avoid aspiration of air at the level of the slot 5 and to eliminate any
      rearward projection of the fluid, cooling fluid is injected ahead of the
      slot at low speed. For that purpose, fluid injectors 8 are provided ahead
      of the slot 5, mounted in an annular space 9, limited by an annular lip 10
      which does not come in contact with the wire 1. This space 9 is connected
      to an overflow fluid evacuation tubular system 11. Thus it discharges
      rearward and can be recovered easily by the tube system 11.
PAR  The jet bypass means 4 (FIGS. 3 and 4), is constituted by an open elbow 12
      which is an extension of the cooling tube 2. The outer edge of this elbow
      is open at 13, a few centimeters from its start, so as to prime the
      bypassing of the cooling fluid, and to permit free passage of the wire 1.
PAR  The largest part, about 2/3, of the jet issuing from the tube 2 continues
      to adhere to the inner edge of the elbow 12 and is bypassed normally.
      Preferably the radius of curvature of this elbow is such that the relation
      between this radius of curvature and the diameter of the tube is equal to
      at least 10 and that the difference in static pressure between the outer
      edge 14 and the inner edge 15 of the elbow is at least equal to 0.5 bar.
      For example, for a tube 25 mm in diameter and a water speed of 30
      meters/second, the radius of curvature of the elbow is at least 400 mm. At
      lower radii there is a danger of separation. The bending radius should be
      constant over the entire length of the elbow 12.
PAR  However, part of the volume of the cooling fluid, about 1/3 in the
      preceding example, continues with the wire. To intercept this fluid, the
      elbow 12 is extended by a second elbow 16 of reversed curvature and of a
      much smaller radius of curvature (preferably about 1/4), than the radius
      of the first one, and its end is open. This second elbow 16 redirects the
      fluid jet diverted by the first elbow so as to project it normal with
      regard to the wire, enabling it to intercept the fluid which continued to
      follow the wire. The end 17 of the second elbow is clearly outside the
      axis 18 of the wire, even though the diverting or bypass means does not
      constitute any obstacle to the passage of this wire. To avoid the lateral
      projections of the fluid and to improve the interception of the undiverted
      fluid, it is advantageous to provide both elbows with side walls arranged
      on the flanks of the device and formed by two protection plates whose
      dimensions are slightly larger than those of the assembly formed by the
      wire 1 and the tube 2.
PAR  The assembly of the two elbows 12 and 16 is enclosed in a housing 20 welded
      to the tube 2 and provided with a fluid discharge tubing 21.
PAR  It will be understood that the invention applies to cooling, with or
      without hardening, of a hot metal wire.
CLMS
STM  We claim:
NUM  1.
PAR  1. A machine for cooling metal wire, comprising a cooling tube, an
      injection means for the introduction of cooling fluid into the tube and a
      discharge means for the cooling fluid jet leaving the tube, characterized
      by the fact that on the one hand the injection device includes, in advance
      of the cooling tube, an oblique annular slot, directed in the direction of
      the movement of the fluid, means for feeding cooling fluid under high
      pressure through the slot and into the tube and at least one cooling fluid
      injector in advance of the annular slot, and means for feeding cooling
      fluid at low pressure into said injector, and the discharge means is
      constituted of a curvilinear open elbow extending the cooling tube.
NUM  2.
PAR  2. A machine according to claim 1, characterized by the fact that the open
      elbow is extended by a second elbow of opposite curvature and of a smaller
      curvature radius, with the open end of the second elbow terminating in a
      direction normal with that of the metal wire.
NUM  3.
PAR  3. A machine according to claim 1, characterized by the fact that the
      relation between the radius of curvature of the elbow and the diameter of
      the tube is at least equal to 10.
NUM  4.
PAR  4. A machine according to claim 1, characterized by the fact that the
      difference in static pressure between the outer edge and the inner edge of
      the elbow is at least equal to 0.5 bar.
NUM  5.
PAR  5. A machine according to claim 2, characterized by the fact that the ratio
      of the radius of curvature of the first elbow and the second elbow is
      about 4.
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ABST
PAL  A process and apparatus are disclosed for delivering fuel and air to a
      rotary reduction kiln wherein both the fuel and air alternately flow
      through the same fluid distribution nozzle. Means are provided about the
      kiln for operating means to alternately deliver of fuel or air through the
      same nozzle. At least one of the operating means is selectively movable
      into and out of the position of operating said valve.
PARN
PAR  This is a continuation, of application Ser. No. 302,605, filed Oct. 31,
      1972 and now abandoned.
BSUM
PAR  This invention relates to rotary kilns used for such purposes as reducing
      iron ore to a lower state of oxidation having nozzles mounted on the outer
      surface of the kiln projecting radially through the kiln shell and
      including central means adapted to alternately inject both air and fuel
      into the kiln through the same nozzles. In particular the invention
      relates to such a rotary kiln wherein the control means is capable of
      admitting only air through all nozzles while the kiln is being preheated.
PAR  In the prior art rotary kilns are known wherein a plurality of nozzles are
      provided through the shell of the kiln to admit air and fuel into the
      interior or ore reduction chamber of the kiln. A charge of ore is provided
      in the reduction chamber and it is reduced to a higher state of iron.
PAR  Examples of such prior art kilns are disclosed in U.S. Pat. No. 1,216,667
      issued Feb. 20, 1971, U.S. Pat. No. 2,091,850 issued Aug. 31, 1937 and
      U.S. Pat. No. 3,182,980 issued May 11, 1965.
PAR  In the prior art kilns fuel and air are delivered through the nozzles by
      piping supported on the exterior of the kiln or on the interior of the
      kiln. This piping is connected to the nozzles for injecting the fuel and
      air into the reduction chamber. In the prior art a mixture of both fuel
      and air has been admitted through the nozzles at the same time or fuel is
      admitted through one nozzle and air admitted through a different nozzle.
PAR  In certain instances it is desirable to admit only one fluid through a
      nozzle when it is beneath the charge and only the other fluid when the
      nozzle is above the charge. As an example it is desirable in certain
      instances to admit fuel to the reduction chamber through nozzles as they
      pass directly beneath the bed of the charge whereby the fuel flows
      directly into the charge. When this nozzle has moved beyond the bed of the
      charge the fuel is shut off and no fluid is passing through the nozzle. At
      the same time air is admitted to the reduction chamber above the charge
      through additional nozzles. Before these air nozzles pass beneath the bed
      the air is turned off so that no fluid passes through these nozzles as
      they pass beneath the bed. Furthermore, it is advisable to admit only air
      through the air nozzles while the kiln is being preheated.
PAR  From the above it can be seen that quite a large number of nozzles are
      required. It is not unusual to have as many as 300 nozzles in a rotary of
      a 150 foot size. Furthermore these nozzles are exposed to extremely high
      temperatures in the range of 2,000.degree. Fahrenheit. While the fluid is
      flowing through a nozzle the fluid itself has a tendency to cool the
      nozzle. However, when no fluid is passing through the nozzle it approaches
      the temperature within the reduction chamber thereby reducing the
      effective life of the nozzle.
PAR  It is therefore, the intention and general object of this invention to
      provide a process for reducing ore and apparatus for practicing the
      process wherein the number of nozzles required is reduced by one-half and
      the temperature of the nozzles is reduced by admitting fluid through the
      nozzles during a substantially part of the kiln rotation.
PAR  An additional object of this invention is to provide a process wherein both
      fuel and air are admitted through the same nozzles at different points of
      rotation of the kiln and only air is admitted through all nozzles while
      the kiln is being preheated.
PAR  An additional object of the subject invention is to provide a rotary kiln
      with fluid distribution means which alternately delivers fuel or air to
      each nozzle at preselected points of rotation of the nozzle relative to
      the kiln charge and air only to all of the nozzles while the kiln is being
      preheated.
PAR  A more specific object of the subject invention is to provide a rotary ore
      reducing kiln of the hereinbefore described type wherein valve means
      connect both the fuel and air to a single nozzle for selective alternate
      flow of both fluids through the same nozzle or only one fluid through all
      nozzles.
PAR  An additional object of the subject invention is to provide a kiln of the
      hereinbefore described type wherein a single valve is utilized to
      alternately direct either fuel or air through the same nozzle at selected
      points of rotation of the kiln and alternately only air through all
      nozzles during full rotation of the kiln while the kiln is being preheated
     .
DRWD
PAR  These and other objects of the subject invention will become more fully
      apparent as the following desription is read in light of the attached
      drawings wherein:
PAR  FIG. 1 is a side elevation of a portion of a kiln constructed in accordance
      with the invention;
PAR  FIG. 2 is a section taken along the lines II--II of FIG. 1 and additionally
      showing means for operating the fluid distribution means;
PAR  FIG. 3 is a cross-section of a particular type of valve showing one inlet
      port connected to the outlet port;
PAR  FIG. 4 shows the same valve as FIG. 3 with both inlet ports shut off; and
PAR  FIG. 5 shows the same valve with the other inlet port connected to the
      outlet port.
DETD
PAR  Referring to the attached drawing the kiln shown herein for purposes of
      illustration is provided with an elongated cylindrical body portion 6
      which defines a cylindrical reduction or combustion chamber 7. The shell
      or inner wall 8 of the kiln may be constructed of any suitable refractory
      material such as firebricks. Any well-known means may be provided for
      supporting and rotating the kiln. Since such means form no part of this
      invention and are well known in the art they are not shown herein. A
      charge of ore generally designated 9 is shown in FIG. 2. A main burner 11
      is provided at the right-hand end of the kiln to preheat the kiln.
PAR  A plurality of circumferentially and axially spaced nozzles 12 are provided
      about the surface of the kiln opening into the chamber 7. These nozzles
      may be contructed of any conventional manner and are preferably
      constructed in accordance with my co-pending application entitled "Nozzle
      For Rotary Kiln." The nozzles may be supported by the outer kiln plate 13
      as is shown in the said co-pending application. A plurality of
      circumferentially spaced fuel and air conduits 14 and 16 respectively are
      also supported about the surface of the kiln. Any conventional means in
      the form of a manifold (not shown) may be provided to deliver fuel and air
      to the conduits 14 and 16 respectively. A fluid distribution means
      generally designated 17 connects the respective fuel and air conduits to
      the associated nozzles. This fluid distribution means may comprise a
      plurality of valves or as shown herein for purposes of illustration may
      comprise a single three-way valve generally designated 18 and fluid
      transfer conduit means 19 connecting the outlet of the valve 18 to the
      associated nozzles 12.
PAR  The particular valve 18 shown herein for purposes of illustration is more
      clearly defined in FIGS. 3 through 5. The valve consists of a valve body
      19 having two opposed inlet ports 21 and 22 and a single outlet port 23. A
      rotary plug 24 having a passageway 26, in the configuration shown, is
      rotatably supported in the valve body and has a valve stem 27 attached
      thereto and extending to the exterior of the valve body.
PAR  Prior to commencing the reduction process and the admission of the fuel it
      is necessary to preheat the kiln to operating temperature. This is
      accomplished by rotating the kiln as the burner 11 heats the chamber 7. It
      is advantageous to admit air only through all nozzles 12 as the kiln is
      being preheated to operating temperature. This not only assists the
      combustion of the main burner 11 but tends to cool the nozzles because of
      the flow of air therethrough. Furthermore, after the kiln is preheated in
      many instances it is desirable to admit fuel from conduit 14 only through
      those nozzles that are beneath the ore charge and air from conduit 16 only
      through those nozzles that are above the charge 9. To this end means are
      provided to operate the valve 18 to effect this alternate delivery of fuel
      and air through each of the nozzles and air only through all nozzles.
PAR  A preferred relatively inexpensive mechanical operating mechanism for
      controlling the flow of fuel and air into the chamber 7 is shown most
      clearly in FIG. 2. It should be understood that while this control
      mechanism is perfectly acceptable other means for operating the fluid
      distribution means 17 could be employed such as solenoid valves and
      hydraulic or air actuators. Referring to FIG. 2 a frame generally
      designated 28 is provided about the kiln 6.
PAR  This frame 28 is provided with four strategically located trip means 29,
      31, 32, and 33. One of these trip means 33 is adjustable to permit
      movement of the trip means into a nonengaging position. Such adjusting
      means are herein shown in the form of a hydraulic servomotor 34 which is
      operated by a control valve V which in turn is activated by an electrical
      relay R controlled from a remote source. A pump P is provided to
      pressurize the fluid from the sump 36. The operation of this adjustable
      trip 33 will be apparent as the description continues.
PAR  Each valve shaft 27 is connected to a cam plate 37 which is supported for
      rotation on brackets 38 connected to the exterior of the kiln for rotation
      therewith. Each cam plate 37 has four cams 39, 41, 42 and 43 supported
      about the periphery thereof. The cams are spaced substantialy 90 degrees
      from one another and are located to engage a particular trip means when
      they are in a radially outward position relative to the axis of the kiln.
      It should be noted that in this particular arrangement one cam 39 is
      located on the opposite side of the plates 37 relative to the other cams
      41, 42 and 43. This cam 39 is in the plane of the adjustable trip 33
      whereas the other cams are in the plane of the trips 29, 31 and 32.
PAR  The operation of the apparatus will now be described. In order to assist in
      understanding the operation the trip means are identified on the drawings
      starting with the adjustable trip 33 as air-off - fuel-on - fuel-off and
      air-on. The external valves (not shown) for the air and fuel are turned on
      so that air is in the conduits 16 and fuel is in the conduits 14. The
      relay R is activated to cause the servomotor 34 to move the trip 33 to a
      nonengaging position so that the cam 39 will not contact the trip as it
      rotates.
PAR  As a starting point assume that the cam 41 is about to contact the fuel-on
      trip 29. This causes the valve 18 to move to the position shown in FIG. 5
      connecting the fuel conduits 14 to the associated nozzles admitting fuel
      to the interior of the kiln. After cam 41 contacts trip 29 it indexes the
      cam plate 37 so that cam 42 is now in a trip contacting position. As the
      kiln continues to rotate the cam 42 will contact the trip 31 and the valve
      18 will be in the off position shown in FIG. 4 thereby shutting off the
      flow of fuel to the kiln. As the kiln continues to rotate the cam 43, now
      indexed to the trip engaging position, will contact the trip 32 and the
      valve will be moved to the position shown in FIG. 3 permitting air to pass
      from the conduits 16 through the connected nozzles 12. At this point the
      air off cam 39 is indexed to the trip engaging position whereas all other
      cams are in a nonengaging position. Therefore, since the air-off cam 39 is
      in a different plane from the trips 29, 31 and 32 and the trip 33 has been
      removed from a position of engagement with the cam 39 no cam will engage
      any trip to index the cam plate 37 and air only will continue to flow
      through the nozzles as the kiln continues to rotate. Since only the
      air-off cam is in a trip engaging position and the air-off trip is moved
      out of the cam engaging position, air will continue to enter the kiln
      through all nozzles and the fuel will be effectively shut off from the
      kiln. At this point the main burner 11 is ignited and the kiln is
      preheated.
PAR  After the kiln has warmed up to operating temperature the relay R is
      de-energized causing the valve V to direct fluid to the servomotor 34 and
      reposition the trip 33 into an engaging position with the cam 39 as shown
      in the drawing. As the kiln continues to rotate cam 39 of cam plate 37A
      will engage trip 33 causing the valve 18 to rotate to the off position
      shown in FIG. 4. No fuel or air will flow through the nozzles controlled
      by the cam plate 37A until it approaches trip 29 where cam 41, which has
      been indexed to trip engaging position, will contact trip 29 and admit
      fuel through the associated nozzles. After the cams on all cam plates
      sequentially engage each of the trips the charge of ore 9 is introduced
      into the kiln. This process of alternate admission of air and fuel through
      the nozzles will repeat as the kiln rotates.
PAR  From the above it can be seen that both fuel and air are alternately
      admitted through each of the nozzles 12 and air only is admitted through
      all nozzles while the kiln is being preheated. This results in a reduction
      in the number of nozzles required by one-half over those kilns which have
      a separate nozzle for fuel and a separate nozzle for air. Furthermore,
      because fuel or air is flowing through each nozzle during most of the time
      the process is being carried on, the nozzle temperature is reduced due to
      the relatively cooler fuel or air passing through the pipes on the
      exterior of the kiln. It should be understood that the control mechanism
      could be so arranged that the air flowing through the nozzle is only
      turned off as the fuel is turned on thereby having no period of time that
      a fluid is not flowing through the nozzles.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A rotary ore reducing kiln comprising an elongated cylindrical chamber
      having a charge to be reduced contained therein; a nozzle supported by
      said kiln in fluid communication with said chamber, said nozzle rotating
      with said kiln and alternately passing beneath and above said charge;
      first and second fuel and air conduit means supported on the exterior of
      said kiln; valve means associated with said nozzle and said conduit means
      operable to selectively and alternately connect said first and second
      conduit means to said nozzle; a cam plate supported on said kiln and
      having at least first and second cams located in axially spaced planes
      operatively connected to said valve means for selective operation thereof;
      at least first and second trip means supported in axially spaced planes
      about said kiln for selective engagement by said first and second cams
      respectively as said kiln rotates, said cams and said trip means being
      arranged to operate said valve means to selectively and alternately
      connect said first and second conduits to said nozzle, said cams and said
      trip means being arranged whereby each cam must sequently engage its
      associated trip to index the other cam to engage its associated trip; and
      means connected to one of said trip means operable to selectively move
      said one trip means into and out of position for engagement by its
      associated cam whereby said valve may be positioned to continuously
      connect one of said conduit means to said nozzle.
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PAL  A very light and high efficiency leaf spring made from a curved hollow tube
      with flattened opposite ends, cross section of said tube having a form
      which varies progressively from the center part of the tube towards each
      opposite ends but wall of the tube having the same area in any cross
      section throughout the length of the leaf.
BSUM
PAR  The present invention relates to leaf or laminated springs and more
      particularly to those which are intended for vehicle suspensions.
PAR  An object of the present invention is to provide a spring which satisfies
      requirements as to stability of the vehicles but which is light. Weight
      reduction is in fact an important present-day problem in particular in the
      construction of vehicles.
PAR  Moreover, heat-treating requirements tend to lead to a reduction in the
      thicknesses of the material of the leaves or laminations whereas vehicle
      stability requires that the spring be as narrow as possible at least in
      the region of fastening, for example to an axle. These requirements have
      resulted in the construction of springs by means of leaves or laminations,
      whose thickness and weight vary along their length and which are very
      thick and also as narrow as possible in their centre part where they are
      fastened and have thin end portions. The difficulties of heat treating are
      thus reduced but not eliminated all together since the leaf always has at
      least one thick part.
PAR  These drawbacks are avoided according to the present invention which
      provides a leaf spring which comprises at least one tubular curved leaf,
      the thickness and width of which vary without modification of the area of
      its wall in cross section. Such a spring is light and its heat treatment
      is facilitated, since the thickness of the material of the leaf remains
      thin at every point of the leaf. However, this leaf has sufficient modulus
      of inertia throughout its length.
DRWD
PAR  Further features and advantages of the invention will be apparent from the
      ensuing description with reference to the accompanying drawings.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of a leaf or lamination of a spring
      according to the invention;
PAR  FIG. 2 is a plan view of the leaf shown in FIG. 1;
PAR  FIGS. 3, 4 and 5 are sectional views taken on lines 3--3, 4--4 and 5--5 of
      FIG. 1;
PAR  FIGS. 6, 7 and 8 are side elevational views of three embodiments of an eye
      formed at the end of the leaf;
PAR  FIG. 9 is a cross-sectional view of another embodiment of an eye formed at
      the end of the leaf;
PAR  FIG. 10 is a plan view of the centre part of a leaf of a spring adapted to
      receive fastening means;
PAR  FIG. 11 is an elevational view of the part of the leaf shown in FIG. 10,
      and
PAR  FIG. 12 is a side elevational view of a leaf spring according to the
      invention comprising a series of leaves or laminations.
DETD
PAR  The leaf or lamination of a spring shown in FIGS. 1 and 2 comprises a
      tubular element 1 having a generally curved shape the height of which
      decreases from its centre part 2 to its ends 4 as seen in FIG. 1. This
      leaf has indeed a cross-sectional shape which is substantially rectangular
      in the presently-described embodiment and whose height h and width l vary
      along the length of the leaf. The area of the wall of tube 1 in this cross
      section is always constant but its shape and its dimensions change
      progressively. In other words, the leaf has a perimeter that is
      substantially constant and a wall thickness that is substantially
      constant. For example, as shown in FIGS. 3, 4 and 5, the end portions 4 of
      the leaf are completely flattened (FIG. 3), the upper and lower walls of
      the tube being applied against each other, then the height h of the leaf
      increases progressively, in passing through an intermediate shape shown in
      FIG. 4 in which the width l has decreased with increase in the height h,
      so that the cross section reaches in the centre part of the leaf at point
      2 the shape shown in FIG. 5. The height h is then at its maximum value
      whereas its width l is minimum as is clear from FIG. 2.
PAR  The amount of material of which the leaf is composed and the thickness of
      the wall of the tubular element which forms the leaf remain constant
      throughout its length notwithstanding the variation in the sectional
      shape. The area of the wall in each cross section of the tube is therefore
      also constant. Consequently, in the case of a spring formed by a leaf
      whose centre part is fixed, for example, to the axle of a vehicle whereas
      its ends are maintained by eyes, it is sufficient to choose the cross
      section in such manner that it has a modulus of inertia which is
      sufficient to resist the bending moment due to the load at the centre
      point 2, the bending moment in all the other sections being lower and
      decreasing proportionally with the distance of the section from the end.
PAR  The leaf is preferably constructed without welding from a tube of constant
      section whose wall has a uniform thickness. This tube is then deformed in
      a die so as to have a section whose width and thickness vary along its
      length. This leaf 1 may also be formed from a tube whose constant
      sectional area throughout its length comprises parts having different
      thickness, the smallest thickness is then placed on the side of the tube
      intended to be subjected to compressive stress and the tube is deformed as
      before.
PAR  Likewise, instead of being constructed from a closed tube, the tubular leaf
      or lamination could be made from a split tube or a strip or sheet of metal
      which is bent or coiled onto itself and whose edges are welded or merely
      brought together, the weld line or the longitudinal split between the
      brought-together edges being placed on the side of the spring which is
      intended to be subjected to compressive stress.
PAR  Irrespective of the embodiment chosen, the flattened end portions 4 adapted
      to form the eyes are preferably wound onto themselves as shown in FIG. 6.
      However, in some cases it may be more advantageous to laterally cut away
      or notch each side 5 of the end portion 4 of the leaf so as to constitute
      two superimposed substantially rectangular tab portions 6 (FIG. 2). The
      two tab portions 6 are bent so as to constitute an eye and their parallel
      end portions 7 are clamped against each other and maintained, for example,
      by welding (FIG. 7).
PAR  In a modification of the invention, the tab portions 6.sup.a and 6.sup.b do
      not constitute in themselves an eye but are bent around a small
      cylindrical tube 8 (FIG. 8) and welded together and to the tube 8. They
      may also be fitted on the tube 8 as shown in FIG. 9 in which reinforcing
      ribs 10 are formed on each of the tab portions 6.sup.a and 6.sup.b by a
      deformation of marginal parts of the tab portions.
PAR  Further, a strap or other fastening means placed in the centre part of the
      leaf 1, may be easily held stationary with respect to the latter by means
      of a local constriction in the section of the tube constituting a recess
      12, 13 on each side of the tube (FIG. 10), which constriction corresponds
      to a swelling 14 of the upper part and a swelling 16 of the lower part of
      the tube (FIG. 11). The fastening system is held in position in the
      recesses 12, 13. The leaf may if desired include a plurality of
      constrictions at suitable distances apart.
PAR  It must be understood that the spring may comprise only a single tubular
      leaf provided, for example, with two fastening eyes, or include a
      plurality of leaves 20 which are tubular or solid and have curves and
      lengths which are different in the same way as in conventional leaf
      springs (FIG. 12). The assembly of these leaves is then held against the
      first leaf by means of a strap 18 or any other fastening means and at
      least one leaf, such as leaf 20.sup.a, has two fastening eyes 22 at its
      ends. Each of the leaves 20 is thus in contact in its centre part with at
      least one of the other leaves of the leaf spring.
PAR  The tubular leaf of a spring is thus employed in the same way as a solid
      leaf so as to form various types of spring. It has the strength and
      flexibility sufficient for this purpose. It has, moreover, the advantage
      of being distinctly lighter and easier to construct, since the heat
      treatment of the material of the leaf is effected on a thin wall
      throughout the length of the leaf irrespective of the shape of the tubular
      section.
PAR  Various other modifications may be made to the embodiment thus described
      without departing from the scope of the invention. For example, the shape
      of the secion of the leaf or leaves may be other than rectangular, for
      example elliptical, trapezoidal or other shape according to requirements.
CLMS
STM  Having now described my invention what I claim as new and desire to secure
      by letters patent is:
NUM  1.
PAR  1. A leaf spring comprising at least one curved tubular shaped leaf
      consisting in a hollow tube having a wall, an inner cavity, two opposite
      ends which are flattened in section and cross-section, said cross-section
      having a shape which varies substantially throughout the length of the
      leaf, the wall having a perimeter which is constant and a thickness which
      is substantially constant in each cross-section throughout the length of
      the leaf, wherein at least one portion of the tubular leaf adjacent one of
      said flattened ends is notched laterally on two opposite sides and defines
      two superimposed tab portions which are curved in opposite directions so
      as to constitute each one half of a fastening eye, and means are provided
      to connect together the ends of said two tab portions, a cylindrical tube
      inserted between the two curved tab portions at each end of the tubular
      leaf, said means being welding, and lateral reinforcing ribs on each tab
      portion.
NUM  2.
PAR  2. A leaf spring as claimed in claim 1, wherein the tubular leaf has at
      least one narrower portion for holding fastening means stationary.
NUM  3.
PAR  3. A leaf spring as claimed in claim 1, wherein the two portions of the
      tubular leaf respectively adjacent said two flattened ends have each a
      curved shape so as to constitute an eye.
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ABST
PAL  A telescoping springing means for a vehicle, for example a motorcycle or
      automobile. The springing means comprises a first and a second telescopic
      member which are coaxial and are intended for attachment to respective
      relatively movable parts of the vehicle. One of the telescopic members
      forms an internal fluid-tight chamber which includes a plunger recess. A
      plunger is attached to the other of the telescopic members, projects into
      the chamber, and makes a fluid seal therewith. The plunger is adapted to
      enter the plunger recess to form a first decelerator for deceleration of
      contraction of the springing means. A pneumatic-hydraulic accumulator has
      a closed pneumatic section adapted to be filled with a gas under pressure
      and a hydraulic section filled with liquid. A movable wall separates the
      sections so as to equalize their pressures. A conduit connects the
      hydraulic section to the chamber.
PAL  A second decelerator is provided for deceleration of extension of the
      springing means. The second decelerator comprises a valve seat member
      attached to said one of the telescopic members, and a valving member
      attached to the plunger inside the chamber. The valving member is adapted
      to enter a decelerator recess in the valve seat member to cause expulsion
      of liquid therefrom, the restriction of this flow decelerating the
      extension motion. The decelerators tend to decelerate the respective
      motions, at least near the limit thereof.
BSUM
PAR  This invention relates to springing means for vehicles, for example
      motorcycles or automobiles.
PAR  An object of the invention is to provide springing means which meet the
      stringent requirements for road-holding and stability in cross-country and
      motocross operations, and in high-speed operations generally.
PAR  A springing means according to this invention comprises a first and a
      second telescopic member, each of which has an axis of relative motion,
      the members being coaxial and intended for attachment to respective
      movable parts of a vehicle, such as the chassis and the axle. The
      telescopic members move coaxially relative to one another when the said
      parts move relative to one another. One of the telescopic members forms an
      internal fluid-tight chamber including a plunger recess. A plunger is
      attached to the other telescopic member and projects into the chamber and
      makes a sliding, fluid-sealing fit therewith. The plunger and plunger
      recess are coaxial and parallel to the said axis. Together they form a
      first decelerator for deceleration of axial contraction of the springing
      means as a consequence of the entry of the plunger into the plunger
      recess.
PAR  A second decelerator is provided for deceleration of axial extension of the
      springing means. The second decelerator comprises a valve seat member
      attached to said one of the telescopic members and a valving member
      attached to the plunger inside the chamber. The valve seat member forms a
      valve seat and a decelerator recess which opens into the chamber. The
      valving member is adapted to enter the decelerator recess, at least near
      the end limit of the extension motion. The entry of the valving member
      into the recess causes an expulsion of liquid therefrom, the restriction
      of this flow decelerating the extension motion.
PAR  A pneumatic-hydraulic accumulator has a closed pneumatic section adapted to
      be filled with a gas under pressure. A hydraulic section is filled with a
      liquid, and a movable wall separates the sections and tends to equalize
      their pressures. A conduit connects the hydraulic section to the chamber.
      Pressure in the conduit tends to extend the springing means and resists
      its contraction, and the decelerators tend to decelerate the respective
      motions, at least near the limit thereof.
PAR  According to a preferred but optional feature of the invention, rate
      control valve means is connected in the conduit between the chamber and
      the hydraulic section.
PAR  According to another preferred but optional feature of the invention, the
      rate control valve means further includes a bi-directional relief valve
      and a parallel flow connection with said adjustable restrictor valve for
      opening an additional flow path when the pressure differential across the
      relief valve exceeds a predetermined value.
PAR  According to yet another preferred but optional feature of the invention, a
      restrictive bypass channel is formed between the conduit and the chamber
      in parallel flow connection with the plunger recess.
DRWD
PAR  The above and other features of this invention will be fully understood
      from the following detailed description and the accompanying drawings, in
      which:
PAR  FIG. 1 is an axial cross-section showing the presently preferred embodiment
      of the invention; and
PAR  FIGS. 2 and 3 are cross-sections, principally in axial cross-section,
      comprising enlargements of parts of FIG. 1.
DETD
PAR  FIG. 1 shows the presently preferred embodiment of springing means
      according to the invention. In FIG. 1 there is shown only one pair of
      telescopic members, i.e., telescopic member 1, 2, it being understood that
      more than one of these assemblies may be utilized in a single
      installation. For example, in motorcycle front wheel suspensions, it will
      be common to use two of them in a fork arrangement. For convenience in
      disclosure, telescopic member 1 is sometimes hereinafter called the "lower
      telescopic member," and telescopic member 2 is hereinafter called the
      "upper telescopic member."
PAR  The telescopic members have a common axis 50 of relative motion and are
      coaxial thereon. When they move apart from one another, i.e., when member
      1 moves down and member 2 moves up in FIG. 1, the movement is called an
      axial extension, and when they move in the opposite direction, it is
      called an axial contraction.
PAR  In use, the lower telescopic member 1 will generally be connected to an
      axle or some other portion of the running gear of the vehicle, while the
      upper telescopic member will be connected to the frame. It is the function
      of this device to provide springing means to stabilize and support the
      relative motion of the said two parts (i.e., frame and axle). Telescopic
      member 2 includes an internal fluid-tight chamber 51. The fluid-tight
      chamber 51 includes a plunger recess 19, which is coaxial with axis 50 and
      opens toward the bottom in FIG. 1.
PAR  A plunger 4 is attached to lower telescopic member 1. It makes a
      fluid-tight, sliding sealing fit therewith and projects into chamber 51.
      The plunger and plunger recess are coaxial and parallel to the axis.
      Together they form a first decelerator 52 for deceleration of axial
      contraction of the springing means, at least near the limit thereof, as a
      consequence of the entry of the plunger into the plunger recess.
PAR  The free end 53 of plunger 4 is radiused, and immediately adjacent to that,
      the plunger is provided with a tapered axial cross-section throughout
      portion 54 of its length. Conveniently, the lower portion 55 is circularly
      cylindrical for sealing purposes.
PAR  A second decelerator 60 is provided for decelerating the extension movement
      of the springing means, at least near the limit thereof. The second
      decelerator includes a valving member 5 which is rigidly attached to the
      plunger inside the chamber 51. Valving member 5 includes a seal 6 in the
      form of a shoulder adapted to bear on a seat 7 carried by a valve seat
      member 8. Valve seat member 8 is attached to telescopic member 2.
PAR  For a major portion of its length near the bottom thereof, valving member 5
      includes an axial tapered portion 61, tapering downwardly and inwardly
      toward the bottom of telescopic member 1 in FIG. 1. A cylindrical portion
      62 adjacent to the tapered portion closely fits an inside cylindrical
      surface 63 on valve seat member 8. Valve seat member 8 forms a decelerator
      recess (bounded by the cylindrical surface 63, into which the valve seat
      member enters near the limit of the extension motion).
PAR  The valving member 8 includes a sleeve 9 within which the plunger axially
      moves. The decelerator recess lies above sleeve 9. Passages 65 are formed
      in the outer wall of valve seat member 8 at seat 7 so as to form a passage
      that extends from spacing 66 (between the valve seat member and the inside
      wall of telescopic member 2) and chamber 51. This makes possible the
      transfer of hydraulic liquid betwen these regions near the end of the
      extension movement, i.e., near the closed position shown in the FIGS.
      Radial passages 10 transfer the hydraulic liquid from the region
      surrounding the plunger to the spacing 66. There is a slight clearance 67
      inside sleeve 9 to permit fluid to flow from the decelerator recess to
      passages 10. Some one of the clearance 67, passages 10, or passages 65 is
      sufficiently small as to exert a restriction on the expulsion of liquid
      from the decelerator recess near the end of the extension stroke.
PAR  A seal portion 68 is formed at the bottom of valve seat member 8 and
      carries a pair of O-ring grooves 69, 70 which hold O-rings 14 and 15 that
      seal respectively between the valve seat member and the telescopic member
      2 and between the valve seat member and the cylindrical poriton of plunger
      4.
PAR  The seal portion 68 bears against a step 71 in the inside wall of
      telescopic member 2. On the other side of the seal portion, a tube 12
      bears against it to hold it against step 71. A snap-ring 13 is snapped
      into a ring groove 72 to retain it. This provides for the rigid attachment
      of the valve seat member to the telescopic member 2.
PAR  Plunger 4 is attached to telescopic member 1 at the bottom portion thereof.
      An auxiliary decelerator 75 is formed by surrounding the plunger at its
      bottom with a tapered valving member 16. The plunger and valving member 16
      are held to the bottom of telescopic member 1 by a nut 17. Valving member
      16 has a tapered shape in axial cross-section and is adapted to enter a
      decelerator recess 76 (FIG. 2) formed by tube 12 and closed at the top by
      the O-rings. The auxiliary decelerator acts in the same manner as the
      second decelerator, except that it expels gas instead of liquid when the
      springing means nears the limit of its contraction.
PAR  The plunger recess 9 is formed in an insert 18 fastened to the upper end of
      telescopic member 2. It projects axially inside the cylinder. Plunger
      recess 19 is preferably cylindrical and is only slightly oversized
      relative to the cylindrical portion 55 of the plunger so as to make close
      sliding fit. The tapered portion 54 of make a plunger has a considerably
      smaller radius.
PAR  A bypass passage 77 is formed in a shoulder 78 around the insert. This
      passage makes a bypass flow path across this shoulder to an annular
      spacing 21. The annular spacing 21 is located between the outside of the
      insert and the inside of the telescopic member 2. A conduit 3 connects to
      the top of telescopic member 2. Channel 22 departs from a recessed bottom
      20 of recess 19 to communicate with annular spacing 21. Additional
      channels 24 intercommunicate annular spacing 21 with bore 23 in the
      insert. Therefore, channel 22, annular spacing 21, and channel 24 and bore
      23 form continuations of the conduit 3 to chamber 51. The bypass passage
      forms a passage in parallel with that through channel 22 and recess 19.
PAR  A vent port 79 is formed in the wall of an enlargement in telescopic member
      1 to relieve any undesired pneumatic build-up therein.
PAR  Attention is called to the fact that shoulder 78 includes a face 25 which
      can form a bearing surface to give end support to a spring (not shown).
      The spring would, when used, be placed in opposition between face 25 and
      seat 26 on seal 6 to provide additional extension force. This allows the
      combination of hydraulic springing shown to be combined with the action of
      a mechanical compression spring, if desired.
PAR  It is evident that hydraulic fluid under pressure in conduit 3 will tend to
      extend the springing means. It is equally evident that the performance of
      the springing means is greatly influenced by the rate with which the
      hydraulic liquid can be moved back and forth in conduit 3. In order to
      provide the necessary restrictions on the rate of flow, the various
      related passages may be suitably sized relative to one another. In
      addition, a proper pressure and, if desired, a pressure which varies with
      the amount of extension or contraction of the springing means, can be
      provided by a pneumatic-hydraulic accumulator 28.
PAR  Accumulator 28 includes a pneumatic section 27 adapted to be filled with a
      gas under pressure, such as through a filler valve 80. A hydraulic section
      81 is located on the oppositie side of a movable wall 82 from the
      pneumatic section. The preferred embodiment of movable wall 82 is, of
      course, a flexible diaphragm which extends across the two sections and
      separates them one from the other. The wall moves to equalize the
      pressures between the two sections. The gas pressure tends to maintain the
      liquid under a pressure which is proportional to the volume of the
      pneumatic section. This in turn is a function of the amount of extension
      of the springing means. As it contracts, the system pressure rises.
PAR  An inwardly-projecting neck 30 enters the pneumatic section to provide a
      support against which the central portion of the diaphragm can bear under
      extreme conditions of hydraulic pressure.
PAR  Rate control valve means 85 interconnects the accumulator and conduit 3.
      The rate control valve means includes a body 38 which bounds a pair of
      flow chambers 31, 32 that are separated from one another by a rigid and
      immovable wall 33. Wall 33 is pierced by openings 34, 35, 36 and 37.
PAR  Conduit 3 is directly connected to chamber 32 and is connected to chamber
      33 through a bypass valve 45 with an adjustable screw 46 which adjusts the
      potential rate of flow through channels 47. Therefore, bypass valve 45 is
      connected in parallel to chamber 32 and in series with chamber 31. The
      openings 34 and 35 and 36 and 37 intersect one another in pairs in the
      wall 33 as they pierce the wall.
PAR  Two valve discs 39, 39' are disposed around a central shaft 40, one on each
      side of the wall. Springs 41, 42 bear against body 38 and respective discs
      39 39' to press them against the corresponding side of the wall 33. The
      forces of said springs can individually be adjusted by means of tubes 43,
      44 threaded into body 38. As can best be seen from an examination of FIG.
      3, the valve disc 39 is adapted to close ports 34 and 36, and valve disc
      39' is shown adapted to close openings 35 and 37. The illustrated position
      is one which will not ordinarily be attained, and is for illustration
      only. Usually, only one or the other of these valves will be open, and
      often both of them will be closed. They are shown both open to illustrate
      their open position. The usual flow will be through the bypass valve, with
      both valve discs closing their respective ports, and, of course, some flow
      can pass through the unblocked intersecting portions of the openings. If,
      however, a sudden surge occurs, then, depending on the direction of the
      surge, one or the other of the valve discs will be displaced against its
      spring to open the respective openings and permit flow through the
      additional portions of the openings to accommodate the surge. Primary
      control of the flow rate is by the adjustment by the bypass valve 45, and
      control of the surge rates by adjustment of springs 41 and 42. If desired,
      only the bypass, or only the relief, valves may be used. The use of both
      together is advantageous.
PAR  Attention is again called to the fact that an additional device, including
      all of the elements surrounding telescopic members 1 and 2, may be
      attached to the left-hand end of conduit 3 in FIG. 1 and may utilize a
      common accumulator. This is the arrangement which will conventionally be
      used in the fork of a motorcycle, for example. Should only one of these
      devices be utilized, then one end of conduit 3 will be capped off adjacent
      to the rate control valve means. Attention is again called to the fact
      that, in addition to front fork springing for motorcycles, the springing
      means can also be used on cars, especially those which are designed to run
      at high speeds on rough ground. The device can operate in any orientation,
      from substantially vertical to horizontal to upside down.
PAR  As an alternative to passages 65, grooves or slots can be formed in the
      valve seat member 8 or in the valving member 5 to permit metered passage
      of fluid from the decelerator recess into chamber 51. It is further noted
      that conduit 3 is connected to chamber 51 in two ways in FIG. 1. One way
      is by connection to the plunger recess 19, and the other way is through
      bypass passage 77. These are in parallel flow connection. Either or both
      paths may be used. If the path through the plunger recess is not provided,
      then sufficient clearance must be provided between the cylindrical portion
      of the plunger and the wall of the plunger recess to permit restricted
      flow of liquid out of the recess when the cylindrical portion enters it,
      or notches or grooves for that purpose must be provided.
PAR  The term "telescopic" means that one member enters the other. The tube
      surrounding the plunger in telescopic member 1 is optional, but
      convenient.
PAR  The operation of the device should be evident from the foregoing. When the
      weight is off the springing means, such as, by example, when the vehicle
      tends to leave the ground, the pressure from the accumulator will cause
      the second telescopic member to move in an extension direction to attempt
      to maintain contact with the ground, and near the end of that stroke the
      movement will be damped by the action of the second decelerator. The
      action of the second decelerator will be determined in part by the shape
      of its various surfaces and the size of the various passageways associated
      when these passageways are used.
PAR  When the vehicle returns to ground it acts as a heavy load. The resulting
      force tends to contract the springing means, and this contractive force is
      resisted both by the fluid force from the accumulator, whose pressure
      increases with the amount of liquid pressed back through conduit 3, and
      also is damped by the fluid resistance of bypass passages 77. Othere fluid
      restrictions can be provided in the system in various shapes and sizes to
      give a sequential action as the plunger enters the plunger recess, if
      desired, for example by providing orifices (not shown) extending between
      plunger recess 19 and annular spacing 21, spaced apart along the plunger
      recess, and having sizes which are larger closer to the open end of
      plunger recess 19 than toward its bottom.
PAR  The rate of flow of the hydraulic fluid in conduit 3 is resisted not only
      by the gas pressure in the accumulator, but also by the resistance of rate
      control valve means 85. The more open this valve is, for example, the more
      open valve 45 is, and the easier it is to open valve discs 39 and 39', the
      more responsive will be the springing means.
PAR  Should a retraction overload occur, then valve disc 39 will be displaced
      after sufficient force is exerted on it so as to provide an auxiliary flow
      path.
PAR  For extension, gas pressure will exist to cause it, but again the rate will
      be limited by the rate control valve means, and in the event that the
      differential becomes too large, the valve disc 39' will be displaced and
      provide an additional flow path.
PAR  The auxiliary decelerator operates somewhat as a dashpot, the movement
      upward of telescopic member 1 being damped by the compression of air
      inside the decelerator recess and by its rate of leakage out of it if
      leakage is permitted.
PAR  This invention is not to be limited by the embodiments shown in the
      drawings and described in the description, which are given by way of
      example and not of limitation, but only in accordance with the scope of
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A telescopic springing means for a vehicle, comprising: a first and a
      second telescopic member, said members each having an axis of relative
      motion and being coaxial, and intended for attachment to respective
      relatively movable parts of a vehicle, so as to move coaxially relative to
      one another to one another when the said parts move relative to one
      another, one of said telescopic members forming an internal fluid-tight
      chamber including a plunger recess; a plunger attached to the other of
      said telescopic members projecting into the said chamber and making a
      sliding sealing fit therewith, said plunger and plunger recess being
      coaxial with each other and parallel to said axis and forming a first
      decelerator for deceleration of axial contraction of the springing means
      as a consequence of the entry of the plunger into the plunger recess; a
      pneumatic-hydraulic accumulator having a closed pneumatic section adapted
      to be filled with a gas under pressure, a hydraulic section filled with
      liquid, and a movable wall separating the sections so as to equalize their
      pressures; a conduit connecting the hydraulic section to the chamber; and
      a second decelerator for deceleration of axial extension of the springing
      means, said second decelerator comprising a valve seat member attached to
      said one of the telescopic members, and a valving member attached to the
      plunger inside the chamber, said valve seat member forming a seat and a
      decelerator recess opening into said chamber, and said valving member
      being adapted to enter said decelerator recess at least near the end limit
      of the extension motion, the entry of said valving member into said recess
      causing expulsion of liquid therefrom, the restriction of which
      decelerates the extension motion, and whereby pressure in said conduit
      tends to extend the springing means and resist its contraction, and the
      decelerators tend to decelerate their respective motions at least near the
      limit thereof.
NUM  2.
PAR  2. Means according to claim 1 in which the plunger is tapered at least near
      its end which enters the plunger recess.
NUM  3.
PAR  3. Means according to claim 1 in which rate control valve means is
      connected in said conduit between said chamber and the hydraulic section.
NUM  4.
PAR  4. Means according to claim 3 in which said rate control valve means
      comprises an adjustable restrictor valve.
NUM  5.
PAR  5. Means according to claim 4 in which said rate control valve means
      further comprises a bi-directional relief valve in parallel flow
      connection with said adjustable restrictor valve for opening an additional
      flow path when the pressure differential across the relief valve exceeds a
      predetermined value.
NUM  6.
PAR  6. Means according to claim 5 in which the bi-directional restrictor valve
      includes a pair of spring-loaded valving members whose spring loads are
      individually adjustable.
NUM  7.
PAR  7. Means according to claim 1 in which the conduit is fluidly
      interconnected to the plunger recess adjacent to its end farther removed
      from the plunger.
NUM  8.
PAR  8. Means according to claim 1 in which a restrictive bypass channel is
      formed between the conduit and the chamber, in parallel connection with
      the plunger recess.
NUM  9.
PAR  9. Means according to claim 8 in which the conduit is fluidly
      interconnected to the plunger recess adjacent to its end farther removed
      from the plunger.
NUM  10.
PAR  10. Means according to claim 1 in which an insert is mounted in the said
      one telescopic member, having the plunger recess in one end and a supply
      recess in the other end, and flow channel means interconnecting them.
NUM  11.
PAR  11. Means according to claim 10 in which the last-named flow channel
      includes an annular spacing between the said one telescopic member and the
      insert.
NUM  12.
PAR  12. Means according to claim 11 in which a restrictive bypass channel is
      formed between the conduit and the chamber, in parallel connection with
      the plunger recess, said bypass channel entering said annular spacing.
NUM  13.
PAR  13. Means according to claim 1 in which a pneumatic auxiliary decelerator
      is formed between the two telescopic members, said pneumatic auxiliary
      decelerator comprising a cup-shaped decelerator recess in one of said
      telescopic member, and a tapered valving member attached to the other,
      said tapered valving member entering the receiver and restricting the
      expulsion of air therefrom to damp the contraction of the springing means
      near its limit of contraction.
NUM  14.
PAR  14. Means according to claim 3 in which the conduit is fluidly
      interconnected to the plunger recess adjacent to its end farther removed
      from the plunger.
NUM  15.
PAR  15. Means according to claim 14 in which said rate control valve means
      comprises an adjustable restrictor valve.
NUM  16.
PAR  16. Means according to claim 15 in which said rate control valve means
      further comprises a bi-directional relief valve in parallel flow
      connection with said adjustable restrictor valve for opening an additional
      flow path when the pressure differential across the relief valve exceeds a
      predetermined value.
NUM  17.
PAR  17. Means according to claim 1 in which passage means is provided in one of
      said valve seat members, and said valving seat member forming said second
      decelerator to provide a flow path for expulsion of liquid therefrom.
NUM  18.
PAR  18. Means according to claim 17 in which rate control valve means is
      connected in said conduit between said chamber and the hydraulic section.
NUM  19.
PAR  19. In combination: a pair of springing means according to claim 1, with
      but a single accumulator, said accumulator being connected to both of the
      chambers.
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ABST
PAL  A resilient foundation assembly for furniture expecially a box spring for
      supporting a mattress. A frame means which defines a generally planar
      foundation area, a grid means overlaying and spaced in a plane above and
      generally parallel to the foundation area plane and a plurality of spring
      units resiliently connected between the frame means and grid means. The
      spring units are formed of a single length of wire and comprise two end
      segments and a plurality of dual counter reaction modular coil springs
      contiguous therebetween. Each dual counter reaction spring comprises two
      leg sections extending downwardly from the grid plane toward the planar
      foundation area formed by the frame means, the two leg sections are joined
      by a bridging segment of wire lying in the grid plane. Each leg section is
      formed by linear segments of wire positioned in predetermined angular
      relationships and joined by a coil section of wire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a resilient foundation support structure or
      assembly for items of furniture. In one particular application, the
      invention is directed to box spring assemblies used for supporting
      mattresses. However, the present invention is not limited to foundation
      supports for mattresses but includes any other item of furniture in which
      such a support structure is required specifically, chairs, sofas and other
      types of upholstered furniture.
PAR  The standard prior art box spring comprises a wooden rectangular frame, the
      longer sides of which are connected by a plurality of transverse wooden
      slats or members, a plurality of individually acting coiled springs
      mounted in a spaced relationship along the frame and the slats, and a
      supporting web of light wire interconnecting top portions of each
      individual coiled spring. The entire upper surface and sides of this
      structure are covered with cloth or other suitable sheet material. Other
      common prior art structures involved the substitution of tortion bars in
      place of the coiled springs. However, in both of these prior art
      structures, the individual supporting units act independently of one
      another.
PAR  In order to obtain the appropriate desired firmness in such assemblies, it
      is frequently necessary to incorporate along the perimeter of the frame
      additional springs which act as stabilizers or to use a very heavy (low
      gauge) wire to form the springs. These stabilizers provide edge support
      along the frame. In addition to the above structural limitations in the
      prior art the box spring assembly requires a great deal of manual labor in
      its construction. Each individual spring has to be hand positioned onto
      the frame or slats and secured thereto and then attached to the top web or
      grid structure. Naturally the amount of hand labor involved in this
      assembly process greatly increases the cost of the prior art box springs
      and makes assembly time quite lengthy. In addition, in the prior art box
      springs it was impossible to optimize both durability and firmness. If the
      coil springs are tensioned to provide a high degree of firmness, the life
      or durability is reduced and if the durability is increased, the
      tensioning of the spring became so slight that the firmness is
      unsatisfactory and additional springs or stabilizers have to be added to
      the box spring unit.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred embodiment of the present invention is in a box spring
      assembly used to support a mattress. The box spring assembly comprises a
      frame defining a generally planar foundation area having two long side
      members connected by two transverse end members and a plurality of slats
      connected between the two side members, a plurality of spring segments are
      formed as a continuous spring unit extending from one side member to the
      other. The units are mounted in a predetermined pattern on the frame and
      slats which together form a spring receiving means and a lacing or web of
      top wire forming a grid plane interconnects the spring segments to one
      another and to adjacent units. A resilient border wire defining a closed
      loop which is coplanar with the web or grid of top wire and runs above the
      entire periphery of the frame and is connected to the ends of each spring
      unit.
PAR  Each spring unit comprises a unitary length of wire which extends in a
      convoluted pattern from one side member of the box spring assembly to the
      other and in a direction generally parallel to the tranverse slats. Each
      spring unit begins and terminates with an end section between which are
      formed the plurality of spring segments or dual counter reaction modular
      coils. The modular spring segments are fastened to the lacing or webbing
      wire and to the frame or slats and the end sections are connected to a
      border wire which follows the periphery of the frame. The entire spring
      unit is formed from a single piece of wire and the first and last dual
      counter reaction modular coils are integrally connected to the end
      sections while adjacent modular springs are integrally connected to one
      another.
PAR  For the purpose of description consider that a modular spring begins at the
      height or level of the lacing or grid of top wire above the frame. The
      spring unit has an axis along which bridging lengths of wire interconnect
      two halves of a modular spring to be described fully hereinafter. The wire
      which forms one-half of a modular spring is substantially normal to the
      bridging length of wire and extends at an acute angle downward for
      approximately one-half of the height or distance that the lacing or web of
      the top wire is spaced above the frame, thereby forming a first linear
      wire section. At this point, a small coil is formed in the wire with an
      axis generally parallel to the axis of the spring unit, and thus parallel
      to the frame slats. The modular spring wire continues downward from the
      coil but at an acute angle substantially opposite the angular direction of
      the initial or first section of wire thereby forming a second linear wire
      section. The second linear wire section is shorter than the first and thus
      extends to a reference point short of a position directly under the spring
      unit axis and above the frame. The reference point is located above the
      frame approximately one-fourth of the distance from the top wire to the
      frame and displaced slightly under the first linear section. This second
      linear section is connected to a third linear section which extends
      directly downward to the frame thereby forming a third linear wire
      section. The bottom of the third section abuts a frame end member or slat
      and a fourth or support section is formed generally normal to the third
      section and normal to the unit axis. This support section rests on the
      frame and may be secured thereto. This completes a leg or half of the dual
      counter reaction spring segment.
PAR  The fourth wire section is formed with an additional generally
      perpendicular bend to form the bight section which interconnects two
      modular spring segments. This bight portion also lies on the frame and it
      is generally parallel to the upper bridging wire portions.
PAR  The other half of the modular spring segment is formed identically to that
      already described and extends downwardly from the bridging section and
      forms another bight section at the bottom of the foundation. This half of
      the spring segment has the same four sections described above, except, of
      course, the bends connecting the bight portion to the fourth portion, and
      the first portion to the bridging portion are in the opposite sense. Also,
      the coil portion is wound in the opposite direction.
PAR  Thus, one modular segment comprises two leg sections, each leg section
      comprises a first, second, third and fourth linear section and a coil; and
      a bridging section connecting the two leg sections together along the unit
      axis. The adjacent dual counter modular coil spring segments in each
      spring unit are connected together by the bight sections.
PAR  Since in each spring unit several dual counter reaction modular coil spring
      segments are formed, once the second half of the modular spring segment is
      completed the wire continues to form approached segments. This repetitive
      spring forming process is completed when the opposite side of the box
      spring is approached by the spring unit. Each end of the spring unit is
      finished with an end segment.
PAR  With this modular spring design, a force or weight applied to the top of
      the spring the first section of wire is moved downward and this action
      forces a complex combination of changes. The first linear section rotates
      and bends causing the coil section to close or decrease in diameter. The
      lower or second section of wire is also forced to bend and rotate downward
      pivoting around the reference point at which the second wire section turns
      to form the directly downward extending third section. The third wire
      section will also experience a bending moment at the junction with the
      fourth section. For a particular box spring assembly, a plurality of
      spring units are arranged in columns so that the dual counter reaction
      spring segments in adjacent parallel spring units fall into parallel rows
      or a predetermined pattern.
PAR  It is an object of the present invention to provide a box spring or
      foundation assembly which has a high degree of firmness and is yet very
      durable.
PAR  It is a further object of the present invention to provide a box spring
      assembly in which the plurality of spring units which form the foundation
      are easily assembled and manufactured. Each spring unit is formed of a
      single length of wire which is manipulated into an end segment, a
      plurality of dual counter reaction modular spring segments and a final end
      segment. The width of the box spring can be varied by merely increasing or
      decreasing the number of modular spring segments in each spring unit. The
      length of the box spring can be varied by merely increasing or decreasing
      the number of spring units.
PAR  It is an additional object of the present invention to provide a box spring
      assembly which is light in weight and low in cost due to a reduction in
      the number of springs necessary and in the decrease in wire gauge needed
      to obtain an acceptable degree of firmness.
PAR  It is yet a further object of the invention to provide individual dual
      counter reaction modular coil springs which are joined together to form a
      spring unit; a plurality of spring units are combined to form a box spring
      assembly.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Further and additional objects will appear from the following detailed
      description of the specific embodiment read in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a top view of a fragment of a single spring unit which
      illustrates the two end segments and a modular spring segment;
PAR  FIG. 2 is a side view of a modular spring segment;
PAR  FIGS. 3a-d are a plurality of alternative leg section embodiments which
      illustrate different compression options for a modular spring segment;
PAR  FIG. 4 illustrates the form of the top wire grid;
PAR  FIG. 5 illustrates the interconnection between fragments of two wires of
      the top wire grid and a fragment of a modular spring segment;
PAR  FIG. 6 illustrates diagrammatically the lacing design of the top wire grid
      and the connection to the modular spring segments.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a top view of a single spring unit. The spring unit
      comprises two end segments 30a and 30b and complete modular spring segment
      9 (only one modular spring is illustrated). The entire spring unit is
      formed from a single length of wire, however, for ease of description the
      end segments 30a and 30b and the modular spring segment 9 may be described
      and referred to as separate elements.
PAR  The end segment 30a is fastened to the border wire 26 which runs above the
      perimeter of the frame. A portion 31 of the end segment 30a runs parallel
      to the long side frame members and to the border wire 26 and is fastened
      to the border wire by any well-known means such as a clip (not
      illustrated). The portion 31 has a small bend inward or curl 32 to avoid
      snagging any fabric covering which can eventually be placed over the
      entire structure. The end segment has a depth D and the portion 31 extends
      3/5 D at which point the wire is bent at an angle E to form portion 33
      which continues until the overall depth D is traversed. The wire is formed
      at an angle complementary to angle E at point 33a and runs for a
      predetermined distance perpendicular to the border wire 26 forming end
      bridge portion 34. The wire is formed adjacent end bridge 34 to define an
      end segment leg portion 35 which extends downward to the frame where the
      bight portion 36 extends along a slat to join a modular coil spring. The
      leg portion 10a and l0b of the modular coil spring 9 would be identical to
      the leg portion 35 of end segment 30a as further discussed hereinbelow.
PAR  The bight section 19 of the leg portion 10a runs along the frame joining
      bight portion 36 of the end segment 30a. The modular spring 9 comprises
      two leg portions 10a and 10b which are connected by bridging segment 11.
      The second leg 10b (the leg on the left as FIG. 1 is viewed) is secured to
      the frame and forms the modular spring bight section wire 19 which runs
      along the frame until an adjacent modular spring (not illustrated) is
      formed. Bight wire segment 19 is fastened to the frame by any well-known
      and suitable means. There are a plurality of modular springs 9 formed
      during the length of the spring unit in a repetitive sequence which
      terminates with an end segment 30b. Naturally the end segment 30b is the
      reverse image of end segment 30a. The number of modular springs formed in
      any spring unit can be varied to change the width of the box spring. The
      last modular spring in the spring unit connects with the end segment 30b
      in the same manner in which the first modular spring connects with end
      segment 30a.
PAR  FIG. 2 illustrates a side view of the dual counter reaction modular coil
      spring 9. This view shows the leg portion 10 which is identical to the leg
      portion 35 of the end segment 30. In the modular spring 9, two similar leg
      portions 10a and 10b are connected by the bridging segment 11 (illustrated
      in FIG. 1). The length of the bridging wire segment 11 which forms the
      connection between the two leg portions 10a and 10b is not critical to the
      proper operation of the modular spring but is generally slightly shorter
      in length than the height h of the modular spring. The bridging section of
      wire 11 lies along the axis of the spring unit. At point 12, the
      connecting or bridging segment 11 terminates and the first leg of the
      modular spring begins. From point 12, a first or upper linear segment 13
      of the spring extends downward towards the frame (not illustrated) and
      forms an angle A measured from the vertical axis V. In the preferred
      embodiment, the angle A equals 32.degree.. This angle could also be
      measured from the horizontal or the planar foundation area formed by the
      frame means thereby the complement of angle A is equal to 58.degree.. The
      distance from the frame to the connecting wire 11 or point 12 is
      designated h. The upper portion 13 extends in this downward fashion
      forming angle A until slightly more than one-half of the height h has been
      traversed. The first or upper linear segment of wire 13 now forms a coil
      portion 14 by circling in the clockwise direction. In the preferred
      embodiment two coils are formed but multiple coils or a single coil are
      possible modifications. After the circular coil portion 14 has been
      formed, the wire extends to a second or lower linear portion 15. The
      second or lower linear portion 15 extends downwardly and (in an opposite
      direction to the first or upper section 13) forms an angle B measured from
      the vertical axis V. In the preferred embodiment angle B equals
      45.degree.. The lower portion 15 is shorter than the first portion 13 and
      hence extends to a reference point 16 which is slightly to the right of
      point 12 by a distance d (as viewed in FIG. 2). The point 16 is down
      approximately three-fourths of the height h from the point 12 or the
      connecting or bridging wire segment 11. At point 16, the lower or second
      portion 15 of the wire turns and proceeds vertically downward forming a
      third linear segment 17. The third segment 17 of the wire extends from
      point 16 vertically downward for the remainder of the height h until the
      frame is reached. The third linear segment 17 of the wire will contact the
      supporting frame or slats at point 18a. A fourth or support linear section
      18 is formed normal to said third section 17. The fourth section 18 rests
      on the frame and may be secured thereto. This fourth section 18 formed
      with a generally perpendicular bend to form the bight section 19 (as shown
      in FIG. 1) which interconnects two modular springs or a modular spring and
      end section (by joining end segment bight portion 36). The bight portion
      19 of the modular spring wire is connected to the frame by staples or
      other appropriate fastening means (not illustrated). The connecting or
      bridging segment 11 continues in a parallel relationship to the slats for
      a predetermined distance and then turns downward to form the second leg
      10b of the modular spring segment 9. When a force or weight is placed upon
      the connecting segment 11, the dual counter reaction modular spring as a
      whole will compress. As the force is virtually applied to point 12, the
      first or upper linear arm 13 will be forced in a downward direction. Since
      the point 12 is to the left of the center point P1 of the circular coil 14
      as illustrated in FIG. 2, the downward action of upper segment 13 will
      cause the coil 14 to close or contract. After coil 14 has contracted, the
      downward force causes the second linear wire segment 15 also to move in a
      downward direction pivoting about the reference point 16. The point 16 is
      slightly to the right of point 12 but substantially in to the left of the
      center point P1 of the coil 14. Therefore, the point 16 acts as a fulcrum
      and the lower section 15 as a moment arm. This arrangement relieves the
      stress which would normally be placed on the wire section 36 at the point
      of fastening to the frame or slat. This form also reduces any tendency of
      the entire modular spring 9 to lean or tilt. It should be noted that the
      coil 14 could open when force is applied to the top of the modular spring
      by counter winding. Another manner which could accomplish this operation
      would be to have the first section 13 bend to the right of the center
      point P1 so that the force applied would act at a point to the right of
      the center point P1 of the coil 14. If the force is effective at a point
      to the right of the center point, the coil will open under applied
      pressure instead of closing.
PAR  FIGS. 3a through d illustrate a plurality of different compression options
      available with the dual counter reaction modular spring. As can be seen,
      the angle A between the upper wire segment 13 and the vertical axis V is
      30.degree. for FIG. 3a and progress to 50.degree. as shown in FIG. 3d. It
      should be understood that any other angle would be possible within a
      working range of about 15.degree. to about 75.degree.; that is, of course,
      between about 75.degree. and 15.degree. to the plane of the foundation
      frame. As is apparent from these figures, as the angle A increases, the
      angle B between the vertical axis V and the lower segment 15 also increase
      by the same number of degrees and the point 16 changes from a reference
      point of turning into a curve having a larger and larger radius of
      curvature and therefore having the third segment 17 forming a
      progressively greater angle as measured from the vertical axis V. The
      height h from the connecting segment 11 to the frame (not illustrated)
      remains constant.
PAR  The greater the angle A becomes the less the spring is tensioned and hence
      the softer the foundation will be. Therefore, the firmest box spring will
      be formed from the spring illustrated in FIG. 3a and the softest from FIG.
      3d.
PAR  FIG. 4 illustrates the segment of the lacing or web of top wire generally
      indicated at 20. The top wire has a small segment 21 which will be
      connected to a support wire running around the periphery of the frame. The
      top wire comprises two main features: First, the outer lock or female
      portion 22; and second, the interlock or male portion 23. Both the male
      and female portion respectively 23 and 22, are repeated through the entire
      length of top wire. The top wire design forms a zigzag pattern. The
      segment 24 of wire forms an angle R measured from the vertical axis V. The
      segment of wire 24 extends for a particular predetermined length l. At the
      end of length l, the female section 22 is formed. The female section 22 is
      formed of a short piece of wire contiguous with the section 24. The female
      section of wire 22 is substantially perpendicular to segment 24 and has a
      very slight dip or curve. The female section 22 is short in length and at
      its termination a second segment 25 of wire of the same length l is formed
      making an angle G with the vertical axis V'. At the end of segment 25, the
      male section 23 contiguous therewith is formed. The male section 23
      comprises a raised and curved hook section which forms an interlocking
      relationship with the corresponding female section (not shown) of an
      adjacent segment of the lacing of top wire. This pattern of top wire
      design is repeated a sufficient number of times to extend across the width
      of the box spring and to interconnect the various dual counter reaction
      modular springs positioned on the frame and slats.
PAR  FIG. 5 illustrates the mating of the male portion 23 with the female
      portion 22 to support the top or bridging section 11 of the dual counter
      reaction modular spring 9 and the connection between the end segment 21 of
      the top wire 20 with the side wire frame 26. Initially the segment 21 of
      the top wire 20a is connected with the side or support wire 26 by means of
      a clip 27 or other suitable means. The segment 24 of the top wire 20a
      extends at an angle R from the vertical axis V for length l. At the
      termination of wire segment 24 the female section 22 of the top wire 20a
      is formed. At this point, as is seen in FIG. 6, the male portion from the
      adjacent and parallel top wire design 20d will mate with the female
      portion 22 thereby forming an interlock. Within this interlocking
      relationship is the bridge or connecting segment 11 of the dual counter
      reaction modular spring 9. Therefore, the top wire segments 20a through
      20n will form a crisscrossing pattern with male and female portions
      interlocking and forming support connections for the top segments 11 of
      the modular springs 9.
PAR  FIG. 6 illustrates the entire box spring assembly with a portion of the top
      wire lacing or web 20 properly positioned and a fragmentary section of the
      frame means. The remainder of the top wire or webbing 20 follows the same
      pattern and is not illustrated for the sake of clarity. In FIG. 6, the
      side supporting wire 26 will run around the entire periphery of the box
      spring. There is a plurality of top wire segments 20a through 20n which
      extends across the box spring in a crisscross pattern with two top wire
      segments 20a and 20b in a parallel channel. The first top wire segment 20a
      begins by connecting wire 21 by clip 27 to the supporting wire 26. The top
      wire design 20a continues with the first segment 24 extending to the
      female portion 22 (illustrated by O) and then continuing with the second
      length of wire 25 extending to the male portion 23 (illustrated by X).
      This initital wire pattern is repeated until the opposite side of the box
      spring and supporting wire 26 are reached. A second length of top wire
      design 20b begins with the connection of the segment 21' to the same
      border or supporting wire 26 by a clip 27'. Top wire segment 20b extends
      to a length of wire 24' which terminates with the male connector 23' which
      thereby unites by any well-known means with the supporting wire 26. Now,
      extending from the male connector 23' the second segment of wire 25'
      extends to the female connector 22'. As previously, this pattern is again
      repeated throughout the length of the box spring and terminates at the
      opposite side on support wire 26. Another top wire 20c begins with the
      connection to the border 26 at clip 27' or if desired slightly separated
      from clip 27' thereby requiring an additional clip. The top wire design
      20d begins with the connection of wire segment 21" to the top wire support
      26 by clip 27" and continues forming wire segment 24" which ends with the
      male connector 23". This top wire design 20d continues forming wire
      segment 25" which ends in female connector 22". This same sequence is
      repeated until the top wire design terminates at border wire 26. The male
      connector 23" of top wire 20d locks with the female connector 22 of top
      wire 20a. The male connector 23' of top wire 20b locks onto the border
      wire 26 and interconnects the connecting segment 11 of the modular spring
      adjacent to the border wire. This interlocking connects the top wire with
      section 11 of a single dual counter reaction modular spring. Each
      individual spring is similarly interconnected in the top wire web or lace
      network. As can be seen in FIG. 6, the spring units extend traversely
      across the box spring. The width of the assembly can be increased or
      decreased by the addition or subtraction of modular springs 9. The length
      of the box spring is altered by varying the number of spring units.
      Naturally to comply with the lacing design the spring units must be added
      or subtracted in pairs. The modular spring segments 10 of adjacent spring
      units form parallel rows along the length of the assembly thereby
      providing a pattern which increases firmness.
PAR  It is to be understood that the present disclosure can be modified or
      varied by applying current knowledge without departing from the spirit and
      scope of the novel concepts of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A resilient foundation assembly comprising:
PA1  a. frame means defining a generally planar foundation area;
PA1  b. grid means overlying and in spaced parallel relationship from said frame
      means over said foundation area, and
PA1  c. a plurality of spring units resiliently supporting said grid means and
      frame means in said spaced relationship, said spring units being disposed
      in generally spaced parallel relationship and extending across said
      foundation area, each of said spring units comprising a plurality of
      modular wire spring segments, each of said spring segments including a
      first leg section comprising
PA1  a first linear portion extending downward from a point in the plane of said
      grid and disposed at an angle relative to an axis normal to the plane of
      said frame,
PA1  a coil portion formed at the free end of said first linear portion, and
PA1  a bottom portion extending downwardly from said coil portion and disposed
      at an angle relative to said normal axis different in magnitude than said
      first linear portion angle,
PA1  the free end of said bottom portion contacting said frame,
PA1  whereby varying the compressive forces between said frame means and said
      grid means produces rotating moments in said first linear portion and said
      bottom portion and a winding force in said coil portion.
NUM  2.
PAR  2. The assembly of claim 1 wherein each of said spring segments of said
      unit further comprises a second leg section extending downward from the
      plane of said grid and being a mirror image of said first leg section, a
      bridging section in the plane of said grid for connecting said first and
      second leg sections wherein said first and second leg sections and said
      bridge section are formed from a single continuous length of wire.
NUM  3.
PAR  3. The assembly of claim 2 further comprising bight portions of wire lying
      in the plane of said frame and connecting the spring segments wherein the
      plurality of spring segments of each spring unit including bight portions
      therebetween are formed from a single continuous length of wire.
NUM  4.
PAR  4. The assembly of claim 1 where said frame means comprises two generally
      parallel side members, two end members extending transversely between the
      respective end portions of said side members and a plurality of slats
      extending generally parallel to said end members between said side
      members, said end members and slats defining spring receiving means and
      said bottom portions being secured to said spring receiving means.
NUM  5.
PAR  5. The assembly of claim 1 including an elongate, resilient border member
      defining a closed loop generally coplanar with said grid means and
      surrounding the periphery of said foundation area, said ends of said
      spring units being secured to said border member.
NUM  6.
PAR  6. The assembly of claim 1 wherein each end of each of said units having an
      end segment transverse to the axis of said unit.
NUM  7.
PAR  7. The assembly of claim 1 wherein said angles are acute in the range of
      about 75.degree. to about 15.degree..
NUM  8.
PAR  8. The assembly of claim 1 wherein the angle of said first linear portion
      is acute and about 30.degree. and the angle of said lower portion is acute
      and about 45.degree..
NUM  9.
PAR  9. The assembly of claim 1 wherein said bottom portion comprises, a second
      linear portion extending downward from said coil and terminating at a
      reference point above the plane of said frame, and a third linear portion
      integrally connected to said second portion at said reference point and
      extending downward to contact said frame and being disposed at an angle
      relative to said normal axis.
NUM  10.
PAR  10. The assembly of claim 9 wherein said third linear section is generally
      normal to the plane of said frame.
NUM  11.
PAR  11. The assembly of claim 9 wherein said third portion contacts said frame
      means at a point displaced toward said coil means relative to said point
      in the plane of said grid at which said first portion began to extend
      downward.
NUM  12.
PAR  12. The assembly of claim 1 wherein the axis of said coil portion lies in a
      plane generally parallel to said plane of said frame means.
NUM  13.
PAR  13. The assembly of claim 1 wherein said grid means comprises a plurality
      of grid wires each lacing diagonally back and forth between two adjacent
      spring units and alternately connected thereto throughout their length.
NUM  14.
PAR  14. The assembly of claim 1 wherein said grid means comprises a plurality
      of grid wires, each lacing diagonally back and forth between two adjacent
      spring units and alternately being connected to said bridging portions.
NUM  15.
PAR  15. The assembly of claim 9 wherein
PA1  said reference point is spaced a horizontal distance from said point in the
      plane of said grid at which said first linear portion began to extend
      downward whereby the area at said reference termination point acts as a
      fulcrum when the compressive forces between said frame means and said grid
      means are varied.
NUM  16.
PAR  16. The assembly of claim 1 wherein said free end of said bottom portion
      contacts said frame at a point spaced a horizontal distance from said
      point in the plane of said grid at which said first linear portion began
      to extend downward.
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PAL  A helicopter having a lift unit including a multiblade helicopter main
      rotor system and a nodalized module including a beam driven in response to
      blade developed vertical forces has a fuselage unit connected to the beam
      only at vibration nodal points along the beam. The coupling between the
      lift unit and the fuselage comprises two rigid arms which form the beam
      and which extend toward one another from the nodal points. A multilayered
      flexible beam section interconnects the arms to accommodate beam bending
      in the flexible section. A rigid member is attached to each of the arms at
      drive points intermediate the nodal points in supporting relation from the
      lift unit.
PARN
PAR  This is a division of application Ser. No. 428,235, filed 12-26-73 now U.S.
      Pat. No. 3,858,831.
BSUM
PAR  This invention relates to vibration isolation in helicopters, and more
      particularly to structure which provides isolation while providing
      operation in a focused rotor mode.
PAR  Vibration in helicopters is particularly severe in two-blade units. The
      vertical vibratory input through the pylon to the fuselage is produced by
      variations in the force on the rotating blades of the lift unit. Because
      of the intensity of the vibration, efforts have been made to attenuate or
      eliminate the undesired motion in the fuselage.
PAR  Copending application Ser. No. 331,614 filed Feb. 12, 1973 discloses a
      system wherein a lift unit is coupled to a load carrying fuselage only at
      vibration nodal points on the lift unit. The transmission of vibratory
      energy into the fuselage thus hung from the lift unit at nodal points is
      minimized or reduced drastically. The improvement in performance and
      comfort has been dramatic.
PAR  The present invention is directed to an improvement over the system
      described and claimed in said application. An objective is to provide for
      focused rotor operation while minimizing the weight and space
      requirements. Application Ser. No. 331,614 discloses the conditions under
      which vibration nodes may be located outside the segment of fuselage
      spanned by driving linkages. When so arranged, the space requirements for
      the system are reduced.
PAR  In accordance with the present invention, an improved system is provided
      for a helicopter which includes a multiblade main rotor system with a
      nodalized module including a beam driven in response to blade developed
      vertical forces. A fuselage is connected to the beam only at vibrational
      nodal points. The beam includes two rigid arms extending toward one
      another from the nodal points. A multilayered flexible beam section
      interconnects the arms to accommodate beam bending. A rigid member then
      attaches to each of the arms at drive points intermediate the nodal points
      in supporting relation from the lift unit.
PAR  Preferably the rigid members couple the lift unit to the fuselage in a
      focused rotor geometrical relationship.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with accompanying drawings in which:
PAR  FIG. 1 diagrammatically illustrates a focused rotor nodalized lift
      module-fuselage relationship;
PAR  FIG. 2 illustrates one embodiment of the present invention;
PAR  FIG. 3 is an enlarged view of a portion of a beam of FIG. 2;
PAR  FIG. 4 is a modification of one of the beams of FIG. 2; and
PAR  FIG. 5 illustrates application of the present invention to a single beam
      nodalized unit.
DETD
PAC  FIG. 1
PAR  Referring now to FIG. 1, a helicopter pylon 10 extends upward from a drive
      transmission unit 11. A multiblade helicopter rotor is indicated by blade
      segments 12 and 13. The transmission 11 is coupled by links 14 and 15 to
      pin couplings 16 and 17 on a nodalizing beam 18. Beam 18 is connected by
      pins to fuselage fixtures 20 and 21. Beam 18 is made up of three major
      components. Two rigid arms 18a and 18b extend from fixtures 20 and 21. An
      intermediate element 18c is somewhat more resilient and is rigidly secured
      in elements 18a and 18b.
PAR  As the structure of FIG. 1 vibrates in response to forces represented by
      arrow 22, those forces are applied through pylon 10 to transmission 11 and
      thence through links 14 and 15 to the compound beam 18. Beam 18 is caused
      to vibrate with the center section undergoing cyclic beam bending.
      Properly constructed, beam 18 will vibrate in such a manner that the
      points at which the beam is coupled to fixtures 20 and 21 will be at
      vibrational nodes so that the motion represented by arrow 22 will not be
      imposed on the fuselage on which the fixtures 20 and 21 are mounted.
PAR  The present invention is particularly directed to the provision of a
      suitable beam structure and linkages associated with such beam structure
      that focused rotor operation is achieved and such that the torque may be
      applied from the rotor mounting to the fuselage.
PAC  FIG. 2
PAR  Referring now to FIG. 2, pylon 10 and transmission 11 are shown in dotted
      configuration. The coupling between transmission 11 and fuselage is by way
      of a pair of compound beams. The first beam 30 comprises rigid end members
      31 and 32 interconnected by a more flexible center beam 33. Center beam 33
      is nested in cup-like ends 34 and 35 of beams 31 and 32. The extremity of
      beam 31 opposite beam 33 is connected by pin 36 to a mounting fixture 37
      which is secured to the fuselage. The end of beam 32 opposite beam 33 is
      connected by way of pin 38 to a fixture 39 which is secured to or forms a
      part of the fuselage. Rigid support link 40 extends from pin 41 in beam 31
      to a pin 42 that is secured to the transmission 11. A link 43 similarly is
      coupled between pin 44 on beam 32 and is secured by a pin 45 to
      transmission 11.
PAR  In a similar manner, a second beam 50 comprises rigid elements 51 and 52
      with a soft beam 53 coupling the end thereof together and is coupled to
      fixtures 57 and 59. Rigid links 60 and 63 serve to couple beams 51 and 52,
      respectively, to transmission 11.
PAR  Links 40 and 43 are canted with the upper ends extending towards each other
      so that the intersection of the centers thereof is along a line 70.
      Similarly, the center line of links 60 and 63 intersect at line 70. Line
      70 passes through the center of percussion of the pylon 10, thereby
      minimizing pitching motions that otherwise would be induced into the
      fuselage if line 70 were displaced from the center of percussion of the
      pylon.
PAR  The members 40 and 60 are canted one with respect to the other such that
      the center lines thereof intersect below the assembly at a line 71.
      Similarly, arms 43 and 63 intersect on line 71. Line 70 extends athwart
      ship. Line 71 extends longitudinally of the aircraft. Line 71 passes
      through the center of gravity of the aircraft. Thus, the nodalizing beams
      30 and 50 permit a nodalized mount of the pylon 10 and transmission 11
      while maintaining the advantages involved in a focused rotor system.
PAR  In this embodiment of the invention, a pair of torque links 80 and 81 are
      connected by suitable pins to lower portions of the transmission 11 and
      extend generally in a plane perpendicular to the axis of the pylon 10.
      Link 80 is connected to a toggle member 82 which in turn is connected by
      link 83 to an elastomeric mount 84 which is secured to the fuselage. In a
      similar manner, link 81 is connected to a toggle member 85 which in turn
      is coupled by link 86 to an elastomeric fuselage member 87. Toggle members
      82 and 85 are then interconnected by link 88. Torques in the horizontal
      plane developed in pylon 10 may, by linkages 80-88, be transmitted to the
      fuselage without modifying the nodalized operation involved in the beams
      30 and 50. The vertical movement represented by arrow 22 present in the
      transmission 11 are imposed on beams 30 and 50 by linkages 40, 43, 60 and
      63. Because the intermediate beams 33 and 53 bend, the points, such as
      point 36, are at vibration nodes and thus little if any of the motion
      represented by arrow 22 is transmitted to the fuselage.
PAC   FIG. 3
PAR  Structure for the beam 33 in a preferred embodiment of the invention is
      illustrated in detail in FIG. 3. In this embodiment, the cup 35 at the end
      of beam 32 serves to nest one end of the beam 33. The cup 35 is provided
      with a rectangular metal liner 90. The beam 33 is comprised of ten metal
      layers, such as layer 91. Bonded between each adjacent surface of the
      layers 91 is a layer of an elastomeric material 92. Thus, the beam 33 is a
      bonded elastomeric beam with the layers 92 interspersed between each of
      the adjacent metallic layers 91. This permits the beam to bend without
      frictional displacement of one metal surface on another. In the bent
      configuration, the end 93 is stepped to reflect the shear forces to the
      rubber layers 92.
PAR  The lower metal layer 91 is bonded to the upper surface of a pillow block
      94 of elastomeric material. The lower surface of pillow block 94 is bonded
      to the inner surface of sup 90. The upper metal plate 95 of beam 33 is
      bonded to the lower surface of an upper similar pillow block 96. The upper
      surface of block 96 is of material such as sold under the trademark TEFLON
      and is not bonded to cup 90. By this means, the end 93 of beam 33 is
      securely attached to the bottom of cup 90 but is permitted substantial
      relative motion in response to bending forces at the top of cup 90.
PAR  In one embodiment of the invention, the beam members 31 and 32 were 16.8
      inches long. The beam 33 was 5 inches long. The beam 33 was made of bars
      91, 95 each 0.1 inch in thickness, 2.0 inches in width and 10 inches long
      (seven bars).
PAR  The rubber layer sandwiched between the metal strips 90, 95 was of rubber
      and was in the unstressed condition of 0.03 inch thickness. The compound
      beam comprising the elements 30, 32 and 33 were then driven at pins 41 and
      44 by links 40 and 43 at points which were 34 inches apart. The spacing
      between pins 38 and 36 of FIG. 2 was then 38.5 inches. The angle of FIG. 2
      was 130.degree.. The angle b, FIG. 2, was &lt;30.degree. .
PAC  FIG. 4
PAR  FIG. 4 illustrates a modification of the invention in which the beam was
      provided with loading to change the natural frequency thereof to further
      minimize the spacing between nodal points 100 and 101. The beam is
      comprised of the rigid end members 102 and 103 interconnected by a more
      flexible center beam 104. The cutaway portion of beam 103 shows the
      nesting of center beam 104 in the cup-like end 105 of beam 103. An arm 106
      is rigidly attached to beam 103 near cup 105. A load applied by arm 106
      changes the frequency of beam 102, 104, 105 which permits reduction in the
      distance between nodal points 100 and 101. The extremity of beam 103
      opposite beam 102 is connected by pin 100 to a mounting fixture 107 which
      is secured to the fuselage. The end of beam 102 opposite beam 103 is
      connected by way of pin 101 to a fixture 108 which is secured to or forms
      part of the fuselage. The rigid support link 109 extends from pin 110 in
      beam 102. A link 111 is similarly attached to beam 103 by pin 112.
PAC  FIG. 5
PAR  FIG. 5 illustrates application of the present invention to a single beam
      nodalized unit. Pylon 10 and transmission 11 are shown in dotted
      configuration. The coupling between transmission 11 and the fuselage is by
      way of a single compound beam 120. The beam comprises rigid end members
      121 and 122 interconnected by a more flexible center beam 123. Center beam
      123 is nested in cup-like ends 121a and 122a of beams 121 and 122. The
      extremity of beam 121 opposite beam 122 is connected by suitable pins to
      links 125 and 126 which are secured to the fuselage. Similarly, the
      extremity of beam 122 opposite beam 121 is connected by suitable pins to
      links 127 and 128 which are secured to the fuselage. Rigid support link
      129 is connected by a suitable pin to beam 121 and extends to a pin 130
      that is secured to transmission 11. A link 131 is similarly attached to
      beam 121 by a suitable pin and extends to pin 132 which is secured to
      transmission 11. In a similar manner, rigid links 133 and 134 serve to
      couple beam 122 to transmission 11.
PAR  In this embodiment of the invention, a single torque link 135 is connected
      by suitable pin to the lower portion of the transmission 11. Link 135 is
      connected to elastomeric mounts 136 and 137 which in turn are secured to
      beam 122. The extremity of beam 121 opposite beam 122 is connected by
      suitable pins to rigid links 138 and 139 which are in turn secured to the
      fuselage. The extremity of beam 122 opposite beam 121 is connected by a
      suitable pin to rigid link 140 which is secured to the fuselage. Torques
      in the horizontal plane developed in pylon 10 may, by linkages 138 - 140,
      be transmitted to the fuselage without modifying the nodalized operation
      involved in beam 120.
PAR  Thus, in accordance with the invention, a helicopter, having a lift unit
      including a multiblade helicopter main rotor system and a nodalized module
      including a beam driven in response to blade developed vertical forces,
      has a fuselage unit connected to the beam only as vibration nodal points
      along the beam. The coupling between the lift unit and the fuselage
      comprises two rigid arms which form the beam and which extend toward one
      another from the nodal points. A multilayered flexible beam section
      interconnects the arms to accommodate beam bending in the flexible
      section. A rigid member is attached to each of the arms at drive points
      intermediate the nodal points in supporting relation from the lift unit.
PAR  In a preferred form, the beam has an elastomeric multi lamina middle
      section imbedding a plurality of parallel longitudinally extending spring
      plates for control of the spring constant of the beam.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifiations as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A structure for carrying a load from a super positioned vibratory
      support comprising:
PA1  a. at least one nodalized beam supporting said load from nodal points on
      said beam and comprising two rigid arms extending toward one another from
      said nodal points with a multilayered flexible beam section
      interconnecting the confronting ends of said arms, and
PA1  b. two members extending from said support, each of said members being
      connected, respectively, to one of said arms at a drive point, said drive
      points being located intermediate said nodal points on said beam.
NUM  2.
PAR  2. The combination set forth in claim 1 wherein said flexible beam section
      comprises a plurality of elastomeric layers interposed between and bonded
      to a plurality of adjacent metal spring plates for control of the spring
      constant of said beam.
NUM  3.
PAR  3. The combination set forth in claim 2 wherein each of said two rigid arms
      is subtended by a cup for housing an end portion of said flexible beam
      section.
NUM  4.
PAR  4. The combination set forth in claim 3, wherein one outer member of said
      plurality of spring plates in bonded to elastomeric pillow blocks movably
      seated within each said cup, and a second outer member of said plurality
      of spring plates is bonded to elastomeric pillow blocks which in turn are
      bonded to an inner lip of each said cup.
NUM  5.
PAR  5. The combination set forth in claim 1 wherein a load is rigidly attached
      to one of said two rigid arms to change the natural frequency of said beam
      and permit a reduction of distance between nodal points of said beam.
NUM  6.
PAR  6. The combination of claim 1 wherein said members are rigid links coupled
      between said support and said arms.
NUM  7.
PAR  7. The combination of claim 6 wherein said links are coupled to said
      support and said arms by pins whereby relative rotation is permitted
      between said links, said support and said arms.
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ABST
PAL  A method of making refractory carbide particles, which method comprises
      heating a granule containing refractory metal and carbon to a sufficient
      temperature to form a molten droplet of refractory carbide, carbon being
      included in said droplet in excess of the stoichiometric amount which
      combines with the refractory metal in the highest usual valence thereof,
      and cooling said molten droplet below the eutectic temperature within 60
      seconds or less to cause a thin continuous layer of highly crystalline
      carbon to precipitate out on the outer surface thereof.
BSUM
PAR  This invention relates to carbides and more particularly to refractory
      carbide particles having improved stability at high temperatures.
PAR  Refractory carbide particles, especially particles which are useful in
      nuclear energy applications, are often exposed to high temperatures, for
      example, temperatures above 2000.degree.C., for prolonged periods of time.
      In such operations, it is often important that the refractory carbide
      material be maintained in a particulate form and that a particular
      particle shape be also maintained, e.g., a spheroid.
PAR  Attempts have been made to encase refractory carbide particles in jackets
      of various sorts to prevent subsequent migration of the refractory carbide
      material outside the enclosing jacket. In nuclear reactor applications,
      pyrolytic carbon coatings have been quite useful as jacketing materials
      because pyrolytic carbon is compatible with the refractory carbide
      material and because the carbon has moderating properties useful in
      certain nuclear energy applications. None of the previously jacketed
      refractory carbide particles has proved totally successful in every
      aspect. Under certain conditions, migration of the refractory material
      through the jacket during exposure to high temperatures for prolonged
      periods remains a problem. Methods of producing improved refractory
      carbide particles which are resistant to such migration are desired.
PAR  It is an object of the present invention to provide a method for making
      refractory carbide particles having improved stability at high
      temperatures and to provide useful particles produced by this method. It
      is another object of the invention to provide a method for producing
      refractory carbide particles jacketed so as to prevent migration of the
      refractory material through the jacket even though the particles are
      exposed to high temperatures for prolonged periods. It is a further object
      to provide a method for making refractory carbide particles for nuclear
      energy applications which particles have excellent stability although
      exposed to high temperature for prolonged periods of time. It is a still
      further object to provide a method for making nuclear fuel carbide
      particles which are jacketed so as to prevent migration of the nuclear
      fuel material to the exterior of the jacket although the particles may be
      exposed to operating temperatures at which the nuclear fuel material
      becomes partially molten.
DRWD
PAR  These and other objects of the invention are more particularly set forth in
      the following detailed description of processes embodying various features
      of the invention and in the accompanying drawings wherein:
PAR  FIG. 1 is a phase diagram of the Uranium-Carbon system; and
PAR  FIG. 2 is a diagrammatic view of apparatus suitable for performing
      processes embodying various features of the invention.
DETD
PAR  It has been found that refractory carbide materials, such as uranium
      carbide, have a very low tendency to dissolve in highly crystalline
      carbon, e.g., graphite. Although the precise mechanisms by which solid
      solutions of these materials form are not completely understood, and
      although various refractory carbide materials, such as uranium carbide,
      appear to be soluble in carbon that is not highly crystalline, such as
      pyrolytic carbon, uranium carbide appears to have an extremely low
      solubility in highly crystalline carbon. Thus, it has been found that by
      enclosing a particle of a refractory carbide within a continuous jacket or
      shell of highly crystalline carbon, migration of the refractory carbide
      through the surrounding shell is effectively prevented.
PAR  It has also been found that a particle of refractory carbide material can
      be suitably encased in a continuous shell of highly crystalline carbon by
      raising the temperature of a particle of refractory carbide material
      containing a sufficient excess of carbon to a temperature above the
      melting point of the carbide and then rapidly cooling the particle, in a
      matter of seconds. Such rapid cooling of a particle of this composition
      causes a continuous shell of highly crystalline carbon to precipitate out
      of the refractory carbide molten droplet as the cooling progresses. The
      thickness of the continuous shell is determined by the amount of excess
      carbon contained in the particle, the temperature to which the particle
      has been heated, and the particle size. The particle should contain an
      amount of carbon in excess of the stoichiometric amount which combines
      with the refractory metal in its highest usual valence state. The amount
      of excess carbon provided is one factor in determining the thickness of
      the shell that precipitates out at the surface of the particle.
PAR  As used in this application the term "refractory carbide" refers to any
      metal or metaloid carbide which remains in the solid state although heated
      to temperatures in excess of 1000.degree.C. Also, the use of the term
      "highly crystalline carbon" is employed to refer to forms of carbon, such
      as natural graphite, which has a three dimensional crystal structure as
      revealed by X-ray diffraction methods. Preferably, the highly crystalline
      carbon has an interlayer spacing approaching 3.35 A.
PAR  Whereas various refractory metal carbides made with stoichiometric
      proportions of metal and carbon are solid at temperatures below about
      1000.degree.C., these refractory metal carbides may pass through various
      liquid-solid phases when raised to higher temperatures. Moreover, when the
      temperature is raised so that the refractory carbide is completely molten,
      the stoichiometric refractory carbide will often dissolve a still further
      amount of carbon to form a molten solution of carbon in the liquid
      refractory carbide. Furthermore, as the temperature of the molten
      refractory carbide is still further increased, the amount of carbon that
      will go into solution increases. Subsequently, if the temperature is
      gradually decreased, carbon begins to precipitate out of the solution
      until a certain point is reached (termed the eutectic point) where further
      decrease of temperature results in the hardening of the molten solution
      into an overall solid phase.
PAR  It has been found that for relatively small droplets of a molten solution
      of carbon in a refractory metal carbide, if cooling of the droplet is
      effected rapidly enough, the surface of the droplet cools at a
      sufficiently faster rate than the interior of the droplet causing the
      carbon to precipitate from the solution at the outer surface of the
      droplet and resulting in the formation of a thin jacket or shell of highly
      crystalline carbon on the surface. As long as a sufficient amount of
      carbon is present, in excess of the stoichiometric amount that combines
      with the refractory metal at its highest usual valence, a continuous shell
      is formed about the center core of refractory carbide. The carbon which
      precipitates from the molten carbide solution, at the high temperatures at
      which such a refractory carbide is molten, is generally in a highly
      crystalline form and provides a protective jacket for the refractory metal
      carbide core.
PAR  The carbides of various refractory metals, which carbides are useful for
      various high temperature applications, can be protected in this manner.
      Prime examples of refractory metal carbides which can be advantageously
      protected in this manner are those refractory metals which have nuclear
      fuel application because they are nuclearly fissile or fertile, such as
      uranium, thorium, and plutonium. Another class of refractory metals are
      those which have nuclear energy applications as neutron absorbers or
      poisons, such as boron, gadolinium, erbium, and samarium. Still other
      suitable refractory metals which may be protected by this process include,
      but are by no means limited to, zirconium, hafnium, niobium, titanium,
      tantalum, vanadium, and tungsten.
PAR  Uranium carbide is a good example and is one of the preferred materials for
      which the process can be employed to produce products having numerous
      advantages. FIG. 1 illustrates the phase diagram of the uraniumcarbon
      system at temperatures above 2000.degree.C. From the phase diagram, it is
      apparent that, for a system employing 50 mole percent carbon (equivalent
      to about 4.86 weight percent carbon of the total weight of uranium and
      carbon), melting occurs about 2480.degree.C. Likewise, it can be seen from
      this phase diagram that the compound termed uranium dicarbide melts at
      about 2500.degree.C. However, examination of the experimental data
      presently at hand shows that uranium dicarbide is apparently not
      stoichiometric UC.sub.2, but is believed to be somewhere between
      UC.sub.1.86 and UC.sub.1.94. For purposes of the construction of FIG. 1,
      the composition was assumed to be about UC.sub.1.90, which composition
      would contain about 8.8 weight percent carbon.
PAR  If a greater amount than about 8.8 weight percent carbon is included in the
      total system, as the molten system is cooled to about 2500.degree.C., the
      solution should become super-saturated in carbon so that carbon will begin
      to precipitate out. However, as can be seen on the phase diagram, a
      eutectic point does not occur at the precise composition of pure uranium
      dicarbide, but occurs at a point slightly to the right thereof. Although
      present experimentation shows that the eutectic composition has about 9.5
      weight percent carbon, this eutectic structure is not observed in the
      particles which result from the process of this invention. Presently, it
      is believed that the carbon, which would ordinarily participate in the
      formation of such a eutectic composition, instead precipitates on the
      surface of the droplet as a part of the shell. Shells have been observed
      on certain size particles formed from droplets having compositions as low
      in carbon content as about 9.4 weight percent of carbon. As will be
      discussed more fully hereinafter, the greater the excess amount of carbon
      which is present and is dissolved in the molten solution of the liquid
      droplet, the thicker is the resultant crystalline carbon shell on the
      hardened particles.
PAR  It is important that the cooling of the droplets be carried out rapidly so
      that differential cooling is effected, i.e., the outer surface of the
      droplet being cooled while the interior thereof remains substantially
      molten, so that precipitation occurs at the outer surface. The precise
      limits of time in which the cooling should be effected before a continuous
      highly crystalline carbon shell is produced varies somewhat with the
      different refractory metal carbides and with the size of the droplets. The
      cooling time spoken of is considered to be the time it takes to cool the
      molten droplet from its maximum temperature to a state in which a
      sufficiently thick outer portion of the particle has hardened to maintain
      the integrity of the particle, regardless of the fact that the very center
      of the particle may remain molten for a slightly longer time. As a general
      rule, it can be said that the cooling should take place in a matter of
      seconds, i.e., and less than about a minute. A cooling time of about 20
      seconds or less is usually employed, and a cooling time of less than about
      2 seconds is preferably used.
PAR  In general, carbide particles having these improved properties can be
      advantageously produced in particle sizes up to about 500 microns.
      Although the process is operable to produce shells on particles of even
      larger sizes, because of the fairly great disparity between the thickness
      of the shell and the overall diameter of the core, particles of this type
      above about 20 mils in size may not have practical applications.
PAR  The thickness of the shell is dependent upon the amount of excess carbon in
      the molten droplet, the rate of cooling and the overall size of the
      droplet. Shells having thickness of greater than about 6 microns have not
      been yet observed on uranium dicarbide particles. This may apparently be
      an upper limit to the thickness of the shell which precipitates out of the
      molten refractory carbide droplet upon cooling. Moreover, it can be seen
      the larger the size of the particle, the lesser the weight percent of
      excess carbon that is required to produce a shell of a given thickness of
      say 4 microns. Of course, it is apparent that a certain thickness of a
      shell cannot be formed if sufficient excess carbon is not present in the
      molten droplet to produce such a shell. At the same time, the cooling rate
      is not a truly independent variable in the shell formation because, if a
      sufficiently rapid cooling rate is employed, for example, less than about
      2 seconds, substantially all of the excess carbon available may
      precipitate out on the surface of the particle to provide a shell of up to
      about 6 microns in thickness. However, when slower cooling rates are
      employed, then the rate of cooling becomes a factor inasmuch as all of the
      available carbon may not be precipitated out at the surface of the
      particle.
PAR  The minimum amount of excess carbon necessary to create a shell of given
      thickness on a particle of given core radius can be simply calculated. The
      following calculations are base upon a uranium-carbon system.
PAR  Geometrically, it can be shown that:
      ##EQU1##
      wherein r = radius of the particle core
PA1  t = thickness of the shell
PA1  Vs = volume of the shell
PA1  Vp = volume of the particle core
PAL  However, when t is quite small relative to r, the last two terms may be
      ignored so that the following equation becomes a workable approximation:
      ##EQU2##
      wherein ds = density of shell (assume 2gm/cc for carbon)
PA1  dp = density of particle core (assume 10 gm/cc for uranium dicarbide)
      ##EQU3##
      Assuming, the core to be in the form of UC.sub.1.9 (8.8 weight % carbon):
      ##EQU4##
      Substituting equation 3 into equation 4:
      ##EQU5##
      Ignoring the 0.6t which is small compared to the value of r, the formula
      becomes:
      ##EQU6##
      The following table shows illustrative calculated minimum values of total
      weight % carbon needed in the molten droplet to produce a shell of the
      specified thickness:
TBL                TABLE I                                                     
     ______________________________________                                    
     r (core radius)                                                           
                    t = 1 micron                                               
                               t = 6 microns                                   
     ______________________________________                                    
      25 microns    11.0 w/o C 23.2 w/o C                                      
      50 microns    10.0 w/o C 16.0 w/o C                                      
     100 microns     9.4 w/o C 12.4 w/o C                                      
     ______________________________________                                    
PAR  As can be seen from the table above, the total weight percent carbon needed
      in a molten droplet to produce a shell of a desired thickness varies
      according to the radius of the particle. Accordingly, no absolute value
      can be given in terms of weight percent. Moreover, it should be realized
      that the Table I values are for a uranium-carbon system and that the
      weight percents given would inherently be different when different
      refractory metals than uranium are employed. Inasmuch as it is believed
      that the minimum thickness of shell which provides the desirable
      advantages is a shell thickness of about 1 micron, the best definitive
      expression of the amount of carbon which should be present in the molten
      refractory carbide droplet is: sufficient carbon should be included, in
      excess of the amount of carbon which stoichiometrically combines with the
      refractory metal at its highest valence, to provide a shell 1 micron thick
      having a density of at least about 2 grams per cc.
PAR  The temperature employed must be above the melting point of the refractory
      carbide so that there is a substantial liquid phase formed before cooling,
      and should be high enough so that substantially all of the carbon is in
      the solution. When carbon is completely dissolved, precipitation occurs on
      the surface of the hardening droplet to a greater extent than if there
      remains an actual two phase system, i.e., solid carbon particles and the
      liquid solution. As can be seen by reference to FIG. 1, if about 13 weight
      percent carbon is employed, the temperature of the molten droplet should
      be raised to at least about 2800.degree.C. so that all of the carbon is at
      one time in solution.
PAR  At the high temperatures which are employed, the carbon which precipitates
      out of the solution is in a fairly highly crystalline form. In addition,
      various refractory carbides catalyze the transformation of carbon into
      graphitic crystals. In this respect, uranium dicarbide is an excellent
      catalyst which promotes the formation of graphite crystals. Accordingly,
      when a uranium-carbon system is used, the shell which precipitates out is
      graphitic in nature, and serves as an excellent barrier against subsequent
      migration of uranium therethrough. The nature of this thin, hard,
      continuous graphite shell is such that there is a high insolubility of the
      uranium dicarbide in the shell material. Moreover, even if the particle is
      subsequently raised to a temperature sufficient to melt the core, the
      shell confines the core in its molten state at least for a short period,
      so long as the particles remain a fair distance, say about 100.degree.C.,
      below the temperature reached during their manufacture and there was
      sufficient carbon present to saturate the molten solution at that
      manufacturing temperature. Containment of the core material can be quite
      valuable, for example, it will permit exposure to high temperatures which
      are encountered in various fabrication processes for treating the
      particles to form desired end products.
PAR  Heating to form the droplets can be carried out in any suitable manner. The
      term "granule" is hereinafter used to describe the droplets before they
      are melted. The desired amount of carbon in excess of the stoichiometric
      amount is usually included in the granule, as by forming the granules from
      a mixture of carbon powder and the refractory carbide or from a mixture of
      carbon powder and a metal in its elemental state (or in a compound
      thereof, such as the metal oxide), in which latter case conversion to the
      refractory carbide occurs when melting takes place. An alternative way of
      providing the necessary carbon in the granules is by coating the
      refractory carbides in the desired size range with sufficient pyrolytic
      carbon which will dissolve in the molten droplets and precipitate out upon
      cooling.
PAR  One acceptable method for forming relatively small droplets is dropping
      granules through a hot zone. Other suitable ways include the use of a
      plasma jet, a plasma torch, or arc plasma. The heating means employed
      should be used in a manner so that the granules are heated throughout and
      become completely in a molten state, so that the carbon is uniformly in
      solution in the molten refractory carbide. Indiscriminate heating may
      cause only the outer surface to become molten while the center remains
      solid. In such an instance, all of the excess carbon provided in the
      granule may not get into solution and thus, when cooling begins, this
      carbon may not be available to precipitate out and may result in either a
      thinner or an incomplete shell on the resultant particle. Accordingly, if
      a heated zone is employed, it is important that the granule be within that
      zone for sufficient time to become completely molten.
PAR  Various suitable methods for disposition of the granules during the heating
      step may be employed. However, droplets should preferably be disposed so
      that the entire surface of the molten droplet is free and precipitation
      may generally uniformly take place along the entire surface to form the
      desired continuous shell. Accordingly, it is preferable to dispose the
      droplets in a fluid which is nonreactive with the refractory carbide and
      with carbon. Inert gases may be conveniently used. When such a fluid is
      employed, the inherent surface tension of the droplet is sufficient to
      form the molten droplet into a spheroid so that, after cooling, the
      resultant particle is spheroidal in shape.
PAR  The forming operation is conveniently carried out while the granules are
      disposed in an inert gas, such as argon or helium, using any of the
      above-mentioned heating means. An apparatus for performing this process on
      a continuous basis by dropping the granules through a heated zone of
      sufficient length and cooling the falling particles before they reach the
      bottom is described hereinafter in this application. Other suitable
      processes may also be employed. Whatever process is employed, it is
      important that the cooling be regulated so that rapid cooling is effected
      so that the outer surface of the droplet is cooled far more rapidly than
      the interior causing precipitation to occur at the outer surface.
PAR  Once these particles are produced, and before they are used, it may be
      desirable to provide the particles with a further outer covering which
      will protect the integrity of the thin shell. Any suitable material which
      is compatible with the highly crystalline carbon of the shell may be
      employed as a protective outer covering. The particles may be conveniently
      coated with pyrolytic carbon to provide the desired protection. One method
      for coating particles with pyrolytic carbon is disclosed in copending
      application Ser. No. 272,199, filed Apr. 11, 1963, now U.S. Pat. No.
      3,325,363 and assigned to the assignee of this application. Although
      various thicknesses of a protective outer coating may be employed, it is
      considered that a coating of about 10 to 50 microns thick of pyrolytic
      carbon having a density of about 2 grams per cc. will provide an adequate
      outer covering that will both support the thin shell and protect it from
      damage.
PAR  It is often desirable to employ nuclear fuel refractory carbides, such as
      uranium carbide, in the form of stable fuel compacts in various nuclear
      energy applications. For example, such pyrolytic carbon-coated fuel
      particles are especially well-suited for inclusion in graphite matrix fuel
      compacts. In making such fuel compacts, it is often desirable to employ
      relatively high temperatures to produce fuel-bearing compacts which are
      dense and have good structural strength. By employing the improved fuel
      particles set forth above, temperatures between 2000.degree.and
      2400.degree.C. and higher may be used in forming the compacts without
      causing deterioration of the improved fuel particles as a result of
      melting and migration of the nuclear fuel.
PAR  The invention is further illustrated by the following examples which should
      be understood as to not to constitute limitations upon the invention which
      is defined solely by the claims which appear at the end of this
      specification.
PAC  EXAMPLE I
PAR  Apparatus 10 for carrying out the processes previously described to form
      the improved refractory metal carbide particles is diagrammatically
      illustrated in FIG. 2.
PAR  Briefly, a heating zone is provided by a vertical susceptor, in the form of
      a tungsten or pyrolytic carbon tube 11, which is disposed relatively
      centrally within a high temperature furnace 13 having vertical walls 15, a
      bottom 17, and a top 19 made of a suitable material such as aluminum or
      copper. The integrity of the furnace materials are maintained by passing a
      suitable coolant, such as water, continuously through the walls or in
      association with the top and bottom through suitable coils. Concentric
      outer shields 21 may be employed about the susceptor 11, which shields may
      be made of materials such as tungsten, tantalum, molybdenum or pyrolytic
      carbon. The susceptor and shield arrangement is preferably disposed within
      an outer high temperature container 23 made of a suitable material such as
      thoria, zirconia or alumina. In the illustrated apparatus 10, the heating
      of the susceptor 11 is done inductively by means of a high-frequency coil
      25. Insulated leads 27 to the coil pass through the vertical walls 15 of
      the furnace and are connected exterior of the furnace to a source of high
      voltage alternating current.
PAR  The granules are fed to the furnace 13 via an upper drop tube 28. The drop
      tube 28 employs a screen of suitable size near its top. The proportioning
      of the openings in the screen are such that only single granules can pass
      through the separate openings so that a collimated stream of granules
      falling downward through the drop tube is established. Suitable feed means
      may be employed, such as a vibratory feeder, to assure that the desired
      granule flow is accomplished. A bottom support 29 of a plurality of rods
      30 upstanding from a block 31 (made from tungsten for a tungsten susceptor
      and from porous carbon for a pyrolytic carbon susceptor) supports the
      susceptor 11 and shields 21. The bottom support 29 rests upon a ceramic
      standoff disc 32 and both contain a central bore through which a cooling
      tube 33 extends directly vertically below the susceptor 11. The cooling
      tube 33 is of sufficient length so that the falling droplets have at least
      been cooled on the outside thereof so that the precipitation of the highly
      crystalline carbon is complete and the particles have become integral
      bodies (although the innermost portions of the core may still be molten)
      before the particles reach a suitable detachable container 35 which is
      located at the bottom of the cooling tube 33. The cooling tube 33 is
      provided with suitable cooling means, such as an encircling spiral cooling
      coil 37 in association with the outer surface thereof in order that the
      desired rapid cooling rate is effected.
PAR  Moreover, because it is desirable to carry out the method of forming the
      particles in an inert gas atmosphere, means 39 are provided in association
      with the drop tube 28 for supplying a stream of inert gas which then flows
      downward through the tube 28 and the susceptor 11 to a gas outlet provided
      in association with the cooling tube 33.
PAR  In general, the necessary length of the hot zone and the temperature at
      which the hot zone is maintained are dependent upon the size of the
      granules being treated, and, of course, the melting point of the
      refractory material being treated.
PAR  Granules of uranium dicarbide nuclear fuel are prepared from a mixture of
      powdered uranium dicarbide and powdered refractory grade carbon. The
      uranium used is enriched and contains about 92 percent U.sub.235. The
      powders are intimately dry-mixed with about 2 weight percent of
      ethylcellulose, a binder. Sufficient trichloroethylene, a solvent for
      ethylcellulose, is added to dissolve the ethylcellulose and form a slurry.
      Agitation of the slurry is carried out to obtain agglomerates of uranium
      dicarbidecarbon of a size from about 40 to 60 microns, which are then
      oven-dried at about 140.degree.F. The granules contain about 10 weight
      percent carbon based upon total weight of uranium and carbon.
PAR  The granules are treated using a tungsten susceptor 11 about 6 inches in
      length which is heated to a temperature of about 3000.degree.C. A cooling
      tube 33 about 2  feet long is employed which is maintained at an average
      temperature of about 30.degree.C. As the granules fall through the hot
      zone provided by the susceptor, they are completely melted and form molten
      droplets in which the carbon is entirely in solution in the molten uranium
      dicarbide. Observation of the falling particles shows that they become
      solid about 1 foot below the bottom end of the hot zone. Accordingly, the
      approximate cooling time is calculated to be less than about one second.
PAR  The collected particles are examined and are found to be spheroids of a
      size between about 30 and about 50 microns. Photomicrographic examination
      shows that each of the particles has an outer graphite shell of about 1
      micron in thickness.
PAR  To test the integrity and continuity of the shell, various of the particles
      are immersed in concentrated nitric acid. If there are breaks in the
      shells or if the shells are incomplete, the concentrated nitric acid
      reacts with the uranium and minute bubbling can be observed. Very few of
      the particles exhibit any reaction.
PAR  The particles are then transferred to a fluidized bed coating apparatus
      wherein they are uniformly coated with a 10 micron thick protective
      coating of pyrolytic carbon using a bed temperature of about
      2100.degree.C. and a mixture of methane and helium with a methane partial
      pressure of about 0.15 (total pressure 1 atm.). At the completion of this
      coating step, the coated particles, in an amount of about 20 volume
      percent, are blended with about 60 volume percent graphite powder and
      about 20 volume percent pitch. The mixture is extruded to form a
      cylindrical rod. Sections of this extrusion are compressed under about
      5000 p.s.i. while being heated to 2300.degree.C. for about 40 minutes to
      form compacts of the fuel particles dispersed in a graphite matrix.
PAR  Examination of the compacts shows that they have excellent structural
      strength. Examination of the compacts by radiographic methods and
      metallographic methods illustrate that the graphitic shells effectively
      prevent migration of uranium therethrough even though the particles are
      subjected to the high temperature of the forming operation. These
      particles are considered to be excellently suited for use in high
      temperature nuclear reactors for space flights and other high temperature
      nuclear energy applications.
PAC  EXAMPLE II
PAR  The general procedure of Example I is repeated except that a mixture of
      powdered uranium dioxide and powdered refractory grade carbon is employed
      that is reacted to form uranium dicarbide. The uranium dioxide used is
      enriched and contains about 92 percent U.sub.235. Sufficient carbon is
      provided in the mixture to satisfy the stoichiometric amount required for
      the conversion of the dioxide to the dicarbide and to in addition provide
      in the resultant converted granules, about 10 percent by weight carbon
      (which amount is in excess of the approximately 8.8 weight percent carbon
      that is in the chemically bound to the uranium as the dicarbide). In
      addition, about 2 percent by weight of ethylcellulose is added to the
      mixture of the dioxide and the carbon.
PAR  The powders are intimately mixed while dry and then sufficient
      trichloroethylene is added to form a slurry. Agitation of the slurry is
      carried out to obtain agglomerates of uranium dioxide-carbon of a size
      from about 100 to 300 microns, which are then oven-dried at about
      140.degree.F.
PAR  The dried agglomerates are then converted to form the refractory metal
      carbide-carbon granules. Conversion is carried out by mixing the
      agglomerates with a volumetric excess of graphite flour (average particle
      size less than about 20 microns) and disposing this mixture in a graphite
      crucible. Heating the crucible to a temperature of about 2200.degree.C.
      under vacuum reduces the dioxide to the dicarbide and effectively removes
      the gaseous reaction products which are formed during this conversion. The
      presence of the graphite flour prevents coalescence of the agglomerates
      with one another. Upon cooling, refractory metal carbide-carbon granules
      of a size between about 70 microns and 250 microns are provided which are
      ready for the treatment to provide the desirable highly crystalline carbon
      outer shells.
PAR  To treat particles of this composition and size range, a tungsten susceptor
      11 about 6 inches long and 1 inch in internal diameter is employed which
      is heated to a temperature of about 3000.degree.C. A downward flow of
      argon is established through the apparatus 11 disclosed in FIG. 2, which
      flow is maintained at about 0.01 cubic feet per minute. A cooling tube 33
      about 2 feet long is employed, and the rate of coolant through the cooling
      coil 37 is maintained sufficient to keep the average temperature of the
      tube 33 at about 30.degree.C.
PAR  The granules are fed by the feeding means into the drop tube 28 and fall
      through the hot zone, then through the cooled zone, and are collected in
      the collector 35 at the bottom. The temperature and length of the hot zone
      is sufficient to assure that the granules are completely melted and so
      that the temperature throughout the molten droplets reaches at least about
      2700.degree.C. The time which elapses from the point at which the falling
      particles exit from the bottom of the hot zone until the particles reach
      the bottom collector 35 is less than about 3 seconds. This time of travel
      through the cooling tube 33, which is maintained at an average temperature
      of about 30.degree.C., is sufficient so that the precipitation of the
      highly crystalline carbon has occurred and the droplets have hardened
      sufficiently to maintain their spheroidal shape before they reach the
      bottom collector 35.
PAR  The particles which are collected are found to be spheroids of a size
      between about 50 microns and 200 microns. Photomicrographic examination
      shows that each of the particles has an outer graphitic shell of about 1
      micron in thickness. Testing of the particles in concentrated nitric acid
      shows that extremely few of the particles exhibit any reaction.
PAR  The particles are then coated with an outer protective coating of pyrolytic
      carbon about 10 microns in thickness using the same conditions as set
      forth in Example I. A graphite-matrix compact is formed using the
      conditions as set forth in Example I. Examination of the compacts by
      radiographic methods and metallographic methods shows that substantially
      no migration of uranium through the 1 micron graphitic shell occurred. The
      particles are considered excellently suited for use in high temperature
      nuclear reactors for space flights or in other types of nuclear energy
      applications.
PAC  EXAMPLE III
PAR  The procedure set forth in Example I is repeated, except that the granules
      initially formed are regulated so that the sizes fall between about 30 and
      about 40 microns and so that the percentage of carbon is about 18 percent
      by weight of total uranium plus carbon.
PAR  A 6 inch long tungsten susceptor 11 is employed which is heated to a
      temperature of about 3150.degree.C. From the phase diagram shown in FIG.
      1, it can be seen that the molten droplets should be heated throughout to
      a temperature of at least about 3000.degree.C. so that all of the carbon
      is in solution in the molten uranium dicarbide. The cooling tube 33 is
      maintained at an average temperature of about 30.degree.C. Observation of
      the falling particles shows that the particles achieve a spheroidal solid
      shape about 1 foot below the bottom of the hot zone.
PAR  Examination of the particles collected from this production run shows the
      resultant particles to be uniformly of a spheroidal shape and of a
      particle size between about 20 and about 30 microns. Photomicrographic
      examination of various of the particles shows that an outer graphitic
      shell about 3 microns in thickness is uniformly formed on the outer
      surface of each of the particles. Immersion of the particles in nitric
      acid shows that none of the particles exhibit any reaction which would
      indicate that the shells were broken or incomplete.
PAR  The particles are then uniformly coated with a 10 micron thick protective
      coating of pyrolytic carbon using the coating conditions set forth in
      Example I. At the completion of this coating step, the coated particles,
      in an amount of about 25 volume percent, are blended with about 55 volume
      percent graphite powder and about 20 volume percent pitch. The mixture is
      extruded to form a cylindrical rod. Sections of this extrusion are
      compressed under about 5000 p.s.i. while being heated to 800.degree.C. for
      about 40 minutes to form compacts of the fuel particles dispersed in a
      graphite matrix.
PAR  Physical examination of the compacts shows that they have excellent
      structural strength. Examination of the compacts by radiographic methods
      and metallographic methods illustrate that the graphitic shells
      effectively prevent migration of uranium therethrough even though the
      particles are subjected to the high temperatures of the forming operation.
      These particles are considered to be excellently suited for use in high
      temperature nuclear reactors for space flights and other high temperature
      nuclear energy applications.
PAC  EXAMPLE IV
PAR  The general procedure set forth in Example II is repeated, except that the
      granules are initially formed of uranium dicarbide spheroids which are
      coated with an exterior coating of pyrolytic carbon. The spheroids are of
      a stoichiometric composition of uranium dicarbide and are of a particle
      size between about 20 and about 30 microns. The spheroids are coated with
      an outer coating of pyrolytic carbon about 3 microns in thickness by
      disposition in a fluidized bed coater at a temperature of about
      1400.degree.C. using a mixture of 0.3 atm. methane and 0.7 atm. helium.
PAR  A 6 inch long tungsten susceptor 11 is employed which is heated to a
      temperature of about 3000.degree.C. During the drop through the heated
      zone, the uranium dicarbide spheroids become molten and completely
      dissolve the carbon from the pyrolytic carbon coating so that all of the
      carbon is in solution in the molten uranium dicarbide. The cooling tube 33
      is maintained at an average temperature of about 30.degree.C. Observation
      of the falling particles shows that the particles achieve a spheroidal
      solid shape about 1 foot below the bottom of the hot zone. Accordingly,
      the cooling time is calculated to be less than about 1 second.
PAR  Examination of the particles collected from this production run shows the
      resultant particles to be uniformly of a spheroidal shape and of a
      particle size between about 20 and about 25 microns. Photomicrographic
      examination of various of the particles shows that a continuous outer
      graphitic shell about 1-2 microns in thickness is uniformly formed on the
      outer surface of each of the particles. Immersion of the particles in
      nitric acid shows that none of the particles exhibit any reaction.
PAR  The particles are then transferred to a fluidized bed coating apparatus
      wherein they are uniformly coated with a 10 micron thick protective
      coating of pyrolytic carbon using a bed temperature of about
      2100.degree.C. and a mixture of methane and helium with a methane partial
      pressure of about 0.15 (total pressure 1 atm.). At the completion of this
      coating step, the coated particles, in an amount of about 20 volume
      percent, are blended with about 60 volume percent graphite powder and
      about 20 volume percent pitch. The mixture is extruded to form a
      cylindrical rod. Sections of this extrusion are compressed under about
      5000 p.s.i. while being heated to 800.degree.C. for about 40 minutes to
      form compacts of the fuel particles dispersed in a graphite matrix.
PAR  Examination of the compacts shows that they have excellent structural
      strength. Examination of the compacts by radiographic methods and
      metallographic methods illustrate that the graphitic shells effectively
      prevent migration of uranium therethrough even though the particles are
      subjected to the high temperature forming operation. These particles are
      considered to be excellently suited for use in high temperature nuclear
      reactors for space flights and other high temperature nuclear energy
      applications.
PAC  EXAMPLE V
PAR  The general procedure set forth in Example II is repeated, except that in
      this instance, granules are formed of thorium dicarbide, uranium dicarbide
      and carbon of a particle size between about 40 and about 60 microns
      containing about 12 weight percent carbon based upon total weight of
      thorium, uranium and carbon. The ratio of thorium to uranium is about 10
      atoms to 1 atom. These particles are treated using a tungsten susceptor 11
      about 6 inches in length which is heated to a temperature of about
      3000.degree.C. A cooling tube 33 about 2 feet long is employed which is
      maintained at an average temperature of about 30.degree.C. As the granules
      fall through the hot zone provided by the susceptor, they are completely
      melted and form molten droplets in which the carbon is entirely in
      solution in the molten thoriumuranium dicarbide. Observation of the
      falling particles shows that they become solid about 1 foot below the
      bottom end of the hot zone. Accordingly, the approximate cooling time is
      calculated to be less than 1 second.
PAR  The collected particles are examined and are found to be spheroids of a
      size between about 30 and about 50 microns. Photomicrographic examination
      shows that each of the particles has an outer highly crystalline shell of
      about 2 microns in thickness. Testing of the particles in concentrated
      nitric acid shows that none of the particles exhibits any reaction, which
      reaction would be indicative that the shell is either broken or
      incomplete.
PAR  The particles are then transferred to a fluidized bed coating apparatus
      wherein they are uniformly coated with a 10 micron thick protective
      coating of pyrolytic carbon using a bed temperature of about
      2100.degree.C. and a mixture of methane and helium with a methane partial
      pressure of about 0.15 (total pressure 1 atm.). At the completion of this
      coating step, the coated particles, in an amount of about 20 volume
      percent, are blended with about 60 volume percent graphite powder and
      about 20 volume percent pitch. The mixture is extruded to form a
      cylindrical rod. Sections of this extrusion are compressed under about
      5000 p.s.i. while being heated to 800.degree.C. for about 40 minutes to
      form compacts of the fuel particles dispersed in a graphite matrix.
      Examination of the compacts shows that they have excellent structural
      strength. Examination of the compacts by radiographic methods and
      metallographic methods illustrates that the highly crystalline shells
      effectively prevent migration of uranium through the shells even though
      the particles are subjected to the high temperature of the forming
      operation. These particles are considered to be excellently suited for use
      in high temperature nuclear energy applications.
PAC  EXAMPLE VI
PAR  The procedure as set forth in Example II is repeated, except that granules
      of boron carbide of a particle size between about 90 microns and 110
      microns are made in which the weight percent of boron is about 38 percent,
      based upon total weight of boron plus carbon. A tungsten susceptor 11
      about 6 inches long is employed and is heated to a temperature of about
      3000.degree.C. The temperature of the cooling tube 33 is maintained at
      about 30.degree.C. In the downward travel through the hot zone provided by
      the susceptor, the boron carbide particles reach a temperature of at least
      about 2800.degree.C. throughout, at which temperature all of the carbon is
      in solution in the molten boron carbide (B.sub.4 C). Observation of this
      production run shows that the particles reach a spheroidal hardened shape
      about 1 foot below the end of the hot zone. Accordingly, the cooling time
      is less than about 1 second.
PAR  The particles collected from this production run are examined and are shown
      to be spheroidal in shape and of a particle size between about 60 microns
      and about 90 microns. Photomicrographic examination shows that each of the
      particles has an outer layer of highly crystalline carbon about 4 microns
      thick. The particles are immersed in concentrated nitric acid, and no
      reaction is observed.
PAR  The particles are then heated in a crucible to a temperature of about
      2000.degree.C. for about 10 minutes. After cooling, examination of the
      particles shows that the highly crystalline carbon shells of the particles
      remain intact.
PAR  These particles are considered to be well suited for use in high
      temperature nuclear reactors as a nuclear poison and for other types of
      high temperature nuclear energy applications.
PAC  EXAMPLE VII
PAR  The procedure set forth in Example IV is repeated using granules which have
      been prepared from titanium carbide of a size between 90 microns and 110
      microns and containing carbon in an amount of about 26 weight percent
      based upon total weight of titanium plus carbon. A pyrolytic graphite
      susceptor 11 is employed about 6 inches in length which is heated to a
      temperature of about 3400.degree.C. The cooling tube 33 is maintained at
      an average temperature of about 30.degree.C. The temperature and length of
      the graphite susceptor 11 is sufficient so that the falling titanium
      carbide droplets become completely molten and the excess carbon is
      dissolved in the solution of molten titanium carbide. Observation shows
      that at a point of about 1 foot below the end of the bottom of the
      graphite susceptor, the falling particles obtain a hardened spheroidal
      shape.
PAR  The particles are collected and examined and found to be in the form of
      spheroids of a size between about 60 microns and about 90 microns.
      Photomicrographic examination shows that a graphitic shell about 2 microns
      thick is uniformly formed on the outside of each of the particles.
      Immersion of the particles in concentrated nitric acid shows that no
      reaction occurs. These titanium carbide particles are considered well
      suited for high temperature operations.
PAR  The invention provides an improved process for the production of particles
      of refractory metal carbides which exhibit excellent high temperature
      stability and also stability under high level neutron irradiation. The
      simplicity of the process affords consistency in results and provides a
      product of excellent uniformity. As pointed out in the description, the
      invention is especially suitable for the production of refractory metal
      carbides for use in nuclear energy applications, especially nuclear fuel
      carbides.
PAR  Various of the features of the invention are set forth in the following
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making refractory carbide particles, which method comprises
      heating a granule containing refractory metal and carbon to a sufficient
      temperature to form a molten droplet of refractory carbide, carbon being
      included in said droplet in excess of the stoichiometric amount which
      combines with the refractory metal in the highest usual valence thereof,
      and cooling said molten droplet below the eutectic temperature within 60
      seconds or less to cause a thin continuous layer of highly crystalline
      carbon to precipitate out on the outer surface thereof.
NUM  2.
PAR  2. The method of claim 1 wherein sufficient excess carbon is included to
      form an outer carbon shell at least one micron in thickness and of a
      density of at least about 2 grams per cc and wherein said cooling of said
      molten droplet below the eutectic temperature is accomplished in about 20
      seconds or less.
NUM  3.
PAR  3. The method of claim 1 wherein said heating is carried out to a
      sufficient temperature to dissolve substantially all of the excess carbon
      present in the molten refractory carbide.
NUM  4.
PAR  4. The method of claim 1 wherein said cooling of said molten droplet below
      the eutectic temperature is accomplished in about 2 seconds or less.
NUM  5.
PAR  5. The method of claim 1 wherein said highly crystalline carbon which
      precipitates out has an interlayer spacing approaching 3.35 Angstroms.
NUM  6.
PAR  6. The method of claim 1 wherein said heating and cooling is carried out by
      dropping the granules through a heated zone followed by a cooled zone so
      that the resultant particles are spheroidal.
NUM  7.
PAR  7. The method of claim 1 wherein said refractory metal is a nuclear fuel.
NUM  8.
PAR  8. The method of claim 1 wherein said refractory metal is a nuclear poison.
NUM  9.
PAR  9. The method of claim 7 wherein said nuclear fuel is uranium and at least
      about 9.4 weight percent carbon is included in said droplet based upon
      total weight of carbon and uranium.
NUM  10.
PAR  10. The product resulting from the method of claim 1.
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ABST
PAL  An apparatus for pre-fabricating building panels which will assure accuracy
      in locating the studs of each panel relative to the longitudinal track
      members thereof and which in addition will assure accuracy in locating
      door and framing members within the panel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an assembly support for pre-fabricating building
      wall panels including studs, track members and door and window framing
      members.
PAR  2. Description of the Prior Art
PAR  Builders have long sought an apparatus or assembly support which will
      readily enable the complete fabrication of building walls or panels ready
      for erection as a part of a building. Such an assembly or support would
      minimize the labor involved in the assembly of pre-fabricating building
      wall panels and would thus tend to offset the spiralling costs of building
      construction. However, the prior art has generally been unsuccessful in
      such attempts.
PAR  Exemplary of the prior art are the devices disclosed in U.S. Pat. No.
      2,626,643, in the name of John J. Kantzler, and in U.S. Pat. NO.
      3,371,921, in the name of Frank A. Hollomon, et al. While the apparatus
      disclosed and taught in these patents have been successful in many
      respects, such devices have had major short comings. For example, the
      prior art devices have been unable to satisfactorily pre-fabricate
      building wall panels in such a way as to assure accuracy in locating the
      studs of the wall panel relative to the longitudinal track members and in
      addition to assure accuracy in locating door and window frame members
      within the wall panel. Such devices have also been unable to provide an
      apparatus which includes means for locating and subsequently clamping of
      all studs, track, door and window framing members for fastening or
      securing the wall panel parts together. Such prior art devices have also
      failed to include a universal adjustment for stud engaging elements so
      that they may be longitudinally repositioned to any desired location, thus
      enabling the assembly of multiple studs in the assembly of door and window
      framing members at any desired location within the panel. Such prior art
      devices have not provided a unique method of rotatably positioning the
      clamped wall panel frame to any desired position between the horizontal
      and the horizontally inverted position so as to enable the pre-fabricating
      of horizontal members within the mid span of the wall panel frame and to
      remove the completed, assembled panel, without lifting or manually
      handling the panel, onto a conveyor for transfer to a site for erection as
      part of a building complex. Finally, the prior art devices have been
      unsatisfactory in providing an apparatus which will include locators which
      may be adjusted to accept floor panel framing members, thus allowing for
      the most part the complete framing of a building structure.
PAC  SUMMARY OF THE INVENTION
PAR  Very briefly considered, the present invention contemplates an assembly
      support for pre-fabricating building panels which will assure accuracy in
      locating the studs of the panels relative to the longitudinal track
      members thereof and which in addition will assure accuracy in locating
      door and framing members within the panels.
PAR  In its broadest application, the assembly support includes a first series
      of members in parallel spaced relationship extending transversely of the
      support. A second series of members is provided in parallel spaced
      relationship extending longitudinally of the support and adjustably
      mounted to the first channel members. Selected ones of the second members
      are shiftable longitudinally of the support.
PAR  A first adjustable fixed stop is mounted along one end of the first members
      extending longitudinally of the support and parallel to the second
      members. A second stop is mounted along the other end of the first members
      parallel to the first stop and the second members and shiftable in
      directions toward and away from the first stop. Means are provided for
      shifting the second stop.
PAR  A plurality of stud locators are provided adjustably and fixed to the
      second members.
PAR  Finally, means are provided to shift the selected ones of the second
      members.
PAR  In operation, the studs are located between selected ones of the stud
      locators of the shiftable and non-shiftable second members and are locked
      into position when the shiftable ones of the second members are shifted,
      and the studs and track members are locked in their respective panel
      positions whenever the second stop is shifted toward the first stop.
PAR  In a preferred embodiment track locators are provided to locate the door
      and framing members within the panel on the assembly support.
PAR  In still a further embodiment the assembly support is rotatably mounted on
      aligned pedestals for rotation through 180.degree..
PAR  In still a further embodiment of the members include channel members and
      the stud locators and track locators are slidable and lockable therein.
PAR  Finally, the means to shift the selected ones of the second members
      longitudinally, as well as the means to shift the second stop toward and
      away from the first stop, and the means to rotate the assembly support,
      may comprise fluid pressure actuated means.
PAR  The assembly support of the present invention in one unit solves all of the
      aforementioned short comings attributable to the prior art devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the assembly support of the present invention.
PAR  FIG. 2 is an enlarged side elevational view of the assembly support of FIG.
      1.
PAR  FIG. 3 is an enlarged, fragmentary, partial sectional elevation view taken
      along the line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary right side view, partially in section, of FIG. 3.
PAR  FIG. 5 is an enlarged, fragmentary, cross sectional view taken along the
      line 5--5 of FIG. 1.
PAR  FIG. 6 is an enlarged, partial cross sectional view, taken along the line
      6--6 of FIG. 1.
PAR  FIG. 7 is an enlarged, fragmentary cross sectional view taken along the
      line 7--7 of FIG. 1.
PAR  FIG. 8 is a fragmentary, right side view of FIG. 7.
PAR  FIG. 9 is an enlarged, fragmentary cross sectional view taken along the
      line 9--9 of FIG. 1.
PAR  FIG. 10 is a fragmentary right side view of FIG. 9.
PAR  FIG. 11 is an enlarged, fragmentary, cross sectional view taken along the
      line 11--11 of FIG. 1.
PAR  FIG. 12 is a fragmentary left side view of FIG. 11, partially in section.
PAR  FIG. 13 is a diagramatic view illustrating the fluid power circuits of the
      assembly support.
PAR  FIG. 14 is a diagramatic view illustrating the electric power circuits of
      the assembly support.
PAR  FIG. 15 is a fragmentary partial cross sectional view showing an alternate
      embodiment for adjustably locating the stud locators.
PAR  FIG. 16 is a fragmentary right side view of FIG. 22, partially in section.
PAR  FIG. 17 is a fragmentary cross sectional view showing a further embodiment
      of the stud locators.
PAR  FIG. 18 is a fragmentary side view of FIG. 17, partially in section.
PAR  FIG. 19 is a fragmentary elevational view of a wall panel assembled on the
      assembly support of the present invention.
PAR  FIG. 20 is a cross sectional view taken along the line 20--20 of FIG. 19.
PAR  FIG. 21 is a side elevational view of the panel of FIG. 19.
PAR  FIG. 22 is an enlarged, fragmentary isometric view of a typical stud to
      track connection in a wall panel.
PAR  FIG. 23 is an enlarged, fragmentary isometric view taken substantially
      along the line 23--23 of FIG. 19.
PAR  FIG. 24 is an enlarged, fragmentary view at the mid section of FIG. 21.
PAR  FIG. 25 is a fragmentary left side view of FIG. 24.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, it will be seen that the assembly support 10 of
      the present invention includes an elongated supporting structure or table
      12, which may, of course, be constructed in various lengths and widths, as
      desired, depending upon the length and height of panels to be assembled.
      The table 12 is supported in a normally horizontal work assembly position
      14 by the upright truss type supporting legs 16a, 16b, 16c which are
      exposed between right hand end leg 18a and left hand end leg 18b. As best
      seen in FIGS. 1 and 5, the support legs 16c is located at or near the mid
      point of the table 12.
PAR  The end legs or pedestals 18a and 18b are opposite in fabrication but the
      same in size and number of parts. The end leg or pedestal 18a, which is
      exemplary, comprises a center member 20 supported by oppositely opposed
      outwardly extending legs 22 and 24 and a bottom angle support 26, as best
      seen in FIGS. 2, 3 and 4.
PAR  As can best be seen from FIGS. 2 and 6, the support legs 16a and 16b, which
      are identical, include a horizontal member 28 connecting to the vertical
      member 30 at the approximate mid point and the diagonal support braces 32
      and 34. The center support leg 16c, as best seen in FIG. 5, comprises a
      horizontal member 36 attached to a vertical member 38 with a diagonal
      bracing member 40 attached to a bottom angle support 42.
PAR  The assembly support 10 includes a pivot tube 44 extending longitudinally
      thereof. The pivot tube 44 is provided with aligned trunnions or journals
      46 extending from the ends thereof through the pillow blocks 50 which are
      mounted on top of the center members 20 of the pedestals 18a and 18b. As
      best seen in FIG. 5, the pivot tube 44 is supported at or near its mid
      point by means of a pillow block 50 attached to the horizontal member 36
      of the support leg 16c. The horizontal member 28 of each truss type
      support legs 16a and 16b is attached to the pivot tube 44 by means of the
      pipe straps 52, as best seen in FIG. 6.
PAR  A rotating tube 54 is attached to the horizontal members 28 of the truss
      supports 16a and 16b by means of the pipe straps 56, as best seen in FIGS.
      6, 11 and 12. The rotating tube 54 is provided with aligned trunnions or
      journals 58 which extend from the ends thereof. The trunnions 58 engage
      the slots 60 of the pivot arms 62. The pivot arms 62 in turn engage the
      set collars 64.
PAR  The table 12 includes a first series of members 66 extending transversely
      of the table. The members 66 are secured in parallel spaced relationship
      to the pivot and rotating tubes 44 and 54, respectively, by means of the
      pipe clamps 68. It has been found that the members 66 preferrably comprise
      back to back C-channels. Also attached to and at right angles to the pivot
      tube 44 and the rotating tube 54 are members 70 of the same configuration
      as members 66 but of slightly longer length to accept fluid activated
      cylinders 72, which will be more fully described hereinafter. Members 74
      of the same cross section as members 66 and 70 are attached to the members
      66 and 70 through the splice plates 76.
PAR  The truss type support legs 16a and 16b, which add support and rigidity to
      the table 12, are attached immediately adjacent to the members 70 through
      the attachment tabs 78.
PAR  The table 12 also includes a second series of members 80 and 82 in parallel
      spaced relationship extending longitudinally of the table and adjustably
      mounted to the transverse members 66 and 70. The members 80 and 82 are
      preferrably channels of C-shape configuration and, as can be seen in FIGS.
      1, 2, 9 and 10, they are attached at right angles to the members 66 and
      70. The adjustable attachment of the member 80 to the members 70 and 74
      preferrably comprises a nut 84 engaging the inner lips 86, 86a and 86b of
      the members 66 and 70, respectively, and a bolt 88 engaging the nut 84
      through the slots 90 in the channel 80. The stud locators 92 are
      adjustably secured to the members 80 in a similar manner as described for
      the attachment of the members 80 to the members 66 and 70.
PAR  The members 82 are substantially identical to the members 80. However, the
      members 82 are slidably attached in parallel spaced relationship and at
      right angles to the members 66 and 70, as best seen in FIGS. 1, 2, 11 and
      12. The slidable attachment is affected by a nut 94 engaging the lips 96a
      and 96b of the members 66 and 70, respectively, and a bolt 98 of
      sufficient length to engage the nut 94 through the slots 100 of the
      members 82, thus affecting a security between the nut 94 and the inside
      bottom of the members 66 and 70. As can be seen, this attachment will
      provide a slidable relationship between the channels 82 with respect to
      the members 66 and 70. The stud locators 102 are adjustably secured to the
      members 82 in the same manner as previously described for attachment of
      members 80 to members 66 and 70. However, it will be noted that the stud
      locators 102 are faced in the opposite direction from the stud locators
      92.
PAR  Alternate configurations of the stud locators 92 and 102 is shown in FIGS.
      15 through 18. As can be seen, in FIGS. 15 and 16, the longitudinal bar
      104 is of a T-shaped configuration and is adjustably attached to the
      member 66 (or 70) through Z-shape bars 106, which engage the bottom flange
      of the bar 104 and connect to the members 66 or 70 in a similar manner as
      previously described for the attachment of the members 82 to the members
      66 and 70. The stud locator 108 is adjustably fastened to the bar 104 by
      means of the set screw 110.
PAR  The stud locator of FIGS. 17 and 18 comprises a longitudinal bar 112, which
      is also of T-shape configuration and slidably attached at right angles to
      the members 66 (or 70) as previously described. The stud locators 114 are
      attached to the bar 112 as previously described for the attachment of the
      stud locators 108 to the bar 104.
PAR  The members 114, 116 and 118, which may also be of channel configuration,
      all include track locators, as will be more fully explained hereinafter,
      for locating the door and window assemblies. More particularly, the member
      114 is substantially identical to the member 80 and is adjustably attached
      at right angles to the channels 66 and 70, as shown in FIGS. 1 and 2. A
      plurality of track locators 120 are adjustably attached to the members 114
      in a manner similar to the previously described attachment of the members
      80 to the members 66 and 70.
PAR  The member 116 and the track locators 122 shown in FIG. 1 are substantially
      identical to the member 114 and track locators 120. The member 118 is
      substantially identical to the member 80 and is adjustably attached to the
      members 126, as shown in FIGS. 1, 2, 6 and 11. As can be seen, the member
      126 is mounted in slidable relationship with respect to the member 70. The
      track locators 124 are adjustably attached to the member 118 in a similar
      manner as previously described for the track locators 120 and 122.
PAR  A first adjustable fixed stop 128 is mounted along one end of the members
      66 and 70 so as to extend longitudinally of the support table 12. As shown
      in FIGS. 1, 2 and 6, the first fixed stop 128 preferrably comprises an
      angle member which is adjustably attached to the members 74 which are
      attached to the members 66 and 70 as previously explained. A member 130
      substantially identical to the member 80 is attached to the angle 128. The
      stud locators 132 as well as the index stop 134 are adjustably attached to
      the member 130.
PAR  A second stop 136 is mounted along the other end of the members 66 and 70
      parallel to the first stop 128 and the members 80 and 82. The second stop
      136, which preferrably comprises an angle member, is shiftable in
      directions toward and away from the first stop 128. This is accomplished
      by means of the rollers 138, as best seen in FIGS. 7 and 8. More
      particularly, a member 140 is attached to the angle member 136. Adjustably
      attached to the member 140 are the track locators 142 and the track index
      stop 144. A joist rest 146 as well as the member 126 are also attached to
      the member 140.
PAR  Turning now to FIGS. 2, 3 and 4, it will be seen that each of the pivot
      arms 62 is rotatably connected about the pivot pin 148 to an end leg or
      pedestal 18a and 18b and to an outer pivot pin support leg 150a and 150b,
      respectively. The outer pivot pin support legs 150a and 150b are opposite
      in fabrication but the same in size and number of parts. Each outer pivot
      pin support leg 150a,  150b includes a center member 152 supported by
      oppositely opposed out rigger legs 154 and 156 and a bottom angle support
      158. The connection between the pivot pin 148 and the end legs or
      pedestals 118a and 118b and the outer pivot pin legs 150a and 150b is
      affected through the flange units 160, which are attached to each center
      member 20 of the end legs or pedestals 18a and 18b and each center member
      152 of the outer pivot pin legs 150a and 150b.
PAR  Turning now to FIG. 11, it will be seen that the fluid power cylinders 162
      are attached to the horizontal member 28 of the left hand truss type
      support leg 16a. The fluid power cylinders 162 are positioned immediately
      below the members 82, with the piston rods 164 thereof attached to the
      angle brackets 166, which is in turn are attached to a member 82.
PAR  As best seen in FIGS. 1, 2 and 6, the fluid power cylinders 72 are attached
      to the angle brackets 168, which in turn are attached to the members 70.
      The piston rod 170 of each power fluid cylinder 72 is attached to the eye
      172, which in turn is attached to the clevis 174 by way of the clevis pin
      178. The clevis 174 in turn is attached to the angle member 136.
PAR  As best seen in FIGS. 1, 2, 3 and 4, the fluid power cylinders 178 are
      pivotally attached to the vertical members 180, which in turn are attached
      to the angle support 26 of each end leg or pedestals 18a and 18b and to
      the angle support 158 of each outer pin support leg 150a and 150b. The
      piston rod 182 of the fluid power cylinder 178 is attached to the clevis
      184. The clevis 184 is pivotally attached to a pivot arm 62 by means of
      the clevis pin 186.
PAR  As best seen in FIG. 5, an angle bracket 188 is attached at the approximate
      mid point of the angle member 136. The angle bracket 188 is provided with
      an adjustably threaded rod 190. A limit switch 192 is attached to the
      members 66 or 70 in line with the threaded rod 190.
PAR  An incompressible fluid power circuit for the assembly support 10 of the
      present invention is diagrammatically illustrated in FIG. 13. As can be
      seen, the fluid power circuit includes three normally closed, three
      position, spring return solenoid valves 194, 196 and 198, connected to a
      suitable fluid power source 200 by the fluid ducts 202. The fluid conduits
      204 and 206 connect the solenoid valve 194 with the fluid power cylinder
      162. In like manner, the fluid conduits 208 and 210 connect the solenoid
      valve 196 with the fluid power cylinders 72. Finally, the fluid ducts 212
      and 214 connect the solenoid valve 198 with the fluid power cylinders 178.
PAR  The electric circuits of the assembly support 10 of the present invention,
      as best seen in FIG. 14, will be explained in terms of the operation of
      the device.
PAR  A typical pre-fabricated building wall panel 216 which may be assembled
      utilizing the assembly support 10 of the present invention is disclosed in
      FIGS. 19 through 25. As can be seen, the wall panel 216 is provided with a
      window opening 218 and a door opening 220. For purposes of an exemplary
      showing, the wall panel members are of a metal framing design with top and
      bottom members comprising a U-shape track 222. The members connecting the
      tracks 222 are, for purposes of an exemplary showing, a C-shape and
      defined as studs 224. The window opening 218 is framed by a head track
      226, a sill track 228, and cripple studs 230. The head track 226 is
      supported by the jack studs 232. The sill track 228 is supported by the
      jack studs 234. Above the window head track 226 is a joist beam 236, which
      is necessary for structural load transfer. The joist beam 236 engages the
      top track 222 and rests on the window head jack stud track 238, which in
      turn is supported by the cripple studs 230.
PAR  The door opening 220 is framed on each side by the double studs 224 and the
      head track 230. The head track 230 is supported by the jack stud 232. In
      order to prevent torsional buckling of the studs 224, the wall panel frame
      216 is provided with a horizontal member 234 engaging the studs 224 at
      their approximate mid point. The horizontal member 234 may be utilized to
      bridge a plurality of studs 224, as shown in FIG. 19, or it may be of a
      specific length to bridge two studs 224 in a staggard arrangement as shown
      in FIGS. 24 and 25. FIG. 22 discloses a typical connection between the
      tracks 222, 226, 228, 238 and the studs 224, 232, 234 and 232. The wall
      panel frame 216 is indicated by dotted lines in the assembly support 10 of
      FIGS. 1 and 2.
PAR  The operation of the assembly support 10 of the present invention will now
      be described with respect to the assembly of the exemplary wall panel
      frame 216.
PAR  Initially, the stud and track locators of all of the members of the
      assembly support 10 may be positioned when the cylinder rod 164 of the
      fluid power cylinder 162 is fully extended and when the cylinder rod 170
      of the fluid power cylinder 178 is extended to a position where the
      adjustable rod 190 engages the limit switch 192. In this regard, the angle
      members 128 and 136 are positioned oppositely and parallel to each other
      so as to be acceptable to the height of the wall panel frame 216. The
      track index stops 134 and 144 are then positioned oppositely and in a line
      perpendicular to the angel members 128 and 136. The member 116, with the
      track locators 122, and the stud locators 142, are positioned to accept
      the door head track 230 and the door head jack studs 232. The member 114,
      with the track locators 120, and the joist header rests 146, are then
      positioned to accept the window head track 226, the window head track
      studs 232, the joist header 236, and the joist header track 228. The
      member 118, with the track locators 124, and the stud locators 132, are
      positioned to accept the window sill track 228 and the window sill jack
      studs 234. The members 80, with the stud locators 92, and the members 82,
      with the stud locators 102, are then positioned to accept the studs 224
      and the cripple studs 230.
PAR  Reference will now be made to FIG. 14, which shows a diagramatic view
      illustrating the electric power circuits of the assembly support 10. It
      will, of course, be understood that the solenoid valves 194, 196 and 198,
      as well as the switches which will be described hereinafter, are connected
      to a suitable electric power source, which, for purposes of explanation,
      has been designated as 236.
PAR  During operation, the reverse switch 238 is initially depressed, activating
      the solenoid valve 194 to a position allowing the passage of fluid through
      the conduit or duct 206 leading to the fluid power cylinder 162. Fluid
      pressure through the duct 206 causes a retraction of the cylinder rod 164
      of the power cylinder 162. The retraction of the cylinder rod 164 moves
      each angle bracket 166 in the members 82, thus causing the stud locators
      102 to be moved from right to left, as shown in FIG. 11, and from left to
      right as seen in FIG. 1, affecting an open or indexing position between
      the stud locators 92 and 102. The reverse switch 240 is then depressed so
      as to activate the solenoid valve 196 to a position allowing fluid
      pressure throught the duct 210 leading to the fluid power cylinders 72.
      Fluid pressure through the duct 210 causes a retraction of each cylinder
      rod 182 of the fluid power cylinders, which through its respective eye
      172, clevis pin 178 and clevis 174, moves its respective angle member 136
      from right to left as seen in FIG. 2, affecting an open position between
      the angle members 136 and 128, and which through the member 140, the
      member 126 and the member 118 affect an open or indexing position between
      the track locators 124 and the angle member 128.
PAR  The wall panel tracks 222 are then placed on the members 130 and 140 and
      against the angle membes 128 and 136, with the track opened towards each
      other. The studs 224 and 230 are then placed between the stud locators 92
      and 102 and opened in the directions as shown in FIG. 20. The joist header
      236 is then placed on the joist header rests 146 and the engaging track
      222. The joist header 228 is placed on the joist header rests 146 with the
      header track 228 opened away from the joist header 228. The window head
      track 226 is placed on the channel 114 and against the track locators 120
      with the track 232 opened toward the angle member 136. The window jack
      studs 232 are opened in the direction as shown in FIG. 20 and placed
      against the stud locators. 92, slightly engaging the window head track 226
      and the joist header track 228. The door head track 230 is then placed on
      the member 116 and against the track locators 122, with the door head
      track 230 opened towards the angle member 136. The door jack stud 232,
      which is opened in the direction as shown in FIG. 20, is placed against
      the stud locators 92 and 142 so as to slightly engage the track 222 and
      the door head track 230. The window sill track 228 is opened in the
      direction of the angle member 128 and placed on the channel 118 and
      against the track locators 124. The window sill jack studs, which are
      opened in the direction as shown in FIG. 20, are placed against the stud
      locators 92 and 132, slightly engaging the track 222 and the window sill
      track 228.
PAR  With the components of the wall panel frame 216 so positioned, the forward
      switch 238 is depressed so as to activate the solenoid valve 194 to a
      position which will allow fluid pressure through the duct 204 leading to
      the fluid power cylinders 162. Fluid pressure through the duct 204 causes
      each of the cylinder rods 164 to extend, thus moving the stud locators 102
      to a position affecting a clamping of the studs 224 and 230 between the
      stud locators 92 and 102. The forward switch 240 is then depressed so as
      to activate the solenoid valve 196 to a position allowing fluid pressure
      through the duct 208 and to the fluid power cylinders 72. Fluid pressure
      through the duct 208 causes the extension of each of the cylinder rods 170
      until the threaded rod 190 engages the limit switch 192, thus affecting
      movement of the angle member 136 and the channel 118 to a position
      affecting a clamping of the remaining components of the wall panel frame
      216, with the exception of the horizontal member 234. With the wall panel
      frame 216 in the horizontal position 14, as shown in FIGS. 1 and 2, the
      wall panel frame 216 components, with the exception of the horizontal
      member 234, can be fastened or secured together by any suitable means.
PAR  The forward switch 242 is then depressed so as to activate the solenoid
      valve 198 to a position which will allow fluid pressure through the duct
      212 leading to the fluid power cylinders 178. Fluid pressure through the
      duct 212 causes an extension of each of the cylinder rods 182. Through the
      clevis 184 and pivoting about the clevis pin 186, the pivot arms 62 rotate
      about the pivot pins 148 in a counter clockwise direction, as best seen in
      FIG. 3. As the pivot arms 62 rotate, the trunnions 58 slidably move within
      the slots 60 of the pivot arms 62, affecting a rotating movement of the
      support table 12 about the pivot tube 44. At or near the vertical
      position, which is designated by phantom lines 244 in FIG. 3, the forward
      switch 242 is released, deenergizing the solenoid valve 198 and the loss
      of fluid pressure to the fluid power cylinders 178. While the assembled
      wall panel frame 216 is at or near the vertical position 244, the
      horizontal member or members 234 may be positioned through the stud
      openings 235, as best seen in FIG. 24, and fastened or secured as desired.
      The forward switch 242 is again depressed, causing further
      counterclockwise rotation of the pivot arms 62. At or near the inverted
      horizontal position of the table 12, designated by phantom lines 246 in
      FIG. 3, the cylinder rods 182 may reach their full extension, or if
      necessary a limit switch such as the limit switch 192 may be installed in
      the electric circuit to cause a desired stoppage of rotation.
PAR  In order to release the fabricated wall panel 216 from the table 12 for
      conveyance to storage or to the erection site, the reverse switches 248
      and 250 are depressed. After the fabricated wall panel frame 216 is
      removed, the reverse switch 252 is depressed and the table is caused to
      rotate clockwise to its original position for acceptance of other wall
      panel frame components.
PAR  It should be noted that the threaded rod 190 which engages the limit switch
      192 may be adjusted for slight or small variations in the height of wall
      panel frames 216. However, for large or major changes in wall panel frame
      height, the splice plate 76 joining the channel 74 with the channel 66 and
      70 may be adjusted accordingly.
PAR  It will be apparent to the skilled worker in the art that numerous
      modifications can be made in the invention without departing from the
      scope and spirit. Accordingly, no limitations are intended except in so
      far as specifically set forth in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An assembly support for prefabricating building panels which will assure
      accuracy in locating the studs of a panel relative to the longitudinal
      track members thereof comprising:
PA1  a. a first series of members in parallel spaced relationship extending
      transversely of said support;
PA1  b. a second series of members in parallel spaced relationship extending
      longitudinally of said support and adjustably mounted to said first
      members, selected one of said second members being shiftable
      longitudinally of said support;
PA1  c. a first adjustable fixed stop mounted along one end of said first
      members extending longitudinally of said support and parallel to said
      second members;
PA1  d. a second stop mounted along the other end of said first members parallel
      to said first stop and said second members and shiftable in directions
      toward and away from said first stop;
PA1  e. means for shifting said second stop;
PA1  f. a plurality of stud locators adjustable and fixed to said second
      members; and
PA1  g. means to shift said selected ones of said second members;
PA1  whereby studs are located between selected ones of said stud locators and
      are locked into position when the shiftable ones of said second members
      are shifted, and whereby the studs and track members are locked in their
      respective panel positions whenever said second stop is shifted toward
      said first stop.
NUM  2.
PAR  2. The assembly support according to claim 1, wherein a longitudinal pivot
      tube is mounted to the underside of said assembly support in parallel
      relationship to said second members, said pivot tube being provided with
      aligned trunnions projecting from two sides of said assembly support,
      pedestals disposed beyond said sides and having aligned bearings in which
      said trunnions are journaled, and fluid pressure actuated means connecting
      said assembly support to at least one of said pedestals, said fluid
      pressure actuated means being extensible to combine with said pedestals
      and trunnions for supporting said assembly support in either a horizontal
      or a tilted position.
NUM  3.
PAR  3. The assembly support according to claim 1, wherein a longitudinal pivot
      tube is mounted to the underside of said assembly support in parallel
      relationship to said second members, said pivot tube being provided with
      aligned trunnions projecting from two sides of said table top, pedestals
      disposed beyond said sides and having aligned bearings in which said
      trunnions are journaled, a longitudinal rotating tube mounted to the
      underside of said assembly support in parallel relationship to said second
      members and to said pivot tube, said rotating tube having aligned
      trunnions projecting from two sides of said assembly support, aligned
      pivot arms disposed beyond said sides and having aligned slots at one end
      thereof in which said trunnions of said rotating tube are journaled, each
      of said pivot arms being pivoted to its respective said pedestal between
      the ends of said pivot arm, and fluid pressure actuated means to move said
      pivot arms and thus said trunnions of said rotating tube in said slots to
      rotate said assembly support about said pivot tube from a normally
      horizontal work assembly position to an inverted work ejection position.
NUM  4.
PAR  4. The assembly support according to claim 1 including upright truss type
      supporting legs to support said assembly support in a normally horizontal
      work assembly position.
NUM  5.
PAR  5. The assembly support according to claim 1, including at least one third
      member extending longitudinally of said support and adjustably mounted to
      said first members, said at least one third member having a plurality of
      track locators adjustable and fixed thereto for locating door and window
      assemblies.
NUM  6.
PAR  6. The assembly support according to claim 5, including at least a fourth
      member extending longitudinally of said support and in parallel spaced
      relationship to said first adjustable fixed stop, said at least one fourth
      member having a plurality of track locators adjustable and fixed thereto,
      and means for mounting said fourth member, said means for shifting said
      second stop shifting said fourth member therewith.
NUM  7.
PAR  7. The assembly support according to claim 6, wherein a plurality of stud
      locators are adjustable and fixed to said first and second stops.
NUM  8.
PAR  8. The assembly support according to claim 7, wherein said members are
      channels.
NUM  9.
PAR  9. The assembly support according to claim 8, wherein said stud and track
      locators are slidable and lockable in said channels.
NUM  10.
PAR  10. The assembly support according to claim 1, wherein said means to shift
      said selected ones of said second members comprises fluid pressure
      actuated means.
NUM  11.
PAR  11. The assembly support according to claim 1, wherein said means for
      shifting said second stop comprises fluid pressure actuated means.
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ABST
PAL  A C-shaped framework includes an upright post and an outwardly projecting
      anvil on top of the post, the top surface of the anvil being slotted to
      receive the bight of a fish hook and thus orient the eye of the hook in a
      direction such that fly material can conveniently be attached to the hook.
      A tightening band includes a loop which extends over the bight of the hook
      and thus selectively secures a hook positioned in the anvil slot. The band
      is connected to a drawing stem translatably disposed in an outwardly
      projecting bearing block forming the bottom of the C-shaped framework. The
      lower end of the drawing stem projects downwardly below the bottom surface
      of the bearing block and has a transverse axle mounted thereon. A cam
      eccentrically journaled on the axle is rotated by a lever. In one
      direction of rotation of the cam, the drawing stem and attached band are
      free to be moved upwardly to release the hook; in the opposite direction
      of cam rotation, the cam bears against the bottom surface of the bearing
      block and by reaction translates the drawing stem in a downward direction
      so that the band loop tightly clamps the bight of the fish hook against
      the anvil. The effective length of the drawing stem can be adjusted for
      different hook sizes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The market place as well as the paten literature disclose various kinds of
      tools for temporarily securing small articles to faciliate fine work.
      Exemplary is U.S. Pat. No. 989,794, granted Apr. 18, 1911 to E. F.
      Mueller. In addition, sporting goods catalogs offer several kinds of fly
      tying devices. There is, however, considerable room for improvement.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to vises which temporarily hold fish hooks in the
      desired attitude and orientation while affixing to the hooks small,
      precisely cut and shaped pieces of fur, feathers, and the like, to form an
      artificial fly. Many people enjoy making their own flies and it is among
      this group that the present device finds its greatest utility.
PAR  To this end, it is an object of the invention to provide a fly tying vise
      which is small in size, light in weight and compact in configuration yet
      quickly and reliably positions a fish hook for tying.
PAR  It is another object of the invention to provide a fly tying vise which is
      relatively inexpensive, has but few moving parts to get out of order and
      is versatile in that it is capable of handling fish hooks of a wide range
      of sizes.
PAR  It is a further object of the invention to provide a fly tying vise which
      can either be mounted on a bench, table, chest, or the like, or which, if
      desired, can conveniently be held in one hand while tying is effected.
PAR  It is another object of the invention to provide a generally improved fly
      tying vise.
PAR  Other objects, together with the foregoing, are attained in the embodiment
      described in the following and illustrated in the accompanying drawing.
DRWD
PAC  SHORT DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a side elevational view of the device mounted on a table clamp,
      the clamp being shown in section, and with the fish hook clamping loop in
      locked position;
PAR  FIG. 2 is a fragmentary side elevation of the device showing the fish hook
      clamping loop in unlocked position, and with portions of the device shown
      in section to disclose the details of the band length adjusting structure;
      and
PAR  FIG. 3 is a fragmentary sectional view of the loop tensioning mechanism, to
      a greatly enlarged scale, the plane of the section being indicated by the
      line 3--3 in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  While the fly tying vise of the invention is susceptible of numerous
      different physical embodiments, depending upon the environment and
      requirements of use, numerous of the herein shown and described
      embodiments have been made and used, and all have performed in an
      eminently satisfactory manner.
PAR  The fly tying vise of the invention, generally designated by the reference
      numeral 11, comprises a generally C-shaped frame 12 including an upright
      post 13 surmounted by a transversely oriented and cantilevered anvil 14 on
      which a fish hook 15 can be selectively clamped or released by a
      translatable band 16 of piano wire. The upper end of the band includes a
      clamping loop 17.
PAR  A longitudinal slot 18 in the top surface 19 of the anvil facilitates the
      proper orientation of the fish hook 15 so that when the bight portion 21
      of the fish hook adjacent the barb 22 is aligned with and located within
      the slot 18, with the barb 22 adjacent the nose end 23 of the anvil, the
      eye 24 at the end of the shank 26 of the hook extends well beyond the
      anvil. This permits the user conveniently to lash to the hook the various
      bristles, feathers and the like, which provide a fly 27 similar to that
      shown in FIG. 1.
PAR  The wire loop 17 preferably includes an arcuate bight 31 arching over the
      bight portion 21 of the hook; and extending downwardly from the bight 31
      of the loop 17 on each side 34 of the anvil is a pair of legs 32.
PAR  The wire legs 32 are guided in their vertical to and fro movement by
      respective grooves 33 formed in the opposite sides 34 of the anvil. As
      appears most clearly in FIGS. 1 and 2, the angle of the guide grooves 33
      is not necessarily perpendicular to the anvil slot 18 but can be on the
      order of 65.degree. - 70.degree., or so, relative to the axis of the
      longitudinal anvil slot 18.
PAR  Initially, the wire band 16 is located in an elevated position, as shown in
      FIG. 2, so that the clamping loop 17 is spaced above the anvil 14. The
      hook 15 is thereupon located in the slot 18 in the orientation and
      attitude as illustrated. At this juncture, the band 16 is translated
      downwardly to a lower position, as appears in FIG. 1, in which the bight
      31 of the wire loop 17 engages and bears tightly downwardly on the bight
      portion 21 of the hook 15 interposed between the loop 17 and the anvil 14.
PAR  Downward translation of the wire band 16 and clamping loop 17 is provided
      by a drawing stem 41 translatably disposed in a bore 42 formed in a
      bearing block 43 mounted on and cantilevered outwardly from the bottom of
      the upright post 13, the bearing block 43 forming with the upright post 13
      and the cantilevered anvil 14, the C-shaped frame 12 referred to above.
PAR  The upper portion of the drawing stem 41 is provided with threads 44
      engaged by an adjustment nut 46 serving as an anchor for the lower ends of
      the two wire legs of the locking band 16.
PAR  Conveniently, two pairs of holes 47 and 48 are drilled through the nut 46
      so that two holes are located on each side of the drawing stem 41. The
      lower end portions of the wires on opposite sides of the stem pass
      downwardly through the first pair of holes 47, turn laterally and recurve
      to pass upwardly through the second pair of holes 48. Upon emerging from
      the second pair of holes 48, the wires are recurved toward and are bent
      180.degree. around the standing portion of the respective adjacent wires,
      thereby securing the two wires to the adjusting nut 46.
PAR  Although the drawing stem 41 could be translated downwardly by threading
      the lower end 51 of the drawing stem which protrudes downwardly below the
      bottom bearing surface 52 of the bearing block 43, and engaging the
      threaded lower end with a butterfly nut (not shown) so that the flat of
      the butterfly nut bears against the surface when being rotated (and
      thereby urging the stem downwardly) I prefer to use a cam actuated
      mechanism as illustrated in FIGS. 1-3, and generally designated by the
      reference numeral 56.
PAR  With the cam mechanism 56, downward force is exerted on the drawing stem 41
      by a transverse axle 57 threadably connected to the lower end 51 of the
      stem 41, as appears most clearly in FIG. 2. The axle 57 includes a pair of
      oppositely extending end portions 58. The bifurcated portions 59 of a cam
      61 are eccentrically journaled on the respective end portions 58 of the
      axle so that when the cam 61 is rotated from a first, hook release
      position shown in FIG. 2 toward a second, hook clamping position shown in
      FIG. 1, the cam periphery 63 moves into bearing engagement with the
      adjacent bottom surface 52 of the bearing block 43 and downwardly biases
      the axle 57, the drawing stem 41, the band 16 and the clamping loop 17
      into locking engagement with the hook 15.
PAR  The cam is readily rotated by a cam lever 66 mounted thereon, the lever
      preferably being extended to form a ring 67 having a diameter such as to
      provide a secure hold to the user's finger. As can be seen most clearly in
      FIG. 1, the ring 67 abuts a limit stop boom 68, connected to the lower
      corner 69 of the C-shaped frame 12, when the clamping wire loop 17 is in
      lowermost, locked position. In this position, the user can insert a finger
      of one hand through the ring 67 and thereby assist in holding the cam in
      locked position while concurrently tying the fly with the thumb and
      remaining fingers of the gripping hand as well as the thumb and fingers of
      the other hand. It is to be noted that the cam contour is so arranged
      relative to the stem axis 64 that an over-center toggle action is
      attained, thereby locking the stem and loop 17 in hook clamping position.
PAR  In order to release the fish hook after the fly is completed, the cam lever
      66 is moved in a counter-clockwise direction from the position shown in
      FIG. 1 to that shown in FIG. 2. There is some degree of resilience in the
      band so that to a slight extent the loop 17 lifts off the subjacent hook
      when the downward force on the drawing stem is relieved. The fly tied hook
      is thus released and can be removed in order to accommodate the next hook
      to be tied.
PAR  Should a fine, lengthwise adjustment of the drawing stem be desired, the
      cam 61 can readily be removed from the axle 57 by rotating the cam 61 to
      the position shown in FIG. 2 wherein a slot 71 formed in one of the
      bifurcations 59 is in registry with (i.e. in axial alignment with) the
      downwardly protruding lower end 51 of the drawing stem 41. At this
      juncture, the cam can be moved axially in a direction such that the slot
      71 clears the lower end 51 of the stem, allowing the cam to be disengaged
      from the axle. The axle 57 can then be rotated one or more times through
      180.degree. in the desired direction so that the drawing stem 41 is moved
      axially relative to the nut 46, the wire band 16 and the clamping loop 17.
      This capability for longitudinal adjustment is especially useful when
      hooks of different sizes are to be worked on. After adjustment is
      effected, the cam is replaced on the axle by reversing the above-described
      procedure.
PAR  Although many fly tiers enjoy using merely the C-frame 12 and boom 68, or
      perhaps with an upright standard 76 on the end of the boom distant from
      the frame 12, there are others who like to mount the device rigidly on
      some supporting structure such as a table top 77, bench, chest, or the
      like. For these users a conventional table clamping structure 78 including
      a C-shaped channel 79, and screw clamp 81 can be utilized. Vertical
      positioning of the fly tying vise is afforded by extension members 82 and
      83 connected by suitable threaded connectors 84, the bottom extension
      member being secured to the C-clamp by a set screw 86.
PAR  It can therefore be seen that I have provided a fly tying vise which is not
      only versatile, in that it can be adapted to a variety of circumstances,
      but it is also safe, reliable and convenient to operate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fly tying vise comprising:
PA1  a. a C-shaped frame including
PA2  1. an upright post,
PA2  2. an anvil mounted as a cantilever on top of said post, and
PA2  3. a bearing block mounted as a cantilever on the bottom of said post;
PA1  b. a drawing stem translatably mounted on said bearing block, the axis of
      said drawing stem extending toward said anvil;
PA1  c. a band mounted at its lower end on said drawing stem, the upper end of
      said band including a loop extending over at least a portion of said
      anvil, said loop being effective to clamp an interposed fish hook against
      said anvil in a lower position of said drawing stem and being capable of
      releasing the hook in an elevated position of said drawing stem,
PA2  the top surface of said anvil being slotted to receive and orient the fish
      hook,
PA2  said anvil including means for guiding the upper portion of said band in a
      predetermined path relative to the fish hook as said drawing stem is moved
      between said elevated position and said lower position, said guiding means
      including a spaced pair of grooves in said anvil parallel to said axis of
      said drawing stem,
PA2  said loop including a bight and a spaced pair of legs depending from said
      bight, said legs of said loop sliding to and fro in said grooves as said
      drawing stem is moved between said elevated position and said lower
      position; and,
PA1  d. means for translating said drawing stem between said elevated position
      and said lower position, said drawing stem extending through a bore in
      said bearing block and projecting downwardly beyond the bottom of said
      bearing block,
PA2  said stem translating means including a transverse axle mounted on the
      lower end of said stem, and a cam eccentrically journaled on said axle,
      said cam being movable between a first position corresponding to said
      elevated position of said stem and a second position corresponding to said
      lower position of said stem, said cam bearing against the adjacent bottom
      surface of said bearing block as said cam is moved from said first
      position toward said second position, the reactive force of said bearing
      block against said cam being effective to urge said stem downwardly so
      that said loop is biased into clamping engagement with the fish hook as
      said cam reaches said second position,
PA2  said axle including a pair of oppositely projecting end portions, said cam
      comprising a bifurcated pair of bearings journaled on said end portions of
      said axle, one of said bearings including a slot enabling said cam to be
      separated from said end portions by aligning the slot with said stem and
      axially moving said cam in a direction such that said stem passes through
      the slot until said cam disengages said axle.
NUM  2.
PAR  2. A fly tying vise as in claim 1 including a lever mounted on said cam;
      and including means connected to said C-shaped frame for mounting said
      frame on a supporting base, said mounting means including a limit stop
      portion which is disposed in interfering relation with said cam lever as
      said cam is urged by said lever into said second position of said cam.
NUM  3.
PAR  3. A fly tying vise as in claim 2 in which at least a portion of said cam
      lever is of annular configuration having a size sufficient to receive a
      finger of the user.
NUM  4.
PAR  4. A fly tying vise as in claim 1 including means for adjusting the
      longitudinal position of said band, said adjusting means comprising
      threads on said stem, a nut in threaded relation with said stem, and means
      for mounting said lower end of said band on said nut, said stem being
      axially movable relative to said nut by separating said cam from said axle
      and rotating said stem on its axis until said band is selectively
      repositioned.
NUM  5.
PAR  5. A fly tying vise comprising:
PA1  a. an upright post;
PA1  b. an elongated anvil mounted as a cantilever on top of said post, the top
      surface of said anvil having a longitudinal slot to receive and orient the
      shank of a fish hook to be tied with a fly;
PA1  c. a bearing block mounted as a cantilever on the bottom of said post and
      projecting outwardly therefrom in substantially the same direction as said
      anvil;
PA1  d. a boom mounted as a cantilever on said post and projecting outwardly
      therefrom in a direction substantially opposite to that of said bearing
      block;
PA1  e. a drawing stem translatably mounted on said bearing block, the axis of
      said stem intercepting said anvil;
PA1  f. a tightening band including a loop having a bight passing over said
      anvil at right angles to said longitudinal slot, the ends of said bight
      being attached to said drawing stem;
PA1  g. camming means connected to the end of said drawing stem remote from said
      loop and in engagement with said bearing block for translating said
      drawing stem between an elevated position wherein said bight is removed
      from the shank of a fish hook in said slot and a lowered position wherein
      said bight is in clamping engagement with the fish hook; and,
PA1  h. a cam lever mounted on said camming means, said cam lever including a
      finger grip portion which abuts said boom as a limit stop as said cam
      lever is moved from a first location removed from said boom and
      corresponding to said elevated position of said drawing stem to a second
      position corresponding to said lowered position of said drawing stem.
NUM  6.
PAR  6. A fly tying vise as in claim 5 in which said abutting portion of said
      cam lever is a ring having a size sufficient to receive a finger of the
      user.
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ABST
PAL  A mechanism for assembling and optionally joining flexible plies in
      predetermined relation. The workpieces, for example, may be shirt collar
      parts one or more of which may be of polyester material. The preassembling
      technique relieves an operator of the tediousness of trying to separate
      limp pieces and then accurately matching them. Plies picked singly and
      successively from the top of their respective stacks are deposited side by
      side on a reciprocable support maintaining their relative positions during
      transfer to a series of holders aligned heightwise with ply-receiving
      pallets constituting an intermittently operable endless conveyor. The
      support and holders cooperate to reposition the plies, if need be, on the
      holders. The arrangement is such that indexing the pallets continuously
      accumulates in registered, superposed relation the required number of
      plies of an assembly. The plies are usually next temporarily tacked or
      otherwise attached together at selected spaced points as by heating
      elements coordinated with conveyor indexing. The assembled unit is moved
      to an accumulating or stacking station from which the collection may be
      conveniently removed for further processing.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The fabric pick-up means herein disclosed is essentially similar to that
      disclosed in a pending application Ser. No. 260,305 filed June 6, 1972 in
      the name of R. R. Walton et al. That application is accordingly
      incorporated herein by reference and has matured to U.S. Pat. No.
      3,813,094.
PAC  BACKGROUND OF THE INVENTION
PAR  Pre-assembly of thin, flexible workpieces such as found in the garment
      industry and elsewhere is increasingly important to avoid inaccurate
      matching of parts and to attain greater productivity. Also, the burden of
      manually separating and then properly aligning such workpieces is to be
      shunned if they are to be subsequently joined without loss of productivity
      and of proper registration. This invention is accordingly directed to
      providing a method and apparatus for assembly from different stacks of
      flexible workpieces the individual perforate plies which are to be
      registered with one another, then uniting them at least temporarily in
      their registered relation, and lastly stacking the assemblies for further
      processing.
PAR  The invention will probably have primary use in the fabric and garment
      industries, but it is to be understood that usage of the invention is not
      thus limited. Also, the particular work joining mechanism herein
      optionally employed by ways of illustration is advantageous in that it
      conveniently employs heat for at least temporarily attaching (as by spot
      welding) the plies together, at least one of the plies being a polyester
      material; it will be clear, however, that the invention is in many
      respects not limited to use with the heat or other fastening feature, nor
      to use in dealing with a polyester ply. Moreover, though specifically
      illustrated as applied to shirt collar making usage of the invention is
      not necessarily restricted to use on fabric of particular type or for a
      particular purpose.
PAR  Multi-ply fabric assemblies, herein typified in the making of collars for
      mens' dress shirts, are commonly difficult to manipulate even when their
      parts are first registered with each other and, prior to that, the
      workpieces are not easily separated singly from their respective stacks
      formed usually by die cutting operations. As commonly known some fabrics
      are sleazy, some have greater body, and some are clingy while others slide
      easily; the great variety of their characteristics makes complex the
      provision of a sufficiently versatile machine for reliably assembling them
      in uniform predetermined relation. It is appreciated that a mechanized
      pre-assembly of collar plies, for instance, in precise superposed relation
      will greatly facilitate subsequent collar finishing operations when the
      plies are at least temporarily fastened together. The art of making mens'
      dress shirt collars has hitherto called for a mixture of non-skilled but
      burdensome operations (such as manually separating, positioning and
      spreading out each ply) with highly skilled maneuvers involved in
      maintaining the parts in registry while guiding the assemblage in precise
      manner relative to a needle to insure that seaming runs exactly a uniform
      distance from the edge of the three sides of the collar and stops at
      specified points. Occasionally stitch tacking at spaced points is made to
      aid an operator in uniformly moving the collar plies but then productivity
      is reduced by the need thereafter to snip and remove the temporary thread
      attachment.
PAR  In some superficial respects it may be noted that a general resemblance
      exists between the disclosure of U.S. Pat. No. 3,608,118 issued Sept. 28,
      1971 on an application of Frederick J. Rex et al. and the illustrative
      apparatus herein to be described. An important distinction is that
      workpiece in the latter are previous necessitating unique positioning
      technique workpieces in the former the leather work is simply held in the
      desired position by suction. Accordingly the present invention features
      novel pneumatic work positioning means associated with each cooperating
      work transfer mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, it is a main object of this invention to provide
      a novel apparatus for pre-assembling flexible plies from their respective
      stacks, the plies of each assembly to be accurately registered with each
      other, optionally transitorily attached, and then accumulated in a manner
      facilitating further finishing operations.
PAR  Another object of the invention is to provide in a machine for successively
      registering a single fabric ply with at least one other ply, a reliable
      transfer mechanism for coordinating their rearrangement from
      juxta-position to a superposed relation, and means for then attaching the
      superposed plies of each set.
PAR  A further and more specific object of this invention is to provide an
      apparatus and method for registering the plies of shirt collars, at least
      one ply of each set including a resin or being a polyester material, and
      then optionally temporarily attaching the ply sets of each collar as by
      heat bonding.
PAR  To these ends and as herein illustrated, a single top ply is lifted from
      each of a plurality of stacks arranged side by side, an adjacent,
      intermittently indexed conveyor comprises a series of ply-receiving
      pallets, a series of suctional work holders is arranged over a loading
      zone of the conveyor, transfer mechanism is reciprocably operable for
      delivering the picked-up plies to the respective holders, and the latter,
      synchronized with the conveyor indexing, successively deposit the plies in
      exactly superposed relation on the pallets. As herein shown, an optionally
      operable attaching means preferably in the form of spaced heat tacking
      tools is disposed for operation on the plies of an assembly on a pallet as
      it arrives at an indexed position. The successive assemblies are then
      automatically accumulated in orderly manner at a subsequent station, a
      stacking mechanism being disposed to unload each pallet and retain the
      assemblies in an ordered pile.
PAR  Since the initial stacks of plies as supplied to the apparatus cannot be
      relied upon to occupy precise positions, and it is impractical to expect
      that each ply of a stack will continue in constant, predetermined position
      in its stack or with respect to its matching ply in an adjacent stack, the
      mentioned work transfer means and suction holders are provided with
      cooperating means for insuring that upon release to a holder a workpiece
      will be urged thereon against a pre-set gage, the gages being disposed
      with respect to the individual holders so that exact work placement on
      each pallet is attained. Hence, a proper edge alignment or selected
      superposed overlying relation is derived prior to assembly tacking.
PAR  Optionally included in the assembly apparatus of the invention is a means
      likely to be useful in the garment trade, for instance, for inverting each
      of the plies to be transferred from one of the stacks.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other features of the invention will now be more
      particularly described in connection with an illustrative shirt collar
      assembling apparatus, and with reference to the accompanying drawings
      thereof, in which:
PAR  FIG. 1 is a view, largely in front perspective of a mens' shirt collar
      assembling apparatus, a pallet conveyor being indicated together with a
      series of work holders, an assembly tacker station, and a stacking or
      unloading station;
PAR  FIG. 2 is a perspective view from the rear of the apparatus shown in FIG. 1
      and showing a series of pick-up devices above a work loading zone;
PAR  FIG. 3 is another perspective view, with portions broken away, of a portion
      of the apparatus shown in FIGS. 1 and 2, the pick-up devices being in
      their elevated positions, a work transfer mechanism being advanced to its
      transfer position intermediate the holders and the conveyor, and a ply
      assembly being tacked at a station prior to delivery at an accumulator
      station;
PAR  FIG. 4 is an enlarged perspective of one of the tackers shown in FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 3 but showing the parts in a next stage,
      the work transfer mechanism being retracted for reloading and the conveyor
      again indexed;
PAR  FIG. 6 is a view similar to FIGS. 3 and 5 but taken at a later stage of the
      operating cycle wherein the work holders have descended to transfer the
      work plies to the respective conveyor pallets;
PAR  FIG. 7 is a perspective view showing the manner of cooperation of the work
      transfer mechanism in the holders in establishing desired registry of the
      plies;
PAR  FIG. 8 is a section taken on the line VIII--VIII of FIG. 7;
PAR  FIG. 9 is a perspective view of stacking means and indexing means for the
      conveyor;
PAR  FIG. 10 is a perspective view of the collar plies as assembled in
      registered relation by the apparatus and here shown partly tacked and
      partly separated at previously tacked points;
PAR  FIGS. 11a-11d inclusive are sequence views of mechanism optionally
      available with the pick-up devices for inverting workpieces from one
      stack; and
PAR  FIG. 12 is a timing chart for the several mechanisms of the apparatus.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The embodiment of this invention as illustrated in FIGS. 1 and 2 comprises
      a plurality of stations operating in timed sequence to automatically
      assemble and register in superposed relation the several plies of a man's
      dress shirt collar generally designated C (FIGS. 3, 4 and 10), to secure
      the plies at least temporarily in their respective collar assemblies as a
      preliminary to further finishing steps, and then to accumulate the
      successively completed assemblies in an ordered stack.
PAR  The workpieces, in this case three plies of fabric designated X, Y, and Z
      (FIGS. 2 and 3) are received and supported in a loading station 12 at the
      rear of the machine. The X plies are stacked together and likewise Y and Z
      plies, respectively, as they would normally be received from a cutting
      die. In addition to being perforate, the plies may vary greatly in
      character though their shapes, but in this example, are substantially
      identical. It is common that one or more of the plies X, Y and Z will be
      of a polyester material, the Y ply herein being assumed to be a polyester
      lining or a cotton lining including a resin. Although, the ply stacks are
      spaced side by side and similarly oriented at the loading station 12, the
      collar assemblies C to be provided, as indicated in FIG. 10, require that
      a single ply from each stack be exactly registered in superposed straight
      edge relation preparatory to being secured together by means such as later
      described.
PAR  The loading station 12 is adjacent to the left end portion of the endless
      conveyor comprised of pivotally linked trays or pallets 14 respectively
      formed with slots 16 for a purpose later noted, and adapted to receive the
      plies X, Y, and Z in outspread superposed condition. The conveyor is
      indexable to shift the pallets 14 in unison rightward as viewed in FIGS.
      3-6 inclusive in increments equal to the width of any one pallet 14, i.e.,
      sufficiently to advance each pallet to the conveyor position just vacated
      by the preceding pallet 14. Co-extensive with the left portion of the
      conveyor is a series of ply laying stations generally designated 18, 20
      and 22 (FIGS. 3, 5, and 6) aligned with a succession of the dwell
      positions of three of the adjacent pallets 14. The stations 18, 20 and 22
      respectively include a vertically reciprocable ply holder 24 wherein as
      later explained each ply is accurately positioned as desired and the
      usually minor "mispositioning" arising from original positioned
      irregularity of the plies in their respective stacks is corrected. For
      delivering successive plies from the loading station 12 to the stations
      18, 20 and 22 as subsequently described in greater detail, a plurality of
      pick-up devices 26 cooperates with a transfer mechanism generally
      designated 28 and operable between the loading station 12 and the stations
      18, 20 and 22.
PAR  Successive pallets emerging from the ply laying station 22 carry superposed
      collar plies to a tacking station designated 30 (FIGS. 3 and 4) and thence
      to a stacking station 32 which may constitute the last station along the
      conveyor. Operations of the stations 30, 32 will be more fully explained
      hereinafter.
PAR  Referring to FIGS. 1 and 2, a main frame 36 for supporting the above
      mentioned apparatus provides bearings at opposite ends in which shafts 38
      (one only shown in FIG. 9) are journalled for rotatably supporting
      sprockets 40 driving parallel endless chains 42, 42 (one only shown in
      FIG. 9) to which the series of pallets 14 is connected at their opposite
      ends. The loading station 12 comprises a platform 44 (FIG. 2) bracketed to
      the frame 36 for supporting the similarly oriented stacks X, Y, and Z in
      juxtaposition. Disposed above and transversely of the path of the conveyor
      is a pair of spaced, U-shaped cross beams 46, 46. For lifting successive
      single plies from the top of each of the stacks simultaneously, a channel
      bar 48 is secured across the tops of the U-beams 46 and carries three
      piston-cylinder devices 50, each piston supporting a bar 52 for adjustably
      supporting, respectively, substantially identical sets of the pick-up
      devices 26 respectively comprising piston-cylinder mechanism 54. The bar
      52 is longitudinally slotted to receive nuts for adjustably accommodating
      the respective mechanisms 54. Each pick-up device 26 is desirably, though
      not necessarily, the substantial equivalent of that fully disclosed in
      FIGS. 14-18 inclusive of the U.S. Pat. No. 3,813,094 referred to above.
      Accordingly, details of the pick-up structure are not herein fully
      described it sufficing for present purposes to note that they are
      preferably essentially of the pneumatic piston-cylinder type and comprise
      a presser foot 56 and a cooperating pinch pawl (not shown) which twist the
      fabric locally to effect interfacial separation. Upon the devices 50 being
      pressurized to lower the bars 52 with the mechanisms 54, the respective
      presser feet 52 descend into work engagement and a top ply of each stack
      is seized at spaced points. Retraction upwardly of the presser feet 52 is
      accompanied by their rotation to locally contort and seize the topmost
      ply, thus separating it from the remainder of the stack. Now the devices
      50 raise the separated top ply as shown in FIG. 5 to a position such that
      they may be automatically released and deposited on a reciprocable suction
      plate 58 of the transfer mechanism 28 as shown in FIG. 6. Simultaneous
      release of the single plies X, Y, and Z, is effected by the depressurizing
      of the mechanisms 54.
PAR  The plate 58 is hollow and adapted to transfer the plies from the rearward
      position above the loading station 12 to the ply laying stations 18, 20,
      and 22, respectively, as will next be explained. The plate 58 has its
      upper or work supporting surface formed with small spaced holes 60 (FIGS.
      7, 8) whereby suction applied to the interior of the plate is adequate to
      retain the outspread work during transfer. The plate 58 is provided at
      opposite sides with spaced bearing blocks 62 supplied to slidably receive
      spaced parallel guide rods 64, 64 respectively secured to the interior of
      the cross beams 46. Accordingly, reciprocation of the transfer plate 58 is
      timed with the operation of the devices 26 and the other stations 18, 20,
      22, 30 and 32, an air cylinder 66 (FIGS. 3, 5 and 6) being affixed to the
      frame 36 and having its piston rod 68 connected to the plate 58 for this
      purpose.
PAR  At the forward or delivery end of the stroke of the transfer plate 58, the
      latter overlies the ply laying stations 18, 20 and 22 and underlies the
      vertically reciprocable ply holders 24 as shown in FIG. 3. It is important
      to note that since the plies in their original stacks X, Y and Z cannot be
      relied upon to occupy exactly uniform positions, the transfer mechanism
      incorporates a ply position correcting or refining mechanism 70 (FIGS. 7
      and 8) automatically operable to insure that the plies, on being
      assembled, will register as desired. Each ply holder 24 is in the form of
      a vertically reciprocable suction box aligned with a dwell position of a
      pallet 14. For this purpose a cross bar 72 secured on the forward portions
      of the U-beams 46 centrally carries a piston-cylinder device 74. Its
      piston rod 76 (FIG. 6) is connected to braces 78 carrying the suctional
      ply holders 24. For insuring that each holder 24 is held aligned with a
      dwell position of a pallet 14, a pair of guide rods 80 (FIGS. 3, 5, and 6)
      preferably is slidable in spaced bearings 82, respectively, mounted on the
      bar 72, the lower ends of the rods 80 being affixed to the braces 78.
PAR  In this case, the desired ply registry is the alignment of the straight
      edges of the respective plies of a set. Accordingly, referring more
      particularly to FIGS. 7 and 8 each holder 24 is fitted on its underside
      with similarly arranged stops or edge gage means which are in the form of
      blocks 84, 86 and 88. These may be adhesively attached or otherwise
      adjustably mounted in the event it is desired to modify the desired ply
      registry to one of overlapping only by a predetermined margin, or having
      one ply oriented at a prescribed angle relative to another, etc. The
      undersurface partly bounded by the gage blocks 84, 86 and 88 is formed
      with perforations 90 preferably disposed in an outline smaller than the
      collar ply and substantially corresponding to the similarly disposed vents
      provided in the transfer plate 58. Suction to the latter is maintained
      only until the ply loaded plate 58 arrives beneath the holders 24 as shown
      in FIG. 7, whereupon suction to the holders 24 becomes effective via
      conduits 94. Then, too, pulsed air jets are also emitted from nozzles 96
      in the plate 58, and directed mainly horizontally and laterally of each
      ply as shown in FIGS. 7 and 8. Desirably, the pulsed air streams in at
      least two instances urge the ply toward the side gages 84, 86; in one
      instance the ply is impelled toward an end gage 88; and a fourth nozzle is
      aimed toward an "open corner" defined by the gages. The result is a
      transfer of each ply from the plate 58 to the holders 24 and into
      predetermined relative positions required for precise assembly. Reciprocal
      vertical movements of the holders 24 is coordinated with the horizontal
      reciprocation of the transfer plate 58 as indicated in the timing chart,
      FIG. 12.
PAR  Upon descent of the holders 24 to the ply laying stations 18, 20 and 22
      respectively, the suction to the holders is discontinued, air blow down is
      applied as shown in FIG. 12, and the single plies are respectively
      disposed simultaneously in proper positions the pallets 14 then occupying
      dwell positions at the stations 18, 20 and 22. It will be understood,
      that, in order to prepare the apparatus for fully automatic operation,
      certain of the pick-up devices 26 may be manually disabled, and hence the
      control system initially enables the X ply laying station 18 to be empty,
      one ply Y has been deposited on the station 20 and X and Y plies have been
      superposed on the pallet at station 22. The next cycle, upon indexing the
      conveyor, accordingly allows the station 18 to receive one X ply; station
      20 superposes a Y ply on an X ply; and station 22 superposes a Z ply on
      the previously superposed X and Y plies. At each of the ply laying
      stations the straight edges E (FIG. 10) of the plies are exactly aligned
      as determined by the gage means above mentioned.
PAR  While a variety of conveyor indexing means may be used, there is herein
      shown in FIG. 9 an exemplary arrangement now to be briefly described. On
      an end of the shaft 38 there is keyed a disc 100 having three equally
      spaced circumferential notches 102. A lever 104 pivoted at one end to the
      frame 36 is oscillatable by a piston rod 106 pivotally connected to the
      other end of the lever 104, the rod 106 being actuated by a two-way fluid
      pressure driven cylinder 108. Air is admitted to the cylinder 108 as
      dictated by the control system to effect conveyor stepping of the pallets
      14 as indicated by the timing chart (FIG. 12). The lever 104 carries a
      roll 110 which slidably cooperates with a track 112 formed on a lever 114.
      The latter is fulcrummed on the shaft 38 and pivotally carries a pawl 116
      on a pin 118. The arrangement is such that an end of the pawl 116 engages
      in a notch 102 to rotate the disc 100 clockwise 120.degree.  each time the
      pallets 14 are advanced to the right and away from their prior dwell
      positions. A spring urged detent 120 (FIG. 9) engages another notch 102 at
      the end of each step to prevent movement of the pallets when in their
      dwell positions and during return or counterclockwise movements of the
      lever 94. A brake may also be applied to prevent over stepping by
      controlling conveyor deceleration.
PAR  Upon being indexed from the station 22 three superposed plies X, Y and Z
      are next moved with the pallet 14 to the tacking station 30 (FIGS. 3 and
      4). Here a pair of spaced heat tacking devices each generally designated
      122, when employed, is automatically operable during the dwell to engage
      and preferably severably join the collar plies as at spots A and B (FIG.
      10). One of the devices 122 will now be described with reference to FIG.
      4. An air cylinder 124 bracketed to the U-beam 46 has a vertically
      reciprocable piston rod 126 carrying a bracket 128. Mounted on the bracket
      128 are a pointed electric heat welding rod 130, and a combination
      hold-down and ply-stripping means in the form of a yieldable looped wire
      132. This wire is supported from the bracket 128 by a bar 134 and is
      disposed yieldably to engage the top ply about the tiny hole of work
      penetration made by the conical end of the rod 130. The heat of this rod
      thus acts on the polyester ply (or plies) to temporarily join the collar
      parts in assembled relation. Desirably electricity for heating may be
      applied to the welding rods 130, 130 only for the interval, and for the
      intensity required for localized fusing during the dwell, when the
      pressurized cylinder 124 is lowering its rod 126 to effect ply
      penetration. Attention is invited to the fact that one of the tacker rods
      is arranged to operate on aligned collar points B, and the other tacker
      122 is spaced to operate on a margin at A, a distance from the other
      collar extremity. The reason for this is to allow the fabric even
      distribution due to any minor irregularity of alignment prior to a
      marginal seam extending to such extremity.
PAR  Having been assembled as a unit C for further collar operations, the
      successive units are next advanced to the stacker station 32. Referring
      mainly to FIG. 9, an open box-like container frame 136 is mounted on the
      main frame 36 and in vertical alignment with a pallet dwell position
      downstream from the tacking station 30. A pair of parallel fulcrum rods
      138, 138 is mounted in the container frame 136 to extend transversely of
      the path of the conveyor. A plurality of L-shaped levers 140 are suspended
      from each of the rods 138 and have in-turned spaced apart, bevelled lower
      ends 142 adapted to receive and support successive bottom-most plies of a
      stack of the completed units C. The adjacent upper ends of the outer
      levers 140 are connected to a toggle pin 144 which is movable heightwise
      by a piston rod 146 of a piston-cylinder device 148 to control movement
      together and apart of the stack supporting ends 142. The arrangement
      desirably is such that when a collar unit arrives on a pallet 14 at its
      dwell position in the station 34, ply lifting mechanism is automatically
      actuated to transfer the newly assembled unit to the bottom of the
      previously stacked units C resting on the closed lever ends 142. For this
      purpose a pair of spaced pushed plates 150, 150 (FIG. 9) is secured on the
      upper end of a link 152, the lower end of which is pivotally connected to
      one arm of a bell crank lever 154 journalled in the frame 36. The lever
      154 is oscillated by an air motor 156 actuated in time relation to the
      conveyor indexing by the control system and connected to another arm of
      the bell crank lever whereby the plates 150 are projected upwardly through
      the slots 16. The motor 156 is coupled to the frame 36. A collar assembly
      unit is accordingly thrust upwardly from the pallet 14, between the open
      lever ends 142, to upwardly displace the stack, the levers thereupon
      closing to hold the unit in line with the accumulated stack, as the pusher
      plates now descend to an out-of-the-way position beneath the path of the
      pallets. For constraining the accumulating stack a plurality of spaced,
      vertical pins 158 adjustably depend from the top of the frame 136.
PAR  It will be understood from the foregoing that collar production may be
      continuous, the initial juxtaposed stacks X, Y, and Z being converted into
      collar assembly units C in superposed relation. Each time the pallet 14
      passes through a ply laying station 18, 20, or 22 another ply is deposited
      in predetermined position by a holder 24. The assembled units C can be
      successively tacked together at station 30 and then, as thus preassembled,
      accumulated at the station 32 until it is desired to remove them for
      further processing.
PAR  As above mentioned, there are occasions when it is desirable to turn over
      successive plies of a stack of fabric prior to its registration in an
      assembly. In the case of colored or patterned piece goods that have a
      "face" side, for instance, the plies will be loaded onto the platform 44
      with their face side up. This means that subsequently when the collar is
      turned, as is usually necessary, one collar ply would be upsidedown. This
      situation can not be resolved merely by inverting a whole stack since
      non-matching shade problems could then arise. A solution is provided by
      employing in conjunction with each of the pick-up devices 26 operating on
      a stack, for instance the Y stack, an inverting mechanism to be described
      with reference to FIGS. 11a - 11d. It will be understood that the control
      system otherwise applicable to the pick-up devices 26 for stacks X and Z
      is suitably modified for the controlled actuation of the devices 26
      operating on the stack Y. In FIG. 11a an elevated presser foot 56 of the
      pick-up 26 is being pneumatically lowered by its device 50 into engagement
      with a top ply Y as shown in FIG. 11b, and against resistance of a return
      spring 160. A whisker sensor or other sensing means is employed for
      suitably limiting downward travel of the pick-up device. In progressing
      from the work engagement condition of FIG. 11b to the top ply separated
      condition of FIG. 11c, a chamber in the pick-up is depressurized on signal
      from the sensor to allow operation of the spring 160 so that the seized
      ply is upwardly retracted. Secured to the bar 52 is a forked bracket 162
      adjacent each of the Y pick-ups 26 for supporting an air cylinder 164. The
      lower end of a piston rod 166 operated by the cylinder 164 is pivotally
      connected to a lever 168 itself pivoted on a pin 170 affixed to the bar
      52. The lever 168 carries a piston-cylinder device 172 having a U-shaped
      margin gripping jaw 174 cooperative with a free end of a piston rod 176
      projecting from the device 170. The arrangement is such that when the ply
      is seized as in FIG. 11b, the gripper 174, 176 has swung to an
      out-of-the-way position, but when the separated ply has been lifted as
      shown in FIG. 11c, the open gripper 174, 176 has been swung back to a
      vertical position allowing the piston rod 176 to clamp the margin of the
      ply on a shelf portion 178 of the jaw 174. Now, the presser foot releasing
      the ply Y and the ply margin being similarly held clamped by a second and
      similar ply inverting means associated with another Y ply pick-up 26, the
      pairs of grippers 174, 176 swing outwardly from the vertical allowing the
      collar ply to hang dependent. The grippers then swing back inwardly,
      flipping the ply over and causing it to lie inverted upon the transfer
      plate 58 as indicated in dash lines in FIG. 11d. The transfer plate 58
      then commences its travel toward the holders 24, the grippers 174, 176
      having finally released the margin at their vertical positions.
PAR  The illustrative apparatus is desirably under fluidic controls though it
      will be understood that other control mechanism may be employed in whole
      or in part. Having made appropriate initial setting up adjustments, an
      operator will normally find that his attendance of the apparatus is
      chiefly devoted to replenishing the stacks X, Y and Z, and removing the
      assembled units C from the stacking station 32.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      secure by Letters Patents of the United States is:
NUM  1.
PAR  1. Apparatus for assembling flexible perforate plies in predetermined
      relation comprising means for supporting in juxtaposition a plurality of
      stacks of the plies to be assembled, indexable conveyor mechanism
      including a plurality of pallets respectively arranged to be successively
      shifted into the dwell positions vacated by preceding pallets, a plurality
      of ply holders movable between ply receiving positions and ply delivery
      positions aligned with a series of the indexed pallets, a corresponding
      plurality of pickup devices movable for separating and removing single
      plies successively from their respective stacks on said supporting means,
      a transfer mechanism reciprocable between a position for receiving plies
      from the pickup devices and a position intermediate the ply holders and a
      series of the indexed pallets, each of the holders having a means
      cooperative with said transfer mechanism for predeterminedly positioning
      each ply received from said transfer mechanism and holding said ply in
      said predetermined position prior to deposit by the holders on said
      indexed pallets respectively, and control mechanism for coordinating in
      cyclical movement said pickup device, said transfer mechanism, the
      holders, and said conveyor.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein the positioning means on each of the
      holders comprises an adjustable edge gauge disposed on the underside
      thereof, and nozzle means on said transfer mechanism positioned for
      directing one or more pulsed air streams laterally of a ply for urging it
      against said edge gauge when the ply is transferred to the holder.
NUM  3.
PAR  3. In apparatus for assembling fabric plies in predetermined registry, a
      loading station for receiving in juxtaposition stacks of the respective
      plies, and means for converting the juxtaposed plies to sets of at least
      partly superposed plies consisting of a single ply from each stack, said
      converting means comprising an indexable conveyor spaced from the loading
      station and comprising a plurality of pallets successively positionable in
      the dwell position of preceding pallets of the plurality, respectively,
      pickup devices operable above each stack, ply holders reciprocable in
      synchronization with the conveyor between a ply receiving position and a
      ply delivery position aligned with dwell positions of adjacent pallets,
      and transfer means movable between said pickup devices and said ply
      holders for transferring plies from said pickup devices to said ply
      holders with said ply holders in their ply receiving positions, a gauge
      means on the holders for positioning of the plies thereon relative to the
      holders and with respect to their said adjacent pallets in their dwell
      positions, and means cooperative with the holders for urging the
      respective plies being transferred thereto to abut the gauge means
      edgewise.
NUM  4.
PAR  4. An assembling apparatus as in claim 3 wherein each of the ply holders is
      adapted to retain successive fabric plies by suction, and said means
      urging the plies to abut the gauge means comprises means mounted on said
      transfer means for directing air flow substantially toward a ply during
      transfer from said transfer means to a ply holder.
NUM  5.
PAR  5. An apparatus as in claim 4 wherein control valving associated with each
      holder is automatically actuatable to terminate suction thereto during
      dwell of an adjacent pallet to effect delivery thereto of a positioned
      ply.
NUM  6.
PAR  6. Multi-ply collar making apparatus comprising a loading station for
      supporting in similarly oriented stacks the plies of collars to be
      assembled therefrom, an indexable conveyor movable in a path spaced from
      the loading station, said conveyor including a plurality of pallets
      respectively adapted to receive a ply and then be successively shifted
      into the dwell position vacated by a preceding pallet, ply pickup devices
      operable above each stack at the loading station, suctional ply holding
      devices reciprocally operable between receiving and deposit positions
      aligned with a series of dwell positions of said pallets, transfer means
      laterally movable between the pickup devices and the suctional ply holding
      devices for transferring successively picked up plies from said transfer
      means to predetermined positions on the undersurface of the respective
      suctional devices, and control means for cyclically operating said devices
      and said transfer means in time relation to the conveyor indexing.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said surfaces of the suctional devices
      have edge gages in adjustable parallel relation, and air jet impelling
      means mounted on the upper surface of the transfer member and arranged
      yieldingly to urge corresponding edges of the transferred plies against
      the edge gages respectively.
NUM  8.
PAR  8. In apparatus for assembling fabric plies, at least one reciprocable
      pickup device movable into and out of pickoff relation with respect to a
      stack of the plies, said device comprising a first piston-cylinder means
      including a relatively movable ply seizing means for seizing a ply and
      subsequently releasing the seized ply when it has been removed from the
      stack, and a ply turnover mechanism associated with the device, said
      mechanism comprising a second piston-cylinder means pivotally mounted for
      movement about an axis extending transversely of the first piston-cylinder
      means for seizing a margin of the ply before it is released by said
      member, and control means for pivotally operating the ply turnover
      mechanism in time relation to operation of said first piston-cylinder
      means whereby the ply released by the latter is inverted and then released
      by said second piston-cylinder means.
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ABST
PAL  A hopper loader delivers a shingled stream of signatures to a hopper from
      which the signatures are fed. The hopper loader apparatus is portable and
      comprises a generally horizontal first conveyor belt section for receiving
      an array of side-abutted signatures on edge. The apparatus also includes
      an inclined second conveyor belt section for engaging the side of the
      signatures and for feeding the signatures from the array in an overlapped
      stream toward the hopper. The apparatus includes a means for adjusting the
      speed of the first belt section relative to the second belt section. Also
      the apparatus includes a presser belt construction which cooperates with
      the inclined section for pressing on the signatures to provide a
      sufficient frictional force between the belts and the signatures so that
      the signatures will be properly moved up the inclined belt section. In
      addition, a blower is utilized to provide a separating action to
      facilitate separation of the signatures in the array and to blow the top
      edge of the signatures toward the inclined belt. The conveyor belt
      sections are controlled in response to a pile height sensor which is
      located in the hopper. A suitable control is provided for sensing when the
      amount of signatures on the first belt section is depleted to a
      predetermined minimum and when such a minimum supply of signatures on the
      first belt section is sensed, the hopper loader mechanism is deactivated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for automatically feeding
      signatures to a hopper, from which the signatures are fed. The hopper
      which is supplied with signatures by the apparatus of the present
      invention may be a hopper of a conventional gathering or inserting
      machine, and the apparatus to which the present invention relates has been
      termed a hopper loader. The advantages of automatically supplying
      signatures to a hopper as opposed to manual loading of the hoppers are
      well known. For efficient operation as a gathering machine, the supply of
      signatures in the hoppers thereof is important. If the supply is too low
      or too high, the gathering machine may not operate properly. Typical
      hopper loader constructions known in the art are shown in U.S. Pat. Nos.
      3,690,650; 3,674,258; 3,505,719, and 3,522,943. In addition, German
      Application No. 2,131,258 also discloses a hopper loader construction.
      Also pending application Ser. No. 31,007, assigned to the assignee of the
      present invention, discloses a hopper loader construction.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to an improved hopper loader construction
      and particularly one which receives signatures in a stacked, on-edge
      side-abutting relationship and where the signatures are fed on edge by a
      first conveyor to a second conveyor which feeds the signatures in an
      overlapped stream into the hopper. One feature of the present invention is
      specifically directed to establishing a controlled amount of the lap (also
      referred to as signature overlap) which is provided in the stream of
      signatures and for providing a controlled lap, even though signature
      dimensions may vary. Not only is the present invention directed to the
      control of the lap, but it is also directed to the maintenance of that lap
      once it has been established.
PAR  In addition, the present invention is directed to the provision of various
      adjustments to the hopper loader construction and which adjustments may be
      made at the respective ends of the hopper loader. This is important, due
      to the fact that the hopper loaders for certain gathering equipment may be
      placed side by side for feeding adjacent hoppers in a gathering machine,
      and in such an application of the hopper loader it is impossible for an
      operator to move between the hopper loader constructions, and accordingly
      it is necessary for purposes of adjustment of the hopper loader that the
      operator make those adjustments from the ends of the hopper loader.
PAR  In addition, another feature of the present invention involves the
      provision of a suitable contol mechanism which stops the hopper loader
      apparatus in the event that the supply of signatures in the hopper loader
      for delivery to the hopper reaches a predetermined minimum. Such a
      provision is desirable due to the fact that if the supply of signatures in
      the hopper loader is depleted too far, the operator is unable to reach
      from the end of the hopper loader and load the hopper loader with
      sufficient additional signatures to maintain the side-abutting relation of
      the signatures in the supply section of the hopper loader. In the event
      that the supply of signatures in the hopper loader becomes diminished,
      problems with gaps on the inclined belt section between the signatures can
      occur and control of the signatures is sacrificed.
PAR  In addition, the construction of the hopper loader is such that a
      pile-height sensor in the hopper, which is being fed, triggers the
      actuation of the conveyor mechanism in the hopper loader. When the sensor
      in the hopper is satisfied, a timer is actuated so as to continue the feed
      of signatures into the hopper to maintain a suitable supply of signatures
      in the hopper and thereby minimize cycling of the hopper loader apparatus.
      The time that the conveyor belts continue to operate after the sensor is
      satisfied is adjustable.
PAR  Moreover, the hopper loader construction of the present invention is such
      that the conveyor belts which are driven from an electric motor may be
      reversed in operation. As a result, any signatures which may remain in the
      hopper loader at the time that the signatures are no longer needed may be
      removed by reversing the conveyor belts. This feeds the signatures back
      from the delivery end of the hopper loader adjacent the hopper to the
      supply end where an operator may remove the signatures from the hopper
      loader, either manually or by allowing the signatures to fall into a
      container.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The various features of the present invention will be better understood
      from a detailed description of a preferred embodiment thereof made with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic pictorial view of a hopper loader with parts removed
      embodying the present invention;
PAR  FIG. 1a is a schematic view showing a plurality of hopper loaders
      associated with a gatherer;
PAR  FIG. 2 is a side elevational view of the hopper loader of FIG. 1;
PAR  FIG. 3 is a top plan view of the hopper loader of FIG. 1 with parts
      removed;
PAR  FIG. 4 is also a plan view of the hopper loader similar to FIG. 3 but with
      different parts removed;
PAR  FIG. 5 is a view of the drive of the hopper loader taken approximately
      along the line 5--5 of FIG. 2;
PAR  FIG. 6 is a view of the hopper loader of FIG. 2 taken approximately along
      the line 6--6 of FIG. 2;
PAR  FIG. 7 is a perspective view of the output end of the hopper loader showing
      the relationship of the hopper loader with a hopper which is being
      supplied by the hopper loader;
PAR  FIG. 8 is a schematic control circuit diagram illustrating the circuit
      controls which are in the hopper loader construction of FIG. 1;
PAR  FIG. 9 is a schematic view of a jogger mechanism utilized in the hopper
      loader of FIG. 1; and
PAR  FIG. 10 is a schematic view of a portion of the hopper loader, and of
      general construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The hopper loader which embodies the present invention is generally shown
      in FIG. 1 and designated 10. The hopper loader 10 includes a frame 11
      which includes a plurality of legs which have rollers 13 on the ends
      thereof. The rollers 13 engage the floor or support for the hopper loader.
      The rollers 13 provide for portability of the hopper loader construction,
      and the hopper loder construction is a unitary self-contained unit, as
      will be apparent from the description hereinbelow. It may be moved on the
      rollers into association with different hoppers in a gathering machine, or
      the like. In fact, as shown in FIG. 1a, a plurality of hopper loaders 10
      may be used to deliver signatures into a plurality of hoppers A of a
      gathering machine B. When so used, the adjacent hopper loaders 10 are
      positioned quite close together. As shown in FIG. 1a, a hopper loader 10
      is associated with each hopper of the gatherer B for the middler hopper.
      As shown in the drawings, when associated with a hopper, the hopper loader
      is moved relative to a rail 15 and a suitable roller mechanism 16
      cooperates with the rail 15 to prevent the hopper loader from moving
      laterally of the rail 15.
PAR  In general, the hopper loader includes a first conveyor belt section which
      is generally designated 20, and a second conveyor belt section which is
      generally designated 21. The first conveyor belt section 20 includes a
      plurality of belts designated 21a and which are trained around pulleys at
      the opposite ends of the belts. The pulleys at one end of the belts 21a
      are connected to a drive shaft 22 and at the other end of the belts are
      connected to an idler shaft 23. Of course, driving of the drive shaft 22
      effects drive of the belts 21a.
PAR  The second conveyor belt section 21 also includes a plurality of conveyor
      belts, as shown in FIG. 4, and which are designated 30. The conveyor belts
      30 are trained at one end around a plurality of pulleys which are
      rotatably mounted on the drive shaft 22 for the belts 21a. The pulleys
      around which the belts 30 are trained are not driven by the shaft 22. They
      are rotatable relative to the shaft 22. The opposite ends of the belts 30
      are trained around pulleys which are drivingly connected to a drive shaft
      22, and are driven upon driving of the shaft 33.
PAR  The conveyor belts 30 are formed into an inclined section which is
      generally designated 30a, as shown in FIG. 2, and a horizontal section
      generally designated 30b in FIG. 2. The conveyor section 30b delivers
      signatures from the end thereof into the hopper being supplied by the
      apparatus 10. The conveyor belts 30 and 21a are provided with suitable
      belt guide rollers and/or suitable tensioning devices in order to provide
      the proper path for and tensioning in the belts, and such devices also
      will not be described in detail.
PAR  The drive to the belts 21a is from a motor 40, best shown in FIG. 5,
      through a variable speed or adjustable pulley 41. The pulley 41 drives a
      belt 42 which is trained around a pulley 43 which is driven by the belt
      42. The pulley 43 is mounted on a shaft 44. Also mounted on the shaft 44
      is a sprocket 45. The sprocket 45 has a chain 47 trained around it and the
      chain 47 is also trained around a sprocket 46. The sprocket 46 is
      drivingly connected to a shaft 47a through a clutch 48. When the clutch 48
      is energized, the shaft 47a is rotated with a sprocket 46. When the clutch
      48 is not energized, the sprocket 46 may rotate relative to the shaft 47a
      and no drive is transmitted therebetween. The clutch 48 may be of any
      conventional construction and will not be described in detail, it being an
      electrically operated clutch so that when it is energized, it will
      transmit drive from the sprocket 46 to the shaft 47a.
PAR  Carried on the shaft 47a is a sprocket 49 which has a chain 50 trained
      around it. The chain 50 is also trained around a sprocket 51 (see FIGS. 2
      and 6) which is carried on a shaft 52 supported in the upper portion of
      the frame 11. The shaft 52 carries a sprocket 53 which has a chain 54
      trained around it. The chain 54 drives a sprocket 55 which is fixedly and
      drivingly connected with the shaft 22. Accordingly, the motor 40 drives
      the shaft 22 and the belts 21a when the clutch 48 is energized at a speed
      regulated by the adjustable pulley 41.
PAR  The drive to the belts 30 is also from the motor 40, the motor 40 having a
      second output shaft 60 which carries a sprocket 61. The sprocket 61 has a
      chain 62 trained around it and the chain 62 is also trained around a
      sprocket 63. The sprocket 63 is associated with a clutch mechanism 64 and
      the clutch mechanism 64, when energized, is drivingly connected with a
      shaft 65. When the clutch 64 is not energized, no drive is transmitted
      between the sprocket 63 and the shaft 65. The clutch mechanism 64 is
      similar to the clutch mechanism 48 and will not be described in detail.
      The clutch mechanism 64 is an electrically operated clutch and, when
      energied, does transmit the drive from the sprocket 63 to the shaft 65. A
      sprocket 67 is drivingly connected with the shaft 65 and a chain 68 is
      trained around the sprocket 67 and extends upwardly and forwardly to a
      sprocket 69 which is drivingly connected with the shaft 33 to effect
      driving of belts 30.
PAR  The size of the various sprockets in the drive train to the belts 21a, as
      well as in the drive train to the belts 30, are selected so that the belts
      30 are driven at a substantially higher speed than the belts 21a, as will
      be apparent from the description hereinbelow. Also, the clutches 64 and 48
      are energized simultaneously in order to effect the driving of the belts
      when it is desired to supply signatures to the hopper and the clutches 64
      and 48 are controlled from a sensor 70 which is supported on a forward
      frame portion 71 of the hopper loader frame 11. The sensor 70 is suitably
      supported on a rod 72 and the rod 72 is adjustable laterally of the hopper
      by suitable adjustment mechanism, generally designated 73. The sensor 70
      is also adjustable vertically on the rod 72 by suitable adjustment
      mechanism, generally designated 74.
PAR  The sensor 70 comprises a pile-height detector sensor or switch which has a
      feeler finger which engages the signatures in the pile. The switch is held
      in an open position when a predetermined number of signatures are in the
      hopper, but moves to a closed position when the number of signatures in
      the hopper reach a predetermined minimum as sensed by the feeler finger.
      When the switch contacts in the sensor 70 are closed due to the fact that
      the supply of signatures in the hopper has reached a predetermined
      minimum, clutches 64 and 48 are energized to effect actuation of the belts
      21a and 30 to drive the belts and thereby feed additional signatures into
      the hopper.
PAR  Also, suitably provided in the control circuit for the clutches 48 and 64
      is a timer device, generally designated 80, and shown schematically on the
      circuit diagram in FIG. 8. The timer 80 is provided so that once the
      sensor 70 is satisfied, that is, a suitable number of signatures have been
      delivered to the hopper, the timer 80 is actuated in order to maintain the
      clutches 64 and 48 energized for a predetermined time interval after the
      sensor is satisfied. This time interval provides for continuing the feed
      of signatures into the hopper, even though the sensor has been satisfied.
      As a result, a proper number of signatures can be fed into the hopper so
      as to minimize cyclic operation of the conveyors, i.e., frequency stopping
      and starting of the conveyor belts during the operation of the apparatus.
      Suitably supported at the end of the hopper loader 10 is an adjustment
      knob, generally designated 81, best shown in FIG. 7, for adjusting the
      time delay or time for which 80 will maintain the clutches 48 and 64
      energized after the sensor has been satisfied. Further description of the
      operation in this connection will be made hereinbelow in the description
      of the circuitry shown in FIG. 8.
PAR  From the above, it should be apparent that the conveyor belt section 30a is
      inclined relative to the conveyor belt section 20. The signatures which
      are to be delivered to the hopper are placed on edge in a side-abutting
      relationship on the conveyor belts 21a by the operator of the apparatus. A
      suitable follower mechanism, generally designated 81, is provided for
      engaging the rear or lastmost signature in the stack of on-edge signaures
      on the conveyor belts 21a and to prevent the rearwardmost signatures from
      sliding rearward onto the conveyor belt section 20a. The mechanism 81 is
      weight-biased toward the left in FIG. 2 and is moved toward the left by
      the weight 83 as the signature supply diminishes. The mechanism 81
      includes a vertically retractable blade disclosed in application Ser. No.
      381,881, now U.S. Pat. No. 3,904,191, filed concurrently herewith, and
      that disclosure is incorporated herein by reference. The blade likewise
      may be manually pulled against the weight 83 for purposes of depositing
      additional signatures on edge of the belts 21a. As the signatures move on
      edge in a direction toward the left, as viewed in the drawings, the lead
      signature in the stack of signatures on the conveyor belts 21a tips
      downwardly and moves into engagement with the conveyor belts 30. The
      conveyor belts 30 then move the signatures into the hopper.
PAR  In order to accomplish the stream feed of the signatures along the conveyor
      belts 30, it is necessary for the signatures to tip over as described
      above. In addition, it is necessary to provide the proper speed ratio
      between the conveyor belts 21a and the belts 30. Also, in order to ensure
      that the signatures are properly formed in the stream, a blower mechanism,
      generally designated 85, is provided for applying a downward air flow on
      the top edges of the signatures in order to break away or facilitate the
      breaking away of the signatures from the remaining signatures in the stack
      on the belts 21a and to drive these signatures toward the inclined belt
      30. The blower is turned on only when the belts are running.
PAR  The proper speed relationship between the belts 21a and the belts 30 may be
      adjusted by adjusting the speed of the belts 21a relative to the belts 30.
      This speed adjustment is effected by adjustment of the variable speed
      pully 41. The variable speed pulley 41, as shown in FIG. 5, is of a
      conventional construction and will not be described in detail. It does, of
      course, include a movable flange for effecting the drive adjustment. A
      suitable gear mechanism including a pinion gear 86 which is drivingly
      connected with the movable flange part of the variable speed pulley 41,
      when rotated, effects adjustment of the movable flange part of the
      adjustable speed pulley 41 through a threaded interconnection therebetween
      (not shown). The gear 86 meshes with a gear 87 and upon rotation of the
      gear 87, the gear 86 is likewise rotated in order to effect adjustment of
      the speed ratio between the pulleys 41 and 43.
PAR  The gear 87 is rotated from the front of the apparatus 10 by rotation of a
      knob 88. The knob 88 is suitably connected so that upon rotation, the knob
      rotates a shaft 89. The shaft 89 is connected through a universal joint 90
      to a shaft 91. The shaft 91 is connected by a universal joint 92 to a
      shaft 93 on which the pinion 87 is drivingly connected. Accordingly, by
      rotation of the knob 88, the pinion 87 is rotated and the speed ratio
      between the pulleys 41 and 43 is varied. In this manner, the speed of
      rotation of the belts 21a may be varied relative to the speed of the belts
      30.
PAR  As noted, this adjustment of the speed of the belts 21a is provided at the
      front end of the apparatus so as to facilitate adjustment by the operator.
      By controlling the relative belt speeds, the lap of the signatures on
      belts 30 can be controlled. Also, the blower assists in the lap control.
      These controls are important, particularly for different thickness
      signatures as well as different height signatures.
PAR  Not only does the apparatus provide for the establishment of the proper lap
      for signatures of different thickness and height, as noted hereinabove,
      but also the apparatus provides for maintaining that lap, even though the
      signatures move up the inclined section 30a of the conveyor belt. The lap
      is maintained by a presser belt construction, which is generally
      designated 100. The presser belt construction 100 includes a pair of
      presser belts 101 and 102 which are supported in a spaced relationship to
      engage the upper surface of the signatures and apply a force on the
      signatures as they move up the section 30a of the conveyor 30. In the
      absence of the presser belts 101, 102, the signatures may slide downwardly
      relative to each other. The presser belts 101, 102 are mounted in a frame
      103. The frame 103 has pulleys at its opposite ends and the presser belts
      101 and 102 are supported around those pulleys. The belts 101 and 102 are
      merely idlers and are not positively driven.
PAR  The frame 103 is supported for pivotal movement about a horizontal axis by
      a suitable pin construction 105. The weight of the frame pivots the frame
      about the pivot axis 105 and accordingly the belts are pressed or
      weight-biased against the upper surface of the signatures. The frame 103
      is supported by a bracket 106 which in turn is supported on a cross frame
      107 which bracket also supports the pivot construction 105.
PAR  The frame 103 of the presser belt construction is supported for linear
      adjustable movement relative to the bracket 106. This adjustment is
      provided by a sliding support section on the bracket 106 which supports
      the frame 103 for sliding movement along the inclined section 30a. The
      adjustment of the frame 103 alson the belts 30a is provided by a suitable
      adjustment mechanism, generally designated 105a.
PAR  The mechanism 105a includes a handle 108 to which a suitable cable 109 is
      secured. By rotation of the handle 108, the cable 109 is wound around the
      handle 108. The cable 109, while at one end is connected to the handle
      108, at the other end is connected to the frame 103 of the presser belt
      construction. By winding up the cable 109 on the handle 108, the frame 103
      is pulled upwardly along the conbeyor belt section 30a. Upon unwinding of
      the handle 108, the frame 103 moves by its own weight in the opposite
      direction downwardly along the conveyor belt section 30a. The adjustment
      of the frame 103, of course, is provided so as to cause the presser belts
      101, 102 to engage the signatures as soon as possible as the signatures
      begin to move up the incline. The adjustment is necessary, of course, in
      order to provide for different height signatures to be engaged at
      different points.
PAR  The apparatus 10 also includes a side guide construction for guiding the
      signatures as they are moved along the conveyor belts 21a and 30. The side
      guide construction is adjustable laterally in order to provide for
      handling of signatures of different width. The side guide construction
      includes a guide member 120 which is pivotally connected by a hinge 121 to
      a second side guide member 122. The side guide member 122 guides the
      signatures as they move along the inclined section 30a, as well as the
      horizontal section 30b of the conveyors 30. The member 120 guides the
      signatures as they move along the conveyor belts 21a.  The side guides are
      adjustable and, in fact, the pivot connection between the side guide
      members 122 and 120 may also be moved laterally. There is a clamp at the
      opposite ends of the apparatus 10. The clamp at the rear end as shown in
      FIG. 2 is designated 124. When that clamp is released by rotation of the
      handle 125, the rear side guide member 120 can be moved laterally of the
      apparatus. A second clamp mechanism, generally designated 126, must be
      released from the rear end of the apparatus in order to permit this
      lateral movement.
PAR  In addition, at the hopper end of the hopper loader 10, a knob 130 is
      provided which may be released to permit adjustment of the side guide
      member 122 laterally of the machine. Upon release of the clamp mechanisms
      126, 124 and 130, the side guides may be moved and even canted so as to
      provide the proper guiding action for the signatures. In fact, the
      signatures may be guided by them centrally into the hopper.
PAR  When the guides have been properly located, laterally of the stream of
      signatures, the various clamps may be engaged in order to lock the side
      guides into position. This locking action occurs merely by turning the
      knob 130 which locks the left end of the side guide 122, as shown in FIG.
      1, to the crosspiece 135 with which the knob 130 cooperates. The rear end
      of the side guide 120 is locked by turning the handle 125 to effect that
      locking engagement. On the other hand, the latch mechanism 126 must be
      actuated by movement of the handle 138 thereof to a downward position, as
      shown in FIG. 2, which, in effect, moves a latch member 139 laterally to
      engage a portion of the frame at 140. Of course, any suitable latch
      mechanisms may be utilized in order to effect locking of the side guides
      in the proper position to guide the signatures to the hopper and details
      of the clamps will not be described, since any design may be utilized.
PAR  From the above, it should be apparent that the present invention provides
      for the flow of signatures into the hopper to replenish the supply of
      signatures therein. As the signatures move into the hopper, a suitable
      jogger mechanism jogs the signatures. The jogger mechanism (see FIG. 3)
      includes a jogger motor 150. The jogger motor has a suitable crank
      mechanism 151 associated therewith which is connected with a shaft 152
      which is oscillated by the crank mechanism 151. Carried on the shaft 152
      is a plurality of jogger fingers or arms 153.
PAR  FIG. 9 illustrates a jogger finger which is provided in the apparatus. The
      jogger finger has a serrated edge, generally designated 160. The
      serrations on the edge of the jogger fingers provide for gripping the edge
      of the signatures as shown in FIG. 9 and for providing a positive action
      on the signatures tending to move the signatures downwardly and forwardly
      into the hopper, which is a desirable characteristic, in order to force
      the signatures into the hopper. As shown in FIG. 9, the upper end of the
      jogger is curved somewhat similar to the curve of the conveyor belts 30.
      The conveyor belts 30 have a high friction surface and the edges of the
      signatures should be moved out of contact with the belts 30 since the
      belts 30 otherwise would tend to bend the signature edges downward. The
      jogger, as shown, performs this function, as well as lifting and
      supporting the signatures as they leave the belt and then moves the
      signatures forwardly and downwardly. The cyclic motion of the jogger
      fingers also tends to vibrate the individual signatures in a horizontal
      plane, thus accelerating their ability to be transferred into the closely
      confined hopper guide walls.
PAR  The operation of the hopper loader should be apparent from the description
      hereinabove, but further features will be apparent from the description of
      the schematic circuitry shown in FIG. 8, which is incorporated in the
      hopper loader.
PAR  As shown in FIG. 8, the hopper loader is actuated by a start button which
      is located at the upper end of the hopper loader. The start button is
      designated 200 and is carried on a control unit 199 at the hopper end of
      the apparatus. When the start button 200 is depressed, a relay 201 is
      energized. The relay 201 has contacts 201-1 and 201-2. The contacts 201-1
      of the relay 201 are normally open and are in a circuit for maintaining
      the relay 201 energized, even though the start button 200 is released and
      moves to an open condition. The circuit which includes the relay contacts
      201-1, also includes contacts 202a of a reversing switch mechanism 202 and
      a stop switch 203. The reversing switch 202 and stop switch 203 are
      normally in the conditions illustrated in FIG. 8. The stop switch 203 is
      also mounted at the forward end of the hopper loader on the control unit
      199, as shown in FIG. 7. From the circuitry, it should be obvious that
      when the stop switch is energized or depressed, the relay 201 is
      de-energized and thereby contacts for the relay are moved to their normal
      positions in which, as will be clear from the description hereinbelow, the
      hopper loader is stopped.
PAR  The contacts 201-1 when closed complete a circuit to the jogging motor 150
      and also to the motor 40 so as to start those motors operating. The
      circuit to the jogging motor 150 and the motor 40 also includes a second
      set of switch contacts 205 of the reversing switch and also includes
      normally closed contacts 206-1 of a relay 206, and normally closed
      contacts 207-1 of a relay 207. Accordingly, it should be apparent that in
      the condition of the circuitry, as shown in FIG. 8, when the start switch
      200 is energized, the jogging motor 150 and the motor 40 are energized.
PAR  As noted above, the belts 21a as well as the belts 30, are driven through
      the clutches 48 and 64, respectively, and when the pile-height sensor 74
      is in a position in which it senses that the pile of signatures in the
      hopper is below the predetermined desired level, the pile-height sensor 74
      takes the low pile position shown in full lines in FIG. 8. In that
      position a circuit is completed through the pile-height sensor 74, through
      the now closed contacts 201-2 of the relay 201, to a solenoid valve 208,
      the clutch mechanisms 64 and 48 and to a control relay 210. The circuit to
      the clutches 64 and 48 is also through further contacts 210 of the
      reversing switch 202. As a result, when the pile-height sensor 74 senses
      the depletion of the pile in the hopper, the clutches 64 and 48 are
      energized to effect actuation of the belts 21a and 30 to provide for
      replenishing of the pile in the hopper, and the solenoid valve 208 directs
      air flow to the nozzle 85.
PAR  After the sensor 74 is satisfied that a predetermined number of signatures
      is in the hopper, the sensor is moved from the full-line low pile position
      shown in FIG. 8 to the dotted-line high pile position in FIG. 8. When in
      the dotted-line position, the sensor 74 effects the energization of the
      timer 80. The energization is through a circuit which is completed and
      which includes normally open (now closed) contacts 210-1 of the control
      relay 210. The switch sensor 74 is constructed so that the circuit to the
      timer 80 is closed before the circuit to the clutches 64, 48 opens.
PAR  When the timer 80 is energized, timer contacts 80-1 close. The contacts
      80-1 are in circuit with the solenoid valve 208, the clutches 64, 48, and
      the control relay 210. When the contacts 80-1 are closed, the solenoid 208
      remains open, the clutches 64 and 48 remain energized, as does the control
      relay 210, for a time interval determined by the setting of the timer 80.
      This occurs, even though sensor 74 has moved to its high-pile position.
PAR  When the timer has timed out, the contacts 80-1 of the timer open and
      accordingly at that time the solenoid valve 208 is de-energized, as are
      the clutches 64 and 48 and so is the control relay 210. Accordingly, the
      timer 80 maintains and provides for continuous feeding of signatures for a
      predetermined time interval after the sensor 74 has been satisfied. This
      time interval is adjustable due to the fact that the timer 80 is
      adjustable, and any conventional timer may be utilized for this purpose
      and details of the timer itself will not be described herein.
PAR  In addition to the above, the control circuit for the hopper loader also
      provides for stopping the hopper loader in the event that the amount of
      signatures on the conveyor belt 21 reaches a predetermined minimum. This
      is extremely important due to the fact that the conveyors 21a of the
      hopper loader must be loaded from the rear of the machine and that it is
      impossible for an operator to move along the side of the machine to load
      the hopper loader in situations where hopper loaders are provided at
      adjacent hoppers. Accordingly, in order for the hopper loader to maintain
      the proper supply of signatures therein so that an operator can reach far
      enough to maintain and replenish that supply with the signatures in
      abutting relationship, it is necessary to stop the hopper loader when the
      supply of signatures reaches a point beyond which the operator can place
      additional signatures into side-abutting relationship as shown in FIG. 1.
PAR  To this end, the hopper loader is provided with a limit switch, generally
      designated 220. The limit switch 220 is mounted on a frame member 221 and
      is closed when the pusher mechanism 81 moves to a predetermined position
      to effect the tripping of the switch 220. When the switch 220 is tripped,
      it closes a circuit which includes a manually settable switch 221 which
      may be set in any one of two positions. As shown in FIG. 8, the manually
      settable switch 221 is located in an up position where the circuit which
      is closed includes a relay 206. When the relay 206 is energized by closing
      of the switch 220, the relay 206 opens relay contacts 206-1 in the circuit
      for the jogging motor 150 and the motor 40. The opening of that circuit
      effects a deenergization of those motors, thus stopping the hopper loader.
      Also, the contacts 206-2 of the relay 206 open to de-energize the relay
      201.
PAR  In order to restart the motors 150 and 40, it is necessary to load the
      signatures into the hopper loader which effects opening of switch 220,
      which de-energizes relay 206. Also, it is necessary to re-energize the
      relay 201 by pressing start button 200. When the relay 206 is
      de-energized, the normally closed contacts 206-1 and 206-2 close and
      thereby when the start button 200 is actuated, the jogging motor 150 and
      motor 40 are energized.
PAR  The manual selector switch 221 may be in the position shown in FIG. 8, or
      it may be in the dotted position in which the relay 207 is in the circuit
      with the switch 220. When the relay 207 is in the circuit with the switch
      220, the belt motor and jogging motor are again de-energized when the
      switch 220 is opened, since in that circuit are normally closed relay
      contacts 207-1 and energization of motors 150 and 40. In addition, the
      relay 207 has contacts 207-2 which are in the circuit with the gatherer
      controls 230 and the gatherer motor 231. When the contacts 207-2 open, the
      gatherer stops and accordingly not only does the hopper loader mechanism
      stop, but also the gatherer stops. Accordingly, the manual selector switch
      220 is settable in order to either cause the hopper loader only to stop on
      a malfunction or cause the hopper loader and the gathering apparatus to
      stop on a malfunction.
PAR  The relay 207 also has contacts 207-3 in the circuit to relay 201.
      Accordingly, as in the case with relay 206, it is necessary to actuate the
      start button 200 when the hopper loader is re-energized. This is necessary
      since contacts 207-3 opened when relay 207 was energized.
PAR  In addition to the above, the control circuit is such that the motor 40 for
      the belts 21a and 30 may be operated in a reverse direction. This is
      effected in order to reverse the direction of drive of the belts 21a and
      30 so that when all of the books that are being assembled in the gathering
      machine have been made, the hopper loader 10 may be emptied by reversing
      the drive of the belts and delivering all of the signatures back onto the
      belts 21a in a stacked on-edge arrangement for removal from the hopper
      loader by the operator. This reversal of the drive of the motor 40 is
      effected by actuation of the reversing switch 202 which includes contacts
      202a, 205, and 210 to the dotted position as shown in FIG. 8.
PAR  When the reversing switch 202 is operated, it should be clear that the
      relay 201 is de-energized. Accordingly, in order to reactivate the relay
      201, the start button 200 must be depressed. When the start button 200 is
      depressed, the relay contacts 201-1 are closed and a circuit is completed
      to the relay 201 to maintain it energized, even though the reversing
      switch contacts 202a are in the dotted-line position illustrated in FIG.
      8. It should be apparent also that the contacts 205 are in their dotted
      line position shown in FIG. 8 which provides for a reversing of the
      direction of operation of the motor 40. In addition, however, the circuit
      to the clutches 64 and 48 is maintained energized due to the fact that the
      contacts 210 are now in the reversing position. Accordingly, by actuating
      the reversing switch and pressing the start button, the belts will move in
      the reverse direction to feed the material in a reverse direction to the
      conveyor belts 21a for removal from the hopper loader. During this
      operation, it should be apparent that the jogging motor 150 is not
      energized.
PAR  FIG. 10 illustrates a modification of the output end of the hopper loader,
      which modification provides for bowing of the signatures to give them
      stiffness as they enter the hopper. In essence, the output end of the
      hopper loader is provided with a pair of guides 300, 301 which are located
      on the opposite sides of the conveyor belts 30. The guides extend only for
      a short distance adjacent the output end of the hopper loader immediately
      before the signatures are fed into the hopper. The guides 300, 301 engage
      the opposite edges of the signatures to effect the bowing as shown in FIG.
      10. In addition, an idler presser belt or tape 302 is provided which
      presses the signatures onto the middle conveyor belt 30. The tape 302 is
      shown in FIGS. 1 and 2; although, without the use of the bowing feature,
      the tape would not be necessary.
PAR  From the above, it should be apparent that applicant has provided a
      substantially improved construction of a hopper loader. The improved
      construction includes a number of features providing substantial
      advantages not only in the formation of the stream of signatures, but also
      in the adjustment of the hopper loader for feeding of different size and
      thickness of signatures into the hopper and also for the removal of
      signatures from the hopper loader.
CLMS
STM  Having described the invention, we claim:
NUM  1.
PAR  1. Apparatus for delivering a shingled stream of signatures to a hopper
      from which the signatures are fed, said apparatus comprising a generally
      horizontal first conveyor belt section for receiving an array of
      said-abutted signatures on edge, means for supporting said array of
      signatures in side-abutted on-edge condition on said first conveyor belt
      section, an inclined second conveyor belt section for engaging the side of
      the signatures and for feeding the signatures from the array in an
      overlapped stream toward the hopper, said inclined second conveyor belt
      section being inclined upwardly and away from said generally horizontal
      first conveyor belt section, sensor means for sensing the amount of
      signatures in the hopper and for actuating said first and second conveyor
      belt sections when the signatures in the hopper are less than a
      predetermined height, means for establishing a controlled amount of
      overlap of the signatures in said stream on said inclined second conveyor
      belt section comprising means for at least assisting in breaking the
      signatures from the on edge side-abutted condition away from the remaining
      signatures and for forcing said signatures against said inclined second
      conveyor belt section and means for adjusting the speed of said first
      conveyor belt section relative to said second conveyor belt section, and
      means for maintaining the established degree of overlap of the signatures
      on said inclined second conveyor belt section comprising presser means
      which engage the upper side of the signatures and hold the signatures
      against the inclined second conveyor belt section in the established
      overlap condition as they move up said inclined second conveyor belt
      section.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said presser means includes
      presser belts which engage the upper side of the signatures as they move
      up said inclined conveyor belt section.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said means for at least
      assisting and breaking the signatures from the on-edge side-abutted
      condition away from the remaining signatures and for forcing said
      signatures against said inclined second conveyor belt section includes
      means for directing an air blast against the upper edges of the
      signatures.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein said means for adjusting the
      speed of said first conveyor belt section relative to said second conveyor
      belt section includes drive means for driving said second conveyor belt
      section at a speed greater than said first conveyor belt section.
NUM  5.
PAR  5. Apparatus as defined in claim 1 further including reversible drive means
      for driving said first and second conveyor belt sections in reverse.
NUM  6.
PAR  6. Apparatus as set forth by claim 5 wherein said reversible drive means
      comprises electric motor means for driving said conveyor belt section, and
      means for reversing the electric motor means for driving said conveyor
      belt sections in reverse.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein said apparatus is portable and
      includes a movable frame, and means supporting said sensor means on said
      movable frame.
NUM  8.
PAR  8. Apparatus as defined in claim 1 further including a timing means for
      maintaining said first and second conveyor belt sections energized for a
      time interval after the signatures in the hopper have been restored to a
      position where the sensor is inoperative to trigger actuation of said
      first and second conveyor belt sections.
NUM  9.
PAR  9. Apparatus as defined in claim 1 further including side guides for
      guiding the signatures into the hopper, said side guides being adjustable
      from an end of the apparatus.
NUM  10.
PAR  10. Apparatus as defined in claim 1 further including side guides for
      guiding the signatures into the hopper and clamp means releasable from an
      end of the apparatus for clamping the side guides in position and said
      side guides being adjustable when said clamp means is released.
NUM  11.
PAR  11. Apparatus as set forth in claim 1 further including a third conveyor
      belt section for receiving the stream of signatures in an overlapped
      relationship from said inclined second conveyor belt section and for
      delivering the stream of signatures in an overlapped relationship into the
      hopper, said third conveyor belt section having a delivery end adjacent
      the hopper, said third conveyor belt section having a curved portion at
      its delivery end, and jogger means including a serrated edge jogger for
      engaging the signatures as they move into said hopper, said jogger having
      an upper curved serrated section for receiving the signatures in a stream
      and a vertical serrated portion for urging the signatures away from said
      curved portion of said third conveyor belt section.
NUM  12.
PAR  12. Apparatus for delivering a stream of signatures to a hopper from which
      signatures are fed, said apparatus comprising a first conveyor belt
      section for receiving a stack of signatures, means for supporting
      signatures on edge on said first conveyor, means for driving said first
      conveyor belt section, a second conveyor belt section for feeding the
      signatures in an overlapped stream into the hopper, means for driving said
      second conveyor belt section at a speed in excess of said first conveyor
      belt section, sensor means for sensing the amount of signatures in said
      hopper and for activating said first and second conveyor belt sections
      when the supply of signatures in the hopper reaches a predetermined
      minimum, and means for sensing when the amount of signatures stacked upon
      said first conveyor belt section reaches a predetermined minimum for
      stopping and disabling further actuation of said conveyor belt sections in
      response to said sensor means in said hopper.
NUM  13.
PAR  13. Apparatus as defined in claim 12 wherein said first conveyor belt
      section receives the signatures on edge in a side-abutting relationship
      and said second conveyor belt section has an inclined section rising
      upwardly from said first conveyor belt section and a horizontal section
      extending toward the hopper from said inclined section.
NUM  14.
PAR  14. Apparatus as defined in claim 12 further including a control circuit
      which includes said means for sensing when the amount of signatures on
      said first conveyor belt section reaches a predetermined minimum, and
      switch means adjustable to stop and disable either said conveyor belt
      sections only or said conveyor belt sections and the mechanism feeding
      signatures from the hopper.
NUM  15.
PAR  15. Apparatus as defined in claim 12 further including means for adjusting
      the speed of said first conveyor belt section relative to the second
      conveyor belt section.
NUM  16.
PAR  16. Apparatus as defined in claim 12 further including electric motor means
      for driving said conveyor belts, and means for reversing said electric
      motor means for driving said conveyor belt sections in reverse.
NUM  17.
PAR  17. Apparatus as defined in claim 12 further including a timing means for
      maintaining said first and second conveyor belt sections energized for a
      time interval after the signatures in the hopper have been restored to a
      position where the sensor is inoperative to trigger actuation of said
      first and second conveyor belt sections.
NUM  18.
PAR  18. Apparatus for delivering a shingled stream of signatures to a hopper
      from which the signatures are fed, said apparatus comprising a generally
      horizontal first conveyor belt section for receiving an array of
      side-abutted signatures on edge, a second conveyor belt section for
      feeding the signatures in an overlapped stream into the hopper, means for
      driving said second conveyor belt section at a speed in excess of said
      first conveyor belt section, sensor means for sensing the amount of
      signatures in said hopper and for activating said first and second
      conveyor belt sections when the supply of signatures in the hopper reaches
      a predetermined minimum, means at one end of said apparatus for adjusting
      the speed of said first conveyor belt section relative to said second
      conveyor belt section, presser belts which engage the upper side of the
      signatures as they move along said second conveyor belt section, and means
      at one end of said hopper loader for adjusting the position of said
      presser belts along said second conveyor belt section.
NUM  19.
PAR  19. Apparatus as defined in claim 18 further including side guides for
      guiding the signatures into said hopper, and releasable clamp means at
      each end of said apparatus for said side guides and which when released
      permit adjustment of said side guides laterally of said apparatus.
NUM  20.
PAR  20. Apparatus as defined in claim 18 further including jogger means for
      jogging the signatures as they are delivered into said hopper, said jogger
      means including at least one jogger finger having a serrated edge
      engageable with the edge of the signatures, and means for oscillating said
      jogger to effect jogging of the signatures into the hopper.
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ABST
PAL  A veneer stacker for receiving sheets of veneer at a relatively high rate
      of speed and assembling them into a uniform stack. The stacker utilizes
      the velocity of the veneer sheet, acting against a series of curved guide
      shoes, for supporting the sheet by means of centrifugal force, while
      guiding it to a stacking position. As the sheet approaches the stacking
      position, it initiates a momentary vacuum braking action adapted to draw
      the sheet into intimate engagement with the guide shoes, stopping the
      sheet, thereby removing its supporting force. Continuously rotating vacuum
      drums engage the lead edge of the falling sheet for positioning it against
      an aligning forward stop, and correcting skew of the sheet as an incident
      to such positioning.
BSUM
PAR  This invention relates to stacking devices, and more particularly to those
      for handling and stacking sheets of veneer.
PAR  In the veneer/plywood industry, to produce relatively continuous strips of
      veneer of uniform thickness, logs are axially chucked between driving
      spindles and turned against a mechanically advanced knife. The strips of
      veneer which are thus "peeled"  from the logs are directed along multiple
      conveyors to a clipping station for forming individual sheets. The strips
      are normally 102 inches long (transverse to the direction of travel), the
      clipper being designed to selectively cut away defective wood and, where
      possible, convert all material into full width sheets approximately 54
      .times. 102 inches. The veneer sheets which emerge from the clipper are
      directed along a grading conveyor for stacking according to size and
      grade. Accordingly, the veneer line includes means for segregating sheets
      according to their width and grade, and routing sheets of substantially
      like characteristics to associated stacking stations. The stacking
      stations are adapted to receive the moving sheets and assemble them into a
      relatively uniform stack.
PAR  Heretofore, a major limitation on the productivity of veneer producing
      lines has been the maximum operating speed of the available veneer
      stackers, in most cases being limited to a practical maximum of 300 feet
      per minute. Certain of these prior art veneer stackers involve the use of
      mechanical supports to convey the incoming sheet across the pile,
      associated with means for releasing the sheet for a free drop to the pile.
      Others utilize vacuum conveyors for transporting the sheet over the pile,
      operating in conjunction with articulated bars to force the sheet from the
      conveyor.
PAR  Many prior art veneer stackers also include reciprocating mechanical
      aligning means for engaging the lead edge of the sheet and positioning it
      against a forward stop. Not only are the reciprocating sheet aligners
      speed limiting, but in most cases they are incapable of effectively
      realigning misaligned sheets to form a neat pile. It should be noted that
      the development of automatic equipment for unstacking and feeding the
      veneer sheets into the subsequent drying oven has emphasized the
      importance of providing a veneer stack having a uniform lead edge.
PAR  It is easily appreciated that prior art veneer stackers are not only quite
      complex, but are somewhat limited in their ability to positively control
      the sheet during the braking operation. Additionally, considering the size
      of the stacker (dictated by the sheet size) and the fact that many of such
      stackers utilize reciprocating sheet strippers, edge aligners, etc., the
      speed limiting dynamic problems become evident.
PAR  With the foregoing in mind, it is an aim of the present invention to
      provide a veneer stacker having a different operational mode than those
      known heretofore, in which the sheet is positively guided into stacking
      position by stationary guide means adapted to support the sheet by means
      of the sheet velocity.
PAR  It is a general aim of the present invention to increase the efficiency of
      a veneer producing line by stacking the produced sheets at a substantially
      higher rate of speed than accomplished heretofore. In this regard, it is
      an object to provide a high speed veneer stacker utilizing simplified
      mechanisms to minimize dynamic problems.
PAR  A further objective of the invention is to provide a veneer stacker capable
      of reliable operation at high speeds and able to produce a neatly aligned
      veneer package.
PAR  It is a more detailed object of the invention to provide a veneer stacker,
      utilizing curved guides for guiding the sheet into stacking position while
      supporting this sheet by means of centrifugal force. In conjunction with
      the foregoing object, it is an additional object to provide vacuum valving
      synchronized with sheet position for braking the sheet thereby to remove
      its supporting force.
PAR  It is a further detailed object to provide continuously moving
      nonreciprocal final positioning means for aligning the lead edge of the
      sheet with the stack. In this regard it is an object to provide an edge
      aligning means able to effect a clutching action with the veneer sheet
      thereby to correct sheet misalignment.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description when taken in conjunction with the drawings, in
      which:
PAR  FIG. 1 is a side elevational view showing an illustrative veneer stacker
      constructed in accordance with the invention;
PAR  FIG. 2 is an end elevational view of the stacker of FIG. 1 with the infeed
      conveyor removed for clarity;
PAR  FIG. 3 is a partial side elevational view showing the infeed conveyor
      arrangement;
PAR  FIG. 4 is a sectional view of a guide shoe with its associated vacuum
      valve;
PAR  FIG. 5 is a sectional view taken along the lines 5--5 of FIG. 4 showing the
      vacuum valve;
PAR  FIG. 6 is a plan view of the vacuum valve taken along the lines 6--6 of
      FIG. 5; and
PAR  FIGS. 7a-7e and 8a-8e are schematic illustrations showing the veneer sheet
      in various positions in the stacker.
DETD
PAR  While the invention will be described in conjunction with a preferred
      embodiment, it will be understood that there is no intent to limit it to
      that embodiment. On the contrary, the intent is to cover all alternatives,
      modifications and equivalents as may be included within the spirit and
      scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and particularly to FIGS. 1, 2 and 3, there is
      shown an illustrative veneer stacker exemplifying the present invention. A
      grading conveyor 21 is provided for carrying sheets of veneer 20 from the
      veneer clipper (not shown) to the stacking stations, one of which is
      illustrated at 22. It will be apparent that a plurality of such stacking
      stations may be provided, each adapted to accept sheets of a certain
      nominal width. The illustrated stacking station 22 is capable of accepting
      full size sheets of approximately 54 inch width (in the direction of
      travel) and 102 inch length.
PAR  For diverting selected sheets for stacking, a sheet diverter 24, including
      a series of diverter bars 25, is pivoted on a shaft 26 mounted below the
      surface of the conveyor 21. The diverter may be operated in response to
      automatic scanning equipment to pivot the deflecting surface thereof above
      the surface of conveyor 21 by a linkage (not shown) for stacking selected
      sheets of a predetermined size. An upwardly directed infeed conveyor 27 is
      provided for accepting the deflected sheets from the main conveyor 21, and
      is arranged to be driven at a relatively constant speed.
PAR  In accordance with an important aspect of the invention, inwardly curved
      guide means are provided at the output end of the infeed conveyor 27,
      shown herein as guide shoes 29. The upstream ends of the guide shoes 29
      are arranged to be roughly tangential to the infeed conveyor, and to cause
      the sheet to follow a curved path into position over a stacking table 30.
      The guides are sufficiently curved, as will be explained in more detail
      below, so that velocity of the incoming sheet produces a sufficient
      centrifugal force to make the sheet self-supporting. Accordingly, the
      sheet is guided into stacking position on the underside of the guide
      tracks without the need for underlying supports or overhead vacuum
      conveyors.
PAR  As the sheet approaches the stacking position, it activates braking means
      including a vacuum valve 31 to cause the momentary application of vacuum
      to the internal cavity formed within the guide shoes 29. The guide shoes
      thus act as braking nozzles, causing the vacuum to intimately draw the
      veneer sheet to the guide shoes, thereby stopping it. The sheet, having
      lost its velocity, also loses its means of support, and falls to the stack
      forming on the stacking table 30.
PAR  Means are provided for engaging the lead edge of the stopped sheet and
      aligning that edge with the forming stack as the sheet falls to the pile.
      In the illustrated embodiment, a series of vacuum drums 34 are positioned
      to coincide with the downstream end of the curved guides 29 such that the
      lead edge of the stopped sheet contacts the smoothing drums. The hollow
      drums 34, being contained within a vacuum plenum 42, and having a
      patterned array of peripheral ports, attract the lead edge of the sheet. A
      vacuum drum drive 33 rotates the drums 34 at a relatively slow constant
      speed for carrying the lead edge of the falling sheet to an aligning stop
      35 adapted to strip the sheet from the drums.
PAR  In summary, it is apparent from the foregoing that stationary guides are
      provided to guide the sheet into stacking position while the sheet is
      being supported by means of centrifugal force, braking means responsive to
      sheet position are provided to stop the sheet and thereby eliminate its
      source of support, and nonreciprocating aligning means are used to
      positively and accurately guide the lead edge of the sheet as it falls to
      the pile.
PAR  Referring in greater detail to FIGS. 1, 2 and 3, it is seen that the veneer
      stacker generally indicated at 22 is supported over the main veneer
      conveyor 21 by means of a frame structure 41. Accordingly, the conveyor 21
      may continue past stacking station 22, the entire stacking operation being
      performed above the main conveyor level. The frame 41 supports a vacuum
      plenum 42 which functions as a vacuum source for both the braking nozzles
      29 and the vacuum drums 34. The vacuum is produced by an exhaust fan 44
      coupled to the plenum by a suitable coupling 47 and driven by a fan motor
      45.
PAR  An elevating table 30, including means for controlling the vertical
      position thereof, is provided for receiving the veneer sheets. The table
      is constrained within guides 46, and is vertically positioned by elevating
      drive 48 coupled to the table by a chain 49. In a preferred embodiment,
      the elevating drive 48 is arranged to maintain the surface of the
      elevating table 30, or the top surface of the pile thereon, a nominal
      distance, such as three-fourths inches, below the smoothing drums 34.
      Accordingly, the table descends as the height of the veneer stack
      increases, ultimately reaching it lowermost position at which point the
      veneer package is unloaded. As seen in FIG. 2, the table includes three
      transverse rollers 50 for allowing the veneer package to be efficiently
      removed from the stacking device. A series of powered outfeed rollers 51
      may be provided at the output end of the stacker, for withdrawing the
      veneer package (to the left as illustrated in FIG. 2) when the elevating
      table reaches its lowermost position. Subsequently, the elevating table is
      again raised to form a new stack of veneer sheets.
PAR  As noted above, the infeed conveyor 27 is adapted to accept sheets diverted
      from the main conveyor for stacking. The belt is equipped with a drive 51
      adapted to maintain the conveyor speed at approximately 750 to 800 feet
      per minute, independently of the speed of the grading conveyor 21.
      Accordingly, the veneer stacker is adaptable to various veneer producing
      plants, having a speed greater than most presently existing equipment, but
      allowing the upgrading of associated components to match the speed of the
      stacker. As the grading conveyor 21, which transports sheets from the
      clipper to the stacker, is normally operated at a slightly higher speed
      than the clipper infeed conveyor to introduce gaps between adjacent
      sheets, it is apparent that the speed of conveyor 21 may be further
      increased, if desired.
PAR  The infeed conveyor 27 is upwardly inclined to be approximately tangential
      to the input end of the guide shoes 29. A support member 54 is coupled
      between the lower end of the conveyor 27 and supporting frame 41, having
      an internally threaded portion 55 cooperating with threaded rod 56 for
      adjusting the angle of infeed conveyor 27.
PAR  The conveyor 27 is preferably formed of a plurality of relatively narrow
      individual belts having upper surfaces adapted to frictionally engage the
      veneer sheets. To provide an additional measure of positive control, a
      pressure roller 58 is provided for forcing the veneer sheets into
      frictional engagement with the driving conveyor belts. The pressure roller
      58 is arranged near the lower portion of the conveyor, and may be mounted
      on supporting member 59 pivoted at 60 as shown for easy access to the
      conveyor belts when needed. Also provided are a series of restraining
      straps 61 for preventing the sheet from raising above the conveyor
      surface.
PAR  In accordance with an important aspect of the invention, a plurality of
      guide shoes are provided for guiding the sheet into stacking position
      while supporting the sheet by means of the sheet velocity, and for
      coupling a braking force to the sheet as the sheet approaches stacking
      position. In the illustrated embodiment, three guide shoes are spaced
      across the 102 inch length of the incoming sheet, being suitably fastened
      to the support structure 41, and coupled to the vacuum plenum 42 by means
      of a central inlet throat 64. Each guide shoe includes a pair of guide
      tracks or side flanges 65, arranged to serve as inverted runners or tracks
      for the incoming veneer sheet, and to define a central cavity or chamber
      66. As will become apparent, the cavity 66 receives vacuum via inlet
      throat 64 to forcibly draw the veneer sheet against the tracks 65 thereby
      to stop the sheet. The tracks are shaped in the form of a concave curve to
      divert the sheet to follow a curved path adapted to cause the sheet, by
      virtue of its velocity, to become self-supporting, while being guided into
      stacking position. More specifically, the incoming sheet, by virtue of the
      velocity imparted by the infeed conveyor 27, exerts a force against the
      guide tracks 65. The reaction to that force, commonly referred to as
      centrifugal force, is a supporting influence on the sheet. Since the rate
      curvature is so related to the sheet velocity that the centrifugal force
      will overcome the force of gravity, the sheet will become self-supporting.
      In the illustrated embodiment, the radius of curvature of the upstream
      section of the guide tracks 65 is approximately 55 inches, which, in
      conjunction with a sheet velocity of approximately 720 feet per minute,
      generates a centrifugal force of slightly over 1 g. Thus, the incoming
      veneer sheet is made to be self-supporting over the entire range of infeed
      conveyor speeds.
PAR  As best shown in FIG. 4, the guide track is in the nature of a compound
      curve, having a decreased radius of curvature at its downstream end. In a
      preferred embodiment, the radius of the downstream section is
      approximately half the radius of the upstream end, being adapted to
      maximize the centrifugal force on the leading portion of the sheet.
      Accordingly, the leading edge is guided even more positively as the sheet
      approaches stacking position, resulting in a smooth transfer of the sheet
      from the guide tracks to the vacuum drums to be described below.
PAR  In a preferred embodiment, the guide shoes are formed of molded fiberglas,
      thereby providing an easily fabricated unit. Additionally, the fiberglas
      guide tracks, in conjunction with the vacuum braking arrangement, have
      proven very effective in consistently stopping the sheet in its intended
      stacking position. Finally, it has been found that the fiberglas tracks
      exhibit unexpected durability in the illustrated embodiment, possibly
      resulting from an interaction between the fiberglas track and the wooden
      sheet.
PAR  For stopping the sheet and consequently removing its means of support,
      braking means, including a valved vacuum source operating through the
      braking nozzles, is provided. To that end, each braking nozzle 29 includes
      a central aperture or throat 64 communicating with the internal chamber 66
      formed between the guide tracks 65. The throat portion 64 of each braking
      nozzle 29 is coupled to the vacuum plenum 42, with a valve assembly,
      generally indicated at 31, interposed for controlling the application of
      vacuum to the guide shoes. As will become apparent, the vacuum valve must
      not only be reasonably fast acting, but must also supply sufficient vacuum
      to brake the sheet within a known distance. Accordingly, the guide shoe
      throat 64 is made reasonably large, in the illustrated embodiment being
      approximately 6 inches in diameter.
PAR  Referring particularly to FIG. 4, it is seen that the guide shoes are well
      adapted to perform the required rapid braking. Initially, the volume of
      the chamber formed between the guide tracks is minimized by minimizing the
      guide shoe profile so that the chamber may be quickly evacuated for
      applying braking force. The small volume is also beneficial in allowing
      the sheet to be quickly released from the guide shoes when the vacuum
      valve is closed. Finally, it is seen that the braking nozzle chambers
      include a relatively constant taper from the inlet throat to the ends
      thereof for providing an unobstructed flow path to achieve a high rate of
      vacuum propagation.
PAR  Turning now to FIGS. 4-6, there is shown the vacuum valve 31 adapted to
      apply braking vacuum to the guide shoes. The valve is formed on a base
      member 71 affixed to the inside of the vacuum plenum 42, the base having
      three apertures 72, one corresponding to each guide shoe. Affixed to the
      base member 71 at each valve position are a pair of guide members 74 for
      restraining the slidable valve element 75. Also provided is an overlying
      shear ring 76, also having a central aperture, as well as an apertured
      cover plate 78 overlying the valve member, the shear ring, and the guide
      members. It is seen that the valve member 75 includes a sharpened leading
      edge, cooperating with a similarly sharpened edge on the shear ring 76.
      Such an arrangement allows the valve to efficiently sever any wood
      fragments drawn into the area, which might otherwise become lodged in the
      valve throat. The guide shoe throat 64 is positioned adjacent the plenum
      aperture 77, and sealing means including a resilient seal member 79 and
      retaining ring 80 are provided for assuring a positive seal. With the
      valve member 75 in the position illustrated in FIG. 5, it is seen that no
      vacuum is supplied to guide shoes. However, when the valve is moved to the
      right of the illustrated position, the vacuum within plenum 42 is allowed
      to communicate with the guide shoes 29 thereby to provide braking force to
      the nozzle assemblies.
PAR  For positioning the valve member 75, the slidable member includes a pair of
      upstanding members 82, forming a clevis into which rod ends 82 and 84 are
      secured via bolts 85 and 85, respectively. Connecting rods, such as rods
      88 and 89, are provided for joining the three valve members 75 together,
      as well as for securing the valves associated with the two outermost guide
      shoes to the brake valve actuator. As best seen in FIG. 2, the brake valve
      actuator comprises a pair of single acting air cylinders 90 and 91
      arranged at opposite ends of the vacuum plenum 42 for moving the valve
      members 75 in unison between their leftmost closed position and their
      rightmost open position. More specifically, when it is desired to apply
      braking force through the guide shoes, a signal is supplied to solenoid
      valve 94 for actuating air cylinder 90, thereby opening the vacuum valves.
      Similarly, solenoid 92 is energized to provide high pressure air to
      cylinder 91 for rapidly closing the vacuum valves thereby to remove the
      braking force. To further improve the response time of the vacuum valve,
      means may be provided for applying a two level operating signal to the
      solenoid valves 92 and 94, including a brief initial overvoltage portion
      for initiating valve movement. Additionally, it is sometimes desirable to
      actuate the closing solenoid 92 before deactivating the opening solenoid
      94. This overlap in operating signals provides a rapid closing time.
      Hydraulic dampers 93 and 97 are coupled to the air cylinders 90 and 91,
      respectively, for absorbing the shocks produced as a result of the rapid
      vacuum valve actuation.
PAR  For synchronizing the operation of the vacuum valves with sheet position, a
      brake switch 95 is provided having an actuator 96 depending into the path
      of sheet travel. When the incoming sheet deflects the actuator 96, the
      switch is closed producing a signal which energizes solenoid 94 for
      opening the vacuum valves. The signal produced by the switch 95 also
      actuates a delay timer which, after a predetermined delay period,
      de-energizes solenoid 94 and energizes solenoid 92 for closing the vacuum
      valves. The position of the brake switch 95 is set such that the sheet
      will be stopped with its lead edge in engagement with the vacuum drums 34.
      Additionally, the period of the delay timer is set such that the vacuum
      will be released immediately after the forward motion of the sheet is
      substantially stopped. Accordngly, as the sheet approaches the stacking
      position, braking force is momentarily applied to stop the sheet and
      immediately release it for a fall to the stacking table.
PAR  According to an important aspect of the invention, a nonreciprocating (in
      other words, arranged for motive in a continous path) final sheet
      positioning means is provided for accurately aligning the individual
      sheets with the forming stack. To that end, a series of four vacuum drums
      34 are positioned with the vacuum plenum 42 on a common drive shaft 100,
      and are rotated by a drive 33 to maintain a continuous surface speed of
      approximately 30 to 50 feet per minute. The vacuum drums have a relatively
      large diameter to assure effective engagement with the veneer sheet. As
      best shown in FIG. 2, the vacuum plenum 42 is provided with apertures 101
      and a shroud member 102 for allowing an arcuate portion of the rotating
      vacuum drum to project from the plenum. It is apparent that this
      arrangement allows the exposed portion of the vacuum drum to engage the
      leading edge of the veneer sheet when it is in its stopped position. The
      vacuum drums 34 are hollow, shell like members having a patterned array of
      peripheral ports 104 to allow the vacuum within the plenum to draw the
      lead edge of the sheet to the vacuum drum. In a preferred embodiment, the
      periphery of each vacuum drum is covered with a layer of rubber or the
      like, the rubber covering being counterbored to form recesses 105
      surrounding the ports, to increase the working area thereof.
PAR  It is apparent from the foregoing description that the vacuum drums provide
      sufficient attraction to engage the leading edge of the sheet when the
      sheet is in the stopped position, and to carry the leading edge to the
      forward stop 35 while the bulk of the sheet is falling to the pile. Before
      the sheet is released by the vacuum brake, however, the vacuum drums
      effect a clutching action on the veneer sheet, attracting the sheet, but
      failing to overcome the restraining force, thereby to slide over the
      sheet. Accordingly, the drums carry the leading edge of the sheet forward
      to the aligning stop 35 as soon as the restraining force is released.
PAR  In carrying out an important object of the invention, the aforementioned
      clutching action serves to realign veneer sheets presented to the stacker
      in a slightly misaligned condition. Initially, it is seen in FIG. 1 that
      the brake valve switch 95 is positioned near the center of the incoming
      veneer sheets. Accordingly, the switch position is adapted to stop the
      sheet with the center thereof in stacking position. If the sheet is
      properly aligned, the entire sheet will be in stacking position. However,
      even if one edge of the sheet is leading the other, the centrally located
      brake switch assures that sheet is substantially in stacking position.
      Accordingly, the vacuum drums will be effective to engage the leading edge
      and carry it toward the aligning stop. The aforementioned clutching action
      is effective to draw the entire leading edge of the sheet to the forward
      stop before the aligning stop completely wipes the sheet from the vacuum
      drums.
PAR  The realigning capability is illustrated in FIGS. 8a-8e, which show a
      schematic plan view of the veneer stacker, greatly simplified. The vacuum
      drums 34a-34d represent only the peripheral portions thereof projecting
      from the plenum 42. The dashed line intersecting the vacuum drums
      represents the preferred position for the stopped sheet before releasing
      the vacuum brake, being parallel to the aligning stop 35. FIG. 8a
      illustrates the sheet 20 actuating the brake switch, the position of the
      actuator 96 being indicated by the X. It is seen that the sheet 20 is
      misaligned, with the right corner being displaced ahead of the left
      corner. As the actuator 96 is operated by the approximate midpoint of the
      sheet leading edge, the sheet will be stopped, as illustrated in FIG. 8b,
      in its misaligned condition, but with the sheet center approximately in
      the preferred position. Accordingly, when the vacuum brake is released,
      the vacuum drums will carry the sheet forward in its misaligned condition
      to the position illustrated in FIG. 8c. After the right corner of the
      sheet contacts the aligning stop 35, drum 34d, and to a lesser extent
      drums 34c and 34b, effect a clutching action by sliding on the sheet.
      Accordingly, the drums continue to move the sheet forward as illustrated
      in FIG. 8d, correcting the misalignment. When the sheet reaches the
      aligned position illustrated in FIG. 8e, the combination of the weight of
      the sheet, and the stripping action of the aligning stop cause the sheet
      to drop to the stack in an aligned condition. The realigning capability
      thus provided causes the production of a veneer package having a neatly
      aligned leading edge.
PAR  As shown in FIG. 1, a gap safety switch 110 having an actuator 111
      depending into the path of sheet travel is mounted at the upstream end of
      the guide shoes. It is seen that the incoming sheet will activate the gap
      signal switch 110 as the sheet enters the stacker, and will release the
      switch 110 as the sheet approaches stacking position. The signal from
      switch 110 is combined with the signal from the delay timer (for
      energizing closing solenoid 92) in an AND gate arranged to stop the infeed
      conveyor in the event both signals are simultaneously present. Accordingly
      the switch 110, in conjunction with the aforementioned AND gate, is
      adapted to detect over-width sheets or random pieces of debris that may
      clog the input to the stacker, and stop the infeed conveyor to prevent
      damage to the stacker, or to the veneer sheets.
PAR  Turning finally to FIGS. 7a to 7e, the operation of the veneer stacker will
      be briefly summarized. FIG. 7a illustrates a veneer sheet 20 entering the
      stacking apparatus at the speed of the infeed conveyor, the sheet being
      tangentially intercepted by the guide tracks 29. FIG. 7b illustrates the
      sheet as it engages the brake switch actuator 96. The sheet is still
      moving at the speed of the infeed conveyor, having been guided into
      position by the guide tracks. It is seen that the sheet substantially
      follows the underside of the guide tracks, being supported by virtue of
      the velocity imparted by the infeed conveyor. It is at the position
      illustrated in FIG. 7b that the vacuum valves 31 are activated to rapidly
      provide vacuum to the braking nozzles. Accordingly, the sheet continues to
      be carried forward, while being intimately drawn toward the braking
      nozzles, ultimately causing the sheet to stop in the position illustrated
      in FIG. 7c. As the sheet approaches the FIG. 7c position, the brake valve
      delay timer causes the vacuum valve to begin closing, while the vacuum
      drums 34 attract but slide on the stopped sheet. It should be noted that
      in FIG. 7c the gap safety switch 110 is released, thereby signaling a
      "safe" condition. In FIG. 7d, the vacuum valve is closed, releasing the
      sheet to fall to the pile while the vacuum drums carrying the leading edge
      toward the forward aligning stop 35. Finally, FIG. 7e illustrates the
      sheet settling to the pile, while the aligning stop is stripping the
      leading edge from the vacuum drums. As further illustrated in FIG. 7e, the
      stacker is prepared to receive a new veneer sheet 20a.
PAR  In view of the foregoing, it will be apparent that what has been provided
      is a veneer stacker capable of efficient operation at high speed. While
      the invention has been described in connection with a preferred
      embodiment, it is apparent that the teachings of the invention extend
      beyond the scope of that single embodiment. For example, various
      alternative geometries of infeed conveyor and guide shoe relationships
      will be apparent. Additionally, the preferred embodiment has been
      described in connection with an infeed speed of 750 to 800 feet per
      minute. However, it will be apparent to one skilled in the art to adapt
      the veneer stacker for operation at other infeed speeds.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a veneer stacker for accepting moving veneer sheets and assembling
      said sheets on a stack, the combination comprising stationary guide means
      for guiding a moving veneer sheet into position over the stack, said guide
      means including an inverted concave surface to divert the sheet to follow
      a curved path adapted to support said sheet, means for stopping the sheet
      while said sheet is in contact with the guide means thereby to remove its
      source of support, and means for aligning the sheet with the stack as the
      sheet falls to the stack.
NUM  2.
PAR  2. A stacker for veneer sheets comprising, in combination, means for
      imparting a predetermined velocity to the veneer sheet, guide means
      utilizing the velocity of the sheet to support said sheet while guiding
      the sheet into position over a stack, braking means for stopping the sheet
      while said sheet is in contact with the guide means thereby to allow the
      sheet to fall to the stack, and means for aligning the sheet while the
      stack as the sheet falls to the stack.
NUM  3.
PAR  3. The veneer stacker as set forth in claim 2 wherein the guide means
      comprises a plurality of like concave overhead guide tracks, the rate of
      curvature of said guide tracks being adapted to sufficiently oppose the
      velocity of the sheet to cause the sheet to follow the underside of the
      guide tracks.
NUM  4.
PAR  4. The veneer stacker as set forth in claim 3 wherein the concave guide
      tracks comprise a compound curve including an upstream portion and a
      downstream portion, the upstream portion having a radius of curvature
      adapted to produce a centrifugal force sufficient to support the veneer
      sheet moving at the predetermined velocity, the downstream portion having
      a radius of curvature which is less than the radius of curvature of the
      upstream portion thereby to increase the centrifugal force on the leading
      edge.
NUM  5.
PAR  5. The veneer stacker as set forth in claim 3 wherein the guide tracks are
      arranged in pairs, each pair defining an internal chamber having an inlet,
      the braking means comprising a source of vacuum coupled to the inlets, and
      a valve between the vacuum source and the inlets, the opening of the valve
      serving to draw the sheet to the guide tracks thereby stopping the sheet.
NUM  6.
PAR  6. The veneer stacker as set forth in claim 5 wherein the braking means
      further includes a sensor having an actuator interposed in the path of
      sheet travel, and means responsive to actuation of the sensor for opening
      the valve, whereby the braking means is made responsive to sheet position.
NUM  7.
PAR  7. The veneer stacker as set forth in claim 2 wherein the aligning means
      comprises a plurality of hollow drums, a vacuum chamber enclosing said
      drums, the chamber including apertures to expose an arcuate portion of
      each drum to the stopped sheet, means for rotating said drums, the drums
      each including a patterned array of ports on the outer periphery thereof
      thereby to cause the leading edge of the sheet to be attracted to the
      rotating drums, and an aligning stop for stripping the leading edge of the
      sheet from said drums thereby to align said leading edge with the stack.
NUM  8.
PAR  8. A veneer stacker for receiving sheets of veneer and stacking said sheets
      on a stack comprising in combination an infeed conveyor for inparting a
      predetermined velocity to the sheet, overhead guide means for receiving
      the sheet from the conveyor on the underside of the guide means and
      guiding the sheet to a position generally over the stack, the guide means
      having a concave curvature adapted to impose an accelerating force on the
      sheet of at least 1 g. thereby to centrifugally support the sheet, means
      responsive to the position of the sheet for applying a braking force
      adapted to stop said sheet, and aligning means arranged for motion in a
      continuous path engaging the leading edge of the stopped sheet for
      aligning said leading edge with the stack as the sheet falls to the stack.
NUM  9.
PAR  9. The veneer stacker as set forth in claim 8 wherein the infeed conveyor
      is upwardly directed to cause the veneer sheet to enter the guide means in
      a path which is substantially tangential to the input end of the guide
      means.
NUM  10.
PAR  10. The veneer stacker as set forth in claim 8 wherein the guide means
      comprises a plurality of guide shoes, each of said guide shoes comprising
      a pair of guide tracks defining a central cavity therebetween, the cavity
      having an inlet, the braking means comprising a vacuum source coupled to
      the inlets, valve means interposed between the vacuum source and the
      inlets, and means for momentarily opening the valve means for applying
      vacuum to the guide shoes thereby to intimately draw the veneer sheet to
      the guide shoes.
NUM  11.
PAR  11. The veneer stacker as set forth in claim 10 wherein each of the guide
      shoe cavities includes a substantially constant taper from the inlet to
      the respective guide shoe ends, thereby to decrease the cavity volume
      while providing a substantially unobstructed flow path.
NUM  12.
PAR  12. The veneer stacker as set forth in claim 11 wherein each  guide shoe in
      an integral unit molded of fiberglas.
NUM  13.
PAR  13. The veneer stacker as set forth in claim 10 wherein the valve means
      comprises a valve throat, a slidable valve element, means for restraining
      said valve element for reciprocation to open and close said throat, the
      slidable element including a sharpened lead edge, a stationary shear ring
      associated with the slidable element and having a cooperating sharpened
      edge, whereby the valve is adapted to sever obstructions to clear the
      valve throat.
NUM  14.
PAR  14. The veneer stacker as set forth in claim 9 wherein the guide means
      comprises a plurality of guide shoes, each of said guide shoes comprising
      a pair of guide tracks defining a central cavity therebetween, the cavity
      having an inlet, the braking means comprising a vacuum source coupled to
      the inlets, valve means interposed between the vacuum source and the
      inlets, a brake switch having an actuator interposed in the path of sheet
      travel, means responsive to the actuating of the brake switch for opening
      said valve means, the switch and actuator being positioned so that the
      veneer sheet is stopped substantially over the stack, and means for
      closing said valve means for releasing the sheet to fall to the stack.
NUM  15.
PAR  15. The veneer stacker as set forth in claim 8 wherein the aligning means
      includes means for effecting a clutching action on the leading edge of the
      veneer sheet thereby to realign misaligned sheets.
NUM  16.
PAR  16. The veneer stacker as set forth in claim 8 further including an
      elevating stacking table beneath the guide means for receiving the veneer
      sheets, and means for controlling the height of the stacking table in
      accordance with the height of the stack of veneer sheets thereon.
NUM  17.
PAR  17. The veneer stacker as set forth in claim 8 wherein the aligning means
      comprises a plurality of laterally spaced drums, an enclosure for the
      drums, means for creating a vacuum in the enclosure, the drums being
      positioned near the leading edge of the stopped veneer sheet, apertures in
      the enclosure for exposing an arcuate peripheral portion of the drums to
      said leading edge, the drums including a patterned array of ports on the
      outer periphery thereof whereby the leading edge of the stopped sheet is
      attracted to the drums, means for rotating the drums, and forward stop
      means aligned with the stack for stripping the leading edge of the sheet
      from the rotating drums, thereby to align the sheet with the stack.
NUM  18.
PAR  18. A stacker for veneer sheets comprising in combination a support
      structure, an upwardly directed infeed conveyor, means for driving the
      conveyor at a predetermined speed, means for supplying a sheet of veneer
      to the infeed conveyor whereby the conveyor causes the sheet to travel at
      a predetermined velocity, a plurality of laterally spaced guide shoes
      carried by the supporting structure, the upstream end of the guide shoes
      arranged substantially adjacent the output end of the conveyor to smoothly
      intercept the moving veneer sheet, each guide shoe including a pair of
      coplanar inverted guide tracks forming an internal chamber therebetween,
      said chamber having an inlet throat, the guide tracks being curved with a
      rate of curvature adapted to divert the veneer sheet to follow an arcuate
      path defined by the underside of the guide tracks, a vacuum plenum carried
      by the support structure, an exhaust fan coupled to the plenum for
      creating a vacuum within the plenum, apertures in the plenum coupled to
      the guide shoe throats, a valve within each aperture for applying vacuum
      to the guide shoes, a switch having an actuator in the path of sheet
      travel, means responsive to the actuation of the switch for opening the
      valves, the switch being positioned so that the vacuum applied to the
      guide shoes serves to draw the veneer sheet to the guide shoes stopping
      the sheet substantially in stacking position, means for closing the valves
      to release the veneer sheet for falling, an elevating table below the
      guide shoes in the stacking position, a plurality of laterally spaced
      shell-like drums substantially contained within the vacuum plenum, the
      vacuum plenum including drum apertures at the downstream end of the guide
      shoes for exposing a portion of the periphery of the drums to the leading
      edge of the stopped veneer sheet, the drums including a patterned array of
      peripheral ports for attracting the leading edge of the stopped sheet, an
      aligning forward stop, and means for rotating the drums to carry the
      leading edge of the veneer sheet to the aligning stop when said sheet is
      released from the guide shoes.
NUM  19.
PAR  19. The veneer stacker as set forth in claim 18 including means for
      maintaining the veneer sheet in contact with the infeed conveyor while the
      sheet is being carried by said conveyor.
NUM  20.
PAR  20. The veneer stacker as set forth in claim 18 wherein the guide shoe
      throat is of enlarged configuration for rapid application of vacuum to the
      guide shoes in response to actuation of the switch, the valve including a
      slidable member adapted to close said aperture in a first position and to
      open said aperture in a second position, and means for rapidly moving said
      slidable member between said first and second positions.
NUM  21.
PAR  21. A method of stacking veneer sheets including the steps of imparting a
      predetermined velocity to the veneer sheet, acting on the upper surface of
      the moving veneer sheet to divert the sheet and guide it to a stacking
      position in a curved path adapted to support the sheet, stopping the sheet
      when said sheet is guided substantially to a stacking position thereby
      allowing the sheet to fall, attracting the leading edge of the stopped
      sheet, and carrying said leading edge to an aligned stacking position as
      said sheet falls to the stack.
NUM  22.
PAR  22. A method of stacking veneer sheets comprising the steps of imparting a
      predetermined velocity having an upward component to the veneer sheet,
      diverting the sheet to guide it in a curved path into substantially a
      stacking position, the curvature of the path being sufficient to support
      the sheet by means of centrifugal force, stopping the sheet when said
      sheet is substantially in stacking position and in contact with the guide
      means thereby to remove its source of support, and carrying the leading
      edge of the falling sheet into an aligned position on the stack.
NUM  23.
PAR  23. The method as set forth in claim 22 wherein the step of diverting
      includes decreasing the radius of the curved path to increase the
      centrifugal force on the leading edge of the sheet.
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ABST
PAL  A stand-alone power stacker for envelopes and similar type planar articles
      is provided wherein two end to end arcuately adjustable belt conveyors are
      adapted to be driven at automatically varying relative speeds depending on
      load conditions. The machine drive motor is controlled by a sensing means
      that detects the presence of each envelope that is delivered to the
      upstream end of the stacker and a time delay control circuit is provided
      to delay a termination of operation of said motor for a selected time
      period after said sensing means has completed a sensing operation. The
      arcuate adjustability of the outer ends of said conveyors permits the
      upstream one of said conveyors to receive envelopes, etc. from various
      heights and the downstream one of said conveyors to generate envelope
      stacks of desired compactness or density.
BSUM
PAR  This invention relates to an improved power-operated stacker for sheet
      material such as cards, envelopes, letters and the like. More specifically
      the invention relates to a novel low-cost stand-alone power stacker for
      planar articles wherein a conveyor means is adapted to be variably
      conditioned and controlled so as to accommodate a wide range of
      operational parameters.
PAC  BACKGROUND OF THE INVENTION
PAR  There are many applications where a plurality of sheets or planar type
      articles such as envelopes are to be conveyed to a stacking station and
      stored therein in inclined overlapped relation. In this type of operation
      there are three different types of variables that must be accommodated by
      the sheet conveying and stacking device if the latter is to have a wide
      range of application. First if the device is to be a stand-alone unit, its
      upstream end must be operationally adjustable to the extent necessary to
      cooperate with an adjacent upstream machine such as a postage meter,
      addressing machine, folding machine, etc. Secondly the device must be
      structurally and functionally capable of handling a wide range of sizes,
      shapes, weights, etc. of said planar type articles; and thirdly the device
      must be operationally flexible enough to allow the density and disposition
      of the stacked articles to be varied as desired or as required under many
      different sets of operating circumstances.
PAR  The known sheet stacking machines have for the most part fallen short of
      being able to accommodate all these variables and have tended to be
      relatively expensive and cumbersome.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a simple, inexpensive power stacking
      device that includes two serially arranged conveyor means; the first
      conveyor means serving to transport the articles in predetermined
      overlapped relation to the second conveyor means where the articles are
      further compacted, stacked and positioned in a selectable manner. The
      upstream end of the first conveyor means is independently swingably
      adjustable to accommodate the height of the upstream machine that is to
      deliver articles to the first conveyor means, while the downstream end of
      the second conveyor means is independently swingably adjustable to
      different inclined positions so as to control the density and position of
      the article stack being generated. Operation of the drive means for the
      two conveyor means is initiated by actuation of an article sensing switch
      associated with the first conveyor means and is terminated at a
      predetermined time after completion of a sensing operation of said sensing
      means. Said drive means is also arranged so as to enable the speed of the
      second conveyor means to vary relative to the speed of the first conveyor
      means in accordance with the article load experienced by the second
      conveyor means.
PAR  A primary object of the invention is to provide an inexpensive, efficient
      and very flexible power stacking device for planar articles such as
      envelopes and the like.
PAR  Another object of the invention is to provide a novel stand-alone dual
      conveyor stacking device that is operationally adjustable so as to
      accommodate a wide range of operating variables.
PAR  A further object of the invention is to provide a novel power stacking
      device that is adapted to automatically generate various predetermined
      stacking conditions for the articles being handled.
PAR  Other objects of the invention will become apparent as the disclosure
      progresses.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of the instant power stacker; the covers of
      the machine being omitted to facilitate the showing and understanding of
      the operating portions of the apparatus.
PAR  FIG. 2 is a front elevational view of the apparatus shown in FIG. 1.
PAR  FIG. 3 is an exploded perspective view of some of the main structural
      portions of the instant power stacker.
PAR  FIG. 4 is an end view taken from the right side of the device as seen in
      FIG. 2.
PAR  FIG. 5 is a sectional elevational view taken along section line 5--5 of
      FIG. 4.
PAR  FIG. 6 is a rear elevational view illustrating primarily the gear drive
      trains associated with the instant apparatus.
PAR  FIG. 7 is a perspective view of the article sensing means of the instant
      apparatus.
PAR  FIG. 8 is a sectional elevational view taken along section line 8--8 of
      FIG. 7.
PAR  FIG. 9 is a fragmentary exploded perspective view illustrating a shaft
      supporting arrangement used in the instant device.
PAR  FIG. 10 is a circuit diagram for the instant motor control means.
PAR  FIG. 11 is a perspective view illustrating the power drive trains for the
      two conveyors.
DETD
PAR  The apparatus will be initially described in a very general manner and in
      relation to the handling of envelopes or other similar pieces of mail, it
      being understood however that various other types of planar articles may
      be handled by the instant apparatus.
PAR  Referring initially to FIGS. 1, 2 and 3 the power stacker 10 comprises
      generally a U-shaped base or frame 11 which carries two conveyors 12 and
      13. The mutually adjacent inner ends of the conveyors are each pivotally
      mounted on frame 11 while the respective outer ends thereof are adapted to
      be fixed in selected vertical positions by means of suitable adjustable
      support means 14 and 15 respectively, FIG. 2. The upstream end of the
      first conveyor 12 is vertically positioned so as to accommodate the
      envelopes 16 being delivered thereto through the discharge passageway 17,
      FIG. 2, of the upstream addressing or other machine 18. The envelope 16 in
      being deposited on the conveyor 12 is adapted to operate a sensing switch
      means 20 carried at the said upstream end of said conveyor 12. This
      sensing means is adapted to control a multi-speed drive means for the
      conveyors 12 and 13 so as to bring the successive envelopes 16 into
      predetermined overlapped relation on conveyor 12 and to thereafter deliver
      these overlapped envelopes onto conveyor 13 where they are progressively
      urged toward a more steeply inclined condition at the right side of the
      machine as illustrated in FIG. 2. The downstream end of conveyor 13 is
      provided with an adjustable article abutment means 21 that is adapted to
      control the position, density and inclination of the developed envelope
      stack 150 so as to facilitate easy manual or other removal thereof from
      the machine.
PAR  A more detailed structural and operational description of the instant
      device will now be made referring first primarily to FIGS. 1-6, again with
      reference to the handling of envelopes. The U-shaped frame 11 is provided
      with suitable foot supports 30, 31, FIGS. 1, 3 and 4, and the upper ends
      of the two vertical side portions 11L and 11R of said frame are each
      formed with a pair of bearing receiving slots 33, 34, 35, 36 respectively,
      FIG. 3. Axially aligned slots 33 and 35 cooperatively form a portion of
      the pivotal support for the first or transport conveyor 12 while slots 34,
      36 correspondingly form a portion of the pivotal support for the second
      conveyor 13. In that the construction and support for each of said
      conveyors is substantially the same, a detailed description for just
      conveyor 12 will suffice here. Slots 33, 35 are shaped to receive the
      bearing bushings 40, 41, FIG. 3; a shaft 42 being rotatably supported in
      said bushings. The conveyor 12 comprises a sub-frame 43 having a flat
      center portion 44 and two depending side flanges 45, 46. The inner end of
      flange 45 is formed with three slots 50, 51, 52 while flange 46 is
      correspondingly slotted at 50a, 51a and 52a. The axially aligned slots 50,
      50aare adapted to engage the said bushings 40, 41 while slots 51a and 52a
      are adapted to engage studs 53, 54 fixed to frame side portion 11R
      respectively, and slots 51 and 52 are adapted to engage similarly shaped
      and located studs fixed to the inside surface of frame side portion 11L.
      As will be apparent the slots 50, 50a in combination with the bushings 40,
      41 afford a pivotal support for the inner end of conveyor 12; the slots
      51, 52, 51a and 52 and the associated studs such as 53, 54 serving to (a)
      initially facilitate assembling the conveyor 12 on the frame 11, note FIG.
      5, and (b) retain the bushings 40, 41 in said slots 33, 35. The outer end
      of the conveyor 12 is adapted to be adjustably supported by said means 14
      which includes a pair telescoping members 55, 56 that are pivotally
      connected by any suitable pins to the frame side portion 11L and the said
      flange 45 respectively. A manually operable clamp screw 57 is provided to
      lock the conveyor 12 in adjusted angular position. To facilitate handling
      of the conveyor 12 during the positional adjustment thereof, a spring 58
      is anchored between a depending lug 59 fixed to the sub-frame side portion
      45 and a bracket 59a fixed on the frame 11 so that said conveyor 12 may be
      yieldably biased in a clockwise direction as viewed in FIGS. 1 and 3. The
      spring exerts a clockwise torque on conveyor 12 that is substantially
      equal to the counterclockwise torque developed by the unsupported portion
      of the weight of said conveyor. The outer end of the conveyor sub-frame 43
      is formed with slots 60 and 61, FIGS. 3 and 9, that are adapted to receive
      bearing bushings 62, 63, FIGS. 3 and 9, which in turn rotatably support a
      shaft 64. Rotatably secured to each of said shafts 42 and 64 are a
      plurality of barrelshaped rollers, such as are illustrated at 65 of FIGS.
      3 and 9, around which are mounted a plurality of rubber-like conveyor
      belts 66; the belts 66 serving also to retain the bearing bushings 62, 63
      in the sub-frame slots 60, 61 respectively. When shaft 42 is driven in a
      clockwise direction, as viewed in FIG. 1, the upper course of the various
      belts 66 will move in a direction indicated by arrow 67, FIG. 1.
PAR  The conveyor 13 is constructed and arranged in a manner similar to that
      just described for conveyor 12, and unless otherwise indicated the
      corresponding elements for conveyor 13 have corresponding reference
      numerals but carry a subscript "a". It will be noted from FIG. 5
      particularly that the inner end of conveyor 13 is disposed slightly below
      the adjacent end of conveyor 12; this serving to insure an efficient
      transfer of envelopes from conveyor 12 to conveyor 13. The shaft 42 of
      conveyor 12 carries a drive pulley 70 at the end thereof while the
      adjacent end of the corresponding shaft 42a of conveyor 13 carries a
      slightly larger diameter pulley 71; a suitable drive belt 72, FIG. 2 being
      entrained around said pulleys 70, 71. Shaft 42 is thus adapted to
      frictionally drive belt 72 and hence the shaft 42a and the upper course of
      belts 66a of conveyor 13 will be driven as indicated by arrow 67a but at a
      speed that is normally slightly less than that for the said belts 66 of
      conveyor 12. While a belt and pulley type yieldable drive connection 70-72
      has been shown and described it will be understood that any suitable
      yieldable drive means may be used between the shafts 42 and 42a.
PAR  The envelope abutment means 21 carried by conveyor 13 comprises a bracket
      plate 80 FIGS. 1 and 2 that is pivotally mounted at its lower end on the
      conveyor sub-frame by means of suitable pins such as 81. The bracket plate
      may be secured in any desired angular adjusted position by any suitable
      manually operated clamping means as indicated generally at 82 of FIGS. 1
      and 2. Bracket plate 80 fixedly carries a rod 83 so that the region
      between said rod and the body portion 84, FIG. 2, of plate 80 is adapted
      to receive an abutment plate 85 that is provided with bent off ears 86 at
      its upper end. The lower end of plate 85 has a manually operable clamping
      screw 87 threaded therethrough and abutting said bracket portion 84 so
      that said plate may be adjustably clamped to the bracket plate 80 in
      various desired extended positions.
PAR  The gear drive trains for conveyors 12 and 13 will now be described with
      particular reference to FIG. 4, 6 and 11. An electric motor 100 mounted on
      frame 11 has an output shaft 101 that extends through a suitable aperture
      formed in the frame side portion 11R. A gear 102 secured to shaft 101
      meshes with a large diameter gear 103 that is rotatably mounted on a
      suitable stub shaft 104 fixed to the outside of frame side portion 11R.
      Gear 103 meshes with a gear 105 secured to the adjacent end of shaft 42 of
      the first conveyor 12. Said gear 103 is formed with an integral coaxial
      gear 106 which meshes with a gear 107 that is coupled to the adjacent end
      of shaft 42a of the conveyor 13 through a one-way or overrunning clutch
      108. As will be seen the shaft 42a of conveyor 13 may be rotatably driven
      by two different drive means, one constituted by the higher speed
      yieldable drive through the said friction belt 72 and the other
      constituted by the slower positive drive through gears 103, 106, 107 and
      the said positive one-way clutch 108. When the motor 100 is operated the
      two conveyors will be driven with the belts 66 of conveyor 12 moving
      slightly faster than the belts 66aof conveyor 13 which is then powered
      through the said yieldable driven 70-72. Under these conditions the clutch
      108 will be overrunning and the drive for both conveyors will be through
      gears 103 and 105. When, however, under conditions to be described below,
      the load on conveyor 13 increases to the point where slippage of the belt
      connection 70-72 begins to occur, the speed of the belts 66a of conveyor
      13 will begin to decrease from a normal maximum. If the slippage continues
      to increase the overrunning action of the clutch 108 gradually decreases
      and finally ceases at which time a positive drive through said clutch will
      occur and no further decrease in the speed of belts 66a will take place.
      This lower speed positive drive for conveyor 13 and the said slippage in
      the yieldable belt drive 70-72 will continue as long as the load imposed
      on conveyor remains above a predetermined upper level and as and when this
      load decreases the positive drive action through clutch 108 will cease and
      the conveyor 13 will be operated at gradually increasing speeds as less
      slippage occurs in the belt connection 70-72 until a predetermined lower
      level for said load is reached wherein said slippage is reduced to zero
      and the speed of conveyor belts 66a are again up to their normal maximum.
      This drive arrangement thus affords an automatic load responsive speed
      changing means for the second conveyor 13.
PAR  Referring now particularly to FIGS. 1, 2, 7 and 8 the article sensing means
      20 for the present stacker includes a housing 111 that is secured to an
      upstanding plate 112 that in turn is fixed by any suitable means to the
      side 46 of the sub-frame 43, FIG. 3, of conveyor 12. As is best seen in
      FIGS. 7 and 8 the housing 111 at the upstream end of conveyor 12 has a
      generally wedge-shaped configuration and has a lower envelope guide
      surface 113. If desired the said housing 111 may be adjustably mounted
      with respect to sub-frame 43. Pivotally mounted in the side portions of
      housing 111 is a small diameter rod 115 having a plurality of light wire
      envelope sensing fingers 116 secured thereto and depending therefrom so as
      to respectively extend through suitable housing notches, such as 117, and
      into the gap between said belts 66 and said guide surface 113; this gap
      effectively defining a portion of the envelope feed path through the
      instant stacking device. The pivotal movement of rod 115 is adapted to
      operate any suitable conventional type electrical switch 120, FIG. 7,
      mounted on the side of plate 112. As may be seen from FIGS. 2 and 8, the
      sensing fingers 116 are adapted to be swingably displaced by the lead edge
      of each envelope 16 that is delivered to the conveyor 12 by the associated
      addressing machine, postage meter or other upstream machine 18, FIG. 2.
      This displacement of sensing fingers 116 and the resultant operation of
      switch 120 will initiate operation of the said drive motor 100 as will be
      more fully described below.
PAR  In order that any envelopes delivered to the conveyor 12 be initially urged
      into engagement with the envelope feed belts 66, a relatively large
      diameter idler wheel 125, FIGS. 1 and 2, is provided, the latter being
      rotatably supported by a Z-shaped shaft means having two parallel
      portions, one portion 126 rotatably supporting said wheel 125 and the
      other portion being pivotally carried by a block 127 that is secured to
      said vertical side plate 112; said shaft portions being interconnected by
      a center crank portion 128, FIG. 2. Wheel 125 is thus supported for
      vertical movement as well as rotational movement, whereby the weight of
      the wheel 125 may rest against the envelopes thereunder so that the latter
      are urged into better frictional driving engagement with the conveyor
      belts 66. Little if any resistance is offered here by the wheel to the
      feed movement of the envelopes in that the wheel rotates as indicated at
      130 to accommodate this feed movement.
PAR  A description of the operation of the apparatus described thus far will now
      be made. The motor 100 is normally not operating but is actuated in
      response to the operation of the envelope sensing switch means 20. As a
      first envelope is delivered to the conveyor 12 the lead edge thereof will
      displace fingers 116 so as to operate switch 120 which through the control
      circuit to be described causes motor 100 to be operated for a selected but
      relatively short period of time during which the envelope is transported
      beneath the wheel 125 and towards the second conveyor 13 at a first speed
      determined by the speed of the conveyor belts 66. The instant control
      circuit is arranged so that motor 100 is kept running for a short delay
      period after the trailing edge or other portion of said first envelope
      releases said switch fingers 116, and thereafter when the motor is stopped
      the conveyors 12 and 13 will remain idle until the next envelope is
      delivered to conveyor 12 and the sensing switch means is again operated.
      The speed of the envelopes when being transported by conveyor 12 is
      preferably less than that at which the upstream machine 18 delivers the
      envelopes to the conveyor 12 so that as said envelopes are deposited on
      conveyor 12 they will be positioned in mutually overlapping relation as
      illustrated in FIG. 2. It will be appreciated that the speed and frequency
      of delivery of envelopes may be great enough to cause motor 100 to run
      continuously, or the frequency of said letter delivery may be low enough
      so that motor 100 operates intermittently, this of course depending on the
      duration of said short delay period. In either case the overlapped letters
      will be progressively transported by belts 66 and deposited on the slower
      moving belts 66aof conveyor 13. The lower speed of conveyor 13 will cause
      relative sheaving movement between the envelopes thereon so that the
      envelope stack generally designated at 150 of FIG. 2, becomes more compact
      with the leading edges of the envelopes coming closer together as the said
      stack becomes more dense. As is illustrated in FIG. 2 the conveyor 13 in
      addition to having a slower belt movement may be inclined slightly
      upwardly and the abutments means 21 may be positioned in a further
      inclined position, these positionments tending to cause the lead envelopes
      in said stack 150 to be pushed nearer and nearer to a vertical orientation
      as the stack builds up to a larger and larger number of envelopes. It will
      be understood that conveyors 12 or 13 may be positioned in any desired
      angular positions. As the stack 150 thus gradually developes a point will
      be reached where the drive load on conveyor 13 will become great enough so
      that slippage occurs in the yieldable friction drive 70-72. When this
      occurs the speed of belts 66a will gradually decrease until the belt drive
      load is picked up by the slower speed positive drive action of the
      normally overrunning clutch 108. After a stack of envelopes has been
      removed from the conveyor 13 and the load on the latter is thus reduced
      the friction drive 70-72 will automatically re-establish the normal speed
      of operation of belts 66a of conveyor 13 so as to quickly re-establish the
      build up of a next stack of envelopes.
PAR  It will be seen then that by the above described operation the present
      invention affords an efficient, inexpensive means for receiving,
      transporting and automatically stacking envelopes, there being no
      structural coupling or control connections necessary between the instant
      power stacker and the upstream machine 18 that delivers envelopes to the
      conveyor 12. The variable inclination possible for the conveyors 12 and 13
      and the adjustable setting for the abutment means 21 enables the instant
      apparatus to be set to effectively accommodate a wide variety of sizes,
      weights and shapes of articles to be stacked. If desired an envelope guide
      plate similar in construction and arrangement to said plate 112 may be
      provided along the rear side (as viewed in FIG. 1) of conveyor 13.
PAR  Referring now to FIG. 11, a description will now be made of the control
      means interconnecting the sensing means 20 and the motor 100. Motor 100
      and the control relay contacts 160 are connected across the lines 161, 162
      from a suitable electrical supply source 163. Lines 161, 162 are also
      connected across a conventional rectifier bridge 164 which in turn,
      together with the control switch 120, is connected to the output lines
      166, 167. Connected in parallel across lines 166, 167 are a relay solenoid
      170 and a conventional type variable RC time delay circuit 171. If desired
      a suitable override or jogging switch 172 may be provided for manually
      controlling said motor 100. In the normal state of the control circuit of
      FIG. 10 the sensing switch 120, FIGS. 2 and 10, is open and hence relay
      contacts 160 remain open. When an envelope is delivered to conveyor 12 and
      switch 120 is thereby closed as above described, the said RC circuit 171
      will be charged and the relay contacts will be closed thus initiating
      operation of the motor 100. When the trailing edge or other portion of the
      envelope allows the sensing switch to move to an open condition, the motor
      100 will keep running for a short additional time period depending on the
      selected time setting for the variable RC circuit 171, the operation of
      the latter being well understood in the art. The envelope will, during
      this short time period, be transported a short distance along conveyor 12
      by the belts 66 before said motor and conveyors stop. When the next
      envelope is delivered to conveyor 12 the sensing switch 120 will again be
      operated and the control cycle will be repeated. The selected amount of
      time delay set in the delay circuit 171 will determine to a significant
      extent the degree of overlap of the envelopes being transported by
      conveyor 12. Depending on the frequency of delivery of envelopes past the
      sensing means 20, the conveyors 12 and 13 will be intermittently or
      continuously driven so as to progressively generate the stack 150 as
      described above in connection with FIG. 2.
PAR  The instant power stacker has been found to be very efficient and capable
      of being made at relatively low cost, and of operating reliably over
      extended periods of use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power stacking device for planar articles: comprising a frame;
PA1  first and second conveyor means mounted on said frame and arranged in end
      to end relation, the respective inner ends of said first and second
      conveyor means being articulately supported by said frame, and the
      respective outer ends of said first and second conveyor means being
      adjustably supported with respect to the frame;
PA1  drive means for operating said conveyor means, said drive means including a
      positive drive for the upstream conveyor means and a yieldable slower
      drive for the downstream conveyor;
PA1  sensing means for determining when an article is delivered to one of said
      conveyor means; and
PA1  control means responsive to the operation of said sensing means to control
      said drive means.
NUM  2.
PAR  2. Apparatus as defined by claim 1 wherein said drive means includes a
      means for altering the driven speed of at least one of said conveyor means
      in response to the load experienced by said one of said conveyor means.
NUM  3.
PAR  3. Apparatus as defined by claim 1 wherein said control means includes a
      time delay means for causing the continuation of operation of said drive
      means for a predetermined period following termination of a sensing
      operation by said sensing means.
NUM  4.
PAR  4. Apparatus as defined by claim 1 wherein said drive means includes a
      yieldable drive means and a positive drive means for one of said conveyor
      means, said yieldable drive means being adapted to normally drive said one
      conveyor means at a speed greater than that produced by said positive
      drive means.
NUM  5.
PAR  5. Apparatus as defined by claim 4 wherein said positive drive connection
      includes an overruning clutch means and wherein said one conveyor means is
      disposed downstream from the other of said conveyor means.
NUM  6.
PAR  6. Apparatus as defined by claim 1 wherein said drive means is adapted to
      drive the downstream one of said conveyor means at a slower speed than
      that at which the upstream conveyor means is driven.
NUM  7.
PAR  7. Apparatus as defined by claim 1 additionally comprising an abutment
      bracket plate pivotally connected to the downstream end of said second
      conveyor means, and means to adjustably lock said plate in various angular
      positions relative to said second conveyor means.
NUM  8.
PAR  8. A power stacker: comprising
PA1  a frame;
PA1  at least one conveyor means mounted on said frame;
PA1  drive means for said conveyor means; and
PA1  control means for controlling the operation of said drive means;
PA1  said drive means including a yieldable drive connection and a positive
      drive connection whereby said conveyor means may be yieldably driven at
      relatively high speeds by said yieldable drive connection and whereby said
      conveyor means may be driven by said positive drive connection when the
      effective speed at which said yieldable drive means drives said conveyor
      means drops to the effective drive speed of said positive drive
      connection.
NUM  9.
PAR  9. Apparatus as defined by claim 8: additionally comprising control sensing
      means for said driven means; said control means being arranged so as to be
      operative to actuate said drive means in response to the delivery of an
      article to be stacked to said power stacker.
NUM  10.
PAR  10. Apparatus as defined by claim 9 wherein said control means includes a
      time delay means to delay the shutoff of said drive means for a period
      following termination of a sensing operation by said control means.
NUM  11.
PAR  11. Apparatus as defined by claim 9: additionally comprising an additional
      conveyor means mounted on said frame in end to end relation with respect
      to said one conveyor means, said sensing means being adapted to sense when
      an article is delivered to said additional conveyor means, and said driven
      means being adapted to drive said additional conveyor means.
NUM  12.
PAR  12. Apparatus as defined by claim 8 wherein said conveyor means is
      swingably adjustably mounted in said frame.
NUM  13.
PAR  13. A power stacker for planar articles: comprising
PA1  a frame;
PA1  a first and second belt conveyor means carried by said frame in end to end
      relation; the mutually adjacent ends of said belt conveyor means being
      pivotally supported on said frame;
PA1  means for securing the respective outer ends of said belt conveyor means in
      selected positions relative to said frame;
PA1  drive means for operating said first and second belt conveyor means; and
PA1  control means for controlling the operating of said drive means.
NUM  14.
PAR  14. Apparatus as defined by claim 13 wherein said drive means is adapted to
      normally drive said first conveyor means at an effective speed that is
      greater than that for said second conveyor means.
NUM  15.
PAR  15. Apparatus as defined by claim 13 wherein said two conveyor means are
      driven at their respective mutually adjacent inner ends by said drive
      means, and wherein said drive means includes two different drive
      connections for driving one of said conveyor means at different speeds
      respectively.
NUM  16.
PAR  16. Apparatus as defined by claim 15 wherein said drive means includes an
      overrunning clutch and a yieldable drive connection associated with the
      downstream one of said conveyor means.
NUM  17.
PAR  17. Apparatus as defined by claim 16 wherein said control means includes a
      switch means and a means for delaying the termination of operation of said
      drive means for a predetermined selected period following termination of a
      sensing operation by said switch means.
NUM  18.
PAR  18. Apparatus as defined by claim 17: additionally comprising a plate
      bracket pivotally adjustably mounted on the end of said downstream
      conveyor means, and article abutment means adjustably mounted on said end
      plate.
NUM  19.
PAR  19. Apparatus as defined by claim 17 wherein said switch means is adapted
      to be operated by an article that is delivered to the upstream end of said
      first conveyor means.
NUM  20.
PAR  20. A power stacking device; comprising a frame;
PA1  conveyor means mounted on said frame, said conveyor means including two
      conveyors disposed in an end to end relationship;
PA1  drive means for operating said conveyor means;
PA1  control means for controlling the operation of said drive means;
PA1  said control means including switch means, the operation of said switch
      means serving to initiate operation of said drive means;
PA1  time delay means for enabling the continued operation of said drive means
      for a short period of time following the termination of operation of said
      switch means; and
PA1  abutment means pivotally mounted on the downstream end of said conveyor
      means, and carrying a slidably adjustable abutment plate.
NUM  21.
PAR  21. A power stacking device for planar articles: comprising a frame;
PA1  first and second conveyor means mounted on said frame and arranged in end
      to end relation, the respective inner ends of said conveyor means being
      articulately carried by said frame; and the respective outer ends thereof
      being adjustably supported with respect to said frame;
PA1  drive means for operating said conveyor means;
PA1  sensing means for determining when an article is delivered to one of said
      conveyor means; and
PA1  control means responsive to the operation of said sensing means for
      controlling the operation of said drive means.
NUM  22.
PAR  22. A power stacking device for planar articles: comprising
PA1  a frame;
PA1  first and second conveyor means mounted on said frame and arranged in end
      to end relation;
PA1  drive means for operating said conveyor means, said drive means including a
      yieldable drive means and a positive drive means for one of said conveyor
      means, said yieldable drive means being adapted to normally drive said one
      conveyor means at a speed greater than that produced by said positive
      drive means;
PA1  sensing means for determining when an article is delivered to one of said
      conveyor means; and
PA1  control means responsive to the operation of said sensing means for
      controlling the operation of said drive means.
NUM  23.
PAR  23. A power stacking device for planar articles: comprising a frame;
PA1  first and second conveyor means mounted on said frame and arranged in end
      to end relation;
PA1  drive means for operating said conveyor means, said drive means including a
      yieldable drive means and a positive drive means for one of said conveyor
      means, said yieldable drive means being adapted to normally drive said one
      conveyor means at a speed greater than that produced by said positive
      drive means, said positive drive means including an overrunning clutch
      means and said one conveyor means being disposed downstream from the other
      of said conveyor means;
PA1  sensing means for determining when an article is delivered to one of said
      conveyor means; and
PA1  control means responsive to the operation of said sensing means for
      controlling the operation of said drive means.
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ABST
PAL  A magnetic card transport subsystem for an electronic typewriter comprises
      a reversible drive roll and a coacting pinch roll which form a nip through
      which a magnetic card is passed. The drive roll and pinch roll coact to
      move the card in opposite directions. The pinch roll is so mounted that it
      can shift from side to side on its axis of rotation. When the pinch roll
      is out of alignment, such shifting occurs at each reversal in direction of
      rotation of the pinch roll when transporting the card. A person adjusting
      the pinch roll position observes this and adjusts the position of the
      pinch roll until such shifting stops which indicates the roll is in
      alignment.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This application is related to copending U.S. application Ser. No. 512,581,
      filed concurrently herewith, U.S. application Ser. No. 522,662, filed Nov.
      11, 1974, and U.S. application Ser. No. 537,794, filed Dec. 30, 1974, each
      of which are commonly assigned.
PAR  This invention concerns a magnetic card transport subsystem for an
      electronic typewriter which comprises a drive roll and pinch roll which
      coact to alternately drive a magnetic card in a forward direction past a
      magnetic head for a read or write function and then in the opposite return
      direction while the magnetic head changes tracks to perform the read or
      write function when the magnetic card makes its next forward pass.
PAR  It is an object of this invention to provide a person aligning a pinch roll
      and a guide surface of the above described transport system with a simple
      means for visually observing when the pinch roll is aligned.
DRWD
PAR  Other objects of this invention will become apparent from the following
      description with reference to the drawings wherein:
PAR  FIG. 1 is a perspective view of a card transport system;
PAR  FIG. 2 is a view taken along section line 2-2 of FIG. 1;
PAR  FIG. 3 is a plan view of a support bracket for a pinch roll; and
PAR  FIG. 4 is a section view of a pinch roll support shown in FIG. 1.
DETD
PAR  Referring to FIG. 1, there is illustrated a card transport subsystem of an
      electronic typewriter system which comprises a frame 10. The frame 10
      comprises a card support platform 12 having a plurality of ribs 14 for
      supporting a magnetic card 15. One longitudinal edge of the platform is
      defined by a groove 16 and the other longitudinal edge of the platform is
      defined by a groove 18. Projecting above the platform 12 adjacent the
      grooves 16 and 18 are support walls 20. Positioned in the groove 16 are a
      pair of resilient leaf springs 22 and 24 each of which has two U-shaped
      sections 26 and 28 connected to each other at the free ends of the legs of
      the U. The closed end 30 of section 28 is flat and is located in the
      groove 16 and is secured by screws 32 to the platform 12. The closed end
      34 of section 26 is flat and lies in a plane which is approximately normal
      to the platform with the bottom edge thereof extending below the ribs 14
      into the groove 16. The spring is so constructed that section 26 is biased
      away from section 28.
PAR  A guide bar 36 is located in the groove 18 and secured to the platform 12.
      The guide bar extends substantially above the ribs 14 to provide a guide
      surface 37 thereabove for a longitudinal edge of the card 15. An opening
      40 is provided in the platform 12 and receives a portion of a resilient
      drive roll 42 therein which is so located that a plane tangential to the
      periphery of the roll portion extending through the opening 40 will be
      substantially coincident with the plane of the top of the ribs 14 to
      prevent possible deformation of or lifting of the card 15 when the card is
      driven by the drive roll 42. A D.C. motor 44 is secured to one wall 20 and
      has a drive shaft 46 operably connected to the drive roll 42 by any
      well-known means to alternately drive the roll 42 in opposite directions.
PAR  A support bar 48 is secured to the walls 20 and a pinch roll support
      bracket 50 is secured to the bar 48 by a pair of screws 52 and 54 (see
      FIG. 3). Screw 52 extends through an opening in the bracket which is
      approximately the same diameter as the screw and screw 54 extends through
      an oversized opening 56 which allows the bracket 50 to be adjusted by
      pivoting about screw 52 when both screws 52 and 54 are loosened. The
      bracket 50 includes a pair of roll supporting legs 58. A shaft 60 extends
      through a pinch roll 62 and each end thereof is located in an elongated
      cavity 64 in each leg 58. The portion of the shaft 60 extending into the
      cavities 64 have a flat surface 66 and the upper portion of each cavity
      has a counterbore 68. A coil spring 70 is located in each cavity and has
      one end resting on the flat 66 and the other end thereof positioned in the
      counterbore 68. In this position, the coil spring is in compression and
      urges the shaft 60 against the bottom of the cavity 64. The pinch roll 62
      freely rotates about the shaft 60. The width "W" of the cavity is larger
      than corresponding dimension "d" of the shaft by an amount which allows
      for slight pivoting of the shaft 60 and thereby the roller about a
      vertical axis normal to the shaft of a magnitude of 1.degree. to 6.degree.
      for a purpose to be described later. For instance, the width "W" of the
      cavity may be 0.102 inch while the dimension "d" of the shaft may be 0.092
      inch. The bar is located on the walls 20 in such a manner that the
      periphery of the pinch roll 62 will be spaced from the drive roll 42 by
      less than the thickness of the card 15 when the shaft 60 is pressed
      against the bottom of the cavities 64 by the springs 70. For instance, the
      spacing may be on the order of 0.003 inch while the thickness of the card
      is 0.008 inch. This is to prevent contact between the two rolls when the
      machine is not in use to avoid producing depressions in the resilient
      drive roll 42 since any depression in the drive roll will cause a jerky
      motion affecting reading the card or writing on the card or subsequent
      correlation of the two functions.
PAR  The axial width of the pinch wheel 62 at its axis of rotation is smaller
      than the space between the legs 58 by an amount sufficient to permit the
      wheel to visually shift from side to side upon change in direction of
      rotation when the pinch roll is out of alignment. For instance, the width
      of the pinch roll at its axis of rotation can be 0.250 inch while the
      space between the legs can be 0.312 inch thereby allowing shifting of
      0.062 inch. This feature is built into this mechanism to allow one to
      adjust the pinch roll to align the same with the guide surface so it has
      the ability to effect, by pivoting, a resultant driving force vector of
      the drive roll and pinch roll in a direction which is substantially
      parallel to the guide surface. To effect such alignment of the pinch roll
      62 with the guide surface, a card is moved in reverse directions between
      the pinch roll 62 and drive roll 42 by reversing rotation of the rolls.
      When the pinch roll is out of alignment, the pinch roll 62 will shift
      axially upon each reversal of rotation. The person adjusting the pinch
      roll position observes this and adjusts the position of the pinch roll
      until such shifting stops which indicates the freely pivoting pinch roll
      is in alignment. When positioned in alignment, the pinch roll will be free
      to oscillate such that the axis thereof pivots between about 1/2.degree.
      to 3.degree. in each direction from a line which is substantially
      perpendicular to the guide surface 37. Adjustment is effected by pivoting
      the bracket 50 about pivot screw 52 and then tightening screw 54 to lock
      the bracket in place. In this case, the manufacturing tolerances of
      various elements of the transport system are of such nature that
      permitting the pinch roll to freely rotate about a vertical axis between
      about 1.degree. to 6.degree., the pinch roll will automatically compensate
      for any misalignment due to such tolerances so the resultant driving force
      vector of the drive roll and pinch roll will be substantially parallel to
      the guide surface 37. It should be noted that this adjustment routine may
      also apply to pinch rolls which do not freely rotate about a vertical axis
      such that its axis pivots between 1/2.degree. to 3.degree. in the opposite
      directions from a line substantially perpendicular to the guide surface
      37.
PAR  A step motor 72 is connected to one of the walls 20 and a worm gear 74
      extends therefrom across the platform and is journalled into the other
      wall. A magnetic head 76 is operatively secured to a guide rod 78 and to
      the worm gear 74 for stepped slidable movement across the platform 12. A
      light emitting diode (LED) detector 80 is located to detect the leading
      edge of the card which then actuates a control circuit. The control
      circuit is designed to place the magnetic head 76 and the motor 44 into a
      read or write condition depending upon the function selected by an
      operator. In the write condition, an operator types one line of
      information into a buffer system to store the information. When the
      operator hits the carriage return button, the motor 44 is actuated to
      rotate the drive roll 42 to drive the card 15 forwards and simultaneously
      bits of information are fed from the buffer to the magnetic head 76 and
      recorded on the card. After one line of information is recorded, the motor
      44 is reversed to reverse rotation of the drive roll 42 and thereby move
      the card in the reverse direction while simultaneously motor 72 is
      actuated to move the magnetic head 76 transversely to the next track. The
      same procedure is followed after the operator types the next line and
      pushes the carriage return button. In the read condition, the motor 44 is
      continuously actuated to alternately move the card 15 in opposite
      directions. The magnetic head reads a track of bits during forward
      movement of the card 15 therepast and the card 15 is moved in the reverse
      direction while the magnetic head is moved transversely to the next track
      by motor 72. A sheet of paper is typed automatically in accordance with
      the bits of information on the card 15 during reading thereof.
PAR  In operation, the card 15 is placed onto the platform 12. As the leading
      edge thereof slides past the LED 80, the control circuits are readied for
      activation and further movement of the card brings the leading edge
      thereof to the nip between the rolls 42 and 62 raising the pinch roll 62
      against the springs 70 to accommodate the thickness of the card. The
      strength of the springs 70 is such that the card is pressed against the
      drive roll 42 to maintain sufficient friction therebetween to drive the
      card. Since one end of the shaft 60 can move vertically relative to the
      other end, the pinch roll aligns itself for full axial contact with the
      card 15. When the motor 44 is activated either by depressing a carriage
      return button or by depressing the appropriate button for reading the
      card, the drive roll is located in a clockwise direction (FIG. 4) to drive
      the card forwards. The side edge of the card engages leaf spring 22 which
      exerts a force on the card to urge the opposite edge thereof against the
      guide rail 36 to maintain registration for reading and writing functions.
      Since the pinch roll 62 is allowed to pivot relative to its support
      bracket 58 such that its axis pivots at least 1/2.degree. in each
      direction from a line substantially perpendicular to the guide surface 37,
      the card meets no resistance from a the pinch roll when it is urged toward
      the guide rail by the spring 22. When the card is urged toward the guide
      rail, the card pivots the pinch roll until the resultant driving force
      vector between the pinch roll and drive roll is substantially parallel to
      the guide surface 37. As the card continues its forward movement, it moves
      under the magnetic head for either the printing or reading function and
      engages the spring 24 which in conjunction with spring 22 urges the card
      toward the guide rail. After the card has moved forward to receive a
      certain quantity of data bits from the magnetic head or a certain quantity
      of data bits have been read by the magnetic head, the control circuit will
      act to reverse the motor 44 to reverse the rotation of the drive wheel 42
      and thereby move the card rearwards to its next read or write position. At
      the same time, step motor 72 is activated to transversely move the
      magnetic head 76 to the next track.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of aligning a pinch roll with a card guide surface of a card
      transport system for an electronic typewriter, said method comprising
      moving a card on the transport system in reverse directions between a
      drive roll rotating about an axis substantially perpendicular to the guide
      surface and a pinch roll by reversing rotation of the drive roll and pinch
      roll, watching the pinch roll shift axially on its axis of rotation from
      one side to the other when the direction of rotation is reversed, and
      rotating the pinch roll about a vertical axis until said axial shifting of
      the pinch roll substantially ceases thereby indicating the pinch roll is
      in alignment with the card guide surface.
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ABST
PAL  An exercise and massaging apparatus comprises a bicycle type apparatus with
      pedals. The motion imparted to the pedals is coupled to a massaging belt
      worn by the person using the apparatus. Angularly adjustable apparatus is
      provided to control the motion of the massaging belt and providing the
      massaging action. The massaging belt is connected to disks that are
      mechanically rotated. The belt ends are alternately pulled and relaxed
      during the rotations of the disks.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is related to exercise and massaging apparatus as previously
      disclosed by me in U.S. Pat. Nos. 3,670,723; 3,727,608; 3,777,745; pending
      applications for U.S. Letters Patent Ser. No. 405,406 filed Oct. 11, 1973,
      now U.S. Pat. No. 3,861,382 dated Jan. 21, 1975; Ser. No. 487,050 filed
      July 10, 1974, and Ser. No. 496,307 filed Aug. 9, 1974.
PAR  The above referenced patents and pending applications disclose exercise
      apparatus which are combined with a massaging means so that a person
      operating the particular apparatus for the purpose of subjecting himself
      to exercise receives simultaneously a massage. The intensity of the
      massaging action is directly related to the muscular effort expended by
      the person during such exercise. The exercise apparatus of the type
      indicated above comprises typically, a stationary bicycle, and a massaging
      means which, as shown previously, includes resilient roller means mounted
      to a massaging belt. The massaging belt is operated to undergo
      reciprocating motion in response to the operation of foot pedal means
      which form a part of the simulated bicycle structure.
PAR  The present invention is more closely related to the apparatus shown in
      patent application Ser. No. 405,406 supra and includes constructional
      features with a view of achieving an exercise and massaging apparatus of
      simplified construction, particularly one which is extremely simple to
      manufacture and easy to maintain by the user. Therefore, certain economies
      result which provide an exercise and massaging apparatus of low cost and
      easy availability for the mass market.
PAR  Other specific features of the present invention will be more clearly
      apparent from the following description when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the exercise and massaging apparatus in
      accordance with the present invention;
PAR  FIG. 2 is a side view showing the massaging belt and its attachment to the
      drive mechanism;
PAR  FIG. 3 is a view along line 3--3 in FIG. 2;
PAR  FIG. 4 is a view similar to FIG. 3 but showing a change of the attachment
      of the belt to the drive means;
PAR  FIG. 5 is a sectional view through the major portion of the apparatus for
      depicting the transfer of the rotational motion from the pedal means to
      the belt drive mechanism;
PAR  FIG. 6 is a sectional view along line 6--6 in FIG. 5, and
PAR  FIG. 7 is a sectional view along line 7--7 in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the figures and FIG. 1 in particular, numeral 10
      identifies a support structure which rests on the ground or some other
      stationary support by means of a pair of braces 12, each of which carries
      a set of feet 14. The support structure 10 of box shape journals a pedal
      crank shaft 16 which is provided at either end with a respective pedal 18.
      The support structure supports, moreover, a handle bar 20 which is
      elevated from the support structure 10 by means of a telescoping set of
      tubes 22 and 24, a seat 26 which is elevated from the structure 10 by
      means of a tube 28 and rod 30, and a massaging belt drive mechanism 32
      elevated from the support structure 10 by means of a tubing 34. The tubing
      34 supports also a back rest 36 for providing that a person sitting on the
      seat 26 and resting against the back rest 36 while holding onto the handle
      bar 20 is secure and in a comfortable position. A massaging belt B is
      coupled to the drive mechanism 32 to undergo motion and, as shown in FIG.
      1, the belt B is adapted to fit around the torso of a person sitting on
      seat 26 to provide a massaging action.
PAR  Referring also to FIGS. 5 and 6 in particular, the rotation imparted to the
      pedal shaft 16 responsive to the motion provided by the person subjecting
      himself to exercise is transferred from the shaft 16 via a sprocket gear
      40 secured to the shaft 16 and sprocket chain 42 to a sprocket gear 44
      affixed to a shaft 46 which is journalled in bearings fastened to the side
      of the support structure 10. A further gear 48 secured to the shaft 46
      transmits via sprocket 50 disposed inside the tube 34 the rotation from
      shaft 16 to shaft 52 which has a sprocket gear 54 affixed thereupon. The
      shaft 52, elevated from the support structure 10, is journalled in the
      side of a cylinder 56 which is supported in its elevated position from the
      structure 10 by means of the upstanding tubing 34.
PAR  It will be apparent that the sprocket gears and sprockets may be replaced
      by pulleys and belts or other drive means in a manner to transfer the
      rotational motion imparted to shaft 16 to rotating motion on shaft 52
      which is disposed in a generally horizontal plane elevated from the
      support structure 10.
PAR  As more clearly seen in FIG. 3, the shaft 52 is journalled in a pair of
      side plates 60 which are supported by the cylinder 56. The shaft 52 has
      attached to it at its ends respectively a disk 62 and disk 62' which cover
      the ends of the cylinder 56 on each side. The disks 62 and 62', rotated by
      shaft 52, are provided, typically, with four circumferentially spaced
      holes 70, see FIG. 2. Each of the holes 70 is adapted to receive a stud
      72, which in turn is adapted to support around its shank a link 74 to
      which the end 76 of the belt B is fastened, as seen in FIG. 3. With
      reference to the same figure the second end 76' of the belt B is fastened
      to the link 74' which is secured to the disk 62' by a stud 72'.
PAR  As seen in FIG. 3 the ends of the belt B are fastened to the disks 62 and
      62' in such a manner that there is a 180.degree. rotational difference to
      cause, responsive to the rotation of shaft 52, the belt B to undergo a
      reciprocating side-to-side motion, that is, one belt end is pulled while
      the opposite belt end is paid out. As seen in FIG. 4, the belt ends 76 and
      76' are secured to the respective disks 62 and 62' in such a way that the
      rotational position of the belt ends on the disks is the same, causing
      both ends of the belt to be simultaneously pulled and subsequently paid
      out, thereby causing a cyclic tightening and relaxing of the belt. Such
      change of the belt arrangement is possible, of course, by virtue of the
      holes 70 in the side of the disks and selectively inserting the respective
      stud in a selected aperture. It should be noted that by virtue of the belt
      ends undergoing rotation in a vertical plane, the massaging belt B is
      subjected to a compound, vertical-horizontal motion manifest upon the
      person wearing the belt.
PAR  The massaging belt, in the preferred embodiment, is constructed in
      accordance with the design more clearly illustrated in U.S. Patent
      Application Ser. No. 405,406, comprising a plurality of pivotally mounted
      links 80 each of which is fitted with one or more massaging elements 82
      made of resilient or semi-hard material. The individual massaging
      elements, responsive to the motion imparted to the belt, are adapted to
      rotate, being secured to respective tubing 84 which serve also as a pivot
      for the individual links 80. Furthermore, the belt is provided with a
      closure, comprising a hook 86 or similar construction as seen in FIGS. 1
      and 3.
PAR  Instead of securing both ends of the belt to a respective disk which is
      rotated, it will be apparent that one end of the belt may be attached to
      the tubing 34 so that a pulling and paying out motion is only effective
      upon one of the belt ends. Preferably, the fixed end is secured to the
      tubing 34 by means of a spring to avoid pain or injury to the operator
      before adjustment of the motion has been made. It will be apparent,
      furthermore, that by providing the respective holes 70 at different
      distances from the rotational axis of shaft 52, varying amounts of
      excursion of the belt ends may be achieved. Furthermore, the tubing 34
      together with the belt drive mechanism, instead of being rotated behind
      the seat 26, may be located also in the space between the seat 26 and the
      handle bar 20. Another alternative arrangement comprises the use of a
      double ended crank shaft instead of the disks 62 and 62' being attached to
      a straight shaft 52.
PAR  With reference to FIG. 7 there is shown a brake mechanism in order to vary
      the muscular effort required by the operator to impart rotation upon the
      shaft 16. The brake mechanism comprises a yoke 100 which is equipped with
      a brake lining for frictionally engaging a disk 102 attached to the shaft
      16. The braking force is varied by means of a screw adjustment 104 and
      spring 106, the latter forcing the yoke 100 away from the disk 102 when
      the screw 104 is turned so as to diminish the braking force applied.
      Frictional braking devices of this type are well known in the art and have
      been described by me previously in one or more of the patents noted
      hereinabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An exercise and massaging apparatus comprising:
PA1  a stationary support structure;
PA1  pedal means including a first rotatable shaft for being operated by a
      person coupled to said support structure;
PA1  a seat elevated from said structure disposed rearward of said pedal means
      for accommodating a person operating said pedal means;
PA1  a massaging belt having massaging elements for engaging a body portion of a
      person operating said pedal means when said belt is worn by a person;
PA1  a second rotatable shaft mounted for rotation about a substantially
      horizontal axis elevated from said support structure;
PA1  means coupling said first and second shafts to one another for causing the
      rotation of said first shaft to be transferred to said second shaft;
PA1  rotatable means coupled to said second shaft for rotation therewith, and
PA1  means disposed on said rotatable means for coupling said belt to said
      rotatable means for causing said belt to be subjected to cyclic
      reciprocating side-to-side motion responsive to the rotation of said
      second rotatable shaft.
NUM  2.
PAR  2. An exercise and massaging apparatus as set forth in claim 1, the axis of
      said second shaft being elevated with respect to said seat.
NUM  3.
PAR  3. An exercise and massaging apparatus as set forth in claim 1, said
      rotatable means comprising a pair of disks, and said means for coupling
      fastening one belt end to one of said disks and the other belt end to the
      other one of said disks.
NUM  4.
PAR  4. An exercise and massaging apparatus as set forth in claim 3, said disks
      and means for coupling being constructed to selectively fasten said belt
      ends to said respective disks at the same or at different angular
      positions on said respective disks.
NUM  5.
PAR  5. An exercise and massaging apparatus as set forth in claim 1, and
      including a handle bar elevated from said support structure.
NUM  6.
PAR  6. An exercise and massaging apparatus as set forth in claim 5, and brake
      means coupled for adjusting the effort required by a person in operating
      said pedal means to cause rotation of said first shaft.
NUM  7.
PAR  7. An exercise and massaging apparatus comprising:
PA1  a support structure;
PA1  pedal means including a rotatable shaft for being operated on by a person
      coupled to said support structure;
PA1  a seat elevated from said structure disposed rearwardly of said pedal means
      for accommodating a person operating said pedal means;
PA1  a massaging belt having messaging elements for engaging a body portion of a
      person operating said pedal means when said belt is worn by a person;
PA1  rotatable means mounted for rotation about a fixed center elevated from
      said support structure;
PA1  means coupling the rotation of said rotatable shaft to said rotatable
      means, and
PA1  further means coupling said belt to said rotatable means for causing
      responsive to the rotation of said rotatable means one end of said belt to
      be pulled while the other belt end is being paid out.
NUM  8.
PAR  8. An exercise and massaging apparatus as set forth in claim 7, said
      rotatable means including a rotatable shaft with at least one rotatable
      means affixed thereupon for rotation with said shaft, and securing means
      disposed on said rotatable means for securing thereto at least one end of
      said belt.
NUM  9.
PAR  9. An exercise and massaging apparatus comprising:
PA1  a support structure;
PA1  pedal means including a rotatable shaft for being operated by a person
      coupled to said support structure:
PA1  a seat elevated from said structure disposed for accommodating the person
      operating said pedal means;
PA1  a massaging belt having massaging elements for engaging a body portion of
      the person operating said pedal means when said belt is worn by such
      person;
PA1  rotatable means mounted for rotation about a fixed center elevated from
      said support structure;
PA1  means coupling the rotation of said rotatable shaft to said rotatable
      means, and
PA1  means coupling said belt to said rotatable means for causing responsive to
      the rotation of said rotatable means one part of said belt to be pulled
      while the other part is being paid out.
NUM  10.
PAR  10. An exercise and massaging apparatus as set forth in claim 9, said
      rotatable means including a rotatable shaft with at least one rotatable
      means affixed thereupon for rotation with said shaft, and securing means
      disposed on said rotatable means for securing thereto at least one part of
      said belt.
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ABST
PAL  An improved basketball practice device to be attached to and beneath the
      hoops of existing basketball goals and adapted to direct basketballs
      passed through said hoops to a play area in front of said goals to improve
      the shooting ability of youths.
BSUM
PAR  This invention relates to improvements in basketball return devices to be
      attached to the hoops of basketball goals and is particularly directed to
      a ball return device adapted for use with basketball goals in playgrounds
      and the backyards of private houses, or the like, for practicing and
      improving the shooting ability of youths.
PAR  It is an object of this invention to provide a basketball return device
      that is rugged yet simply constructed and which may be contracted into a
      relatively small package for retail trade outlets.
PAR  Another object of the invention is to provide a basketball return device
      susceptible of ready attachment to standard outdoor type basketball hoops
      and which will withstand all weather conditions and provide maximum ball
      return functions for the practice of all kinds of basketball shots.
DRWD
PAR  Other objects and features of the invention will be apparent from the
      following description and illustrated in the accompanying drawings
      wherein:
PAR  FIG. 1 is a top plan view of my basketball practice device mounted in
      operative position on the hoop of a standard goal.
PAR  FIG. 2 is a side elevational view of the practice device shown in FIG. 1.
PAR  FIG. 3 is a front elevational view of my basketball practice device.
DETD
PAR  With reference to the drawings the numeral 5 generally indicates a standard
      basketball goal having a hoop 6 mounted upon a backboard 7 by means of a
      bracket 8. The backboard is usually supported upon a standard (not shown)
      and a series of angularly spaced apart eyes 9 are fixed to and depending
      from the hoop and are commonly used to attach a net to the hoop.
PAR  The basketball practice device of this invention includes a downwardly
      extending, forwardly inclined ball deflector member 10 hung subjacent the
      hoop 6 and having its body located wholly within the vertical extension
      lines of said hoop. The member 10 comprises a pair of plates 11 and 12
      which diverge forwardly (FIGS. 1 and 3) and are connected together by
      cross plates 13, 14 and 15 riveted at their ends to the undersides of the
      plates 11 and 12 to form a rigid frame.
PAR  The rear upper end of the frame is swung beneath the hoop by S-hooks 16 and
      17 entered through holes in the plates 11 and 12, respectively, and each
      hook entered in an eye 9 on the hoop.
PAR  A reticular frame support member 18 is located on each side of the ball
      deflector member 10 and each member comprises a series of downwardly
      extending, inwardly inclined flexible lines 19, preferably three in
      number, which are each hooked at its upper end to an angularly spaced
      apart eye 9 on the hoop and has its lower end attached to a hole formed in
      a side edge portion of a plate of the frame. A series of flexible cross
      lines 20 interconnect the lines 19 which maintain the downwardly inclined
      lines 19 in position to form an upwardly opening ball receiving mouth
      (FIG. 1) and also restricts the interstices of the support member to
      dimensions smaller than the configuration of a basketball.
PAR  As best shown in FIG. 3 of the drawings, a pair of downwardly and outwardly
      extending, flexible lines 21 connect the forward lines 19--19 of the
      support member to a forward eye 9 of the hoop and form with said lines and
      the forward end of the frame member 15 a ball exit opening for the
      practice device.
PAR  As is depicted in the drawings all the flexible lines 19 and 20 are best
      constituted by twisted, wire link chains that are interconnected at their
      crossover points and are permanently attached at their ends to the side
      plates of the frame, S-hooks 22 being preferably utilized to attach the
      upper ends of the chains to the eyes 9 of the hoop 6. It is to be noted
      that the practice assembly may be hung from the basketball hoop in many
      angular positions by interchanging hooks and eyes, thus permitting basket
      shot deflections to many directions.
PAR  The twisted wire link chains 19 and 20 provide a relatively soft yet firm
      ball contacting reticular frame support member on each side of the ball
      deflector member which effectively decelerates ball motion as it passes
      through the assembly before the latter directs the ball back to the area
      in front of the basket. The frame and its attached chains assume a flat
      condition that is susceptible of being packaged in a corrugated box for
      shipment having dimensions of substantially 8 inches by 17 inches by 11/2
      inches, and may be taken from the box and readily hooked to the standard
      basketball hoop in a minimum of time.
PAR  In operation it will thus be understood that a player's practice shots that
      pass through the hoop 6, either straight in shots or straight backboard
      deflected shots, will come directly into contact with the deflector frame
      and be returned to the area in front of the basket, if the ball is
      backboard deflected, the ball will come in contact with the flexible
      support members 18--18 which cushion the ball first and then direct the
      ball to the frame and thence in the general direction in front of the
      basket.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a basketball goal assembly including a backboard and a hoop mounted
      thereon, the combination therewith of a basketball practice return device
      comprising a downwardly extending, forwardly inclined ball deflector frame
      having a pair of forwardly divergent ball guide plates, cross plates
      connected to the pair of ball guide plates, a pair of detachable means
      connecting the upper narrow end of the frame closely subjacent the hoop, a
      series of downwardly extending, inwardly inclined wire link chains, each
      detachably connected at its upper end to the hoop and each chain having
      its lower end connected to a guide plate of the frame, cross wire link
      chains interconnecting the downwardly extending, inwardly inclined wire
      link chains, the forward chains for each guide plate forming with the wide
      end of the frame a ball exit opening that is disposed within the vertical
      boundary lines of the hoop.
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ABST
PAL  A game table with a playing surface and cushion rail assembly surrounding
      the playing surface is disclosed herein. The playing surface has a
      plurality of lateral edges at least two of which merge to produce a
      right-angle corner which is adapted to fit in the corner of a room. A
      plurality of pockets are located on the periphery of the surface opposite
      the right-angle corner while the right-angle corner is devoid of any
      pockets.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to gaming tables and, more
      particularly to tables that are utilized for playing pocket pool.
PAR  The game of pocket pool has been in existence for many years. A
      conventional table for playing pocket pool consists of a rectangular
      structure that has pockets at each of the corners and two additional
      pockets along the railing of two of the opposed sides.
PAR  In recent years, pool tables have become increasingly more popular for use
      in recreation rooms or family rooms of private homes. One of the problems
      of a conventional rectangular table, which is normally 4 feet by 8 feet in
      dimension, is the amount of space that is required to allow sufficient
      space to compensate for the length of the cue sticks that are normally
      used in playing the game. It has been found that at least 4 feet of space
      is required around the entire table to insure that a shot can be made from
      any angle at any given position of the table.
PAR  Thus, in order to provide an adequate clearance around the table at least
      200 square feet of floor space is required for the conventional table,
      which is normally the major part of a recreation room in a private home.
PAR  Various alternates have been proposed as substitutes for the conventional
      pool table, such as tables utilized in the game of bumper pool. Other
      alternates for the conventional pool table are disclosed in U.S. Pat. Nos.
      2,923,546; 3,463,489; 3,488,054; and 3,700,235. While these patents
      disclose tables in various size, shape and form, all have the same problem
      of requiring a substantial amount of space surrounding the table in order
      to properly play the game.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a new table has been developed which is
      capable of being placed in the corner of a recreation room to
      substantially reduce the amount of space required while still allowing for
      playing a pool game.
PAR  The gaming table of the present invention consists of a playing surface on
      a frame with a cushion rail assembly surrounding and extending above the
      playing surface. The playing surface has a plurality of corners, at least
      one of which is right-angled to be placed in the corner of a room space.
      The playing surface has a plurality of pockets at the periphery thereof
      with at least two of the pockets being located in adjacent corners of the
      playing surface and the right-angled corner of the playing surface being
      devoid of a pocket.
PAR  In its preferred embodiment, the gaming table is square in configuration
      and has pockets located in three of the four corners with the fourth
      corner, which has no pocket, being adapted to fit into the corner of a
      room space. The table can also be rectangular with two of the corners
      being devoid of pockets or have five sides with three of five sides
      intersecting at oblique angles.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of the gaming table of the present
      invention in a preferred position within a room;
PAR  FIG. 2 is a plan view of the table shown in FIG. 1;
PAR  FIG. 3 is a plan view of a modified configuration of the table shown in
      FIG. 2; and
PAR  FIG. 4 is a further modified configuration of the gaming table of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and will herein be described in detail
      preferred embodiments of the invention with the understanding that the
      present disclosure is to be considered as an exemplification of the
      principles of the invention and is not intended to limit the invention to
      the embodiments illustrated.
PAR  The preferred form of game table is disclosed in FIGS. 1 and 2 and is
      generally designated by the reference numeral 10. Table 10 has a flat
      playing surface 12 defined on a frame 14 which is supported by legs 15. In
      the embodiment illustrated in FIGS. 1 and 2, playing surface 12 is square
      and has a cushion rail assembly 16 surrounding and extending above the
      surface. The cushion rail assembly 16 is conventional in nature and no
      detailed description thereof appears to be necessary.
PAR  As seen in FIG. 2, cushion rail assembly has four sides 20, 22, 24, 26.
      Each pair of adjacent sides of cushion rail assembly 16 intersect at right
      angles to each other to produce four corners on the playing surface. As
      most clearly shown in FIG. 2, only three of the four corners have ball
      receiving pockets 30. The fourth corner 32, between adjacent sides 20 and
      22 is devoid of any pocket and is designed to fit in the corner of a room
      space 34 as illustrated in FIG. 1.
PAR  Table 10 constructed in accordance with the teachings of the present
      invention, is designed to have the balls 40 racked in a group adjacent
      corner 32 which is devoid of a pocket. All of the shots made during the
      game are made from an area adjacent the corner which is opposite corner
      32. This may be done by producing a line 42 extending diagonally across
      the table adjacent the corner. Alternatively, two spots 44 may be placed
      at selected locations adjacent the corner opposite corner 32. With two
      players, one player would make all of the shots from one of the spots
      while the second player would make all of his shots from the other spot.
PAR  As will be appreciated, with the construction of the table as described
      above, most all of the shots made during a game require that the ball must
      first hit one of the cushion rail sides and banked towards a pocket or
      ball-receiving receptacle.
PAR  An alternate embodiment of the invention is illustrated in FIG. 3, wherein
      table 50 has a polygonal playing surface 52 with five sides. Rail assembly
      54 has two sides 56 and 58 which merge at right angles to each other and
      corner 59 produced between the two adjacent sides 56 and 58 is devoid of a
      pocket. The portion of the rail assembly or framework which is opposite to
      the corner between sides 56 and 58 has three intersecting sides 70, 72 and
      74, all of which intersect at oblique angles and four pockets 80 are
      located at the intersection of the respective side. The table illustrated
      in FIG. 3 is again designed so that corner 59, which is devoid of a
      pocket, to be located in the corner of a room space.
PAR  When playing with a table such as table 50 illustrated in FIG. 3, balls 40
      would be racked adjacent corner 59 and all of the shots would be made from
      an area adjacent side 72.
PAR  A further modified form of the invention is shown in FIG. 4 wherein table
      100 has a rectangular playing surface 102 with cushion rail assembly 104
      having four sides 110, 112, 114 and 116 all of which intersect at right
      angles to each other. In the embodiment illustrated in FIG. 4, the table
      has three pockets which are all located on side 116 with two of the
      pockets being at the respective corners defined at opposite ends of side
      116 and the third pocket being equally spaced from opposite ends of side
      116.
PAR  In the embodiment illustrated in FIG. 4, the balls 40 would be racked
      adjacent or against rail or side 104 and all of the shots would be taken
      from an area adjacent side 116.
PAR  As can be appreciated from the above description, the present invention
      provides a unique game table which can be placed in a small area of a room
      requiring considerably less space than tables that have previously been
      used. Furthermore, with the size and location of the table described
      above, the table could readily be converted for many other uses. For
      example, a suitable table top type of cover could be designed to be placed
      over the playing surface and the table could then be used for other
      purposes, such as poker, chess or checkers.
PAR  Another modification is that the table can be attached to one of the walls
      defining room space 34 by hinges (not shown) and the legs can be pivotally
      supported or removable so that the table can be positioned vertically,
      i.e. against one of the walls, for storage purposes. With this version of
      the invention, the leg structure consists of an enlarged panel extending
      downwardly from side 26 and secured to the lower surface of frame 14 by
      hinges. The surface of the panel can then be utilized for other games,
      such as darts, when the table 10 is in the storage position.
PAR  A further modification to the embodiment shown in FIGS. 1 and 2 is to
      substitute an arcuate side for the sides 24 and 26 opposite corner 32 and
      to have a plurality of pockets or ball-receiving receptacles along the
      arcuate side.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pool table comprising, a frame, a horizontal playing surface on said
      frame, said playing surface having a plurality of corners, an upstanding
      rail assembly bordering said playing surface above the level thereof, and
      a plurality of pockets on said playing surface at the periphery thereof,
      at least two of said pockets being at adjacent corners of said playing
      surface and at least one other corner of said playing surface being devoid
      of a pocket, said pockets being one less in number than said corners.
NUM  2.
PAR  2. A pool table as defined in claim 1, in which said playing surface is
      rectangular and has three pockets.
NUM  3.
PAR  3. A pool table as defined in claim 2, in which said three pockets are
      respectively located in three adjacent corners of said playing surface.
NUM  4.
PAR  4. A pool table as defined in claim 3, in combination with a housing space
      having at least two vertical walls intersecting at substantially right
      angles to each other and in which said corner devoid of a pocket is
      located at the intersection of said walls.
NUM  5.
PAR  5. A pool table as defined in claim 2, in which said third pocket is
      located between said at least two of said pockets.
NUM  6.
PAR  6. A pool table as defined in claim 1, in which all of said pockets are
      located in respective corners of said playing surface.
NUM  7.
PAR  7. A pool table as defined in claim 1, in which said playing surface is
      rectangular.
NUM  8.
PAR  8. A pool table as defined in claim 7, in which a third of said pockets is
      located along said periphery intermediate said adjacent corners.
NUM  9.
PAR  9. A pool table as defined in claim 1, in which said playing surface has
      more than four edges and at least two edges merging with each other at
      substantially right angles to each other and in which said corner defined
      at the merger of said at least two edges is devoid of a pocket.
NUM  10.
PAR  10. A game table comprising a frame having a rectangular playing surface
      with four peripheral lateral edges and adjacent edges merging with each
      other to define corners for said playing surface, a cushion rail
      surrounding said playing surface above said frame, and three
      ball-receiving receptacles for said playing surface, said three
      ball-receiving receptacles being respectively located in adjacent corners
      of said playing surface and said fourth corner and said lateral edges
      being devoid of pockets and said fourth corner being adapted to be
      received into the corner of a room space.
NUM  11.
PAR  11. In combination, a housing structure having at least two intersecting
      vertical walls defining a corner space; and a game table comprising a
      frame, means supporting said frame within said corner space and closely
      adjacent said walls, a horizontal playing surface supported by said frame
      and occupying said corner space, an upstanding rail structure enclosing
      said playing surface around the periphery thereof and extending above the
      upper surface level thereof, said rail structure having an accessible rail
      portion outwardly facing from said corner space and reaching across from
      one said wall to the other, a plurality of spaced ball-receiving openings
      provided in said playing surface adjacent said accessible outwardly facing
      rail portion, the opposite portion of said playing surface, located
      inwardly within said corner, being characterized by the absence of any
      such ball-receiving openings.
NUM  12.
PAR  12. The combination according to claim 11, wherein said outwardly facing
      portion of the rail structure is composed of between two and three
      segments defining between three and four corners, including the
      intersections at said walls, and wherein said ball-receiving openings are
      provided adjacent the locations of at least three of said corners.
NUM  13.
PAR  13. The combination according to claim 11, wherein said outwardly facing
      portion of the rail structure has three obliquely intersecting sides and
      four ball-receiving openings at their intersecting locations.
NUM  14.
PAR  14. The combination according to claim 11, in which said outwardly facing
      portion of the rail structure has two sides intersecting at right angles
      to each other and three corner ball-receiving openings in said playing
      surface.
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ABST
PAL  A figure support utilizes a disc on which the figure is mounted. The
      perimeter of the disc is disposed upon and glued to the seat of a dished
      base portion. Excess glue is retained in a circumferential groove provided
      in or adjacent to the region of attachment of the disc to the seat.
BSUM
PAR  The present invention relates to figures for use in games, such as
      simulated cricket, football, hockey or the like, and in particular
      concerns an improved mounting for such figures.
PAR  The invention concerns an improved construction of a known form of figure
      mounting which comprises a dished base portion and a disc which is adhered
      to an annular seating ring at the top of the base portion by means of
      adhesive. The actual figure is usually carried by the disc portion and may
      be integral therewith, may be adhered thereto by means of adhesive or
      welding, or may be press fitted thereto. Furthermore, it is known to
      provide in the interior of the base portion a weight, the function of
      which is to keep, or tend to keep, the figure in an upright position when
      in use. The weight may be glued to the interior of the base, or may be
      loose in which latter case it may be held captive in a predetermined
      position by suitable means such as pins, studs, grooves or the like. It is
      to be pointed out that this invention is concerned with the base and disc
      portions, either with or without the figure and/or weight.
PAR  It has been found that with the known figure mountings, the adhesion of the
      disc to the base has not always been satisfactory. In particular, often
      too much glue is used, the glueing being done by hand, and when the disc
      and base are pressed together, excess glue is squeezed usually into the
      interior of the base, but it can also squeeze onto the exterior of the
      base portion. Furthermore, with the known arrangement, despite the use of
      excess glue, sometimes the adhesion between the disc and base portions is
      insufficient for the purpose to which the mounting is to be put, and
      complaints arise.
PAR  The present invention aims to reduce or overcome these disadvantages and in
      accordance therewith, the invention provides a mounting for a figure, or
      carrying a figure, of a game, said mounting comprising a dished base
      portion and a disc portion adapted to be glued or glued to a seat of the
      base portion, at least a part of the glue region between the disc portion
      and said seat having at least one recess, well, groove, pocket or chamber
      for receiving excess glue as the disc and base are glued together by
      applying glue between said seat and disc portion and pressing the disc and
      base portions together.
PAR  The disc portion may carry, integrally, a figure, or it may be adapted to
      carry such a figure.
PAR  Furthermore, the interior of the mounting when assembled may house a
      weight, which may be held in position by adhesive or by means of suitable
      formations on the base portion and/or disc portion.
PAR  It is preferred that the base and disc be annular mouldings of plastics
      material and in the arrangement that there be two arcuate grooves,
      slightly less than semi-circles, and diametrically opposite in the region
      of the disc portion applied to or to be applied to the base portion, such
      grooves being for, or receiving the excess glue.
PAR  In another arrangement, there is a groove in the seat of the base which
      lies externally of the portion of the seat on which the disc rests.
PAR  By providing that excess glue is received in pockets, wells, recesses or in
      the preferred cases, a groove or grooves, there are provided the two
      advantages that:
PAR  i. the amount of excess glue which can spill into the interior or to the
      exterior of the mounting is reduced or such spillage is eliminated, and
PAR  ii. the excess glue in such pockets, grooves or the like will exercise an
      increased adhesion effect as between the disc and base making separation
      in use less likely.
DRWD
PAR  Embodiments of the present invention will now be described, by way of
      example, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 shows a perspective view of a figure for a game such as football,
      the figure being mounted upon a mounting according to the invention
PAR  FIG. 2 is an exploded and enlarged sectional elevation of the mounting
      shown in FIG. 1, the section being on line I--I of FIG. 1
PAR  FIG. 3 is an underneath plan of the disc portion of the mounting shown in
      FIGS. 1 and 2
PAR  FIG. 4 is a sectional elevation, to a still further enlarged scale, of the
      detail ringed in FIG. 2, the base portion and disc portion being shown
      glued together; and
PAR  FIG. 5 is a view similar to FIG. 4, showing another embodiment of the
      invention.
DETD
PAR  Referring to the drawings, in FIG. 1 there is shown a figure playing piece
      for playing a table game such as table football. Basically, the piece
      comprises a figure 10, and a mounting 12 which is weighted internally and,
      as can be seen, is dished to the underside so that it will or will tend to
      be, self-righting if knocked over. The player 10 in this case is integral
      with an attachment strip 14 which locates in a slot 16 in a disc portion
      18 of the mounting 12 glued to a base portion 20 of the mounting 12. This
      is only one method of fixing the player 10. There are other methods, and
      indeed the player can be made integral with disc portion 18. In order
      securely to anchor the figure 10 to disc portion 18, it is usual to apply
      glue to slot 16 and/or strip 14 before inserting the strip 14 in the slot
      16.
PAR  In FIGS. 2, 3, 4 and 5, the figure 10 and strip 14 have been omitted in the
      interests of simplicity.
PAR  Each of base portion 20 and disc portion 18 is moulded in plastics
      material, and it will be seen from FIG. 2 that at the top of base portion
      20 an internal shoulder 22 presents an upwardly directed, annular seat 23
      for a peripheral region of the underside of disc portion 18. A ring 24 of
      base 20 is located above shoulder 22, and disc portion 18 is of a size to
      fit within the ring 24 and lie flush with the top surface of the ring 24
      as shown in FIG. 4.
PAR  On the underside of disc portion 18 at the region which sits on seat 23,
      the disc portion 18 is provided with two arcuate grooves 26 and 28. In
      this example, these grooves are of equal length, are symmetrically
      disposed about the slot 14 which is positioned centrally of the disc
      portion 18, and are slightly shorter than a full semi-circle.
PAR  These grooves 26 and 28 have the purpose, as shown in FIG. 4, of receiving
      excess glue 30 when the disc and base portions are pressed together, after
      application of glue 30 to the base seat 23 and/or the region of the disc
      portion to sit on said seat, or both. The retention of glue in such
      grooves 26 and 28 also ensures greater adhesion between the disc and base
      portions 18 and 20.
PAR  The disc 18 may be provided with a hole, or notch such as notch 30 shown in
      FIG. 3 to allow air to escape from inside the base portion 20 as the disc
      portion 18 is being applied thereto.
PAR  In the embodiment of the invention shown in FIG. 5, the grooves 26 and 28
      in disc portion 18 have been omitted and an undercut continuous groove 23A
      is provided in seat 23 for the reception of the excess glue 30 as shown in
      FIG. 5. The width of groove 23A is approximately two thirds of the overall
      width of the seat 23, leaving a supporting hand 23B for support of the
      disc 18 and the groove goes from minimum depth to maximum depth in a
      radially outwards direction. Apart from these differences, the embodiment
      of FIG. 5 is identical to the embodiment of FIGS. 1 to 4 and can have the
      same modifications. The groove 23A in a modified form of the invention may
      be interrupted so as to be defined by discreet chambers. In another
      arrangement the disc portion may have grooves 26 and 28 and the base
      portion may have groove 23A.
PAR  It is to be appreciated that it is not necessary that grooves, or the
      grooves or groove as described, be used for receiving the excess glue.
      Many possibilities exist for this excess glue reception. For example, the
      edge of the disc portion could be chamfered from the periphery to the
      underside, in order to define, with the seat 23 and ring 24, a pocket for
      excess glue reception.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a game piece of the type having
PA1  1. a figure;
PA1  2. a disc having the figure affixed thereto; and
PA1  3. a dished base having an interior seat extending around the rim of the
      base, the disc fitting within the rim of the base with the perimeter of
      the disc overlying and being attached by glue to the seat of the base;
PAL  the improvement wherein
PA1  at least a part of the region in which the disc is attached to the seat has
      a circumferential recess in which excess glue is retained.
NUM  2.
PAR  2. The improvement according to claim 1 wherein
PA1  the circumferential recess is a groove in the interior seat of the dished
      based.
NUM  3.
PAR  3. The improvement according to claim 1 wherein
PA1  the circumferential recess is provided by two arcuate grooves in the disc,
      the arcuate grooves being diametrically opposed and each arcuate groove
      being slightly less than a semi-circle.
PATN
WKU  039456412
SRC  5
APN  5320445
APT  1
ART  334
APD  19741212
TTL  Net and paddle ball game apparatus
ISD  19760323
NCL  5
ECL  1
EXA  Brown; T.
EXP  Pinkham; Richard C.
NDR  1
NFG  4
INVT
NAM  Carbonero; Fred L.
STR  1623 Kingsmere
CTY  Rochester
STA  MI
ZIP  48063
CLAS
OCL  273 95R
XCL  273 30
XCL  273 29BC
EDF  2
ICL  A63B 7102
FSC  273
FSS  29 R;29 BC;30;95 R;1 R;127 R;127 B;127 C
FSC  256
FSS  32;37;39;64;68;73
UREF
PNO  2051476
ISD  19360800
NAM  Grant
OCL  273 30
UREF
PNO  2163456
ISD  19390600
NAM  Youngberg
OCL  273 30
UREF
PNO  2769636
ISD  19561100
NAM  Finestone
OCL  273 30
LREP
FRM  Whittemore, Hulbert & Belknap
ABST
PAL  The game apparatus is adapted for either playing a game similar to ping
      pong or a game similar to badminton. The apparatus includes a pair of base
      elements having openings therein to receive the free ends of a resilient
      plastic rod. The rod is flexed into an arch shape with the ends inserted
      in the openings in the base elements. A ping pong net is stretched between
      the lower ends of the rod. The apparatus may be used by setting it on a
      hard floor whereupon game participants, each of whom is provided with a
      paddle, hit a ping pong ball back and forth underneath the arch.
      Alternately, the apparatus may be set higher by use, for example, of
      chairs. This provides a setting for playing a game similar to badminton in
      which the bird is hit back and forth through the arch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is a particular problem in the limited space available in, for example,
      school gymnasiums, home basements, and the like, to provide for
      recreational activities involving hitting a moving object such as a ping
      pong ball or badminton bird. Conventional ping pong tables are permanent
      structures and therefore permanently take up space which is desirably used
      for a variety of purposes. For example, it is desirable in a school
      gymnasium to use floor space for various activities such as basketball,
      calethetics, dancing, and the like activities requiring a relatively large
      floor space. To permit this, game apparatus used for other activities
      should be easily removable when not in use. Similarly, the head room
      available in a home basement normally prevents playing of games such as
      badminton which require a relatively high ceiling, and it is also
      desirable to have basement game apparatus be removable.
PAR  The present invention provides a game apparatus capable of use in
      connection with a game similar to badminton or a game similar to ping
      pong. When used for badminton, the game may be played even in a home
      basement having a relatively low ceiling because the maximum upward
      movements of the bird is restricted by a frame formed by the apparatus.
      The apparatus may also be used to play a ping pong-like game on a hard
      floor.
PAR  The apparatus may be easily and quickly dismantled and stored as a compact
      unit thus permitting use of the available floor space for other purposes
      as desired. The apparatus is also inexpensive and of durable construction.
PAC  SUMMARY OF THE INVENTION
PAR  Game apparatus is provided. The apparatus includes a base structure for
      reception on a generally horizontal support structure. An elongated
      flexible rod is provided. The base structure has spaced apart opening
      means therein to receive the free ends of the elongated rod. The elongated
      rod is flexed into an arch shape with the free ends thereof being
      removably received in said openings. A net is stretched between the ends
      of the rod adjacent the base structure.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a front elevational view of the game apparatus is disassembled
      condition illustrating one embodiment of the present invention;
PAR  FIG. 2 is a front elevational view of the game apparatus of FIG. 1 shown in
      assembled condition;
PAR  FIG. 3 is a view illustrating the assembled apparatus of FIG. 2 mounted on
      a pair of chairs for playing a game similar to badminton; and
PAR  FIG. 4 is a view of the game apparatus of FIG. 2 in assembled condition set
      on a hard surface floor for use of the apparatus in playing a game similar
      to ping pong.
DETD
PAR  Referring first to FIG. 1, the game apparatus 10 includes a long flexible
      plastic rod 12, a pair of generally rectangular base elements 14, 16 made
      of, for example, wood. Each base element 14, 16 has three spaced apart
      recesses 18, 20, 22, 24, 26 and 28 to receive the free ends 30, 32 of the
      rod 12. The apparatus is completed by an elongated relatively narrow net
      34 having a pair of loops 36, 38, 40, 42 at each end thereof. The net 34
      is similar to the standard ping pong net.
PAR  The elements of FIG. 1 are assembleable into the apparatus illustrated in
      FIG. 2. In assembling the apparatus, the base elements 14, 16 are
      conveniently laid in spaced apart condition on, for example, a floor 17.
      One end 30 of the rod 12 is then inserted through the loops 36, 38 and
      into one of the recesses 18, 20, 22. The other end 32 of the rod is then
      flexed from the dotted line position illustrated in FIG. 1 to the solid
      line position and inserted through the loops 40, 42 and into one of the
      recesses 24, 26, 28. This results in the assembled apparatus shown in FIG.
      2.
PAR  The provision of three recesses in each of the base elements 14, 16 permits
      some variation in tautness of the net 34 in a situation where spacing
      apart of the base elements 14, 16 is restricted. The nets may vary
      somewhat in length depending upon manufacturing tolerances. Additionally,
      after usage, the net may stretch. Thus, initially, when the net is new,
      the innermost recesses 22, 24 may be used with the net being taut. As the
      net is stretched in use, the outermost recesses may then be deployed to
      maintain the net in the taut condition desired.
PAR  Referring now to FIG. 4, one method of employing the game apparatus is
      illustrated. In FIG. 4, the game apparatus 10 is set on a hard surface,
      either a cement surface as in a home basement or a hardwood floor as in a
      school gymnasium. The floor may be marked with indicia 44 as shown to
      simulate the surface of a ping pong table. The participant 46 on one side
      of the net is provided with a bat 48. The bat 48 may be a conventional
      ping pong bat. Alternately, it may be fabricated as a as a relatively
      large circle out of a foamed plastic material to limit how hard the ping
      pong ball may be hit and thereby automatically provide a means for some
      restraint on participants to maintain the ball in place. As will be
      appreciated, a participant is also on the other side of the net to return
      the ball. Four players may also be paired into two teams to play doubles
      as is common in regular ping pong.
PAR  FIG. 3 illustrates a convenient method for employing the game apparatus 10
      to play a game similar to badminton. The game apparatus is set on two
      chairs 50, 52 to elevate it from the ground level 54. Participants on
      either side of the net are provided with bats as in FIG. 4 and hit a
      badminton bird back and forth through the arch formed by the rod 12 as in
      regular badminton. One difference is that the bird must be hit in the arch
      defined by the rod which thereby limits the upward travel of the bird.
      Again, floor indicia may be provided as in FIG. 4.
CLMS
STM  What I claim in my invention is:
NUM  1.
PAR  1. A game apparatus comprising a pair of base members, an elongated
      resilient rod member and an elongated net; means attaching each of said
      base members to opposite ends of said rod member; said rod being flexed
      into a U-shaped arch configuration; said net being stretched between the
      ends of said rod and having means at each of its ends attached to an end
      of said rod adjacent one of said base members to hold said rod in said
      arch configuration; said rod and said net defining an opening
      therebetween; said base members being placed on a support surface, said
      net and said rod being supported by said base members such that said rod
      is held in an inverted U position and said rod and said net are coplanar
      in a substantially vertical plane, said opening being positioned to allow
      a ball to pass therethrough.
NUM  2.
PAR  2. The game apparatus as defined in claim 1 wherein said means attaching
      each base member to said rod is at least one opening in each base member
      telescopically receiving an end of said rod.
NUM  3.
PAR  3. The game apparatus as defined in claim 1 wherein said means at each end
      of said net attached to said rod is at least one loop for reception of the
      ends of said rods.
NUM  4.
PAR  4. The game apparatus as defined in claim 1 wherein said support surface
      for said base members is at an elevation higher than the surface on which
      players using said device stand.
NUM  5.
PAR  5. The game device as defined in claim 1 wherein said support surface for
      said base members is coplanar with the surface on which players using said
      device stand.
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ABST
PAL  An arrowhead assembly having a shank connectible to a shaft of an arrow and
      to an arrowhead tip. A substantially rigid shield is slidably mounted on
      the shank and biased toward the tip as by a coiled spring for retarding
      motion of the arrow on the arrow entering an animal or other target. When
      the assembly includes tips such as a fish point having diverging barbs
      extending from the point at the tip an adapter unit is advantageously
      employed to space the tip from the shank.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to arrows, and particularly to an
      arrowhead assembly for use in hunting animals, fish, and reptiles, that
      will inflict much greater damage more quickly to the animal, and the like,
      and result in a more humane kill.
PAR  2. Description of the Prior Art
PAR  A problem encountered in hunting small game with bow and arrows is that the
      animal frequently escapes after being wounded by an arrow because the
      arrow either completely penetrates the game or fails to achieve
      penetration sufficient for a kill. To solve this problem, it has been
      proposed to provide arrowheads which will tend to prevent complete
      penetration of the arrow through the game, while simultaneously
      transferring substantially all of the energy of the arrow to the target.
      Although blunt-end arrowheads are commonly used in order to achieve a high
      rate of transfer of energy from the arrow to the target, it is also
      important that sufficient penetration be achieved by the arrowhead even at
      relatively low arrow velocities.
PAR  U.S. Pat. No. 2,905,470, issued Sept. 22, 1959 to E. H. Hoyt, Jr.,
      discloses a pointed arrowhead having a flat circular head adjacent the
      pointed tip of the arrowhead for preventing the arrow from passing
      completely through small game and the like. This circular head is rigidly
      mounted on the arrowhead, and effectively forms an integral part thereof
      arranged immediately adjacent the point of the arrowhead.
PAR  Other prior patents believed pertinent to this application are as follows:
TBL  2,568,417   B. H. Steinbacher                                             
                                  Sept. 18, 1951                               
     3,036,396   R. Swails        May 29, 1962                                 
     3,164,385   R. L. Shure      Jan. 5, 1965                                 
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an arrowhead assembly
      that permits sufficient penetration of an arrowhead, while simultaneously
      preventing the arrowhead from completely penetrating the target.
PAR  It is another object of the present invention to provide an arrowhead
      assembly which inflicts much greater damage more quickly to an animal an
      results in a more humane kill.
PAR  It is still another object of the present invention to provide an arrowhead
      assembly capable of slowing an arrow in flight, and preventing the arrow
      from traveling over a predetermined distance.
PAR  It is yet another object of the present invention to provide an arrowhead
      assembly that prevents the loss of game under water once a fish or frog
      has been impaled on the point of the arrowhead assembly.
PAR  These and other objects are achieved according to the present invention by
      providing an arrowhead assembly having: a shank connectible to a shaft of
      an arrow and to an arrowhead tip; a substantially rigid shield slidably
      mounted on the shank; and resilient means arranged on the shank and
      abutting the shield for biasing the shield toward the tip and permitting
      penetration of the tip into a target while the shield retards motion of
      the arrow.
PAR  According to a preferred embodiment of the present invention, the shank is
      a cylinder having a pair of spaced ends, with a threaded counter-bored
      socket provided at one end and a threaded, shouldered projection provided
      at the other end, the socket being arranged for receiving the tip and the
      projection being arranged for being inserted into an arrow shaft. Further,
      the shank is advantageously provided with a flange adjacent the
      projection. The resilient means may be a conventional coiled spring
      arranged on the shank between the flange and the shield.
PAR  A preferred shield according to the present invention is in the form of an
      annular cup forming an opening arranged for receiving the shank.
PAR  When the tip is a fish point, and the like, it is advantageous to employ an
      adapter according to the invention to space the tip from the shank, so
      that the barbs of the tip will clear the shield.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an arrow provided with an arrowhead
      assembly according to the present invention and including a fish point
      tip.
PAR  FIG. 2 is a fragmentary, longitudinal sectional view showing in detail the
      arrowhead assembly illustrated in FIG. 1.
PAR  FIG. 3 is a sectional view taken generally along the line 3--3 of FIG. 2,
      but with the arrowhead tip removed.
PAR  FIG. 4 is an exploded, perspective view showing the arrowhead assembly of
      FIGS. 1 through 3, but with the arrowhead tip removed.
PAR  FIG. 5 is a fragmentary, perspective view showing an arrowhead assembly
      according to the present invention and including a blunt tip.
PAR  FIG. 6 is a fragmentary, sectional view taken generally along the line 6--6
      of FIG. 5.
PAR  FIG. 7 is a sectional view taken generally along the line 7--7 of FIG. 6.
PAR  FIG. 8 is a fragmentary, perspective view similar to FIG. 5, but showing an
      arrowhead assembly according to the invention which includes a broad-head
      tip.
PAR  FIG. 9 is a fragmentary, sectional view taken generally along the line 9--9
      of FIG. 8.
PAR  FIG. 10 is a sectional view taken generally along the line 10--10 of FIG.
      9, but with the arrowhead tip removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of the drawings shows an arrow 10 having a shaft 12 provided in a
      conventional manner with feathers 14 and having arranged at the end
      thereof spaced from feathers 14 an arrowhead assembly 16 according to the
      present invention. This assembly 16 includes a shank 18 connected to shaft
      12 and to an arrowhead tip 20. A substantially rigid shield 22 is slidably
      mounted on shank 18, and is biased toward tip 20 as by a conventional
      coiled spring 24 having the coils thereof arranged around shank 18. As
      will become clearer below, shank 18 is mounted on shaft 12 by use of the
      threaded socket conventionally provided in the shafts of commercially
      available arrows, such as those manufactured by the Bear Company, for
      removably attaching the arrowhead tip to the arrow shaft.
PAR  Referring now more particularly to FIGS. 2 through 4 of the drawings, shank
      18 includes a cylinder 26 having a pair of spaced ends, with a threaded
      counter-bored socket 28 provided at one end and a threaded, shouldered
      projection 30 provided at the other end. Socket 28 is arranged for
      receiving a threaded extension of a tip 20, while projection 30 is
      arranged for being inserted into the aforementioned socket provided in an
      arrow shaft 12. The latter mentioned socket is designated 31 in FIG. 2 of
      the drawings. Shank 18 is also provided with an abutment flange 32
      arranged adjacent projection 30 for providing an abutment for one end of
      spring 24. As can be readily appreciated from, for example, FIG. 2, the
      other end of spring 24 abuts shield 22. The latter is advantageously in
      the form of an annular cup forming an opening 34 arranged for receiving
      cylinder 26 of shank 18 in such a manner that shield 22 is slidable along
      the extent of cylinder 26.
PAR  Although shield 22 is illustrated as having the rounded portion thereof
      facing tip 20, it is to be understood that shield 22 could be arranged on
      shank 18 in the reverse orientation if so desired. When reversed from the
      illustrated orientation, shield 22 will act to slow the flight of the
      arrow in air, much in the manner of the well-known flu-flu arrow, and will
      limit the arrow from traveling more than a predetermined distance, such
      as, for example, 70 yards.
PAR  It is also to be understood that shield 22 may be somewhat flexible in
      construction, and may take other configurations than that illustrated in
      the accompanying drawings.
PAR  The particular embodiment of assembly 16 shown in FIGS. 2 through 4 of the
      drawings is provided with a tip 20 in the form of a conventional fish
      point tip provided with a plurality of barbs. Tip 20 is also provided with
      a base portion 36 that diverges, or flares, toward an end that terminates
      in a threaded rod 38. When using a tip such as that designated 20, it is
      necessary to use an adapter 40 in order to space the tip 20 sufficiently
      from shield 22 so as to assure proper clearance between the barbs of the
      tip and the shield.
PAR  A preferred adapter 40 according to the present invention is provided with
      a blunt end 42, and an end spaced longitudinally from end 42 and
      terminating in a threaded, shouldered extension 44 engageable with socket
      28 of shank 18. A sleeve 46 is arranged over adapter 40 and is provided
      with a threaded socket 47 arranged for engaging the threaded rod 38 which
      is conventionally provided on a tip 20. Sleeve 46, which is advantageously
      bonded to adapter 40 by a suitable adhesive, abuts base portion 36 of tip
      20 and shield 22 for providing a limit stop for shield 22 in the direction
      of tip 20. End 42 of adapter 40 is contacted by the end of threaded rod
      38.
PAR  Referring now to FIGS. 5 through 7 of the drawings, it is also possible to
      employ a conventional blunt tip 48 with an arrowhead assembly according to
      the present invention. As can be clearly seen from FIGS. 6 and 7, this
      conventional tip 48, which is however in the present instance made
      slightly smaller than those blunt tips commercially available and is
      constructed from a lightweight material such as aluminum, is
      conventionally provided with an extension 50 engageable with the threaded
      socket 28 of shank 18. Otherwise, the arrangement of elements in the
      embodiment shown in FIGS. 5 through 7 of the drawings may be identical to
      the corresponding elements of the embodiment shown in FIGS. 1 through 4 of
      the drawings.
PAR  FIGS. 8 through 10 of the drawings are similar to FIGS. 5 through 7, but
      show a conventional broadhead tip 52 employed with an arrowhead assembly
      according to the present invention. Such a tip as tip 52 also is provided
      with a threaded extension, designated 54, which may threadingly engage
      with socket 28. As will be appreciated, virtually any conventional
      arrowhead tip may be employed with the basic elements of a arrowhead
      assembly according to the present invention. In fact, the shank, shield,
      and spring themselves form a novel combination, although they may also be
      employed in combination with the adapter 40 and sleeve 46, and with a
      conventional, or specially constructed, tip.
PAR  It is also to be understood that the type of tips employed with an assembly
      according to the present invention are not limited to those tips commonly
      used in the course of hunting, as the conventional field tip may also be
      employed, as may any practice tip, and the like.
PAR  As will be readily appreciated from the above description and from the
      drawings, an arrowhead assembly according to the present invention
      provides a resiliently mounted shield that will permit an animal, and the
      like, to be shot without the arrow passing through the animal. The effect
      of having the point left in the body of the animal inflicts much greater
      damage more quickly to the animal and results in a more humane kill. The
      shield is also functional, in that it serves as a slowing-up mechanism, so
      that after an arrow is shot, it will not continue on for further than a
      predetermined distance. This mechanism also prevents the loss of game
      under water once a fish, frog, and the like, has been impaled on the
      point.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. An arrow assembly including a shaft having a forward end, an elongated
      shank having front and rear ends, the rear end of said shank being
      removably secured to the forward end of said shaft with said shank
      defining a forward lengthwise projecting extension of said shaft, the rear
      end portion of said shank including means defining a first outwardly
      projecting abutment, a shield slidably mounted on said shank for movement
      therealong forward of said abutment, resilient means on said shank engaged
      with said abutment and shield yieldingly biasing the latter forwardly
      along said shank, an arrowhead tip removably mounted on the forward end of
      said shank and including a rear portion defining a second outwardly
      projecting abutment establishing a limit stop of movement of said shield
      forwardly along said shank.
NUM  2.
PAR  2. The combination of claim 1 wherein said arrowhead tip comprises a
      broadhead tip.
NUM  3.
PAR  3. A structure as defined in claim 1 wherein said first abutment comprises
      a radially outwardly projecting circumferential flange carried by said
      shank, said resilient means comprising a coiled compression spring
      arranged on the shank between the flange and the shield.
NUM  4.
PAR  4. A structure as defined in claim 3, wherein the shield comprises an
      annular cup constructed from a substantially rigid material and provided
      with a central opening slidably receiving the shank therethrough.
NUM  5.
PAR  5. A structure as defined in claim 1, wherein the tip includes a
      cylindrical blunt head.
NUM  6.
PAR  6. A structure as defined in claim 1, wherein the tip comprises a fish
      point provided with at least one barb and including a base portion flared
      toward the rear end thereof and terminating in a threaded rod, a sleeve
      having a threaded socket engaging the threaded rod, and an adapter
      provided with a threaded, shouldered extension threadedly engaged in the
      front end of the shank, the sleeve being telescoped over and affixed to
      the adapter with the rear end of said sleeve defining sai second abutment.
NUM  7.
PAR  7. A structure as defined in claim 1, wherein the shield is an annular cup
      constructed from a substantially rigid material and provided with a
      central opening slidably receiving the shank therethrough.
NUM  8.
PAR  8. An arrowhead assembly, comprising, in combination:
PA1  a. am arrowhead tip;
PA1  b. a shank having a threaded socket, the shank connectible to a shaft of an
      arrow and connected to the arrowhead tip;
PA1  c. a shield slidably mounted on the shank for movement with respect
      thereto; and
PA1  d. resilient means arranged on the shank and abutting the shield for
      biasing the shield toward the tip and permitting the shield to retard
      motion of the arrow when penetrating a target, the tip including a
      cylindrical blunt head and a threaded, shouldered extension engaged with
      the socket of the shank.
NUM  9.
PAR  9. An arrowhead assembly, comprising, in combination:
PA1  a. an arrowhead tip;
PA1  b. a shank having a threaded socket, the shank connectible to a shaft of an
      arrow and connected to the arrowhead tip;
PA1  c. a shield slidably mounted on the shank for movement with respect
      thereto; and
PA1  d. resilient means arranged on the shank and abutting the shield for
      biasing the shield toward the tip and permitting the shield to retard
      motion of the arrow when penetrating a target, the tip being a fish point
      provided with at least one barb and including a base portion flared toward
      an end thereof terminating in a threaded rod, and further including a
      sleeve having a threaded socket engaging the threaded rod, and an adapter
      provided with a threaded, shouldered extension engageable with the socket
      of the shank, the sleeve being arranged over and affixed to the adapter
      and between and abutting the tip and the shield.
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ABST
PAL  A board game apparatus wherein the object is to collect the greatest number
      of playing pieces which are awarded to the players of the game for
      correctly answering a riddle by movement of pieces over a gameboard. The
      apparatus generally includes a gameboard having a playing surface thereon,
      a movable playing piece for each player of the game, a set of playing
      pieces acquired by the players during play of the game and carrying
      indicia thereon, a plurality of stations on the gameboard defining a
      playing piece path of travel or track on the playing surface, and a chance
      device for determining the advancement of the players' playing pieces
      along the track. The indicia on the set of acquired playing pieces
      comprises questions or riddles for the players of the game. Each station
      includes indicia thereon representing an answer to one of the questions
      presented by the indica on the acquired playing pieces. A question is
      answered by a player being first to move to the proper answer station and
      that player is awarded the playing piece having the corresponding question
      indicia thereon. The gameboard includes a dispensing device in the form of
      an ice cream truck for dispensing the acquired playing pieces to the
      players of the game, the acquired playing pieces being in the form of ice
      cream sticks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to board games and more particularly to a
      board game wherein the object is to collect the greatest number of
      "question" playing pieces which are awarded to a player who correctly
      answers, by movement over the gameboard, a riddle posed by indicia on the
      question playing piece.
PAR  2. Brief Description of the Prior Art
PAR  Board games have enjoyed a great deal of popularity, particularly among
      children, throughout the years. One form of board game which has been
      popular is the type in which the object is to accumulate wealth in the
      form of simulated money, or the like. However, most of these board games
      have relied, for the most part, solely on an element of chance for
      determining the manner and the amount of simulated money acquired by a
      player. Therefore, a need and desire has arisen for a new and improved
      board game which, in addition to relying on chance, also requires an
      amount of strategy and thoughtfulness of the players of the game.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a new and entertaining
      board game using a plurality of riddles or questions which are posed by
      question playing pieces and answered by indicia printed on the gameboard.
PAR  These and other objects of the invention are accomplished in one embodiment
      currently contemplated which provides a gameboard having a playing surface
      thereon, a plurality of movable playing pieces, at least one for each
      player of the game, a plurality of stations on the gameboard to form a
      track defining a playing piece path of travel, and a chance device for
      determining the advancement of the playing pieces along the track. In the
      preferred embodiment, there is provided a set of question playing pieces
      having indicia thereon posing a question to the players of the game and
      "answer" indicia on the gameboard stations which answer the questions or
      riddles posed by the question playing pieces.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the board game apparatus embodying the
      concepts of the present invention;
PAR  FIG. 2 is a vertical section, on an enlarged scale, through the question
      playing piece dispensing device, taken generally along line 2-2 of FIG. 1;
      and
PAR  FIG. 3 is a fragmentary perspective view, on an enlarged scale, showing an
      answer station having indicia representative of a correct answer to a
      question presented by a corresponding question playing piece, along with a
      player's movable playing piece.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The board game apparatus of the present invention includes a gameboard,
      generally designated 10 (FIG. 1), a plurality of movable playing pieces,
      generally designated 12 (one for each player of the game), and a
      dispensing device, generally designated 14. In the present embodiment,
      each movable playing piece 12 is in the shape of a two-dimensional toy
      truck 16 (FIG. 3), such as an ice cream dispensing truck, mounted on a
      block 18 to permit the truck 16 to stand upright and be moved over the
      gameboard.
PAR  The dispensing device 14 (referring to FIG. 2) includes an outer shell 20,
      the contours of which define a toy ice cream dispensing truck. A cavity is
      defined in the top 22 of the truck by a plurality of depending generally
      vertical walls 24 and a bottom wall 26 for receiving a set of question
      playing pieces, generally designated 28.
PAR  The playing pieces 28 each are in the shape of an ice cream stick, such as
      the type used for serving ice cream bars. Each of the question playing
      pieces 28 includes indicia 30 thereon which poses a question or riddle to
      the players of the game, for use as will be described in detail
      hereinafter.
PAR  The gameboard 10 includes a plurality of stations 34 thereon which define a
      path of travel for the playing pieces 12. A playing piece 12 may move, on
      a player's turn, to any adjacent station 34 and to subsequent adjacent
      stations according to the number of stations a playing piece is permitted
      to move as determined by a roll of a pair of dice 36. The gameboard
      includes a large, generally rectangular, area 38 in the center thereof for
      placement of the dispensing device 14, and four slightly smaller open
      areas 40 thereabout which define the starting positions for the players'
      movable playing pieces 12 at the beginning of the game. Each station 34
      includes indicia thereon representative of a correct answer to a question
      or riddle posed by at least one of the question playing pieces 28.
PAR  In one scheme of play, each of the playing pieces, from two to four, is
      placed on a starting position 40 and one of the players, determined at
      random, selects one of the playing pieces 28 from the dispensing device
      14. That player reads the question or riddle imprinted thereon and the
      remaining players, in succession, roll the dice 36 in an attempt to move
      to the particular station 34 carrying indicia representative of the
      correct answer to the riddle. The player who first arrives at the correct
      answer station 34 is awarded the corresponding question playing piece 28.
      Thereafter, the next player selects a playing piece 28 and the remaining
      players attempt to seek the correct answer.
PAR  As can be seen from the drawings, in the exemplary embodiment, at the
      beginning of the play of the game, when all of the playing pieces 12 are
      at the starting positions 40, each player has a minimum of eight stations
      to which he can move directly across a bounding line for the station, and
      a maximum of twelve stations if diagonal movements are permitted under the
      rules. According to the dictates of the rules, the game is over when a
      predetermined number or all of the playing pieces 28 have been acquired by
      the players, and the player who has accumulated the most playing pieces 28
      is declared the winner.
PAR  FIG. 3 shows a complementary combination of a question (or riddle) playing
      piece 28 and the corresponding answer station 34 having a movable playing
      piece 12 positioned thereon. In other words, the proper answer to the
      riddle "What did the balloon say to the pin?" on the shown question
      playing piece 28 is the answer "Hello Buster" on the station 34. In this
      manner, not only does chance (dice 36) play a role in the game, but the
      players must also figure out the proper answer to the riddle. Further
      ingenuity would be required if a player must have the correct number of
      station moves, corresponding to the numbers on the dice, to land on a
      particular answer station. Thus a player also would have to determine his
      proper path of travel.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A board game apparatus comprising:
PA1  a gameboard having a playing surface thereon;
PA1  a first set of movable playing pieces, at least one for each player of the
      game, for movement over said playing surface;
PA1  a second set of question playing pieces, at least some of which have
      indicia thereon including a question or riddle to be solved by the players
      of the game;
PA1  a plurality of stations on the playing surface of the gameboard defining a
      playing piece path of travel, including answer stations having indicia
      thereon indicating a proper answer to the riddle on at least one of said
      question playing pieces, said one question playing piece thus being
      awardable to a player should his movable playing piece land on the proper
      answer station; and
PA1  means for determining how many stations a particular movable playing piece
      is to be moved by a player along said path of travel defined by said
      stations.
NUM  2.
PAR  2. The board game apparatus of claim 1 wherein said path of travel is open
      whereby each movable playing piece can be moved more than one adjacent
      station.
NUM  3.
PAR  3. The board game apparatus of claim 1 including a dispensing device having
      means for storing and dispensing the question playing pieces.
NUM  4.
PAR  4. The board game apparatus of claim 3 wherein said storage means
      substantially covers the indicia on the question playing pieces when
      placed therein.
NUM  5.
PAR  5. The board game apparatus of claim 3 wherein said dispensing device is in
      the form of a toy ice cream truck.
NUM  6.
PAR  6. The board game apparatus of claim 5 wherein said question playing pieces
      are in the form of ice cream sticks having the question or riddle indicia
      thereon.
NUM  7.
PAR  7. A board game apparatus, comprising:
PA1  a gameboard having a playing surface thereon;
PA1  a set of movable playing pieces in the form of miniature trucks, at least
      one for each player of the game for movement over said playing surface;
PA1  a set of playing sticks, at least some of which have indicia thereon
      indicating a question to be solved by the players of the game;
PA1  a plurality of stations on the gameboard defining a playing piece path of
      travel, including match stations having indicia thereon representative of
      an answer to the question on at least one of said playing sticks, said one
      playing stick thus being awardable to a player whose playing piece lands
      on that particular match station;
PA1  a dispensing device in the shape of a miniature truck having a means
      therein for storing and dispensing said playing sticks; and
PA1  means for determining how many stations a particular playing piece is to be
      moved by a player along said path of travel.
NUM  8.
PAR  8. The board game apparatus of claim 7 wherein said storage means
      substantially covers the indicia on the "question" playing pieces when
      placed therein.
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ABST
PAL  A game toy comprising a base, having an upstanding cylindrical ring wall
      provided with a plurality of circumferentially spaced windows,
      telescopically receives the depending wall of a top member rotatably
      supported by a base axle. A plurality of symbols printed on the periphery
      of the top wall are successively visible through the base ring windows
      when the top member is rotated. The top member is provided with a
      plurality of upstanding radial ribs. A releasable brake including a
      flexible flap, supported by the base, frictionally engages the ribs of the
      top member when it is manually spun, in either direction about its
      vertical axis, to stop its rotation and expose, by chance, the symbols
      through the base windows.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  The present invention relates to toys and more particularly to a base
      supported spinning top member toy exposing symbols through windows formed
      in the base wall.
PAR  Toy apparatus of this type has usually comprised a polygonal-shaped body
      capable of being spun about its vertical axis and having symbols or
      indicia on its several faces which are exposed, by chance, on an upwardly
      disposed face of the body when at rest indicating a parameter according to
      the game being played.
PAR  This invention provides a game of chance apparatus in which the variable
      position of the top may be partially controlled by a manually operated
      brake operable by each player during his playing turn.
PAC  SUMMARY OF THE INVENTION
PAR  A generally horizontal base is provided with an upstanding ring-like
      cylindrical wall having a plurality of circumferentially spaced windows
      therein. A top member is coaxially supported in rotatable relation by an
      upstanding axle on the base. The top member is provided with a depending
      ring-like cylindrical wall telescopically received by the base wall. A
      plurality of symbols are printed on the circumference of the top member
      wall and are successively visible through the base wall windows. Means on
      the top member permits manual rotation of the top in a spinning action in
      either direction. Manually operated brake means, supported by the base,
      frictionally engage upstanding radial ribs formed on the top member for
      braking rotation of the top member and aligning symbols thereon with the
      position of the base windows, when the top member is at rest, according to
      the rules of a game being played.
PAR  The principal object of this invention is to provide a game of chance for a
      plurality of players.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the device;
PAR  FIG. 2 is an exploded perspective view; and,
PAR  FIG. 3 is a vertical cross sectional view taken substantially along the
      line 3--3 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Like characters of reference designate like parts in those figures of the
      drawings in which they occur.
PAR  In the drawings:
PAR  The reference numeral 10 indicates the toy, as a whole, which is
      cylindrical in general configuration, comprising a base 12 and a top 14.
      The base 12 is formed by a stand 16 supporting a horizontal plate 18
      having an annular upstanding ring wall 20 at its perimeter. The wall 20 is
      provided with a plurality of circumferentially spaced rectangular windows
      22. An upstanding axle 24 is coaxially connected with the base plate 18.
      The axle projects above the horizontal upper limit of the wall 20 a
      selected distance.
PAR  The top 14 comprises a horizontally disposed panel portion 26 having an
      upstanding central spindle 28 provided with a downwardly open coaxial
      socket 30 for receiving the axle 24 and journalling the top 14. The
      perimeter of the top panel 26 is provided with a depending annular wall 32
      dimensioned to be telescopically received by the base ring wall 20. The
      outer circumferential surface of the top wall 32 is provided with a
      plurality of juxtaposed rectangular areas, each having symbols 34 printed
      thereon and visible through the base plate windows 22 when registered
      therewith. The top panel 26 is provided with a plurality of upstanding
      vanes or ribs 36 extending radially outward from the spindle 28 for the
      purposes presently explained. The top 14 further includes a plurality of
      horizontally disposed rod-like radial handles 38 secured to the spindle 28
      for manually starting the top in a spinning action in either direction.
PAR  A pair of diametrically opposite brake means 40 releasably engage the ribs
      36 for stopping the spinning action of the top 14. Each brake means
      comprises a standard 42 vertically secured to an arc of the outer surface
      of the base wall 20 and an arm 44 pivotally secured at one end to the
      upper end of the standard for vertical pivoting movement about a
      horizontal axis toward and away from the top panel 26. Each brake further
      includes a flexible material flap 45 secured to the arm 44 in depending
      relation and resiliently engaging, by its depending edge portion, the top
      panel ribs 36 when the brakes are disposed as shown by solid lines in FIG.
      1 and the top member 14 is rotated.
PAC  OPERATION
PAR  In operation, a set of rules and desired objectives constituting a game is
      selected by players, for example, the symbols 34 may represent the nine
      planets of the solar system and obstructions hindering interplanetary
      travel, such as comets, space patrols etc.. Each player is assigned one
      window 22 and has a predetermined number of spins of the top for his turn
      and on his first spin endeavors to position a planet symbol within his
      window from which to launch an imaginary space vehicle. A second spin of
      the top is intended to determine, by chance, the planet among the
      remaining eight to which he shall travel which must appear in his window.
      During the time the top member 14 is spinning he may operate one of the
      brake means 40 by pivoting the flap 44 toward its solid line position of
      FIG. 1 for retarding and stopping the movement of the top. The flexible
      brake flaps 45 stop the rotation of the top member so a like plurality of
      the symbols 34 are in alignment with the plurality of windows 22.
      Nonselected symbols representing hinderances may disqualify the player,
      prolong or terminate the game according to the rules selected.
PAR  Obviously the invention is susceptible to changes or alterations without
      defeating its practicability. Therefore, I do not wish to be confined to
      the preferred embodiment shown in the drawings and described herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A game toy, comprising:
PA1  an upwardly open cylindrical base having a plurality of circumferentially
      spaced windows in its wall;
PA1  an upstanding axle coaxially supported by said base;
PA1  a downwardly open cylindrical top telescopically received by said base,
PA2  said top having a central upstanding spindle having a socket therein
      surrounding said axle for angular rotation of said top relative to said
      base;
PA1  a plurality of upstanding radial ribs on the upper limit of said top;
PA1  brake means supported by said base and operable to retard rotation of said
      top,
PA2  said brake means including,
PA2  a standard vertically secured to a peripheral portion of the wall of said
      base,
PA2  an arm pivotally connected with said standard for movement toward and away
      from the upper limit of said top, and,
PA2  a flexible flap secured to said arm in depending relation for indexing
      contact with said ribs when said arm overlies the upper limit of said top;
      and,
PA1  a plurality of symbols indicating parameters of a game to be played printed
      on the outer surface of the wall of said top in circumferentially spaced
      relation and being successively visible through the respective windows
      when said top is rotating in either direction, whereby, some of the
      symbols are displayed through the windows when said top is indexed to a
      stop.
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ABST
PAL  A tangential spheres geometric puzzle uniquely formed from nine assembly
      pieces, of which eight pieces are based upon a triangular sphere array and
      a ninth piece based upon spheres disposed in a square array, providing a
      challenging educational and manipulative game. The pieces are assemblable
      into a tetrahedral pyramid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A number of puzzles have been developed over the years involving the
      stacked and nested arrangement of diverse geometric configurations. These
      puzzles have many beneficial uses, including the stimulus of mental
      challenge, topographic and orientation determinations, and manual
      dexterity and manipulative skills.
PAR  One such puzzle of the foregoing general type and bearing at least some
      relationship to the subject invention are the so-called Soma blocks
      wherein smaller cubic members are interconnected in diverse arrays and may
      be arranged to form a large cube, for example.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a challenging puzzle which in the specific
      form disclosed utilizes a total of 35 spheres which have been grouped into
      only nine assembly pieces which together define an attractive pyramidal or
      tetrahedron-like shape received within a supporting or bounding frame.
PAR  The nine component pieces are unique in that eight of the same comprise
      diverse arrangements of four spheres tangentially attached in
      predetermined arrays, and a ninth assembly piece of only three spheres.
PAR  There is likewise the further feature that of nine assembly pieces, eight
      are based upon and devolve from a triangular planar array of spheres while
      the ninth piece locates the spheres in square array.
PAR  Consequently, while there are not an undue multiplicity of pieces to weary
      or tax the player, nonetheless, their relative multi-sphere similarity and
      their geometric aesthetic beauty provide a considerable yet enjoyable
      challange in assembling the puzzle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the assembled puzzle in its retainer frame;
PAR  FIGS. 2 through 10, inclusive, are plan views of each of the different nine
      assembly pieces of the puzzle;
PAR  FIGS. 2a through 10a, inclusive, are front elevations of the respective
      pieces seen in FIGS. 2 through 10, inclusive; and,
PAR  FIG. 11 is a view of the puzzle partially assembled with three pieces in
      place in accordance with one known plan of assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As best seen in the perspective view of FIG. 1, the puzzle when assembled
      comprises an attractive pyramidal array of substantially identical spheres
      S within a suitable bounding or retaining triangular frame 10.
PAR  The spheres S may of course be of any desired size. As such, the same may
      be on the order of small pellets or ball bearings for a game or puzzle
      readily carried upon the person, or might comprise individual ball-like
      elements of some substantial diameter such as the size of tennis balls or
      oranges for easier manipulation by younger persons or those with
      handicapped vision, for example. A convenient size for the game for
      average use might be with spheres on the order of conventional marble
      size, with the spheres 3/4 to 1 inch in diameter.
PAR  Widely available choices reside with respect to materials of which the
      spheres are formed, the only requisite being that the same be formed from
      materials which are sufficiently firm or rigid to resist ready deformation
      or collapse and that the several spheres forming each individual assembly
      piece A through I, inclusive, be capable of ready permanent
      interconnection at tangential points to form the several pieces so that
      they may be manipulated, stacked, and occasionally inadvertently tumbled
      without separation or rupture.
PAR  In one actual embodiment, the game pieces were formed from substantially
      transparent spheres of acrylic plastic which were affixedly adhered to
      each other by a suitable plastic cement to form the several pieces.
PAR  It will be readily seen that with a suitable choice of color of the
      spheres, their sizes, etc., the puzzle can adapt itself to diverse age
      groups or mental levels, as well as serve various health-related purposes
      of mental and physical therapy, or development of dexterity and
      manipulative skills generally.
PAR  Returning now to the several game pieces identified in FIGS. 2-10 as game
      pieces A-I, inclusive, it will readily be seen that the basic array of
      spheres S for the eight pieces A-H is a three-sphere planar array. With
      respect to assembly piece A in FIG. 2, exactly three spheres S lying in a
      common plane are affixed with each sphere tangentially contacting two
      other spheres.
PAR  In FIG. 3 it will be seen that game piece B employs the basic arrangement
      of piece A with the further addition of a fourth sphere B' tangentially
      affixed to and extending upward from a single one of the spheres S and
      slightly forward thereof. As seen in FIG. 3A the shaded fourth sphere B'
      is inclined to the vertical approximately 30 degrees.
PAR  In piece C of FIG. 4, the arrangement is similar to piece B, wherein the
      fourth ball C' is not tilted laterally but rather shares the same vertical
      plane with the subjacent sphere to which it is attached as is clearly
      evident from FIG. 4a.
PAR  The fourth piece D, as seen in FIG. 5, continues with the same basic
      three-sphere arrangement of FIG. 2 but wherein the fourth ball D' is
      inclined to the right as contrasted with FIG. 3 wherein the comparable
      ball B' is inclined to the left with respect to the subjacent triangle.
PAR  In FIG. 6, piece E disposes its fourth sphere E' in tangential contact with
      two of the three base spheres and is canted outwardly about 30.degree.
      from a vertical plane through the subjacent spheres. The sixth piece F,
      FIG. 7, constitutes a four sphere pyramid wherein the fourth sphere F' is
      disposed centrally of and in mutual tangential contact with the spheres of
      the base triangle.
PAR  Assembly piece G in FIG. 8 is characterized by the fact that the fourth
      sphere G of the array lines in a common plane with the basic triangle and
      is tangentially affixed to two spheres thereof, forming a diamond-shaped
      or rhombus-like figure.
PAR  In FIG. 9, the eighth and final piece H of the several pieces based upon
      the particular common triangular member, is similar to FIG. 8 in that the
      fourth sphere H'  lies in a common plane with the triangular array, but
      wherein the same is tangent to only one ball and forming an extension of
      any one side of the triangle into a three-sphere straight line.
PAR  The final piece I of the nine piece set as noted departs from the
      particular arrangement characteristic of all other pieces, wherein the
      four-sphere array is square in planar layout as is clearly evident.
PAR  Thus it will be seen that the nine assembly pieces of the subject puzzle as
      described herein are each of themselves possessive of considerable
      similarity of appearance and common features enhancing both the aesthetic
      and novel features thereof in arranging the same to form the completed
      puzzle of FIG. 1.
PAR  Further, in the total 35 sphere puzzle of the disclosed and preferred
      embodiment, each piece contains four spheres with the exception of but one
      piece, which piece A, FIG. 2, contains only three spheres, to total only
      35 in all.
PAR  For convenience in assembling the puzzle, there is preferably provided a
      peripheral retainer 10 much on the order of a rack for billiard balls
      which facilitates positioning the pieces and preventing the same from
      sliding laterally as they are vertically stacked. While the complete array
      is inherently stable, inasmuch as no pieces are capable of rolling
      movement, improper positioning of one or more pieces tends to cause lower
      pieces to separate or slide relative to one another, thereby handicapping
      their ready return to a preexisting arrangement without the use of a
      device such as a retainer frame 10. To facilitate transfer or display of
      the completed puzzle, the retainer frame 10 may include a bottom wall W as
      seen in FIG. 11.
PAR  In one mode of assembling the pieces to form the completed puzzle and to
      illustrate the manner in which the retainer 10 facilitates positioning
      thereof, the partially assembled puzzle is seen in FIG. 11 with three
      pieces in position, namely, piece D in the upper left-hand corner, piece B
      in the upper right-hand corner and piece H in the lower central position
      within the frame.
PAR  In this particular assembly mode for the puzzle, the final piece to be
      positioned will be piece F of FIG. 7 as a cap piece with the parts
      arranged as shown.
PAR  To complete the puzzle from the FIG. 11 position to the FIG. 1 position,
      piece I would be positioned with one sphere thereof between parts B and D
      and an adjacent sphere thereof also adjacent piece B and thus slightly
      beneath element B' thereof, as indicated in dashed lines. With sphere B'
      in the position shown, the entire piece I would thus lean or cant slightly
      bodily toward piece D, to dispose the upper spheres thereof tangent to
      sphere D'.
PAR  Positioning of piece I would thus leave a total of three spaces available
      on the floor W in a generally triangular array between pieces B and H
      which would be filled by piece E with the element E' extending up into the
      second level adjacent upstanding element D' of piece D.
PAR  Thereafter, in the second layer, piece G would be positioned with two
      spheres resting upon pockets in the subjacent layer with one of the
      spheres abutting piece B' and forming a continuation of that side of the
      triangle, the remaining two spheres of piece G extending upwardly into the
      third layer of the pyramid. Thence element C would be positioned with the
      element C' thereof depending into the pocket formed by the three base
      spheres of piece D. Thereby all that need be done is for basic triangular
      piece A to be positioned upon piece B with two spheres thereof in the
      pockets formed between the spheres of piece B, and the third sphere of
      piece A lying adjacent piece B', after which the cap piece F is placed
      thereon to complete the fourth and fifth (one sphere) layers of the
      pyramid.
PAR  Other modes of assembly are, of course, possible including rotations and
      reflections of that described, but that described and illustrated being
      one form thereof to complete the description of the invention.
PAR  While I have shown and described a preferred embodiment of my invention, it
      is to be understood that modifications and alterations thereof might be
      effected within the spirit and scope of the invention and the appended
      claims. Thus, while still incorporating the disclosed features, the puzzle
      may incorporate a fewer or greater number of spheres, or the spheres may
      be detachable one from the other for rearrangement, for example. Further,
      other solutions in addition to that described may be determinable upon
      suitable manipulation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A geometric puzzle of tangential spheres for array in a tetrahedral
      pyramid comprising
PA1  a plurality of discrete and geometrically different assembly pieces for
      assembling said puzzle,
PA1  each said piece including at least three tangentially affixed spheres in
      non-linear array,
PA1  wherein further all said pieces but one of said pieces include identical
      triangular arrays of three spheres, and
PA1  wherein selected ones of said triangular array pieces include a further
      sphere tangentially affixed to one of said triangular spheres in
      respectively different positions out of the plane of said triangular
      array,
PA1  said plurality of pieces when arranged in a predetermined order defining
      said tetrahedral pyramid with all face portions and internal areas thereof
      of the size of said spheres occupied thereby.
NUM  2.
PAR  2. The puzzle of claim 1 including a retainer frame bounding the pyramid
      array of spheres about its base and within which said pieces are placed to
      assemble the puzzle.
NUM  3.
PAR  3. The puzzle of claim 1 wherein each assembly piece includes at least four
      spheres excepting one piece having only three spheres, thereby comprising
      nine assembly pieces for said puzzle.
NUM  4.
PAR  4. The puzzle of claim 1 wherein said one piece comprises a planar square
      array of four spheres.
NUM  5.
PAR  5. The puzzle of claim 1 wherein said spheres are of substantial size on
      the order of several inches in diameter, thereby to facilitate
      manipulation by the visually handicapped.
NUM  6.
PAR  6. The puzzle of claim 1 wherein said spheres are of small size on the
      order of small pellets or ball bearings, thereby to enhance ready pocket
      portability.
NUM  7.
PAR  7. The puzzle of claim 1 wherein a line between the center of each said
      further sphere and said one triangular array sphere is disposed at an
      angle to a line extending through the center of said adjacent triangular
      array sphere to which it is affixed with said latter line perpendicular to
      the plane of said triangular array.
NUM  8.
PAR  8. The puzzle of claim 7 wherein said angle is on the order of 30.degree..
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ABST
PAL  An athletic implement, such as a golf club, has a shaft and a club having a
      ball-striking face. Multiple accelerometers are positioned in the club so
      as to measure acceleration in directions normal and parallel to the face
      and parallel to the shaft, when the implement is swung to strike a ball.
      Signals representative of acceleration measured in each direction are then
      transmitted to a remote console where these signals are processed by
      vector computation to provide indicia representative of the swing, such as
      club face position, club velocity and acceleration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to measurement systems and methods, and in
      particular relates to systems and methods wherein the characteristics of
      motion of an athletic implement are measured and displayed.
PAR  2. Description of the Prior Art.
PAR  In U.S. Pat. No. 3,270,564 to Evans, there is disclosed a system for
      measuring three elements of motion (acceleration, torque and flex) of an
      athletic implement, such as a golf club, during use. In this system, any
      one or all of these three elements are sensed while the implement is in
      use and converted to an electrical signal. This signal is transmitted to a
      nearby console, where it is processed and visually displayed, either as an
      analog waveform on an oscillograph, or is converted to a digital format
      for a printout comparison with a reference signal.
PAR  Other related systems and techniques are also disclosed in the following
      U.S. Patents to Evans. In U.S. Pat. No. 3,717,857, a related system is
      disclosed which may be worn on the athlete's arm. In U.S. Pat. No.
      3,788,647 the use of a passive repeater system in the shaft of the club is
      taught. In U.S. Pat. No. 3,792,863, there is disclosed a multiple swing
      information storage system, which provides for the simultaneous visual
      display of several swings for comparison purposes. In U.S. Pat. No.
      3,806,131 Evans further discloses means for processing the signal
      representative of torque and providing a graphic bar display in which the
      position of each bar indicates the position of the golf club face relative
      to the plane of flight during incremental periods of the swing.
PAR  In each of the above disclosed systems, a single accelerometer is employed
      in the club head to measure acceleration in a direction normal to the club
      face.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a measurement system comprising an
      athletic implement having a shaft and an end portion attached thereto, the
      end portion having a face which is adapted to strike a ball. First means
      are provided for sensing an element of motion relative to acceleration of
      the end portion in one direction, and second means are provided for
      sensing an element of motion relative to acceleration of the end portion
      in another direction substantially normal to one direction. In use,
      electrical outputs representative of the measurements made by the first
      and second means are processed to provide a visual indication of the
      measured information.
PAR  The present invention further contemplates a method for displaying the
      position of the face of an end portion of an athletic implement relative
      to a preselected plane, comprising the steps of measuring acceleration in
      three directions, each direction being normal to the other directions, one
      of the directions being normal to the face; and thereafter resolving the
      acceleration measurements to determine the position of the face.
PAR  While the present invention is described in the context of a golf club, it
      will be appreciated by those skilled in the art that the swing measurement
      techniques herein disclosed may likewise be utilized with other athletic
      implements, such as baseball bats, tennis rackets, and the like. Further,
      the term "athletic implement" is not employed in a limited sense, it being
      understood that human limbs include a shaft (arm or leg) having an end
      portion (hand or foot) and also have a face (palm or side of foot) which
      is adapted to strike a ball.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is an illustration, partially in block diagram form, of an
      embodiment of a system in accordance with the present invention.
PAR  FIG. 2 is a perspective view of a portion of the system of FIG. 1.
PAR  FIG. 3 is a block diagram of a portion of the system of FIG. 1.
PAR  FIGS. 4a, b, c and d are graphic representations of measurements rendered
      by the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  An embodiment of the invention is described below with reference to FIGS. 1
      and 2. Noting FIG. 1, a golf club, referred to generally as 10, includes a
      club head 14 and a shaft 18. The club head 14 includes a face 11 which is
      adapted to strike a golf ball. A torque strain gauge 16 is positioned
      within the shaft 18 proximal to the club head 14 and is adapted to measure
      the torque, or angular momentum, about the axis of the shaft 18 during the
      swing. A flex strain gauge 20 is positioned in an intermediate region of
      the shaft 18 and is adapted to measure flex, or bending of the shaft
      during the swing. As described thus far, the instrumental golf club 10 is
      similar to that disclosed in aforementioned U.S. Pat. No. 3,270,564 to
      Evans.
PAR  Reference is now made to FIG. 2. In accordance with the present invention,
      three accelerometers 12, 13 and 15 are positioned in the club head 14.
      Each respective accelerometer 12, 13 and 15 are positioned so as to
      measure acceleration in one of the directions normal to or parallel to the
      club face 11, or parallel with the shaft 18, each of these directions
      being substantially normal to the other directions.
PAR  The accelerometers 12, 13 and 15 and the torque and flex gauges 16 and 20
      are capable of providing an analog electrical output which indicates the
      magnitude of the corresponding element of motion with respect to time. A
      variety of accelerometers, torque and flex gauges are commercially
      available and may be utilized in the present system.
PAR  The golf club 10 further comprises means for transmitting the respective
      outputs of the accelerometers 12, 13 and 15 and the torque and flex gauges
      16, 20 to a nearby console for further processing and display as described
      below in greater detail. The transmission means may comprise, as shown in
      FIG. 1, five FM transmitters, 22, 23, 24, 25 and 26 which transmit (either
      on five different frequencies or on a single multiplexed frequency) a
      signal modulated by the output of the respective accelerometers 12, 13 and
      15 and the torque and strain gauges 16 and 20. The shaft 18 serves as a
      part of a transmitting antenna for the transmitters 22-26. The second
      conductive part of the antenna may comprise a band of conductive material
      wrapped under or over the grip (not shown). The accelerometers and gauges
      12, 13, 15 and 16 and 20 and the transmitters 22-26 are powered by a
      voltage source 28, such as a DC battery, which may be located in the upper
      portion of the shaft 18, or alternatively, in the club head 14.
PAR  In an alternate arrangement of the system of FIG. 1, a carrier frequency is
      transmitted from the nearby console to a passive repeater circuit in the
      club 10. The carrier is then modulated by the outputs of the
      accelerometers and gauges and retransmitted to the console for processing
      and display. This portion of the system is disclosed in the aforementioned
      U.S. Pat. No. 3,788,647 to Evans, and is therefore omitted here.
PAR  The system of FIG. 1 further includes an FM receiver 30 for receiving and
      demodulating the signals transmitted from the golf club 10. The receiver
      30 and other signal and processing and display circuits and components
      described below may be housed in a record-playback console such as that
      disclosed in the aforementioned U.S. Pat. No. 3,270,564 to Evans. The
      outputs of the receiver 30 are fed to a signal conditioning or filter
      circuit 32 which includes means for discarding noise. The torque and flex
      outputs of the signal conditioner 32 are fed to an analog-to-digital
      converter 34, where the analog outputs are translated into a digital
      format. The three acceleration outputs of the signal conditioner 32 are
      fed to a vector computer 38, where the various acceleration measurements
      are processed in a manner hereinafter described below in greater detail
      with reference to FIG. 3. The outputs of the vector computer 38 are then
      fed to the analog-to-digital converter 34.
PAR  The digital output of the converter 34 is then fed to a memory circuit 36
      which serially stores the digital signals representative of the five
      elements of motion sensed in the golf club 10 by the accelerometers 12, 13
      and 15 and the torque and flex gauges 16, 20. Thereafter, these signals
      may be fed out directly to a printer 46 for display. Further, these
      signals may be fed to a video-formatting circuit 42 which drives a cathode
      ray tube 44 to generate analog waveforms depicting the outputs of the
      torque and flex gauges 16, 20 and the acceleration vectors from the
      computer 38. Alternatively, the output of the video formatting circuit may
      be fed directly into a standard television receiver 40.
PAR  A preferred embodiment of a circuit comprising the vector calculator 38 is
      shown in FIG. 3 in block diagram form. The circuit, referred to generally
      as 50, includes various "building block" circuit arrangements for
      performing specific mathematical functions in a manner therein shown. The
      specific combination circuits are notoriously well known in the
      electronics art, and do not constitute a part of this invention. The
      circuit 50 is designed to provide three outputs, in this example, which
      include the basic input signals from the three accelerometers 12, 13 and
      15, these respective outputs being correspondingly designated 55, 53 and
      51 in FIG. 3. Additionally, a velocity output 52 is provided as an output
      from a square root circuit 61 which calculates the square root of the
      output of the accelerometer 15. Another desirable output comprises the
      planar acceleration component, referred to as output 54 in FIG. 3. This
      planar acceleration output 54 comprises the square root of the sum of the
      squares of the outputs of accelerometers 12 and 13, as processed through
      appropriate square, summing and square root circuits 62, 63, 64 and 65,
      respectively. Another desirable output constitutes the total acceleration
      56 which is the square root of the sum of the squares of the output of the
      accelerometers 12, 13 and 15, as processed through corresponding square,
      summing and square root circuits 66, 67 and 68, respectively. The point of
      impact is detected as an output 57 which is determined from a comparison
      of the outputs of all three accelerometers 12, 13 and 15 in a data
      comparison circuit 69. The vector angle 58 is computed by trigometric
      calculations at appropriate circuits 70, 71 from the outputs of the
      accelerometers 12, 13, respectively.
PAR  The outputs of the accelerometers 12, 13 and 15 are thus processed in the
      vector computer 38 to provide a variety of information useful for both the
      fitting of a proper athletic implement to the athlete, as well as for
      teaching purposes. By computing the vector angle from the acceleration
      measured by accelerometers 12 and 13, the position of the club face 11 at
      any instant of time during the swing can be determined. For example, if
      little or no acceleration is measured by accelerometer 12, while a large
      value of acceleration is detected by accelerometer 13, it is determined
      that the forces acting on the club face 11 are primarily in a plane
      parallel with the direction of measurement of accelerometer 13, and thus
      parallel with the desired line of flight of the ball; as a result, the
      club face 11 is normal to that plane, as is desired. A typical trace
      representative of this angle is shown in FIG. 4a. Alternatively, if a
      substantial amount of acceleration is measured by accelerometer 12, then
      the primary force is acting on the club head or out of the plane parallel
      to the desired line of flight. In this manner, the deviation from the
      "address" position of the club face 11 (i.e. when presented perpendicular
      to the line of flight) prior to the swing can be determined. This
      deviation may be visually displayed as a "tilted bar" series, in the
      manner described in U.S. Pat. No. 3,806,131 to Evans.
PAR  Further, the velocity of the club head 12 can be determined by calculations
      from the centrifugal acceleration measured by accelerometer 15, or by
      resolving and combining the acceleration vector between accelerometers 12,
      13; alternatively, velocity may be determined by both techniques, and an
      average velocity measurement determined. A typical velocity trace is shown
      at FIG. 4b. Acceleration toward the heel or toe or toward the club face 11
      may also be individually displayed, as is shown respectively in FIGS. 4c
      and 4d.
PAR  Most importantly, the determination of the impact point (output 57 in FIG.
      3) allows subsequent displays and swing comparisons to be made from a
      common point.
PAR  It will be appreciated by those skilled in the art that the above described
      multiple accelerometer system for measuring the motion components of an
      athletic implement is highly versatile and provides information useful not
      only for teaching the athlete, but for selection of the proper implement
      as well. Further, as noted above, the system and method of the present
      invention can be employed to make similar measurements of human limbs (arm
      or leg), and thus is useful in physical therapy and prosthetic device
      applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A measurement system, comprising:
PA1  an athletic implement having a shaft and an end portion attached thereto,
      said end portion having a face which is adapted to strike a ball along a
      desired path of flight;
PA1  first means mounted with said end portion for sensing an element of motion
      relative to acceleration of said end portion in one direction
      substantially parallel with said desired path of flight;
PA1  second means mounted with said end portion for sensing an element of motion
      relative to acceleration of said end portion in another direction
      substantially parallel with said face; and
PA1  means for receiving an input from said first and second sensing means and
      computing an output representative of the instantaneous position of said
      face relative to a preselected reference plane during movement of said
      implement.
NUM  2.
PAR  2. A system as recited in claim 1 wherein said another direction is
      substantially normal to said one direction.
NUM  3.
PAR  3. A system as recited in claim 1 further comprising third means for
      sensing an element of motion relative to acceleration of said end portion
      in a third direction substantially normal to said one and another
      directions.
NUM  4.
PAR  4. A system as recited in claim 1 further comprising a third means for
      sensing an element of motion relative to acceleration of said end portion
      in a third direction substantially normal to said one and another
      directions.
NUM  5.
PAR  5. Apparatus as recited in claim 1 further comprising means for
      preselecting said reference plane as the desired plane of flight of said
      ball.
NUM  6.
PAR  6. A golf club swing measurement and display system comprising:
PA1  a golf club having a shaft and a club attached thereto, said club having a
      face which is adapted to strike a golf ball;
PA1  a first accelerometer positioned in said club so as to measure acceleration
      in a first direction parallel with said shaft;
PA1  a second accelerometer positioned in said club so as to measure
      acceleration in a second direction normal to said first direction and
      substantially parallel with the desired line of flight of said ball;
PA1  a third accelerometer positioned in said club so as to measure acceleration
      in a third direction normal to both said first and second directions;
PA1  each of said accelerometers including means for providing an electrical
      signal which varies responsive to the acceleration measured thereby;
PA1  means carried by said shaft and coupled to said accelerometer for
      transmitting an output modulated by said signals;
PA1  means for receiving and demodulating said output and reproducing said
      signals; and
PA1  means coupled to said receiving and demodulating means for computing
      vectors from at least two of said signals.
NUM  7.
PAR  7. A system as recited in claim 6 further comprising:
PA1  means for receiving and processing an output from said vector computer and
      providing signals corresponding thereto; and
PA1  means for visually representing an output from said receiving and
      processing means.
NUM  8.
PAR  8. A method for displaying the position of the ball striking face of the
      head of a golf club relative to a preselected plane, comprising the steps
      of:
PA1  measuring acceleration of said head in three directions, each direction
      being substantially normal to the other direction, one of said directions
      being substantially parallel with said preselected plane;
PA1  resolving said acceleration measurements to determine the position of said
      face and providing an electrical signal corresponding thereto; and
PA1  processing said signals and providing a visual display thereof.
NUM  9.
PAR  9. The method as recited in claim 8, further comprising the steps of
      calculating the point of impact between said face and a ball struck by
      said face, and employing said calculation results as a reference for said
      visual displays.
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ABST
PAL  A device for cleaning a gramophone record while the record is being played
      comprises an endless belt arranged to carry an electrostatic charge and
      mounted so as to extend generally radially of the record, with a lower run
      of the belt in contact with the record surface. During rotation of the
      record the belt gathers and removes dust and other particles from the
      record surface, the particles being retained on the belt by the
      electrostatic charge. The belt is driven by rotation of the record to
      transport the particles to a position remote from the record surface, the
      particles being removed from the belt at this position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the present invention
PAR  The present invention relates to a device for cleaning a gramophone record
      during play.
PAR  2. Description of the Prior Art
PAR  There has been proposed a record cleaning device in the form of a pivoted
      arm carrying at its outer extremity a weighted non-rotatable roller,
      covered with a synthetic velvet fabric. In operation, the roller is placed
      on the record with its longitudinal axis arranged approximately radially
      to the record, so that the staples of the fabric extend into the grooves
      and the roller transverses the record at a rate determined by the groove
      pitch.
PAR  With this previously proposed device, a proportion of the small dust
      particles removed from the grooves, and also some larger lint and other
      particles on the surface, tend to work their way past the staples of the
      roller to remain on the record surface, and may be picked up by the stylus
      thus contaminating the stylus. This combination is liable to get worse as
      the roller gets increasingly clogged with dust.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a device for cleaning
      a gramophone record, comprising an endless belt arranged to carry an
      electrostatic charge, means for mounting the belt such that the belt
      touches the record surface, and gathers and removes particles from the
      surface during rotation of the record, means for driving the belt whereby
      to transport the removed particles away from the record surface and means
      for removing the particles from the belt.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  An embodiment of the invention, will now be described, by way of example
      only, with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a perspective view of a record cleaning device in accordance with
      the present invention;
PAR  FIG. 2 is a front elevation of the device;
PAR  FIG. 3 is a rear elevation of the device; and
PAR  FIG. 4 is a plan view of the device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The cleaning device shown in the drawings comprises support means in the
      form of an elongate frame 2 having a front wall 4, a rear wall 6, opposed
      end walls 8, 10 and an upper wall 11; the front wall 4 faces downwardly
      with the lower edge of the wall 4 lying at a lower level than that of the
      rear wall 6. Preferably, the front, rear, and upper walls of the frame 2
      are formed in one piece from aluminium or other suitable sheet material
      and the end walls 8, 10 are formed by moulded plastics blocks.
PAR  A spindle 12 projects forwardly from the front wall 4 of the frame 2, the
      rear end of the spindle 12 being anchored in the end wall 8; the spindle
      12 extends perpendicularly to the front wall 4 and is inclined downwardly
      preferably at an angle of about 30.degree. to the horizontal. A roller 14
      rigid with a rubber or rubber-tyred wheel 16 is journalled on the spindle
      12, the roller 14 being located forwardly of the wheel 16. The lower edge
      of the wheel 16 extends slightly beneath the lower edge of the frame 2 to
      enable the wheel to be driven by contact with the record to be cleaned, as
      will be described hereinafter.
PAR  A second spindle 17 parallel to the spindle 12, is located at the other end
      of the frame 2 and supports a roller 18. An endless belt 20, driven by the
      wheel 16 and arranged to clean the playing surface of the record, extends
      between the rollers 14 and 18. The spindle 17 is mounted at its rear end
      in a block 22 which is supported by a shaft which is journalled in the end
      wall 10 of the frame, the shaft extending between the end wall 10 and the
      block 22. This shaft is eccentric with respect to the spindle 17 and is
      biased by a torsion spring (not shown) in a sense to move the spindle 17
      away from the spindle 12; in this manner, the belt 20 is placed under a
      slight tension. Preferably, the rollers 14 and 18 are composed of rubber
      or a plastics material.
PAR  The belt 20 is composed of an insulating material capable of being charged
      to a high electrostatic potential by friction, and may be formed of
      polyvynil chloride, polypropylene or other suitable plastics film.
      Preferably, the belt is about 12mm wide and about 0.05 to 0.10mm in
      thickness.
PAR  A holder 23 is mounted on the front wall 4 of the frame 2 adjacent the
      upper run of the belt 20 and carries a replaceable friction pad 24.
      Preferably, the pad 24 is formed from a relatively stiff flock-sprayed
      paper which is folded flock-side inwards. The paper is placed over the
      upper run of the belt 20 with the opposed flocked surfaces lying
      respectively above and below the upper and lower surfaces of the belt, and
      the paper is slid into position in the holder 23 with the flocked surfaces
      in light rubbing contact with the upper and lower surfaces of the belt.
PAR  An elongate pressure plate 26 is pivotally mounted on the front wall 4 of
      the frame 2 above the lower run of the belt 20 and acts to bias the lower
      run of the belt 20 downwardly so that its leading edge is maintained in
      light contact with the surface of the record during play, whilst contact
      between the lower edges and the rollers 14, 18 and the record surface is
      avoided. The pressure plate 26 is mounted on the front wall 4 of the frame
      2 by hinge means of any suitable construction; the detailed construction
      of the hinge means forms no part of the invention and a suitable
      construction will be readily apparent to those skilled in the art. In the
      arrangement shown, the plate 26 is biased downwardly by gravity; in an
      alternative arrangement the plate 26 may be spring biased.
PAR  In order to substantially reduce the level of noise generated by the
      rubbing action between the leading edge of the lower run of the belt 20
      and the record surface, the belt 20 is advantageously perforated with a
      series of elongate slits or narrow slots 28 arranged close to, and
      parallel with, the leading edge of the belt 20. The slits 28 act to
      de-couple the greater part of the belt area from the leading edge portion
      thereof.
PAR  A rod 30 extends longitudinally between the end walls 8, 10, the end
      portions of the rod 30 being mounted in a vertical slot in each end wall
      8, 10 to enable the rod 30 to be raised and lowered over a limited
      distance with respect to the frame 2. A slide member 32 slidable along the
      rod 30 is in the form of a cranked lever having an upwardly-directed arm
      32a which engages the inner surface of the rear wall 6, and an
      outwardly-directed arm 32b extending rearwardly beneath the lower edge of
      the rear wall 6 and carrying a metal or plastics support block 34 which is
      pivotal over a limited angular distance. A pad 36, for cleaning the
      grooves of the record, is cemented to the underside of the block 34.
      Preferably, the pad 36 is composed of a synthetic velvet-type fabric
      having very short, packed, staples for example 0.5mm long, and 12 to 15
      microns in diameter, the pad 36 preferably having a surface area of about
      2cm.sup.2 ; the pad 36 may be square, rectangular, or other suitable
      shape. Advantageously, the staples are permanently set at an acute leading
      angle, for example 45.degree., in the tangential direction of the groove.
PAR  When the rod 30 is in a lower position in which the end portions of the rod
      are supported by the bottom edges of the vertical slots in the walls 8,
      10, the pad 36 engages the surface of the record. The weight of the block
      34 is chosen to provide the correct operating pressure for the pad 36;
      this pressure should be sufficient to ensure that a large proportion of
      the staples make contact with the bottom of the grooves, but should not be
      so high as to appreciably deflect the grooves due to the effects of
      friction between the staples and the moving record surface.
PAR  The rod 30 carries an upwardly-directed control member 38 which extends
      through a longitudinal slot 40 in the upper wall 11 of the frame 2, the
      slot having a portion 40a of enlarged width, and a portion 40b of reduced
      width. The control member 38 has a head portion arranged above a shank
      portion of reduced cross-section; when the rod 30 is in its lower
      position, the head portion of the control member 38 extends through the
      portion 40a of the slot 40. By lifting the head portion so that the shank
      portion is aligned with the slot and by moving the control member 38
      towards the reduced portion 40b, the rod 30 will be raised with the result
      that the pad 36 is removed from the record surface, the head portion
      resting on the upper wall 11 at either side of the reduced portion 40b of
      the slot 40 in order to hold the rod 30 in its raised position.
PAR  The end wall 8 of the frame 2 includes an integral lug 42 having an
      aperture arranged to receive the spindle of a gramophone record turntable.
      The other end wall 10 of the frame 2 includes an integral lug 44 which
      engages a support bracket 46. The support bracket 46 is movable along a
      vertical column 48 mounted at its lower end in a base 50 secured to the
      base plate of the turntable; the bracket 46 can be held at a selected
      position along the column 48 by tightening a knurled screw 52 carried by
      the bracket 46. The bracket 46 is bifurcated to form two opposed arms 46a,
      a horizontal pin 54 extending between the arms 46a. The lug 44 of the end
      wall 10 is positioned between the arms 46a and has a recess which receives
      the pin, the pin thus supporting the frame 2 for pivotal movement between
      a horizontal operative position, and an inoperative position in which the
      frame 2 is swung clear of the record and is supported in a generally
      vertical position on the bracket 46.
PAR  In use of the device, the frame 2 is located above a record on the
      turntable, with the lug 42 engaging the center spindle of the turntable,
      and the drive wheel 16 resting on the label in the central portion of the
      record. The frame 2 is supported at its other end by the bracket 46, via
      the lug 44, the bracket 46 being positioned so that the rod 30 extends
      parallel to the surface of the record. In this configuration the rod 30
      and the belt 20 will extend approximately radially of the record, and the
      leading edge of the lower run of the belt 20, which is inclined at an
      angle of about 30.degree. to the horizontal, is biased by the pressure
      plate 26 into light contact with the surface of the record over a length
      which encompasses the lead-in grooves, the recorded section, and the
      run-out.
PAR  Rotation of the record drives the wheel 16, which, in turn, drives the belt
      20.
PAR  Movement of the belt 20 relative to the friction pad 24 causes a high
      static charge to be imparted to the surface of the belt 20. Dust, lint and
      other particles on the record surface are gathered mechanically by the
      leading edge of the lower run of the belt 20 in contact with the record,
      the belt acting in the manner of a snowplough. The particles move onto the
      adjacent top surface of the belt and are retained thereon by the
      electrostatic charge, to be carried by the belt to the pad 24. Upon
      reaching the pad 24, the large particles will be held by the leading edge
      of the pad 24, and a proportion will eventually fall from the pad 24 clear
      of the record. Smaller lint and fine dust particles which move past the
      leading edge of the pad 24 are trapped by the flock.
PAR  The slide member 32 carrying the pad 36 is located at the end of the rod 30
      adjacent the end wall 10, and the control member 38 is moved into the
      enlarged portion 40a of the slot 40 to permit the rod 30 to move into its
      lowered position and the pad 36 to contact the outer portion of the record
      surface. Due to the intimate contact between the pad 36 and the record
      grooves, the pad 36 cleans the grooves and traverses the record radially
      inwardly, the pad being guided by movement of the slide member 32 along
      the rod 30.
PAR  During use of the pad 36, dust particles within the grooves gradually move
      through the pad in the direction of rotation. Eventually, a proportion of
      them escape from the trailing edge of the pad at or near the record
      surface, sometimes in the form of bunched agglomerates. At the next
      revolution, these are collected and removed by the belt 20 as described
      above.
PAR  Although a pad with substantially vertical staples may deal effectively
      with dust particles resting loosely in the grooves, such stamples tend to
      ride over any particles which are firmly lodged in the grooves or attached
      to the groove walls. The preferred form of pad incorporating inclined
      staples as described earlier, tend to "plough" through the grooves to
      dislodge these particles.
PAR  With a pad 1.5cm .times. 1.5cm square, even with heavily contaminated
      grooves, it has been found that the majority of the dust and other
      particles is dislodged by the staples within the front (as considered in
      the direction of movement of the pad across the record) quarter of the
      pad, and that most of the area of the pad nearest the outside of the
      record remains substantially clean, up to the end of play. Thus, by
      arranging for the cartridge stylus to track at a radius near that of the
      outside edge of the pad, it will always be tracking a portion of the
      record free both from surface and groove contamination.
PAR  Although in the device particularly described, the pad 24 serves both to
      charge the belt and to remove particles therefrom, separate elements can
      be used for each of these functions.
PAR  If desired, the electrostatic belt may be used on its own to remove surface
      dust from the record. Alternatively, it may be combined with any other
      suitable form of integral, or separate, groove cleaning device.
PAR  In a further alternative arrangement, instead of using a frictionally
      charged belt, a belt of permanently charged electret material may be used
      for surface dust collection.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a device for cleaning a gramophone record,
PA1  support means arranged to extend generally radially of the record,
PA1  an endless belt arranged to carry an electrostatic charge, the belt having
      a lower run with a leading edge and a trailing edge, the belt being
      mounted on the support means such that the lower run of the belt extends
      generally radially of the record and contacts the record to collect dust
      and other particles from the record surface during rotation of the record,
PA1  drive means mounted on the support means to drive the belt, the drive means
      engaging the record in order to drive the belt from rotation of the
      record, and
PA1  means for removing from the belt, dust and other particles collected from
      the record surface.
NUM  2.
PAR  2. A device according to claim 1, further comprising
PA1  rollers, said rollers being mounted on the support means, and the belt
      being entrained around the rollers, and wherein the drive means comprises
PA1  a drive wheel, said drive wheel engaging the central portion of the record
      and being fast for rotation with at least one of the rollers.
NUM  3.
PAR  3. A device according to claim 1, wherein the trailing edge of the lower
      run of the belt is located at a higher level than the said leading edge.
NUM  4.
PAR  4. A device according to claim 3, further comprising
PA1  means biasing the leading edge portion of the lower run of the belt into
      contact with the record surface.
NUM  5.
PAR  5. A device according to claim 1, wherein the belt comprises
PA1  means defining a perforated zone separating the leading edge portion of the
      belt from the remainder of the belt.
NUM  6.
PAR  6. A device according to claim 1, wherein the said means for removing
      particles from the belt comprises
PA1  a pad, said pad contacting the belt at a position remote from the lower
      run.
NUM  7.
PAR  7. A device according to claim 6, wherein said pad is operative to charge
      the belt by friction.
NUM  8.
PAR  8. A device according to claim 1 further comprising
PA1  a guide, said guide being mounted on the support means to extend generally
      radially of the record, and
PA1  cleaning means for the grooves of the record, said cleaning means being
      mounted for movement along the guide.
NUM  9.
PAR  9. A device according to claim 8, wherein the cleaning means trails the
      belt in the direction of record rotation and comprises
PA1  a pad, said pad being biased for contact with the grooves, and including
PA1  fibers, said fibers being arranged to enter the grooves.
NUM  10.
PAR  10. A device according to claim 9, wherein the fibers are permanently set
      so as to lie at a leading acute angle with respect to the record surface.
NUM  11.
PAR  11. In a device for cleaning a gramophone record on a turntable,
PA1  an elongate frame having opposed end portions,
PA1  a wheel mounted at one of said end portions of the frame, the wheel
      engaging a central portion of the record to support the said one end
      portion of the frame and being driven from rotation of the record,
PA1  a support member located in a stationary position externally of the record
      to support the other of said end portions of the frame,
PA1  roller means at each end portion of the frame, the roller means at the said
      one end portion of the frame being fast for rotation with the wheel,
PA1  an endless belt having a leading edge, said belt being entrained around the
      roller means, and the belt being driven by the roller means at the said
      one end portion of the frame along an endless path having an upper run and
      a lower run, the leading edge of the belt contacting the playing surface
      of the record along the lower run of the path, and the belt carrying a
      charge such that particles gathered from the playing surface of the record
      by the leading edge of the belt are retained on the belt and are
      transported by movement of the belt from the lower run of the path to the
      upper run of the path, and
PA1  means adjacent the upper run of the path to remove the said particles from
      the belt.
NUM  12.
PAR  12. A device according to claim 1, further comprising
PA1  belt-charging means located in a stationary position on the path of
      movement of the belt, said charging means engaging the belt to
      frictionally charge the belt during movement thereof.
NUM  13.
PAR  13. In a device for cleaning a gramophone record carried by a rotatable
      means to constitute therewith a rotatable assembly,
PA1  a support member located in a position externally of the assembly,
PA1  support means mounted by the support member to extend across and above the
      surface of the record,
PA1  an endless belt arranged to carry an electrostatic charge, the belt having
      a lower run with a leading edge and a trailing edge, the belt being
      mounted on the support means such that the lower run of the belt extends
      generally radially of the record and contacts the surface of the record to
      collect dust and other particles from the record surface during rotation
      of the record,
PA1  drive means mounted on the support means to drive the belt, the drive means
      engaging the assembly in the operative position of the support means to
      drive the belt from rotation of the assembly, and
PA1  means for removing from the belt, dust and other particles collected from
      the record surface.
NUM  14.
PAR  14. A device according to claim 13, further comprising
PA1  belt-charging means located in a stationary position on the path of
      movement of the belt, said charging means engaging the belt to
      frictionally charge the belt during movement thereof.
NUM  15.
PAR  15. In a device for cleaning a gramophone record placed on a turntable by
      rotation about a vertical axis,
PA1  a support member located in a position externally of the turntable,
PA1  support means mounted by the support member for movement relative to the
      support member between an operative position in which it extends across
      and above the surface of the record and an inoperative position in which
      it is remote from the record whereby to permit removal of the record from
      the turntable,
PA1  an endless belt arranged to carry an electrostatic charge, the belt having
      a lower run with a leading edge and a trailing edge, the belt being
      mounted on the support means such that in the operative position of the
      support means, the lower run of the belt is substantially horizontal and
      extends generally radially of the record, and the leading edge of the belt
      contacts the record surface to gather and collect dust and other particles
      from the record surface,
PA1  drive means operative to drive the belt during rotation of the record, and
PA1  means for moving from the belt dust and other particles collected from the
      record surface.
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ABST
PAL  A resilient corrosion resistant multi-layered sealing ring member has a
      wrinkled outer peripheral sealing surface and a compressed, inner
      cylindrical wall portion. The method for forming this ring comprises
      wrapping a number of layers of a readily deformable plastic tape on a tube
      and employing a clamping member that is slidable in a telescopic manner on
      the tube to compress several of the outer layers of the plastic tape to
      substantially reduce their axial dimension and thereby form a seal between
      the clamping member and the tube.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present invention comprises an improvement over copending application
      application of Arthur E. Gealt, U.S. Patent now U.S. Pat. No. 3,854,731
      filed Feb. 5, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an improved seal for fluid tight joints
      and a method of making the same and may be of the type generally
      classified in the U.S. Patent Office with joint packing, wedging portions,
      Class 277, Sub-class 190. The improved apparatus or seal is particularly
      useful for providing a corrosion resistant, fluid tight joint between
      tubular members having different coefficients of thermal expansion and
      which are exposed to ambient temperature changes in a corrosive
      environment.
PAR  2. Description of the Prior Art
PAR  O-ring seals made of tetrafluorethylene have been employed to provide
      corrosion resistant fluid tight joints between members having different
      coefficients of thermal expansion. Such seals however have not provided
      entirely satisfactory fluid tight sealing joints because of their
      inherently stiff and smooth peripheral surfaces. O-rings which are made of
      more deformable materials such as natural rubber or synthetic rubber, and
      which provide better sealing surfaces have been unsatisfactory because of
      their inability to resist the corrosive effects of the environment.
      Corrosion resistant epoxy bonding materials have also been employed but
      are unsatisfactory because of their inability to withstand, without
      cracking and leaking, the ambient temperature changes to which the fluid
      tight joint is exposed. More recently a seal has been made which overcomes
      some of the aforementioned deficiencies by first wrapping several layers
      of a deformable plastic tape on a mandrel, mounting a pair of sliding dies
      on the mandrel on opposite sides of the tape, moving the dies toward one
      another to effect the compression of ends of the tape into a laminated
      sealing ring member and then assembling the compressed seal as a sealing
      ring between two annular members. This type of fluid tight seal and method
      of making same is disclosed in the above referenced Arthur E. Gealt U.S.
      Pat. No. 3,854,731.
PAR  The aforementioned construction is an improvement over the prior art
      methods that have previously been employed to make fluid tight seals.
      However, the numerous steps of manufacturing required e.g., to wrap layers
      of plastic tape upon a mandrel, to compress the ends of the tape on the
      mandrel into an annular sealing ring, to remove the ring from the mandrel
      and mount it as a sealing ring between two annular members has been found
      to be too costly. When such a seal is retained by a clamping ring and a
      glass tube of a prescribed size, such a seal will satisfactorily seal a
      joint formed between the clamping ring and the glass tube. However, when
      such an annular sealing ring is mounted between two annular plastic
      members and the space between these members into which the sealing ring is
      applied is greater than the normal amount of space for which the sealing
      ring was designed, as occurs with normal tolerances, there is a potential
      for the joint formed by that sealing ring to leak. Such leakage occurs
      because those plastic members have a tendency to creep, especially when
      they are subjected to temperature cycles.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a resilient
      corrosion resistant, multi-layered sealing ring having a wrinkled sealing
      surface and a method for forming such sealing ring directly on one of two
      annular parts that are to be brought into fluid tight sealed engagement
      with one another. A feature of the present invention is that the
      compression seal is formed in situ on the very apparatus to which the seal
      is applied. For example, in the art relating to sensors for detecting
      various parameters of a fluid, such as pH., the sensor includes a
      thin-walled glass tube carried in a suitable base material. Because these
      sensors are designed to be immersed in a fluid to be monitored, the seals
      used in such sensors must be capable of protecting the sensor within the
      glass tube and, themselves be chemically inert with respect to the
      sometimes very corrosive fluid into which the sensor is immersed. The
      method comprises the steps of first wrapping a preselected number of
      layers of a readily deformable thin plastic tape on a first annular part
      such as a tube, and second, axially compressing several of the outer most
      layers of tape to the desired axial dimension of the sealing ring and
      trimming any of the compressed tape material that is in excess of that
      quantity which is required to make the desired fluid tight seal.
PAR  Apparatus suitable for effecting such a compression comprises a sleeve
      shaped stop member having one end positioned to engage one end of the
      wrapped tape that surrounds an annular portion of the tube. This
      sleeve-shaped stop member is retained in a fixed, spaced apart,
      relationship from the outer surface of the tube by an epoxy cement
      material. A clamping ring is mounted for slidable movement along another
      annular portion of the tube and toward the opposite end of the wrapped
      tape. When the clamping ring is forcefully slid along the tube toward the
      sleeve shaped stop member, several of the outermost layers of the tape
      with which the stop and the ring are then engaged will be compressed and
      formed into a compact laminated sealing ring member having a wrinkled
      outer peripheral surface and an inner cylindrically shaped portion
      extending from opposite ends thereof. This compacted sealing ring will
      completely fill the space between the annular members and will be held in
      compressed relationship therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A better understanding of the present invention may be had when the
      following detailed description is read in connection with the accompanying
      drawing in which:
PAR  FIG. 1 shows a tape in the form of a ring wrapped about a tube and a
      sliding clamping ring mounted on the tube for compressing the outer edges
      of the tape into a sealing ring;
PAR  FIG. 2 shows the sealing ring that is formed by forcing the clamping ring
      in the direction of the arrows shown in FIG. 1 and
PAR  FIG. 3 shows how the sealing ring of FIG. 2 can be formed directly between
      two annular members, e.g., a tube containing by way of an example, a pH
      sensor and a cap that surrounds an open end of the tube.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated in FIG. 1, the first step used in making the sealing ring of
      this invention, a ring 10; is formed by wrapping a preselected number of
      layers of a thin plastic tape 12 comprised of a readily deformable
      corrosive resistant material in a spiral fashion on a cylindrically shaped
      tube 14.
PAR  The second step in producing the sealing ring 10, as indicated in FIG. 1,
      is to move a clamping ring, or gland, 16 in an axial direction toward the
      lower lip of the member 18 in the direction indicated by the arrows 20,
      22. The ring, or gland, 16 has an annular recess 24 formed by an annular
      face portion or inwardly extending shoulder 26 and a cylindrical wall or
      collar portion 28. The inner periphery of the shoulder 26 is arranged to
      fit relatively closely about the tube 14. While the fit is relatively
      close, normal manufacturing tolerances allows for some looseness.
      Accordingly, the face of the shoulder 26 engages at least several of the
      outer layers of the tape 12. The sleeve member 18 is shown having a lower
      end 30 in engagement with the ends of several of the outer layers of the
      tape 12.
PAR  The ring 16 and the sleeve member 18 have inner walls 32 and 34. The wall
      32 of ring 16 is mounted in sliding contact as shown with the lower end
      portion of the tube 14. The wall 34 of the member 18 is fixedly connected
      and sealed to the outer wall of the tube 14 as by means of an epoxy
      material 36.
PAR  As the clamping ring, or gland, 16 is moved toward the sleeve member 18,
      the shoulder portion 26 of ring 16 will cause the outer layers of tape 12
      to be compressed into a shape conforming to the space between the ring 16,
      the lip 18 and the tube 14 as shown in FIGS. 2 and 3. When the ring 16 has
      been moved sufficiently to complete the compression of the sealing tape
      12, the ring 16 may and preferably is cemented in place, as shown in FIG.
      3, to provide mechanical protection for the seal 10.
PAR  The tape 12 is preferably made of tetrafluorethylene. Other equivalent
      materials possessing similar sealing characteristics as tetrafluorethylene
      may be employed.
PAR  It should be readily understood that the length and width of the tape 12
      required to produce a suitable seal according to this invention will vary
      with the size of the fluid tight joint to be sealed. The annular gap to be
      filled by the sealing ring 10 in a fluid tight joint is a function of the
      difference in diameters of the annular parts between which the seal 10 is
      employed to form a fluid tight joint. By way of an example, it has been
      found that a tape 12 that is one half inch wide, 0.003 inches thick and 22
      inches long that is spirally wound six turns on itself about the tube 14
      will result, when compressed as described, in an ideal ring seal 10 whose
      inside diameter will be 0.687 inches and whose thickness will be 0.103
      inches plus or minus 0.020 inches.
PAR  As each layer of the tape is wrapped on the tube 14 it will remain in its
      wrapped position due to the inherent electro-static charge that is created
      between these layers during the wrapping operation. Thus no means is
      required to retain the tape on the tube 14 in its wrapped condition.
PAR  The general configuration of the sealing ring 10 is shown in FIG. 2. While
      not shown in FIG. 2, the inner annular surface portion of the sealing ring
      10 has a laminar construction, and is formed of a plurality of overlapping
      compressed layers of the tape. The previously mentioned remaining outer
      annular layers of the sealing ring 10, as may be seen in FIG. 2, comprises
      a resilient wrinkled sealing surface 38.
PAR  The aforementioned seal 10 can be employed in a beneficial manner, as shown
      in FIG. 3, in a conventional pH measuring cell 37. This cell 37 is
      comprised of a cylindrical glass tube 14 having a bulbous ion sensitive
      end 39. A fused cell containing a potassium chloride and sodium chloride
      electrode 40 is mounted within the tube 14 which also contains an ion
      exchange liquid or electrolyte 42. The electrical wire connection 44
      extends in an upward direction in the tube 14 from the electrode 40. The
      extension wire 46 connects the electrical wire 44 to a pH indicating
      recording device, not shown.
PAR  The sleeve member 18 of FIG. 1 is the lower open end portion of the cap 48
      in FIG. 3. This cap 48 which is preferably made of a plastic material,
      e.g., glass filled polysulfone, (as is the clamping ring 16) is mounted on
      and covers the upper cylindrical end portion 50 of the tube 14. A space is
      formed between the inner wall 34 of the sleeve part 18 of the cap 48 and
      the outer wall portion of the tube 14 into which a cement-like material
      such as a flexible epoxy 36 is poured and hardened. This epoxy retains the
      inner wall of the cap 48 and the outer wall portion 50 of the tube 14 in a
      desired fixed, spaced apart, aligned relationship with one another so the
      fluid tight sealing ring 10 can readily be assembled in the position shown
      in FIG. 3. Although the flexible epoxy forms a fluid tight seal between
      the sleeve surface 34 and the tube surface 50 and comprises the principal
      seal between the glass tube 14 and the cap 48, it is not inert with
      respect so some of the corrosive fluids 58 into which the glass tube 14
      may be immersed. It therefore may be attacked and deteriorate and thereby
      loose its ability to act as a fluid tight seal. Accordingly, the
      compression seal of the present invention comprises a secondary seal, the
      main function of which is to protect the primary or epoxy seal.
PAR  Several layers of the tape 12 are then wrapped about tube 14 in the manner
      shown in FIG. 1. The clamping ring 16 is then moved in an upward direction
      from the position shown in FIG. 1 to the position shown in FIG. 3.
PAR  While the clamping ring 16 is being pressed upwardly in sliding engagement
      along surface 52 with the sleeve shaped stop portion 18 of the cap 48, a
      number of the outer layers of tape 12 will be forced into the position
      shown for the seal 10 in FIG. 3. In that position, the sealing ring 10
      will form a resilient corrosion resistant, multi-layered, fluid tight seal
      between the outer cylindrical wall surface 50 of the glass tube 14 and the
      inner surfaces 28, 26 of the clamping ring 16 which form the annular
      recess 24 therein. Sealing ring 10 will also be retained in fluid tight
      contact with the lower end surface 30 of the sleeve shaped stop member 18.
      The sealing ring 10 will thus provide a fluid tight seal between the outer
      surface 50 of the glass tube 14 and the lower inner annular surface 54 of
      the clamping ring 16. This sealing ring 10 will also provide a fluid tight
      seal between the outer surface 50 of the glass tube 14 and the lower most
      part of the annular wall 34 that is below the lower end 56 of the epoxy.
      The sealing ring 10 will therefore be positioned to prevent a liquid 58,
      the pH of which is to be measured and which surrounds the glass tube 14,
      from entering the tube 14 and contaminating the electrolyte 42.
PAR  Any of the excess sealing material, formed by the outer layers of the tape
      12, which is forced out of the lower end 60 of the ring 16 and any of the
      inner layers of tape 12 that remains on the tube 14 below the base 60 of
      the clamping ring 16, such as is shown in in phantom line in FIG. 3, is
      trimmed from the outer surface 50 of the tube 16.
PAR  The shape of the outer wall 50 of the tube 14 which is employed is not
      limited to the cylindrical shape as shown in FIG. 1 but can be made of a
      square, rectangular or any one of many other desired shapes. The shape
      that is selected for the ring 16 will depend on the shape of the
      respective outer and inner wall parts between which the sealing ring 10 is
      required to form a resilient corrosive-resistant fluid tight joint.
PAR  The aforementioned described sealing ring will provide an improved fluid
      tight joint because:
PAR  a. The outer layers of the resilient sealing tape 12 when compressed in the
      aforementioned manner by the clamping ring 16 into the seal 10 will be
      more effective than prior known seals to seal any crevices that may be
      present in the cap 48, in the clamping ring 16 or in the outer peripheral
      portion on the glass tubing 36 inasmuch as the seal is formed in situ. The
      manner of sealing presented herein is effective to completely fill the
      space or interstices between the recess 24 in the clamping ring 16 and to
      thereafter cause additional sealing portions of this tape 12 to be forced,
      due to the cold flow characteristics of the sealant, out of the recess 24
      and into contact with the surfaces to be sealed even under a condition of
      maximum tolerance deviation.
PAR  b. This sealing ring 10 is chemically inert with respect to the corrosive
      fluids to which it may be exposed.
PAR  c. The resilient, thin, multi-layered wrinkled construction of the sealing
      ring 10 enables it to provide a fluid tight seal even when the glass tube
      14, cap 48 and the clamping ring 16, which forms the area in which the
      sealing ring 10 is confined, have different temperature coefficient of
      expansion and are exposed to widely varying temperature changes taking
      place in their environment.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. A seal assembly, comprising a T-shaped sealing ring, a cylindrical
      member, an annular member and an annular gland member, said sealing ring
      comprising a preselected number of layers of a readily deformable plastic
      tape wrapped about the said cylindrical member, said annular member having
      a portion thereof connected to said cylindrical member a sleeve forming an
      open end portion of said annular member and being in spaced relationship
      about said cylindrical member, the said outer open end of said sleeve
      being in abutting contact with one end of several of the outer layers of
      said tape, said annular gland member being positioned in spaced apart
      relationship about said cylindrical member and having a portion thereof in
      slidable contact with an outer surface of the annular sleeve, said annular
      gland member having an end thereof in compressed contact with the other
      end of said several outer layers of said tape and forming a vertical
      portion of said T-shaped sealing ring, the base of said vertical portion
      being of a multi-wrinkle construction and in fluid tight engagement with
      said gland member, portions of said compressed plastic tape extending into
      and filling the annular space between said open end portion of the annular
      sleeve member and said cylindrical member, and said annular space that is
      between the remaining portion of the gland and the cylindrical member to
      thereby form a cross bar portion of said T-shaped sealing ring.
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ABST
PAL  Shaft seal packing which has a large number of thin annular packing members
      uprightly set onto, and closely fitted to, a shaft in axial layers by
      compressing them only axially with respect to each other in a stuffing
      box, the inner diameter of the annular packing members being almost the
      same as the diameter of shaft, so as to greatly increase the hydrodynamic
      resistance between shaft and packing member, and decrease the compression
      of packing members to shaft, at the same time.
BSUM
PAR  The present invention relates to an apparatus for industrial shaft seal
      packing, and in its more particular aspects it has to do with the
      application of this method to sealing a rotating or reciprocating shaft in
      a fluid tight manner by means of packing in a stuffing box through which
      the shaft enters a vessel containing a fluid of high pressure and/or
      temperature.
PAR  Such a fluid may tend to leak along the shaft out of the vessel.
      Conventionally spiral packing or labyrinth packing is usually employed to
      seal the shaft in a fluid tight manner to prevent the leakage. The former
      is to seal the shaft by winding a spiral packing member or members around
      the shaft in a stuffing box, and is often employed in case the vessel
      contains a fluid of high pressure, for instance, a centrifugal pump and a
      plunger pump. The latter is to seal the shaft by providing a labyrinth of
      an annular packing member or members around the shaft in a stuffing box,
      and is often employed in case the vessel contains a fluid of high pressure
      and temperature, for instance, steam turbine.
PAR  In these kinds of shaft seal packing it is required that the packing member
      is compressed or brought near to the shaft to provide more or less a fluid
      tight coupling between the shaft and the packing member. If the packing
      member is more compressed or brought nearer to the shaft to increase the
      fluid tight coupling, friction will be increased between the shaft and the
      packing member that much. The increased friction will cause not only a
      considerable abrasion of the shaft and packing member but also a
      considerable loss of the drive required for rotating or reciprocating the
      shaft. If, however, the packing member are less compressed or brought less
      near to the shaft to decrease the friction, the fluid tight coupling with
      be decreased between the shaft and the packing member that much. Also, the
      decreased fluid tight coupling will cause a considerable leakage of fluid
      along the shaft out of the vessel. Practically, therefore, no conventional
      shaft seal packing can be completely fluidtight and frictionless at the
      same time.
PAR  A primary object of the invention is to provide shaft seal packing which is
      completely fluidtight and frictionless at the same time over a long period
      of service practically.
PAR  Another object of the invention is to make it easy to manufacture a shaft
      seal packing members designated for the above object.
PAR  A further object of the invention is to reduce the length of a stuffing box
      required for a fluid tight shaft sealing.
DRWD
PAR  Other objects and advantages of the invention will be readily appreciated
      as the same becomes understood hereinafter when considered in connection
      with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a conventional spiral packing member,
PAR  FIG. 2 is a vertical elevation of a conventional spiral packing apparatus,
PAR  FIG. 3 is a vertical section of a conventional labyrinth packing apparatus
      in part,
PAR  FIG. 4 is a vertical section of another conventional labyrinth packing
      apparatus in part,
PAR  FIG. 5 diagramatically shows how the pressure of fluid is decreased as it
      passes through the conventional labyrinth packing apparatus,
PAR  FIG. 6 is a vertical elevation of a shaft seal packing apparatus embodying
      the invention,
PAR  FIG. 7 is a front view of a packing member embodying the invention,
PAR  FIG. 8 is an enlarged fragmentary vertical section of other packing members
      embodying the invention,
PAR  FIG. 9 is a front view of another packing member embodying the invention,
PAR  FIG. 10 is a vertical section of the packing member in FIG. 9,
PAR  FIG. 11 is a vertical section of a modification of the packing member in
      FIG. 10,
PAR  FIG. 12 is an enlarged vertical section of still other packing members, in
      part, embodying the invention,
PAR  FIG. 13 is a vertical section of still another packing member embodying the
      invention, and
PAR  FIG. 14 is a vertical section of a modification of the packing member in
      FIG. 13.
DETD
PAR  The conventional spiral packing apparatus shown in FIG. 2 primarily
      comprises a cylindrical stuffing box 3 through which a rotating or
      reciprocating shaft 4 passes, a spiral packing member wound around the
      shaft 4, and a gland 5 at one end of the stuffing box 3 to tighten the
      packing member.
PAR  The packing member consists of a substantially thick spiral matter as shown
      in FIG. 1 where it is designated as 2. The stuffing box 3 is mounted on a
      side wall 6 of a vessel which contains a fluid of high pressure. The
      stuffing box 3 is provided with a fully open top end and a conical bottom
      end 3a. The gland 5 is provided with a conical end 5a to be plugged
      axially into the top end region of stuffing box 3 to tighten the packing
      member 2. The shaft 4 enters the vessel through the gland 5, stuffing box
      3 and vessel side wall 6. Some lubricant may be applied between the shaft
      4 and the packing member 2.
PAR  The conical ends 3a and 5a are tapered in such an opposite relation to each
      other that they may tend to compress the packing member 2 toward the
      center point of packing member between them when the packing member 2 is
      tightened with the gland 5. The fluid may tend to leak along the shaft 4
      out of the vessel.
PAR  When the packing member 2 is tightened by plugging the conical end 5a of
      gland 5 axially into the top end region of stuffing box 3, there actually
      occur both axial and radial components of force by which the winds of
      packing member 2 are compressed not only axially to each other but also
      radially to the shaft 4. This restricts the fluid leaking passage and thus
      causes a hydrodynamic resistance, thereby providing more or less
      fluidtightness between the shaft 4 and the packing member 2.
PAR  When the packing member 2 is more compressed to the shaft 4 to increase the
      hydrodynamic resistance and thereby increase the fluidtightness, friction
      is increased between the shaft 4 and the packing member 2 that much. In
      this case, the friction is moderated to some extent by the existence of
      lubricant between the shaft 4 and the packing member 2 if applied, but
      actually this is not enough to avoid a substantial increase of the
      friction. When the packing member 2 is less compressed to the shaft 4 to
      decrease the friction, the hydrodynamic resistance is decreased that much
      and thereby the fluidtightness is decreased correspondingly. It can
      therefore be said that the conventional spiral packing apparatus shown in
      FIG. 2 cannot be completely fluidtight and frictionless at the same time.
PAR  The conventional labyrinth packing apparatus shown in FIG. 3 primarily
      comprises a cylindrical stuffing box 30' through which a rotating or
      reciprocating shaft 40' passes, a composite annular packing member 30a
      surrounding the shaft 40', and an annular pocket 30'b within the
      cylindrical wall of stuffing box 30' to hold the packing member 30a.
PAR  The packing member 30a is composed with an inner rim, an outer rim and an
      intermediate web, all of which are of annular configuration. The inner rim
      is provided with a plurality of short and long edges 31' and 32' arranged
      alternately at substantial intervals in the axial direction. The edges 31'
      and 32' are made of BC alloy, Pb.Ni alloy or other similar materials
      fusible due to the heat to be caused when they happen to be compressed to
      the shaft 40'. The outer rim is supported by the elasticity of a
      compression spring 33' within the annular pocket 30'b. The stuffing box
      30' is mounted on a side wall of a vessel (not shown) which contains a
      fluid of high pressure and temperature. The shaft 40' is provided with a
      plurality of annular channels comprising ribs 41' and grooves 42' arranged
      alternately at substantial intervals in the axial direction. The shaft 40'
      enters the vessel through the stuffing box 30' and the vessel side wall.
PAR  The short and long edges 31' and 32' are in such opposite relations to the
      ribs 41' and grooves 42' with a small clearance S of 0.05 to 0.1 mm being
      left between them respectively that they provide a labyrinth around the
      shaft 40' in the stuffing box 30'. The fluid may tend to leak along the
      shaft 40' out of the vessel.
PAR  As the fluid flows through the labyrinth along the shaft 40', the pressure
      of fluid is gradually decreased as diagramatically shown in FIG. 5 where
      P1 and P2 indicate the outstanding pressures of fluid before and after it
      passes through the labyrinth respectively. Usually P2 is more or less
      approximate to atmospheric pressure. It means that the labyrinth restricts
      the fluid leaking passage and thus causes a hydrodynamic resistance,
      thereby providing more or less fluid tight coupling between the shaft 40'
      and the packing member 30a.
PAR  When the packing member 30a is brought nearer to the shaft 40' to increase
      the hydrodynamic resistance and thereby increase the fluid tight coupling,
      the shaft 40' is increasingly liable to touch the packing member 30a
      mostly due to the vibrations of shaft 40' to be caused during running, and
      thus the packing members 30a is increasingly liable to be compressed to
      the shaft 40'. The increased compression causes a corresponding increase
      of friction between the shaft 40' and the packing member 30a. In this
      case, the friction is moderated to some extent as the edges 31' and 32'
      are fused due to the compression, but actually this is not enough to avoid
      a substantial increase of the friction. In addition, the edges 31' and
      32', once fused, never return to the original condition but result in a
      permanent enlargement of the labyrinth passage, thus decreasing the
      hydrodynamic resistance and thereby decreasing the fluid tight coupling
      between shaft 40' and packing member 30a permanently. When the packing
      member 30a is brought less near to the shaft 40' to decrease the friction,
      the hydrodynamic resistance is decreased that much and thereby the fluid
      tight coupling is decreased correspondingly.
PAR  Theoretically it is possible to provide such a large number of the edges
      31' and 32' together with the ribs 41' and grooves 42' in opposite
      relations along the shaft 40' respectively as to increase the hydrodynamic
      resistance and thereby increase the fluid tight coupling substantially,
      even when the packing member 30a is not much brought near to the shaft
      40'. This however requires to increase the length of stuffing box 30'
      substantially because the edges 31' and 32' and ribs 41' and grooves 42'
      are arranged at substantial intervals in the axial direction respectively.
      It is impractical to increase the length of stuffing box 30' so much.
PAR  Therefore it can practically be said from the above that the conventional
      labyrinth packing apparatus shown in FIG. 3 cannot be completely
      fluidtight and frictionless at the same time.
PAR  The conventional labyrinth packing apparatus shown in FIG. 4 primarily
      comprises a cylindrical stuffing box 30 through which a rotating or
      reciprocating shaft 40 passes, a plurality of split annular packing
      members embracing the shaft 40, and a plurality of annular helical springs
      33 around the packing members to tighten them respectively.
PAR  The packing member consists of a substantially thick annular matter made of
      graphite carbon or other similar materials with a relatively small
      coefficient of friction against the shaft 40 and radially split into three
      or six. The stuffing box 30 is mounted within a nozzle member provided for
      this purpose in a side wall of a vessel (not shown) which contains a fluid
      of high pressure and temperature. The stuffing box 30 is provided with a
      plurality of annular partitions by which it is divided into a plurality of
      annular compartments arranged axially at substantial intervals. The shaft
      40 enters the vessel through the stuffing box 30.
PAR  The annular packing members are housed in the compartments in a supported
      relation with the partitions, while they are compressed radially to the
      shaft 40 with the annular helical springs 33, respectively. There is some
      clearance provided between the compartments and the shaft 40. And there
      inevitably exists a small visible clearance S between the shaft 40 and the
      annular packing members which are radially split and spring-held. Thus the
      annular compartments and packing members with more or less clearances left
      between the shaft 40 and themselves provide a labyrinth around the shaft
      40 in the stuffing box 30. The fluid may tend to leak along the shaft 40
      out of the vessel.
PAR  As the fluid flows through the labyrinth along the shaft 40, the pressure
      of fluid is gradually decreased as diagramatically shown in FIG. 5 where
      P1 and P2 indicate the outstanding pressures of fluid before and after it
      passes through the labyrinth respectively. Usually P2 is more or less
      approximate to atmospheric pressure. It means that the labyrinth restricts
      the fluid leaking passage and thus causes a hydrodynamic resistance,
      thereby providing more or less fluidtightness between the shaft 40 and the
      packing members.
PAR  When the packing members are more compressed to the shaft 40 to increase
      the hydrodynamic resistance and thereby increase the fluid tight coupling,
      friction is increased between the shaft 40 and the packing members that
      much. In this case, the friction is moderated to some extent because the
      packing members are made from a material with a relatively small
      coefficient of friction against the shaft 40, but actually this is not
      enough to avoid a substantial increase of the friction. When the packing
      members are less compressed to the shaft 40 to decrease the friction, the
      hydrodynamic resistance is decreased that much and thereby the
      fluidtightness is decreased correspondingly.
PAR  Moreover, it is impractical to provide such a large number of the
      compartments and packing members along the shaft 40 as to increase the
      hydrodynamic resistance and thereby increase the fluidtightness
      substantially even when the packing members are not much compressed to the
      shaft 40, because such requires to increase the length of stuffing box 30
      substantially. Therefore it can practically be said that the conventional
      labyrinth packing apparatus shown in FIG. 4 cannot be completely
      fluidtight and frictionless at the same time.
PAR  Generally in such kinds of shaft seal packing as above referred to, the
      leaking flow of fluid will be the pressure difference between vessel
      inside and atmosphere divided by the hydrodynamic resistance of fluid
      leaking passage all through the stuffing box, in another expression:
EQU  Fw = P/R                                                   (1)
PAL  where;
PA1  Fw = Leaking flow of fluid
PA1  P = pressure difference between vessel inside and atomosphere
PA1  R = hydrodynamic resistance of fluid leaking passage all through stuffing
      box
PAR  In the relation (1) Fw is in reverse proportion to R, given P. Thus the
      more the hydrodynamic resistance of fluid leaking passage all through the
      stuffing box is, the less the leaking flow of fluid is. If the
      hydrodynamic resistance R is very large, the leaking flow Fw will be very
      small and practically negligible according to the relation (1), and thus
      practically complete fluidtightness will be provided between the shaft and
      the packing member.
PAR  Also generally in such kinds of shaft seal packing as above referred to,
      the friction between shaft and packing member will be the compression of
      packing member to shaft times the coefficient of friction between shaft
      and packing member, in another expression:
PA1  Fr = C .times. f                                           (2)
PAL  where;
PA1  Fr = Friction between shaft and packing member(s)
PA1  C = compression of packing member(s) to shaft
PA1  f = Coefficient of friction between shaft and packing member
PAR  The coefficient of friction is usually given by the materials of shaft and
      packing member. There are some materials, for instance metallic shaft
      versus nylon packing member, whose coefficient of friction varies to
      increase in response to an increase of their mutual compression in a range
      of relatively large compressing loads as is often the case with industrial
      shaft seal packing. However, there are no materials whose coefficient of
      friction varies to decrease in response to an increase of their mutual
      compression. It will therefore be reasonable to presume that f is given in
      the relation (2), and then Fr is in proportion to C. Thus the less the
      compression of packing member(s) to shaft is, the less the friction
      between shaft and packing member(s) is. If the compression C is very
      small, the friction Fr will be very small and practically negligible
      according to the relation (2), and thus practically complete
      frictionlessness will be provided between the shaft and the packing
      member(s).
PAR  In the conventional shaft seal packing apparatus shown in FIGS. 2, 3, and 4
      the hydrodynamic resistance R is increased by such a seal as increases the
      compression C correspondingly, and the compression C is decreased by such
      a method as decreases the hydrodynamic resistance R correspondingly.
      Therefore any substantial decrease of the leaking flow Fw results in a
      substantial increase of the friction Fr, and any substantial decrease of
      the friction Fr results in a substantial increase of the leaking flow Fw,
      given the pressure difference P and the coefficient of friction f. Thus
      complete fluidtightness and complete frictionlessness are not compatible
      with each other practically in the conventional shaft seal packing
      apparatus.
PAR  It follows that complete fluid tight coupling and complete frictionlessness
      will be compatible with each other practically if the hydrodynamic
      resistance R is increased substantially by such a seal as avoids
      increasing the compression C correspondingly, while the compression C is
      decreased substantially by such a seal as avoids decreasing the
      hydrodynamic resistance R correspondingly, given the pressure difference P
      and the coefficient of friction f. And this is the basic idea of the
      present invention.
PAR  The general feature of the invention is such that, in a stuffing box
      through which a rotating or reciprocating shaft passes into a vessel
      containing a fluid of high pressure and/or temperature, a plurality of
      substantially thin annular packing members are put in axial layers on the
      shaft and then substantially compressed only axially to each other in an
      uprightly setting and closely fitting relation to the shaft, the inner
      diameter of annular packing member being substantially the same as the
      diameter of shaft, thereby on one hand increasing the hydrodynamic
      resistance between shaft and packing members, and on the other hand
      decreasing the compression of packing members to shaft, so much
      substantially as to provide practically complete fluidtightness and
      frictionlessness between the shaft and the packing members at the same
      time; given the pressure difference between vessel inside and atmosphere
      and also the coefficient of friction between shaft and packing member.
PAR  Referring to FIG. 6, the shaft seal packing apparatus embodying the
      invention primarily comprises a cylindrical stuffing box 3' through which
      a rotating or reciprocating shaft 4'a passes, a plurality of annular
      packing members put in axial layers on the shaft 4'a, and a gland 5' at
      one end of the stuffing box 3' to tighten the packing members.
PAR  The packing member consists of a substantially thin annular matter with an
      inner diameter of d' as shown in FIG. 7 where it is designated as 1.
      Because it is substantially thin, the packing member 1 has a substantially
      large flexibility, even in case it is made of a metallic material for
      instance aluminium. Each packing member 1 is provided with a radial slit
      1c to facilitate putting radially onto the shaft 4'a. The stuffing box 3'
      is mounted on a side wall 6' of a vessel which contains a fluid of high
      pressure and/or temperature. The stuffing box 3' is provided with a fully
      open top end and a flat bottom end 3'a. The gland 5' is provided with a
      flat end 5'a to be plugged axially into the top end region of stuffing box
      3' to tighten the packing members 1. The shaft 4'a enters the vessel
      through the gland 5', stuffing box 3' and vessel side wall 6'. The shaft
      4'a has a diameter of d.
PAR  The inner diameter d' of annular packing member 1 is substantially the same
      as the diameter d of shaft 4'a. A substantially large number of the
      annular packing members 1 are put in axial layers on the shaft 4'a. The
      flat ends 3'a and 5'a are in such a rightly opposite relation to each
      other that they may substantially compress the packing members 1 only
      axially to each other between them when the packing members 1 are
      tightened with the gland 5'. The fluid may tend to leak along the shaft
      4'a out of the vessel.
PAR  When the packing members 1 are tightened by plugging the flat end 5'a of
      gland 5 axially into the top end region of stuffing box 3', there occurs
      no radial component of force to compress the packing members 1 radially to
      the shaft 4'a, but the packing members 1 are compressed only axially to
      each other. Thus the packing members 1 are uprightly set on the shaft 4'a
      in axial layers without compressing the shaft 4'a at all.
PAR  In the setting condition the annular packing members 1 are closely fitted
      to the shaft 4'a because the inner diameter d' of packing member 1 is
      substantially the same as the diameter d of shaft 4'a, and because the
      packing members 1 have a substantially large flexibility. A substantially
      large number of the annular packing members 1 closely fitted to the shaft
      4'a in axial layers restrict the fluid leaking passage substantially and
      thus cause a substantial hydrodynamic resistance, thereby providing
      substantial fluidtightness between the packing members 1 and the shaft
      4'a.
PAR  Here the fluid leaking passage all through the stuffing box 3' may be
      regarded to be an aggregation of sectional fluid leaking passages which
      lie between individual packing members 1 and shaft 4'a respectively. Then
      the hydrodynamic resistance of fluid leaking passage all through the
      stuffing box 3' will be the sum of the hydrodynamic resistances of
      sectional fluid leaking passages between individual packing member 1 and
      shaft 4'a, in other words, the hydrodynamic resistance of each sectional
      fluid leaking passage between individual packing member 1 and shaft 4'a
      times the total number of packing members 1 as expressed in the following
      relation:
EQU  R = r .times. n                                            (3)
PAL  where;
PA1  R = hydrodynamic resistance of fluid leaking passage all through stuffing
      box
PA1  r = Hydrodynamic resistance of each sectional fluid leaking passage between
      individual packing member and shaft
PA1  n = Total number of packing members
PAL  From the relations (1) and (3):
      ##EQU1##
PAR  Because each packing member 1 is closely fitted to the shaft 4'a, the
      hydrodynamic resistance of each sectional fluid leaking passage between
      individual packing member 1 and shaft 4'a is considerably large; thus r is
      considerably large in the relation (4). As a substantially large number of
      the packing members 1 are put on the shaft 4'a, n  is substantially large
      in the relation (4). Hence r .times. n is very large. Given P, therefore,
      the leaking flow Fw is very small and practically negligible according to
      the relation (4). It means that practically complete fluidtightness is
      provided between the shaft 4'a and the packing members 1.
PAR  In setting the packing members 1 on the shaft 4'a the packing members 1 are
      not compressed radially to the shaft 4'a at all, because the packing
      members 1 are compressed only axially to each other. In fitting the
      packing members 1 to the shaft 4'a there may occur a slight radial
      compression of the packing members 1 to the shaft 4'a, but this is
      substantially small and practically negligible because the packing members
      1 have a substantially large flexibility, and because d' is substantially
      the same as d. Thus the compression C is very small in the relation (2).
      Given f, therefore, the friction Fr is very small and practically
      negligible according to the relation (2). It means that practically
      complete frictionlessness is provided between the shaft 4'a and the
      packing members 1.
PAR  The practically complete fluidtightness and the practically complete
      frictionlessness provided as above are perfectly compatible with each
      other; since the hydrodynamic resistance R is increased substantially
      without accompanying any corresponding increase of the compression C,
      while the compression C is substantially decreased without accompanying
      any corresponding decrease of the hydrodynamic resistance R, given the
      pressure difference P and the coefficient of friction f. Therefore it can
      practically be said that the embodiment shown in FIG. 6 is completely
      fluidtight and frictionless at the same time.
PAR  Moreover, a substantially large number of the annular packing members 1 in
      axial layers can be housed in a considerably short stuffing box, since the
      packing members 1 are substantially thin. Therefore the length of stuffing
      box 3' can be reduced considerably.
PAR  The annular packing members 1 may be made of a metallic material for
      instance aluminium, so long as they are substantially thin and thereby
      have a substantially large flexibility. Actually in case it is provided
      with a substantially large number of the packing members 1 consisting of
      annular aluminium foils respectively, the shaft seal packing apparatus
      shown in FIG. 6 runs quite lightly with the shaft 4'a being driven by a
      directly coupled motor and shows no trace of abrasion on the shaft 4'a and
      packing members 1 in 3 hours' continuous running; no lubricant is applied
      between the shaft 4'a and the packing members 1.
PAR  During the running, however, the packing members 1 are flexed excessively
      due to the vibrations of shaft 4'a. Once flexed, the packing members 1 of
      aluminium foils cannot return from the excessively flexed condition to the
      originally fitted condition by themselves due to lack of elasticity but
      result in enlarging more or less their inner diameters permanently. Then
      the packing members 1 are not fitted closely to the shaft 4'a any more,
      and thus r is not considerably large in the relation (4) any more but
      considerably small now. Hence r .times. n is not very large. Given P, now
      therefore, the leaking flow Fw is not very small but practically
      significant according to the relation (4). It means that practically
      complete fluidtightness is not provided between the shaft 4'a and the
      packing members 1 any more. Actually the aluminium packing members 1 have
      some leakage before the 3 hours' continuous running is completed.
PAR  The annular packing members 1 may be made up with a plurality of aluminium
      foils 1a and elastic synthetic resin films 1b arranged alternately in
      axial layers as shown in FIG. 8. The packing members 1a and 1b consist of
      annular matters similar to the one shown in FIG. 7 respectively, and are
      connected with each other by applying adhesive to their outer peripheries
      to facilitate setting on the shaft 4'a.
PAR  The packing members 1a and 1b are also flexed excessively due to the
      vibrations of shaft 4'a during running. In this case, however, the
      synthetic resin films 1b follow the vibrations of shaft 4'a continuously
      and return from the excessively flexed position to the originally fitted
      condition without delay because of its elesticity. As they return to the
      original condition, the synthetic resin packing members 1b bring the
      adjacent aluminium packing member 1a forcedly into their original
      condition respectively. Thus the inner diameters of packing members 1a and
      1b are not enlarged permanently but remain in the originally fitted
      condition substantially through long running, in other words, they remain
      in a closely fitting relation to the shaft 4'a through long running.
PAR  Actually in case it is provided with the annular packing members 1 of
      aluminium foils 1a and elastic synthetic resin films 1b, the shaft seal
      packing apparatus shown in FIG. 6 runs quite satisfactorily with the shaft
      4'a being driven by a directly coupled motor while the vessel contains
      water with a pressure of 60 kg/cm.sup.2 ; it shows no trace of either
      abrasion or leakage at all in 3 hours' continuous running. Therefore it
      can be said that practically the embodiment shown in FIG. 6 with the
      packing members 1 as shown in FIG. 8 is completely fluidtight and
      frictionless at the same time over a long period of service.
PAR  The packing member may consist of such an annular matter as shown in FIG. 9
      where it is designated at 1' or 1". The packing member 1' or 1" is all the
      same as the one shown in FIG. 7, except it is not provided with a radial
      slit. The packing member 1' or 1" may be preferable for putting axially
      onto the shaft.
PAR  The packing member 1' consists of a plain annular matter as shown in FIG.
      10, while the packing member 1" consists of a rimmed annular matter as
      shown in FIG. 11. And both are the same in front view, as shown in FIG. 9.
PAR  In manufacturing the packing members 1' it is required that the inner
      diameter of packing member 1' is substantially the same as the diameter of
      shaft with practically negligible tolerance in order to have them fitted
      to the shaft neither deficiently nor excessively but just closely, in
      another expression:
EQU  d' = d .+-. .alpha. (.alpha. .fwdarw. 0)                   (5)
PAL  where;
PA1  d = Diameter of shaft
PA1  d' = Inner diameter of packing member
PA1  .alpha. = Tolerance
PAR  If, however, the tolerance .alpha. is not substantially about zero in the
      relation (5), the packing members 1' will be fitted to the shaft either
      deficiently or excessively. The deficient fitting decreases r and thereby
      increases Fw in the relation (4), while the excessive fitting increases C
      and thereby increases Fr in the relation (2); in other words, either fluid
      tight coupling is decreased or friction is increased more or less between
      the shaft and the packing members 1'. Usually, however, it is not easy to
      make the tolerance .alpha. substantially approximate to nought and thus
      practically negligible.
PAR  In manufacturing the packing members 1" it is sufficient that the inner
      diameter of packing member 1" is substantially the same as the diameter of
      shaft with some positive tolerance which is practically neither very large
      nor very small, in order to have them fitted to the shaft neither
      deficiently nor excessively but just closely, in another expression:
EQU  d' = d + .alpha.                                           (6)
PAL  where;
PA1  d = Diameter of shaft
PA1  d' = Inner diameter of packing member
PA1  .alpha. = Tolerance
PAR  As the packing members 1" manufactured with some positive tolerance .alpha.
      are compressed axially to each other in an uprightly setting relation to
      the shaft, the packing members 1" expand themselves radially due to the
      existence of rims and thus substantially make themselves fitted just
      closely to the shaft. In means that the tolerance .alpha. is substantially
      approximate to nought in the state that the packing members 1" are
      uprightly set on the shaft in axial layers.
PAR  It is usually much easier in manufacturing to take the relation (6) and
      allow some positive tolerance than take the relation (5) and allow
      practically negligible tolerance. Therefore the packing members 1" are
      usually much easier to manufacture than the packing members 1'.
PAR  The annular packing members of elastic synthetic resin films may be put in
      axial layers without intermediary of packing members made from other
      materials, for instance, such aluminium foils as shown in FIG. 8. The
      synthetic resin may be either thermoplastic or thermosetting.
PAR  In case the annular packing members 1" shown in FIG. 11 are made of
      thermoplastic resin, they tend to stick to each other when they are
      compressed axially to each other in an uprightly setting relation to the
      shaft. The sticked packing members 1" may not be regarded to a plurality
      of substantially thin independent matters any more but one thick block
      matter substantially, and thus have not a substantially large flexibility
      any more. Due to lack of flexibility the sticked packing members 1" are
      not fitted closely to the shaft but compressed considerably to the shaft
      as they are radially expanded on the occasion of setting due to the
      existence of rims. This increases C and thereby increases Fr in the
      relation (2). In other words, friction is increased considerably between
      the shaft and the packing members 1". Actually the shaft does not run
      satisfactorily when it is provided with the packing members 1" of
      thermoplastic resin films each of which is as thin as 1 mm.
PAR  The annular packing members designated as 1'" in FIG. 12 are made of
      thermoplastic resin and have the same front view as the one shown in FIG.
      9. The inner periphery of annular packing member 1'" is made substantially
      thinner than the outer periphery. The packing members 1'" are connected
      with each other by applying adhesive to their outer peripheries to
      facilitate setting on the shaft.
PAR  When the packing members 1'" are compressed axially to each other in an
      uprightly setting relation to the shaft, there is a substantial clearance
      left between the inner peripheries of each two adjacent packing members
      1'" because they are substantially thinner than the outer periperies, and
      thus the inner peripheries of packing members 1'" do not stick to each
      other into a block matter but still remain to be a plurality of
      substantially thin independent matters having a substantially large
      flexibility. Therefore the packing members 1'" are not compressed
      considerably to the shaft but fitted closely to the shaft. In other words,
      friction is not increased considerably between the shaft and the packing
      members 1'".
PAR  Actually the shaft runs quite satisfactorily when it is provided with the
      packing members 1'" of thermoplastic synthetic resin films each of which
      is 0.3 mm thick in the inner periphery and 1 mm thick in the outer
      periphery.
PAR  In case the annular packing members 1"  shown in FIG. 11 are made of
      thermosetting resin, they do not tend to stick to each other when they are
      compressed axially to each other in an uprightly setting relation to the
      shaft. However, it requires a number of molds at a time to manufacture the
      annular packing members 1" of thermosetting resin in quantity on an
      industrial scale.
PAR  Whether thermoplastic or thermosetting, it is not easy to manufacture the
      annular packing members wholly of synthetic resin to the desired outline
      and dimensions in a substantial approximation because their thermal
      expansion is substantially large.
PAR  The annular packing member may be made of a woven or non-woven fabric
      matter filled with elastic synthetic resin. This one is usually much
      easier to manufacture than those which are wholly made of synthetic resin,
      because the fabric matter provides the desired outline and dimensions of
      packing member in a substantial approximation, and because such matter
      restricts the thermal expansion of synthetic resin substantially.
PAR  The annular packing member designated as 10 in FIG. 13 comprises an elastic
      center 12 and a flexible solid jacket 11 laid over the center 12. The
      center 12 may be made of a fabric matter filled or not filled with
      synthetic resin. The jacket 11 may be made of a metallic sheet or sheets.
      The packing member 10 is also much easier to manufacture than those which
      are wholly made of synthetic resin, because the solid jacket 11 determines
      the desired outline and dimensions of packing member 10 definitely without
      being influenced by thermal expansion. In addition, the packing members 10
      do not stick to each other at all because of the solid metallic jackets 11
      when compressed axially to each other in an uprightly setting relation to
      the shaft.
PAR  The annular packing member shown in FIG. 14 is the same as the one shown in
      FIG. 13, except it is provided with a rim in the outer periphery.
PAR  The packing members may be made of various other materials, depending on
      the operating conditions, fluid properties and other influential factors.
PAR  It will be understood that further modifications may be made in the
      constructions of the above shown embodiments, and that the invention is in
      no way limited to the above embodiments.
CLMS
STM  What I claim:
NUM  1.
PAR  1. A seal packing arrangement for a cylindrical shaft comprising a
      cylindrical stuffing box through which a rotating or reciprocating shaft
      enters a vessel containing a fluid of high pressure and/or temperature, a
      multiplicity of substantially thin flexible annular disc-like synthetic
      resin elastic matter packing members put in upright axial layers around
      said shaft, in a close, compressed fitting relationship, one upon the
      other, said disclike packing members having a defined periphery around
      said members with inner and outer parts, the inner periphery part of said
      annular packing members being substantially thinner than the outer
      periphery part thereof; and a gland at one end of said stuffing box to
      tighten said annular packing members, said stuffing box being provided
      with an open top end and a flat bottom end, said gland being provided with
      a flat end to be plugged axially into the top end region of said stuffing
      box to tighten said annular packing members, the inner diameter of said
      annular packing member being substantially the same as the diameter of
      said shaft, said flat end of stuffing box and said flat end of the gland
      being in such a juxtaposed opposite relation to each other so that said
      flat ends may compress said packing members substantially only axially
      upon each other when said packing members are tightened with said gland,
      whereby said annular packing members may be in an uprightly setting and
      closely fitting relation to said shaft while they are substantially
      compressed only axially to each other, thereby on one hand increasing the
      hydrodynamic resistance between said shaft and said packing members, and
      on the other hand decreasing the compression of said packing members to
      said shaft, so as to provide practically a complete fluid tight and
      frictionless coupling between said shaft and said packing members at the
      same time, notwithstanding the pressure difference between the inside of
      said vessel and atmosphere and also the coefficient of friction between
      said shaft and said packing members.
NUM  2.
PAR  2. A shaft seal packing arrangement in accordance with claim 1, wherein
      said annular packing member has a defined outer periphery and is provided
      with a rim in the said periphery thereof, the inner diameter of said
      annular packing member being substantially the same as the diameter of
      said shaft with a positive tolerance, so that said annular packing members
      may expand themselves radially to be fitted closely to said shaft when
      they are substantially compressed axially upon each other in an uprightly
      setting relation to said shaft.
NUM  3.
PAR  3. A shaft seal packing apparatus in accordance with claim 8, wherein the
      thickness of said inner periphery of said annular packing member is less
      than 1 mm and the thickness of said outer periphery thereof is not less
      than 1 mm.
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ABST
PAL  A lip seal assembly establishing a sealed relationship between two spaced
      relatively movable members wherein one of the members has a pair of
      adjacent annular recesses of different effective diameters. An annular lip
      seal element of resilient material is disposed in one of the annular
      recesses, the element having an annular lip portion extending across the
      space between members into engagement with the other member and
      establishing a seal therewith due to deformation of the lip portion. An
      O-ring of resilient material is disposed in the other annular recess, the
      O-ring exerting bias pressure on the lip seal element to hold the element
      in sealed relation with the associated member and to maintain the annular
      lip portion in sealing engagement with the other member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a lip seal assembly for establishing a sealed
      relationship between two spaced relatively movable members, for example
      (1) a housing member and a rotatable or sliding shaft member, (2) a
      central shaft member and a surrounding inner cylindrical surface formed in
      another member and (3) a pair of spaced plate members.
PAR  One object of the invention is to provide a lip seal assembly for use
      between two relatively movable spaced members wherein an annular lip seal
      element of resilient material is held in sealed relation with one of the
      members by means of an O-ring of resilient material which performs the
      multiple functions of holding the lip seal element in sealed relation with
      its associated member, of maintaining an annular edge lip portion of the
      lip seal element in sealing engagement with the other member and of
      permitting easy removal and replacement of the lip seal element and O-ring
      if circumstances warrant.
PAR  Another object is to provide a lip seal assembly employing an annular lip
      seal element of resilient material and an O-ring of resilient material,
      the O-ring exerting bias pressure on the lip seal element to insure a
      continuing sealed relationship between the respective parts of the
      assembly. The O-ring, preferably formed of an elastomer, tends to swell
      with time in the presence of oil such as commonly is used with seals of
      this type, the swelling of the O-ring being effective to increase bias
      pressure, thereby compensating for wear and shape change of the lip seal
      element.
PAC  SUMMARY OF THE INVENTION
PAR  The invention resides in a lip seal assembly comprising a first member, a
      second member, means mounting the members for relative movement in spaced
      relation, one of the members having a pair of adjacent annular recesses of
      different effective diameters, an annular lip seal element of resilient
      material disposed in one of the annular recesses in the one member and
      having an annular edge lip portion extending into engagement with the
      other member in sealing manner due to deformation of the edge lip portion,
      and an O-ring of resilient material disposed in the other annular recess
      and exerting bias pressure on the annular lip seal element to hold the
      element in sealed relation with the one member and to maintain the annular
      edge lip portion in sealing engagement with the other member.
PAR  In more detailed aspect, the member of the assembly having the pair of
      adjacent annular recesses has an annular flange at the entrance to the
      annular recess containing the O-ring, whereby the O-ring is secured in the
      recess and is effective to retain all parts in assembled relation.
PAR  In a commercial lip seal assembly embodying the invention, Teflon plastic
      material and Viton elastomer have been found highly satisfactory for the
      annular lip seal element and O-ring, respectively.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view, partly in cross-section, showing one form of
      lip seal assembly embodying the invention.
PAR  FIG. 2 is a fragmentary cross-sectional view of the lip seal assembly shown
      in FIG. 1.
PAR  FIG. 3 is a fragmentary elevational view, partly in cross-section on line
      3--3 of FIG. 4, of another form of lip seal assembly embodying the
      invention.
PAR  FIG. 4 is a fragmentary top plan view on line 4--4 of FIG. 3.
PAR  FIG. 5 is a fragmentary sectional view of a lip seal assembly embodying the
      invention used between a pair of spaced plate members.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, FIGS. 1 and 2 show a lip seal assembly 7
      embodying a form of the invention adapted to be mounted in a housing 8
      (FIG. 2) to establish a seal between housing 8 and a spaced movable shaft
      10 extending through an opening 11 in the housing.
PAR  Shaft 10 is mounted by suitable means (not shown) such as conventional
      bearings so as to have concentric relation with housing opening 11, the
      shaft being subject to rotary movement, longitudinal movement or both.
PAR  An annular member 15 secured to housing 8 (FIG. 2) constitutes one member
      of lip seal assembly 7, and shaft 10 constitutes another member of the
      assembly in the form shown in FIGS. 1 and 2.
PAR  One of the members 10 or 15, for example member 15 in FIG. 2, has a pair of
      adjacent annular recesses 16 and 17 of different effective diameters. As
      shown, recess 16 has the smaller diameter and recess 17 has the larger
      diameter.
PAR  An annular lip seal element 20 of irregular cross-sectional shape and made
      of resilient material such as Teflon plastic material is disposed in
      annular recess 16 of member 15, the lip seal member having an annular edge
      lip portion 21 extending into engagement with shaft 10. Annular edge lip
      portion 21 is of such diameter that it is deformed slightly when engaging
      shaft 10 so the seal element establishes a seal with shaft 10.
PAR  Annular lip seal element 20 has a conical surface 22 in effective relation
      with an O-ring which next will be described.
PAR  An O-ring 25 of resilient material such as Viton elastomer is disposed in
      the other annular recess 17, a portion of O-ring 25 engaging conical
      surface 22 of lip seal element 20. The shape, size and location of recess
      17 and the size of resilient O-ring 25 are such that O-ring 25 is deformed
      at the point of engagement with conical surface 22 of lip seal element 20.
      Thus, O-ring 25 exerts a bias pressure on lip seal element 20 and holds
      element 20 in sealed relation with member 15. This pressure also is
      effective to maintain annular edge lip portion 21 of lip seal element 20
      in sealing engagement with shaft 10. This is significant in view of the
      tendency of lip seal element 20 to change shape with the passage of time
      and possible wear at the point of engagement between edge lip portion 21
      and shaft 10.
PAR  Still referring to FIG. 2, space 27 on the right side of lip seal assembly
      7 is the space containing the medium at higher pressure intended to be
      sealed by the assembly. Pressure applied from this space on annular lip
      portion 21 tends to tighten the seal between lip seal element 20 and shaft
      10.
PAR  Member 15, as shown in FIG. 2, has an annular flange 28 at the entrance to
      recess 17 which receives O-ring 25, whereby O-ring 25 is secured in recess
      17 and is effective to retain all parts of lip seal assembly 7 in
      assembled relation.
PAR  The form of the invention shown in FIGS. 3 and 4 represents an inversion or
      reversal of the form shown in FIGS. 1 and 2. Here, lip seal assembly 30
      has member 31 mounted on shaft 32. Annular edge lip portion 33 of lip seal
      element 34 engages interior cylindrical surface 35 of member 36. Thus,
      member 31 is spaced from cylindrical surface 35 of member 36, and annular
      edge lip portion 33 seals the space between the two members.
PAR  Resilient O-ring 37 engages lip seal element 30 and performs the same
      functions as O-ring 25 in the form shown in FIGS. 1 and 2. As before, lip
      seal element 34 and O-ring 37 respectively are received in adjacent
      annular recesses 38 and 39 of different diameters in member 31.
PAR  FIG. 5 shows a form of lip seal assembly 40 adapted for use between spaced
      plate members 41 and 42 which have relative movement in rotation, wobble,
      or reciprocation, or a combination thereof. In the illustrated form, 43
      represents the periphery of an opening in plate 42.
PAR  Member 45 of assembly 40 is formed in two parts 46 and 47 whereby lip seal
      element 48 may be received in recess 49 formed when parts 46 and 47 are
      assembled. Lip seal element 48 has an annular edge lip portion 48.sup.1
      which bridges the space between plates 41 and 42 and seals against plate
      42.
PAR  O-ring 50 is received in recess 51 adjacent recess 49 and performs the same
      functions as the O-rings shown in the other two forms of the invention.
PAR  From the above description it is thought that the construction and
      advantages of this invention will be readily apparent to those skilled in
      the art. Various changes in detail may be made without departing from the
      spirit or losing the advantages of the invention.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      secure by Letters Patent is:
NUM  1.
PAR  1. A lip seal assembly comprising:
PA1  a first member;
PA1  a second member;
PA1  means mounting said first and second members for relative movement in
      spaced relation;
PA1  one of said members having a pair of adjacent annular recesses of different
      effective diameters;
PA1  an annular lip seal element of resilient material seated in one of said
      annular recesses in said one of said members and having an annular edge
      lip portion extending into engagement with the other of said members in
      sealing manner due to deformation of said edge lip portion; and
PA1  an O-ring of resilient material disposed in the other annular recess and
      exerting bias pressure on said annular lip seal element to hold said lip
      seal element in sealed relation with said one of said members and to
      maintain said annular edge lip portion in sealing engagement with said
      other of said members.
NUM  2.
PAR  2. The lip seal assembly of claim 1 wherein said annular lip seal element
      is formed of Teflon plastic material.
NUM  3.
PAR  3. The lip seal assembly of claim 1 wherein said O-ring is formed of Viton
      elastomer.
NUM  4.
PAR  4. The lip seal assembly of claim 1 wherein said annular lip seal element
      is formed of Teflon plastic material and said O-ring is formed of Viton
      elastomer.
NUM  5.
PAR  5. The lip seal assembly of claim 1 wherein said member having said pair of
      adjacent annular recesses has an annular flange at the entrance to said
      other annular recess, whereby said O-ring is secured in said recess and is
      effective to retain all parts in assembled relation.
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ABST
PAL  A chair includes a lower seat cushion member which is independently
      pivotable about a pivot on the chair frame and a rear back cushion member
      which is independently pivotable about a pivot on the chair frame. The
      rear and lower seat cushion members are not interconnected and are
      independently pivotable with respect to each other. The cushion members
      are preferably biased toward a neutral rest position with a weak biasing
      force so that the occupant of the chair can easily cause the cushions to
      pivot so as to assume the proper support position for the occupant.
BSUM
PAR  This invention relates to chairs, and more particularly to reclining chairs
      which provide improved support to the occupant, while also allowing
      substantially complete freedom of movement of the occupant in the chair.
PAR  It has been shown that even in his sleep, man generally moves quite a bit.
      Even when resting, one generally changes position frequently. The
      structure on which one is resting should be capable of providing proper
      support to the whole body in the various different positions and also
      during movements between positions. Various attempts have been made to
      provide chairs having such characteristics, but all have been generally
      inadequate or overly complicated in construction. For example, prior art
      chairs disclosed in U.S. Pat. Nos. 2,532,025 and 2,535,138, both issued to
      A. E. Johnson, are rather complicated in construction and the movements of
      various elements of the chair are restrained relative to each other and
      are not independently free. For example, the back and the seat of the
      chair are interconnected by a linkage, thereby undesirably restraining
      independent movement of these elements. Moreover, the armrest of these
      prior art chairs are interconnected with the other movable elements of the
      structure so as to be movable in dependence of the positions of the other
      elements. This also is undesirable since it restrains complete freedom of
      movement of the occupant and unduly complicates construction.
PAR  The main object of the present invention is to provide an improved chair
      which is simple in construction and which provides for substantially
      complete freedom of movement of the occupant within the chair to
      substantially any desired position, while also providing improved support
      for the body in each position and also during the transitions between
      positions.
PAR  A further object of the invention is to provide a chair having an easily
      adjustable headrest so as to provide still better support, adjustability
      and comfort for the occupant.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a chair includes a lower seat cushion
      which is independently pivotable about a pivot member secured to the chair
      frame and a rear back cushion member which is independently pivotable
      about a pivot member on the chair frame. The rear and lower seat cushions
      are not interconnected and are independently pivotable. Resilient members
      are provided for biasing the cushions in a substantially neutral rest
      position, the biasing means being sufficiently weak to enable an occupant
      of the chair to easily cause the cushions to pivot so as to assume the
      proper position to provide support for the occupant.
PAR  Preferably, a headrest is provided above the back cushion and according to
      a further aspect of the invention, the headrest is eccentrically mounted
      so that rotation thereof changes its position relative to the back
      cushion. This provides a full range of adjustability of the headrest so as
      to improve the occupant's comfort.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a chair according to the present invention;
PAR  FIG. 2 is a side elevation of the chair of FIG. 1;
PAR  FIG. 3 is a front elevation of the chair of FIG. 1;
PAR  FIG. 4 is a partial rear view of the chair of FIG. 1;
PAR  FIG. 5 is a top plan view of the chair of FIG. 1;
PAR  FIGS. 6A and 6B are detailed views of the seat back of the chair of FIG. 1;
      and
PAR  FIG. 7 is a modified adjustable version of a chair according to the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  Referring to the Figures, the reclining chair according to the present
      invention includes two side frame members 1,2, a front cross member 3,
      rear cross members 4 and 5, and an intermediate cross member 6. The cross
      members 3,4,5 and 6 are secured to side members 1 and 2 so as to provide a
      rigid frame structure for the chair. Armrests 7 and 8 are secured to the
      upper part of side frame member 1 and armrests 9 and 10 are secured to
      side frame member 2. The armrests 7,8,9,10 may be fixed or movable.
      Members 11 and 12 extend upwardly from side members 1 and 2, respectively,
      and may be used as rests or as grips for aiding one in ascending out of
      the chair. Members 11 and 12 may be secured to extensions of side members
      1 and 2, as shown, or may be separate bolted-on elements, as desired.
PAR  A pivot bar 13 extends between side members 1 and 2 and is supported by
      side members 1 and 2 for example by passing through bores in side members
      1 and 2. In the illustrated embodiment, the pivot bar 13 extends through
      side members 1 and 2 and is secured in place by means of threaded nuts, or
      the like. It should be clear that the pivot bar 13 can be otherwise
      supported in side members 1 and 2. The lower cushion 14 rests on a flat
      support member 15 which in turn is mounted to bar 13 so as to be pivotable
      about bar 13. The forward end of the cushion support member 15 is
      connected to cross member 3 by means of coil springs 16 and 17,
      respectively. The springs 16 and 17 are preferably anchored at their ends
      by means of "eye" bolts or the like. When the lower cushion is rotated or
      pivoted about bar 13 in the clockwise direction as viewed in FIG. 2, the
      springs 16,17 are stretched and tend to return the lower cushion to its
      rest position as seen in FIG. 2. The cross member 3 also serves as a stop
      member for lower cushion 14 so as to limit counterclockwise rotation as
      viewed in FIG. 2. Bumpers of rubber may be located on either or both of
      cross member 3 and lower cushion support member 15 to cushion any impact
      therebetween and to prevent damaging the finish of the chair. The location
      of cross member 3 may be varied, and specifically it could be moved
      forward to allow springs 16 and 17 to be out of sight.
PAR  The rear or back cushion 18 is mounted in a frame comprising side elements
      19 and 20. The back structure is shown in greater detail in FIGS. 6A and
      6B. The side elements 19 and 20 are rigidly interconnected by means of
      cross members 21,22 and 23. Rods 24 extend between side members 19 and 20
      so as to provide support for the rear cushion 18 which lies thereagainst,
      as seen more clearly in FIGS. 2, 6A and 6B. Rods 24 are preferably
      relatively stiff, but are able to bend a little. Rods 24 may be pre-shaped
      or contoured rods.
PAR  The back member is pivotally connected to the frame members 1 and 2 of the
      chair by means of a rod 25 which extends through the side members 19 and
      20, the rod member 25 preferably also extending through the side members 1
      and 2 of the chair and being secured in place for example by means of a
      threaded nut, or the like. Thus, the seat back portion of the chair is
      completely independently pivotable about bar 25 and relative to the main
      seat structure comprising side members 1 and 2. An appropriate clearance
      is provided between the back cushion and the lower seat cushion so that
      there is no interference therebetween when they are independently moved.
PAR  Coil springs 26 and 27 are provided so as to resiliently bias the seat back
      in a rest position, substantially as shown in FIG. 2. The springs are
      anchored at one end to the back members 19 and 20, and are anchored at the
      other end to cross member 4 of the chair. While the springs are shown
      anchored as above described, they can be anchored otherwise to other
      elements of the chair to provide the desired result. Also, while two
      springs are shown, one may be used. The cross member 4 of the chair also
      serves as a stop member for the back of the chair so as to prevent it from
      pivoting too far backward. The springs 26 and 27 have a relatively low
      biasing force so that the chair back is easily displaceable to different
      positions responsive to body movements of the occupants of the chair.
PAR  The headrest 28 is eccentrically and rotatably mounted to the side members
      19 and 20 of the back portion of the chair. Merely by rotating the
      headrest 28 relative to its mounting shaft 29 the height of the headrest
      28 relative to the cushion 18 and also the position of the headrest 28
      relative to the plane of the cushion 18 is easily adjustable. By
      maintaining the proper frictional forces between the shaft 29 and the
      headrest 28, the headrest may be simply rotated by the occupant with only
      one finger and it will be retained in position by means of the frictional
      engagement. Alternatively, the shaft 29 of the headrest 28 may be
      rotatably journalled into the side members 19 and 20.
PAR  As another alternative, the headrest may be mounted so as to be freely and
      easily rotatable in only one direction -- against the weight of the head
      of the occupant of the chair. Such a mechanism could include a
      ratchet-and-pawl device to allow free-wheel action. It should be clear
      that other headrest construction and mountings could be used. The
      headrests, however, should be as light as possible so as not to overstrain
      the springs 26 and 27.
PAR  In operation, when one sits on the rest cushion 14 of the chair, the feet
      may be placed near or far from the chair and the pivot action allows for
      free tilting of the seat. The pivot in the back of the chair enables one
      to sit straight or almost doubled up, or even stretched backward so far as
      to have the body in substantially a straight line. All of these various
      positions are achieved with substantially no effort and with no mechanism
      to be adjusted. The springs provide controlled movement, but do not overly
      restrain the movement of the chair elements.
PAR  In an advantageous form, the pivots and stop members for lower seat cushion
      member 15 are arranged so as to allow the lower cushion to pivot or roll
      in the forward direction about 41/2 inches. This feature makes sitting
      down easier for those who generally have difficulties with the act of
      sitting down and getting up from low chairs.
PAR  When moving the various elements there are substantially no friction forces
      to overcome since the pivots are located so as to provide relatively easy
      motion and there are no mechanisms interconnecting the various elements of
      the chair, thus allowing free movement. By the location of the pivots for
      example as shown in the Figures, there results an automatic shortening and
      stretching of the room available for the back of the occupant, which
      shrinks or stretches as the occupant straightens out or bends in the
      chair. The horizontal seat and the back are pivoted so that the body can
      move from an upright to a leaning backward position without having to
      shift the body's position on either of the two cushions. This is extremely
      important in that the chair remains comfortable in all positions and
      movement from one body position to another is relatively effortless and
      does not require re-positioning of the body on the cushions. The cushions
      respond to natural body movement and adapt in position to the position of
      the body.
PAR  In the illustrated embodiment, the bottom edge of the side members 1 and 2
      have a profile so as to enable a rocking motion to be imparted to the
      chair upon exertion of the proper physical forces by the occupant. The
      extract profile of the lower edge of members 1 and 2 may be varied at
      will. For example, the contours of the lower edges of members 1 and 2 may
      be adjustable by providing movable lower members which may be clamped in a
      final position to define the contour.
PAR  In a preferred embodiment of the chair illustrated in FIGS. 1-6B, the
      following approximate dimensional relationships have been found to be
      advantageous, the dimensions being labelled in FIGS. 2 and 6A:
TBL                  APPROXIMATE                                               
                     DIMENSIONS (inches)                                       
     ______________________________________                                    
     A                  17                                                     
     B                  73/8                                                   
     C                  257/8                                                  
     D                  71/4  to 71/2                                          
     E                  175/8                                                  
     F                  151/2                                                  
     F'                 9                                                      
     G                  17                                                     
     H                  61/2                                                   
     J                  151/2  to 16                                           
     K                  12                                                     
     ______________________________________                                    
PAR  Thus, it is seen that in the illustrated embodiments the pivot bar 13 is
      located about 40%-45% of the distance along the lower seat cushion support
      member 15 as measured from the edge of the support member 15 which is
      interior of the chair, and the pivot 25 is located at about the mid-point
      of the rear cushion 18 or about 40% of the distance beginning at the lower
      edge of the members 19 and 20 and ending at the upper edge of the rear
      cushion 18. In a prototype, bar 13 was located about 91/2 inches behind
      forward edge of member 15 and about 71/2 from rear edge thereof. As seen
      in FIG. 6A, this means that the dimension D is approximately 40% of the
      dimension E. An important dimension is dimension F', which insures that
      the pivot 25 is properly located relative to the back of the occupant of
      the chair. Likewise, the dimensions B and G are important. The cushions 14
      and 18 may be any thickness, but preferably they are the same thickness so
      that the relative dimensions (i.e., F' and G) are substantially the same
      for any type of cushion used. In a prototype, 3 inch thick cushions have
      been found to be advantageous. However, this thickness may vary depending
      upon cushion resilience, elasticity, etc.
PAR  Referring to FIG. 7, there is shown another embodiment of the invention
      which is adjustable for different size occupants. A simplified side view
      of the embodiment of FIG. 7 is shown. It should be clear that various
      cross members are provided, similar to those shown in FIGS. 1-6A and that
      various cushion support members are provided as shown in the previously
      described embodiment. Only features which enable the embodiment of FIG. 7
      to be adjustable are shown for ease of illustration. Also, since only one
      side view is shown, it is clear that mating parts are provided on the
      other "side" of the chair. The embodiment of FIG. 7 is also useful to take
      measurements for the construction of custom-made non-adjustable or
      less-adjustable chairs.
PAR  Referring to FIG. 7, side member 30 forms the base member of the chair and
      has a substantially vertically oriented slot 31 therein. Side member 32 is
      provided and is movable relative to the base member 30 on inclined
      ramp-type surfaces 33 and 34 which may form cross members of the side base
      members 30. Side member 32 also includes a pivotable seat portion 35, the
      pivot rod 36 of which is mounted to the side members 32. Various cross
      members (not shown) are provided as should be apparent.
PAR  Side members 32 also include an inclined surface 38 which moves relative to
      the side members 30 and on which the pivot bar 39 of the rear seat back
      rests. As the position of the side members 32 varies on the ramp members
      33 and 34, the height of the pivot member 39 of the back 40 will vary
      accordingly. After adjustment of the side members 32 relative to the base
      members 30, the parts may be locked in place by means of screws, or the
      like. Elongated openings, such as opening 41 may be provided so that the
      parts may be secured together by means of, for example, bolts 42 after the
      desired relative orientation of the chair parts is achieved.
PAR  Adjustment of the relative positions of members 30 and 32 may be
      accomplished by a screw device 50 rotatably mounted to member 32 (for
      example, mounted to a cross-piece extending from member 32) and
      selectively threaded into a threaded block 51 mounted to member 30. By
      rotating screw 50, by means of a handle 52, the relative positions of
      members 30 and 32 are varied. This adjustment screw means can render the
      locking arrangement 41-42 unnecessary.
PAR  A rotatable headrest 43 is provided which includes three ribs 44-46 of
      different width covered by thick, resilient material 47. The position of
      headrest 43 can be varied by rotating it about its axle or pivot 48 so the
      head of the occupant can rest against any of the ribs or in the hollow
      between adjacent ribs. This renders the headrest highly adaptable to
      different users. The headrest of FIG. 7 can also be used in the embodiment
      of FIGS. 1-6B.
PAR  Again referring to FIG. 7, by moving the seat part of the chair, which
      comprises seat 35 and side members 32, forward and higher on ramps 33 and
      34, the chair becomes more convenient for taller persons. Moving it lower
      and backwards adapts the chair for smaller persons. Since the axle 39 of
      the seat back rests on the inclined surface 38 of the side member 32, the
      seat back 40 will be moved up and down to a degree determined by the
      inclined surface as well as depending upon the movement of the seat part
      of the chair. Since the axle 39 is contained in a substantially vertical
      slot, it is restrained in the horizontal position and can only move
      substantially vertically. In order to provide still more adaptability, the
      most rearward armrest (not shown in FIG. 7) which corresponds to the
      armrest portions 8 and 9 (see FIG. 5), are attached to the axle 39 of the
      seat back so that they move vertically along with movement of the seat
      back. This further improves comfort for the occupant.
PAR  In the embodiment of FIG. 7, substantially the same pivot points are
      provided relative to the pivotable portions so as to provide high
      adaptability to the occupant.
PAR  While the invention has been described above in detail, it is clear that
      various modifications and alterations may be made thereto within the scope
      of the inventive concept as set forth in the appended claims. For example,
      the various pivot bars may be replaced by pivot members which extend from
      the pivotable portions of the chair into receptacles on the fixed portions
      of the chair. Alternatively, the pivot bars may extend from the fixed
      portions and engage the pivotable portions, and in either case, need not
      extend along the whole width of the chair. Also, different types of stop
      members could be provided, the location and number of cross members can be
      varied and the size and shape of the chair may be varied at will. The
      upholstery, materials and outward shape of the chair may also be varied
      within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chair adjustable by the occupants between seating and reclining
      positions responsive to forces generated by the body of an occupant,
      comprising:
PA1  a lower frame (1-6);
PA1  a seat cushion member (14,15) pivotally and non-lockably mounted to said
      lower frame and being substantially freely pivotable during occupation of
      the chair responsive to forces generated by an occupant of the chair;
PA1  first stop means (3) on said lower frame for defining a range of said
      substantially free pivotal movement of said seat cushion member;
PA1  a back frame (19-23) carrying a back cushion (18), said back frame being
      pivotally and non-lockably connected to said lower frame at a position on
      said lower frame which is spaced a substantial horizontal distance from
      the rearward edge of said seat cushion such that when said back frame is
      vertical and said seat cushion is horizontal a large gap exists
      therebetween, said back frame being pivotally connected at a lower portion
      thereof, below its center line, to said lower frame, and being
      substantially freely pivotable during occupation of the chair at least
      between first and second positions responsive to forces generated by an
      occupant of the chair, said first and second positions respectively
      corresponding to occupant-sitting and occupant-reclining positions, said
      back frame being independent of said seat cushion and being pivotally
      movable relative to said lower frame independently of said seat cushion;
      and
PA1  second stop means (4) on said lower frame defining a range of said
      substantially free pivotal movement of said back frame;
PA1  the pivotal connections to said lower frame member being located within the
      projection of the forward and rear extremities of said lower frame on a
      horizontal and being spaced from each other by a distance sufficient to
      permit the cushions to assume an occupant reclining position.
NUM  2.
PAR  2. A chair according to claim 1 wherein said lower frame comprises first
      and second side members (1,2) and wherein said seat cushion member is
      interposed between said side members and is pivotally connected thereto by
      means of a bar means (13) extending between said side members (1,2).
NUM  3.
PAR  3. A chair according to claim 2 wherein said bar means (13) is located
      rearwardly of the center line of said seat cushion member, said center
      line extending transversely of said seat cushion member between said side
      members of said lower frame.
NUM  4.
PAR  4. A chair according to claim 1 comprising biasing (16,17) means for
      biasing said seat cushion member towards a rest position.
NUM  5.
PAR  5. A chair according to claim 1 wherein said first stop means (3) limits
      the pivotal motion of said seat cushion member in one direction.
NUM  6.
PAR  6. A chair according to claim 5 comprising biasing means (16,17) for
      biasing said seat cushion member towards said first stop means.
NUM  7.
PAR  7. A chair according to claim 1 wherein said lower frame comprises first
      and second side members (1,2) and wherein said back frame is interposed
      between said side members and is pivotally connected thereto by means of a
      bar means (25) extending between said side members (1,2).
NUM  8.
PAR  8. A chair according to claim 7 wherein said bar means (25) for pivotally
      connected said back frame to said lower frame is located below the center
      line of said back frame, said center line of said back frame extending
      transversely of said back frame between said side members of said lower
      frame.
NUM  9.
PAR  9. A chair according to claim 2 wherein said back frame is pivotally
      connected to said lower frame by means of a back bar means (25) extending
      between said side members (1,2).
NUM  10.
PAR  10. A chair according to claim 9 wherein said bar means (13) is located
      rearwardly of the center line of said seat cushion member, said center
      line of said seat cushion member extending transversely of said seat
      cushion member between said side members of said lower frame; and wherein
      said back bar means extend below the transverse center line of said back
      frame.
NUM  11.
PAR  11. A chair according to claim 1 comprising biasing means (27) for biasing
      said back frame in a direction so that the upper part of said back frame
      pivots away from the seat cushion member.
NUM  12.
PAR  12. A chair according to claim 1 wherein said second stop means (4) limits
      the pivotal motion of said back frame to a position wherein said back
      frame is in a substantially horizontal position.
NUM  13.
PAR  13. A chair according to claim 12 comprising biasing means (27) for biasing
      said back means towards said second stop means.
NUM  14.
PAR  14. A chair according to claim 1 comprising a headrest (28) adjustably
      connected to the upper end of said back frame and above said back cushion.
NUM  15.
PAR  15. A chair according to claim 14 wherein said headrest is rotatable about
      a pivot axis extending transversely of said back frame.
NUM  16.
PAR  16. A chair according to claim 15 wherein said pivot axis of said headrest
      is eccentric relative to said headrest so that said headrest is adjustable
      in position by being rotated about said eccentric pivot axis.
NUM  17.
PAR  17. A chair according to claim 1 wherein said seat cushion member is
      pivotally mounted to said lower frame at a point approximately 40% along
      the length of said seat cushion member beginning at the portion of said
      seat cushion member which is innermost of said chair; and wherein said
      back frame is pivotally connected to said lower frame at a portion
      approximately 40% of the length thereof beginning at the lowermost part
      thereof.
NUM  18.
PAR  18. A chair according to claim 1 comprising armrest means on said lower
      frame both forward of said back frame and rearward of the forward most
      portion of said back frame.
NUM  19.
PAR  19. A chair according to claim 1 wherein said lower frame comprises first
      and second portions (30,32) which are movable relative to each other, said
      first portion (30) comprising the base and said second portion (32)
      carrying at least said pivotally mounted seat cushion member (35), said
      first and second portions of said lower frame being adjustably movable
      relative to each other to vary the distances between the pivots for said
      seat cushion and back frame to accommodate occupants of different sizes.
NUM  20.
PAR  20. A chair according to claim 19 wherein said lower frame includes
      substantially vertically oriented slot means (31), and wherein said back
      frame is pivotally and adjustably mounted in said slot means.
NUM  21.
PAR  21. A chair according to claim 20 wherein said second portion (32) of said
      lower frame has an inclined surface (38) in registration with said slot
      means (31), and wherein said back frame includes pivot means (39) in said
      slot means (31) and bearing on said inclined surface (38) whereby when the
      relative positions of said first and second portions of said lower frame
      are adjusted, said inclined surface causes the height of said pivot means
      and of said back frame to be varied.
NUM  22.
PAR  22. A chair according to claim 19 comprising inclined bearing surfaces on
      said base portion of said lower frame, said second portion (32) of said
      lower frame being adjustably movable on said inclined bearing surfaces.
NUM  23.
PAR  23. A chair according to claim 1 comprising a first pivot means (13) for
      pivoting said seat cushion member to said lower frame and a second pivot
      means (25) for pivoting said back frame to said lower frame, the vertical
      distance (F') between said first and second pivot means being
      approximately 9 inches and the horizontal distance between said first and
      second pivot means being approximately 17 inches.
NUM  24.
PAR  24. A chair according to claim 5 wherein said lower frame comprises a pair
      of substantially vertically oriented side members (1,2) which are spaced
      apart in the horizontal direction; pivot means (13) mounted to said side
      members and pivotally mounting said seat member thereto; a substantially
      horizontally oriented member (3) extending between said side members (1,2)
      and below said seat cushion member forward of said pivot means, said
      horizontally oriented member (3) serving to retain said side members
      together and simultaneously serving as said first stop means.
NUM  25.
PAR  25. A chair according to claim 24 comprising second pivot means (25)
      pivotally mounting said back frame to said side members (1,2); and a
      second substantially horizontally oriented member (4) extending between
      said side members (1,2) and being located rearward of said second pivot
      means, said second substantially horizontally oriented member serving to
      retain said side members together and simultaneously serving as said
      second stop means.
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ABST
PAL  A chuck assembly of the type adapted to be mounted on a spindle of a
      machine tool including adjusting means for accurately aligning the central
      axis around which the work engaging jaws are disposed with the
      longitudinal axis of rotation of the machine tool spindle on which the
      chuck assembly is mounted. The work engaging jaws are of a composite
      construction, each including a main section and an insert section which is
      replaceable and which includes a first work engaging abutment for
      substantially rigidly engaging a piece of work and a second abutment
      axially spaced from the first abutment for yieldably engaging a piece of
      work and serving as a steady rest.
PARN
PAR  This is a division, of application Ser. No. 354,440 , filed Apr. 25, 1973
      U.S. Pat. No. 3,873,107.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to chuck assemblies of the general types
      which are adapted to be mounted on the spindle of a machine tool for
      accurately holding a workpiece during a machining operation. Problems are
      frequently encountered with chuck assemblies of the types designed to
      chuck elongated workpieces such as poppet-type engine valves, water pump
      shafts and replaceable piercetype punches and the like in which the
      workpiece extends a substantial distance forwardly of the work engaging
      jaws to provide sufficient access for the cutting tool to act on the
      surface of the workpiece to be machined. The projection of the workpiece
      in unsupported relationship beyond the work engaging jaws serves to
      amplify any misalignment present between the axis of the workpiece and the
      longitudinal axes of the chuck and machine tool assembly which detracts
      from achieving the precise dimensional accuracy required in many
      instances.
PAR  The resiliency of the unsupported portion of the workpiece projecting
      forwardly of the work engaging jaws has also occasioned some difficulty in
      achieving the desired machining accuracy and/or surface finish. The
      seriousness of this problem is dependent, to some extent, on the type of
      machining operation being performed, the type of workpiece being machined
      and the distance at which the machining operation takes place from the
      forward portion of the work engaging jaws.
PAR  Some of the foregoing problems have been overcome by employing work holding
      chucks of the double-diaphragm type such as shown in U.S. Pat. No.
      2,565,430, which is assigned to the same assignee of the present
      invention. The cost of such double-diaphragm type chucks and the high
      degree of care and skill required to effect an accurate adjustment has
      somewhat detracted from a more widespread use thereof. The difficulty of
      maintaining such chucks in precise adjustment has been further aggravated
      by a gradual wear during use of the work engaging jaws and the periodic
      change in the types of workpieces being processed, requiring a change in
      the chuck assembly or a major modification in the adjustment of the
      engaging jaws in order to accommodate such different workpieces.
PAR  The chuck assembly of the present invention overcomes the problems and
      disadvantages associated with prior art work holders in providing a chuck
      which is of durable operation, simple construction, versatile use, easy to
      adjust and maintain in accurate alignment, and of economical cost.
PAC  SUMMARY OF THE INVENTION
PAR  The benefits and advantages of the present invention are achieved by a
      chuck assembly of the general type adapted to be mounted on the spindle of
      a machine tool and which comprises a chuck body having a plurality of work
      engaging jaws supported thereon for radial movement with respect to the
      longitudinal central axis of the chuck assembly between a work engaging
      position and a nonengaging position radially spaced therefrom. In
      accordance with one embodiment of the present invention, each engaging jaw
      is of a composite construction including a main section supported by the
      chuck body and an insert section removably secured to the main section and
      defining the engaging face of the jaw. The insert section is provided with
      a first abutment or gripper for substantially rigidly engaging a piece of
      work and a second abutment or gripper axially spaced from the first
      abutment for yieldably engaging a piece of work and serving thereby as a
      steady rest.
PAR  In accordance with a second embodiment of the present invention, the chuck
      body is of a composite construction including a spindle adapter or
      mounting member for securing the chuck assembly to the spindle of a
      machine tool with its longitudinal central axis disposed substantially
      coincident with the rotational axis of the machine tool spindle and a
      second member or leveling plate adjustably mounted on the adapter member
      on which the work engaging jaws are supported. The leveling plate is
      mounted for restricted swiveling movement relative to the adapter member
      whereby the central axis of the engaging jaws can be adjusted so as to be
      in precise alignment with the longitudinal axis of the machine tool
      spindle assuring accurate finishing of the workpiece held thereby.
PAR  Additional benefits and advantages of the present invention will become
      apparent upon a reading of the description of the preferred embodiments
      taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary vertical longitudinal sectional view of a chuck
      assembly constructed in accordance with the preferred embodiments of the
      present invention and illustrating a typical workpiece, such as a
      poppet-type engine valve, accurately held thereby relative to a cutting
      tool; and
PAR  FIG. 2 is an elevation view, partly in section, of the face of the chuck
      assembly as shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawing, a chuck assembly 10 is illustrated
      which, in the exemplary embodiment shown, is of a diaphragm-type and which
      is adapted to be securely mounted on the end portion of a machine tool
      spindle 12. The chuck assembly 10 is comprised of a chuck body which is of
      a composite construction including an adapter member or mounting member
      14, a leveling member 16 adjustably secured to the adapter member and a
      radial diaphragm 18 affixed to the leveling member and overlying the face
      of the chuck.
PAR  The adapter member 14 disposed at the rear of the assembly is piloted on
      the end of the spindle 12 in substantial axial alignment with the spindle
      axis by means of an inwardly axially extending tapered bore 20 which is
      adapted to be disposed in seated engagement on a tapered shoulder 22
      formed on the end of the spindle. The adapter member is securely fastened
      and retained on the spindle so as to be rotatably driven thereby by means
      of six socket head machine screws 24, as shown in FIG. 1, which extend
      inwardly through bores 26 provided in the opposite side of the adapter
      member and have the threaded shank end portions thereof disposed in
      threaded engagement in threaded bores formed in the end of the spindle.
PAR  The adapter member is further provided with an axially extending bore 28
      which slidably receives the projecting end portion of a push bar or draw
      bar 30 which comprises an integral component of the machine tool spindle
      and may be of any of the common types well known and employed in the art.
      The push bar 30 may be actuated mechanically or hydraulically by means
      well known and is adapted to abut the adjacent face of a flanged sleeve or
      pusher 32 slidably disposed in a bore 34 formed in the forward portion of
      the adapter member 14 and extending in axial alignment with the bore 28.
      The length of axial reciprocating movement of the pusher 32 outwardly of
      the bore 34 is controlled by the coaction between a shoulder 36 formed at
      the intersection of the bores 28 and 34 and the adjacent face of a
      peripheral flange 38 provided at the rearward end of the pusher 32. The
      axial reciprocation of the pusher 32 by the push bar 30 effects an axial
      flexing of the diaphragm 18 and a radial movement of a plurality of
      forwardly extending work engaging jaws 40 mounted on the forward face
      thereof in a manner and for the purposes subsequently to be described.
PAR  The forward portion of the adapter member 14 is recessed to receive the
      leveling member 16 and is formed with a rearwardly and outwardly extending
      taper 42 which intersects a radially extending spherical surface 44, the
      center of which is located substantially on the longitudinal axis of the
      adapter member forwardly of the work engaging jaws adjacent to a portion
      of a workpiece held by the jaws which is to be ground or otherwise worked.
      The leveling member 16 is formed along its rearward surface with a
      conforming spherical surface 46 disposed in sliding bearing contact
      against the spherical surface 44 and is provided with a taper 48 along its
      inner portion which is disposed in clearance relationship relative to the
      taper 42 of the adapter member. The sliding coaction between the spherical
      surfaces 44 and 46 permits restricted swiveling movement of the adapter
      member relative to the leveling member, whereby the central axis of the
      engaging jaws, and consequently, the longitudinal axis of a workpiece,
      such as an engine-type poppet valve 50, can be adjusted so as to be in
      precise axial alignment with the rotational axis of the chuck assembly and
      machine tool spindle at or substantially at the point on the workpiece
      that is to be ground or otherwise worked.
PAR  The positioning of the leveling plate in appropriate axial alignment
      relative to the adapter member is achieved by four socket head set screws
      52 arranged in equal circumferentially spaced intervals and in threaded
      engagement in radially tapped bores 54 formed in the periphery of the
      leveling member. The inner portions of the set screws 52 are disposed in
      abutting engagement against flats 56 provided in the taper 42 of the
      adapter member and enable appropriate swiveling or leveling adjustment of
      the two members relative to each other. After proper adjustment is
      achieved, the leveling member is locked in the adjusted position by means
      of four socket head machine screws 58 extending axially inwardly from the
      forward face of the leveling member and disposed with their shank portions
      in threaded engagement in the peripheral portion of the adapter member.
PAR  The forward peripheral portion of the leveling member 16 is formed with a
      square annular recess 60 which is adapted to receive the peripheral rim
      portion 62 of the diaphragm 18. The diaphragm 18 is also adjustably
      mounted to permit a centralizing of the diaphragm and the engaging jaws
      carried thereby with respect to the longitudinal axis of the chuck
      assembly and the rotational axis of the machine tool spindle. Proper
      centralizing of the diaphragm and the engaging jaws is achieved by four
      socket head set screws 64 threadably disposed within radially extending
      tapped bores 66 positioned at substantially equal circumferentially spaced
      increments in the rim portion 62 of the diaphragm. The inner ends of the
      set screws 64 are adapted to be disposed in abutting engagement against
      the axially extending annular surface of the recess 60 whereby an
      adjustment of the diaphragm in a plane transverse to the longitudinal axis
      of the chuck assembly can be effected to appropriately centralize the
      center axis of the work engaging jaws. Upon achieving the appropriate
      adjustment, the diaphragm is secured to the leveling plate by eight
      machine screws 68 extending inwardly from the face of the rim portion of
      the diaphragm and disposed with the shank portions thereof in threaded
      engagement in axially extending tapped bores 70 formed in the peripheral
      portion of the leveling plate.
PAR  The diaphragm 18 is of a generally cup-shaped cross section and the center
      portion thereof is formed with an aperture 72 in which the forward end
      portion of the pusher is slidably disposed. The inner surface of the
      diaphragm and pusher are sealed by means of an O-ring 74 and a flat washer
      76 is interposed between the pusher and the rearward face of the
      diaphragm.
PAR  In the exemplary embodiment illustrated, the work engaging jaws members 40
      project forwardly a substantial distance from the face of the diaphragm to
      assure the imposition of a considerable amount of leverage on the jaw main
      sections 78 and the jaw inserts 80 carried thereby to assure a firm
      retention of a workpiece gripped in the chuck. While four engaging jaws
      are shown in the drawing, three or more than four jaws can also be
      satisfactorily used. The main sections 78 are securely fastened to the
      outer face of the diaphragm 18 and are formed with a pair of radially
      extending bores 82 in the forward or outer end thereof for receiving
      socket head machine screws 84 for securely fastening the insert sections
      80 to the mounting face thereof.
PAR  Each jaw insert section 80 is of an elongated configuration and extends
      longitudinally of the axis of the chuck assembly. A first abutment or
      gripping member 86 is mounted at the forward or outer portion of the
      insert section and is rigidly supported by the overlying forward portion
      of the main jaw section 78. A second abutment or second gripping member 88
      is affixed to the inner or rearward portion of the insert section. As best
      seen in FIG. 1, the forward portion of the insert section on which the
      first abutment is mounted is of enlarged cross section so as to rigidly
      support the first gripping member 86, which in turn is adapted to rigidly
      engage the shank or stem of work, such as the poppet-type engine valve 50
      held in the chuck assembly. The second abutment or gripping member 88, on
      the other hand, is mounted on the rearward portion of the insert section
      80 which, as shown, is of a reduced cross section and extends axially and
      rearwardly in unsupported relationship relative to the main section 78 in
      the form of a resilient finger section generally indicated at 90. The
      finger section 90, accordingly, is adapted to flex radially in response to
      the engagement of work by the second abutment or gripping member
      permitting a restricted pivoting movement of the workpiece 50 about a
      point disposed between the forward gripping members 86. In accordance with
      this arrangement, the main gripping of the work is achieved by the first
      abutments 86, while the second abutments 88 serve as a steady rest.
PAR  In accordance with the arrangement as illustrated in FIG. 1, the insert
      sections 80 can readily be replaced by removing the socket head machine
      screws 84 and substitute insert sections can be secured to the main
      sections 78 in order to accommodate workpieces of different diameter
      without appreciably disturbing the adjustment of the chuck assembly. The
      foregoing feature also enables quick and simple replacement of the jaw
      insert sections in the event of breakage or as a result of wear, as may be
      necessary from time to time. In order to reduce the rate of wear, the
      insert sections are preferably comprised of a hard wear-resistant
      material, such as tungsten carbide for example.
PAR  It is also contemplated in the practice of the present invention that the
      macine tool spindle can be provided with a longitudinally extending
      actuator rod 92 which extends centrally through a central bore 94 formed
      in the machine tool spindle 30 and through a central bore 96 through the
      pusher 32. A pair of seal assemblies 98 are mounted within the central
      bores 94, 96 in sealing arrangement around the actuator rod 92 to prevent
      entry of extraneous matter into the interior of the chuck assembly. The
      outer end of the actuator rod 92 is disposed in axial abutting alignment
      against the inward end of the workpiece 50 and is operable in accordance
      with common and well known procedures for effecting an ejection of the
      workpiece from the work engaging jaws at the completion of a machining
      operation in accordance with a predetermined operating cycle of the
      machine tool.
PAR  In the exemplary embodiment illustrated, a grinding wheel 100, as shown in
      phantom, is adapted to be disposed in abrading relationship against the
      face 102 of the engine valve 50 for effecting an accurate surface
      finishing thereof in concentric relationship with respect to the axis of
      the valve stem. Initial irregularities present on the surface of the valve
      face are accommodated by the flexing of the second gripping members 88 of
      the insert sections, assuring accurate machining and the provision of the
      desired surface finish. Typically, the first gripping members 86 will
      engage the valve 50 at a pressure of about 7 foot pounds, whereas the
      second rearward gripping members engage the work with a pressure of about
      only 2 foot pounds.
PAR  While it will be apparent that the invention herein disclosed is well
      calculated to achieve the benefits and advantages set forth, it will be
      appreciated that the inventionn is susceptible to modification, variation
      and change without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a chuck assembly,
PA1  an adapter at the rear of the assembly adapted for attachment to the
      spindle of a machine tool and to be rotatably driven thereby about an
      axis;
PA1  a radial diaphragm at the front of the assembly; and means interconnecting
      said adapter and said diaphragm for mutual rotation,
PA2  said diaphragm having a plurality of forwardly extending work holding jaws
      disposed concentrically around the rotational axis and said jaws being
      operative to grip an elongate workpiece extending along said axis and to
      hold a portion of said workpiece to be ground or otherwise worked in at
      predetermined locations ahead of the jaws,
PA2  said interconnecting means including
PA1  a leveling member interposed between and attached to said adapter and to
      said diaphragm,
PA1  means for adjusting said leveling member on said adapter angularly with
      respect to said rotational axis about a point on said axis forwardly of
      said jaws and adajcent to the mentioned portion of said workpiece,
PA1  means for holding said leveling member securely in a selected angularly
      adjusted position,
PA1  means for adjusting said diaphragm on said leveling member
PA1  radially of said rotational axis, and
PA1  means for holding said diaphragm securely in a selected radially adjusted
      position.
NUM  2.
PAR  2. The chuck assembly as defined in claim 1 wherein said adapter and said
      leveling member have spherically curved mating surfaces disposed with the
      center of curvature at the mentioned point on said axis, said adapter and
      said leveling member being spaced radially apart sufficiently to permit
      relative sliding movement between said mating surfaces for angular
      adjustment of the leveling member and said jaws relative to said
      rotational axis.
NUM  3.
PAR  3. The chuck assembly as defined in claim 1 wherein said adapter and said
      leveling member have spherically curved mating surfaces disposed with the
      center of curvature at the mentioned point on said axis and radial
      clearances therebetween permitting relative sliding movement between said
      mating surfaces for angular adjustment of the leveling member and said
      jaws with respect to said rotational axis, and wherein the means for
      adjusting and holding the leveling member angularly on said adapter
      comprises sets of radial and axial screws interacting therebetween.
NUM  4.
PAR  4. The chuck assembly as defined in claim 1 wherein said adapter and said
      leveling member have spherically curved mating surfaces disposed with the
      center of curvature at the mentioned point on said axis and radial
      clearances permitting relative sliding movement between said mating
      surfaces permitting angular adjustment of said leveling member and said
      jaws with respect to said rotational axis, wherein said means for
      adjusting and holding the leveling member angularly on the adapter
      comprises sets of radial and axial screws interacting between said
      leveling member and said adapter, and wherein said means for adjusting and
      holding the diaphragm radially on the leveling member comprises additional
      sets of radial and axial screws interacting between said diaphragm and
      said leveling member.
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ABST
PAL  A tube has an open end and an outer circumference and is formed with a
      transverse incision which extends inwardly towards the axis and is
      inclined longitudinally of the tube towards the open end of the latter. A
      sleeve surrounds the tube with clearance and is formed in its inner
      circumference with a substantially radial slot. A cylindrical locking
      member extends normal to the axis of the tube through the incision, being
      freely slidable therein, and has end portions projecting beyond the tube
      into the slot. A biasing spring normally biases the sleeve to a position
      relative to the tube in which the locking member is prevented from sliding
      in the incision because of the fact that its end portions are received in
      the slot of the sleeve, until the sleeve is displaced axially of the tube
      against the force of the biasing spring to a position in which the locking
      member can freely slide in the incision.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a tool holder, and more
      particularly to a holder for tools and similar objects having a shank
      provided with a transverse groove. Still more particularly, the invention
      relates to a holder which is especially suitable for holding tools in a
      power tool, such as a drill or a power chisel.
PAR  Various types of tool holders to hold a tool bit to the housing of a power
      tool, are already known. Many of these employ the conventional jaw-type
      chuck. Another prior-art construction utilizes, in the context of a
      pneumatic hammer, a tool holder in which a plurality of spherical locking
      elements extend into associated recesses formed in the shank of a tool
      bit. A slidable sleeve can be moved to and from a position in which it
      prevents the displacement of the spherical locking elements out of the
      associated recesses, thus holding the tool bit in place. The shank of the
      tool bit is receivable in a holding tube and the sleeve surrounds this
      tube which is formed with appropriate cutouts through which these
      spherical elements can yield in radially outwardly direction unless they
      are prevented from so doing by the presence of the sleeve. A mounting ring
      is provided which prevents unintentional or undesired removal of the
      sleeve from the tube.
PAR  However, this last-described prior-art construction has disadvantages, not
      the least of which is the fact that the surface-to-surface contact between
      these spherical locking elements and the shank of the tool bit is very
      small so that high pressures must be transmitted between the contacting
      surfaces via these very small points of contact, which leads to very rapid
      and pronounced wear and/or strong deformation of the contacting surfaces.
      Moreover, this prior-art construction is quite complicated and therefore
      expensive to produce and difficult to maintain.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide an
      improved holder for tools and similar objects which avoids the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the invention to provide such an
      improved holder which is quite simple in its construction and can
      therefore be inexpensively produced and maintained.
PAR  Another object of the invention is to provide such an improved holder
      wherein the wear of the various components is significantly reduced thus
      assuring a longer life for the holder without the necessity for repairs or
      replacements of components.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a holder for tools and
      similar objects having a shank provided with a transverse groove. Briefly
      stated, the holder comprises a tube having an open end and an outer
      circumference. Th tube is formed with an incision transversely of its axis
      and the incision extends inwardly towards the axis and is inclined
      longitudinally of the tube towards an end of the same. A sleeve surrounds
      the tube with clearance and has an inner circumference formed with a
      substantially radial slot. A substantially cylindrical locking member
      extends through the incision substantially normal to the axis of the tube
      and is freely slidable in the incision. The locking member has end
      portions which project beyond the outer circumference of the tube and
      which are guided in the slot. The locking member is adapted to enter into
      the groove of a shank upon axial insertion of the shank through the open
      end of the tube, and the locking member can move in direction radially
      outwardly away from the axis of the tube when the sleeve is shifted
      longitudinally of the tube to a position which will permit free sliding of
      the locking member in the incision.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an axial section through one embodiment of a tool holder
      according to the present invention;
PAR  FIG. 2 is a section taken on line II--II of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective showing a detail of the shank of a tool
      which can be held with the holder according to the present invention; and
PAR  FIG. 4 is a section taken on line IV--IV of FIG. 3.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawing, and firstly to the embodiment that
      is illustrated in FIGS. 1 and 2, it is emphasized that reference numeral 1
      only fragmentarily identifies a housing of a power tool, for example, in
      the illustrated embodiment a hammer drill. Hammer drills are well known in
      the art and it is their purpose to impart both rotary motion to a drill
      bit and also to impart axially acting impacts to the drill bit, so that
      the latter will exert a drilling action combined with a hammering action
      upon the workpiece.
PAR  The holder according to the present invention comprises a mounting tube or
      guide tube 2 which is appropriately secured (not shown, but conventional)
      to the housing 1 so as to be fixedly connected with the same. The tube 2
      has a concentric bore 3 into which the shank 4 of a tool, in this instance
      a drill bit is inserted through the open end of the tube 2. The shank 4 in
      this embodiment is formed with a groove extending transverse to its
      longitudinal axis; in the illustrated embodiment this is a
      circumferentially extending groove 5. To retain the shank 4 in the holder,
      a cylindrical locking member 6 is provided which can move into and out of
      the groove 5 and, when it is located in the groove 5, will prevent the
      movement of the shank 4 out of the tube 2. This is illustrated in FIGS. 1
      and 2, it being evident that to be able to withdraw the shank 4 from the
      tube 2 the locking element 6 would have to move outwardly away from the
      axis of the tube 2 and out of the groove 5.
PAR  The inner end of the shank 4 is formed with flutes or splines 8 which
      engage with corresponding components of a rotating member 7 that is driven
      in rotation by the non-illustrated drive within the housing 1, thus
      rotating the shank 4. The right-hand end of the shank 4 is convex as
      indicated by reference numeral 9, and is so positioned that it can be
      impacted by an impactor 10 which exerts consecutive axial blows upon the
      shank 4 (acting in the direction towards left-hand side of FIG. 1) under
      the influence of the mechanism provided in the housing 1 and which forms
      no part of the invention.
PAR  The tube 2 is formed with an incision 11 transverse to its elongation and
      extending inwardly towards the axis of the tube from the outer
      circumference of the same. The locking member 6, whose cylindrical shape
      is clearly evident from a comparison of FIGS. 1 and 2, extends normal to
      the longitudinal axis of the tube 2 and of the shank 4. It is also clear
      from a comparison of FIGS. 1 and 2 that the incision 11 is open at
      opposite lateral sides of the tube 2 and that the end portions 6' of the
      locking member 6 project outwardly beyond the circumference of the tube 2.
      The width of the incision 11 is sufficiently large to permit unhindered
      movement of the locking member 6 along the incision 11 from the outer
      towards the inner end of the latter, the inner end being identified with
      reference numeral 12. It will be noted that the incision has an inner end
      portion adjacent the inner end 12, and an outer end portion extending from
      the inner end portion to the outer circumference of the tube 2. The inner
      end portion is identified with reference numeral 11' and extends parallel
      to the axis of the tube 2 whereas the outer end portion 11" is inclined at
      an acute angle to a tangential plane of the tube 2 and in direction away
      from the open end of the tube 2 through which the shank 4 is insertable.
PAR  The tube 2 is surrounded by an axially slidable sleeve 14 the inner
      circumference of which is formed with an elongated radial slot 13 into
      which the end portions 6' of the locking elements 6 extend. The slot 13
      extends towards but terminates short of the outer circumference of the
      sleeve 10 so that the slot is closed adjacent one end portion 6' by the
      wall portion 15 of the sleeve 14 and adjacent the other end portion 6' by
      a pressed-in cover 16. The purpose of the latter is, of course, to permit
      access to the locking member 6 upon removal of the cover 16. The sleeve 14
      is advantageously of synthetic plastic material as illustrated, and it is
      urged to the position shown in FIG. 1 by a helical expansion spring 17
      which reacts against a shoulder 18 at the exterior of the tube 2 and a
      shoulder 19 at the interior of the sleeve 14. In the position illustrated
      in FIGS. 1 and 2, the locking member 6 which is guided and taken along by
      the sleeve 14 due to the fact that its end portion 6 extends into the slot
      13, is located in the portion 11' of the incision 11, and also is located
      in the groove 5 of the shank 4, thereby preventing withdrawal of the shank
      4.
PAR  The position shown in FIGS. 1 and 2 is the position that is normally
      assumed by the locking member 6, even when there is no shank 4 present in
      the tube 2. If, therefore, the tool holder is to be placed into use by
      insertion of a shank 4, the shank will be pushed into the bore 3 of the
      tube 2 until the end 9 abuts against the locking member 6. It will now be
      necessary to exert additional force to further insert the shank 4, and
      this additional force causes the locking member 6 to be shifted towards
      the right within the portion 11' of the incision 11, and in so doing its
      end portion 6' which are guided in the slot 13 push the sleeve 14 towards
      the right in FIG. 1 against the force of the biasing spring 17. This
      continues until the locking member 6 reaches a position at which it can
      enter into the portion 11" of the incision 11, and the locking member 6
      will now proceed to move in radially outward direction in the portion 11"
      until the outer circumference of the shank 4 can slide beneath the locking
      member 6 in the groove 3. The locking member 6 will ride on the outer
      circumference of the shank 4 until it becomes located oppositely the
      groove 5 and can now shift back inwardly towards the axis of the tube 2,
      which it proceeds to do under the urging of the biasing spring 17 which
      shifts the sleeve 14 towards the left until it again has reached the
      position shown in FIG. 1 in which the locking member 6 will have been
      guided back into the portion 11' of the incision 11 and will now be
      located within the groove 5. In this position the locking member 6 cannot
      yield again radially until the sleeve 14 is pulled towards the right, and
      thus the shank 4 is secured against removal from the bore 3 of the tube 2.
PAR  It should be noted that the axial length of the groove 5 is greater than
      the diameter of the locking member 6, thus permitting a certain amount of
      yielding of the shank 4 under the exertion of axially acting impacts,
      although this relationship need of course not be maintained if only rotary
      motion is to be transmitted to the shank 4. The locking member 6 evidently
      does not prevent rotation of the shank 4 since the groove 5 is a
      circumferential groove. The force required to overcome the force of the
      biasing spring 17 during insertion of the shank 4 into the bore 3 of the
      tube 2 amounts to only approximately 10% of the force which a user must
      exert via the housing 1 upon the drill bit having the shank 4; in other
      words, when the tool is in use pressure must be exerted upon the housing
      to press the drill bit having the shank 4 against the workpiece, and since
      this pressure is substantially greater than the force required to make the
      spring 17 yield and permit the sleeve 14 to move towards the right when
      the shank 4 is being inserted, it is clear that even if the shank 4 has
      been improperly inserted by an operator and is not properly locked for
      some reason, it will automatically move far enough inward to become locked
      by movement of the locking member 6 into the groove 5, when an operator
      exerts pressure upon the housing 1 and the drill bit in preparation for
      the initiation of work. It is therefore impossible for an operator to
      actually begin work on a workpiece without the tool bit having the shank 4
      being properly locked to the tool holder.
PAR  FIGS. 3 and 4 show a further embodiment. the shank 24 shown in FIGS. 3 and
      4 is the shank of a chisel rather than of a hammer drill bit. In this
      embodiment, the groove 5 is formed by providing the shank 24 with a
      plurality of mutually inclined flat facet, of which four are provided in
      the illustrated embodiment. When the shank 24 is inserted into the holder
      of FIGS. 3 and 4 the locking member 6 will engage one of these flat facets
      25 and thus prevent a turning of the shank 24 in the tube 2, it being
      evident that a turning is not desired if the shank 24 is a part of a
      chisel rather than of a drill bit. The rear end 29 of the shank 24 is also
      convex and engages the member 10 as in FIGS. 1 and 2. The portion 28 of
      the bit having the shank 24 is of cylindrical configuration, since it does
      not require the splines 8 of FIGS. 1 and 2. Its diameter corresponds to
      the core diameter of the portion having the splines 8 in FIG. 1, and
      therefore there will be no engagement between the portion 28 and the
      rotating element 7 so that the latter cannot damage the portion 28 or
      become damaged by the same, when the machine having the housing 1 is
      operated only for the transmission of axial blows, as would be the case in
      a chisel.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      holder for tools and similar objects, it is not intended to be limited to
      the details shown, since various modifications and structural changes may
      be made without departing in any way from the spirit of the present
      invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. A holder for tools and similar objects having a shank provided with a
      transverse groove, comprising, a tube having an open end and an outer
      circumference, said tube being formed with an incision transversely of its
      longitudinal axis and said incision extending inwardly towards said axis
      and being inclined towards an end of said tube; a sleeve surrounding said
      tube with clearance, having an inner circumference and being formed with a
      substantially chordal slot which extends from said inner circumference
      towards but terminates short of an outer circumference of said sleeve; and
      a substantially cylindrical locking member extending through said incision
      normal to the axis of said tube and being freely slidable in said
      incision, said locking member having end portions which project beyond
      said outer circumference of said tube and are guided in said slot, and
      said locking member entering into said groove of a shank upon axial
      insertion of the shank through said open end of said tube.
NUM  2.
PAR  2. A holder as defined in claim 1, wherein said incision extends towards
      said open end of said tube.
NUM  3.
PAR  3. A holder as defined in claim 1, said tube having an exterior abutment
      and said sleeve having an interior abutment; and further comprising spring
      means reacting against said abutments and urging said sleeve to a position
      in which said locking member is prevented from sliding in said incision.
NUM  4.
PAR  4. A holder as defined in claim 1; and further comprising a tool having a
      shank formed with said groove, said groove having in axial direction of
      said shank a length which is greater than the diameter of said locking
      element.
NUM  5.
PAR  5. A holder as defined in claim 1, wherein said groove is in part formed by
      at least one flat facet on said shank which prevents turning of the shank
      in said tube.
NUM  6.
PAR  6. A holder as defined in claim 3, wherein said abutments are shoulders
      formed on said tube and sleeve, respectively.
NUM  7.
PAR  7. A holder as defined in claim 3, wherein said spring means comprises a
      helical spring.
NUM  8.
PAR  8. A holder as defined in claim 3, wherein said spring means comprises a
      helical expansion spring.
NUM  9.
PAR  9. A holder for tools and similar objects having a shank provided with a
      transverse groove, comprising, a tube having an open end and an outer
      circumference, said tube being formed with an incision transversely of its
      longitudinal axis and said incision extending inwardly towards said axis
      and being inclined towards an end of said tube, said incision having an
      inner end region which extends parallel to a tangential plane of said
      tube, the remainder of siad incision extending at an acute angle to said
      tangential plane; a sleeve surrounding said tube with clearance, having an
      inner circumference and being formed with a substantially chordal slot;
      and a substantially cylindrical locking member extending through said
      incision normal to the axis of said tube and being freely slidable in said
      incision, said locking member having end portions which project beyond
      said outer circumference of said tube and are guided in said slot, and
      said locking member entering into said groove of a shank upon axial
      insertion of the shank through said open end of said tube.
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ABST
PAL  Provides an annular frame for attachment to the outer end of a circle of
      soft jaws carried by a radially adjustable chuck of a rotary machining
      assembly, whereby in spite of looseness or misalignment of the chuck jaws,
      their soft jaws can then be shaped to hold a subsequent workpiece in
      absolute alignment with the spindle. Frame has number of movable
      attachment arms corresponding to the number of jaws, which arms are
      adjustable along respective radial or arcuate guideways so as to engage
      the circle of soft jaws when opened to different circumferences. When each
      arm has two adjustable frame-attachment points, annulus is thereby
      self-centering. For use with (radially slidable) arms having single
      frame-attachment point, auxilliary centering device is provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rotary machining devcices such as lathes and grinding machines are
      customarily equipped with a circle of radially adjustable chuck jaws (of
      hardened steel) located to grasp and center the workpiece. The jaws are
      mounted on guideways and opened and closed by simultaneous movement along
      a helical scroll or track. As such jaws are frequently moved in locating
      and removing a sequence of workpieces, they gradually become loose in the
      track and such sloppy fit may allow (or compell) the jaws to tilt unequal
      amounts when subsequently tightened against the workpiece; the result is
      that the workpiece and the lathe center or the machining which is
      performed on the work are not in true axial alignment, although such
      variance is so small as not to be visually discernable.
PAR  For working on material which is easily scratched or marred, such as
      aluminum workpieces, soft jaws are customarily fastened to the permanent
      jaws and, to the extent necessary, their contact faces or ends are turned
      or bored to conform to a (usually cylindrical) workpiece. In such
      situation, the minute losseness or misalignment of the permanent chuck
      jaws is magnified in the functional position assumed by the soft jaws.
PAR  As a precaution, sometimes a "spider" may be centrally inserted at the base
      of the chuck; this is a flat disk or plate having a radially extending arm
      pressed outward against each jaw so as (hopefully) to keep them equally
      tensioned. In place of the spider, a cammed spacer plate may be provided,
      as described in U.S. Pat. No. 3,104,474. However, these devices lodged at
      the base of the jaws do not necessarily correct or equalize the ultimate
      tilt or eccentricity because (a) they exert much less pressure than that
      of the jaws when finally clamped tight against a workpiece, and (b) they
      do not engage the jaws at the outer or free ends which is the area of
      greatest tilt or misalignment due to leverage extending outward from the
      base of the jaw. Although the amount of misalignment may be on the order
      of a few ten thousandths of an inch, such lack of precision may cause the
      work to be rejected. Eventually the situation is handled by discarding the
      inaccurate workpieces (when finally checked) and/or by installing a new
      chuck assembly. Clearly this is not a desirable way of handling the
      problem.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  An open-centered frame, conveniently annular in shape, is provided for
      attachment to the outer ends of the soft jaws carried by a chuck, the
      frame being able to accommodate jaws opened to different circumferences,
      by means of pivotally connected attachment arms equal in number at least
      to the number of chuck jaws. Each arm has a dependent, cylindrical foot
      which is pivotally held in a socket such as the counterbore which is
      conventionally present in the end of each soft jaw. The resulting
      theoretical ring formed by the sequence of thus-socketed feet, lies on a
      generally concentric circle which is usually located within the annulus.
      However, in dealing with a large workpiece which is jaw-engaged internally
      rather than externally the feet are disposed radially outward from the
      annulus. In either position, when the chuck jaws are then tightened
      against the attached frame or annulus with the same force as subsequently
      applied against the workpiece, the bore or external arc machined in the
      soft jaws by the spindle will be retained in the same axial alignment when
      later holding a workpiece (with the frame removed). This is so even though
      the chuck jaws (when tensioned) were not in true alignment.
PAR  Several forms of adjustable attachment arms are provided which are
      connected to the frame respectively for pivotal swing or for linear
      (radial) sliding movement along a transverse guideway or slot of the arm.
      With pivotal arms each having two adjustable frame-attachment points, the
      circle of chucksocketed feet may be considered self-centering.
      Alternately, when the radially-slidable attachment arms are incapable
      alone of centering the annulus, an auxilliary centering device is provided
      by which the annulus is aligned with the spindle or lathe center before
      tightening in place.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elvational view of the chuck end of a rotary machine with
      portions in transverse section as viewed along the line 1--1 of FIG. 2,
      showing one form of the present aligning attachment frame mounted atop
      three soft jaws which are held by corresponding chuck jaws, with a chuck
      wrench shown in position to move the positioning ribs of the helical
      scroll so as to tighten the jaws.
PAR  FIG. 2 is a face view of the same seen from the right of FIG. 1.
PAR  FIG. 3 is a face view of a modified form adapted for a four jaw chuck.
PAR  FIG. 4 is a semi-schematic axial sectional view taken through the form of
      FIG. 3 with a workpiece held tight by the tensioned soft jaws, with the
      untilted or loose position of the jaws indicated in phantom.
PAR  FIG. 5 is a partial axial sectional view of a three jaw attachment frame,
      with an auxilliary centering device mounted thereon.
PAR  FIG. 6 is a face view of the same.
PAR  FIGS. 7 and 8 are face views of respective four-jaw and six-jaw attachment
      frames.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As here illustrated, rotary machining tools M, such as lathes and grinding
      machines are constructed with a coaxially located chuck which provides a
      circle of master jaws J movable in individual guideways 9 of the body 10
      and having arcuate teeth 11 received in a helical track or scroll S, which
      chuck by manual operation of the beveled rib-engaging end B of a chuck
      wrench or tool T is moved to constrict or extend the several jaws radially
      inward or outward so as to engage or release a workpiece (W) which is thus
      grasped and centered therebetween. The chuck jaws are formed with a
      plurality of coupling means comprising an outwardly-open transverse groove
      C and a pair of internally-threaded axially-directed bores D, which
      receive headed screws, by means of which a set of metallic soft jaws (E)
      can be coupled to the chuck jaws.
PAR  As seen particularly in FIG. 1, a soft jaw E is secured to each chuck jaw J
      by a transverse rib 14 which projects from the underface 15 of the jaw and
      is received in the groove C, plus a pair of bolts 16 inserted from the
      conuterbores 12 into the body of the chuck jaw with the threaded end
      portion engaging a terminally tapped length of the bore D. Usually the
      inner ends 17 of the soft jaws collectively engage the workpiece, but
      sometimes a tubular workpiece is held internally by the outer ends 19 of
      the jaw.
PAR  With the present stabilizer attachment, the outer planar face 18 of each
      soft jaw is conformingly overlaid by the underface 20 of a ring or annulus
      A which upon being coupled thereto, forms a rigid transverse enclosure
      frame holding all the jaws together (and exactly centered as hereafter
      detailed). The parallel, upper or outer face 21 of the annulus supports a
      plurality of triangular shaped, swinging arms -- in the construction of
      FIGS. 1-2, three in number, 22, 23, 24 -- each having a two point
      attachment to the frame. Each arm is formed with an arcuate slot F having
      a headed bolt G projecting upward therethrough from the annulus, which
      head overlies the edges of the guide slot F so that it can be tightened
      against the arm to anchor it in a selected position.
PAR  Each arm is pivotally secured to the annulus by a pin P and adjacent an
      opposite corner of the arm is a projecting stubshaft 25 carrying in
      succession an annular spacer 26 (having the same thickness as the annulus)
      and a cylindrical foot 27 which latter is receivable in a counterbore 12
      (above or resting upon the head of a bolt 16 as the case may be). It will
      be apparent that the (identical) angle assumed by the several arms 22, 23,
      24, like the location of the bolt G along its guideway F, varies with the
      amount that the soft jaws (or their anchorage sockets 12) are spaced
      inward from the annulus A. Or expressed another way, one size annulus can
      accommodate a range of sizes of chuck jaws. More important however, the
      circle upon which lies the inner ring of counterbores 12 which receive the
      feet 27, is always concentric to the annulus A by action of the swinging
      arms 22, 23, 24, so that the annulus and jaws are always concentric.
PAR  When the mounted annulus is thus centered, the chuck jaws are tightened
      against it (by action of the wrench T), causing the inner circle of soft
      jaws E to assume such degree of outtilted position as made possible by
      their loose fit, as illustrated in FIG. 4. When held in this position, the
      soft jaws may then be bored to the contour of the workpiece; subsequently
      such workpiece located in this bore will be held in true axial alignment
      for whatever machining is required on it.
PAR  Another construction for centering the annulus relative to the circle of
      soft jaws is illustrated in FIG. 3, for attachment to a four jaw chuck. An
      opposing pair of adjustment arms 40, 41 are movable linearly only, by
      reason of a parallel pair of guide slots F1. The two remaining arms 42, 43
      need be formed with only single slots F2. With such arrangement, the
      respective jaw attachment feet 44, 45, 46, 47 locate the annulus
      concentrically for tightening the circle of nuts 48, 49, 50, 51, 52, 53.
PAR  Alternately, single linear slot arms may be used as illustrated in FIGS.
      5-8 in association with a separate centering device K, shown in FIGS. 5-6.
      This consists of a central, conveniently cylindrical or conic body 30
      having a trio of angularly diverging legs L of equal length and
      inclination, and spaced apart equidistant circumferentially. Each leg
      distally carries a fixed contact pod P having its underface formed with an
      arcuate groove 32 (FIG. 5) of the same radius of curvature as the inner
      edge of the annulus upon which it thus rests. The apex end 33 of the body
      is formed with a central, conic socket 34 which can be moved against the
      pointed end of a lathe center 35 of the machine M so as to center the
      device and the annulus with respect thereto.
PAR  When thus centered, the jaws E are tightened against the annulus, or more
      specifically against the anchorage feet 27 of the three arms 37, 38, 39,
      the feet being anchored in the counterbores of the corresponding soft jaws
      E. The several nuts 36 are then tightened down on the respective annulus
      shafts 31 thereby to lock the annulus in this centered and tensioned
      position. Such auxilliary centering device may be used in the same manner
      with any of the other forms which lack the self-centering arms of FIGS.
      1-2, including the modification of FIG. 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. A chuck jaw attachment for holding a set of chuck-connected soft jaws in
      radially tensioned position for rotationally forming an arcuate
      work-engaging surface thereon by operation of a coaxial spindle, said
      attachment comprising:
PA1  an open-centered, rigid, enclosure frame having means for removable
      attachment to the ends of a circle of soft jaws which are carried on
      radially adjustable chuck jaws generally axially aligned with said
      spindle, said means comprising a plurality of jaw attachment arms, each
      adjustably connected to said frame and individually pivotally connected
      thereto and swingable along an arcuate path radiused therefrom and aligned
      with a cylindrically projecting foot of the arm which is receivable in a
      corresponding socket of the outer end of a soft jaw, the frame
      additionally having anchorage means for securing each arm at a selected
      position along said arcuate path when the foot-attached soft jaws are
      located coaxial to said spindle.
NUM  2.
PAR  2. A chuck jaw attachment according to claim 1 in combination with a rotary
      machine having a rotary shaft carrying helically movable chuck jaws and
      corresponding soft jaws mounted thereon, which soft jaws have said chuck
      jaw aligning attachment functionally attached thereto.
NUM  3.
PAR  3. The combination comprising a chuck jaw attachment for holding a set of
      chuck-connected soft jaws in radially tensioned position for rotationally
      forming an arcuate work-engaging surface thereon by operation of a coaxial
      spindle, said attachment comprising:
PA1  an open-centered, rigid, annular enclosure frame having means for removable
      attachment to the ends of a circle of soft jaws which are carried on
      radially adjustable chuck jaws axially aligned with said spindle, said
      means comprising a plurality of jaw attachment arms each adjustable
      connected to said frame and each individually having pivotal means for
      coupling to an end of one of said soft jaws when in varied radial
      locations with the soft jaws outtilted to the maximum permitted by
      individual looseness of the supporting chuck jaw, and
PA1  a centering device comprising a tripod characterized by arcuate-grooved
      contact feet, the grooves of which are curved corresponding to that of the
      annular frame and hence are registrable with an edge thereof, said device
      further having axial aligning means alignable with the spindle of said
      machine, whereby said frame may be located coaxial with the circle of soft
      jaws and spindle.
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ABST
PAL  The specification discloses a skateboard braking system which utilizes a
      cable actuated wedge to force a pair of friction shoes into contact with
      the rear wheel disks. The cable is operated by a footpedal which is
      attached to the front of the skateboard.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years skateboard popularity has risen sharply. These vehicles
      provide thrilling recreation for amateurs as well as highly skilled
      competitors. The desire for increased performance has led to the
      manufacture of highly maneuverable boards which are capable of attaining
      great speeds. Associated with the increased speeds however, is the
      probability of serious injury, particularly since these vehicles have no
      brake. What is actually desired is a simple braking system which can be
      inexpensively incorporated within an existing skateboard design.
PAR  A further object of the present invention is to provide a brake which will
      operate only on the rear wheels of the vehicle (in order to prevent
      forward roll about the front wheel axis) should the brake be quickly
      applied. An additional object is to provide a convenient pedal arrangement
      for actuating the brake-which preferrably does not require modification of
      the skateboard itself.
PAR  Other objects and advantages of the present invention will be obvious from
      the detailed description of a preferred embodiment given herein below.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned objects and advantages are realized by the present
      invention which comprises a brake housing having a pair of axially aligned
      cylindrical bores each of which accommodate a sliding piston. The head of
      each piston is fashioned to form a flat frictional braking surface, one of
      said surfaces being adjacent to the disk of one rear wheel and the other
      of said surfaces being adjacent to the disk of the other rear wheel. The
      inner ends of each piston rest in contact with a wedged shaped lever which
      is journalled about an axis parallel to the rear wheels of the skateboard.
      The wedge shaped lever is cable coupled to a front brake pedal so as to
      move each piston outwardly (to cause the frictional heads to rub against
      the wheel disks) when the brake pedal is depressed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a perspective view of the skateboard and brake pedal
      arrangement.
PAR  FIG. 2 shows a bottom elevation of the skateboard and braking structure.
PAR  FIG. 3 shows a side elevation of the skateboard and braking arrangement.
PAR  FIG. 4 shows a cross-section of the braking structure taken through the
      planes 4--4 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Adverting to the drawings, FIG. 1 shows a perspective view of a
      conventional skateboard 1 as it would appear when modified to incorporate
      the braking structure which is the subject of the present invention. As
      shown in FIGS. 2 and 3, the skateboard is of a conventional type having
      two sets of wheels 3-4 and 5-6, each set being journaled about a common
      axis 7 and 8 respectively. Steering is accomplished in the conventional
      manner, the journal housings 9 and 10 being attached to the surface 1 of
      the skateboard via angle king pin assemblies 9 and 10 which effect
      rotation of axes 7 and 8 in response to a weight shift tilt of the surface
      1.
PAR  Referring now to FIGS. 2, 3 and 4, a preferred embodiment of the brake
      comprises a footpedal 2 which is pivotally mounted (via pin 26) to the
      flange 27 at the front of the skateboard so as to be slightly disposed
      above the surface 1, and a brake assembly 12 which includes a housing 13,
      wedge lever 16 and oppositely disposed brake pistons 14 and 15. Housing 13
      is attached to assembly 10 via screws 20; the brake pistons 14 and 15 thus
      maintain the same orientation with respect to the wheels 5 and 6 at all
      times. One end of wedge lever 16 is pivotally attached to housing 13 via a
      pin 23, and the other end is attached to the footpedal 2 at the point 25
      via wire cable 24. The inner ends 30 and 31 of each piston (14 and 15) is
      beveled to correspond to the angle of the wedge surface 32 of wedge lever
      16, the angular relationship between the bevels (ends 30 and 31) and wedge
      surface 32 being maintained by pins 33 and 34 respectively. The heads 35
      and 36 of the pistons 14 and 15 are positioned adjacent to the inside disk
      of rear wheels. In order to achieve adequate braking surface, the diameter
      of the heads is larger than the bore of cylinders 40 and 41 which
      accommodates the body of pistons 14 and 15.
PAR  The operation of the brake can be easily understood from FIG. 3. Depression
      of footpedal 2 pulls cable 24 forward causing wedge lever 16 to rotate
      about pin 23. As a consequence the pistons 14 and 15 are driven in
      opposite direction by the wedge surface 32 -- until the heads 35 and 36
      contact the inside disk surfaces of the wheels 5 and 6 respectively. The
      frictional contact of the heads 35 and 36 provides a braking pressure
      which is proportional to the force applied to footpedal 2. Upon release,
      footpedal 2 is returned to its original state via spring 43. Once the
      footpedal pressure is removed, wedge lever 16 separates from pistons 14
      and 15, allowing them to return naturally to a position of non-frictional
      proximity with respect to the wheels 5 and 6.
PAR  The essential components are preferably made from a durable metal such as
      steel -- although aluminum could be used for housings and other parts if
      desired. The basic concept itself, while shown and described in the form
      of a particular embodiment, is of course, not restricted thereto, Nor are
      the teachings of the invention limited to skateboards -- in that with only
      slight modifications they may be equally applicable to scooters, skeeters
      and other vechicles commonly used by young children. Thus, although a
      preferred embodiment has been shown and described, it will be understood
      that the invention is not limited thereto and that numerous changes,
      modifications and substitutions may be made without departing from the
      spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A brake for a skateboard of the type having two sets of wheels each set
      of which is mounted to the board by an angle king pin assembly, said brake
      comprising:
PA1  a footpedal;
PA1  means for attaching said footpedal to the front of the skateboard so as to
      position said footpedal above the skateboard surface;
PA1  a housing having a pair of oppositely disposed openings;
PA1  a piston within each of the openings in said housing;
PA1  means for attaching said housing to the rear wheel king pin assembly of the
      skateboard so as to position the head of each piston adjacent to the disk
      of each rear wheel;
PA1  a lever having a wedge shaped surface;
PA1  means for pivotally attaching said lever to said housing so as to position
      said wedge shaped surface between said pistons;
PA1  cable means for attaching said lever to said footpedal.
NUM  2.
PAR  2. The apparatus recited in claim 1 wherein each of said pistons include a
      beveled end adjacent to said wedge shaped surface.
NUM  3.
PAR  3. The apparatus recited in claim 2 wherein the openings in said housing
      are oppositely disposed cylindrical bores and wherein each of said pistons
      comprises:
PA1  a cylindrical body having a dimension adapted to slide within the
      cylindrical bores of said housing and a head having a surface area greater
      than the cross-sectional area of said body.
NUM  4.
PAR  4. The apparatus recited in claim 3 wherein said footpedal includes:
PA1  a flat pedal surface;
PA1  a C-shaped arm attached perpendicular to said flat surface.
NUM  5.
PAR  5. The apparatus recited in claim 4 wherein said means for attaching said
      footpedal to the front of the skateboard comprises:
PA1  a vertical flange mounted to the underside of the skateboard and;
PA1  means for pivotally attaching said C-shaped arm to said flange.
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ABST
PAL  A ski binding and boot for down hill skiing which utilizes only a single
      release mechanism between the ski boot and the ski. The release mechanism
      is connected to the heel of the ski boot and to the ski and is operable to
      release either in response to applied forces causing twisting of the heel
      relative to the ski or in response to applied forces causing lifting of
      the heel from the ski. Adjustment means are provided for setting the
      magnitude of applied forces required to cause release, and manual release
      means are also provided.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a ski binding expecially adapted for down
      hill skiing.
PAR  It is known to provide ski bindings for down hill skiing that will release
      the ski boot from the ski in response to certain applied forces. Ski
      bindings of this character are intended to protect the skier from serious
      injuries during a fall.
PAR  It is conventional practice to provide ski bindings of the foregoing
      character which require release means for both the heel and the toe of the
      ski boot. Arrangements such as this do not always give the desired release
      action, in that there is no release for combined forces of twisting and
      lifting so that leg injuries to the skier frequently occur. Some efforts
      have been made to utilize a single release mechanism between the ski and
      the boot but without complete success for release in all angles above the
      plane of the ski.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has overcome the inadequacies of the prior art, and
      provides an improved ski binding which utilizes only a single release
      mechanism located between the ski and the heel of the ski boot.
PAR  According to a preferred form of the present invention a ski binding is
      provided comprising a heel release mechanism including a base member
      adapted for attachment to a ski, and an upper member releasably connected
      to the base member and adapted for attachment to the heel of a ski boot,
      the base member and the upper member having cooperating detent means for
      holding them together, the detent means being releasably in response to
      applied forces causing relative twisting of said members about a vertical
      axis and in response to applied forces causing relative upward movement of
      said upper member with respect to said base member. In addition, the
      release mechanism responds to applied combined forces of twisting and
      lifting. The magnitude of the holding action of the detent means can be
      selectively adjusted, and manual means are provided to release the detent
      means partially when it is desired to remove the ski boot from the ski.
PAR  Thus, an improved ski binding has been provided which has a single release
      mechanism between the ski and the heel of the boot, the mechanism being
      operable to release when forces above selected magnitudes occur that tend
      to twist or to uplift the boot relative to the ski.
PAR  Other objects of this invention will appear in the following description
      and appended claims, reference being had to the accompanying drawings
      forming a part of this specification wherein like reference characters
      designate corresponding parts in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of a ski and ski boot with a
      ski binding embodying the present invention;
PAR  FIG. 2 is an enlarged sectional view taken on the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a bottom plan view of the upper member of the ski binding;
PAR  FIG. 4 is an enlarged fragmentary section taken on the lines 4--4 of FIG.
      3;
PAR  FIG. 5 is an elevational view, partially in section viewed in the direction
      of the lines 5--5 of FIG. 3;
PAR  FIG. 6 is a fragmentary section taken on the lines 6--6 of FIG. 5;
PAR  FIG. 7 is a rear elevational view of the base member of the ski binding
      mounted on the ski;
PAR  FIG. 8 is a partially exploded top plan view of the base member; and
PAR  FIG. 9 is an enlarged vertical section through the ski binding illustrating
      details of the release mechanism.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Before explaining the present invention in detail, it is to be understood
      that the invention is not limited in its application to the details of
      construction and arrangement of parts illustrated in the accompanying
      drawings, since the invention is capable of other embodiments and of being
      practiced or carried out in various ways. Also, it is to be understood
      that the phraseology or terminology employed herein is for the purpose of
      description and not of limitation.
PAR  Referring now to the drawings, the invention will be described in greater
      detail. The ski binding 10 is a heel release mechanism and comprises the
      only connection between the heel 12 of the ski boot 14 and the ski 16. As
      can be seen in FIG. 1, the sole 18 of the ski boot 14 merely rests on the
      top surface of the ski 16.
PAR  The ski binding or heel release mechanism 10 includes the base member 20,
      secured to the ski 16 by a plurality of screws 22 extending through
      countersunk bores 23, and the upper member 24 secured to the heel 12 by a
      plurality of screws 26. The base member 20 and the upper member 24 are
      releasably connected together.
PAR  The base member 20 includes the base plate 28 which has a vertical post 30
      extending upward therefrom. The vertical post 30 has a plurality of
      radially directed spring actuated balls 32 projecting from its outer
      periphery. This arrangement can be seen best in FIGS. 7-9, inclusive,
      wherein the balls 32 are shown retained in the radial bores 34 by the
      retainer ring segments 36 and maintained in a spring-loaded condition by
      the compression springs 38. The retainer ring segments 36 are secured in
      place by a plurality of screws 40.
PAR  The upper member 24 includes the heel plate 42 to which is secured by
      screws 44 the collar 46. The latter has an inwardly directed retaining lip
      or flange 48 which retains the split ring or annulus 50 which has two
      segments that are free to float to a limited extent within the confines of
      the heel plate 42 and the retaining lip 48. The annulus 50 is retained
      against rotation relative to the collar 46 by the adjustment or set screw
      52 which is threadedly connected to the collar 46 and has a projection 54
      on its inner end that projects into the notch 56 in annulus 50 restraining
      the latter from relative rotation. The adjustment or set screw 52 also
      serves as an adjustment means for the release mechanism, as will be
      described, in that the screw 52 can be advanced or retracted to vary the
      size of the one or more radial slots 58 between the segments of annulus
      50. Contraction or enlargement of the one or more radial slots 58 will
      correspondingly change the effective diameter of annulus 50 for a purpose
      to be described.
PAR  The annulus 50 has on its inner surface a plurality of sockets 60,
      corresponding in number and circumferential spacing to the balls 32 in the
      vertical post 30. Associated with each socket 60 are grooves 62 that are
      angularly disposed from the sockets 60 to the edge 64. Also associated
      with each socket 60 is the V-shaped land 66 between the associated grooves
      62 which is recessed a limited distance into the inner surface of the
      annulus 50.
PAR  The sockets 60 are arranged to receive the balls 32 and to function
      therewith as a detent means for holding the upper member 24 in a fixed
      position on the base member 20. When in this position, the grooves 62 form
      paths of less resistance to allow the spring actuated balls 32 to be
      constructed and then to roll therein when relative twisting or turning
      occurs between the members 20 and 24. Thus, a release is provided in
      response to applied forces that would tend to twist the leg of the skier
      relative to the ski.
PAR  The lands 66 also serve to provide a release of the detent means in
      response to applied forces which tend to move the upper member 24
      generally in an axial direction of the annulus 50 relative to the post 30.
      Thus, a release is provided in response to applied forces resulting when
      the skier falls and exerts an uplift of the heel relative to the ski. It
      will be noted that the grooves 62 are recessed deeper than the lands 66 so
      that the release means will release more readily in response to twisting
      action than an uplift of the heel 12 relative to the ski 16.
PAR  The lands 66 are sloped inward to the grooves 62 to provide for release
      when a combined forces of twisting and lifting are applied to the upper
      member 24.
PAR  As previously indicated, the adjustment or set screw 52 can be adjusted to
      set the spacing at 58 so that the detent means will release when the
      applied forces tending to twist the leg of the skier are at a sufficiently
      low level to protect the skier from injury.
PAR  The ski binding 10 can readily be released when the skier desires to remove
      his ski boot 14 from the ski 16. For this purpose the upper member 24
      includes a cam shaft 68 mounted for turning in the bore 70 in the collar
      46. The cam shaft includes a pivotally mounted lever 72 for turning the
      cam shaft 68 between the solid line position shown in the drawings when
      the slots 58 are relatively small and the broken line position, shown at
      74 in FIG. 4, which allows the slots 58 to become larger and thereby
      reduce the applied forces necessary to release the detent means.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A ski binding comprising a heel release mechanism including a base
      member adapted for attachment to a ski, and an upper member releasably
      connected to said base member and adapted for attachment to the heel of a
      ski boot, said base member and said upper member having cooperating detent
      means including a plurality of spring actuated balls and a plurality of
      associated sockets for holding the members together, said detent means
      being releasable in response to applied forces causing relative turning of
      said members about a vertical axis and in response to applied forces
      causing relative movement of said upper member from said base member in a
      generally vertical direction, one of said members defining a vertical post
      which has projecting radially from around its periphery said spring
      actuated balls, and the other of said members defining an annulus
      telescoped over said post, said annulus having around its inner periphery
      said plurality of sockets in which said balls are received for holding the
      annulus on the post, said annulus having grooves on its inner periphery of
      lesser radial depth than said sockets and angularly disposed from said
      sockets to an edge of said annulus through which said balls can travel
      when relative turning of said members occurs, said grooves being angularly
      disposed in both directions from each socket so as to provide a V-shaped
      land in an axial direction from each socket, each said land being recessed
      in the inner periphery of the annulus to facilitate release of said upper
      member from said base member in a generally vertical direction.
NUM  2.
PAR  2. The ski binding that is defined in claim 1, wherein said detent means
      are adjustable for varying the magnitude of the applied forces required to
      cause release of the upper member from the base member.
NUM  3.
PAR  3. The ski binding that is defined in claim 1, wherein a manually actuable
      release means is provided in association with said detent means for
      movement to a first position in which said detent means release at a
      relatively low magnitude of applied forces and a second position in which
      said detent means release at a relatively high magnitude of applied
      forces.
NUM  4.
PAR  4. The ski binding that is defined in claim 1, wherein said detent means
      are adjustable for varying the magnitude of the applied forces required to
      cause release of the upper member from the base member, and a manually
      actuable release means is provided in association with said detent means
      for movement to a first position in which said detent means release at a
      relatively low magnitude of applied forces and a second position in which
      said detent means release at a relatively higher magnitude of applied
      forces.
NUM  5.
PAR  5. In combination, the ski binding that is defined in claim 1, and a ski
      boot having a heel, said heel being rigidly affixed to the upper portion
      of said upper member.
NUM  6.
PAR  6. A ski binding comprising a heel release mechanism including a base
      member adapted for attachment to a ski, and an upper member releasably
      connected to said base member and adapted for attachment to the heel of a
      ski boot, said base member and said upper member having cooperating detent
      means for holding them together, said detent means being releasable in
      response to applied forces causing relative turning of said members about
      a vertical axis and in response to applied forces causing relative
      movement of said upper member from said base member in a generally
      vertical direction, one of said members defining a vertical post which has
      projecting from around its periphery a plurality of radially directed
      spring actuated balls, and the other of said members defining an annulus
      telescoped over said post, said annulus having around its inner periphery
      a plurality of sockets in which said balls are received for holding the
      annulus on the post, said annulus having at least one radial slot for
      allowing radial expansion and contraction thereof, and a cam shaft mounted
      in said other member and having a cam in engagement with said annulus so
      that when the cam is in a second position the annulus is contracted and
      when in a first position the annulus can expand, said cam shaft having
      thereon a lever for manually moving the cam between its first and second
      positions to facilitate the holding of or the manual disengagement of the
      ski with respect to the heel.
NUM  7.
PAR  7. The ski binding that is defined in claim 6, wherein a set screw is
      threadedly secured in said other member and abuts the outer periphery of
      said annulus for contracting or expanding of the annulus in response to
      turning of said set screw.
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ABST
PAL  An improved cross-country type ski binding is provided. The ski binding
      comprises a toe iron, a clamp member pivotally mounted in said toe iron
      and a lock member pivotally mounted forwardly of said clamp member. The
      clamp member is fabricated of springy material. The lock member includes a
      pivotally mounted roller which is in obstructing relationship with respect
      to the free end of the clamp member. The clamp member is pivotable to a
      lowered clamping position wherein the free end thereof is beneath the
      roller which thereby locks the clamp member in its clamping position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In my U.S. Pat. No. 3,861,700 and copending application Ser. No. 541,852,
      filed Jan. 17, 1975, I have disclosed improved cross-country type ski
      bindings which have desirable characteristics. The ski bindings disclosed
      in my patent and application each include a toe iron, a spring wire bail
      and a lock for the bail, both the bail and lock being pivotally mounted.
      In such structures, the toe of the ski boot is positively locked in the
      toe iron while still permitting maximum lift of the heel of ski boot.
      Means are provided on the bail and the lock forming a movable pivot axes
      which, in clamping, moves over-center with respect to the stationary pivot
      axes.
PAR  In my present invention, I have provided a modified construction wherein
      the clamp member and lock member are not mechanically connected to each
      other thereby minimizing potential failure of the structure as a result of
      disengagement of these two members. Additionally, a simple roller
      construction is provided on the lock member for engagement with the clamp
      member when the clamp member is pivoted to its lowermost clamping
      position. This construction incorporates a design wherein the outer end of
      the clamp member is positioned beneath the roller and extends beyond an
      imaginery line drawn between the pivot center of the roller and the pivot
      point of the lock member with the result that the clamp member, which
      exerts an upward spring force when in the clamping position, tends to
      cause the lock member to move further into locking position thus securely
      holding the clamp member in its clamping position.
PAC  SUMMARY OF THE INVENTION
PAR  The cross-country type ski binding includes a toe iron, a clamp member and
      a lock member for the clamp member. Both the clamp member and lock member
      are pivotally mounted via longitudinally spaced apart respective pivot
      axes. The clamp member is in the form of a springy lever. The clamp member
      is pivotable from a lowered, forwardly extending clamping position in
      which the clamp member presses down upon the sole adjacent the toe of a
      ski boot for clamping the latter in said toe iron to a raised, upwardly
      extending release position in which the ski boot is released from the toe
      iron. The lock member is positioned ahead of the clamp member. The lock
      member is pivotally mounted at its lower end as aforesaid. A roller is
      pivotally mounted on the upper portion of the lock member. The roller is
      in obstructing relationship with respect to the forward end of the clamp
      member whereby when the clamp member is pivoted downwardly the forward end
      thereof will engage the roller and cause the lock member to pivot
      forwardly until the forward end of the clamp member is positioned beneath
      the roller in its clamping position where the clamp member presses down
      upon the sole adjacent the toe of the ski boot. The clamp member is of a
      length whereby the forward end thereof extends beyond an imaginery line
      drawn through the pivot points of both the roller and the lock member with
      the lock member being pivoted to a position wherein the roller is
      positioned over the forward end of the clamp member in which position the
      clamp member exerts a pressure against the roller which tends to pivot the
      lock member rearwardly into secure locking relationship with the clamp
      member.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a top plan view of one embodiment of the cross-country type ski
      binding of the present invention illustratively mounted on a ski;
PAR  FIG. 2 is a side elevational view of the ski binding of FIG. 1;
PAR  FIG. 3 is a front end view of the ski binding of FIG. 1; and
PAR  FIG. 4 is a sectional view taken substantially along the line 4--4 of FIG.
      1 looking in the direction of the arrows.
DETD
PAR  The cross-country type ski binding 10 of the present invention includes a
      toe iron 12 which includes a substantially flat plate portion 14 upon
      which the toe portion 16 of a ski boot 18 is adapted to rest. An extension
      20 extends forwardly from the plate portion 14. The toe iron 12 has three
      openings through which extend screws 22, 24, 26 to secure the toe iron to
      a ski 28. Upstanding wall portions 30, 32 define a structure for wedging
      the toe portion 16 of the boot 18 securely in place. A plate 33 having
      three upstanding pins 34, 36, 38 is secured to the plate portion 14. The
      pins are received in openings conventionally provided on the underside of
      the toe portion 16. The function of the pins 34, 36, 38 is to releasably
      engage the toe portion of the ski boot.
PAR  A clamp member in the form of a lever 40 having a pair of spaced apart
      rearwardly extending arms 42, 44 is pivotally mounted in the toe iron by
      means of journals 46, 48. The member 40 is fabricated of a springy
      material so that it will act as a spring. A recess 50 is provided in the
      forward end of the lever 40 for engagement by the tip of a ski pole to
      push the lever downwardly to a forwardly extending clamping position in
      which the clamp member presses down upon the sole adjacent the toe of the
      ski boot to lock the toe of the ski boot in the toe iron 12. This permits
      the skier to conveniently lock his boots in place without bending over. It
      will be noted that an elongated recess 52 is provided in the lever 40 for
      positive engagement of the upper surface of the ski boot sole. The lever
      40 is fabricated of a springy metal so that when it is pivoted to its
      lowermost ski boot engaging position as illustrated in FIG. 2, the lever
      will exert an upward force tending to disengage it from the ski boot.
PAR  Means are provided to retain the lever 40 in the lower clamping position as
      shown in solid lines in the figures. These means comprise a pivotal lock
      member in the form of a lever 54 having spaced apart lower tab 56, 58
      which are pivotally attached to forward upwardly extending tab portions
      60, 62 of the extension 20 by means of a pin 64. Spacing apart of tab
      portions 60, 62 results in a two point mounting which gives lateral
      stability to the mounting. A spring 66 is provided in the pin 64. The
      spring has one arm 68 which bears against the toe plate and another arm 70
      which extends through opening 72 of lever 54. The arm 70 terminates in an
      upturned portion 74 which bears against the lever 54 thereby biasing the
      lever 54 in the counter-clockwise position as viewed in FIG. 4. The spring
      66 maintains the lever 54 in the generally upright position which
      facilitates engagement with the outer end 76 of the lever 40.
PAR  The lever 54 has a second pair of spaced apart tabs 78, 80 on the upper
      portion thereof. A resilient roller 82 is pivotally mounted between tabs
      70, 80 by means of a pin 84. The lever 54 has an upper forwardly angled
      portion 86 provided with a recess 88 for engagement with the tip of a ski
      pole for the purpose of unlatching the binding. Again, this permits the
      skier to conveniently unlatch his boots without bending over.
PAR  Operation of the ski binding 10 may be understood by reference to FIGS. 2
      and 4. Referring to FIG. 2, it will be noted that when the ski binding is
      unlatched, the lever 40, shown in dotted lines, is in a position above the
      roller 82. Downward pressure on lever 40 will cause the lever 54 to pivot
      forwardly as shown in dotted lines in FIG. 2. The rolling action of the
      roller 82 facilitates this movement. When the outer end 76 of the lever 40
      passes beneath the roller 82, the lever 54 is biased rearwardly by means
      of spring 66 to the position shown in solid lines. In this position, as
      illustrated in FIG. 4, the outer end of the lever 40 passes over center of
      the fixed pivot points of the roller 82 and lever 54 as defined by,
      respectively, the pins 84, 64 as shown by the dotted line 90 in FIG. 4. In
      this position, the upward force exerted by the springy lever 40 exerts a
      force against the roller 82 which tends to bias the lever 54 in the
      counter-clockwise position as viewed in FIG. 4. This action tends to
      firmly engage the levers 40, 54. The end 86 of lever 40 and the roller 82
      are relatively broad to provide substantial line contact between these
      elements. The levers are disengaged by physically pressing the lever 54
      downwardly as shown in dotted lines in FIG. 2. As soon as the outer end of
      the lever 40 passes beyond the line 90, the lever 54 will tend to pivot
      the lever 54 in the clockwise direction as viewed in FIG. 4 to thereby
      disengage the lever for unclamping of a ski boot. In practice, as soon as
      the other end of the lever 40 passes beyond line 90 there is sudden
      disengagement of the lever as a consequence of the springyness of lever
      40. The situation is analagous to an over-center spring clamping device
      having a movable pivot point and a pair of fixed pivot points with the
      pivot points of the roller 82 and lever 54 being fixed and the contact of
      the outer end of lever 40 with roller 82 being a movable pivot point.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A cross-country type ski binding comprising a toe iron, a clamp member
      and a lock member for the clamp member both pivotally mounted via
      longitudinally spaced apart respective pivot axes, said clamp member being
      in the form of a springy lever, said clamp member being pivotable from a
      lowered, forwardly extending clamping position in which the clamp member
      presses down upon the sole adjacent the toe of a ski boot for clamping the
      latter in said toe iron to a raised, upwardly extending release position
      in which the ski boot is released from said toe iron, the lock member
      being positioned ahead of said clamp member, said lock member being
      pivotally mounted at its lower end as aforesaid, a roller pivotally
      mounted on the upper portion of the lock member, said roller being in
      obstructing relationship with respect to the forward end of the clamp
      member whereby when said clamp member is pivoted downwardly the forward
      end thereof will engage the roller and cause the lock member to pivot
      forwardly until the forward end of the clamp member is positioned beneath
      the roller in its clamping position where said clamp member presses down
      upon the sole adjacent the toe of a ski boot, said clamp member being of a
      length whereby the forward end thereof extends beyond an imaginery line
      drawn through the pivot points of both the roller and the lock member with
      the lock member being pivoted to a position wherein the roller is
      positioned over the forward end of the clamp member in which position the
      clamp member exerts an upward spring pressure against the roller which
      tends to pivot the lock member rearwardly into secure locking relationship
      with the clamp member. forward
NUM  2.
PAR  2. A cross-country type ski binding as defined in claim 1, further
      characterized in the provision of spring means on the lock member biasing
      the lock member rearwardly to automatically position the roller in
      obstructing relationship with respect to the forwad end of the clamp
      member.
NUM  3.
PAR  3. A cross-country type ski binding as defined in claim 1, further
      characterized in that said lock member has a pair of spaced apart tabs on
      the lower portion thereof, each tab being pivotally mounted to define the
      stationary pivot axis of the lock member.
NUM  4.
PAR  4. A cross-country type ski binding as defined in claim 1, further
      characterized in that said forward end of the clamp member and said roller
      are relatively broad to provide substantial line contact between said
      elements when the clamp member is in its lowermost clamping position.
NUM  5.
PAR  5. A cross-country type ski binding as defined in claim 1, further
      characterized in that said clamp member includes a pair of spaced apart
      rearwardly extending arms, each arm being pivotally mounted to the toe
      iron at the rearward end thereof.
NUM  6.
PAR  6. A cross-country type ski binding as defined in claim 1, further
      characterized in that said lock member includes a pair of rearwardly
      extending spaced apart tabs on the upper portion thereof, said roller
      being received between said tabs, and pin means extending through said
      tabs and roller to pivotally mount the roller.
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ABST
PAL  A safety ski binding has a heel grip pivoted at an end of a removable sole
      plate. A flexible cable tensioned by a spring winder within the sole plate
      serves to hold the sole plate on the ski, and simultaneously biases the
      heel grip to an operative boot-gripping position.
BSUM
PAR  The invention relates to ski bindings, more specifically to bindings of the
      type comprising a sole plate carrying a boot-sole gripping member at an
      end of the sole plate, means including a flexible connection and elastic
      biasing means tensioning said connection for holding said end of the sole
      plate against a ski, and means for biasing the boot-sole gripping member
      to an operative position for gripping a boot-sole on said plate.
PAR  In known bindings of this type sold under the Trade Mark "BURT," two
      distinct biasing means are provided, one for holding the sole plate
      against the ski, the other for holding the sole grip closed. Moreover, the
      tension of the spring biasing the sole grip is not adjustable, which is a
      disadvantage. To provide for such an adjustment, a supplementary mechanism
      could be added, but this may involve an increase in the volume of the sole
      plate.
PAR  An aim of the invention is to simplify such a binding, and avoid the
      mentioned inherent disadvantage.
PAR  The invention therefore provides an improvement of a binding of the stated
      type wherein said means for biasing the boot-sole gripping member comprise
      means for operatively connecting said flexible connection to a part of
      said member to bias said member to its operative position under the action
      of said elastic biasing means.
PAR  The previous separate spring for holding the sole-grip closed is hence
      dispensed with, and the mechanism simplified. Moreover, adjustment of the
      biasing force tending to hold the sole grip closed can be provided without
      any adjustment means, additional to those for setting release of the sole
      plate from the ski. The sole grip may thus usefully provide a second or
      reserve security release system. Finally, in the binding according to the
      invention, there is a substantially constant ratio between the force
      holding the sole plate against the ski and the force holding the sole grip
      closed.
DRWD
PAR  Two embodiments of the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation, partly in axial cross-section, of a ski boot
      held on a ski by a first embodiment of binding;
PAR  FIG. 2 is a partly cut away perspective view of this first embodiment; and
PAR  FIG. 3 is a partial view similar to FIG. 1 of a second embodiment.
DETD
PAR  The binding shown in FIGS. 1 and 2 includes a sole plate 1 on which the
      sole 2 of a boot can be held by a toe grip 3 and a heel grip 4
      respectively carried by the front and rear ends of plate 1. The rear end 5
      of plate 1 is held on a ski 6 by a flexible cable 7 having an enlarged end
      8 secured to ski 6 by a securing plate 14 screwed on the ski. From this
      plate 14, cable 7 passes firstly over a pulley 9 pivoted on a pin 10
      carried by heel-grip 4, then under a pulley 11 pivoted in plate 1, from
      where it passes around an outer peripheral groove in a generally C-shaped
      cam part of a winder 12, the cable terminating with an enlarged end 13
      engaged in one of several appropriate openings in said cam part of winder
      12. The cam part of winder 12 is integral with and disposed eccentrically
      on an upper circular face of a hollow cylindrical drum 22. The winder 12
      is constantly submitted to the winding action of a spiral spring 17 whose
      inner end 18 is secured to a piece 19 keyed on a rotatable central shaft
      20 about which the winder 12 is rotatably mounted, and whose outer end 21
      is hooked in an opening in the flange of drum 22. A partially shown
      locking device 23 acting on shaft 20 enables the spring 17 to be held
      under a predetermined tension, obtained by rotating shaft 20 by engaging
      an Allen key in a polygonal opening 15 in the accessible upper end of
      shaft 20. When, as shown, the binding is in the rest position fitted on
      ski 6, the plate 1 bears on ski 6 via two rollers 33 which are pivoted
      about pins 34 in plate 1 and bear on plate 14.
PAR  The heel grip 4 is pivotally mounted about a pin 24 fixed at the rear end
      of plate 1, and has a flat 25 which bears against a corresponding flat
      upper face 26 of plate 1. Heel grip 4 also has a rear extension 27 shaped
      to receive the end of a ski pole for voluntary release of heel grip 4.
      Above the operative heel-gripping forward part of heel grip 4 is an
      inclined surface 28.
PAR  The front end 29 of plate 1 is held to ski 6 by an appropriate retaining
      device consisting of a fixed stop engaging a profile in end 29. However,
      the toe-end could be held by a device similar to the described heel
      gripping arrangement.
PAR  In use, the tension of spring 17 is set by rotating shaft 20 by its opening
      15 to provide an appropriate release setting. Whatever be the setting,
      plate 1 always tends to be held against ski 6 by spring 17 by the
      intermediary of cable 7 which always remains taut, whether the binding is
      at rest (closed) or released (open). Spring 17, by cable 7, constantly
      acts on pulley 9 as indicated by arrow 30 to tend to hold the flat 25 of
      heel grip 4 against face 26 of plate 1, in which position the heel of a
      boot sole 2 may be held against plate 1. The sole 2 is placed on plate 1
      by pressing the heel against inclined surface 28. This produces a
      momentaneous tipping of heel grip 4 about its pin 24, as indicated by
      arrow 31, the heel grip 4 automatically springing back to the position of
      FIG. 1 as soon as the sole 2 is correctly in place. When desired, the boot
      sole 2 may be removed from plate 1 by acting on extension 27 with a ski
      pole, as indicated by arrow 32, to produce a similar tipping of heel grip
      4 sufficient to free the heel. This tipping of heel grip 4 during
      insertion or removal of a boot takes place against the action of spring 17
      which is momentaneously further compressed.
PAR  As a variation (not shown) of the first embodiment, the end 8 of cable 7 is
      fixed to heel grip 4 instead of being fixed to plate 14. The cable 7
      passes under a pulley 9 which, instead of being carried by grip 4 is
      carried by plate 14, then over (instead of under) pulley 17, and is
      attached to winder 12 as before. The other elements of such a variation
      are identical to those described previously, and operation is the same.
PAR  In FIG. 3, showing the second embodiment, the same reference numerals are
      used for the same elements. In this embodiment, the inclined surface 28 is
      dispensed with, but the heel grip, designated by 39, is provided with a
      lower projecting lip 40 to enable fitting of a boot. The previous pulley 9
      is replaced by a pulley or roller 41 pivoted on a pin 42 carried by a
      lever 45 pivotally mounted on plate 1. Heel-grip 39 is pivoted on plate 1
      about a pin 44. A cam 45 is fixed for rotation with heel grip 4 concentric
      to pin 44. At its periphery, cam 45 has two notches 46 and 47 which
      receive roller 41. The cable 7 passes about an extra pulley 48 pivoted on
      a pin 49 fixed on plate 1. Heel-grip 39 has an extension 50. All of the
      other elements are identical to those of the first embodiment, and will be
      referred to by the same references.
PAR  In operation, as before, spring 17 acts on cable 7 to constantly exert a
      force on roller 41 according to arrow 30 whereby roller 41 and lever 43
      are pivoted as indicated by arrow 51 against cam 45. When the binding is
      "closed" as in FIG. 3, roller 41 engages in notch 46 of cam 45 and the
      sole 2 is thus held against plate 1 by grip 39. The heel grip 39 is tipped
      to an open position, to allow insertion of a boot heel or removal of a
      secured boot heel, by acting on extension 50 with a ski pole, as per arrow
      32. Cam 45 is thus rotated as indicated by arrow 52, and roller 41 is
      pushed up by the profile of cam 45 until it drops into notch 47. The heel
      grip 39 is held in this open position by cable 7 under the action of
      spring 17. When a boot sole 2 is inserted in the binding, it acts on lip
      40 according to arrow 30, and drives grip 39 back to its rest or closed
      position shown in FIG. 3.
PAR  In a variation, not shown, of this second embodiment, the roller 41 instead
      of being carried by lever 43 is guided in a slot in a flange on plate 1.
PAR  In another variation, not shown, of the second embodiment, the roller 41,
      instead of being carried by lever 43 pivoted on plate 1, is guided in a
      slot in the sole grip 39, and the cam 45 is carried by the rear of the
      plate 1, instead of by grip 39.
PAR  The other elements of these two variations are the same as for the second
      embodiment, and operation is similar, the roller 41 cooperating with notch
      46 or 47 of cam 45 to hold the heel grip 39 respectively in the closed or
      open position.
PAR  The described heel-grips 4 and 9 have voluntary opening means for actuation
      by a ski pole, for example. These heel grips could have elements arranged
      to enable them to open and free the boot sole in the event of a violent
      stress. Such a use as a second or double security system (the main
      security being provided by cable 7 and spring 17 which allow plate 1 to be
      pulled away from the ski) is possible since the biasing force holding the
      sole grip in closed position can be adjusted. In fact, there is a
      substantially constant ratio between this force and the force tending to
      hold plate 1 on ski 6. Regulation of the latter force, by turning shaft
      20, hence sets the former force in a similar proportion.
PAR  Instead of being pivoted, the sole grips could be slidably mounted on plate
      1.
PAR  Also, the elastic biasing means (spring 17) for cable 7 could be arranged
      on the upper face of the ski, instead of in plate 1. Other elastic biasing
      means could be provided, cooperating with a winder, as described, or with
      other means for allowing withdrawal of the cable. Such sole grips may be
      provided solely at the heel end or toe end of a boot, or at both ends.
PAR  It is of course understood that the terms cable and flexible connection as
      used herein are meant to include all suitable flexible strands, cords,
      wires and other substantially non-extensible flexible elongate members.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a safety ski binding comprising a sole plate carrying a boot-sole
      gripping member at an end of the sole plate, means including a flexible
      connection and elastic biasing means tensioning said connection for
      holding said end of the sole plate against a ski, and means for biasing
      the boot-sole gripping member to an operative position for gripping a boot
      sole on said plate, the improvement wherein said means for biasing the
      boot-sole gripping member comprise means for operatively connecting said
      flexible connection to a part of said member to bias said member to its
      operative position under the action of said elastic biasing means.
NUM  2.
PAR  2. A binding according to claim 1, comprising means securing an end of said
      flexible connection to the ski, said part of the boot-sole gripping member
      being a pulley pivotally mounted on the boot-sole gripping member, said
      flexible connection passing about said pulley.
NUM  3.
PAR  3. A binding according to claim 1, comprising means securing an end of said
      flexible connection to the ski, and a roller movably mounted on said sole
      plate, said flexible connection passing about said roller to urge said
      roller against said part of the boot sole gripping member, and means
      defining a profile in said part of said boot-sole gripping member for
      engagement with said roller to define two stable positions of the
      boot-sole gripping member.
NUM  4.
PAR  4. A binding according to claim 3, in which said boot-sole gripping member
      is pivotally mounted on said base plate about an axis, said part being a
      generally circular cam coaxial to said axis with means defining two
      recesses in its periphery for engagement with said roller.
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ABST
PAL  A convertible trailer vehicle is provided having a center section and a
      pair of end sections hinged at opposite corners to the center section. For
      transport the sections are aligned with each other for towing in a
      conventional manner by a tractor vehicle. At its destination the
      respective ends of the trailer swing in a horizontal plane forwardly and
      rearwardly against the opposite sides of the center section to define a
      symmetrical platform which may be used for a variety of purposes,
      particularly for supporting a roundabout amusement ride. The invention
      also includes the combination of a trailer vehicle and an amusement ride.
BSUM
PAR  This invention relates to vehicles and more particularly to a convertible
      trailer vehicle which is particularly though not exclusively adapted for
      the transport of a roundabout amusement ride. The invention also relates
      to the combination of a convertible trailer vehicle and an amusement ride.
PAR  Amusement rides mounted on trailers with the trailer serving the dual
      function of a transport vehicle for the ride and a stationary support for
      the ride in its position of use are well known. However, in most instances
      the trailer must be provided with outriggers for lateral support for the
      ride and though attempts to disguise the trailer for decorative reasons
      are resorted to, the trailer nevertheless remains in evidence, thus giving
      the ride an appearance of impermanence which is disturbing to some
      customers.
PAR  The broad object of the present invention is to provide a tractor vehicle
      which is particularly but by no means exclusively adapted for the
      transport and support of a roundabout amusement ride and wherein the
      trailer is composed of hinged end sections which may be swung horizontally
      against opposite sides of a center section to form a platform which is not
      only adapted to provide firm support for the ride but also disguises
      completely the character of the trailer.
PAR  Still another object of the invention is to provide a convertible trailer
      of the foregoing nature wherein the hinged end sections not only serve to
      complete the platform but also serve as outriggers to provide lateral
      support for a load, such as a ride, carried on the platform.
PAR  Yet another object of the invention is to provide a convertible trailer of
      the foregoing nature which may be used not only for amusement rides but
      also for a variety of other purposes, such as a bandstand, viewing
      platform, etc.
PAR  Still another object of the invention is to provide a convertible trailer
      in combination with an amusement ride.
DRWD
PAR  Other objects and their attendant advantages will become apparent as the
      following detailed description is read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a top plan schematic view of the trailer broadly illustrating the
      manner in which the trailer is converted from its transport to its
      platform configuration;
PAR  FIG. 2 is a schematic top plan view on a reduced scale showing the
      invention in its platform configuration and supporting a roundabout
      amusement ride;
PAR  FIG. 3 is a perspective side view of the vehicle of the invention in
      aligned condition with a collapsed ride and its accessories mounted
      thereon:
PAR  FIG. 4 is a side elevational view of the erected ride of FIG. 3 in
      operating condition on the platform of the invention;
PAR  FIG. 5 is a perspective view of the trailer of the invention in its
      transport condition with the ride removed;
PAR  FIG. 5A is an enlarged fragmentary perspective view showing a hinge
      arrangement in accordance with the invention;
PAR  FIG. 5B is an enlarged fragmentary perspective view of a locking member
      carried by one of the sections of the invention;
PAR  FIG. 5C is an enlarged elevational view showing the locking member of FIG.
      5B engaged by a mating locking member when the sections are in folded
      condition;
PAR  FIG. 6 is a perspective, partly-exploded view of the underside of ethe
      invention in its platform condition, with parts being removed for clarity;
PAR  FIG. 7 is a perspective view of the upper side of the completed platform
      with parts broken away or removed for clarity; and
PAR  FIG. 8 is a side elevational view of the center section showing the
      principal features of the ride of the invention mounted on the center
      section,
DETD
PAR  Referring now to FIG. 1 the numeral 10 designates a trailer vehicle
      constructed in accordance with the invention. As can be seen the vehicle
      is composed of three main parts comprising a center section 12 and front
      and rear sections 14, 16. The latter sections are shorter than the center
      sections and have respective rearwardly and forwardly projecting
      extensions 18, 20 at their opposite inner corners which when the sections
      are aligned as shown by the solid lines of FIG. 1, are received in
      complementary recesses or cutouts 22, 24 at the corresponding corners of
      the center section 12. The outer ends of the extensions 18, 20 are hinged
      to the center section at the inner ends of the recesses and when the
      trailer vehicle is to be converted to a platform the center section is
      first jacked up, pins are removed from apertured brackets or gudgeons
      which lock the sections in aligned transport position, all as hereinafter
      explained, and the end sections are swung horizontally about their hinges
      in the direction of the arrows 23 to their dotted line positions where, it
      will be noted in FIG. 1, the extensions 18, 20 position the sides of the
      end sections along the sides of the center sections with the rectangular
      portions of the end sections being laterally aligned with each other and
      equidistant from the opposite ends of the center section to form a
      substantially cross-shaped base, the spaces between the arms being bridged
      by suitably shaped floor plates to form a symmetrical eight sided platform
      defined by the dotted lines 26. The vertical spaces at the sides of the
      platform between the floor plates and the ground may be closed by vertical
      partition members such as fiberglass panels as shown more particularly at
      28 in FIG. 4.
PAR  When the trailer vehicle is to be used in conjunction with an amusement
      ride, whose triangular support tower is shown schematically at 29 in FIG.
      1 and in elevation in FIGS. 4 and 8, the completed platform is surrounded
      by a suitable fence 30, the overall arrangement of the ride, platform and
      fence being schematically shown in FIG. 2. The ride may comprise a
      plurality of elevatable sweeps 32 whose inner ends are connected to a
      rotating hub 34 which may be raised or lowered while being tilted as later
      explained in more detail, so as to continuously change the plane of
      rotation of the sweeps. Each sweep carries at its end a short laterally
      extending bar 35 and suspended from the end of each bar and between the
      ends of adjacent bars as shown on the left side of FIG. 2, are swings 36
      more clearly shown in FIG. 4. From the foregoing brief description, it
      will be understood that a variety of thrills will be experienced by riders
      due to the compound motion imparted to the swings during the course of a
      ride.
PAR  Referring now to FIG. 5 it will be observed that the rear section 16 of the
      trailer carries a conventional axle and wheels 38 which are carried on
      leaf springs 39 suspended in the usual manner between brackets 40 best
      illustrated in FIG. 6 where they are shown with the wheels and axle remove
      for clarity. The end of the rear sections of the trailer has the usual
      wheel flaps 41 and rear end lights 42 and between adjacent ends of each of
      the three sections are suitable electrical connectors (not shown) for
      interconnecting wiring for the lights. The wheels of the trailer are
      equipped with fluid pressure brakes (not shown) supplied by the service
      and emergency conduits in each section and which are together by glad-hand
      couplings at the adjacent ends of the respective sections when the trailer
      is in the transport position of FIG. 5. As previously mentioned the front
      and rear sections 14, 16 of the trailer are hinged to the center section
      at the end of their respective corner extensions 18, 20. The hinge
      arrangements for both sections are the same and each comprises two
      vertically spaced pairs of brackets 44 FIG. 5A welded to a vertical frame
      member 46 defining the end of the corner extension of each end section.
      Each pair of brackets embraces a bracket 48 welded to a vertical
      structural component 50 at the adjacent corner of center section 12 of the
      trailer. The brackets 44, 48 are provided with aligned openings for the
      reception of pintles 52, the hinge brackets projecting laterally outwardly
      sufficiently so that as a trailer end section is swung to its platform
      position the side of the end section clears the corner of the center
      section and swings into a position parallel with the corresponding side of
      the center section. As can be seen in FIG. 5, 5B and 5C disposed on the
      side of each end section are longitudinally spaced, vertically disposed
      tapered projections 53, which, when the end sections are folded against
      the center section nest in complementary notched members 54 on the side of
      the center section so that when turn buckle fastenings, hereinafter
      described, are tightened to retain the folded end sections in tight
      engagement with the center section, the inter-engaging projections and
      notches restrain the respective sections against relative vertical
      movement.
PAR  The sections are releasably locked in aligned transport position to define
      a conventional semi-trailer with a king pin at the front for releasable
      connection with a tractor and wheels at the rear end. The releasable
      locking means for retaining the sections in their aligned positions
      comprise an arrangement similar to the hinges just described. That is, the
      front ane rear ends of the center section are provided with two laterally
      spaced sets of vertically spaced brackets 56 (FIGS. 6 and 8) welded to
      vertical frame members 58, 60 of the center section and adapted to be
      embraced by pairs of vertically spaced brackets 62 welded to vertical
      frame members 64, 66 of the end sections. The brackets 56, 62 have
      openings which align with each other to receive pins 68 which lock the
      trailer in its extended transport position and are readily removable to
      permit the end sections to be swung to their folded position of FIG. 6.
PAR  Beneath the floor of the center section is a compartmentt 68 for the
      storage of tools, parts, machinery and controls for an amusement ride
      carried by a trailer. The compartment is closed by doors and panels 70.
      The forward section 14 of the trailer is provided with the usual bolster
      plate 72 (see FIG. 6) carrying a king pin 74 which, when the trailer is in
      the transport condition of FIG. 5, is engageable with the fifth wheel of a
      conventional tractor.
PAR  After the trailer, as so far described, has been positioned by its tractor
      in its position of use blocking 76 and jack pads 78 (see FIG. 3) are
      placed beneath hydraulic jacks 80 at the four corners of the center
      section 12. The jacks are manually operated by controls in the compartment
      68 of the center section to first raise the front end of the trailer in
      order to permit removal of the tractor. Thereafter a turnbuckle (not
      shown) is connected between a bracket on the rear axle and a structural
      part of the rear trailer section 16 in order to prevent the rear axle from
      sagging when the two hydraulic jacks 80 at the rear end of the center
      section are operated in conjunction with the forward jacks to raise all
      three of the sections until the rear wheels 38 are clear of the ground by
      about three inches and the sections are all substantially level. At this
      juncture, the connecting pins 68 are removed from the brackets 56, 62 and
      the forward section 14 of the trailer is swung rearwardly and the rear
      section is swung forwardly until the projections 53 and notched members 54
      engage. Thereafter the sections are clamped together by turnbuckles, such
      as the one shown at 82 in FIG. 6 extending between apertured brackets 84,
      86 welded to structural members on the front and rear sections and on the
      center section, respectively. Though one turnbuckle is shown for purposes
      of illustration, two or more per side are desireably employed to insure
      that the sections are clamped rigidly together. In addition, the two end
      sections are connected to each other by means of an elongated link 88
      which extends through the compartment 68 in the center section and is
      hinged at one end to a suitable bracket 90 carried by the rear section 16
      and at its other end to a yoke 92 whose legs are swingable pinned to
      suitable brackets welded to the underside of the forward section 14. The
      yoke may be connected by a short link 94 to one end of a double jawed
      turnbuckle 96 whose opposite end is connected to a bracket 98 welded to a
      structural part 100 of the forward section 14. When turnbuckle 96 is
      tightened the two end sections are thus rigidly connected to each other as
      well as to the center section, the platform thus formed being essentially
      a unitary structure whose parts are incapable of movement relative to each
      other.
PAR  In order to provide lateral support for the platform a plurality of screw
      jacks, for example, one similar to the double screw jack 102 shown in FIG.
      6 are provided for engagement with bosses 104 welded in the vicinity of
      each corner of the rear and front sections 16, 14. In addition a single
      screw jack 106 engageable with a sleeve 108 welded to the lower front end
      of the center section inboard of the hinge may be provided to further
      stabilize the platform. When all of the screw jacks have been operated
      until each bears its proper proportion of the load, the end sections then
      perform the dual functions of providing platform space while at the same
      time operating as outriggers for the center section.
PAR  After the sections of the trailer have been interconnected and jacked up so
      as to form the platform as above explained, the spaces between the
      sections are covered by floor plates as shown in FIG. 7. At the diagonally
      opposite corners where the straight end of one end section and the
      adjacent straight side of the center section are located, single
      triangular floor plates 110 may be provided, the inner edges of the plates
      being supported on ledges between the corresponding edges of the floor
      plates fixed to the center and end sections of the trailer and the
      structural components which underlie the trailer floor plates. The plates
      110 have welded to their undersides structural stiffening members 112
      which are adapted to be embraced by jaws 114 of a screwjack 116. The
      hinged corners between the trailer sections are polygonal due to the
      extensions 18, 20 of the front and rear sections of the trailer and the
      corresponding recesses 22, 24 of the center section. Conveniently, two
      suitably shaped floor plates 120, 124 may be used to fill the spaces in
      these regions, the inner edges of the plates being supported on ledges as
      are the plates 110, with the outer portions being supported by floor jacks
      116 whose jaws embrace abutting structural members 126, 128 of the two
      plates 120, 124 as shown. The lower part of the platform between the floor
      plates and the ground is closed by the aforementioned panels 28.
PAR  The ride illustrated in FIGS. 2, 3, 4 and 8, and the means for erecting the
      main support of the ride will now be described. As previously mentioned,
      the ride consists of radial sweeps 32 which in the transport position of
      the ride shown in FIG. 3 are folded downwardly about the central
      triangular tower 29 schematically shown in FIG. 1 and in more detail in
      FIG. 8. Each sweep 32 is pivoted adjacent one end on a trunion 130 mounted
      on an annular rotatable platform 132 carried on the aforementioned hub 34
      and which is rotated at a speed of about 10 r.p.m. by means of an
      hydraulic motor 134 and endless flexible drive member 135 such as a roller
      chain. The inner end of each sweep has an integral off-set arm 135 whose
      end is connected by a link 136 to a tang 138 of a spider 140 mounted on a
      suitable rotatable bearing 140 at the outer end of a shaft 142 of a
      reciprocal hydraulic motor 144. It will be apparent that when the shaft
      142 is extended the sweep 132 will be brought towards a vertical position
      parallel to the tower 29 and that when the piston is retracted the sweep
      arm moves towards a horizontal position.
PAR  The entire operating assembly for the ride as so far described is tiltable
      relative to the vertical by means of a reciprocating hydraulic tilt motor
      146 connected at one end to the top of the tower 29 and an arm 150 of a
      support member 152 for the rotatable platform 132. The side of the support
      member opposite the tilt motor 146 is proided with an ear 153 pivotally
      mounted between trunions 154 fixed to the tower 29. It will be apparent
      that upon extension and retraction of the tilt motor 146 the plane of
      rotation of the member 132 and hence the plane of rotation of the sweep
      varies. Hydraulic fluid is delivered by flexible conduits (not shown) to
      the rotary drive motor 134 and to the reciprocating motors 144 and 146
      from pumping means within the trailer compartment under the control of the
      ride operator.
PAR  As previously mentioned, the tower 29 is a frame structure triangular in
      cross-section with the base of the triangle being pivoted at 155 to a
      laterally extending, vertical support frame 156 rigidly fastened to the
      central section of the trailer and braced by a pair of braces 158 (FIGS. 5
      and 8). The apex of the triangular frame is at the left in FIG. 8 and
      pivotally connected to the lower end of the apex is the outer end of the
      shaft of a reciprocating hydraulic motor 160 whose inner end is pivoted to
      the center section of the trailer and operates through an opening 162
      (FIGS. 5 and 7) in the center section. It will be apparent that when the
      tower is in the horizontal phantom line position of FIG. 8 that when the
      motor 160 is extended, it operates against the lower end of the tower
      opposite the pivot 155 of the support member 156 causing the tower to
      rotate about the pivot 155 to the vertical full line position of FIG. 8.
      After the tower has been moved to this position a leg 162 is connected at
      its lower end to a bracket 164 carried by a lateral member 166 (see FIG.
      5) and at its upper end to a bracket 168 at the lower end of the apex of
      the tower framework.
PAR  When the ride is to be prepared for transport with the parts in the full
      line position of FIG. 8, the sweep motor 144 is operated to extend the
      shaft 142 thereof until it has moved the sweeps to a position
      substantially parallel to the vertical axis of the tower. Obviously,
      before being brought to a fully collapsed position, the sweeps would first
      be moved to whatever angular position is convenient for dismantling the
      swings, lights, etc. With the sweeps fully collapsed, the tower motor 160
      is then energized to remove the load from the leg 162 so that it can be
      disconnected and thereafter the tower and the sweeps are lowered by the
      motor to the full horizontal position of FIG. 3. The floor plates,
      fiberglass panels, and jacks 102 beneath the end sections of the trailer
      and the turnbuckles connecting the sections together are removed and the
      end sections swung back to the aligned positions of FIG. 5 with the
      glad-hand coupling and electrical connectors being joined together during
      this movement and when the apertures in the connector brackets 56, 62 are
      aligned the connector pins 68 are inserted. In the aligned position, some
      of the turnbuckles may then be used between the center and end sections to
      more rigidly connect the sections together and prevent working of the
      locking pins in their bracket apertures. Upon the completion of the
      foregoing steps, all of the parts of the ride are then stowed on or in the
      trailer in their allotted places, the trailer being provided with
      pedestals 168, storage frames or racks 170 and the like adapted to receive
      mating portions of the various components of the ride.
PAR  After the fifth wheel of the tractor has been positioned around the trailer
      king pin, the hydraulic jacks of the center sections are retracted to
      lower the trailer to its normal transport position and finally the
      turnbuckle between the rear axle and the trailer section is removed so
      that the trailer is in all respects in condition for towing to its next
      destination.
PAR  It is not believed that any further description of the trailer or ride is
      necessary in order to comprehend the features of the invention. It will be
      apparent, of course, that the invention is susceptible of a variety of
      changes and modifications without, however, departing from the scope and
      spirit of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A convertible trailer vehicle comprising a plurality of sections, hinge
      means interconnecting the adjacent ends of two sections at a position
      laterally off-set from the longitudinal center lines of said sections in
      positions enabling one section to be swung horizontally relative to the
      other between an aligned position and a side-by-side position, and
      releasable locking means separate from said hinge means for retaining said
      sections in their aligned positions, one of said sections constituting a
      front section and another of said sections constituting a rear section
      when said sections are in their aligned positions, trailer wheel means
      carried only by said rear section, and towing means for releasable
      connection to a tractor vehicle carried by said front section whereby said
      trailer functions substantially as a conventional semi-trailer when said
      sections are releasably locked in their aligned positions.
NUM  2.
PAR  2. The convertible trailer vehicle of claim 1 including other releasable
      locking means for retaining said sections in their side-by-side positions.
NUM  3.
PAR  3. The convertible trailer vehicle of claim 1 wherein said sections are
      substantially rectangular, one of said sections being shorter than an
      adjacent section, the laterally off-set hinge means being disposed at the
      adjacent corners of the respective sections.
NUM  4.
PAR  4. The convertible trailer vehicle of claim 3 including an extension at the
      corner of the shorter section and a complementary recess at the adjacent
      corner of the longer section, said hinge means being disposed at the outer
      end of said extension and the inner end of said recess, said extension
      having a length such that when said shorter section is swung to its
      side-by-side position with the longer section, the ends of said shorter
      section are positioned substantially equidistant from the ends of said
      longer section.
NUM  5.
PAR  5. The convertible trailer vehicle of claim 1 wherein the plurality of
      sections comprise a center section and a pair of end sections, the hinge
      means interconnecting one of said end sections to said center section
      being off-set on the opposite side of said center line from the hinge
      means of the other end section whereby the end sections may be swung to
      their side-by-side positions on opposite sides of said center sections.
NUM  6.
PAR  6. The convertible trailer vehicle of claim 5 wherein the three sections of
      said trailer are substantially rectangular and have substantially equal
      widths, the laterally off-set hinge means for the respective end sections
      being disposed at the diagonally opposite corners of said center section
      and at the adjacent corner of the respective end sections.
NUM  7.
PAR  7. The convertible trailer vehicle of claim 6 wherein the end sections are
      shorter than the center section, an extension at the adjacent corner of
      each of said end sections and a complementary recess in each of the
      diagonally opposite corners of the center section, said hinge means being
      disposed at the outer end of each said extensions and at the inner end of
      the respective recesses, said extensions having lengths such that when
      said end sections are swung into their side-by-side positions with
      opposite sides of the center section the ends of each of said end sections
      is positioned substantialy equidistant from the ends of said center
      section.
NUM  8.
PAR  8. The convertible trailer vehicle of claim 7 wherein the end sections are
      of substantially equal length.
NUM  9.
PAR  9. The convertible trailer vehicle of claim 1 including said rear section,
      towing means carried by said front section, jack means operable to raise
      and lower said center and end sections sufficiently to enable said end
      sections to be swung between their side-by-side and aligned positions
      relative to said center section.
NUM  10.
PAR  10. The convertible trailer vehiclel of claim 9 wherein said jack means are
      operable on said center section to raise said trailer for swinging
      movement of said end sections, and other jack means operable on said end
      sections when in their side-by-side posiitions to provide lateral support
      for said center section.
NUM  11.
PAR  11. The convertible trailer vehicle of claim 10 wherein the end sections
      are equal in length to each other while being shorter than said center
      section, an extension at said adjacent corner of each of said end sections
      and a complementary recess in each of the diagonally opposite corners of
      the center section, said hinge means being disposed at the outer end of
      each of said extensions and the inner end of the respective recesses, said
      extensions having lengths such that when said end sections are swung to
      their side-by-side positions with the opposite sides of the center
      section, the ends of each of said end sections are positioned
      substantially equi-distant from the ends of said center section.
NUM  12.
PAR  12. The convertible trailer vehicle according to claim 1 including
      projections means on the side of one of said sections and complementary
      recess means on the side of the other section, the projection and recess
      means being positioned and shaped so as to inter-engage with the other
      when said sections are in their side-by-side positions and in a manner
      which restrains relative vertical movement between said sections, and
      releasable clamping means for rigidly clamping said sections together in
      their side-by-side positions.
NUM  13.
PAR  13. A convertible trailer vehicle according to claim 12 wherein said
      clamping means comprises turnbuckle means.
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ABST
PAL  A folding shopping cart, laundry cart or the like in which a generally
      box-shaped fabric sack serves as an essential structural integer for
      holding two rigid generally horizontal upper side members of the cart in
      parallel relationship a given distance apart against forces developed upon
      unfolding the cart which would otherwise spread the upper side members
      further apart. The back and the bottom of the cart have respective cross
      frames of centrally pivoted rigid members, while the front of the cart has
      a parallel spaced pair of rigid vertical side members. The cart is locked
      into its unfolded condition by a knuckle-jointed cross brace between the
      lower ends of back cross frame. The rigid members of the cart are so
      interconnected that the cart folds into a stick-like bundle which includes
      wheels provided at the four corners of the bottom cross frame and a pair
      of rigid handle members articulated to the rear ends of the upper side
      members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a structure for folding shopping carts,
      folding laundry carts and the like, and more particularly to improvements
      in such a structure which render it "stick folding" into a stick-like
      bundle as distinguished from "flat folding" into a substantially
      two-dimensional rectangular configuration.
PAR  A "stick-folding" structure for a baby stroller has been disclosed in U.S.
      Pat. No. 3,390,893. This known structure employs a bottom cross frame of
      interpivoted rigid tubular members, a back cross frame of interpivoted
      rigid tubular members and two-axes pivot joint attaching one of each of
      the rear corners of the bottom frame members to one of each of the lower
      corners of the back frame members. The members of each cross frame pivot
      with respect to each other, and the cross frames themselves pivot with
      respect to each other, whereby folding of either cross frame necessarily
      causes the other cross frame to fold. Two knuckle-jointed tubular side
      braces are pivotally attached to the front corners, respectively, of the
      bottom cross frames and to the upper corners, respectively, of the back
      gross frame, and a knuckle-jointed cross brace connects the lower corners
      of the back cross frame to one another. Two side bars, pivotally connected
      to the lower corners of the back cross frame and to the side braces,
      project beyond the side braces for supporting the lower portion of a
      fabric bucket-like child's seat hung at its upper edge on a cord attached
      to the side braces. When the structure is folded, the collapsed cross
      frames overlie each other and extend longitudinally between the side
      braces.
PAC  SUMMARY OF THE INVENTION
PAR  In the structure according to the present invention, a bottom cross frame,
      back cross frame and knuckle-jointed cross brace are arranged and
      interconnected similarly to those of the known structure. However, the
      diagonally running side braces and diagonally running side bars of the
      known structure are eliminated, and instead two vertical front members are
      pivotally connected, respectively, at their lower ends to the front ends
      of the bottom cross frame, while two generally horizontal upper side
      members are pivotally connected, respectively, at their rear ends to the
      upper ends of the back cross frame and at their slightly lower front ends
      to the upper ends of the vertical front members. The structure according
      to the invention moreover uses a generally box-shaped fabric shopping
      sack, laundry sack or the like as an essential element of the structure,
      i.e. it is not merely suspended from and carried by the rigid elements of
      the structure, but augments the rigidity given by the rigid elements to
      the structure and holds the structure in its desired box-like shape when
      the structure is unfolded. In this respect, the upper lateral front and
      rear edges of the sack are under tension between the upper side members.
PAR  An object of the invention is, therefore, to provide an improved folding
      shopping cart, folding laundry cart or the like, the structure of which is
      "stick folding" into a stick-like bundle.
PAR  A further object is to provide an improved shopping cart, laundry cart or
      similar cart including a box-shaped sack, the cart being foldable into a
      stick-like bundle and deriving an essential part of its rigidity in its
      unfolded operational state from tensile forces exerted by the sack.
PAR  These and still further objects, advantages and features of the invention
      will be apparent from the following description of the preferred
      embodiments with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a shopping cart embodying the present
      invention;
PAR  FIG. 2 shows the shopping cart of FIG. 1 in a similar isometric view, but
      with the box-shaped sack outlined in phantom;
PAR  FIG. 3 is similar to FIG. 2, except for showing the shopping cart in a
      partially folded condition;
PAR  FIGS. 4 and 5 are front elevational views of one of the two folding
      trapezoidal sub-structures of the shopping cart of FIG. 1 at an advances
      stage of folding and at the completed stage thereof, respectively; and
PAR  FIG. 6 is a top elevational view of a fully folded shopping cart according
      to FIG. 1 with the sack and handle members removed to show more clearly
      the orientation of the principal rigid components.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring in particular to FIGS. 1 to 3, it will be seen that the shopping
      cart 1 comprises a box-shaped sack 3, preferably made of nylon, whose
      upper left edge 5 is wrapped around and secured, as by sewing and rivets,
      to the upper side member 7 and whose upper right edge 9 is wrapped around
      and secured, as by sewing and rivets, to the other upper side member 11
      parallel to side member 7. Each of the four bottom corners of sack 3 has
      an elastic loop 13 which slips over an adjacent wheel 15 and resiliently
      holds the corner at a region close to the inner face of the wheel.
PAR  The back cross frame of cart 1 is formed by two rigid tubular members 17
      and 19 of equal length pivtoally connected midway between their ends by a
      pin 21, while the bottom cross frame is formed by two rigid tubular
      members 23 and 25 of equal length pivotally interconnected midway between
      their ends by a pin 27. Pins 18 and 20 pivotally connect the lower ends of
      members 17 and 19 to the rear ends of members 25 and 23, respectively. The
      knuckle-jointed cross brace which connects the lower ends of members 17
      and 19 to one another is formed by two rigid strap members 29, 31 and a
      180.degree. knuckle-joint 33 connecting their inner ends. Suitable pivot
      pins 22, 24 connect the outer ends of strap members 29, 31 to the
      respective lower ends of tubular members 17, 19 at points just above where
      these lower ends start to bend forwardly, the forwardly directed bends
      creating space for accommodating sack 3 when structure 1 is folded. The
      final operation in the unfolding of cart 1 is the placing of strap members
      29, 31 in substantial alignment with one another by pushing their inner
      ends down until 180.degree. knuckle-joint 33 prevents further movement and
      effectively locks the cart in the fully unfolded condition shown in FIGS.
      1 and 2.
PAR  The rigid tubular vertical front member 35 is pivotally connected by a pin
      26 at its lower end to the front end of the bottom cross frame member 25
      and by a 270.degree. knuckle-joint 28 at its upper end to the front end of
      upper side member 7, while the other vertical front member 37 is pivotally
      connected by a pin 30 at its lower end to the front end of the bottom
      cross frame member 23 and by a 270.degree. knuckle-joint 32 at its upper
      end to the front end of upper side member 11. Knuckle joints 28 and 32
      permit their respective members 7, 35 and 11, 37 to pivot relatively to
      one another no more than 270.degree. and ensure that members 35 and 37 are
      held vertically when structure 1 is unfolded. The wheels 15 are carried by
      short downwardly curved portions 39 extending beyond the pivots at the
      ends of the bottom cross frame members 23, 25. Elastic loops 13 at the
      four lower corners of sack 3 encircle portions 39.
PAR  Rigid tubular handle members 41, 43 are pivotally connected by 240.degree.
      knuckle joints 45, 47 to portions of upper side members 7, 11 which extend
      slightly beyond pivotal connections 34, 36 of upper side members 7, 11 to
      the back cross frame members 17, 19. Each 240.degree. knuckle joint 45 or
      47 is operable to lock its respective handle in the upwardly extending
      position of normal use shown in FIGS. 1 and 2 and to unlock the handle
      from that position and permit it to be swung through the intermediate
      positions shown in FIGS. 3 and 4 to a final position alongside its
      associated upper side member, as shown in FIG. 5.
PAR  The pivotally interconnected tubular members 7, 35, 25 and 17, in the fully
      unfolded state of structure 1, form one generally quadrilateral
      sub-structure while the pivotally interconnected tubular members 11, 37,
      23 and 19 form a second generally quadrilateral substructure. FIG. 4 shows
      how either one of these sub-structures looks when cart 1 is semi-folded;
      FIG. 5 shows how either one looks when the cart is fully folded; and FIG.
      6 shows how both sub-structures lie side-by-side when the cart is fully
      folded and thereby provide the cart with its characteristic "stick
      folding" into a stick-like bundle. An important factor in making such
      folding possible, of course, is the dimensional relationships of the
      tubular members in each sub-structure. Thus, the length of member 7 is to
      that of member 17 as the length of member 35 is to that of member 25.
      Similarly, the length of member 11 is to that of member 19 as the length
      of member 37 is to that of member 23. For this purpose, the lengths of the
      members are reckoned between the pins at their ends.
PAR  Due to stress developed at the lower pivotal pin connections 26, 30 of
      vertical front members 35, 37 and at the upper pivotal pin connections 34,
      36 of back cross frame members 17, 19 when cart 1 is locked in its
      unfolded condition by strap members 29, 31 of the knuckle-jointed cross
      brace, there is an urging apart of upper side members 7, 11 which is
      overcome by the upper lateral front and rear edges 49, 51 of sack 3 being
      placed under tension. Thus, sack 3 does more than merely carry grocieries,
      laundry and the like; it exerts tensile forces which hold cart 1 in its
      proper fully unfolded shape.
PAR  To fold the cart from the condition of FIGS. 1 and 2 to that of FIGS. 5 and
      6, the user moves the 180.degree. knuckle joint 33 upwardly from its
      locking position. As will be appreciated from FIG. 3, this unlocking
      movement automatically causes the centrally pivoted members 17, 19 of the
      back cross frame to scissor together as well as the centrally pivoted
      members 23, 25 of the bottom cross frame. If, at this stage of the cart
      folding procedure, the front and rear portions of sack 3 do not naturally
      fold inwardly toward each other as indicated in phantom outline in FIG. 3,
      such folding should be assisted by the user.
PAR  The user then pushes the 270.degree. knuckle joints 28, 32 toward the rear
      wheels 15, which causes the upper side members 7, 11 and vertical front
      members 35, 37 to move to the partially folded positions shown in FIG. 4
      simultaneously with movement of the back cross frame members 17, 19 toward
      the bottom cross frame members 23, 25. Before or after this step, as
      convenient, the 240.degree. knuckle joints 45, 47 are operated to their
      unlocked state and the handle members 41, 43 are swung downwardly. The
      folding procedure is then completed by bringing all of the rigid members
      into the generally parallel relationship indicated in FIGS. 5 and 6,
      whereby the folded cart is a stick-like bundle.
PAR  Modifications of cart 1 clearly within the scope of the appended claims
      will occur to those skilled in the art and it is not intended to limit the
      invention to the specific form thereof illustrated and described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a folding cart assembly having a back cross frame of centrally
      pivoted rigid members, a bottom cross frame of centrally pivoted rigid
      members, pivotal connection means attaching one of each of the bottom
      frame members to one of each of the back frame members at each of two
      corners of said cross frames to permit the members of each cross frame to
      pivot with respect to each other and to permit said cross frames to pivot
      with respect to each other, and releasable means for holding the members
      of at least one of the cross frames in an extended position when the
      assembly is unfolded, the improvement comprising:
PA1  a. a first pair of members pivotally attached at first ends thereof to the
      bottom cross frame near the other two corners of the bottom cross frame,
      respectively;
PA1  b. a second pair of members pivotally attached at first ends thereof to the
      back cross frame near the other two corners of the back cross frame,
      respectively;
PA1  c. two 270.degree. knuckle joints, each connecting a second end of one of
      said first pair of members to a second end of one of said second pair of
      members, for holding the first pair of members in a vertical position and
      the second pair of members in a generally horizontal position when the
      assembly is unfolded and said at least one of the cross frames is held in
      an extended position by said releasable means; and,
PA1  d. a generally box-shaped fabric sack open at the top thereof and fixedly
      attached along its opposed upper side edges to said second pair of members
      for holding said second pair of members in parallel relationship with
      predetermined spacing therebetween against forces urging them apart which
      are developed in the assembly when it is unfolded with said at least one
      of the cross frames in said extended position.
NUM  2.
PAR  2. The improvement according to claim 1, wherein each interconnected pair
      of members of said first and second pairs of members which are connected
      by one of said 270.degree. knuckle joints forms with its associated
      members of the back and bottom cross frames a generally quadrilateral
      substructure.
NUM  3.
PAR  3. The improvement according to claim 2, wherein the members of each
      quadrilateral substructure are so related that the ratio of the length of
      each member of said first pair to that of its associated member of the
      bottom cross frame is equal to the ratio of the length of each member of
      said second pair to that of its associated member of the back cross frame,
      said lengths being taken between the pivotal connections at opposite ends
      of said members.
NUM  4.
PAR  4. The improvement according to claim 1, wherein four wheel sets are
      provided, one at each corner of the bottom cross frame.
NUM  5.
PAR  5. The improvement according to claim 4, wherein each wheel set is carried
      by a short downwardly curved portion extending beyond the pivot at a
      respective end of a respective member of the bottom cross frame.
NUM  6.
PAR  6. The improvement according to claim 5, wherein said sack has four bottom
      corners, each connected to a respective said downwardly curved portion by
      an elastic loop.
NUM  7.
PAR  7. The improvement according to claim 1, wherein each of the second pair of
      members has a handle member articulated thereto at its rear end by a
      respective knuckle joint operable to lock the handle member in a rearwards
      upwardly extending position and to release said handle member for folding
      alongside the members of said back cross frame.
NUM  8.
PAR  8. The improvement according to claim 1, wherein said first and second
      pairs of members, as well as the members of said back and bottom cross
      frames, are of rigid tubular metallic construction.
NUM  9.
PAR  9. The improvement according to claim 1, wherein the pivotal attachments at
      said first ends of said first and second pairs of members are pin
      connections at which the urging-apart forces are developed, the front and
      rear edges of said sack being under tension while said second pair of
      members are held in their parallel predetermined spaced relationship by
      said sack.
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ABST
PAL  The trailer apparatus is adapted for loading and transporting a farm unit,
      such as a cattle squeeze chute, that has a rectangular shaped main frame.
      The trailer includes a U-shape frame with ground wheels outwardly mounted
      adjacent the rear or free ends of the leg sections. With the leg sections
      at opposite sides of the chute main frame the trailer is manually backed
      up and tilted upwardly and rearwardly about the wheel axes thereof to
      releasably engage the rear ends of the leg sections with corresponding
      laterally extended support members on the main frame of the farm unit. On
      then tilting the trailer downwardly and forwardly the main frame of the
      squeeze chute is releasably connected to forward portions of the leg
      sections after which the trailer is moved to a substantially horizontal
      position for connection of its front end with a towing vehicle.
PARN
PAR  This is a continuation of application Ser. No. 341,698, filed Mar. 15, 1973
      and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The trailer apparatus is of a simple construction and easily manipulated by
      one man to load a farm unit thereon, and to connect the trailer apparatus
      to a towing vehicle. The connection of the rear ends of the trailer leg
      sections in a full wedged bearing engagement with the lateral support
      members on the main frame of the farm unit provides for the main frame of
      the farm unit acting as a transverse brace member for rigidly securing
      together the rear ends of the leg sections against any twisting or
      torsional movement that might otherwise occur as a result of the load
      pressure of the farm unit applied on the ground wheels.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of the trailer apparatus of this
      invention showing a cattle squeeze chute mounted thereon for transport;
PAR  FIG. 2 is a rear perspective view of the trailer apparatus;
PAR  FIG. 3 is a detail perspective view showing the releasable connection of a
      rear portion of the trailer apparatus with the squeeze chute;
PAR  FIG. 4 is a side elevational view of the connection shown in FIG. 3 locking
      in the direction of line 4--4 in FIG. 3;
PAR  FIG. 5 is a top plan view of the connection shown in FIG. 3 as seen on the
      line 5--5 in FIG. 4;
PAR  FIG. 6 is a detail perspective view showing a releasable connection for the
      front portion of the trailer apparatus with the squeeze chute, with the
      parts to be connected shown in the released positions therefor;
PAR  FIG. 7 is a perspective view of the releasable connection in FIG. 6 showing
      the parts thereof connected together;
PAR  FIG. 8 is an enlarged detail plan view of the hitch member for the trailer
      apparatus as viewed on line 8--8 in FIG. 2;
PAR  FIG. 9 is a rear elevational view of the hitch member taken along line 9--9
      in FIG. 8;
PAR  FIG. 10 is a diagrammatic showing of the trailer and farm unit shown in
      relatively moved positions for initiating a chute loading operation;
PAR  FIG. 11 is illustrated similarly to FIG. 10 and shows the trailer and
      squeeze chute in positions for completing the chute loading operation;
PAR  FIG. 12 is an enlarged sectional view taken on the line 12--12 in FIG. 5;
      and
PAR  FIG. 13 is a top plan view of the squeeze chute shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, the trailer apparatus 15 of this invention is
      shown in FIG. 1 with a farm unit 16, illustrated as a cattle squeeze
      chute, loaded thereon for transport. The squeeze chute includes generally
      a base or main frame 17 that is ground supported when the squeeze chute is
      in use. The main frame (FIG. 13) is of a rectangular shape and includes
      side members 18 connected together by front and rear transverse members 19
      and 21, respectively. Arranged at transversely opposite positions on the
      main frame 17 is a pair of like support members 22, each of which is
      secured to and projects laterally outwardly from a corresponding side
      member 18. Projected upwardly from the main frame 17 are front and rear
      corner posts 23 and 24, respectively, (FIG. 1) which form part of upright
      front and rear end frames 26 and 27, also respectively, which are
      connected together by longitudinal brace members 28. For a more detailed
      description of the squeeze chute 16, reference is made to U.S. Pat. No.
      3,683,864.
PAR  The trailer apparatus 15 (FIG. 2) includes a main frame 29 of a U-shape
      formed from a single length of a round tubular material. The base section
      31 of the trailer frame 29 is located forwardly with the leg sections 32
      rearwardly extended therefrom in a parallel spaced relation. A pair of
      ground supported wheels 33 are rotatably mounted on corresponding leg
      sections 32 at positions to the outside of the trailer frame 29 and
      adjacent to the rear ends 34 of the leg sections.
PAR  The rear end 34 of each leg section terminates in an upwardly and
      rearwardly inclined tongue member 36 (FIGS. 3, 4 and 5) of a generally
      V-shape with the sides 37 thereof inclined inwardly and rearwardly toward
      each other. Also, and as best appears in FIG. 2, the tongue members 36 lie
      in a common plane extended transversely of the trailer frame 29. Each
      tongue member 36 is releasably connectable with a support member 22 to
      carry the rear end of the squeeze chute 16 in a supported or loaded
      position at the rear ends 34 of the leg sections 32. For this purpose
      (FIGS. 3, 4 and 5) each support member 22 is provided with a terminal flat
      upright plate extension 39 arranged in a plane extended transversely of
      the squeeze chute 16. Adjacent its free end each extension 39 is formed
      with a transversely extended elongated hole 41 (FIGS. 3 and 12) of a size
      and shape corresponding to the cross sectional area of a tongue 36 at a
      position, indicated at 40 in FIGS. 4 and 5, adjacent the rear end 34 of a
      leg section 32 for a purpose to appear later.
PAR  Corresponding to leg section 32 is forward connection 42 (FIG. 7) for
      supporting the front end of the squeeze chute 16 in a loaded position on
      the trailer 15. A forward connection 42 is located between the front base
      section 31 and the wheels 33 at a position closer to the base section than
      to such wheels to provide for the use of the leg sections as a lever means
      for tilting the trailer frame relative to the axes of the wheels 33. Each
      forward connection 42 comprises a pair of flat fingers 43 secured to and
      projected radially inwardly of a corresponding leg section 32 in a spaced
      relation longitudinally of such section. Coacting with each pair of
      fingers 43 for supporting the forward end of the squeeze chute 16 on the
      trailer frame 29 is a flat upright connecting plate 44 (FIGS. 6 and 7)
      corresponding to and projected laterally outwardly from each front post
      23. In this respect it is to be noted that the fingers 43 are spaced
      longitudinally of a leg section 32 so that when the tongues 36 at the rear
      ends of the leg sections 32 are inserted within corresponding elongated
      holes 41 an upright plate 44 is positionable between an associated pair of
      fingers 43.
PAR  Each plate 44 (FIGS. 6 and 7) is formed with a pair of vertically spaced
      holes 46 and each pair of fingers 43 is formed with aligned holes 47. With
      a plate member 44 located between a pair of fingers 43, the finger holes
      47 are moved into alignment with one of the holes 46 for receiving
      therethrough one leg 48 of a right angle locking pin 49. The other leg 51
      of the locking pin 49 is then movable to a position extended across the
      top of an associated leg section 32 into contact engagement with the rear
      side of a stop member or abutment 52 that is secured to and projects
      upwardly from a leg section 32. By virtue of the engagement of the locking
      pin leg 51 with the abutment 52 the pin leg 48 is held against movement
      out of the aligned holes 47 and a hole 44. The selection of a hole 44 in
      an upright plate 44 is dependent on the height at which the trailer frame
      29 is to be connected with a towing vehicle.
PAR  In the use of the trailer apparatus 15, and as shown in FIG. 10, assume the
      squeeze chute 16 to be in a ground supported position. The trailer is then
      backed up relative to the chute 16 to locate the leg sections 32 at
      opposite sides of the chute frame 17. The trailer frame 29 is then tilted
      downwardly and rearwardly about the axes of the wheels 33 and manipulated
      to insert the tongues 36 within corresponding elongated holes 41. With the
      tongues 36 in their inserted positions, the trailer frame 29 is tilted
      downwardly and forwardly to its position shown in FIG. 11 wherein an
      upright connecting plate 44 is located between a pair of corresponding
      fingers 43. The fingers 43 and plate 44 are then releasably connected
      together by the locking pin 49 in the manner previously described.
PAR  With the rear end of the squeeze chute secured to the leg sections at the
      tongues 36 and the forward end of the squeeze chute secured to the trailer
      frame at the fingers 44, the chute is loaded for transport and the trailer
      need only be hitched to a towing vehicle. This hitching is accomplished by
      merely moving the trailer frame 29 to its substantially horizontal
      position shown in FIG. 1 or to a level in line with the hitch on the
      towing vehicle. This hitching position may be maintained by the provision
      of a leg unit 53 that is pivotally supported at 54 on the rear side of a
      trailer hitch member 56 (FIGS. 8 and 9) that is rigidly secured to the
      front base section 31 of the trailer frame 29. The supporting leg 53 is
      pivotally movable from a position extended longitudinally of the base
      section 31, as shown in dotted lines in FIG. 8, to an upright supporting
      position, shown in FIGS. 1 and 9. The hitch member 56 projects forwardly
      from the front base section 31 for connection with the towing vehicle.
PAR  By virtue of the relative construction of each tongue 36 and corresponding
      elongated hole 41, it is seen that the weight of the squeeze chute 16
      urges a lateral support member 22 downwardly of a tongue member 36 for
      wedged bearing engagement therewith at the sidewall of the hole 41. By
      virtue of this full bearing engagement the frame 17 of the squeeze chute
      functions as a transverse connecting member between the leg sections 32 so
      as to substantially eliminate any torsional twisiting of the leg sections
      that might otherwise result from the load pressure applied on the wheels
      33 by the weight of the squeeze chute 16.
PAR  To unload the squeeze chute at a desired location, and after the trailer
      has been disconnected from a towing vehicle, the support leg 53 is moved
      to its dotted line position in FIG. 8 and the trailer frame 29 tilted to a
      downwardly and forwardly inclined position to provide for the
      disconnection of the connector plates 44 from the spaced fingers 43. With
      the front end of the chute released and resting on the ground, the trailer
      frame is then inclined downwardly and rearwardly to its position, shown in
      FIG. 10, to provide for a full ground support of the squeeze chute. With
      the squeeze chute resting on the ground the trailer frame is merely pulled
      in a forward direction away from the chute which is then immediately
      available for use.
PAR  Although the invention has been described with resepct to a preferred
      embodiment thereof, it is to be understood that it is not to be so limited
      since changes can be made therein which are within the full intended scope
      of this invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trailer apparatus for lifting and transporting an article of
      substantially rectangular parallelepiped form having a pair of outwardly
      directed vertically oriented apertured support plates oppositely
      positioned at the bottom edges of such article near one end thereof, the
      aperture in each such support plate constituting a substantially
      rectangular opening therethrough which is elongate in the horizontal
      direction, comprising
PA1  a substantially U-shaped trailer frame member adapted to straddle such
      article to be transported,
PA1  a ground wheel mounted on the outer side of each leg of said U-shaped frame
      member near the free end thereof for supporting said frame member above
      the ground, said free ends constituting the rear portions of said frame
      member,
PA1  a tongue member mounted on each free end of said U-shaped frame member and
      extending upwardly and rearwardly therefrom, each said tongue member
      having a cross-sectional perimeter at its forward end substantially equal
      to the perimeter of a corresponding one of such apertures in such support
      plates on the article to be transported, said tongue members being tapered
      rearwardly to a progressively smaller cross-sectional perimeter, each said
      tongue member thus substantially filling such corresponding aperture when
      fully inserted therein to preclude substantially all movement relative
      thereto except for limited pivotal movement in the vertical plane through
      the corresponding leg of said frame member, and
PA1  means on each leg of said frame member forward of said wheels for
      connecting said frame member to such article to be transported at a
      location on the latter remote from such support plates thereon,
PA1  whereby the full insertion of said tongue members into corresponding ones
      of such support plate apertures in wedging relationship therewith prevents
      torsional movement of said frame member which would otherwise occur as the
      weight of such article to be transported is borne by said frame member.
NUM  2.
PAR  2. A trailer apparatus for loading and transporting a farm unit having a
      rectangular shaped horizontal main frame with a pair of forwardly
      positioned transversely opposite upright members, and a pair of rearwardly
      positioned transversely opposite laterally outwardly projected support
      members, said trailer apparatus including:
PA1  a. a generally U-shaped frame having a front base section and rearwardly
      extended leg sections transversely spaced a distance apart slightly
      greater than the transverse dimension of said main frame.
PA1  b. a pair of ground wheels corresponding to said leg sections, each ground
      wheel rotatably mounted on an associated leg section adjacent the rear end
      thereof and at a position outwardly from said U-shape frame,
PA1  c. first coacting means on the rear end of each leg section and to each of
      said support members for releasably connecting together said rear ends and
      said support members when said U-frame is tilted about the axis of said
      ground wheels to a rearwardly and downwardly inclined position,
PA1  d. coacting means on each upright member and adjacent leg section for
      releasably connecting together said upright members with forward portions
      of said leg sections when said U-frame, with the support members connected
      to the rear ends of said leg sections, is tilted about the axes of said
      wheels to a forwardly and downwardly inclined position in substantially
      the plane of said main frame,
PA1  e. said first coacting means including an upwardly and rearwardly inclined
      tongue member extended rearwardly from the rear end of each leg section
      with the sides thereof tapered inwardly toward each other from the forward
      end thereof, and
PA1  f. each laterally projected supported member having an elongated opening
      extended transversely of said main frame, said elongated openings spaced
      transversely of said main frame a distance apart equal substantially to
      the distance between the longitudinal axes of said leg sections, and each
      of said elongated openings being of a size and shape corresponding
      substantially to the transverse cross-sectional area of a corresponding
      tongue member at a position adjacent the forward end thereof to provide
      for the insertion of each tongue member within a corresponding elongated
      opening to a wedged position wherein the cross-sectional perimeter of each
      such tongue member at the forward end thereof substantially fills the
      corresponding elongated opening, whereby substantially all relative
      movement therebetween is precluded except for limited pivotal movement in
      the vertical plane through each said extended leg section.
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ABST
PAL  An energy absorbing steering assembly for a motor vehicle having a steering
      column supporting assembly for supporting the steering column
      substantially at a right angle from the instrument panel of the vehicle
      and a steering wheel supporting assembly being able to forwardly deflect.
      The steering column supporting assembly is enabled to buckle to absorb
      forward impact energy when an impact force is exerted onto the steering
      wheel and the steering wheel supporting assembly functions to absorb
      further the forward impact energy in addition to the buckling operation of
      the steering column supporting assembly.
PARN
PAR  This is a division of application Ser. No. 256,872, filed May 25, 1972, now
      U.S. Pat. No. 3,822,608.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to vehicle steering assemblies and
      more particularly, to the type of steering column construction that is
      enabled to absorb forward impact energy by controlled deflection of the
      steering column components and the steering wheel assembly in occurrence
      of a vehicle collision.
PAR  To protect a motor vehicle driver in occurrence of a collision, there have
      been introduced various types of safety apparatus for steering assemblies.
      In the prior art devices, however, the safety feature is rather limited to
      local deformation of the steering wheel or to an axial deflection of the
      steering column, which is never enough to expect desired safety effects
      for the drivers, particularly, for certain types of vehicles. This has
      particularly been true for the drivers of tracks of cab-over type and
      buses the steering shafts of which are rather vertically provided to have
      the steering wheels positioned angularly toward the driver's bodies. Thus,
      the sharp angle of the impact load given to the drivers has resulted in
      serious damages against the drivers.
PAR  It should well be considered to be very ideal for the mentioned certain
      types of vehicles, if the drivers are protected by total impact energy
      absorbing operation obtained through enough deflective displacements of
      the steering column as well as the steering wheel.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is, therefore, a prime object of the present invention to provide a
      safety apparatus most properly designed for a steering column assembly
      which includes a steering shaft connected vertically with the vehicle
      steering gear by way of a flexible coupling to be forwardly deflective and
      a column tube having the steering shaft journalled rotatably therein.
PAR  It is another object of the present invention to provide a safety
      apparatus, having the above mentioned characteristics, wherein a steering
      column supporting assembly supports the steering column assembly
      substantially at a right angle from an instrument panel of a vehicle and
      is enabled to buckle to absorb forward impact energy when an impact force
      is exerted onto the upper portion of the steering column.
PAR  It is another object of the present invention to provide a safty apparatus,
      having the above mentioned characteristics, wherein the steering column
      supporting assembly functions to guide the displacing direction of the
      steering column when an impact force is exerted onto the upper portion of
      the steering column.
PAR  It is a further object to provide a safety apparatus, having the above
      mentioned characteristics, wherein a steering wheel supporting assembly is
      enabled to deflect to absorb further the forward impact energy in addition
      to the functions of the steering column supporting assembly.
PAR  It is still another object of the present invention to provide a safety
      apparatus, having the above mentioned characteristics, in which the safety
      apparatus can be manufactured compactly with a low production cost and be
      installed in the vehicle with simple assembling, the apparatus yet being
      durable and ensuring accurate operation thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following description
      of the preferred embodiments with reference to the accompanying drawings
      forming a part of the specification.
PAR  In the drawings:
PAR  FIG. 1 is a side view of a cab-over type motor vehicle which adopts the
      present invention.
PAR  FIG. 2 is a side view of the steering column device of the motor vehicle in
      FIG. 1.
PAR  FIG. 3 shows a partial sectional-plane view of a first embodiment in
      accordance with the present invention.
PAR  FIG. 4 is an elevational sectional view taken along A--A line in FIG. 3.
PAR  FIG. 5 is a partially enlarged view of the column stay shown in FIG. 4.
PAR  FIG. 6 includes FIGS. 6-A and 6-B; FIG. 6-A illustrates a cross-sectional
      view taken along B--B line in FIG. 3 and FIG. 6-B shows a modification of
      FIG. 6-A.
PAR  FIG. 7 illustrates a partial sectional-plane view of a second embodiment in
      accordance with the present invention.
PAR  FIG. 8 is an elevational sectional view taken along C--C line in FIG. 7.
PAR  FIG. 9 shows a partial sectional-plane view of a third embodiment in
      accordance with the present invention.
PAR  FIG. 10 is an elevational sectional view taken along D--D line in FIG. 9.
PAR  FIG. 11 is a side view taken along an arrow in FIG. 10.
PAR  FIG. 12 includes FIG. 12-A and FIG. 12-B and shows a partial
      sectional-plane view of a fourth embodiment in accordance with the present
      invention. FIG. 12-B shows a modification of FIG. 12-A.
PAR  FIG. 13 shows an elevational sectional view taken along E--E line in FIG.
      12.
PAR  FIG. 14 shows a partial sectional-plane view of a fifth embodiment in
      accordance with the present invention.
PAR  FIG. 15 is an elevational sectional view taken along F--F in FIG. 14.
PAR  FIG. 16 is a partial sectional-plane view of a sixth embodiment in
      accordance with the present invention.
PAR  FIG. 17 is an elevational sectional view taken along G--G line in FIG. 16.
PAR  FIG. 18 shows an elevational section of a steering wheel device
      characterized with another feature of the present invention.
PAR  FIG. 19 shows the steering wheel device shown in FIG. 18 when deflectively
      displaced.
PAR  FIG. 20 shows a partially enlarged sectional-plane view of the steering
      wheel device in FIG. 18.
PAR  FIG. 21 is an enlarged elevational sectional view taken along H--H line in
      FIG. 20.
PAR  FIG. 22 is a perspective view of a supporting member to support spokes
      shown in FIGS. 18-21, inclusive.
PAR  FIG. 23 is a perspective view of a hub fixed on the steering shaft shown in
      FIGS. 18-21, inclusive.
PAR  FIG. 24 shows an elevational sectional view of a modification of the
      steering wheel device shown FIG. 18.
PAR  FIG. 25 is a front view of an energy absorbing member which is an important
      construction member of the device shown in FIG. 24.
PAR  FIG. 26 is a cross-sectional view taken along J--J line in FIG. 25.
PAR  FIG. 27 shows a front view of a modification of the energy absorbing member
      in FIG. 25.
PAR  FIG. 28 shows a cross-sectional view taken along K--K line in FIG. 27.
PAR  FIG. 29 shows a front view of another modification of the energy absorbing
      member in FIG. 25.
PAR  FIG. 30 is a cross-sectional view taken along L--L line in FIG. 29.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is particularly made to FIGS. 1 and 2 wherein there is shown a
      steering column 10 including a column tube 12, a steering shaft 11
      rotatably coupled within the column tube 12 and connected to the vehicle
      steering gear 14 through a flexible coupling 13, and a flexible cover 17
      having the column 12 and steering shaft 11 engaged therein and covering up
      a fire wall 18. A steering wheel 16 is mounted on the upper end of the
      steering shaft 11 and a steering column cover 15 is installed at the upper
      end of the column tube 12. An energy absorbing device S features the most
      important portion of the present invention. The steering column 10 is
      supported on an instrument panel 80, which is a portion of the vehicle
      body, through the energy absorbing device S. In energy absorbing
      operation, the whole steering assembly is deflected to a forward position
      shown with dotted lines.
PAR  Disclosed hereinafter are several preferred embodiments of the present
      invention. To avoid unnecessary confusion, same and similar reference
      numerals are applied for the same and similar parts throughout all the
      embodiments.
PAR  FIGS. 3 to 6, inclusive, are for a first preferred embodiment of the
      present invention. The energy absorbing device S comprises a column stay
      20 for holding the column tube 12 substantially at a right angle against
      the instrument panel 80 and a guide pin 31 for guiding the column stay 20
      in its forward movement by a predetermined or more force loading in a
      forward direction on the upper portion of the steering column 10. As best
      shown in FIG. 3, the column stay 20 is formed in a substantial V-shape and
      provided with a pair of inner reinforcement flanges 21a and 21b  jutting
      downwardly in parallel from the inner edge thereof and an outer
      reinforcement flange 22 extending downwardly from the outer edge thereof.
      The inner flanges 21a and 21b have respectively longitudinally tapered
      slits 210a and 210b positioned correspondingly with each other and
      substantially at a right angle toward the steering column 10. The slits
      210a and 210b are provided at both ends thereof respectively with holes
      211a, 211b and with 212a and 212b.
PAR  It may not be indispensable that the slits 210a and 210b are formed in the
      longitudinally tapered shape. They may be straight or of an arc, or,
      furthermore, as well shown in FIG. 6-A, are covered with synthetic resin
      31b. A pair of capsules 23, one of them only being shown in FIGS. 3 and 4,
      has recesses 23a, 23a thereon engaged loosely in the side edges 20a, 20b
      of the column stay 20. Synthetic resin 24, for instance expoxy-resin, is
      filled in spaces between the column stay 20 and the capsule 23 to form a
      shearable connection so that the column stay 20 may slidably move with the
      predetermined or more impact load exerted thereon. A bolt 34 is inserted
      into a through hole 23b of the capsule 23 through a spring washer 35 and
      threaded into a nut 36 welded on the upper face of the lower portion of
      the instrument panel 80. Thus, the column stay 20 is releasably fastened
      onto the instrument panel 80 together with a bracket 32.
PAR  As shown in FIGS. 3 and 4, the right end portion of the column stay 20 and
      a clamping member 27 incorporate to hold the column tube 12 therebetween
      through a cylindrical spacer 26 made of such elastic materials as rubber,
      synthetic resin and the like. The clamping member 27 is fastened onto the
      outer flange 22 of the column stay 20 by way of a bolt 28a threaded
      through a spring washer 29 into a nut 28b welded on the inner face of the
      outer flange 22. It should be clear here that the column tube 12 is firmly
      supported in its normal position.
PAR  The guide pin 31 is welded on a strut 33 welded on the central portion of
      the bottom side of the bracket 32 fastened on the instrument panel 80
      together with the capsule 23. The strut 33 has a substantial U-shape
      section and is interposed between the pair of inner flanges 21a and 21b.
      Grooves 33a provided on the both ends of the guide pin 31 are loosely
      engaged in te holes 211a and 212a of the inner flanges 21a and 21b. The
      said grooves 33a of the guide pin 31 are to secure the moving direction of
      the column stay 20 when the column stay 20 moves forward by operation
      described hereinafter. The grooves 33a may be replaced with guide rings
      and the like.
PAR  With the above-mentioned steering column 10 constructed in accordance with
      the present invention, an impact load exerted to the steering wheel 16
      through a driver in occurrence of a collision of the vehicle is
      transmitted to the column stay 20 holding the steering column 10. The
      transmitted load breaks the shearable connection between the capsule 23
      and the column stay 20 to cause a forward movement of the column stay 20
      at the bottom side of the instrument panel 80. As the column stay 20 moves
      fowardly, the slits 210a and 210b of the inner flanges 21a and 21b are
      gradually and slidably pushed forward to be expanded, the movement of the
      slits 210a and 210b being guided by the grooves 33a of the guide pin 31
      fastened onto the stay 33. Consequently, the load from the driver exerted
      to the steering wheel 16 is absorbed by the frictional expanding process
      of the slits 210a and 210b against the guide pin 31.
PAR  As well described hereinabove, in the first preferred embodiment, collision
      energy is substantially absorbed by expanding operation of the slits 210a
      and 210b. The energy absorbing cooperation can, therefore, be well
      controlled by proper selections of a width, a length and a shape for the
      slits 210a and 210b, by changing properly the thickness of the inner
      flanges 21a and 21b, and/or by adaption of rubber, synthetic resin and the
      like to cover the upper and lower ends of the slits 210a and 210b and/or
      the guide pin 31. In absorbing the impact energy, the guiding operation of
      the guide pin 31 can deflect the steering column stay 20 within a given
      range limited in a forward direction so as to prevent any side-movements
      of the steering column 10.
PAR  In the above description, the column stay 20 is fastened to the instrument
      panel 80 by way of synthetic resin 24 which will disconnect the column
      stay 20 from the instrument panel 80 with exersion of a predetermined or
      more forward impact load onto the column stay 20. In this instance, more
      specifically, the column stay 20 is fastened on the capsule 23 fixedly
      secured on the instrument panel 80 through the synthetic resin 24. The
      synthetic resin 24 may be replaced with a shearable pin 24 made of
      synthetic resin or metal as well shown in FIG. 6-B.
PAR  A second preferred embodiment of the present invention is illustrated in
      FIGS. 7 and 8, wherein the energy absorbing device S comprises a column
      stay 40 for supporting the column tube 12 substantially at a right angle
      against the instrument panel 80, a guide rod 42 connected to the column
      stay 40 and an energy absorbing member 43 surrounding the guide rod 42.
      The energy absorbing member 43 functions to absorb forward impact force
      loading to the column tube 12 in a predetermined or more value by way of
      axial and vertical deformation thereof when the column stay 40 moves
      forward by the load, and the guide rod 42 guides the column stay 40 in
      accordance with the forward movement of the column stay 40.
PAR  The column stay 40 is formed in a substantial V-shape and provided at the
      inside thereof with inner reinforcement flanges 41a and 41b projecting
      downwardly and at the outer edge thereof with an outer reinforcement
      flange 41c jutting downwardly. The column stay 40 is mounted at one end
      thereof on the instrument panel 80 by the same shearable connection as in
      the first preferred embodiment and the column tube 12 is supported at the
      other end of the column stay 40 substantially at a right angle by the same
      construction as in the first preferred embodiment.
PAR  A pair of supporting metal pieces 45 is welded on the inside of the outer
      flange 41c  of the column stay 40 to have a bolt 46 thereon threaded into
      a nut 47 through a spring washer 48. The guide rod 42 is rotatably jointed
      with the bolt 46, and the top end of the guide rod 42 is slidably
      supported in a supporting hole 44a  drilled through a bracket 44 with a
      L-shaped cross-section, the bracket 44 being fixed on the instrument panel
      80 together with the capsule 23. The guide rod 42 has a through connecting
      hole 42a  which has a spheric wall so that the guide rod 42 can be in
      connection with the bolt 46 rotatably in vertical and horizontal
      directions.
PAR  The energy absorbing member 43 is made of steel meshes or stamped steel
      strips formed or assembled in a zigzag configuration with spaced apart
      creases or bends. The guide rod 42 is positioned axially in the center of
      the energy absorbing member 43 the both ends of which are engaged
      respectively with the inner face of the bracket 44 and the supporting
      metal pieces 45. The longitudinal section of the energy absorbing member
      43 takes a waving shape so as to deform itself axially and vertically in
      response to a forward impact load given thereon in a value exceeding a
      predetermined one.
PAR  In occurrence of the collision of the vehicle, an impact load from the
      driver is exerted onto the steering wheel 16 and the load is transmitted
      to the column stay 40 holding the steering column 10 in its normal
      position. As in the case of the first preferred embodiment, the column
      stay 40 is freed from the instrument panel 80 and moves forwardly. As the
      column stay 40 goes forwardly, the load is exerted on the energy absorbing
      member 43. Sequently, the energy absorbing member 43 is allowed to buckle
      and the guide rod 42 proceeds forward to jut out through the bracket 44.
      Thus, the impact load given to the steering wheel 16 is absorbed to
      protect the driver.
PAR  Since the collision energy absorbing operation is carried out in the way as
      detailed hereinabove, it can well be controlled and adjusted by proper
      selections of a shape, a construction and/or materials for the energy
      absorbing member 43. The energy absorbing operation can deflect the
      steering column 10 within a certain given range limitted in a forward
      direction so as to prevent any side movements of the steering column 10.
PAR  A third preferred embodiment is referred to FIGS. 9 and 10. The energy
      absorbing device S comprises a column stay 50 for supporting the column
      tube 12 substantially at a right angle against the instrument panel 80, an
      energy absorbing member 43 to be deformed for the energy absorbing
      operation thereof when the column stay 50 makes a forward movement in
      response to a forward impact load given to the column tube 12 in a value
      exceeding the predetermined one and a push rod 52 for deforming the energy
      absorbing member 53 in the forward movement of the column stay 50. As best
      shown in FIG. 9, the column stay 50 is formed in a substantial trapezium
      and provided at its outer edge with a reinforcement flange 51 projecting
      downwardly. This column stay 50 is mounted at one end thereof on the
      instrument panel 80 in the same shearable connection as in the first
      preferred embodiment, and at the other end of the column stay 50, the
      column tube 12 is supported substantially at a right angle in the same way
      as in the first preferred embodiment. The energy absorbing member 53 is a
      steel pressed piece with a substantially U-shaped cross-section and formed
      to have properly forward and rearward curving portions. This energy
      absorbing member 53 is welded on the bottom side of the instrument panel
      80 and has an indent 53a at the center thereof to receive the top end of
      the push rod 52 of which the base portion is rotatably connected with the
      column stay 50. The push rod 52 is mounted on the column stay 50 in the
      same way as in the second preferred embodiment and no repetition is made
      here.
PAR  With the above-mentioned third preferred embodiment of the present
      invention, in the case of an unfortunate occurrence of a vehicle
      collision, a forward impact load is exerted to the steering wheel 16
      through the driver. The load is then transmitted to the column stay 50
      holding the steering column 10 approximately at a right angle. Through the
      same operation as in the first preferred embodiment, the column stay 50 is
      freed from the instrument panel 80 and moves forward. In accordance with
      the forward movement of the column stay 50 the push rod 52 integrally
      interlocked with the column stay 50 urges the energy absorbing member 53
      to deform it for energy absorbing operation.
PAR  It should now be very clear that the impact energy absorbing operation can
      well and easily be controlled and adjusted by proper selections of a
      thickness, a number of the curved portions and a shape of the
      cross-section of the energy absorbing member 53. In the energy absorbing
      operation, the operation of the push rod 52 can deflect the steering
      column 10 in a certain given range limited in a forward direction so as to
      prevent any side movements of the steering column 10.
PAR  Now reference is made to FIGS. 12 and 13 for a fourth preferred embodiment
      of the present invention. The energy absorbing device S comprises a column
      stay 60 for supporting the column tube 12 substantially at a right angle
      against the instrument panel 80, an energy absorbing member 64 to buckle
      for its impact energy absorbing operation when the column stay 60 moves
      forward by a forward impact load given to the column tube 12 in a value
      exceeding a predetermined one and a push rod 63 to buckle the energy
      absorbing member 64 in response to the forward movement of the column stay
      60. The column stay 60 is, as best shown in FIG. 12, formed approximately
      in a V-shape and provided at its inner edge with inner reinforcement
      flanges 61, 61 and at its outer edge with an outer reinforcement flange
      62, the flanges 61, 61 and 62 being projected downwardly. This column stay
      60 is firmly mounted at its one end on the instrument panel 80 in the same
      shearable connection as in the case of the first preferred embodiment. At
      the other end of the column stay 60, the column tube 12 is supported
      substantially at a right angle in the same way as in the first preferred
      embodiment.
PAR  The energy absorbing member 64 is welded on the bracket 32 fixed on the
      instrument panel 80 together with the capsule 23 as explained in detail in
      the first preferred embodiment. The energy absorbing member 64 has a
      substantial L-shape (or U-shape) in section and is provided at a portion
      thereof with a barring portion 64a to have the top end of the push rod 63
      inserted therein. The barring portion 64a may be prepared in a plural
      number along the axis of the push rod 63 and/or covered with synthetic
      resin 64b as shown in FIG. 12-B. The push rod 63 is tapered in section to
      be with larger diameters torward its base end and loosely and slidably
      engaged with the barring portion 64a of the energy absorbing member 64. In
      this embodiment, too, the same mounting construction of the push rod 63 to
      the column stay 60 is applied as in the second preferred embodiment.
PAR  A forward impact load produced by a vehicle collision is exerted to the
      column stay 60 by way of the driver, the steering wheel 16 and the
      steering column 10. Through the same process as in the first preferred
      embodiment, the shearable connection of the column stay 60 with the
      instrument panel 80 is broken and the column stay 60 moves forward.
      Sequently, the push rod 63 integrally interlocked with the column stay 60
      is pushed forward to expand, in turn, the barring portion 64a of the
      energy absorbing member 64 by way of its tapered periphery. Thus, the
      forward impact energy is absorbed to protect the driver.
PAR  The impact energy absorbing operation can well be controlled and adjusted
      by proper selections of a number, a size and materials of the barring
      portion 64a and also by changes of the tapering degree of the push rod 63.
      In the energy absorbing operation, the steering column 10 can be tilted in
      a certain given range by operation of the push rod 63.
PAR  A fifth preferred embodiment of the present invention is referred to FIGS.
      14 and 15. The energy absorbing device S comprises a column stay 70 for
      supporting the column tube 12 substantially at a right angle. proper wave
      shapes are applied for the sides and cross-section of the column stay 70
      which is a pressed work out of steel sheet. Slits 71a and 71b are
      transversely provided in the indented portions of the waved surface of the
      column stay 70. A flange 70a juts down from the outer edge of the column
      stay 70 one end of which is firmly secured on the instrument panel 80 at
      two or more portions by fastening bolts 73 threaded through spring washers
      74 into nuts 72 welded on the lower inner face of the instrument panel 80.
      At the other end of the column stay 70, the column tube 12 is supported
      substantially at a right angle as in the case of the first preferred
      embodiment.
PAR  A forward impact load from the driver in occurrence of the vehicle
      collision is transmitted to the collumn stay 70 through the driver, the
      steering wheel 16, the steering column 10 and the column stay 70. The
      transmitted load compresses the column stay 70 and, thus, the wave
      portions of the column stay 70 buckles to absorb the energy not to give to
      the driver sudden reaction force.
PAR  The energy absorbing operation is well controlled land adjusted by proper
      selections of a thickness, a wave shape and pitch, and materials of the
      column stay 70 and of shapes and sizes for the slits 71a and 71b. In the
      energy absorbing operation, the steering column 10 can deflected in a
      certain given range.
PAR  FIGS. 16 and 17 illustrate a sixth preferred embodiment of the present
      invention. The energy absorbing device S comprises a column stay 90 to
      support the collumn tube 12 substantially at a right angle against the
      instrument panel 80, a piston 96 integrally secured on the column stay 90
      and an energy absorbing bag 94 for absorbing a forward impact energy as it
      is compressed by the piston 96 in the forward movement of column stay 90
      when the column tube 12 is given a forward impact load exceeding a
      predetermined value. The column stay 90 is formed to have a configuration
      of an approximate trapezium as well as seen in FIG. 16. A reinforcement
      flange 91 is provided to project downwardly from the outer edge of the
      column stay 90 one end of which is firmly secured on the instrument panel
      80 as done in the first preferred embodiment. The column tube 12 is
      supported as done in the first preferred embodiment at the other end of
      the column stay 90. The energy absorbing bag 94 is made of such flexible
      materials as rubber, synthetic resin and the like and has at least one
      hole 95a at an adequate portion thereof. The energy absorbing bag 94 is
      filled with hydraulic or pneumatic fluid and the hole 95a  is sealed with
      a sealing member 95b. A supporting case 93 is welded at the center portion
      of the bottom face of a bracket 92 secured on the instrument panel 80, the
      supporting case 93 being open at one side to receive the energy absorbing
      bag 94 therein. The piston 96 has its base portion welded on a bracket 98
      which is welded on the inner surface of the flange 91 of the column stay
      90, the piston 96 being positioned to project substantially at a right
      angle toward the column tube 12. A place piece 97 is provided at the top
      end of the piston 96 and in touch with a side face of the energy absorbing
      bag 94.
PAR  In occurrence of a vehicle collision, the column stay 90 receives a forward
      impact load transmitted thereto through the driver, the steering wheel 16
      and steering column 10. The same process detailed in the first preferred
      embodiment disconnects the column stay 90 from the instrument panel 80 and
      the column stay 90 moves forward. This forward movement of the column stay
      90 pushes forwardly the piston 96 integrally interlocked with the column
      stay 90. The plate piece 97 of the piston 96 compresses the energy
      absorbing bag 94 to increase the hydraulic or pneumatic pressure inside
      the energy absorbing bag 94. When the pressure reaches a certain given
      value, the sealing member 95b is blown off from the hole 95a through
      which, in turn, the fluid escapes to absorb the impact force.
PAR  The energy absorbing operation can easily be controlled and adjusted by
      proper selections of a size and materials of the bag 94 and/or a size and
      a number of the hole 95a. In the energy absorbing operation, the steering
      column 10 can be deflected in a certain predetermined range.
PAR  The safety features of the present invention are furthermore characterized
      with the following construction of a steering wheel device. Reference is
      now made to FIGS. 18 to 23, inclusive, wherein disclosed is the steering
      wheel 16 which includes two spokes 102, 102 having a U-shaped cross
      section. The spokes 102, 102 extend integrally along the radius of the
      steering wheel 16 and the base ends of the spokes 102, 102 are welded on
      the periphery of a supporting member 103. The supporting member 103 is a
      ring member with an arc cross section and as well shown in FIGS. 21 and
      22, a concaved spheric wall 131 is formed on the inner circumference of
      the supporting member 103. A recess 132 is cut off from the upper portion
      of the supporting member 103. A hub 104 has a taper hole 141 and a
      serration 142 drilled at the center portion thereof and a tapered portion
      161 and a serration 162 at the top end of the steering shaft 11 are
      engaged with the taper hole 141 and the serration 142. A threaded portion
      163 bossed from the steering shaft 11 into a cavity 110 of the hub 104 is
      fastened by a lock nut 112 through a spring washer 111 so that the hub 104
      is firmly secured on the top end of the steering shaft 11 and never
      allowed to rotate. The periphery of the hub 104 is designed to have a
      convexed spheric wall 143 which corresponds with the concaved spheric wall
      131 of the supporting member 103. The supporting member 103 is coupled
      with the hub 104 to be rotatable by way of the corresponding spheric walls
      131 and 143. A plurality of through holes 133 are radially drilled on the
      supporting member 103 (in this embodiment four through holes) and
      correspondingly a plurality of holes 144 are also provided on the spheric
      periphery 143 of the hub 104. The supporting member 103 and the hub 104
      are integrally secured by shearable pins 105 inserted into the holes 133
      and 144. The shearable pins 105 are made of synthetic resin or metal. The
      supporting member 103 and the hub 104 are molded correspondingly with the
      synthetic resin 120 covering the steering wheel 16 and the spokes 102,
      102. And the supporting member 103 is further prohibited to rotate against
      the hub 104 by way of the synthetic resin 120 molded around the shoulders
      103a thereof. The recess 132 of the supporting member 103 is for easy
      coupling of the hub 104 into the supporting member 103 and, upon
      completion of the assembling work of the hub 104 to the supporting member
      103, is mounted with a filling member 109 and covered up with the
      synthetic resin 120 integrally molded. Indicated with a reference numeral
      107 is a horn button positioned at the center of the steering wheel 16.
PAR  In occurrence of a vehicle collision, a forward impact load from the driver
      is exerted to the steering wheel 16 at a limited portion. When this impact
      load exceeds a predetermined value, the shearable pins 105 are sheared off
      to disconnect the supporting member 103 from the hub 104. The synthetic
      resin 120 around the supporting member 103 is broken and the supporting
      member 103 makes frictional rotation along the spheric periphery 143 of
      the hub 104 in response to the direction of the load force. This deflects
      the steering wheel 16 as shown in FIG. 19. The supporting member 103 never
      comes off from the hub 104 in the shock absorbing rotation. It is now
      clear that in the vehicle collision, the load collectively given to a
      limited portion of the steering wheel 16 is turned to be received by the
      whole steering wheel 16 to soften the impact force given to the driver.
PAR  The impact load absorbing operation can well be controlled by the proper
      selections of a nature and a shape of the shearable pins 105 and
      connecting force between he supporting member 103 with the synthetic resin
      120.
PAR  Another embodiment is disclosed in FIG. 24-30, inclusive, wherein there is
      shown a spoke 201 radially extending from a steering wheel (not shown).
      The base end of the spoke 201 is welded on the annular periphery of an
      upper hub member 202. An annular lower hub member 204 secured on the
      steering shaft 11 is connected with the upper hub member 202 by way of a
      cylindrical energy absorbing member 203 the top end of which is welded on
      the neck of the upper hub member 202. The spoke 201, the upper hub member
      202, the energy absorbing member 203 and the lower hub member 204 are
      molded all over with synthetic resin 205 to form the whole steering wheel.
PAR  The energy absorbing member 203 is formed in a cylindrical shape out of
      sheet metal with a selected thickness, as well illustrated in FIG. 25. A
      plurality of oblong cut-out holes 231 are provided axially on the
      periphery of the energy absorbing member 203. The strength of the energy
      absorbing member 203 can well be adjusted by proper selections of a size,
      shape, and number of the holes 231 and/or a thickness of sheet metal. When
      molded integrally with the synthetic resin 205, the energy absorbing
      member 203 has its holes 231 filled with the synthetic resin 205.
      Serration 241 and a taper hole 242 are provided respectively at the upper
      center portion and at the lower center portion of the lower hub member
      204. Serration 261 and a tapered portion 262 provided at the top end of
      the steering shaft 11 are engaged with the serration 241 and the taper
      hole 242 which are firmly secured on the steering shaft 11 by a nut 211
      threaded through a spring washer 212 onto a threaded portion 263 jutting
      up into a cavity formed within the energy absorbing member 203. A horn
      button 208 is made of elastic synthetic resin, for instance, uretan
      rubber, integrally with a base plate 281 and assembled by a screw 283
      through a coil spring 210 and a ring 213 on a holding member 209 of a cup
      shape secured on a shoulder of the inner circumference of the upper hub
      member 202.
PAR  In occurrence of a vehicle collision, a forward impact load from the driver
      is exerted on the steering wheel 16 at a limited portion. The transmitted
      load compresses and deforms the energy absorbing member 203 and sequently,
      the synthetic resin 205 is broken. Thus, the steering wheel 16 is turned
      in response with the load operating direction. Therefore, although a
      portion of the driver's body is impactly struck to a limited portion of
      the wheel, the impact load is received by the whole wheel 16 so as to
      protect the driver.
PAR  In the above embodiments, the strength of the energy absorbing member 203
      is to be adjusted by a shape, size and number of the holes 231. The
      adjustment can be made as well by changes of the shape of an indent 231'
      provided on a cylindrical energy absorbing member 203', shown in FIG. 27,
      to replace the energy absorbing member 203. The energy absorbing member
      203 can also be replaced with another 203", shown in FIGS. 29 and 30,
      which has a plurality of oblong holes 231" cut off therefrom, the oblong
      holes 231" being horizontally positioned zig-zag to each other. The
      strength adjustment of the energy absorbing member 203" can be made by
      good selections of a shape, size and number of the holes 231" and/or a
      thickness of the energy absorbing member 203" itself. With the steering
      wheel 16 adopting the energy absorbing member 203", the forward impact
      load exerted thereto from any direction can well be absorbed and softened
      by buckling deformation of the energy absorbing member 203".
PAR  Having now fully set forth both structure and operation of preferred
      embodiments of the concept underlying the pressent invention, various
      other embodiments as well as certain variations and modifications of the
      embodiments herein shown and described will obviously occur to those
      skilled in the art upon becoming familiar with said underlying concept. It
      is to be understood, therefore, that within the scope of the appended
      claims, the invention may be practiced otherwise than as specifically set
      forth herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a vehicle having a steering column assembly, including a steering
      shaft, steering gear means, means for flexibly coupling said shaft
      vertically to said gear means for forward pivotal movement of said shaft,
      and a column tube having said steering shaft journalled therein and
      permitting said forward pivotal movement of said shaft, apparatus for
      supporting said steering column assembly, comprising: a support structure
      releasably mounted at its front part to a portion of the instrument panel
      of said vehicle and secured at its rear part to said steering column tube,
      said steering asssembly support structure including an impact energy
      absorbing member having a deformable portion to be plastically expanded
      outwardly and means for expanding said deformable portion of said energy
      absorbing member during the forward displacement of said support structure
      by secondary impact energy exerted thereon from said steering column.
NUM  2.
PAR  2. A steering column supporting apparatus as claimed in claim 1, wherein
      said steering assembly support structure includes a column stay provided
      with a pair of longitudinal reinforcement flanges extended downwardly
      therefrom and positioned in parallel to each other, means securing the
      rear end portion of said column stay on said steering column, means
      releasably mounting the front end portion of said column stay on a portion
      of the instrument panel of the vehicle, a bracket member mounted on said
      instrument panel transverse to the front portion of said column stay, and
      a guide pin transversely supported by said bracket member and provided
      with a pair of guiding portions at the both ends thereof, said guiding
      portions being slidably engaged with the front portions of a pair of
      longitudinal slots provided on said flanges respectively, whereby said
      guide pin plastically expands said slots of said flanges by impact energy
      exerted on said column stay from said steering column and guides the
      forward displacement of said column stay.
NUM  3.
PAR  3. A steering column supporting apparatus as claimed in claim 7, wherein
      said slots of said flanges are tapered towards the rear portions of said
      flanges.
NUM  4.
PAR  4. A steering column supporting apparatus as claimed in claim 2, wherein
      said slots of said flanges are straight ones.
NUM  5.
PAR  5. A steering column supporting apparatus as claimed in claim 2, wherein
      said guiding portions of said guide pin are grooves.
NUM  6.
PAR  6. A steering column supporting apparatus as claimed in claim 2, wherein a
      pair of pads made of synthetic resin are respectively disposed between
      said guiding portions of said guide pin and said slots of said flanges.
NUM  7.
PAR  7. A steering column supporting apparatus as claimed in claim 2, wherein
      said means for releasably mounting the front end portion of said column
      stay on the portion of said instrument panel comprises a pair of capsules
      secured under said instrument panel to receive respectively the both sides
      of the front portion of said stay and a pair of securing elements to
      adhere on the interiors of said capsules for receiving said stay.
NUM  8.
PAR  8. A steering column supporting apparatus as claimed in claim 2, wherein
      said means for releasably mounting the front end of said column stay on
      the portion of said instrument panel comprises a pair of capsules secured
      under said instrument panel of the vehicle to receive respectively the
      both sides of the front portion of said column stay and a pair of
      shearable pins holding said both sides of said column stay within said
      capsules.
NUM  9.
PAR  9. A steering column supporting apparatus as claimed in claim 1, wherein
      said steering assembly support structure includes a column stay releasably
      mounted at its front end portion on a portion of the instrument panel of
      the vehicle and secured at its rear end portion on said steering column, a
      guide rod positioned longitudinally along said column stay with its rear
      end connected to the rear portion of said stay and tapered towards its
      front end, and a bracket member securely mounted on said instrument panel
      and provided with a barring portion to receive slidably the front end of
      said guide rod, whereby said guide rod plastically deforms the barring
      portion of said bracket member to absorb the forward displacement of said
      column stay when an inpact force is exerted onto the upper portion of said
      steering column.
NUM  10.
PAR  10. A steering column supporting apparatus as claimed in claim 9, wherein a
      pad member is disposed between said barring portion of said bracket member
      and said guide rod.
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ABST
PAL  A hydro-pneumatic suspension strut for use in a self-levelling vehicle
      suspension system. The strut is similar in construction to a pressurized
      two-tube shock absorber, having a working cylinder in which a piston
      having damping valves is slidable, and an annular oil reservoir
      communicating with one end of and surrounding the working cylinder. The
      reservoir contains two flexible sacs, one of which contains gas for
      pressurizing the strut and providing suspension resilience, while the
      other is provided with an inlet for connection to the vehicle suspension
      system, so that it can be inflated to cope with increased loads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to suspension struts for use in self-levelling
      suspension systems of vehicles.
PAR  A typical self-levelling suspension system comprises an accumulator for
      storing fluid under pressure, a pump for maintaining the reservoir full of
      fluid under pressure, and, for each wheel of the vehicle, a suspension
      strut which transfers a vertical load between the body of the vehicle and
      the wheel, and a levelling valve which controls the admission of fluid
      under pressure from the reservoir to, or the release of fluid from the
      cylinder of a piston and cylinder assembly forming part of the strut, the
      levelling valve being arranged to keep the height of the vehicle body
      constant despite changes in load. Such systems often use oil as the fluid,
      and in this case each suspension strut usually includes means arranged to
      damp movements of the strut by causing the oil to flow through a
      constriction on extension or contraction of the strut. Also, the working
      cylinder of the strut may contain, or communicate with a vessel
      containing, a quantity of air or other gas, to provide the resilience
      needed in the suspension system. This makes it possible to dispense with
      the steel springs usually needed in a suspension system.
PAR  However, although suspension systems of the type described have a generally
      satisfactory performance, they suffer from certain disadvantages which
      result from the design of the struts used. One disadvantage is that,
      because the fluid in the interior of the working cylinder is supplied from
      the rest of the suspension system, contaminants may be introduced into the
      working cylinder with this oil. It is also possible for contaminants to be
      introduced into the working cylinder during fitting of the strut to the
      vehicle.
PAR  Another disadvantage is that the manufacturer of the strut cannot
      conveniently supply the strut filled with oil. Thus, although it is
      possible for the manufacturer to test the strut before delivery, it is not
      possible to leave the oil filling undisturbed between testing and fitting
      to a vehicle, and therefore testing does not guarantee reliable operation.
      Also, testing of the previously-known struts requires them to be connected
      to a fluid pressure system similar to the suspension system in which they
      are to be used.
PAR  Equally, it is not convenient for the manufacturer of the strut to supply
      the strut with the space which, in operation, forms a gaseous suspension
      spring, already pressurized, since it would be almost impossible to fit
      the strut to the vehicle and connect it to the fluid pressure system
      without upsetting the pressurization of this space.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a levelling strut wherein the
      liquid filling cannot become contaminated.
PAR  It is another object of the invention to provide a levelling strut which
      can be filled with liquid by the manufacturer of the strut, and fitted to
      a vehicle without disturbing the liquid filling.
PAR  It is another object of the invention to provide a levelling strut which
      can be pressurized during manufacture, and fitted to a vehicle without
      risk of upsetting the pressurization.
PAR  It is another object of the invention to provide a levelling strut which
      can be constructed by techniques similar to those used in the manufacture
      of shock absorbers.
PAR  According to the present invention, a levelling strut for a vehicle
      comprises: a working cylinder; a piston rod which is guided concentrically
      with the working cylinder for axial sliding movement, with one end of the
      piston rod projecting from said working cylinder; a piston mounted on the
      other end of the piston rod for movement in the working cylinder; flow
      control means for permitting but controlling fluid flow between the zones
      of the working cylinder on either side of the piston; an outer cylinder
      which with the working cylinder defines an annular reservoir in
      communication with the working cylinder at least at one end of the working
      cylinder; a flexible wall isolating a portion of the annular reservoir;
      and means for connecting said isolated portion to a fluid line forming
      part of a ride height conrol system; the remainder of the annular
      reservoir and the working cylinder being filled with gas and liquid under
      pressure.
PAR  Thus the liquid filling of the strut is isolated from the fluid which is
      supplied to the isolated portion by the ride height control system, and
      cannot be contaminated. The flexible wall also serves to contain the gas
      and liquid filling of the reservoir, even when the isolated portion is not
      connected to a fluid line, so that the reservoir can be filled by the
      manufacturer of the strut and subsequently left undisturbed.
PAR  In the preferred construction, the flexible wall is in the form of a closed
      sac. The sac may be formed of two similarly-shaped sheets of flexible
      material bonded together around their peripheral regions. The gas in the
      annular reservoir may be contained in a further closed sac of similar
      construction to the first-mentioned closed sac. Each of the closed sacs
      may extend around more than half of the circumference of the annular
      reservoir, so that the sacs overlap along their longitudinal edges.
PAR  The invention also provides an improved connector for establishing
      communication with the interior of a sac. Thus, the means for connecting
      said isolated portion to a fluid line may comprise a member having a head
      inside the sac and a threaded stem projecting outwards through a wall of
      the sac and through the outer cylinder, and having a passage leading
      through the threaded stem to the interior of the sac; and a nut member
      screwed on to the threaded stem outside the outer cylinder to draw the
      head against the interior of the outer cylinder.
DRWD
PAR  Other features of the invention will become clear from a study of the
      following description of the preferred embodiment, taken in conjunction
      with the drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through the strut;
PAR  FIG. 2 is a cross-section on the line II--II of FIG. 1; and
PAR  FIG. 3 is a diagrammatic drawing of a self-levelling vehicle suspension
      system in which the strut may be used.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The strut includes a working cylinder 1 and an outer cylinder 2 which
      surrounds and is concentric with the working cylinder. The top ends of
      both the cylinders 1 and 2 are closed by an end cover 3, which is welded
      to the outer cylinder 2, and serves to keep the top end of the inner
      cylinder 2 concentric with the outer cylinder. The bottom ends of the
      cylinders 1 and 2 are maintained in concentric relationship by a piston
      rod guide 4, in which a passage 6 is formed to provide communication
      between the interior of the working cylinder 1 and the annular space 7
      between the cylinders 1 and 2. The bottom ends of the cylinders are
      otherwise completely closed. The piston rod guide 4 and a seal assembly 8
      which is housed below the guide 4 are held in place by an end cap 9 which
      is screwed on to the outer cylinder 2.
PAR  A piston rod 11 is slidably guided in the guide 4, and carries at its upper
      end a piston 12 which works in the working cylinder 1.
PAR  The piston 12 has passages 13 and 14 which are normally closed by
      spring-loaded valve discs 16 and 17. The piston rod 11 carries at its
      lower end means (not shown) for connecting the strut to an unsprung part
      of a vehicle, while the end cover 3 carries means (not shown) for
      connecting the strut to the body of the vehicle.
PAR  The annular space 7 contains two sacs 18 and 19, each of which is
      constructed of two rectangular sheets 21 and 22 of synthetic rubber or
      polyurethane material which are bonded together along their edge portions.
      Each sac is secured in position in the space 7 by a hollow feed nipple 23,
      which has a head 24 inside the sac and a threaded stem 26 which projects
      through a hole in the outside sheet 21 of the sac, and through a mounting
      bush 27 which is welded into a hole in the outer cylinder 2. A nut 28 is
      screwed on to the projecting end of the stem 26 to cause the sheet 21 to
      be gripped between the head 24 and the mounting bush 27. Each sac extends
      for much of the length of the space 7, and extends around about
      three-quarters of the circumference thereof. The nipples 23 are located
      near the top of the sacs, and in the center of the width of the sac, while
      the mounting bushes 27 are arranged diametrically opposite one another in
      the outer cylinder 2. Thus the free vertical edges of the two sacs 18 and
      19 will overlap one another by about one-quarter of the circumference of
      the space 7.
PAR  The strut is supplied by the manufacturer with the whole of its interior,
      with the exception of the interior of the sacs 18 and 19, filled with oil,
      this being accomplished through an opening in the end cover 3 which is
      then sealed by a plug 29. The sac 19 is empty and unsealed, but the sac 18
      is filled by the manufacturer with a gas, such as nitrogen, under
      pressure, and the associated feed nipple 23 is then sealed by a plug 31.
PAR  When the strut is installed in a motor vehicle, the feed nipple 23
      associated with the sac 19 is connected to a fluid line leading from a
      ride height control system which may be of any suitable construction. When
      the vehicle is unladen (or carrying a load of less than a predetermined
      weight) the system will supply no fluid to the sac 19, which will remain
      completely deflated. The strut then operates as a combined shock absorber
      or damper and suspension spring in the following manner. The pressure in
      the sac 18 is such that the piston 12 will be approximately half-way along
      the length of the working cylinder 1. If the strut is compressed, oil will
      be forced from the space above the piston through the passage 13 into the
      annular space 10 below the piston and surrounding the piston rod 11. The
      spring-loaded valve disc 16 controls the flow to provide a damping action.
      Similarly, if the strut extends, oil flows in the opposite direction
      through the passage 14, and the valve disc 17 provides a damping action.
PAR  Oil will also flow into and out of the space 10 through the passage 6
      leading to the space 7, because of the displacement of the piston rod 11.
      The sac 18 will expand and contract to accommodate the resulting changes
      in the volume of oil in the space 7, while the gas filling of the sac 18
      maintains the pressure in the oil filling, so that the strut acts as a
      suspension spring; the internal pressure acts over the cross-sectional
      area of the piston rod 11 to support the load.
PAR  If a load (or a load of more than the predetermined weight) is now imposed
      on the vehicle, the ride height control system will detect the lowering of
      the body of the vehicle relative to the unsprung parts of the vehicle and
      fluid under pressure will be supplied to the sac 19, so that the volume of
      that part of the space 7 which is not occupied by the sac 19 is decreased.
      The pressure prevailing in the interior of the strut will be
      correspondingly increased, and the piston 12 will be moved downwards in
      the working cylinder 1 until the ride height is restored. Similarly, if
      the load is removed or reduced, the vehicle body will rise relative to the
      unsprung parts of the vehicle, and the ride height control system will
      release fluid from the sac 19 to reduce the pressure in the strut and
      restore the ride height.
PAR  Because the oil filling of the strut is substantially incompressible in
      comparison with the gas filling of the sac 18, the combined volume
      occupied by the two sacs 18 and 19 when the strut is in its equilibrium
      position remains practically constant despite variations in the load
      imposed on the vehicle. Thus, although the sacs overlap, they do not
      interfere with one another, because if one sac is fully inflated, the
      other will be largely deflated.
PAR  The fluid which is supplied by the ride height control system to the sac 19
      may be oil, or some other liquid such as an anti-freeze composition, or a
      gas, or a mixture of gas and liquid, according to the suspension
      characteristics required.
PAR  FIG. 3 shows diagrammatically a self-levelling vehicle suspension system.
      The system includes an oil sump 50, a hydraulic pump 52 which is arranged
      to be driven by the engine 54 of the vehicle, and to draw oil from the
      sump 50 through a line 51 and deliver it under pressure through a line 56.
      The line 56 leads to a hydraulic accumulator 58, in which the oil is
      stored under pressure. A relief valve 60 allows excess oil delivered by
      the pump 52 to return to the sump through a line 61.
PAR  The weight of the vehicle body is transferred to the four wheels of the
      vehicle through four hydropneumatic struts 62 which are of the
      construction already described. The vehicle also includes front and rear
      levelling valves 64 which are fixed to the vehicle body and each of which
      has a valve member which is connected by a linkage 66 to the lower end of
      the struts associated in the front or rear wheels, respectively, so that
      movements of the two associated wheels relative to the body of the vehicle
      are averaged and transmitted to the valve member. The levelling valves 64
      are supplied through lines 65 with oil from the accumulator 58, and are so
      arranged that if one or more of the wheels of the vehicle moves to an
      abnormally high position relative to the vehicle body, as for example when
      the load on the vehicle is increased, the associated levelling valve 64
      admits oil under pressure from the line 65 to a line 68 leading to the
      sacs 19 in the associated struts 62. Conversely, when the load on the
      vehicle is reduced, the body of the vehicle rises relative to the wheels,
      and the valves 64 allow oil to flow from the sacs 19, through a line 70
      and back to the sump 50.
PAR  Although the invention has been described with reference to a suspension
      strut having gas and oil fillings separated by a flexible sac, it is to be
      understood that any other means, such as a floating piston, may be used to
      separate the gas from the oil. It is also to be understood that the
      invention is also applicable to suspension struts in which there is no
      separation between the gas and the oil.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A levelling strut for a vehicle, comprising:
PA1  a working cylinder;
PA1  a piston rod which is guided concentrically with said working cylinder for
      axial sliding movement, with one end of said piston rod projecting from
      said working cylinder;
PA1  a piston mounted on the other end of said piston rod for movement in said
      working cylinder;
PA1  flow control means for permitting but controlling fluid flow between the
      zones of said working cylinder on either side of said piston;
PA1  an outer cylinder which with said working cylinder defines an annular
      reservoir in communication with said working cylinder at least at one end
      of said working cylinder;
PA1  a flexible wall isolating a portion of said annular reservoir;
PA1  and means for connecting said isolated portion to a fluid line forming part
      of a ride height control system;
PA1  the remainder of said annular reservoir and said working cylinder being
      filled with gas and liquid under pressure.
NUM  2.
PAR  2. A strut according to claim 1 wherein said flexible wall is in the form
      of a closed sac.
NUM  3.
PAR  3. A strut according to claim 2 wherein said sac is formed of two
      similarly-shaped sheets of flexible material, said sheets being bonded
      together around the peripheral regions thereof.
NUM  4.
PAR  4. A strut according to claim 3 wherein said sheets are of rectangular
      shape.
NUM  5.
PAR  5. A strut according to claim 4 wherein said sac extends around between one
      quarter and three quarters of the circumference of said annular reservoir.
NUM  6.
PAR  6. A strut according to claim 5 wherein said gas in said reservoir is
      contained in a further closed sac of similar construction to said
      first-mentioned closed sac.
NUM  7.
PAR  7. A strut according to claim 6 wherein each of said closed sacs extends
      around more than half of the circumference of said annular reservoir, with
      the longitudinal edges thereof overlapping the longitudinal edges of the
      other of said closed sacs.
NUM  8.
PAR  8. A strut according to claim 1 wherein said flexible wall is in the form
      of a closed sac, and said means for connecting said isolated portion to a
      fluid line comprises: a member having a head inside said sac and a
      threaded stem projecting outwards through a wall of said sac and through
      said outer cylinder, and having a passage leading through said threaded
      stem to the interior of said sac; and a nut member screwed on to said
      threaded stem outside said outer cylinder to draw said head against the
      interior of said outer cylinder.
NUM  9.
PAR  9. A strut according to claim 1 wherein said flexible wall is formed of an
      elastomeric material.
NUM  10.
PAR  10. A vehicle including a self-levelling suspension system which comprises
      at least one strut arranged to transfer a load from the vehicle body to a
      road wheel of the vehicle, the strut comprising:
PA1  a working cylinder;
PA1  a piston rod which is guided concentrically with said working cylinder for
      axial sliding movement, with one end of said piston rod projecting from
      said working cylinder;
PA1  a piston mounted on the other end of said piston rod for movement in said
      working cylinder;
PA1  flow control means for permitting but controlling fluid flow between the
      zones of said working cylinder on either side of said piston to damp
      movements of said road wheel relative to said body of said vehicle;
PA1  an outer cylinder which with said working cylinder defines an annular
      reservoir in communication with said working cylinder at least at one end
      of said working cylinder;
PA1  and a flexible wall isolating a portion of said annular reservoir;
PA1  the remainder of said annular reservoir and said working cylinder being
      filled with gas and liquid under pressure;
PA1  and said suspension system further comprising a source of fluid pressure,
      and valve means arranged to control fluid flow from said source to said
      isolated portion and from said isolated portion to a region of lower
      pressure in dependence on the position of said road wheel relative to said
      body of said vehicle, to tend to maintain said road wheel in a
      predetermined position relative to said body.
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ABST
PAL  A hydropneumatic suspension strut is provided with two pressure
      accumulators which each cooperate with the fluid chamber of the strut. A
      valve cuts off cooperation between the fluid chamber and one of the
      pressure accumulators in response to braking of the vehicle to increase
      suspension stiffness.
BSUM
PAR  The present invention relates generally to a hydropneumatic suspension
      system in a vehicle and particularly to a hydropneumatic suspension system
      in which the suspension stiffness or flexibility is increased or reduced
      in response to braking of the vehicle to prevent the vehicle body from
      undesirably falling forward.
PAR  As is well known in the art, a hydropneumatic suspension system can
      increase the hydraulic fluid volume in a fluid chamber of a suspension
      strut to elongate same to compensate for compression thereof due to an
      increase in load and can reduce the hydraulic fluid volume of the fluid
      chamber to shorten the suspension strut to compensate for elongation
      thereof due to reduction in load, to maintain the length of the suspension
      strut substantially constant independently of load.
PAR  Such a hydropneumatic suspension strut has a soft suspension flexibility to
      provide satisfactory or desirable riding comfort or quality for the
      occupant of the vehicle. Accordingly, when the brakes are applied, the
      front hydropneumatic suspension struts are compressed to permit the
      vehicle body to undesirably fall or tilt forward to give the vehicle
      driver or occupant inconvenience. Furthermore, the hydropneumatic
      suspension system causes elongation or lengthening of the front
      hydropneumatic suspension struts in response to compression or shortening
      of the suspension struts. Thus, when the brakes are released, the front
      portion of the vehicle body inconveniently lifts and deteriorates the
      riding stability if the vehicle runs.
PAR  It is, therefore, an object of the invention to provide a hydropneumatic
      suspension system in which the suspension flexibility or stiffness is
      modified from a normal soft condition to a suitably hard condition to
      prevent the front portion of the vehicle body undesirably tilting
      longitudinally in excess of a predetermined limit under braking.
DRWD
PAR  This and other objects and advantages of the invention will become more
      apparent from the following detailed description taken in connection with
      the accompanying drawings in which:
PAR  FIG. 1 is a schematic view of a preferred embodiment of a hydropneumatic
      suspension system according to the invention; and
PAR  FIG. 2 is a schematic cross section view of an example of a control valve
      forming a part of the hydropneumatic suspension system shown in FIG. 1.
DETD
PAR  Referring to FIG. 1, there is shown a portion of a vehicle comprising front
      left and right wheels 10 and 12, front left and right suspension members
      or axles 14 and 16 connected respectively to the wheels 10 and 12, rear
      left and right wheels 18 and 20, rear left and right suspension members or
      axles 22 and 23 connected respectively to the wheels 18 and 20, a master
      cylinder 24 forming a part of a hydraulic braking system of the vehicle, a
      brake pedal 25 operatively connected to the master cylinder 24, and a
      hydropneumatic suspension system according to the invention. The
      hydropneumatic suspension system is shown to comprise first and second
      retractable or compressible and extensible hydropneumatic suspension units
      or struts 26 which are operatively mounted respectively between the body
      (not shown) of the vehicle and the axles 14 and 16, and similar third and
      fourth retractable or compressible and extensible hydropneumatic
      suspension units or struts 26 which are operatively mounted respectively
      between the vehicle body and the axles 22 and 23.
PAR  Each hydropneumatic suspension unit 26 comprises a cylinder 28 which is
      connected to the vehicle body in a suitable manner. A piston 30 is axially
      slidably fitted in the cylinder 28 and has a piston rod 32 which extends
      from the piston 30 outwardly through an end 34 of the cylinder 30 and
      which is pivotably connected to the corresponding axle in a suitable
      manner. Alternatively, the cylinder 28 and the piston rod 32 may be
      connected respectively to the corresponding axle and the vehicle body in a
      suitable manner. The piston 30 defines in the cylinder 28 together
      therewith a fluid chamber 36 which is filled with pressurized hydraulic
      fluid therein and which is variable in volume in response to increases and
      decreases in a load applied to the corresponding suspension unit 26 or the
      vehicle body to cause shortening and lengthening of the suspension unit
      26.
PAR  Each fluid chamber 36 communicates with a pressurized hydraulic fluid
      source or pump 38 by way of a conduit 40, an automatic level corrector or
      hydraulic distributor 42, and conduits 44 and 46, and also with a
      hydraulic fluid reservoir 48 by way of the conduit 40, the level corrector
      42, and conduits 50 and 52. The pump 38 draws hydraulic fluid from the
      reservoir 48 by way of a conduit 54 and pumps pressurized hydraulic fluid
      into the conduit 46. A pressure relief valve 56 is provided between the
      conduit 46 and the reservoir 48 and serves to return or permit hydraulic
      fluid from the pump 38 to the reservoir 48 whenever the pressure of
      hydraulic fluid in the conduit 46 exceeds a predetermined level and to
      cease return of hydraulic fluid to the reservoir 48 whenever the pressure
      of hydraulic fluid in the conduit 46 is at or below the predetermined
      level.
PAR  The level regulator 42 is operable to normally block fluid communication
      between the conduits 40 and 44 and accordingly between each of the fluid
      chambers 36 and the pump 38 and between the conduits 40 and 50 and
      accordingly between each of the fluid chambers 36 and the reservoir 48,
      and to provide fluid communication between the conduits 40 and 44 to cause
      feed of pressurized hydraulic fluid into the fluid chambers 36 for
      lengthening of the suspension units 26 in response to an increase in the
      load applied to the vehicle body and between the conduits 40 and 50 to
      cause discharge of hydraulic fluid from the fluid chambers 36 for
      shortening of the suspension units 26 in response to a reduction in the
      load applied to the vehicle body so that the height of the vehicle body is
      maintained substantially constant independently of the load applied
      thereto.
PAR  Each hydropneumatic suspension unit 26 also comprises first and second
      pressure accumulators or reservoirs 60 and 62 which are divided
      respectively by flexible partition members or diaphragms 64 and 65 into
      first chambers 66 and 68 each filled with pressurized hydraulic fluid and
      communicating with the fluid chamber 36 of the corresponding cylinder 28
      by way of passages or conduits 70 and 72 and second chambers 78 and 80
      each sealed and containing gas cushions filled with gas under pressure,
      preferably compressed nitrogen. Each of the gas cushions 78 and 80 is in
      interacting relationship with the fluid chamber 36 of the corresponding
      cylinder 28 to permit variations in the volume of the fluid chamber 36.
PAR  A control valve 82 is disposed in each passage 72 and serves to normally
      open the passage 72 to provide fluid communication between the fluid
      chamber 36 of the corresponding cylinder 28 and the first chamber 68 of
      the corresponding second accumulator 62 and accordingly permit the
      interacting relationship between the fluid chamber 36 and the second gas
      cushion 80, and to close the passage 72 to block fluid communication
      therebetween and according inhibit the interacting relationship between
      the fluid chamber 36 and the second gas cushion 80 when the braking of the
      vehicle occurs.
PAR  Each of the gas cushions 78 and 80 is designed to have a predetermined
      pressure and volume so that the gas cushions 78 and 80 constitute, in
      cooperation with each other, a single gas cushion having a normal soft
      suspension flexibility to provide satisfactory riding comfort or quality.
      However, when the control valve 82 closes the passage 72 as a result of
      the brakes being applied, the gas cushion 78 singly provides a hard
      suspension flexibility to prevent the front portion of the vehicle body
      tilting longitudinally in excess of a predetermined limit.
PAR  Referring to FIG. 2, the control valve 82 is shown to comprise a valve body
      or housing 84 which is formed therein with a valve chamber or bore 86
      having a blind and an open end, and first and second ports 88 and 90 each
      opening into the valve chamber 86. The first port 88 is connected to the
      fluid chamber 36 of the corresponding cylinder 28 by way of the passages
      70 and 72, while the second port 90 is connected to the first chamber 68
      of the corresponding second accumulator 62 by way of the passage 72. An
      end plate or cap 92 is firmly attached to an end 94 of the valve body 84
      by suitable fastening means such as bolts 96 to close the open end of the
      valve chamber 86.
PAR  A valve spool 98 is axially slidably fitted in the valve chamber 86 and is
      formed therein with an annular groove 100. The annular groove 100 provides
      fluid communication between the first and second ports 88 and 90 when the
      valve spool 98 is held in a dormant position shown by the solid line in
      FIG. 2 in which an end 102 of the valve spool 98 abuts against the end
      plate 92. A compression spring 104 is disposed in the valve chamber 86 at
      a location between the blind end thereof and the valve spool 98 to urge it
      into the dormant position. The end plate 92 is formed therethrough with a
      third port 106 which opens into the valve chamber 86 and which is
      connected to the master cylinder 24 by way of a conduit 112 to supply
      hydraulic fluid pressure to the port 106 when the brake pedal 25 is
      depressed to apply hydraulic fluid braking pressure from the master
      cylinder 24 to wheel cylinders (not shown) of the vehicle. The fluid
      pressure supplied from the master cylinder 24 into the port 106 exerts a
      hydraulic thrust in opposition to the action of the spring 104 on the end
      102 of the valve spool 98 and moves it from the dormant position into an
      operative position shown by the phantom lines in FIG. 2 in which the valve
      spool 98 cuts off fluid communication between the first and second ports
      88 and 90.
PAR  The hydropneumatic suspension system thus far described is operated as
      follows:
PAR  When the vehicle is running with the brake pedal 25 not depressed, no
      hydraulic fluid pressure is supplied into the port 106 of the control
      valve 82. Accordingly, the valve spool 98 of the control valve 82 is held
      by the force of the spring 104 in the dormant position shown in FIG. 2 to
      provide fluid communication between the fluid chamber 36 of the cylinder
      28 and the first chamber 68 of the second accumulator 62. Thus, the
      pressure of hydraulic fluid in the fluid chamber 36 acts on both the gas
      cushions 78 and 80 of the first and second accumulators 60 and 62 so that
      the gas cushions 78 and 80 constitute one gas cushion having a normal soft
      suspension flexibility in cooperation with each other to provide
      satisfactory riding comfort to the driver or occupant (not shown) of the
      vehicle.
PAR  When the brake pedal 25 is depressed to subject the vehicle to braking
      deceleration during running of the vehicle, hydraulic fluid pressure is
      supplied from the master cylinder 24 into the ports 106 of the control
      valves 82 to exert a hydraulic thrust on the ends 102 of the valve spools
      98. As a result, the valve spools 98 are moved by the hydraulic thrust
      from the dormant position into the operative position shown by the phantom
      lines in FIG. 2 to block fluid communication between the fluid chambers 36
      of the corresponding cylinders 28 and the first chambers 68 of the
      corresponding second accumulators 62. As a result, the pressure of
      hydraulic fluid in the fluid chambers 36 acts on only the gas cushion 78
      of the corresponding first accumulators 60 so that the gas cushions 78
      singly provide a hard suspension. Thus, the first and second suspension
      units 26 prevent the front portion of the vehicle body from tilting
      longitudinally in excess of a predetermined value, while the third and
      fourth suspension struts 26 prevent the rear portions of the vehicle body
      from falling in excess of a predetermined value due to resistance of the
      first and second suspension struts 26 to tilting of the front portion of
      the vehicle body.
PAR  It will be appreciated that a hydropneumatic suspension system according to
      the invention comprises two air cushions which are in interacting
      relationship with a variable volume fluid chamber of a hydropneumatic
      suspenion strut, and a control valve which is disposed between the fluid
      chamber and one of the air cushions and which is operable to normally
      permit the interacting relationship therebetween and to inhibit the
      interacting relationship therebetween in response to braking of the
      vehicle so that both the air cushions provide a normal satisfactory soft
      suspension flexibility or stiffness during normal operations of the
      vehicle with the brakes not applied and the other air cushion singly
      provides a hard suspension flexibility or stiffness to minimize forward
      inclination of the vehicle body to ensure the safety of the vehicle for a
      vehicle occupant upon braking of the vehicle.
PAR  Although the invention has been described such that a hydropneumatic
      suspension system comprises a level corrector 42 which is common to two
      suspension units 26, the invention can be applied to a hydropneumatic
      suspension system which comprises a level corrector for the exclusive use
      of each hydropneumatic suspension unit 26.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A suspension system in a vehicle, comprising a retractable and
      extensible suspension strut having a fluid chamber therein, said fluid
      chamber being filled with pressurized hydraulic fluid and being variable
      in volume in response to increases and decreases in a load applied to said
      suspension strut to cause shortening and lengthening thereof, first and
      second pressure accumulators each of which is in interacting relationship
      with said fluid chamber to permit variations in the volume of said fluid
      chamber, and control means disposed between said fluid chamber and said
      second pressure accumulator, said control means normally permitting said
      interacting relationship between said fluid chamber and said second
      pressure accumulator and inhibiting said interacting relationship
      therebetween in response to braking of the vehicle.
NUM  2.
PAR  2. A suspension system in a vehicle, comprising first and second
      retractable and extensible suspension struts cooperating respectively with
      left and right wheels of the vehicle, each of said suspension struts
      having a fluid chamber which is filled with pressurized hydraulic fluid
      and which is variable in volume in response to increases and decreases in
      a load applied to the corresponding suspension strut to cause shortening
      and lengthening thereof, and first and second pressure accumulators each
      of which is in interacting relationship with said fluid chamber of the
      corresponding suspension strut to permit variations in the volume of said
      fluid chamber, and control means disposed between said fluid chamber of
      each of said suspension struts and each of the corresponding second
      pressure accumulators, said control means normally permitting said
      interacting relationship between the corresponding fluid chamber and
      second pressure accumulator and inhibiting said interacting relationship
      therebetween in response to braking of the vehicle.
NUM  3.
PAR  3. A suspension system as claimed in claim 2, in which said control means
      comprises a control valve having a valve body formed therein with first,
      second and third ports and a valve chamber, a valve spool slidably fitted
      in said valve chamber and formed therein with an annular groove, and
      biasing means urging said valve spool to a dormant position, said annular
      groove providing fluid communication between said first and second ports
      when said valve spool is held in said dormant position, said first port
      communicating with said fluid chamber of the corresponding suspension
      strut, said second port communicating with the corresponding second
      pressure accumulator, said third port communicating with a master cylinder
      of a braking system of the vehicle for supply of hydraulic fluid pressure
      thereto to exert on said valve spool a hydraulic force moving it from said
      dormant position into an operative position to block fluid communication
      between said first and second ports.
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PAL  An inflatable type occupant restraint device for an automobile or the like,
      comprising a gas bag box secured to the central part of a steering wheel,
      a gas bag folded up within the gas bag box, and a wheel pad sewn on the
      outside surface of the gas bag. The wheel pad is detachably and fittingly
      engaged with the gas bag box. The lower part of the gas bag communicates
      with a gas passage leading to a gas injection unit. In case of the
      collision of the automobile or the like, the gas bag is inflated without
      causing the wheel pad to fly off.
BSUM
PAR  The present invention relates to an inflatable type occupant restraint
      device for an automobile or the like in which in order to protect a driver
      from the secondary collision at the accident of the collision of the
      automobile with another automobile or with any other object, the cover of
      a gas bag box provided at the central part of a steering wheel is
      integrally sewn on the outer surface of a gas bag being received in the
      gas bag box.
PAR  With a prior-art inflatable type occupant restraint device of this sort,
      when the automobile equipped with the device causes the colliding
      accident, the gas bag received in the gas bag box disposed at the central
      part of the steering wheel is instantaneously inflated, and simultaneously
      with the inflation of the gas bag, the cover of the gas bag box flies off
      in the inflating out direction. For this reason, there is the danger that
      the cover sent flying will hit the driver on the head, face or breast and
      injure it.
PAR  An object of the present invention is to provide an inflatable type
      occupant restraint device in which a wheel pad being the cover is securely
      fixed to the front or a side of the outer surface portion of a gas bag,
      and the wheel pad is held fixed to the outer surface portion of the gas
      bag at the inflating action of the gas bag, whereby the wheel pad is
      prevented from flying off, to protect a driver more reliably.
DRWD
PAR  These and other objects, features and advantages of this invention will
      become more apparent upon a reading of the following detailed
      specification and drawing in which:
PAR  FIG. 1 is a schematic longitudinal section showing the state in which a gas
      bag and a wheel pad being a cover are integrally coupled and are assembled
      into a gas bag box disposed in a steering wheel;
PAR  FIGS. 2 and 3 are a longitudinal section and a front view, respectively,
      showing coupling means between the gas bag and the wheel pad;
PAR  FIG. 4 is a longitudinal section showing the positional relation of the
      wheel pad at the inflation of the gas bag; and
PAR  FIG. 5 illustrates another embodiment, and is a longitudinal section
      showing the positional relation of the wheel pad at the inflation of the
      gas bag.
DETD
PAR  In an embodiment illustrated in FIGS. 1 to 4, a steering wheel 1 is
      composed of a rim 2, spokes 3 integral with the rim 2, and a boss portion
      4 integrally coupled with the spokes 3. A gas bag box 6 having an opening
      part on the seat side is secured to the spokes 3 by bolts (B). Within the
      gas bag box 6, there is disposed an inner box 7 formed of a soft synthetic
      resin material.
PAR  The inner box 7 is made an opening part on the seat side, and its
      peripheral edge is formed as a flange part 8 extending outwardly.
PAR  Above the inner box 7 and at the seat-side opening part of the gas bag box
      6, there is detachably and fittedly mounted a wheel pad 11 which is a
      cover made of a single plate of a soft synthetic resin material.
PAR  The steering wheel 1 is secured onto a steering shaft (S) by a nut (N). The
      boss portion 4 is provided with a plurality of gas injection ports 5 which
      communicate with a gas passage 19.
PAR  A gas bag 13 formed of a film of a flexible and airtight material, for
      example, a sheet of cotton or a synthetic resin is received in the inner
      box 7 in a manner to be folded up by suitable means.
PAR  The gas bag 13 has a lower peripheral edge 14, being its lower end part,
      arranged on the bottom 9 of the inner box 7 with a packing (P) placed
      thereon. A ring-shaped retainer 17 arranged above the lower peripheral
      edge 14 and the bottom 9 of the inner box 7 are secured by a plurality of
      bolts and nuts 18, so that the lower peripheral edge 14 of the gas bag 13
      is mounted on the bottom 9 of the inner box 7 in airtight condition.
PAR  The interior 15 of the gas bag 13 communicates through the gas injection
      ports 5 provided in the boss portion 4, with the gas passage 19 formed
      between a steering column shaft (S.sub.1) and the main shaft (S). The gas
      passage 19 leads to a gas injection device not shown.
PAR  The fitting structure between the wheel pad 11 and the gas bag box 6 is as
      stated below. At the clearance part between the whole peripheral edge part
      of the gas bag box 6 on the opening part side and the flange part 8 of the
      inner box 7, a groove portion 10 substantially L-shaped in cross section
      is formed. At the whole peripheral edge part of the wheel pad 11, an
      engaging piece 12 directed towards the center thereof and being
      substantially L-shaped in cross section is formed into a ring shape. The
      engaging piece 12 is fitted and disposed into the groove 10 provided above
      the gas bag box 6.
PAR  As illustrated in FIGS. 2 and 3, the wheel pad 11 and the gas bag 13 are
      integrally sewn and fixed by a sewing portion (X) so that the wheel pad 11
      may be located at the central upside part of the outer surface part 16 of
      the gas bag 13 at the inflation action of the gas bag 13. Since the sewing
      portion (X) is exposed to the surface of the wheel pad 11, a company mark
      or any other appropriate shape can be designed.
PAR  FIG. 4 shows the relation between the wheel pad 11 and the gas bag 13 in
      the case where when the automobile equipped with the embodiment causes an
      accident, such as a head-on or rear-end collision with another car and a
      collision with any other object, in the course of running, the gas
      injection device is actuated by a command of a collision sensor, and the
      gas bag 13 is inflated.
PAR  A gas fed from the gas injection device simultaneously with the collision
      passes through the gas passage 19 predetermined, and is supplied from the
      gas injection ports 5 formed in the boss portion 4 to the interior 15 of
      the gas bag 13 received in the inner box 7. When a certain amount of the
      gas is injected and supplied to inflate the gas bag 13, the wheel pad 11
      fitted on the gas bag box 6 is easily bent by a pressure at the inflation
      since it is made of the single plate of the soft synthetic resin material.
      Then, the fitted engagement between the gas bag box 6 and the wheel pad 11
      which have the foregoing fitting structure is released, and the gas bag 13
      is inflated on the steering wheel 1 at the same time. At this time, the
      wheel pad 11 is held as shown in FIG. 4 as it remains secured at the
      central part of the outer surface part 16 of the gas bag 13. With some
      difference in time from the completion of the instantaneous inflation of
      the gas bag 13, the body of the driver hits on the wheel pad 11.
PAR  As a result, there is thoroughly eliminated the danger as in the prior-art
      device that the wheel pad 11 of the gas bag box 6 will be sent flying at
      the inflation of the gas bag 13 and that the driver will be injured by the
      wheel pad 11 before being restrained by the gas bag. Since the wheel pad
      11 is formed of the soft synthetic resin material, the collision of the
      body with the wheel pad 11 is not dangerous. In case where the body is hit
      against the upside of the wheel pad 11, the impact force is absorbed and
      relieved by the whole gas bag 13, and hence, there is no danger of injury.
      Further, in case where a projecting artricle such as writing goods and a
      comb is in a bosom pocket of the driver, the presence of the wheel pad 11
      prevents the inflated gas bag 13 from being broken and rendered unusable
      by the projecting article.
PAR  FIG. 5 shows another embodiment, in which a wheel pad 11.sub.a is mounted
      so that it may be held at a side part of the gas bag 13 in case of the
      inflation of the gas bag. Thus, the wheel pad 11.sub.a is prevented from
      directly hitting against the body of the driver in case of the inflation
      of the gas bag 13.
PAR  The wheel pad 11.sub.a is composed of a frame 11.sub.b formed by a soft
      synthetic resin material, foamed urethane 11.sub.c filled up into a hollow
      part of the frame 11.sub.b, and a shape keeping plate 11.sub.d being a
      ring-shaped thin sheet buried in the foamed urethane and made of a
      synthetic resin.
PAR  The engaging structure between the wheel pad 11.sub.a and the gas bag box
      6.sub.a is similar to that in the previous embodiment, and they are
      detachably fitted by the L-shaped engaging portion 12 formed at the outer
      peripheral edge of the wheel pad 11.sub.a and the groove portion 10.sub.a
      formed above the gas bag box 6.sub.a.
PAR  The other construction and operation are the same as in the previous
      embodiment.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An inflatable type occupant restraint device for an automobile or the
      like comprising:
PA1  a gas bag box secured at the central part of a steering wheel and having an
      opening part on a seat side,
PA1  a gas bag accommmodated in said gas bag box in a manner to be folded up,
PA1  a wheel pad firmly secured onto the outer peripheral surface of said gas
      bag,
PA1  said wheel pad being detachably fitted to the peripheral edge of the
      seat-side opening part of said gas bag box by engaging means,
PA1  the lower part of said gas bag communicating with gas injection ports
      joining to a gas passage, and
PA1  an inner box disposed inside the gas bag box, said inner box comprising a
      flange which is opened on the seat side and whose peripheral edge part
      extends outwardly.
NUM  2.
PAR  2. An inflatable type occupant restraint device for an automobile or the
      like comprising:
PA1  a gas bag box secured at the central part of a steering wheel and having an
      opening part on a seat side,
PA1  a gas bag accommodated in said gas bag box in a manner to be folded up,
PA1  a wheel pad firmly secured onto the outer peripheral surface of said gas
      bag,
PA1  said wheel pad being detachably fitted to the peripheral edge of the
      seat-side opening part of said gas bag box by engaging means,
PA1  the lower end part of said gas bag communicating with gas injection ports
      joining to a gas passage,
PA1  said gas bag having its lower peripheral edge arranged on the bottom of an
      inner box, and
PA1  a ring-shaped retainer arranged on said lower peripheral edge and said
      bottom of said inner box is secured by a plurality of bolts and nuts so
      that said gas box is mounted on said bottom of said inner box in airtight
      condition.
NUM  3.
PAR  3. An inflatable type occupant restraint device for an automobile or the
      like comprising:
PA1  a gas bag box secured at the central part of a steering wheel and having an
      opening part on a seat side,
PA1  a gas bag accommodated in said gas bag box in a manner to be folded up,
PA1  a wheel pad firmly secured onto the outer peripheral surface of said gas
      bag, said wheel pad being fixed to a side part of said gas bag,
PA1  said wheel pad being detachably fitted to the peripheral edge of the
      seat-side opening part of said gas bag box by engaging means,
PA1  the lower end part of said gas bag communicating with gas injection ports
      joining to a gas passage, and
PA1  said wheel pad comprises a frame formed of a soft synthetic resin material,
      a foamed urethane filled up into a hollow part inside said frame, and a
      shape keeping plate which is a ring-shaped thin sheet buried in the
      interior of said foamed urethane and made of a synthetic resin.
NUM  4.
PAR  4. An inflatable type occupant restraint device for an automobile or the
      like comprising:
PA1  a gas bag box secured at the central part of a steering wheel and having an
      opening part on a seat side,
PA1  a gas bag accommodated in said gas box in a manner to be folded up,
PA1  a wheel pad firmly secured onto the outer peripheral surface of said gas
      bag,
PA1  said wheel pad being detachably fitted to the peripheral edge of the
      seat-side opening part of said gas bag box by engaging means, said
      engaging means comprising a groove portion substantially L-shaped in cross
      section and an engaging piece substantially L-shaped in cross section,
      said groove portion being at the clearance part between the whole
      peripheral edge portion of the seat-side opening part of said gas bag box
      and a flange portion of an inner box, said engaging piece being formed
      into a ring shape at the peripheral edge part of said wheel pad and
      towards the center thereof and being fitted into said groove portion, and
PA1  the lower end part of said gas bag communicating with gas injection ports
      joining to a gas passage.
NUM  5.
PAR  5. An inflatable type occupant restraint device for an automobile or the
      like comprising:
PA1  a gas bag box secured at the central part of a steering wheel and having an
      opening part on a seat side,
PA1  a gas bag accommodated in said gas bag box in a manner to be folded up,
PA1  a wheel pad firmly secured onto the outer peripheral surface of said gas
      bag,
PA1  said wheel pad being detachably fitted to the peripheral edge of the
      seat-side opening part of said gas bag box by engaging means,
PA1  the lower end part of said gas bag communicating with gas injection ports
      joining to a gas passage,
PA1  said gas bag having its lower peripheral edge arranged on the bottom of an
      inner box, and
PA1  a ring-shaped retainer arranged on said lower peripheral edge and said
      bottom of said inner box and secured by securing means so that said gas
      box is mounted on said inner box in airtight condition.
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PAL  Hydraulically powered outrigger beams for cranes including a positive
      safety locking system for securing the outrigger beams in a fixed downward
      position to provide stabilization of the vehicle and crane during
      operation of the crane.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally pertains to hydraulically powered and extensible
      outrigger beams for mobile cranes and is an improvement over the outrigger
      assembly shown in U.S. Pat. No. 3,073,458 issued Jan. 15, 1963 to
      Wieschel, and assigned to an assignee common with this application.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a wheel supported vehicle having outrigger
      stabilizer beams arranged in criss-cross fashion under the vehicle and
      having improved positive safety locking means for securing each of the
      outrigger beams from inadvertent collapse if the hydraulic motor forcing
      the beams downwardly fails. The vehicle has spacing pad members between
      the movable pairs of outrigger beams to maintain accurate clearances and
      sliding surfaces between the beams and to stabilize the vehicle when
      supported by the outrigger beams. The spacing members are mounted on the
      vehicle frame and on the outrigger beams in such positions so as to
      maintain such surface contact so as to properly space the outrigger beams
      regardless of the vertical position of the beams.
PAR  The spacing pad members act to eliminate the fore and aft movement of the
      beams, which movement would be transmitted to the vertical hydraulic
      outrigger motor and their mounting pins which are not designed to accept
      such fore and aft forces.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of a vehicle mounted crane including powered
      outrigger beams attached to each end of the vehicle frame;
PAR  FIG. 2 is an end view of the vehicle shown in FIG. 1 and further showing
      the powered outrigger beams in a deployed position;
PAR  FIG. 3 is a partial top view of one pair of the powered outrigger beams
      taken along the line 3--3 in FIG. 4;
PAR  FIG. 4 is an elevation view of a pair of the powered outrigger beams shown
      in a retracted position;
PAR  FIG. 5 is a view similar to that of FIG. 4 and showing the outrigger beams
      in an extended position;
PAR  FIG. 6 is a view similar to that of FIGS. 4 and 5 showing the outrigger
      beams in a fully deployed position;
PAR  FIG. 7 is a schematic diagram of the pneumatic system used to activate the
      positive safety locking system of the present invention;
PAR  FIG. 8 is an enlarged detail view of the positive safety locking system
      taken along line 8--8 of FIG. 3;
PAR  FIG. 9 is a view similar to FIG. 8 showing the positive safety locking
      system in a disengaged position;
PAR  FIG. 10 is a view similar to FIG. 8 showing the positive safety locking
      system when the outrigger beams are in a deployed position;
PAR  FIG. 11 is an enlarged cross section of a pair of powered outrigger beams
      taken along line 11--11 in FIG. 3; and
PAR  FIG. 12 is an enlarged cross section taken through line 12--12 in FIG. 11.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The present invention generally relates to supported vehicles, such as for
      example, mobile cranes, having hydraulically powered telescoping outrigger
      beams for stabilizing the vehicle during operation of the crane and having
      means to positively lock the telescoping outrigger beams in their downward
      position to preclude inadvertent collapse of the outrigger structure.
PAR  A typical vehicle is provided with outrigger beams 10 to stabilize the
      vehicle during operation of the boom 11 which is mounted upon the vehicle.
      The vehicle is provided at each end with a pair of oppositely extending
      outrigger beams 10 which are pivotally secured to the frame 6 and which
      can be deployed to assume the position shown in FIG. 2. The pairs of
      outrigger beams 10 at each end of the vehicle frame 6 are substantially
      identical and each of the outrigger beams 10 is attached to the frame so
      it extends across the bottom of the frame and is pivotally connected at
      one end to the side of the frame opposite its direction of extension. When
      deployed in their downward position, the beams assume a criss-cross
      configuration.
PAR  Each of the outrigger beams consists of a relatively fixed outer beam
      section 13 and a telescopically related inner beam section 15 which is
      selectively extendible and retractable within the outer beam section. Both
      of these beam sections have a rectangular cross sectional configuration,
      as shown in FIGS. 3-6, for maximum strength and to provide a housing for a
      hydraulic motor 17 (FIGS. 4-6). Each of the respective outrigger beam
      sections is pivotally mounted to the vehicle frame for limited oscillation
      in a vertical direction. Each of the beams is attached at one end to the
      frame by a pivot bracket 19 extending downwardly from the frame and is
      swingable on a pivot pin 21. At its opposite end, the outer beam section
      13 is embraced by a yoke 23 which is, in turn, pivotally connected on pin
      25 to the piston rod 27 of hydraulic motor 12. The motor 12 is supported
      on trunnions 29 which are oscillatable between spaced extensions 31 which
      project laterally from the frame 6.
PAR  Telescopic movement is imparted to the inner beam section 15 by hydraulic
      motor 17 which is located within the hollow cross section of the beams 13
      and 15 and which is pivotally connected at one end to the outer beam 13 by
      a pin 33. Both of the hydraulic motors are double-acting and actuated by
      conventional hydraulic fluid supplies and control mechanisms.
PAR  Each of the telescopic beam sections has at its end a ground engaging foot
      35 which is pivotally attached on pivot pins 37 and 39 so as to swing
      downwardly as shown in FIG. 5 when the inner beam section 15 is extended
      and can be partially withdrawn into the outer beam section 13 as shown in
      FIG. 4.
PAR  Each pair of outrigger beams 10 includes a plurality of spacing pads 53
      (FIG. 11) for maintaining the proper positioning of the outrigger beams
      with respect to each other and with respect to the vehicle frame. The
      spacing pads are designed to insure a tight fit between the outrigger
      beams and to prevent any movement of the vehicle or crane due to
      flexibility in the outrigger beams or their connection to the vehicle
      frame. The frame 6 has a plurality of downwardly extending support
      brackets 51 attached thereto, each supporting a spacing pad 53. The
      spacing pads 53 are made of such material as to be easily slideable with
      respect to the surface of the side of the outrigger beam when the beams
      are pivoted vertically. A spacing pad 55 is also attached to each of the
      outrigger beams at a point intermediate their length and on the surface of
      the beams opposing the other beams constituting the pair. As shown in FIG.
      6, the spacing pads 53 and 55 are located such that even when the
      outrigger beams are in their downward position part of the surface area of
      the spacing pads is in contact with the opposing beam. The spacing pads
      thus maintain positioning of the outrigger beams and further prevent
      twisting of the vehicle while it is stabilized by the outrigger.
PAR  The safety locking apparatus includes a vertically operable ratchet means 2
      which includes a vertically slideable ratchet rack 14 and a spring biased
      pivotable pawl 24 is shown in detail in FIGS. 8-10. FIG. 8 shows a partial
      cutaway view of vertically operable ratchet means 2 with the outrigger
      beam 10 in its upward position and the vertical outrigger cylinder
      assembly 12 in its retracted position. When the outrigger beam 10 is in
      this position, the ratchet rack 14 is in an upwardly biased position, as
      shown, with the ratchet rack foot 16 resting on the surface 18 of the
      outrigger beam. As shown in FIGS. 8 and 12, the ratchet rack 14 is
      slideably mounted in rack guide 20 so as to be movable only in the
      vertical direction, the rack guide 20 being rigidly secured to the frame
      extensions 22. Also attached to the frame extensions 22 is the pivotable
      pawl member 24. The pawl member 24 includes a downwardly extending
      vertical member 26 which supports a plurality of pawl teeth 28 which are
      designed to mesh with ratchet teeth 30 of ratchet rack 14. The pawl 24
      also includes a horizontally extending vertical member 26, the pawl 24 is
      pivotally mounted to the frame extensions 22 by a pivot pin 34 extending
      through a bore 35 in the pawl at the juncture of the lever arm 32 and the
      vertical member 26. At its other end the pawl lever arm 32 is pivotally
      connected to a piston rod 36 by yoke pin assembly 38. The piston rod 36 is
      in turn connected to a piston head 40 which is received within the
      pneumatic cylinder 42. The pneumatic cylinder 42 is provided with a pawl
      biasing spring 44 which is located between the upper wall 46 of the
      pneumatic cylinder 42 and the piston head 40, the pawl biasing spring 44
      functioning to cause said pawl lever arm 32 to apply a torque on the pawl
      about pivot pin 34 such that the pawl teeth 28 of the downwardly extending
      vertical member 26 are biased into intermeshing engagement with ratchet
      teeth 30. The pneumatic cylinder 42 is also supplied with a source of
      pneumatic pressure through port 48 such that pneumatic pressure may be
      forced between the lower wall 50 and the piston head 40. Such pneumatic
      pressure causes piston rod 36 to force the pawl 24 to rotate about pivot
      pin 34 and out of engagement with the ratchet rack 14 as shown in FIG. 9.
      As further shown, the pneumatic cylinder 42 is rigidly attached to the
      frame extensions 22 by cylinder mount 52.
PAR  FIG. 7 shows the pneumatic circuit for delivering pneumatic pressure to
      each of the pneumatic cylinders 42 shown schematically in order to
      activate the locking assemblies. An electrical main switch 63 operated by
      the machine operator in the vehicle cab is connected by line 54 to a
      solenoid operated spring returned valve 56 mounted on the vehicle frame.
      The solenoid operated valve 56 is operable to control pneumatic pressure
      from pump 58 through line 60 to line 64 connected to the hydraulic
      cylinders 42 and to vent the cylinders 42 to an exhaust line 62. As is
      apparent from FIG. 7, the single switch 63 is operable to control all of
      the pneumatic cylinders 42 simultaneously. As also shown, an auxiliary
      switch 61 may be included in such a manner so as to allow the operator to
      control the safety locking system from the ground rather than from the cab
      of the vehicle.
PAC  OPERATION
PAR  When the outrigger beam 10 is forced downwardly by the vertical outrigger
      cylinder assembly 12 and caused to pivot about pivot pin 21, the outrigger
      beam 10 moves downwardly away from the ratchet rack foot 16. Pneumatic
      pressure may be applied to the pneumatic cylinder 42 to cause the force of
      spring 44 to be overcome and pawl 24 to be rotated out of engagement with
      the ratchet rack 14 as shown in FIG. 9, thereby allowing the ratchet rack
      14 to slide downwardly in rack guide 20 as shown in FIG. 10.
PAR  Once the outrigger beam 10 is in a position to stabilize the crane and the
      ratchet rack 14 slides downwardly due to its own weight such that ratchet
      rack foot 16 is in contact with the surface 18, the pneumatic pressure in
      cylinder 42 may be released and the pawl biasing spring 44 will cause said
      pawl teeth 28 to securely mesh with the ratchet teeth 30. As can be seen
      in FIG. 10, such intermeshing of the teeth 28 and 30 will prevent upward
      movement of the ratchet rack 14. In the event the fluid pressure in
      vertical outrigger cylinder assembly 12 is released, the weight of the
      vehicle will cause the frame 22 to place downward force on the ratchet
      rack teeth 30 through pawl pivot pin 34, downwardly extending vertical
      member 36, and pawl teeth 28 attached thereto. The forces acting between
      pawl teeth 28 and ratchet teeth 30, as seen in FIG. 10, create a
      counter-clockwise torque on pawl 24 about pawl pivot pin 34 thereby
      insuring meshing of the respective teeth 28 and 30. It should also be
      noted that the shape of the pawl teeth 28 and ratchet teeth 30 is such
      that, regardless of the vertical position of the outrigger beam, the teeth
      will engage each other in such a manner, that, when hydraulic pressure in
      cylinder 12 is released, the teeth will slide together into a locked
      position as shown in FIG. 10.
PAR  In order to raise outrigger beam 10 to return it to an inoperative or
      storage position, it is necessary to first activate hydraulic cylinder 12
      to release the load on the ratchet rack and pawl and then to provide
      pneumatic pressure through line 48 to pneumatic cylinder 42 to create an
      upward force on piston head 40. Such upward force on the piston head 40
      causes piston rod 36 to result in a clockwise torque, as seen in FIG. 9,
      on pawl lever arm 32 and integrally connected downwardly extending
      vertical member 26. This causes separation of the pawl teeth 28 and
      ratchet teeth 30. The vertical outrigger cylinder assembly 12 may then
      pull outrigger beam 10 upwardly causing said ratchet rack 14 to slide
      upwardly in rack guide 20.
PAC  RESUME
PAR  The spacing pad means connected between the frame and each of the beams and
      also connected between the two beams, provides a firm sliding fit between
      the beams and also between the frame, regardless of the vertical movement
      of the beams or their vertical position relative to the frame. At all
      times, a stabilized pair of criss-cross outrigger beams is provided.
CLMS
STM  I claim:
NUM  1.
PAR  1. Extensible outrigger beam apparatus for a wheel supported vehicle having
      a frame, said apparatus comprising a pair of hydraulically extensible
      stabilizer outrigger beams for spanning laterally underneath the frame in
      criss-cross fashion, each beam having a pivotal connection at one end to
      one side of the frame, said beams extending laterally beyond the other
      side of said frame from which they are pivotally connected, a motor for
      controllably pivoting each of said beams about its pivotal connection to
      the frame whereby the vertical position of the beam with respect to the
      frame is readily adjusted, means connected between said frame and each of
      said beams for locking each beam in a fixed position about its pivotal
      connection to prevent said beams from upward pivotal movement, and spacing
      pad means connected between said frame and said beams and also connected
      between said beams providing a firm sliding fit between said beams and
      said frame.
NUM  2.
PAR  2. The apparatus set forth in claim 1 wherein at least one of said spacing
      pad means is located between said beams and secured to one of said beams.
NUM  3.
PAR  3. The apparatus set forth in claim 1 wherein at least one of said spacing
      pads connected between said frame and said beams is rigidly secured to
      said frame.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said frame includes at least one
      downwardly extending projection for supporting one of said spacing pads.
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ABST
PAL  A conventional bicycle of the type having a frame with an upper bar between
      an upright seat-supporting member and a steering fork bearing assembly is
      converted to a high-ride bicycle by a bifurcated seat extension having a
      housing for a pedal sprocket bearing assembly on the end of one branch
      which extends forwardly along the upper bar. Clamping means secures the
      forwardly extending branch to the upper bar. A downwardly extending branch
      is clamped in the bicycle frame in the place of the seat, and the seat is
      clamped in place at the upper end of the seat extension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to bicycles, and more particularly to a bifurcated
      seat extension for converting a standard bicycle to a high-ride bicycle.
PAR  A conventional bicycle of the type having a horizontal upper bar in the
      frame has a hollow center member connected at the bottom to a housing for
      a pedal sprocket bearing assembly and connected at the top to that upper
      bar. That center member is open at the top to receive a seat post. A lower
      bar extends from the sprocket bearing housing to an upright housing for a
      steering fork bearing assembly. A steering fork supports the front end of
      the frame on the axle of a wheel. Upper and lower rear forks support the
      rear end of the frame on the axle of a second wheel.
PAR  The seat post is usually long enough to provide some height adjustment.
      Once the height has been adjusted, contractible clamping means secure the
      seat at the selected position. Similar but more limited height adjustment
      can usually be made by vertically positioning a gooseneck fitting post
      that secures the handle bar to the steering fork. However, the seat
      adjustment that is made possible by a long seat post is limited to the
      length of the rider's legs. Consequently, for conversion to a high-ride or
      elevated bicycle, something more than just seat and handle bar adjustment
      is required.
PAR  Arrangements for converting a bicycle to a high-ride bicycle have
      heretofore involved inverting the conventional frame to place the housing
      for the pedal sprocket bearing assembly at the top, as shown in U.S. Pat.
      Nos. 3,113,785, and 3,659,878. Such arrangements are unsatisfactory
      because they result in an awkward looking bicycle, and create
      complications in securing the seat to the housing for the pedal sprocket
      bearing assembly.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a bifurcated seat extension
      member is provided for converting a conventional bicycle of the type
      having a frame with an upper bar between an upright seat-supporting member
      and a housing for a steering fork bearing assembly to a high-ride bicycle.
      The seat extension is comprised of a hollow cylindrical member having a
      contractible clamping means around its upper end and a post at its lower
      end. The post is adapted to fit into the upright seat-supporting member
      and to be secured by a contractible clamping means. A branch extends
      forwardly from the hollow cylindrical member along the upper bar of the
      bicycle frame. A housing for a pedal sprocket bearing assembly is secured
      to the end of the branch, and the branch and housing structure is secured
      to the upper bar by suitable clamping means, preferably at the bottom of
      the housing. The conventional sprocket bearing assembly is transferred to
      the housing at the end of the branch and the conventional seat post is
      inserted into the upper end of the cylindrical member. Addition of a few
      links may be required in the bicycle chain to reach around the sprocket in
      the new high-ride position.
DRWD
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a standard bicycle converted to a high-ride
      bicycle with a bifurcated seat extension member of the present invention.
PAR  FIG. 2 is an exploded isometric view of the bifurcated seat extension
      member showing pedal sprocket bearing assemblies to be inserted in a
      housing to support the pedal sprocket in a high-ride position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a standard bicycle frame is shown comprised of an
      upright center member 10, an upper bar 11 connected between the upright
      member and a housing 12 for a steering fork bearing assembly, a lower bar
      13 connected between a housing 14 for a pedal sprocket bearing assembly,
      and rear forks 15 and 16. A steering fork 17 is supported on the axle of
      the front wheel 18 and is connected to a gooseneck member 19 to which a
      high-rise handle bar 20 is connected. The frame is supported in the rear
      on the axle of wheel 21. All of this is conventional, including the
      high-rise handle bar 20 in common use.
PAR  To permit the rider to ride higher on the bicycle, a bifurcated seat
      extension member 22 supports a bicycle seat 23 on the frame. The pedal
      sprocket bearing assembly 24 of the standard bicycle is transferred to a
      housing 25 at the end of a branch 26 of the bifurcated seat extension. A
      chain 27 made long enough to fit around the pedal sprocket in its new
      position is then added. This chain may be the standard chain made longer
      by adding a few links.
PAR  FIG. 2 illustrates the bifurcated seat extension member 22 in an isometric
      view. It is comprised of a hollow cylindrical member 28 having an internal
      diameter just large enough to receive a seat post. The upper end of that
      member is provided with a longitudinal slit 29 to facilitate clamping the
      seat post with a standard seat clamp 30, i.e., to facilitate contracting
      the diameter of the member 28 around the seat post. An extension post 31
      having a diameter of the seat post is inserted into the other end of the
      member 28 and welded in position. That post, which may be a hollow
      cylindrical post as shown, is of an outer diameter selected to be inserted
      into the bicycle frame in place of the conventional seat post. The
      extension post is secured in place by a conventional seat clamp 32 (FIG.
      1).
PAR  The branch 26 is welded to the member 28 at an angle that will permit the
      branch to extend forwardly just over the upper bar of the bicycle. A clamp
      33 is secured to the bottom of the housing 25 by a nut and bolt assembly
      34, as shown, or by welding. The pedal sprocket bearing assembly removed
      from the housing 14 (FIG. 1) will fit directly into the housing 25.
      Annular inserts 35 are removed from each side of the housing 14 (FIG. 1)
      after the pedal sprocket and bearings 36 are removed. Those inserts serve
      to provide bearing surfaces for the standard ball bearings shown.
PAR  To convert a standard bicycle to a high-ride bicycle with the bifurcated
      seat extension member 22 of FIG. 2, the seat is removed, and the extension
      member is put in place. Then the seat is placed on the extension member.
      Finally the pedal sprocket bearing assembly is transferred to the housing
      provided for it on the extension member and the bicycle chain is put in
      place using additional links as needed.
PAR  In the embodiment shown in FIG. 1, the seat has a rear support member 37
      extending from the axles of the rear wheel. Such a support member is
      standard on many bicycles, and is available for virtually all bicycles.
      Consequently, if the seat is of the type requiring a rear support member,
      it may be provided as shown by securing the rear of the seat further up
      the support member. Such a support member is generally made from one
      continuous tube bent into an inverted U-shape. The ends of the tube are
      flattened and holes are drilled in the flattened portions to fit over the
      rear axle. Usually more than one set of holes are provided to permit some
      adjustment of the seat height, but such adjustment may not be sufficient
      for the height of the seat on the extension member 22. In that event,
      additional holes are drilled through the tube of the support member 37.
      Aside from that, no structural change is required in the bicycle. With a
      few simple tools, the standard bicycle can be quickly converted to a high
      ride bicycle, and just as quickly converted back to its standard
      arrangement.
PAR  The converted standard bicycle illustrated in FIG. 1 is provided with a
      high-rise handle bar 20 which normally causes the rider to ride with arms
      elevated. If such a high-rise handle bar is not already on the bicycle,
      one commercially available may be substituted. Upon conversion to a
      high-ride bicycle, the rider can lower his arms to about the same position
      they would be in if the standard bicycle had a more conventional handle
      bar instead of the high-rise handle bar shown. The gooseneck support 19
      can be raised slightly (about one inch) in the housing 12 for final
      adjustment of the handle bar height.
PAR  It would be possible to provide an extension for the gooseneck support, to
      raise the high-rise handle bars, or to raise standard handle bar to the
      height of the high-rise handle bar shown, but such would not be advisable
      because the resulting high position of the handle bar would give the rider
      such great leverage that there would be serious risk of breaking the
      extension off. Consequently, high-rise handle bars are preferred for use
      with the present invention for converting a standard bicycle into a
      high-ride bicycle.
PAR  It is also preferred that a bicycle seat be used of the type that requires
      a rear support, as shown, but since the seat merely supports the weight of
      the rider, there is not the great risk that the seat extension member 22
      will break, particularly when the smaller diameter member 31 is permitted
      to extend well into the hollow cylindrical member 28. For greater
      strength, a web could be welded between the member 28 and the branch 26
      without departing from the present invention. In that event a rear support
      for the seat would not be required for even the heaviest riders.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and equivalents
      may readily occur to those skilled in the art and consequently it is
      intended that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bifurcated seat extension member for converting a conventional
      bicycle, of the type having a frame with an upper bar between an upright
      seat-supporting member and a housing for a steering fork bearing assembly,
      to a high-ride bicycle, said seat extension being comprised of a hollow
      cylindrical member having a contractible clamping means around its upper
      end and a post at its lower end, said post being adapted to fit into said
      upright seat-supporting member of a conventional bicycle and to be secured
      by a contractible clamping means normally used to secure a conventional
      seat, and a branch extending forwardly from the hollow cylindrical member
      along the upper bar of the frame of said bicycle, said branch having a
      housing at the end thereof for a pedal sprocket bearing assembly, and
      means for securing said housing structure to said upper bar, whereby the
      conventional sprocket bearing assembly may be transferred to the housing
      at the end of the branch to complete conversion of the bicycle to a
      high-ride bicycle with the addition of a few links as necessary in the
      bicycle chain to reach around the sprocket in the new high-ride position.
NUM  2.
PAR  2. A bifurcated seat extension as defined in claim 1 wherein said means for
      securing said housing structure to said upper bar is comprised of a clamp
      secured to the bottom of said housing, said clamp extending around said
      upper bar.
NUM  3.
PAR  3. A bifurcated seat extension member as defined in claim 1 wherein said
      post at the lower end of said hollow cylindrical member is itself a
      smaller hollow cylindrical member having an outside diameter substantially
      equal to the inner diameter of the larger hollow cylindrical member, and
      the smaller cylindrical member extends into the larger cylindrical member.
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ABST
PAL  A hitch assembly connecting the tongue of a goose neck trailer to a pickup
      truck. The hitch assembly has a fixed, downwardly directed tubular member
      accommodating a movable tubular member carrying a coupling attachable to a
      king pin secured to the frame of a pickup truck. An elongated screw
      located within the tubular members is operable to move the movable tubular
      member relative to the fixed tubular member to change the overall length
      of the tubular members. A clamp assembly secured to the fixed tubular
      member is operable to hold the movable member in a fixed position.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Trailers having goose neck tongues are equipped with hitch assemblies to
      connect the trailer to a towing vehicle such as a pickup truck. The hitch
      assemblies are also connectable to the draw bars of tractors. Upright
      support structures of the hitch assemblies are adjustable in length to
      accommodate different elevations of coupling structures of the towing
      vehicles. The vertical adjustment of the hitch assemblies has been
      achieved in various ways. Telescopic members that are pinned together are
      shown in U.S. Pat. No. 3,527,476 U.S. Pat. No. 3,796,444. A hydraulic
      cylinder is used to change the elevation of the hitch assembly in U.S.
      Pat. No. 2,844,265. Additional attaching structure is used to provide the
      hitch assembly with a low hitch point in U.S. Pat. No. 3,733,089. Screw
      threads are used in hitches shown in U.S. Pat. No. 3,035,856 and U.S. Pat.
      No. 3,843,163.
PAC  SUMMARY OF INVENTION
PAR  The invention is directed to a hitch assembly for connecting a first
      vehicle to a second vehicle. More particularly, the hitch assembly is used
      to connect a fifth wheel trailer having a forwardly directed tongue to a
      towing vehicle such as a pickup truck or tractor. The hitch assembly has a
      downwardly projected tubular means conected to the forward end of the
      tongue of the trailer. An elongated member is slidably positioned in
      telescopic relation with the tubular means. The member has a portion
      extended downwardly from the tubular means and connected to a coupling.
      The coupling is adapted to be attached to a king pin secured to the towing
      vehicle. Extendable and contractible means located within the tubular
      means is connected to the tubular means and member. The extendable and
      contractible means is operable to provide movement of the member into and
      out of the tubular means to change the overall vertical length of the
      hitch assembly. The extendable and contractible means includes a nut
      having a threaded opening secured to the member. An elongated screw
      threaded through the nut is attached to a bearing mounted on the upper end
      of the tubular means. A crank secured to the top of the screw is usable to
      rotate the screw and thereby move the member relative to the tubular
      means. Clamp means located around the member holds the member in a fixed
      position relative to the tubular means. The clamp means is secured to the
      tubular means. Specifically, the clamp means is formed by cutting arcuate
      slots in the tubular means to define first and second arcuate bands
      located adjacent the opposite sides of the second member. A hand-operated
      lever is used to turn a bolt used to hold the first band and second band
      in firm engagement with the second member.
PAR  An object of the invention is to provide a vertically adjustable hitch
      assembly for a goose neck trailer that has a compact, enclosed and
      protected adjusting structure. Another object of the invention is to
      provide a clamp structure for a vertically adjustable hitch assembly that
      is operable to lock the hitch assembly in a fixed vertical position.
      Another object of the invention is to provide a screw operated adjusting
      structure for a vehicle hitch that is reliable and easy to use, is sturdy
      and low cost in construction, and has long life and low maintenance. Yet
      another object of the invention is to provide a vertically adjustable
      hitch assembly operable to horizontally level a fifth wheel trailer to
      compensate for differences in height of the coupling towing structure of a
      draft vehicle. A further object of the invention is to provide a hitch for
      a fifth wheel trailer that has a tow coupling capable of turning about an
      upright axis to allow a hook-up to a towing vehicle located at an angle to
      the trailer.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a fifth wheel trailer connected to a
      pickup truck with the hitch assembly of the invention;
PAR  FIG. 2 is an enlarged perspective view of the hitch assembly connected to
      the gooseneck tongue of the trailer;
PAR  FIG. 3 is an enlarged sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged sectional view taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged sectional view taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is an enlarged sectional view taken along lone 6--6 of FIG. 3;
PAR  FIG. 7 is a side elevational view of the hitch assembly mounted on the
      draft links of the hitch of an agricultural tractor; and
PAR  FIG. 8 is a perspective view of the hitch bar used to mount the hitch
      assembly to the draft links.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a vehicle indicated generally at 10
      known as fifth wheel trailer being towed with a pickup truck 11. A hitch
      assembly indicated generally at 12 connects the trailer 10 to the truck
      11.
PAR  The trailer 10 has a base or frame 13 carrying a plurality of wheels 14 for
      movably supporting the trailer on the ground. An open top box 16 is
      mounted on the frame. Other types of structures, as cargo vans, flat beds
      and the like, can be mounted on frame 13. A gooseneck tongue indicated
      generally at 17 is connected to the front of frame 13. Hitch assembly 12
      is mounted on the forward end of tongue 17. Tongue 17 comprises a pair of
      upright frame members 18 and forwardly converging horizontal members 19.
      Members 19 are secured by welds or the like to the upper ends of the
      members 18. A cross member 20 is secured to the upper ends of members 18.
      A central member 21 is located between members 19 and is attached to
      member 20 and the forward ends of members 19. Frame 13 has a front cross
      member 22 extended between the lower ends of upright members 18.
PAR  A stationary support gear 23 is secured to the center portion of cross
      member 22. The support gear 23 comprises an outer square tube 25 secured
      by welds or the like to a center upright secured to member 22. Movably
      positioned in tube 25 is a square inner tube 24. A plate or foot member 26
      is secured to the bottom end of member 24. Member 24 telescopes up into
      the tube 25 and is held in either its extended or contracted position with
      a member 29 such as a pin. Pin 29 is adapted to extend through aligned
      holes 27 and 28 in members 24 and 23, respectively. An hydraulic cylinder
      (not shown) can be used in lieu of pin 29 to move and hold the tube 24
      between its extended position shown in FIG. 2 and its contracted position
      shown in FIG. 1.
PAR  The pickup truck 11 is a conventional vehicle having a cab 31 and an open
      top body 32. The bottom of the body 32 has a horizontal bed 33. A king pin
      assembly 34 is secured to the center portion of bed 33 above the rear
      wheels of the truck. The king pin assembly comprises a plate secured to
      bed 33. An upright pin having an annular groove is mounted on the center
      portion of the plate. The pin has the shape of pin 82 shown in FIG. 7.
PAR  The hitch assembly 12 shown in FIGS. 2 and 3 has a first downwardly
      directed tubular member or tube 36. Triangular gusset or side plates 37
      and 38 are secured to opposite sides of tube 36 and to the forward ends of
      tongue members 19. A horizontal top plate 39 is secured to the top of tube
      36 and the tongue members 19 and 21. A second plate 41 is secured to the
      lower side of tongue members 19 and 21 and gusset plates 37 and 38. A
      second tubular member or inner tube 42 is slidably and rotatably disposed
      in the first tube 36. As shown in FIG. 4, inner tube 42 is located in a
      relatively close slide fit with the inner cylindrical wall of the outer
      tube 36. The second tube 42 moves into and out of the lower end of tube 36
      and can rotate about its vertical axis. The bottom end of tube 42 is
      closed to prevent dirt, snow and ice from accumulating in tube 42.
PAR  A clamp indicated generally at 43 is located at the lower end of tube 36
      operable to hold the inner tube 42 in a fixed position with the outer tube
      36. As shown in FIG. 5, clamp 43 comprises opposite disposed arcuate side
      bands 44 and 46 extended around tube 42. The adjacent ends of bands 44 and
      46 have outwardly directed ears 47 and 48. Bands 44 and 46 are connected
      to tube 36 with neck portion 49. Bands 44 and 46 are formed by cutting
      slots in the lower end of tube 36 and leaving the neck portion 49 to
      connect the bands to tube 36. Ears 47 and 48 are secured by welds or the
      like to the adjacent ends of bands 44 and 46.
PAR  A nut 51 is secured to the ear 47. A bolt 52 extended through aligned holes
      in ears 47 and 48 is threaded into nut 51. A handle or arm 53 secured to
      bolt 52 is used to manually rotate bolt 52 and thereby move bands 44 and
      46 into and out of clamping relation with the second tube 42. When handle
      53 is moved in the direction to force the ears 47 and 48 toward each
      other, bands 44 and 46 are clamped about the second tube 42, thereby
      holding tube 42 in fixed rotational and longitudinal positions with first
      tube 36.
PAR  The inner tube 42 is moved to its extended and contracted positions with an
      extension and contraction means indicated generally in FIG. 3 at 54. The
      extension and contraction means 54 includes a nut 55 secured by welds or
      the like to the upper part of the second tube 42. An elongated screw 56 is
      threaded through nut 55 and extended downwardly along the longitudinal
      axis of tubes 36 and 42. Screw 56 extends through a thrust bearing 57
      mounted on the top plate 39. The screw 56 is rotated with the use of a
      crank 58. Crank 58 has an upwardly directed handle 59 operative to be
      manually gripped so that a rotating force may be applied to the crank 58.
      The opposite end of crank 58 has a generally U-shaped yoke carrying a pin
      61 which pivotally joins the yoke to the upper end of screw 56. The pin 61
      permits the crank 59 to be pivoted about a generally horizontal axis. The
      crank 59 can be pivoted in a downward direction between a generally
      U-shaped holding clip 62 secured to a part of the top plate 39.
PAR  A coupling indicated generally at 63 releasably connects the inner tube 42
      to the fixed king pin attached to the frame of truck 11. As shown in FIG.
      6, coupling 63 has a horizontal plate 64. A pair of spaced upright flanges
      66 and 67 are secured to the top of plate 64. Flanges 66 and 67 are
      located adjacent opposite sides of the lower end of tube 42. A
      longitudinal horizontal pin or nut and bolt assembly 68 pivotally connects
      flanges 66 and 67 to tube 42. Plate 67 is pivotally mounted on an arcuate
      housing 69 having a forwardly open mouth 71. An actuator 72 is connected
      to a lock mechanism (not shown) adapted to grip the king pin. A lever 73
      connected to actuator 72 is pivoted on an arm 73A with pivot pin 73B
      whereby movement of lever 73 will move actuator 72 to a first position to
      lock mechanism about the king pin. Movement of the lever in the opposite
      direction to a second position will release the lock mechanism from the
      king pin. Coupling 63 is a commercial assembly and the details of the
      structure are not part of the present invention.
PAR  Coupling 63 can be a Brinkley fifth wheel attachment and king pin plate. An
      example of this structure is sold by the Brinkley Company of Warrenton,
      Missouri. Other types of coupling assemblies can be used to connect the
      second tube 42 to the towing vehicle. For example, the couplings disclosed
      in U.S. Pat. Nos. 3,733,089 and 3,796,444 can be used to connect tube 42
      to pickup truck 11.
PAR  Referring to FIGS. 7 and 8, there is shown a hitch assembly 12A for
      connecting the tongue 17A of a vehicle such as a fifth wheel trailer to a
      towing vehicle indicated generally at 74. Hitch assembly 12A is identical
      in structure to hitch assembly 12 shown in FIGS. 1-6. Like parts are
      identified with the same reference number having the suffix A.
PAR  The tractor 74 has a conventional rearwardly directed draft links 76 used
      to connect vehicles and implements to the tractor. A hitch bar indicated
      generally at 77 extends between draft links 76. As shown in FIG. 8, hitch
      bar 77 has oppositely extended stub axles 79 and 81 adapted to be mounted
      on the ends of draft links 76. An upwardly directed king pin 82 is secured
      to the center portion of cross member 78. King pin 82 has an annular
      groove 83 adapted to receive the jaws of coupling 63A. A plate 84 is
      secured to cross member 78 and extends rearwardly from king pin 82.
PAR  A downwardly extended leg 86 is secured to the center of the lower side of
      cross member 78. A forwardly directed foot 87 is secured to the lower end
      of leg 86. The foot 87 is adapted to engage the ground and support the
      hitch assembly 12A and the forward portion of the vehicle on the ground.
      Draft links 78 are used to raise hitch assembly 12A and foot 87 from the
      ground during transport of the vehicle.
PAR  In use, hitch assembly 12 is used to connect the trailing vehicle or fifth
      wheel trailer 10 to the towing vehicle 11. The towing vehicle 11 can be
      positioned at an angle relative to trailer 10 and still allow the coupling
      63 to be connected to the king pin on the towing vehicle. Coupling 63 and
      inner tube 42 are rotatable about an upright axis when clamp 43 is
      released so that the open mouth of coupling 63 can be aligned with the
      king pin. The extendable contractable means shown as nut 55 and screw 56
      is used to adjust the overall vertical length of the tubular member 36 and
      42. This will level vehicle frame 13 so that coupling 63 can be connected
      to king pins which have different vertical heights. For example, king pin
      82 shown in FIG. 7 is at a lower elevation than the king pin in the
      assembly 34 shown in FIG. 1. Screw 56 permits infinite vertical adjustment
      in the range of the length of the screw. When trailer 10 is loaded, the
      towing vehicle 11 will settle. The vertical position of the hitch assembly
      12 is adjusted to level the trailer. The level trailer puts equal loads on
      each axle and improves the towing and trailing of the trailer. The screw
      56 can be rotated to lift the foot 26 from the ground. Foot 26, along with
      inner tube 24, can then be readily moved up into the outer tube 23 and
      held in a retracted position with the pin 29. Inner tube 42 telescopes
      into the entire length of the outer tube 36. This permits a large amount
      of vertical extension of the hitch assembly. When tube 42 is fully
      extended, the trailer box 16 may be at a rearward and downward incline.
PAR  The hitch assembly 12 is locked at its fixed length by tightening clamp 43.
      This is done by moving arm 53 to squeeze bands 44 and 46 in tight
      engagement with the inner tube 42. The neck 49, being integral with outer
      tube 36, holds clamp 43 in a fixed relation with respect to the outer tube
      36 and thereby holds the inner tube 42 at a selected position.
PAR  While there have been shown and described preferred embodiments of the
      invention, it is understood that changes in size, materials and structure
      can be made by those skilled in the art without departing from the
      invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A hitch assembly for connecting a fifth wheel trailer having a forwardly
      directed tongue to a towing vehicle comprising: first downwardly projected
      tubular means connected to the forward end of the tongue of the trailer,
      an elongated second member slidably positioned in telescopic relation with
      the first tubular means, said second member having a portion extended
      downwardly from the first tubular means, means for connecting the portion
      of the second member to the towing vehicle, an extendable and contractible
      means connected to the first tubular means and the second member operable
      to provide relative movement between the first means and the second member
      to change the overall length of the first means and second member, said
      extendable and contractible means including means having a threaded
      opening secured to the second member, an elongated screw threaded through
      the threaded opening, bearing means mounting the screw on the first means,
      crank means secured to the screw usable to rotate the screw, clamp means
      around the second member to hold the second member in a fixed position
      relative to the first member, said clamp means having a first arcuate band
      adjacent one side of the second member and a second arcuate band adjacent
      the side opposite the one side of the second member, means securing the
      first band and second band to the first means, and means to hold the first
      band and second band in firm engagement with the second member.
NUM  2.
PAR  2. The hitch assembly of claim 1 wherein: the first tubular means comprises
      a downwardly extended tube having an upper end secured to the tongue, and
      side plates securing opposite sides of the tube to the tongue.
NUM  3.
PAR  3. The hitch assembly of claim 2 including: a top plate secured to the top
      of the tongue and to the top of the first means, said bearing means being
      mounted in the top plate, said elongated screw extended downwardly in the
      tube.
NUM  4.
PAR  4. The hitch assembly of claim 1 wherein: the means for connecting the
      second member to the towing vehicle comprises a coupling assembly adapted
      to be releasably connected to a king pin secured to the towing vehicle.
NUM  5.
PAR  5. The hitch assembly of claim 4 including: pivot means for pivotally
      connecting the coupling assembly to the second member.
NUM  6.
PAR  6. The hitch assembly of claim 1 wherein: the first band and the second
      band are joined to a back member, said back member being integral with the
      first means, said back member comprising the means securing the first band
      and second band to the first means.
NUM  7.
PAR  7. The hitch assembly of claim 6 wherein: the first band and second band
      are separated from the lower portion of the first tubular means with
      horizontal slots.
NUM  8.
PAR  8. The hitch assembly of claim 1 wherein: said means to hold the first band
      and second band in firm engagement with the second means comprises a nut
      and bolt assembly operable to clamp the first band and second band on the
      second member.
NUM  9.
PAR  9. The hitch assembly of claim 8 including: handle means connected to the
      nut and bolt assembly to facilitate the clamping and releasing of the
      first band and second band from the second member.
NUM  10.
PAR  10. A hitch assembly for connecting a first vehicle having a forwardly
      directed tongue to a second towing vehicle comprising: first downwardly
      extending tubular means connected to the forward end of the tongue of the
      first vehicle, second elongated means positioned in telescopic relation
      with the first tubular means and extended downwardly from the first
      tubular means, means for connecting the second means to the second
      vehicle, extendable and contractible means located within the first
      tubular means, said extendable and contractible means having a first
      portion secured to the second means, second portion mounted on the first
      means, and means to move the first and second portions relative to each
      other and to provide relative movement between the first means and the
      second means to change the combined length of the first means and second
      means, clamp means located around the second means to hold the second
      means in a fixed position relative to the first means, said clamp means
      having band means positioned adjacent opposite parts of the second means,
      means securing the band means to the first means, and means to hold the
      band means in firm engagement with the second means.
NUM  11.
PAR  11. The hitch assembly of claim 10 wherein: said band means comprises a
      first arcuate band adjacent one side of the second means and a second
      arcuate band adjacent the side opposite the one side of the second means,
      and said means to hold the band means in firm engagement with the second
      means comprises a nut and bolt assembly operable to clamp the first band
      and second band on the second means.
NUM  12.
PAR  12. The hitch assembly of claim 11 wherein: the first band and second band
      are joined to a back member integral with the first means, said back
      member comprising the means securing the band means to the first means.
NUM  13.
PAR  13. The hitch assembly of claim 11 including: handle means connected to the
      nut and bolt assembly to facilitate the clamping and releasing of the band
      means.
NUM  14.
PAR  14. A hitch assembly for connecting a fifth wheel trailer having a
      forwardly directed tongue to a towing vehicle comprising: a first
      downwardly projected tubular means connected to the forwardly directed
      tongue, side gusset plates secured to opposite sides of the first tubular
      means and the tongue, top plate means secured to the top of the tongue and
      first tubular means, an elongated second member slidably positioned in
      telescopic relation with the first tubular means, means attached to the
      second member for connecting the second member to the towing vehicle, and
      an extendable and contractible means connected to the top plate means and
      second member operable to provide relative movement between the first
      means and the second member to change the combined length of the first
      means and second member.
NUM  15.
PAR  15. The hitch assembly of claim 14 wherein: the extendable and contractible
      means includes an elongated threaded rod, bearing means mounting the rod
      on the top plate means, nut means having a threaded opening accommodating
      the threaded rod secured to the second member, and crank means secured to
      the upper end of the rod usable to rotate the rod to thereby move the
      second member relative to the first means.
NUM  16.
PAR  16. THe hitch assembly of claim 14 including: clamp means secured to the
      first means and engageable with the second member to hold the second
      member in a fixed position relative to the first means.
NUM  17.
PAR  17. The hitch assembly of claim 14 wherein: the means for connecting the
      second member to the towing vehicle comprises a coupling assembly adapted
      to be releasably connected to the king pin secured to the towing vehicle.
NUM  18.
PAR  18. The hitch assemlby of claim 17 including: pivot means for pivotally
      connecting the coupling assembly to the second member.
NUM  19.
PAR  19. The hitch assembly of claim 14 including: clamp means secured to the
      first means and engageable with the second member to hold the second
      member in a fixed position relative to the first means, said clamp means
      comprising a first arcuate band adjacent one side of the second means and
      a second arcuate band adjacent the side opposite the one side of the
      second means, means securing the first band and second band to the first
      means, and means to hold the first band and second band in firm engagement
      with the second means.
NUM  20.
PAR  20. The hitch assembly of claim 19 wherein: the first band and second band
      are joined to a back member integral with the first means, said back
      member comprising the means securing the first band and second band to the
      first means.
NUM  21.
PAR  21. A hitch assembly for connecting a first vehicle having a forwardly
      directed tongue to a second towing vehicle comprising: first tubular means
      having an upright cylindrical passage connected to the tongue of the first
      vehicle, side gusset plates secured to opposite sides of the first tubular
      means and the tongue, top plate means secured to the tongue and first
      tubular means, second elongated means located in the upright cylindrical
      passage and extended downwardly therefrom, said second means being
      rotatable and vertically movable in said passage, means connected to the
      plate means and the second means operable to provide relative vertical
      movement between the first means and the second means to change the
      combined length of the first means and second means, coupling means
      mounted on the second means connectable to the second vehicle, said
      coupling means being vertically and rotatably movable with the second
      means, and clamp means associated with the second means to hold the second
      means in a fixed position relative to the first means.
NUM  22.
PAR  22. The hitch assembly of claim 21 including: pivot means for pivotally
      connecting the coupling means to the second means.
NUM  23.
PAR  23. The hitch assembly of claim 21 wherein: said clamp means comprises a
      first arcuate band adjacent one side of the second means and a second
      arcuate band adjacent the side opposite the one side of the second means,
      means securing the first band and second band to the first means, and
      means to hold the first band and second band in firm engagement with the
      second means.
NUM  24.
PAR  24. The hitch assembly of claim 23 wherein: the first band and second band
      are joined to a back member integral with the first means.
NUM  25.
PAR  25. The hitch assembly of claim 24 wherein: the first band and second band
      are separated from the lower portion of the first tubular means with
      horizontal slots.
NUM  26.
PAR  26. The hitch assembly of claim 21 wherein: the means connected to the
      plate means and the second means includes an elongated threaded rod, means
      mounting the rod on the plate means, nut means having a threaded opening
      accommodating the threaded rod secured to the second member, and means
      attached to the rod usable to rotate the rod to thereby move the second
      means relative to the plate means.
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ABST
PAL  A fastener assembly for connecting members together comprises abutment
      means on each of the members and springy retaining means adapted to engage
      the abutment means on the members and thereby prevent their disconnection.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of the application
      having Ser. No. 366,299, filed on June 4, 1973, now U.S. Pat. No.
      3,881,753.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a fastener assembly, and more particularly
      to a quick connect-disconnect fastener assembly.
PAR  In the prior art, it is known to connect a member with another member by
      various means, all of which have disadvantageous aspects. For example,
      members may be connected by screwing one threaded portion onto another
      threaded portion, or by means of cooperating ball locks, latches cam
      locks, or by any similar cooperating wedging elements.
PAR  In an environment subject to vibration forces, the prior-art connectors
      unlock or become disconnected due to this vibrational loading. Thus,
      additional means are required to prevent this disconnection. Lock washers,
      specially formed threads, adhesive means, cotter pins, or wiring, are
      examples of some components which attempt to prevent this undesirable
      unlocking. However, such additional means are costly to produce, and
      complex tooling is required to secure such additional means to the members
      to be connected. If one in the prior art wishes to assure a connection
      which will not unlock under vibration or similar loading conditions, one
      must fixedly secure the members together; for example, by soldering or
      brazing techniques. These techniques, however, have the disadvantage that
      they cause long delays if one wishes to quickly disconnect the members.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to overcome
      the disadvantages of the prior art.
PAR  More particularly, it is an object of the present invention to secure two
      members together without any screw threaded means or the like coming apart
      due to vibrational forces.
PAR  Another object of the present invention is to provide a quick
      connect-disconnect fastener assembly.
PAR  A further object is to provide a fastener assembly for tubular members
      which will not disconnect due to high internal pressurized material
      flowing therethrough.
PAR  In keeping with these objects and others which will become apparent
      hereafter, one feature of the present invention is to provide abutment
      means on respective first and second members which are adapted to be
      connected with one another. Springy retaining means are adapted to engage
      the abutment means on each of these members so as to prevent their
      disconnection. The springy retaining means is formed of resilient material
      and has leg portions which are quickly snapped onto said members in
      contact with the abutment means. Tool-engaging portions are provided to
      facilitate quick disconnection, when desired. These features overcome the
      disadvantages of the prior art connectors because the snap fastener or
      springy retaining means has sufficient strength and flexibility to
      withstand vibrational and internal tension forces. The members are thereby
      quickly connected and quickly disconnected without fixedly securing the
      elements together by using soldering techniques. No long delays are
      required to quickly disconnect the members, and no costly additional means
      are needed to secure the members to be connected together.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTON OF THE DRAWINGS
PAR  FIG. 1 is a partly sectioned plan view of a first member being axially
      inserted into the springy retaining means and second member;
PAR  FIG. 2 is a view as seen from the line II--II of FIG. 1;
PAR  FIG. 3 is a front view of FIG. 1, showing the fastener assembly connected;
PAR  FIG. 4 is a perspective view of the springy retaining means;
PAR  FIG. 5 is a perspective view of a fastener assembly as related to
      electrical circuit applications;
PAR  FIG. 6 is a partially sectioned view of another embodiment of the present
      invention;
PAR  FIG. 7 is an exploded view of another embodiment of the present invention;
      and
PAR  FIG. 8 is a perspective partly sectioned view showing the already
      interconnected members normally engaging the springy retaining means.
DETD
PAC  DESCRIPTON OF THE PREFERRED EMBODIMENTS
PAR  Inasmuch as the present application is a continuation-in-part application
      of the application having Ser. No. 366,299, the entire disclosure of the
      parent application is herewith incorporated into the present specification
      by reference.
PAR  Referring to the fastener assembly which has been illustrated in FIG. 1, it
      will be seen that reference numerals 103 and 101 identify the first and
      second members, respectively. Abutment means or shoulders 151, 151a are
      respectively provided on the first and second members. The springy
      retaining means or fastener 102 is adapted to engage abutment means 151,
      151a on each of the first and second members 103, 101 as as to prevent
      their disconnection.
PAR  As more clearly shown in FIG. 2, which is a view as seen from line II--II
      of FIG. 1, the fastener 102 has leg portions 149, 150 which are snapped
      into the first and second members in contact with the abutment means 151,
      151a. The leg portions prevent the axial separation of the members
      relative to one another.
PAR  The members 103 and 101 are provided with bores 116, 117. Therein, tubular
      components 105, 109 having central internal passages extending axially
      along line L are received and soldered, brazed, or otherwise securely
      fastened at the point 104. At one end of the tubular component 105
      provided in the first member 103, a male or projecting portion 105a is
      adapted to be inserted into the corresponding female portion or recess in
      the corresponding end of the tubular component 109 of the second member
      101.
PAR  The fastener 102 may snap into engagement with the abutment means provided
      on both members either after or before the first and second members are
      connected with each other. As more clearly shown in FIG. 8, the first and
      second members 124, 125 may be connected with each other along an axially
      extending line L. Thereupon, the fastener 102 is introduced transversely
      to the line L in the direction shown by the arrows A so as to fasten the
      entire assembly.
PAR  Alternatively, FIG. 1 shows that the fastener 102 may be snapped onto one
      of the members, e.g., second member 101, and the other member, i.e.,
      member 103, may be introduced axially in the direction shown by the arrow
      B. To facilitate this axial insertion, chamfered edges 114, 115 are
      respectively provided on the first and second members so as to spread the
      leg portions 149, 150 apart. Any chamfer angle may be used, although a
      30.degree. chamfer angle has been found to be preferable in most
      applications.
PAR  Gripping means or attachment means 107, 111 are provided on the outer
      circumferential surface of the tubular components 105, 109 at the opposite
      end portions remote from said male portion 105a and female portion. In
      FIG. 1, the attachment means 107, 111 comprise a plurality of serrations
      for biting into and/or frictionally retaining additional conduits, such as
      the flexible hoses or tubing 108 (shown connected to serrations 107 only).
PAR  In FIG. 2, the attachment means provided on the opposite end portion remote
      from the male and female portions comprises threaded portions or screwed
      fittings 112. Rigid or metallic pipes 118 have cooperating threaded
      portions 113 which are screwed onto the fittings 112. Alternatively, pipes
      118 can be brazed or soldered or otherwise fixedly secured onto the
      respective first and second members; for example, see first members 103,
      solered at 104 as shown in FIG. 3.
PAR  In the embodiment of FIGS. 1-3, a continuous axially extending internal
      passage is formed so that solid, fluid, or gaseous materials may be
      conducted therein. Even under high internal pressure conditions, the
      fastener 102 is of sufficient strength to prevent disconnection. To
      improve the sealing of the members, the male end portion 105a is provided
      with an annular groove 106 which accommodates the sealing means or O-ring
      seal 106a. The seal 106a is slightly compressed by the inner
      circumferential wall of the female recess portion and prevents fluid
      leakage from the interior of the passage to the exterior parts of the
      members, as is well known in the art.
PAR  Valve means VI, V2 are shown provided in first member 103 and in second
      member 101. The valve VI and its cooperating valve V2 are respectively
      situated within the passage of the tubular component 105 and the passage
      of the tubular member 109 of the second member 101. The valve means VI, V2
      are operative to be normally closed so as to block the flow of material
      through the passages when the first and second members are separated. When
      the first member 103 is slidably inserted into second member 101, the
      valve means assume a position in which the valves are open and no longer
      block the flow of material through the passages, thereby providing open
      access to the materials to be conducted therein.
PAR  The fastener 102 is formed of resilient material, such as resilient metal
      or synthetic plastic material, and has a cross-section which corresponds
      to the predetermined cross-section of the first and second members. The
      fastener 102 further comprises tool-engaging portion 152. To facilitate
      quick disconnection, a tool such as a lever or screwdriver, is inserted
      into portion 152, and is operative to snap the fastener 102 off of its
      assembled position.
PAR  FIG. 4, showing the fastener 102 in perspective, illustrates apertures or
      window portions 119, 120 which are dimensioned to receive the abutment
      means 151, 151a. This positive interlocking may be disconnected by the
      tool associated with portion 152 as previously discussed, or by a plier
      tool, similar to the one manufactured by Waldes in removing snap rings,
      which engages the holes 153, 154 and expands the leg portions 155, 156
      outwardly so as to effect disconnection.
PAR  The mounting means 121, 122 receive fastening means, such as screws 149, so
      as to mount the spring retaining means 102 on a support 123. The supported
      fastener 102 can support electrical or mechanical harnesses, pipes or
      hydraulic conduits, such as are commonly found in many industrial
      applications; for example, the aeronautics industry. Arrows C pictorally
      indicate the forces which tend to pull the first and second members apart.
PAR  FIG. 5 shows another embodiment of the present invention as used in
      connection with electrical applications. A first electrical cable assembly
      126 has chamfered abutting means 126a. A second electrical cable assembly
      129 has chamfered abutting means 129b. Each assembly has at least one
      electrical cable 127a, 130 which are to be interconnected to complete an
      electrical circuit path. Each cable 127a has prong or bayonette means 127
      connected or soldered thereto; and each cable 130 is connected to socket
      means 128 adapted to receive the prong means 127. The fastener 102 may be
      initially snapped onto either cable assembly so that the other cable
      assembly may be axially inserted, or the two cable assemblies may be
      initially interconnected and the fastener 102 transversely snapped into
      place, as previously discussed.
PAR  FIG. 6 shows an end portion of first structural member 131 inserted into
      second structural member 134. The other end of the structural member 131
      is connected to a frame portion 133. Abutment means 132, 136 are
      respectively provided on the structural members and cooperate with
      fastener 102 as described above. It is understood that the fastener
      assembly may advantageously be used in many applications in which two
      structural members are to be connected. For example, frame portions are
      commonly found in folding bicycles or scaffolding applications are
      especially applicable because of the requirements of having a quick
      connect-disconnect assembly feature.
PAR  FIG. 7 shows that the present invention is not intended to be restricted to
      circular or tubular components only. Rectangular or square-shaped
      structural members 139, 141 respectively have abutment means 142, 145 and
      143, 144 formed thereon. The abutment means are welded or made integral
      with said structural members. Axially aligned bores 138, 140, are
      respectively formed in structural members 139, 141. Shaft 137 maintains
      the members in alignment during their connection and reinforces the
      connection so as to protect the structure from anticipated and excessive
      bending and shearing moments.
PAR  The fastener 148 is of correspondingly shaped crosssection with respect to
      the structural members 139, 141, i.e., rectangularly shaped as compared
      with the oval shape shown in FIG. 2. The abutment means 142, 143 are
      received in window portion 146; and the abutment means 144, 145 are
      received in window portion 147.
PAR  FIG. 8 shows first member 124 with its abutment portion 124a inserted into
      second member 125 with its abutment means 125a. When fastener 102 is
      supported on support 123 by means of screws 149, the interconnected
      members 124, 125 may be snapped into place by moving the same in the
      direction of the arrow A.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of a
      fastener assembly differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      fastener assembly, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by letters patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A fastener assembly comprising a first member; a second member adapted
      to be connected with said first member; abutment means provided on said
      first and second members, respectively; and springy retaining means
      adapted to engage said abutment means on each of said first and second
      members so as to prevent their disconnection.
NUM  2.
PAR  2. A fastener assembly as defined in claim 1, wherein said springy
      retaining means has leg portions which are snapped onto said members in
      contact with said abutment means so as to prevent the axial separation of
      said members.
NUM  3.
PAR  3. A fastener assembly as defined in claim 1, wherein said springy
      retaining means has a tool-engaging portion to facilitate disconnection,
      when desired; and mounting means for mounting said springy retaining means
      on a support.
NUM  4.
PAR  4. A fastener assembly as defined in claim 1, wherein said members have a
      predetermined cross-section, and said springy retaining means is formed of
      resilient material which assumes a corresponding cross-sectional
      configuration.
NUM  5.
PAR  5. A fastener assembly as defined in claim 1, wherein said members are
      adapted to accommodate tubular components having axially extending
      passages; and further comprising attachment means on said tubular
      components for connecting additional conduits thereto.
NUM  6.
PAR  6. A fastener assembly as defined in claim 5, wherein said additional
      conduits are flexible hoses, and said attachment means comprises
      serrations for frictionally retaining said flexible hoses.
NUM  7.
PAR  7. A fastener assembly as defined in claim 5, wherein said additional
      conduits are pipes having a threaded end portion, and said attachment
      means comprises a cooperating threaded portion.
NUM  8.
PAR  8. A fastemer assembly as defined in claim 5, wherein said first member is
      insertable into said second member, and wherein said tubular components
      are provided with valve means in said respective passages, said valve
      means being operative to assume a first position in which said passages
      are open when said members are insertably connected with each other and a
      second position in which said passages are closed when said members are
      disconnected from each other.
NUM  9.
PAR  9. A fastener assembly as defined in claim 1, wherein said members are
      adapted to respectively accommodate male and female electrical cable
      assemblies having respective electrical cables to be wired to each other
      to complete an electrical circuit path, said male assembly having at least
      one prong means and said female assembly having at least one cooperating
      socket means to receive said prong means.
NUM  10.
PAR  10. A fastener assembly as defined in claim 1, wherein said members have
      respectively aligned bores; and further comprising an alignment shaft to
      align said members during connection and to protect the connection from
      anticipated shearing and bending moments.
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ABST
PAL  An exit fixture for a door is connected with the lock on the door and
      includes manually operated means which when depressed retracts the bolt of
      the lock, thereby releasing the door. Springs act upon the manually
      operated means to restore the manually operated means to its original
      position wherein the bolt will again project from the door. A bellows or
      other pneumatic device when filled with pressurized air overcomes the
      force exerted by the springs so as to allow the manually operated means to
      assume the position in which the latch bolt is retracted, thus permitting
      the door to be opened and closed without operating the lock.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to apparatus for securing doors, and more
      particularly to an exit fixture for retaining a door bolt of a door lock
      in a retracted condition.
PAR  The exterior doors of some buildings are opened and closed many times each
      day, at least during business hours. For reasons of safety, these doors
      always open outwardly and are equipped with exit fixtures operable from
      the inside faces of such doors to retract the lock bolts. The typical exit
      fixture normally has a bar or paddle which is positioned slightly away
      from the inside face of the door and when pressed toward the door retracts
      the latch bolt. Thus, anyone pressed against the door in a panic situation
      will depress the cross bar or paddle and cause the door to swing open.
PAR  Since exit fixtures of the foregoing nature tend to wear out quite rapidly
      when installed on high use doors such as the exterior doors of schools and
      many public buildings, some of these exit fixtures are provided with
      dogging mechanisms for retaining the cross bar in a depressed condition
      and the latch bolt retracted. In that case, the door opens when merely
      pushed or pulled outwardly. A dogging mechanism of this nature is usually
      nothing more than a set screw which, when tightened, bears against one of
      the operating parts of the exit fixture such as the pivot arm to which the
      cross bar is connected, and thereby secures the arm and cross bar in a
      depressed condition. Setting and releasing these dogging mechanisms is a
      time consuming procedure and requires the presence of custodial personnel
      at the doors. Moreover, there is always the possibility that custodial
      personnel will forget to release the dogging mechanism on one of the doors
      after business hours, thereby permitting unauthorized entry into the
      building.
PAR  Heretofore attempts have been made to remotely control exit fixtures with
      electrically operated devices such as solenoids and motors, but the
      springs which hold the cross bar out are usually quite strong and to
      compress them requires considerable electrical energy. Indeed, the amount
      of energy required to compress such springs demands voltages and currents
      far in excess of that permitted in doors by most electrical codes.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of the present invention is to provide means
      for retracting the latch bolt of a door lock from a remote location
      without running electrical lines into the door. Another object is to
      provide an exit fixture with the capability of pneumatically retracting a
      latch bolt against a substantial spring force. A further object is to
      provide a conventional exit fixture with a pneumatic actuating mechanism
      for retracting a latch bolt on the door in which the exit fixture is
      installed. These and other objects and advantages will become apparent
      hereinafter.
PAR  The present invention is embodied in an exit fixture for retracting a bolt
      in response to movement of manually operated means on the fixture.
      Restoring means are provided for returning the manually operated means to
      its original position and fluid operated means, when actuated, counteracts
      the restoring means so that the manually operated means remains in the
      position in which the bolt is retracted. The invention also consists in
      the parts and in the arrangements and combinations of parts hereinafter
      described and claimed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, which form part of the specification and
      wherein like numerals and letters refer to like parts wherever they occur:
PAR  FIG. 1 is a perspective view of a door provided with an exit fixture
      constructed in accordance with and embodying the present invention;
PAR  FIG. 2 is a sectional view of the return unit for the exit fixture and
      taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view similar to FIG. 2, but showing the bellows
      expanded and holding the slide in its elevated position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings (FIG. 1), an exterior wall W has a door
      opening O defined by a door frame F which is set into the wall W and
      includes a hinge jamb 2, a strike jamb 4 and a header 6 connecting the
      upper ends of the two jambs 2 and 4. The door opening O is normally closed
      by a door D which is supported on the hinge jamb 2 by a pair of
      conventional hinges 8 and also by a hinge 9 capable of transmitting
      pressurized air into the door D. Such a hinge is disclosed in U.S. patent
      application Ser. No. 461,096 of Francis C. Peterson, filed Apr. 15, 1974
      and entitled HINGE CAPABLE OF TRANSMITTING PRESSURIZED AIR. The hinges 8
      and 9 are attached to the door D such that the door D swings outwardly,
      that is to the outside of the building. The strike jamb 4 has a lock
      keeper or strike 10 set into it opposite the side edge of the door D when
      the door D is closed.
PAR  The door D carries a mortise type lock 12 (FIG. 1) which is recessed into
      the side edge of the door D and includes a retractable latch bolt 14 which
      normally projects beyond the side edge of the door D and extends into the
      strike 10 when the door D is closed, thereby securing the door D in its
      closed position. The exposed face of the latch bolt 14 is beveled so that
      the latch bolt 14 upon contacting the strike 10 as the door D closes is
      cammed inwardly. Of course, when the door D reaches its fully closed
      position, the latch bolt 14 aligns with and projects into the aperture in
      the strike 10 so the door D cannot be opened. The lock 12 also includes a
      relatively weak spring (not shown) for urging the latch bolt 14 to its
      extended position and a retracting mechanism (not shown) which when
      operated retracts the latch bolt 14. Since the lock 12 is conventional it
      will not be described in further detail.
PAR  Mounted on the inside face of the door D at about the level of the lock 12
      is an exit fixture 20 (FIG. 1) for retracting the latch bolt 14 and
      thereby permitting the door to swing open. The exit fixture 20 includes an
      actuating unit 22 mounted on the door D adjacent to the lock 12, and this
      unit has a lever arm 24 pivoted therein. The lever arm 24 is connected
      with the retracting mechanism of the lock 12 and moves between extended
      and depressed positions. When the lever arm 24 is in its extended or
      elevated position, the latch bolt 14 is extended. However, as the lever
      arm 24 is depressed toward the inside face of the door D the latch bolt 12
      is retracted.
PAR  In addition, the exit fixture 20 includes a spring return unit 26 (FIG. 1)
      which is likewise mounted on the inside face of the door D, but on the
      opposite side of the door D from the actuating unit 22. the return unit 26
      has a pivot lever arm 28 and otherwise appears identical to the actuating
      unit 22. However, the lever arm 28 is not connected to the lock 12, but
      instead is spring loaded so that it is always urged to its extended
      position. Extending between the two actuating arms 24 and 28 of the units
      22 and 26, respectively is a cross bar 30 which is sometimes referred to
      as a panic bar. The bar 30 is positioned away from the back face of the
      door D and couples the two lever arms 24 and 28 so that they move un
      unison between their extended and retracted positions. This enables the
      lever arm 28 of the return unit 26 to move the lever arm 22 of the
      actuating unit 22 back to its outermost position when the cross bar 30 is
      not held in its depressed position.
PAR  The lock 12, actuating unit 22, and cross bar 30 are conventional to exit
      fixtures of current design and manufacture. The return unit 26 differs
      from conventional spring return units in that it is provided with a
      pneumatic mechanism to counteract the force of the spring therein and
      thereby permit the lever arms 24 and 28 to remain in the depressed
      position. The lever arms of conventional spring return units have set
      screws which are tightened to achieve this end.
PAR  The spring return unit 18 includes (FIGS. 2-4) an elongated base plate 34
      having end fittings 36 riveted to the ends thereof. The base plate 34 is
      mounted on the door D adjacent to the hinge jamb 2 with its longitudinal
      axis extended vertically, the plate 34 being secured by screws 38 which
      extend through the end fittings 36 and thread into the door D. Extended
      between the end fittings 36 in the vertical direction are parallel guide
      rods 40 (FIG. 3) on which a slide 42 is mounted with the rods 40 forming a
      track for the slide 42. The main body of the slide 42 is actually
      positioned between the base plate and the guide rods 40, but the slide 42
      is provided with guide shoes 44 which bend around the rods 40 and retain
      the slide 42 on them. The slide 42 is urged toward the lower end fittings
      38 by coil springs 46 which encircle the upper portions of the guide rods
      40 and bear against the upper end of the slide 42. One of the guide rods
      40 has a stop collar 48 (FIG. 3) surrounding it to limit the downward
      movement of the slide 42. At its center the slide 42 is provided with an
      outwardly projecting drive block 50 which terminates at a downwardly
      presented shoulder 51.
PAR  The lever arm 28 for the return unit 26 is mounted on a covering member 52
      (FIGS. 2 and 4) which is fastened to the end fittings 38 by screws. The
      covering member 52 has an elongated aperture 54 located outwardly from the
      slide 42 and carries a horizontal pin 56 which spans the aperture 54
      parallel to the base plate 34. The lever arm 28 projects through the
      aperture 54 and the pin 56 serves as a journal for it. The lever arm 28
      has a drive shoulder 58 which lies against the downwardly presented
      shoulder 51 of the drive block 50 on the slide 42. Thus, when the exposed
      portion of the lever arm 30 is depressed toward the door D, the shoulder
      58 swings upwardly in an arc and, being in contact with the slide 42 at
      the drive block 50 thereon, moves the entire slide 42 upwardly against the
      force exerted by the springs 46.
PAR  The foregoing components of the return unit 26 are conventional, as are the
      cross bar 30, the actuating unit 22 and and lock 12.
PAR  Aside from its conventional components, the slide 42 of the return unit 26
      is further fitted with a cross member 62 (FIGS. 2-4) which extends between
      the upper guide shoes 44 and is forced against those shoes by the springs
      46 (FIG. 3). Attached to the midportion of the cross member 62 and exended
      upwardly therefrom is a U-shaped bracket 64 having a lower tab 66 which
      underlies the cross member 62 and an upper tab 68 which projects
      rearwardly toward the base plate 44. The tabs 66 and 68 of the bracket 64
      are centered between the two guide rods 40, with the latter being located
      directly above the former. The space between the upper and lower tabs 66
      and 68 is occupied for the most part by a metal bellows 70 having a closed
      upper end and a rectangular base 72 at its lower end. The axis of the
      bellows 70 is vertical and is centered between the guide rods 40 as well
      as with respect to the upper tab 68. The close upper end of the bellows 70
      bears against the underside of the upper tab 68 for the bracket 64. The
      rectangular base 72 has substantial thickness and is secured firmly to the
      base plate 34 by machine screws 73 (FIGS. 2 and 4) which extend through
      the base plate 34 and thread into the base 72 from the back edge thereof.
PAR  The base 72 has an entry port 74 which communicates with the interior of
      the bellows 70 and is connected with a flexible air line 76 extended
      through the door D to the hinge 9. The air line 76 is connected through
      the hinge 9 to another flexible air line 78 (FIG. 1) extended through the
      wall W, and this line extends between the hinge 9 and a solenoid valve
      (not shown) which is connected with a source of high pressure air. When
      the solenoid valve is energized, the air lines 78, 76 and the interior of
      the bellows 70 are placed in communication with the source of high
      pressure air and as a result the bellows 70 will expand. However, when the
      solenoid valve is de-energized, the lines 78 and 76 and the interior of
      the bellows are vented through the valve and this enables the bellows 70
      to contract. The diameter of the bellows 70 and the pressure of the air
      supplied to it through the valve are such that the axial force exerted by
      the bellows 70 on the connecting member 66 is great enough to overcome the
      force of the springs 46 and move the slide 42 upwardly. The weight of the
      lever arms 24 and 28 and the cross bar 30 connecting them is enough to
      overcome the relatively weak spring force exerted on the latch bolt 14, so
      the latch bolt 14 remains retracted.
PAR  In lieu of the hinge 9, the two air lines 76 and 78 may be connected
      through a flexible hose which bridges the gap between the door D and the
      hinge jamb 2. Also, the bellows 70 may be replaced with some other type of
      pneumatic mechanism such as an air cylinder. In that case, the barrel of
      the cylinder would be secured to the base plate 34 and the piston rod to
      the tab 68, or vice-versa.
PAR  In some exit fixtures the actuating and return units 22 and 26 are
      integrated into a single housing. A paddle operated exit fixture is an
      example of such an exit fixture. The bellows 70 may be utilized in such
      exit fixtures also in a similar manner.
PAC  OPERATION
PAR  During periods of low use, such as after business hours, the solenoid valve
      is not energized, and in that condition vents the air lines 78, 76 and the
      interior of the bellows 70. As a result, the bellows 70 is free to
      contract, which it does, and the springs 46 of the return unit 26 hold the
      slide 42 downwardly in its lowermost position, that is the position in
      which one of the lower guide shoes 44 bears against the stop collar 48
      (FIGS. 2 and 3). The slide 42 in turn holds the lever arm 28 of the spring
      return unit 26 upwardly, and since the lever arm 28 is connected to the
      lever arm 24 of the actuating unit 22 through the cross bar 30, the lever
      arm 24 is likewise raised. As a result, the latch bolt 14 projects from
      the side edge of the door D and engages the strike 10, when the door is
      fully closed so as to secure the door D in the closed position.
PAR  One desiring to exit the building through the door opening O when the
      solenoid valve is not energized, need only depress the cross bar 30 toward
      the door D in order to release the door D. In particular, when the cross
      bar 30 is depressed, both lever arms 24 and 28 swing downwardly toward the
      inside face of the door D. The lever arm 24 of the actuating unit 22 moves
      the retracting mechanism of the lock 12 which in turn retracts the latch
      bolt 14 to release the door D from the strike 10. The lever arm 28 of the
      return unit 26, on the other hand, raises the slide 42 which in turn
      compresses the springs 46. Once the cross bar 30 is released, the springs
      46 drive the slide 42 downwardly which elevates both lever arms 28 and 24
      so that the latch bolt 14 again projects from the edge of the door D. As
      the door D closes the beveled face on the latch bolt 14 contacts the
      strike 10 and the entire latch bolt 14 is cammed inwardly until the door D
      reaches its fully closed position, at which time the latch bolt 14
      projects into the aperture of the strike 10 and secures the door D.
PAR  When the solenoid valve 80 is energized, air from the high pressure source
      is directed into the line 78 and as a result the pressure within the line
      76 and the interior of the bellows 70 increases. The bellows 70 expand and
      move the U-shaped connecting member 64 upwardly (FIG. 4). Since the slide
      42 is attached to the connecting member 64, it also moves upwardly and
      compresses the springs 46 still further. Indeed, the bellows 70 forces the
      slide 42 to its uppermost position. The lever arms 24 and 28 drop
      downwardly under their own weight and the weight of the cross bar 30, and
      the combined weight of these components is enough to overcome the
      relatively weak spring force on the latch bolt 14. In other words, the
      lever arm 24 of the actuating unit 22 moves the retracting mechanism of
      the lock 12 which in turn retracts the latch bolt 14. As a result, the
      latch bolt is retracted when the solenoid valve 80 is energized and the
      door D is free to swing open without actuating the lock 12.
PAR  This invention is intended to cover all changes and modifications of the
      example of the invention herein chosen for purposes of the disclosure
      which do not constitute departures from the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a door mounted in a framing structure for movement between open and
      closed positions and having a lock provided with a retractable latch bolt
      which is spring biased outwardly to an extended position where it will
      engage the framing structure and secure the door in its closed position,
      an improved exit fixture mounted on the door for retracting the latch bolt
      and comprising: a base mounted in a fixed position on one face of the
      door; a slide mounted on the base such that it is capable of moving in the
      vertical direction with respect to the door, the slide being coupled with
      the latch bolt such that when the slide is moved in one direction the
      latch bolt is retracted against the spring biasing force exerted thereon
      and when the slide is moved in the opposite direction the latch bolt is
      permitted to extend under the spring biasing force thereon, the coupling
      between the latch bolt and the slide further being such that when the
      slide is positioned in said opposite direction the latch bolt may be
      retracted by an external force without moving the slide; a spring acting
      on the slide and urging it in said opposite direction; a lever mounted for
      rotational mvoement about a horizontal pivot axis fixed with respect to
      the base, the lever acting upon the slide such that a manual force applied
      to the lever in the direction which moves the lever toward said one face
      of the door will cause the slide to move in said one direction against the
      force exerted thereon by the spring; and fluid operated force exerting
      means on the base for also urging the slide in said one direction, the
      fluid operated force exerting means when connected with and pressurized by
      a source of pressurized fluid being capable of expanding and overcoming
      the force exerted on the slide by the spring so that the slide is moved in
      said one direction and held in a fixed position for so long as pressurized
      fluid is admitted to the force exerting means, whereby the latch bolt is
      retracted when the lever is manually moved or when the fluid operated
      means is pressurized.
NUM  2.
PAR  2. The structure according to claim 1 and further comprising a base along
      which the slide moves and wherein the fluid operated means comprises a
      bellows having one end fixed in position on the base and its opposite end
      connected with the slide.
NUM  3.
PAR  3. The structure according to claim 1 wherein the source of pressurized
      fluid is located remote from the door and the fluid operated force
      exerting means is connected to the source of pressurized fluid through a
      fluid line in the door and through a hinge on which the door is mounted on
      the framing structure.
NUM  4.
PAR  4. The structure according to claim 1 wherein force exerting means expands
      and contracts along an axis parallel to the path of the slide.
NUM  5.
PAR  5. The structure according to claim 4 wherein the force exerting means is
      located directly beyond one end of the slide, and the slide moves toward
      and away from the force exerting means.
NUM  6.
PAR  6. The structure according to claim 5 wherein the force exerting means has
      two ends and is attached to the base at the end thereof presented toward
      the slide; and wherein a connecting member connects the opposite end of
      the force exerting means to the slide.
NUM  7.
PAR  7. The structure according to claim 6 wherein the force exerting means is a
      bellows and the connecting member is generally U-shaped, having tabs at
      both ends, the tab at one end being engaged with the slide and the tab at
      the opposite end extending across said opposite end of the bellows.
NUM  8.
PAR  8. The structure according to claim 7 and further comprising a pair of
      guides along which the slide moves, and wherein the bellows is between the
      two guides.
NUM  9.
PAR  9. The structure according to claim 8 wherein the spring is one of two
      springs which encircle the guides and are maintained in a state of
      compression.
NUM  10.
PAR  10. The structure according to claim 8 wherein the slide has a cross member
      at the end thereof presented toward the bellows and the tab at said one
      end of the connecting member bears against the cross piece when the
      bellows is pressurized.
NUM  11.
PAR  11. The structure according to claim 1 wherein the lever is one of several
      elements which couple the slide with the retractable latch bolt.
NUM  12.
PAR  12. The structure according to claim 11 wherein said several elements
      include another lever mounted for rotational movement about the horizontal
      axis and a cross bar connecting the two levers so that the levers move in
      unison; and wherein the torque about the horizontal axis created by the
      weight of the levers and the cross bar is sufficiently great to maintain
      the latch bolt retracted against the biasing force thereon when the slide
      is positioned in said one direction by the fluid operated force exerting
      means.
NUM  13.
PAR  13. In a door mounted in a framing structure for swinging movement between
      open and closed positions and having a retractable latch bolt which is
      spring biased outwardly for engagement with the framing structure wherein
      it secures the door in its closed position, an exit fixture for operating
      the latch bolt, said exit fixture comprising: a base secured firmly to
      that face of the door presented away from the direction in which the door
      opens; a vertical guide track on the base; a slide mounted on the guide
      track for vertical movement along the track; the slide being coupled with
      the latch bolt such that when the slide is moved upwardly the latch bolt
      is retracted against the spring biasing force thereon and when the slide
      is moved downwardly the latch bolt is permitted to extend, the slide being
      coupled with the latch bolt such that when the slide is positioned
      downwardly the latch bolt may be retracted by the application of an
      external force thereto; a compression spring having one end fixed with
      respect to the base and the other end bearing against the slide such that
      the slide is urged downwardly; a lever pivoted about a horizontal axis
      which is fixed in position with respect to the base and is located
      generally outwardly from the slide so that the slide is between said one
      face of the door and the horizontal axis, the lever having a free end and
      a driving end with the ends being located on opposite sides of the
      horizontal axis, the driving end being positioned against the slide such
      that when the free end of the lever is depressed downwardly and toward the
      door, the slide is urged upwardly against the force exerted thereon by the
      spring; and an air bellows located adjacent to the slide and having one
      end fixed with respect to the base and its other end connected with the
      slide such that when the bellows expands as the result of the introduction
      of pressurized air into it the slide will also be urged upwardly against
      the force exerted by the spring, whereby the latch bolt is retracted when
      the lever is depressed or when the bellows is pressurized.
NUM  14.
PAR  14. The structure according to claim 13 wherein the lower end of the
      bellows is mounted firmly on and fixed with respect to the base and a
      connecting member being engaged with the slide so that when the bellows
      expand, the connecting member will rise and elevate the slide.
NUM  15.
PAR  15. The structure according to claim 14 wherein the track comprises a pair
      of parallel rods extended through the slide; wherein the spring is one of
      two springs encircling the rods; and wherein the bellows is located
      between the rods.
NUM  16.
PAR  16. The structure according to claim 15 wherein the bellows is pressurized
      by a source of pressurized air located remote from the door and the remote
      source of pressurized air communicates with the bellows through a hinge by
      which the door is mounted on the framing structure.
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PAL  A preferably cylindrical body has a closed bottom bolt opening with an
      internal spring pressed plunger constantly urged at an angle less than
      90.degree. to the bolt opening into interference partially within the bolt
      opening and retained against such movement by a selectively movable plug
      within the bolt opening. A bolt preferably having an enlarged head has a
      recess at an opposite end portion formed generally transversely therein.
      The bolt end portion is inserted into the body bolt opening displacing the
      plug further inwardly into the bolt opening and ultimately aligning the
      bolt end portion recess with the body plunger causing positive
      interengagement therebetween and permanently preventing withdrawal of the
      bolt from the body. An annular shoulder of the bolt may engage a body
      surface at the outer end of the bolt opening during such interengagement
      to permanently block off the body bolt opening.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a seal lock and the like of the type
      incorporating a permanently secured single engagement, that is, when a
      bolt is inserted in a body, interengagement takes place therebetween and
      positively prevents removal of the bolt from the body without virtually
      complete destruction. According to certain of the principles of the
      present invention, the body includes a resiliently urged securement member
      mounted therein constantly urged into interference projecting partially
      into a bolt opening and retained in assembly prior to bolt insertion by a
      selectively movable plug within the bolt opening. A bolt end portion has a
      recess formed therein and when the bolt end portion is inserted into the
      body bolt opening, the plug is displaced inwardly of the body bolt opening
      permitting the body securement member to engage the bolt end portion and
      ultimately lodge in the bolt end portion recess permanently interengaging
      therein and positively preventing separation of the bolt and body. Various
      adjuncts may be incorporated into the structure for minimizing material
      requirements while preserving positive functioning and for eliminating the
      danger of possible tampering.
PAR  Various forms of seals have been previously used in years past at the
      access openings of shipping containers, for instance, at the access doors
      of trucks and railroad cars, and in many cases, in smaller sized shipping
      containers where the surreptitious removal of a portion of the contents
      thereof can present a problem. The prior seals have been of quite simple
      form and frequently have only consisted of a metal tape with a single
      enegement securement member, that is, a securement member of the type
      wherein, when the metal tape is engaged therewith, it is impossible to
      remove the same without a destruction of the tape or securement member.
      The prime purpose of these simple forms of seals as used on shipping
      containers has not been to secure the container against such unauthorized
      access, but has merely been for the purpose of indicating to the ultimate
      container recipient that such unauthorized access has been made.
PAR  In more recent times, the frequency of shipping container contents
      pilfering has become considerably more frequent. This has resulted in a
      new generation of various forms of seals which have rightfully been termed
      seal locks. As is denoted by the terminology used, these seal locks
      perform the prior function of the plain seals to denote that access to the
      contents of a shipping container has been obtained, and also to provide a
      reasonable degree of security in an effort to frustrate such violations,
      or at least delay or make more obvious the violation attempts so that the
      unauthorized persons involved and their attempts might be detected.
PAR  These seal locks approach and, in many cases, exceed the security of
      conventional key-type or combination-type locks, yet are of the single
      engagement, permanently secured form. Once these seal locks are engaged,
      it is intended that they cannot again be disengaged without virtual
      destruction of major portions thereof. Thus, in view of their single use,
      these seal locks must be of a relatively simple operating, permanently
      securing nature to minimize the cost thereof, while still being of a
      relatively high degree of security approaching, if not exceeding, the
      security of conventional key-type and combination-type locks.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a seal lock and
      the like incorporating permanently secured single engagement which may be
      constructed of a relatively high security nature approaching, if not
      exceeding, the security of conventional key-type and combination-type
      locks. The permanently securing, single engaging locking mechanism of the
      seal lock of the present invention is quite positive in actuation and
      results in a permanently secured lock assembly which is virtually
      impossible to violate, thereby requiring a very apparent destruction of a
      major element of the lock in order to remove the same from members
      retained thereby. Furthermore, the degree of security attained with the
      seal lock of the present invention may be selectively varied to meet
      various requirements encountered through the proper selection of the
      various materials making up the same, higher strength materials to meet
      higher security standards and lesser strength materials to meet lesser
      security standards.
PAR  It is a further object of this invention to provide a seal lock and the
      like of the foregoing general nature which, due to its unique structure,
      may be provided at relatively low cost and particularly markedly less than
      key-type or combination-type locks of comparable security. In a typical
      application of the principles of the present invention as provided in a
      preferred embodiment thereof, a headed bolt has a free bolt end portion
      engagable in a lock body for assembled securement. A securement member
      within the lock body is constantly urged into interference with a bolt
      opening and prior to the bolt end portion insertion, the securement member
      is retained ready for final engagement by a selectively movable blocking
      member. As the bolt end portion is inserted into the lock body, it engages
      the blocking member and forces it further inwardly of the bolt opening
      ultimately bringing the securement member into engagement with the bolt
      end portion where cooperating surfaces therebetween interengage and
      permanently secure the bolt end portion assembled with the lock body.
PAR  It is still a further object of this invention to provide a seal lock and
      the like which may be fabricated with relatively high security features
      and relatively inexpensively due to the unique permanent securement
      mechanism thereof, yet which, in certain forms thereof, may be
      particularly constructed for even further fabrication cost reductions. In
      the preferred embodiment form hereinbefore set forth, the constantly urged
      securement member may be mounted movable into interengagement with the
      bolt end portion at virtually any angle relative to the axis of the bolt
      opening of the lock body, since it is only necessary to provide the proper
      shape of interengaging surfaces necessary for the resultant permanent
      interengagement. This means that the outer dimensions of the lock body
      need not be determined by the particular mounting of the securement member
      within the lock body. The size of lock body may, therefore, be greatly
      reduced so as to minimize material requirements and even further reduce
      the overall cost of the seal lock assembly.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following specification and the accompanying drawings which are for the
      purpose of illustration only.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top-front perspective view of a preferred embodiment of the
      seal lock of the present invention, a portion thereof being cut away and
      in section to expose internal elements and the seal lock being shown in
      permanently secured assembled position;
PAR  FIG. 2 is a side elevational view, part in section, showing the elements of
      the seal lock of FIG. 1 just beginning the assembly operation; and
PAR  FIG. 3 is a view similar to FIG. 2 showing the seal lock elements
      intermediate the assembly operation.
DETD
PAC  DESCRIPTION OF THE BEST EMBODIMENT CONTEMPLATED
PAR  Referring to the drawing, a preferred embodiment of the seal lock of the
      present invention includes a generally cylindrical bolt generally
      indicated at 10 and a generally cylindrical lock body generally indicated
      at 12. The bolt 10 is a headed bolt having an enlarged head 14 at one end
      thereof and terminating axially oppositely in an end portion 16 of spaced
      less diameter so as to form an annular radial shoulder 18 between the end
      portion and the larger diameter remaining portion of the bolt. The bolt
      end portion 16 has an end surface 20 preferably at right angles to the
      axial extension of the bolt 10 and an engagement recess 22 positioned
      axially intermediate thereof axially spaced from the shoulder 18 a
      particular distance as will be hereinafter described.
PAR  In general terms, the bolt engagement recess 22 is formed generally
      transversely or radially into the bolt end portion 16 and has the surfaces
      thereof properly formed in a particular manner to provide an interengaging
      function with certain element surfaces of the lock body 12 as will also be
      hereinafter described. In the particular instance illustrated, the bolt
      engagement recess 22 is generally V-shaped in side elevation as seen, for
      instance, in FIG. 2, and the surface thereof nearest the bolt end surface
      20 is preferably at an angle in the order of 15.degree. to the
      longitudinal axis of the bolt 10. The surfaces of the bolt engagement
      recess 22 nearest the bolt shoulder 18 is preferably at an angle in the
      order of 45.degree. to the longitudinal axis of the bolt 10.
PAR  The lock body 12 is formed with a closed bottom bolt opening 24 preferably
      coaxial of the longitudinal axis of the body and opening axially of a body
      end surface 26. The bolt opening 24 is a cylindrical opening and is of a
      diameter slightly larger than the diameter of the bolt end portion 16 to
      provide a sliding fit for such bolt end portion. At the body end surface
      26, however, the bolt opening 24 is counter-sunk a short distance to a
      diameter slightly larger than the remaining or larger diameter portion of
      the bolt 10 to provide a sliding fit for the initial part of this bolt
      larger diameter portion and further providing an annular radial body
      surface 28 for abutting reception of the bolt shoulder 18 as will
      hereinafter appear.
PAR  The bolt opening 24 of the lock body 12 is intersected generally
      transversely or generally radially within the body by a closed bottom
      securement member opening 30 which is preferably generally cylindrical and
      receives a securement member therein in the form of a spring pressed
      plunger 32 constantly axially urged into interference with the bolt
      opening 24 by a usual compression spring 34. The leading end of the
      plunger 32 is slightly rounded and for compatibility with the particular
      formation of the previously described engagement recess 22 in the bolt end
      port 16, the securement member opening 30 determining the exact axial
      movement of the plunger 32 is formed at an angle in the order of
      15.degree. to the longitudinal axis of the body bolt opening 24 and
      ultimately the longitudinal axis of the bolt end portion 16 when inserted
      in the body bolt opening. Furthermore, the exact intersection of or the
      opening of the securement member opening 30 generally transversely or
      generally radially into the body bolt opening 24 is positioned so that the
      plunger 32 will be precisely partially received into the bolt engagement
      recess 22 when the bolt 10 is inserted into the body bolt opening 24 and
      the bolt shoulder 18 is engaged with the counter-sunk body surface 28 as
      will hereinafter more clearly appear.
PAR  The embodiment of seal lock illustrated is completed by a somewhat
      cylindrical blocking member generally indicated at 36 having a maximum
      outer diameter approximately equivalent to that of the bolt end portion 16
      for a similar axial sliding fit within the body bolt opening 24. The
      blocking member 36 may also have a generally transversely or generally
      radially extending, circumferential retainment recess 38 formed with
      surfaces at similar angles to those of the bolt engagement recess 22. In
      other words, the surfaces of the retainment recess 38 of the blocking
      member 36 extend at the same 15.degree. and 45.degree. to the longitudinal
      axis of the blocking member and the body bolt opening 24 as shown.
PAR  Prior to the assembly of the bolt 10 and lock body 12 into permanently
      secured position, the plunger 32 and spring 34 are assembled in the body
      securement member opening 30 and the blocking member 36 is slid axially
      into the body bolt opening 24 so that the end of the plunger 32 bears
      axially against the blocking member within the blocking member retainment
      recess 38 as shown in FIG. 2. This retains the lock body 12 ready for its
      functional use and until it is desired to assemble the seal lock engaged
      with elements to be retained. At that time, the bolt 10 is inserted
      through the particular elements to be retained and the lock body 12 is
      positioned beginning to receive the bolt end portion 16 as also shown in
      FIG. 2.
PAR  The assembly is completed by applying opposite axial forces to the bolt
      head 14 and the lock 12 which causes the bolt end portion 16 to displace
      the blocking member 36 further axially inwardly into the body bolt opening
      24, the plunger 32 axially withdrawing by compression of the spring 34 as
      urged by the movement of the blocking member as shown in FIG. 3.
      Ultimately, as the bolt end portion 16 and blocking member 36 continue to
      move axially, the plunger 32 engages and slides along the bolt end portion
      16 finally engaging generally transversely or generally radially into the
      bolt engagement recess 22. At the same time that this interengagement
      between the plunger 32 with the bolt end portion 16 takes place, the bolt
      shoulder 18 comes into abutting engagement with the counter-sunk body
      surface 28, all as shown in FIG. 1.
PAR  It will be noted that the engagement recess 22 of the bolt end portion 16
      may be formed with its same angular engagement surfaces extending
      completely circumferentially around the bolt end portion similar to the
      retainment recess 38 of the blocking member 36 wherein interengagement
      between the body plunger 32 into the engagement recess of the bolt end
      portion will take place at any relative rotated position of the bolt 10
      within the body bolt opening 24. However, with the preferred form of the
      construction as illustrated in the drawings wherein the engagement recess
      22 of the bolt end portion 16 is only at one circumferential location of
      the bolt end portion thereby reducing fabrication costs, it is still a
      very simple matter to obtain the desired permanently securing body plunger
      and bolt end portion surface interengagement. This is quickly accomplished
      merely by inserting the bolt end portion 16 fully into the body bolt
      opening 24 displacing the blocking member 36 as before described and until
      the annular bolt shoulder 18 engages the counter-sunk annular body surface
      28 at which time, if the engagement recess 22 of the bolt end portion 16
      is not aligned with the body plunger 32, it is merely necessary to rotate
      the bolt 10 until such alignment takes place and the body plunger will
      snap into the bolt engagement recess with a distinctive perceptive noise
      and feel.
PAR  Regardless, once the bolt end portion 16 has been fully axially inserted
      into the body bolt opening 24 and the interengagement between the surfaces
      of the body plunger 32 and the bolt engagement recess 22 has been
      obtained, the axial spanning of the body plunger still partially within
      the body 12 and partially within the bolt end portion 16 will permanently
      securely retain the bolt and body against separation without a destruction
      of a major part of one or the other. With the preferred angular
      arrangement between the longitudinal axis of the body plunger 32 and the
      longitudinal axis of the bolt end portion 16, any attempts to withdraw the
      bolt end portion from the body bolt opening 24 will tend to urge the body
      plunger more deeply into the bolt engagement recess 22 so as to more
      firmly retain the described interengagement. Also, with the annular bolt
      shoulder 18 axially abutting the counter-sunk annular body surface 28, not
      only does such abutment align the bolt engagement recess 22 for
      interengagement by the body plunger 32, but such abutment further presents
      an offset spaced inwardly of the body in the surface 26 guarding the
      remaining inward portion of the body bolt opening 24 against attempts to
      insert thin members into the body bolt opening in efforts to separate the
      body plunger 32 from its interengagement with the bolt engagement recess
      22.
PAR  With the seal lock of the present invention, if a relatively high degree of
      security is required, the bolt 10 and the lock body 12 including the body
      plunger 32 may be formed of the high-strength alloy steels. If, however,
      somewhat less security can be tolerated, these parts can be formed of
      lesser expensive metals whether steel or other metals. In either case, the
      blocking member 36 may be formed of one of the well-known plastics since
      the use thereof is not a required high-strength use and its purpose is
      merely to retain the assembly of the lock body 12 until and during the
      initial part of the final functional single, permanently secured
      engagement of the bolt 10 with the lock body 12 as described.
PAR  In the preferred embodiment of the seal lock as herein illustrated and
      described, the body plunger 32 is angularly oriented with its longitudinal
      axis, although generally transversely or generally radially to the
      longitudinal axis of the bolt 10, at an angle of approximately 15.degree.
      to the bolt longitudinal axis. This not only provides the advantage of a
      tendency of increased interengagement between the body plunger 32 and the
      bolt engagement recess 22 upon attempts to separate the bolt 10 and the
      lock body 12 as hereinbefore described, but also provides the advantage of
      permitting a substantial size of body plunger for ultimate increased
      security while not requiring the lock body 12 to be or larger overall
      size, thereby reducing the costs of fabrication.
PAR  It is pointed out, however, that the broader concepts of the present
      invention may be advantageously applied with a body plunger 32 in various
      of different angular relationships to the bolt 10. Obviously, such changes
      may involve changes in the contour and surfaces of the bolt engagement
      recess 22, as well as the degree of penetration of the body plunger 32
      into the bolt engagement recess for the permanently secured engagement.
      The important criteria is that when the body plunger 32 and the bolt
      engagement recess 22 are aligned, the body plunger will penetrate the bolt
      engagement recess and the cooperating surfaces thereof will provide a
      secure interengagement between the body plunger and the bolt 10 which will
      permanently and securely resist subsequent separation of the lock body 12
      and bolt 10. Furthermore, the seal lock concepts involved herein may be
      integrated into different sizes and shapes of the bolt 10 and lock body
      12, as well as into multiple bolt assemblies, all of which is fully
      contemplated within the broad principles of the present invention.
PAR  According to the inventive principles herein disclosed, a unique, single
      engagement, permanently secured seal lock is therefore provided which may
      be fabricated with the degree of security required and only dependent on
      the particular materials chosen. Furthermore, the seal lock structure may
      be provided at a minimum of material and fabrication costs, less than the
      costs of prior constructions having comparable security.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a seal lock and the like of the type having an end portion of a bolt
      received engaged axially into a bolt opening of a body for permanent
      securement therein by a resiliently urged securement member mounted within
      said body constantly urged from an effective non-interference position
      into an interference position projecting partially generally transversely
      into said bolt opening and said bolt end portion; the improvement
      comprising: a separate selectively axially movable blocking member in said
      body bolt opening normally transversely aligned abutting said securement
      member retaining and constituting the sole means retaining said securement
      member in its effective non-interference position prior to said bolt end
      portion being axially inserted into said body bolt opening; axial
      insertion of said bolt end portion into said body bolt opening axially
      engaging said bolt end portion with and slidably axially inwardly
      displacing said blocking member from said securement member abutment and
      shifting generally transverse engagement of said securement member to said
      bolt end portion; surface means partially on said bolt end portion and
      partially on said securement member ultimately interengaging following the
      initial of said generally transverse engagement of said securement member
      with said bolt end portion and continued axial movement of said bolt end
      portion ultimately permitting automatic transverse movement of said
      securement member to its interference position positively preventing
      subsequent withdrawal of said bolt end portion from said body bolt
      opening.
NUM  2.
PAR  2. In a seal lock and the like as defined in claim 1 in which said bolt
      opening of said body opens outwardly surrounded by a recessed, annular,
      generally transversely extending surface; and in which said bolt includes
      an annular, generally transversely outwardly extending shoulder abuttingly
      engaged inwardly with said body recessed annular surface when said surface
      means on said bolt end portion and said securement member are interengaged
      by movement of said securement member to its interference position.
NUM  3.
PAR  3. In a seal lock and the like as defined in claim 1 in which said
      securement member is mounted within said body constantly urged movable
      generally transversly from its non-interference into its interference
      position on a longitudinal axis at an angle less than 90.degree. to a
      longitudinal axis of said body bolt opening.
NUM  4.
PAR  4. In a seal lock and the like as defined in claim 1 in which said bolt end
      portion has a generally transversely inwardly extending engagement recess
      formed therein alignable with said securement member when said bolt end
      portion is inserted into said body bolt opening and axially shifts said
      blocking member inwardly away from said securement member, surfaces within
      said engagement recess of said bolt end portion interengaging with
      surfaces on said securement member upon said generally transverse
      engagement of said securement member into said engagement recess of said
      bolt end portion by transverse movement of said securement member to its
      interference position positively preventing said subsequent withdrawal of
      said bolt end portion from said body bolt opening; in which said body bolt
      opening opens outwardly of said body in a surrounding, recessed annular,
      generally transversely extending body surface; and in which said bolt
      includes an annular, generally transversely outwardly extending shoulder
      abuttingly engaged inwardly with said body recessed annular surface when
      said engagement recess surfaces of said bolt end portion and said
      securement member surfaces are interengaged by movement of said securement
      member to its interference position.
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ABST
PAL  An impact braking device adapted for use with the standard braking systems
      provided in motor vehicles, the device comprising a slidable bumper
      operably attached to the vehicle frame structure by an actuator means,
      wherein at least one actuator is provided with a releasable locking lug. A
      brake cable is releasably attached to the standard vehicle brake pedal at
      one end thereof, the other end being secured to a spring-biased locking
      lever which is held in a locked position by said locking lug. When the
      bumper is moved inwardly, the locking lug releases the locking lever and
      allows it to rotate under spring tension, thus causing the brake cable to
      apply sufficient force to operate the foot brake pedal of the vehicle
      braking system.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates generally to a braking system for motor vehicles and
      the like and, more particularly, to a braking device that is adapted to
      operate the braking system automatically upon impact of the vehicle.
PAR  2. Description of the Prior Art
PAR  As is well known in the art, various types of braking systems are presently
      available. However, there exists a need for these various braking systems
      to operate automatically without the aid of the vehicle operator. There
      are times when the operator of a vehicle becomes incapacitated while
      driving, and a very serious accident can occur due to the fact that the
      brakes cannot be applied by the operator. Again, many serious accidents
      take place when the operator of a vehicle becomes disoriented and thus
      loses complete control of the vehicle, and perhaps applies the gas pedal
      instead of the brakes. Therefore, it can be readily understood that, if a
      device were provided to actuate the braking system under these conditions,
      many lives could be saved.
PAC  SUMMARY
PAR  This invention provides an automatic braking device adapted for use with
      all well known vehicle braking systems, wherein the braking system is
      actuated automatically upon impact. This impact braking device comprises a
      secondary impact-absorbing bumper which extends outwardly from the front
      end of the vehicle just beyond that of the primary bumper found on most
      motor vehicles. The secondary bumper is secured to a pair of actuator
      means, each actuator being disposed in opposite parallel relationship to
      the other and secured to the frame structure of the vehicle. Each actuator
      is provided with a forwardly extending bar member to which the secondary
      bumper is secured. It should be noted that, due to the various designs of
      vehicles, it is contemplated that the secondary bumper may be positioned
      above or below the primary bumper and, in addition, it could be arranged
      along the longitudinal face of the primary bumper. Also, in some
      arrangements, the primary bumper can be adapted for use in place of the
      secondary bumper.
PAR  At least one of said actuators is provided with a rearwardly extending
      member of the actuator bar, wherein there is attached a restraining means
      in the form of a biased lug. This lug provides a restraining means for a
      locking lever which is under constant tension. Said locking lever includes
      an enlarged head portion, the head being adapted to receive one end of a
      brake cable and the opposite free end thereof is removably secured to the
      well known foot-brake pedal found in the conventional vehicle.
PAR  Attached to the brake pedal is a brake-cable support bracket. The brake
      cable is demountably received by the support bracket so that the cable can
      be removed therefrom when it is necessary to reset the brake device after
      operating same.
PAC  OBJECTS AND ADVANTAGES
PAR  The present invention has for an important object a provision whereby the
      conventional brake system of any type of motor vehicle can be operated
      automatically upon forward impact of the vehicle.
PAR  It is another object of the invention to provide an impact braking device
      having a secondary impact bumper which extends forward of the primary
      bumper, thus allowing the braking system to be actuated prior to impact
      with said primary bumper and diminishing the initial impact of the
      vehicle.
PAR  It is still another object of the invention to provide an automatic impact
      braking device that includes a pair of actuator means which also operate
      as a dual-function shock absorber.
PAR  It is a further object of the invention to provide an impact braking device
      that is simple and rugged in construction.
PAR  A still further object of the invention is to provide a device of this
      character that is easy to service and maintain.
PAR  It is still another object of this invention to provide a device of this
      character that is relatively inexpensive to manufacture.
PAR  It is a further object of the invention to provide a device of this
      character wherein the device is compatible with all vehicle braking
      systems, and can be readily adapted for both old and new model vehicles.
PAR  Still another object of the invention is to provide a device of this
      character that has relatively few operating parts.
DRWD
PAR  Other characteristics, advantages and objects of this invention can be more
      readily appreciated from the following description and appended claims.
      When taken in conjunction with the accompanying drawings, this description
      forms a part of the specification wherein like references and characters
      designate corresponding parts in several views.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Referring more particularly to the accompanying drawings, which are for
      illustrative purposes only:
PAR  FIG. 1 is a fragmentary perspective view of the impact braking device
      mounted to a vehicle frame structure;
PAR  FIG. 2 is an enlarged cross-sectional view taken substantially along line
      2--2 of FIG. 1, showing the device in a normal set position;
PAR  FIG. 3 is a view similar to that of FIG. 2 wherein the device is in an
      activated release position;
PAR  FIG. 4 is an enlarged view of the locking lug mounted to the end of the
      actuator bar;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 4, wherein
      the biasing spring is illustrated;
PAR  FIG. 6 is a perspective view of the cable-support bracket which is mounted
      to the conventional brake pedal;
PAR  FIG. 7 is a sectional view showing the secondary impact bumper positioned
      above the primary stationary bumper;
PAR  FIG. 8 is a sectional view illustrating the secondary bumper as being
      disposed adjacent the central face of the primary bumper and having the
      actuator bar extending therethrough; and
PAR  FIG. 9 is a sectional view of another embodiment wherein the primary bumper
      is directly secured to the actuator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and more particularly to FIG. 1, there is shown a
      primary bumper 10 which represents one of the various well known bumpers
      now in use in most standard motor vehicles. The bumper 10 is secured to a
      vehicle body frame structure 12. Both the bumper 10 and body frame
      structure 12 are shown in a simple form for illustrative purposes only.
      Hence, the simplicity of the present invention lends itself to be easily
      adapted for installation in automobiles of various makes and designs.
PAR  Accordingly, there is shown an impact-receiving means, generally indicated
      at 14. Said impact-receiving means comprises a secondary impact bumper 16
      positioned in this embodiment adjacent the underside of the main or
      primary bumper 10. Bumper 16 can be made with various designs, but is here
      shown as a tubular member having a rectangular cross-sectional
      configuration with extended, inwardly bent, trailing ends 18.
PAR  Thus, as illustrated in FIGS. 1, 2 and 3, the impact bumper 16 extends
      forward of the main bumper 10 to such a distance that any contact of the
      front end of the vehicle with another vehicle or object will be first made
      with the impact bumper 16. It is contemplated that the distance between
      said main bumper and said impact bumper will vary from 4 to 10 inches,
      depending on the particular design of the vehicle to which the impact
      device is mounted.
PAR  The impact bumper 16 is fixedly secured to a pair of oppositely disposed
      actuator means, generally indicated at 20, by actuator bars 22 which
      extend forwardly from each actuator means, as seen in FIG. 1. The actuator
      means comprises an elongated cylindrical housing 24 having a flange member
      25 disposed along its length thereof, whereby the actuator 20 can be
      mounted to the inner face of the longitudinal frame members 26 and 28,
      respectively. These members are interconnected by a typical cross member
      29, thus forming the body frame structure 12, as previously mentioned.
PAR  The housing is shown secured to said frame by a plurality of bolts 30 which
      are received in flange 25 of each actuator, said actuators being so
      positioned that the actuator bar 22 is aligned with and extends through
      opening 32 of the cross member 29 of the frame structure 12. In order to
      provide a tight fit and support for the bar 22, a grommet-type washer 34
      is disposed between the opening 32 and bar 22, as seen in FIGS. 2 and 3.
      The actuator bar is also operably supported within the cylindrical housing
      24 and is adapted with a piston head 36.
PAR  Various types of actuators are contemplated for use in this device;
      therefore, the actuators can either be spring loaded or hydraulically
      operated -- similarly to the well known shock absorbers. Accordingly, said
      actuator 20 is shown as being spring loaded by means of springs 38 and 39
      which are respectively disposed on opposite sides of said piston head 36.
PAR  The impact braking device as seen in FIG. 2 is shown in a loaded stand-by
      mode; that is, the impact bumper 16 is positioned forward of the main
      bumper 10, the springs 38 and 39 at this time providing an equal biasing
      force on both sides of the piston head 36.
PAR  The actuator bar 22 extends rearwardly from the housing 20, as indicated at
      40, and is provided with a restraining means comprising a restraining lug
      42 (See, also, enlarged FIGS. 4 and 5.) rotatably attached to the free end
      40 of bar 22. The free end has been flattened, providing a mounting head
      44 to which the restraining lug 42 is movably secured by bolt 45.
PAR  Lug 42 includes a pair of ear members 46 adapted to receive mounting head
      44 therebetween, at which time bolt 45 passes through aligned openings
      provided in the ears 46 and mounting head 44. The lug 42 extends
      vertically upward from the head 44, thus becoming a releasable restraining
      means by which a locking means, indicated at 48, is held in an upright
      locked position. Said lug 42 also extends downwardly, as at 49, and
      directly abuts mounting head 44, said lug being generally held in the
      vertical position by a biasing means in the form of spring 50.
PAR  The locking means as seen in FIGS. 1, 2 and 3 comprises a lever arm 52
      pivotally supported to the frame structure 26 by a bolt or pin 53, and
      having an enlarged circular ring 54 integrally formed at the upper end
      thereof, said ring 54 being adapted to receive a connecting means which is
      disposed between the lever arm 52 and the vehicle brake pedal 56.
PAR  In order to provide the required rotational movement for the lever arm 52,
      a biasing means is so attached as to constantly apply force in a forward
      direction, for rotation about pin 53. The biasing means comprises a lever
      spring 57 mounted at the pivot point of the lever arm 52. In addition,
      with the various braking systems, a second spring 58 can be added -- as
      seen attached to the lever ring 54 at one end thereof and at the opposite
      end to one of the actuator-mounting bolts 30.
PAR  The connecting means between the brake pedal 56 of a motor vehicle and the
      lever arm 52 comprises a length of cable 59 adapted at one end thereof to
      be fixedly received in ring 54 of lever arm 52 and at the opposite end of
      the cable 59 to the cable-support bracket, generally indicated at 60. Said
      cable is thus held in constant tension due to the normal biasing force
      inherent in a brake pedal and the opposite biasing force applied to the
      lever arm. However, the cable is slidably mounted to the bracket.
PAR  The support bracket 60 comprises a clamp 62, which is secured to the brake
      pedal arm 63, and includes a horizontally extending leg 64, said leg 64
      being movably attached to the bracket 62 by a bolt 65. A hole 66 is
      provided in the leg 64 to allow the cable 59 to be received therethrough
      and slidably mounted thereon. The cable passes through hole 66, at which
      time a handle 68 is secured to the free end of the cable, thereby
      attaching the cable to the support bracket -- yet allowing free movement
      of the cable by hand when necessary.
PAC  OPERATION
PAR  Referring now to FIGS. 2 and 3, in FIG. 2 the impact braking device is
      illustrated in an operable mode, and in FIG. 3 the device is shown after
      impact with the front end of a vehicle, represented by frame structure 12.
PAR  Accordingly, in FIG. 2 the impact bumper 16 is shown positioned extending
      outwardly from the beam structure 29 and the main vehicle bumper 10. This
      is considered the normal position for the impact bumper 16 because the
      actuator 20 provides an equalizing force along the actuator bar 22. Thus,
      whenever the impact bumper is moved, it will always return to this
      position automatically.
PAR  As mentioned before, there is provided a restraining lug 42 operably
      attached to the opposite free end of the actuator bar 22. This is held in
      a vertical position by spring 50, whereby lever arm 52 is latched in a
      vertical position and held from rotation due to the biasing forces of
      springs 57 and 58. With the lever arm in this position, the foot-brake
      pedal is allowed to operate in its normal manner, without affecting the
      impact braking device. This is due to the slidable connection between the
      cable support bracket 60 and the cable 59.
PAR  Accordingly, as the impact bumper makes contact with an obstruction within
      a range of from 5 to 15 miles per hour, the bumper 16 will retract, as
      seen in FIG. 3 -- causing the actuator to react and thus moving the
      restraining lug 42 rearward and releasing the locking lever 52, wherein
      the force of springs 57 and 58 causes the lever to rotate clockwise.
      Hence, this effects a pulling reaction on cable 59, automatically moving
      the foot-brake pedal to a depressed braking position and thereby causing
      the vehicle brake system to operate. It should be noted that the vehicle
      brake system is well understood in the art and, therefore, not shown
      herein.
PAR  Once contact with the impact bumper 16 is relieved, the actuators return
      the bumper 16 to its normal position. However, the brakes of the vehicle
      are still held in a locked mode. Thus, in order to release the brake pedal
      and unlock the vehicle brake system, handle 68 of the cable 59 is pulled
      so that the lever arm 52 is vertically positioned once again, as seen in
      FIGS. 1 and 2. As the lever is returned to a restrained position, its
      lower end engages lug 42, thus rotating it forwardly against the force of
      spring 50 -- and permitting lever 52 to pass over the lug, at which point
      lug 42 snaps back to its restraining position and the lever is once again
      locked into a normal operating mode.
PAC  ADDITIONAL EMBODIMENTS
PAR  Referring now to FIGS. 7, 8 and 9, three different arrangements are
      contemplated. First, in FIG. 7, the position of the impact bumper 16 is
      disposed above the primary or main bumper 10. The remaining impact braking
      device is identical to that as heretofore described.
PAR  FIG. 8 also operates as previously described except that the position of
      the impact bumper 16 is aligned with the central longitudinal area of the
      main bumper 10. In this arrangement, the bumper 10 is provided with a
      longitudinal channel 70 having an opening 72 therein to receive the
      extended actuator bar 22a. The main bumper 10 can be supported in any
      suitable manner but is shown as having two support brackets 74 and 75
      secured to the frame structure 29.
PAR  In the arrangement as illustrated in FIG. 9, the main bumper is illuminated
      and the size of the impact bumper 16a is enlarged to provide full
      protection for the vehicle.
PAR  The invention and its attendant advantages will be understood from the
      foregoing description; and it will be apparent that various changes may be
      made in the form, construction and arrangement of the parts of the
      invention without departing from the spirit and scope thereof, or
      sacrificing its material advantages, the arrangements hereinbefore
      described being merely by way of example; and I do not wish to be
      restricted to the specific forms shown or uses mentioned, except as
      defined in the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic impact braking device, for use in combination with a motor
      vehicle brake system, having a foot brake pedal, the automatic impact
      braking device comprising:
PA1  an actuator means secured to said vehicle, wherein said actuator means
      comprises a pair of oppositely disposed actuators having an actuator arm
      extending forwardly and rearwardly of said actuator;
PA1  an impact-receiving means secured to one end of said actuator means,
      wherein said impact-receiving means comprises an impact bumper, said
      bumper being extended forwardly of said vehicle;
PA1  a restraining means operably mounted to the opposite end of said actuator
      means, wherein said restraining means comprises: a removable restraining
      lug pivotally mounted to said rearward portion of said actuator bar; and a
      spring-biasing means attached to said lug, whereby said lug is held in a
      vertical restraining model;
PA1  a locking means adapted to be releasably held by said restraining means and
      operably mounted to said vehicle;
PA1  a pivoting means attached to said locking means whereby said locking means
      is allowed to pivot when disengaged from said restraining means; and a
      connecting means secured at one end to said locking means, the opposite
      end thereof being mounted to said foot-brake pedal of said vehicle.
NUM  2.
PAR  2. An automatic impact braking device as recited in claim 1, wherein said
      locking means comprises;
PA1  a locking-lever arm having an enlarged circular ring integrally formed
      thereon;
PA1  a pivoting means whereby said lever arm is rotatably secured to said
      vehicle adjacent the restraining lug for direct engagement therewith; and
PA1  biasing means attached to said lever arm for imparting rotational movement
      thereto when disengaged with said restraining lug.
NUM  3.
PAR  3. An automatic impact braking device as recited in claim 2, wherein said
      connecting means comprises a brake cable having one end thereof secured to
      said ring of said locking lever arm, and the opposite free end thereof
      slidably attached to said foot-brake pedal.
NUM  4.
PAR  4. An automatic impact braking device as recited in claim 3, wherein the
      device includes:
PA1  a cable-support bracket secured to said foot-brake pedal and having a
      movable extending leg to which the cable is slidably attached; and
PA1  a handle secured to the free end of said cable.
NUM  5.
PAR  5. An automatic impact braking device as recited in claim 4, wherein the
      motor vehicle also includes a main forward bumper; and wherein said impact
      bumper is positioned below and forward of said main bumper.
NUM  6.
PAR  6. An automatic impact braking device as recited in claim 4, wherein the
      motor vehicle also includes a main forward bumper; and wherein said impact
      bumper is positioned above and forward of said main bumper.
NUM  7.
PAR  7. An automatic impact braking device as recited in claim 4, wherein the
      motor vehicle also includes a main forward bumper having a centrally
      disposed longitudinal channel therein; and wherein said impact bumper is
      positioned adjacent and forward of said longitudinal channel.
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ABST
PAL  A load engaging and supporting mechanism for use with load handling
      equipment, in which a beam is movable to a position over a container, and
      a pair of carriages are adjustable along the beam and have arms extending
      downwardly along each side for lifting and moving the container. A load
      engaging mechanism is disposed in each of said arms and contains a pin
      adapted to extend into openings in fixtures in the upper side corners of
      the container as the two arms of each carriage are moved toward one
      another. A positioning structure is preferably provided with each fitting
      to assist in locating the fitting in the fixture. The present fitting may
      be included in the equipment along with other types of load engaging and
      lifting mechanisms, and is preferably retractable to prevent it from
      interfering with the operation of the alternative mechanism.
PARN
PAR  This application is a division of copending application Ser. No. 318,512
      filed Dec. 26, 1972, now abandoned, which in turn was a
      continuation-in-part of my copending application Ser. No. 267,747, filed
      June 30, 1972, now U.S. Pat. No. 3,827,743.
BSUM
PAR  In equipment for transferring loads such as semi-trailers and cargo
      containers onto and from railroad cars, the load is normally lifted and
      moved by a beam or boom having a grappling means which engages fixtures in
      the upper four corners of the load, or which slips beneath the lower edges
      of the load and supports the load while it is being lifted and transferred
      either to or from the railroad car. These prior grappling means have
      usually consisted of a unitary frame structure often supported on the beam
      or boom by cables and having arms extending downwardly along the sides of
      the container with lift shoes at the bottom for engaging the underside of
      the load. These frame structures have generally been bulky and cumbersome
      to operate and have often required the load transfer equipment to be
      substantially larger than the load in order to accommodate the frame
      structure and to provide space for manipulating it into its load lifting
      and transfer positions. Further, the devices for engaging the fixtures on
      the containers have frequently been difficult to adjust to different site
      loads and to position at the proper location for engaging the fixtures,
      and have been either difficult to latch and/or unreliable while supporting
      the load. It is therefore one of the principal objects of the present
      invention to provide a beam mounted load engaging and supporting mechanism
      which can readily and effectively be adjusted both lengthwise and
      crosswise to the dimensions of a semitrailer or container, and which
      requires little additional operating space beyond that required for the
      operation of the beam.
PAR  Another object of the invention is to provide a load engaging mechanism
      which can be used in conjunction with and as an alternative for the type
      having the vertical arms with shoes at the bottom for supporting the load,
      without removing operational parts of the other, and which can be easily
      and quickly attached to the load without the use of tools or other
      equipment apart from the mechanism itself.
PAR  Still another object of the invention is to provide a rather simple and
      compact load engaging mechanism which can be coupled to the load and
      controlled by an operator at a location remote from the load without any
      manual manipulation of the load engaging fixtures, to either attach them
      to or detach them from the load, and which operates as a part of a load
      supporting beam normally positioned longitudinally with respect to the
      load such as a semitrailer or cargo container.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following description and accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a load transfer mechanism on which the
      present load engaging and lifting mechanism is used;
PAR  FIG. 2 is a side elevation of the load transfer mechanism with the load
      handling apparatus, showing a cargo container in broken lines supported
      thereby;
PAR  FIG. 3 is a top plan view showing a portion of the load handling apparatus;
PAR  FIG. 4 is a side elevational view showing the same portion as FIG. 3 of the
      load handling apparatus;
PAR  FIG. 5 is an enlarged fragmentary sectional view taken on line 5 -- 5 of
      FIG. 3;
PAR  FIG. 5A is a fragmentary view of the shoe portion of FIG. 4 showing the
      shoe in its retracted position;
PAR  FIG. 6 is a sectional view along line 6 -- 6 of FIG. 5;
PAR  FIG. 6A is a fragmentary view of a portion of the mechanism shown in FIG.
      5;
PAR  FIG. 7 is a more detailed view in section of one of the lift arms;
PAR  FIG. 8 is an enlarged fragmentary view of one embodiment of the present
      load engaging and lifting mechanism, illustrating the manner in which it
      is used to engage and support a load such as a cargo container;
PAR  FIG. 9 is an elevational view of a modified form of the present load
      engaging and lifting mechanism and a fragmentary elevational view of the
      arm seen in FIG. 7, showing the mechanism in operating position;
PAR  FIG. 10 is an elevational view of the mechanism seen in FIG. 9, showing the
      mechanism in its nonoperating position; and
PAR  FIG. 11 is an elevational view of the mechanism shown in FIG. 10 as viewed
      from line 11 -- 11 of FIG. 10.
DETD
PAR  Referring more specifically to the drawings, numeral 10 indicates a
      semitrailer adapted to be connected to a tractor at the forward end 12 by
      a kingpin, the bed 14 of the trailer being supported on an undercarriage
      16. The present mechanism, which is indicated generally by numeral 20, is
      mounted on and secured to the bed and is transported along with the
      semitrailer from one operational location to another without any
      substantial changes in the structure between operating position and
      transporting position. The semitrailer may be of conventional construction
      or it may be specifically designed for use in conjunction with the present
      load transfer mechanism, the one shown having a goose-neck portion 24 and
      a landing gear 26 disposed on each side of bed 14. While the structure
      interconnecting the forward end and the undercarriage is here referred to
      as a bed or base, it may be a beam or frame type structure other than that
      normally considered as a bed. While the load transfer mechanism is shown
      mounted on a semitrailer, it can be mounted on a stationary base if
      desired, and the cargo containers or trailers to be loaded and unloaded
      may be brought to that position instead of transporting the load transfer
      device to the railroad car or other location where the load is to be moved
      by the mechanism. A load transfer mechanism of the type involved in the
      present application is shown and claimed in my copending application Ser.
      No. 187,362 filed Oct. 7, 1971, now U.S. Pat. No. 3,718,221.
PAR  Referring further to FIG. 1, the numerals 34 and 36 designate,
      respectively, a pair of extensible and retractable main actuators or
      cylinders pivoted on the frame of bed 14 at their lower end about axes 35
      and 37. Actually, both actuators 34 and 36 comprise two actuators in the
      embodiment described and illustrated herein, and the arrangement just
      described is duplicated at the opposite end of the base 14. In order to
      simplify the description of the invention, the main actuators 34 and 36
      will be referred to as if they were each single actuators instead of
      double. There is also a pair of boom or auxiliary actuators indicated,
      respectively, by the numerals 38 and 40, the lower end of actuator 38
      being pivoted about the same axis as main actuator 34 in the embodiment
      illustrated, and the lower end of actuator 40 being pivoted about the same
      axis as main actuator 36. The auxiliary actuators are duplicated at the
      opposite end of the bed in the form of the load transfer mechanism
      illustrated, as may be seen in FIG. 1. The main and auxiliary actuators
      are illustrated herein as hydraulic cylinder and piston type expansible
      chamber devices, preferably of the type disclosed and claimed in my
      copending application Ser. No. 211,523, filed Dec. 23, 1971, now U.S. Pat.
      No. 3,824,904.
PAR  The upper ends of the main actuators 34 and 36 at both ends of the load
      transfer mechanism are pivotally connected at an intermediate location 39
      to a transverse boom arm 42, and the upper ends of the auxiliary actuators
      38 and 40 are pivotally connected about a common shaft 44 adjacent one end
      of the boom arm, this arrangement likewise applying to the other end of
      the mechanism. The other end of each boom arm, i.e., the free end thereof,
      in the embodiment shown, supports between the arms a spreader beam and
      lifting device, pivotable about a pivot axis 45. The lifting device
      includes a beam 46, which supports depending container engaging means
      indicated generally by numeral 48, having arms 50 and including the
      present load engaging and supporting means, to be more fully described
      hereinafter.
PAR  The two container engaging means 48 are adjusted to the width of the load,
      and also are moved longitudinally on the main longitudinal member 46 in
      order to adjust to the length of the load. FIG. 1 shows the load transfer
      mechanism as it is beginning to transfer cargo container 54 between a
      railraod car on one side of the load transfer mechanism and the ground on
      the other. The auxiliary actuators 40 and 38 are contracted, thereby
      lowering the right ends of boom arms 42, one at each end of the mechanism,
      and raising the left ends of such boom arms and lifting along therewith
      container 54 off the railroad car. Outriggers 58 and 59 are provided on
      the sides of the portable load transfer mechanism in order to stabilize it
      during the handling of a heavy load from one side to the other, one
      suitable type of outriggers being disclosed and claimed in my copending
      application Ser. No. 221,967 filed Jan. 31, 1972, now U.S. Pat. No.
      3,743,108.
PAR  As shown in FIG. 2, the load handling device includes carriages 48 which
      are adjustable longitudinally along the main beam 46 and this is
      illustrated in more detail by the partially schematic top plan and side
      elevational view of FIGS. 3 and 4, it being understood that the carriage
      48 at the opposite end of the machine is an allochiral image of the
      structure to be described. Main beam structure 46 is indicated in FIG. 3
      as comprising two I-beams which are designated respectively 46a and 46b.
      Each carriage 48 is supported on rollers 92 which operate on tracks 179 on
      the upper surfaces of I-beams 46a and 46b, and the carriage 48 is moved
      back and forth longitudinally along the beam 46 by means of a known
      mechanism including a hydraulic motor at 182 which operates suitable
      cables 184, one of which is trained over sheave 86, to provide forward and
      reverse movement of the carriage 48, powered by motor 182 in a known
      manner.
PAR  FIGS. 2-9 illustrate the details of one embodiment of the load handling
      apparatus and the manner of operation to pick up a load. Each device
      includes a pair of lift arms 50 which are secured respectively at the ends
      of tubular members 96 and which have shoes 52 at their lower ends (see
      FIG. 5A). Each of the lift arms 50 is pivotable by remote control from the
      solid line position shown in FIG. 4, which represents the operating
      position. In the collapsed or transport position, the arms 50 are rotated
      up and secured to brackets 97 which are connected to and form a part of
      the carriages or support structures 48 by means of intermediate frame
      members 83. In lifting a load using the shoes, after the carriages 48 have
      been adjusted to the desired longitudinal positions to fit load 54, the
      arms 50 are then pivoted downwardly to vertical position, and moved
      inwardly to insert lift shoes 52 beneath the load. FIG. 5 is a fragmentary
      view partially in section, taken at the location indicated in FIG. 3,
      showing a portion of the carriage 48 and arms 50 in the depending
      position. Included is a brace portion indicated generally by the numeral
      90. One of the rollers 92 which operates along the top of I-beam 46b is
      shown in FIG. 5.
PAR  The structural portion of the carriage 48 includes a fixed transverse tube
      94. Within tube 94, which extends across the load lifting device, there is
      located at each end a telescopic tubular member 96 which is arranged to be
      moved inwardly and outwardly within tube 94 by means of a remotely
      controlled linear actuator 98. At the outer end of each tube 96 one of the
      lift arms 50 is securely affixed to the tube, and in FIG. 5 a single arm
      50 is shown in the depending position for lifting load 54. To provide for
      the specified pivotal movement of arm 50, the tube 96 on which it is
      mounted is pivoted by means of a linear hydraulic actuator 100 which may
      be seen in FIG. 6. It is pivotally connected at the top to brace 90 to
      pivot about an axis 101, while at the bottom it is connected at 102 to a
      rotation muff 104, which in turn is operatively engaged with inner tube 96
      by means of a key 105 which is secured to the muff 104. As shown in FIG.
      6, the outer tube 96 has a cutout portion indicated at 106 which extends
      through an arc of more than 90.degree., and through which the key 105
      projects into a longitudinal slot 107 (see FIG. 6A) in the inner tube 96.
      With this arrangement, circumferential movement of the muff 104 by means
      of the actuator 100 causes the key 105 to pivot the tube 96 about its
      axis, the key 105 moving through the slot or cutout portion 106 in the
      outer tube 94. Pivotal movement of more than 90.degree. as provided is
      adequate to enable the necessary pivotal movement of the arm between the
      maximum up and the maximum down position by arcuate movement of the pivot
      point 102 which, in turn, is produced by the extension and retraction of
      actuator 100.
PAR  Referring to FIG. 6A, the slot 107 extends longitudinally of the tube 96 to
      provide for out and in movement of the tube 96 by means of actuator 98 as
      previously described, independently of and without interference with the
      pivoting mechanism described in the preceding paragraph. During such out
      and in movement of the tube 96, the slot 107 moves out and in relative to
      the key 105.
PAR  The load handling apparatus disclosed herein is adapted for moving cargo
      containers which normally have fittings in the upper corners of the sides,
      including openings extending inwardly for receiving a load engaging member
      of the lift mechanism. The corner fittings on the container with the
      openings are utilized by fittings 129, constituting the primary feature of
      the present invention and shown in detail in FIGS. 8 and 9. The fitting
      129 is inserted from the inside in an opening 131 in arm 50. Fitting 129
      has a portion 133 which projects through the opening 131 and is secured to
      the arm 50 in a suitable manner such as by a cross pin at 135 to prevent
      accidental dislodging of the fitting 129 during use. The inner part of the
      fitting 129 is provided with an upwardly projecting portion 137 for
      preventing accidental dislodging of the container in a manner which is
      explained subsequently. The fitting 129 also includes a top plate portion
      139 which engages the top of the container indicated generally in FIG. 8
      by the numeral 142. Fitting 129 also has a side guide member 143 which is
      rigidly secured to top guide portion 139 such as by welding at 145a at the
      outer surface of side member 143 where the pin 133a extends through an
      opening in side guide member 143. At the back of fitting 129 as seen in
      FIG. 8 is a gusset plate 147, which also has a guiding function, as will
      be explained, and which is welded to top plate portion 139 and also to
      side guide member 143. Opening 131 is formed by welding a tubular fitting
      133 into a commensurate opening in arm 50, therewith forming proper
      support for the insertable fitting 129. When fitting 129 is not to be used
      it can be withdrawn from opening 131, after cross pin 135 has been removed
      and subsequently inserted from the outside of arm 50 whereby cross pin 135
      can be reinserted for safekeeping.
PAR  In order to engage fitting 129 in a side opening 149 in container 54, arm
      50 is maneuvered to first locate the fitting adjacent the opening 149 in
      the container in a position in which portion 137 of the fitting is outside
      opening 149 instead of inside as shown in FIG. 8. Top plate 139 and end
      gusset 147 are useful in positioning the fitting in such location ready
      for engagement. For example, if the fitting is reasonably close to the
      desired position, it is possible to lower the arm 50 until top plate 139
      engages the top 142 of the container. Then the arm 50 is moved forwardly
      until gusset 147 engages the rear surface of the container. This means
      that portion 137 is directly outside opening 149 and at a low enough
      position that it will enter the opening. Then arm 50 is moved so that
      portion 137 enters opening 149, after which arm 50 is raised to move the
      fitting to the position shown, where the container is prevented from
      becoming detached from the fitting 129 by portion 137 being at a higher
      elevation than the lower edge of portion 151 of the container.
PAR  When the fittings 129 are being used, it is necessary to pivot the lift
      shoes 52 at the bottom of the arms 50 out of the way so that they will not
      damage the side of the container, and this is accomplished in a manner
      indicated in FIG. 5A in which the shoe 52 is pivoted about axis 161 after
      withdrawing a pin 163 which normally holds the shoe 52 in a horizontal
      operating position to allow the shoe to pivot to the position shown in
      FIG. 5A, after which pin 163 is reinserted in opening 165 to hold shoe 52
      in the retracted position.
PAR  FIG. 7, which is partially in section, also shows an adjustable extension
      for the end of hanger arm 50 which is desirable in some instances. This
      comprises an outer extension member 113 which surrounds the arm 50 and is
      secured to it by means of a pin 115 extending through suitable openings in
      both member 113 and arm 50 to locate the lift shoe 52, which in this case
      is secured at the bottom of extension member 113. By providing one or more
      additional openings, as at 127, through the arm 50, for pin 115, it is
      possible to adjust member 113 and the lift shoe 52 at the bottom thereof
      to accommodate loads of varying height.
PAR  The modified form of the invention illustrated in FIGS. 9, 10 and 11 is
      similar in some respects to the load engaging and supporting unit
      illustrated in detail in FIGS. 7 and 8. In the modified form, a pin 202 is
      slidably disposed in a sleeve 204 rigidly secured in arm 50 and having a
      center bore 206 extending the full length thereof. Pin 202 extends through
      bore 206 and is held in place by a cross pin 208 extending through holes
      in sleeve 204 and pin 202. The pin 202 is prevented from becoming
      displaced from the sleeve by a crossbar 210 welded to the head of bolt 212
      which is threadedly received in a bore in the end of the pin 202. The load
      engaging end of pin 202 is provided with a finger 214 which is secured
      rigidly to the end of the pin and functions in the same manner as finger
      137 in the embodiment shown in FIG. 8. The forward end of the pin is
      preferably tapered at 216 in order to facilitate insertion of the pin in
      the opening of the fixture on the cargo container.
PAR  The pin 202 of the modified form of the fitting shown in FIGS. 9, 10 and 11
      is retractable in order to prevent it from interfering with the operation
      of the arm when the shoe shown in FIG. 5A is used to lift a load in place
      of the fitting. In order to retract pin 202, cross pin 208 is removed from
      pin 202 and sleeve 204, after which pin 202 is pushed to the left, as
      viewed in FIG. 10, until hole 218 is in alignment with the hole in sleeve
      204 and the extreme outside of finger 214 is flush with sleeve 204 as
      shown in FIG. 9. Pin 208 is then inserted into the hole in sleeve 204 and
      hole 218, thus holding pin 202 in its retracted position. In order to
      assure that pin 208 is available when required and is not accidentally
      lost or dropped when an adjustment is being made, a chain indicated by
      numeral 220 and a clip 222 are preferably attached to the pin and to a
      member on arm 50. Other suitable retaining means may be used instead, if
      desired. Cross pin 208 may have a C-ring mounted on the free end, as
      indicated at numeral 224, to retain the pin in the holes in sleeve 204 and
      pin 202 after the latter pin has been placed in either its extended or
      retracted position. This is an alternative to the conventional detent of
      cross pin 208 by two trapped steel balls with a small coil spring in
      between.
PAR  While only two embodiments of the present load engaging and supporting
      mechanism have been described in detail herein, various changes and
      modifications may be made without departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fitting adapted for handling cargo containers with fixtures in the
      upper side corners with openings therein, and being mountable on laterally
      adjustable arms extending downwardly along opposite sides of the
      container: said fitting comprising a container engaging member for
      projecting into one of the openings in the container and being in a
      normally fixed position with respect to the arm, and a guide means spaced
      laterally from said member and including top and side plates disposed
      above and at the side of said member for engaging the top and end of the
      container for assisting in positioning said member in said one opening
      upon inward movement of the arm and member, and having an upwardly
      extending finger disposed at the free end of said member in spaced
      relation to said top plate for releasably retaining said member in the
      opening of the respective fixture.
NUM  2.
PAR  2. A fitting structure as defined in claim 1 in which a vertically
      positioned abutment plate is disposed in close proximity to said member
      adjacent the respective arm, and said top and side plates are secured to
      said abutment plate.
NUM  3.
PAR  3. A fitting structure as defined in claim 2 in which said member includes
      a shaft for seating in an opening in a laterally adjustable arm and
      extending therethrough.
NUM  4.
PAR  4. A fitting structure as defined in claim 1 in which said member includes
      a shaft for seating in an opening in a laterally adjustable arm and
      extending therethrough.
NUM  5.
PAR  5. A fitting structure as defined in claim 1 in which said member includes
      an extensible and retractable shaft for extending into operating position
      in the opening in the respective fixture and for retracting into
      inoperable position.
NUM  6.
PAR  6. A fitting structure as defined in claim 5 in which a means is included
      for retaining said shaft in either of said positions.
NUM  7.
PAR  7. A fitting structure as defined in claim 5 in which said shaft has a
      tapered, fixture engaging end to assist in inserting said shaft in the
      opening of the fixture.
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ABST
PAL  A load-retaining apparatus including a pallet floor having an upstanding
      cage mounted thereon for receipt within of a load carried on such pallet
      floor. A horizontally projecting retainer is provided for resting on such
      load to hold it captive and is carried from such cage by means of
      pivotable lifting arms coupled with a hoisting device in such a manner
      that hoisting of the cage causes such arms to rotate and automatically
      lower the retainer onto such load. When the pallet subsequently comes to
      rest on the ground and tension is taken off this hoisting device, the arms
      are biased to their retracted positions to raise the retainer off such
      load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a device for holding loosely stacked cargo
      on a pallet floor while such pallet is maneuvered about, as for instance
      while it is transferred from a dock to the hold of a cargo ship.
PAR  2. Description of the Prior Art
PAR  In my issued U.S. Pat., No. 3,603,635, I note that many prior art load
      holding devices are relatively cumbersome and do not provide for automatic
      release of the load upon lowering of the pallet to ground level. The
      device disclosed in that patent itself incorporates a cage carried on a
      pallet and having a horizontally projecting load holder carried from such
      cage by means of retraction posts which engage the ground upon lowering of
      such cage to raise the holder off the load.
PAC  SUMMARY OF THE INVENTION
PAR  The load-retaining apparatus of the present invention incorporates lifting
      arms pivotally mounted from the upper portion of a cage mounted on a
      load-receiving pallet. Suspended from the free ends of such arms is a load
      retainer and the arms themselves are biased to their retracted position
      holding such retainer elevated above the load itself. A hoisting device is
      connected with the arms and is operable upon hoisting thereof to rotate
      such arms and lower the retainer onto such load to retain the load
      securely on the pallet while such pallet is maneuvered about.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a load-retaining apparatus incorporating
      the present invention and depicting the retainer thereof retracted;
PAR  FIG. 2 is a perspective view of the load-retaining apparatus shown in FIG.
      1, but showing the retainer in a retaining position;
PAR  FIG. 3 is a sectional view, in enlarged scale, taken along the line 3--3 of
      FIG. 1; and
PAR  FIG. 4 is a sectional view, in enlarged scale, taken along the line 4--4 of
      FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 3, the load-retaining apparatus of the present
      invention includes, generally, a four-cornered cage 21 mounted on a
      rectangular pallet floor 23 and having a rectangular horizontally disposed
      retainer 25 suspended therefrom. Referring to FIG. 3, the retainer 25 is
      suspended in vertically shiftable relationship from such cage 21 by means
      of pivotally mounted bell crank shaped lifting arms 27. The lifting arms
      27 are connected with a hoisting device 33 which is operative upon
      hoisting upwardly thereof to actuate the retainer 25 by rotating the
      lifting arms 27 from their retracted positions shown in FIG. 3 to the
      retaining position shown in FIG. 4 to thereby lower such retainer onto the
      top of a load, generally designated 35, carried on the pallet floor 23 to
      retain such load securely on the pallet while such pallet is moved about.
PAR  The pallet floor 23 is in the form of a flat bottom wall and may have
      forklift pallets 37 and 39 positioned directly thereon. It is common
      practice to store citrus fruit and the like in a plurality of individual
      boxes 41 which may be conveniently stored on the pallets 37 and 39 for
      ready movement thereof.
PAR  The cage 21 is in the form of four upstanding posts 43 mounted at the four
      corners of the pallet floor 23 and having criss-cross beams, generally
      designated 45, projecting diagonally between the tops of the respective
      posts at the opposite corners of such pallet to form the top of the cage
      21. The beams 45 are formed from side-by-side strips 47 and 49 which are
      spaced apart to form therebetween longitudinal passages 51. The beams 45
      themselves are carried from the tops of the posts 43 by means of mounting
      brackets, generally designated 53, and formed by side-by-side plates 55
      (FIG. 4) which are likewise spaced apart for receipt therebetween of the
      respective lifting arms 27.
PAR  The lifting arms 27 are generally T-shaped with the tops of the T's forming
      respective first legs 57 mounted at their lower extremities from the
      respective brackets, or plates, 55 by means of respective pivot pins 59
      (FIG. 3). The upper ends of the respective first legs 57 are connected
      with the hoisting device 33 (FIG. 2) by means of respective cables 61.
      Still referring to FIGS. 3 and 4, the second legs 63 of the respective
      lifting arms 27 form free extremities which are connected with the
      respective corners of the retainer 25 by means of respective short lengths
      of chain 67. The upper intermediate portion of the respective first legs
      57 are connected with the plungers 69 of respective retraction cylinders,
      generally designated 71, which incorporate compression springs (not shown)
      and are connected on their housing ends with the respective central
      portion of the respective beams 45.
PAR  Referring to FIGS. 1 and 2, the retainer 25 is somewhat in the form of a
      trampoline and is formed with a rectangular frame 75 having suspended
      therefrom by means of peripheral loops 77 a netting 79.
PAR  Still referring to FIGS. 1 and 2, the hoisting device 33 includes a central
      fitting 81 to which the cables 61 are connected. The top side of the
      fitting 81 is formed with an upwardly opening clevis 83 having an L-shaped
      hoisting bracket 85 pivotally mounted thereon. The hoisting bracket 85 has
      a hoisting cable 87 attached to one extremity thereof and a guide cable 89
      attached to the opposite extremity thereof.
PAR  In operation, it is common practice for a cargo ship to carry hoisting
      booms from their decks and to feed hoisting dable 87 from such booms for
      coupling with cargo to be hoisted on board the ship. Thus, the retaining
      apparatus itself will normally be positioned on the dock adjacent the ship
      to be loaded and forklift trucks will bring the ladened forklift pallets
      37 and 39 onto the dock and position such pallets on the pallet floor 23.
      It will be appreciated that during loading of the pallet floor 23 the
      hoisting device 33 is in its lowered position shown in FIG. 1 thus
      releasing tension in the cables 61 to enable the respective cylinders 71
      (FIG. 3) to urge the upper ends of the lifting arm legs 57 to the left to
      rotate such lifting arms counterclockwise, thus maintaining the retainer
      25 raised to its elevated position shown in FIG. 3, thereby providing room
      thereunder for positioning the ladened forklift pallets 37 and 39 on the
      pallet floor 23.
PAR  However, once the retaining apparatus has been loaded, the ship's hoist
      will be actuated to apply tension to the hoisting cable 87 thus raising
      the central fitting 81 to the position shown in FIG. 2 and applying
      tension to the cables 61. Tightening of the cables 61 will draw the upper
      extremities of the vertically projecting lifting arm legs 57 inwardly to
      rotate such lifting arms about their respective pivot pins 59 against the
      bias of the respective cylinders 71 to thus lower the free extremities of
      the second legs 63 thereby bringing the retainer 25 to rest on the boxes
      41. With the full weight of the retainer 25 applied to the top of the
      composite load of boxes 41, the frame 75 will be lowered below the level
      of the top of such boxes thus drawing the net 79 downwardly over the edges
      thereof and urging such boxes inwardly toward one another to be maintained
      in their retained condition. Continued hoisting on the hoisting cable 87
      will then lift the retaining apparatus off the dock to swing it over the
      deck and lower it into the ship's hold. Once the retaining apparatus comes
      to rest within the ship's hold and tension is released on the hoisting
      device 33, the respective lifting arms 27 will be rotated counterclockwise
      as viewed in FIG. 4 to thus raise the free ends of the legs 63 to the
      position shown in FIG. 3 thereby lifting the retainer 25 off the boxes 41
      to thus free such boxes for removal from thereunder. The forklift pallets
      37 and 39 may then be removed from the pallet floor 23 and the empty
      load-retaining apparatus removed from the hold and returned to the dock
      for a new load of cargo.
PAR  From the foregoing it will be apparent that the load-retaining apparatus of
      the present invention provides a convenient and effective means for
      retaining a load in position on a pallet floor while such pallet is moved
      about.
PAR  Obviously, many modifications and variations of the present invention may
      be made with regard to the foregoing detailed description without
      departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Load-retaining apparatus comprising:
PA1  a pallet floor for receiving a predetermined load;
PA1  a cage mounted on said pallet floor;
PA1  a horizontally projecting vertically shiftable retainer for resting on the
      top of said load to hold it captive on said pallet floor;
PA1  lifting arms pivotally mounted on their respective one extremities from
      said cage and formed on their opposite extremities with respective free
      ends;
PA1  connectors connecting said free ends with said retainer;
PA1  retraction means normally retracting said lifting arms to their retracted
      positions with said free ends thereof holding said retainer elevated from
      said load;
PA1  a hoist device liftable to lift said pallet floor; and
PA1  actuating means connected between said hoist device and lifting arms and
      operable upon hoisting of said hoist device to overcome said retraction
      means to rotate said lifting arms to lower said free ends to lower said
      retainer onto said load.
NUM  2.
PAR  2. Load-retaining apparatus as set forth in claim 1 wherein:
PA1  said lifting arms are formed with respective first legs projecting
      vertically upwardly from the points of pivotal connection thereof with
      said cage when in said retracted positions, and second legs projecting
      horizontally inwardly within said cage from said respective first legs to
      define the respective free ends; and
PA1  said hoisting device includes actuating cables connected with the upper
      portions of said respective first legs and operative upon hoisting thereof
      to draw inwardly on the upper extremities of said first legs.
NUM  3.
PAR  3. Load-retaining apparatus as set forth in claim 2 wherein:
PA1  said connectors include respective chains connected between said free ends
      and said retainer.
NUM  4.
PAR  4. Load-retaining apparatus as set forth in claim 2 wherein:
PA1  said retraction means includes respective cylinders biasing said lifting
      arms about their respective pivotal mounting points to urge said arms to
      their respective retracted positions.
NUM  5.
PAR  5. Load-retaining apparatus as set forth in claim 1 wherein:
PA1  said connectors include respective chains connected between said free ends
      and said retainer.
NUM  6.
PAR  6. Load-retaining apparatus as set forth in claim 1 wherein:
PA1  said retraction means includes respective cylinders biasing said lifting
      arms about their respective pivotal mounting points to urge said arms to
      their respective retracted positions.
NUM  7.
PAR  7. Load-retaining apparatus as set forth in claim 1 wherein:
PA1  said hoisting device includes a central fitting for connection to a
      hoisting line; and
PA1  a plurality of cables connected on their respective one extremities with
      said central fitting and on their respective opposite extremities with
      said lifting arms and operable upon hoisting of said central fitting by
      said hoisting line to rotate said lifting arms to lower said free ends and
      engage said retainer with said load.
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ABST
PAL  There is provided a loader which is well suited for lifting heavy weight
      blocks and which is thus particularly advantageously usable in the
      assembling of blocks for building a ship. The loader body includes at
      least one beam arranged in a horizontal plane, and a plurality of separate
      pulley means are directly or indirectly mounted on the loader body in such
      a manner that these pulley means are arranged fixedly or movable to adjust
      the distance therebetween, whereby even when the center of gravity of a
      block is not in alignment with the center of the loader, the block can be
      lifted easily.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  The present invention relates to a loader of the type which is used with a
      crane for lifting and moving heavy weights, and more particularly the
      present invention relates to a loader which is well suited for lifting
      blocks in ship construction.
PAR  Presently, those blocks assembled in a factory for building ships show a
      tendency to become heavier and heavier and their weights are now over
      several hundreds tons. To lift such a heavy block by means of a crane, a
      large number of eye-pieces are welded first to the block, and the other
      ends of a large number of wire ropes linked at one ends to these
      eye-pieces are hung on a hook or hooks of the crane to lift the block. In
      this lifting operation, it is essential to make the necessary adjustments
      of the wires so that when the block is lifted the load on each of the
      wires is the same. In the past, however, such a lifting operation was a
      very difficult operation and was also attended with danger.
PAR  Generally, when lifting blocks by a crane in a shipyard, it has been the
      practice to attach an eye-piece to each of practically the four corners of
      blocks of many different shapes and the respective wire ropes fastened to
      these eye-pieces are brought together at a point on the crane to lift the
      blocks.
PAR  In case of a four-point hanging method in which a block is lifted by means
      of four wires fastened to the eye-pieces welded to the four corners of the
      block, at least one fourth of the weight of the block must be supported by
      the hanger, such as, a shackle attached to the end of each of the wire
      ropes fastened to the respective eye-pieces, and one fourth of the weight
      of the block is supported by each wire rope. Consequently, the hanger for
      supporting one fourth of the weight of a block which is generally a heavy
      weight material must be made bulky and strong, and the diameter of the
      wire ropes must be correspondingly large. In addition, it is essential
      that the eye-pieces are positively attached to a block at the correct
      positions so that the weight of the block is evenly distributed to the
      eye-pieces and that the block is made strong enough or reinforced so that
      the block is not distorted or deformed when it is lifted by means of the
      eye-pieces.
PAR  As a matter of fact, eye-pieces are welded to a block when it is to be
      lifted and moved from a factory to a dock or when it is to be lifted for
      assembling work in a dock, and the eye-pieces are removed after the
      completion of the operation. The material used for the eye-pieces and the
      labor required for their welding can be considerably reduced by using
      clamps in place of the eye-pieces. However, for lifting a heavy weight
      block, e.g., a block which is so heavy that the load acting at each
      hanging point is greater than 50 tons, a large clamp must be used at each
      hanging point whose weight is so large that it is difficult to manually
      operate it. Therefore, to lift heavy blocks which have recently been
      tending to become heavier and heavier, it is preferable that the number of
      hanging points is increased to reduce the bearing weight at each hanging
      point and at the same time measures are taken to eliminate the use of
      eye-pieces and permit the use of clamps.
PAR  In the actual lifting operation of blocks, however, it is not an easy
      matter to compute the center of gravity of a block and select the position
      of the clamps so that the weight of the block is equally distributed to a
      large number of hanging points.
PAR  In case of a four-point hanging of a block, the block is lifted slightly as
      a preliminary operation by means of the wire ropes fastened to the
      computed hanging points, and the actual lifting of the block is effected
      only after the skilled operator has confirmed through the preliminary
      lifting that the load acting on each of the hanging points is the same.
      The problem is more complicated in the case of mutiple-point lifting of
      blocks employing more than four hanging points, and there is no insurance
      that the load of a block can be uniformly distributed to such a large
      number of hanging points. Therefore, in the presently known arrangements
      for such multiple-point hanging, a number of balances are arranged in a
      pyramidal form (a treelike form) in which a pair of balances is suspended
      from the preceding balance at the ends thereof and in this way the load at
      each of the multiple hanging points is balanced, or alternately the
      balances in the tree are replaced with pulleys to balance the load at each
      of the multiple hanging points.
PAR  A disadvantage of these known loaders of the tree configuration is that the
      loader tends to become long in length and bulky, difficult to operate and
      more troublesome for maintenance.
PAR  The inventors have developed a block loader in which the welding of
      eye-pieces to a block is eliminated to reduce the labor required for
      lifting the block and in which a single wire is passed alternately over a
      large number of movable pulleys arranged in the same plane and a large
      number of stationary pulleys mounted on the loader proper to accurately
      distribute the same load to each of the hanging points. In this loader,
      the movable pulleys are arranged in a row or rows with each row including
      an odd number of the movable pulleys, and all the movable pulleys are
      interconnected by a single wire rope passed thereover so that the loader
      is available for operations ranging from a single-point hanging to a
      multiple-point hanging equal to the number of the movable pulleys used. In
      this way, the number of hanging points can be suitably selected in
      accordance with the shape of a block and at the same time the load can be
      equally distributed to each of the hanging points without any particular
      consideration. Thus, this block loader made a great contribution toward
      solving the operating difficulties encountered in the conventional
      apparatus.
PAR  This block loader is also disadvantageous in that if, for example, more
      than 30 movable pulleys are used, the frictional resistance between the
      wire rope and the pulleys is accumulated locally and hence an excessive
      load acts on a small number of the pulleys.
PAR  On the other hand, in a shipyard the individual blocks are usually
      assembled on a building berth having a certain berth declivity, and
      therefore it is essential that the block lifted from its horizontal
      position is brought into an inclined position corresponding to the berth
      declivity and it is then lowered onto the building berth in this inclined
      condition. However, with the block loader of the above-described type, the
      pulleys operate in such a manner that the uniform load always acts on each
      pulley and thus it is impossible to bring the block into such an inclined
      position. Further, due to the similar principles, if the center of gravity
      of the block is not in alignment with the center of the block loader, it
      is impossible to lift the block into a horizontal position and it is also
      impossible to adjust the inclination of the block while it is lowered onto
      the building berth. These deficiencies necessarily mean that the block
      loader requires the use of necessary auxiliary lifting devices.
PAC  SUMMARY OF THE INVENTION
PAR  With a view to overcoming the foregoing difficulty of the block loader of
      the type which was developed by the inventors and in which the load is
      equally distributed to all of the hanging points, it is an object of the
      present invention to provide an improved block loader in which a large
      number of movable pulleys are arranged into a plurality of groups, whereby
      the load on each of the movable pulleys in each group is made the same.
PAR  It is another object of the present invention to provide a block loader in
      which the position of movable pulleys is adjustable in accordance with the
      shape of a block to be lifted, so that multiple-point hanging of blocks is
      made possible irrespective of the shape of the blocks.
PAR  In accordance with the present invention, there is thus provided a block
      loader comprising a plurality of stationary pulleys directly rotatably
      mounted on a beam, a wire rope fastening pin at each end of the beam and
      at each of selected positions therebetween, and a plurality of wire ropes.
      Between each pair of the wire rope fastening pins which are arranged with
      space therebetween, the wire rope is passed over the plurality of the
      stationary pulleys located between the pins in such a manner that a loop
      of the depending wire rope is formed between the pin and the stationary
      pulley and between the stationary pulleys. Further comprised is a movable
      pulley arranged at each loop portion so that the movable pulleys are
      raised and lowered in accordance with the increase and decrease in the
      length of the loop portions. In this way, a group of the movable pulleys
      engaging with the single wire rope is directly arranged on the beam so
      that the load is equally distributed to the movable pulleys in the group.
      A second group of the similar movable pulleys is provided on the same beam
      or another beam connected with the first beam in the same horizontal
      plane, and in this way the loader body comprising one or plurality of the
      beams is provided with the movable pulleys formed into groups, i.e., a
      plurality of separate pulley means.
PAR  It will thus be seen that the body portion of the block loader according to
      the invention may be comprised of a single beam or it may be comprised of
      two or more beams which are arranged in juxtaposition or in a frame form.
      When the body portion of the block loader is comprised of a plurality of
      beams, each beam may be provided with a single group of movable pulleys or
      two or more groups of movable pulleys.
PAR  According to another form of the invention, at least one groups of movable
      pulleys is directly provided on each of two or more beams arranged in
      juxtaposition, and the beams are interconnected by extendible means which
      may be telescopic or pantagraphic mechanism.
PAR  According to still another form of the present invention, instead of
      providing a group or groups of movable pulleys on a beam, a carrier
      movable along the beam is provided with at least one group of movable
      pulleys, and a plurality of such carriers are provided on the same beam or
      alternately at least one such carrier is provided on each of a plurality
      of beams.
PAR  In the operation of the block loader of this invention, all of the movable
      pulleys need not be used as hanging points and the movable pulleys may be
      suitably selectively used in accordance with the state of balance between
      the block loader and a block to be lifted. In this case, the movable
      pulleys which are not used as hanging points may be pulled upward or
      toward the beam by the tension of the wire rope pulled by the movable
      pulleys used as hanging points, so that the stopper of each movable pulley
      comes into contact with the seating plate or engaging plate provided on
      the lower surface of the beam or the lower surface of the carrier and thus
      the movable pulley is held as if it were secured to the beam or carrier,
      thus allowing only the wheels of these movable pulleys to rotate and
      causing the movable pulleys to function in the same manner as the
      stationary pulleys.
PAR  In summary, in accordance with the present invention, a block loader is
      provided comprising a loader body consisting of one or plurality of beams
      arranged in a horizontal plane, and at least one pulley means or at least
      one group of movable pulleys directly or indirectly provided on the beam,
      whereby the weight of a block to be lifted is equally distributed to the
      plurality of movable pulleys in one or plurality of groups which are
      arranged in a horizontal plane.
PAR  The foregoing and other objects, features and advantages of the present
      invention will be apparent from the following more particular description
      of the preferred embodiments as illustrated in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1a, 1b and 1c are schematic diagrams which are useful in explaining
      the advantages of a block loader according to the present invention over
      prior art devices.
PAR  FIG. 2a is a perspective view of a first embodiment of a single-beam type
      block loader according to the invention, in which movable pulleys are
      formed into two groups.
PAR  FIG. 2b is a partial perspective view of the embodiment of FIG. 1 showing a
      seating plate or engaging plates provided on the lower surface of a beam
      to come into contact with the stopper mounted on a movable pulley when the
      latter is raised by the tension of a wire rope.
PAR  FIG. 3 is a perspective view of a second embodiment of a double-beam type
      block loader, in which movable pulleys are formed into four groups.
PAR  FIGS. 3, a, 4b, 4c, 4d and 4e show a modified form of the double-beam type
      block loader of FIG. , with FIG. 4a showing its plan view, FIG. 4b showing
      its front view, FIG. 4c showing its side view, FIG. 4d showing means for
      connecting the pair of beams in the block loader to be movable
      breadthwise, and FIG. 4e showing the pair of beams which are near together
      with the minimum space therebetween.
PAR  FIGS. 5a, 5b, 5c, 5d and 5e are diagrams which are similar respectively to
      FIGS. 4a through 4e, showing another modification of the double-beam type
      block loader of FIG. 3.
PAR  FIGS. 6a, 6b, 6c, 6d and 6e show still another modification of the
      double-beam type block loder of FIG. 3, with FIG. 6a showing its plan
      view, FIG. 6b showing its front view, FIG. 6c showing a side view of FIG.
      6a taken along the arrow c--c, FIG. 6d showing a side view of FIG. 6a
      taken along the arrow d--d, and FIG. 6e showing the connecting means of
      FIG. 6d in its contracted position.
PAR  FIGS. 7a, 7b, 7c and 7d show a modified form of the single-beam type block
      loader of FIG. 2a, with FIG. 7a showing its front view, FIG. 7b showing a
      sectional view taken along the line b--b of FIG. 7a, FIG. 7c showing a
      sectional view taken along the line c--c of FIG. 7a and FIG. 7d showing an
      enlarged sectional view of the wedge for securely fastening the carrier to
      the loader body.
PAR  FIGS. 8a and 8b show another modification of the single-beam type block
      loader of FIG. 2a, with FIG. 8a showing its front view and FIG. 8b showing
      its side view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  When assembling a block A manufactured in a factory into a hull
      construction in a dock, as will be seen from FIG. 1a, it is necessary to
      incline the block A according to the berth declivity and lower it in this
      inclined position.
PAR  FIG. 1b shows the manner in which a conventional block loader is operated
      to bring the block A into such an inclined position. As mentioned earlier,
      the conventional block loader comprises a beam-type or frame-type loader
      body 1' from which a plurality of movable pulleys 2' are suspended by a
      wire rope 3'. Consequently, when the block A which is assumed to be a
      perfectly rigid body is lifted and moved into the dock, the center G of
      gravity of the block A is located in the center perpendicular line of the
      block loader. This permits the block A to be lifted into a horizontal
      position. Assuming now that the block loader is inclined to bring the
      block A suspended therefrom into an inclined position, the center G of
      gravity of the block A tends to deviate from the center perpendicular
      line. In this case, the direction of deviation of the center G of gravity
      is such that, when the portion of the block on the left side of the block
      loader in FIG. 1b is to be pulled up, the center G deviates to the left
      side of the perpendicular line. This deviation of the center G from the
      perpendicular line naturally increases the load acting on the movable
      pulleys arranged to the left of the center of the block loader and
      decreases the load acting on the movable pulleys arranged to the right of
      the center of the block loader. This difference in the loads acting on the
      movable pulleys is properly balanced by the normal function of the block
      loader. In other words, the center G of gravity of the block A is restored
      to the position in the center perpendicular line of the block loader.
      Namely, the movable pulleys 2' move along the wire rope 3' from
      equidistant positions below the block loader body 1' to new positions
      below the block loader proper 1' which are not equidistant as shown in
      FIG. 1b. In conclusion, if the friction of the loader is neglected, the
      conventional block loader cannot bring the block into the desired inclined
      position when the block loader is inclined for that purpose. Therefore, in
      order to bring the block into the desired inclined position, it is
      essential to use an auxiliary lifting device.
PAR  With a block loader according to the present invention, a lifted block can
      be inclined as desired by means of the block loader alone without
      employing any auxiliary lifting device. FIG. 1c illustrates the manner in
      which the block A is brought into an inclined position by the block loader
      of this invention. Assume now that the block A is lifted to a horizontal
      position so that the center G of gravity of the block A is located on the
      center perpendicular line of the block loader. In this case, it should of
      course be understood that a block loader body 1 was initially placed in a
      horizontal position. Thereafter, when the loader body 1 is inclined as
      shown in FIG. 1c to incline the block A, the center G of gravity of the
      block A deviates to the left in the illustration from the perpendicular
      line. However, with the block loader of this invention, movable pulleys 2
      do not move along a wire rope 3 to bring the center G of gravity back onto
      the perpendicular line of the loader body. This results from the fact that
      a group of the movable pulleys arranged to the left of the center of the
      loader body and another group of the movable pulleys arranged to the right
      of the center of the loader body are suspended therefrom by separate wire
      ropes 3. In other words, the block loader of this invention is provided,
      though relatively small in number, with a plurality of groups of movable
      pulleys and the load balancing action does not take place between the
      groups of the movable pulleys.
PAR  Preferably, if it is intended to lower the block A in its inclined position
      in the manner described above, preferably the block A should be lifted
      into a horizontal position so that the center G of gravity of the block A
      in FIG. 1c is positioned to the right of the perpendicular line of the
      loader body and then the center G is moved to the left of the
      perpendicular line as the block A is lowered. This permits the use of a
      smaller block loader to provide the same desired operation.
PAR  The above-described novel feature of the present invention also has the
      effect of considerably improving the operating efficiency of the block
      loader in the simple operation of lifting and lowering blocks. In the case
      of the conventional block loader shown in FIG. 1b, it is impossible to
      lift a block into a horizontal position unless the center of gravity of
      the block is accurately located in the center perpendicular line of the
      loader. On the contrary, with the block loader according to the present
      invention, it is possible to lift a block horizontally without accurately
      locating the center of gravity of the block in the center perpendicular
      line of the loader. This novel feature is particularly useful for lifting
      blocks which are unsymmetrical in both longitudinal and transverse
      directions permitting the use of only a limited number of hanging points.
      The block loader of this invention is also useful in lifting blocks which
      are not perfectly rigid bodies and which are thus subject to deflection.
      The feature that the movable pulleys are formed into a plurality of groups
      is also significant since it permits novel arrangements of the block
      loader in which, as will be described later, the distance between the two
      beams constituting a loader proper is made adjustable or alternately the
      distance between the respective groups of movable pulleys is adjustable
      through the use of carriers.
PAR  Referring now to FIG. 2a showing a specific embodiment of the invention,
      reference numeral 1 designates generally a loader body or beam of a block
      loader according to the invention, which comprises a pair of channel
      members 11. Disposed between the pair of channel members 11 are a
      plurality of stationary pulleys 4 which are arranged in a line at regular
      intervals and each of the stationary pulleys 4 is rotatably mounted on the
      beam loader body 1 by axle 12. The channel members 11 are connected
      together by a plurality of seating plates 8 which are welded across the
      lower flanges of the channel members 11 and a plurality of seating plates
      9 which are welded across the upper flanges of the channel members 11. The
      beam loader body 1 is provided at each end thereof with a pair of eye
      plates 10 welded to the web portions of the channel members 11, and
      disposed to extend through each pair of the eye plates 10 is a hanger pin
      13 on which is wound a wire rope for connecting the block loader to the
      hook of a crane. In the illustrated embodiment, six stationary pulleys 4
      are provided, and a total of four fastening pins 5 are provided on the
      loader body 1, i.e., one at each end thereof and the other two are
      arranged on the central portion thereof. One wire rope 3 is fastened at
      one end thereof to the wire rope fastening pin 5 at one end of the loader
      body 1 and it is then passed successively over the stationary pulley 4
      closest to this pin 5, over the stationary pulley 4 adjacent to the first
      one and so on, thus forming loops 14 of the depending wire rope 3 between
      the stationary pulleys 4. A movable pulley 2 is suspended on each loop
      portion and then the other end of the one wire rope 3 is fastened to one
      of the fastening pins 5 at the central portion of the loader body 1.
      Another wire rope 3 is similarly passed over stationary pulleys 4 between
      the fastening pin 5 at the other end of the loader body 1 and the other of
      the centrally located pins 5, so that one movable pulley 2 is similarly
      suspended on each of the similarly formed loops of the other wire rope 3.
      In this way, two groups of the movable pulleys are formed on the beam. The
      wire rope fastening pins 5 may be replaced with means for suitably taking
      up and locking the wire ropes 3 on the loader body 1 or by other means for
      locking the single wire rope 3 which is commonly used by the two groups of
      the movable pulleys. As customary, a hanger ring 15 is rotatably mounted
      below each movable pulley 2.
PAR  The single-beam type block loader shown in FIG. 2a is provided with eight
      movable pulleys 2 and it is capable of providing 2-point hanging, 4-point
      hanging, 6 -point hanging and 8-point hanging. In operating the block
      loader, a wire rope is wound around the shafts of the hanger pins 13 and
      the wire rope is hung on the hook of a crane, for example. For lifting a
      block with four hanging points, two of the movable pulleys in each group
      are suitably selected and a clamp (not shown) provided at the end of a
      wire rope fastened to the hanger ring 15 at the end of each movable pulley
      is attached to each of the hanging points on the block. When the hook of
      the crane is pulled up in this condition, the movable pulleys which are
      not in operation are pulled upward or toward the loader body 1 by the
      tension of the wire ropes 3 caused by the pulling down of the loops by the
      movable pulleys in operation. Each of the movable pulleys is provided with
      an abutment 6 mounted on the upper portion thereof so that, when the
      movable pulley is pulled up as described above, abutment 6 comes into
      contact with the seating plate 8 welded across the lower flanges of the
      beam 1a and securely holds the movable pulley against the loader body 1.
      In this manner, the movable pulleys which are not used for lifting
      purposes are still in engagement with the wire rope 3 and are thus rotated
      to function in the same manner as the stationary pulleys 4 mounted on the
      body portion 1. This securing of the movably pulley against the body
      portion 1 may also be effected by extending the shaft of the movable
      pulley, as shown at 7 in FIG. 2a, and by providing a pair of guide plates
      17 on the lower flanges of the channel members 11 to define a space into
      which the engaging shaft portion of the movable pulley is guided and held
      stationary. FIG. 2b illustrates the manner in which the seating plate 8
      and the guide plates 17 may be respectively mounted on the lower flanges
      of the channel members 11. The seating plate 8 engages with the movable
      pulley of the type shown at (A) in FIG. 2a, while the guide plates 17
      engage with the movable pulley of the type shown at (B) in FIG. 2a. In the
      subsequent figures showing further embodiments, like reference numerals
      designate like parts functioning in a like manner.
PAR  FIG. 3 illustrates a second embodiment of a double-beam type block loader
      comprising a frame-type loader body 1a composed of two units of the
      beam-type loader body shown in FIG. 2a and which are interconnected in
      juxtaposition. The beams are connected together by means of a channel
      member 33 welded to each end of the beams, an I-shaped member 33' welded
      to the central portions of the beams and corner plates 34 welded to the
      corners of the frame. Thus, in the second embodiment, a total of four
      groups of movable pulleys, i.e., two groups for each beam, are arranged in
      the same horizontal plane. With the four groups of the movable pulleys
      arranged in the same horizontal plane as shown in FIG. 3, the block loader
      of the second embodiment is well suited for lifting horizontally with
      greater operating stability those blocks which are unsymmetrical both in
      longitudinal and crosswise directions.
PAR  FIGS. 4 through 6 illustrate modified forms of the double-beam type block
      loader shown in FIG. 3, which differ from the latter in that telescopic or
      extendible connecting means are used for interconnecting the beams in
      place of the connecting members of fixed length.
PAR  In the modification shown in FIGS. 4a through 4e, two beams 1a are
      interconnected by means of internally threaded cylinders 36 and male
      screws 35 which are fitted in the cylinders 36 so that the distance
      between the beams 1a may be adjusted as desired. A connecting member 37
      provided at each end of the frame-type loader body is a telescopic type
      reinforcement and guide member.
PAR  The distance between the two beams is determined in accordance with the
      position of hanging points on a block to be lifted, and the selection of
      the movable pulleys to be used is effected for each group.
PAR  To adjust the distance between the beams, one of the beams 1a is provided
      with a chain block to turn the male screws 35. As will be seen from FIG.
      4b, an operating chain 38 is wound around a sprocket 39 so that the
      sprocket 39 is driven in a clockwise or counterclockwise direction as the
      operating chain 38 is pulled. When the sprocket 39 is driven
      counterclockwise, each of the male screws 35 is turned counterclockwise by
      a chain 41 and sprocket 42 mounted on the shaft of each male screw 35 and
      in this way the width of the frame loader body is reduced.
PAR  A wire rope is fastened to the hanger ring 15 at the end of each of the
      movable pulleys 2 selected for block lifting purposes in each group, and a
      clamp provided at the other end of each wire rope is fastened to the
      block.
PAR  FIG. 4c is a left side view of FIG. 4a, showing the construction of the
      connecting means provided at each end of the loader body. FIGS. 4d and 4e
      show the construction of the connecting means provided at the central
      portion of the loader body. When the connecting means is contracted, as
      shown in FIG. 4e, so that the beams are pulled closer to each other, the
      corresponding movable pulleys on the two beams 1a may be combined together
      to use the block loader in the similar manner as the single-beam type
      block loader.
PAR  It will thus be seen that in the embodiment shown in FIGS. 4a-4e, each beam
      is provided with two groups of the movable pulleys and therefore the block
      loader according to this embodiment is capable of readily determining the
      necessary hanging points on any blocks which are unsymmetrical both in
      longitudinal and crosswise directions. Any unbalanced distribution of the
      load among the respective groups can be adjusted by the fact that the load
      acting on each group is distributed and born by the plurality of the
      movable pulleys 2 in each group. In this way, the block loader of this
      embodiment can lift blocks horizontally with a higher degree of safety as
      compared with the conventional multiple-point hanging with separate
      movable pulleys.
PAR  In the embodiment shown in FIGS. 5a through 5e, the respective beams
      constituting a frame loader body are interconnected with four connecting
      means, that is, the beams are extendibly interconnected by square
      cylinders 43 and 45 and plate members 44 and 46 which are telescopically
      fitted into one another. Of these connecting means, the centrally located
      two connecting means are perpendicular to the other two connecting means
      at the ends of the frame loader body, as shown in FIG. 5b. In this manner,
      the frame loader body is held against deformation of the frame as a whole.
      The adjusted distance between the beams 1a is locked by means of pins 47.
PAR  In the embodiment shown in FIGS. 6a to 6e, similarly as the previously
      described embodiments, the two beams 1a are interconnected by means of
      four pantagraph-type connecting means. With link plates 48, 49 and 50, 51
      pivoted at the ends thereof to the beams 1a, the beams 1a may be held at a
      distance corresponding to any one of three different settings. Similarly
      as the connecting means used in the embodiment of FIGS. 5a-5e, the central
      connecting means are secured to the lower portions of the beams 1a and the
      connecting means at the ends of the frame loader body are secured to the
      upper portions of the beam 1a, thereby preventing distortion of the frame.
PAR  Referring now to FIGS. 7a through 7d, there is illustrated a modified form
      of the single-beam type block loader. As will be seen from FIG. 7a, the
      body of the block loader comprises a single beam 11 and two carriers
      movable along the beam 11. The beam 11 is comprised of an I-shaped member,
      as shown in FIG. 7b, and each of the carriers is comprised of a pair of
      opposed triangular plates 18 externally surrounding the beam 11. Each of
      the triangular plates 18 is provided with a pair of transport rollers 20,
      and a plurality of stationary pulleys 4 are arranged in a line at regular
      intervals between the respective pair of the triangular plates 18 at the
      base portions thereof. Each of the stationary pulleys 4 is rotatably
      carried on the triangular plates 18 by axle 12. The triangular plates 18
      of each carrier are interconnected by a seating plate 8 welded to extend
      across the lower edges thereof and a hanger pin 13 mounted to extend
      through the triangular plates 18 near the upper ends thereof. In the
      illustrated embodiment, the carriers are respectively provided with two
      stationary pulleys and, as in the embodiment of FIGS. 2a-2l, a single wire
      rope 3 is passed from a pin 5 at one end of the carrier over the two
      stationary pulleys to another pin 5 at the other end of the carrier, so
      that a total of three movable pulleys 2 are suspended on the loops of the
      depending wire rope 3. In this way, each of the carriers is provided with
      a group of the movable pulleys 2 by which the weight of a block to be
      lifted is equally shared.
PAR  The mounting of the carrier on beam 11 is accomplished by means of the
      members shown in FIGS. 7c and 7d, i.e., guide plates 22 and wedges 21
      which are respectively mounted between the upper flanges of the beam 11.
      In other words, as shown in FIG. 7d, the carrier is fixedly mounted on the
      beam 11 by locking with a bolt 19 each of the wedges 21 in the associated
      guide plate 22 in the position shown by the solid lines in FIG. 7d. In the
      block loader shown in FIG. 7a, the position of the movable pulley groups
      or the position of hanging points can be varied by moving the carriers in
      the longitudinal direction of the beam 11.
PAR  In the embodiment shown in FIGS. 8a an 8b, the block loader is provided
      with two self-propelled carriers on a box-shaped beam 11'. As shown in
      FIG. 8a, each carrier rotatably carries a plurality of movable pulleys 2
      at each end of the beam 11'. A wire rope 3 wound around a wire rope
      fastening pin 5 at one end of the carrier is passed over movable pulleys 2
      and the stationary pulleys 4, over guide pulleys 23 and 24 and over
      movable pulleys 2 and stationary pulleys 4 on the opposite side of the
      beam 11' and it is then fastened to another fastening pin 5 (not shown) on
      the opposite side. Each pair of the associated movable pulleys is
      connected to an equalizer 25 by means of fixing pins 26, and a sling rope
      29 for attaching at its one end a clamp (not shown) is secured to one end
      of the equalizer 25 through a hanger pin 27. Abutment 18 is provided so
      that when the unused equalizer 25 is pulled up, the abutment comes into
      contact with the lower surface of the beam 11' to securely hold the
      equalizer 25 against the beam. The carriers are respectively provided with
      a self-propelling mechanism 30 which may be a gear motor including a
      reduction gear and a torque limiter. Carrier wheels 31 are independently
      suspended by coil springs to fully support the dead load of the carrier
      and float it from the beam. In case a block is suspended from the ropes
      29, however, the lower frame of the carrier comes into close contact with
      flat rails 32 and thus the load of the block directly acts on the beam. In
      this way, when the loader body is inclined, the carriers are prevented
      from moving automatically.
PAR  While the invention has been illustrated and described by means of specific
      embodiments, it will be understood by those skilled in the art that
      various changes and modifications may be made by considerating the basic
      idea of the invention without departing from the scope and spirit of the
      invention. For instance, in the double-beam type block loader shown in
      FIG. 3, each of the connecting means may be comprised of a beam member
      including at least one group of movable pulleys, or alternately the wire
      ropes may be connected to combine the two groups of the movable pulleys on
      the separate beams on each of the both sides of FIG. 3 and in this way the
      loader body may be provided with a group of the movable pulleys on each
      side thereof. Further, the connecting means used in the embodiments of
      FIGS. 4 through 6 may be replaced with rigid bars which are extended
      through beams in similar manner as the disk of the barbell or alternately
      the beams may be mounted on connecting bars, thereby movably supporting
      the two beams on the bars. Still further, in the block loaders shown in
      FIGS. 7 and 8, each carrier may be provided with more than two groups of
      movable pulleys, or alternately more than two beams may be arranged in the
      same horizontal plane to movably mount one or more carriers on each beam.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A loader for lifting a block with multiple hanging points, comprising a
      loader body including at least one beam, and at least two movable pulley
      groups mounted on the beam, each movable pulley group including an array
      of stationary pulleys arranged along the beam, wire rope fastening means
      at each end of the array of stationary pulleys, a movable pulley between
      adjacent ones of the stationary pulleys and between the wire rope
      fastening means and the stationary pulleys adjacent thereto, respectively,
      each movable pulley having a hanger ring at one end thereof for attachment
      to a respective one of the block hanging points, and a wire rope passed
      alternately over the movable and stationary pulleys, the wire rope having
      one end thereof attached to one of the fastening means and the other end
      thereof attached to the other one of the fastening means, whereby the
      movable pulleys in each group share the load of the block equally.
NUM  2.
PAR  2. A block loader according to claim 1, wherein the loader body comprises a
      plurality of coplanar beams connected with each other.
NUM  3.
PAR  3. A block loader according to claim 2, comprising a plurality of parallel
      connecting means interconnecting the beams to form a frame.
NUM  4.
PAR  4. A block loader according to claim 3, wherein the beam connecting means
      are adapted to expand and contract to vary the frame width of the loader
      body.
NUM  5.
PAR  5. A block loader according to claim 1, further comprising an abutment
      plate member on the upper portion of each movable pulley whereby, when the
      movable pulley is not employed for block lifting, it is firmly held
      against the lower surface of the loader body to rest thereat.
NUM  6.
PAR  6. A block loader according to claim 1, further comprising an extended
      pulley shaft for each movable pulley whereby, when the movable pulley is
      not used for block lifting, it is firmly held against the lower surface of
      the loader body to rest thereat.
NUM  7.
PAR  7. A loader for lifting a block with multiple hanging points, comprising a
      beam loader body, a plurality of stationary pulleys rotatable mounted on
      the loader body directly, a wire rope fastening pin provided at each end
      of the loader body and at selected positions between the ends, a wire rope
      passed over the stationary pulleys arranged between an associated pair of
      the pins in such a manner that a loop of the wire rope is formed between
      the stationary pulleys and between each pin and stationary pulley adjacent
      thereto, and a movable pulley suspended on each of the loops of the wire
      rope and having a hanger ring at one end thereof for attachment to a
      respective one of the block hanging points, whereby at least two groups of
      the movable pulleys having the wire rope passed thereover are provided on
      the loader body.
NUM  8.
PAR  8. A loader for lifting a block with multiple hanging points, comprising a
      loader body including at least one beam and a plurality of carrier means
      movable along the beam in side-by-side arrangement, at least one group of
      movable pulleys mounted on each of the carrier means, each movable pulley
      group including a pair of wire rope fastening means on the carrier means,
      a plurality of stationary pulleys rotatably mounted on the carrier means
      along the beam between the pair of fastening means, a movable pulley
      between adjacent ones of the stationary pulleys and between the fastening
      means and the stationary pulleys adjacent thereto, respectively, each
      movable pulley having a hanger ring at one end thereof for attachment to a
      respective one of the block hanging points, and a wire rope passed
      alternately over the movable and stationary pulleys, the wire rope having
      one end thereof attached to one of the fastening means and the other end
      thereof attached to the other one of the fastening means.
NUM  9.
PAR  9. A block loader according to claim 8, wherein each of the carrier means
      is self-propelled.
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ABST
PAL  A gripping device for use in an industrial robot or manipulator including a
      pair of clamp arms mounted on a base plate of the device and connected
      with a clamp arm operating rod through a pair of links and a
      cylinder-piston assembly having a misgrip detecting mechanism. One of the
      pair of clamp arms is shorter than the other clamp arm and is provided
      with an additional cramp arm swingable with respect to the short clamp
      arm. The misgrip detecting mechanism is operated by the action of a
      pressure switch provided in a hydraulic fluid conduit connected between
      the hydraulic fluid supplying source and a pressure chamber formed within
      the cylinder-piston assembly. Thus, the gripping device can positively and
      effectively grip a workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a gripping device for use in an industrial robot
      or an industrial manipulator, more particularly to an improvement of the
      gripping device which has a pair of novel clamp arms and a novel misgrip
      detecting mechanism.
PAR  2. Description of the Prior Art
PAR  Conventional gripping devices for use in an industrial robot or an
      industrial manipulator have a pair of mere clamp arms swingably mounted on
      a base plate of the device and connected with a clamp arm opening and
      closing rod, which is extended and retracted by means of a cylinder-piston
      assembly, through a pair of links, respectively, so that the pair of clamp
      arms are made to open and close for gripping a workpiece. Therefore, they
      cannot positively grip a workpiece, nor can they be adapted to grip
      workpieces having any size and any configuration in the most preferable
      gripping positions of the clamp arms.
PAR  On the other hand, a misgrip detecting mechanism in the conventional
      gripping devices has been so constructed that the stroke of the clamp arm
      opening and closing rod connected with the pair of clamp arms through the
      pair of links is detected by means of limit switches, thereby detecting
      the misgrip. However, in such construction at least a limit switch is
      inevitable required, and moreover such construction is complex and thus
      disadvantageous.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates to eliminate the aforementioned
      disadvantages of the conventional gripping device.
PAR  It is, therefore, an object of the present invention to provide an improved
      gripping device for use in an industrial robot or an industrial
      manipulator which can be consistently adapted to positively grip a
      workpiece of any size and any condiguration in the most preferable
      gripping positions of a pair of clamp arms without causing a misgrip of
      the workpiece.
PAR  It is another object of the present invention to provide a novel misgrip
      detecting mechanism provided in the gripping device which can positively
      detect a misgrip using only pressure switches in hydraulic fluid conduits
      of a cylinder-piston assembly, respectively.
PAR  In order to accomplish the above described objects, there is provided in
      the present invention an improved gripping device in one embodiment which
      includes a pair of clamp arms swingably mounted on a base plate of the
      device and connected with a clamp arm opening and closing rod through a
      pair of links, and a cylinder-piston assembly for extending and retracting
      the clamp arm opening and closing rod so as to make the pair of clamp arms
      open and close for gripping a workpiece, wherein the gripping device is
      characterized in that one of the pair of clamp arms is shorter than the
      other clamp arm and is provided with an additional cramp arm as an added
      part thereof. The additional clamp arm has a projected pin provided on the
      surface thereof and is swingably connected with the distal end point of
      the short clamp arm at an intermediate portion thereof by means of a pivot
      pin. A long and slender hole extends in the swinging direction of the
      additional clamp arm and is formed on the surface thereof facing the
      additional clamp arm in the position opposite to the projected pin of the
      additional clamp arm. Chips for facilitating the gripping efficiency are
      formed, respectively, at each side end portion of the additional clamp arm
      and the portions of the other clamp arm opposite to the respective side
      end portions of the additional clamp arm.
PAR  Further, the gripping device is characterized in that the cylinder-piston
      assembly includes a misgrip detecting mechanism which comprises a cylinder
      tube, a cylindrical free piston having communicating holes at each side
      face thereof and reciprocatingly slidably inserted within the cylinder
      tube, thereby forming first and second pressure chambers at each side of
      the free piston in the cylinder tube an inner piston is fixedly secured to
      the clamp arm opening and closing rod and reciprocatingly inserted within
      the free piston with a circumferential space therebetween and which close
      tightly either communicating hole of a free piston so as to seal up the
      first or the second pressure chamber when the inner piston is abutted
      against either communicating hole. A first hydraulic fluid conduit is
      connected with the first pressure chamber of the cylinder tube through a
      first hydraulic fluid port formed in the cylinder tube, a second hydraulic
      fluid conduit is connected with the second pressure chamber of the
      cylinder tube through a second hydraulic fluid port formed in the cylinder
      tube, and pressure switches are provided in the first and second hydraulic
      fluid conduits, respectively.
PAR  And, in the gripping device thus constructed, the configuration, size,
      setting position, etc., of each construction element of the gripping part,
      that is, the clamp arms, links, pivot pins, etc., are previously selected
      and adjusted such that the pair of cramp arms including the additional
      clamp arm are closed and contact each other before both the free piston
      and the inner piston are simultaneously carried to their stroke ends on
      the side of extruding the clamp arm opening and closing rod when the free
      piston is moved together with the inner piston in a direction to extend
      the clamp arm opening and closing rod in such a manner that the
      communicating hole formed on the side of the first pressure chamber of the
      free piston is sealed by the side end face of the inner piston.
PAR  These and other objects, features and advantages of the present invention
      will become apparent from the following description taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmental plan view showing a gripping part of a gripping
      device of the present invention,
PAR  FIG. 2 is a fragmental partially cross sectional side view taken along a
      line II--II shown in FIG. 1,
PAR  FIG. 3 is a partially enlarged cross sectional front view taken along a
      line III-III shown in FIG. 1,
PAR  FIG. 4 is a fragmental partially sectional enlarged plan view showing one
      of a pair of clamp arms having an additional clamp arm of the gripping
      device according to the present invention,
PAR  FIG. 5 is a fragmental partially cross sectional plan view showing a
      misgrip detecting mechanism of the gripping device according to the
      present invention, and
PAR  FIGS. 6 and 7 are fragmental partially cross sectional enlarged plan view
      showing the operation of the misgrip detecting mechanism as shown in FIG.
      5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 to 4, numeral 1 represents a base plate of
      the gripping device, and 2 and 3 are a pair of clamp arms swingably
      mounted on the base plate 1 by means of pivot pins 4a and 4b,
      respectively. The respective proximal ends of the clamp arms 2 and 3 are
      connected to the distal end of a cramp arm opening and closing rod 7
      through a pair of links 5a and 5b, pivot pins 6a, 6b and 6c, and coupling.
      The clamp arm 2 is shorter than the clamp arm 3 and is provided with an
      additional clamp arm 200 as an added part thereof. The additional cramp
      arm 200 has a projected pin 205 provided on the surface thereof and is
      swingably connected to the distal end portion of the original short clamp
      arm at an intermediate point thereof by means of a pivot pin 203. A long
      and narrow hole 204 is formed on the surface of the clamp arm 2 facing the
      additional clamp arm 200, the hole extending in the swinging direction of
      the additional arm 200 so that the projected pin 205 provided on the
      surface of the additional clamp arm 200 is slidably engaged therewith. And
      further, the additional clamp arm 200 has chips 201 and 202 for
      facilitating the gripping efficiency at each side end portion on the
      surface thereof opposite to the other clamp arm 3, while on the clamp arm
      3 chips 301 and 302 are also formed at the portions opposite to the chips
      201 and 202 of the additional clamp arm 200, respectively. The chip 301 is
      formed at the distal end portion of the clamp arm 3 and the chip 302 is
      formed on the side of the proximal end thereof through a bracket 303.
PAR  In the device thus constructed, when the clamp arm opening and closing rod
      7 is moved in the direction indicated by an arrow mark a, the pair of
      clamp arms 2 and 3 are simultaneously swung around the pivot pins 4a and
      4b as are their respective fulcrums, respectively, so that the clamp arms
      2 and 3 are closed from their respective positions illustrated by a
      two-point chain line shown in FIG. 1 to those illustrated by a full line,
      thereby gripping a workpiece A. In this case, depending upon the size and
      the configuration of the workpiece A the additional clamp arm 200 is also
      swung around the pivot pin 203 as is its fulcrum within the range of a
      distance S where the projected pin 205 of the additional arm 200 is
      capable of sliding itself within the hole 204 formed in the clamp arm 2 so
      that the workpiece A is positively gripped by the additional clamp arm 200
      together with the pair of clamp arms 2 and 3 in cooperation with the
      respective chips 201, 202, 301 and 302, and thereby the workpiece A is
      always disposed on the gripping center line B--B of the pair of clamp arms
      2 and 3.
PAR  Since the gripping device of the present invention has the aforementioned
      gripping part, it can positively grip a workpiece at a constant gripping
      position on the side of the clamp arm 3 in cooperation with the additional
      clamp arm 200 attached to the clamp arm 2 without misgripping the
      workpiece. In addition, as the swinging motion of the additional clamp arm
      200 is controlled by the relationship of the projected pin 205 provided on
      the additional clamp arm 200 to the long and slender hole 204 formed in
      the clamp arm 2, the capacity of the swinging motion is extended by
      increasing the length of the hole 204. Therefore, the gripping device of
      the present invention can grip positively and effectively a workpiece of
      any size and any configuration.
PAR  Next, a misgrip detecting mechanism in the gripping device of the present
      invention is described with reference to FIGS. 5 to 7 as follows.
PAR  Reference numeral 8 represents a cylinder-piston assembly in the gripping
      device of the present invention which is fixedly secured to the base plate
      1 of the gripping device for extending and retracting the clamp arm
      opening and closing rod 7. The cylinder-piston assembly 8 is constructed
      externally with a cylinder tube 10 and a hollow supporting member 9 where
      the clamp arm opening and closing rod 7 is supportingly and slidably run
      through. Within the cylinder tube 10, there is slidably inserted a
      cylindrical hollow free piston 11, thereby the inside of the cylinder tube
      10 is divided into first and second pressure chambers 10a and 10b disposed
      at each side of the free piston 11. At both side end faces of the free
      piston 11, communicating holes 11a and 11b are formed, respectively.
      Further, within the free piston, there is reciprocatingly inserted an
      inner piston 12 in such a manner that a circumferential space t is left
      between the inner periphery of the free piston 11 and the outer periphery
      of the inner piston 12. The inner piston 12 is fixedly secured to the
      clamp arm opening and closing rod 7, and each side end face thereof may
      sealingly close either communicating hole 11a or 11b to seal the first
      pressure chamber 10a or the second pressure chamber 10b when the inner
      piston 12 abutts against either communicating hole 11a or 11b,
      respectively. The first and second pressure chambers 10a and 10b are
      connected with first and second hydraulic fluid conduits 14 and 16 through
      ports 13 and 15, respectively, and further the first and second conduits
      14 and 16 are connected to the hydraulic fluid source (not shown) through
      a directional control valve (not shown). And, in the first and second
      hydraulic fluid conduits 14 and 16, there are respectively provided
      pressure switches 19 and 20.
PAR  In the gripping device of the present invention described above, the
      configuration, size, setting position, etc., of each construction element
      of the gripping part thereof, that is, the pair of clamp arms 2 and 3, the
      pair of links 5a and 5b, the pivot pins 4a and 4b, etc., are previously
      selected and adjusted such that the pair of clamp arms 2 and 3 including
      the additional clamp arm 200 are closed and contact each other first
      before both the free piston 11 and the inner piston 12 are simultaneously
      carried to their respective stroke ends for the extension of the clamp arm
      opening and closing rod 7 in such a manner that the communicating hole 11a
      formed on the side of the first pressure chamber 10a is sealed up by the
      side end face of the inner piston 12, that is, the inner side end face of
      the free piston 11 where the communicating hole 11a is formed and the side
      end face of the inner piston 12 sealingly contact each other.
PAR  Thus, when hydraulic fluid is supplied from the hydraulic fluid supplying
      source to the first pressure chamber 10a in the cylinder tube 10 via the
      first hydraulic fluid conduit 14 and the port 13, the free piston 11 is
      slidingly moved to the right. Then the communicating hole 11a of the free
      piston 11 formed in the first pressure chamber 10a is sealed by the inner
      piston 12 since the inner side end face of the free piston 11 where the
      communicating hole 11a is formed and the side end face of the inner piston
      12 facing the communicating hole 11a sealingly contact each other. As a
      result, the first pressure chamber 10a is sealed up. After this, when the
      hydraulic fluid is further supplied into the first pressure chamber 10a,
      the free piston 11 and the inner piston 12 are simultaneously moved in a
      direction to move the clamp arm opening and closing rod 7 in the same
      state as the foregoing, so that the pair of clamp arms 2 and 3 including
      the additional clamp arm 200 are closed to grip the workpiece A through
      the action of the pair of links 5a and 5b, respectively. Once the
      workpiece A is gripped, the clamp arm opening and closing rod 7 is not
      moved further since not only the pair of clamp arms 2 and 3 including the
      additional clamp arm 200 but also the pair of links 5a and 5b are held in
      the stationary state. As a result, the hydraulic pressure within the first
      pressure chamber 10a is risen as has the pressure in the first hydraulic
      fluid conduit 14, thereby switching the pressure switch 19 provided in the
      conduit 14 into "ON". Therefore, it is represented that the workpiece A is
      positively gripped by the pair of clamp arms 2 and 3 including the
      additional clamp arm 200.
PAR  If the pair of clamp arms 2 and 3 including the additional clamp arm 200
      misgrip the workpiece A, the free piston 11 and the inner piston 12 are
      simultaneously moved further in the direction of extension the clamp arm
      opening and closing rod 7 until the free piston 11 is abutted against the
      inner side end face 17 of the cylinder tube 10 which is on the extended
      side of the clamp arm opening and closing rod 7 as shown in FIG. 6, and
      then only the inner piston 12 is further moved in the same direction as
      described above. And, the inner piston 12 is stopped at the intermediate
      position within the free piston 11, as shown in FIG. 7, because the pair
      of clamp arms 2 and 3 including the additional clamp arm 200 are closed
      and contact with each other before the inner piston 12 sealingly abutts
      against the inner side end face of the free piston 11 where the
      communicating hole 11b is formed. As a result, hydraulic fluid supplied
      into the pressure chamber 10 is fed out to the second hydraulic fluid
      conduit 16 via the port 15. Therefore, the misgripping is determined by
      the fact that the pressure switch 19 provided in the first hydraulic fluid
      conduit 14 is not switched into "ON" because the hydraulic pressure within
      the first pressure chamber 10a and the first conduit 14 has not risen.
PAR  When hydraulic fluid is supplied into the second pressure chamber 10b via
      the second hydraulic fluid conduit 16 and the port 15, the operations of
      the free piston 11 and the inner piston 12 within the cylinder tube 10 is
      reversed, thus the pair of clamp arms 2 and 3 including the additional
      clamp arm 200 are acted to unclamp the workpiece A by their respective
      opening swinging motions.
PAR  Thus, a certain representative embodiment and details have been described
      and shown for the purpose of illustrating the present invention, it will
      be apparent to those who skilled in the art that various changes and
      modifications may be made therein without departing from the spirit or
      scope of the this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a workpiece gripping device including a pair of clamp arms pivotally
      mounted on a base plate, said clamp arms being connected to a clamp arm
      opening and closing rod through a pair of links, the improvement wherein
      one of said pair of clamp arms is shorter than the other clamp arm and an
      additional clamp arm is pivotally connected to said shorter clamp arm,
      said additional clamp arm including a pin projecting from the surface
      thereof, said short clamp arm including a long, narrow hole extending in
      the swinging direction of said additional clamp arm and formed on the
      surface thereof facing said additional clamp arm in a position opposite to
      said pin projecting from said additional clamp arm, whereby the pivotal
      movement of said additional clamp arm is limited by said pin in said slot.
NUM  2.
PAR  2. The workpiece gripping device of claim 1, further including chip means
      fixed to the end portions of said additional clamp arm and said longer
      clamp arm for facilitating the gripping efficiency of said device.
NUM  3.
PAR  3. The workpiece gripping device of claim 2, further including misgrip
      detecting means for detecting the misgripping of said workpiece.
NUM  4.
PAR  4. The workpiece gripping device as claimed in claim 3, wherein said
      misgrip detecting means comprises a cylinder tube, a cylindrical free
      piston having communicating holes at each side face thereof slidably
      inserted within said cylinder tube, thereby forming first and second
      pressure chambers at each side of said free piston within said cylinder
      tube, an inner piston fixedly secured to said clamp arm opening and
      closing rod and reciprocatingly inserted within said free piston, the
      diameter of said inner piston being less than the inner diameter of said
      free piston thereby leaving a circumferential space between the inner
      periphery of said free piston and the outer periphery of said inner piston
      said inner piston sealing closing either of said communicating holes to
      seal said first or second pressure chamber when said inner piston abutts
      either side end face of said free piston, a first hydraulic fluid conduit
      connected with said first pressure chamber within said cylinder tube
      through a first hydraulic fluid port formed in said cylinder tube, a
      second hydarulic fluid conduit connected with said second pressure chamber
      within said cylinder tube through a second hydraulic fluid port formed in
      said cylinder tube, and pressure switches provided in said first and
      second hydraulic fluid conduits, respectively, wherein said pair of clamp
      arms including said additional clamp arm contact each other before both
      said free piston and inner piston are simultaneously carried to their
      respective stroke ends when said free piston is moved together with said
      inner piston in a direction to extend said clamp arm opening and closing
      rod from said cylinder tube such that said communicating hole formed on
      the side of said first pressure chamber of said free piston is sealed by
      the side end face of said inner piston.
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PAL  An air inflated bag of inflexible sheet material includes a front portion
      which is mounted on the body or cab of a vehicle such as a tractor hitched
      to a semi-trailer. A rear portion of the inflated bag extends between the
      cab and the trailer body to provide for a smooth non-turbulent flow of air
      around the cab and to the side and top walls of the trailer body for
      significantly reducing the aerodynamic drag on the tractor-trailer
      vehicle. The front portion of the bag is provided with a generally
      horizontal inlet which is located directly above the front windshield of
      the cab to direct a portion of the upward flow of air over the cab into
      the bag and thereby effect dynamic inflation of the bag at a predetermined
      road speed. The bag may be collapsed to a folded condition adjacent the
      cab for when the tractor is being driven without a trailer, and a bottom
      recess is formed within the rear portion of the bag to provide for
      extending service lines between the cab and the trailer. A low flow of air
      may be provided through the bag for supplying air to an air conditioning
      or refrigeration system, and the bag may be made adjustable for
      accommodating variations in the space between the cab and the trailer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been numerous devices either proposed or used for reducing the
      aerodynamic drag on an articulated road vehicle such as a tractor and
      semi-trailer vehicle, to provide for a smoother less turbulent flow of air
      from the cab of the tractor to the body of the trailer and across the gap
      between the cab and trailer body. For example, U.S. Pat. Nos. 3,241,876,
      3,348,873 and 3,695,673 disclose various types of shields of air flow
      diverters for mounting on the top wall or roof of the tractor cab. Other
      types of air deflectors or controllers are adapted to be mounted on the
      front portion of the trailer body, for example, as disclosed in U.S. Pat.
      Nos. 2,863,695 and 3,697,120. Another solution for streamlining a
      tractor-trailer vehicle is by the use of telescoping air shields such as
      disclosed in U.S. Pat. Nos. 3,711,146 and 2,737,411 discloses an
      inflatable streamlining envelope which is mounted on the rear of a truck
      body.
PAR  In the design of any device or apparatus for reducing the aerodynamic drag
      on a tractor-trailer vehicle, it is highly desirable to obtain a maximum
      decrease in aerodynamic drag while minimizing the additional weight which
      is added to the vehicle. Furthermore, the cost of the apparatus must be
      economical in reference to the decrease in fuel consumption which results
      from a reduction in the aerodynamic drag. It has also been found highly
      desirable to provide for streamlining the flow of air over and around a
      tractor-trailer vehicle in order to reduce the aerodynamic influence or
      sidewash of air on passing automobiles and other vehicles and thereby
      increase the safety in passing. The streamline flow also provides for
      greater stability and control of the tractor-trailer vehicle and for a
      reduction in the noise level of the air flow around and over the vehicle.
PAR  It is also well known that a crosswind flow of air within the gap between
      the tractor cab and the trailer body increases the aerodynamic drag due to
      the force of the wind against the entire front surface area of the trailer
      body. A more detailed discussion of the flow turbulence over and around a
      semi-truck is set forth in an article entitled "Truck Aerodynamics" and
      published by General Motors Corporation in SAE Transactions, Volume 70,
      1962, pp. 297-.sup..eta., and in an article entitled "Beat the Built-In
      Head" and published in the September, 1973 issue of Commercial Car
      Journal.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to improved apparatus for streamlining
      the air flow over, around and between a towing vehicle and a trailer, and
      which provides all the desirable advantages mentioned above. In
      particular, the streamlining apparatus of the invention provides for a
      significant reduction in the aerodynamic drag on a tractor-trailer vehicle
      with only a small increase in the overall weight of the vehicle and is
      relatively inexpensive and simple in construction and operation. The
      apparatus of the invention is also adapted for convenient mounting on the
      cabs of existing semi-trucks or tractors and may also be installed on
      tractors which incorporate sleeper units. The streamlining apparatus will
      further accommodate substantially all semi-trailers which are generally
      standard in width and height, and is especially effective at speeds above
      25 miles per hour when the aerodynamic drag becomes significant and
      increases exponentially with speed.
PAR  In accordance with one embodiment of the invention, an inflatable bag is
      formed of a fabric reinforced vinyl film material and includes a front
      portion which is attached to the top wall or roof of a tractor cab around
      the periphery of the roof. The bag also includes a rear portion which is
      adapted to fill at least a part of the space or gap between the tractor
      cab and the trailer body and which cooperates with the front portion to
      form a smoothly curved top surface extending from the forward edge of the
      tractor cab to the substantially higher forward edge of the trailer body
      as well as side surfaces which extend from the sides of the cab to the
      sides of the trailer body. The front portion of the bag is provided with a
      downwardly facing scoop which forms an air inlet for directing a portion
      of the air blowing upwardly over the front windshield into the bag to
      provide for dynamically inflating the bag when the vehicle reaches a
      predetermined speed, for example, 25 mph.
PAR  Other features and advantages of the invention will be apparent from the
      following description, the accompanying drawing and the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a semi-truck or tractor-trailer vehicle and
      showing a streamlining air bag constructed in accordance with the
      invention and in its inflated condition;
PAR  FIG. 2 is a perspective view of the tractor shown in FIG. 1 and
      illustrating the streamlining air bag in a completely collapsed or
      deflated condition and with a portion of the semi-trailer shown in
      phantom;
PAR  FIG. 3 is a perspective view of the inflated air bag shown in FIG. 1 and
      with a portion of the bag broken away to show internal construction;
PAR  FIG. 4 is a perspective view of a metal mounting frame which is adapted to
      be positioned within the air bag shown in FIGS. 1-3;
PAR  FIG. 5 is a fragmentary side elevational view of the tractor inlet being
      positioned to receive directly a small portion of the air flowing over the
      and inflated air bag, and with a portion of the bag broken away adjacent
      the air inlet; and
PAR  FIG. 6 is a fragmentary perspective view similar to FIG. 1 and illustrating
      a modified tractor and air bag in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing, a conventional semi-truck or tractor 10 is
      coupled to a conventional semi-trailer 12 by a fifth wheel 14 (FIG. 2) to
      provide for normal articulating movement between the tractor 10 and
      trailer 12. In general, the tractor 10 includes a chassis 16 which is
      supported by a set of wheels 17, and a cab 20 is mounted on the chassis
      16. For purpose of illustration, the tractor 10 is of the type wherein the
      engine is located forward of the cab 20. However, it is to be understood
      that the apparatus of the invention may also be used with a tractor
      wherein the cab is located generally above the engine, commonly referred
      to as a "cab-over" tractor. A sleeper unit (not shown) may also be located
      directly behind the cab 20 or may be formed as an integral part of the
      cab. The semi-trailer 12 includes a frame which is supported by a set of
      rear wheels 23 and on which is mounted an elongated box-like body 25
      including a set of sidewalls 26 which are rigidly connected by a top wall
      27 and a front wall 28 (FIG. 2).
PAR  In accordance with the present invention, a collapsible and dynamically
      inflatable bag 35 extends above the cab 20 of the tractor 10 and is
      adapted to project to the front wall 28 of the semi-trailer body 25 for
      providing a substantially smoother flow of air from the tractor 10 to the
      trailer 12. Preferably, the collapsible bag 35 is formed of a vinyl film
      material reinforced with a woven fabric such as nylon. However, the bag 35
      may be formed of other flexible sheet materials such as rubberized canvas,
      Dacron cloth, fiberglass cloth or such other material which is
      substantially water resistant, is generally air impervious and has
      substantial resistance to tearing.
PAR  The collapsible bag 35 includes a front portion 38 which overlies the top
      wall or roof of the cab 20 and which integrally connects with a rear
      portion 42 adapted to extend between the cab 20 and the front wall 28 of
      the trailer body 25. The front portion 38 and rear portion 42 have a
      common curved top wall 44 which connects a set of generally flat vertical
      side walls 46 and 48 (FIG. 3). A rear wall 49 also connects with the side
      and top walls and has substantially the same outer rectangular dimensions
      as the front wall 28 of the trailer body 25. The front portion 38 of the
      bag 35 also includes an inner or bottom wall (not shown) which overlies
      the roof of the cab 20 and connects with a generally inverted U-shaped
      back wall 52 (FIG. 3) which lies generally adjacent the rear wall of the
      cab 20 and also connects the leading edges of the side walls 46 and 48.
PAR  The side walls 46 and 48 are also connected by a bottom wall 54 which has
      an inverted U-shaped portion 56 for defining a recess or tunnel through
      which the electrical and fluid control lines extend between the tractor 10
      and the trailer 12. The upper part of the U-shaped portion 56 is generally
      level with the top of the rear window in the cab 20 to permit rear viewing
      during attachment of the trailer 12. As shown in FIG. 3, the rear portions
      of the top and side walls of the bag 35 are folded over on to the rear
      wall 49 and are retained by twist-type fasteners 58 to provide for
      adjusting or increasing the depth of the rear portion 42 of the bag for
      accommodating different gaps between the cab 20 and the trailer body 25.
PAR  The various walls of the bag 35 are connected together by suitable
      stitching and/or cement to form air-tight seams. The bag 35 is attached to
      the cab 20 of the tractor 10 by a formed U-shaped frame 60 (FIG. 4) which
      is inserted into the front portion 38 of the bag and conforms to the
      peripheral configuration of the roof of the cab. The frame 60 is secured
      to the roof of the cab 20 by suitable fasteners (not shown) such as
      inverted U-shaped clamps or by a retaining band such as a cable which
      extends under the outwardly projecting gutter of the cab roof. The frame
      60 also functions to form a continuous contact between the front portion
      38 of the bag 35 and the roof of the cab 20 to provide for a smooth
      uninterrupted air flow from the front and side walls of the cab to the
      bag.
PAR  It is also apparent that the side walls 46 and 48 and the top wall 44 may
      be attached or clamped directly to the cab 20 by a peripherally shaped
      frame or clamping strip and a continuous resilient sealing strip so that
      the inner walls of the bag lying adjacent the cab 20 may be eliminated. As
      illustrated in FIGS. 1 and 3, the right side wall 46 of the bag 35 is
      provided with a part-cylindrical recess 64 for receving the vertically
      extending exhaust pipe and muffler system 65 of the tractor 10. The recess
      64 may be omitted when the bag 35 is used on a tractor which has a lower
      engine exhaust system, or the recess may have a different shape to
      accommodate an air filter positioned directly behind the cab.
PAR  As shown in FIGS. 1 and 5, the collapsible bag 35 is provided with a
      generally horizontal inlet 66 which is defined by a downwardly facing
      scoop-like inlet portion 68 of the bag. Preferably, the inlet portion 68
      of the bag is located directly above one or both of the windshields of the
      cab 20 in order to capture a portion of the upward flow of air over the
      tractor 10. The air inlet 66 is of sufficient size so that when the
      tractor-trailer vehicle attains a predetermined speed, for example, 20 to
      25 miles per hour, the bag 35 inflates to a fully inflated condition (FIG.
      1) causing the rear wall 49 of the bag 35 to engage the front wall 28 of
      the trailer body 25. Thus the bag 35 is dynamically inflated by ramming
      air into the bag, and the outer exposed walls 44, 46 and 48 of the
      inflated bag provide for a smooth, substantially non-turbulent flow of air
      from and over the cab 20 to the trailer body 25.
PAR  A set of openings 72 (exaggerated in FIG. 3) are formed within the bottom
      wall 54 of the bag 35 and provide for draining collected moisture within
      the bag 35. The openings 72 also provide for a continuous low flow of air
      through the bag 35 so that the air may be supplied to an air conditioning
      evaporator unit mounted on the roof of the cab 20. The continuous low flow
      of air may also be used to supply air to a refrigeration evaporator unit
      mounted on the front wall 28 of the trailer body 25 by providing an
      opening within the rear wall 49 of the bag 35. As shown in FIG. 5, the
      inlet scoop portion 68 of the bag 35 is held in the position shown in
      FIGS. 1 and 5 by a collapsible extension 76 of the frame 60. A set of
      internal webs or straps (not shown) connect the outer walls of the bag 35
      with the inner walls to assure that the outer walls do not bulge outwardly
      beyond the desired streamlining configuration.
PAR  As also shown in FIG. 1, a set of transparent panels 78 are mounted within
      the front portion 38 of the bag 35 and provide for viewing the running
      lights which are mounted on the roof of the cab 20. Preferably, the panels
      78 are formed of a flexible transparent plastics material and are stitched
      and/or cemented to the vinyl film material forming the top and side walls
      of the bag 35. In place of the transparent panels 78, a single transparent
      rigid frame or panel may be used along the lower portion of the front bag
      portion 38 and serve also as an attachment for the front bag portion 28 to
      the roof of the cab 20 in place of the inner frame 60.
PAR  When the tractor 10 is not being used for towing a trailer 12 and it is
      desirable to collapse the bag 35, the walls of the bag may be folded
      inwardly onto the top and rear walls of the cab 20, as shown in FIG. 2
      where the collapsed bag is strapped to the cab 20. In the event the
      tractor 10 is seldom driven without a trailer 12, the sides of the frame
      60 may be provided with a set of antenna-like support rods or members (not
      shown) which extend upwardly and rearwardly within the rear portion 42 of
      the bag 35 and serve to support the bag as it begins to collapse when the
      tractor-trailer vehicle drops below a predetermined speed or has come to a
      complete stop. The rearward ends of the support rods or members would
      terminate forward of the front wall 28 of the trailer body 25 so that they
      do not interfere with turning of the tractor-trailer vehicle and the
      partial collapsing of the bag.
PAR  Referring to FIG. 6 which shows a modification of the invention, a tractor
      110 includes a cab 120 which is positioned generally over the engine as a
      "cab-over" design. The cab 120 includes a rounded front wall 122 which
      provides for a more streamlined flow of air around the tractor 110. A
      dynamically inflatable bag 135 is constructed and supported in the same
      manner as the bag 35 described above, except that the leading top edge
      portion 137 of the bag 135 is curved to conform to the curvature of the
      front wall 122 of the cab 120. It has been determined that the embodiment
      shown in FIG. 6 provides an additional decrease in the drag resistance of
      the tractor-trailer vehicle in that the bag 135 cooperates with the more
      streamlined configuration of the cab 120 to provide for a more streamlined
      flow of air around the tractor 110 and from the tractor 110 to the trailer
      body 25.
PAR  From the drawing and above description, it is apparent that a
      tractor-trailer vehicle incorporating a collapsible bag constructed in
      accordance with the present invention, provides several desirable features
      and advantages. As mentioned above, one primary advantage of the inflated
      bag 35 or 135 is that it streamlines the air flow over the tractor to the
      trailer. As a result, the bag significantly reduces the horsepower
      required to overcome aerodynamic drag on the vehicle, especially as the
      speed of the vehicle increases. Since the drag increases exponentially
      with speed, the dynamically inflated bag provides for a significant
      decrease in fuel consumption, especially when the tractor-trailer vehicle
      is moving at higher speeds such as between 55 and 75 miles per hour.
PAR  The dynamic inflation of the bag 35 or 135 by the ram air flow through the
      horizontal inlet 66, provides for a simple and inexpensive means for
      inflating the bag and insures that the bag will remain inflated especially
      at higher speeds of the vehicle. The bag is also adapted to be partially
      collapsed by the trailer in response to articulation or turning of the
      vehicle. Furthermore, by providing for a low continuous flow of air
      through the bag 35, the bag may be used with tractors having air
      conditioning units mounted on the cab roof and also be used with
      refrigerated trailers having a motor driven refrigeration system mounted
      on the front wall of the trailer. In addition, by arranging the inlet 66
      so that it lies substantially within a horizontal plane, the inlet
      provides no significant drag resistance to forward movement of the
      vehicle.
PAR  As mentioned above, the inflated bag is especially helpful when there is a
      cross wind relative to the forward direction of the tractor-trailer
      vehicle. That is, the bag prevents the cross flow of air between the
      tractor and the trailer and thus not only eliminates the drag force of air
      exerted on the front wall of the trailer but also significantly reduces
      the side wash of air from the vehicle. Another important advantage of the
      invention is that the bag 35 or 135 and the attaching frame 60 are
      relatively light weight and add very little to the overall weight of the
      tractor-trailer vehicle.
PAR  As also illustrated, the collapsible bag may be provided with adjustment
      for accommodating different spaces between the rear wall of the tractor
      cab and the front wall of the trailer body. It is also apparent that the
      exhaust pipe 65 and its surrounding perforated metal protector may be
      directed through the bag 35 so that the heat from the exhaust gases will
      add heat to the air within the bag 35 and thereby prevent accumulation of
      snow and/or ice on the bag while the vehicle is moving. It is also
      apparent that the forward part of the front portion 38 of the bag may be
      formed as a rigid shell mounted on the cab roof and serve as a housing for
      storing the remaining inflatable portion of the bag when the bag is not in
      use.
PAR  While the forms of apparatus herein described constitute preferred
      embodiments of the invention, it is to be understood that the invention is
      not limited to these precise forms of apparatus, and that change may be
      made therein without departing from the scope and spirit of the invention
      as defined in the appended claims.
CLMS
STM  The invention having thus been described, the following is claimed:
NUM  1.
PAR  1. Apparatus for mounting on the upper portion of a first body of a wheel
      supported road vehicle to reduce the aerodynamic drag produced by a
      generally vertical front wall of a second body projecting above the first
      body, said apparatus comprising an air enclosure member defining an air
      chamber and including a flexible wall, means for mounting said enclosure
      member on the upper portion of the first body in a position where said
      flexible wall projects upwardly and rearwardly over the first body and
      also in front of and toward the front wall of the second body and is
      exposed to the flow of air over the first body when the vehicle is moving
      forwardly along a road, said flexible wall being capable of collapsing
      inwardly in response to the pressure exerted by the flow of air over the
      first body, means defining a ram air inlet for said air enclosure member
      and located above the first body, said air inlet being positioned to
      receive directly a small portion of the air flowing over the first body
      for pressurizing said chamber with sufficient pressure to avoid collapsing
      of said flexible wall and to cause the air enclosure member to streamline
      the flow of air past the first body and the vertical front wall of the
      second body, and the forward projected area of said inlet is substantially
      small relative to the forward projected area of said air enclosure member
      to minimize aerodynamic drag associated with said air inlet.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said air inlet is disposed
      generally within a horizontal plane to minimize the aerodynamic drag by
      said means defining said inlet.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein said air inlet is located within
      a forward portion of said air enclosure member and is arranged for
      receiving a portion of the air flowing upwardly ahead of the first body.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein the first body comprises a cab
      having a roof, and said flexible wall of said air enclosure member
      projects upwardly from said roof and covers a substantial portion of said
      roof.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said cab includes a front
      windshield, and said air inlet for said air enclosure member is disposed
      generally directly above said windshield.
NUM  6.
PAR  6. Apparatus as defined in claim 4 wherein said means for mounting said air
      enclosure member on said vehicle comprise a substantially rigid frame
      extending generally adjacent the periphery of said roof.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein said means for mounting said air
      enclosure member on the first body comprises a substantially rigid frame
      including means defining said air inlet within a forward portion of said
      air enclosure member.
NUM  8.
PAR  8. Apparatus as defined in claim 1 wherein the first body comprises a cab
      having a roof, and said flexible wall of said air enclosure member curves
      upwardly and rearwardly over the roof.
NUM  9.
PAR  9. Apparatus as defined in claim 1 including means forming an air outlet
      for said air enclosure member, said air outlet having an area smaller than
      that of said air inlet, and said air outlet cooperates with said air inlet
      to provide for a continuous flow of air through said chamber in response
      to forward movement of the vehicle.
NUM  10.
PAR  10. Apparatus as defined in claim 1 wherein the first body comprises a cab
      having a roof, and said air enclosure member is collapsible to a position
      adjacent said roof.
NUM  11.
PAR  11. Apparatus as defined in claim 10 wherein said cab has a front wall of
      rounded configuration, and said air enclosure member includes a front
      portion having a curvature corresponding substantially to the curvature of
      said front wall of said cab.
NUM  12.
PAR  12. Apparatus for mounting on the upper portion of a tractor cab of a wheel
      supported road vehicle to reduce the aerodynamic drag produced by a
      generally vertical front wall of a trailer body projecting above the cab,
      said apparatus comprising an air enclosure member defining an air chamber
      and including a flexible wall, means for mounting said enclosure member on
      the upper portion of the tractor cab in a position where said flexible
      wall projects upwardly and rearwardly over the cab and also in front of
      and toward the front wall trailer body and is exposed to the flow of air
      over the cab when the vehicle is moving forwardly along a road, said
      flexible wall being capable of collapsing inwardly in response to the
      pressure exerted by the flow of air over the cab, means defining a ram air
      inlet for said air enclosure member and located above the tractor cab,
      said air inlet being positioned to receive directly a small portion of the
      air flowing over the cab for pressurizing said chamber with sufficient
      pressure to avoid collapsing of said flexible wall and to cause the air
      enclosure member to streamline the flow of air past the tractor cab and
      the vertical front wall of the trailer body, and the forward projected
      area of said inlet is substantially small relative to the forward
      projected area of said air enclosure member to minimize aerodynamic drag
      associated with said air inlet.
NUM  13.
PAR  13. Apparatus for mounting on the upper portion of a tractor cab of a wheel
      supported road vehicle to reduce the aerodynamic drag produced by a
      generally vertical front wall of a trailer body projecting above the cab,
      said apparatus comprising an air enclosure member defining an air chamber
      and including a flexible wall, means for mounting said enclosure member on
      the upper portion of the tractor cab in a position where said flexible
      wall covers a substantial portion of the cab and projects upwardly and
      rearwardly over the cab and also in front of and toward the front wall of
      the trailer body for exposure to the flow of air over the cab when the
      vehicle is moving forwardly along a road, said flexible wall being capable
      of collapsing inwardly in response to the pressure exerted by the flow of
      air over the cab, means defining a ram air inlet within a portion of said
      air enclosure member and located above the tractor cab, said air flowing
      over the cab for pressurizing said chamber with sufficient pressure to
      avoid collapsing of said flexible wall and to cause the air enclosure
      member to streamline the flow of air past the tractor cab and the vertical
      front wall of the trailer body, and the forward projected area of said
      inlet is substantially small relative to the forward projected area of
      said air enclosure member to minimize aerodynamic drag associated with
      said air inlet.
NUM  14.
PAR  14. Apparatus for use with a wheel supported road vehicle to reduce the
      aerodynamic drag on the vehicle, the vehicle including a tractor cab
      having an upper portion and spaced in front of a trailer body having a
      generally vertical front wall projecting above the cab, said apparatus
      comprising an air enclosure member defining an air chamber and including a
      flexible wall, means for mounting said enclosure member on the upper
      portion of the tractor cab in a position where said flexible wall projects
      upwardly and rearwardly over the cab and also in front of and toward the
      front wall of the trailer body and is exposed to the flow of air over the
      cab when the vehicle is moving forwardly along a road, said flexible wall
      being capable of collapsing inwardly in response to the pressure exerted
      by the flow of air past the vehicle, means defining a ram air inlet for
      said air enclosure member and located above the tractor cab, said air
      inlet being positioned to receive directly a small portion of the air
      flowing over the cab for pressurizing said chamber with sufficient
      pressure to avoid collapsing of said flexible wall and to urge said
      flexible wall against the trailer body for causing said air enclosure
      member to streamline the flow of air past the tractor cab and the vertical
      front wall of the trailer body, and the forward projected area of said
      inlet is substantially small relative to the forward projected area of
      said air enclosure member to minimize aerodynamic drag associated with
      said air inlet.
NUM  15.
PAR  15. A method of streamlining the flow of air past a first body of a wheel
      supported road vehicle to reduce the aerodynamic drag produced by a
      generally vertical front wall of a second body projecting above the first
      body, comprising the steps of forming an air enclosure member with a
      flexible wall and a ram air inlet, mounting said air enclosure member on
      the upper portion of the first body in a position where the flexible wall
      projects upwardly and rearwardly over the first body and also in front of
      and toward the front wall of the second body and is exposed to the flow of
      air over the first body when the vehicle is moving forwardly along a road,
      the flexible wall being formed of relatively light weight material capable
      of collapsing inwardly in response to the pressure exerted by the flow of
      air over the vehicle, positioning the air inlet above the first body to
      receive directly a small portion of the air flowing over the first body
      for pressurizing said air enclosure member with sufficient pressure to
      avoid collapsing of the flexible wall and to cause the air enclosure
      member to streamline the flow past the first and second bodies, and
      limiting the forward projected area of the inlet substantially smaller
      than the forward projected area of the air enclosure member to minimize
      aerodynamic drag associated with the air inlet.
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ABST
PAL  This invention relates to a harness, which when used in conjunction with a
      safety shield type children's car seat, prevents a child from standing or
      climbing out of the seat, while under most short stop conditions does not
      restrain the forward motion of the child.
PAR  Children's car seats which use a safety shield to restrain a child's
      forward motion under impact, have been found to be the safest of the
      children's car seats. They are generally suggested for use by children
      between the ages of 1 and 5 years. During impact or short stop conditions,
      the safety shield design insures that the impact load is widely
      distributed over large areas of a child's body. But this design feature
      assumes and depends upon the fact that the child is seated. Yet certain of
      these car seats are constructed in such a fashion as to allow a normally
      active child to stand in these car seats, or even to climb out of them. A
      harness could be used to keep the child seated.
PAR  Conventional child automobile harnesses can not be used in conjunction with
      a safety shield car seat for several reasons. One such harness must be
      attached to the automobile seat belt, but this same seat belt is used to
      hold the safety shield car seats in place. Other harnesses are secured to
      rear portions of children's car seats, and yet safety shield car seats may
      have no rear portion. Moreover, present automobile harnesses secure the
      child from the rear and therefore are inappropriate for use with a safety
      shield car seat. Under impact or short stop conditions, they would
      restrain the child's motion, thereby preventing the child from realizing
      the full benefit of the safety shield design.
PAR  An object of this invention is to provide a harness, which when used in
      conjunction with a safety shield type children's car seat, prevents a
      child from standing in the seat or climbing out of it, but under most
      short stop conditions does not restrain the forward motion of the child.
PAR  A further object of this invention is to provide a harness which can be
      adjusted to a child's size and is equally as effective over the range of
      sizes of children that can be expected to use the car seats.
PAR  Still a further object of this invention is to provide a harness, which
      when used with a Ford "Tot Guard" car seat, can be detachably secured to
      the Tot Guard, without changing the Tot Guard's structure.
DRWD
PAR  In the drawing,
PAR  FIG. 1 shows an embodiment of the harness.
PAR  FIG. 2 is a cutaway drawing of a child wearing the embodiment of FIG. 1,
      sitting in a relaxed position in one of the safety shield type of
      children's car seats, the Ford Tot Guard.
PAR  FIG. 3 is a cutaway drawing of a child wearing the embodiment of FIG. 1,
      restrained by the Ford Tot Guard after being thrown forward under mild
      impact conditions.
PAR  FIG. 4 is a cutaway drawing of a child wearing the embodiment of FIG. 1,
      restrained by the Ford Tot Guard after being thrown forward under severe
      impact conditions.
DETD
PAR  FIG. 1 shows in detail, an embodiment of the harness. FIG. 2 shows a 6 year
      old 50 pound child, the largest child recommended for the Tot Guard,
      seated in a Tot Guard and wearing the embodiment of the harness shown in
      FIG. 1. The larger the child and therefore the greater its momentum under
      impact, the greater the forward motion of the child. The largest child
      expected to use the car seat would therefore place the most severe test on
      the condition that the harness not restrain the child's forward motion.
PAR  Band 10 is slipped over the seat portion 21 of the Tot Guard and is too
      small to be forced more than four inches up the taper of the seat Belt 11
      is attached to the child with a clasp 13 and D ring 14, as seen in FIG. 1.
      The belt is adjustable to the size of the child's waist using slip
      fasteners 15 and 16. Belt 11 is attached to band 10 by straps 17 and 18,
      which can be adjusted to the child's size using slip fasteners 19 and 20.
      Straps 17 and 18 are attached to band 10 with rivets 12 and are fastened
      to belt 11 through D rings 22 and 23. D rings 22 and 23 are fastened with
      rivets 25 and 26, to belt 11, seven inches or less apart. Allowing 1/2
      inch offset for D rings 22 and 23, the ends of straps 17 and 18 are kept
      on or to the rear of the centerline of a child's waist, if a smallest
      probable waist of 16 inches is assumed. Therefore, in FIG. 2, x will
      always be equal to or smaller than  y. For optimum safety, D rings 22 and
      23 would be fastened adjacent to each other.
PAR  In FIG. 2, the harness can be seen to restrain the child from standing or
      climbing out of the car seat assembly 21 and 24. FIG. 3 shows that under
      slight impact, the harness does not restrain the forward motion of the
      child; on the contrary, the harness slackens. FIG. 4 shows a fifty pound
      child thrown forward under the severe impact conditions of a 30 mph crash.
      The distance R2 between strap 17's points of connection to band 10 and
      belt 11, is not greater than the length R1 of strap 17 in FIG. 2.
      Therefore in FIG. 4, the harness is not restraining the forward motion of
      the child.
PAR  The smaller the child, and therefore the smaller the movement of the child
      and the seat 24, the smaller the distance R2 becomes, and therefore the
      further the harness comes from restraining the forward motion of the
      child. Moreover, the larger the child's waistline, and therefore the
      further back from the waist's centerline that straps 17 and 18 are
      fastened, the longer R1 becomes and thus again the further the harness
      comes from restraining the forward motion of the child. Therefore, the
      design of the harness is such that even though children's weights vary,
      different design aspects maintain the safety of the harness. Furthermore,
      under more severe impact conditions than those shown in FIG. 4, or if the
      harness and seat were to be used by a child whose size is greater than the
      recommended limits, the harness will pull up seat 21 through length c
      while exerting only a minimal force, the inertial force of seat 21, on the
      child.
PAR  In use, band 10 is slipped as far as it will go up the seat portion 21 of
      the car seat. The child is then seated and clasps 13 and 14 are joined. At
      the time of first use, or when adjustments are needed, belt 11 is evenly
      adjusted to the child's waist using both fixtures 15 and 16. Slack is
      taken out of straps 17 and 18 using fixtures 19 and 20.
PAR  While I have illustrated and described a typical embodiment of my
      invention, it is to be understood that I do not limit myself to the
      precise construction herein disclosed and the right is reserved to all
      changes and modifications coming within the scope of the invention as
      defined in the appended claims.
CLMS
STM  Having thus described my invention, what I claim as new is:
NUM  1.
PAR  1. A harness for restricting the vertical movement of a child seated on a
      cushion of a safety car seat having a protective front shield, said
      harness comprising:
PA1  a. an openable waist-encircling belt adapted to fit relatively snugly about
      the child's waist;
PA1  b. at least one strap having one of its two ends attached to said belt; and
PA1  c. a securing means attached to said safety car seat in front of the
      vertical center line of the child's upper torso and connected to the other
      strap end for securing said belt to the safety car seat.
NUM  2.
PAR  2. The harness of claim 1, wherein said securing means is attached to said
      cushion.
NUM  3.
PAR  3. The harness of claim 2, having at least the forward portion of said
      cushion tapered toward the front, and wherein said securing means
      comprises a laterally extending loop of a size adapted to fit snugly
      around a predetermined tapered portion of said cushion.
NUM  4.
PAR  4. The harness of claim 3, wherein said at least one strap comprises two
      laterally spaced straps attached to said belt generally opposite each
      other.
NUM  5.
PAR  5. The harness of claim 4, wherein said straps are attached to said belt
      nearer to the rear of the seat than to the front.
NUM  6.
PAR  6. The harness of claim 5, wherein the size of said belt and the length of
      said straps are adjustable.
NUM  7.
PAR  7. The harness of claim 1, wherein said securing means is attached to said
      safety car seat substantially below the child's waist.
NUM  8.
PAR  8. The harness of claim 7, wherein said at least one strap comprises two
      laterally spaced straps which are attached to the belt nearer the rear of
      the seat than to the front.
NUM  9.
PAR  9. The harness of claim 1, wherein said at least one strap comprises two
      laterally spaced straps which are attached to the belt nearer the rear of
      the seat than the front.
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ABST
PAL  In producing shale oil by circulating hot fluid into and out of a
      rubble-containing cavern within a subterranean oil shale, plugging is
      avoided by permeating a portion of oil shale, consolidating a permeated
      portion, inflowing fluid outside the consolidated portion, and outflowing
      fluid from within the consolidated portion so the fluid is filtered
      through the consolidated portion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to producing shale oil and related mineral materials
      from subterranean deposits of oil shale.
PAR  Numerous subterranean oil shales are mixed with water-soluble minerals and
      comprise substantially impermeable, kerogen-containing, earth formations
      from which shale oil can be produced by a hot fluid-induced pyrolysis or
      thermal conversion of the organic solids to fluids. A series of patents
      typified by the T. N. Beard, A. M. Papadopoulos and R. C. Ueber U.S. Pat.
      Nos. 3,739,851; 3,741,306; 3,753,594; 3,759,328; and 3,759,574 describe
      procedures for utilizing the water-soluble minerals to form
      rubble-containing caverns in which the oil shale is exposed to a
      circulating hot aqueous fluid that converts the kerogen to shale oil while
      dissolving enough solid material to expand the cavern and expose
      additional oil shale. In such processes, the heat transfer is aided by
      injecting the hot fluid into an upper portion and withdrawing fluid from a
      lower portion of the cavern.
PAR  However, as described in the P. J. Closmann and G. O. Suman U.S. Pat. Nos.
      3,804,169 and 3,804,172, such prior cavern-utilizing processes are subject
      to a tendency for the flow paths to become plugged. The hot aqueous fluid
      flowing down along the walls of the cavern rubbles and disaggregates
      portions of the shale oil into particles having sizes ranging from a few
      microns to several feet in diameter. The particles tend to slump or to
      flow as a turbidity current down the walls of the cavern and pile up
      around the fluid withdrawal point near the bottom of the cavern. In the
      U.S. Pat. No. 3,804,169, a pattern of fracture-interconnected caverns and
      wells are arranged so that fluid injected near the top of one well is
      produced through a plurality of surrounding wells with the flow rates
      being too low to carry the solids to the production wells. In the U.S.
      Pat. No. 3,804,172, the lower portion of such a cavern is packed with a
      mass of large rigid solid particles, so that the slurried solids in the
      slumping turbidity currents are spread over large surface areas while the
      fluids are flowing through the relatively large openings that exist
      between the particles.
PAR  In the process of patent application Ser. No. 489,639, filed July 18, 1974
      by M. J. Tham and P. J. Closmann, now U.S. Pat. No. 3,880,238, a hot
      solvent-fluid (which is significantly miscible with at least one organic
      or inorganic solid or liquid pyrolysis product of the oil shale) is
      injected into an upper portion of a rubble-containing cavern in a
      subterranean oil shale. A non-solvent gas (which has a relatively
      insignificant miscibility with any of said pyrolysis products) is also
      injected into an upper portion of the cavern. Fluid is withdrawn from the
      cavern from below the points of fluid injection. And, the properties and
      flow rates of the injected and produced fluids are correlated so that the
      cavern remains sufficiently liquid-free to prevent a significant plugging
      of the fluid flow path.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to producing shale oil by circulating hot fluid into
      and out of a rubble-containing cavern or cavity within a subterranean oil
      shale formation. A portion of oil shale in and around the cavity is
      converted to a permeable rubble. At least a portion of the rubble is
      consolidated into a substantially integral permeable structure. Hot fluid
      is flowed into the cavity at a location outside the permeable structure.
      And, fluid is flowed out of the cavity from within the permeable structure
      so that the outflowing fluid is filtered through the permeable structure.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic illustration of a portion of a well which
      extends into a subterranean oil shale formation and is being used in the
      present process.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is, at least in part, premised on the following
      discovery. A portion of a subterranean oil shale can be permeated and then
      consolidated to form a permeable structure capable of filtering fluid
      circulated through it. In a process for producing shale oil by circulating
      hot fluid into and out of a rubble-containing cavern, such a permeation
      and consolidation of oil shale can avoid the plugging of the flow path of
      a downflowing fluid. Those steps avoid a need for reducing the rate of
      shale oil recovery rate to reduce the rate of fines production, for
      example by circulating only a non-solvent gas to pyrolize the oil shale
      while forming less fines. They avoid using only a bottom in - top out
      fluid flow to suspend the particles of disaggregated oil shale. They also
      reduce the expense and delay of (a) fluid-mining a bottom-located void and
      then packing it with boulders or (b) forming a pattern of
      fracture-interconnected caverns and wells to utilize a radially expanding
      pattern of fluid outflow. And, they also reduce the expense of arranging
      and monitoring circulations of both solvent and non-solvent fluids to keep
      the cavern substantially free of liquid.
PAR  As used herein "oil shale" refers to a substantially impermeable
      aggregation of inorganic solids and a predominately
      hydrocarbon-solvent-insoluble organic solid material known as "kerogen".
      "Bitumen" refers to the hydrocarbon-solvent-soluble organic material that
      may be initially present in an oil shale or may be formed by a thermal
      conversion or pyrolysis of kerogen. "Shale oil" refers to gaseous and/or
      liquid hydrocarbon materials (which may contain trace amounts of nitrogen,
      sulfur, oxygen, or the like) that can be obtained by distilling or
      pyrolyzing or extracting organic materials from an oil shale.
      "Water-soluble inorganic mineral" refers to halites or carbonates, such as
      the alkali metal chlorides, bicarbonates or carbonates, which compounds or
      minerals exhibit a significant solubility (e.g., at least about 10 grams
      per 100 grams of solvent) in generally neutral aqueous liquids (e.g.,
      those having a pH of from about 5 to 8) and/or heat-sensitive compounds or
      minerals, such as nahcolite, dawsonite, trona, or the like, which are
      naturally water-soluble or are thermally converted at relatively mild
      temperatures (e.g., 500.degree. to 700.degree.F) to materials which are
      water-soluble. The term "water-soluble-mineral-containing subterranean oil
      shale" refers to an oil shale that contains or is mixed with at least one
      water-soluble inorganic mineral, in the form of lenses, layers, nodules,
      finely-divided dispersed particles, or the like. A "cavern" or "cavity"
      (within an oil shale formation) refers to a relatively solids-free opening
      or void in which the solids content is less than about 60% (preferably
      less than about 50%) and substantially all of the solids are pieces which
      are substantially completely surrounded by fluid and are relatively
      movable, as compared to fracture-propping particles.
PAR  A hot solvent-fluid suitable for use in the present process is one which is
      heated to a temperature of about 500.degree. to 700.degree.F and, at such
      a temperature, exhibits a significant miscibility with at least one of the
      organic or inorganic solid or liquid pyrolysis products of a
      water-soluble-mineral-containing oil shale. Such fluids preferably
      contain, or consist essentially of steam at a temperature and pressure
      causing condensation within the cavern. Such fluids may also include or
      comprise hydrocarbons such as benzene, toluene, shale oil hydrocarbons,
      oil-soluble gases such as carbon dioxide, mixtures of such fluids, and the
      like.
PAR  As shown in the drawing, the present invention can be practiced with a
      relatively simple arrangement of downhole equipment. A subterranean oil
      shale formation (1) is penetrated by a well borehole (2). The oil shale
      formation is preferably, but not necessarily, a
      water-soluble-mineral-containing oil shale. In the stage shown, the
      dimensions of the borehole (2) have been expanded into a relatively large
      cavity. An inflow conduit (3) is arranged to terminate near the top of the
      cavity. And, an outflow conduit (4) is arranged to have a perforated lower
      end near the bottom of the cavity.
PAR  The drawing shows steam being inflowed into the upper portion of the cavity
      through conduit (3) while fluid is being withdrawn near the bottom of the
      cavity through conduit (4). As the steam contacts the oil shale along the
      cavity wall it cools and condenses to form a column (6) of accumulated
      rubble and liquid. The fluid being outflowed from the cavity is withdrawn
      from within a permeable integral structure (7) through which the
      outflowing fluid is filtered.
PAR  The permeable integral structure (7) can readily be formed, by permeating a
      portion of the oil shale or the adjacent rock, e.g., by means of known
      fracturing and/or leaching or acidizing techniques, and consolidating the
      permeable mass, e.g., by a consolidating procedure of the type used to
      consolidate a sand or gravel. For example, in forming the permeable mass a
      portion of the borehole can be underreamed, filled with explosive (such as
      a pumpable liquid explosive) and explosively opened into communication
      with the fracture-permeated mass of rubble. Such a rock permeating
      technique can be supplemented or replaced by a means of conventional
      hydraulic fracturing, and/or selective solution-mining of layers or
      nodules of water-soluble mineral such as nahcolite, and/or a selective
      acidization of the most acid-soluble components of inhomogeneous
      formation, or like procedures for forming a permeable mass of rocks. As
      will be apparent to those skilled in the art, the permeable mass of rubble
      can be formed entirely within the subterranean oil shale formation or can
      be formed substantially entirely within an underlying earth formation, as
      long as a significant portion of the permeable mass is in fluid
      communication with an overlying portion of subterranean oil shale.
PAR  The following is a particularly suitable procedure for forming a permeable
      mass and then consolidating it into a substantially integral permeable
      structure. A borehole is drilled to near the bottom of a subterranean oil
      shale formation. It is drilled or underreamed to have a diameter (such as
      from 2 to 4 feet) providing a passageway for the free circulation of fluid
      around the conduits within the borehole. A portion of the oil shale around
      the bottom of the borehole is rubbled by fracturing and/or leaching. The
      rubble is then consolidated by hot gas-carbonization of its organic
      components. Such a gas can be heated at a surface location and circulated
      through the borehole and rubble in the direction shown by the arrows.
      Alternatively (and preferably), an underground combustion can be initiated
      (near the top or the bottom of the rubble) and the combustion front can be
      advanced through the rubble. In such a procedure, a readily oxidizable
      fuel (such as linseed oil) can be injected and then exothermically
      oxidized by injecting an oxidizing agent such as hydrogen peroxide, nitric
      acid, or the like. The oxidation reaction can heat the injected and/or
      naturally-occurring hydrocarbon to a combustion temperature. After
      combustion temperature has been reached, a combustion front can be
      advanced through the mass of rubble by circulating air or an
      oxygen-containing gas through the rubble (in either an upward or downward
      direction). Alternatively, steam or other hot gas can be inflowed to aid
      or accomplish the initial heating. The combustion is advanced through the
      rubble until a relatively large zone is converted to a permeable integral
      structure. The permeable structure should be large enough to surround the
      opening into a conduit from which fluid is to be outflowed from the
      cavity. The structure is preferably generally cylindrical and at least
      about 10 to 50 feet in height and radius.
PAR  A hot gas-effected carbonization of an oil shale rubble is advantageous. It
      causes a significant amount of the oil shale kerogen to be pyrolyzed to
      shale oil hydrocarbon vapors (which can be recovered) while other portions
      of the organic components of the oil shale are being carbonized. The
      carbonization bonds the pieces of rock into an integral permeable
      structure.
PAR  Alternatively, a permeable mass of rubble can be consolidated by treating
      it with an intergranular cement-forming sand consolidating fluid. The
      treatment can employ one or more fluids that comprise or interact to form
      organic or inorganic intergranular cements such as resins, silicates,
      hydrated oxide or the like that bind the grains together. The sand
      consolidating fluid is preferably one that forms relatively heat-stable
      bonds between the pieces of rock. Particlarly suitable sand consolidation
      techniques include the various processes of injecting at least one
      self-precipitating solution, or a sequence of slugs of interacting
      solutions, which deposit grain-bonding materials such as silicates,
      hydroxy-aluminates, or effect an electrolless metal plating on the rock
      granules, or the like.
PAR  After forming a permeable integral structure capable of functioning as a
      relatively massive filter around a fluid withdrawal point near the bottom
      of the cavity, the oil shale pyrolysis can advantageously be conducted by
      a downflow process of circulating a hot solvent fluid, preferably an
      aqueous fluid (such as steam), as shown in the drawing. The filtration
      removes the oil shale solids that tend to be transported by the
      circulating fluid. The injection pressure required to maintain a selected
      rate of flow and/or the rate of flow maintained by a constant pressure, is
      preferably monitored (continuously or intermittently). As the filter
      (i.e., the permeable integral structure) becomes plugged the injection
      pressure will be increased or the flow rate will be decreased. Too large
      an increase in the injection pressure creates a danger of fracturing the
      subterranean oil shale and propagating a fracture into an undesirable
      location, such as a surface location. When the injection pressure required
      to maintain a selected rate of flow has increased by a selected amount (or
      when the flow rate established by a selected injection pressure has been
      decreased by a selected amount) due to the plugging of the permeable
      structure, the direction of the fluid flow is preferably temporarily
      reversed in order to backwash and clean-out its pores.
PAR  It should be noted that during a backflow process of circulating fluids in
      through a substantially integral permeable structure near the bottom of
      the cavity and out near the top of the cavity, the bottom-located
      permeable structure tends to act as a sparger or filter disk for
      increasing the horizontal area over which the inflowing fluids are
      distributed within the cavity. The advantages of such a relatively widely
      distributed upflow are more completely described in a copending patent
      application by M. J. Tham and P. J. Closmann, Ser. No. 476,973, filed June
      6, 1974. That application describes an improvement in the previously
      proposed types of subterranean cavity-confined shale oil recovery
      processes that use an upflow circulation of fluid. The improvement is
      effected by radially extending the region of current upflow, for example
      by positioning large inert objects in a radially extensive layer above the
      point of fluid injection.
PAR  In the backflow step of the present process, the integral permeable
      structure tends to radially extend the region of current upflow. The upper
      portion receives most of the screened-out lumps and fine particles of oil
      shale solids. Such a layered plugging reduces the vertical permeability
      and increases the horizontal flow through the integral permeable
      structure. Thus, in the present process the backflushing is preferably
      continued for a significant time, such as 1-10 days, and can produce a
      significant amount of shale oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing shale oil by circulating hot fluid into and
      out of a rubble-containing cavern within a subterranean oil shale
      formation, the improvement comprising:
PA1  forming a permeable mass of rubble in and around a portion of the cavern;
PA1  consolidating a portion of said rubble into a substantially integral
      permeable structure by treating it with an intragranular cementforming
      sand consolidating fluid;
PA1  flowing hot fluid into the cavern at a location outside said permeable
      structure; and
PA1  flowing fluid out of the cavern from within said permeable structure so
      that the outflowing fluid is filtered through that structure.
NUM  2.
PAR  2. The process of claim 1 in which at least a portion of the outflowing
      fluid is liquid.
NUM  3.
PAR  3. The process of claim 1 in which the oil shale formation is a
      water-soluble-mineral-containing formation and the circulated hot fluid is
      an aqueous fluid.
NUM  4.
PAR  4. The process of claim 3 in which the permeable mass of rubble is formed
      by explosively fracturing a lower portion of the oil shale formation and
      leaching out portions of the water-soluble mineral.
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ABST
PAL  A roller crusher is carried by a coal cutting mining machine which is, in
      turn, carried by a gantry for movement along the frame of a longwall face
      conveyor. The roller crusher is attached to the coal cutting machine by a
      U-shaped frame having hinge pins for pivotal movement thereof about a
      horizontal axis at the end of the machine which faces toward the oncoming
      stream of coal on the conveyor. The U-shaped frame supports a drive motor
      that is, in turn, coupled by a gear drive to the roller crusher. A piston
      and cylinder assembly is controlled to adjustably position the U-shaped
      frame and thereby the roller. The mining machine has support arms that are
      pivotal about horizontal axes and carry coal cutting drums to project into
      the working face of the mine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a coal cutting machine carried by a gantry which
      is adapted to travel along the bed or frame of a longwall face conveyor.
      More particularly, the present invention relates to a coal mining machine
      having one or more coal cutting drums which project outwardly into the
      working face of the mine together with a roller crusher for subdividing
      lumps of coal while carried by a conveyor, wherein both the cutting drums
      and the roller crusher are supported for pivotal movement about horizontal
      axes.
PAR  In coal mining operations, the raw coal released by the cutting tools of a
      drum-type mining machine is loaded onto a conveyor partly by screw-shaped
      driving surfaces located at the periphery of the cutting drums and partly
      by guide plates located behind the cutting drums. However, as the mining
      machine moves along the longwall face of the mine, it has been discovered
      that portions of the longwall face of the mine frequently become detached
      and fall directly onto the conveyor. The detached and falling coal stems
      from cave-ins or "breakbacks" of the coal face and usually presents
      relatively large lumps of coal.
PAR  As a general rule, the mining machine with drum-type cutters travels along
      the face of the mine at a speed which is only a fraction of the operating
      speed of the longwall face conveyor. Typically, for example, an average
      speed for a mining machine is about 0.1 meter per second while a speed of
      about 0.3 meter per second is a quite common conveyor speed for a scraper
      chain-type conveyor. Thus, during times when the mining machine travels in
      either direction, and when it is stationary, there is an appreciable
      relative velocity between a gantry which supports the mining machine above
      a longwall face conveyor and the material transported by the conveyor. Now
      since the raw coal produced by cave-ins or breakbacks can reach the
      conveyor in the form of large lumps, it frequently occurs that these lumps
      are larger than the free space which exists between the conveyor and the
      gantry supporting the mining machine above the conveyor. These lumps of
      coal can and frequently do lead to blockages and other operating
      difficulties, particularly if they cannot pass through the portal opening
      of the gantry.
PAR  It is already known in the art to mount roller crushers on drum-type mining
      machines as, for example, in an associated relation with a support arm
      which carries one of the cutting drums of the mining machine. In this
      known arrangement, the roller crusher is actually mounted on the support
      arm at the side thereof opposite to the location of the cutting drum and
      parallel to the rotational axis thereof. The roller crusher is driven by
      the same drive system which rotates the cutting drum. This drive system is
      located within the support arm that carries both the cutting drum and the
      roller crusher.
PAR  It is another known arrangement to mount the shaft of a roller crusher
      directly in the frame of the mining machine and couple this shaft to the
      drive which rotates the cutting drum. In both of the above-known
      arrangements, the position or vertical height as well as the rotational
      speed of the roller crushers are fixed and cannot be matched to the actual
      operating conditions. It is impossible to independently position or
      rotatably control the roller crusher.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to operatively locate a roller
      crusher on the side of a mining machine while supported by a gantry for
      movement along the mine face such that the roller crusher faces toward the
      oncoming flow of coal being transported by a conveyor so as to reduce the
      size of such oncoming material for free passage thereof beneath the mining
      machine.
PAR  In accordance with the present invention, there is provided the combination
      of a conveyor having a support frame adapted to rest upon the footwall of
      a coal mine and extending in a direction parallel to the working face
      thereof, of a coal mining apparatus comprising a gantry adapted to travel
      along the conveyor frame, a coal cutting machine carried by the gantry, a
      support arm pivotally attached to the mining machine for movement about a
      horizontal axis, a cutter head mounted on the support arm for projecting
      into the working face of the mine, and a roller crusher carried by the
      coal cutting machine for movement about a horizontal axis at the end of
      the gantry which faces toward the oncoming stream of coal carried by the
      conveyor. The present invention further provides that a drive motor for
      the roller crusher is mounted on a support arm structure for swinging
      movement therewith about a horizontal axis and a reduction drive gear
      operatively coupled between the drive motor and the crusher roller for
      rotating the latter.
PAR  According to the preferred form of the present invention, the aforesaid
      support arm structure takes the form of a U-shaped frame which is
      constructed and arranged so as to support the drive motor between
      spaced-apart arms thereof which are attached at their free ends to the
      mining machine for swinging movement about a horizontal axis. A piston and
      cylinder assembly is operatively coupled between the mining machine and
      the U-shaped frame for pivotally positioning the support arm and thereby
      the crusher roller.
PAR  According to the roller crusher arrangement of the present invention, it is
      possible to achieve a satisfactory reduction to the size of large lumps of
      raw coal while they are conveyed by the longwall face conveyor. As may be
      needed or deemed necessary by an operator of the mining machine, the
      roller crusher can be instantly and appropriately lowered toward the
      conveyor especially when large lumps of coal are carried toward the mining
      machine. In a similar way, the roller crusher can be raised to a suitable
      or desired height so that the lumps of coal can travel into the path of
      the rotating tool elements of the roller crusher for breaking down or
      subdividing these lumps of coal.
PAR  It is an especially important and significant feature of the present
      invention that the roller crusher is provided with a separate drive system
      so that it can be put into operation even though the drum cutters of the
      mining machine are not operating. The employment of a U-shaped frame to
      form a support arm for the roller crusher has the particularly desirable
      feature of protecting the drive motor and the position control piston and
      cylinder assembly when they are mounted in the space between the arm
      members thereof. This arrangement of parts also provides a robust and
      compact construction for the mining machine.
PAR  Appropriately, a pressure and suction valve block is provided in the lines
      which connect together the two sides of the piston in the aforesaid piston
      and cylinder assembly. The valve block is operatively arranged in the
      pressure and suction lines so as to insure a resilient support for the
      roller crusher while it is located in a desired operating position but at
      the same time continuously provides that the roller crusher can swing
      upwardly should it become overloaded by excessively large lumps of coal
      which otherwise may be forced under it by the driving strips or flight
      attachments of the conveyor system. Naturally, should the roller crusher
      be moved to a higher operating position, then the roller crusher must be
      returned to its lower and normal working position by an operator.
PAR  It is a further objective of the present invention to provide a control
      device to resiliently position the roller crusher in its desired operating
      position whereby after an overload condition caused by oversized lumps of
      coal has been alleviated, the roller crusher is again automatically
      returned to its normal operating position.
PAR  To achieve this object, the present invention provides that the chamber of
      a reversibly-operating piston and cylinder assembly or its feed lines
      which is acted upon when the roller crusher is lowered, is provided with
      two pressure switches, one of which responds to a maximum fluid pressure
      while the other responds to a minimum fluid pressure. The arrangement
      being such that between the piston and cylinder assembly and the pump for
      the fluid medium, there is incorporated a controllably valve which moves
      in response to a signal from the low pressure switch into a position which
      connects the cylinder chamber of the piston and cylinder assembly with the
      pump. This valve also moves in response to a signal from the switch
      responsive to the maximum fluid pressure to connect the cylinder chamber
      with a sump. As a result, in the event of an overload produced by large
      lumps of coal, the roller crusher is withdrawn upwardly and then returned
      from its upward position to its original position by the pressure from the
      pump when the excessive fluid pressure has returned to a valve at which
      the low pressure switch is responsive. By this means, therefore, it is
      possible to actuate the flow valve either electrically or by means of the
      pressure medium.
PAR  When a coal extracting machine is installed for operation at a location
      which is endangered by firedamp, it is preferred that the flow-valve for
      controlling the operation of the piston and cylinder assembly is actuated
      by pressure medium which is controlled by a magnetic solenoid valve
      located in a pressure-tight chamber in the compartment containing the
      hydraulic system. The solenoid valve is actuated by the two pressure
      sensor switches.
PAR  An adjustable throttle valve discharges the fluid medium to a sump when the
      roller crusher is lowered. This valve is installed in the feed line of the
      other operating side of the piston and cylinder assembly in order to
      regulate the downward movement of the roller crusher and to prevent the
      structure or other foreign materials which are supported by the piston and
      cylinder assembly from determining the speed of the downward movement
      thereof. The throttle valve limits the amount of liquid which can be
      discharged into the sump per unit of time and thus controls the movement
      of the piston to determine the lowering speed and the required operating
      position of the roller crusher.
PAR  It is a further characteristic feature of the present invention to provide
      an adjustable stop to limit in an accurately controlled manner the lift or
      operating stroke of the piston and cylinder assembly according to the
      height of the portal opening of the gantry.
PAR  The drive motor for the roller crusher is preferably mounted by an end face
      to the inner face of crossbars forming the U-shaped frame such that the
      drive shaft of the motor is coupled directly to a worm gear in a gear
      drive that is mounted on the other side of the crossbar. The drive housing
      of this drive encloses the worm coupled to the drive motor and a worm
      wheel in mesh therewith and coaxially mounted between two sections forming
      the roller crusher which enclose the sides of the drive housing. The drive
      housing is made of two halves which are bolted together with a divide line
      lying in a plane which passes through the worm gear and which runs
      perpendicular to the axis of the roller crusher. The arrangement being
      such that the divided housings are each conveniently attached to a hood
      which can be removed from about the actual roller crusher.
PAR  The drive housing has cooling channels which surround the worm shaft and
      extend about the lower portion of the housing so that cooling fluid from
      the drive motor flowing through these channels will improve the removal of
      heat produced by the energy losses within the worm gear drive. It is
      preferred to provide a cooling channel in each of the divided housing
      parts with the two channels connected together by a common passageway.
      Spray nozzles communicate with the cooling channels to discharge the
      cooling liquid as a spray in the direction of the working region of the
      roller crusher.
PAR  It is desired to attach a mounting plate to the front of the mining machine
      and equip this plate with a plurality of lugs to support pivot pins which
      form the pivot axes for the support arms of the U-shaped frame and for
      mounting the piston and cylinder assembly employed to position the roller
      crusher. Such a mounting plate has the advantage of facilitating the
      attachment of a roller crusher to existing mining machines which are
      already in use. By employing this mounting plate, an additional advantage
      is realized whereby a mining machine can be equipped with a roller crusher
      having its rotational axis arranged either vertically or horizontally.
      When the roller crusher is mounted with its rotational axis extending in
      the vertical direction, the lower section of the roller crusher must also
      be provided with an end face cutting tool.
PAR  In order to employ a roller crusher in accordance with the teachings of the
      invention in combination with low profile mining machines, such as are
      installed in low mine seams, the position control piston and cylinder
      assembly can be mounted above or below the U-shaped frame as desired. In a
      similar manner, the pivotal mounting for the U-shaped frame as well as the
      piston and cylinder assembly may be attached by appropriately positioned
      lugs. When the position control piston and cylinder assembly lies below
      the support arms of the frame, this cylinder assembly is located entirely
      within the profile of the mining machine and therefore no additional space
      is required which may be otherwise necessary should this piston and
      cylinder assembly be mounted above the support arms.
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PAR  These features and advantages of the present invention as well as others
      will be more readily understood when the following description is read in
      light of the accompanying drawings, in which:
PAR  FIG. 1 is an elevational view of a drum-type coal cutting machine which
      embodies, according to the present invention, a roller crusher for
      rotation about a horizontal axis;
PAR  FIG. 2 is a plan view of a drum-type coal cutting machine embodying,
      according to the present invention, a roller crusher for rotation about a
      vertical axis;
PAR  FIG. 3 is a partial sectional view taken along the longitudinal center of
      the mining machine shown in FIG. 1 and specifically along line III--III of
      FIG. 4;
PAR  FIG. 4 is a sectional view taken along line IV--IV of FIG. 3;
PAR  FIG. 5 is a sectional view taken along line V--V of FIG. 3;
PAR  FIGS. 6 and 7 are schematic illustrations of coolant feed lines for the
      roller crusher according to the present invention;
PAR  FIG. 8 is a schematic diagram of a hydraulic control system for position
      control of the roller crusher of the present invention;
PAR  FIG. 9 is a schematic diagram of a modified hydraulic control system for
      position control of the roller crusher of the present invention; and
PAR  FIG. 10 is a view similar to FIG. 9 and illustrating a further embodiment
      of the hydraulic control system.
DETD
PAR  FIG. 1 illustrates a drum-type coal cutting machine 1 for extracting coal
      from a mine face during which it travels in a direction parallel with and
      upon a longwall face conveyor 2. The drum-type cutting machine essentially
      includes a gantry 3 which is supported by pressure pads or skids 4 for
      movement along the longwall face conveyor 2. The gantry 3 supports a
      mining machine body 5 which, in turn, carries support arms 6. Extending
      from one side of these arms are cutting drums 7A and 7B which are
      rotatably supported by bearings carried in the support arms. The cutting
      drums are driven in a well known manner and their position is controlled
      by hydraulic actuators 8. The longwall face conveyor 2 continuously
      transports the coal obtained in the mining operation in the direction of
      the arrow 9 as illustrated in FIGS. 1 and 2. The coal liberated by the
      drum 7B from the mine face must always be carried away by the conveyor
      through the portal of the gantry 3 which lies below and carries the
      machine body 5. A roller crusher 10 is provided according to the present
      invention, to break down large lumps of coal while transported by the
      conveyor so as to prevent blockage by such lumps of coal at the portal
      opening formed by the gantry. The present invention provides that the
      roller crusher 10 is attached to the front end of the drum cutting mining
      machine 1 which end faces toward the oncoming stream of coal transported
      by the conveyor.
PAR  FIGS. 1-4 illustrate the details of the construction of the roller crusher
      10. Attached by bolts or the like to machine body 5 is a plate 13 which,
      in turn, carries lugs 11 for receiving pivot pins 12 which are passed
      through openings in the ends of support arms 14 which form part of a
      U-shaped frame 15. The support arms 14 of the U-shaped frame 15 also carry
      a gear housing 16 that is divided into two gear housing parts that are
      held together by bolts 44 as shown in FIGS. 3 and 4. The U-shaped frame 15
      forms a protective housing for a drive motor 19 which is attached by a
      motor flange 19A to a crosspiece 20 that interconnects the arms 14 of the
      U-shaped frame 15. The arms 14 are reinforced by ribs 17. A hood-like
      guard 43 partly encloses the top peripheral part of the roller crusher 10.
      A flexible pipeline, not shown, continuously supplies cooling liquid from
      the drum cutting mining machine 1 to the drive motor 19 by way of an inlet
      pipe 21 shown only in FIG. 3. A piston and cylinder assembly 22 is
      attached at its rod end by a pivot pin 12 to a lug 18 that is carried by
      the crosspiece 20 of the U-shaped frame 15. The cylinder body of the
      piston and cylinder assembly 22 is attached by a pivot pin 12 to the lug
      11 carried by the plate 13. As shown in FIG. 3, a hood 23 is attached to
      and forms an upper enclosure for the space between the arms 14 to protect
      both the piston and cylinder assembly 22 as well as the motor 19. If
      necessary or desired, the piston and cylinder assembly 22 may be located
      below the drive motor 19 as may be appropriate to reduce the overall
      height of the mining machine. For this purpose, an additional pair of lugs
      11, not shown, may be conveniently attached to the plate 13 between the
      lugs for the support arms 14 and in addition a lug similar to lug 18 can
      be readily attached to the lower part of the crosspiece 20.
PAR  As best illustrated in FIG. 3, the gear housing 16 includes a mounting
      flange 16A for mounting the housing to the crosspiece 20 of the U-shaped
      frame. The gear housing 16 includes reduction gearing which takes the form
      of a worm gear 33 carried on a worm shaft 33A which is coaxially arranged
      with the motor shaft 34 of the drive motor 19. The worm shaft 33A is
      rotatably supported by bearings 35 in the housing 16. A coupling 36 is
      used to interconnect the worm shaft with the motor shaft.
PAR  According to the arrangement of parts illustrated in FIG. 1 the roller
      crusher 10 is attached to the mining machine so that the rotational axis
      of the roller crusher extends in the horizontal direction. This
      arrangement of parts is provided by attaching the gear housing 16 by its
      mounting flange to the crosspiece 20 of the U-shaped frame 15 whereby with
      the gear housing so positioned, a worm wheel 38 lies below the worm 33 in
      meshing engagement therewith for rotation of the worm wheel about a
      horizontal axis extending along shaft 39. As best illustrated in FIG. 4,
      the shaft 39 is rotatably supported by bearings 40 which are mounted in
      side bosses 41 of the gear housing 16. Shaft 39 is held in position by
      retainer plates 45 that are bolted to the bosses 41 and include annular
      collars which engage the outer races of the roller bearings 40. The ends
      of the shaft 39 are extended to project from the gear housing 16 and carry
      roller crusher sections 10A and 10B forming the roller crusher 10. The
      roller crusher as illustrated in FIG. 1 includes crusher tools 42 that are
      tooth-like members which are rotated in the direction of the arrow to
      facilitate movement of the coal by the conveyor.
PAR  As previously described, the gear housing 16 is made in two parts with the
      divide line in a longitudinal direction of the housing and lying in a
      vertical plane passing through the worm shaft 33A. As shown by FIG. 2, the
      gear housing 16 is attached to the crosspiece 20 of the U-shaped frame in
      a manner whereby the worm wheel 38 and the sections 10A and 10B of the
      roller crusher 10 rotate about a vertical axis as defined by the position
      of the shaft 39. However, in this case, the end face of the lower section,
      not shown, of the roller crusher must also be provided with crushing tool
      elements 42. As best shown by FIG. 5, the two halves of the gear housing
      16 receive a continuous supply of cooling water which flows through
      cooling channels 47 which are connected together by a passageway and pipe
      46. This cooling water extracts the heat produced due to energy losses of
      the reduction gearing. As illustrated schematically in FIG. 7, cooling
      water enters the drive motor 19 by pipe 21. Water is discharged from the
      motor by outlet pipe 48 and the pipeline 49 conducts the water to the gear
      housing 16 where it enters through pipe fitting 50 to one of the cooling
      channels in the housing halves. The water exits from the other housing
      half at pipe fitting 51. Alternatively, as illustrated in FIG. 6, it is
      also possible to feed the cooling water through a header pipe 49A into
      both halves of the gear housing by connecting this header pipe to fittings
      50 and 51. In this embodiment, the cooling water is discharged from the
      gear housing 16 through nozzles 53 which, as shown in FIG. 5, are arranged
      to direct the stream of cooling water onto the sections 10A and 10B of the
      roller crusher.
PAR  As shown schematically in FIG. 8, the piston and cylinder assembly 22 is
      supplied with hydraulic fluid under pressure by a pump 24 which is located
      within the drum cutting mining machine 1. Hydraulic fluid delivered from a
      pump 24 is controlled by a throttle valve 25 that is connected by separate
      lines to a twin-check valve 26 from where pipelines 27 and 28 conduct the
      hydraulic fluid to the piston side and rod side respectively of the piston
      and cylinder assembly 22. The lines 27 and 28 are connected to a pressure
      and suction valve block 29 through which the hydraulic fluid can flow from
      one side of the piston to the other. Line 29A conducts the hydraulic fluid
      discharged from the valve block 29 to a sump 30. This line also delivers
      fluid to the valve block 29 as may be needed during the operation of the
      piston and cylinder assembly according to the present invention. A
      pressure limiting valve 31 is connected in the hydraulic fluid supply line
      from the pump 24. The hydraulic fluid delivered by pump 24 is limited by
      pressure limiting valve 31 and delivered to the throttle valve 25 which,
      when in the position shown, is returned directly to the sump 30 which
      corresponds to a blocked and idle position of the piston and cylinder
      assembly 22. When the throttle valve 25 is moved to the left as one views
      FIG. 8, the hydraualic fluid is delivered through the check valve 26 to
      line 27 and passed into the piston side of the piston and cylinder
      assembly 22, thus extending the piston out of the cylinder. At the same
      time fluid is conducted by line 28 from the piston and cylinder assembly
      through the suction valve block 29 and passed to the sump 30 via line 29A.
      When the throttle valve 25 is moved to the right as one views FIG. 8,
      hydraulic fluid is delivered by line 28 to the rod end of the piston and
      cylinder assembly, forcing the piston to retract within the cylinder. As
      this occurs, fluid is expelled into line 27 and discharged through the
      valve block 29 via line 29A to the sump 30.
PAR  In FIG. 9, there is illustrated an adjustable stop 56 to limit the
      lowermost position of the roller crusher in relation to the portal opening
      in the gantry 3 of the mining machine 1 and the conveyor 2. The adjustable
      stop 56 includes a threaded stop bolt 56A with a nut which can be locked
      in a preselected position so that the stop bolt engages and prevents
      further downward movement of the support arm 14 which forms part of the
      U-shaped frame 15. FIG. 9 further illustrates a hydraulic control system
      for the piston and cylinder assembly 22. This control system includes
      lines 54 and 55 which conduct pressurized hydraulic fluid from a twin
      non-return check valve 60 which preferably includes a check valve for each
      of these lines. A magnetically-operable solenoid valve 57 is connected in
      series with the check valve 60 and receives pressurized hydraulic fluid
      from the pump 24. An adjustable throttle valve 58 is connected in the feed
      line 54. In order to move the roller crusher 10 in a downward direction,
      that is, in a general direction toward the longwall conveyor, the throttle
      valve 58 connects the associated chamber of the piston and cylinder
      assembly 22 with the sump 30 by way of the twin non-return valve 60 and
      solenoid valve 57. FIG. 9 also illustrated a pressure limiting valve 61
      for protecting the pump 24 from pressure overloads. The pump received
      hydraulic fluid from the sump and delivers the fluid to one or the other
      side of the piston in the piston and cylinder assembly 22, depending upon
      the setting of the solenoid valve 57. Two pressure switches 62 and 63 are
      powered by electric line 64 and these switches are connected by lines 65
      and 66 in feed line 55 for the piston and cylinder assembly 22. Electrical
      signals from the pressure switches 62 and 63 are applied by lines 69 and
      70, respectively, to electrical actuators 67 and 68 for the solenoid valve
      57. The pressure switch 62 is adjusted and constructed to respond to a
      maximum limit of the fluid pressure in line 55 which may be selected, for
      example, at less than or equal to 150 bar while the pressure switch 63 is
      adjusted and constructed to respond to a minimum fluid pressure in line 55
      which may be selected at a pressure greater than or equal to 10 bar. In
      this way, the solenoid valve 57 is controllably positioned and set by
      pressure of the hydraulic fluid and, in fact, when the pressure of the
      fluid in line 55 is greater than or equal to 150 bar, the solenoid valve
      57 connects the line 65 with the sump 30 and line 54 is connected with the
      fluid delivery line from the pump 24 so that the roller crusher 10 is
      lifted in an upward direction. On the other hand, the solenoid valve 57
      operates to connect line 55 with the pump and line 54 with the sump
      whereby the piston and cylinder assembly 22 moves the roller crusher 10
      downward and back into its original operating position when the liquid
      pressure is, for example, at a value greater than or equal 10 bar.
      According to the hydraulic circuitry illustrated in FIG. 9, the control
      elements are mounted in a compartment within the drum-type cutting
      machine.
PAR  In the event the drum-type cutting machine is installed for operation at a
      location which is endangered by the presence of firedamp or methane gas,
      then the electrically-actuated solenoid valve 57 must be housed within a
      pressure-tight chamber 71 in order to exclude the possibility of firedamp
      explosions. This type of chamber is located within the winch housing which
      includes other electrically-controlled switch valves for the winch drive
      mechanixm of the mining machine.
PAR  With reference now to FIG. 10, there is illustrated a modified form of
      hydraulic circuit wherein similar elements of the two embodiments of
      hydraulic circuits in FIGS. 9 and 10 bear the same reference numerals. The
      solenoid valve 57 according to the hydraulic circuit of FIG. 10 is also
      located within winch housing of the mining machine where it is mounted
      within the pressure-tight chamber 71. The solenoid valve 57 is actuated by
      intrinsically-safe pressure switches 62A and 63A by way of lines 72 and
      73, respectively, so as to provide a flow of hydraulic fluid in the two
      pipelines 74 and 75 to a control element 76 for the throttle valve 77
      located in the drum cutting mining machine. In this way, the support arms
      14 of the U-shaped frame are raised under a liquid pressure of less than
      or equal to 150 bar by means of the piston and cylinder assembly 22 or
      lowered at a liquid pressure greater than or equal to 10 bar until the
      arms 14 abut against the adjustable stop 56. As described, the stop sets
      the limit to the lowermost position of the roller crusher and prevents the
      roller crusher 10 from unduly restricting the passage of coal carried by
      the conveyor through the portal opening in the gantry of the mining
      machine.
PAR  Although the invention has been shown in connection with certain specific
      embodiments, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. The combination of a conveyor having a support frame adapted to rest
      upon the footwall of a coal mine and extending in a direction parallel to
      the working face thereof, and a coal mining apparatus comprising:
PA1  a gantry adapted to travel along on said frame and pass above said
      conveyor, said gantry having a portal opening for the passage of coal
      therethrough while transported by said conveyor,
PA1  a coal cutting machine carried by said gantry,
PA1  a support arm pivotally attached to said machine for movement about a
      horizontal axis,
PA1  a cutter head mounted on said support arm for projecting into the working
      face of the mine,
PA1  means supported by said coal cutting machine and coupled to said support
      arm to pivotally displace the support arm about said horizontal axis and
      thereby selectively position said cutting head into a desired projecting
      relation toward the working face of the mine.
PA1  a roller crusher carried by said coal cutting machine independently of said
      cutter head at the end of said gantry which faces toward and in a
      generally overlying relation to the oncoming stream of coal carried by
      said conveyor, said roller crusher being arranged to break down large
      lumps of coal on said conveyor before passing into the portal opening in
      said gantry,
PA1  a support member rotatably mounting said roller crusher at one end thereof
      while supported at the other end by said gantry for pivotal movement about
      a horizontal axis, and
PA1  a drive motor carried by said support member to rotate only said roller
      crusher.
NUM  2.
PAR  2. The combination according to claim 1 further comprising a gear drive
      including a worm gear secured to the shaft of said drive motor, and a worm
      wheel in mesh with said worm gear for rotating said roller crusher.
NUM  3.
PAR  3. The combination according to claim 1 wherein said support member
      includes a U-shaped frame mounting said drive motor between the opposed
      side arms thereof.
NUM  4.
PAR  4. The combination according to claim 3 wherein said coal mining apparatus
      further includes a hinge pin for attaching said opposed side arms of the
      U-shaped frame to the end of said coal cutting machine facing toward the
      oncoming stream of coal on said conveyor.
NUM  5.
PAR  5. The combination according to claim 3 wherein said coal mining apparatus
      further includes a piston and cylinder assembly operatively coupled
      between said U-shaped frame and said coal cutting machine for positioning
      the former in relation to the oncoming stream of coal on said conveyor.
NUM  6.
PAR  6. The combination according to claim 5 wherein said coal mining apparatus
      further includes control means mounted on said coal cutting machine for
      controlling the passage of pressurized fluid to said piston and cylinder
      assembly to thereby control the position of said roller crusher relative
      to said conveyor.
NUM  7.
PAR  7. The combination according to claim 5 wherein said coal mining apparatus
      further includes:
PA1  fluid conducting lines connected to said piston and cylinder assembly, and
PA1  valve means for controlling the delivery of fluid by said lines to said
      piston and cylinder assembly.
NUM  8.
PAR  8. The combination according to claim 7 wherein said coal mining apparatus
      further includes,
PA1  pressure and suction valve means for controlling the passage of fluid from
      said piston and cylinder assembly.
NUM  9.
PAR  9. The combination according to claim 7 wherein said coal mining apparatus
      further comprises:
PA1  switch means responsive to a predetermined maximum and a predetermined
      minimum fluid pressure in the fluid conducting line for providing signals
      corresponding to the forces urging said roller crusher in a direction away
      from said conveyor.
NUM  10.
PAR  10. The combination according to claim 7 wherein said coal mining apparatus
      further comprises:
PA1  means for controlling said valve means in response to the signals from said
      switch means.
NUM  11.
PAR  11. The combination according to claim 7 wherein said coal mining apparatus
      further comprises throttle valve means coupled in at least one of said
      fluid conducting lines for controlling the speed at which said piston and
      cylinder assembly displaces said roller crusher relative to said conveyor.
NUM  12.
PAR  12. The combination according to claim 1 wherein said coal mining apparatus
      further includes adjustable stop means for limiting the lowermost position
      of the roller crusher relative to said conveyor.
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PAL  In known cutter assemblies, a cutter bit is dragged through a formation,
      thereby producing an unbalanced moment on the cutter bit which causes it
      to rotate. However, cuttings can lodge between the cutter bit and the
      holder, resulting in a frictional force greater than the unbalanced moment
      tending to rotate the cutter bit. The dragging of the cutter bit through a
      formation without its rotating causes the cutter bit to wear rapidly,
      necessitating its frequent replacement. The subject invention proposes to
      overcome the frictional force and to thereby increase the wear life of the
      cutter bit, by providing means whereby rotation is imparted to the cutter
      bit upon its initial contact with a formation. Thus, the inventive cutter
      assembly has a longitudinally and angularly extending groove situated on
      one of the cutter bit and the holder and a follower located on the other
      of the holder and the cutter bit. The follower engages the groove and
      moves therealong as the cutter bit moves longitudinally relative to the
      holder, thereby causing rotation of the cutter bit about its longitudinal
      axis relative to the holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a cutter assembly consisting of a cutter bit and
      a holder in which the cutter bit is rotatably mounted.
PAR  Cutter assemblies of this type are extensively utilized on continuous
      mining machines and to a lesser extent on rotary auger drills, ditching
      machines and land-breakers.
PAR  Rotation of the cutter bits in all assemblies presently available on the
      market is accomplished by combining a skew angle with the angle of attack
      such that the cutter bit drags through a formation. The movement of the
      cutter bit through the formation causes an unbalanced moment on the cutter
      bit about its longitudinal axis, resulting in rotation of the cutter bit.
      In comparatively dry, clean areas, this unbalanced moment is sufficient to
      cause rotation of the cutter bit. However, in many cases, cuttings lodge
      between the bearing surfaces of the cutter and the holder, creating a
      frictional force which exceeds the unbalanced moment on the cutter bit
      tending to cause rotation. In such cases the cutter bit drags over the
      formation without rotating and the cutter bit body wears rapidly until the
      hard-metal insert of the cutter bit falls out and the bit must be
      replaced.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The subject invention proposes the provision of a positive initial rotation
      of the cutter bit whereby the static frictional force between the cutter
      bit and holder is overcome upon initial contact of the bit with the
      formation. Further means are disclosed for providing incremental rotation
      of the cutter bit such that improved hard-metal tip profiles can be
      utilized and cutter bit drag minimized by eliminating the skew angle.
PAR  According to the subject invention, a cutter assembly comprises in
      combination a cutter bit rotatable mounted in a holder. Either the cutter
      bit or the holder includes means defining a longitudinally and angularly
      extending groove while the other of the holder and the cutter bit supports
      a follower means which engages the groove means. As the cutter bit moves
      longitudinally relative to the holder, the follower means moves relative
      to the groove means, thereby causing rotation of the cutter bit about its
      longitudinal axis relative to the holder.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings which illustrate embodiments of the invention:
PAR  FIG. 1 is a frontal elevation of a cutter assembly in working position;
PAR  FIG. 2 is a side elevation of a cutter assembly, with the cutter bit holder
      partially broken away, as viewed with no load on cutter bit;
PAR  FIG. 3 is a side elevation of the cutter assembly of FIG. 2, as viewed with
      a load applied to the cutter bit;
PAR  FIG. 4 is a side view of a cutter bit according to the invention;
PAR  FIG. 5 is a cross-section of the cutter bit of FIG. 4 taken along the line
      V--V;
PAR  FIG. 6 is an exploded side view of a modified cutter bit and rotating
      means;
PAR  FIG. 7 is an end view of the rotating means illustrated in FIG. 6, looking
      in the direction of arrows VII--VII;
PAR  FIG. 8 is a side view of a cutter bit assembly, with the cutter bit holder
      partially broken away, in which provision is made for incremental indexing
      of the cutter bit;
PAR  FIG. 9 is the cutter bit assembly illustrated in FIG. 8, with a load
      applied to the cutter bit;
PAR  FIG. 10 is a side view of the cutter bit utilized in the cutter bit
      assembly illustrated in FIGS. 8 and 9, as viewed in the direction of the
      arrows X--X in FIG. 9;
PAR  FIG. 11 is a side view of an improved hard-metal insert point profile;
PAR  FIG. 12 is an end view of the insert shown in FIG. 11, looking in the
      direction of arrows XII--XII;
PAR  FIG. 13 is an end view of another form of point profile;
PAR  FIG. 14 is a side view of a hard-metal insert point profile having a flared
      wear protection feature;
PAR  FIG. 15 is an exploded side view of a cutter bit and separate incremental
      indexing mechanism;
PAR  FIG. 16 is an end view of the incremental indexing mechanism shown in FIG.
      15, viewed in the direction of the arrows XVI--XVI;
PAR  FIG. 17 is a partial view of a further embodiment of a cutter assembly
      according to the invention, with the holder broken away, in which the
      cutter bit has a substantially constant body diameter;
PAR  FIG. 18 is the cutter assembly according to FIG. 17 with a load applied to
      the cutter bit;
PAR  FIG. 19 is a vertical section of an adapter for converting a conventional
      cutter bit holder to the positive rotation method disclosed by the
      invention;
PAR  FIG. 20 is a section of the adapter illustrated in FIG. 19, taken along
      line XX--XX;
PAR  FIG. 21 is an enlarged section taken along line XXI--XXI, of the adapter
      illustrated in FIG. 19;
PAR  FIG. 22 is a further embodiment of the cutter assembly according to the
      invention, with no load applied to the cutter bit; and
PAR  FIG. 23 is the embodiment shown in FIG. 22 in working position.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, cutter bit 30, having a hard-metal insert 32, is
      mounted in a holder 34, the holder 34 being attached by a weld 36 or other
      suitable means to the digging portion of an excavating assembly 38. During
      operation, a portion 40 of the cutter bit 30 rolls over the formation 42
      being excavated. The length of the portion 40 is referred to as the
      rolling contact distance. This distance can be varied by changing the skew
      angle of the cutter bit assembly during initial welding of the cutter bit
      holder 34 to the digging machine. The hard-metal, tungsten carbide, insert
      32 has a conical point to facilitate rolling along the formation.
PAR  As shown in FIG. 2, a resilient means 44, such as a compression spring or
      the like, is situated between the end of the shank portion of the cutter
      bit 30 and the base of the opening 46 in the cutter bit holder 34 in which
      the cutter bit 30 is rotatably mounted. The resilient means 44 is axially
      aligned with the longitudinal axis of the cutter bit 30 and biases the
      cutter bit away from the base of the opening 46. A retainer pin 48 or the
      like is inserted through a passageway 50 in the cutter bit holder 34, the
      passageway 50 communicating with the opening 46. The follower means 48
      engages a curved groove means 52 which is formed on the shank portion of
      the cutter bit 30 and extends longitudinally and angularly thereof.
PAR  Upon initial contact of the cutter bit insert 32 with the formation being
      excavated, a longitudinal force causes the cutter bit 30 to move into the
      holder 34 to the position shown in FIG. 3. As the cutter bit 30 moves into
      the holder 34, an end of follower means 48 contacts an inclined spiral
      surface 54 of the curved groove means 52, thereby causing the cutter bit
      to rotate. At the same time, the resilient means 44 is compressed and, as
      shown in FIG. 3, the relative position of the follower means 48 to the
      shank of the cutter bit 30 is such that the end of the follower means is
      free from the curved groove means 52 and is essentially centered in an
      annular groove 56 formed by the upper terminus of the curved groove means.
      In the position shown in FIG. 3, stop and thrust load surfaces 58 and 60,
      on the cutter bit 30 and cutter bit holder 34 respectively, come into
      contact and together with the surface of the shank portion of the cutter
      30, function as bearing surfaces on which the bit 30 rotates. Secondary
      bearing surfaces 62 and 64 are provided on the cutter bit 30 and cutter
      bit holder 34 respectively, and come into contact should bearing surfaces
      58 and 60 become worn. Utilizing a raised shoulder type of bearing surface
      64 affords wear protection for the front edge of the cutter bit holder 34
      and thereby increases its wear life.
PAR  When the longitudinal force due to excavating is removed from the cutter
      bit, resilient means 44 tends to force the cutter bit and holder, apart,
      thereby separating the stop and thrust load surfaces 58 and 60. As the
      resilient means expands, the end of follower means 48 comes into contact
      with inclined surface 66 of the curved groove means 52, thereby rotating
      the cutter bit 30 into a position ready for the next excavating cycle.
PAR  In the embodiment of the cutter bit 30 shown in FIG. 4, the curved groove
      means 52 comprises three inclined spiral grooves for rotating the cutter
      bit. Provision is made for removal of follower means 48 when the cutter
      bit 30 is in the position shown in FIG. 2 and hole 68, according to FIG.
      5, is in alignment with follower means 48. To permit removal of follower
      means 48, its overall length is less than the diameter of the shank
      portion of the cutter bit 30. When utilizing this method of cutter bit
      retention, only one follower means 48 is required and an identification
      mark is made on the cutter bit body so that visual alignment can be made
      between the follower means 48 and hole 68. Once the follower means and
      hole are aligned, the follower means can be driven into the hole with a
      suitable tool and the cutter bit can be replaced.
PAR  The section of the cutter bit shank shown in FIG. 5 includes curved groove
      means comprising three inclined spiral grooves 52, 70 and 72. The number
      of spiral grooves utilized in a particular cutter bit is dependent upon
      the operating conditions. Right hand and left hand spiral grooves can be
      utilized for right and left skew angles.
PAR  FIG. 6 shows a further embodiment of the invention in which the portion of
      the cutter bit assembly which includes the curved groove means is separate
      from the cutter bit body. Cutter bit 130 is provided with a cylindrical
      end 132 which can be inserted into a rotative means or sleeve 134. As
      shown in FIG. 7, the upper end 136 of the sleeve is sized to a diameter
      smaller than the diameter of the cylindrical end 132 by inwardly directed
      portions 138, 140 and 142 such that when the shank of the cutter bit 130
      is inserted into the rotative means 134, accidental removal is effectively
      prevented. When utilizing such a rotative means 134, one or more follower
      means can be utilized corresponding in number to the number of spiral
      grooves utilized on rotative means 134. Rotative sleeve 134 is suitably
      manufactured from spring steel and hardened to resist wear along the
      inclined spiral grooves.
PAR  In a further embodiment of the invention, the cutter bit assembly shown in
      FIG. 8 includes a cutter bit 230 having a special hard-metal insert 232
      and mounted in holder 234. Resilient means 236 and follower means 238 are
      identical to those previously disclosed. In the unloaded position, as
      shown in FIG. 8, follower means 238 is at the rearmost position on the
      curved groove means 240 and resilient means 236 is extended. According to
      FIG. 9, cutter bit 230 is in the working position with the follower means
      238 at the upper position on the curved groove means 240 and bearing
      against a surface 242 parallel to the longitudinal axis of cutter bit 230,
      as illustrated in FIG. 10. Since surface 242 is essentially parallel with
      the longitudinal axis of cutter bit 230, follower means 238 is maintained
      in a fixed position so long as a force is being applied to the cutter bit
      and thereby effectively prevents rotation of the cutter bit. When the
      cutting load is removed from the cutter bit, resilient means 236 causes
      the follower means 238 to come into contact with surface 244, thereby
      partially rotating the cutter bit 230 for the next working cycle.
PAR  When using the embodiment of the invention according to FIGS. 8 to 10,
      there is positive incremental rotation of the cutter bit on every working
      cycle. As a result, there is no need to have a skew angle on the cutter
      bit assembly to cause rotation of the cutter bit during excavation, and
      the power requirements of the excavating machine on which the assembly is
      mounted are reduced.
PAR  The hard-metal insert 232 illustrated in FIG. 11 is of the type which would
      be utilized on the cutter bit according to FIG. 10. This insert consists
      of a substantially cylindrical mounting portion 246 and a pyramidal form
      of point 248 having a triangular base. A transition section 250 joins the
      triangular base with the cylindrical mounting portion such that stress
      concentrations are eliminated over this area. The insert shown in FIGS. 11
      and 12 requires a 120 degree rotation per indexing increment so that there
      is a flat side on the pyramidal point essentially parallel to the surface
      of the material being excavated during the working cycle. The utilization
      of this point profile on the hard-metal insert generates a shearing and
      lifting action on the material being excavated, rather than a
      substantially compressive type of failure as in generated with a conically
      pointed insert. The number of sides forming the base of the pyramidal
      point profile is determined largely from the physical space limitations
      required for the spiral inclined grooves which result in the incremental
      rotation of the cutter bit. The hard-metal insert shown in FIG. 13 has a
      chisel-shaped point profile 252 requiring 180 degrees of rotation per
      indexing increment.
PAR  The modified hard-metal insert in FIG. 14 is of the triangular based
      pyramidal form according to FIGS. 11 and 12, but includes a raised
      shoulder 254 for protection of the front of the cutter bit body. Provision
      of extra wear protection on the leading edge of the cutter bit body is
      important in that the carbide inserts are generally silver soldered or
      brazed into their mounting socket and the carburized and hardened cutter
      bit body is annealed in the area of maximum abrasive wear due to the
      carbide bonding operation.
PAR  The embodiment of the invention according to FIGS. 15 and 16 is similar in
      principle to the embodiment illustrated in FIGS. 6 and 7 in that the
      rotative indexing means is separate from the cutter bit body. In FIG. 15,
      the cutter bit 330 includes a hard-metal insert 332, according to FIG. 14,
      and a shank portion 334 which releasably fits into the bore of the
      rotative indexing means 336. A flattened area 338 on the cutter bit shank
      334 cooperates with a flattened area 340 in the interior of the rotative
      indexing means 336 such that the correct angular relationship between the
      rotative indexing means 336 and the flattened faces on the hard-metal
      insert 332 can be maintained when the cutter bit 330 is changed for
      sharpening or replacement. Provision for retention of the cutter bit in
      the rotative indexing means is made by reducing the indexing mean bore
      diameter at 342 such that the spring force generated at 344, 346 and 348
      is sufficient to prevent accidental removal of the cutter bit 330.
PAR  The embodiment of the invention shown in FIGS. 17 and 18 differs from the
      preceding embodiments in that the diameter of the cutter bit is constant
      over a majority of its length and the thrust loading due to digging is
      absorbed by a surface that is essentially perpendicular to the
      longitudinal axis of the cutter bit. Referring to FIG. 17, cutter bit 430
      is mounted in cutter bit holder 432 and retained therein by follower means
      434 such that during longitudinal movement of cutter bit 430 into holder
      432 an end of the follower means 434 engages a curved groove means 436,
      resulting in rotation of the cutter bit 430 relative to holder 432. As a
      result, perpendicular axial thrust surfaces 438 and 440 come into contact,
      as shown in FIG. 18, and resilient means 442 is fully compressed. Follower
      means 434 is essentially centered in annular groove 444, free of the
      curved groove means 436, such that free rotation of the cutter bit 430 can
      occur. It is to be understood that incremental indexing, as disclosed in
      connection with FIGS. 8 and 10, could be incorporated in this particular
      cutter bit body 430. The primary advantage of providing essentially
      perpendicular thrust faces 438 and 440 is the absence of any wedging
      action generated due to inclined faces as occurs in the previously
      disclosed cutter bits. Also, since the cutter bit body 430 is constant in
      diameter, there is a more even stress distribution due to the absence of
      abrupt changes in body diameter necessitated by provision for inclined
      thrust faces.
PAR  The embodiment of the cutter bit assembly shown in FIG. 19 has a cutter bit
      holder 530 as is in common usage, and a positive rotation adapter block
      532 attached to the holder 530 by suitable means, such as by welds 534 and
      536. The rotative features utilized may be the same as those shown in FIG.
      2 or FIG. 8. Rotative adapter block 532 has a forwardly extending collar
      portion 538 of reduced diameter to provide a sliding fit into the bore of
      holder 530 such that alignment of the block and holder can be readily
      maintained during the welding operation. Cutter bit 540 has thrust faces
      542, 544 and 546, the latter indicated by phantom lines, as integral
      features. By providing a positive rotative means as an adapter to an
      existing worn cutter bit holder, the axial thrust surface facing surface
      542 will likely be worn and contact will not occur at this point. For this
      reason, perpendicular thrust faces 544 are provided, similar to surfaces
      438 and 440 in FIGS. 17 and 18. It is further understood that in a
      conversion of a new cutter bit holder 530 all three surfaces 542, 544 and
      546 could be in contact so that the peening action resulting from the
      absorption of the shock generated by the longitudinal movement of the
      positive rotative assembly 540 could be distributed to the three
      aformentioned surfaces and contact stresses minimized. A further provision
      in the embodiment of FIG. 19 is the method of retention of a hard metal
      insert holder 548. Retainer 550 is provided and is press fitted in hole
      552 such that it is retained in the positive rotating assembly 540. A
      second hole 554 is oversized with respect to the retainer pin diameter and
      the pin 550 is free to bend about its press fit end.
PAR  In FIG. 20, which is a section taken along line XX-XX of FIG. 19, retainer
      pin 550 is shown as a spiral spring pin or slotted pin and the depth of
      the oversized hole 554 is shown as the distance 556. The press fit depth
      of the hole 552 is shown as 558. Hard metal insert holder 548 contacts the
      retainer pin 550 at 560. The loading on the retainer pin 550 can be
      analyzed as for a circular cantilever beam having a uniformly distributed
      load over a distance 560, the portion of its length which engages the
      hard-metal insert. By varying the ratio between distances 556 and 558,
      various actual retaining forces can be achieved.
PAR  FIG. 21 shows an enlarged section taken along line XXI-XXI of FIG. 19, with
      slotted retainer pin 550 shown in cross-section. The contact point of pin
      550 with hard-metal insert holder 548 occurs along an inclined face 562.
      In the embodiment according to FIG. 19, it is preferred that the
      hard-metal insert holder 548 not rotate relative to the positive rotative
      assembly 540; surface 562 therefore forms a flattened area such that pin
      550 also prevents rotation. If rotation of holder 548 is desired, an
      annular groove can be provided such that the retainer pin 550 is free of
      the groove when holder 548 is fully seated and in working operation.
PAR  The embodiment of the invention shown in FIG. 22 consists of the cutter bit
      holder 630 and cutter bit 632 having an annular recess provided at 634 for
      retainer pin 636. In the extended position shown in FIG. 22, retainer pin
      636 bears against stop surface 638 and prevents accidental removal of
      cutter bit 632 from the holder 630. An elongated slot 640 is provided in
      the holder 630 for retainer pin 636 to operate in the same manner as the
      embodiment of the invention described with respect to FIG. 20. The
      elongated slot 640 is provided in lieu of a larger diameter hole. A
      portion of the slot provided for the retainer pin is smaller in width than
      the diameter of the retainer pin so as to provide a press fit action for
      retention of the pin 636 in holder 630. The axial length of the annular
      recess at 634 corresponds to the longitudinal movement of the cutter bit
      632 into and out of the holder 630. Follower means 642 engages curved
      groove means 644, thereby initiating rotative movement of the cutter bit
      632 relative to the holder 630, as described previously. In this
      embodiment of the invention, follower means 642 comprising one or more
      pins may be utilized since the pins do not act to retain the cutter bit in
      the holder. The only requirement on the number of such pins is that if one
      pin is in angular alignment with an inclined groove of the curved means,
      all the other pins are also in alignment with corresponding inclined
      grooves.
PAR  FIG. 23 shows the cutter bit 632 fully inserted into a holder 630 as would
      be found during working operation. It is noted that retainer pin 636 is in
      the forwardmost portion of the annular recess 634 but is not in contact
      with the cutter bit at position 646. Follower means 642 is essentially
      centered in the annular groove provided at 648, such that cutter bit 632
      is free to rotate within holder 630. Incremental indexing as described in
      relation to the embodiments of FIGS. 8 and 15 can be incorporated in this
      embodiment by providing parallel stop surfaces for follower means 642 to
      bear against instead of an annular groove at 648.
CLMS
STM  What I claim my invention is:
NUM  1.
PAR  1. A cutter assembly comprising a cutter bit rotatably mounted in a holder,
      longitudinally and angularly extending groove means fixed in position
      relative to one of the cutter bit and the holder, follower means
      positioned in the other of said holder and cutter bit, said follower means
      co-operating with said groove means to effect axial and rotative movement
      of said cutter bit relative to said holder when said cutter bit is axially
      moving from a fully extended to a fully depressed working position, said
      rotative movement of said cutter bit being less than one full revolution
      when said cutter bit moves axially from said fully extended to said fully
      depressed working position.
NUM  2.
PAR  2. A cutter assembly according to claim 1, wherein said groove means
      communicates with an annular groove and said follower means is cooperable
      with said annular groove when said cutter bit has moved axially into said
      holder and said cutter bit is in a working position, whereby said cutter
      bit is rotatable about its longitudinal axis relative to said holder.
NUM  3.
PAR  3. A cutter bit assembly according to claim 1, wherein said follower means
      is releasably secured to said holder and completely insertable into a
      cooperating opening in said cutter bit during disassembly, whereby said
      cutter bit can be removed from said holder.
NUM  4.
PAR  4. A cutter assembly according to claim 1, wherein a retainer pin is
      releasably secured to said holder and engages an annular recess in said
      cutter bit, said recess having a length corresponding to a distance which
      the cutter bit moves longitudinally relative to said holder, said retainer
      pin preventing removal of said cutter bit when said pin is in engagement
      with said cutter bit.
NUM  5.
PAR  5. A cutter assembly according to claim 1, wherein said groove means is
      substantially sinusoidal, to effect positive incremental rotation of the
      cutter bit.
NUM  6.
PAR  6. The cutter assembly according to claim 1, wherein a resilient means
      mounted between said cutter bit and said holder biases said cutter bit in
      a direction longitudinally out of said holder, whereby said cutter bit is
      urged in a direction out of said holder when said cutter bit is in a
      non-working position.
NUM  7.
PAR  7. A cutter assembly according to claim 6, said groove means including a
      portion parallel to a longitudinal axis of the cutter bit, said parallel
      portion restricting relative rotative movement of the follower means with
      respect to the groove means and rotation of said cutter bit relative to
      said holder when said cutter bit is in a working position, and said
      follower means becoming disengaged from said parallel portion as said
      cutter bit moves from said working position and said resilient means
      biases said cutter bit in a direction out of said holder.
NUM  8.
PAR  8. A cutter assembly according to claim 1, wherein said groove means is
      located on a sleeve releasably secured to said cutter bit and said
      follower means is secured to said holder.
NUM  9.
PAR  9. A cutter assembly according to claim 8, wherein said sleeve is
      releasably secured to said cutter bit in a fixed angular position relative
      to said cutter bit.
NUM  10.
PAR  10. A cutter assembly according to claim 1, wherein said groove means
      comprises at least one curved inclined groove fixed in position relative
      to one of said cutter bit and said holder and said follower means
      comprises at least one pin secured to the other of the holder and the
      cutter bit.
NUM  11.
PAR  11. A cutter assembly according to claim 10, there being a pin
      corresponding to each curved inclined groove.
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ABST
PAL  In transfer apparatus for receiving lightweight articles such as containers
      made of plastic material, from a chute, and delivering them to a conveying
      means, the combination is provided of a turntable or dial having partition
      members forming circularly disposed receiving pockets rotatable in a
      generally horizontal plane below and successively in registry with the
      chute discharge opening, such pockets arranged for removal of the articles
      by the conveying means in a horizontal direction on reaching a discharge
      area on an arcuate path of travel thereof. Pocket loading means
      synchronized with movement of the dial are preferably used. The method
      involves successively feeding the articles individually at regular
      intervals to the rotating pockets, advancing the articles in the pockets
      along an arcuate path to a discharge area and continuously moving each
      article out of such discharge area in a direction generally tangential to
      the arcuate path.
BSUM
PAC  CROSS REFERENCE TO RELATED U.S. APPLICATIONS
PAR  Ser. No. 450,557, filed Mar. 13, 1974.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to transferring articles and more particularly to
      transferring lightweight articles such as containers made of thin-walled
      plastic material from a chute assembly to a conveying means.
PAR  It is well known to mold thermoplastic materials into articles such as
      lightweight containers, e.g. bottles, typically weighing from about 15 to
      250 gms., and, as disclosed in U.S. Pat. No. 3,776,991, to transfer them
      from the molding area to a downstream location via a conveying duct using
      partial vacuum therein as a transfer assist.
PAR  As far as is known, however, systems for transferring such lightweight
      articles in a trouble-free manner at high commercially practicable rates,
      particularly when necessary to present them in an orderly spaced
      arrangement to the downstream conveying means, are noticeably absent in
      the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, a system has been developed for reliably and consistently
      transferring articles such as lightweight containers between work
      stations.
PAR  Accordingly, it is a principal object of this invention to provide method
      and apparatus improvements in handling lightweight articles such as
      hollow, elongated plastic containers having a height greater than the
      maximum crosswise dimension.
PAR  A further object of this invention is to provide method and apparatus
      improvements particularly suitable for use immediately downstream of a
      chute system through which articles pass from an upstream station.
PAR  Another object of this invention is to provide method and apparatus
      improvements in an article inverting system which facilitates high speed
      removal of unstable lightweight articles from such system without jamming
      or damaging the articles.
PAR  A specific object of this invention is to provide method and means for
      removing thin-walled, lightweight, plastic bottles at very high rates from
      one or more chute assemblies and presenting them in an upright, spaced
      apart relationship for conveying to a downstream station.
PAR  Other objects of this invention will in part be obvious and will in part
      appear from the following description and claims.
PAR  These and other objects are accomplished in transfer apparatus for
      receiving lightweight articles, such as containers and the like made of
      plastic material, and delivering them in side-by-side relationship
      substantially uniformly spaced from each other, which apparatus includes a
      chute assembly having openings for receiving and discharging the articles
      and conveying means for successively moving the articles away from the
      discharge opening, by providing the combination therewith of articles
      presenting means between the chute assembly and conveying means having
      upright partition members forming article-receiving pockets spaced from
      each other and movable in a generally horizontal plane beneath the
      discharge opening, such pockets arranged to allow unobstructed removal of
      articles therefrom by such conveying means in a generally horizontal
      direction at a localized area along a path of movement.
PAR  Preferably, pocket loading means synchronized with movement of the pockets
      are used to deliver articles at regular intervals to the pockets from the
      discharge opening of the chute assembly.
PAR  From a process standpoint, there is provided a method of handling
      lightweight articles such as containers and the like made of plastic
      material, which comprises successively feeding the articles in upright
      position individually at regular intervals to pockets of a rotating
      turntable moving transverse to the direction of feeding, advancing the
      articles in the pockets successively along an arcuate path to a discharge
      area, and continuously moving each article out of such discharge area in a
      direction generally tangential to the arcuate path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to the
      accompanying drawings wherein:
PAR  FIG. 1 is a partially schematic, front, elevational view of a chute
      assembly usable in the present invention;
PAR  FIGS. 2 and 3 are views on an enlarged scale along 2--2 and 3--3 of FIGS. 1
      and 2 respectively;
PAR  FIG. 4 is an elevational view in detail of a portion of the structure of
      FIG. 1 adjacent the discharge end thereof;
PAR  FIG. 5 is a sectional plan view of apparatus embodying a feature of the
      invention usable in the structure of FIG. 4;
PAR  FIG. 6 is a sectional view along 6--6 of FIG. 4;
PAR  FIG. 7 is a plan view of apparatus embodying the invention situated
      downstream from that depicted in FIG. 4; and
PAR  FIGS. 8 and 9 are sectional views along 8--8 and 9--9 of FIG. 7
      respectively.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, a chute assembly, generally indicated as 10,
      is illustrated in FIG. 1, having a receiving opening 12 at one end and a
      discharge opening 14 at its other end. Though the overall profile of
      assembly 10 may vary and need not be symmetrical, in the embodiment of
      FIG. 1 it is substantially vertically disposed and has a generally
      U-shaped contour with openings 12 and 14 at a lower elevation than, and on
      either side of, arched central region 16. Though assembly 10 can be
      alternatively located, it is especially suited for use as a component of a
      container forming line which has an immediately upstream discharge
      station, not shown, where containers are presented for introduction into
      opening 12. Guide rails 18 may be used as required along all or portions
      of the length of assembly 10 for supporting and forming the flow confining
      surfaces for the articles moving therethrough in the direction of arrow
      20.
PAR  Eductor means 26 (FIG. 1) includes at least one eductor 27 operatively
      associated with receiving opening 12 for accelerating articles introduced
      to assembly 10 toward discharge opening 14. Means 26 may vary in detail
      and a number of spaced eductor units 27 can be employed depending on the
      total length of assembly 10. In the illustrated embodiment, the interior
      of eductor housing 28 is in open communication via tangential conduit 30
      with a source of fluid pressure such as a conventional air blower, not
      shown. Short lateral end wall 32 closes one end of the annular space
      between housing 28 and tubular portion 34 which is spaced inwardly from
      housing 28 and terminates at 35 opposite tapered portion 37 of housing 28,
      thereby forming annular venturi 40. Thus, air entering through nozzle 30
      swirls forwardly in a generally spiral path into the next most downstream
      tubular portion of assembly 10 through venturi 40, thereby creating
      negative pressure in the vicinity of venturi 40 and within portion 34 for
      pulling articles issuing from the upstream discharge station into assembly
      10. With the configuration of FIG. 1, the portion of assembly 10 up to
      approximately the end of 90.degree. ell portion 21 is therefore preferably
      circumferentially closed via the wall forming tubular section 42 in order
      to confine the high velocity article-propelling air stream, whereas that
      downstream of such ell portion 21 is preferably open to allow the air to
      escape freely to the surroundings, rails 18 only being necessary to guide
      the articles in such downstream portion. Such conveying air, however,
      could alternatively be fed back to the inlet of the blower supplying
      conduit 30 for closed loop recirculation. Also, though eductor means 26
      are preferably used to insure that each article is positively accelerated,
      if the articles entering opening 12 already have a velocity sufficiently
      high to carry them through at least arched region 16, eductor means 26 may
      not be required.
PAR  Dumpgate means, generally indicated as 44 (FIGS. 1-3), are preferably
      located somewhere along the length of assembly 10 such as in, or
      downstream of, arched portion 16. Such means 44 may be manually operable
      or, as illustrated, automatically actuated on receipt of a control signal
      from a suitable high level sensor such as a conventional photocell
      schematically shown as 46. In the illustrated structure, means 44 includes
      rail segments 48a and 48b on support arms 49a, 49b each of which is
      mounted for up and down arcuate movement via a connector 51 secured to the
      end of a support arm 49 and to rotary mounted, fixed pivot shaft 53, such
      movement being initially generated by linear movement of rod portion 56 of
      conventional fluid operated actuator assembly 50. In so moving, rail
      segments 48 pivot from a normal operative position, shown in full lines in
      FIG. 2, along the path of movement of the articles within assembly 10, to
      an inactive position shown in outline form at 52, clear of such path of
      movement. To further describe the function of the other illustrated parts
      of means 44 -- on forward reciprocation of rod portion 56 from the
      position of FIGS. 2 and 3, horizontally disposed pivot shaft 57 will turn
      since rotatably journaled in pillow blocks 61a, 61b and connected to rod
      56 by vertical linkage 58, clevis 59 and threaded nut 60. This rotary
      movement causes each rod 62 of the illustrated pair to move angularly
      downwardly since it carries threaded upper member 65 on its upper end
      which is movably associated with shaft 57 via linkage arm 69, and has
      threaded lower member 63 pivotally connected to movable pivot 64. Such
      downward movement is transmitted to each shaft 53 by linkage arm 75, thus
      causing support arms 49 carrying rail segments 48 to pivot downwardly to
      the position shown at 52. Diverter 68, welded to the lower end of
      connector 71 which turns with pivot shaft 57 will move downwardly with the
      turning of shaft 57 to the position shown at 70 in FIG. 1 to positively
      block the opening in assembly 10 downstream of means 44. This insures that
      all articles, which may continue to be fed into the system through opening
      12 when means 44 is in dump position, are diverted to a suitable
      collection means, not shown. Diverter 68 may be resiliently mounted via
      springs such as 72, to allow rail segments 48 to pivot downwardly
      independent of the position of diverter 68, should, for example, a dump
      signal from sensor 46 be received while an imperfect article is wedged
      between diverter 68 and the surfaces defining the flow opening immediately
      beyond rail segments 48.
PAR  Loading means generally indicated at 73 (FIGS. 1, 4 and 6) are provided for
      delivering articles being conveyed to a downstream dial assembly from
      discharge end 14. Though means 73 may vary in detail, the preferred
      embodiment comprises a pair, i.e. upper 74 and lower 76, of vertically
      spaced paddles above a dial loading position, to be described. Paddles 74,
      76 (FIG. 6) are offset from each other and mounted via conventional
      brackets to shaft 78 which is vertically supported by structure 81 and
      arranged for oscillating movement (note arrows 79 in FIG. 6) in
      synchronism with other downstream means for receiving the articles, to be
      described. In the position of FIGS. 4 and 6, the forwardmost end portion
      of upper paddle 76 is within the flow path of the articles while the
      corresponding end portion of lower paddle 74 is out of such path. On
      oscillation of shift 78 through an arc of about 30.degree. from that
      depicted, paddles 74 and 76 reverse position with respect to the flow path
      such that lower paddle 74 protrudes therein whereas upper paddle 76 does
      not.
PAR  Stop member 78 between level sensor 88 and loading means 73 (FIG. 4) having
      finger portion 80 may be provided for insertion into the flow path of the
      articles to prevent passage beyond such point. Member 78 is attached at
      one end via movable pivot 84 to a rod portion of conventional fluid
      actuator 86 and arranged intermediate its ends to move about fixed pivot
      82. Thus, on signal from low level sensor 88 (FIG. 1) finger portion 80 is
      pivoted up into obstructing position shown in solid lines in FIG. 4 via
      actuator 86 in order to provide for a buildup of articles within assembly
      10 prior to any further passage through loading means 73. The reverse
      action occurs, i.e. the obstruction is eliminated when sensor 88 is
      satisfied and finger portion 80 is caused to move downwardly about pivot
      82 to the inoperative position shown in FIG. 4.
PAR  As an optional feature of the invention usable with very high throughput
      rates to augment gravity drop of the articles into and out of pocket
      loading means 73, accelerating means, generally indicated in FIG. 5 as 92,
      associated with pocket loading means 73 and the lower container presenting
      means, to be described, may be provided. In the illustrated embodiment
      such means 92 comprises an upper set 94 above upper paddle 76 and a lower
      set 96 between paddles 76 and 74 of reversely rotatable wheel pairs, one
      wheel of the eight envisioned typically indicated as 98 in FIG. 5 and
      having a yieldable surface such as a fabric covering. Upper and lower
      wheel sets 94, 96 (FIG. 4) would be positioned in the article flow path
      via opposing slot pairs 95, 97 in the terminal portion 101 of chute
      assembly 10. Each wheel pair of a set 94, 96 is spaced opposite each other
      (FIG. 5) a distance less than the maximum crosswise dimension of the
      articles being handled. Provisions such as a track mounting for the wheel
      supports, may be provided for adjusting the space between opposing wheel
      pairs as necessary to accommodate different sized articles. Suitable
      conventional means such as one or more electric motors 99 and intermediate
      gearing or pulleys are provided to rotate wheels 98 at the desired
      peripheral speed, which speed will define the acceleration imparted to the
      articles passing therebetween. An alternative version of accelerating
      means in the form of forwardly directed air jets impinging on the articles
      has also functioned satisfactorily.
PAR  In accordance with the invention, dial means or article or container
      presenting means, generally indicated at 104 (FIGS. 7-9), are provided
      beyond pocket loading means 73, between discharge end 14 and conveying
      means 106 (FIG. 7). Though a single such means is functional, in the
      embodiment of FIGS. 7 and 8, dual, adjacent means are shown, the second
      being identified as 104a, and since both are identical only one will be
      specifically described. Means 104 comprises a circular turntable which may
      be one piece or, as in the illustrated embodiment, include upper 112 and
      lower 114 disc members (FIG. 8) mounted for rotation in a horizontal
      plane, such turntable-defining members being collectively referred to as
      108 in FIG. 7. Outwardly opening, generally U-shaped partition members 116
      are supported from and equally spaced around the peripheral edges of
      members 112, 114. Planar table member 118 below member 114 has (FIG. 8)
      surface portions such as at 120 outwardly subjacent the periphery of
      members 112, 114 which support the articles when within partition members
      116 and moving along segments of a circular path to be further described.
      Fixed, upstanding outer guide 122 supported from table member 118 is
      spaced outwardly of partition members 116 and extends around (FIG. 7) a
      substantial portion (on the order of 270.degree.) of the periphery of
      members 112, 114. Means for imparting rotation to turntable 108 include
      drive shaft 124 mounting upper and lower disc portions 112, 114 which is
      rotatably supported via conventional bearings from table member 118. A
      motion transmitting assembly of conventional design employing an electric
      motor as prime mover, intermediate drive shafts, gearboxes, couplings etc.
      well known to those skilled in the art, and schematically generally
      illustrated as 119 in FIG. 8 may be employed to rotate shaft 124 and
      turntable 108.
PAR  An upper, generally C-shaped platform 130 having loading 129 and exit 131
      ends and supported from outer guide member 122 may optionally be provided
      to bottom support the articles at a first elevation above that of table
      member 118 such that the uppermost ends are well above the adjacent
      surfaces of the dial means during a substantial portion, e.g. on the order
      of 180.degree., of the arcuate path of travel of the articles. Secondary
      operations, e.g. finishing or inspecting the surface defining an open end,
      may be conveniently performed on each article during such period of
      elevated support whereupon on reaching end 131 it falls by gravity to a
      lower level defined by table surface portion 120 where the articles may be
      more accessible to downstream conveying means 106. When this double tier
      approach is used, each partition member 116 has a slot 134 to accommodate
      platform 130 during rotation of the turntable, plus a lower extension 136
      below slot 134 (FIG. 8) for enclosing the article beyond end 131 of member
      130.
PAR  For unusually high handling rates wherein the speed of the moving parts of
      a single system necessary to accommodate such throughputs becomes
      impractical because of the inertia of the cycling components, a second
      means 104a laterally adjacent that just described may be added to
      accommodate an adjacent pocket loading means and chute assembly, not
      shown, identical to that feeding assembly 104. Planar table member 118 may
      be enlarged with dual systems to provide article and structural support in
      the manner described for means 104. A single drive assembly, as
      illustrated, may be used for turning both turntables.
PAR  As another optional feature, means 138 (FIGS. 7-9) operatively associated
      with a turntable 108 may be provided for guidedly directing successive
      articles within partition members 116. Such means comprises a series of
      rounded pegs 140, one for each partition member 116, arranged around the
      periphery of and movable with turntable 108. Each peg 140 projects toward
      the axis of turntable 108 and is mounted at the crest of generally
      triangular shaped cam member 142 which is secured to a vertical plate 144
      fastened to the peripheral edge of discs 112, 114. One cam member-peg
      combination is between (FIG. 7) and above (FIG. 8) each adjacent pair of
      partition members 116. Inclined profile surface 146 of cam member 142
      extends rearwardly of its associated peg 140 in a circumferential
      direction (FIG. 9).
PAR  In operation, a continuous succession of articles (FIG. 1) are either
      manually or automatically inserted or propelled, e.g. via a jet of high
      velocity air, upwardly into chute assembly 10 through entrance end 12 from
      an upstream station, not shown. Though articles capable of being handled
      by the system of the invention may vary widely in size and shape, such
      system is especially suitable to handle hollow, relatively lightweight
      articles weighing about 15 to 250 grams, such as containers, e.g. empty
      bottles made of relatively thin-walled (e.g. about 15 to 150 mils)
      thermoplastic material, having a pronounced tendency to tip over. In the
      embodiment shown the articles are in the form of such bottles 148 and are
      preferably all regularly oriented in a particular attitude, i.e. upside
      down, on entering end 12, though alternative orientations may also be
      accommodated. On entering end 12, the reduced pressure generated within
      portion 34 accelerates the lightweight bottles upwardly in continuous
      succession through the arched flow path defined by the flow confining
      space between rails 18 such that on entering the vertical terminal portion
      of assembly 10 which houses loading means 73, each bottle is in an
      inverted, upright position.
PAR  At startup of the system, or at any time thereafter when there are no
      bottles opposite low level sensor 88, stop finger 80 is in bottle-blocking
      position (FIG. 4), shaft 78 is oscillating moving paddles 74 and 76
      alternately into and out of the flow path of bottles 148, and, when two
      are in use, the turntables of dial means 104, 104a are rotating
      continuously in opposite directions. If accelerating means 92 are in use,
      each wheel pair of a set 94, 96 is likewise rotating in opposite
      directions. When sensor 88 is satisfied, finger portion 80 pivots
      downwardly out of the flow path allowing wheels 98 of upper set 94 to
      propel the lowermost bottle 148 downwardly against lower paddle 76. The
      signal from sensor 88 should be synchronized via conventional circuitry
      and timing switches such that finger portion 80 moves down when upper
      paddle 76 is within the flow channel, since if it is out of the channel
      the dropping bottle may not have passed beyond paddle 76 before the latter
      moves back into the flow channel, and if this occurs puncturing of the
      plastic wall can occur. Similar timing is necessary for the same reason in
      moving finger 80 into the flow channel. It is also to avoid damaging the
      bottles that sensor 88 is necessary at all, since if not used and no
      backup of bottles in the system occurs, the intent being that whenever a
      bottle is presented to loading means 73 it would be handled on an
      as-received basis, it is possible that a bottle could be delivered when
      upper paddle 76 is out of the flow path and be damaged when such paddle
      moves into the flow path before the bottle proceeds beyond it.
PAR  Oscillation of lower paddle 74 out of the way after the lowermost bottle
      has been propelled against it allows lower wheel set 96 or alternatively
      one or more air jets, to propel such bottle toward a pocket of the dial
      means and directly into it, if the guide means feature 138 is not used.
      Such pocket in the embodiment illustrated is defined by the space within a
      U-shaped member 116 and the opposing surface portion of outer guide member
      122. This cyclic movement continues resulting in a successive feeding of
      individual bottles 148 at regular intervals, from the end of the flow path
      within assembly 10 to the pockets of turntable 108 in a feeding direction
      perpendicular to the direction of turntable rotation. Feeding frequency is
      determined by the oscillating frequency of paddles 74 and 76 and the
      synchronized peripheral speed of each turntable 108. The bottles enter the
      peripheral path of movement in the illustrated embodiment at the station
      identified as 126 in FIG. 7. The oscillating movement of paddles 74, 76
      whereby the next bottle is prevented from moving downwardly while the
      preceding one is being forwarded to the horizontally moving pocket is
      especially suitable when the bottles (FIG. 4) have a base portion 150
      protruding upwardly into the body and a reduced diameter neck portion 152
      at the opposite end which will enter the concavity in the base of the
      prior container when stacked on end as in FIG. 4. If attempts are made to
      move the lowermost container sideways under these circumstances without
      first moving its neck portion vertically out of the concavity, such neck
      portion will wedge against the base and jamming of the system will occur.
      With flat or relatively flat bottom containers or those without a reduced
      diameter neck, provisions for vertically moving one while holding the
      other in place may not be necessary.
PAR  To compensate for any slight variation in the timing between the position
      of lower paddle 74 and registration of the space within a U-shaped
      partition member below, means 138 may be used to guide the bottles into
      the pockets during feeding. This occurs by means of peg 140 temporarily
      obstructing downward movement, (either gravitational or accelerated) of a
      bottle 148 when the base of the latter strikes it in the manner
      illustrated in FIG. 9 with bottle 160. As the turntable continues to
      rotate, however, the interference is gradually eliminated in that peg 140
      moves laterally out from beneath that particular container, while
      continued rotary movement allows it to slide down profile surface 146 into
      the space between the member 116 next successive to where the particular
      peg 140 - cam member 142 combination is located.
PAR  After each bottle is captured within a pocket in the manner just described,
      it is advanced in an arcuate path illustrated by arrow 145 with respect to
      assembly 104 in FIG. 7 and in the reverse direction 151 when a second
      assembly 104a is in use, to a discharge area generally indicated (FIG. 7)
      as 156. In area 156, each bottle 148 has a positive velocity component in
      a direction tangential to the arcuate path through which it is moving as a
      result of the rotary motion of the turntable. Each bottle 148 is
      compressively engaged and carried away by gripping members such as endless
      belts 157, 158 (FIG. 8) as it moves through discharge area 156 preferably
      without stopping.
PAR  When dual assemblies are used, the timing must be initially arranged such
      that a partition member 116 of one turntable 108 is opposite of peg-cam
      combination of the other in the area 156 common to the peripheral path
      traversed by each. Then, during operation, bottles will be alternately
      carried out of common discharge area 156 from the pockets of each dial
      means without stopping movement via conveying means 106 operating in a
      direction normal to a plane through axes 124, 124a of the turntables.
PAR  Should the supply of bottles 148 increase beyond the capacity of the
      loading means and dial means to remove them, they will accummulate in
      assembly 10 in end-to-end relationship rearwardly of discharge end 14
      until high level sensor 46 generates a control signal to shift rail
      segments 48 downwardly to a dump position. Thereafter, any further
      containers entering the system will fall out of the flow path into a
      suitable collection hopper, not shown, positioned below means 44.
PAR  The previous description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
      Various modifications and alterations will be readily suggested to persons
      skilled in the art. It is intended, therefore, that the foregoing be
      considered as exemplary only and that the scope of the invention be
      ascertained from the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In container forming apparatus having a discharge station where
      containers are introduced into a conveying chute assembly;
PA1  the combination therewith of:
PA1  dial means adjacent a discharge end of said chute assembly having partition
      members forming circularly disposed pockets for said containers rotatable
      in a generally horizontal plane and successively alignable with said
      discharge end, said pockets arranged for removal of containers therefrom
      in a horizontal direction on reaching a discharge area on a rotary path of
      travel thereof, and dual platforms for successively supporting the
      containers at a first elevation and then a second elevation between the
      discharge end of the chute assembly and said discharge area from the dial
      means.
NUM  2.
PAR  2. In container handling apparatus in which containers are discharged into
      a conveying duct assembly, the combination therewith of:
PA1  A. container presenting means having partition members forming a series of
      container pockets continuously rotatable in a generally horizontal plane
      and successively movable beneath an opening of said duct assembly;
PA1  B. pocket loading means synchronized with the movement of said pockets for
      delivering containers thereto at regular intervals from said opening;
PA1  C. eductor means operatively associated with a receiving opening in said
      duct assembly for urging said containers toward said pocket loading means;
      and
PA1  D. dump gate means between the eductor means and pocket loading means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said pocket loading means comprises a
      pair of vertically spaced paddles offset from each other and arranged for
      oscillating movement alternately into and out of the space above a pocket.
NUM  4.
PAR  4. The apparatus of claim 2 including accelerating means associated with
      the pocket loading means and the container presenting means.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said accelerating means comprises
      opposing reversely rotating wheels having yieldable surfaces spaced from
      each other a distance less than the maximum crosswise dimension of said
      containers.
NUM  6.
PAR  6. The apparatus of claim 2 wherein said dump gate means includes rail
      segments mounted for movement from a normal operative position along the
      path of movement of said containers to an inactive position clear of said
      path of movement.
NUM  7.
PAR  7. In container handling apparatus in which containers are discharged
      upwardly into a conveying duct assembly, the combination therewith of:
PA1  A. container presenting means adjacent a discharge end of said duct
      assembly comprising:
PA2  a. a dial assembly including:
PA3  i. a circular turntable mounted for rotation in a horizontal plane;
PA3  ii. outwardly opening, generally U-shaped partition members supported on
      and equally spaced around the periphery of said turntable;
PA3  iii. a planar table member beneath said turntable having a border portion
      forming a bottom support for said containers when within said partition
      members;
PA3  iv. a fixed, upstanding outer guide member spaced outwardly from said
      partition members and extending around a substantial portion of the
      periphery of said turntable; and
PA3  v. means for imparting rotation to said turntable; and
PA1  B. loading means for delivering containers to the dial assembly from the
      discharge end of said duct assembly comprising:
PA2  a. a pair of vertically spaced paddles above a loading position
      successively occupied by the area circumscribed by said partition members,
      said paddles being offset from each other and mounted on a shaft arranged
      for oscillating movement in synchronism with the means for imparting
      rotation to the turntable.
NUM  8.
PAR  8. The apparatus of claim 7 including means operatively associated with the
      turntable for guidedly directing successive containers within said
      U-shaped partition members.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said means for guidedly directing
      successive containers comprises:
PA1  i. a series of pegs arranged around the periphery of and movable with the
      turntable, each peg adapted to be cyclically interposed between the lower
      of said pair of paddles and a U-shaped partition member; and
PA1  ii. a cam associated with each peg having a profile surface extending
      rearwardly thereof in a circumferential direction for slidably guiding a
      container into position within a U-shaped partition member.
NUM  10.
PAR  10. The apparatus of claim 7 including a generally C-shaped platform above
      the table member outwardly of said U-shaped partition members and
      extending around a portion of the periphery of the turntable.
NUM  11.
PAR  11. In container-handling apparatus in which containers are discharged into
      a conveying duct assembly, the combination therewith of:
PA1  A. container presenting means adjacent discharge ends of said duct assembly
      comprising:
PA2  a. a pair of dial assemblies including:
PA3  i. a pair of laterally adjacent, horizontally disposed circular turntables;
PA3  ii. outwardly opening partition members secured to and equally spaced
      around the full periphery of each turntable;
PA3  iii. a planar table member subjacent said turntables having a border
      portion forming a bottom support for said containers when within the
      partition members;
PA3  iv. fixed, upstanding outer guide members outwardly spaced from said
      partition members and extending around a major portion of the periphery of
      each of said turntables; and
PA3  v. means for rotating said turntables including:
PA4  1. a drive shaft mounting each turntable rotatably supported from said
      table member; and
PA4  2. a motion transmitting assembly for causing said shafts to turn together
      in opposite directions; and
PA1  B. loading means synchronized with the movement of said drive shafts for
      delivering containers at regular intervals to the dial assemblies from the
      discharge ends of said duct assemblies.
NUM  12.
PAR  12. The apparatus of claim 11 including a pair of endless gripping belt
      mounted for movement generally tangential to a common portion of the
      circular path traversed by the partition members of said dial assemblies.
NUM  13.
PAR  13. The apparatus of claim 11 including:
PA1  means operatively associated with each turntable for guidedly directing
      successive containers into position within said partition members.
NUM  14.
PAR  14. In apparatus for handling lightweight plastic containers at high rates
      in which the containers are discharged into a conveying duct assembly, the
      combination therewith of:
PA1  A. container presenting means having partition members forming a series of
      container pockets continuously rotatable in a generally horizontal plane
      and successively movable beneath an opening of said duct assembly;
PA1  B. pocket loading means synchronized with the movement of said pockets for
      delivering containers thereto at regular intervals from said opening; and
PA1  c. accelerating means adjacent said opening and associated with the pocket
      loading means and container presenting means for accelerating each
      lightweight container from the pocket loading means to the pockets of the
      container presenting means.
NUM  15.
PAR  15. In container handling apparatus in which containers are discharged into
      a conveying duct assembly, the combination therewith of;
PA1  A. container presenting means having partition members forming a series of
      container pockets continuously rotatable in a generally horizontal plane
      and successively movable beneath an opening of said duct assembly;
PA1  B. pocket loading means synchronized with the movement of said pockets for
      delivering containers thereto at regular intervals from said opening;
PA1  C. a level sensor associated with the duct assembly before the pocket
      loading means for detecting the level of bottles within the duct assembly;
      and
PA1  D. a movable stop member between the level sensor and pocket loading means
      in operative cooperation with the level sensor for selective positioning
      within the duct assembly on receipt of a signal from the level sensor.
NUM  16.
PAR  16. A method of handling lightweight articles such as containers and the
      like made of plastic material which comprises:
PA1  successively feeding said articles in upright position individually at
      regular intervals to pockets of a rotating turntable moving transverse to
      the direction of feeding;
PA1  advancing such articles at one level in said pockets successively along a
      substantial portion of an arcuate path toward a discharge area;
PA1  lowering the containers to another level while continuing advancement
      toward said discharge area; and
PA1  continuously moving each article out of such discharge area in a direction
      generally tangential to said arcuate path.
NUM  17.
PAR  17. In a method of handling lightweight articles, such as containers and
      the like made of plastic material, which method includes:
PA1  propelling a continuous succession of regularly oriented articles along a
      flow path away from an upstream station;
PA1  the improvement in such method which comprises:
PA2  successively feeding said articles after traversing said path individually
      at regular intervals to pockets of a rotating turntable moving transverse
      to the direction of feeding;
PA2  advancing such articles in said pockets successively along an arcuate path
      to a discharge area;
PA2  continuously moving each article out of such discharge area in a direction
      generally tangential to said arcuate path; and
PA2  automatically moving a guide rail portion extending along said flow path to
      an inactive position clear of said path when an excess number of said
      articles accumulate rearwardly of the end of said flow path.
NUM  18.
PAR  18. The method of claim 17 including the step of accelerating the movement
      of each container into a pocket during said feeding.
NUM  19.
PAR  19. In a method of handling lightweight articles, such as bottles made of
      plastic material, which method includes:
PA1  conveying a continuous succession of such articles regularly oriented in a
      particular attitude through an arched flow path to cause them to be
      inverted at the end thereof;
PA1  the improvement in such method which comprises:
PA2  accumulating a plurality of said articles in end-to-end relationship
      rearwardly of the ends of two such flow paths;
PA2  positively accelerating said lightweight articles individually at regular
      intervals from each of such two flow paths into pockets of a pair of
      turntables rotating in timed relation to said intervals and in meshing
      relationship with each other transverse to the direction of feeding;
PA2  advancing such articles in the pockets of each turntable along an arcuate
      path in opposite directions to a common discharge area; and
PA2  alternately moving an article from a pocket of each turntable out of such
      common discharge area without allowing it to stop therein in a direction
      normal to a plane through the axes of said.
NUM  20.
PAR  20. The method of claim 19 wherein said articles are slidably guided
      downwardly into such pockets during feeding.
NUM  21.
PAR  21. The method of claim 19 wherein said articles are compressively engaged
      by gripping members during movement out of said common discharge area.
NUM  22.
PAR  22. In a method of handling lightweight articles, such as bottles, made of
      plastic material, which method includes:
PA1  conveying a continuous succession of such articles, regularly oriented in a
      particular attitude, through an arched flow path to cause them to be
      inverted at the end thereof;
PA1  the improvements in such method which comprise:
PA2  accumulating a plurality of said articles in end-to-end relationship
      rearwardly of the end of such flow path;
PA2  detecting the level of such accumulation;
PA2  selectively placing an obstruction in the flow path until the accumulation
      reaches a pre-selected amount;
PA2  eliminating said obstruction after said pre-selected amount is present;
PA2  moving a paddle into and out of said flow path in a coordinated manner to
      successively feed said articles individually from the bottom of said
      accumulation at regular intervals to pockets of a turntable rotating
      transversely to the direction of feeding;
PA2  advancing the articles in the pockets along an arcuate path to a discharge
      area; and
PA2  continuously moving each article out of such discharge area in a direction
      generally tangential to said arcuate path.
NUM  23.
PAR  23. The method of claim 22 wherein placement of an obstruction is
      accomplished by inserting a stop member into the flow path.
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ABST
PAL  Overfeed prevention method and apparatus operative during the purging of a
      pneumatic line which, between purges, conveys fiber material from a source
      to one or more of a plurality of stations. Whenever a station indicates a
      demand for fibers, control circuitry causes fibers to be supplied to that
      station and after all the demanding stations have been so supplied, the
      line is purged of fibers by operating at least one (preferably the last
      fed one) of only those stations which received fibers during a
      predetermined number of previous cycles to the exclusion of and thereby
      preventing the overfeed of any station that did not demand to be fed
      during that predetermined number of previous cycles. The stations have a
      priority sequence so that if, during the feeding of a given station, a
      station having a higher priority indicates a demand, the feeding of the
      given station is interrupted in favor of the station having the higher
      priority.
PARN
PAR  This application is a continuation-in-part of Ser. No. 250,248 filed May 4,
      1972, now U.S. Pat. No. 3,901,555, which is a divisional of Ser. No.
      848,133 filed July 9, 1969, now U.S. Pat. No. 3,671,078. The application
      is also a continuation-in-part of Ser. No. 24,083 filed Mar. 31, 1970, now
      abandoned which is a continuation-in-part of the aforesaid Ser. No.
      848,133 filed July 9, 1969, now U.S. Pat. No. 3,671,078.
BSUM
PAC  BRIEF DESCRIPTION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  The invention relates to an apparatus and method for preventing station
      overfeed during the purging of a pneumatic line which, between purges,
      carries fibers or other pneumatically distributable materials from a
      source to one or more of a plurality of stations connected to the line.
PAR  In textile mills, as well as in many other applications, there are many
      instances in which it is necessary to convey fibers and other such
      material from one processing point to another. One generally employed way
      to accomplish this conveyance is to entrain the fibers in an air stream
      which is confined within a pneumatic tube and drawn toward a fan or other
      device so that the entrained fibers can be separated from the air stream
      at their point of delivery by a distributor or separator such as a fiber
      condenser or like device. Suitable condensers or distributors are
      described in detail and claimed in Lytton et al. U.S. Pat. No. 3,039,149
      (for example, FIG. 3 thereof in which an open-close exhaust line valve
      preferably replaces the exhaust fan assembly 68 as described in relation
      to FIG. 5 of the commonly owned C. Wise U.S. Pat. No. 3,649,082). The
      disclosures of these patents are explicitly incorporated herein by
      reference.
PAR  Usually, a plurality of such distributors, each associated with a machine
      which utilizes the conveyed fibers, for example for blending or the like
      are disposed at respective feeding points or stations along the line.
      Generally, each distributor, as described in the aforesaid application,
      includes an air intake channel for pulling the air stream and fibers into
      the distributor, a discharge channel for releasing the air stream without
      the fibers to an exhaust line, or to another line, a fiber outlet to a
      hopper or the like at the associated station, means within the distributor
      for separating the air stream and fibers and an actuatable on-off valve in
      the air discharge channel for causing the fiber laden air stream to be
      diverted into the air intake channel when the station requires fibers. The
      intake and discharge channels of each of the distributors are connected to
      the line or lines such that, if a valve at a station is not actuated, the
      stream of fiber laden air passes that station and proceeds to the next
      station. As described in the aforesaid patents and also in the commonly
      owned C. Wise U.S. Pat. No. 3,671,078, the disclosure of which is also
      explicitly incorporated hereinto by reference, each station includes means
      for sensing the material requirements of that station and each station's
      fiber demands are satisfied by operation of electrical control circuitry
      which actuates the valves of the respective demanding stations.
PAR  After all of the stations indicating demand have been served in sequence,
      then it is desirable to purge the pneumatic tube through which the
      entrained fibers pass in order to prevent the tube from clogging with
      fibers that drop during distribution. This has been accomplished in the
      past by simply deenergizing the motor causing the source to supply fibers
      to the line and then opening the valves of all of the stations associated
      with the line, whether or not they have just received fibers, so that the
      fiber remaining in the line is drawn into one or more of the stations.
      After this short purging period which follows each cycle in which all
      stations indicating demand are satisfied, the control circuit returns to
      its initial state and, in response to fiber demands by one or more of the
      stations, starts a new cycle, serving each of the requesting stations and
      then again purging the line in the same fashion.
PAR  While that purging arrangement has ben generally quite satisfactory, there
      are times when certain stations undesirably become overfed, for several
      reasons. First, the fan or other device normally tends to pull the fibers
      remaining in the pneumatic line into the one station closest to the fan.
      Further, if any station is not currently using the fibers and is full, and
      particularly if that station happens to be closest to the fan, it will
      receive additional fibers each time that purging takes place and an
      undesirable overfill at the station will eventually be the result. In
      practice, it is not uncommon for a temporarily unneeded station, e.g., a
      picker, to be turned off for a time, but yet its fiber input valve
      normally reopens during purging. While such a station may be able to
      handle the resulting overfill without too much of a problem for a few
      purging cycles, e.g., 3 to 5 cycles, greater overfill is generally
      intolerable, and even in some situations requiring more accuracy one
      overfill may be highly undesirable. The longer the pneumatic tube
      connecting the source to the stations, the greater is the overfill problem
      since a greater volume of material is left in the tube after each cycle.
PAR  The present invention overcomes this overfill problem by only opening
      during purging those valves which are associated with stations which
      received fiber during the cycle just completed or within some given number
      of past cycles, for example within the last three cycles. Circuitry
      associated with each of the stations determines whether it has received
      fibers during the last cycle or during any chosen number of previous
      cycles, for example, three. In one of the embodiments described in detail
      below this is accomplished by charging a capacitor which discharges slowly
      during feeding, so that a relay is maintained in an activated state by the
      capacitor, either until the purge of that cycle has been completed or any
      given number of purges have occurred. In the other embodiment, the
      switches associated with the structure indicating demand are arranged such
      that one connection to a line, which is connected to an electrical source
      when all stations have been satisfied, is made before a second
      disconnection takes place. In this other embodiment, the last station
      served is purged and purging continues until one of the stations indicates
      a demand for more fibers, initiating a new cycle.
PAR  In each of the embodiments of this invention, the stations are fed one at a
      time and in a given priority. However, whenever during a cycle a given
      station is being fed and a station having a higher priority indicates
      demand, the feeding of the given station is interrupted in favor of the
      station having a higher priority.
PAR  Many other objects and purposes of the invention will become clear from the
      following detailed description of the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows control circuitry of a first embodiment whereby the system
      will interrupt the feeding of a station in favor of a demanding station
      having a higher priority.
PAR  FIG. 2 shows control circuitry of a second embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is first made to FIG. 1 which illustrates a control system for
      controlling the supply of fibers to a plurality of fiber stations
      connected to a supply source by a pneumatic tube. Source 100 supplies
      entrained fibers to a line 102 to which are connected stations 104, 106,
      and 108, having valves V.sub.1, V.sub.2 and V.sub.3 respectively
      associated therewith for the removal of fibers in the same way as briefly
      described above. A fan 110 or like device is attached to the return line
      112 and the entrained fibers are drawn through the tube 102 toward fan 110
      and through valves V.sub.1, V.sub.2 and V.sub.3 which are successively
      opened one at a time to withdraw the fibers. Valves V.sub.1, V.sub.2, and
      V.sub.3 together with fan 110 function as extracting means.
PAR  The arrangement shown in FIG. 1 has a builtin priority, i.e., the circuitry
      is designed to serve stations associated with the pneumatic line in a set
      order and to interrupt the feeding of an unsatisfied station at any time
      in favor of another station having a higher priority that is also
      demanding fibers. Further, the arrangement shown in FIG. 1 is also
      designed to deal, at least partially, with the problem of overfeed which
      can result as discussed above if any of the stations attached to the line
      102 is not removing the fibers which are deposited therein during each
      purge. Since the station closest to fan 110 normally receives the bulk of
      the fibers which are purged at the end of each cycle, this station in
      particular is susceptible to being overloaded. The circuitry shown in FIG.
      1 solves this problem by only opening, during purging, the valve or valves
      of the station or stations actually served during the cycle just completed
      or some previous number of cycles. Preferably, only the last station
      actually served during the cycle just completed is opened to purge line
      102. Thus if a station does not receive fibers during a cycle, it cannot
      receive fibers during purging and it cannot be overfed.
PAR  The arrangement in FIG. 1 employs level control or rake switches 120, 122
      and 124 which connect to line 126, 128 and 130, respectively, when a
      demand condition exists and connecting to lines 132, 134 and 136 when the
      station associated therewith does not want fibers. These switches thus
      indicate demand. Thus, if any of the switches 120, 122 or 124 are in the
      illustrated demand positions, feed relay 140, which has a capacitor 142
      connected in parallel with it and a diode 144 connected in series with it
      to rectify the current from the alternating current source 145 which is
      coupled to line 147 by conventional transformer 149, is deactivated,
      permitting switch 146 which it controls to resume its normally closed
      position and switch 182 its normally open position. The closing of switch
      146 in turn activates relay 148 which in turn closes normally open switch
      150, activating relay coil 152. The activation of relay coil 152 closes
      switches 153, completing a current path through feed motor 120 which then
      causes fibers to be entrained from source 100 into line 102. Relay 152 and
      the circuitry which operates it thus causes the source 100 to supply
      material to line 102 whenever one of the indicating means, comprising
      switches 120, 122 or 124, indicates demand and to continue to supply
      material until the cycle ends.
PAR  In the arrangement of FIG. 1, the priority of stations receiving fibers is
      from left to right with the station 104 having the highest priority, the
      station 106 having the second highest priority, and the station 108 having
      the lowest priority. It should be apparent that priority can be assigned
      any stations in any way desired, although stations are normally served
      beginning with those furthest from the source. Thus in this embodiment,
      assuming the station 104 is demanding fibers, it is served first as
      follows. The relay 154 is activated by the current flowing through the
      switch 120 and line 126 rectified by the diode 156. A capacitor 158 is
      connected in parallel with the relay 156 and is quickly charged to provide
      a D.C. voltage across relay 154 to cause the closing of first controlled
      switch 160 and second controlled switch 162. The closing of switch 160
      completes of switch 1060 completes a current path through valve V.sub.1
      which then opens and diverts the entrained fibers in line 102 through
      station 104 as described above. Thus relay 154 and the associated
      circuitry comprises operating means for effectively checking the station,
      and causing fibers to be supplied if that station has the highest
      priority. The closing of second controlled switch 162 is in preparation
      for the purge of the system as described below should relay 154 still be
      activated when the cycle ends.
PAR  When the demand of station 104 has been satiated, and assuming station 106
      is demanding fibers, the shifting of rake or level control switch 120 into
      connection with line 132 completes a current path via switch 122 through
      the relay coil 166 of the next station to receive fibers, namely station
      106. Relay 166 then closes switches 168 and 170 in the same manner as
      relay coil 154, completing a path through the valve V.sub.2 and also
      preparing for the purge. When station 166 has been satisfied, switch 122
      shifts into connection with line 134 and relay 172 of the station 108 is
      next activated to close switches 174 and 176 and complete a current path
      through valve V.sub.3 and prepare for a purge provided that switch 124 is
      in its demand position.
PAR  The system of FIG. 1 provides that should a station having a higher
      priority exhibit a demand for fibers when another station is being served,
      the system will skip back to the higher station and satisfy its demands.
      For example, if the station 108 is being served, but is not satisfied, and
      the switch 120 returns into connection with line 126 indicating a demand
      at station 104, relay 172, after a very short time period during which the
      capacitor 180 discharges, is deactivated, cutting off the current path
      through valve V.sub.3 which then closes. At the same time, relay 154 is
      reactivated, closing switches 160 and 162 so that the valve V.sub.1 is
      again opened to remove fibers. After the station 104 has again been
      satisfied, switch 120 shifts again into connection with line 132 and once
      again the system serves the next station demanding fibers in the priority
      sequence.
PAR  When the complete cycle has been finished, all of the rake or control level
      switches 120, 122 and 124 have shifted to their satisfied, non-demand
      positions in connection with line 132, 134 and 136 respectively, creating
      a current path through relay 140 preventing the feeding of material to
      line 102 while purging continues which constitutes a second relay having a
      coil which charges capacitor 142 and opens normally closed switch 146,
      which in turn cuts off the energy supplied to feed motor 147. The purging
      operation now takes place and the charged capacitor 142 causes relay 140
      to remain activated for a short time sufficient for purging even should
      one of the rake or control switches 120, 122 or 124 shift during purging
      indicating a demand. Relay 140 and the associated circuitry thus comprise
      overfill protection means. The activation of relay 140 also closes the
      normally open switch 182, completing a current path through those of the
      coils 154, 166 and 172 constituting first relays which are still held
      activated by the associated charged capacitor and which will normally be
      the coil of the last station actually served during the cycle.
PAR  The values of the capacitors 158, 162 and 180 associated with the relays
      154, 166 and 172 are carefully chosen so that the discharge rate will be
      such to keep the coil with which it is associated activated for only a
      short time after the current path through the relay is interrupted, and
      the discharge time is usually designed to be short enough so that by the
      time purging takes place all of the relays will be deactivated except the
      one which was served last. Of course, if the last station was served very
      quickly it is possible that more than one relay will be still activated
      during purging. However, a relay associated with a station which did not
      receive fibers during the cycle obviously could not still be activated.
PAR  Thus, if station 108 is served last, which it normally would be, then, at
      the end of the cycle, the capacitor 180 will still be sufficiently charged
      to maintain relay 172 activated when switch 182 is closed completing a new
      path through relay 172 via switch 176 and diode 190. Valve V.sub.3 thus
      remains open during purging, and this valve will be the only one open
      during purging. Since the last station to be actually served during any
      cycle is normally the one through which purging takes place, the problem
      of over feeding is resolved.
PAR  Reference is now made to FIG. 2 which illustrates a schematic for control
      circuitry for a further embodiment of this invention. As for the
      embodiment of FIG. 1, the circuitry of FIG. 2 functions to control the
      supply of fibers or some similar material from a source 200 to each of a
      plurality of stations respectively associated with devices for removing
      the fibers from line 202, those devices schematically illustrated as
      valves V.sub.1, V.sub.2 and V.sub.3. A fan 210 is disposed at the end of
      the fiber distributing line 202 for creating a vacuum to draw the
      entrained fiber materials along line 202 so that the material can be
      removed by any of valves V.sub.1, V.sub.2, and V.sub.3 which are activated
      as discussed below.
PAR  Also in the same fashion as the circuitry of FIG. 1, the arrangement of
      FIG. 2 checks each of the stations in the system in a given sequence,
      following an indication by any one of the stations of a demand for fiber
      material. If, during checking of the stations, a station having a higher
      priority indcates a demand for fibers, the system will cease feeding the
      station having lower priority and skip to the station having higher
      priority until its demands have been met at which time checking of the
      stations resumes. When all of the station demands have been met, line 202
      is purged of excess fibers and the purging is limited to those stations
      which have been operated during a pre-determined number of previous
      cycles. In particular, in the arrangement of FIG. 2 the last station which
      is served in a cycle is held open during purging. This is accomplished by
      the use of switches associated with the structure at each station which
      indicates demand so that one of the switches associated therewith is
      connected to a line as discussed below before another switch is
      disconnected from another line. In the arrangement of FIG. 2, purging of
      the last station served in a cycle continues until one of the stations in
      the system indicates a demand for fibers at which time checking and supply
      of the stations as discussed below resumes. Since the system is normally
      designed such that supply of fibers to stations takes place practically
      continuously, purging of the last station in the cycle will normally not
      occur for more than a few minutes at most.
PAR  A cycle is initiated when any of the stations respectively associated with
      valves V.sub.1, V.sub.2, or V.sub.3 indicates a demand by shifting its
      controlled switches 212, 214, or 216 respectively from their illustrated
      positions. Second switch 218 of switches of 212, second switch 220 of
      switches 214, and second switch 222 of switches 216 each connect, in
      parallel, line 224 to line 226. Line 224 is connected to the "hot"
      terminal of a conventional A.C. voltage source, while line 226 is
      connected to one side of a conventional relay 230 with the other side of
      relay 230 being connected to ground so that whenever any of the switches
      218, 220, or 222 are in their illustrated position indicating that the
      associated station demands fiber, a current path is completed through
      relay 230 which closes its controlled switches 236 completing a current
      path to feed motor 240 which causes fibers to be entrained in feed line
      202 and transmitted through that line to be sequentially removed by the
      valves associated with stations demanding fiber.
PAR  Assuming the station associated with valve V.sub.1 is demanding fiber and
      accordingly its associated switches 212 are in their illustrated position,
      a current path is completed through relay coil 242 via switch 244 of
      switches 212. Coil 242 responds by shifting its controlled switches 245
      and 246 away from their illustrated positions. The shifting of switch 244
      completes an electrical connection through valve V.sub.1 which is thus
      activated to withdraw fibers from line 202 in a fashion which is discussed
      in greater detail in the above-mentioned Wise patents.
PAR  Valve V.sub.1 is kept activated until the switches 212 shift from their
      illustrated position indicating that the demand of the station associated
      with valve V.sub.1 has been met. Switches 212 can be associated with level
      control or rake switches in the stations which detect when the fibers in
      that station have accumulated to a predetermined level. The shifting of
      switch 244 from its illustrated position into connection with line 260 now
      completes a current path through relay coil 262 via switch 264 of switches
      214, assuminng that switches 214 are in their illustrated position
      indicating that the station associated with V.sub.2 is demanding fibers.
      If such is not the case, then switch 264 will be in electrical connection
      with line 266 and the circuitry will continue the checking of the stations
      until it encounters a station which is demanding fibers.
PAR  If the station associated with valve V.sub.2 is demanding fibers then the
      activation of relay coil 262 closes switch 270, completing a current path
      through valve V.sub.2 which is activated to withdraw fibers from line 202.
      Switch 272 is also shifted from its illustrated position into electrical
      connection with line 274.
PAR  When the station associated with valve V.sub.2 has been satisfied, switches
      214 shift from their illustrated position so that switch 264 is now in
      electrical connection with line 266, completing a current path via switch
      244, line 260 switch 264 line 266, and switch 280 of switches 216 through
      relay coil 282 which responds by closing its controlled switch 284
      completing a current path through valve V.sub.3 and also shifting its
      controlled switch 286 into connection with line 288.
PAR  When the station associated with valve V.sub.3 has been satisfied, switch
      280 shifts away from its illustrated position into electrical connection
      with line 290. Since in this particular embodiment three stations are
      illustrated, the checking and, if required, the servicing of the station
      associated with valve V.sub.3, completes the checking of each of the
      stations in the system and line 202 is now purged of excess fibers.
PAR  Since each of the stations have now been served and are not demanding
      fibers, line 188 is connected to the hot terminal via switches 280, 264,
      and 244. Each of the switches 212, 214, and 216 are arranged such that
      relay coil 282 is coupled to line 288 electrically before the connection
      via switch 244, 264, or 280 to the hot terminal is broken. Thus if line
      288 is already electrically connected to the hot terminal, relay 242, 262,
      or 282 is kept activated, keeping its controlled switch 245, 270 or 280
      respectively in the closed position so that the respectively associated
      valve V.sub.1, V.sub.2 or V.sub.3 is maintained activated to purge line
      202.
PAR  First switch 300 of switches 212 is arranged so as to electrically connect
      line 302 to relay coil 242 before that relay 242 is disconnected from the
      hot terminal by the shifting of third switch 244. This is simply a matter
      of arranging the physical locations of the contacts. Thus if the station
      associated with valve V.sub.1 is the last station to be served in the
      cycle, then, when the switches 212 shift away from their illustrated
      positions, relay coil 242 will be connected to the hot terminal via switch
      300 and line 302 before it is disconnected from the hot terminal by the
      opening of switch 244. Similarly, first switch 310 of switches 214 is
      arranged to electrically connect relay coil 262 to line 274 and the hot
      terminal via third switches 280, 264, and 244 before relay coil 262 is
      disconnected from the hot terminal via switch 264. Similarly first, switch
      312 of switches 216 is arranged to connect relay coil 282 to line 288
      before relay coil 282 is disconnected from the hot terminal by the
      shifting of switch 280.
PAR  The circuitry illustrated in FIG. 2 also operates on a "priority interrupt"
      basis halting the checking of stations at any time that a station having a
      higher priority indicates a demand for fibers. For example, if the
      circuitry were serving the stations associated valve V.sub.3 and switches
      212 shifted into their illustrated position the current path to relay coil
      282 via switch 244 would be broken and the switch 284 would return to its
      illustrated position deactivating valve V.sub.3. The shifting of switch
      244 similarly completes a current path through coil 242 activating valve
      V.sub.1 and withdrawal of fibers at that valve via line 202 continues
      until the demand of the station associated with valve V.sub.1 has been
      satisfied. The station associated with valve V.sub.1 in the arrangement of
      FIG. 2 has the highest priority while the station associated with valve
      V.sub.3 has the lowest priority. It will be understood that the priority
      can be arranged as desired although normally the stations would be fed
      beginning with the station furthest from the supply source.
PAR  Many changes and modifications in the above described embodiments of the
      invention can of course be carried out without departing from the scope of
      the claims of the invention. Accordingly, that scope is intended to be
      limited only by the scope of the attached claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Control circuitry of controlling the feeding of material from at least a
      single source to a plurality of stations having a set priority for
      receiving said material so as to prevent overfeed of any one or more of
      said stations during the purging of at least a single pneumatic line
      connecting said source and stations at the end of a cycle which begins
      when at least one of said stations indicates a demand and ends after at
      least those stations indicating a demand at the beginning of that cycle
      have had their demand satisfied, each station having operable means for
      extracting said material from said line and means for indicating a demand
      or no demand for said materials, comprising:
PA1  means for causing said source to supply said material to said line when at
      least one of said indicating means indicates a demand for said material
      and to continue to supply said material to said line until the end of said
      cycle,
PA1  first operating means for effectively checking each of said indicating
      means and operating the said extracting means associated with an
      indicating means indicating a demand for said material when checked
      whenever all stations of said plurality of stations having a higher
      priority are not indicating a demand for fibers and for interrupting the
      feeding of a station whenever a station having a higher priority indicates
      a demand and for operating the said extracting means of said station
      having a higher priority, and
PA1  overfill prevention purging means operative after operation of said first
      operating means for operating at least one of only the said extracting
      means operated by said first operating means during the last predetermined
      number of operations thereof for purging said line and effectively
      preventing overfeed of any station whose associated extracting means was
      not operated by said first operating means during the said last
      predetermined number of cycle operations thereof.
NUM  2.
PAR  2. Circuitry as in claim 1 wherein said purging causing means includes
      relay means associated with each station so as to shift from a first to a
      second condition whenever said indicating means indicates a demand for
      said material, capacitor means connected in parallel with each said relay
      means for maintaining said relay means in said second condition for a
      given time after said indicating means no longer indicates a demand for
      said material and means for causing all of said extracting means which are
      associated with a station having said relay means in said second condition
      to operate after the end of each said cycle to purge said line.
NUM  3.
PAR  3. Circuitry as in claim 1 including diode means associated with each said
      capacitor for supplying D.C. voltage to said capacitor.
NUM  4.
PAR  4. Circuitry as in claim 1 including means for preventing said source from
      feeding said material to said line while said purge is continuing.
NUM  5.
PAR  5. Circuitry as in claim 1 wherein each said extracting means includes
      valve means for diverting said material into said station whenever current
      flows through said valve means, and including second relay means which
      shift from a first to a second condition when a supply of current is
      connected to said second relay means after said cycle is completed so as
      to cause current to flow through the valve means of those stations having
      first relay means in said second condition.
NUM  6.
PAR  6. Circuitry as in claim 5 including capacitor means connected in parallel
      with said second relay means for retaining said second relay means in said
      second condition for a short time after said coil means is disconnected
      from said current supply.
NUM  7.
PAR  7. Circuitry as in claim 6 wherein each said indicating means is a switch
      having a first position indicating demand and a second position indicating
      no demand and wherein said second relay means is connected to said current
      supply via the serial connection of all of said switches when all of said
      switches are in said second condition.
NUM  8.
PAR  8. Circuitry as in claim 1 wherein said purging causing means includes
      means for operating at the end of said cycle the last operating means
      operated during that cycle until one of said indicating means indicates a
      demand for fibers.
NUM  9.
PAR  9. Circuitry as in claim 1 wherein said purging causing means includes
      relay means associated with each station and having a first controlled
      switch for connecting the operating means to a source of electrical
      potential when that relay means is activated and a second controlled
      switch for connecting that relay means to a line and wherein each said
      indicating means includes switch means associated with each said station
      switch means having a first position indicating no demand so that said
      source is connected to said line when none of said stations are demanding
      fibers and connecting the relay means of that station to said source when
      no station having a higher priority is indicating a demand for fiber
      material and a second position indicating demand so that said source is
      connected to said fiber supply causing means when any of said stations are
      demanding fibers and in said first position connecting said relay means to
      said line via said controlled switch when that station is not demanding
      fibers, each said switch means being arranged such that when said switch
      means shifts from said second to said first position, said relay means is
      connected to said line before said relay means is disconnected from said
      source.
NUM  10.
PAR  10. Circuitry as in claim 9 wherein said switch means each include a first
      switch serially connected with said relay means and said second controlled
      switch and being closed in said first position, a second switch connected
      in parallel with the second switches of the other switch means and
      connecting, in said second position, said electrical source to said fiber
      supply causing means and a third switch serially connected in said first
      position to connect, with said other third switches, said electrical
      source to said line and connecting in said second position said relay
      means to said electrical source via said third switches of stations having
      a higher priority.
NUM  11.
PAR  11. Control circuitry of controlling the feeding of material from at least
      a single source to a plurality of stations to prevent overfeed of any one
      or more of said stations during the purging of at least a single pneumatic
      line connecting said source and stations, each station having operable
      means for extracting said material from said line and means for indicating
      demand or no demand for said material, comprising:
PA1  means for causing said source to supply said material to said line when at
      least one of said indicating means indicates a demand for said material,
PA1  first operating means for effectively checking said indicating means and
      operating the said extracting means associated with an indicating means
      indicating a demand for said material, and
PA1  overfill prevention purging means including relay means which is connected
      to a current supply after operation of said first operating means so as to
      be activated and to cause at least one of only the said extracting means
      operated by said first operating means during the last predetermined
      number of operations thereof to purge said line and thus effectively
      prevent overfeed of any station whose associated extracting means was not
      operated by said first operating means during the said last predetermined
      number of operations thereof, and including capacitor means connected in
      parallel with said relay means for maintaining said relay means activated
      for a short time after said relay means is disconnected from said supply
      means.
NUM  12.
PAR  12. Control circuitry of controlling the feeding of material from at least
      a single source to a plurality of stations to prevent overfeed of any one
      or more of said stations during the purging of at least a single pneumatic
      line connecting said source and stations, each station having operable
      means for extracting said material from said line and means for indicating
      a demand or no demand for said material, comprising:
PA1  means for causing said source to supply said material to said line when at
      least one of said indicating means indicates a demand for said material,
PA1  first operating means for effectively checking said indicating means and
      operating the said extracting means associated with an indicating means
      indicating a demand for said material, and
PA1  overfill prevention purging means including relay means which is connected
      to a current supply after operation of said first operating means so as to
      be activated and to cause at least one of only the said extracting means
      operated by said first operating means during the last predetermined
      number of operations thereof to purge said line and thus effectively
      prevent overfeed of any station whose associated extracting means was not
      operated by said first operating means during the said last predetermined
      number of operations thereof, and including switch means connected to said
      relay means for maintaining said relay means associated with the last
      station supplied in a cycle activated after said relay means is
      disconnected from said supply means.
NUM  13.
PAR  13. A control apparatus for a material distribution system having pneumatic
      means for conveying fiber material, entrained in an air stream and
      supplied to that air stream from at least one source, to a plurality of
      stations having a set priority for receiving said fiber material, switch
      means at each station for indicating a demand for said fiber material
      having a first position indicating demand and a second position not
      indicating demand, and means at each station and associated with said
      indicating means for removing said fiber material from said air stream
      with said entrained fiber material when a source of electrical energy is
      applied to said removing means comprising:
PA1  means for causing said material source to supply said fiber material to
      said air stream whenever one of said indicating means indicates a demand
      for said fiber material,
PA1  a source of electrical energy,
PA1  relay means associated with each said station having coil means actuated by
      connection to said energy source when said switch means of that station is
      in said first position and the switch means of all other stations having a
      higher priority are a said second position,
PA1  switch means associated with each said coil means and controlled by said
      coil means for connecting said removing means to said energy source when
      said coil means is activated,
PA1  capacitive means associated with each said coil means and connecting in
      parallel with said coil means for retaining said coil means activated
      after said coil means is disconnected from said energy source,
PA1  means for purging said pneumatic means, after all of said stations
      demanding fiber material have been satisfied, through all the stations
      having said coil means retained activated after all of said stations
      demanding fiber material have been satisfied, and
PA1  means for preventing said causing means from causing said fiber material
      source to apply fiber material to said air stream during purging.
NUM  14.
PAR  14. An apparatus as in claim 13 wherein said preventing means includes
      second relay means having coil means activated by connection to said
      energy source when the switch means of all of said stations are in said
      second position, second switch means associated with said coil means of
      said second relay means and controlled by said coil means of said second
      relay means so as to be shifted to a position which prevents said causing
      means from causing said fiber material source to supply fiber material to
      said air stream when said coil means of said second relay means is
      activated and further including:
PA1  second switch means associated with said coil means of said second relay
      means and controlled by said coil means of said second relay means so as
      to be shifted from a first to a second position when said coil means of
      said second relay means is activated,
PA1  second switch means associated with each said coil means of said first
      relay means and controlled by said coil means of said first relay means
      for connecting said coil means of said first relay means to said energy
      source when said second switch means associated with said coil means of
      said second relay means is in said second position, and
PA1  second capacitive means connected in parallel with said coil means of said
      second relay means for retaining said coil means of said second relay
      means activated after said coil means of said second relay means is
      disconnected from said energy source.
NUM  15.
PAR  15. A method of feeding material from at least a single source to a
      plurality of stations having a set priority for receiving said material so
      as to prevent overfill of any said station during purging of at least a
      single pneumatic line connecting said source and stations, each station
      having means for extracting said material and means for indicating demand
      and no demand for said material comprising the steps of:
PA1  supplying material to said line whenever at least one of said indicating
      means indicates a demand for said material,
PA1  operating one at a time in an order determined by said set priority said
      extracting means of each of said stations having an indicating means
      indicating a demand for said material when checked and when all stations
      of said plurality of stations having a higher priority are not indicating
      a demand for fibers so that a cycle is completed after all of said
      indicating means indicate no demand for said material,
PA1  interrupting the feeding of a station whenever a station having a higher
      priority indicates a demand and operating the said extracting of said
      station having a higher priority, and
PA1  operating after the completion of each cycle, one of only the said
      extracting means operated within a given number of past cycles so as to
      purge said line.
NUM  16.
PAR  16. A method as in claim 15 including the step of preventing said material
      from being supplied to said line during said purge.
NUM  17.
PAR  17. A method as in claim 15 including the step of charging capacitor means
      while said extracting means is operated so that said capacitor means
      retains relay means associated with each said capacitor means and which,
      when activated, cause said extracting means to operate activated for a
      given time after the operation said extractor means is ended and so that
      the said extracting means having relay means activated are operated during
      said purge.
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ABST
PAL  A modified AB test rack for testing freight car brake equipment valves in
      which excessive noise produced during standard tests by air exiting the
      quick action exhaust port of the emergency portion and the duplex release
      valve of the service portion is eliminated by connecting, by a quick
      action valve operating by an air cylinder, the respective port and release
      valve, to a manifold which is in turn connected to a muffler having an
      inlet at one end, a number of baffles and apertured plates forming a
      tortuous path to an outlet formed by a number of holes through the
      opposite end and adjacent sides.
BSUM
PAR  The invention relates to an improvement to the test rack for testing
      conventional AB, ABD and similar freight equipment valves and the like.
PAR  Freight equipment valves, which are usually referred to "AB" and "ABD"
      valves, are tested periodically on a test rack which has been utilized for
      many years. Standard tests are carried out on this test rack which
      includes a source of pressurized air and a coupling arrangement for
      connecting that source to the various ports and connections of the
      emergency and service portions of each valve which are tested separately.
      AB valves and the test procedures are described in detail in Instruction
      Pamplet 5039-19 entitled Code of Tests "AB" Freight Equipment Valves. This
      instruction pamphlet was published in January 1956 and describes the
      requisite standard tests in detail.
PAR  In some of these tests and particularly during Test No. 1 of the emergency
      portion the air escaping from the quick action exhaust port creates noise
      levels that fall within the range of normal conversation making the area
      around the test rack unpleasant and making communications difficult. When
      the duplex release valve of the service portion is operated during
      standard Test No. 5 the highest noise level of all is produced.
PAR  In the past, mufflers had been used on test racks to reduce the noise of
      air escaping from rotary A valves and cocks 22, 12 and 7. While these
      mufflers reduced the noise level to some degree they did not deal with the
      most objectional noise levels which occur by exhaust of gases through the
      duplex valve of the service portion and the emergency exhaust port of the
      emergency portion.
PAR  According to this invention, an improved test rack is described wherein
      quick connectors are provided, each including a valve portion which can be
      coupled by movement of an attached air cylinder to connect the quick
      action exhaust port to a manifold when the emergency portion is mounted
      for testing and a second connector to couple the duplex valve to the same
      manifold when the service portion is mounted for testing. Each of these
      valve portions include an interior path which guides the air exhausting
      from the respective valves to the manifold. The manifold is connected to
      an inlet of a muffler having a rectangular cross section with the inlet
      disposed roughly in the center of one end. The muffler is divided by a
      number of apertured panels into separate chambers each including a number
      of baffles which guide the air flow in a tortuous path between the inlet
      and an outlet formed by a number of apertures in the end of the muffler
      opposite the inlet and in the adjacent sides thereof.
PAR  Many other objects and purposes of the invention will be clear from the
      following detailed description of the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a front view of an AB test rack modified according to this
      invention.
PAR  FIG. 2 shows a side view of the test rack of FIG. 1.
PAR  FIG. 3 shows a front and partially cut-away sectional view of the quick
      action valves for connecting the duplex valve of the service portion to
      the manifold.
PAR  FIG. 4 shows a side view of the connector of FIG. 3.
PAR  FIG. 5 shows a front partially sectioned view of the quick connector for
      connecting the emergency exhaust port of the emergency portion to the
      manifold.
PAR  FIG. 6 shows a side view of the unique muffler of this invention.
PAR  FIG. 7 shows a cut-away view of the muffler of FIG. 6 along the lines 7--7.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to FIGS. 1 and 2 which illustrate an AB test rack in
      which a service portion or an emergency portion can be mounted on the
      appropriate test plate as described in the above instruction pamphlet and
      mounted above the surface of table 20 on conventional bracket 22. The
      service or emergency portion thus mounted is then coupled to a number of
      cocks indicated as 24 to carry out standard test procedures. Air pressure
      for carrying out these tests is supplied by a suitable source indicated
      generally as 26. In the arrangement of FIGS. 1 and 2, a service portion is
      shown mounted in place.
PAR  Referring to FIGS. 3 and 4 as well as FIGS. 1 and 2, the quick connector 30
      functions to connect the duplex service valve indicated as 32 to a
      manifold 34 mounted below table 20 by a flexible hose. Quick action
      connector 30 includes a valve member 33 with an inlet 35 and a gasket 36
      disposed about the inlet. Valve member 33 is moveable vertically through a
      suitable hole drilled in surface 20 as described below by means of a
      conventional air cylinder 40 having a piston 42 which connects to valve
      portion 33. A suitable flexible hose is attached to the outlet 44 of the
      valve member 33. Plate 50 together with bolts 52 and 54 attach air
      cylinder 40 firmly to the table surface 20.
PAR  Pivotable actuating member 60 is mounted within the passage between the
      inlet 34 and outlet 44 for manual movement by handle 62 to trip the duplex
      valve as required during the test procedures. Operation of air cylinder 40
      by means of a conventional control (not shown) which may be mounted any
      where desired in the AB test rack causes movement of the piston 42 and the
      attached valve member 33 until the valve member 33 is in the firm
      connection with the duplex valve.
PAR  Reference is mow made to FIG. 5 which illustrates a similar quick action
      valve which is utilized for connecting the emergency exhaust port to
      manifold 34. Quick action valve 70 similarly includes an air cylinder 72
      which is mounted below the table surface 20 via bolts 74 and 76 and plate
      78. Piston 80 shifts the valve member 82 vertically between a withdrawn
      position and a position in which valve member 82 is coupled firmly to the
      exhaust port. Gasket 84 surrounds the inlet 86 of the valve member 82.
      Outlet 90 of valve member 82 is connected to manifold 34.
PAR  Reference is now made to FIGS. 6 and 7 which illustrate the unique muffler
      100 to which the manifold 34 is connected by a suitable flexible hose or
      the like. The muffler is a high capacity, low back pressure device that
      will reduce measured noise levels from 112 dbA to 74 dbA. Air from the
      manifold 34 which includes air from the quick action exhaust port and from
      the duplex valve enters the muffler 100 to an inlet 102 roughly in the
      center of one end 104. The air entering the muffler is split into two
      paths by baffles 106 and 108 and passes respectively through apertured
      plates 110 and 112. Air flow is guided by further baffles 114 and 116
      through the apertures in panel 120 which extends roughly parallel to end
      104. After passage through the apertures in panel 120 the air passes
      through apertured plates 122 and 124 respectively and is guided through
      the apertures in the panel 126 by baffles 128 and 130. After movement
      through panel 126 the air stream is again split and passes out of the
      muffler through a plurality of apertures in opposite sides of end 136 and
      in the adjacent parts of the sides 138 and 140. Baffles 150 and 152
      guideflow of the air within the chamber formed between panel 126 and end
      136. The muffler is preferably formed in two parts 160 and 162 as can be
      seen in FIG. 6 with those parts held together by bolts 164 and 166.
PAR  The actual conversion of a conventional test plate can be carried out
      simply and quickly. The first step in making the conversion is to modify
      the AB-2 test plate (not shown). The plunger and its operating diaphragm
      used to hold cock 21 in position are removed and replaced with the
      structure in FIG. 5.
PAR  It has been found that AB-2 test plates vary in dimensions requiring rather
      detailed re-machining. The connector 70 is centered on the quick action
      exhaust port of the emergency valve. An emergency portion, with gasket,
      should be bolted to the test plate. A vent protector plug, with its center
      located and center punched, should be screwed into the exhaust port. Next
      the emergency ball check cover is removed and the assembly bolted to the
      table of a vertical milling machine or drill press, with the spindle
      centered over the center of the vent plug. The 3/4 inch opening in the
      diaphragm housing should then be bored to 13/8 inch diameter. To insure
      that the bore of the quick action connector 70 will be perpendicular to
      the base of the diaphragm housing a light cut should be made on the base
      of the housing. The four tapped holes in the housing must be reamed to
      7/16 inch. Because these holes will no doubt be in line with the existing
      3/4 inch bore it is necessary that they be brought into central
      relationship with the new 13/8 bore by making a drill bushing plate with a
      13/8 inch + .010 inch center hole and 7/16 inch dia drilled holes to match
      the 4 7/16 inch tapped holes in detail 3. The bushing plate should be
      centered (using a 13/8 dia. pin) to the new 13/8 inch dia. bore, with
      holes aligned as closely as possible with existing tapped holes. Bushing
      plate should then be clamped to the diaphragm housing and holes reamed to
      7/16 inch.
PAR  The balance of the connections to the manifold are preferably made by
      installing pipe nipples to various valves and connecting with PVC tubing.
PAR  Seven connections to the muffler are required for the service portion;
      these are cocks 12, 15 and 7, Rotary Valve A, the Duplex Valve Exhaust
      Connector 30, to the four-way valve operating connector 30, and muffler
      100.
PAR  Connector 30 is mounted so that its axis is perpendicular to, and
      concentric with, the bottom of the release valve body. It was found that
      test rack table tops have been warped to the extent that it is desirable
      to provide a common base for the valve bracket and the mounting for the
      connector.
PAR  The air way used previously for pressure to the diaphragm must be drilled
      out, tapped 1/8 inch NPT and plugged. It is suggested that this be done
      prior to facing the underside of the housing so that plug can be faced off
      so as to not interfere when installed.
PAR  The top of the diaphragm housing is machined as shown to provide sufficient
      clearance for modified cock 21.
PAR  With the modified test plate re-installed on the rack, the center of the
      13/8 inch opening on the table top is located. The plate is removed and an
      opening in table top formed.
PAR  The service test plate is now removed and the above modifications
      assembled. Connector 32 should then be assembled to the 1 inch pipe tee
      and air cylinder 40 adjusting the assembly so that when the cylinder 40 is
      down, there is 1/16 inch clearance between the top of the diaphragm
      housing and flange collar of the connector 32. A 1/4 inch four-way
      operating valve for cylinder 40 is preferably installed on the rack. A
      convenient location has been found to be in the lower right corner of the
      test rack back plate. It is convenient for the rack operator if the
      four-way valve is piped so that an upward motion of the valve handle will
      raise the connector 40 and conversly a downward motion will lower
      connector 40. 1/4 inch plastic tubing is sufficient for air supply to the
      four-way valve and between the valve and cylinder 40.
PAR  Cock 21 is modified so that it will work with the quick connector and be
      centered with it. The use of cock 21 is then the same as in the standard
      tests. A 3/8 inch pipe nipple choke drilled with a No. 30 drill is made to
      connect cock 21 with the manifold.
PAR  Many changes and modifications of the above described invention can, of
      course, be carried out without departing from the scope thereof.
      Accordingly, that scope is intended to be limited only by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an AB test rack having means for mounting an AB service portion with
      a duplex release valve and an AB emergency portion with a quick action
      exhaust port, a source of air under pressure, and valve means for
      connecting other ports of said portions to said source and to the
      atmosphere to carry out standard tests, the improvement comprising a
      manifold, a first quick connector for coupling, when actuated, said duplex
      valve of a mounted service portion to said manifold, said first connector
      including an air cylinder, means for connecting said air cylinder to said
      source, a connecting valve mounted for movement with said cylinder into a
      position engaging said duplex valve and having an interior path for
      conducting air exiting from said duplex valve to an outlet, and means for
      connecting said outlet to said manifold, a second quick connector for
      coupling, when activated, said quick action exhaust port of a mounted
      emergency portion to said manifold, said second connector including a
      second air cylinder, means for connecting said second cylinder to said
      source, a second connecting valve mounted for movement with said second
      cylinder into a position engaging said quick action exhaust port and
      having an interior path for conducting air exiting from said quick action
      exhaust port to an outlet, and means for connecting said outlet of said
      second connecting valve to said manifold, a muffler having an inlet and
      outlet and a plurality of aperture baffle plates therein defining a path
      between said inlet and outlet, and means for connecting said manifold to
      the inlet of said muffler.
NUM  2.
PAR  2. In a rack as in claim 1, wherein said rack has a table surface and means
      for mounting said portions above said surface and the further improvement
      comprising means for mounting said first and second quick connectors for
      vertical movement through said surface.
NUM  3.
PAR  3. In a rack as in claim 2 the further improvement wherein said muffler has
      a rectangular cross section with a plurality of separating panels
      extending roughly parallel to the ends thereof to form muffling chambers
      and having apertures therethrough to permit air to pass from chamber to
      the adjacent chambers and a plurality of baffle plates in each said
      chamber for guiding air flow in a tortuous path.
NUM  4.
PAR  4. In a rack as in claim 3, wherein said inlet to said muffler is roughly
      in the center of one of said ends, said baffles divide the incoming air
      into two streams which move on opposite sides of said inlet through a
      first of said panels having apertures on either side of said inlet and
      then through a second of said panels having apertures in the center
      thereof and wherein said outlet comprises a plurality of apertures through
      the end and sides of the muffler opposite said inlet.
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ABST
PAL  A full-power hydraulic braking system comprises two independently powered
      service circuits serving separate sets of brakes, a common pedal-actuated
      dual brake valve controlling operation of said circuits, a spring brake
      actuator incorporating two hold-off pistons and having a common output to
      the brakes or brake linkage, and a dual hand control valve for effecting
      controlled operation of the two sections of the actuator respectively from
      the two service circuits.
BSUM
PAR  This invention relates to full-power hydraulic braking systems of the kind
      comprising two independtly powered service circuits serving separate sets
      of brakes under the control of a common pedal-actuated dual brake valve.
PAR  To systems of this kind it has been proposed to add a spring brake actuator
      for parking and as a supplementary braking system, such actuator being
      usually pressurised from the accumulator of one of the powered hydraulic
      service circuits and being under the control of a hand control valve. Such
      systems however, suffer from the defect that a failure in the spring brake
      actuator circuit, or in the service circuit to which it is connected, can
      put both said circuits out of action leaving only one service braking
      system available.
PAR  The object of the present invention is to provide a combined system which
      overcomes this defect and ensures that a failure in either service circuit
      does not prevent the spring brake being used normally.
PAR  According to the invention in a dual circuit hydraulic braking system of
      the kind mentioned a spring brake actuator is provided incorporating two
      hold-off pistons having a common output to the brakes or brake linkage,
      the two sections of the actuator being fed respectively from the two
      service circuits through a dual hand control valve. Thus a failure in
      either service circuit will still leave the other service circuit
      operative and will still result in control of the spring brake actuator
      being maintained.
DETD
PAR  As shown, the basic circuit comprises a dual pump 1, the sections of which
      are fed from a divided reservoir 2 and deliver pressure fluid separately
      and via supply lines 3, 3a to the two inlet ports of a pedal-actuated dual
      brake valve 4, the two supply lines 3, 3a each incorporating an
      accumulator 5 and a combined filter and low pressure warning switch 6. The
      outlet ports of the brake valve are connected respectively and by lines 7,
      7a to the front and rear wheel brake cylinders 8, 8a while the return
      ports of said valve are connected to the respective reservoir sections
      whereby there are formed two independent service circuits. For the purpose
      of the present invention the two supply lines 3, 3a to the brake valve are
      branched immediately upstream of said valve, the branches 10, 10a being
      connected respectively to the two inlet ports of a dual hand control valve
      11 and each of said branches preferably including an additional
      accumulator 12 and a non-return valve 13. The two outlet ports of the hand
      control valve 11 are connected by feed lines 14, 14a to the two fluid
      supply ports of a dual piston type spring brake actuator 15 while the
      return ports of the hand control valve 11 are connected respectively by
      lines 16, 16a to the return lines 9, 9a of the two service circuits. The
      spring brake unit 15 actuates one set, for example, the rear wheel set, of
      brakes through a mechanical transmission 17. Thus, not only are the two
      service circuits completely independent but actuation of the two portions
      of the spring brake are also independent and the failure of either service
      circuit cannot cause sudden braking by the spring brake actuator.
PAR  The spring brake actuator is preferably of the non-compounding type, that
      is, in which the spring resisting forces derived from the two pistons are
      not additive, thus ensuring that the hold-off force counteracting the
      thrust of the spring remains unaltered should both feed lines be
      pressurised.
PAR  To ensure that a warning is given should the spring brake actuator start to
      travel and cause the brakes to drag, the two low pressure warning switches
      6 may be connected in series to operate an additional buzzer or like
      warning device, this arrangement being satisfactory where the pressure
      setting for sensing spring brake dragging coincides with the pressure
      setting normally used for the service system low pressure warning.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hydraulic braking system of the type wherein two independently
      powered service circuits are connected through dual valve means to serve
      separate sets of brakes, said system including spring brake actuator means
      having operative brake linkage connection to at least one of said sets of
      brakes, said actuator means embodying two separate hold-off pistons having
      a common output to said brake linkage, branch lines from the respective
      service circuits upstream of said dual valve means and adapted to be
      connected to supply hold-off fluid pressure to the respective pistons of
      said actuator means, and manual dual valve means in said branch line
      connections for selectively connecting either of said branch lines to said
      actuator means.
NUM  2.
PAR  2. In a hydraulic braking system as claimed in claim 1, wherein the spring
      brake actuator is of the non-compounding type.
NUM  3.
PAR  3. In a hydraulic braking system as claimed in claim 1, wherein two
      pressure fluid feed lines are connected to the dual brake valve means and
      each line includes an accumulator and a low pressure warning switch, the
      two switches being connected to operate a warning device.
NUM  4.
PAR  4. In a hydraulic braking system as claimed in claim 1, wherein each of
      said branch lines incorporates an accumulator and a non-return valve.
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ABST
PAL  A motor vehicle hydraulic brake system includes a front brake circuit and a
      rear brake circuit. The rear brake circuit includes a blend back
      proportioning valve which controls the pressure in the rear brake circuit.
      The blend back proportioning valve includes a proportioning piston which
      cooperates with a valve seat to maintain increases in rear brake pressure
      proportional to but less than increases in master cylinder pressure
      between a first predetermined pressure and a second predetermined
      pressure. A blend back spool moves the valve seat away from the
      proportioning piston to equalize master cylinder pressure and rear brake
      pressure when the second predetermined pressure is reached.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Hydraulic brake systems for motor vehicles are commonly dual systems in
      which the front brake circuit is hydraulically isolated from the rear
      brake circuit so that a failure in one of the circuits does not impede
      operation of the other circuit. It has been recognized that, due to weight
      transfer of the vehicle from the rear wheels to the front wheels during
      braking, it is desirable to provide a lower pressure to the rear wheel
      brakes than is provided to the front wheel brakes. To provide this
      function, a fluid pressure proportioning valve is sometimes placed in the
      rear brake circuit between the master cylinder and the slave cylinders of
      the rear wheel brakes to maintain increases in the rear wheel brake
      pressure proportional to but less than increases in the front wheel brake
      pressure. One such prior art proportioning valve is disclosed in U.S. Pat.
      No. 3,623,776 to Ellis M. Wellman, and another is disclosed in U.S. Pat.
      No. 3,667,810 to Richard J. Silagy.
PAR  It has also been recognized in the art that, under certain conditions, it
      is desirable to equalize the rear brake pressure with the front brake
      pressure under very severe braking conditions. To perform this function,
      the art has provided various blend back proportioning valves which reduce
      the fluid pressure increases in the rear brake pressure over one range of
      pressures and which equalize front and rear brake pressures under very
      severe braking conditions.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel blend back proportioning valve. The
      valve includes a housing having an inlet port, an outlet port, and a bore
      extending between the inlet port and the outlet port. A proportioning
      piston is slidably disposed in the bore between the inlet port and the
      outlet port, and the proportioning piston includes a smaller diameter
      portion exposed to inlet port pressure and a larger diameter portion
      exposed to outlet port pressure. A fluid flow passage extends from one end
      through the proportioning piston, and an annular valve member on the one
      end of the proportioning piston surrounds the fluid flow passage for
      controlling flow from the inlet port to the outlet port.
PAR  A blend back spool is also slidably disposed in the bore, and the blend
      back spool includes a valve seat. The valve seat is spaced from the
      annular valve member to open the fluid flow passage when the fluid
      pressure in the inlet port is less than the first predetermined pressure.
      The valve member is movable by the proportioning piston to a position
      adjacent the valve seat to at least partially close the fluid flow passage
      when the first predetermined pressure is reached and to maintain increases
      in outlet port pressure proportional to but less than increases in inlet
      port pressure when the inlet port pressure is greater than the first
      predetermined pressure and is less than the second predetermined pressure.
PAR  The blend back spool includes a net lateral cross-sectional area exposed to
      inlet port pressure, and a spring having a predetermined spring rate
      biases the blend back spool and the valve seat toward the valve member.
      When the second predetermined pressure is reached, the inlet port pressure
      acting against the area of the blend back spool exposed to inlet port
      pressure causes the blend back spool to move the valve seat away from the
      annular valve member to equalize the fluid pressures in the inlet port and
      the outlet port.
PAR  In a first embodiment, the blend back spool includes another net lateral
      cross-sectional area exposed to atmospheric pressure facing in a direction
      opposite the direction of the area exposed to inlet port pressure. This
      results in quick movement of the valve seat by the blend back spool away
      from the annular valve member to equalize inlet and outlet port pressures.
PAR  In a second embodiment, the blend back spool includes another net lateral
      cross-sectional area exposed to outlet port pressure facing in a direction
      opposite the direction of the area exposed to inlet port pressure. This
      second embodiment results in slower movement of the valve seat by the
      blend back spool away from the annular valve member to equalize inlet and
      outlet port pressures over a range of inlet port pressures after the
      second predetermined inlet port pressure is reached. This second
      embodiment also includes a passage extending through the valve seat and
      through the blend back spool establishing fluid pressure communication
      between the other area and the outlet port pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other aspects, principles, and advantages of the present
      invention are incorporated in a first and second preferred embodiment of
      the invention shown in the drawings, wherein:
PAR  FIG. 1 is a schematic diagram of a motor vehicle hydraulic brake system
      according to the principles of the invention;
PAR  FIG. 2 is an enlarged, side elevational, cross-sectional view of a first
      preferred embodiment of the blend back proportioning valve used in the
      system shown in FIG. 1;
PAR  FIG. 3 is an enlarged, side elevational, cross-sectional view of a second
      preferred embodiment of the blend back proportioning valve used in the
      system shown in FIG. 1; and
PAR  FIG. 4 is a graphical representation of the relationship between inlet and
      outlet pressures of the blend back proportioning valves shown in FIGS. 2
      and 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings in greater detail, the schematic circuit diagram
      shown in FIG. 1 includes a dual master cylinder 10 having a front brake
      circuit supply line 11 and a rear brake circuit supply line 12 for
      separately supplying fluid pressure to the front brake circuit and the
      rear brake circuit. The pressure in the lines 11 and 12 is equal under all
      operating conditions except when there is a failure in either the front
      brake circuit or the rear brake circuit. The lines 11 and 12 lead to a
      combination warning switch and blend back proportioning valve 14, and the
      combination unit 14 supplies fluid pressure to the slave cylinders of the
      front wheels 15 through the line 16 and to the slave cylinders of the rear
      wheels 17 through a line 18. First and second embodiments of the
      combination unit 14 for the circuit shown in FIG. 1 are shown in FIGS. 2
      and 3, respectively.
PAC  First Embodiment
PAR  As shown in FIG. 2, the first embodiment of the combination unit 14
      includes a housing 20 which is preferably machined from extruded brass
      stock. A stepped bore 21 extends axially from end to end through the
      housing 20, and the bore 21 includes a smaller diameter portion 22, an
      intermediate diameter portion 23, and a larger diameter portion 24. On the
      left side of the housing 20, a front brake inlet port 25 is hydraulically
      connected to the front brake supply line 11, and a front brake outlet port
      26 is hydraulically connected to the line 16. On the right side of the
      housing 20, a rear brake inlet port 27 is hydraulically connected to the
      rear brake supply line 12 and a rear brake outlet port 28 is hydraulically
      connected to the line 18.
PAR  A single piece warning switch piston 30 is slidably disposed in the axial
      bore 21. The warning switch piston 30 includes a left portion 31 sealingly
      disposed in the smaller diameter portion 22, a reduced diameter central
      portion 32, and a right portion 33. An annular centering sleeve 34 is
      slidably disposed in the larger diameter bore portion 24 and is slidably
      axially relative to the warning switch piston 30. Suitable seals are
      provided to prevent fluid leakage between left portion 31 and the smaller
      diameter bore portion 22 and between the right portion 33 and the larger
      diameter bore portion 24.
PAR  The warning switch piston 30 operates in a well known manner. The pressures
      in the front brake inlet port 25 and the rear brake inlet port 27 are
      equal under all conditions except when there is a failure in either the
      front brake circuit or the rear brake circuit. Under these normal
      operating conditions, the equal pressures acting on the left piston
      portion 31 and on the right piston portion 33 and on the centering sleeve
      34 hold the warning switch piston 30 in the position shown in FIG. 2. This
      is because the area exposed to fluid pressure acting to the left on the
      warning switch piston 30 is the sum of the lateral cross-sectional area of
      the portion 33 and the lateral cross-sectional area of the sleeve 34. This
      area is greater than the area of the piston portion 31 acting to the right
      on the warning switch piston 30, so that the warning switch piston 30 and
      the sleeve 34 are urged to the left viewed in FIG. 2. However, the sleeve
      34 engages a shoulder at the junction of the bore portions 23 and 24 to
      prevent such leftward movement so that the switch piston 30 is held in its
      center position shown in FIG. 2.
PAR  If there is a failure in the front circuit, the rear brake pressure acting
      on the right end portion 33 will move the switch piston 30 to the left as
      veiwed in FIG. 2. The sleeve 34 does not move to the left with the switch
      piston 30 because movement of the sleeve 34 to the left is prevented by
      the shoulder at the junction of the bore portions 23 and 24. This causes a
      warning switch plunger 35 of a switch assembly 36 to move upwardly out of
      the reduced diameter center portion 32. This upward movement of the
      plunger 35 electrically connects a warning switch terminal 37 of the
      switch assembly 36 to a ground connection through the housing 20. The
      terminal 37, in a well known manner, is electrically connected to the
      ground side of a warning indicator (not shown) so that such upward
      movement of the plunger 35 actuates the warning indicator. After the front
      brake circuit has been repaired, so that equal pressures are supplied
      again to the inlet ports 25 and 27, such pressures move the warning switch
      piston 30 back to the center position shown in FIG. 2 because the lateral
      cross-sectional area of the left portion 31 is greater than the lateral
      cross-sectional area of the right portion 33. This causes the plunger 35
      to again move to the reduced diameter center portion 32 to deactuate the
      warning indicator.
PAR  In a similar manner, when there is a failure in the rear circuit, the
      pressure in the front circuit acts against the left end portion 31 and
      pushes the switch piston 30 and sleeve 34 to the right to actuate the
      warning indicator. After the rear circuit has been repaired so that the
      pressures supplied to the inlet ports 25 and 27 are equal, the switch
      piston 30 is moved back to the center position shown in FIG. 2 because the
      lateral cross-sectional area of the sleeve 34 plus the lateral
      cross-sectional area of the right end portion 33 is greater than the
      lateral cross-sectional area of the left end portion 31.
PAR  The right side of the housing 20 as viewed in FIG. 2 includes a first
      insert 38 and a second insert 39. The insert 39 holds the insert 38
      stationary in the axial bore 21. The inserts 38 and 39 are considered as
      part of the housing 20, but are made as separate pieces for assembly of
      the various components of the blend back proportioning valve.
PAR  A proportioning piston 40 is slidably disposed in the right end of the
      axial bore 21. The proportioning piston 40 includes a smaller diameter
      portion 41 exposed to the pressure in the inlet port 27 and a larger
      diameter portion 41 exposed to pressure in the outlet port 28. A fluid
      flow passage 43 extends axially from the left end of the proportioning
      piston 40 for establishing fluid pressure communication between the inlet
      port 27 and the outlet port 28. An annular valve member 44 is formed by
      the left end of the proportioning piston 40 surrouding the fluid flow
      passage 43. The lateral cross-sectional area differential of the
      proportioning piston 40 (i.e., the difference between the lateral
      cross-sectional area of the larger diameter portion 42 and the lateral
      cross-sectional area of the smaller diameter portion 41) is exposed to
      atmospheric pressure through an atmospheric vent passage 45 in the second
      insert 39. A suitable dust cap is provided in the vent passage 45 to
      prevent contaminants from entering the right side of the axial bore 21. A
      plurality of passages 47 in the insert 38 maintain open fluid pressure
      communication between the inlet port 26 and the valve member 44.
PAR  A first spring 46 acts between the first insert 38 of the housing 20 and
      the proportioning piston 40 to hold the proportioning piston 40 in the
      position shown in FIG. 2 when the master cylinder 10 of the brake system
      is deactuated. The first spring 46 has a predetermined preload to prevent
      movement of the proportioning piston 40 from the position shown in FIG. 2
      until first predetermined inlet and outlet pressures are reached, as more
      fully explained below.
PAR  A blend back spool 50 is carried by the switch piston 30 and includes a
      valve seat 51 which may be formed of nylon or other suitable material. A
      second spring 52 acts between the warning switch piston 30 and the blend
      back spool 50 to urge the blend back spool 50 and the valve seat 51 to the
      position shown in FIG. 2. The second spring 52 has a predetermined
      preload, so that the blend back spool 50 cannot pull the valve seat 51 to
      the left until second predetermined inlet and outlet port pressures are
      reached, as explained in detail below. The left end of the blend back
      spool 50 is slidably carried by a blind bore 53 in the warning switch
      piston 30. A vent passage 54 extends radially outward from the blind bore
      53 to the central portion 32 of the warning switch piston 30 to vent the
      left end of the blend back spool 50 to atmospheric pressure through the
      warning switch assembly 36 under all conditions. A C-shaped spring clip 55
      is also provided to prevent the second spring 52 from pushing the blend
      back spool 50 and the valve seat 51 out of the switch piston 30 in which
      they are disposed in the event of movement of the switch piston 30 the
      left, as described above. The valve seat 51 is resiliently mounted on the
      blend back spool 50 and is biased to the right by a light biasing spring
      56.
PAR  Turning now to the operation of the blend back proportioning valve shown in
      FIG. 2, it should first be understood that movement of the switch piston
      30 to the left as viewed in FIG. 2 caused by a fluid pressure failure in
      the front brake circuit in the manner described above moves the valve seat
      51 to the left away from the valve member 44. This renders the blend back
      proportioning valve inoperable and establishes open fluid pressure
      communication between the inlet port 27 and the outlet port 28 through the
      flow passage 43 at all pressures, to provide full braking pressure to the
      rear wheel brakes in the event of a failure in the front wheel brakes.
      After the front brake circuit has been repaired, the switch piston 30
      moves back to the position shown in FIG. 2, and the blend back
      proportioning valve operates in the manner described below.
PAR  Under low pressure application of pressure from the master cylinder 10 to
      the blend back proportioning valve inlet port 27, the preload of the first
      spring 46 holds the proportioning piston 40 in the position shown in FIG.
      2 so that the valve member 44 is axially spaced from the valve seat 51 and
      open fluid pressure communication from the inlet port 27 to the outlet
      port 28 is maintained through the flow passages 47 and through the flow
      passage 43. This portion of the operation of the blend back proportioning
      valve is represented by line OA in FIG. 4.
PAR  When the inlet and outlet port pressures reach a first predetermined
      pressure at point A in FIG. 4, the proportioning piston 40 moves to the
      left against the force of the spring 46. This is because the force created
      by the outlet port pressure acting on the larger diameter portion 42 to
      the left is greater than the force created by the inlet port pressure
      acting on the smaller diameter portion 41 to the right. When this
      unbalanced force becomes great enough to overcome the preload of the first
      spring 46, the proportioning piston 40 moves to the left until the valve
      member 44 moves close enough to the valve seat 51 to throttle fluid flow
      from the inlet port 27 to the outlet port 28. If fluid is flowing from the
      inlet port 27 to the outlet port 28, the valve member 44 will be slightly
      spaced from the valve seat 51 to throttle such fluid flow, but if there is
      no flow from the inlet port 27 to the outlet port 28 the valve member 44
      will engage the valve seat 51. The blend back proportioning valve,
      however, functions in the same manner whether or not there is fluid flow
      through the valve.
PAR  As the inlet port pressure continues to increase above point A in FIG. 3,
      the proportioning piston 40 maintains increases in outlet port pressure
      proportional to but less than increases in inlet port pressure. This is
      because the area of the portion 41 exposed to inlet port pressure is less
      than the area of the portion 42 exposed to outlet port pressure. This
      portion of the operation of the valve is shown by line AB in FIG. 4. The
      proportional relationship between the increase in inlet pressure and the
      increase in outlet pressure during this portion of the operation of the
      valve is the slope of the line AB and is equal to the proportional
      relationship between the area of the smaller diameter portion 41 exposed
      to inlet port pressure and the area of the larger diameter portion 42
      exposed to outlet port pressure. During this portion of the operation of
      the blend back proportioning valve along line AB, the preload of the
      second spring 52 retains the blend back spool 50 and its valve seat 51 in
      the position shown in FIG. 2.
PAR  When the second predetermined inlet and outlet port pressures indicated at
      point B in FIG. 4 are reached, the preload of the second spring 52 is
      overcome by the inlet port pressure acting against the right end of the
      blend back spool 50. When this occurs, the blend back spool 50 moves to
      the left and moves its valve seat 51 away from the valve member 44. This
      momentarily opens fluid pressure communication between the inlet port 27
      and the outlet port 28 through the passages 47 and 43. Because there is
      substantially no further movement of the brake shoes or pads of the rear
      wheels 17 when this occurs there is substantially no flow of fluid from
      the inlet port 27 to the outlet port 28 and the outlet port pressure is
      immediately increased. This increased outlet port pressure acts on the
      larger diameter portion 42 and moves the proportioning piston 40 to the
      left toward the valve seat 51. Further increases in inlet port pressure
      move the blend back spool 50 further to the left and further increases in
      outlet port pressure move the proportioning piston 40 further to the left
      until the blend back spool 50 is in its left most position in the blind
      bore 53 and the proportioning piston 40 engages the annular shoulder in
      the left end of the insert 38. When the spool 50 and piston 40 are in
      these positions, the valve seat 51 is spaced from the valve member 44 to
      equalize inlet and outlet port pressures. This portion of the operation of
      the blend back proportioning valve is shown by the very steep line BC in
      FIG. 4.
PAR  As the pressure in the inlet port 27 increases above the pressure indicated
      at point C in FIG. 4, such increased pressure holds the valve seat 51 of
      the blend back spool 50 to the left away from the valve member 44 so that
      the blend back spool 50 maintains further increases in outlet port
      pressure equal to further increases in inlet port pressure as the
      pressures increase along line CE in FIG. 4.
PAR  When point E is reached in FIG. 4 and the brakes are released, the inlet
      and outlet port pressures decrease along the line ECAO. Along line EC, the
      valve seat 51 is held to the left against the bias of the second spring 52
      away from the valve member 44 by the inlet port pressure. At point C, the
      force of the inlet port pressure acting against the blend back spool 50
      becomes less than the force of the spring 52 so that the spring 52 forces
      the blend back spool 50 and its valve seat 51 back to the right against
      the valve member 44 to isolate the inlet port 27 from the outlet port 28.
      A further decrease in inlet port pressure from point C causes the outlet
      port pressure to move the valve seat 51 slightly to the left away from the
      valve member 44 against the light bias of the spring 56 so that the valve
      seat 51 acts as a one-way check valve to permit decreases in inlet port
      pressure to be met with equal decreases in outlet port pressure along line
      CA. When point A is reached, the proportioning piston 40 returns to the
      right position shown in FIG. 2, and further decreases in inlet port
      pressure result in equal decreases in outlet port pressure along line AO.
      It should be understood that, along line CA, the pressures in the outlet
      port will be slightly greater than the pressures in the inlet port by a
      pressure equal to the effective pressure of the spring 56. Because this
      difference is relatively small and for purposes of simplication, line ECAO
      has been shown as a straight line in FIG. 4 although it should be
      understood that it is not exactly straight.
PAC  Second Embodiment
PAR  As shown in FIG. 3, the second embodiment of the combination unit 14 is
      structurally identical in many respects to the first embodiment shown in
      FIG. 2. Those parts of the second embodiment shown in FIG. 3 which are
      identical structurally to the first embodiment shown in FIG. 2 are
      identified by the same reference numeral as in FIG. 2 but followed by a
      prime.
PAR  The only parts of the second embodiment shown in FIG. 3 which differ
      structurally from the first embodiment shown in FIG. 2 are the warning
      switch, blend back spool, and valve seat. As shown in FIG. 3, the second
      embodiment includes a warning switch piston 60. The warning switch piston
      60 includes a left portion 61 sealingly disposed in the smaller diameter
      bore portion 22', a reduced diameter central portion 62, and a right
      portion 63. The annular centering sleeve 34' is slidably disposed in the
      larger diameter portion 24' and is slidable axially relative to the
      warning switch piston 60. Suitable seals are provided to prevent fluid
      leakage between the left portion 61 and the smaller diameter bore portion
      22' and between the right portion 63 and the larger diameter bore portion
      24'. The operation of the warning switch 60 is the same as the operation
      of the warning switch 30 described above with reference to FIG. 2.
PAR  A blend back spool 70 is carried by the switch piston 60 and includes a
      valve seat 71 which may be formed of nylon or other suitable material. A
      second spring 72 acts between the warning switch piston 60 and the blend
      back spool 70 to urge the blend back spool 70 and the valve seat 71 to the
      position shown in FIG. 3. The second spring 72 has a predetermined
      preload, so that the blend back spool 70 cannot pull the valve seat 71 to
      the left until a predetermined inlet port pressure is reached, as
      explained in detail below. The left end of the blend back spool 70 is
      slidably carried by a blind bore 73 in the warning switch piston 60. An
      axially extending passage 74 extends from end to end through the valve
      seat 71 and through the blend back spool 70. A one-way seal 75 prevents
      fluid leakage from the inlet port 27' to the outlet port 28' between the
      warning switch piston 60 and the blend back spool 70.
PAR  Turning now to the operation of the second embodiment shown in FIG. 3, such
      operation is the same as the operation of the first embodiment shown in
      FIG. 2 along line OA and along line AB in FIG. 4. This operation has been
      described in detail above with particular reference to FIG. 2. During this
      portion of the operation of the valve shown in FIG. 3, the preload of the
      second spring 72 holds the blend back spool 70 and its valve seat 71 in
      the position shown in FIG. 3.
PAR  The diameter of the annular valve member 44' is less than the diameter of
      the left end of the blend back spool 70 which rides in the blind bore 73.
      Because of this, an annular cross-sectional area of the blend back spool
      70 equal to the difference between the smaller diameter of the valve
      member 44' and the larger diameter of the left end of the blend back spool
      70 is exposed to pressure in the inlet port 27'. Similarly, and because
      the axial passage 74 establishes open fluid pressure communication between
      the left end of the blend back spool 70 and the pressure in the outlet
      port 28', an annular cross-sectional area of the blend back spool 70 equal
      to the difference between the smaller diameter of the annular valve member
      44' and the larger diameter of the left end portion of the blend back
      spool 70 is exposed to pressure in the outlet port 28'. Thus, when the
      valve member 44' engages the valve seat 71 along line AB, the blend back
      spool 70 has a net annular area exposed to inlet port pressure facing in a
      direction to urge the valve seat 71 away from the valve member 44' and an
      equal net area exposed to outlet port pressure (which is lower than inlet
      port pressure along line AB) facing in a direction opposite thereto.
PAR  When the second predetermined inlet and outlet port pressures shown at
      point B are reached, the higher pressure in the inlet port 27' acting
      against the net area of the blend back spool 70 exposed to inlet port
      pressure overcomes the force of the spring 72 and the force of the lower
      outlet port pressure acting on the net area of the spool 70 exposed to
      outlet port pressure. This causes movement of the blend back spool 70 and
      its valve seat 71 to the left as viewed in FIG. 3 to momentarily separate
      the valve seat 71 from the annular head 44'. Because there is
      substantially no further movement of the brake shoes or pads of the rear
      wheels 17 when this occurs, there is substantially no flow of fluid from
      the inlet port 27' to the outlet port 28' and the outlet port pressure is
      immediately increased. This increased outlet port pressure acts on the
      larger diameter portion 42' and moves the proportioning piston 40' to the
      left toward the valve seat 71. Quick equalization of inlet and outlet port
      pressures is prevented in the second embodiment because this increase in
      the outlet port pressure also acts on the net area of the blend back spool
      70 exposed to outlet port pressure to urge the valve seat 71 back to the
      right against the valve member 44'. Because of this, the equalization of
      blending back of inlet and outlet port pressures occurs over a wide range
      of inlet port pressure increases along line BD in FIG. 4. This is to be
      distinguished from the first embodiment shown in FIG. 2, wherein
      equalization or blending back of inlet and outlet port pressures occurs
      more quickly along the line BC which is steeper than the line BD. When the
      pressure in the inlet port 27' and the outlet port 28' of the second
      embodiment increases along line BD, the proportioning piston 40' is moved
      to the left by the increased outlet port pressure acting against the
      larger diameter portion 42' until the proportioning piston 40 is stopped
      by engagement with the shoulder in the left end of the insert 38'.
PAR  The slope of the line BD is determined by the speed of movement of the
      blend back spool 70 and proportioning piston 40 as they move back together
      after they are separated by an increased inlet port pressure. This speed
      of movement is slowed by friction forces so that the outlet port pressure
      increases by a greater amount than the increase in inlet port pressure
      before the valve seat 71 re-engages the valve member 44', as indicated in
      FIG. 4 by the slope of the line BD being greater than 45' so that the
      outlet port pressure approaches the inlet port pressure.
PAR  As the pressure in the inlet port 27' increases above the pressure
      indicated at point D in FIG. 4, the inlet and outlet port pressures are
      equalized. This is because the proportioning piston 40' cannot move
      further to the left after it engages the annular shoulder in the insert
      38' and because, when the inlet port pressure is increased above point D
      to move the valve seat 71 away from the valve member 44', the valve seat
      72 is unable due to friction forces to move back to the right fast enough
      to engage the valve member 44' before the outlet port pressure increases
      to the same pressure as the inlet port pressure. This operation of the
      blend back proportioning valve continues until the operator releases the
      brakes at point E in FIG. 4.
PAR  When point E is reached in FIG. 4 and the brakes are released, the
      pressures decrease along line EDAO. This is because the seal 75 between
      the warning switch piston 60 and the left end of the blend back spool 70
      provides a one-way check valve so that decreases in inlet port pressure
      are met with corresponding decreases in outlet port pressure. Line EDA is
      parallel to but slightly spaced above line AO due to the spring force
      required to open the seal 75, but because this difference is relatively
      small and for purposes of simplification, line EDAO has been shown as a
      straight line in FIG. 4 although it should be understood that it is not
      exactly straight.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blend back proportioning valve comprising a housing having an inlet
      port, an outlet port, a bore in said housing between said inlet port and
      said outlet port and extending beyond said inlet port in a direction away
      from said outlet port, switch piston means slidably disposed in said bore
      for movement in response to a fluid pressure unbalance on opposite ends of
      said switch piston means, said switch piston means including a blind
      cylindrical chamber extending axially from one of its ends, said blind
      cylindrical chamber within said switch piston means including a larger
      diameter portion adjacent said one end and a smaller diameter portion
      spaced away from said one end, proportioning piston means slidably
      disposed in said bore between said inlet port and said outlet port in
      axially aligned relation to said switch piston means, said proportioning
      piston means having a smaller lateral cross-sectional area exposed to
      inlet port pressure and a larger lateral cross-sectional area exposed to
      outlet port pressure, a first spring biasing said proportioning piston
      means toward said outlet port, a fluid flow passage extending from one end
      of said proportioning piston means at least partially through said
      proportioning piston means establishing fluid pressure communication
      between said inlet port and said outlet port, said proportioning piston
      means including an annular portion on said one end surrounding said fluid
      flow passage and defining an annular valve member, blend back spool means
      slidably carried in said blind cylindrical chamber of said switch piston
      means, said blend back spool means including a larger diameter portion
      disposed in said larger diameter portion of said blind cylindrical chamber
      and a smaller diameter portion sealingly disposed in said smaller diameter
      portion of said blind cylindrical chamber, said smaller diameter portion
      of said blind cylindrical chamber being vented to atmospheric pressure and
      said smaller diameter portion of said blend back spool means including a
      net lateral cross-sectional area exposed to atmospheric pressure under all
      conditions, a spring disposed in said larger diameter portion of said
      blind cylindrical chamber exteriorly of said blend back spool means, said
      spring acting against said larger diameter portion of said blend back
      spool means to urge said blend back spool means in a direction toward said
      annular valve member, a valve seat slidably carried on said blend back
      spool means adjacent said larger diameter portion of said blend back spool
      means, another spring carried by said blend back spool means and acting
      against said valve seat to urge said valve seat in a direction toward said
      annular valve member, said valve seat being spaced from said annular valve
      member to open said fluid flow passage when the fluid pressure in said
      inlet port is less than a first predetermined pressure, said proportioning
      piston means moving said annular valve member to a position adjacent said
      valve seat to at least partially close said fluid flow passage when said
      first predetermined pressure is reached, said proportioning piston means
      maintaining increases in outlet port pressure proportional to but less
      than increases in inlet port pressure when said inlet port pressure is
      greater than said first predetermined pressure and is less than a second
      predetermined pressure, and said blend back spool means moving said valve
      seat away from said valve member when said second predetermined pressure
      is reached in said inlet port to equalize the fluid pressures in said
      inlet port and said outlet port.
NUM  2.
PAR  2. A blend back proportioning valve as defined in claim 1 wherein said
      larger diameter portion of said blend back spool means includes a net
      lateral cross-sectional area exposed to inlet port pressure, and said net
      area of said blend back spool means exposed to inlet port pressure faces
      in a direction to urge said blend back spool means away from said annular
      valve member.
NUM  3.
PAR  3. A blend back proportioning valve as defined in claim 2 wherein said
      first mentioned spring has a predetermined preload, and the force exerted
      by said second predetermined inlet port pressure acting on said net area
      of said blend back spool means exposed to inlet port pressure moves said
      blend back spool and said valve seat against said preload of said spring
      away from said valve member.
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ABST
PAL  Pneumatic and electrical components of an anti-skid braking system are
      assembled upon and within an elongated housing frame, which is mounted in
      a free space under the vehicle chassis. The air tanks are strapped to the
      top of the frame in a triangular array in indentations in ridged ends. The
      pneumatic control elements are disposed in a staggered array within the
      housing. An indented cover panel, which receives the electrical computer
      components is secured to the bottom of the housing. The cover panel is
      permanently or removably attached to the bottom of the housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The systems developed by the air brake equipment industry to meet the
      Department of Transportation skid control requirements for semi-trailers
      and container chassis (FMVSS-121) consist basically of a number of
      pneumatic, electric and electropneumatic components.
PAR  A few of these, such as the (electric) sensors and the (pneumatic) spring
      brake chambers are sub-assembled with the axles; the other components must
      be mounted on the sprung part of the vehicle and interconnected by tubing,
      hoses and wiring to form the required pneumatic and electric system
      circuitry. The common practice is to mount the other components
      individually onto structural members of the trailer subframe respectively
      chassis. In this "scattered" type, installation, the actual location and
      positioning of the components is to a large extent controlled by the
      configuration and location of said structural members, which vary on
      different types of vehicles and in most cases, cannot be rearranged to
      suit the optimum requirements for mounting the skid control components.
PAR  Typical examples of the pneumatic components are air reservoirs, amplifying
      relay valves, check valves and pressure protection valves; typical
      electric components are computers (also known as "logic modules"),
      junction and fuse (or circuit breaker) boxes; typical electro-pneumatic
      components are the control valves. A considerable number of these
      components is required, particularly in a tandem axle vehicle. Installing
      them in place and making all air and electrical connections requires quite
      a number of additional man hours on the main assembly line at or after the
      finishing station. Some of the components, particularly the computers, are
      very compact and relatively expensive devices. They are, therefore,
      attractive objects for thieves.
PAR  Since they are mounted in an exposed position underneath the vehicle, these
      components and the air and electrical lines connecting them are splashed
      by water and mud and struck by road salt and road debris.
PAR  An object of this invention is to preassemble ("package") all skid control
      system components (other than those mounted on the axles) into a single
      unit which:
PAR  1. PROVIDES MECHNICAL PROTECTION FOR SYSTEM COMPONENTS FROM SUB-ASSEMBLY
      THROUGH INSTALLATION-UPON-VEHICLE STAGES AT THE MANUFACTURING PLANT;
PAR  2. PROVIDES ANTI-THEFT PROTECTION;
PAR  3. REDUCES "LINE TIME" (LABOR REQUIRED TO INSTALL SKID CONTROL SYSTEM ON
      TRAILERS AND/OR CHASSIS);
PAR  4. PROVIDES MECHANICAL AND ANTI-CORROSION PROTECTION FOR SYSTEM COMPONENTS
      (INCLUDING AIR PIPING AND ELECTRICAL WIRING) IN ROAD OPERATION;
PAR  5. DISCOURAGES THEFT OF VALUABLE SYSTEM COMPONENTS IN ROAD OPERATION;
PAR  6. MAKES IT POSSIBLE TO REMOVE THE COMPLETE SKID CONTROL SYSTEM AND REPLACE
      IT BY A SPARE UNIT IN MINIMUM TIME WITHOUT SPECIAL SKILLS OR TOOLS; AND
PAR  7. ACHIEVES THESE AIMS IN THE MOST ECONOMICAL WAY, WITHOUT CHANGES IN THE
      EXISTING DESIGN OF TRAILER AND CHASSIS FRAMES AND SUSPENSION COMPONENTS,
      OR COMPROMISING THE SYSTEM PERFORMANCE WHILE PERMITTING TROUBLE SHOOTING
      AND REPAIR OF THE SYSTEM WITHOUT REMOVING IT AS A UNIT FROM THE VEHICLE.
PAC  SUMMARY
PAR  The control equipment for an anti-skid braking system and the compressed
      air tanks are assembled together upon and within an open frame which is
      mounted on the vehicle. The air tanks are secured over one rim of the
      housing, preferably by strapping, with attached pneumatic control valves
      and tubing disposed within the housing in a staggered array. A triangular
      disposition of the air tanks is particularly effectively provided by
      arcuate indentations in ridged ends of the housing to which brackets are
      attached for mounting under the vehicle. A panel covers the outer rim of
      the housing and may have an indented compartment for receiving electrical
      computer components. The panel may be permanently or removably attached
      depending upon whether it is most important to prevent theft of the
      computer components or to facilitate removal of the components for
      maintenance or replacement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Novel features and advantages of the present invention will become apparent
      to one skilled in the art from a reading of the following description in
      conjunction with the accompanying drawings wherein similar reference
      characters refer to similar parts and in which:
PAR  FIG. 1 is an end view of one embodiment of this invention mounted under the
      chassis of a vehicle;
PAR  FIG. 2 is a three-dimensional view of the embodiment shown in FIG. 1;
PAR  FIG. 3 is an exploded three-dimensional view of the housing frame and lower
      components of the embodiment shown in FIGS. 1 and 2;
PAR  FIG. 4 is an end view of the embodiment shown in FIGS. 1-3;
PAR  FIG. 5 is a side view of the embodiment shown in FIGS. 1-4 with one of the
      air tanks and a side of the housing partially broken away;
PAR  FIG 6 is a bottom plan view of the embodiment shown in FIGS. 1-5 with a
      portion of the bottom cover broken away;
PAR  FIG. 7 is a cross-sectional view taken through FIG. 5 along the line 7--7;
      and
PAR  FIG. 8 is an end view of a modification of the embodiment shown in FIGS.
      1-7 with only two air tanks instead of three.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1-8 is shown assembly or package 10 including elongated housing
      frame 12, which has the following functions:
PAR  1. Serves as chassis for mounting all electric, pneumatic and
      electro-pneumatic components plus the necessary piping and wiring;
PAR  2. Has attachment provisions for being bolted onto the trailer,
      respectively, container chassis;
PAR  3. Forms protective enclosure around all damage prone parts.
PAR  Housing frame 12 has short ends 14 and long sides 16 providing support and
      positive axial and angular positioning for the 3 air reservoirs or tanks
      18. Air reservoirs 18, being made of steel plate, are strong, mechanical
      damage and corrosion-resisting parts, that do not require any protection;
      as such they themselves are used to form the top closure and protective
      wall of the package.
PAR  The reservoir positioning is achieved by providing holes 20 in the top
      flanges 22 of the Zee cross-sectioned sides 16 and slots 24 in the top
      flanges 26 of the end plates 14 of the housing frame 12. These holes 20
      and slots 24 engage the drain ferrules 28 of the air reservoirs. The
      reservoirs 18 are clamped onto the housing by two metal straps 30, a
      standard hardware item, which hook into four slots 29 located in the top
      flanges 22 of the sides 16.
PAR  The sides 16, also have a number of appropriately positioned and sized
      holes 32 which when lined with rubber grommets 34, provide entry ports for
      the external pneumatic and electric connection lines 36 (air hoses leading
      to axle spring chambers 38, supply and service air lines 40 and electrical
      sensor and power supply lines 42.
PAR  There are also some other apertures 44 in these side members 16, which
      accommodate components (not shown) such as electrical junction and fuse
      boxes, warning lights, etc. also used in some skid control systems.
PAR  The bottom surface of the housing frame 12 is designed as a single plane
      rectangular bolting rim or flange 45, containing a system of holes 47 with
      captive (slip-on-type) nuts.
PAR  Bolted to flange 45 are:
PAR  1. Flat plate type (mounting brackets 46 for attachment of computers 48;
PAR  2. A protective cover 50, which completes the package enclosure.
PAR  As shown in FIGS. 1 and 2 with the above mentioned components in place, a
      space 52 of substantially trapezoidal cross-section is available inside
      the package 10, formed by the air reservoirs 18 on the top, the housing
      sides 16 and the computers 48 and protective cover 50 on the bottom.
PAR  The space 52 is ideally suited to accommodate the pneumatic and
      electro-pneumatic components 56 (valves) of the system, both as regards
      size and configuration. As shown in FIGS. 2 and 7, these components 56
      (valves) are mounted by appropriately selected std. piping hardware 58
      (couplings, elbows, nipples, etc.) to the air reservoirs 18 such
      assemblies being completed prior to mounting the reservoirs 18 onto the
      housing frame 12 to eliminate problems of limited tool and hand access.
PAR  The location and orientation of the valves 56 mounted to each reservoir 18
      makes them "mesh", "nest" or "dovetail" with those mounted on the others;
      it also provides the necessary room between them to install connecting
      airlines and, finally, it places the discharge parts of the control and
      the amplifying relay valves in a very favorable position for leading the
      discharge air hoses out of package 10 (through grommeted housing openings
      34) in the straightest and most direct way to the axle mounted spring
      brake chambers 38. This is an important functional requirement for the
      correct performance of the skid control system.
PAR  The electronic components, computers 48, are mounted below the plane of the
      bottom surface of the housing frame 12. The belly recess as indentation 62
      in the protective cover 50 is provided to accommodate the vertical
      downward projection of the computers 48. There are three reasons for this
      recessed cover design and for the cover/housing interface being located
      above the computer level and close to the air reservoirs:
PAR  1. With cover removed, this provides complete access to the computers from
      bottom and sides for connecting, disconnecting, trouble shooting, etc.
PAR  2. With computer attachment fasteners 64 removed, computers fold down and
      hang by their connecting cables, thus providing full access to the valves
      above but still remaining electrically connected into the system (if so
      required for trouble shooting purposes).
PAR  3. Finally, and most importantly, this design approach makes it possible to
      remove the complete package 10 without any dissassembly other than
      removing its attachment bolts to trailer 66 (or chassis frame) and
      uncoupling the external air and electrical connections mentioned earlier.
PAR  The largest and most favorably located opening for removal of the package
      10 exists between the forward axle and the (usually tubular) crossbrace
      connecting the equalizer beam brackets (not shown). However, even this
      opening is not wide enough (in the side elevation view) for the smallest
      dimension (height) of the package to pass through it. The points of
      interference are the two slack adjusters and their bearing plates 61 (FIG.
      1), which project into the access opening. However, the lateral spread
      between these axle components is such; that a local projecton (in this
      case the "belly" of the package cover) will pass through them. In other
      words, if a "nesting" concept between the lateral clearance profiles of
      the axle and the package is used, generous clearances are available for
      the removal and reinstallation.
PAR  It is also important to note, that whereas the pneumatic and
      electro-pneumatic components of several of the skid control systems are
      similar in size and in basic design, the electronic computers or "logic
      modules" show wide variation range of sizes, configurations, mounting
      provisions etc. This makes it possible to design the package housing to
      accommodate interchangeably the valves of several skid control systems,
      and to have several variants of computer mounting brackets and protective
      covers, as dictated by the widely varying designs of the computers. As the
      housing frame 12 is the most basic largest and most expensive component of
      the package, making it a universally useable standard part, produced in
      large quantities by most economical manufacturing methods (sheet metal
      punching and forming) is the logical optimum manufacturing procedure.
PAR  The basic similarity between air valves of several skid control systems
      also permits the standardization of the three air tanks as regarding their
      ferrule size and location. These three tanks (or two as shown in FIG. 8
      for the single axle system) can be then used in all these control systems
      without any modifications.
CLMS
STM  We claim:
NUM  1.
PAR  1. A structural assembly for mounting anti-skid braking equipment including
      compressed air tanks with attached pneumatic controls and electrical
      controls on a wheeled vehicle comprising an elongated housing frame having
      short ends, relatively long sides and a pair of open rims, projections on
      the frame for securing it to the vehicle, tank receiving surfaces on the
      ends of the frame, the air tanks being disposed over one rim of the frame
      engaged with the tank receiving surfaces and disposed parallel to the
      sides of the frame, attaching means securing the tanks to the frame with
      the attached pneumatic control elements being disposed within the housing,
      the electrical control elements being disposed within the housing, a cover
      panel being disposed upon the other rim of the housing for covering it,
      and fastening means securing the cover panel to the housing.
NUM  2.
PAR  2. A structural assembly as set forth in claim 1 wherein, the cover panel
      has an indented compartment within it, and electrical components being
      mounted on the housing in a position which disposes them within the
      indented compartment in the cover panel.
NUM  3.
PAR  3. A structural assembly as set forth in claim 2 wherein, the electrical
      components have indexing tabs for connecting them on the housing in
      predetermined positions and the cover panel having recesses for receiving
      the indexing tabs.
NUM  4.
PAR  4. A structural assembly as set forth in claim 3 wherein, drain openings
      are provided in the housing whereby water may be drained from the
      pneumatic controls without opening the housing.
NUM  5.
PAR  5. A structural assembly as set forth in claim 1 wherein, the
      tank-receiving surfaces are disposed on opposite ends of the housing and
      the attaching means comprising straps having ends engaging the housing and
      binding the air tank to it.
NUM  6.
PAR  6. A structural assembly as set forth in claim 5 wherein, the ends are
      comprised of ridged end sections having one upper and two corner
      indentations for receiving the sides of the air tanks therewithin.
NUM  7.
PAR  7. A structural assembly as set forth in claim 6 wherein, the indentations
      are concave.
NUM  8.
PAR  8. A structural assembly as set forth in claim 6 wherein, the sides have
      outwardly directed upper flanges for retaining the ends of the straps and
      inwardly directing the lower flanges for engagement by the cover panel.
NUM  9.
PAR  9. A structural assembly as set forth in claim 8 wherein, the end sections
      have lower flanges for engagement by the cover panel.
NUM  10.
PAR  10. A structural assembly as set forth in claim 9 wherein, mounting
      brackets are attached to the upper portions of the end section for
      mounting the assembly under the vehicle.
NUM  11.
PAR  11. A structural assembly as set forth in claim 1 wherein, the pneumatic
      controls are staggered along the sides of the air tanks for nesting them
      together within the housing.
NUM  12.
PAR  12. A structural assembly as set forth in claim 1 wherein, the frame has a
      top rim and a bottom rim and the air tank-receiving surfaces are disposed
      on the top rim of the frame and the cover panel is attached to the bottom
      rim of the frame.
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PAL  A vehicle brake pressure control valve whose operating or cut-off point is
      determined by an external load applied to a movable member of the valve,
      is provided with means to ensure free fluid flow through the valve in the
      event of the external load diminishing or disappearing completely. The
      means may comprise an internal by-pass valve arrangement or means for
      preventing closure of the internal valve set, thus preventing closure (or
      "cut-off") under no-load conditions.
BSUM
PAR  This invention relates to vehicle brake pressure control valves and more
      particularly to pressure reducing or limiting valves.
PAR  Brake pressure control valves typically comprise an internal valve set for
      controlling communication between the inlet and the outlet of the valve,
      and a load conscious member for transmitting an external load tending to
      hold the internal valve set open. Examples of such valves are described in
      British Pat. Specification No. 1183362.
PAR  In use, these valves are usually fitted in the pressure lines feeding the
      rear wheel brakes of a road vehicle, and the external load may either be
      variable in dependence upon the loading of the vehicle, or may be
      constant, for example being provided by a pre-set spring.
PAR  When the brakes are applied, the valve initially transmits liquid pressure
      freely to the rear brakes, but when the pressure rises above a level
      corresponding to the external load, the internal valve set closes, and
      either prevents any further increase in rear brake pressure, or ensures
      that the rear brake pressure is reduced, relative to the pressure
      transmitted to the inlet of the valve.
PAR  The pressure at which the valve operates (usually known as the "cut-off
      pressure"), is determined by the external load. The greater the load, the
      higher the pressure at which the internal valve set will close.
PAR  It is a disadvantage of such control valves that any failure in the load
      transmission will result in the valve operating prematurely in reducing
      the rear wheel brake pressure, relative to the front wheel pressure, so
      that the rear wheels will be under-braked. By the same token, the front
      wheel brakes will take a disproportionately high share of the braking
      effort, with the consequent risk of brake fade taking place at the front
      wheels.
PAR  The present invention aims at the provision of a brake pressure control
      valve constructed to avoid these disadvantages, and provides a brake
      pressure control valve comprising a housing having an inlet and an outlet,
      an internal valve set for interrupting communication between said inlet
      and said outlet; a load conscious member adapted to have an external load
      applied thereto and operable to resist closure of said internal valve set;
      and means operable in response to the value of said external load falling
      below a predetermined level to establish communication between said inlet
      and said outlet.
PAR  More specifically, the invention provides a brake pressure control valve
      comprising a housing having an inlet and an outlet; and internal valve set
      for controlling communication between said inlet and said outlet; and a
      load conscious member for transmitting an external load tending to hold
      the internal valve set open; and another movable valve part; wherein the
      load conscious member is normally movable in unison with said other
      movable valve part but is movable in one direction relative to said part
      when the value of the external load falls below a predetermined level, to
      establish free liquid communication between said inlet and said outlet.
PAR  With this construction, a failure of the external load will permit relative
      movement between the load conscious member and the other movable part of
      the valve, either to open up a by-pass passage, or to prevent the internal
      valve set from closing, thus ensuring that full system pressure will be
      maintained to the rear wheel brakes.
PAR  In each of the embodiments described below, the movable valve part is a
      first piston which is subjected on the one hand to internal pressure in
      the valve and on the other hand to the external load, and the load
      conscious member abuts or is fast with a second piston, relative axial
      movement of the two pistons being effective to open the by-pass passage or
      to prevent the internal valve set from closing.
PAR  The invention will be seen, from the following description of some
      particular examples thereof, to be applicable to a variety of different
      forms of control valve.
DRWD
PAR  Three preferred forms of brake pressure control valve in accordance with
      the invention will now be described, by way of example, with reference to
      the accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 show the respective valves in axial cross-section.
DETD
PAR  In view of the general similarity of the valves, corresponding parts are
      given the same reference numerals in the three Figures.
PAR  In each embodiment, the valve comprises a housing 1 having an inlet 2 and
      an outlet 3 communicating with a valve bore 4, blind at its inner
      (right-hand) end and closed at its outer end by a closure plug 6
      penetrated by a load conscious member in the form of a plunger 7 to which,
      in use, an external control load indicated by arrow A is applied. This
      load may be fixed, being applied by a prestressed spring, or variable in
      dependence upon the rear axle loading of the vehicle.
PAR  Referring now to FIG. 1, a first stepped piston 8 is sealed in the bore 4
      by piston seals 8A and 8B positioned by a seal spacer 9. Mounted
      concentrically within the first piston is a second piston 11 slidably
      sealed to the first piston by a piston seal 11A. At their outer ends, the
      two pistons both bear on the inner (right-hand) end of the plunger 7,
      which has an enlarged head portion 12 and a spigot 13 for locating a loose
      collar 14, which is also engaged by the outer end of the first piston 8.
      In the inoperative position illustrated, the plunger and the two pistons
      are in their extreme right-hand positions and are movable to the left in
      unison against the external load A, until movement of the first piston is
      checked by the collar 14 encountering an internal shoulder 16. The plunger
      7, and second piston 11 can move further to the left until the head 12
      engages a second shoulder 17.
PAR  At its inner end the first piston 8 carries an inserted valve seat 18,
      closable by a spring-urged ball 19 housed by the second piston. A spigot
      insert 21 normally holds the ball off the valve seat, as shown. The
      internal flow passages through the valve are completed by passages 22, 23
      and 24 in the side walls of spacer 9, and pistons 8 and 11 respectively.
PAR  In normal operation, with the load A at its designed value, brake
      application causes pressure fluid to flow through inlet 2, passages 22, 23
      and 24 and the open valve seat 19 to the outlet. When the inlet pressure
      acting over the area of the first piston 8 sealed by seal 8A is sufficient
      to overcome the external load A, the two pistons move outwardly in unison
      with the plunger, thereby allowing the ball 19 to close the seat 18. Any
      additional inlet pressure acts on the unbalanced annular area or step of
      the first piston 8, which moves (in unison with the plunger 7 and piston
      11) to the right to re-open the valve seat 18, this closing and opening
      action being repeated for as long as the inlet pressure increases, thereby
      metering fluid through to the outlet at a reduced rate relative to the
      increasing inlet pressure. Such metering actions in reducer valves are
      well known in themselves.
PAR  In the event of the external load being reduced below its design value,
      e.g. by failure of an external spring, the application of inlet pressure
      moves piston 8 outwardly until the ball valve 19 closes; then piston 11
      moves outwardly to open the ball valve 19, causing the piston 8 to follow
      up until the collar 14 abuts shoulder 16; then piston 11 continues to
      move, relative to piston 8, until checked by engagement of the head 12
      with shoulder 17, to ensure complete opening of the ball valve, which
      remains open, thus ensuring that full system pressure is transmitted to
      the rear brakes.
PAR  It will be noted that the valve ball 19 acts as the valve member which
      produces the required metering action in normal operation, and is disabled
      to maintain the required communication between the inlet and the outlet if
      the applied load fails (or diminishes in value below a predetermined
      minimum).
PAR  In the embodiment shown in FIG. 2, the piston 11 is integral or otherwise
      fast with the plunger 7 and its inner end is of conical shape to
      constitute a by-pass valve member 26 co-operating with, and normally
      sealing against, a by-pass port 27 formed in the first piston 8. A
      metering valve set is formed by a valve head 28 provided on the first
      piston 8, and an annular seal 29. An external shoulder 31 on the piston 8
      normally engages the outer face of seal 29, which face is provided with
      circumferentially spaced protuberances 32, the gaps between which permit
      the normal flow of fluid from the inlet 1 to outlet 2 through the seat. In
      this embodiment the first piston 8 has just one external seal 8A, held in
      position by stop member 33.
PAR  Normal operation of the valve is similar to that of FIG. 1, inlet pressure
      working on the sealed area of pistons 8 and 11 until the pistons move to
      the left, against load A, to allow the valve head 28 to seat against the
      seal 29. The valve is re-opened by the increasing inlet pressure acting on
      the unbalanced area of the piston 8, i.e. the area within seal 29 minus
      the area within seal 8A.
PAR  In the event of failure of the load A, the piston 8 moves outwardly under
      the action of the inlet pressure, until the valve head 28 closes against
      its seat 29; piston 11 then moves, relative to piston 8, to open the
      by-pass port 27, the piston 8 then following up until it encounters the
      stop member 16; piston 11 carries on moving outwardly, relative to piston
      8, until it encounters the shoulder 17. In this final position, the valve
      member 26 is clear of port 27, so that a by-pass communication is
      established between the inlet and the outlet.
PAR  In the embodiment of FIG. 3, the second piston 8 carries a valve operating
      head 35 and the piston is slidingly sealed within a sleeve 36, in turn
      slidingly sealed in the valve bore 4, in which it normally occupies its
      illustrated innermost position, due to the action of a corrugated spring
      washer 37 reacting against the inner end of the plug 6. The side wall of
      the sleeve is formed with a tapered valve port 38 accommodating a valve
      ball 39 which, in the normal position illustrated, is engaged and held off
      its seat in the tapered port by the edge of the head 35.
PAR  In operation, inlet pressure fluid passes freely through the port 38 to
      reach the outlet, until the pressure acting over the smaller sealed area
      of piston 8 is sufficient to move the piston outwardly against the
      external load A. Displacement of the piston 8 allows the valve ball 39 to
      seat and close the port 38. Any further pressure increase acts on the step
      of piston 8 to return it towards the illustrated position and thereby
      re-open port 38. This cyclic closing and opening of port 38 is repeated,
      with metering of fluid between the inlet and outlet, to produce a reduced
      rate of increase of outlet pressure, relative to the inlet.
PAR  Upon release of the inlet pressure, the piston sleeve 36 is forced
      outwardly, against the action of spring washer 37, to permit rapid
      reduction of the outlet pressure by increase of the fluid volume adjacent
      the outlet.
PAR  This form of reducer valve is known in itself from our prior British Pat.
      No. 1183362 and has proved highly effective in practice. The modification
      of this proven valve to incorporate the internal by-pass arrangement will
      render it even more effective in meeting the increasingly difficult
      technical requirements imposed by international vehicle safety
      regulations.
PAR  Although the invention has been particularly described in the context of
      pressure reducing valves, it will be readily understood by those skilled
      in the art that the constructional and operating principles involved could
      also be applied to pressure limiting and to pressure intensifying valves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid pressure brake control valve comprising a housing having an
      inlet and an outlet; an internal valve set within said housing for
      controlling communication between said inlet and said outlet; a load
      conscious member for transmitting an external load to said valve set
      tending to hold it open, first fluid pressure responsive means exposed to
      pressure at said outlet and having an operative connection with said valve
      set tending to close it in response to pressure at said outlet in
      opposition to the external load transmitted thereto by said load conscious
      member, another movable valve part in said housing having an operative
      connection with said load conscious member enabling said other movable
      valve part and said load conscious member to move in unison or to move
      relatively with respect to each other, means operable in response to
      movement of said load conscious member in one direction relative to said
      other movable valve part to establish free fluid communication between
      said inlet and said outlet, means operable in response to movement of said
      load conscious member in unison with said other movable valve part for
      preventing said operable means from establishing said free communication
      between said inlet and said outlet so long as the external load acting on
      said member exceeds a predetermined value, and second fluid pressure
      responsive means exposed to pressure at said inlet and operatively
      connected to said load conscious member to move it in said one direction
      relative to said other movable valve part in response to pressure at said
      inlet when the external load acting on said member falls below a
      predetermined value thereby rendering said other movable value part
      operable to establish said free communication between said inlet and
      outlet.
NUM  2.
PAR  2. A valve in accordance with claim 1 wherein said other movable valve part
      is a first piston engageable by said load conscious member and being
      subjected to the opposing forces of said external load and pressure at
      said outlet, the first fluid pressure responsive means being the face of
      said first piston exposed to pressure at said outlet, the second fluid
      pressure responsive means being a second piston having an operative
      connection with said load conscious member and a face exposed to the
      pressure of said inlet, relative axial movement of the two pistons being
      effective to establish free communication between said inlet and outlet.
NUM  3.
PAR  3. A valve in accordance with claim 2 wherein said valve housing has
      separate abutments for limiting movement against the direction of the
      applied load of the first piston under the action of pressure at the inlet
      and second piston under the action of pressure at the outlet, said
      abutments being positioned to permit greater displacement of one piston
      than the other thereby ensuring sufficient relative axial displacement of
      the pistons to establish said free communication between the inlet and
      outlet in the event of the external load being removed.
NUM  4.
PAR  4. A valve in accordance with claim 2, wherein one said piston extends in
      sealed, sliding relation into the other said piston.
NUM  5.
PAR  5. A valve in accordance with claim 2, wherein said pistons carry
      respective co-operating parts of said internal valve set, said relative
      axial movement of said pistons moving said co-operating parts out of
      co-operative engagement with each other.
NUM  6.
PAR  6. A valve in accordance with claim 5, wherein said parts comprise a valve
      seat carried by one piston and a closure member carried by the other.
NUM  7.
PAR  7. A valve in accordance with claim 2, wherein one said piston is formed
      with a by-pass port and the other said piston has a by-pass valve closure
      member, the port and closure member being urged into sealing engagement
      with each other by the action of the external load.
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PAL  The valve includes a main valve member having an axial exhaust passage and
      held in the normally closed state, and a control piston assembly for
      opening the valve member depending on the payload of the vehicle on which
      the air brake is installed. The control piston assembly comprises a
      control piston having a valve seat on its underside cooperable with the
      main valve member, a stepped piston composed of two portions with
      different diameters and located substantially coaxially with, and in
      spaced relation to, the control piston in a passage leading from an
      indicated-pressure inlet to the upper surface of the control piston, a
      valve assembly adapted to be opened and closed by the axial movement of
      the stepped piston to control the indicated pressure applicable to the
      upper surface of the control piston and to the stepped piston, and a
      loading spring engaging the upper end of the stepped piston, with its
      compressive load adjustable according to the payload of the vehicle.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  This invention relates to a relay valve for an air brake system which
      automatically controls the brake actuator pressure in accordance with the
      payload of the vehicle equipped with such system.
PAR  Wheels of heavy duty vehicles, such as buses, trucks, and trailers, are
      subjected to wide load variations depending on whether the vehicles are
      laden or not. Also, the ratio of the load components the front and rear
      wheels must bear varies sharply on braking and deceleration. For these
      vehicles it is necessary that adequate distribution of the braking force
      among the wheels be attained to avoid premature locking of some wheels and
      ensure the safety of the vehicles when the brake is applied.
PAR  Usually the safety of the vehicles at the time of braking has been secured
      in the following manner. In a conventional air brake circuit as
      schematically shown in FIG. 1, a brake valve a gives an indicated pressure
      to actuate a relay valve b, so that air under pressure from an air
      reservoir c is supplied to a brake actuator d. Vehicles using a service
      brake circuit of this type are equipped with pressure-regulating means in
      the form of a load-sensing proportion valve e installed between the brake
      valve a and the relay valve b. The valve e senses the payload on the
      vehicle in terms of the distance between the upper and lower end surfaces
      of the suspension, regulates the indicated pressure from the brake valve
      on the basis of the value so sensed, and then transmits the regulated
      pressure to the relay valve.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a novel combined
      load-sensing proportion and relay valve which serves the dual purpose of
      load-sensing proportioning and relaying as performed by separate valves in
      an ordinary brake circuit.
PAR  As shown in FIG. 2, the relay valve f according to the invention combines
      the load-sensing proportion valve e and the relay valve b in FIG. 1 and is
      disposed in place thereof between the brake valve a and the brake actuator
      d.
PAR  In the operation of the existing air brake circuit, the differentials
      between the input and output pressures of the load-sensing proportion
      valve e and the relay valve b are added to the respective input pressures.
      Consequently, the brake actuator d fails to respond quite faithfully to
      the indicated brake pressure. Combining the two valves into a single unit
      limits the total differential to only that between the input and output
      pressures of the relay valve.
PAR  Another object of the invention is, therefore, to provide a relay valve
      with reduced hysteresis.
PAR  The indicated-pressure line of the conventional air brake system, which
      comprises the load-sensing proportion valve e and the relay valve b,
      contains a relatively large amount of air under pressure. Because air is
      compressible medium, the large amount of air trapped in the line means a
      corresponding lag in response of the brake actuator at the terminal of the
      brake circuit.
PAR  On the other hand, as can be seen from FIG. 2, the valve f of the
      invention, which combines the known load-sensing proportion valve and
      relay valve, reduces the quantity of air present in the indicated-pressure
      line.
PAR  Thus, still another object of the invention is to provide a relay valve
      which permits rapid transmission of braking command and quick response of
      the brake.
PAR  The foregoing objects of the invention are realized by the relay valve
      constructed as follows. It comprieses a main valve member having an axial
      exhaust passage and normally kept closed, and a control piston assembly
      disposed coaxially with the valve member to open the valve according to
      the payload of the vehicle. The control piston assembly is made up of a
      control piston having a downward protrusion with a valve seat formed at
      its lower extremity in contact with the main valve disk, a stepped piston
      having two different diameters for supplying a regulated indicated
      pressure to the control piston, a stopper plate for restricting the
      downward movement of the stepped piston, the stopper plate being formed
      with an exhaust valve seat on the upper extremity of an upward axial
      protrusion, and a sub-valve normally held in the closed state in an axial
      passage of the stepped piston. An indicated-pressure inlet and the axial
      passage communicate via holes formed in the side wall of the stepped
      piston, and the axial passage and a regulated indicated-pressure chamber
      above the control piston communicate through an aperture formed in the
      stopper plate. When the sub-valve has been closed by a valve seat
      extending inwardly of the lower end of the axial passage, the pressure
      from the regulated indicated-pressure chamber is released to the
      atmosphere by way of an exhaust hole formed in the sub-valve. The stepped
      piston engages at its upper end, via retainer means, a loading spring
      whose compressive load is adjusted according to the payload of the
      vehicle.
PAR  Other objects, advantages and features of the present invention will become
      apparent from the following description when read in connection with the
      accompaying drawings showing a preferred embodiment of the invention as
      contrasted with a prior art arrangement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a schematic diagram of conventional air brake system;
PAR  FIG. 2 is a schematic diagram of an air brake system incorporating the
      combined load-sensing proportion and relay valve according to the
      invention;
PAR  FIG. 3 is a vertical sectional view of the relay valve of the invention,
      showing the internal construction;
PAR  FIG. 4 is a graph showing indicated-pressure and output-pressure
      characteristics; and
PAR  FIG. 5 is a schematic view of the relay valve as connected to a rod for
      mounting in a vehicle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 3, the valve body 1 is shown housing a main valve
      member 2 and a control piston 3. Over the valve body 1 is fitted a valve
      bonnet 4, solidly secured to the body by bolts and nuts. The valve bonnet
      4 is formed with a relatively large chamber 5 for accommodating an
      indicated-pressure regulating mechanism, which consists of a stepped
      piston 6 having two different diameters, a stopper plate 7 for restricting
      the downward movement of the stepped piston 6, and a sub-valve 9 slidably
      fitted in an axially extending passage 8 of the stepped piston 6. An
      indicated-pressure inlet 11 and the chamber 5 for receiving the indicated
      pressure communicate with the axial passage 8 of the stepped piston 6 via
      holes 10 formed in the side wall of the stepped piston. The axial passage
      8 connects to a regulated indicated-pressure chamber 13 through an
      aperture 12 of the stopper plate 7. The lower end of the axial passage 8
      of the stepped piston 6 is constricted by an inwardly extended flange-like
      valve seat 14. Another valve seat 15 is formed at the upper end of an
      upward axial protrusion of the stopper plate 7. A further valve seat 16
      provided at the lower end of the sub-valve 9 is normally in contact with
      the valve seat 15 to keep the valve open. The sub-valve 9 is formed with
      an axial exhaust passage 17, and is slidably held in passage 8 by means of
      a holder ring 18. A spring 19 is fitted between the holder ring 18 and the
      sub-valve 9 to urge the latter against the valve seat 15. Snap rings 20,
      21 are set in position to keep the stopper plate 7 and the holder ring 18,
      respectively, from dropping out of the regulated indicated-pressure
      chamber 13 and the axial passage 8.
PAR  The main valve member 2, having an axially extending exhaust passage 22, is
      normally forced upward by a spring 23 and kept in contact with a valve
      seat 24 formed interiorly of the valve body, thus maintaining the valve in
      a normally closed state. A valve seat 25 of an elastic material is
      embedded in the upper end of the main valve member. A cooperating valve
      seat 26 is formed at the lower end of a downward protrusion 27 of the
      control piston 3, so that, when the control piston descends, the valve
      seat 26 comes into contact with the seat 25 to close the exhaust passage
      22.
PAR  The upper end of the stepped piston 6 engages a loading spring 30 via a
      spacer 28 and a retainer 29. The loading spring 30, in turn, is connected,
      through retainer 29 to a tension rod 31 and a lever 33 turnable about a
      pivot 32. The lever 33 is connected, for example, to a suitable point of
      the lower part of a vehicle suspension by a leaf spring 34 and a rod or
      wire 35 (as shown in FIG. 5).
PAR  As regards the rest of the valve construction, the reference numeral 36
      indicates a supply-pressure inlet; 37, an output-pressure outlet; 38, an
      output-pressure chamber; 39, a spring for normally forcing the control
      piston 3 upward; and 40, a casing for accommodating the loading spring 30
      and the tension rod 31. The upper end of spring 30 seats on the upper end
      of casing 40.
PAR  With the construction described above, the combined load-sensing proportion
      and relay valve according to the invention operates in the following way.
PAR  FIG. 3 shows the valve in the inoperative state. Now if the brake valve a
      (in FIG. 2) is actuated, the resulting indicated pressure P.sub.i will be
      conducted through the indicated-pressure port 11, hole 10, the space
      around the sub-valve 9, and the aperture 12 into the regulated
      indicated-pressure chamber 13, where the pressure is applied on the upper
      end of the control piston 3. The indicated pressure will thus force the
      piston 3 downward, causing its downward protrusion 27 to press the main
      valve member 2 via the valve seat 26 and thereby open the valve.
PAR  Thereupon the supply pressure P.sub.t is introduced into the output
      pressure chamber 38 by way of the supply-pressure inlet 36 and the valve
      member 2. At the point where the downward force imparted by the indicated
      pressure P.sub.i that is effective on the control piston 3 is balanced
      with the upward force exerted by the output pressure P.sub.o, the output
      pressure P.sub.o is obtained. At this time, the indicated pressure P.sub.i
      enables the stepped piston 6 to exert an upward force over a
      pressure-receiving area equal to the differential between the
      pressure-receiving areas of the large-diameter piston part 6' and the
      small-diameter piston part 6". As a result, the piston 6 tends to urge the
      loading spring 30 upward to compress the same. However, the preset load of
      the loading spring 30 is so heavy that the valve seat 14 fails to close
      the sub-valve 9. The relationship between the indicated pressure P.sub.i
      and the output pressure P.sub.o in this case is represented by the
      straight line O-B-D in FIG. 4.
PAR  With the approach of the vehicle to a nearly unladen state, the leaf spring
      34 will sag as indicated by broken lines in FIG. 4, and will thereby
      impart a clockwise turning force to the lever 33, forcing the tension rod
      31 in a direction in which it raises the loading spring 30 and reducing
      the spring force to a smaller value than the preset load. If an indicated
      pressure P.sub.i is applied in this condition, the sub-valve 9 will remain
      closed as long as the indicated pressure is low. The characteristics of
      the indicated pressure P.sub.i and the output pressure P.sub.o in this
      case are represented by the line O-B in FIG. 4. With a further rise of the
      indicated pressure, the upwardly acting force of the stepped piston 6
      increases till it overcomes the compressive spring force of the loading
      spring 30, so that the stepped piston 6 moves upward, bringing the valve
      seat 14 into contact with the valve seat 16 of the sub-valve 9 to shut off
      the passage for the indicated pressure P.sub.i. This point corresponds to
      the point B in FIG. 4.
PAR  A slight increase of the indicated pressure P.sub.i from the level just
      stated will bring it above the regulated pressure in the regulated
      indicated-pressure chamber 13 above the control piston 3. This moves the
      stepped piston 6 downward, allowing the valve seat 14 to open the valve.
      Again with the admission of a slight amount of the indicated pressure into
      the regulated-pressure chamber 13, the upward force of the piston 6 will
      increase to reclose the valve seat 14 and close the passage for supply of
      the indicated pressure.
PAR  When the indicated pressure is equal to the regulated pressure, the stepped
      piston 6, fitted in a stepped cylinder having two different diameters A
      and B, tends to move up to close the valve seat 14, because the downward
      force exerted by the indicated pressure is greater than the upward force
      exerted by the regulated pressure. Therefore, at the point where the
      downward and upward forces that act on the stepped piston 6 are balanced,
      the indicated pressure P.sub.i exceeds the regulated indicated pressure
      P.sub.i '. Thus, where
      ##EQU1##
      hence
EQU  P.sub.i &gt;P.sub.i '.
PAR  For the reason stated above, the output pressure P.sub.o is governed by the
      balance between the regualted indicated pressure P.sub.i ', and the
      indicated pressure P.sub.i on the control piston 3. The line B-C in FIG. 4
      represents the relationship between the indicated pressure P.sub.i and the
      output pressure P.sub.o in such a balanced state of forces.
PAR  A decrease in the indicated pressure P.sub.i reduces the downward force of
      the stepped piston 6. As a consequence, the stepped piston moves upward,
      bringing the valve seat 14 into contact with the valve seat 16 of the
      sub-valve 9 and thereby raising the sub-valve 9, too. The valve seat 16 of
      the sub-valve 9 then moves away from the valve seat 15 of the stopper
      plate 7 to open the exhaust passage 17 of the sub-valve. This releases the
      regulated indicated pressure P.sub.i ' from the regulated indicated
      pressure chamber 13 into the atmosphere by way of the exhaust passage 17.
      On the other hand, the control piston 3 is moved upward by the action of
      the spring 39 and the output pressure P.sub.o, with the result that the
      valve seat 26 at the lower end of the downward protrusion moves away from
      the main valve member 2. Next, the main valve member 2, also, is raised by
      the action of the spring 23 and the supply pressure P.sub.t, so that the
      valve seat 25 comes into contact with the valve seat 24 of the valve body
      to close the passage of the supply pressure. At the same time, the output
      pressure is released to the atmosphere through the exhaust passage 22 of
      the main valve member 2.
PAR  The spring force of the loading spring 30, which governs the point B in
      FIG. 4, may be varied over the line O-D in the same figure by the variable
      load regulating mechanism consisting of the tension rod 31, lever 33, and
      leaf spring 34, or according to the payload of the vehicle. Also, the
      gradient O-D may be set differently as desired, for example to O-D' or
      O-D", by changing the ratio of the regulated-pressure acting area to the
      output-pressure acting area of the control piston 3. Similarly, the
      gradient B-C (O-A) may be freely set, for example to B'-C' (O-A') or B"-C"
      (O-A"), by changing the raio of the indicated pressure acting area to the
      regulated-pressure acting area of the stepped piston 6.
PAR  From the foregoing description it will be understood that, when using the
      relay valve according to the invention, its characteristics can be
      diversely varied by suitably choosing and setting the output-pressure
      acting area and the regulated indicated-pressure acting area of the
      control piston, the indicated-pressure acting area and the regulated
      indicated-pressure acting area of the stepped piston, and the tension of
      the loading spring.
PAR  The loading spring 30 is preset to a given compressive force, and the
      variable load regulating mechanism is so disposed as to reduce the spring
      force. Should the variable load regulating mechanism be broken, the preset
      spring force would force the stepped piston down to keep the sub-valve
      open. In such an event, the relay valve of the invention functions
      substantially like a conventional relay valve, and there is no danger of
      the braking force becoming insufficient.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined load-sensing proportion and relay valve for an air brake
      circuit comprising a valve body formed with a supply pressure inlet for
      connection to a source of air under pressure, an operating pressure outlet
      for connection to the air brakes, and an indicated pressure inlet for
      connection to a brake valve; a main valve member mounted in said body for
      axial displacement therein and controlling communication between said
      supply pressure inlet and said operating pressure outlet, said main valve
      member being formed with an axial exhaust passage therein; means normally
      biasing said main valve member to a closed state blocking communication
      between said supply pressure inlet and said operating pressure outlet;
      said body being formed with an outlet pressure chamber communicating with
      said outlet pressure outlet and with an indicated pressure chamber
      communicating with said indicated pressure inlet; control piston means for
      opening said main valve member in dependence on the pay load of the
      vehicle on which the air brake circuit is installed; said control piston
      means including a control piston mounted for axial displacement in said
      outlet pressure chamber and having, on its underside, a valve seat
      cooperable with said main valve member, a stepped piston mounted for axial
      displacement in said indicated pressure chamber and formed with two
      coaxial portions with respective different diameters, said stepped piston
      being located substantially coaxially with, and in spaced relation to,
      said control piston; said body being further formed with a regulated
      indicated pressure chamber defined in part by the upper surface of said
      control piston; said control piston means further including valve means
      adapted to be opened and closed by axial movement of said stepped piston
      to control the indicated pressure applied to the upper surface of said
      control piston and to said stepped piston, and loading compression spring
      means engaging the upper end of said stepped piston and having its
      compressive force adjustable in accordance with the pay load of the
      vehicle; said stepped piston being formed with an axial passage
      therethrough communicating with said indicated pressure inlet through a
      radial opening into said indicated pressure chamber; said valve means
      comprising a valve seat flanged inwardly of the lower end of said axial
      passage through said stepped piston; an apertured stopper plate interposed
      between said control piston and said stepped piston and limiting movement
      of said stepped piston toward said control piston, said stopper plate
      having an upwardly extending axial protrusion formed with an exhaust valve
      seat on its upper end and cooperating with said inwardly flanged valve
      seat to control communication between said indicated pressure chamber and
      said regulated indicated pressure chamber which latter is located between
      said control piston and said stepped piston; a sub-valve mounted for axial
      displacement in said axial passage through said stepped piston and
      cooperable with said inwardly flanged valve seat and said valve seat on
      the upper end of said protrusion; said inwardly flanged valve seat being
      formed in the larger diameter lower portion of said stepped piston and
      said radial aperture being formed in the smaller diameter upper portion of
      said stepped piston and means normally biasing said sub-valve to an open
      state relative to said inwardly flanged valve seat of said stepped piston.
NUM  2.
PAR  2. A combined load-sensing proportion and relay valve, as claimed in claim
      1, including a casing secured to the upper surface of said valve body and
      enclosing said loading spring means, and having an upper end wall; said
      loading spring means comprising a retainer cooperable with the upper end
      of said stepped piston, a tension rod extending substantially axially of
      said casing and having its lower end connected to said retainer, a loading
      spring engaged with said retainer and with the upper end wall of said
      casing, a lever pivotally mounted on the upper end of said casing and
      having one end connected to the upper end of said tension rod, and a leaf
      spring connected to the other end of said lever.
NUM  3.
PAR  3. A combined load-sensing proportion and relay valve, as claimed in claim
      2, in which said loading spring is disposed, in a pre-loaded state,
      between said retainer and the upper end wall of said casing.
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PAL  A fluid-pressure regulating valve for adjusting a supply pressure from
      either of two air reservoirs according to the payload of a vehicle and
      supplying the adjusted pressure to a control pressure chamber in a
      pressure-proportioning relay valve, the regulating valve comprising: a
      valve assembly for controlling the supply pressure, said assembly
      including a pressure piston reciprocably disposed in the valve body and
      formed with an air passage through the wall on one side, a supply valve
      accommodated in a supply pressure chamber inside the pressure piston and
      seated on a valve seat provided at the lower end of the supply pressure
      chamber, and an exhaust valve having an exhaust valve seat engageable with
      the supply valve and also having an upward protrusion extended through an
      exhaust bore formed in the axial center of the supply valve; an output
      pressure chamber defined between the underside of the pressure piston and
      the inner wall of the valve body; a balance spring disposed above the
      pressure piston in communication with the atmosphere to offset the upward
      force developed by the output pressure to raise the pressure piston; and a
      loading spring disposed under the exhaust valve to bias the supply valve
      into the open position via the exhaust valve; said upward protrusion of
      the exhaust valve being linked at its end with a linkwork movable in
      response to the vehicle payload.
BSUM
PAR  This invention relates to a fluid-pressure regulating valve for supplying a
      control pressure adjusted to suit the vehicle payload to
      pressure-proportioning relay valves installed in split air brake systems,
      particularly of heavy duty vehicles.
PAR  Before proceeding to the detailed description of the pressure regulating
      valve of the invention, the construction of a typical split air brake
      system including the regulating valve and the relay valves to be supplied
      with a control pressure from the regulating valve will be briefly
      outlined. Referring to FIG. 1, which is a schematic diagram of the system,
      the indicated pressure route in the first half of the system comprises a
      first air reservoir AR.sub.1, a line A.sub.0 a brake control valve BV, a
      line A.sub.1, a line A.sub.2, a relay valve RV.sub.1 for front wheels, a
      line A.sub.1 ", and a pressure-proportioning relay valve RV.sub.3 for
      rearward rear wheels. The brake pressure is supplied from the first air
      reservoir AR.sub.1 through line A.sub.0 '" to the relay valve RV.sub.1,
      and thence via lines A.sub.2 to front wheel brake actuators BA.sub.1
      causing them to actuate slack adjusters SA.sub.1. At the same time, the
      pressure from the same source is transmitted through line A.sub.0 ' to the
      relay valve RV.sub.3 , and through lines A.sub.2 ' to brake actuators
      BA.sub.3 for the rearward rear wheels causing them to actuate slack
      adjusters SA.sub.3. On the other hand, the comparative indicated pressure
      route in the second half of the system comprises a second air reservoir
      AR.sub.2, a line B.sub.0 the brake control valve BV, a line B.sub.1 and a
      pressure-proportioning relay valve RV.sub.2 for frontward rear wheels. The
      brake pressure from the second air reservoir AR.sub.2 flows through line
      B.sub.0 ' to the relay valve RV.sub.2, and thence via lines B.sub.2 to
      brake actuators BA.sub.2 for the frontward rear wheels causing them to
      actuate slack adjuster SA.sub.2.
PAR  The pressure regulating valve of the invention, indicated by the
      abbreviation PRV, supplies a controlled pressure to the
      pressure-proportioning relay valves RV.sub.2, RV.sub.3. The valve is
      connected to lines A.sub.0 ' and B.sub.0 ' through lines A.sub.0 " and
      B.sub.0 ", respectively, and a pressure controlled by the valve to meet
      the load condition is transmitted to the relay valves RV.sub.2 and
      RV.sub.3 via lines C and C'.
PAR  As will be described later, the pressure regulating valve according to the
      invention has additional functions of a double check valve, so that it
      receives the higher of the brake supply pressures available from either
      the first or second air reservoir, and transmits a control pressure of the
      same intensity to the two relay valves RV.sub.2, RV.sub.3. With such a
      split air brake system, failure of either air reservoir allows the other
      to operate the system and stop the car.
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PAR  The above and other objects and advantages of the present invention will
      become apparent from the following description taken in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a schematic diagram of a typical split air brake system using a
      pressure regulating valve embodying the invention;
PAR  FIG. 2 is a vertical sectional view of a typical relay valve to which the
      output pressure from the pressure regulating valve of the invention is
      supplied as a control pressure;
PAR  FIG. 3 is a longitudinal sectional view of a pressure regulating valve
      according to the invention;
PAR  FIG. 4 is a fragmentary sectional view as seen from the side of an arrow A
      in FIG. 3; and
PAR  FIG. 5 is a vertical sectional view of another embodiment of the invention;
      and
PAR  FIG. 6 is a schematic diagram similar to FIG. 1 but incorporating the valve
      shown in FIG. 5 in place of the regulating valve PRV and the relay valve
      RV.sub.2 in the former.
DETD
PAR  Now, the functions of the pressure-proportioning relay valves (RV.sub.2 and
      RV.sub.3 in FIG. 1) for receiving the control pressure from the pressure
      regulating valve in accordance with the invention will be explained with
      reference specifically to FIG. 2, which shows a typical construction of
      such relay valves in vertical section. The valve essentially comprises a
      valve disk 1 having an exhaust bore in the axial center and normally kept
      in a closed position by dint of supply pressure and spring force, and a
      control piston assembly which consists of a first pressure-responsive
      piston 2 and a second pressure-responsive piston 3. The both pistons are
      engaged together by a stopper 4 formed at the front end of an upward
      protrusion from the first piston 2. An indicated pressure chamber 5 is
      formed between the both pressure-responsive pistons, and a control
      pressure chamber 7 is formed between the upper surface of the second
      piston 3 and the inner wall of the valve bonnet 6. Into the respective
      chambers an indicated pressure Pi and a control pressure Pc are admitted
      through ports 8 and 9.
PAR  Introduction of an indicated pressure Pi into the chamber 5 causes the
      first pressure-responsive piston 2 to move downward against the force of a
      spring 2', with its downward protrusion pushing the valve disk 1 downward.
      As the valve disk 1 is forced down to open the valve, a supply pressure Ps
      led in through a port 10 enters an output pressure chamber 11, thus
      producing an output pressure Po therein. The output pressure serves its
      purpose in the state where its tendency to force the first
      pressure-responsive piston 2 upward is balanced with the force with which
      the valve disk 1 is pushed downward in the manner described.
PAR  When a control pressure Pc adjusted according to the payload of the vehicle
      is conducted into the control pressure chamber 7, it acts against the
      upper surface of the second pressure-responsive piston 3 to push the
      piston downward. This downward force is offset by the upward force
      produced by the indicated pressures Pi against the underside of the second
      piston. In this way the effective downward force of the first piston is
      adjusted by the payload of the vehicle, and a corresponding output
      pressure Po is obtained in the output pressure chamber 11.
PAR  The present invention concerns improvements of a fluid-pressure regulating
      valve for supplying a control pressure in proportion to the payload of the
      vehicle to the pressure-proportioning relay valves in the split type brake
      systems. More particularly, the invention aims at providing a pressure
      regulating valve simple in construction, improved in safety, and easy to
      manufacture.
PAR  The invention will be better understood from the following description
      taken in connection with the accompanying drawings, particularly FIGS. 3
      and 4, which illustrate an embodiment thereof.
PAR  The valve body 15 has a longitudinal cylindrical casing 16 in its middle
      part, and the casing in turn contains a valve assembly for adjusting the
      supply pressure from a passage 17 according to the payload of the vehicle.
      The valve assembly comprises a pressure piston 18 movable longitudinally
      in sliding contact with the surrounding wall of the casing, a supply valve
      20 seated in a supply pressure chamber 19 open in the center boss of the
      piston 18, an exhaust valve seat 21 engaged end-to-end with the supply
      valve 20, and an exhaust valve 24. The last-mentioned valve has an upward
      protrusion 22 formed with a center bore as an exhaust passage 51, which in
      turn is open in an exhaust bore 23 in the axial center of the supply valve
      20. The pressure piston 18 is formed with an annular recess or space 25 on
      its outer periphery, so that the supply pressure admitted to the space
      from the passage 17 is thence transmitted to the supply pressure chamber
      19 via a passage 26 radially formed through the piston from its outer
      periphery toward that chamber. The supply valve 20 rests on a seat 27 and
      is normally held in the closed position by a spring 29 disposed between
      the valve body and a holder ring 28. The exhaust valve 24 is loaded with a
      spring 30 between itself and the valve body 15 to urge the supply valve 20
      upward.
PAR  An output pressure chamber 31 is defined between the underside of the
      pressure piston 18 and the inner wall of the valve body. The chamber is
      designed to receive a supply pressure upon opening of the supply valve 20
      and to produce an output pressure, which is then delivered as a control
      pressure to the control pressure chamber of the pressure-proportioning
      relay valve (FIG. 2) via an output pressure port 32. The space above the
      pressure piston 18 is communicated with the atmosphere through a small
      hole 34 formed in the cover plate 33, and is loaded with a balance spring
      35 for offsetting the upward force acting on the underside of the piston
      18.
PAR  The upward protrusion 22 is pressed at its upper end against the underside
      of an axially movable plunger 36, which is reciprocably guided by a slide
      bearing 37 provided in the upper middle opening of the cover plate 33. A
      roller 38 is mounted on the upper part of the plunger 36 by a pin 39.
PAR  On the left side of the valve body 15 as viewed in FIG. 3, there is formed
      a valve unit integral with the valve body and communicated therewith
      through the supply pressure passage 17. The valve unit, which serves as a
      double check valve, has a first port 40 and a second port 41, both open on
      the same axis. A slide valve 43 is reciprocably placed in a cylindrical
      space 42 provided between the two ports. The first port 40 connects with
      the first air reservoir AR.sub.1, and the second port 41 to the second air
      reservoir AR.sub.2. A third port 44, open in the middle part of the
      cylindrical space 42, connects with the supply pressure passage 17.
PAR  To the upper end of an upward protrusion 45 of the cover plate 33 is
      secured a pivot 47, which turnably supports a linkwork 46. The pivot 47
      carries a spring 48 for biasing the linkwork 46 counterclockwise. The
      lower end of the linkwork 46 takes the form of a cam engaged with the
      plunger roller 38. The cam contour includes a working cam face 49 and a
      lost motion face 50. A change in the payload of the vehicle is
      transmitted, in terms of a change in the distance between the upper and
      lower ends of the suspension, to the upper part (not shown) of the
      linkwork so as to actuate the latter. With an increase in the payload, the
      linkwork 46 will turn counterclockwise.
PAR  The operation of the pressure regulating valve according to the invention,
      with the foregoing construction, will now be described.
PAR  It is assumed that, of the two line pressures of the air brake system
      connected to the ports 40, 41, the one for the first port 40 is higher.
      Then, the pressure from the first line will push the slide valve 43 to
      close the second port 41, admitting a supply pressure through the
      cylindrical space 42, the third port 44, and the passage 17 into the
      annular space 25, and thence through the radial passage 26 of the pressure
      piston 18 into the supply pressure chamber 19.
PAR  Loading the vehicle will turn the linkwork 46 counterclockwise, raising the
      plunger 36 and with it the exhaust valve 24 by dint of the spring 30, and
      carrying the supply valve 20 away from its seat 27. The supply pressure
      will pass through the space between the supply valve 20 and the valve seat
      27 into the output pressure chamber 31, yielding an output pressure
      therein. The resulting pressure will act against the underside of the
      pressure piston 18 to force it upward until the supply valve 20 is seated
      on the valve seat 27. In this manner an output pressure corresponding to
      the position of the plungerr 36 or the supply valve 20 is obtained and
      transferred as a control pressure Pc to the control pressure chamber 7 of
      the pressure-proportioning relay valve.
PAR  Additional loading of the vehicle will turn the linkwork 46 further
      counterclockwise, raising the plunger 36 to a higher level and opening the
      supply valve 20 to a greater extent. This results in a higher output
      pressure or control pressure Pc to be transmitted to the relay valve for
      more powerful braking action by the brake actuators.
PAR  In case of a pressure drop or other trouble with the first air reservoir
      for some reason or other, the second line pressure will become relatively
      high and will force the slide valve 43 downward to close the first port
      40. The supply pressure will then flow from the second port 41, through
      the cylindrical space 42, the third port 44, and the passage 17, into the
      valve assembly to enable the assembly to function in the same manner as
      already described.
PAR  If the vehicle is unloaded or otherwise freed of the load, the linkwork 46
      will turn clockwise, forcing the plunger 36 downward and with it the
      exhaust valve seat 21 away from the valve. Thereupon, the pressure from
      the output pressure chamber 31 will be released to the atmosphere by way
      of the exhaust bores 23, 51, and the small hole 34 of the cover plate,
      thus reducing the control pressure in the relay valve.
PAR  Should the linkwork 46 for sensing the vehicle payload be broken or go out
      of order, it will be turned counterclockwise by the safety spring 48.
      Consequently, the plunger 36 and with it the supply valve 20 will be
      raised away from the valve seat 27 and an adequate supply of the output
      pressure will be ensured.
PAR  FIG. 5 shows a combined load-sensing pressure-proportioning relay valve
      incorporating the present invention, as comprising a relay valve 101, a
      pressure regulating valve 102 held on its side and mounted on the relay
      valve, and a double check valve 103 provided in the proximity of the relay
      valve.
PAR  The relay valve 101 is composed of a valve disk 104 having an exhaust bore
      in the axial center, and a control piston assembly for moving the valve
      disk 104 to open the valve according to the payload of the vehicle. The
      control piston assembly comprises a first pressure-responsive piston 105
      having a downward protrusion and engaged with the valve disk through an
      exhaust valve seat formed at the lower end of the protrusion, and a second
      pressure-responsive piston 107 engaged with the first piston 105 via an
      enlarged stopper 106 formed at the upper end of an upward protrusion of
      the first piston. A washer 108 is fitted, with the aid of a snap ring, in
      the lower part of the center bore 109 of the second pressure-responsive
      piston 107, so that the stopper 106 of the first piston is kept from
      slipping off from the center bore 109 of the second piston.
PAR  Between the upper surface of the first pressure-responsive piston 105 and
      the underside of the second piston 107, there is defined an indicated
      pressure chamber 110, which receives an indicated pressure via a port 111.
      A control pressure chamber 112 is formed between the upper surface of the
      second piston and the inner wall of the pressure regulating valve casing
      to receive, as a control pressure, the output pressure from the pressure
      regulating valve 112 through an orifice 113.
PAR  The valve disk 104 is biased upward by a spring 115 and by a supply
      pressure from a port 114, and the valve is thereby normally closed. Upon
      application of an indicated pressure to the indicated pressure chamber 110
      due to operation of the brake valve, the control piston assembly is pushed
      downward with a force equal to the differential between the
      pressure-receiving areas of the two pressure-responsive pistons multiplied
      by the indicated pressure. As a result, the valve disk 104 is pushed open
      by means of the downward protrusion of the first pressure-responsive
      piston 105. As the valve disk 104 is forced open, and the supply pressure
      flows into the output pressure chamber 116, producing an output pressure
      therein, which acts on the underside of the first pressure-responsive
      piston 105 to push it upward. At the point where the downward force
      developed by the indicated pressure is balanced with the upward force by
      the output pressure, a service output pressure or brake apply pressure is
      obtained.
PAR  Now if a control pressure corresponding to the vehicle payload is
      introduced from the pressure regulating valve 102 into the control
      pressure chamber 112 through the orifice 113, a downward force will be
      exerted against the upper surface of the second pressure-responsive piston
      107, the force being offset by the upward force produced by the indicated
      pressure. This will increase the effective depressing force of the control
      piston assembly, and hence an increase in the force with which the valve
      disk 104 is opened. Thus, a sufficient output pressure corresponding to
      the payload will be obtained for adequate braking of the laden vehicle.
PAR  The pressure regulating valve 102 comprises a valve assembly for adjusting
      the supply pressure and a displacement transmission mechanism for
      controlling the valve assembly according to the payload of the vehicle.
      The valve assembly consists of a pressure piston 118 reciprocable along
      the inner wall of the valve casing 117, a supply valve 121 accommodated in
      a supply pressure chamber 119 in the piston 118 and seated on a supply
      valve seat 120, an exhaust valve 125 formed with an upward protrusion 123
      having an exhaust valve seat 122 for engagement with the supply valve 121
      and also having an axial exhaust passage 147, said upward protrusion 123
      extending through an exhaust bore 124 in the axial center of the supply
      valve 120, a loading spring 126 biasing the supply valve 121 into the open
      position via the exhaust valve 125, and a balance spring 127 disposed on
      the atmosphere side of the pressure piston 118. The displacement
      transmission unit is composed of a plunger 128 in contact with the upward
      protrusion 123 of the exhaust valve, and a linkwork 130 having a cam
      contour engageable with a roller 129 mounted on the plunger 128. The
      right-hand end of the linkage 130 which is not shown can be displaced by a
      change in the payload of the vehicle, so that the linkage as a whole is
      thereby turned about a pivot 131. The cam contour includes a working cam
      face 132 and a lost motion cam face 133. With an increase in the vehicle
      payload, the linkage 130 is turned counterclockwise until the roller 120
      comes into contact with the working cam face 132.
PAR  A supply pressure flows from either the supply pressure port 114 or an
      auxiliary supply pressure port 134, through a passage 135 formed in the
      relay valve body, an annular groove 136 formed on an upper flange of the
      valve body, a passage 137 formed in the pressure regulating valve body, an
      annular space 138 around the outer periphery of the pressure piston 118,
      and a radial passage 139 in the pressure piston, and finally enters the
      supply pressure chamber 119. Because the supply valve 121 is kept open by
      the spring 126 via the exhaust valve 125, the pressure passes through the
      space between the supply valve and its valve seat 120, into an output
      pressure chamber 140, giving birth to an output pressure therein. The
      output pressure acts on the left-hand pressure-receiving face and pushes
      the pressure piston rightward against the force of the balance spring 127
      until the spacing between the supply valve 121 and the valve seat 120 is
      reclosed. In this way an output pressure corresponding to the amount of
      opening of the supply valve 121 is obtained, and the pressure is admitted,
      as a control pressure, into the control pressure chamber 112 of the relay
      valve via the orifice 113. The amount of opening of the supply valve 121
      is preselected on the basis of the vehicle payload by way of the exhaust
      valve 125, plunger 128, and linkage 130. Therefore, the output pressure,
      or the control pressure applicable to the relay valve, is adjusted
      according to the load condition of the vehicle.
PAR  For the safety of the brake system operation, it is desirable that the
      supply valve 121 of the pressure regulating valve be fully opened if the
      displacement transmission mechanism is broken or in trouble. This is
      realized in the embodiment shown in FIG. 5 by a safety spring 141 mounted
      on the pivot 131 of the linkwork and which biases the linkwork
      counterclockwise. Normally the payload of a vehicle is sensed in terms of
      the distance between the upper and lower ends of the suspension and is
      transmitted as such to the linkwork. If the transmission mechanism is
      broken, the linkwork will turn counterclockwise, drawing the plunger 128
      rightward under the urging of the loading spring 126 via the exhaust valve
      125, until the roller 129 contacts the working cam face 132. The rightward
      movement of the plunger 128 will open the supply valve 121 to admit the
      supply pressure into the output pressure chamber. As described, the use of
      the safety spring 141 improves the safety of the brake circuit operation.
PAR  The double check valve 103 is incorporated in the combined structure,
      between the supply pressure port 114 and the auxiliary supply pressure
      port 134 of the relay valve 101. A first port 142 connects with the supply
      pressure port, and a second port 143 connects with the auxiliary supply
      pressure port. Between the two ports is provided a cylindrical space 144,
      which contains a slide valve 145. A third port 146 is formed through the
      inner side wall of the cylindrical space 144, and connects with the
      passage 135. In the schematic diagram of FIG. 1, for example, the supply
      pressure port 114 is communicated with the second air reservoir AR.sub.2
      via line B.sub.0 ', and the auxiliary supply pressure port 134 with the
      first air reservoir AR.sub.1 via lines A.sub.0 ', A.sub.0 " (FIG. 6).
PAR  Now if the pressure in the line associated with the second air reservoir
      AR.sub.2 is higher than in the line of the first air reservoir AR.sub.1,
      the slide valve 145 will move rightward to close the second port 143. This
      permits the supply pressure to be transmitted to the pressure regulating
      valve 102 through the supply pressure port 114, the first port 142, the
      cylindrical space 144, the third port 146, and the passage 135. Conversely
      if the pressure in the line of the first air reservoir AR.sub.1 is higher,
      the slide valve 145 will move leftward to close the first port 142. The
      supply pressure from the first air reservoir line will then be fed to the
      pressure regulating valve 102 through the auxiliary supply pressure port
      134, the second port 143, the cylindrical space 144, the third port 146,
      and the passage 135.
PAR  Although the invention has been described in connection with the components
      of the combined load-sensing pressure-proportioning relay valve
      incorporating the invention, namely, the relay valve 101, the pressure
      regulating valve 102, and the double check valve 103, it is to be
      understood that the embodiments described are illustrative and that
      numerous changes and modifications are possible without departing from the
      spirit and scope of the invention as hereinafter claimed.
PAR  As has been described, the pressure regulating valve according to the
      invention is not only positive in action and safe in operation; it is very
      easy to manufacture because all the valve assembly components are circular
      or cylindrical in shape and are coaxially fabricated. The double check
      valve is connected to the regulating valve body not by means of pipe as in
      conventional arrangements but integrally with the latter body. This
      eliminates the possibility of any trouble with broken pipe. Moreover, the
      omission of the pipe simplifies the construction and permits corresponding
      savings of the manufacturing cost and the space to be occupied by the
      installation.
PAR  It is a feature of the combined load-sensing pressure-proportioning relay
      valve incorporating the present invention that the pressure regulating
      valve is solidly mounted on the relay valve with their working axes
      abutting at right angles to each other. Another feature resides in the
      provision of the double check valve built in the combined structure,
      around the supply pressure port of the relay valve body. A further feature
      is that the three component units of the combination, i.e., the relay
      valve, pressure regulating valve, and double check valve, connect with one
      another through bores, passages, and grooves formed in the body. With
      these features, the invention offers many advantages some of which are
      enumerated hereunder.
PA1  1. The valve can be limited in overall height and compact in construction,
      with a minimum space requirement.
PA1  2. The control pressure chamber 112 can have a large capacity, which
      combines with the effect of the orifice 113 to enable the chamber to serve
      successfully as a damper.
PA1  3. There is no possibility of trouble with broken pipe.
PA1  4. The valve can be made at low cost.
PA1  5. The operative direction of the pressure regulating valve body in which
      the vehicle-height sensing lever is mounted can be freely changed above
      the upper flange of the relay valve body, with respect to the relay valve
      body, about the axis A--A in FIG. 5.
PA1  6. the combined structure may be divided into the component units of the
      relay valve and the pressure regulating valve by covering the upper flange
      of the relay valve body and closing the orifice of the pressure regulating
      valve, so that the units are separately mounted in a vehicle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid-pressure regulating valve for adjusting a supply pressure from
      either of two air reservoirs according to the payload of a vehicle and
      supplying the adjusted pressure to a control pressure chamber in
      pressure-proportioning relay valve, the regulating valve comprising: a
      valve assembly for controlling the supply pressure, said assembly
      including a pressure piston reciprocably disposed in the valve body and
      formed with an air passage through the wall on one side, a supply valve
      accommodated in a supply pressure chamber inside the pressure piston and
      seated on a valve seat provided at the lower end of the supply pressure
      chamber, and an exhaust valve having an exhaust valve seat engageable with
      the supply valve and also having an upward protrusion extended through an
      exhaust bore formed in the axial center of the supply valve; an output
      pressure chamber defined between the underside of the pressure piston and
      the inner wall of the valve body; a balance spring disposed above the
      pressure piston in communication with the atmosphere to offset the upward
      force developed by the output pressure to raise the pressure piston; and a
      loading spring disposed under the exhaust valve to bias the supply valve
      into the open position via the exhaust valve; said upward protrusion of
      the exhaust valve being linked at its end with a linkwork movable in
      response to the vehicle payload.
NUM  2.
PAR  2. A valve according to claim 1 wherein said valve body has a cylindrical
      bore coaxial with the exhaust valve and contains a plunger in the bore,
      the plunger having a lower end in contact with the upward protrusion of
      the exhaust valve and carrying a roller at the upper end, and said valve
      further comprises a linkwork turnably supported by a pivot on the upward
      protrusion of the valve body, a cam formed at the lower end of the
      linkwork for sliding contact with the roller, and a safety spring for
      biasing the linkwork in such a manner as to raise the upward protrusion of
      the exhaust valve, said spring being mounted on the pivot of the linkwork.
NUM  3.
PAR  3. A valve according to claim 1 which further comprises a valve member
      having three ports and formed in one piece with the valve body on one side
      thereof, said valve member being formed with a cylindrical space therein,
      and a slide valve reciprocably fitted in the cylindrical space, said space
      being communicated at one end with the first air reservoir via a first
      port, at the other end with the second air reservoir via a second port,
      and further with the valve assembly of the fluid-pressure regulating valve
      through a third port open in a middle port on one side of the cylindrical
      space.
NUM  4.
PAR  4. A combined load-sensing pressure-proportioning relay valve comprising: a
      valve disk formed with an exhaust bore in the axial center thereof; a
      control piston assembly for controlling the output pressure with which to
      operate brake actuators; and a pressure regulating valve for supplying a
      control pressure to the control piston assembly; said control piston
      assembly being composed of a first pressure-responsive piston and a second
      pressure-responsive piston, the first piston having a valve seat formed at
      the lower end of its downward protrusion for engagement with the valve
      disk, and a stopper of an increased diameter formed at the upper end of
      its upward protrusion, with a washer fitted in the lower end of a bore for
      accommodating the stopper, formed in the lower center of the second
      pressure-responsive piston, to prevent the stopper from slipping down;
      said first pressure-responsive piston defining an indicated pressure
      chamber between its upper surface and the underside of the second piston,
      said second piston also forming a control pressure chamber thereabove;
      said pressure regulating valve being mounted on the relay valve body in
      such a way that it receives a supply pressure from a port of the relay
      valve through passages formed in the relay valve body and the pressure
      regulating valve body, and controls the opening of a supply valve through
      the agency of a displacement transmission mechanism which operates
      according to the payload of a vehicle, so that a control pressure
      corresponding to the payload can be fed to the control pressure chamber.
NUM  5.
PAR  5. A valve according to claim 4 wherein said pressure regulating valve
      comprises: a valve assembly for adjusting a supply pressure; and a
      displacement transmission mechanism for controlling the valve assembly
      according to the payload of the vehicle; said valve assembly comprising a
      pressure piston formed with a radial passage through one side wall and
      reciprocably disposed in the casing, a supply valve seated on a valve seat
      projecting on the bottom of the bore of the pressure piston, an exhaust
      valve having a valve seat engageable with the supply valve and also having
      an upward protrusion extended through an exhaust bore formed in the axial
      center of the supply valve, a loading spring for biasing the supply valve
      into the open position through the exhaust valve, and a balance spring
      disposed on the pressure piston; said displacement transmission mechanism
      comprising a linkwork adapted to turn in response to a change in the
      payload, a plunger engaged at one end with a cam face on the linkwork and
      in contact with the upward protrusion of the exhaust valve, and a safety
      spring fitted on a pivot of the linkwork to bias the linkwork into the
      direction where the loading spring forces the plunger upward; said
      pressure regulating valve including the valve assembly and the
      displacement transmission mechanism being mounted on the relay valve
      including the valve disk and the piston assembly, with the axis of the
      regulating valve body directed at right angles to that of the relay valve
      body.
NUM  6.
PAR  6. A valve according to claim 5 wherein a control pressure port for feeding
      a supply pressure to the pressure regulating valve consists of a second
      port communicated with a first air reservoir and a first port communicated
      with a second air reservoir, forming therebetween a cylindrical space in
      which a slide valve is reciprocably fitted, and a third port is open in
      the middle part of a side wall of the space, in communication with the
      pressure piston of the pressure regulating valve through passages formed
      in the relay valve body and the regulating valve body, so that the higher
      of the supply pressures from the air reservoirs is selectively supplied to
      the pressure regulating valve, with either of the ports associated with
      the air reservosirs being a supply pressure port of the relay valve.
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ABST
PAL  A full-power hydraulic braking system comprises two independently-powered
      service circuits serving separate sets of brakes, a common pedal-actuated
      dual brake valve controlling operation of said circuits, a spring brake
      actuator fed from both service circuits through separate lines and, in
      each of said lines, a pressure responsive protection valve operable in the
      event of a failure in either service circuit to cut off the spring brake
      actuator from that service and ensure continued operation of said actuator
      from the other service circuit.
BSUM
PAR  This invention relates to full-power hydraulic braking systems of the kind
      comprising two independently-powered service circuits serving separate
      sets of brakes under the control of a common pedal-actuated dual brake
      valve.
PAR  To systems of this kind it has been proposed to add a spring brake actuator
      for parking and as a supplementary braking system, such actuator being
      usually pressurised from the accumulator of one of the powered hydraulic
      service circuits and being under the control of a hand control valve. Such
      systems however suffer from the defect that a failure in the spring brake
      actuator circuit, or in the service circuit to which it is connected, can
      put both said circuits out of action leaving only one service braking
      system available.
PAR  The object of the present invention is to provide a combined system which
      overcomes this defect in a simple and reliable manner without undue
      complication of the system.
DRWD
PAR  According to the present invention in a dual circuit hydraulic braking
      system of the kind mentioned, a spring brake actuator is provided and is
      fed from both service circuits through separate lines each incorporating a
      pressure responsive protection valve operable in the event of a failure in
      the related service circuit to cut off that circuit from the spring brake
      circuit whereby the latter continues to be fed from the other service
      circuit. The protection valves may also be operable to shut off fluid flow
      to the spring brake circuit in the event of lowering of fluid level in the
      system reservoir, whilst provision may also be made for relieving possible
      build-up of pressure in the reservoir return line from the spring brake
      control valve, and one embodiment of the invention incorporating these
      features will now be described in more detail, with reference to the
      accompanying drawings wherein FIG. 1 shows diagrammatically the improved
      braking system and FIG. 2 is an axial section through one of the pressure
      responsive protection valves.
DETD
PAR  Referring first to FIG. 1 the system shown comprises a dual pump 1, the
      sections of which are fed from a divided reservoir 2 and delivers pressure
      fluid separately and via supply lines 3, 3a to the two inlet ports of a
      pedal-actuated dual brake valve 4, the two supply lines 3, 3a each
      incorporating an accumulator 5 and a combined filter and low pressure
      switch 6. The outlet ports of the brake valve are connected respectively
      and by lines 7, 7a to the front and rear wheel brake cylinders 8, 8a while
      the return ports of said valve are connected by lines 9, 9a to the
      respective reservoir section whereby there are formed two independent
      service circuits. For the purpose of the present invention the supply
      lines 3, 3a to the brake valve are branched immediately upstream of said
      valve, the branches 10, 10a being connected by a common line 11 to the
      inlet port of a standard hand control valve 12 operable to control the
      admission of pressurised fluid via a line 13 to a single piston type
      spring brake unit 14 actuating one set, for example, the rear wheel set,
      of brakes through a mechanical transmission 15. The branch lines 10, 10a
      each incorporate a protection valve 16 more fully described hereafter a
      low pressure switch 17 and a non-return valve 18, the return line 19 from
      the hand control valve 12 being branched and the branch lines 20, 20a
      connected via the protection valves 16 to the return lines 9, 9a of the
      two service circuits. An additional accumulator 21 may also be
      incorporated in the common feed line 11 to the hand control valve.
PAR  Referring now to FIG. 2, each protection valve comprises a housing
      embodying at the lower end an inlet port 22 for connection to the branched
      supply line 10, 10a, a delivery port 23 for connection to the hand control
      valve 12, and a spring-loaded plunger-type inlet valve element 24 with an
      annular seating 25 around the inlet port, the arrangement being such that
      the valve element will be pushed off its seating to permit flow of
      pressure fluid to the delivery port only when the fluid is supplied to the
      inlet port above a predetermined pressure. At the upper end of the valve
      housing a spring-loaded disc valve element 26 controls fluid flow between
      a port 27 connected to the return line 20 from the hand control valve and
      a port 28 connected to the return line 9 (9a) in the related service
      circuit, a stem 29 on the plunger valve element 24 abutting the disc valve
      element 26 such that the latter is operated, that is, lifted from its
      seating, in unison with the plunger valve.
PAR  A stem 26a on the disc valve element 26 slides in a blind bore 30 in the
      housing, the inner end of said bore communicating via a passage 31 in the
      valve element with the outer face thereof which is responsive to return
      flow line pressure. The housing also accommodates a solenoid 32 the
      circuit of which is controlled by low level switches (not shown) in the
      reservoir 2, the armature of the solenoid sliding upon the stem 29 on the
      plunger valve and being normally held by the solenoid coil out of
      engagement with a shoulder 34 on the plunger valve 24 and in opposition to
      a supplementary loading spring 35.
PAR  During normal operation, the dual circuit braking system operates in the
      usual manner while the spring brake system is fed from both service
      circuits and the return flow from the hand control valve returns to either
      circuit. However, upon a failure in either service circuit, the inlet
      valve element 24 of its related protection valve will close with a
      corresponding closure of the related disc valve 26 in the return flow
      line, but the spring brake system will continue to be fed from the other
      service circuit and fluid will return to that circuit.
PAR  Should a leakage occur in the spring brake system the plunger  valves 24
      may lift minutely under the pressure pertaining in the service circuits
      sufficient to allow slight flow. However, the lowering of fluid level in
      the reservoir 2 will eventually cause the solenoid circuits to be broken
      whereby additional spring loading will be created on the plunger valves to
      hold them with greater force on their seatings.
PAR  Where an external leakage occurs the low level switches in the reservoir
      will also cause both protection valves 16 to shut off all flow to the
      spring brake circuit, both pressure feed and return fluid, but the service
      circuits will remain operative. Under this condition, it is necessary to
      provide a relief valve to prevent an excessive high pressure being
      established in the hand control valve return line which could be caused by
      release of the spring brake or by thermal expansion. A relief valve is, in
      fact, provided by each of the disc valves 26 which contacts its seating 36
      at a diameter larger than that of its stem 26a whereby when pressure is
      created in the return line 19 from the hand control valve, a load is
      created on the disc valve which, at a predetermined pressure, will
      overcome the loading of said valve by its spring 37. Thus the valve is
      lifted to relieve the pressure on the said return line.
PAR  The low pressure warning switch 17 followed by the non-return valve 18 in
      each of the feed lines 10, 10a between the protection valve and the
      junction with the common feed line into the hand control valve is
      desirable to ensure indication of a failure of either protection valve to
      function. The switches 17 operate individual buzzers, and to satisfy the
      requirement of imminent spring brake dragging, these switches could
      additionally be mounted in series with a further buzzer. In this case each
      must indicate a low pressure before the buzzer operates. This arrangement
      would necessitate either double switches or double pairs of contacts.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a hydraulic braking system of the kind wherein two independently
      powered service circuits are connected through valve means to serve
      separate sets of vehicle brakes, wherein the system includes a spring
      brake actuator having operative connection to at least one of said sets of
      vehicle brakes and having fluid pressure responsive control means
      connected to both service circuits through separate lines each
      incorporating a pressure responsive protection valve, each valve being
      normally open when the pressure in its related service circuit exceeds a
      predetermined amount and being operable in the event of a failure of
      pressure in the associated service circuit to cut off that circuit from
      the spring brake actuator while the actuator continues to maintain
      operative connection with the other service circuit which continues to
      supply fluid pressure to said spring brake unit.
NUM  2.
PAR  2. A hydraulic braking system as claimed in claim 1, wherein each said
      protection valve includes a pressure-responsive spring-loaded inlet valve
      element operable to cut off the connection from the associated service
      circuit when pressure in that circuit falls below a predetermined value.
NUM  3.
PAR  3. A hydraulic braking system as claimed in claim 2 and including a
      hand-operated valve for controlling flow of pressure fluid to and from the
      spring brake actuator, wherein a further valve element in each protection
      valve is operable in unison with said inlet valve to cut off a connection
      between a return line from said hand control valve and a return line of
      the associated service circuit.
NUM  4.
PAR  4. A hydraulic braking system as claimed in claim 3, wherein each said
      further valve element is spring-loaded onto a seating and acts as a relief
      valve to prevent an excessive pressure being established in said return
      line from said hand control valve.
NUM  5.
PAR  5. A hydraulic braking system as claimed in claim 1, wherein each service
      circuit includes a separate reservoir section and said protection valve
      includes means operable to shut off fluid flow to the spring brake
      actuator in the event of a predetermined fall of fluid level in the
      associated reservoir section.
NUM  6.
PAR  6. A hydraulic braking system as claimed in claim 2, wherein each
      protection valve comprises a solenoid the circuit of which is controlled
      by a low level switch in the associated reservoir section and which when
      energized moves the inlet valve onto and holds it on its seating.
NUM  7.
PAR  7. A hydraulic braking system as claimed in claim 3, wherein the feed lines
      from the respective service circuits to said hand control valve each
      include a low pressure warning switch and a non-return valve.
NUM  8.
PAR  8. A hydraulic braking system as claimed in claim 7, wherein said low
      pressure switches actuate individual signal means.
NUM  9.
PAR  9. A hydraulic braking system of the kind in which two independently
      powered service circuits are connected through valve means to serve
      separate sets of wheel brakes, wherein the system includes a spring brake
      actuator fed to receive fluid pressure from both service circuits through
      separate control circuit lines each incorporating a pressure responsive
      protector valve operable in the event of a failure of pressure in the
      associated spring brake actuator control circuit line to cut off that
      control circuit line and so maintain the integrity of the two service
      circuits.
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ABST
PAL  A high rigidity fluid bearing adapted to rotatably support a rotary shaft
      on a stationary base and a method for manufacturing the same. The fluid
      bearing is provided with a bearing bushing which includes a plurality of
      fluid pockets spaced apart in the circumferential direction, a land
      portion surrounding the fluid pockets, throttles connected respectively to
      the fluid pockets, and a raised land formed in each of the fluid pockets.
      On the bearing bushing, a deformable portion is formed around the raised
      land. The bearing bushing is urged and fixed to an arbor inserted therein
      and having a diameter smaller than that of the bore thereof at one end of
      each raised land so as to form a wedge-shape clearance between the raised
      land and the arbor. The outer periphery of the bearing bushing fixed to
      the arbor is machined to a true or proper circle. After removed from the
      arbor, the bearing bushing is fitted to the stationary base. Each raised
      land is then arranged so as to protrude toward the outer periphery of the
      rotary shaft, inserted to the bearing bushing beyond the surface of the
      land portion to thereby form the wedge-shape clearance to bring a high
      rigidity to the fluid bearing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a high rigidity bearing used for the
      rotary shaft of a machine tool and a method for manufacturing the same.
PAR  2. Description of the Prior Art:
PAR  In a machining operation, an excessive load is apt to be applied to rotary
      shafts, particularly to a main spindle. Therefore, a high rigidity fluid
      bearing such as a hydrodynamic pressure effect bearing has been employed
      to maintain the rotary shaft accurately in its original axial position. In
      such a hydrostatic bearing the bearing clearance on a land portion which
      is formed on the bearing surface of a bearing bushing could not be formed
      with a small enough clearance which would be adequate for generation of
      sufficient hydrodynamic pressure because a hydrostatic pressure is
      generated in a large bearing clearance in comparison with the hydrodynamic
      pressure.
PAR  In a conventional method for manufacturing such a fluid bearing, a large
      radial force is applied by means of clamping bolts, circumferentially
      located around the bearing bushing, to the outer periphery of the bearing
      bushing. In this state, the bearing surface is formed to a true or proper
      circle on the bore of the bearing bushing. Accordingly, when the radial
      force is removed from the bearing bushing, a plurality of raised lands
      which have been held in an inwardly urged state by the clamping bolts
      during the machining operation are outwardly retracted from the
      hydrostatic pressure-generating land portion so as to form wedge-shape
      clearances between the rotary shaft and the raised lands. Thus, the
      hydrodynamic pressure is generated in the wedge-shape clearances when the
      rotary shaft is rotating.
PAR  This prior art manufacturing method did not, however, provide accurate
      wedge-shaped clearances to the hydrostatic bearing because it was
      difficult to accurately set the amount of thrust for the clamping bolts
      and it was also difficult to positively support the bearing bushing by the
      clamping bolts in a stable state during the machining operation of the
      bore of the bearing bushing. Furthermore, since the raised lands were
      arranged so as to be retracted away from the outer periphery of the rotary
      shaft beyond the surface of the hydrostatic pressure-generating land
      portion, the wedge-shape clearances were made wider than that of the
      hydrostatic pressure-generating land portion. As a result, the hydrostatic
      bearing which was manufactured by the above-mentioned method could not
      obtain a sufficient hydrodynamic pressure effect.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      high rigidity fluid bearing having a high hydrodynamic pressure effect.
PAR  It is another object of the present invention to provide an improved high
      rigidity fluid bearing which is provided with a bearing bushing, the
      bearing surface of which is formed so as to generate a high hydrodynamic
      pressure to thereby support a rotary shaft with high rigidity.
PAR  Another object of the present invention is to provide an improved high
      rigidity fluid bearing which is provided with a bearing bushing; on the
      bearing surface of which hydrodynamic pressure-generating lands are formed
      so as not to affect a hydrostatic pressure-generating operation to thereby
      support a rotary shaft with high rigidity.
PAR  Still another object of the present invention is to provide an improved
      high rigidity fluid bearing which is provided with a bearing bushing
      within a plurality of hydrodynamic pressure-generating lands are formed so
      as to protrude toward a rotary shaft beyond a hydrostatic
      pressure-generating land to form wedge-shape clearances therebetween to
      thereby raise the rigidity of the fluid bearing.
PAR  A further object of the present invention is to provide a new and unique
      method for manufacturing a high rigidity fluid bearing having a high
      hydrodynamic pressure effect.
PAR  A further object of the present invention is to provide a new and unique
      method for manufacturing a high rigidity fluid bearing which is provided
      with a bearing bushing, the bearing surface of which is formed so as to
      generate a high hydrodynamic pressure to thereby support a rotary shaft
      with high rigidity.
PAR  A still further object of the present invention is to provide a new and
      unique method for manufacturing a high rigidity fluid bearing which is
      provided with a bearing bushing wherein a plurality of hydrodynamic
      pressure-generating lands are formed so as to protrude toward a rotary
      shaft beyond a static pressure-generating land to form wedge-shape
      clearances therebetween and so as not to affect a hydrostatic
      pressure-generating operation.
PAR  According to the present invention, these and other objects are achieved by
      a high rigidity fluid bearing which comprises a bearing bushing including
      a plurality of fluid pockets spaced apart in the circumferential
      direction, a land portion surrounding the plurality of fluid pockets, for
      a hydrostatic pressure, throttles connected to the fluid pockets for
      admitting a pressurized fluid to the same, and a raised land formed in
      each of the fluid pockets. The method for manufacturing such a high
      rigidity fluid bearing includes the steps of forming a deformable portion
      around each raised land, fixing the bearing bushing to an arbor, inserted
      therein at one end of the raised land, the arbor having a diameter smaller
      than hat of the bore of the bearing bushing, machining the outer periphery
      of the bearing bushing, fixed to the arbor to a true or proper circle,
      removing the arbor from the machined bearing bushing, and fitting the
      bearing bushing to the bore of a stationary base. Thus, each raised land
      of the fitted bearing bushing is again deformed so as to protrude at one
      radial end thereof toward the outer periphery of the rotary shaft beyond
      the surface of the land portion to thereby form a wedge-shape clearance
      wherein a high hydrodynamic pressure is generated to thereby support the
      rotary shaft with high rigidity. As mentioned above, since only the raised
      lands can be deformed when the bearing bushing is fitted to the bore of
      the stationary base, a plurality of wedge-shape clearances formed between
      the raised lands and the outer periphery of the rotary shaft can be formed
      to an optimum size and shape by selecting the diameter of the arbor and by
      adjusting the fixing force when the bearing bushing is fixed to the arbor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects of the present invention will be more fully
      appreciated as the same becomes better understood from the following
      description of a preferred embodiment when considered in connection with
      the accompanying drawings, in which:
PAR  FIG. 1 is a longitudinal sectional view showing a fluid bearing according
      to the present invention;
PAR  FIG. 2 is a cross sectional view taken along the line II-II of FIG. 1;
PAR  FIG. 3 is a perspective view, fragmentarily showing the main portion of a
      bearing bushing;
PAR  FIG. 4 is a longitudinal cross sectional view showing the bearing bushing,
      raised lands of which are urged and fixed at one end thereof to an arbor
      by means of bolts;
PAR  FIG. 5 is a cross sectional view taken along the line V-V of FIG. 4; and
PAR  FIG. 6 is a cross sectional view showing the state after the bolts are
      removed from the condition shown in FIGS. 4 and 5.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A stationary base 1 has a bore 1a to which a bearing bushing 2 is fitted
      for rotatably supporting a rotary shaft 3. A cap member 4 is fixed to the
      axial end of the bearing bushing 2. An inlet pssage 5 is radially formed
      on the stationary base 1 for admitting a pressurized fluid to the bearing
      bushing 2. Numeral 6 designates an outlet passage which is axially formed
      on the stationary base 1 for returning used fluid to a reservoir (not
      shown).
PAR  The detailed shape of the bearing bushing 2 is described hereunder with
      reference to FIGS. 1 to 3.
PAR  A plurality of fluid pockets 8 are formed at regular intervals in the
      circumferential direction on the inner surface of the bearing bushing 2.
      Each of the fluid pockets 8 is surrounded by a land portion 7 where a
      hydrostatic pressure is generated. A raised land 9, where hydrodynamic
      pressure is generated, is formed in each of the pockets 8 in such a manner
      that one radial end thereof protrudes beyond the land portion 7 from the
      bottom of the fluid pocket 8, and the other radial end thereof is the same
      height as the land portion 7 as is fully described hereinafter. A pair of
      axially spaced screw bores 10 are formed at one radial end of each raised
      land 9. These screw bores 10 are provided for a machining operation of the
      bearing bushing 2, as described hereunder. Before the bearing bushing 2 is
      fitted to the stationary base 1, the screw bores 10 are sealed by suitable
      stoppers 11 so that the pressurized fluid which is supplied to the
      clearance between the rotary shaft 3 and the bearing bushing 2 will not
      leak through the screw bores 10.
PAR  An annular groove 12 is formed on the outer periphery of the bearing
      bushing 2 so as to face the inlet passage 5 when the bearing bushing 2 is
      fitted to the stationary base 1. The annular groove 12 is connected to
      fluid pockets 8 through supply passages 15 to which throttles 16 are
      fixed. Thus, the pressurized fluid which is admitted to the annular groove
      12 through the inlet passage 5 is individually supplied to fluid pockets 8
      through supply passages 15 and throttles 16. A rectangular slot, including
      axial slots 13a and 13b and radial slots 14a and 14b, is formed on the
      outer periphery of the bearing bushing 2 corresponding to the back of each
      fluid pocket 8 so as to form a rectangular deformable portion, including
      axial portions 17a and 17b and radial portions 17c and 17d, around the
      raised land 9. The rectangular deformable portion is thin and deformable
      such that one radial end of the raised land 9 may be inwardly protruded
      beyond the land portion 7 but the other radial end of the raised land 9
      may be of the same height as the land portion 7 when a radial force is
      applied in an inward direction to the outer periphery of the bearing
      bushing 2 which outer periphery is surrounded by the rectangular slot.
      Annular exhaust grooves 18a and 18b are formed at both ends of the inner
      surface of the bearing bushing 2 for exhausting fluid, which overflows the
      land portion 7, to the reservoir. Outlet ports 19 are formed on the
      bearing bushing 2 for connecting one annular exhaust groove 18a to the
      outlet passage 6. An outlet port 23 is radially formed on the bearing
      bushing 2 for connecting the other annular exhaust groove 18b to the
      reservoir.
PAR  Hereunder is described a method for machining the bearing bushing 2,
      mentioned above, having raised lands 9, one radial portion of each of
      which is protruded toward the peripheral surface of the rotary shaft 3
      when the bearing bushing 2 is fitted to the bore 1a of the stationary base
      1, with reference to FIGS. 4 to 6.
PAR  The bearing bushing 2 is first machined so as to have fluid pockets 8, land
      portions 7, raised lands 9, rectangular deformable portions and annular
      grooves 18a and 18b on the inner surface of the bore thereof. The bore of
      the bearing bushing 2 is then machined and finished to a true or proper
      circle so as to have a predetermined diameter relative to the rotary shaft
      3. An arbor 20 having a predetermined diameter a little smaller than that
      of the bore of the bearing bushing 2 is inserted to the bore of the
      bearing bushing 2. Threaded bores 21, which are formed on the arbor 20,
      are aligned with screw bores 10 of the bearing bushing 2. Bolts 22 are
      inserted into screw bores 10 and threadedly engaged with threaded bores
      21. The bolts 22 are turned and clamped until one radial end of each
      raised 1 and 9 comes to tight engagement with the arbor 20 so as to form a
      wedge-shape clearance, as shown in FIGS. 4 and 5. The resultant deformed
      outer periphery of the bearing bushing 2 is then machined to a true or
      proper circle in accordance with the bore 1a of the stationary base 1.
      After the machining operation, the bolts 22 are removed from the arbor 20
      and the bearing bushing 2. The bore of the bearing bushing 2 then returns
      in shape to its initial true or proper circle by the restoration of
      rectangular deformable portions, as shown in FIG. 6. To the contrary, the
      outer peripheral portions, surrounded by the rectangular slots, protrude
      outwardly to thereby form a non-circular cross section.
PAR  When the bearing bushing 2 is fitted to the bore 1a of the stationary base
      1, the outer periphery of the bearing bushing 2 is re-deformed in
      accordance with the true or proper circle of the bore 1a and is urged
      toward the axial line of the bore so that one radial end of each raised
      land 9 may be pushed toward and approaches the outer periphery of the
      rotary shaft 3 under the deformation of the rectangular deformable portion
      including axial portions 17a and 17b and radial portions 17c and 17d, to
      thereby form the wedge-shape clearance between each raised land 9 and the
      rotary shaft 3.
PAR  The fluid bearing according to the present invention is constituted as
      mentioned above. When the pressurized fluid is applied to the inlet
      passage 5 of the fluid bearing, the pressurized fluid is supplied to the
      fluid pockets 8 through the annular groove 12, supplying passages 15 and
      throttles 16. The hydrostatic pressure is thus generated in the fluid
      pockets 8 to thereby rotatably support the rotary shaft 3. Furthermore,
      the wedge-shape clearances are formed between the outer periphery of the
      rotary shaft 3 and the one end of the raised lands which are protruded to
      the outer periphery of the rotary shaft 3. Therefore, in addition to the
      hydrostatic pressure the rotary shaft 3 is supported by the hydrodynamic
      pressure which is caused by the clockwise rotation of the rotary shaft 3,
      as shown by an arrow in FIG. 2.
PAR  Although a certain specific embodiment of the invention has been shown and
      described, it is obvious that many modifications and variations of the
      present invention are possible in light of the above teachings. It is
      understood, therefore, that within the scope of the appended claims, the
      invention may be practiced otherwise than as specifically described
      herein.
CLMS
STM  What is claimed as new and desired to be secured by letters patent of the
      United States is:
NUM  1.
PAR  1. A fluid bearing adapted to rotatably support a rotary shaft on a
      stationary base and provided with a bearing bushing including a plurality
      of fluid pockets spaced apart in the circumferential direction, a land
      portion surrounding said plurality of fluid pockets, and throttle means
      connected to said fluid pockets for admitting a pressurized fluid to the
      same, the improvement of said bearing bushing comprising:
PA1  a raised land formed in each of said fluid pockets, a portion of said
      raised land protruding toward the outer periphery of said rotary shaft
      beyond the surface of said land portion so as to form a wedged-shape
      clearance therebetween, and
PA1  a deformable portion formed around said raised land.
NUM  2.
PAR  2. A fluid bearing according to claim 1, wherein said deformable portion
      comprises a rectangular slot formed on said bearing bushing around said
      raised land.
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PAL  A track roller has a stepped diameter shaft with a pair of spaced shoulders
      and an outer track engaging rim with a pair of opposite end faces
      individually substantially alignable with the shoulders of the shaft. A
      rim clamping and positioning device is disposable in opposing sliding
      relation against the shoulders of the shaft for rotatably mounting the rim
      on the shaft and has a sleeve portion extending in full load bearing
      relation between the shoulders of the shaft. A pair of opposing clamping
      surfaces are each positionable in facing, tightly clamping relation
      against respective ones of the end faces of the rim for limiting relative
      axial movement between the rim and shaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A recent development in heavy duty track rollers for track-type vehicles is
      disclosed in U.S. Pat. No. 3,866,985 to Whitehurst and assigned to the
      assignee hereof. The track roller disclosed in such patent teaches the use
      of a pair of flanged, axially spaced retainer sleeves to facilitate the
      mounting of a thru-hardened track engaging rim about a stationary shaft of
      such track roller. The track roller of such patent is highly effective in
      alleviating the major deficiencies of prior known track rollers by
      reducing service costs and extending the wear life of the track roller
      components. However, recent increases in the weight of track-type vehicles
      has made it necessary to provide additional bearing surface area in order
      to support such additional weight.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide an improved heavy
      duty track roller having the ability to support relatively heavy loads
      without any increase in the overall size or complexity of such track
      roller compared to conventional track rollers.
PAR  Another object of this invention is to provide the above track roller
      which, in addition, includes sufficient lubricating oil containing
      capacity to permit extended periods of operation without adding
      lubrication between routine service intervals.
PAR  Another object of this invention is to provide such track roller which is
      of relatively simple construction for ease of assembly and includes
      readily replaceable, economical to manufacture replacement components.
PAR  Other objects and advantages of the present invention will become more
      readily apparent upon reference to the accompanying drawings and following
      description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross sectional view of a track roller embodying
      the principles of the present invention.
PAR  FIG. 2 is a cross sectional view similar to FIG. 1, but illustrating an
      alternate embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings, an improved heavy duty track
      roller, embodying the principles of the present invention, is generally
      indicated at 10 in FIG. 1. The track roller includes an outer rim assembly
      12 journalled for rotation about a stationary, stepped diameter shaft 13.
PAR  The shaft 13 is disposed along a longitudinal axis X and includes an
      elongated, enlarged diamter center portion 14 providing a substantially
      large radial load bearing surface area 15 thereabout. A pair of reduced
      diameter mounting end portions 16 extend coaxially from the opposite ends
      of the center portions of the shaft 13. The mounting ends are embraced by
      respective ones of a pair of end caps 17. The end caps are secured in any
      suitable manner, such as by bolts 19, to a pair of laterally spaced
      sidewalls 21 of a conventional track roller frame. A pair of spaced,
      radially disposed annular shoulders 22 are provided at the opposite ends
      of the center portion of the shaft for purposes hereinafter described.
PAR  The shaft 13 is preferably hollow with an enlarged internal cavity 24
      formed within its center portion 14. A fill passage 25 is provided through
      one of the end portions 16 for admitting lubricating fluid into the
      cavity. The fill passage is normally closed by a plug 26. The shaft herein
      described is preferably formed by the method disclosed in U.S. application
      Ser. No. 421,120 to Gibble et al, filed Dec. 3, 1973, and assigned to the
      assignee hereof. A plurality of radial passages 28 are provided for
      communicating fluid from the cavity to the radial load bearing surface
      area 15. A plurality of angularly disposed passages 29 are also provided
      for communicating lubricating fluid to the shoulders 22.
PAR  The rim assembly 12 includes a generally cylindrical track engaging rim 30
      having a longitudinal centrally disposed bore 32 therethrough. The rim
      also has a pair of oppposte, radially extending end faces 33 disposed at
      the opposite ends of the bore. The rim is preferably constructed of steel
      material which is thru-hardened by heat treatment to provide better wear
      characteristics during severe operating conditions. As a result, the rim
      is not readily machinable after heat treatment which negates the machining
      of threaded apertures and the like therein. Those skilled in the art will
      appreciate that the forming of threaded apertures into a part, such as a
      rim, before heat treating is also not desirable because of the tendency of
      cracks to form about such apertures, which cracks promulgate during
      operation and cause the premature failure of the rim.
PAR  The rim assembly also includes a rim clamping and positioning device 35
      including a sleeve portion 36. The sleeve portion is constructed of
      relatively softer machinable metal material and preferably sized to be
      slidably received within the bore 32 of the rim 30 for purposes
      hereinafter more fully described.
PAR  The rim clamping and positioning device also includes a pair of flange
      members 38 and 39. Each flange member has a clamping surface 50 thereon
      facing a respective one of the end faces 33 of the rim and a thrust
      surface 51 facing a respective one of the shoulders 22 of the shaft.
PAR  In the embodiment shown in FIG. 1, one of the flange members, 38, is formed
      integrally on one end of the sleeve portion 36, whereas the other flange
      member 39 is separate therefrom. A plurality of angularly spaced threaded
      apertures, one of which is shown at 40, are formed in the other end of the
      sleeve portion 36. The second flange member 39 is secured to the other end
      of the sleeve portion 36 by a like plurality of bolts 41 which are
      disposed through flange member and screw threadably secured with the
      threaded apertures 40.
PAR  A sleeve bearing 42, which may be constructed of any suitable bearing
      material, such as bronze, aluminum and the like, is preferably mounted
      within the sleeve member 36 to facilitate free rotation of the rim
      assembly 12 about the shaft 13. The bearing is preferably coextensive
      along the entire length of the center portion 14 of the shaft so as to
      obtain the maximum benefit of load bearing surface area 15 provided
      thereon. The sleeve member 36 also serves as a rigid backing for the
      sleeve bearing 42 to permit the bearing to be relatively thin which
      advantageously reduces both its initial and replacement costs.
PAR  A pair of annular thrust bearings 44 are preferably individually provided
      on the thrust surfaces 51 of the flange members to permit freer rotational
      sliding movement between the flange members and the shoulders of the shaft
      while effectively constraining the axial movement of the rim assembly
      relative to the shaft and transmitting any axial thrust loads
      therebetween.  pg,6
PAR  To prevent the loss of the lubricating fluid from the track roller, seal
      members such as a pair of rotary seals 46 and a pair of static seals 47
      are provided. The rotary seals 46 are individually disposed between the
      flange members 38 and 39 and their respective end portions 16 of the
      shaft. The static seals 47 are disposed between the flange members and
      their respective end faces 33 of the rim.
PAR  As is readily visible in FIG. 1, the sleeve portion 36 is provided with a
      predetermined longitudinal length measured from flange member 38 to its
      other end so as to be slightly shorter than the length of the bore 32 of
      the rim. This provides a gap between the other end of the sleeve and the
      flange 39 to insure that when the bolts 41 are tightened, the clamping
      surfaces 50 of the flange members are brought into tightly clamping
      relation against their respective end faces 33 of the rim 30. Thus, the
      rim assembly 12 is effectively secured about the shaft without any
      machining being required to the rim 30, per se, for securement purposes
      after it is heat treated.
PAC  ALTERNATE EMBODIMENT
PAR  An alternate embodiment of the present invention is illustrated in FIG. 2
      and includes a track roller 110 having a rim assembly 112 and a stationary
      shaft 113 which differ in certain respects from their corresponding
      components illustrated in FIG. 1. In FIG. 2, components which are
      identical to those previously described for the FIG. 1 embodiment are
      depicted by like numerals, even though they may not be specifically
      mentioned in the following detailed description, which will be directed
      primarily to the differences between the structure of FIG. 2 and that of
      FIG. 1.
PAR  In FIG. 2, the rim assembly 112 includes a rim clamping and positioning
      device 135 which includes a cylindrical sleeve portion 136 and a pair of
      indentical flanges 138 and 139, both of which are separate from the sleeve
      portion 136. Each end of the sleeve portion is provided with a set of
      angularly spaced threaded apertures 140 and each flange member is
      individually secured to its corresponding end by bolts 141. As is readily
      visible in FIG. 2, the sleeve portion 136 is also provided with a
      predetermined length which is slightly less than that of the bore 32 of
      the rim 30. This provides a slight gap between its ends and the flanges
      138 and 139 to insure that the rim 30 is effectively clamped when the
      bolts are tightened.
PAR  The shaft 113, instead of being hollow, is provided with recessed surface
      portions, two of which are shown at 159 and 160, which are formed on the
      upper half of the center portion 14 of the shaft so as to form a chamber
      162 for lubricating oil. A bearing surface 163 preferably extends
      approximately 180.degree. on the underside of the center portion of the
      shaft to afford a large and uninterrupted bearing surface area for track
      rolling purposes. A centrally disposed fill passage 125 is provided in the
      shaft which passage is normally closed by a plug 126. A plurality of
      angularly disposed passages 129 communicate the chamber 162 and the fill
      passage with the shoulders 22 of the shaft for communicating fluid to the
      thrust bearings 44 and the rotary seals 46.
PAR  The particular shaft depicted in FIG. 2 is preferably constructed in
      accordance with the teachings of U.S. Pat. No. 3,515,446 to McGuire, and
      also assigned to the assignee hereof.
PAR  Thus, it is apparent from the foregoing that the objects of the present
      invention are fully satisfied by construction of the present track roller
      which enables the use of a rim 30 which needs no machining after heat
      treating, such as for tapped holes for securement purposes, thus
      permitting the rim to be thru-hardened for increased wearability and
      reduced bellmouthing. The simple construction of rim also reduces its
      manufacturing costs, thus making it a more economical replacement item.
PAR  Also, by utilizing the entire length of the center portion of the shaft to
      provide a greater amount of radial load bearing surface area, both
      embodiments of the present track roller are capable of supporting heavier
      loads than conventional track rollers of similar size. While accomplished
      through different shaft constructions, both track roller embodiments also
      provide sufficient lubricating oil capacity to permit extended periods of
      operation without maintenance.
PAR  It should be noted that either the shaft or particular sleeve and flange
      constructions shown in the FIG. 2 embodiment may be independently
      interchanged with those shown in the FIG. 1 embodiment and vice versa.
PAR  As mentioned earlier, the sleeves 35 and 135 are preferably slidably
      received within the bore 32 of the rim, which makes replacement of the rim
      in the field possible because no special equipment, such as a press, is
      needed to separate and reassemble the rim and sleeve. Also, the fact that
      the sleeve is not compressed, as when press fitted into a rim, alleviates
      the expansion of the sleeve with the rim due to the effects of
      bellmouthing of the rim during subsequent operation. Thus, the size of the
      sleeve remains substantially constant during service, which helps extend
      the life of the sleeve bearing 42 by maintaining the proper fit between
      the bearing and the shaft.
PAR  While the invention has been described and shown with particular reference
      to the preferred embodiments, it will be apparent that variations might be
      possible that would fall within the scope of the present invention which
      is not intended to be limited except as defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A track roller comprising:
PA1  a stepped diameter shaft having a pair of spaced shoulders;
PA1  an outer track engaging rim rotatably mounted on said shaft and having a
      pair of opposite end faces individually substantially alignable with said
      shoulders on the shaft; and
PA1  rim clamping and positioning means disposable in opposing sliding relation
      against said shoulders of the shaft and having a sleeve portion extending
      in full load bearing relation between said shoulders and a pair of
      opposing clamping surfaces each positionable in facing, tightly clamping
      relation against respective ones of said pair of end faces of the rim for
      limiting relative axial movement between said rim and the shaft.
NUM  2.
PAR  2. The track roller of claim 1 wherein one of said clamping surfaces is
      formed integral on said sleeve portion of the rim clamping and positioning
      means and the other of said clamping surfaces is separate therefrom and
      said rim clamping and positioning means includes fastening means to secure
      said other clamping surface to said sleeve portion.
NUM  3.
PAR  3. The track roller of claim 1 wherein both of said clamping surfaces are
      separable from said sleeve portion and said rim clamping and positioning
      means includes fastening means for individually securing each of said
      clamping surfaces to said sleeve portion.
NUM  4.
PAR  4. A track roller comprising:
PA1  a stepped diameter shaft defining an elongated, enlarged diameter center
      portion and a pair of spaced shoulders disposed at the opposite ends of
      said center portion;
PA1  an outer generally cylindrical track engaging rim having a pair of opposite
      end faces individually substantially alignable with said shoulders on the
      shaft; and
PA1  rim clamping and positioning means for rotatably retaining said rim on said
      shaft and including;
PA1  a sleeve portion having a length substantially equal to and in full radial
      supporting relation along the center portion of the shaft between said
      shoulders thereof; and
PA1  flange means provding a pair of opposing thrust surfaces and a like pair of
      opposing clamping surfaces with the thrust surfaces being positionable in
      opposing sliding relation against respective ones of said shoulders of the
      shaft and the clamping surfaces being positionable in facing, tightly
      clamping relation against respective ones of said end faces of the rim so
      as to limit axial movement of the rim relative to the shaft and to mount
      said rim and shaft in unitary assembly.
NUM  5.
PAR  5. The track roller of claim 4 including:
PA1  relatively thin cylindrical sleeve bearing means mounted within said sleeve
      portion and extending substantially along said center portion of the
      shaft;
PA1  a pair of annular thrust bearing individually disposed between the thrust
      surfaces of said flange means and respective ones of said shoulders of the
      shaft for transmitting axial thrust loads between said rim and said shaft;
      and
PA1  means for lubricating said sleeve bearing means and said thrust bearings
      during extended periods of operation.
NUM  6.
PAR  6. The track roller of claim 5 wherein said shaft includes a pair of
      reduced diameter end portions extending coaxially from the opposite ends
      of the center portion thereof; and
PA1  a pair of support brackets embracing respective ones of said end portions
      for mounting said track roller to a supporting frame.
NUM  7.
PAR  7. The track roller of claim 6 wherein said lubricating means includes:
PA1  a pair of rotary seals disposed between said flange means and respective
      ones of said end portions of the shaft; and
PA1  a pair of static seals disposed between said flange means and respective
      ones of said end faces of said rim.
NUM  8.
PAR  8. The track roller of claim 7 wherein said sleeve bearing means is a
      single continuous sleeve bearing extending the entire length of the center
      portion of said shaft between said shoulders.
NUM  9.
PAR  9. The track roller of claim 8 wherein said sleeve portion has opposite
      ends and said flange means includes a pair of annular flange members with
      one of said flange members being formed integrally on one end of said
      sleeve portion and the other of said flange members being separable from
      said sleeve portion and disposed in slightly spaced relation from the
      other end of the sleeve portion; and said rim clamping and positioning
      means includes fastening means for securing said other flange member to
      said other end of the sleeve portion.
NUM  10.
PAR  10. The track roller of claim 9 wherein the center portion of the shaft
      includes a continuous cylindrical bearing surface thereabout between said
      shoulders defining a relatively large radial load bearing surface area in
      mating slidable engagement with said sleeve bearing; and
PA1  said lubricating means includes an enlarged cavity formed within said
      center portion of the shaft for retaining lubricating oil therein, and
      passage means for communicating said cavity with said bearing surface,
      said thrust bearings and said rotary seals.
NUM  11.
PAR  11. The track roller of claim 8 wherein said sleeve portion has opposite
      ends and said flange means includes a pair of annular flange members, both
      of which are separate from said sleeve portion and disposed in slightly
      spaced relation from respective ones of the opposite ends of said sleeve
      portion; and wherein said rim clamping and positioning means includes
      fastening means for individually securing each of said flange members to
      their respective ends of said sleeve portion and to bring said clamping
      surfaces of the flange members into clamped engagement with the opposite
      end faces of the rim.
NUM  12.
PAR  12. The track roller of claim 11 wherein said lubricating means includes
      recessed surface portions formed in the upper half of the center portion
      of the shaft so as to define a substantially large chamber for retaining
      lubricating oil therein and passage means for communicating said chamber
      with said thrust bearings and said rotary seals.
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ABST
PAL  A toolhead having a spindle mounted in axially spaced bearings wherein one
      of the bearings is allowed to slide axially during dynamic effects on the
      bearings or thermal expansion and contraction of the spindle, the axial
      movement being made possible by the provision of rows of barrel-shaped
      rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the design and manufacture of toolheads such as the wheelhead of a
      grinding machine, it is desirable that the spindle be very rigidly
      mounted. At the same time, it is necessary that the spindle rotate freely
      with a minimum of friction, so that horsepower applied in driving the
      spindle is absorbed principally by the working operation at the tool
      itself where it engages the workpiece. A rigid spindle is one in which
      forces applied to the protruding end of the spindle during the working
      operation do not result in a large deflection of the spindle and tool.
      Even more important is the fact that the small amount of unavoidable
      deflection be the same at all times for the same force applied. For this
      purpose it is common practice to prestress the bearings, which in most
      cases are ball bearings. As long as the prestressing remains the same,
      presumably the amount of deflection of the spindle with a given force will
      remain the same. However, during the operation of a toolhead the
      temperature may vary from one time to another depending on a large number
      of factors such as, the amount of machining work being done, the ambient
      temperature around the machine and the like. When the temperature changes
      this results in a thermal expansion or contraction of the spindle and when
      this happens in the portion of the spindle lying between two axially
      spaced bearings, the result is to change the prestress in the bearings. In
      order to overcome this deficiency, it has been suggested that one set of
      bearings be permitted to slide axially when the length of the spindle
      between bearings changes. One way of accomplishing this is shown in the
      U.S. Pat. of Grobey No. 2,819,127. One of the deficiencies of such prior
      art devices, however, is that in the process of allowing sliding of one of
      the bearings, the rigidity of the spindle is lost. This means that forces
      applied to the spindle during the machining operation cause extremely
      large and undesirable deflections of the spindle. Also, as the spindle
      speed is increased, the centrifugal force on the balls in the ball
      bearings increases. Consequently, the contact angle between the balls and
      the outer race decreases and the contact angle between the balls and inner
      race increases. This effect geometrically causes the spindle to move
      forward some distance. The other races of the rear pair of bearings move
      forward twice that distance; this is another reason why the rear bearings
      must be free to move axially. These and other difficulties experienced
      with the prior art devices have been obviated in a novel manner by the
      present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      toolhead whose spindle is mounted in axially spaced bearings under
      prestress, wherein means is provided to allow the prestress to remain the
      same despite temperature changes in the spindle without, however,
      affecting the rigidity of the spindle.
PAR  Another object of this invention is the provision of a toolhead having a
      spindle rotatably mounted therein whose spring-constant remains the same
      despite changes of temperature.
PAR  A further object of the present invention is the provision of a toolhead
      having an extremely rigid sliding system for one of the bearings.
PAR  It is another object of the instant invention to provide a toolhead which
      is simple in construction and which is capable of a long life of useful
      service with a minimum of maintenance.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the invention consist of a toolhead having a housing with a
      bore extending therethrough and having a spindle rotatably mounted in the
      bore and extending therefrom with a tool mounted on the extended end. A
      first anti-friction bearing is mounted at one end of the spindle and the
      bore, the bearings having an outer race fixed in the bore, an inner race
      mounted on the spindle, and rolling elements located therebetween. A
      second anti-friction bearing is mounted at the other end of the spindle
      between the spindle and the bore, the bearings having an outer race, an
      inner race, and rolling elements located therebetween. A sleeve is mounted
      in the bore with the outer race of the second anti-friction bearing fixed
      in the sleeve, and the corresponding inner race fixed to the spindle. Two
      axially spaced rows of rolling elements reside between the sleeve and the
      bore to allow the sliding movement. Each row consists of a plurality of
      rollers of barrel-shape, the axis of each roller being tangential to a
      circle concentric to the axis of the spindle.
PAR  More specifically, each roller has an outer surface whose generatrices are
      a segment of a circle having a radius less than the radius of the bore. A
      retainer is located between the sleeve and the bore to hold the rollers in
      place and for that purpose is provided with a generally rectangular
      perforations in which the rollers reside. At least one transverse side of
      each aperture being curved to closely embrace its roller.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a vertical sectional view of a toolhead incorporating the
      principles of the present invention,
PAR  FIG. 2 is a front elevational view of a roller, and
PAR  FIG. 3 is an exploded vertical sectional view of a retainer used in the
      toolhead.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the invention, the toolhead indicated generally by the reference numeral
      10 is shown as having a housing 11 which is formed with a horizontal bore
      12 which extends through the housing. A spindle 13 is rotatably mounted in
      the bore and extends from one end thereof for carrying a tool such as an
      abrasive wheel 14. The end of the spindle 13 in the housing adjacent the
      wheel 14, is carried in a first roller bearing 15, having an outer race 16
      which is fixed in the bore 12, an inner race 17 which is fixed to the
      spindle 13, and rolling elements 18 lying between the races. The other end
      of the spindle is carried in a roller bearing 19, having an outer race 21,
      an inner race 22 which is fixed to the spindle 13 and roller elements 23
      lie therebetween. As is obvious in the drawings, each of the bearings 15
      and 19 is provided with a closely adjacent similar ball bearing 20 and 30,
      respectively.
PAR  A tubular sleeve 24 is located in the housing and the outer race 21 of the
      second anti-friction bearing 19 is fixed in its inner surface 25, the
      inner race of the bearing being fixed to the spindle 13. Located between
      the outer surface 26 of the sleeve 24 and the surface of the bore 12 are
      two spaced parallel rows 27 and 28 of rolling elements such as rollers 32
      which allow the sliding movement between the second anti-friction bearing
      19 and the housing. Each of the rollers is generally barrel-shaped with
      its axis tangential to a circle which is concentric with the spindle. A
      retainer 29 is located between the outer surface of the sleeve 24 and the
      bore in order to maintain the rollers in place. The sleeve is provided
      with a plurality of generally rectangular-shaped perforations 31 in which
      the rollers reside.
PAR  Located in the housing for the purpose of rotating the spindle 13, is a
      high-frequency motor 33 whose armature 34 is mounted on the center portion
      of the spindle between the bearings and whose field coils 35 are mounted
      in the bore in the housing. The housing 12 is provided with a network of
      passages 36 through which mist lubrication is provided to appropriate
      parts of the toolhead. Particularly, the mist lubrication is provided to
      the first anti-friction bearing 17, the second anti-friction bearing 19,
      and the rollers 32. The housing 11 is provided with a heat-absorbing
      recess 37 to which cooling water is admitted. Seals 39 are provided at the
      ends of the recess to keep the cooling water away from the motor. A wrench
      41 is slidably mounted on the rear cap of the toolhead and is biased to an
      outward position by a coil spring 42. The wrench has a hexagonal
      cross-section and fits snugly in a recess formed in the spindle 13. The
      wrench is used to hold the spindle from rotating when it is necessary to
      apply tools to the other end of the spindle in mounting the abrasive wheel
      14, etc. Note that the sleeve 24 is provided with a radially outwardly
      extending flange 44 and coil springs 45 are pocketed in the rear end bell
      and pressed against the flange to urge the sleeve to the right in FIG. 1,
      thus prestressing the anti-friction ball bearings.
PAR  Referring next to FIG. 2, it can be seen that each roller 32 is generally
      barrel-shaped. It is provided with an outer curved surface 46 which is a
      surface generated by rotating the arc of a circle about the axis B--B of
      the roller. The ends are cut off at right angles to the axis. Note that
      the radius of the generatrix of the surface 46 is selected to be less than
      the radius of the bore 12 in which the rollers are contained. In a
      specific embodiment of the invention, the radius of the generatrix is
      0.9252 inches, while the radius of the bore 12 against which it engages,
      is 1.275 inches.
PAR  Referring next to FIG. 3, the manner in which the retainer 29 is
      constructed is shown. The central tubular portion 47 is provided. To this
      tubular portion are bolted rings 48 and 49. The ends of the central
      portion 47 are provided with a series of notches 51. The notches are
      formed by milling them with a 7/8 diameter Woodruff key cutter, thus
      producing parallel sides and a bottom 52 which is curved for containment
      of the rollers. The rollers are placed in the notches and then the rings
      48 and 49 are bolted in place so that the rollers are trapped in the
      cavities 31. The radius of the rollers is substantially less than the
      radius of the surface 42, so that the roller engages the curves surface 52
      with point contact.
PAR  The operation of the invention will now be readily understood in view of
      the above description. When the motor 33 is energized the spindle 13 is
      rotated carrying the tool 14 with it and work is performed by the tool.
      Lubrication is introduced into the network of passages 36 to keep the
      bearings lubricated and cooling fluid is introduced into the recess 37.
      The cooling fluid, incidently, is supplied and drained by other passages,
      not shown. The first anti-friction bearing 17 is locked in place relative
      to the housing 11. The second anti-friction bearings 19 at the other end
      is locked to the spindle 13, but is capable of moving relative to the
      housing 11, this movement being provided by the rollers 32. Mist
      lubrication is introduced to all of the bearings and, of course, heat is
      absorbed from the motor 33 by the cooling fluid flowing through the recess
      37. Despite every attempt to maintain the temperatures in the housing at a
      constant level by use of the cooling fluid, etc., nevertheless, as work is
      accomplished by the tool 14 and as the motor 33 is energized at various
      times and then shut down, the temperatures have a tendency to vary.
PAR  The increase and decrease of temperature causes the spindle 13 to expand
      and contract, respectively. As it does so, it carries the bearings 19 with
      it which in turn carries the sleeve 24, which it will be recalled, is
      fixed to the outer race 21 of the bearing. As the sleeve 24 slides back
      and forth axially with changes in temperature, this movement is permitted
      by the rollers 32. These rollers engage the surface of the bore 12 with
      point contact, since they rotate about axes which are tangential to a
      circle concentric with the spindle and because their generatrices have a
      radius which is less than the radius of the bore 12. They also engage the
      outer surface 26 of the sleeve 24 with point contact. Because the
      generatrices of the roller 32 have a radius which is only slightly smaller
      than that of the bore 12, the area of contact is, as a practical matter,
      fairly substantial. That is to say, even though the contact is
      theoretically point contact, nevertheless, as a practical matter, due to
      deflection of metals and etc., the area of contact is the amount which is
      necessary to absorb forces. These rollers, therefore, are capable of
      absorbing very large forces to which the spindle 13 is subjected. This
      means that the radial support for the spindle 13 is very stiff, i.e., a
      given amount of force produces a small deflection or movement of the
      spindle in its bearings, etc. This means that large forces can be applied
      to the tool 14 without substantial deflection of the spindle. At the same
      time, the prestress which is applied to the two bearings 17 and 19,
      remains exactly the same, because expansion or contraction of the spindle
      will not alter prestress in the bearing, as was the case in the prior art.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by letters patent is:
NUM  1.
PAR  1. A toolhead comprising
PA1  a. a housing having a bore extending therethrough,
PA1  b. a spindle rotatably mounted in the bore and extending therefrom,
PA1  c. a first anti-friction bearing at one end of the spindle between the
      spindle and the bore, the bearing having an outer race fixed in the bore,
      an inner race fixed on the spindle, and rolling elements therebetween,
PA1  d. a second anti-friction bearing at the other end of the spindle between
      the spindle and the bore, the bearing having an outer race, an inner race,
      and rolling elements therebetween,
PA1  e. a sleeve mounted in the bore for sliding movement in the axial
      direction, the outer race of the second anti-friction bearing being fixed
      in the sleeve and the corresponding inner race being fixed to the spindle,
      and
PA1  f. two axially-spaced rows of rolling elements residing between the sleeve
      and the bore to allow the said sliding movement, each row consisting of a
      plurality of rolling elements in the form of barrel-shaped rollers, the
      axis of each roller being tangential to a circle concentric with the
      spindle.
NUM  2.
PAR  2. A toolhead as recited in claim 1, wherein a retainer is located between
      the bore and the outer surface of the sleeve to hold the rollers in place,
      the retainer consisting of a thin-walled tube having generally rectangular
      perforations.
NUM  3.
PAR  3. A toolhead as recited in claim 2, wherein the generatrices of the
      surface of each roller is an arc of a circle, the radius of curvature
      being substantially less than that of the bore.
NUM  4.
PAR  4. A toolhead as recited in claim 3, wherein the retainer consists of a
      central tubular member whose ends are provided with notches and of two end
      rings that are fastened over the ends of the central tubular members, the
      notches and the rings defining the said apertures.
NUM  5.
PAR  5. A toolhead as recited in claim 4, wherein the notch consists of two
      parallel side surfaces extending axially inwardly from the end of the
      tubular member and a bottom surface joining the side surfaces, the bottom
      surface having substantially the same shape as the surface of a roller.
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ABST
PAL  A bushing for use in high strength materials where fatigue failure is a
      problem. The bushing is cylindrical and includes a circumferential
      lubrication groove on its inner surface while fillets and smooth
      transition surfaces are used to transition between the major cylindrical
      surfaces of the bushing and the housing. The bushing is pressed into the
      housing which is an interference fit therewith to reduce stress
      concentrations. Lubricant is provided to the circumferential lubrication
      groove by means of a passageway which may include a smooth wall annulus
      placed in a stepped hole in the housing and retained in the hole by a
      hollow screw which extends to the area of lubrication. A standard
      lubrication fitting is threaded into the annulus to provide means for
      connection to conventional lubricant supplying apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Throughout the aircraft industry, it is common to use high strength steel
      and other fatique sensitive materials in areas of high stress. Normally,
      bushings are used in the high strength housings as bearings for various
      other parts that must move with respect to the housing. These bushings, in
      combination with their required lubricant fitting installations, have
      caused many failures. In some areas, such as the landing gear and flap
      actuating linkage, these failures are potentially catastrophic. The
      bushings heretofore in use each have a sharp chamfer lower end, external
      lubricant ring and a sharply defined relief adjacent the positioning
      flange formed adjacent on one end thereof. The sharp edged chamfer tends
      to score and broach the housing hole into which the bushing is inserted
      which also causes a reduction in the fatigue life of the assembly. Also,
      the bushing flange relief, lubricant groove and chamfer reduce the housing
      bearing area which creates fatigue cracks due to high stress
      concentrations and galling from the grooves in contact with the housing.
      Due to the high stress concentrations, a relatively low interference fit
      is all that can be safely established between the bushing and its housing.
      Not only is this poor from a fatigue standpoint, but in smaller bushings
      the low interference can allow the bushings to rotate in the housing which
      further galls and scratches the housing, reducing its fatigue strength. In
      extreme instances, the bushings have rotated out of the housing.
PAR  Since the prior art bushing has an external lubricant groove, means such as
      holes must be drilled therethrough at selected locations to provide a
      passageway for the lubricant to pass to the inner surface of the housing.
      The groove and the lubricant holes which must extend inwardly therefrom
      make the prior art bushings relatively expensive to fabricate, and since
      the lubricant is in direct contact with the shaft running through the
      bushing only at the lubricant holes, shaft to bushing freeze-up due to
      lack of lubrication is a constant problem.
PAR  It has been traditional to supply lubricant to the lubricant groove by
      means of a hole with extends through the housing to the groove from some
      outside surface. At the outer extremity of the housing, a threaded hole
      has been used into which is inserted standard lubricant fittings which
      have tapered pipe threads. The tapered pipe threads create high localized
      stress concentrations in the straight threads of the housing when the
      fitting is installed and torqued to an adequate level. These standard
      fittings cause the most severe poblems in high strength aluminums that are
      notch-sensitive such as 7075-T6 aluminum and they also cause fabrication
      problems in high strength steels which cannot be threaded after heat
      treatment. Also, due to the normal geometry high strength parts, lubricant
      fittings must usually be installed in the short transverse grain direction
      which increases the chances of stress corrosion cracks.
PAR  The use of the prior art bushings and lubrication means have caused a large
      number of fatigue failures. Therefore, there has been a need for a new
      type bushing and an associated lubricant means therefor which do not
      adversely effect the fatigue strength of the high strength part in which
      they are installed.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention is a bushing and lubrication fitting therefor which
      provides improved lubrication for the shaft passing through the bushing.
      The present invention, which can be installed as original equipment or
      retrofitted to existing installations also improves the fatigue strength
      of the housing in which the bushing is installed, when compared to the
      fatigue strength of a similar housing having a prior art bushing and
      lubrication means installed. The present bushing is generally cylindrical
      in shape which may or may not have a flange at one end thereof for
      positioning engagement with the side of the housing in which it is
      installed. The bushing is retained in the housing by means of a relatively
      high interference fit established therebetween when the bushing is pressed
      into the housing. The flange makes a smooth transition to the cylindrical
      portion of the bushing at one end thereof so that when the bushing is
      pressed into the housing there is no tendency to scratch, gall or broach
      portions of the housing. A circumferential lubrication groove is centrally
      located on the inner surface of the bushing. The groove provides
      360.degree. lubrication for the shaft or pivot passing through the
      bushing. Lubricant means such as grease is transmitted through the groove
      by means of a conventional grease fitting which is screwed into an annulus
      having a smooth outer wall. The annulus is retained in a hole in the
      housing by means of a hollow screw which extends from the annulus to the
      area of lubrication. Once the hollow screw, annulus and bushing are
      installed in the housing, the hollow screw is used as a jig to drill one
      hole through the bushing so that the lubricant can be transmitted to the
      aforementioned lubrication groove. This hole is the only sharp edge on the
      bushing and it faces the hollow screw so that undesirable stress
      concentrations are not created in the housing which might cause it to fail
      in fatigue. At the same time, the annulus and the screw can have
      sufficient interference and can be tightened so that the housing has
      relatively good fatigue strength in the area about them. If the housing is
      to be used in non-stress corrosion environment, a tapered sleeve within a
      tapered hole in the housing can be used with a grease fitting to provide
      lubrication with the grease hole down the tapered sleeve or the tapered
      hole itself being used as the jig to drill through the bushing.
PAR  It is therefore a primary object of the present invention to provide means
      for improving the fatigue strength of high strength housings having
      bushings therein.
PAR  It is another object of the present invention to provide a bushing which
      can be installed with a higher interference fit in a high strength housing
      than was previously possible without injury thereto.
PAR  Another object is to provide a bushing which provides improved lubrication
      for a shaft or a pivot mounted therein.
PAR  Another object is to provide lubrication means for a bushing which do not
      adversely affect the fatigue strength of the housing in which the bushing
      and the lubrication means are installed.
PAR  Another object is to provide means for utilizing standard grease fittings
      in notch-sensitive parts.
PAR  Another object is to reduce the cost of bushed housings while improving the
      fatigue strength thereof.
PAR  Another object is to provide economical lubricated bushings for use in
      stress corrosion environments and even more economical lubrication means
      for use with such bushings when the housing in which they are installed
      are used in non-stress corrosion environments.
PAR  Another object is to provide a bushing with a continuous outside diameter
      so that almost 100% contact between a housing and its bushing are
      maintained to improve the fatigue strength of the assembly.
PAR  Another object is to provide means for salvaging conventional grease
      fitting housings whose threads have been stripped.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent to those skilled in the art after considering the following
      detailed specification which covers preferred embodiments thereof in
      conjunction with the accompanying drawing wherein:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross-sectional view of a typical prior art bushing and
      lubrication means which form a lubricated bearing between a housing and a
      shaft passing therethrough, and
PAR  FIG. 2 is a partial cross-sectional view of a bushing constructed according
      to the present invention and alternate lubrication means therefor.
DETD
PAC  DETAILED DESCRIPTION OF THE SHOWN EMBODIMENT
PAR  Referring to the drawing, more particularly by reference numbers, nuber 10
      in FIG. 1 refers to a prior art bushing assembly wherein a conventional
      bushing 12 is pressed into an annulus 14 in a high strength housing 16. As
      can be seen, the annulus 14 is of conventional construction having
      chamfered end corners 18 and 20. The bushing 12 has a similar chamfered
      lead-in 22 and an abrupt relief portion 24 under and adjacent to a
      positioning flange 26. In addition, the bushing includes an annular grease
      groove 28 cut in the outer surface thereof and holes 30 which extend from
      the groove 28 through the bushing 12 which apply grease at multiple
      positions to a shaft 32 which is supported by the inner bearing surface 34
      of the bushing 12.
PAR  Bushings such as bushing 12 are sized to be a pressed fit in the housing 16
      and the interference between the two holds the bushing 12 in place in the
      proper location as established by the positioning flange 26 or flush to
      surface if bushing is liner type which does not have a flange 26 and has a
      chamfered lead-in 22 at both ends of bushing. When the bushing 12 is
      pressed into the housing 16, the sharp edge 36 formed by the chamfered
      lead-in 22 tends to score and broach the annulus 14 which reduces the
      fatigue life of the housing 16. In addition, the sharp edge 36 as well as
      the sharp corners 38 and 40 of the grease groove 28 and the sharp edge 42
      of the relief 24 create areas of high stress concentration from fatigue
      cracks tend to run, as shown in FIG. 1. Therefore, it has been desired to
      improve conventional bushings so that they do not adversely effect the
      fatigue strength of the housing 16. In addition, grease is provided to the
      groove 28 by means of an open hole 44 and a conventional pipe threaded
      grease fitting 46 which is threaded directly into the housing 16. This is
      disadvantageous since many high strength materials from which typical
      housings 16 are constructed are notch-sensitive and either cannot or
      should not be threaded. In addition, the pipe threads 48 on the grease
      fitting 46 are tapered in the conventional manner and the taper causes
      extreme stress concentrations to accumulate as shown at positions 50 in
      the housing which further degrade the fatigue strength capabilities of the
      housing 16.
PAR  The present invention 52 is shown in FIG. 2 including two means 54 and 55,
      for applying lubricant thereto. Normally only one lubricant means is
      provided, the choice depending upon several factors to be explained
      hereinafter.
PAR  The primary portion of the inventive assembly 52 is the bushing 56. The
      bushing 56 may have a positioning flange 58 which positions the bushing 56
      when it is pressed into an annulus 60 in the housing 16'. The bushing 56
      also has an outer surface 62 which is normally cylindrical and mates with
      the annulus 60. As can be seen, the outer surface 62, unlike the
      conventional bushing 12, has no sharp edges which can broach, gouge, or
      otherwise injure the annulus 60 when the bushing 56 is pressed therein.
      Therefore, the interference fit between the bushing 56 and the annulus 60
      can be higher which improves the fatigue life of the housing 16' at the
      same time assuring, especially in small diameters, that the bushing 56
      will not work its way out of the housing 16' when two or more bushings are
      line reamed in a clevis or when the assembly is in use. A gently radiused
      lead-in surface 64 if provided on the bushing 56. It is also preferable
      that a radiused lead-in surface 65 is provided at the upper end 66 of the
      annulus 60 so the above mentioned tendency to broach the annulus 60 does
      not occur during bushing press in. The surface 65, as well as the similar
      surface 68, at the lower end 69 of the annulus 60 can be machined into the
      housing or it preferably can be radius coined which is a cold forming
      process applied to the surface which improves the fatigue life of the
      housing 16'. The intersection 70 between the flange 58 and the outer
      surface 62 is preferably curved to nearly match the surface 66 as shown.
      It should be noticed that just about the entire area of the outer surface
      62 of the bushing 56 is in contact with the annulus 60 as opposed to the
      situation existant in the prior art shown in FIG. 1 so that the pressure
      between the bushing 56 and the housing 16' is reduced through the use of a
      greater contact area.
PAR  The bushing 56 provides lubricant to the shaft 32' running therein by means
      of an internal grease groove 72 which runs circumferentially about the
      inner surface 74 of the bushing 56. Lubricant can be provided to the
      grease groove 72 by the lubricant means 54 and 55 and by a hole 76 which
      is drilled through the wall 78 of the bushing 56 once it is in place
      within the housing 16'. The lubricant means 54 or 55 provide a jig to
      position the hole 76 so that it is in general alignment therewith. Indicia
      means such as the groove 79 can be included on the flange 58 to indicate
      the radial location of the hole 76 so a quick inspection can detect
      rotation of the bushing 56. The indicia means also can be used to assure
      alignment of the hole 76 with the lubricant means 54 or 55 during
      reassembly.
PAR  The means 54 include a smooth wall annulus 78 placed in a stepped hole 80
      in the housing 16'. The annulus 78 is retained in the hole 80 by means of
      a hollow screw 82 which extends from the annulus 78 to the hole 76 in the
      bushing 56. The smooth wall annulus 78 is internally threaded to accept a
      conventional grease fitting 84 which happens to be an angle grease
      fitting. Angle grease fittings 84 have proved difficult in the past since
      their use is usually dictated by the interference of other parts
      surrounding them and it is desired that they always point the same
      direction. In the present case, suitable wrench engagement means 86 are
      provided on the portion 87 of the smooth wall annulus 78 which extends out
      of the hole 80 to prevent rotation thereof. Therefore, the fitting 84 can
      be screwed into the annulus 78 with its pipe threads 88 engaging internal
      threads 90 in the annulus 78. Once the fitting 84 is properly tightened
      within the annulus 78, the annulus 78 is rotated and retained in proper
      rotative position through the use of a wrench and the means 86. The screw
      82 is then threadably engaged with suitable threads 92 within the annulus
      78 to maintain the annulus 78 in the desired rotative position. The screw
      82 can have tool engagement means 92 and 94 such as slots, hexagonal
      depressions, crosses or other means at both ends so that the screw 82 can
      be tightened from either end. Normally, the screw 82 will be the flush
      shear head type so that its head 96 is submerged in a countersunk portion
      98 in the housing 16'. A shear head 96 is used since there is little
      strain on the screw 82 and shear heads are smaller than tension heads for
      the same size bolt. Self locking means 100 such as a nylon insert, a
      crimped portion of the threads 92 or other means are normally provided in
      the annulus 78 so that the screw 82 does not release the annulus 78 under
      normal working conditions.
PAR  As can be seen, the screw 82 includes a passageway 102 through which the
      grease can pass from the fitting 84 through the hole 76 to the grease
      groove 72. This passageway 102 also acts as a drill jig for drilling the
      hole 76 once the bushing is installed which of course occurs after the
      lubrication means 54 are installed.
PAR  The other lubricant means 55 shown are special purpose means for use in
      non-stress corrosion environments. Included is a relatively conventional
      grease fitting nipple 104 which can be machined integral with a tapered
      portion 106, a feature that also can be included with means 54, or it can
      be the conventional grease fitting 107 as shown installed with its tapered
      threads 108 in engagement with similar threads 110 in an extended housing
      portion 112 provided on the end of the tapered extension 106. A passageway
      114 is provided through the extension 106 through which grease can be
      provided to a hole 76' in the bushing 56 drilled using the passageway 114
      or the tapered hole 116 in which the extension 106 is driven and retained
      as a jig.
PAR  Thus there has been shown and described novel fatigue bushing assemblies
      which fulfill all the objects and advantages sought therefor. Many
      changes, alterations, other uses and applications of the subject
      assemblies will become apparent to those skilled in the art after
      considering this specification and the accompanying drawing. All such
      changes, modifications, variations and other uses and applications which
      do not depart from the spirit and scope of this invention are deemed to be
      covered by the invention which is limited only by the claims which follow:
CLMS
STM  I claim:
NUM  1.
PAR  1. A bushing assembly for use in high strength housings where fatigue
      failure is a problem, the bushing assembly including:
PA1  a bushing having inner and outer surfaces of revolution with a wall
      therebetween and first and second end portions, said inner surface having
      a circumferential lubrication groove defined therein between said first
      and second end portions, said first end portion having a smooth radiused
      corner portion at the intersection thereof with said outer surface and
      said wall defining a lubricant passageway from said lubrication groove
      through said outer surface for transmission of lubricant to said
      lubrication groove.
NUM  2.
PAR  2. The bushing assembly defined in claim 1 wherein said bushing second end
      portion includes a radially outwardly extending positioning flange and a
      smooth radiused corner portion at the intersection thereof with said outer
      surface.
NUM  3.
PAR  3. The bushing assembly defined in claim 1 including:
PA1  a housing having first and second side surfaces, a surface of revolution
      therebetween defining a hole therein and an end surface, said bushing
      being located in said hole with its outer surface in interference fit with
      said housing surface of revolution, said housing having smooth radiused
      corners at the intersections between said first and second side surfaces
      and said surface of revolution.
NUM  4.
PAR  4. The bushing assembly defined in claim 2 including:
PA1  a housing having first and second side surfaces a surface of revolution
      therebetween defining a hole therein and an end surface, said bushing
      being located in said hole with its outer surface in interference fit with
      said housing surface of revolution, said housing having smooth radiused
      corners at the intersections between said first and second side surfaces
      and said surface of revolution, said positioning flange abuting said
      second side surface of said housing.
NUM  5.
PAR  5. The bushing assembly defined in claim 3 including lubricant means
      extending between said housing end surface and said housing hole in
      general alignment with said lubricant passageway in said bushing, said
      lubricant means including:
PA1  a grease fitting having threaded connection means and torque applying
      means, an annulus having a relatively smooth outer wall, torque applying
      means and threaded connection means therein; and
PA1  a hollow screw having a head end and an opposite threaded end, said grease
      fitting being threadably connected to said annulus by said threaded
      connection means and said annulus being retained in said housing by said
      screw which is threadably connected thereto.
NUM  6.
PAR  6. The bushing assembly defined in claim 5 wherein said housing has a
      countersunk surface and a stepped cylindrical surface aligned therewith
      which defines a passageway which extends between said housing end surface
      and said housing hole, said hollow screw having a countersink head and
      being located in said housing passageway with its head end adjacent said
      bushing lubricant passageway.
NUM  7.
PAR  7. The bushing assembly defined in claim 1 including lubricant means
      positioned in general alignment with said lubricant passageway in said
      bushing, said lubricant means including:
PA1  a grease fitting having a grease nipple on one end thereof, threads on the
      other end thereof and torque application means therebetween;
PA1  an annulus having torque application means and threads therein; and
PA1  a hollow screw having a head end with torque application means adjacent
      said bushing lubricant passageway and an opposite threaded end, whereby
      said grease fitting and said hollow screw are threadably connected to said
      annulus to form a pathway for lubricant from said nipple to said bushing
      lubricant passageway.
NUM  8.
PAR  8. The bushing assembly defined in claim 7 wherein said hollow screw also
      has torque application means at its threaded end, said annulus having
      thread locking means for preventing undesired relative rotation between
      said annulus and said hollow screw.
NUM  9.
PAR  9. The bushing assembly defined in claim 3 including lubricant means
      extending between said housing end surface and said housing hole in
      general alignment with said lubricant passageway in said bushing, said
      lubricant means including:
PA1  a tapered hollow portion forming one end thereof located adjacent said
      bushing lubricant passageway;
PA1  a grease nipple forming the opposite end thereof; and
PA1  a pathway defined therethrough for passage of lubricant from said grease
      nipple to said bushing lubricant passageway, said husing having:
PA1  a tapered surface which extends inwardly from said end surface thereof,
      said tapered hollow portion of said lubricant means being pressed into
      tight engagement with said housing tapered surface.
NUM  10.
PAR  10. The bushing assembly defined in claim 9 wherein said lubricant means
      include torque application means, a internal threaded surface, and a
      grease fitting having said grease nipple, said grease fitting being
      threadably engaged to said internal threaded surface.
NUM  11.
PAR  11. The bushing assembly defined in claim 1 including lubricant means
      positioned in general alignment with said lubricant passageway in said
      bushing, said lubricant means including:
PA1  an annulus having a lubricant fitting on one end thereof, threads on the
      other end thereof and torque application means therebetween, said annulus
      defining a lubricant passageway between said fitting and said threaded
      end; and
PA1  a hollow screw having a head end with torque application means adjacent
      said bushing lubricant passageway and a opposite threaded end, whereby
      said hollow screw is threadably connected to said annulus to form a
      pathway for lubricant from said fitting to said bushing lubricant
      passageway.
NUM  12.
PAR  12. A bushing assembly for use in high strength housings where fatigue
      failure is a problem, the bushing assembly including:
PA1  a bushing having inner and outer surfaces of revolution with a wall
      therebetween and lubricant transmission means in said wall for
      transmitting the lubricant through said wall from said outer surface to
      said inner surface; and
PA1  lubricant means in general alignment with said lubricant transmission
      means, said lubricant means including an annulus having a lubricant
      fitting on one end thereof, threaded connection means on the other end
      thereof and torque application means therebetween, said annulus defining a
      lubricant passageway between said fitting and said threaded connection
      means, and a hollow screw having a head end with torque application means
      adjacent said lubricant transmission means and an opposite threaded end,
      whereby said hollow screw is threadably connected to said annulus to form
      a pathway for the lubricant from said lubricant fitting to said lubricant
      transmission means.
NUM  13.
PAR  13. The bushing assembly defined in claim 12 wherein said annulus lubricant
      fitting has a lubricant nipple on one end thereof and threads on the
      opposite end thereof, said annulus having threads for threadable
      attachment to said lubricant fitting.
NUM  14.
PAR  14. The bushing assembly defined in claim 13 wherein said hollow screw also
      has torque application means at its threaded end.
NUM  15.
PAR  15. The bushing assembly defined in claim 14 wherein said bushing inner
      surface has a circumferential lubrication groove defined therein and said
      lubricant transmission means is formed by a lubricant passageway defined
      through said wall from said lubrication groove through said outer surface
      for transmission of lubricant.
NUM  16.
PAR  16. The bushing assembly defined in claim 15 wherein said bushing has first
      and second end portions, said circumferential lubrication groove being
      positioned in said inner surface between said first and second end
      portions, said first end portion having a smooth radius corner portion at
      the intersection thereof with said outer surface.
PATN
WKU  039456960
SRC  5
APN  5436699
APT  1
ART  351
APD  19750124
TTL  Means for converting an open-shelved unit or etagere to a closed cabinet
      with slidable drawers
ISD  19760323
NCL  7
ECL  1
EXP  Nunberg; Casmir A.
NDR  2
NFG  5
INVT
NAM  Yellin; Bernard
STR  5252 S. Kolmar Sve.
CTY  Chicago
STA  IL
ZIP  60632
CLAS
OCL  312257R
XCL  312111
EDF  2
ICL  A47B 4700
ICL  A47B 5708
FSC  312
FSS  257 R;257 SK;214;333;108;111
UREF
PNO  3497279
ISD  19700200
NAM  Chovanec
OCL  312257R
UREF
PNO  3738726
ISD  19730600
NAM  Burst
OCL  312257R
UREF
PNO  3848942
ISD  19741100
NAM  Favini
OCL  312214
UREF
PNO  3877765
ISD  19750400
NAM  Hassing
OCL  312111
LREP
FR2  Kraus; Max R.
ABST
PAL  Means for converting an open-shelved unit or etagere to a closed cabinet
      with slidable drawers, the open-shelved unit comprising top and bottom
      horizontal members and spaced upright members which are detachably secured
      to the corners of said spaced top and bottom members to form an
      open-shelved unit or etagere, the top and bottom of said units being
      molded of a plastic material in the same or identical mold cavity, with
      all of the upright members also identical and being molded in the same or
      identical cavity, the invention herein comprising the means for converting
      said open-shelved unit or etagere to a closed cabinet with slidable
      drawers, the said means for each unit comprising a molded frame-like
      member having end channels or grooves and positioned against the underside
      of the top member, a pair of end panels on each of the opposite ends of
      the unit comprising an outer panel and an inner panel held in spaced
      relation to each other between said top and bottom horizontal members with
      the inner panel having spaced horizontal flanges and with a plurality of
      drawers positioned on said oppositely spaced flanges so that the drawers
      may be manually slid into and out of said cabinet and with said drawers
      when in closed position forming a closed cabinet with drawers. The
      open-shelved units and the means for converting same to a closed cabinet
      are packed and shipped in disassembled knockdown condition and readily
      assembled at the point of use without the use of any tools or extraneous
      fastening means. Each of the drawers is similarly constructed and readily
      positionable into sliding engagement with said formed structure.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Open-shelved units used either individually to form a two-shelf etagere or
      with a plurality of such units stacked and interlocked with each other in
      the form of a tier or the like are old and well-known in the art. Such
      units have top and bottom horizontal members which are interconnected to
      form shelves and are open at the sides and ends. These units are
      particularly of a decorative character and are used principally in a home
      but not limited thereto.
PAR  An object of this invention is to provide such a unit which has preformed
      channels or grooves at each of its opposite ends and a pair of spaced end
      panels at each of the opposite ends, with the inner panels having spaced
      horizontal flanges or ledges to slidingly receive one or more slidable
      drawers so that the open-shelved unit is readily convertible to a closed
      cabinet with one or more slidable drawers for storage purposes. The said
      unit is detachably secured to other similar units to form a tier of such
      units.
PAR  Another object of this invention is to form the etagere of plastic material
      in which the members, including the drawers which convert the etagere to a
      closed cabinet with slidable drawers, are likewise molded of a plastic
      material.
PAR  Another object of this invention is to provide a structure of the foregoing
      character in which the open-shelved unit or etagere and the means for
      converting same to a closed cabinet with slidable drawers are packed and
      shipped in a knockdown condition and may be readily assembled by the user
      without the use of any tools and/or extraneous fastening elements, and
      same being readily set up for use as either an individual unit or as a
      tier of units or combination of tiers to form any desired arrangement.
PAR  Another object of this invention is to provide a structure of the foregoing
      character which may be economically manufactured of plastic material and
      requires a minimum number of mold cavities and which is readily assembled
      and disassembled by the user.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an exploded view showing a single unit and the parts disassembled
      for converting an open-shelved unit or etagere to a closed cabinet with
      slidable drawers, same showing two drawers, the third drawer being omitted
      for purpose of clarity.
PAR  FIG. 2 is a sectional view showing the components of FIG. 1 in assembled
      relation where it forms a cabinet with slidable drawers.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is an exploded perspective showing a portion of the top channeled
      member and the spaced end panels which form each of the opposite ends of
      the unit, with the inner panel forming the support for the slidable
      drawers; and
PAR  FIG. 5 is an enlarged sectional view taken on line 5--5 of FIG. 1.
DETD
PAR  FIG. 1 shows one of the units disassembled and in an exploded view. Said
      unit comprises a bottom member 12 and a top member 12', both of which are
      of identical construction and molded in the same mold cavity and made of
      plastic. Since both of said members are identical only one will be
      described in detail.
PAR  The member 12 or 12' is of rectangular shape and comprises a horizontal
      wall 16 with downwardly depending spaced sides 18 and downwardly depending
      ends 19 connected to said sides 18 to form a continuous flanged surface.
      Formed adjacent each of the four corners 20 and extending upwardly of the
      horizontal wall 16 is a square-shaped extension 22, the two outermost
      adjacent sides 23 and 24 of which are positioned slightly inwardly of the
      side and end walls 18 and 19 so that the wall 16 forms right-angled
      shoulders 26 and 27 at said extensions. The top of the extension 22 is
      closed by a top wall 28 having a pyramidal shape for ornamental purpose.
      Extending downwardly at each of the corners is a square-shaped socket 29,
      best shown in FIG. 5, with the innermost portion of the socket being of a
      reduced dimension to provide a continuous shoulder 30 in the interior of
      said socket.
PAR  The two identical members 12 and 12' forming the top and bottom are used
      for forming a single unit, whereas a number of such members are used when
      forming a tier of such units of any height. To complete the framework of a
      single unit there are four tubular upright members each generally
      indicated at 32 formed of plastic material and all are formed in the same
      or similar mold cavity. Said upright tubular members 32 are square-shaped
      in cross-section, with the opposite ends open. The upper portion of each
      upright 32 has an end section 33 of reduced dimension which is also
      square-shaped in cross-section and provides a shoulder 34. The bottom of
      each tubular upright member 32 is open as at 36 so that it can
      interconnect with the top of the lower reduced extension 33 of the lower
      tubular member 32, as best shown in FIG. 5.
PAR  To connect the top and bottom members 12 and 12', best shown in FIGS. 2 and
      5, the open-ended bottom 36 of the tubular upright member 32 is slipped on
      the extension 22 of the bottom member 12, with the end of said tubular
      upright member 32 abutting against the shoulders 26 and 27. The reduced
      extension 33 at the top of the upright is inserted into the square-shaped
      socket 29 of the top member 12' until the end of the reduced extension 33
      abuts against the inside shoulder 30 of the socket 29, with the top and
      bottom members 12 and 12' and with the four upright members 32 thus
      secured to said top and bottom members a single open-shelved unit is
      formed, the parts being held together by frictional contact and without
      the use of any extraneous fastening means. Each of these units, sometimes
      herein referred to as a "framework" is in fact an open-shelved unit or
      etagere due to the fact that the opposite sides and opposite ends are open
      and the top and bottom horizontal members 12 and 12' may each be used as a
      shelf upon which objects are supported.
PAR  To convert the open-shelved unit or units described into closed cabinets
      with slidable drawers there is provided for each of said units a generally
      rectangular-shaped frame-like member generally indicated at 40 which is
      molded of plastic material, best shown in FIG. 1. Said frame-like member
      40 consists of a pair of spaced side strips 42 connected to spaced end
      strips 44 by a connecting piece 46. The side strips 42 are each formed
      with two channels 48 and the end strips 44 are each formed with a single
      channel or groove 50. The connecting piece 46 has a generally arcuate
      shape in plan view with a curved inner edge 52. The outer edges 53 and 54
      of the connecting piece 46 are at substantially right angles to each other
      and are planar, with the end edges 55 and 56 of the side and end strips 42
      and 44. The outer edges 53 and 54 have a downwardly extending flange 58
      which is of the same height as the vertical walls forming the channels 48
      and 50. As will best be seen in FIG. 1, each of the four corners of the
      frame-like member is cut out or recessed inwardly as at 60 to form a
      right-angled recessed corner at each corner so that when the frame-like
      member 40 is positioned against the underside of the top horizontal member
      12' the cutout or recessed corners 60 are positioned adjacent the reduced
      ends 33 of the respective uprights 32. This properly positions the upper
      frame-like member 40 with the grooves or channels 48 and 50 facing
      downwardly. Each of the opposite end channels or grooves 50 of the frame
      member 40 is adapted to support at each end the upper end of one of the
      end panels, namely, the outer end panel, as will be hereinafter described.
PAR  The opposite ends of each of the units are each closed by a pair of
      stationary closure outer and inner end panels generally indicated at 62
      and 64 respectively, both of rectangular shape. The outer end panel 62 has
      a vertical wall 63 bounded by a continuous inwardly extending border
      flange, the top and bottom flanges being designated at 66 and 67
      respectively and the vertical side flanges at 68. The outer end panels 62
      are both of the same construction and may be molded in the same or
      identical mold cavity. The upper flange 66 of the outer end panel 62 fits
      within the groove or channel 50 of the rectangular-shaped frame member 40
      when the parts are assembled. The bottom flange 67 of said outer end panel
      62 will fit within a guideway or channel formed as part of the inner end
      panel 64, now to be described.
PAR  The inner end panel 64 has the means for supporting the slidable drawers.
      The inner end panel 64 comprises a vertical end wall 70 having outwardly
      extending vertical side flanges 71 at each of the opposite sides, which
      flanges are relatively narrow and extending outwardly of the bottom of the
      end wall 70 is an outward extension or bottom flange 72 of generally
      rectangular shape which is coextensive with the width of the end panel.
      Said outward extension or flange 72 has an upwardly extending flange or
      lip 74 at the outer end thereof. Positioned on said outward extension or
      flange 72 is an upwardly and vertically extending rib 76 positioned
      intermediate the flange 74 and the end wall 70 to provide a channel 78 for
      receiving the bottom flange 67 of the outer panel 62. The opposite ends of
      the lip 74 terminate inwardly from the ends of the extension or flange 72,
      as best shown in FIG. 4. Adjacent the bottom of the inner panel 64 is an
      inwardly facing horizontal extension or bottom flange 80, the opposite
      ends 81 of which extend beyond or exteriorly of the width of the panel 64,
      as best shown in FIG. 4. The upper end of the vertical wall 70 of said
      panel 64 likewise extends laterally or exteriorly as at 82 of the vertical
      side flanges 71 of said panel. Facing inwardly of the wall 70 of said
      panel are three spaced flanges 83, 84 and 86, best seen in FIG. 1, with
      said flanges being coextensive with the width of the wall of the panel 64.
      The top flange 83 is positioned below the top edge of the wall 70 and the
      intermediate flanges 84 and 86 are equally spaced from the top flange 83
      and the bottom flange 80 so that three slidable drawers are supported by
      said flanges. A greater or lesser number of such flanges may be used with
      proper spacing therebetween to hold a larger or smaller number of slidable
      drawers.
PAR  In final assembled position, the outer and inner end panels 62 and 64 are
      positioned as best seen in FIG. 2, with the inner panel 64 positioned
      adjacent the inwardly facing surfaces of the spaced uprights 32 and with
      the top and bottom extensions 82 and 81 positioned against the uprights 32
      and the inner panel will be properly positioned. To hold the inner panel
      in its proper position it has to be interlocked with the outer panel 62 in
      the following manner.
PAR  The bottom of the inwardly extending flange 67 of the outer end panel 62 is
      positioned in the channel 78 between the upwardly extending flange 74 and
      the inwardly extending rib 76. The top inwardly extending flange 66 of the
      outer end panel 62 fits within the end channel or groove 50 of the
      framework member 40 which is positioned against the underside of the top
      horizontal member 12' of each unit prior to the positioning of the end
      panel. The outer end panel 62 is thus in a secured position and is held at
      the bottom by the bottom extension or flange 72 of the inner panel 64 and
      at the top by the end groove 50 of the frame member 40. When the inner and
      outer panels are thus positioned the outer panel extends upwardly of the
      top of the inner panel. The inner and outer panels are thus spaced from
      each other. The extensions 81 on the bottom flange 80 of the inner panel
      will be in engagement with the tubular uprights 32, and the extensions 82
      on the top of the inner panel will likewise be in engagement with the
      upper portions of the tubular uprights 32. The inwardly extending
      horizontal flanges 83, 84, 86, and bottom flange 80 of the inner panel
      will support three slidable drawers, each generally indicated at 90.
PAR  The drawers 90 are identically constructed and are all molded preferably of
      a plastic material. Since all are of identical construction only one will
      be described. The drawer is of rectangular shape and comprises a bottom
      wall 91, spaced side walls 92 and spaced front and rear walls 93 and 94,
      with the front wall 93 having an overhanging lip 95 which is curved
      downwardly so that it may be manually engaged for manually sliding the
      drawer into and out of each unit. When the framework member and the end
      panels are assembled and the drawers are inserted, the unit is converted
      from an etagere to a closed cabinet with slidable drawers. All of this may
      be done by merely positioning the parts relative to each other and
      attaching them by interfitting the parts. No extraneous fastening elements
      are needed to secure the parts together.
PAR  While the foregoing is described in connection with a single framework or
      single open-shelved unit, it will be understood that a plurality of such
      units, each convertible into a cabinet unit with slidable drawers in
      accordance with this invention, may be interlocked to form a tier of such
      cabinets and slidable drawers as each unit can be interlocked with
      similarly constructed other units. FIGS. 1, 2 and 3 show the positioning
      and manner of interlocking one unit with another like unit positioned
      therebelow or thereabove, with the reduced ends 33 of the tubular uprights
      32 of the lower unit interlocked in the sockets 29 of the upper unit, and
      the bottom of the upper tubular uprights 32 positioned on the extensions
      22 of the horizontal members 12'. Thus, each separate unit may be
      positioned one on top of the other and interlocked to form a tier. The
      parts are all detachably connected so that the unit can be readily
      disassembled when desired. The units may be shipped in a knockdown
      condition and readily assembled for use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for converting an open-shelved unit to a closed cabinet with a
      slidable drawer, said open-shelved unit comprising, a top horizontal
      member and a bottom horizontal member, each said horizontal member having
      means adjacent the corners thereof for detachably receiving an upright
      whereby said uprights when attached to said top and bottom horizontal
      members space said top and bottom horizontal members and connect same; the
      means for converting said open-shelved unit to a closed cabinet with
      slidable drawer comprising a pair of end panels positioned at each end
      between said bottom and top horizontal members and said uprights, each
      said pair of end panels comprising an outer and an inner end panel with
      said inner panels having means engaging a pair of spaced uprights to
      position said inner end panels relative to said uprights, each said inner
      end panel having an outwardly extending bottom flange providing a channel
      for receiving and holding the bottom of the outer panel to hold said outer
      panel relative to said inner panel and secure same to said open-shelved
      unit, a groove or channel adjacent the underside of said top horizontal
      member for receiving and holding the top of the outer panel, a slidable
      drawer, each said inner end panel having means for receiving said slidable
      drawer to permit the drawer to be manually slid into and out of said unit.
NUM  2.
PAR  2. Means for converting an open-shelved unit to a closed cabinet with a
      slidable drawer, said open-shelved unit comprising, a top horizontal
      member and a bottom horizontal member, each said horizontal member having
      means adjacent the corners thereof for detachably receiving an upright
      whereby said uprights when attached to said top and bottom horizontal
      members space said top and bottom horizontal members and connect same; the
      means for converting said open-shelved unit to a closed cabinet with a
      slidable drawer comprising a pair of adjacent end panels positioned at
      each end between said bottom and top horizontal members and said uprights,
      each said pair of adjacent end panels comprising an outer and an inner end
      panel with said inner panels having means engaging a pair of spaced
      uprights to position said inner end panels relative to said uprights, one
      or the other of the inner or outer end panels having means engaged by the
      other adjacent end panel to hold said outer panel relative to the inner
      panel and secure same to said open-shelved unit, a groove or channel
      adjacent the underside of said top horizontal member for receiving and
      holding the top of the outer panel, a slidable drawer, each said inner end
      panel having means for receiving said slidable drawer to permit the drawer
      to be manually slid into and out of said unit.
NUM  3.
PAR  3. A structure as set forth in claim 2 in which each of the inner end
      panels has spaced means for supporting a plurality of slidable drawers,
      each slidable independently of the other.
NUM  4.
PAR  4. A structure as set forth in claim 2 in which the groove or channel
      adjacent the underside of the top horizontal member is in a frame-like
      member in which the opposite ends thereof have said channel or groove to
      receive and retain the upper end of the outer panel.
NUM  5.
PAR  5. A structure as set forth in claim 4 in which the frame-like member has
      recesses or cutouts at the corners thereof to engage the uprights adjacent
      the underside of the top horizontal member.
NUM  6.
PAR  6. A structure as set forth in claim 1 in which a plurality of units are
      positioned to form a tier of such units and in which each unit has the top
      horizontal member and the bottom horizontal member with sockets on the
      underside thereof and with extensions extending upwardly thereof, which
      sockets receive the top of the uprights and which extensions receive the
      bottom of said uprights, and in which a tier of such units are formed by
      connecting other uprights to said extensions and sockets of other
      horizontal members.
NUM  7.
PAR  7. Means for converting an open-shelved unit to a closed cabinet with a
      slidable drawer, said open-shelved unit comprising, a top horizontal
      member and a bottom horizontal member, each said horizontal member having
      means adjacent the corners thereof for detachably receiving an upright
      whereby said uprights when attached to said top and bottom horizontal
      members space said top and bottom horizontal members and connect same; the
      means for converting said open-shelved unit to a closed cabinet with
      slidable drawer comprising a pair of end panels positioned at each end
      between said bottom and top horizontal members and said uprights, each
      said pair of end panels comprising an outer and an inner end panel with
      said inner panels having means engaging a pair of spaced uprights to
      position said inner end panel relative to said uprights, each said inner
      end panel having means engaged by said outer panel to hold said outer
      panel relative to said inner panel and secure same to said open shelved
      unit, means adjacent the underside of the top horizontal member to receive
      and retain the upper end of said outer panel, said last mentioned means
      comprises a frame-like member having opposite ends each of which has a
      channel or groove to receive and retain the upper end of the outer panel,
      said frame-like member having recesses or cutouts at the corners thereof
      to engage the uprights adjacent the underside of the top horizontal
      member.
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ABST
PAL  A photoflash lamp having an hermetically sealed envelope containing a pair
      of lead-in wires spaced apart by a glass bead and having a glass insulator
      sleeve located about one of the lead-in wires between the bead and the
      inner end of the wire. A moisture indicating material is coated on
      portions of the lead-in wires and the glass sleeve for indicating by a
      change in coloration the presence of air contamination within the envelope
      and for insulating the lead-in wires to prevent pre-ignition short
      circuits through filamentary combustible material located within the
      envelope. The indicating material comprises a mixture of cobaltous
      cobalticyanide and colloidal magnesium silicate, which composition tends
      to minimize pressure build up during flashing. The indicating material may
      be applied after sealing the ignition assembly into the glass tubing to be
      formed as the envelope by dipping a portion of the lead-in wires and glass
      insulator sleeve into a liquid preparation of the indicating material
      contained in a tube fitting through the open end of the glass envelope
      tubing.
PARN
PAR  This is a division, of application Ser. No. 406,389 filed Oct. 15, 1973,
      now abandoned.
BSUM
PAR  This invention relates in general to the manufacture of photoflash lamps
      and more particularly to flashlamps having means for determining the
      presence of air contamination within the sealed lamp envelope.
PAR  Photoflash lamps generate their actinic light output by the burning of an
      energetic fuel, such as finely shredded zirconium or hafnium metal foil,
      in a combustion supporting atmosphere, such as oxygen. The containing
      vessel, or envelope, for such combustion must be transparent and must be
      hermetically sealed so that a chosen atmospheric composition at a chosen
      stoichiometric balance will be present. Such lamp envelopes are most
      commonly made from glass. A crack or other defect in the envelope destroys
      its hermeticity and the resulting air contamination adversely affects the
      light output and timing characteristics of the flashlamp. Accordingly, it
      is common practice in the manufacture of photoflash lamps to apply a spot
      of moisture indicating material to the inner surface of the envelope to
      indicate, by a color change, whether or not the hermetic closure is
      intact. The material generally used for this purpose is cobaltous
      cobalticyanide, which in the anhydrous state is blue and which becomes
      pink when hydrated. The water vapor normally present in air effects a spot
      color change from blue to pink when the hermetic seal of the lamp envelope
      is broken.
PAR  As cobaltous cobalticyanide is a fine, water insoluble powder, it is mixed
      with a binder so that it will adhere to an interior surface of the sealed
      flashlamp. The usual method of applying the indicator material during the
      lamp manufacturing process is by use of a wire dip stick which is
      initially dipped into a fluid mixture of the cobaltous cobalticyanide and
      binder and then inserted into the glass envelope of the lamp to deposit a
      spot of the indicating paste on the inside surface thereof. In producing
      subminiature lamps having envelope volumes of less than, say, 0.5 cc.,
      such a method of mechanical application becomes quite difficult.
PAR  Accordingly, it is an object of the invention to provide an improved
      photoflash lamp having a moisture indicator.
PAR  It is another object of the invention to provide an improved method for
      applying a moisture indicating material to subminiature size photoflash
      lamps.
PAR  In some of the tubular electrically ignitable photoflash lamps presently
      manufactured, the ignition means comprises a pair of lead-in wires sealed
      through one end of the tubular glass envelope and supported in a spaced
      side-by-side relation by a glass bead fused about the wires. Certain other
      lamp types additionally employ a glass insulating sleeve about one of the
      lead-in wires for preventing postignition short circuits. A tungsten
      filament is mounted across the inner ends of the two lead-in wires with
      the ends of the wires at their junctions with the filament being coated
      with a primer material, such as a powdered zirconium mixture. When battery
      current is applied to the external projecting portions of the two lead-in
      wires, the filament glows to incandescence, causing the primer material to
      ignite, which in turn ignites the finely shredded metallic combustible
      material in the lamp to produce a predetermined quantity of light output.
PAR  The primer on the ends of the lead-in wires is generally applied by a
      dipping method. A hollow tube containing a liquid mix of the primer may be
      introduced into the open end of the tubular shaped glass envelope, or the
      envelope may be lowered over a fixed primer containing tube, until the
      ignition structure is sufficiently coated with the primer material and
      then is withdrawn. In accordance with the present invention, the liquid
      indicator material is applied by a dip process similar to that of applying
      the primer and preceding the primer dipping process. The lamp ignition
      structure is dipped sufficiently deep into the moisture indicating
      material so that some of the material is deposited on portions of the
      lead-in wires and the glass insulating sleeve, or on a portion of the
      glass bead if no glass insulating sleeve is used. After sufficient drying
      of the indicator material, the assembly is then ready for the primer dip
      application which is applied partly over the indicator material on the
      ends of the lead-in wires.
PAR  By using this indicator material dip method and employing as the moisture
      indicating material a mixture substantially comprising cobaltous
      cobalticyanide and a colloidal magnesium silicate, as the binder, I have
      also discovered unexpected additional advantages which significantly
      enhance flashlamp operation. Firstly, in this manner of dip application, a
      coating of the indicator material is also deposited on the portions of the
      two lead-in wires which support the filament above the glass bead. The
      non-conductive properties of the thin coating of indicator material serve
      to prevent possible electrical short circuit contacts between the lead-in
      wires and the finely shredded strands of metallic combustible material
      prior to ignition. In cases where the electrical igniting current is weak,
      such as may occur as the result of weak batteries or a corrosion build-up
      on the contacts in the electrical ignition circuit, such shorting of
      electrical current away from the filament can result in lamps failing to
      flash. This problem becomes more significant in subminiature flashlamps,
      for as the lamp envelope size is made smaller, the oxygen pressure and the
      density of the combustible fill material are increased in order to
      maintain the desired light output. As a result of the denser packing of
      the shredded metallic combustible, a tighter metal-to-metal contact, and
      thus a better electrical contact, is provided between the strands of metal
      foil and the lead-in wires. By applying the moisture indicating material
      as taught by the invention, however, the critical portions of the lead-in
      wires are insulated to counteract this propensity of subminiature
      flashlamps toward pre-ignition short circuits.
PAR  A second unexpected advantage is improved vessel containment during lamp
      flashing. Both the location and composition of the moisture indicating
      material contribute to this result. By coating the indicator material on
      the lead-in wires and insulating sleeve or bead instead of spotting the
      inner wall of the glass envelope, a possible hot spot source, due to
      oxidizing of the indicator material during ignition, is removed from the
      glass containing wall. Further, it has been observed that by using a
      substantially inorganic binder in an otherwise inorganic indicating
      material, a minimal amount of pressure build-up is produced during the
      flash cycle as compared to indicating materials employing an organic
      binder. Minimizing the pressure buildup, to thereby reduce the burden on
      the containing vessel wall, is particularly desirable in the case of
      subminiature size lamps, which typically employ relatively high fill
      pressures. In accordance with the invention, therefore, the moisture
      indicating material comprises a mixture of cobaltous cobalticyanide and a
      binder which substantially comprises a colloidal magnesium silicate. While
      I prefer to use magnesium montmorillonite as the binding agent, other
      colloidal magniesum silicates, such as for example lithium-magnesium
      silicate and aluminium-magnesium silicate, may also be employed
      satisfactorily.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 is an elevational view, partly in section, of one type of photoflash
      lamp provided with a moisture indicator in accordance with the principles
      of this invention; and
PAR  FIG. 2 is an elevational view, partly in section, of another type of
      photoflash lamp provided with a moisture indicator in accordance with the
      invention.
DETD
PAR  Referring to FIG. 1, one embodiment of the invention is illustrated as
      applied to an electrically ignitable photoflash lamp having a pair of
      filament-supporting lead-in wires supported by a glass bead. The lamp
      comprises an hermetically sealed, light transmitting envelope 10 of glass
      tubing having a press 12 defining one end thereof and an exhaust tip 14
      defining the other end thereof. A quantity of filamentary combustible
      material 16, such as shredded zirconium or hafnium foil, is located within
      the lamp envelope. The envelope 10 is also provided with a filling of
      combustion-supporting gas, such as oxygen, at a pressure of several
      atmospheres.
PAR  The ignition means comprises a pair of lead-in wires 18 and 20 extending
      through and sealed into the press 12. A filament 22 spans the inner ends
      of the lead-in wires, and beads of primer 24 and 26 are located on the
      inner ends of the lead-in wires 18 and 20 respectively, at their junctions
      with a filament. The lead-in wires are supported in a spaced side-by-side
      relation by a glass bead 28 fused about the wires. In accordance with the
      invention, a substantially inorganic moisture indicating material 30 is
      coated on a portion of the glass bead 28 and the portion of the lead-in
      wires extending from the glass bead toward the filament.
PAR  FIG. 2 illustrates another embodiment of the invention as applied to a
      flashlamp identical to that of FIG. 1 except that it further includes a
      glass sleeve 32 disposed about a portion of one of the lead-in wires (20)
      as an insulating shield extending from the glass bead toward the filament
      for preventing post-ignition short circuits across the lead-in wires. Such
      a feature is required for the proper operation of certain flash sequencing
      circuitry for controlling linear arrays of flashlamps. Further, in FIG. 2,
      a coating of moisture indicating material 34 is disposed on a portion of
      the glass sleeve 32 and at least portions of the lead-in wires extending
      toward the filament. As described hereinbefore, the moisture indicating
      material comprises a mixture of cobaltous cobalticyanide and a colloidal
      magnesium silicate, preferably magnesium montmorillonite.
PAR  In the manufacture of photoflash lamps of the type described, the lamp
      envelope 10 is initially a segment of glass tubing, open at both ends. The
      ignition assembly (or mount structure), which comprises filament 22,
      lead-in wires 18 and 20 and glass bead 28 (and, in FIG. 2, further
      includes glass sleeve 32), is located within the glass tubing with the
      free ends of the lead-in wires projecting from one of the open ends of the
      tubing. A press seal 12 is then formed to close the end of the tubing from
      which the wires project. Next, a portion of the ignition assembly within
      the glass tubing is dipped into a liquid preparation of moisture
      indicating material contained in a tube which fits through the open end of
      the glass tubing. That is, a hollow tube containing a liquid mix of the
      indicator material may be introduced into the remaining open end of the
      glass tubing, or the glass tubing may be lowered over a fixed tube
      containing the indicator liquid. The ignition assembly is dipped
      sufficiently deep into the liquid indicator material so that some of the
      material is deposited on the glass bead 28, or, in the lamp of FIG. 2, it
      may be dipped fully or partially onto the glass sleeve 32. After
      sufficient drying of the indicator material coatings 30 or 34, the end
      portions of the lead-in wires within the glass tubing are dipped into a
      liquid preparation of primer, which is applied partly over the indicator
      material on the lead-in wires. Thereafter, the primer beads 24 and 26 are
      dried and a charge of combustible material, such as shredded zirconium or
      hafnium foil, is introduced into the remaining open end of the tubing. The
      glass is then constricted at the open end, and the envelope is exhausted,
      filled with oxygen gas at several atmospheres pressure, and tipped off at
      14 to define an hermetically sealed envelope.
PAR  Thereafter, the coatings of dried paste 30 or 34, which normally have a
      blue appearance, function to indicate, by a change in coloration to pink,
      the presence of an air leak in the envelope. The coatings on bead 28 and
      sleeve 32 are particularly suitable as indicators as they are easily
      visible. In addition, the nonconductive indicator material 30 or 34
      insulates critical portions of the lead-in wires 18 and 20 sufficiently to
      prevent pre-ignition short circuits through the metallic shreds 16. There
      is a little likelihood of a short below the glass bead as the mass of
      shreds 16 are generally disposed above bead 28. Finally, by employing a
      substantially inorganic indicator material composition, pressure buildup
      during ignition is minimized, and this feature together with an indicator
      location away from the glass envelope wall results in improved containment
      during flashing.
PAR  Although the invention has been described with respect to specific
      embodiments, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention. For example, the invention is also applicable
      to other types of electrically ignitable lamps, such as those having spark
      gap or primer bridge ignition structures.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of making a photoflash lamp comprising:
PA1  locating an ignition assembly including a pair of lead-in wires within a
      length of glass tubing with said lead-in wires projecting from one end of
      the tubing;
PA1  sealing the end of the glass tubing from which said lead-in wires project;
PA1  dipping a portion of the ignition assembly within said glass tubing into a
      liquid preparation of moisture indicating material comprising a mixture of
      cobaltous cobalticyanide and a colloidal magnesium silicate, said moisture
      indicating liquid being contained in a tube which fits through the open
      end of said glass tubing during said dipping step;
PA1  drying the moisture indicating material thereby coated on said ignition
      assembly;
PA1  dipping end portions of the lead-in wires within said glass tubing into a
      liquid preparation of primer, and after drying of the primer beads thereby
      formed,
PA1  filling the glass tubing with a quantity of filamentary combustible
      material and a combustion-supporting gas, and tipping off the tubing to
      provide an hermetically sealed envelope.
NUM  2.
PAR  2. The method of claim 1 wherein said ignition assembly further includes a
      glass bead fused about said lead-in wires for supporting said lead-in
      wires in a spaced side-by-side relation, and said step of dipping a
      portion of said ignition assembly into said moisture indicating liquid
      provides a coating of said moisture indicating material on a portion of
      said glass bead and the portions of said lead-in wires extending from said
      glass bead toward the open end of said tubing.
NUM  3.
PAR  3. The method of claim 1 wherein said ignition assembly further includes a
      glass bead fused about said lead-in wires for supporting said lead-in
      wires in a spaced side-by-side relation, and a glass sleeve disposed about
      a portion of at least one of said lead-in wires and extending from said
      glass bead toward the open end of said tubing, and said step of dipping a
      portion of said ignition assembly into said moisture indicating liquid
      provides a coating of said moisture indicating material on a portion of
      said glass sleeve and portions of said lead-in wires extending toward the
      open end of said tubing.
NUM  4.
PAR  4. The method of claim 3 wherein said moisture indicating material
      comprises a mixture of cobaltous cobalticyanide and magnesium
      montmorillonite.
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PAL  A stabilizing method is provided wherein a field emission cathode is
      subject to heat treatment of 2,000.degree.C. to 3,000.degree.C. in a
      hydrogen gas atmosphere of 1 .times. 10.sup..sup.-9 Torr to 5 .times.
      10.sup..sup.-7 Torr and hereinafter an electric field in excess of
      10.sup.7 volt/cm is applied to the cathode, whereby the emitted electron
      beam current from the cathode can be maintained constant for a long time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of stabilizing the emitted electron beam
      current from the cathode of a field emission electron gun over a long
      period of time.
PAR  2. Description of the Prior Art
PAR  It is well known that electrons are field emitted from one surface of
      metallic or non-metallic materials when a strong electric field in excess
      of about 10.sup.7 volt/cm is applied to the surface. Although cathodes
      utilizing such a field emission effect are characteristic of luminances
      about 10.sup.3 times as high as cathodes employing the thermionic emission
      effect, the former cathodes have some difficult problems.
PAR  One of the problems is that the radius of curvature of the cathode tip is
      generally required to be made very small, for example, 1,000 to 3,000 A in
      order to facilitate application of such a strong electric field as
      mentioned above, and therefore field emission cathode materials are
      required which have a sufficiently high mechanical strength. This problem
      has been solved by using tungsten for the cathode material.
PAR  The most serious one of the problems encountered in electron guns employing
      a field emission cathode is a problem on how stable electron emission from
      the cathode can be sustained for a long time. Generally, in field emission
      electron guns a stable electron beam can be obtained only for a very short
      time since the density of the emitted electron beam tends to be changed in
      dependence on the conditions of the surface of the cathode. One of the
      causes of this is considered to be the absorption of residual gas in a
      vacuum atmosphere onto the cathode surface. Another cause is considered to
      result from the residual gas being ionized by the emitted electron beam
      and positive ions thus produced impinging on the cathode surface to cause
      turbulence of the surface conditions. Therefore, stabilization of electron
      emission from field emission cathodes will require an ambient atmosphere
      having a low pressure, generally a very high vacuum in excess of
      10.sup.-.sup.11 Torr. However, in the case of using a field emission
      cathode in physics and chemistry instruments such as an electron
      microscope, it is very difficult to obtain such a high vacuum because the
      electron gun parts and various electro-optic system parts are included in
      the same evacuated vessel, and thus gas is emitted from these parts to the
      vacuum atmosphere. For this reason, it is normal practice to conduct field
      emission in an atmosphere of about 10.sup.-.sup.10 Torr. However, field
      emission in such a vacuum atmosphere has the disadvantage that the
      resultant field emitted electron beam current is not sufficiently stable,
      i.e., it shows fluctuations of a few percent.
PAC  SUMMARY OF THE INVENTION
PAR  It is a main object of this invention to provide a method of simply
      stabilizing the field emission current in field emission electron guns. It
      is another object of this invention to provide a stabilizing method
      wherein only a very short time will lapse before the electron beam current
      emitted from the field emission cathode reaches a stable fixed value.
PAR  According to this invention, these objects can be achieved by placing a
      field emission cathode under heat treatment of 2,000.degree.C. to
      3,000.degree.C. in a hydrogen gas atmosphere of 1 .times. 10.sup.-.sup.9
      Torr to 5 .times. 10.sup.-.sup.7 Torr.
PAR  The other objects, advantages and features of the invention will be
      apparent from the following detailed description when read in conjunction
      with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of an exemplary field emission electron gun
      for use in explaining the method according to this invention;
PAR  FIG. 2 is a graphic diagram showing the stability of current emitted from a
      field emission cathode of the prior art, and
PAR  FIG. 3 is a graphic diagram showing the stability of current emitted from a
      field emission cathode after being subject to hydrogen gas treatment
      according to this invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to FIG. 1, a vacuum vessel 1 is evacuated by a vacuum pump 2
      so that a vacuum atmosphere of, for example, about 2 .times.
      10.sup.-.sup.10 Torr may be maintained therein. Within the vacuum vessel 1
      are arranged an elongated field emission cathode 3 made of tungsten and
      anode electrodes 4 and 5. An emitting voltage of, generally 3 to 5 KV is
      applied between the cathode 3 and the anode 4 from a D.C. power source 6.
      As a result of this, an electric field as concentrated on the tip of the
      cathode 3 is produced to cause electrons to be emitted from the cathode 3.
      The electron beam thus emitted is accelerated due to a voltage applied
      between the anode electrodes 4 and 5 by a D.C. power source 8 and
      extracted as a high speed electron beam.
PAR  A method of stabilizing the emitted electron beam in an electron gun of
      such structure will be described.
PAC  FIRST STEP
PAR  Highly pure hydrogen gas is introduced from a hydrogen gas bomb 10 into the
      vessel 1 by gradually opening a leak valve 9 which is inserted in a
      conduit 16 communicating with the vessel 1 and with the bomb 10. The
      partial pressure of hydrogen gas within the vessel 1 may be adjusted by a
      partial pressure measuring device 11 which is attached to the vessel 1.
      According to this invention, the partial pressure of hydrogen gas is
      selected to be in the range of 1 .times. 10.sup.-.sup.9 to 5 .times.
      10.sup.-.sup.7 Torr. Experiments conducted by the inventors have shown
      that partial pressures of hydrogen gas lower than 1 .times. 10.sup.-.sup.9
      Torr are not contributable to stabilization of emitted electron beam
      because only a very small amount of hydrogen gas is contained within the
      vessel and that partial pressures higher than 5 .times. 10.sup.-.sup.7
      adversely influence stabilization of the emitted electron beam, as will be
      described hereinafter.
PAC  SECOND STEP
PAR  After hydrogen gas is introduced into the vacuum vessel 1 as mentioned
      above, a switch 13 which is connected between a cathode carrier 14 and a
      variable D.C. power source 12, is periodically switched on and off. The
      time interval between the switching-on and off is, for example, 0.1 to 3
      seconds. In this way, electric current is intermittently supplied to the
      cathode carrier 14 to cause resistance heating of the carrier 14. Thus,
      the field emission cathode 3 is heated due to thermal conduction.
      According to this invention, the cathode 3 is preferably heated at a
      temperature in the range of 2,000.degree.C. to 3,000.degree.C. through
      such on-off operation of the switch 13. The reason why such range of
      heating temperature is selected is because, in the case of the temperature
      of the cathode 3 being lower than 2,000.degree.C., it is difficult to
      remove impurities such as CO deposited on the cathode surface, and in the
      case where the temperature is above 3,000.degree.C., tungsten material of
      the cathode 3 is melted. Such heat treatment leads to absorption of
      hydrogen gas to the surface of the cathode 3 and thus very high
      stabilization of the surface conditions which results in allowing a stable
      field emission current to be extracted from the cathode 3 for a long time.
      The reason why the partial pressure of hydrogen gas within the vacuum
      vessel 1 above 5 .times. 10.sup.-.sup.7 Torr adversely influences
      stabilization of the emitted beam, as mentioned before, may be considered
      to be because hydrogen gas is strongly absorbed to the cathode surface,
      and further, hydrogen gas is weakly deposited thereon, which further
      hydrogen gas would be the cause of instability. After hydrogen gas has
      been introduced and heat treatment has been effected, its stabilization
      effect cannot be lost even if the hydrogen gas is evacuated.
PAR  Examples of experimental results will be described.
PAR  FIGS. 2 and 3 show the stabilities of electron beams emitted with a
      diverging angle of 111 m rad. from a portion of the field emission cathode
      3 according to the prior art and this invention respectively, the
      electrons being detected by a collector 15 (see FIG. 1). Namely, FIG. 2
      illustrates the stabilities of field emission from the cathode
      approximately 1 hour and 46 minutes after heating, wherein the cathode 3
      is heated for a short time in a very high vacuum atmosphere of 5.6 .times.
      10.sup.-.sup.10 Torr according to the prior art and hereinafter a high
      voltage is applied between the cathode and the anode to cause field
      emission. In the case of an emitting voltage of 4.31 KV, the current
      detected by the collector 15 was 7 to 8 .mu.A, and the stability was about
      1 per cent.
PAR  FIG. 3 shows the stabilities of field emission from the cathode around 55
      minutes after heating, wherein the cathode 3 is heated at about
      2,000.degree.C. in a hydrogen gas atmosphere of 2.1 .times. 10.sup.-.sup.9
      Torr according to this invention and then field emission is initiated. In
      the case of an emitting voltage of 4.45 KV, the current detected by the
      collector 15 was 7.5 .mu.A, and the stability was about 0.2 per cent.
PAR  As will be apparent from these results, heat treatment of cathodes in a
      hydrogen gas atmosphere is very advantageous to stabilization of the field
      emission current from the cathodes. Furthermore, there is obtained another
      advantage that it will take only a very short time for the field emission
      current to reach a fixed value after heat treatment. Experiments have
      revealed that in the prior art the field emission current is not settled
      at any fixed value even after lapse of 2 hours; while, in a cathode heat
      treated in a hydrogen gas atmosphere of 1.4 .times. 10.sup.-.sup.9 Torr
      according to this invention, field emission current reaches a fixed value
      after only 94 seconds, and in the case of 5.6 .times. 10.sup.-.sup.7 Torr,
      it settles at a fixed value after 12 seconds.
PAR  Thus, it will be appreciated that according to this invention, the field
      emission current from cathodes can be stabilized earlier and its stability
      can be improved by a factor of 5 or more as compared with the prior art.
PAR  While we have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of stabilizing the emitted electron beam in a field emission
      electron gun comprising a first step of introducing an amount of hydrogen
      gas into a vacuum vessel containing a field emission cathode tip to a
      partial pressure of 5 .times. 10.sup.-.sup.7 to 1 .times. 10.sup.-.sup.9
      Torr, and a second step of effecting heat treatment of the cathode tip.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein the cathode tip is
      intermittently heated at time intervals of 0.1 to 3 seconds.
NUM  3.
PAR  3. The method as claimed in claim 1 wherein the cathode tip is heated at a
      temperature in the range of 2,000.degree.C. to 3,000.degree.C.
NUM  4.
PAR  4. In a method of stabilizing an electron beam emitted from the cathode of
      a field emission electron gun, wherein said cathode is disposed in an
      ambient vacuum having a low pressure, the improvement comprising the steps
      of:
PA1  a. introducing hydrogen gas into the ambient vacuum in which said cathode
      is disposed to a partial pressure of 5 .times. 10.sup.-.sup.7 to 1 .times.
      10.sup.-.sup.9 Torr; and
PA1  b. heating said cathode at a temperature within a prescribed temperature
      range sufficient to remove impurities deposited on the cathode surface but
      insufficient to cause said cathode to melt, whereby hydrogen gas
      introduced in step (a) will be absorbed by said cathode and stabilize said
      electron beam emitted therefrom.
NUM  5.
PAR  5. The improvement according to claim 4, wherein said prescribed
      temperature range is a range of 2,000.degree.C to 3,000.degree.C.
NUM  6.
PAR  6. The improvement according to claim 5, wherein said cathode is made of
      tungsten.
NUM  7.
PAR  7. The improvement according to claim 5, wherein step (b) comprises the
      step of intermittently supplying electric current to the cathode to cause
      resistance heating thereof.
NUM  8.
PAR  8. The improvement according to claim 7, wherein said cathode is made of
      tungsten.
NUM  9.
PAR  9. The improvement according to claim 5, wherein said impurities include
      carbon monoxide.
NUM  10.
PAR  10. The improvement according to claim 8, wherein said impurities include
      carbon monoxide.
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ABST
PAL  An electric terminal bushing having a hollow tubular contact engageable
      with the contact pin of an electric elbow type connector is arranged so as
      substantially to reduce the arcing time during a switch closing operation
      and includes means for slidably mounting the hollow tubular contact within
      the bushing and magnetic means connected in series with the contact for
      imparting sliding closing movement thereto in response to the striking of
      an electric arc between the contact pin and the tubular hollow contact.
BSUM
PAR  Gas generated by an electric arc within the bushing structure of an
      electric terminal bushing may be very harmful because the pressure built
      up during high current fault conditions may be sufficient to damage
      severely or even destroy the bushing. Furthermore if an operator imparts a
      low velocity closing movement to the movable connector, the time elapsed
      while the arc exists may be sufficient to damage severely the conducting
      elements of the contact structure and a substantial quantity of gas may be
      produced which may tend to impede the closing operation and may also
      damage the bushing. Furthermore bushings which have been called upon to
      perform a substantial number of switch opening and closing operations may
      accumulate carbon deposits which effectively increase the distance between
      the contacts at which an arc initially strikes. Under these conditions
      arcing time is prolonged and the attendant production of gas is increased.
PAR  One approach to reducing arcing time and the attendant production of an
      undesired large volume of gas has caused such arc produced gases to
      operate a piston in such a manner as to accelerate contact closing
      movement so as to reduce the closing time thereby to limit the duration of
      the arc and the attendant production of a large volume of gas. This
      procedure in a sense is self defeating because the gas which is relied
      upon to effect prompt closing of the contacts also inherently tends to
      impede the closing operation to a degree and for this reason is
      objectionable.
PAR  According to this invention, the duration of an electric arc during switch
      closing operations is substantially reduced by the provision of magnetic
      means in series with a contact movably mounted within a bushing and
      arranged so as to impart switch closing sliding movement to the bushing
      contact from its normal position toward an interim position and which
      drives the contact toward the cooperating contact pin when an electric arc
      strikes between the tubular bushing contact and the contact pin.
DRWD
PAR  For a better understanding of the invention reference may be had to the
      following detailed description taken in conjunction with the accompanying
      drawings in which FIG. 1 is a cross-sectional view of a terminal bushing
      and of an associated elbow type connector shown partially in section and
      spaced from the bushing to show an open circuit condition; FIG. 2 is a
      view similar to FIG. 1 but shows the parts in the normal positions they
      occupy during the initial stages of a switch closing operation; FIG. 3 is
      a view similar to FIG. 2 but shows the parts in the positions which they
      occupy at the instant when an electric arc is initiated between the
      contacts; FIG. 4 depicts the parts in the interim positions which they
      occupy immediately following movement of the bushing contact toward the
      connector contact pin to complete a contact closing operation; FIG. 5
      shows the contacts in their fully closed normal positions and with the
      elbow connector in its closed position relative to the bushing; and in
      which FIG. 6 represents the parts during an intermediate phase of an
      opening operation.
DETD
PAR  With reference to the drawings, the numeral 1 generally designates an elbow
      type connector arranged to cooperate with a bushing terminal generally
      designated by the numeral 2. As is well known, the bushing 2 constitutes
      an exterior terminal for electric apparatus such as a transformer (not
      shown).
PAR  Electric connector 1 is of conventional construction and comprises housing
      structure 3 to which is affixed a loop 4 and within which is disposed a
      contact pin 5 having an end portion 5a constructed of insulating material
      and a conducting portion 5b. Housing 3 ordinarily includes an insulating
      structure 6 together with a semi-conductive structure 7. Preferably
      housing structures 6 and 7 are formed of elastomeric material. Insulated
      conductor 8 is connected with contact pin 5 within housing 3.
PAR  Terminal bushing 2 comprises a hollow elongated support structure in the
      form of elastomeric sleeve 9 formed of insulating material together with
      elastomeric material 10 formed of semi-conducting material in known
      manner. Disposed within the housing structure 9,10 is a conducting element
      11 having an internally threaded aperture 12 for receiving an externally
      threaded conducting element (not shown) but which forms a part of a
      transformer winding, for example. A metallic sleeve 13 is secured to and
      envelops the electric conductor 11 and extends upwardly toward the upper
      end of the bushing 2. Sleeve 13 forms a part of the support structure and
      is lined with an insulating layer 13a for a portion of its length and is
      provided with a shoulder 14 which engages the lower end of a cylindrical
      sleeve 15 having an outwardly projecting flange 16. Sleeve 13 could be
      formed of non-conducting material and the layer 13a could be eliminated.
      Sleeve 15 and its flange 16 are preferably formed of mechanically strong
      plastic material and the sleeve and its flange are fixed in position
      relative to the housing 9 of elastomeric material and to the sleeve 13.
PAR  According to this invention the hollow tubular contact 17 having its upper
      end slotted as shown at 17a, is slidably mounted and longitudinally
      movable within sleeve 13 and is driven upwardly toward an interim position
      and into engagement with the conducting pin 5b immediately following the
      striking of an arc between the conducting contact pin 5b and the contact
      17. Toward this end contact 17 is provided with an outwardly projecting
      shoulder 18 which engages the inwardly projecting shoulder 19 formed in
      the fixed sleeve 13 to determine the interim position of contact 17. In
      this way the upper limit of travel of contact 17 is determined. A plastic
      insulating sleeve 20 is secured to and movable with the contact 17.
PAR  For the purpose of aiding in the extinguishment of electric arcs drawn
      between the contact 5b and the tubular hollow contact 17, a quench tube 21
      is fixedly mounted within the upper end of plastic sleeve 20. Quench tube
      21 preferably incorporates a pair of O-rings 22 and 23 disposed about the
      inner surface of the hollow quench tube 21 and disposed in internal
      grooves formed within the quench tube. Quench tube 21 is formed of arc
      extinguishing material and is securely affixed within the upper end of
      plastic sleeve 20 so that the structure including sleeve 20, contact 17
      and quench tube 21 is vertically reciprocable within the bushing 2 between
      the lower position shown in FIG. 1 and an upper position as represented,
      for example, in FIGS. 4 and 6.
PAR  For the purpose of imparting upward movement to the contact 17 and
      associated plastic sleeve 20 and tube 21, magnetic means is provided and
      may comprise a steel armature 24 secured to an insulating link 25
      connected to the bottom end of contact 17 together with a magnetic coil 26
      which at its lower end is interconnected with conductor 11 through
      conductor 27 and which at its upper end is connected with contact 17
      through flexible conductor 28. Insulating liner 13a isolates coil 26 and
      associated conductors from tube 13. Conductor 27 is a rigid structure as
      is the coil 26 so that in effect the coil is fixed in position relative to
      conductor 11. Since the armature 24 is affixed to the contact 17 via
      insulating link 25, contact 17 is driven upwardly when the coil 26 is
      energized. Such movement is accommodated by the flexible conductor 28. Of
      course the invention is not limited to the particular coil structure 26
      and conductors 27 and 28. Some other equivalent could well be employed if
      desired. For example, the lower end of conductor 17 could be
      interconnected with conductor 11 by a sinusoidal flexible conductor which
      upon energization with a current of substantial magnitude would tend to
      expand in a vertical direction and thus tend to drive the contact 17
      upwardly.
PAR  In order to effect a contact closing operation, the connector 1 is lowered
      from the position shown for example in FIG. 1 toward the bushing 2. An
      initial stage of closing is depicted in FIG. 2. The position represented
      in FIG. 2 is such that the lower end of insulating portion 5a of the
      contact pin 5 is immediately adjacent the upper end of hollow contact 17.
PAR  A subsequent stage in a closing operation is shown in FIG. 3. In this
      figure the lower end of the conducting portion 5b of the contact pin 5 is
      adjacent to the upper end of contact 17. In FIG. 3 an arc represented at
      29 has been established which in turn establishes a flow of current
      through the flexible conductor 28, the fixed coil 27, the conductor 11,
      and the winding of the associated transformer. This flow of current
      imparts an upward force to the steel armature 24 and in turn to the
      contact 17, the tube 20, and the snuffer 21.
PAR  FIG. 4 depicts the contact 17 in its upper position due to the action of
      the magnetic means comprising armature 24 and fixed coil 27, the upper
      limit of travel being determined by engagement of shoulder 18 on the
      contact 17 with the shoulder 19 forming a part of metallic sleeve 13. Of
      course flexible conductor 28 extends and allows the metallic armature 24
      to move upwardly from its lower position depicted in FIGS. 1, 2 and 3 to
      the upper position shown in FIG. 4. This movement through the agency of
      insulating link 25 drives the contact 17 into enveloping relationship with
      respect to the lower end of the conducting part 5b of the contact pin 5,
      the lower portion of the contact pin 5, designated 5a, being disposed
      within the tubular contact 17. In this condition the contacts 5b and 17
      are closed and the arc is extinguished.
PAR  Thus by the invention it is apparent that the quick upward travel of the
      contact 17 from the normal position shown in FIG. 3 when the arc 29 is
      initially established to the upper position represented in FIG. 4
      substantially reduces the duration of the arc and in turn substantially
      limits the formation of gas within the support structure comprising the
      bushing 2. By this means internal pressures are limited and effectively
      controlled and damaged to the bushing 2 substantially minimized or
      eliminated. Furthermore since the arcing time is substantially reduced,
      the deleterious effects of arcing between the contacts 5b and 17 are
      minimized.
PAR  FIG. 4 shows the contacts 5b and 17 fully closed. This figure however
      depicts the housing structure 6 and 7 in the positions which these parts
      occupy just prior to a fully closed condition. Thus with the parts in the
      positions represented by FIG. 4, the elbow connector 1 is lowered until
      the surface 6a of the housing 6 engages the surface 9a of the bushing
      housing insulating material 9. When these surfaces come into cooperative
      engagement, the parts occupy the normal positions depicted in FIG. 5 and
      the circuit is completely closed.
PAR  In order to separate the contacts, the elbow connector 1 is simply
      elevated. The frictional relationship between contact pin 5 and hollow
      contact 17 causes contact 17 to move upwardly when connector 1 is lifted.
      Toward this end a hook stick or other suitable manipulative apparatus is
      engaged with the operating hook 4 and an upward force exerted thereon to
      cause the connector 1 to move from the position depicted in FIG. 5 to an
      intermediate position depicted in FIG. 6. In FIG. 6 the shoulder 18 formed
      at the bottom of the contact 17 is shown engaging the internal shoulder 19
      formed in fixed tube 13, and upward movement of contact 17 and parts
      associated therewith is suddenly arrested. This sudden stoppage of upward
      movement of the contact 17 imparts a snap action opening operation whereby
      the lower end of the conducting part 5b of contact pin 5 is quickly
      separated from the upper end of hollow contact 17 and the arc drawn
      between these contacts is effectively and quickly extinguished by the
      known action of the insulating part 5a of the contact pin 5 in cooperation
      with the quench tube 15. Continued upward movement of elbow connector 1
      results in a complete separation of elbow 1 and bushing 2 to cause the
      parts to occupy open circuit positions analogous to those represented in
      FIG. 1.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Electric connector apparatus comprising hollow elongated support
      structure, a tubular electric contact mounted within said support
      structure and movable longitudinally relative thereto between a normal
      closed circuit position and an interim position, said interim position
      being spaced longitudinally from said normal position, and magnetic means
      interconnected with said contact and operable in coordination with the
      initiation of the flow of electric current therethrough for moving said
      contact from its normal position toward its interim position, movement of
      said contact from its normal position toward its interim position being in
      a circuit closing direction.
NUM  2.
PAR  2. Electric apparatus according to claim 1 wherein said magnetic means
      comprises an armature affixed to and movable with said contact.
NUM  3.
PAR  3. Electric apparatus according to claim 1 wherein said magnetic means
      comprises an electrically conductive coil connected in series with said
      contact.
NUM  4.
PAR  4. Electric apparatus according to claim 3 wherein said conductive coil is
      fixedly mounted on said support structure and electrically connected with
      said contact through conductive means arranged to accommodate relative
      movement between said contact and said coil.
NUM  5.
PAR  5. Electric apparatus according to claim 1 wherein said support structure
      comprises an electric bushing and wherein the flow of current through said
      contact is initiated by the striking of an electric arc between said
      contact and a cooperating relatively movable contact during a circuit
      closing operation.
NUM  6.
PAR  6. Electric apparatus according to claim 5 wherein movement of said contact
      toward its interim position following the striking of an arc effectively
      reduces the duration of the arc.
NUM  7.
PAR  7. Electric apparatus according to claim 5 wherein said contact comprises a
      hollow tubular structure slidably mounted within said bushing.
NUM  8.
PAR  8. Electric apparatus according to claim 7 wherein the interim position of
      said contact is determined by cooperating abutments on said contact and on
      said bushing.
NUM  9.
PAR  9. Electric apparatus according to claim 8 wherein engagement between said
      abutments during a circuit opening operation imparts a snap action
      separation between said slidably mounted contact and a cooperating
      frictionally related contact by arresting movement of said slidably
      mounted contact.
NUM  10.
PAR  10. A method of closing a pair of relatively movable electric contacts
      comprising the steps of moving one of said contacts toward the other of
      said contacts, quickly moving the other of said contacts from a normal
      position and toward said one contact to an interim position and into
      engagement therewith at a velocity of movement which is substantially
      solely dependent on the magnitude of current in an electric arc struck
      between said contacts, and finally moving said contacts in unison until
      said other contact reaches its normal position.
NUM  11.
PAR  11. A method of separating a pair of closed relatively movable frictionally
      related electric contacts comprising the steps of imparting an opening
      force to one of said contacts thereby causing said contacts to move in
      unison and causing the other of said contacts to move from a normal
      position to an interim position, arresting movement of said other contact
      at its interim position while continuing to impart an opening force to
      said one contact which is sufficient to overcome the friction force
      tending to hold the contacts closed to separate said contacts, and finally
      restoring said other contact to its normal position following separation
      of said contacts.
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PAL  An electrical connector for a high voltage, high power cable for use in an
      environment of high pressure fluid. The connector is comprised of parts
      which can be assembled in place in the field with widely available tools,
      by unskilled operatives. The connector includes a generally cylindrical
      housing of rigid material, one end of which is designed to tightly enclose
      an armored cable and the other end of which is provided with a coupling
      ring for secure attachment to a feedthrough socket, a continuous outer
      protective sheath of rigid material thus being provided. Within the
      housing, a generally cylindrical contactor support body, fabricated of
      resiliently deformable insulating material, seats on the wall of the
      housing. A contactor for each of the contacts of the feedthrough socket is
      sealed within the contactor support body. The contactor support body
      includes a depending skirt portion formed by an axial opening into which
      the unsheathed end of an armored cable extends, the end of the armor
      sheath being terminated against a ring of rigid material through which the
      unsheathed portion extends. The conductors of the armored cable extend
      into the contactors to which they may be securely attached. The internal
      volume formed within the skirt portion of the contactor support body is
      further occupied by additional resilient insulating bodies having openings
      through which the conductors pass. Pressure-resistant sealing, as by
      bonding or molding, is provided at critical surfaces as required to
      maintain the integrity of the housing, the interior of the contactors and
      the point of juncture with the feed through socket.
BSUM
PAR  This invention relates to electrical connectors for connecting a heavy
      industrial electrical power cable to a power supply socket within an
      environment of high pressure fluids, so that it is difficult to provide
      electrical integrity at the connector. The connector of the invention was
      developed for use in connecting an armored cable within an oil well casing
      to the electrical power feed-through socket in the head of the oil well.
      In deep oil wells, it is necessary to provide electrical power, from a
      power source outside the wellhead, through a pressure-retaining wellhead
      fixture, down a long armored power cable within the oil well casing, to an
      electrical pump motor located within the casing thousands of feet below
      the surface. Typically, the power is supplied at an industrial high
      voltage, for example, 2400 volts, three phase, 60-cycle alternating
      current. In such an environment, the connector is exposed to liquids such
      as oil or water, or gases, such as flammable hydrocarbon gases, under
      pressures of several thousand pounds per square inch. The invention will
      be described in connection with its oil well pump application, but it will
      be understood that it may be employed in other applications requiring
      electrical connection of similar substantial power loads in a similar
      environment of high pressure fluids.
PAR  More particularly, the connector of the present invention is an assembly of
      parts specially fabricated in the factory, so that the connector can be
      assembled to the end of an armored cable at a typical oil well site.
PAR  Heretofore, it has been considered impractical to attach a high power
      electrical connector directly to the cable end under the adverse
      conditions often prevailing in the oil field, and with no tools or
      personnel other than those generally present and in oil field locations.
      Heretofore, when an electrical connector was required for the armored
      cable supplying power within an oil well, it has been the almost universal
      practice to attach the connector to a short piece of cable under factory
      conditions. The connector, together with its short piece of cable
      attached, was then shipped to the oil field, and the oil field workers
      spliced the connector cable to the oil well cable. This method has proven
      to be extremely costly and time-consuming. The typical oil well site is
      located remote from the factory or shop at which the connector was
      attached to its short cable length. Sometimes, it has been necessary to
      fly a connector, factory mounted on its short piece of cable, half way
      around the world to a well site.
PAR  A second disadvantage of the previously known general practice has been the
      unreliability of splicing. In spite of great skill and ingenuity by
      competent oil field workers, adverse conditions at the well site have
      resulted in splices with concealed defects, which failed after being
      placed in operation, with resultant expensive operation shut down and
      repair, and sometimes resulting in costly accidents.
PAR  The electrical connector of the present invention can be attached to an
      armored cable end, under typical oil field conditions, with much less
      difficulty than splicing and with much greater assurance of subsequent
      reliable operation than cable splicing performed under oil field
      conditions.
PAR  A typical oil wellhead, in which the connector of the present invention
      might be used, is illustrated and described in U.S. Pat. No. 3,437,149,
      issued Apr. 8, 1969, to E. T. Cugini, et al., for a "cable feed-through
      means and method for wellhead constructions." Some elements of the Cugini
      wellhead are also illustrated in FIG. 1 of the drawings of this Patent
      Application.
PAR  The wellhead construction illustrated in the Cugini patent, and in the
      drawings of the present Patent Application, is assembled at the well site
      by the oil field workers. The high pressure liquids and gases present
      within the oil well casing are stopped off below the ground surface by
      special devices inserted into the casing for temporarily confining the
      high pressure fluids below them within the casing, all according to a
      technology well known to those familiar with the oil well art. The Cugini
      patent illustrates a typical wellhead construction, including an
      electrical feed-through, with an electrical power socket, to which an
      armored cable may be connected by an electrical connector. The electrical
      connector of the present invention will be described by reference to
      attachment of the connector to an armored cable, such as that employed in
      oil wells, which connector is intended to be threaded on to a typical
      feed-through socket.
PAR  In the past, as already described, the assembly seen in Cugini would be
      produced by splicing a short piece of cable 16 carrying a
      factory-installed connector 67 (referring to the numerals in the Cugini
      patent drawings).
PAR  With the electrical connector of the present invention, it is practical to
      keep in the field an inventory of the connectors themselves, in a
      disassembled condition, since they can be assembled and attached to the
      armored cable in the field. Moreover, the electrical connector of the
      present invention can be removed from a cable end and reused on another
      cable.
PAR  As will be seen from the following description, the electrical connector of
      the present invention is much simpler to install than the procedure for
      making a cable splice; and experience with the connector of the present
      invention has established that it does not involve the risks to electrical
      integrity of splicing at an oil well site.
PAR  The foregoing and other objects and advantages of the electrical connector
      of the invention will be understood from the following description of
      preferred embodiments of the invention, which should be read with
      reference to the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified section view, partly in elevation, of an oil
      wellhead, showing the upper ends of the surface and production casing, and
      a simplified wellhead Christmas tree in section; and internally, FIG. 1
      shows the production tubing, the feed-through, and an electrical connector
      constructed according to the present invention, and field-installed on the
      end of an armored electrical cable;
PAR  FIG. 2 is an enlarged perspective view of the connector of FIG. 1, looking
      down at the coupling end; also included in FIG. 2 is a fragmentary part of
      the lower end of a feed-through, showing the feed-through socket to which
      the connector couples;
PAR  FIG. 3 is a sectional view through the electrical connector of FIG. 2 as
      viewed at a vertical axial plane, indicated by the arrows 3--3 in FIG. 2;
PAR  FIG. 4 is an enlarged view of one of the three contactor tubes employed in
      the connector of FIGS. 2 and 3, for connecting the three power conductors;
PAR  FIG. 5 is an enlarged view of the contactor tube used for connecting the
      instrumentation conductor within the connector of FIGS. 2 and 3;
PAR  FIG. 6 is a top plan view of the connector of FIGS. 2 and 3, as viewed
      looking downward, as indicated by the arrows 6--6 in FIG. 3;
PAR  FIG. 7 is a transverse sectional view, looking downward at a horizontal
      plane indicated in FIG. 3 by the arrow 7--7;
PAR  FIG. 8 is a view of a transverse section of the connector of FIG. 3,
      looking downward at a horizontal plane indicated in FIG. 3 by the arrows
      8--8;
PAR  FIG. 9 is a perspective view of a conductor alignment body employed in the
      interior of the connnector of FIGS. 2 and 3;
PAR  FIG. 10 is a perspective view of a coupling sub-assembly, comprising a
      rubber-seal body, a coupling sleeve carrying a rotatable coupling nut, and
      the internally mounted contact assemblies of FIGS. 4 and 5;
PAR  FIG. 11 is a pres;ective view of a rubber cable-seal body employed adjacent
      to the cable end of the connector of FIGS. 2 and 3;
PAR  FIG. 12 is a longitudinal view, partly in section, of an alternative
      construction of the inventions, which employs a cylindrical shell threaded
      to the coupling sleeve; and
PAR  FIGS. 13, 14 and 15 are cross-sectional views showing a male contactor form
      of the electrical connector of the invention, FIG. 13 is a longitudinal
      sectional view of the connector. FIG. 14 shows the female feed-through
      socket partially broken away. FIG. 15 is a lower end plan view of the
      female socket of FIG. 14.
DETD
PAR  Throughout the specification and claims, the word "insulating" is used with
      reference to electrically insulating material.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  One preferred embodiment of the invention, showing an electrical connector
      with female contactor tubes at the coupling end, is described in the
      following description of FIGS. 1 to 11. The embodiment of FIGS. 1 to 11 is
      also characterized by a housing consisting of two half cylinders bolted
      together.
PAR  FIG. 12 is an alternative preferred embodiment employing an integral
      cylinder housing. FIG. 13 is another preferred embodiment showing the
      electrical connector in a form in which the connector incorporates male
      contactors for reception in a female feed-through socket.
PAR  Certain conventions of descriptive language are adopted herein, both in
      specification and claims, for purposes of clarity and convenience and not
      with any purpose of implied limitation to the oil well art, or to a
      vertical disposition of parts as is usually the case within the oil well
      casing.
PAR  The terms "upstream" and "downstream" refer to the coupling and cable
      attachment ends of the electrical connector, respectively. In a typical
      wellhead installation, the upstream end is upward, and upstream with
      respect to the delivery of electrical power, although not with respect to
      the upwardly pumped oil. Correspondingly, at such an installation, the
      downstream end of the connector is in a downward direction within the
      vertical oil well casing, and downstream in the direction of electrical
      power delivery.
PAR  The terms "feed-through", "feed-through socket", "feed-through contacts",
      and other parts of a feed-through structure are adopted from the
      terminology of oil well technology, in order to describe generally,
      without restriction to oil well technology, the kind of electrical socket
      means for which the electrical connector of this invention was invented.
      The electrical connector of the present invention finds its utility in an
      environment of high pressure fluid, such as oil well liquids and gases at
      pressures as high as 5,000 pounds-per-square-inch. Such high-pressure
      fluids are separated from a working zone for human workers under
      atmospheric pressure by some type of confining structure, for example, an
      oil well casing and wellhead assembly. Ordinarily, electrical power is
      delivered from the working zone to the interior of the confining structure
      by means of an electrical power feed-through following construction well
      known to those familiar with the oil well art, as well as other related
      arts, a description of one embodiment being shown in the Cugini patent
      already mentioned. However, the term feed-through herein means simply any
      delivery of electrical power to a zone of high fluid pressure, even though
      the power originates in a zone of high fluid pressure.
PAR  THe electrical connector of the invention may be constructed with
      contactors of either female or male structure to accommodate male or
      female feed-through sockets, respectively. Both female and male electrical
      connectors are illustrated, described and claimed, generically and in
      preferred specific embodiments.
PAR  The electrical connector of the invention was invented for field attachment
      to an armored cable. However, it is not intended to restrict the
      application of the invention to a cable having any particular kind of
      outer jacket performing the function of "armor." Many forms of wire or
      sheet metal winding are employed on armored cable to provide a flexible
      steel armor. The invention includes cable which is armored by any strong,
      flexible, protective jacket resistant to high pressure fluids, even if it
      were to be fabricated of a non-metal material performing the same function
      as the steel armor.
PAR  The electrical connector of the invention is employed with armored cables
      of a type which frequently incorporate three relatively heavy power
      conductors, and one relatively light-weight instrumentation conductor.
      Such four-conductor cable is often employed as a standard, being used even
      in situations where the instrumentation conductor is not active at all.
      The most important features of the present invention are related to the
      power conductors. Electrical conduction through the electrical connector
      of the invention is provided by a plurality of conducting means referred
      to throughout the specification and claims as "contactor tubes." However,
      it will be appreciated that the contactor tubes employed for the power
      conductors are more elaborate in construction than the contactor tube used
      for the instrumentation conductor. Consequently, the claims have been
      written in a form allowing for this, such as, "at least one of said
      contactor tubes . . . ."
PAR  The term contactor tube is used as a standard for the electrical conduction
      means employed in the electrical connector of the invention, since the
      contactors used in the electrical connector of the invention are always
      tubular, at least, in part. However, as will be seen from subsequent
      description of FIG. 13, the male contactor version of the electrical
      connector, the contactor tube may actually be tubular only in the
      downstream end, and be a solid metal probe in its upstream section. Also,
      the contactor tube for the instrumentation conductor is actually a solid
      rod throughout most of its length, being tubular only at one or both ends.
      Nevertheless, the term contactor tube is used as a generic term for all of
      the contactor means employed in the electrical connector of the present
      invention, in all versions.
PAR  The electrical connector of the invention is described as supporting the
      contactor tubes, as well as the cable end, within three "bodies fabricated
      of resilient, rubber-like, insulating material deformable under the
      pressure of the fluid in the environment." The deformable bodies,
      generally three in number, are housed within a rigid confining structure,
      generally made of steel parts. The confining structure is principally a
      steel housing, a steel armor-fitting ring, a steel coupling sleeve, and
      threaded steel coupling ring, in most cases. The electrical connector of
      the invention is able to maintain electrical integrity in the presence of
      a high-pressure fluid, even if the fluid leaks into the interior of the
      rigid metal confining structure, since the high-pressure fluid presses the
      deformable bodies into closer sealing and insulating inter-engagement with
      each other and with the conducting metal contactor tubes. This principle
      is not new with the present invention, but it is employed in a novel
      assembly of parts, which, for the first time, makes available an
      electrical connector of the present type which can be attached to an
      armored cable under primitive field conditions, with greater ease than the
      splicing of cable.
PAR  Throughout the specification and claims, reference is made to "bonding" and
      "hermetic sealing", as generally including any type of assembly which
      meets the dielectric and mechanical requirements of the connector under
      the particular environmental conditions specified. In general, a bonding
      adhesive is used for attaching a cable-seal body to the rubber sheath of
      the armored cable in the field. However, bonding may also be achieved
      simply by molding the contactor tubes into the contactor tube support body
      at the factory. Both methods achieve "bonding" and "hermetic sealing"
      within the meaning of this specification and claims.
PAR  FIGS. 1 and 2 show an electrical connector constructed according to the
      invention as it would appear installed for use in an oil wellhead typical
      of its principal and preferred use. The electrical connector 10 is
      illustrated already assembled onto the upstream end of an armored
      electrical cable 11. In FIG. 1, connector 10 is seen inside elevational
      view, already coupled to a feed-through socket, indicated generally by the
      numeral 12, located at the downstream end of a feed-through 13, which is
      of standard construction well known to those familiar with wellhead
      structures used in oil fields. In FIG. 2, the downstream end of
      feed-through 13 is shown in perspective, so as to reveal the details of
      feed-through socket 13.
PAR  FIG. 2 reveals that feed-through socket 13 has socket conductors of the
      male probe type, three power conductors 21, 22 and 23, and one
      instrumentation conductor 24. Correspondingly, electrical connector 10 is
      of the female contractor type, being provided with internal conductors in
      the form of contactor tubes, to be described in detail hereinafter, but
      designated as the three power contactor tubes 31, 32, and 33, and
      instrumentation contactor tube 34, all designed to make mating contact
      with socket contactors 21 to 24.
PAR  It will also be seen from FIG. 2 that the feed-through socket designated
      generally by the numeral 13 includes a cylindrical steel socket housing
      25, provided with external threads 26. Also, socket contactor probes are
      supported in an insulating socket body 27, which is spaced upstream from
      the downstream opening 28 of socket 13 so as to leave a cavity designated
      herein as receptacle 29. Associated with receptacle 29 is an interior,
      longitudinally-disposed key 27a, which is an integral part of socket
      insulating body 27.
PAR  Correspondingly, in electrical connector 10, the contactor tubes 31 to 34
      are supported, in radial alignment with socket contactors 21 to 24, by a
      contactor support body 37, which substantially fills most of the interior
      of a housing 40, and has an upstream projection 39 for substantially
      filling receptacle 29, and is provided with a key way 37a, mating with key
      27a, so as to prevent rotation of connection 10 relative to feed-through
      socket 12. A coupling ring 41, in this case an internally threaded
      coupling nut, is rotatably mounted on the upstream end of connector 10 in
      a manner to be described hereinafter, and provides threaded coupling on
      threads 26 of socket 12.
PAR  It will be appreciated that the downstream end of socket housing 25
      provides an annular sealing shoulder 25a, which is adapted to seat
      directly on an external annular shoulder 35a on contactor tube support
      body 37.
PAR  FIG. 1 shows electrical connector 10 as it would appear, if seen in
      cross-section, installed in a typical wellhead. FIG. 1 shows in vertical
      cross-section a wellhead "Christmas tree", indicated generally by the
      numeral 50. Christmas tree is the oil field term to identify the wellhead
      structure topping the oil well casing 51 at ground level. Inside of the
      outer or surface casing 51, there is a smaller diameter production casing
      52, typically supported by a casing head means 53, of typical construction
      well known to those familiar with oil field technology. Typically, it
      includes packing means 54, and hanger means 55.
PAR  Above casing head means 53 is an upper casing head body 60, which provides
      support for a hanger body 61. Above upper casing head means 60 is a seal
      flange 70. Gasket rings 60a and 70a are provided on the undersides of
      upper casing head means 60 and seal flange 70 respectively.
PAR  Production tubing 80 is supported from hanger body 61, and delivers oil
      through an external valve 82 in a manner well known to those familiar with
      oil field technology.
PAR  An electrically powered pump, located deep within the oil well, at the
      bottom of casing 52, is not illustrated. It is supplied with electrical
      power from an outside source through an exteriorpower cable 83, which
      delivers power to feed-through socket 12 at the lower end of feed-through
      13, which is supported in hanger body 61. The electrical connector 10 of
      the invention, provides connection means to internal armored cable 11, for
      delivery of electrical power to the oil well pump.
PAR  It will be appreciated that the assembly seen is constructed under
      atmospheric conditions by skilled oil field technicians, with blow-out
      means temporarily in position to confine the high-pressure fluids within
      casing 51 and casing 52, at some point below the Christmas tree 50
      illustrated in FIG. 1. After the Christmas tree 50 and all enclosed
      apparatuses are assembled and ready for operation, the blow-out means, not
      illustrated here, is released and the high-pressure fluids surge into the
      interior of casing 52, and impose a severe test of the electrical
      integrity of connector 10.
PAR  FIG. 3 is a vertical sectional view of electrical connector 10, as viewed
      at a vertical plane through its longitudinal axis. Parts of the upstream
      end of armored cable 11 are broken away to show the successive sections of
      uncovering of cable conductors within connector 10.
PAR  Connector 10 is attached to the upstream cable end, indicated generally by
      the numeral 100, by engaging it at successive sections. Cable end 100 is
      seen to be enclosed within connector 10 by an armored section 101, a
      sheath section 102 from which the armor 101a has been removed, an
      insulated conductor section 103, at which the rubber insulating sheath
      102a has been removed, and a bare conductor section 104 (seen in dashed
      outline), at which the cable conductors seen in cross-section in FIG. 8,
      have been stripped of insulation for electrical contact with parts of the
      electrical connector 10 to be described hereinafter. In FIG. 8, the three
      power conductors are indicated by the numerals 111, 112, and 113, and the
      instrumentation tip by the number 114.
PAR  Instrumentation tip 114 is mounted on the end of instrumentation conductor
      114a as seen in FIGS. 3 and 5.
PAR  Also, FIG. 8 reveals that each of the conductors is encircled by its
      insulation 111a, 112a, and 113a respectively. In addition, instrumentation
      tip 114 is seen enclosed in bushing 132b. The instrumentation conductor
      114a is soldered to the small instrumentation tip in the cavity between
      the upstream end of the cable-seal body 121 and the downstream end of the
      conductor alignment body 131.
PAR  It will be seen from FIG. 3, and the preceding description, that the
      conductors 111 to 114 of armored cable 11 are placed in electrical
      connection with socket contactors 21 to 24 by the connection of cable end
      100 to contactor tubes 31 to 34, entirely enclosed and supported by three
      insulating bodies, typically molded rubber, each having a special
      function, and the three filling most of the interior of housing 40.
PAR  At the downstream end, a tubular cable-seal body 121, seen in perspective
      view in FIG. 11, is bonded at 122 to cable sheath 102a, to provide
      continuous insulation, and hermetic sealing under the pressure of the
      environmental fluid within connector 10. It will be seen that cable-seal
      body 121 has a downstream annular shoulder 123 making contact with the
      interior walls 40b of housing 40; but that the upper cable-seal body 124
      is of reduced diameter, and spaced away from said interior wall 40b.
PAR  In the preferred form of the invention, a rigid armor-fitting ring, 125,
      typically fabricated of steel, provides a strong confining wall between
      the downstream end of cable-seal body 121 and the upper edge termination
      of armor 101a.
PAR  A second rubber molded body, a conductor alignment body 131, seen in
      perspective in FIG. 9, seats on the upstream end of upper cable-seal body
      124, and provides a plurality of internal passages 132, which diverge
      upwardly to increase the radial spacing of the insulated conductors 111 to
      114 from the smaller radial spacing of cable 11 to the greater radial
      spacing of feed-through socket contactors 21 to 24. The upstream end of
      passages 132 can be seen in the sectional view of FIG. 8. It will be seen
      from the sectional view of FIG. 3 that the diameter of conductor alignment
      body 131 is less than the internal diameter of housing 40, so that there
      is an annular space between cable alignment body 131 and internal housing
      walls 40b.
PAR  A third and largest molded rubber body, filling most of the interior of
      housing 40, is contactor tube support body 37. It provides resilient
      mechanical support for contactor tubes 31 to 34; it provides the
      insulation between contactors tube 31 to 34 and housing 40; and it is
      hermetically sealed to the exterior sidewalls of contactor tubes 31 to 34
      to resist unwanted penetration of the high-pressure fluids in the
      environment. Furthermore, it supports, on an intermediate part of its
      exterior surface, a rigid coupling sleeve 141, on the upstream end of
      which coupling ring 41 is rotatably mounted, typically by retainer ring
      142 carried in retainer grooves 143 and 144.
PAR  FIG. 10 is a perspective view of the contactor assembly as it is fabricated
      at the factory and delivered to the well site, for field installation on
      armored cable 11. The contactor tube support body 37 is shown with the
      coupling sleeve 141 already molded in place for bonding and hermetic
      sealing; the downstream end 141a is seen in dashed outline in FIG. 10, in
      the vertical sectional view of FIG. 3, and in the cross-sectional view of
      FIG. 7 as embedded in molded rubber support body 37. The upstream
      projection 39 of contactor tube support body 37 is also seen in
      perspective in FIG. 10, as in FIG. 1. Coupling ring 41 is shown
      factory-assembled in place on coupling sleeve 141.
PAR  It will be understood that the contactor tubes 31 to 34 are also molded in
      position in the factory assembly of FIG. 10, but they are not shown in
      dashed outline, in order to avoid cluttering the drawing.
PAR  FIG. 10 does disclose in dashed outline, however, that the downstream end
      of contactor support body 37 is provided with a large downstream recess
      151, seen in dashed outline in FIG. 10, and in cross-section in FIG. 3.
      Recess 151 fits closely around upper seal body 124, and alignment body
      131. The tubular sleeve 152, formed of molded rubber integral with support
      body 37, seats on shoulder 123 at its downstream end. The outer surfaces
      of sleeve 152 close fit the interior sidewalls of housing 40b.
PAR  It is important to understand that fluid under pressure which leaks into
      the interior of housing 40 presses skirt 152 against the mating surfaces
      of upper cable-seal body 124 and alignment body 131 to provide electrical
      integrity and security against the penetration of said high pressure
      fluids.
PAR  All three insulating bodies 121, 131, and 37 are molded of rubber or a
      rubber-like insulating material. This material, although mechanically
      strong, is slightly deformable under great fluid pressure or mechanical
      pressure, particularly at relatively thin cross-sections as in skirt 152.
      Also, at sealing shoulders, such as annular sealing shoulder 25a, and
      annular sealing shoulder 123, a slight deformation must occur to
      accommodate minute irregularities in the adjacent steel surfaces, to
      achieve hermetic sealing against the fluids under high pressure. This is
      the type of deformability which is meant when reference is made herein to
      the bodies 37, 121 and 131 as fabricated of deformable material. Actually,
      deformation is minute, except, relatively, at skirt 152, where greater
      deformation occurs under fluid pressure in order to achieve hermetic
      sealing against bodies 121 and 131.
PAR  It will be seen from FIG. 2 and the cross-sectional views of FIGS. 7 and 8,
      that housing 40 is actually comprised of two mating halves 161 and 162,
      which are tightly bolted together by means of threaded fasteners 163 and
      164 (seen in FIG. 7), which are received in mating bores 165 and 166, said
      bores being partially internally threaded, as at 167 and 168. However, it
      will be understood that said housing can be constructed as a unitary
      cylinder as illustrated in FIG. 12, and there indicated by the numeral
      440. Cylindrical housing 440 has an upstream opening 450 which is provided
      with internal threads 451. Mating external threads 452 are provided on
      coupling sleeve 441.
PAR  FIG. 12 also shows an alternative form of armor-fitting ring 425, which is
      formed as a tubular member closely receiving armor 101a, and disposed
      between the interior of the downstream end of housing 440 and the outer
      surfaces of armor cable end section 101.
PAR  FIG. 4 shows a preferred form of contactor tube assembly for power
      contactor tubes 31, 32 and 33.
PAR  The contactor tube assembly of FIG. 4 is indicated generally by the numeral
      31. Its principal part is a contactor tube 171, which typically may be
      machined from a solid rod of beryillium copper. Contactor tube 171 is
      shown partially sectioned to reveal internal parts of the contactor tube
      assembly 31, and the cross-section of contactor tube 171. Tube 171 is seen
      to have a thick-walled intermediate section 172, having a maximum external
      diameter closely fitting and molded to the adjacent walls of molded rubber
      body 37. Intermediate section 172 has a relatively small diameter bore
      173, which may be provided with internal threads 174 for convenience in
      handling during manufacture, for example, in support during molding of
      body 37.
PAR  The downstream end 175 of tube 171 is of reduced cross-section and
      longitudinally slitted by slits 176, so that it is separated into two or
      more resilient fingers 177, which are urged inwardly by a spring 178,
      which may be conveniently retained in an external annular spring groove
      179.
PAR  The upstream end 185 is similarly slitted by slits 186, to provide spring
      fingers 187 which are inwardly urged by a spring 188 contained in groove
      189. Downstream end is enclosed in a tubular housing 191, and the upstream
      end 185 is contained in an upstream housing 192. The outer surfaces of
      housings 191 and 192 are hermetically sealed to body 37 during molding,
      and their interior cavities provide a freedom for slight movement of
      spring fingers 177 and 187.
PAR  Spring fingers 187 form the female contactor recess for receiving a
      corresponding one of power socket probes 21 to 23. The upstream end of
      conductor 111 is mechanically and electrically connected to contactor tube
      171 by an anchoring assembly indicated generally by the numeral 200, and
      comprised of a tip 201, a threaded fastener 202, and a sealing ring 203.
      Tip 201 is firmly secured to conductor 111, for example, by soldering or
      crimping. The upstream end of tip 201 has an internally threaded bore 205,
      which receives the threaded end 206 of fastener 202. An enlarged fastener
      head 207 at the upstream end of fastener 202 seats on an internal annular
      shoulder 208 on the interior sidewalls of contactor tube 171, sealing
      being provided between head 207 and shoulder 208 by sealing ring 203.
PAR  Head 207 is provided with torqueing surfaces, for example, a torqueing
      recess 211.
PAR  Instrumentation contactor tube 34 may be of much simpler construction
      because of the low voltages involved. In FIG. 5, a preferred embodiment is
      shown as a solid rod 234, provided with external annular groove 235 for
      secure support within molding 37. Longitudinal spring fingers 236 are
      machined in the upstream end to provide a tubular recess 237 for reception
      of instrumentation probe 24 in socket 12. The downstream end of
      instrumentation contactor tube 34 is likewise machined to provide spring
      fingers 246 and a downstream recess 247, which closely receives the upper
      end 248 of instrumentation tip 114 attached to the end of instrumentation
      conductor 114a.
PAR  In the preferred embodiment illustrated in FIG. 1 through 11, the
      downstream end of alignment body 131 is provided with a recess 271, to
      facilitate installation. However, parts of this recess not filled by the
      insulated power conductors 103 may be filled by a loop of instrumentation
      conductor 114, covered by its insulation 114a.
PAR  FIGS. 1 to 11 illustrate the female contactor form of the electrical
      connector of the invention, which has a substantial advantage the the
      power conductors can be anchored in position by means of the anchoring
      assembly 200. However, a less preferred embodiment of the invention is an
      electrical connector employing male contactor members. Such an electrical
      contactor is illustrated in FIGS. 13, 14 and 15, and is indicated
      generally by the numeral 510. It has many parts substantially identical to
      corresponding parts in electrical connector 10, including an identical
      housing 540, an anchor ring 525, and armored cable 511, with a sheath
      section 502 encircled by a cable-seal body 521. Also, identical is cable
      alignment body 531. However, the upstream end of electrical connector 510
      is substantially different from the upstream end of connector 10, since it
      must mate with a female contactor type of feed-through socket, a typical
      form of which is illustrated in FIGS. 14 and 15. The longitudinal
      sectional view of FIG. 14, and the bottom plan view of FIG. 15 reveal that
      female-type feed-through socket 612 comprises a socket housing 625 with
      threads 626, which threads 626 mate with threaded coupling ring 641
      rotatably mounted on coupling sleeve 741.
PAR  Female socket contactors, illustrated by typical female socket contactor
      621, are supported in a socket insulating body 627, which has a downstream
      projecting section 650. Projecting section 650 has a smaller diameter than
      the interior of socket housing 625, in order to receive an upper extension
      742 of sleeve 741.
PAR  In the embodiment of FIGS. 13 to 15, the molded rubber key is key 743 on
      the interior of sleeve extension 742, whereas the key way provided is a
      key way 660 provided in the sidewall of projecting section 650.
PAR  Electrical connector 510 employs a contactor tube support body 537 which
      does not have the projecting portion 39 of the contactor support body 37
      in electrical connector 10.
PAR  Most importantly, the upstream end of the typical contactor tube 831, is a
      male contactor probe 851. Contactor tube 831 is tubular only in its
      downstream portion, where it receives a tip 861, but the upstream probe
      851 is solid, and the anchoring assembly 200 is not provided.
PAR  However, it will be understood that if an anchoring assembly is desired,
      the contactor tube of FIG. 4 could be used, and a probe exactly like probe
      851, but constructed simply as an extra part, could be inserted therein
      after installation of anchor 200.
PAR  It should be noted that there are preferred longitudinal dimensions for the
      cavities of housings 40, 440 and 540. This preferred feature may be
      described with reference to FIG. 3, as typical. In FIG. 3, it will be seen
      that downstream housing 40 actually comprises a substantially cylindrical
      downstream cavity 901, and an upstream cavity 902 of much greater diameter
      and length. Downstream cavity 901 is provided to accommodate armor section
      101. Preferably, it has a longitudinal extent substantially greater than
      the diameter of armored cable 11. The upstream end of downstream cavity
      901 terminates in an internal annular shoulder 903 which provides a
      structurally secure seat for armor-fitting ring 125.
PAR  The increased diameter of upper cavity 902 provides for an adequate
      cross-section of dielectric material in body 37 for insulating contactor
      tubes 31 to 34 at the increased radial spacing of socket contactors 21 to
      24.
PAR  The substantial length of cavity 902 permits the use of power contactor
      tubes 31 to 33 with longitudinally extended contactor fingers 177 and 187
      for more resilience in contact engagement. Finally, substantial size of
      contactor support body 37, and the resilient mounting therein of contactor
      tubes 31 to 34, permitting a certain amount of adjustment to misalignment
      between contactor tubes 31 to 34 and socket contactors 21 to 24.
PAR  Male-female interlocking sealing is provided between the support body 37
      and the socket body 27 (in the female connector form of FIG. 3.), and
      between support body 537 and socket body 627 (in the male connector form
      of FIG. 13); all four of these bodies are made of electrically insulating
      rubber or the like, so that their mating under pressure provides both
      hermetic sealing and electrical security.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical connector for connecting an armored cable, with multiple
      conductors to a feed through socket;
PA1  a substantially cylindrical housing made of rigid material and axially
      aligned with said armored cable, said housing having an upstream end
      adjacent said socket and a downstream end adjacent said cable;
PA1  an armor-gripping shoulder at the downstream end of said housing, said
      shoulder providing an internal surface, substantially cylindrical, closely
      fitting the exterior surface of the armor of said armored cable;
PA1  means at the upstream end of said housing for securely fastening said
      electrical connector to said feedthrough socket;
PA1  a contactor assembly comprising;
PA2  a contactor support body made of a resilent rubber-like, dielectric
      material, said body substnatially filling the upstream portion of said
      housing, said body having an axial opening in the downstream end to
      provide a depending skirt of tubular configuration;
PA2  a plurality of contactor tubes supported within said contactor support
      body, one contactor tube for each of the conductors of said cable, said
      tubes being made of conductive material, said tubes being aligned in an
      upstream-downstream direction, each of said tubes having a downstream
      opening for reception of one of the conductors of said cable, each of said
      tubes having an upstream electrical contactor portion mating with a
      corresponding contactor in said feedthrough socket;
PA1  a cable-seal body made of resilient, rubber-like dielectric material,
      located within the downstream end of said housing, upstream from said
      armor-gripping shoulder, and including bonding means to a cable-end of
      said armored cable from which the armor has been removed; and
PA1  an alignment body made of a resilient, rubber-like dielectric material,
      said alignment body being disposed within said axial opening at the
      downstream end of said contactor support body and said alignment body
      having passages to accommodate the conductors from said cable end, and to
      place them in disposition for entrance into said contactor support body,
      to make electrical contact with the downstream ends of said contactor
      tubes.
NUM  2.
PAR  2. An electrical connector as described in claim 1, which includes a
      conductor anchoring assembly within at least one of said contactor tubes,
      and comprising:
PA1  an internal annular shoulder in said contactor tube for location upstream
      from the corresponding conductor end;
PA1  a conductor tip, of electrically conductive material, with means for
      mechanically and electrically secure attachment to the end of said
      conductor, said conductor tip having an internally threaded upstream end;
PA1  a fastener mating with said upstream threaded opening of said tip, said
      fastener seating on the upstream side of said internal contactor shoulder,
      and adapted to tighten said conductor tip into mechanically and
      electrically secure engagement with the interior of said contactor tube;
      and
PA1  sealing-ring means encircling the head of said fastener and seating on said
      interior shoulder of said contactor tube to provide pressure-resistant
      sealing at said shoulder.
NUM  3.
PAR  3. An electrical connector as described in claim 2, in which at least one
      of said contactor tubes is fabricated of a resilient conductive material,
      said contactor tube has its downstream end provided with a plurality of
      longitudinal slits in the portion receiving said conductor tip, to
      separate said downstream portion of said contactor tube into separate
      finger means engaging said conductor tip; and spring means urging said
      finger means into engagement with said conductor tip.
NUM  4.
PAR  4. An electrical connector as described in claim 1 for assembly to the end
      of an armored cable having a plurality of insulated conductors, a sheath
      of rubber-like insulating material surrounding said conductors, and an
      external jacket of armor, which connector includes an armor-fitting ring
      of rigid material, which ring seats on the upstream end of said armor, at
      the upstream end of said armor-gripping shoulder, and closely receives
      said sheath, to provide a rigid enclosure for the downstream end of said
      resilient, rubber-like armor-seal body.
NUM  5.
PAR  5. An electrical connector as described in claim 1, in which said housing
      is divided into two half-housings along upstream-downstream lines, and
      said housings are provided with fastener means for tightening said
      half-housings to provide a rigid walled enclosure for said resilient
      bodies within said connector.
NUM  6.
PAR  6. An electrical connector as described in claim 1 in which said housing
      has an upstream coupler-receiving opening internally threaded, and the
      external surfaces of said coupling sleeve are provided with said means
      mating with said receiver opening threads.
NUM  7.
PAR  7. An electrical connector as described in claim 1 in which the upstream
      end of said contactor support body is provided with an external annular
      shoulder for making sealing engagement against the downstream end of said
      feed-through socket when said coupling is attached to said feed-through
      socket.
NUM  8.
PAR  8. An electrical connector as described in claim 1 in which said conductor
      alignment body is closely received in the upstream portion of said
      downstream opening; said cable-seal body has at least a portion of its
      upstream end received into said downstream opening and seating against the
      downstream end of said cable alignment body; and said cable-seal body is
      provided with an external annular shoulder at its downstream end for
      making sealing contact with the downstream end of said contactor support
      body.
NUM  9.
PAR  9. An electrical connector as described in claim 1 for coupling to a
      feed-through socket of the type which includes a male probe corresponding
      to each cable conductor and projecting downstream, but having greater
      radial spacing than the conductors of said cable, which connector is
      characterized by:
PA1  a conductor alignment body which increases the radial spacing of the
      conductors from the spacing within the cable to the spacing within the
      feed-through socket;
PA1  an upstream end portion of said contactor support body for filling said
      feed-through socket, said upstream end being provided with upstream end
      openings, one corresponding to each of said probes; and
PA1  each of said contactor tubes is provided with an upstream tubular opening
      for closely receiving one of said probes, and also with resilient spring
      means for urging said upstream tube into secure mechanical and electrical
      engagement with said probe.
NUM  10.
PAR  10. A fluid-proof electrical connector for field assembly to the end of an
      armored cable, said cable including a plurality of conductors, insulation
      on each of said conductors, a rubber-like sheath enclosing said
      conductors, and an outer protective armor, whereby an upstream end of said
      armored cable can be releasably connected to a feed-through socket, said
      feed-through socket including a feed-through housing opening downstream,
      threaded coupling means on said feed-through housing, an insulating body
      filling the interior of said feed-through housing at a point spaced
      upstream from said downstream opening, and a plurality of electrical
      socket-contact means supported within said insulating body and
      communicating with said downstream opening of said feed-through socket,
      said socket-contact means corresponding to the conductors of said cable,
      but having greater radial spacing than the spacing of the conductors of
      said cable; which electrical connector includes:
PA1  an elongated, substantially cylindrical connector housing, disposed
      longitudinally in an upstream-downstream direction, said housing including
      a downstream cavity closely fitting the armor of said cable, and an
      upstream cavity having a substantially greater diameter than said armored
      cable;
PA1  an armor-fitting ring closely received on the upstream end of said cable
      sheath and seating on the upstream termination of the armor of said cable,
      and also on said internal annular shoulder between said downstream and
      upstream cavities;
PA1  a tubular cable seal body having its downstream end seated on said
      armor-fitting ring, and filling the downstream end of said upstream
      cavity, said tubular cable-seal body having an upper portion of reduced
      external diameter, said tubular cable-seal body being fabricated of a
      resilient, rubber-like insultating material, said cable-seal body being
      closely received on a sheathed portion of said cable upstream from the
      termination of its armor;
PA1  bonding material for hermetically bonding the exterior surfaces of said
      cable sheath to the interior surfaces of said cable-seal body;
PA1  an alignment body made of a resilient, rubber-like insulating material
      seated on the upstream end of said cable-seal body, and having upstream
      diverging passages to accommodate the insulated conductors of said cable,
      and to increase their radial spacing from that of the cable to that of
      said feed-through socket;
PA1  a contactor assembly including:
PA2  a contactor support body fabricated of a relient rubber-like, insulating
      material, said contactor support body being closely received in said
      upstream cavity, said contactor support body having a downstream recess
      closely receiving the upstream part of said cable-seal body and said
      alignment body, said contactor support body having a plurality of passages
      between its downstream end and upstream end, one corresponding to each of
      the conductors of said cable, the radial spacing of said passages
      corresponding to the radial spacing of said feed-through socket, said body
      having an upstream projection mating with the interior of said
      feed-through housing, and having an external annular shoulder adapted to
      seat on the downstream end of said feed-through socket housing;
PA2  a rigid metal coupling sleeve encircling said contactor support body
      intermediate its upstream and downstream ends, said coupling sleeve having
      an exterior surface adapted to make sealing engagement with said upstream
      opening of said housing;
PA2  a coupling ring threaded to make coupling connection to said threaded
      feed-through socket housing, said coupling ring being rotatably mounted on
      the upstream end of said coupling sleeve;
PA2  a plurality of contactor assemblies, one corresponding to each of said
      cable conductors, each said assembly being supported in said
      upstream-downstream passages through said contactor support body, said
      contactor assemblies having substantially cylindrical sidewalls
      continuously bonded to the interior walls of said passages to make
      hermetic sealing with said contactor support body, each of said contactor
      assemblies including a contactor tube having an intermediate bonding
      section of maximum diameter which exterior surface is directly bonded to
      said contactor support body, said contactor tube including a downstream
      section of reduced cross-section for making electrical contact with one of
      said cable conductors, and an upstream section of reduced diameter for
      making electrical contact with one of said feed-through socket-contact
      means, said contactor assembly including a dowstream tubular housing
      enclosing said downstream contactor end and externally bonded to said
      contactor support body, and an upstream housing enclosing said upstream
      contactor, and externally bonded to said contactor support body.
NUM  11.
PAR  11. An electrical connector as described in Claim 10, in which, for at
      least for some of said cable conductors, the cable conductor is
      electrically and mechanically secured within its corresponding connector
      tube by means of a conductor tip securely attached to the upstream end of
      said conductor, said tip being provided with an internally threaded bore
      opening upstream; an internal annular shoulder is provided within said
      conductor tube upstream from said intermediate portion of maximum
      diameter; and a headed fastener means having a threaded downstream end
      adapted to be received into said threaded bore of said tip, and a
      wrenching head at its upstream end adapted to seat on said internal
      annular shoulder; and sealing-ring means adapted to make sealing
      engagement between the upstream surfaces of said shoulder and the
      downstream surfaces of said fastener head.
NUM  12.
PAR  12. An electrical connector for connecting an upstream cable-end of an
      armored cable to a feed-through socket located within a conduit containing
      fluid under high pressure;
PA1  said cable-end including a succession approaching said socket;
PA1  an armored section,
PA1  a sheath section with armor removed;
PA1  an insulated conductor section with armor and sheath removed to expose a
      plurality of separate insulated conductors,
PA1  and a conductor contact section with insulation removed from the upstream
      end of each conductor for electrical contact;
PA1  said socket including:
PA2  a socket housing defining a downstream opening receptacle,
PA2  a set of feed-through conductors corresponding to the conductors of said
      cable, but disposed at greater radial spacing to maintain dielectric
      security at a connector within said high-pressure fluid;
PA2  a feed-through insulating supporting said feed-through conductors within
      said feed-through;
PA2  an annular sealing shoulder at the opening of said receptacle;
PA2  and threaded coupling means in the walls of said socket housing; which
      connector comprises:
PA1  an elongated housing enclosing an armor-gripping downstream cavity, for
      closely receiving said armored section of said cable end, and a
      body-containing upstream cavity for providing a rigid walled enclosure for
      deformable insulating bodies within said connector, said housing including
      a ring-seating shoulder at the upstream end of said downstream cavity, and
      an annular coupling-sleeve shoulder encircling an upstream opening at the
      upstream end of said housing;
PA1  an armor-fitting ring seated on said armor-seating shoulder, and closely
      fitting said sheath section at its downstream end, for providing
      rigid-walled confinement to deformable bodies within said connector
      housing;
PA1  a tubular seal body fabricated of resilient, rubber-like, insulating
      material deformable under the pressure of said fluid, said body seating on
      said armor-fitting ring, the interior surface of said body making hermetic
      sealing contact with said sheath section of said cable end, the exterior
      surface of said body being divided into an enlarged downstream shoulder
      closely fitting the adjacent interior sidewalls of said upstream cavity,
      and an upstream section of reduced diameter spaced away from the sidewalls
      of said upstream cavity;
PA1  an alignment body fabricated of a resilient, rubber-like, insulating
      material deformable under the pressure of said fluid, said alignment body
      being seated on the upper end of said seal body, said alignment body
      having upwardly diverging passages to accommodate the insulated conductors
      from said cable end, and to increase their radial spacing to that of said
      feed-through conductors, said alignment body having exterior sidewalls
      spaced inwardly from the interior sidewalls of said upstream cavity;
PA1  a contactor support body fabricated resilient, rubber-like, dielectric
      material deformable under the pressure of said fluid, said support body
      substantially filling said upstream cavity, said support body having its
      downstream end seating on said annular shoulder of said seal body, said
      support body having a downstream recess for closely receiving said seal
      body and said alignment body, said support body having a coupling-seal
      section at its upstream end, spaced upstream from said housing, and said
      section comprising an external annular shoulder for sealing against said
      annular sealing shoulder of said receptacle, and an upstream projection
      for at least partially filling said socket receptacle, and said support
      body being provided with a plurality of contactor passages between its
      downstream and upstream ends, one of said passages corresponding to each
      of said cable conductors;
PA1  a plurality of contactor means, one supported in each of said contactor
      passages for providing electrical communication between the conductors of
      said cable and said feed-through conductors, said contactor means having
      their external surfaces hermetically sealed to the adjacent walls of said
      contactor passages in said contactor support body; and
PA1  a coupling assembly comprising:
PA2  a coupling sleeve mating with said coupling-sleeve shoulder at the upstream
      end of said housing, said coupling sleeve being hermetically sealed to
      said contactor support body, said coupling sleeve having an upstream end
      projecting above said housing; and
PA2  a threaded coupling ring mating with said threaded coupling means in the
      walls of said socket housing, said coupling ring being rotatably mounted
      on said coupling sleeve, whereby said connector may be threadably coupled
      to said feed-through socket with sealing against said annular sealing
      shoulder on said contactor support body.
NUM  13.
PAR  13. An electrical connector as described in claim 12 in which those of said
      contactor means which are provided for the transmission of power are
      contactor assemblies comprising:
PA1  a contactor tube of resilient conducting metal, said tube having its
      upstream and downstream ends of reduced cross-section diameter, and an
      intermediate section of enlarged diameter having external sidewalls
      hermetically sealed to said contactor support body;
PA1  upstream and downstream tubular housings for said upstream and downstream
      finger sections of said contactor tube, said housings having their
      exterior walls hermetically sealed to said contactor support body;
PA1  upstream and downstream spring means on said upstream and downstream finger
      sections for urging them into secure electrical contact with the socket
      contactors and the conductor ends, respectively; and
PA1  a conductor anchoring assembly for each cable conductor comprising:
PA2  an internally threaded conductor tip adapted to be firmly attached to one
      of said cable conductor ends;
PA2  a threaded fastener means for close reception to the interior of said
      contactor tube at the intermediate section thereof, said threaded fastener
      means having a downstream threaded end mating with said internally
      threaded tip, and an unstream head end provided with torqueing surfaces,
      and adapted to make sealing engagement with the interior walls of said
      contactor tube; and sealing-ring means for making sealing contact between
      said upstream fastener head and the interior sidewals of said contactor
      tube.
NUM  14.
PAR  14. An electrical connector for connecting an armored cable, with multiple
      conductors, to a feed-through socket;
PA1  a substantially cylindrical housing made of rigid material and axially
      aligned with said armored cable, said housing having an upstream end
      adjacent said socket and a downstream end adjacent said cable;
PA1  an armor-gripping shoulder at the downstream end of said housing, said
      shoulder providing an internal surface, substantially cylindrical, closely
      fitting the exterior surface of the armor of said armored cable;
PA1  a coupling-receiving opening at the upstream end of said housing;
PA1  a contactor assembly comprising:
PA2  a contactor support body made of a resilient, rubber-like, dielectric
      material, said body substantially filling the upstream portion of said
      housing, said body having an upstream end projecting above said housing to
      meet with said feed-through socket, said body having an axial opening in
      the downstream end to provide a depending skirt of tubular configuration;
PA2  a socket-coupling means encircling said contactor support body, said
      coupling means comprising a coupling sleeve of rigid material mating with
      said upstream coupling-receiver opening of said housing, and a coupling
      for secure coupling to said feed-through socket;
PA2  a plurality of contactor tubes, supported within said contactor support
      body, said tubes corresponding to each of the conductors of said cable,
      said tubes being made of conductive material, said tubes being aligned in
      an upstream-downstream direction, each of said tubes having a downstream
      opening for reception of one of the conductors of said cable, each of said
      tubes having an upstream electrical contactor portion mating with a
      corresponding contactor in said feed-through socket;
PA1  a cable seal body within the downstream end of said housing, upstream from
      said armor-gripping shoulder, and including bonding means to a cable-end
      of said armored cable from which the armor has been removed; and
PA1  an alignment body made of a reslient, rubber-like, dielectric material,
      said alignment body being disposed within said axial opening at the
      downstream end of said contactor support body and said alignment body
      having passages diverging in an upstream direction to accommodate the
      conductors from said cable end, and to place them in disposition for
      entrance into said contactor support body, to make electrical contact with
      the downstream ends of said contactor tubes.
NUM  15.
PAR  15. An electrical connector for field installation to connect an end of a
      multi-conductor armored cable to a feedthrough socket having a contact for
      each of said conductors comprising:
PA1  a generally cylindrical housing of rigid material having one open end for
      tightly enclosing said end of said armored cable,
PA1  a generally cylindrical contactor support body of resilient insulating
      material having a relatively long, substantially solid major portion and a
      relatively short minor portion having an axial opening formed therein to
      provide a depending skirt of tubular configuration, the outer wall of said
      contactor support body being sealed along a major portion of its length to
      the interior wall of said housing, said axial opening being larger in
      diameter than the outside diameter of said armored cable,
PA1  a plurality of contactors sealed in said contactor support body each of
      said contactors being disposed for connection to one of said contacts of
      said feedthrough socket,
PA1  means in each of said contactors for connecting each said contactor to a
      conductor of said armored cable,
PA1  an internal annular shoulder formed at said one open end of said housing,
PA1  means supported by said shoulder providing a seat for an end of said armor
      on said armored cable and having an opening formed centrally thereof
      permitting passage of the unarmored remainder of said armored cable into
      the volume defined by said skirt depending from said contactor support
      body,
PA1  auxiliary support bodies of resilient insulating material disposed in and
      substantially filling said volume about said unarmored remainder of said
      cable, said auxiliary bodies having openings formed therein for the
      passage of said conductors of said armored cable to said contactors,
PA1  and means at the other end of said housing for securely fastening said
      electrical connector to said feedthrough socket.
NUM  16.
PAR  16. An electrical connector as claimed in claim 15, in which at least some
      of said contactors sealed in said contactor support body make connection
      with corresponding conductors of said armored cable by means of a
      construction in which:
PA1  said contactor is a tubular body with an open passage from a feedthrough
      socket connecting end to a conductor receiving opening at the opposite
      end, said tubular passage having a reduced internal diameter at an
      intermediate portion to provide an internal annular seating shoulder
      facing toward said feedthrough socket opening;
PA1  a pin-type fastener is disposed coaxially within said tubular contactor,
      said fastener having at its feed-through socket end an enlarged head
      seating on said seating shoulder, and said fastener having a fastening end
      projecting toward said conductor receiving opening;
PA1  a fastener tip for attachment to the end of the conductor corresponding to
      said contactor, said tip having a cooperating fastening part adapted to be
      received into said tubular body through its said conductor receiving
      opening, and to make fastening engagement with said pin-tupe fastener; and
PA2  sealing ring means between the head of said fastener and said seating
      shoulder to insure hermetic sealing within said contactor tubular body.
NUM  17.
PAR  17. An electrical connector as claimed in claim 15 in which said means for
      fastening said electrical connector to said feedthrough socket includes:
PA1  a tubular sleeve of rigid material encircling said contactor support body,
      said body being molded to partially enclose said sleeve and make secure
      hermetic sealing with it; and a mating ring rotatably mounted on said
      tubular sleeve, said mating ring being threaded to make secure fastening
      with said feedthrough socket.
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ABST
PAL  Mutually mating cable contact members, on longitudinally aligned contact
      carriers, are surrounded by annular sealing portions of these carriers,
      which have annular sealing surfaces engaging each other. Said sealing
      portions consist of materials having different elasticities. A ring
      surrounds the sealing portion of greater elasticity and presses the
      sealing surface of this portion against the sealing portion of the other
      contact carrier. By the coaction of the ring with the sealing portions of
      different elasticities, the new connector remains water tight when
      submerged in deep water for extended periods of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been desired to construct water tight plug connectors for
      electric cables so as to provide a proper seal against access of water
      when the cable is submerged in deep water. However, serious difficulties
      have been encountered.
PAR  When the connectors are constructed for plugging-in only above the water,
      it is usual to seal the connector members by elastic gaskets against the
      entrance of water into the electric contact area in order to avoid
      grounding and short-circuiting of the contact members by any entering
      water. These elastic gaskets necessarily are water tight only up to a
      certain pressure of the surrounding water. They fail when the external
      water pressure overcomes the mechanical pressure which acts on the sealing
      gasket. Such plug connectors are therefore useful only down to limited
      depths of the water.
PAR  Other plug connectors are built to allow plugging in under water. Usually
      the insulating parts of such connectors are constructed in certain shapes
      and of certain materials so as to disrupt the film of water which
      otherwise would establish an electrically conductive connection between
      the surrounding water and the electric contact members. By such
      constructions, the plugged in connector has sufficient insulative
      resistance between the surrounding water and any water contained in the
      contact region of the plug connector. At least one of the insulating parts
      of such connectors is usually made of an elastic material, the elasticity
      of which is utilized for disrupting the aforementioned film of water.
PAR  It is a disadvantage of connectors of this latter type that continued use
      of the cable and repeated opening and closing of the plug connections lead
      to failure by fatigue of the elastic material. The resulting reduction in
      elastic force of this material makes this material unable to disrupt the
      water film during and after a new plugging-in process. It has been an
      additional essential drawback of such connectors, made of elastomeric
      material, that they could be connected only with cables insulated by
      elastomeric material, which is not very effective as an electric
      insulator.
PAR  Cable connectors for underwater plugging-in have also been proposed in
      certain forms designed to displace the water from the contact region
      during the plugging-in process. These require expensive constructions for
      the contact carriers with special apertures for escape of water displaced
      from the contact region. These constructions also require a considerable
      length of the contact carriers to prevent the entrance of surrounding
      water after the plugging-in, and they do not provide adequate contact
      pressure between contact members.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to overcome the above-mentioned
      difficulties.
PAR  It is another object to provide a water-tight plug connector for electric
      cables which allows repeated plugging-in, particularly under water; which
      can be used in deep water; and which retains the sealing effect,
      originally provided thereby, after extended use and repeated plugging-in
      operations.
PAR  Another object is to provide a water-tight plug connector of the indicated
      type particularly for cables insulated by a polyolefin material of high
      electric resistivity.
PAR  The objects have been achieved by providing contact carriers with sealing
      portions which consist of materials having different elasticities, with
      annular sealing surfaces engaging each other, and with annular means
      engaging the sealing portion of greater elasticity for pressing its
      sealing surface against the other sealing surface.
PAR  In one particular embodiment of the invention each of the aligned contact
      carriers has a plurality of contact members and has a single annular
      sealing portion surrounding said members. The sealing portions of the
      combined contact carriers then are pressed together by a single and
      relatively simple ring.
PAR  It is a further particular feature of the invention that the contact
      carriers are constructed in set-off form, with a support portion of larger
      diameter and a sealing portion of smaller diameter extending axially from
      the support portion. The ring or ring means engaging the sealing portion
      of greater elasticity can then have an outer diameter approximately equal
      to that of the support portion for the sealing portion of lesser
      elasticity.
PAR  According to one embodiment of the invention one of the contact carriers
      has a sealing portion consisting of elastic material and a transitional
      portion, suitably connected with the sealing portion and also with the
      cable. Particularly when the cable is insulated with polyolefin, the
      transitional portion can also consist of polyolefin. For connecting the
      transitional portion with the elastic portion a variety of intermediary
      members, such as a metal sleeve, can be used.
PAR  The various embodiments of the invention provide water-tight sealing for
      plug connectors usable in water down to great depths. The construction
      retains its water-tight sealing characteristic for long periods of time,
      also when the plug connections are opened and closed repeatedly, above the
      water or under water. At the same time the construction is particularly
      simple and inexpensive.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a central longitudinal section through a first embodiment of the
      invention;
PAR  FIG. 2 is a similar section through a second embodiment;
PAR  FIG. 3 is a similar section through a third embodiment;
PAR  FIG. 4 is a similar section through a fourth embodiment; and
PAR  FIG. 5 is a similar section through a fifth embodiment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a first cable 10 has a first contact carrier 20 thereon
      and has a first contact member, particularly a plug 30 molded into the
      contact carrier 20 with a water-tight seal at 31, against any access of
      water from around the member 30 into the contact carrier 20. A second and
      opposite cable 11 has a second contact carrier 40, with a second mating
      contact member or socket 50 thereon and similarly molded into it. The
      electrical conductors 24, 25 of cable end portions 10, 11 respectively are
      suitably welded or soldered or otherwise connected, the one with plug 30
      and the other with socket 50.
PAR  According to the invention at least sealing portions 21, 41 of contact
      carriers 20 and 40 respectively, and which respectively surround the
      contact members 30 and 50, consist of materials of different elasticity.
      For example in the embodiment of FIG. 1 the entire second contact carrier
      40, including its sealing portion 41, consists of material more elastic
      than the material of the opposite sealing portion 21 and the entire first
      contact carrier 20. This more elastic portion 41 is formed as a socket,
      receiving the other contact carrier portion 21.
PAR  In further accordance with the invention an annular pressure member 70
      engages an outer surface 73 of the more elastic sealing portion 41 so as
      to press this latter portion radially against the inner sealing portion 21
      inserted therein. For this purpose a rigid coupling nut 60 has interior
      threads 61 in one end portion of the nut engaging exterior threads 22 on
      an enlarged portion 23 of the first contact carrier 20, while another end
      portion 62 of coupling nut 60, opposite threads 61, is arranged for
      sliding contact with an outer surface of the second contact carrier 40.
      Shoulders 71, 72 are formed coaxially in coupling nut 60 and on the
      annular pressure member 70, respectively so that when coupling nut 60 is
      threaded onto the first contact carrier 20 the nut causes sliding of the
      annular pressure member 70 in one axial direction (as shown, toward left).
      Mating surface portions 73 in the annular pressure member 70 and on the
      more elastic sealing portion 41 have frustoconical form so that the axial
      leftward sliding of annular pressure member 70 presses inner surface
      portions 74, 75 of the more elastic sealing portion 41 against mating
      outer surface portions of the less elastic contact carrier portion 21,
      thereby producing the aforementioned radial pressure. Advantageously, ring
      70 consists of synthetic plastic material less elastic than the engaged
      sealing portion 41, or of substantially rigid material.
PAR  In the illustrated embodiment, the surface portion 74 has frustoconical
      form similar to the outer surface 73 of the more elastic sealing portion
      41, while surface portion 75 is cylindrical and is disposed in the endmost
      part of the elastic member 41, to engage a cylindrical part of the less
      elastic member 21 disposed between the end of the latter member and its
      enlarged portion 23.
PAR  Advantageously the sealing portion 21 is offset from the enlarged contact
      carrier portion 23 to such extent that the resulting shoulder 76, facing
      the annular pressure member 70, provides sufficient room for that member
      in an approximately cylindrical portion 77 of the coupling nut 60 coaxial
      with threads 61 and having a slightly smaller inner diameter than these
      threads. As also shown, shoulders 78 are formed on member 70 and in
      portion 77 of coupling nut 60 and are arranged so that when this nut is
      unthreaded from the first contact carrier 20 the annular pressure member
      70 is thereby displaced (as shown toward the right), to relieve the
      aforementioned radial pressure between the sealing portions 21, 41 of
      different elasticity.
PAR  When connectors 20 and 40 are disconnected under water, the contact members
      30 and 50 are in contact with the water. When these members are then
      re-connected under water, by inserting plug 30 into socket 50, water is
      displaced thereby from the space in the socket and around the plug, along
      the surface portions 74 and 75 which at this time are not in hermetically
      sealing contact with one another because of the relatively elastic nature
      of the outer sealing portion 41. The displaced water escapes readily
      between threads 22 and 61.
PAR  The coupling nut 60 is then threaded onto the first contact carrier 20; for
      this purpose ribs 63, 64 may be formed on the coupling nut and contact
      carrier respectively. The threading-on of the coupling nut 60 does not
      cause further displacement of water from the space between plug 30 and the
      surrounding parts, particularly in the illustrated preferred embodiment
      wherein a shoulder 79 is formed in the second contact carrier 40, opposite
      the end of the first sealing portion 21, so that this portion 21 can first
      be manually inserted in the second contact carrier 40 all the way to
      shoulder 79. However, importantly, the threading-on and tightening of
      coupling nut 60 causes leftward sliding of annular pressure member 70 and
      thereby establishes high and distributed radial pressure between the
      sealing portions 41, 21, in such a way that the more elastic portion 41
      fully adapts itself to the outer surface of the less elastic portion 21
      and hermetically seals the space within these portions from the
      surrounding water, thereby safely electrically insulating the
      inter-engaged contact members 30 and 50 from the surrounding water.
PAR  The dimensions of the sealing portions 21 and 41, existing in the absence
      of pressure applied to the more elastic portion 41 by ring 70, can be such
      that the more elastic portion 41 is not subjected to tension by the mere
      insertion of the less elastic portion 21. The entire sealing pressure
      between the sealing portions 21, 41 is then established by pressing the
      pressure ring 70 onto the more elastic portion 41, that is, by
      threading-on and tightening the coupling nut 60. However, it is also
      possible to so dimension the sealing portions 21, 41 as to cause elastic
      deformation of the latter incident to the initial plugging-in. In this
      event the resulting initial tension of the elastic material of portion 41
      contributes to the ultimate sealing pressure.
PAR  Referring now to FIG. 2: In this embodiment the second contact carrier 40a
      again has a sealing portion 41a of relatively high elasticity but also has
      a transitional portion 42a consisting of a material which facilitates
      water-tight bonding of inside surfaces of this portion to outside
      insulator surfaces of cable 11, these surface portions being indicated at
      42a'. Advantageously the insulating material of the cable is a polyolefin
      and the material of transitional portion 42a (as well as the material of
      the first contact carrier 20) also is a polyolefin or a copolymer thereof,
      which can be bonded with the cable insulation in water-tight manner. In
      addition, water-tight bonding is advantageously provided between the
      relatively elastic sealing portion 41a and the transitional portion 42a,
      for example along a surface 41a' .
PAR  Another embodiment particularly suitable for cables with polyolefin
      insulation is shown in FIG. 3. Here the relatively elastic sealing portion
      41b of the second contact carrier 40b, as well as the transitional portion
      42b, may be made of polyolefins or of polyolefin copolymers, for
      water-tight bonding to the insulation of cable 11. These portions 41b, 42b
      are interconnected with the aid of an intermediate member 43, shown as a
      metal sleeve. Jet molding procedures known to the art may be used for
      bonding contact carrier portion 42b to cable 11.
PAR  In the embodiment shown in FIG. 4 the first and second contact carriers
      20c, 40c have a plurality of contact members, again shown respectively as
      plugs 30 and sockets 50. The contact carriers 20c, 40c have a plurality of
      sealing portions 21c, 41c respectively, each surrounding one of the
      contact members and each projecting from a larger part of the
      corresponding contact carrier. In this embodiment the annular pressure
      member 70c desirably has a plurality of circular apertures therein.
PAR  Referring finally to FIG. 5: This last embodiment, like that of FIG. 4,
      provides a plurality or set of contact plugs 30 and contact sockets 50
      respectively on the first and second contact carriers 20d, 40d, but each
      set, not each individual plug and socket, is surrounded by a sealing
      portion 21d, 41d common to these several contact members. A common annular
      pressure member 70d, with a single coaxial circular aperture, is provided
      in this case.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of cable
      connectors differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in
      water-tight connectors for electric cables, it is not intended to be
      limited to the details shown, since various modifications and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An underwater cable connector having cooperating portions which are
      required to be engageable and dieengageable while in submerged condition,
      comprising longitudinally aligned contact carriers having annular sealing
      portions engaging each other one of said sealing portions surrounding the
      other of said sealing portions and being formed of a material having a
      greater elasticity than said other sealing portion; mutually mating cable
      contact members on said carriers and being surrounded by said sealing
      portions; and means for expelling water from said cable contact members in
      response to engagement of said contact carriers so as to expel water from
      between said sealing portions and prevent the existence of an
      electrically-conductive film of water which would otherwise establish a
      current path connecting the cooperating portions of the cable connector
      with the surrounding body of water.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein at least portions of said
      sealing surfaces are substantially conical.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein at least portions of said
      sealing surfaces are substantially cylindrical.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein said annular means consists of
      material of less elasticity than the sealing portion engaged thereby.
NUM  5.
PAR  5. Apparatus as defined in claim 1, wherein said annular means is
      substantially rigid.
NUM  6.
PAR  6. Apparatus as defined in claim 1, including, on each of said contact
      carriers, a plurality of said contact members and a similar plurality of
      annular sealing portions, each surrounding one of said members.
NUM  7.
PAR  7. Apparatus as defined in claim 1, including, on each of said contact
      carriers, a plurality of contact members and a single annular sealing
      portion surrounding said members.
NUM  8.
PAR  8. Apparatus as defined in claim 1, wherein at least one of said contact
      carriers consists of a polyolefin.
NUM  9.
PAR  9. Apparatus as defined in claim 1, wherein at least one of said contact
      carriers consists of a polyolefin copolymer.
NUM  10.
PAR  10. Apparatus as defined in claim 1, wherein one of said contact carriers
      comprises several portions consisting of different materials, one of said
      several portions being the sealing portion of greater elasticity and
      consisting of an elastomer, and another of said several portions being a
      transitional portion between said sealing portion and the cable.
NUM  11.
PAR  11. Apparatus as defined in claim 10, including a metal sleeve
      interconnecting said sealing portion with said transitional portion, the
      latter consisting of a polyolefin and being bonded to one of said cables,
      said metal sleeve having end portions respectively embedded in said
      polyolefin transitional portion and said elastomeric sealing portion.
NUM  12.
PAR  12. Apparatus as defined in claim 11, wherein the other contact carrier
      also consists of a polyolefin.
NUM  13.
PAR  13. A cable connector for interconnecting electric cables normally
      submerged in deep water and for establishing a seal to prevent access of
      such water to interior parts of the cables, comprising longitudinally
      aligned contact carriers having annular sealing portions with annular
      sealing surfaces engaging each other, one of said sealing portions
      surrounding the other of said sealing portions and being formed of a
      material having a greater elasticity than said other sealing portion;
      mutually mating cable contact members on said carrier surrounded by said
      sealing portions; and annular means engaging said one sealing portion of
      greater elasticity and comprising a ring and a coupling nut, both having
      at least portions surrounding at least parts of said contact carriers,
      said coupling nut treadedly engaging one of said contact carriers and
      having shoulders to abut said ring for shifting the latter along and
      against said one sealing portion of greater elasticity for pressing the
      sealing surface of the latter portion in the radial direction against the
      sealing surface of said other sealing portion, so as to expel water from
      between said sealing portions and prevent the existence of an
      electrically-conductive film of water which would otherwise establish a
      current path connecting the interior of the cable connector with the
      surrounding body of water.
NUM  14.
PAR  14. Apparatus as defined in claim 13, wherein one of said contact carriers
      has an enlarged support portion, threadedly engaging said coupling nut.
NUM  15.
PAR  15. Apparatus as defined in claim 14, wherein said ring has an outer
      diameter slightly smaller than the outer diameter of said support portion.
NUM  16.
PAR  16. Apparatus as defined in claim 14, wherein said support portion consists
      of material of less elasticity than said sealing portion of greater
      elasticity.
NUM  17.
PAR  17. Apparatus as defined in claim 16, wherein said support portion consists
      of polyolefin.
NUM  18.
PAR  18. Apparatus as defined in claim 16, wherein said coupling nut consists of
      metal.
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ABST
PAL  The present invention relates to a twist-type electrical connector having
      an improved interlock. In the connector, a plug and a receptacle are
      rotated angularly relative to each other to bring electrical contacts into
      engagement and to prevent accidental separation of the plug and
      receptacle. Entrance slots in the receptacle receive the male blades and
      carry detents which engage with a rear edge of at least one of the male
      blades and hold the blade in its seated or rotated position. The detents
      also provide an indication as to when proper connections have been
      established and also, prevent accidental counterrotation of the contacts.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an improved twist or locking type
      electrical connector. It relates, more particularly, to a locking type
      connector in which a male plug and a female receptacle are secured against
      accidental counterrotation relative to each other once their respective
      contacts are turned relative to each other into locking engagement.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In general, locking type electrical connectors are well known in the art
      and are commonly used to prevent accidental separation of a plug and a
      receptacle when a connector is being used. The configuration and spacing
      of male and female contacts in such connectors is largely dictated by
      standards adopted by NEMA and parts made by different manufacturers may be
      interchangeable. However, in connectors of this type, the angular rotation
      of the plug and receptacle relative to each other to establish an
      interlock may be very small and it is difficult for the user to be certain
      that the parts are properly inter-locked and secured to each other. In the
      connector illustrated herein, this angular movement is in the order of
      131/2.degree..
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a locking type electrical
      connector having an improved interlock which engages with a plug blade and
      holds a plug against counterrotation relative to a receptacle once the
      parts have been rotated to proper engagement with each other. The
      interlock also provide an indication when the parts of the connector are
      in proper electrical engagement with each other.
PAR  Another object of the invention is to provide a locking type electrical
      connector having an interlock which engages with a plug blade and prevents
      accidental disengagement of the contacts due to vibrations or the like.
PAR  A further object of the invention is to provide an electrical connector
      having an interlock which can be readily formed and which is inexpensive
      to provide.
PAR  Other objects and advantages of the invention will become apparent and will
      be more clearly understood from the following description when read in
      connection with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded view in perspective showing a male plug and a mating
      female receptacle of an electrical connector embodying the present
      invention;
PAR  FIG. 2 is a front plan view of the receptacle shown in FIG. 1;
PAR  FIG. 3 is a fragmentary view in vertical section taken along line 3--3 of
      FIG. 2 with certain parts omitted for clarity;
PAR  FIG. 4 is a fragmentary view in horizontal section taken along line 4--4 of
      FIG. 3;
PAR  FIG. 5 is a view corresponding to FIG. 4 with a male blade partially
      inserted in the receptacle prior to turning;
PAR  FIG. 6 is a view corresponding to FIGS. 4 and 5 with the male blade
      inserted in the receptacle after turning;
PAR  FIG. 7 is a fragmentary side view in vertical section taken along line 7--7
      of FIG. 5; and
PAR  FIG. 8 is a fragmentary side view in vertical section taken along line 8--8
      of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For purposes of illustration, a connector having a standard NEMA
      configuration for a 2 pole, 3 wire (grounding type), 480 volt, 20 amperes
      (A-C) Locking Type Plug and Receptacle has been shown (NEMA Standard of
      Sept. 4, 1969). In this particular connector, the relative angular
      movement between the plug and the mating receptacle which brings the
      contacts into electrical engagement and holds them against separation is
      about 131/2.degree.. Due to the small angular movement, it is frequently
      difficult to determine that the proper rotation has taken place and the
      contacts are in proper engagement. One feature of the present invention is
      that it provides positive assurance that the required rotation has taken
      place and at the same time, it prevents disengagement of the contacts due
      to vibration or the like.
PAR  However, it will be understood, of course, that the invention is not
      limited to a particular number of blades and slots or their configuration.
      Also, it is not limited to the particular angular displacement of the plug
      relative to the receptacle.
PAR  Referring now to the drawing in detail, there is a two-part electrical
      connector 10 of the locking or twist-type which has a male plug 11 and a
      female receptacle 12 with mating contacts on opposing faces. The plug 11
      comprises a body 13 formed of insulating material, such as nylon, which
      carries spaced male contact blades or prongs 14, 15 and 16 extending from
      one face thereof. The other ends of the blades are seated in the connector
      body and are connected to conductors of a cable (not shown).
PAR  The receptacle 12 comprises a body 17 also formed of an insulating
      material, such as nylon, and has a face thereof containing spaced slots
      18, 19 and 20 which communicate with contacts (not shown) to receive the
      mating blades 14, 15 and 16, respectively, of the plug 11. One of the
      female contacts 18a, as indicated by dotted lines in FIG. 3, is located in
      the receptacle 12 to engage with the blade 14 and make an electrical
      connection therewith. The female contacts are in turn connected to
      conductors of a second cable (not shown).
PAR  Initially, the blade 14 enters through the slot 18, as indicated in FIGS. 3
      and 7. Opposing projections or detents 21 and 22 extend inwardly from
      spaced side walls 23 and 24 defining the slot 18 in a rim 25. The detents
      21 and 22 are resilient and upon entry of the blade 14, the projections or
      detents 21 and 22 are flattened by the blade 14 as it enters the slot 18.
      This forces the detents to a flattened condition as shown in FIG. 5. To
      permit this, the side walls 23 and 24 together with the detents 21 and 22
      may be formed of a flexible material, such as nylon. The detents which
      extend inwardly relative to the sides of the slot 18 and are normally
      spaced by a distance less than the thickness of the blade 14 as shown for
      example in FIGS. 4 and 6. Entrance of the blade 14 into the slot 18
      flattens the projections 21 and 22 to the condition shown for example in
      FIG. 5.
PAR  After insertion of the blade, the plug 11 is then rotated in a counter
      clockwise direction relative to the receptacle 12, as indicated in FIGS. 6
      and 8, to a position where the detents 21 and 22 are located behind a
      vertical rear edge 14a of the blade 14. This locks the blade 14 in
      engagement with the female contacts 18a in the receptacle 12 and prevents
      the plug and receptacle from being counterrotated and pulled apart
      accidentally. In this position, as shown in FIGS. 6 and 8, the detents 21
      and 22 are located behind the vertical rear edge 14a of the contact 14 and
      provide an indication that contacts are properly engaged both electrically
      and mechanically. As noted above, the angular displacement of the plug and
      receptacle in the connector illustrated, may be only 131/2.degree. as
      indicated in FIGS. 5 and 6.
PAR  The detents 21 and 22 may also be provided for each of the entrance slots
      18, 19 and 20, but generally it is not necessary to employ the detents for
      all of the entrance slots.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be understood that various changes and modifications
      may be made therein by persons skilled in the art without departing from
      the scope or spirit of the invention disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a locking type electrical connector having a two part body formed of
      a flexible insulating material, the combination comprising:
PA1  a. a two part connector body comprising a plug and a mating receptacle;
PA1  b. said plug and receptacle carrying mating electrical contacts in the form
      of male blades and female contacts, said blades and contacts being
      angularly rotatable relative to each other for electrical engagement and
      disengagement;
PA1  c. said receptacle having a face with spaced entrance slots permitting
      introduction of the blades into said receptacle; and
PA1  d. detent means located on said face in at least one slot in said
      receptacle for engaging with a rear edge of one of the blades carried by
      said plug when the plug and receptacle contacts are rotated into
      engagement with each other;
PA1  e. said detent means being spaced angularly relative to one of the female
      contacts.
NUM  2.
PAR  2. In a locking type electrical connector, the combination comprising:
PA1  a. a plug having a number of spaced blades extending from a face thereof in
      spaced relation;
PA1  b. a receptacle containing a corresponding number of spaced female contacts
      for mating engagement with said blades upon angular rotation of the plug
      relative to the receptacle;
PA1  c. said receptacle containing a face with spaced slots communicating with
      the contacts and for receiving said blades;
PA1  d. said slots permitting said blades to be rotated into locking engagement
      with the female contacts;
PA1  e. detent means mounted on said face and extending into at least one of
      said slots for engaging with one of the blades when the blades and
      contacts are rotated into locking engagement with each other;
PA1  f. said detent means being spaced rearwardly relative to one of the female
      contacts.
NUM  3.
PAR  3. In a locking type electrical connector, the combination as defined in
      claim 2, wherein:
PA1  a. the detent means comprise a deformable edge wall located in at least one
      of the slots in the receptacle;
PA1  b. said wall being spaced from an opposing wall of said slot by a distance
      less than a thickness of the male blade.
NUM  4.
PAR  4. In a locking type electrical connector, the combination comprising:
PA1  a. a two part connector body;
PA1  b. said parts being formed of insulating material and comprising a mating
      plug and receptacle;
PA1  c. spaced interengaging electrical contacts carried by said plug and said
      receptacle;
PA1  d. said contacts of the plug comprising spaced blades extending from a face
      of the plug;
PA1  e. said contacts of the receptacle comprising spaced female contacts
      located within the receptacle;
PA1  f. said receptacle containing a face with spaced slots therein
      communicating with said female contacts to receive said blades;
PA1  g. said slots permitting insertion of the blades of the plug into the
      receptacle and permitting angular movement of the blade relative to the
      female contacts of the receptacle for locking of the plug to the
      receptacle with the contacts in electrical engagement; and
PA1  h. detent means on at least one of the slots for engaging with at least one
      of the blades when the contacts are in engagement with each other;
PA1  i. said detent means comprising a projection on said face extending into
      said one slot at a point located rearwardly relative to one of the female
      contacts;
PA1  j. said projection being deformable by entrance of one of the male blades
      into said one slot and being separated from the female contact for
      engagement with a rear edge of said blade after rotation of the blade into
      engagement with said female contact.
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ABST
PAL  An electrical connector having a breech lock is provided with a snap action
      or over-center spring such as a Belleville Washer. This is effective to
      positively bias all of the working parts of the connector into the fully
      mated or unmated positions. It is also effective to maintain the connector
      and the electrical contacts therein mated even though it may be subjected
      to large forces resulting from acceleration, vibration, etc., and to
      maintain all of the interfaces sealed even though the sealing materials
      may shrink, etc., from aging, etc.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation of co-pending application for U.S.
      Patent for Ser. No. 326,460 filed Jan. 24, 1973, and now abandoned, for
      SNAP ACTION CONNECTOR, on behalf of Larry L. McCormick and assigned to G &
      H Technology, Inc.
BSUM
PAC  BACKGROUND
PAR  A large variety of different types of electrical connectors exist for
      joining the individual wires in a first cable with the individual wires in
      a second cable. Although many of these connectors are satisfactory for
      their intended purposes, many have limitations which reduce their
      usefulness for some purposes. The two sections of the connector have
      usually been secured together by a threaded nut, etc. This requires a
      considerable amount of manual manipulation to mate the sections, i.e.,
      screwing the parts together, etc. This can be a time consuming operation.
      Moreover, if the connector is located in an inaccessible location which is
      difficult to reach, the mating and threading together of the sections can
      be very difficult. In those connectors which have a large number of
      individual electrical contacts which must be forced together during
      mating, the loads on the individual parts of the sections have been high.
      As a consequence, some parts of the connector sections such as the locking
      mechanisms have failed prematurely. In addition, these large forces have
      made it difficult to fully mate all of the electrical contacts.
PAR  More recently it has been proposed to employ an improved connector of the
      type disclosed and claimed in copending application Ser. No. 287,184
      entitled "ELECTRICAL CONNECTOR" filed Oct. 7, 1972 in the names of Larry
      L. McCormick and Ben L. Selk and assigned of record to G & H Technology
      Inc. In this improved electrical connector a breech lock is provided for
      securing the two sections together. This has greatly simplified the use of
      the connector, particularly the mating and unmating thereof.
PAC  SUMMARY
PAR  The present invention as disclosed herein, is embodied in an electrical
      connector having two separate sections which can be readily mated and/or
      unmated. The connector includes a breech lock for releasably securing the
      two sections together and an overcenter spring such as a Belleville Washer
      for biasing the two sections into position. In order to mate the two
      sections they are first brought together. The breech lock is rotated
      whereby they are prevented from separating. As the rotation of the breech
      lock continues, an overcenter spring (i.e., a Belleville Washer) drives
      all of the electrical contacts together with a "toggle" or snap action.
      This spring also keeps all of the contacts continually biased together. In
      order to unmate the two sections, the breech lock is rotated in the
      opposite direction. The initial part of the rotation moves the spring
      overcenter whereby the contacts are quickly "snapped" apart. Continued
      rotation causes the breech lock to release whereby the sections may be
      unmated.
PAR  The overcenter spring action together with a set of high pitch threads
      which are rotated with the breech lock are effective to insure the
      electrical contacts being either fully mated or fully separated whereby
      the connector is either fully operative or totally inoperative.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a break away perspective view of an electrical connector
      embodying one form of the present invention, the plug and receptacle
      sections of the connector being shown in a fully mated condition;
PAR  FIG. 2 is a perspective view of the connector of FIG. 1 with the plug and
      receptacle sections being shown in the unmated condition (the plug section
      being partially broken away to show the internal structure thereof);
PAR  FIG. 3 is a graph of certain operating characteristics of the connector;
PAR  FIGS. 4A to 4D are a series of fragmentary cross-sectional views (on a
      somewhat enlarged scale) of the connector illustrating the movement of the
      various parts of the connector as the plug section is progressively mated
      with the receptacle section; and
PAR  FIGS. 5A to 5D are a series of cross-sectional views (similar to and on the
      same scale as FIGS. 4A to 4D) illustrating the movement of the various
      parts of the connector as the plug section is progressively unmated from
      the receptacle section.
DETD
PAC  DESCRIPTION
PAR  The present invention is particularly adapted to be embodied in an
      electrical connector 10 for interconnecting the various individual wires
      or conductors in a first cable 12 with the corresponding wires or
      conductors in a second cable 14. The connector 10 includes two separate
      parts which may be readily mated or unmated. The first part is referred to
      herein as the receptacle section 16 whereas the second part is referred to
      as the plug section 18.
PAR  The receptacle section 16 includes a shell or receptacle insert housing 20.
      The exact shape, size, configuration, etc., of the housing 20 is dependent
      upon the intended use for the connector. The present receptacle section 16
      is intended to be permanently mounted in a fixed position on a bulkhead
      22. Accordingly, a mounting flange 24 is provided on the housing 20 so as
      to engage the backside of the bulkhead 22. Fastening means such as a
      mounting nut 26 is threaded onto the housing 20 so as to compress the
      bulkhead 22 against an O-ring seal and the mounting flange 24.
PAR  Although the housing 20 may be made of any desired material, it is
      preferably electrically conductive and fabricated from a light-weight
      metal such as aluminum. The insert housing 20 is an essentially
      cylindrical, hollow member. When the section 16 is secured in position on
      the bulkhead 22 the front or barrel 27 of the insert housing 20 extends
      outwardly from the bulkhead 22.
PAR  A passage 28 extends axially through the housing 20 from one end to the
      other. Although, this passage 28 is substantially cylindrical, in the
      present embodiment it is subdivided into two separate segments 30 and 32.
      The two segments 30 and 32 are separated from each other by an inclined
      annular shoulder 34.
PAR  An insulating structure 36 is disposed in the passage 28 for retaining all
      of the electrical contacts in position. A large number of small openings
      extend axially through the insulating structure or the separate electrical
      contacts. The electrical wires in the cable 12 extend into the rear of the
      passages and are connected to the individual electrical contacts 38.
PAR  The insulating structure 36 may be a single member. However, in the present
      instance it is formed from two separate inserts 40 and 42 which are bonded
      together. This allows a contact retainer 44 in each passage to be trapped
      between the two inserts 40 and 42 when they are bonded together. As a
      result when the contact is pushed into the passage it will be trapped and
      retained in positon in the passage. Although the contacts 38 may be of any
      variety, in this embodiment the contacts 38 in the receptacle section 16
      are of the so-called pin variety. These contacts 38 include long slender
      pins 46 adapted to mate with complementary socket contacts in the plug
      section. In order to prevent dirt, dust, moisture, etc., entering into the
      connector 10 it is desirable to provide some form of protection such as a
      seal. This is particularly true with regarding to the rear of the
      receptacle section 16 where the cable 12 and the individual wires enter
      the insert 40. In this embodiment this is accomplished by means of a seal
      48 which fits into the passage 28 and engages the rear of the insert 42.
      The seal 48 is normally a resilient material such as a silicone rubber,
      etc.
PAR  A large number of small openings extend through the seal 48. These are in
      alignment with the openings in the inserts 40 whereby the individual
      conductors or wires from the cable 12 pass through the seal 48 to the
      contacts 38. This seal 48 is effective to prevent dirt, dust, moisture,
      etc., from entering into the interior of the connector 10.
PAR  A backing or pressure plate 50 may be provided on the rear of the seal 48.
      A plurality of small openings through the center portion of the plate 50
      allows the individual conductors from the cable 12 to pass therethrough.
PAR  Since the seal 48 is made of a noncompressible material such as a silicone
      rubber, if the pressure plate 50 is forced axially against the seal 48 the
      material in the seal 48 will tend to flow radially in all directions. As a
      consequence, it will be forced into intimate contact with the passage, the
      conductors, etc. This in turn insures an intimate, high pressure contact
      against all of the surfaces whereby a high degree of sealing is insured.
PAR  In this type of connector 10 some form of highly effective, electrical
      grounding or shielding is customarily employed to prevent electromagnetic
      interference, etc. The cables 12 and 14 normally include electrically
      conductive outer jackets which act as the shielding for the cable. In
      order to preserve this shielding, the jackets on the cables 12 and 14
      should all be electrically tied together by means of the connector 10.
PAR  In order to accomplish this, an electrically conductive back shell 52 is
      electrically connected to the jacket or shielding on the cable 12. In
      addition a radial flange on the back shell 52 seats on the flange for the
      pressure plate 50. When the nut 54 is tightened, the two flanges are
      compressed against the end of the housing 20 whereby they are all firmly
      clamped in position. This arrangement is effective to produce a low
      resistance electrical path between shielding on the cable 12, the back
      shell 52, the housing 20 and the pressure plate 50.
PAR  As indicated above when the receptacle section 16 is secured to the
      bulkhead 22 the barrel 27 of the housing 20 projects from the bulkhead 22
      at substantially right angles thereto. As may be best seen in FIG. 2 the
      barrel 27 has a generally cylindrical exterior whereby the plug section 18
      may fit over the barrel 27 when the two sections 16 and 18 are mated.
PAR  The plug section 18 includes an inner shell or insert housing 55. The
      housing 55 is a generally cylindrical member having a passage 56 extending
      axially therethrough. Although the passage 56 may be of a uniform diameter
      in this embodiment it is subdivided into at least three separate segments
      58, 60 and 62. The front or forward segment 58 is an enlarged part and has
      a diameter adapted to snugly fit over the exterior of the barrel 27.
PAR  The second or middle segment 60 of the passage 56 is separated from the
      first part by a forwardly facing radial shoulder 64. The inside diameter
      of the middle segment 60 is substantially the same as the diameter of the
      end segment 32 of the passage 28 in the receptacle section 16. The rear
      segment 62 of the passage 56 has a somewhat reduced diameter and is
      separate from the middle segment 62 by an annular shoulder 66 similar to
      the shoulder 34.
PAR  An insulating structure 68 is provided in the passage 56. The insulating
      structure 68 which may be generally similar to the first insulating
      structure 36 and includes a front insert 70 and a rear insert 72.
      Individual electrical contacts 74 are mounted in the individual passages
      extending axially through the inserts 70 and 72 and are retained in
      position by the contact retainer 73.
PAR  Although these contacts 74 may be of any desired variety, they preferably
      mate with the contacts 38 in the receptacle section 16. In the present
      instance since each of the contacts 38 in the receptacle section 16
      include a long slender pin 46, each of these contacts 74 is in the form of
      a hollow socket.
PAR  Each socket has an opening therein which is aligned with an opening on the
      front face of the insert 70. When the receptacle section 16 and the plug
      section 18 are fully mated, the pins 46 project from the face of the
      insert 42 and pass through the openings into the sockets. This is of
      course effective to maintain an electrically conductive path between the
      respective contacts 38 and 74.
PAR  The individual wire or conductors in the second cable 14 extend through the
      openings in the rear insert 72 and are connected to the contacts 74. It
      can thus be seen that by joining the two sections 16 and 18 all of the
      individual wires in each of the cables 12 and 14 are electrically
      interconnected with the respective individual wires in the other cable.
PAR  The rear of the plug section 18 also includes a resilient seal 76. This
      seal 76 may be similar to the seal 48 in the receptacle section 16 and
      compressed by a pressure plate 78 similar to the first pressure plate.
PAR  A nut 80 is threaded onto the exterior of the insert housing 55. When this
      nut 80 is tightened it is effective to force the backshell 82 and pressure
      plate 78 against the seal 76.
PAR  In addition to the two seals 48 and 76, it is also very desirable to
      provide some form of interface sealing between the mating faces on the two
      front inserts 42 and 70. In the present instance this interface seal 84 is
      in the form of a thin wafer of an elastomeric material such as silicone
      rubber, etc. The wafer or seal 84 includes a large number of small
      openings which allow the pins 46 to extend therethrough. It has been found
      desirable for the pins 46 to be a snug fit in these openings whereby the
      wafer or seal 84 will normally remain on the face of the plug section 18.
PAR  When the two sections 16 and 18 are fully mated, the thin interface seal 84
      is compressed between the faces of the two inserts 42 and 70. As a result
      the elastomeric material in the seal 84 tends to flow into and against all
      of the surfaces and thereby provides a complete and effective sealing
      action. A tapered projection may be provided on the seal 84 around each
      pin 48. These projections extend into complementary recesses in the face
      of the insert. The mating and compressing together of these tapered
      surfaces will further enhance the interface sealing action.
PAR  It can be seen that when the plug section 18 is fully mated with the
      receptacle section 16 all of the wires, contacts, etc., are completely
      enclosed within a continuous electrically conductive path from the
      shielding on one cable 12 all the way to the shielding on the other cable
      14. This is very effective to insure a very high degree of shielding
      against any stray electromagnetic energy which may be incident upon the
      connector 10.
PAR  However, it has been found that under some extreme circumstances a certain
      amount of difficulty may arise. This is particularly true when energy
      circulating in the shielding is of an extremely high frequency. To avoid
      this difficulty an annular ring 86 of a highly conductive metal may be
      provided between the abutting ends of the two housings 20 and 55. This
      ring 86 which has a U-shaped cross section is resilient whereby it can be
      very easily compressed between the two housings 20 and 55 as they approach
      each other. This ring 86 provides a low impedance coupling between the
      housings at even very high frequencies.
PAR  As indicated above, when the receptacle section 16 and the plug section 18
      are mated, the enlarged segment 58 of the passage 56 in the plug insert
      housing 55 fits snugly over the exterior of the barrel 27 on the
      receptacle insert housing 20. Preferably these are "polarized" whereby
      they can only mate in one unique angular orientation. In the present
      instance, this is accomplished by providing a plurality of projections or
      keys 86 on the exterior of the barrel 27 (see FIG. 2).
PAR  In addition, a plurality of cutouts or key-ways 88 are provided on the
      inside surface of the enlarged segment 58 of passage 56. When the two
      insert housings 20 and 55 are brought together the projecting keys 86 on
      the barrel 27 fit into the recessed key-ways 88 in the passage 56. Since
      these are asymmetrically distributed and vary in width they can only mate
      in only one unique angular position. This insures a proper continuity
      between the various contacts.
PAR  Suitable means are provided for securing the plug section 18 on the
      receptacle section 16 after they ahve been properly mated. Although any
      suitable fastening means may be employed, in this embodiment a so-called
      breech lock 90 is provided. The breech lock 90 includes a retainer sleeve
      92 rotatably disposed upon the exterior of the insert housing 55 and a
      flange 98 on the end of the sleeve 92. This flange 98 forms a shoulder 100
      which is effective to fit behind the shoulder 102 formed by the keys 86.
PAR  The interior of the retainer sleeve 92 and the exterior of the housing 55
      include sets of matching screw threads 94 and 96. In the present instance
      there are two sets of threads, i.e., they are actually double threads. The
      threads 94 and 96 preferably have square cross sections with the spaces
      between the threads 94 and 96 being considerably wider than the threads 94
      and 96. This provides a clearance spaces 98 and 100 whereby the retainer
      sleeve 92 can move axially along the insert housing 55.
PAR  In addition the two sets of threads 94 and 96 preferably have a very high
      pitch. As a result a small amount of rotation will cause a large amount of
      axial movement. More particular, when the retainer sleeve 92 is rotated by
      about one-fourth to one-third of a revolution (i.e., the amount required
      to operate the breech lock 90) the insert housing 55 will move axially
      through the retainer sleeve 92 from a fully retracted position to a fully
      extended position.
PAR  The flange 98 on the outer end of the retainer sleeve 92 is disposed beyond
      the end of the housing 55. The inside surface 104 of the flange 98 forms
      an opening having an inside diameter just in excess of the outside
      diameter of the barrel 27. This is effective to allow the barrel 27 to
      pass therethrough the opening and into the passage 56 provided the keys
      and key-ways are accurately aligned.
PAR  A plurality of key-ways 106 are cut into the surface 104 of the flange 98
      so as to correspond to the key-ways 88 cut into the surface of the passage
      56. When the breech lock 90 is open or unlocked the key ways 106 in the
      flange 98 are aligned and register with the key-ways 88 in the passage 56
      and the keys 86 projecting from the barrel 27. However, when the breech
      lock 90 is in the closed or locked position the foregoing alignment or
      registration is eliminated.
PAR  When the plug section 18 is fitted over the barrel 27 of the receptacle
      housing 20 and moved axially toward the bulkhead 22, the keys 86 on the
      barrel 27 will pass through the key-ways 88 and 106 in the flange 98 and
      the sleeve 92. Eventually the flange 98 on the end of the sleeve 92 will
      approach or nearly reach the mounting nut 26 (at this point the two
      sections 16 and 18 are semi-mated). The operator next actuates the breech
      lock by rotating the retainer sleeve 92 (i.e., rotating the coupling nut
      108 on the outside of the sleeve 92). This will move the flange 98 behind
      the shoulder 102 formed by keys 86. This normally requires a small
      fraction of a turn, for example, approximately one-fourth to one-third of
      a rotation.
PAR  When coupling nut 108 and retainer sleeve 92 are rotated into the lock
      position shoulders 100 on the flange 98 move behind and engage the
      shoulders 102 on the back-sides of the keys 86. This is effective to lock
      the two sections 16 and 18 firmly together. The flange 98 and the
      shoulders 102 on the keys 86 are all positioned in a common radial plane.
      Accordingly, when these shoulders 100 and 102 mate, there is no threaded
      or screw action. Therefore moving the projecting portions of the flange 98
      behind the keys 86 does not produce an axial force or movement. In other
      words, instead of screwing the two sections 16 and 18 together the breech
      lock 90 merely locks them together. Conversely, to release or unmate the
      two sections 16 and 18 the coupling nut 108 is merely rotated in the
      opposite direction until the shoulder 100 is no longer behind the shoulder
      102 formed by the keys 86.
PAR  Although the keys 86 and the key-ways 88 are asymmetrically arranged around
      the two sections 16 and 18 they do extend circumferentially around a
      substantial portion of the respective sections (i.e., subtend substantial
      arcs). Since the mating surfaces do cover an extended length, even if they
      have a relatively small height a relatively large area of contact is
      provided for the mating surfaces in the breech lock. This insures the
      forces being spread out over a correspondingly large area whereby the
      stress between the mating surfaces is maintained relatively low. This in
      turn insures a lock which is easy to work manually and which does not
      wear, etc.
PAR  The breech lock 90 provides a very simple, fast-mating action and is
      effective to keep the two sections 16 and 18 securely mated during all
      operating conditions. However, it has been found desirable to provide
      additional means for insuring that all of the individual electrical
      contacts 38 and 74 are moved into and out of electrical contact without
      damage or mismatching and are maintained in proper electrical engagement
      at all times.
PAR  In order to accomplish this, the insert housing 55 is made axially moveable
      within the plug section 18. More particularly the housing 55 is moveable
      between a fully retracted position (i.e., the unmated condition) and an
      extended position (i.e., the mated condition). The axial movement of the
      insert housing 55 is in part controlled by the threads 94 on the outside
      of the insert housing 55 mating with the threads 96 on the inside of the
      retainer sleeve and in part by a spring.
PAR  When the coupling nut 108 is turned to actuate the breech lock 90, the
      retainer sleeve 92 is rotated about the insert housing 55. It should be
      observed that the keys 86 riding in the key-ways 88 will prevent the
      housing 55 rotating with the retainer sleeve 92 and coupling nut 108. As a
      consequence, as soon as the surfaces of shoulders 100 on the flange 98
      move behind the shoulder 102 on the keys 86 rotation of the sleeve 92 will
      cause the threads 94 and 96 to move the housing 55 axially toward the
      extended position. Rotation in the opposite direction will of course cause
      the housing 55 to move toward the retracted position.
PAR  As previously indicated the threads 94 and 96 preferably have a very high
      pitch; i.e., the amount of axial movement is very large for a small amount
      of angular rotation. By way of example, the pitch of the threads 94 and 96
      is large enough to move the insert housing 55 between its fully retracted
      position and its fully extended position when the retaining sleeve 92 and
      coupling nut 108 are rotated through a small fraction of a turn such as
      one-fourth to one-third of a revolution. Normally this is about the same
      as the amount of rotation required to fully operate the breech lock 90.
PAR  A spring 110 or similar device is employed for biasing the moving parts of
      the connector 10 into the desired positions. The biasing action is
      preferably of an over-center variety which is effective to produce a snap
      or toggle action. More particulary, this action tends to force the parts
      in either one direction or the other direction. Moreover, the reversal of
      the direction is substantially instantaneous whereby a snap action is
      created.
PAR  It has been found that a Belleville washer or spring 110 is particularly
      well suited for this purpose. Such a spring 110 is essentially a conical
      washer having an outer rim 112 and an inner edge 114. The characteristics
      of such a spring 110 when it is essentially unconfined are illustrated by
      the dashed line 116 in FIG. 3. The horizontal scale or abscissa represents
      the displacement of the inner edge of the spring. The vertical scale or
      ordinate represents the force created by the inner edge 114 as a result of
      the spring action.
PAR  When the spring 110 is in one extreme position, for example at point 117
      (FIG. 3) the inner edge 114 is at one extreme deflection and there is no
      force exerted by it. As the inner edge 114 is moved toward the right the
      force builds up to a maximum. As the movement progresses beyond this
      maximum point the amount of force decreases.
PAR  At the point 118 the outer rim 112 and the inner edge 114 are all in the
      same plane. In other words the spring 110 is perfectly flat. At this point
      the inner edge 114 exerts no force in either direction. However, as the
      movement continues the inner edge 114 travels through this point and the
      direction of the force reverses.
PAR  After the inner edge 114 has moved past the center position the force
      reverses its direction (i.e., it becomes negative as seen in FIG. 3). As
      the deflection increases the force builds up to a maximum negative level
      and then returns to zero when the inner edge 114 reaches the other extreme
      position 119.
PAR  The foregoing description of the spring 110 and the curve 116 are those of
      a normal Belleville Washer. However, when the spring 110 is embodied in
      the connector its action is preferably modified to correspond to curve
      112. The outer rim 112 of the spring 110 is trapped or compressed between
      the end of the retainer sleeve 92 and the end of the coupling nut 108. As
      a consequence the outer rim 112 of the spring 110 moves axially with the
      coupling nut 108. The inner edge 114 of the spring 110 is trapped between
      a shoulder on the insert housing 55 and a nut 120 which is threaded onto
      the exterior of the housing 55.
PAR  It will thus be seen that the inner edge 114 of the spring 110 tends to
      bias the insert housing 55 axially through the retainer sleeve 92.
      Although this biasing action may correspond to the curve 116, as indicated
      above it is preferably modified to produce a biasing action illustrated by
      the solid lines 122 in FIG. 3.
PAR  The inner edge 114 and the outer rim 112 may be firmly coupled to their
      respective parts whereby there is no slack or play between the spring and
      the parts. In this event the spring 110 will bias the connector
      essentially the same as curve 116. However, in the present instance there
      is a small amount of "play" or lost motion between the inner edge 114
      and/or the outer rim 112 of the spring 110. (It should also be noted a
      certain amount of lost motion is present between the mating threads 94 and
      96). This lost motion in the mounting of the spring 110 results in a
      spring action similar to that shown by curve 122. This curve illustrates
      the addition of a certain amount of hysteresis. This greatly enhances the
      snap action or toggle effect. This can be readily heard and felt when the
      connector is mated or unmated to indicate the mating or unmating action
      has been accomplished.
PAR  When the connector is unmated the condition of the spring corresponds to
      point 121. When the two sections are joined and the breech lock 90 is
      rotated the spring 110 is deflected to the right as seen in FIG. 3. As
      this motion progresses the force increases to the maximum level and then
      decreases to zero at point 125 when the spring is flat. The slightest
      additional movement will cause the inner edge 114 to move over center.
PAR  Since there is a certain amount of lost motion in the mounting of the
      spring, the spring will abruptly move over-center and twist slightly
      within its mounting. As a consequence, instead of a gradual reverse in the
      direction of the force according to curve 116, the force very abruptly
      reverses and instantly jumps to a substantial negative amount. When the
      force reverses its direction in this manner, it now biases the parts
      firmly together. Once the spring 110 snaps over-center it is necessary for
      the deflection to move a significant distance back (i.e., retreat from
      point 125 to point 127) before the spring 110 can again go over-center.
      This is effective to eliminate the possibility of an ambiguous or unstable
      condition existing. Continued rotation in the mating direction will move
      the spring on over to the terminal or fully mated point 123.
PAR  During unmating the spring 110 moves in the reverse direction from point
      123 to point 121 with the same action but in the opposite direction. There
      is of course a reversal in the hysteresis action.
PAR  Assume the two sections 16 and 18 of the connector 10 are separated and it
      is desired to mate them. In this event the plug section 18 is first
      brought up to the receptacle section 16 and partially mated essentially as
      seen in FIG. 4A. The interior surface formed by the large segment 58 of
      the passage 56 slides axially along the exterior of the barrel 27 and the
      ends of the pin contacts 38 just extend into the insulating structure 68.
      Normally there will be no electrical contact. The co-action of the keys 86
      and keyways 88 prevents relative rotation, ensures proper angular
      orientation and axial alignment of the complementary parts.
PAR  At this point the breech lock 90 is not set and the two sections 16 and 18
      can still be readily pulled apart. However, the shoulder 100 on the inside
      of the flange 98 is disposed axially beyond the shoulder 102 formed by the
      keys 86.
PAR  Next the coupling nut 108 is rotated in the mate direction. During this
      rotation the structure of the connector 10 will first pass through the
      configuration shown in FIG. 4B. The first event which occurs is the
      movement of the shoulder 100 on the flange 98 behind the keys 86. As soon
      as the flange 98 is behind the keys 86 the two sections 16 and 18 are
      locked together and cannot be separated. It should be noted that the
      mating surfaces 100 and 102 in the breech lock 90 are all in a common
      transverse plane. As a consequence, there is no threading action when they
      engage that would tend to force the two sections 16 and 18 to move
      axially. However, as soon as the rotation of the coupling nut 108
      commences the front side of the threads 96 on the retainer sleeve 92 ride
      along the backside of the threads 94 on the retainer sleeve 92. This
      threading or screw action causes axial movement of the insert housing 55
      through the sleeve 92. This causes the various parts of the plug section
      18 to advance toward their corresponding counterparts in the receptacle
      section 16.
PAR  For example, the insulating structure 68 will advance toward the interface
      seal 84 whereby the pins 46 will extend into the socket contacts 74. At
      the same time the inside edge 114 of the spring 110 will move axially with
      housing 55. Since the outer rim 112 is clamped between the end of the
      retainer sleeve 92 and the end of the coupling nut 108, the spring 110 is
      progressively distorted until it reaches the centered position as seen in
      FIG. 2B.
PAR  It should be noted that up to this point the front side of the threads 96
      are riding along the backside of the threads 94. The axial force of the
      spring 110 retains these two surfaces in sliding contact whereby all of
      the lost motion or clearance space is behind the thread 96 and in front of
      the thread 94. Accordingly, the angular rotation of the coupling nut 108
      directly and positively controls the axial position of the insert housing
      55. Also up to this point the axial force of the spring tends to bias the
      insulating structure 68, contacts 74, etc., away from the receptacle
      section 16.
PAR  At this point the slightest amount of additional turning of the coupling
      nut 108 causes the spring to move over-center. When this occurs the inner
      edge 114 of the spring 110 instantly snaps over-center and into the
      position seen in FIG. 4C. Because of the lost motion at rim 112 and/or
      edge 114 the spring 110 snaps over-center and inner edge 114 very
      substantially exerts a force tending to drive the moving parts of the plug
      section axially toward the receptacle section. At this point on the
      threads 94 and 96 are separated. Because of this lost motion the angular
      position of the coupling nut 108 does not directly control the axial
      positions of the movable parts in the plug section, instead they are
      controlled by the spring.
PAR  There is a considerable amount of lost motion or spacing 98 and 100 between
      the mating threads 94 and 96. This lost motion exceeds the amount of
      travel of the inner edge 114 of the spring, i.e., the distance the edge
      114 travels when it moves from point 125 to point 123. When the spring 110
      snaps over-center, the axial force imposed by the inner edge 114 reverses
      direction because of the hysteresis in curve 122 becomes substantial.
      Therefore, it tends to dirve all of the moving parts toward a fully mated
      condition as shown in FIG. 4D.
PAR  In this condition the face of the insulating structure 68 engages interface
      seal 84 and the pins 46 extend into the socket contact 14. The amount of
      travel required to perfect the mating is less than the amount of play or
      lost motion between the sets of threads 94 and 96. Accordingly, there will
      be a space 98 and 100 between the respective threads 94 and 96.
PAR  Because of this play or lost motion in the mating action between the
      threads 94 and 96, the spring 110 is free to bias the interior parts of
      the connector 10 together. This imposes a compressive load on the
      interface seal 84 and all of the other parts which are trapped between the
      two shoulders 34 and 66. The axial, compression force produced by the
      spring is adequate to maintain a suitable compressive load on this
      structure and in particular on the interface seal.
PAR  It can be appreciated that irrespective of the normal variations in the
      dimension of parts of the connector and/or the interface seal shrinking,
      taking a permanent set, etc., the spring will always continue to exert a
      substantially constant axial force on all of the parts. Accordingly, an
      optimum mating action is created and maintained at all times.
PAR  Assume the two sections 16 and 18 are fully mated as seen in FIG. 5A and it
      is desired to separate them. When the two sections are fully mated
      substantially as shown in FIGS. 4D and 5A they are locked together by the
      breech lock 90 and the spring retains the various parts such as the
      interface seal 84 properly compressed and mated.
PAR  To separate the two sections 16 and 18 from each other, the breech lock 90
      is rotated in the unmated direction. When this rotation occurs, the
      threads 96 will move axially whereby the backside thereof comes into
      engagement with the front side of the threads 94. When this occurs the
      clearance space 100 disappears.
PAR  During this initial phase of the rotation the spring 110 is being distorted
      whereby the rotation of the coupling nut 108 is accidentially rotated (for
      example by acceleration or vibratory force, etc.) the spring 110 opposes
      the forces and tends to return the coupling nut 108 to its original
      position. Also even though there may be a substantial amount of rotation
      of the coupling nut 108 because of the lost motion in the threads 94 and
      96, etc., the spring 110 is effective to still maintain the contacts,
      interface seal, etc., all fully compressed and mated.
PAR  Further rotation of the coupling nut 108 will move the inner part of the
      spring toward the balanced position shown in FIG. 5B. At this point the
      screw action produced by thread 94 working against thread 96 has moved the
      insulating structure 68 and separated the interface seal 84 and the
      contacts 46 and 74.
PAR  The slightest additional rotation of the coupling nut 108 will cause the
      spring to snap over-center and into the position shown in FIG. 5C. At this
      instance the spring reverses the direction of the axial force and tends to
      now drive the moving parts in the opposite direction whereby they are
      fully separated and there is little or no axial force on the connector 10
      and in particular on the mating surfaces of the breech lock 90.
PAR  The further and final rotation of the coupling nut 108 will fully open the
      breech lock 90 and move the shoulder 100 from the backside sides of the
      keys 86. Accordingly, at this point the plug section 18 may be freely
      pulled axially and become completely separated from the receptacle section
      16.
CLMS
STM  I claim:
NUM  1.
PAR  1. The combination of
PA1  a plug section,
PA1  a receptacle section effective to mate with said plug section,
PA1  means for releasably securing said plug and receptacle sections together,
PA1  a movable portion on one of said sections, said portion being movable
      relative to said section between a fully mated position and a fully
      unmated position,
PA1  complementary threads on at least one of said sections for moving said
      sections between the fully mated position and the fully unmated portion,
      said threads having a predetermined amount of clearance therebetween
      whereby said sections may move axially relative to each other by said
      amount,
PA1  said clearance being so large that the threads do not engage when said
      portion is in the fully mated position and said spring is free to
      resiliently bias the portion into the fully mated position, and
PA1  a spring effective to coact with said sections and create an axial force
      tending to maintain said portion biased into the fully mated position.
NUM  2.
PAR  2. The combination of claim 1 wherein
PA1  the complementary threads include first and second sets of threads that
      mate with each other, said first and second sets of theads being disposed
      on the same section.
NUM  3.
PAR  3. The combination of
PA1  a plug section,
PA1  a receptacle section effective to mate with said plug section,
PA1  means for releasably securing said plug section and receptacle section
      together,
PA1  a movable portion on one of said sections, said portion being movable
      between a fully mated position and a fully unmated position,
PA1  complementary threads on at least one of said sections for moving said
      portion between said fully mated position and a fully unmated position,
PA1  said threads having a predetermined amount of clearance space therebetween
      whereby said portion may move axially relative to said sections by said
      amount,
PA1  a bistable spring effective to coact with said sections and create an axial
      force on said portion, said spring when in one stable condition being
      effective to bias said threads one way and when in the other stable
      condition being effective to bias said threads in the opposite direction,
      and
PA1  said clearance space being so large that when said portion is in the fully
      mated position, said threads do not engage each other and said bistable
      spring is free to resiliently bias said portion into its fully mated
      position.
NUM  4.
PAR  4. The combination of claim 3 wherein
PA1  the complementary threads include first and second sets of threads that
      mate with each other, said first and second sets of threads being disposed
      on the same section, and
PA1  said means for releasably securing said sections together is operatively
      interconnected with said spring by said threads whereby said means is
      effective to move said spring between its two stable positions.
NUM  5.
PAR  5. The combination of claim 3 wherein
PA1  said bistable spring is a Belleville washer.
NUM  6.
PAR  6. The combination of claim 3 wherein said means for releasably securing
      said sections together includes
PA1  a breech lock movable between a lock position wherein said sections are
      secured together and an unlock position wherein said sections are
      released, and
PA1  said breech lock being effective to move said spring from one stable
      condition to the other stable condition when said lock moves from one of
      said positions to the other position.
NUM  7.
PAR  7. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  a movable portion on one of said sections, said portion being movable
      between a mated position and an unmated position,
PA1  retainer means for securing said sections together,
PA1  complementary threads on at least one of said sections effective to mesh
      with each other and being interconnected with the movable portion for
      moving said portion, said threads having a predetermined amount of
      clearance therebetween whereby one of said threads may move axially
      relative to the other by said amount, and said portion is free to "float"
      by said amount, and
PA1  a bistable spring effective to coact with said retainer means, said spring
      being effective in one stable condition to create an axial force tending
      to move said threads axially relative to each other in one direction and
      effective in the other stable condition to create an axial force tending
      to move said threads axially relative to each other in the opposite
      direction.
NUM  8.
PAR  8. The combination of claim 7 wherein
PA1  the complementary threads include first and second sets of threads that
      mate with each other, said first and second sets of threads being disposed
      on the same section.
NUM  9.
PAR  9. The combination of claim 7 wherein
PA1  said bistable spring is a Belleville washer.
NUM  10.
PAR  10. The combination of claim 7 wherein
PA1  said bistable spring is a Belleville washer, and said retainer includes a
      breech lock.
NUM  11.
PAR  11. The combination of
PA1  a first section,
PA1  a first set of electrical contacts in said first section,
PA1  a second section effective to mate with said first section,
PA1  a second set of electrical contacts in said second section, said second set
      of electrical contacts being movable within said second section between an
      extended position wherein the electrical contacts in said first set mate
      with the electrical contacts in said second set when said sections are
      mated and a retracted position wherein said contacts are separated,
PA1  a bistable spring effective to move over-center between either a first
      position or a second position, said spring when in the first position
      being effective to bias said second set of contacts into said extended
      position wherein said sets of contacts are mated, said spring when in said
      second position being effective to bias said sets of contacts into said
      retracted position wherein said sets of contacts are separated, and
PA1  a lock for releasably securing said sections together, said lock being
      effective to move said spring into either the first position or the second
      position.
NUM  12.
PAR  12. The combination of
PA1  a receptacle section,
PA1  a first set of electrical contacts in said receptacle section,
PA1  a plug section effective to mate with said first section,
PA1  a member movably disposed in said plug section, said member being movable
      between an extended position and a retracted position,
PA1  a second set of electrical contacts disposed upon said member and movable
      therewith,
PA1  said second set of electrical contacts being adapted to mate with the first
      set when said member is in said extended position and adapted to separate
      when said member is in the retracted position,
PA1  a Belleville washer effective to move overcenter between either a first
      position or a second position, said washer when in the first position
      being effective to bias said member toward said extended position wherein
      said sets of contacts are mated, said washer when in said second position
      being effective to bias said member toward said retracted position wherein
      said sets of contacts are separated,
PA1  a breech lock movable between a first position for securing said receptacle
      and plug sections together and a second position for releasing said
      sections,
PA1  a retainer sleeve in said breech lock, and
PA1  complementary threads on said retainer sleeve and said member, said threads
      having a predetermined amount of clearance therein, whereby said member
      may move relative to said retainer by said amount, said threads being
      effective when said breech lock is in said first position to move said
      member into said extended position and said washer into said first
      position, said threads being effective when said breech lock is in said
      second position to move said member into said retracted position and said
      washer into said second position.
NUM  13.
PAR  13. The combination of
PA1  a plug section,
PA1  a receptacle section effective to mate with said plug section,
PA1  retainer means on one of said sections, said retainer means being movable
      between a first position for securing said sections together and a second
      position for releasing said sections whereby they may be separated from
      each other,
PA1  a first set of electrical contacts on one of said sections,
PA1  a second set of electrical contacts on the other of said sections for
      mating with the first set of electrical contacts,
PA1  one of said sets of contacts being movable between a retracted or unmated
      position and an extended or mated position,
PA1  lost motion means interconnecting the movable set of contacts with said
      retainer means, said lost motion means being effective to move said set of
      contacts between said mated position and said unmated position as said
      retainer means moves between said first and second positions, said lost
      motion means having a predetermined amount of lost motion whereby said
      last set may move by said amount, and
PA1  a bistable spring effective to bias the movable set of contacts toward the
      mated position or the unmated position when retainer means moves between
      said first and second positions.
NUM  14.
PAR  14. The combination of
PA1  a plug section,
PA1  a receptacle section effective to mate with said plug section,
PA1  retainer means on one of said sections, said retainer means being movable
      between a first position for securing said sections together and a second
      position for releasing said sections whereby they may be separated from
      each other,
PA1  a first set of electrical contacts on one of said sections,
PA1  a second set of electrical contacts on the other of said sections for
      mating with the first set of electrical contacts,
PA1  one of said sets of contacts being movable between a retracted or unmated
      position and an extended or mated position,
PA1  lost motion means interconnecting the movable set of contacts with said
      retainer means, said lost motion means being effective to move said set of
      contacts between said mated position and said unmated position as said
      retainer means moves between said first and second positions, said lost
      motion means having a predetermined amount of lost motion whereby said
      last set may move by said amount,
PA1  said retainer means includes a breech lock,
PA1  said lost motion means includes sets of mating threads,
PA1  a Belleville washer interconnected with the movable set of contacts and
      said lost motion means so as to act as a bistable spring having a first
      stable position and a second stable position, said spring when in one
      position being effective to bias the set of contacts in one direction and
      when in the other position being effective to bias the set of contacts in
      the other direction, and
PA1  said threads being effective to move said spring between said positions.
NUM  15.
PAR  15. The combination of
PA1  a plug section,
PA1  a first set of electrical contacts on said plug section,
PA1  a receptacle section effective to mate with said plug section,
PA1  a second set of electrical contacts on said receptacle section for mating
      with the first set of electrical contacts,
PA1  retainer means movable between first and second positions for securing said
      sections together and for releasing said sections whereby they may be
      separated from each other,
PA1  one of said sets of contacts being movable between a retracted or unmated
      position and an extended or mated position,
PA1  thread means interconnecting said movable set of contacts with said
      retainer means, said thread means including a first set of spiral threads
      and a second set of spiral threads, the threads in one set mating with the
      space between the threads in the other set whereby rotation thereof is
      effective to move said set of contacts between said mated position and
      said unmated position as said retainer means moves between said first and
      second positions,
PA1  spring means effective to bias the movable set of contacts into the
      extended or mated position, and
PA1  the space between the threads in each set being considerably wider than the
      teeth in the other set so that said thread means have a predetermined
      amount of lost motion therein which is equal to the difference between the
      width of the thread and the width of the space and is effective to allow
      the movable set of contacts to be free to travel a distance corresponding
      to said amount of lost motion, said amount of lost motion being large
      enough to allow said spring means to maintain the spring in the extended
      position without either thread engaging the other.
NUM  16.
PAR  16. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  securing means movable between a lock position for securing said sections
      together, and an unlocked position for releasing said sections for
      separation from each other,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance, and
PA1  toggle means having a first stable condition and a second stable condition,
PA1  means interconnecting the toggle means with the electrical contact, said
      toggle means being effective when moved into one stable condition to
      create a force tending to move said contacts said distance relative to
      each other in one direction whereby they are separated, said toggle means
      being effective when moved into the other stable condition to create a
      force tending to move said contacts said distance relative to each other
      in the opposite direction whereby they are mated.
NUM  17.
PAR  17. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  securing means movable between a lock position for securing said sections
      together, and an unlocked position for releasing said sections for
      separation from each other,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance,
PA1  toggle means having a first stable condition and a second stable condition,
PA1  means interconnecting the toggle means with the electrical contact, said
      toggle means being effective when moved into one stable condition to
      create a force tending to move said contacts said distance relative to
      each other in one direction whereby they are separated, said toggle means
      being effective when moved into the other stable condition to create a
      force tending to move said contacts said distance relative to each other
      in the opposite direction whereby they are mated, and
PA1  means interconnecting said securing means with said toggle means, said
      securing means being effective to move said toggle means from one stable
      condition to the other stable condition when said securing means moves
      from one of said positions to the other position.
NUM  18.
PAR  18. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  securing means movable between a lock position for securing said sections
      together, and an unlocked position for releasing said section for
      separation from each other,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance,
PA1  toggle means having a first stable condition and a second stable condition,
PA1  means interconnecting the toggle means with the electrical contact, said
      toggle means being effective when moved into one stable condition to
      create a force tending to move said contacts said distance relative to
      each other in one direction whereby they are separated, said toggle means
      being effective when moved into the other stable condition to create a
      force tending to move said contacts said distance relative to each other
      in the opposite direction whereby they are mated, and
PA1  means interconnecting said securing means with said toggle means for moving
      said toggle means from one stable condition to the other stable condition
      when said securing means moves from one position to the other position,
      said toggle means being effective to produce an audible sound when it
      moves from one of said stable conditions to the other stable condition.
NUM  19.
PAR  19. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  securing means movable between a lock position for securing said sections
      together, and an unlocked position for releasing said sections for
      separation from each other,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance,
PA1  toggle means having a first stable condition and a second stable condition,
PA1  means interconnecting the toggle means with the electrical contact, said
      toggle means being effective when moved into one stable condition to
      create a force tending to move said contacts said distance relative to
      each other in one direction whereby they are separated, said toggle means
      being effective when moved into the other stable condition to create a
      force tending to move said contacts said distance relative to each other
      in the opposite direction whereby they are mated, and
PA1  means interconnecting the securing means with said toggle means,
PA1  said lost means being effective to move said toggle means from one stable
      condition to the other stable condition when said securing means moves
      from one of said positions to the other position, said toggle means being
      effective to create a force on said securing means that changes abruptly
      when said securing means moves from one of said positions to the other of
      said positions.
NUM  20.
PAR  20. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  securing means movable between a lock position for securing said sections
      together, and an unlocked position for releasing said sections for
      separation from each other,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance,
PA1  toggle means having a first stable condition and a second stable condition,
PA1  means interconnecting the toggle means with the electrical contact, said
      toggle means being effective when moved into one stable condition to
      create a force tending to move said contacts said distance relative to
      each other in one direction whereby they are separated, said toggle means
      being effective when moved into the other stable condition to create a
      force tending to move said contacts said distance relative to each other
      in the opposite direction whereby they are mated,
PA1  a breech lock in said securing means movable between a lock position
      wherein said sections are secured together and an unlock position wherein
      said sections are released, and
PA1  means interconnecting said breech lock with said toggle means for moving
      said toggle means from one stable condition to the other stable condition
      when said breech lock moves from one of said positions to the other
      position.
NUM  21.
PAR  21. The combination of
PA1  a plug section,
PA1  a receptacle section, said sections being effective to mate with each
      other,
PA1  means for securing said sections together,
PA1  complementary electrical contacts on said sections effective to
      electrically mate with each other, the contacts in one section being
      movable a predetermined distance,
PA1  bistable biasing means having first and second stable conditions, and
PA1  means interconnecting said bistale means with said electrical contacts for
      moving said contacts bistable one direction relative to each other whereby
      said contacts are separated when said sections are separated and in the
      opposite direction whereby said contacts are mated when said sections are
      mated.
PATN
WKU  039457044
SRC  5
APN  4556372
APT  1
ART  325
APD  19740328
TTL  Device for detecting an applied compressive load
ISD  19760323
NCL  26
ECL  1
EXP  McGlynn; Joseph H.
NDR  1
NFG  11
INVT
NAM  Kraus; Robert A.
STR  14160 Red Hill Blvd
CTY  Tustin
STA  CA
ZIP  92680
INVT
NAM  Kraus; Edmund J.
STR  2601 Orion
CTY  Santa Ana
STA  CA
ZIP  92704
CLAS
OCL  339 97C
XCL   85 62
XCL   73 88F
XCL  339113L
XCL  340421
EDF  2
ICL  H01R  908
FSC  339
FSS  95;97-99;113
FSC   85
FSS  62
FSC   73
FSS  88 F
FSC  116
FSS  DIG. 34
FSC  340
FSS  267 R;421
FSC  318
FSS  488
UREF
PNO  2648883
ISD  19530800
NAM  Wilson et al.
OCL  340421
UREF
PNO  3588787
ISD  19710600
NAM  Kindell et al.
OCL  339 95A
UREF
PNO  3623360
ISD  19711100
NAM  Paine
OCL   73 88F
UREF
PNO  3696412
ISD  19721000
NAM  Swanson
OCL   85 62
UREF
PNO  3719919
ISD  19730300
NAM  Tibolla
OCL  339 95A
UREF
PNO  3740685
ISD  19730600
NAM  Fisher
OCL  339 95A
FREF
PNO  459,910
ISD  19490900
CNT  CA
OCL  339 97R
FREF
PNO  1,024,525
ISD  19660300
CNT  UK
OCL  339 95A
LREP
FR2  Mon; Donald D.
ABST
PAL  A one-shot device for detecting the application of a compressive load of
      predetermined amount which includes a first and a second electrically
      conductive metallic member, each of which has a substantially planar face.
      The first member is made of a material which is harder and less ductile
      than the material of the second member. A brittle insulation layer is
      sandwiched between the faces. A wall recedes from the first face partially
      to define an open region adjacent to the first face. When the members are
      pressed toward one another under a load of said predetermined amount, the
      insulation layer fractures abruptly at the wall, and material of one of
      the members moves to make contact at the wall with the other member so as
      to signal application of the predetermined force. This change of
      conductive condition can be utilized to complete an electrical circuit for
      indication and control purposes.
BSUM
PAR  This invention relates to a device for detecting the attainment of a
      predetermined load. It is a device of broad application, but is expected
      to find its primary utility in combination with tension-type fasteners,
      such as nut and bolt combinations, so as to indicate the application of a
      predetermined axial preload in the fastener.
PAR  Tension-type fasteners are required to be set to a predetermined torque,
      principally because the torque is regarded as being proportional to the
      axial preload--that is to say, axial tension--of the fastener which is
      responsible for the clamping together of the workpiece.
PAR  In high performance fasteners, the axial preload in the fastener is a
      matter of considerable importance, and it is better to measure it directly
      as a compressive value than it is to measure it indirectly through the
      measurement of torque. Also, structural joints which utilize threaded
      fasteners are commonly set in production operations at a rapid rate. It is
      difficult to attain close control and repeatability in rapid production
      with the use of torque wrenches.
PAR  It is an object of this invention to provide means for detecting a
      predetermined axial preload and to utilize this detection capability as
      means to indicate the fact that the preload has been exerted, or as means
      to control the tool which applies the torque that generates the preload.
      The torquing operation can then readily be terminated after the attainment
      of the desired preload.
PAR  A device according to this invention comprises a first and a second
      electrically conductive metallic member which have a respective first and
      second substantially planar face. The material of the first member is
      harder and less ductile than the material of the second member. A wall
      recedes from the first face. A flat insulation layer is disposed between
      the faces. The material of the insulation layer is hard and brittle. When
      the members are pressed toward one another under a load of the
      predetermined amount, the insulation layer will abruptly fracture adjacent
      to the wall, and a portion of one of the members will move to contact the
      other. This exposes insulation-free material of both members to each
      other. The members then can make a direct electrically conductive contact
      with one another adjacent to the said boundary, and this contact can be
      used to complete an electrical circuit for indication and control purposes
     .
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PAR  The above and other features of this invention will be fully understood
      from the following detailed description and the accompanying drawings in
      which:
PAR  FIG. 1 is a side elevation of the presently-preferred embodiment of the
      invention in use with a fastener system to form a joint;
PAR  FIG. 2 is a cross-section taken at line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-section taken at line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary portion of FIG. 3 in another operating condition;
PAR  FIGS. 5 and 6 are fragmentary views of two sequential positions of another
      embodiment of the invention;
PAR  FIG. 7 is a fragmentary view of a portion of FIG. 6 closer to actual scale;
PAR  FIG. 8 is an exploded view of portions of still another embodiment of the
      invention;
PAR  FIG. 9 is a side elevation showing an alternate means of assembling some of
      the components of the invention;
PAR  FIG. 10 is an axial cross-section of yet another embodiment of the
      invention; and
PAR  FIG. 11 is a cross-section taken at line 11--11 of FIG. 10.
DETD
PAR  The presently-preferred embodiment of the invention is shown in FIG. 1,
      wherein a device 20 is shown installed in a joint 21 shown as being formed
      of a pair of workpieces 22, 23, together with a tension-type fastener 24.
      The fastener comprises a headed bolt 25 and a nut 26 that is threadedly
      engaged to the shank 27 of the bolt. A pair of sheets is given as a single
      example of a workpiece. It could instead comprise a parent body with
      another body joined to it, or any other element or combination of elements
      which a tension-type fastener is used to join.
PAR  Device 20 is formed in the shape of a washer having a hole 30 (FIG. 3)
      therethrough. The wall of the hole 30 makes a close, but not necessarily
      an engaging, fit with the wall of the shank which passes through it.
PAR  The device includes a first member 31 and a second member 32, both of which
      are metallic and electrically conductive. The first member 31 is folded so
      as to form a pair of plates 33, 34 connected by a bight 35. Plate 34 also
      includes a tongue 36 with a pair of turned-up anti-rotation ears 37, 38.
      The second member 32 also includes a tongue 39, the two tongues comprising
      means for connecting the device to electrical circuit means. It will be
      observed that the second member is sandwiched between the two plates,
      these plates having aligned apertures 40, 41, 42 to form hole 30. Tongue
      39 is located between ears 37 and 38, but does not contact them. There is
      also a tongue 43 on plate 33. The plates are held against rotation
      relative to one another by the ears and bight 35.
PAR  As best shown in FIG. 2, tongue 36 is embraced by a terminal clip 44 that
      has a neck 45 to which an electrical lead 46 can be connected. An
      insulator sleeve 47 surrounds the neck and shields it and the exposed end
      of the lead. The tongue 39 includes a portion 48 of bare metal, to which a
      lead 49 can be attached, such as by a clip (not shown) coaxial with,
      mounted to, and held by, sleeve 47, to form a second connection for a
      circuit to be made through the device.
PAR  An example of a suitable circuit which can be used with the device of FIG.
      1 is shown in FIG. 2. A battery 50, or other source of electrical power,
      is connected across the two leads. An indicator lamp 51, which will light
      up when the circuit is complete, and a power control relay 52, which
      controls application of power to a wrench motor 53 adapted to drive a
      wrench for setting the fastener to a pre-selected axial preload, are
      connected in the circuit.
PAR  The power control relay may be one which is latched to a power-conducting
      condition, but which will shift to a non-conducting condition and cause
      the interruption of power to the wrench motor when a circuit is completed
      through the device. Power control relays and latch circuits are well known
      and are therefore not shown in detail in this specification. The purpose
      of device 20 is to permit an indication, such as by way of a lamp, to
      indicate the attainment of a desired axial preload, or to control a motor
      driving a wrench which is used to torque the fastener, by interrupting
      power to the driver when the desired axial preload is attained.
PAR  As is best shown in FIG. 3, second member 32 is sandwiched between the two
      plates. Importantly, it faces plate 34 (part of the first member), and
      this is the interface where the change in condition occurs. Second member
      32 has a second substantially planar face 54 which faces toward a first
      substantially planar face 55 on first member 31 (on plate 34). A flat
      insulation layer 56 is located between the first and the second faces.
      When the first member is formed with two plates, the insulation layer will
      be placed between both plates 33 and 34 and the second member 32. The
      insulation layer electrically insulates the members from one another until
      after the device has changed condition. The insulation layer may
      conveniently completely encase the second member in the form of a hard
      shell.
PAR  The necessary property of the insulation layer for any combination of
      materials is that it be hard and brittle, so it will crack (fracture)
      abruptly. A suitable hardness for the material is 87C on the Rockwell
      scale, which is the approximate hardness of hard anodizing. Hard anodizing
      integrally formed on an aluminum alloy second member is the preferred
      construction. The insulation layer is not intended to have any substantial
      shear strength, but it is brittle and readily fractures under
      circumstances yet to be described. On the other hand, it does have
      substantial compressive stability. Various epoxy compounds, some paints,
      ceramics and fused glasses are also suitable for the insulation layer. The
      ceramics and glass are primarily suited for use on iron alloys, because
      anodizing is so very useful with aluminum. In any event, the layer is made
      of such a material and in such thickness as to insulate the first and
      second members from each other sufficiently to prevent the flow of current
      from one to another and to perform a structural function yet to be
      described.
PAR  As will further be discussed below, the first member is made of material
      harder and less ductile than that of the second member.
PAR  A pair of walls 61 recede from the first face at an angle thereto, and at
      least partially define an open region (a circular peripheral groove in
      FIG. 3) adjacent to the first face. The first face in FIG. 3 is the entire
      surface on each side of region 60, and the groove is formed in Plate 34.
PAR  As stated above, the first member will be made of material which is harder
      and less ductile than the material of which the second member is made. The
      harder member is preferably made of heat-treatable steel, because then its
      hardness can closely and routinely be controlled. The second member may be
      made of soft aluminum, or other conductive metal which is softer than the
      steel, and this is the preferred combination of material for most usages.
      When the second member is made of aluminum, the insulation layer is
      preferably hard anodizing, which is conveniently formed in place and is,
      therefore, unitary with the second member and also adherent thereto.
      Another example of suitable materials is to provide the harder member of a
      heat-treatable, heat-treated steel, and the more ductile member of a mild
      steel which is more ductile than the steel of which the harder member is
      made. The insulation layer can be made of a ceramic or of a fused glass
      applied to the face of the second member. This embodiment is suitable for
      higher temperature applications than the steel aluminum combination. In
      all embodiments, the members themselves are electrically conductive and
      are electrically insulated from each other by the insulation layer. The
      insulation layer may be considered as placed or located between them, even
      though it may be unitary with one of them.
PAR  In use, the illustrated device is used as a washer. It is placed between
      the nut and the workpiece or workpieces. The shank of the bolt passes
      through it. Of course, other shapes can be utilized, for the device, and
      the first member can even constitute the parent material of a workpiece
      abutted by a second member which carries the insulation layer. The washer
      embodiment is provided merely to show the best known, and what is expected
      to be the most common use for the invention. Also, the device can function
      to indicate loads even when it is not provided with an aperture to pass
      the shank of a fastener.
PAR  Another embodiment of the invention is shown in FIGS. 5 and 6, wherein a
      second member 65 and a first member 66 are shown. The second member may be
      made of a softer, more ductile, material, perhaps aluminum, than the first
      member which may be made of heat-treatable steel and is harder and less
      ductile than the material of the second member. A substantially flat
      insulation layer 67 may be placed on the "second" substantially planar
      face 68 of second member 65 and has the same properties as the insulation
      layers heretofore described. The insulation layer faces a "first"
      substantially planar face 72 on the first member 66. A pair of walls 70
      recedes at an angle from the first face, partially defining an open region
      71 adjacent to the first surface. More specifically, the open region is
      the space surrounding the rise-like, ring-shaped body defined by the
      walls. Surface 69 on the first member is recessed, or offset, from face
      72.
PAR  FIG. 7 illustrates that the amount of offset of face 72 from surface 69,
      and the thickness of the insulation layer are quite small in a practical
      device. In FIG. 3 the "offset" is in a groove, providing relief for
      movement of material into the groove. In FIG. 7 the "offset" is the height
      of a rise, permitting the insertion of a rise into the other material.
      Some of the dimensional considerations of the device of FIG. 3 are shown
      in FIG. 2. The walls have inside and outside segments which are spaced
      apart by a width d (FIG. 2).
PAR  FIG. 8 shows a second and a first electrically conductive member 85, 86
      which may be utilized in place of the same members in FIG. 1, but in which
      the second member is divided into two sections 87, 88. It is as before
      made of softer, more ductile material than the first member. The first
      member has a pair of regions 89, 90, each adjacent to a first
      substantially planar face, and aligned with a respective one of the two
      sections. The sections are spaced apart from one another. The regions 89
      and 90 are bounded by walls receding from the first face having respective
      segments 91, 92 and 93, 94, which are spaced apart by different widths e,
      f. As a consequence, there is a different span across each of these, and
      as will later be seen, each is respective to a different load to be sensed
      by the device. FIG. 9 is a modification of FIG. 1 wherein the bight is
      eliminated, but the same members are otherwise provided, namely a first
      and a second member 100, 101, member 100 being made of plates 102, 103.
      The members have respective tongues 104, 105 for the purposes aforesaid.
      The distinction between this construction and the construction of FIG. 1
      is that, instead of being mechanically joined together, the device is held
      together by thin films of cement 106, 107, which serves to lighten the
      device. The film may be of nearly molecular thickness, and is made as thin
      as possible in order that it will not interfere with electrical
      conductivity through the device when it is in its conducting condition. In
      fact, an electrically conducting cement can be used.
PAR  It will be understood that the top portion of the first member in both
      FIGS. 1 and 9 may be eliminated, if desired, and the load can be applied
      directly to the second member and the bottom of the first member, as
      desired.
PAR  FIGS. 10 and 11 show still another embodiment of a device 110 according to
      the invention, wherein a first and a second member 111, 112 are provided
      with substantially the same characteristics as the first and second
      members in FIG. 1. Its scale has been foreshortened in the horizontal
      dimension. The entire construction may be cemented together as in FIG. 9
      or may be mechanically connected as in FIG. 1. The same insulation layer
      114 is provided on the second member as in the embodiment of FIG. 1. The
      region 115 in the device of FIG. 10 constitutes a hole extending entirely
      through the plate, which is a convenient form of offset region which may
      readily be reproduced to close tolerances in production operations.
PAR  The purpose of FIGS. 10 and 11 is to show that there is a wide range of
      shapes which can be utilized for the region, and that the region need not
      be fully peripheral, nor even of any unique shape.
PAR  In operation, the device 20 of FIG. 1 is shown placed like a washer between
      the nut and the workpieces, and torque is applied so as to place the shank
      of the fastener in axial tension. The effect of this is to compress the
      device together as a sandwich and tends to move the members "toward" each
      other. Evidently the axial movement will be very small because the device
      is an integral sandwich. The term toward is used to connote the
      application of a force compressing the members toward one another and
      against the insulation layer. Until a critical level is reached, which is
      determined by the relative physical properties and dimensions of the
      members and of the insulation layer, the device tends to remain as
      illustrated in FIG. 3, with the two members fully insulated from one
      another by the insulation layer. The faces are devoid of piercing members
      in all embodiments, and their opposed planar areas tend to act as
      "hold-off" means, so that substantial relative axial movement must await
      the fracture of the insulation layer. As shown in FIG. 4, when the
      predetermined preload is reached in the device of FIG. 3, then the brittle
      insulation layer is abruptly cracked (fractured) at the wall, and that
      portion of the insulation material which is within the boundary is moved
      in a shear like movement, and the material of second member enters the
      other (in the device of FIGS. 1-4 the more ductile material extrudes into
      the discontinuity in the harder member) until some insulation-free
      material of each member is exposed to and in contact with insulation-free
      material of the other, such as at point 116 of contact. Point 116 is at or
      adjacent to the boundary, whereupon a complete electrical circuit can be
      made between the two members. The circuit is completed through this
      metal-to-metal contact. This is a one-shot, irreversible change of
      conducting condition.
PAR  The operation of the device of FIG. 5 is analogous. Initially, and until
      the predetermined load is reached, the two members will simply be pressed
      together, as in FIG. 5, with the faces acting as hold-off means, and the
      members will remain insulated from one another. However, when the
      ultimately desired preload is reached, the situation of FIG. 6 occurs
      wherein the abrupt cracking of the insulation layer, which is formed of
      harder and less ductile material than the material of the second member,
      has entered the second member by displacing a more ductile material of the
      second member. At a point 117 at the wall, insulation-free material of the
      members makes contact to complete the circuit.
PAR  The operation of the device of FIG. 8 is similar to that of FIG. 1, except
      that, because of the difference of spacing between segments of the walls,
      there will be an earlier closure of contact circuit through the device
      with the wider spacing than with less spacing. Accordingly, it is possible
      to use the same device to indicate two different levels which, of course,
      will occcur at different times in the tightening procedure.
PAR  The device of FIG. 10 functions precisely as that in FIG. 1, except that
      the material of the second member will tend to extrude into a hole of the
      first member instead of into a ring-shaped structure.
PAR  As can be seen in FIGS. 1-4, movement of metal to make the desired
      electrical contact occurs by extrusion. In FIGS. 5 and 6, it occurs by
      displacement. There is, of course, some lateral movement of the softer
      material as a consequence of "squashing", but this is negligible, because
      the materials are selected for functioning primarily in the manner
      illustrated. It will be observed that the insulating layer extends beyond
      the wall and over the open region to provide an insulating effect and an
      area wherein the cracking occurs.
PAR  The tongues and ears, the cement layer, and whatever other means is used to
      hold the plates against rotation is sometimes referred to as
      "anti-rotation means".
PAR  When the second member is sandwiched between two plates, such as between
      plates 33 and 34, the plate facing the insulation layer is referred to as
      the first member (for example plate 34) and first the other, for example
      plate 33 is referred to as a "third member".
PAR  All of these illustrated constructions can readily be manufactured in
      routine manufacturing operations to a high degree of precision and
      repeatability. The device can function as a washer and is in every way
      reliable. The closure of the circuit can be indicated by an indicator
      means, such as a lamp, or can be utilized to terminate the operation of a
      wrench motor, all as preferred.
PAR  The precise point at which the device will perform to make an electrical
      contact can be altered from device to device by dimensional changes of
      either the opposed areas of the faces, the thickness of the plates
      relative to one another, the relative hardness of the materials, or the
      properties of the insulation layer, or a combination of them.
PAR  The term "layer" as it refers to the insulation layer is broadly used to
      connote a shield which protects one surface from another. It can be
      applied as a coating, or formed in place from the material of one of the
      members. When it is made of hard anodizing, for example, the layer may
      even both extend into its surface and project from it, because it is an
      oxide of the material formed in place.
PAR  In all embodiments, the wall is formed on the member having the greater
      hardness and lesser ductility.
PAR  When a film of cement is used, it must be so thin and preferably brittle
      that it will not impede electrical conductivity through the device.
PAR  A set of dimensions suitable for use with a 3/8 inch bolt to indicate the
      exertion of 4,500 lbs. of axial preload is as follows:
PA1  Diameter of hole 30: 3/8 inch
PA1  Outer diameter of member 31: 9/16 inch
PA1  Outer diameter of member 32: 9/16 inch
PA1  Inside diameter of member 32: sufficiently less than hole diameter to give
      bolt clearance from hard anodizing.
PAL  The thickness of the anodizing in FIG. 3 is greatly exaggerated relative to
      all other dimensions.
PA1  Width d of groove 60: 0.060 inches
PA1  Inside diameter of groove 60: 0.470 to 0.475 inches
PA1  Depth of groove 60: at least 0.006 inches, preferable 0.010 or greater
PA1  Thickness of insulation layer 56: about 0.002 inch
PA1  Thickness of member 31: 0.032 inch
PA1  Thickness of member 32: 0.025-0.030 inch
PAR  Material of member 31, steel heat treated to about Rockwell 35C.
PAR  Material of member 32, aluminum alloy 6061, one-half hard, coated with hard
      anodizing.
PAR  Suitable dimensions for other embodiments of the invention can readily be
      produced from the foregoing specification and example by persons skilled
      in the art, with only routine investigation to determine the dimensions
      for any individual desired preload.
PAR  This invention is not to be limited by the embodiments shown in the
      drawings and described in the description, which are given by way of
      example and not of limitation, but only in accordance with the scope of
      the appended claims.
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NUM  1.
PAR  1. A one-shot compressive-load sensitive electrical circuit element which
      changes from an electrically non-conductive condition to a conductive
      condition when a compressive load of predetermined magnitude is applied
      thereto, comprising: a first and a second electrically conductive metallic
      member, the first of said members being made of material which is harder
      and less ductile than the material of the second member, a first
      substantially planar face on the first member, a second substantially
      planar face on the second member, a wall receding from the first planar
      face at an angle thereto, said wall at least partially defining an open
      region adjacent to the first face, a substantially flat insulation layer
      between the faces, the faces being opposed to and facing one another
      across the insulation layer, and being contiguous thereto, the faces being
      the closest portions of the members to one another so as to function to
      hold the members apart in a compressive substantially non-yielding stack
      while the insulation layer remains unbroken at said second planar face
      adjacent to the wall, and said insulation layer extending beyond the wall
      and over the open region, the material of the insulation layer being hard
      and brittle, and of such thickness that, when the members are pressed
      toward each other by a compressive load, the insulation layer remains
      unbroken until said predetermined load, whose magnitude depends at least
      in part on the physical strength of the insulation layer, is applied,
      whereupon the insulation layer abruptly fractures adjacent to the wall,
      and a portion of one of the members moves axially toward the other member,
      displacing in a shear-like axial movement that portion of the insulation
      layer which is bounded by the wall, whereby to bring insulation-free metal
      of both members into contact with each other and thereby to make an
      electrically conductive contact as a consequence of the application of
      said load, said members being adaptable to connection into an electrical
      circuit.
NUM  2.
PAR  2. A circuit element according to claim 1 in which the wall bounds a rise
      on the first member, and the open region surrounds the rise.
NUM  3.
PAR  3. A circuit element according to claim 1 in which the second member
      comprises an annular ring completely coated with the insulation layer.
NUM  4.
PAR  4. A circuit element according to claim 1 in which the members are made of
      steel, and in which the insulation layer comprises a ceramic or glass
      applied to the second face.
NUM  5.
PAR  5. A circuit element according to claim 1 in which the wall defines an
      arcuate groove in the first member, and in which the first member is
      annular.
NUM  6.
PAR  6. A circuit element according to claim 1 in which there is a plurality of
      spaced-apart first and second members, pairs of walls on respective first
      members being spaced apart by different widths, whereby conductive
      contacts are made at different compressive loads.
NUM  7.
PAR  7. A circuit element according to claim 1 in which the insulation layer is
      adherent to or integral with the second face.
NUM  8.
PAR  8. A circuit element according to claim 1 in which the members are annular,
      having a hole therethrough to pass the shank of a tension-type fastener,
      thereby also acting as a washer.
NUM  9.
PAR  9. A circuit element according to claim 1 in which connector means is
      formed on each of said members for connection to electrical circuit means.
NUM  10.
PAR  10. A circuit element according to claim 1 in which the element is cemented
      together.
NUM  11.
PAR  11. A circuit element according to claim 1 in which the element is
      mechanically held together.
NUM  12.
PAR  12. A circuit element according to claim 1 further including connector
      means for connecting the members into an electrical circuit.
NUM  13.
PAR  13. A circuit element according to claim 1 in which the open region defined
      by the wall comprises a recess in the first member.
NUM  14.
PAR  14. A circuit element according to claim 13 in which the recess is a hole
      through the first member.
NUM  15.
PAR  15. A circuit element according to claim 1 which the material of the second
      member comprises aluminum, and the material of the insulation layer
      comprises hard anodizing formed integrally on the second face.
NUM  16.
PAR  16. A circuit element according to claim 15 in which the members are
      ring-shaped.
NUM  17.
PAR  17. A circuit element according to claim 16 in which the hard anodizing
      entirely covers the second member.
NUM  18.
PAR  18. A circuit element according to claim 16 further including connector
      means for connecting the members into an electrical circuit.
NUM  19.
PAR  19. In combination: a circuit element according to claim 1; and electrical
      circuitry means responsive to electrical conduction through said device
      and to lack thereof.
NUM  20.
PAR  20. A combination according to claim 19 in which the electrical circuitry
      means includes an indicating lamp.
NUM  21.
PAR  21. A combination according to claim 19 in which the electrical circuitry
      means includes power control means to disable a motor when a pre-selected
      preload is exerted on the device.
NUM  22.
PAR  22. A circuit element according to claim 1 in which anti-rotation means
      restrains the first and second members from rotation relative to one
      another.
NUM  23.
PAR  23. A circuit element according to claim 22 in which the anti-rotation
      means comprises interengaging members on said members.
NUM  24.
PAR  24. A circuit element according to claim 23 in which said interengaging
      members comprise tongues projecting from the members.
NUM  25.
PAR  25. A circuit element according to claim 1 in which a third member bears
      against the second member on the opposite side of the second member from
      the first member to sandwich the second member between the first and third
      members.
NUM  26.
PAR  26. A circuit element according to claim 25 in which the third member is a
      plate.
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ABST
PAL  One-piece flat contact element with opposing bifurcate ends and opposing
      centrally open extended sides makes possible a compact wire-splicing
      assembly capable of accepting a wide range of wire sizes and offering high
      dielectric strength.
BSUM
PAR  This invention relates to the splicing of communications cables and has
      particular reference to connector modules wherewith wire-ends of such
      cables may be electrically connected. In particular, the invention relates
      to an improvement in modular connectors as described in U.S. Pat. No.
      3,708,779 (Ser. No. 91,781 filed Nov. 23, 1970) whereby the thickness and
      width dimensions of the module are significantly reduced. The invention
      thus makes possible a highly desirable reduction in the diameter of cable
      splice assemblies which must frequently be installed in limited-space
      areas. Size is reduced with no reduction in dielectric strength, and the
      ability to make spring compression reserve connections to a wide range of
      wire-sizes is improved.
DRWD
PAR  In the drawing,
PAR  FIG. 1 is a plan view of a contact element of the invention,
PAR  FIGS. 2, 3, 4 and 5 are partial plan views of base, body bottom, body top,
      and cover members forming the insulating support for the contact elements,
PAR  FIG. 6 is a sectional view of a portion of the insulating body taken at
      line 6--6 of FIGS. 3 and 4,
PAR  FIG. 7 is a perspective view of a connector module of the invention with
      some wires in place, and
PAR  FIG. 8 is a sectional view of the connector module of FIG. 7 taken along
      the line 8--8.
DETD
PAR  The contact element 10 of FIG. 1 is stamped from a thin flat plate of
      spring brass or other resilient metal, such for example as 26 gage (0.0159
      inch) No. 260 copper alloy having a spring temper of 8 B & S, and is
      preferably lightly plated with tin or indium metal. Somewhat thinner
      plate, e.g. down to about 28 gage (0.012 inch) is also useful. The element
      has an extendedwidth rectangular central portion 11. Legs 12 and 13 extend
      from one end of the central portion to form an upper bifurcate spring
      compression reserve contact element, and legs 14 and 15 extend from the
      other end to form an identical lower contact element. The central slots
      16, 17 between the adjacent edges of each pair of legs extend into the
      central portion but the slot ends remain separated by a distance
      approximately 1.5 to 1.7 times the width of each leg.
PAR  The side edges of the central portion are each centrally cut away in a
      generally semicircular pattern to form inwardly curved edges 18, 19. The
      distance between the closed ends of the slots 16, 17 and points on the
      curves 18, 19 nearest thereto is substantially equal to the width of the
      legs 12-15, i.e. not less than said width and not more than 5 or 10
      percent greater than said width.
PAR  In a specific illustrative embodiment, using the above-identified metal
      plate, the over-all length of the element is 0.270 inch and the width is
      0.142 inch. The legs are each 0.047 inch in width and the slots 16, 17 are
      0.008 inch in width and 0.100 inch in length. The curved edges 18, 19 are
      semicircular with a radius of 0.026 inch. The length of the rectangular
      central portion is 0.100 inch.
PAR  The contact elements are enclosed within a body member formed of a top
      element 30 and a bottom element 40 in connected slot-like cavities 31, 41
      provided for the purpose. Wire-accepting grooves 32, 33 and 42, 43
      extending transversely of the body member are centered on the cavities and
      on the elements contained therein, as will be apparent from FIGS. 1 and 6.
      Grooves 34, 44 in the walls of the transverse grooves receive wire-cutting
      knife elements, not shown, which serve to remove unnecessary end portions
      of wires at the time connection is made to such wires by the contact
      elements.
PAR  The top and bottom elements 40, 30 of the body are further provided with
      central rows of cavities 35, 45, two opposing walls of each of said
      cavities being provided with narrow marginal ridges 36, 46 for a purpose
      to be described. The bottom element 30 has marginal edge channels 37, 38.
PAR  The two parts 30 and 40 of the body member, after insertion of the contact
      elements, are sealed together with the ridged surfaces outwardly as
      indicated in FIG. 6. Suitable indexing pegs and holes, not shown, may be
      provided on the flat inwardly facing surfaces of the two if desired,
      although the contact elements themselves assist in achieving proper
      alignment. The two parts are then preferably bonded permanently together.
      Wires may then be forced into opposing transverse grooves for
      interconnection, using base and cover members as illustrated in FIGS. 2
      and 5.
PAR  The base 20 of FIG. 2 has a series of alternating long ridges 21 and short
      ridges 22 fitting within the grooves 32 and 33 respectively. Each said
      ridge is constricted, as at 24, in line with the slot 17 of the
      corresponding contact element. Pegs 25 and 26 define channels
      corresponding to wire-accepting grooves 32, 33 of FIG. 3 and lie along the
      edge channels 37, 38 respectively when the base is properly positioned
      against the body bottom member 30. Central long pegs 27 fit within
      cavities 35 of said member 30 with a force fit effected by the ridges 36
      and hold the two members together as well as assisting to define the
      wire-receiving channels. Short pegs 28 similarly assist in defining the
      channels and act as spacer elements in the completed assembly. Widened
      ridge ends 29 fit against knife edges supported in grooves 34 of bottom
      30.
PAR  Somewhat analogously, the cover 50 of FIG. 5 has long ridges 51 and short
      ridges 52, each with a constriction 54 in line with the corresponding
      contact element. Long pegs 57 fit within cavities 45 of top member 40 and
      are held by ridges 46; short pegs 58 serve as spacers. Widened ridge ends
      59 fit against knife edges mounted in grooves 44 of top 40.
PAR  The method of making connection between wire-ends of two communications
      cables will be apparent from the foregoing description taken in
      conjunction with the disclosures of U.S. Pat. No. 3,708,779 (Ser. No.
      91,781). The base 20 is held in the position indicated in FIG. 2 and
      individual wire-ends from one of the cables are laid transversely across
      it, one in each of the channels defined by the upraised pegs 25-28. The
      wire-ends are tautly held in position while the body assembly, consisting
      of bottom 30 and top 40 with embedded contact elements 10 and if desired
      with knife edges inserted as previously indicated, is fitted thereagainst.
      Appropriate wire-ends from the other of the two cables are then similarly
      laid in the transverse grooves of the exposed surface of the top 40, and
      the cover 50 is fitted thereagainst. Pressure applied against base and
      cover then forces the wires into the bifurcate ends of the contact
      elements, displacing the insulating coverings and making spring
      compression reserve contact with the wire. At the same time the free end
      portions of the wires are pressed against the knife edges and are cut off,
      and the long pegs 27, 57 are force fit into their respective socket
      cavities 35, 45. The resulting module is held securely together, and
      effective permanent connection is made between the several wire-pairs.
PAR  The connector module as herein described is found to be superior to those
      of U.S. Pat. No. 3,708,779 (Ser. No. 91,781) in a number of respects. As
      previously indicated, one major advantage is its reduced size, a reduction
      in cross-sectional dimensions from 1/2 .times. 3/4 inch to 3/8 .times. 1/2
      inch, or a volume reduction of approximately 50 percent, being typical.
      Along with size reduction there is obtained improvement in ability to
      accept wires of an increased range of sizes while at the same time
      improving the spring compression reserve feature of the contact. And these
      advantages are obtained with no sacrifice in dielectric strength or
      ability to resist flashover between adjacent contact elements, and with
      increased economy of manufacture due to the simplified structure of the
      contact element.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A wire-connector having a substantially planar spring compression
      reserve contact element in an insulating body, wherein said element
      consists of a flat plate of spring metal having an extended-width central
      portion, parallel legs extending from one end of said central portion to
      form an upper bifurcate contact member, parallel legs extending from the
      opposite end of said central portion to form a lower bifurcate contact
      member, the central slots of said contact members extending into said
      central portion, the inner ends of said slots remaining separated by a
      distance approximately 1.5 to 1.7 times the width of each of said legs,
      the side edges of said central portion being centrally cut away in a
      generally semicircular pattern to form inwardly curved edges, the least
      distance between a said edge and a said inner end being substantially
      equal to the width of each of said legs thus providing a longer dielectric
      breakdown path between alternate contact elements.
NUM  2.
PAR  2. Wire-connector of claim 1 wherein the dimensions of said contact element
      have approximately the following ratio:
TBL  overall length        .270                                                
     overall width         .142                                                
     width of each leg     .047                                                
     length of each leg    .085                                                
     width of slot         .008                                                
     length of slot        .100                                                
     radius of curved edge .026                                                
     thickness of plate    .012 - .016.                                        
NUM  3.
PAR  3. Wire-connector of claim 1 wherein said insulating body comprises
      interengaging elongate base and cover members and a body assembly
      comprising a transversely grooved bottom member, a correspondingly
      transversely grooved top member, and a said contact element inserted
      between said members and in line with said grooves for making contact with
      wires forced into said grooves and wherein said base includes elements
      defining a transverse channel in alignment with corresponding grooves of
      said body assembly.
NUM  4.
PAR  4. Wire-connector of claim 3 wherein said body assembly includes a
      wire-cutting knife edge disposed across each of said transverse grooves in
      position for removal of an unwanted end portion of a wire laid therein.
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ABST
PAL  A distribution frame for telecommunication exchanges or the like is
      described wherein the frame has a plurality of terminal elements forming
      an extended terminal board. The terminal elements are assigned to the
      lines coming in to and going out from the distribution frame, and they are
      arranged in rows and columns. Designation strips constructed from
      insulating plastic are attachable to areas of the terminal board along the
      rows and columns. When so attached, the strips project above the free ends
      of the terminal elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a distribution frame for communication
      facilities, i.e., the structure for terminations and connections in a
      telecommunication facility. The invention can be applied in telephone
      installations having a multitude of terminal elements forming an extended
      terminal board. The terminal elements are assigned to the lines coming in
      at the distribution frame and to those outgoing therefrom, and they are
      disposed in rows and columns closely adjacent to one another within the
      terminal board.
PAR  In conventional distribution frames, designation strips are mounted on the
      edge of the terminal board or of individual sections thereof in a manner
      such that the columns or rows of the terminal board can be marked with
      figures, letters, colored designations and the like. Despite this
      identification, it is comparatively difficult under certain circumstances
      to find a single line termination in the extended terminal board of the
      distribution frame. This increases the risk of wrong connections. Due to
      increasing miniaturization in modern distribution systems, there is a need
      for separate identification of each junction point of the distribution
      frame.
PAR  It is an object of the invention to provide a distribution frame
      construction of the type referenced hereinabove in which provision is made
      for clearly identifying the individual junction points in the extended
      terminal board and to improve the operational reliability of the
      distribution frame.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the foregoing and other objects are
      achieved by providing designation strips on insulating plastic which are
      attachable to the termination board of the distribution frame along the
      rows and/or columns. The designation strips project, in attached
      condition, above the free ends of the terminal elements. By using the
      designation strips that are directly attachable to the termination board,
      each individual terminal element, preferably each group of terminal
      element assigned, for example, to a telephone subscriber, can be marked
      separately in the direction of the columns and rows. At the same time, the
      operational reliability of the distribution frame can be increased by
      causing the designation strips to project above the terminal elements,
      protecting them against accidental contact.
PAR  An advantageous further development of the distribution frame constructed
      according to the invention is achieved in that the designation strips can
      be attached to the areas of the terminal board having the terminal
      elements for the incoming lines and providing the same with concave
      recesses in which said terminal elements can be laid to rest. In so doing,
      the designation strips act like attachable protective caps. They protect
      the terminal elements assigned to the lines coming in at the distribution
      frame and on which, as a rule, no changeover or switchover operations must
      be performed. The terminal elements for the outgoing lines (switchover
      lines) remain freely accessible, but are nevertheless located in a
      protected position in the immediate vicinity of the designation strips.
PAR  According to a further development of the invention, there are provided in
      the terminal board between the terminal elements or between the groups of
      terminal elements plug holes for arresting the designation strips provided
      with appropriate plug parts and preferably with arresting means. These
      plug holes are preferably disposed between groups of associated terminal
      elements, e.g., between the terminal elements for the T-, R-, and S-wires
      of individual telephone paths. The groups are slightly offset from one
      another so as better to distinguish them from one another. In the present
      case, the surface between the individual groups is utilized to advantage
      for placing the plug holes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The principles of the invention will be more readily understood by
      reference to the description of preferred embodiments given hereinbelow in
      conjunction with the accompanying drawing which illustrates distribution
      frames constructed according to the invention.
PAR  FIG. 1 is a top view of a section of a terminal board of the distribution
      frame constructed according to the invention.
PAR  FIG. 2 is a perspective view of a certain detail of the distribution frame
      shown in FIG. 1.
PAR  FIGS. 3-6 show designation strips of varying constructions for the
      distribution frame of FIGS. 1 and 2.
PAR  FIGS. 7 and 8 are two views of identification plates attachable to the
      designation strips of FIGS. 5 and 6.
PAR  FIG. 9 shows another designation strip of different construction.
PAR  FIGS. 10 and 11 show certain details of a further designation strip with a
      different form of construction.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a distribution frame for a telephone switching system. The
      distribution frame comprises elongated, rectangular structural elements 1
      disposed a distance from and parallel to one another. A single structural
      element 1 is shown in FIG. 2. Resilient contacts 3 and 4 coacting in pairs
      and forming testing and switching points are mounted in an insulating
      support 2, and electrically connected to the front of the structural
      elements by means of clamping terminal elements 5. For clearer
      identification, FIG. 2 does not show all the contacts and clamping
      terminal elements of structural element 1. Between the terminal elements 5
      coacting in pairs, of which in each case a group of three pairs is
      allocated to the T-, R-, and S-wires of a subscriber line, the terminal
      elements disposed on the left side in FIG. 2 are allocated to the lines
      (switchover lines) coming in at the distribution frame. The terminal
      elements disposed on the right side in FIG. 2 are allocated to the lines
      outgoing therefrom. There are provided in the insulating support 2 holes
      12 for inserting testing and switching plugs 6. Between the groups of
      terminal elements 5, the insulating support 2, furthermore, has plug holes
      7 allocated in each case to the two rows of terminal elements. As shown in
      FIG. 1, the terminal board comprises columns and rows which are
      perpendicular to one another and in which the terminal elements 5 are
      disposed.
PAR  FIG. 1 shows that between the elongated structural elements 1, which are
      parallel to one another, there are provided exhaust ports 8 of
      wire-guiding channels (not shown) into which the incoming and outgoing
      lines are guided to their terminal elements 5.
PAR  It is apparent from FIGS. 1 and 2 that insulating designation strips 9
      provided with fork-shaped plug elements 10 that are resilient fit into the
      plug holes 7 and have concave arresting edges 11 that can drop into the
      plug holes 7. The designation strips 9 provided with markings for the
      individual wires (T, R) of the lines and for the subscriber code in the
      form of raised injection-molded or printed letters or figures, have a
      concave recess 13 on the back side turned away from the identifications.
      They can be arrested in the rows or columns of the terminal board shown in
      FIG. 1 by pressing the plug elements 10 thereof into the plug holes 7 in a
      manner such that the terminal elements 5 for the incoming lines are laid
      to rest in the recesses 13 for protection against accidental contact, as
      shown in FIG. 1. The openings 12 for the testing and switching plugs 6,
      the terminal elements 5 for the outgoing switchover lines and the outlets
      8 of the wire-guiding channels remain freely accessible.
PAR  Markings for the S-wires of lines are put on a designation strip 9 shown in
      FIG. 1.
PAR  A designation strip 9 is shown as an individual item in FIGS. 5 and 6.
      Between the terminal blocks a-0-b, a-1-b . . . there are provided notches
      14 which optically make the individual terminal blocks 11 stand out in
      sharp contrast to one another. The designation strip possesses a depth q
      which is greater than the distance p (FIG. 2) of the free ends of the
      terminal elements 5 from the front of the insulating support 2 so that
      said designation strips 9 project above the terminal elements 5, thereby
      protecting the entire terminal board from accidental contact.
PAR  FIG. 5 shows furthermore that at the upper end of the designation strip 9
      there is provided an engaging opening 15 in which there is arrested an
      identification plate 16 covering the terminal area of the designation
      strip 9. On the U-shaped identification plate 16 there is placed, by way
      of example, a figure marking the current decade of a column of the
      terminal board.
PAR  As apparent from FIGS. 7 and 8, identification plates exhibiting all the
      figures of a decade can be combined in the manner of a strip and
      interconnected over a common connecting strap 16. For example, such a
      strip can be made very economically in a die-casting process. On preset
      breaking points 17 the individual identification plates 16 can be
      separated from the strip. FIG. 8 further shows that the identification
      plates 16 are provided with resilient arresting elements 19 which can lock
      in the engaging openings 15 of the designation strip.
PAR  The designation strip 20 shown in FIG. 3 has plug elements 21 substantially
      similar to the plug elements 10 of FIG. 2. The designation strip is
      preferably employed for plug-and-socket arrangements for special services
      of a telephone system constructed like the arrangements shown in FIGS. 1
      and 2. In the practical example, the designation strip 20 has openings 22
      which are subdivided into groups of three in accordance with the number of
      wires (T, R, S) of the circuit cords connecting the subscriber line
      terminations with the line terminations of the special services. Through
      the openings 22 the plugs of said circuit cords can be attached to the
      special service systems. The groups of three of the openings 22 are
      separated from one another by straps 23. A plurality of U-shaped elastic
      identification carriers 24 (FIG. 4), which identify the special services
      (e.g., announcement services) allocated to the groups of three through
      different coloring and designation, can be attached to said designation
      strip 20.
PAR  The designation strip 25 of FIG. 9 has laterally mounted plug elements 26,
      a bearing surface 27 for a resilient written or typed identification strip
      28, as well as undercut edges 29 for the mounting thereof.
PAR  In the practical example of FIGS. 10 and 11, a designation strip 30
      constructed as in FIG. 9 has in laterally fixed relationship to a written
      or typed identification strip 31 a plurality of preset breaking points 32
      disposed in a row, whereby, as apparent from FIG. 11, the breakable edges
      33 of the preset breaking points 32 are reset with respect to the strip
      surface. Each preset breaking point 32 is assigned to a symbol for the
      electrical mode of operation of the system, for example, to a ground
      symbol or symbols for other electrical engineering strips. A coding can be
      established by breaking off one or more preset breaking points.
PAR  The preferred embodiments described hereinabove are intended to be
      exemplary of the principles of the invention. It is contemplated that they
      can be modified or changed in various ways, while remaining within the
      scope of the invention as defined by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a distribution frame for telecommunication exchange facilities having
      a plurality of terminal elements forming an extended terminal board, the
      terminal elements being assigned to transmission lines incoming to and
      outgoing from said distribution frame, said terminal elements being
      disposed in rows and columns, the improvement comprising:
PA1  designation strips having indicating means thereon for identifying
      individual terminal elements, said designation strips having means for
      attaching them to a said terminal board along rows and/or columns of said
      terminal elements, said designation strips being constructed, when so
      attached, to project above and over the free ends of said terminal
      elements, said designation strips having formed therein concave recesses
      for receiving said terminal elements and in which said terminal elements
      rest, when said designation strips are attached to said terminal board.
NUM  2.
PAR  2. The improved distribution frame defined in claim 1 wherein said
      designation strips further comprise plug means, said terminal boards
      having means for receiving said plug means.
NUM  3.
PAR  3. The improved distribution frame defined in claim 1 wherein said
      designation strips include means defining openings through which switching
      plugs can be extended to attach to terminals on said distribution frame.
NUM  4.
PAR  4. The improved distribution frame defined in claim 1 further comprising
      securing means for removably connecting identification plates.
NUM  5.
PAR  5. The improved distribution frame defined in claim 1 further comprising
      U-shaped identification plates capable of being resiliently impressed on
      said designation strips.
NUM  6.
PAR  6. The improved distribution frame defined in claim 4 further comprising
      arresting means on said designation strips for holding said identification
      plates.
NUM  7.
PAR  7. The improved distribution frame defined in claim 6 wherein a plurality
      of said identification plates having sets of figures imprinted thereon are
      interconnected by means of a common connecting strap and are capable of
      being separated at preset breaking points.
NUM  8.
PAR  8. The improved distribution frame defined in claim 1 wherein said
      designation strips have a plurality of preset breaking points which can be
      selectively broken off to establish a coding.
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ABST
PAL  A lamp assembly including a connector enabling mounting of the lamp
      assembly in an aperture in a wall by insertion from either side without
      the use of tools. The connector defines a cavity for receiving the lamp,
      and is tapered in both directions from a transverse annular mounting
      groove. The connector is also split or slotted longitudinally to enable
      radial compression during insertion into an aperture. Lamp leads are
      mechanically and electrically connected to connecting pins or to insulated
      wires by being press-fitted in crimped splices which are
      interference-fitted into portions of the connector cavity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a connector or base for lamps,
      particularly subminiature lamps which are sometimes referred to as
      mini-wedge lamps.
PAR  2. Description of the Prior Art
PAR  The known type of lamp in which the base or connector is not permanently
      connected to the lamp has enabled the replacement of a burnt-out lamp
      without replacing the much more expensive base in which the lamp is
      mounted. However, this type of based lamp has been found to be deficient
      in making good electrical connections between the lamp leads and the base
      connectors. The observed intermittency of the connections of the very fine
      lamp leads to the base connectors makes this type of lamp unreliable. Such
      unreliability is unacceptable and even hazardous in certain applications,
      particularly those in which the lamp is intended to serve as a warning of
      a malfunction in some component or system of an automotive vehicle, for
      example. Furthermore, this type of prior-art based lamp is typically
      capable of being mounted only from one side of an apertured wall or panel
      board.
PAR  It is the purpose of the present invention to overcome the intermittency
      problem, and to provide a connector which enables the mounting of a lamp
      in an aperture in a wall or panel board by insertion from either side
      without the use of any tools. Thus, reliability is greatly increased, and
      both the fabrication of original equipment and replacement installation
      are facilitated.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in and carried out by a lamp connector
      defining a cavity for receiving a lamp therein, with the lamp leads being
      mechanically and electrically connected to connecting pins or lengths of
      heavier wire by being press-fitted with crimped splices which are then
      interference-fitted into portions of the connector cavity. The connector
      is tapered in both directions away from an annular mounting groove which
      is designed for engagement with the periphery of an aperture in a wall or
      panel board. The connector is split or slotted longitudinally to enable
      reduction in its diameter by the radial compression exerted by the
      aperture-defining circular edge of a wall or panel board upon either
      tapered section, depending upon whether the lamp assembly including the
      connector is inserted from the front or the rear. Preferably, a plurality
      of fins extend radially into the aforementioined cavity from the inner
      wall of the connector, and serve to retain the lamp in position by
      preventing lateral motion of the lamp.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will be better understood if the written description
      thereof is read in connection with the accompanying drawing, of which:
PAR  FIG. 1 is a top view of the connector embodying the present invention,
      looking into the cavity defined thereby;
PAR  FIG. 2 is a side elevation of the connector shown in FIG. 1;
PAR  FIG. 3 is a bottom view of the connector shown in FIGS. 1 and 2; and
PAR  FIG. 4 is a side elevation of a connector of the type shown in FIGS. 1, 2
      and 3, with the connector being rotated 90.degree. about its longitudinal
      axis from the position of the connector shown in FIG. 2, and having a lamp
      mounted therein.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the connector 10 defines a complex cavity
      having an upper cylindrical portion 12 and an intermediate tapered portion
      14 which joins the cylindrical portion 12 with first and second tunnel
      portions 16 and 18 which extend to first and second small openings 20 and
      22, respectively, in the bottom end of connector 10. The cylindrical
      cavity portion 12 extends from a large opening 24 at the upper end of
      connector 10 through the tapered collar portion 26, the annular mounting
      groove 28 formed in the outer peripheral wall transverse to the
      longitudinal axis of the connector 10, and into the tapered body portion
      30. As shown, the collar portion 26 is tapered so as to have a
      progressively smaller cross-section as it extends from the annular
      mounting groove 28 to the large opening 24 in the upper end of the
      connector 10, while the body portion is tapered so as to have a
      progressively smaller cross-section as it extends from the annular
      mounting groove 28 to the small openings 20, 22 in the bottom end of the
      connector 10. The body portion 30 includes two textured surfaces 38 and 40
      which are oppositely disposed and are sharply tapered from an intermediate
      region or locus of body portion 30 to the bottom end of connector 10.
      These surfaces 38, 40 form a finger grip, and eliminate molding problems
      by reducing concentration of plastic mass in the bottom or closed end of
      connector 10. A plurality of fins 32, preferably four in number and
      disposed at equal angles from one another, extend radially from the
      portion of the inner wall of connector 10 which defines the cylindrical
      cavity portion 12 to provide lateral support for the lamp to be mounted
      therein. By thus preventing the lamp from vibrating within the connector
      10, flexing or bending of the lamp leads is prevented, thereby eliminating
      this phenomenon as a cause of lamp lead breakage.
PAR  The connector 10 includes slots 34 and 36 which extend through the collar
      portion 26, the annular mounting groove 28, and body portion 30 to
      intersect with the cavity defined by the connector 10. In the embodiment
      shown, these two slots 34, 36 are diametrically opposed from one another
      so as to enhance the ability of the connector 10 to reduce its maximum
      radial dimension when being inserted into an aperture in a printed circuit
      board or display panel. The combined features of (1) counter-tapering the
      collar portion 26 and the body portion 30 and (2) slotting the connector
      wall as just described make it possible to insert a lamp assembly such as
      that shown in FIG. 4 into a receiving aperture from either side of a
      printed circuit board or display panel in which the aperture is formed.
      The fins 32 are sufficiently flexible to be deflected when forced against
      the lamp envelope when the connector 10 is radially compressed.
PAR  The lamp assembly shown in FIG. 4 illustrates the manner in which a typical
      lamp containing a supported filament F within an evacuated glass envelope
      E and having a pair of leads L1 and L2 extending from the glass envelope E
      of the filament F is mounted in the connector 10. The sealed bottom end of
      glass envelope E typically has a bulbous formation between the leads L1
      and L2, and this bulbous formation is shown as being nested at the bottom
      end of tapered cavity portion 14 between the upper entrances to tunnel
      portions 16 and 18. The lamp leads L1 and L2 (hidden behind L1 in FIG. 4)
      are electrically and mechanically connected to connection devices 42 and
      44 (hidden behind 42) such as rigid pins, or flexible multi-filament
      conductors which are preferably surrounded by insulating material except,
      of course, in the end region of connection to leads L1, L2. The
      aforementioned electrical and mechanical connection of lamp leads to the
      associated connection devices is effected by press-fit devices such as
      crimped splices 46 and 48 (hidden behind 46) which surround and press
      together overlapping ends of the associated lamp leads and connection
      devices. These steps of connecting the lamp lead wires to the connection
      devices by the use of crimped splices is carried out after the connection
      devices have been inserted through the tunnel portions 16 and 18 and out
      of the large opening 24. After these connections have been made, the
      connecting devices are drawn back into the connector cavity and
      particularly into their respective tunnel portions, the upper ends of
      which are chamferred 60, 62 to present a sharply-tapered, wide-mouthed
      opening to the associated crimped splices to facilitate drawing the
      crimped splices into the intermediate cylindrical portions of the
      associated tunnel portions 16, 18 of the cavity. The lower end of each
      tunnel portion 16, 18 is gradually tapered down to the small openings 20,
      22 to enable the wedging or interference-fitting of the crimped splices
      46, 48 therein and to prevent the crimped splices from being drawn through
      the small openings 20, 22. Thus, the lamp is mechanically secured in the
      connector.
PAR  The advantages of the present invention, as well as certain changes and
      modifications of the disclosed embodiment thereof, will be readily
      apparent to those skilled in the art. For example, the number, spacing and
      orientation of the slots 34, 36 may be changed in a variety of ways. For
      example, instead of being disposed parallel to the longitudinal axis of
      the connector, the slots may be disposed at an angle to that axis. Also,
      the number, spacing and orientation of the supporting fins 32 may be
      similarly changed, or the fins 32 may be eliminated altogether as shown in
      FIG. 4. A variety of alterations may be made in the configuration of the
      connector cavity and the various portions forming the cavity. For example,
      the tunnel portions 16, 18 may be continuously tapered from one end to the
      other, rather than being formed as shown with wide-mouth, sharply-tapered
      upper portions, cylindrical intermediate portions, and gradually-tapered
      narrow-mouth lower portions. It is the applicant's intention to cover all
      those changes and modifications which could be made to the embodiment of
      the invention herein chosen for the purposes of the disclosure without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A connector defining a cavity for receiving a lamp to be mounted
      therein, and comprising an annular mounting groove formed in the outer
      periphery of said connector transverse to the longitudinal axis thereof; a
      collar portion extending longitudinally from said mounting groove to a
      large opening into said cavity in the first end of said connector; said
      collar portion being tapered down from said mounting groove to said large
      opening; a body portion extending longitudinally from said mounting groove
      in the direction opposite said collar portion toward first and second
      small openings into said cavity in the second end of said connector; said
      body portion being tapered down from said mounting groove to said second
      end of said connector; the diameter of said body portion adjacent the said
      mounting groove being of substantially the same diameter as the diameter
      of the collar portion adjacent the mounting groove; a plurality of slots
      extending longitudinally through at least a part of said collar portion,
      and at least a part of said body portion to permit deformation of said
      connector adjacent the mounting groove whereby the connector is insertable
      in a receiving aperture from either end of said connector.
NUM  2.
PAR  2. The connector according to claim 1 wherein said body portion includes
      two textured surfaces which are more sharply tapered toward one another
      from an intermediate locus of said body portion to said second end of said
      connector than is the said taper from the said mounting groove to said
      second end of said connector.
NUM  3.
PAR  3. The connector according to claim 1 wherein the cavity defined by said
      connector comprises a cylindrical portion extending from said large
      opening at said first end into said body portion, an intermediate tapered
      portion, and first and second tunnel portions extending to said first and
      second small openings, respectively, in said second end of said connector.
NUM  4.
PAR  4. The connector according to claim 3 wherein each of said first and second
      tunnel portions comprises a tapered upper portion, a substantially
      cylindrical intermediate portion, and a tapered lower portion which
      defines the associated one of said first and second small openings,
      respectively, in said second end of said connector.
NUM  5.
PAR  5. A connector defining a cavity for receiving a lamp to be mounted
      therein, and comprising an annular mounting groove formed in the outer
      periphery of said connector transverse to the longitudinal axis thereof; a
      collar portion extending longitudinally from said mounting groove to a
      large opening into said cavity in the first end of said connector; a body
      portion extending longitudinally from said mounting groove in the
      direction opposite said collar portion and tapered down toward first and
      second small openings into said cavity in the second end of said
      connector; a plurality of slots extending longitudinally through at least
      a part of said collar portion, and at least a part of said body portion to
      permit deformation of said connector adjacent the mounting groove; and
      wherein a plurality of equally-spaced fins extend radially into said
      cavity defined by said connector.
NUM  6.
PAR  6. A connector defining a cavity for receiving a lamp to be mounted
      therein, and comprising an annular mounting groove formed in the outer
      periphery of said connector transverse to the longitudinal axis thereof; a
      collar portion extending longitudinally from said mounting groove to a
      large opening into said cavity in the first end of said connector; a body
      portion extending longitudinally from said mounting groove in the
      direction opposite said collar portion and tapered down toward first and
      second small openings into said cavity in the second end of said
      connector; a plurality of slots extending longitudinally through at least
      a part of said collar portion, and at least a part of said body portion to
      permit deformation of said connector adjacent the mounting groove; the
      cavity defined by said connector comprises a cylindrical portion extending
      from said large opening at said first end into said body portion, an
      intermediate tapered portion, and first and second tunnel portions
      extending to said first and second small openings, respectively, in said
      second end of said connector; a lamp comprising a glass envelope and first
      and second lamp leads extending from said glass envelope, first and second
      connection means mechanically and electrically connected to said first and
      second lamp leads and extending from said cavity defined by said connector
      through said first and second apertures in said second end thereof for
      connection to external circuitry, first and second press fit means
      operative to electrically and mechanically connect first and second lamp
      leads to said first and second connection means, respectively, said first
      and second press fit means being interference-fitted into said first and
      second tunnel portions, respectively.
NUM  7.
PAR  7. The combination according to claim 6 wherein said lamp is supported in
      said cavity defined by said connector exclusively by said first and second
      lamp leads.
NUM  8.
PAR  8. The combination according to claim 6 wherein said first and second
      connection means comprise first and second rigid connecting pins.
NUM  9.
PAR  9. The combination according to claim 6 wherein said first and second
      connector means comprise first and second flexible conductors.
NUM  10.
PAR  10. A lamp assembly comprising:
PA1  1. a lamp having an envelope and first and second lamp lead wires extending
      therefrom;
PA1  2. a connector comprising an annular mounting groove formed in the outer
      periphery of said connector transverse to the longitudinal axis thereof, a
      tapered collar portion extending longitudinally from said mounting groove,
      a body portion extending from said mounting groove in the direction
      opposite said collar portion, said connector defining a cavity for
      receiving at least a portion of said lamp envelope and said first and
      second lamp leads, said cavity comprising a cylindrical portion extending
      from a large opening in said collar portion of said connector and having
      equally-spaced fins extending radially therefom into said cavity, an
      intermediate tapered portion, and first and second tunnel portions
      extending from said tapered portion to first and second small openings in
      said body portion of said connector, and a plurality of slots intersecting
      with said cylindrical portion of said cavity and extending longitudinally
      through said collar portion, said mounting groove, and a predetermined
      portion of said body portion, and connecting with said cavity;
PA1  3. first and second connection means mechanically and electrically
      connected to said first and second lamp leads and extending from said
      first and second tunnel portions through said first and second small
      openings to enable electrical connection of said lamp to external
      circuitry; and
PA1  4. first and second press fit means operative to mechanically and
      electrically connect said first and second lamp leads to said first and
      second connection means, respectively, said first and second press fit
      means being interference-fitted into said first and second tunnel portions
      of said cavity, respectively.
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ABST
PAL  A locking receptacle for electrical connectors includes a premold which
      holds the wire contacts in position and prevents insulation from
      overflowing into the contacts during molding. The premold is a cylindrical
      form of rigid high melting point thermoplastic insulating material having
      differently shaped passages and slots for a plurality of female contacts
      and connecting leads and includes an end closure member. The elements are
      assembled together, mounted in a mold and overmolded with a lower melting
      point resilient insulation covering in a simplified molding process to
      form an integral water-tight unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns an electrical locking connector and
      particularly an internal premold therefore which secures the contacts
      during molding and provides a barrier to insulation overflow.
PAR  2. Description of the Prior Art
PAR  Female electrical locking receptacles presently employed in cord sets
      generally have contacts attached to the ends of insulated wires in an
      assembly which is molded in a suitable low temperature resilient
      thermoplastic material. The contacts must be individually and carefully
      mounted in position on long load pins within the mold before being
      encapsulated in the plastic insulation. The removal from the mold after
      cooling has also been somewhat difficult and slow, and the long load pins
      have been subject to frequent breakage. In addition, the molten plastic
      material often flows into the openings for the contacts and requires later
      removal. Other locking receptacles, such as used in wiring devices,
      usually have the contacts molded within a more rigid higher temperature
      thermoplastic material and require separate external connection of the
      leads before it can be used. One such device of this type is shown in U.S.
      Pat. No. 2,924,806, issued Feb. 9, 1960, wherein a rigid insert or locking
      plate, having slots to receive a male connector, is molded into the
      receptacle to retain a mating rotatable cap against withdrawal and locate
      the slot openings. This, however, did not serve to hold the receptacle
      contacts in position during molding or prevent the molten insulation from
      penetrating the slots.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide an
      electrical locking receptacle for a cord set with an internal member which
      holds the contacts in a desired position and provides a barrier against
      overflow of insulation into the contacts during a simplified molding
      operation.
PAR  This is achieved by a novel cylindrical premold form of rigid high
      temperature melting point thermoplastic insulation material having
      longitudinal passages and arcuate slots for a plurality of wires and
      female contacts and a closure member at the end. The assembled elements
      are mounted on short lead pins in a mold and encapsulated with a lower
      melting point resilient thermoplastic material to provide a water-tight
      integral cord set. This permits use of reduced quantities of thermoplastic
      material, shortens mold loading and removal cycles, and reduces load pin
      breakage. Other objects and advantages will become apparent from the
      following description taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a partial cross-section of the assembled contacts, lead wires
      and premold of a molded cord set,
PAR  FIGS. 2a,  2b and 2c show front, rear and side section views of the
      premold, and
PAR  FIGS. 3a and 3b show front and side views of the premold end closure member
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a locking electrical connector includes female
      receptacle contact members 10, 12 connected to the respective ends of
      insulated wires 14, 16 extending from an insulated cord or cable 18. A
      third wire and contact are not shown. The contact members are arcuately
      curved and positioned within radially disposed longitudinal passages 20,
      22, 30 in a cylindrical premold 24, which is shown in more detail in FIGS.
      2a,  2b and 2c. The curvature of the contacts to receive like shaped
      blades is required in order to achieve locking action wherein the male
      blade is inserted into the slot and contact and is twisted or rotated to
      engage an inner surface of the premold. The entire assembly is molded
      within a suitable resilient low melting point thermoplastic insulating
      material covering or jacket 26 such as polyvinylchloride (PVC). Rubber may
      also be utilized.
PAR  The premold is preferably made of nylon or other relatively rigid high
      melting point thermoplastic insulation material and is formed in a
      previous molding operation not described here. Another suitable material
      is styrene. The premold includes an outer cylindrical wall 28 having three
      arcuate radially spaced longitudinal passages 20, 22, 30 to receive the
      three female contacts. An inner cylindrical wall 32 around an open central
      bore 33 provides the inner boundary of each passage. The front ends of the
      passages have small different sized curved slots or openings 34, 36, 38 in
      the front face 40 enclosing the contacts to receive cooperating blades of
      a male plug member, not shown. Each of the curved slots on the face of the
      premold has like shaped bosses 42, 44, 46 extending around the edges of
      the openings. The bosses provide a given spacing between the internal
      contacts and the front end of the thermoplastic outer covering 26 which is
      molded over the assembled premold and contacts. During the molding
      operation, load pins, not shown, having the shape of the male plug
      members, are incorporated in the mold and engage the contacts through the
      premold slots to form the corresponding openings in the front end of outer
      covering 26 which is molded over the front face and body of the premold.
PAR  Radially arranged longitudinal partitions 48, 50, 52, 54, 56, 58 in the
      premold provide the opposite walls of arcuate passages 22, 20, 30 and of
      hollow core holes 60, 62, 64 extending between the passages to the front
      face 40. The core holes are for the purpose of eliminating unnecessary
      insulation material in the premold form. A raised longitudinal nip or
      porjection 66 on the outer surface of the premold cylindrical wall 28
      serves to indicate the location of the top of the premold for placement in
      the mold during the final outer cover insulation molding operation.
PAR  The back end of the premold includes a thin cylindrical wall portion 68 and
      an inner annular shoulder 70 spaced from the end to accommodate an end
      closure member or back cover 72, as shown in more detail in FIGS. 3a and
      3b. The closure member fits within the wall 68 against shoulder 70, the
      end of inner cylindrical wall 32, and the ends of longitudinal partitions
      48, 50, 52, 54, 56, 58. The closure member is in the form of a thin flat
      disc having a central opening 76. The opening includes three radially
      spaced notches 78, 80, 82 which accommodate the wire connecting back ends
      of the three female contact members 10, 12 and one which is not shown. A
      right angled or L-shaped rectangular corner portion 84 extending into the
      central opening matches a like-shaped longitudinal passage 22 which
      accommodates a key member from the mating blade of the male plug. This
      insures insertion of the matching blades into the associated contact
      members.
PAR  Thin shoulders 86 extending internally around the periphery of central
      opening 76, except for the radial notches, fit over the edges within the
      central bore 33 of inner cylindrical wall 32 to aid in preventing
      insulation from entering the premold and contacts. A radial slit 88
      provides flexibility and facilitates the assembly of the contact elements
      and insertion of the end closure member into the premold. The three lead
      wires with the female contacts are preferably identified by color code to
      position the elements in the desired premold passages for molding. Thus, a
      green ground wire 14 and contact 10 are positioned in passage 22 within
      the premold and notch 80 of the rear cover. This passage has the L-shaped
      slot 36 and rectangular extension for the keyed male plug member and is
      adjacent the locating nip 66. A black wire 16 designated as a "hot" lead
      and contact 12 are located adjacent slot 34 in passage 20 and notch 78;
      and a white wire, which also connects indirectly to ground and a contact,
      not shown, are positioned adjacent a smaller slot 38 in passage 30 and
      notch 82. The front ends of the female contact members are positioned
      close to and aligned with respective slots 34, 36, 38, which receive the
      corresponding blades of the male plugs. The rear cover 72 is inserted into
      the back end of the premold to complete the assembly.
PAR  The separately assembled premold with the internal contacts is then placed
      in a mold on short load pins which fit into the slots on the front face of
      the premold. The mold is closed and the covering 26 of thermoplastic
      material is molded around the premold, the extending back ends of the
      contacts, wires and cord to seal all of the elements into the final cord
      set assembly. The higher melting point plastic material of the premold is
      not affected by the lower temperature melting of the cover material during
      the molding. The premold thus provides an internal barrier to the molten
      cover insulation which does not enter the premold or contacts, and the
      entire assembly is sealed into the proper fixed position upon cooling. Use
      of relatively short strong load pins reduces breakage of the pins. The
      molding cycle is simplified and more rapid since less loading and
      unloading time is required, and less material is used for the
      thermoplastic insulation covering. The premold and cover may be made of
      various sizes for different current and power requirements. In addition, a
      plurality of like premolds and covers may be combined to provide multiple
      connectors such as in a cube tap having three locking receptacles molded
      together with an interconnecting member in an integral unit.
PAR  While only a single embodiment has been illustrated and described, it is
      apparent that many variations may be made in the particular design and
      configuration without departing from the scope of the invention as set
      forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A premold for a molded electrical connector comprising:
PA1  an outer cylinder of a relatively high melting point rigid thermoplastic
      material;
PA1  a plurality of hollow passages extending between the opposite ends of said
      cylinder;
PA1  a plurality of inner longitudinal walls separating said passages, said
      passages and walls being adapted to retain and enclose a plurality of
      female electrical contact members;
PA1  a front face having a plurality of openings at the front end of respective
      ones of said passages, said openings being adapted to receive a plurality
      of male connector blades engageable with said female contact members;
PA1  an end closure member receivable within the back end of said cylinder, said
      end closure member having a central opening to receive said plurality of
      female contact members;
PA1  said inner longitudinal walls including an inner cylinder and longitudinal
      partitions, said passages being disposed radially to receive said contact
      members between said inner and outer cylinders and said longitudinal
      partitions;
PA1  said openings in said front face being arcuate slots enclosing
      correspondingly curved female contact members to receive like curved
      rotatable male connector blades;
PA1  said closure member including a plurality of radially positioned notches
      around said central opening adapted to receive reduced width wire
      connecting portions of said contact members;
PA1  external raised embossments surrounding said arcuate slots on said front
      face;
PA1  one of said arcuate slots including an L-shaped notch adapted to receive a
      key member of a correspondingly shaped male blade; and
PA1  said closure member further including inner shoulders extending around the
      edges of said central opening between said notches, said shoulders
      engaging the inner wall of said inner cylinder.
NUM  2.
PAR  2. The device of claim 1 wherein said high melting point rigid
      thermoplastic material is nylon.
NUM  3.
PAR  3. The device of claim 1 further including a plurality of longitudinal core
      holes positioned between respective ones of said passages and separated
      from said passages by said partitions.
NUM  4.
PAR  4. The device of claim 1 wherein the outer surface of said outer cylinder
      includes a raised longitudinal projection.
NUM  5.
PAR  5. An electrical connector comprising:
PA1  an inner cylindrical premold of a relatively high melting point rigid
      thermoplastic insulating material;
PA1  a plurality of hollow passages extending between the front and back ends of
      said premold;
PA1  a plurality of inner longitudinal walls separating said passages;
PA1  a plurality of female electrical contact members enclosed in respective
      ones of said passages;
PA1  a front face at said front end having a plurality of openings therein
      aligned with the adjacent ends of respective ones of said contact members
      and adapted to receive a plurality of male connector blades engageable
      with said female contact members;
PA1  an end closure member closing the back end of said premold, said closure
      member having a central opening receiving said plurality of contact
      members;
PA1  an insulated wire cord;
PA1  a plurality of insulated wire conductors extending from an end of said cord
      and connected to respective ones of said contact members; and
PA1  an outer covering of a relatively low melting point resilient insulating
      material enclosing said premold, said end of said wire cord and the
      extending wire conductors, and having a plurality of openings in the front
      end of said covering aligned with said premold openings;
PA1  said inner longitudinal walls including an inner cylinder and longitudinal
      partitions, said passages being disposed radially to receive said contact
      members between said inner cylinder, the inner wall of said premold and
      said longitudinal partitions; and
PA1  said closure member including a plurality of radially positioned notches
      around said central opening adapted to receive reduced width wire
      conductor connecting portions of said contact members and inner shoulders
      extending around the edges of said central opening between said notches,
      said shoulders engaging the inner wall of said inner cylinder.
NUM  6.
PAR  6. The connector of claim 5 wherein said high melting point rigid
      thermoplastic insulating material is nylon.
NUM  7.
PAR  7. The connector of claim 5 wherein said openings and contact members are
      curved to receive correspondingly curved rotatable male connector blades.
NUM  8.
PAR  8. The connector of claim 7 wherein said premold includes raised curved
      embossments around the openings on said front face spacing said outer
      covering on said front face from said contacts within said premold.
NUM  9.
PAR  9. The connector of claim 8 wherein said low melting point resilient
      insulating material is polyvinylchloride.
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ABST
PAL  A snap spade electrical connector including a generally flat U-shaped part
      having extending legs provided with inner projections defining a
      constriction, and work-hardened regions associated with the projections to
      reinforce the latter, including the method of manufacturing wherein the
      projections and workhardened regions are formed by swaging.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 479,313, filed June 14, 1974 entitled SNAP SPADE ELECTRICAL CONNECTOR,
      assigned to the same Assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In addition to the requirements of repeated resilient deflectability
      without loss of resilience, as discussed in said parent patent
      application, the prior art spade connectors were generally incapable of
      accommodating different sizes of studs without breakage or malfunction,
      and if adapted for use with studs of different sizes the costs of
      manufacture were extremely high and reliability was inadequate. Further,
      repeated snap engagement of prior art spade connectors with engaging studs
      effected relatively rapid deterioration of the snap action.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an important object of the present invention to provide a
      snap spade electrical connector and method of manufacturing the same which
      overcome the above-mentioned difficulties, wherein a single connector may
      be admirably well suited for use with a multiplicity of studs of different
      sizes in resilient snap engagement therewith, wherein repeated snap
      engagement and disengagement of a single connector does not appreciably
      adversely affect the resilient interaction, and wherein improved methods
      of manufacture are capable of producing spade connectors having the
      foregoing advantages, both for use with single and multiple stud sizes,
      which methods effect substantial savings in manufacturing costs.
PAR  The instant invention further advances the objects of said parent patent
      application wherein use is permitted of more economical materials, such as
      one-quarter hard copper, or the like, to effect substantial savings in
      costs and afford ample ductility for satisfactory crimping, all while
      achieving entirely satisfactory resilience and wearing characteristics for
      repeated snap engagement procedures.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings,
      which form a material part of this disclosure.
PAR  The invention accordingly consists in the features of construction,
      combinations and arrangements of parts and method steps, which will be
      exemplified in the following description, and of which the scope will be
      indicated by the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top perspective view illustrating a snap spade electrical
      connector constructed in accordance with the teachings of the instant
      invention.
PAR  FIG. 2 is a top perspective view showing an intermediate stage in
      manufacture of the snap spade connector of FIG. 1.
PAR  FIG. 3 is a top plan view of the connector of FIG. 1, enlarged for clarity.
PAR  FIG. 4 is a sectional view taken generally along the line 4--4 of FIG. 1,
      also enlarged.
PAR  FIG. 5 is a bottom perspective view of the connector of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now more particularly to the drawings, and specifically to FIG. 1
      thereof, a spade connector is there generally designated 10, and may be
      integrally fabricated of a single sheet of suitable conductive material,
      such as relatively soft copper or brass, as by stamping and forming. More
      particularly, the spade connector 10 may include a generally flat or
      planar part 11 for receiving engagement with a desired stud, screw or lug.
      The flat, lug engaging part 11 may be of generally U-shaped overall
      configuration for reception of a lug or stud, and may be provided with an
      outwardly extending integral tubular formation or barrel part 12, for
      reception of an uninsulated or stripped conductor or wire (not shown). By
      suitable metal working techniques, the spade connector 10 may be formed
      from an integral sheet of suitably deformable conductive material, say of
      relatively inexpensive, soft copper or brass.
PAR  The planar or flat, U-shaped lug engaging part 11 may include a bight
      portion 15 having formed therein a generally arcuate cutout or lug
      receiving open region 16. Extending from opposite ends of the generally
      flat bight portion 15, generally coplanar therewith, are a pair of
      elongate side portions or legs 17, also substantially flat and coplanar
      with each other and the bight portion 15. The legs 17 may be substantially
      identical to each other, but of opposite hand, extending generally
      parallel and longitudinally from opposite ends of the bight portion 15 on
      opposite sides of said open region 16 and defining therebetween a
      longitudinally inwardly extending passageway 18 which opens into the open
      region 16.
PAR  The longitudinal extensions or legs 17 are of a generally tapering or
      reducing dimension from the bight region 15 in the direction toward the
      free leg ends 20, which may terminate in smooth, arcuate edges 21. While
      the legs 17 may each diminish or taper toward its free end, their inner
      edges or facing surfaces 22 are generally divergent in the direction
      toward the free leg ends, so that the passageway 18 may be considered as
      generally flaring toward the free leg ends.
PAR  However, the inner leg edges or facing leg surfaces 22 are each provided
      with at least a pair of opposed inner projections, as at 25 extending into
      the passageway 18. That is, the inner leg edges 22 are configured to each
      project, respectively, as at 25, into the passageway 18, toward and
      terminating short of each other, to thereby define therebetween a
      passageway construction 26.
PAR  While a single pair of opposed inner projections, as at 25, will suffice to
      snap engage past and releasably retain lugs of a single or limited size
      range, there may be provided a plurality of additional pairs of opposed
      inner projections extending toward and terminating short of each other at
      different interprojection distances, so as to accommodate different sizes
      or size ranges of lugs.
PAR  More particularly, an additional pair of opposed inner projections on the
      inner surfaces or edges of legs 17 is shown projecting toward each other
      into passageway 18 spaced from the inner projections 25 in the direction
      toward the free ends 20 of legs 17, as at 28. The pair of projections 28
      terminates short of each other to define therebetween an additional
      constriction 29 in passageway 18.
PAR  Still another pair of opposed inner projections 30 may be formed on
      respective legs 17 extending into passageway 18 toward and terminating
      short of each other to define therebetween a constriction 31. As
      illustrated, the constriction 29 adjacent to the innermost constriction 28
      is appreciably larger than the latter, while the outermost constriction 31
      adjacent to the intermediate constriction 29 is appreciably larger than
      its adjacent constriction.
PAR  It will therefore be appreciated that each inward constriction 31, 29 and
      28 is adapted to pass by snap engagement and releasably retain a
      progressively smaller size of screw or stud, so that a single connector
      may be self-retaining on a multiplicity of stud sizes.
PAR  It will be observed, as in the perspective views of FIGS. 1 and 5, and the
      sectional view of FIG. 4 that the protruding edge portions 25, 28 and 30
      are not thinned, but of generally the same thickness as the remaining
      portions of inner leg edges 22. This enhances the wear characteristics of
      the projections 25, 28 and 30 upon repeated snap engagement thereof.
      Further, the projecting regions 25, 28 and 30 are reinforced or rigidified
      by work hardening, as by work-hardened regions 33, 34 and 35. That is, a
      pair of generally circular work-hardened regions 33 are each located in
      adjacent conforming relation with respective inner projections 25 to
      reinforce the latter; and similarly a pair of generally circular
      work-hardened regions 34 are located in adjacent conforming relation with
      respective projections 28; and further, the pair of generally circular
      work-hardened regions 35 are similarly located in adjacent conforming
      relation with respective projections 30. By this means, the projections
      25, 28 and 30 are all effectively work-hardened for increasing resilience
      for repeated snap engagement, as well as frictional wear.
PAR  Specifically, the work-hardened regions 33, 34 and 35 may each be defined
      by a depression or dimple on the upper leg surface, formed by swaging,
      staking or impaling.
PAR  Also formed on the upper surface of each leg 17 may be an additional work
      hardened region 37, say in the form of an elongate groove, also formed by
      a suitable punching or coining tool. Thus, the work-hardened regions 33,
      34 and 35, as well as the work hardened regions 37 are all defined by
      compressed material resulting in depressed configurations in one side of
      the legs 17, the other face or underside thereof being generally flat, as
      seen in FIG. 5.
PAR  The compressed locations or work-hardened regions 37 may be generally
      straight extending along respective legs 17 and curving arcuately into
      adjacent portions of the bight portion 15. Thus, the work-hardening or
      rigidifying effect of compressed regions 37 enhances the resilient
      flexibility of the legs 17.
PAR  In accordance with the method of the instant invention, by suitable
      punching and stamping there may be formed a part 10a as shown in FIG. 2.
      The part 10a represents an intermediate stage of the instant method and
      includes a generally flat planar part 11a of a generally U-shaped overall
      configuration, and an integrally outwardly extending barrel part 12a. The
      planar or flat part 11a may include a bight portion 15a and elongate side
      portions or legs 17a extending from opposite ends of the bight portion.
      The legs 17a may be substantially identical to each other, but of opposite
      hand, extending longitudinally of each other and tapering toward their
      ends 20a. The inner edges or facing surfaces 22a of the intermediate part
      10a may be substantially straight and diverge or flare in the direction
      toward the free leg ends 20a. By this configuration die costs are
      considerably reduced, and die life is enhanced, while machine operation is
      simplified.
PAR  It is then only necessary to impale, stake or swage opposite portions of
      legs 17a to distend the latter and define the inner projections 25, 28 and
      30. In particular, punching, coining or staking as by the impaling,
      depressing or compressing of the legs 17a at locations spaced from the
      inner leg surfaces 22a, but adjacent to the latter, serves to bulge or
      distend the adjacent portions of the inner leg edges or surfaces in
      conformance with the coining or punching tool, while assuring full
      thickness and maximum wear characteristics to the distended leg portion.
      If desired, the elongate work-hardened or depressed regions 37 may be
      formed simultaneously with the work-hardened regions 33, 34 and 35. As
      seen in FIG. 4, the under surface of the part 11 is fully supported to
      maintain its planarity under the punching or coining operations.
PAR  From the foregoing, it is seen that the present invention provides a unique
      construction of snap spade connector, and method of manufacturing the
      same, which effects substantial economies in production, and enhance
      useful life, and which otherwise fully accomplish their intended objects.
PAR  Although the present invention has been described in some detail by way of
      illustration and example for purposes of clarity of understanding, it is
      understood that certain changes and modifications may be made within the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A snap spade electrical connector comprising a generally flat U-shaped
      lug engaging part including a bight portion having a lug receiving open
      region, and a pair of legs extending longitudinally of each other from
      opposite ends of said bight portion on opposite sides of said open region
      and defining therebetween a longitudinally inwardly extending passageway
      opening into said open region, a pair of opposed inner projections on
      respective legs spaced from the free ends thereof and extending into said
      passageway toward and terminating short of each other to define a
      passageway constriction, said legs and inner projections being generally
      flat and coplanar with said bight portion, and a work-hardened region
      located in adjacent conforming relation with each of said projections for
      reinforcing the latter against repeated snap engagement of a lug through
      said constriction, said work-hardened regions each comprising a compressed
      location defining a surface recess on one side and being generally
      nonprotuberant on the other side.
NUM  2.
PAR  2. A snap spade electrical connector according to claim 1, said depressions
      being generally round.
NUM  3.
PAR  3. A snap spade electrical connector according to claim 1, in combination
      with additional work hardened regions each extending along a respective
      leg and into said bight portion.
NUM  4.
PAR  4. A snap spade electrical connector according to claim 1, in combination
      with a conductor receiving barrel part extending integrally from said
      bight portion away from said legs, said barrel part and lug engaging part
      being of relatively soft deformable material for good connection to a
      conductor in said barrel part with said legs and projections being
      rigidified by said work-hardened regions for said snap lug engagement.
NUM  5.
PAR  5. A snap spade electrical connector according to claim 1, said legs having
      their inner surfaces diverging from said open region, additional pairs of
      opposed inner projections on respective legs extending into said
      passageway toward and terminating short of each other to define additional
      passageway constrictions, and additional work-hardened regions located in
      adjacent conforming relation with each of said additional projections for
      reinforcing the latter against fatigue by repeated snap engagement of a
      lug through said constrictions, each pair of said projections terminating
      at a greater distance short of each other in the direction away from said
      open region for snap engagement of different size lugs through respective
      constrictions.
NUM  6.
PAR  6. In the method of manufacturing a snap spade electrical connector, the
      steps which comprise: providing a generally flat U-shaped part including a
      bight portion and divergent legs extending from opposite ends of the bight
      portion, and swaging said legs to indent the same on at least one side
      without protuberance on the other side to displace opposed leg portions
      inwardly and define inner projections providing a constriction for snap
      engagement therethrough of a lug.
NUM  7.
PAR  7. The method of manufacturing a snap spade electrical connector according
      to claim 6, further characterized in swaging said legs to indent the same
      by impressing the legs at locations spaced from the inner leg surfaces to
      avoid thinning at the inner leg surfaces while distending the inner leg
      surfaces inwardly.
NUM  8.
PAR  8. The method of manufacturing a snap spade electrical connector according
      to claim 6, further characterized in additionally swaging said legs to
      indent the same at additional different locations to distend additional
      opposed leg portions inwardly and define additional inner projections
      providing additional constrictions of different sizes for snap engagement
      therethrough of different size lugs.
NUM  9.
PAR  9. The method of manufacturing a snap spade connector according to claim 8,
      further characterized in swaging said legs to indent the same by
      impressing the legs at locations spaced from the inner leg surfaces to
      avoid thinning at the inner leg surfaces while distending the inner
      surfaces inwardly.
NUM  10.
PAR  10. The method of manufacturing a snap spade electrical connector according
      to claim 8, further characterized in providing said part before swaging by
      stamping.
NUM  11.
PAR  11. The method of manufacturing a snap spade electrical connector according
      to claim 10, further characterized in stamping said part with generally
      straight inner leg surfaces, said first mentioned and additional swaging
      distending said legs to define undulant inner leg surfaces.
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ABST
PAL  A double wiping female contact for engagement with straight male contacts
      of varying thickness, particularly where very high contact pressures must
      be developed between such contacts. Cooperatively configured spring
      members are disposed on the female contact to achieve a deflection bias
      which magnifies the contact pressure developed when the spring members are
      forced to separate by any distance. Contact pressures proportional to the
      magnitude of separation are attained beyond the elastic limit of the
      spring members by incorporating sufficient deflection bias to compensate
      for the permanent set incurred.
PARN
PAR  This is a divisional application of my copending application Ser. No.
      283,790 filed Aug. 25, 1972 and entitled, Contact Spring, now U.S. Pat.
      No. 3,867,008.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a double wiping female contact and
      especially to such a contact having spring members which amplify the
      deflections imposed to magnify the contact pressures developed. Hitherto,
      many different types of double wiping female contacts have been utilized
      to develop the high contact pressure necessary for retaining and
      electrically interfacing with male contacts. Most such contacts consist of
      a pair of opposing cantilever springs and it would appear that the contact
      pressures developed thereby could be increased by merely varying the
      length, width, or thickness of the spring members. However, variations in
      length are not practical because an increase in contact pressure requires
      a reduction in length which thereby affects the required length of the
      male contact. Variations in width are not practical because an increase in
      contact pressure requires an increase in width and where the female
      contact is adapted to receive male contacts of either a parallel or a
      tandem pair, the width of the spring members is limited in magnitude.
      Generally, this limitation is caused on one side by the center to center
      distance separating the male contacts of the parallel pair and on the
      other side by the overall dimensions of the connector body. The contact
      pressure increases as the thickness of the spring members increases which
      usually depends on the thickness of the material utilized to fabricate the
      female contact. Although the thickness of the spring members is relatively
      unlimited, increases in material thickness are not practical because they
      are accompanied by increased expense for both raw materials and
      fabrication. Also, the deflectable range of the spring members below their
      elastic limit decreases as the material thickness increases and therefore
      the thickness range of engaging male contacts is reduced.
PAR  In some instances the contact pressure has been increased through the use
      of materials having a very high modulus of elasticity. However, the
      electrical resistivity of many materials, such as copper, increases as the
      modulus of elasticity increases and therefore, the current carrying
      capacity of the contact is decreased by such an approach. Also, materials
      having a very high modulus of elasticity are usually more costly and more
      difficult to fabricate.
PAR  Various codes and specifications require that female contacts be capable of
      engagement by male contacts of varying thicknesses and that a specific
      contact pressure be exerted upon male contacts of minimum thickness after
      male contacts of maximum thickness have been engaged. These requirements
      can not be met by many female contacts because the spring members will be
      deflected beyond their elastic limit when the male contact of maximum
      thickness is inserted. Such deflections cause a permanent set in the
      spring members which reduces the contact pressure developed thereafter
      upon male contacts of minimum thickness.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore, a general object of the present invention to provide a
      double wiping female contact which minimizes and obviates the
      disadvantages of the prior art.
PAR  It is a specific object of the present invention to provide a double wiping
      female contact having spring members which attain amplified deflections to
      thereby magnify the contact pressure developed.
PAR  It is a more specific object of the present invention to provide a double
      wiping female contact having spring members which are disposed to
      compensate for the permanent set incurred on exceeding the elastic limit
      to thereby extend the proportional range of the contact pressure developed
      by the spring members.
PAR  These objects are accomplished in one form according to the present
      invention by configuring the opposing spring members of the female contact
      to cooperate in overlapping across the central plane along which the male
      contact engages. The contact surface on each spring member is disposed on
      the overlapping portion and is offset a distance from the central plane of
      engagement. On engagement, the deflection of the spring members is
      amplified by the magnitude of the offset distance and therefore the
      contact pressure developed thereby is magnified. Proportionality between
      the deflection and the contact pressure developed is extended in range
      beyond the elastic limit of the material utilized, by incorporating a
      sufficient offset distance to compensate for the permanent set thereby
      incurred.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The manner in which these and other objects of the invention are achieved
      will be best understood by reference to the following description, the
      appended claims, and the attached drawings wherein:
PAR  FIG. 1 is a side elevational view of an unengaged electrical connector with
      portions of the connector body cut away to illustrate the female contacts
      of this invention;
PAR  FIG. 2 is an enlarged sectional view of the engaged connector taken along
      lines 2--2 of FIG. 1 to illustrate the forced separation caused to the
      opposing spring members upon insertion of the male contacts;
PAR  FIG. 3 is an enlarged partial elevational view thereof taken
      perpendicularly to plane 3--3 of FIG. 2 but with the male contacts
      withdrawn to illustrate the cooperative configuration existing between the
      opposing spring members;
PAR  FIG. 4 is an enlarged partial elevational view thereof taken
      perpendicularly to plane 4--4 of FIG. 2 to illustrate the central plane
      along which the male contact engages between the opposing spring members;
PAR  FIG. 5 is a view similar to that of FIG. 4 with the male contact disengaged
      to illustrate the overlap existing between the opposing spring members
      across the central plane of engagement;
PAR  FIG. 6 is an enlarged perspective view of an alternately shaped female
      contact incorporating the features of this invention;
PAR  FIG. 7 is an enlarged perspective view of another female contact
      incorporating the features of this invention; and
PAR  FIG. 8 is an enlarged perspective view of still another female contact
      incorporating the features of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, and more particularly to FIG. 1, there is
      illustrated a cable connector 10 having a cap 12 and a connector body 14.
      An electrical cable 16 is connected separately to each of the cap 12 and
      the connector body 14. Straight male contacts 18 extend from the cap 12
      and engage into double wiping female contacts 20 within the connector body
      14, as shown by the phantom lines, to electrically interconnect the power
      conductors (not shown) of the cable 16. A male ground contact 22 also
      protrudes from the cap 12 for engagement into a female ground contact 24
      within the connector body 14 to electrically interconnect the ground
      conductor (not shown) of the cable 16. All contacts 18, 20, 22, and 24
      include suitable terminal means for connecting to the conductors, such as
      screw lugs 26 which are shown in FIGS. 2 and 3. The cable 16 is secured to
      both the cap 12 and the connector body 14 by a cable clamp 28 which is
      fastened thereto by any suitable means, such as screws 30.
PAR  Generally, the male contacts 18 and the male ground contact 22 are arranged
      on the cap 12 to designate specific electrical parameters, such as
      operating voltage or current levels. The character of each arrangement is
      determined by the relative orientation of the male contacts 18 which may
      be located in parallel, or in tandem, or in any combination resulting from
      the parallel and tandem locations. The female contact 20 is constructed to
      receive the male contacts 18 in either of two perpendicular directions.
      Within the connector body 14, a pair of female contacts 20 are arranged to
      receive the male contacts 18 of any relative orientation but may be
      limited to particular orientations through the use of slotted entrances in
      the connector body 14.
PAR  As illustrated in FIGS. 2 and 4, male contacts 18 in tandem locations are
      received into the female contacts 20 between cooperating spring members 32
      which separate in opposite directions to receive the male contacts 18
      along a central plane of engagement A--A. Male contacts 18 in parallel
      locations are received between a third spring member 34 and the sides of
      the cooperating spring members 32, with the third spring member 34
      deflecting as the male contact 18 enters therebetween. When male contacts
      18 are arranged in a combination of parallel and tandem locations, one
      male contact 18 is received between the cooperating spring members 32 on
      one female contact 20 while the other male contact 18 is received between
      the third spring member 34 and the sides of the cooperating spring members
      32 on the other female contact 20.
PAR  Of course, each female contact 20 could be arranged within the connector
      body 14 to receive male contacts 18 in parallel locations between the
      cooperating spring members 32, while receiving male contacts 18 in tandem
      locations between the third spring member 34 and the sides of the
      cooperating spring members 32. However, throughout this specification the
      previously described arrangement will be utilized. In this arrangement the
      cooperating spring members 32 are relatively more restricted in cross
      section than the third spring member 34 and therefore, to increase the
      contact pressure exerted by the cooperating spring members 32 against the
      male contacts 18 presents a greater problem. Because of this, the
      invention will be disclosed in regard to the cooperating spring members
      32, however, no reason exists to preclude the application of this
      invention to the thrid spring member 34.
PAR  An electrical connection results between the male contact 18 and the female
      contact 20 when the male contact 18 is engaged between the cooperating
      spring members 32. Each spring member 32 includes a contact surface 36
      which is forced to bear against the engaging male contact 18 and, as
      illustrated in FIG. 4, the contact surfaces 36 are separated across the
      thickness of the male contact 18 as a result of engagement. Therefore, the
      contact pressure exerted on the male contact 18 by the contact surfaces 36
      is proportional to the combined deflection caused to the spring members 32
      during engagement.
PAR  The spring members 32 are specially constructed to magnify the contact
      pressure developed on engaging male contacts 18 by deflecting through a
      distance of greater magnitude than the thickness of the male contact 18.
      This special construction is illustrated in FIGS. 3-5 and consists
      essentially of a cooperative configuration between the opposing spring
      members 32 to permit the contact surfaces 36 to overlap across the central
      plane of engagement A--A. To achieve this cooperative configuration, the
      portion of each spring member 32 in closest proximity to the central plane
      of engagement A--A is segmented into bi-levels sections, an advanced
      section 38 and a retracted section 40, as illustrated in FIG. 3. The
      bi-level sections on opposing spring members 32 are arranged to mesh into
      each other across the central plane of engagement A--A, as illustrated in
      FIG. 5, with the advanced section 38 on each spring member 32 disposed
      into the retracted section 40 on the other spring member 32. The high
      point of each advanced section 38 is offset across the central plane of
      engagement A--A by a distance "X" and comprises the contact surface 36 on
      each spring member 32. The sum of the offset distances X at which both
      contact surfaces 36 are disposed is equal to an overall offset distance
      "Y". Each spring member 32 is configured to have an inclined tip 42 and
      the complementary orientation of the tips 42 creates a guided entrance 44
      into the female contact 20 along the central plane of engagement A--A.
PAR  When the cap 12 is mated into the connector body 14, the male contacts 18
      enter into the female contacts 20 along the central plane of engagement
      A--A, as illustrated in FIG. 4. Initially, the male contacts 18 enter the
      guided entrance 44 and come to bear against the inclined tip 42 of the
      spring members 32. Then a force is applied to move the male contacts 18
      along the central plane of engagement A--A, which thereby causes the
      opposing spring members 32 to deflect in opposite directions and to carry
      the contact surfaces 36 across the central plane of engagement A--A. Only
      after the spring members 32 have been deflected through a combined
      distance equal to the thickness of the male contact 18 plus the overall
      offset distance Y, will the male contacts 18 move between the contact
      surfaces 36. Therefore, the deflection resulting in the spring members 32
      is amplified beyond the thickness magnitude of the male contact 18. Since
      the contact pressure exerted against the male contact 18 by the contact
      surfaces 36 is proportional to the deflection of the spring members 32,
      the contact pressure is thereby magnified. furthermore, the contact
      pressure to be exerted on a male contact 18 of any particular thickness
      can be magnified to any desired magnitude by merely increasing the overall
      offset distance Y of the contact surfaces 36 from the central plane of
      engagement A--A.
PAR  As illustrated in FIGS. 6-8, I have devised several cooperative
      configurations by which an overlap of contact surfaces across the central
      plane of engagement is accomplished for female contacts having opposing
      spring members. Due to the similarities existing between the configuration
      shown in FIG. 5 and the configurations shown in FIGS. 6-8, similar parts
      in FIGS. 6-8 are identified by the same reference numerals as those used
      in FIG. 5 but with a prime (') added thereto in FIG. 6, a double prime ("
      ) added thereto in FIG. 7, and a triple prime ('") added thereto in FIG.
      8. Generally, the choice of cooperative configuration selected depends on
      both the nature of the application and the fabrication expense to be
      borne.
PAR  FIG. 6 illustrates a configuration by which an overall offset distance of
      nominal magnitude is achieved with a single spring member 32' crossing the
      central plane of engagement. In this configuration a spherical advanced
      section 38' is disposed on one spring member 32' and an aperture 46 is
      disposed through the other spring member 32'. The aperture 46 is precisely
      located to allow the advanced section 38'  to pass across the central
      plane of engagement prior to deflection of the spring members 32'. A
      contact surface 36' is disposed on the tip of the advanced section 38' and
      therefore overlaps the contact surface 36' located on the spring member
      32' through which the aperture 46 is disposed.
PAR  Where an overall offset distance of very large magnitude is necessary, the
      configuration illustrated in FIG. 7 is utilized. In this configuration,
      each spring member 32" has an advanced section 38" disposed immediately
      adjacent to an open notch 48 which is precisely located to allow the
      advanced section 38" on the other spring member 32" to pass across the
      central plane of engagement prior to deflection of the spring members 32".
      A contact surface 36" is disposed at the tip of each advanced section 38"
      and therefore the contact surfaces 36" are overlapping.
PAR  When fabrication expense is of primary concern, the configuration
      illustrated in FIG. 8 may be utilized. In this configuration, the advanced
      section 38'" on each spring member 32'" is established with an askewed
      bend 50. On each spring member 32'" the askewed bend 50 is dislocated from
      and divergent relative to the askewed bend 50 on the other spring member
      32'" to allow the advanced sections 38'" to overlap across the central
      plane of engagement prior to deflection of the spring members 32'". A
      contact surface 36'" is disposed at the tip of each advanced section 38'"
      and therefore the contact surfaces 36'" are overlapping across the central
      plane of engagement.
PAR  Female contacts having opposing spring members are commonly used in
      applications where engagement by male contacts in a wide range of
      thicknesses is anticipated. In such applications, the contact pressure
      exerted on the male contact of maximum thickness is of course much greater
      than that exerted on the male contact of minimum thickness. Where
      conventional female contacts are utilized, this differential in contact
      pressure presents a problem in that the contact pressure exerted on male
      contacts of minimum thickness is not sufficient to comply with recently
      published codes. To further complicate matters, the maximum contact
      pressure attainable with the spring members of conventional female
      contacts is limited by the elastic limit of the material from which the
      female contact is fabricated. This is so because upon exceeding the
      elastic limit, the spring members are work hardened and encounter a
      permanent set. Thereafter, the combined deflection achieved by the spring
      members for any male contact will be reduced by the total magnitude of
      permanent set encountered. Since the contact pressure is directly
      proportional to the combined deflection of the spring members, it is
      reduced in direct proportion to the magnitude of the permanent set.
PAR  The problems caused due to the differential in contact pressure may be
      overcome with the female contact 20 of this invention. First of all, the
      deflection of its spring members 32 can be amplified to magnify the
      contact pressure developed on the male contact 18 of minimum thickness.
      Then where the elastic limit of the material is exceeded on engagement of
      the male contact 18 of maximum thickness, the overall offset distance Y
      may be increased sufficiently to compensate for the anticipated permanent
      set. Since the spring contact of the spring members 32 will remain the
      same after exceeding the elastic limit but the zero deflection point
      thereof will be shifted due to the permanent set encountered, this
      compensation may be utilized to extend the range of contact pressure
      developed proportionally to deflection beyond the elastic limit of the
      material.
PAR  Those skilled in the art should readily appreciate that the female contact
      embodied by this invention includes spring members which attain amplified
      deflections and thereby magnify the contact pressure developed against the
      male contact. Furthermore, the spring members can be disposed to
      compensate for the permanent set incurred upon exceeding the elastic limit
      of the material which thereby extends the range of contact pressure
      developed proportionally to the deflection of the spring members.
PAR  It should be understood that the present disclosure has been made only by
      way of example and that numerous changes in details of construction and
      the combinations or arrangements of parts may be resorted to without
      departing from the true spirit and scope of the invention, and therefore,
      the present disclosure should be construed as illustrative rather than
      limiting.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An electrical female contact comprising: a pair of spring members
      integrally connected and disposed to deflect in opposite directions away
      from a central plane as straight male contacts are engaged therebetween,
      said spring members having base ends of similar generally rectangular
      configuration and free ends, means fixedly mounting the base ends so as to
      be in substantially parallel, spaced-apart relationship with said base
      ends mutually opposed substantially symmetrically with respect to said
      central plane and substantially coincident throughout their
      configurations, each said spring member having a contact surface and an
      outwardly inclined tip, portions of said spring members between said
      outwardly inclined tips and said base ends being inclined inwardly toward
      said central plane, said contact surfaces on said opposite spring members
      being separated across the thickness of engaging male contacts and bearing
      thereagainst with a contact pressure of proportional magnitude to the
      deflection incurred by said spring members, said inclined tips being
      complementarily oriented to create a guided entrance across the full width
      of male contact engagement along said central plane, at least one of said
      spring members having an advanced section disposed thereon and aligned to
      pass through said opposite spring member across said central plane prior
      to deflection of said spring members, said advanced section having a
      contact surface disposed thereon at an offset distance from said central
      plane, said offset contact surface moving through said offset distance
      across said central plane during engagement of said female contact by male
      contacts, the contact pressure on said contact surfaces of said opposite
      spring members being proportional to the total deflection of said advanced
      section with that total deflection being equal to said offset distance
      plus the thickness of the male contact.
NUM  2.
PAR  2. The female contact of claim 1 wherein said advanced section is of
      spherical configuration and an aperture is disposed through said opposite
      spring member, said advanced section passing through said aperture prior
      to deflection of said spring members.
NUM  3.
PAR  3. The female contact of claim 2 wherein said spring members are deflected
      beyond the elastic limit of their material, said offset distance being
      reduced in magnitude by the permanent set resulting therefrom with the
      contact pressure on said contact surfaces thereafter being proportional to
      deflection beyond the elastic limit of said opposite spring members.
NUM  4.
PAR  4. The female contact of claim 1 wherein said spring members are deflected
      beyond the elastic limit of their material, said offset distance being
      reduced in magnitude by the permanent set resulting therefrom with the
      contact pressure on said contact surfaces thereafter being proportional to
      deflection beyond the elastic limit of said opposite spring members.
NUM  5.
PAR  5. The female contact of claim 4 wherein each said spring member includes
      an advanced section having a contact surface disposed thereon and aligned
      to pass through said opposite spring member across said central plane
      prior to deflection of said spring members, each said advanced section
      having a contact surface disposed thereon at an offset distance from said
      central plane, each said contact surface moving through said offset
      distance across said central plane during engagement of said female
      contact by male contacts, the contact pressure on said contact surfaces
      being proportional to the total deflection of said advanced sections on
      said opposite spring members with that total deflection being equal to the
      sum of said offset distances plus twice the thickness of the male contact.
NUM  6.
PAR  6. The female contact of claim 5 wherein said contact surfaces on said
      opposite spring members are disposed at equal offset distances from said
      central plane, the total deflection being equal to twice the sum of said
      offset distance plus the thickness of the male contact.
NUM  7.
PAR  7. The female contact of claim 5 wherein an open notch is disposed
      immediately adjacent to each said advanced section on said spring members,
      said advanced section of each said spring member meshing across said
      central plane into said open notch of said opposite spring member.
NUM  8.
PAR  8. An electrical female contact comprising: a pair of spring members
      integrally connected and disposed to deflect in opposite directions away
      from a central plane as straight male contacts are engaged therebetween,
      said spring members having base ends of similar generally rectangular
      configuration and free ends, means fixedly mounting the base ends so as to
      be in substantially parallel, spaced-apart relationship with said base
      ends mutually opposed substantially symmetrically with respect to said
      central plane and substantially coincident throughout their
      configurations, each said spring member having a contact surface and an
      outwardly inclined tip, portions of said spring members between said
      outwardly inclined tips and said base ends being inclined inwardly toward
      said central plane, said contact surfaces on said opposite spring members
      being separated across the thickness of engaging male contacts and bearing
      thereagainst with a contact pressure of proportional magnitude to the
      deflection incurred by said spring members, said inclined tips being
      complementarily oriented to create a guided entrance across the full width
      of male contact engagement along said central plane, an advanced section
      of spherical configuration being disposed on at least one of said spring
      members and an aperture being disposed through said opposite spring member
      across said central plane, said advanced section being aligned to pass
      through said aperture and having a contact surface disposed thereon at an
      offset distance from said central plane prior to deflection of said spring
      members, said offset contact surface moving through said offset distance
      across said central plane during engagement of said female contact by male
      contacts, the contact pressure on said contact surfaces of said opposite
      spring members being proportional to the total deflection of said advanced
      section with that total deflection being equal to said offset distance
      plus the thickness of the male contact.
NUM  9.
PAR  9. The female contact of claim 8 wherein said spring members are deflected
      beyond the elastic limit of their material, said offset distance being
      reduced in magnitude by the permanent set resulting therefrom with the
      contact pressure on said contact surfaces thereafter being proportional to
      deflection beyond the elastic limit of said opposite spring members.
NUM  10.
PAR  10. An electrical female contact comprising: a pair of spring members
      integrally connected and disposed to deflect in opposite directions away
      from a central plane as straight male contacts are engaged therebetween,
      said spring members having base ends of similar generally rectangular
      configuration and free ends, means fixedly mounting the base ends so as to
      be in substantially parallel, spaced-apart relationship with said base
      ends mutually opposed substantially symmetrically with respect to said
      central plane and substantially coincident throughout their
      configurations, each said spring member having a contact surface and an
      outwardly inclined tip, portions of said spring members between said
      outwardly inclined tips and said base ends being inclined inwardly toward
      said central plane, said contact surfaces on said opposite spring members
      being separated across the thickness of engaging male contacts and bearing
      thereagainst with a contact pressure of proportional magnitude to the
      deflection incurred by said spring members, said inclined tips being
      complementarily oriented to create a guided entrance across the full width
      of male contact engagement along said central plane, each said spring
      member having an advanced section immediately adjacent to an open notch,
      each said advanced section being aligned to pass through said open notch
      in said opposite spring member across said central plane and having a
      contact surface disposed thereon at an offset distance from said central
      plane prior to deflection of said spring members, said contact surfaces
      moving through said offset distances across said central plane during
      engagement of said female contact by male contacts, the contact pressure
      on said contact surfaces being proportional to the total deflection of
      said advanced sections on said opposite spring members with that total
      deflection being equal to the sum of said offset distances plus twice the
      thickness of the male contact, said spring members being deflected beyond
      the elastic limit of their material, said offset distances being reduced
      in magnitude by the permanent set resulting therefrom with the contact
      pressure on said contact surfaces thereafter being proportional to
      deflection beyond the elastic limit of said opposite spring members.
NUM  11.
PAR  11. The female contact of claim 10 wherein said contact surfaces on said
      opposite spring members are disposed at equal offset distances from said
      central plane, the total deflection being equal to twice the sum of said
      offset distance plus the thickness of the male contact.
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ABST
PAL  A screwless connector or coupling for electric leads, having a clamping
      spring located in an insulating material housing and retained therein,
      forming with a contact bridge at least one conductor clamping position,
      wherein the contact bridge and the clamping spring are substantially flat
      and are interconnected at a common end region to form a self-supporting
      unitary structure, the contact bridge being provided at a point spaced
      from the point where the contact bridge and clamping spring are connected
      with a plurality of conductor bush openings arranged in spaced
      juxtaposition, the clamping spring in the region of each contact bridge
      bush opening having at least one clamping edge located behind the contact
      bridge in the insertion direction of the conductor.
BSUM
PAR  The invention relates to a screwless connector or coupling for electric
      leads, having a contact bridge located in an insulating material housing
      (terminal housing) and carrying a clamping spring forming with the contact
      bridge at least one conductor terminal point.
PAR  It is an object of the invention to improve such a screwless connector and
      provide it with a high contact pressure with small surface contact for an
      inserted conductor together with means preventing accidental pulling-out
      of the conductor.
PAR  A further object of the invention consists in providing an assembly
      accommodating a plurality of conductors, a low overall height, and narrow
      width.
PAR  Each connector is self-supporting and does not transmit the contact
      pressure occurring during conductor insertion to the insulating material
      housing.
PAR  The connector accepts conductors of various cross-sections reliably without
      damage.
PAR  A further object of the invention is to provide conductor disengaging means
      which is simple and easy to operate.
PAR  In accordance with the invention there is provided a screwless connector or
      coupling for electric leads, having a clamping spring located in an
      insulating material housing and retained therein, forming with a contact
      bridge at least one conductor clamping position, wherein the contact
      bridge and the clamping spring are substantially flat and are
      interconnected at a common end region to form a self-supporting unitary
      structure, the contact bridge being provided at a point spaced from the
      point where the contact bridge and clamping spring are connected with a
      plurality of conductor bush openings arranged in spaced juxtaposition, the
      clamping spring in the region of each contact bridge bush opening having
      at least one clamping edge located behind the contact bridge in the
      insertion direction of the conductor.
PAR  In such a connector either the free end face of the clamping spring remote
      from the contact bridge clamping spring connecting region has a clamping
      edge on the side adjacent to the contact bridge, acting wedge-like on a
      conductor and preventing it from being accidentally pulled out;
      alternatively the free edge region remote from the contact bridge clamping
      spring connecting region of the clamping spring is bent away or at an
      angle from the clamping spring plate plane and from the contact bridge,
      and in this shaped region a wedge-like clamping recess is provided, acting
      on a conductor and retaining it against being accidentally pulled out. One
      or both clamping spring clamping edges are provided transversely,
      preferably extending at right angles to the conductor insertion direction,
      and straight or concavely curved.
PAR  The width of each clamping web is equal to the cross-sectional size of a
      conductor assembly (conductor plus insulation) entering the insulating
      housing so that a connector assembly receiving several conductors has a
      width which corresponds to the sum of the sizes of the conductor cables
      connectable in parallel to the assembly, at least in the region of the
      insulating material housing.
PAR  Socket openings in the assembly or contact bridge may be formed by strips
      punched or bent out of the contact bridge side remote from the clamping
      spring, and which face in the direction of the contact bridge clamping
      spring connection region and subtend an acute angle with the plane of the
      contact bridge and an abutment and guide surface for the inserted
      conductors.
PAR  In a preferred form, the clamping spring has at least one end region of its
      plate extension pressing against the contact bridge and the contact bridge
      has several webs formed as rivet parts across its width, and the clamping
      spring is provided in accordance with the number and form of the contact
      bridge rivet parts with inserting openings in the connection region,
      through which the contact bridge rivet parts engage and are secured to the
      contact bridge by riveting to the clamping spring side remote from the
      contact bridge.
PAR  Conductors enter from one side of the connector assembly where they
      parallel to one another and in one row, but end leads may extend in any
      direction.
PAR  The assembly or contact bridge forms a self-supporting unitary structure
      with the clamping spring. It receives the contact pressures occurring and
      does not transmit them to the housing.
PAR  In the clamping positions of the assembly conductors of varying
      cross-sectional size may be clamped in position independently of one
      another, since each contact bridge socket opening for a conductor has an
      independent spring tongue, with a clamping edge.
PAR  The clamping point for the conductors is close to the contact bridge
      clamping spring connecting position so that the clamping spring exerts a
      high contact pressure on the conductors.
PAR  The clamping spring is not weakened anywhere in its cross-section, since
      there are no recesses in the clamping spring between the contact bridge
      connecting point and the clamping spring clamping edge.
PAR  The clamping edge is located at the free end of each clamping lug, or is
      formed by a free-end recess in the clamping spring, this recess also is
      adjacent the first clamping edge of the spring lug without weakening it.
PAR  The clamping edge or edges act wedge-like on the conductors, which are
      retained securely against accidental detachment by one or both clamping
      edges.
PAR  In the clamped state the clamping spring and the contact bridge assume a
      V-shaped position relative to one another, and are proportional, so that
      lever arms for the clamping force are provided. A conductor can be removed
      from a connector only by simultaneously applying a pull and rotation to
      the conductor, so that accidental detachment is impossible.
PAR  This connector is particularly suitable for use in conjunction boxes on
      account of its small volume and large number of conductors accommodated.
      In a normal junction box the use of connectors in accordance with the
      invention easily permits up to five or more items to be enclosed.
PAR  The connector is designed for at least 220/380 volts and is used wherever
      only a small space is available for many connections.
DRWD
PAR  Examples of the invention are shown in the drawings, in which:
PAR  FIG. 1 is a screwless connector in three views (end view, side view and
      plan view) and full size,
PAR  FIG. 2 is an end view of the connector from the insertion side,
PAR  FIG. 3 is a side view of the connector with a contact bridge in an
      insulating material housing, a clamping spring connected therewith and an
      electric conductor clamped therein,
PAR  FIG. 4 is a plan view of the same connector, partly in section, with an
      inserted conductor,
PAR  FIG. 5 is an end view of a contact bridge with several juxtaposed conductor
      insertion openings,
PAR  FIG. 6 is a side view of the contact bridge of FIG. 5,
PAR  FIG. 7 is a side view of a clamping spring with several juxtaposed spring
      webs forming a free-end clamping edge,
PAR  FIG. 8 is a side view in longitudinal section of the same clamping spring,
PAR  FIG. 9 is a side view of the terminal formed from a contact bridge
      according to FIGS. 5 and 6 and a clamping spring according to FIGS. 7 and
      8,
PAR  FIG. 10 is a longitudinal section through a modified form of connector,
      having a contact bridge located in the insulating material housing and a
      clamping spring retained thereon,
PAR  FIG. 11 is a longitudinal section through a connector according to FIG. 10
      with slightly modified contact bridge and a clamping spring retaining a
      conductor inserted between clamping edges,
PAR  FIG. 12 is a side view of the connector of FIG. 10 in the unused state,
PAR  FIG. 13 is a longitudinal section through a connector with an obtuse-angle
      contact bridge.
DETD
PAR  The numeral 10 denotes an insulating material housing of a screwless
      connector in accordance with the invention, in which there is a contact
      bridge 11 and a clamping spring 13, 14 forming with the contact bridge 11
      at least one clamping position, preferably several spaced apart clamping
      positions, for a conductor 12a or an electric lead 12. The contact bridge
      11 and the clamping spring 13, 14 are strip-shaped and are originally flat
      and connected together in a common end region; the contact bridge 11 is
      provided at a distance from the contact bridge clamping spring connecting
      region 15 with at least one lead conductor bush opening 16 and at least
      the clamping spring 13, 14 in the region of this opening 16 there being at
      least one clamping edge 17 or 18a, 18b spaced in the direction of
      insertion of the conductor (see arrows in FIGS. 3, 4, 9, 10, 11 and 12)
      behind the contact bridge clamping spring connecting region 15.
PAR  The clamping spring 13 in FIGS. 3, 8 and 9 forms a clamping edge 17 at its
      free end face remote from the conductor 12a, acting wedge-like on the
      conductor 12a and retaining it from being accidentally pulled out.
PAR  In FIGS. 10 to 12 the clamping spring has its end region remote from the
      connecting region 15 bent over or at an angle from the plane of the spring
      and away from the contact bridge 11, and thus provides a spring region 14a
      and enclosing an acute angle with the plane of the contact spring.
PAR  In the region between clamping spring 14 and bent-over spring end 14a there
      is a recess 19 which forms two clamping edges 18a, 18b in the direction of
      insertion of the conductor, spaced one behind the other and acting
      wedge-like on the conductor 12, retaining the latter secured against being
      accidentally pulled out.
PAR  One spring clamping edge 17 or both spring clamping edges 18a, 18b extend
      transversely, preferably at right angles, to the direction of insertion of
      the conductor and are straight or concavely curved.
PAR  In its longitudinal edge region remote from the connecting region the
      contact bridge 11 is provided with several bush openings 16 spaced from
      one another. These are spaced from the free longitudinal edge and are
      formed by punched and bent out webs 20.
PAR  All bush openings 16 are equidistantly spaced from one another and extend
      spaced from the free longitudinal edge of the contact bridge and from the
      connecting region over a certain contact bridge width, extending in the
      direction of insertion. The webs 20 forming the openings 16 are bent out
      relative to the side of the contact bridge opposite the clamping spring
      13, 14 and their free ends extend contrary to the direction of insertion
      of the conductors and enclose an acute angle with the contact plate 11.
PAR  The clamping spring 13, 14 is divided by several incisions 21 extending
      from the longitudinal edge opposite the connecting region 15, dividing the
      spring 13, 14 into several spring tongues 13a, 14b corresponding
      numerically to the bush openings 16 of the contact bridges, and which
      extend from the free longitudinal edge of the spring to occupy a part
      region of the spring width whilst merging into one other in the connecting
      region 15.
PAR  Each spring web 13a has a clamping edge 17 at its free end and each spring
      web 14b has a recess 19 or a cut-out of square or rectangular form
      resulting in two clamping edges 18a, 18b.
PAR  The clamping spring 13 extends in the longitudinal direction of the spring
      webs 13a substantially over the whole length of the contact bridge, from
      the connecting region 15 to the bush opening 16 of the contact bridge 11,
      so that its clamping edge 17 is located in the edge region of the bush
      opening 16 remote from the connecting region; the clamping spring 13 is of
      such a length that it fully covers the bush opening and its clamping edge
      17 is located in the bent region of the web 20.
PAR  The free end 11a of the contact bridge 11 adjacent to the web 20 is bent
      out of the plane of the contact bridge (FIGS. 6, 9, 11, 12) either towards
      the side of the contact bridge remote from the clamping spring 13, 14 or
      towards the clamping spring (FIG. 10); this bent edge 11a extends towards
      the webs 20 and subtends an acute angle with the contact bridge 11.
PAR  The clamping spring 13, 14 has its end remote from the clamping edges 17,
      18a, 18b connected to the contact bridge 11 by rivets or screws, so that
      the clamping spring 13, 14 has one end secured to the contact bridge 11,
      and its other end facing the clamping edge 17 or clamping edges 18a, 18b
      can move to receive a conductor.
PAR  The contact bridge 11 is provided in its region opposite the bush openings
      16 with two or more tongues 22 punched and bent out of the contact bridge
      11, and the clamping spring 13, 14 at its edge remote from the clamping
      edge 17 or edges 18a, 18b has recesses or apertures 23 corresponding in
      number and form to the contact bridge tongues 22, into which contact
      bridge 11 with tongues 22 engage, producing a secure connection between
      the contact bridge 11 and clamping spring 13, 14.
PAR  Over at least a part of its length the clamping spring 13, 14 in its normal
      condition presses against the contact bridge 11. To obtain the clamping
      spring pre-tension to exert contact pressure on the conductor 12a, it is
      expedient to bend the clamping spring 13, 14 before assembly in a
      direction towards the contact bridge 11, as shown at 24 in FIG. 8, so that
      during the riveting of the clamping spring in position the spring is drawn
      against the contact bridge 11 and its clamping edge 17 or edges 18a, 18b
      press against the bridge.
PAR  The clamping spring is provided with between two and five clamping webs
      13a, 14b and the contact bridge 11 receives a corresponding two to five
      bush openings 26.
PAR  The clamping spring 13, 14 is made of a resilient metal such as spring
      steel, and the contact bridge 11 of a non-resilient metal such as a brass
      alloy.
PAR  The clamping spring 13, 14 and the contact bridge 11 are of a rectangular
      basic shape, their width, as determined by the plurality of juxtaposed
      clamping positions 16, 18, 18a, 18b is larger than their length, with
      reference to the direction of insertion of the conductor.
PAR  The assembly including the contact bridge 11 and the clamping spring 13 or
      14 secured thereto, has a clamping position (opening 16 and clamping edge
      17 or 18a, 18b) for each conductor 12a, which in width corresponds to the
      maximum cross-section of an electric lead 12, i.e. the cross-sectional
      diameter of conductor 12a  plus insulation sheath 12b; the maximum
      diameter of the insulating sheath 12, which also enters the housing,
      determines the width of the clamping position, since the lead 12, away
      from the assembly, may increase in insulation thickness 12b, and the
      maximum diameter of a normal insulation sheath 12b is regarded as the
      width between the clamping positions.
PAR  The overall width of the whole assembly is determined by the number of
      conductors 12 to be connected.
PAR  In the embodiment of the assembly with five terminal positions (five spring
      webs 13a, 14b and five bush openings 16) the width of the assembly
      corresponds to the sum of the diameters of all five lead insulations 12b,
      and the leads 12 therein are parallel but the part of each conductor 12
      outside the housing 10 can be bent over in any desired direction.
PAR  The assembly is particularly suitable for electric leads 12 with single
      core (rigid) conductors 12a. It may, however, be used for stranded
      conductors 12a, though for such conductors it is preferable for the bared
      ends to be inserted in the assembly to be made rigid by soldering.
PAR  The end of lead 12 with its end stripped of insulation -- the exposed wire
      12a -- is inserted in the direction of the arrow "A" into the bush opening
      16 of the contact bridge 11, from the connection-side edge region of the
      assembly at an acute angle towards the contact bridge 11. The conductor
      12a during passage through the opening 16 pushes the end of the clamping
      spring 13, 14 away from the contact bridge, and continues between contact
      bridge 11 and clamping spring clamping edge 17 or 18a, 18b,  to project
      beyond the free edge of the contact bridge 11 and the clamping spring 13,
      14.
PAR  As shown in FIG. 3 of the drawing, the conductor 12a has a part of its
      surface abutting against the free-end clamping edge 17 and another part
      against the bent out tongue 20, which constitutes a support. The conductor
      12a in the embodiment shown in FIGS. 3 and 5 to 9 is supported at point
      25. The clamping spring end edge 17 adjacent to the contact bridge 11
      abuts wedge-like against the conductor 12a and assumes an acute angle
      relative to the longitudinal direction of the conductor.
PAR  As shown in FIGS. 10 and 11, the conductor 12a has part of its surface
      abutting against the bent-out tongue 20, and also against the web surface
      25; its surface also engages the two clamping edges 18a, 18b which press
      wedge-like against the conductor, which is retained securely between the
      contact bridge 11 and the clamping spring 14 at three points. The clamping
      spring region facing the clamping edge 18a assumes an acute angle to the
      longitudinal direction of the conductor and its bent-over end which has
      the other clamping edge 18b, assumes an acute angle relative to the
      longitudinal direction of the conductor.
PAR  Extraction of the conductor 12a in a longitudinal direction is prevented by
      the wedge action of the clamping edge 17 or edges 18a, 18b; it is thus
      necessary to perform a conscious extraction action by pulling on the lead
      12 in a longitudinal direction and simultaneously twisting or turning the
      conductor 12 to and fro about its longitudinal axis. This enables the
      conductor 12a to be pulled out gradually from its clamping position. The
      setting angle of the lead 12 (the conductor 12a) relative to the clamping
      plane (i.e. the acute angle between the longitudinal direction of the
      conductor and contact bridge 11 during the insertion or after insertion)
      determines the extent of the disengagement movement. By varying the
      setting angle this movement may be varied in length. For example with an
      acute angle of setting of between 10.degree. and 30.degree. the detachment
      (distance) is shorter than with an angle of between 30.degree. and
      60.degree..
PAR  The bush opening 16 and the tongue 20 of the contact bridge 11 form a
      guidance channel for the conductor 12a during its insertion in the
      assembly.
PAR  All leads 12 are inserted into the terminal from one side.
PAR  Since the insulating material housing 10, more particularly if of plastics
      material has the physical shape of a rectangular block and is provided on
      one side -- the end face determining the thickness of the block -- with
      all the insertion openings 26 for the leads 12, so that the housing 10
      only has one connection side.
PAR  The insertion openings 26 (one for each terminal point) receive a certain
      length of the lead 12 with insulation 12b and taper to a conductor guide
      passage 27 in which the conductor 12a is advanced into the contact bridge
      11; this passage 27 is of larger diameter than the diameter of the bush
      opening 16 of the contact bridge.
PAR  The insertion openings 26 merge one into the other in the assembly width
      and are formed by two segment members 28 and two annular ring portions
      provided at the width ends of the assembly. The distance "X" (FIG. 2)
      between the opposing segment members 28 of adjacent insertion openings 26
      merging one into the other is smaller than the minumum insulation sheath
      thickness of the lead 12; each lead 12 has its own guide and leads of
      varying thickness may be inserted in the assembly.
PAR  The connector including contact bridge 11 and clamping spring 13 or 14 is
      secured in position in the housing 10; for example, the edge region on the
      connection side and the clamping spring 13, 14 rests in a groove 29 of the
      housing 10. The contact bridge 11 with its tongues 20 pressed out and bent
      over the edge 11a, is located in a recess 30.
PAR  The end face of the housing 10 opposite the insertion openings 26 has a
      test opening 31 for testing the supply voltage.
PAR  The housing 10 is closed on all sides with the exception of the
      connection-side insertion openings 26 and the test opening 31 opposite
      thereto. The integral housing has a lateral opening provided for
      installing the contact bridge 11 and spring 13, 14, which after assembly
      is closed by a cover 10a detachably located by means of a stop 32 which is
      fastened or welded to the housing.
PAR  On the outside of the housing 10 there is an insulation stripping marker
      formed by a straight groove 33 which extends from the connection side and
      indicates the length of insulation to be stripped from the conductors.
PAR  Each connector (contact bridge 11 with clamping spring 13, 14) is made
      self-supporting and no contact pressure is transmitted to the insulation
      material housing; all contact pressure is absorbed within the assembly.
PAR  The assembly of the invention provides spring forces which ensure as high
      as possible contact pressure. The pressing surface (clamping edge 17, 18a,
      18b) between clamping spring 13, 14 and conductor 12a is kept small to
      obtain the maximum contact pressure with the spring force available.
PAR  The high pressure obtainable from a small contact surface is clearly shown
      below:
TBL  Example                                                                   
     Force exerted by the clamping spring                                      
                           =     1.5 kp (14.7 N)                               
     Surface available between clamping                                        
     spring and conductor (wire)                                               
                           =     0.2 mm.sup.2                                  
     contact pressure      =     7.5 kp/mm.sup.2,                              
                                 (corresponding                                
                                 to = 73.2 N )                                 
PAR  An alternative form of screwless connector is shown in FIG. 13 and
      corresponds in basic structure and in mode of operation to the connector
      shown in FIGS. 10 and 11. If a contact bridge 11 bent at an obtuse angle
      in a longitudinal direction and a clamping spring 14 also bent at an
      obtuse angle in a longitudinal direction the obtuse angle shapes of both
      parts 11, 14 facing in the same direction. The contact bridge 11 has two
      shanks 11b, 11c of different length, of which the longer shank 11c serves
      to secure the clamping spring 14. The clamping 14 is fastened to the free
      end of the longer shank 11c of the contact bridge 11 by connecting means
      15 and both parts form a self-supporting unitary structure.
PAR  The contact bridge 11 is provided in the angle between its two shanks 11b,
      11c, more particularly in the longer shank 11c, with spaced juxtaposed
      conductor bush openings 16. The longer shank of the clamping spring 14
      forms the securing shank and the shorter shank 14a secures the spring; the
      clamping spring 14 has several juxtaposed clamping spring webs 14a
      separated by slots and independent of one another, permitting conductor
      reception. In the joint region of the two clamping spring shanks, the
      recesses 19 form the clamping edges 18a, 18b; a recess 19 is formed in
      each clamping spring web 14a.
PAR  The contact bridge 11 has its longer shank 11c located in a groove 29 and
      its shorter shank 11b in a recess 30 of the insulating material housing
      10.
PAR  It is also possible in forming the two clamping edges 18a, 18b to provide
      the recess 19 with an oval, circular or other suitable shape.
PAR  In a further embodiment, not shown, a housing 10 accommodates units each
      formed from a contact bridge 11 and a clamping spring 13, 14 having
      several juxtaposed clamping positions, so that in such an assembly two
      juxtaposed rows of terminal connections are provided; hence to save space
      it is preferred to locate the individual terminal positions of the two
      unitary structures offset relative to one another i.e. between each two
      adjacent terminal positions of a unitary structure a terminal position of
      the other unitary structure is located, but spaced therefrom.
CLMS
STM  We claim:
NUM  1.
PAR  1. A screwless connector or coupling for electric leads, having a clamping
      spring located in an insulating material housing and retained therein,
      forming with a contact bridge at least one conductor clamping position,
      wherein the contact bridge and the clamping spring are substantially flat
      and are interconnected at a common end region to form a self-supporting
      unitary structure, the contact bridge being provided at a point spaced
      from the point where the contact bridge and clamping spring are connected
      with a plurality of conductor bush openings arranged in spaced
      juxtaposition, the clamping spring in the region of each contact bridge
      bush opening having at least one clamping edge located behind the contact
      bridge clamping spring interconnection in the insertion direction of the
      conductor.
NUM  2.
PAR  2. A connector according to claim 1, wherein the free end of the clamping
      spring forms a clamping edge acting wedge-like on a conductor and securely
      retaining the conductor against being pulled out accidentally.
NUM  3.
PAR  3. A connector according to claim 1, wherein the end region of the clamping
      spring remote from the contact bridge is bent out of the plane of the
      clamping spring and away from the contact bridge and in this region there
      is a recess or hole forming two clamping edges acting wedge-like on an
      inserted conductor to retain the conductor from being accidentally pulled
      out.
NUM  4.
PAR  4. A connector according to claim 3, wherein said clamping spring has an
      edge extending transversely to the direction of insertion of a conductor
      and is one of straight or concavely curved.
NUM  5.
PAR  5. A connector according to claim 4, wherein the contact bridge has a
      plurality of juxtaposed bush openings and the clamping spring is provided
      with a plurality of spring webs on its free movable end located at a
      spacing corresponding to the contact bridge bush openings formed by
      incisions led in from the free edge over a part of the length of the
      clamping spring in the direction of the connection region, each having an
      end clamping edge or two clamping edges located in said end region.
NUM  6.
PAR  6. A connector according to claim 5, wherein the width of each clamping
      spring web is at least equal to the maximum diameter of a conductor plus
      insulation inserted into the insulation material housing.
NUM  7.
PAR  7. A connector according to claim 6, having a plurality of conductor
      receiving positions or bush openings arranged side by side across the
      width of the connector.
NUM  8.
PAR  8. A connector according to claim 7, wherein bush openings in the contact
      bridge are formed by webs pressed out of the bridge towards the side of
      the bridge remote from the clamping spring so as to subtend an acute angle
      with the plane of the contact bridge.
NUM  9.
PAR  9. A connector according to claim 8, wherein the webs of the contact bridge
      forming the bush openings at least adjacent the bush openings form an
      abutment and guide surface for the inserted conductors.
NUM  10.
PAR  10. A connector according to claim 9, wherein the free width edge region of
      the contact bridge is bent out of the plane of the contact bridge towards
      one side of the contact bridge to define a position locating web.
NUM  11.
PAR  11. A connector according to claim 10, wherein the clamping spring abuts at
      least with a portion of its length against the contact bridge with
      pre-tension and has a strip region bent in the connection region towards
      the contact bridge causing the pre-tension.
NUM  12.
PAR  12. A connector according to claim 11, wherein the contact bridge in its
      connection width region has several webs formed out as rivet parts and the
      clamping spring is provided in the connecting region with bush openings in
      accordance with the number and shape of the contact bridges, through which
      openings the contact bridge rivet parts engage and are riveted for
      locating the clamping spring on the contact bridge on the clamping spring
      side remote from the contact bridge.
NUM  13.
PAR  13. A connector according to claim 12, wherein the clamping spring is
      provided with the clamping edge at its free end face extending in the
      direction of width of the terminal, with its end on the clamping edge side
      covering at least a part region of the bush openings of the contact
      bridge.
NUM  14.
PAR  14. A connector according to claim 13, wherein the clamping spring is
      provided with the two clamping edges on its spring webs in the region of
      the bush opening on each contact bridge and has the end region bent at an
      acute angle from the contact bridge and the two clamping edges located in
      the region of the bush opening.
NUM  15.
PAR  15. A connector according to claim 14, wherein each contact bridge has a
      plurality of spring tongues in an end thereof and each spring tongue of
      the clamping spring and the contact bridge in the clamped state of the
      conductor assume a V-shaped position relative to one another, and hence
      the V-shanks formed by the clamping spring webs and the contact bridge
      attend in a straight line and in the V-apex the contact bridge clamping
      spring connection is located.
NUM  16.
PAR  16. A connector according to claim 15, wherein the recess of each spring
      web of the clamping spring forming the clamping edges has an angular, such
      as square or rectangular basic shape.
NUM  17.
PAR  17. A connector according to claim 16, wherein each contact bridge web has
      the bush opening extending over that portion of the contact bridge length
      between the connecting region and the clamping spring.
NUM  18.
PAR  18. A connector according to claim 17, wherein the terminal formed of
      contact bridge and clamping spring accommodates at least two and five
      conductors at a maximum in juxtaposition and adapted to be inserted from
      the end region at the coupling side, the insulating material housing
      having on one side all conductor insertion openings and only one
      connection side.
NUM  19.
PAR  19. A connector according to claim 18, wherein the contact bridge in the
      longitudinal direction has two shanks of different length defining an
      obtuse angle between them, the free end region of the longer shank has
      thereon clamping spring aligned in the longitudinal direction and has
      several spring webs with their recesses located in the angle joint of said
      shanks and forming the clamping edges.
NUM  20.
PAR  20. A connector according to claim 19, wherein the terminal housing for
      each lead is provided with an insert passage of sufficient size to receive
      the lead with insulation thereon, there being a conductor guide passage
      opening from said insert passage, the conductor guide passage being larger
      in diameter than the width of the bush opening for the contact bridge to
      initially guide the conductor into said bush opening.
NUM  21.
PAR  21. A connector according to claim 20, wherein the insertion passages in
      the terminal width merge into one another and are formed by two segment
      parts opposing one another transversely to the terminal width, whereby the
      distance between opposing segment members of adjacent insertion openings
      in the distance extending at right angles to the terminal width is smaller
      than the minimum insulation thickness.
NUM  22.
PAR  22. A conductor according to claim 21, wherein an edge portion of the
      contact bridge on the connection side is received in a bearing opening
      together with an end region on the clamping spring, and an edge portion of
      the contact bridge on the web-side is retained in a bearing recess of the
      housing.
NUM  23.
PAR  23. A connector according to claim 22, wherein the housing is closed on all
      sides with the exception of the insertion openings and at least one test
      hole, the housing having the shape of a rectangular block and at the one
      face has the connections side with the insert openings, the housing having
      an open assembly side, which is closed by a cover by means of weld
      connections and on the outer surface of the housing an insulation removing
      mark for the lead being provided formed by a groove.
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PAL  A magnifier and miniature ophthalmoscope which may be worn over the eyes of
      a surgeon and which permits use without removal from the head as either an
      ophthalmoscope or as a magnifier. A first optical path of the instrument
      includes a magnifying objective and an eyepiece. A second optical path
      which can be introduced includes a first silvered mirror directed toward
      the center of the instrument and a second silvered mirror on the
      instrument center line and an objective so that each eye of the wearer
      examines a narrow field at about the center line of the instrument. A
      change means in the form of a carriage carrying the eyepiece of the
      magnifier and the first mirror may be moved to select the instrument
      function.
PAR  This invention relates to an improved operating magnifier and miniature
      ophthalmoscope.
PAR  There are certain surgical procedures where it is required that the surgeon
      use a magnifier and there are other procedures where an indirect
      ophthalmoscope which gives, for example, a stereoscopic view of the area
      being examined, such as the fundus of the eye. In this specification, the
      term ophthalmoscope is to be construed as defining the general type of
      instrument rather than the type used by ophthalmic surgeons as similar
      instruments can be used in other fields.
PAR  Where an ophthalmic surgeon is operating and has to use both an
      ophthalmoscope and a magnifier this has previously been difficult and it
      has been necessary for the surgeon to have one instrument removed from
      before his eyes and the other replaced as and where necessary.
PAR  The object of the present invention is to provide a single unit which can,
      selectively, be used as an ophthalmoscope or as a magnifier.
PAR  The invention, in its broadest sense includes an operating magnifying
      miniature ophthalmoscope having means whereby the instrument can be worn
      by a user, a first optical path through the instrument having an objective
      and an eye piece, the objective being a magnifying lens and a second
      optical path which can be introduced which path comprises a first silvered
      mirror directed towards the centre of the instrument, a second parallel
      silvered mirror on the centre line of the instrument and an objective
      whereby each eye examines a very narrow field at about the centre line of
      the instrument.
PAR  Preferably the change mechanism between the first and second optical paths
      can comprise a carriage which carries the eye piece of the magnifier and
      the first silvered mirror, the carriage in one position permitting the
      magnifying function to be effected and in the other extreme condition sets
      up the ophthalmoscopic function.
PAR  The instrument of the invention may also have associated therewith a light
      source and preferably the working distance of the ophthalmoscope, the
      magnifier and the light source are all the same. The instrument may also
      be adapted to use with certain teaching instruments such as a teaching
      prism system where a student can ascertain the direction of view of a
      teacher. The light source may be provided with a filter which can be
      selectively positioned.
DRWD
PAR  In order that the invention may be more readily understood and put into
      practice we shall describe one particular form of the invention, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the magnifier/ophthalmoscope made in
      accordance with the invention;
PAR  FIG. 2 is a horizontal section through the magnifier;
PAR  FIG. 3 is a vertical section through one eye piece of the
      magnifier/ophthalmoscope
PAR  FIG. 4 is a schematic view of the instrument used as a magnifier;
PAR  FIG. 5 is a schematic view of the instrument used as an ophthalmoscope; and
PAR  FIG. 6 is a schematic view of a modified form of the invention.
DETD
PAR  In this form the instrument 10 is made with wings 11 adapted to be placed
      over the users ears and is also arranged to rest on the users nose.
      Alternatively the instrument could be formed on a conventional glasses
      frame and if required in the lower portions of the eye pieces of the frame
      optical glass may be provided so that a user who normally wears glasses
      can obtain clear vision through this portion.
PAR  The instrument may generally be considered in the form of a rectangular box
      12, which may be made of metal. One preferred in the illustrated form the
      box has a pair of brackets 13 which extend outwardly and to which the
      wings are fitted.
PAR  The instrument is provided with eye pieces 14 which if required may be
      ground to the optical prescription of the user. Inwardly of the eye pieces
      there are a pair of objectives 15 which are directed slightly inwardly so
      as to provide a predetermined working distance of the instrument. In one
      preferred form this distance may be of the order of 12 inches. These
      objectives may be removeable so that different magnifications can be
      provided and in practice we find that magnifications are between two times
      to four times are satisfactory. Provided centrally of the front face of
      the instrument there is provided an objective or window 16 which is used
      when the instrument is operated as an ophthalmoscope, as will be described
      hereinafter.
PAR  Internally of the instrument and at the rear thereof the instrument is
      formed with a pair of planes 17 which may each lie at 45.degree. through a
      vertical axis through the centre of the device. The planes so formed may
      be formed by pressing of the body of the instrument or in any other way.
      The outer surface of each of these planes is silvered by a deposition 18
      and it will be seen that there is an optical path for example path 19 from
      the window 16 of the device to these planes 17 from whence the incident
      light is transmitted through 90.degree. towards the ends of the
      instrument.
PAR  Mounted within the instrument there are a pair of carriages 20. The form of
      mounting of these carriages is not critical but they can be provided with
      grooves 22 along their upper and lower edges which move in corresponding
      knife edges 21 in or associated with the body of the instrument so that
      the movement of the carriages is carefully controlled.
PAR  Each of these carriages has adjacent its inner edge an eye piece 32 which
      comprises part of the lens system of the operating magnifier. The
      arrangement is such that when the carriage is moved fully inwardly, as at
      the lower portion of FIG. 2, there is a direct optical path 23 through the
      ground or planar glass 14 at the rear of the instrument, through the eye
      piece 32 and through the objective 15. The paths for each eye are such
      that they converge on the centre line of the instrument at the
      predetermined distance, say 12 inches. As and where required a stop is
      provided so that the objectives 15 are held in the required position.
PAR  Mounted on each side of the carriage 20 inwardly of the objectives 15 and
      extending forwardly are a pair of plates 24 which have silvered inner
      surfaces. When the carriages are moved to their fully extended condition,
      as shown in the top portion of FIG. 2, that is, when they are close to the
      ends of the instrument as possible, these plates are located in front of
      the position of viewing and thus there is a light path from this position
      along the body of the instrument towards the centre plane 17 and through
      the optical path 19 at the centre of the instrument. The arrangement is
      such that each side is symmetrical so that the working distance of each
      side and thus each eye is the same and we also arrange this as to be the
      same as the working distance of the magnifier.
PAR  Control of the carriages may be by means of finger grips or the like 26
      attached to an extension 27 passing through each end of the ophthalmoscope
      so that the movement can be controlled by the fingers of a wearer. We
      provide stops, not illustrated, so that the movement in each direction is
      controlled and preferably the stops may be adjustable to account for wear
      in the instrument. In use the members by which the carriages are moved may
      well be provided with a sterile plastic tube or the like thereon which
      permits these members to be moved by the surgeon or an assistant during
      the operation in a sterile manner.
PAR  FIGS. 4 and 5 show the optical paths and the relative fields of vision when
      the instrument is used as a magnifier and ophthalmoscope, respectively.
      The form of the invention illustrated in FIG. 6 shows a modified optical
      system having a magnifying objective in the light path of the
      ophthalmoscope.
PAR  Mounted on the body or on the spectacle frame above the body there is a
      light source 30. This light source may show a miniature beam and may be
      provided so that the focus of this beam is at the working distance of the
      device. When a high powered light source is to be used a heat shield 31
      can be located behind the light source.
PAR  Although not illustrated, in one particular form of the invention, we
      provide a light source which is pivotly attached to a pair of extensions
      from the instrument itself and which has a further pair of members passing
      through an arcuate groove and adapted to be clamped thereto. In this
      arrangement the angle of the light source relative to the centre line of
      the instrument can be adusted so that the light is effectively
      illuminating the working area.
PAR  Although this is not illustrated, the instrument can be arranged for use by
      persons having a pupillary distance which differs from the average.
PAR  Where an instrument is made for a particular surgeon the location of the
      eye pieces 32 can be varied, the stops on the carriages 20 varied, and the
      location of the objectives 15 adjusted to the correct spacing.
PAR  Alternatively, at least the eye piece 32 and the objective 15 can be built
      into a telescope with the whole of the unit being moveable. In this case
      the eye piece 14 would either be readily removeable so that a surgeon
      could insert his own prescription lens or it would be unground and simply
      act as a window.
PAR  In use, if the particular instrument permits, the surgeon selects the
      magnification required for use of the device as a magnifier and if it is
      to be so used both of the carriages are moved to their fully inward
      position. At this condition the surgeon looking through the instrument can
      see a magnified image at the working distance, say 12 inches.
PAR  If the instrument is to be used as an ophthalmoscope it is only necessary
      to move the extensions from the carriages outwardly and this causes the
      carriages to move along their track until they assume a position where
      there is a light path from the point of optimum working distance to one of
      the inclined silvered members formed in or associated with the back of the
      instrument, to the silvered member associated with the carriage and
      through the rear of the device. It can be seen that the transfer from one
      mode of operation to the other mode is extremely rapid and simple and can
      be effected either by the surgeon, an assistant or a nurse with very
      little difficulty. The form of construction described is also satisfactory
      in practice in that the main wearing surfaces, those associated with the
      carriages provide large distances of contact and thus wear is minimal,
      stops can be provided on the extensions through the body or in the body
      and these stops can if necessary, be adjustable to take into account
      anywhere and the general arrangement is such that the interior of the
      device remains clean and dust free for long periods.
PAR  The light source 30 may be of one of two general forms. In the first form
      the light source may be operated from a power pack or the like in which
      case the surgeon needs to carry a length of cable connected to the power
      pack. Alternatively, a portable battery power pack can be provided which
      permits the surgeon a greater degree of movement whilst using the device.
PAR  The device is also useful for teaching purposes. The central aperture, that
      associated with the ophthalmoscope, may be provided with a surround which
      has on one side either an angled silvered surface or if required an angled
      half silvered surface extending thereover. In each case a student may
      stand beside a surgeon and by viewing the angled surface can look at the
      point at which the surgeon is looking. As the working distance of the
      ophthalmoscope and magnifier are the same even if the surgeon is using the
      magnifier the mirror associated with the ophthalmoscope will show the same
      field of view. Also in some applications it is desirable to be able to
      provide a filter over the light source and we provide a pivotted
      arrangement whereby a filter may be clipped over the light source or
      removed therefrom as required. Also there may be provided with the
      instrument of the invention a special arrangement of aspheric condenser
      lenses which permit the viewer to obtain a fundus image. The lens is
      provided with a special flange which may be triangular in cross section
      with the base of the triangle being the outer surface of the angular
      flange and in this arrangement we have found that it is more simple to
      clean the lens than has previously been the case.
PAR  While the instrument is designed primarily for the use of Retinal Surgeons,
      it has wider applications in medicine and surgery; notably in
      Otorhinolaryngology and conceivably in Plastic Surgery, Neurosurgery,
      General Surgery of the Biliary System, Renal Transplantation and other
      small organ transplantation procedures and for gynaecological work to
      mention some of the other potential medical applications.
PAR  It may also have a place in dentistry and in veterinary science and in the
      meat inspection and packaging industry. It may also have an application in
      the area of industrial design and art work including security artists.
      Other industrial applications which come to mind would include watch
      making and possibily some of the coarser manufacturing stages in the
      electronic industry.
PAR  Whilst we have described one specific form of ophthalmoscope made in
      accordance with the invention it is to be understood that many
      modifications can be made to the specific components of the invention, to
      the actual form of the instrument when manufactured and to the form of
      movement of the carriages without departing from the spirit and scope of
      the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An operating magnifier and miniature ophthalmoscope having a body, means
      on the body for retaining the instrument on a user's head, two carriages
      mounted in the body, each carriage being movable between two positions, in
      the first position each carriage providing a first optical path through
      the instrument which path includes an objective and an eye piece, the
      objective being a magnifying lens, and in the second position each
      carriage providing a second optical path which path comprises a first
      silvered mirror directed towards the centre of the instrument, a second
      parallel silvered mirror on the centre line of the instrument and an
      objective.
NUM  2.
PAR  2. An instrument as claimed in claim 1 wherein the carriages each carry the
      eye piece of the magnifier and the first silvered mirror.
NUM  3.
PAR  3. An instrument as claimed in claim 1 having a second eye piece common to
      each optical path.
NUM  4.
PAR  4. An instrument as claimed in claim 3 wherein the second eye piece is
      ground to the prescription lens of the user.
NUM  5.
PAR  5. An instrument as claimed in claim 1 having associated therwith a light
      source, the working distance of the ophthalmoscope, the magnifier and the
      light source are the same.
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PAL  In an optical system including an objective lens to form an image on a
      focusing plane and a relay lens system to carry the image to another
      focusing plane, an image rotating prism is inserted in the relay lens
      system and a field lens is provided between the objective lens and the
      relay lens. The pupil of the relay lens system is positioned at the center
      of the optical path of the prism by properly selecting the power of the
      field lens.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an optical system for rotating an image, and more
      particularly to an optical system using an image rotating prism for
      rotating an image in a taking lens system for cameras such as television
      cameras, motion picture cameras and photographic cameras. The image
      rotating optical system in accordance with this invention is also
      applicable to various other types of optical instruments.
PAR  2. Description of the Prior Art
PAR  It has been well known in the art to rotate an image in an image forming
      optical system using an image rotating prism. The image rotating prism has
      an odd number of reflecting faces, and the incident light and the exit
      light thereof have a common optical axis. The image formed by the light
      passing through the rotating prism is rotated about the optical axis
      thereof by rotating the prism thereabout.
PAR  This kind of image rotating prism is usually located before an objective
      lens. However, the image rotating prism located before the objective lens
      cannot sufficiently cover the visual field of the objective lens, since
      the objective lens usually has a wide visual field and the entrance face
      of the image rotating prism cannot be made so large in comparison with the
      effective optical path length of the prism. If the entrance face of the
      prism be made so large as to cover the visual field of the prism, the
      whole size of the prism would be impractically large.
PAR  The above described drawbacks of the image rotating prism located in front
      of the objective lens become far more serious when the objective lens is a
      zoom lens which has a front lens component of large diameter with a
      variable visual field angle and has the entrance pupil deep in the lens
      system.
PAR  It is obvious that the above described drawbacks of the conventional image
      rotating prism are based on the fact that the aperture of the objective
      lens is located outside the prism. The entrance face of the prism,
      therefore, can be made small if the aperture of the objective lens is
      brought into the prism. Theoretically, the size of the entrance face of
      the prism and the optical path length of the prism can be made smallest by
      locating the aperture of the objective lens at the center of the prism. It
      is impossible, however, in a practical sense to place the aperture of the
      objective lens in the optical path of the image rotating prism. Further,
      the size of the prism inevitably becomes large in order to widen the angle
      of the visual field of the prism.
PAC  SUMMARY OF THE INVENTION
PAR  In light of the foregoing observations and description of the conventional
      image rotating prism, the primary object of the present invention is to
      provide an optical system including an image rotating prism which covers
      the whole visual field of an objective lens even if the objective lens is
      a zoom lens having a variable visual field.
PAR  Another object of the present invention is to provide an optical system for
      rotating an image in an optical system using an image rotating prism which
      is extremely small in size and completely covers the visual field of the
      objective lens.
PAR  In order to accomplish the above described objects of the present
      invention, the visual field of the image rotating prism in accordance with
      this invention is made small regardless of the angle of the visual field
      of the objective lens by use of a relay lens system together with the
      prism. Further, the pupil of the relay lens system which is optically
      conjugate with the aperture of the objective lens is positioned at the
      center of the optical path of the image rotating prism so that the optical
      system operates as if there were an aperture at the center of the prism.
PAR  In accordance with the present invention, an image rotating prism is
      inserted in a relay lens system used together with the objective lens, and
      a field lens is provided between the objective lens and the relay lens
      system and the power thereof is properly selected so that the pupil of the
      relay lens system may be located at the center of the optical path of the
      image rotating prism. Consequently, the size of the image rotating prism
      is made extremely small and the image forming optical system including the
      image rotating prism is made compact in size.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal view showing the basic construction of the optical
      system in accordance with an embodiment of the present invention,
PAR  FIGS. 2A, 2B and 2C are longitudinal views showing some examples of image
      rotating prisms which can be used in the optical system of the present
      invention, and
PAR  FIG. 3 is a longitudinal view showing a preferred embodiment of the present
      invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring to FIG. 1 which shows an embodiment of the present invention, an
      objective lens 10 having an aperture 11 focuses an image 12 on a first
      focusing plane. A field lens 13 is located on the focusing plane to
      converge the light from the objective lens 10. The power of the field lens
      13 is so selected that the light exiting from the field lens 13 may be
      received by a front lens 14 of a relay lens system. The relay lens system
      comprises the front lens 14 and a rear lens 15, and the image 12 focused
      by the objective lens 10 is carried to the final focusing plane 16
      thereby. An image rotating prism 17 is located between the front and the
      rear lenses 14 and 15 of the relay lens system. Since the field lens 13 is
      used only for converging the light from the objective lens, the power
      thereof does not affect the position of the finally focused image. The
      power of the field lens 13 is so selected that the pupil 18 of the relay
      lens system conjugate with the aperture 11 of the objective lens 10 is
      located at the center of the optical path of the image rotating prism 17.
      As for the image rotating prism 17 which is diagramatically illustrated in
      FIG. 1, various types as shown in FIGS. 2A, 2B and 2C are known in the art
      and can be employed in the optical system in accordance with the present
      invention. Since the pupil 18 of the relay lens system is controlled to be
      at the center of the optical path thereof, the entrance face of the image
      rotating prism 17 and accordingly the exit face thereof can be made small
      in size, and consequently, the prism itself can be made extremely compact
      in size. It will be noted that the image 12 formed on the first focusing
      plane by the objective lens 10 can be carried to the final focusing plane
      16 as it is even if the visual field covered by the relay lens system is
      not so large by the relay lens system by properly selecting the focal
      length of the lenses 14 and 15. The pupil 18 of the relay lens system is
      kept to be at a predetermined fixed position even if the objective lens 10
      is changed to a lens having a different visual field or to a zoom lens
      having a variable visual field just by changing the field lens 13 to
      another field lens of different focal length in accordance with the change
      in position of the exit pupil of the taking lens.
PAR  In accordance with the optical system as described hereinabove, an image
      focused by an objective lens having a wide visual field can be rotated by
      use of a small image rotating prism. The above described optical system in
      accordance with an emobodiment of the present invention, however, has a
      disadvantage that the finally obtained image formed on the final focusing
      plane 16 is inverted with respect to the image formed only by the
      objective lens. Further, the optical system as described above is
      disadvantageous in that the total length thereof is long.
PAR  The foregoing drawbacks inherent in the above described embodiment shown in
      FIG. 1 are eliminated in the following preferred embodiment of this
      invention as described hereinbelow and illustrated in FIG. 3.
PAR  Referring to FIG. 3, an objective lens 19 such as a zoom lens having an
      aperture 20 focuses an image 25 on the final focusing plane through a
      field lens 21 and relay lenses 22 and 23. Between the relay lenses 22 and
      23 is provided an image rotating prism 24 and a total reflection prism 29.
      As shown in FIG. 3, a prism system 27 for reflecting the light from the
      objective lens 19 at right angle is interposed between the field lens 21
      and the objective lens 19. A Porro prism 28 is provided between the field
      lens 21 and the front relay lens 22 to return the light from the field
      lens 21 coming at right angle from the optical axis of the light exiting
      from the objective lens 19 back to the total reflection prism 29 located
      on the extension of the optical axis of the objective lens 19. The total
      reflection prism 29 reflects the light from the front relay lens 22 in the
      direction of the optical axis of the light exiting from the objective lens
      19. Similarly to the above described first embodiment shown in FIG. 1, the
      pupil of the relay lens system conjugate with the aperture 20 is
      positioned at the center 26 of the optical path of the image rotating
      prism 24 by properly selecting the focal length of the field lens 21.
PAR  In accordance with the above described preferred embodiment shown in FIG. 3
      in which additional prisms 27, 28 and 29 having an odd number of
      reflecting faces in total are employed to make the total number of
      reflections of the whole optical system including the image rotating prism
      24 even, the image 25 finally obtained by the whole optical system in not
      inverted. Further, as apparently shown in FIG. 3, the total length of the
      optical system is shortened by use of the additional prisms 27, 28 and 29.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an optical system including an objective lens to form an image on a
      first focusing plane and a relay lens system comprising at least a front
      lens and a rear lens for carrying the image focused on said first focusing
      plane to a second focusing plane, an image rotating optical system
      comprising,
PA1  an image rotating prism system having an odd number of reflecting faces in
      total for rotating an image formed with the light passing therethrough by
      the rotation thereof around the optical axis of said light, said image
      rotating prism being located between said front lens and said rear lens of
      the relay lens system, and
PA1  a field lens located on said first focusing plane, the focal length of said
      field lens and said front lens of the relay lens system being selected to
      position the pupil of the relay lens system conjugate with the aperture of
      the objective lens at substantially the center of the optical path of said
      image rotating prism.
NUM  2.
PAR  2. An image rotating optical system as defined in claim 1 wherein said
      image rotating prism system comprises a first prism having an even number
      of reflecting faces and a second prism having an odd number of reflecting
      faces.
NUM  3.
PAR  3. An image rotating optical system as defined in claim 1 wherein a first
      light reflecting means is provided in the optical axis of the light
      exiting from the objective lens for deflecting the light from the
      objective lens substantially at the right angle with respect to the
      optical axis, a second light reflecting means is provided in the optical
      path of the light reflected by the first light reflecting means for
      reflecting the light from the first light reflecting means back to the
      optical axis of the objective lens, and a third light reflecting means is
      provided in the optical path of the light reflected by the second light
      reflecting means for reflecting the light from the second light reflecting
      means substantially at right angle in the direction of the optical axis of
      the objective lens, said first, second and third light reflecting means
      having an odd number of reflecting faces in total.
NUM  4.
PAR  4. An image rotating optical system as defined in claim 3 wherein said
      first light reflecting means is a prism means provided between the
      objective lens and the field lens, said second light reflecting means is a
      prism means provided between the field lens and the front lens of the
      relay lens system, and said third light reflecting means is a prism means
      provided between the front lens of the relay lens system and the image
      rotating prism.
NUM  5.
PAR  5. An image rotating optical system as defined in claim 4 wherein said
      second light reflecting means is a Porro prism.
NUM  6.
PAR  6. An image rotating optical system as defined in claim 4 wherein said
      first light reflecting means is a prism means having an even number of
      reflecting faces and said third light reflecting means is a prism having
      an odd number of reflecting faces.
NUM  7.
PAR  7. An image rotating optical system as defined in claim 6 wherein said
      first light reflecting means is a prism means having an odd number of
      reflecting faces and said third light reflecting means is a prism having
      an even number of reflecting faces.
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PAL  A reflector apparatus is disclosed for use in photoelectric applications. A
      housing is provided having an opening to accommodate a reflective element.
      A transparent plate is placed over the opening, with a sealing element
      interposed between the plate and the housing. Spring clips are provided to
      force the plate and housing together to effect a sealed reflector
      assembly.
BSUM
PAR  The invention relates to a reflector for photoelectronic equipment with a
      housing open on one side, one or more reflector plates inserted therein
      and a transparent glass plate placed on the open side of the housing and
      which on all sides projects above the reflector plates.
PAR  Usually the housing is made from a cast, milled material e.g. a drawn
      aluminium section wherein the rectangular or hexagonal reflector segments
      are inserted in such a way that the desired reflector plate is formed. For
      example known triple reflectors are used as reflector segments. On the
      thus formed arrangement is placed a glass plate whose edges are firmly
      stuck or cemented to the housing.
PAR  According to another method the reflector member is made from plexiglass
      and firmly welded to the housing.
PAR  The first method has the disadvantage that it is difficult and costly to
      bring about the firm adhesion and in addition if the glass plate is broken
      it is difficult to replace. The second method has the disadvantage that
      the plexiglass surface of the reflector can be easily scratched, so that
      such a reflector has a very limited life.
PAR  The problem of the invention is to provide a reflector of the type
      described hereinbefore which can be economically manufactured and which
      can be easily repaired if damaged. It must in particular be suitable for
      use as a reflector light beam switch or light curtain such as are e.g.
      employed for securing the doors of trams.
PAR  According to the invention the problem is solved in that on the open side
      of the housing outside the area of the reflector plates is placed a
      sealing ring and that the glass plate is locked against the sealing ring
      by means of spring clips. Due to this construction a tightly sealed
      arrangement is obtained, whereby this is not dependent on the skill of
      assembly. If the glass plate is damaged it can be replaced by removing the
      springs and inserting a new plate. Manufacture is performed in an economic
      manner, with improved quality and substantially no maintenance.
PAR  According to a preferred embodiment the rectangular housing has a
      peripheral edge which is slightly lower than the glass plate, an annular
      step which follows the edge on the inside, a slot within the annular step
      for receiving the sealing ring and a reception chamber for the reflector
      plates within the annular step. Advantageously a cover plate which has a
      window in the area of the reflector plates is placed on the housing. On
      the cover plate window is provided a peripheral inner edge which rests on
      the glass plate. This leads not only to an attractive appearance of the
      overall arrangement but the said inner edge increases the uniform pressure
      on the glass plate, therefore improving the quality of the seal between
      glass plate, sealing ring and housing.
PAR  With the generally rectangular housing it suffices if the housing is
      provided with spring clips only on its longer sides, its shorter sides
      being provided with attachments having screw holes. The inner edge of the
      cover plate resting on the glass plate has a particularly advantageous
      effect in this embodiment because a contact pressure on the glass plate is
      obtained which ensures a reliable sealing even in the area of the shorter
      sides where the spring clips have no action.
PAR  According to another advantageous embodiment the cover plate has screw
      holes which are aligned with the screw holes of the attachments.
      Preferably the construction is such that at the rear the attachments form
      a supporting edge and the outer edge of the cover plate is located
      somewhat in front of the supporting edge level. The cover plate preferably
      then presses exclusively with its inner edge via the glass plate and
      sealing ring against the housing. Particularly advantageous with this
      embodiment is the fact that the assembly screws which fix the reflector in
      an opening of a wall via the attachments exert a force directly on the
      inner edge of the cover plate, so that the quality of the seal is just as
      good on the shorter sides as on the longer sides provided with the spring
      clips.
PAR  According to another preferred embodiment the housing is a substantially
      U-shaped drawn aluminium section which at a distance from the U-shaped
      members corresponding to the sealing ring diameter has webs of a somewhat
      lesser height. In this way a reception chamber for the sealing rings is
      obtained and simultaneously the U-shaped members secure the lateral
      position of the inserted glass plate. The webs and slot are appropriately
      formed by reaming a U-shaped section or using a section material.
      Preferably fixing and reinforcing projections are shaped onto the back of
      the section.
PAR  Particularly advantageously the housing and optionally the cover plate are
      extruded from plastic.
PAR  The spring clips are preferably U-shaped and appropriately have reinforcing
      seams at the ends, whilst appropriately the back of the housing is
      provided with projections or grooves in the area of the reinforcing seams.
      In this way after fitting, the reinforcing seams of the springs snap
      firmly into place, so that there is no danger of the spring clips falling
      out even with rough handling.
PAR  The spring clips preferably continuously cover the long sides of the glass
      plate, which ensures in the side areas thereof a uniform pressing of the
      glass plate against the sealing ring, which is preferably in the form of
      an O-seal and should be relatively soft to ensure the desired sealing
      around it.
DRWD
PAR  Other and further objects of the present invention will be apparent from
      the following description and claims and are illustrated in the
      accompanying drawings which, by way of illustration, show preferred
      embodiments of the present invention and the principles thereof and what
      are now considered to be the best modes contemplated for applying these
      principles. Other embodiments of the invention embodying the same or
      equivalent principles may be used and structural changes may be made as
      desired by those skilled in the art without departing from the present
      invention and the scope of the appended claims.
PAR  FIG. 1 a plan view of the reflector according to the invention with cover
      plate.
PAR  FIG. 2 a section along the line II--II of FIG. 1
PAR  FIG. 3 a section along the line III--III of FIG. 1
PAR  FIG. 4 a cross-section of another advantageous embodiment of the reflector
      according to the invention
DETD
PAR  According to FIGS. 1 to 3 in a housing 11 a reception space 19 is provided
      for a total of six reflector plates 12 which are increasingly inclined
      from top to bottom in FIG. 3 resulting in the inclined base 33 of housing
      11.
PAR  The housing has a peripheral annular step 17 in which there is also a
      peripheral slot 18. In the slot is provided an O-seal 14 whose diameter is
      such that in the uncompressed state it projects somewhat above the annular
      step 17.
PAR  On annular step 17 is placed a glass plate 13 which according to FIG. 2 is
      pressed against sealing ring 14 by a U-shaped spring clip 15. Spring clip
      15 embraces the housing and by means of reinforcing seams 30 provided on
      its ends snaps into grooves 32 on the back of the housing. On the side of
      the glass plate the member of spring clip 15 embraces the edge 16 of
      housing 11 which is somewhat lower than the height of glass plate 13 and
      rests with reinforcing seam 30 on the front of glass plate 13.
PAR  The thus described arrangement forms a completely sealed unit.
PAR  FIG. 4 shows another embodiment, wherein housing 11 comprises a drawn
      aluminium section with U-shaped members 16a which has webs 28 at a spacing
      corresponding to the diameter of sealing ring 14. On the back of the
      aluminium section are also shaped projections 29 which function as
      stiffeners and optionally serve as a suitable attachment means. In the
      embodiment according to FIG. 4 reflector plate 12 comprises one or more
      rectangular or hexagonal elements which, unlike in the embodiments of
      FIGS. 1 to 3 are all in the same plane.
PAR  The advantage of the embodiment of FIG. 4 is that through the selection of
      a suitably long aluminium section reflectors of random length can be
      produced in a simple manner. The spring clips 15 need not comprise one
      piece extending over the complete length of the reflector but can be
      subdivided into individual springs of appropriate length which are placed
      flush against one another.
PAR  Furthermore in the embodiment according to FIGS. 1 to 3 a cover plate 21
      with a rectangular window 20 is provided which permits the passage of
      beams of light to the reflector plates 12. Cover plate 21 has an inner
      edge 22 around the window 20 which according to FIGS. 2 and 3 rests
      peripherally on the top of glass plate 13.
PAR  On the two short sides housing 11 has attachments 23 with screw holes 24 to
      which correspond screw holes 25 in the cover plate.
PAR  On the back of attachments 23 is provided a supporting edge by means of
      which they can be placed against a front mounting surface 34 having an
      opening for the insertion of the reception chamber 19 of housing 11. The
      arrangement is fixed to the mounting surface 34 by means of screws passed
      through the screw holes 24, 25.
PAR  According to the invention the outer edge 27 of cover plate 21 must rest on
      surface 34, whereas all the remaining parts except for inner edge 22 but
      including the other outer edge 27a have a certain spacing from the parts
      located below the same, as can be seen particularly clearly from FIGS. 2
      and 3. If the cover plate is now screwed to mounting surface 34 inner edge
      22, in addition to spring clips 15, presses against the surface of glass
      plate 13 which is therefore also pressed firmly against seal 14 in the
      area of the short sides.
PAR  Whereas in the embodiment of FIGS. 1 to 3 grooves 32 are provided on the
      back of the housing to receive the reinforcing seams of the spring clips
      ribs 31 are shaped onto the back of the aluminium section of FIG. 4 behind
      which are located the reinforcing seams 30.
PAR  While there has been described and illustrated the preferred embodiments of
      the invention, it is to be understood that these are capable of variation
      and modification, and it is therefore not desired to be limited to the
      precise details set forth, but to include such modifications and
      alterations as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reflector apparatus for use with photoelectronic equipment, said
      apparatus comprising:
PA1  a. a housing defining an opening in one side thereof and having a flanged
      portion about at least a portion of its periphery;
PA1  b. at least one reflective element positioned in said housing and having a
      reflective surface disposed toward said opening;
PA1  c. a transparent member positionable over said opening;
PA1  d. a relatively soft resilient sealing member interposed between said
      housing and said transparent member and being peripherally disposed with
      respect to said opening, and
PA1  e. at least one substantially U-shaped spring clip separate from said
      sealing member and engageable for extending around said flanged portion of
      said housing, said transparent member and said sealing member for
      demountably compressing said transparent member and said sealing member
      against said housing to form a sealable unit.
NUM  2.
PAR  2. The apparatus of claim 1, wherein:
PA1  said housing has a stepped portion peripherally extending about said
      opening for accommodating said transparent member, said stepped portion
      further defining a groove extending along said stepped portion for
      accommodating said sealing member, and wherein said housing defines a
      chamber for accommodating said reflective element within the interior
      boundary of said stepped portion.
NUM  3.
PAR  3. The apparatus of claim 2, further comprising:
PA1  a cover plate positionable over said transparent element and defining a
      window over the area of said reflective element, said cover plate
      including a flanged portion extending about the periphery of said window
      and being engageable with said transparent element when said cover plate
      is positioned over said transparent element.
NUM  4.
PAR  4. The apparatus of claim 3, wherein said cover plate engages said
      transparent member solely by means of said flanged portion about said
      window.
NUM  5.
PAR  5. The apparatus of claim 3, wherein at least one of said housing and said
      cover plate is made of extruded plastic material.
NUM  6.
PAR  6. The apparatus of claim 3, wherein each said spring clip has a length
      sufficient to enable them to extend substantially along the entire length
      of one of the sides of said housing.
NUM  7.
PAR  7. The apparatus of claim 1, said housing comprising a substantially
      U-shaped drawn metallic portion having webs located proximate said sealing
      element.
NUM  8.
PAR  8. The apparatus of claim 7, wherein said housing defines mounting and
      reinforcing projections integrally shaped into the configuration of said
      housing.
NUM  9.
PAR  9. The apparatus of claim 1, wherein a plurality of said spring clips
      define reinforcing seams shaped integrally in the ends of the spring
      clips.
NUM  10.
PAR  10. The apparatus of claim 9, wherein said housing defines recessed
      portions engageable with said reinforcing seams of said spring clips to
      facilitate engagement of said housing by said spring clips.
NUM  11.
PAR  11. The apparatus of claim 1, wherein said sealing element comprises an
      O-ring.
NUM  12.
PAR  12. A reflector apparatus for use with photoelectronic equipment, said
      apparatus comprising:
PA1  a. a generally rectangular shaped housing defining an opening in one side
      thereof, and defining threaded holes positioned along its shorter sides;
PA1  b. at least one reflective element positioned in said housing and having a
      reflective surface disposed toward said opening;
PA1  c. a transparent member positionable over said opening;
PA1  d. a sealing member interposed between said housing and said transparent
      member and being peripherally disposed with respect to said opening; and,
PA1  e. a plurality of spring clips disposed only along the longer sides of said
      housing, and being engageable with said housing and said transparent
      member for demountably locking said transparent member and said sealing
      member against said housing to form a sealable unit.
NUM  13.
PAR  13. The apparatus of claim 12, further comprising: a cover plate
      positionable for defining a window over the transparent element, wherein
      said cover plate defines second threaded holes which are aligned with said
      threaded holes of said housing when said cover plate is positioned over
      said opening.
NUM  14.
PAR  14. The apparatus of claim 12, wherein:
PA1  a. said housing comprises projections extending outwardly from its shorter
      sides through which said threaded holes are defined; and,
PA1  b. said projections also defining surfaces engageable with a mounting
      surface distinct from said apparatus upon which said apparatus is
      mountable.
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ABST
PAL  An electro-optical transducer and data storage device is operated by
      electrically establishing different electric field levels in a retentive
      ferroelectric PLZT crystal. The crystal may have a plurality of areas that
      serve as data storage elements, each of which is defined by crossover
      areas of rows and columns of transparent electrodes that are on opposite
      sides of the crystal, each storage element being spaced away from other
      storage elements of the crystal by surrounding edge regions. When a data
      storage element is retentively polarized by the application and removal of
      a voltage pulse to opposite electrodes, the portion of the crystal between
      the electrodes contracts transversely, establishing a strain gradient in
      the edge regions surrounding the data storage element. This localized
      strain gradient, together with a fringing electric field in the edge
      regions, causes a high level of birefringence there, and permits the edge
      regions to serve as amplitude modulators of polarized light. When light is
      applied on a path through a polarizer, through the crystal, and through a
      cross-polarized analyzer, the output of the analyzer has light from edge
      regions of elements which have not been polarized. The apparatus can serve
      as an electro-optical transducer and memory for large blocks of data, for
      example.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Coherent optical systems involving lasers are capable of rapidly
      manipulating great blocks of data at high data rates. Such coherent data
      systems can perform mathematical operations, data reduction, pattern
      recognition, and other operations on two-dimensional blocks of data.
      Devices for converting electrical data signals to two-dimensional coherent
      optical data arrays are useful as input devices to coherent optical data
      systems. Some of these devices, referred to herein as block data
      composers, have both transducing capability and memory capability.
      Matrix-type block data composers of PLZT crystals have been employed in
      the prior art in strain biased modes of operation and in scattering modes
      in which light passing through the crystal is scattered into different
      sizes of solid angles at the output.
PAR  In some of the strain-biased electro-optical storage devices of the prior
      art, birefringent properties of PLZT crystal have been employed. To
      enhance the birefringence phenomenon, a mechanical strain bias has been
      produced in the crystal by bonding the crystal to a transparent plastic
      plate that is much thicker than the crystal, and bending the plate in a
      holding jig to subject the crystal to tension along an axis parallel to
      its major surfaces. This technique, while satisfactory for strain biasing
      a single crystal memory element or a small array of elements on a single
      crystal, is troublesome when employed to strain bias a large matrix of
      data storage locations on a single crystal. Variations in the strain
      applied to different areal portions of the crystal result in greatly
      different birefringence effects at the different portions, and
      inhomogeneities and differences in thickness of the crystal from place to
      place on its relatively large surface necessitate different amounts of
      strain bias which cannot be provided simultaneously by the bending jig.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a method and apparatus for converting an
      electrical signal to an optical signal in which the electrical signal is
      applied as an electric field to a first portion of a crystal that is
      capable of birefringent properties. The electric field induces a strain
      gradient at an edge region between the first portion of the crystal having
      the electric field and another portion which has no electric field. A beam
      of light having a polarization characteristic is passed through the
      crystal parallel to the electric field, and the polarization
      characteristic of the light is or is not altered in the edge region in
      dependence upon whether or not an electric field exists in the first
      portion. The invention therefore employs a birefringent effect that is
      strongly present at the edges of an elemental data storage area.
PAR  In a specific embodiment, a plurality of elemental data storage areas are
      formed on a PLZT crystal by depositing transparent electrodes on the
      surfaces of the crystal. A data bit is stored in a data element by
      applying voltage between opposing electrodes to remanently store an
      electric polarization field in the ferroelectric crystal. The polarization
      produces a strain gradient at the edges of the element, which, together
      with the polarizing electric field, induces a birefringent effect at those
      edges. Presence or absence of the birefringence is determined by an
      optical technique; that is, the data status of the element is read
      optically. No external mechanical strain bias is required.
PAR  Accordingly, one aspect of the present invention is a data element, or a
      plurality of data elements forming a block data composer, for electrical
      write-in, storage, and non-destructive optical readout, and having a
      relatively high contrast ratio upon readout, without the necessity for
      mechanically strain biasing the data element or the block data composer.
PAR  Another aspect is a data element or a matrix-type block data composer that
      employs an edge effect mode for producing birefringent effects at the
      edges of the storage element or elements of the device.
PAR  Another aspect is a self-strain-biased crystal storage element that can be
      used in relatively large arrays of data storage elements on a single
      crystal.
PAR  Another aspect is a block data composer employing an edge effect, and in
      which a high light fill factor within each matrix element area is achieved
      by providing a plurality of electrode edges within each element area.
PAR  Still another aspect is a block data composer employing an edge effect and
      in which a high fill factor is achieved by optically reading at a plane of
      defocus spaced away from an image plane.
PAR  A further aspect is a switching method for polarizing and depolarizing the
      elements of a ferroelectric storage matrix so as to exhibit great
      resistance of the zero state to half-select signals.
DRWD
PAC  LIST OF DRAWINGS
PAR  Other objects and features of the invention will be apparent from the
      written description which follows, and the drawings, in which:
PAR  FIG. 1 is a plan view of a matrix of data elements forming a block data
      composer according to a preferred embodiment of the invention;
PAR  FIGS. 2a, 2b, and 2c show various voltages applied to electrodes of the
      block data composer of FIG. 1;
PAR  FIG. 3 is a hysteresis graph showing electric polarization of a PLZT
      crystal as a function of electric field strength, and illustrating
      polarized and depolarized memory states;
PAR  FIG. 4 is a time graph of reset voltage pulses for depolarizing elements of
      the block data composer;
PAR  FIG. 5 is a time graph of voltage pulses for writing logic 1's and 0's into
      the block data composer;
PAR  FIG. 6 is an isometric view of a few matrix elements of the PLZT block data
      composer showing polarization and strain components in one element;
PAR  FIG. 7 shows an optical apparatus for reading data from the block data
      composer;
PAR  FIG. 8 depicts an image of a portion of a PLZT matrix-type block data
      composer operated in the edge effect mode, as observed at a focal plane;
PAR  FIG. 9 shows an image of a portion of the block data composer when observed
      either slightly inside the focal plane or with segmented electrodes, to
      produce a better light fill factor;
PAR  FIG. 10 illustrates segmented electrodes for increasing the constrast ratio
      of a block data composer.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A preferred embodiment of the block data composer, generally indicated by
      numeral 10 of FIG. 1, is constructed on a ceramic wafer 12. The ceramic
      material is advantageously lead zirconate and lead titanate in a 65 :35%
      ratio, with a lanthanum doping of 7 atomic percent, and is referred to
      herein as a PLZT crystal. The PLZT material that is used in the block data
      composer of the preferred embodiment is obtained from the Honeywell
      Ceramics Center, Minneapolis, Minnesota, and is produced by a heat and
      pressure technique from material having a grain size of less than 2.5
      micrometers. A disk of the crystal is polished to a thickness of about 150
      micrometers and then temperature annealed. Transparent matrix electrodes
      are then formed on its major surfaces, preferably by vapor depositing
      CR-AU. The matrix electrodes 14 on the top side, i.e. the front, of the
      ceramic material 12 are depicted on FIG. 1 as parallel horizontal lines.
      Perpendicular electrodes 16 on the bottom, i.e. the back, of the ceramic
      disk 12 are represented by parallel vertical lines. For mechanical
      strength the PLZT crystal is thermo-compression bonded to a plexiglass
      substrate 18, which has conductors 20, 22, that are aligned with the
      transparent electrodes 14, 16 respectively to provide electrical
      connections to those electrodes. To relieve congestion, the electrodes 14
      are connected to terminals alternately at the left and right sides of the
      substrate 18 of FIG. 1, and the electrodes 16 are connected alternately at
      the top and bottom of the figure. Individual data elements 24 of the
      matrix 10 are the portions of the PLZT material 12 at which a top
      electrode 14 is directly opposite a bottom electrode 16. Preferably,
      spacing areas entirely surround the individual elements 24, the spacing
      areas, i.e. edge areas, being portions of the PLZT having only one
      electrode or no electrodes.
PAR  The matrix elements are electrically polarized by applying a voltage
      between a selected top electrode 14 and a selected bottom electrode 16. An
      element at which the selected top and bottom electrodes coincide is
      subjected to a polarizing electric field within the PLZT material and
      perpendicular to the major surfaces when the voltage is applied. Voltages
      with respect to ground of, for example, +2V, +V, +2V, and 0, can be
      applied to a row electrode 14 as shown at 15a, 15b, 15c, and 15d
      respectively of FIG. 2a. At the same time, voltages with respect to ground
      of +V, 0, 0, and +2V can be applied to a column electrode 16 as shown at
      15e, 15f, 15g, and 15h respectively of FIG. 2b to produce voltage
      differences between the row electrode 14 and the column electrode 16. In
      the illustrated example, the difference voltages are +V, +V, +2V, and -2V
      as shown at 15j, 15k, 15l, and 15m respectively of FIG. 2c.
PAR  The electric polarization remaining in a matrix element of the PLZT crystal
      after removal of an applied voltage depends upon the recent history of
      polarization of the matrix element. The electric polarization P is shown
      as the ordinate of the graph of FIG. 3, and the electric field intensity E
      is shown on the abscissa. When the electric field intensity E is
      progressively increased positively, starting with zero electric field E
      and zero polarization P, the polarization increases along a curve 28 and a
      curve 30 to a point 32, which represents a saturation level of
      polarization. If the voltage between the electrodes 14 and 16 is then
      reduced to 0, the polarization decreases only slightly along a line 34 to
      a point 36, at which the amount of polarization is a remanence level
      designated +P.sub.r.
PAR  If a negative voltage is then applied between the electrodes 14, 16, the
      polarization of the corresponding element decreases along a curve 38 and a
      curve 40 to a negative saturation level 42. The temporary application
      thereafter of a positive voltage V of about half the original positive
      voltage brings the polarization back approximately to the starting point
      O.
PAR  Certain types of PLZT materials exhibit the latching or ferroelectric
      remanence effect just described, and it permits them to be used as memory
      devices as well as transducers. For example, when a remanent polarization
      is induced in a matrix element, a logic 1 can be said to be stored in the
      matrix element, for subsequent nondestructive optical readout. When a zero
      remanence level is established in an element of the matrix, a logic 0 can
      be said to be stored therein.
PAR  A pulse routine for resetting or initializing the polarization remanence of
      all of the matrix elements of the crystal to 0 before entering data is
      shown in FIG. 4. First, a pulse 46 of voltage +2V is produced between a
      row electrode 14 and a column electrode 16 to bring the polarization to
      the point 32 of FIG. 3. The external voltages are then removed for an
      interval 48 and the polarization decreases to +P.sub.r. A negative pulse
      50 of voltage -2V is then applied between the electrodes 14, 16 to bring
      the polarization to the point 42 of FIG. 3. In a next succeeding time
      interval 52, the externally applied voltage difference is 0 and the
      polarization changes to -P.sub.r as shown at point 43 of FIG. 3. A
      half-select voltage difference of +V is then applied by a pulse 54. Upon
      termination of the pulse 54 as shown in the interval 56, the polarization
      falls to the 0 level shown at point 44 of FIG. 3.
PAR  FIG. 5 shows switching pulses for entering data into a matrix block data
      composer after a reset, by applying voltages between electrodes 14 and 16
      as in FIGS. 2a, 2b, 2c. The first pulse 58 of voltage +2V represents a
      full select, and it writes a logic 1 into the ferroelectic element to
      which the voltage difference is applied. This leaves the element in a
      remanent polarized condition as shown at point 36 of FIG. 3, after the
      pulse 58 becomes zero. A smaller voltage pulse 60 has amplitude of +V, and
      represents a half-select or the writing of a 0 into the matrix element to
      which the voltage difference +V is applied. The half-select pulse is
      insufficient to polarize the ferroelectric element because the element's
      coercive force is not exceeded by a voltage of +V, and the polarization
      state falls back to zero after the half-select voltage pulse terminates.
PAR  One arrangement for applying the voltages of FIG. 2a, 2b, 2c to the
      electrodes 14, 16 is shown in FIG. 6. A logic circuit 74 has a power
      supply 75 producing potentials of 0, +V, and +2V volts, which are
      connected to terminals of two selector switches 75a and 75b. The armature
      of switch 75a connects with a selector switch S14 by which a particular
      one of the row electrodes 14 is selected. A particular one of the column
      electrodes 16 is selected by a similar switch S16, which receives voltage
      from the armature of the switch 75b. After the above-desired switches of
      circuit 74 are set, a write pushbutton switch 75c applies a voltage
      difference to the electrodes 14, 16. Another arrangement is to use static
      logic switching circuits to perform the same function, by routine design.
PAR  One design 24 of the block data composer 12, shown in FIG. 6, illustrates
      the directions of some of the strains that are induced therein by
      electrical polarization. Parts of neighboring elements 24', 24" are also
      shown. One of the transparent electrodes 14 is on the top or light-input
      surface 12a of the block data composer another electrode 16 is on the
      bottom or light-output surface 12b. The side boundaries of the element 24
      are imaginary surfaces within the crystal. When the matrix element 24 is
      remanently polarized in the direction of the vector 88, which is
      perpendicular to the major surfaces of the crystal 12, an expansion strain
      S11 is produced within the matrix element 24 in the direction of the
      polarization vector 88. As a result, strains are believed to be produced
      also in orthogonal directions S22 and S33 parallel to the electrodes 14
      and 16 respectively, these being contraction strains within the element
      24. Other strains may also be produced. Outside of the shaded imaginary
      boundaries of the matrix element 24 as shown in FIG. 6, no contraction
      strain sources corresponding to the strains S22 and S33 are generated.
      Consequently, a strain difference and therefore a strain gradient exists
      at the edges of the polarized matrix element 24. No such strain gradient
      appears at the edges of un-polarized matrix elements, of course.
PAR  The type of PLZT crystals preferably employed herein exhibits a double
      refraction phenomenon called birefringence, in which the crystal behaves
      as though it has different velocities of propagation for light waves of
      different polarizations. The birefringent effect in the crystal is
      adjustable over a wide range by electrically polarizing the crystal in the
      direction of the light propagation or by mechanically straining the
      crystal or especially by both causes acting together.
PAR  In certain PLZT materials, namely those exhibiting ferroelectric remanence,
      the birefringent effect can be "stored" in the crystal by subjecting the
      crystal to a polarizing voltage and then removing the voltage.
PAR  Because the crystal remains electrically polarized after removal of the
      original polarizing voltage, it also continues to exhibit the birefringent
      phenomenon described above after removal of the original polarizing
      voltage, and can serve as a memory which affects a light beam differently
      if it has been polarized than if it has not been polarized. A depolarized
      state of the crystal can arbitrarily represent a stored logic 0, while a
      polarized state can represent a stored logic 1, for example, so that
      binary data can be stored for later optical readout.
PAR  The birefringent effect in PLZT crystals due to electric polarization is
      relatively weak unless the crystal is also subjected to a strain-producing
      stress; then the birefringent effect can be very great.
PAR  When a matrix element is polarized as above, the polarizing vector, which
      is perpendicular to the major faces of the crystal, produces a strain
      vector parallel to the polarizing vector, and the polarization also causes
      contraction in transverse directions within the crystal between the
      electrodes, as described above. Because of the transverse contractions and
      perhaps because of other stresses, a strain gradient is established at the
      edges of the matrix element 24, the portion of the volume of the PLZT
      crystal outside of the matrix element being still in an unpolarized state.
      This strain gradient provides a localized strain bias at those edges
      which, together with the fringing electric polarization field there,
      causes a high level of birefringence in regions at and near those edges of
      the matrix element 24. Switching of a matrix element from the 0 to the 1
      state therefore establishes the birefringent effect at its edges.
PAR  In a birefringent region, if linearly polarized light enters the crystal
      having a polarization direction such as to have one component that is
      affected by the first velocity of propagation and another component
      affected by the second velocity of propagation, the two components travel
      through the thickness of the crystal to the output side at different
      velocities. At the output side the two components may conveniently be
      thought of as recombining, but because one of the components has been
      delayed in transit more than the other, the output wave is not linearly
      polarized but instead is elliptically or circularly polarized. At the
      input surface 12a (FIG. 6) the two components are in phase with regard to
      time but are of course, perpendicular to each other or 90.degree. out of
      phase with regard to direction. At the output surface 12b, the two
      components are still perpendicular to each other, that is, 90.degree. out
      of phase with respect to direction, but they are no longer in phase with
      each other with respect to time, if they have passed through a strained
      and polarized, and hence, birefringent, region of the PLZT material. Thus,
      when the light travels near a birefringent edge of an element in which a
      logic 1 is stored, the linearly polarized incident wave is converted to an
      elliptically polarized wave. If instead, the light passes through an edge
      region which is not strained and polarized, as is the case near a matrix
      element where a logic 0 is stored, the two components at the output
      surface 12b are more nearly in phase with each other with respect to time,
      so that they can be regarded as recombining at output surface 12b to
      produce a linearly polarized on-going light wave whose polarization vector
      is un-changed as to direction.
PAR  The birefringent edge effect permits the edge areas to act as amplitude
      modulators of light passing through the crystal. To use this technique to
      read out optically the data that has been electrically stored in a matrix
      type of block data composer, a polarizer is placed in front of the crystal
      and an analyzer is placed behind it. Collimated polarized light is passed
      through the PLZT crystal, which elliptically polarizes the portions of the
      light that pass through birefringent edge regions of elements having a 1,
      but which leaves in a linearly polarized condition the portions of the
      light that pass through edge regions of elements in which a 0 is stored;
      the output light is then passed through an analyzer which transmits only
      elliptically polarized components of the light pattern, thereby detecting
      the data status of the element.
PAR  FIG. 7 shows an arrangement of apparatus for reading out data from a matrix
      block data composer in this way. A beam of collimated light 62 is
      transmitted through a polarizer 64 whose polarization vector 66 forms a
      45.degree. angle with X and Y orthogonal coordinates 68, 70 respectively,
      lying in the plane of the polarizer 64. Thus, the light in a region 72 of
      path between the polarizer 64 and the plexiglass substrate 18 is linearly
      polarized and has equal components in the X and Y directions.
PAR  This linearly polarized light enters the PLZT block data composer 12 at an
      input side 12a. For clarity the electrodes 14, 16 are not shown in FIG. 7.
      Certan matrix elements of the block data composer 10 contain a logic 1,
      and hence, are polarized to a high electrical field remanence level. The
      portions of the light beam which pass near any edge of an element having a
      1 become elliptically polarized, because the remanent polarization has
      established a strain gradient at the element edges. As light passes
      through the crystal 12 to its light output surface 12b, the portions of
      light passing near the edges of an element having a 0 remain linearly
      polarized, just as they were in the region 72.
PAR  Because a light wave at the surface 12b from a polarized matrix element is
      elliptically polarized, it has a polarization vector having a component 76
      at right angles to the original polarization vector 66. The elliptically
      polarized wave at the surface 12b can conveniently be thought of as a wave
      whose polarization vector is rotating during a time cycle of the wave, and
      whose amplitude is cyclically modulated during the rotation, so that
      movements of a tip of the polarization vector describe an ellipse. All
      four edges of an electrically polarized matrix element exhibit
      elliptically polarized light at the output surface 12b.
PAR  Collimated light from the output surface 12b of the PLZT crystal 12
      traverses a portion 78 of the optical path to a Babinet-soleil phase
      retardation compensator 80 for minor adjustments, and then travels along a
      portion 82 of the path to a polarization analyzer 84.
PAR  A polarization vector 86 of the analyzer 84 is in an appropriate angular
      direction to cause the analyzer to block the components of light whose
      polarization is in the original polarization direction 66, 77 and to
      transmit the new elliptical components of light having the polarization
      direction 76. Because the polarization vector 86 of the analyzer 84 is
      crossed with respect to the polarization vector 66 of the input wave, the
      element light beam is blocked if no elliptical polarization has occurred
      in traversing the crystal, but if elliptical polarization has occurred in
      the crystal the analyzer transmits the new component of light that is
      parallel to its polarization vector.
PAR  At the output of the polarizer 84, the collimated light beam has bright
      lines representing the edges of those matrix elements of the block data
      composer 12 which were polarized to represent a logic 1, and the beam is
      dark at regions corresponding to the elements which were depolarized to
      represent a logic 0. The output light pattern can be cast onto a user
      device.
PAR  A cross-section of the intensity of the polarized light beam 90 at the
      output of the analyzer 84 is shown in FIG. 8. The pattern of FIG. 8 can be
      photographed by focusing the light beam 90 with a lens 88 to a
      photosensitive plate 92 at an image plane, FIG. 7. The plate 92 could be
      replaced by an array of photo-diodes or other user apparatus.
PAR  It is sometimes more convenient to observe the cross-sectional light beam
      pattern 90 emerging from the apparatus at a plane slightly inside or
      outside the image plane, to produce a blurred effect as shown in FIG. 9.
      This defocused mode of operation is useful for display purposes because
      light from the element edges is distributed over a greater area.
PAR  The contrast ratio between 1's and 0's in the optical output can be
      increased by dividing each electrode of one or both of the sets of
      electrodes 14, 16 into a plurality of electrode segments that are
      electrically driven in parallel. More edges are thus produced, as shown in
      FIG. 10. Measurements seem to indicate that, for block data composers
      having element sizes smaller than 100 micrometers by 100 micrometers and
      thicknesses greater than 200 micrometers, the width of the edge effect
      region depends only upon the thickness of the PLZT crystal. Consequently,
      when one or both of the sets of electrodes 14, 16 is divided into several
      narrower parallel-connected electrodes, the aggregate width of the edge
      effect regions is made to extend over an appreciable fraction of the
      element aperture, yielding a high contrast ratio and "fill factor" of the
      rectangles of output light.
PAR  Instead of being operated in a transmission mode as described above, the
      block data composer can be operated in a reflection mode in which light
      passes through the crystal 12 in a first direction, then is reflected and
      returns at least once more through the crystal, in a reverse direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electro-optical system for storing and reading data comprising an
      electro-optical birefringence device for use on a light path including a
      crystal having two major surfaces adapted to be disposed transversely to
      the light path, first and second conductive electrodes configured on
      portions of the first and second major surfaces respectively, a first
      volumetric portion of said crystal defined by the configurations of said
      electrodes and having electrodes on both of said surfaces, a second
      volumetric portion of said crystal having electrodes on fewer than both of
      said surfaces and forming a boundary with said first portion, and edge
      region of said crystal at and near said boundary, electrical energizing
      means connected with said electrodes for momentarilly and selectively
      producing a relatively high and a relatively low electric field transverse
      to said surfaces and principally in said first portion such that said high
      field causes a strain at said edge region that cooperates with said
      electric field to render said edge region birefringent, said crystal
      comprises a type of material exhibiting ferro-electric remanence, and
      wherein said relatively high electric field is a remanent ferro-electric
      field remaining in said crystal after said electrical energizing means has
      ceased to energize said first portion, optical means for passing light
      along said path and sensitive to the level of birefringence of said edge
      region, said optical means including light source means for directing
      linearly polarized light to said crystal from the same side as said first
      surface while said crystal is strained only at said edge region by said
      remanent ferro-electric field, and light analyzer means on said light path
      for receiving output light that has passed through said crystal, the
      polarization vector of said analyzer being oriented to transmit an
      elliptical component of polarization of said output light from said edge
      regions, which is produced only when said electric field is high.
NUM  2.
PAR  2. An electro-optical system as defined in claim 1 and further comprising
      focusing means on said light path for focusing an image of said crystal at
      an image plane, and light detector means at a plane displaced along the
      path from said image plane for detecting a defocused image.
NUM  3.
PAR  3. A method for storing and reading data including producing birefringence
      in a crystal to convert electrical signals to optical signals employing a
      crystal of a ferroelectric remanent type having two major surfaces
      disposed transversely to a light path and having first and second
      conductive electrodes on portions of the first and second major surfaces
      respectively and comprising the steps of
PA1  configuring the electrodes to define a first volumetric portion of the
      crystal having electrodes on both of the surfaces and a second volumetric
      portion of the crystal having electrodes on fewer than both of the
      surfaces and thereby establishing a boundary between said first and second
      portions,
PA1  temporarily electrically energizing said electrodes with signals to
      selectively produce one of a relatively high and a relatively low electric
      field transverse to said surfaces and principally in said first portion so
      that said high field induces in an edge region at and near said boundary a
      transverse strain that cooperates with said electric field to render said
      edge region birefringent,
PA1  removing the energizing signal so that the high electric field changes to a
      remanence level upon said removing of said energizing signal,
PA1  passing light having a polarization characteristic along the light path
      while said crystal is strained only at said edge region by virtue of the
      remanent field, the polarization characteristic of said light after
      emergence from said crystal being responsive to the level of birefringence
      of said edge region and thereby differently responsive to a said strained
      edge region than to a non-strained region.
NUM  4.
PAR  4. A method as set forth in claim 3 including the further step of focusing
      light passed through said crystal for focusing an image thereof at an
      image plane, and detecting said passed light at a plane displaced from
      said image plane so as to detect a defocused image.
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ABST
PAL  A rotatable head up display system is provided to furnish target coorindate
     nformation to the pilot of an aircraft, for example. The head up display
      may be slaved to a FLIR or TV tracker to display the scene viewed thereby
      as well as the azimuth with respect to the aircraft. A small cathode ray
      tube is used for the display and the scene is viewed through a holographic
      lens so that the display appears at infinity focus. The pilot is also
      provided with means for controlling the aiming of the sensor (FLIR, TV, or
      the like).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the field of optics and display
      apparatus, and more particularly to improved weapon sighting devices for
      use by helicopter aircraft pilots. Prior display systems have been devised
      which are head coupled or immovably fixed to the aircraft. Head coupled
      weapon sighting devices have generally been found to be too heavy, bulky
      and clumsy for use in high speed aircraft under heavy "G-load"
      configuration. Head up displays which are immovably fixed to the aircraft
      present confusing coordinate information to the pilot when coupled to FLIR
      or TV systems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the head up display is pivoted to the
      aircraft on approximately the same axis as the pilot's head. A small
      cathode ray tube is used for the display from the sensor system and the
      image is viewed through a holographic lens to give the display the
      appearance of infinity focus. For night see-through capability and greater
      contrast in daylight, a photo-chromic backing is used on the holographic
      lens.
PAR  The rotatable display provides the pilot with instant coordinate
      information when the head is turned to look into the display without the
      pilot having to do a coordinate transformation or interpolation. The
      holographic lens provides a very thin light weight display with very high
      efficiency that can be illuminated off-axis effectively and the
      photo-chromic backing provides better contrast in daylight. A 180.degree.
      coordinate correction may be included which enables the pilot to maneuver
      in a natural manner to align the aircraft with a target after the target
      is passed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic and block diagram of a typical arrangement of the
      head up display in an aircraft; and
PAR  FIG. 2 is a top plan view of the device of FIG. 1.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  In the two views of the drawing a typical aircraft 10 is provided with a
      head up display arm 12 which is pivoted at 14 above the head 16 of the
      pilot. Arm 12 carries a display plate 18 and means 20 for projecting an
      image on plate 18.
PAR  The projecting means 20 may be either a small cathode ray tube (CRT) or a
      fiber optic transmitting an image from a larger CRT. The CRT unit may be
      contained in or controlled by the CRT control unit 22 which is shown
      situated behind the pilots seat 24.
PAR  The image is projected onto a holographic lens or screen 18 which
      advantageously may be provided with a photo chromic backing, for example,
      of a dichromate gelatin emulsion.
PAR  Signals from control unit 22 also control movement of arm 12 in accordance
      with signals received in accordance with the position of a sensor 26 which
      may be moved through automatic sensor control 28 or through a manual
      controller 30 by a joy stick 32.
PAC  OPERATION
PAR  When the system is in operation and the pilot acquires a target either
      automatically through sensor 26 or visually, he may direct lock-on of the
      sensor 26 or may manually move sensor 26 by means of control 32 to adjust
      the point of aim. The image picked up by sensor 26 will be displayed on
      the screen 18 at the azimuth angle and, if the sensor is on automatic
      control, adjustment of the angle of attack of the aircraft will result in
      a repositioning of the screen. The image from sensor 26 is viewed through
      the holographic lens 18 which enlarges the image and causes it to appear
      to be at infinity. The operator, therefore, can include the image in his
      field of vision without refocusing from the general field of view outside
      of the aircraft.
PAR  The holographic lens provides a thin light weight display with high
      efficiency and with the photo-chromic backing which increases in density
      in increased light, provides a see-through capability at night and more
      contrast in daylight. When not in use the display can be tilted up out of
      the line of sight as shown by the dotted line position in FIG. 1.
PAR  As the aircraft passes the target, the image from a following sensor would
      appear inverted. In order to correct for proper viewing when the target is
      passed, therefore, the display control is driven 180.degree. out of phase
      when the target passes out of the front hemisphere. This permits the pilot
      to fly as if the target were in front of the aircraft except the range
      would be increasing. This is especially advantageous for use with rearward
      launched missiles because coordinates would be the same as for forward
      launched missiles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a visual aid for target acquisition and weapon delivery by an
      operator from a vehicle, the combination comprising:
PA1  a control arm pivotally mounted to the vehicle above and approximately on
      the same axis as the head of the operator of the vehicle;
PA1  optical viewing means depending from said arm into the normal field of view
      of the operator;
PA1  image projection means mounted on said arm in a position to project images
      onto said optical means;
PA1  movable tracking means on said vehicle for acquiring and tracking a target
      and trasmitting images to said projection means; and
PA1  means automatically positioning said control arm in response to and in
      coordination with movement of said tracking means to present said
      projection means substantially along the azimuth of said target.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said optic device is holographic lens
      having a photo chromic backing.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said image projection means includes a
      cathode ray tube.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said image projection means includes
      fiber optic means transmitting said image from said cathode ray tube to
      said lens.
NUM  5.
PAR  5. The apparatus of claim 4 including coordinate reversal means associated
      with said tracking means effective to drive said control arm 180.degree.
      out of phase when the target being tracked passes from a position in the
      front hemisphere with respect to the vehicle to a position in the rear
      hemisphere.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said projection means is a cathode ray
      tube.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said projection means is a fiber optic
      and said means for transmitting includes a cathode ray tube.
NUM  8.
PAR  8. The apparatus of claim 1 including coordinate reversal means associated
      with said tracking means effective to drive said control arm 180.degree.
      out of phase when the target being tracked passes from a position in the
      front hemisphere with respect to the vehicle to a position in the rear
      hemisphere.
PATN
WKU  039457176
SRC  5
APN  5137306
APT  1
ART  256
APD  19741010
TTL  Illuminating magnifying lens structure
ISD  19760323
NCL  6
ECL  1
EXA  LaRoche; E. R.
EXP  Borchelt; Archie R.
NDR  1
NFG  4
INVT
NAM  Ryder; Francis E.
CTY  Barrington
STA  IL
INVT
NAM  Mueller; Theodore H.
CTY  Cary
STA  IL
ASSG
NAM  Ryder International Corporation
CTY  Barrington
STA  IL
COD  02
CLAS
OCL  350237
XCL  240 1069
XCL  350236
EDF  2
ICL  G02B 2502
FSC  350
FSS  235;237;236;175 LD
FSC  240
FSS  2 M;10.5;10.69
UREF
PNO  2282167
ISD  19420500
NAM  Cullman
OCL  240 10.69
UREF
PNO  2316301
ISD  19430400
NAM  Ullman
OCL  350237
UREF
PNO  2586723
ISD  19520200
NAM  Sakols
OCL  350237
UREF
PNO  2787937
ISD  19570400
NAM  Prisament
OCL  350237
FREF
PNO  995,566
ISD  19650600
CNT  UK
OCL  350235
LREP
FRM  Olson, Trexler, Wolters, Bushnell & Fosse, Ltd.
ABST
PAL  The embodiment of the invention disclosed herein is directed to a
      magnifying lens structure adapted to receive a light from within a housing
      and transmit the light toward an object point of the lens to illuminate
      the area thereabout. The lens structure has two parallel strips of
      refractive surfaces on opposite sides of a magnifying lens. The light is
      transmitted into the transparent lens material and therethrough to the
      strips of refractive surfaces whereupon the light is directed to the area
      which surrounds the object point for better viewing of the area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The embodiment of the invention disclosed herein is directed to a
      magnifying structure, and more particularly to an illuminating magnifying
      lens structure which insures the illumination is directed to the object
      viewed.
PAR  Illuminating magnifying lens devices, generally are well known. These
      devices normally are comprised of a magnifying lens, held in place by a
      handle, with a small light bulb and power supply mounted within said
      handle. Illumination of the viewing area is achieved by orienting or
      aiming the bulb at the approximate focal point.
PAR  These prior art devices are normally of rather inexpensive construction,
      and a problem arises is the positioning or orientation of the bulb, which
      may become misaligned during assembly, handling, or subsequent use. The
      end result being that the desired view area is often not properly
      illuminated.
PAR  The present invention overcomes this problem by providing an arrangement
      wherein the construction of the magnifying lens structure functions as a
      receiver and emitter of the light energy, such that the geometry, thereof
      will insure illumination of the viewing area at all times.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a new and
      improved magnifying lens structure which incorporates the entire light
      source within a support handle of the magnifying lens.
PAR  Another object of this invention is to provide a new and improved
      magnifying lens structure wherein the light energy directed toward the
      object point beneath the magnifying lens is directed thereto by refractive
      surfaces formed integral with the magnifying lens.
PAR  Still another object of this invention is to provide a new and improved
      magnifying lens structure which substantially increases the viewing area
      around the object point of the magnifying lens so that more subject matter
      can be viewed.
PAR  Yet another object of this invention is to provide a novel magnifying lens
      configuration which has light-receiving means and light-transmitting means
      integral therewith so that light from the light source can be directed
      toward an object point of the lens for viewing of subject matter whether
      there is little or no ambient light available.
PAR  Briefly, the magnifying lens element of this invention has a
      light-receiving portion adapted to be inserted into a handle. The
      light-receiving portion is placed immediately adjacent a light source and
      has suitable reflective means about the light source and the
      light-receiving portion to insure that substantially all of the light from
      the light source enters the magnifying lens element. The light energy
      within the magnifying lens element passes through refractive portions.
      These refractive portions are so positioned and angled that they direct
      the light energy to the object point of the magnifying lens so that the
      area about the object point is illuminated. The lens structure is
      trapezoidal in configuration and provides a longitudinal object point to
      increase the area of view of subject matter located at the the object
      point.
PAR  Many other objects, features and advantages of this invention will be more
      fully realized and understood from the following detailed description when
      taken in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side sectional view of a magnifying lens structure constructed
      in accordance with the principles of this invention;
PAR  FIG. 2 is a plan view of the magnifying lens element and associated light
      source and illustrates the reflective shield joining the light-receiving
      portion of the lens element and the light source associated therewith;
PAR  FIG. 3 is a plan view of the magnifying lens element constructed in
      accordance with this invention; and
PAR  FIG. 4 is a side view of the magnifying lens element of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIG. 1, there is seen a magnifying lens structure
      constructed in accordance with the principles of this invention and
      designated generally by reference numeral 10. The magnifying lens
      structure 10 includes a housing 12 for containing a light bulb 13 and an
      energizing battery source 14. The battery source 14 may include one, two
      or more battery cells, as desired. The light bulb 13 is mounted within a
      socket 16, FIG. 2, and electrically connected to the battery 14 through an
      on-off switch 17 and suitable electrical leads as indicated by reference
      numeral 25. The electrical connection between the light bulb and the
      battery 14 is of conventional configuration and forms no part of this
      invention. The electrical connection may be formed by insulated wires
      between the various poles of the battery or may be formed by a conductive
      strip secured to the switch 17 and adapted to engage the bulb holder 16 in
      a manner well-known in the art to energize the light bulb.
PAR  The housing 12 includes a lens support portion 19 extending therefrom and
      provides a magnifying lens viewing area. In the illustrated embodiment the
      magnifying lens viewing area is substantially polygonal in configuration,
      here being illustrated as trapezoidal but somewhat rectangular. However,
      it will be understood that other polygonal, round or elliptical
      configurations can be incorporated without departing from the novel
      concepts of this invention.
PAR  The lens support portion 19 includes spaced apart side portions 20 and 21
      diverging outwardly from the housing 12 and terminating at an end portion
      22. The end portion 22 is substantially parallel to the terminating end 23
      of the housing 12. The lower portion of the end portion 22 is provided
      with reflective member 22a, such as reflective paint or a strip of
      reflective metal. A reflective member 24 is positioned within the housing
      12 and is adapted to surround the light bulb 13. This insures that
      substantially all of the light from the bulb wil be directed in a given
      direction toward a lens element 28. Most advantageously, the lens element
      28 is secured between the housing 12 and the lens support 19 to provide
      the substantially trapezoidal or somewhat rectangular viewing area, as
      best seen in FIG. 2.
PAR  The lens element 28 includes a light-receiving portion 29 formed integrally
      therewith and adapted to be positioned within the housing 12 and located
      immediately adjacent the light bulb 13. The light-receiving portion 29 is
      confined between spaced apart wall portions 30 and 31 of the reflective
      element 24. Furthermore, the light-receiving portion 29 has an angled
      surface portion 33 which engages a downwardly angled reflective portion 34
      of the reflector 24. Substantially all of the light produced by the light
      bulb 13 is therefore delivered to the interior of the magnifying lens
      element 28 and maintained therein by the reflective element 24.
PAR  Immediately adjacent the light-receiving portion 29 of the light element 28
      is a refractive portion 36 through which lens energy passes and is
      directed toward an object point 37 located a predetermined distance
      beneath a lens viewing area 40. In the illustrated embodiment the object
      point is longitudinal along the transverse extent of the magnifying lens
      element and provides viewing of subject matter over a large area.
PAR  The lens element 28 has a second refractive portion 41 positioned adjacent
      the terminating end 22 of the support 19. The refractive portion 41 may
      have the same or different index of refraction than that of the refractive
      portion 36. This is illustrated by the angle of refraction A between a
      line extended perpendicular to direction of the light beam 42, as it is
      reflected off of the surface 22a, and the path of travel of the light beam
      toward the object point 37 as indicated by the line 43. Since the light
      beam 42 strikes the surface 41 at an angle it will be further bent in
      accordance with the index of refraction at the surface 41.
PAR  Referring now to FIGS. 3 and 4, the details of construction of the
      magnifying lens element are illustrated. The magnifying lens element 28
      has the slanted light reflective portion 33 angled to cause light rays
      entering the light-receiving portion 29 to be directed substantially
      perpendicularly to the refractive portion 36. This eliminates the angle of
      refraction that will occur as a result of nonperpendicular light rays
      passing therethrough.
PAR  The magnifying lens element 28 has a reduced cross-sectional area 50
      immediately adjacent the light-reflective portion 33 and the
      light-refractive portion 36. The reduced area 50 is substantially in
      alignment with a light reflective portion 51 located at the other end of
      the magnifying lens element. The angle of the light-reflective portion 51
      is such that the light rays directed toward the light-refractive surface
      41 will have a refractive angle of penetration as indicated by the angle
      A. Angle A is selected so that the light rays impinge substantially upon
      the object point 37 to completely illuminate the area defined thereby.
PAR  The terminating end of the light-receiving portion 29 is convex in
      configuration, as indicated by reference numeral 52 and is so configurated
      to cause substantially all of the light rays entering the light-receiving
      portion to be substantially parallel. The portion of the light rays above
      the reduced diameter portion 50 impinge upon the surface 33 and are
      reflected therefrom through the refractive surface 36. However, the light
      rays in alignment with the reduced dimension portion 50 pass through the
      viewing portion 40 of the lens 28 and impinge upon the reflective surface
      51 and through the refractive surface 41 as mentioned above.
PAR  As best seen in FIG. 3, the plan view of the magnifying lens element
      illustrates that the light-receiving portion 29 has a substantially
      parabolic wall surface as indicated by reference numeral 56. This
      configuration is also adapted to cause light rays entering the
      light-receiving portion to be substantially parallel to the magnifying
      lens element. As also seen in FIG. 3, sidewall portions 57 and 58 are
      diverging from the light-receiving portion 29 toward the opposite end
      thereof. The plan view of the magnifying lens element 28 is trapezoidal in
      configuration.
PAR  What has been described is a simple and efficient magnifying lens structure
      which enables light to be directed more accurately to an area about an
      object point of the magnifying lens for more fully illuminating the area.
      Accordingly, it will be understood that variations and modifications may
      be effected without departing from the spirit and scope of the novel
      concepts disclosed and claimed herein.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. In an illuminated magnifying lens structure, the combination comprising:
      a housing, a light source secured within said housing and adapted to be
      selectively energized and de-energized, a magnifying lens element secured
      to said housing, said magnifying lens element having a predetermined focal
      length to magnify objects at an object point of predetermined distance
      from said lens, the improvement wherein said magnifying lens structure
      includes a central magnifying portion, and integrally formed prismatic end
      portions on opposite sides of said magnifying portion, a first one of said
      prismatic end portions being disposed adjacent said light source and
      including a light receiving section to gather light energy for
      transmission through said lens, said first prismatic portion further
      including an inclined reflective surface and a refractive surface disposed
      opposite said reflective surface, said refractive surface being angled to
      focus light energy on said object point, and said other second prismatic
      portion being disposed on the opposite side of said central magnifying
      portion and including a reflective surface and a refractive surface for
      diverting and focussing on said object point the light initially passing
      through said magnifying portion, whereby a substantial amount of the light
      energy emitted by said light source is focussed on said object point.
NUM  2.
PAR  2. The combination as defined in claim 1 wherein said housing includes
      reflector means overlying said reflective surfaces to further concentrate
      said light energy toward the opposed refractive surface for focussing on
      said object point.
NUM  3.
PAR  3. In the magnifying structure as set forth in claim 1 wherein said
      light-gathering portion of said first prismatic portion is parabolic in
      the configuration when viewed in the plane of said magnifying lens
      element.
NUM  4.
PAR  4. An integral lens structure for use in an illuminating magnifying reading
      glass, of the type including a holder for the lens and a selectively
      energizable light source for illuminating said lens, the lens structure
      comprising, a central magnifying lens portion having a focal length to
      magnify objects at a predetermined distance from said lens, first and
      second prismatic end portions disposed on opposite sides of said
      magnifying lens portion, said first prismatic portion including a light
      receiving section for disposition adjacent a light source to gather light
      rays for transmission longitudinally through said lens structure, said
      first prismatic portion further including an inclined reflective surface
      and an oppositely inclined refractive surface disposed in opposition to
      said reflective surface, said refractive surface being angled to focus
      light rays on the object point of said central magnifying lens portion,
      and said second prismatic portion including a reflective surface and a
      refractive surface for diverting and focussing on said object point, the
      light rays initially passing through said magnifying lens portion.
NUM  5.
PAR  5. An integral lens structure as defined in claim 4, wherein said light
      receiving portion is parabolic in configuration, when viewed in the plane
      of said magnifying lens surface.
NUM  6.
PAR  6. An integral lens structure as defined in claim 4, wherein said first
      prismatic portion is of a cross-sectional width greater than that of said
      magnifying lens portion and has the axis thereof offset with respect to
      the axis of said lens portion whereby a major portion of the light
      gathered will be focussed on said object point, with a minor portion of
      said light energy passing through said magnifying lens portion for
      illuminating of same and for subsequent focussing on said object point by
      said second prismatic end portion.
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PAL  A switch adapted to cooperate with the pull-down claw of a silent movie
      camera for transmitting an electrical signal each time a frame of movie
      film is advanced past the shutter of the camera includes an insulating
      base adapted to be positioned within the film receiving compartment of a
      movie camera so as to fit around the film gate, the base having a
      grounding contact arm engaging the gate so as to be grounded through the
      camera and a contact finger insulated from the gate and disposed for
      intermittent engagement with the reciprocating pull-down claw which serves
      to close the switch each time a frame of film is advanced past the
      shutter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Home movies have become increasingly popular with improvements and
      refinements in the ease with which the movies can be taken and the quality
      of the resultant movie product. Most recently it has become possible to
      make home movies with sound even though the cost, at this stage of
      development, is relatively high in comparison to the cost of making silent
      home movies.
PAR  Examples of home movie systems, which include sound, have a movie camera
      which includes a sound recording system therein so that the movie and
      sound are synchronized and recorded on a common film strip with the sound
      being magnetically recorded along an edge of the film. This type of
      camera, of course, is unusually large, due to the inclusion of the tape
      recording unit, and, therefore, is difficult to handle.
PAR  Other systems have attempted to coordinate movement of the film through a
      conventional silent camera with an external sound recording unit by
      implanting a switch in the working mechanism of the camera which transmits
      a signal to the tape recording unit each time a frame of film is exposed
      in the camera. This type of system, however, necessitates a costly
      modification of the camera in that the camera must be disassembled and
      professionally modified.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new and improved
      switch for coordinating the operation of a movie camera with a sound
      recording unit to assist in making sound home movies.
PAR  It is another object of the present invention to provide a switch that can
      be easily incorporated into a conventional home movie camera to coordinate
      operation of the camera with a sound recording unit.
PAR  It is another object of the present invention to provide a switch which can
      be placed by a layman into the film compartment of a movie camera to make
      once per frame contact with the pull-down claw of the camera to assist in
      coordinating the movement of the film through the camera with a sound
      recording system.
PAR  It is another object of the present invention to provide a switch which is
      easily placed in the film compartment of a conventional home movie camera
      wherein the switch has a ground contact which is grounded through the
      movie camera and a live contact arm positioned to be engaged by the
      reciprocating pull-down claw so that the switch is closed each time a
      frame of film is exposed enabling the movement of the film through the
      movie camera to be coordinated with a sound recording unit operably
      connected to the switch.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to home movie systems and more
      particularly to a switch which can be easily placed within a conventional
      silent movie camera to transmit signals to a sound recording unit or the
      like in response to the advancement of film through the camera.
PAR  The present invention, in general, is directed to a once per frame contact
      switch which can be placed in a home movie camera, such as a Super 8 movie
      camera, by a layman so that the expertise of a professional camera
      repairman is not required to obtain once per frame signals for operation
      of an auxiliary electrical system. More particularly, the switch of the
      present invention is adapted to be positioned between a film cartridge,
      such as currently used for Super 8 film, and the film gate conventionally
      found in Super 8 movie cameras. The reciprocating pull-down claw, which is
      found in all such cameras and which protrudes into the film gate to
      intermittently advance each frame of film into an exposure opening is
      coordinated with shutter movement of the camera to properly position each
      frame of film in synchronization with the shutter. The switch of the
      present invention is grounded through the camera and includes a contact
      finger in alignment with the pull-down claw so that the switch is closed
      by the pull-down claw with each reciprocating cycle and consequently with
      each frame of film advanced through the camera.
PAR  The switch can, therefore, be used to transmit information, e.g., to a
      sound recording unit, which information relates to the advancement of the
      film through the camera so that the information can be subsequently used
      to synchronize the movie film with the recording tape when the film and
      recording tape are integrated into a sound movie strip. By way of example,
      an intermittent signal transmitted by the switch and a connected power
      supply can be used to record beeps or the like on a sound recording tape
      so that the sounds recorded on the tape as by a recorder unit can be later
      coordinated in perfect lip sync relationship with the movie film when the
      tape is joined with the movie film.
PAR  Other objects, advantages and capabilities of the present invention will
      become more apparent as the description proceeds when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a movie camera connected to a sound
      recording unit illustrating one use of the switch of the present
      invention;
PAR  FIG. 2 is an enlarged side elevational view of the movie camera of FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary perspective view of the film gate of the
      camera of FIG. 2 with the switch of the present invention positioned on
      the gate;
PAR  FIG. 4 is an enlarged fragmentary perspective view of the film gate of the
      camera of FIG. 2 with fragmentary sections of a movie film in alignment
      therewith;
PAR  FIG. 5 is a perspective view of the switch of the present invention;
PAR  FIG. 6 is an enlarged vertical section taken along line 6--6 of FIG. 3;
PAR  FIG. 7 is an enlarged vertical section taken along line 7--7 of FIG. 3;
PAR  FIG. 8 is an enlarged fragmentary vertical section taken through the film
      gate of the camera of FIG. 2 and illustrating the cooperation of the
      pull-down claw of the camera with the movie film and the switch of the
      present invention;
PAR  FIG. 9 is a vertical section similar to FIG. 8 with the pull-down claw at a
      different location relative to the film and the switch.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The switch 10 of the present invention as best seen in FIG. 5, is adapted
      to be placed in the film compartment of a conventional movie camera to
      establish once per frame contact with the pull-down claw of the camera to
      thereby cooperate with a power source in establishing an electrical signal
      for each frame of film advanced through the camera. Such a switch has
      several useful functions one of which is to transmit signals correlated
      with the movement of the movie film through the camera to a tape recording
      unit so that the tape can be joined with the movie film to provide perfect
      lip sync sound movies. This particular application of the switch 10 is
      illustrated in FIG. 1, wherein a conventional movie camera 12, such as a
      hand held Super 8 movie camera having the switch 10 mounted therein is
      shown connected to a conventional tape recording unit 14 through
      conventional circuitry including an electrical power source mounted within
      a common box 16 to transmit the desired signal to the tape recorder in
      coordination with the operation of the camera.
PAR  In conventional Super 8 movie cameras, the film F is maintained in a
      cartridge which is positioned within a film compartment 18 of the camera
      so that the film extends through a film gate 20 (FIG. 4) and can be
      intermittently advanced through the film gate by a reciprocating pull-down
      claw 22. The film compartment 18 is typically accessible through a hinged
      access door 24 on the body of the camera so that the film can be easily
      placed in and removed from the compartment when desired. The film gate 20
      is positioned within the film compartment 18 and has an exposure opening
      26 in alignment with the shutter and the lens of the camera (not shown).
PAR  Referring to FIG. 4, the film gate 20 can be seen to comprise an elongated
      generally rectangularly shaped plate 28 with raised ridges 30 along
      opposite longitudinal edges thereof to define a channel or passage 32
      through which the film F is confined for longitudinal intermittent
      movement by the pull-down claw 22. The gate 20 is secured with suitable
      screw type fasteners 34 to an internal wall 36 of the film compartment of
      the camera. Since the film gate in most Super 8 cameras is substantially
      the same and the operation of the pull-down claw is standard, a detailed
      description of the operation is not felt necessary. Suffice it to say that
      the pull-down claw is operated by the motor of the camera to reciprocate
      in a longitudinal direction relative to the gate so as to pass through one
      complete cycle for every frame of film to be exposed through the shutter.
      Of course, the shutter is conventionally synchronized with the pull-down
      claw to open when a frame of film is positioned in the exposure opening
      26.
PAR  The pull-down claw 22 protrudes through a slotted opening 38 along one side
      edge of the channel 32 in the film gate and reciprocates within this
      channel to intermittently advance the film through the gate 20. The
      pull-down claw has a leading edge 40 which is substantially perpendicular
      to the face of the gate whereby when the pull-down claw is protruded into
      one of the perforated openings 42 along the edge of a Super 8 film strip,
      the leading edge 40 of the claw will be normal to the film and will
      advance the film along the channel 32 until a frame of film is aligned
      with the exposure opening 26. A reverse movement of the pull-down claw
      causes the film to be raised by a rearwardly directed cam surface 44 of
      the claw so that the claw can recede to the following perforation in the
      film and be received therein when the pull-down claw reaches its retracted
      position (FIG. 8). With the next forward stroke of the pull-down claw, the
      film will again be advanced placing the next successive frame of film in
      alignment with the exposure opening. This operation is conventional and,
      therefore, is not a substantive part of the present invention.
PAR  Referring to FIG. 5, the switch 10 of the present invention can be seen to
      include a generally rectangularly shaped plate 46 of an insulating
      material such as cardboard which has a rectangularly shaped opening 48
      therein conforming in size and configuration to that of the periphery of
      the film gate 20. The base plate 46 of the switch is adapted to be placed
      over the film gate so that the gate protrudes into the opening 48 in the
      base plate and holds the base plate in position within the film
      compartment 18 of the camera. An adhesive may be applied to the lower
      surface of the base plate 46 to releasably affix the switch to the
      internal wall 36 of the film compartment upon which the film gate is
      mounted.
PAR  The switch 10 has a ground arm 50 protruding upwardly and inwardly from one
      side of the base plate 46 along the edge of the opening 48. This ground
      arm is preferably a strip of flat semi-flexible metal foil which is
      extended across the face of the base plate and away from one end of the
      base plate to establish the ground terminal of the switch.
PAR  A contact arm 52, also preferably made of a flat semi-flexible metal foil,
      protrudes upwardly and inwardly in a generally arcuate or gooseneck
      fashion from one end of the opening 48 in the base plate 46. The contact
      arm is adjacent one side edge of the opening 48 so as to be in
      longitudinal alignment with the pull-down claw 22 when the switch is
      positioned upon the film gate. The contact arm is continuous across the
      upper face of the base plate 46 and protrudes away from the end of the
      base plate in spaced adjacent relationship with the ground terminal to
      establish the live terminal of the switch.
PAR  As best seen in FIG. 3, the ground arm 50 of the switch, when the switch is
      placed upon the film gate 20, engages one of the raised ridges 30 along
      the side edge of the film gate so as to be grounded with the film gate
      through the camera. It should be noted, that the film gate as well as the
      housing for the camera and the internal wall 36 upon which the film gate
      is mounted, are all made of a metallic electrically conductive material.
      As mentioned previously, when the switch 10 is mounted upon the film gate,
      the contact arm 52 is in alignment with the path of movement of the
      pull-down claw of the camera and as can be seen in FIGS. 6, 8, and 9, the
      pull-down claw will engage the contact arm when it is near its retracted
      position (FIG. 8) of movement with the contact arm engaging the cam
      surface 44 of the pull-down claw. In retracting movement of the pull-down
      claw, the contact arm, which will normally retain its orientation of FIG.
      9, is caused to ride along the cam surface for a short distance and
      thereby be flexed and elevated against the normal downward bias of the arm
      establishing positive contact with the claw. When the pull-down claw
      advances (FIG. 9) toward its forward position, of course, the engagement
      of the contact arm with the pull-down claw is broken.
PAR  Since the pull-down claw 22 is also made of a metallic electrically
      conductive material it is grounded through the camera so that when it
      makes contact with the contact arm 52, a circuit is established through
      the switch 10, the power source in the box 16 and the tape recording unit
      14 to send an electrical signal to the tape recording unit which can be
      recorded on the tape. It will be appreciated by reference to FIGS. 6
      through 9 that the contact arm 52 of the switch is disposed beneath the
      film F which is being advanced through the film gate so that the film will
      normally urge the contact arm toward the film gate. Since it is important
      that the contact arm be insulated from the film gate it is coated along
      its under surface with an insulating material such as mylar tape I. The
      distal end or leading tip 54 of the contact arm 52 is not insulated,
      however, so that when it engages the pull-down claw, electrical contact is
      made to close the switch and thereby transmit an electrical signal to the
      tape recording unit 14.
PAR  It will be appreciated that both the contact arm 52 and the ground arm 50
      are positioned relative to the film gate 20 so that they do not engage the
      photo sensitive portion P of the film F where they could conceivably
      scratch or otherwise damage the photo sensitive film. Rather, the ground
      arm 50 is positioned outside of the channel 32 through the film gate to
      engage one of the raised ridges 30 on the film gate and the contact arm 52
      is aligned with the perforated side portion S of the film which does not
      become exposed and developed with the photo sensitive portion P of the
      film.
PAR  Accordingly, a switch has been described which can be easily placed in a
      conventional Super 8 movie camera to provide once per frame contact for
      completing an electrical circuit which generates once per frame signals to
      be used, for example, to coordinate movement of film through the camera
      with tape in a sound recording unit. It will be appreciated that the
      switch can be mounted in the camera by a layman as the camera does not
      need to be disassembled to any extent. All that is necessary to mount the
      switch in the camera is to open the access door covering the film
      compartment of the camera and position the base plate of the switch around
      the film gate which is mounted on an internal wall of the film compartment
      so that the contact arm is in alignment with the pull-down claw and the
      ground arm engages one of the raised ridges along the side of the film
      gate. It will be apparent to those skilled in the art that the switch
      could be mounted on the film cartridge in such a location that it would
      relate to the film gate and pull-down claw in the same manner previously
      described.
PAR  Of course the ground and active contact terminals of the switch are
      connected by suitable conductive wiring to the power source, and
      preferably, this electrical wiring is in the form of flat conductive foil
      strips 56 so that they can extend out of the film compartment 18 with the
      access door 24 closed and without allowing light to enter the film
      compartment. The ground and active strips of foil are of course insulated
      from each other and from the surrounding environment in any suitable
      manner, as with mylar tape.
PAR  Although the present invention has been described with a certain degree of
      particularity, it is understood that the present disclosure has been made
      by way of example and that changes in details of structure may be made
      without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, a movie camera and a switch adapted to be placed in the
      movie camera, said camera having a film compartment with a channel therein
      through which the film is intermittently advanced, an electrically
      conductive reciprocal pull-down claw protruding into the channel and
      adapted to cooperate with the film to advance the film through the
      channel, said switch being adapted to close once per frame of film being
      advanced through the channel and including an insulated base member, said
      base member being positioned in the film compartment of the camera in
      adjacent relationship with said channel, active and grounding contact
      means on said base member for separately grounding the switch and engaging
      said pull-down claw of the camera with each reciprocating cycle of said
      pull-down claw.
NUM  2.
PAR  2. The switch of claim 1 wherein said channel in the camera has ribs on
      opposite sides thereof protruding into the film compartment and wherein
      said base member has an opening therein adapted to receive said channel
      and ribs with the ribs engaging opposite sides of the opening to hold the
      base member in position.
NUM  3.
PAR  3. The switch of claim 2 wherein said contact means comprises a
      semi-flexible arm extending into the path of reciprocal movement of the
      pull-down claw, said arm being adapted to flex with engagement with the
      pulldown claw.
NUM  4.
PAR  4. The switch of claim 3 further including a coating of an insulating
      material on a portion of said arm to prevent the arm from becoming
      grounded through the camera.
NUM  5.
PAR  5. In combination, a movie camera and a switch adapted to be placed in the
      movie camera, said movie camera having a film gate of an electrically
      conductive material, a reciprocally driven electrically conductive
      pull-down claw protruding into the gate and adapted to intermittently
      advance film through said gate, said camera having a film compartment
      having an electrically conductive wall, said gate being mounted on said
      wall so as to be grounded through the camera along with the pull-down
      claw, said switch including a base plate of an insulating material having
      an opening therethrough corresponding in size and configuration to the
      outer peripheral size and configuration of the film gate, said base plate
      being positioned in the film compartment in flat abutment with said
      conductive wall of the camera and in surrounding relationship with the
      film gate, an electrically conductive ground arm affixed to the base plate
      and protruding into said opening so as to engage the film gate, an
      electrically conductive contact arm affixed to the base plate and
      protruding into said opening so as to be in alignment with the
      reciprocating pull-down claw whereby said pull-down claw will make
      electrical contact with the contact arm in each cycle of reciprocation and
      thereby close the switch once per frame of film advanced through the gate
      by the pull-down claw.
NUM  6.
PAR  6. The switch of claim 5 wherein said contact arm is of arcuate
      configuration to normally remain out of engagement with said film gate.
NUM  7.
PAR  7. The switch of claim 5 wherein the contact arm is insulated from said
      film gate by an insulating coating applied to the contact arm and wherein
      said contact arm has an uncoated portion adapted to be engaged by said
      pull-down claw.
NUM  8.
PAR  8. The switch of claim 5 wherein both of said ground arm and contact arm
      comprise flat conductive foils.
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ABST
PAL  In a motion picture camera which permits selective use of a magazine A of
      the type having an unreleasable reverse-preventing means provided on a
      take-up shaft for taking up thereon exposed film and a magazine B of the
      type having an extraneously releasable reverse-preventing means provided
      on a take-up shaft and which has a take-up gear rotatable in response to a
      motor and a member secured to the gear for rotating the take-up shaft with
      rotation of the gear, there is provided detector means displaceable to a
      first position upon insertion of the magazine A and to a second position
      upon insertion of the magazine B to identify the magazine inserted. The
      take-up gear is integrally formed with the detector means for displacement
      in the axial direction thereof. There is also provided control means
      manually operable for displacement from a first position for permitting
      rotation of the takepup gear to a second position for disabling the
      take-up gear from rotating when the detector means is in its first
      position, and means for releasing the reverse-preventing means of the
      magazine B when the magazine B is inserted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a motion picture camera which permits two
      different types of film magazine to be selectively used.
PAR  2. Description of the Prior Art
PAR  Film magazines commonly available for use with motion picture cameras are
      each provided with a reverse-preventing means in the winder core on the
      take-up side for preventing slack of the film within the magazine. The use
      of such magazine (hereinafter referred to as "magazine A") to effect
      rewind of the film has already been proposed in Japanese Patent
      Publication No. 15467/1970. On the other hand, a motion picture camera
      using a magazine provided with a similar reverse-preventing means which is
      movable to inoperative position upon depression of a portion of the
      take-up shaft to permit normal and reverse rotations (hereinafter referred
      to as "magazine B") has been proposed in U.S. Pat. No. 3,599,894 and
      Japanese Patent Publication No. 35238/1971 (U.S. Pat. NO. 3,623,679).
PAR  In the former type of magazine, when film is to be rewound for multiplex
      photography (namely, during rewind), a preparatory operation is first
      effected, and the photography is made. By this preparatory operation,
      actual film rewind for predetermined amount is made possible.
PAR  In the latter type of magazine, exposed film may be rewound at any time and
      for any desired amount without the afore-said preparatory operation being
      involved.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide motion picture camera
      which permits the described two types of film magazine to be used.
PAR  A feature of the present invention is that there is provided a detector
      member displaceable depending on the difference in configuration or size
      between film magazines or depending on whether the reverse-preventing
      means of the magazine has an inoperative position, and release means for
      rendering the reverse-preventing means inoperative, so that when magazine
      A whose reverse-preventing means cannot be rendered inoperative is
      inserted, photography can be effective during rewind with the take-up
      shaft of the magazine A drivingly disconnected and, when magazine B whose
      reverse-preventing means can be rendered inoperative is inserted,
      photography can be effective with the take-up shaft of the magazine B
      drivingly connected.
PAR  Other objects and features of the present invention will become fully
      apparent from the following detailed description taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 are perspective views of a first embodiment of the present
      invention, FIGS. 1 and 2 showing the case where magazine A is inserted but
      FIG. 1 referring to normal photography and FIG. 2 referring to rewind, and
      FIG. 3 showing the case where magazine B is inserted and referring to
      rewind.
PAR  FIGS. 4 to 6 are perspective views of a second embodiment of the present
      invention, FIGS. 4 and 5 showing the case where magazine A is inserted but
      FIG. 4 referring to normal photography and FIG. 5 referring to rewind, and
      FIG. 6 showing the case where magazine B is inserted and referring to
      rewind.
PAR  FIGS. 7 and 8 are perspective views of a third embodiment of the present
      invention, FIG. 7 showing the case where magazine A is inserted and FIG. 8
      showing the case where magazine B is inserted.
PAR  FIG. 9 is a perspective view of a fourth embodiment of the present
      invention and showing the case where magazine B is inserted.
PAR  FIG. 10 is a perspective view of a fifth embodiment of the present
      invention and showing the case where magazine A is inserted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of the present invention will hereinafter be described
      with reference to the drawings. FIGS. 1 to 3 are perspective views of the
      first embodiment, FIGS. 1 and 2 showing the case where magazine A is
      inserted and FIG. 3 showing the case where magazine B is inserted. The
      interior of magazine A, designated by reference numeral 1, is divided into
      two chambers, i.e. supply chamber and take-up chamber. The magazine A has
      its core 2 integrally formed with a take-up shaft and winder core (not
      shown), as is well-known. Designated by letter F is film. In the present
      embodiment, a detector member 3 serves also as release means for rendering
      the reverse-preventing means of magazine B inoperative, and has one end
      engaged with the core 2 of the film magazine and the other end formed with
      a take-up gear 4 for transmitting the drive of a motor (not shown). The
      take-up gear 4 is engaged by unshown friction spring or the like so as to
      absorb or alleviate the load variation of the film take-up shaft resulting
      from intermittent transport of the film and thereby permit smooth take-up
      of the film without imparting any compulsion to the film.
PAR  A take-up pin 5 secured to the take-up gear 4 is engaged with the core 2 to
      transmit the rotation of the motor to the take-up shaft and winder core
      within the film magazine.
PAR  A biasing spring 6 is supported by a step 7, which is integral with the
      main body of the motion picture camera, to bias the detector member 3 and
      the take-up gear 4 toward the film magazine. The position of the detector
      member 3 prior to the insertion of the magazine is defined as a second
      position. A control member 8, connected to a rewind button (not shown)
      which is extraneously operable during rewind, has an engaging portion 8a
      for engagement with the take-up gear 4 and is vertically movable with the
      aid of guide pins 9. A biasing spring 10 for upwardly biasing the control
      member 8 is secured to a spring-hooking pin 11. The guide pins 9 and
      spring-hooking pin 11 are secured to the main body of the motion picture
      camera. Magazine B, designated by 1', has its core 2' integrally formed
      with the take-up shaft and winder core, but a portion 2a' thereof opposed
      to the detector member 3 is formed as a hollow in which a portion of the
      reverse-preventing means (not shown) is inserted.
PAR  By forcing the reverse-preventing means in the hollow into the film
      magazine, the device may be rendered inoperative.
PAR  Operation of the first embodiment will now be described with respect to
      magazines A and B, respectively.
PAR  1. Case where magazine A is inserted (FIGS. 1 and 2):
PAR  When the magazine A is inserted, the detector member 3 is moved in the
      direction of arrow by a projection in the center of the core 2 to position
      the take-up gear 4 in the same plane as that of the control member 8.
      (This position is defined as a first position of the detector member 3).
      Such position is shown in FIG. 1. Normal rotation photography may occur
      under such conditions.
PAR  To rewind the film F, the rewind button (not shown) is first depressed. In
      response to the depression of the rewind button, the control member 8 is
      depressed in the direction of arrow to bring the engaging portion 8a into
      meshing engagement with the take-up gear 4 and is secured in such
      position. (This position is defined as a second position of the control
      member 8). Such position is shown in FIG. 2. Thus, the take-up shaft
      effects no rotation and the film F is transported into the take-up side
      for a predetermined amount by an unshown film transport claw.
      Subsequently, a motor change-over switch (not shown) is shifted to the
      position for reverse rotation, to thereby effect film rewind. Said
      predetermined amount of the film is thus rewound by the claw.
PAR  Next, the change-over switch is shifted to the position for normal rotation
      and the rewind button is returned to its initial position to thereby
      disengage the engaging portion 8a of the control member 8 from the take-up
      gear 4. That is, the control member 8 is retracted from the take-up gear 4
      by the force of the spring 10.
PAR  The retracted position of the control member 8 is defined as a first
      position thereof.
PAR  Thereafter, by effecting normal rotation photography, various techniques of
      photography such as multiplex photography, overlap photography, etc. may
      be accomplished for the predetermined amount of the film.
PAR  II. Case where magazine B is inserted (FIG. 3):
PAR  When magazine B is inserted, the plugging device is forced into magazine B
      by the detector and release member 3 biased by the spring 6, so that the
      plugging device releases its reverse-preventing action. At this time, the
      take-up gear 4 and the control member 8 are not in the same plane, unlike
      their relative positions prior to the insertion of the magazine.
PAR  To rewind the film F, the rewind button is depressed. Thereby the control
      member 8 is depressed to its second position in the direction of arrow,
      but the take-up gear 4 remains rotatable since the control member is not
      in the same plane as the gear 4. After the rewind button has been
      depressed, the control member may be secured in the position where the
      rewind button and control member 8 have been depressed, as in the case
      (I), or alternatively the control member may be returned by the spring 10.
      Thus, by shifting the motor change-over switch (not shown) to the position
      reverse rotation, the drive of the motor is transmitted to the take-up
      gear 4 to cause the take-up pin 5 to rotate the core 2 in reverse
      direction, so that the film F is transported from the take-up side
      directly to the supply side. Next, to effect normal rotation photography,
      the change-over switch may be shifted to the position for normal rotation.
      (The rewind button must be returned if the control member is secured.)
PAR  A second embodiment of the present invention will now be described with
      reference to FIGS. 4 to 6. FIGS. 4 and 5 show the case where magazine A is
      inserted, and FIG. 6 shows the case where magazine B is inserted. In these
      figures, reference characters similar to those in FIGS. 1 to 3 designate
      similar elements. Control member 12, connected to rewind button (not
      shown) which is extraneously operable during rewind, has as its one end
      rotatably supporting intermediate gear 13 engageable with take-up gear 4
      on detector member 3. The intermediate gear 13 meshes with transmission
      gear (not shown) on the motor side to transmit the drive of the motor
      through the take-up gear 4 to the take-up shaft of the magazine. Biasing
      spring 14 is provided to bias the control member 12 rightwardly, and it is
      supported by step 15 forming a part of the main body of the motion picture
      camera.
PAR  Case where magazine A1 is inserted (FIGS. 4 and 5):
PAR  The detector member 3 assumes its first position as in the case of the
      first embodiment. The connecting gear 13 of the control member 12, near
      the right end thereof, is in meshing engagement with the take-up gear 4 of
      the detector member 3. This position is shown in FIG. 4. Normal rotation
      photgraphy is performed in this position.
PAR  To rewind the film F, the rewind button is depressed as in the first
      embodiment. In response to the depression of the rewind button, the
      control member 12 is forced in the direction of arrow to disengage the
      connecting gear 13 from the take-up gear 4. This position is defined as
      the second position of the control member as in the case of the first
      embodiment. Thus, the drive from the motor is not transmitted to the
      magazine. This position is shown in FIG. 5. That is, with the rewind
      button forced in, the intermediate gear 13 is out of meshing engagement
      with the take-up gear 4, so that the take-up shaft in the magazine is not
      rotated and film transport may be effected in both of normal and reverse
      directions, by the film transport claw.
PAR  Case where magazine B1' is inserted (FIG. 6):
PAR  The detector member 3 assumes its second position as in the case of the
      first embodiment. The connecting gear 13 of the control member 12, near
      the right end thereof, is in meshing engagement with the take-up gear 4 on
      the detector member 3. Normal rotation photography occurs in this
      position.
PAR  To rewind the film, the rewind button is depressed as in the first
      embodiment or as in the previous case of the present embodiment. In
      response to the depression of the rewind button, the control member 12 is
      forced in the direction of arrow so that the intermediate gear 13, in the
      intermediate portion or near the right end thereof, meshes with the
      take-up gear 4. Thus, the drive of the motor is transmitted to the take-up
      shaft in the magazine 1' to effect the rewind of the film.
PAR  A third embodiment of the present invention will now be described with
      reference to FIGS. 7 and 8. FIG. 7 shows the case where magazine A is
      loaded, and FIG. 8 shows the case where magazine B is loaded. In these
      figures, reference characters similar to those in FIGS. 1 to 6 designate
      similar elements. In FIGS. 7 and 8, blocking member 16 is biased toward
      the film magazine with shaft 17 as the pivot, by spring 18, the shaft 17
      being secured to the main body of the motion picture camera (not shown).
PAR  Spring-hooking pin 19 for spring 18 is secured to the main body. Detector
      member 3, serves also as a release member for rendering the
      reverse-preventing means of the magazine B inoperative, and has one end
      engaged by the blocking member 16 and is biased toward the film magazine
      by the spring 18.
PAR  Control member 8, connected to rewind button (not shown) which is
      extraneously operable during rewind, has a first engaging portion 8b for
      engagement with the free end 16a of the blocking member 16 and a second
      engaging portion 8a for engagement with take-up gear 4, and is vertically
      movable with the aid of guide pins 9. The control member 8 is biased
      upwardly by biasing spring 10. The spring-hooking pin 11 of the biasing
      spring 10 and the guide pins 9 are all secured to the main body of the
      motion picture camera.
PAR  Operation of the third embodiment will hereinafter be explained with
      respect to magazines A and B, respectively.
PAR  I. Case where magazine A is inserted (FIG. 7):
PAR  Solid lines indicate the position for normal photography (normal rotation
      photography), and dots-and-dash lines indicate the position for rewind.
PAR  The detector member 3 is forced in the direction of arrow by a projection
      in the center of core 2 on which magazine A is placed. Thereby, the
      blocking member 16 is rotated clockwise about the shaft 17 against the
      force of the spring 18, so that the end 16a of the blocking member is
      retracted from the path of displacement of the first engaging portion 8b
      of the control member 8. In this position, normal rotation photography
      occurs.
PAR  Rewind will now be explained in detail. Rewind button (not shown) is first
      depressed. Since the end 16a of the blocking member 16 has been retracted
      from the path of displacement of the first engaging portion 8b of the
      control member 8, this control member is depressed in the direction of
      arrow to bring the second engaging portion 8a thereof into meshing
      engagement with the take-up gear 4 and is secured in this position. Thus,
      the take-up gear 4 is not rotated and a predetermined amount of film F is
      transported to the take-up side by unshown transport claw. Subsequently,
      the motor change-over switch (not shown) is shifted to the position for
      reverse rotation to effect rewind of the film. Said predetermined amount
      of the film transported to the take-up side is now rewound back to the
      supply side by the calw.
PAR  Next, the change-over switch is shifted to the position for normal rotation
      and the rewind button is returned to its initial position to disengage the
      second engaging portion 8a of the control member from the take-up gear 4.
      That is, the control member 8 is retracted from the take-up gear 4 by the
      force of the spring 10.
PAR  Thereafter, by effecting normal rotation photography (normal photography),
      various techniques of photography such as multiplex photography, overlap
      photography, etc. may be accomplished for said predetermined amount of the
      film.
PAR  II. Case where magazine B is inserted (FIG. 8):
PAR  When magazine B is inserted, the reverse-preventing device is forced into
      the magazine by the detector and release member 3 to release the
      reverse-preventing device from its operative position. Thus, the end 16a
      of the blocking member 16 comes into the path of displacement of the first
      engaging portion 8b of the control member 8, and becomes engageable with
      the first engaging portion. To rewind the film F, the rewind button is
      depressed.
PAR  However, the control member 8 is prevented from moving by the engagement
      between the end 16a and the first engaging portion 8b and therefore, the
      rewind button cannot be depressed. Of course, such operation is not
      necessary when the use of magazine B has already been confirmed.
PAR  In other words, the rewind button has a function of discriminating between
      the types of magazine in use. Now, the motor change-over switch is shifted
      to the position for reverse rotation to effect rewind of the film. To
      drive of the motor is transmitted to the take-up gear 4 to cause the
      take-up pin 5 to rotate the core 2, so that the film F is transported from
      the take-up side directly to the supply side.
PAR  To effect normal rotation photography, the motor change-over switch may be
      shifted to the position for normal rotation.
PAR  Commercially available magazines A and B are somewhat different in size,
      and magazine B in which the reverse-preventing means rendered inoperative
      upon insertion of the magazine is larger than magazine A. A fourth
      embodiment of the present invention (FIG. 9), which will hereinafter be
      described, utilizes the size difference to detect the type A or B of the
      magazine inserted. The fourth embodiment will now be discussed with
      reference to FIG. 9, in which reference characters similar to those in
      FIGS. 1 to 8 designate similar elements.
PAR  FIG. 9 shows the case where magazine B is inserted, and dots-and-dash line
      therein indicates the size of magazine A. Blocking member 21 is biased for
      rotation about shaft 22 in the direction opposite to that of blocking
      member 16 in the third embodiment (i.e. clockwise direction), by spring
      23. Spring-hooking pin 24 for the spring 23 is secured to the main body of
      the motion picture camera. Detector member 25 is secured to the blocking
      member 21. Designated by 3' is release pin for releasing the
      reverse-preventing means from its reverse-preventing operation, and
      designated by 4' is take-up gear secured to the release pin 3'. Coil
      spring 20 has one end which is supported by the main body of the motion
      picture camera (not shown), and biases the release pin 3' and take-up gear
      4' toward the film magazine.
PAR  I. Case where magazine A is inserted:
PAR  Since magazine A is not engageable with the detector member 25, the
      blocking member 21 is rotated clockwise to make the end 21a thereof
      unengageable with the first engaging portion 8b of control member 8. The
      release pin 3' is moved toward this side in the drawing by the control
      projection of core 2' to bring take-up gear 10' to the same plane as the
      control member 8.
PAR  Rewinding operation is entirely the same as that in the third embodiment.
PAR  II. Case where magazine B is inserted (FIG. 9):
PAR  The lower portion of magazine B forces the detector member 25 in the
      direction of arrow, so that the blocking member 21 is rotated
      counter-clockwise to make one end 21a thereof engageable with the first
      engaging portion 8b, of the control member. The release pin 3' forces the
      reverse-preventing means into the magazine with the aid of the force of
      coil spring 20, thereby releasing the reverse-preventing operation.
PAR  The rewinding operation is entirely the same as that in the third
      embodiment.
PAR  In the first, second and third embodiments, the detector member 3 serves
      also as the release member which is functionally similar to the release
      pin 3' in the fourth embodiment, whereas in the fourth embodiment the
      detector member 25 is made integral with the blocking member 21 to serve
      another purpose, as well.
PAR  A fifth embodiment of the present invention will now be described with
      reference to FIG. 10, in which reference characters similar to those in
      FIGS. 1 to 9 designate similar elements. Blocking member 26 is biased for
      counter-clockwise rotation about shaft 27 by spring 28 and has an engaging
      portion 26a for blocking rotation of control member 30 which will
      hereinafter be described. Designated by 29 is a spring-hooking pin for the
      spring 28, and control member 30 is biased clockwise about shaft 31 by
      spring 32 hooked on spring-hooking pin 33. Designated by 34 is a limit pin
      for the control member 30. The shafts 27, 31 and the pins 33, 34 are all
      secured to the main body of the motion picture camera. Intermediate gear
      35 is rotatably supported on the control member 30 at one end thereof and
      makes operative connection and disconnection between unshown transmission
      gear on the motor side and the take-up gear 4.
PAR  I. Case where magazine A is inserted (FIG. 10):
PAR  Just as in the third embodiment, the detector member 3 forces one end 26b
      of the blocking member 26 in the direction of arrow, so that the engaging
      portion 26a of the blocking member is retracted from the path of rotation
      of the control member 30. (Dots-and-dash line indicates the position of
      the blocking member prior to insertion of magazine A.)
PAR  During normal rotation photography (normal photography, intermediate gear
      35 is in meshing engagement with the take-up gear 4 as shown in FIG. 10,
      so that rotation of the motor is being transmitted to the winder core of
      the take-up shaft of the magazine A. To rewind the film F, rewind button
      (not shown) is depressed as described in connection with the previous
      embodiments. This depression of the rewind button causes the control
      member 30 to be rotated in the direction of arrow against the force of the
      spring 32, so that the intermediate gear 35 is retracted from the take-up
      gear 4. As a result, rotation of the motor is not transmitted to the
      magazine. That is, with the rewind button in depressed condition, the
      take-up shaft of the magazine makes no rotation and film transport in both
      of normal and reverse direction is effected only by the transport claw.
PAR  II. Case where magazine B is inserted:
PAR  As in the third embodiment, insertion of magazine B causes no displacement
      of any member of the motion picture camera body, except the
      reverse-preventing device of the magazine B which is alone moved and
      released from its reverse-preventing operation.
PAR  Therefore, efforts to depress the rewind button cannot result in depression
      thereof because the control member 30 is prevented from rotating by the
      engaging portion 26a of the blocking member, and film rewind takes place
      with the intermediate gear 35 remaining in meshing engagement with unshown
      transmission gear on the motor side and the take-up gear 4.
PAR  According to the present invention, as described above, both unreversible
      magazine A and reversible magazine B can be simply inserted into the main
      body of a motion picture camera just in the same manner as in the
      conventional motion picture camera which uses only one type of magazine,
      and film rewind can be accomplished without destroying the effects
      peculiar to respective magazines but with their features sufficiently
      availed of, and thus, multiplex photography and other photographic
      techniques can be effected far more advantageously with two types of
      magazine by the use of a single motion picture camera than before.
PAR  Further, according to the third, fourth and fifth embodiments of the
      present invention, the control member can be used as a member operated
      during rewind (in these embodiments, the rewind button) and therefore,
      when the control member has been operated, the type of magazine inserted
      can readily be known from outside because the condition of engagement of
      the control member with the blocking member differs depending on the type
      of magazine.
CLMS
STM  I claim:
NUM  1.
PAR  1. A motion picture camera which permits selective use of a magazine A of
      the type having an unreleasable reverse-preventing means provided on a
      take-up shaft for taking up thereon exposed film and a magazine B of the
      type having an extraneously releasable reverse-preventing means provided
      on a take-up shaft and which has a take-up gear rotatable in response to a
      motor and a member secured to said gear for rotating said take-up shaft
      with rotation of said gear, said camera comprising:
PA1  detector means displaceable to a first position upon insertion of said
      magazine A and to a second position upon insertion of said magazine B to
      identify the magazine inserted, said take-up gear being integrally formed
      with said detector means for displacement in the axial direction thereof;
PA1  control means manually operable for displacement from a first position for
      permitting rotation of said take-up gear to a second position for
      disabling said take-up gear from rotating when said detector means is in
      its first position; and
PA1  means for releasing the reverse-preventing means of said magazine B when
      said magazine B is inserted.
NUM  2.
PAR  2. A motion picutre camera according to claim 1, wherein said magazine B is
      a magazine having a hollow formed in the winding core of the take-up shaft
      thereof for partly receiving said reverse-preventing means which is
      releasable when inserted into said magazine, said magazine A is a magazine
      having no said hollow formed in the winding core of the take-up shaft
      thereof, said detector means is a pin member integrally formed with said
      take-up gear and displaceable, when the magazine A is inserted, to its
      first position while being in engagement with the winding core of said
      magazine, and when the magazine B is inserted, into said hollow and to its
      second position, and said release means is said pin member which, when the
      magazine B is inserted, moves into said hollow to force said
      reverse-preventing means from said hollow into the interior of the
      magazine to thereby release said reverse-preventing means.
NUM  3.
PAR  3. A motion picture camera according to claim 1, wherein said control means
      comprises:
PA1  a control member having an engaging portion engageable with the toothed
      portion of said take-up gear, said control member being manually operable
      for displacement between its first position in which said engaging portion
      is disengaged from said toothed portion and its second position in which
      said engaging portion, when said detector means is in its first position,
      engages said toothed portion of said take-up gear to thereby disable said
      take-up gear from rotating, said control member being normally biased to
      its first position.
NUM  4.
PAR  4. A motion picture camera according to claim 1, wherein said control means
      comprises:
PA1  an intermediate gear capable of meshing with said take-up gear to transmit
      the drive of said motor to said take-up gear; and
PA1  a shaft rotatably supporting said intermediate gear;
PA1  said supporting shaft being manually operable for displacement between a
      first position in which said intermediate gear engages said take-up gear
      when said detector means is in any of its first and second positions and a
      second position in which said intermediate gear, when said detector means
      is in its first postion, is disengaged from said take-up gear to thereby
      disable said take-up gear from rotating, said supporting shaft being
      normally biased to its first position.
NUM  5.
PAR  5. A motion picture camera which permits selective use of a magazine A of
      the type having an unreleasable reverse-preventing means provided on a
      take-up shaft for taking-up thereon exposed film and a magazine B of the
      type having an extraneously releasable reverse-preventing means provided
      on a take-up shaft and which has a take-up gear rotatable in response to a
      motor and a member secured to said gear for rotating said take-up shaft
      with rotation of said gear, said camera comprising:
PA1  detector means displaceable to a first position upon insertion of said
      magazine A and to a second position upon insertion of said magazine B to
      identify the magazine inserted, said take-up gear integrally formed with
      said detector means for displacement in the axial direction thereof;
PA1  control means manually operable for displacement from a first position for
      permitting rotation of said take-up gear to a second position for
      disabling said gear from rotating;
PA1  blocking means responsive to said detector means to be displaced to block
      the displacement of said control means from its first position to its
      second position when said detector means is in its second position; and
PA1  means for releasing the reverse-preventing means of said magazine B when
      the magazine B is inserted.
NUM  6.
PAR  6. A motion picture camera according to claim 5, wherein said magazine B is
      a magazine having a hollow formed in the winding core of the take-up shaft
      thereof for partly receiving said reverse-preventing means which is
      releasable when inserted into said magazine, said magazine A is a magazine
      having no said hollow formed in the winding core of the take-up shaft
      thereof, said detector means is a pin member integrally formed with said
      take-up gear and displaceable, when the magazine A is inserted, to its
      first position while being in engagement with the winding core of said
      magazine, and when the magazine B is inserted, into said hollow and to its
      second position, and said release means is said pin member which, when the
      magazine B is inserted, moves into said hollow to force said
      reverse-preventing means from said hollow into the interior of the
      magazine to thereby release said reverse-preventing means.
NUM  7.
PAR  7. A motion picture camera according to claim 5, wherein said control means
      comprises:
PA1  a control member having a first engaging portion engageable with the
      toothed portion of said take-up gear, said control member being manually
      operable for displacement between its first position in which said first
      engaging portion is disengaged from said toothed portion and its second
      position in which said first engaging portion, when said detector means is
      in its first position, engages said toothed portion of said take-up gear
      to thereby disable said take-up gear from rotating, said control member
      being normally biased to its first position.
NUM  8.
PAR  8. A motion picture camera according to claim 7, wherein said control
      member has a second engaging portion engageable with said blocking means,
      and said blocking means comprises:
PA1  a blocking member having a blocking portion engageable with said second
      engaging portion of said control member, said blocking member being
      responsive to said detector means to be displaced between a position in
      which said blocking portion, when said detector means is in its second
      position, engages said second engaging portion of said control member to
      thereby block displacement of said control member from its first position
      to its second position and a position in which said blocking position,
      when said detector member is in its first position, lies outside the path
      of displacement of said second engaging portion to thereby permit
      displacement of said control member from its first position to its second
      position.
NUM  9.
PAR  9. A motion picture camera according to claim 5, wherein said control means
      comprises:
PA1  an intermediate gear capable of meshing with said take-up gear to transmit
      the drive of said motor to said take-up gear; and
PA1  a pivotable member rotatably supporting said intermediate gear and manually
      operable to pivot from a first position for engaging said intermediate
      gear with said take-up gear and a second position for disengaging said
      intermediate gear from said take-up gear, said pivotable member being
      normally biased to said first position.
NUM  10.
PAR  10. A motion picture camera according to claim 9, wherein said blocking
      means comprises:
PA1  a blocking member having a blocking portion engageable with said pivotable
      member of said control means, said blocking member being responsive to
      said detector means to be displaced between a position in which said
      blocking portion, when said detector means is in its second position, lies
      in the path of pivotal movement of said pivotable member of said control
      means to block displacement of said pivotable member from its first
      position to its second position and a position in which said blocking
      portion lies in said path of pivotal movement to thereby permit
      displacement of said pivotable member from its first position to its
      second position.
NUM  11.
PAR  11. A motion picture camera according to claim 5, wherein said magazine B
      is a magazine having a hollow formed in the winding core of the take-up
      shaft thereof for partly receiving said reverse-preventing means which is
      releasable when inserted into said magazine, said magazine A is a magazine
      having no said hollow formed in the winding core of the take-up shaft
      thereof, and said release means comprises a pin member which, when the
      magazine A is inserted, engages the winding core thereof and which, when
      the magazine B is inserted, moves into said hollow to force said
      reverse-preventing means in said hollow into the interior of the magazine,
      to thereby release said device.
NUM  12.
PAR  12. A motion picture camera according to claim 11, wherein said detector
      means comprises:
PA1  a detector member having a detector pin engageable only with the magazine
      B, said detector pin being adapted, when the magazine B is inserted, to
      engage said magazine and displaceable to a second position which is
      different from said position assumed when the magazine A is inserted.
NUM  13.
PAR  13. A motion picture camera according to claim 12, wherein said control
      means comprises:
PA1  a control member having a first engaging portion engageable with the
      toothed portion of said take-up gear, said control member being manually
      operable for displacement between its first position in which said first
      engaging portion is disengaged from said toothed portion and its second
      position in which said first engaging portion, when said detector means is
      in its first position, engages said toothed portion of said take-up gear
      to thereby disable said take-up gear from rotating, said control member
      being normally biased to its first position.
NUM  14.
PAR  14. A motion picture camera according to claim 13, wherein said control
      member has a second engaging portion engageable with said blocking means,
      and said blocking means comprises:
PA1  a blocking member having a blocking portion engageable with said second
      engaging portion of said control member, said blocking member being
      responsive to said detector means to be displaced between a position in
      which said blocking portion, when said detector means is in its second
      position, engages said second engaging portion of said control member to
      thereby block displacement of said control member from its first position
      to its second position and a position in which said blocking position,
      when said detector member is in its first position, lies outside the path
      of displacement of said second engaging portion to thereby permit
      displacement of said control member from its first position to its second
      position.
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ABST
PAL  A topographical map display device for a vehicle, such as an aircraft,
      wherein a map in miniaturized form is carried on a carriage coupled to a
      frame by way of a mechanism which permits translational planar movement
      only of the carriage with respect to the frame and an image of an area of
      the map is projected onto a display surface on which a fixed datum
      represents the vehicle position, the carriage being moved with respect to
      the frame by actuator means in dependence on the range and bearing of the
      vehicle with respect to a ground-fix position so that the image of the map
      projected onto the display device changes progressively with vehicle
      movement whilst maintaining a fixed orientation.
BSUM
PAR  This invention relates to topographical map displays.
PAR  The invention relates particularly to topographical map display devices for
      use in a vehicle e.g. an aircraft wherein the geographical position of the
      vehicle is indicated on the map as the vehicle moves through the region
      represented by the map.
PAR  One disadvantage of the simpler forms of such display devices is that the
      orientation of the map changes as the position of the vehicle changes.
PAR  It is an object of the present invnetion to provide a topographical map
      display device of simple form wherein this difficulty is overcome.
PAR  According to the present invention a topographical map display device for
      use in a vehicle comprises: a frame; a carriage adapted to carry a
      topographical map in miniaturised form; a mechanism which couples the
      carriage to the frame and permits translational planar movement only of
      the carriage with respect to the frame; a display surface; an optical
      projection system operable when a map is being carried by the carriage to
      project in magnified form on to the display surface the image of an area
      of the map; actuator means coupled to the carriage and to the frame and
      actuable in response to signals representing range and bearing of the
      vehicle with respect to a ground-fix position so that when a map
      containing a representation of the ground-fix position is being carried by
      the carriage, the carriage moves under the control of the range and
      bearing signals so that the area of the map which is projected to form an
      image on the display surface changes progressively with vehicle movement;
      and a fixed predetermined datum on the display surface which represents in
      relation to the progressively changing image the present geographical
      position of the vehicle.
PAR  In one particular embodiment of the display device in accordance with the
      invention, the carriage is adapted to carry a magazine which holds a
      plurality of topographical maps in miniaturized form and which is
      displaceable at will with respect to the carriage so as to permit any
      desired map to be brought to a position at which the map intercepts the
      optical axis of the optical projection system.
PAR  Preferably between the carriage and the magazine there is a magazine
      indexing arrangement permitting displacement of the magazine with respect
      to the carriage and serving in the location of the magazine in any one of
      a plurality of discreet positions with respect to the carriage so as to
      assist in retaining the magazine and hence a selected map against movement
      with respect to the carriage.
PAR  The indexing arrangement suitably comprises at least one male part and a
      plurality of female parts with the magazine displaceable towards and away
      from the carriage so as to permit engagement and disengagement
      respectively of the male and female parts and hence of the magazine and
      the carriage.
PAR  A spring biassing arrangement is suitably provided for biassing the
      magazine towards the carriage; and for this purpose there may be provided
      a leaf spring attached at one end to the carriage and at the other end
      bearing against the magazine.
PAR  The mechanism permitting movement of the carriage with the respective frame
      may comprise a system of pivotally connected links, certain links being
      pivotally connected to the frame and certain other links being pivotally
      connected to the carriage and the articulation of links being such that
      the carriage is capable of translational planar movement only with respect
      to the frame.
PAR  The actuator means may comprise an element coupled to the frame and
      rotatable about one axis; a threaded member supported by the element and
      rotatable about an axis perpendicular to the said one axis; a nut engaged
      with the said threaded member and coupled to the carriage; a first prime
      mover controlled by signals representing bearing of the vehicle with
      respect to a ground-based transmitter; a second prime mover controlled by
      signals representing range of the vehicle with respect to the ground-based
      transmitter; a first rotary mechanical transmission coupling the first
      prime mover to the frame coupled element; a second rotary transmission
      coupling the second prime mover to the threaded member; and means
      decoupling the first transmission from the second so as to prevent
      rotation of the threaded member as a result of rotation of the framed
      couple element.
PAR  The invention also extends to a magazine which holds a plurality of
      topographical maps in miniaturised form and which is adapted to be carried
      in a display device as herein described.
DRWD
PAR  The above and other features of the map display device are hereinafter
      described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diagram showing a longitudinal section through the device;
PAR  FIG. 2 is a diagram showing a transverse section through the device;
PAR  FIGS. 3a and 3b are diagrams showing in some detail certain features of a
      mechanism contained within the device;
PAR  FIGS. 4 to 8 are diagrams showing other features of the device.
DETD
PAR  The display device is designed for use in an aircraft.
PAR  Referring particularly to FIG. 1 of the drawings, the basic elements of the
      device are: a frame 11; a carriage 13 adapted to carry a map, eg. M in the
      form of a micro-transparency; a mechanism 15 which couples the carriage 13
      to the frame 11 and which permits translational planar movement only of
      the carriage 13 with respect to the frame 11; actuator means (FIG. 3)
      coupled to the carriage 13 and to the frame 11 and actuable in response to
      signals representing range and bearing of the aircraft in which the device
      is carried, with respect to a ground-fix position so as with change in
      range and bearing of the aircraft to effect a progressive displacement of
      the carriage 13 with respect to the frame 11; a display surface in the
      form of a ground-glass screen 19; and an optical projection system 20
      operable when a map micro-transparency M is being carried by the carriage
      13 to project a magnified form on to the ground-glass screen 19 the image
      of an area as A (FIG. 7), of the map micro-transparency.
PAR  The device has a housing 21 in two parts, a lower part 21a and a cover 21b
      hingedly connected at 25 at the forward end of the cover 21b to the lower
      part 21a. The rear end of the cover 21b is releasably connected to the
      lower part 21a by an easily releasable fastening means 27.
PAR  The frame 11 comprises the housing 21 and internal frame members 29a 29b
      29c and 29d. The frame members 29a and 29b are parallel plates, being
      supported parallel to one another by the frame members 29c and 29d and
      fasteners securing all of the frame members 29a 29b 29c and 29d to the
      housing 21. As may be seen, the frame member 29c consists of a bar of
      rectangular cross-section which extends between the frame members 29a and
      29b and which is secured by bolts 31a and 31b to the side walls 33a and
      33b of the housing 21. The frame members 29a and 29b are secured by bolts
      35a and 35b to the frame member 29c and to the side wall 37 of the housing
      21 by bolts 39. Extending between the parallel plates 29a and 29b there
      are cylindrical pillars 43a and 43b which serve inter alia to assist in
      maintaining parallelism of the said plates. The frame member 29d is
      secured to the plate 29a and to the housing.
PAR  Referring also to FIG. 5, the carriage 13 consists essentially of a plate
      which is of generally circular shape though formed with three ears 44a 44b
      and 44c. A plurality of spaced apart grooves 46 are in one face of the
      carriage 13 adjacent to the periphery thereof. As will be explained
      hereafter the grooves 46 constitute elements of a magazine indexing
      arrangement.
PAR  Referring particularly to FIG. 2, the mechanism 15 consists of a system of
      pivotally connected link elements.
PAR  Two, 45a and 45b, of the link elements are clamped each at one end 47a 47b
      respectively to pivot pins 49a 49b which extend through the pillars 43a
      43b respectively and which are freely rotatable in bearings 51a 51b, 51a',
      51b' between the link elements and the frame members 29a, 29b. The other
      ends 53a 53b of the link elements 45a 45b are pivotally connected to an
      intermediate link element 57. Two other link elements 59a, 59b are each
      pivotally connected at one end 61a, 61b to the element 57 and at the other
      end 63a, 63b are connected to pivot pins 65a, 65b respectively projecting
      from apertures in the ears 44a and 44b of the carriage. The pivot pins
      65a, 65b are freely rotatable in bearings (not shown) with respect to the
      carriage 13.
PAR  The articulation of the system of link elements 45a, 45b, 57, 59a and 59b,
      the frame 11 and the carriage 13 is such that the carriage 13 is capable
      of translational planar movement with respect to the frame 11 parallel to
      the plane containing the line Y--Y (FIG. 1) and perpendicular to the plane
      of the figure.
PAR  A bearing member 67 projects from a central aperture 69 in the carriage 13.
      The member 67 carries a sun-gear 71 rotatable about the member 67. Another
      bearing member 73 projects from an aperture 75 in the carriage 13. The
      member 73 carries a planetary gear 77 which meshes with the sun-gear 71.
PAR  Bearing member 73 and gear 77 are connected to a manually rotatable map
      selector knob 79 on the front panel 81 of the housing 21 by way of first
      and second universal joints 83, 85, respectively, inter-connecting shaft
      87 and stub-shafts 89, 91.
PAR  A map selector plate 93 is secured by rivets 95 to the sun-gear 71. The map
      selector plate 93 is best shown in FIG. 6 where it may be seen that the
      plate, whilst being of generally circular shape, has peripheral notches 97
      corresponding in number and distribution to the grooves 46 in the carriage
      13. Further, plate 93 has circular apertures, as 99, equal in number to
      the notches 97 and the centres of which lie on a pitch circle about the
      centre of the plate. The radii through the centres of the apertures 99
      bisect the circular arcs 101 between the notches 97.
PAR  A map holder or magazine 103 is supported in a plane parallel to the
      indexing plate 93. The magazine, see particularly FIG. 7, consists of two
      parallel glass plates 105a, 105b and, between the glass plates, map
      micro-transparencies M equal in number and distribution corresponding in
      position with the circular apertures 99 in the indexing plate 93. The
      glass plates 105a, 105b are secured together by adhesive around their
      peripheries, trapping the micro-transparencies M.
PAR  The glass plates 105a, 105b are provided with three apertures 106 (106a in
      plate 105a and 106b in plate 105b) through which extend the shanks of
      three studs 107 which constitute elements of the magazine indexing
      arrangement 48 shown in FIG. 4. The studs have an interference fit with
      the walls of the aperture in one of the plates 105a. The stud heads 111
      extend through correspondingly located notches 97 in the indexing plate
      93.
PAR  The stud heads 111 each have a recess 113 within which is retained, by
      adhesive means, a ball 115. The ball 115 projects proud of the stud heads
      111 and enter correspondingly located grooves 46 in the carriage 13.
PAR  The magazine 103 is therefore held against rotation by contact of the balls
      115 with the inclined walls of the grooves 46 and against lateral movement
      by contact between the stud heads 111 and the bottom wall portion of the
      correspondingly located notches 97 in the selector plate 93.
PAR  The ear 44c of the carriage 13 has an aperture 121 (see FIG. 1). A bolt 123
      which projects through the aperture 121, carries a cylindrical pillar 125.
      A leaf spring 127 is trapped, at one end, between an end surface of the
      pillar 125 and a washer 129 under the clamping force of a nut and lock
      washer arrangement 130. The other end of the leaf spring 127 carries a
      nylon pressure pad 131 which under pressure exerted by the leaf spring 127
      bears against the glass plate 105b. A knob 133 is provided to facilitate
      release of the pressure pad from the cover plate when it is desired to
      remove or insert a magazine 103.
PAR  Rotation of the map selector knob 79 rotates the planetary gear 77 by way
      of the mechanical transmission including the universal joints 83, 85.
      Rotation of the planetary gear 77 rotates the sun-gear 71 the balls 115
      riding up one or the other of the inclined walls of the grooves 46 in
      dependence upon the sense of rotation of the knob 79.
PAR  The resultant axial movement of the studs 107 produces a corresponding
      limited axial movement of the magazine 103 against the bias of the
      pressure pad 131. During continued rotation of the knob 79 the balls 115
      slide in contact with the carriage 13 until they drop, under pressure pad
      bias, into the next adjacent grooves in the carriage 13.
PAR  The actuator means (FIG. 3) comprises a member 135 which is connected to
      the carriage 13 and rotatable about an axis R--R with respect thereto.
PAR  In greater detail the member 135 comprises a nut 136 provided with a
      lateral projecting threaded portion 137. A cylindrical sleeve 139 which
      surrounds the portion 137 extends through a bearing 141 in an aperture 143
      of the carriage 13. The sleeve 139 has a shoulder 145 which contacts the
      bearing 141. A nut 146 engages the threaded portion 137 and the sleeve 139
      is trapped between a washer 147 and the shoulder 145.
PAR  The nut 136 (see particularly FIG. 3b) engages a threaded spindle 149 which
      is supported in bearings 151 located in diametrically opposed apertures
      153 in a ring member 155. The latter member is supported by a spider 157 a
      central aperture 159 of which surrounds an enlarged portion 161 of the
      shank of a spindle 163. The spindle 163 extends through aligned openings
      167 in the frame members 29a, 29b and is supported with respect to a
      generally cylindrical member 165 which surrounds the spindle by bearings
      169a and 169b secured to the end surfaces of the cylindrical member 165
      surrounding the spindle 163.
PAR  The generally cylindrical member 165 is supported at its ends in bearings
      171a, 171b connected to the frame members 29a, 29b. The spider 157 is
      secured as by screws 171 to the member 165.
PAR  The enlarged portion 161 of spindle 163 has secured thereto one 173 of two
      bevel gears the other 175 of which is secured to the spindle 149. The
      member 165 has two flanges 177a, 177b. The flange 177a has secured thereto
      a ring gear 179; the flange 177b has secured thereto a ring gear 181. On
      the spindle 163 to one side of the frame member 29a there is a further
      gear 183.
PAR  The ring gear 179 meshes with a gear 185 secured to one crown wheel 189 of
      a differential gear 191, the gear 185 and the wheel 189 being together
      freely mounted on the main shaft 195 of the differential to which shaft
      the differential pinions 187 are journalled. The other crown wheel 193 of
      the differential is similarly secured to a further gear 198, and the gear
      198 and wheel 193 are together freely mounted on the main shaft 195. The
      main shaft 195 is supported in bearings 199a and 199b respectively located
      in aligned openings 201a and 201b in the frame members 29b, 29a, and
      secured to the shaft 195 on the side of the frame member 29a remote from
      the differential there is a further gear 203 in mesh with the gear 183.
PAR  The gear 198 meshes with yet another gear 200 carried by the driven member
      of a slippable clutch 205. The driving member of clutch 205 is coupled
      through a reduction gearing 207 to the drive member of an electric range
      motor 209 secured to the frame member 29a. The gear 200 also meshes with
      the gear 211 secured to the rotor 213 of a range back-off potentiometer
      215 mounted on the frame member 29a.
PAR  The ring gear 181 meshes with a gear 217 mounted on the output shaft of a
      reduction gearing 219 the input of which is coupled to a bearing motor 221
      also secured to the frame member 29a.
PAR  The gear 217 also meshes with a gear 223 mounted on the rotor of a bearing
      back-off potentiometer 225 mounted on the frame member 29a.
PAR  The range and bearing motors 209, 221 receive or are adapted to receive, as
      their name suggests, signals representing range and bearing respectively
      of the aircraft with respect to a ground-fix position. Conveniently the
      range and bearing signals to be supplied to the motors 209, 221 are
      derived by navigation receiver or receivers carried by the aircraft, in
      response to range and bearing signals transmitted by a ground-based
      transmitter such as VOR/DME or Tacan.
PAR  The ground-glass viewing screen 19 is fitted in an aperture in the front
      panel 81 of the housing 21. As shown (FIG. 8) the front panel is also
      fitted with a compass rose 226 marked from 0.degree.-360.degree.. Fresnel
      prism 227 is fitted to the panel 81 in front of the viewing screen 29. The
      Fresnel prism whilst limiting the angle for viewing the screen 19 ensures
      that any image projected onto the screen 19 is as bright as possible for a
      given optical projection system.
PAR  The optical projection system 21 comprises a lamp 229 a condenser lens
      arrangement 231 and a projection lens arrangement 233, the focal plane of
      which is the plane containing the micro-transparencies M carried by the
      magazine.
PAR  As may be seen (FIG. 5) the carriage 13 has an aperture 235 which is
      aligned with an aperture in the indexing plate 93 and with a selected
      micro-transparency M of the magazine. The micro-transparency M and the
      aperture 99 intercept the optical axis O--O of the projection system. When
      the lamp 229 is energized an image of a small circular area as A FIG. 7 of
      the selected micro-transparency M is projected on to the viewing screen
      19.
PAR  Each micro-transparency M contained in the magazine 103 contains a
      representation of a certain geographical area across which it might be
      desired to navigate the aircraft. In general the totality of
      micro-transparencies M contains a representation of a very extensive
      geographical area. Typically each micro-transparency represents a
      geographical area of say 100 miles radius; it is therefore to be
      understood that the single magazine may contain a map representation of a
      territory equal in area to say that of the United Kingdom distributed
      across the eight retained map micro-transparencies depicted.
PAR  Preferably the micro-transparencies M are specially prepared so that the
      centre of each map is a representation of a ground-based transmitter
      developing range and bearing signals. This is not mandatory however; the
      range of movement of the carriage 13 with respect to the frame 11 is
      within certain limits imposed only by the practical design requirements,
      the limits being such that the position of the transmitter representation
      on a micro-transparency may be at any position within a circle of a
      certain radius about the centre of a selected micro-transparency M.
PAR  Assume, however, that the micro-transparencies M have their transmitter
      representations at the centre of the associated apertures 99 of the
      indexing plate 93, and assume that the plate 93 has been rotated by means
      of the knob 79 so that the micro-transparency M, containing a
      representation of a particular ground area over which the aircraft is
      being navigated, intercepts the optical axis O--O of the optical
      projection system.
PAR  Assume also that the navigation receivers carried by the aircraft are tuned
      to receive range and bearing signals from the ground-based transmitter
      whose representation is on the co-positioned micro-transparency.
PAR  Rotation of the motor 221 in response to a bearing signal supplied thereto
      rotates the generally cylindrical member 165 thereby rotating the spider
      157 and in consequence the threaded spindle 149. Rotation of the bearing
      motor 221 also rotates the wiper motor of the bearing potentiometer 225 by
      way of the gears 217 and 223. The potentiometer output is supplied to an
      input of a differential amplifier included in input circuitry (not shown)
      to the bearing motor. The potentiometer output backs-off or tends to
      back-off the bearing signals supplied to another input of the differential
      amplifier so that when the spindle 149 is correctly orientated with
      respect to the frame 11, the bearing motor 221 is substantially quiescent.
PAR  In a similar manner rotation of the motor 209 in response to a range signal
      supplied thereto causes the spindle 149 to rotate about its longitudinal
      axis, the spindle 149 being driven by the motor 209 by way of the
      reduction gearing 207, clutch 205, gear 200, differential 191, gear 203,
      gear 183, spindle 163, bevel gear 173 and bevel gear 175. The nut 136
      being constrained by the carriage 13, rotation of the spindle 149 causes
      the nut 136 to travel axially therealong. In the event that the nut 136 is
      displaced to an extent such that the contact occurs between the nut 136
      and the ring 155, the clutch 205 slips, thereby preventing damage to the
      mechanism.
PAR  The differential 191 serves to decouple the bearing and range motions of
      the nut 136.
PAR  As may be gathered, the range motor 209 is effective to displace the nut
      136 axially of the spindle 149 and has no effect on the rotation of the
      spider 157. On the other hand, the bearing motor 221 in rotating the
      spindle 149 about the axis R--R would in the absence of the differential
      191 also introduce an axial movement of the nut 136 resulting from the
      bevel 175 rolling on the bevel 173.
PAR  As mentioned above, the gear 200 is also coupled to the gear 211 on the
      rotor of the range potentiometer 215. As with the bearing potentiometer
      225 the output of the range potentiometer 215 is connected to one input of
      a differential amplifier connected in the input circuitry to the range
      motor 209. The output from the potentiometer backs-off or tends to
      back-off the range signals applied to another input of the differential
      amplifier so that when the nut 136 is correctly positioned with respect to
      the frame 11 the range motor 209 is substantially quiescent.
PAR  The movement of the nut 136 axially of the spindle in the direction assumed
      by the spindle in response to the bearing signal is transmitted to the
      carriage 13 by way of the parts 137, 139 and the bearing 141.
PAR  The carriage 13 therefore moves with respect to the frame 11 in
      correspondence with the movement of the nut 136, being constrained against
      rotation by the system of link elements coupling the carriage 13 to the
      frame 11.
PAR  As the carriage 13, the indexing plate 93 and the magazine 103, move with
      respect to the frame 11, the area A of the selected micro-transparency M
      which is projected by the optical projection system to form an image on
      the display surface 19, changes progressively with movement of the
      aircraft over the geographical area of which the micro-transparency M is a
      representation. By virtue of the constraint imposed on the carriage 13 by
      a system of link members the projected image of the area A has a constant
      eg. `north-up` orientation with respect to the compass rose.
PAR  The gearing relating the geographical position of the aircraft as
      represented by the range and bearing signals from the ground-based
      transmitter to the position of the carriage 13 with respect to the frame
      11, is such that when a map micro-transparency M containing the
      representation of the ground-fix position with respect to which the
      vehicle is being navigated is being carried by the carriage 13, the
      carriage moves under the control of the range and bearing signals in the
      aforesaid manner. Further, the gearing is such that a fixed predetermined
      datum D on the viewing screen 19 represents in relation to the
      progressively changing image projected onto the viewing screen 19 the
      present geographical position of the aircraft.
PAR  In effect, a fixed point on the axis of the shaft 149 corresponds to the
      position of the aircraft and the nut 136 corresponds to the ground-based
      transmitter. In operation, the nut 136 is moved with respect to the fixed
      point on the shaft 149 in the same manner as the transmitter appears to
      move with respect to the aircraft. Thus at all times the angular position
      of the nut 136 with respect to the fixed point corresponds to the bearing
      of the transmitter from the aircraft, and the distance of the nut 136 from
      the fixed point corresponds to the range of the aircraft from the
      transmitter. As a result, the point on the image of the relevant
      micro-transparency M on the screen 19 corresponding to the transmitter
      moves with respect to the datum D representing the aircraft in operation
      so that the datum D at all times indicates the geographical position of
      the aircraft on the displayed image.
PAR  Whilst a particular construction of a map display device is described
      hereinabove it will be appreciated that variations in the construction are
      possible.
PAR  In particular it might be desired instead of the system of pivotally
      connected link elements to employ an orthogonal slide arrangement similar
      in principle to slide arrangements employed in certain machine tools such,
      for example, as milling machines.
PAR  Further whilst the magazine 103 preferably is of unitary construction
      carrying, in the example described, eight map micro-transparencies M it
      may be desired to provide a magazine to which required map
      micro-transparencies may be introduced and which is adapted to accurately
      locate the map micro-transparencies when so introduced.
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STM  I claim:
NUM  1.
PAR  1. A topographical map display device comprising
PA1  A. a frame;
PA1  B. a carriage carrying a topographical map in miniaturized form;
PA1  C. a mechanism coupling the carriage to the frame and permitting
      translational planar movement only of the carriage with respect to the
      frame;
PA1  D. a display surface;
PA1  E. an optical projection system operable to project in magnified form onto
      the display surface the image of an area of the map;
PA1  F. actuator means comprising
PA2  i. an element mounted on the frame for rotation about a first axis passing
      through a point fixed with respect to the frame;
PA2  ii. a threaded member mounted on said element for rotation about a second
      axis passing through said fixed point in a direction perpendicular to said
      first axis;
PA2  iii. a nut engaged with said threaded member so as to move angularly around
      said first axis on rotation of said element and to move along said second
      axis on rotation of said threaded member:
PA2  iv. a first prime mover controlled by signals representing bearing of a
      vehicle with respect to a ground-based transmitter;
PA2  v. a second prime mover controlled by signals representing range of the
      vehicle with respect to the ground-based transmitter;
PA2  vi. a first rotary mechanical transmission coupling the first prime mover
      to said frame mounted element;
PA2  vii. a second rotary transmission coupling the second prime mover to the
      threaded member;
PA2  viii. means decoupling the first transmission from the second so as to
      prevent rotation of the threaded member as a result of rotation of said
      frame mounted element; and
PA2  ix. means coupling said nut to said carriage to cause movement of the
      carriage in its permitted plane of translational movement corresponding to
      movement of the nut in a plane perpendicular to said first axis and
      parallel to said second axis so that the area of the map which is
      projected to form an image on the display surface changes with the vehicle
      movement; and
PA1  G. a predetermined datum on the display surface which represents in
      relation to said image the geographical position of the vehicle.
NUM  2.
PAR  2. A display device according to claim 1 wherein the carriage carries: a
      magazine which is displaceable relative to the carriage; a plurality of
      topographical maps in miniaturized form disposed at spaced positions on
      the magazine; and a magazine indexing arrangement which defines a
      plurality of discrete positions of the magazine with respect to the
      carriage, in each of which positions the image of an area of a different
      one of the maps is projected onto the display surface by the projection
      system.
NUM  3.
PAR  3. A display device according to claim 2 wherein said magazine is rotatably
      mounted on the carriage and said indexing means comprises at least one
      male part which is selectively engageable with any selected one of a
      plurality of female parts thereby to define a plurality of discrete
      angular positions of the magazine with respect to the carriage.
NUM  4.
PAR  4. A display device according to claim 3 including a leaf spring attached
      at one end to the carriage and at the other end bearing against the
      magazine, thereby to urge said male part into engagement with the selected
      female part.
NUM  5.
PAR  5. A display device according to claim 1 wherein said mechanism comprises a
      system of pivotally connected links, certain links being pivotally
      connected to the frame and certain other links being pivotally connected
      to the carriage and the articulation of links being such that the carriage
      is capable of translational planar movement only with respect to the
      frame.
NUM  6.
PAR  6. A display device according to claim 1 wherein said decoupling means
      comprises a differential gear arrangement.
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ABST
PAL  A group display generator of the type wherein information appearing on the
      surface of a cathode ray tube is recorded on film and projected in color
      upon a large viewing screen. The system employs a dry type silver halide
      film and dry film developing process in cooperation with an image
      intensifier where the image appearing upon the face of the cathode ray
      tube is directed to the input of the image intensifier and directed from
      the output of the intensifier to the surface of the silver halide film in
      a level of surface brightness intensity equal to or greater than the
      illumination at the face of the cathode ray tube. The intermittent image
      intensifier supplies sufficient light intensification to compensate for
      the low image amplification inherent in the dry type silver halide film.
      The combination of the image intensifier and dry silver halide film allows
      compact and mobile group display generator application to areas heretofore
      inaccessible with prior art wet type film development processes and
      techniques. The inventive group display generators utilizing combination
      of optical image intensification and dry film process techniques not only
      provide direct substitution for wet chemical type group display generators
      now in existence but also provide group display generator utilization
      where mobile and compact systems are required.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Large size full color projections of information data find important
      application to the fields of air traffic control for both commercial and
      military purposes. Information provided at the output of a cathode ray
      tube, which is used to radar scan a large information field, for example,
      can in turn be projected upon a large wall-sized screen for observation
      and surveillance by a group of controllers. When the cathode ray tube
      output data is color augmented and interfaced with a computer traffic
      control pattern it can be instantly analyzed for conformance to
      pre-arranged control patterns. If an unscheduled or otherwise unidentified
      aircraft should stray into the information pattern being displayed then
      the "unidentified" aircraft could be represented in a contrasting color
      (usually red) to other aircraft in the viewing field.
PAR  The use of group display generators for military purposes is particularly
      important in view of early warning and countermeasure applications. In
      miliary applications, for example, mobile ships and planes could
      constantly scan preassigned locations and project the information
      concerning flight activity within these locations to a selected group of
      personnel. Here unidentified aircraft portrayal in contrasting colors
      would alert military personnel as to effective countermeasures if any
      should become necessary.
PAR  Current methods for projecting full color displays from the output of
      cathode ray tube faceplates use wet chemistry film developing techniques
      in order to provide a permanent film record of the information received
      from the cathode ray tube faceplate. The data present on the cathode ray
      screen is projected simultaneously through three separate monochromatic
      lenses to three different color assignment areas onto a light sensitive
      black and white film. The film is usually transferred to a wet chemical
      solution for developing and printing and from there to an optical
      projection system consisting of projection lamps and colored filters for
      converting the monochromatic color assigned areas on the film to color and
      transmitting the film image in color upon a wall-sized viewing screen.
PAR  This method is very efficient for producing large size reproductions of the
      details appearing upon the face of the cathode ray tube and provides
      useful information in view of the good definition and contrast occurring
      in the projected image. However, in certain applications, a dry film
      process is necessitated since space requirements do not permit the
      facilities that are required by the large amount of apparatus and
      materials necessary for the wet chemical film developing process. In
      mobile applications upon ships, submarines and aircraft, where group
      display generators find particular application, dry film processes must be
      employed because of the serious space storage limitations involved.
PAR  The present state-of-the-art of dry film processes for the development of
      silver halide films are not very efficient in view of the limited image
      amplification by the dry film technique. Whereas wet chemical processes
      are capable of image amplification in the order of 1,000,000, the dry film
      development process is limited to the order of 1,000. It quite often
      occurs that the dry film limited sensitivity renders group display
      generator applications ineffective since the low level brightness
      available on the face of the cathode ray tube faceplate is incapable of
      transferring sufficient illumination to the surface of the film during
      exposure to provide meaningful data when the exposed film is later
      developed by the dry process at the inherently low image amplification
      available. The developed and printed film in most group display generator
      systems is placed between an array of projection lenses and a strong
      source of projected light. The energy supply for projected viewing
      therefor is independent of the film developing process and finds more than
      sufficient intensity in view of the high intensity projection lamps
      available. The ineffectiveness of dry film development applications
      therefore is due to both the inherently low level illumination provided
      upon the face of the cathode ray tube display screen and the low image
      amplification factor inherent in current dry film and dry film processing
      techniques.
PAR  The purpose of this invention, therefore, is to provide a novel arrangement
      for additive color projection by means of an image intensifier augmented
      cathode ray tube and dry film recording process, whereby adequate film
      surface illumination is provided by an image intensifier to overcome the
      inherent low image amplification factor of the dry silver halide film
      process.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises an image intensifier augmented display tube in
      combination with a dry film recording process for additive color
      projection whereby the image on the faceplate of the display tube is
      simultaneously projected through a green assigned lens, a blue assigned
      lens and a red assigned lens upon the input faceplate of the image
      intensifier. The lenses here are not actually colored. The images they
      produce when later projected will be illuminated with the respective
      colored light. The image is then light intensified by a factor of 1,000
      and directed to the surface of a dry developing type silver halide film
      for exposure. After exposure the film is transferred through a preheater
      into a heat developing unit for complete film processing. Developed film
      at this point is then contact-printed onto an ultraviolet sensitive film
      which is also developed by a thermal process. The printed film is then
      transferred into an optical projecting system consisting of the standard
      array of projection lamp, dichroic filters, and colored lenses for
      projection and subsequent viewing on a large wall-size screen.
PAR  An additional feature of the invention is that it is possible to supplement
      existing group display devices of the wet chemical type by substituting
      the image intensifier and dry film and developer unit directly for
      existing wet film and processing systems. The use of the image intensifier
      and dry film and process therefore obviates the need for the containers of
      liquid developing chemicals, along with the flow meters and pumps and
      drains that are associated with the wet developing process.
PAR  Although direct substitution for the wet developing films and processes
      would thereby enable existing group display devices to operate at a
      greatly reduced expenditure in time, materials and space, the data display
      system of this invention primarily lends itself to a completely new mobile
      and compact configuration independent from any of the existing wet
      chemical and other display devices now in operation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic presentation of a group display generator using the
      wet film developing process of the prior art;
PAR  FIG. 2 shows the apparatus of the wet film processor of FIG. 1 in enlarged
      detail;
PAR  FIG. 3 shows a schematic representation of the group display generator of
      the instant invention;
PAR  FIG. 4 shows a schematic representation of the image intensifier and
      optical apparatus for the system of FIG. 3 in greater detail; and
PAR  FIG. 5 shows an exploded view of the structure of the image intensifier of
      FIG. 4 in partial section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a group display generator using the wet chemical process for
      film development where input data to be displayed first appears as an
      image 3 on the screen 2 of a standard cathode ray tube 1 and through a
      system of input optics onto the surface of a silver halide film 6. The
      input optics 4 and 5 generally contains a system of three color selection
      shutters and three associated lenses for subsequent additive color
      projection. The film 6 is then transferred into a silver halide processor
      8 shown here in block form the structure of which will be subsequently
      discussed in detail. From the silver halide processor 8 the image 7 on the
      film is then contact-printed by means of an ultraviolet lamp 9 on film 11
      and subsequently processed through a separate film processing station 12.
      After processing the film 11 is now transferred through a projection
      optics system consisting mainly of a projection lamp 15 and condenser 16,
      and dichroic mirror module 14 for projecting by lenses 13 upon a large
      sized viewing screen 17.
PAR  FIG. 2 illustrates the silver halide processor 8 of FIG. 1 in greater
      detail. Here a series of reservoirs containing developing chemicals 20
      along with clear 21 and rinse 22 solutions each of which is supplied with
      a source of heat 19 and is controllably valved through an automatic
      sequence valve 23 for calibrated dispensing. After selectively dispensing
      prescribed quantities of each solution to the film surface the excess
      solution is directed by a series of flow lines 24 to a vacuum pump 30 and
      into a drain container 31. A pair of first and second applicators 27, 28
      are also shown along with a motor 29 which provides energy to the pump(s)
      30. The wet chemical system because of the concentration of chemicals in
      liquid form is capable of very high image intensification to the exposed
      film. However, as can be seen by the complexity of materials and controls
      involved serious storage, shelf life and other materials handling problems
      are involved.
PAR  FIG. 3 shows a group display generator employing the dry silver process
      according to the instant invention. The system is somewhat similar to that
      of FIG. 1 except here the characteristics of the input optics 4 are
      described in greater detail. Intermediate the dry silver film 6A and the
      input optics 4 and 5 there is interposed an image intensifier 32. One
      example of a very effective image intensifier unit is that described
      within U.S. Pat. No. 3,737,667 issued to Babb et al. and assigned to the
      assignee of the instant invention. That portion relating to the image
      intensifier portion of the aforementioned patent is incorporated herein by
      reference in order to provide sufficient disclosure to the characteristics
      of the image intensifier unit. The projected image 7 reaching the input
      faceplate 55 of FIGS. 4 and 5 of the image intensifier 32 passes through
      the exit faceplate 67 which is in close contact with the dry silver film
      6A where the image 7 appears in three color assigned film areas 33 red,
      green and blue. The exposed film 6A then proceeds into a dry silver heat
      processor 34 where the dry silver film 6A is processed before subsequent
      printing onto a kalvatone type film 11 which is ultraviolet responsive.
      The printed film 11 now becomes further processed in the kalvatone
      processor 12 which is also a heat sensitive process before proceeding
      through the projection optics 13 for readout upon the large size
      projection screen 17. The projection optical system as shown in FIG. 3
      consists of a high power xenon projection lamp 15 and a sequence of blue
      35, red 36 and green 36 dichroic mirror color separators. Here the
      tri-color components of the projected light pass through the color
      assigned areas of the film 11 and are in turn projected in full color upon
      the aforementioned display screen 17. The projection optics shown
      associated with the contact-printing station 10 comprise an ultraviolet
      light source 9 and utltraviolet reflector lens 10a and an ultraviolet
      transmissive reflecting glass 10b. This is required since the kalvatone
      film 11 is ultraviolet responsive, and developed by infrared energy.
PAR  FIG. 4 shows an enlarged schematic of the intermediate optics of the dry
      system along with the position of the image intensifier 32 relative to the
      film processing station 34 of FIG. 3. Here the image 3 present upon the
      screen 2 of the cathode ray tube 1 is projected separately and/or
      simultaneously through a red 45, green 47 and blue 48 color assigned lens
      depending on whether shutters 68, 69 and 70 are opened or closed. The
      image 7 from each lens 45, 47, 48 then becomes directed by a system of
      four mirrors 46 located at exact positions within the image optical plane
      in order to be directed to exact preassigned locations on the surface of
      the input faceplate 55 of the image intensifier unit 32. The use of an
      image intensifier 32 incurring a thickness of one-half inch and an input
      faceplate 55 width of 75 mm facilitates matching between the 70 mm film
      6A. Here a vacuum and heat platen 49 serves to hold the film 6A in
      intimate contact with the image intensifier 32 and to preheat the film 6A
      prior to complete developing in hot air chamber 50. The use of a film
      drive and index system 53 sets the location and motion speed of the film
      6A by the use of interconnected rollers 51 to insure proper exposure and
      development time. The shutters 68, 69 and 70 are selectively actuated by
      electrical voltages depending on the color programmed for the particular
      cathode ray tube image. The shutters 68, 69 and 70 can be controlled by a
      circuit consisting of diode logic and electromechanical devices not shown.
PAR  FIG. 5 shows a partial section of the components of the image intensifier
      32 that contribute to the geometric optics of this invention. A first
      (input) faceplate 55 of the image intensifier 32 of unit of FIG. 5
      consists of a number of coherently orientated optical fibers 56 each
      optical fiber receiving and transmitting a discrete portion of one of the
      color assigned images 7 which are transmitted to an exact location 33 on
      the surface of the faceplate as shown in FIG. 3. This exact correlation
      between the prelocated region 33 on the surface of input faceplate 55, the
      intensifier 32 and the resulting location upon a specific region on the
      surface of the film 6A is brought about by the excellent transmissive
      properties of the fiber optic faceplate 55. The one-to-one correspondence
      between a point on the image plane preassigned to a particular region of
      the fiber optic faceplate 55 is carried through the fiber optic image
      system to the opposite side thereof in turn to a photo-emissive coating 58
      existing on the exit surface 57 of the opposite side of the faceplate 55.
      A photoelectron in response to the light energy of the transmitted image 7
      then transits through a microchannel plate 61 for electrical
      amplification. The microchannel plate 61 contains a voltage source (not
      shown) for accelerating and multiplying the photo-electrons released from
      the photoemissive coating 58. After electric amplification the
      photoelectrons then impinge upon a phosphor coated surface 64 where the
      electrical energy carried by photoelectrons and cascade electrons and
      multiplied by electron acceleration within the microchannel plate
      amplifier 61 is reconverted back to light by the electroluminescent
      response properties of the phosphor coating 64. The exit faceplate member
      67 of the image intensifier 32 correspondingly comprises a second coherent
      fiber optic faceplate 66 one surface of which (the input faceplate 63),
      contains the aforementioned phosphor coating 64 and the exit surface of
      which the exit faceplate 67, comprises a highly polished coherent matrix
      of the same optical fibers 56 absent the phosphor coating for the
      transmission therethrough of the light intensified by means of the
      aforementioned amplification of the photo-optically emitted electrons. The
      now amplified light signal bearing the initial image predescribed to the
      aforementioned entrance of the first fiber optic faceplate 54 transmits
      therethrough the aforementioned second fiber optic faceplate 66 with very
      little loss in definition and increased in intensity by a factor of
      roughly 1,000. The intensified image then impinges directly upon the
      surface of the dry silver film 64 with sufficient light energy to expose
      the film for subsequent development in order to provide good image
      amplification and good contrast. The film 6A is then transmitted by means
      of a coordinated film drive and index system 53 through a hot air chamber
      50 for thermal development of the film 6A as described above. The geometry
      of the image intensifier 32 unit readily allows for a good mechanical
      connection therebetween the film 6A and the image intensifier 32 by means
      of the aforementioned vacuum and heat platen 49 show in FIG. 4.
PAR  FIG. 3 shows in somewhat greater detail the optics of the projection system
      of FIG. 1 relative to the dry silver development process and the
      subsequent dry silver printing process. After developing the film 6A
      within the aforementioned hot air process chamber 50 the image 7 is then
      transmitted onto a continuously moving supply reel (not shown) containing
      the ultraviolet sensitive kalvatone film 11. Here an ultraviolet source 9
      and directive reflector 10a transmits the developed image 7 through said
      dry silver film 6A onto the kalvatone film 11. In a continuous film
      conveying operation the kavlatone film 11 then proceeds through a heat
      processor system 12 and upon processing further passes through an array of
      transmitted blue 43, green 42 and red 41 chromatic light rays by the
      aforementioned placement of dichroic mirror filters 35 and 36 as shown in
      FIG. 3.
PAR  The projection optics for the purpose of this embodiment comprise a series
      of three projection lenses 13 each corresponding to an optical path
      predescribed for each of the tri-chromatic light beams 41, 42, 43. Here
      the printed image 18 becomes simultaneously projected in each of the blue,
      green and red color components in an integrated and enlarged color display
      18 upon the large size viewing screen 17.
PAR  A group display generator having the fiber optic image intensifier 32 and a
      complementary dry film processing system 34 has been demonstrated by way
      of embodiment for group display generators in particular for air traffic
      control and defense countermeasures. The system finds application in other
      areas not specifically relating to air traffic control applications but,
      for example, sports events and other commercial applications where a large
      visual field is scanned and the information are recorded upon film for
      storage and projection purposes.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A projecting system for group data display comprising:
PA1  a luminous data source
PA1  means for intensifying the light energy of said data disposed optically
      proximate said source;
PA1  means for recording said data disposed optically proximate said means for
      intensifying; and
PA1  means for projecting said data upon a viewing screen, said means for
      projecting and said viewing screen being disposed optically proximate said
      means for recording;
PA1  said means for recording said data comprising:
PA2  a first light sensitive film proximate said means for intensifying for
      receiving said light energy from said means for intensifying and exposing
      said film;
PA2  first dry chemical means for processing said first film in order to develop
      said data on said film;
PA2  optical means for transferring the data from said first film onto a second
      light sensitive film; and
PA2  second dry chemical means for processing said second film in order to print
      said data on said second film;
PA1  said means for projecting said data and said viewing screen being optically
      proximate said second film after said data has been printed thereon.
NUM  2.
PAR  2. The system of claim 1 wherein said means for intensifying the light
      energy of said data comprises:
PA1  an image intensifier having a first faceplate for receiving said light
      energy;
PA1  photoemissive means for converting said light energy to electrical energy;
PA1  electron multiplying means for amplifying said electrical energy;
PA1  luminescent means for converting said electrical energy to light energy;
      and
PA1  a second faceplate for transmitting said light energy to said means for
      recording said data.
NUM  3.
PAR  3. The system of claim 2 wherein said means for amplifying said electrical
      energy comprises a microchannel plate electron multiplier.
NUM  4.
PAR  4. The system of claim 1 wherein said means for projecting said data
      comprises a projection lamp and at least one optical condenser.
NUM  5.
PAR  5. The system of claim 4 wherein said means for projecting said data
      further includes a plurality of chromatic dichroic filters intermediate
      said projection lamp and said viewing screen for transmitting said data
      upon said screen in color.
NUM  6.
PAR  6. The system of claim 1 wherein said luminous data source comprises the
      faceplate of a cathode ray tube.
NUM  7.
PAR  7. The system of claim 1 wherein said first light sensitive film comprises
      a dry process silver halide film.
NUM  8.
PAR  8. The system of claim 1 wherein said second film comprises an ultraviolet
      sensitive film.
NUM  9.
PAR  9. The system of claim 1 wherein said first dry chemical means for
      processing said first light sensitive film and said second dry chemical
      means for processing said second film comprise thermal film developing
      processes.
NUM  10.
PAR  10. The system of claim 1 further including means for selectively
      transmitting said luminuous data to color assigned areas of said means for
      intensifying the light energy of said data.
NUM  11.
PAR  11. The system of claim 10 wherein said means for transmitting said color
      assigned data comprises a plurality of chromatic lenses intermediate said
      luminous source and said means for intensifying the light energy of said
      data.
NUM  12.
PAR  12. A group data display generator for projecting luminous data from the
      faceplate of a display tube upon a viewing screen in color comprising in
      combination:
PA1  a plurality of green, red and blue color assigned transmitting lenses in
      the optical path of said data for transmitting said data simultaneously
      through said lenses;
PA1  an image intensifier optically proximate said lenses for receiving said
      luminous data and amplifying the light intensity of said data;
PA1  a dry type silver halide film optically proximate said image intensifier
      for receiving said luminous data and exposing said film;
PA1  a first thermal processor coupled to said silver halide film for heat
      developing said silver halide film;
PA1  an ultraviolet film and ultraviolet light source in optical proximity with
      said silver halide film for transposing said data through said silver
      halide film onto said ultraviolet sensitive film by means of said
      ultraviolet light;
PA1  a second thermal processor coupled to said ultraviolet sensitive film for
      heat developing said ultraviolet sensistive film;
PA1  a projection lamp and viewing screen optically proximate said ultraviolet
      sensitive film; and
PA1  a plurality of chromatic dichroic filters intermediate said projection lamp
      and viewing screen for transmitting through said ultraviolet sensitive
      film light corresponding to said chromatic filters for projecting said
      data from said ultraviolet sensitive film upon said screen in color.
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ABST
PAL  To produce the most pleasing display of the color patterns, the colored
      light, which is produced by interference of light waves from the two
      surfaces of a thin liquid film, is separated from the principal beam of
      the incident light, magnified, and projected onto a screen. Reflection
      from the thin liquid film is specular reflection (angle of reflection
      equals angle of incidence). The position of the projection lens is
      determined by the position of the light source. Thin liquid films, such as
      soap bubbles, reflect colored light by interference of light waves which
      reflect from the front and back surfaces of the films. The color of the
      light is a function of the thickness of the film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The dynamic color patterns of a liquid film are enlarged are reproduced on
      a screen for aesthetic appreciation. The device of this invention produces
      the film, magnifies and projects the light patterns, and automatically
      renews the film. Since the thickness of the liquid film suspended in the
      air varies from point to point over the surface, interesting and beautiful
      color patterns are produced. All the spectral colors plus purple, magneta,
      tan and brown are produced. Even black is subjectively experienced by the
      observer at places where the film becomes so thin that almost no
      reflection occurs. The average size of the various color regions is
      governed by the type of liquid used and the boundary conditions. An
      ordinary soap bubble has small color patterns. A suitable liquid film
      formed within a large loop developes much larger features. The color
      features in liquid film continually evolve in form and position during the
      life of the film due to the effects of gravity on the density gradients of
      the film. Air currents, thermal gradients, electric currents, and
      variations in surface tension also cause the patterns to change. This
      dynamic behavior, along with the brilliant and pastel colors, create a
      fascinating display when projected onto a screen. The lifetime of a liquid
      film in air in a sealed container can be from several minutes to several
      hours, depending on the type of liquid used. When the plane of a liquid
      film within a loop is vertical, the lifetime of the film is less than that
      when the plane of the film is horizontal, but the patterns are more active
      in the former case. The colors are usually of better quality in the upper
      portion of the vertical film.
PAR  2. Prior Art
PAR  Liquid films suspended in air are a natural choice as a source of color
      designs for a light display device. Ordinary electronic light display
      boxes have a limited number of colors and a limited number of patterns,
      and the sequence of patterns is usually governed by complex electronics.
      The device of this invention produces all the colors in an infinite
      variety of patterns, and the sequence of patterns is a continuous
      evolution from one design to the next--governed by the laws of nature
      acting on the thin liquid film.
PAR  U.S. Pat. No. 3,262,359, issued to V. J. Carpenter July 26, 1966, discloses
      a rear projection viewer comprising an object plane whereat an object is
      held to be projected onto a screen, said viewer further comprising a light
      source and a condenser aligned to illuminate said object, a projection
      lens system including a pair of positive lenses and a negative lens
      aligned therebetween constituting a beam displacer, said lens system being
      located to form an immobile image of said object on said screen which is
      optically conjugate to said object plane, a rotatable member which is
      mounted for rotation in a plane normal to the projection axis of said
      viewer and is located substantially concentrically of said axis, said beam
      displacer lens being held in said member eccentrically of said axis by a
      dimension less than the effective radius of said lens so as to function as
      a rotating beam displacer, whereby the image rays formed by said lens are
      focused at a stationary point on said screen while while rotating about
      said axis to eliminate scintillation of the screen.
PAR  U.S. Pat. No. 3,473,428, issued to Edward H. Phillips Oct. 21, 1969
      discloses an electrical transducer connected with a sound reproducing
      system so as to produce pulsating movements in accorance with the sound of
      the system. A plurality of light-reflecting elements are supported by the
      transducer for movement relative thereto in response to the pulsating
      movements of the transducer. A source of light is beamed downwardly at an
      angle onto the reflecting surface. A template is positioned adjacent the
      source of light so that the light beam has a particular design which in
      turn is reflected onto the receiving surface.
PAR  U.S. Pat. No. 3,554,537, issued to Edward H. Phillips Jan. 12, 1971,
      discloses a source of light and a template having a plurality of shaped
      holes formed therethrough disposed adjacent the source of light. A control
      means is provided for selecting which one of the shaped holes of the
      template means is disposed adjacent the source of light. The light beam
      passing through the template means is adapted to impinge upon a plurality
      of reflecting lens means mounted on a movable support. Each of these
      reflecting means includes a curved optical surface for reflecting an image
      onto one or more surfaces. Each of the lenses includes means for
      determining the color reflected from the lens means. The lens means
      includes asymmetrical bodies which tend to cant the lens means for random
      orientation of the various individual reflecting lens means.
PAR  U.S. Pat. No. 3,738,036 issued to Edmund E. Landsinger June 12, 1973
      discloses a disc having a thin chamber filled with immiscible fluids such
      as glycerine and air to form floating bubbles, the chamber having barriers
      or chamber regions of different thickness to provide a sudden change in
      movement of the bubbles. In one disc, several barriers extend partially
      across the chamber so that the bubbles slither around the barrier. In
      another disc, the chamber includes thick regions connected by narrow tubes
      so that the bubbles suddenly accelerate when they enter the thick regions.
PAR  U.S. Pat. No. 3,768,886, issued to Edward N. Sharpless Oct. 30, 1973,
      discloses a display device for presenting a visual indication of pressure,
      said device comprising a support capable of supporting a layer of liquid
      crystalline material thereon, said material having a characteristic of
      selective light scattering which is variable in accordance with applied
      deformational stress, and means for applying deformational stress to said
      material.
PAC  SUMMARY OF THE INVENTION
PAR  The device of this invention shows how the color patterns are magnified and
      projected onto a rear-projection screen. Light from an electric lamp is
      condensed through a condenser lens to shine upon a thin liquid film.
      Electromagnetic wave interference in the film colors the reflected light,
      which is then projected onto the screen by the projection lens. The use of
      a thin liquid film is the critical feature of this invention. The
      projection lens may be a simple lens, but a compound lens gives better
      quality projection. The life of a liquid film can be many minutes in a
      sealed container. When the film breaks, it can be renewed. The film is
      supported by a loop or by a suspension bar at the top with strings at the
      sides. The bar is lowered into the liquid pool by a lever arm. When it is
      raised, it draws up a fresh film. A shaft from the lever arm extends
      through the wall of the sealed container. It can be actuated periodically
      from the outside by a simple mechanical motor-driven device which drives
      the actuation lever.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial diagrammatic side view of the preferred embodiment of
      this invention.
PAR  FIG. 2 is a diagrammatic side view of the film forming apparatus used in
      FIG. 1.
PAR  FIG. 3 is a circuit diagram showing the electrical components of FIG. 2.
PAR  FIG. 4 is a diagrammatic end view showing another embodiment of this
      invention for replacing the film.
PAR  FIG. 5 is a diagrammatic view of a lens system which solves the problem of
      focusing a thin film on a screen.
PAR  FIG. 6 is a diagrammatic view of an alternative lens system to that of FIG.
      5.
PAR  FIG. 7 is a diagrammatic side view of an alternative embodiment of this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, as the loop 30 (viewed edge on) is raised by rotation about the
      pivot 7, a liquid film 8 is drawn up out of the pool 6 of solution and
      forms a plane within the loop 30 at the vertical position. Light from the
      bulb 4 contained in lamp housing 2 passes through the condenser lens 5 and
      strikes the liquid film 8. The colored light is reflected specularly to
      the projection lens 10 which projects the image onto the rear-projection
      screen 16 by means of mirror 11, concave lens 13, and mirror 15. The image
      is observed from outside the cabinet 1. Mirror 3 is a concave mirror which
      forms an image of the filament just beside the real filament 27 and thus
      increases the amount of light available at the liquid film 8. Since only a
      fraction of the incident light is reflected by the film, mirror 9 is
      placed at such a point and has such a radius of curvature that a virtual
      image of the filament is formed at the position that the condensing lens 5
      would normally from the filament image. The radius of curvature is equal
      to the distance from the mirror 9 to the place the filament image would be
      if the mirror were not there. Mirror 9 may be a plane mirror if it is
      located at the filament image point. Mirror 9 then reflects the main beam
      of light back through the condenser lens 5 to mirror 3 which reflects the
      light back for another pass through the film 8.
PAR  It should be noted that the rays from the points x and y on the film 8 to
      the projection lens 10 are of different length. This ordinarily causes
      parts of the image on the screen to be out of focus and produces variation
      in magnification. The latter is unimportant in this application since the
      color patterns are not familiar shapes, and the observer is unaware of any
      distortion. The problem of lack of focus can be reduced by providing a
      fairly long focal length system and folding the beam within the cabinet 1
      with mirrors 11 and 15 to provide adequate magnification. By utilizing the
      concave lens 13 with appropriate parameters, this lack of sharpness can be
      minimized, and the magnification is increased. The lack of focus is also
      reduced by placing mirror 15 off-center, that is, it is not centered
      behind the screen 16. Notice that the light ray 14 from y is lengthened
      with respect to the light ray from x in order to improve focus. When an
      object is closer to a projection lens the screen should be further away.
      The film housing 12 should be sealed to prevent evaporation of the liquid
      6.
PAC  A. Producing the Liquid Film
PAR  FIG. 2 shows a mechanism for producing the liquid film 8. The loop 30 is
      shown in a position halfway between the horizontal and the vertical as it
      would appear when it is moving toward the vertical by means of connecting
      rod 17, lever arm 16 and pivot 7. The output of the motor 19 is geared
      down so that the crank 20 turns one rotation in about 3 seconds. The cycle
      is complete when the loop 30 reaches the vertical position. The motor is
      automatically turned off at this point when the film contacts electrode
      22. The stop bar 23 is positioned to cause the loop 30 to stop at the
      right place. When the motor 19 is turned off, angular momentum will cause
      it to coast for an irreproducible distance. The mechanism is designed such
      that the motor attempts to move the loop 30 past the stop bar 23.
      Flexibility of the lever arm 16 allows the loop to stop. The motor 19 will
      start another cycle when the film 8 breaks.
PAC  B. Automatic Replacement of the Liquid Film
PAR  Since the liquid film has a finite lifetime, it needs to be replaced
      periodically as shown in FIG. 2. Electrode 21 is placed in the liquid pool
      6 and electrode 22 is placed in such a position that it contacts the
      liquid film when the loop is vertical. Electric current can then flow from
      one electrode to the other through the film and the liquid pool. When the
      film breaks, the circuit is broken. The circuit diagram in FIG. 3 shows a
      simple transistor circuit which can operate the motor 19. When the liquid
      film is present, the transistor conducts and drives a small relay to keep
      the motor off. When the film breaks, the transistor stops conducting, and
      the relay turns on the motor 19. The potentiometer P can be used to adjust
      the sensitivity of the circuit. As the film gets thinner, the resistance
      of the film increases. Thus P can be adjusted to actuate the motor when
      the film gets to the desired thinness. Switch S is a pushbutton which can
      be depressed when the observer wants to change films before automatic
      replacement. Another method (not shown) for replacing the film utilizes a
      photocell or photodiode. A portion of the light reflected from the film
      falls on the photocell. When the film breaks or becomes so thin as to
      become nonreflecting, the current decreases. The photocell current can be
      amplified by a transistor to drive a relay just as in FIG. 3. A still
      further method for replacing the film utilizes the surface tension of the
      liquid film 8 contained in housing 12. If one side of the loop 30 is
      replaced by a string 24 as shown in FIG. 4, the surface tension of the
      film pulls the string toward the center of the loop 30. This force is
      resisted by the spring tension in a steel strip A. But by pulling the
      string 24 toward the center of the loop 30, the electrical contact is
      broken between the contacts 25. When the film breaks, the string becomes
      straight and electrical contact is made. Current through the contacts 25
      drives the motor and lever arm 16 directly without the transistor circuit
      and relay. For this method, a second switch, which is actuated by the
      motor crank, turns on shortly after the cycle begins to keep the motor
      running and does not turn off until the end of the cycle. This assures
      that the motor will not stop when the loop 30 is on the way up during the
      last half of the cycle. Another method of replacing the film is to have a
      clock mechanism periodically turn on motor 19. The motor would be turned
      off when crank 20 trips a switch at the end of the cycle. The film can
      also be produced by a very slowly rotating wheel with half the wheel
      submerged in the liquid (not shown). The film forms between the spokes and
      passes through the light beam. There are two variations of this idea. A
      cylinder with open rectangles on the circumference can be used instead of
      the wheel. The bottom of the cylinder rotates through the liquid pool
      forming films in the rectangles. The second variation utilizes a belt
      which slowly travels under a pulley in the liquid pool and over a pulley
      above the pool. Liquid film forms in the openings in the belt.
PAC  C. The Out-of-Focus Problem
PAR  A problem inherent in color pattern generators is solved by this invention.
      When the film is slanted with respect to the direction of projection, part
      of the image on the screen tends to be out of focus due to the different
      path lengths from the film to the projection lens. One method was given in
      the description of the preferred embodiment, namely, by placing mirror 15
      off-center or by slanting the screen with respect to the projection beam.
      FIG. 5 presents another solution to this problem. The condenser lens 5
      produces an image of the filament 27 at point F. Lens 26, a convex lens
      which is placed close to the film, collimates the light. Its focal length
      is equal to the distance from itself to the point F. The film 8 is just
      slightly slanted with respect to the vertical. The colored light which is
      reflected from the film 8 passes through the lens 26 and converges on
      mirror 11. That is, a colored image of the filament is formed at mirror
      11. The light is reflected by mirror 11 through the projection lens 10 to
      the screen 16. The projection lens 10 is focused on the film 8 so that the
      film image appears on the screen 16. Mirror 9 reflects the main beam back
      to point F and then to mirror 3. One of the difficulties with this system
      is that images of the filament 27 are reflected from the surfaces of lens
      26. These show up as a faint filament image on the screen 16. This effect
      can be reduced by using a coated lens for lens 26.
PAR  A variation of this idea, which eliminates lens 26 is illustrated in FIG.
      6. The loop 30, shown in the lowered position for clarity of the drawing,
      raises a film 8 to a circular opening in a box 32. The film 8 adheres to
      the perimeter of the opening. The last part of the cycle is accomplished
      by moving the actuating rod 28 to the right which pulls the elastic
      membrane 29 and reduces the air pressure in the box. The box 32 is sealed
      except for the opening. The film 8 is drawn inward to form a concave
      surface facing the light source 4. The condenser lens 5 produces an image
      of the filament 27 at point F. If the film 8 is drawn in so that the
      radius of curvature is approximately equal to the distance from itself to
      the point F, and, if the box face is slightly slanted, the reflected light
      from the film forms an image of the filament 27 on mirror 11. The shape of
      the film is not perfectly spherical, of course, so that the filament image
      is somewhat distorted, but that is unimportant. The projection lens 10 is
      focused on the film 8 and the distance from the projection lens 10 to the
      various points on the film 8 is fairly constant. The image is projected
      onto the screen 16. Mirror 9 in this case is a concave mirror with a
      radius of curvature equal to the distance from itself to point F. It
      returns the main beam back to mirror 3.
PAC  D. Another Embodiment of the Invention
PAR  For a small color pattern generator, such as a TV light or a night light,
      the device might be designed as shown in FIG. 7. In this case, the color
      images are projected directly to the eye of the viewer without the use of
      a screen. Light from lamp 4 is scattered randomly by a frosted glass 31. A
      portion of the light is reflected from the film 8 through lens 10 to the
      eye of the viewer. Lens 10, which magnifies the image, is a convex lens or
      a positive Fresnel lens (a thin plastic or glass lens with engraved
      circular lines which simulates an ordinary lens). Encyclopedia Britannica,
      v. 13, p. 923 (1963). The focal length of lens 10 should be greater than
      the distance from itself to the farthest point of the film 8.
PAC  E. Enhancing the Activity of the Liquid Film
PAR  A suitable liquid produces a film with adequate activity to produce a
      moderately fast evolution from one design to the next. If faster evolution
      is desired, a different solution may be used or one of the following may
      be done:
PA1  1. Place an electrical resistor in the film and connect it to a voltage
      supply. A small amount of warmth generated by the resistor creates density
      gradients which make the patterns move.
PA1  2. Pass a small electric current through a portion of the film between two
      electrodes.
PA1  3. Move air currents over the film by a mechanical device such as a slowly
      rotating fan.
PA1  4. Place an electrical resistor near the film. This has two effects. It
      moves air currents, and it warms the air near the film causing local
      evaporation which affects the surface tension and the local density of the
      film.
PAR  The various features and advantages of the invention are thought to be
      clear from the foregoing description. However, various other features and
      advantages not specifically enumerated will undoubtedly occur to those
      versed in the art, as likewise will many variations and modifications of
      the preferred embodiment illustrated, all of which may be achieved without
      departing from the spirit and scope of the invention as defined by the
      following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A dynamic color pattern generator which continually produces colored
      light patterns reflected from the two surfaces of a thin liquid film and
      displayed upon a screen comprising:
PA1  a. a light source means positioned within a first container, and directed
      at the thin liquid film,
PA1  b. means for continually forming the thin liquid film supported by surface
      tension within a loop-like structure, and enclosed in a second air-sealed
      container positioned inside first container, and
PA1  c. means for projecting the colored light patterns which are reflected from
      the said two surfaces of the thin liquid film onto the said screen.
NUM  2.
PAR  2. The generator of claim 1 in which the light source means comprises:
PA1  a. a light bulb 4 positioned in front of a reflecting mirror 3,
PA1  b. the light from said bulb shines directly through an adjacent condenser
      5, and
PA1  c. strikes the surfaces of the thin liquid film 8.
NUM  3.
PAR  3. The generator of claim 1 in which the means for forming the thin liquid
      film comprises:
PA1  a. a loop-like structure,
PA1  b. a liquid pool through which the loop structure is passed,
PA1  c. the loop structure connected to a motor, and
PA1  d. electronic circuit means for detecting the film thickness and for
      actuating the said motor.
NUM  4.
PAR  4. The generator of claim 1 in which the means for projecting the light
      reflected from the surfaces of the liquid film onto a screen comprises:
PA1  a. a projection lens 10,
PA1  b. a first mirror 11 that reflects the colored light,
PA1  c. a concave focusing lens 13 that passes the colored light from mirror 11,
      and
PA1  d. a second mirror 15 that is situate off-center as to the center of the
      screen 16 and reflects this light onto the screen 16.
NUM  5.
PAR  5. The generator of claim 1 in which the light source means includes a
      light scattering frosted glass element, and in which the means for
      projecting the light reflected from the surfaces of the liquid film
      comprises a convex lens 10 having a focal length greater than the distance
      from said lens to the farthest point of the film 8.
NUM  6.
PAR  6. The generator of claim 1 in which the means for forming the thin liquid
      film comprises:
PA1  a. a third container 32 positioned within the said second air-sealed
      container having a circular opening facing the light source, a loop 30
      having a dimension about the same size as said opening and positioned in
      said second air-sealed container, and rotatable from a liquid pool to the
      said opening,
PA1  b. one wall of said container 32 consisting of an elastic membrane 29, and
PA1  c. attached to said membrane is a rod 28 which adjusts the membrane's
      position and affects the air pressure in the said third container 32 so
      that the liquid film 8 is made concave thus reflecting the light back to
      mirror 11.
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ABST
PAL  A resilient roller is described having a rigid shaft and a flexible sleeve
      spaced apart by a resilient member to which axial pressure is applied. The
      axial pressure translates through the resilient member to become outward
      radial pressure. The roller of the invention is sufficiently resilient
      across its functional surface to maintain substantial contact and a
      substantially uniform nip width along its line of axial tangency with a
      cooperating surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrostatographic development apparatus and
      more specifically to such apparatus wherein substantially uniform contact
      and substantially uniform nip width is maintained between an imaging
      member and a developer applicating means.
PAR  U.S. Pat. No. 3,084,043 teaches an apparatus and method for the liquid
      development of electrostatic latent images wherein the liquid developer is
      presented to a photoreceptor having an electrostatic latent image on its
      surface. The liquid developer is presented by means of an applicator
      comprising lands and valleys such that the liquid developer is contained
      in the valleys out of contact with the photoreceptor, while the surfaces
      of the lands are in contact with the photoreceptor. In such an
      arrangement, the liquid developer is attracted from the valleys to the
      electrostatic latent image in image configuration. A typical example of
      such an arrangement is an electrostatographic copying apparatus wherein
      the applicator is a rigid cylindrical member having on its surface a
      pattern of grooves and ridges which comprise lands and valleys,
      respectively. A liquid developer is maintained in the valleys below the
      surface of the lands. The applicator is positioned to come into contact
      with a photoreceptor bearing on its surface an electrostatic latent image.
      In a typical electrostatographic copying apparatus the photoreceptor is
      also a cylindrical member comprising a conductive substrate and a
      photoconductive coating which supports the electrostatic latent image. The
      electrostatic latent image is typically produced by first charging the
      entire surface of the photoreceptor in the dark and then by exposing the
      charged surface to imagewise radiation.
PAR  The portions of the charged photoreceptor surface which are struck by the
      radiation are discharged, leaving an image pattern of charge on the
      photoreceptor surface to the non-radiation-struck areas.
PAR  The photoreceptor surface bearing the electrostatic latent image and the
      applicator are brought into moving contact during which the liquid
      developer is drawn to the photoreceptor from the valleys of the applicator
      roller by the charges which form the electrostatic latent image. Typically
      the image is then transferred to an image receiving member such as paper
      by pressure contact between the photoreceptor and a roller.
PAR  Although both of the surfaces may be flat, it is more common for at least
      one of the surfaces to be arcuate to facilitate the moving of the
      applicator past sequential points on the photoreceptor while the two are
      in contact. In compact electrostatographic copying devices the surfaces
      are typically small diameter cylinders to facilitate the cooperative
      movement of the surfaces in a confined space. Such movement typically
      occurs at speeds of about four inches per second, although moving contact
      resulting in the transfer of liquid developer from the applicator to the
      photoreceptor occurs at speeds ranging generally from about two to about
      70 inches per second.
PAR  Although satisfactory visible and recognizable images can be produced by
      such an apparatus and method, they have frequently been found to lack
      uniform density. Typically areas of the image which have the same shade of
      color or density in the original have areas of varying density in the
      developed image and final copy. Such typical characteristics of the
      developed image are generally considered unsatisfactory, not pleasing to
      the eye, and are indices of unacceptable copy quality.
PAR  The use of a deformable surface, as either the applicator surface or the
      photoreceptor surface in such an electrostatographic development apparatus
      or method when at least one of such surfaces is arcuate provides
      substantially uniform contact and a substantially uniform nip width
      between the surfaces.
PAR  It has been found that substantially uniform contact between the surfaces
      is achieved whenever the gap distance between adjacent portions of the
      surfaces while they are maintained in contact is less than about 0.0005
      inch along the line of tangency between the surfaces. In one embodiment a
      rigid applicator surface has an overall variation along its line of
      tangency with the photoreceptor of not more than about 0.002 inch and a
      variation from land to land of not more than about 0.0005 inch. A
      deformable photoreceptor having a hardness of about 30.degree. as measured
      on a Shore A Durometer contacts the land surfaces. The gap between the
      deformable photoreceptor surface and the lands of the rigid applicator
      surface in such an arrangement is maintained at about 0.0005 inch or less
      to provide substantial contact between the surfaces.
PAR  The nip width in that exemplary embodiment is the zone of substantial
      contact between the two surfaces. Substantially uniform nip width, is
      achieved whenever the zone of substantial contact between the surfaces
      varies not more than about ten fold. A preferred nip width variation is
      about .+-. 50%. In the embodiment described just above, the photoreceptor
      is the deformable member. However, it is to be understood that the
      applicator may be the deformable member. The deformable member may have a
      hardness of up to about 90.degree. (as measured on a Shore A durometer).
      For producing copies of consistent sharpness and clarity a preferred
      hardness is from about 40.degree. to about 70.degree., and optimum print
      quality is achieved from about 50.degree. to about 60.degree.. An
      important aspect of the arrangement described above is the ability of the
      deformable surface to maintain its functional integrity during
      deformation. That is, the deformable member, whether the applicator or the
      photoreceptor continues to provide its intended function during
      deformation.
PAR  The establishing of a substantially uniform nip width and of substantial
      contact as the surfaces move in operative contact provides substantially
      uniform periods of time during which the liquid developer is able to move
      from the applicator valleys to the photoreceptor surface across a
      substantially uniform gap of less than 0.0005 inch. Thus, substantially
      uniform amounts of liquid developer are transferred to the photoreceptor
      in response to substantially equally charged portions of the image.
PAR  Although it is desired to maintain substantially uniform contact and
      substantially nip width between an imaging member and a developer
      applicator means adequate an expedient method to provide same have not as
      yet been successfully devised.
PAR  It is therefore an object of this invention to provide an
      electrostatographic development apparatus devoid of the above-noted
      deficiencies.
PAR  Another object of this invention is to provide a novel electrostatographic
      development apparatus wherein substantially uniform contact and
      substantially nip width is maintained between an imaging member and the
      developer applicator means to provide satisfactory development.
PAR  These and other objects are obtained in accordance with the apparatus of
      the instant invention generally speaking by providing a roller which is
      sufficiently resilient across its functional surface to maintain
      substantial contact and a substantially uniform nip width along its line
      of axial tangency with a cooperating surface, said roller comprising a
      rigid central member, a flexible sleeve, and an elastic substance
      positioned between the flexible sleeve and the rigid member, in which the
      elastic substance is axially compressed.
PAR  Photoreceptor members and applicators in the form of resilient rollers
      formed in accordance with the present invention provide for the
      development of electrostatic latent images of similar or equal potential
      by the application or deposition of substantially equal amounts of
      developer per respective image potentials. Preferably the nip width
      variation in cooperating use is not more than about ten fold, the
      resilient roller has a linear variation along its line of tangency of not
      more than about 0.002 inches and a variation from land to land of not more
      than about 0.0005 inches, and its surface hardness is in the range
      40.degree. to 70.degree. (as measured on a Shore A durometer), and
      optimumly of from about 50.degree. to about 60.degree.. Such preferred
      features provide developed images having densities corresponding to those
      of the original image.
DRWD
PAR  Referring now to the drawings, the invention is described in greater detail
      in which:
PAR  FIG. 1 shows a longitudinal sectional view of resilient roller;
PAR  FIG. 2 shows a longitudinal sectional view of another form of the resilient
      roller; and
PAR  FIG. 3 shows schematically a resilient photoreceptor roller cooperating
      with a rigid applicator roller.
DETD
PAR  Referring now to the drawings there is shown in FIG. 1 a rigid core 1,
      which comprises in this embodiment an aluminum tube. Any material suitable
      for forming a rigid roller may be used. Typical such materials are
      aluminum steel, copper, wood, hard rubber and hard plastic. The rigid
      central core may be a solid roller or a tube so long as longitudinal
      rigidity is maintained. Also shown in FIG. 1 is a sleeve 2, which is
      comprised of a material having a thickness which allows it to be flexible.
      Flexible sleeve 2, shown, is a photoreceptor sleeve which comprises an
      extruded brass substrate coated with selenium.
PAR  The photoreceptor may comprise any suitable photoconductive material coated
      on any suitable conductive base. Typical photoconductors are selenium,
      selenium alloys, halogen doped selenium and zinc oxide in a resin binder.
      Typical substrates are nickel, brass and aluminum. There may be an
      interface layer between the photoconductive material and the substrate to
      provide selected adhesive or electrical properties and there may be an
      insulating coating over the photoreceptor.
PAR  Flexible sleeve 2 has an inside diameter which is sufficiently larger than
      the outside diameter of the rigid core 1 that flexible sleeve 2 will slip
      over the rigid core 1 leaving a free space between all points on the
      inside diameter of the flexible sleeve 2 and the outside diameter of the
      rigid core 1. The flexible sleeve 2 and the rigid central core 1 are
      spaced apart by an elastic substance 3.
PAR  Any suitable elastic substance may be employed between the flexible sleeve
      and the rigid central core as seen in FIG. 1. Any rubber or rubber-like
      material, e.g., neoprene, capable of imparting resiliency to the flexible
      sleeve and evenly distributing a compressive force across the face of the
      flexible sleeve may be employed. Typical of such materials are nitrile,
      butyl, polyurethane and silicone rubbers.
PAR  The elastic substance is provided as a shaped member which is placed
      between the rigid central member and the flexible sleeve. The interfaces
      between the elastic substance and both rigid central member and the
      flexible sleeve may be lubricated. Such lubrication is observed to ease
      placement of the elastic substance between the rigid central member and
      the flexible sleeve. Although any suitable lubricant may be used, dry
      lubricants typified by graphite are preferred.
PAR  A compressive force is applied to elastic substance 3 in FIG. 1 by end
      plate 4 which is shaped so as to produce an axial compressive force when
      positioned as shown. In FIG. 1, shaped end plate 4 is on one end of the
      resilient roller; however, it is to be understood that a shaped end plate
      may be on each end of the roller. Only one shaped end plate may be used in
      which case at the opposite end a plane faced end plate or end cover is
      normally provided. The plane faced cover can be replaced by a flange fixed
      to or forming part of the central member if desired. The end plates may
      assume any shape sufficient to exert an axial compressive pressure on the
      elastic substance 3 to achieve a surface on the face of the roller of from
      about 30.degree. to about 90.degree. (Shore A durometer). The shaped end
      plates are shown in the drawings as typical means of applying compressive
      pressure to the elastic substance. Other means such as using plane faced
      end plates and providing an axially over-sized elastic substance 3 so that
      when the roller is assembled with its end plates in position, the elastic
      substance 3 is axially compressed. When compressive force is exerted
      against the elastic substance as described, the elastic substance tends to
      act like a highly viscous liquid to at least substantially evenly
      distribute the radial force exerted on the flexible sleeve 2.
PAR  Referring now to FIG. 2, a flexible sleeve 2 is spaced apart from a rigid
      central core 1 by a silicone rubber member 3. Flexible sleeve 2 in FIG. 2
      is an applicator means for use in liquid development of electrostatic
      latent images, said means comprising a pattern of lands and valleys on the
      functional surface of the sleeve. The applicator means may be made from
      any suitable flexible material having the ability to maintain a land and
      valley surface configuration during flexing and its functional integrity
      during use in an electrostalographic device. Typical such materials are
      plastic and metal foils. Also shown in the embodiment of FIG. 2 are shaped
      end plates 4 which are positioned so as to exert a compressive force on
      the elastic substance 3, sufficient to achieve surface hardness of from
      about 30.degree. to about 90.degree. (Shore A durometer). The shaped end
      plates 4 may be of any configuration which will exert a compressive force
      on rubber member 3 when the end plates 4 are in position. Although two
      shaped end plates 4 are shown in FIG. 2, it will be appreciated that other
      arrangements, such as have been described with reference to FIG. 1 can be
      provided to provide the compressive force.
PAR  Referring more specifically now to FIG. 3, there is shown schematically a
      resilient photoreceptor roller 5, working in cooperation with a rigid
      liquid developer applicator roller 6 which is formed from a hard material
      in such a way that it has grooves 7 and ridges 8 on its operating surface
      which act respectively, as valleys and lands. A liquid developer 9 is
      contained in the valleys and upon cooperative motion of the two rollers
      the liquid developer 9 is presented to the photoreceptor 5, to develop any
      electrostatic latent images thereon. As shown in FIG. 3 the line of axial
      contact between the resilient photoreceptor roller 5 and the lands of the
      applicator roller 6 is uneven. However, the resilient properties of the
      resilient roller allow substantially uniform contact and a substantially
      uniform nip width between the surface of the resilient rollers and the
      uneven ridges 8 without sufficient distortion of the surface of
      photoreceptor 5 to affect its operation. It is to be understood that in
      referring to FIG. 3 the applicator roller may be the resilient roller, and
      the photoreceptor surface may be rigid. In such a configuration the
      resilient surface of the applicator roll would flex to maintain a contact
      between its lands and the uneven surface of the photoreceptor.
PAR  Although the present examples were specific in terms of conditions and
      materials used, any of the above listed typical materials may be
      substituted when suitable in the above examples with similar results. In
      addition to the steps used to carry out the process of the present
      invention, other steps or modifications may be used if desirable. In
      addition, other materials may be incorporated in the system of the present
      invention which will enhance, synergize or otherwise desirably affect the
      properties of the systems for their present use.
PAR  Anyone skilled in the art will have other modifications occur to him based
      on the teachings of the present invention. These modifications are
      intended to be encompassed within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cylindrical member which is sufficiently resilient across its
      functional surface to maintain substantial line of axial tangency with a
      rigid cooperating surface, said roller comprising a rigid central member,
      a flexible sleeve, and an elastic substance positioned between the
      flexible sleeve and the rigid member, in which said elastic substance is
      axially compressed.
NUM  2.
PAR  2. The roller as defined in claim 1 wherein the rigid central member is
      selected from the group consisting of rigid metals, wood, plastic and hard
      rubber.
NUM  3.
PAR  3. The roller as defined in claim 1 wherein the flexible sleeve is a liquid
      developer applicator.
NUM  4.
PAR  4. The roller as defined in claim 1 wherein the flexible sleeve is a
      patterned surface, said pattern comprising recesses capable of containing
      a liquid developer.
NUM  5.
PAR  5. The roller as defined in claim 4 wherein the pattern comprises grooves
      with ridges therebetween.
NUM  6.
PAR  6. The roller as defined in claim 1 wherein the flexible sleeve is a
      photoreceptor.
NUM  7.
PAR  7. The roller as defined in claim 6 wherein the photoreceptor comprises a
      photoconductive layer on a conductive substrate.
NUM  8.
PAR  8. The roller as defined in claim 7 wherein the layer is selected from the
      group consisting of selenium and zinc oxide in a resin binder.
NUM  9.
PAR  9. The roller of claim 8 wherein the elastic substance is selected from the
      group consisting of neoprene, nitrile, butyl, polyurethane and silicone
      rubbers.
NUM  10.
PAR  10. The roller as defined in claim 1 wherein the interface between the
      elastic substance, the flexible sleeve and the rigid central member is
      lubricated.
NUM  11.
PAR  11. The roller as defined in claim 10 wherein the interface is lubricated
      by a dry lubricant.
NUM  12.
PAR  12. The roller as defined in claim 1 wherein the elastic substance is
      compressed by force applied by a shaped end plate.
NUM  13.
PAR  13. The roller as defined in claim 12 wherein there is provided a shaped
      end plate at each end of the roller.
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ABST
PAL  A system employing at least one separation roller continuously contacting
      the outside surface of a web and tracked to move in a fixed approximately
      elliptical path for compensating for web motion during separation of the
      web from another surface to enable a bead of accumulated material built up
      at the line of contact between the web and the other surface to pass
      therebetween without changing the web velocity. In a preferred embodiment,
      the system is employed in photoelectrophoretic imaging to bypass a bead of
      imaging suspension built up at the imaging nip during separation of two
      webs immediately after completion of imaging to thereby permit dissipation
      or passage of the liquid bead without changing the advancing web velocity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to accumulated material bead bypass and
      web control systems and, more particularly, their use in an improved
      photoelectrophoretic imaging system.
PAR  In the photoelectrophoretic imaging process, monochromatic including black
      and white or full color images and formed through the use of
      photoelectrophoresis. An extensive and detailed description of the
      photoelectrophoretic process is found in U.S. Pat. Nos. 3,384,488 and
      3,384,565 to Tulagin and Carreira; 3,383,993 to Yeh and 3,384,566 to
      Clark, which disclose a system where photoelectrophoretic particles
      migrate in image configuration providing a visual image at one or both of
      two electrodes between which the particles suspended within an insulating
      carrier is placed. The particles are electrically photosensitive and are
      believed to bear a net electrical charge while suspended which causes them
      to be attracted to one electrode and apparently undergo a net change in
      polarity upon exposure to activating electromagnetic radiation. The
      particles will migrate from one of the electrodes under the influence of
      an electric field through the liquid carrier to the other electrode.
PAR  The photoelectrophoretic imaging process is either monochromatic or
      polychromatic depending upon whether the photosensitive particles within
      the liquid carrier are responsive to the same or different portions of the
      light spectrum. A full-color polychromatic system is obtained, for
      example, by using cyan, magenta and yellow colored particles which are
      responsive to red, green and blue light respectively.
PAR  In photoelectrophoretic imaging generally, and as employed in the instant
      invention, the important broad teachings in the following four paragraphs
      should be noted.
PAR  Preferably, as taught in the four patents referred to above, the electric
      field across the imaging suspension is applied between electrodes having
      certain preferred properties, i.e., an injecting electrode and a blocking
      electrode, and the exposure to activating radiation occurs simultaneously
      with field application. However, as taught in various of the four patents
      referred to above and Luebbe et al., U.S. Pat. No. 3,595,770; Keller et
      al., U.S. Pat. No. 3,647,659 and Carreira et al., Pat. No. 3,477,934; such
      a wide variety of materials and modes for associating an electrical bias
      therewith, e.g., charged insulating webs, may serve as the electrodes,
      i.e., the means for applying the electric field across the imaging
      suspension, that opposed electrodes generally can be used; and that
      exposure and electric field applying steps may be sequential. In preferred
      embodiments herein, one electrode may be referred to as the injecting
      electrode and the opposite electrode as the blocking electrode. This is a
      preferred embodiment description. The terms blocking electrode and
      injecting electrode should be understood and interpreted in the context of
      the above comments throughout the specification and claims hereof.
PAR  It should also be noted that any suitable electrically photosensitive
      particle may be used. Kaprelian, U.S. Pat. No. 2,940,847 and Yeh, U.S.
      Pat. No. 3,681,064 disclose various electrically photosensitive particles,
      as do the four patents referred to above.
PAR  In a preferred mode, at least one of the electrodes is transparent, which
      also encompasses partial transparency that is sufficient to pass enough
      electromagnetic radiation to cause photoelectrophoretic imaging. However,
      as described in Weigl, U.S. Pat. No. 3,616,390 both electrodes may be
      opaque.
PAR  Preferably, the injecting electrode is grounded and the blocking electrode
      is biased to provide the field for imaging. However, such a wide variety
      of variations in how the field may be applied can be used, including
      grounding the blocking electrode and biasing the injecting electrode,
      biasing both electrodes with different bias values of the same polarity,
      biasing one electrode at one polarity and biasing the other at an opposite
      polarity of the same or different value, that just applying sufficient
      field for imaging can be used.
PAR  The photoelectrophoretic imaging system disclosed in the above-identified
      patents may utilize a wide variety of electrode configurations including a
      transparent flat electrode configuration for one of the electrodes, a flat
      plate or roller for the other electrode used in establishing the electric
      field across the imaging suspension.
PAR  There has been recently developed a photoelectrophoretic imaging system
      which utilizes web materials, which optimally may be disposable. In this
      process, the desired, e.g., positive image, is formed on one of the webs
      and another web will carry away the negative or unwanted image. The
      positive image can be fixed to the web upon which it is formed, or the
      image transferred to a suitable backing such as paper. The web which
      carries the negative image can be rewound and later disposed of. In such
      photoelectrophoretic imaging system employing disposable webs, cleaning
      systems are not required.
PAR  In photoelectrophoretic imaging systems employing a web device
      configuration, it is desirable to remove any accumulation of excess liquid
      build-up at the line of contact between the web and the other surface
      (which may be a web) to prevent bead material, at the trailing edge of an
      image, from tailing or otherwise extending into web areas to be used for
      subsequent images and thereby degrading the quality of subsequent images.
PAR  Apparatus in which surfaces including web materials are moved into and out
      of intimate pressure engagement for processing of film is generally known.
      For example, U.S. Pat. No. 3,640,204 to Gordon discloses a web processing
      device in which a web containing a processing ingredient or solution is
      brought into pressure engagement with an exposed film to effect processing
      of the film. This patent is not concerned with the problems overcome by
      the present invention, e.g., eliminating accumulation of bead material at
      the line of contact between the web and surface.
PAR  A process for removing excess liquid developer from a photoconductive
      surface is the Pneumatic Assembly Liquid Removing method and apparatus
      disclosed by Smith et al. in U.S. Pat. No. 3,741,643. In this pneumatic
      assembly liquid removing process, a system is provided wherein excess
      toner is removed from the photoconductive surface by means of apparatus
      that requires equipment that is expensive and complex in comparison with
      the instant invention.
PAR  In Mihajlov, U.S. Pat. No. 3,281,241, a bead of developer liquid is
      advanced across the surface of the imaging support member. There is no
      suggestion, however, for employing the techniques of the instant
      invention.
PAR  In earlier photoelectrophoretic apparatus which sometimes encounters this
      bead of accumulated material, Egnaczak, U.S. Pat. No. 3,673,632 and Riley,
      U.S. Pat. No. 3,686,035 provide a slot in one of the surface to collect a
      bead, the slot being periodically emptied, to solve a similar problem.
      However, it may be impossible or impractical to employ a similar
      arrangement when using relatively thin webs as the surfaces.
PAR  One system that provides a simple and economical method and apparatus to
      eliminate this tailing liquid problem, without the above noted
      disadvantages, is disclosed in the copending application Ser. No. 476,189,
      Bead Bypass by Herman A. Hermanson, filed on the same date and assigned to
      a common assignee. In this system, apparatus is employed to separate two
      surfaces to a spacing sufficient to allow accumulated bead material formed
      at the line of contact between the surfaces to pass therebetween. However,
      when separation occurs, there may be a change in web velocity due to
      corresponding changes in web length. This change in web velocity or web
      length may be reflected at other process steps that are being carried out
      contemporaneously in the system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to remove accumulations of
      materials between moving surfaces without the above noted disadvantages.
PAR  Another object of this invention is to improve cleaning techniques and
      means for the development of images of imaging systems.
PAR  A further object of this invention is to improve systems for removing
      accumulations of materials between two members moving relative to each
      other cyclically and automatically.
PAR  Still another object of this invention is to prevent or eliminate
      accumulations of materials from interfering with further images of an
      imaging system.
PAR  Another object of this invention is to improve photoelectrophoretic imaging
      systems employing a web device by eliminating image defects caused by
      accumulation of excess liquid beads, at the line of contact between
      electrodes.
PAR  Yet another object is to provide a photoelectrophoretic web imaging system
      using a minimum amount of web material.
PAR  Another object of this invention is to improve photoelectrophoretic imaging
      system by providing velocity compensation for bead bypass utilizing a
      single roller which contacts only the uncoated outside surface of the
      advancing injecting electrode.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by a system employing at least one separation roller
      continuously contacting the outside surface of a web and tracked to move
      in a fixed approximately elliptical path for compensating for web motion
      during separation of the web from another surface to enable a bead of
      accumulated material built up at the line of contact between the web and
      the other surface to pass therebetween without changing the web velocity.
      In a preferred embodiment, the system is employed in photoelectrophoretic
      imaging to bypass a bead of imaging suspension built up at the imaging nip
      during separation of two webs immediately after completion of imaging to
      thereby permit dissipation or passage of the liquid bead without changing
      the advancing web velocity.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of velocity compensating bead bypass
      systems and their use in improve photoelectrophoretic imaging systems will
      become apparent to those skilled in the art after reading the following
      detailed description taken in conjunction with the accompanying drawings
      wherein:
PAR  FIG. 1 is a side view, partially schematic drawing of a
      photoelectrophoretic imaging apparatus arrangement in which the
      accumulated bead problem arises.
PAR  FIG. 2 is a side view, partially schematic drawing for explaining the
      problem of web separation in photoelectrophoretic imaging apparatus.
PAR  FIG. 3 is a side view, partially schematic drawing of the preferred
      embodiment of this invention.
PAR  FIG. 4 is a side view, partially schematic drawing of an alternative
      preferred embodiment of this invention.
PAR  FIGS. 5 and 6 are side views, partially schematic drawings of
      photoelectrophoretic imaging apparatus for illustrating a detail according
      to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention, herein, is described and illustrated in specific embodiments
      having specific components listed for carrying out the functions of the
      apparatus. Nevertheless, the invention need not be thought of as being
      confined to such specific showings and should be construed broadly within
      the scope of the claims. Any and all equivalent structures and methods
      known by those skilled in the art can be substituted for the specific
      apparatus and methods disclosed as long as the substituted method and
      apparatus achieve a similar function. It may be that other methods and
      apparatus would be invented having similar needs to those fulfilled by the
      method and apparatus described and claimed herein, and it is the intention
      herein to describe an invention for use in apparatus other than the
      embodiment shown. For example, the invention hereof can be used in
      apparatus to separate the web from a drum or flat plate surface or any
      system or device wherein it is desirable to separate a web from another
      surface to allow for the dissipation of a bead of accumulated material
      built up at the line of contact between the surfaces.
PAR  Referring now to FIG. 1, there is shown a portion of photoelectrophoretic
      imaging apparatus for illustrating the problem of web separation which
      commonly arises in photoelectrophoretic web device imaging systems. The
      actual process steps of the web device configuration are basically the
      same process steps as used in photoelectrophoretic imaging systems
      described in patents referred to earlier and are incorporated by reference
      herein. The present description will be directed in particular to elements
      forming part of, or cooperating more directly with the present invention,
      elements of the photoelectrophoretic apparatus not specifically shown or
      described herein being understood to be selectable from those known in the
      art.
PAR  Still referring to FIG. 1, the web 13, referred to as the blocking web, is
      formed of an about 1 mil clear polypropylene blocking material. The web
      10, referred to as the injecting web, is formed of an about 1 mil Mylar, a
      polyethylene terephthalate polyester film from DuPont, overcoated with a
      thin transparent conductive material, e.g., about 50% white light
      transmissive layer of aluminum. The conductive surface of the injecting
      web 10 is connected to ground at some convenient location within the
      system. As will be made clear from the explanation that will be given
      below, by analogy, the functions of the injecting web and the blocking
      webs correspond to the functions of the injecting and blocking electrodes
      respectively, described in great detail in the four patents referenced
      earlier. Although a web is preferred as the blocking electrode in this
      invention, the blocking web may also take the form of a drum, a flat
      surface of a reusable endless belt electrode. The web device inking system
      includes an inker 2 which supplies a metered flow of ink that will provide
      a uniform ink coating of the desired thickness on the conductive side of
      the injecting web 10. In one instance, an about 14 inch film length ink
      layer is coated onto the injecting web 10 at about 1.25 mils ink film
      thickness.
PAR  When the photoelectrophoretic imaging apparatus is not in operation or at
      rest, the injecting web 10 and blocking web 13 are separated from each
      other in the retracted position. At the start of the imaging cycle, the
      injecting web 10 is driven in the direction of the arrow by a mechanical
      drive, not shown, which accelerates web 10 to a constant speed between 3 -
      20 inches per second, preferably about 5 inches per second, and the
      blocking web 13 is driven by an independent drive (not shown) in the
      direction of the arrow at a constant speed to match the speed of the
      injecting web 10. The outside surface of the blocking web 13 is entrained
      around the imaging roller 12 and the inside surface of the web 10 is
      initially out of contact with the web 13 and at the desired time is moved
      downward bringing the webs into contact forming a nip at the imaging
      roller 12. The web 10 carries a liquid coating of photoelectrophoretic ink
      or suspension which is at least intermittently applied to side 11. After
      the webs have been moved into contact, the layer of ink film is carried
      into the nip at roller 12 forming an ink-web sandwich at the nip. When the
      two webs are brought together to form the ink-web sandwich at the nip,
      which in photoelectrophoretic imaging systems may be at the imaging zone,
      the roller 12 formed, for example, of steel or conductive rubber and which
      is connected to a power source 3, may be utilized to apply a uniform
      electrical imaging field across the ink-web sandwich. Exposure is effected
      through the injecting web 10 by means comprising a light source 4,
      transparency 5, lens 6 and scanning slit 7. As the coating of ink is
      carried into the nip at roller 12, at least a portion of the liquid
      remains trapped at the entrance to the nip. Also, the combination of the
      pressures exerted by tension of the injecting web and the electrical field
      across the ink-web sandwich at the imaging roller 12, tends to cause
      excess liquid suspension to be uniformly metered out of the sandwich,
      forming a liquid bead generally designated as X, at the inlet to the
      imaging nip. This liquid bead X will remain in the inlet to the nip after
      the coated portion of the web has passed, and will then gradually
      dissipate through the nip. If a portion of the bead remains in the nip
      until the subsequent ink-film arrives, it will mix with this film and may
      thereby tend to degrade the subsequent images to be formed. One method for
      avoiding the degrading of images from this effect would be to simply allow
      lengths of web materials, not coated with suspension, to pass through the
      imaging zone, after liquid bead build-up, sufficient to allow all traces
      of the bead to pass before an imaging sequence is repeated. This method
      would entail a time delay between images and would also result in a great
      deal of waste of web material.
PAR  In order to dissipate or eliminate the bead, it is necessary to displace
      intermittently any or all of the three members of the two webs 10 and 13
      and the roller 12 so as to reduce the wrap of outer web 10 to at least
      0.degree. or to disengage the outer web 10 from contact with the web 13,
      thus permitting the excess liquid bead to pass through the nip and be
      carried away by web portions not to be imaged. The wrap angle of the inner
      web 13 may be varied as long as it remains substantially greater than that
      of the outer web 10.
PAR  Referring to FIG. 2, two further conditions must be maintained for proper
      operation of the entire process during separation and contacting of the
      webs. First, the advancing velocity of the webs through the device must
      not be altered. Secondly, the relative velocity of the webs while they
      remain in contact with each other must be zero. FIG. 2 illustrates these
      two conditions. The webs 10 and 13 are shown as being stationary and each
      securely anchored at both ends to fixed non-rotating rollers A and B, and
      between fixed non-rotating rollers C and D, respectively.
PAR  One improved method for avoiding the degrading of images caused by the
      accumulation of excess bead material is described in copending application
      Ser. No. 476,189, filed June 4, 1974, Bead Bypass by Herman A. Hermanson,
      assigned to a common assignee. In the Hermanson application, apparatus is
      employed to separate two surfaces momentarily immediately after completion
      of imaging to permit the passage of the liquid bead between image frames.
      In one mode of operation, separation of the web from another surface is
      accomplished by disengaging the movable web from the surface. The
      disengagement of the web from the surface may tend to interrupt or change
      the advancing velocity of the web and, in the case of some
      photoelectrophoretic imaging systems wherein process steps are carried out
      rather simultaneously or in a timed sequence, interference with web
      advancing velocity (or length) would be undesirable.
PAR  A solution to the problem of changed web velocity during separation is
      disclosed in the copending application Ser. No. 476,188, filed June 4,
      1974, Motion Compensation For Bead Bypass, by Roger G. Teumer, Earl V.
      Jackson and LeRoy Baldwin, assigned to common assignee. In one embodiment,
      the existing roller 12 is moved downward and an additional separator
      roller, located adjacent the injecting web 10, is moved upward at the same
      time to maintain a taut condition in the injecting web 10 during
      separation and downward during the contacting of the webs. Two rollers
      adjacent the blocking web move generally outward during separation and
      inward during contacting to maintain a taut condition in the blocking web
      13 and to meet the condition of no relative slip between the webs. In
      practice, both the path and the velocity characteristics of the motion of
      the imaging roller 12 may be more or less arbitrarily determined. It is
      also possible to more or less arbitrarily choose the path of motion of the
      three added rollers, however, the velocity characteristics of the motions
      of these three rollers must be strictly controlled in timed relation to
      the motion of the roller 12.
PAR  In another embodiment of the Teumer et al application above, the existing
      roller 12 is maintained in a fixed position eliminating any need for
      displacement or compensation of the blocking web 13. Pressure and
      separation rollers are added, one on opposite sides and adjacent to the
      injecting web 10, are utilized to displace the injecting web 10 and
      maintain a taut condition. In this instance, the path and velocity
      characteristics of the motion of the separator roller may be more or less
      arbitrarily determined so as to achieve separation of the webs. The path
      of motion of the pressure roller which is maintained in contact with the
      outside surface of the web 10, may also be more or less arbitrarily
      chosen, but its velocity characteristics must be strictly controlled in
      timed relation to the motion of the separator roller in order to
      continuously maintain a taut condition of the injecting web 10.
PAR  Referring now to FIG. 3, there is shown a side view, partially schematic of
      the preferred embodiment of an improved solution to liquid bead
      accumulation. In this embodiment, only one moving compensation roller is
      used to disengage the webs from contact during separation, and it moves
      generally along the path shown by the arrow. In contrast to the previous
      approaches in liquid bead dissipation, the path of motion for the
      compensation roller 19 may not be arbitrarily chosen and once an initial
      position is chosen, there is only one correct path of motion which will
      maintain a taut condition in the web 10 while providing separation. The
      path of travel for the compensation roller 19 will be approximately
      elliptical in shape as taken from the side view. The velocity
      characteristics of the motion, however, need not be strictly controlled
      and the motion could be generated by any convenient means, e.g., rotating
      crank and connecting rod or pneumatic cylinder. A further advantage of
      this arrangement results from the location of the moving compensation
      roller 19 on the dry or uncoated side of the injecting web 10. Considering
      the typical photoelectrophoretic web wherein a liquid coating is at least
      intermittently applied to the injecting web, timing of the motion of the
      compensation roller 19 need not be constrained by the need to avoid
      contacting this coating, as would be the case in arrangements wherein the
      separator is moved into contact with the coated side of the injecting web.
      Other advantages may also be realized in terms of the spacing of machine
      components and in the amount of web material required between coatings.
PAR  Referring now to FIG. 4, there is shown an alternative preferred embodiment
      of this invention. In this embodiment, two compensation rollers 20 and 21
      are used, and the requirements for their motion are exactly as described
      for roller 19 in FIG. 3. The compensation rollers 20 and 21 may be moved
      concurrently or sequentially, they must, however, both be in their
      respective final positions in order to achieve the full reduction of wrap
      angle to 0.degree. or, preferably, actual separation of the webs. Thus,
      there is a required positional relationship which must exist between the
      motions of the two compensation rollers 20 21. Although the FIG. 4
      embodiment of the invention requires an additional compensation roller,
      there may be a small advantage in this arrangement in that the motions of
      the two rollers 20 and 21 may be shorter than that of the single roller 19
      in the FIG. 3 embodiment, thus, a particular machine arrangement may find
      this advantage important.
PAR  Referring now to FIGS. 5 and 6, there is shown a detail of the FIG. 3
      embodiment of this invention. As recalled, the path of travel for the
      compensation roller 19 must be strictly controlled in order to achieve
      both web separation and motion compensation. During separation, the
      advancing rate for the injecting web remains constant primarily due to the
      controlled upward path taken by the compensation roller 19 which
      compensates for any slack or jerky motion which might otherwise occur in
      the web. This compensation motion is also provided in a reverse sequence
      during the return or downward path of the roller 10. Thus, the web 10
      length and advancing rate of velocity remains constant during separation
      and the contacting of the webs and this is important to other process
      steps within the system which may be occurring simultaneously or in a
      timed sequence.
PAR  The cam-like groove or track 20 is provided to control the path of motion
      taken by the compensation roller 10. One surface of the cam 20 defines the
      elliptical path taken by the roller 19. The motion for the roller 19 may
      be generated by the rotating crank and connecting rod means 21 or,
      alternatively, by the pneumatic cylinder 22.
PAR  Other modifications of the above-described invention will become apparent
      to those skilled in the art and are intended to be incorporated herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for removing a bead of accumulated suspension comprising
      particles in a liquid from the entrance to the nip of a web surface and
      another surface, successive portions of which move into contact with each
      other at the nip, comprising:
PA1  a. means for advancing successive portions of said surfaces into contact
      with each other at the nip including means to advance at least said web
      relative to the nip region so that at least the part of the bead of
      accumulated suspension on said web is advanced beyond the nip region when
      the surfaces are separated;
PA1  b. means for separating the surfaces at the nip to a spacing sufficient to
      allow the bead of accumulated suspension to pass the nip region wherein
      said separating means include compensating means for automatically
      compensating for motion during said separation whereby the advancing rate
      of velocity for the web remains constant and wherein said compensating
      means comprises:
PA2  i. at least one roller in continuous contact with the outside surface of
      said advancing web, and
PA2  ii. tracking means for providing a fixed approximately elliptical path for
      said roller, said elliptical path permitting said roller during separation
      to track in a path which always causes reduction of the wrap angle formed
      by said advancing web in contact with the other surface to cause
      separation of the two surfaces without changing the advancing velocity
      rate of the web.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each surface is a web and each
      web is advanced relative to the nip region to advance any bead portions
      carried on the webs beyond the nip region.
NUM  3.
PAR  3. Apparatus according to claim 2 including means for coating materials on
      inside portions of at least one web before being brought into contact with
      the other web at the nip, said coating material containing particles in a
      liquid which is sandwiched between the two web surfaces at the nip.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said bead of accumulated material
      comprises an imaging suspension of electrically photosensitive particles
      in a carrier liquid.
NUM  5.
PAR  5. Apparatus according to claim 4 including means for applying an electric
      field across said imaging suspension and means for exposing said imaging
      suspension at the nip to an image of activating radiation at least when
      said webs are in contact at the nip with the imaging suspension
      therebetween.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein at least one of said webs is
      transparent and wherein said imagewise exposure is through said
      transparent web.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said compensating means further
      include motion generating means for moving said roller along said defined
      path.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said motion generating means is a
      rotating crank and rod.
NUM  9.
PAR  9. Apparatus according to claim 7 wherein said motion generating means is a
      pneumatic pump.
NUM  10.
PAR  10. Apparatus according to claim 1 wherein said compensating means further
      include a second roller in continuous contact with the outside surface of
      said advancing web and second tracking means for providing a fixed
      approximately elliptical path for said second roller.
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ABST
PAL  There is provided a copying machine which is most suitable for multiple
      reproduction at high speed. The copying machine of the present invention
      employs a flat, movable sensitive screen having a number of openings or
      apertures. The image of an original is once formed on the sensitive screen
      as an electrostatic latent image. With the use of the thus formed image on
      the sensitive screen, another electrostatic latent image is formed on a
      recording paper while the screen is stationary. The recording paper is
      then passed through a developing means and a fixing means provided in the
      copying machine and discharged out to a tray. The electrostatic latent
      image formed on the sensitive screen may be used repetitively for
      obtaining multiple reproductions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a copying machine employing an
      electrophotographic process, and more particularly to a copying apparatus
      adopting an electrophotographic process using a sensitive screen having a
      plurality of apertures.
PAR  2. Description of the Prior Art
PAR  Known as the typical conventional electrophotography are a direct process
      such as for example electrofax and an indirect process such as xerography.
      The former direct process uses a specifically treated recording material
      coated with a photoconductive material such as zinc oxide. This process,
      therefore, has a problem in the image contrast as the image formed on the
      recording material lacks brightness. Moreover, due to the specific
      treatment, the recording material is heavier than the conventional paper
      and different in feed from the usual paper. Acccording to the latter
      indirect process, a high contrast and high quality image is obtained as it
      uses a usual paper as the recording material to form an image. However, in
      this indirect process, when a toner image is transferred to the recording
      material, the recording material contacts with the surface of the
      photosensitive member and further, cleaning means strongly contacts with
      the surface of the photosensitive member when the remaining toner is
      cleaned off, so that the photosensitive member is subject to damage each
      time the transfer and cleaning is practiced. Therefore, the duration of an
      expensive photosensitive member becomes shortened, resulting in high cost
      for forming an image.
PAR  The improvements for removing said drawbacks of the conventional processes
      were proposed in U.S. Pat. Nos. 3,220,324, 3,680,954 and 3,645,614. In
      these patents, a photosensitive member of a screen type or a grid type
      having a number of fine meshed openings is used. The electrostatic latent
      image is formed on a recording material by modifying ion flow through the
      screen or grid, and thereafter the recording material formed with the
      latent image is visualized. There is no necessity to develop and clean the
      screen or grid which corresponds to the photosensitive member, so that the
      duration of the screen or grid is prolonged.
PAR  In U.S. Pat. No. 3,220,324, a conductive screen coated with a
      photoconductive material is used, and an image exposure simultaneously
      with corona ion from the corona discharger is applied to a recording
      material through said screen. The corona ion flow is modified by the
      screen and an electrostatic latent image is formed on the recording
      member.
PAR  According to U.S. Pat. No. 3,680,954, a conductive grid coated with a
      photoconductive material and a conductive controlling grid are used, an
      electrostatic latent image is formed on the grid in the image form, and
      the different electric fields are formed on the grid and the controlling
      grid so as to modify the corona ion flow to form an image on a recording
      member.
PAR  In U.S. Pat. No. 3,645,614, the screen comprises an insulating material
      overlaid with a conductive material and the insulating material comprises
      a photoconductive material. An electric field preventing the passing of
      ion flow is formed at the openings for passing the ion flow as the
      electrostatic latent image is formed on the screen.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a copying machine using a sensitive screen
      having a plurality of apertures such as above-mentioned, and the first
      object of the invention is to provide a copying machine of the type
      described in which said screen plate is extremely easy to handle. The
      second object of the invention is to provide a copying machine of the type
      recited in which the screen can be arranged movable with a simple
      mechanism. The third object of the present invention is to provide a
      copying machine which is capable of producing copied images at high speed.
      The fourth object is to provide a copying machine where the screen takes
      only a minor space in the entire assembly of the machine. The other
      objects and effects of the present invention will be clarified in the
      following description of the preferred embodiments of the invention.
PAR  The above-said principal objects of the invention can be accomplished by a
      copying machine having the mechanism described in detail in the following
      discussion.
PAR  Briefly, according to the copying machine of the present invention, a
      primary electrostatic latent image is formed on a screen which is
      supported in the form of a flat plate, and then the screen, on which said
      primary electrostatic latent image was formed, is moved sidewise and
      stopped at a predetermined position, where the ion flow is modulated to
      form a secondary electrostatic latent image on a recording member. The
      latent image on said recording member is visualized by a dry or wet
      developing process or other known developing means.
PAR  In the following specification of the present invention, the term "primary
      electrostatic latent image" refers to the electrostatic latent images
      which are formed on a screen, such as above-mentioned, from the original
      according to a prescribed process, and the term "secondary electrostatic
      latent image" refers to the electrostatic latent images formed on a
      recording member having an electrically chargeable area from said primary
      electrostatic latent image by modulating the ion flow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are schematic drawings showing mechanical arrangement of a
      copying machine according to the present invention where the primary
      electrostatic latent image is formed by combination of a fixed corona
      discharger and a fixed optical system while moving a screen;
PAR  FIGS. 3 to 5 are diagrammatic drawings showing the arrangements of some
      screens usable in the machine of the present invention and the process
      involved;
PAR  FIG. 6 is a perspective view showing a screen supporting method;
PAR  FIGS. 7 to 9 are diagrammatic sketches of the copying machines embodying
      the present invention where the screen and primary electrostatic latent
      image forming means are movable relative to each other;
PAR  FIG. 10 is diagrammatic sketches of a copying machine according to another
      embodiment of the present invention in which the primary electrostatic
      latent image are formed by combination of a fixed corona discharger and an
      optical system while moving the screen, where FIG. 10(a) is a top plan
      view of the machine, FIG. 10(b) is a sectional view taken along the line
      I--I of FIG. 10(a), and FIG. 10(c) is a sectional view taken along the
      line II--II of FIG. 10;
PAR  FIGS. 11 and 12 are diagrammatic sketches of the mechanism of a copying
      machine embodying the present invention in which the secondary
      electrostatic latent image is formed with the screen kept stationary,
      where FIG. 12(a) is a top plan view of a part of the machine, FIG. 12(b)
      is a partial side view showing the secondary electrostatic latent image
      forming section, and FIG. 12(c) is a partial front view showing the
      primary electrostatic latent image forming section;
PAR  FIG. 13 is a perspective view of a microreader printer embodying the
      present invention;
PAR  FIG. 14 is diagrammatic sketches showing the mechanical arrangements of
      said printer, where FIG. 14(a) is a top plan view, FIG. 14(b) is a side
      view, and FIG. 14(c) is a front view;
PAR  FIGS. 15 to 18 are examples of the screens usable in the present invention
      and particularly suited for retention copying, the figures showing the
      arrangements of the screens and the process involved; and
PAR  FIG. 19 is a diagrammatic sketch illustrating adaptation of the screen
      shown in FIG. 15 in the machine of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention is now described in detail by way of some preferred
      embodiments thereof with reference to the accompanying illustrative
      drawings.
PAR  Referring first to FIGS. 1 and 2, there are shown the mechanical
      arrangements of an electronic copying apparatus according to the present
      invention for copying the documents or solid bodies by using a sensitive
      screen. The apparatus, generally designated by numeral 1, includes a
      container or casing 2 in which the body of the apparatus is housed, and an
      original carrier 3 holding a glass pane 4 and arranged movable in
      engagement with a guide member 5 by the operation of a driving member not
      shown. Beneath said original carrier 3 are provided lamps 6 for
      illuminating the original. The original image, when applied with lighht
      from said lamps 6, forms an image on a plate-like screen 7 through an
      optical system. The optical system comprises a first mirror 8, a second
      mirror 9, a lens assembly 10, a third mirror 11 and a fourth mirror 12
      which are arranged in that order such that the light pass of the original
      image will encircle the screen 7. The screen 7 is normally maintained
      parallel to the original carrier by a guide member 13 through a slide
      member 14 and is also arranged movable along said guide member 13 by a
      driving means, not shown, in synchronized relation with the original
      carrier 3. Below the screen 7 at the position shown in FIG. 1 is fixedly
      provided a corona discharger 15 which is suitably spaced apart from said
      movable screen 7. In the lower section of the apparatus are provided a
      cassette 16 containing the cut copying sheets 17, which are the recording
      media, and a conveyor means 18 whereby said copying sheets 17 are sucked
      up and conveyed one by one. The corona discharger 19 of said conveyor
      means 18 is designed to form a secondary electrostatic latent image on a
      copying sheet 17 and engaged with a guide member 20 through a slide member
      21. When forming the secondary electrostatic latent image, said corona
      discharger 19 is moved along said guide member 20 by an actuator means not
      shown. At the bottom of the apparatus, there are provided liquid
      developing means 22 for developing the secondary electrostatic latent
      image on the copying sheet 17, tray means 23, and a try 24 for receiving
      the completed copies. Also in the figures, numeral 25 designates a
      delivery roller for delivering the copying sheets 17 one after the other,
      26 register rollers adapted for synchronizing sheet feed with movement of
      said conveyor means 18, 27 and 28 sheet carrying rollers, and 29 and 30
      guide members therefor.
PAR  Here, an example of the screen usable in the above-described copying
      apparatus is described in relation with the electrostatic latent image
      forming process while referring to FIGS. 3 to 5. FIG. 3 shows the step for
      precharging the screen, FIG. 4, shows an image exposure step, and FIG. 5,
      shows the step for forming the secondary electrostatic latent image. In
      FIG. 3 the conductive member 32 constituting the base of the screen 31 is
      prepared either by etching or electroplating a metallic plate of silver,
      copper or brass or the like to form a number of fine openings therein or
      by interweaving the fine conductive wires of said metal into the form of a
      net. For ordinary use of the screen for electrophotographic copying in the
      office, 100 to 400 mesh is appropriate. On the conductive member 32 having
      these openings, a layer either of resin binded inorganic photoconductive
      substance such as selenium, selenic alloy zinc oxide, CdS, or lead oxide,
      etc., or of a photoconductive member 33 of an organic photoconductive
      substance is formed by spraying, vacuum evaporation or sputtering from one
      side thereof. In said screen 31, each of the conductive member 32 is
      electrically continuous, and at one side of the screen 31, a portion of
      the conductive member 32 is exposed from the photoconductive member 33. To
      the screen 31 having the structure mentioned above is applied precharge
      preferably from the side of the photoconductive member 33 with a polarity
      suitable for the characteristic of the photoconductive member 33. As means
      for effecting such precharge, corona discharger is suitable although any
      suitable conventional charging means such as a roller electrode is usable.
      By this precharging, as shown in the drawing, the charging side and the
      neighbourhood thereof of the screen 31 are charged owing to the
      interferency of the ion flow. FIG. 3 shows an example in which the screen
      31 is charged positive by corona wires of the corona discharger, but it is
      possible to charge negative. Further, the precharging can be applied
      simultaneously from both sides of the screen 31.
PAR  FIG. 4 shows the step to expose the image of an original on the precharged
      screen. In this step, either slit exposure or whole surface exposure is
      applied using transmitting light or reflecting light through the original.
PAR  In the shown embodiment, the transmitting light ray exposure is used to
      expose the screen to the original image. In FIG. 4, original is designated
      by the reference numeral 34, the arrow 35 shows the pass of light from a
      light source not shown and D shows dark area while L shows light area. In
      the light area L of the photoconductive member 33 of the screen 31, the
      image exposure decreases resistance, and the charge on the surface
      disappears. On the other hand, the charge on the photoconductive member 33
      in the vicinity of the openings at the light area L remains since the
      light quantity at this portion is small. The resistance at the dark area D
      of the photoconductive layer 33 of the screen 31 is unchanged whilst the
      charge given by the precharge remains on as it was. By the precharge step
      and the exposure step, the primary electrostatic latent image
      corresponding to the original image is formed on the screen 31.
PAR  FIG. 5 shows the step for forming the secondary electrostatic latent image
      on a recording member utilizing the primary latent image formed on the
      screen 31 according to the aforementioned steps. In this figure, 36 is
      corona wire of the corona discharger, 37 is a recording member, which
      consists of a conductive base 39 and a chargeable layer 38 of, for
      example, an insulating material. In this step, ion flow is applied to the
      recording member 37 through the screen 31 having the primary electrostatic
      latent image, and the ion flow having a polarity opposite to that of the
      precharge is suitable and is obtained by the corona discharge of D.C. or
      A.C. from the corona wire 36. In FIG. 5, negative corona discharge is
      applied. In this case, with the aid of electric sources 40 and 41, the
      potential in the positive direction becomes stronger as the distance to
      the recording member 37 from the wire 36 increases. At the light area L of
      the photoconductive member 33 of the screen 31, the electric field
      preventing the negative ion flow is formed between the portion of the
      surface of the member 33 where the charge exists and the portion where the
      charge does not exist. On the other hand, at the dark area D of the member
      33, the charge exists throughout the surface thereof and the electric
      field preventing the corona ion flow does not exist. The electric field
      affecting the ion flow is shown by the electric power lines 42. In FIG. 5,
      the power lines are shown from the negative potential to the positive
      potential contrary to the conventional case, so that the corona ion moves
      along the direction indicated by arrow. Consequently, the corona ion flow
      from the corona wire 36 at the dark area D of the screen 1 reaches the
      recording member 37 attracted by the bias potential applied to the
      conductive base 38. In the light area L of the screen 31, all ion flow
      flows into the exposed conductive member 32 and the vicinity of the
      openings and does not arrive at the recording member 37. As the result,
      the secondary electrostatic latent image conforming to the primary
      electrostatic latent image on the screen 31 is formed on the member 37.
PAR  The electrophotographic copying apparatus according to the present
      invention can be operated in the process such as described above. in the
      following discussion the process for obtaining copies from an original by
      using the apparatus 1 adapted with the above-said screen 31 will be
      clarified. First, an original such as a book to be copied is placed on the
      original carrier 4, an then the apparatus is switched on to start its
      operation, whereupon the screen 7 of the type shown in FIGS. 3 to 5 is
      actuated by a driving means, not shown, to move to the left in accordance
      with the guide member 13. The screen 7 is held in position by a frame 44
      with the side of the conductive member on top as shown in FIG. 6 or
      securely attached flatly to the frame 44 by an adhesive or by using a tape
      or the like. In the present invention, no restriction is imposed to the
      means for fixing the screen like a flat plate. It is possible to use any
      of the known wire spreading methods such as employed in the printing
      process using a wire net.
PAR  The screen 7 which has thus moved to the left in FIG. 1 is then subjected
      to corona discharging by a corona discharger 15 and is thereby sensitized.
      This precharging can be also accomplished by using a roller charger
      provided at a predetermined position, instead of using an ordinary corona
      discharger. It is also possible to charge the entire surface of the screen
      7 at one time by using a wide charger. After undergoing said precharging
      step, the screen 7 reaches a location where the image of the original 43
      illuminated by the lamps 6 is projected onto said screen through an
      optical system comprising said mirrors and lens, thus forming a primary
      electrostatic latent image on the screen. Then the screen is further moved
      along the guide member until it reaches a predetermined stop position
      shown in FIG. 2. In the meanwhile, one or more of the copying sheets 17
      contained in the cassette 16 is delivered out by the delivery roller 25
      and placed at the position on the carriage means 18 opposed to the
      position of stoppage of the screen 7. Concurrently with stoppage of the
      screen 7 at the position shown in FIG. 2, an electric field is applied
      between said screen 7 and the copying sheet 17, and the corona discharger
      19 on the side of the screen opposite from the copying sheet 17 is
      reciprocated or moved one way along the guide member 20 so as to effect
      corona discharging. When corona discharge is applied to the screen 7 which
      has formed thereon the primary electrostatic latent image, the corona ion
      flow is modulated by said primary electrostatic latent image and,
      consequently, a secondary electrostatic latent image corresponding to said
      primary image is formed on the copying sheet 17. As aforementioned, it is
      preferable to use a fixed and wide overall corona discharger, whereby it
      is possible to form the secondary electrostatic latent image in a short
      period of time. As regards the copying sheet 17, a rolled strip of copying
      sheet may be cut by a suitable cutting means into a predetermined length
      and the cut piece may be supplied to the due position below the screen 7.
PAR  The secondary electrostatic latent image thus formed on the copying sheet
      17 is then visualized by the liquid developing means 22 or other known
      developing techniques and then fixed by a known fixing means such as dry
      fixing device 23, followed by discharge of the copying sheet 17 onto the
      tray 24.
PAR  When it is desired to obtain two or more copies from the original 43 by
      using a screen that it capable of practicing repeated corona ion
      modulation on the same primary electrostatic latent image, the following
      steps are followed. That is, after the first secondary electrostatic
      latent image has been found on the copying sheet 17, the screen 7 is kept
      stationary and the first copying sheet 17 is delivered to the developing
      station 22 while feeding the next copying sheet to the predetermined
      working position on said screen 7 and the secondary electrostatic latent
      image is formed on said copying sheet by the action of the corona ion flow
      from the corona discharger 19 in the same way as said above. According to
      such retention copying process, it is possible to make best use of the
      copying operating time by returning the original carrier 3 to the starting
      position during the copying operation, thus allowing setting of the next
      original on said original carrier 3 to stand ready for the next copying
      operation. Further, in such a retention copying process, it is possible to
      incorporate means whereby should the quality of the image formed on the
      first copying sheet be found unsatisfactory, the operation of the corona
      discharger, developing time and/or other operating conditions are
      automatically or manually adjusted so that satisfactory image will be
      obtained on the ensuing copying sheets.
PAR  According to the copying apparatus of the present invention, even if the
      first primary electrostatic element image forming step is not practiced at
      high speed, the secondary electrostatic latent image forming step can be
      performed at high speed as the working parts in such step are very small
      in number, and hence the copying operation throughout the entire copying
      process is accomplished at high speed. Further, when carrying out the
      retention copying process for forming plural secondary electrostatic
      latent images from a single primary electrostatic latent image by using
      the apparatus of FIG. 1, no primary electrostatic latent image forming
      step is required and hence there is no need of operating the original
      carrier and the screen. This conduces to additional speed-up of the
      copying operation. It is to be noted that in the retention copying process
      such as described above, the corona ion flow is repetitively acted to the
      single primary electrostatic latent image for forming the secondary
      electrostatic latent images, so that it is liable that the secondary
      latent image forming conditions be changed by the changes of shape and
      properties of the screen or charges on the primary electrostatic latent
      image. Therefore, if formation of the secondary latent images is continued
      under the same conditions as initially adopted, the quality of the
      visualized copied images could be deteriorated gradually. Such unfavorable
      tendency can be corrected by adjusting the working voltage of the corona
      discharger used for forming the secondary electrostatic latent images, or
      by changing the value of the space formed by the screen or copying sheet
      and the electrode of said corona discharger, or, in case of using a
      movable corona discharger, by changing its travelling speed. Other
      correcting means include adjustment of the copying sheet delivery speed or
      developing time and re-formation of the primary electrostatic latent
      image. Such change or adjustment is practiced intermittently or
      continuously, and the initial starting conditions are automatically or
      manually restored after completion of the copying process.
PAR  Referring now to FIGS. 7 to 14, there are shown other embodiments of the
      present invention. The screen used in these embodiments is same as used in
      the apparatus of FIG. 1. Also, some parts of the apparatuses in these
      embodiments are modifications of those shown in FIGS. 1 and 2, so only the
      characteristic features of these parts are described to assist
      understanding of the operation of the respective apparatuses.
PAR  Referring first to FIGS. 7 and 8, there is shown a copying apparatus 44 of
      the type in which the original carrier 45 is fixed. In this apparatus, the
      screen 46 is fixed while the light source 47, the optical system
      comprising mirrors 48, 49, 50, 51 and lens assembly 52, and the corona
      discharger 53 move in the direction of arrow 57 in the primary
      electrostatic latent image forming step. The corona discharger 54 for
      formation of the secondary electrostatic latent image is of the overall
      discharging type. The copying sheet 55 is rolled up in cylindrical form,
      so that, in use, it is cut into a desired length by a cutter 56. In the
      figures, numeral 58 indicates feed rollers for the copying sheet 55, 59 a
      conveyance belt, 60 developing means, 61 fixing means, and 62 a tray for
      receiving and collecting the completed copies. In this apparatus 44, both
      screen 46 and optical system move simultaneously, but the corona
      discharger 54 is kept stationary in formation of the secondary
      electrostatic latent image, so that the copying speed is even higher than
      in the apparatus of FIG. 1.
PAR  The copying apparatus 63 shown in FIG. 9 is also of the type where the
      original carrier 64 is fixed. In this apparatus 63, the screen 65 is
      precharged by an overall corona discharger 66 in formation of the primary
      electrostatic latent image. Synchronized with movement of the screen 65
      toward the secondary electrostatic latent image forming station, the light
      source 67 and mirrors 68, 69 move with said discharger 66 at the speed
      ratio of 2 : 1 relative to the mirrors 70, 71. In the figure, numeral 72
      indicates a corona discharger for forming the secondary electrostatic
      latent image, 73 feed rollers for the copying sheet 74, 75 conveyance
      belt, 76 developing means, 77 fixing means, 78 tray, and 79 lens assembly
      in the optical system. The operational effect of this apparatus 63 is
      substantially the same as that of the apparatus 44 in the preceding
      embodiment. Exchange of the originals is also very easy as the original
      carrier is fixed.
PAR  FIG. 10 shows a copying apparatus 80 in which, unlike the previous
      embodiments, both original carrier 81 and screen 82 are arranged in
      juxtaposition on the same plane and they are moved in the opposite
      directions relative to each other for forming the primary electrostatic
      latent image. Tne optical system is fixed. This apparatus 80 provides
      ample space in its interior to accommodate storage therein of the cassette
      83, copying sheets 84 and developer for replenishment to the developing
      means 85. This apparatus, therefore, is very practical in use. In FIG. 10,
      (a) is a top plan view of the apparatus, (b) a sectional view taken along
      the line I--I of (a), and (c) a sectional side view taken along the line
      II--II of (a), showing a mode of projection of the original image onto the
      screen 82. In these drawings, numeral 86 indicates a corona discharger for
      effecting precharge, 87 lens assembly, 88 mirrors, 89 original
      illumination lamp, 90 glass pane mounted over the original carrier 81, 91
      guide rails for moving the carrier 81 in the direction of arrow 92
      simultaneously with but in the opposite direction to the screen 82 which
      moves in the direction of arrow 93, 94 delivery roller for delivering the
      copying sheets 94 one by one, 95 conveyance belt, 96 overall corona
      discharger for forming the secondary electrostatic latent image, 97 fixing
      means, and 98 tray.
PAR  FIG. 11 shows a copying apparatus 99 where the original carrier 100 is
      fixed. According to the apparatus, the primary electrostatic latent image
      forming step is performed by moving the corona discharger 101 to charge
      the screen 102 and then projecting the original image onto the screen 102
      by means of flash lamps 103. The copying sheet 104 is rolled up in
      cylindrical form. It is drawn out from the roll and carried by a
      conveyance means 106 such as air suction belt or electrostatic absorption
      belt and then cut into a predetermined length by a cutter 105. In the
      drawing, numeral 107 indicates a member for guiding each copying sheet
      having a secondary latent image thereon to the developing station 108, 109
      lens assembly, 110 feed rollers for feeding the copying sheet 104, 111
      overall corona discharger for forming the secondary electrostatic latent
      image, 112 fixing means, and 113 tray. This apparatus permits quick
      formation of the primary electrostatic latent image as both original
      carrier and optical system components are kept stationary. Also, there is
      required no mechanism and time for returning said both members to the
      starting position.
PAR  The copying apparatus shown in FIG. 12 has two screens 115, 116 and a fixed
      original carrier 117. In this apparatus 114, charged exposure is
      accomplished by combination of a corona discharger 118, a fixed light
      source 119 and a lens system 120 to form the primary electrostatic latent
      image on the screen 115. The screen 115 formed with the primary
      electrostatic latent image is turned about a shaft 121 and stopped at the
      secondary electrostatic latent image forming position to form the
      secondary electrostatic latent image on the copying sheet 123, which has
      been already carried to said position, by the operation of the overall
      corona discharger 122. In the meanwhile, the other screen 116 is brought
      to the starting position of the first-said screen 115, allowing formation
      of the primary electrostatic latent image of the next original on said
      screen 116. The above-said working elements behave as follows. Both
      screens 115 and 116 are pivotally supported by the shaft 121 so that they
      are revolvable on a disc-shaped support 124. Mounted on said shaft 121 is
      a gear 125 which is meshed with a gear 127 of a motor 126. The screen 115
      formed with the primary electrostatic latent image is turned with said
      disc-shaped support 124 which is rotated by the motor 126, and stopped at
      the secondary electrostatic latent image forming position to form the
      secondary electrostatic latent image on the copying sheet 123 by the
      corona discharger 122. It is possible to provide more than two screens on
      the disc-shaped support 124. Also, the optical system used in the primary
      electrostatic latent image forming step may be of a movable type such as
      shown in FIGS. 7 and 9.
PAR  When using two or more screens, it is possible to obtain desired copies
      alternately or according to the sequence of turning movement of the
      screens. Copying speed can be also increased as it is possible to form the
      primary electrostatic image on one of the screens while the secondary
      electrostatic latent image is being formed by the other screen. In FIG.
      12, (a) is a top plan view of a part of the apparatus, (b) shows the
      secondary electrostatic latent image forming station, and (c) shows the
      primary electrostatic latent image forming station. Also in the drawings,
      numeral 120 indicates feed rollers for feeding the copying sheet 123, 129
      conveyance belt, 130 developing means, 131 fixing means, and 132 pawl for
      separating the copying sheet 123 from the belt 129.
PAR  According to the copying apparatus using a plural number of screens as said
      above, it is possible to obtain colored copies by incorporating the color
      separating filters corresponding to the colors of the respective colored
      originals so as to form the primary latent images on the respective
      screens through the corresponding filters by using the developing
      solutions for colored copying.
PAR  In each of the above-described apparatuses, each screen is spread planarly
      by suitable means such as a frame as shown in FIG. 6 and is moved sidewise
      by a guide member. In the case of retention copying operation, the screen
      is stopped at the secondary electrostatic latent image forming position
      and the discharger (modulated corona ion source) alone is operated.
PAR  The copying apparatus 133 shown in FIG. 13 is a microreader printer
      embodying the present invention. FIG. 14(a) is a top plan view showing the
      internal construction of the apparatus of FIG. 13, FIG. 14(b) is a side
      view thereof, and FIG. 14(c) is a front view thereof. In FIG. 13, numeral
      135 refers to a casing of the apparatus 133 according to the present
      invention, 134 a monitoring screen, and 136 a cassette containing the
      copying sheets. The copying sheet may not necessarily be insulating paper;
      it suffices if a chargeable layer is provided on the surface. It will be
      seen that a microfilm setting member 137 is provided on the right side of
      the monitoring screen 134. There is also provided a tray 138 for receiving
      and collecting the obtained copies.
PAR  As shown in FIGS. 14(a) to 14(c), a light source assembly 139 comprising a
      lamp 140, a reflector 141, an endothermic lens 142 and a mirror 143 is
      provided below said microfilm setting member 137. The light from said
      light source 139 is projected to the microfilm through the lens 144. The
      light which has passed in conformity to the image on the microfilm is
      reflected on the first mirror 145 and then second mirror 146 to project
      the image on said microfilm to the monitoring screen 134. This situation
      is produced when the second mirror 146 stays at the position shown by the
      double-dotted chain lines in FIG. 14(a). After the desired image has been
      thus set according to the image on the monitoring screen 134, the copying
      button is now pushed, whereby the second mirror 146 is changed in its
      angle to the position shown by the dotted line to form the image of the
      microfilm on the screen 147.
PAR  During the time from push of the copying button to formation of the image,
      the screen 147 is scanned by the corona discharger 148 and thereby
      sensitized, so that the primary electrostatic latent image is formed on
      said screen 147 upon exposure of said image. The screen 147 thus formed
      with the primary electrostatic latent image is then moved along guide
      members such as rails 149 by a driving means not shown to migrate in the
      direction of arrow from the position shown by the solid line to the
      position shown by the double-dotted chain line in FIG. 14(a).
PAR  While said screen 147 is moving to the position of the double-dotted chain
      line, or the secondary electrostatic latent image forming position, a
      copying sheet 150 is taken out of the cassette 136 and delivered forward
      by the delivery rollers 151 and conveyance belts 152 until it is stopped
      in registry with the position where the screen 147 is stopped. When the
      screen 147 is at said position in FIG. 14(c), a corona ion flow is applied
      to the copying sheet 150 from the corona discharger 153 through the screen
      147. Such corona ion flow from said corona discharger 153 is modulated by
      the primary electrostatic latent image on the screen 147 and the secondary
      electrostatic latent image conforming to said primary latent image is
      formed on the copying sheet 150. The copying sheet 150 formed with the
      secondary elecrostatic latent image is further carried forward by said
      conveyance belt 152 to pass through the known types of wet developing
      means 154 and fixing means 155 to the thereby developed and fixed, and
      then carried into the tray 138 to complete the entire copying process. If
      the screen 147 is of such property that the primary latent image won't be
      decayed when forming the secondary electrostatic latent images, it is
      possible to repetitively form the secondary electrostatic latent images on
      a plurality of copying sheets from a single primary electrostatic latent
      image, thus allowing the retention copying operation.
PAR  As described above, the apparatus of the present invention is capable of
      copying the images in microfilms by adopting a screen to a known type of
      microreader. During the retention copying operation, it is possible to
      monitor the images in the other microfilm by the monitoring screen 134 for
      the next copying process. Further, as two pieces of mirrors are used in
      the optical arrangement in the described embodiments, it is possible to
      set the light pass widely, thus allowing free selection of the positions
      of the screen or of the monitoring screen. The entire apparatus can be
      also formed into a compact on-the-desk type unit.
PAR  In each of the apparatuses in the foregoing embodiments, there was used a
      screen or screens of the same type as shown in FIGS. 3 to 5. In the
      following description of the additional embodiments, the examples of the
      screen which demonstrate excellent adaptability to the retention copying
      will be discussed with reference to FIGS. 15 to 18.
PAR  In FIG. 15, each screen 156 comprises a conductive member 157 made of a
      conductive material such as stainless steel or nickel, a photoconductive
      member 158 and an insulating member 159, said members being placed in
      layers in said order. On one side of said screen 156, the conductive
      member 157 may be bared out or another conductive member may be provided.
      The conductive member 157 may be formed by etching a flat plate of a
      conductive material such as abovementioned to form a plurality of fine
      pores, or by applying electroplating on said flat plate, or by
      interweaving the metal wires into a reticulate texture. For copying
      application, said screen 156 should be from 100 to 400 meshes in
      consideration of the resolving force required. On the thus prepared
      conductive member 157 is placed a photoconductive member 158. This
      photoconductive member 158 may be formed by deposition of Se alloy or like
      material or by spray of dispersion of insulating resin containing
      particles of CdS, PbO or like substance. The thickness of this member,
      although varying depending on the type of the photoconductor used, is
      usually from 15 to 80 .mu. for best results. Overlaid on said
      photoconductor member 158 is an insulating member 159 which may be formed
      by vacuum deposition of a light-transmittable insulating material or by
      spray of an organic insulator such as high-resistance synthetic resin. The
      thickness of this insulating member 159 is determined in relation with the
      thickness of said photoconductive member 158. The primary electrostatic
      latent image is formed on this insulating member 159.
PAR  The reasons for forming the primary electrostatic latent image on the
      insulating member are that decay of charges formed thereon can be
      minimized and that the contrast attributable to the difference in the
      amount of charges of the primary latent images can be greatly intensified.
      Also, owing to limited decay of the formed charges, this method is most
      suited for the retention copying operation.
PAR  Now, the electrostatic latent image forming step is explicated, FIG. 15
      shows a precharging step. In this case, the photoconductive layer is
      formed from a semiconductor made of Se or its alloy having positive holes
      as the main carrier. According to this precharging, the insulating member
      159 is uniformly charged with negative polarity by a charging means such
      as corona discharger. As a result of such uniform charging, the positive
      holes penetrate into the inside of the photoconductive member 158 through
      the conductive member 157 and are captured at the interface between said
      photoconductive member 158 and insulating member 159. Precharging is
      performed from the side where the insulating member 159 is present (such
      side being hereinafter referred to as A side). Even if corona discharging
      is applied to the side where the conductive member is exposed (such side
      being hereinafter referred to as B side), it is hardly possible to
      effectively charge the A side.
PAR  FIG. 16 shows the results obtained when the precharged screen 156 is
      subjected to discharging by a corona discharger simultaneously with the
      original image projection with light rays or radial rays that induce a
      reaction corresponding to the properties of the photoconductive member, so
      that the surface potential of the insulating member 159 will have
      substantially positive polarity. In case of employing AC corona discharge,
      the potential ought to be zeroed due to alternate discharges of positive
      polarity and negative polarity, but actually, as there takes place
      stronger corona discharge of negative polarity than that of positive
      polarity, the surface potential of the insulating member 159 can hardly be
      rendered positive. Therefore, for providing positive surface potential,
      there is employed suitable means such as superposing a positive bias
      voltage to the AC voltage or reducing the negative current. By so doing,
      the electric field on the surface of the insulating member 159 becomes
      positive both at bright and dark sections in the original image projected
      area. However, at the dark section in the original image projected area,
      the charges on the insulating layer surface can be kept negative due to
      presence of positive charges at the interface between the insulating
      member 159 and photoconductive member 158. Such condition of the surface
      of the insulating member 159 can be also produced by using a DC corona
      discharge of the polarity opposite to that of the precharge. In case the
      photoconductive material of the photoconductive member 158 has the nature
      of slow dark decay, said projection and discharge may be practiced not
      simultaneously but in sequence. Shown in FIG. 16 is a penetration type
      original image projection method, and in this figure, numeral 160
      indicates an original and 161 light rays, while letter L indicates a
      bright section and D a dark section.
PAR  FIG. 17 shows the results as obtained when the screen 156, which has
      undergone image projection and discharging, was subjected to uniform
      overall exposure. As a result of this overall exposure, the potential at
      the dark section on said screen 156 is changed to a potential which is
      proportional to the amount of charges on the surface of the insulating
      member 159. That is, the electrostatic contrast is sharply increased to
      form the primary electrostatic latent image.
PAR  FIG. 18 shows a situation where the secondary latent image is being formed
      on a copying sheet having a chargeable layer from the thus formed primary
      electrostatic latent image on the screen 156. In the figure, numeral 162
      indicates an electrode opposed to the corona wire 163, and 164 a copying
      sheet such as an electrostatic recording sheet. This copying sheet 164 is
      positioned with a suitable space, such as 1 to 10 mm, from the A side of
      the screen 156, with the chargeable layer being directed toward said
      screen 156. Corona discharge for forming the secondary electrostatic
      latent image is accomplished by said corona wire 63. During this time, the
      potential difference changes continuously from the A side to the B side at
      the bright section on the screen 156, and an electric field as shown by
      solid line .alpha. is produced. This inhibits passage of corona ions,
      indicated by chain lines, into the opening of the screen, causing such
      corona ions to flow into the exposed portion of the conductive member 157.
      On the other hand, at the dark section on the screen 156, continuous and
      gentle change of potential takes place from the B side to the A side to
      give rise to an electric field such as shown by solid line .beta..
      Consequently, notwithstanding the fact that the corona ions are of the
      polarity opposite to that of the primary electrostatic latent image on the
      screen, said corona ions can effectively reach the copying sheet 164 in a
      form with little possibility of counteracting said latent image. Thus, in
      order to obtain the original image in the form of a positive image, it is
      required to apply a voltage of the polarity opposite to that of the
      charges on the insulating layer surface of the screen, while for obtaining
      a negative image, the polarities of both power sources 165 and 166 in FIG.
      18 are reversed. In case of applying an AC voltage as power source of the
      corona wire 163 for forming the electrostatic latent image on the screen,
      it is possible to obtain a positive image by applying a negative voltage
      to the opposed electrode 162 and to obtain a negative image by applying a
      negative voltage to said electrode.
PAR  The screen shown in FIGS. 15 to 18 is applicable to the present invention.
      FIG. 19 shows adaptation of the screen 156 to the apparatus shown in FIG.
      1. There are provided in the apparatus a corona discharger 167 having its
      backside optically opened to the screen passing section above the fourth
      mirror 12, and a lamp 168 for overall exposure. According to this
      arrangement, precharging on the screen is accomplished by the corona
      discharger 15 while said screen is moving to the secondary electrostatic
      latent image forming position, and next corona discharge is practiced by
      the corona discharger 167 simultaneous with image projection. The primary
      electrostatic latent image is formed upon overall exposure by the lamp
      168. It will be apparent that the screen 156 can be as effectively used in
      the apparatus according to the other embodiments of the present invention.
      Also, the copying sheets usable in the present invention are not limited
      to the electrostatic recording sheets described in the foregoing
      embodiments; it is possible to use thin insulating sheets made of
      polyethylene terephthalate or other like material. As for the conveyance
      means, those having a suction mechanism or those utilizing electrostatic
      absorption may be employed. If said conveyance means is made from an
      electroconductive material, it becomes possible to apply a voltage for the
      bias electric field to be created between said conveyance means and the
      corona discharging electrode or the screen.
CLMS
STM  We claim:
NUM  1.
PAR  1. A copying apparatus, for copying an image of a original onto a recording
      member, comprising:
PA1  a photosensitive screen having a plurality of apertures;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for forming a primary electrostatic latent image on said screen
      including means for applying a light image of an original to one side of
      said screen while said screen is moving in said plane, said light image
      applying means having a light image projecting portion;
PA1  means for applying said primary electrostatic latent image to said
      recordinng member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein said primary latent image
      forming means further comprises means for applying a charge to said
      screen, said charge applying means including a corona discharger, said
      corona discharger and said light image projection portion being disposed
      between the start position and the recording position.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said charge applying means
      and said light image applying means are disposed at said one side of said
      movable screen, and said apparatus further comprises corona discharging
      means operative when said screen is positioned at said recording position,
      said corona discharge means being disposed at the other side of said
      screen.
NUM  4.
PAR  4. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for applying a light image of an original to one side of said screen
      while said screen is moving in said plane to form a primary electrostatic
      latent image thereon, said light image applying means having a light image
      projecting portion;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary, wherein said primary electrostatic latent image
      forming means is deactivated while said means for forming the secondary
      electrostatic latent image on said recording member is operable;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member, wherein
      said visualizing means and said fixing means are operable to form second
      and succeeding electrostatic latent images from a single primary
      electostatic latent image.
NUM  5.
PAR  5. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures;
PA1  means for moving said screen for a start position to a recording position
      within a predetermined plane;
PA1  means for forming a primary electrostatic image on one side of said screen
      comprising means for applying a light image of an original to said one
      side of said screen while said screen is moving in said plane, said light
      image applying means having a light image projecting portion and being
      operable to move in a direction opposite to that of said screen;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary;
PA1  means for visualizing said secodary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said primary image forming
      means further comprises means for applying a charge to said screen, said
      charge applying means including a corona discharger, and said corona
      discharger and said light image projecting portion of said light image
      applying means being disposed between the start position and the recording
      position.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein said corona and the light
      image projecting portion are disposed at said one side of said movable
      screen, and said apparatus further comprises corona discharger means
      operative when said screen is positioned at the recording position, said
      corona discharger means being disposed at the other side of said movable
      screen.
NUM  8.
PAR  8. An apparatus according to claim 5, wherein said primary electrostatic
      latent image forming means is not activated while said means for forming
      the secondary electrostatic latent image on said recording member is
      operable, and said means for visualizing the secondary electrostatic
      latent image on said recording member and said means for fixing the
      visualized image on said recording member are operable to form second and
      succeeding secondary electrostatic latent images from a single primary
      electrostatic latent image.
NUM  9.
PAR  9. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for forming a primary electrostatic latent image on said screen
      including means for applying a light image of an original to one side of
      said screen at said start position to form a primary electrostatic latent
      image thereon, said light image applying means having a light image
      projecting portion;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member.
NUM  10.
PAR  10. An apparatus according to claim 9, wherein said primary latent image
      forming means further comprises means for applying charge to said screen,
      said charge applying means including a corona discharger; and
PA1  corona discharging means operative when said screen is positioned at the
      recording position;
PA1  said charge applying means and the light image projecting portion being
      disposed at one side with respect to said movable screen, and said corona
      discharge means being disposed at the other side.
NUM  11.
PAR  11. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  photosensitive screen having a plurality of apertures;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for forming a primary electrostatic latent image on said screen
      including means for applying a light image of an original to one side of
      said screen at said start position, said light image applying means having
      a light image projecting portion;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary, wherein said primary electrostatic latent image
      forming means is deactivated while said means for forming the secondary
      electrostatic latent image on said recording medium is operable;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member, are
      operable to form second and succeeding secondary electrostatic latent
      images from a single primary electrostatic latent image.
NUM  12.
PAR  12. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures and having a
      condutive member exposed at one side thereof and a photoconductive member
      exposed at the other side thereof;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for forming a primary electrostatic latent image on said screen
      including means for applying a light image of an original to one side of
      said screen while said screen is moving in said plane, said light image
      applying means having a light image projecting portion;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member.
NUM  13.
PAR  13. An apparatus according to claim 12 wherein said primary image forming
      means further comprises means for applying charge to said screen, said
      charge applying means including a first corona discharger fixedly mounted
      near the path of the movement of said screen, and said corona discharger
      and said light image projecting portion of said light image applying means
      being disposed between the start position and the recording position; and
      wherein said means for applying said primary image to said recording
      member includes a second conona discharge at the recording position,
      whereby said primary image is formed on said screen by said light image
      applying means while said screen moves toward said recording position, and
      said secondary image is formed on said recording member by said second
      corona discharger at said recording position.
NUM  14.
PAR  14. An apparatus according to claim 13, wherein said first corona
      discharger and said light image projecting portion are fixedly mounted
      adjacent the photoconductive member side of said screen, and wherein said
      second corona discharger is disposed adjacent to that side of said screen
      where the conductive member is provided whereby said primary image is
      formed on said screen by said light image applying means while said screen
      moves toward said recording position, and said secondary image is formed
      on said recording member by said corona discharger at said recording
      position.
NUM  15.
PAR  15. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures and having a base
      conductive member exposed at one side thereof and a photoconductive member
      exposed at the other side thereof;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for applying a light image of an original to one side of said screen
      while said screen is moving in said plane to form a primary electrostatic
      latent image thereon, wherein said primary electrostatic latent image
      forming means is deactivated while said means for forming the secondary
      electrostatic latent image on said recording member is operable;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary;
PA1  means for visualizing said seconary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member, wherein
      said means for visualizing and fixing said image on said recording member
      are operable to form second and succeeding secondary electrostatic latent
      images from a single primary electrostatic latent image;
NUM  16.
PAR  16. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures and including a
      base conductive member having a plurality of apertures, photoconductive
      member substantially covering said base member, and an insulating member
      substantially covering said photoconductive member, a part of said
      conductive member being exposed at one side of said screen, and the other
      side of said screen and inside portions of said apertures of said screen
      being covered with said insulating member;
PA1  means for reciprocally moving said screen from a start position to a
      recording position within a predetermined plane;
PA1  means for forming a primary electrostatic latent image on said screen
      including means for applying a primary charge to said screen, means for
      applying a light image of an original to said other side of said screen,
      means for applying secondary charge to said screen substantially
      simultaneously with application of the light image, and means for applying
      overall exposure of said screen while said screen is moving in said plane;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member.
NUM  17.
PAR  17. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures and including a
      base conductive member having a plurality of apertures, photoconductive
      member substantially covering said base member, and an insulating member
      substantially covering said photoconductive member, a part of said
      conductive member being exposed at one side of said screen, and the other
      side of said screen and inside portions of said apertures of said screen
      being covered with said insulating member;
PA1  means for moving said screen from a start position to a recording position
      with a predetermined plane;
PA1  means comprising a first corona dischrger for applying a primary charge to
      said screen;
PA1  means for applying a light image of an original to said other side of said
      screen, said light image applying means having a light image projecting
      portion;
PA1  means comprising a second corona discharger for applying a secondary charge
      to said screen;
PA1  means for applying overall exposure of said screen while said screen is
      moving in said plane to form a primary electrostatic latent image thereon;
PA1  means including a third corona discharger for applying said primary
      electrostatic latent image to said recording member at said recording
      position, thereby forming a secondary electrostatic latent image on said
      recording member while said screen remains stationary;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member, wherein
      said light image projecting portion of said means for applying a light
      image, said means for applying overall exposure of said screen, and said
      corona dischargers are disposed between the starting position and the
      recording position of said screen.
NUM  18.
PAR  18. An apparatus according to claim 17, wherein said first corona
      discharger, said light image projecting portion, said second corona
      discharger and said overall exposure means are fixedly mounted along the
      path of said screen in the order named from the starting position of said
      screen.
NUM  19.
PAR  19. An apparatus according to claim 17, wherein said first corona
      discharger, said second corona discharger and said light image projecting
      portion are disposed near the path of said screen and at that side of said
      screen where said insulating member is present, and wherein said third
      corona discharger is disposed at the opposite side, whereby said primary
      image is formed on said screen while said screen moves toward said
      recording position, and said secondary image is formed on said recording
      member by said third corona discharger at said recording position.
NUM  20.
PAR  20. A copying apparatus, for copying an image of an original onto a
      recording member, comprising:
PA1  a photosensitive screen having a plurality of apertures and including a
      base conductive member having a plurality of apertures, photoconductive
      member substantially covering said base member, and an insulating member
      substantially covering said photoconductive member, a part of said
      conductive member being exposed at one side of said screen, and the other
      side of said screen and inside portions of said apertures of said screen
      being covered with said insulating member;
PA1  means for moving said screen from a start position to a recording position
      within a predetermined plane;
PA1  means for applying primary charge to said screen;
PA1  means for applying a light image of an original to said other side of said
      screen;
PA1  means for applying secondary charge to said screen;
PA1  means for applying overall exposure of said screen while said screen is
      moving in said plane to form a primary electrostatic latent image thereon;
PA1  means for applying said primary electrostatic latent image to said
      recording member at said recording position, thereby forming a secondary
      electrostatic latent image on said recording member while said screen
      remains stationary, wherein said means for forming a primary electrostatic
      latent image is deactivated while said means for forming the secondary
      electrostatic latent image on said recording means is operable;
PA1  means for visualizing said secondary electrostatic latent image on said
      recording member; and
PA1  means for fixing said visualized image on said recording member, wherein
      said means for visualizing and fixing the secondary electrostatic latent
      image on said recording member are operable to form second and succeeding
      secondary electrostatic latent images from a single primary electrostatic
      latent image.
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PAL  An electrophotographic fixing device which is fundamentally constructed by
      assembling a heat fusing roller made of a resilient material, a rigid
      press-contacting roller, and a heating roller, wherein the heat fusing
      roller is provided at a position to contact a copying material at the side
      thereof bearing a developed image, and has its surface heated by means of
      the heating roller, and wherein the copying material is pressed against
      the heat fusing roller by the press-contacting roller to complete the
      image fixing. The fixing device further includes means to apply an
      appropriate quantity of an image separating agent onto a front end part of
      a non-fixed reproduced image on the copying material, over a certain
      width, the device being provided at a position immediately preceding the
      fixing device and actuated by a timer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electrophotographic fixing device for an
      electrophotographic reproduction apparatus, wherein a heat fusible
      developed image formed on a reproduction material is thermally fixed. In
      more detail, the present invention is particularly concerned with an
      improved electrophotographic fixing device of a heat roller type, wherein
      various advantages are perfectly realized, such as reduction in length of
      the preheating time, simplification in maintenence, miniaturization in the
      fixing device, stabilization in image-fixing and forwarding of the
      reproduction material, and prevention of the reproduction material from
      wrapping around the roller.
PAR  2. Description of the Prior Art
PAR  There has heretofore been known a heat roller type fixing device of this
      sort, wherein one of a pair of the rollers, which contacts the side of the
      reproduction material bearing the developed image, is made in the form of
      a heat-conductive tube, in which a source of heat is provided, and the
      other roller is constructed in the form of a resilient roller. According
      to this construction of the fixing device, the heat conductivity of the
      roller which is at the side of the developed image is satisfactory, and
      its thermal fixation is found to be superior. On the other hand, however,
      since the surface of the developed image is press-contacted by the
      resilient roller against the surface of the tubular roller having a hard
      surface, the reproduction material is liable to deform by curving along
      the peripheral surface of the hard tubular roller with the consequence
      that the reproduction material tends to cause wrapping around the hard
      tubular roller along with adhesivity of the molten developing agent. This
      tendency has been considerably accelerated as the fusibility of the toner
      becomes better and better. In order, therefore, to prevent the
      reproduction material from sticking around the roller surface, it has
      become essential that, on the surface of the roller which contacts the
      developed image side of the reproduction material, an offset prevention
      liquid for the developed image be applied to prevent the reproduction
      material from sticking around the roller. However, since most of this
      offset prevention liquid is usually fatty in nature, and is therefore
      liable to contaminate the reproduction material upon its adhesion thereto,
      there have been brought about grave obstructions such as unsmooth
      hand-touch on the surface of the reproduction material after completion of
      the reproduction operation, incompatability of the surface of the
      reproduction material with ink, when manuscript in ink becomes necessary
      thereon, contamination of air due to evaporation of the offset prevention
      liquid, and so on.
PAR  On the other hand, it has been contemplated that a resilient roller be used
      as the roller to contact the developed image side of the reproduction
      material so as to avoid wrapping of the reproduction material around the
      roller, from which a favorable result has been obtained. In this case,
      however, as the heat source is placed within the resilient tubular body
      which is usually inferior in its heat conductivity, a considerably long
      time is taken to obtain the surface temperature of the roller required for
      the thermal fusion of the toner, which has been the cause for the long
      waiting time until the reproduction operation starts, hence this does not
      satisfy the practical requirements.
PAC  SUMMARY OF THE INVENTION
PAR  With the afore-metioned existing problems as to the electrophotographic
      fixing device in mind, it is the primary object of the present invention
      to provide a highly ideal electrophotographic fixing device which has
      perfectly solved the defects in the conventional device as mentioned in
      the foregoing.
PAR  It is another object of the present invention to provide an
      electrophotographic fixing device which posesses good thermal fusing
      efficiency and a shortened waiting time for the commencement of the
      reproduction operations.
PAR  Another object of the present invention is to provide an
      electrophotographic fixing device which does not cause any offsetting of
      the developed image on the rollers and to provide a highly ideal
      electrophotographic fixing device, wherein the reproduction material does
      not wrap around the roller surface.
PAR  A further object of the present invention is to provide an improved
      electrophotographic fixing device, in which no undesirable effect due to
      vapor of the offset prevention liquid would take place.
PAR  The foregoing object and other objects as well as the construction,
      function, and resulting effects of the proposed fixing device according to
      the present invention will become more apparent from the following
      detailed description when read in conjunction with the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 is a side elevational view illustrating the construction of the
      electrophotographic fixing device according to the present invention;
PAR  FIG. 2 is a graphical representation showing temperature distribution of
      the surface temperature of the heating rollers;
PAR  FIG. 3 is another graphical representation showing temperature variations
      on the surface of each roller for the fixing device according to the
      present invention;
PAR  FIGS. 4A through 4F inclusive are respectively operational diagrams of the
      device according to the present invention;
PAR  FIG. 5 is a fragmentary enlarged side elevational view of the device shown
      in FIG. 1;
PAR  FIG. 6 is a longitudinal cross-section of the electrophotographic fixing
      device according to the present invention;
PAR  FIG. 7 is a cross-sectional view taken along the line A-A' in FIG. 6 and
      viewed in the arrow direction;
PAR  FIG. 8 is a cross-sectional view taken along the line B-B' in FIG. 6 and
      viewed in the arrow direction;
PAR  FIG. 9 is a cross-sectional view taken along the line C-C' in FIG. 6 and
      viewed in the arrow direction;
PAR  FIGS. 10A through 10F are respectively operational diagrams of the device
      according to the present invention;
PAR  FIG. 11 is a schematic side elevational view showing a construction of a
      device for applying an image removing agent according to the present
      invention; and
PAR  FIGS. 12 through 19 are respectively preferred embodiments of the
      electrophotographic fixing device according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The electrophotographic fixing device according to the present invention
      can be realized by providing a resilient roller as the heat fusing roller
      which contacts the side of the reproduction or copying material on which a
      developed image is held, and by heating this resilient roller surface from
      outside, and causing the copying material which holds the developed image
      to pass between the heat fusing roller and a press-contacting roller,
      thereby completing the image fixing. Then an appropriate quantity of an
      image removing agent is applied to the surface of an unfixed reproduction
      image with a certain definite width at the front end part in the
      forwarding direction thereof through a device which is provided at a
      position immediately preceding the fixing device along with a timer device
      to detect arrival of the unfixed reproduction image, thereby attaining the
      purpose of the invention.
PAR  Detailed explanations of the electrophotographic fixing device in
      accordance with the present invention will follow in reference to the
      accompanying drawings.
PAR  Referring first to FIG. 1, which indicates one embodiment of the fixing
      device according to the present invention, a reproduction or copying
      material C holding thereon a developed image D is fed through a guide
      plate 1 into a position between a heat fusing roller 2 and a roller 3
      press-contacting thereto. The heat fusing roller 2 has been preliminarily
      heated by a heating roller 4 so as to promptly fix the developed image
      held on the copying material by means of the heat fusion. The copying
      material C, onto which the developed image D has been fixed, is then
      forwarded by passing between the heat fusing roller 2 and the
      press-contacting roller 3, and is finally discharged outside along the
      guide plate 5. Accordingly, there tends to occur curving of the
      reproduction material which has been pressed by the resilient heat fusing
      roller toward the rigid press-contacting roller 3, and the reproduction
      material is prone to wrap around this resilient roller. However, as the
      fused image on the copying material draws the copying material toward the
      resilient roller, the force therebetween becomes extreme to prevent the
      copying material from wrapping around both rollers.
PAR  The details of the operation at every part of the device will be explained
      hereinbelow.
PAR  The heating roller 4 is in a hollow tubular shape and made of a material
      having good heat conductivity such as brass, aluminum, and so forth,
      within which a source of heat 6 such as an infrared ray lamp, etc. is
      accommodated. The inner wall of the hollow tubular roller is preferably
      coated with black paint, black plating, and so forth. The heating roller
      also tends to lower its temperature in the vicinity of both its ends in
      the axial direction thereof, because heat usually escapes outside through
      the bearing portion of the roller. In order to rectify this tendency, it
      is advisable that the exothermic density is so adjusted as to increase the
      density at both ends of the hollow tubular roller in its axial direction
      by various means such as application of the black paint, etc. on the inner
      wall surface of the above-mentioned hollow tubular roller only at its both
      ends in its axial direction, or provision of an infrared ray heater, and
      so on. FIG. 2 indicates the experimental data of the state of distribution
      of the surface temperature on the heating roller, in which the encircled
      numeral 1 indicates a case, wherein no coating is applied on the inner
      surface of the aluminum hollow tubular roller; the encircled numeral 2
      indicates a case, wherein a black paint is applied at both end parts of
      the inner wall surface of the hollow tubular roller in the axial direction
      thereof; and the encircled numeral 3 indicates a case, wherein the entire
      inner wall surface of the hollow tubular roller is coated with the black
      paint. The heat fusing roller should preferably consist of a refractory
      resilient substance such as silicone rubber, etc. having a hardness of
      approximately 18.degree. to 30.degree.. For the press-contacted roller, a
      rigid material may be used.
PAR  Since a heat fusing roller of an elastic material is made to contact with
      the side of the copying material where the developed image is held, the
      separation of the copying material from the surface of the heat fusing
      roller has become satisfactory. Further, as has already been mentioned in
      the foregoing, since the resilient roller is low in its heat conductivity,
      when it is heated from its interior, the rising of the surface temperature
      thereof is slow and the temperature in the inner surface of the resilient
      material increases with the result that the resilient substance becomes
      liable to deteriorate by heat, or exfoliate due to destruction in
      adhesivity. In contrast to this, when the heating roller is separately
      provided to heat such heat fusing roller from outside as in the present
      invention, the image fixing can be achieved by heating only the surface
      layer of the heat fusing roller, and the temperature in the center part of
      the roller may be made lower than that at the surface thereof with the
      consequent reduction in the thermal deterioration of the resilient body or
      substance, hence a higher surface temperature can be applied to the roller
      surface. In such case of the external heating method, it is better to use
      rubber or like heatinsulating material having a low heat conductivity and
      a high adiabatic effect to constitute the heat fusing roller than to use
      metallic material of high heat conductivity, because, with such material
      of low heat conductivity, there is no inward dispersion of heat and the
      initial temperature rising characteristic is satisfactory.
PAR  As to the press-contacting roller, it is preferable that the surface of
      such press-contacting roller 3 constituted with a rigid material be
      provided thereon with an exfoliative coating of high heat resistance such
      as Teflon (a trademark for tetrafluoroethylene of E. I. du Pont de Nemour
      & Co.), and so forth in a thickness of 30 microns. The surface temperature
      of such press-contacting rigid roller should normally be lower than that
      of the resilient heat fusing roller by 10.degree. to 30.degree.C. The
      coating of the surface with such high heat resistant, exfoliative
      substance is to prevent the copying material from wrapping around the
      press-contacting roller in the case of forming powder images on both
      surfaces of the copying material. For this purpose, it is preferable that
      the temperature of the press-contacting roller be maintained by the heat
      transmitted from the heat fusing roller alone.
PAR  Explaining now the temperature conditions of each roller which has been
      detailed hereinabove, since the resilient heat fusing roller is adiabatic
      in comparison with the metallic press-contacting roller, the rise in its
      surface temperature is quick, and the lowering of its surface temperature
      due to contact with the object such as recording paper, etc. supported
      thereon is also rapid, hence it is desirable to construct the roller in
      such a way that the diameter of the press-contacting roller be made
      smaller than that of the heating roller so as to increase its frequency to
      contact with the heating roller, or the set temperature of the heating
      roller be changed over to be made higher only at the time of passage
      therethrough of the reproduction material. FIG. 3 represents experimental
      data in relation to variations in the surface temperature of each roller
      in connection with the set temperature of the heating roller. In this
      graphical representation, the encircled numeral 4 denotes the surface
      temperature of the heating roller, the encircled numeral 2 designates the
      surface temperature of the heat fusing roller, and the encircled numeral 3
      indicates the surface temperature of the press-contacted roller. In the
      drawing, the dash line (-----) particularly denotes the set temperature of
      a temperature control device which is slidable along the heating roller
      and indicates a case, wherein the set temperature is changed over at the
      time of passage of the reproduction material. In this case, if the set
      temperature is not changed over, the temperature of the elastic heat
      fusing roller becomes lower as shown by the dot-and-dash line (- .sup.. -
      .sup.. -). However, by this change-over of the set temperature, the
      temperature of the heating roller increases to augment the feeding amount
      of heat to the roller, hence the temperature of the heat fusing roller can
      be maintained substantially constant.
PAR  Application of pressure onto each of the rollers may be done by any means
      such as interposing the rubber roller between the outer heating roller and
      the inner press-contacting roller with a spring-spanning construction
      being applied on both rollers. However, pressure can also be applied to
      this resilient roller without use of the spring structure by leaving a
      fixed gap between the outer heating roller and the inner press-contacted
      roller which is made smaller than the outer diameter of the heat fusing
      resilient roller, and pushing the heat fusing resilient roller between
      them. In this case, there accrues such advantage that the resilient roller
      maintains a constant amount of deformation irrespective of fluctuation in
      hardness of the resilient roller, hence the contact time of the rubber for
      the image fixing can be advantageously maintained constant. In particular,
      when the three rollers are in one and the same plane, the durability of
      the resilient roller becomes advantageously higher without causing any
      abnormal deforming force on the resilient roller per se.
PAR  In the following, explanations will be made in reference to FIGS. 4A
      through 4F inclusive as to the mechanism for shifting the heat fusing
      resilient roller, depending on necessity, between the heating roller and
      the press-contacting roller which have been provided at their respective
      fixed positions.
PAR  In FIG. 4A, the heat-fusing resilient roller 2 which is at a non-contact
      position with the rigid heating roller 4 and the press-contacting roller
      3, both having their own fixed shaft or axle, and which has its own
      shiftable axle is caused to move in the horizontal direction between the
      rollers 3 and 4 with the driving of the press-contacting roller 3 by means
      of an external force such as plunger, etc. (not shown). The heat fusing
      resilient roller 2 is given its rotational force by its contact with the
      press-containing roller 3. On the other hand, the heating roller 4 is
      inhibited its rotation by a stopper 8 which has fallen into a groove 7
      provided at one end part of the roller axle. As the result of this, when
      the heat fusing resilient roller 2 contacts the heating roller 4, it
      receives a wedging action by the press-contacting roller 3, and shifts
      between the rollers 3 and 4 with the elastic pressure being impressed
      thereon as shown in FIG. 4C.
PAR  The heat fusing roller 2 causes the stopper 8 to separate from the groove 7
      by urging an arm 9 of the stopper 8, in consequence of which the driving
      of the press-contacting roller 3 is transmitted from the heat fusing
      roller 2 to the heating roller 4. The stopper arm 9 when urged by the heat
      fusing roller 2 is stopped at a positioning stopper 10. When the
      press-contacting roller 3 ceases its driving, the heat fusing roller 2 is
      pulled back to the state as shown in FIG. 4A by the plunger (not shown).
      As shown in FIG. 4C, if the stopping position of the heat fusing roller 2
      is forward the plane forward between the axes of the rollers 3 and 4 as
      shown in FIG. 4D, instead of pulling the heat fusing roller 2 back to its
      interposed position as shown in FIG. 4C, the heat fusing roller 2 is urged
      in the horizontal direction between the roller axes during its rotation by
      the press-contacting roller 3 in its driving operation. However, when the
      press-contacting roller 3 ceases its driving operation, the heat fusing
      roller 2 returns to its position 2' of elastic restitution by the elastic
      force of its own. Thus, the plunger for returning the heat fusing roller 2
      to its position of restitution can be dispensed with. Otherwise, if the
      heat fusing roller 2 and the press-contacting roller 3 which is in driving
      operation are mutually in contact therewith as shown in FIG. 4B, not being
      in a separated condition as in FIG. 4A, the heat fusing roller 2 can be
      inserted between the rollers 3 and 4 as shown in FIG. 4C by the rotational
      force of the press-contacting roller 3 only without any external force
      whatsoever as by the plunger, when it is to be inserted therebetween.
      Incidentally, besides the positional relationship as in FIG. 4C and 4D,
      when the three rollers are positioned as in FIG. 4F, the heat fusing
      roller 2 is urged toward the stopper arm 9 with the result that the
      position of the roller becomes extremely advantageously stable.
PAR  As mentioned in the foregoing, the fixing device according to the present
      invention can be highly simplified in its driving system. On the other
      hand, as the heat fusing resilient roller does not have the heating device
      therewithin, thermal deterioration of the elastic substance constituting
      the roller becomes considerably reduced, hence the life of the roller is
      longer, its exchangeability is facilitated, and the manufacturing cost
      thereof can be remarkably reduced. Further, even if the diameter of the
      heat fusing roller is made small, the pressure to be applied thereon is
      maintained uniform in its distribution, since the pressure is applied by
      the heating roller 3 and the press-contacting roller 4 to produce the
      least flexure thereon. Also, as the heat fusing roller 2 is heated by only
      an external means, the elastic layer for the heat fusion can be made
      thicker on this heat fusing roller 2 with the consequence that the
      adiabatic effect of the roller can be increased so that the surface
      temperature rises within a short period of time.
PAR  Throughout this specification, the term "reproduction material" or "copying
      material" is used as has been done in the foregoing. It should be
      understood that the term includes all sorts of recording material for
      electrophotography, on which an image is to be reproduced, such as a
      transfer sheet in the conventional development-transfer system, an
      electrophotographic sensitive paper used in the conventional electrofax
      system, image transfer material in the conventional electrostatic image
      transfer and development system, and electrostatic recording paper which
      is subjected to development upon formation of an electrostatic latent
      image directly on any object such as bottles, tubes, etc., and any other
      like materials.
PAR  FIG. 5 is a detailed fragmentary side elevational view showing the contact
      portion between the heat fusing roller 2 and the press-contacting roller 3
      of the fixing device shown in FIG. 1. The structural details and
      operations of every part will now be explained hereinbelow.
PAR  The resilient roller 2 which is at the driven side of the roller assembly
      where deformation has occurred by the rigid press-contacting roller 3
      creates an internal tensile stress at the encircled portion a with its
      contact surface being subjected to the leftward force due to its friction
      with the press-contacting roller 3 at the driving side at the elastic
      deforming portion thereof, and undergoes, inversely, the compression
      stress at the encircled portion b, whereby the elastic member constituting
      the heat fusing roller 2 concentrates on this encircled portion b owing to
      non-equilibrium of force, and the radius of curvature 1/R.sub.1 becomes
      inevitably very large. In consequence of this, the adhesive force between
      the developing agent and the elastic member of the roller 2 is defeated by
      the steadiness or tenacity of the reproduction material C to become
      readily separated with the result that the reproduction material C tends
      to move along the outer peripheral surface of the press-contacting roller
      3.
PAR  While the peeling action can be expected from the deformed elastic roller,
      even if both rollers 2 and 3 are subjected to the driving action, it has
      been verified that a more remarkable effect can be achieved by bringing
      both these rollers into the driving and driven relationship as already
      mentioned above.
PAR  As the second advantage of this roller assembly, there can be pointed out
      the improvement in the cleaning capability by the topmost heating roller
      4. As in the preceding explanation, it will be appreciated that, as the
      same phenomenon of the deformation as at the contact surface between the
      heat fusing resilient roller 2 and the lower rigid press-contacting roller
      3 takes place at the contact surface between the heat fusing resilient
      roller 2 and the top heating roller 4, there always occurs slipping to
      some extent between these contacting rollers, even if the apparent number
      of revolutions of these two top and bottom rollers is same, when the
      single element surface in the press-contacted surface between the rollers
      is taken into consideration. At the same time, the level of the
      temperature in the roller assembly differs in the order of the heating
      roller 4.gtoreq. heat fusing roller 2.gtoreq. press-contacting roller 3.
      As seen, the temperature of the heating roller 4 is the highest, and the
      developing agent has a corresponding property which tends to be fused with
      this roller 4. On account of this, the roller 4 provides improved cleaning
      capability in conjunction with the slipping effect of the abovementioned
      element surface. In other words, since the developing agent adhered onto
      the rollers 2 and 3 as the contaminant is immediately collected at the
      surface of the roller 4, the surfaces of the roller 2 and 3 are assured to
      have satisfactory image fixing capability. It goes without saying that, in
      this case, the slipping effect of the single element surface should be
      within such extent that does not affect resolution, sharpness, etc. of the
      reproduced image.
PAR  The third advantage to be derived from the roller assembly according to the
      present invention is that smooth forwarding of the copying material is
      assured. In other words, since the intermediate heat fusing resilient
      roller 2 is in a smaller diameter than the diameters of the upper and
      lower rigid rollers 3 and 4, and is interposed therebetween in a
      press-contacted manner, the pressure in the axial direction of the roller
      2 can distribute uniformly at the press-contacted surface, however small
      the diameter of the roller 2 may be made. Accordingly, even when a thin
      sheet material such as recording paper, etc. is caused to pass through the
      rollers 2 and 3, the pressing force would act uniformly thereon with the
      consequence that there is exhibited an effect such that no furrows,
      curvings, etc. may occur. Also, since the diameter of the roller 3 is
      larger than that of the roller 2, the paper itself is subjected to very
      little curling in spite of its being extended along the outer peripheral
      surface of the roller 3, so that such curling, if it occurs, can be
      restrained to an extent that does not bring about any practical trouble
      and inconvenience. There has usually been a tendency due to a desire to
      prevent paper or other thin sheet material from winding around the
      resilient roller, to make the diameter of the rigid press-contacting
      roller as small as possible. However, this increases the curling
      phenomenon so that the copy sheets cannot be placed in a uniformly flat
      manner when it is accumulated within a receptacle such as a receiving
      tray, and the like; rather, a serious disadvantage results in that the
      sheets are scattered in all directions making it difficult to neatly
      arrange them upon completion of the reproduction. However, by reducing the
      outer diameter of the intermediate resilient roller 2, the copying
      material is inhibited from wrapping around the roller, and there takes
      place no curling of the sheet. Accordingly, the sheets after their passage
      through the fixing device are received automatically and regularly into
      the tray or other kinds of receptables. This is a particularly important
      capability with automatic reproduction machinery which makes a multitude
      of copies.
PAR  As the fourth advantage of this roller assembly, there can be pointed out
      the effect of external heating. As has already been mentioned in the
      foregoing, heating of the resilient roller 2, which is inferior in its
      heat-conductivity, from outside by means of the roller 4 makes it possible
      to shorten the waiting time until the reproduction operation starts. Taken
      together with this shortened waiting time, it becomes also possible to
      precisely control the roller temperature, and a narrow range of
      temperature variation can be constantly established accordingly. That is
      to say, the resilient roller 2, only the outer peripheral surface of which
      has been heated, has its temperature decreased only at its surface part by
      contacting the sheet fed thereinto. And, in the next moment, upon passage
      of the sheet therethrough, the roller is again heated in the same manner.
      On account of repetition of such simple operation, very quick response to
      the temperature decrease becomes possible. Such effect can be derived from
      the fact that, since the heating is carried out from the surface side of
      the developing agent, the required amount of heat need be sufficient only
      to heat the developing agent and one side surface of the sheet to a
      certain temperature level, and that the amount of heat is also difficult
      to be affected by the thickness of the copying material, hygroscopicity of
      such copying material, and so on.
PAR  FIG. 6 indicates a longitudinal cross-section of the electrophotographic
      fixing device according to the present invention. FIG. 7 is a
      cross-sectional view of this fixing device taken along the line A-A' in
      FIG. 6, and viewed in the direction of the arrow. FIG. 8 is also a
      cross-sectional view of the same fixing device taken along the line B-B'
      in FIG. 6 and viewed in the same direction as in FIG. 7. FIG. 9 is another
      cross-sectional view of the device taken along the line C-C' and viewed in
      the feathered direction of the arrow mark. In the following, the fixing
      device will be explained in detail in reference to these figures of
      drawings.
PAR  The basic frame of the electrophotographic fixing device according to the
      present invention includes a first side plate 12 and a second side plate
      13 fixedly secured on a rail 11 which is slidably fitted on a rail stand
      (not shown) for mounting the fixing device, which, in turn, is fixed on
      the main body of the electrophotographic reproduction apparatus.
PAR  The heating roller 14 is made of a metallic material of good heat
      conductivity such as aluminum, brass, and so on, and its hollow interior
      portion accommodates a heat source 15 of, for example an infrared ray
      resistance heating element, etc., and the inner wall surface thereof is
      coated with black paint, black plating, etc. to ameliorate the heat
      absorption capability. The wall thickness of the heating roller should be
      preferably as thin as possible within an extent that withstands any
      mechanical force both outside and inside so as to shorten the time period
      within which the surface temperature of the roller reaches a predetermined
      temperature level. In this case, however, temperature fluctuations tend to
      occur, not infrequently, at every point on the surface of the roller, and,
      in order to remove such temperature fluctuations, it is advisable to apply
      a thin coat of a heat resistant, adiabatic material such as, for example,
      Teflon, and so forth on the roller surface. If, in this coating operation,
      the thickness of the coating layer is made too thick, a longer time will
      inevitably be taken until the surface temperature of the heating roller
      arrives at its predetermined temperature.
PAR  The abovementioned first and second side plates respectively are further
      provided with movable plates 17 and 18 which are movable in the up and
      down direction on the fulcrum of a supporting bolt 16 fitted in each of
      these side plates, and the heating roller 14 is axially held in a freely
      rotatable manner by a bearing 20 in a bearing case 19 which adjoins each
      of the movable plates 17 and 18. At this time, in order to prevent the
      bearing 20 from fatigue due to heat from the heating roller 4, it is
      recommended to interpose a heat-resistant, adiabatic bush 21 such as, for
      example, phenol resin, etc. between the bearing 20 and heating roller 14.
      The abovementioned movable plates 17 and 18 are imparted with a downward
      pressure (as viewed in the drawing) by a compression spring 23 accomodated
      in a spring box 22 which is fixed at the side plate 13, and urged downward
      with the supporting bolt 16 as the fulcrum.
PAR  The material for the rigid roller 24 may be selected from metals of high
      heat-conductivity such as aluminum, brass, and so forth. The surface of
      this rigid roller is covered with a layer of a material such as, for
      example, Teflon, on which the heat fusible developed image resists being
      offset. The reason for applying the offset prevention material on the
      surface of this rigid roller 24 is so that, not only the heat fusible
      toner which has been partially adhered onto the roller in the case of
      one-side copying may be effectively and completely removed therefrom, but
      also, in particular, to prevent the offsetting of the toner which has
      become softened again at the time of a second passage of the copying
      material through the fixing roller during both-side copying, during which
      the surface of the copy sheet having an image already fixed thereon
      contacts the rigid roller 24. The rigid roller 24 is axially supported in
      a freely rotatable manner by the bearing 25 fitted on the aforementioned
      first and second side plates 12 and 13. Since the rigid roller 24 is also
      subjected to a considerable amount of heat from the heat fusing roller 14,
      it is again recommended to interpose a heat-resistant, adiabatic bush 26
      such as, for example, phenol resin, etc. of the same nature as that of the
      bush 21 for the bearing 20, between the rigid roller 24 and the bearing 25
      so as to prevent possible fatigue of the bearing.
PAR  Since the heat fusing roller 27 performs the fixing action by directly
      contacting the developed image on the copying material, it is coated with
      a layer of a material such as silicone rubber, etc. which has good
      separability with respect to the copying material and the developed image
      so as to prevent the image from being offset on the roller surface.
      Spanning across the first side plate 12 and the second side plate 13, a
      shaft 28 is fixedly supported, on which a slide plate 30 is slidably
      provided by way of a roller 29. The slide plate 30 is provided thereon
      with a bearing 31, and the heat fusing roller 27 is rotatably supported by
      this bearing 31 without being subjected to any hindering resistance. By
      this construction, the heat fusing roller 27 can be disposed between the
      operating position, where it receives elastic deformation by being
      press-contacted between the rigid roller 24 and the heating roller 14, and
      the releasing positions, where it is away from these two rollers. In this
      roller assembly, as the heat fusing roller 27 also receives a large amount
      of heat from the heating roller, it is necessary to interpose the
      heat-resistant, adiabatic bush 32 between the bearing 31 and the heat
      fusing roller 27. The copying material C having thereon a toner image T is
      conveyed between this heat fusing roller 27 and the rigid roller 24 under
      a high squeezing force, and subjected to heat fusion, while passing
      through the rollers, whereby the image on the copying material is fixed
      firmly.
PAR  Since the heating roller 14 is urged downwardly by the compression spring
      23, when the heat fusing roller 27 is inserted between the rigid roller 24
      and the heating roller 14, this heat fusing roller 27 brings about the
      elastic deformation by a high pressure applied thereon. Another way, in
      which the pressure is to be applied to this heat fusing roller, may be
      such that the heating roller 14 is axially supported in a freely rotatable
      manner at a fixed position on the first side plate 12 and the second side
      plate 13 where it is subjected to the elastic deformation necessary for
      insertion between the two rollers, whereby a high pressure is obtained
      without the compression spring 23. The effect to be realized at this time
      is that, irrespective of fluctuations in the hardness of the rubber
      constituting the heat fusing roller 27, the quantity of the rubber
      deformation becomes constant, and the contact time of the copying material
      with the heat fusing roller for the required image fixing can be
      advantageously maintained constant. Supply of heat of the heat fusing
      roller 27 is usually done by the heat source 15 within the heating roller
      14, and it is, of course, possible to provide an auxiliary heat source 33
      within the rigid roller 24. The resistance heating element as the heat
      source 15 is connected to a power source by way of a contact 34 which is
      in a fixed position so as not to come into contact with the inner surface
      of the rigid roller 24. A thermistor 35 for the purpose of controlling
      electric power to be supplied to this resistance heating element is
      arranged in direct contact with or in proximity to the surface of the
      heating roller 14 so as to maintain a satisfactory thermal relationship.
      For the purpose of adjusting expansion and contraction of the heating
      roller 14 and the rigid roller 24 in their longitudinal direction, due to
      temperature variations a sufficient clearance or gap is provided between
      the end part of the rollers and the side plate opposite thereto, and a
      compression spring 36 is provided to absorb any lateral shaking.
PAR  Explaining now the driving mechanism of the electrophotographic fixing
      device according to the present invention, the driving source for the
      overall fixing device is a gear assembly 37 connected to a power source
      (not shown) when the electrophotographic reproduction apparatus is in an
      ordinary operation condition. This gear assembly 37 is arranged in such a
      manner that, when the reproduction material is being conveyed to the
      fixing device, the rigid roller 24 may forward this reproduction material
      at a speed equal to the linear speed of this reproduction material. At
      this time, a cam 39 fitted on a rotational shaft 38 is rotated at a
      comparatively slow speed with respect to the rigid roller 24.
PAR  Next, explanations will be given as to the fixing operation and the
      non-fixing operation of the fixing device according to the present
      invention in the course of operations of the electrophotographic
      reproduction apparatus. The characteristic feature of the fixing device
      according to the present invention is that the heat fusing roller 27 can
      take the releasing position where it is not subjected to the elastic
      deformation, and the operating position where it receives the elastic
      deformation between the heating roller and the rigid roller. The physical
      construction and functions of such fixing device will now be described in
      detail in the following in reference to FIGS. 10A through 10F.
PAR  When the fixing device commences its driving action, the cam 39 begins to
      rotate, along with which the heat fusing roller 27 proceeds, while
      rotating, to a position at which it contacts the heating roller 14 as
      shown in FIG. 10B from its releasing position as shown in FIG. 10A, by
      means of this cam 39 or by other external forces.
PAR  However, the heating roller 14, at this time, is kept from rotating by the
      action of a block 42 fitted on a pin 40 and an arm 41 on the heating
      roller as illustrated, or by the action of a stopper such as a rathet
      wheel, etc. (not shown). Accordingly, the heat fusing roller 27 by its
      wedging action goes in to contact the heating roller 14 together with the
      sliding plate 30, while rotating with the surface of the heating roller 14
      as the center of rotation. In the course of this roller proceeding, the
      sliding plate 30 charges the compression spring 44 within the spring block
      43 which is disposed in the direction opposite to the proceeding of the
      heat fusing roller 27. When the heat fusing roller 27 comes to a point in
      the vicinity of the center line of the heating roller 14 and the rigid
      roller 24, the block 45 fixed on the sliding plate 30 pushes the arm 41 to
      release the stoppers 40 and 42, which commence rotation. At this time, the
      position of the heat fusing roller 27 can be adjusted in three ways as
      shown in FIGS. 10A through 10F by the positional adjustments of the blocks
      43, etc., with which the sliding plate 30 contacts. That is, as the
      position of the heat fusing roller 27 is within one and the same plane as
      the heating roller 14 and the rigid roller 24 as indicated in FIG. 10D,
      its position is such that the center thereof is in front of the center
      line of the two rollers 14 and 24 as indicated in FIG. 10E when viewed
      from the left side of the drawing, and its position is such that the
      center thereof is to the rear of the center line of the two rollers 14 and
      24 as indicated in FIG. 10F.
PAR  The advantage of the position shown in FIG. 10E is such that, as the heat
      fusing roller 27 is urged toward the block 43 due to the elastic force,
      its position becomes highly stable. Upon completion of the driving, the
      heat fusing roller 27 is pushed back to its releasing position as shown in
      FIG. 10A by an external force such as the spring 44 already charged in the
      afore-mentioned manner. In this case, as the rotation of the rigid roller
      24 is dull, any lubricating layer such as Teflon, and so on may be coated
      on the heating roller 14 as mentioned in the foregoing to facilitate
      return of the heat fusing roller 27 to the releasing position. The
      advantage of the position shown in FIG. 10F is such that, when the rigid
      roller 24 stops, the heat fusing roller 27 goes back to its releasing
      position as shown in FIG. 10A by its own elastic restitution without any
      assistance from an external force such as by the spring 44, etc.
PAR  As has been stated in the foregoing, the driving system for the fixing
      device according to the present invention is quite simple in its
      construction. On the other hand, as the resilient heat fusing roller is
      not provided with heating means within itself, the thermal deterioration
      of the constituent substance is kept to a minimum to render it reliable
      over a long period. Moreover, it can be exchanged very simply, and the
      manufacturing cost thereof is low. Further, as the pressure to the copying
      material is applied by the rollers 14 and 24, flexure of the heat fusing
      roller 27 is small, even if its diameter is made small, whereby the
      pressure applied on the heat fusing roller 27 becomes uniform. Also, since
      the heating of the heat fusing roller 27 is done by the external heating
      means along, the layer of the elastic material for the heat fusion can be
      made thick, which enables the adiabatic effect to increase, and the
      surface temperature of the roller to rise in a short period of time.
PAR  FIG. 11 is a schematic diagram showing one embodiment of a device for
      facilitating copying material having a non-fixed reproduction image
      thereon, which device is provided at the processing position preceding the
      position of the heat roller type fixing device. That is, when the
      non-fixed reproduction images T on the copying material C are detected by
      a detecting means consisting a light projecting element 46 and a light
      receiving element 46' provided in the process position preceding that of
      the heat roller type fixing device as shown in FIGS. 1 and 8, an
      electromagnetic valve 48 is actuated by a circuit 47 such as, for example,
      a timer circuit, whereby an image removing agent 50 is ejected through a
      nozzle 52 for a certain period of time from a reservoir 51 storing therein
      compressed air 49 and the image separating agent 50, whereby only the
      front end part of the non-fixed reproduction image is covered at a certain
      width with this image separating agent. The image separating agent may be
      selected from any type of feasible substances such as poppy oil image
      removing and coating agent, powdery image removing agent like silicon
      oxide, and silicone oil image removing agent.
PAR  By this non-fixed image separating device, if becomes possible for the
      image separating agent 50 to be formed into a liquid or powder coating
      which can be applied on the front end part of the image surface of the
      non-fixed image holding material C with a certain width. The non-fixed
      image holding material with its front end part having been treated with a
      certain width is then fixed by the heat roller type fixing device, and,
      simultaneously, its front tip end part is peeled off the roller without
      the image holding or copying material being wrapped around the roller. The
      thus exfoliated front tip end part is then forwarded to the paper
      discharging roller by the guide 5 (FIG. 1), whereby the entire image
      surface is withdrawn from the fixing device and discharged outside without
      wrapping around the fixing roller 2 (FIG. 1).
PAR  According to experiments conducted by the present inventors, by the
      application of the silicone image separating agent on the front end part
      of the reproduced image in entirely solid black with an area corresponding
      to about one tenth of the total area of the entire image surface, there
      could be realized satisfactory separation of the non-fixed image without
      offsetting of the image onto the heating roller, and a fixed image of good
      quality could be obtained. At this time, it has also been verified that no
      hand touch or smell of the image separation agent can be detected, nor was
      any running of ink visible.
PAR  From the experiments, it has also been found that, by using the image
      removing agent of the same type as the material coated on the heating
      roller, the surface activity of the coated material on the heating roller
      can be maintained constant.
PAR  Furthermore, even in the pressure type fixing device, by applying silicone
      powder on the front end of the image surface with a certain width prior to
      effecting the fixing step, the separation becomes satisfactory without use
      of any mechanical separation device such as separating pawls, etc.,
      whereby the offsetting of the image onto the roller can be prevented.
PAR  As mentioned in the foregoing, the present invention also provides a
      non-fixed image separating device for facilitating separation of the
      reproduced image from the roller type fixing device, and preventing the
      image from offsetting on the roller surface, wherein the minimum required
      quantity of the image separating agent is applied to the front end part of
      the non-fixed reproduction object with a certain width in the process step
      preceding the roller type fixing device. According to the device of this
      invention, the quantity of the image separating agent to be used can be
      made extremely small. Also, any kind of image separating agent can be used
      without substantial restriction, hence not only the image separating agent
      which brings about thermal deterioration after being heated for a long
      period of time, but also powder image separation agent and a coating
      former may be used, so that it serves to prevent the atmosphere from
      contamination and is highly economical.
PAR  Also, as the image separating agent need be applied only on the front tip
      end part of the non-fixed image with a certain width, there is no
      apprephension of the fixed image surface repelling ink, which has been one
      of the defects in the conventional device, wherein the image separating
      agent is directly applied on the surface of the fixing roller.
PAR  FIG. 12 shows a case, wherein discontinuous and intermittent rollers are
      used as the pressing roller to convey the copying material to the heat
      fusing roller. For the reproduction material to be prevented from winding
      around this discontinuous pressing roller, a guide member for the
      separation is provided so as to carry out the separating action of the
      reproduction material in a perfect manner.
PAR  In the drawing, the rigid heat fusing roller 53 is provided in the hollow
      interior thereof with the heat source 54. At a position contiguous to the
      rigid heat fusing roller 53, there are provided press-contacting rollers
      55 and 56 to carry forward under pressure the reproduction material C
      bearing thereon a developed image T. These press-contacting rollers are
      constructed with discontinuous and intermittent rollers. The reproduction
      material, which has been subjected to heat fusion, tends to wind around
      the press-contacting rollers 55 and 56, although this tendency is
      prevented by the separation guide member 57 provided at the discontinuous
      portions of the press-contacting rollers, whereby the reproduction
      material can be separated and discharged outside without winding around
      the rollers.
PAR  These discontinuous press-contacting rollers are constructed with an
      elastic material such as silicone, etc. which makes it difficult to cause
      the image to offset on the roller, and these rollers 55 and 56 are
      arranged in a staggered form so that the discontinuous portion in each
      press-contacting roller may be compensated by the roller portions of the
      counterpart roller. Preferably the discontinuous portions of one roller
      should be mutually overlapped by the roller portion of the counterpart
      roller. It should be appreciated that no effect upon the reproduced image
      results from the reproduction material being press-contacted overlappingly
      to the heat fusing roller.
PAR  As to the setting position of the separation guide member 57, if the gap
      between this separation guide member and the heat fusing roller is close
      each other, the reproduction material can be forcibly separated
      immediately by this separating guide member, even when the reproduction
      material tends to wind around the press-contacting roller. On the other
      hand, however, if the gap between this separation guide member and the
      heat fusing roller is large, the wrapping force of the reproduction
      material around the press-contacting roller rapidly increases to lower its
      separability, because the contact time of the reproduction material to the
      press-contacting roller becomes longer with such wide gap between the
      separation guide member and the heat fusing roller. In the case of the
      discontinuous and intermittent press-contacting roller, the separation
      effect will be better, if the breadth of the roller portions in this
      discontinuous and intermittent press-contacting roller is as narrow as
      possible, because reduction in the contact area between the
      press-contacting roller and the developed image reflects upon decrease in
      the wrapping force of the reproduction material around the heat fusing
      roller.
PAR  As to the fitting position of the separation guide member 57 at the
      discontinuous portions in the discontinuous and intermittent
      press-contacting roller, it is preferable that the separation guide member
      be provided at as close a position as possible to the end parts of the
      roller portions for the required separability, as shown in FIGS. 13A annd
      13B. Such positions are indicated in FIG. 13A with a reference symbol b.
      This separability, on the contrary, lowers when the fitting position of
      the separation guide member becomes spaced from the end parts of the
      roller portions as indicated by the reference symbol a in FIG. 13A. The
      reason for this is that, when the separation guide member is close to the
      roller, the image holding member, or the reproduction material is
      separated from the roller at the effective position H of the separation
      guide member as shown in FIG. 13B, but, if the separation guide member is
      spaced from the end parts of the roller portions, the position, at which
      the image holding member separates from the roller, shifts to H' which is
      behind the position H. Therefore, the abovementioned prolonged contact
      time, or strength of the reproduction sheet, and other factors are
      considered to affect the separability of the reproduction sheet from the
      heat fusing roller.
PAR  In the following, the fixing device according to the present invention will
      be explained in detail with reference to preferred embodiments as shown in
      FIGS. 14 through 19.
PAR  Referring to FIGS. 14 and 15, th fundamental construction of the fixing
      device comprises a rigid roller 58, an elastic roller 59 made of silicone,
      and like materials a separation guide member 60, and a heat source 61. The
      reference letters C and T in the figures designate, respectively, a
      reproduction or copying material and a developed image on this copying
      material C. The elastic roller 59 is rotatably press-contacted against the
      rigid roller 58.
PAR  FIGS. 14 and 15 indicate that a plurality of unit fixing devices are
      arranged in tiers (two rows in the illustrated embodiment). Of course, the
      elastic roller 59 are in a discontinuous and intermittent construction and
      arranged in a staggered form to compensate for the discontinuous portions
      with the roller portions of the counterpart, whereby the entire image
      surface is fixed by these intermittent rollers in an overlapping manner.
PAR  In the embodiment shown in FIG. 16, two elastic rollers 59 are pushed in
      between the upper rigid roller 58 and the lower rigid roller 58 and fixed
      in the state of their being spaced from each other at their peripheral
      surfaces. The advantage to be derived from this construction is such that,
      as shown in FIG. 18, the silicone roller 59 can be made easily rotatable
      under a press-contacted state against the rigid roller 58 in utilization
      of the elasticity of the silicone rubber roller 59 per se, by means of
      threaded screw bolts which are screwed toward the roller 59 through fixed
      walls 62 on both sides. Although not shown, the pressure application to
      the elastic silicone rubber roller 59 can be readily released in an
      opposite manner by screwing out the threaded screw bolts. Thus, by
      separating the elastic rollers from the heat fusing rollers at the time of
      non-operation, deterioration due to heat of the silicone rubber rollers
      and deformation due to pressure of such rubber rollers can be very
      effectively prevented. Also, this construction is advantageous in its
      thermal efficiency in comparison with the constructions shown in FIGS. 14
      and 15. Furthermore, while the roller constructions shown in FIGS. 14 and
      15 should unavoidably distribute the heat source in each of the plurality
      of rollers within the limited wattage appropriated to the fixing device,
      the roller construction shown in FIG. 16 effectively concentrates such
      heat source in a single roller, and yet uniform heat distribution can be
      effected to all of the plurality of the silicone rubber rollers 59.
PAR  In still another embodiment shown in FIG. 17, another pair of elastic
      rubber rollers 59 are provided beneath the first pair of the elastic
      rubber rollers 59 as in FIGS. 16 and 18 in contiguity thereto. An
      advantage to be derived from this type of the roller construction is that
      the separation guide member can also be fitted readily even on this lower
      pair of the elastic rubber rollers 59. This duplicate pair construction is
      particularly effective in preventing the reproduction material from
      wrapping around the heat fusing rollers during two-side copying, wherein
      powder images are formed on both surfaces of the reproduction material. It
      goes without saying that, at this time, as the reproduction material
      passes through the rollers in a contact state, with the fixed image
      surface being faced to the side of the rigid roller, more stability will
      be attained when the rigid roller is coated on its peripheral surface with
      a coating layer of Teflon, silicone, and so on, which is incompatible with
      the toner.
PAR  While the present invention has been illustrated and described by way of
      preferred embodiments thereof, it is to be understood that such are merely
      illustrative and not restrictive, and that variations and modifications
      may be made therein without departing from the spirit and scope of the
      present invention as set forth in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrophotographic fixing device which comprises in combination: a
      first heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a second
      roller having a press-contacting surface provided at a position to urge
      said reproduction material against said heat fusing roller, wherein said
      press-contacting roller deforms the surface of said heat fusing roller;
      and a heating roller provided at a position to heat the peripheral surface
      of said heat fusing roller, wherein said heating roller and said
      press-contacting roller are spaced apart at a distance wheich is less than
      the diameter of said heat fusing roller, and said heat fusing roller is
      mounted for radial movement between a first position away from both said
      heating roller and said press-contacting roller, and a second position
      wherein it is interposed between said heating roller and said
      press-contacting roller.
NUM  2.
PAR  2. An electrophotographic fixing device according to claim 1, wherein said
      heating roller is hollow, thereby providing an inner wall surface; wherein
      said inner wall surface of said heating roller is painted black at both
      end parts thereof in the axial direction; and wherein said heating roller
      has a heat source disposed within the hollow interior thereof.
NUM  3.
PAR  3. An electrophotographic fixing device which comprises in combination: a
      heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a
      press-contacting roller provided at a position to urge said reproduction
      material against said heat fusing roller, wherein said press-contacting
      roller deforms the surface of said heat fusing roller; and a heating
      roller provided at a position to heat the peripheral surface of said heat
      fusing roller, wherein said heating roller is provided with a set
      temperature and includes means for increasing said set temperature at the
      time of contact with the reproduction material.
NUM  4.
PAR  4. The electrophotographic fixing device according to claim 1, wherein the
      surface temperature of each of said rollers is given a gradient in the
      sequence of the heating roller .gtoreq. heat fusing roller .gtoreq. the
      press-contacting roller.
NUM  5.
PAR  5. An electrophotographic fixing device according to claim 2, further
      comprising: a driving means to drive one of said heating roller and said
      press-contacting roller; stopper means for stopping the other one of said
      press-contacting roller and said heating roller; and means to release said
      stopper means when said heat fusing roller is disposed at said second
      position.
NUM  6.
PAR  6. An electrophotographic fixing device according to claim 1, wherein said
      heat fusing roller, in both said first and second positions, is situated
      to the same side of a plane passing through the axes of both said heating
      roller and said press-contacting roller.
NUM  7.
PAR  7. An electrophotographic fixing device according to claim 1, wherein said
      heat fusing roller, when in said first and second positions, is situated
      respectively at opposite sides of a plane passing through the axes of both
      said heating roller and said press-contacting roller.
NUM  8.
PAR  8. The electrophotographic fixing device according to claim 5, further
      including a spring means to cause said heat fusing roller to return to the
      first position from the second position thereof, said spring means being
      charged at the time of said heat fusing roller shifting from its first
      position to its second position so as to return said heat fusing roller to
      its first position by the charged spring force when the roller at the
      driving side ceases rotation.
NUM  9.
PAR  9. An electrophotographic fixing device which comprises in combination: a
      heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a
      press-contacting roller provided at a position to urge said reproduction
      material against said heat fusing roller, wherein said press-contacting
      roller deforms the surface of said heat fusing roller; and a heating
      roller provided at a position to heat the peripheral surface of said heat
      fusing roller, wherein said heat fusing roller is constructed with a
      discontinuous surface and has a separation guide member provided at each
      of the discontinuous portions thereof.
NUM  10.
PAR  10. An electrophotgraphic fixing device according to claim 9, wherein a
      plurality of said first rollers, each having a discontinuous surface, are
      disposed in a staggered relationship so that each of the discontinuous
      portions is compensated by the roller portion of another of said plurality
      of first rollers.
NUM  11.
PAR  11. An electrophotographic fixing device which comprises in combination: a
      heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a
      press-contacting roller provided at a position to urge said reproduction
      material against said heat fusing roller, wherein said press-contacting
      roller deforms the surface of said heat fusing roller; and a heating
      roller provided at a position to heat the peripheral surface of said heat
      fusing roller, and further including means to detect a non-fixed
      reproduced object on the reproduction material; means for applying an
      image separating agent to said material; and a timer to actuate said image
      separating agent applying means for a predetermined time interval in
      response to the detection of a non-fixed object by said detecting means,
      wherein said predetermined time interval is chosen so that the application
      of said image separating agent is effected only at the leading end part of
      said material.
NUM  12.
PAR  12. An electrophotographic fixing device according to claim 11, further
      including means for withdrawing said leading end part of said reproduction
      material from said heat fusing foller and for preventing the remainder of
      said material from wrapping around the roller so that said material is
      discharged from said device
NUM  13.
PAR  13. an electrophotographic fixing device which comprises in combination: a
      heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a
      press-contacting roller provided at a position to urge said reproduction
      material against said heat fusing roller, wherein said press-contacting
      roller deforms the surface of said heat fusing roller; and a heating
      roller provided at a position to heat the peripheral surface of said heat
      fusing roller, wherein the diameter of said heat fusing roller is made
      smaller than the diameter of said heating roller.
NUM  14.
PAR  14. An electrophotographic fixing device which comprises in combination: a
      heat fusing roller of elastic heat-insulating material provided at a
      position to contact a developed image on a reproduction material; a
      press-contacting roller provided at a position to urge said reproduction
      material against said heat fusing roller, wherein the diameter of the
      elastic heat fusing roller is made larger than the diameter of the
      press-contacting roller, and wherein said press-contacting roller deforms
      the surface of said heat fusing roller; and a heating roller provided at a
      position to heat the peripheral surface of said heat fusing roller,
      wherein the diameter of said heat fusing roller is made smaller than the
      diameter of said press-contacting roller.
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ABST
PAL  A photographic apparatus for producing a visible image on a photosensitive
     nit including a photosensitive film mounted on a film mount. The apparatus
      includes: a first member having a supplying station, an exposure station,
      a developing station and a fixing station provided on a principal surface
      thereof; two transfer means, one for transferring the unit from the
      supplying station to the exposure station and or for transferring the unit
      from the exposure station to the developing station, and from the
      developing station to the fixing station; and driving means for driving
      the two transfer means. A latent image of an original is formed on the
      film at the exposure station, the latent image is developed at the
      developing station, and the developed image is fixed at the fixing
      station. The feature of this apparatus is that the function of holding the
      unit and guiding it to each of said stations is achieved by the first
      member, and independently the function of transferring the unit is
      achieved by the two transfer means, whereby the transfer of the unit from
      one station to another can be carried out securely without fail, and the
      mechanism of the apparatus can be simplified.
BSUM
PAR  This invention relates to a photographic apparatus for producing a visible
      image of any original on a photosensitive unit including a photosensitive
      film mounted thereon, and particularly to a photographic apparatus capable
      of exposing, developing and fixing a photosensitive film mounted on a
      mount in a short time.
PAR  In recent years, so-called slides (lantern slides or transparencies) have
      been used widely in the field of education, various meetings, etc.
      Conventionally, a roll of film is exposed to images of many originals so
      as to produce many latent images thereon, and is developed and fixed in a
      dark room to produce many visible images thereon. Then, the thus treated
      roll of film is cut into a plurality of single sheets of film, each of
      which is finally mounted on a film mount separately. Accordingly, not only
      is a troublesome and time consuming operation necessary in the dark room,
      but the inconvenience of cutting and mounting of the finished film is also
      inevitable. Furthermore, the employed roll of film has a predetermined
      length which causes a waste of film when only a few originals are to be
      photographed.
PAR  U.S. Pat. No. 3,697,173 shows a photographic apparatus which overcomes the
      disadvantages of the conventional technique as set forth above. This
      invention is an improvement over U.S. Pat. No. 3,697,173. Disadvantages of
      the photographic apparatus of U.S. Pat. No. 3,697,173 are that the
      transfer of the photosensitive unit from one station (supplying station,
      exposure station or developing station) to another station (exposure
      station, developing station or fixing station) is not always carried out
      securely, and the mechanism of the apparatus is not sufficiently simple.
PAR  Accordingly, an object of this invention is to provide a photographic
      apparatus for easily and quickly producing a slide having a visible image
      on a photosensitive film in a photosensitive unit thereof.
PAR  It is a further object of this invention to provide a photographic
      apparatus including an improved construction for transferring a
      photosensitive unit.
PAR  These objects are achieved according to this invention by providing a
      photographic apparatus comprising: a first member having a supplying
      station, an exposure station, a developing station and a fixing station
      provided on a principal surface thereof; a supplying means for supplying a
      photosensitive unit having a photosensitive film to the supplying station;
      a first transfer means for transferring the photosensitive unit from the
      supplying station to the exposure station at which the photosensitive film
      is exposed to an image of an original so as to form a latent image of the
      original on the photosensitive film; second transfer means for
      transferring the photosensitive unit from the exposure station to the
      developing station at which the exposed photosensitive film is developed
      so as to produce a visible image of the original on the photosensitive
      film, the first transfer means also transferring the photosensitive unit
      from the developing station to the fixing station at which the developed
      photosensitive film is fixed so as to produce a visible permanent image on
      the photosensitive film; and driving means for driving the first and
      second transfer means.
PAR  The basic difference between U.S. Pat. No. 3,697,173 and this invention can
      be briefly explained as follows. According to this invention, the
      supplying station, the exposure station, the developing station and the
      fixing station are all integrally provided on one member (first member),
      and the first member is made to have the functions of holding and guiding
      the photosensitive unit to each station. The function of transferring the
      photosensitive unit from one station to another is achieved by the two
      (first and second) transfer means. On the other hand, according to U.S.
      Pat. No. 3,697,173, a unit holder of a first transfer means has the
      functions of holding and transferring a photosensitive unit, and at the
      same time, the unit holder per se is a developing station and a fixing
      station.
DRWD
PAR  Other objects and details of this invention will be apparent from the
      following description taken together with the accompanying drawings, in
      which:
PAR  FIG. 1 is a perspective view of a photosensitive unit which can be used in
      one embodiment of the photographic apparatus of this invention;
PAR  FIG. 2 is a cross-sectional view of the photosensitive unit of FIG. 1 taken
      along the 2--2 line;
PAR  FIG. 3 is a perspective view of an apparatus including one embodiment of
      the photographic apparatus of this invention;
PAR  FIG. 4 is a perspective view of one portion of the apparatus of FIG. 3 seen
      from an opposite side;
PAR  FIG. 5 is an enlarged schematic central sectional view of the apparatus of
      FIG. 4 taken along the line 5--5 in FIG. 4;
PAR  FIG. 6 is a schematic elevational view of the apparatus as shown in FIG. 5
      taken along the line 6--6 in FIG. 5;
PAR  FIG. 7 is a schematic central sectional view of the apparatus as shown in
      FIG. 6 taken along the line 7--7 of FIG. 6;
PAR  FIG. 8 is a schematic central sectional view of the apparatus as shown in
      FIG. 5 taken along the line 8--8 of FIG. 5;
PAR  FIG. 9 is a schematic explanatory view showing the sequence of transferring
      the photosensitive unit;
PAR  FIG. 10 is a schematic central sectional view of the apparatus as shown in
      FIG. 5 taken along the line 10--10 of FIG. 5;
PAR  FIG. 11 is a schematic central sectional view of the apparatus as shown in
      FIG. 8 taken along the line 11--11 of FIG. 8 for explaining the first
      transfer means;
PAR  FIG. 12 is a schematic central sectional view similar to FIG. 8 for
      explaining the transfer of the photosensitive unit, in wich the
      photosensitive unit is positioned at the exposure station;
PAR  FIG. 13 is a schematic central sectional view similar to FIG. 8 for
      explaining the transfer of the photosensitive unit, in which the
      photosensitive unit is positioned at the developing station;
PAR  FIG. 14 is a schematic central sectional view of the apparatus as shown in
      FIG. 8 taken along the line 14--14 of FIG. 8;
PAR  FIG. 15 is a schematic central sectional view of the apparatus as shown in
      FIG. 8 taken along the line 15--15 of FIG. 8;
PAR  FIG. 16 is a schematic central sectional view of the apparatus as shown in
      FIG. 10 taken along the line 16--16 of FIG. 10 with cross-sections  of the
      developing and the fixing stations added thereto for explaining the
      developing operation;
PAR  FIG. 17 is a schematic central sectional view of the apparatus as shown in
      FIG. 5 taken along the line 17--17 of FIG. 5 for showing the main
      mechanism of the driving means;
PAR  FIG. 18 is a schematic central sectional view of the apparatus as shown in
      FIG. 17 taken along the line 18--18 in FIG. 17;
PAR  FIG. 19 is a schematic central sectional view of the apparatus as shown in
      FIG. 17 taken along the line 19--19 of FIG. 17; and
PAR  FIGS. 20 and 21 are schematic central sectional views similar to FIG. 18
      for explaining a starting mechanism for starting the driving of the
      driving means.
DETD
PAR  While a preferred embodiment of this invention is described herein, it is
      contemplated that considerable variation may be made in the method of
      operation and the construction of parts without departing from the spirit
      of this invention.
PAR  In the following description and claims, parts will be identified by
      specific names for convenience, but they are intended to be generic in
      their application to similar parts as the art will permit.
PAR  FIGS. 1 and 2 show a photosensitive unit which can be used in the
      photographic apparatus of this invention. Referring to FIGS. 1 and 2,
      reference numeral 56 designates a photosensitive unit having a transparent
      film 50 mounted between a first mount 52 and a second mount 54. The
      transparent film 50 may be a kind of silver film for slide use or a
      transparent electrophotosensitive film, of a kind which is described in
      U.S.  Pat. No. 3,697,173. The outer dimensions of the first mount 52 and
      the second mount 54 can be determined arbitrarily but a preferable size is
      the same as that of a conventional slide mount such as 2 by 2 inches
      because this makes possible easy projection of finished photosensitive
      units by a conventional slide projector. The first mount 52 has a first
      aperture 58 formed at the photosensitive side of the film 50, and the
      second mount 54 has a second aperture 60 through which a finished image on
      the film 50 is projected.
PAR  FIGS. 3 and 4 show an apparatus including one embodiment of the
      photographic apparatus of this invention. Referring to FIGS. 3 and 4,
      reference numerals 62 and 64 designate a base and a plate, respectively,
      for an original (not shown). There are a control box 66, a pair of light
      sources 68 and a column 70 fixed to the base 62. Reference numeral 72
      designates a camera assembly 72 which is mounted on and reciprocally
      movable along the column 70. The control box 66 includes a power switch,
      several pilot lamps and electrical circuit parts for controlling the
      apparatus. The camera assembly 72 is coupled to the control box 66 by an
      electrical cord 74 and is electrically controlled by operating the control
      box 66. The camera assembly has a camera case 76, a right side panel 78, a
      left side panel 80, an outlet 82 for ejecting finished photosensitive
      units having visible permanent images on the films thereof, a locking knob
      71 for fixing the camera assembly 72 in an arbitrary position along the
      column 70 and also for releasing it, a focusing knob 84 and a finder 86
      for focusing and trimming. The right side panel 78 has an inlet 88 for
      supplying photosensitive units therethrough and a cover plate for the
      inlet 88. The left side panel 80 has an inlet 90 for supplying
      therethrough processing liquids to be used for developing and fixing
      latent images formed on the films of photosensitive units. There is also
      provided a cover plate for the inlet 90. The left side panel 80 further
      has a fan motor portion 97 thereon which includes a fan motor therein for
      supplying a flow of air to the surface of the film of a photosensitive
      film wet with the processing liquids so as to dry the surface of the film.
      On the base 62 is provided a drain receptacle 96 to which used processing
      liquids are drained through a drain hose 94.
PAR  FIGS. 5, 6, 7 and 8 are schematic central sectional views of the apparatus
      taken along the lines 5--5, 6--6, 7--7 and 8--8, respectively, and show
      general internal construction of the camera assembly 72. Referring to
      FIGS. 5, 6, 7 and 8, there are provided a first member 98, a second member
      100, a driving means 102, a unit supplying means 104 and a processing
      liquid supplying means 106. The first member 98 has an opening 108 for
      holding and supplying photosensitive units 56. Thus, the opening 108 can
      be called a supplying station 108. The first member has provided thereon
      an exposure station 110 at which the film of a photosensitive unit is
      exposed to an image of an original by means of lights from the light
      sources 68 and an exposure means 126 described later, a developing station
      112 at which the exposed film is developed with the aid of a processing
      (developing) liquid and a fixing station 114 at which the developed film
      is fixed with the aid of a processing (fixing) liquid. These four stations
      108, 110, 112 and 114 are on a principle plane (surface) 115 of the first
      member 98. Further, the first member 98 has longitudinal guiding steps
      116, 117, 118 and 119 and cross guiding steps 120 and 121.
PAR  FIG. 9 is a schematic explanatory view and the sequence of transferring
      photosensitive units. Referring to FIG. 9 and FIG. 8, a photosensitive
      unit 56 supplied at the supplying station 108 is transferred to the
      exposure station 110 from the supplying station 108 under the guidance of
      the longitudinal guiding step 116 and 117 as indicated by an arrow 101.
      Upon completion of exposure, the photosensitive unit having the exposed
      film is transferred from the exposure station 110 to the developing
      station 112 under the guidance of the cross guiding steps 120 and 121 as
      indicated by an arrow 103. Upon completion of development of the film, the
      photosensitive unit with the developed film is transferred to the fixing
      station 114 from the developing station 112 under the guidance of the
      longitudinal guiding steps 118 and 119 as indicated by an arrow 105. After
      the film is fixed with the aid of a fixing liquid, the photosensitive unit
      with the fixed film is kicked out to the outlet 82 as indicated by an
      arrow 107.
PAR  FIG. 10 is a schematic central sectional view of the apparatus of FIG. 5
      taken along the line 10--10. As shown in FIGS. 5, 6 and 10, the second
      member 100 has two bent ear portions 123 at one end thereof and is
      pivotally mounted by the ear portions 123 on a shaft 125 which is fixed to
      a pair of brackets 124 provided on the first member 98. The second member
      100 is further fastened by screws 111 and 113 at the other end thereof to
      stays 127 provided on the first member 98. Furthermore, the second member
      100 is provided with the exposure means 126, a developing means 128, a
      drying means 132 and a fixing means 130. The exposure means 126, the
      developing means 128 and the fixing means 130 face the exposure station
      110, the developing station 112 and the fixing station 114, respectively.
      As shown in FIGS. 5 and 7, the driving means 102 is attached to the first
      member 98 by stay-bolts 129 (one of which is shown in FIG. 5), and is
      coupled to the unit transfer means, the exposure means 126, the developing
      means 128 and the fixing means 130. As shown in FIGS. 5, 7 and 8, the unit
      supplying means 104 is disposed at the supplying station 108, and
      fundamentally comprises a cartridge unit 238 having a stop 266 and a
      pushing member 246 slidably mounted therein. The cartridge unit 238
      contains photosensitive units 56 and is loaded at the supplying station
      108 through the inlet 88. Details of the mechanism for loading the
      cartridge unit 238 is not shown. A foremost photosensitive unit 56 is
      transferred to the exposure station 110 from the supplying station 108 by
      pins 140 and 141 of the first transfer means described later, and the
      remaining photosensitive units move by the thickness of one photosensitive
      unit in the direction of an arrow 239 (FIG. 7) with the aid of the pushing
      member 246 at every transfer of a photosensitive unit 56. The processing
      liquid supplying means 106 is outlined in FIG. 5. The processing liquid
      supplying means 106 is disposed behind the driving means 102 and supplies
      processing liquids from a tank means 134 (FIG. 7) to the developing means
      128 including a developing chamber 210 and the fixing means 130 including
      a fixing chamber 228 (FIG. 10).
PAR  In the following, details of the first member 98, the second member 100 and
      the driving means 102 will be descibed.
PAC  First Member 98
PAR  As described above, the first member 98 is provided with the supplying
      station 108, the exposure station 110, the developing station 112 and the
      fixing station 114 in the principle plane (surface) 115 thereof, and has
      the guiding steps 116, 117, 118 and 119 and the cross guiding steps 120
      and 121. These steps are slightly larger in thickness than the
      photosensitive unit 56. Therefore, a foremost surface 99 of the first
      member 98 and the principal plane 115 are spaced from each other a
      distance substantially equal to the thickness of the photosensitive unit
      56 and are parallel to each other. An the first member 98 are provided a
      first transfer means 136 for transferring the photosensitive unit 56 in a
      longitudinal direction a second transfer means 138 for transferring the
      photosensitive unit 56 in a cross direction, and a guiding member 190
      disposed at a position between the developing station 112 and the fixing
      station 114.
PAR  FIG. 11 is a schematic central sectional view of the apparatus of FIG. 8
      taken along the line 11--11 and is presented mainly for explaining the
      first transfer means. As shown in FIGS. 8 and 11, the first transfer means
      136 comprises a carriage plate 137 and a first driving lever 144. The
      carriage plate 137 has pins 140 and 141 for transferring the
      photosensitive unit 56 from the supplying station 108 to the exposure
      station 110, and also has pins 142 and 143 for transferring the
      photosensitive unit 56 from the developing station 112 to the fixing
      station 114. Further, the carriage plate 137 has a roller pin 146 at an
      upper portion thereof and a slider 148 slidably supported on a square
      guide rod 150 fixed to the first member 98 by screws 149 and 151. The
      first driving lever 144 is pivotally mounted on a shaft 152 fixed to the
      first member 98 and is engaged with the roller pin 146 of the first
      transfer means 136 via a square opening 154 thereof. Thus, a
      counterclockwise movement of the first driving lever 144 in FIG. 8 imparts
      a straight longitudinal movement to the carriage plate 137 in an upward
      direction along the guide rod 150.
PAR  FIG. 12 is a schematic central sectional view of the apparatus of to FIG. 8
      and is presented mainly for explaining the transfer along the
      photosensitive unit. Cutouts 122 of the cross guiding steps 120 in the
      first member 98 serve to permit passage beyond the cross guiding steps 120
      of the pins 142 and 143 when the carriage plate 137 moves in an upward
      direction as shown in FIG. 12. The carriage plate 137 is reciprocally
      movable in a plane parallel to and spaced from the principal plane 115 of
      the first member 98 at a distance slightly larger than the thickness of
      the photosensitive unit 56 under the guidance of the guide rod 150.
PAR  FIG. 13 is also a schematic central sectional view of the apparatus similar
      to FIG. 8 or FIG. 12, and is presented mainly for explaining the transfer
      of the photosensitive unit. As shown in FIGS. 8, 12 and 13, the carriage
      plate 137 is shaped in a manner such that some portions of the carriage
      plate 137 always overlap the face of the photosensitive unit 56 in
      sectional views such as those of FIGS. 8, 12 and 13 in order to hold the
      photosensitive unit 56 by and between the overlapping portions of the
      carriage plate 137 and the principal plane 115 of the first member 98. At
      the fixing station 114 of the first member 98 are fastened keeper plates
      156 and 158 which serve to hold the photosensitive unit 56 in a space
      formed between the keeper plates 156 and 158 and the principal plane 115
      at the fixing station 114 when the carriage plate 137 moves in an upward
      direction and is positioned at an upper position as shown in FIG. 12 for
      subjecting a subsequent photosensitive unit to exposure.
PAR  FIG. 14 is a schematic central sectional view of the apparatus of FIG. 8
      taken along the line 14-14. As shown in FIGS. 8 and 14, the second
      transfer means 138 is behind the first member 98 and comprises a kicker
      139, a square bar 160 fixed to the first member 98 and disposed in an
      opening 162 of the first member 98, a second driving lever 166, a latch
      lever 176, a first link 180 and a second link 186. The kicker 139 is
      slidably mounted on the square bar 160 and is provided with a pin 170. The
      second driving lever 166 is pivotably mounted on a shaft 164 fixed to the
      first member 98 and is engaged with the pin 170 of the kicker 139 via an
      opening 168 provided at one end portion thereof. The latch lever 176 is
      pivotably mounted on a shaft 178 fixed to the first member 98 and is
      connected to a solenoid 175 fastened to the first member 98. The solenoid
      175 is energized upon completion of the exposure process for the film of
      the photosensitive unit 56. Between the second driving lever 166 and the
      latch lever 176 is tensioned a spring 172 which serves to urge the second
      driving lever 166 and the latch lever 176, but such rotations are
      restricted by the abutment of the latch lever 176 clockwise in FIG. 8 on a
      bent portion 174 of the second driving lever 166. When such rotation
      restriction is removed, the second driving lever 166 is forced to rotate
      clockwise by the force of the spring 172 and causes the kicker 139 to move
      to the left as shown in FIG. 13. Consequently, the photosensitive unit 56
      is transferred to the developing station 112 from the exposure station
      110, and the kicker 139 passes just behind the carriage plate 137. The
      first link 180 is pivotably mounted on the second driving lever 166 by a
      pin 182 provided at one end portion thereof, and is also pivotably
      connected at the other end portion thereof on to the second link 186 by a
      pin 184 which is fixed to one end portion of the second link 186 and which
      holds a cam roller 185 thereon. The second link 186 is pivotably mounted
      on an axis 188 fixed to the first member 98. Accordingly, a clockwise
      rotation of the second driving lever 166 imparts a counterclockwise
      rotation to the second link 186 in association with the first link 180 as
      shown in FIG. 13. In FIG. 13, when the second link 186 is forced to rotate
      counterclockwise by the driving means 102 described later in detail, the
      second driving lever 166 is rotated counterclockwise in association with
      the first link 180 against the spring 172, and is consequently engaged
      with the latch lever 176. As a result, the kicker 138 is returned to its
      initial position.
PAR  FIG. 15 is a schematic central sectional view of the apparatus of FIG. 8
      taken along the line 15--15, and FIG. 16 is a schematic central sectional
      view of the apparatus of FIG. 10 taken along the line 16--16 with
      cross-sections of the developing and the fixing stations added thereto and
      is presented mainly for explaining developing operations. The guiding
      member 190 is disposed in an opening 189 of the first member 98 as shown
      in FIG. 8, and is rotatably mounted on a shaft 192 fixed to the first
      member 98 as detailedly shown in FIGS. 15 and 16. This guiding member 190
      is biased to rotate clockwise by a torsion spring 194 with reference to
      FIG. 16, but such clockwise rotation is restricted by the abutment of the
      guiding member 190 on the upper side 191 of the opening 189. The guiding
      member 190 has sloped portions 196 to serve to make smooth and sure
      movement of the photosensitive unit 56 from the exposure station 110 to
      the developing station 112. The guiding member 190 further has cutouts 198
      for passage of the pins 142 and 143 of the carriage plate 137 on the
      guiding member 190. When the photosensitive unit 56 is transferred from
      the developing station 112 to the fixing station 114 upon completion of
      the development operation, the photosensitive unit 56 forces the guiding
      member 190 to rotate counterclockwise against the torsion spring 194 as
      shown by broken lines in FIG. 16, and the photosensitive unit 56 passes
      over the guiding member 190. Upon arrival of the photosensitive unit 56 at
      the fixing station 114, the guiding member 190 is released from its
      abutment with the photosensitive unit 56 and is restored to its initial
      position by the torsion spring 194.
PAC  Second Member 100
PAR  As described above, the second member 100 is provided with the exposure
      means 126, the developing means 128, the fixing means 130 and the drying
      means 132, and is pivotably mounted on the axis 125 supported on the first
      member 98. When the second member 100 is rotated around the shaft 125
      clockwise with reference to FIG. 5, the four means 126, 128, 130 and 132
      of the second member 100 swing away from the first member 98. That is, it
      can be considered that the second member 100 is then practically removed
      from the first member 98. The advantage of such structure gives that it is
      easy access to the first member 98 when some trouble such as jamming of
      the transfer of photosensitive units happen in the first member 98. The
      exposure means 126 as schematically shown, as an example, in FIG. 7
      comprises a lens 200, a first mirror 202 rotatably mounted on a shaft 203,
      a shutter assembly 204, a focusing plate 206, a second mirror 207 and a
      finder lens 208. Light reflected from an original is focused on the
      focusing plate 206 by the lens 200. Thus, an image is formed on the
      focusing plate 206. The image on the focusing plate 206 is reflected by
      the second mirror 207 to the finder lens 208, and can be observed through
      the finder 86 for focusing and trimming the original. Upon arrival of the
      photosensitive unit 56 at the exposure station 110, the first mirror 202
      rotates clockwise around the axis 203 as shown by broken lines in FIG. 7
      so that the film of the photosensitive unit 56 is exposed to the image of
      the original. At the end of this exposure process, the first mirror 202
      returns to its initial position.
PAR  As shown in FIGS. 10 and 16, the developing means 128 comprises a
      developing chamber 210 and a developing actuating means for actuating the
      developing chamber 210. Similarly, the fixing means 130 comprises a fixing
      chamber 228 and a fixing actuating means for actuating the fixing chamber
      228. The developing chamber 210 and the fixing chamber 228 have
      substantially the same construction, and both can be called a processing
      chamber. Therefore, the construction of the developing chamber 210 will be
      described in detail in the following. As shown in FIGS. 10 and 16, the
      developing chamber 210 has an opening 218 formed at one side thereof, a
      liquid inlet 220 for introducing the developing liquid 221 from the
      developer supplying tank 270 (FIG. 7) to the developing chamber 210, a
      liquid outlet 224 for exhausting the developing liquid 221 after the
      development process, and a conducting rod 214 fixed thereto. As shown in
      FIG. 16, the opening 218 is facing the principal plane of the
      photosensitive unit 56 and has a size which is slightly larger than the
      first aperture 58 of the photosensitive unit 56. The conducting rod 214 is
      slidably movable in the direction of the arrow 211 under the guidance of a
      conducting member 212 which is integrally formed with the second member
      100. Accordingly, the developing chamber 210 is movable in a direction
      vertical to the principal plane of the photosensitive unit 56. The
      developing chamber 210 is biased toward the photosensitive unit 56 so as
      to cause the opening 218 to engage with the photosensitive unit 56 by a
      compression spring 216 which is positioned between the developing chamber
      210 and the second member 100. However, the developing chamber 210 is
      normally retracted to a position which is out of the path of the
      photosensitive unit 26 when the developing means 128 is not in action.
      Upon arrival of the photosensitive unit 56 at the developing station 112,
      the developing chamber 210 press-fits the opening 218 against the surface
      of the photosensitive unit 56 as shown in FIG. 16, and forms a developing
      space in association with the surface of the photosensitive unit 56. A
      predetermined amount of the developing liquid 221 is introduced from the
      liquid inlet 220 into the developing space so that the developing liquid
      remains in the developing space for a predetermined time period so as to
      develop the surface of the film of the photosensitive unit which has been
      subjected to the exposure process as described above. The developing
      liquid 221 is subsequently exhausted from the developing space to the
      liquid outlet 224. After the development process, the developing chamber
      210 disengages from the photosensitive unit 56 against the compression
      spring 216 so that the photosensitive unit 56 can be transferred to the
      fixing station 114. At the fixing station 114, the photosensitive unit 56
      is fixed by fixing liquid in the fixing chamber 228 which has the same
      construction as that of the developing chamber 210. A conducting rod 231
      and a conducting member 230 (FIGS. 6 and 16) of the fixing chamber 228
      correspond to the conducting rod 214 and the conducting member 212,
      respectively, of the developing chamber 210.
PAR  The mechanism for actuating the developing chamber, the fixing chamber, the
      means for supplying the processing (developing or fixing) liquids, the
      means for exhausting the processing liquids and the means for keeping the
      processing liquids at the processing space are not shown, because such
      mechanism can be constructed in conventional ways as e.g. shown in detail
      in U.S. Pat. No. 3,697,173. For purposes of this application, it is
      sufficient to say that the driving force of a second gear 296 of the
      driving means 102 is used for development and the driving force of a
      second shaft 292 of the driving means 102 is used for fixation as
      described later. As shown in FIG. 10 and 16, the fixing chamber 228 is
      provided with a wiping means 373 which consists of a pair of levers 378
      pivotably mounted on shafts 376 fixed to the fixing chamber 228, a wiping
      roller 374 rotatably mounted on the pair of levers 378 and a pair of
      torsion springs 380. The pair of levers 378 are biased to rotate
      counterclockwise by the torsion springs 380, but such rotation is normally
      restricted by a pair of pins 377 fixed to the fixing chamber 228. As the
      photosensitive unit 56 is transferred from the developing station 112 to
      the fixing station 114, the wiping roller 374 comes in contact with the
      surface of first mount 52 of the photosensitive unit 56 and wipes off any
      undried developing liquid which may remain on the surface of the first
      mount 52. The drying means 132 (FIGS. 5 and 16) comprises a fan motor 97
      and a duct 232 for guiding the air from the fan motor 97 to the space
      between the developing chamber 210 and the fixing chamber 228. The duct
      232 is fixed to the second member 100, and a blowing outlet 234 of the
      duct 232 is disposed in an opening 236 of the second member 100. While the
      photosensitive unit 56 is being transferred from the developing station
      112 to the fixing station 114, the fan motor 97 is energized and the air
      conducted through the duct 232 dries the surface of the photosensitive
      unit 56.
PAC  Driving Means
PAR  The driving means 102 drives the first transfer means 136, the second
      transfer means 138, the exposure means 126, the developing means 128 and
      the fixing means 130, and actuates the drying means 132 in response to the
      actuation of an electrical switch (not shown).
PAR  FIG. 17 is a schematic central sectional view of the apparatus of FIG. 5
      taken along the line 17--17 and illustrates the main mechanism of the
      driving means 102. As shown in FIGS. 5 and 17, the driving means 102
      fundamentally comprises a first plate 284, a second plate 286, a main
      shaft 288 rotatably mounted on the first and the second plates 284 and
      286, a first shaft 290, a second shaft 292 and a driving motor (not shown)
      for driving the main shaft 288. The first plate 284 and the second plate
      286 are connected by stay-bolts 285, and the first plate 284 is attached
      to the first member 98 by stay-bolts 129. The main shaft 288 is
      continuously rotated by the motor, and has thereon a first two-toothed
      wheel 298, a first gear 300, a second two-toothed wheel 302 and a second
      gear 304. These wheels 298 and 302 and the gears 300 and 304 are fixed to
      the main shaft 288. The first shaft 290 has thereon a third gear 294 fixed
      thereto, a fourth gear 296 rotatably supported thereby and a transfer cam
      340 attached thereto. The second shaft 292 has a fifth gear 308 and a
      fixing cam 310 attached thereto for driving the fixing means 130. The
      first two-toothed wheel 298 has two teeth 333 and 334, and the second nail
      wheel 302 has two nails 335 and 336.
PAR  FIG. 18 is a schematic central sectional view of the apparatus of FIG. 17
      taken along the line 18--18. As shown in FIG. 18, the third gear 294 has a
      first clutch lever 314 pivotably mounted thereon by a pin 312, a torsion
      spring 316 for biasing the first clutch lever 314 clockwise, a pin 320
      mounted thereon and detent pins 311 and 313 mounted thereon. Just half
      number of the teeth of the third gear 294 are cut out. The first clutch
      lever 314 is actuated by a starting mechanism 350 described later to
      rotate counterclockwise against the torsion spring 316.
PAR  FIG. 19 is a schematic central sectional view of the apparatus of FIG. 17
      taken along the line 19--19. As shown in FIG. 19, the fourth gear 296 has
      a cut-out portion 297, a second clutch lever 324 pivotably mounted thereon
      by a pin 322, a torsion spring 323 for biasing the second clutch lever 324
      clockwise, and a driving pin 326 fixed to the back thereof. Normally the
      driving pin 326 is in contact with the pin 320 of the third gear 294 (FIG.
      18). The second clutch lever 324 is actuated, by the movement of the
      second driving lever 166, to rotate counterclockwise against the torsion
      spring 323 when the photosensitive unit 56 is transferred to the
      developing station 112. The fourth gear 296 is further provided with a
      developing cam 328 for actuating the developing means 128. The mechanism
      for actuating the developing means 128 by means of the developing cam 328
      is conventional as shown e.g. in U.S. Pat. No. 3,697,173. The mechanism
      for actuating the fixing means 130 by means of the fixing cam 310 is
      similar to that for the developing means 128. As shown in FIGS. 5 and 17,
      the transfer cam 340 is disposed at a position between the first member 98
      and the first plate 284 and fixed to the first shaft 290. Referring to
      FIGS. 8 and 17, the transfer cam 340 carries a shaft 342 rotatably mounted
      thereon which is fixed to a crank arm 344. The crank arm 344 has a pin 346
      at one end thereof. The pin 346 is rotatably held by a sleeve 145 fixedly
      mounted on the first driving lever 144. Accordingly, the rotation of the
      transfer cam 340 imparts a reciprocal swinging movement to the first
      driving lever 144 around the shaft 152 in association with the crank arm
      344. On the other hand, the transfer cam 340 is shaped as shown in FIG. 8
      in a manner such that the transfer cam 340 actuates the second link 186 by
      engagement with the cam roller 185.
PAR  The fifth gear 308 has a cut-out portion 309, a detent pin 315 fixed
      thereto and a third clutch lever 332 pivotably and frictionally mounted
      thereon by means of a pin 330. The third clutch lever 332 is actuated, by
      a clutch member 325 pivotably mounted on the second plate 286 by means of
      a pin 327, to rotate counterclockwise when the rotation of the fourth gear
      296 comes to an end. The third gear 294 is adapted to be in meshing
      engagement with the first gear 300. The fourth gear 296 and the fifth gear
      308 are adapted to be in meshing engagement with the second gear 304.
      Normally, these three gears 294, 296 and 308 do not rotate and are
      stationary because of the existance of the cut-out portions 295, 297 and
      309 while the main shaft 288 is rotating. This stationary state of these
      three gears 294, 296 and 308 is ensured by a first detent lever 301, a
      second detent lever 305 and a third detent lever 307 in association with
      the pins 311, 326 and 315, respectively. These three detent levers 301,
      305 and 307 are the same in shape and are rotatably mounted on pins 317,
      319 and 321, respectively, which are fixed to the second plate 286.
      Further, the first detent lever 301 and the second detent lever 305 are
      biased by a spring 329, and the third detent lever 307 is also biased by a
      spring 331 in order to ensure the stationary state of the three gears 294,
      296 and 308.
PAR  FIGS. 20 and 21 are schematic central sectional views of the apparatus of
      FIG. 18 and are presented for explaining the starting mechanism 350 for
      starting the rotation of the driving means (third gear 294). Referring to
      FIGS. 20 and 21, the starting mechanism 350 comprises a start lever 354
      pivotably mounted on a pin 352 fixed to the second plate 286, and a start
      solenoid 368 attached to the second plate 286. The start lever 354 is
      connected with the solenoid 368 by means of a tension spring 370 at an
      upper end portion thereof. A tension spring 362 is tensioned between a pin
      360 fixed to the second plate 286 and a bent portion 357 of the start
      lever 354 and biases the start lever 354 in a counterclockwise direction.
      A pin 372 beside the pin 360 is attached to the second plate 286 and
      serves as a stop for stopping the start lever 354.
PAR  The following description explains the whole movement of the apparatus of
      this invention.
PAR  Upon energization of the start solenoid 368, the start lever 354 is rotated
      from an initial position as shown in FIG. 20 to a second position as shown
      in FIG. 21 around the pin 352 against the spring 362 so that the start
      lever 354 engages with the first clutch lever 314. Accordingly, the first
      clutch lever 314 rotates around the pin 312 against the torsion spring 316
      and brings an end portion thereof into engagement with one of the teeth
      333 and 334 of the first two-toothed wheel 298 as shown in FIG. 21. This
      engagement initiates the rotation of the third gear 294 and brings the
      third gear 294 into meshing engagement with the first gear 300 in order to
      rotate the first shaft 290. The first shaft 290 continues a first rotation
      until the cut-out portion of the third gear 294 arrives at the meshing
      point between the third gear 294 and the first gear 300. That is, the
      first shaft 290 finishes the first rotation after its rotation through
      180.degree.. The first detent lever 301 ensures the stationary state of
      the first shaft 290 in association with the detent pin 313 of the third
      gear 294. During the first rotation of the first shaft 290, the fourth
      gear 296 is in its stationary state, and the second detent lever 305
      ensures the stationary state of the fourth gear 296 at its initial
      position.
PAR  By the first rotation of the first shaft 290, the transfer cam 340
      counterclockwise through rotates an angle of 180.degree. with reference to
      FIG. 8, and the first driving lever 144 is rotated counterclockwise by the
      crank arm 344 as shown in FIG. 12. Accordingly, the carriage plate 137 is
      moved so as to transfer the photosensitive unit 56 from the supplying
      station 108 to the exposure station 110 in association with the pins 140
      and 141. Upon arrival of the photosensitive unit 56 at the exposure
      station 110, the first mirror 202 occupies the position as shown by the
      broken lines in FIG. 7 so as to project the image of the original onto the
      photosensitive unit 56 through the shutter assembly 204. During the
      exposure, the pins 140 and 141 cause the photosensitive unit 56 to remain
      at the exposure station 110 so as to prevent the photosensitive unit 56
      from moving in a way that might result in damage of the image. On the
      other hand, the transfer cam 340 occupies the position as shown in FIG. 12
      so that the cam roller 185 of the second link 186 is free from its
      engagement with the transfer cam 340, and is ready to rotate
      counterclockwise.
PAR  Upon completion of the exposure, the solenoid 175 is energized so that the
      latch lever 176 rotates counterclockwise with reference to FIG. 12, and
      the latch lever 176 is disengaged from the second driving lever 166.
      Consequently, the second driving lever 166 rotates clockwise quickly under
      the bias of the spring 172, and transfers the photosensitive unit 56 from
      the exposure station 110 to the developing station 112 in association with
      the kicker 139 as shown in FIG. 13. The guiding member 190 just below the
      developing station 112 guides the photosensitive unit 56 to the developing
      station 112 and causes the photosensitive unit 56 to remain at the
      developing station 112.
PAR  When the photosensitive unit 56 arrives at the developing station 112, the
      second clutch lever 324 of the fourth gear 296 is rotated around the pin
      322 against the torsion spring 323 in association with the movement of the
      second driving lever 166, and brings one end portion thereof into
      engagement with one of the teeth 335 and 336 of the second two-toothed
      wheel 302. This engagement causes the fourth gear 296 to rotate slightly
      and come into meshing engagement with the second gear 304 so that the
      fourth gear 296 is continuously rotated through an angle of 360.degree..
PAR  While the fourth gear 296 rotates through an angle of 180.degree.to (i.e.
      from 0.degree. to 180.degree.), the developing cam 328 actuates the
      developing means 128 and finishes the operation of the developing means
      128.
PAR  Just when the fourth gear 296 reaches the rotational angle of 180.degree.,
      the driving pin 326 of the fourth gear 296 abuts the pin 320 of the third
      gear 294 which has completed the first rotation through 180.degree.
      described above. During the subsequent rotation of the fourth gear 296
      through another angle of 180.degree. (i.e. from 180.degree. to
      360.degree.), the driving pin 326 pushes the pin 320 so that the third
      gear 296 rotates in a second rotation thereof until the cut-out portion
      297 of the fourth gear 296 arrives at the meshing point between the fourth
      gear 296 and the second gear 304. When the cut-out portion 297 arrives at
      the meshing point, each of the fourth gear 296, the third gear 294 and the
      first shaft 290 finishes a full rotation, respectively, and occupies the
      initial position thereof, respectively.
PAR  According to the second rotation of the third gear 294 and the first shaft
      290, the transfer cam 340 also rotates in a second rotation thereof. The
      first driving lever 144 rotates clockwise in association with the crank
      arm 344. Consequently, the carriage plate 137 carries out a second
      movement so as to transfer the photosensitive unit 56 from the developing
      station 112 to the fixing station 114 in association with the pins 142 and
      143. On the other hand, during the second rotation of the transfer cam
      340, the transfer cam 340 engages with and pushes the cam roller 185 of
      the second link 186, and rotates the second link 186 clockwise so that the
      second driving lever 166 is returned to its initial position in
      association with the link 180 and is finally engaged with the latch lever
      176.
PAR  While the photosensitive unit 56 is being transferred from the developing
      station 112 to the fixing station 114, the dryer fan motor is energized
      for blowing air onto the photosensitive unit 56 through the duct 232 in
      order to dry the photosensitive unit 56.
PAR  As soon as the photosensitive unit 56 starts to move to the fixing station
      under the pushing force of the pins 142 and 143, the guiding member 190 is
      forcedly rotated to a position as shown by the broken lines in FIG. 16 by
      the photosensitive unit 56 against the torsion spring 194. Upon completion
      of the transfer of the photosensitive unit 56 to the fixing station 114,
      the guiding member 190 is returned to the initial position by the torsion
      spring 194.
PAR  At the end of the rotation of the fourth gear 296, the driving pin 326
      abuts and rotates the clutch member 325 clockwise around the pin 327 with
      reference to FIG. 19. The clutch member 325 rotates the third clutch lever
      332 of the fifth gear 308 around the pin 330 and brings the clutch lever
      332 into engagement with one of the teeth 395 and 396 of the second
      two-toothed wheel 302. This engagement initiates the rotation of the fifth
      gear 308 and brings the fifth gear 308 into meshing engagement with the
      second gear 304 in order to rotate the second shaft 292 counterclockwise
      with reference to FIG. 19. During the rotation of the second shaft 292,
      the fixing cam 310 actuates the fixing means 130 for fixing the latent
      image formed on the film of the photosensitive unit 56 at the developing
      process. At the end of the rotation of the second shaft 292, the
      photosensitive unit 56 having been subjected to all the necessary
      processes is kicked out from the fixing station 114 to the outlet 82 by
      means of the fixing cam 310. Briefly summarizing with respect to the
      second shaft 292, the second shaft 292 is intermittently engageable with
      said main shaft 288 so as to drive said fixing means.
PAR  When the photosensitive unit 56 is transferred from the developing station
      112 to the fixing station 114 and when the photosensitive unit 56 is
      kicked out from the fixing station 114, the surface of the first mount 52
      of the unit 56 is in contact with the wiping roller 374. The wiping roller
      374 serves to maintain the photosensitive unit 56 at the fixing station
      114 in association with the torsion spring 380 under the frictional
      engagement thereof with the photosensitive unit 56. Furthermore, the
      wiping roller 374 serves to wipe away possible undried developing liquid
      remaining on the surface of the first mount 52 of the photosensitive unit
      56.
PAR  When the photosensitive unit 56 arrives at the fixing station 114, the
      carriage plate 137 is ready to move upwardly so as to transfer a
      subsequent photosensitive unit from the unit supplying station 108 to the
      exposure station 110. Therefore, it is possible to subject such subsequent
      photosensitive unit to an exposure process while the preceding
      photosensitive unit 56 is being fixed at the fixing station 114.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic apparatus for producing a visible permanent image on a
      photosensitive film in a photosensitive unit which comprises a film mount
      and said photosensitive film mounted on said film mount, said photographic
      apparatus including:
PA1  a first member having a supplying station, an exposure station, a
      developing station and a fixing station provided along a path on a
      principal surface thereof, said photosensitive unit being supplied to said
      supplying station;
PA1  driving means;
PA1  first transfer means operatively coupled to and driven by said driving
      means and reciprocally movable thereby in a plane parallel to and spaced
      from said principal surface of said first member at a distance slightly
      larger than the thickness of said photosensitive unit for transferring
      said photosensitive unit along said principal surface from said supplying
      stataion to said exposure station by a first movement thereof;
PA1  exposure means operatively coupled to and driven by said driving means for
      subjecting said photosensitive film of said of photosensitive unit at said
      exposure station to a light reflected from an original from which said
      visible permanent image is to be produced, so as to form a latent image of
      said original on said photosensitive film;
PA1  second transfer means operatively coupled to and driven by said driving
      means and reciprocally movable thereby between said exposure station and
      said developing station and for transferring said photosensitive unit
      along said principal surface from said exposure station to said developing
      station;
PA1  developing means operatively coupled to and driven by said driving means
      for developing said latent image at said developing station so as to form
      a developed image, said first transfer means further transferring said
      photosensitive unit along said principal surface from said developing
      station to said fixing station by a second movement thereof; and fixing
      means operatively coupled to and driven by said driving means for fixing
      said developed image at said fixing station so as to form said visible
      permanent image.
NUM  2.
PAR  2. A photographic apparatus according to claim 1, wherein said first
      transfer means comprises means in pushing engagement with one of sides of
      said photosensitive unit in said first movement thereof and in pushing
      engagement with the other side of said photosensitive unit in said second
      movement thereof.
NUM  3.
PAR  3. A photographic apparatus according to claim 1, wherein said first
      transfer means comprises:
PA1  a carriage plate reciprocally movable in said plane parallel to and spaced
      from said principal surface of said first member for transferring said
      photosensitive unit from said supplying station to said exposure station
      by a first movement thereof, and also from said developing station to said
      fixing station by a second movement thereof; and
PA1  a driving lever pivotably mounted on said first member and engaged with
      said carriage plate, said driving lever imparting said reciprocal movement
      to said carriage plate by a reciprocal swinging movement thereof.
NUM  4.
PAR  4. A photographic apparatus according to claim 3, wherein said carriage
      plate has some portions thereof which always overlap said photosensitive
      unit in order to hold said photosensitive unit by and between the
      overlapping portions of said carriage plate and said principal surface of
      said first member.
NUM  5.
PAR  5. A photographic apparatus according to claim 1, wherein said driving
      means comprises:
PA1  a main shaft having a first gear and a second gear, and continuously
      rotating while said apparatus is in action;
PA1  a first shaft having a third gear and a fourth gear, said third gear being
      fixed to said first shaft and being rotated through an angle from
      0.degree. to 180.degree. by its meshing engagement with said first gear
      whereby said first shaft imparts said first movement to said first
      transfer means, said fourth gear being rotatably mounted on said first
      shaft and rotated by its meshing engagement with said second gear, said
      fourth gear driving said developing means by its rotation through an angle
      from 0.degree. to 180.degree. and also driving to rotate said third gear
      by its rotation through another angle from 180.degree. to 360.degree.
      whereby said first shaft imparts said second movement to said first
      transfer means and drives said second transfer means; and
PA1  a second shaft intermittently engageable with said main shaft so as to
      drive said developing means.
NUM  6.
PAR  6. A photographic apparatus according to claim 1, which further comprises a
      second member having said exposure means, said developing means and said
      fixing means attached thereto, said second member being pivotably mounted
      on said first member at one end portion thereof and detachably mounted on
      said first member at the other end thereof.
NUM  7.
PAR  7. A photographic apparatus according to claim 1, which further comprises a
      guiding member adjacent said path for guiding said photosensitive unit
      from said exposure station to said developing station and for causing said
      photosensitive unit to remain at said developing station during
      development.
NUM  8.
PAR  8. A photographic apparatus according to claim 7, wherein said guiding
      member is pivotably mounted on said first member, whereby said
      photosensitive unit forcedly rotates said guiding member and moves over
      said guiding member when said photosensitive unit is transferred from said
      developing station to said fixing station by said first transfer means.
NUM  9.
PAR  9. A photographic apparatus according to claim 1, which further comprises
      wiping means adjacent said path which is in contact with the surface of
      said photosensitive unit for wiping the surface of said photosensitive
      unit while said photosensitive unit is being transferred from said
      developing station to said fixing station.
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ABST
PAL  An apparatus in which the failure to remove an original document from a
      housing after the elapse of a preselected duration of time is detected.
BSUM
PAR  The foregoing abstract is neither intended to define the invention
      disclosed in the specification, nor is it intended to be limiting as to
      the scope of the invention in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an electrophotographic printing
      machine, and more particularly concerns an apparatus for detecting the
      presence of an original document on the platen thereof.
PAR  In the process of electrophotographic printing, for example, as disclosed
      in U.S. Pat. No. 2,297,691 issued to Carlson in 1942, a photoconductive
      member is charged to a substantially uniform potential in order to
      sensitize its surface. The charged photoconductive surface is then exposed
      to a flowing light image of the original document being reproduced.
      Exposing the charged photoconductive surface to the light image
      selectively dissipates the charge in the irradiated areas. This records an
      electrostatic latent image of the original document on the photoconductive
      surface. The electrostatic latent image is developed by bringing a
      developer mix of carrier granules and toner particles into contact
      therewith. Thereafter, the toner powder image is transferred from the
      photoconductive member to a sheet of support material, such as plain
      paper, to which it is permanently affixed by the suitable application of
      heat thereto. In this manner, a copy of the original document is formed.
      Frequently, the original document being reproduced is left on the platen
      of the printing machine after the copy is reproduced. Herein before, there
      was no indication that the operator had left the original document in the
      electrophotographic printing machine. Thus, when operators returned to
      their work stations with the copy, the original document was frequently
      lost.
PAR  Accordingly, it is a primary object of the present invention to improve
      electrophotographic printing machines by providing an indication to the
      operator that the original document has been left therein after the
      requisite number of copies have been reproduced.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided an apparatus for housing an original document.
PAR  Pursuant to the features of the present invention, the appratus includes
      means for supporting the original document. In addition, means are
      provided for detecting the failure to remove the original document from
      the supporting means after the elapse of a preselected duration of time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a schematic elevational view of an electrophotographic printing
      machine incorporating the features of the present invention therein;
PAR  FIG. 2 is an elevational view, partially in section, depicting the FIG. 1
      printing machine housing for the original document being reproduced; and
PAR  FIG. 3 is a schematic representation of a circuit providing an indication
      that the original document remained in the housing after the elapse of a
      preselected duration of time.
DETD
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents that may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of an electrophotographic printing machine in
      which the present invention may be incorporated, reference is had to FIG.
      1, which depicts schematically the various components thereof.
      Hereinafter, like reference numerals will be employed throughout to
      designate like elements. Although the apparatus for detecting the failure
      to remove the original document from an electrophotographic printing
      machine is particularly well adapted for use therein, it should become
      evident from the following discussion that it is equally well suited for
      use in a wide variety of devices and is not necessarily limited in its
      application to the particular embodiment shown herein.
PAR  As in all electrophotographic systems of the type illustrated, an image
      bearing member having a drum 10 with a photoconductive surface 12
      entrained about and secured to the exterior circumferential surface
      thereof is rotated, in the direction of arrow 14, through a series of
      processing stations. By way of example, photoconductive surface 12 may be
      made preferably from a suitable selenium alloy.
PAR  The processing stations will be described briefly hereinafter.
PAR  Initially, drum 10 rotates successive portions of photoconductive surface
      12 through charging station A. Charging station A employs a corona
      generating device, indicated generally at 16, to sensitize photoconductive
      surface 12. Corona generating device 16 is positioned closely adjacent to
      photoconductive surface 12 so as to charge it to a relatively high,
      substantially uniform potential. U.S. Pat. No. 2,836,725 issued to
      Vyverburg in 1958 is exemplary of the type of corona genrating device that
      may be employed.
PAR  Thereafter, drum 10 rotates the charged portion of photoconductive surface
      12 to exposure station B. Exposure station B includes a housing member,
      indicated generally by the reference numeral 18, for holding original
      document 20. Housing member 18 includes supporting means 22 and cover
      member 24. The detailed structural configuration of housing member 18 will
      be described hereinafter with reference to FIG. 2. However, it should be
      noted that housing member 18 includes suitable circuitry for indicating
      that original document 20 has not been removed from supporting means 22
      after the elapse of a pre-selected duration of time. Lamps 26 illuminate
      original document 20 located in housing member 18. Scanning of original
      document 20 is achieved by oscillating mirror 28 in a timed relationship
      with the movement of drum 10. Mirror 28 is positioned beneath housing
      member 18 to reflect the light image of original document 20 through
      spherical lens 30 onto mirror 32 which, in turn, transmits the light image
      through apertures slit 34 onto charged photoconductive surface 12.
      Irradiation of charged photoconductive surface 12 records an electrostatic
      latent image thereon corresponding to the original document.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      photoconductive surface 12 to the development station C. Development
      station C includes development apparatus 36 comprising an enclosure having
      a lower sump for accumulating a developer mix of carrier granules and
      toner particles. Bucket conveyor 38 is employed to move the developer mix
      from the lower sump to the upper region thereof, where it is cascaded in
      the downwardly direction over the electrostatic latent image recorded on
      photoconductive surface 12. In this manner, the toner particles are
      electrostatically attracted to the latent image forming a toner powder
      image on photoconductive surface 12.
PAR  With continued reference to FIG. 1, a sheet of support material is advanced
      by the sheet feeding apparatus to transfer station D. At transfer station
      D, a corona generating device indicated generally by the reference numeral
      40, is arranged to spray ions onto the back side of the sheet of support
      material which may be a plain sheet of paper or a thermoplastic sheet, to
      attract the toner powder image from photoconductive surface 12 thereto.
PAR  Prior to proceeding with the description of the remaaining processing
      stations, the sheet feeding apparatus will be briefly described
      hereinafter.
PAR  As shown in FIG. 1, the sheet feeding apparatus includes vacuum feeders to
      advance the uppermost sheet of the stack of sheets to roller 42. Roller 42
      cooperates with the belts of paper transport 44 for advancing the sheet of
      support material to sheet registration device 46. Sheet registration
      device 46 is located adjacent to drum 10 so as to arrest and align
      successive advancing sheets of support material. Thereafter, sheet
      registration device 46 advances the sheet of support material into contact
      with photoconductive surface 12, in a timed relationship with the movement
      of drum 10, so that the toner powder image thereon is interposed between
      photoconductive surface 12 and the sheet of support material. In this way,
      corona generating device 40 attracts the toner powder image from
      photoconductive surface 12 to the sheet of support material.
PAR  After transferring the toner powder image to the sheet of support material,
      stripping device 48 produces a flow of periodically pulsated pressurized
      air which separates the sheet of support material from photoconductive
      surface 12. After the sheet of support material is separated from
      photoconductive surface 12, endless belt conveyor 50 advances it to fusing
      station E.
PAR  At fusing station E, a suitable fusing apparatus, generally indicated by
      the reference numeral 52, generates sufficient heat to permanently affix
      the toner powder image to the sheet of support material. After the toner
      powder image is permanently affixed to the sheet of support material,
      conveyor 54 advances it to catch tray 56 enabling the machine operator to
      readily remove the finished copy from the printing machine.
PAR  Continuing now with the remaining processing stations, invariably after the
      sheet of support material is stripped from photoconductive surface 12,
      residual toner particles adhere thereto. These residual toner particles
      are removed from photoconductive surface 12 at cleaning station F.
      Initially, the toner particles are brought under the influence of a corona
      generating device 58 which neutralizes the remaining electrostatic charge
      on photoconductive surface 12 and the residual toner particles. The
      neutralized toner particles are cleaned from photoconductive surface 12 by
      a rotatably mounted fibrous brush 60 in contact therewith.
PAR  Subsequent to cleaning, discharge lamp 62 floods photoconductive surface 12
      with light to dissipate any residual electrostatic charge remaining
      thereon prior to the initiation of the next successive cycle.
PAR  It is believed that the foregoing description is sufficient for purposes of
      the present application to illlustrate the general operation of an
      electrophotographic printing machine.
PAR  Referring now to the specific matter of the present invention, FIG. 2
      depicts housing member 18 in greater detail. Support means 22, preferably,
      includes a substantially rectangular curved transparent member 64, made of
      glass, which is secured by suitable means to the frame of the
      electrophotographic printing machine depicted in FIG. 1. Transparent
      member or platen 64 rests upon resilient means or a soft edge gasket 66
      which is secured to a horizontally dependent flange 68 of the rigid
      machine frame. A plate 70, affixed to the machine frame, is placed
      thereover and provided with an opening therein to expose the top surface
      of platen 64. Switch 72 is disposed upon platen 64 and adapted to engage
      the leading or trailing edge of original document 20 disposed thereon in
      the margin or non-image region. Switch 72 is normally opened. However,
      with original document 20 being disposed upon platen 64 and cover member
      24 being in the closed position, switch 72 is actuated indicating the
      presence of original document 20 upon platen 64. It should be noted that
      switch 72 is a highly sensitive switch having a low spring constant. This
      is due to the fact that the beam strength of the paper must be capable of
      closing switch 72 when cover member 24 is closed.
PAR  Cover member 24 is mounted pivotably along one edge of support 22 and
      includes a substantially rigid continuous outer shell 74 having affixed
      thereto a resilient sheet member 76 made of an elastomeric material such
      as a soft rubber-like backing. Resilient sheet member 76 may be fabricated
      from either a natural rubber or any number of commercially available
      synthetic rubbers, e.g. foam polyurethane which is affixed to outer shell
      74 by means of a suitable adhesive. The outer surface of sheet 76 is
      preferably colored white to provide a suitable reflective surface for the
      light rays impinging thereon. Sheet 76 has an aperture or notch 68
      therein. Notch 78 is adapted to mate with the switch 72. In this way, when
      cover member 24 is closed without original document 20 being positioned
      upon platen 64, switch 72 will remain in the opened position. However,
      when original document 20 is disposed upon platen 64 and cover member 24
      is closed, original document 20 will be supported in all areas around
      switch 72 by sheet member 76 and the beam strength of optical document 20
      will close switch 72. A handle 80 is provided at the free end of cover
      member 24 and provides a means by which cover member 24 can be raised or
      lowered. To permit cover member 24 to be raised over large objects to be
      reproduced, such as books, while still permitting cover member 24 to lie
      in a plane substantially parallel to platen 64, cover member 24 is double
      hinged. Double hinge 82 is secured to cover member 24 at the end thereof
      opposed from handle 80. A suitable double hinge is described in U.S. Pat.
      No. 3,062,110 issued to Shepardson et al. in 1962.
PAR  The present invention includes detecting means for determining the failure
      to remove the original document from platen 64 after the elapse of a
      pre-selected duration of time. Switch 72 is one element of the electrical
      circuitry for detecting the failure to remove the original document from
      platen 64. One embodiment of an electrical circuit for accomplishing the
      foregoing is shown schematically in FIG. 3. One skilled in the art will
      recognize that many variations and modifications of this circuit may be
      employed to achieve similar results.
PAR  Turning now to FIG. 3, detecting means, indicated generally at 84, includes
      a power supply 86. Preferably, power supply 86 generates about 115 volts
      A.C. Stepdown transformer 88, electrically coupled to power supply 86,
      converts the 115 volts A.C. to preferably about 24 volts A.C. The
      electrical output from transformer 88 is coupled to bridge rectifier
      circuit 90. Bridge rectifier circuit 90 includes a plurality of diodes 92
      arranged in a bridge circuit. Rectifier circuit 90 converts the 24 volt
      A.C. input to a D.C. output. Switch 72 is normally in an opened position.
      However, when original document 20 is disposed upon platen 64 and cover
      member 24 is closed, switch 72 is closed. Switch 72 is electrically
      connected to rectifier circuit 90. The output from switch 72 actuates time
      relay 1TD. Normal opened switch 1TD and bell 94 are connected electrically
      in parallel with time delay relay 1TD. After the elapse of a pre-selected
      duration of time, time delay relay 1TD closes switch 1TD. When switch 72
      and switch 1TD are closed, bell 94 is energized alerting the machine
      operator that the original document has not been removed from platen 64.
      Removal of the original document from platen 64 opens switch 72 which, in
      turn, de-energizes time relay 1TD and switch 1TD returns to the normally
      opened position. In this way, bell 94 is de-energized. It should be noted
      that the foregoing procedure may also be employed to reset this circuit if
      bell 94 is energized during a long copy run. This selected duration of
      time that the original document may remain on platen 64 without exciting
      bell 94 is determined by a judicious selection of time delay 1TD. The time
      delay, in turn, is dependent upon the machine speed and the number of
      copies produced thereby. By way of example, if the machine is capable of
      producing 3600 copies per hour, or 60 copies per minute, the time delay
      might be set at about two minutes. To this end, 120 copies of the same
      original may be formed before the time delay relay 1TD will energize
      switch 1TD which, in turn, excites bell 94. In the event that a greater
      length of time or a lesser length of time is desired a time delay relay
      1TD producing the requisite time delay may be selected. To obviatie this
      problem, the circuitry of FIG. 3 may be modified so as to be triggered by
      the machine logic. In this embodiment, switch 72 would be closed at the
      end of the copy run by the machine logic and bell 94 would be energized a
      pre-selected duration of time after the copy run terminates. Hence,
      detecting means 84 includes a voltage source electrically coupled to a
      switch which is closed when an original document is disposed upon the
      platen of an electrophotographic printing machine or at the termination of
      the copy run. Closing of the switch actuates the timing means of the
      electrical circuitry to electrically excite an indicator upon the failure
      to remove the original document from the platen after the elapse of a
      pre-selected duration of time.
PAR  It is, therefore, apparent that there has been provided, in accordance with
      the present invention, an apparatus for housing an original document that
      indicates the failure to remove the original document therefrom after the
      elapse of a pre-selected duration of time. This apparatus fully satisfies
      the objects, aims and advantages set forth above. While this invention has
      been described in conjunction with specific embodiments thereof, it is
      evident that many alternatives, modifications and variations will be
      apparent to those skilled in the art in light of the foregoing
      description. Accordingly, it is intended to embrace all such alternatives,
      modifications and variations as fall within the spirit and broad scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for housing an original document, including:
PA1  means for supporting the original document;
PA1  means for detecting the failure to remove the original document from said
      supporting means after the elapse of a preselected duration of time;
PA1  a cover member operatively associated with said supporting means and being
      movable from an opened position permitting the orignal document to be
      disposed on said supporting means to a closed position securing releasably
      the original document on said supporting means; and
PA1  means for illuminating the original document disposed upon said supporting
      means.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said detecting means
      includes:
PA1  a voltage source;
PA1  means for indicating the presence of the sheet of support material on said
      supporting means;
PA1  timing means for energizing said indicating means after the elapse of the
      pre-selected duration of time; and
PA1  switch means operatively associated with supporting means and arranged to
      be actuated in response to the original document being located on said
      supporting means, thereby electrically coupling said voltage source to
      said timing means to energize said timing means.
NUM  3.
PAR  3. An apparatus as recited in claim 2, wherein said supporting means
      includes:
PA1  a substantially rigid frame member having an aperture therein;
PA1  resilient means secured to said frame member on the periphery of the
      aperture therein; and
PA1  a transparent member having a generally planar surface for supporting the
      original document in a light receiving relationship with said illuminating
      means, said transparent member being mounted on said resilient means in
      the aperture of said frame member.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein said cover member includes:
PA1  a substantially rigid outer shell; and
PA1  a resilient sheet member secured to said outer shell and adapted to engage
      the original document disposed on said transparent member with said cover
      member being in the closed position.
NUM  5.
PAR  5. An electrophotographic printing machine of the type having a corona
      generating device for charging a photoconductive member to a substantially
      uniform potential, and an exposure mechanism for illuminating an original
      document forming a light image which irradiates the charged
      photoconductive member recording a latent image thereon, wherein the
      improvement includes:
PA1  means for supporting the original document;
PA1  means for detecting the failure to remove the original document from said
      supporting means after the elapse of a preselected duration of time;
PA1  a cover member operatively associated with said supporting means and being
      movable from an opened position permitting the original document to be
      disposed on said supporting means to a closed position securing releasably
      the original document on said supporting means.
NUM  6.
PAR  6. A printing machine as recited in claim 5, wherein said detecting means
      includes:
PA1  a voltage source;
PA1  means for indicating the presence of the sheet of support material on said
      supporting means;
PA1  timing means for energizing said indicating means after the elapse of the
      pre-selected duration of time; and
PA1  switch means operatively associated with said supporting means and arranged
      to be actuated in response to the original document being located on said
      supporting means, thereby electrically coupling said voltage source to
      said timing means to energize said timing means.
NUM  7.
PAR  7. A printing machine as recited in claim 6, wherein said supporting means
      includes:
PA1  a substantially rigid frame member having an aperture therein;
PA1  resilient means secured to said frame member on the periphery of the
      aperture therein; and
PA1  a transparent member having a generally planar surface for supporting the
      original document in a light receiving relationship with said illuminating
      means, said transparent member being mounted on said resilient means in
      the aperture of said frame member.
NUM  8.
PAR  8. A printing machine as recited in claim 7, wherein said cover member
      includes:
PA1  a substantially rigid outer shell; and
PA1  a resilient sheet member secured to said outer shell and adapted to engage
      the original document disposed on said transparent member with said cover
      member being in the closed position.
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ABST
PAL  A scene is scanned with several different frequency light beams, emitted
      for example, from a mixed gas laser. The scattered light returned from the
      surfaces of the objects in the scene is detected. Comparing the phase of
      the returned light with the emitted light provides range information. The
      amplitudes of the signals of the various different frequency light beams
      are logically combined to provide the color at each point of the various
      surfaces within the scene. From the combined range and color information
      machine analysis of the scene can be made so that the objects in a
      cluttered scene can be recognized by the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for determining the range and color of
      objects within a scene using laser light, and more particularly to
      improvements therein.
PAR  The recognition of three-dimensional objects in a complex cluttered scene
      by machine, is one of the major goals in present machine intelligence
      research studies. Many potential applications for industrial automation,
      and for deep sea and planetary exploration, have been suggested, and await
      an economic solution.
PAR  The general problem of recognizing objects in a cluttered scene is greatly
      complicated because of various factors. One of these is occlusion wherein
      only parts of objects may be visible, the remaining parts being hidden
      from view by parts of other objects. Another problem is caused by shadows,
      since it is often difficult to discriminate between shadows and the real
      objects. Other problems are caused by highlight reflections of light from
      portions of surfaces of an object.
PAR  The color of a surface detected by the human eye or a TV color camera
      depends not only on the material characteristics of the surface viewed,
      but also on the spectral and spatial distribution characteristics of a
      light falling on the surface. Although there may be considerable prior
      knowledge, it is generally true that lighting conditions in a scene are
      highly variable and unpredictable. Thus, a surface may appear to have a
      different "color" when viewed under incandescent lamps, fluorescent or
      daylight lighting; the situation can be even further complicated when
      multiple sources of light are present, such as in a room illuminated by
      both artificial and natural light sources, or by several light sources of
      any kind with different spectral outputs.
PAR  The intensity of light falling on every point of the surface of an object
      is highly variable, depending on the position of each such point relative
      to the position and spatial distribution of light from each light source.
      Many picture processing techniques designed to extract relevant features
      that are based on discontinuities in intensity are plagued with the wide
      variations and intensity encountered in regions which do not have
      discontinuities. Thus, it would be advantageous to use a known and
      controlled light source to provide the light for scanning the scene,
      eliminating spurious discontinuities. Furthermore, regions in the scene
      which have no three-dimensional discontinuities, such as planar regions
      (e.g., wall or floor) can be extracted using range data, even though there
      may be many colors present in that region. Thus, range data combined with
      accurate color data can be used to describe surfaces precisely. Such
      descriptions form the bases of improved recognition systems for objects in
      cluttered scenes.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is the provision of a combined ranging and
      color sensing system which eliminates the problems previously specified.
PAR  Yet another object of this invention is the provision of a ranging and
      color sensing system which simplifies the recognition of objects in a
      cluttered scene.
PAR  Yet another object of this invention is the provision of a novel and
      improved combined ranging and color detecting system.
PAR  The foregoing and other objects of the invention may be achieved in an
      arrangement wherein a light source such as a mixed gas laser is provided
      which can emit a number of spectral lines simultaneously. By way of
      illustration, three of the emitted wave lengths are used. The emitted
      light is passed through an amplitude modulator, then through a
      half-silvered mirror, which is followed by a mirror which provides a
      scanning action for scanning a scene. The light which falls upon the
      objects of the scene is scattered and returned to the half-silvered
      mirror, which reflects a portion thereof onto a color separating prism.
      Three different colored reflected beams are converted to three different
      electrical signals. The phase of one of these is compared with a reference
      phase signal derived from the initial laser illumination to determine the
      range of the object from which the light has been reflected. The
      amplitudes of the other signals are logically combined for providing color
      information. The range and color information may be processed to derive
      special features from the scene, that may be compared with those stored
      previously whereby recognition and/or identification of the objects in the
      scene may be achieved.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic drawing of an embodiment of the invention.
PAR  FIG. 2 is a schematic drawing showing how the light emitted by the laser
      source is used to scan a scene.
PAR  FIG. 3 is a block schematic diagram illustrating one form of the logic
      which may be used for converting the amplitudes of the returned scatter
      signals into color ratio output signals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there may be seen a schematic drawing of an
      embodiment of the invention.
PAR  At the outset, it should be stated that the principle of computing the
      distance or range of an object using laser light is well known. In order
      to obtain range readings with distant objects, usually, some type of a
      retroreflector is employed. However, if the range desired is restricted to
      a distance, on the order of under 30 feet, retroreflection can be
      dispensed with altogether and reliance can entirely be had on scattered
      light from the surfaces of objects to provide sufficient return signals.
      Most surfaces will absorb no more than 90% of incident light, the
      scattered light comprising at least 10% of the incident light. Without the
      use of the retroreflector only a small fraction of the back scattered
      light is available. However, at small ranges, sufficient scattered light
      flux can be collected to yield a measurable signal. The signal-to-noise
      ratio is optimized by using narrow band electric filters centered around
      the 10 megacycle modulation frequency and optical filters to accept only
      the narrow band of the emitted light from the laser. (A 10 angstrom band
      width is easily obtainable).
PAR  In FIG. 1 a mixed gas laser 10 is employed, which can emit a number of
      spectral lines simultaneously over the band of 400 to 700 nanometers (from
      blue to red). By way of illustration, only three of the wave lengths will
      be used. The light output of the laser will be directed at a half-silvered
      mirror 12, which directs some of the light down at a lens 14, and the
      remainder of the light passes through the mirror to impinge upon a light
      amplitude modulating device 16. Devices of this type are well known, and
      need not be described in detail here.
PAR  The output of the amplitude modulator is directed at another half silvered
      mirror 18. The light that passes therethrough, is directed at the region
      20 to be scanned. By way of simplification, the scanning mirror which is
      employed so that the light can scan the region systematically, is not
      shown in FIG. 1. It is shown, however, in FIG. 2 and comprises, by way of
      example, a mirror 24, which is driven to provide a scanning motion by a
      suitable scanning motor 26. The scanning motor is driven in response to
      signals from a clock signal source 29. Mirrors mounted and driven to
      provide a raster scan are well known in the television art.
PAR  The light reflected from the scattering surface is redirected back at the
      half silvered mirror 18, which directs it onto a collecting lens 28. The
      lens directs the light at a color separating prism 30. The prism breaks
      the light up into its various components each component of the light, as
      is well known coming out of the prism at a different angle. A focussing
      lens 31, collects the light emitted by the prism and directs it at a
      slitted mask 32. The mask has slits positioned at locations whereby only
      the desired light colors will pass therethrough, the others will be
      blocked by the mask.
PAR  At the far side of the mask there are provided three photomultipliers,
      respectively 34, 36, 38. These photomultipliers convert the respective
      light signals into electrical signals whose amplitude is a function of the
      amplitude of the scattered light which has been collected. The output of
      the photocells are applied to logic circuits 40, details of which are
      provided in FIG. 3. The output of these logic circuits constitutes three
      signals, respectively
      ##EQU1##
      These three signals may be designated as normalized color ratio output
      signals.
PAR  A predetermined one of the three electrical signal outputs from the
      photocells, for example, the one from photocell 34, is also applied to a
      range signal generating circuit 42. The range signal generating circuit,
      as previously indicated, is the well known circuitry which takes the light
      reflected from the surface and compares it with light from the primary
      light source which light was directed at that surface by the laser. From
      the phase differences between these two light signals a signal is derived
      which is representative of the distance of the surface from the laser
      source. It was previously pointed out that the light from the half
      silvered mirror 12 was directed at a collecting lens 14. The output of
      this lens is directed at another color separating prism 44, and its output
      is directed at a focussing lens 46. The focussing lens output is directed
      at a slitted mask 48 which has a slit opening only at the location of the
      light whose color corresponds to the color of the light selected for
      application to the range signal generating circuit 42. The light that
      passes through the mask 48 is applied to another photomultiplier 50, whose
      output constitutes the second input for the reference signal input to the
      range signal generating circuit 42. The range signal generating circuit
      produces an output designated as the range output signal. This is
      representative of the distance between the laser and the point in the
      scene from which the scattered light is derived.
PAR  FIG. 3 is a schematic drawing showing one arrangement for the logic
      circuits, followed by a schematic drawing illustrative of one way in which
      the color ratio output signals and the range signal source may be used.
      The output signals from the photomultipliers 34, 36, and 38 are
      respectively designated as signals A.sub.1, A.sub.2 and A.sub.3. These
      three signals are respectively applied through three summing resistors
      respectively 52, 54, 56, to a summing junction 58. The summing junction is
      connected to three respective divider circuits 60, 62, 64. These circuits
      are well known operational amplifier arrangements which perform a division
      operation on their two inputs. The second input to divider circuit 60 is
      the signal A.sub.1. The second input to the divider circuit 62 is the
      signal A.sub.2. The second input to the divider circuit 64 is the signal
      A.sub.3.
PAR  The outputs of the three divider circuits 60, 62 and 64 are respectively
      applied to three amplifiers 66, 68, and 70. The gain of these 3 amplifiers
      is set to some level K so that the outputs from the respective amplifiers
      66, 68 and 70 will equal the three values
      ##EQU2##
      which are the normalized amplitude ratios of the three light frequencies.
      From these three signals the color of the surface in a scene from which
      the light is reflected is determined. Each different color will provide a
      different set of values for these three terms. These values may be
      digitized and stored for subsequent comparison and identification
      purposes. The range signal provides an indication of object continuity--a
      sharp change in range indicating a surface discontinuity. Thus, color and
      range can provide object recognition data.
PAR  It should be noted that in accordance with this invention, a multimode
      light source is employed which emits several different wave lengths of
      light simultaneously. These light beams are passed through the same
      optical system and thus traverse near-identical paths to the scattering
      surface and return. The amplitudes of the returned light beams are a
      function of the intensity of the emitting source, the range, the
      absorption of the medium through which the light passes, the angle of
      incidence on the scattering surface and the absorption and reflection
      characteristics of the material comprising the scattering surface. This
      invention isolates the absorption and reflection characteristics of the
      material comprising the scattering surface since this can provide a
      "signature" of the surface to aid in identification of the object which
      contains that surface.
PAR  If the intensity for each emitted wave length is maintained constant, then
      the ratios of the relative amplitudes of the returned light beams, to a
      first order of approximation, should be independent of the range, angle of
      incidence and the absorption of the intervening medium, but will directly
      measure the relative absorption and scattering of points on the scattering
      surface at different wave lengths, thus providing spectroscopic
      characteristics which are unique for each material.
PAR  Referring back now to FIG. 3, by way of example of a simple recognition
      system, but not to serve as a limitation upon the invention, one
      arrangement for utilizing the information provided by the color ratio
      output signals and the range signal would be to convert the outputs from
      the respective amplifiers 66, 68 and 70, which are analog signals, to
      digital form and then to compare these with the information stored
      previously to determine the recognition of an object viewed in the scene.
      This can be accomplished by applying the outputs with respective
      amplifiers 66, 68 and 70 to three A to D converters respectively 71, 72
      and 74. The range signal source output can also be applied to an A to D
      converter 76, if it is not already in the digital form. The outputs of the
      respective converters 70 through 76 are respectively applied to
      comparators 78, 80, 82 and 84. The outputs from the comparators, when an
      identity is achieved, may be applied to a display device 86 to indicate
      the occurrence of the identity.
PAR  The second input to the respective comparators 78 through 84, may be
      derived from a computer memory, for example, 88. The clock signal source
      29, which drives the mirror 24 which provides the scanning raster
      function, has its output applied to a counter 85. The output of the
      counter drives the memory address circuits 87, whose output is used to
      address the memory 88. Synchronism between the scanning of the scene or
      scattering surface 20 by the mirror 24 and the read out of the memory 88,
      is achieved by the use of the common clock signal source, by always
      starting the scanning mirror from the same location when it begins to scan
      the scene and finally, by time setting the counter 85 to a constant
      starting count.
PAR  The system described yields, for every point in the field of view, a value
      of the range of that point and its color. The combined information can be
      analyzed, by those skilled in the art, to systematically extract
      identifying features which can be used to recognize objects or parts of
      objects in a scene.
PAR  Among some of the advantages of the system, are that because an intense
      light source is used as an active probe, measurements of spectral
      reflections and range are independent of all other light incident on the
      measured surfaces. It is estimated that the intensity of a 3 milliwatt
      laser "spot" on a surface at 10 meters is at least 1000 times the
      intensity due to the average intensity of light from artificial light
      sources. Thus measurements obtained in this manner drastically diminish
      the complicating effects of shadows, high lights, variability in spectral
      output of other illuminating sources and variations in intensity of light
      from other illuminating sources.
PAR  At the same time there are other important advantages with this system. For
      example, one can obtain "color" and range data for each element in a scene
      without requiring costly registration for range and color information, as
      is the case when separate color TV cameras and range instruments
      independently acquire data over the same scene. Further, to a first
      approximation, the relative amplitude measurements represent absolute
      measures of the optical absorption and scattering properties of the
      materials comprising the objects to be recognized, being dependent only on
      known wave lengths of the incident light and constant optical and
      electronic parameters of the system. Thus, a given surface will yield the
      same ratios regardless of illumination from other sources, and these
      ratios can be stored and used subsequently as descriptors or features of
      objects to be recognized by the system.
PAR  Finally, the range or depth information obtained requires no further
      calculation, as compared with stereo methods in which two corresponding
      views of a scene must be analyzed to obtain desired depth data. This
      information is highly valuable in dealing with occlusion, greatly
      simplifying the analysis required to separate or segment regions belonging
      to each object in the scene.
PAR  There has been accordingly described a novel, useful and simplified
      arrangement for scanning a scene and obtaining both the range and color of
      each point in said scene.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of producing signals representative of the range and color of
      each spot in a scene viewed from a predetermined location comprising
PA1  illuminating a scene with light from a multimode laser light source to
      cause said scene to emit scattered light,
PA1  successively collecting the scattered light from each spot in said scene
      and separating it into a plurality of different color light beams,
PA1  converting each of said plurality of different color light beams from each
      spot into a representative electrical signal,
PA1  generating range signals for each spot in said scene responsive to the
      phase of one of said representative electrical signals,
PA1  establishing for each spot relative amplitude ratios of said electrical
      signals to provide color ratio signals, and
PA1  utilizing said range and color ratio signals.
NUM  2.
PAR  2. The method of obtaining signals representative of the range and color of
      each point in a scene comprising
PA1  scanning said scene with light from a multimode laser light beam to produce
      scattered light,
PA1  collecting some of said scattered light emitted from said scene and
      separating said collected scattered light into a plurality of different
      color light beams,
PA1  deriving from said scanning laser light beam a reference light beam having
      the same color as that of one of the light beams derived from said
      collected scattered light,
PA1  comparing the phase of said reference light beam with the phase of the
      similar color light beam derived from said collected scattered light to
      produce resultant signals indicative of the range of each point in the
      scene being scanned,
PA1  for each point converting said different color light beams derived from
      said collected scattered light into different electrical signals
      representative thereof,
PA1  generating relative amplitude ratios of said respective different
      electrical signals to provide color ratio signals, and
PA1  utilizing said color ratio signals and said range output signals.
NUM  3.
PAR  3. A method as recited in claim 2 wherein said step of generating relative
      amplitude ratios of said different electrical signals to provide color
      ratio signals comprises
PA1  for each spot adding all of said different electrical signals to produce a
      sum signal, and
PA1  dividing each of the representative electrical signals for a spot by the
      sum signal for that spot.
NUM  4.
PAR  4. A system for producing signals representative of the range and color of
      each spot in a scene viewed from a predetermined location comprising,
PA1  means for generating a multimode laser light beam,
PA1  means for successively scanning said scene with said multimode laser light
      beam,
PA1  means for collecting from each spot some of the scattered light emitted
      from said scene in response to the illumination by said multimode laser
      beam, and for separating the collected scattered light into a plurality of
      different frequency light beams,
PA1  means for deriving from said multimode laser light a reference light beam
      having the same frequency as one of said different frequency light beams,
PA1  means for comparing the phase of said reference light beam with the phase
      of one of said plurality of different frequency light beams having the
      same frequency to produce range signals therefrom,
PA1  means for converting said plurality of different frequency light beams into
      a plurality of representative electrical signals,
PA1  means for normalizing each of said plurality of electrical signals, and
PA1  means for utilizing said range signals and normalized plurality of
      electrical signals.
NUM  5.
PAR  5. A system as recited in claim 4 wherein said means for normalizing each
      of said plurality of electrical signals comprises
PA1  for each spot, means for adding the plurality of representative electrical
      signals to provide a sum signal, and
PA1  dividing each of the plurality of representative electrical signals by said
      sum signal for that spot.
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ABST
PAL  Arrangement for measuring, checking and control of the position of chosen
      points of objects with respect to an optical aiming line, which optical
      aiming line is determined as a connecting line between the center of an
      optical system of a transmitter of a light measuring beam and of the
      center of an optical system of a receiver, selectively sensitive to the
      wavelength and modulation of the light measuring beam. The position of the
      body with respect to this optical aiming line is determined by the
      screening of the light measuring beam by means of circumference of this
      body or by means of the edge of a screen connected with this body. A
      substantial feature of this invention is the application of directional
      optical slot systems both for the transmitter and for the receiver
      selection of proper sizes of outlet slots of these optical slot systems.
      Another substantial feature of this invention is the application of a
      semiconductor light emitting element in the transmitter and of a small
      area semiconductor photodetector with additional illumination by an
      auxiliary light emission diode in the receiver. Means for preventing the
      influence of variations of properties of the optical medium and of
      possible obstacles in the space of propagation of the measuring beam are
      equally mentioned. Furthermore means are provided for automatic control of
      the contact of the measuring edge of the screen with the optical aiming
      line and means for control of the position of the body, connected with
      this screen, with respect to the optical aiming line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an arrangement for measuring, checking and
      control of the position of, chosen points of bodies with respect to an
      optical aiming line for accurate measuring of the shape of bodies or of
      variations of their position or shape with respect to this line and for
      guiding of bodies along tracks determined with respect to this line.
PAR  Actual requirements on measuring and surveying operations in geodesy, in
      building industries, in transport, in metallurgy, in mining, machinery and
      in other branches call in a growing degree for such measuring methods,
      which would allow a full automation for an application in the longest
      range and with highest accuracy of these operations, i.e. in the first
      line an automatic registration of the results of measurements or an
      automatic control of some manufacturing processes according to results of
      these measurements. Known devices for accurate geodetic measurements are
      now practically all based on the principle of observation of surveying
      marks by means of cross lines of optical apparatus of different accuracy
      where it it possible to provide an automatic reading of angular values or
      distances, but the human factor influences predominantly the adjustments
      for each individual measurements, limiting not only the accuracy, but also
      a full automation of the measurements. Tracing laser beams have been used
      with success where it is possible to work in a completely homogenous
      medium with Fresnell optics (vacuum systems of linear accelerators). At
      common atmospheric conditions the coherent length and thus also the range
      of similar systems are however reduced to auch an extent, that they loose
      any practical value. Arrangements using laser beams with conventional
      optics offer rather problems with parasitic deflection effects and they
      generally operate with different complicated photoelectric systems for
      evaluation of the energetic center of the beam, this method being
      problematical even if stabilized single mode lasers are used. The results
      obtained with these devices are relatively satisfactory -- it is possible
      to achieve also a fully automatic evaluation of measurements, but with
      high requirements on time for these measurements, or with relatively low
      accuracy, rapidly decreasing with the distance. So far these arrangements
      should achieve a higher accuracy or some automation of the evaluation,
      they strictly require at the place of the measured object a relatively
      demanding and delicate evaluating device, so that they are unsuitable for
      working under unfavourable conditions. Drawbacks which cannot be
      overlooked are in addition to the delicacy of the arrangement also the
      generally high consumption of energy, the size, weight, short life time
      and relatively high first costs.
PAR  The accuracy of these arrangements, the principle of which can be in short
      characterized as surveying by means of an aiming line in a chosen vertical
      plane, determined by one point and by an angle, which this line forms with
      a reference plane (for instance with a horizontal plane), depends of
      course on the angular stability of the optical axis of the laser or of the
      telescope with cross lines, which increases its influence with the
      increasing distance of the measured object. This drawback is substantially
      reduced at arrangements, using the method of screening the optical beam
      which is propagated between a transmitter and a receiver -- what can be
      similarly characterized as surveying by means of an aiming line determined
      by its two end points.
PAR  A number of different arrangements are already known, based on this
      principle, which is rather convenient, as it allows in a natural way to
      fully automatize the measurement, there are however different drawbacks,
      which prevent their application for more accurate surveying. It is above
      all the not uniform sensitivity and the relatively low accuracy of
      measurement in different points along the measuring track, a short range
      of performance, dependence of the accuracy of measurements on variations
      of the external light conditions or changes of optical properties of the
      medium along the measuring track, use of mechanical elements (for instance
      of rotating choppers) and generally also a high consumption of energy and
      a short life time of the arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to reduce substantially or to eliminate
      drawbacks of the above mentioned arrangements for accurate surveying
      operations, i.e. to provide an arrangement, which, after being established
      on the measuring track, would enable a stable and accurate reading of
      distances of the given objects from at least one aiming line with constant
      accuracy and sensitivity at any place along the measuring track, with the
      possibility to automatize the reading, to register the signal
      automatically and to use it possibly as signal for automatic regulation,
      and, while achieving these results to avoid any substantial influence of
      variations of the external illumination or of changes of optical
      properties of the medium along the measuring track, and to avoid any
      substantial influence of angular unstability of optical axis of parts of
      the arrangement, situated at the beginning and at the end of the measuring
      track on the overall accuracy of measurements. The arrangement according
      to this invention requires thereby at the measured point no delicate
      optical evaluating devices, has a very low energy consumption, is cheap,
      comprises substantially no quickly moving mechanical parts, shows
      therefore a very limited wear, so that its life time can be considered to
      be very long.
PAR  According to this invention, the transmitter of the measuring beam of light
      comprises a semiconductor light emitting element with an optical
      directional slot system. The receiver of this measuring beam of light
      comprises a semiconductor photodetector, provided with an optical
      directional slot system, the slot of which has the same width and/or
      length as the slot of the optical transmitter system and is parallel
      therewith. A screen is provided in the space of propagation of the
      measuring beam of light between the transmitter and receiver, which screen
      is connected stationary or by way of a motion device to the chosen point
      of the object, the position of which with respect to the optical aiming
      line has to be measured, checked and/or controlled. The semiconductor
      photodetector is provided with a light emitting diode with DC supply,
      whereby the photosensitive surface of the photodetector is within the
      emission angle of this photoemission diode.
PAR  The transmitter or receiver can also comprise a semiconductor light
      emitting element of a light reference beam and the receiver of transmitter
      is in that case provided with a semiconductor photodetector of this light
      reference beam and with a circuit for comparison of the intensity of the
      signal, transmitted by the measuring and reference beam respectively.
PAR  The transmitter or receiver can furthermore comprise a semiconductor light
      emitting element of a blocking beam of light and the receiver or
      transmitter has in that case an additional semiconductor photodetector of
      this blocking beam and a blocking circuit indicating the screening of the
      blocking beam by an accidental obstacle.
PAR  The screen can be directly represented by the circumference of the object,
      the position of which should be measured, checked or controlled.
PAR  The motion device, by means of which the screen is connected with the
      selected point of the object, the position of which with respect to the
      optical aiming line is measured, checked, and/or controlled, is controlled
      in dependence on the intensity of the signal of the receiver of the
      measuring beam and/or according to a predetermined program in dependence
      on the track covered by the object.
PAR  The transmitter and/or receiver of the light measuring beam can be provided
      with levelling means, the optical axis of which is parallel with the
      optical axis of the directional slot system of the transmitter and/or
      receiver of the light measuring beam, whereby the distance of these two
      axes is exactly known.
PAR  The invention will be in the following described on examplary embodiments
      and applications on hand of attached drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings,
PAR  FIG. 1 represents the fundamental outline of the arrangement according to
      this invention.
PAR  FIG. 2 is an arrangement where the edge of the screen is parallel with the
      longer side of the slot.
PAR  FIG. 3 is an arrangement where the edge of the screen is parallel with the
      shorter side of the slot.
PAR  FIG. 4 shows the dependence of the output signal of the receiver of the
      measuring beam of light on the degree of screening of the active zone of
      this beam.
PAR  FIG. 5 shows in a partly cross sectional elevation a semiconductor
      photodetector with a light emitting diode for additional illumination.
PAR  FIG. 6 a semiconductor photodetector with an optical directional slot
      system.
PAR  FIG. 7 a semiconductor light emitting element with an optical directional
      slot system.
PAR  FIG. 8 the view of a building machine, of a finisher, the operation of
      which is controlled by the arrangement according to this invention.
PAR  FIG. 9 an arrangement for evaluating of profiles, guided by the arrangement
      according to this invention.
PAR  FIG. 10 the application of the arrangement according to this invention for
      the control of the position of the working tool of a large machine tool.
PAR  FIG. 11 a machine tool, for instance a lathe, where the diameter of the
      worked part is measured by the arrangement according to this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIG. 1 shows an overall view of an arrangement consisting of a transmitter
      1 of a modulated beam of light, of a receiver 2 of this beam and of a
      screen 31 within the area of propagation of this beam of light from the
      transmitter 1 to the receiver 2. A condition of a correct operation is
      that the receiver 2 is situated within the emission angle .alpha. of the
      transmitter 1 and that the transmitter 1 is simultaneously within the
      receiving angle .beta. of the receiver 2. The arrangement has the largest
      range and accuracy if the transmitter 1 is on the axis of the receiving
      angle .beta. of the receiver 2 and simultaneously the receiver 2 on the
      axis of the transmitting angle .alpha. of the transmitter 1. The screening
      of the beam of light from the transmitter 1 can be indicated only if the
      screen 31 is within the active zone 1121 of this beam, which represents
      the space of a parallelepipede with a base formed by the slot 111 of the
      optical slot system 11 of the transmitter 1 and by the slot 211 of the
      optical slot system 21 of the receiver 2. A condition of correct operation
      of the arrangement is, that the receiver 2 is in a substantial manner
      sensitive to the wave length and modulation method of the radiation
      emitted by the transmitter 1. The transmitter 1 and receiver 2 are
      situated on stands 13 and 23 for instance on tripods.
PAR  FIG. 2 shows one of possible suitable arrangements where both the
      transmitter 1 and the receiver 2 are situated on stands 13 and 23
      respectively and are provided with optical slot systems 11 and 21 with
      slots 111 and 211, the width b of which is substantially larger than their
      height a. The widest range and highest accuracy can be obtained if the
      slots 111 and 211 are equal and the sides of these slots 111 and 211,
      corresponding in length are parallel, in which case, shown in FIG. 2, the
      active zone 1121 of the radiating beam of the transmitter 1 has the shape
      of a prism, the base of which are the mentioned slots 111 and 211. The
      working edge 311 of the screen 31 is parallel with the longer sides of the
      slots 111 and 211, whereby a steep dependence of the light intensity
      incident on the optical slot system 21 of the receiver 2 on the motion of
      the screen 31 in direction x is obtained as shows in FIG. 4 by the curve
      k.
PAR  FIG. 3 shows another suitable embodiment, where contrary to that of FIG. 2
      the working edge 311 of the screen 31 is oriented parallel with the
      shorter sides of the slots 111 and 211, obtaining thereby a large range of
      linear dependence of the intensity of radiation, incident on the optical
      slot system 21 of the receiver 2, on the movement of the screen 31 in
      direction x as indicated in FIG. 4 by the curve m.
PAR  FIG. 4 shows the dependence of the intensity of light incident on the
      optical slot system 21 of the receiver 2 on the movement of the screen 31
      in direction x. The dependence according to curve k relates to the
      arrangement according to FIG. 2, where a is the height of the slot 111 of
      the optical slot system 11 of the arrangement 1 and the slot 211 of the
      optical slot system 21 of the receiver 2 and simultaneously also the
      height of the active zone 1121 of the light beam transmitted by the
      transmitter 1. The relative magnitude of the intensity of light incident
      on the optical slot system 21 is plotted in direction of the axis s and
      its dependence on the depth of screening of the active zone 1121 by the
      screen 31 is within the range of the height a approximately linear and
      very steep.
PAR  The dependence according to the curve m corresponds to the arrangement
      according to FIG. 3, where b is the width of the slot 111 of the optical
      slot system 11 of the transmitter 1 and simultaneously also of the slot
      211 of the optical slot system 21 of the receiver 2 and therefore also the
      width of the active zone 1121 of the light beam from the transmitter 1.
      The dependence of the relative light intensity incident on the optical
      slot system 21 on the screening of the active zone 1121 by the screen 31
      is within the range of the width b practically linear and gradual,
      enabling an evaluation of the position of the screen 31 with respect to
      the active zone 1121 within a wide range of positions, of course with
      reduced accuracy.
PAR  The dependence according to the curve n corresponds to an arrangement,
      where the working edge 311 of the screen is with respect to the sides of
      the slots 111, 211 of the optical slot systems 11 and 21 at a common
      angle. It is thus possible to achieve within the range c an approximately
      linear dependence of the relative light intensity, incident on the optical
      slot system 21 on the screening of the active zone 1121 by the screen 31,
      whereby the range c can be adjusted by suitable selection of the angle
      within a range from a up to b.
PAR  The dependence according to the curve o corresponds to an arrangement,
      where the height of the slots 111, 211 of the optical slot systems 11 and
      21 is chosen so narrow, that it is of the order of the wave length of the
      radiation used so that the signal detected by the receiver 2 is determined
      predominantly by the diffraction effect on the working edge 311 of the
      screen 31.
PAR  FIG. 5 shows a semiconductor photodetector 25 situated in a holder 27
      supporting also a light emitting diode 26 so that it is beyond the optical
      axis 251 of the photodetector 25, but within the radiation angle .gamma.
      of the light emitting diode 26, fed by DC current. The photodetector 25 is
      therefore illuminated at a constant intensity so that it is possible to
      adjust the working point of the photodetector 25 into the range of maximum
      sensitivity and simultaneously to reduce the effect of variations of the
      natural external. Illumination of the photodetector 25 on changes of its
      sensitivity. By the application of a light emitting diode 26 we can
      achieve contrary to other sources of radiation a favourable improvement of
      the signal to noise ratio.
PAR  FIG. 6 shows a semiconductor photodetector 25 provided with an optical
      directional slot system 21, consisting of a narrow cut 213 of a parabolic,
      spheric or cylindrical mirror, the optical axis 2111 of which is in the
      direction of the received light beam. The space between the cut 213 and
      the photodetector 25 can be filled with a transparent optical medium. The
      optical inlet surface of the optical slot system 21 has the shape of a
      narrow slot 211. This arrangement enables detection of a flat parallel
      light beam.
PAR  FIG. 7 shows a semiconductor light emitting element 14 provided with a
      directional slot system 11 having a narrow cut 112 of a parabolic, spheric
      or cylindrical mirror, the optical axis 1111 of which is coincident with
      the axis of the radiating diagram of the light emitting element 14. The
      cut 112 is oriented so as to be in the plane of the maximum divergence of
      the beam of the light emitting element 14. The light beam leaves the
      optical system 11 through the slot 111. The space between the cut 112 and
      the light emitting element 14 can be filled with some optical medium.
PAR  The cuts 213 and 113 of the spherical or cylindrical mirror as indicated in
      FIG. 6 and FIG. 7 can be replaced by cuts of a spherical or cylindrical
      lens.
PAR  FIG. 8 shows a building machine -- a finisher 5 -- provided with an
      arrangement according to this invention. A transmitter 1 on a stand 13 is
      provided on one end of the working track of the finisher 5, a receiver 2
      on a stand 25 on the other end of the working track.
PAR  A screen 31 with a horizontal working edge 311 is situated on the finisher
      5 by means of a motion device 41. The position of the screen 31 with
      respect to the finisher 5 is adjusted by a control wheel 412 controlling
      the motion device 41. The information about the degree of screening is
      transmitted wirelessly from the antenna 28 of the receiver 2 to the
      antenna 518 of the device 51 for evaluation of informations about
      screening of the measuring light beams transmitted by way of the optical
      slot system of the transmitter 1 and received by way of the optical slot
      systems 21 and 22 of the receiver 2. The operation of the hydraulic system
      55 for adjustment of the thickness of the layer deposited by the finisher
      5 is controlled in dependence on the screening of the radiating beam
      received by way of the optical slot system 21.
PAR  The motion device 42 of the screen 32 is controlled in dependence on the
      screening of the measuring beam of light received by way of the optical
      slot system 22 so as to maintain the working edge 321 of the screen 32 in
      the middle of the active zone of this beam. The information about the
      position of the screen 32 with respect to the finisher 5 is transmitted to
      the position indicator 53 situated on the control panel 54 of the finisher
      5. The direction of the movement of the finisher 5 can be controlled
      according to this information. The described arrangement enables to build
      straight sections of roadways, whereby a program device 52 which adjusts
      according to readings of the pick-up device 56 by way of the
      servomechanism 411 the motion device 41 and thus also the position of the
      screen 31 with respect to the body of the finisher 5 is used for building
      sections with changing inclination. Program corrections for building turns
      can be introduced into the guiding system 32, 42, 51, 53 of the finisher 5
      on the base of informations of the pick-up device 56. The reference beam
      of light received by the optical slot system 212 serves both for the
      relative evaluation of the signal of the light beams received by way of
      the optical slot systems 21 and 22 for increasing the accuracy and
      limiting the influence of changes of transmissivity of the optical medium
      between the transmitter 1 and receiver 2 and as a blocking beam, since the
      circuits of the receiver 2 are arranged so that they indicate a full
      screening of the beam as presence of some undesirable obstacle in the
      space between transmitter 1 and receiver 2.
PAR  Levelling means 19 on the transmitter 1 and levelling means 29 on the
      receiver 2 serve both for an easy mutual adjustment of the transmitter 1
      and receiver 2 in positions as indicated in FIG. 1 and for transfer of
      informations about the positions of both ends of the optical aiming line
      with respect to surveying marks in the terrain.
PAR  FIG. 9 shows an arrangement for evaluation of profiles, for instance of
      roadways or of airport runways. The arrangement comprises a supporting
      frame 6 resting on wheels 611 and 612. A measuring ledge 62 is provided in
      this frame 6 slidably and pivotally on bolts 621 and 622, with linear
      displacement transducers 6231, 6232, 6239 situated on this measuring ledge
      62, which transfer an information about the distance of the measuring
      ledge 62 from the measured surface of the body along longitudinal profiles
      62311, 62321, 62391 in the form of an electric signal. Marking means 6241,
      6242 are furthermore provided on the measuring ledge 62 creating on the
      evaluated profile in the course of movement of the whole arrangement
      orientation marks 62411 and 62421. A case 625 will screens 31 and 32 is
      furthermore provided on the measuring ledge 62 pivotably around the axis
      6252, the inclination of which is stabilized by a servomechanism 6251
      according to informations of a device 626 for measuring inclinations,
      connected firmly with the measuring ledge 62 so that the working edge 311
      of the screen 31 arranged slidably in the case 625 is maintained in a
      horizontal position. A further screen 32, the working edge of which is
      perpendicular to the working edge 311 of the slidable screen 31, which
      screen 32 is fixed to the case 625, is provided in addition to the
      slidably arranged screen 31. The pivotable movement of the measuring ledge
      62 around the bolts 621 and 622 is controlled by the servomechanism 613
      according to informations of the device 626 measuring inclinations so,
      that the working edge 321 of the screen 32 is maintained in a vertical
      position.
PAR  At the beginning of the measured section the transmitter 1 is situated on a
      stand 13 and a receiver 2 of beams of light transmitted from the
      transmitter 1 is situated on a stand 23 at the end of this section. The
      transmitter 1 and receiver 2 are mutually adjusted as indicated in FIG. 1
      by levelling devices 19 and 29, whereby the active zones of beams of light
      received by optical slot systems 21, 22 and 212 are passing through the
      case 625. The supporting frame 6 is pulled for instance by a car by means
      of the trailer coupling 610 in direction A i.e. along the evaluated
      section.
PAR  Informations about screening of the active zone of the beam of light by the
      working edge 311 of the screen 31 received by way of the optical slot
      system 21 are transmitted wirelessly from the antenna 28 to the antenna
      616 of the receiver 615 and the working edge 31 is adusted by the
      servomechanism 6253 to the middle of this active zone according to this
      information. Similarly are transmitted informations about screening of the
      active zone of the beam of light received by way of the optical slot
      system 22 by the working edge 321 of the screen 32 and the position of the
      measuring ledge 62 and thus also of the screen in direction of the axis of
      the bolts 621 and 622 with respect to the frame 6 is adjusted so, that the
      working edge 321 of the screen 32 is maintained in the middle of this
      active zone. The function of the radiating reference beam received by way
      of the optical slot system 212 is analogous to the function of the
      reference beam of light as described on hand of FIG. 8.
PAR  In order to facilitate the control of the trailing car, a coarse
      directional, indicator is provided on this car showing the position of the
      measuring ledge 62 with respect to the frame 6 as read by the displacement
      transducer 618.
PAR  This described arrangement enables to read and to register automatically by
      means of devices situated on the trailing car the following values:
PA1  1. the position of the measuring ledge 62 along the measured section for
      instance according to the informations of the device 614 for measuring
      distances,
PA1  2. readings of linear displacement transducers 6231, 6232, 6239,
PA1  3. position of the working edge 311 of the screen with respect to the
      measuring ledge 62 according to informations of the pick-up device of this
      position,
PA1  4. Informations about the inclination of the axis of the measuring ledge 62
      with respect to a horizontal plane obtained from the device 626 for
      measuring inclinations.
PAR  In case of a quick movement of the arrangement where the working edge 311
      of the screen 31 cannot be maintained in the ideal middle of the active
      zone of the respective beam of light, it is suitable to record besides
      other values by the recording device 24 also the instantaneous values of
      the analog signal indicating the degree of screening of the active zone of
      this beam of light.
PAR  It is possible to establish from all these values the shape of the surface
      of the measured roadway, airfield or other body.
PAR  FIG. 10 shows the application of the arrangement according to this
      invention for the control of the position of a working tool of a large
      machine tool while eliminating the influence of an inaccurate planar shape
      or a deformation of for instance the supporting frame 71 of this machine.
      A stand 75 with the worked object 76 is arranged on a stift common frame.
      Further bulky stands 13 and 23 for the transmitter 1 and receiver 2 are
      also fixed on the common stift frame. The supporting bed 71 of a machine
      tool rests equally on this common stift frame independently from the
      stands 13, 23 and 75. A support 72 can travel horizontally on this
      supporting bed 71, with a working head 73 with a spindle 74 for the
      working tool 74, travelling vertically on the supporting bed 71. A screen
      31 is slidably supported on the working head 73, with the possibility to
      measure and read on a scale on an adjusting wheel 731 the position of the
      screen 31 with respect to the axis of the spindle 74. By adjustment of the
      screen 31 to the middle of the active zone of the beam of the light
      received by way of the optical slot system 21 of the receiver 2 it is
      possible to achieve a position of the working edge 311 of the screen 31 on
      an ideal straight line determined by the axis of the active zone. The
      position of the spindle 74 with respect to the working edge 311 can be
      read on the adjusting wheel 731. According to readings from the receiver 2
      of the beam of light it is possible to control in the course of the travel
      of the support 72 the position of the working head 73 and thus also of the
      spindle 74 with the working tool 741 by the servomechanism 732 so that the
      screen 31, with the spindle 74 connected firmly therewith are moving along
      an ideal straight line without copying possible uneven parts of the
      supporting bed 71. The function of the reference beam of light, received
      by way of the optical slot system 212 is analogous to the function of the
      reference beam from FIG. 8.
PAR  FIG. 11 shows a lathe provided with an arrangement according to this
      invention, where the circumference of the worked object performs the task
      of the screen. The worked object 81 is clamped in a chuck head 83 and
      worked by means of a knife 82 clamped in a support 821. The transmitter 1
      and the receiver 2 of the beam of light emitted by the transmitter 1 are
      arranged slidably on stands 13 and 23 which are fixed to the lathe bed 84
      for instance by being attached to a common stift frame. The axis of the
      active zone 1121 of the measuring beam of light transmitted by way of the
      optical slot system 11 and received by way of the optical slot system 21
      is perpendicular to the axis of the worked object 81. The diameter of the
      worked object 81 can be at a constant screening of the active zone 1121 by
      the circumference 811 of this object 81 determined from the positions of
      the transmitter 1 and receiver 2, which positions are read on scales 133
      and 233 of adjustment means, which consist for the transmitter 1 of a
      control wheel 131, a motion screw 134 connected with this wheel 131 and a
      sliding guiding 132 and for the receiver 2 similarly of a control wheel
      231, a motion screw 234 and a sliding guiding 232. When working the object
      to a predetermined diameter, it is possible to adjust first by means of
      the control wheels 131 and 231 a stable position of the transmitter 1 and
      receiver 2 and to follow in the course of working on an indicator 27 the
      degree of screening of the active zone 1121, and thus the achieved
      diameter of the worked object 81. The signal indicating the degree of
      screening of the active zone 1121 can be also utilized for an automatic
      control of the feeding of the knife 82 into engagement. When working
      shapes with variable diameter it is advantageous to fix the stands 13 and
      23 not to the lathe bed 84 but to the lathe slide 85, enabling thus a
      measurement of the just worked object 81 directly behind the knife 82 at
      any place of the worked object 81. The function of the reference beam of
      light transmitted by way of the optical slot system 112 and received by
      way of the optical slot system 212 is similar to the function of the
      reference beam as described on hand of FIG. 8.
PAR  Some further properties and applications of the arrangement according to
      this invention will be described in the following.
PAR  The arrangement according to this invention consists of a transmitter 1 of
      a modulated beam of light transmitted by way of an optical directional
      slot system 11 and of a semiconductor light emitting element 14 situated
      in this transmitter 1, furthermore of a receiver 2 of the modulated beam
      of light received by way of a directional optical slot system 21 and a
      small active area photodetector 25, whereby said receiver 2 of the
      modulated beam of light is particularly sensitive to the wave length and
      the way of modulation of the light beam transmitted by the transmitter 1.
      The receiver 2 is situated within the narrow emission angle .alpha. of the
      directional optical system 11 of the transmitter 1 and the transmitter 1
      is simultaneously within the narrow angle .beta. of reception of the
      directional optical system 21 of the receiver 2 as indicated in FIG. 1.
      The arrangement has its maximum range and accuracy if the transmitter 1 is
      in the axis of the angle .beta.  of reception of the receiver 2 and the
      receiver 2 is simultaneously in the axis of the angle .alpha. of
      transmission of the transmitter 1. For the same reason it is necessary to
      adjust the outlet slots 111, 211 of the directional optical systems 11 and
      21 of both the transmitter 1 and receiver 2 to be mutual parallel as
      indicated in FIG. 2. The transmitter 1 and receiver 2 should be for a
      quick mutual adjustment provided with suitable optical aiming systems
      which should be parallel and firmly connected with the directional optical
      slot systems 11 and 21 of the transmitter 1 and receiver 2 and in addition
      by suitable aiming marks for mutual alignment. These optical aiming
      systems can be identical with the optical levelling means 19 and 29, which
      are advantageously provided on the transmitter 1 and receiver 2 for a
      number of applications. A further substantial part of the arrangement is a
      screen 31, the working edge 311 of which is mostly parallel or
      perpendicular to the slots 111, 211 of the directional optical slot
      systems 11, 21 of the transmitter 1 and receiver 2.
PAR  The arrangement described as fundamental embodiment operates as follows.
      The semiconductor light emitting element 14 of the transmitter 1 emits a
      modulated, advantageously directional light beam impinging uniformly on an
      optical slot system 11 of the transmitter 1, which narrows the transmitted
      light beam to a divergence about 1.degree. and simultaneously adjusts its
      cross section to the shape of an elongated rectangle or slot 111. The thus
      adjusted light beam emitted by the transmitter 1 strikes in case of a
      correct mutual alignment of the transmitter 1 and receiver 2 the inlet
      slot 211 of the directional slot optical system 21 of the receiver 2, is
      concentrated by this optical system 21 and impinges on the active area of
      the small area photodetector 25, which is particularly sensitive to the
      wave length of the radiation used. By the aid of the following electronic
      circuits of the receiver 2, which react solely to the used way of
      modulation of the impinging light, a signal is detected, the magnitude of
      which depends on the distance and on the optical transmittance of the
      medium between the transmitter 1 and receiver 2 and in a rather small
      degree also on smaller variations of the relative inclination of the
      optical axes 1111, 2111 of the directional optical slot systems 11 and 21
      of the transmitter 1 and receiver 2 providing, that the basic mutual
      alignment of the transmitter 1 and receiver 2 is not disturbed, i.e. so
      far the receiver 2 remains within the emission angle .alpha. of the
      transmitter 1 and the transmitter 1 remains within the angle .beta. of
      reception of the receiver 2. The described arrangement is therefore if
      compared with similar surveying devices relatively unsensitive to
      different (for instance thermal) deformations of the stands 13 and 23
      supporting the transmitter 1 and receiver 2, equally to small movements
      caused by wind or deformations of the ground under the transmitter 1 and
      receiver 2.
PAR  It is possible to adjust the magnitude of the signal on the output of the
      receiver 2 to a predetermined magnitude (for instance 100%). From the
      point of view of geomatrical optics, only that part of energy of the
      emitted beam of light contributes to the magnitude of the signal,
      evaluated by the receiver 2, which is propagated within the space of the
      elongated prism, the basis of which are formed by the surfaces of the
      slots 111, 211 of the directional optical slot systems 11 and 21 of the
      transmitter 1 and receiver 2. If the dimensions of these slots 111, 211
      are equal and the slots are parallel, this space of propagation of energy
      of the emitted beam of light has between the transmitter 1 and receiver 2
      a constant cross section. This space will be called in the following the
      active zone 1121 of the radiating beam. If we now introduce a screen 31
      into any place beyond the active zone 1121, we cause no changes of the
      magnitude of the signal detected by the receiver 2, even if the screen 31
      is already in the space determined by the angle .alpha. of emission of the
      transmitter 1 or within the angle .beta. of reception of the receiver 2.
      If however the screen 31 enters the active zone 1121, the signal detected
      by the receiver 2 is reduced, as only part of the energy transmitted via
      the active zone 1121 strikes the receiver 2. An important property of the
      described arrangement is, that the signal evaluated by the receiver 2 is
      reduced from a maximum up to a zero value by the sole movement of the
      screen within the height a in case of an arrangement according to FIG. 2,
      or within the width b in case of an arrangement according to FIG. 3 and
      that this property remains unaltered in any place of the active zone 1121
      in the space between the transmitter 1 and receiver 2.
PAR  The dependence of the relative magnitude of the signals S detected by the
      receiver 2 on the movement x of the screen 31 within the active zone 1121
      is shown in FIG. 4. The curve k corresponds to the arrangement according
      to FIG. 2, where the working edge 311 of the screen is parallel with the
      longer sides of the slots 111, 211 of both directional optical slot
      systems 11 and 21 of the transmitter 1 and receiver 2 and the curve m
      corresponds to the arrangement according to FIG. 3, where the working edge
      311 of the screen 31 is perpendicular to said longer sides of the slots
      111, 211. In both cases the movement x of the screen 31 is supposed to be
      perpendicular to its working edge 311 and to the axis (direction) of the
      active zone 1121. If we reduce the dimension of the slots 111, 211 in
      direction of the movement x, the relative accuracy of determination of the
      position of the screen 31 in this direction is increased. If however this
      dimension of the slots 111, 211 becomes comparable with the wave length of
      the used radiation, the laws of geometrical optics cease to be valid and
      the signal detected by the receiver 2 is then determined predominantly by
      the diffraction effect on the working edge 311 of the screen 31. This
      phenomenon can be already observed if the width of the slots 111, 211
      amounts to several tenths of a millimeter. The dependence of the relative
      magnitude of the signal S on the movement  x of the screen 31 is in this
      case shown in FIG. 4 by the curve o.
PAR  The proper measuring method with this arrangement consists in that the
      transmitter 1 and receiver 2 are situated in front of the beginning and
      behind the end of the measured track and the positions of the centers of
      the slots 111, 211 of their directional optical slot systems 11 and 21 are
      adjusted for instance by using levelling means 19 and 29 provided on the
      transmitter 1 and receiver 2. The relative adjustment of the transmitter 1
      and receiver 2 is accomplished according to FIG. 1 and by adjustment of
      the amplification in the receiver 2 (or possibly of the output of the
      transmitter 1), the magnitude of the signal on the output of the receiver
      2 is adjusted for an unscreened active zone 1121 to a reference value for
      instance 100%. If now a screen 31 enters the active zone 1121, the signal
      detected by the receiver 2 is reduced and by its comparison with the
      reference value (100%) the position of the working edge 311 of the screen
      31 within the active zone 1121 is determined by means of the respective
      curve from FIG. 4. An analog signal proportional to the change of position
      of the screen 31 in the direction across the active zone 1121 is obtained
      in the range of the central straight section of this curve. As the
      position of the axis of the active zone 1121 where the centers of the
      slots 111, 211 of the directional optical slot systems 11, 21 of the
      transmitter 1 and receiver 2 are laying are determined with respect to the
      neighbourhood, for instance with the aid of levelling means 19 and 29
      provided on the transmitter 1 and receiver 2, it is also possible to
      evaluate the position of the working edge 311 of the screen 31 in a
      coordinate system firmly established in this neighbourhood. For accurate
      levelling operations it is advantageous to select a certain reference
      level k (in FIG. 4 for instance this level k = 50%) and to engage the
      working edge 311 of the screen 31 into the active zone 1121 always so,
      that the signal detected by the receiver 2 is just equal to this reference
      lebel k. In that case the working edge 311 of the screen 31 is just
      touching the optical aiming line, the position of which within the active
      zone 1121 is explicitly determined by the reference level k and its
      position is also known in the coordinate system established in the
      surrounding space where the arrangement is used for instance by means of
      the already mentioned levelling means 19 and 29. It is possible to
      determine by means of classical measuring apparatus the distance of any
      measured point of this space from the optical aiming line or evaluate (by
      means of the analog signal from the receiver 2) continuously (possibly
      also automatically) variations of this distance within a certain range
      (i.e. at the maximum .+-. a/2 or .+-. b/2).
PAR  In order to be able to adjust the working edge 311 of the screen 31 in
      alignment with the optical aiming line in the described manner, a motion
      device 41 controlled manually or automatically (for instance by a
      servomechanism) has to be provided for the screen 31 and the operation of
      this motion device 41 has to be controlled according to informations about
      the magnitude of the signal detected by the receiver 2. This information
      is transmitted from the receiver 2 to the motion device 41 of the screen
      31 via a cable or wirelessly either as an analog signal indicating
      directly the degree of screening of the active zone 1121 or otherwise the
      position of the working edge 311 of the screen 31 within the active zone
      1121 or solely as a logic signal corresponding to the logic information,
      whether the working edge 311 of the screen 31 did not yet reach the
      predetermined aiming line within the active zone 1121, or whether is is
      just in alignment with this optical aiming line, or has already crossed
      this aiming line. It is possible to secure by these transmission methods
      an automatic adjustment of the working edge 311 of the screen 31 in
      alignment with the aiming line with an accuracy which depends in addition
      to the common limiting factors also on the quality and operating errors of
      the servomechanism controlling the motion device 41 of the screen and also
      on the properties of the transmission track where the energy of the active
      zone 1121 is propagated. The most important factors are here: a constant
      output of the transmitter 1, a constant sensitivity of the receiver 2 and
      a constant transparence of the medium where the energy of the active zone
      1121 is propagated. The constant output of the transmitter 1 can be
      secured by stabilisation and by thermal comepnsation of electronic
      circuits of the transmitter 1 and of the proper semiconductor light
      emitting element 14 by some known methods. The sensitivity of the receiver
      2 depends substantially on the level of the external illumination, what is
      determined by the commonly known properties of photodetectors
      (particularly of for instance phototransistors), the sensitivity to small
      variations of incident light (i.e. the modulation) is particularly
      dependent on the level of the superposed illumination at rest (or of the
      so called additional illumination). The sensitivity of the photodetector
      to small variations of the incident light (or to the useful modulation
      component) usually increases with increasing additional illumination up to
      saturation and simultaneously the relative change of this sensitivity
      caused by changes of the level of the external illumination decreases. It
      is therefore advantageous to illuminate additionally the used
      photodetector 25, using advantageously a special light emitting diode 26
      (for instance a galliumarsenide diode) situated suitably in the spacial
      angle of reception of the additionally illuminated semiconductor
      photodiode 25 (for instance according to FIG. 5). The use of a
      semiconductor light emitting diode 26 provides in comparison with the
      classical additional illumination for instance by an incandescent lamp a
      substantial improvement of the signal to noise ratio on the input of the
      receiver 2.
PAR  The influence of the optical tranmissivity of the medium where the energy
      of the beam of light is propagated can be substantially limited by the use
      of a reference beam of light, which is generated by similar means as the
      measuring beam of light which has been up to now described only, and which
      will be in the follwing after introduction of this reference beam of light
      called the measuring beam of light. The reference beam of light is with
      respect to the measuring beam of light arranged so as to be propagated
      within a part of the space closest to the active zone 1121 of the
      measuring beam of light, but so as not to be influenced by the screen. The
      optical directional systems 112 and 212 of the transmitter 1 and receiver
      2 of the reference beam of light need not be slot systems, but the slot
      systems allow the relatively closest approach of the active zones of the
      reference and measuring beams of light and thus the elimination of the
      influence of strictly local properties of the optical medium, through
      which both beams of light are propagated. The similar or equal directional
      characteristics of the optical systems 11 and 21 and 112 and 212 of the
      measuring and reference beams of light contribute to a further reduction
      of dependence of the accuracy and quality of measuring on the stability of
      relative inclination of the optical axes 1111, 2111 of the transmitter 1
      and receiver 2. The signal obtained by evaluation of the reference beam of
      light in the receiver 2 can be utilized in a different way for instance
      for the control of the output of the transmitter 1 of the measuring beam
      of light, for the control of the sensitivity of the receiver 2 of the
      measuring beam of light or for provision of a comparison level K for
      evaluation of the measuring beam of light or for provision of the sole
      ratio of signals of the measuring and reference beams of light. All these
      applications of the signal of the reference beam of light provide the
      important properly of the whole arrangement, that the position of the
      optical aiming line within the active zone 1121 of the measuring beam of
      light (or also the predetermined position of the working edge 311 of the
      screen 31 within this beam) is no more bound to a certain absolute value
      of the received energy of active zone 1121, but is geometrically stable,
      determined by the chosen relation between the reference and measuring
      beams of light.
PAR  If the automatic measurement of the position of a point of some object with
      respect to a given optical aiming line is utilized for the automatic
      control of for instance a manufacturing process and if in the course of
      measurement some undesirable screening of the active zone 1121 by some
      object different from the screen 31 can occur, such a screening should be
      indicated and it is necessary to introduce some measures to prevent
      possible consequences of such an undesirable interaction, for instance to
      disregard results of such measurements. As most reliable indication of
      such an undesirable screening can serve a blocking beam of light, provided
      close to the radiating measuring or possibly also reference beam without
      being influenced by the normal function of the screen 31 of the measuring
      beam of light. The blocking beam of light is generated by similar means as
      the reference beam of light and the same holds true about properties of
      directional optical systems as has been mentioned in connection with the
      reference beam of light. It is possible in some cases to combine the
      function of the blocking beam of light with that of the reference beam of
      light, i.e. the complete loss of signal of the reference beam of light (or
      its reduction below a predetermined minimum limit) is considered to be an
      indication of an undesirable screening by a foreign object in the space of
      the active zone 1121 of the measuring beam of light.
PAR  Up to now only an arrangement for measuring the distance of one point from
      a single optical aiming line has been considered, or the measuring (or
      surveying) of a single track (or a system of points) which are in one
      preferred direction (that is a direction of movement perpendicular to the
      working edge 311 of the screen 31) with respect to this single optical
      aiming line and proceeding along this line. It is of course possible to
      use simultaneously two or more independent measuring beams of light,
      creating two or more independent optical aiming lines, whereby the
      distance of two or more points of a single body with respect to these
      lines can be measured simultaneously in a similar manner as already
      described. Thus individual degrees of freedom of the body, to which the
      individual screens are connected in the checked points of the body can be
      controlled (or limited), until the position of this body in space, where
      the required aiming lines have been provided, is exactly determined.
      Variations of analog signals on the outputs of receivers corresponding to
      the measuring beams of light can serve for the automatic evaluation of
      changes of dimensions of this body in directions perpendicular to the
      working edges of corresponding screens, or these analog signals (or
      derived logic signals) can be utilized for automatic maintenance of this
      body in the required position with respect to contact points of the
      optical aiming lines with the working edges of corresponding screens. If
      in the course of such an automatic limitation of the position of the
      observed body 1.degree. of freedom is left without limitation, for
      instance in direction of displacement along predetermined optical aiming
      lines, a guiding of the body can be achieved along a track stipulated by
      the optical aiming lines and by distances of checked points of the guided
      body (i.e. of points of connection of the screens) from working edges of
      these screens.
PAR  It is generally not necessary to limit the displacement of the guided body
      to a straight track, defined for instance by several parallel optical
      aiming lines. It is possible to simultaneously turn or laterally shift the
      guided body, that is in combination with the primary movement to guide the
      body along a complicated curve if in the course of the primary advance
      movement of the guided body the parameters, which limit the remaining
      degrees of freedom, are purposely changed, or if the elements which
      determine the position of the guided body with respect to contact points
      of optical aiming lines with working edges of corresponding screens are
      changed. Similar elements are the mutual distances of optical aiming lines
      and distances of said contact points of screens with corresponding optical
      aiming lines from the checked points on the guided body. By a suitable
      continuous change of these elements in the course of the primary advance
      movement of the guided body by the use of a suitably chosen program for
      these elements, a resulting movement of the guided body along a prior
      chosen curve can be achieved, which curve may be a complex spacial
      configuration. This program can be therefore introduced by following
      methods:
PA1  1. By a suitable selection of the mutual position of the used optical
      aiming lines so that they are divergent and/or at an angle, without coming
      in contact.
PA1  2. By a change of mutual distances of used optical aiming lines in
      dependence on the track covered by the guided body in direction of the
      primary advance movement.
PA1  3. By a change of contact points of working edges of screens with the
      respective optical aiming lines, obtained either by an inclination of the
      working edges of these screens with respect to directions of allowed
      movements of these screens or by shaping the profiles of the working edges
      of these screens up to shapes of spacial curves or by a combination of
      both these methods.
PA1  4. By a change of the distance of contact points of working edges of
      screens with corresponding optical aiming lines with respect to checked
      points of the guided body (i.e. with respect to places of connection of
      these screens with the guided body) in dependence on the track covered by
      the guided body in direction of the primary advance movement.
PA1  5. By a combination of some or all mentioned methods simultaneously.
PAR  The most important method of introduction of programs for changes of
      elements determining the position of the guided body with respect to
      optical aiming lines is from the practical point of view the method
      according to point 4 as is also evident from the above mentioned practical
      examples.
PAR  It should be furthermore mentioned that the program of changes of elements
      determining the position of the guided body with respect to optical aiming
      lines need not be applied in dependence of the distance covered by the
      guided body in direction of the primary advance movement, but can be also
      introduced in dependence on other values, for instance on time.
PAR  The number of optical aiming lines (and thus also of independent measuring
      beams of light realised by independent couples transmitter - receiver)
      which will be required in the optimum case for guiding of a body along a
      given track depedns on concrete requirements in any case, above all on the
      accuracy and sensibility of the whole arrangement in some preferred
      directions of movement of the guided body.
PAR  Each of the optical measuring beams used in connection with arrangements
      for guiding a body along a given track can be provided according to its
      importance or claims on accuracy or safety with a corresponding reference
      or blocking beam of light.
PAR  In the described arrangement for generating measuring beams of light,
      typical optical slot systems have been used, the inlet (or outlet) surface
      has always the shape of a relatively narrow but simultaneously long slot,
      what is a substantial feature of this solution.
PAR  This shape of the inlet (or, outlet) surface of optical systems for
      generating measuring beams of light allows to achieves simultaneously for
      an achievement of maximum required accuracy a maximum range of the
      arrangement, and is therefore in similar cases the optimum shape.
PAR  The analog signal, which is received on the output of each receiver of the
      measuring beam of light can be utilized for indication of the position of
      the working edge of the screen within the active zone of the measuring
      beam of light along the whole track determined by the width of the slot of
      the optical directional system of the transmitter and receiver. By
      changing the width of these slots it is practically possible to choose
      within certain limits a compromise between accuracy and range of
      measurement by means of an analog signal (or also the range of the whole
      arrangement).
PAR  If a high accuracy of measuring and simultaneously a wide range in readings
      of measurements of distances is required, it is possible, as already
      described, to adjust the working edge of the respective screen in contact
      with the corresponding optical aiming line automatically by means of a
      motion device of the screen controlled by a servomechanism controlled in
      turn by orders derived from an analog or logic signal from the output of
      the respective receiver. The reading of the measured distance is achieved
      by an analog or digital evaluation in a stabilised condition of the
      position of the servomechanism controlling the movement of the screen.
      Thus non linearities are also eliminated, which to a certain degree
      influence the accuracy of measurements in the course of evaluation of the
      sole analog signal on the receiver output. If in addition to a high
      accuracy and wide range of the measured distance also a high speed of
      evaluation of the measurements is required, where the described
      servomechanism is no more capable to take its stabilized position with the
      needed accuracy, it is advantageous to evaluate the instantaneous
      positions of this servomechanism by way of a linear inertia element, the
      impulse response of which is the same as the impulse response of the whole
      receiver system and make simultaneously a reading of the analog signal on
      the output of this receiver. From these two obtained values it is possible
      to evaluate the real magnitude of the measured distance and reduce the
      influence of the dynamic properties of the servomechanism on the overall
      error of measurement.
PAR  For direct measurements of minor variations or within a small range of
      distances from the optical aiming line, the linear dependence of the
      analog signal on the movement of the screen can be advantageously
      utilized, which dependence exists within a certain zone laying
      symmetrically with respect to the axis of the active zone of the measuring
      beam of light. The extent of this linear zone changes along the measured
      track according to a dependence symmetrically with respect to the center
      of the measured track (i.e. of the distance transmitter-receiver), so far
      the sizes of the slots of the directional optical slot systems of the
      transmitter and receiver are equal. The dependences of the analog signal,
      on the movement of the screen are for a certain arrangement of the
      measuring system constant and can be analytically expressed, particularly
      for simplified models or cases, which could in this respect occur in
      practice. (see for instance the measuring as described on hand of FIG. 3).
PAR  The extent of utilization of the analog signal for a direct evaluation of a
      measured distance (or changes of this distance) with respect to an optical
      aiming line can be continuously changed as a compromise with the accuracy
      of measurement by simultaneous inclination of parallel slots of the
      transmitter and receiver with respect to the direction of the working edge
      of the screen, whereby the range of the arrangement remains the same. By
      simultaneous inclination of the axes of the slots of the transmitter and
      receiver not only the extent of movement of the screen is changed, where
      an analog signal can be obtained (and thus also an achievable accuracy of
      measuring) but it is also possible to adjust the course of the functional
      dependence of the analog signal on the movement of the screen in
      individual places of the measured track.
PAR  The error in measuring the distance with respect to the optical aiming
      line, particularly due to influence of diffraction phenomena is maximum at
      the center of the measured track, whereas for laser systems (or for
      classical levelling) for measurements on the same length of the base it is
      maximum on the end of the measured track. The arrangement according to
      this invention comprises therefore already for this reason all conditions
      for twice the accuracy of these known systems.
PAR  It is possible to reduce or fully eliminate the influence of diffraction
      phenomena and also the influence of a changing course of the functional
      dependence of the analog signal on the magnitude of screening along the
      measured track by evaluation of the mean value of measurements obtained by
      movement of the working edge of the screen into the active zone of the
      measuring beam of light from one side (for instance from the bottom) and
      on the other hand by movement of the working edge of the screen from the
      other side (for instance from the top), whereby both these measurements
      are evaluated with respect to the same comparison level k. Thus the
      problem of screening of the active zone becomes a problem symmetrical with
      respect to the axis of the measuring beam of light and all phenomena both
      symmetrical to this axis (i.e. the mentioned functional dependences of the
      analog signal) or non symmetrical (for instance diffraction phenomena) are
      eliminated according to the accuracy with which the symmetry of both said
      measurements by means of the screen will be maintained.
PAR  The accuracy of measurement can be also influenced by fluctuations of
      properties of the optical medium along the measured track (for instance
      changes of the index of refraction of the medium. These fluctuations have
      generally statistic properties characterised by a relatively short
      correlation time (below 1 second). The respective measuring error due to
      these influences can be reduced arbitrariry by choosing the time of
      evaluation which we take for a single adjustment of the screen. The
      arrangement according to this invention which operates with this property
      differs thereby from for instance the optical reading with classical
      levelling measurements, where the picture of the read signal is determined
      finally and with limited accuracy by properties of the whole optical
      medium, through which it is observed and it is impossible to improve it
      further for one reading.
PAR  The stability of the aiming line is for the application according to this
      invention determined by the absolute stability of the position of the end
      points of this line, i.e. for instance by the stability of positions of
      the geometrical centers of the outlet slots of directional optical slot
      systems of the transmitter and receiver. This stability can be very good
      and can be maintained for a long time. It is thus possible to check
      (possibly also automatically) the progressive long time settlement of the
      soil, the stability of points of a triangulation system even of the
      highest order. The radiation used generally for measurements with the
      arrangement according to this invention i.e. a radiation close to the
      infrared region (for instance around 1 .mu.m) is less influenced by
      properties of the medium along the track (for instance fog, rain or
      similar) so that the elimination of these influences by means of the above
      described relative measurements using a reference beam of light can be
      more accurate. The reference (and also blocking) beam of, light must be
      geometrically close to the measuring beam of light but otherwise
      discernible therefrom either by the modulation method or by direction of
      propagation and finally less suitably by the wave length of radiation. The
      combination of the measuring beam of light with the reference (or also
      blocking) beam of light which is propagated in the opposite direction i.e.
      the transmitter of the reference or blocking beam of light is situated on
      the site of the receiver of the measuring beam of light and transmits the
      reference (or blocking) beam of light along the measured track, which beam
      is received by the receiver of the reference (or blocking) beam of light
      situated at the site of the transmitter of the measuring beam of light
      which arrangement provides in addition the possibility of a simple
      transmission of a reference signal for a synchronous detection of the
      measuring beam of light. The use of a synchronous detection provides
      further possibilities for evaluation of the measuring beam of light in
      improving the signal to noise ratio and in a relative increase of the
      speed of response.
PAR  It can be proved that the shape of the working edge of the screen (the
      cross section perpendicular to this working edge) has no substantial
      influence on the quality and accuracy of measurement (including the
      evaluation in case of diffraction). It is therefore possible to measure
      with the arrangement according to this invention also directly by
      observing the circumference (the outline) of rotating or moving bodies
      (see FIG. 11) or to measure for instance the position of forge rolls or
      rolling mills.
PAR  The magnitude of the radiating power of the beams of light of the described
      arrangements is not high (P.about.1 m W is sufficient) it is therefore in
      comparison with laser systems substantially lower and operation with this
      arrangement is therefore perfectly safe.
CLMS
STM  We claim:
NUM  1.
PAR  1. Arrangement for the measurement, checking and control of the position of
      a selected point of an object with respect to an optical aiming line
      extending between the center of an optical system of a transmitter of a
      measuring beam of light and the center of an optical system of a receiver
      which is selectively sensitive to the wavelength and modulation of the
      light beam, the transmitter comprising a semiconductor light emitting
      diode having associated therewith a first directional slot system
      associated with the diode and disposed in the path of the light beam
      emitted thereby, the slot in said first system having a length
      substantially larger than its width, the receiver comprising small area
      semiconductor photodetector means having associated therewith a second
      directional slot system in the path of the light beam, the slots in said
      first and second directional slot systems being aligned and dimensionally
      coextensive, a screen in the path of propagation of the light beam between
      the transmitter and receiver connected with the selected point of the
      object, and a motion device interconnecting the screen with the selected
      point.
NUM  2.
PAR  2. Arrangement as in claim 1, in which the motion device is controlled in
      dependence on the intensity of the light beam picked up by the receiver.
NUM  3.
PAR  3. Arrangement as in claim 1, in which the object is moved along a track
      between the transmitter and receiver, and in which the arrangement further
      comprises, in combination, means coupling the object to the screen for
      translating variations in displacement of the object into corresponding
      movements of the screen, means for establishing a program corresponding to
      variations in displacement of the object as it moves along the track, and
      means for coupling the program to the translating means to correspondingly
      vary the position of the screen.
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PAL  In an optical apparatus of the Fourier transform type employing a plurality
      of individual light sources arrayed about the optical axis of the
      apparatus, a control subsystem for all the light sources samples light
      from the light sources selectively. In the illustrated embodiment, a
      pellicle deflects a minor fraction of the source light to a spatial filter
      which passes a selected sample or samples to a group of spectrally filter
      photodiodes, which respond with currents that are fed to a photometric
      circuit and means to display measured quantities to an operator. The
      apparatus includes operator controllable means to adjust the intensity of
      each supervised light source independently of the others. A primary light
      source, from which the individual light sources are derived, is also
      supervised, to provide a basis for taking into account variations in
      energizing voltage, and dimming of the primary source with age.
BSUM
PAC  CROSS-REFERENCE TO RELATED PATENTS AND APPLICATIONS
PAR  This invention relates generally to optical image reconstruction apparatus
      of the kind that is described in U.S. Pat. Nos. 3,561,859 and 3,549,238,
      and may incorporate the improvement of application Ser. No. 433,903 filed
      Jan. 16, 1974, now U.S. Pat. No. 3,884,553 all of which are owned by the
      assignee of the present application. It relates more particularly to
      apparatus that is useful to perform methods and to construct colored
      images from records that are described and claimed in application Ser. No.
      399,367 filed Sept. 21, 1973. Generally, such apparatus comprises an
      optical viewing or display apparatus having an optical axis, means for
      supporting on the axis a record of one or more component record images
      each modulating a spatial carrier characterized by a unique orientation
      relative to the carriers of the other components, and light-source means
      for illuminating the record with light beams effectively emanating from a
      plurality of angularly separated sources, there being one or a pair of
      such effective light sources for each of said component record images. The
      source or pair of sources for each such component is or are angled
      obliquely to the axis, and aligned azimuthally with respect to the carrier
      orientation of said such component, so as to locate a predetermined
      harmonic diffraction spectrum of said component on the optical axis in a
      Fourier transform space.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of an optical system with
      monitor/control sub-system according to the invention;
PAR  FIG. 2 is a plan view of the light sources in the optical system; and
PAR  FIG. 3 is a plan view of the spatial filter used in the monitor/control
      sub-system.
DETD
PAC  BACKGROUND OF THE INVENTION
PAR  To construct colored images as above-related in a controllable or
      repeatable fashion, it is useful for an operator to have means to measure
      the properties of the light being used. Employing light sources that have
      prescribed spectral components, it is useful to be able to measure and to
      control the intensity of each spectral component of each light source.
      Preferably the measurement should be able to be done without interrupting
      normal operation of the optical image reconstruction apparatus. The
      present invention provides these benefits, and the additional benefit,
      should it be desired, of normalizing the individual light sources for
      variations in the voltage employed to energize the light source or
      sources, as well as for dimming of the light source or sources with age.
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1 a single optical subassembly 11 provides a source of red, green
      and blue light components to a pair of diametrically-opposed off-axis
      light sources 13 and 15, respectively, located in a transform filter 17 of
      a reconstruction apparatus of the kind described in the referenced
      patents. The optical axis of the reconstruction apparatus is along line
      58--58. White light from the principal light source, lamp 10, passes
      through a first condenser lens 19 and a heat filter 21 to a first spectral
      filter 23 (preferably dichroic) which reflects blue light to a second
      condenser lens 25 through a blue trim filter 27. The first and second
      condenser lenses 19 and 25 form a first condenser system for focusing the
      blue light component on a first bundle 30 of two light conductors 31 and
      33 through a circular variable neutral-density wedge in the form of disc
      38 that is rotatable on a shaft 40 by means of a motor 39. The wedge 38
      has a density which varies with angular displacement around the shaft 40,
      the functional relationship between density and angular position being a
      matter of choice for the designer of particular apparatus. The two light
      conductors 31 and 33 may be grouped side-by-side as shown, or may be
      random-mixed at the bundle 30.
PAR  Light that passes through the first spectral filter 23 next encounters a
      second spectral filter 43 which reflects red light to a third condenser
      lens 45 through a red trim filter 47. The first and third condenser lenses
      19 and 45 form a second condenser system for focusing the red light
      component on a second bundle 50 of two light conductors 51 and 53 through
      a second circular neutral-density wedge in the form of a disc 57 which is
      rotatable on a shaft 56 by means of a motor 59.
PAR  Light that passes through the second spectral filter 43 next encounters a
      mirror, preferably incorporating a third spectral filter 63, which
      reflects green light to a fourth condenser lens 65 through a green trim
      filter 67. The first and fourth condenser lenses 19 and 65 form a third
      condenser system for focusing the green light component on a third bundle
      70 of two light conductors 71 and 73 through a third circular
      neutral-density wedge in the form a disc 77 which is rotatable on a shaft
      76 by means of a motor 79. The second and third bundles 50 and 70 can also
      be made of side-by-side or random-mixed groupings of fibers.
PAR  A first blue light conductor 31, a first green light conductor 71 and a
      first red light conductor 51 are brought together in a first trifurcated
      bundle 83 to form a first one 13 of the pair of off-axis light sources 13,
      15. A second blue light conductor 33, and a second green light conductor
      73 and a second red light conductor 53 are brought together in a second
      trifurcated bundle 85 to form the second one 15 of these two off-axis
      light sources.
PAR  Each off-axis light source 13, 15 in the illustrated diametrically-opposed
      pair is located in the transform filter assembly 17 so as to deposit a
      first-order (or other desired-order) diffraction spectrum in the aperture
      stop 54 of the reconstruction apparatus when used to demodulate a
      modulated image stored in a suitable record 78, provided the record
      contains modulation which bears the proper azimuthal orientation for both
      sources and has appropriate spatial periodicity. The reconstruction
      apparatus includes as components known from the referenced patents a
      transform lens assembly 60, a projection lens 61 and the aperture stop 54.
      The record 78 bearing a spatially modulated stored image may be located on
      the far side of the transform lens from the transformer filter. It is
      assumed for the purposes of this illustration (i.e. in FIG. 1) that the
      record 78 bears a diffraction grating modulation the lines of which are
      directed normal to the drawing. With this arrangement, as is known,
      zero-order diffracted light from each light source 13, 15 will be directed
      to fall outside the aperture of the stop 54, for example at a position 80,
      81, respectively, and a first-order diffraction pattern from each source
      13, 15 will fall in the stop 54 at a region 82 as is represented by lines
      84, 86.
PAR  Using the arrangement shown in FIG. 1, several optical subassemblies, for
      example, five like the one shown, can be arrayed around the lamp 10, to
      provide four additional pairs of diametrically opposed off-axis light
      sources 103, 105; 113, 115; 123, 125; and 133, 135; arrayed around the
      optical axis 58 in the transform filter assembly 17, as is shown in FIG.
      2. Each such pair will constitute the input light to a separate optical
      channel, and can be used to illuminate a uniquely spatially modulated
      record image; and each uniquely modulated image can be illuminated and
      reconstructed separately from or simultaneously with one or more of the
      others. Each such light source can be spaced azimuthally the same amount
      from its neighbors, in which case the angle between adjacent pairs of
      light sources will be 36.degree., in the illustrated example.
      Advantageously, according to the invention of the above-referenced
      application Ser. No. 433,903 filed Jan. 16, 1974, each light source in the
      transform filter 17 for the reconstruction system is comprised of a
      radially distributed array of colored light sources. An array of three
      colored sources -- red, green and blue, with the red located radially
      farthest from the optical axis 58 and the blue nearest to the axis -- is a
      preferred example. This array is fixed relative to the optical axis, each
      color being uniquely located as determined by the diffraction grating
      spatial periodicity in the record 78 and optical parameters of the
      reconstruction apparatus. The input ends of a trifurcated bundle of light
      conductors (e.g., 83, 85) which receive the individually colored light
      inputs are physically separate from each other, so that each may be
      coupled to a separate source of spectrally filtered light, as appears in
      FIG. 1. Using this technique, a plurality of off-axis light sources can be
      provided, each of which can be made to provide light of any desired hue or
      color at an optimum radial distance from the optical axis 58, 58 of the
      modulated-image reconstruction system employing them. Neutral density
      variable-density light filters (e.g., 38, 57, 77) are employed to
      attenuate to any desired degree the light of any one or more spectral
      components of each individual off-axis light source.
PAR  A beam splitter pellicle 91 located in the light path from the off-axis
      light sources 13, 15, etc., to the transform lens assembly 60 diverts out
      of that path a small amount of light, for example, 5 to 10% of the light
      that is incident upon it from the light sources, to an array of
      photo-detectors 93, 95 and 97, via a relay lens assembly 99, a stop 98, a
      channel select filter 111, and a field lens 101, to provide a color
      monitor or control sub-system 100 for the display system. The
      photodetectors may be photodiodes. Each is provided with a narrow-band
      color filter 103, 105, 107, respectively. The spectral bandwidth of each
      filter is limited, in the present example, to one of the primary colors
      red, blue or green, and each filter will pass only one of the primary
      colors and substantially block the other two, so that each photodiode is
      able to receive only light in a prescribed band, that is, light of one of
      these three primary colors.
PAR  The channel-select filter 111 is a spatial filter that is shown in plan
      view in FIG. 3. It comprises an opaque disc-shaped body having in it two
      radially extending rectangular apertures 117, 119 diametrically opposed
      near opposite edges of the disc and corresponding in shape and location to
      the shape and location of the pair of light sources of any one only of the
      five channels indicated in FIG. 2; and the disc is rotatable on the optic
      axis 113 of the subsystem 100 by a stepping motor 115 under control of a
      channel select station 116. Rotation of the channel select filter 111 on
      its axis will enable an operator to select the light of only one channel
      to be passed to the photodetectors 93, 95, 97, blocking light from the
      other four channels shown.
PAR  The photodetectors are connected individually, as is indicated
      schematically by conductors 123, 125, 127, respectively, to a photometric
      circuit 131. Each detector senses one of the three primary colors in the
      channel that is selected to be monitored or controlled, and produces a
      current having an amplitude that is related to the intensity of the light
      which is incident upon it, and supplies that current to the photometric
      circuit. Desirably, functions of that circuit are to amplify each received
      current and to provide via respective A-to-D converters 223, 225, 227 a
      digital-form indication of the current amplitude for display to an
      operator of the apparatus. The operator may also control (via the channel
      select station 116) the stepping motor 115, to select the channel to be
      supervised, as well as the motors 39, 59, 79 which are employed to rotate
      on their respective axes the neutral density filters (e.g., 38, 57, 77) in
      each channel.
PAR  A lamp-sense detector 229, which may be a photodiode, located near the lamp
      10, produces a current proportional to lamp brightness which is applied to
      the photometric circuit 131 over conductor means 231. This current is used
      to normalize the primary color light signals, to compensate for lamp
      brightness variations due to changes in line voltage, and for lamp dimming
      due to age. This compensation enables the photometric circuit consistently
      to measure and display chromaticity values substantially free of error due
      to variability in the source brightness.
PAR  The illustrated embodiment of the invention is preferred primarily because
      it enables the color monitor sub-assembly to be used without interrupting
      use of the principal image reconstruction apparatus. Light from all the
      channels (e.g., the five channels shown in FIG. 2) can be used
      simultaneously to create an image from the record 78, while at the same
      time light from any one channel is being examined in the monitor
      sub-assembly 100 by means of the channel select filter 111. A simpler
      arrangement, requiring fewer optical components, might be to locate the
      channel select filter 111 and the photodetectors 93, 95, 97 with their
      respective color filters 103, 105, 107 in the optical path 58--58 of the
      reconstruction apparatus, between the transform filter 17 and the
      transform lens assembly 60. That arrangement would prevent simultaneous
      use of all the light channels to reconstruct an image from the record 78,
      and it would therefore be desirable to provide means to remove the monitor
      components from the optical path 58--58 when not needed and to reinsert
      those components into that path for monitor use when desired. Obviously,
      an arrangement involving the locating of any of the monitor components in
      the optical path 58--58 of the reconstruction apparatus will limit use of
      the reconstruction system during monitor or control functions, whereas in
      the preferred embodiment that is illustrated uninterrupted use of the
      reconstruction system and the monitor or control functions can be
      performed simultaneously.
PAR  The respective connections from the photometric circuit 131 to each of the
      A-to-D converters 223, 225, 227, may include an amplifier (not shown) of
      prescribed properties, such as linear or non-linear, to provide a
      specified response characteristic. The output signals from the A-to-D
      converters may be in the form of ratios, relating the current amplitude
      from each photodetector 93, 95, 97 to the current amplitude from the
      lamp-sense detector 229.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an optical apparatus employing a plurality of individual light
      channels each having one or more light sources, means to supervise said
      sources comprising means to sample light from each source, means to
      present the samples of light from all said sources in unison in a spatial
      array in a prescribed location, spatial filter means in said location
      operable to pass light from a selected one of said channels while blocking
      light from the remaining ones of said channels, photometric means disposed
      to receive light passed by said filter means, means to operate said filter
      means to pass light from a selected one of said channels to said
      photometric means, and means to provide from each sample a signal that is
      related to the intensity of said sample.
NUM  2.
PAR  2. An optical apparatus according to claim 1 employing a plurality of
      individual light sources that are disposed in a prescribed spatial array
      around an axis of the apparatus, said spatial filter means being rotatable
      on an axis to pass light from a selected one of said channels while
      blocking light from the remaining ones of said channels, and means to
      rotate said filter means on its axis to pass light from a selected one of
      said channels to said photometric means.
NUM  3.
PAR  3. In an optical apparatus according to claim 1, a plurality of individual
      light sources each of which is comprised of at least two spectral
      components, and means to provide from each spectral component of each
      sample a signal that is related to the intensity of said component.
NUM  4.
PAR  4. Optical apparatus according to claim 2 comprising spatial filter means
      operable to pass all the spectral components of light from a selected one
      of said channels while blocking all the light from the remaining ones of
      said channels, photometric means comprising individual photoreceptor means
      for each of said spectral components, and means to operate said spatial
      filter means to pass all the spectral components of light from a selected
      one of said channels to said photometric means.
NUM  5.
PAR  5. Optical apparatus according to claim 3 including means to adjust the
      intensity of each spectral component of each light source independently of
      all other spectral components of all said sources.
NUM  6.
PAR  6. Apparatus according to claim 3 including a primary source of white
      light, means to separate said white light into said spectral components,
      means to form each of said individual light sources from a group of
      individual ones of said spectral components, and means to adjust the
      intensity of each of said individual spectral components independently of
      all the other individual spectral components.
NUM  7.
PAR  7. Apparatus according to claim 6 including photometric means to supervise
      the intensity of said white light, and means to relate each of said
      signals to the intensity of said white light.
NUM  8.
PAR  8. Apparatus according to claim 3 including a primary source of white
      light, means to separate said white light into said spectral components,
      means to form each of said individual light sources from a group of said
      spectral components, photometric means to supervise the intensity of said
      white light, and means to relate each of said signals to the intensity of
      said white light.
NUM  9.
PAR  9. In an optical apparatus according to claim 4, photometric means
      including spectral filter means disposed to receive separately each
      spectral component of the light passed by said spatial filter means, means
      to operate said spatial filter means to pass all the spectral components
      of light from a selected one of said channels to said photometric means,
      and means to provide from each spectral component of the light reaching
      said photometric means a signal that is related to the intensity of said
      component.
NUM  10.
PAR  10. In an optical apparatus employing a plurality of individual light
      channels each having one or more light sources that are disposed in a
      prescribed array around and radially spaced from a first axis for
      directing light generally along said first axis to an optical component
      located on said axis, means to supervise said sources comprising partial
      reflector means between said sources and said optical component to divert
      in unison a fraction of said light from each source into a second axis
      that is directed away from said optical component, means to present the
      samples of light from all said sources in unison in a spatial array in a
      prescribed location, spatial filter means in said location rotatable on
      said second axis to pass diverted light from a selected one of said
      channels while blocking diverted light from the remaining ones of said
      channels, photometric means disposed to receive diverted light passed by
      said filter means, and means to rotate said filter means on said second
      axis to pass diverted light from a selected one of said channels to said
      photometric means.
NUM  11.
PAR  11. In an optical apparatus employing a plurality of individual light
      channels each having one or more light sources that are disposed in a
      prescribed array around a first axis for directing light generally along
      said first axis to an optical component located on said axis, each of said
      sources being comprised of at least two spectral components which are
      displaced side by side along a radius originating in and extending
      transversely to said first axis, means to supervise said sources
      comprising partial reflector means between said sources and said optical
      component to divert in unison a fraction of said light from each source
      into a second axis that is directed away from said component while passing
      to said component in unison the remaining light from each of said sources,
      spatial filter means comprising an opaque disc that is rotatable on said
      second axis, said disc having a radially oriented aperture means in at
      least one location for passing diverted light from all the spectral
      components of a selected one of said channels while blocking substantially
      all the diverted light from the remaining ones of said channels,
      photometric means including spectral filter means disposed to receive
      separately each spectral component of the light passed by said disc, means
      to rotate said disc on said second axis to pass all the spectral
      components of light diverted from a selected one of said channels to said
      photometric means, and means to provide from each spectral component of
      the light reaching said photometric means a signal that is related to the
      intensity of said spectral component.
NUM  12.
PAR  12. Apparatus according to claim 11 including a primary source of light,
      means to derive said individual light sources from said primary source,
      means to supervise the intensity of said primary source, and means to
      relate each of said signals to the intensity of said primary source.
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PAL  A light-responsive system which includes a plurality of photosensitive
      elements respectively directed to different parts of a scene for
      respectively providing electrical inputs according to the brightness of
      the light at the different parts of the scene. The several inputs are
      supplied to a plurality of electrical circuits which in turn are connected
      with an output unit, these circuits operating in such a way that the
      output unit will be actuated only by that one of the inputs which
      corresponds to that part of the scene which has the maximum brightness or
      the minimum brightness. In this way it is possible to provide an output
      corresponding either to the maximum brightness of the scene or the minimum
      brightness of the scene without requiring scanning of the scene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to light-measuring systems.
PAR  In particular, the present invention relates to systems of this type which
      are adapted to respond to the brightness of a given scene in order to
      achieve a given output corresponding to this brightness.
PAR  The features of the present invention are particularly adapted for use in
      photography. In connection with photography it is known that the film
      which is used is to be exposed to an object which is to be photographed
      within a particular density curve of the film taking into consideration
      the range of brightness of the object to be photographed, so as to achieve
      in this way a good tone in the photographic reproduction. Up to the
      present time, however, there has been no satisfactory light-measuring
      device which takes such a density curve into consideration. The reason for
      this is that such light measurement is difficult to provide and in
      addition certain photographers who are seriously concerned with light
      measuring of this type utilize conventional electrical exposure meters for
      partial measurement of the light of the object to be photographed so as to
      obtain in this way a photograph taking into consideration the density
      curve of the film and the brightness at the object to be photographed.
PAR  Conventional electrical exposure meters of this type have been developed
      from those employing selenium cells. These exposure meters have a wide
      viewing angle where the meter is exposed to the light at the object which
      is to be photographed. On the other hand, there are meters employing
      cadmium sulfide resistors which are exposed to light with a relatively
      narrow viewing angle. There has been a recent movement in the photographic
      industry to utilize so-called spot exposure meters particularly adapted
      for partial light measurement, and the result has been a rapid progress in
      light-measuring techniques.
PAR  While certain advances have indeed been made with measurement of light
      utilizing spot exposure meters with a narrow viewing angle, these types of
      devices have the disadvantage of requiring inconvenient manual operations
      as well as visual scanning through a viewfinder over the entire scene
      which is to be photographed, with the different parts of the scene being
      successively scanned so that light measurement is made of the different
      parts of the scene. Up to the present time there is no camera which
      utilizes a spot exposure meter of this type in such a way that such a
      meter is incorporated into the camera because of the inconveniences which
      would result in view of the fact that such a camera would require the
      operator to swing the camera over the scene in order to scan the scene
      which is to be photographed for the regions thereof which are of maximum
      and minimum brightness.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      light-measuring system which will avoid the above drawbacks.
PAR  More particularly, it is an object of the present invention to provide a
      light-measuring system which operates according to the spot exposure
      principle as referred to above but which at the same time can conveniently
      provide the desired results without necessitating a manual scanning of the
      scene, so that in this way either exposure meter provided with the
      structure of the invention can remain in a static position while
      evaluating different areas of the entire scene or if the light-measuring
      system is incorporated into a camera it becomes unnecessary to swing the
      camera so as to scan the scene to detect areas of different brightness.
PAR  Thus, it is an object of the present invention to provide a
      light-responsive system which is capable of discriminating between scene
      areas of different brightness without requiring the scene to be scanned.
PAR  Thus, it is an object of the present invention to provide a
      light-responsive system which can remain static or stationary with respect
      to a scene such as a scene which is to be photographed, while at the same
      time being capable of detecting those parts of the scene which have either
      maximum brightness or minimum brightness or both.
PAR  Furthermore it is an object of the present invention to provide a structure
      of the above type which is relatively simple while remaining highly
      effective to achieve the desired results.
PAR  In particular it is an object of the present invention to provide a
      structure of the above general type which includes electronic circuitry
      capable of being designed in a number of different ways so that a number
      of advantages are achieved such as the use of completely electronic
      circuitry, eliminating the necessity for solenoids, solenoid-operated
      switches, and the like, or utilizing either the charging of capacitors or
      the discharging of capacitors, or utilizing features such as differential
      amplifiers capable of compensating for fluctuations such as temperature
      fluctuations.
PAR  Also it is an object of the present invention to provide for a system of
      the above type a meter which indicates either maximum or minimum
      brightness of a scene while at the same time achieving linearity in the
      operation of the meter so that inaccuracies at any given range of
      operation of the meter are avoided.
PAR  Thus, it is an object of the present invention to provide an arrangement
      where the circuitry can be designed to achieve a great stability free of
      undesirable variations resulting from temperature fluctuations or voltage
      source fluctuations while at the same time utilizing simple elements.
PAR  Furthermore it is an object of the present invention to provide a
      construction which when used to detect both maximum and minimum brightness
      requires only a single photosensitive element which through suitable
      circuitry will indicate either maximum or minimum brightness.
PAR  According to the invention a plurality of photosensitive input means are
      supported by a suitable support means so as to provide inputs in response
      to light received by the plurality of photosensitive input means with
      these inputs respectively having magnitudes determined by the brightness
      of the light received by the plurality of photosensitive input means.
      Therefore where the scene has a condition of non-uniform brightness, a
      pair of the photosensitive input means will respectively provide inputs of
      maximum and minimum magnitude. An output means is provided for achieving a
      given output, and a plurality of electrical circuit means are respectively
      connected with the plurality of photosensitive input means and with the
      output means for providing at the latter an output determined by at least
      one of the pair of photosensitive input means.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The invention is illustrated by way of example in the accompanying drawings
      which form part of this application and in which:
PAR  FIG. 1A shows schematically how it is possible with the structure of the
      invention to detect the brightness of different portions of a scene
      without a scanning motion;
PAR  FIG. 1B illustrates schematically one possible type of arrangement of
      photosensitive input means;
PAR  FIG. 1C illustrates another type of arrangement of photosensitive input
      means;
PAR  FIG. 1D is a schematic block diagram according to the basic principles of
      the invention;
PAR  FIG. 2 shows a circuit conforming to that of FIG. 1D and utilized for
      detecting the highest brightness of a scene;
PAR  FIG. 3 illustrates a circuit similar to that of FIG. 2 but fully
      electronic;
PAR  FIG. 4 illustrates a circuit arrangement suitable for detecting the lowest
      brightness of a given scene;
PAR  FIG. 5 illustrates a circuit utilizing differential amplifiers for
      detecting the highest brightness of a scene to be photographed;
PAR  FIG. 6 shows a circuit for detecting the highest brightness but utilizing
      the discharge of a capacitor rather than the charging of a capacitor;
PAR  FIG. 7 shows a circuit also utilizing the discharge of a capacitor but
      utilized to detect the lowest brightness of a given scene;
PAR  FIG. 8 fragmentarily illustrates a variation of the structure of FIG. 7 for
      detecting the lowest brightness;
PAR  FIG. 9 shows one possible arrangement for simultaneously detecting the
      highest and the lowest brightness;
PAR  FIG. 10 illustrates a bootstrap circuit for improving the accuracy of
      operation of a meter;
PAR  FIG. 11 illustrates in graph form the manner in which the meter can be
      regulated with the circuitry of FIG. 10;
PAR  FIGS. 12-20 respectively illustrate various types of circuits for detecting
      the highest brightness of a given scene, the lowest brightness of a given
      scene, as well as both the highest and the lowest brightness, in the case
      of FIG. 20, utilizing partially or fully electronic circuits as well as
      the charging or discharging of a capacitor, with all of the circuits of
      FIGS. 12-20 including differential amplifiers;
PAR  FIGS. 21 and 22 respectively illustrate schematically different types of
      circuit arrangements for detecting simultaneously the highest and lowest
      brightness of a given scene while utilizing a single photosensitive input
      means for detection of both the highest and the lowest brightness; and
PAR  FIGS. 23-27 respectively illustrate the details of various types of
      circuits which conform to the block diagrams of FIGS. 21 and 22.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As is apparent from the introduction set forth above, in accordance with
      the present invention it becomes possible to detect the different degrees
      of brightness throughout a given object or scene which is to be
      photographed without movement of the structure which receives the light,
      so that movable scanning is not required. As may be seen from the
      schematic illustration in FIG. 1A, a plurality of photosensitive input
      means 402 are carried by a suitable support means 400 so that when the
      latter is directed toward the scene schematically indicated by the plane
      403, the several photosensitive input means 402 will receive light from
      different parts of the scene or object to be photographed in order to
      respond to the intensity of the light at the different parts of the scene,
      thus giving a plurality of inputs in accordance with the brightness at the
      different parts of the scene without movable scanning being required.
PAR  In the case where the plurality of photosensitive input means 402 form part
      of a light meter for indicating the highest light intensity or the lowest
      light intensity, or both, then the plane 403 may be considered as the
      scene or object toward which the light meter is directed in order to
      measure the light. However in the case where the structure of the
      invention is incorporated into a camera the plane 403 may be considered
      as, for example, a surface of a viewfinder to which light is reflected
      after having passed through the objective so that it is this light at the
      plane 403 in the viewfinder of the camera which is detected and measured
      by the plurality of photosensitive input means 402, and of course with
      such a construction the detection of the highest or lowest brightness, or
      both, may be used for automatic control of the camera.
PAR  Referring to FIG. 1B, it will be seen that the several light-detecting
      photosensitive input means 402 may be arranged in such a way that they are
      distributed over the support means 400 to detect light from a multiplicity
      of parts of a given scene or object. Thus the three photosensitive means
      402 illustrated in FIG. 1A may be considered as representing any one of
      the horizontal rows or any one of the vertical rows of photosensitive
      means 402 illustrated in FIG. 1B.
PAR  As will be apparent from the description below, each input provided from a
      single photosensitive means 402 may be used with the circuit means of the
      invention to contribute toward detection of either the highest brightness
      or the lowest brightness, and, in the case of FIGS. 21-27 each
      photosensitive means 402 provides a single input for detecting highest or
      lowest brightness. However with some embodiments, as illustrated, for
      example, in FIGS. 9 and 20, the highest and lowest brightness of a given
      scene or photograph may be simultaneously detected by pairs of
      photosensitive input means arranged beside each other with one of each
      pair of photosensitive means detecting the highest brightness and the
      other detecting the lowest brightness, and such an arrangement is
      illustrated in FIG. 1C where the support means 400 supports pairs of
      photosensitive input means 404 and 406 situated one beside the other as
      illustrated so that these pairs will operate as shown in FIG. 1A to pick
      up the light intensity from the object to be photographed and give a
      simultaneous indication of highest and lowest brightness as referred to
      below.
PAR  Referring to the block diagram of FIG. 1D, reference symbols such as A, B
      and C respectively designate photosensitive input and circuit units for
      partial scene brightness detection which are provided in a desired number.
      Z designates an output means or indicator station for measured light value
      which is adapted to be under control of said partial brightness detector
      units A, B, C . . . .
PAC  BASIC CIRCUITS
PAR  Now, with reference to FIG. 2 which illustrates a specific embodiment of
      the device to detect the highest brightness of an object to be
      photographed, reference symbols A, B and C respectively designate partial
      scene brightness detector units and Z designates an output means or
      indicator station for measured light value. The block A comprises a
      photosensitive input means, hereinafter referred to as CdS 1, which may be
      one of said light detector elements 402, and a circuit means including
      timing capacitor 2 serially connected to CdS 1 across positive and
      negative buses 5 and 6. A junction between CdS 1 and capacitor 2 is
      connected to the base of a transistor 3 of which the emitter is connected
      to the negative bus 6 and the collector is connected through an
      electromagnetic solenoid 4, adapted to control a switch 7 included in the
      output means block Z, to the positive bus 5. The blocks B and C are the
      same as block A and description in detail thereof is therefore omitted
      here. Transistors in blocks B and C correspond to the transistor 3 and are
      adapted to have their respective trigger voltage equivalent to that of
      said transistor 3.
PAR  The output means block Z comprises, in operative association with
      electromagnetic solenoid 4, a normally closed switch 7 adapted to be
      controlled also by any of the electromagnetic solenoids included in the
      blocks B and C. The output means also includes a variable resistance 8 for
      timing and a timing capacitor 9 serially connected with switch 7 across
      the positive and negative buses 5 and 6. A junction between variable
      resistance 8 and capacitor 9 is connected to the base of a transistor 10
      of which the emitter is connected to the negative bus 6 and the collector
      is connected through a meter 11 to the positive bus 6, while a source
      switch 12 is serially connected to a power source 13 across the positive
      and negative buses 5 and 6.
PAR  The manner in which the device of FIG. 2 operates will now be described.
      Exposed to light of an object or scene to be photographed, each CdS
      presents an input according to its particular inner resistance since the
      intensity of light to which each CdS is exposed depends upon the
      distribution of brightness. Upon closure of the source switch 12 in such a
      situation, each of the timing capactiors begins to be charged through the
      CdS of each block A, B or C and at the same time the capacitor 9 of the
      block Z also begins to be charged.
PAR  Assumed that the CdS 1 of the block A is exposed to light of the highest
      brightness, the inner resistance thereof would be lower than any other CdS
      and the terminal voltage of the capacitor 2 of unit A would take the
      highest value, resulting in that the collector current of the transistor 3
      would take the highest value and the electromagnetic solenoid 4 in unit A
      would be excited to the highest extent, thus opening the switch 7.
PAR  This results in that the capacitor 9 ceases to be charged, so that the
      meter 11 is fixed at the indication corresponding to the terminal voltage
      of said capacitor 9 at this moment and there is provided an output formed
      by the indication of information on brightness to which the CdS of block A
      is exposed.
PAR  Such an indication of the meter 11 will be never influenced by the
      information on light to which the other blocks are exposed even though the
      electromagnetic solenoids of said other blocks are excited later since the
      switch 7 has already been opened by the solenoid 4 of block A. The highest
      brightness value may be thus obtained from reading of the meter 11.
PAR  In FIG. 3 which illustrates another embodiment including an entirely
      electronic switching section converted from the mechanical one in the
      embodiment of FIG. 2, the parts common to those in FIG. 2 are designated
      by the common reference characters without any further description in
      detail since both embodiments are based on the same fundamental principle.
      The collector of the transistor 3 included in the block A is connected, on
      one side, through a resistance 14 to the positive bus 5 and is connected,
      on the other side, to the base of a transistor 15 of which the emitter is
      connected to the negative bus 6 and the collector is connected through a
      resistance 16 to the positive bus 5. Both the blocks B and C are of the
      same arrangement as the block A and the description thereof is omitted
      here. The transistor 15 and the corresponding transistors of the other
      blocks have their collectors respectively connected through capacitors 17,
      18 and 19 for differentiation and resistances 17', 18' and 19' for
      damping, respectively, to the gate of a thyristor 21, whose gate is, in
      turn, connected through a resistance 20 to the negative bus 6. The anode
      of said thyristor 21 is connected to a resistance 22 and the base of a
      transistor 23. The other terminal of said resistance 22 and the emitter of
      said transistor 23 are connected to the positive bus 5 and the collector
      of said transistor 23 is connected to a resistance 24 and the base of a
      switching transistor 25. The other terminal of said resistance 24 is
      connected to the negative bus 6 while the emitter and the collector of
      said transistor 25 are connected to the positive bus 5 and one terminal of
      the variable resistance 8, respectively.
PAR  Now the manner in which the embodiment of FIG. 3 operates will be
      described. Upon closure of the source switch 12, the capacitor 2 and the
      capacitors of the other blocks corresponding thereto begin to be charged.
      The circuit condition at the moment where the switch 12 is closed is
      considered for better understanding of the manner in which this embodiment
      operates. The transistor 3 and the transistors included in the other
      blocks corresponding thereto are now OFF since the terminal voltage of the
      components such as the capacitor 2 is still zero, so that the components
      such as the transistor 15, adapted to be separately applied with signals
      from the components such as the transistor 3, are turned ON and the
      capacitors 17, 18 and 19 included in the output means block Z, adapted to
      be separately applied with signals from the collectors of said components
      such as the transistor 15, are grounded. This means that no signal is
      generated in the resistance 20. As a result, the thyristor 21, adapted to
      be driven by this signal, is non-operative and the transistor 23, adapted
      to be applied with signal from the anode of said thyristor 21, is OFF. The
      switching transistor 25, corresponding to the switch 7 in the embodiment
      of FIG. 2, is, therefore, ON and the capacitor 9 begins to be charged. A
      pointer of the meter 11 oscillates in accordance with variation of
      electric current flowing through the transistor 10 which is adapted to be
      applied with the charging voltage as time elapses. Assuming that the CdS 1
      of unit A is exposed to light of the highest brightness, the transistor 3
      is turned ON first and the transistor 15 of block A is turned OFF.
      Consequently, the signal generated at the collector of said transistor 15
      is applied through the capacitor 17 for differentiation to the resistance
      20 and thereby the thyristor 21 is turned ON and the transistor 23,
      adapted to receive the signal from the anode of said thyristor 21, is
      turned ON while the switching transistor 25 is turned OFF, preventing the
      capacitor 9 from being charged. The embodiment operates thereafter in the
      manner similar to the previous embodiment and only the highest brightness
      to which the CdS 1 of the block A is exposed is indicated by the meter 11
      of the output means.
PAR  The embodiment of FIG. 3 is advantageous in the high responsiveness and
      precision with which brightness is discriminated, because of being free
      from the time delay of operation peculiar to the electromagnetic solenoid,
      as well as in the high practical usefulness provided because the several
      electromagnetic solenoids in the previous embodiment are not necessary and
      no mechanical switch is employed.
PAR  Referring to FIG. 4 which illustrates an embodiment to detect the lowest
      brightness, the parts common to those in the previous embodiments are
      designated by common references without description in detail thereof. In
      the block A, a variable resistance 26 is serially connected to a CdS 27
      across the positive and negative buses 5 and 6, and the junction point a
      of the serial connection is connected to the base of transistor 28 whose
      emitter is connected to the negative bus 6 and whose collector is
      connected through a resistance 29 to the positive bus 5. Said collector is
      also connected to the base of a transistor 30, for current regulation, of
      which the emitter is connected to the positive bus 5 and the collector is
      connected to the timing capacitor 2 and the base of the transistor 3. Both
      the blocks B and C are of the same arrangement as the block A and
      description in detail thereof is omitted here.
PAR  In the embodiment of FIG. 4 upon closure of the source switch 12, the
      capacitor 2 begins to be charged through the transistor 30 and the
      transistors in the other blocks corresponding thereto also operate in the
      same manner. Assumed that the CdS 27 included in the block A is exposed to
      light of the lowest brightness, voltage Va at the point a would be higher
      than any of those in the other blocks and accordingly electric current
      flowing through the transistor 28 would be the largest. Electric current
      flowing through the transistor 30 also would be the largest, therefore,
      and the terminal voltage of the capacitor 2 would be the highest, so that
      the electromagnetic solenoid 4 of block A would operate first to open the
      switch 7 and thereby to stop oscillation of the meter 11. Thus, the lowest
      brightness may be seen from reading meter 11.
PAR  FIG. 5 illustrates an embodiment of the device to detect the highest
      brightness utilizing a differential amplifier as a comparator and the
      parts common to those in the previous embodiments are designated by common
      references. In the block A, a resistance 31 is serially connected to a
      variable resistance 32 across the positive and negative buses 5 and 6 and
      the junction point a of said serial connection is connected to the base of
      a transistor 33 of which the collector is connected to the positive bus 5
      and the emitter is connected through a resistance 34 to the negative bus
      6. This emitter is connected to the emitter of a transistor so that said
      transistors 33 and 35 constitute the differential amplifier. Both the
      blocks B and C are of the same arrangement as the block A and description
      in detail thereof is omitted here.
PAR  An important difference between this embodiment and that of FIG. 2 is in
      employment of the differential amplifier which effectively reduces
      influence of factors such as the source voltage and the temperature to the
      lowest extent. In order that desired information provided from a plurality
      of light detector elements may be detected with high precision, as
      required for the device according to the present invention, the
      fundamental circuit operation should be stable independently of the
      external condition other than the object to be light-measured, and
      stability of the differential amplifier effectively meets such
      requirement.
PAR  In the embodiment of FIG. 5 upon closure of the source switch 12, divided
      voltage Va appears on the junction point a between the resistance 31 and
      the variable resistance 32 included in the block A. The variable
      resistance 32 or the variable resistances included in the other blocks
      corresponding thereto may be previously adjusted so that divided voltage
      Vb and Vc included in the blocks B and C which correspond to said divided
      voltage Va be equal to Va. In the block A, the timing capacitor 2 begins
      to be charged through the CdS 1 and, accordingly, the transistor 35 is
      turned ON at the moment when terminal voltage coincides with Va, and then
      the electromagnetic solenoid 4 is excited. Assumed that the CdS 1 of the
      block A is exposed to light of the highest brightness, the terminal
      voltage of the capacitor 2 increases more rapidly than in any other blocks
      so that the electromagnetic solenoid 4 operates first to open the switch 7
      operatively associated therewith. Thereafter, the meter circuit operates
      as in the previously mentioned embodiments and provides an output
      indicative of the highest brightness.
PAR  Although all of the embodiments as mentioned hereinbefore utilize charging
      of a capacitor as means of detection, the present invention may be
      embodied also by utilizing discharge of a capacitor. An embodiment thereof
      will be now described with reference to FIG. 6. In the block A, the CdS 1
      is serially connected to a variable resistance 36 across the positive and
      negative buses 5 and 6, and the junction point a of this serial connection
      is connected to a normally closed contact l of a change-over switch 37
      operatively associated by a mechanical connecting structure with the
      corresponding components included in the other blocks. A movable blade of
      change-over switch 37 is connected through a timing capacitor 38 to the
      negative bus 6 and a normally opened contact m of change-over switch 37 is
      connected to a variable resistance 39 for timing and the base of a
      transistor 40. The other terminal of said variable resistance 39 is
      connected to the negative bus 6. The emitter of said transistor 40 is
      connected together with the emitter of a transistor 41 through a
      resistance 42 to the negative bus 6, and the collector of said transistor
      40 is connected through the electromagnetic solenoid 4, for control of a
      switch 46 included in the block Z, to the positive bus 5. The collector of
      transistor 40 is also connected through a resistance 43 to the base of the
      transistor 41 and a resistance 44. The collector of transistor 41 is
      connected through a resistance 45 to the positive bus 5. The other
      terminal of resistance 44 is connected to the negative bus 6. Transistors
      40 and 41 constitute a Schmitt circuit. The block B is of the same
      arrangement as the block A, and the block Z corresponds to that in the
      previous embodiments except that, in the present embodiment, the switch 46
      is of a normally opened type which is adapted to be closed by excitation
      of the elements such as an electromagnetic solenoid 4. Description in
      detail of the blocks B and Z is therefore omitted here.
PAR  In the embodiment of FIG. 6 upon closure of the source switch 12, divided
      voltage is generated at the junction point a in the block A according to
      variation in the intensity of light to which the CdS 1 is exposed, and
      this divided voltage causes an electric charge to be stored in the timing
      capacitor 38 of which the terminal voltage is applied also to the Schmitt
      circuit, resulting, due to its characteristic, in that the transistor 40
      on the input side thereof is turned ON. The electromagnetic solenoid 4 is
      in a non-operative state when the power source is connected, since
      electromagnetic solenoid 4 is inserted into the collector circuit of the
      transistor 40 on the input side, and the block B also is in the same state
      as the block A. With the circuit being in such a situation, the
      change-over switch 37 of interlocking type is now manually changed over
      from the contact l to the contact m to detect the highest brightness. This
      change-over causes the Schmitt circuit in each block to be reversed from
      ON to OFF or vice versa and the electromagnetic solenoid in each block is
      simultaneously excited so that switch 46 is closed at this instant.
      Accordingly, the timing capacitor 9 in the block Z begins to be charged
      from this moment, and the timing capacitor 38 begins, on the contrary, to
      be discharged, resulting in that the terminal voltage thereof gradually
      decreases.
PAR  Assuming that the block A is exposed to light of the highest brightness,
      the terminal voltage of the capacitor 38 would be the highest and the
      period of discharge thereof would be the longest, since voltage generated
      at the point a would be the highest. As a result, the Schmitt circuits in
      the blocks other than the block A will be earlier reversed again to their
      initial condition and, consequently, the electromagnetic solenoids in
      these blocks would be driven again to the non-operative condition.
PAR  However, the electromagnetic solenoid 4 of the block A is still in its
      operative condition even when the other electromagnetic solenoids are
      brought into the non-operative condition, so that the switch 46 remains
      closed and the capacitor 9 continues to be charged until the Schmitt
      circuit of block A is reversed again to bring the electromagnetic solenoid
      4 into its non-operative state and thereby open the switch 46. Thus,
      oscillation of the meter 11 stops at a position corresponding to
      indication of the highest brightness.
PAR  FIG. 7 illustrates an embodiment to detect the lowest brightness utilizing
      discharge of the capacitor. This embodiment is identical to the embodiment
      of FIG. 6 except that the CdS and the variable resistance are inverted or
      reversely arranged with respect to the vertical. The embodiment of FIG. 7
      operates in a manner such that, assuming the block A is exposed to light
      of the lowest brightness, voltage generated on the point a is the highest
      and this block would continue to be discharged for the longest period to
      provide the indication of the lowest brightness.
PAR  FIG. 8 shows a detector block included in an embodiment in which the CdS
      and the discharge resistance in the embodiment of FIG. 7 are exchanged
      with each other, and the inner resistance of the CdS is utilized for
      discharging. In this embodiment, the lowest brightness may be detected,
      since the electromagnetic solenoid included in the block which has the CdS
      of the highest resistance is turned off last.
PAR  It is apparent from the foregoing description that the present invention
      may be embodied with electrical circuits of various types so as to provide
      a large flexibility of design.
PAR  The foregoing description has been directed to the embodiments of the
      device to detect the highest brightness or the lowest brightness in a
      separate manner. Suitable combination of these embodiments may provide
      devices of various types to detect the highest and the lowest brightness
      in the same devices, of which an embodiment is illustrated by FIG. 9.
      Referring to FIG. 9, a block A.sub.1 is of an arrangement corresponding to
      that of the block A in FIG. 2 and a block A.sub.2 is of an arrangement
      corresponding to that of the block A in FIG. 4 which is reversed or
      inverted. Blocks B.sub.1 and B.sub.2 are of the same arrangements as
      A.sub.1 and A.sub.2, respectively, and there are provided a pair of
      detector circuits for the highest brightness and the lowest brightness,
      respectively, in each block A, B . . . . so that the light detector
      elements 1 and 51 or 1' and 51' are arranged close to each other. These
      elements may be elements 404 and 406 of FIG. 1C.
PAR  A block Z.sub.1 corresponds to a circuit for indication of the highest
      brightness and a block Z.sub.2 corresponds to a circuit for indication of
      the lowest brightness. The switch 7 in the former is adapted to be
      controlled by each of the electromagnetic solenoids of the blocks A.sub.1
      and B.sub.1 while the switch 7' in the latter is adapted to be controlled
      by each of the electromagnetic solenoids of the block A.sub.2 and B.sub.2.
PAR  Assuming that the block A is exposed to light of the highest brightness and
      block B is exposed to light of the lowest brightness in the embodiment of
      FIG. 9, inner resistance of the CdS 1 and 51 would be the lowest and inner
      resistance of the CdS 1' and 51' would be the highest. Accordingly, upon
      closure of the source switch 12, the circuit including the CdS 51 in the
      block A operates as mentioned in reference with FIG. 4 with the latest
      switching while the circuit including the CdS 1 operates with the earliest
      switching as mentioned in reference with FIG. 2, and the switch 7 would be
      opened to cause the meter 11 to indicate a value of the highest
      brightness.
PAR  In the block B, on the other hand, switching operation of the detector
      circuit including the CdS 51' is earliest and the circuit including the
      CdS 1' operates latest so that a value of the lowest brightness may be
      indicated by the meter 11'.
PAR  Each of the variable resistances shown in FIGS. 4 to 9 is adjustable to set
      the divided voltage in each block to a common level or to set the point at
      which the switching circuit properly operates.
PAR  In each of the above embodiments wherein the result of detection is
      indicated by a meter from which the highest and lowest brightness may be
      quantitatively read out, oscillation of the pointer stops at a time point
      which depends upon the period for which each timing circuit to detect the
      highest or the lowest brightness value is charged or discharged, and the
      oscillation is in accordance with a function of said period. The lower the
      highest brightness is, therefore, the larger the magnitude of oscillation
      and vice versa. Thus, an actual value of the highest brightness may be
      indicated by this magnitude of oscillation.
PAR  However, the charging characteristic of a simple RC timing circuit is
      utilized in the block Z and its charging characteristic curve is, as well
      known, such that the increase of terminal voltage is more saturated as
      time elapses. This means that linearity of the obtained meter indication
      is reduced as time elapses, and it is slightly difficult to determine the
      highest and the lowest brightness values over a wide range in the
      quantitative manner.
PAR  There is provided an electric circuit to generate linear slope voltage as
      an indicator circuit adapted to overcome this disadvantage. FIG. 10 shows
      a bootstrap circuit as an embodiment of such a circuit. With such a
      circuit, reading of the meter is linear with respect to elapsing of time
      as shown by FIG. 11, and the slope of this straight line may be varied by
      variation of a resistance value R of the variable resistance 8 in FIG. 10.
      Said resistance value R may be selected from the whole amplitude necessary
      with respect to the elapsing time.
PAR  As obvious from the foregoing description, the device to detect the highest
      and the lowest brightness according to the present invention may
      automatically detect and measure the highest and the lowest brightness of
      an object to be photographed in a static manner merely by directing a
      group of light detector elements toward the object without kinetic
      scanning or the like as is conventionally used. When the device is
      incorporated into a camera, light measuring may be effected without
      swaying the camera and, even with respect to an object to which film might
      be exposed with difficulty, the proper exposure matching with the density
      curve of the film may be obtained without a high skillfulness, thus
      providing photography of high quality. When the detection and light
      measuring are carried out through a comparator such as a differential
      amplifier, influence of factors such as the source voltage and the
      temperature may be reduced to the lowest degree so that operation of the
      device is stable and almost free from any influence of the external
      factors other than the object to be light-measured, improving its
      practical usefulness. Furthermore, according to the present invention,
      operating time difference of the timing circuit to detect the highest or
      the lowest brightness is introduced to control the timing circuit for
      indication of measured light value so that the indicator member adapted to
      be driven by electric current according to voltage stored in the capacitor
      included in the last-mentioned circuit may quantitatively indicate the
      brightness. Accordingly, the lower the brightness is, the larger the
      magnitude of oscillation of the meter pointer and vice versa, and an
      actual value of the highest brightness may be indicated by this particular
      magnitude of oscillation.
PAC  DIFFERENTIAL AMPLIFIER CIRCUITS
PAR  Now the embodiments will be described referring to FIGS. 12 to 20 of the
      accompanying drawing.
PAR  Referring to FIG. 12, A, B, C and Z correspond to the partial brightness
      detector blocks A, B and C and the indicator block Z shown by FIG. 1D,
      respectively. The block A in FIG. 12 comprises a CdS 101 and a variable
      resistance 102 serially connected to said CdS, these two elements being
      inserted between a positive bus 109 and a negative bus 110. A transistor
      103 has a base to which the junction point a of this serial connection is
      connected. Its emitter is connected through a resistance 104 to the
      negative bus 110, and its collector is connected to the positive bus 109.
      Another transistor 105 has an emitter to which the emitter of said
      transistor 103 is connected, while its collector is connected through an
      electromagnetic solenoid 106, adapted to control a switch 111 of the block
      Z, to the positive bus 109 and its base is connected to the junction point
      a' between variable resistance 107 for timing and a timing capacitor 108,
      these two elements being serially connected between the positive bus 109
      and the negative bus 110. Transistors 103 and 105 constitute a
      differential amplifier. The blocks B and C are of the same arrangement as
      the block A and, therefore, no description in detail of these two blocks B
      and C is given here. The capacitor 108 has a characteristic curve,
      according to which the terminal voltage rises, similar to those of the
      corresponding capacitors in the other blocks.
PAR  The block Z comprises an electromagnetic solenoid 106, a normally closed
      switch 111 adapted to be opened in operative association with excitation
      of each electromagnetic solenoid in the other blocks which corresponds to
      said solenoid 106, a variable resistance 112 for timing and a timing
      capacitor 113, these elements being serially connected between the
      positive bus 109 and the negative bus 110. A transistor 114 has a base to
      which the junction point between variable resistance 112 and capacitor 113
      is connected, an emitter which is connected to the negative bus 110 and a
      collector which is connected through a meter 115 to the positive bus 109.
      A source switch 116 and a source 117 are serially connected between the
      positive bus 109 and the negative bus 110.
PAR  The manner in which the embodiment of FIG. 12 operates will be now
      described. Upon closure of the source switch 116, the capacitor 113 begins
      to be charged and at the same time the meter 115 begins to oscillate and,
      on the other hand, a voltage Va appears on the junction point a according
      to a brightness of the light to which the CdS 101 is exposed, as the
      capacitor 108 also begins to be charged. For a certain time after closure
      of the source switch 116, the transistor 103 remains ON and the transistor
      105 remains OFF due to the bias voltage generated in the resistance 104,
      so that the electromagnetic solenoid 106 is non-operative. the blocks B
      and C also operate in the similar manner. Assumed that the CdS 101 is
      exposed to light of the lowest brightness, the voltage Va would take the
      lowest value relative to those of the rest blocks. Consequently, the
      terminal voltage Va' of the capacitor 108 becomes equal to Va  prior to
      the corresponding voltages in the other blocks as said capacitor 108 and
      the others begin to be charged after a time lapse, and the transistor 105
      transfers to ON state. Then, the electromagnetic solenoid 106 of block A
      operates first to open the switch 111, interrupting the charging of the
      capacitor 113 and stopping the oscillation of the meter 115, which, in
      turn, indicates then a value of measured light of the lowest brightness.
PAR  FIG. 13 illustrates a specific embodiment of the device to measure the
      lowest brightness according to the present invention, in which the
      mechanical switching control by the elements such as the electromagnetic
      solenoid 106 in FIG. 12 is entirely replaced by an electronic control. In
      block A, a variable resistance 118 and a CdS 119 are serially connected
      between the positive bus 109 and the negative bus 110, and the junction
      point a of this serial connection is connected to the base of a transistor
      120 of which the collector is connected to a resistance 121 and to the
      base of a transistor 126. The emitter of said transistor 120 is connected
      to a resistance 122 and the emitter of a transistor 123. The other ends of
      resistances 121 and 122 are connected to the negative bus 110 and the
      positive bus 109, respectively. The collector of the transistor 123 is
      connected to the negative bus 110 and the base thereof is connected to the
      connection point a' of a capacitor 124 for timing and a variable
      resistance 125 for timing serially connected between the positive bus 109
      and the negative bus 110. The emitter of the transistor 126 is connected
      to the negative bus 110 and the collector thereof is connected on the one
      side, through a resistance 127 to the positive bus 109 and, on the other
      side, to a capacitor 128 for differentiation of a block Z. Blocks B and C
      are of the same arrangement as block A and, therefore, no detailed
      description thereof is given here. Capacitor 128 is of a characteristic
      curve such that its terminal voltage rises at the rate at which those of
      the corresponding capacitors in the blocks B and C rise as these
      capacitors are charged.
PAR  A block Z is of an arrangement such that there are provided in series,
      respectively with a capacitor 128, and capacitors 129 and 130
      corresponding to capacitor 128, capacitors 129 and 130 being connected to
      the blocks B and C, respectively, buffer resistances 128', 129' and 130'
      of which the other terminals are together connected to the gate of a
      thyristor 132 and a resistance 131, the other terminal of resistance 131
      and the cathode of said thyristor 132 being connected to the negative bus
      110. The anode of thyristor 132 is connected through a resistance 133 to
      the positive bus 109, this anode being connected also to the base of a
      transistor 134 of which the emitter is connected to the positive bus 109
      and the collector is connected to a resistance 135 and to the base of a
      switching transistor 136. The other terminal of resistance 135 is
      connected to the negative bus 110, and the emitter of transistor 136 is
      connected to the positive bus 109, while the collector thereof is
      connected to the variable resistance 112. The rest of this arrangement is
      identical to that of FIG. 12.
PAR  The manner in which the embodiment of FIG. 13 operates will now be
      described. Upon closure of the source switch 116, a divided voltage Va is
      generated in the variable resistance 118 at its opposite terminals and, as
      a result, the transistor 120 is now in the ON-state and the transistor 126
      to which a signal is applied from the collector of transistor 120 is also
      in the ON-state. This causes the capacitor 128 of the block Z to be
      grounded, and both the capacitors 129 and 130 are similarly caused to be
      grounded by the blocks B and C, respectively, so that no signal is
      generated in the resistance 131. Consequently, the thyristor 132 is now in
      non-operative state and the transistor 134 is in the OFF-state while the
      switching transistor 136 is in the ON-state, so that the capacitor 113
      begins to be charged and the meter 115 is caused, by electric current
      flowing through the transistor 114 to which the charging voltage is
      applied, to be gradually driven as time elapses. The closure of the source
      switch 116, on the other hand, causes the timing capacitor 124 of the
      block A and the other capacitors corresponding thereto of the other blocks
      also to begin to be charged, resulting in their terminal voltages Va' etc.
      gradually increasing. Assuming that the block A is exposed to light of the
      lowest brightness, divided voltage Va would be the lowest one relative to
      those in the other blocks and the voltage Va' would become equal to the
      voltage Va first of all, turning the transistor 123 ON. The bias voltage
      in the resistance 122 increases until the transistor 120 is turned OFF and
      the transistor 126 to which a signal is applied from said transistor 120
      is reversed from ON-state to OFF-state. As a result, the grounded
      condition of capacitor 128 is now eliminated and the charging signal is
      applied to the gate of the thyristor 132 which is then turned ON, so that
      the transistor 134 also is turned ON and the transistor 136, corresponding
      to the switch 111 in FIG. 12, is turned OFF. Thus, the capacitor 113
      ceases to be charged and the meter 115 indicates a measured value of the
      lowest brightness.
PAR  In view of structural complexity of the embodiments as mentioned
      hereinbefore wherein every partial brightness detector block includes its
      own timer circuit for comparison, there are provided further modified
      embodiments each using a signal timer circuit which corresponds to the
      combination of the plurality of timer circuits for the respective blocks
      and serves as a timer circuit for indication of a photometric value.
      Referring to FIG. 14 showing one of these modified embodiments, which is a
      device for the highest brightness detection, the parts common to those in
      the previous embodiments are designated by common reference characters
      without description in detail thereof. In the block A, the junction point
      a between the variable resistance 118 and the CdS 119 is connected to the
      base of the transistor 103. This is true also in the blocks B and C. The
      base of the transistor 105 and the corresponding transistors of the other
      blocks are together connected to the junction point between the variable
      resistance 112 and the capacitor 113 in the block Z.
PAR  The manner in which the embodiment of FIG. 14 operates will be now
      described. Upon closure of the source switch 116, there are generated at
      the junction points a, b and c between the variable resistances and the
      associated CdS in the blocks A, B and C, respectively, the divided
      voltages which take values inversely proportional to the amount of light
      to which the respective CdS elements are exposed, namely, the brightness
      of the object to be photographed. Assuming that the block A is exposed to
      light of the highest brightness, the voltage appearing at the point a
      would be the lowest. Upon closure of the source switch 116, on the other
      hand, the capacitor 113 included in the timer circuit for indication of
      the block Z also begins to be charged, so that the terminal voltage of
      said capacitor 113 rises as time elapses. This rising voltage is evenly
      applied to the transistors following the associated differential
      amplifiers in the blocks A, B and C so that the transistor 105 of the
      block A in which the voltage appearing on the point a takes the lowest
      value is turned ON earlier than in the other blocks and the
      electromagnetic solenoid 106 of block A is excited. Under control of this
      excitation, the switch 111 of the block Z is opened and a value of the
      highest brightness is indicated.
PAR  FIG. 15 shows an embodiment of the device to detect the highest brightness
      in which the mechanical switching control is entirely replaced by the
      electronic control as in the embodiment of FIG. 13. The parts of this
      embodiment common to those of the previous embodiment are designated by
      common references without description in detail thereof. The block A is of
      an arrangement such that the point a between the CdS 101 and the variable
      resistance 102 is connected to the base of the transistor 120. Arrangement
      of the blocks B and C also are the same as the block A. In the block Z,
      the junction point between the thyristor 132 and the resistance 133 is
      connected to the base of a transistor 137 of which the collector is
      connected to the positive bus 109 and the emitter is connected to a
      resistance 138 and to the base of a transistor 139 for current control.
      The other terminal of resistance 138 is connected together with the
      emitter of transistor 139 to the negative bus 110. The collector of
      transistor 139 is connected to a timing capacitor 140 and to the base of a
      transistor 141. The other terminal of capacitor 140 and the emitter of
      said transistor 141 are connected to the positive bus 109, and the
      collector of transistor 141 is connected through a meter 142 of the
      negative bus 110. To the junction point between transistor 139 and
      capacitor 140 the bases of the transistor 123 and the corresponding
      transistors in the other blocks are together connected.
PAR  The manner in which the embodiment of FIG. 15 operates will now be
      described on the assumption that, as in the previous embodiments, the
      block A is exposed to light of the highest brightness. Upon closure of the
      source switch 116, the voltage generated on opposite terminals of the CdS
      101 takes a value lower than any of the CdS included in the other blocks.
      The tyyristor 132 of the block Z is initially in the OFF-state as in the
      case of FIG. 13, so the transistor 137 is in the ON-state and, therefore,
      the transistor 139 also is in the ON-state. Accordingly, the timing
      capacitor 140 begins to be charged. The terminal voltage of the capacitor
      140 which rises as said capacitor 140 is charged is applied to the bases
      of the transistors following the associated differential amplifiers in the
      blocks A, B and C, respectively, so that the transistors 123 of the block
      A is turned ON first, the transistors 120 is turned OFF and same operation
      as in FIG. 13 takes place until the thyristor 132 is turned ON. As a
      result, the transistors 137 and 139 are turned OFF and the capacitor 140
      ceases now to be charged. The meter 142 indicates a value of the highest
      brightness as measured at this moment.
PAR  FIG. 16 illustrates an embodiment to detect the lowest brightness in which
      the timer circuit of the block Z effectively replaces the timer circuits
      respectively employed by the blocks A, B and C as illustrated by FIG. 12
      and effectively serves in the place of these timer circuits. This
      embodiment corresponds, on the other hand, to the one wherein the CdS and
      the associated variable resistances are arranged in the upside down or
      inverted manner with respect to the embodiment as illustrated by FIG. 14.
      The manner in which this embodiment operates will be readily understood
      from reading the description of the previous embodiment and the parts
      shown which are common to those in the previous embodiment are designated
      by common references without description in detail thereof.
PAR  FIG. 17 illlustrates another embodiment of the device to detect the lowest
      brightness in which a single timer circuit comprising the transistor 139
      for current control and the timing capacitor 140 of the block Z replaces a
      plurality of timer circuits in FIG. 13. This embodiment corresponds, on
      the other hand, to the one wherein the CdS and the associated variable
      resistances are arranged inverted with respect to the embodiment of FIG.
      15. The parts shown which are common to those of FIG. 15 are designated by
      the common references without description in detail thereof.
PAR  Although the present invention has been hereinbefore described with respect
      to the embodiments in which the electrical scanning and detection is
      accomplished by utilization of variation in voltage due to charging of the
      timer circuits, the present invention may be realized by utilization of
      said variation in voltage due to discharge of the timer circuits for
      scanning. Referring to FIG. 18 illustrating such an embodiment of the
      device to detect the highest brightness, the blocks A, B each has the same
      arrangement as that of the block A of FIG. 14, and the block Z is of an
      arrangement such that a variable resistance 143 and a resistance 144 are
      serially connected between the positive bus 109 and the negative bus 100,
      the junction point between variable resistance 143 and resistance 144
      being connected to a normally closed contact l of a change-over switch 145
      of which the movable blade is connected through a timing capacitor 146 to
      the negative bus 110. A normally open contact m of change-over switch 145
      is connected to the base of the transistor 114. A switch 147 of normally
      opened type is adapted to be closed when any one of the electromagnetic
      solenoids in the blocks A, B is excited, and a variable resistance 148 for
      timing is serially connected between the base of transistor 114 and the
      negative bus 110. The bases of the transistors following the associated
      differential amplifiers included in the blocks A, B are together connected
      to said normally opened contact m.
PAR  In the embodiment of FIG. 18, upon closure of the source switch 116, there
      is generated at the junction point between the variable resistance 143 and
      the resistance 144 in the block Z a divided voltage with which the
      capacitor 146 is charged to a predetermined voltage. When the movable
      blade of the change-over switch 145 is changed over from the contact l to
      the contact m, the voltage stored in the capacitor 146 is applied to the
      base of the second or followed transistor of each differential amplifier.
PAR  The meter 115 oscillates at once to the highest graduation corresponding to
      the stored voltage at this moment. All the second transistors of the
      respective differential amplifiers are turned ON at once and all the
      electromagnetic solenoids are thus excited so far as the stored voltage
      has previously been selected sufficiently higher than the voltage
      generated by the respective CdS. This causes the switch 147 to be closed
      and thereby the capacitor 146 begins to be discharged. Consequently, the
      indication of the meter 115 begins to be gradually brought back again to
      the initial point as the voltage stored in said capacitor 146 decreases.
      In the course of such voltage drop, the particular second or following
      transistor of the particular differential amplifier which is exposed to
      the highest one of the voltages generated in the respective CdS is turned
      OFF first, deenergizing the electromagnetic solenoid included in the
      associated circuit means. However, the switch 147 still remains closed,
      since the other electromagnetic solenoids remain energized.
PAR  The capacitor 146 is further discharged until the last electromagnetic
      solenoid is deenergized and at this moment the switch 147 is opened, and
      the backward oscillation of meter 115 stops at this moment, indicating a
      particular value of the brightness at this time point. This brightness
      value corresponds to the highest brightness value, since this value is
      derived from the CdS exposed to light of the highest brightness.
PAR  Modification of the embodiment illustrated by FIG. 18 such that each CdS
      and the variable resistance serially connected to said CdS are reversed to
      be arranged in an upside down manner brings about an embodiment of the
      device for detection of the lowest brightness. This relationship is
      similar to that between the embodiment of FIG. 14 and the embodiment of
      FIG. 16, so that this modification is not described here in its details.
PAR  FIG. 19 illustrates an embodiment of the device for detection of the
      highest brightness wherein the mechanical switching control in the
      embodiment of FIG. 16 is entirely electronic and the parts common to the
      embodiment of FIG. 16 are designated by common references without
      description in detail thereof. In the block A, the collector of the
      transistor 105 is connected to a resistance 149 as well as to the base of
      a transistor 150 of which the emitter is connected together with the other
      terminal of said resistance 149 to the positive bus 109 and the collector
      is connected through a resistances 151 to the negative bus 110. The block
      B is the same as block A. In the block Z, one terminal of a variable
      resistance 155 for timing is connected to a junction point between the
      change-over switch 145 and the transistor 114, the other terminal of
      variable resistance 155 is connected to the collectors of switching
      transistors 152, 153 of which the emitters are connected to the negative
      bus 110 and the bases are connected to the collectors of the transistor
      150 in the block A and the corresponding transistor in the block B,
      respectively.
PAR  In the embodiment of FIG. 19, upon closure of the source switch 116, each
      transistor such as the second transistor 105 of each differential
      amplifier in each block, for example, the block A or B, is turned OFF as
      in the case of FIG. 18, and each transistor such as the transistor 150
      coupled to a transistor such as the transistor 105 is also turned OFF, so
      that the transistors 152, 153 of the block Z which are supplied from these
      transistors, such as the transistors 105, 150, with signals, respectively,
      are also turned OFF. This state corresponds to the opening of the switch
      147 in FIG. 18. Upon changing over the change-over switch 145 from the
      contact l to the contact m for detection of the brightness, a relatively
      large voltage stored in the capacitor 146 is applied to each transistor
      such as the second transitor 105 of each differential amplifier, turning
      this ON. As a result, each transistor such as the transistor 150 which is
      associated with said transistor 105 is turned ON and the transistors 152,
      153 of block Z are accordingly turned ON. In this manner, the capacitor
      146 begins to be discharged through variable resistance 155. The capacitor
      146 is further discharged until, as previously described in reference with
      FIG. 18, the transitor 105 of the block A in which the CdS is exposed to
      light of the highest brightness and supplies transistor 105 with the
      highest terminal voltage is turned OFF later than any one of the
      corresponding transistors in the other blocks and causes the transistor
      150 to be turned OFF. The switching transistor 152 which has been ON is
      now turned OFF and the capacitor 146 ceases to be discharged. An
      indication corresponding to the highest brightness at this moment is
      provided by the meter 115.
PAR  Although the embodiments which have been described hereinbefore
      individually serve as the devices for detection of the highest or the
      lowest brightness, these embodiments may be combined to provide devices
      adapted for detection of both the highest and the lowest brightness by use
      of the same devices. Referring to FIG. 20 showing an embodiment of such
      combinations, the blocks A.sub.1 and Z.sub.1 correspond to the blocks a
      and Z in FIG. 15, respectively, and the blocks A.sub.2 and Z.sub.2
      correspond to the blocks A and Z in FIG. 17, respectively. In practical
      use, a plurality of pairs each comprising the highest brightness detector
      block such as A.sub.1 and the lowest brightness detector block such as
      A.sub.2 are provided and each pair of CdS elements included in each pair
      of said blocks such as A.sub.1 and A.sub.2 are arranged adjacent to each
      other (FIG. 1C) for detection over the respective partial area so that
      information on the highest and the lowest brightness of an object to be
      photographed may be simultaneously indicated by the respective meters of
      the blocks Z.sub.1 and Z.sub.2 , respectively. The manner in which this
      embodiment operates is not described here since this will be easily
      understood from combination with the previous embodiments.
PAR  It is apparent from the foregoing description that the deviced for
      detection of the highest and/or the lowest brightness according to the
      present invention may achieve photometric detection of the highest and/or
      the lowest brightness of the photographed object in an automatic and
      static manner simply by directing the group of photo-detective elements
      toward the object instead of utilizing means such as a kinetic scanning of
      the object as conventionally utilized. Also in the case that the device of
      this invention is incorporated into a photographic camera, light measuring
      may be effectively achieved without moving the camera and a correct
      exposure to be matched with a particular density curve of the film used
      may be easily obtained to provide photography of high quality even with
      respect to a photographed object whose exposure has conventionally been
      difficult. In the embodiments wherein said detection and light measuring
      are accomplished through the comparators such as the differential
      amplifiers, the practicality of the device may be remarkably improved
      since the device operates substantially free from any fluctuating
      influences of ambient factors such as the source voltage and the
      temperature. Thus, the device may operate with high stability in response
      substantially only to an object to be photometrically detected.
      Furthermore, in accordance with the present invention, a difference in the
      working time of the timer circuits for detection of the highest or the
      lowest brightness is introduced to control the timer circuit for
      indication of the photometric value so that brightness may be
      quantitatively indicated by a member for indication, which is adapted to
      be electrically driven according to the voltage stored in a capacitor
      included in the circuit. This means that the higher a particular value of,
      for example, the highest brightness, the larger the oscillation of the
      meter and vice versa, and said particular value may be easily determined.
      The present invention thus provides various advantages for practical use.
PAC  CIRCUITS WITH SINGLE INPUTS FOR MAXIMUM AND MINIMUM BRIGHTNESS
PAR  Now, embodiments will be described with reference to FIGS. 21 to 27.
PAR  Although the present invention has been described above with respect to
      embodiments in the form of the devices for detection of the highest
      brightness, embodiments in the form of the devices for detection of the
      lowest brightness, and embodiments for simultaneous detection of the
      highest as well as the lowest brightness, the latter may be further
      modified and a third aspect of the present invention relates to this
      modification. The previously described embodiments of the device for
      simultaneous detection of the highest and the lowest brightness each
      simply comprises a combination of the first-mentioned device and the
      second-mentioned device, wherein the photosensitive elements of the
      respective unit devices are arranged in a suitable relationship for the
      desired partial light measuring of which the result effectively provides
      simultaneous detection of the highest and the lowest brightness. With such
      an arrangement, however, the number of the photosenstive elements as
      equals twice the spots or areas to be light-measured as shown in FIG. 1C,
      and, accordingly, the area over which these photosensitive elements are
      disposed is disadvantageously enlarged. This reduces the precision of
      partial light measuring and brings about structural complexity.
PAR  These disadvantages are effectively overcome by a modification wherein
      photosensitive elements distributed to detect partial brightness of an
      object to be photographed and resistor elements serially connected to
      these photosensitive elements, respectively, provide information on the
      respective partial brightness which is, in turn, applied to detector
      blocks for higher and lower brightness separately arranged, and the
      highest or the lowest output from each of said partial brightness detector
      blocks is determined for simultaneous indication of the highest and the
      lowest brightness values. This modification will be now described in
      detail referring to the accompanying drawing.
PAR  In FIG. 21, which schematically illustrates this modification, reference
      numerals 201, 201' designate said photosensitive elements and reference
      numerals 202, 202' designate said resistor elements serially connected to
      said photosensitive elements, respectively. The photosensitive elements
      201, 201' are coupled to higher brightness detector blocks A.sub.1,
      B.sub.1, respectively, which are, in turn, coupled to an indicator block
      Z' for the highest brightness so as to control this indicator block Z'.
      The resistor elements 202, 202' are coupled to lower brightness detector
      blocks A.sub.2, B.sub.2 which are, in turn, coupled to an indicator block
      W of the lowest brightness so as to control this indicator block W. The
      higher brightness detector block A.sub.1 and the lower brightness detector
      block A.sub.2 consititute one block or unit A. The block B includes a
      desired number of such higher and lower brightness detector blocks
      therein. Location of the photosensitive elements and the resistor elements
      as shown by FIG. 21 may be reversed in an upside down manner as shown by
      FIG. 22, depending upon the particular operative characteristic of the
      brightness detector blocks to which the photosensitive elements and said
      resistor elements are coupled.
PAR  Referring to FIG. 23 which shows a specific embodiment corresponding to
      FIG. 21, the blocks common to those in FIG. 21 are designed by common
      references. In the block A.sub.1, a variable resistance 202 and a CdS 201
      serving as the photosensitive element or input means are serially
      connected between positive and negative buses 215 and 216. The junction
      point a of the serial connection is connected to the base of a transistor
      203 of which the collector is connected to the positive bus 215 and the
      emitter is connected to a resistance 204 and the emitter of a transistor
      205, the other terminal of said resistance 204 being connected to the
      negative bus 216. The collector of transistor 205 is connected through an
      electromagnetic solenoid 206, adapted to controllably open a switch 217 of
      the block Z', to the positive bus 215, and the base of said transistor 205
      is connected to the junction point between a variable resistance 207 for
      timing and a timer capacitor 208, both serially inserted between the
      positive bus 215 and the negative bus 216 so that said transistors 203 and
      205 constitute a differential amplifier. In the block A.sub.2, the point a
      is connected to the base of a transistor 209 of which the collector is
      connected to the negative bus 216 and the emitter is connected to a
      resistance 210 and to the emitter of a transistor 211. The other terminal
      of resistance 210 is connected to the positive bus 215. The collector of
      211 is connected through an electromagnetic solenoid 212, adapted to
      controllably open a switch 224 of the block W, to the negative bus 216,
      and the base of transistor 211 is connected to the junction point between
      a timer capacitor 213 and a variable resistance 214 for timing, both
      serially inserted between the positive bus 215 and the negative bus 216 so
      that said transistors 209 and 211 constitute a differential amplifier. The
      block B has the same arrangement as the block A.
PAR  In the block Z' a normally closed switch 217, adapted to be opened by
      energization of electromagnetic solenoid 206 or the corresponding
      electromagnetic solenoid in the block B, a variable resistance 218 for
      timing and a timer capacitor 219 are serially connected between the
      positive bus 215 and the negative bus 216. The junction point between
      variable resistance 218 and the capacitor 219 is connected to the base of
      a transistor 220 of which the emitter is connected to the negative bus 216
      and the collector is connected through a meter 221 to the positive bus
      215. A source switch 222 and a source 223 are serially connected between
      the positive bus 215 and the negative bus 216.
PAR  In the block W, a normally closed switch 224, adapted to be opened by
      energizing of electromagnetic solenoid 212 or the corresponding
      electromagnetic solenoid in the block B, a variable resistance 225 for
      timing and a timer capacitor 226 are serially connected between the
      positive bus 215 and the negative bus 216, and the junction point between
      variable resistance 225 and capacitor 226 is connected to the base of
      transistor 227 of which the emitter is connected to the positive bus 215
      and the collector is connected through a meter 228 to the negative bus 216
      so that each timer circuit of each higher brightness detector block and
      each timer circuit of each lower brightness detector block have an
      equivalent charging characteristic.
PAR  The manner in which the embodiment of FIG. 23 operates will be now
      described. Upon closure of the source switch 222, on the assumption that
      the block B is applied with an input according to the lowest brightness,
      the timer capacitors 219, 226 of the blocks Z and W, respectively, begin
      to be charged, and oscillation of the meters 221, 228 increases as the
      terminal voltage of the capacitors rises. The source voltage is applied
      also to the timer circuits of the respective brightness detector blocks
      and, as a result, the timer capacitors 208, 213 . . . also begin to be
      charged while a divided voltage appears on the point a of the serial
      circuit comprising the CdS 201 and the variable resistance 202.
      Consequently, the first transistors 203, 209 . . . preceding the
      respective differential amplifiers remain ON and the second transistors
      205, 211 . . . following the respective differential amplifiers remain OFF
      for a while after application of the source voltage.
PAR  Inner resistance of the CdS 201 takes the lowest value since it is assumed
      that the block A has an input according to the highest brightness, so that
      a voltage Va appearing on the point a takes the lowest value. Thus, the
      terminal voltage of the timer capacitor 208 reaches the value Va first
      turning the transistor 205 ON, and there occurs energization of the
      electromagnetic solenoid 206 which opens, in turn, the normally closed
      switch 217. As a result, the capacitor 219 ceases to be charged and
      oscillation of the meter 221 in accordance with the terminal voltage of
      said capacitor 219 indicates a value of the highest brightness at this
      moment.
PAR  The indication of the meter 221 will not be influenced by energization of
      the electromagnetic solenoids of the other highest brightness detector
      blocks which may occur after energization of said electromagnetic solenoid
      206 since the switch 217 has already been opened.
PAR  Assuming that the block B is applied with an input according to the lowest
      brightness, inner resistance of CdS 201' would take the highest value so
      that the terminal voltage Vb of the variable resistance 201' would take
      the lowest value with respect to the corresponding terminal voltages.
      Thus, the terminal voltage to the timer capacitor 213' reaches the value
      Vb first, turning the transistor 211' ON, and there occurs energization of
      the electromagnetic solenoid 212' which opens, in turn, the normally
      closed switch 224 of the block W. Consequently, the capacitor 226 ceases
      to be charged and oscillation of the meter 228 in accordance with the
      terminal voltage of said capacitor 226 indicates a value of the lowest
      brightness at this moment.
PAR  In this manner, the electromagnetic solenoid 206 of the block A is
      activated to detect the highest brightness and the electromagnetic
      solenoid 212' is activated to detect the lowest brightness so that the
      respectively determined values may be simultaneously indicated by the
      meters 221 and 228, respectively.
PAR  FIG. 24 shows an embodiment corresponding to a modification of the
      embodiment as shown by FIG. 23, wherein the timer circuits in the
      respective brightness detector blocks of FIG. 23 are eliminated and a
      particular simplification is provided so that the time circuit of the
      highest brightness indicator block serves also as those of the higher
      brightness detector blocks and the timer circuit of the lowest brightness
      indicator block serves also as those of the lower brightness detector
      blocks. The rest of the arrangement is similar to that of FIG. 23 and the
      parts common to those of FIG. 23 are designated by common references
      without description in detail thereof.
PAR  The manner in which this embodiment operates is substantially the same as
      the previous embodiment except that the terminal voltage of the timer
      capacitor 219 included in the highest brightness indicator block is
      applied to the higher brightness detector blocks as a whole and the
      terminal voltage of the timer capacitor 226 included in the lowest
      brightness indicator block is applied to the lower brightness detector
      blocks as a whole. These terminal voltages are used as the comparison
      voltage. Substantially as in the previous embodiment, the higher
      brightness detector block A.sub.1 of the block A which is applied with the
      highest brightness input and the lower brightness detector block B.sub.2
      of the block B which is applied with the lowest brightness input are
      activated at their respective electromagnetic solenoids before all the
      other corresponding solenoids to control the brightness indicator blocks
      Z' and W, respectively, so that the highest brightness and the lowest
      brightness are simultaneously indicated. This embodiment is more
      advantageous in practive than the embodiment of FIG. 23 in that the
      arrangement may be simplified and the parts to be adjusted may be
      effectively reduced.
PAR  As previously mentioned in connection with the embodiment of FIG. 21, the
      arrangement of the CdS and the associated variable resistances serially
      connected thereto in FIG. 23 and FIG. 24 may be reversed in an upside down
      manner with respect to each other. More specifically, the higher
      brightness detector blocks may be replaced by the lower brightness
      detector blocks while the lower brightness detector blocks may be replaced
      by the higher brightness detector blocks and such a replacement may occur
      with respect to the brightness indicator blocks also.
PAR  FIG. 25 shows an embodiment corresponding to the arrangement as illustrated
      by FIG. 22, wherein variation in the terminal voltage of the timer
      capacitor due to discharge thereof is utilized for the desired detection.
      In the block A.sub.1 included in the block A, a CdS 231 and a variable
      resistance 232 are serially connected between the positive bus 215 and the
      negative bus 216, the point a of this serial connection being connected to
      a normally closed contact l of a change-over switch 233 of interlocking
      type of which the movable blade is connected through a timer capacitor 234
      to the negative bus 216 and the normally opened contact m is connected to
      a variable resistance 235 for timing and to the base of a transistor 236.
      The other terminal of variable resistance 235 is connected to the negative
      bus 216. The collector of transistor 236 is connected through an
      electromagnetic solenoid 237, adapted to control operation of a switch 253
      of the block Z', to the positive bus 215. The emitter of transistor 236 is
      connected to a resistance 238 and to the emitter of a transistor 239, the
      other terminal of resistance 238 being connected to the negative bus 216.
      The collector of transistor 239 is connected through a resistance 240 to
      the positive bus 215 so that said transistors 236 and 239 constitute a
      Schmitt circuit.
PAR  In the block A.sub.2 of the block A, point a is connected to a normally
      closed contact l' of a change-over switch 243 of interlocking type of
      which the movable blade is connected through a timer capacitor 244 to the
      positive bus 215 and the normally opened contact m' is connected to a
      variable resistance 245 for timing and to the base of a transistor 246.
      The other terminal of variable resistance 245 is connected to the positive
      bus 215. The collector of transistor 246 is connected through an
      electromagnetic solenoid 247, adapted to control operation of a switch 254
      of the block W, to the negative bus 216, the emitter of said transistor
      246 being connected to a resistance 248 and to the emitter of a transistor
      249. The other terminal of said resistance 248 is connected to the
      positive bus 215, and the collector of transistor 249 is connected through
      a resistance 250 to the negative bus 216 so that said transistors 246 and
      249 constitute a Schmitt circuit. The block B has the same arrangement as
      the block A, but is only partially illustrated. In the block Z', a
      normally opened switch 253, adapted to be closed by energizing of the
      electromagnetic solenoid 237 included in the block A.sub.1 or the
      corresponding electromagnetic solenoid included in the block B.sub.1, a
      variable resistance 218 and a timer capacitor 219 are serially connected
      between the positive bus 215 and the negative bus 216, and the rest of
      arrangement is in accordance with the previous embodiment. Finally in the
      block W, a normally open switch 254, adapted to be closed by energizing of
      the electromagnetic solenoid 247 included in the block A.sub.2 or the
      corresponding electromagnetic solenoid included in the block B.sub.2, a
      variable resistance 218' for timing and a timer capacitor 219' are
      serially connected between the positive bus 215 and the negative bus 216,
      and the rest of arrangement is in accordance with the block Z.
PAR  The manner in which the embodiment of FIG. 25 operates will be now
      described with respect to a case in which it is assumed that the block A
      receives the highest brightness input. Upon closure of the source switch
      222, a divided voltage Va appears at the point a. This voltage takes the
      highest value relative to the other detector blocks, since inner
      resistance of the CdS 231 takes the lowest value relative to those of the
      other CdS elements, and corresponds to the lowest terminal voltage of the
      CdS 231. Accordingly, the timer capacitors 234 and 244 which receive this
      divided voltage are to be charged to the highest and the lowest potential,
      respectively.
PAR  When the interlocking change-over switches 233 and 243 are simultaneously
      changed over from the contacts  l, l' to the contacts m, m', respectively,
      the Schmitt circuits of the respective blocks are simultaneously reversed.
      Thus, the transistors 236, 246 which have been in the OFF-state are now
      turned ON and the electromagnetic solenoids 237, 247 are energized to
      close the switches 253, 254 of the blocks Z' and W, respectively, at the
      same moment, so that the timer capacitors 219, 219' begin to be charged
      and the pointers of the meters 221, 221', respectively, begin to swing.
PAR  At the same time, the timer capacitors 234, 244 begin to be discharged
      through the variable resistances 235, 245, respectively, and the terminal
      voltage of these capacitors accordingly begins to fall gradually. Now, in
      the block A.sub.1, the terminal voltage of the capacitor 234 is at a level
      higher than in any other detector block so that the electromagnetic
      solenoid 237 holds the switch 253 of the block Z' closed, and the Schmitt
      circuit of block A.sub.1 is the last to be reversed, causing the
      electromagnetic solenoid 237 to be deenergized. As a result, the switch
      253 is opened and the meter 221 indicates a particular value of the
      highest brightness at this moment. In this case, the terminal voltage of
      the capacitor 244 included in the block A.sub.2 is too low and discharged
      too early to bring about any noticeable influence upon detection of the
      lowest brightness.
PAR  Assuming that the block B is applied with the lowest brightness input, a
      divided voltage appearing at the point b corresponding to the point a
      takes the lowest value with respect to those in the other detector blocks
      since the inner resistance of the CdS in this block B takes the highest
      value relative to those included in the other blocks. The divided voltage
      appearing at the point b would be also the highest one as the terminal
      voltage of the CdS. The terminal voltage of the timer capacitor of the
      block B.sub.2, to which said divided voltage is applied, accordingly takes
      the highest value, so that the Schmitt circuit thereof is the last to be
      reversed of the lower brightness detector blocks and the electromagnetic
      solenoid of this block B.sub.2 is deenergized last, whereupon the switch
      254 of the block W is opened and the meter 221' indicates a particular
      value of the lowest brightness at this moment. In this case, the timer
      capacitor of the block B.sub.1 has a terminal voltage so low as to be
      completely discharged in a short time and never influences the highest
      brightness detection.
PAR  FIG. 26 shows an embodiment corresponding to the embodiment of FIG. 24 in
      which the mechanical control of switching is entirely electronic. In the
      block A.sub.1 of the general block A, the junction point a between the
      serial connection of the CdS 231 and the variable resistance 232 is
      connected to the base of a transistor 260 of which the collector is
      connected to a resistance 261 and to the base of a transistor 264. The
      emitter of transistor 260 is connected to a resistacne 262 and to the
      emitter of a transistor 263. The collector of transistor 263, the other
      terminal of said resistance 261 and the emitter of said transistor 264 are
      connected to the negative bus 216, and the other terminal of resistance
      262 is connected to the positive bus 215, transistors 260 and 263 being
      arranged to constitute a differential amplifier. The base of said
      transistor 263 is connected to one terminal of a timer capacitor 282 in
      the block Z', and the collector of said transistor 264 is connected to one
      terminal of a differentiator capacitor 272 in the block Z'.
PAR  In the block A.sub.2 , point a is connected to the base of a transistor 266
      of which the collector is connected to a resistance 267 and to the base of
      a transistor 270. The emitter of transistor 266 is connected to a
      resistance 268 and to the emitter of a transistor 269. The collector of
      transistor 269 and the other terminal of resistance 267 are connected to
      the positive bus 215. The other terminal of said resistance 268 and the
      collector of said transistor 270 are connected to the negative bus 216.
      The emitter of said transistor 270 is connected through a resistance 271
      to the positive bus 215. Transistors 266 and 269 are arranged to
      constitute a differential amplifier. The base of said transistor 269 is
      connected to one terminal of a timer capacitor 295 in the block W, and the
      emitter of said transistor 270 is connected to one terminal of a
      differentiator capacitor 285 in the block W. The general block B is the
      same as general block A.
PAR  In the block Z', buffer resistances 274, 275 are connected to the other
      terminals of the differentiator capacitors 272, 273 adapted to be applied
      with signals from the blocks A.sub.1 and B.sub.1, respectively, the other
      terminals of resistances 274, 275 being connected together to a resistance
      276 and the gate of a thyristor 277. The other terminal of said resistance
      276 and the cathode of said thyristor 277 are connected to the negative
      bus 216. The anode of said thyristor 277 is connected to a resistance 278
      and to the base of a transistor 279. The other terminal of said resistance
      278 and the collector of said transistor 279 are connected to the positive
      bus 215. The emitter of transistor 279 is connected to a resistance 280
      and the base of a current control transistor 281. The other terminal of
      resistance 280 and the emitter of transistor 281 are connected to the
      negative bus 216. The collector of transistor 281 is connected to a timer
      capacitor 282 and the base of a transistor 283. The other terminal of
      capacitor 282 and the emitter of said transistor 283 are connected to the
      positive bus 215. The collector of said transistor 283 is connected
      through a meter 284 to the negative bus. The junction point between
      transistor 281 and capacitor 282 is connected to the base of the
      transistor 263 of the block A.sub.1 and to the base of the corresponding
      transistor of the block B.sub.1, this latter connection being shown
      schematically.
PAR  In the block W, buffer resistances 287 and 288 are connected to the other
      terminals of differentiator capacitors 285 and 286, adapted to be applied
      with signals provided from the blocks A.sub.2 and B.sub.2, respectively.
      The other terminals of resistances 287 and 288 are together connected to a
      resistance 289 and to the gate of a thyristor 290. The other terminal of
      resistance 289 and the cathode of thyristor 290 are connected to the
      negative bus 216. The anode of thyristor 290 is connected to a resistance
      291 and to the base of a transistor 292. The other terminal of resistance
      291 is connected to the positive bus 215. The emitter of transistor 292 is
      connected to the negative bus 216. The collector of transistor 292 is
      connected to a resistance 293 to the base of a current control transistor
      294. The other terminal of said resistance 293 and the emitter of
      transistor 294 are connected to the positive bus 215. The collector of
      transistor 294 is connected to a timer capacitor 295 and to the base of a
      transistor 296. The other terminal of capacitor 295 and the emitter of
      transistor 296 are connected to the negative bus 216. The collector of
      transistor 296 is connected through a meter 297 to the positive bus 215,
      and the connection point of transistor 294 and capacitor 295 is connected
      to the base of the transistor 269 in the block A.sub.2 and to the base of
      the corresponding transistor in the block B.sub.2, as schematically
      illustrated.
PAR  The manner in which the embodiment of FIG. 26 operates will now be
      described. Upon closure of the source switch 222, a divided voltage
      appears on the point a in the general block A and, upon application of
      this voltage, the transistors 260 and 266 are initially turned ON, while
      the transistors 263 and 269 are in the OFF-state and the transistors 264
      and 270 are in ON-state. The general block B operates then in the same way
      as the general block A.
PAR  In the blocks Z' and W, consequently, all of the respective input terminals
      of the capacitors 272, 273, 285 and 286 are grounded and, as a result, no
      signal is applied to the gates of the thyristors 277 and 290 which are
      accordingly in the OFF-state. Thus, the transistors 279 and 292 are turned
      ON and then the transistors 281 and 294 are also turned ON. The timer
      capacitors 282 and 295 now begin to be charged and the meters 284 and 297
      begin to oscillate in accordance with rises in the terminal voltages of
      capacitors 282 and 295, respectively. The terminal voltage of the timer
      capacitor 282 is applied to the bases of the second or following
      transistors of the associated differential amplifiers in the blocks
      A.sub.1 and B.sub.1 and the terminal voltage of the timer capacitor 295 is
      applied to the bases of the second or following transistors of the
      respective differential amplifiers in the blocks A.sub.2 and B.sub.2 as
      the comparison voltages, respectively.
PAR  Assuming that the general block A receives the highest brightness input,
      the terminal voltage of the CdS 231 would take the lowest value with
      respect to those of the other blocks. As a result, the transistor 263 of
      the block A.sub.1 is turned ON earlier than any one of the corresponding
      transistors in the other higher brightness detector blocks, turning the
      transistor 260 OFF. The transistor 264 is thereby turned OFF and the
      differentiator capacitor 272 is brought off from its grounded state.
      Voltage now appearing on the input terminal of capacitor 272 strikes the
      gate of the thyristor 277 so as to turn thyristor 277 ON, then to turn the
      transistor 279 OFF and to turn also the transistor 281 OFF, whereupon the
      capacitor 282 ceases to be charged and the meter 284 indicates a
      particular value of the highest brightness at this moment.
PAR  Now assuming that the general block A receives the lowest brightness input,
      the divided voltage appearing at the point a would take the lowest value
      relative to those in the other blocks, so that the differential amplifier
      included in the block A.sub.2 is earliest reversed again just as in the
      previous case. As a result, the block W operates in the same manner as the
      block Z, namely, the capacitor 295 ceases to be charged and the meter 297
      indicates a particular value of the lowest brightness at this moment.
PAR  This embodiment provides a further improved convenience in that the control
      mechanism is entirely electronic, and no mechanical components are left.
PAR  Finally referring to FIG. 27 which shows an embodiment based on the
      arrangement as illustrated by FIG. 22, information on the brightness
      supplied through the CdS is directly applied to each timer circuit and the
      highest and lowest brightnesses are detected according to the differences
      among the individual timer circuits with respect to their rates of charge.
PAR  In the block A.sub.1 included in the general block A, the point a of the
      serial connection between the CdS 231 and the variable resistance 232 is
      connected to the base of a transistor 301 of which the emitter is
      connected to the negative bus 216 and the collector is connected to a
      resistance 302 and to the base of a current control transistor 303. The
      other terminal of resistance 302 and the emitter of transistor 303 are
      connected to the positive bus 215. The collector of transistor 303 is
      connected to a timer capacitor 304 and to the base of said transistor 305.
      The other terminal of capacitor 304 and the emitter of said transistor 305
      are connected to the negative bus 216. The collector of transistor 305 is
      connected through the electromagnetic solenoid 206, adapted to open the
      switch 217 of the block Z', to the positive bus 215.
PAR  In the block A.sub.2 point a is connected to the base of a transistor 306
      of which the emitter is connected to the positive bus 215 and the
      collector is connected to a resistance 307 and to the base of a current
      control transistor 308. The other terminal of resistance 307 and the
      emitter of said transistor 308 are connected to the negative bus 216. The
      collector of transistor 308 is connected to a timer capacitor 309 and to
      the base of a transistor 310. The other terminal of capacitor 309 and the
      emitter of transistor 310 are connected to the positive bus 215. The
      collector of transistor 310 is connected through the electromagnetic
      solenoid 212, adapted to open the switch 217' of the block W, to the
      negative bus 216. The general block B is arranged the same as the general
      block A and the blocks Z' and W are of the same arrangement as the block
      Z.
PAR  The manner in which this embodiment operates will be now described, on the
      assumption that the general block A receives the highest brightness input
      while the general block B receives the lowest brightness input. Upon
      closure of the source switch 222, the timer capacitors 219 and 219' in the
      blocks Z' and W, respectively, begin to be charged, whereupon the divided
      voltages VaVb . . . appear at the point a of the general block A, at the
      point b of the general block B . . . , etc. Of these divided voltages, Va
      takes the highest value and Vb takes the lowest value. Consequently, the
      conductivity of the transistor 301 in the block A.sub.1 is the highest as
      compared to the other higher brightness detector blocks and the current
      control transistor 303 which is applied with a signal from transistor 301
      has the lowest inner resistance compared to the other higher brightness
      detector blocks. The terminal voltage of the timer capacitor 304
      accordingly is the first to rise and the transistor 305 is the earliest in
      response thereto to activate the electromagnetic solenoid 206 under
      control of which the normally closed switch 217 of the block Z' is opened
      and the meter 221 indicates the highest brightness value at this moment.
PAR  In the general block B, on the other hand, Vb takes the lowest value
      compared to the other corresponding values as previously mentioned but the
      same Vb corresponds to the highest value as the terminal voltage of the
      CdS, so that the electromagnetic solenoid 212 of the block B.sub.2 which
      is applied with this voltage is earliest activated, compared to those of
      the other lower brightness detector blocks, opening the normally closed
      switch 217' of the block W and thereby causing the meter 221' to indicate
      a particular lowest brightness value at this moment.
PAR  This embodiment is advantageous in that the circuit arrangement may be
      simplified and the manufacturing cost may be reduced since no differential
      amplifier and no Schmitt circuit are employed therein.
PAR  It will be understood from the aforementioned embodiments that the present
      invention provides a device for simultaneous detection of the highest and
      the lowest brightness of an object to be photographed utilizing common
      photosensitive elements arranged for detection of partial brightness of
      the object. This device according to the present invention, compared to
      devices in which a pair of photosensitive elements comprising the one for
      the higher brightness and the other for the lower brightness are
      associated with a spot, is advantageous in that the number of these
      photosensitive elements may be reduced by half and in that the arrangement
      may be simplified and thereby the cost may be effectively reduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a light-responsive system, a plurality of photosensitive means for
      respectively providing electrical inputs when light is received by said
      plurality of photosensitive input means, with said inputs respectively
      having magnitudes determined by the brightness of the light received by
      said plurality of photosensitive input means, support means supporting
      said plurality of photosensitive input means respectively in positions for
      receiving light from different parts of a scene so that when the scene has
      a condition of non-uniform brightness the magnitudes of said inputs will
      vary with a pair of said photosensitive input means respectively providing
      inputs of maximum and minimum magnitude, electrical output means for
      providing a given output, and a plurality of electrical circuit means
      respectively connected electrically with said plurality of photosensitive
      input means for respectively producing given signals in a sequence
      determined by said magnitudes and all connected electrically with said
      output means for providing at the latter an output determined by the
      signal produced by the electrical circuit means connected to at least one
      of said pair of photosensitive input means.
NUM  2.
PAR  2. The combination of claim 1 and wherein said plurality of electrical
      circuit means operate said electrical output means to provide an output
      corresponding to that part of said scene which has the maximum brightness.
NUM  3.
PAR  3. The combination of claim 1 and wherein said plurality of electrical
      circuit means operates said electrical output means to provide an output
      corresponding to that part of the scene which has minimum brightness.
NUM  4.
PAR  4. The combination of claim 1 and including a pair of said electrical
      output means electrically connected through said plurality of electrical
      circuit means with said plurality of photosensitive input means for
      respectively providing a pair of outputs one of which corresponds to that
      part of the scene which has maximum brightness and the other of which
      corresponds to that part of the scene which has minimum brightness.
NUM  5.
PAR  5. The combination of claim 4 and wherein said plurality of photosensitive
      input means are arranged in pairs for respectively responding to maximum
      and minimum brightness and are electrically connected respectively with
      said plurality of electrical circuit means.
NUM  6.
PAR  6. The combination of claim 4 and wherein said plurality of electrical
      circuit means form pairs of electrical circuit means with the two
      electrical circuit means of each pair being respectively connected with
      said pair of output means, and a single photosensitive input means
      electrically connected with each pair of electrical circuit means.
NUM  7.
PAR  7. The combination of claim 1 and wherein said output means includes a
      switch movable between open and closed positions, and said plurality of
      electrical circuit means being electrically connected with said switch for
      moving the latter from one to the other of said positions for providing
      said output.
NUM  8.
PAR  8. The combination of claim 7 and wherein said plurality of electrical
      circuit means respectively include a plurality of solenoids which
      respectively cooperate with said switch for displaying the latter from
      said one to said other position.
NUM  9.
PAR  9. The combination of claim 8 and wherein said plurality of electrical
      circuit means include capacitors which become charged for actuating said
      solenoids.
NUM  10.
PAR  10. The combination of claim 8 and wherein said plurality of electrical
      circuit means include capacitors which become discharged for actuating
      said solenoids.
NUM  11.
PAR  11. The combination of claim 1 and wherein said plurality of electrical
      circuit means are fully electronic with said output means including an
      electronic switching means which transfers between an OFF state and an ON
      state for actuating said output means.
NUM  12.
PAR  12. The combination of claim 11 and wherein said electronic circuit means
      include capacitors which become charged for actuating said electronic
      switch means.
NUM  13.
PAR  13. The combination of claim 11 and wherein said electronic electrical
      circuit means include capacitors which become discharged for actuating
      said electronic switch means.
NUM  14.
PAR  14. The combination of claim 1 and wherein said plurality of electrical
      circuit means each include a differential amplifier means for comparing an
      input with a given electrical quantity to determine operation of said
      output means.
NUM  15.
PAR  15. The combination of claim 1 and wherein said plurality of electrical
      circuit means include a plurality of timing circuits and said output means
      including a timing circuit operated by the timing circuits of said
      plurality of electrical circuit means.
NUM  16.
PAR  16. The combination of claim 1 and wherein said output means includes a
      meter for indicating a value corresponding to the magnitude of the input
      provided by said one of said pair of photosensitive input means.
NUM  17.
PAR  17. The combination of claim 1 and wherein said plurality of photosensitive
      input means each include a cadmium sulfide resistor for providing a
      resistance value which is inversely proportional to the brightness of the
      light received by each resistor.
NUM  18.
PAR  18. In a light-responsive system, a plurality of photosensitive input means
      for respectively providing electrical inputs when light is received by
      said plurality of photosensitive input means, with said inputs
      respectively having magnitudes determined by the brightness of the light
      received by said plurality of photosensitive input means, support means
      supporting said plurality of photosensitive input means respectively in
      positions for receiving light from different parts of a scene so that when
      the scene has a condition of non-uniform brightness the magnitudes of said
      inputs will vary with a pair of said photosensitive input means
      respectively providing inputs of maximum and minimum magnitude, electrical
      output means for providing a given output, and a plurality of electrical
      circuit means respectively connected electrically with said plurality of
      photosensitive means and all connected electrically with said output means
      for providing at the latter an output determined by at least of said pair
      of photosensitive input means, said plurality of electrical circuit means
      and said output means including a single timing circuit which is common to
      said plurality of electrical circuit means and said output means.
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ABST
PAL  A mechanical pencil of the collet-action type is provided with a collet
      member formed of a pair of identically configured mating half shells
      guiding and clamping the lead. The half shells are maintained in fixed
      relation with respect to one another by means of an annulus cooperating
      with a conically flared portion formed at one end of the collet member,
      whose diameter is partially reduced corresponding to the inner diameter of
      the annulus, and by means of a cap at the opposite end of the collet
      member. The parts are assembled by first sliding one and then the other
      one of the two collet shells through the annulus into mating relation with
      one another and thereafter fitting the end cap over the end of the mating
      shells. All parts of the pencil are maintained in assembled relation by a
      compression spring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to a mechanical pencil of the
      collet-action type whereby a shiftable lead is carried within a collet
      member and this collet member is maintained in a gripping relationship by
      the effect of a compression spring and is movable in opposition to the
      bias of the spring to advance the lead outward from the collet and, more
      particularly, to the design of such a collet member.
PAR  2. Prior Art
PAR  A sample embodiment of a mechanical pencil of the above type is shown in
      FIGS. 4 through 7 of the pending U.S. application, Ser. No. 423,476. This
      application describes a mechanical pencil with an outer housing having a
      bore formed along its axis. A collet member is formed by a pair of
      identically configured mating shells which are maintained in a fixed
      relation with respect to one another by a cap at one end thereof. The
      collet member is placed inside the housing bore and the cap extends beyond
      the housing. It can be depressed against the action of a compression
      spring from the outside of the housing. The depression and the
      simultaneous compression of the spring releases an annulus which was
      forced against a flared end portion of the collet member by the action of
      the spring, and permits the advancement of the lead. When the end cap is
      not depressed, the compression spring pulls the collet member into the
      annulus. Thereby, gripping forces are exerted onto the lead which are
      sufficient to oppose an individual's writing pressure.
PAR  The collet member is inserted into the annulus by axially displacing the
      collet halfs with respect to one another in such a way that a reduced
      portion of the collet member mates with the flared portion of this collet
      member during the insertion process. It is thereby required that both the
      annulus and the half shells are somewhat elastic, which makes if difficult
      to provide materials having the requisite sliding properties on the
      outside and gripping properties on the lead guiding tube side of the
      collet member as well as good durability of the annulus and the collet
      member. In addition, the assembly of two deformable members may be quite
      difficult. It is thus desirable to find a way of producing both the collet
      halfs and the annulus of non-deformable materials while permitting the
      placing of the flared portion of the collet member through this annulus,
      even though the flared portion has an essentially greater diameter than
      the inner diameter of the annulus.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the outer flared portion of each
      collet half has a partially reduced diameter such that most of the
      diameter of the outer flared portions is still larger than the boring of
      the annulus in a part thereof.
PAR  According to a further embodiment of the invention, a particular embodiment
      of this reduced diameter portion of the collet halfs permits the safe
      gripping of the lead, and simultaneously, prevents an inadvertent removal
      of the annulus under the effect of the compression spring by an exact
      calculation of the diameter reduction such that the collet member and the
      annulus have mating outlines during their assembly.
PAR  In addition, materials for the above embodiment have been tested, and, as a
      result, glass-fiber reinforced plastics such as polystyrene, polyamide or
      so-called ABS materials (acrylic butadiene styrene) have been found to be
      suited best for the collet member. Metals or polyacidal resins have proven
      to be particularly advantageous for the production of the annulus. Both of
      these materials can be selected in view of their strength and sliding
      properties as well as their surface condition. The most advantageous
      materials have little cold flow and great continuous strength, even if
      ambient temperature conditions fluctuate greatly during their use. As this
      has been the case in metal collet members, where a particularly springy
      steel has been selected, it is now possible to select a plastic material
      with good springy properties within a limited margin.
PAR  These and other objects, features and advantages of the present invention
      will be discussed in detail in the following description of the drawings,
      whereby variations and modifications may be effected without departing
      from the spirit and scope of the novel concepts of the disclosure herein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section through a complete mechanical pencil and
      its advance system, showing the collet member and the annulus in their
      assembled positions,
PAR  FIG. 2 is a front view of the two half shells of the collet member and the
      annulus, after they have been inserted, whereby the lead 48 is in its
      position,
PAR  FIG. 3 is a partial section through the annulus and the upper half of the
      collet member in its final position, while the lower half of the collet
      member has not yet been inserted and is axially displaced with respect to
      the upper half,
PAR  FIG. 4 is a longitudinal section through the arrangement of FIG. 3, taken
      along line IV--IV of FIG. 3,
PAR  FIG. 5 is a longitudinal section through an arrangement as in FIG. 2, taken
      along line V--V, whereby the lead had been previously removed,
PAR  FIG. 6 is a front view of a particularly advantageous embodiment according
      to this invention, showing the annulus and the upper half shell, before
      its insertion into the annulus, and
PAR  FIG. 7 is a front view of the annulus and both collet halfs, during the
      insertion of the second and lower collet half.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a completely mounted mechanical lead pencil according to
      the invention comprising an outer housing 10 with the axial boring 12. One
      of the end portions 14 of the outer housing 10 has been provided with a
      thread 16, while forming a shoulder 18. A tip member 20 comprises a mating
      thread portion 22 and an axial bore 24, the diameter of which is reduced
      twice, while forming shoulders 26 and 28. In the portion adjacent to the
      exit bore 28, the bore 24 of the tip member 20 is conically reduced and
      provided with elastic members 30.
PAR  One half shell 32 of the collet member is placed within the outer housing
      10, and it comprises an axial bore 34 serving as lead guiding tube. The
      outer diameter of this half shell 32 is reduced to form a shoulder 36
      serving as bearing for compression spring 38. The other bearing for this
      compression spring 38 is formed by the mounting ring 40 which is held by
      the shoulder 18 of the outer housing 10 and the end portion of the tip
      member 20. The annulus 42 rests against the other side of this mounting
      ring 40 inside the axial bore 24 of the tip member 20. The collet half 32
      has a conically outwardly flared end portion 44 with an outer diameter
      which is larger than the inner diameter of the annulus 42. A shoulder 46
      formed by the collet half provides a reduced inner diameter of the lead
      guide tube 34 in the area forming the gripping surfaces for the lead 48.
      The opposite end 50 of the collet half 32 has a reduced outer diameter and
      serves to receive an end closure cap 52 which extends beyond the housing
      10. When end closure cap 52 is depressed, spring 38 is compressed,
      permitting the flared end portion 44 of the collet half shell 32 to emerge
      from the annulus 42, thereby advancing the lead 48. The elastic members 30
      maintain the lead 48 in the advanced position, while the flared outer
      portion 44 retracts into the annulus 42 after the release of the end
      closure cap 52.
PAR  FIGS. 4 and 5 show how the compression spring 38, the mounting ring 40 and
      the annulus 42 are plugged into the two collet halves 32 which are axially
      displaced with respect to one another. FIG. 3 illustrates an embodiment,
      whereby the diameter of the flared portion 44 has been reduced at 54 as
      much as required for the plugging process, while FIGS. 6 and 7 show an
      embodiment where the reduction 56 is designed to reduce the outer diameter
      of the flared portion 44 of the collet half 32 as little as possible.
PAR  The embodiment according to FIGS. 2 and 3 has proven quite satisfactory for
      pencils whose lead 48 is not removed. However, it may be desirable to take
      precautionary measures such that the pressure of the compression spring 38
      can not pull the flared end 44 of the collet member 32 through the annulus
      42, even when the lead 48 is removed whereby the slot 58 closes.
PAR  The embodiment according to FIGS. 6 and 7 has these advantageous
      properties. Here, the reduction 56 has been adapted to the shape of the
      annulus 42 by exact mathematical calculations, whereby the outer diameter
      of the flared portion has been maintained as large as possible over as
      great a portion of the outer circumference as possible. The maximum
      distance between the reduced diameter portions here corresponds exactly to
      the inner diameter of the annulus. This embodiment allows the easiest
      insertion into the annulus which is possible, while preventing that the
      collet member is pulled through the annulus 42 by the action of the
      compression spring 38.
PAR  It will be apparent from the above description of the embodiment according
      to this invention, that a simple, practical and effective collet member
      for a mechanical pencil has been provided herein which can be easily
      assembled and which allows the use of the best suited materials for both
      the collet member and the cooperating annulus, and, although there may be
      variations and modifications made by those skilled in the art, it is
      desired to include these variations and modifications within the scope of
      the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a mechanical pencil, a combination comprising an outer housing having
      an end through which a pencil lead is adapted to extend, said housing
      further having a stepped internal bore including a larger-diameter portion
      remote from and a smaller-diameter portion in said end of said housing;
      collet means disposed in said larger-diameter portion of said bore and
      consisting of two mating elongated half shells each consisting of
      high-strength resilient plastic material, each of said half shells having
      an end portion adjacent to said end of said housing and flaring outwardly
      toward said end, said end portions of said half shells being free of
      longitudinally extending slots, being separated from each other by a gap
      and together constituting a substantially conical end portion of said
      collet means; a non-deformable annulus mounted in said housing and having
      an internal diameter smaller than the maximum transverse dimensions of
      said conical end portion of said collet means, said conical end portion
      extending through said annulus; and compression spring means surrounding
      said half shells and biasing said conical end portion of said collet means
      in a direction away from said end of said housing and into engagement with
      the inner surface of said annulus, each of said outwardly flaring end
      portions having diametral portions spaced apart from each other by a
      distance which is less than said internal diameter of said annulus to
      allow said outwardly flaring end portions to slip through said annulus one
      after the other in a direction toward said end of said housing, when said
      half shells are axially displaced with respect to each other.
NUM  2.
PAR  2. A mechanical pencil in accordance with claim 1, wherein said diametral
      portions are flats formed perpendicular to the plane separating the two
      mating half shells.
NUM  3.
PAR  3. Mechanical pencil in accordance with claim 1 wherein the half shells are
      formed of one of the materials polystyrene, polyamide or ABS materials
      (acrylic, butadiene, styrene).
NUM  4.
PAR  4. Mechanical pencil in accordance with claim 1 wherein the half shells are
      formed of a glass-fiber reinforced plastic material.
NUM  5.
PAR  5. Mechanical pencil in accordance with claim 1 wherein the annulus is
      formed of a metal.
NUM  6.
PAR  6. Mechanical pencil in accordance with claim 1 wherein the annulus is made
      of a non-deformable polyacidal resin.
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ABST
PAL  An absorbent tipped liquid applicator apparatus is equipped with a
      mechanism for selectively capping and uncapping the tip in response to
      manual pressure. The applicator includes an absorbent tip and a body which
      normally contains a reservoir of fluid. A flexible sleeve is attached to
      the body at one end. A spring loaded sleeve retractor is connected to the
      other end of the sleeve and is flexibly attached to the body of the
      applicator also. In its capping mode, the sleeve is drawn over the
      absorbent tip and is clamped there by the retractor means. When the
      retractor means is squeezed, it opens up the end of the sleeve and
      withdraws it so as to effectively uncap the tip. Releasing the manual
      pressure on the retracting means causes the sleeve to return to its
      capping mode position. This technique can be applied to nylon tipped pens,
      felt tipped marking and highlighting pens, glue sticks, shoe polish
      applicators and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This apparatus relates to liquid applicators in general and, in particular,
      to a device for selectively uncapping the applicator tip of a liquid
      applicator in response to manual pressure and for automatically recapping
      the liquid applicator in the absence of said manual pressure.
PAR  2. Description of the Prior Art
PAR  Absorbent or wick tipped liquid applicators are known to those of ordinary
      skill in the art. Typical of such devices are the now common nylon tipped
      writing pen or the felt tipped markers often used for both writing and
      highlighting. Some glues are often kept in wick tipped containers.
      Additionally, liquid shoe polishes may be stored and applied from
      applicators including a sponge top wick.
PAR  One of the major problems associated with such prior art devices is the
      difficulty of keeping them securely capped when not in use. Often, during
      the course of use, the user will forget to recap the applicator, or the
      user may keep the cap off the applicator for a long period of time without
      recapping. Or, the cap may be defective in some manner. The capping
      problem, in turn, leads to undesired evaporation of the liquid.
      Evaporation not only depletes the liquid supply in the body of the
      reservoir, but it often leaves a hard residue on the surface of the
      applicator tip, thereby reducing its pliability and absorbency. In order
      to overcome this problem, a means was sought which would automatically
      recap a liquid applicator between applications. Additionally, a means was
      sought whereby the user could uncap and cap the applicator tip with the
      pressure of just one hand.
PAR  There are some relevant references in the prior art to mechanisms for
      protecting the tip of a liquid applicator. A common example is the
      retractable ball point pen.
PAR  Fallows, British Pat. No. 118,130 dated Aug. 22, 1918 discloses a fountain
      pen having a split cap. The cap automatically opens by sliding the pen
      forward into the writing position. Lo Curto, U.S. Pat. No. 2,097,160
      discloses a fountain pen protector where the writing tip of the fountain
      pen is protected by a trap door type of lid.
PAR  The use of split fingers to protect a liquid tip is disclosed by Koeln U.S.
      Pat. No. 3,583,820. In that patent, the fingers surround the writing tip
      of a ball point pen and are spread by the forward movement of the tip
      carrying apparatus.
PAR  Crane, U.S. Pat. No. 207,256 and Mureau U.S. Pat. No. 2,582,451 disclose
      mechanisms for selectively exposing a brush tip then withdrawing that tip
      into a protective enclosure. Johnston, U.S. Pat. No. 602,806 discloses a
      spring loaded mechanism for withdrawing a sponge tipped liquid applicator
      into a protected cavity.
PAR  While the foregoing prior art appears to be relevant with respect to the
      present invention it does not disclose or in any way render obvious the
      unique features of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  A conventional liquid applicator generally includes some sort of absorbent
      applicating tip or wick and a body which contains a fluid reservoir.
      Sometimes the fluid in the reservoir is free to slosh around; sometimes
      the fluid is absorbed in a matrix of material such as nylon or felt which
      delivers fluid to the tip by capillary action.
PAR  According to the disclosure, the present invention comprises a flexible
      sleeve which surrounds the tip of a liquid applicator and a sleeve
      retractor or retracting means which withdraws the sleeve in response to
      manual pressure. The sleeve retracting means preferably includes a pair of
      spring loaded steel levers which are attached at one end to the sleeve and
      at the other end flexibly associated with the body of the applicator. The
      levers are connected pivotally to a common sliding fulcrum means which
      moves backwards and forwards in response to the applied pressure. Between
      the lever pivot point and the end attached to the body, the lever is bent
      back upon itself at an angle between 0.degree. and 90.degree..
PAR  When pressure is applied to the lever means by squeezing the two levers
      towards each other the tip of the flexible sleeve is caused to open and to
      withdraw from around the wick in such a manner as to expose the wick above
      the opening of the sleeve. In this manner, the applicator may be held and
      used for either applying ink, polish, glue, or translucent liquids, etc.
      When the user is finished using the applicator, he or she will then place
      it down at which point the cap will return to its normally capped position
      due to the spring loaded nature of the levers. The self-capping mechanism
      can be applied to a wide variety of well-known liquid applicators
      including but not limited to nylon tipped pens, felt tipped markers, shoe
      polish applicators, glue sticks and the like.
PAR  According to alternative embodiments, the lever material may be constructed
      from a springy metal or a plastic with suitable characteristics.
      Additionally, instead of bending the lever back upon itself, it may be
      possible to laminate springy material together in such a way as to achieve
      the same results without bending.
PAR  These and other features of the present invention will be more fully
      understood with reference to the following drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a, 1b, and 1c illustrate prior art liquid applicators and their
      respective common capping devices.
PAR  FIG. 2 is a side view of one embodiment of the present invention.
PAR  FIG. 3 is a cross-sectional view of the embodiment of FIG. 2.
PAR  FIG. 4 is a side view of the embodiment of FIG. 2 with the capping sleeve
      in its retracted state.
PAR  FIG. 5 is a top view of the illustration of FIG. 4 as seen from perspective
      5--5.
PAR  FIG. 6 is a side view of another embodiment of the present invention
      wherein the spring pivot arm is not a continuous piece of the lever
      mechanism.
PAR  FIG. 7 is another embodiment of the present invention wherein the second
      end of the lever means is attached to the body of the liquid applicator at
      a point more distant that in the embodiments of FIGS. 1 through 6.
PAR  FIG. 8 is a cross-section of the present invention as applied to a nylon
      tipped writing pen instrument.
PAR  FIG. 9 is a cross-sectional view of the present invention as applied to a
      liquid shoe polish applicator.
PAR  FIG. 10 is another embodiment of the present invention wherein the
      retractor levers crisscross the body of the liquid applicator.
PAR  FIG. 11 is a side elevation of another embodiment of the present invention
      wherein the retractor levers are a continuous piece of resilient material.
PAR  FIG. 12 is a side view of another embodiment of the present invention
      wherein the retractor levers are formed from a continuous piece of
      resilient material that includes its own anchor means.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  During the course of the following disclosure, like numerals will be used
      to indicate like elements in the different figures.
PAR  Liquid applicators of the sort known to those of ordinary skill in the art
      are illustrated in FIGS. 1a, 1b and 1c. FIG. 1a illustrates a common nylon
      tipped writing pen 10 including a body or barrel 12 which contains a fluid
      reservoir typically stored in a matrix or medium of absorbent material, a
      nylon tip 14 and a snap-on cap 16. Typically, the cap 16 is either a jam
      fit or a snap fit onto the body 12 of the nylon tipped pen 10. An example
      of a pen that was made by this technique is one known as FLAIR made by
      Papermate Division, The Gillette Company, Boston, Mass. 02199.
PAR  Another common fluid applicator is illustrated in FIG. 1b as the broad
      stroke felt tipped applicator 18. As with most applicators of this type,
      felt tipped applicator 18 includes a body 20 containing a reservoir or
      fluid, a tip or wick 22 communicated internally with the reservoir and a
      cap 24. In this case, the cap is commonly a jam fit type cap. The ink
      commonly used in this type of liquid applicator may be either opaque,
      transparent or translucent. An example of a liquid applicator made
      according to these specifications is known as the HI-LITER made by
      Carter's Ink Company, 239 First Street, Cambridge, Mass.
PAR  A slightly different but still common liquid applicator is that shown in
      FIG. 1c. The applicator of FIG. 1c is a shoe polish applicator 26.
      Applicator 26 includes a body 28 and a sponge tip 30 and a cap 32. Unlike
      the liquid applicators of FIGS. 1a and 1b, the shoe polish type applicator
      26 typically includes a reservoir of fluid which is not contained by a
      medium of absorbent material. In other words, the fluid in the body 28 is
      free to slosh around. The liquid from the body 28 gets to the sponge tip
      30 by inverting the shoe polish applicator 26 and squeezing the body 28.
      On the other hand, the fluid in the ink pen 10 and the felt tipped marker
      18 flow to the respective tips 14 and 22 via capillary action or the like.
      Shoe polish applicator 26 also differs from the embodiments of FIGS. 1a
      and 1b in that the cap 22 is a screw-on type of cap in the typical
      arrangement. A common prior art shoe polish applicator of the sort just
      described is sold as ESQUIRE LIQUID WAX and made by the Knomark Company,
      Inc. of Jamaica, N.Y. 11434.
PAR  Additionally, glue sticks or the like may be made with absorbent tips. The
      major difficulty associated with the liquid applicators as shown in FIGS.
      1a- 1c is that the fluid frequently evaporates, due to poor capping. The
      poor capping can be attributed to either a mechanical defect in the cap
      itself or to human forgetfulness. For example, if a student uses the nylon
      tipped pen 10 or the felt marker 18 for a long period of time and does not
      recap the instrument after a period of hours, then a significant portion
      of the fluid evaporates and the life and effectiveness is greatly reduced.
      Additionally, snap-on fits and jam fits are generally poor airtight
      enclosures and after a period of time, such capping techniques frequently
      result in a loss of fluid. In the case of the shoe polish applicator 26 as
      shown in FIG. 1c, it is not uncommon for the user to screw the cap 32 down
      too tight onto the body 28 and thereby causing the cap 32 to crack and to
      admit unwanted atmospheric air.
PAR  The undesired evaporation of fluids in liquid applicators such as those
      shown in FIGS. 1a-1c have two particular undesirable side effects. The
      first undesirable side effect is the depletion of the fluid and the
      reduction of the life of the pen. The second undesirable side effect may
      be the hardening of the absorbent tip and its consequent unsuitability for
      writing or applying purposes. What was clearly desired in view of the
      prior art was an effective sealing cap which, when not in use, would
      automatically recap the absorbent tip so that there would be no consequent
      loss of applicator fluid or undesirable hardening of the tip.
PAR  A side elevation of an embodiment of the present invention is shown in FIG.
      2. In this case, the liquid applicator is shown to be a felt tip marker 18
      but it will be understood that a felt tip applicator 18 is only used as an
      example and that the same technique and apparatus can be applied to a
      nylon tip pen 10 as shown in FIG. 1a or to a shoe polish applicator 26 as
      shown in FIG. 1c or to many other types of applicators. For that matter,
      it could be applied to an open reservoir type of fluid applicator without
      a tip, however in its preferred mode the invention would be preferably
      applied to liquid applicators having an absorbent type tip.
PAR  A self-capping liquid applicator 34 according to a preferred embodiment of
      the present invention is illustrated in FIG. 2. The apparatus is shown in
      use with a felt tip type applicator such as that illustrated in FIG. 1b,
      however it will be understood that the basic technique and apparatus can
      be applied to nylon tipped pens such as those shown in FIG. 1a or liquid
      shoe polish applicators such as that shown in FIG. 1c or similar liquid
      applicators.
PAR  The entire apparatus is shown to basically include a rubber or plastic
      capping sleeve 36 and a retractor means 38. The retractor means in turn
      comprises a pair of levers 40 and a movable or slidable fulcrum means 42.
      In this case, a pair of lever means 40 is illustrated and while this is
      the preferred number, it may be possible to operate with more than two or
      with less than two as the situation may require. However, a pair of levers
      40 is preferable because they can be squeezed together under hand pressure
      conveniently and the whole apparatus can lie relatively flat if they are
      on opposite sides of the apparatus. The lever means 40 are further divided
      into a front section 44, a back section 46 and a spring return section 48.
      The three sections of lever means 40, that is front section 44, back
      section 46 and spring return section 48 are all connected together. Lever
      means 40 is preferably made of a springy material such as spring steel or
      a flexible resilient plastic. The tip of front section 44 comprises a
      first end of lever 40 and is connected or bonded to the top of sleeve 36
      at point 50. The other end of lever means 40 abuts against collar 52 at a
      second point 54. Collar 52 may be naturally molded as part of the body 20
      of the felt tip marker 18 or it may be separately added in the manner of a
      bicycle clamp or the like. The collar 52 acts as an anchor means against
      which the second end 54 of lever 40 abuts.
PAR  In FIG. 3 the apparatus of FIG. 2 is shown in cross-sectional perspective.
      It is clear from this cut away view that the felt tip 22 is securely
      encapsulated within the resilient pliable rubber-like sleeve 36. The front
      opening 56 of sleeve 36 is automatically clamped shut by the spring loaded
      action of return section 48. According to a preferred embodiment, the
      spring return section 48 is part of a continuous piece of resilient metal
      which, when bent, has a pent up force within it which forces the two ends
      50 of both lever means 40 against each other and thereby seals off opening
      56. The other end 58 of sleeve 36 is snugly stretched over the body 20 of
      the marker 18 in such a fashion as to make an air tight seal at that end.
      Therefore with ends 56 and 58 impervious to the atmosphere, the liquid
      trapped within tip 22 has nowhere to evaporate. The lever 40 is pivotally
      connected to the fulcrum means 42 by methods known to those of ordinary
      skill in the art. Slidable fulcrum means 42 preferably comprises a
      continuous round or square frame having a set of holes or detents 60
      therein or therethrough. The lever means includes a set of detent engaging
      tabs 62 which are free to pivot within the slidable fulcrum 42. The
      tension of the back spring section 48 is such as to cause the front
      section 44 and the back section 46 to rotate about tabs 62 and therefore
      with both levers 40 rotating in the same direction under the influence of
      spring section 48, the front section 56 of the sleeve 36 automatically
      closes under its own spring loaded influence.
PAR  By applying manual pressure to the back section 46 of the lever means 40 it
      is possible to simultaneously open the front section 46 and withdraw the
      sleeve 36 back behind the tip 22 of the felt tip marker 18. The manual
      pressure is preferably applied by squeezing the two back sections 46
      between the thumb and the first or second fingers of either hand. In this
      fashion, the pressure of one hand is sufficient to automatically expose
      the tip 22 for action.
PAR  In actuality the squeezing of sections 46 in the direction indicated by
      arrows 64 produces two simultaneous but different movements. The first
      movement is a spreading movement in the direction of arrows 66 and the
      second movement is a withdrawing or retracting action in the direction of
      arrows 68. The spreading action in the direction of arrows 66 is the
      result of the rotation of lever section 44 and 46 about an axis of
      rotation which passes through detent holes 60 in the sliding fulcrum means
      42. The withdrawing action in the direction of arrows 68 is the result of
      the fact that the back spring section 48 has an effective radius length
      and as the lever means 40 is pressed toward the body 20 of the felt tip
      marker 18 the spring pivot section 48 rotates around the second end 54.
      This in turn causes the bend section 70 between sections 46 and 48 to move
      further away from the felt tip 22. This action in turn draws the entire
      lever means 40 backwards and retracts the sleeve 36 from around the tip
      22. In short, the application of manual pressure on back section 46 in the
      direction of arrows 64 causes concurrent spreading action in the direction
      of arrows 66 and retracting or withdrawing action in the direction of
      arrows 68.
PAR  In this manner, the user may pick up the pen and by squeezing the back
      sections 46, can render it ready for immediate use. The whole operation
      can be performed with one hand and after the user is finished with the
      applicator, he merely puts it down and the build-in, residual spring
      tension in section 48 causes a reaction in the direction 180.degree.
      opposite those illustrated as 64, 66 and 68. Reaction ceases when the
      apparatus has assumed its fully capped equilibrium state as illustrated in
      FIG. 2. At this point, it has returned to its previously capped condition.
      A top view of the uncapped apparatus of FIG. 4 is seen from perspective
      5--5 in FIG. 5.
PAR  A slightly modified version of the present invention is illustrated in FIG.
      6. According to this embodiment, the sliding fulcrum means 42 is located
      on the body 20 of the felt pen 18 on the side of the collar 52 farthest
      away from the felt tipped point 22. This is in contrast to the embodiment
      of FIGS. 2-5 wherein the sliding fulcrum means 42 is located between the
      tip 22 and the collar 52. Additionally, the spring return section 48 is
      shown as having an approximately S-shaped configuration. The S-shaped
      spring section 48 is anchored to body 20 by an anchor means 72. Anchor
      means 72 may be integral with body 20 or it may be preferably fastenable
      on to the body 20 after the fabrication of the felt pen 18. Rear section
      46 and spring section 48 are connected together at point 70. According to
      this embodiment, the materials comprising sections 44 and 46 may differ
      from materials used in section 48. Therefore, for example, section 44 and
      46 may be made of a rigid plastic and section 48 may be made of a leaf
      spring material.
PAR  Another embodiment of the present invention is shown in FIG. 7 wherein the
      second end 54 of the lever 40 is flexibly attached to a recessed shelf in
      the butt 74 of the felt pen 18. This recessed shelf or groove serves as an
      anchor means and is frequently found in common felt tipped pens where it
      serves as a temporary cap holder while the pen is in use.
PAR  FIG. 8 illustrates the apparatus of the present invention as incorporated
      for use with a nylon tipped writing pen such as that illustrated as
      element 10 in FIG. 1a.
PAR  In a similar manner, the present self-capping liquid applicator apparatus
      is shown incorporated for use on a liquid shoe polish applicator such as
      that illustrated as element 26 in FIG. 1c.
PAR  Another modification of the present invention is illustrated in FIG. 10
      wherein the opposing lever or retractor means 40 cross over each other and
      therefore act on opposite sides of the body from which direct pressure is
      applied. This technique is vaguely similar to the manner in which the bias
      springs of a clothespin cross one another.
PAR  According to FIG. 11, another embodiment is shown in which the spring bias
      member 48 is a continuous piece of springy material which extends across
      opposing rear section 46. Again, the spring section 48 plays against an
      anchor or ledge-like section 72.
PAR  Finally, another embodiment is shown in FIG. 12 wherein the retractor
      levers are formed from a continuous piece of resilient material that
      includes its own anchor means. This embodiment is quite practical since it
      eliminates the necessity of having an anchor means built into the liquid
      applicator, hence, this embodiment can be used directly with existing
      applicators without necessitating modification of the applicator itself.
PAR  While the invention has been described with reference to preferred
      embodiments, it will be understood by those skilled in the art that
      various changes may be made without departing from the spirit and scope of
      the invention.
PAR  For example, while an anchor means 72 has been described as a ledge, it
      could easily be a groove or some kind of band or fastening which can be
      later attached to the mechanism.
PAR  The capping sleeve 36 can be made from any type of suitable rubber or
      plastic which can stand the wear and tear of constant opening and closing.
      Such materials are known to those of ordinary skill in the art and are
      available for such purposes. Likewise, the material of the lever means 40
      and the slidable fulcrum means 42 have been described as being plastic or
      metal. Various different types of plastic or metal would be suitable and
      also obvious to those of ordinary skill in the art.
PAR  With regard to the mechanism itself, it will be appreciated that the rear
      spring section 48 acts both as a spring and as a pivot arm. It would of
      course be obvious to one of ordinary skill in the art to make the spring
      loading element a separate part of the mechanism wherein the pivot arm 48
      would then have to work in conjunction with a separate spring. This
      approach, while practical, would be probably uneconomical.
PAR  Finally, while the preferred embodiment of the invention is adaptable,
      especially to felt tipped markers, it will be obviously clear to those of
      ordinary skill in the art that it is adaptable to many kinds of small
      liquid applicators where evaporation is a problem.
PAR  It should be borne in mind that not only does the disclosed invention allow
      for the automatic recapping of a liquid application, it also has several
      other advantages too. One particular advantage is that the capping and
      uncapping operation can be performed with just two fingers of one hand.
      This feature is especially important for those who are handicapped or
      those who, for one reason or another, cannot use a second hand to uncap or
      cap the liquid applicator.
PAR  As was stated previously, the foregoing embodiments are illustratively only
      and there are other modifications that would be obvious to those of
      ordinary skill in the art given the foregoing teaching.
CLMS
STM  I claim:
NUM  1.
PAR  1. A capping apparatus for capping and uncapping a liquid applicatior
      having a wick-like tip and a liquid containing reservoir body, said
      apparatus comprising:
PA1  a hollow, flexible, capping sleeve means attached at one end to said
      applicator body; and,
PA1  a retracting means also connected to said sleeve and to said applicator
      body for selectively retracting and spreading said sleeve in response to
      manual pressure and for automatically returning said sleeve to a capping
      position in the absence of manual pressure.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said retracting means comprises:
PA1  a lever means; and,
PA1  a moveable fulcrum means connected to said lever means.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said lever means has a first end
      attached to said sleeve means, a second end adapted for engagement with
      said body, and an intermediate fulcrum section; and, wherein said sulcrum
      means is pivotally connected to the fulcrum section of said lever means.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said lever means comprises a plurality
      of levers.
NUM  5.
PAR  5. The apparatus of claim 4 wherein that portion of the lever means lying
      between the fulcrum section and the second end of said lever means is
      further divided into at least two sub-sections, wherein the angle
      subtended between the two sub-sections is an angle greater than 0.degree.
      but less than 90.degree..
NUM  6.
PAR  6. The apparatus of claim 5 wherein that section of the lever means lying
      between the fulcrum section and the second end is bent back upon itself.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said two sub-sections comprise two
      pieces of material attached together at one end thereof.
NUM  8.
PAR  8. The apparatus of claim 4 wherein said levers are constructed from a
      metal having spring-like qualities.
NUM  9.
PAR  9. The apparatus of claim 4 wherein said levers are constructed from a
      plastic-like material having spring-like qualities.
NUM  10.
PAR  10. The apparatus of claim 4 wherein the sleeve means is tapered towards
      the wick tip of the applicator when said sleeve is in position on the body
      of said applicator.
NUM  11.
PAR  11. The apparatus of claim 4 wherein said applicator comprises a nylon tip
      pen.
NUM  12.
PAR  12. The apparatus of claim 4 wherein said applicator comprises a felt
      tipped pen means.
NUM  13.
PAR  13. The apparatus of claim 4 wherein said applicator comprises a liquid
      shoe polish applicator.
NUM  14.
PAR  14. The apparatus of claim 4 wherein said apparatus further includes anchor
      means for flexibly connecting the second end of said lever means to the
      body of said applicator.
NUM  15.
PAR  15. The apparatus of claim 14 wherein said anchor means comprises a ledge
      integral with the body of said applicator.
NUM  16.
PAR  16. The apparatus of claim 14 wherein the anchor means comprises a means
      fastenable to the body of the applicator and against which the second end
      of said lever means is flexibly adaptable.
NUM  17.
PAR  17. The apparatus of claim 14 wherein said anchor means is built into said
      lever means.
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ABST
PAL  A socket for holding the writing ball of a ball point pen comprising an
      outer tubular member having a circular cross section and an inner tubular
      member having an elliptic or circular cross section, wherein an
      ink-conducting chamber or chambers are defined between the inner
      peripheral wall of the outer tubular member and the outer peripheral wall
      of the inner tubular member, thereby enabling ink to be conducted smoothly
      from an ink cartridge provided in the ball point pen through the chambers
      to the writing ball.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a socket for the writing ball of a ball point pen
      and more particularly to a socket for the writing ball of a ball point pen
      provided with a very easily formed ink passage for conducting aqueous ink
      from the ink cartridge to the writing ball of the ball point pen.
PAR  2. Description of the Prior Art:
PAR  A socket for the writing ball of the prior art ball point pen comprises a
      tubular member, a writing ball held in the forward end portion of the
      tubular member, a ball-bearing rod of circular cross section inserted into
      the tubular member with a recessed seat provided at the forward end of the
      rod to receive the writing ball, and an ink passage consisting of a groove
      formed along the full length of the ball-bearing rod. However, the socket
      of the prior art ball point pen has the drawbacks that since the
      ball-bearing rod is made of sufficiently hard metal to be saved from
      abrasion by the rotation of the writing ball, considerable difficulties
      are presented in machining an ink passage in the ball-bearing rod,
      resulting in high working cost.
PAR  It is accordingly the object of this invention to provide a socket for a
      ball point pen which includes an inner metal tubular member, enabling an
      ink passage to be very easily provided without machining an
      abrasion-resistant ball-bearing rod.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, there is provided a ball point pen socket
      which comprises an outer tubular member of circular cross section, an
      inner tubular member of elliptic or circular cross section forced into the
      outer tubular member, a ball-bearing rod having a recessed seat formed in
      one end face and inserted into the inner tubular member, and a writing
      ball rotatably held between the recessed seat and a crimped or deformed
      portion of the outer tubular member which is positioned near the recessed
      seat. Since the inner peripheral wall of the outer tubular member and the
      outer peripheral wall of the inner tubular member constitute an ink
      passage, the ball point pen socket of this invention eliminates the
      necessity of machining a grooved ink passage in the ball-bearing rod as is
      the case with the prior art ball point pen socket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal sectional view of a socket according to an
      embodiment of this invention for holding the writing ball of a ball point
      pen;
PAR  FIG. 2 is a sectional view on line 2--2 of FIG. 1;
PAR  FIG. 3 is a longitudinal sectional view of a modified ball-bearing rod used
      with the socket of this invention;
PAR  FIG. 4 is a longitudinal sectional view of a modified inner tubular member
      and modified ball-bearing rod used with the socket of this invention;
PAR  FIG. 5 is a longitudinal sectional view of the tip portion of a ball point
      pen barrel into which the socket of FIG. 1 is inserted;
PAR  FIG. 6 is a side view, partly in section, of a socket according to another
      embodiment of this invention;
PAR  FIG. 7 is a sectional view on line 7--7 of FIG. 6;
PAR  FIG. 8 is a sectional view on line 8--8 of FIG. 6; and
PAR  FIG. 9 is a longitudinal sectional view of the tip portion of a ball point
      pen barrel into which the socket of FIG. 6 is inserted.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Throughout the drawings, similar parts are denoted by the same numerals.
PAR  Referring to FIGS. 1 and 2, a socket 10 comprises an outer tubular member
      11 having a circular cross section, and an inner tubular member 12 which
      is made longer than said outer tubular member 11 with an elliptic cross
      section. The inner tubular member 12 is inserted from the rear end 11a of
      the outer tubular member 11 up to the proximity of the forward end 11b of
      the outer tubular member 11 with the vertices 12a (FIG. 2) of the inner
      tubular member 12 pressed against the inner peripheral wall 11c of the
      outer tubular member 11. The rear end of the outer tubular member 11 and
      the corresponding portion of the inner tubular member 12 are joined, for
      example, by welding (see weld 40 of FIG. 1) or crimping (not shown) of the
      rear end of the tubular member 11.
PAR  The inner tubular member 12 is fabricated by deforming the full length of a
      metal pipe of circular cross section so as to have a desired elliptic
      cross section by means of a press or press roll. The inner peripheral wall
      11c of the outer tubular member 11 and the outer peripheral wall 12b of
      the inner tubular member 12 jointly define, as shown in FIG. 2, a pair of
      symmetrical crescent ink passages or ink conducting chambers 13. These ink
      passages 13 open at the forward end to the interior of the forward end
      portion 11b of the outer tubular member 11 and at the rear end 11a to the
      outside of the outer tubular member 11.
PAR  FOrced into the inner tubular member 12 is a ball-bearing rod 14 (FIG. 1)
      made of material having prominent resistance to abrasion caused by the
      rotation of the writing ball and corrosion by ink, for example, synthetic
      resins such as nylon impregnated with molybdenum disulfide and carbon
      fiber-reinforced plastics (CFRP), bearing material like brass or sintered
      alloy. The ball-bearing rod 14 has an elliptic cross section complementary
      to an outline defined by the inner peripheral wall 11c of the outer
      tubular member 11. Provided at the forward end of the ball-bearing rod 14
      is a recessed seat 15, the inner wall of which constitutes part of a
      spherical plane.
PAR  A writing ball 16 is held in the forward end portion 11b of the tubular
      member 11 while being pinched between the supporting seat 15 and the
      crimped or deformed forward end portion 11d of the outer tubular member
      11, such that the writing ball 16 can rotate within the forward end
      portion 11b but cannot be displaced in the axial nor radial direction of
      the tubular member 11.
PAR  FIG. 3 shows an inner tubular member 12 and a ball-bearing rod 14 received
      therein, both of which are taken out of a different type of socket from
      that of FIGS. 1 and 2. The embodiment of FIG. 3 differs from that of FIGS.
      1 and 2 in that the ball-bearing rod 14 comprises a ball-bearing element
      17 having a recessed seat 15 formed in the forward end face to receive a
      writing ball and constituting the forward end portion of the rod 14 and
      stem 18 forming the remaining portion of the rod 14. Both ball-bearing
      element 17 and stem 18 have an elliptic cross section complementary to an
      outline defined by the inner wall of the inner tubular member 12. While
      the ball-bearing element 17 of FIG. 3 may be of the same material as the
      ball-bearing rod of FIGS. 1 and 2, the stem 18 should be formed of
      material resistant to corrosion by ink. The stem 18 serves to prevent the
      rod 14 from being displaced to the right side of FIG. 3 by writing
      pressure applied through the writing ball 16.
PAR  FIG. 4 indicates an inner tubular member 12 and a ball-bearing rod 14
      received therein, both of which are taken out of a socket according to
      another embodiment of this invention. The inner tubular member 12 is made
      with a thicker wall than that of FIGS. 1 and 2 as well as of FIG. 3 and
      has a larger diameter section 19 formed in the forward end portion 12c.
      According to the embodiment of FIG. 4, the ball-bearing rod 14 which is of
      the same material as that of FIGS. 1 and 2, and as short as the larger
      diameter section 19 is inserted into the section 19. The hollow section 20
      of the inner tubular member 12 into which the ball-bearing rod 14 is not
      inserted is open to the outside at the rear end of the inner tubular
      member 12 and has a smaller diameter than the inner diameter of the end
      portion 12c. Therefore, that hollow section 20 has a far more limited free
      space than that defined by the inner peripheral wall of the inner tubular
      member 12 of FIGS. 1 and 2, as well as of FIG. 3. This construction
      prominently reduces the amount of ink which might otherwise be lost by
      being diverted into the hollow section 20. The short ball-bearing rod 14
      of the embodiments of FIGS. 3 and 4 saves the consumption of expensive
      material in making the rod 14.
PAR  Further, the ball-bearing rod 14 buts against the stepped portion 12c of
      the inner tubular member 12 defined by the larger diameter section 19 with
      the succeeding smaller diameter hollow section 20, thereby being prevented
      from being dislaced rearward by writing pressure.
PAR  There will now be described by reference to FIG. 5 a ball point pen barrel
      21, in which a feed 22 is concentrically received. The smaller diameter
      forward end portion 22a of said feed 22 is fitted into an axial bore 24
      formed in the forward end portion 23 of the barrel 21. The rear end of the
      feed 22 is connected to an ink cartridge (not shown). A groove extending
      along the full length of the feed 22 except for its forward end portion
      22a constitutes an ink passage 25. In the bore 24, a ring member 26 made
      of elastic material, for example, rubber is provided ahead of the forward
      end portion 22a of the feed 22. The feed 22 further has a cylindrical bore
      27 having the same diameter as that of the outer tubular member 11 of the
      socket 10 and extending from the tip of the forward end portion 22a of the
      feed 22 to the adjacent section thereof which is not reduced in diameter.
      That portion of the barrel 21 which is disposed adjacent to its forward
      end portion 23 has an air hole 28 provided in a space 21a defined between
      the barrel 21 and feed 22 in order to introduce air into the space 21a or
      remove it therefrom for control of the amount and pressure of air present
      in the space 21a.
PAR  The socket 10 is inserted into the cylindrical bore 27 through the hole 23a
      at the tip of the forward end portion 23 of the barrel 21 and the central
      hole 26a of the ring member 26 so as to expose the writing ball 16 to the
      outside. The socket 10 is elastically held by the ring member 26 to be
      prevented from falling out of forward end portion 23 of the barrel 21.
PAR  In FIG. 5, aqueous ink 29 brought from the ink cartridge (not shown)
      through the ink passage 25 to the rear end 11a of the outer tubular member
      11 is further conducted from the rear end 11a into the ink passages or
      conducting chambers 13 (FIG. 2) and then to the writing ball 16. The
      writing ball 16 rotated on writing material, for example, paper supplies
      ink to the paper, effecting impression thereon.
PAR  There will now be described by reference to FIGS. 6 and 7 a ball point pen
      socket according to still another embodiment of this invention. A socket
      110 comprises an outer tubular member 111 having a circular cross section
      except for the rear end portion 111a, an inner tubular member 112 formed
      with a smaller outer diameter than the inner diameter of the outer tubular
      member 111, a ball-bearing rod 114 provided with a recessed partly
      spherical seat 115 at the forward end face and tightly inserted into the
      inner tubular member 112, and a writing ball 116 rotatably held by the
      crimped or deformed forward end portion 111b of the outer tubular member
      111 and the recessed seat 115 of the ball-bearing rod 114.
PAR  The rear end 111a of the outer tubular member 111 has its cross section
      deformed into an equilateral triangle as shown in FIG. 8. The inner wall
      111d of the rear end 111a firmly holds the outer periphery 112b of the
      rear end portion of the inner tubular member 112, causing the latter to be
      concentrically received in the outer tubular member 111. The inner
      peripheral wall 111c of the outer tubular member 111 and the outer
      peripheral wall 112b of the inner tubular member 112 jointly define an ink
      passage or conducting chamber 113. In this case, the outer tubular member
      111 is chosen to have an outer diameter of for example, 1.2 mm, and an
      interval between both outer and inner tubular members 111, 112 is set at,
      for example, 0.03 mm. The forward end of the ink conducting chamber 113
      communicates with the interior of the forward end portion 111b of the
      outer tubular member 111. The rear end of the ink conducting chamber 113
      is open to the outside of the socket 110 through a free space 130 defined
      between the inner wall 111d of the rear end portion 111a of the outer
      tubular member 111 and the outer peripheral wall 112b of the inner tubular
      member 112.
PAR  The outer tubular member 111 has an air hole 131 communicating with the ink
      conducting chamber 113 at a point near the forward end portion 111b of the
      outer tubular member 111 and ink passages 132 communicating with the ink
      conducting chamber 113 at points near the rear end portion 111a of the
      outer tubular member 111. The ball-bearing rod 114 is formed of the same
      material as the rods of FIGS. 1 to 4.
PAR  A ball point pen barrel 21 and its forward end portion 23 of FIG. 9 are
      constructed in the same manner as in FIG. 5, and the same parts are
      denoted by the same numerals, description thereof being omitted.
PAR  The socket 110 is inserted into the hole 27 of a feed 22 from the tip of
      the forward end portion 23 of the barrel 21 so as to expose the air hole
      131 to the outside and held by a ring member 26 to be prevented from
      falling off the forward end portion 23.
PAR  In operation, aqueous ink 29 brought from an ink cartridge (not shown) into
      the ink passage 25 in the feed 22 flows from the rear end portion 111a of
      the socket 110 through the free space 130 and from the outer periphery of
      the outer tubular member 111 through the ink passages 132 into the ink
      conducting chamber 113, and finally reaches the writing ball 116 while
      driving air present in the ink conducting chamber 113 to the outside of
      the socket 110 through the air hole 131. The succeeding operation is
      carried out in the same manner as in FIG. 5. It will be noted that
      omission of the ink passages 132 does not obstruct the application of this
      invention. According to the foregoing description, the rear end portion
      111a of the outer tubular member 111 was formed into an equilateral
      triangle.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A socket for holding the writing ball of a ball point pen comprising:
PA1  an outer tubular member having a substantially circular cross section;
PA1  an inner tubular member of substantially elliptic cross section which is
      inserted into the outer tubular member, such that one end of said inner
      tubular member is positioned more inward of the socket than the
      corresponding end of said outer tubular member;
PA1  ink conducting chambers of substantially crescent cross section defined
      between the inner peripheral wall of the outer tubular member and the
      outer peripheral wall of the inner tubular member and extending along the
      full length of said inner tubular member;
PA1  a ball-bearing rod inserted into the inner tubular member; and
PA1  a writing ball rotatably supported by one end of the outer tubular member
      and that end of the ball-bearing rod which is disposed adjacent to said
      one end of the outer tubular member.
NUM  2.
PAR  2. A socket according to claim 1, wherein the ball-bearing rod is made of
      material resistant to abrasion caused by the rotation of the writing ball
      and corrosion by ink, and has a recessed seat formed at said end of the
      rod to receive the writing ball.
NUM  3.
PAR  3. A socket according to claim 2, wherein the ball-bearing rod is made
      shorter than the inner tubular member and is inserted into the inner
      tubular member with said end of the rod made substantially flush with said
      one end of the inner tubular member.
NUM  4.
PAR  4. A socket according to claim 3, wherein a larger diameter section is
      provided at said one end of the inner tubular member to receive the
      ball-bearing rod.
NUM  5.
PAR  5. A socket according to claim 3, wherein the ball-bearing rod has the same
      length as the inner tubular member.
NUM  6.
PAR  6. A socket according to claim 5, wherein the ball-bearing rod is made of
      synthetic resin.
NUM  7.
PAR  7. A socket according to claim 6, wherein the ball-bearing rod is formed of
      nylon impregnated with molybdenum disulfide.
NUM  8.
PAR  8. A socket according to claim 6, wherein the ball-bearing rod consists of
      carbon fiber-reinforced plastics.
NUM  9.
PAR  9. A socket according to claim 5, wherein the ball-bearing rod is made of
      bearing metal.
NUM  10.
PAR  10. A socket according to claim 5, wherein the ball-bearing rod is formed
      of sintered alloy.
NUM  11.
PAR  11. A socket according to claim 1, wherein the ball-bearing rod comprises a
      ball-bearing element made of material resistant to abrasion caused by the
      rotation of the writing ball and corrosion by ink and received in said one
      end of the inner tubular member, and a stem formed of material resistant
      to corrosion by ink and extending from the ball-bearing element to the
      other end of the inner tubular member.
NUM  12.
PAR  12. A socket according to claim 1, wherein the ball-bearing rod is made of
      synthetic resin.
NUM  13.
PAR  13. A socket according to claim 12, wherein the ball-bearing rod is formed
      of nylon impregnated with molybdenum disulfide.
NUM  14.
PAR  14. A socket according to claim 12, wherein the ball-bearing rod consists
      of carbon fiber-reinforced plastics.
NUM  15.
PAR  15. A socket according to claim 1, wherein the ball-bearing rod is made of
      bearing metal.
NUM  16.
PAR  16. A socket according to claim 1, wherin the ball-bearing rod is formed of
      sintered alloy.
NUM  17.
PAR  17. A socket according to claim 1 wherein said ink conducted through said
      ink conducting chambers is aqueous ink.
NUM  18.
PAR  18. A socket for holding the writing ball of a ball point pen comprising:
PA1  an outer tubular member having a polygonal cross section at one end and a
      substantially circular cross section in the remaining portion;
PA1  an inner tubular member having a smaller outer diameter than the inner
      diameter of the outer tubular member and concentrically inserted into the
      outer tubular member with one end of the inner tubular member forced into
      said one end of the outer tubular member;
PA1  a hollow substantially cylindrical ink-conducting chamber defined between
      the inner peripheral wall of the outer tubular member and the outer
      peripheral wall of the inner tubular member;
PA1  a ball-bearing rod inserted into the inner tubular member; and
PA1  a writing ball rotatably held by the other end of the outer tubular member
      and the other end of the ball-bearing rod.
NUM  19.
PAR  19. A socket according to claim 18, wherein said one end of the outer
      tubular member is made into an equilateral triangle.
NUM  20.
PAR  20. A socket according to claim 18, wherein the ball-bearing rod is formed
      of synthetic resin.
NUM  21.
PAR  21. A socket according to claim 20, wherein the ball-bearing rod is made of
      nylon impregnated with molybdenum disulfide.
NUM  22.
PAR  22. A socket according to claim 20, wherein the ball-bearing rod consists
      of carbon fiber-reinforced plastics.
NUM  23.
PAR  23. A socket according to claim 18, wherein the ball-bearing rod is made of
      bearing metal.
NUM  24.
PAR  24. A socket according to claim 18, wherein the ball-bearing rod is formed
      of sintered alloy.
NUM  25.
PAR  25. A socket according to claim 18 wherein said ink conducted through said
      ink conducting chambers is aqueous ink.
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ABST
PAL  This mop comprises a removable cleaning cover or mitt which is folded about
      an open wire mop frame over which is mounted an absorbent pad of foam
      plastic and the like. A long extension handle optionally may be a water
      conduit having one end attached to a fitting mounted on the frame inside
      the foam pad and the other, remote end is provided with a plastic gripping
      handle and a water hose coupling. The mitt is a chenille-like fabric with
      an open pocket which is closed by a foldable flap. This device is
      especially useful for washing automobiles, windows and the like where
      extension is necessary.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Cleaning implements and the like and especially self-feeding mops
      especially those having extension means thereon.
PAR  2. Description of the Prior Art
PAR  The present commercial prior art usually extension, self-feeding mops on
      which are mounted mop heads ususally employing a plastic spray-like device
      which includes plastic brush filaments. Such devices perform a mediocre
      job of cleaning dirty surfaces such as automobiles, windows and the like.
      In addition, after a short period of use the brush filaments usually
      become bent and broken and the spray head loses its utility. Also, the
      water is sometimes released at a faster or more voluminous rate than
      desired. Such commercial devices do not perform as well as hand mitts
      which are dipped in solution and rubbed on the finish. However, hand mitts
      do not have any source of water and lack any extension means. The present
      device provides an extension mop which produces the cleaning effect of a
      hand mitt but at the same time optionally includes water supply and a
      means of distributing the water.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide an extension mop which includes a
      removable mitt over a protected frame.
PAR  Another advantage of this invention is found in the combination of an
      extension handle which serves optionally as the liquid conduit and in
      addition a support frame that is covered and protected by an absorbent pad
      and a removable mitt.
PAR  Still another object of this invention resides in the particular
      construction of the extension handle, the absorbent pad and the mitt
      whereby fabrication and assembly is kept to a minimum cost to make the
      item economically feasible.
PAR  An additional object of this invention resides in the particular
      construction of the frame enclosed completely in an absorbent pad which is
      held in place by the fabric mitt.
DRWD
PAR  Other and further objects and advantages of this invention will become
      apparent upon reading the following specification taken in conjunction
      with the accompanying drawings, in which:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the assembled mop of this invention.
PAR  FIG. 2 is a disassembled assembly view of the mop shown in FIG. 1 with the
      extension handle omitted.
PAR  FIG. 3 is a cross-sectional view of the extension conduit of the invention
      shown in FIG. 1 with parts broken away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The complete device is designated in the drawings by reference numeral 10
      and comprises an extension handle member 12 which in this embodiment may
      be in the form of a conduit tube made from plastic, aluminum or the like
      on which is mounted a plastic grip 14 which comprises a preshaped gripping
      sleeve of plastic material such as vinyl tightly fitted to the end of the
      extension tube 12. The handle 12 may be of solid wood or other material as
      the conduit construction is optional.
PAR  A coupling designated generally by reference numeral 16 comprises a fixed
      internally threaded coupling collar 18 of the general type found on common
      garden hoses and which is fitted with a common washer 20 of rubber or
      plastic and includes a rigid coupling insert plug member 22 tightly fitted
      into the end of the extension tube member 12. A garden hose (not shown)
      has the male fitting screwed into the internally threaded coupling collar
      18.
PAR  The lower end of the tube 12 remote from the coupling collar 18, as shown
      in FIGS. 1 and 3, comprises a threaded insert 24 which includes a
      cylindrical plug 26 tightly fitted into the end of the tube 12 and
      including a threaded end 28 screwed into the internally threaded body of
      the spray fitting 30, constructed from molded plastic and the like, which
      includes holes 32 from which the liquid pumped through the tube 12 emits.
      The lower part of the fitting 30 includes a sleeve 34 in which is mounted
      a portion of a wire frame 36 comprising generally in the same plane a pair
      of loops 38 each leading to a respective side wire member 40 which bends
      in the shape shown in FIG. 2 into terminal ends 42 thereby providing a
      support frame about which is mounted absorbent pad 44 which may be made
      from plastic foam, foam rubber or some other acceptable absorbent
      material. The foam pad 44 is generally in a rectangular formation bent
      upon itself about a marginal edge 45 to place a hole 46 over the spray
      fitting 30 which protrudes therethrough.
PAR  The cleaning mitt 50 is made from a fabric similar to a chenille material
      which comprises a substrate or backing material 54 which may be woven from
      natural or synthetic materials in which is tufted the pile of the material
      comprising a plurality of yarn filaments arranged in rows and generally
      referred to as pile fabric. The fabric backing material 54 of the mitt 50
      is folded upon itself and stitched together to form a three-dimensional
      arrangement having an open mouth or entrance 56 which may be closed by a
      flap 58 that is folded back around the bottom of the mitt 50 to open the
      mouth 56 and then after the assembled frame 36 and foam pad 44 are
      inserted into the pocket in the mitt 50 to place the spray fitting 30
      projecting through both of the openings 46 and 52, the flap 58 is folded
      back upon the top 60 of the mitt.
PAR  In the operation of the device 10 in which the handle 12 is a conduit water
      or other liquid fed under pressure through the tube 12 emits under
      pressure from the holes 32 and soaks the foam pad 44 as well as the mitt
      50 but without producing a loose or uncontrolled spray. Thus, the mitt 50
      is constantly being washed and cleaned and soaked in continuous conrinuous
      process by the liquid thereby to wash away the dirt and at the same time
      there is no forceful spray against the surface being cleaned. The frame 36
      provides sufficient rigidity and support to enable the remote use of the
      mitt 50 holding it at the handle 14 and since the underside of the mitt 50
      is well padded and completely protected there is no hardware or hard
      surfaces to scratch the surface being cleaned.
PAR  When in use without a water supply, or when the handle 12 is made solid,
      handle 12 is dipped in a bucket of water, water and soap or detergent,
      etc. and used on the surface being washed as an extension mop. Therefore,
      the handle 12 may be disconnected at any time from a water supply and the
      device 10 used as a mop.
PAR  While I have shown and described a particular embodiment of this invention
      together with suggested use thereof there is by way of illustration only
      and does not constitute any sort of limitation on the scope of the
      invention since various alterations, changes, eliminations, deviations,
      revisions and departures may be made from the embodiment shown without
      departing from the scope of the invention as defined only by proper
      interpretation of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an extension mop: an extension handle having a fitting attached to
      one end thereof, an open wire frame having said wire members substantially
      in the same plane and said side wire members having said fitting movably
      attached thereto near the middle of the frame, a resilient absorbent pad
      having substantially flat portions covering both the top and the bottom of
      said frame and said pad having a hole in the top portion through which
      projects said fitting and with the handle extending therefrom, a cleaning
      mitt constructed to form a three-dimensional arrangement having an open
      mouth and said mitt being made from a pile material comprising yarn
      filaments arranged in rows, said mitt mouth being closable by means of a
      foldable flap which is folded around the bottom to open the mouth and upon
      the top of the mitt around the resilient absorbent pad which is compressed
      therein to close the mouth and thereby completely cover the absorbent pad,
      said flap being attached on the sides of said mitt and folding around the
      edges and over the top of the mitt thereby securing the mitt in place with
      the pad compressed therein to hold said mitt in place, and said mitt
      having a hole therein just large enough to accommodate the handle at the
      fitting, whereby the mitt will not normally dislodge from the position
      covering the absorbent material even during heavy scrubbing and whereby
      the frame is prevented from contacting the surface being cleaned, and said
      resilient pad is compressed within said flap to provide a sufficiently
      tight fit to hold said mitt in place and prevent the mitt from becoming
      dislodged during cleaning.
NUM  2.
PAR  2. The device in claim 1 wherein said handle is a hollow conduit for
      conducting water or other liquid and there are openings in said fitting
      inside said pad from which said liquid emits to soak said pad from inside
      without producing a loose spray on the outside.
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ABST
PAL  A pivot joint or socket assembly, especially suited for use at the pitman
      or idler arm ends of centerlinks or in the pitman or idler arm assemblies
      of centerlink type steering linkages, has a pin or stud and a socket or
      housing forming a linkage connection which will provide rotational
      movement about an axis that may be tilted to a limited degree to accept
      variations in the linkage alignment and has a resilient wear take-up
      bushing which will compensate for wear and maintain the joint components
      in good bearing relationship throughout a long wear life.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the art of pivot joints which also accommodate a
      limited degree of tilting and specifically deals with pivot joints for
      steering linkages of automotive vehicles which will maintain a fixed pivot
      axis while accommodating tilting of the axis to accept tolerance
      variations in a linkage, such as in idler arms or pitman arms of
      centerlink type steering assemblies.
PAC  PRIOR ART
PAR  My U.S. Letters Pat. No. 3,790,195, granted Feb. 5, 1974, discloses and
      claims a stud joint for rotational movement where the stud has a head
      tilting and rotating on a partially spherical seat and a pin portion
      depending from the head rotatable in a bushing carried by a resilient ring
      and having an end flange thrusting against the stud head. While this joint
      will provide a pivot support for idler arms, pitman arms and the like in
      steering linkages it does not have radial wear take-up capacity, the
      limiting of its tilting range is not positively controlled and a bushing
      is required between the stud and resilient ring.
PAC  SUMMARY OF THE PRESENT INVENTION:
PAR  The present invention now eliminates the heretofore required bushing of my
      aforesaid U.S. Pat. No. 3,790,195, compensates for radial wear, and
      positively controls the tilting range of the stud in a pivot joint
      suitable for idler arms and pitman arms in centerlink steering linkages
      for automotive vehicles. According to the invention a housing provides a
      socket receiving a rigid bearing member having a part spherical inter
      bearing wall, a resilient axially split bushing ring with a tapered bore
      and a recessed closure member. A stud has a shank extending freely through
      the end of the housing opposite the closure member with a half ball head
      tiltably and rotatably seated in the part spherical surface of the bearing
      ring and an elongated tapered pin portion depending from the head through
      the resilient bushing and bottomed on the closure plate. The bore of the
      bushing and the pin portion of the stud have mating tapers converging
      toward the closure plate.
PAR  Wear take-up spring means between the closure plate and resilient bushing
      urge the bushing toward the stud head so that the bushing will slide
      toward the divergent end of the tapered pin as wear develops and thereby
      maintain good bearing contact with the pin and prevent looseness from
      developing in the joint.
PAR  The tapered bore of the bushing may have a myriad of dimples therein
      forming pockets to trap grease, and grease grooves may be provided axially
      through the bushing to cooperate with a gap between the split ends of the
      bushing for feeding lubricant to the pockets.
PAR  The wear take-up spring means may be in the form of integral projections on
      the end face of the resilient bushing which are flattened by the closure
      plate or by a conical or wavespring washer flattened between the bushing
      and closure plate. The spring means in attempting to reclaim its
      unstressed height will urge the resilient bushing toward the divergent end
      of the pin and a gap is provided in the housing between the bearing ring
      and bushing to accommodate axial shifting of the bushing. A grease plug or
      lubricant fitting may be provided on the housing to supply lubricant to
      the components, preferably in the gap between the bearing ring and
      bushing.
PAR  The recess of the closure plate receiving the end of the pin portion of the
      stud has a surrounding upstanding shoulder or rim engaged by the end of
      the pin portion of the stud to limit the range of tilting of the stud.
PAR  The stud is freely rotatable in the bearing ring and bushing providing a
      good pivot support for the housing or for a linkage member attached to the
      stud and the stud can tilt within the range permitted by the closure cap
      to accommodate the pivot axis to the linkage parts connected by the joint.
PAR  It is then an object of this invention to provide a pivot joint of the type
      disclosed in my aforesaid U.S. Pat. No. 3,790,195 with less parts and
      having radial wear take-up.
PAR  Another object of the invention is to provide a pivot joint for automotive
      steering linkages and the like with a pin type stud rotatable in a
      resilient bushing which is spring urged into constant bearing engagement
      with both the stud and the housing of the joint.
PAR  Another object of the invention is to provide a pivot joint with the stud
      having a head tiltable in a rigid bearing, a tapered pin portion extending
      from the head seated in a split resilient bushing and wear take-up means
      urging the bushing toward the head to maintain full bearing engagement of
      the bushing with the pin.
PAR  Another object of the invention is to provide a pivot joint having a
      housing with a part spherical bearing seat at one end thereof, a recessed
      closure cap secured in the other end thereof, a stud having a shank
      projecting freely into the housing with a head tiltable on the seat and a
      tapered pin depending from the head and bottomed on the closure plate
      together with an axially split rubber bushing surrounding the pin and
      snugly seated in the housing, wear take-up means between the closure plate
      and bushing urging the bushing toward the head of the stud, and means
      surrounding the recess of the closure plate limiting the tilting of the
      stud on the bearing seat.
PAR  Another object of the invention is to provide a pivot joint with a freely
      rotatable stud that can tilt through a limited range having a spring urged
      resilient wear take-up bearing surrounding the pin and provided with
      dimples receiving grease to lubricate the pin for free rotation.
PAR  Other and further objects of the invention will be apparent to those
      skilled in this art from the following detailed description of the annexed
      sheet of drawings which, by way of examples, illustrates several
      embodiments of the invention.
DRWD
PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a vertical sectional view, with parts in elevation, of a pivot
      joint according to this invention and illustrating in dotted lines the
      range of tilting of the joint stud.
PAR  FIG. 2 is a top plan view of the axially split resilient bushing for the
      joint of FIG. 1.
PAR  FIG. 3 is a bottom plan view of the bushing of FIG. 2.
PAR  FIG. 4 is a vertical section of the bushing taken along the line IV--IV of
      FIG. 2.
PAR  FIG. 5 is an enlarged fragmentary detail of the dimpled bore of the bushing
      and the pin portion of the stud to illustrate lubrication of the stud.
PAR  FIG. 6 is a fragmentary sectional view of the lower portion of FIG. 1 but
      showing another form of wear take-up spring according to this invention.
PAR  FIG. 7 is a view similar to FIG. 6 but showing still another form of wear
      take-up spring according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  The pivot joint 10 of FIG. 1 includes a stem or arm member 11 with a
      cylindrical end 12 having a stepped cylindrical bore 13 therethrough. The
      stepped bore 13 has an elongated large diameter cylindrical bore portion
      14 extending from a shoulder 15 provided by an inturned lip 16 on the
      bottom end of the housing to an internal shoulder 17 converging to a small
      diameter bore portion 18 which extends to a shoulder 19 provided by an
      inturned rim 20 at the top of the housing surrounding a reduced opening
      21.
PAR  A stud 22 has a cylindrical shank 23 fitting freely in the opening 21, a
      half ball head 24 fitting freely in the bore 18 and a tapered pin 25
      depending from the head 24 and fitting freely in the bore 14. The
      cylindrical shank 23 extends outwardly to a tapered shank portion 26 which
      converges to a reduced diameter externally threaded portion 27 at the top
      end of the stud. The tapered shank 26 is adapted to be wedge fitted in the
      eye of a link or mounting and held there by a nut threaded on the portion
      27.
PAR  The half ball portion 24 of the stud 22 is surrounded by a rigid bearing
      ring 28 seated in the bore portion 18 against the shoulder 19 and having a
      part spherical inner seating surface 29 mating with the ball head 24 in
      tilting and rotating relationship therewith. The spherical seat 29 has
      grease grooves such as 30 therein to distribute grease to the head 25. The
      bearing ring 28 may be press fitted in the bore 18 in fixed engagement
      therewith and may be composed of steel, hard plastic material or the like
      providing a rigid seat for the ball head 24.
PAR  The ball head 24 has a substantially flat radial bottom 31 merging into the
      divergent top end of the tapered pin portion 25 which converges from this
      end or shoulder 31 to a rounded bottom 32.
PAR  A rigid closure disk or cap 33 is snugly seated in the lower end of the
      bore portion 14 on the shoulder 15 provided by the inturned lip 16 and has
      a central recess 33a in the top thereof with a rounded bottom 34 slidably
      supporting the rounded bottom end 32 of the pin 25 and surrounded by an
      upstanding cylindrical shoulder or rim 35 limiting the range of tilting of
      the stud 22 in the housing as illustrated by the dotted lines.
PAR  An axially split cylindrical resilient bushing 36 is seated in the bore
      portion 14 around the pin portion 25 above the closure disk 33 and below
      the shoulder 17.
PAR  The bushing 36 is composed of flowable resilient material with an elastic
      memory for reclaiming its free state condition such as rubber,
      polyurethane, and the like.
PAR  As shown in FIGS. 2-4, the resilient bushing 36 has a cylindrical outer
      periphery 37, a flat radial top wall 38 and a flat radial bottom wall 39
      with a tapered bore 40 centrally therethrough converging from the top wall
      38 to the bottom wall 39. The taper of the pin portion 25 of the stud
      seated in this bore 40 may vary considerably, with angles of from
      5.degree. to 15.degree. being satisfactory, and the bore 40 should
      therefore have a mating taper but since the bushing is resilient a
      non-mating taper will conform under a load. The bushing 36 is axially
      split and a gap 41 is provided between the split ends in the free state
      condition of the bushing. Axial grease grooves 42 are also provided in the
      bore 40 circumferentially spaced equally from each other and from the gap
      41. The bore 40 is also preferably provided with a myriad of dimples 43
      forming grease pockets 44 around the pin 25 as illustrated in FIG. 5.
PAR  A plurality of protrusions 45 extend from the bottom face 39 of the bushing
      and preferably taper to smaller diameter flat bottom ends. The protrusions
      are equally spaced circumferentially around the bottom end 39 and three
      such protrusions are useful to provide a spring bias for urging the
      bushing away from the closure plate 33, as will be more fully hereinafter
      described.
PAR  As shown in FIG. 1, the bushing 36 fills the radial space between the major
      length of the pin portion 25 and the bore portion 14 with parts of the pin
      projecting above the top wall 38 and below the bottom wall 39 of the
      bushing. The closure plate 33 is pressed into the bore 14 to a depth which
      substantially flattens the protrusions 45 and then the lip 16 of the
      housing is spun over the periphery of the closure disk to provide the
      shoulder 15 holding the disk at the pressed-in depth in the housing. In
      this condition the bushing 36 is forced upwardly around the pin 25 and
      expanded by the pin taper into tight engagement with the bore 14.
PAR  A space 46 is provided between the top wall 38 of the bushing and the
      shoulder 17 between the bores 14 and 18 and under the bearing ring 28. A
      grease plug 47 is threaded into the side wall of the housing 12 to supply
      lubricant to this space. This lubricant is distributed to the bearing
      surfaces through the grooves 30 in the bearing ring 28 and through the gap
      41 and grooves 42 in the bushing 36. The pockets 44 provided by the
      dimples 43 receive the grease in the bushing to keep the pin portion 25 of
      the stud well lubricated for free rotation of the stud.
PAR  The flattened protrusions 45, in attempting to reclaim their free state
      positions, will continue to bias the bushing 36 toward the shoulder 17 at
      the top of the bore 14 and in so doing will maintain the bore 40 of the
      bushing in good bearing contact around the pin 25 and will expand the
      periphery 37 of the bushing into full seated engagement with the housing
      bore 14.
PAR  As shown in FIG. 1, the grease plug 47 is threaded in a bore in the
      sidewall of the housing which intersects the space 46 permitting either
      visual or mechanical gauging of permissible wear of the joint components
      as indicated by the axial extent of the space 46 between the upper bearing
      28 and the lower bushing 36.
PAR  In a first modification of the invention shown in FIG. 6, wherein parts
      corresponding with parts described in FIGS. 1-5 have been marked with the
      same reference numerals, a conical or Belleville spring washer 48 is
      provided between the closure disk 33 and the bottom wall 39 of the bushing
      36 to provide the spring bias provided by the protrusions 45 of the FIGS.
      1-5 embodiment.
PAR  A second modification, shown in FIG. 7, wherein parts corresponding with
      parts described in connection with FIGS. 1-5 have been marked with the
      same reference numerals, illustrates the use of a wave washer 49 between
      the closure disk 33 and the bottom end 39 of the bushing 36 to provide the
      spring bias.
PAR  From the above descriptions it should be clearly understood that this
      invention provides a pivot joint having a freely rotatable stud which can
      tilt to accept misalignment of parts connected by the joint, which
      eliminates heretofore considered necessary parts and which provides for
      wear take-up to insure a long wear life.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A pivot joint which comprises a housing having a bore therethrough with
      a reduced opening at one end thereof, a closure plate closing the opposite
      end of the bore having a recess surrounded by an upstanding abutment wall,
      a stud having a shank portion projecting freely through the reduced
      opening of the housing, a half ball head portion in the housing adjacent
      the reduced opening, a tapered pin portion converging from the central
      portion of the head into the recess of the closure plate and a rounded
      bottom end portion on the pin riding on the bottom of the recess of the
      closure plate, a rigid bearing ring in said housing bottomed at the
      reduced opening thereof having a ball seat tiltably and rotatably
      receiving the half ball head portion of the stud, an axially split
      resilient bushing in the housing surrounding the tapered pin portion of
      the stud in mated engagement with the pin and housing and terminating in
      spaced relation from said rigid bearing to provide a wear take-up space in
      the housing, and spring means between the closure plate and resilient
      bushing biasing said bushing into said wear take-up space toward the
      divergent end of the pin portion of the stud maintaining the bushing in
      bearing contact around the pin portion of the stud and around the bore of
      the housing and maintaining the head of the stud in seated engagement with
      the rigid bearing ring whereby the stud can tilt on said seat on a fixed
      center through an angle limited by the abutment wall of the recess
      engaging the pin portion of the stud and will rotate on the seat and in
      the bushing on a fixed center.
NUM  2.
PAR  2. The joint of claim 1 wherein the spring means are projections on the
      bushing flattened by the closure plate.
NUM  3.
PAR  3. The joint of claim 1 wherein the spring means is a spring washer between
      the bushing and closure plate.
NUM  4.
PAR  4. The joint of claim 1 wherein the bushing has a dimpled bore receiving
      the pin portion of the stud providing lubricant pockets to supply
      lubricant to the pin portion.
NUM  5.
PAR  5. A pivot joint which comprises a housing, a stud having a partial ball
      head portion and a pin portion in said housing with a shank portion
      projecting from the housing, said pin portion extending from the central
      portion of the head portion coaxially with the shank portion of the stud,
      a rigid bearing seat in the housing tiltably and rotatably supporting the
      stud, a resilient bushing in the housing surrounding the pin portion of
      the stud in mated engagement with both the housing and the pin portion and
      terminating in axially spaced relation from said rigid bearing seat to
      provide a wear take-up space in the housing between said bushing and said
      seat, a closure member in the housing bottomed against the end of the pin
      portion of the stud and holding the stud head portion on the bearing seat,
      and said closure member forcing said resilient bushing into said wear
      take-up space thereby loading the resilient bushing around the pin portion
      of the stud to take up wear between the bushing and stud and urging the
      stud head against the said bearing seat to maintain a fixed tilting and
      rotating center for the stud.
NUM  6.
PAR  6. The joint of claim 5 wherein the bushing is axially split, the pin
      portion of the stud is tapered toward the closure member and wear take up
      spring means are provided between the closure member and bushing to
      axially bias the bushing toward the divergent end of the tapered pin
      portion expanding the bushing in the housing to maintain a tight fit
      between the pin and bushing and between the bushing and housing.
NUM  7.
PAR  7. The joint of claim 5 wherein the pin portion of the stud is tapered
      toward the closure member and the bushing is axially split with a tapered
      bore receiving the pin portion.
NUM  8.
PAR  8. The joint of claim 5 wherein the closure member has a recess surrounded
      by an upstanding wall receiving the pin portion of the stud to limit the
      degree of tilting of the stud.
NUM  9.
PAR  9. A pivot joint which comprises a housing having a bore therethrough with
      a reduced opening at one end thereof, a closure plate closing the opposite
      end of the bore having a recess surrounded by an upstanding abutment wall,
      a stud having a shank projecting freely through the reduced opening of the
      housing, a half-ball portion in the housing adjacent the reduced opening,
      a tapered pin portion converging from the central portion of the head into
      the recess of the closure plate and riding on the bottom of said recess, a
      rigid bearing seat in said housing at the reduced opening thereof having a
      ball seating surface tiltably and rotatably receiving the ball head
      portion of the stud, an axially split resilient bushing in the housing in
      mated engagement with the pin and housing and axially spaced from the
      bearing seat to provide a wear take-up space between the seat and bushing,
      spring means between the closure plate and resilient bushing biasing said
      bushing into said wear take-up space to maintain the bushing in bearing
      contact around the pin portion of the stud and around the bore of the
      housing and biasing the ball head of the stud against the seating surface
      of the bearing and holding the stud on a fixed tilting and rotating
      center, said upstanding abutment wall of the closure plate engaging said
      pin limiting the tilting angle of the stud, said housing having a bore in
      the sidewall thereof intersecting said wear take-up space permitting
      gauging of permissible wear take-up between the bearing seat and resilient
      bushing, and a removable plug closing said bore in the sidewall of the
      housing.
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ABST
PAL  A detachable connection in which one of two members has an end
      telescopically receivable within a mating end of another member and
      carries a locking part threadedly adjustable transversely of the members
      into and out of locking reception within an enlarged portion of a slot
      formed in a sidewall of the outer of the two telescopically interfitting
      elements. The connection may be utilized for detachably securing different
      camera stands to a quick change adapter tube secured to the body of a
      camera.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to quickly detachable connections, of a type having
      particular adaptability in certain respects for use in connecting a camera
      selectively to any of various different stands for supporting the camera
      at different elevations or locations relative to a subject area.
PAR  In my prior U.S. Pat. No. 3,742,835 issued July 3, 1973, I have disclosed
      an assembly in which a camera is supported at the upper end of a tubular
      support column which projects upwardly from a base adapted to rest on a
      ground or floor surface, in a relation locating the camera for properly
      photographing a subject on or near the ground. The upper end of the
      support column is connected to the camera by reception of the upper end of
      the column within a downwardly facing socket recess adjacent a handle of
      the camera. I have also heretofore provided camera stands of the type
      shown in that prior patent and in which a cable release assembly extends
      downwardly into the upper end of the tubular support column and then out
      through an opening in a side of that column to connect to the shutter
      mechanism of the camera, with the upper end of the cable release mechanism
      being connected to the camera at or near its mentioned handle.
PAC  SUMMARY OF THE INVENTION
PAR  A major object of the invention is to provide a unique quickly detachable
      connection which, among other things, can be utilized in a camera assembly
      of the above discussed general type, for detachably securing any of two or
      more differently shaped or dimensioned stands, support columns, or the
      like to the body of a camera, to support and locate the camera in any of
      various different positions. For example, one stand may mount the camera
      at a relatively high elevation above a ground surface, to photograph a
      fairly large area, while another shorter stand may mount the camera at a
      lower position to photograph a smaller area in magnified relation.
PAR  The connection preferably includes two members having ends which are
      movable into interfitting connecting relation by relative axial movement
      of the members toward one another, with one of the members carrying a
      locking part which is adjustable laterally toward and away from that
      member and into retaining relation with respect to the other member. The
      locking part may have an innerportion which is shiftable into and out of
      an enlarged portion of an open ended slot formed in a wall of one of the
      members. This inner portion of the locking part effectively retains the
      two members against relative separating movement, when the locking portion
      is received within the enlargement of the slot, by virtue of a dimensional
      relationship which prevents that inner portion of the locking part from
      moving axially out of the slot through a restricted portion thereof. Thus,
      the only way to release the locked interrelationship between the two
      members is to retract the locking part laterally out of the slot.
      Preferably, the discussed inner portion of the locking element has a
      thickness dimension which is less than the effective thickness of the wall
      within which the slot is formed, so that a shoulder on the locking part
      can be clamped tightly against that wall without interference by the inner
      portion of the locking part. A structure which connects the locking part
      to one of the interfitting detachably inter connected members may be
      smaller than the inner portion of the locking part, and be small enough to
      itself slide into and out of the slot without difficulty. This structure
      preferably takes the form of a threaded part, desirably an externally
      threaded screw on which the locking part is mounted as a relatively
      adjustable nut.
PAR  Certain additional features of the invention relate to the provision of a
      tubular adapter part of the camera, having a connection to which any of
      different tubular support columns can be selectively connected, preferably
      by a connection of the above discussed type. The adapter part may be
      constructed essentially the same as the upper portion of the support
      column in the assembly shown in my above discussed prior U.S. Pat. No.
      3,742,835. and may be secured to the camera body and carry a cable release
      in the same manner in which I have heretofore connected the upper end of a
      single unitary support column to the camera body and a cable release.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and objects of the ivention will be better
      understood from the following detailed description of the typical
      embodiment illustrated in the accompanying drawing in which:
PAR  FIG. 1 is a perspective view showing a camera mounted to a first type of
      stand by a connection embodying the invention;
PAR  FIG. 2 shows the camera mounted to a second and smaller stand;
PAR  FIG. 3 is an enlarged fragmentary vertical section taken on line 3--3 of
      FIG. 1;
PAR  FIG. 4 is a fragmentary view taken on line 4--4 of FIG. 3;
PAR  FIG. 4a is an enlarged fragmentary horizontal section taken on line 4a--4a
      of FIG. 3;
PAR  FIG. 5 is a greatly enlarged fragmentary section taken on line 5--5 of FIG.
      4;
PAR  FIG. 6 is a horizontal section taken on line 6--6 of FIG. 5;
PAR  FIG. 6a is a perspective view of one part of the connector structure and a
      carried locking nut and screw;
PAR  FIG. 7 is an enlarged fragmentary vertical section taken on line 7--7 of
      FIG. 3;
PAR  FIG. 8 is a fragmentary horizontal section taken on line 8--8 of FIG. 7;
      and
PAR  FIG. 9 is an exploded perspective view showing the interfitting
      relationship between the various camera mounting parts.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The camera 10 illustrated in FIGS. 1, 2 and 3 is of a type including a
      hollow rigid camera body 11 carrying a lens assembly 12 and shutter
      assembly 13 at its lower end for focusing an image of a photographic
      subject onto film contained within a film holder 14 extending across the
      top of the camera body. A handle 15 projects horizontally from the upper
      or rear portion of the camera body to enable the camera to be held in any
      desired position by a user, or to be mounted stationarily at the upper end
      of any of two or more alternatively useable camera mounting stands such as
      those typically illustrated at 16 in FIG. 1 or 17 in FIG. 2. When the
      camera is mounted to either of these stands, the camera is directed
      downwardly to photograph a subject supported on a ground or floor surface
      on which the stand is located. The stand 16 supports the camera at a
      higher elevation than stand 17, to photograph a somewhat larger area.
PAR  To selectively connect the camera to either of the two stands, or any other
      desired support or connector structure, in quickly detachable manner,
      there is secured to the camera body 11 a quick change adapter unit 18.
      This adapter 18 includes a tubular part 19 whose longitudinal axis 20
      extends parallel to optical axis 21 of the camera, and which has a length
      m approximately equal to the length of the camera body in the direction of
      axes 20 and 21. At its upper and lower ends, tube 19 has upper and lower
      edges 22 and 23 lying in planes 24 and 25 disposed transversely of axes 20
      and 21. Along its entire axial length between these upper and lower ends,
      tube 19 is of uniform noncircular cross-section, desirably a square
      cross-section as brought out in FIGS. 4A and 8. The upper end of tube 19
      may be located relative to the camera body by extension upwardly into a
      downwardly facing socket recess 26 (FIGS. 3 and 8) formed at the underside
      of handle 15 closely adjacent camera body 11. This recess may be of a
      rectangular (desirably square) cross-section corresponding substantially
      to the external cross-section of tube 19, to receive the tube closely
      within the recess as seen in FIG. 8. The recess may be defined by four
      vertical walls 27, with one of these walls at a side of the handle
      containing a downwardly opening slot or notch 28 for receiving the
      threaded shank of a screw 29 which extends through the side wall of tube
      19 and connects threadedly and adjustably into a nut 129 secured rigidly
      to that side wall. A head 30 at the outer end of screw 29 is tightenable
      against the adjacent side wall 27 of the handle structure to releaseably
      retain tube 19 in its FIG. 3 position of reception within recess 26 in the
      handle.
PAR  Near its lower end, the tube 19 is detachably secured to the camera body by
      a second fastener assembly 32 (FIG. 4A), which includes a screw 33
      connected threadedly into a nut 133 rigidly attached to the side wall of
      tube 19. A tubular spacer 233 about the screw maintains tube 19 in a
      desired spaced relationship with respect to a side wall 37 of a forward
      portion 111 of the camera body. During assembly of the parts, screw 33 is
      slidable upwardly into a downwardly opening slot or notch 36 formed in
      wall 37 of camera body 11, with a head 38 of the screw being received at
      and tightenable against the innerside of wall 37, to clamp wall 37 and
      spacer 233 tightly between tube 19 and head 38 in a manner positively
      locating the lower end of tube 19 relative to the camera body.
PAR  Shutter 13 is adapted to be opened, for taking a picture, by actuation of a
      conventional cable release unit 39, which includes an outer flexible
      tubular guide element 40 containing a flexible wire 41 actuable
      longitudinally to open the shutter by manual depression of an upwardly
      spring urged push button 42. This elongated assembly extends downwardly
      through an opening 142 (FIG. 3) formed in the top wall of handle 15 at the
      location of socket recess 26, and then extends downwardly through the
      interior of tube 19 to exit laterally through an opening 43 in a side of
      that tube, and then curve forwardly for connection to a shutter actuating
      fitting 44 attached to and extending through one of the corners of camera
      body 11. The outer tube 40 of the cable release is threadedly connectable
      to fitting 44 in conventional manner, so that axial movement of a plunger
      carried at the end of wire 41 may act to open the shutter momentarily. At
      its upper end, the outer flexible tube 40 of cable unit 39 may be attached
      to and be carried by a rigid vertical tube 140 which is a pressed fit
      within opening 142 and guides push button 42 for vertical movement.
PAR  The stand 16 of FIG. 1 has a base portion 49 forming an essentially
      U-shaped structure which desirably outlines and defines the area to be
      photographed by downwardly facing camera 10. The base 49 has a number of
      legs 50 which project downwardly to support the base and camera on a
      ground or floor surface. Projecting upwardly from a cross piece 51 of the
      base, the stand includes an upwardly projecting camera support column 52,
      which is suitably detachably secured to element 51 at 53, and which may
      first extend directly upwardly at 58, then curve gradually forwardly at
      59, and finally extend directly upwardly at 60 for connection to adapter
      18.
PAR  This upstanding column 52 is preferably formed as an elongated rigid metal
      tube, desirably of the same non-circular and optimally square cross
      sectional configuration as tube 19 of adapter 18 (see FIG. 6). The upper
      portion 60 of tube 52 is centered about the previously mentioned axis 20
      of adapter tube 19 and has its upper horizontal square section edge 61
      abutting against the lower edge 23 of tube 19, so portion 60 of tube 52
      forms in effect an axially aligned continuation of tube 19.
PAR  Mounted within the lower end portion of tube 19, there is provided a
      preferably solid metal part 62 (FIG. 6A), having a square cross section
      transversely of axis 21 which corresponds substantially to and is a close
      fit within, the internal square cross section of tube 19 (FIG. 4A). This
      part 62 is rigidly secured to tube 19 by a screw 119, which extends
      through an opening in a side wall of tube 19 and connects threadedly into
      part 62 at a location opposite and aligned with the previously discussed
      screw 33 and nut 133. A recess 162 may be provided at the inner side of
      part 62 to receive nut 133; and a second guideway recess 262 may be
      provided to pass cable release unit 39 to opening 43. As seen best in FIG.
      4, the inner wall 362 of recess 262 may curve porgressively outwardly as
      it advances downwardly, to effectively guide cable assembly 39 toward and
      through opening 43 when unit 39 is inserted downwardly through tube 19,
      during assembly of the apparatus.
PAR  The part 62 projects downwardly beyond the lower transverse edge 23 of
      adapter tube 19, to form a projecting portion 65 which is receivable
      axially within the upper end portion of column 52 in telescopically
      closely interfitting relation. This telescopic relationship thus holds
      adapter 18 and the camera in accurately predeterminable orientation with
      respect to the support column 52.
PAR  For locking tubes 19 and 52 together, I provide a locking part 66,
      desirably taking the form of a nut having internal threads 67 engaging and
      adjustably mounted on external threads 68 of a mounting post 69 secured to
      part 62. This screw element 69 extends along an axis 70 which is
      perpendicular to and intersects axis 20 of tubes 19 and 52. This axis 70
      is also perpendicular to two of the flat side faces 71 of part 62, at the
      center of their horizontal width. The inner end portion 72 of screw 69 is
      threadedly connected into part 62, with this threaded connection being a
      tight friction fit positively retaining screw 69 against removal from part
      62 under normal use of the equipment. Nut 66 is actuable along screw 69
      between the active locking position of FIG. 5 and the inactive position of
      FIG. 6, in which the outward retraction of nut 66 is limited by engagement
      of its outer surface 73 with an enlarged head 74 formed on the screw.
PAR  Extending downwardly from its upper edge 61, the tube 52 contains a slot 74
      (FIG. 4), having a relatively narrow restricted portion formed by two
      parallel vertical side edges 75 extending from the upper end of the slot
      to a location 76, and then having a circular enlargement 77 at the lower
      end of the slot. The diameter d of this enlargement of the slot is
      substantially greater than the width w of the upper portion of the slot.
      This width w is greater than the maximum external diameter n of screw 69,
      so that upon movement of the adapter and support column axially together,
      screw 69 can move through slot 74 to a location of reception at the center
      of the enlargement 77 (when edges 61 and 23 are in contact).
PAR  The nut 66 has at its inner end a locking portion 78, which projects into
      the interior of enlargement 77 of the slot, and which has an external
      cylindrical surface 79 of a diameter greater than the width w of the upper
      portion of slot 74. The diameter of portion 78 corresponds approximately
      to the diameter d of enlargement 77, and fits closely therein in
      interlocking relation. At the inner extremity of cylindrical surface 79,
      locking portion 78 has a transverse surface 80, disposed perpendicular to
      axis 70 and parallel to surfaces 71 of part 62. At the outer end of
      cylindrical locking portion 78, the nut forms a transverse annular
      shoulder 81, centered about and perpendicular to axis 70, and adapted to
      abut against the outer planar surface 82 of sidewall 83 of tube 52 to
      tightly clamp that sidewall 83 against the adjacent surface 71 of part 62.
      The axial thickness t of locking portion 78 of the nut is not greater
      than, and desirably less than, the thickness m of wall 83 of the tube 52,
      so that locking portion 78 cannot interfere with tight clamping of the nut
      against wall 83.
PAR  When the nut is tightened against wall 83 and to the FIG. 5 locked
      position, the tube 19 of adapter 18 is very positively retained against
      axial separation from tube 52, both by clamping of wall 83 between the nut
      and part 62, and still more positively by reception of the locking portion
      78 of the nut within the enlarged portion 77 of the slot. Since locking
      portion 78 has a diameter which is greater than the width w of the upper
      portion of slot 74, portion 78 cannot move upwardly through and out of the
      slot, and therfore locks tubes 19 and 52 against axial separation. When
      the nut 66 is withdrawn outwardly to its released position of FIG. 6,
      however, locking portion 78 of the nut is retracted entirely out of the
      slot, thus freeing tubes 19 and 52 for axial separation, and thereby for
      very easy detachment of the entire camera from support stand 16.
PAR  The stand 17 of FIG. 2 may have a U-shaped base portion 84, defining a
      smaller photographic area than the stand 16, and carrying an upstanding
      support column 52a which may be formed of the same square cross section
      tubing of which part 52 in FIG. 1 is formed, but which is shorter to mount
      the camera at a lower elevation. The upper end of tube 52a is provided
      with a slot identical with that shown at 74 on column 52, and discussed in
      detail above, and is therefore detachably connectible to adapter 18 in the
      same manner discussed in connection with the first type of stand, to mount
      the camera selectively at either the higher elevation of FIG. 1 or the
      lower elevation of FIG. 2. Alternatively, other stands of different
      dimensional characteristics, or other camera mounting or camera carried
      structures of any desired type, can be connected to adapter 18 in the same
      manner, by square cross section tubes having slots as shown at 74. In each
      case, the cable release mechanism is left attached to the camera, along
      with the adapter 18, to attain maximum facility in connecting and
      disconnecting the various stands or other structures.
PAR  While a certain specific embodiment of the present invention has been
      disclosed as typical, the invention is of course not limited to this
      particular form, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A quick change connection comprising:
PA1  two members having two ends respectively to be connected detachably
      together and movable relative to one another essentially along a
      predetermined axis between a separated condition and an axially
      interfitting connected condition;
PA1  a locking part mounted at a side of a first of said members for movement
      relative thereto essentially transversely of said axis and toward and away
      from a side surface of said first member and between locking and released
      positions;
PA1  a structure extending generally transversely of said axis between said
      locking part and said first member and mounting said locking part for
      threaded adjusting movement between said locking and released positions;
PA1  the second of said members having a wall which is receivable alongside said
      side surface of said first member and contains a slot into which said
      structure is movable through an open end of the slot upon relative
      movement of the members axially together;
PA1  said slot having an enlarged portion spaced axially inwardly from said open
      end of the slot and having a more restricted reduced width portion axially
      intermediate said open end and said enlarged portion;
PA1  said enlarged portion of said slot extending entirely through the thickness
      of said wall and having a width transversely of the slot which, through
      said entire thickness, is greater than the minimum width of said
      restricted portion of the slot;
PA1  said locking part having an inner portion which is receivable within said
      enlarged portion of said slot in said locking position of the locking part
      and is retracted out of said enlarged portion of the slot in said released
      position;
PA1  said inner portion of the locking part having a width transversely of the
      slot which is small enough for reception within the enlarged portion of
      the slot but is greater than the width of said restricted portion of the
      slot to thereby prevent axial separation of said members when said inner
      portion of the locking part is received in the said enlarged portion of
      the slot;
PA1  said restricted portion of the slot being wider than said structure which
      connects the locking part to said first member to enable movement of said
      structure along the slot between said open end and said enlarged portion
      when the locking part is in said released position;
PA1  said locking part having a shoulder outwardly beyond said inner portion
      thereof engageable with said wall about said enlarged portion of the slot
      in said locking position of the locking part to clamp said wall tightly
      against said side surface of said first member;
PA1  said inner portion of said locking part having a thickness inwardly beyond
      said shoulder and in the direction of ajdustment of said locking part
      which is less than the thickness of said wall in the same direction at
      said enlarged portion of the slot, to avoid contact of said inner portion
      of the locking part with said first member in a relation preventing said
      tight clamping engagement of said shoulder with said wall.
NUM  2.
PAR  2. A connection as recited in claim 1, in which said second member has a
      tubular end portion into which an end of said first member is
      telescopically movable in said connected condition.
NUM  3.
PAR  3. A connection as recited in claim 1, in which said second member has a
      tubular end portion of non-circular cross section, and said first member
      has an end portion of essentially similar non-circular cross section
      receivable telescopically within said tubular end portion and carrying
      said structure.
NUM  4.
PAR  4. A connection as recited in claim 1, in which said enlarged portion of
      said slot is essentially circular, and said inner portion of said locking
      part is of corresponding essential circular configuration.
NUM  5.
PAR  5. A connection as recited in claim 1, in which said structure is an
      externally threaded screw projecting laterally from said first member, and
      said locking part is a nut threadedly mounted on said screw for locking
      and releasing movement toward and away from said first member.
NUM  6.
PAR  6. A connection as recited in claim 1, in which said structure is an
      externally threaded screw projecting laterally from said first member, and
      said locking part is a nut threadedly mounted on said screw for locking
      and releasing movement toward and away from said first member, said screw
      having an enlarged head outwardly beyond said nut and limiting releasing
      movement of the nut along and relative to the screw in a direction
      outwardly away from said first member.
NUM  7.
PAR  7. A connection as recited in claim 1, in which said second member has an
      end portion which is essentially tubular and of non-circular cross section
      and is defined at one side by said wall containing said slot, said first
      member having a projection at an end thereof telescopically receivable
      within said tubular portion of said second member and of essentially
      similar non-circular cross section and having said surface at one side
      thereof, said structure being an externally threaded screw connected to
      said first member and projecting laterally therefrom, said locking part
      being a nut threadedly mounted on said screw for adjusting movement toward
      and away from said first member.
NUM  8.
PAR  8. A connection as recited in claim 7, in which said enlarged portion of
      said slot is essentially circular, said inner portion of said locking part
      being of essentially circular cross section corresponding essentially to
      the shape of said enlarged portion of the slot and fitting closely
      therein.
NUM  9.
PAR  9. A connection as recited in claim 8, in which said screw has an enlarged
      head beyond said locking part limiting outward retraction of said locking
      part about the screw.
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ABST
PAL  A ball joint which comprises a metallic housing, a resilient bearing of
      polymer disposed in said housing, a ball stud having a metallic spherical
      member rotatably supported by said bearing, and at least one resilient
      metallic closure plate so secured as to close an open end of said housing
      for applying pre-load to said bearing, and the spherical member is at its
      annular surfaces opposed to the opposite open ends of the housing and a
      depression in the closure plate with a slight clearance or under a light
      contact pressure but being elastically in contact with the bearing between
      the annular surfaces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement on a ball joint, and more
      particularly to a heat resisting ball joint used in automotive steering
      and suspension systems for vehicles.
PAR  In general, a ball joint in which a spherical member or ball element for a
      ball stud is held in a preloaded condition within a resilient bearing
      accommodated in a housing, has been well known to the art.
PAR  A ball joint of this class heretofore found has been of one type, as
      typically disclosed in U.S. Pats. Nos. 2701151 or 2823055, that is a
      so-called "steel on steel" in which a bearing consists of a plurality of
      metallic elements or sintered alloy elements, and of the other type, as
      typically shown in U.S. Pat. Nos. 3073634, 3363921, and 3413023, that is a
      so-called "polymeric lined" in which a bearing consists of a single or
      plurality of synthetic resin or rubber members.
PAR  In a ball joint of the steel-on-steel type, it is practical to employ a
      coil spring and a specific metal hardening treatment in combination with a
      grease nipple for lubrication in order to compensate for wear on a contact
      surface or to relieve impact since such a ball joint construction will
      require a contact between a spherical member of ball element for stud and
      a bearing, namely, metal and metal. Although such construction is solid
      and durable, it requires complicated component.
PAR  A ball joint of the polymeric-lined type has proven satisfactory, and it
      eliminates not only the coil spring used for wear compensation and impact
      relief but also the need for a grease nipple, because the permanently
      lubricating structure of a ball joint using synthetic resin, rubber and a
      bearing structure properly preloaded has a low fiction coefficient.
      However, this type of ball joint is inferior to a metallic structure in
      rigidity, durability, and heat resistance.
PAR  Ball joints are subjected to critical environment conditions. For instance,
      ball joints for steering or suspension systems arranged adjacent the
      highly heated zone which is composed of a thermal reactor and catalyzer in
      the exhaust line of a non-pollution car engine are heated to a temperature
      of 120.degree. - 130.degree. C. Under this condition, ball joints which
      rely on contact between metals tend to run out of lubricant or the
      lubricant deteriorates and then the bearing surface becomes seizured when
      the dust cover is subjected to a high temperature or damage due to any
      other reason. This is entirely because of the structure which is adapted
      to distribute the lubricant between the dust cover and the bearing
      surface.
PAR  On the other hand a ball joint bearing of synthetic resin or rubber is
      lower in resistance to heat, and if such a ball joint is subjected to a
      high temperature, it softens and is deformed or melts and flows out of the
      space between the metal housing and ball stud spherical member or ball
      element to lessen the pre-load on the bearing.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is a principal object of this invention to provide a ball
      joint simple in construction which is rigid and durable and is capable of
      maintaining the desired function even if subjected to critical conditions.
PAR  Another object of the invention is to provide a ball joint which is
      resistant to high heat and maintains rotational and oscillative torque.
PAR  Another object of the invention is to provide a ball joint wherein the
      spherical member of a ball stud is supported by at least one resilient
      metallic closure plate and a metallic housing and has high resistance to
      excessive impact force so that the polymeric bearing cannot be destroyed.
PAR  Another object of the invention is to provide a ball joint wherein the
      entire surface of the polymeric bearing is sealed substantially with the
      metallic housing and the closure plate, and the thermal expansion of the
      polymeric bearing is absorbed by the elasticity of the closure plate,
      whereby the polymeric bearing is prevented from flowing out of the housing
      openings or any other clearance thus minimizing variation in internal
      pressure of the bearing.
PAR  In a preferred embodiment of the invention, the resilient metallic closure
      plate has a central depression which is at its annular openings edge in
      contact with one end of the spherical member. The closure plate supports
      elastically the polymeric bearing and is secured to the housing. The other
      end of the spherical member is in contact with the housing, thus the
      entire surface of the bearing is sealed substantially.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawings which show preferred embodiments of the invention
      for illustration purpose only, but not for limiting the scope of the
      invention in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a ball joint constructed according
      to the invention;
PAR  FIG. 2 is an enlarged fragmentary sectional view showing a main portion of
      the ball joint shown in FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 but showing the ball joint during
      assembly;
PAR  FIG. 4 is a graph showing a stationship between compressive load and
      torque;
PAR  FIG. 5 is a graph showing torque variations against rotational speeds for a
      ball stud when unloaded;
PAR  FIG. 6 is a graph showing a relationship between load and strain; and
PAR  FIGS. 7 and 8 are oscillograms showing torque fluctuation against load
      fluctuation.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Reference is made to the accompanying drawings and, more particularly, to
      FIG. 1 thereof in which a ball joint of the invention used in motor
      vehicle steering system linkages is shown. The ball joint comprises a
      housing 2 of metal formed at the end of a stem 1 which is connected to a
      steering system tie rod, a resilient and compressible bearing 3 of polymer
      encased in the housing, a ball stud 4 of metal having a ball element 401
      rotatably mounted and supported in the bearing. The ball element 401 is
      hollow and the bottom center thereof is open ended. The housing is
      provided with an opening 2a at the upper end thereof through which a shank
      402 of the ball stud 4 passes, and an open end at the lower end thereof.
      The shank 402 includes a threaded end 403 at the upper end thereof for the
      purpose of connection with a suitable link (not shown). In the illustrated
      embodiment, the open end of the housing 2 is closed by two closure plates
      5 and 6. The closure plates 5 and 6 are formed with downwardly concave
      portions 501 and 601 at the centers thereof to conform to the contour of
      the spherical surface of the ball element 401.
PAR  The inner closure plate 5 is resilient enough to have the rim of the
      concave portion 501 and an annular flange 502 thereof circumferentially in
      contact with the ball element 401 and the bearing, respectively to apply
      the pre-load thereto. The outer closure plate 6 is so adapted that the rim
      of the concave portion 601 will support the inner closure plate 5, and is
      held against the housing in such a manner that the rim 204 of the housing
      2 is inwardly drawn to engage an annular flange 602 with the housing. The
      bearing 3 is thus subjected to pre-load by the inner wall of the housing
      2, the inner closure plate 5, and the ball element 401. A dust cover 7 is
      sealed to the ball stud shank 402 and secured to the housing at the
      periphery thereof to define a sealed grease chamber 8.
PAR  In FIG. 2, the ball joint is shown in larger scale for the purpose of
      better visual illustration. As shown, the ball element 401 is in contact
      with the inner face 201 of the housing opening 2 in a metal-to-metal
      relation and engages with the bearing 3 in a metal-to-polymer relation.
      The ball element 401 comes into contact with the rim of the concave
      portion 501 of the inner closure plate in a metal-to-metal relation.
PAR  The bearing 3 is a one-piece structure in the shape of a truncated hollow
      cone but provided with a spherical surface portion 301. The dimensions of
      the bearing 3 are such that in a normal condition, the space defined by
      the spherical surface portion 301 of the bearing is of the same diameter
      as the diameter R.sub.o of the ball element 401 whereas a conical surface
      302 of the bearing 3 can be inserted into the lower open end of the
      housing along with the inner surface 203 thereof but a shoulder portion
      305 of the bearing is spaced away from a downwardly facing marginal
      portion 202 with the clearance of 0.1 - 0.5 mm therebetween when pre-load
      of about 200 kg is applied to assemble the ball joint. The upper and lower
      open ends of the bearing are so dimensioned as to provide an oil tight fit
      between the bearing and the ball element. The height of the bearing is so
      dimensioned as to provide a clearance of 0.5 - 1.0 mm between the concave
      portion 501 and the ball element 401, which is somewhat larger than the
      clearance between the shoulder portion 305 and the marginal portion 202
      when the upper closure plate 5 abuts against the bearing at the bottom end
      thereof. The bearing 3 is provided with two or more isolated recesses 304
      at the inner spherical surface 301 thereof to retain lubricant in the
      recesses.
PAR  The inner closure plate 5 is so dimensioned that a radius R.sub.1 of the
      sphere defined by its concave portion 501 is less than the radius R.sub.o
      of the ball element 401, and the outer diameter of the annular flange 502
      is so determined as not to reach the housing inner wall surface. On the
      other hand, the outer closure plate 6 is so dimensioned that a radius
      R.sub.2 of the sphere defined by its concave portion 601 is substantially
      the same as the radius R.sub.1, and the outer diameter of the annular
      flange 602 is somewhat larger than that of the annular flange 502 but
      provides a firm seal condition when the rim or bottom member 204 of the
      housing 2 is inwardly drawn.
PAR  In assembling the components into the ball joint, the ball element 401 for
      the ball stud 4 is forced into the upper open end of the bearing to form a
      ball stud and bearing assembly after lubricants such as high heat grease
      or wax are applied to the inner spherical surface of the bearing 3. This
      assembly is then mounted within the housing 2. The inner and outer closure
      plates 5 and 6 are disposed to cover the assembly. The outer closure plate
      5 is urged under pre-load of about 200 kg until the two plates assume
      positions as shown in FIG. 3 to establish the appropriate clearances
      between the components.
PAR  The clearance (first clearance) between the marginal portion 202 of the
      housing and the shoulder portion 305 of the bearing is 0.1 - 0.5 mm as
      previously mentioned and the radial clearance (second clearance) between
      the annular neck portion 201 in the housing opening 2a and the ball
      element 401 is also 0.1 - 0.5 mm. It is apparent therefrom that the axial
      clearance (in parallel with the Y axis) between the annular neck portion
      201 and the ball element 401 resulted from the second clearance and is
      larger than the first clearance. The clearance between the concave portion
      501 of the inner closure plate 5 and the ball element 401 is 0.5 - 1.0 mm,
      larger than the first clearance. The inner and outer closure plates 5 and
      6 are so arranged that the two concave portions 501 and 601 are in contact
      with each other. The bearing is held between the housing and the ball
      element in such a manner that its inner spherical surface 301 is in
      contact with the ball element sphere whereas its conical surface 302 abuts
      against the inner wall surface 203 of the housing.
PAR  Now the outer closure plate 6 in a position shown in FIG. 3 is upwardly
      urged in the direction of Y axis, and the bearing is forced into the
      housing while inwardly compressed by the inner wall surface of the housing
      until the shoulder portion 305 of the bearing abuts against the marginal
      portion 202 of the housing. At this moment, the bearing surface or annular
      neck portion 201 faces the ball element sphere with substantially no space
      or is in contact with the ball element surface with minimum pressure. At
      this stage, the concave portion 501 of the inner closure plate 5 may
      withstand most of pressure due to its springy or resilient action. When
      the components of the ball joint are brought into the stage as
      aforementioned, further pressure is thus prevented from being applied. The
      bottom housing member 204 is then inwardly bent or drawn by a conventional
      spinning process to hold the outer closure plate 6 in position within the
      housing thereby assembling the component into the ball joint as shown in
      FIG. 2 wherein the bearing provides uniform internal stresses directed to
      the center of the ball element, as indicated by arrows of FIG. 2 to
      satisfactorily hold the ball element with a proper resilient force. Thus,
      a complete lubrication between the ball element surface and the bearing is
      ensured with the lubricant being pressurized in the isolated and
      individual recesses 304 formed in the inner spherical surface of the
      bearing.
PAR  As a specific example of an embodiment of the invention, the ball joint
      shown in the drawing has the following dimensions:
TBL  __________________________________________________________________________
     component      principal dimension                                        
                                     treatment quality standard                
     __________________________________________________________________________
     ball stud                     rolling finish                              
                                   on ball portion                             
     (hollow ball stud)                                                        
                diameter: 24mm.phi.                                            
                                   after hardening                             
                                                JIS SCM-21                     
                                   and tempering                               
     __________________________________________________________________________
                inside diameter: 24mm.phi.                                     
     bearing    outer diameter (minimum: 27mm.phi.)                            
     (isolated lubricant)                                                      
                      (maximum: 29mm.phi.)      high density                   
     receiving recess                                                          
                height: 15mm                    polyethylene                   
     type)      upper open end:  21mm.phi.                                     
                bottom open end: 16mm.phi.                                     
     __________________________________________________________________________
                outer diameter: about 40mm.phi.                                
                                   hardening and                               
                inner face (upper minimum): 19mm.phi.                          
                                   tempering                                   
     housing        (bottom maximum): 21mm.phi.                                
                                   Note: Wall surface                          
                                                (JIS) S 40C                    
                                    of opening is                              
                (complementary to bearing                                      
                                    spherical                                  
                in truncated form)  surface of 24.phi.                         
     __________________________________________________________________________
                outer diameter: 28mm.phi.                                      
     inner closure plate                                                       
                circular concave diameter: 20mm.phi.                           
                                   hardening and                               
                                                (JIS) S 60C                    
                inner diameter (maximum): 16mm.phi.                            
                                   tempering                                   
                thickness: 1.2mm                                               
     __________________________________________________________________________
                outer diameter: 29mm.phi.                                      
     outer closure plate                                                       
                thickness: 2.4mm.phi.           (JIS) S 15C                    
                concave portion in the same form                               
                as the inner closure plate                                     
     __________________________________________________________________________
     pressure applied                                                          
                1,000kg                                                        
     __________________________________________________________________________
PAR  The working characteristics of the ball joint constructed according to the
      present invention will be apparent from the following description.
PAR  Ball joints for motor vehicle steering or suspension systems but not used
      as inner joint for rack and pinion steering systems are normally subjected
      to a lateral load in the direction of Y axis as shown in FIG. 3.
PAR  The ball joint constructed according to the present invention is so
      designed that the polymeric bearing the entire surface of which is
      compressed holds the ball element of the ball stud in place under the
      uniform stresses directed from entire spheric contact surface to the
      center thereof, and the bearing withstands most of the lateral load. For
      this reason, the ball joint provides good impact dissipation and maintains
      a rotational and oscillative torque to a proper extent. Even when the
      polymeric bearing can not withstand the lateral and longitudinal loads
      from impact exerted thereon when the car is subjected to a rough road or a
      sharp turn, the polymeric bearing cannot be destroyed and has high
      resistance to excessive impact force since contact stresses at two
      metal-to-metal contact surfaces as mentioned hereinbefore are increased
      with a stress counting for nothing or little in normal running. In other
      words, these contact stresses at the metal-to-metal contact surfaces are
      the remaining portion of the external forces a part of which is absorbed
      in the bearing. Accordingly, the seizing of bearing surface which is
      common in a conventional ball joint with a metal on metal bearing
      structure, is eliminated. Lubrication is critical to prevent deterioration
      where the ball joint is used at high temperature. However, the ball joint
      of the present invention enables the metal to metal bearing surface to
      exhibit sufficient resistance to heat due to metal contact stress.
PAR  A disadvantage in a conventional ball joint with a single or composite
      polymeric bearing is that polymer material when subjected to a high
      temperature of 120.degree. C and excessive impact external force, is
      softened and when it exceeds its elastic limit flows out of the housing
      openings or any other clearance thereby involving permanent deformation of
      the bearing surface to result in loss of pre-load. As a result, the ball
      joint becomes loose or wobbly and thus is of no more use due to lack of
      rotational and oscillatory torque.
PAR  In contrast, the ball joint of the present invention is adapted to seal
      substantially the entire surface of the polymeric bearing with the
      metallic housing and the closure plates, and to allow the resiliency
      inherent in the inner closure plate to absorb the expansion ratio of the
      polymeric bearing if subjected to a high temperature of 120.degree. C and
      thermally expanded, thus minimizing variation in its internal pressure but
      to have the ball stud metallically contacted with the housing contact
      surface inner face if the bearing material is about to exceed its elastic
      limit by excessive external force. With this arrangment, the polymeric
      bearing is not deformed. The polymeric bearing of the invention, even if
      subjected to great external force and high temperature, is capable of
      keeping the internal force within range of elastic limit of the bearing
      while maintaining the predetermined oscillatory and rotational torque,
      impact dissipation, permanent lubrication inevitably required by the ball
      joint. The ball joint relies on the use of not only the hollow ball stud
      as described to serve for relieving stress but also on the polymeric
      bearing with isolated lubricant receiving recesses at the contact surface
      respect to the spherical member of the ball stud to improve performance
      characteristic of the ball joint.
PAR  The following results were obtained from various tests made by the inventor
      during the period extending from 1972 to the present for the purpose of
      comparing the ball joints of the present invention with those of the prior
      art, made of the same materials.
PAR  Table 1 below is comparative data showing turning torque and durability of
      the ball joints of the present invention and the prior art, these bearings
      being made of high density polyethylene, Delrin, and nylon, wherein A, B,
      and C modes are in the test forms as mentioned hereinafter.
PAR  A mode: A unidirectional static bending load of 500 Kg is applied to the
      housing at one side thereof whereas a resultant motion composed of
      rotation of an angle of .+-.30.degree. and a swing with an angle of
      .+-.15.degree. is exerted on the ball stud at a speed of 300 c.p.m. for 1
      .times. 10.sup.6 cycles.
PAR  B mode: The resultant motion as in A mode is applied to the ball joint at a
      speed of 72 c.p.m. for 1 .times. 10 cycles. Bending loads for one cycle
      are applied in the following manner as illustrated.
      ##SPC1##
PA1  Note: A dynamic bending load is given at a speed of 230 c.p.m. According to
      B mode, muddy water which contains 50% salt is applied to the contact or
      wiping surfaces of the bearing and ball element once for ten minutes.
PAR  C mode: This mode is carried out at a high temperature instead of at room
      temperature as in B mode and is substantially similar to B mode with
      exception of no application of muddy water containing salt as in B mode.
PAR  As best shown in Table 1, it is understood that any of the ball joints in
      accordance with the present invention provides less torque-up as compared
      with load-up at either room temperature or high temperature as compared
      with any of conventional ball joints. This will show an excellent
      drive-parking characteristic. The ball joint of the present invention
      proves to withstand a severe test at temperatures ranging from 120.degree.
      to 150.degree. C thereby leading to satisfactory results when used in a
      vehicle as opposed to the conventional ball joints most of which are no
      longer used under an endurance test at a high temperature.
PAR  Table 2 below shows a characteristic of material for the bearing used in
      the aformentioned test, wherein Teflon is added to polyamide nylon and
      polyacetal Delrin.
PAR  FIG. 4 is a graph showing a relationship between compressive load and
      torque, wherein lines A.sub.1, A.sub.2, and A.sub.3 representing the
      present ball joint are shown as solid lines whereas B.sub.1, B.sub.2,
      B.sub.3, and B.sub.4 representing the conventional ball joints are shown
      as broken lines. More specifically, A.sub.1 is the bearing integrally
      formed of Delrin, A.sub.2 being the bearing integrally formed of nylon,
      and A.sub.3 being the bearing integrally formed of polyethylene whereas
      B.sub.1 is the bearing integrally formed of Delrin, B.sub.2 being the
      metal bearing, B.sub.3 being the two-piece bearing of Delrin, and B.sub.4
      being the bearing with edge of nylon. It is apparent from FIG. 4 how
      highly efficient the present ball joint is.
PAR  FIG. 5 is a graph showing torque variations against rotational speeds for
      the ball stud when unloaded, wherein curves C.sub.1 and C.sub.2
      representing the present ball joints are shown as solid lines whereas
      D.sub.1, D.sub.2, D.sub.3 and D.sub.4 representing the conventional ball
      joints are shown as broken lines. Stated specifically, C.sub.1 is the
      bearing integrally formed of nylon, C.sub.2 being the bearing integrally
      formed of Delrin whereas D.sub.1 is the metal bearing, D.sub.2 being the
      bearing with wedge formed of nylon, D.sub.3 being the two-piece bearing
      formed of Delrin. It is obvious from FIG. 5 that torque may efficiently
      act according to increase in revolution.
PAR  FIG. 6 is a graph comparing the present ball joint with the bearing
      integrally formed therewith and the conventional ball joint with two-piece
      bearing in effect thereof on the load strain, wherein curve E represents
      the present ball joint and Curve F shows the conventional ball joint. The
      ball joint of the present invention provides less strain against tensile
      and compressive loads thereby prolonging its shelf time.
PAR  FIGS. 7 and 8 are oscillograms showing torque fluctuation against load
      fluctuation for comparison between the present ball joint of nylon and the
      conventional ball joint with two-piece bearing of Delrin. In FIG. 7, there
      is shown a characteristic of the present ball joint, wherein curve G
      represents bending load and variation in torque curve H is shown along
      with h when bending load is varied in a given width g. In FIG. 8, there is
      shown a characteristic of the conventional ball joint, wherein torque
      curve H' is varied along with h' when bending load G' is varied in width
      substantially equal to the width g shown in FIG. 7.
PAR  As is apparent from FIGS. 7 and 8, the present ball joint provides less
      variation in torque as compared with that in bending load.
PAR  In the illustrative embodiment described above, although the resilient
      annular flange of the inner closure plate is in a planer form, it may be
      in a corrugated form. If necessary, the outer closure plate may be
      omitted.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Materials of bearing  High density polyethylene                           
                           Conventional                                        
                                     Present                                   
     Type                  pre cap   invention                                 
     Test items and        Torque                                              
                                Torque                                         
                                     Torque                                    
                                          Torque                               
     conditions            (kg/cm)                                             
                                up (%)                                         
                                     (kg/cm)                                   
                                          up (%)                               
     __________________________________________________________________________
              Room     0   10    0   12   0                                    
              temper-                                                          
                   Load                                                        
                      140 kg                                                   
                           14   +40  25   +108                                 
              ature   550 kg                                                   
                           23   +130 35   +192                                 
                       70.degree.C                                             
                           40        41   0                                    
     Turning  High No 100.degree.C                                             
                           Failure   45   +10                                  
     Torque   temper-                                                          
                   load                                                        
                      120.degree.C                                             
                           No test   50   +22                                  
              ature   140.degree.C                                             
                           "         Failure                                   
                      150.degree.C                                             
                           "         No test                                   
          Test     Load                                                        
                      140.degree.C                                             
          Mode        550 kg                                                   
                           "         "                                         
     __________________________________________________________________________
                   A mode  OK        OK                                        
                   Torque down                                                 
                           10 .fwdarw. 3                                       
                                -70  12 .fwdarw. 4                             
                                          -67                                  
              Room (%)                                                         
              temper-                                                          
                   B mode  OK        OK                                        
              ature                                                            
                   Torque down                                                 
                           10 .fwdarw. 2                                       
                                -80  12 .fwdarw. 4                             
                                          -67                                  
                   (%)                                                         
     __________________________________________________________________________
     Dura-            120.degree.C   12 .fwdarw. 3                             
                                          -75                                  
     bility   High    130.degree.C   Failure                                   
              temper- 150.degree.C   No test                                   
              ature   140.degree.C   "                                         
                      150.degree.C   "                                         
     __________________________________________________________________________
     Delrin               Nylon                                                
     Conventional                                                              
               Present    Conventional                                         
                                    Present                                    
     two-piece bearing                                                         
               invention  two-piece bearing                                    
                                    invention                                  
     __________________________________________________________________________
     Torque                                                                    
          Torque                                                               
               Torque                                                          
                     Torque                                                    
                          Torque                                               
                               Torque                                          
                                    Torque                                     
                                          Torque                               
     (kg/cm)                                                                   
          up (%)                                                               
               (kg/cm)                                                         
                     up (%)                                                    
                          (kg/cm)                                              
                               up (%)                                          
                                    (kg/cm)                                    
                                          up (%)                               
     __________________________________________________________________________
     12    0   15     0   12     0  13     0                                   
     35   +192 22    +46  20    +67 17    +31                                  
     84   +600 30    +100 78   +550 25    +92                                  
                          20     0                                             
                          60   +200                                            
                          100  +400                                            
     10    0   15     0   Failure   26     0                                   
      7   -30  12    -20  No Test   30    +15                                  
     Failure   15 .fwdarw. 25                                                  
                     +67  "         13 .fwdarw. 35                             
                                          +170                                 
     __________________________________________________________________________
     OK        OK         OK        OK                                         
     12 .fwdarw. 3                                                             
          -75  15 .fwdarw. 6                                                   
                     -60  12 .fwdarw. 2                                        
                               -83  13 .fwdarw. 8                              
                                          -38                                  
     OK        OK         OK        OK                                         
     12 .fwdarw. 2                                                             
          -83  15 .fwdarw. 6                                                   
                     -60  12 .fwdarw. 2                                        
                               -83  13 .fwdarw. 5                              
                                          -61                                  
     __________________________________________________________________________
     Failure              Failure                                              
     No test   15 .fwdarw. 3                                                   
                     -80  No test   13 .fwdarw. 3                              
                                          -77                                  
     "         15 .fwdarw. 2                                                   
                     -87  "         13 .fwdarw. 2                              
                                          -85                                  
     "         15 .fwdarw. 2                                                   
                     -87  "         13 .fwdarw. 2                              
                                          -85                                  
     "         Failure    "         13 .fwdarw. 2                              
                                          -85                                  
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
               unit   ASTM polyamide                                           
                                 polyacetal                                    
                                       polyethylene                            
                           nylon delrin                                        
                                       (MARLEX 5003)                           
                           (11XP)                                              
                                 (11AP)                                        
     __________________________________________________________________________
     Tensile strength                                                          
               kg/cm.sup.2                                                     
                      D-638                                                    
                           600.about.320                                       
                                 500   224                                     
     Elongation                                                                
               %      D-638                                                    
                           5     10    500                                     
     Tensile elastic                                                           
               kg/cm.sup.2                                                     
                      D-747                                                    
                           28800 27000 10500                                   
     modulus                                                                   
     Compression                                                               
     strength  kg/cm.sup.2                                                     
                      D-695                                                    
                           160   200   32                                      
     1% deformation                                                            
     10% deformation                                                           
               kg/cm.sup.2                                                     
                      D-695                                                    
                           600   800   170                                     
     Bending strength                                                          
               kg/cm.sup.2                                                     
                      D-790                                                    
                           800   700   98                                      
     (5% deformation)                                                          
     Hardness         D-785                                                    
                           Rockwell                                            
                                 Rockwell                                      
                                       Shore-P                                 
                           R113  R114  66                                      
     Impact (with                                                              
               kg.cm/cm                                                        
                      D-256                                                    
                           2.7.about.13.5                                      
                                 4.8   10.9                                    
     Izod notch)                                                               
     Specific weight  D-792                                                    
                           1.22  1.50  0.948                                   
     Water absorption                                                          
               %      D-570                                                    
                           3.0   0.10  --                                      
     capacity                                                                  
     Temperature of                                                            
               .degree.C                                                       
                      D-648                                                    
                           73    100   45                                      
     thermal   (18.6 kg)                                                       
     deformation                                                               
     Melting point                                                             
               .degree.C   205   175   121                                     
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ball joint comprising a metallic housing having opposed first and
      second openings, a resilient bearing of polymer disposed in said housing,
      a ball stud having a metallic spherical member rotatably supported by said
      bearing, and resilient metallic closure means having a central depression
      and so secured as to close the second opening of said housing for applying
      pre-load to said bearing, said first opening having an annular surface
      slidably engaging one end of the spherical member, said depression having
      an annular surface slidably engaging the other end of the spherical
      member, the spherical member being elastically engaged and surrounded by
      said bearing between the annular surfaces whereby said annular surfaces
      support the spherical member when the ball joint is subjected to an
      external force in excess of the elastic limit of the bearing.
NUM  2.
PAR  2. The ball joint as defined in claim 1, wherein said closure means
      comprises an inner closure plate having a central depression, an outer
      closure plate which is secured to the open end of the housing and which
      has a central depression carrying the central depression of the inner
      closure plate, the inner closure plate being at its annular opening edge
      of the depression in contact with the spherical member.
NUM  3.
PAR  3. The ball joint as defined in claim 2, wherein the radius of the
      depression of the inner closure plate is less than that of the spherical
      member and is substantially equal to that of the depression of the outer
      closure plate.
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ABST
PAL  Means for detachably securing a plurality of supporting legs to a
      horizontal member, such as a table top or the like to support same, with
      the horizontal member having right-angled corners and with the legs
      positioned at the corners, the means comprising a diagonal connecting
      member positioned between adjacent sides of the corner and fixedly secured
      thereto, the diagonal connecting member supporting an adjustable member
      which is rotatable with respect to said diagonal connecting member. A
      pressure member is positioned between the adjustable member and the leg so
      that when the adjustable member is rotated inwardly in the direction of
      the leg, the pressure member applies pressure against the sides of the
      leg, opposite the sides positioned at the adjacent corner of same so that
      a uniform pressure is applied against all sides of the leg to detachably
      secure same.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  One of the objects of this invention is to provide means for detachably
      securing legs to the underside of a horizontal member such as a table top
      or the like, at the corners thereof, whereby a pressure member applies
      pressure against the leg, opposite to that portion of the leg which rests
      against the adjacent corner of the horizontal member or the reinforcement
      plate thereof.
PAR  Another object of this invention is to provide means for detachably
      securing a plurality of supporting legs to a horizontal member such as a
      table top or the like, which horizontal member has depending side walls
      forming a corner at each of the adjacent sides and in which a leg is
      positioned against each said corner, and in which pressure is applied
      against the opposite portion of the leg so that equal pressure is
      uniformly applied to cause the leg to be secured to the corner portion and
      to retain the leg in said position. The pressure may be released to permit
      removal and detachment of the leg with respect to the horizontal member so
      that the legs may be packed and shipped in a collapsed condition with the
      horizontal member to occupy a minimum space.
PAR  Another object of this invention is to provide a generally square-shaped
      leg positioned against the corner of a horizontal member whereby the two
      adjacent sides of said leg are positioned against the corner and the
      pressure member applies pressure against the two opposite sides so that
      pressure is applied against the four sides of the square-shaped leg.
PAR  Another object of this invention is to provide means for applying pressure
      against an annular leg positioned against the corner to retain same in
      secured position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 shows a table top having the means for detachably securing the legs
      thereto.
PAR  FIG. 2 is a view taken from the underside of the table top adjacent one of
      the corners thereof and showing one embodiment of this invention.
PAR  FIG. 3 is an elevational view taken on line 3-3 of FIG. 2.
PAR  FIG. 4 is a view of the clamping or pressure plate shown in FIG. 2.
PAR  FIG. 5 is a view taken on the underside of a table structure and showing a
      modification.
PAR  FIG. 6 is a perspective view of a modified clamping or pressure plate used
      in connection with the structure shown in FIG. 5.
PAR  FIG. 7 is a view of another modification.
PAR  FIG. 8 is a view of another modification for supporting a tubular leg.
PAR  FIG. 9 is a perspective view showing the clamping or pressure plate shown
      in FIG. 8.
PAR  FIG. 10 is a view of another modification for supporting a leg which is
      formed of a right-angled bar.
PAR  FIG. 11 is a view of the pressure member shown in FIG. 10; and
PAR  FIG. 12 is another modification for detachably supporting a leg which is
      formed of a right-angled bar.
PAC  FIGS. 1 through 4
PAR  The means herein shown are illustrated in connection with a table top,
      although it will be understood that the same means may be used to
      detachably support a leg in connection with any other structure.
PAR  Referring specifically to FIGS. 1 through 4, the horizontal member, therein
      shown as a table top and generally indicated at 20, includes four
      depending sides all generally indicated at 22 which form four right-angled
      corners all generally indicated at 24. One of such corners 24 is best
      shown in FIG. 2, and it will be understood that the other corners of the
      horizontal member have the identical means shown in FIG. 2 for supporting
      each of the legs. The horizontal member or table top 20 and the depending
      sides 22 are made preferably of metal or steel although not limited
      thereto. Positioned against the inside adjacent the side walls of each of
      said corners is a right-angled corner reinforcing plate generally
      indicated at 26 made of metal or steel, having a right-angled corner 27
      corresponding to corner 24. The plate 26 is welded or brazed as at 28 to
      the inside sides 22 of the horizontal member 20.
PAR  Extending diagonally between the adjacent sides 22 and adjacent sides of
      the reinforcing plate 26 is a diagonal connecting member generally
      indicated at 30 formed of metal or steel. Said diagonal connection member
      30 has a vertical wall 31 with the opposite ends of said wall bent to form
      opposite ends 32, which ends are brazed or welded thereto as at 34. The
      vertical wall 31 is turned inwardly along the upper and lower portions to
      form inwardly facing flanges 36 at the top and bottom thereof to provide
      additional ridigity for the diagonal connecting member 30. The vertical
      wall 31 of the diagonal connecting member 30 is drift punched to provide a
      centrally positioned sleeve 34 which is internally threaded as at 37 to
      threadedly receive the externally threaded bolt 40, which threaded bolt is
      sometimes hereinafter referred to as the adjustable member. In lieu of
      punching a threaded sleeve 34, as described, a threaded nut can be welded
      or brazed to the wall and alined with an opening in the wall for receiving
      the threaded bolt 40 for accomplishing the same purpose. This modification
      is described in connection with some of the subsequent modifications. The
      threaded bolt has the conventional threaded shank 41 and head 42. The
      vertical wall 31 of the diagonal connecting member 30 is at an angle of 45
      degrees with respect to the adjacent sides of the corner and extends
      diagonally across the corner and inwardly of the corner.
PAR  The tubular leg generally indicated at 44 which is square-shaped in
      cross-section is positioned in the corner 27 against the adjacent sides of
      the reinforcing plate 26, as best seen in FIG. 2, with two of the sides
      44a and 44b of the leg 44 abutting against the two adjacent sides of the
      corner 27 of the right-angled plate 26. A clamp or pressure plate
      generally indicated at 46, best shown in FIG. 4, which is made of metal or
      steel is diagonally positioned to engage against two of the other sides
      44c and 44d of the leg 44 at the corner thereof. Said clamp or pressure
      plate 46 has a central generally U-shaped configuration which comprises a
      rear wall 47, two spaced forwardly extending side walls 48 which continue
      and are turned outwardly to form outwardly turned flanges 49. The clamp or
      pressure plate 46 is positioned so that the spaced sides 48 thereof engage
      the adjacent sides 44c and 44d of the leg 44, as best shown in FIG. 2.
PAR  When the adjustable member or threaded bolt 40 is rotated inwardly, the end
      of the adjustable member bears against the back wall 47 of the diagonally
      positioned clamp or pressure plate 46 and applies a pressure against said
      clamping or pressure plate so that the said plate applies pressure against
      the sides 44c and 44d, which are opposite the sides 44a and 44b of the leg
      to secure the leg to the table top. When pressure is applied by the bolt
      40 against the back wall 47 of the clamp or pressure plate 46, the metal
      pressure plate 46 "gives" sufficiently to permit the back wall 47 thereof
      to touch the corner 45 of the square-shaped tubular leg 44 and thereby
      also apply a pressure against the innermost corner 45 of the leg. Thus,
      the square-shaped leg 44 has pressure applied against it at the sides 44a
      and 44b adjoining the right-angled plate 26 and also against the other
      sides 44c and 44d, and against the corner 45 by means of the pressure
      plate 46. The "give" of the pressure plate 46 loses no holding power but
      rather increases the holding power against the leg. The leg may be readily
      inserted on the underside of the table top and secured in the manner
      described. The top of the leg 44 rests against the underside of the
      horizontal member 20.
PAR  It will be understood that to detach the leg the adjustable member or
      threaded bolt 40 is rotated in the opposite direction so that it moves
      away from the leg and allows the clamp or pressure plate 46 to be removed
      from against the leg to permit the leg to be removed.
PAR  If it is desired to secure the clamp or pressure plate 46 to the end of the
      threaded bolt 40, this may be readily done by providing an opening in the
      back wall 47 of the clamping or pressure plate and securing the end of the
      threaded bolt in said opening in a manner so that the threaded bolt may be
      rotated relative to the pressure plate without detachment of the pressure
      plate therefrom.
PAC  FIGS. 5 and 6
PAR  The modification shown in FIGS. 5 and 6 differs from the structure
      previously described with respect to the pressure or clamping plate and to
      the use of a threaded nut for receiving the threaded bolt 40. In all other
      respects the structure previously described remains the same and will be
      identified by the same numerals without being redescribed. In this
      modification the pressure or clamping plate, generally indicated at 52,
      has a U-shaped portion 53 which has spaced sides 54 which engage the
      square-shaped tubular leg, in the same manner as previously described. The
      pressure plate 52 has an extension 55 extending from one of the sides,
      with an end 56 which is turned inwardly at right angles thereto. The end
      56 is welded or brazed as at 57 to the side of the right-angled
      reinforcing plate 26. The vertical wall 31 of the diagonally connecting
      member 30 has a central opening 37 which is alined with an internally
      threaded nut 38 which is brazed or welded as at 39 to the vertical wall
      for threadedly receiving the threaded bolt 40, in much the same manner as
      the threaded sleeve 34 previously described. When the threaded bolt 40 is
      threaded inwardly in the direction of the clamping plate 52 it will bear
      against the plate and the extension 55 at the bend will flex inwardly and
      apply pressure against the leg. In this construction the pressure plate 52
      is secured to the inside right-angled reinforcement member and thus is
      permanently affixed to the underside of the table.
PAC  FIG. 7
PAR  FIG. 7 is another modification in which the threaded nut 38' is secured
      against the inside facing vertical wall 31 of the diagonal connecting
      member 30. The threaded shank 41' of the adjustable member 40 supports a
      pressure member 59 in the form of a block having a centrally positioned
      V-shaped cutout 60. The V-shaped cutout of the pressure block engages the
      corner of the leg, as shown in said Figure and thus the pressure is
      uniformly applied to all sides of the square-shaped leg, similar to that
      previously described.
PAC  FIGS. 8 and 9
PAR  FIGS. 8 and 9 show a modification which serves to detachably support a
      tubular leg 62. The tubular leg is positioned adjacent the corner 27 of
      the reinforcement plate 26. A pressure or clamping plate generally
      indicated at 64 consists of an arcuate-shaped portion 65, an extension 66
      and a flange or wall 67. The flange or wall 67 is welded or brazed as at
      68 to the inside wall of the right-angled member or reinforcement plate
      26, as shown in FIG. 8. The arcuate-shaped portion 65 is adjacent to the
      tubular leg and extends around a portion of same. When the adjustable
      threaded member 40 is rotated to move inwardly against the arcuate-shaped
      member, pressure is applied against the arcuate-shaped member, which in
      turn bears against the correspondingly shaped portion of the tubular leg
      62 to hold same to the underside of the table top. It will be noted with
      respect to the tubular leg that the leg engages the two adjacent walls
      adjacent the corner 27 and the pressure plate 65 engages against the other
      or opposite portion of the leg to apply equal pressure, in the same manner
      as would be applied against the square-shaped leg.
PAC  FIGS. 10 and 11
PAR  FIGS. 10 and 11 show another modification in which the leg generally
      indicated at 70 consists of a right-angled bar having walls abut against
      the right-angled corner reinforcement member 26. The adjustable member or
      threaded bolt 40a carries a pressure member generally indicated at 72 in
      the form of a block and said block is internally drilled as at 73 to
      receive the threaded end of the bolt 40a. The forward end of the pressure
      block has a pointed front or right-angled corner 74 which engages the
      adjacent sides of the right-angled reinforcement plate 26. In this
      instance the pressure is equally applied against the outer and inner sides
      of the leg.
PAC  FIG. 12
PAR  FIG. 12 is a modification which serves to hold a right-angled leg 80,
      similar to that shown in FIG. 10. In this modification all of the parts
      are similar to that previously described except that the pressure member
      generally indicated at 82 is in the form of a plate which has a central
      portion 83 which is generally U-shaped having spaced parallel sides 84
      with inwardly inclined forward portions 86 connected by an end 88. The
      inner end of the pressure member has outwardly extending flanges 90 which
      abut against the vertical wall 31 of the diagonal connecting member 30.
      The inwardly inclined forward portions 86 are parallel to the sides of the
      right-angled leg 80 and engage same. When the adjustable member 40 is
      rotated it bears against the end 88 and pressure is applied against the
      inside of the right-angled leg 80 by the inclined forward portions 86.
      Thus, in this construction the pressure is applied to the right-angled leg
      on the outside and inside parts of the leg.
PAR  In the various embodiments herein described, the right-angled reinforcing
      member 26 is shown. It will be understood that if the reinforcing member
      26 is eliminated, the diagonal connecting member can be secured directly
      to the adjacent depending sides of the horizontal member or table top and
      when the pressure is applied against the leg, equal pressure will be
      applied against all sides of the leg.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for detachably securing a plurality of supporting legs which are
      generally square-shaped in cross section to a horizontal member to support
      same, said horizontal member having a plurality of downwardly depending
      corners, a diagonal connecting member positioned diagonally between
      adjacent sides of each said corner and secured to said adjacent sides,
      said diagonal connecting member having internally threaded means, an
      adjustable member supported by said diagonal connecting member, said
      adjustable member being externally threaded to engage said internally
      threaded means for adjusting said adjustable member with respect to said
      leg, a U-shaped member which is diagonally positioned and engaged by said
      adjustable member with the spaced sides of the U-shaped member engaging
      the inermost right-angled corner of said generally square-shaped leg and
      adapted to apply pressure against the leg to hold the leg in said corner
      between the said adjacent sides, said adjustable member when retracted
      permitting removal of said leg.
NUM  2.
PAR  2. Means as set forth in claim 1 in which the downwardly depending corner
      of the horizontal member is formed of sides at right angles to each other
      to form a right-angled corner and in which two of the sides of the leg are
      adjacent said right-angled corner and in which the spaced sides of the
      U-shaped member apply equal pressure to the two opposite sides of said leg
      so that pressure is applied to all four sides of said square-shaped leg to
      retain same attached to said horizontal member.
NUM  3.
PAR  3. Means as set forth in claim 2 in which the right-angled corner of the
      horizontal member has a right-angled reinforcement member secured thereto
      against which the leg abuts.
NUM  4.
PAR  4. Means as set forth in claim 1 in which the leg is tubular.
NUM  5.
PAR  5. Means as set forth in claim 1 in which the U-shaped member is secured to
      said adjustable member.
NUM  6.
PAR  6. Means as set forth in claim 1 in which the sides of the U-shaped member
      each has an outwardly turned flange.
NUM  7.
PAR  7. Means as set forth in claim 1 in which the downwardly depending corners
      are connected by downwardly depending portions and in which the U-shaped
      member has an extension which is secured to said downwardly extending
      portion.
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ABST
PAL  A hanger for mounting hollow metal joists perpendicular to headers and the
      like is disclosed. The hanger has a U-shaped top flange for hanging the
      hanger and a backplate suspended from the hanger with the backplate
      terminating at its bottom edge in a saddle for the joist to rest upon and
      with the backplate being bent outward and together at its upper portion to
      provide a support for the interior of the hollow metal joist.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a hanger for mounting hollow metal joists
      perpendicular to headers and the like. The hanger has a U-shaped top
      flange at the upper portion with the U-shaped top flange supporting a
      backplate which terminates at its bottom portion in a saddle and which is
      bent outward and spaced together at its top portion to form a support on
      which the hollow metal joist can be supported.
PAR  2. Description of the Prior Art portion to be attached to the header, or
      else a U-shaped lip or
PAR  Many types of saddle hangers have heretofore been produced. These saddle
      hangers generally have the same approach to design. They each have some
      type of grip at the top of the hanger for attaching the hanger to a header
      or the like. The grip can be simply a straight portion, an L-shaped lip or
      plurality of U-shaped lips for encircling or partially encircling the
      header for attachment thereto. In conjunction with the grip, these types
      of hangers have a backplate which is terminated in a saddle arrangement at
      the bottom thereof generally by folding the bottom outward and then
      folding the sides outward followed by folding the bottom around the sides
      and attaching it thereto to form the saddle arrangement. Other methods of
      construction include those in which the bottom is first bent outward and
      severed from the side portions which are then bent outward and around the
      bottom of the bottom portion to form a saddle. Still other embodiments are
      those in which a single member is bent on its ends to form U-shaped
      portions and then bent outward away from the header so that the middle
      portion of the single member forms a saddle. These prior designs for
      hangers all have one feature in common, the entire weight of the joist is
      supported by the saddle. While this sometimes provides an acceptable
      method for attaching the joist to a header, it does have the problem of
      not providiing sufficient strength to support the joist. More importantly,
      however, it also presents the problem of not permitting the required
      stability when the hanger must be in exact alignment in order to have
      exact alignment of the hollow metal joist with respect to the header.
PAR  The present invention overcomes each of the problems associated with the
      prior art in providing a hanger which can be used for perfect alignment of
      the joist with respect to the header and also for providing additional
      support for the hollow metal joist in this hanging-type arrangement.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a hanger for mounting hollow
      metal joists perpendicular to headers and the like.
PAR  It is another object of this invention to provide a hanger for mounting
      hollow metal joists perpendicular to headers and the like wherein exact
      alignment of the joist with respect to the header is accomplished by a
      single installer.
PAR  It is still another object of this invenion to provide a hanger for
      mounting hollow metal joists perpendicular to headers and the like wherein
      the hanger provides for support in addition to the support conventionally
      provided by standard saddle-type hangers.
PAR  It is another object of this invention to provide a method for making a
      hanger for mounting hollow metal joists perpendicular to headers and the
      like.
PAR  It is a still further object of this invention to provide a method for
      mounting hollow metal joists perpendicular to headers and the like.
PAR  The objects of this invention are accomplished in a hanger for mounting
      metal joists perpendicular to headers and the like, including a U-shaped
      top flange for hanging the hanger and a backplate suspended from the top
      flange with said backplate having side flanges extending outward therefrom
      and said slide flanges being connnected at the bottom edge to form a
      saddle for the joist, by the improvement comprising: divided side flanges
      forming a top and bottom portion of the side flanges, and the spacing of
      the top portions of the side flanges closer together, whereby a joist
      resting on the saddle and attached to the side flanges also rests on the
      top of the top portions of the side flanges for additional support.
PAR  The objects of this invention are further accomplished in a hanger for
      mounting hollow metal joists perpendicular to headers and the like,
      including a U-shaped top flange for hanging the hanger, a backplate
      attached to the hanger for attachment to the header, and a saddle formed
      as an extension of the bottom of the backplate, by the improvement
      comprising: peeled outward tops of the backplate with said peeled outward
      tops spaced together a distance no greater than the inside dimension of
      the hollow joist to be supported thereon, whereby a joist supported in the
      saddle is also supported by the peeled outward tops of the backplate.
PAR  The objects of this invention are further accomplished by a method for
      making a hanger for mounting hollow metal joists perpendicular to headers
      and the like, said method comprising: forming the upper portion of a
      backplate into a U-shaped top flange for hanging the hanger; forming the
      lower portion of the backplate into side flanges terminated at the bottom
      in a saddle; and folding outward and spacing together the upper portions
      of the backplate to provide additional supports for the upper inside
      portion of a hollow metal joist mounted on the hanger.
PAR  The objects of this invention are additionally accomplished by a method for
      mounting hollow metal joists perpendicular to headers and the like, said
      method comprising: hanging the U-shaped top flange of a hanger having a
      backplate terminated on the upper portion by the U-shaped top flange over
      a header; simultaneously resting the hollow metal joist on spaced together
      upper portions of the backplate and on a saddle formed by the backplate;
      and attaching the hanger to the joist and header.
PAR  It may be seen that the hanger of this invention, although simple,
      constitutes a significant advancement in the design of hangers for
      attaching metal joists perpendicular to headers and the like. Not only
      does the hanger provide for exact alignment, both of the top and bottom of
      the metal joist with respect to the header, but as well provides for
      additional support of the metal joist other than the support provided by
      the saddle at the bottom of the hanger. This additional support is
      tremendously impotant in providing additional load-bearing ability
      resulting in a construction significantly advanced over anything
      heretofore known.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention may be more fully described but is not limited by the
      attached drawings in which:
PAR  FIG. 1 is a perspective view of the hanger of this invention with the
      hollow metal joist and header shown in phantom;
PAR  FIG. 2 is a front view of the hanger shown in FIG. 1;
PAR  FIG. 3 is a perspective view of an alternative embodiment of the hanger of
      this ivention wherein the hanger is used for mounting a joist to a door
      header or the like with the header and joist shown in phantom;
PAR  FIG. 4 is a perspective view of an alternative embodiment of the hanger of
      this invention with the hollow metal joist and header shown in phantom;
      and
PAR  FIG. 5 is a front view of the hanger shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, numeral 11 refers to the backplate of the hanger of this
      invention. The backplate terminates at its upper portion in a horizontal
      member 12, which is folded over forming a descending vertical portion 13,
      making the upper portion thereof in the design of the U-shaped top flange.
      This U-shaped top flange fits over the header 14 or the stud 15, each
      shown in phantom. The backplate can be formed in several alternative
      embodiments to fall within this invention. In one embodiment of this
      invention, as shown in FIGS. 1 and 2, the upper portions 16 and 17 of the
      backplate are peeled outward and spaced close enough together to engage
      the inner upper portion of the hollow metal joist. The bottom portion of
      the backplate is folded outward forming horizontal portion 18, and then
      folded upward to form flanges 19 and 20, which are attached to the
      backplate by welding 40 or any other suitable manner thereby creating a
      saddle which can hold the lower outside portion of the hollow metal joist.
      In this embodiment of the invention, the hollow metal joist is slipped
      onto the upper portion of the hanger and into the saddle and then the
      hanger is hung over the header, or else the hanger is first hung over the
      header and then the joist appropriately slipped into the hanger. In each
      case the hanger may be secured to both the header and the joist by any
      appropriate method, such as screws 21 through holes 22. It is not
      necessary that the attachment method be by screws, however, and any
      appropriate well-known means of attachment may be utilized.
PAR  In still another embodiment of this invention, disclosed in FIG. 3, the
      upper portion of backplate 11 of the hanger is terminated in horizontal
      portion 12, with downward portion 13 forming the U-shaped top flange for
      hanging over the top of a stud 15, shown in phantom. Upper portions of the
      backplate 23 and 24 are bent outward and spaced together a distance
      sufficient to accommodate the inside of the hollow metal joint. The bottom
      of the hanger is then bent outward to form horizontal portion 25 and then
      bent upward to form flanges 26 and 27, which are attached to the backplate
      by welding 40 or any suitable manner thereby creating the saddle
      arrangement at the bottom of the hanger. The remaining portion of one side
      of the backplate is then severed away from the remaining portion of the
      backplate in order to provide a one plane termination of the entire
      assembly thereby making it possible for the assembly to be used as a door
      header or the like. In this embodiment, the hollow metal joist 28, shown
      in phantom, is slipped into the top of the hanger and also into the saddle
      of the hanger and the hanger then placed on top of the stud, or else the
      hanger is placed on the stud and the hollow metal joist engaged
      appropriately therein. The hollow metal joist may be attachd as shown or
      may be reversed so that the open portion of the "C" shape faces the other
      direction, depending on desired installation features. Accordingly, the
      hanger is again attached to both the hollow metal joist and stud through
      an appropriate attachment such as in screws attached through holes 29.
PAR  Still another embodiment of this invention is shown in FIGS. 4 and 5 of the
      drawings. This embodiment of the invention is similar to that shown in
      FIGS. 1 and 2 with the exception that the backplate is formed outward in
      long extensions to form side flanges 30 and 31, which are firmly attached
      to the bottom horizontal portion 32, by welding 40, to form long side
      flanges terminating in a long saddle arrangement. Extra portions of the
      backplate are severed therefrom leaving a gap between the saddle and the
      upper arms 33 and 34 which are used to engage the upper portion of the
      hollow metal joist. Additionally, the mid portion of the side flange is
      not required to be severed but may simply be divided and the top portions
      thereof moved closer together. Again, the hanger may be attached to the
      hollow metal joist 38 shown in phantom and header 37, also shown in
      phantom, by any appropriate means such as, for instance, screws 35
      attached through holes 36. The method of attachment of this hanger is the
      same as the method described with relation to the other embodiments of the
      hanger.
PAR  It may be seen that this invention constitutes a new and novel advancement
      in the design of hangers for attaching hollow metal joists perpendicular
      to headers and the like. The hanger provides for additional support of the
      hollow metal joist and also provides for exact alignment of the hollow
      metal joist with relation to the header or stud or the like. This new
      advancement in the design of hanger makes possible the installation of the
      joist with respect to the header by one person rather than requiring one
      person to hold the joist and hanger while another person makes the
      alignment and attachment. In addition, this hanger provides an additional
      means of support for the upper portion of the hollow metal joist rather
      than placing full reliance for support on the saddle and screws. This
      elimination of manpower along with the exactness of alignment and
      increased supportive strength provided by this hanger represents a
      significant advance in the construction industry.
CLMS
STM  Having fully described this new and unique invention, the following is
      claimed:
NUM  1.
PAR  1. In a hanger for mounting hollow metal joists perpendicular to headers
      and the like, including a U-shaped top flange for hanging the hanger and a
      backplate suspended from the top flange with said backplate having side
      flanges extending outward therefrom and said side flanges being connected
      at the bottom edge to form a saddle for the joist, the improvement
      comprising: divided side flanges forming a top and bottom portion of the
      side flanges, and the spacing of the top portions of the side flanges
      closer together, a hollow joist resting on the saddle and attached to the
      side flanges and encompassing the top of the top portions of the side
      flanges for additional support.
NUM  2.
PAR  2. In a hanger for mounting hollow metal joists perpendicular to headers
      and the like, including a U-shaped top flange for hanging the hanger, a
      backplate depending from the hanger for attachment to the header, and a
      saddle formed as an extension of the bottom of the backplate, the
      improvement comprising: peeled outward tops of the backplate with said
      peeled outward tops spaced together a distance no greater than the inside
      dimension of the hollow joist to be supported thereon, a hollow joist
      supported in the saddle and encompassing the peeled outward tops of the
      backplate.
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ABST
PAL  Device for assembling a first sectional bar onto a second sectional bar,
      comprising a tubular element positioned within the end of a hollow core of
      the first bar and having an elongated head portion adapted to be inserted
      into a groove of the second bar and locked within the said groove by means
      of a set screw threaded into a hole of said tubular element, said screw
      extending through an elongated opening of one face of the core of the
      first bar, whereby said element and said head portion may be fully
      retracted inside of said core of said first bar.
BSUM
PAR  The invention relates essentially to improvements in devices or members for
      assembling sectional bars or like structural beams or shaped elements, for
      instance metallic sectional bars adapted to be used as frameworks or like
      reinforcing bracings or trusses for light-weight partition walls of
      buildings, for instance for office rooms as well as to the various
      applications resulting from the use thereof and to the systems,
      arrangements, appliances, contrivances, equipments or installations fitted
      with such devices.
PAR  Such devices are already known in the prior state of the art for endwise
      assembling a first sectional element or structural bar to a second
      structural member or like shaped or sectional bar arranged at right angles
      thereto and which comprises at least one flat face provided with a
      half-closed groove or slot. The assembling element or a like tie member,
      connecting part or fastening unit comprises a rod which is received in a
      cylindrical hole of an element forming a body portion and which is formed
      with an elongated head portion with parallel sides adapted to be inserted
      into the groove or slot of the sectional bar at any point thereof and then
      locked or held against motion in this groove by being rotated through a
      quarter turn, the assembling member comprising a set screw accommodated in
      a screw-threaded hole opening into the aforesaid cylindrical hole and
      enabling to hold the rod against motion within the element or body in the
      tightening or clamping position.
PAR  For this purpose the set screw is caused to engage a high or coarse pitch
      helical groove which extends over about a quarter turn around the rod,
      stem or shank of the jointing or coupling element forming the connecting
      or assembling member and which enables to bring its head portion into
      locking position within the groove of the sectional bar through simple
      axial pressure reflected by a rotation through a quarter turn of the head
      portion. The aforesaid groove leads to or terminates in a cup-like or
      trough-shaped recess the position and configuration of which provide for
      the tightening or clamping of the lips or edges of the groove between the
      head of the aforesaid member and the end of the sectional bar extending at
      right angles thereto. The first sectional bar however which is adapted to
      be mounted perpendicularly onto the second sectional bar by means of the
      assembling member comprises at one of its ends this member the head of
      which is necessarily jutting out in projecting relation-ship and is in
      extension of the first sectional bar. This arrangement therefore prevents
      the first sectional bar to be drawn near the second one at right angles
      thereto, i.e. a horizontal sectional bar for instance may not be directly
      positioned at right angles between two vertical standards, uprights or
      sectional bars in one single operating step.
PAR  Moreover the assembly or fastening connection achieved is not strictly
      indeformable as nothing prevents any relative rotation of a first
      sectional bar with respect to a second one when they are mounted onto each
      other in perpendicular relationship.
PAR  For these grounds the assembling or coupling members of the kind described
      have been considered to be not very satisfactory and one object of the
      invention is just to provide improvements to these assembling members
      enabling to overcome all of the aforesaid inconveniences.
PAR  For this purpose the invention provides a bonding or coupling member for
      assembling a first sectional bar endwise into a second sectional bar
      extending at right angles thereto and including at least one flat face
      provided with a half-closed groove or slot, said member comprising a
      stem-like rod or shank received in a tubular element or the like and
      provided with an elongated head portion with parallel sides, adapted to be
      inserted into the groove of the second sectional bar at any point thereof
      and then locked in the latter by being rotated through a quarter turn, a
      set screw screwed into a screw-threaded hole of said element and engaging
      a high or coarse pitch helical groove extending over a quarter turn about
      the stem or shank of the assembling member and terminating in a cup-like
      recess into which said screw is projecting for holding said shank against
      motion in the clamping position, the position and shape of the cup-like
      recess providing for the lips or edges of the groove being tightly pressed
      against the head portion of said member and the end of said first
      sectional bar, said member being characterized in that said element is
      located within the end of a hollow core of said first sectional bar, one
      face of this core being formed with an elongated opening through which
      extends the aforesaid set screw so that by shifting said screw within said
      opening the head of the assembling member may be fully retracted inside of
      the hollow core of said sectional bar, said element also comprising means
      preventing its relative rotation with respect to at least one of said
      sectional bars.
PAR  Thus according to the invention owing to the fact that the assembling
      member may be fully hidden or concealed inside of the first sectional bar
      all the mounting difficulties of the prior art are thereby avoided.
      Moreover the element of the assembling member into which said stem is
      projecting is provided with means which prevent the relative rotation of
      this element with respect to at least one of the two sectional bars so
      that the relative rotation of a sectional bar with respect to the other
      one may thus be avoided thereby resulting in an assembly stiffness or
      rigidity and a strictly indeformable framework.
DRWD
PAR  The invention will be better understood and further characterizing
      features, details and advantages thereof will appear more clearly as the
      following explanatory description proceeds with reference to the
      accompanying diagrammatic drawings given by way of non limiting examples
      only illustrating various presently preferred specific forms of embodiment
      of the invention and wherein:
PAR  FIG. 1 is an exploded perspective view with parts broken away showing the
      shape of a sectional bar provided with an assembling member according to
      the invention;
PAR  FIGS. 2, 3 and 4 diagrammatically illustrte the three operating assembling
      stages of two sectional bars according to the invention;
PAR  FIG. 5 is a perspective view illustrating another shape of sectional bar
      according to the invention;
PAR  FIG. 6 is a perspective view of an assembling member according to the
      invention, adapted to be mounted into the sectional bar shown in FIG. 5;
PAR  FIG. 7 is a perspective view of an alternative embodiment of a sectional
      bar according to the invention;
PAR  FIG. 8 is a perspective view of the sectional bar shown in FIG. 7 and
      provided with a modified assembling member according to the invention;
PAR  FIG. 9 is a cross sectional view of the sectional bar and assembling member
      shown in FIG. 8; and
PAR  FIGS. 10 and 11 are two diagrammatic views illustrating the assembly
      arrangements of sectional bars of the kind shown in FIG. 8.
PAR  Reference should at first be had to FIGS. 1 to 4 which depict a first form
      of embodiment of a sectional bar and of its assembling member according to
      the invention as well as the main stages of the process of assembling.
PAR  The sectional bar or like structural or shaped part 20 shown in FIG. 1
      comprises a central core 21 consisting of four curvilinear surfaces 23
      having the shape of a star with four limbs inside of which may be housed
      an assembling member 22 forming a clamping, bonding, coupling, joining
      connecting like tie device. One of these surfaces 23 is formed with an
      opening 24 extending in parallel relation to the centre line axis of the
      sectional bar and through which may project a locking screw 25 operating
      through pressure and screwed into a screw-threaded or tapped hole of the
      assembling member 22. Each pair of adjacent legs or limbs of the sectional
      bar defines at the outside a half-closed groove or like channel or slot 26
      the opening of which is partially closed by two coplanar lips or like
      flanges provided at the ends of said legs, respectively, each lip or
      flange 27 being formed on its inner face with a slightly projecting narrow
      groove 28 slightly recessed or set back from its edge. Two of the
      curvilinear opposite surfaces 23 carry each one on their inside faces a
      projecting rib or like ridge 29 forming a means for guiding and holding
      against rotation the assembling member 22.
PAR  This assembling member 22 comprises a metallic sleeve or trunk 30 adapted
      to receive the end of a cylindrical rod or stem 1 formed with a helical
      groove 3 which extends over a quarter turn about the stem 1 the other end
      of this stem comprising a head portion 2 having a generally prismatic
      elongated shape of larger size and extending at right angles to the center
      line axis of the stem or shank while having a width at most equal to that
      of the inlet opening into a groove of a sectional bar, the substantially
      flat bearing face of said head portion being bounded sidewise by sharp
      edges 6. The set screw 25 operating locking through pressure is screwed
      into a screw-threaded or tapped hole 10 of the sleeve 30 and is caused to
      project into the helical groove 3 which terminates as known per se into a
      cuplike recess at its end adjacent to the locking head portion 2. The
      length of the helical groove 3 determines the stroke of the aforesaid stem
      within the sleeve 30 and its ends determine both of the particular
      positions of the head portion 2.
PAR  The sleeve or trunk 30 also comprises on its outside surface a pair of
      diametrally opposed grooves 11 adapted to be engaged by the aforesaid ribs
      or ridges 29 of the sectional bar. The sleeve 30 is thus held against
      rotation within the sectional bar 20.
PAR  The stages or operating steps of the process of assembling a pair of like
      sectional bars forming for instance a standard, upright, post, strut or a
      like vertical bearer 40 and a cross member 20, respectively, are
      diagrammatically illustrated in FIGS. 2, 3 and 4.
PAR  In FIG. 2 the cross member 20 is directly positioned at right angles with
      respet to the upright 40 in view of the assembling member 22 being fully
      accommodated or housed inside of this cross member the set screw 25
      projecting through the opening 24 in the cross member 20 being recessed a
      maximum distance in this opening in a direction opposite from the up right
      40.
PAR  In FIG. 3 the assembling member 22 has been axially shifted so that its
      head 2 engages the groove of the upright 40. The screw 25 then assumes an
      intermediate position within the opening 24 between both ends thereof.
PAR  In FIG. 4 an axial pressure has been exerted upon the assembling member
      through the medium of the screw 25 this pressure being directed towards
      the upright 40 so that the head 2 be moved in abutment against the bottom
      or end wall of the groove of the upright 40, rotates through a quarter
      turn and is caused to bear upon the edges of the flanges or lips 27 of the
      groove. The locking of the head in this position is then achieved by fully
      screwing or tightening the screw 25 which then substantially bears upon
      the forward or front end of the opening 24 located towards the upright 40.
PAR  It should be understood that in this position the sharp edges 6 of the head
      2 co-operate with the protruding ribs or ridges 28 of the lips or flanges
      27 of the half-closed groove of the upright 40 in order to achieve a
      tightly clamped assembly, connection or fastening or both sectional bars
      the one onto the other.
PAR  It should also be noted that the assembling member 30 is held against
      rotation in the cross member 20 and that the co-operation of the edges 6
      of the head 2 and of the ribs or ridges 28 of the groove of the upright 40
      substantially prevents any rotation of the upright 40 with respect to the
      assembling member.
PAR  The invention also provides means for increasing or reinforcing this
      locking against rotation of both sectional bars with respect to each
      other.
PAR  A second form of embodiment of a sectional bar and of its assembling member
      is shown in FIGS. 5 and 6.
PAR  The sectional bar 41 in FIG. 5 comprises a central core 42 with a square
      cross sectional contour each edge of which is diagonally extended through
      dihedron-shaped side legs 43. These side legs 43 are formed with
      longitudinal side lips or flanges 44 defining a half-closed groove 45 with
      each face of the central core 42. One of the faces of the core 42
      comprises a longitudinal inner rib or ridge 46 adapted to co-operate with
      a longitudinal groove 47 of the body portion 48 of the corresponding
      assembling member 49 whereas the opposite face of the core 42 is formed
      with a longitudinal elongated opening or slot 50 adapted to allow the set
      screw of the assembling member 49 to extend therethrough.
PAR  The outside diameter of the body portion 48 of this assembling member is
      very slightly smaller than the inner width of the central core 42 so that
      this assembling member is very easily housed inside of the sectional bar
      41 while being guided and held against rotation by the rib 46 projecting
      into the groove 47. That end of the body portion 48 which is located
      towards the locking head 52 is formed with a pair of diametrally opposed
      flattened portions 52 which are parallel to the head portion 51 when the
      latter is in the outward extended position, i.e. ready to be inserted into
      a half-closed groove 45 of a sectional bar 41. The distance separating
      both flattened portions 52 from each other is very slightly smaller than
      the spacing between both flanges or lips 44 so that this end of the body
      portion 48 may be inserted with a very small play or clearance into the
      groove 45 of a sectional bar 41 and held therein against rotation the
      outside diameter of the body portion 48 being larger than the spacing or
      gap between the lips or flanges 44 of a groove 45 of a sectional bar 41.
PAR  It is therefore easily understandable that when a sectional bar 41 is
      mounted onto a sectional bar of the same kind by means of an assembling
      member such as that shown in FIG. 6 the end provided with the flattened
      portions 52 of the body portion 48 is caused to lock a first sectional bar
      against rotation whereas the second sectional bar is locked against
      rotation by the rib 46 of its core 42 accommodated within the groove 47 of
      the body portion 48.
PAR  The assembly achieved is thus rigid and strictly indeformable.
PAR  In FIGS. 7 to 11 has been shown still another alternative embodiment of the
      invention wherein the sectional bar and the assembling member exhibit new
      shapes.
PAR  The sectional bar 60 shown in these FIGS. 7 to 10 is essentially adapted to
      receive an assembling member 61 such as that shown in FIG. 8, this
      assembling member having a longitudinal body portion with a T-shaped cross
      sectional contour.
PAR  For this purpose the sectioal bar 60 comprises a pair of parallel flat
      inner guiding surfaces 62 arranged opposite to each other and provided on
      two parallel opposite faces, respectively, of the sectional bar, a guiding
      groove 63 provided on the inner face of one side of the sectional bar
      extending at right angles to the flat surfaces 62 as well as a guiding
      surface 64 integral with the fourth side of the sectional bar. It is seen
      in FIGS. 8 and 9 that the body portion 65 of the assembling member 61 when
      it has been properly inserted into the sectional bar 60 is perfectly
      guided and held against rotation.
PAR  As previously the body portion 65 of the assembling member comprises a
      cylindrical hole into which is received the stem or or shank 66 carrying
      the locking head 67 at its outer end. The corresponding end of the body
      portion 65 is longitudinally extended on both of its side edges by two
      projecting parts 68 which are adapted to be inserted together with the
      head 67 into a half-closed outer groove 70 of the sectional bar 60. These
      parts 68 have each one a width l which is very slightly smaller than the
      width l.sub.1 of the inlet or opening of one groove 70 so that these parts
      68 may be inserted into one groove 70 and forthwith locked therein against
      rotation. This assembly-mode is diagrammatically shown in FIGS. 10 and 11.
PAR  A sectional bar 60 provided with the assembling member 61 is brought
      perpendicularly in front of or registering relation to the groove 70 of a
      second sectional bar 60 positioned at right angles to the first one.
      Through displacement of the set screw 71 of the assembling member 61 in
      the elongated opening or slot 72 of the first sectional bar 60, the head
      portion 67 is caused to project into the groove 70 of the second sectional
      bar 60. By keeping on moving with axial displacement through the screw 71
      the protruding parts 68 of the body portion 65 are caused to engage the
      groove 70 and at the same time the head 67 is given a quarter turn
      rotation. The screw 71 fully screwed then retains the head 67 in this
      position.
PAR  The assembly achieved is strictly indeformable owing to the fact that the
      second sectional bar 60 may not rotate about the first one the protruding
      parts 68 of the assembling member projecting into its groove 70 and
      likewise the locking member 61 is held against rotation in the first
      sectional bar 60.
PAR  The invention thus enables to achieve a tightly clamped and indeformable
      assembly of the sectional bars adapted to form frameworks or reinforcing
      bracing structures for instance for partition walls in office rooms.
PAR  It should be understood that the present invention is not at all limited to
      the forms of embodiment described and shown which have been given by way
      of examples only. In particular it comprises all the means constituting
      technical equivalents of the means described as well as their combinations
      if the latter are carried out according to its gist and used within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Device for endwise assembling a first sectional bar onto a second
      sectional bar extending at right angles thereto and having at least one
      flat face formed with a half-closed groove terminating at its open
      portion, at said flat face, in lips which restrict the size of the
      opening, said device comprising a rod portion and a tubular element which
      receives the rod portion, the latter being provided with an elongated head
      portion with parallel sides adapted to be inserted into the groove of the
      second sectional bar at any point thereof and then locked with the latter
      through a quarter turn rotation, said rod portion being provided with a
      high pitch helical groove extending over a quarter turn thereabout and
      terminating in a cup-like recess, a set screw screwed into a threaded hole
      in said tubular element and engaging said high pitch helical groove, said
      set screw projecting into the cup-like recess for holding said rod portion
      againsts motion in the tight clamping position, the position and shape of
      said cup-like recess ensuring that the lips of said groove are pressed
      against said head portion and the end of said first sectional bar, said
      element being positioned within the end of a hollow core of said first
      sectional bar, one face of this core being formed with an elongated slot
      the length of which is at least equal to the sum of the depth of said
      groove of said second sectional bar and of the length of said helical
      groove of said rod portion, said set screw extending through said slot
      whereby through displacement of said screw in said slot, said head portion
      may be fully retracted inside of said hollow core of said first sectional
      bar, said element further comprising means preventing its relative
      rotation with respect to at least one of said sectional bars.
NUM  2.
PAR  2. Device according to claim 1, wherein the hollow core of said first
      sectional bar comprises at least one inner ridge or rib projecting into a
      corresponding groove of the outer surface of said element.
NUM  3.
PAR  3. Device according to claim 1, wherein that end of said element which is
      located towards said head portion comprises at least one projecting part
      adapted to be inserted together with said elongated head portion into the
      groove of said second sectional bar, these protruding parts having widths
      sufficient to ensure against rotation in said groove.
NUM  4.
PAR  4. Device according to claim 3, wherein said element is a tubular
      cylindrical shape and is formed on its end located towards said head
      portion with a pair of diametrally opposite flattened portions defining
      one aforesaid protruding part therebetween.
NUM  5.
PAR  5. Device according to claim 3, wherein said element has a T-shaped cross
      sectional contour, the hollow core of said first sectional bar exhibiting
      guiding surfaces of corresponding complementary or mating shapes for
      holding said element against rotation.
NUM  6.
PAR  6. Device according to claim 5, wherein that end of said element which is
      located towards said elongated head portion is longitudinally extended on
      both of its longitudinal side edges to form said protruding parts.
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ABST
PAL  A joint for fastening a tubular member to another structural member with
      internally displaceable cooperating members that are releasably slidable
      relative to each other for frictionally engaging the internal surface of a
      tubular member for retaining it releasably to another structural member
      which may be readily assembled and disassembled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Most modern furniture is constructed of metal tubing whether round or
      square in cross-section. It is usually necessary to spot weld or provide
      some suitable permanent securing means to fasten the members together
      rigidly in order to support a load. Many articles of furniture may be
      prefabricated at the factory and the assembly costs eliminated
      substantially provided the various components may be readily assembled by
      the ultimate consumer without the necessity of costly tools and
      time-consuming operations. Simplicity of election for sturdy construction
      in modern metal furniture without welds that destroy the plating is highly
      desirable.
PAR  Various approaches have been made to accomplish a secure joint between a
      tubular member and another tubular or other type of structural member
      without the necessity of costly brackets, welding or other secure
      fastening means. Various types of telescopic locks, expansible couplings,
      keyway locks, and split washers, among other elements, have been attempted
      as illustrated in U.S. Pat. Nos. 2,383,273; 2,704,682; 2,840,402;
      3,528,691; and 3,633,949, among other solutions, which eliminate welding.
      Most of the solutions have been costly, the parts difficult to fabricate
      by manufacture, difficult and complicated to install by the ultimate
      consumer, and most lack the required strength and rigidity.
PAR  It is an objective of this invention to provide a fastening joint for a
      tubular member, whether square, rectangular, or circular, in which a pair
      of slidably displaceable members may be inserted into a tubular member and
      by engagement with another structural member may be securely fastened
      together with a screwdriver or socket wrench by the ultimate consumer.
PAR  Another objective of the present invention is to provide a fastening joint
      that may be easily assembled and disassembled for knockdown structural
      metal furniture of various types in which a pair of concealed displaceable
      members frictionally engage the interior of a tubular member forming a
      releasable locking assembly.
PAR  Another objective of this invention is to provide a releasable locking
      assembly in which a pair of slidable members cooperate to engage the
      interior of a tubular member and frictionally retain the structural
      components together after assembly but the entire assembly may be
      disassembled readily without destroying the connecting members for further
      and repeated use.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The invention for the fastening joint and assembly will be better
      understood from the following detailed description taken in conjunction
      with the accompanying drawing in which:
PAR  FIG. 1 is a perspective view of square tubular members being secured
      together without any exterior fastening means shown at the joint;
PAR  FIG. 2 is a perspective view of another connection of a tubular member with
      another structural member without any visible fastening means at the joint
      connection;
PAR  FIG. 3 is a transverse sectional view, reduced in size, of FIG. 1
      incorporating one embodiment of the cooperating displaceable members for
      securing the tubular members together;
PAR  FIG. 4 is a modified version of a pair of cooperating displaceable members
      and a locking element shown in spaced relation with each of the
      displaceable members being formed of a stamping;
PAR  FIG. 5 is a perspective exploded view, somewhat enlarged, of FIG. 3 with
      the vertical tubular member shown in outline form only;
PAR  FIG. 6 is a plan view, somewhat reduced in size, of a preliminary stage of
      one of the two displaceable elements of FIG. 4; and
PAR  FIG. 7 is a reduced partial transverse sectional view of the fastening
      member at the lower end of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing and particularly to FIG. 1, there is illustrated a
      pair of tubular members 10 and 12 which have a square cross-sectional area
      in which the wall thickness 13 may vary depending upon the specific type
      of tubing used. Although the invention is disclosed in conjunction with
      square tubing or tubular members, it is applicable to rectangular as well
      as circular cross-sectional areas provided the joint fastening means is
      modified accordingly. The angle of the connection between the tubular
      members 10 and 12 is at a right angle but the invention is applicable to
      forming a fastening connection at angles other than the perpendicular
      between the connecting members. It will be observed that no welding or
      other visible connection is shown in FIG. 1. Also, in FIG. 2 no visible
      exterior connection is shown in the view and the vertical tubular member
      14 is connected to a solid wood member 15. In FIG. 7, the fastening
      Allen-head bolt 16 is countersunk in the bore 17 and is provided with a
      washer 18 to retain the bolt in position with the fastening joint, to be
      described, contained within the tubular member 14.
PAR  One embodiment of the fastening joint 20 is illustrated in exploded view in
      FIG. 5 positioned on the horizontal tubular member 12. A first
      displaceable member 21 formed of a square tubing section is provided with
      a flat base 22 and an inclined plane 23 which has an included angle 24
      that is less than 90 degrees. The second or mating displaceable member 25
      is positioned with its inclined plane 26 in spaced cooperative
      relationship and same inclination as the first displaceable member
      inclined plane 23 enabling them to cooperatively slide relative to each
      other as the members 21 and 25 have the same exterior dimensions. The
      included angle 27 of the second displaceable member 25 preferably has the
      same included angle as the included angle 24. It will be readily apparent
      that the included angles to form the inclined planes may vary considerably
      depending upon specific application and other factors including the type
      of materials used for the tubing and the displaceable members. The pair of
      displaceable members is supported on the threaded bolt 29 that extends
      upwardly through a tubular member 12 which has been suitably drilled to
      form the opening 30 for cooperatively receiving the spacer 31 which
      engages the inside of the wall 32 of the tube 12. The bolt 29 is provided
      with an Allen-head 33 which engages the shoulder 34 of the spacer 31.
PAR  The tubular member 12 is provided also with a bolt hole 35 drilled in
      alignment with the opening 30 but smaller in size. A flanged washer 36
      cooperatively supports a threaded nut 37 through the inwardly inclined
      flanges 38 on the washer 36 which will prevent the nut from rotating when
      the entire assembly 20 is inserted into the tubular member 10.
PAR  As shown in FIG. 3, the fastening joint is preassembled with the threaded
      nut 37 mounted on the bolt 29 enabling the washer 36 to move freely but
      not rotatably within the interior of the tubular member 10. The individual
      displaceable members 21 and 25 are also positioned in juxtaposition to
      each other and in aligned engagement along their inclined surfaces 23 and
      27 permitting each displaceable member to slide relative to the other as
      the fastening joint is tightly secured by rotating the Allen-head 33 and
      preventing the nut 37 from rotating thereby drawing the individual
      components in the slidable and displaceable members more tightly together
      which will force the sides of each displaceable member against one or more
      walls of the interior of the tubular member 10.
PAR  In order to assure a tight connection between the tubular members 10 and
      12, one need only make sure that the tube end 40 is contiguous with the
      exterior of the engaging wall 41 of the tubular member 12. In the event an
      angle connection is desirable, the necessary modifications may be made
      that would be obvious to one skilled in the art by mitering the end of the
      member 10 as well as the member 31 at both ends thereof in order to have a
      flush connection. Disassembly is readily achieved by loosening the
      Allen-head bolt 33 which will permit the displaceable members to disengage
      the frictional engagement with the interior wall of the tubular member 10
      and the members may be separated readily.
PAR  A second and preferred embodiment is shown in FIG. 4 in which the
      individual displaceable members 45 and 46 forming the pair of cooperating
      displaceable members may each be formed from flat stock by stamping in the
      flat stock the configuration shown in FIG. 6 in which the sides 47 and 48
      are provided with an angle portion 49 and 50, respectively, that are
      ultimately the inclined surfaces of one or the other of the members 45 or
      46 with the direction of the bending of the portions 47 and 48 being the
      same and the members positioned downwardly or upwardly with the
      corresponding positioning of the backing member 51. The flanking member 52
      may form either the top or bottom of the cooperating displaceable member
      which will have to be provided with a suitable opening and flange.
PAR  As shown in FIG. 4, the upper displaceable member has the inclined edges 53
      at the base of the side members 54 with the connecting member 55
      therebetween. The abutting member 56 is bent 90.degree. to abut the side
      portions 54 and is provided with a bolt opening 57. An upwardly turned lip
      or flange 58 is provided to engage one flat side 59 of the securing nut 60
      to prevent rotation of the nut in the assembled position of the various
      joint fastening components.
PAR  The other cooperating displaceable member 46 is provided with upwardly
      extending walls 61 which have mating inclined faces 62 for cooperating
      with the inclined surfaces 53 of the member 45. The connecting web 63 to
      which the sides 61 are connected is also provided with a right angle
      bottom wall 64 which abuts the lower edges 65 of the connecting member 46.
      The bottom wall 64 is provided with a bolt receiving opening 66 and a
      saddle 67 on the bottom face with protruding edges or points 68 for
      engaging a tubular member and for preventing skewing or slipping. The
      assemblage of the joint fastening members of FIG. 4 would be substantially
      identical to that which is shown and described in FIGS. 3 and 5.
PAR  It is also contemplated that the displaceable members may be cast or molded
      depending upon the nature of the end fabrication of tubing to be used
      since the same concept of the slidable and displaceable members would be
      utilized to engage the interior surface of the tubing for frictionally
      retaining it in position against the mating tube or structural member.
PAR  It will be readily apparent that the washer 36 may be eliminated in the use
      of the embodiment shown in FIG. 4.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tube fastening joint comprising at least one tubular member and one
      structural member connected together at an angle to each other, a pair of
      displaceable members cooperatively insertable into said tubular member
      each having abutting inclined planes, said displaceable members being
      slidably displaceable relative to each other for locking engagement within
      said tubular member, and means extending through said structural member
      for releasably and cooperatively retaining said pair of displaceable
      members in said tubular member whereby the tubular and structural members
      are securely fastened together upon relative displacement of said
      displaceable members by said releasable retaining means.
NUM  2.
PAR  2. A tube fastening joint as claimed in claim 1, and said tubular member
      having a square cross-sectional area.
NUM  3.
PAR  3. A tube fastening joint as claimed in claim 1, said displaceable members
      having a cross-sectional area corresponding to that of the said tubular
      member.
NUM  4.
PAR  4. A tube fastening joint as claimed in claim 1, said displaceable members
      having a square cross-sectional area.
NUM  5.
PAR  5. A tube fastening joint as claimed in claim 1, said displaceable members
      having a square cross-sectional area with each member having cooperating
      inclined surfaces.
NUM  6.
PAR  6. A tube fastening joint as claimed in claim 1, said releasably and
      cooperatively retaining means including a threaded bolt for receiving said
      displaceable members and a fastening means retained on said bolt for
      securing the displaceable members and displacing them relative to each
      other.
NUM  7.
PAR  7. A tube fastening joint as claimed in claim 1, each of said displaceable
      members has a cross-section smaller than said tubular member in which said
      displaceable members are mounted, and said displaceable members having
      means for precluding rotation within said tubular member.
NUM  8.
PAR  8. A tube fastening joint as claimed in claim 1, each of said displaceable
      members having inclined and opposed cooperating contact planes with one of
      the included angles in the plane being less than 90.degree..
NUM  9.
PAR  9. A tube fastening joint as claimed in claim 1, said tubular member having
      a substantially square cross-sectional area, said displaceable members
      each having a substantially square cross-sectional area for slidable
      insertion into said tubular member of substantially square cross-sectional
      area, said releasable and cooperatively retaining means extending through
      said structural member into said tubular member and including means for
      urging said displaceable members together to contact and frictionally
      engage the tubular member in releasable locking relationship, one of said
      displaceable members having a tube-engaging and positioning means, and the
      other displaceable member having means for positioning said releasable and
      cooperating retaining means.
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ABST
PAL  An extendable and collapsible telescoping strut construction comprising
      inner and outer tubular members adapted to be slidably received in one
      another. The inner member is provided with rolled-in portions constituting
      annular locking grooves, respectively. The outer member has radially
      extending slots to receive locking dogs which are advanceable toward the
      inner member so as to engage various annular grooves thereof one at a time
      and thus hold the inner member in predetermined, fixed positions with
      respect to the outer member. The latter further carries a spring-biased,
      slidable collar member which retains the locking dogs in positions of
      engagement with any one of the annular grooves. Positive, cooperable
      locking means on the collar member and on the outer tubular member are
      provided for retaining these two parts in a predetermined, fixed position
      against accidental bumping or jarring, whereby the locking dogs are firmly
      held in their advanced, locked positions. The arrangement is such that the
      spring automatically advances the collar member to its locked position
      with respect to the outer tubular member as soon as the collar member is
      released.
BSUM
PAC  BACKGROUND
PAR  This invention relates to struts having releasable fastener means, and more
      particularly to strut devices of the type having telescoping inner and
      outer tubular members arranged to be releasably secured to one another in
      predetermined, fixed positions.
PAR  Prior devices of this type have included inner and outer telescoping
      members wherein the outer member carried arcuate locking dogs in radially
      extending slots, together with an external sleeve slidable thereon and
      having an internal camming shoulder engageable with the dogs so as to
      effect advancing and retracting movement of the latter into grooves or
      recesses in the inner tubular member. Such a telescoping strut is
      described in U.S. Pat. No. 3,442,541, issued May 6, 1969 to Joseph R.
      Metz. The present invention involves improvements to the construction
      illustrated in FIGS. 6-12 of this patent.
PAR  While the devices disclosed in the above mentioned patent operated in a
      satisfactory manner, there was no provision for positively locking the
      external sleeve in its advanced position (illustrated in FIG. 6 of the
      patent) with respect to the outer tubular member. Instead, complete
      reliance was placed on the ability of the spring to maintain the sleeve in
      the advanced (locking) position. It has been found that under conditions
      of substantial tensile or compressive forces applied to the members, there
      is a possibility of inadvertent release of the strut in the event that the
      sleeve is accidentally bumped, jarred, or otherwise handled. Due to the
      large forces which were often involved, such inadvertent releasing of the
      strut could have undesirable consequences, such as injury to personnel,
      damage to equipment, etc. It has been found that a more substantial
      locking arrangement was necessary in order to provide more reliable and
      foolproof functioning.
PAC  SUMMARY
PAR  Such drawbacks of prior telescoping strut constructions are obviated by the
      present invention, which has for an object the provision of an improved,
      retractable and extensible locking strut which is simple in construction
      and yet provides greatly increased reliability against failure over that
      afforded by prior constructions heretofore known. A related object is the
      provision of a strut construction which may very quickly be operated to
      either lock it in its extended position or else unlock and collapse it. A
      further object of the invention is the provision of a strut construction
      of the type having a locking sleeve, which upon its release, automatically
      assumes a fully locking condition with a positive-type locking action,
      from which it cannot be released without the application of combined axial
      and twisting forces. It has been found that by such arrangement, the
      likelihood of inadvertent or accidental release of the strut is greatly
      minimized to such a degree as to be virtually negligible.
PAR  The above objects are accomplished by the provision of a pair of inner and
      outer telescoping strut members adapted to be slidably received one within
      the other, and releasable means on the members for locking them in
      predetermined, fixed positions with respect to one another, together with
      a collar member slidably carried on the outer strut member for actuating
      the locking means, and a spring biasing the collar member to an advanced
      position. There is further provided a novel, cooperable means on the outer
      strut member and collar member for positively securing the latter against
      longitudinal movement with respect to the outer strut member in response
      to relative turning movement of the two parts. The locking means comprises
      locking dogs which are slidably received in radially extending slots of
      the outer strut member, and annular shoulders on the inner telescoping
      member adapted to receive the dogs. The latter are urged inwardly by a
      camming shoulder disposed on the inner surface of the collar member. The
      securing means on the collar member comprises a radially disposed pin
      extending into the bore thereof, and means defining a bayonet slot in the
      outer tubular member. The spring means applies an axial force and a
      circumferentially acting torque to the collar member with respect to the
      outer tubular member, such that the pin normally occupies one end of the
      bayonet slot. Under these circumstances, movement of the collar member in
      an axial direction is prevented unless it is first rotated through a
      portion of a revolution to thereby shift the pin to another part of the
      bayonet slot. The arrangement is such that accidental bumping or jarring
      of the collar member is unlikely to lead to an inadvertent release of the
      strut when the latter is supporting a load.
PAR  Other features and advantages will hereinafter appear.
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PAR  In the drawings illustrating several embodiments of the invention:
PAR  FIG. 1 is an axial sectional view of a releasable strut construction as
      provided by the invention, the strut being shown in a fully extended,
      locked position.
PAR  FIG. 2 is a view like FIG. 1, except showing the strut in an unlocked
      condition, as during adjustment of the length thereof.
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a section taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a side elevational view of an end piece portion of the outer
      strut member of FIGS. 1-4.
PAR  FIG. 6 is an elevational view of the opposite side of the end portion of
      the outer strut member of FIGS. 1-4.
PAR  FIG. 7 is a side elevation of a locking dog employed in the strut
      construction of FIGS. 1-4.
PAR  FIG. 8 is a section taken on line 8--8 of FIG. 7.
PAR  FIG. 9 is a section taken on line 9--9 of FIG. 5.
PAR  FIG. 10 is a fragmentary new, partly in section and partly in side
      elevation of one end of the inner strut member of FIGS. 1-4.
PAR  FIG. 11 is an enlarged fragmentary axial section of a portion of the strut
      construction of FIGS. 1-4.
PAR  FIG. 12 is a top view, partly in section and partly in elevation, of a
      modified strut construction constituting another embodiment of the
      invention.
PAR  FIG. 13 is a bottom plan view of the outer strut member of FIG. 12, and
      further illustrating the location of a locking pin carried by the collar
      member of FIG. 12.
PAR  FIG. 14 is a fragmentary axial sectional view of a still further modified
      strut construction constituting another embodiment of the invention.
PAR  FIG. 15 is a side elevation of the locking dog employed in the construction
      of FIG. 14.
DETD
PAR  FIGS. 1-4 illustrate an extensible and retractable strut construction
      generally designated by the numeral 10, comprising an inner tubular member
      12 and an outer tubular member 14 adapted to be slidably and
      telescopically received in one another. FIG. 1 shows the strut in a fully
      extended, locked position, and FIG. 2 shows the strut in a released
      condition, as during adjustment of the overall length thereof. The inner
      member 12 has an annular rolled-in portion 16 which is received in a
      corresponding annular groove 18 of an end fitting 20 having a flange 22.
      Carried on the end fitting 20 is a fastener stud 24 having an eye suitable
      for attachment to the structure being supported (not shown). The stud is
      received in a threaded hole of the end fitting 20 and secured therein by
      means of a locking nut as shown.
PAR  The outer tubular member also carries an end fitting 26 having a flange 28.
      The fitting is retained by annular rolled-in portions 30, 32 in the member
      which are received in corresponding annular grooves 34, 36 of the fitting
      26. A fastener stud 38 is carried by a threaded hole in the fitting 26 and
      can be locked in place by means of a locking nut as shown.
PAR  Referring to FIG. 10, the inner tubular member carries an end plug 40
      having a flange 42 abutting the member end. This plug may be of either
      solid or hollow construction and is adapted to provide reinforcement to
      the member when the latter is engaged by a locking dog to be described
      below. In the embodiment shown, the plug has three spaced-apart annular
      grooves 44, 46 and 48 respectively, which receive annular rolled-in
      portions 50, 52 and 54 of the inner tubular member 12. It will be
      understood that the rolled-in portions are imparted to the tubular member
      12 following insertion of the plug 40 therein by suitable rolling
      equipment (not shown).
PAR  As shown particularly in FIG. 5, a tubular end fitting 58 is received in
      the end of the outer member 14. The latter has annular rolled-in portions
      60, 62 which are formed around corresponding annular grooves 64, 66
      respectively in the end fitting. The latter has a hollow bore 68 and a
      plurality of radially extending recesses 70 (FIG. 9) communicating with
      the bore and adapted to receive arcuate locking dogs 72 as showin shown in
      1-4 and 11.
PAR  The dogs are particularly illustrated in FIGS. 7 and 8, and each has
      arcuate surfaces 74 which engage corresponding wall surfaces of the
      recesses 70, bevelled edges 76 which are engageable with the sloped
      surfaces or shoulders on opposite sides of the annular grooves 50-54, and
      a cam surface 78 which is engaged by a cooperable cam surface on a sleeve
      to be described below.
PAR  Referring again to FIG. 1, the outer tubular member 14 slidably carries a
      locking collar 80 which is movable in an axial direction with respect to
      the member between an advanced, locking position and a retracted,
      unlocking position. The advanced position is illustrated in FIGS. 1 and
      11, and the retracted position is illustrated in FIG. 2. The collar has an
      annular cam surface 82 on its inner wall, adapted to engage the locking
      dogs 72 and to impart radially inward movement thereto as the collar is
      moved toward the right in FIGS. 1 and 11. Disposed in the space between
      the outer tubular member and the sleeve is a helical compression spring 84
      having both its ends anchored, one end being secured by a press fit into
      the outer tubular member 14 at 86, the other end being similarly secured
      to the locking sleeve 80 at 88. The spring normally biases the sleeve to
      its locking position illustrated in FIG. 1, wherein the locking dogs 72
      are maintained in firm engagement with the grooves or rolled-in portions
      50, 52 or 54 of the inner tubular member 12.
PAR  In accordance with the present invention there are provided cooperable
      means on the outer member and on the sleeve or collar member 80 for
      locking the latter against longitudinal movement in response to turning
      thereof with respect to the outer member, the means comprising a locking
      pin 90 radially extending into the bore of the sleeve, and a recess 94 or
      slotted formation in the outer surface of the end piece 58 of the outer
      tubular member 14. The pin 90 can have the form of a screw received in a
      threaded hole 92 in the sleeve. The recess 94 is in the form of a slot
      having an L-configuration, this being clearly illustrated in FIG. 6.
PAR  By the present invention the spring 84 is so arranged to apply a biasing
      force to the sleeve in an axial direction, as well as in a circumferential
      direction. This latter force or torque acts in such a manner as to rotate
      the sleeve 80 through a portion of a revolution, thus bringing the pin 90
      in position to occupy the tail portion 95 of the L-slot 94 when the sleeve
      is manually released and the inner tubular member 12 advanced to a
      position wherein one of the grooves 50, 52 or 54 is aligned with respect
      to the locking dogs 72. From this position, the sleeve cannot be directly
      moved axially without first undergoing a limited turning movement to align
      the pin 90 with the body 97 of the L-slot (Fig. 6). The sleeve can then be
      shifted axially to its retracted, unlocking position with respect to the
      outer member 14. The cam shoulder 82 of the sleeve thus releases the
      locking dogs 72, enabling them to be cammed radially outward by the
      engagement of the surfaces 76 and the grooves 50, 52 or 54 when the inner
      member 12 is adjusted, collapsed, etc.
PAR  With the strut occupying the position of FIG. 2, it will be understood that
      the pin 90 will be occupying the body portion 97 of the L-slot or recess
      94. The spring will be acting in a direction tending to shift the sleeve
      to the right in FIG. 1 and also counterclockwise in FIG. 4. However, such
      movement is prevented by the dogs 72, which are not aligned with one of
      the grooves 50, 52 or 54. The inner member can be manually slid until the
      location of the next groove coincides with the location of the dogs, at
      which time the dogs will be advanced into engagement with one of the
      grooves by the action of the cam surfaces 78, 82, and the sleeve will move
      to the right in FIG. 2 until the tail portion 95 of the L-slot aligns with
      the pin 90. The torque of the spring will then rotate the sleeve until the
      tail 95 of the slot is fully occupied by the pin 90. The strut is thus
      locked in the position of FIG. 1 and cannot be directly released without
      first imparting a relative turning movement to the sleeve (clockwise in
      FIG. 3) and then axial movement thereto (toward the left in FIG. 1). Thus
      there is minimized the possibility of an inadvertent or accidental release
      of the strut due to jarring or bumping of the sleeve. A split ring 100
      carried on the groove 60 of the outer tubular member provides a slide
      bearing for the end of the sleeve 80 opposite the location of the locking
      dogs.
PAR  Another embodiment of the invention is illustrated in FIGS. 12 and 13,
      illustrating an extensible strut construction comprising an inner strut
      member 102 and an outer strut member 104, the latter having an end portion
      106 of reduced diameter and constituting a close, sliding fit with the
      member 102. The latter is shown as being tubular, although a solid rod
      could also be employed. An end fitting or plug 108 similar to that of the
      first embodiment is received in the end of the member 102 and has a
      cylindrical flange 110 of substantially the same diameter as that of the
      inner wall of the enlarged portion of the member 104. The plug has an
      annular groove by which it is retained in the member 102, the latter
      having an annular rolled-in portion 114 formed into the groove when the
      two parts are assembled. A collar member 116 is slidably carried on the
      outer member and has a camming surface or shoulder 118 engaging a locking
      dog 120 as in the previous embodiment. Depending on the strength required,
      two, three or more locking dogs can be employed. A compression spring 122
      is disposed between the collar member 116 and outer member 104, and has
      one end fastened to the latter at the location of its annular shoulder
      117, the other end of the spring being attached to the collar 116. By the
      present invention, there are provided cooperable means on the outer strut
      member 104 and collar member 116 for securing the latter against
      longitudinal movement with respect to the outer strut member in response
      to relative turning movement between the two members, the means comprising
      a pin 124 in the form of a screw carried in the wall of the collar and
      extending radially into the bore 126 thereof, and means providing a
      bayonet slot 128 in the outer tubular member 104. As in the previous
      embodiment, the pin 124 is movable between end limits defined by its
      engagement with the ends of the slot 128. When the pin 124 is disposed in
      the position illustrated by one set of dotted lines (upper circle) in FIG.
      13, the collar member is disposed in a locked condition with respect to
      the outer member 104, since the collar member cannot be directly shifted
      to the left in FIG. 12 unless it is first rotated against the action of
      spring 122 through a fractional part of a turn, such that the pin occupies
      the position illustrated by the second set of dotted lines (lower circle)
      in FIG. 13. From this latter position (the corner of the L-slot), the
      collar member can be manually displaced toward the left in FIG. 12,
      against the action of the spring 122 to thereby release the locking dogs
      120 and enable adjustment of the length of the strut to be effected. In
      order to prevent the inner tubular member from being inadvertently
      separated from the outer member, the flange 110 is made sufficiently large
      to constitute a stop when it engages the annular shoulder 117. This stop
      can be located to coincide with alignment of the locking dog 120 and the
      end-most groove 114 for certain applications, if desired, such that as the
      strut is extended, the dog will snap into the groove at roughly the same
      time that engagement of the shoulder 117 by the flange 110 occurs.
PAR  Another embodiment of the invention is illustrated in FIGS. 14 and 15
      wherein like reference numerals indicate similar parts. Inner and outer
      tubular members 102, 104, respectively are illustrated, the inner member
      having an annular rolled-in portion 114; a collar member 116 is slidably
      received on the outer member 104. A modified locking dog 128 is provided,
      having an arcuate configuration and a substantially circular cross
      section. The dogs is engaged by the cam surface 118 of the collar member
      as the latter is shifted toward the right in FIG. 14. The advantage of
      this construction lies in the fact that the dog 128 can be conveniently
      and inexpensively cut from wire stock, whereas in the previous
      embodiments, the dogs required machining, which represented a significant
      added expense. It is intended that multiple dogs could be employed in the
      embodiment of FIG. 14; however, only one is shown in the interest of
      simplicity and clarity.
PAR  From the above it can be seen that I have provided a novel and improved
      telescoping locking strut construction, which is both simple and effective
      in operation and provides greatly improved strength and reliability over
      that obtainable with devices heretofore known. The provision of a positive
      securing means on a collar member insures that the latter is not
      accidentally released as a result of inadvertent bumping or jarring, this
      being especially important in cases where the strut is heavily loaded. The
      device thus represents a distinct advance and improvement in the
      technology of releasable fastener devices.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A strut construction comprising, in combination:
PA1  a. A pair of inner and outer strut members adapted to telescope one into
      the other to effect a composite strut of variable length,
PA1  b. multi-part, cooperable releasable means on said inner and outer members
      for locking the same in a predetermined, fixed position with respect to
      one another,
PA1  c. a collar member carried by the outer strut member for actuating said
      locking means, said collar member being movable longitudinally between an
      advanced, strut-locking position and a retracted, unlocking position,
PA1  d. means biasing said collar member to its advanced strut-locking position,
      and
PA1  e. cooperable means on said outer strut member and collar member for
      securing the latter, when in its advanced position, against longitudinal
      movement with respect to the outer strut member in response to turning of
      the collar member on said outer strut member,
PA1  f. said collar member biasing means automatically effecting turning of the
      collar member to its securing position when the collar member reaches said
      advanced position, and
PA1  g. the outer strut member having an end portion of reduced diameter,
      closely and slidably fitting the inner strut member, and having an annular
      shoulder defining said portion of reduced diameter,
PA1  h. said collar member biasing means comprising a coil spring surrounding
      and carried by said reduced diameter portion of the outer strut,
PA1  i. one end of said coil spring being secured in said annular shoulder,
PA1  j. the inner end of the inner strut member having an annular stop shoulder
      engageable with the annular shoulder of the outer strut member to orient
      the parts of said releasable locking means.
NUM  2.
PAR  2. A strut construction as in claim 1, wherein:
PA1  a. one end of said spring is secured to the outer strut member,
PA1  b. the other end of the spring being secured to the collar member.
NUM  3.
PAR  3. A strut construction as in claim 1, wherein:
PA1  a. said spring applies a continuous torque between the collar member and
      the outer strut member in a circumferential direction.
NUM  4.
PAR  4. A strut construction as in claim 1, wherein:
PA1  a. said outer strut member is elongate and has a radially extending recess,
PA1  b. said cooperable, releasable locking means comprises a locking dog
      carried in said recess,
PA1  c. said inner strut member having a shoulder adapted to be engaged by said
      locking dog when the latter moves radially inward in said recess.
NUM  5.
PAR  5. A strut construction as in claim 4, wherein:
PA1  a. said locking dog is arcuate and has a substantially circular
      cross-sectional configuration.
NUM  6.
PAR  6. A strut construction as in claim 4, wherein:
PA1  a. the inner strut member is tubular and has an annular rolled-in portion
      constituting said shoulder,
PA1  b. an end fitting disposed inside the strut member and having an annular
      groove adapted to underlie the rolled-in portion when the latter is
      formed,
PA1  c. said fitting reinforcing the inner member to minimize undesirable
      flexing of the rolled-in portion when the latter is engaged by the locking
      dog.
NUM  7.
PAR  7. A strut construction as in claim 1, wherein:
PA1  a. said collar member has a radially extending threaded hole, and
PA1  b. a screw received in said hole and extending into said bore.
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ABST
PAL  A street pattern is disclosed including a honeycomb pattern of traffic
      arteries; pedestrian passageways under the streets; unique artery dividing
      median means and public transit facilities between adjacent honeycomb
      legs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention is in the field of traffic control flow systems. Two
      physical systems have emerged as the twin symbols of our automobile
      civilization; namely, the cloverleaf interchange system for high speed
      traffic and the intersection traffic signal system for low-speed traffic
      control purposes. The monumental problem of traffic complication and
      harassment has progressed and grown to such a great extent as to largely
      strangle urban existence.
PAR  By function, a cloverleaf system offers high efficiency in a traffic
      interchange. By form, it consists of a complex and expansive bridging,
      turning and ramping construction whose cost is often prohibitive. Its
      greatest liability is its exasperate waste of space since architectural
      utilization of space within or immediately contiguous to the cloverleaf
      system itself is totally impossible.
PAR  The discomfort of our present day traffic light controlled city
      intersection represents our failure to revise an archaic checkerboard
      planning approach whose original concept was sound but which fails to meet
      the needs of highly developed modern societies need of easy transport over
      substantial distances in a rapid manner.
PAR  A typical traffic intersection of two-way streets in a modern city contains
      at least 12 traffic lines out of which eight of them are engaged in the
      dangerous business of intersecting one another at as many as 12 points of
      possible vehicular contact, without counting the chance effect of
      undesired pedestrian contact. The danger of vehicles colliding with one
      another has been attempted to be controlled either by the four-way stop
      sign, or more sophisticatedly by the dynamic signal language of red,
      green, and yellow traffic control lights. Unfortunately, these systems
      function rather submissively at the expense of a great loss of time and
      peace of mind, particularly when heavy and uneven traffic loads are
      involved.
PAR  The cloverleaf and the city intersection systems have been accepted as
      being feasible only as a result of isolated type thinking and decision
      making by modern man. Without much consideration of the consequences that
      may result, there has been over emphasis on the specific goal of
      performance such as in speed and efficiency facilitated by a cloverleaf
      system even for the heart of a city.
PAR  Unsightly structures that invade vertical as well as horizontal spaces in
      metropolitan areas are the consequence of our over-emphasis on the time
      feasibility of a cloverleaf system and its like. The frustration of abrupt
      stop and eager crossing is the price of space feasibility of the
      conventional traffic light system. On top of all this, both systems
      contribute to the agony of both air and noise pollution.
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PAR  The subject invention eliminates the drawbacks of prior known traffic
      systems through the employment of flow systems based upon the hexagon in a
      manner that will be fully appreciated when the following written
      description is considered in conjunction with the appended drawings in
      which:
PAR  FIG. 1 is a plan view of a conventional cloverleaf traffic control system;
PAR  FIG. 2 is a plan view of a plurality of conventional intersections
      illustrating different traffic flow operations therethrough;
PAR  FIG. 3A is a plan view of one aspect of a preferred embodiment of the
      invention consisting of a plurality of discrete intersections;
PAR  FIG. 3B is a plan view of the intersections of FIG. 3A joined together to
      form an interlinking traffic flow system;
PAR  FIG. 3C is a plan view of another aspect of the preferred embodiment in
      which the blocks form units of nonuniform honeycomb shape;
PAR  FIG. 4 is a plan view of a uniform honeycomb block system illustrating
      traffic flow therethrough;
PAR  FIG. 5 is an enlarged plan view of a two-way traffic portion usable in the
      system of FIG. 4 illustrating the flow around the blocks in clockwise
      manner;
PAR  FIG. 6 is identical to FIG. 5 but illustrates the block flow in
      counterclockwise manner;
PAR  FIG. 7 is a plan view of another aspect of the invention illustrating an
      intersection embodying an associated bus stop portion;
PAR  FIG. 8 illustrates a system of street nomenclature employable with the
      invention traffic flow system;
PAR  FIG. 9 is a time versus distance graph;
PAR  FIG. 10 is a plan illustration of the manner in which the problems of solar
      glare are avoided by the inventive system;
PAR  FIG. 11 is night-time plan view of the inventive traffic layout system as
      it would appear from the air;
PAR  FIG. 12 is a plan view illustrating the manner in which building
      orientation can be provided with the inventive system for optimum climatic
      benefit;
PAR  FIG. 12A is an enlarged plan view illustrating another embodiment of the
      subject invention;
PAR  FIG. 13 is a plan view illustrating the manner in which the embodiment of
      FIG. 12A are associated as part of a larger scale traffic flow system;
PAR  FIG. 14 is a plan view of another aspect of the invention;
PAR  FIG. 15 is a plan view of another aspect of the invention; and
PAR  FIG. 16 is a plan view of another aspect of the invention.
DETD
PAR  Closely approximating a circle which contains maximum content with minimum
      perimeter, a hexagonal form employing wishbone intersections 20 (FIG. 3C)
      is adopted as the basic unit of a honeycomb because it is most
      incorporative with its own peers. It excels over a square in economy and
      an octagon in stability and can assume various shapes as shown in FIG. 3C.
      It also affords the best opportunity for one hexagon to be directly
      connected to six other hexagons.
PAR  The honeycomb concept when translated into city planning language means
      maximum usage of acreage of each hexagonal block made available and
      accessible at every side by minimum length of surrounding roads which are
      shared by other contiguous hexagonal city blocks as shown in the enlarged
      layout of uniform hexagonal blocks in FIG. 4 in which the streets comprise
      two-way traffic in portions 22 and one-way traffic in portion 24. It will
      be seen that merging and divergence of north-south and east-west traffic
      is achieved at each wishbone node such as node B4 and node C6. Consistent
      one-way counterclockwise traffic continuity is provided for a series of
      successive blocks along an east-west axis such as those marked Y and Z,
      etc., in Drawing 4. Note that there are two avenues (not one combined
      two-way avenue) between blocks such as Y and Z. The rotation direction of
      continuous traffic around each block for series of successive blocks along
      east-west axis will be alternated from north to south and vice versa. The
      series of blocks V, W and X will be in clockwise direction while S, T and
      U will be in counterclockwise direction.
PAR  Other features of the inventive system of FIG. 4 include non-stop zig-zag
      east to west traffic along Street B and Street D and non-stop zig-zag west
      to east traffic along Street A and C. Non-stop south to north traffic runs
      alternatively along sections of Avenue 6 and Avenue 5, to be connected by
      diagonal streets between them. Similarly, non-stop north to south traffic
      runs alternatively along sections of Avenue 7 and Avenue 6, also to be
      connected by diagonal streets between them. FIG. 5 illustrates the fact
      that both these south to north and north to south traffic lines have to go
      across a plaza 26. The plaza 26 is a space consisting of two separate
      avenues whose traffic is opposite in direction and which are separated by
      a main vertical median wall 28 and which are deflected at their ends by
      diagonal flow-merge medians 30 extending outwardly from end median walls
      32. U-turns from one avenue to another within the plaza are enabled
      through spaces 34 between main median wall 28 and end median walls 32.
      Between blocks whose surrounding traffic is in a clockwise direction, each
      avenue is conventionally directed so that its traffic flows at the
      right-hand side of the plaza. Example: Avenue BC-6. Between blocks whose
      surrounding traffic is counterclockwise, however, an unconventional flow
      pattern which requires each avenue to flow at the left-hand side of the
      plaza is employed; however, within each avenue, its own traffic still
      sticks to the conventional rule of keeping still sticks to the
      conventional rule of keeping to its own right. FIG. 7 illustrates a system
      in which cars that are moving toward south or north and cars that are
      moving toward east and west would have to intersect each other
      tangentially along the diagonal streets. This is accomplished by tactful
      change of lane with the qualifications that three lanes be provided for
      each street 24. Cars in the left lane, if need to, should change lane
      earlier to middle lane and be ready to shift further to the right or vice
      versa. There should be a regulated car to car spacing good enough for cars
      in other lanes to come in between the cars so spaced. Significant aspects
      of the nomenclature as depicted in FIG. 4 include:
PAR  1. All avenues running toward north or south are numbered. Because blocks
      between Street B and Street C are interposed with blocks both between
      Street A and B and between Streets C and D by alternating the position of
      avenues, numbering provides an opportunity to define the edge of each
      block either by a pair of odd-numbered avenues or that of an even-numbered
      one. Example: Avenues 7 and 5 for Block Z and Avenue 6 and 4 for Block X.
PAR  2. The number sandwiched between a pair of odd or even numbers then can be
      used to denote a block. The block temporarily identified as Z, which is
      bordered by Avenue DC-7 and Avenue CD-5, for instance, is identified as
      block CD-6. Notice that the appearance order of the letters in the
      nomenclature of an avenue or a street represents the direction of traffic
      flow.
PAR  3. All the streets have to be denoted by letters because the alphabet
      system is the only one other than the number system that is arranged in a
      customary and familiar order suitable to reflect the essence of sequence
      and direction of a honeycomb system.
PAR  4. In terms of location as well as direction, therefore, the street on
      which one is supposed to move from node C7 to node C6 shall be called
      Street C-7-6 and continuous eastward C-6-5, C-5-4, etc.
PAR  5. Direction will give us an opportunity to differentiate the avenues which
      are identified by the same number within the same plaza. The two avenues
      between blocks temporarily marked Y and Z, for instance, shall be named
      Avenues CD-7 and DC-7 depending on the direction of traffic flow from one
      node to another, C to D or D to C.
PAR  6. The sequence of numbers ranging from east to west is designed to
      correspond with the position of the sun after sunrise.
PAR  7. In arbitrary order of appearance between them, combination of number and
      letter shall denote a node.
PAR  The honeycomb system is by no means more complicated than an ordinary
      checkerboard system since the location of any place can be readily
      identified in terms of street letter and avenue number in such a way quite
      familiar to ourselves. The only complication involved, if we call it a
      complication at all, is that because of lack of long straight streets or
      avenues, one does have to travel in a zig-zag manner as shown in FIG. 8.
PAR  The immediate encouragement one can see in a wishbone is that it does not
      ask any driver to make a choice out of more than two directions when he
      arrives at a turning point. In fact, when a car comes out from an avenue
      in either direction, one finds it unnecessary to make a choice at all.
PAR  For the sake of simplicity and consistency, the shortcut U-turn between
      opposite avenues comprises an additional choice of the otherwise
      single-choice turning point ahead of the U-turn. Thus, we would be able to
      treat all turning points as being equally binary. We may then have the
      opportunity to use the binary sequence in exponential form to represent
      the sequantial potentiality of destination diversification in the mind of
      a departing driver.
PAR  The term 2.sup.3 within the binary sequence shown in the lower part of
      Drawing 8 represents the consumption of eight possibilities along a
      certain route after the turning point number 3, which is numercially
      represented by the power of 3 in the term 2.sup.3. If the digit 1
      represents a right turn and digit 0 a left turn, the hourney which one has
      to traverse from point 0 (node E2) to point 9 (node B6) in Drawing 8 would
      be: (leading from right to left in the lower part of Drawing 8,
      connotationally in association to computer methodology; left to right
      below), Departure E2 1-1-0-0-1-1-1-0-1 Destination B6.
PAR  Simply stated, the sequence of these binary numerals represent the
      direction pattern of a journey.
PAR  Series of such binary numerals could be tabulated in correspondence to
      combinations of departure and destination nodes for newcomers'
      information. It could, of course, be computerized to render instant
      coordination of dispatch service for a taxi company.
PAR  There is no need to strive for higher speed with the honeycomb system as
      shown by FIG. 9. The time saved from unnecesary waiting at a conventional
      street light is easily apparent.
PAR  The hazard for one to face the glare of a setting sun when he is driving
      toward the west end of a road is avoided by the honeycomb system as shown
      in FIG. 10.
PAR  For the pilot in the sky as well as the driver on the ground, the
      orientation of the honeycomb city form is clarified by its zig-zag
      streets, which run east and west, and sections of parallel heavier lines
      for for north and south.
PAR  For many geographical locations, the zig-zag situation of all streets is
      such that buildings built along a street can be logically and consistently
      arranged to block north-western wind during the winter and to allow for
      the passing of summer breezes, with ends or sides of buildings more
      parallel to the streets, from south-western side of the city as shown in
      FIG. 12.
PAR  The honeycomb traffic pattern enables the employment of alternate building
      designs oriented so as to resist the north-west wind in winter but permit
      the passage of south-west breezes in summer, as is shown by buildings 40
      in FIG. 4.
PAR  To be consistent with the non-stop flow of vehicular traffic, pedestrian
      overpaths or underpaths are provided in the manner illustrated in FIG.
      12-A. While a pedestrian overpath is reasonable for linking upper floor
      spaces of buildings on opposite sides of the traffic arteries, an
      underpath pedestrian crossing of an avenue or of a street is more
      desirable. Instead of a 14 foot truck clearance needed for an overpath, a
      mere seven feet plus 2 feet of construction depth is all we need for an
      underpath.
PAR  FIG. 12-A illustrates the most logical location and design of an underpath
      system in the form of a wishbone connection 42 which is accessible to
      three hexagonal blocks. One leg 44 of the wishbone could be extended to
      allow for an off-street bus stop.
PAR  The problem of such an underpath system is that it will create a probable
      competition for vertical space immediately below a road surface between
      the pedestrian tunnel and the space for public utilities. One way to solve
      the problem is to position all the utilities under the inner side of a
      sidewalk 47 and reserve enough space near the road curb for steps 48
      leading to or starting from a leeward underpath as illustrated in FIG. 14.
PAR  FIG. 15 illustrates a six-line pattern for a rapid transit system that is
      suitable to our need. Elevated or underground, the six two-way lines 50
      are linked by a revolving shuttle system in the heart of a city.
PAR  The system disclosed in FIG. 16 allows for North-South traffic 60 to go
      straight while East to West traffic or vice versa is economized by turning
      to North or South, for saving spaces for elevated through-ways, pedestrian
      malls and the like along the North-South axis. It should be understood
      that the directional terms "north", "south", "east" and "west" are used to
      conveniently define directions of the street components relative to each
      other (i.e. an east-west street would be perpendicular to a north-south
      street) and these terms should not be interpreted as necessarily being
      geographical directions.
PAR  The application of the tangential-crossing pattern within the framework of
      our present street system is possible, again, only if the design of a
      twin-avenues concept is adopted.
PAR  Numerous modifications of my invention will undoubtedly occur to those of
      skill in the art. For example, the number of traffic lanes in each
      direction on the streets and avenues of all embodiments can be from one
      lane up to many lanes such as ten or more. Consequently, it should
      therefore be understood that the spirit and scope of the invention is to
      be limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A street layout traffic control system comprising a plurality of
      identical honeycomb blocks each having six sides of identical length with
      the facing sides of adjacent blocks being parallel and defining the sides
      of vehicular arteries consisting of linear two-way north-south arteries
      branching into one-way streets oriented at approximately 300.degree. and
      60.degree. heading for vehicles entering said streets in a northerly
      direction of movement at the northern ends of said north-south arteries
      and oriented at 240.degree. and 120.degree. heading for vehicles entering
      said streets in a southern direction of movement at the southern ends of
      said north-south arteries.
NUM  2.
PAR  2. The invention of claim 1 additionally including a vertical median wall
      in said north-south arteries for separating the northbound traffic from
      the southbound traffic.
NUM  3.
PAR  3. The invention of claim 1 additionally including a vertical median wall
      in said north-south arteries for separating the northbound traffic from
      the southbound traffic and diagonal flow-merge medial walls at the
      northern and southern ends of said north-south arteries unitarily
      consisting of a north-south wall portion oriented medially of the
      north-south arteries at their northern or southern ends and a street
      median oriented medially of the one-way street adjacent said northern or
      southern ends and extending outwardly in the direction of traffic flow in
      the one-way street in which said street median is positioned.
NUM  4.
PAR  4. The invention of claim 3 wherein the northern and southern ends of said
      median walls in said north-south arteries are spaced respectively from the
      southern and northern ends of said north-south wall portions so as to
      define a U-turn permitting space therebetween.
NUM  5.
PAR  5. The invention of claim 4 additionally including east-west oriented plaza
      means extending across said honeycomb blocks between the north-south
      arteries on the east and west sides of said honeycomb blocks.
NUM  6.
PAR  6. The invention of claim 4 additionally including east-west oriented
      two-way plazas extending across said honeycomb blocks between the
      north-south arteries on the east and west side of said honeycomb blocks.
NUM  7.
PAR  7. The invention of claim 5 wherein said plaza means comprises two one-way
      thoroughfares, one of which is east bound and the other of which is west
      bound.
NUM  8.
PAR  8. The invention of claim 3 additionally including east-west oriented bus
      stop lanes extending between intersecting one-way streets.
NUM  9.
PAR  9. The invention of claim 8 additionally including a vertical median wall
      in said north-south arteries for separating the northbound traffic from
      the southbound traffic.
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ABST
PAL  A rectangular grating panel to be supported in a stationary frame
      surrounding an opening of a storm drain inlet or the like, the grating
      panel having an outwardly projecting anchor leg at one side to project
      beneath one of the frame members of the stationary frame and having a pair
      of adjustable locking devices projecting from the opposite side of the
      grating panel to bear against an interlock beneath a confronting frame
      member of the stationary frame. The locking devices each include a
      threaded stud adjustable by threaded nuts for axial movement relative to
      the grating panel and a truncated angle member head on each stud providing
      a face to bear against the confronting frame member and a short flange to
      project therebeneath.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention relates in general to improvements in grating
      structures of a type in which a grating panel or pair of panels formed as
      a generally rectangular reticulated grating structure provides a cover at
      road surface level for storm drain inlets and similar type road surface
      openings to form a uniform traffic-bearing grating surface over which
      motor vehicles, bicycles and the like are adapted to travel, and more
      particularly to grating structures of such type having manually
      manipulatable adjustment and locking structure for adjustably positioning
      the grating transversely in the stationary supporting frame structure for
      the grating and including locking mechanism to be interlocked with the
      supporting frame for preventing and discouraging the removal of the
      grating structure from the drain inlet.
PAR  Replaceable grating devices in the form of rigid grating panels have been
      customarily employed as the roadway surface level cover for storm drain
      inlets spaced at intermittent locations along the curb region of highways
      and city streets. The road drain inlet gratings for such highway storm
      drain inlets and the like designed to withstand the load of automobile and
      bicycle traffic, have frequently been formed of cast iron grating panels
      adapted to be supported in the customary stationary frame at the upper
      inlet opening of the standard concrete storm drain inlet box, frequently
      having transversely spaced elongated longitudinal slot-like openings
      separated by rigid cast bar formations longitudinally spanning the length
      of the grating panel to provide a large total opening area for passage of
      water into the storm drain inlet box. These customary highway storm drain
      inlet gratings are produced with various opening patterns, but most
      frequently have the transversely spaced, elongated slots longitudinally
      spanning the grating panel with the slots either extending uninterruptedly
      over most of the length of the grating panel or being interrupted by a few
      transverse webs.
PAR  More recently, as a result of a number of bicycle accidents caused by
      penetration of the narrower style bicycle tires in current vogue into the
      slots or passages in the cast highway inlet gratings of the elongated
      slotted design, replacement of the slotted design gratings with reticular
      gratings having smaller nonelongated openings which would provide greater
      bicycle safety has been undertaken in many areas. Similar reticular
      gratings, formed of parallel longitudinal bearing bars and intermediate
      crimped strips, have been used as decking for traffic-bearing surfaces
      such as bridges, elevated highways, sidewalk covers for below ground
      ventilating inlets and freight access tunnels, or reticulated flooring
      sections in industrial plants. The need to remove large numbers of the
      road drain inlet gratings from their supporting frames and replace them
      with grating structures of other designs has increased awareness of the
      need for improvement in the means for anchoring or fastening such grating
      structures in place to prevent or discourage the removal of the grating by
      unauthorized personnel. Typically, it has been recommended for positive
      fastening and easy, rapid installation of conventional reticulated
      gratings that the bearing bars be spot welded at various locations to the
      supporting angle iron structure or other supporting frame. Of course such
      spot welded fastening techniques for gratings make it a difficult,
      time-consuming and expensive procedure to remove the grating when its
      removal and replacement is called for. Where it is recognized that
      periodic removal of the grating may be required, some have proposed
      various types of locking devices such as shouldered slotted slide plates
      secured by bolt and nut fasteners to the grating, or clip type or bendable
      fastening devices secured by screws or bolts to the grating to interfit
      with or against various surface formations of the associated supporting
      frame and fasten the grating against removal. Frequently, these anchoring
      devices include portions which protrude upwardly above the upper
      traffic-bearing surface formed by the grating structure, thus providing
      undesirable characteristics.
PAR  Also, some specifications for grating panel structures for highway storm
      drain inlets require that the grating panel structure include some kind of
      adjustment device which may be adjustably positioned laterally outwardly
      from the curb side outermost longitudinal bearing bar or straight side
      member of the grating panel to bear against the confronting member of the
      stationary supporting frame surrounding the inlet opening of the storm
      drain inlet to enable the grating panel to be inserted in the frame and
      adjustably positioned laterally to the desired position in the frame. This
      adjusting device sometimes is a required feature of grating panels for
      storm drain inlets to facilitate the installation and removal of the
      grating panels.
PAR  An object of the present invention is the provision of a novel grating
      panel structure for the framed inlet opening of conventional highway storm
      drain inlets and the like, wherein the grating structure includes a
      stationary outwardly projecting anchoring leg at the road side of the
      grating panel to project under the associated stationary grate supporting
      frame of the storm drain inlet and includes an adjustable locking device
      at the curb side of the grating panel having a modified angle formation
      adjustably supported by the adjacent side member of the grating for
      movement outwardly toward and away from the grating side member providing
      a bearing face to abut the inside vertical face of the associated
      stationary frame and providing another leg to project under the adjacent
      stationary frame portion to anchor the grating in position against
      unauthorized or accidental removal.
PAR  Another object of the present invention is the provision of a novel grating
      panel structure as described in the immediately preceding paragraph,
      wherein the adjustable locking structure includes a threaded stud
      extending through a side bearing bar member of the grating panel having an
      angle iron foot member on the end thereof to bear against the confronting
      inside vertical face of the associated stationary frame and under the
      adjacent portions of the stationary frame and having adjusting nut members
      on the threaded stud for determining the adjusted positions of the angle
      foot member.
PAR  Other objects, advantages and capabilities of the present invention will
      become apparent from the following description, taken in conjunction with
      the accompanying drawings illustrating a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is vertical transverse section view of the upper portion of a
      typical highway storm drain inlet and associated grating panel covering
      the same, wherein the grating panel is constructed in accordance with the
      present invention;
PAR  FIG. 2 is a fragmentary top plan view of the grating panel, shown to
      enlarged scale;
PAR  FIG. 3 is a vertical section view through the road side portion of the
      grating panel, taken along the line 3--3 of FIG. 2 and illustrating
      portions of the associated stationary supporting frame, shown to enlarged
      scale;
PAR  FIG. 4 is a fragmentary vertical section view through the curb side portion
      of the grating panel, taken along the line 4--4 of FIG. 2, showing the
      stationary existing frame, all shown to enlarged scale;
PAR  FIG. 5 is a fragmentary perspective view of the combination locking device
      structure and adjustment device structure shown with adjacent portions of
      the grating panel; and
PAR  FIG. 6 is a fragmentary vertical section view through an end portion of the
      grating and adjacent frame portion, taken along line 6--6 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like reference characters designate
      corresponding parts throughout the several Figures, the grating panel
      structure of the present invention, indicated generally by the reference
      character 10, forms the reticular cover for the upper inlet opening,
      indicated by the reference character 12, of a standard highway storm drain
      inlet box, herein frequently referred to simply as a storm drain inlet or
      standard inlet. The storm drain inlet, indicated by the reference
      character 14, is typically constructed as a reinforced concrete or brick
      box usually disposed alongside the curb of the highway, indicated at 16,
      to provide a large upwardly facing generally rectangular inlet opening at
      the level of the traffic-bearing surface of the highway flanked along the
      curb side by a curb opening spanning the major portion of the height of
      the curb along the length of the grating. The inlet opening 12 of the
      storm drain inlet 14 is typically surrounded by a cast iron stationary
      frame formed of angle iron end frame members 18, curb side frame member 20
      and road side frame member 22 integrally or rigidly joined together at the
      corners.
PAR  The grating panel 10 is formed as a reticular grating of a large number of
      openings of limited size and uniform configuration, having two types of
      straight spaced longitudinal metal bars, herein termed longitudinal
      bearing bars, one type of which is indicated by the reference character 24
      and the other by the reference character 26. The number of the
      longitudinal bearing bars 24, 26 depends upon the width of the grating
      panel desired and the length of the bars also depends upon the length of
      the panel desired. Although a typical grating panel may be in the form of
      a rectangle which is about 2 ft. 83/4 inches in length and about 2 ft.
      57/8 inches in width, having six longitudinal bearing bars 24 and five
      longitudinal bearing bars 26, and one curb side longitudinal bearing bar
      28, only nine of the longitudinal bearing bars are shown in FIG. 2. Each
      of the three types of longitudinal bearing bars 24, 26 and 28 are of like
      profile and external dimensions, but differ in the location of rivet holes
      therein, the rivet holes 24afor the longitudinal bearing bars 24 being
      located in offset or alternating relation relative to the rivet holes 26a
      of the longitudinal bearing bars 26. The curb side longitudinal bearing
      bar 28 has rivet holes 28 a located in the same manner as the rivet holes
      26a of the longitudinal bearing bar 26 and additionally includes two holes
      28b which are approximately nine-sixteenths inch in diameter in the lower
      region of the bearing bar 28 for the adjustable locking device to be later
      described.
PAR  In the illustrated embodiment, the ends of the longitudinal bearing bars
      24, 26 and 28 are welded to end trim bars 30, by welds for example, at the
      inner surface of the four corners of the rectangular grating structure and
      along one side of the opposite ends of the longitudinal bearing bars 24
      and 26, as indicated at 32.
PAR  Interposed between the longitudinal bearing bars 24, 26 and 28 are crimped
      metal strips 34 forming what may be termed the crimped reticuline bars of
      the grating, which are of the same length as each other and of such
      length, when bent to the distorted sinusoidal or zigzag pattern
      illustrated, that the respective ends thereof terminate in transverse
      alinement close to but slightly spaced from the two opposite end trim bars
      30. The crimped reticuline bars 34 are each provided with flat,
      equidistantly spaced bar-contacting flat portions 36, each of which is
      secured to its adjacent longitudinal bearing bar by a rivet 38 in the
      illustrated embodiment. It will be appreciated that welding, or other
      types of fastening means may be employed instead of rivets at the
      locations where the bar-contacting formations 36 are joined to the bearing
      bars, if desired.
PAR  The straight bearing bars 24, 26 and 28 are of greater depth than the
      crimped reticuline bars 34, but the top edges of the bearing bars and the
      reticuline bars are on the same plane, and the reticuline bars and bearing
      bars coact to form an even mesh surface for traffic-bearing purposes
      wherein the openings are sufficiently small to prevent any significant
      penetration of the openings by narrow bicycle tires and the like.
PAR  In one illustrative example, the longitudinal bearing bars 24, 26 and 28,
      the transverse end trim bars 30, and the crimped reticuline bars 34 may
      all be formed from steel flat bar stock. For example, the bearing bars may
      be about three-eighths in. thick by 31/2 inches in height, with the rivet
      holes 24a, 26a and 28a about thirteen thirty-seconds inch in diameter
      spaced about 5 inches apart on centers and located with their centers
      about 1 in. below the top edges of the bearing bars, and include a 1/2 in.
      rabbet or corner recess at the opposite ends thereof extending about 13/8
      in. inward from the adjacent end, to bear upon the inwardly projecting
      shoulder flanges of the opposite end frame members 18 of the stationary
      existing frame surrounding the inlet opening 12. The reticuline bars 34
      may be about 1/4 in. by 2 in. stock, and the transverse end trim bars 30
      may be made from 1/4 in. thick flat bar stock about 3 in. high and are
      welded to the ends of the longitudinal bearing bars as previously
      described.
PAR  In the illustrated example, an extra safety angle member 40 formed of an
      angle iron having a depending vertical flange which is about 3 in. high
      and an outwardly projecting upper horizontal flange which extends for
      about 31/2 in. from the curb side bearing bar 28 into the adjacent portion
      of the opening in the curb at a level slightly above the plane of the top
      edges of the bearing bars and reticuline bars to cover the space between
      the curb side bearing bar 28 and its confronting stationary frame member
      20 and provide some protection against penetration of bicycle wheels into
      the curb opening at the storm drain inlet. A filler bar 42, which, for
      example, may be made from 1/2 in. thick flat bar stock 31/2 in. in height,
      is secured by the rivets 38 flat against the outer surface of the road
      side exterior longitudinal bearing bar 24 to substantially fill the space
      between the road side exterior bearing bar 24 and the confronting surface
      of the road side frame member 22 when the grating is properly positioned
      in the inlet opening 12. A road side anchor angle member 44 is secured to
      the lower portion of the road side exterior bearing bar 24 near the
      longitudinal center thereof, for example, by welding its vertical
      ascending angle flange 44a in partially lapping relation against the inner
      surface of the exterior bearing bar with its horizontal outwardly
      projecting angle flange 44b spaced below the exterior bearing bar an
      appropriate distance to project beneath and underlap a portion of the
      stationary road side frame member 22 as shown in FIG. 3.
PAR  At two locations associated with the holes 28b in the curb side bearing bar
      28 near the opposite ends thereof and flanking the extra safety angle
      member 40 are a pair of adjustable locking devices 46 to lock the grating
      structure in place in the supporting frame in such manner as to discourage
      or prevent easy removal of the grating structure by thieves or vandals, or
      other unauthorized persons, and to avoid the possibility of the grating
      structures popping up under the impact of traffic loads. Each of the
      adjustable locking devices 46 consist of an elongated threaded stud 48
      extending in freely rotatable relation through the associated one of the
      holes 28b with slight clearance relative to the hole, and having threaded
      nuts 50 and 52 threaded thereon adjacent the opposite faces of the curb
      side bearing bar 28. The outer end of the stud 48 is welded or otherwise
      secured to an angle shaped locking head 54 having a flat vertically
      extending flange 56 formed, for example, of the vertical flange of an
      angle iron member defining a flat face to bear against the confronting
      inside vertical face of the curb side stationary frame member 20 and
      having an outwardly projecting short foot 58 formed, for example, from a
      shortened or truncated horizontal flange of the angle iron member, to
      project under the adjacent lower surface portion of the stationary curb
      side frame member 20 upon appropriate adjustment of the threaded nut 50
      and 52 to lock the grating structure against withdrawal in coaction with
      the road side anchor member 44.
PAR  It will be apparent that movement in one direction of the adjusting nuts
      50, 52 bearing against the confronting faces of the curb side bearing bar
      28 causes the threaded stud 48 and locking head 54 to be drawn axially
      inwardly toward the center of the grate structure, or to the left as
      viewed in FIG. 4, thus reducing the extent of projection of the locking
      head 54 from the curb side bearing bar 28 and permitting the grate
      structure to be inserted in the stationary frame defined by the frame
      members 18, 20 and 22. Conversely, rotation of the adjusting nuts 50 and
      52 in the opposite direction, causing them to progress toward the
      left-hand end of the stud 48 as viewed in FIG. 4, moves the stud 48
      axially to the right as viewed in FIG. 4 causing the locking head 54 to
      progressively move outwardly increasing its projection from the curb side
      bearing bar 28 to engage the flat face of the vertical flange portion 56
      against the confronting face of the curb side frame member 20 and
      projecting the bottom foot 58 under the frame member 20, forcing the grate
      structure tight to the road side of the frame and locating the projecting
      leg of the road side anchor member 44 under the road side frame member 22
      to restrain the grate against withdrawal from the stationary frame. As one
      example, the locking head may be formed from a 2 in. wide section of 1/4
      in. thick angle iron having 21/2 in. flanges, with one of the flanges
      foreshortened by cutting through it along a plane paralleling and spaced
      1/2 in. from the rear surface of the other flange.
PAR  While the invention has been described above for use as the grating
      structure covering the inlet opening for a highway storm drain inlet, it
      will, of course, be understood that its use is not so limited, but that
      the invention may be employed in various other applications where gating
      structures are to be releasably locked or anchored in stationary frames
      for supporting the grating structure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A traffic-bearing grating and adjustable locking structure to be
      removably secured in a rectangular stationary frame to cover a roadway
      opening or the like at traffic-bearing surface level, the frame having
      downwardly facing surface portions, comprising a generally rectangular
      grating panel including plural parallel longitudinal straight bearing bars
      including first and second outermost side bearing bars respectively
      adjacent and confronting first and second opposite side frame members of
      said stationary frame, an anchoring shoulder formation fixed on said first
      side bearing bar having a rigid outwardly extending leg spaced at a
      location slightly below the lower edge of the first side bearing bar and
      projecting therefrom to interfit beneath a downwardly facing surface
      portion of said first frame member to prevent upward withdrawal of the
      adjacent grating portion therefrom when so interfitted, and an adjustable
      locking device carried by said second side bearing bar including an
      axially adjustable threaded stud extending through the second side bearing
      bar having threaded nut means for varying the axial position of the
      threaded stud and an angle shaped head on said stud defining a vertical
      contact face to confront and contact a vertical inside surface of the
      second frame member and shift the first end of the grating panel toward
      and away from said first frame member upon axial movement of the stud by
      the nut means, and said angle shaped head further defining a lower foot
      formation projecting outwardly from said contact face to extend beneath a
      downwardly facing surface portion of the second frame member upon axial
      outward adjustment of the stud by the nut means for locking the grating
      panel in the stationary frame.
NUM  2.
PAR  2. A traffic-bearing reticular grating as defined in claim 1, wherein said
      grating panel includes an elongated crimped reticuline bar of distorted
      generally zigzag shape between each adjacent parallel pair of said bearing
      bars having flat equidistantly spaced bar-contacting portions secured to
      the straight bearing bars at each point of contact therewith.
NUM  3.
PAR  3. A traffic-bearing grating as defined in claim 1, wherein said anchoring
      shoulder formation is an angle iron member having a vertical upwardly
      projecting flange rigidly secured to the first side bearing bar and having
      a horizontal lower flange projecting outwardly at right angles to the
      vertical flange to define said outwardly extending leg.
NUM  4.
PAR  4. A traffic-bearing reticular grating as defined in claim 2, wherein said
      anchoring shoulder formation is an angle iron member having a vertical
      upwardly projecting flange rigidly secured to the first side bearing bar
      and having a horizontal lower flange projecting outwardly at right angles
      to the vertical flange to define said outwardly extending leg.
NUM  5.
PAR  5. A traffic-bearing grating as defined in claim 1, wherein said angle
      shaped head of said locking device is an angle iron member fixed to the
      outer end of said threaded stud having a vertical flange forming said
      vertical contact face and a lower foreshortened flange extending outwardly
      at right angles to the vertical flange and integral therewith forming said
      foot formation.
NUM  6.
PAR  6. A traffic-bearing grating as defined in claim 3, wherein said angle
      shaped of said locking device is an angle iron member fixed to the outer
      end of said threaded stud having a vertical flange forming said vertical
      contact face and a lower foreshortened flange extending outwardly at right
      angles to the vertical flange and integral therewith forming said foot
      formation.
NUM  7.
PAR  7. A traffic-bearing reticular grating as defined in claim 4, wherein said
      angle shaped head of said locking device is an angle iron member fixed to
      the outer end of said threaded stud having a vertical flange forming said
      vertical contact face and a lower foreshortened flange extending outwardly
      at right angles to the vertical flange and integral therewith forming said
      foot formation.
NUM  8.
PAR  8. A traffic-bearing grating as defined in claim 1, wherein said grating
      panel includes a safety angle iron member fixed to said second side
      bearing bar, the safety angle member having an upper horizontal flange
      projected outwardly of the panel at a level just above the upper edges of
      the bearing bars and reticuline bars to overlie and extend beyond the
      second side frame member into a roadway curb drain slot or the like
      adjacent the stationary frame and deter accidental penetration of bicycle
      wheels and the like through the curb drain slot.
NUM  9.
PAR  9. A traffic-bearing grating as defined in claim 5, wherein said grating
      panel includes a safety angle iron member fixed to said second side
      bearing bar, the safety angle member having an upper horizontal flange
      projected outwardly of the panel at a level just above the upper edges of
      the bearing bars and reticuline bars to overlie and extend beyond the
      second side frame member into a roadway curb drain slot or the like
      adjacent the stationary frame and deter accidental penetration of bicycle
      wheels and the like through the curb drain slot.
NUM  10.
PAR  10. A traffic-bearing grating as defined in claim 6, wherein said grating
      panel includes a safety angle iron member fixed to said second side
      bearing bar, the safety angle member having an upper horizontal flange
      projected outwardly of the panel at a level just above the upper edges of
      the bearing bars and reticuline bars to overlie and extend beyond the
      second side frame member into a roadway curb drain slot or the like
      adjacent the stationary frame and deter accidental penetration of bicycle
      wheels and the like through the curb drain slot, the grating panel having
      two of said adjustable locking devices disposed in flanking relation to
      said safety angle iron member.
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ABST
PAL  An edging guide for use along a fence or building to provide a surface over
      which one wheel of a lawn mower may roll which guide is composed of a
      plurality of end-to-end abutting slabs having an upper surface which
      includes a first portion and an outwardly and downwardly curved portion
      which curves to the level of the turf above the earth to which a lawn is
      to be maintained and over which the lawn mower wheel rolls.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to garden and lawn care implements and, more
      particularly, to an elongate slab which is adapted to be connected
      together with a plurality of similar slabs along a building or fence to
      provide a lawn border so that the lawn may be easily mowed without the
      need for handwork along the edges, as at fences and along buildings.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, as is perhaps well known, it has been very difficult to mow
      along the edges of fences and buildings without considerable difficulty
      and handwork in order to provide a neat appearing lawn. The problem has
      been that the grass tends to climb up close to a fence or wall where it
      cannot be easily reached by a lawn mower and hand labor or special tools
      are required to complete a nice looking job.
PAR  In the past there have been numerous devices which have been utilized to
      prevent the growth of grass along the building or a fence. This invention
      is an improvement in such devices.
PAR  This invention has as an object the provision of an improved edging slab to
      space a lawn mower from the fence and to restrict growth of grass at hard
      to reach places, such as along a fence or wall; and it includes a
      downwardly extending foot to anchor the slab in a predetermined position
      and an upper surface which is curved outwardly from an upper level to the
      level of the turf so that a lawn mower wheel may be rolled along the
      curved surface and a neat appearing job be readily accomplished without
      the need for time-consuming handwork, the slab preferably being of a color
      which blends with the lawn.
PAR  In accordance with these and other objects which will become apparent
      hereinafter the instant invention will now be described with reference to
      the accompanying drawings in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the instant invention installed along a
      fence;
PAR  FIG. 2 is a view in cross section of the lower portion of FIG. 1;
PAR  FIG. 3 is a plan view of the fence of FIG. 1 at a corner zone;
PAR  FIG. 4 is a view of the invention installed adjacent a wall;
PAR  FIG. 5 is a view of the invention installed adjacent a wall and an inside
      curved surface; and
PAR  FIG. 6 is a top view of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings it is seen that a slab 12 which is elongate is
      provided; and that it includes an upper surface generally designated 14
      having an upper portion 16 and a lower curved portion 18 and a bottom or
      lower surface 20, the upper and lower surfaces extending laterally between
      a first elongate face 22 and a second elongate face 24 between opposite
      end faces 26 and 28.
PAR  Generally, the upper portion of the upper surface extends horizontally to a
      corner or brink edge 30 and then curves downwardly to a corner or outboard
      brink edge 32 at the front or first face. When installed, the curved
      surface provides a riding surface for the wheel of a lawn mower which can
      then cut grass along a fence or a house.
PAR  Referring to the first preferred embodiment of FIGS. 1 through 3, which is
      for a fence, it is seen that the upper surface 16 is symmetrically located
      with respect to a vertical center plane through the slab and that it
      includes an elongate recess 40 into which a binding material such as 42
      may be poured to set and captivate the lower portion of a fence panel 44
      as shown in FIG. 2. In this embodiment, the fence embodiment, the top
      surface includes a second downwardly curved lower portion 18' which
      extends oppositely to that of the lower portion 18. Also in this
      embodiment a centrally located and longitudinally extending foot 50 is
      provided which nests within a slot or channel cut into the earth. As shown
      in FIG. 3, the end faces may be recessed as at 60 to nest about and
      embrace a fence post 62 and, also, the end faces may be mitered as at 64
      and 66, see FIG. 3, for providing corner joints.
PAR  Referring to the alternative embodiment shown in FIGS. 4 and 5, the upper
      surface 16" similarly extends between end faces 26' and 28'. In this
      alternative embodiment the top surfaces 16" extends vertically downwardly
      forming the second face 24' or a plane of abutment with the building
      surface 61 and the foot 50' is on the outboard edge of the bottom 20. The
      ends may be mitered as indicated in FIG. 6 and, preferably, the outboard
      face or first face 22' is slanted outwardly so as to form a bight edge as
      at 63 which tends to dig into the earth in response to downward pressures
      to resist outward movement of the slab from a wall. This slab may also be
      curved or arcuate as shown in FIG. 5 to meet certain conditions. Also, the
      mitering of the slab will determine whether it will be an inside corner or
      an outside corner, that is whether the lawn will be in the crotch defined
      by the slab or outside as shown in FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. To guide a lawn mower an edging guide element to be positioned at the
      edge of a lawn comprising a rigid elongate slab having an upper surface, a
      lower surface to rest on the ground, similarly shaped and sized opposite
      end surfaces for abutting relation with a similar slab and a first and a
      second elongate face extending between the upper surface and the lower
      surface and end surfaces, said upper surface having a first upper portion
      extending between the end surfaces at a common predetermined height above
      the lower surface and a curved portion extending between the end surfaces
      and extending outwardly away from said upper portion and downwardly from
      said upper portion to said first face in a fair curve as seen in cross
      section defining a longitudinally extending edge at the juncture of the
      first face and said curved portion, said edge being at a common
      predetermined heighth above said lower surface to rest on the ground and
      defining a trimmed lawn height, said curved portion comprising a track for
      a lawn mower wheel.
NUM  2.
PAR  2. The slab as set forth in claim 1 wherein a curved portion is provided
      curving outwardly and downwardly in a fair curve as seen in cross section
      away from said upper portion to said second face defining a longitudinally
      extending edge at the juncture of the second face and the curved portion,
      and said curved portions being symmetrical with respect to a vertical
      plane through a longitudinal centerline of the slab.
NUM  3.
PAR  3. The slab as set forth in claim 2 wherein a longitudinally extending
      elongate recess is provided in said upper portion between the end surfaces
      in symmetrical relation with respect to a longitudinally extending
      vertical center plane through said element, said recess being adapted to
      receive the lower end margin of a fence panel.
NUM  4.
PAR  4. The slab as set forth in claim 1 wherein a downwardly extending foot is
      provided on said lower surface and said foot extends longitudinally
      beneath said lower surface and said foot includes spaced longitudinally
      extending surfaces between the end surfaces to engage the ground to resist
      movement of the element.
NUM  5.
PAR  5. The device as set forth in claim 1 wherein one of said end faces is
      mitered for connection to form a corner joint with a similarly mitered
      elongate slab.
NUM  6.
PAR  6. The device as set forth in claim 1 wherein said slab is of preformed
      concrete material.
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ABST
PAL  A method of soil compaction consists in, during compaction of the soil,
      applying a smaller auxiliary force around the area of the soil to which a
      larger compacting force is applied. In soil compacting apparatus a
      pneumatic tire is used for applying the auxiliary force and the compacting
      force is applied by a cylindrical or non-cylindrical compacting member
      located within the tire, the compacting member being adapted to contact
      the inner surface of the tire for applying the compacting force to the
      soil. In another embodiment, the compacting member is mounted adjacent the
      pneumatic tire on a common axle therewith.
BSUM
PAR  SOIL compacting machines are known which operate by applying impact loads
      to the soil being compacted. It is found particularly with non-cohesive
      soils, that a certain amount of soil is displaced from below the rigid
      compacting face delivering the blows to the soil surface with a
      consequential loss of the effectiveness of the machine.
PAR  It is an object of the present invention to alleviate this difficulty.
PAR  According to the invention there is provided a method of compacting soil
      comprising the step of imparting, during application of a compacting
      force, an auxiliary force to the soil adjacent an area of the soil to
      which the compacting force is being applied.
PAR  The auxiliary force may conveniently be smaller than the compacting force
      and the compacting force may be imparted in a series of successive blows
      to the soil.
PAR  Also according to the invention there is provided soil compacting apparatus
      comprising means for applying a compacting force to an area of the soil to
      be compacted and means for applying an auxiliary force to an area of the
      soil adjacent the area to which the compacting force is applied.
PAR  A pneumatic tire, when in contact with a soil surface applies a pressure to
      the soil approximately equivalent to the inflation pressure of the tire.
      By using a "ballon" type of tire, a large area of soil is confined by the
      air pressure. Thus, the auxiliary force applying means may comprise a
      pneumatic tire. The compacting force applying means may comprise a
      cylindrical compacting member located inside or adjacent to the tire.
PAR  In another embodiment, the compacting member may be noncylindrical and
      adapted for applying a series of successive blows to the soil surface. In
      a further embodiment, the compacting force applying means may comprise a
      fluid filled annular tube located inside the pneumatic tire and being
      concentric therewith. The fluid may be a liquid or air.
DRWD
PAR  The invention will now be described, by way of examples, with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 is a side view of a balloon type pneumatic tire of a soil compacting
      apparatus fitted with a rigid cylindrical compacting member therein, part
      sectioned;
PAR  FIG. 2 is a section taken along the lines II--II in FIG. 1 showing the
      compacting member in a non-operative position;
PAR  FIG. 3 is a part-sectional view of the apparatus of FIG. 2 showing the
      compacting member in an operative position in which a soil compacting blow
      is delivered;
PAR  FIG. 4 is a part-sectional side view of another embodiment of soil
      compacting apparatus in which the rigid compacting member is
      non-cylindrical;
PAR  FIG. 5 is a sectional view of soil compacting apparatus similar to FIG. 4
      but embodying a flat profile tire;
PAR  FIGS. 6 and 7 are fragmentary sectional views showing two further
      embodiments of soil compacting apparatus according to the invention.
DETD
PAR  Referring to FIGS. 1 to 3, a pneumatic tire 5 rests on the ground surface
      2. When compressed air is introduced into the tire through air valve 6 the
      area of contact between tire 5 and ground surface diminishes and the wheel
      axle 7 rises relative to the ground.
PAR  In the deflated condition of the tire, a cylindrically shaped compacting
      member 8 mounted within the tire 5 makes contact with the inner surface of
      the tire 5 and applies pressure to the ground surface 2. A proportion of
      the load of the whole wheel is carried by the air pressure within the
      tire, and a proportion by member 8. (See FIG. 3).
PAR  It is made possible to mount cylindrical member 8 within the tire by
      dividing member 8 into a number of segments, each of which is mounted
      separately on the wheel hub 9, and secured thereto by means of a bolt 10.
PAR  An annular shaped member 11 is bolted to the wheel hub 9 by bolts 12, and
      suitably sealed by an `O` ring 13 against escape of air, to form, with the
      wheel hub 9, a rim in which tire 5 is retained.
PAR  In use, the tire 5 is deflated to a suitable extent so that the compacting
      member 8 contacts the inner surface of the tire, and the tire is then
      moved across the ground to be compacted. For transporting the apparatus
      from one location to the other, the tire is inflated so that the
      compacting member does not contact the inner surface of the tire.
PAR  Referring to FIG. 4 in order to increase the magnitude of the forces acting
      upon the ground surface 2, the axle of the wheel is induced to rise and
      fall as the wheel rolls over the ground surface, and the pressure inside
      the tire 5 is adjusted so that the tire deforms sufficiently to allow cam
      shaped member 14 to strike the inner surface of the tire 5 at point 15. At
      this point 15, and the area of contact between tire 5 and ground surface 2
      immediately surrounding point 15, dynamic loading is applied to the soil
      surface 2. Because of the confining effect on the soil produced by the
      uniformly distributed pressure of the tire active on the ground surface 2,
      a high impact force may be applied by rigid member 14 striking the inner
      face of tire 5 at point 15, without the soil displacing under the
      influence of the dynamic forces.
PAR  The shape of member 14 is similar to the cross-sectional shape of
      conventional impact compactors. As the wheel rolls in the direction shown
      by the arrow 25, the cam shaped portion 16 of member 14 induces the axle 7
      of the wheel to rise relative to the ground surface 2. The energy thus
      stored is available for producing dynamic force when member 14 comes into
      contact with the inner surface of tire 5 as the wheel continues to roll.
PAR  Referring now to FIG. 5, in order to spread the load of the wheel mass over
      a wider surface of contact between surface 2 and tire 5 than is possible
      with a conventional pneumatic tire, a flat profile tyre may be used. The
      cam shaped member 14 may be correspondingly wider and thus the dynamic
      forces spread over a wider area.
PAR  It is necessary in applying the technique described above, to have a
      natural frequency of bounce of the pneumatic tire system which will match
      the frequency with which member 14 contacts the inner face of the tire 5.
      The desired natural frequency may be attained by using a back-up volume of
      air such as contained within the wheel structure 17. Apertures 18 allow
      air to pass freely between the tire interior and the back-up volume.
PAR  In FIG. 6, alternate placement of a pneumatic tire 5 and rigid surface 14
      is shown, to provide some confinement of soil while impact is produced.
      The tires 5 and the members 14 are mounted on a common axle.
PAR  In the embodiment shown in FIG. 7, rigid member 14 of previous embodiments
      is replaced by a fluid filled annular tube 19 within tire 5. When air
      pressure 5 is reduced, tube 19 makes contact with inner portion of tire 5
      at point 20, but being fluid filled, load is spread.
CLMS
STM  I claim:
NUM  1.
PAR  1. Soil compacting apparatus comprising means for applying a compacting
      force to an area of the soil to be compacted and means for applying an
      auxiliary force to an area of the soil enclosing the area to which the
      compacting force is applied, in which the auxiliary force applying means
      comprises a pneumatic tire and the compacting force applying means
      comprises a cylindrical compacting member within the tire, the cylindrical
      member being concentric with the tire and having a width which is smaller
      than the width of the track of the tire when in contact with the ground
      and the compacting member being arranged to contact the inner surface of
      the tire and thereby to impart a compacting force to the ground as the
      tire is moved across the ground.
NUM  2.
PAR  2. Soil compacting apparatus according to claim 1, wherein the compacting
      member is rigid.
NUM  3.
PAR  3. Soil compacting apparatus according to claim 1, wherein the compacting
      member comprises a fluid filled annular tube.
NUM  4.
PAR  4. Soil compacting apparatus comprising means for applying a compacting
      force to an area of the soil to be compacted and means for applying an
      auxiliary force to an area of the soil enclosing the area to which the
      compacting force is applied, wherein the auxiliary force applying means
      comprises a pneumatic tire and the compacting force applying means
      comprises a rigid non-cylindrical compacting member within the tire, the
      compacting member and the tire being mounted for rotation about a common
      axle and wherein the non-cylindrical member is adapted to impart a series
      of successive blows against the inner surface of the tire as the tire is
      rolled across the soil to be compacted.
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ABST
PAL  A clamping apparatus attachable to a rail for supporting a portable machine
      tool therefrom including exchangeable and formed clamping blocks with
      pre-set adjustment members to match points on the web contour between the
      base and head of all sizes of rail, and to accurately align and securely
      lock the machine tool into its proper working position relative to the
      rail without any location against parts of the rail subject to wear.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a clamping apparatus for supporting a portable
      machine tool, which can be used in railroad track work and, more
      specifically, to support a portable rail drill which is used for the
      drilling of a plurality of holes adjacent the rail joint preparatory to
      attachment of plate to sections of rail abutting at the joints.
PAR  A clamping apparatus of the general type disclosed herein is shown in
      Miller U.S. Pat. No. 2,887,908  and Stougaard U.S. Pat. No. 3,706,505,
      owned by the assignee of this application. Miller shows a rail drill of a
      size and weight to be portable which is provided with a frame having legs
      for ground support and a clamping device for clamping it to a rail. The
      rail drill shown in the patent has an impositive clamping device which did
      not securely hold the unit to the rail during drilling of a hole.
PAR  Stougaard discloses an improved clamping structure that provides the secure
      gripping of a rail to hold the rail drill firmly locked in position during
      drilling. Means are shown for simply adjusting the rail drill unit to four
      different pre-set height adjustments to handle a plurality of different
      sized rails which provide for repeated accuracy in the height adjustment
      of the rail drill. Accurate alignment of the rail drill is not assured
      because of the clamp unit locating beam on the top of the rail ball, which
      is subject to wear.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a clamping
      apparatus attachable to a rail for supporting a portable machine tool in
      an accurate working position relative to the rail which is unaffected by
      rail wear.
PAR  A still further object of the present invention is to provide a clamping
      apparatus for supporting a portable rail tool which holds the rail tool on
      a rail including exchangeable block members selectable to match the web
      contour between the base and head of a particular rail size on one side
      thereof and a clamping element engageable with the web of the rail on the
      side opposite from the one side, and means for drawing the block members
      and element toward each other whereby the block members become wedged in
      the web contour on the one side of the rail and also coact with the
      clamping element to securely hold the rail tool in place.
PAR  Another object of the present invention is to provide a clamping apparatus
      for a portable rail drill which includes a plurality of exchangeable
      clamping blocks, each pair having a different dimension to match the web
      contour on at least one side of the rail between the base and head of a
      particular rail size so that the clamping apparatus securely locks the
      rail drill into a proper position for drilling holes having accurate
      vertical hole center distance on the web between the base and head of the
      rail.
PAR  One feature of the invention is the provision of pre-set adjustable screws
      for a clamping block which provide good four-point contact with the
      non-wear contour of the rail web whereby a clamping block may be easily
      pre-set in the factory for a particular size rail.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a clamping apparatus supporting a portable
      rail drill in operative position in association with a rail section;
PAR  FIG. 2 is a vertical section thereof on an enlarged scale, taken along the
      line 2--2 in FIG. 1; and
PAR  FIG. 3 is a fragmentary vertical section taken generally along the line
      3--3 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The clamping apparatus for supporting a portable machine tool such as a
      rail drill on a rail is shown generally in FIG. 1, wherein the drill
      casing, indicated generally at 10, mounts a gas engine, indicated
      generally at 12, to provide power. A supporting structure includes a pair
      of rods 14 and 16 which mount a ground-engaging adjustable leg 18, and
      each of the rods 14 and 16 extends through a pair of openings formed in
      ears of the drill casing, two of which are shown at 20 and 22. A
      protective roll bar 24 encircles the gasoline engine and attaches to rods
      14 and 16 between the ears formed on the drill casing. Each of the rods 14
      and 16 extends beyond the casing 10 and passes through a pair of openings
      formed in ears 26 and 28 of a clamp structure, indicated generally at 30.
      This general arrangement of structure is the same as that shown in U.S.
      Pat. No. 3,706,505 previously referred to, and reference may be made
      thereto for a more complete description of the general frame structure.
PAR  The clamp structure 30 includes a base plate 32 having the ears 26 and 28,
      as shown in FIG. 1, and is of a sufficient height to extend both above and
      below the head of a rail, generally indicated at 34. The rail 34 has a
      base 36 with a web 38 extending upwardly therefrom to the head 40.
PAR  The clamp structure 30 further includes a pair of spaced-apart clamping
      blocks 42 and 44 of the same construction. Each clamping block has four
      adjustable screws protruding from the block and which are factory pre-set
      by recessed Allen screws on the blocks for a good four-point contact on
      the non-wear surfaces of the rail 34. The adjustable screws 46, 48, 50 and
      52 engage one side of the rail on the vertical portion of the head 54
      beneath the head 56 against the web 38 and on top of the base 36,
      respectively, as shown in FIG. 2. The clamping blocks 42 and 44 are each
      secured to the base plate 32 by a cap screw 58 and a dowel pin 60 for a
      quick change since a separate set of clamp members of different dimensions
      is required for each rail size. The clamping blocks 42 and 44 provide four
      points of contact at two different locations spaced along the length of
      the rail and coact with a clamp bar 62 on the other side of the rail to
      securely clamp the structure 30 to the rail. The clamp bar 62 extends
      vertically at the side of the rail opposite from the clamping blocks 42
      and 44 and has a lower bifurcated end 64 which engages the web of the rail
      on the side opposite from the adjustable screws 50. This clamp bar has a
      first opening at 66 at its upper end to loosely fit onto a threaded rod 68
      extending forwardly from the clamp base plate 32 and with a pair of
      abutment nuts 70 limiting the movement of the clamp bar 62 on the threaded
      rod 68. A second opening 72 in the clamp bar receives loosely a threaded
      rod 74 extending outwardly from the clamp base plate 32. A ratchet lever
      76 threaded onto the threaded rod 74 acts against a washer 78 fitted
      against the outer surface of the clamp bar 62. The tightening of the
      ratchet lever 76 causes the upper end of the clamp bar 62 to abut against
      one of the abutment nuts and draw the lower bifurcated end 64 of the clamp
      bar against the web of the rail, with the forces reacting against the
      spaced-apart clamping blocks 42 and 44 on each of the lower depending
      parts 80 and 82 of the base plate 32 so that the clamping blocks 42 and 44
      are also drawn into a fishing surface (web contour) as defined by the
      contiguous portions of the head, web, and base on the non-wear surface of
      the rail 34. The clamp base plate has a cut-out 84 between its depending
      parts which is sufficient to permit the drill 86 to pass therethough to
      the web of the rail to be drilled. The clamping blocks 42 and 44 with the
      pre-set screws conform to the fishing surface of a particular rail, and
      are readily exchangeable so that the vertical hole center distance from
      the base to the head on the web 38 of the rail may be accurately aligned
      for a particular size rail.
PAR  With the clamping structure as described herein, and before clamping to a
      rail, the desired set of clamping blocks for the particular rail size is
      attached to the base plate 32 by the cap screws 58 and dowel pins 60. The
      clamping structure is then positioned on the rail. When the rail drill is
      in the desired longitudinal position, the ratchet lever 76 on the threaded
      rod 74 is advanced to tighten the clamping structure 30. This draws the
      clamp bar 62 into tight engagement with the rail and with the forces
      reacting through the adjustable screws 46, 48, 50 and 52 on the clamping
      blocks 42 and 44 so that the clamping blocks become wedged in the fishing
      portion of the rail to lock the rail drill in position whereby a drill bit
      shown at 86 in FIG. 2 is accurately and properly positioned to drill
      through the web of the rail. The drill bit 86 and base plate 32 with
      cut-out 84 and clamp bar 62 being carried by the same common mounting
      always maintain their same relative vertical and horizontal positions with
      respect to each other, as shown in FIG. 2 so that there can be no
      interference between the drill bit 86 and the clamp bar 62. The clamp bar
      62 with its lower bifurcated end 64, forms a pair of rail web engaging
      fingers to provide clearance for the rail drill bit 86 as it passes
      through the web 38 of the rail 34, as seen in FIG. 1.
PAR  A separately notched index means in conjunction with a spring-loaded detent
      88 carried by a lateral appendage 90 on the base plate 32 facilitates
      rapid and accurate use of the rail drill in drilling a plurality of holes
      in adjacent rail sections that have a predetermined horizontal
      center-to-center distance from each other. This means includes, as shown
      in FIGS. 1-3, a template 92 in the form of a bar extending along the top
      of the rail head 40. A pair of clamping devices, one of which is shown at
      94 in FIG. 1, are positioned at opposite ends of the template to fasten
      the same to the rail head. The positioning of the template 92 on the rail
      is similar to that shown in U.S. Pat. No. 3,706,505, previously referred
      to, and reference may be made thereto for a more complete description of
      the alignment of the template on the rail.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamping apparatus for supporting a rail drill having a base
      positioned to one side of a rail for support of the rail drill, clamp
      structure associated with said base for engagement with non-wear surfaces
      at opposite sides of the rail including a pair of similarly-shaped
      clamping blocks carried by said base at one side of the rail with each
      having means providing plural point contact with the rail including
      contact with the rail base, the rail web and a non-wearing surface of the
      rail head to accurately locate the base and rail drill relative to the
      rail, a clamping bar positioned at the opposite side of the rail from said
      clamping blocks, and means for drawing said clamping bar and clamping
      blocks toward each other to tightly clamp the rail therebetween with the
      rail drill accurately located relative to the rail.
NUM  2.
PAR  2. A clamping apparatus as defined in claim 1 wherein said means on each
      clamping block providing point contact includes four projecting elements
      positioned to engage four points on the surface of a rail of a particular
      size.
NUM  3.
PAR  3. A clamping apparatus as defined in claim 2 wherein said projecting
      elements are adjustable screws which may be set and permanently locked in
      place for a particular size rail.
NUM  4.
PAR  4. A clamping apparatus as defined in claim 2 wherein said clamping blocks
      are removably secured to said base for replacement with other clamping
      blocks for a different size rail.
NUM  5.
PAR  5. A clamping apparatus as defined in claim 1 wherein said means on each
      clamping block providing plural point contact includes a plurality of
      adjustable screws extending outwardly from the clamping block.
NUM  6.
PAR  6. A clamping apparatus for supporting a rail drill having a base
      extendable upwardly along one side of the rail, said base having supports
      for mounting the rail drill thereto and a pair of depending parts with a
      cut-out therebetween of at least a sufficient diameter for allowing the
      drill bit of said drill to freely pass therethrough to the rail web, a
      pair of clamping blocks mounted on said depending parts adjacent the
      fishing surface of the rail as defined by the contiguous non-wear surfaces
      of the base, web, and head portions of the rail, each of said blocks being
      of a dimension for fitting adjacent said fishing surface, a plurality of
      spaced apart contact elements mounted on said blocks for engaging the
      non-wear fishing surface of the rail to provide accurate alignment of the
      base to the rail, a clamp bar adjustably fastened to the base and
      engageable with the side of the rail web opposite from said clamping
      blocks, and manually operable means to draw the contact elements and
      clamping bar into engagement with the rail web on the opposite sides of
      said rail for accurately aligning the vertical height of the drill bit of
      said unit with respect to said web, irrespective of rail wear and for
      locking the drill unit into place on the rail.
NUM  7.
PAR  7. A clamping apparatus for supporting a machining device relative to a
      railroad rail, comprising:
PA1  a base extending upwardly along one side of the rail, said base including
      supports for mounting the machining device thereto;
PA1  a pair of clamping blocks mounted on said base and spaced-apart lengthwise
      of a rail to permit a machining element to pass freely therethrough to a
      point adjacent the web of a rail and with said clamping blocks being
      positionable adjacent contiguous non-wear surfaces of the base, web, and
      head of a rail;
PA1  a plurality of elements mounted on each of said clamping blocks whereby
      positioning of said blocks adjacent the rail causes said elements to
      provide plural point contact with the aforementioned non-wear surfaces of
      the rail with at least two points of contact being with opposed inclined
      surfaces of the rail base and the rail head;
PA1  and a clamping bar adjustably fastened to the base and engageable with a
      side of the rail web opposite from said clamping blocks for drawing the
      clamping blocks and clamping bar toward each other with said two points of
      contact for each clamping block wedging into engagement with said rail
      inclined surfaces for accurately aligning the vertical height of the
      machining device relative to the rail.
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ABST
PAL  A boring machine for large diameter workpieces such as reactor vessels, the
      machine comprising a horizontally work table, preferably in a pit, a
      gantry spanning the work table, a boring bar centered at its lower end on
      the table and at its upper end on the gantry, a drive to rotate the bar
      and a tool carrier mounted for movement along the bar.
BSUM
PAR  This invention is concerned with boring machines for machining workpieces
      of large dimensions.
PAR  In order to bore and provide connecting profiles in the interiors of
      workpieces of large dimensions such as vessels for nuclear reactors,
      vertical lathes are generally used. However, these vessels are being made
      progressively larger, thus preventing the use of traditional machines.
      Further, the vessels are of a thickness which is small compared with their
      diameter and height, and therefore are easily deformed. It is therefore
      difficult to machine them with a high degree of precision.
PAR  The object of the invention is a machine specially designed for this work.
PAR  In accordance with the invention, there is provided a boring machine
      comprising a work table, a boring bar, a tool carrier which can slide
      along the bar and is solid in rotation with this latter, a means of rotary
      drive of the bar about its axis and a means of positioning of the tool
      carrier along the bar, the work table being horizontal and the boring bar
      being maintained in a vertical position by means of two centering devices,
      one placed on the work table, and the other on a horizontal cross-piece of
      a gantry passing over and at a certain distance from the table.
PAR  Preferably at least one of the centering devices of the boring bar,
      together with the said bar, is dismountable, and the work table is placed
      at the bottom of a pit straddled by the gantry.
DRWD
PAR  The invention will now be described in more detail, by reference to a
      particular embodiment, given by way of an example and shown on the
      attached drawings.
PAR  FIG. 1 is a general view from the front of an embodiment of machine in
      accordance with the invention.
PAR  FIG. 1a is an enlarged detail view of the star wheel and stop of FIG. 1.
PAR  FIG. 1b is an enlarged detail view of the tool carrier advancing mechanism
      of FIG. 1.
PAR  FIG. 2 is a cross-sectional view through II--II in FIG. 1.
PAR  FIG. 3a is a view from above, with the gantry removed.
PAR  FIG. 3b is an enlarged detail in partial section of the interconnection
      between the carrier and the boring bar of the machine.
PAR  FIG. 4 is a detailed view of the drive systems for the boring bar and for
      positioning the work table.
PAR  FIG. 5 is a view from above of the positioning system.
PAR  FIG. 6 is a detailed view of the system for clamping the workpiece.
DETD
PAR  The machine, shown in its entirety in FIGS. 1, 2 and 3, comprises a work
      table 1, a boring bar 2 and a gantry 3 provided with a horizontal
      cross-piece passing above the work table.
PAR  The boring bar 2 is maintained vertical by two centering devices 11 and 31
      which are placed respectively one on the work table, and the other on the
      horizontal cross-piece 30 and which are poppet centre carriers with a
      large axial loading. A tool carrier 4 slides along the boring bar. In the
      example shown, the work table is placed at the bottom of a pit 5 straddled
      by the horizontal cross-piece of the gantry 3.
PAR  The part 6 to be machined is fixed on the work table by means of clamping
      devices 7.
PAR  The boring bar is rotated by an electric motor, a gear box and a reducing
      gear mounted on the gantry 3. To the end of the output shaft of the
      reducing gear there is keyed a pinion with V-shaped teeth 32 (FIG. 4)
      engaging with a driving crown-wheel 22 fixed to the upper part of the bar
      2. The V-shaped teeth enable the drive to be smooth.
PAR  The tool carrier 4 is made from a metallic support in the shape of an
      equilateral triangle. At the three apices of the triangle are mounted the
      tool carriages. It is possible, for example, to make use of a tool
      carriage for conical boring 41, cylindrical boring 42 and surfacing 43
      (FIG. 3a).
PAR  The carrier 4 has a central cylindrical orifice and is traversed by the
      boring bar. In addition, this latter is provided with a rectilinear boss
      23 parallel to its axis, which engages without any play in a groove 44
      lying along the cylindrical orifice of the carrier. In this manner, the
      carrier can slide along the boring bar whilst still being caused to rotate
      by this latter (FIG. 3b).
PAR  A belt 46 and a means of tightening 47 (FIG. 3a) enable the carrier to be
      fixed in position on the boring bar.
PAR  The position of the carrier 4 along the boring bar is determined by two
      screws 8 parallel to the axis of the boring bar, and maintained at a
      certain distance from this latter by bearings 80 fixed on the boring bar
      (FIGS. 4 and 5). Each screw 8 engages in an internally threaded
      cylindrical bore 45, in a part solid with carrier 4. In this manner,
      simultaneous rotation of the screws about their axes leads to displacement
      of the carrier along the boring bar.
PAR  Rotation of each screw is controlled by a pinion 81 mounted at the end of
      each screw, and which engages with a toothed crown-wheel 82 mounted
      loosely on the boring bar, below the driving wheel 22. In normal
      operation, the screws 8, solid with the boring bar, are driven round with
      this latter and also drive the crown-wheel 82. However, the loose wheel 82
      can be prevented from rotating by means of a stop 83 which is composed of
      a lever mounted so as to pivot about an axle 830 solid with the
      cross-piece 30, and provided at its ends with teeth 831 which can be
      engaged with the teeth of the loose crown-wheel 82 by rotation of the
      lever 83 about its axis. In these conditions the loose crown-wheel 82 is
      prevented from rotating and then behaves as the solar of a differential
      around which the pinions 81 move as satellites, thus controlling the
      rotation of the screws 8 about their axis, and from this the displacement
      of the carrier 4 along the boring bar.
PAR  In consequence, by preventing rotation of the loose crown-wheel 82, it is
      possible, by rotation of the boring bar in one direction or the other, to
      control the ascent or descent of the carrier along the said bar, in such a
      manner as to position the tools in front of the zones to be bored.
PAR  The tool carriages include of course a system for advancement of the tool
      which, in the case shown, is controlled by the rotation of the boring bar.
PAR  For this purpose, each tool carriage includes an advancing mechanism 9
      (FIG. 1) driven by a shaft 90 with a conical pinion 91 at its end,
      engaging with a pinion 92 mounted loosely on the carrier 4, sliding along
      a movement bar 93, while being caused to rotate by this latter.
PAR  The bar 93 is maintained parallel to the axis of the boring bar, and at a
      certain distance from this by bearings 94 fixed to the boring bar, and
      carries a star 95 (FIG. 1a) at its end; the branches of this star can
      meet, in the course of rotation of the boring bar, one or more stops 12
      arranged on the work table, each impact causing the movement bar 93 to
      rotate through a certain angle, thus causing the desired advance of the
      tool.
PAR  As has been shown, the work table is mounted with advantage in the bottom
      of a pit 5. It comprises a number of brackets 1 distributed round the axis
      of the boring bar, and each carrying a device 7 for clamping the
      workpiece, shown in detail in FIG. 6. Each clamping device 7 consists of a
      support 70 fixed to the bracket 1, on which there is supported a screw 71
      for displacement of a wedge 72 with its upper face inclined and which can
      slide along the lower corresponding face of a support piece 73 which can
      be vertically displaced with respect to the support 70.
PAR  The piece 6 to be bored rests on the support piece 73 with an interposed
      block 74. Two screws 75 supported by piece 73 and by block 74 permit piece
      6 to be positioned radially. The level is adjusted by screw 71, by means
      of wedge 72.
PAR  Finally, fixing bolts 76 attached to each bracket 1 and supported by a boss
      60 solid with the piece 6 enable this latter to be firmly fixed in its
      working position.
PAR  If reference is made to FIGS. 1 and 2, it is seen that the gantry 3
      comprises two lateral columns 35, supporting the horizontal cross-piece
      30, and a central pillar 34, the rear part of which is connected to the
      columns 35 by strainers 33, and the upper part of which is provided with a
      bracket passing over the pit 5, on which bracket is fixed the centre of
      the horizontal cross-piece 30.
PAR  The drive motor 101 and the gear box 102 are placed on the upper part of
      the central pillar 34, the reducer 103 being solid with the horizontal
      cross-piece 30 and connected to the gear box by a dismountable coupling
      104. We thus obtain a perfectly rigid assembly, but one such that the
      horizontal cross-piece may be easily dismounted since it is fixed only on
      two columns and the central pillar.
PAR  Dismounting of the horizontal cross-piece 30 and use of a pit 5
      considerably facilitate the positioning of workpieces, even when of large
      dimensions.
PAR  In fact, when the cross-piece is removed, it is possible to use a
      travelling crane to bring the workpiece 6 between the lateral columns 35,
      and lower it to the bottom of the pit.
PAR  The pit 5 can with advantage take the form of an elongated rectangle with
      its longer side opposite to the central pillar 34, as shown on FIG. 3.
      This arrangement will in fact enable the piece 6 to be placed in a
      position off the boring axis, shown by the broken line on FIG. 3, which
      facilitates the positioning of the boring bar inside the workpiece.
PAR  Further, the driving pinion 32 of the driving wheel is mounted on a mobile
      carrier 320 which is drawn back before each assembly or dismounting, in
      order to avoid all contact with the teeth during the process of
      positioning of the boring bar.
PAR  The horizontal cross-piece 30 is then brought up and fixed on column 35 and
      on a supporting plate 340 of the central column 34. The boring bar is then
      brought up by a travelling crane which lowers it down inside the workpiece
      6 and places it between the lower fixed point 11 and the upper point 31;
      this latter can be displaced axially and is moved away for positioning of
      the bar and is then brought forward and fixed in the working position.
PAR  Pinion 32 is then brought close to crown-wheel 22 and engages with it.
PAR  At this moment piece 6 can be lifted again and placed on the clamping
      devices 7. As has been seen, the screws 71 and 75 enable piece 6 to be
      perfectly levelled and centred. After fixing the lower part of piece 6 in
      position by means of the bolts 76, a set of shims are placed in position,
      supported by the outer wall, of piece 6 and the lateral walls of the pit
      5. Due to the arrangement of the workpiece in the pit, we thus have the
      advantage of a perfect support enabling the vibrations, which could be
      substantial having regard to the rigidity of the workpiece, to be
      absorbed.
PAR  For support of the part of the piece projecting from the pit, it is of
      advantage to provide support cradles on the central pillar 34 and on an
      auxiliary cross-piece 37 (FIG. 3a) straddling the pit 5 from the other
      side of the workpiece.
PAR  Due to the special features which have just been described, and in
      particular to the ease of dismounting and remounting of the boring bar,
      and to the arrangement of the work table horizontally in the bottom of a
      pit, the boring machine described enables machining of great precision to
      be carried out on pieces of large dimensions. This is secured in
      particular due to the excellent support of the piece along the whole of
      its outer surface, and of the perfect dynamic equilibrium of the support
      which is symmetrical with respect to the boring axis. The triangular shape
      of the support also enables three tools to be used, either simultaneously
      or one after the other.
PAR  The invention is of course not limited to the details of the method of
      realisation which has just been described, but on the contrary it includes
      all variants. Thus in particular the different means used for driving the
      boring bar or positioning the support and tools may clearly be replaced by
      equivalent means fulfilling the same function.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Boring machine comprising a work table, a boring bar, a tool carrier
      sliding along the bar for rotation with said bar, means for rotating said
      bar about its axis and means for positioning said tool carrier along said
      bar, said work table being horizontal and said boring bar being maintained
      in a vertical position by two centering devices, one of said device being
      located on said work table, and the other of said devices being mounted on
      a horizontal cross-piece of a gantry extending over and spaced from said
      table.
NUM  2.
PAR  2. Boring machine in accordance with claim 1, wherein said means for
      rotating said bar includes a reducing gear unit mounted on said gantry and
      connected to said bar by a pinion engaging a toothed crown-wheel secured
      to the upper part of said bar.
NUM  3.
PAR  3. Boring machine in accordance with claim 1, wherein said work table is at
      the bottom of a pit, said gantry extending over said pit.
NUM  4.
PAR  4. Boring machine in accordance with claim 3, including a plurality of
      adjustable supports for said table disposed on a circle and resting on the
      bottom of the pit.
NUM  5.
PAR  5. Boring machine in accordance with claim 1, said centering devices for
      said boring bar being two points, one of said points being on the bottom
      of a pit and the other of said points being horizontal cross-piece, and
      engaging holes in the ends of said bar.
NUM  6.
PAR  6. Boring machine in accordance with claim 1, wherein said tool carrier is
      a regular polygon centred on the axis of said boring bar and a tool
      carriage at each apex of the polygon.
NUM  7.
PAR  7. Boring machine in accordance with claim 6, wherein said carrier is an
      equilateral triangle, and tools on said tool carriages.
NUM  8.
PAR  8. Boring machine in accordance with claim 1, wherein said means for
      positioning said tool carrier includes a toothed crown-wheel freely
      mounted at one end of said boring bar, means for clamping and for
      releasing said crown-wheel for rotation about said bar, at least one
      pinion engaging said crown-wheel and keyed to an end of a screw disposed
      parallel to said boring bar, bearings for said screw on said bar, said
      screw engaging a threaded bore of a part secured to said carrier.
NUM  9.
PAR  9. Boring machine in accordance with claim 1, wherein said tool carrier
      includes at least one tool carriage, means for advancing a tool on said
      tool carriage and means for control of said advancing means comprising a
      movement bar rotating in bearings parallel to and secured to said boring
      bar a multi-branch star, on the lower end of said movement bar, a fixed
      stop engaging and rotating said star and a control pinion for said
      advancing mechanism mounted on said tool carrier and sliding along said
      movement bar and rotated by said bar with each rotation of said star.
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ABST
PAL  A universal floating tool holder adapted for floatingly holding tools and
      particularly adapted for holding a tap for a tapping tool. The toolholder
      embodies telescoping bodies with a clutch in between the two bodies. Also
      between the telescoping bodies there are provided resilient means
      preferably in the form of O-rings. Provision is made for a limited amount
      of relative axial movement or displacement between the two bodies
      sufficient for clutch disengagemeent. The resilient means between the two
      bodies allows for relative radial or lateral float or displacement of one
      body relative to the other. The outer telescoping body holds the tool
      which may be attached in a chuck.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The field of the invention is that of tool holders, the invention being
      particularly adapted as a tap holder. A preferred exemplary form of the
      invention is described in detail herein adapted as a tap holder for use in
      tapping operations. The tap holder is driven by a typical type of machine
      which provides rotary drive combined with axial advance of the tool
      holder. The exemplary form of the invention is shown herein as a type
      embodying a releasable clutch.
PAR  2. Description of the Prior Art
PAR  Various constructions of tool holders are known in the prior art adapted
      for holding various types of tools, such as taps and drills and reamers,
      etc., which may be used in different types of machines such as drill
      presses, screw machines, lathes, etc. Tool holders are known in the art
      which are particularly adapted for holding a tap in a tapping machine.
      Among those known tool holders are types that embody torque release
      clutches adapted to release the rotary drive in the tool and respond to a
      predetermined torque load. Reference is made to U.S. Pat. Nos. 1,974,345;
      2,369,751; 2,580,937; 2,764,416; 2,848,239; 2,848,239; 2,881,454; and
      3,214,773. The tool holder of the herein invention embodies specific
      improvements not present in or known to the prior art as set forth more in
      detail hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is an improved tool holder which as set forth in the
      foregoing abstract embodies the capability of providing for lateral or
      radial float. Typically, in tool holders, there are provided parts or
      bodies between which there is provided limited relative axial movement,
      one of the bodies including a chuck which carries the tool. Typically,
      also, tool holders as known may embody a torque release clutch within the
      tool holder capable of releasing the rotary drive when the tool encounters
      a predetermined torque load.
PAR  The exemplary form of the tool holder as described in detail herein is
      described as adapted for utilization for holding a tap utilizable in a
      tapping machine. In the exemplary form of the invention as set forth in
      the abstract, there are two bodies having telescoping parts with provision
      for a limited amount of relative axial movement as between the parts. One
      part includes the chuck which holds the tool which in the particular case
      described is a tap. In addition to the provision for limited relative
      axial movement, the holder of the invention embodies means interposed
      between the telescoping parts and providing for a limited amount of
      lateral, that is radial float. In the preferred form of the invention, the
      resilient means takes the form of a pair of O-rings fitting into annular
      grooves having positions such that the O-rings are in between the
      telescoping parts. The relative axial movement is limited by a flange on
      one of the bodies which forms a stop.
PAR  The construction as just described has a number of advantages and achieves
      certain specific objectives as follows: At times tapping is done into a
      number of previously drilled holes. Difficulty may be encountered in
      attempting to line up the spindle of the tapping machine with a hole, the
      alignment not being perfect but rather a few thousandths of an inch off.
      The capability of the herein holder to float laterally or radially thus
      enables the chuck holding the tap to move radially or laterally
      sufficiently to exactly center itself in the hole to be tapped even though
      the axis of the spindle is not exactly centered. It is a primary object of
      the invention to realize this characteristic or capability in the tool. As
      may readily be observed, this capability is of advantage irrespective of
      the type of machine that is driving the tool and the advantage is present
      whether the tool is operated in horizontal or vertical position.
PAR  A further object is to realize the additional capability in a tool holder
      as described of providing for release of the rotary drive in response to
      predetermined relative axial movement of the parts.
PAR  A further object is to realize a tool holder having the characteristics set
      forth which additionally is smaller, cheaper and more economical and more
      adaptable to uses in situations where there is not enough room for a
      larger or longer tool holder.
DRWD
PAR  Further objects and advantages of the invention will become apparent from
      the following detailed description and annexed drawings wherein:
PAR  FIG. 1 is partial schematic view of a machine carrying the tool holder and
      tap engaged in the tool holder;
PAR  FIG. 2 is a cross-sectional view of the tool holder of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded perspective view of the clutch mechanism embodied in
      the tool holder;
PAR  FIG. 5 is a sectional view similar to that of FIG. 2 showing the position
      of the parts with the clutch in disengaged position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings numeral 10 designates part of a machine
      adapted for driving a tapping tool. It has an extending stem 12 from which
      extends a spindle 14 which imparts rotary drive to the tap. The tap holder
      of the invention is designated generally at 16, the tap itself being
      designated at 18.
PAR  FIGS. 2 and 5 show the tap holder in cross-section. The tap holder
      comprises a first cylindrical body 22 and a second cylindrical body 24.
      The first body 22 has a threaded bore 30 adapted to have the end of the
      spindle 14 threaded into it. It has an extending neck part 31 in which is
      an annular groove 32.
PAR  Near the lower end of the body 22 it has an annular groove 34 and an
      extending flange 36 which will be referred to again presently. Its lower
      part as designated at 40 is of smaller diameter and it carries projections
      forming one part of a releasable clutch. Extending from the part 40 are
      the lug members 42a, 42b, 42c and 42d. See FIG. 4. As may be seen, the lug
      members have tapering sides and their inner and outer surfaces are
      arcuate. The spaces between adjacent lug members form radial slots. The
      clutch mechanism will be referred to more in detail presently.
PAR  The second body part 24 is cylindrical at the upper part as designated by
      the numeral 50 and the first body part 22 is telescoped within the part
      50. Numeral 52 designates a bushing having a bore 53, the bushing being
      fitted around the body 22. Bushing 52 has two annular grooves in it 54 and
      55. Opposite the annular grooves 54 and 55 are annular grooves 58 and 59
      formed in the inside of the upper part 50 of the second body 24.
      Interposed in the pairs of annular grooves are O-rings 62 and 64 which may
      preferably be made of rubber and are flexible or resilient and thereby
      allowing a limited amount of lateral or radial float or displacement of
      the body 24 relative to the body 22. Body 24 may move axially relative to
      the body 22 as will be described more in detail presently.
PAR  Numeral 68 designated a snap ring which fits into an annular groove 70 on
      the inside of the upper part of the second body 24 which retains the parts
      in assembled relationship.
PAR  Numeral 76 designates a bushing which is within the upper portion 50 of
      part 24. It has an upper part 77 of smaller diameter which forms a spring
      retainer 78. It has an annular groove 80 which is opposite the annular
      groove 34 in the body 22 and positioned in the groove is an O-ring 82.
      Spring 78 acts on the bushings 52 and 76, the lower end of bushing 52
      forming a retainer for the upper end of the spring.
PAR  The lower part of the body 24 tapers inwardly as designated at 90 and at
      the lower part of the upper portion 50 is a flat radial surface as
      designated at 92. Interposed between this surface and the flange 36 is
      thrust bearing in the form of a circular ball race having balls in it as
      designated at 94.
PAR  Within the lower part 90 of the body 24 is a bore 96 and a counter bore 98.
      The lower part 40 of the body 22 extends into the bore 96. Numeral 100
      designates a lower clutch member as shown in detail in FIG. 4. Its lower
      part 102 is cylindrical and this part has a bore 104. Received in the bore
      is a biasing spring 106 which rests on the bottom of the counter bore 98
      and urges the clutch member 100 upwardly. The upper part of the clutch
      member 100 has four extending spokes 104a, b, c and d. These spokes or
      clutch members are generally rectilinear in cross-section, each spoke
      having a front bevelled edge or surface as designated at 106 in FIG. 4 for
      the spoke 104c. The spokes 104 extend into the radial slots in between the
      lugs 42 on the upper clutch member 40.
PAR  Numeral 110 designates an O-ring in an annular groove in the bore 96 and
      positioned between this bore and the part 40 of the body 24.
PAR  The lower part of body 24 carries the tap holding chuck. It is in the form
      of an extending stem 116 having a bore 118 and a tapered counter bore 120.
      In the sides of the bore 118 are rectangular openings 122 and 124 and
      received in these openings are jaws 126 128 which may be drawn together by
      stem 130, the ends of which are threaded, numbers 126 and 128 forming back
      jaws. Within the tapered bore 120 are collet members as designated at 130,
      the outside of the stem being threaded as shown to receive chuck nut 132
      which has an end bore 134 and which is operable in a known manner to
      retain the tap 18 in the chuck.
PAC  OPERATION
PAR  FIG. 2 shows the tap holder in the position it would occupy in normal
      operation. As may be observed, the body 22 is in a position determined by
      the stem 14 onto which it is threaded. The body 50 which carries the tap
      chuck is able to float or be displaced laterally or radially a limited
      amount relative to the body 22 and this makes it possible to exactly align
      the tap with the previously drilled hole even if the spindle 12 is off
      alignment a small amount, such as a few thousandths of an inch.
PAR  FIG. 2 shows the normal position when the clutch within the tap holder is
      in engagement so that the machine transmits rotary drive to the tap while
      it is being advanced. During operation, as the tool holder is being
      advanced and the tap is also advancing into the hole, the body 24 moves
      axially relative to the body 22 into a position as illustrated in FIG. 5.
      From this it may be seen that the body 50 and the bushing 52 have moved
      axially relatively compressing the biasing spring 78 and the bushing 76
      being against the flange 36 which serves as a stop. In the position of
      FIG. 2, the thrust bearing 94 is between the flat surface 92 and the
      flange 36. In the position of FIG. 5, the thrust bearing has moved
      downwardly relative to the flange 36. In the position of FIG. 5, the lower
      clutch member 100 has moved downwardly away from the upper clutch member
      so that the lugs 42 are able to ride against the flat or bevelled surfaces
      106 on the spokes 104 so that the clutch member 100 is moved downwardly
      against the spring 106, the parts thus disengaging and no longer
      transmitting rotary motion to the tap. Upon reverse rotary motion being
      imparted to the tap holder, the lugs 42 on the upper clutch member can
      engage the flat sides of the spokes 104 that do not have the bevels and
      the tap can be backed out of the tapped hole.
PAR  From the foregoing, those skilled in the art will readily understand the
      nature and construction of the invention and the manner in which it
      achieves and realizes all of the objectives as set forth in the foregoing.
PAR  The foregoing disclosure is representative of a preferred form of the
      invention and is to be interpreted in an illustrative rather than a
      limiting sense. The invention to be accorded the full scope of the claims
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tool holder adapted to being carried by a machine and to hold a tool,
      comprising in combination a first body having means for attachment to a
      machine;
PA1  a second body carrying a tool chuck, the first body and the second body
      being axially aligned and having parts in telescoping relationship;
PA1  means for transmitting rotary drive from the first body to the second body;
PA1  means interposed between the telescoping parts, providing for relative
      axial movement between the bodies and for limited lateral float of the
      second body relative to the first body where said interposed means between
      the telescoping parts includes resilient members having compressibility to
      allow for lateral float and where said interposed means comprises O-ring
      means positioned between the first body and the second body, whereby to
      allow the second body to float radially relative to the first body a
      limited amount; and
PA1  a bushing surrounding the first body having an annular groove, said second
      body having a juxtaposed annular groove, said O-ring means being held in
      said grooves and said bushing being axially movable relative to the first
      body.
NUM  2.
PAR  2. A device as in claim 1 including a second bushing surrounding said first
      body, spring means interposed between the bushings and resilient means
      positioned to allow said second bushing to float radially.
NUM  3.
PAR  3. A device as in claim 2 wherein said last resilient means comprises an
      O-ring.
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ABST
PAL  A cutting tool holder comprising an elongated holder body having a shaft
      receiving bore extending longitudinally therethrough, an elongated tool
      mounting shaft adapted to receive at least one cutting tool in a fixed
      position thereover and means for releasably retaining the mounting shaft
      in position within the holder body. The holder body is affixed to a metal
      removal or cutting machine by convenient conventional means with cutting
      tool positioned relative to a workpiece as desired. The holder may include
      means which permit a plurality of cutting tools to be simultaneously
      mounted on the shaft to accommodate the performance of a plurality of
      metal removal operations. The tool holder may also conveniently include a
      micrometer-like arrangement between the mounting shaft and holder body to
      provide indication means as to relative location of the cutting tool from
      a first normal position and means for supplying a continuous coolant fluid
      flow to the cutting tool.
PARN
PAR  This is a division, of application Ser. No. 277,636 filed Aug. 3, 1972,
      U.S. Pat. No. 3,907,453.
BSUM
PAR  This application pertains to the art of metal removal tools and more
      particularly to a metal removal tool holder.
PAR  The invention is particularly applicable to a tool holder for grooving
      tools for either internal or external grooving operations and will be
      described with particular reference thereto; however, it will be
      appreciated by those skilled in the art that the invention has broader
      applications and may be used with other metal removal or cutting tools
      aside from those normally employed for grooving operations.
PAR  Heretofore, in performing grooving operations, the grooving tools have been
      generally rigidly affixed to an elongated tool mounting shaft. The tool
      mounting shaft was then slideably received in an elongated shaft receiving
      bushing or sleeve for mounting in the metal removal machine itself.
      Oftentimes the shaft receiving bushing or sleeve merely comprised a
      split-sleeve type of bushing wherein no means were provided to positively
      locate the tool mounting shaft therein. This was particularly
      disadvantageous when it became necessary to remove the tool mounting shaft
      from the bushing for purposes of re-sharpening the cutting tools
      themselves. Upon replacement in the metal removal machine, it was then
      necessary to repeat the steps of properly positioning the tool mounting
      shaft in order that the cutting tools would be in the desired location
      relative to the workpieces themselves. This is particularly important when
      a plurality of identical workpieces are to be sequentially processed as,
      for example, on a production line.
PAR  A further difficulty with this prior type of cutting tool mounting
      arrangement was that the cutting tools themselves were rigidly affixed to
      the tool mounting shafts. Thus, if a tool broke or was merely worn out, it
      became necessary to replace both the cutting tool and tool member mounting
      shaft. Also, if a different type or size of cut was desired, still further
      cutting tool member shaft combinations were required. This requirement
      necessitated a substantial stock piling of equipment in order that a
      machine shop could efficiently and properly function. This particular
      problem was apparent with both single and multiple cutting point
      arrangements wherein both the size and spacing of the cutting tools were
      of substantial significance.
PAR  The present invention contemplates a new and improved device which
      overcomes all of the above referred problems and others and provides a new
      cutting tool holder which is simple, economical, and versatile in order to
      facilitate interchanging of cutting tools in a single tool holder.
PAR  In accordance with the present invention, there is provided a cutting tool
      holder for maintaining at least one cutting tool in a desired spaced
      relationship relative to a workpiece as the tool and workpiece are engaged
      for performing a cutting operation. The holder comprises an elongated
      holder body having a longitudinal axis and first and second spaced apart
      end faces, the holder body further including a first coaxial bore
      extending therethrough and wherein the body is adapted to be readily
      affixed to a conventional metal removal machine. An elongated tool
      mounting shaft having a first tool mounting portion and including means
      for rigidly affixing the at least one cutting tool thereto and a second
      shaft mounting portion is dimensioned to be slideably received in the
      first bore from the first end face so as to extend substantially
      longitudinally through the holder body. Means are provided for engaging
      the second shaft mounting portion adjacent the second end face of the
      holder body in order to retain the tool mounting shaft in a desired
      position within the bore. Locking means disposed in the holder body are
      provided for locking the mounting shaft in a desired position relative
      thereto.
PAR  In accordance with another aspect of the present invention, means received
      in the bore of the holder body and over the mounting shaft are provided to
      continuously bias the mounting shaft longitudinally of the holder body.
PAR  In accordance with another aspect of the present invention, the mounting
      shaft is selectively rotatable within the holder body and the body and
      mounting shaft further include means thereon for indicating the relative
      positions thereof from a first normal position through one revolution
      therebetween.
PAR  In accordance with another aspect of the present invention, there is
      included means for supplying a continuous fluid flow to the at least one
      cutting tool.
PAR  In accordance with still another aspect of the present invention, means may
      be provided for selectively longitudinally moving the mounting shaft
      relative to the holder body.
PAR  In accordance with still another aspect of the present invention, there is
      provided a new cutting tool member particularly adapted for use with a
      tool holder of the type including an elongated holder body adapted to be
      affixed to a conventional metal removal machine and wherein the body has
      an elongated tool mounting shaft extending coaxially outward therefrom.
      The tool member comprises a mounting portion dimensioned to be closely
      received in a desired position relative to the mounting shaft and a tool
      element portion rigidly affixed to the mounting portion to extend
      generally radially outward therefrom, the element including a cutting
      surface generally disposed at the outermost end thereof.
PAR  The principal object of the present invention is the provision of a cutting
      tool holder which permits repeated accurate location of a cutting tool
      relative a metal removal apparatus and a workpiece.
PAR  Another object of the present invention is the provision of a cutting tool
      holder which is simple in design.
PAR  Still another object of the present invention is the provision of a cutting
      tool holder which is easy to manufacture.
PAR  A further object of the present invention is the provision of a cutting
      tool holder which facilitates the use of a plurality of different cutting
      tools therewith.
PAR  Still another object of the present invention is a provision of a cutting
      tool holder which is readily adaptable to use in a plurality of metal
      removal operations.
PAR  Still another object of the present invention is the provision of a cutting
      tool holder which permits removal and relocation of the cutting tool
      relative thereto in a precise manner.
PAR  Yet another object of the present invention is the provision of a cutting
      tool member which provides a rigid tool and mounting structure and which
      is easily removable from the tool mounting shaft for maintenance and
      repair.
DRWD
PAR  The invention may take physical form in certain parts and arrangements of
      parts, a preferred embodiment of which will be described in detail in this
      specification and illustrated in the accompanying drawings which form a
      part hereof and wherein:
PAR  FIG. 1 is a perspective view of the subject new tool holder;
PAR  FIG. 2 is a side elevation of the tool holder shown in FIG. 1;
PAR  FIG. 3 is a longitudinal cross sectional view of the tool holder shown in
      FIG. 2;
PAR  FIG. 4 is an end view taken in the direction of lines 4--4 in FIG. 3;
PAR  FIG. 5 is a cross sectional view taken along lines 5--5 in FIG. 2;
PAR  FIG. 6 is an end view of the tool holder of FIG. 3 taken in the direction
      of lines 6--6;
PAR  FIG. 7 is an alternative arrangement of the tool holder including the
      concepts of the subject invention;
PAR  FIG. 8 is a longitudinal cross sectional view of the tool holder of FIG. 7;
PAR  FIG. 9 is a cross sectional view taken along lines 9--9 of FIG. 7;
PAR  FIG. 10 is a cross sectional view taken along lines 10--10 of FIG. 8;
PAR  FIG. 11 is a partial sectional view of yet another arrangement of the tool
      holder incorporating the concepts of the subject invention;
PAR  FIG. 12 is a side elevation of still a further tool holder incorporating
      the concepts of the subject invention;
PAR  FIG. 13 is a longitudinal cross sectional view of the tool holder shown in
      FIG. 12;
PAR  FIG. 14 is a cross sectional view taken along lines 14--14 in FIG. 13;
PAR  FIG. 15 is a cross sectional view taken along lines 15--15 in FIG. 13;
PAR  FIG. 16 is an end view of the tool holder shown in FIG. 12 taken in the
      direction of lines 16--16;
PAR  FIG. 17 is a tool member formed in accordance with the concepts of the
      subject invention; and,
PAR  FIG. 18 is an alternative arrangement of the tool member shown in FIG. 17
      including chamferring tools disposed on either side thereof.
DETD
PAR  Referring now to the drawings wherein the showings are for purposes of
      illustrating the preferred embodiment of the invention only and not for
      purposes of limiting same, the Figures show a tool holder body A, a tool
      mounting shaft B, a tool mounting shaft engaging means C, a cutting tool
      member D and a mounting shaft biasing means E.
PAR  Referring now more particularly to FIGS. 1-6, it will be seen that tool
      holder body A is comprised of an elongated body 20 having a first end face
      22 and a second end face 24. A bore 26 extends longitudinally through the
      body between first and second end faces 22,24. Bore 26 includes a first,
      enlarged bore portion 28 extending inwardly from end face 24 and a second,
      smaller bore portion 30 extending inwardly from first end face 22 to join
      portion 28. As can best be seen in FIG. 3, the enlarged bore portion
      extends substantially the length of body 20. Disposed on the outer
      peripheral surface of body 20 and extending generally longitudinally
      therealong are locating flats 32,34, 36 and 38 of the type known for use
      in machine tools for locating purposes. For reasons which will hereinafter
      become apparent, a pair of set screws 42,44 are threadably received in
      body 20 generally midway between the first and second end faces so as to
      extend through the side walls thereof into enlarged portion 28 of bore 26.
      Similarly, a set screw 46 conveniently threadably extends through body 20
      into bore portion 30 adjacent first end face 22 for reasons which will
      also hereinafter become apparent. A keyway 48 is included in the holder
      body to extend longitudinally along and inwardly of smaller bore portion
      30.
PAR  Tool mounting shaft B is comprised of an elongated shaft 60 having a first
      tool mounting portion 62 and a second shaft mounting portion 64. The
      diameter of the tool mounting portion is such that it is receivable in a
      close-fitting sliding relationship in smaller diameter bore portion 30.
      Disposed adjacent the outermost portion of the tool mounting portion of
      the shaft is an enlarged end collar 66 having a pair of air escape
      channels 68 extending longitudinally therethrough. A key 70 is tightly
      received in a keyway 72 to extend longitudinally along and outwardly from
      the first tool mounting portion 62 as is considered to be conventional.
      The outwardly protruding portion of key 70 is closely slideably received
      in keyways 73 included in tool members 74 and spacer members 76 and in
      keyway 48 in the holder body. Second shaft mounting portion 64 includes an
      elongated threaded area 78 extending inwardly along the shaft from the
      outermost end, the use of which will hereinafter be described in detail.
PAR  Tool mounting shaft engaging means C is comprised of a nut-like element 90
      having a first portion 92 of a diameter which will be closely slideably
      received in enlarged bore portion 28, a collar portion 94 having an outer
      dimension slightly greater than the diameter of enlarged bore portion 28,
      and a tightening portion 96 which may be conveniently dimensioned to
      receive a conventional wrench-type tightening device. Extending
      longitudinally through and coaxial with element 90 is a threaded bore 98
      which permits element 90 to be conveniently threadably received over
      threaded area 78. A set screw 100 threadably extends through the side wall
      of tightening portion 96 into bore 98 to provide locating means for
      nut-like element 90 relative to threaded portion 78.
PAR  With particular reference to FIG. 3, mounting shaft biasing means E is
      shown as comprising a first biasing sleeve 110, a spring biasing member
      112 and a second biasing sleeve 114. Sleeves 110,114 each include a bore
      extending therethrough (not numbered) having a diameter of sufficient
      dimension to be closely slideably received over shaft 60. Further, sleeve
      114 includes a circumferentially extending groove 116 therein adapted to
      receive set screws 42,44 for retaining the sleeve in a desired position
      relative to the body. The biasing means in this embodiment of the
      invention acts to maintain a continuous biasing force against the mounting
      shaft longitudinally outward from the holder body.
PAR  Each cutting tool member 74, FIG. 5, comprises a generally annular tool
      member mounting sleeve 130 and a cutting tool element 132. Again, sleeve
      130 is dimensioned to be closely slideably received over shaft 60 and
      includes therein a keyway 73 to closely slideably fit over key 70. Tool
      element 132 includes the conventional cutting surfaces and may be
      manufactured from any convenient cutting tool material such as, for
      example, tool steel or carbide. Disposed immediately adjacent the front or
      leading edge of element 132 on sleeve 130 is a relief area 134 which
      permits chip flow therefrom during the actual metal removal operation. A
      back-up member is positioned immediately to the rear of tool element 132
      in order to provide rigidity for the tool member structure. Spacer members
      76 may be of any desired length in order to desirably position the tool
      members and each includes thereon a relief area 140 to facilitate chip
      removal during the metal removal operation.
PAR  In using the above described tool holder, and with the tool holder
      structure in the unassembled condition, the tool and spacer elements 74,76
      are positioned over tool mounting portion 62 of shaft 60 from portion 64
      as shown in the Figures. The distance between consecutive tool members 74
      is, of course, established by the lateral dimensions of the associated
      spacers 76. Thus, when it is desired to have the tool members disposed in
      a particular relationship to one another, it is merely necessary to vary
      the size, i.e., length, of the spacers employed. Also, if it is desired to
      use the holder with a single tool element, it is entirely possible to do
      so by merely arranging the tool element and spacers as particularly
      desired. In any event, the subject new structure provides a simple and
      versatile cutting tool member mounting arrangement. With the tool members
      and spacers on shaft 60, end collar 66 provides an abutting means or
      surface for establishing the desired rigid structure when the tool holder
      is assembled.
PAR  For assembly, the mounting shaft with the tool members and spacers
      previously positioned thereon is inserted into the holder body from end
      face 22 through bore 26. Sleeve 110, spring biasing means 112 and sleeve
      114 respectively are then placed over the mounting shaft from threaded end
      portion 78. When properly positioned, set screws 42,44 are threadably
      advanced so as to engage groove 116 on both sides thereof and retain
      sleeve 110,114 and spring biasing means 112 in position in bore 26. The
      tool mounting shaft engaging means C is next threadably located over
      threaded portion 78 and advanced thereon until collar 94 engages second
      end face 24 of the holder body to axially draw shaft 60 further into the
      holder body. Once the tool and spacer members are drawn into a close or
      tight fitting side-by-side relationship with each other between end member
      66 and first end face 22 and when collar 94 is closely received against
      second end face 24, the component parts of the tool holder are in proper
      location. In this condition, set screw 46 may be advanced against shaft 60
      and set screw 100 may be advanced against threaded portion 78 so as to
      lock the component parts of the structure in the desired assembled
      condition. Keyways 73 in tool members 74 and spacer members 76 and keyway
      48 in body 20 permit shaft 60 to have this axial movement but act to
      prevent rotational movement of mounting shaft 60 relative to the tool
      holder body and rotational movement of the tool and spacer members
      relative to the mounting shaft.
PAR  Once assembly of the holder is complete, the assembly may then be
      conventionally installed on a metal removal machine for effecting desired
      metal removal for cutting grooves into a workpiece.
PAR  Referring now to FIGS. 7-10, a variation of the tool holder which was
      hereinabove described is shown. This variation, although employing the
      same basic concepts, includes a slightly different holder body structure
      and further includes two additional refinements not shown in the structure
      of FIGS. 1-6. Accordingly, and with reference to this second embodiment,
      similar parts have similar primed numerals and new parts have new
      numerals.
PAR  Specifically, and with particular reference to FIGS. 7 and 8, holder body
      20' includes opposed end faces 22'24'  with a coaxial bore 26' extending
      therethrough. Bore 26' has an enlarged bore portion 28' extending inwardly
      from end face 24' and a smaller bore portion 30' extending inwardly from
      end face 22', again, portions 28',30'  meeting within body 20'. The holder
      body also includes a locating collar 150 extending circumferentially
      therearound, which collar may be used to abutt the metal removal machine
      tool holder mounting facility as is known. In this arrangement, there is
      also provided an elongated inner holder body or biasing sleeve 152 having
      an enlarged diameter portion 154 and a smaller diameter portion 156. The
      larger diameter portion of this body is closely received in smaller bore
      portion 30' of holder body 20'. The inner holder body or biasing sleeve
      also includes a front collar 158 adjacent the outermost end of the larger
      diameter portion thereof which includes indicating means generally
      designated 160 thereon. In this instance, indicating means 160 comprises a
      position line and the numberal 0, although it will be appreciated that
      other convenient indicating means could be employed. Similarly, tool body
      20' includes thereon adjacent end face 22' a plurality of indicating
      indicia 162. Although this indicia could be comprised of a number of
      different types of indicia, in the preferred embodiment described herein,
      the indicia is represented by numerals. The use of indicating means 160
      and indicating indicia 162 will be more fully described hereinafter. The
      inner holder body includes a circumferentially extending recess or groove
      164 spaced inwardly therealong from front collar 158 and holder body 20'
      includes a pair of set screws 166,168 extending therethrough into smaller
      bore portion 30'. The positioning of groove 164 and set screws 166,168 is
      such that they may be intermeshed for reasons and purposes which are
      hereinafter to be more fully described. Extending longitudinally through
      and coaxial with the inner holder body, is a mounting shaft receiving bore
      174.
PAR  In this second arrangement, the tool mounting shaft engaging means C is
      comprised of a threaded element generally designated 180. This element
      includes a front face 182, a rear face 184 and a threaded mounting shaft
      receiving bore 186 having threads corresponding to threaded end portion
      78' of the mounting shaft. A pair of set screws 188,190 extend through the
      body of threaded element 180 into bore 190 to permit convenient retention
      of the threaded element in position on the mounting shaft as will
      hereinafter be more fully described.
PAR  Also in this arrangement, mounting shaft 60' includes a fluid channel
      extending substantially longitudinally therethrough from threaded portion
      78' to end collar 66'. Further, an elongated fluid escape channel 202 is
      disposed in the side wall of mounting shaft 60' at least along a section
      of the first tool mounting portion 62'. Likewise, tool members 74' each
      include a fluid escape orifice extending radially outward through the tool
      member mounting sleeve 130' immediately adjacent the front edge of the
      tool element itself.
PAR  In this particular arrangement, the mounting shaft biasing means E is
      comprised of, and in addition to sleeve 152, a coiled spring biasing means
      210 and a biasing retaining collar 212. The spring biasing means has a
      diameter slightly less than the diameter of large bore portion 28' but
      greater than the diameter of small bore portion 30' in order that it may
      be seated against the collar or step defined by the intersection of these
      two bore portions. Retaining collar 212 is generally annular in shape
      having an outside diameter also slightly less than bore portion 28' and an
      inside diameter which permits it to be closely slideably received over
      smaller diameter portion 156 of the biasing sleeve. A convenient type
      collar locking member 214 is also received on smaller diameter portion 156
      and, in the preferred embodiment, comprises a snap-ring type arrangement
      which is considered to be conventional. The biasing means acts to retain a
      constant longitudinal spring biasing force on the mounting shaft relative
      to the holder body. Finally, a fluid supply hose 216 having a standard
      pipe-type coupling 218 at one end thereof is threadably received in shaft
      receiving bore 190 of threaded element 180 from rear face 184.
PAR  In using the arrangement shown in FIGS. 7-10, tool members 74' and spacer
      members 76' are located on tool member mounting shaft 60' as was
      hereinabove discussed with reference to FIGS. 1-6. Thereafter, inner
      holder body 152 is placed over shaft 60' from end 64' and this assembly
      then inserted into bore 26' of holder body 20' from first end face 22'
      with front collar 158 closely positioned against end face 22'. Set screws
      166,168 may be threadably advanced inwardly so as to engage
      circumferentially extending groove 164. Next, the spring biasing means is
      inserted into the annular channel-like area defined between the outer
      peripheral surface of smaller diameter portion 156 and the inner
      peripheral surface of bore portion 28'. Then, biasing retaining collar 212
      is locked in position by locking member 214. In this arrangement, the
      spring biasing means exerts a constant pressure against collar 212 so as
      to force or pull the mounting shaft axially into holder body 20'. To
      secure the mounting shaft and tool elements in position and to lock the
      remainder of the component parts as desired, threaded element 180 is next
      threaded onto threaded end portion 78' until front face 182 engages the
      rear face of inner holder body 152. Set screws 188,190 are then advanced
      inwardly to tightly engage threaded portion 78'. This assembly is then
      ready for use with a metal removal machine similar to the arrangement
      shown in and described with reference to FIGS. 1-6.
PAR  In addition, however, cooling fluid supply hose 216 may be affixed to the
      tool holder at threaded element 180 via coupling 218 so that a continuous
      cooling or cutting fluid supplied thereby will pass through fluid channel
      210, outwardly through elongated fluid escape opening 202 and outwardly
      through fluid escape orifices 204 to contact the workpiece and cutting
      element itself. The general concept of supplying either cooling or cutting
      fluid to a workpiece during a metal removal operation is deemed to be well
      known in the art and further elaboration thereon is not considered
      necessary.
PAR  As a further feature of this second embodiment, set screws 166,168 and
      threaded element 180 may be backed off slightly from their normal
      retaining positions to permit rotation of the inner holder body, tool
      mounting shaft and tool members relative to holder body 20'. As shown in
      FIG. 7, indicating means 160 and indicating indicia 162 show the zero or
      normal position between these elements. However, the availability of
      movement as hereinabove discussed presents several advantages in that, and
      for example, as the tool elements themselves are continuously used, they
      become dull and must periodically be re-sharpened or re-ground. Of course,
      when re-sharpening is effected, the distance which the tool element
      extends radially outward from the mounting shaft is slightly decreased. If
      a machine operator knows the amount of material removed from the tool
      elements during sharpening, he can rotate the tool elements, i.e., tool
      elements, mounting shaft and inner holder body relative to holder body 20'
      until indicator means 160 is opposite the indicating indicia 162 which
      would indicate the amount of material removed during sharpening. Then, as
      the tool holder itself is re-located and mounted on the metal removal
      machine, the operator of that machine is able to easily re-adjust the
      machine to compensate for the difference in the tool element dimensions to
      permit the same cut or groove to be achieved with a minimum of machine
      adjustment.
PAR  Also, the indicating means and indicating indicia present means whereby the
      tool members may be re-located during a machining operation so as to
      provide ease of accomplishing a particularly desired cut or groove. Of
      course, the indicating indicia could be so established as to indicate any
      desired variation of relative movement between the indicator means and
      indicating indicia; however, it has been found that indications of
      distance such as, for example, in thousandths of an inch, have proved most
      desirable.
PAR  Referring now to FIGS. 17 and 18, there are shown variations of the tool
      members which may be employed with the tool holders shown in FIGS. 1-10.
      In these arrangements, the tool member is generally designated 230 and may
      be said to comprise a tool mounting sleeve 232 and a cutting tool element
      234. Disposed immediately in front of the tool element is a generally saw
      toothed chip-breaking area 236 and disposed immediately to the rear of the
      tool element is a back-up area 238. This back-up area may be integral with
      or separate from sleeve 232 and is to provide strength and rigidity for
      the tool element during the cutting operation. Likewise, chip-breaker
      recess 236 may be comprised of other configurations although the
      saw-toothed type arrangement has been found to be most successful. Again,
      tool element 234 may be constructed from any known metal removal material
      such as, for example, tool steel or carbide.
PAR  FIG. 18 shows a slight variation of the hereinabove described tool member
      arrangement which permits chamferring of a groove in a workpiece W. In
      this arrangement, a disc or sleeve member 240 is disposed on each side of
      tool member 230. These discs or sleeves include means which permit them to
      be placed over the mounting shaft and retained thereon similar to the
      means hereinabove discussed relative to the tool members themselves. These
      sleeves also include cutting surfaces 242 disposed angularly relative to
      the cutting surface of tool element 234 in order to achieve the
      chamferring effect. Because of the structure of the tool holders, the
      chamferring tools may be so disposed to chamfer any groove on either one
      side of both sides thereof as may be particularly desired.
PAR  Two additional arrangements employing the concepts of the subject invention
      are shown in FIGS. 11-16. With particular reference to FIG. 11, there is
      shown an embodiment which permits longitudinal adjustment of the cutting
      tool when it may be desired by the machine operator. For sake of clarity
      and description, these embodiments are provided with new numerals although
      the terminology employed in description thereof remains substantially
      identical as that for the embodiments shown in FIGS. 1-10. In FIG. 11,
      there is provided a tool holder body 250 having a first end face 252 and a
      second end face 254. A tool mounting shaft 256 extends longitudinally and
      generally coaxially through body 250 and includes a smaller diameter
      portion 258 and a larger diameter portion 260. The tool holder body
      includes locating and mounting flats thereon as hereinabove described with
      reference to the other embodiments and as is deemed conventional in the
      art.
PAR  The tool member mounting shaft 262 includes a tool mounting portion 264 and
      an adjustment portion 266. Disposed adjacent portion 264 to extend
      generally longitudinally along at least a part of the shaft are a pair of
      opposed flats 268,270, the use of which will hereinafter become apparent.
      A pair of set screws 272,274 are threadably received in tool holder body
      250 adjacent first end face 252 for selective extension into bore 256 and
      a clamping contact with flats 268,270 respectively.
PAR  Tool mounting shaft engaging means C is comprised of an engaging member 280
      having a threaded end portion 282 adapted to be threadably received in
      larger diameter bore 260. An adjustment portion 284 permits the engaging
      member to be tightened against holder body 250 at end face 254 thereof. An
      elongated tool member mounting shaft adjustment member or screw is
      threadably received in and extends through engaging member 280 and
      includes an adjustment portion or head 288 and a mounting shaft contact
      end 290. A locking nut 292 received between adjustment portion or head 288
      and engaging member 280 provides easy means for locking the adjustment
      screw in a particular desired position.
PAR  In this arrangement, only a single cutting tool member D is employed as
      will hereinafter be more fully explained. Also, and with the tool holder
      in the assembled condition as shown in FIG. 11, by simply loosening
      slightly set screws 272,274 from their close-fitting locking engagement
      with flats 278,270 tool mounting shaft 262 will be permitted to move
      longitudinally within bore 256 relative to the tool holder body itself. To
      effect outward movement, it is merely necessary to "back-off" locking nut
      292 and then advance adjustment screw 286 as desired by means of
      adjustment portion or head 288. Set screws 272,274, although being
      retracted slightly from tight-fitting engagement against flats 268,270
      respectively, will prevent rotational movement of the mounting shaft
      during the axial movement. After the tool member has been advanced the
      amount desired, it is only necessary to re-tighten set screws 272,274 and
      locking nut 292 in order to retain the cutting tool member in the position
      desired. Thus, if the amount of advance of adjustment screw 286 is known,
      the machine operator can effect outward movement of the cutting tool
      member as desired by turning adjustment screw 286 the required amount. To
      retract the shaft, however, it is necessary to push the shaft inwardly
      once the adjustment screw has been backed off a desired distance.
PAR  Although it may be considered somewhat basic, the above particular
      embodiment shows an inexpensive, although useful, adaptation of the
      concepts of the subject invention into a cutting tool holder particularly
      adapted for use in grooving operations.
PAR  Referring now to FIGS. 12 and 13, a more sophisticated arrangement which
      permits axial adjustment of the tool member is shown. In this arrangement,
      and for the sake of clarity and appreciation of operation, similar
      components have similar primed numerals and new components have new
      numerals. Tool holder body 250' has opposed end faces 252',254' . Also,
      disposed about the outer periphery of the tool holder body is a locating
      or retaining collar 300 which conventionally permits precise location of
      the tool holder. Dimensioned to be closely received in bore 256' is an
      elongated inner tool holder body or biasing sleeve 302 having a smaller
      diameter portion 304 and an enlarged diameter portion 306. A front collar
      308 for this inner holder body is dimensioned so as to be closely received
      against end face 252'. Disposed on body 250', adjacent end face 252', is
      an indicating means and disposed on front collar 308 are indicating
      indicia 312 which may be similar or identical to the indicating
      means-indicating indicia arrangement hereinabove previously described.
      Disposed inwardly from the front collar on the inner tool holder body or
      biasing sleeve is a circumferentially extending recess 114. A pair of set
      screws 116,118 which are threadably received in the side walls of tool
      holder body 250' may be threadably advanced inwardly therethrough into
      bore 256' for selective engagement in groove 314 to axially locate the
      inner tool holder body or biasing sleeve relative to the main or outer
      tool holder body. The inner tool holder body includes a mounting shaft
      receiving bore 320 extending longitudinally and coaxially therethrough
      having a smaller diameter portion 322 and a larger diameter portion 324.
      Disposed to extend outwardly from and longitudinally along a portion of
      bore 324 is a key 326 which is adapted to be closely slideably received in
      a keyway disposed in the tool member mounting shaft as will hereinafter be
      more fully described.
PAR  This arrangement of the subject invention also employs a mounting shaft
      biasing means E which, in addition to sleeve 302, is comprised of a coiled
      spring biasing means 338 received between the inner periphery of bore 260'
      and the outer periphery of smaller diameter portion 304 of the inner tool
      holder body. A biasing means retainer collar 340 and associated collar
      locking member 342 are provided to be disposed over the end of the inner
      tool holder body or biasing sleeve much the same as hereinabove previously
      described with reference to the embodiment shown in FIGS. 7-10.
PAR  The tool member mounting shaft 262' includes an elongated larger diameter
      portion 344 and an elongated smaller diameter portion 346. At least the
      larger diameter portion is dimensioned so as to be closely slideably
      received in bore 324 and this portion also includes a conventional keyway
      348 extending longitudinally therealong for close-fitting sliding
      cooperation with key 326 so as to prevent relative rotation between the
      shaft and the inner tool holder body but permitting relative axial
      movement therebetween.
PAR  In this arrangement, shaft adjusting screw 286' includes a contact end
      protuberance 350 extending axially outward from contact end 290'. This
      protuberance is slideably received in a slot 352 (FIG. 15) disposed in the
      end of the tool member mounting shaft into a protuberance receiving area
      354 so as to establish a strong mechanical connection between the shaft
      and adjusting screw which also permits relative rotation therebetween for
      adjustment purposes.
PAR  In the arrangement shown in FIGS. 12 and 13, operation is much the same as
      that hereinabove described with reference to FIG. 11 excepting that a
      constant biasing force is maintained on the inner tool holder body so as
      to draw it axially into tool holder body 250' and that this embodiment
      also permits selective rotation between the inner tool 376,378 tool member
      and tool mounting shaft relative to the main tool holder body 250' with
      indicating means to show the amount or degree of movement from a first
      normal position. Also in this arrangement, shaft adjustment screw 286' can
      be used to move the tool mounting shaft both axially outward and inward of
      the tool holder body.
PAR  As may be seen, the embodiments of the invention shown in FIGS. 11-13 are
      used with a single end mounted cutting tool member. In both of these
      arrangements, the tool mounting shaft includes a tool member end retaining
      cap 360 at the outermost end of smaller diameter portion 346 which is
      dimensioned to be disposed over a tool receiving recess 362 in the end of
      the shaft itself. The cap and recess include interfitting lips 364 and
      grooves 366 in order to provide a locking relationship therebetween. An
      elongated retaining screw 368 passing through cap 360 and threadably
      received in portion 346 facilitates attachment of the cap to the shaft.
PAR  With particular reference to FIGS. 13 and 14, the cutting tool member D is
      shown as being comprised of an annular tool mounting sleeve 370 and a tool
      element 374 received on a tool element mounting base 375 which, in turn,
      is affixed to the tool mounting sleeve. The tool element mounting base
      includes a pair of support lips or ledges 376, 378 which engage tool
      receiving recess 362 to provide rigidity and strength for the tool element
      mounting during a machining operation. Disposed immediately behind tool
      element 374 is a back-up area or portion 380 which provides further
      rigidity and strength for the tool element. Finally, a locking screw 382
      is included in smaller diameter portion 346 of the tool mounting shaft
      adjacent the tool receiving recess for selective locking engagement with
      retaining screw 368. Again, and as hereinabove previously described, tool
      element 374 may be manufactured from any convenient cutting material
      generally associated with metal removal work such as, for example, tool
      steel or carbide. This arrangement provides a simple tool member mounting
      structure which permits easy and precise removal and relocation of a tool
      member in the tool holder without the necessity of disturbing the tool
      holder mounting.
PAR  The invention has now been described with reference to the preferred
      embodiment and variations thereof. Obviously, other modifications and
      alterations will occur to others upon the reading and understanding of
      this specification. It is my intention to include all such modification
      and alteration insofar as they come within the scope of the appended
      claims or the equivalents thereof.
CLMS
STM  Having thus described my invention, I now claim:
NUM  1.
PAR  1. A cutting tool holder for maintaining at least one cutting tool member
      in a desired spaced relationship thereto as said at least one tool is
      selectively engaged with a workpiece for performing a cutting operation,
      said holder comprising:
PA1  an elongated holder body having a longitudinal axis and first and second
      spaced apart end faces, said holder body further including a first coaxial
      bore extending therethrough, said body being adapted to be readily affixed
      to a conventional metal removal machine;
PA1  an elongated tool mounting shaft having a first tool mounting portion
      including means for rigidly affixing said at least one tool member thereto
      and a second shaft mounting portion receivable in said first bore from
      said first end face to extend substantially longitudinally through said
      holder body;
PA1  means for engaging said second shaft mounting portion to retain said tool
      mounting shaft in a desired position within said bore;
PA1  means for selectively preventing rotational movement of at least said
      mounting shaft relative to said body;
PA1  means for selectively longitudinally moving said mounting shaft relative to
      said holder body and including an elongated adjustment member forming one
      part of said engaging means and threadedly extending through another part
      of said engaging means, said one part of said engaging means acting
      against said shaft mounting portion; and
PA1  means received in said first bore over said shaft mounting portion for
      continuously biasing said shaft longitudinally of and inwardly toward said
      holder body, said biasing means comprising an elongated biasing sleeve
      closely slidably received over said mounting shaft and having a length
      approximately equal to the length of said body, said biasing sleeve having
      a first portion closely slidably received in said first bore adjacent said
      first end face, said biasing means further including means for maintaining
      said biasing sleeve in a desired position relative to said body, spring
      means received over said biasing sleeve in said first bore adjacent said
      biasing sleeve first portion, and a spring retaining collar received over
      said biasing sleeve adjacent said second end face for maintaining said
      spring means in a compressed condition.
NUM  2.
PAR  2. The tool holder as defined in claim 1 wherein said at least one tool
      comprises a single cutting tool releasably mounted on said mounting shaft
      adjacent the outermost end of said tool mounting portion.
NUM  3.
PAR  3. The tool holder as defined in claim 2 wherein said tool mounting portion
      of said mounting shaft has an end face which includes therein a tool
      receiving recess for closely receiving said single cutting tool, said
      mounting portion further including an end cap which is selectively
      receivable over said receiving recess for rigidly retaining said tool
      element therein.
NUM  4.
PAR  4. The tool holder as defined in claim 3 wherein said tool member includes
      a tool member mounting portion dimensioned to be closely received in said
      recess and a cutting tool portion affixed to said mounting portion so as
      to extend generally radially outward therefrom, said cutting tool portion
      comprising a cutting tool element having a cutting surface at least at the
      outermost edge thereof and a back-up portion disposed adjacent said tool
      element on the rear side thereof for providing strength and rigidity to
      said tool element.
NUM  5.
PAR  5. A cutting tool holder for maintaining at least one cutting tool member
      in a desired spaced relationship thereto as said at least one tool is
      selectively engaged with a workpiece for performing a cutting operation,
      said holder comprising:
PA1  an elongated holder body having a longitudinal axis and first and second
      spaced apart end faces, said holder body further including a first coaxial
      bore extending therethrough, said body being adapted to be readily affixed
      to a conventional metal removal machine;
PA1  an elongated tool mounting shaft having a first tool mounting portion
      including means for rigidly affixing said at least one tool member thereto
      and a second shaft mounting portion receivable in said first bore from
      said first end face to extend substantially longitudinally through said
      holder body, said at least one tool member comprising a single cutting
      tool releasably mounted on said mounting shaft adjacent the outermost end
      of said tool mounting portion, said tool mounting portion having an end
      face which includes therein a tool receiving recess for closely receiving
      said single cutting tool, said tool mounting portion further including an
      end cap which is selectively receivable over said receiving recess for
      rigidly retaining said single cutting tool therein, said single cutting
      tool including a tool mounting portion dimensioned to be closely received
      in said recess and a cutting tool portion affixed to said mounting portion
      so as to extend generally radially outward therefrom, said cutting tool
      portion comprising a cutting tool element having a cutting surface at
      least at the outermost edge thereof and a back-up portion disposed
      adjacent said tool element on the rear side thereof for providing strength
      and rigidity to said tool element, said tool member mounting portion
      further including locating areas thereon for desirably locating said
      single cutting tool in said receiving recess, said end cap and said
      mounting portion end face including interfitting areas to facilitate a
      rigid located relationship therebetween;
PA1  means for engaging said second shaft mounting portion to retain said tool
      mounting shaft in a desired position within said bore;
PA1  means for selectively preventing rotational movement of at least said
      mounting shaft relative to said body;
PA1  means for selectively longitudinally moving said mounting shaft relative to
      said holder body including an elongated adjustment member forming one part
      of said engaging means and threadedly extending through another part of
      said engaging means, said one part of said engaging means acting against
      said shaft mounting portion; and
PA1  means received in said first bore over said shaft mounting portion for
      continuously biasing said shaft longitudinally of said holder body, said
      biasing means comprising an elongated biasing sleeve closely slideably
      received over said mounting shaft having a length approximately equal to
      the length of said body, said biasing sleeve having a first portion
      closely slideably received in said first bore adjacent said first end
      face; means for maintaining said biasing sleeve in a desired position
      relative to said body; spring biasing means received over said biasing
      sleeve in said first bore adjacent said biasing sleeve firt portion; and,
      a spring biasing means retaining collar received over said biasing sleeve
      adjacent said second end face for maintaining said spring biasing means in
      a compressed condition.
NUM  6.
PAR  6. The tool holder as defined in claim 5 wherein said engaging means is
      threadably received on said biasing sleeve adjacent said second end face
      of said body and one end of said adjustment member is secured to said
      mounting shaft mounting portion, whereby as said adjustment member is
      advanced through said engaging member mounting shaft is forced
      longitudinally outward of said holder from said first end face and as said
      adjustment member is retracted through said engaging means said mounting
      shaft is drawn longitudinally into said holder from said first end face.
NUM  7.
PAR  7. The tool holder as defined in claim 6 including an adjustment member
      locking means for selectively locking at least adjustment member in a
      desired position, biasing sleeve locking means for selectively locking
      said biasing sleeve from rotation relative to said body and mounting shaft
      locking means for selectively locking said mounting shaft from
      longitudinal movement relative to said holder body.
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PAL  Drill bit construction having a removable lead screw and a drill body with
      a work face comprised of two planar surfaces which geometrically intersect
      on a diameter line such that the angle between the two surfaces is
      approximately 170.degree.. A cut-away segment is formed on each side of
      the body with each of the segments having a cutting edge in the form of a
      detachable blade which is also provided with a cutting spur on the outer
      end. The body itself is detachably removable from the drill shaft or
      shank. The body is also provided with a removable lead screw or guide
      point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates in general to boring tools and more specifically to
      drill bits for a wide variety of applications but particularly for
      manufacturing and for finish type boring applications.
PAR  As those skilled in the art are aware designs of heretofore known drilling
      bits have been such that they are unable to withstand the severe
      conditions to which they are at times subjected. Occasionallya boring tool
      will strike a nail and become nicked and therefore have to be replaced
      unless it can be reground. Conventional drill bits, if replaced are
      expensive and regrinding is also a costly operation. Most of the presently
      known bits are not made substantially or ruggedly enough to remain sharp
      but in fact must be sharpened or reground frequently. Additionally, known
      bits are prone to clog and to therefore jam the drill. Furthermore,
      conventional drill bits will catch or hang up if they emerge in such a way
      that part of the hole is finished and part is not. In other words, if the
      drill is through drilling on one side and not the other, the tendency in
      conventional bits is to jam. Also, because conventional bits are
      constructed with a so-called flat or radially extending face, it is
      difficult to enter the wood at an angle since the outer edges of the bit
      engage the wood before the lead screw. Furthermore, there is a tendancy to
      mis-align if the lead screw is not taking hold.
PAR  Prior art to be considered will be found in U.S. Pat. Nos. 2,681,673;
      2,752,965; 2,812,791; 3,165,131; and 3,687,565. None of the cited patents
      is thought to be pertinent to the structure of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The drill bit body is formed basically as a shallow cylinder. The work
      face, however, is formed of two flat planar surfaces which intersect each
      other on a diameter line. Each surface extends inwardly toward the
      diameter line and outwardly from a plane normal to the axis at
      approximately a 5.degree. angle.
PAR  Two cut-away sections are provided which extend through the depth of the
      body so that shavings and cuttings can be evacuated during drilling. There
      is provided a recessed portion adjacent each cut-away section to receive a
      removable blade which has a raised edge or spur portion along the outer
      edge thereof. A centrally located hole in the body receives a detachable
      lead screw or pointed guide pin. Located on the back side of the body is a
      centrally and rearwardly extending shank mounting portion with a
      hexagonally formed cavity for receiving the hexagonal shaft. The end of
      the hexagonal shaft itself has a small diameter cavity into which the
      inner end of the lead screw or guide pin is inserted. A set screw will
      then enter through the shank receiving portion and extend through a hole
      in the shaft and come to rest against the lead screw to hold body, shaft
      and lead screw together in one assembly.
PAR  Accordingly, it is among the many features, advantages and objects of this
      invention to provide a drill bit device which has a body detachable from
      the drill shaft or extension and which has detachable and replaceable
      blades. It also has a detachable and replaceable lead screw or guide pin.
      The geometry of the body is such that two flat planar surfaces intersect
      along the diameter line at an angle to each other such that in its solid
      form a ridge would extend across the working face of the drill bit on a
      diameter line. The drill bit of this invention can be operated at higher
      rotating speeds than is possible with conventional drill bits and it is
      particularly suited to finish type drilling in hole sizes from about 11/2
      inches to 45/8 inches. The device is not prone to misalignment and the
      design configuration is particularly suitable to avoiding jams resulting
      from clogging. The drill may enter the wood from various angles and
      because of the replaceability of the various portions of the body there is
      less expense involved as opposed to a conventional drill bit which would
      have to be reground or replaced entirely if damaged or badly scored.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a plan view looking at the cutting face of the invention with one
      of the blades removed to illustrate details;
PAR  FIG. 2 is an exploded view in elevation showing additional details of
      construction;
PAR  FIG. 3 is a side elevation view of the unit of FIG. 1 to further illustrate
      details of the cut out segments and blade seats; and
PAR  FIG. 4 shows a side elevation view of the device in its assembled state.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the drawings it will be seen that the drill bit body,
      generally referred to by the number 10, is a round generally shallow
      cylinder with side walls 12, a rear surface 14 and a centrally disposed
      shank receiving portion 16 which includes a hexagonal recess 18. Recess 18
      extends from the outer end 20 of the shank receiving portion to its inner
      wall 22 which as can be seen is near the plane of rear surface 14.
      Hexagonal cavity 18 receives shank 24 which can be detachably secured to
      the drill itself. It will be noted that the shank receiving section is
      provided with set screw hole 26 and that the shank itself is also provided
      with a threaded set screw hole 28 both of which are aligned when the shank
      is in place as shown in FIG. 4 and whereby set screw 30 when seated holds
      the shank in cavity 18.
PAR  The geometry of the body is such that side wall 12 has approximately a
      2.degree. angle beginning with the front edge as it angles backwardly and
      inwardly from the outer edge of the work face. Thus the diameter across
      back surface 14 is slightly less than the diameter as measured across the
      body from the forward points of the body.
PAR  The work face of the drill bit body has two flat planar surfaces 32 and 34.
      Flat planar surfaces 32 and 34 extend at an angle of approximately
      5.degree. outwardly so that if extended they would intersect along a
      diameter line. Thus the outside angle between the surfaces would be
      approximately 190.degree. whereas the inside angle between them would be
      approximately 170.degree.. On opposite sides of the body are cut-away
      sections extending through the depth of the body, the cut-away sections
      being generally defined by the number 40. The cut-away sections have a
      forward wall 42 as determined by direction of rotation, an inner wall 44
      and a rear wall 46. It will be noted, particularly by reference to FIGS. 1
      and 3, that the upper edge 48 of rear wall 46 is on or near to a diameter
      line and that the upper edge 50 of the forward wall 42 is on a cord line.
      The upper edge 52 of inner wall 44 is approximately on a diameter line at
      90.degree. to edge 48, thus defining the work face opening of the cut-away
      sections 40 and locating them as can be seen in opposed quadrants. The
      openings, as defined by walls 42, 44 and 46, angle rearwardly and towards
      a more centered rear opening disposition. The back edge 54 of rear wall
      42, the back edge 56 of inner wall 44 and the back edge 58 of rear wall 46
      define a rear opening which is centrally located with respect to the
      center portion of the body. Each side of the body is provided with a blade
      support surface 60 extending rearwardly from edge 48 to rear blade support
      wall surface 62.
PAR  The blades as can be seen, have a cutting edge 70 and are shaped to occupy
      the recess defined by blade walls 60 and 62 such that the upper surface
      forms a continuation of its respective flat planar surface. The outer edge
      is rounded to conform to the shape of body side edge 12. The inner end of
      the blades have a rounded portion 74 to allow for lead screw 80 which is
      received in central opening cavity 82 which extends from the working face
      and opens into shank cavity 18. At the outer edge of the blades there is a
      short, narrow spur 76 extending the width of the blade which makes an end
      cut while cutting edge 72 shaves away the wood. Lead screw 80 has a shank
      portion 84 with a flat section 86 so that when the bit is assembled set
      screw 30 is fitted tightly against lead screw flat portion 86 to hold it
      in place. Blades 70 are held in place by screws 88.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A boring tool, comprising:
PA1  a. a generally circular drill bit body in the nature of a solid, shallow
      cylinder, said body having a back surface, a side edge surface and a
      working face, said working face being Occasionally a defined by a pair of
      opposed work surfaces in which at least flat planar portions thereof
      extend axially forwardly at an angle from a plane normal to the body axis
      and radially inwardly such that when extended intersect to define an
      intersection line passing through and normal to the body axis,
PA1  b. a pair of angling cut-away segments generally in opposed quadrants of
      the working face such that a segment extends through said body from the
      back surface to a working surface, said cut-away segments having cutting
      edges therein,
PA1  c. a shaft mounting portion located generally centrally of and extending
      rearwardly from the back surface of said body and containing means for
      detachably connecting said body to a shaft,
PA1  d. centrally located hole in the working face of said body which is
      provided with a lead screw, and
PA1  e. securing means for detachably holding said body and lead screw together.
NUM  2.
PAR  2. The drill bit device according to claim 1 and in which said side edge
      surface angles inwardly from said working face to said back surface at a
      predetermined small angle.
NUM  3.
PAR  3. The drill bit device according to claim 2 and in which each of said
      cut-away segments is provided with a recessed portion in which is located
      a detachable and replaceable cutting blade having a cutting edge.
NUM  4.
PAR  4. The drill bit device of claim 3 wherein each of said cutting blades
      generally comprises a portion of its respective work surface to define a
      cutting edge which is forward of and parallel to said intersection line
      and which edge is generally at a right angle to the axis of said body.
NUM  5.
PAR  5. The drill bit device according to claim 4 and wherein each of said
      cutting blades is provided with a raised cutting spur at the outer edge
      thereof.
NUM  6.
PAR  6. The drill bit device according to claim 5 and wherein each of said
      cut-away segments opens forward of its respective cutting blade and
      cutting edge and angles rearwardly through said body to open on said back
      surface generally centered with respect to a plane through the axis and
      intersection line.
NUM  7.
PAR  7. The drill bit device of claim 6 and wherein said cut-away segments on
      said working face extend generally from near the center of said body to
      said side edge surface.
NUM  8.
PAR  8. The drill bit device of claim 7 and wherein said cut-away segments on
      said back surface extend generally from said shaft mounting portion to
      said side edge surface.
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PAL  A hydraulic machine, such as a reversible pump-turbine, is provided with an
      automatic air vent valve disposed in the casing area and a conduit having
      a valve for providing direct fluid communication between the casing area
      and the draft tube, in addition to compressed air means for depressing the
      water level within the draft tube below the runner, when the guide vanes
      are closed so that the runner may be rotated substantially only within
      air. When the runner of the hydraulic machine is rotating within the
      compressed air that depresses the water level and the draft tube out of
      the runner chamber and below the runner, water from the draft tube is fed
      through the valved conduit directly to the casing area, between the inlet
      valve and the closed guide vanes, to make up for water leaking from the
      side gaps of the closed guide vanes, with the conduit feed valve being
      open; at the same time, compressed air that leads through the side gaps of
      the guide vanes from the runner chamber into the casing is vented out of
      the casing through the automatic air vent valve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to hydraulic machines, such as water
      turbines, pumps and reversible pump-turbines, and particularly to the
      method of operating a hydraulic machine when it is desired to have the
      runner rotated within compressed air, which compressed air will depress
      the water level within the draft tube so that the runner chamber will be
      filled with compressed air, when the guide vanes are closed.
PAR  In operations such as condenser operation, turning reserve operation and
      starting operation as a pump, the runner of the hydraulic machine is
      rotated within compressed air filling the runner chamber. In order to
      prevent heat elevation due to idling of the runner, it has been thought
      that a large quantity of cooling water must be fed between the rotating
      portion and the stationary portion of the hydraulic machine during such
      operation. In order to feed this large quantity of cooling water between
      such portions by leaking a large quantity of water from the side gaps of
      the guide vanes, the water pressure within the casing of the hydraulic
      turbine has heretofore been maintained at a value much larger than the
      pressure of the air introduced into the runner chamber, and a feed pipe
      has been provided to supply the cooling water. At the same time, in order
      to prevent air admission into the casing during the depression of the
      water level with compressed air within the runner chamber, the hydraulic
      machine has been provided with a water feed pump or a bypass with a valve
      between the upper and lower reaches of the penstock, with respect to the
      inlet valve within the penstock.
PAR  Such large quantities of water supplied to the peripheral portion of the
      runner brings about a cooling effect, however at the same time, it also
      generates a large quantity of heat due to the torque loss resulting from
      such a large quantity of water engaging the runner; therefore, adjustment
      of the quantity of water supplied has become more difficult as the
      peripheral velocity of the runner becomes larger, based upon a higher head
      and larger capacity of the machine. Furthermore, due to such a large
      torque loss related to the large quantity of cooling water, it has been
      necessary to provide such a hydraulic machine with a starting motor that
      has a very large output.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to effectively cool a rotating
      portion, such as a runner, of a hydraulic machine, particularly during
      rotating reserve operation or condenser operation without high torque
      losses.
PAR  It is a further object of the present invention to provide such a hydraulic
      machine that is able to start with effective cooling, without requiring an
      unduly large output motor for driving it.
PAR  As a part of the present invention, it has been discovered that as the
      quantity of cooling water supplied to the runner decreases beyond a
      certain value, the temperature elevation of the runner owing to rotation
      of the runner within the runner chamber basically filled with compressed
      air sharply decreases contrary to conventional thinking. According to the
      present invention, the hydraulic machine is operated with a water pressure
      in the casing that is substantially equal to the pressure of the air
      introduced into the runner chamber in order to depress the water level
      within the draft tube or runner chamber below the lowest portion of the
      runner. Under such conditions, the cooling is effective without high
      torque losses during condenser running and reserve running, and further
      the torque requirements of the starter motor during pump starting are not
      high. Air that leaks into the casing is removed by an automatic air vent
      valve to prevent the filling of the casing with air between the penstock
      inlet valve and the closed guide vanes, and further the water that leaks
      through the closed guide vanes for cooling purposes is made up within the
      casing by a conduit directly fluid connecting the draft tube with the
      casing, with a valve in this conduit that may be shut at other times.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further objects, features and advantages of the present invention will
      become more clear from the following detailed description of a preferred
      embodiment with reference made to the accompanying drawing, wherein; the
      single FIGURE of the drawing is a cross-sectional front veiw of the
      preferred embodiment, with portions shown schematically.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the accompanying drawing, a reversible pumpturbine of a
      preferred embodiment of the present invention will be described
      hereinafter in detail.
PAR  The main shaft 1 is disposed substantially vertically, and provided with a
      runner 2 at its lower end and an alternator 3, such a motor-generator, at
      its upper end. The runner 2 is disposed in a runner chamber 20, which
      chamber is defined by an upper cover plate 4, a lower cover plate 5, and a
      plurality of guide vanes 6. The guide vanes 6 are arranged in an annular
      array around the runner, with each being pivotally mounted to the upper
      cover plate 4 and the lower cover plate 5 so that the side gaps of the
      guide vanes may be adjusted in a conventional manner, between a fully
      opened position and a generally fully closed position. The upper cover 4
      and the lower cover 5 are secured to a casing 7, which is fluid connected
      directly to a penstock 8, which has an inlet valve 9.
PAR  According to the present invention, an automatic air vent valve 10 is
      provided within the casing 7 or adjacent portion of the penstock 8 between
      the inlet valve 9 and the guide vanes 6, which valve 10 is preferably a
      float valve. The automatic air vent valve 10 includes a valve casing 11, a
      valve seat 12 secured to the valve casing 11, an air vent pipe 16 secured
      to the valve casing 11, and a float 13 having a weight 15 connected to the
      float by means of a rod 14 so as to be slidably disposed within the valve
      casing 11. The weight 15, through the action of the rod 14, will bias the
      valve 13 in the open position where it will vent air from the casing
      through the vent pipe 16 to the environment, and when the water level
      rises within the valve casing 11, the float 13 will move upwardly against
      the bias of the weight 15 to sealingly engage the valve seat 12 and
      prevent the escape of the water through the vent pipe 16.
PAR  The upper cover plate 4 is provided with an air conduit 21, which is
      connected with a compressed air tank 22. The passage of air from the
      compressed air tank 22 through the pipe 21 to the runner chamber is under
      the control of an air supply valve 23 that is located in the line 21
      between the upper cover plate 4 and the air tank 22. Further, an air
      discharge conduit 24 leading to the environment has an air discharge valve
      25 and opens into the conduit 21 between the upper cover plate 4 and the
      air supply valve 23. The lower cover plate 5 is fluid connected to the
      draft tube 18, which leads to a lower reservoir 30. The draft tube 18, is
      provided with a water level detector 19, which produces an electrical
      signal corelated to the water level, which signal is fed to the
      water-level depression control apparatus 26. In response to an input
      signal 27 and the water level signal from the detector 19, the water-level
      depression control apparatus 26 will control the position of the air valve
      23, with respect to its open, closed and intermediate positions.
PAR  A conduit 28, with a feed valve 29 therein, is directly connected between
      the casing 7 at one end thereof and the draft tube 18 at the other end.
      With the feed valve 29 open, the conduit 28 will conduct water from the
      draft tube 18 to the casing between the closed inlet valve 9 and the
      closed guide vanes 6 so as to provide water to take the place of the water
      that will leak into the runner chamber through the guide vanes 6. While
      the conduit is shown connected to the draft tube 18, it is understood that
      it may also be connected to the lower reservoir 30 as a full equivalent.
PAR  The operation of the embodiment shown in the drawing with respect to the
      starting of pump operation or condenser operation, for a reversible
      pump-turbine, is as follows.
PAR  Both of the guide vanes 6 and the inlet valve 9 are fully closed.
      Thereafter, compressed air from the compressed air tank 22 is supplied
      into the runner chamber 20 through the conduit 21 by opening the air
      supply valve 23 and fully closing the air discharge valve 25, all under
      control of the water-level depression control apparatus 26. The thus
      supplied compressed air will depress the water level in the runner chamber
      20 to a predetermined level in the draft tube 18, which level is the same
      as the level in a conventional reversible pumpturbine under similar
      operation conditions. The thus depressed water level is detected by the
      water-level detector 19 that supplies a corelated signal to the control
      apparatus 26, so that the control apparatus 26 will maintain the depressed
      water level at the predetermined level by adjusting the quantity of
      compressed air through adjustment of the air supply valve 23.
PAR  At the same time that the water level is being depressed, the feed valve 29
      is opened to provide make up water for water leakage from the side gaps of
      the closed guide vanes 6 with water supplied from the draft tube 18 to the
      casing 7. Thereby, the pressure of the water within the casing 7 between
      the inlet valve 9 and the closed guide vanes 6 will become substantially
      equal to the pressure of the compressed air within the runner chamber 20,
      which will result in a relatively small quantity of water leaking through
      the side gaps of the closed guide vanes 6. It has been found according to
      the present invention, that such relatively small quantity of water
      leakage is sufficient to cool the relatively moving parts.
PAR  The compressed air within the runner chamber 20 that leaks through the side
      gaps of the closed guide vanes 6 will tend to collect in the upper portion
      of the casing 7, where it will be vented through the automatic air vent
      valve 10. When the collected air has been vented from the casing 7 and the
      valve casing 11 starts to fill with water, the float 13 will move upwardly
      in sealing contact with the valve seat 12, to thus close the automatic air
      vent valve 10 so that water will not pass from the casing through the vent
      pipe 16.
PAR  When the water level within the draft tube 18 reaches a predetermined
      desired level, a motor (not shown) that is used for starting and which is
      connected to the generator-motor 3, will start to rotate the runner 2.
      When the runner 2 has reached the rated r.p.m. and synchronization has
      resulted, the pump-turbine is ready for starting of the pump operation
      with the generator-motor 3 pulled into parallel operation. It is seen that
      during such start-up the runner will basically be started in compressed
      air and the leakage water, which according to the present invention has
      been found to be sufficient for cooling purposes, is relatively small in
      quantity so that the leakage water does not place high torque demands upon
      the starting motor (not shown), which is a significant difference with
      respect to the prior art. At this time, the starting of pump operation may
      be instructed so that the feed valve 29 is fully closed and the inlet
      valve 9 is fully opened. Thereby, water pressure within the casing 7
      becomes equal to that within the penstock 8. Afterwards, the air discharge
      valve 25 is opened and the air supply valve 23 closed fully for
      discharging the compressed air from the runner chamber. After the
      compressed air has been discharged from the runner chamber, the guide
      vanes 6 are gradually opened to go into pump operation.
PAR  In the event that it is desired to shift from condenser operation to power
      generation operation, the generator-motor is idled in the direction of
      power generation without generation of any power. With a suitable
      instruction for starting of the power generation, the feed valve 29 is
      fully closed, the inlet valve 9 is fully opened, the air supply valve 23
      is fully closed by the water level depression control apparatus 26, and
      the guide vanes 6 are gradually opened to go into power generation
      operation as the compressed air surrounding the runner 2 is discharged
      into the draft tube 18.
PAR  In the event that it is desired to shift from power generation operation to
      condenser operation, full closure of the guide vanes 6, full opening of
      the inlet valve 9, full opening of the feed valve 29 and start of water
      level depression are performed in turn.
PAR  As the pump-turbine according to the present invention is constructed so
      that water leakage from the side gaps of the guide vanes 6 is minimized
      during spinning or running of the runner in the compressed air, cooling
      water in addition to the water leakage is not supplied. The temperature
      elevation at the peripheral portion of the runner 2 is greatly decreased.
PAR  The present invention is preferably used and most effective when employed
      with hydraulic machines for high speed operation and high head (more than
      300m).
PAR  The results of experimental usage with a pump turbine having a head of
      500m, 375 r.p.m., and an output of 23,00 kw are as follows:
PA1  First with respect to conventional operation.
PA2  Torque loss in a generator motor side= A : 4720 kw
PA2  Torque loss in the pump-trubine side= B : 14,000 kw
PA2  Total output necessary for driving the hydraulic machine=C : 18720 kw
PA2  Temperature elevation= D : 55.degree. C
PAR  Now with operation according to the present invention,
EQU  A : 4720 kw
EQU  B : 2500 kw
EQU  C : 7220 kw
EQU  D : 5.degree. C
PAR  according to the above experimental results, it is seen that the hydraulic
      machine can be driven according to the present invention with a motor
      specifically used for such driving of the runner in a runner chamber
      basically filled with compressed air, which motor has a much smaller
      output than heretofore used in conventional operation.
PAR  While a preferred embodiment of the present invention has been disclosed in
      detail, with the details being important, further embodiments, variations
      and modifications are contemplated, all as defined by the spirit and scope
      of the following claims.
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STM  We claim:
NUM  1.
PAR  1. A method of operating a hydraulic machine having a draft tube leading to
      a runner within a chamber and a penstock with an inlet valve leading to a
      casing that is separated from the runner by a plurality of guide vanes,
      comprising the steps of: closing the inlet valve; closing the plurality of
      guide vanes; introducing a compressed gas into the runner chamber defined
      by the closed guide vanes to depress the water level in the runner chamber
      to a level below the lower portion of the runner while said inlet valve
      remains closed; substantially equalizing the water pressure in the casing
      between the closed guide vanes and the closed inlet valve with the gas
      pressure surrounding the runner within the runner chamber by feeding water
      from the draft tube into the casing without passing through the runner,
      and further by automatically venting, to the outside of the casing, only
      gas that has leaked into the casing from the runner chamber through the
      closed guide vanes; and rotating the runner in the compressed gas within
      the runner chamber.
NUM  2.
PAR  2. A hydraulic machine comprising: a chamber; a rotatbly mounted runner
      within said chamber; a penstock for connection with an upper reservoir of
      water; an inlet valve within said penstock to control the flow of water
      within the penstock; a casing fluid connected between the penstock and
      said runner; a plurality of guide vanes mounted for opening and closing
      within said casing around said runner for controlling the quantity of
      water passing between the runner and the casing; a draft tube fluid
      connected to the runner opposte from the guide vanes for connection to a
      lower reservoir of water; first means for introducing compressed gas
      within the guide vanes to the runner for depressing the level of water
      normally surrounding the runner to a level below the runner when the guide
      vanes are closed; and second means for substantially equalizing the water
      pressure in the casing outside of the closed guide vanes with the pressure
      of the gas surrounding the runner, with the inlet valve closed; and said
      second means comprising fluid passage means for supplying water from the
      draft tube into the casing outside of the guide vanes, with said fluid
      passage means bypassing the guide vanes and runner, and further comprising
      means for automatically venting to the outside of the casing only gas that
      has leaked into the casing from the runner chamber through the closed
      guide vanes.
NUM  3.
PAR  3. The hydraulic machine as defined in claim 2, wherein said means for
      supplying water comprises a conduit having one end fluid connected with
      the casing and its opposite end fluid connected with the draft tube, and a
      valve fluid interposed within said conduit between said opposite ends.
NUM  4.
PAR  4. The hydraulic machine as defined in claim 3, wherein said means for
      venting gas comprises a float valve that will freely pass gas and that
      will close in response to the presence of water.
NUM  5.
PAR  5. The hydraulic machine as defined in claim 2, wherein said means for
      venting gas comprises a float valve that will freely pass gas and that
      will close in response to the presence of water.
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ABST
PAL  An apparatus for transmitting torque to a load includes a pair of pulleys
      vertically spaced apart by a great distance for movably mounting a long
      endless belt in a substantially vertical disposition to move it freely in
      a closed loop path, a plurality of spaced-apart arm devices connected to
      and extending from the belt, and a plurality of weights adapted to be
      carried by the arm devices. The weights and the arm devices are arranged
      in pairs, and each one of the pairs provides a larger moment acting
      through the belt on at least one of the pulleys when falling vertically
      downwardly under the force of gravity and alternately provides a
      relatively smaller opposing moment acting through the belt on at least one
      of the pulleys when being pulled vertically upwardly by the belt, whereby
      torque may be transmitted from at least one of the pulleys for driving the
      load.
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PAR  The present invention relates to a torque transmitting apparatus, and it
      more particularly relates to an apparatus for transmitting torque to a
      load, which may be used for the production of power, such as a generator
      for producing electrical power.
PAR  Many techniques have been employed for producing electrical power, such
      techniques including hydroelectric power generated by falling water. In
      the latter technique, turbines are driven by water falling under the force
      of gravity to in turn drive an electrical generator for producing
      electrical power. Another technique which is becoming more popular as a
      result of the current energy shortage, is a windmill which is operated by
      the wind acting on oblique vanes or sails which radiate from a horizontal
      shaft to in turn drive an electrical generator for the production of
      electrical power. While such techniques have been satisfactory for some
      applications, it would be highly desirable to have a new and improved
      torque transmitting apparatus for driving a load, such as an electrical
      generator, for the production of electrical power. Such apparatus should
      greatly facilitate the transmission of torque for the driving of such
      loads.
PAR  Therefore, the principal object of the present invention is to provide a
      new and improved torque transmitting apparatus, which is more efficient
      and economical, and which greatly facilitates the transmitting of torque
      to a load, such as an electrical generator for the production of
      electrical power.
PAR  Briefly, the above and further objects are realized in accordance with the
      present invention by providing a torque transmitting apparatus including a
      pair of pulleys vertically spaced apart by a great distance for movably
      mounting a long endless belt in a substantially vertical disposition to
      move it freely in a closed loop path, a plurality of spaced-apart arm
      devices connected to and extending from the belt and movable along the
      path alternatingly vertically upwardly and vertically downwardly, and a
      plurality of weights adapted to be carried by the arm devices. The weights
      and the arm devices are arranged in pairs, and each one of the pairs of
      weights and arm devices provide a larger moment acting through the belt on
      at least one of the pulleys when falling vertically downwardly under the
      force of gravity and alternately provides a relatively smaller opposing
      moment acting through the belt on at least one of the pulleys when being
      pulled vertically upwardly by the belt. Torque may be transmitted from at
      least one of the pulleys for driving a load, such as an electrical
      generator. In one form of the invention, the difference in the moments
      acting on the belt is produced by having a heavier weight falling downward
      than the weight being pulled upwardly by the belt. In another disclosed
      form of the present invention, the difference in the moments is provided
      by having equal weights carried by each one of the arm devices, but the
      distance between the weight and the belt is substantially greater when the
      weight falls downwardly and is substantially shorter when being pulled
      vertically upwardly by the belt.
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PAR  The above-mentioned and other objects and features of this invention and
      the manner of attaining them will become apparent, and the invention
      itself will be best understood, by reference to the following description
      of an embodiment of the invention taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional vertical view, partly schematic, of a torque
      transmitting apparatus, which is constructed in accordance with the
      present invention;
PAR  FIG. 2 is a cross-sectional view of a pair of rollers and a guide for one
      of the containers of the apparatus of FIG. 1;
PAR  FIG. 3 is a fragmentary cross-sectional view of a pair of modified
      containers for the apparatus of FIG. 1 for preventing tilting of the
      containers;
PAR  FIG. 4 is a schematic diagram of another torque transmitting apparatus,
      which is constructed in accordance with the present invention;
PAR  FIG. 5 is a vertical cross-sectional view of one of the arm devices and its
      associated weight, illustrating the weight disposed in an outer position
      away from the chain as the weight falls downwardly; and
PAR  FIG. 6 is a cross-sectional view of the arm device and its weight of FIG. 5
      illustrating the weight in its inner retracted position adjacent the belt
      as it pulls the arm device and its weight vertically upwardly.
DETD
PAR  Referring now to the drawings, and more particularly to FIGS. 1, 2 and 3
      thereof, there is shown a torque transmitting apparatus 10 for conveying
      torque to a load 12, such as an electrical generator, which apparatus is
      constructed in accordance with the present invention. The apparatus 10
      generally comprises a pair of pulleys in the form of a rotatably mounted
      upper sprocket 14 and a rotatably mounted lower sprocket 16 vertically
      spaced apart by a great distance for movably mounting a belt in the form
      of a chain 18 in a substantially vertical disposition to move it freely in
      a closed loop path, a plurality of spacedapart arm devices, such as the
      open-top container 20, connected to and extending from the chain 18 with
      their open mouths, such as the open mouth 22 of the container 20 facing
      upwardly, and a plurality of weights, such as the quantity of water 24
      disposed within the container 20, adapted to be carried by the containers.
      The containers move along the closed loop path of travel of the chain 18
      alternately vertically upwardly and vertically downwardly. A nozzle 26
      disposed at an upper elevation near the upper sprocket 14 sprays water
      into the containers as they move therepast so that the containers and
      their contents fall under the force of gravity to pull the chain 18
      downwardly. Once the containers move at the bottom portion of the path of
      travel of the chain 18 at the lower sprocket 16, the containers commence
      to be pulled vertically upwardly by the chain 18 and thus the containers
      are positioned upside down to permit the contents to fall therefrom under
      the force of gravity to a container (not shown). Thereafter, the empty
      containers are pulled vertically in their inverted dispositions until they
      begin to fall downwardly and are filled with water by the nozzle 26 to
      repeat the cycle of operation. The water in the containers as they fall
      through a great distance, which may be 125 feet or more, provide a large
      moment acting through the chain 18 on the sprocket 14 when falling
      vertically downwardly under the force of gravity. Alternately, when the
      empty containers are pulled vertically upwardly by the chain 18, a
      relatively smaller opposing moment acts through the chain 18 on the upper
      sprocket 14 so as to provide a highly efficient apparatus for transmitting
      torque to the load 12. Such an apparatus may be employed for various
      different applications such as in connection with use on board ship or
      other applications where large bodies of water are available, such as in
      connection with a water fall. Also, in applications where the load 12 is
      an electrical generator, the generator can be used to develop electrical
      power for driving a pump which in turn moves the water disposed in the
      container (not shown) at the lower elevation upwardly to a container (not
      shown) at the upper elevation for supplying the water to the nozzle 26. In
      this regard, both of the ratchets 14 and 16 may be connected to one of
      more generators or motors for facilitating the operation.
PAR  Considering now the apparatus 10 in greater detail with reference to FIGS.
      1 and 2 of the drawings, a pair of vertically-disposed spacedapart guides
      28 and 31 mounted vertically on a supporting structure (not shown)
      adjacent the vertically-extending portions of the chain 18 to receive and
      guide a pair of rollers, such as the rollers 33 and 35 of the container 20
      to prevent the containers from swinging inwardly as they move upwardly and
      downwardly so that the chain 18 is not impeded in its motion. The guides
      28 and 31 extend from a position immediately below the upper sprocket 14
      to a position immediately above the upper sprocket 16 and if desired, may
      include members (not shown) for guiding the rollers on the containers into
      the guides as the chain carrying the containers moves from the sprockets
      to a position for enabling the rollers to enter the guides.
PAR  The containers, such as the container 20, are rectangular in cross section
      as shown in FIG. 2, but it is to be understood that the containers may
      assume other shapes as well as may become apparent to those skilled in the
      art. A pair of parallel spaced-apart inwardlyextending flanges 37 and 39
      are fixed by any suitable means, such as welding, to the inner vertical
      end wall 41 of the container 20 and are fixed to the chain 18 disposed
      therebetween, it being understood that the container 20 is similar in
      construction to each one of the other containers and each one of the
      containers being equally spaced apart along the chain 18. The guides, such
      as the guide 28, is generally C-shaped and includes a web portion 43
      having a pair of leg portions 45 and 47 extending at right angles thereto,
      the respective leg portions terminating in inwardly bent spaced-apart end
      portions 49 and 50 extending at right angles to the legs 45 and 47 and
      parallel to the portion 43 for receiving the end wall 41 of the container
      20 freely therebetween as shown in FIG. 2. The rollers 33 and 35 are
      journaled for rotation on the members 37 and 39 extending outwardly
      therefrom. The rollers 33 and 35 are rollingly supported between the
      respective terminating end portions 49 and 50 and the web portion 43 as
      the rollers 33 and 35 move downwardly through the guide 28.
PAR  Referring now to FIG. 3, there is shown another technique for preventing
      the containers from swinging inwardly as they move upwardly or downwardly.
      Each one of the containers, such as the containers 52 and 54, for the
      apparatus 10 may include a downwardly depending lug or tab such as the lug
      56 extending from the bottom wall 58 of the container 52. The lug 56
      extends into the open mouth 60 of the container 54 adjacent its inner end
      wall 62 to limit its tilting motion so that the bottom end portion (not
      shown) of the container 54 is prevented from swinging inwardly under the
      force of gravity, whereby the chain supporting the containers 52 and 54
      moves without being impeded by swinging motion of the containers attached
      thereto. It is to be understood that the technique shown in FIG. 3 may be
      used in addition to or in lieu of the guide and rollers shown in FIGS. 1
      and 2.
PAR  Referring now to FIGS. 4, 5 and 6 of the drawings, there is shown a torque
      transmitting apparatus 64, which is constructed in accordance with the
      present invention, and which is similar in construction to the apparatus
      10 except that there are equal amounts of weight being carried upwardly
      and downwardly with automatically adjustable distances between the weights
      and the chain. The apparatus 64 generally comprises a pair of pulleys in
      the form of a pair of upper and lower sprockets 66 and 68 spaced apart by
      a great distance for movably mounting a belt in the form of a chain 71 in
      a substantially vertical disposition to move it freely in a closed loop
      path in a manner similar to the chain 18 and the sprockets 14 and 16 of
      FIG. 1, a plurality of spaced-apart arm devices, such as the arm device
      73, connected to and extending from the belt or chain 71 and movable along
      the path alternatingly vertically upwardly and vertically downwardly, and
      a plurality of weights, such as the weight 75, carried by the arm devices,
      such as the device 75. The weights and the devices being arranged in
      pairs, and each one of the pairs of weights and arm devices provide a
      larger moment acting through the belt or chain 71 on the upper stroke 66
      when falling vertically downwardly under the force of gravity and
      alternately provides a relatively smaller opposing moment acting through
      the chain 71 on the upper sprocket 66 when the chain 71 pulls the devices
      vertically upwardly. The difference in the moments depending upon the
      direction of movement of the weights is achieved in the apparatus 64 by
      adjusting automatically the position of the weights relative to the chain
      71. In this regard, when the weights are moving in a downward direction,
      such as the weight 75 in FIG. 4, the weights are disposed at an outer
      position at a distance from the belt or chain 71. When the weights are
      moving in an upward direction as carried by the belt or chain 71, the
      weights are disposed at an inner position closely adjacent to and a short
      distance from the chain 71. Therefore, as the weights carried by the arm
      devices move through a circuitous path traveled by the chain 71, the outer
      weights falling under the force of gravity exert a substantially and
      relatively greater moment on the upper ratchet 66 as compared to the
      opposing moment exerted on the ratchet 66 by the upwardly-moving weights
      pulled vertically upwardly by the chain 71. As in the apparatus 10 of FIG.
      1, the apparatus 64 functions with greater efficiency when the vertical
      distance between the sprockets 66 and 68 is a very substantial distance,
      in the order of 125 feet or more, to enable the weights to fall through as
      great a distance as possible within the physical limitations of the
      structure. As a result, as in the apparatus 10 of FIG. 1, the apparatus 64
      of FIG. 4 may have load devices, such as the load device 76 driven by the
      shaft of the lower sprocket 68, which receive torque from the apparatus
      64. For example, the load device 76 may be in the form of an electrical
      generator for the production of electrical power. As indicated at 77, 78
      and 79, other devices, such as motors and/or generators may be connected
      to the shafts of sprockets 66 and 68 for maximum utilization and
      efficiency of the apparatus 64. The apparatus 64 functions in a similar
      manner as the apparatus 10 of FIG. 1, the only difference being in the
      form of the arm devices and the weights carried thereby. Therefore, the
      techniques employed for preventing bending moments on the arm devices from
      interfering with the free movement of the chain as shown in FIGS. 1, 2 and
      3 of the drawings may also be employed in the apparatus 64 of FIG. 4. The
      apparatus 64 of FIG. 4 may also be employed in connection with windmill
      apparatus by mounting vanes (not shown) extending from the shaft of the
      upper sprocket 66. As a result of the differences in the moments exerted
      on the chain 71 depending upon the direction of movement of the weights, a
      highly efficient and economical apparatus is provided for transmitting
      torques to load devices.
PAR  Considering now the arm devices, such as the device 73, in greater detail
      with reference to FIGS. 5 and 6 of the drawings, each one of the arm
      devices is similar to each one of the other arm devices of the apparatus
      64 and therefore only the arm device 73 will be described. The arm device
      73 generally comprises an elongated track 77 for receiving and guiding the
      weight 75 between an outer position as shown in FIG. 5 and an inner
      retracted position in much closer proximity to the chain 75 as shown in
      FIG. 6, a 77 79 interconnecting the weight 75 with the track 66 to cause
      the weight 75 to move between the inner and the outer positions, and a
      gravity actuated mechanism 80 for causing the linkage 79 to move the
      weight 75 when the arm device 73 changes its direction of movement from
      either an upwardly moving direction to a downwardly moving direction or
      from a downwardly moving direction to an upwardly moving direction.
PAR  The track 77 is generally tubular in shape and approximately square in
      cross section throughout its length with open ends. The rear wall 82 has
      an integral flange portion 84 to which is fastened the chain 71 to fix it
      in place. The linkage 79 includes an arm 86 pivotally connected at one of
      its ends at 88 near the end flange 84, the opposite end of the arm 86
      being pivotally connected by means of a pin 91 to one end of an arm 93 of
      the linkage 79. The weight 75 includes a relatively heavy
      rectangular-shaped block 95, which has a slot 97 for receiving the
      opposite end portion of the arm 93 for pivotally connecting it to the
      block 95. In order to facilitate movement of the block 95 within the track
      77, the block 95 is somewhat smaller in cross section than the cross
      section of the track 77, and the block 95 is rollably supported within the
      track 77 by a set of four rollers or wheels, such as the wheels 99 and 101
      at the upper portion of the block as shown in FIG. 5, a set of
      correspondingly similar rollers or wheels, such as the wheels 103 and 105
      rotatably mounted at the bottom portion of the block 95 as shown in FIG.
      5. A pair of rollers or wheels, such as the wheel 107, rollably support
      the block 95 at the opposite sides thereof, the wheel 107 supporting the
      back side of the block 95 on the wall 82.
PAR  A slot 109 extending through the upper wall 111 of the track 77 permits the
      linkage 79 to extend upwardly therethrough as shown in FIG. 5. In the
      outer position of the weight 75, the pin 91 engages the top wall 111 to
      limit the movement of the linkage 79 into the interior of the track 77. A
      transverse plate 113 is fixed to the arm 93 and carries the
      gravity-actuated mechanism 80 which is fixed to the plate 113 by any
      suitable technique, such as welding or brazing.
PAR  The gravity-actuated mechanism 80 generally comprises an elongated track
      117 fixed to the plate 113, the track 117 being similar to the track 77
      but shorter in length. A weight 118 similar to the weight 75 is rollably
      mounted within the track 117 and includes a linkage 120 interconnecting
      the weight 118 and the track 117. The linkage 120 includes an arm 122
      pivotally connected at 124 near the outer end of the track 117, the
      opposite end of the arm 122 being pivotally connected at 126 to an arm 128
      of the linkage 120. The weight 118 includes a block 130 rollably supported
      within the track 117 in a similar manner as the block 95 in the track 77
      by means of a set of four upper rollers or wheels, such as the wheels 131
      and 133 as shown in FIG. 5, and a set of four lower rollers or wheels,
      such as the wheels 137 and 139 as shown in FIG. 5. The block 130 includes
      a slot 140 for receiving the opposite end portion of the arm 128, which is
      pivotally connected at 142 within the slot 140. The linkage 120 extends
      through a slot 144 in the upper wall 146 of the track 117 to enable the
      weight 118 to move inwardly to the position as shown in broken lines in
      the direction of the bottom arrow. The weight 118 is moved to the inner
      position in close proximity to the chain 71 during the upward movement of
      the device 73 as indicated in solid lines in FIG. 6. The pin connection
      126 of the linkage 120 as shown in FIG. 6 rests on the wall 146 of the
      track 117 to limit the inward motion of the linkage 120 when the weight
      118 is disposed in the position as shown in FIG. 6 closely adjacent the
      chain 71. As shown in FIG. 6, a sleeve 150 surrounding the pivot point 88
      serves as a stop for the block 95 when it is in its retracted inner
      position. Similarly, as shown in FIG. 5, a sleeve 152 surrounding the
      pivot point 124 for the arm 122 serves as a stop for the block 130 when it
      is disposed in its outermost position.
PAR  Considering now the operation of the arm device 73, assume that the device
      73 is in its downwardly-moving position with the weight 175 in its
      outermost extended position as shown in FIG. 5, the arm 73 falls under the
      force of gravity, thereby pulling the chain 71 and exerting a moment on
      the upper ratchet 66 in the direction of its rotation. The device 73
      continues to fall downwardly and is disposed generally in a horizontal
      direction as indicated in FIGS. 4 and 5 of the drawings, until the device
      73 falls to a point where it is disposed opposite the lower sprocket 68
      where it then changes its direction and follows the chain 71 around the
      bottom portion of the sprocket 68. The relative position of all of the
      parts of the device 73 remain as shown in FIG. 5 until and including a
      vertical position where the axis of the arm device 73 is disposed in
      alignment with the longitudinal axis of the chain 71.
PAR  Thereafter, once the arm device 73 commences an upward movement upon being
      pulled upwardly by the chain 71, the gravity-actuated mechanism 80
      commences its operation since the entire mechanism 80 serves to apply a
      force on the arm 93 to pivot it in a clockwise direction as viewed in FIG.
      5 to move the weight 75 toward theh pivot point 88 and thus back the
      linkage 79 out of the track 77. The weight 75 continues to move toward the
      pivot point 88 as the device 73 continues to move upwardly toward a
      horizontal disposition. However, before the device 73 assumes its
      horizontal position on the left hand side of the apparatus 64 as shown in
      FIG. 4, the track 117 assumes a horizontal disposition and then its inner
      end portion becomes slightly lower than its outer end portion to cause the
      weight 118 to fall under the force of gravity and roll within the track
      117 until it reaches a position as indicated by the broken lines in FIG.
      5. The latter inward motion of the weight 118 occurs very rapidly at this
      point, and once the weight 130 is disposed closely adjacent to the chain
      71, there is a greater leverage or moment exerted by the mechanism 80 on
      the arm 93 to complete the movement of the weight 75 against the sleeve
      150 as shown in FIG. 6. The track 77 is then disposed in a generally
      horizontal position and moves in an upward direction, the mechanism 80 as
      shown in FIG. 6 being generally disposed in a substantially vertical
      position with the weight 118 below the weight 75 so that both weights 75
      and 118 are disposed in relatively close proximity to the chain 71 as
      compared to the position of the same weights as shown in FIG. 5 during the
      downward motion of the device 73.
PAR  The device 73 continues to be pulled upwardly in a vertical direction by
      the chain 71 until it is moved opposite the upper sprocket 66, whereupon
      the device 73 follows the chain 71 around the sprocket 66 until the track
      77 extends in a vertical direction in alignment with the longitudinal axis
      of the chain 71. In such a vertical orientation of the track 77 at the top
      of the apparatus 64, the relative positions of the parts of the device 73
      are as illustrated in FIG. 6.
PAR  When the device 73 commences to follow the chain 71 and fall downwardly,
      the track 117 of the mechanism 80 assumes a horizontal disposition shortly
      after the track 77 commences its downward movement. Once the track 117
      assumes a position where its end portion which is connected to the linkage
      79 is lower than the weight 118, the weight 118 quickly falls under the
      force of gravity within the track 117 to its opposite end portion against
      the sleeve 152 as indicated by the broken lines in FIG. 6. In the broken
      line position of FIG. 6, the weight 118 as well as the entire mechanism 80
      commences to exert a force on the arm 86 of the linkage 97 to produce a
      clockwise moment about the pivot point 88 as viewed in FIG. 6. As the
      track 77 continues to move downwardly toward a horizontal disposition, the
      weight 118 as well as the mass of the mechanism 80 continue to cause the
      arm 86 to pivot about the point 88, whereby the weight 75 is moved within
      the track 77 until the pin 91 of the linkage 79 engages the wall 111 of
      the track 77 as shown in solid lines in FIG. 5. Thereafter, the device 73
      commences to remain in its horizontal position and it falls under the
      force of gravity. The operation may then be repeated.
PAR  It should be noted that the position of the track 117 relative to the
      position of the track 77 as shown in FIG. 5 is important, and the track
      117 is disposed at an angle relative to the horizontal track 77 with the
      inner end of the track 117 being inclined upwardly relative to the lower
      end of the track 117 containing the weight 118. Similarly, the relative
      position of the tracks as shown in FIG. 6 during the upward movement of
      the device 73 is also important as indicated in the foregoing description
      since the rapid movement of the weight 118 is important to complete the
      movement of the weight 77 in both operations at the upper and the lower
      ends of the chain 71. The rapid movement of the weight 118 creates an
      impact and provides momentum to carry the weight 75 the remaining portion
      of its travel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for transmitting torque to a load, the improvement
      comprising;
PA1  a long endless belt;
PA1  a pair of pulley means vertically spaced apart by a great distance for
      movably mounting said belt in a substantially vertical disposition to move
      it freely in a closed loop path;
PA1  a plurality of spaced apart arm devices connected to and extending from
      said belt and movable along said path alternatingly vertically upwardly
      and vertically downwardly;
PA1  a plurality of weights adapted to be carried by said arm devices, each one
      of said arm devices having one of said weights mounted thereon movable
      between an outer position away from said belt when falling vertically
      downwardly and an inner position near said belt when moving vertically
      upwardly, said weights and said arm devices being arranged in pairs, each
      one of the pairs of weights and arm devices providing a larger moment
      acting through said belt on at least one of said pulley means when falling
      vertically downwardly under the force of gravity and alternately providing
      a relatively smaller opposing moment when acting through said belt on at
      least one of said pulley means when being pulled vertically upwardly by
      said belt;
PA1  means coupled to at least one of said pulleys for connecting it drivingly
      to the load; and
PA1  gravity-actuated means for moving said weights to their inner positions as
      they commence moving upwardly and for moving said weights to their outer
      positions as they commence falling downwardly.
NUM  2.
PAR  2. An apparatus according to claim 1, further including a plurality of
      rollers journaled for rotation on said arm devices, a pair of vertically
      extending guides adapted to receive rollably said rollers as said arm
      devices move vertically upwardly and downwardly.
NUM  3.
PAR  3. An apparatus according to claim 2, wherein said belt comprises a chain,
      said pair of pulley means being sprockets.
NUM  4.
PAR  4. An apparatus according to claim 1, wherein each one of said arm devices
      includes an elongated track for receiving and guiding its weight.
NUM  5.
PAR  5. An apparatus according to claim 4, wherein each one of said arm devices
      including a linkage interconnecting its weight with its track to cause its
      weight to move between said inner and said outer positions, said
      gravity-actuated means including a second weight for causing its linkage
      to move its weight in response to a change of the direction of movement of
      its arm device.
NUM  6.
PAR  6. An apparatus according to claim 5, wherein said gravityactuated means
      includes a second track for receiving and guiding movement of its second
      weight between a second inner position and a second outer position.
NUM  7.
PAR  7. An apparatus according to claim 6, wherein said gravityactuated means
      includes a second linkage interconnecting its second weight with its track
      to cause its second weight to move between its second inner position and
      its second outer position.
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ABST
PAL  Disclosed is a centrifugal pump having a housing, an input and an output
      port, and a driven impeller. Surrounding the impeller is a turbine means
      which serves to retrieve at least part of the kinetic energy imparted by
      the impeller to the pumping medium. The energy retrieved by the turbine
      means can be used to apply additional power to a prior auxiliary stage, an
      after auxiliary stage, or back to the original impeller itself. In this
      manner, the turbine retrieves kinetic energy which might otherwise be
      wasted and, therefore, the turbine improves the overall efficiency of the
      pump. Stationary flanges at the discharge end of the pump jacket serve to
      convert the remaining curvilinear motion of the water column into a
      non-revolving column of water. The stationary flanges also help to avoid a
      drop in the operating pressure at the discharge end of the jacket.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to centrifugal pumps and, more
      particularly, to a centrifugal pump in which at least part of the kinetic
      energy produced by the impeller is retrieved by a turbine section.
PAR  2. Description of the Prior Art
PAR  Typical prior art centrifugal pumps include impellers which are constructed
      with curved vanes and which discharge into a volute chamber. The
      tangential motion produced by the impeller is necessarily directed against
      the head. It is the opinion of the inventor that the belief that
      centrifugal force cannot be used off the circle after pumping begins, led
      to the evolution of the present conventional centrifugal pump. However,
      basic principles of curvilinear motion have been englected or overlooked.
      Directing the tangential motion from an impeller against the head negates
      the ability to utilize curvilinear motion in a pumping system, where the
      head is the source of the centripetal force and centrifugal force is used
      to oppose the head. In this system the kinetic energy of the water
      revolving in the jacket must be recovered by some means or wasted as heat,
      as it has been previously shown that all curvilinear motion must be
      destroyed before the water leaves the jacket. The instant invention,
      including a novel turbine, retrieves at least some of the incidential
      kinetic energy and converts it into useful energy that may be used to
      drive either an auxiliary stage or improve the performace of the impeller
      itself. In general, it is known in the prior art to drive one rotor with
      another rotor. See, for example, Hornschuch U.S. Pat. No. 2,349,731; Jones
      U.S. Pat. No. 1,079,177 or Stalker U.S. Pat. No. 2,678,537 which are
      related to the pumping art and in which the rotation of one rotor affects
      the rotation of another rotor. However, none of the art known to the
      inventor appears to be concerned with the problem of retireving wasted
      kinetic energy produced within a centrifugal pump of this invention.
PAR  Additionally, vanes are construced at the discharge end of the jacket to
      stop the remaining revolving column of water generated by the impeller.
      Generally, the use of vanes per se in order to retard the swirl of a
      liquid is known and is discussed, for instance, in Yates U.S. Pat. No.
      2,361,521. However, the use of vanes in this particular type of
      centrifugal pump and in combination with a specially designed energy
      retrieving turbine appears to be new and significantly different.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a centrifugal pump, preferably of the sort
      which includes an impeller for moving a relatively heavy meidum such as
      water against an operating head. In its simplest embodiment, the present
      invention includes a pump housing or jacket having at least one inlet and
      one outlet orifice. The pump jacket encases a medium driving impeller
      which is driven by a shaft extending through one end of the housing. A
      turbine at least partially surrounds the impeller in such a fashion as to
      retrieve the kinetic energy from the flow of water passing through the
      impeller. The turbine is mounted on a second shaft which likewise passes
      through the pump jacket. As water is pumped by the impeller it picks up
      kinetic energy and is accelerated tangentially as it moves out of the
      impeller. In a typical pumping system this kinetic energy may be lost or
      dissipated as heat. However, in the pumping system of the present
      invention this kinetic energy is retrieved by means of a turbine which
      converts at least part of the kinetic energy into useful energy that may
      be used to drive auxiliary stages or may be returned to boost the impeller
      power input. In this manner, the turbine also serves to slow down the
      swirl associated with the revolving column of water generated by the
      impeller. A set of flanges or vanes at the discharge end of the pumping
      jacket retards the swirl component of the stream of water and thereby
      improves the ability of the previously swirling stream of fluid to mix
      with the stream of fluid now departing through the discharge port.
      Additionally, the flanges help to avoid a drop in the operating pressure
      at the discharge of the jacket. The amount of the pressure drop would be
      equal to the centrifugal force of the column of water that was being moved
      back to its center of rotation. If the pressure at the discharge of the
      jacket were made less than the operating pressure of the head, pumping
      would cease even though the pressure at the periphery of the jacket was
      greater than the head. In other words, any curvilinear motion at the
      discharge end of the jacket reduces the ability of the pressure at the
      periphery of the jacket to move water from the jacket. Since all of the
      water that is replacing the water leaving the jacket moves along the
      periphery of the jacket, it is easy to see the need for these flanges.
PAR  It is therefore an object of the present invention to provide a centrifugal
      pump with a means for retrieving at least part of the kinetic energy
      generated by the impeller.
PAR  It is another object of the present invention to provide a centrifugal pump
      with an internal turbine which at least partially surrounds the impeller
      means for the purpose of retrieving at least some of the kinetic energy
      generated from the pumping medium.
PAR  It is a still further object of the present invention to provide a pump of
      the type just mentioned with a set of swirl-retarding vanes in order to
      induce a swirl-free discharge.
DRWD
PAR  These and other objects and advantages of the invention will be more fully
      understood upon a reading of the following specification taken in view of
      the attached drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of a centrifugal pump according to
      a preferred embodiment of the present invention;
PAR  FIGS. 2, 3 and 4 are cross-sectional views taken from the planes indicated
      on FIG. 1;
PAR  FIG. 5 is another embodiment of the present invention in which the output
      of the turbine section is mechanically connected to provide boosting power
      to an input auxiliary impeller;
PAR  FIG. 6 is a partial cross-sectional view of the embodiment of FIG. 5 as
      seen from perspective 6--6;
PAR  FIG. 7 is a cross-sectional view of a portion of the pump shown in FIG. 6
      as seen from perspective 7--7;
PAR  FIG. 8 is a partially sectional view of the turbine employed in the pump
      illustrated in FIG. 6;
PAR  FIG. 9 is a cross-sectional view of the turbine of FIG. 8 as seen from the
      perspective of 9--9;
PAR  FIG. 10 is an elevated view of the impeller as employed in the centrifugal
      pump of FIG. 6; and
PAR  FIG. 11 is a cross-sectional view of the impeller of FIG. 10 as seen from
      the perspective 11--11.
DETD
PAC  DETAILED DESCRIPTION
PAR  It will be understood during the following discussion that like reference
      numerals in different figures refer to similar elements throughout.
PAR  A pump 10 according to a preferred embodiment of the present invention is
      illustrated in FIG. 1. The pump mechanism is contained in a housing
      comprising two jacket sections 12 and 14. The discharge end of jacket 14
      comprises a casting 16 including a discharge orifice 18. End casting 16 is
      bolted to jacket section 14. Also cast with end casting 16 is a plurality
      of discharge flanges or vanes 20. Casting 16 is designed to receive
      bearing housing 22 which, in turn, supports drive shaft 24.
PAR  At the suction end of the pump is another casting 26 bolted to auxiliary
      stage jacket 12. A stationary nipple 28 is attached to casting 26 and
      serves to direct water into the auxiliary impeller 30. Auxiliary impeller
      30 is constructed with a hub and a plurality of radial channels extending
      outward therefrom in a manner similar to the construction of driven
      impeller 32 whose structure and function will be discussed later.
      Auxiliary impeller 30 is held in position by a pair of bearings 34 keyed
      to shaft 36. Bearing housing 38 and flanges 40 are cast as part of
      partition 42 which separates jacket sections 12 and 14. Housed inside of
      jacket section 14 is driven impeller 32 and turbine 44. It will be noted
      that turbine 44 substantially encloses the periphery of driven impeller
      32.
PAR  The impeller 32 is formed with straight radial openings 46 which extend
      axially from a hub section 48. On the upstream side of impeller 32 is an
      opening 50 that forms a running fit over revolving nipple 52. Hub 48 is
      keyed to drive shaft 24. A suitable conventional source of rotary engine
      is applied to shaft 24 from a device not illustrated but known to those of
      ordinary skill in the art. Typically, drive shaft 24 would be driven by an
      internal combustion engine. Impeller 32 is held in place by a thrust
      bearing 34 situated within bearing housing 22 of end casting 16 as
      previously described. Shaft 24 is further secured from lateral movement by
      radial bearing 56 located near the shaft input point. Radial bearing 56 is
      housed within casting 58 which is bolted to end casting 16. Pump packing
      60 is provided to prevent liquid from escaping around the periphery of
      drive shaft 24.
PAR  Turbine 44 is cast with a plurality of vanes 62 which are curved back from
      the direction of the curvilinear motion of the fluid along the outer
      periphery of the turbine wall. Turbine 44 also includes revolving nippel
      52, divisions 64 and hub 48 as further shown in FIG. 3. Revolving nipple
      52 forms a running fit located in the center of partition 42. The
      revolving nipple has two purposes. One purpose is to make an entrance for
      the water into impeller 32 and the other is to make a direct connection
      for power from turbine 44 to auxiliary input impeller 30. In other words,
      whenever turbine 44 revolves, auxiliary input impeller 30 will revolve
      also. The hub 66 is keyed to shaft 36 and since turbine 44 and auxiliary
      impeller 30 are keyed to the same shaft 36 they are free to run at the
      same rpm's regardless of the rpm speed of impeller 32. According to a
      preferred embodiment turbine 44 and impeller 30 are shown to be of the
      same diameter but it should be understood that this relationship may be
      altered according to the requirements of the situation. A thin plate
      collar 68 is fastened to turbine 44 and is situated on the downstream side
      thereof. Plate collar 68 has the purpose of keeping the water in the
      turbine from backing up, and some water bypasses the openings 70 shown in
      cross-sectional view 2. According to FIG. 2, turbine 44 is structured to
      run in a counterclockwise direction, therefore it is desirable that
      impeller 32 run in a counterclockwise direction also. However, because of
      the straight radial design of the openings 46 the impeller 32 could
      revolve in either direction depending upon the direction of rotation of
      drive shaft 24.
PAR  The cross-sectional views of FIGS. 2, 3 and 4 merely further illustrate the
      structural relationship discussed in relation to FIG. 1.
PAR  In operation, the centrifugal pump 10 is driven by an external source of
      conventional rotation engery, such as an interal combustion engine, as
      previously disclosed. Upstream input port 72 is connected to a source of
      liquid pumping medium such as a water reservoir or the like. Conversely,
      discharge port 74 is connected to a suitable water outlet. The operation
      can be simply explained by stating that as shaft 24 picks up speed
      impeller 32 accelerates and due to its centrifugal motion draws water
      through input ports 72 and expels that water radially outward through
      passageways 46. The water expelled by the impeller follows a curvilinear
      path which impinges upon vanes 62 of turbine 44. Since turbine 44 is
      directly connected to auxiliary input impeller 30 via shaft 36, some of
      the kinetic energy of the water discharged from impeller 32 is converted
      into rotaty motion that likewise drives auxiliary impeller 30. Because the
      curvilinear motion of the water exiting from impeller 32 does not
      contribute to the pumping head it would otherwise be lost and expended as
      waste energy in the form of heat. However, by using a surrounding turbine
      44, it is possible to retrieve some of this energy which would otherwise
      be lost and convert it into useful energy. In this case, the energy that
      is retireved is converted into rotary power which is applied to an input
      booster stage thereby increasing the overall efficiency of the pump by
      adding a little more pumping power upstream. A more detailed explanation
      of the theory of this pump is as follows. Whatever a viscous medium such
      as a liquid or gas (hereinafter sometimes referred to as water for purpose
      of illustration) is accelerated by an impeller at right angles, against a
      centripetal force, it is caused to move in an expanding circle. Two equal
      energies are thereby produced: a potential energy which is a unit volume
      moved against a pressure head, and a kinetic energy not used to oppose the
      pressure head. In essence, the centrifugal force of the water accelerated
      by the impeller is used to balance the pressure in the surrounding jacket
      and is independent of the kinetic energy of the revolving water entering
      the jacket. The kinetic energy is generally not used to oppose the head as
      the water is discharged from the jacket.
PAR  According to a preferred embodiment of the present invention, the water
      leaving the impeller is caused to move along the periphery of the jacket
      perpendicular to the plane of curvilinear motion and then brought back to
      the center for discharge. It is essential that the curvilinear motion of
      the water be stopped before it is brought back to the center because the
      centrifugal force of this motion would oppose the pressure bringing the
      water back to the center. This curvilinear motion is stopped by the
      presence of flanges 20 located on casting 16. It is there where the
      revolving column of water rubs the non-revolving column of water and the
      interchange of particles therefore takes place with maximum efficiency and
      a minimum of turbulence.
PAR  Unfortunately, the kinetic energy of the revolving column of water does not
      otherwise contribute to the pressure of the pump necesssary to work
      against the pressure head. It is the inventor's discovery that the unused
      kinetic energy can be retrieved by a turbine revolving in the jacket and
      that the energy of the water may thereby be converted into useful
      rotational energy that may be applied to do other kinds of work. As shown
      in FIG. 1, the turbine may employ the unused kinetic energy to run an
      auxiliary stage. Alternatively, it can be applied to aid in the running of
      the impeller itself as shown in FIGS. 5 through 11. Of course, this energy
      may also be applied to a system outside of the pump.
PAR  Another embodiment of the present invention is shown in FIGS. 5 through 11.
      As stated previously, this embodiment differs from that of FIG. 1 in that
      the turbine converts the unused kinetic energy into additional power
      applied to the impeller itself. In distinction to this, the embodiment
      shown in FIGS. 1 through 4 applies the retrieved kinetic energy to an
      upstream booster stage instead. In reference to FIGS. 5 through 11, like
      numerals will be used to designate the same elements as were illustrated
      in FIGS. 1 through 4. FIG. 5 shows this new embodiment to include a pulley
      system 74 for transferring the energy developed by the turbine back to the
      impeller itself. By the judicious choice of pulleys it is possible to
      produce an input speed to the impeller that is greater than the input
      speed of the power source normally used to drive the impeller. This is
      important because of the rpm's delivered to the impeller by the turbine
      where less than the rpm's delivered by the conventional prime mover, then
      the turbine might tend to slow the impeller down. However, by making the
      rpm's of the turbine input greater than the rpm's of the normal input
      source, it is possible to produce a boosting effect. This mechanical
      advantage is obtained as illustrated by FIG. 5 by making turbine pulley 76
      larger than pulley 78. Pulley 78 is connected via a shaft 80 to pulley 82.
      Pulley 82 is in turn connected via a V-belt drive to impeller pulley 84.
      Shaft 80 is supported by a pair of bearings 86 and further includes a
      pulley 88 to which initial power is applied to run the pumping system. In
      the manner described above, the kinetic energy retrieved by the turbine is
      delivered to the input impeller in the form of additional power.
PAR  The internal mechanism of the pump illustrated in FIG. 5 is shown in the
      cross-section at view 6--6 of FIG. 6. The pump jacket 14 may be
      constructed of flanged tubing, if so desired. The end plate 90 is cast and
      includes a means for supporting the impeller 32 which is keyed to input
      drive shaft 24. Drive shaft 24 is surrounded by an internal shaft housing
      92 which is threadedly received in casting 94. Casting 94 also supports a
      shaft bearing 96. Because the impeller 32 is driven through a suction, a
      water seal is necessary to keep air from entering the input end. To
      provide this function, casting 98 is provided with packing nuts 100 which
      are designed to receive water from a tubing 102 connected to a vent
      priming valve 104. Shaft 24 may be greased by means of a removable plug
      106 which opens directly above grease connection 108. Turbine shaft 110
      may be greased in a similar manner. Casting 112 includes a thrust roller
      bearing 114 and a radial bearing 116. Stud bolts 118 are threadably
      received in the suction end casting 90 and serve to hold castings 94, 98
      and 112 firmly in position thereby securing the movement of impeller 32.
      Additionally, rubber gaskets (not shown) may be employed between casting
      sections.
PAR  At the turbine end, end plate 16 is cast to include discharge 18 in a
      manner similar to that disclosed with reference to the previous
      embodiment. A casting 120 supports a shaft housing 122 in the same manner
      that shaft housing 92 is supported by casting 94. Another casting 124
      houses bearing 126 which is a combination of thrust and radial bearing. A
      collar 128 is fastened to shaft 110 and provides additional support for
      the turbine due to the axial flow through it. Collar 128 is a packing nut
      and provides a rotary water seal. Castings 120 and 124 are held in
      position by a plurality of stud bolts 118 threadedly received in the
      discharge housing 16.
PAR  According to this particular embodiment, flanges 20 are bolted to end plate
      casting 16 as illustrated in perspective 7--7 and as shown in FIG. 7.
PAR  The turbine of the second embodiment is of a slightly different
      configuration than that disclosed in the first embodiment. FIG. 8 is a
      view of the turbine of the second embodiment with portions cut away to
      better illustrate the curved configuration of vanes 130 which are cast
      into the periphery of the turbine and also into the spokes of the turbine
      132.
PAR  FIG. 9 is a cross-section of the turbine of FIG. 8 as seen from perspective
      9--9 looking in the direction of the arrow indicated. This view is helpful
      in illustrating the open end construction of the turbine and the
      arrangement of spokes 132 and curved vanes 130 at the periphery of the
      turbine 44. While two specific turbine constructions have been disclosed
      it would be clear to those of ordinary skill in the art that various
      different other types can be employed as long as they efficiently retrieve
      the kinetic energy of the water as it is imparted to that medium by the
      impeller.
PAR  FIG. 10 is a view of the impeller disclosing the straight radial slot
      construction 134. In general, the impeller 32 may be revolved in either a
      clockwise or counterclockwise direction. However, a preferred direction of
      rotation should be first determined so that the vanes 130 of turbine 44
      can be correctly oriented in order to most efficiently retrieve the
      kinetic energy from the swirling water. Because radial openings in the
      impeller are straight water returning back through the impeller from the
      head will not cause the impeller to revolve or idle. It is desirable that
      the slots 134 be substantially straight and radiate directly from the
      center of rotation. The straighter the slots, the more efficiently the
      turbine may retrieve kinetic energy from the fluid medium.
PAR  FIG. 11 is a cross-sectional view of impeller 32 as seen from perspective
      11--11 in FIG. 10. FIG. 11 clearly illustrates the straight radial opening
      construction of the impeller 32. It is generally desirable that the
      discharge area of the radial openings 134 be greater than the area of the
      intake nipple 136 as shown in FIG. 6. This construction allows for slower
      radial flow through the impeller.
PAR  The energy required to move the water in the slots 134 of the impeller 32
      and into the jacket 14 containing the pressure of the operating head
      constitutes a potential energy equal to the work done by the pressure in
      the jacket to discharge an equal volume of fluid at the head. The work
      done to accelerate the tangential motion of the particles as they are
      moved radially through the impeller is also equal to the work done to move
      the particles radially against the pressure into the jacket. So the
      potential and kinetic energies are equal to the potential energy of the
      volume discharged at the head. The tangential motion of the water entering
      the jacket 14 remains revolving as it is moved toward the discharge
      perpendicular to the plane of the curvilinear motion and the energy of
      this motion is not needed further, as pumping is completed when the water
      enters the jacket from the impeller. It is the major object of the present
      invention to retrieve some of this unused kinetic energy by means of the
      turbine and to convert that energy into any kind of useful work that would
      not interfere with the operation of the pumping process per se. In the two
      disclosed embodiments, it has been shown that the kinetic energy retrieved
      from the fluid medium can be applied back to the pump itself in order to
      increase its pumping capacity and efficiency. However, it would be obvious
      to one of ordinary skill in the art to employ this retrieved kinetic
      energy for an application exterior to the pump if such an application were
      desired.
PAR  Additionally, it would be obvious to those of ordinary skill in the art
      that other types of turbines may be constructed which will retrieve
      kinetic energy from the impeller. Clearly, the vanes of the impeller could
      be modified according to methods well known to those of ordinary skill in
      the art. However, it is generally deemed desirable to keep radial slot
      openings 134 straight relative to the axis of rotation of the impeller.
      This construction permits the more efficient retrieval of kinetic energy
      by the turbine.
PAR  In a general manner, while there have been disclosed effective and
      efficient embodiments of the invention, it should be well understood that
      the invention is not limited to such embodiments, as there might be
      changes made in the arrangement, disposition, and form of the parts
      without departing from the principle of the present invention as
      comprehended within the scope of the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for pumping fluids comprising, a housing having a central inlet
      and a central outlet, an impeller mounted for rotation in said housing,
      said impeller having a peripheral surface and a plurality of radially
      extending slots therein extending from the center thereof to said
      peripheral surface, power means for rotating said impeller whereby the
      fluids are drawn in through said inlet and through said radially extending
      slots to said peripheral surface thereby imparting curvilinear and radial
      motion to said fluid, a plurality of radially extending fluid slowing
      guide vanes located on said housing near the fluid outlet, and means
      between said impeller and said vanes for retrieving the energy of said
      curvilinear motion, said radial motion forcing said fluid to said outlet,
      and said outlet being disposed axially downstream relative to said
      impeller.
NUM  2.
PAR  2. The pumping system of claim 1 wherein said impeller includes a plurality
      of straight slot openings radiating directly from the center of axis of
      rotation of said impeller.
NUM  3.
PAR  3. The pumping system of claim 1 further comprising an auxiliary impeller
      located upstream of said impeller dirven by said rotary power source, and
PA1  wherein said useful power retrieved by said means is applied to said
      auxiliary impeller.
NUM  4.
PAR  4. The pumping system of claim 1 wherein said useful power retrieved from
      said curvilinear energy is applied to said impeller to boost the power
      input thereto.
NUM  5.
PAR  5. The pumping system of claim 1 wherein said useful power is applied to a
      device external to the pump itself.
NUM  6.
PAR  6. A system for pumping fluids comprising, a housing having a central inlet
      and a central outlet, an impeller mounted for rotation in said housing,
      said impeller having a peripheral surface and a plurality of radially
      extending straight slots therein extending from the center thereof to said
      peripheral surface, power means for rotating said impeller whereby the
      fluids are drawn in through said inlet and through said radially extending
      straight slots to said peripheral surface thereby imparting curvilinear
      and radial motion to said fluid, a plurality of fluid slowing radially
      extending guide vanes located on said housing near the fluid outlet, and
      means between said impeller and said vanes for retrieving the energy of
      said curvilinear motion, said radial motion forcing said fluid to said
      outlet.
NUM  7.
PAR  7. The pumping system of claim 6 further comprising an auxiliary impeller
      located upstream of said impeller driven by said rotary power source, and
PA1  wherein said useful power retrieved by said means is applied to said
      auxiliary impeller.
NUM  8.
PAR  8. The pumping system of claim 6 wherein said useful power retrieved from
      said curvilinear energy is applied to said impeller to boost the power
      input thereto.
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PAL  A turbine type air motor including a rotor and driven spindle having
      automatic speed regulation. The spindle and rotor have cooperating ports
      to control the flow of air to the rotor, and the spindle has provision for
      limited twisting movement within the rotor for moving the ports into and
      out of register. A biasing spring interposed between the spindle and rotor
      urges the ports normally out of register when the tool is lightly loaded.
      An increase in the load imposed upon the spindle causes the spindle to
      retreat relative to the rotor and against the force of the spring to bring
      the ports into register, thereby to increase the flow of air so that the
      torque developed by the rotor increases in step with the torque loading
      imposed on the spindle to maintain speed. In the preferred embodiment the
      spindle is of hollow construction and compressed air is fed axially into
      the hollow for transmission into the rotor through radial ports. In one
      embodiment of the invention the motor is provided with an integral valve
      interposed in the air line operated by a manual trigger which, upon
      release, applies braking force to the rotor to inhibit coasting.
BSUM
PAR  Turbine type air motors have been employed to achieve the high speeds
      required, for example, for routing and grinding operations. Commonly
      available motors have extremely poor speed regulation, that is, the speed
      tends to droop drastically in the face of torque loading. Efforts have
      been made to improve the speed regulation but the control arrangements for
      accomplishing this have been relatively expensive and complicated.
PAR  It is, accordingly, an object of the present invention to provide a turbine
      type air motor having good speed regulation in the face of variable torque
      loading but which is nonetheless of simple and economical construction
      enabling manufacture and sale at a cost only slightly higher than air
      motors not having the speed regulation feature. It is another object to
      provide an air motor having novel provision for manual control.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 shows a perspective external view of a turbine type air motor
      embodying the present invention;
PAR  FIG. 2 is a longitudinal section taken along the line 2--2 in FIG. 1;
PAR  FIG. 3 is a cross section looking along the line 3--3 in FIG. 2;
PAR  FIG. 4 is a cross sectional view similar to FIG. 3 but showing the
      relationship of the parts, and particularly the control ports, upon
      subjecting the device to increased torque loading;
PAR  FIG. 5 is a fragmentary section looking along the line 5--5 in FIG. 4;
PAR  FIG. 6 is an exploded view showing the parts which make up the housing and
      rotor in disassembled relation; and
PAR  FIG. 7 is a longitudinal section of a modified form of the device including
      an integral, manually operated valve.
PAR  FIG. 8 is a fragmentary end view looking along the line 8--8 in FIG. 7.
DETD
PAR  While the invention has been described in connection with certain preferred
      embodiments, it will be understood that I do not intend to be limited to
      the particular embodiments shown but intend, on the contrary, to cover the
      various alternative and equivalent constructions included within the
      spirit and scope of the appended claims.
PAR  Turning now to the drawings, there is disclosed a turbine type air motor 10
      having a housing 11 with a cylindrical barrel 12 and which defines a
      central chamber 13. The chamber is enclosed at the left-hand end by a
      cover plate or a cap 14 secured by screws 15. The barrel is conventionally
      formed with an integral thread 16 for screwing into a suitable fixture or
      bracket.
PAR  Extending through the barrel is a spindle 20 having an outer end 21
      mounting a chuck 22 or the like for supporting a rotary tool requiring a
      high driving speed. The spindle is journaled in axially spaced
      anti-friction bearings 23, 24 of the precision ball type, with the inner
      end 25 of the spindle extending rearwardly into the chamber 13.
PAR  Telescoped over the rear or inner end of the spindle is a rotor 30 formed
      of an outer cup 31 and inner cup 32 fitted together, the cups being of
      shallow annular shape united by screws 33 (FIG. 6) or the like. The cup 31
      has a peripheral wall 34 defining a central space 35. The wall is
      internally relieved with notches 36 (see also FIG. 3) to provide entrance
      to peripherally oriented orifices 37 which discharge the air in the form
      of high velocity, generally tangential jets, with the rotor being driven
      as a result of the reaction force.
PAR  In carrying out the present invention, the inner end of the spindle is
      hollowed out as indicated at 40 and provided with a pair of oppositely
      extending radial ports 41. The ports 41 are axially aligned with
      registering ports 42 formed in the cup 32. Adjacent the ports 42 are
      sectorshaped embossments 43 which, as will be noted, perform a blocking
      function. For feeding compressed air to the spindle an axial air passage
      45 is provided in the cap having an inlet connection 46. Air is conducted
      from the passage to the hollow of the spindle through a slip joint in the
      form of a nipple or bushing 46 which may, for example, be of nylon plastic
      or the like. It will be apparent, then, that when air is admitted through
      the connection 45 it flows into the hollow end of the spindle thence
      through the ports 41, 42 into the rotor space 35 for ejection through the
      orifices 37 and with final escape through ports 48 in the cap.
PAR  In carrying out the present invention the rotor 30, instead of being
      rigidly secured to the inner end of the spindle 20, has provision for
      limited twisting movement permitting the ports 41, 42 to be moved from a
      non-registering condition in which the severe throttling of the air takes
      place to a registering condition in which air may flow relatively freely
      from the inlet connection 43 through the jet orifices 37. Further in
      accordance with the invention a biasing spring is interposed between the
      spindle 20 and rotor 30 for normally maintaining the ports 41, 42 out of
      registering condition while permitting the spindle 20 to retreat slightly
      against the force of the biasing spring in the face of torque loading
      imposed by the tool, so that the ports 41, 42 are moved more nearly into
      their condition of register. This reduces throttling with increased air
      flow to the jet orifices, with the result that the torque exerted by the
      rotor is increased in step with the requirements of the load. Stated in
      other terms, air flow is increased automatically in accordance with the
      torque demand so that the speed is maintained at a high level free of the
      " droop" which normally occurs in turbine type air motors. This is
      accomplished in the present instance by using a biasing spring 50 coiled
      in a spiral and having a straight inner end 51 and a hooked, or offset,
      outer end 52. The end 51 is received in a transversely drilled hole 53 at
      the inner end of the spindle, with the straight projecting portions 55, 56
      serving as movable stops to limit the range of the twisting movement,
      relatively fixed stops being indicated at 57, 58. The outer or hooked end
      52 of the spring is anchored to the member 32 by means of notches 59 in a
      shallow ring or flange 60 which forms an integral part of the cup 32. For
      the purpose of maintaining the inner end of the spring axially confined,
      the cup 31 may have internal sector-shaped embossments 61.
PAR  The operation of the device in the face of a change in torque loading will
      be apparent upon considering FIGS. 3 and 4. FIG. 3 shows the relationship
      between the spindle and rotor at the reference condition, corresponding to
      zero or light loading, in which the spindle ports 41 are substantially
      blocked by embossments 43. Under such conditions severe throttling takes
      place so that air flows at a limited rate to the jet orifices 37, but
      nevertheless at a rate adequate to bring the motor, running substantially
      free, up to rated speed.
PAR  When a torque load is imposed on the spindle, such load, acting against the
      force of the spring 50, causes the spindle to twist or retreat slightly
      with respect to the rotor 30 which drives it, winding up the spring 50
      through a small angle and bringing the ports 41 in the spindle into more
      complete register with the ports 42 in the rotor. This provides free air
      flow, as shown in FIGS. 4 and 5 greatly reducing throttling at the ports
      so that air flows at a faster rate through the jet orifices to increase
      the torque exerted by the rotor upon the spindle. This increase in torque
      substantially matches the begetting increase in torque loading, thereby
      maintaining the speed at a high level, avoiding the severe speed droop
      which normally occurs when tools of this type are subjected to load.
PAR  When the imposed loading is removed, the reverse sequence takes place to
      increase throttling effect and to prevent overspeed. Thus, unloading the
      spindle permits the spring to uncoil, back into the unstressed state
      illustrated in FIG. 3, in which the spindle ports 41 are out of register
      with the rotor ports 42, resulting in a pinched throttling of the air
      stream and a reduction in the rate of air flow to the jet orifices. Since
      the spring reacts simultaneously with removal of the load, and since the
      rotor, having inertia, requires a finite time to change its speed, the air
      is correctively throttled before any substantial speed change can occur.
      The degree of regulation, including freedom from overshoot or undershoot,
      is surprising considering the simplicity of the control elements,
      comparing favorably with more elaborate and expensive regulation schemes.
      As a result of this simplicity turbine type air motors of present design
      can be manufactured and sold at a cost which is only slightly greater than
      that of motors of conventional non-regulated type.
PAR  Because of the spiral nature of the spring 50, with its mass evenly
      distributed about the axis, and the limited displacement of the spring
      over the range of port movement, dynamic balance is accurately maintained
      insuring smooth vibrationless operation in all degrees of loading.
PAR  For the purpose of reducing the noise inherent in air operated devices
      rotating at high speed, the cap is packed with a body of glass fiber 65
      which is held in place by a retaining ring 66.
PAR  In a preferred form of the invention a manually manipulated valve is
      incorporated in the end cap for controlling flow of air into the rotor and
      to enable the motor to be held and operated as a hand tool. This form of
      the invention is illustrated in FIGS. 7 and 8, with corresponding elements
      being indicated by corresponding reference numerals with addition of
      subscript a. Thus, in accordance with the invention, a cap 14a is provided
      having an axial passage 45a having an inlet connection 46a and terminating
      in a nipple 47a which projects to form a slip joint connection with the
      end of the spindle 20a. For sealing the passage 45a a valve element 70 is
      provided in the form of a ball which seats upon the inner end of the
      barrel 47a, being normally held in its sealing position by the pressure of
      the applied air.
PAR  In accordance with the invention a slidable valve plunger is provided in
      the end cap in radial orientation for unseating the ball and a brake
      lever, having a shoe adjacent the rotor, is coupled to the valve plunger
      so that upon release of the plunger the brake is automatically applied to
      inhibit coasting to bring the rotor promptly to a stop. Thus, referring to
      FIGS. 7 and 8, a radial bore 71 in the end cap 14a is occupied by a
      slideable plunger 72 having a tip 73 with a knob 74 at its outer end. The
      knob is fitted into a correspondingly shaped recess 75. Pivoted in the
      housing is a brake lever 80 centrally pivoted at 81 and having a brake
      shoe 82 positioned adjacent the periphery of the rotor. The other end 83
      of the lever is in the form of a yoke which straddlingly engages the valve
      plunger 72. The valve plunger 72 is sealed with respect to the bore 71 and
      is constantly urged into the illustrated retracted position by the force
      of the applied air, so that the brake shoe 82 presses against the
      periphery of the rotor.
PAR  In operation, pressing the knob 74 to urge the plunger 72 inwardly causes
      the tip 73 thereof to unseat the ball so that compressed air may flow to
      the rotor, the brake shoe 82 being simultaneously retracted. When the knob
      74 is released the force of the compressed air moves the plunger 72
      radially outward, permitting the ball 70 to again occupy its seated
      position and rocking the brake lever 80 counterclockwise to urge the shoe
      against the spinning rotor, promptly bringing it to a stop.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a turbine type air motor, the combination comprising a housing, a
      rotor in the housing, means for feeding compressed air to the rotor, the
      rotor having an inlet and tangentially directed orifices for producing air
      jets for driving of the rotor, a rotor spindle mounted in the rotor for
      limited relative twisting movement and having means at its end for
      attachment of a rotary tool, means defining an adjustable throttle valve
      in the rotor interposed between the inlet and the orifices and responsive
      to the relative phase position of the spindle and rotor, and biasing means
      for biasing the spindle into a reference position with respect to the
      rotor in which the throttle valve is only partly open for throttling of
      air when the spindle is lightly loaded, with the retreating movement of
      the spindle against the biasing means when the spindle is more heavily
      loaded serving to open the throttle valve to produce a corresponding
      increase in driving torque.
NUM  2.
PAR  2. In a turbine type air motor, the combination comprising a housing, a
      rotor in the housing, means for feeding compressed air to the rotor, the
      rotor having an inlet and tangentially directed orifices for producing air
      jets for driving the rotor, a rotor spindle mounted in the rotor for
      limited relative twisting movement with respect to it and having means at
      its end for attaching a rotary tool, a throttle valve in the rotor
      interposed between the inlet and the orifices, the throttle valve being
      formed of a port in the spindle and a cooperating port in the rotor,
      biasing means interposed between the rotor and the spindle for biasing the
      spindle into a reference phase position in which the two ports are out of
      register so that the air discharged at the jets is throttled when the
      spindle is lightly loaded and with increased torque loading of the spindle
      being accompanied by movement of the spindle port into register with the
      rotor port for increased discharge of air in the jets.
NUM  3.
PAR  3. In a turbine type air motor, the combination comprising a housing, a
      spindle mounted for rotation in the housing, a rotor telescoped over one
      end of the spindle, means at the other end of the spindle for attachment
      of a rotary tool, the spindle being of hollowed-out construction, means
      defining limits of twisting movement between the spindle and the rotor,
      cooperating ports in the spindle and rotor for admitting air from the
      spindle into the rotor, means defining orifices at the periphery of the
      rotor for producing tangentially directed air jets, and biasing means
      interposed between the spindle and rotor for urging the spindle in a
      direction to move the ports out of register for throttling of air when the
      spindle is lightly loaded and with retreating movement of the spindle in
      the face of loading and against the force of bias serving to twist the
      spindle into a position relative to the rotor in which the ports are in
      register thereby to provide an increased flow of air through the orifices
      increasing the driving torque in step with the load imposed upon the tool,
      the spindle extending entirely through the rotor, and means for feeding
      air to the presented hollow end of the spindle.
NUM  4.
PAR  4. In a turbine type air motor, the combination comprising a housing having
      a hollow body portion and an axially extending barrel, a spindle
      journalled in the barrel having means for connecting a rotary tool at its
      outer end and projecting into the body portion at its inner end, an
      annularly shaped rotor in the body portion of the housing snugly
      telescoped over the inner end of the spindle, the inner end of the spindle
      being of hollow construction and having a radial port, the rotor having a
      cooperating radial port and having peripheral, tangentially directed
      orifices, means for conducting compressed air into the hollow of the
      spindle which, passing through the ports, is conducted to the orifices for
      driving of the rotor and spindle, a spring interposed between the rotor
      and the spindle for normally urging the ports thereon out of register so
      that the air furnished to the orifices is throttled when the spindle is
      lightly loaded by the tool but with retreating movement of the spindle
      against the spring in the face of increased torque loading serving to move
      the spindle into a position in which the ports are more nearly in register
      thereby to augment flow of air through the orifices for generation of
      torque in proportion to the applied load, and means adjacent the rotor for
      enclosing the hollow body portion of the housing.
NUM  5.
PAR  5. The combination as claimed in claim 4, the spindle having an opening for
      receiving the end of the spring thereby to inhibit relative axial movement
      between the rotor and spindle.
NUM  6.
PAR  6. The combination as claimed in claim 4 in which the body portion of the
      housing has an enclosing end cap having an axial air inlet opening and
      means including a slip joint in the form of a bushing interposed between
      the inlet opening and the presented hollow end of the spindle for
      conducting compressed air from the inlet into the spindle notwithstanding
      rotation of the spindle.
NUM  7.
PAR  7. The combination as claimed in claim 6 in which the end cap has orifices
      for venting of the air in the housing and in which porous sound deadening
      material is provided adjacent the orifices for reducing the sound level in
      the air flowing therefrom.
NUM  8.
PAR  8. In a turbine type air motor, the combination comprising a housing having
      a body portion defining a chamber and having a barrel extending therefrom,
      a spindle journalled in the barrel and having means at its outer end for
      attachment of a tool and having an inner end extending into the chamber, a
      hollow annular rotor mounted in the chamber and supported on the inner end
      of the spindle, the rotor having tangential orifices, means on the rotor
      defining limits of relative twisting movement of the spindle, the inner
      end of the spindle being hollow and having a radial port, a cooperating
      radial port in the rotor, means including an axial air inlet connection
      for feeding compressed air into the hollow of the spindle so that air is
      conducted through the ports to the orifices, and a torsional spring in the
      hollow rotor and interposed between the spindle and the rotor for urging
      the spindle in a reference position in which the ports are substantially
      out of register for throttling the air fed to the orifices under light
      load conditions and for permitting retreating movement of the spindle
      against the force of the spring when the torque loading upon the tool is
      increased thereby to bring the ports into register for increased flow of
      air through the orifices resulting in an increase in driving torque to
      match the increase in load torque thereby to achieve more constant speed
      under conditions of variable loading, the torsional spring being formed as
      a spiral centered about the spindle axis for maintenance of dynamic
      balance in all conditions of adjustment of the ports.
NUM  9.
PAR  9. In a turbine type air motor, the combination comprising a housing having
      a hollow body portion and an axially extending barrel, a spindle journaled
      in the barrel having means for connecting a rotary tool at its outer end
      and projecting into the hollow body portion at its inner end, an annularly
      shaped rotor mounted on the inner end of the spindle, the rotor having
      tangentially directed orifices, the inner end of the spindle being hollow
      and having ports communicating with the orifices, an end cap for enclosing
      the housing, the end cap having an axial compressed air inlet connection
      and having a nipple providing a slip joint between the connection and the
      spindle for conducting compressed air to the latter, a valve seat
      interposed between the inlet and the nipple with a cooperating unseatable
      valve element, a valve plunger slidably mounted in the end cap with the
      inner end thereof adjacent the valve element and with the outer end
      accessible for manual manipulation so that when the outer end is pressed
      the valve element is unseated thereby to admit compressed air into the
      motor, the valve plunger being outwardly biased so that the valve element
      may restore itself to seated position when the valve plunger is released,
      the housing including a brake member coupled to the valve plunger and
      including a brake shoe at one end adjacent the periphery of the rotor, the
      outward bias of the plunger causing the shoe to engage the periphery of
      the rotor to inhibit coasting and to bring the rotor promptly to a stop.
NUM  10.
PAR  10. In a turbine type air motor, the combination comprising a housing
      having a hollow body portion and an axially extending barrel, a spindle
      journaled in the barrel having means for connecting a rotary tool at its
      outer end and projecting into the hollow body portion at its inner end, an
      annularly shaped rotor mounted on the inner end of the spindle, the rotor
      having tangentially directed orifices, the inner end of the spindle being
      hollow and having ports communicating with the orifices, an end cap for
      enclosing the housing, the end cap having an axial compressed air inlet
      connection and having a nipple providing a slip joint between the
      connection and the spindle for conducting compressed air to the latter, a
      valve seat interposed between the inlet and the nipple with a cooperating
      unseatable valve element, a valve plunger slidably mounted in the end cap
      with the inner end thereof adjacent the valve element and with the outer
      end accessible for manual manipulation so that when the outer end is
      pressed the valve element is unseated thereby to admit compressed air into
      the motor, the valve plunger being outwardly biased so that the valve
      element may restore itself to seated position when the valve plunger is
      released, the valve seat being formed at the outer end of the nipple and
      the valve element being in the form of a ball held against the seat by the
      force of the compressed air at the inlet but displaceable from the seat by
      means of the plunger.
NUM  11.
PAR  11. In a turbine type air motor, the combination comprising a housing
      having a hollow body portion and an axially extending barrel, a spindle
      journaled in the barrel having means for connecting a rotary tool at its
      outer end and projecting into the hollow body portion at its inner end, an
      annularly shaped rotor mounted on the inner end of the spindle, the rotor
      having tangentially directed orifices, the inner end of the spindle being
      hollow and having ports communicating with the orifices, and end cap for
      enclosing the housing, the end cap having an axial passage with a
      compressed air inlet connection at its outer end and having a nipple at
      its inner end projecting to form a slip joint connection with the spindle
      for conducting compressed air to the rotor, means defining a radial bore
      in the end cap communicating with the axial passageway, a manually
      operated plunger fitted in the bore, a valve element in the passageway for
      sealing the nipple and in the path of movement of the inner end of the
      plunger so that when the plunger is depressed the valve element is
      dislodged to admit compressed air to the rotor, a brake lever mounted in
      the housing and having a shoe at one end adjacent the rotor, the other end
      of the lever being connected to the plunger, the inner end of the plunger
      being outwardly biased by the compressed air in the passageway so that
      when the plunger is released the brake lever is forcibly rocked to bring
      the shoe into frictional engagement with the rotor to inhibit coasting and
      to bring the rotor promptly to a stop.
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ABST
PAL  A system is shown for cooling and sealing gas turbine blade structures and
      discs. A coolant fluid of a required pressure enters an annular chamber
      radially outwardly of an annular array of stationary blades. The cooling
      fluid passes through these stationary blades into an inner annular chamber
      disposed radially inwardly of the stationary blades. The cooling fluid is
      permitted to leak out upstream between an upstream seal wall member of the
      inner annular chamber and a shoulder portion of an upstream rotor disc.
      The cooling fluid is also permitted to leak out downstream from the inner
      annular chamber between a downstream seal wall member of the inner annular
      chamber and a shoulder portion of a downstream rotor disc. The downstream
      wall member also contains angularly disposed passageways which direct jets
      of pressurized cooling fluid into ports on the adjacent downstream rotor
      disc. A portion of both the upstream and downstream wall members is a seal
      between their respective adjacent rotor discs and the stationary blades.
      The pressure within the annular chamber and leakage therefrom prevents hot
      motive fluid contamination therein and the resulting reduction in gas
      turbine cooling fluid efficiency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to elastic fluid turbomachines, and
      particularly, to a system for cooling and sealing gas turbine stator and
      rotor blade structures and discs.
PAR  2. Description of the Prior Art
PAR  This invention as filed is generally related to an earlier filed
      application by the same inventor and assigned to the same assignee and is
      U.S. Pat. No. 3,602,605. This application presents a complementary system
      for cooling and also sealing gas turbine stator blades and rotor discs.
PAR  As gas turbines are required to operate with motive or working gases at
      high temperatures for increased performance, there is a greater demand for
      higher cooling fluid efficiency and more efficient employment of
      compressors that supply the cooling fluid as well as the motive fluid.
PAC  SUMMARY OF THE INVENTION
PAR  Generally, the present invention relates to an elastic fluid turbomachine,
      and more particularly to a system for preventing the inner shroud and
      stationary blades in a turbomachine from receiving internally any hot
      motive fluid which would contaminate the cooling fluid therein, and
      thereafter reduce the cooling of the downstream rotating rotor discs.
PAR  Pressurized cooling fluid enters a discrete annular chamber disposed about
      an annular array of stationary blades. The pressure in this annular
      chamber is high enough to permit deliberate leakage of cooling fluid out
      in its associated stage to prevent hot motive fluid from leaking into the
      cooling fluid chambers.
PAR  The pressurized cooling fluid passes through the stationary blades into an
      inner annular chamber which comprises the inner shroud. Thereupon the
      cooling fluid is caused to leak out in an upstream direction from the
      inner annular chamber between an upstream seal on the inner annular
      chamber and adjacent shoulder portion of an adjacent upstream rotor disc.
      This pressure differential between the cooling fluid and the hot motive
      fluid prevents any hot motive fluid from entering the inner shroud and
      contaminating the inner portion of the blades and chambers therein. Those
      inner surfaces of the blades and chambers do not have the corrosion
      resistance that the outer surfaces have for protection against hot
      corrosive fluids.
PAR  In much the same manner, cooling fluid also escapes out between a
      downstream seal on the inner annular chamber and a shoulder portion of an
      adjacent downstream rotor disc. Additionally, a portion of the downstream
      wall is comprised of angularly directed passageways that jet the
      pressurized cooling fluid from the inner annular chamber through an
      opening in a side plate arrangement on an adjacent downstream rotor disc.
      The angularity of this jetted cooling fluid permits the matching of
      coolant fluid tangential velocity with the speed of the rotor disc at the
      coolant fluids point of entry in the rotor disc.
PAR  A plurality of radially directed passageways in the downstream wall of the
      inner shroud permits additional exiting of pressurized coolant fluid into
      the hot motive fluid flow path.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention, along with the objects and advantages thereof will be best
      understood from the following detailed description taken in conjunction
      with the accompanying drawings, in which:
PAR  FIG. 1 is a view showing a longitudinal section of a portion of an axial
      flow gas turbine and compressor having a cooling and sealing system
      constructed in accordance with the principles of this invention;
PAR  FIG. 2 is an enlarged sectional view showing the cooling and sealing
      system, as shown in FIG. 1, in detail; and,
PAR  FIG. 3 shows an alternative embodiment of the cooling system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in detail, and particularly to FIG. 1, there is
      shown a portion of an elastic fluid turbine 10. Only the upper half and a
      portion of the lower half of the turbine 10 is shown since the lower half
      may be identical to the upper half. The turbine 10 comprises an outer
      casing 12 of generally tubular or annular shape, an inner casing 14 of
      annular shape encompassed by the outer casing 12, and a rotor structure 16
      rotatably supported within the inner casing 14 in any suitable manner, not
      shown. The rotor structure 16 comprises an aggregate of rotor discs, only
      the first disc 18 and the second downstream disc 20 being shown, secured
      together by circumferentially disposed stay bolts 22 extending through the
      discs 18 and 20, only one stay bolt 22 being shown. The discs 18 and 20,
      respectively, support a plurality of annular rows of blades 24 and 26
      extending radially outwardly therefrom.
PAR  Cooperatively associated with the rotor blades 24 and 26 to form stages for
      motive fluid expansion is an equal number of annular rows of stationary
      blades 28 and 30, supported within the inner casing 14. An annular array
      of stationary blades 31 are part of a third stage, shown downstream in
      FIG. 1.
PAR  The rotor blades, 24 and 26, are substantially similar to each other
      although there is a gradual increase in height in each stage from left to
      right. The blades, 24 and 26, are of the unshrouded type with a vane
      portion 32 extending radially outward, a base portion 34, and a root
      portion 36 suitably secured to the discs 18 and 20.
PAR  Similarly, the stationary blades 28 and 30, are substantially similar to
      each other although gradually increasing in height in each stage from left
      to right as shown in FIG. 1. Each of the blades 28 and 30 has a vane
      portion 38 extending radially inward, a base portion 40 and an inner
      shroud portion 42. The stationary and rotating blades, 28, 30, 24 and 26,
      generally define the hot motive fluid flow path.
PAR  The hot motive fluid, such as pressurized gas, is generated in a plurality
      of circumferentially disposed combustion chambers 44, only a portion of
      one being shown. The chambers 44 have corresponding transition members 46,
      where the downstream ends of the transition members 46 form arcuate
      outlets 48. Together the outlets 48 form an annular outlet to direct the
      motive gases to the first blade row 28. The gases flow past the stationary
      blades 28 and 30 and the rotor blades 24 and 26 from left to right in FIG.
      1, with the resulting expansion of the fluid to rotate the rotor structure
      16 about its longitudinal axis.
PAR  The combustion chambers 44 are disposed in an annular high pressure plenum
      chamber 50 and pressurized air is directed into the combustion chambers 44
      to mix with the fuel, not shown, to form a combustible mixture which is
      burned to provide the hot motive fluid.
PAR  Extending through the high pressure plenum chamber 50 are second and third
      stage cooling fluid supply conduits 52 and 54. Each conduit receives
      coolant fluid from an extraction point on a compressor 51, only a portion
      of which is shown. The second stage cooling fluid supply conduit 52
      discharges its pressurized fluid into a second stage outer annular plenum
      chamber 56. The third stage cooling fluid supply conduit 54 extends
      through the chamber 56 to discharge its pressurized fluid into a third
      stage outer annular plenum chamber 58. Each annular plenum chamber
      receives cooling fluid at a different pressure because the pressure
      necessary to overcome the possible contamination causing internal surface
      damage due to hot motive fluid is different at each stage of the turbine.
      Supplying cooling fluids at several pressures initially, to the outer
      annular plenum chambers, overcomes the necessity of throttling the cooling
      fluid passing from one stage to another. This prevents the associated
      decrease in turbine efficiency due to such throttling.
PAR  The cooling fluid may be alternatively supplied by externally disposed
      conduits 60 and 62, as shown in FIG. 1.
PAR  In either case, the pressurized cooling fluid flows through passageways 61,
      as shown in FIGS. 2 and 3, through by the second stage stationary blades
      38, cooling those blades thereby.
PAR  The cooling fluid thereupon reaches the radially inner portion of the
      stationary blades or the inner shroud member 42 shown in FIGS. 2 and 3.
      The inner shroud member 42 is comprised of an inner generally annular
      chamber 60. The inner annular chamber 60 is comprised of an arcuately
      shaped upstream stationary wall member 62, an inner stage arcuate seal
      member 64, a radially directed web member 66 supporting the inner stage
      seal member 64, a bolt member 68 securing web member 66 to a radially
      inwardly directed projection 70 on the inner shroud 42, and an arcuately
      shaped downstream wall member 72. The downstream wall member 72 also
      includes an abradable seal member 74 that restricts inward flow of hot
      gases between the downstream stationary wall 72 and the upstream edge of
      its neighboring blade root 36. A radially directed channel 76, is disposed
      on the downstream side of each web member 66. The downstream wall 72 is
      secured to the downstream end of bolt 68. The pressurized cooling fluid in
      the inner annular plenum chamber 60 passes through orifices 78 in the
      upstream wall member 62 and then leaks out upstream between seal member
      63, attached to wall member 62 and a shoulder portion 65 of upstream rotor
      disc 18. An abradable seal 71 is attached to the upstream stationary wall
      62 to help restrict the flow of hot gases therepast between the seal 71
      and its adjacent shoulder 69 on its respective blade root 36. Since the
      pressure of the cooling fluid escaping upstream is greater than the
      pressure of the hot motive fluid at that stage, very little hot motive
      fluid leaks into and contaminates the inner unprotected surfaces of the
      cooled inner shroud member 42. A portion of this fluid is permitted to
      leak downstream radially inwardly of interstage seal member 64 past
      labyrinthian seal arrangement 67.
PAR  Another portion of the cooling fluid passes around the sides of the web
      member 66 in a manner indicated by the arrows A, in FIG. 2, and leaks
      downstream between the downstream wall 72 and upstream shoulder portion 73
      of the adjacent downstream rotor disc 20. A major portion of the cooling
      fluid escapes through the radially directed channels or passageways 76
      that are located on the downstream side of the web members 66. The
      abradable seal 74 prevents hot motive fluid from leaking into the upstream
      side of the rotor disc 20.
PAR  A jet of pressurized cooling fluid is sprayed from angularly directed
      passageways 80 disposed through the support web member 66 and through
      orifices 81 disposed in downstream wall member 72. The ejected cooling
      fluid is directed into a port 82 in a sideplate member 84 on the
      downstream rotor disc 20. The coolant fluid tangential velocity is
      comparable to the rotor discs' speed at that point of fluid entry, the
      port 82 in the side plate 84. The matching of coolant fluid tangential
      velocity and coolant receiving port 82 velocity reduces coolant turbulence
      and an associated temperature rise and pressure loss that would otherwise
      occur.
PAR  An alternative downstream rotor cooling arrangement shown in FIG. 3,
      utilizes generally radially directed passageways 85, disposed in the inner
      stage seal member 64. These passageways 85 permit a portion of the
      pressurized cooling fluid to flow from the inner annular chamber 60, then
      between the shoulder portions 65 and 73, of the first and second rotors 18
      and 20, in this example, to generally radially directed passageways 87 on
      the shoulder 73 of the second rotor 20. These passageways 87 direct the
      cooling fluid to the base and upstream end of the roots 36 of blades 20.
PAR  It has been shown that this invention provides individual cooling fluid
      supply conduits from separate extraction points in a compressor, each
      extraction point satisfying the pressure requirements for each individual
      stage cooled in the gas turbine. The manner of extraction optimizes the
      turbine cycle performance and it avoids the inherent interaction which
      exists in a cooling system with single sourced parallel circuits. The
      separate cooling fluid supply to the rotors no longer depend upon seal
      leakage for cooling of downstream rotor disc members. This permits minimum
      clearance between seals and rotating members, permitting minimum
      contamination of unprotected inner surfaces of blades and associated
      cooling fluid plenum chambers due to hot motive fluid leaking therein. The
      increased efficiency due to the angularly jetted cooling fluid directly
      into the downstream ports 82 permits smaller ports for receiving the
      cooling fluid. This reduces windage losses and entrance losses to the
      rotor discs. The environment between shroud members 42 and adjacent discs
      18 and 20 is controlled due to the pressurized coolant flow escaping
      therethrough.
PAR  Although the invention has been described with a certain degree of
      particularity, changes may be made therein without departing from the
      scope and spirit thereof. For example, the upstream and downstream walls
      of the inner annular chamber could be disposed in a slidable relationship
      with respect to portions of the inner shroud, or the jetting of the
      cooling fluid downstream could be accomplished with an alternate array of
      passageways.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. An axial flow elastic fluid machine having a multi-stage compressor and
      a turbine, said turbine comprising:
PA1  a stationary portion and a rotatable portion rotatable about a longitudinal
      axis;
PA1  said rotatable portion including a plurality of discs extending radially
      outwardly from said axis;
PA1  each of said discs having an annular array of radially extendiing blades
      disposed thereon;
PA1  said stationary portion including a plurality of annular arrays of radially
      extending stationary blades disposed adjacent said arrays of rotatable
      blades;
PA1  said stationary blades having at least one passageway extending generally
      radially therethrough;
PA1  said stationary portion also including a plurality of outer annular plenum
      chambers disposed radially outwardly of said stationary blades;
PA1  said rotating and stationary blades being disposed to provide a flow path
      for motive elastic fluid;
PA1  means for supplying cooling fluid to each of said outer annular plenum
      chambers from different stages of said compressor at a pressure slightly
      higher than the motive fluid in the fluid path adjacent the stationary
      blade;
PA1  a plurality of inner annular plenum chambers disposed radially inwardly of
      said stationary blades;
PA1  each of said inner annular plenum chambers being connected in fluid
      communication with an associated outer plenum chamber by passageways in
      the stationary blades;
PA1  said annular chambers having upstream and downstream passageways disposed
      to allow the cooling fluid to flow over portions of the upstream and
      downstream discs to cool them;
PA1  said inner annular plenum chambers having a plurality of walls and said
      walls having a plurality of passageways for directing cooling fluid upon
      adjacent discs; and
PA1  said downstream passageways in the inner plenum chamber being angularly
      disposed and arranged to direct the cooling air obliquely against the
      adjacent downstream discs;
PA1  whereby cooling fluid has a pressure only slightly higher than the motive
      fluid and is efficiently supplied to cool the stationary blades and
      adjacent discs.
NUM  2.
PAR  2. An axial flow elastic fluid machine having a multi-stage compressor and
      a turbine, said turbine comprising:
PA1  a stationary portion and a rotatable portion rotatable about a longitudinal
      axis;
PA1  said rotatable portion including a plurality of discs extending radially
      outwardly from said axis;
PA1  each of said discs having an annular array of radially extending blades
      disposed thereon;
PA1  said stationary portion including a plurality of annular arrays of radially
      extending stationary blades disposed adjacent said arrays of rotatable
      blades;
PA1  said stationary blades having at least one passageway extending generally
      radially therethrough;
PA1  said stationary portion also including a plurality of outer annular plenum
      chambers disposed radially outwardly of said stationary blades;
PA1  said rotating and stationary blades being disposed to provide a flow path
      for motive elastic fluid;
PA1  means for supplying cooling fluid to each of said outer annular plenum
      chambers from different stages of said compressor at a pressure slightly
      higher than the motive fluid in the fluid path adjacent the stationary
      blade;
PA1  a plurality of inner annular plenum chambers disposed radially inwardly of
      said stationary blades;
PA1  each of said inner annular plenum chambers being connected in fluid
      communication with an associated outer plenum chamber by passageways in
      the stationary blades;
PA1  said inner annular chambers having upstream and downstream passageways
      disposed to allow the cooling fluid to flow over portions of the upstream
      and downstream discs to cool them;
PA1  said inner annular plenum chambers having a plurality of walls and said
      walls having a plurality of passageways for directing cooling fluid upon
      adjacent discs; and
PA1  said rotatable blades having root portions and the discs having grooves,
      which cooperate with the roots of the blades to hold the blades in the
      discs, there being a space between the radially inner end of the root and
      the disc and the disc having an angularly disposed passageway arranged to
      direct cooling fluid into the space between the root and the disc to cool
      this portion of the disc;
PA1  whereby cooling fluid has a pressure only slightly higher than the motive
      fluid and is efficiently supplied to cool the stationary blades and
      adjacent discs.
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PAL  A circumferential manifold placed around an intermediate stage of the
      compressor to carry off bleed air for auxiliary purposes is provided with
      a plurality of check valves which allow the air to pass from the high
      pressure compartment of the compressor to the low pressure compartment of
      a plenum, but do not allow the air to pass from the plenum back to the
      manifold. Accordingly, when there is a variation in pressure around the
      circumferential manifold, as may be caused by distortion at the compressor
      inlet, the air that is bled off to the low pressure plenum comes
      principally from the high pressure zone of the compressor and may not
      re-enter from the manifold on the low pressure side thereof. The fluid
      flow of air from one side of the manifold to the other side thereof is
      thus prevented, so as to limit the distortion of the normal flow pattern
      which would otherwise occur in the compressor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to gas turbine engine casings and, more
      particularly, to such structures which are adapted for bleeding interstage
      air from the compressor. In a gas turbine engine wherein air passes
      through an inlet to the compressor and hence to a combustion chamber, it
      is desirable that the thermodynamic conditions of pressure, flow and
      temperature are uniform about the engine axis through any particular axial
      position therein. Any distortions of the normal flow pattern through the
      compressor tends to cause pressure variations across the lateral sections
      of the engine, thereby resulting in lower efficiency and reduced stall
      margin. Subsonic aircraft engines in normal flight with normal inlets
      generally have uniform inlet conditions and, therefore, very little
      distortion occurs in the airflow pattern. However, in the case of
      supersonic engines which fly behind supersonic inlets, or subsonic engines
      which operate within cross wind conditions, distortion of the airflow does
      tend to occur. This distortion may also occur in aircraft subsonic
      installations wherein an engine is located in a position such that its
      axis does not coincide with that of the inlet, as for example in some tail
      installations where the inlet duct is required to have an "S"  shape.
PAR  Under the aforesaid conditions, the pressure distortion that occurs is
      generally highest toward the front of the engine and attenuates as the air
      moves aft through the engine, but it is not unusual to find substantial
      pressure variations even as far aft as the combustor.
PAR  In order to provide pressurized air for operation of airframe engine
      accessories such as environmental conditioning, anti-icing, turbine
      cooling, etc., it is common to include a compressor casing structure which
      permits bleeding of high pressure air from the compressor to a low
      pressure plenum. Preferably, this interstage bleeding is accomplished by
      means which provide minimal interference with the normal airflow patterns
      in the compressor, but because the manifold provides a communication
      between areas of high pressure and areas of low pressure, it is possible
      that air may bleed from one side of the engine to the other side thereof
      through the manifold. This is particularly true during flight conditions
      wherein only small amounts of air are being bled from the engine. This
      communication of air from one side of the engine to the other tends to
      distort the normal flow pattern in the compressor, or to further the
      distortion which may be caused by any of the conditions discussed
      hereinabove.
PAR  It is therefore the object of the invention to provide a means of
      extracting bleed air from an engine that must operate under a variety of
      pressure distortion conditions in a way that will result in a minimum loss
      in compressor efficiency and stall margin.
PAR  Another object of this invention is to provide in a gas turbine engine a
      bleed-off system which does not substantially distort the uniform flow of
      air through the compressor.
PAR  Another object of this invention is the provision in a gas turbine engine
      for an air bleed-off system which operates efficiently over a wide range
      of flight conditions, wherein varying amounts of air are being bled from
      the engine.
PAR  Another object of this invention is the provision in a gas turbine engine
      for an air bleed-off manifold which does not allow the air to bleed from
      one side of the engine to the other through the manifold.
PAR  Another object of this invention is the provision for a compressor air
      bleed-off system which is economical to manufacture and extremely
      functional in use.
PAR  These objects and other features and advantages become more readily
      apparent upon reference to the following description when taken in
      conjunction with the appended drawings.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, in accordance with one aspect of the invention, a plurality of
      check valves are installed in circumferentially spaced positions in the
      exhaust manifold of a gas turbine compressor interstage bleed system. When
      the flow of air through the compressor is relatively undisturbed, then the
      pressure of the air communicating with the exhaust manifold is
      substantially uniform around the entire periphery of the engine, and all
      of the check valves open uniformly to bleed off air in a balanced pattern
      around the engine so as not to distort the airflow within the combustor.
      However, if the airflow in the compressor has been distorted by any of the
      well-known conditions as discussed hereinabove, then there will be an
      imbalance in air pressures around the engine periphery when it reaches the
      exhaust manifold. Instead of allowing the compressor air in the higher
      pressure areas to pass through the manifold to the compressor lower
      pressure areas, the check valves in the vicinity of the higher pressure
      areas open to allow the air to be bled off, but the check valves in the
      lower pressure areas remain closed so as not to allow air to pass through
      the manifold in either direction. The result is that the manifold does not
      cause further distortion of the airflow pattern by the flow back of air
      from the manifold to the compressor, but instead tends to reduce the
      variation in pressures around the periphery of the engine by bleeding off
      air at the high pressure areas thereby bringing the pressures closer to
      conformance with those of the low pressure areas to thereby establish more
      uniform pressure distribution throughout the engine.
PAR  In the drawings as hereinafter described, a preferred embodiment is
      depicted; however, various other modifications and alternate constructions
      can be made thereto without departing from the true spirit and scope of
      the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial longitudinal cross-sectional view of a gas turbine
      compressor and associated bleed-off manifold in accordance with the
      preferred embodiment of this invention;
PAR  FIG. 2 is an enlarged cross-sectional view of the manifold portion thereof
      with the check valves intalled therein in accordance with the preferred
      embodiment of the invention.
PAR  FIGS. 3, 4 and 5 are partial cross-sectional views of the bleed-off system
      as seen along lines 3--3, 4--4 and 5--5 of FIG. 1, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the compressor is shown generally at 10 as
      comprising a rotor 11 around which a compressor inner casing 12 and outer
      casing 13 are concentrically disposed. The inner casing 12 comprises a
      pair of semicylindrical walls 14 joined at the inner casing split line by
      mating flanges 16 (FIG. 5). The walls 14 have disposed therein a plurality
      of stator support members 17, each of which support a stage of stator
      blades 18 therein. Located between adjacent stator blade stages is a stage
      of compressor or rotor blades 19 which are attached to and rotated by the
      rotor in a conventional manner so as to compress air which enters at the
      air inlet 21 zone and is discharged through a compressor inlet guide vane
      22, a diffuser passageway 23 and hence to a combustor (not shown) in a
      conventional manner, as shown and described in U.S. Pat. No. 3,777,489 -
      issued to Johnson et al. on Dec. 11, 1973 and assigned to the assignee of
      the present invention.
PAR  Forming the diffuser passage 23 is the diffuser inner wall 24 and outer
      wall 26 which together form an integral casting with the cascade of
      compressor outlet guide vanes 22. The diffuser outer wall 26 partially
      defines an annular plenum 27 which receives bleed-off air from the last
      stage of the compressor through an opening 28. Further defining the plenum
      27 is a support cone 28 which is attached to the compressor inner casing
      12 by way of bolt means 29. Attached to and supported by the support cone
      is a tube 31 which communicates with the plenum 27 to carry the bleed air
      to various locations within the aircraft for operation of auxiliary
      equipment in a conventional manner.
PAR  In addition to the compressor air bleed-off system as just described, a
      bleed-off system is commonly installed to extract air from the compressor
      duct at a point surrounding an intermediate stage of the compressor. This
      inner stage bleed-off system as it is commonly called is designed to
      pressurize annular plenum 32 partially defined by the compressor inner and
      outer casings 12 and 13, respectively. The pressurized air in the annular
      plenum 32 then flows downstream, a portion in the direction indicated by
      the dotted arrow to cool the combustor outer casing and downstream turbine
      stator components, and a portion through the passageway 33 to be used in
      various auxiliary equipment throughout the aircraft as is shown and
      described in U.S. Pat. No. 3,777,489, referenced hereinbefore.
PAR  Fluidly interconnecting the compressor high pressure chamber and the lower
      pressure annular plenum 32 are the serially connected nozzle ring 34, air
      bleed-off manifold 36 and a plurality of check valves 37. The nozzle ring
      34, which circumscribes the compressor at an interstage thereof includes a
      plurality of orifices 38 which extend radially therethrough to fluidly
      communicate at their one end with the compressor high pressure chamber,
      and at their other end with the manifold 36. Abutting the downstream side
      of the annular ring is the manifold 36 which is held in place, along with
      the nozzle ring 34 by a plurality of bolts 39 which rigidly fix them to
      the compressor outer casing 13. A plurality of recesses 40 at the upstream
      end of the manifold 36, together with the outer surface of the nozzle ring
      34, form a plurality of circumferentially spaced cavities 41 into which
      the respective orifices 38 discharge the bleed-off air. Individual
      cavities 41 then communicate with associated flow chambers 42 within the
      manifold to carry the air to the check valve 37. It should be mentioned
      that the manifold 36 may be in the form of a single annular ring having a
      plurality of circumferentially spaced flow chambers 42 formed therein, or
      it may comprise semicircular sections which are connected by flanges and
      bolts similar to that of the inner casing walls 14 as shown in FIG. 5.
      Further, it may comprise a plurality of sections which are
      circumferentially spaced and connected by flange and bolt means to
      circumscribe the entire engine. Similarly, the nozzle ring 34 may comprise
      a single circumferential ring, a pair of semicircular rings, or a
      plurality of arcuate sections interconnected to form a complete ring.
PAR  Connected to the manifold 36, at each of its flow chambers, is a check
      valve 37 which forms an extension of the manifold at that point and
      selectively provides fluid communication from its respective flow chamber
      to the annular plenum 32. The check valve 37 is preferably cylindrical in
      nature and may be secured to the manifold 36 by thread means as shown in
      FIG. 2. Its inner wall 43 defines a flow path 44 which communicates
      directly with and forms an extension of the flow chamber 42. The check
      valve 37 is of conventional construction and comprises a stepped
      cylindrical wall structure 46 wherein the discharge inner diameter d.sub.1
      is greater than the inner diameter d.sub.2 of the inlet. The wall 46 has a
      plurality of slots 50 formed therein (FIGS. 1 and 5) which allow the air
      to pass through to the plenum 32 when the valve is open. Disposed in the
      discharge end of the structure is a circular plate 47 whose diameter is
      smaller than d.sub.1 but greater than d.sub.2. The plate is free to move
      axially within the inner diameter d.sub.1 so as to close the valve or open
      at varying degrees. When in the closed position, the plate is in the far
      left position as shown in FIG. 2 wherein it rests against an annular
      shoulder 48 so as to prevent the flow of air through the valve in either
      direction. When the valve is moved to the open position, as will occur
      when the high pressure air enters the chamber 42, the plate 47 will be in
      the far right position as shown by the dotted line in FIG. 2. When the
      valve is in this position the air is allowed to pass into the chamber
      defined by the inner diameter d.sub.1 and to escape through the slots 50
      to the surrounding plenum 32 as shown by the arrows of FIG. 1. The plate
      47 is retained within the inner diameter compartment by the cover 49 which
      is fixed in the discharge end of the valve by a tongue-and-groove
      arrangement or the like.
PAR  In operation, the check valves within the manifold will operate as follows.
      When the compressor airflow pattern in the vicinity of the manifold is
      substantially uniform around the entire engine circumference, all of the
      check valves will be caused to open to approximately the same degree, and
      the air will be bled off uniformly about the circumference of the
      compressor so as to not substantially distort the airflow within the
      compressor. When a distortion has already occurred, as for example by a
      peculiar inlet condition, and as a result the compressor pressures are not
      uniform around the engine at the compressor side of the manifold, then the
      check valves which are exposed to the compressor higher pressure are
      opened to let the air bleed off into the plenum 32. This higher pressure
      air will then flow across the manifold to act on the outer side of the
      check valves which are located in areas of compressor lower pressures, to
      close them and prevent them from bleeding off any air in that vicinity.
      The result in the compressor is that the higher pressures are reduced by
      the bleed-off and the lower pressures remain substantially the same, so as
      to bring about greater pressure uniformity around the circumference of the
      engine.
CLMS
STM  Having thus described the invention what is claimed as novel and desired to
      be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. An improved turbomachine bleed-off arrangement of the type having a high
      pressure annular compartment, a low pressure compartment subject to
      circumferential variable pressure flow and a manifold to conduct the flow
      of air therebetween, wherein the improvement comprises:
PA1  an annular extending manifold having a plurality of circumferentially
      spaced passages formed therein for conducting the flow of air from the
      high pressure compartment to the low pressure compartment; and
PA1  a check valve disposed in each of said passages, said valves having means
      for allowing the flow of air only from the high pressure compartment to
      the low pressure compartment.
NUM  2.
PAR  2. An improved turbomachine bleed-off arrangement as set forth in claim 1
      wherein the high pressure compartment fluidly communicates with a rotary
      upstream compressor which moves air along its axis toward a downstream
      engine combustor.
NUM  3.
PAR  3. An improved turbomachine bleed-off arrangement as set forth in claim 2
      wherein the axes of said passages are substantially parallel to the axis
      of said compressor.
NUM  4.
PAR  4. An improved turbomachine bleed-off arrangement as set forth in claim 1
      wherein said manifold comprises an annular ring.
NUM  5.
PAR  5. An improved turbomachine bleed-off arrangement as set forth in claim 1
      and including an annular nozzle ring interposed between said high pressure
      compartment and said manifold, said nozzle ring having a plurality of
      nozzles formed therein for conducting the flow of air to said manifold and
      to said check valves.
NUM  6.
PAR  6. An improved turbomachine bleed-off arrangement as set forth in claim 5
      wherein said nozzles have axes forming an oblique angle with the axes of
      said passages.
NUM  7.
PAR  7. A compressor bleed-off system for a gas turbine engine comprising:
PA1  a circumferential manifold surrounding an axial portion of the compressor,
      and a low pressure plenum therefrom;
PA1  a plurality of circumferentially spaced passages formed in said manifold,
      said passages fluidly communicating with the compressor at one end thereof
      and with the low pressure plenum at the other end thereof; and
PA1  a check valve installed in each of said passages for preventing the flow of
      air from the low pressure plenum into said passages.
NUM  8.
PAR  8. A compressor bleed-off system as set forth in claim 7 wherein said
      passages have axes that are substantially parallel with the axis of said
      compressor.
NUM  9.
PAR  9. A compressor bleed-off system as set forth in claim 7 and including a
      plurality of nozzles positioned adjacent the compressor to carry the flow
      of air from the compressor to said passages.
NUM  10.
PAR  10. A compressor bleed-off system as set forth in claim 9 wherein said
      nozzles are disposed with their axes forming an oblique angle with the
      axis of said compressor.
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ABST
PAL  An outer cylinder arrangement for a low pressure turbine apparatus. The
      outer cylinder arrangement surrounds a rotor member having an annular
      array of blades thereon. A manway opening in the outer cylinder permits
      access into a diffuser channel disposed within the outer cylinder. The
      diffuser channel is defined by a bearing cone member integral with the
      outer cylinder and a flow guide member disposed in spaced relationship
      from the bearing cone within the outer cylinder. The bearing cone has a
      removable segment thereon which, when removed, permits axial movement of
      one turbine blade from the annular array of blades into a volume defined
      by a removal pocket integral with the bearing cone. The flow guide has a
      removable segment thereon adjacent to the removable bearing cone segment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to turbine apparatus and in particular to an
      improved outer cylinder arrangement for a low pressure turbine apparatus.
PAR  2. Description of the Prior Art
PAR  As is well known to those skilled in the turbine art, any shutdown of a
      turbine apparatus for repair or replacement of damaged parts is a major
      cost to the operating utility. Especially troublesome is the repair and
      replacement of a damaged rotating blade from the last blade row within a
      low pressure turbine element.
PAR  The rotating blades in the last blade row of the low pressure turbine
      element are subject to vibratory energies which may sometimes result in
      damage thereto In addition, the rotating blades in the last blade row are
      also subjected to impingement by relatively large water droplets carried
      by the steam flow. This erosive environment may cause blade damage.
PAR  When replacement of damaged blades in the last rotating blade row in the
      low pressure turbine apparatus is necessary, due to vibration damage,
      erosion or any other reason, a time consuming and therefore costly
      shut-down period is required in order to repair the damaged blades. In the
      prior art, blades in the last rotating blade row in a low pressure turbine
      apparatus are repairable only after the outer and inner cylinders of the
      low pressure turbine element is removed.
PAR  Removal of the outer and inner cylinders of the low pressure turbine
      element is required in order to facilitate access to the damaged blades by
      repair personnel. It is evident therefore, that providing an outer
      cylinder for a low pressure turbine element which permits removal of
      damaged turbine blades from the last rotating blade row without
      necessitating a removal of the outer or inner cylinders of the turbine
      reduces the period of turbine down-time considerably. This, of course,
      reduces the period of unavailability of the turbine-generator unit, thus
      resulting in a significant cost savings.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an improved outer cylinder arrangement for a low
      pressure turbine apparatus. The outer cylinder has a bearing cone portion
      integral therewith. A removable segment of the bearing cone separates a
      removal pocket contained within the bearing cone from the interior of the
      turbine apparatus. the removal pocket permits axial movement of a rotating
      blade from a last rotating blade row thereinto, thus allowing removal of
      blades from the last rotating blade row to be made with the outer cylinder
      intact. A flow guide member having a removable portion thereon is disposed
      within the outer cylinder in spaced relationship from the bearing cone.
PAR  It is an object of this invention to provide an improved low pressure
      turbine outer cylinder which permits removal of low pressure turbine
      blades without necessitating dismantling of the outer or inner cylinders.
      It is a further object of this invention to reduce the time necessary for
      repair or replacement of blades in the last rotating blade row of a low
      pressure turbine apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully understood from the following detailed
      description of an illustrative embodiment taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view of an outer cylinder of a low pressure steam turbine
      apparatus;
PAR  FIG. 2 is a longitudinal view, in elevation, of a low pressure steam
      turbine apparatus embodying the teachings of this invention taken along
      lines II--II of FIG. 4;
PAR  FIG. 3 is an enlarged view showing a portion of the low pressure stream
      turbine apparatus embodying the teaching of this invention; and,
PAR  FIG. 4 is a view of the turbine taken along lines IV--IV in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Throughout the following description, similar reference characters refer to
      similar elements in all figures of the drawings.
PAR  Referring now to FIGS. 1 and 2, a portion of a low pressure turbine 10
      having an outer cylinder cover 12 and an inner cylinder cover 14 is shown.
      Although a complete cylinder for a turbine apparatus is comprised of a
      cover portion and a base portion joined together, only the cover portions
      of the outer cylinder 12 and the inner cylinder 14 are illustrated in the
      drawings for clarity.
PAR  The outer cylinder cover 12 and the inner cylinder cover 14 have an inlet
      opening 16 therein through which pressurized and heated steam enters the
      turbine apparatus 10. The steam expands through the turbine apparatus 10
      and impinges upon a plurality of annular arrays of rotating blades 17
      mounted on a rotor element 18 to produce rotational mechanical energy. The
      arrays of rotating blades 17 are attached to the rotor element 18 by
      fastening means 19. The fastening means 19 require axial spacings adjacent
      to blade rows in order to facilitate removal and repair the rotating
      blades 17. Intermediate between arrays of rotating blades 17 are arrays of
      stationary nozzle blades 20, only one such array being shown in FIG. 1.
PAR  As is well known to those skilled in the power generation art, damage to
      the rotating blades 17, especially to those rotating blades 21 in the last
      rotating blade row 22, occurs due to vibration, erosion, or other causes.
      When the rotating blades 21 in the last rotating blade row 22 are damaged,
      the affected blades must be replaced to maintain the maximum possible
      efficiency or eliminate any unbalances from the turbine 10.
PAR  In the prior art, repair or replacement of damaged rotating blades 21 in
      the last rotating blade row 22 necessitates a total shutdown of the
      affected turbine. Both the outer cylinder cover 12 and the inner cylinder
      cover 14 of the turbine 10 must be removed to permit access to the damaged
      blades. This procedure results in a long period of turbine unavailability
      and, for that reason, in economically disadvantageous.
PAR  Utilization of a turbine outer cylinder 12 embodying the teachings of this
      invention permits the removal and replacement of damaged blades 21 in the
      last rotating blade row 22 in the low pressure turbine apparatus 10
      without necessitating removal of the turbine outer cylinder cover 12 and
      inner cylinder cover 14.
PAR  The outer turbine cylinder cover 12 has a bearing cone portion 24 thereon,
      the bearing cone portion 24 being a substantially bell-shaped hood member
      which permits the location of bearing assemblies 25 (FIG. 2) for the rotor
      18 to be placed as close as possible to the last rotating blade row 22.
      Disposition of the bearing assemblies as close as possible to the last
      rotating blade row 22 minimizes bearing span. Bearing span is the
      distance, measure on the rotor 18, between the two bearing assemblies
      which support the rotor 18. The turbine 10 has a gland support ring 26
      integral with the outer cylinder cofer 12 and disposed adjacent the
      innermost portion of the bearing cone 24. The gland support ring 26 is in
      close axial proximity to the fastening means 19, commonly serrated root
      members, of the blades 21 in the last rotating blade row 22. A gland seal
      27 (FIG. 2) is disposed near and supported by the gland support ring 26.
PAR  An explosiion door 28 is disposed on the turbine outer cylinder cover 12
      and has a diaphragm 30 supported by support members 32. The diaphragm 30
      and support members 32 are arranged so that the diaphragm 30 separates
      from the outer cylinder cover 12 to permit fluids trapped within the outer
      cylinder cover 12 to vent to atmosphere in case the pressure within the
      outer cylinder cover 12 exceeds a predetermined value, yet prohibit fluids
      from the atmosphere from entering the interior of the outer cylinder cover
      12 during the low pressure operation of the turbine 10.
PAR  A manway, or opening, 38 is disposed on the outer cylinder cover 12
      adjacent the explosion door 28. The manway 38 permits access to the
      interior of the outer cylinder cover 12 of the low pressure turbine
      element 10.
PAR  Referring now to FIG. 2, an elevational view, entirely in section, of a
      portion of the low pressure turbine apparatus 10 is shown. In FIG. 2, the
      manway 38 provides access to a diffuser channel 40. The diffuser channel
      40 is defined by the interior of the bearing cone 24 and a flow guide
      member 42. The diffuser channel 40 conducts steam which has passed through
      the interior of the turbine 10 to a condenser element (not shown). The
      flow guide member 42 has a removable portion which is described more
      completely herein.
PAR  As stated earlier, in the prior art, the last blade row 22 of the plurality
      of annular arrays 17 of rotating blades on the rotor 18 of the turbine 12
      are disposed as close as possible to the gland support ring 26 in order to
      minimize bearing span. However, such a disposition of the gland support
      ring 26 is disadvantageous in that it prohibits any axial movement of the
      blades 21 in the last rotating blade row 22 in a downstream direction,
      that is, in the direction of the axial flow of steam passing from the
      inlet 16 toward the diffuser channel 40. Axial movement of blades in the
      upstream direction is prohibited due to interference by the stationary
      blades 20 attached to the inner cylinder 14. Therefore, any repair or
      replacement of rotating blades in the last blade row in the prior art
      necessitates removal of both the outer cylinder cover and the inner
      cylinder cover.
PAR  This invention discloses a turbine outer cylinder 12 having a removable
      member disposed on the interior of the turbine 10, which when removed,
      provides a removal space within the cylinder 12 that is axially adjacent
      the blades 21 in the last rotating blade row 22. The space provided by
      removal of the member is sufficient to permit axial movement of a blade 21
      thereinto, while the outer cover 12 and inner cover 14 remain intact. A
      blade 21 which can be unfastened or axially removed given the space
      provided axially downsttream is utilized in a turbine embodying the
      teachings of this invention. Such an improved rotating turbine blade is
      disclosed and claimed in the copending application of Warner, Healy and
      Grijalba, Ser. No. 518,909, filed Oct. 29, 1974, (W.E. Case 43,994) and
      assigned to the assignee of the present invention.
PAR  In FIGS. 2 and 3, a pocket structure 44 is shown extending between the
      bearing cone 24 and the gland support ring 26. The pocket structure 44
      defines a removal pocket or space 46. The removal pocket 46 provides
      sufficient axial space downstream of the last blade row 22 to permit axial
      movement of either the rotating blades 21 or blade fastenings devices
      thereinto. The removal pocket 46 is bounded on the interior of the turbine
      cylinder 10 by a removable bearing cone segment 48. The removable bearing
      cone segment 48 is separated from the remainder of the bearing cone 24 by
      a narrow gap 50. The removable bearing cone segment is mounted on the
      gland support ring 26 integral with the outer cylinder cover 12 by
      suitable mounting means, such as the screw 52. It is understood that the
      removable bearing segement 48 may completely fill the space 46 while
      attached to the gland support ring 46 yet be within the contemplation of
      this invention.
PAR  It will be observed that the removable bearing cone segment 48 is disposed
      as close to the rotating blades 21 of the last rotating blade row 22 as
      the bearing cones of the prior art. It is also to be observed that the
      removable bearing cone segment 48 is fabricated so as to avoid abrupt
      changes and irregularities in the diffuser channel 40, thus maintaining
      smooth flow in the area of the removable bearing cone segment 48. The
      pocket structure 44 is securely affixed and sealed to the bearing cone 24
      and the gland support ring 26 to insure that fluid leakage from the
      interior of the turbine 12 through the gap 50 is prevented.
PAR  Withdrawal of the mounting means 52, which secures the removable bearing
      cone segment 48 to the gland support ring 26, and the removal of the
      removable bearing cone segment 48, provides the removal pocket 46 which
      permits axial movement of rotating blades 21 from the last rotating blade
      row 22 thereinto. Thus, damaged blades 21 in the last rotating blade row
      22 can be withdrawn into the removal pocket 46 and extracted from the
      interior of the turbine 12 without necessitating the dismantling of the
      outer cylinder cover 12 and the inner cylinder cover 14. It is to be
      understood that any apparatus or method which utilizes a removal pocket or
      provides a space within the turbine to permit axial movement of either a
      rotating blade from the last rotating blade row or axial movement of a
      blade fastening means for a last row rotating blade is within the
      contemplation of this invention.
PAR  Referring now to FIG. 4, an elevation view of a portion of the low pressure
      turbine 12, taken along lines IV--IV in FIG. 1 is shown. In FIG. 4, the
      removal pocket structure 44 is disposed at a predetermined position on the
      bearing cone 24. The removable bearing cone segment 48 (FIGS. 2 and 3) of
      the bearing cone 24 is disposed on that portion of the bearing cone 24
      surrounded by the removal pocket structure 44.
PAR  In the prior art, the flow guide member 42 is usually fabricated of two
      sutstantially semicircular members which meet along the horizontal
      centerline of the turbine apparatus to provide an integrated flow guide
      member. In the flow guide 42 taught by this invention, one of the
      substantially semicircular members is shown as being segmented into a
      first flow guide segment 54 and a second flow guide segment 56. The first
      segment 54 is connected to the second flow guide segment 56 by suitable
      connection means, such as a bolt 58. The first segment 54 is less than
      half of the flow guide member 42.
PAR  The first flow guide segment 54 is affixed to the second segment 56 by the
      bolt 58 in such a manner that the bolt 58 is able to be removed by repair
      personnel from within the outer cylinder cover 12. Of course, entry into
      the outer cylinder cover 12 is effected by passage through the manway 38,
      which is disposed on that portion of the turbine outer cylinder cover 12
      closest to the first flow guide segment 54. In addition, the explosion
      door 28 is also positioned on the outer cylinder cover 12 so as to be near
      the first flow guide segment 54.
PAR  If, for any reason, it becomes necessary to repair or replace one of the
      blades 21 in the last rotating blade row 22, it is possible to effect such
      repairs without dismantling the outer cylinder cover 12 and the inner
      cylinder cover 14 of the turbine 10.
PAR  Repair or replacement of one of the blades in the last rotating blade row
      may be accomplished as follows: After allowing sufficient time to permit
      the turbine 12 to cool, workmen can gain entry into the diffuser channel
      40 through the manway 28 (FIG. 3). Once inside the diffuser channel 40,
      the repair personnel can proceed within the diffuser channel 40 to the
      point of attachment of the removable bearing cone segment 48 to the gland
      support ring 26 integral with the outer cylinder cover 12. Of course, the
      point of attachment between the removable bearing cone segment 48 and the
      gland support ring 26 may be accessible from outside the turbine outer
      cylinder 12.
PAR  The diffuser channel 40, between the flow guide member 42 and the bearing
      cone 24, varies depending upon the size of the turbine 10 involved. It is
      obvious that working conditions may be inhibited, if not entirely
      restrained, within the diffuser channel 40 of smaller sized turbines.
      However, the bolt 58 which secures the first flow guide segment 54 to the
      second flow guide segment 56 is accessible and able to be removed from
      within the outer cylinder cover 12. It is thus seen that ample work space
      within the diffuser channel 40 can be obtained if the first flow guide
      segment 54 is removed.
PAR  Once the bolt 58 is withdrawn, and other attachment features of the flow
      guide 42 not related to the invention are removed, a crane or hoist can be
      extended into the inner cylinder cover 14 through the explosion door 28.
      At this point, the first flow guide segment 54 is lifted away from the
      remainder of the flow guide 42 and, for convenience, is usually located at
      a predetermined position away from the area of repair work. Of course,
      repair personnel may work within the diffuser channel 40 of a larger
      turbine apparatus without removal of the first flow guide segment 54.
PAR  It is thus seen that removal of first flow guide segment 54 provides an
      ample work area within the turbine outer cylinder cover 12 for repair
      personnel. Referring again to FIG. 2, it is seen that the repair crew
      within the expanded work area is easily able to remove the screw 52 which
      secures the removable bearing cone member 48 to the gland ring 26. With
      the screw 52 removed, the removable bearing cone member 48 is able to be
      withdrawn from the repair area, and the removal pocket 46 is exposed to
      the interior of the turbine 12. Any configuration or method by which the
      removable bearing cone segment 48 is removed from outside the turbine 10
      to provide the removal pocket 46 within the outer cylinder 12 of the
      turbine 10 is also within the contemplation of this invention.
PAR  The work crew rotates the rotor 18 so that the damaged rotating blade 21 in
      the last rotating blade row 22 is directly adjacent to the removal pocket
      46. The workmen can then proceed to remove damaged rotating blade 21. This
      is accomplished as follows:
PAR  After the damaged blade 21 from the last rotating blade row 22 has been
      prepared for removal, the damaged blade 21 is moved axially downstream
      into the removal pocket 46. The volume of the removal pocket 46 provides
      sufficient axial space to permit movement of a damaged rotating blade 21
      completely into the removal pocket 46. After the damaged blade 21 is
      completely moved axially into the removal pocket 46, it is taken out of
      the turbine 12 and a replacement blade is passed to the workmen inside the
      turbine 12. Before inserting the new rotating blade, the root groove in
      the rotor 18 from which the damaged blade has been extracted is inspected
      and cleaned.
PAR  The replacement blade is inserted into the removal pocket 46 and moved
      axially into the turbine 12. The replacement blade is thus engaged into
      the root groove on the rotor 18. Once the rotating blades 21 are secured,
      and the replacement operation is finished.
PAR  The provision of the removal pocket 46 within the turbine outer cylinder 10
      permits axial movement of the turbine blade 21 thereinto, thus enabling
      damaged  pg,13 rotating blades 21 from the last rotating blade row 22 to
      be replaced without necessitating removal of the turbine outer cylinder
      cover 12 or iner cylinder cover 14. Such repair is economically
      advantageous in that it appreciably shortens the period of unavailability
      of the turbine 12 usually necessary for turbine repair.
PAR  After the rotating blades have been secured, the removable bearing cone
      segment 48 is mounted again on the bearing face 26 and the screw 52
      reinserted. The workmen then resecure the bolt 58 to reconnect the first
      flow guide segment 54 to the second flow guide segment 56. The repair crew
      exits the apparatus through the manway 38, thus completing the repair
      operation.
PAR  It is seen that the provision of the removal pocket 46 and the removable
      bearing cone member 48 provides a useful working volume into which
      rotating blades 21 from the last rotating blade row 22 can be axially
      moved, thus permitting replacement of such blades 21 without necessitating
      removal of the outer cylinder 10. It is also seen that the disposition of
      a flow guide member 42 having a separable first segment 54 and second
      segment 56 provides ample work area to permit repair personnel to repair
      or replace damaged rotating blades from the last rotating blade row. It is
      apparent that utilizing the teachings of this invention eliminates an
      appreciable portion of turbine unavailability due to repairs. The quicker
      repair time is directly equatable to an increased economic advantage for
      the user of a turbine embodying the teachings of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An outer cylinder for an axial flow turbine apparatus, said cylinder
      having a bearing inner cone portion and a gland support ring thereon, said
      cylinder surrounding a rotor having a rotating blade thereon, said
      cylinder comprising:
PA1  a sealed pocket structure formed in said bearing inner cone portion and
      said gland support ring, and,
PA1  a removable member attached to the interior of said outer cylinder over
      said pocket, said removable member comprising a segment of said bearing
      inner cone,
PA1  whereby the removal of said segment exposing said pocket within said
      cylinder adjacent to said blade in the direction of axial flow while said
      cylinder is surrounding said rotor, said pocket being of sufficient size
      to permit axial movement of a portion of said blade thereinto for the
      removal of the rotor blade.
NUM  2.
PAR  2. The outer cylinder of claim 1, wherein said, cylinder has a flow guide
      member disposed therein,
PA1  said flow guide and said bearing inner cone defining a diffuser channel
      within said cylinder, said channel communicating with said space provided
      when said segment is removed.
NUM  3.
PAR  3. The outer cylinder of claim 2, wherein said flow guide member has a
      removable portion thereon, said removable portion of said flow guide being
      less than one-half of said flow guide member, said removable portion of
      said flow guide being adjacent to said segment of said bearing inner cone.
NUM  4.
PAR  4. The outer cylinder of claim 1, wherein said sealed pocket structure is
      disposed at one predetermined location on said outer cylinder.
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PAL  A fan for use with pumps for pumping up sand from the bottom of a body of
      water having certain uniquely shaped vanes around the circumference of a
      truncated cone.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a fan for disturbing sand which is to be pumped
      up by sand pumps from the bottom of a body of water.
PAR  The object of this invention is to provide a fan which disturbs the sand at
      the bottom of the water over a wide area, and at the same time causes it
      to rise in a dispersed condition and be drawn up by the pump smoothly,
      with high efficiency.
PAR  Conventional fans for use with pumps for dredging up sand from the bottom
      of the water, have had vanes around the circumference of a cylinder, the
      object of which was to stir up the sand, but have had a low efficiency in
      sucking up the sand. When the fan was rotated at high speed so as to suck
      the sand in a short time before it settled, it promptly fell back in
      place. My new fan disturbs the sand sufficiently, sucks it up effectively,
      wears well, and excavates widely and efficiently.
DRWD
PAR  These and other advantages of this invention will be better understood upon
      consideration of the following detailed description of several embodiments
      of the invention with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a front view of a first embodiment of a fan for disturbing sand
      at the bottom of the water so that it may be pumped up efficiently;
PAR  FIG. 2 is a top plan view of the same fan;
PAR  FIG. 3 is a front view of a second embodiment of a fan for disturbing sand
      at the bottom of the water according to this invention;
PAR  FIG. 4 is a top plan view of the fan of FIG. 3;
PAR  FIG. 5 is a bottom view of the same fan;
PAR  FIG. 6 is a front view of the third embodiment of a fan for disturbing sand
      at the bottom of the water according to this invention;
PAR  FIG. 7 is a top plan view of the fan of FIG. 6;
PAR  FIG. 8 is a bottom view of the same fan;
PAR  FIG. 9 is a front view of the fourth embodiment of a fan for disturbing
      sand at the bottom of the water according to this invention;
PAR  FIG. 10 is a top plan view of the fan of FIG. 9;
PAR  FIG. 11 is a bottom view of the same fan; and
PAR  FIG. 12 is an illustration of the operation of a fan according to this
      invention.
DETD
PAR  Referring now to FIGS. 1-12, the illustrated embodiments of the cutter
      according to this invention will now be described.
PAR  As shown in FIG. 12, the fans 2 produce a downward whirlpool current 3
      around the circumference of a truncated cone 1. In one type of fan (4),
      illustrated in FIGS. 1 and 2, the lower parts of the vanes are straight
      and the upper parts curve toward the direction of rotation of the
      truncated cone. In FIGS. 3-5, the blades of the fan lie at an angle to the
      axis of the fan. In FIGS. 6-8, the blades curve gently with respect to the
      axis of the fan. And in FIGS. 9-11, the upper parts of the blades curve
      first in one direction and then in the other.
PAR  In operation, a truncated cone having vanes of the first, second, third or
      fourth type around its circumference, is mounted at the bottom of any
      suitable pump, and upon rotation thereof a wide area is excavated,
      thoroughly disturbing the sand at the bottom of the water, so that the
      pumping up which is the fundamental purpose of any sand pump is done
      efficiently.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fan for hydraulically disturbing sand at the bottom of a body of
      water, said fan comprising a central supporting member having a
      frusto-conical outer surface which is larger at its upper than its lower
      end and a plurality of vanes attached along their inner edges to said
      surface, said vanes being circumferentially distributed about said
      supporting member and extending for a substantially uniform distance from
      said frustoconical surface throughout their lengths, the lower part of
      each vane being substantially straight while its upper part is curved
      toward the direction of rotation of the fan.
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ABST
PAL  A hydraulic guide wheel blade adjusting mechanism for the turbine and/or
      the compressor of an exhaust-gas turbo-supercharger of an internal
      combustion engine, which includes a control slide valve and servo-pistons;
      the adjusting mechanism is thereby accommodated within the housing of the
      turbo-supercharger between the turbine and the compressor.
BSUM
PAR  The present invention relates to a hydraulic guide-wheel adjusting
      mechanism consisting of a control slide valve and of servo-pistons for the
      turbine or the compressor of the exhaust-gas turbo-supercharger of an
      internal combustion engine.
PAR  Such adjusting mechanisms serve for the automatic adaptation of the
      supercharge of the internal combustion engine to its different operating
      conditions and are influenced depending on the posed requirements as a
      function of the rotational speed, power output, exhaust gas temperature,
      charging air temperature of the internal combustion engine or the
      magnitude of the supercharging pressure or air pressure.
PAR  Known adjusting mechanisms for the guide blades of exhaust-gas
      turbo-superchargers are arranged externally of the turbo-supercharger
      aggregate, for example, at the internal combustion engine and are
      connected with the guide blades of the turbo-supercharger by way of
      linkages. These linkages involve an increased susceptibility to trouble
      and soiling, require servicing expenditures and structural space and are
      disadvantageous as a result of the required linkage play which in the
      course of time will increase as a result of wear.
PAR  The object of the present invention resides in so arranging the adjusting
      mechanism that the aforementioned disadvantages are avoided.
PAR  The underlying problems are solved in that the adjusting mechanism is
      arranged according to the present invention on the inside of the housing
      between the turbine and the compressor.
PAR  External linkages between the adjusting unit and the exhaust-gas
      turbo-supercharger are completely eliminated by the present invention. The
      adjusting unit itself is accommodated protected against dust and
      mechanical damages and requires no additional space. One attains by the
      cooling of the bearing places with the aid of the lubricating oil, which
      is customary in exhaust-gas turbo-supercharges, the assurance that also
      the adjusting unit is not heated excessively and is not impaired in its
      operation.
PAR  The supply of a separate auxiliary energy for the servo-piston or pistons
      is obviated in that the servo-piston during the actuation of the adjusting
      mechanism is acted upon by the pressure of the lubricating oil circulatory
      system of the exhaust-gas turbo-supercharger.
PAR  An advantageous construction with play compensation is achieved with guide
      blades rotatably supported in the flange of the guide blade wheel and
      connected with a common adjusting ring by way of levers in that a
      cylindrical control slide valve member and two servo-pistons disposed
      concentrically thereto are arranged in a bore of the housing intermediate
      the turbine and the compressor, whereby a lever secured at the adjusting
      ring is disposed between the two servo-pistons which is operatively
      connected with the servo-pistons by way of two displaceable or movable
      intermediate members.
PAR  If larger forces are required for the actuation of the guide blades, it is
      proposed according to the present invention that the adjusting mechanism
      consists of two adjusting units arranged symmetrically with respect to the
      turbo-supercharger axis and each including one control slide valve and two
      servo-pistons.
PAR  This arrangement may also be used according to a further proposal of the
      present invention in such a manner that one adjusting unit is coordinated
      to the guide wheel of the turbine and the second adjusting unit to the
      guide wheel or the bladed diffusor of the compressor.
PAR  Upon actuation of the adjusting mechanism as a function of the
      supercharging pressure, the control edges of the control slide valve
      member may overlap the control edges of the servo-piston by a
      predetermined amount for purposes of suppressing any occurring pressure
      peaks. The same effect can be attained with the arrangement of two
      adjusting units in that the return springs of the two control slide valve
      members are constructed of different strength and/or prestressed
      differently.
DRWD
PAR  These and further objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, several embodiments in accordance with the present
      invention and wherein:
PAR  FIG. 1 is a longitudinal cross-sectional view through an exhaust-gas
      turbo-supercharger of an internal combustion engine with an adjusting unit
      in accordance with the present invention, taken along line 1--1 of FIG. 2;
PAR  FIG. 2 is a cross-sectional view through the exhaust-gas
      turbo-superchargers arrangement of an adjusting unit according to the
      present invention, taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a partial detail cross-sectional view, on an enlarged scale,
      illustrating the construction of the control edges within the area
      encircled in dash and dot lines in FIG. 2; and
PAR  FIG. 4 is a cross sectional view through an alternate embodiment of an
      exhaust-gas turbo-supercharger in accordance with the present invention;
      and
PAR  FIG. 5 is a cross-sectional view through a further embodiment of an
      exhaust-gas turbo-supercharger in accordance with the present invention.
DETD
PAR  Referring now to the drawing wherein like reference numerals are used
      throughout the various views to designate like parts, a turbine wheel or
      rotor 12 and a compressor wheel or rotor 13 are rotatably supported in a
      housing 11 of the exhaust-gas turbo-supercharger. Both rotors 12 and 13
      are securely connected with each other by way of a common shaft 14 so as
      to rotate in unison with each other. A guide wheel having guide wheel
      blades 16 rotatably supported in a guide wheel flange 15, is arranged
      upstream to the turbine wheel 12, as viewed in the flow direction.
PAR  The exhaust gases of the internal combustion engine flow by way of an
      annular channel 17 past the guide wheel blades 16 onto the blades of the
      turbine wheel 12 and produce thereby a torque driving the compressor rotor
      13. The internal combustion engine (not shown) is supercharged with the
      quantity of air sucked in by way of an air inlet 18 and compressed by the
      compressor wheel 13. The supercharging pressure which is measurable within
      a diffusor 19 is used in the illustrated embodiment for the control of the
      guide blade openings of the turbine wheel.
PAR  According to the present invention, an adjusting mechanism 21 is arranged
      within the housing 11 of the exhaust-gas turbo-supercharger between the
      turbine and the compressor. This adjusting mechanism 21 consists of a
      cylindrical control slide valve member 22 which is acted upon with the
      supercharging pressure by way of a line 23 against the force of a spring
      24, and of two servo-pistons 25 and 26 arranged concentrically to the
      control slide valve member 22. An adjusting ring 28 common to all guide
      blades 16 and connected with the same by way of levers 27 includes a
      further lever 29 rigidly secured thereat, which protrudes between the two
      servo-pistons 25 and 26 and is operatively connected with the same by way
      of two movable intermediate members 31 and 32.
PAR  Control edges 33 are provided at the control slide valve member 22 and
      control edges 34 are provided at the servo-pistons 25 and 26. By means of
      these control edges, the pressure oil stemming from the lubricating oil
      circulatory system for the bearings of the exhaust-gas turbo-supercharger
      which is fed to the adjusting mechanism through a bore 35, is valved,
      depending on the position of the control slide valve member 22, into a
      pressure space 36 or 37 whereas the other pressure space 37 or 36 is
      connected with the oil return 38. As a result thereof, the servo-pistons
      25 and 26 follow the movements of the control slide valve member 22 and
      displace at the same time the common adjusting ring 28 for the guide blade
      16 by way of the movable intermediate members 31 and 32 and by way of the
      lever 29. It is achieved by the arrangement of an overlap 39 of the
      control edges 33 of the control slide valve member 22 with respect to the
      control edges 34 of the two servo-pistons 25 and 26 that occurring
      pressure fluctuations of the supercharging pressures, as will result with
      periodically strong fluctuating air removals by the individual cylinders
      of an engine, will set the control slide valve member 22 into movement,
      however, these pressure fluctuations are suppressed in their effect on the
      servo-pistons and therewith also on the guide blade adjustment. By the
      arrangement of two servo-pistons, additionally every play between
      servo-pistons and adjusting ring can be eliminated with the aid of the
      construction of the control edges because the two servo-pistons are
      continuously stressed against one another.
PAR  As shown in FIG. 4, it is possible corresponding to the described
      arrangement to accommodate within the housing 11 of the exhaust-gas
      turbo-supercharger two adjusting units 21, 21' arranged symmetrically to
      one another and to cause both units to act on one and the same adjusting
      ring also as shown in FIG. 5, it is possible to coordinate one adjusting
      unit 21 to the guide wheel of the turbine and a second adjusting unit 21'
      to the guide wheel or the bladed diffusor 41 of the compressor by a lever
      42.
PAR  While I have shown and described several embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A hydraulic adjusting mechanism for an exhaust gas turbo-supercharger of
      an internal combustion engine, the exhaust gas turbo-supercharger
      including a lubricating oil circulatory system, turbine means, compressor
      means, means for connecting said turbine means with said compressor means
      so as to rotate said turbine means and said compressor means in unision,
      guide wheel blade means provided on at least one of said turbine means and
      said compressor means for directing the flow of gases through the
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means for housing said connecting means, and means for
      communicating the lubricating oil circulatory system with the adjusting
      mechanism, the adjusting mechanism comprising a control slide valve means
      for the control of the pressure of the lubricating oil system acting upon
      the adjusting mechanism and servo-piston means operatively connected with
      said guide wheel blade means for adjusting the position thereof, and means
      provided in said housing means for accommodating said control slide valve
      means and said servo-piston means.
NUM  2.
PAR  2. An adjusting mechanism according to claim 1, wherein said guide wheel
      blade means includes guide blades, and wherein said guide blades are
      provided on said turbine means.
NUM  3.
PAR  3. An adjusting mechanism according to claim 1, wherein said servo piston
      means includes two servo pistons concentrically disposed with respect to
      said control slide valve means, the pressure of the oil circulatory system
      of the exhaust-gas turbo-supercharger acts upon a respective servo-piston
      during actuation of said adjusting mechanism.
NUM  4.
PAR  4. An adjusting mechanism according to claim 1, wherein the
      turbo-supercharger further includes a guide blade wheel having a flange,
      said guide blade means being rotatably supported within said flange, said
      adjusting means including a common adjusting ring means, lever means
      operatively connected with said adjusting ring means, said means for
      accommodating said control slide valve means and said servo-piston means
      includes a bore provided in said housing means, and wherein two movable
      intermediate members are provided for operatively connecting said lever
      means with said servo-piston means.
NUM  5.
PAR  5. An adjusting mechanism according to claim 4, wherein said control slide
      valve means and said servo-piston means each include control edges, and
      wherein the control edges of the control slide valve means overlap the
      control edges of the servo-piston means by a predetermined amount.
NUM  6.
PAR  6. An adjusting mechanism according to claim 4, wherein said servo-piston
      means includes two servo-pistons concentrically disposed with respect to
      said control slide valve means, and wherein one end of said lever means is
      secured to said adjusting ring means, the other end of said lever means is
      disposed between said two servo-pistons.
NUM  7.
PAR  7. An adjusting mechanism for an exhaust gas turbo-supercharger of an
      internal combustion engine, the exhaust gas turbo-supercharger including a
      lubricating oil circulatory system, turbine means, compressor means, guide
      wheel blade means provided on at least one of said turbine means and said
      compressor means for directing the flow of gases through the
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means, the adjusting mechanism comprising a control
      slide valve means for the control of the pressure of the lubricating oil
      system acting upon the adjusting mechanism, servo piston means operatively
      connected with said guide wheel blade means for adjusting the position
      thereof, the adjusting mechanism being disposed in said housing means
      between said turbine means and said compressor means, a bladed diffusor
      provided on said compressor means, means for operatively connecting the
      adjusting mechanism with said bladed diffusor of the compressor means.
NUM  8.
PAR  8. An adjusting mechanism for an exhaust gas turbo-supercharger of an
      internal combustion engine, the exhaust gas turbo-supercharger including a
      lubricating oil circulatory system, turbine means, compressor means, guide
      wheel blade means provided on at least one of said turbine means and said
      compressor means for directing the flow of gases through said
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means, the adjusting mechanism comprising two
      adjusting unit symmetrically arranged with respect to the
      turbo-supercharger axis, each of said adjusting units including a control
      slide valve means for the control of the pressure of the lubricating oil
      system acting upon the adjusting mechanism, and two servo-piston means
      operatively connected with said guide wheel blade means for adjusting the
      position thereof, said two adjusting units being disposed in said housing
      means between said turbine means and said compressor means.
NUM  9.
PAR  9. An adjusting mechanism according to claim 8, wherein said guide blade
      means includes a guide wheel, said guide wheel being provided on said
      turbine means, said compressor means being provided with at least one of a
      guide wheel and a bladed diffusor, and wherein one of said adjusting units
      is operatively connected to said guide wheel of said turbine means, the
      other of said adjusting units is operatively connected to one of said
      guide wheel and said bladed diffusor of said compressor means.
NUM  10.
PAR  10. An adjusting mechanism according to claim 8, wherein said control slide
      valve means of said two adjusting units are subjected to differing return
      forces.
NUM  11.
PAR  11. An adjusting mechanism according to claim 8, wherein return spring
      means are provided for each control slide valve means, said spring means
      of said two control valve means being of different strength.
NUM  12.
PAR  12. An adjusting mechanism according to claim 8, wherein return spring
      means are provided for each control slide valve means, said return spring
      means being differently prestressed.
NUM  13.
PAR  13. An adjusting mechanism for an exhaust gas turbo-supercharger of an
      internal combustion engine, the exhaust gas turbo-supercharger including a
      lubricating oil circulatory system, turbine means, compressor means, guide
      wheel blade means provided on at least one of said turbine means and said
      compressor means for directing the flow of gases through said
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means, the adjusting means comprising a control slide
      valve means for the control of the pressure of the lubricating oil system
      acting upon the adjusting mechanism, and servo-piston means operatively
      connected with said guide wheel blade means for adjusting the piston
      thereof, said servo-piston means including two servo-piston concentrically
      disposed with respect to said control slide valve means, the pressure of
      the oil circulatory system of the exhaust-gas turbo-supercharger acts upon
      a respective servo-piston during actuation of said adjusting mechanism,
      said turbo-supercharger further includes a guide blade wheel having a
      flange said guide blade means being rotatably supported within said
      flange, said adjusting means further including a common adjusting ring
      means, lever means operatively connected with said adjusting ring means,
      said control slide valve means and said two servo-pistons being disposed
      within a bore of the housing means between the turbine means and the
      compressor means, and wherein two movable intermediate members are
      provided for operatively connecting said lever means with said
      servo-pistons.
NUM  14.
PAR  14. An adjusting mechanism according to claim 13, wherein one end of said
      lever means is secured to said adjusting ring means, the other end of said
      lever means is disposed between said two servo-pistons.
NUM  15.
PAR  15. An adjusting mechanism for an exhaust gas turbo-supercharger of an
      internal combustion engine, the exhaust gas turbo-supercharger including a
      lubricating oil circulatory system, turbine means, compressor means, guide
      wheel blade means provided on at least one of said turbine means and said
      compressor means for directing the flow of gases through the
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means, the adjusting mechanism comprises two adjusting
      units symmetrically arranged with respect to the turbo-supercharger axis,
      each of said adjusting units including a control slide valve means for the
      control of the pressure of the lubricating oil system acting upon the
      adjusting mechanism, and two servo-piston means operatively connected with
      said guide wheel blade means for adjusting the position thereof, the
      adjusting means being disposed in said housing means between said turbine
      means and said compressor means.
NUM  16.
PAR  16. An adjusting mechanism according to claim 15, wherein said guide blade
      means includes a guide wheel, said guide wheel being provided on said
      turbine means, said compressor means being provided with at least one of a
      guide wheel and a bladed diffusor, and wherein one of said adjusting units
      is operatively connected to said guide wheel of said turbine means, the
      other of said adjusting units is operatively connected to one of said
      guide wheel and said bladed diffusor of said compressor means.
NUM  17.
PAR  17. An adjusting mechanism for an exhaust gas turbo-supercharger of an
      internal combustion engine, the exhaust gas turbo-supercharger including a
      lubricating oil circulatory system, turbine means, compressor means, guide
      wheel blade means provided on at least one of said turbine means and said
      compressor means for directing the flow of exhaust gases through the
      turbo-supercharger, housing means interposed between said turbine means
      and said compressor means, the adjusting mechanism comprising two
      adjusting units, each of said adjusting units includes a control slide
      valve means for the control of the pressure of the lubricating oil system
      acting upon the adjusting mechanism and servo-piston means operatively
      connected with said guide wheel blade means for adjusting the position
      thereof, the control slide valve means of said two adjusting units are
      subjected to differing return forces, and wherein said two adjusting units
      are disposed in said housing means between said turbine means and said
      compressor means.
NUM  18.
PAR  18. An adjusting mechanism according to claim 17, wherein return spring
      means are provided for each control slide valve means, said spring means
      of said two control slide valve means being of different strength.
NUM  19.
PAR  19. An adjusting mechanism according to claim 17, wherein return spring
      means are provided for each control slide valve means, said return spring
      means being differently prestressed.
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ABST
PAL  An improved pumping apparatus featuring a rotating frame having
      lever-actuated pump assemblies located thereabout. The levers are weighted
      at their distal ends and pivot about fixed fulcrum points as the frame
      rotates. The proximal ends of the levers are spur gears that engage and
      reciprocate a pump rod of each pump assembly via a rack gear portion of
      the pump rod. Pistons disposed in pump cylinders are connected to ends of
      the pump rods, and these pistons apply pumping force to a fluid, the fluid
      being communicated to the pump cylinders via conduit means that
      communicate with external fluid sources through an annulus pipe, and
      through an interdisposed inner pipe, these pipes also serving as the axle
      support for the frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates generally to improvements in energy-imparting
      systems and more particularly, but not by way of limitation, to rotary
      fluid pumps. 2. Brief Description of Prior Art
PAR  There have been many devices conceived and taught with the view of
      providing a pump wherein the lifting power is supplied by weighted members
      that are caused to move under the influence of gravitational force. These
      generally have met with limited success due to several factors, but
      largely relating to limitations of the apparatus.
PAR  Prior art devices have in some manner attempted to exploit the potential
      energy of a partially restrained weight moved by the continuing
      displacement of its position on a power rotated frame. As with all
      mechanical devices, efficiency is a dominating consideration, and none of
      the prior art devices have to date provided an efficient means of
      transferring the derived power of gravitationally moved weights to a
      pumped media, namely to a compressible or non-compressible fluid.
PAR  Several prior art devices may be found in the patents to Gerling, U.S. Pat.
      No. 1,408,188; Code, U.S. Pat. No. 734,303; Smith, U.S. Pat. No.
      1,000,305; Johnson, U.S. Pat. No. 2,083,847; Anabale, U.S. Pat. No.
      272,616; and Golle, U.S. Pat. No. 1,370,305.
PAC  Summary of Invention
PAR  The present invention contemplates a fluid pumping apparatus that features
      a frame rotatable about its axle having a plurality of levers that are
      pivotally connected by fulcrum shafts to the frame. Each lever is
      connected to its respective fulcrum shaft near a proximal end of the
      lever, and a weight is attached to each of the levers at the distal end of
      the lever. The proximal end, in the preferred embodiment, has the shape of
      a spur gear that powers a pump assembly through gearing engagement with a
      pump rod having a rack gear portion. Connected to the ends of the pump rod
      are pistons that are slidingly disposed in pumping cylinders. Conduit
      means and valve means are provided whereby fluid is provided to the pump
      cylinders and the energy of the reciprocating pump rods and pistons is
      imparted to the fluid.
PAR  An object of the present invention is to provide a rotatable, lever
      actuated pumping apparatus capable of efficiently imparting the energy of
      gravitationally influenced weights to a pumped fluid.
PAR  Another object of the invention is to provide a rotatable, lever actuated
      pumping apparatus that utilizes the power amplification of the lever and
      fulcrum principle of physics.
PAR  Another object of the present invention is to provide a rotatable, lever
      actuated pumping apparatus that achieves the above objects in a highly
      compact apparatus.
PAR  Another object of the present invention is to provide a rotatable, lever
      actuated pumping apparatus that will achieve the above objects with
      economy of construction, operation and maintenance.
PAR  Other objects and advantages of the present invention will be evident from
      the following detailed description when read in conjunction with the
      accompanying drawings which illustrate an embodiment of the invention.
DRWD
PAC  A Brief Description of the Drawings
PAR  FIG. 1 is a semi-diagrammatical representation of the apparatus of the
      present invention, and is a cross sectional representation taken at 1--1
      in FIG. 2.
PAR  FIG. 2 is a semi-diagrammatical representation of the present invention
      shown in plan view as taken at 2--2 of FIG. 1.
PAR  FIG. 3 is a semi-diagrammatical representation of one of the pump
      assemblies.
DETD
PAC  A Detailed Description of the Preferred Embodiment of the Invention
PAR  Referring to the drawings in general, and in particular to FIG. 1, a
      semi-diagrammatical representation of the rotatable, lever actuated
      pumping apparatus of the present invention is generally designated by the
      numeral 10. Shown therein is a portion of a generally cylindrical frame 11
      that comprises a pair of circular, generally parallel plates 12 (only one
      of which is shown in FIG. 1). Each of the plates 12 has a hub portion 14,
      a peripheral portion 16, and interconnecting spoke members 18. A perimeter
      plate 20 is attached normal to the outer edge of peripheral portion 16 and
      joins the two circular plates 12, as shown in FIG. 2. The preferred
      embodiment has two of the plates 12 in parallel spacial relationship, one
      of these plates being removed in the representation shown in FIG. 1. The
      plates 12 together with the perimeter plate 20 comprise the rotatable
      frame 11 in the present invention.
PAR  Connected through the hub portion 14 and normal to the plates 12, is the
      axle 22 about which the apparatus rotates. Axle 22 comprises an annulus
      pipe 24 that runs through and is connected to each of the plates 12, as
      best can be seen in FIG. 2. Annulus pipe 24 has an end plate 26 and
      converges to a bearing portion 28. Shown in FIG. 2 in cross section is a
      stationary fluid header 30. The bearing portion 28 extends into header 30
      through an appropriately sized aperture and is sealed by conventional
      methods as by ring seal 32. As will become clear below, bearing portion 28
      rotates with the frame 11 and serves as an input conduit for fluid
      communication from header 30.
PAR  Extending through the end plate 26 and partially disposed within annulus
      pipe 24 is the inner pipe 34 which is sealed from communication with
      annulus pipe 24 by means of end plate 36. Located at the other end of
      inner pipe 34 is a stationary output collector 38. As was described for
      the bearing portion 28, the inner pipe 34 extends into an appropriately
      sized aperture in the collector 38 and has a ring seal 40 of the same
      structure as the ring seal 32. The inner pipe 34 serves to provide fluid
      communication for the fluid output of apparatus 10.
PAR  From the structure viewed in FIG. 2, it is seen that the weight of the
      apparatus is borne on bearing blocks 42. These blocks 42 are conventional
      and need not be described herein for purposes of disclosure. It is
      sufficient to state that the bearing blocks 42 hold the weight of
      apparatus 10 while permitting rotation relative thereto. As will be clear
      from the following discussion, the present invention contemplates that the
      apparatus 10 is oriented so that the plates 12 lay in generally vertical
      planes relative to the earth's surface. The purpose of this of course is
      to properly harness the gravitational forces with maximum vector
      application on the weights, which will be described shortly.
PAR  Affixed to the axle 22, at a convenient location, is the power applicator
      wheel 44, shown in FIG. 2 attached to the external portion 46 of inner
      pipe 34. More detail is not necessary, other than to indicate that
      conventional power means is applied to rotate apparatus 10. For example,
      this may be accomplished by endless belts connected to the power wheel 44
      and to the pulley of an electrical motor of appropriate size.
PAR  To this point in the disclosure, it has been established that the apparatus
      10 comprises a cylindrical frame 11 that is made up of the parallel,
      circular plates 12 affixed to, and horizontally rotatable on, the axle 22
      by means of an external source turning the power wheel 44. Attention now
      will be turned to the use of rotating frame 11 for the purpose of pumping
      a fluid.
PAR  Shown in FIG. 1 are plurality of weighted levers 48. Each of the levers 48
      is bearingly connected to the plates 12 on a fulcrum shaft 50 that extends
      between the plates 12, as shown in FIG. 2. It will be understood that
      bearing means, not shown, are provided to facilitate the pivotation of the
      levers 48 on fulcrum shafts 50. As shown in FIG. 2, the levers 48 are
      variously placed on the fulcrum shafts 50 so as to form tiers of
      displacement so that the swinging levers will not interfere with each
      other during their travel, or sweep.
PAR  As shown in FIG. 1, all of the fulcrum shafts 50 are equidistantly spaced
      from the center of plate 12 on a reference circle 52 which is concentric
      about that center. This placement serves to generally balance the weight
      of the apparatus 10 about its rotational center, although the shifting
      weights described below cause a continuous offsetting, thereby biasing the
      frame 11.
PAR  Shown as 54 in FIG. 1 are weights attached to each of the levers 48 at the
      ends distal to the fulcrum shaft or points 50. The various orientations of
      the levers 48 in FIG. 1 are effected by the gravitational influence upon
      the weights 54 as each weight seeks to come to a low point in its sweep
      under the influence of gravitational pull.
PAR  Although not essential to the present invention, it is advisable to provide
      the arcuate guides 56 that comprise a pair of curved plates 58 weldingly
      connected to the plates 12 in parallel planar displacement so as to define
      the space 60 wherein the levers 48 travel or sweep. Near the ends of the
      guides 56 are placed shock stops 62 which are merely thick plates of metal
      or an elastomeric material disposed in space 60 and attached to both of
      the plates 58 in an apparent manner. These are represented by the dash
      lines shown in FIG. 1.
PAR  At the other end of each of the levers 48, opposite the distal end to which
      the weights 54 are attached, the ends of the levers 48 proximal to the
      fulcrum shaft 50, have the shape of spur gears 66, the gear teeth of which
      are equidistantly spaced relative to the pivot point 50.
PAR  Guide rollers 63 are mounted on the levers 48 to keep the swing of the
      levers 48 evenly spaced within the space 60. These rollers 63 are of
      conventional design and are represented in semi-detail in FIGS. 1 through
      3. These bear against the guide plates 58 and serve to assure that the
      sweep of the levers 48 is maintained true. While not essential to the
      invention herein, this feature plays an important part in minimizing shock
      created by weight resonance and the like.
PAR  It should be noted that the placement of a lever 48 on one of the fulcrum
      shafts 50 determines the position of the lever relative to the plates 12.
      This provides tiers A, B and C that overlap as shown in FIGS. 1 and 2.
      Tiers A and C are disposed near each of the plates 12, while tier B is an
      intermediate position therebetween as can be more readily understood by
      referring to FIG. 2. For illustration purposes only, the embodiment of the
      invention shown as apparatus 10 has been shown with nine levers 48 and
      guides 56, with three of the levers and guides in tier A, three in tier B,
      and three in tier C. This is illustrative only, and the purpose here is to
      disclose the principle of overlapping tiers to achieve compactness of the
      apparatus 10, having a maximum number of weighted levers available in a
      minimum amount of space.
PAR  In the semi-diagrammatical views of FIGS. 1 and 2, the attachment of guide
      plates 58 to the peripheral portion 16 of plates 12 may not be apparent.
      However, it is sufficient to say that these are attached by cross braces
      that span between the plates 12 in a conventional manner so as to position
      the guide plates appropriately.
PAR  Positioned relative to each of the levers 48 is a pump assembly 70, one of
      which is shown in FIG. 3. The pump assembly 70 is comprised of a first
      pump cylinder 72 and a second pump cylinder 74, each of which is attached
      to the perimeter plate 20 by means of the standoffs 76. Extending between
      the opposing cylinders 72 and 74 is the pump rod 76 which has a rack gear
      portion 78. The spur gear 66 of the lever 48 is gearingly engaged with the
      rack gear portion 78 of the pump rod 76.
PAR  Attached to the two ends of pump rods 76 is the first piston 80 disposed in
      the first cylinder 72, and the second piston 82 disposed in the cylinder
      74. The cylinders 72, 74 are double acting, being completely sealed except
      for the appropriately sized apertures to admit the extension of pump rod
      76 thereinto. Of course, appropriate seals 84 of conventional design are
      provided to seal the cylinders from fluid leakage.
PAR  Each end of the cylinders 72, 74 are provided conduit means 86 that provide
      fluid communication with the ends of the cylinders to the annulus and
      inner pipes located at the hub of the frame 11. Each conduit means 86
      comprises a fluid inlet conduit 88 and fluid outlet conduit 90. The inlet
      conduits 88 extend as shown and are connected with the annulus pipe 24.
      The outlet conduit 90 extends through the annulus pipe 24 and is connected
      to the inner pipe 34. While the semi-diagrammatical view shown in FIG. 1
      shows the conduit means 86 extending in generally straight line fashion to
      the hub of the frame 11, it will be understood that these conduits may be
      contoured in any convenient manner in order to clear the structure of
      apparatus 10.
PAR  As will be understood by persons having ordinary skill in the art of pumps,
      valve means 92 must be provided which cooperate with the conduit means 86
      to alternately permit injection and exhausting of fluid into the ends of
      the cylinders 72, 74 in order to complete the pumping capability of the
      pump assembly 70. With the reciprocation of pump rod 76, the pistons 80,
      82 are caused to move back and forth in the cylinders 72, 74. Conventional
      valve means 92 are provided for this function and need not be described in
      detail for the purposes of disclosure herein. It is sufficient to indicate
      that there are a number of conventional ways to valve the conduit means in
      timed sequence with the cycling of the pistons in the cylinders so that
      each end of the cylinder has, in sequence, an intake cycle and an output
      cycle.
PAR  The apparatus described for pump assembly 70 has been that of a double
      acting pump for each of the cylinders 72, 74. It should be noted that each
      cylinder is continuously pumping so long as the pump rod 76 is
      reciprocating relative to the pistons.
PAR  The description of the apparatus 10 above, as complemented by the
      semi-diagrammatical views of FIGS. 1 through 3, has presented the basic
      invention herein claimed. In practice, it is contemplated that two or more
      of the apparatus 10 may be linked serially on the same axle.
PAC  AN OPERATION OF THE PREFERRED EMBODIMENT
PAR  The above described method of mounting pumps on the side and around the
      perimeter of a wheeled frame is for the purpose that they will revolve
      with the frame when the frame is turned by its axle. The pump assemblies
      are mounted such that the pump cylinders oppose each other in the
      assemblies. The pistons are connected by a gear driven rod that drives the
      pistons in the cylinders through their cyling. Pump rod reciprocation is
      effected by the spur gear of the proximal end of the levers pivoting about
      the fulcrum shafts 50. The spur gear 66 is attached to a lever having a
      weight on the opposite or distal end thereof. This apparatus can also be
      made with one cylinder instead of opposing cylinders as described above.
PAR  The reason that the pump assemblies are mounted on the perimeter plate 20
      is that when the apparatus 10 is rotated, the weights on the ascending
      side will fall back forcing the pistons to complete a stroke, and then,
      when they come down the descending side of the wheel, the action will be
      reversed, thereupon making another stroke. This produces two strokes per
      revolution for each weight-lever combination. The apparatus 10 in
      operation is not uniformly weight balanced in that it has more weights on
      the ascending side than on the descending side.
PAR  As the frame 11 is rotated in the direction 96, each of the weights 54 is
      caused to be lifted as its fulcrum shaft is ascending, up to a point where
      the center of gravity of the weight is no longer supported by its
      respective stop 62, from which time on the weight falls through its sweep
      as indicated by the varying positions of the weights shown in FIG. 1.
PAR  With the sweeping motion of the lever caused by the gravitational pull on
      the weights 54, the spur gears 66 drivingly engage, and reciprocatingly
      move, the rack gear portion 78 of the pump rod 76. This action causes the
      pistons 80, 82 in the pump assembly 70 to pump fluid injected by the inlet
      conduits 88, drawing fluid from the annulus pipe 24 and feeder header 30.
      On the pumping cycle, fluid is pumped through the outlet conduits 90 into
      the inner pipe 34 to the output collector 38.
PAR  The volume of discharge and pounds per square inch from the pump assemblies
      70 is predetermined and taken into account for the selection of the size
      of cylinder bore, length of stroke, length of the fulcrum, length of the
      lever, size of the weights and the number of pumps mounted. The length of
      the stroke and the size of the spur gear will determine the degrees of
      action for the lever and weights. The length of the lever determines the
      length of the sweep of the lever and weights. The size of the spur gear,
      the length of the lever and the size of the weights will determine the
      amount of the thrust to the pump rods and pistons.
PAR  The construction and operation of the apparatus 10 of the present invention
      takes advantage of the multiplying power of the fulcrum and lever
      principle in greatly increasing thrust transferred to the pistons. It
      should also be noted that the amount of energy required to operate the
      pumps and to raise the weights is an offsetting factor that assists in
      transfer of energy to the energized fluid. At the same time, this movement
      forces additional thrust in moving the pistons, high volume flow and/or
      large pressure increases possible.
PAR  For given dimensions of apparatus 10, there is a rate of rotation that is
      most efficient. This is the rotation that times the sweeping of the
      weights on the ascending side so that they will be nearing their
      respective stops as the gravitational effects on the weights are
      decreasing because of the positioning of the wheel. This will diminish or
      eliminate the shock of the levers striking the stops, and will provide for
      smooth operation of apparatus 10.
PAR  It is clear from the above description, taken in conjunction with the
      accompanying drawings, that the apparatus described in an improved
      rotatable, lever actuated pump well capable of achieving the stated
      objects. It will be recognized that changes may be made in the
      construction and in the arrangement of the parts or the elements of the
      embodiment disclosed herein without departing from the spirit and scope of
      the invention as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for pumping a fluid, comprising:
PA1  a rotatable frame having an axle;
PA1  bearing means rotatingly supporting said axle generally horizontally for
      rotation;
PA1  a plurality of levers, each lever pivotally connected at fulcrum point on
      the frame removed from the axle and in close proximity to a proximal end
      of the lever;
PA1  a plurality of weights, one of the weights connected to each of the levers
      at a distal end of the respective lever, the weights positioned for
      variable displacement from the center of the frame as the levers pivot on
      the fulcrum points; and,
PA1  pump means engaged by the proximal ends of the levers, pumping said fluid.
NUM  2.
PAR  2. The apparatus of claim 1 wherein:
PA1  the axle comprises:
PA2  an annulus pipe having fluid communication external to the apparatus; and,
PA2  an inner pipe disposed in said annulus pipe and sealed therefrom, having
      fluid communication external to the apparatus; and,
PA1  the pump means has fluid communication with the the annulus and inner
      pipes.
NUM  3.
PAR  3. The apparatus of claim 2 further defined to include power means rotating
      said frame.
NUM  4.
PAR  4. The apparatus of claim 1 wherein each lever is guided throughout its
      sweep by an arcuate guide.
NUM  5.
PAR  5. An apparatus for pumping a fluid, comprising:
PA1  a rotatable frame having an axle, the axle comprising:
PA2  an annulus pipe having fluid communication external to the apparatus; and,
PA2  an inner pipe disposed in said annulus pipe and sealed therefrom, having
      fluid communication external to the apparatus;
PA1  bearing means rotatingly supporting said axle generally horizontally for
      rotation;
PA1  a plurality of levers, each lever pivotally connected at a fulcrum point on
      the frame removed from the axle and in close proximity to a proximal end
      of the lever, the proximal end of each lever having the shape of a spur
      gear pivotal about the respective fulcrum point of the lever;
PA1  a plurality of weights, one of the weights connected to each of the levers
      at a distal end of the respective lever; and,
PA1  a plurality of pump assemblies supported on the frame, each pump assembly
      powered by one of the levers and comprising:
PA2  a pump cylinder mounted on the frame;
PA2  a pump rod having a rack gear portion in reciprocating communication with
      the proximal end of the respective lever;
PA2  a piston slidingly disposed in the pump cylinder;
PA2  conduit means for connecting each end of the pump cylinder to the annulus
      pipe and to the inner pipe for fluid communication therewith and,
PA2  valve means cooperating with the conduit means for providing alternating
      fluid communication from the annulus pipe and inner pipe to each end of
      the pump cylinder.
NUM  6.
PAR  6. The apparatus of claim 1 wherein the levers are arranged in overlapping
      tiers.
NUM  7.
PAR  7. A fluid-pumping apparatus comprising: a rotatable frame having an axle;
PA1  bearing means rotatingly supporting said axle;
PA1  a plurality of levers, each lever having a proximal end and a distal end,
      the levers pivotally connected to said frame at fulcrum points located in
      close proximity to the proximal ends and uniformly spaced on a reference
      circle concentric with the center of the circular frame, each lever having
      a weight connected to its distal end and the proximal end of each lever
      having the shape of a spur gear; and,
PA1  a plurality of pump assemblies connected to the frame, each of the pump
      assemblies drivingly connected to one of the levers and comprising:
PA2  a first pump cylinder mounted on the frame;
PA2  a reciprocatable pump rod having a rack gear portion in driving
      communication with the spur gear of the proximal end of the respective
      lever;
PA2  a first piston slidingly disposed in the first pump cylinder for fluid
      pumping therein, and connected to one end of the pump rod;
PA2  first conduit means connecting each end of the first pump cylinder to an
      input conduit and to an output conduit; and,
PA2  first valve means cooperating with first conduit means providing
      alternating fluid communication from each end of the first cylinder to the
      input conduit and to the output conduit.
NUM  8.
PAR  8. The fluid-pumping apparatus of claim 7 wherein the pump assemblies
      further comprise:
PA1  a second pump cylinder mounted on the frame;
PA1  a second piston slidingly disposed in the second pump cylinder for fluid
      pumping therein, said second piston connected to the other end of the pump
      rod;
PA1  second conduit means connecting each end of the second pump cylinder to the
      input conduit and to the output conduit; and,
PA1  second valve means cooperating with second conduit means providing
      alternating fluid communication from each end of the second cylinder to
      the input conduit and to the output conduit.
NUM  9.
PAR  9. The fluid-pumping apparatus of claim 7 wherein the axle comprises:
PA1  an annulus pipe;
PA1  an inner pipe disposed in said annulus pipe and sealed therefrom; and,
PAL  wherein the first conduit means has fluid communication with said annulus
      and inner pipes, said annulus pipe having fluid communication with the
      input conduit and said inner pipe having fluid communication with the
      output conduit.
NUM  10.
PAR  10. The apparatus of claim 7 further defined to include power means
      rotating said frame.
NUM  11.
PAR  11. The apparatus of claim 7 wherein each lever is guided throughout its
      sweep by an arcuate guide.
NUM  12.
PAR  12. The apparatus of claim 7 wherein the levers are arranged in overlapping
      tiers.
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ABST
PAL  A variable displacement pump control assembly as for an axial piston pump
      having a swash plate actuating piston characterized in that the control
      assembly is embodied in the pump housing to provide a pressure compensated
      pump, or to provide a pressure compensated pump having an auxiliary
      modulator to control the pressure applied to the swash plate actuating
      piston to maintain a predetermined pressure drop across a variable area
      metering orifice embodied as in a directional control valve for a fluid
      motor, or to provide a pressure compensated pump having a horsepower
      modulator with or without the auxiliary modulator, said horsepower
      modulator providing desired control of horsepower in relation to pump
      delivery pressure and displacement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Axial piston variable displacement pumps with hydraulic swash plate
      actuators are well known in the art but in known constructions when it is
      desired to provide for pressure compensation with or without auxiliary
      modulation or to provide for pressure compensation with horsepower
      modulation (with or without auxiliary modulation), it has been necessary
      to provide a corresponding number of different pump housings or pump
      control assemblies with attendant substantially increased production and
      inventory costs.
PAC  SUMMARY OF THE INVENTION
PAR  The variable displacement pump control assembly herein is embodied in a
      single form of pump housing to selectively provide for pressure
      compensation, for pressure compensation with auxiliary modulation, for
      pressure compensation with horsepower modulation, or for pressure
      compensation with both auxiliary and horsepower modulation.
PAR  Other objects and advantages will appear from the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation view, partly in cross-section, of a variable
      volume pump in which the housing thereof embodies the pump control
      assembly;
PAR  FIGS. 2, 3 and 4 are cross-section views taken substantially along the
      lines 2--2, 3--3, and 4--4 of FIG. 1;
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The pump 1 herein shown by way of illustrative example is an axial piston
      pump such as that shown in U.S. Pat. No. 3,726,093 in which the
      displacement is varied by changing the angular position of the swash plate
      2, such change in swash plate angle being hydraulically effected by
      control of fluid pressure in the bore 3 in which the swash plate actuating
      piston 4 is axially movable. The pump housing 5 has an intake port 6
      leading into the intake chamber 7 and has an outlet or delivery port 8
      from which fluid under pressure is delivered upon driving of the drive
      shaft 9 which is journaled in said housing 5 in well known manner.
PAR  The pump 1 illustrated in FIGS. 1 to 4 provides for pressure compensation,
      auxiliary modulation, and horsepower modulation, all of which functions
      are accomplished in the unitary pump housing 5, and, as hereinafter
      explained in detail, the auxiliary modulation and/or the horsepower
      modulation may be omitted without any changes in the pump housing 5 other
      than plugging unused passages.
PAR  In the use of the FIGS. 1 through 4 pump 1, the outlet port 8 may be
      connected to the inlet port of a directional control valve assembly V and,
      in turn, the motor ports of the directional control valve assembly V will
      be connected to a fluid motor M. In a preferred form of application of the
      pump 1, the directional control valve assembly V may define therewithin a
      variable area orifice O which is of size depending upon the extent of
      movement of the valve member thereof to an operating position thus to vary
      the speed of actuation of the fluid motor M irrespective of load pressure.
      Accordingly, the pump 1 control should maintain a predetermined pressure
      drop across such variable area orifice O.
PAR  The pump housing 5 herein is provided with high and low signal passages 10
      and 11 which respectively sense the pressures upstream and downstream of
      such variable area orifice O, the high signal passage 10 communicating
      with the outlet port 8, and the low signal passage 11 being communicated
      by conduit 13 with the downstream side of the variable area orifice O as
      shown herein and, for example, in said U.S. Pat. No. 3,726,093 and in the
      copending U.S. application of John C. Paul, Ser. No. 394,560, filed Sept.
      6, 1973.
PAR  Within a stepped bore 12 in the pump housing 5 is an auxiliary modulator 14
      which is urged to the position shown in FIG. 2 by a spring 15 which is
      adjusted to desired compression by the adjusting screw 16. The high signal
      pressure in the passage 10 is conducted to the chamber 17 at the right end
      of modulator 14, and through the modulator bore 18 and orifice 19 into the
      chamber 20 at the left end of modulator 14 whereby the high signal
      pressure acts on the annular area A tending to urge the modulator 14
      toward the left.
PAR  The low signal pressure in the passage 11 is conducted to the chamber 21 of
      annular area A to tend to move the modulator 14 to the position shown
      together with the assistance of the spring 15 when the pressure
      differential between the high and low signals is less than desired
      predetermined value hence indicating a flow through the variable area
      orifice O less than demanded thereby. Accordingly, the high signal
      pressure in passage 10 and chamber 17 is conducted to the piston bore 3
      via the modulator orifice 23 to move the swash plate actuating piston 4 in
      displacement increasing direction. When the pump 1 displacement satisfies
      the flow demand set by the variable area orifice O, the pressure drop
      therethrough has increased and, hence the pressure differential in the
      chambers 17 and 21 has increased whereby the modulator 14 will be urged to
      the left against the spring 15 with metered bleeding of the piston bore 3
      to the drain port 24 via the metering slot 25 in the modulator 14 thus to
      maintain the pump 1 displacement to satisfy the demanded flow.
PAR  The chamber 20 at the left end of the modulator 14 which has communication
      with the high signal pressure passage 10 via the bore 18 and orifice 19,
      is normally closed, but under certain conditions of operation of the pump
      1, said chamber 20 is communicated with the drain port 24 either by a
      constant pressure pilot valve assembly 26 (FIG. 3) disposed in a bore 27
      which interconnects the parallel bores 28 and 29 leading respectively to
      the chamber 20 and to the drain port 24 as shown in FIGS. 2 and 3, or by a
      horsepower control pilot valve assembly 30 (FIG. 4) disposed in a bore 31
      which also interconnects the parallel bores 28 and 29.
PAR  Referring now to FIGS. 1, 2 and 3 it can be seen that when the high signal
      pressure in chamber 20 increases to value sufficient to unseat the pilot
      valve member 32 against the force of the spring 34, the chamber 20 will be
      communicated with the drain port 24 via passages 28, 27, and 29 and hence
      the pressure in the chamber 20 will decrease with respect to the pressure
      in chamber 17 by reason of the pressure drop across the orifice 19 in the
      modulator 14 whereby the predominant pressure in chamber 17 acting on the
      right-hand end of the modulator 14 will force the same toward the left to
      bleed the swash plate piston chamber 3 through slot 25 thus to decrease
      the capacity of the pump 1. When the pressure in the modulator chamber 20
      decreases below such predetermined value the pilot valve member 32 closes
      whereby the movements of the modulator 14 are then controlled by the high
      signal and low signal pressure differentials to maintain the flow demanded
      by the variable area orifice O associated with the directional control
      valve V for the fluid motor M. The constant pressure pilot valve 26
      comprises a body 35 having adjustable screw threaded engagement with the
      pump 5 housing and is provided with a seat with which the pilot valve
      member 32 is engaged. By reason of the screw threaded engagement of the
      body 35 in the pump housing 5, the compression of the spring 34 may be
      adjusted to vary the opening pressure of the pilot valve member 32.
PAR  With reference to FIGS. 1, 2 and 4 the horsepower control pilot valve 30 is
      similar to the constant pressure pilot valve 26 in that it also comprises
      a body 35 having an adjustable screw threaded connection with the pump
      housing 5 and is provided with a seat engaged by the pilot valve member
      32. In this case, the spring 36 is compressed between the pilot valve
      member 32 and a ball 37 which has engagement with a cam surface 38 on the
      swash plate piston 4, the cam surface 38 being shaped to provide desired
      characteristics in the horsepower curve of the pump 1. As the displacement
      of the pump 1 decreases, i.e. as the swash plate piston 4 moves toward the
      right as viewed in FIG. 1, the ball 37 is urged radially outward (see FIG.
      4) to increase the compression of the spring 36 and thus to increase the
      pressure at which the horsepower control pilot valve member 32 opens, and
      as just described in connection with the constant pressure pilot valve 26,
      the opening of the horsepower control pilot valve 30 will communicate the
      modulator chamber 20 with the drain port 24 via passages 28, 31, and 29
      whereby the modulator 14 can then again move to the left as viewed in FIG.
      2 to bleed off the pressure in the chamber 3 of the swash plate piston 4.
      It is to be understood that the cam surface 38 may be provided with a
      straight taper as shown or a concave or convex taper to provide any
      desired characteristics in the horsepower curve of the pump 1.
PAR  It is to be understood that if the pump 1 is to be pressure compensated
      with auxiliary modulation but without horsepower modulation it is a simple
      matter to omit the entire horsepower control pilot valve 30 and to screw
      in a plug to close the bore 31 between the bores 28 and 29. Similarly, if
      the pump 1 is to be pressure compensated with horsepower modulation but
      without auxiliary modulation, a plug is installed into the pump housing 5
      to close the low signal passage 11 and no adjustment mechanism 16 need be
      provided for the spring 15, i.e. a plug may be substituted for the spring
      adjusting mechanism 16 shown in FIG. 2.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Compensating means for a variable displacement pump of the type
      comprising a housing having pump means, high and low fluid pressure zones,
      and a fluid pressure actuated member having restricted communication with
      said high pressure zone and operatively engaged with said pump means to
      vary the displacement thereof; said compensating means comprising a valve
      member movable in said housing between positions opening and closing a
      bleed passage from said fluid pressure actuated member to said low
      pressure zone; spring means in said housing biasing said valve member to a
      position closing said bleed passage; said valve member having first
      opposed areas including an area on one side exposed to fluid pressure in
      said high pressure zone and an area on the other side exposed to fluid
      pressure in said high pressure zone via orifice means; said valve member
      having second opposed areas respectively exposed to fluid pressure in said
      high pressure zone and to a fluid pressure sensing passage in said housing
      which is communicated with the downstream side of a variable area orifice
      in the pressure feed path between said high pressure zone and a fluid
      motor actuated by fluid flowing from said high-pressure zone through said
      variable area orifice; said spring means retaining said valve member in
      said bleed passage closing position when the differential in fluid
      pressures acting on said second opposed areas is less than predetermined
      value; pressure and horsepower compensating pilot valves in said housing
      each operative, upon increase of fluid pressure in said high pressure zone
      to predetermined value, to open communication between said other side of
      said valve member and said low pressure zone for movement of said valve
      member by the then predominant fluid pressure acting on said one side of
      said valve member to open said bleed passage to bleed fluid pressure
      acting on said fluid pressure actuated member to said low pressure zone
      with consequent movement of said fluid pressure actuated member in pump
      displacement decreasing direction; each pilot valve including a spring
      biased pilot valve member with said horsepower compensating pilot valve
      having a spring follower engaged with a cam surface on said fluid pressure
      actuated member operative to increase the spring bias on the pilot valve
      member of said horsepower compensating pilot valve as said fluid pressure
      actuated member moves in a displacement decreasing direction; the
      aforesaid pressure differential, when exceeding such predetermined value,
      effecting movement of said valve member against said spring means to open
      said bleed passage to bleed said fluid pressure actuated member to said
      low pressure zone while said pilot valves are closed whereby said fluid
      pressure actuated member moves in a displacement decreasing direction.
NUM  2.
PAR  2. The compensating means of claim 1 wherein said housing has adjustment
      means for said spring means to change the pressure differential at which
      said valve member is moved to bleed passage opening position while said
      pilot valves are closed.
NUM  3.
PAR  3. The compensating means of claim 1 wherein said housing has a first
      passage communicating said other side of said valve member with the
      upstream sides of said pilot valves, and a second passage communicating
      the downstream sides of said pilot valves with said low pressure zone
      whereby the opening of either or both of said pilot valves effects
      movement of said valve member to open said bleed passage to bleed fluid
      pressure acting on said fluid pressure actuated member to said low
      pressure zone.
NUM  4.
PAR  4. The compensating means of claim 3 wherein said pilot valves are disposed
      in parallel bores in said housing each of which bores intersect said first
      and second passages.
NUM  5.
PAR  5. The compensating means of claim 1 wherein said bleed passage meters the
      flow of fluid from said fluid pressure actuated member to said low
      pressure zone in relation to such restricted communication thereof with
      said high pressure zone to seek to maintain said pressure differential at
      predetermined value.
NUM  6.
PAR  6. The compensating means of claim 1 wherein said first opposed areas of
      said valve member are substantially equal.
NUM  7.
PAR  7. The compensating means of claim 1 wherein said orifice means and said
      restricted communication are constituted by openings in said valve member
      which respectively communicate said high pressure zone with said other
      side of said valve member and with said fluid pressure actuated member in
      the bleed passage opening and closing positions of said valve member.
NUM  8.
PAR  8. Compensating means for a variable displacement pump of the type
      comprising a housing having pump means, high and low fluid pressure zones,
      and a fluid pressure actuated member having restricted communication with
      said high pressure zone and operatively engaged with said pump means to
      vary the displacement thereof; said compensating means comprising a valve
      member movable in said housing between positions opening and closing a
      bleed passage from said fluid pressure actuated member to said low
      pressure zone; spring means in said housing biasing said valve member to a
      position closing said bleed passage; said valve member having first
      opposed areas including an area on one side exposed to fluid pressure in
      said high pressure zone and having an area on the other side exposed to
      fluid pressure in said high pressure zone via orifice means; said valve
      member having second opposed areas respectively exposed to fluid pressure
      in said high pressure zone and to a fluid pressure sensing passage in said
      housing which is communicated with the downstream side of a variable area
      orifice in the pressure feed path between said high pressure zone and a
      fluid motor actuated by fluid flowing from said high pressure zone through
      said variable area orifice; said spring means retaining said valve member
      in said bleed passage closing position when the differential in fluid
      pressures acting on said second opposed areas is less than predetermined
      value; a horsepower compensating pilot valve in said housing operative,
      upon increase of fluid pressure in said high pressure zone to
      predetermined value, to open communication between said other side of said
      valve member and said low pressure zone for movement of said valve member
      by the then predominant fluid pressure acting on said one side of said
      valve member to open said bleed passage to bleed fluid pressure acting on
      said fluid pressure actuated member to said low pressure zone with
      consequent movement of said fluid pressure actuated member in pump
      displacement decreasing direction; said pilot valve including a spring
      biased pilot valve member having a spring follower engaged with a cam
      surface on said fluid pressure actuated member operative to increase the
      spring bias on said pilot valve member as said fluid pressure actuated
      member moves in a displacement decreasing direction; the aforesaid
      pressure differential, when exceeding such predetermined value, effecting
      movement of said valve member against said spring means to open said bleed
      passage to bleed said fluid pressure actuated member to said low pressure
      zone while said pilot valve is closed whereby said fluid pressure actuated
      member moves in a displacement decreasing direction.
NUM  9.
PAR  9. The compensating means of claim 8 wherein said housing has adjustment
      means for said spring means to change the pressure differential at which
      said valve member is moved to bleed passage opening position while said
      pilot valve is closed.
NUM  10.
PAR  10. The compensating means of claim 8 wherein said bleed passage meters the
      flow of fluid from said fluid pressure actuated member to said low
      pressure zone in relation to such restricted communication thereof with
      said high pressure zone to seek to maintain said pressure differential at
      predetermined value.
NUM  11.
PAR  11. The compensating means of claim 8 wherein said first opposed areas of
      said valve member are substantially equal.
NUM  12.
PAR  12. The compensating means of claim 8 wherein said orifice means and said
      restricted communication are constituted by openings in said valve member
      which respectively communicate said high pressure zone with said other
      side of said valve member and with said fluid pressure actuated member in
      the bleed passage opening and closing positions of said valve member.
NUM  13.
PAR  13. The compensating means of claim 8 wherein said housing has a first
      passage communicating said other side of said valve member with the
      upstream side of said pilot valve, and a second passage communicating the
      downstream side of said pilot valve with said low pressure zone whereby
      the opening of said pilot valve effects movement of said valve member to
      open said bleed passage to bleed fluid pressure acting on said fluid
      pressure actuated member to said low pressure zone.
NUM  14.
PAR  14. The compensating means of claim 13 wherein said pilot valve is disposed
      in a bore in said housing which intersects said first and second passages.
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ABST
PAL  A refrigerant compressor having pistons reciprocated in respective cylinder
      by a wobble plate driven by an input rotor which is secured on a drive
      shaft, which compressor has a reduced volume and an improved lubricant
      system. An end plate of a housing for the compressor supports and bears
      the drive shaft and is formed with an oil port extending from a shaft seal
      cavity mounting a shaft seal of the drive shaft to a gap between the end
      plate and the rotor, with the drive shaft being formed with another oil
      port extending the shaft seal cavity and a gap between the rotor and the
      wobble plate whereby the lubricant oil flows through the gap between the
      rotor and the wobble plate, the oil port in the drive shaft, the shaft
      seal cavity, the oil port in the end plate, and the gap between the rotor
      and the end plate in the order. The rotor is formed with an annular recess
      on a surface thereof facing the end plate and in eccentricity from the
      rotating axis of the rotor. A valve plate secured between a cylinder block
      and a cylinder head is formed of a thin ground steel plate or a thin metal
      plate used for a spring and is formed with discharge and suction openings
      by punching. The cylinder head is formed with suction and discharge
      chambers partitioned with a partition wall means which has sharp end
      projections formed on an end surface thereof to bite into a gasket between
      the end of the partition wall and the valve plate to firmly secure the
      gasket. Two service valves are provided on a side surface of the housing
      which are communicated with the suction and discharge chambers,
      respectively, of the cylinder head through a hole extending in the
      cylinder block and the valve plate.
BSUM
PAC  Background of the Invention
PAR  This invention relates to refrigerant compressors and, more particularly,
      to improvements of a refrigerant compressor wherein a piston is
      reciprocated by a wobble plate driven by a rotor which is secured on a
      drive shaft.
PAR  Such a refrigerant compressor as has pistons reciprocated by means of the
      wobble plate and the rotor, has been known in prior arts, as described in
      U.S. Pat. Nos. 3,552,886 (which is reissued under No. 27,844), 3,761,202
      and 3,838,942. The refrigerant compressor is little in the volume and is
      suitable for refrigeration systems of the automotive or mobile type.
PAR  But it is desirable that the refrigerant compressor is reduced in the
      volume with maintaining its efficiency.
PAR  One of problems is such known compressor is a lubrication system. One of
      above described three U.S. patents or U.S. P. 3,383,942 discloses a
      recirculating blow-by lubrication system. According to the system, a flow
      port must be formed in a compressor housing which extends from a shaft
      seal cavity in one end plate of the housing to a suction chamber in a
      cylinder head. The lubrication oil flows into a cylinder through the
      suction chamber from the flow port and returns a sump chamber through the
      cylinder. But a portion of the oil is mixed with the refrigerant gas in
      the suction chamber and the cylinder, to enter into the refrigerant
      circuit, so that the oil contained in the sump chamber may be reduced. The
      oil entrained on the refrigerant gas undesirably stains the internal
      surface of piping members of refrigerant circuit.
PAR  It is natural that the volume of the compressor housing may increase for
      the provision of the flow port.
PAR  Another problem concerns a valve plate which is secured between the
      cylinder block and the cylinder head. In known method, the valve plate is
      formed of a cast steel plate or a sintered metal plate by machining
      openings for suction and discharge ports and by grinding the surface of
      the plate. Accordingly, the valve plate is expensive due to the
      complicated producing method and is required to be thick in order to free
      the same from the deformation in grinding operation. The thick valve plate
      results in not only the increase of the volume of the compressor but also
      the degraded refrigerant efficiency.
PAR  The cylinder head is formed with a suction chamber and with a discharge
      chamber. These two chambers are partitioned by a partition wall. When the
      cylinder head is assembled onto the cylinder block together with the valve
      plate having valve means, a gasket is secured between the end surface of
      the partition wall and the valve plate to provide a seal between the
      suction chamber and the discharge chamber. But, the gasket may be removed
      and broken down when the differential pressure between the suction chamber
      and the discharge chamber is increased.
PAR  In practical use, two service valves (which are not disclosed in the above
      described U.S. patents) are provided onto the cylinder head which are used
      for the introduction of the refrigerant gas into the compressor, for the
      inspection of trouble and other services. The service valves are connected
      with the suction and discharge chambers, respectively, through ports
      formed in the cylinder head. But the provision of the service valves
      results in not only the complication of the cylinder head but also the
      increased volume of the cylinder head.
PAR  A general object of this invention is to provide a refrigerant compressor
      of a reduced volume and of a type as disclosed in above described U.S.
      patents.
PAR  Another object of this invention is to provide a compressor of such a type
      with an improved lubricant system.
PAR  A still another object of this invention is to provide a compressor of such
      a type with a thin and economical valve plate.
PAR  An yet another object of this invention is to provide a compressor of such
      a type with a gasket secured between the valve plate and the end surface
      of the partition wall of the cylinder head being firmly secured so that
      the gasket is not removed by the differential pressure between the suction
      and discharge chambers.
PAR  Another object of this invention is to provide a compressor of such a type
      with service valves being provided on a side surface of the compressor
      housing but not on the cylinder head.
PAR  According to this invention, a refrigerant compressor having at least one
      piston reciprocated by means of a wobble plate means driven by an input
      rotor means and an input shaft means connected with the rotor means,
      comprises a housing for the compressor including a cylinder block for the
      at least one piston and a sump chamber adjacent the cylinder block housing
      the wobble plate and the input rotor, a first end plate means on the
      housing including journal bearing means for the input shaft, a shaft seal
      cavity and shaft seal means mounted on and around the input shaft in the
      shaft seal cavity, a second end plate means at the opposite end of the
      housing including refrigerant suction and discharge chambers and valve
      means selectively interconnecting the same with the cylinder block, first
      peripheral bearing means between the input rotor means and the first end
      plate means, second peripheral bearing means between the input rotor means
      and the wobble plate means, and lubrication oil contained in the sump
      chamber, which is characterized in that the input shaft has a first oil
      flow port extending from a first predetermined oil flow gap between the
      rotor means and the wobble plate to the shaft seal cavity and a second oil
      flow port communicating between the first oil flow gap and the journal
      bearing, the first end plate means comprising at least one third oil flow
      port extending from the shaft seal cavity to a second predetermined oil
      flow gap between the input rotor means and the first end plate means, and
      the input rotor means having an annular recess which is formed in a
      surface thereof facing said second oil flow gap and in eccentricity from
      the rotating axis of the rotor, whereby the lubrication oil flowing from
      said sump chamber to the second oil flow gap through the first oil flow
      gap, the first and second oil flow ports, the shaft seal cavity and the
      third oil flow port, the oil being returned to the sump chamber from the
      second oil flow gap after serving
PAR  The lubrication of the journal bearing means, the first and second
      peripheral bearing means and the shaft seal means. The radially inner wall
      edge of said annular recess of said input rotor means may be formed to
      project radially outwardly.
PAR  In the compressor, the second end plate means may comprise a cylinder head
      formed with the suction and discharge chambers which are partitioned by
      partition wall means, a valve plate which is secured between the cylinder
      head and the cylinder block and which has inlet openings in registry with
      the suction chamber and exhaust openings in registry with the discharge
      chamber, reed valve means provided to the valve plate for control of the
      inlet openings and of the exhaust openings in response to the operation of
      the compressor, gasket means being secured between the valve plate and an
      end surface of the partition wall means, and the partition wall means
      being formed with sharp projections which bite into the gasket to firmly
      secure the gasket.
PAR  The valve plate may be formed of a plate having a flat and smooth surface
      and having a reduced thickness being capable of punching and pressing, and
      the valve plate being formed with punched inlet and exhaust openings.
PAR  The valve plate is formed of a thin plate selected from a ground steel
      plate and a spring steel plate.
PAR  The cylinder head may have an outlet port communicating with the discharge
      chamber, the cylinder block having two valve means provided on side
      surface thereof which are communicated with the suction and discharge
      chambers, respectively, through holes formed in the cylinder block and the
      valve plate, to provide service valves.
PAR  Further objects and features of this invention will be understood from
      following descriptions in connection with embodiments of this invention
      referring to the annexed drawings.
DRWD
PAC  Brief Description of the Drawings
PAR  FIG. 1 shows a sectional view of an embodiment of this invention,
PAR  FIG. 2 shows a plan view of an input rotor in FIG. 1,
PAR  FIG. 3 shows an enlarged view of a portion in FIG. 1,
PAR  FIG. 4 shows an enlarged partial cross-section of a valve plate in FIG. 1,
PAR  FIG. 5 shows a plan view of a cylinder head in FIG. 1,
PAR  FIG. 6 shows an enlarged partial cross-section taken along line A--A in
      FIG. 5,
PAR  FIG. 7 shows a plan view of a cylinder block in FIG. 1, and
PAR  FIG. 8 is a view sectional veiew of the embodiment in FIG. 1, taken along a
      different line in FIG. 1.
DETD
PAC  Detailed Description of Preferred Embodiments
PAR  Referring to FIG. 1, which shows a refrigerant compressor according to this
      invention. The compressor comprises a housing 11 having a cylinder block
      11A in one end thereof and a hollow portion 11B at the other.
PAR  The hollow portion 11B mounts a front cover plate 12 by means of screws and
      the cylinder block 11A mounts a cylinder head 13 and a valve plate 14 by
      means of bolts 15 to complete a closed housing assembly for the
      compressor.
PAR  The cylinder block 11A is formed with at least one cylinder (five cylinders
      are shown in FIG. 7) 16, in which a piston 17 is slidably fitted.
PAR  In the hollow portion 11B, an input rotor 18 and a wobble plate 19 are
      disposed. The rotor 18 is secured on an input shaft 20 which is born by a
      journal bearing 21 in the front cover plate 12, and thus the rotor 18 is
      rotated by the rotation of the shaft 20.
PAR  The front cover plate 12 is formed with a shaft seal cavity 22, in which a
      shaft seal assembly 21 is mounted to seal the shaft 20 extending in the
      cavity 22.
PAR  The wobble plate 19 is connected with all pistons 17 by connecting rods 24.
      As disclosed in above U.S. patents, the wobble plate 19 is maintained
      against rotation in the housing. A pair of intermeshing gear-like elements
      25, 25'  is shown but the cross-axis mechanism disclosed in a U.S. Pat.
      No. 3,761,202 may be employed.
PAR  Thus, by the rotation of the shaft 20, all pistons 17 are reciprocated in
      respective cylinders 16, in the known manner.
PAR  Between the rotor 18 and the front cover plate 12, a thrust bearing
      assembly 26, such as of the roller or needle bearing type, is mounted and
      a gap 27 is provided thereby about the shaft 20.
PAR  A second gap 28 is provided between the rotor 18 and the wobble plate 19 by
      the provision of a second thrust bearing assembly 29 therebetween.
PAR  The shaft 20 is formed with a hole 201 communicating between the shaft seal
      cavity 22 and a second gap 29, and also with another hole 202
      communicating between the journal bearing 21 and the second gap 28. In the
      drawing, the hole 201 is bifurcated to form another hole 202.
PAR  The front cover plate 12 is formed with at least one hole (two holes are
      shown in the drawing) 121 which communicates between the seal cavity 22
      and the first gap 27.
PAR  In the surface of the rotor facing the front cover plate, an annular recess
      181 is formed in eccentricity from the shaft 20, as shown in FIG. 2.
PAR  The edge 182 of radially internal wall of the recess 181 may be formed in a
      sharp corner to project radially outwardly as shown in FIG. 3.
PAR  In the operation, when the rotor 18 is rotated by the shaft, the lubricant
      oil in the gap 27 is sent out radially outwardly by the centrifugal
      action. And the centrifugal action is promoted by the eccentric annular
      recess 181 to pump out the oil from the gap 27 into the sump chamber 11B.
      Accordingly, the oil in the shaft seal cavity 22 is sucked into the gap 27
      through the hole 121 and, therefore, the oil in the sump chamber 11B is
      sucked into the seal cavity 22 through the second gap 28, holes 201 and
      202 and journal bearing 21. Thus, the thrust bearing assemblies 26 and 29,
      the journal bearing 21, the shaft seal assembly 23 are lubricated by the
      oil contained in the sump chamber 11B, without loss of the oil and without
      any complicated construction and any increase of valume of parts.
PAR  The cylinder head 13 is formed with a suction chamber 131 and a discharge
      chamber 132 which are partitioned by a wall 133, as well known in prior
      arts.
PAR  The valve plate 14 is formed with suction and discharge openings 141 and
      142 in registry with the suction and discharge chambers 131 and 132,
      respectively, and in registry with each cylinder 16. The valve plate 14 is
      provided with suction reed valve 143 and discharge reed valve 144 as well
      known in prior arts. To the discharge reed valve 144, a valve retainer 15
      is provided.
PAR  The valve plate 14 is formed of a plate having a flat and smooth surface
      and having a reduced thickness to be capable of punching and pressing. The
      suction and discharge openings 141 and 142 are formed by punching. Valve
      relief grooves 146 are formed by pressing as shown in FIG. 4.
PAR  As the valve plate 14 is thin and is formed by punching and pressing, the
      valve plate is economical and results in the reduction of the volume of
      the compressor and the improvement of the refrigerant efficiency.
PAR  A ground steel plate or a spring steel plate may be employed as the valve
      plate.
PAR  Between the valve plate 14 and the cylinder head 13, gasket members 30 and
      31 are secured as known in prior arts. In order to prevent the gasket 30
      from removing and being broken down due to the increased differential
      pressure between the suction and discharge chambers 131 and 132, on the
      end surface of the partition wall 133 sharp projections are formed, as
      shown in FIGS. 5 and 6.
PAR  In assembled, the projections 134 bites into the gasket member 30 to firmly
      secure the gasket in the position.
PAR  The compressor may be provided with two service valves connecting with the
      suction and discharge chambers 131 and 132, which are used for introducing
      the refrigerant gas into the refrigerant system using the compressor, for
      making the interior of the compressor vacuous or for other services.
PAR  Such service valves 32 and 32' are provided on the side surface of the
      housing 11, as shown in FIGS. 7 and 8. The cylinder block 11A is formed
      with holes 33 and 33' extending from the service valves 32 and 32' to the
      valve plate 14, which is formed with holes 147 communicating the hole 33
      and 33' with the discharge chamber 132 and the suction chamber 131,
      respectively. In the drawing, the cylinder head 13 is formed with hole 135
      communicating the hole 147 with a discharge port 136 which is provided to
      the cylinder head 13 is order to connect the compressor with the
      refrigerant circuit as well known in prior arts.
PAR  This arrangement of the service valves reduces the axial length of the
      compressor and results in ready operation of the service valves,
      particularly, in such narrow space as the engine room of the automobile.
PAR  This invention has been described referring to particular embodiments,
      which do not restrict this invention but various modifications and
      designations will be made by those skilled in the art in the scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A refrigerant compressor having at least one piston reciprocated by
      means of a wobble plate means driven by an input rotor means and an input
      shaft means connected with said rotor means, a housing for said compressor
      including a cylinder block for said at least one piston and a sump chamber
      adjacent said cylinder block housing said wobble plate and said input
      rotor, a first end plate means on said housing including journal bearing
      means for bearing said input shaft, a shaft seal cavity and shaft seal
      means mounted on and around said input shaft in said shaft seal cavity, a
      second end plate means at the opposite end of said housing including
      refrigerant suction and discharge chambers and valve means selectively
      interconnecting the same with said cylinder block, first peripheral
      bearing means between said input rotor means and said first end plate
      means, second peripheral bearing means between said input rotor means and
      said wobble plate means, and lubrication oil contained in said sump
      chamber, which is characterized in that said input shaft has a first oil
      flow port extending from a first predetermined oil flow gap between said
      rotor means and said wobble plate to said shaft seal cavity and a second
      oil flow port communicating between said first oil flow gap and said
      journal bearing, said first end plate means comprising at least one third
      oil flow port extending from said shaft seal cavity to a second
      predetermined oil flow gap between said input rotor means and said first
      end plate means, and said input rotor means having an annular recess which
      is formed in a surface thereof facing said second oil flow gap and in
      eccentricity from the rotating axis of said rotor, whereby the lubrication
      oil flowing from said sump chamber to said second oil flow gap through
      said first oil flow gap, said first and second oil flow ports, said shaft
      seal cavity and said third oil flow port, said oil being returned to said
      sump chamber from said second oil flow gap after serving for lubrication
      of said journal bearing means, said first and second peripheral bearing
      means and said shaft seal means.
NUM  2.
PAR  2. The compressor as claimed in claim 1, wherein a radially inner wall edge
      of said annular recess of said input rotor means projects radially
      outwardly.
NUM  3.
PAR  3. The compressor as claimed in claim 1, wherein said second end plate
      means comprises a cylinder head formed with the suction and discharge
      chambers which are partitioned by partition wall means, a valve plate
      which is secured between said cylinder head and said cylinder block and
      which has inlet openings in registry with said suction chamber and exhaust
      openings in registry with said discharge chamber, reed valve means
      provided to said valve plate for control of said inlet openings and of
      said exhaust openings in response to the operation of said compressor, and
      gasket means being secured between said valve plate and an end surface of
      said partition wall means, and wherein said partition wall means being
      formed with sharp projections which bite into said gasket to firmly secure
      said gasket.
NUM  4.
PAR  4. The compressor as claimed in claim 3, wherein said valve plate is formed
      of a plate having a flat and smooth surface and having a reduced thickness
      being capable of punching and pressing, said valve plate formed with
      punched inlet and exhaust openings.
NUM  5.
PAR  5. The compressor as claimed in claim 4, wherein said valve plate is formed
      of a thin plate selected from a ground steel plate and a spring steel.
NUM  6.
PAR  6. The compressor as claimed in claim 5, wherein said valve plate is formed
      with valve relief grooves means by pressing.
NUM  7.
PAR  7. The compressor as claimed in claim 3, wherein said cylinder head has an
      outlet port communicating with said discharge chamber, siad cylinder block
      having two valve means provided on side surface thereof which are
      communicated with said suction and discharge chambers, respectively,
      through holes formed in said cylinder block and said valve plate, to
      provide service valves.
NUM  8.
PAR  8. The compressor as claimed in claim 1, wherein said second end plate
      means comprises a cylinder head formed with the suction and discharge
      chambers, a valve plate which is secured between said cylinder head and
      said cylinder block which has inlet openings in registry with said suction
      chamber and exhaust openings in registry with said discharge chamber, said
      valve plate being formed of a plate having a flat and smooth surface and
      having a reduced thickness to be capable of punching and pressing, and
      being formed with punched said inlet and exhaust openings.
NUM  9.
PAR  9. The compressor as claimed in claim 8, wherein said valve plate is formed
      of a thin plate selected from a ground steel plate and a spring steel
      plate.
NUM  10.
PAR  10. The compressor as claimed in claim 9, wherein said valve plate is
      formed with valve relief, grooves by pressing.
NUM  11.
PAR  11. The compressor as claimed in claim 8, wherein said cylinder head has an
      outlet port communicating with said discharge chamber, said cylinder block
      having two valve means provided on side surface thereof which are
      communicated with said suction and discharge chambers, respectively,
      through holes formed in said cylinder block and said valve plate, to
      provide service valves.
NUM  12.
PAR  12. The compressor as claimed in claim 1, wherein said second end plate
      means has an outlet port communicating with said discharge chamber, said
      cylinder block having two valve means provided on side surface thereof
      which are communicated with said suction and discharge chambers,
      respectively, through holes formed in said cylinder block to provide
      service valves.
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ABST
PAL  A radial piston pump wherein the crank pin of a crankshaft engages with
      arcuate shoes at inner ends of radially extending pistons which are
      reciprocable in discrete cylinders. The outer end of each cylinder
      normally bears against the convex sealing surface of a discrete back
      support having in the sealing surface a pressure port for evacuation of
      pressurized fluid in response to outward movement of the respective
      piston. The cylinders are caused to move their outer ends away from full
      engagement with the respective sealing surfaces in response to inward
      movements of the respective pistons so that the chambers of the cylinders
      can draw fluid from the interior of the pump housing. The cylinders are
      caused to move substantially radially and away from the respective sealing
      surfaces due to frictional engagement between their internal surfaces and
      the external surfaces of the respective pistons. Alternatively, the
      cylinders are coupled to the respective back supports by discrete springs
      and are tiltable relative to the back supports by stationary but
      adjustable abutments provided therefor in the housing; such tilting takes
      place in automatic response to movement of the respective pistons toward
      the axis of the crankshaft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to radial piston machines in general and more
      particularly to improvements in radial piston machines wherein the pistons
      reciprocate in discrete cylinders each of which abuts against a stationary
      sealing surface, especially a convex or spherical surface. Such types of
      radial piston machines are often employed as slowly running hydraulic
      motors with a high torque transmission. As a rule, the heads or shoes of
      the pistons directly engage the device which causes the pistons to
      reciprocate in the respective cylinders; therefore, the pressure upon the
      pistons must be reduced as much as possible in order to avoid a reduction
      in efficiency due to frictional losses and/or due to wear upon the shoes
      and/or the reciprocating device. When a machine of the just outlined
      character is used as a radial piston motor and the means for reciprocating
      the pistons comprises a crankshaft having an eccentric portion in the form
      of a crank pin, the flow of hydraulic fluid into the cylinder chambers is
      regulated by a rotary spool valve which is coupled to the crankshaft. Such
      mode of regulating the inflow of fluid is not satisfactory when the
      machine is used as a pump because the quantity of fluid which enters the
      cylinder chambers by suction is practically nil. Therefore, all radial
      piston machines of the above outlined character which are used as pumps
      employ valves wherein the valve members are biased against seats, and such
      valves are immediately or closely adjacent to the outer ends of cylinders.
      The just described mounting of the valves contributes to a reduction of
      dead space.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a radial piston machine,
      especially a radial piston pump, wherein the inflow of fluid into the
      cylinder chambers is regulated in a novel and improved way.
PAR  Another object of the invention is to provide a relatively simple, compact,
      rugged and reliable radial piston machine which can dispense with discrete
      valve means for admission of fluid into cylinder chambers.
PAR  A further object of the invention is to provide an improved self-priming
      radial piston pump.
PAR  An additional object of the invention is to provide a self-priming radial
      piston pump wherein the cylinder chambers receive fluid exclusively by
      suction.
PAR  Still another object of the invention is to provide novel and improved
      motion transmitting connections between the pistons of a radial piston
      machine and the means which causes the pistons to reciprocate in their
      cylinders.
PAR  The invention is embodied in a radial piston machine, especially in a
      radial piston pump, which comprises a rotor having an eccentric portion
      (such rotor may constitute a crankshaft having a crank pin which
      constitutes the eccentric portion), a plurality of pistons which extend
      radially of the rotor and have inner end portions in the form of shoes or
      the like cooperating with the eccentric portion so that the pistons move
      radially when the rotor rotates, discrete cylinders for the pistons, each
      cylinder having a chamber and an open end remote from the rotor, a
      stationary back support for the cylinders, sealing surfaces provided on
      the back support and normally engaging the outer ends of the cylinders,
      and a housing defining a fluid-containing compartment which receives the
      cylinders and the back support. Each cylinder is caused, by mechanical
      means, to move at least a portion of its open end away from engagement
      with the respective sealing surface and to thereby allow fluid to flow
      from the compartment into the respective chamber in response to movement
      of the respective piston toward the axis of the rotor. The mechanical
      means may constitute adjustable abutments which are mounted in the housing
      and tilt the cylinders relative to the respective sealing surfaces, or
      such mechanical means may constitute the internal surfaces of the
      cylinders and the external surfaces of the pistons or the external
      surfaces of piston rings which frictionally engage the respective internal
      surfaces.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved radial
      piston machine itself, however, both as to its construction and its mode
      of operation, together with additional features and advantages thereof,
      will be best understood upon perusal of the following detailed description
      of certain specific embodiments with reference to the accompanying
      drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an axial sectional view of a radial piston machine which embodies
      one form of the invention;
PAR  FIG. 2 is a sectional view as seen in the direction of arrows from the line
      II--II of FIG. 1;
PAR  FIG. 3 is an enlarged view of a detail in FIG. 1; and
PAR  FIG. 4 is an axial sectional view of a modified radial piston machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIGS. 1 to 3, there is shown a radial piston machine
      which is preferably used as a pump and comprises a rotor here shown as a
      crankshaft 1 having an eccentric portion or crankpin 2 and two end
      portions 1a, 1b. The end portions 1a and 1b are rotatable in friction
      bearings 3 which are installed in a housing having a cupped main portion 4
      and a detachable cover 5. The outer ends of the friction bearings 3 are
      adjacent to sealing rings 6 which are mounted in suitable recesses
      provided therefor in the main housing portion 4 and cover 5. The prime
      mover (e.g., an electric motor) whic drives the crankshaft 1 is not shown
      in the drawing.
PAR  The eccentric portion 2 of the crankshaft 1 is surrounded by three arcuate
      motion receiving shoes 7a, 7b, 7c which are held against radial and axial
      movement relative to the crank pin 2 by two ring-shaped retainers 8a, 8b.
      These retainers are disposed between two rings 9 one of which abuts
      against an internal surface 4a of the main housing portion 4 and the other
      of which abuts against an internal surface 5a of the cover 5.
PAR  The shoes 7a-7c respectively form part of and are coupled to outer portions
      of pistons 13a, 13b, 13c which are reciprocable in cylinders 14a, 14b,
      14c. The means for rigidly coupling the shoes 7a-7c to the outer portions
      of the respective pistons 13a-13c comprises bolts 12 which can stand
      certain shearing and/or other stresses and are destroyed (breakable) when
      such stresses are exceeded so as to avoid greater damage to the machine.
      Such stresses arise mainly as a result of friction between the pistons
      13a-13a and the respective cylinders 14a-14c and/or as a result of
      friction between the shoes 7a-7c and the eccentric portion 2 of the
      crankshaft 1. The eccentric portion 2 is assumed to orbit about the axis
      of the crankshaft 1 in a counterclockwise direction, as viewed in FIG. 2
      (see the arrow 42). Each of the shoes 7a-7c has a relatively long trailing
      portion 7n and a relatively short leading portion 7v, as considered in the
      direction of arrow 42 and with respect to the axis of the respective
      piston 13a, 13b or 13 c. Such non-symmetric mounting of shoes 7a-7c
      reduces the magnitude of compressive stresses which arise when the machine
      is in use.
PAR  Each of the cylinders 14a-14c is a tubular shell the inner end of which
      sealingly surrounds the respective piston 13a-13 c and the outer end 15 of
      13is provided with a conical sealing surface normally engaging a convex
      (substantially spherical) sealing surface 16 of one of three fixedly
      mounted back supports 17a, 17b, 17c. Each of the back supports 17a-17c has
      a pair of coaxial cylindrical extensions 18a, 18b whose common axis is
      parallel to the axis of the crankshaft 1. The extensions 18a-18b of each
      back support 17a-17c are respectively received in bores or sockets 19a of
      the main housing portion 4 and in bores or sockets 19b of the cover 5. In
      order to prevent pivoting of the back supports 17a-17c in the housing 4,
      5, the extensions 18a are provided with or connected to radially outwardly
      extending locating pins 20 which are slidable in guide grooves 21 of the
      main housing portion 4. The pins 20 allow the back supports 17a-17c to
      move axially, i.e., in parallelism with the axis of the crankshaft 1.
PAR  Each of the back supports 17a-17c is provided with a pressure port 16a
      which is machined into the respective convex sealing surface 16 and is
      surrounded in part by a conical surface or seat 16b in the respective back
      support. Each port 16a further includes larger-diameter portion 16d and
      its outer end is sealed by an externally threaded plug 25 received in a
      tapped bore 16c of the respective back support. The ports 16a communicate
      with the cylinder chambers 24 of the respective cylinders 14a-14c and
      permit pressurized hydraulic fluid to flow from the cylinder chambers 24
      in response to opening of one-way check valves including spherical valve
      members 26 received in the enlarged portions 16d of the respective ports
      16a and being biased against the adjacent seats 16b by relatively weak
      helical valve springs 27. Each valve spring 27 reacts against the
      respective threaded plug 25 and bears against the adjacent valve member
      26. The plugs 25 have smaller-diameter cylindrical extensions 25a which
      serve to guide the springs 27 and their inner end faces 25b constitute
      stop faces for the adjacent valve members 26. Thus, the extent to which a
      valve member 26 can move away from the adjacent seat 16b is determined by
      the axial position of the respective plug 25. The seats 16b are rather
      close to the respective convex sealing surfaces 16.
PAR  The extensions 18b of the back supports 17a- 17c are formed with axially
      parallel channels or passages 28 which communicate with the enlarged
      portions 16d of the respective pressure ports 16a and with registering
      channels or passages 29 of the cover 5. Each channel 29 is in
      communication with a discharge opening 30 and with a radially inwardly
      extending blind bore 31 of the cover 5. The discharge openings 30 admit
      pressurized fluid to consumers, not shown. If the radial piston machine is
      to supply pressurized fluid to fewer than three consumers, the
      corresponding discharge opening or openings 30 are sealed by suitable
      plugs, not shown. The cover 5 may be provided with internal threads
      surrounding the discharge openings 30 so that the just discussed plugs can
      threadedly engage the cover 5 to thereby seal the selected discharge
      opening or openings 30.
PAR  The inner side of the cover 5 is formed with a groove for a profiled
      metallic ring 32 having a U-shaped cross-sectional outline and being
      preferably welded to the cover 5. A channel or passage 33 which is defined
      by the ring 32 communicates with the three blind bores 31 to thus insure
      that all three pressure ports 16a are in communication with each other.
      Thus, the pressure of fluid in each of the three discharge openings 30 is
      the same.
PAR  The outer end of each extension 18b is formed with a recess 18c for a
      ring-shaped sealing element 35 which is adjacent to and bears against a
      washer 36. The latter determines the extent to which the back supports
      17a-17c are movable in parallelism with the axis of the crankshaft 1.
PAR  The portions 4 and of the housing of the radial piston machine define an
      annular fluid-containing compartment 37 which communicates with a source
      of hydraulic fluid (not shown) by way of an inlet opening 49 in the
      cylindrical part of the main housing portion 4. The rim of the main
      housing portion 4 is formed with a ring-shaped projection which bears
      against a ring-shaped sealing element 38 received in a complementary
      groove 39 of the cover 5. The element 38 prevents leakage of fluid from
      the compartment 37.
PAR  Each of the cylinders 14a, 14b, 14c has a ring-shaped external surface 40
      which is adjacent to the respective outer end 15 and is engaged by the
      inner legs of two springs 41. The outer leg 41a of one spring 41 is
      partially convoluted around the extension 18a and the outer leg of the
      other spring 41 is partially convoluted around the extension 18b of the
      respective back support 17a, 17b or 17c. The springs 41 constitute a means
      for movably coupling the cylinders 14a-14c to the respective back supports
      17a, 17b, 17c. Normally, the springs 41 cause the concave surfaces at the
      outer ends 15 of the cylinders 14a-14c to abut against the adjacent convex
      sealing surfaces 16.
PAR  The main housing portion 4 further carries three adjustably mounted
      abutments 44 in the form of externally threaded pins having conical tips
      44a serving as fulcra for the respective cylinders 14a, 14b, 14c. As shown
      in FIG. 2, each abutment 44 mates with the main housing portion 4 and with
      a lock nut 45 which is applied after the person in charge determines the
      optimum (selected) axial position of the respective member 44. The
      abutments 44 are located ahead of the respective cylinders 14a, 14b, 14c,
      as considered in the direction of arrow 42. The axial position of each
      abutment 44 is selected in such a way that the conical tips 44a abut
      against the respective convex external surfaces 48 of the adjacent
      cylinders 14a-14c when the respective pistons 13a -13c assume their
      innermost or outermost positions, as considered in the radial direction of
      the crankshaft 1. The convex surfaces 48 are disposed between the conical
      surfaces 15 and the respective external surfaces 40.
PAR  if the crankshaft 1 is rotated counterclockwise, as viewed in FIG. 2, the
      piston 13a in the cylinder 14a moves radially inwardly of the respective
      cylinder 14a and the cylinder 14a is simultaneously caused to pivot about
      the tip 44a of the respective abutment 44 so that at least one of the
      springs 41 stores energy and allows the sealing surface 15 at the outer
      end of the cylinder 14a to move away from the adjacent convex sealing
      surface 16. This allows the fluid which fills the compartment 37 of the
      housing to flow into the respective cylinder chamber 24 due to the fact
      that the respective piston 13a moves radially inwardly and thus draws
      fluid into the respective cylinder. The end face 15 of the cylinder 14a
      returns into abutment with the convex surface 16 not later than when the
      piston 13a begins to move radially outwardly whereby the chamber 24 is
      sealed from the compartment 37 and the valve member 26 moves off its seat
      16b so as to allow pressurized fluid to leave the chamber 24 by way of the
      respective port 16a. Such fluid flows in the respective passages 28, 29
      and into the open discharge openings 30 to reach the consumer or
      consumers. In FIG. 2, the piston 13a in the cylinder 14a moves downwardly
      while the eccentric portion 2 rotates through a first angle of 180.degree.
      and upwardly while the portion 2 rotates through a second angle of
      180.degree. and back to the position shown in FIG. 2. As mentioned above,
      the springs 27 are preferably weak so that pressurized fluid in the
      chambers 24 can readily open the one-way valves including the valve
      members 26 as soon as the pistons 13a-13c begin to move radially toward
      the axis of the crankshaft 1. The magnitude of the force which urges the
      open outer ends 15 of the cylinders 14a-14c against the respective convex
      sealing surfaces 16 depends on the fluid pressure in the respective
      chambers 24 multiplied by the area of the surface F against which
      pressurized fluid in a cylinder bears to urge the outer end 15 against the
      adjacent convex sealing surface 16. The surface F equals the difference
      between the cross-sectional area of a cylinder chamber 24 minus the area
      of a surface having a diameter corresponding to the median diameter of the
      sealing surface at the outer end 15 of a cylinder.
PAR  It will be noted that each cylinder constitutes with the respective back
      support a simple but effective valve which enables hydraulic fluid to flow
      from the compartment 37 into the respective cylinder chamber 24 whenever
      the corresponding piston moves toward the axis of the crankshaft 1. Thus,
      the radial piston machine dispenses with discrete valves which are used in
      conventional machines to regulate the flow of fluid into the cylinder
      chambers. Another important advantage of the improved machine is that
      hydraulic fluid which flows into the chambers 24 when the outer ends 15 of
      the respective cylinders are at least partially disengaged from the
      adjacent sealing surfaces 16 need not overcome the resistance of springs
      which are normally employed in conventional inflow-regulating valves. A
      further advantage is that the movement of cylinders 14a-14c relative to
      the respective back supports 17a-17c provides relatively large paths for
      the inflow of fluid into the cylinder chambers 24. The length of such
      paths is extremely small so that losses due to friction between the fluid
      and the adjacent surfaces during inflow of fluid into the chambers 24 are
      negligible.
PAR  The back supports 17a-17c can be said to constitute three discrete sections
      of a composite back support in the housing including the parts 4 and 5.
PAR  FIG. 4 illustrates a modified radial piston machine wherein the springs 41
      and abutments 44 are replaced by parts of pins 50 which are parallel to
      the crankshaft 101. The cylinders 14a-14c are caused to move their outer
      ends 15 away from the convex surfaces 16 of the respective back supports
      17a-17c due to friction between their internal surfaces and the external
      surfaces of associated pistons 13a-13c. Such friction is preferably
      increased by piston rings 51 which are recessed into circumferential
      grooves of the pistons 13a-13c and bear against the internal surfaces of
      the corresponding cylinders.
PAR  Friction between the cylinders 14a-14c and pistons 13a-13c also causes the
      cylinders to return their outer ends 15 into engagement with the
      respective sealing surfaces 16 when the corresponding pistons move
      radially outwardly. The manner in which fluid can flow from the
      compartment 137 of the housing 104 into cylinder chambers 24 and from the
      chambers 24 into the discharge openings (not shown in FIG. 4) is the same
      as described in connection with FIGS. 1-3.
PAR  The improved radial piston machine is susceptible of many additional
      modifications without departing from the spirit of the invention. For
      example, the number of cylinders and pistons can be reduced to one or two
      or increased to more than three. Also, the construction of check valves in
      the back supports 17a-17c can deviate from that shown in FIG. 3. All that
      counts is to provide the machine with mechanical means (such as the
      abutments 44 or the friction generating piston rings 51) for insuring that
      the outer ends 15 of the cylinders 14a-14c are disengaged from the
      associated convex sealing surfaces 16 while the pistons 13a-13c perform
      suction strokes to thus allow the fluid to flow from the compartment 37 or
      137 into the chambers 24 whenever the volume of such chambers increases
      due to movement of the pistons toward their inner end positions.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of my contribution to the art, and therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a radial piston machine, especially in a radial piston pump, a
      combination comprising a rotor having an eccentric portion; a plurality of
      pistons extending radially of said rotor and having inner end portions
      cooperating with said eccentric portion so that said pistons move radially
      back and forth when said rotor rotates; discrete cylinders for said
      pistons, each of said cylinders having a chamber and an open end remote
      from said rotor and communicating with the respective chamber; a
      stationary back support for said cylinders, said back support having
      sealing surfaces each normally engaging only the open end of one of said
      cylinders; and a housing defining a fluid-containing compartment receiving
      said cylinders and said back support, each of said cylinders being
      arranged to radially retract at least a portion of its open end out of
      engagement with the respective sealing surface and to thereby allow fluid
      to flow between said compartment and the respective chamber in response to
      movement of the corresponding piston toward the axis of said rotor.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said rotor is a crankshaft
      having a crank pin which constitutes said eccentric portion thereof, each
      of said sealing surfaces forming part of a spherical surface.
NUM  3.
PAR  3. A combination as defined in claim 1, wherein said pistons have external
      surfaces in frictional engagement with the internal surfaces of the
      respective cylinders and such frictional engagement entails the movement
      of said portions of said open ends from the respective sealing surfaces in
      response to radially inward movement of said pistons.
NUM  4.
PAR  4. A combination as defined in claim 3, further comprising
      friction-generating elements interposed between said pistons and the
      respective cylinders.
NUM  5.
PAR  5. A combination as defined in claim 4, wherein said pistons have
      circumferential grooves and said friction-generating elements are piston
      rings received in the respective grooves and engaging the internal
      surfaces of the respective cylinders.
NUM  6.
PAR  6. In a radial piston machine, especially in a radial piston pump, a
      combination comprising a rotor having an eccentric portion; a plurality of
      pistons extending radially of said rotor and having inner end portions
      cooperating with said eccentric portion so that said piston move radially
      back and forth when said rotor rotates; discrete cylinders for said
      pistons each of said cylinders having a chamber and an open end remote
      from said rotor and communicating with the respective chamber; a
      stationary back support for said cylinders, said back support having
      sealing surfaces each normally engaging only the open end of one said
      cylinders; a housing defining a fluid-containing compartment receiving
      said cylinders and said back support, each of said cylinders being
      arranged to move at least a portion of its open end out of engagement with
      the respective sealing surface and to thereby allow fluid to flow between
      said compartment and the respective chamber in response to movement of the
      corresponding piston toward the axis of said rotor; and means for
      yieldably biasing said open ends of said cylinders against the respective
      sealing surfaces.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein said biasing means
      comprises discrete springs for said cylinders, each of said springs having
      a first portion engaging the respective cylinder and a second portion
      engaging said back support.
NUM  8.
PAR  8. A combination as defined in claim 7, wherein said sealing surfaces
      constitute portions of spherical surfaces and further comprising means for
      pivoting said cylinders with respect to said back support in response to
      radially inward movements of said pistons, said means for pivoting
      comprising abutments provided in said housing and providing fulcra for the
      outer ends of said cylinders during movement of the respective pistons
      toward the axis of said rotor.
NUM  9.
PAR  9. A combination as defined in claim 8, wherein said rotor is arranged to
      rotate in a predetermined direction and said abutments are located ahead
      of the respective cylinders, as considered in said predetermined
      direction.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein said cylinders have
      external surfaces abutting against said fulcra during movement of the
      respective pistons from the outer to the inner end positions thereof
      relative to the respective cylinders.
NUM  11.
PAR  11. A combination as defined in claim 8, wherein at least one of said
      abutments is movable relative to said housing and further comprising means
      for holding said one abutment in a selected position.
NUM  12.
PAR  12. A combination as defined in claim 1, wherein said back support
      comprises a discrete section for each of said cylinders and means for
      securing said sections to said housing.
NUM  13.
PAR  13. In a radial piston machine, especially in a radial piston pump, a
      combination comprising a rotor having an eccentric portion; a plurality of
      pistons extending radially of said rotor and having inner end portions
      cooperating with said eccentric portion so that said pistons move radially
      back and forth when said rotor rotates; discrete cylinders for said
      pistons, each of said cylinders having a chamber and an open end remote
      from said rotor and communicating with the respective chamber; a
      stationary back support comprising a discrete section for each of said
      cylinders, each of said sections having a sealing surface normally
      engaging the open end of a respective cylinder; a housing defining a
      fluid-containing compartment receiving said cylinders and said back
      support, each of said cylinders being arranged to move at least a portion
      of its open end out of engagement with the respective sealing surface and
      to thereby allow fluid to flow between said compartment and the respective
      chamber in response to movement of the corresponding piston toward the
      axis of said rotor; and at least one substantially cylindrical extension
      parallel to said rotor and each of said sections and received in a
      complementary socket in said housing for securing said sections to said
      housing.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein each of said sections has
      only a single port, said port communicating with the respective cylinder
      chamber and with a discharge opening of said housing, a one-way valve for
      normally sealing said discharge opening from the respective chamber, and a
      passage provided in said extension and connecting said discharge opening
      with the respective port.
NUM  15.
PAR  15. A combination as defined in claim 14, wherein each of said one-way
      valves is installed in the respective port immediately adjacent to the
      respective sealing surface.
NUM  16.
PAR  16. In a radial piston machine, especially in a radial piston pump, a
      combination comprising a rotor having an eccentric portion; a plurality of
      pistons extending radially of said rotor, each of said pistons having an
      inner end portion; an arcuate shoe at the inner end portion of each piston
      slidably engaging said eccentric portion of said rotor; a coupling
      connecting each arcuate shoe with the respective piston end portions so
      that said pistons move radially back and forth when said rotor rotates,
      said coupling being arranged to break and to thus terminate the connection
      between said shoe and said inner end portion in response to the
      application of a predetermined stress; discrete cylinders for said
      pistons, each of said cylinders having a chamber and an open end remote
      from said rotor and communicating with the respective chamber; a
      stationary back support for said cylinders, said back support having
      sealing surfaces each normally engaging only the open end of one of said
      cylinders; and a housing defining a fluid-containing compartment receiving
      said cylinders and said back support, each of said cylinders being
      arranged to move at least a portion of its open end out of engagement with
      the respective sealing surface and to thereby allow fluid to flow between
      said compartment and the respective chamber in response to movement of the
      corresponding piston toward the axis of said rotor.
NUM  17.
PAR  17. A combination as defined in claim 16, wherein said coupling is a
      threaded bolt.
NUM  18.
PAR  18. A combination as defined in claim 1, wherein said rotor comprises a
      crankshaft having a crank pin which constitutes said eccentric portion and
      said inner end portions of said pistons constitute arcuate shoes each
      slidably engaging with said crank pin, each of said shoes comprising a
      relatively short leading portion and a relatively long trailing portion,
      as considered in the direction of rotation of said crankshaft.
NUM  19.
PAR  19. A combination as defined in claim 18, wherein said leading and trailing
      portions are located at the opposite sides of the axes of the respective
      pistons.
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ABST
PAL  The pulsations produced by a pulsating positive displacement pump are
      damped by interposing in the inlet line to the pump a conduit carrying at
      least one upstanding open ended tube having its lower end communicating
      with the conduit.
PARN
PAR  This application is a continuation-in-part of my prior application Ser. No.
      399,671, filed Sept. 21, 1973, now U.S. Pat. No. 3,897,175, issued July
      29, 1975.
BSUM
PAR  The present invention relates to damping the pulsations produced by a
      pulsating positive displacement pump so as to ease the burden of
      accurately measuring the flow rate of the pump.
PAR  It is common to the art to attempt to do this on the high pressure outlet
      from the pump, but the equipment needed to handle the high pressure is
      expensive and cumbersome.
PAR  In this invention, I interpose in the inlet line extending between a
      reservoir or tank and the pulsating pump, a pulsating damping device
      constituted by a conduit carrying a plurality of upstanding open ended
      tubes so that the intermittent feed to the pump is taken progressively
      from the tubes, leaving the flow rate through the inlet line leading to
      the tubes relatively uniform, enabling easy measurement using a
      conventional flow meter. The head pressure of the incoming liquid is
      desirably reduced, when it is excessive, by utilizing a flow restriction
      valve in the inlet line or in the inlet end of the conduit. Float-operated
      check valves are also desirably used at the top of the open ended tubes to
      prevent spills when the inlet pressure is excessive or during some
      momentary surge.
PAR  The flow meter and the pulsating pump are each conventional, and form no
      part of this invention. The pulsating pump is illustrated by a diaphragm
      pump in which the inlet and outlet lines are blocked by one way valves so
      that, as the diaphragm operates, one or the other of the valves
      automatically blocks the flow. In this way, the flow of liquid in the
      inlet line fluctuates rapidly, from zero when the pump forces liquid out
      of the pump outlet, to full flow when the pump is drawing liquid in
      through the inlet. With such large and rapid fluctuations, the quantity of
      liquid being pumped cannot be accurately measured.
DRWD
PAR  The invention will be more fully described in the accompanying drawing in
      which
PAR  FIG. 1 diagrammatically depicts the invention being used to measure the
      flow rate of liquid withdrawn from a reservoir, and
PAR  FIG. 2 is a detail view showing the float operated check valve which may
      optionally be employed at the upper ends of the upstanding tubes.
DETD
PAR  In the drawing, liquid flows from reservoir 10 through feed pipe 11 and
      flow meter 12 to an inlet pipe 13 which is in communication with pulsating
      positive displacement pump 14. Before the liquid reaches the pump it
      passes through an interposed conduit 15 which has attached thereto a
      plurality of upstanding open ended tubes 16. The liquid exits on the high
      pressure side of the pump through outlet pipe 17.
PAR  In the absence of this invention, and as described hereinbefore, the
      pumping action of pump 14 causes a discontinuous flow of liquid in inlet
      pipe 13. The upstanding tubes 16 provide a reserve of liquid to supply
      liquid to the pump when it draws liquid in through the inlet. On the other
      hand, when the pump is discharging through outlet 17, liquid continues to
      flow from reservoir 10 to refill the tubes 16.
PAR  More particularly, at the time when pump 14 is not drawing liquid from
      inlet pipe 13, the liquid from reservoir 10 flows into tubes 16 until the
      level in the tubes is the same as that in the reservoir. When the level to
      which the liquid rises is excessive, check valves 20 may be used to stop
      the flow by pressing the float 21 against the seat 22 at the top of the
      tubes 16. These check valves are shown in FIG. 2 at the upper end of one
      of the tubes 16. As soon as the liquid level falls, the float 21 drops to
      vent the tubes 16, resting on foraminous support 23. As a result, the
      upper end of the tubes must either extend to a height sufficient to
      contain the liquid flowing in conduit 15, e.g., above the height of liquid
      in reservoir 10, or float valves 20 should be used. Before the flow of
      liquid into tubes 16 is completed, the pump starts to withdraw liquid from
      the inlet pipe. The burden of supplying liquid for this increased flow is
      shared between the inlet pipe and the upstanding tubes, with the tubes
      nearer the pump supplying a larger proportion of the liquid than those
      further away
PAR  A fairly constant flow rate is maintained at flow meter 12. This is because
      liquid flows when pump 14 is not drawing liquid from pipe 13, and because
      the liquid flow rate is less than the full inlet rate of the pump when
      pump 14 is drawing liquid from pipe 13. The flow restriction valve 25 at
      the inlet end of the conduit 15 further serves to throw the burden of
      supplying the immediate demands of pump 14 upon the contents of tubes 16,
      and further assists in rendering uniform the flow of liquid through the
      flow meter 12.
PAR  The present invention is also applicable to a system in which reservoir 10
      is replaced by any low pressure liquid feed. In this case, the height of
      tubes 16 must be higher than the level which the liquid seeks when pump 14
      is not in operation so that the liquid in pipe 13 is at its maximum
      pressure, or float valves 20 should be used as explained hereinbefore.
PAR  Tubes 16 must be upstanding to contain the liquid therein. In the preferred
      practice, these tubes are vertical to minimize the length of the tubes
      necessary to contain a given pressure of liquid. However, an upstanding
      nonvertical arrangement of tubes may be necessary to accommodate special
      space limitations, and therefore such arrangements are within the scope of
      this invention.
PAR  Inlet pipe 13 may be positioned at any angle, with a horizontal positioning
      being most convenient.
PAR  While a single upstanding tube will serve to damp the flow somewhat, it is
      normal to employ a plurality of upstanding tubes spaced apart along the
      length of said conduit, as shown in the drawing. In this way, the flow is
      divided between conduit 15 and an upstanding tube a plurality of times,
      each time producing less of a drop in the liquid level in the tube, and
      less of a pulsation in conduit 15.
PAR  It will be appreciated that the number of tubes and the bore size of each
      tube will vary with the flow requirements of any given pump system. The
      minimum bore and the number of tubes depend on the degree of damping
      desired. As a practical matter, the capacity to handle an adequate flow
      rate through the conduit requires that there be at least two upstanding
      tubes, and the total flow area of the upstanding tubes should be at least
      half as great, and more preferably at least 1.5 times, the flow area of
      the conduit. It is particularly preferred to employ at least three
      upstanding tubes and to have the total flow area of the upstanding tubes
      at least 3 times the flow area of the conduit.
PAR  As an illustration, a typical embodiment of the invention consists of five
      tubes, each 17 inches long and 0.25 inch inside diameter extending
      vertically upward from a horizontal conduit having an inside diameter of
      0.25 inch, with the distance between the centerlines of each tube being 1
      inch. This damper device is used with water and with the liquid level in
      the upstanding tubes at a height of 12 inches above the conduit when the
      pump is off. The pulsating pump is operated at about 80 pulses per minute,
      and provides a flow rate of about 100 ml. per minute. Up to this flow
      rate, the damper functions to steady the flow meter for easy reading, but
      as the flow rate is further increased, the fluctuations become worse,
      making accurate reading progressively more difficult. A flow restriction
      valve for use in this embodiment is a standard 1/4 inch metering valve.
PAR  As will be evident, if the dimensions are enlarged, higher flow rates can
      be accommodated with increased accuracy.
PAR  The invention is defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a liquid supply and a pulsating positive
      displacement pump, a conduit connected to said liquid supply at its inlet
      end and to the pump at its outlet end, said conduit carrying a plurality
      of upstanding open-ended tubes ccmmunicating with said conduit at their
      lower ends and extending upwardly to contain the liquid flowing in said
      conduit when said pump is not drawing liquid through said conduit, said
      tubes having float-operated check valves at the upper ends thereof to
      prevent spillover, and a flow meter interposed in the liquid supply to
      said conduit.
NUM  2.
PAR  2. Apparatus as recited in claim 1 in which a flow restriction valve is
      mounted on the inlet end of said conduit.
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ABST
PAL  Apparatus is disclosed for actuating hydraulic motor control valves in a
      predetermined timed relationship relative to a pump inlet valve, wherein
      the pump is connected to and driven by the hydraulic motor, to improve the
      metering capabilities of the motor-pump combination.
BSUM
PAR  This invention relates to an apparatus for improving the operation of
      reciprocating motors and pumps. More specifically, the invention is
      particularly adaptable as an improved valving machanism for
      hydraulically-operated reciprocating motors.
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, reciprocating piston pumps have been driven by reciprocating
      air motors. These air motors use compressed air to reciprocate a motor
      piston, which in turn is connected to a suitable reciprocating pump.
      Systems of this type delivered fluid through the pump at an irregular
      rate, caused principally by the non-linearities which occur at the time
      the air motor piston changes direction. Because of the compressibility of
      the air used to activate such systems, the air motor piston reacts slowly
      at its extreme displacement positions, commonly referred to as the
      "change-over." The finite time required for the compressed air supply to
      regenerate sufficient internal pressure to move the air motor piston
      causes a temporary reduction in pumped fluid flow, and thus the fluid flow
      is irregular during changeover.
PAR  The use of hydraulic motors has improved the uniformity of pumped fluid
      flow, because hydraulic motors utilize incompressible hydraulic fluid for
      their driving source and thus are able to go through changeover faster
      than air motors. In addition, the valving of hydraulic fluid is more
      positively controllable than air, and hydraulic motors therefore respond
      more directly to control valving. Thus, the use of hydraulic motors has
      improved the speed of changeover and thereby provided a more uniform
      output flow from the reciprocating pump connected to the hydraulic motor.
      However, this improved changeover speed causes additional problems which
      affect the metering and flow rate of the pumped fluid. An effect called
      "diving" becomes more pronounced, particularly when hydraulic motors are
      used to pump highly viscous materials and fluids.
PAR  Experimentation has shown that "diving" is caused by at least three
      factors. The first of these is fluid cavitation caused by the limited area
      of the pump inlet valve, which results in a significant pressure drop
      across the valve and thereby produces cavitation chambers in the pump
      cylinder below the pump piston. As the hydraulic motor goes through top
      changeover the force on the pump piston is suddenly reversed and a rapid
      downward piston movement occurs to fill the cavitation chambers. This
      sudden downward movement creates a pump cylinder flow rate demand above
      the piston which cannot be met because of the limited orifice size of the
      valving feeding the cylinder in this region. Therefore, additional
      cavitation chambers are produced in the pump cylinder above the piston to
      create the second factor causing "diving."
PAR  The third factor which causes "diving" is valve closure loss which usually
      occurs after the first mentioned cavitation chambers have been filled but
      before the second mentioned cavitation chambers have been filled. The pump
      piston, in its downward movement, fills the first mentioned cavitation
      chambers but continues to move downward rapidly because the pump inlet
      check valve remains open for a finite time. Pumped fluid flowing around
      this check valve adds a downward drag force to assist in closing the
      valve, but that same material is lost until the valve is fully closed.
      Once the inlet check valve is closed, pump piston velocity remains above
      its steady state value until the second mentioned cavitation chambers have
      been filled. After this occurs, the pump reaches a steady state velocity
      and thereafter operates as a positive displacement pump. However, during
      the "diving" period, the pump does not operate as a positive displacement
      pump, delivering less pumped fluid per increment of displacement than it
      delivers during steady state operation. Therefore, "diving" not only
      produces poor fluid flow but contributes to accuracy errors in metering
      the amount of fluid pumped.
PAR  The present invention overcomes the disadvantages caused by "diving" by
      providing an improved hydraulic valving mechanism which overcomes the
      cavitation problems that cause "diving."
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises an improved poppet valve which functions as the
      pump cylinder inlet valve, and is actuated by means of a linkage connected
      to a hydraulically activated cylinder. The poppet valve provides a pump
      inlet area larger than can be obtained with conventional ball check inlet
      valves, and thereby eliminates one of the factors contributing to the
      aforementioned cavitation. The hydraulic cylinder is activated by means of
      a novel valving mechanism which provides for a full closure of the poppet
      valve before hydraulic fluid force is applied to the motor piston. This
      eliminates the loss of pumped fluid through the poppet valve during
      changeover and thereby eliminates the remaining effects which contribute
      to the aforementioned cavitation. Therefore, the "diving"  condition
      common to hydraulic motor/pump combinations is effectively eliminated by
      the apparatus of the present invention.
PAR  It is therefore an object of the present invention to provide an improved
      hydraulic motor to eliminate cavitation effects which result in irregular
      flow of pump fluid;
PAR  It is another object of this invention to provide an improved hydraulic
      motor valving means to ensure the full closure of the pump inlet valve
      prior to completing hydraulic motor changeover;
PAR  It is yet another object of this invention to provide a hydraulic motor and
      pump combination which delivers pump fluid at a regular flow rate with a
      minimum of interruptions caused by hydraulic motor changeover.
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PAR  These and other objects and advantages will become apparent upon a reading
      of the following specification and claims, and with reference to the
      appended drawings, in which:
PAR  FIG. 1 illustrates the improved hydraulic motor valving mechanism of this
      invention;
PAR  FIG. 2 shows a side view in partial cross section; and
PAR  FIG. 3 illustrates the improved pump inlet valve of this invention;
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, a hydraulic motor is shown in cross section with
      suitable hydraulic valving attached thereto to accomplish the functions
      embodied in this invention. The hydraulic motor 10 is typical of any
      number of well known manufactured products, as for example, hydraulic
      motors manufactured by the assignee of the present invention. Hydraulic
      motor 10 utilizes a piston 12 which reciprocates within a cylinder 13
      under the influence of pressurized hydraulic fluid. The pressurized
      hydraulic fluid is valved through the various motor passages to the upper
      and lower surfaces of piston 12. A hydraulic fluid return pipe 20 is also
      connected to internal passages to provide a conduit for returning the
      hydraulic fluid to a suitable reservoir. Hydraulic fluid inlet pipe 21
      transfers hydraulic fluid from the same hydraulic reservoir under pressure
      into the apparatus.
PAR  Motor piston 12 has a greater surface area exposed to pressurized hydraulic
      fluid within cylinder 13 on its top surface than it does on its bottom
      surface. Therefore, when pressurized hydraulic fluid is admitted into both
      the top and bottom of cylinder 13, a net downward force is exerted against
      piston 12 to thereby cause it to move downward. Upward movement of piston
      12 is caused by relieving the pressure source supplied to the top surface
      of the piston, thereby creating a net upward force against the piston's
      lower surface. A valve rod 15 projects through the piston, and has a spool
      valve 17 positioned above the piston and a spring toggle mechanism 18 at
      its lower end. Thus, when piston 12 approaches its lower displacement
      limit, the underside of piston 12 contacts spring toggle 18 to force valve
      rod 15 downwardly. A detent mechanism 19 on valve rod 15 is overcome by
      this downward force and spool valve 17 is forced into a first valve
      position. During the upstroke of piston 12, and near its upper
      displacement limit, a shoulder 22 contacts the lower end of spring toggle
      18 to force valve rod 15 upwardly. Again, detent mechanism 19 is overcome
      and spool valve 17 moves to a second position as shown in FIG. 1. The two
      positions of spool valve 17 permit hydraulic fluid to either communicate
      with piston 12 or vent the region above piston 12 to passage 26.
PAR  The upper end of valve rod 15 is mechanically connected to a valve rod 32
      attached to a spool valve 30 and a spool valve 35. When valve rod 15 is in
      its first or "down" position, spool valve 35 blocks the pressurized fluid
      in hydraulic fluid inlet 21. When valve rod 15 is in its second or "up"
      position, as shown in FIG. 1, spool valve 30 blocks hydraulic fluid return
      line 20. The operation and function of each of these valves will be
      explained in more detail hereinafter.
PAR  Spool valves 30 and 35 are housed in valve housing 28. Valve housing 28 is
      secured atop hydraulic motor 10 so that valve rod 15 is in linear
      alignment with valve rod 32. A hydraulic fluid accumulator chamber 29 is
      connected to the top of valve housing 28, and a passage extends between
      the interior of valve housing 28 and accumulator 29. A pressure relief
      pipe 27 equalizes the pressure between the top and bottom portions of the
      interior of valve housing 28, by maintaining a fluid path between the
      respective outside ends of spool valves 30 and 35.
PAR  It thus can be seen that the entire assembly comprising valve rod 15 and
      valve rod 32, including the spool valves associated therewith, is movable
      into two positions at the displacement limits of hydraulic motor piston
      12. When hydraulic motor piston 12 reaches its maximum bottom displacement
      it forces the aforementioned valve rods and valves into a first or "down"
      position, which position causes the valving to divert pressurized
      hydraulic fluid from the upper end of cylinder 13 so as to exert
      thereafter a net upward force against piston 12. When the valve rods and
      valves are forced into a second or "up" position by the maximum top
      displacement of piston 12, the respective valves cause pressurized
      hydraulic fluid to be diverted into the top region of cylinder 13 so as to
      cause a net downward force thereafter against piston 12. To summarize,
      when the spool valves are in their "down" position the hydraulic motor
      piston 12 is being driven upwardly; when the spool valves are in their
      "up" position the hydraulic motor piston 12 is being driven in a
      downwardly direction. With an understanding of this general convention of
      operation with respect to hydraulic motor 10 and its associated valving,
      the advantages and features of the present invention can now be explained.
PAR  The source of pressurized hydraulic fluid (not shown) is connected to valve
      housing 28 via hydraulic fluid inlet 21. When spool valve 35 is in its
      "up" position pressurized hydraulic fluid is passed into pipe 37 which is
      also connected to valve housing 28. Pipe 37 connects to hydraulic cylinder
      40, and exerts an upward force against plunger 41 sufficient to overcome
      the downward force of compression spring 43. Therefore, plunger 41 moves
      upwardly, causing valve rod 42 to move upwardly. Pressurized hydraulic
      fluid also leaves hydraulic cylinder 40, and is connected to a hydraulic
      motor 10 inlet to be hereinafter described via pipe 44. However, the cross
      sectional area of valve outlet 50 from hydraulic cylinder 40 is
      approximately one-half the cross sectional area of the inlet pipe 37 to
      cylinder 40, thereby allowing a back pressure to be built up within
      hydraulic cylinder 40 to cause the upward movement of valve rod 42 to
      occur before pipe 44 becomes fully pressurized. Thus, valve rod 42 moves
      upwardly before the hydraulic motor 10 receives its full internal
      hydraulic pressure for changing piston direction.
PAR  FIG. 2 shows the hydraulic motor 10 passages connected to pipe 44.
      Pressurized hydraulic fluid entering hydraulic motor 10 via pipe 44 is
      coupled through motor passage 48 down to the region inside cylinder 13
      which is above the top surface of piston 12. This pressurized hydraulic
      fluid acts over the entire top surface area of piston 12, which is greater
      area than the is a fluid in cylinder 13 which acts over the bottom surface
      of piston 12. Passage 25 also connects into the top region of cylinder 13,
      and is therefore also filled with pressurized hydraulic fluid. However,
      spool valve 17 blocks passage 25 from return passage 26 and the
      pressurized hydraulic fluid is therefore confined in the top region of
      cylinder 13. The net result is that a downwardly force is created against
      piston 12 to drive it in a downwardly direction.
PAR  When piston 12 moves downwardly the entire assembly connected to piston 12,
      including sleeve 16, also moves downwardly. Sleeve 16 is connected to the
      pump which will be hereinafter described to cause the pump piston to
      follow the motion of piston 12.
PAR  At some point near the end of its downward displacement the underside of
      piston 12 comes into contact with the spring toggle mechanism 18 on valve
      rod 15. When this occurs, and as further downward piston travel takes
      place, spring toggle 18 is compressed until the downward force on toggle
      18 exceeds the detent force of detent mechanism 19. At this point, valve
      rod 15 snaps downwardly to its first position and the motor valving is
      changed so as to cause an upward force against motor piston 12. After such
      downward motion of valve rod 15 has taken place, spool valve 35 moves into
      closing relationship with hydraulic fluid inlet 21, thereby blocking the
      flow of pressurized hydraulic fluid from valve housing 28. Spool valve 30
      moves into opening relationship with hydraulic fluid return 20, thereby
      exposing the inner passage of valve housing 28 to the hydraulic return
      line. Hydraulic fluid in pipe 37 is thereby passed to the hydraulic fluid
      return line 20, and hydraulic pressure within hydraulic cylinder 40 is
      relieved. The force of compression spring 43 then causes plunger 41 and
      valve rod 42 to move downwardly, which in turn causes an opening of the
      pump inlet valve as will be hereinafter described.
PAR  When spool valve 17 moves into its "down" position, passage 25 becomes
      opened to return passage 26, thereby relieving the hydraulic fluid
      pressure from cylinder 13 in the region above the top surface of piston
      12. The hydraulic fluid pressure within cylinder 13 in the region below
      the bottom surface of piston 12 remains, however, because passage 24 is
      connected via hose 46 to hydraulic fluid inlet 21 ahead of its connection
      with valve housing 28. Therefore, only the pressurized hydraulic fluid in
      cylinder 13 under piston surface 12 remains and a net upward force is
      exerted against piston 12. This force causes an upward displacement of
      piston 12 and sleeve 16 until the upper displacement limit is reached,
      wherein the operation repeats itself as described hereinbefore.
PAR  FIG. 3 illustrates the fluid pump usable with this invention. The pump may
      be adapted from any of a number of well known fluid pumps, such as pumps
      manufactured by the assignee of the present invention. Sleeve 16 (see FIG.
      1) connects to pump piston 60, which is slideable within pump cylinder 61.
      This connection is made via a threaded shaft 56 which connects sleeve 16
      to the upper pump assembly 57 by a collar 58. Upper pump assembly 57 is
      rigidly connected to a pump sleeve 59, which in turn is bolted to piston
      60 (as, for example, by bolt 62). The entire pump assembly is constructed
      so that the reciprocating motion of motor sleeve 16 is transmitted to pump
      piston 60 to also cause it to reciprocate. Piston 60 is snugly fitted
      against the interior walls of pump cylinder 61 to provide a sealable,
      sliding pump stroke.
PAR  Threadably attached to the bottom of cylinder 61 is a valve housing 55.
      Poppet valve 65 is seated within valve housing 55, and has a valve stem 66
      extending downwardly through a valve guide 68. Lever 70 is pivotally
      attached to valve stem 66 by means of pin 71. Lever 70 is pivotally
      attached to valve guide 68 by means of pin 72. Finally, lever 70 is
      pivotally attached to valve rod 42 by means of pin 73. The arrangement of
      these pivotal connections is such that a downward movement of valve rod 42
      causes an upward movement of poppet valve 65. Valve rod 42 is attached, as
      hereinbefore described, to plunger 41 and its upward and downward movement
      is controllable by the relative opposing forces of hydraulic pressure
      within cylinder 40 and compression spring 43. In the preferred embodiment,
      the components are arranged to provide a valve stroke for poppet valve 65
      on the order of 1/2-inch, as illustrated by the dotted lines of FIG. 3.
PAR  Poppet valve 65 remains in its open position during the upstroke of piston
      60, thereby allowing pumped fluid to be drawn into the cylinder 61. During
      the downstroke of piston 60, poppet valve 65 is closed and ball valve 63
      opens to allow the fluid within cylinder 61 to be pumped through the pump
      delivery lines (not shown).
PAR  During the downstroke of hydraulic motor piston 12 and pump piston 60,
      poppet valve 65 remains in its closed position as shown in FIG. 3. Near
      the point of maximum downward displacement, the aforementioned spool
      valves change their position and relieve the hydraulic fluid pressure
      above motor piston 12 and within hydraulic cylinder 40. Compression spring
      43 within hydraulic cylinder 40 then forces plunger 41 and valve rod 42
      downwardly. The downward motion of valve rod 42 causes lever 70 to become
      activated and thereby moves poppet valve 65 upwardly to an open position.
      Simultaneously, pressure in hydraulic motor 10 beneath piston 12 creates
      an upward force and the hydraulic motor piston 12 begins moving upwardly.
      Pump piston 60 follows in an upwardly direction to cause pumped fluid to
      be drawn into cylinder 61.
PAR  Near the upper displacement limit of hydraulic motor piston 12 the
      aforementioned spool valves are again caused to change position. This
      causes a flow of pressurized hydraulic fluid to be built up within
      hydraulic cylinder 40, causing valve rod 42 to move upwardly. When valve
      rod 42 moves upwardly, its connection via lever 70 causes poppet valve 65
      to close. As hereinbefore described, the build up of hydraulic fluid
      pressure within hydraulic cylinder 40 proceeds ahead of the full pressure
      build up within hydraulic motor 10. (Valve restrictor 50 prevents an
      immediate flow of hydraulic fluid via pipe 44 into the region above
      hydraulic motor piston 12.) Therefore, poppet valve 65 is almost fully
      closed before hydraulic pressure builds up sufficiently above motor piston
      12 to cause the downward force necessary to begin moving the motor piston
      downwardly. This sequence of operation assures that pump piston 60 will
      have negligible downward movement prior to full closure of poppet valve 60
      and thereby greatly improves the metering capability of the system. During
      the downstroke of pump piston 60, ball valve 63 is forced open and all of
      the material trapped within cylinder 61 is forced upwardly and out through
      the fluid delivery system (not shown).
PAR  Thus, it can be seen that the present invention provides a valving
      apparatus for ensuring the proper sequencing and complete activation of
      the pump foot valve at the respective motor stroke limits and before any
      substantial subsequent motor piston movement takes place. This provides a
      significant improvement in the predictability of the quantity of fluid
      pumped by the apparatus, as a function of pump piston linear movement, and
      results in an improved metering pump system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a reciprocating hydraulic motor and pump assembly, wherein the pump
      is mechanically linked to the reciprocating hydraulic motor and the motor
      has a hydraulic fluid inlet to its piston cylinder controllable by a
      valving mechanism responsive to motor piston displacement, the improvement
      comprising:
PA1  a. a hydraulic fluid line interposed between said motor hydraulic fluid
      inlet and said controlling valving mechanism, and having a hydraulic
      cylinder interposed therein, said hydraulic cylinder having a spring
      biased piston actuable by said hydraulic fluid and a valve rod connected
      to said spring biased piston;
PA1  b. a poppet valve positioned at the pump inlet;
PA1  c. means for connecting said valve rod to said poppet inlet valve to cause
      said poppet valve to open and close in response to said valve rod
      activation; and
PA1  d. further means connected between said hydraulic cylinder and said motor
      hydraulic fluid inlet for restricting hydraulic fluid flow to said inlets
      until said valve rod is activated.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for connecting said valve
      rod to said poppet inlet valve further comprises a pivotable lever between
      said valve rod and said poppet valve.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said further means for restricting
      hydraulic fluid flow further comprises a passage of reduced cross
      sectional area in said hydraulic fluid line.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the ratio of the sizes of the reduced
      cross sectional area passage to the hydraulic fluid line cross sectional
      area is less than 1:1.
NUM  5.
PAR  5. In a system operated from a pressurized hydraulic fluid source,
      including a reciprocating hydraulic motor and driven pump having an inlet
      for immersion into fluid to be pumped, the improvement for controlling
      pump inlet valving in coordination with extremes in motor piston
      displacement comprising:
PA1  a. means for sensing said motor piston displacement extremes and means for
      valving hydraulic fluid in response thereto;
PA1  b. a hydraulic cylinder and plunger means connected to said means for
      valving hydraulic fluid, for causing mechanical motion of said plunger in
      response to valved hydraulic fluid;
PA1  c. a poppet valve positioned in opening and closing relationship to said
      pump inlet;
PA1  d. means for coupling said plunger mechanical motion to said poppet valve;
      and
PA1  e. means for coupling hydraulic fluid from said hydraulic cylinder to said
      hydraulic motor, said coupling means having a region therein restricting
      hydraulic fluid flow.
NUM  6.
PAR  6. The improvement of claim 5 wherein said hydraulic plunger is further
      spring biased in a first position and said hydraulic fluid acts in
      opposition thereto against said piston.
NUM  7.
PAR  7. Apparatus for controlling the valving from a source of pressurized
      hydraulic fluid in synchronism with the valving of a pump, in the
      mechanically-linked combination of a hydraulic motor, reciprocable
      hydraulic motor piston and pump, comprising
PA1  a. means for sensing the two hydraulic motor piston displacement extremes,
      actuated by said piston and connected to a first valve rod to cause
      mechanical movement of said first valve rod at said displacement extremes;
PA1  b. a valve assembly having an inlet and return line connection to said
      source of pressurized fluid, and having an outlet port, and having valve
      means connected to said first valve rod for controllably coupling said
      outlet port respectively to said inlet and return line;
PA1  c. a spring-biased piston and cylinder assembly, having its cylinder
      connected to said outlet port and connected to said hydraulic motor
      through a restricted port, said spring-biased piston having attached
      thereto a second valve rod; and
PA1  d. an externally actuable inlet valve in said pump, having an actuating
      mechanism connected to said second valve rod; whereby said spring-biased
      piston becomes actuated by said pressurized hydraulic fluid in synchronism
      with said hydraulic motor piston actuation.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said valve assembly valve means further
      comprises a plurality of spools in linear actuating alignment.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said externally actuable pump inlet
      valve further comprises a poppet valve having an externally projecting
      valve stem.
NUM  10.
PAR  10. The apparatus of claim 9, wherein said pump inlet valve actuating
      mechanism further comprises a pivotal lever pivotally attached to said
      pump, and having a first end connection to said valve stem and a second
      end connection to said second valve rod.
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ABST
PAL  A fan having a single degree of freedom to torsionally oscillate in a
      horizontal plane which in one version oscillates about a fixed vertical
      axis, self-excited by an aerodynamic couple created by feathering
      vertically disposed vanes which are symmetrically located adjacent the
      tips of the fan blades on the air inflow side thereof, and in another
      version which oscillates about a pendulous axis, self-excited by
      precession of the rotating fan and motor armature as a pendulous gyro.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Mechanically driven oscillating fans are old in the art. These fans are
      complicated and suffer the economic disadvantage of high cost and weighty
      structure due to the mechanical devices required to convert fan motor
      drive rotation into fan oscillation. This is especially true of larger
      fans.
PAR  Aerodynamically excited oscillating fans have been proposed in the art but
      the two degree of freedom horizontal oscillating mechanisms used to obtain
      reversing aerodynamic turning moments on the fan disk are overly complex
      and not practical.
PAR  Gyroscopically excited oscillating fans have been proposed in the art but
      the precession of the fan is conical requiring complicated gymbal mounts
      and not limited to an oscillation in a horizontal plane.
PAR  There is thus an established need for a self-excited oscillating fan having
      horizontal oscillations induced by means without the aid of complex
      mechanical devices.
PAC  SUMMARY OF THE INVENTION
PAR  The gist of this invention lies in a motor and fan combination having its
      axis of rotation lying in a horizontal plane, which system is elastically
      constrained to angularly oscillate between limiting stops in the
      horizontal plane. One system is self-excited by a reversing aerodynamic
      couple which acts in a horizontal plane about the axis of oscillation of
      the motor and fan combination. Another system is self-excited by a
      gyroscopic couple which causes the rotating motor armature and fan disk to
      precess as a gyroscope.
PAR  The reversing aerodynamic couple has its origin in two feathering vanes
      which are pivotally mounted to oscillate about vertical axes and which are
      symmetrically spaced and laterally disposed on each side of the
      oscillation axis of the fan adjacent to the blade tips and on the air
      inflow side thereof. The vane feathering mechanism comprises a four-bar
      linkage having two short links of equal length each connected at one end
      to each of the axes of said vanes at the top ends thereof and each
      pivotally connected at the other ends thereof to a third long link
      connecting the other ends of the two short equal links therebetween so as
      to present at fan oscillation frequency in alternating reversing sequence
      a flat attitude by one vane relative to the air inflow to the fan on one
      side of the oscillation axis and an edge-on attitude relative thereto on
      the other side thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a floor-mounted, self-oscillating fan
      according to the teachings of this invention;
PAR  FIG. 2 is a perspective schematic view of the basic elements of the fan of
      FIG. 1 having gyroscopic excitation;
PAR  FIG. 3 is a top view of the schematic fan of FIG. 2;
PAR  FIG. 4 is a perspective cutaway view of the basic elements of the fan of
      FIG. 1 having aerodynamic excitation; and
PAR  FIG. 5 is a top view of the fan of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference to FIG. 1 shows a floor-mounted, self-oscillating fan comprising
      a stand 10 having two opposed legs 12, a cross-bar 14 tying the opposed
      support legs 12 together, an arm 16 mounted on cross-bar 14 midway between
      support legs 12 and extending forward in the same direction thereof. A fan
      pendulous suspension means 15 comprises a first aperture 18 in and
      adjacent to the forward end of the arm 16 and vertically disposed
      therethrough and midway between opposed sides thereof, a second aperture
      20 in the arm 16 between said first aperture 18 and the forward end of the
      arm 16 also vertically disposed therethrough and midway between opposed
      sides thereof, a nylon cord 22 having one end threaded through the first
      aperture 18 and the other end extending downward in a vertical direction,
      a a knot 24 secured in the one end of the cord 22 above said arm 16 for
      preventing the passage of the cord 22 downward through the aperture 18, a
      sleeve member 26 having its hollow center disposed in a vertical direction
      and central therein and the lower end of said cord 22 threaded
      therethrough, a knot 28 (not shown) secured in said lower end of the cord
      below said sleeve 26 for preventing the passage of the cord 22 upward
      through the hollow of the sleeve 26, a circular plate member 30 having its
      top surface secured to the lower end of said sleeve 26 and concentrically
      located thereon, opposed third apertures 31 disposed in the sleeve 26 and
      bored in the plate 30 in the same forward and aftward directions relative
      to the sleeve 26 and adjacent to the circumference thereof, opposed chains
      32 secured at top ends thereof to the third apertures in plate 30 and
      downwardly hanging and outwardly extending therefrom, and hooked ends 34
      which are at the ends of each of the opposed chains 32 disposed in the
      forward and aftward directions relative to the sleeve 26 and its plate 30.
      A conventional floor-mounted fan 36 having a housing 37 is hooked to and
      supported on a vertical line extending downward through the hollow of
      sleeve 26 and roughly passing through the fan, motor and housing 36 center
      of gravity by the downwardly hanging hooked ends 34 of the chains 32.
PAR  A fan suspension-restoring torque means 17 having a restoring torque
      characteristic with a non-linear functional relation with fan oscillation
      angle comprises slots 38 which are in concentric relation with the hollow
      center of the sleeve 26 and are cut through the surfaces of plate 30 at
      equal distances from the hollow center of sleeve 26 on the laterally
      opposed sides of the arm 16. Circumferential stops 40 are adjustably
      positioned in slots 38 and secured to the top surface of the plate 30 by
      conventional nut and throughbolt combination. Cantilevered spring bar 42
      has a hooked top end which passes through and is clamp-end supported in
      the second aperture 20 in the forward end of the arm 16. The lower
      extremity of cantilever spring bar 42 extends downward from arm 16 in
      parallel relation with supporting nylon cord 22 and ends just short of the
      top surface of the plate 30 so that as circumferential plate 30 oscillates
      about nylon cord 22 as the center of oscillation of the fan 36, the lower
      end of spring bar 42 engages first and second circumferentially spaced
      lugs 40, mounted at equal radial distance from the oscillation axis
      thereof on the top surface of plate 30, in alternate reciprocal succession
      as the lugs 40 limit the fan 36 in oscillation amplitude thereon.
PAR  A motor-fan combination 45 is comprised of a fan disk 44 having a plurality
      of fan blades 48 mounted on rotating shaft 50 centrally disposed therein
      and having an electric motor 52 coupled thereto for driving the fan disk
      46. Fan housing 37 solidly mounts the housing of fan motor 52.
PAR  In the operation of the pendulously-suspended, gyroscopically actuated,
      self-oscillating fan having a non-linear fan suspension-restoring torque
      means 17, as shown in FIG. 1, the restoring torque on the fan is
      non-linear with oscillation angle. Oscillation of the system occurs
      principally in a horizontal plane with the nylon cord 22 as the torsion
      center and is limited in amplitude thereabout by adjustable
      circumferential lugs 40 which contact cantilevered spring bar 42 near the
      peak oscillation amplitude point of each half-cycle oscillation. Larger
      oscillation amplitudes of the fan are obtainable by adjustably moving the
      stops 40 circumferentially in the slots 38 in a direction away from the
      front of fan 36 and clamping the lugs 40 in slots 38.
PAR  Reference to FIGS. 2 and 3 shows principal elements of the pendulously
      suspended, gyroscopically excited, self-oscillating fan comprising a
      motor-fan combination 45 suspended on an annular ring 82 mounted on a base
      84. A nylon cord 22 suspends the motor-fan combination 45 at its center of
      gravity from the top of the ring 82 by threading said cord through an
      aperture in the ring 82 and tying a knot 24 therein on the top side
      thereof. An indexing pointer 83 is suspended above the inside of the
      bottom portion of the ring 82 directly below the suspension point at the
      top of ring 82. A spring bar 42 is structurally mounted to the inside of a
      rearward extension of the top of the ring 82 and extends downwardly
      therefrom. Spaced lugs 40 straddle-mounted to each side of the lower end
      of bar 42 engage the same when the motor-fan 45 nears its peak oscillator
      amplitude to each side of center.
PAR  Reference to FIG. 4 shows a floor-mounted, self-oscillating,
      aerodynamically excited fan comprising a stand 10' having two opposed legs
      12', upper and lower cross-bars 13' and 14' tying the opposed support legs
      12' together, an arm 16' mounted on cross-bar 14' midway between support
      legs 12' and extending forward in the same direction thereof. A fan
      pendulous suspension means 15' comprises a first aperture 18' in and
      adjacent to the forward end of the arm 16' and vertically disposed
      therethrough and midway between opposed sides thereof, a second aperture
      20' in the arm 16' between said first aperture 18' and the forward end of
      the arm 16' also vertically disposed therethrough and midway between
      opposed sides thereof, a nylon cord 22' having one end threaded through
      the first aperture 18' and the other end extending downward in a vertical
      direction, a knot 24' secured in the one end of the cord 22' above said
      arm 16' for preventing the passage of the cord 22' downward through the
      aperture 18', a sleeve member 26' having its hollow center disposed in a
      vertical direction and central therein and the lower end of said cord 22'
      threaded therethrough, a knot 28' (not shown) secured in said lower end of
      the cord below said sleeve 26' for preventing the passage of the cord 22'
      upward through the hollow of the sleeve 26', a circular plate member 30'
      having its top surface secured to the lower end of said sleeve 26' and
      concentrically located thereon, opposed third apertures 31 disposed in the
      sleeve 26 and bored in the plate 30 in the same forward and aftward
      directions relative to the sleeve 26' and adjacent to the circumference
      thereof, screws 32' secured at top ends thereof to the third apertures in
      plate 30' and downwardly hanging and outwardly-extending therefrom. A
      conventional floor-mounted fan 36 having a housing 37 is screwed to and
      supported on a vertical line extending downward through the hollow of
      sleeve 26' on a line roughly passing through the fan, motor and housing 36
      center of gravity.
PAR  A fan suspension-restoring torque means 15' having a restoring torque
      characteristic with a non-linear functional relation with fan oscillation
      angle comprises circumferentially spaced first and second wing-bolts 38'
      which have their head-ends 40' in concentric relation with and spaced from
      the hollow center of the sleeve 26' and are radially threaded into the
      sleeve 26' on the laterally opposed sides of the arm 16'. Cantilevered
      spring bar 42' has a hooked top end which passes through and is clamp-end
      supported in the second aperture 20' in the forward end of the arm 16'.
      The lower extremity of cantilever spring bar 42' extends downward from arm
      16' in parallel relation with supporting nylon cord 22' and ends just
      short of the top surface of the plate 30' so that as circumferential plate
      30' oscillates about nylon cord 22' as the center of oscillation of the
      fan 36', the lower end of spring bar 42' engages first and second
      head-ends 40' in alternate reciprocal succession to limit the fan 36' in
      oscillation amplitude thereon.
PAR  A motor-fan combination 45' is comprised of a fan disk 46' having a
      plurality of fan blades 48' mounted on rotating shaft 50' centrally
      disposed therein and having an electric motor 52' coupled thereto for
      driving the fan disk 46'. Fan housing 37' solidly mounts the housing of
      fan motor 52'.
PAR  A fan stabilizer 11' comprises a clearance aperture 17' which extends
      through the cross-bar 14' of the stand 10' in a direction perpendicular to
      the horizontal and is located on the axis of oscillation of the fan. Rod
      18' is mounted to the bottom 35' of the housing 37' on the axis of
      oscillation thereof and loosely engages aperture 17' in extension
      therethrough.
PAR  An aerodynamic exciter 77 comprises vanes 71 which are vertically disposed
      about an aerodynamic axis coincident with the oscillation axis and
      pivotally mounted in the top 39' and bottom 35' of the housing 37' spaced
      equidistant from and adjacent to the tips of the fan blades 48'. Lower
      pivot ends 72 of vanes 71 mount in bearings 73 in the bottom 35' of the
      housing 37', and top pivot ends 70 thereof mount in bearings 75 and extend
      up therethrough. A vane feathering mechanism 79 comprises a four-bar
      linkage 63 which has short links 60 having equal lengths mounting on the
      pivot ends 70 of the vanes 71 above the top 89' and extending in a
      generally outward and rearward direction in parallel relation with each
      other, as shown in FIG. 5. Stops 69 are mounted in top 39' of the housing
      10' adjacent to pivot ends 70 for engaging the links 60 and limiting the
      oscillation amplitude of the vanes 71. Clevises 65 are mounted on the ends
      of a long link 62 each of which pivotally engages the outer ends of a
      respective link 60. A clamp 64 mounts on link 62 midway between the
      clevises 65 along the length thereof. An actuating chain 67 connects at
      one end to the clamp 64 and at the other end is threaded through aperture
      69 in the arm 16 above and knotted thereon.
PAR  It is to be understood that numerous details of the construction shown may
      be altered or omitted without departing from the spirit of the invention
      as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-exciting oscillating fan comprising:
PA1  a. a stand;
PA1  b. a torsionally elastic means suspended from the stand and having its
      elastic axis lying on the vertical;
PA1  c. a first polar moment of inertia means including a fan housing and a
      motor fixedly mounted therein and having an armature connected to said
      fan, the housing being suspended from the said torsionally elastic means
      and having an axis of polar moment of inertia coincident with the axis of
      said torsionally elastic means;
PA1  d. a second polar moment of inertia means comprising said fan, the motor
      armature and a shaft extending therebetween, said second moment of inertia
      means having its axis of polar moment of inertia lying in a horizontal
      plane and intersecting the polar axis of said first polar moment of
      inertia coincident with the axis of rotation of said fan, motor armature
      and shaft; and
PA1  e. an aerodynamic means for self-exciting said first polar moment of
      inertia means in oscillation in a horizontal plane about said vertical
      elastic axis;
PA1  f. said aerodynamic means comprising feathering vanes pivotally mounted in
      said housing for rotation about axes substantially parallel to the axis of
      said torsionally elastic means and extending along each side of the fan
      adjacent the tips of the blades thereof; and
PA1  g. means for feathering said vanes.
NUM  2.
PAR  2. An aerodynamically self-excited oscillating fan as set forth in claim 1
      wherein the vane feathering means comprises:
PA1  a. a four-bar linkage having two links of substantially equal length each
      fixedly connected at one end to the top end of a respective one of said
      vanes and each having its other end pivotally connected to a third link
      extending therebetween; and
PA1  b. an actuating chain connected at one end to the third link and at the
      other end to the stand for operating said third link to shift the angular
      relation of said vanes relative to the fan disk.
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ABST
PAL  A high pressure pumping apparatus which incorporates a chamber adapted to
      be filled with a fluid to be pumped, a solid, nonyieldable reciprocating
      member and an opposing nonyieldable member. A resilient plug having a
      dished out portion is captured between the two members. The dished out
      portion is contacted and seals to define a closed chamber at the dished
      portion which chamber reduces in size as the nonyieldable members are
      relatively moved. A small passage communicates with the dished out chamber
      in the resilient member to draw fluid therefrom through a check valve
      mechanism. The apparatus is particularly able to pump extremely small
      controlled volumes of fluid at very high pressures. A first version
      thereof supports the resilient member on a solid piston rod which moves
      toward a fixed metal member. A second version utilizes a diaphragm motor
      and also discloses an exposed push rod which gives an external indication
      of operation of the equipment. A third embodiment positions the check
      valve struture in a solid push rod which travels toward the resilient
      member which is held against the solid member. A control system is defined
      responsive to temperature and pressure.
PARN
PAR  This application is a continuation of Ser. No. 321,330, filed Jan. 5, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the operation of chemical processes within pressure vessels, substantial
      internal pressures are created. It is sometimes necessary to feed minute
      quantities of selected additives to such processes against the internal
      pressure. In this event, a pump is called for which pumps a very small
      volume of fluid against an extremely high back pressure.
PAR  Another typical situation in which very specialized pumping capabilities
      are called for is in the provision of odorants such as mercaptans for
      natural gas flowing in a pipeline. Natural gas is odorless in the pure
      state. It is preferably pipelined substantial distances in the odorless
      condition. Typically, an odorizer is incorporated with the distribution
      system where the odorless natural gas is taken from a large pipeline which
      may travel across the country and the odorized natural gas is pumped
      through a city distribution system. Odorant is added as a safety
      precaution so that leaks are more readily detected in the multi-line
      distribution network. Quite often, this is even required by municipal
      ordinances and state laws as a safety precaution.
PAR  The reverse of the above situation is often encountered. By the reverse,
      reference is made to the crcumstances in which a chemical process or
      pipeline normally operates at substantial elevated pressures and a sample
      is required from within the pressure vessel or the pipeline. It is
      difficult to obtain a sample in small volume. Overly complex pressure
      regulator systems, choke systems and the like have been devised
      heretofore. The present invention provides a sampling pump which is
      uniquely adapted to remove an extremely small sample from a high pressure
      chamber against a relief valve utilizing the pumping apparatus described
      above with respect to other embodiments.
PAR  The present disclosure is directed to multiple embodiments of a pump as
      described above but also discloses a control system for such a pump,
      particularly applied and adapted for placing odorants in a natural gas
      pipeline. The system is also adapted for placing hydration inhibiters in
      pipelines to prevent the formation of ice. In such instances, the quantity
      of trace material to be placed in the pipeline or other pressure vessel is
      variable depending on multiple factors. For instance, it can be variable
      dependent on the temperature of the fluid under pressure, or it can be a
      function of temperature either of the pressurized fluid or ambient air. In
      any event, the control system is adapted to operate the pump of the
      present invention and further provide a means operating the pump of the
      present invention at a controlled rate.
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PAC  SUMMARY OF THE INVENTION
PAR  The present invention is summarized as providing multiple embodiments of a
      pump particularly adapted for pumping fluids in extremely small volumes at
      high pressures. The three embodiments share in common a chamber in which
      to capture or contain a fluid to be pumped and a pair of metal members
      which are moved relative to one another. A resilient member is placed
      between the metal members which are structurally rigid. The resilient
      member contacts one of the two metal members. A dished chamber is formed
      in either the resilient member or the contacting metal member. The dished
      out chamber is adapted to receive and capture a small portion of the fluid
      to be pumped. The chamber seals about the edge when the resilient member
      first contacts the opposing metal member. As the two metal members are
      brought closer together, the resilient material flows into the chamber to
      reduce its size, thereby expelling fluid from the chamber under extremely
      high pressure through a small passage and a check valve mechanism. The
      apparatus is reciprocated to repetitively pump fluid past the check valve.
      A first embodiment incorporates a reciprocating piston rod which captures
      a resilient member having a hemisphere dished in its exposed face where
      the resilient member is captured in a sliding sleeve to maintain desired
      placement and the piston rod carries it against an unyielding opposite
      wall having a check valuve mechanism therein. The first embodiment is
      operated by introduction of pressure fluid to a piston having
      substantially larger area than the piston rod to obtain force
      multiplication.
PAR  The second embodiment utilizes a diaphragm motor which works a similar
      piston rod which drives a resilient plug having a dished out face against
      the opposing opposite metal wall. A small passage is located opposite the
      indentation in the resilient member and fluid is forced past a check valve
      through the small passage. The check valve is equipped with a small rod
      which extends from the pump structure to enable inspection of the
      equipment to determine whether or not it is pumping. A third embodiment
      supports the resilient member in a fixed cylindrical housing which
      surrounds it. It is adapted to be placed in a pressure vessel for
      sampling. A piston rod having a check valve mechanism centrally positioned
      in it reciprocates against the resilient plug. A sample of fluid is
      captured as the indentation in the resilient plug disappears and the
      sample is forced past the check valve to sample receiving apparatus. A
      control system is disclosed which is responsive to pressure and
      temperature. It is adjustable so as to control the pumping rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view through a first embodiment of the high pressure,
      low volume pump of the present invention, particularly disclosing a piston
      rod, a resilient plug having an indented face and an opposing fixed metal
      wall, all operable in response to a reciprocating piston having enlarged
      area;
PAR  FIG. 2 is an alternative embodiment to the structure of FIG. 1 showing a
      diaphragm motor operating a similar piston rod working against a resilient
      plug and further including a check valve motion indicator to enabling
      checking of the operable state of the pump;
PAR  FIG. 3 is a sectional view of a third embodiment of the pump of the present
      invention particularly adapted for sampling purposes in a high pressure
      vessel or pipeline wherein the resilient plug is maintained stationary and
      is captured in a cylinder which has ports for introducing the fluid to be
      sampled;
PAR  FIG. 4 is an assembly drawing, partly in section, of a pumping rate control
      mechanism which is responsive to pressure and temperature variations and
      which is made adjustable to provide the requisite pumping rate;
PAR  FIG. 5 is a sectional view taken along the line 5 -- 5 of FIG. 4 disclosing
      details of the adjustable mechanism; and
PAR  FIG. 6 is a sectional view taken along the line 6 -- 6 of FIG. 4 disclosing
      details of construction of a metering valve mechanism cooperative with a
      pressure and temperature responsive apparatus which controls the pumping
      rate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before beginning a description of the specific embodiments disclosed
      herein, certain common features will be mentioned prior to a description
      of FIG. 1. The common structural features found in the high pressure, low
      volume pump of the present invention particularly center around the use of
      a resilient plug which works against a metal face. A chamber, preferably
      shallow and fairly broad, is dished out either of the resilient plug or of
      the opposing metal face. A piston rod is preferably incorporated to
      provide relative motion between the resilient plug and the opposing metal
      face. This structure is placed in the fluid to be pumped. One suitable
      technique is to submerge the above described apparatus in fluid to be
      pumped, typically captured in a closed container. As the resilient member
      is forced against the opposing metal face, the resilient member deforms
      and the cavity disappears. As it disappears, fluid is pumped from the
      cavity through a small opening and a check valve mechanism. The check
      valve mechanism determines the necessary back pressure and of course,
      prevents return of the fluid when the resilient member is relaxed and the
      chamber or cavity reforms.
PAR  With the foregoing in mind, attention is first directed to FIG. 1 of the
      drawings where a first embodiment of the pump of the present invention is
      indicated by the numeral 10. The pump includes a cylindrical tubular body
      12 and extends from a top plate 14 which is tapped at 16 to define an
      inlet passage. The passage 16 is adapted to be connected with a pressure
      source to obtain a pressure fluid which operates the pump. This is to be
      distinguished from fluid which is to be pumped. The top plate 14 is sealed
      in the upper end of the tubular member 12 by means of a seal member 18.
      The top plate 14 is a cylindrical plate having an overlapping flange which
      abuts the upper end of the tubular member 12. It is held in position by a
      number of bolts 20 which are spaced at various points about the periphery.
PAR  The housing of the pump is defined at its lower end by means of a bottom
      plate 22 having a tapped opening 24 which is the outlet passage of the
      pump of the present invention. The opening 24 is adapted to be connected
      with the apparatus which requires the pumped fluid in accordance with the
      present invention. The bottom plate 22 is sealed within the tubular shell
      member 12 by means of a seal 26 which is preferably an O-ring received in
      an external groove about the bottom plate 22. The bottom plate 22 is
      secured in position by a number of bolts 28 about its periphery.
PAR  The bottom plate preferably incorporates a centered passage 30 which
      extends to a valve seat 32 which is closed by means of a spherical valve
      member 34. The valve member 34 is forced upwardly by means of a spring 36
      which rests on a snap ring insert 38. The snap ring forces the valve
      member against the seat to secure it in position. The valve arrangement
      illustrated functions as a check valve which permits flow of fluid from
      the small passage 30 through the tapped opening 34. It forbids flow in the
      opposite direction.
PAR  The tapped opening 16 at the top of the device opens into a chamber 40
      which is above a large piston 42. The large piston 42 slidably moves
      within the tubular housing. Leakage past the piston is prevented by an
      O-ring 44 received in a groove on the outer edge of the piston. The piston
      42 is slidable up and down within the chamber defined by the tubular
      housing in response to changes in pressure introduced through the opening
      16. The piston 42 has a very substantial area so that a force of some
      magnitude is formed on its upper surface when pressure is introduced into
      the chamber 40. The piston 42 is drilled at a central location and a bolt
      46 extends therethrough and connects with a piston rod 48. The bolt 46
      threads into the rod 48 and joins the piston rod 48 to the piston 42. The
      piston rod 48 functions as a piston rod in transferring the force from the
      piston 42. However, it functions as a piston in its own right, as will be
      noted in describing the lower portions hereinafter. Leakage through the
      piston 42 is prevented by means of a seal member 50 positioned below the
      head of the bolt 46.
PAR  A splash guard 52 spans the width of the chamber below the piston 42. The
      splash guard 52 is anchored in position by means of bolts 54. A seal
      member 56 is on the outer edge of the splash guard 52. A seal member 58 is
      on the inner edge of the splash guard 52. Perfect seals are not required
      at the splash guard. The splash guard defines an upper chamber 60 and a
      lower chamber 62. The fluid to be pumped is preferably introduced into the
      lower chamber 62 through a port or opening 64. The upper chamber 60 is
      preferably vented to atmosphere or a sump return through a passage 66. The
      splash guard 52 preferably keeps the fluid to be pumped in the lower
      chamber. If the fluid gets on the top side of the splash guard, this is of
      no particular consequence other than it may be somewhat wasteful of the
      fluid to be pumped. To this end, the passage 66 opening into the upper
      chamber can be connected to a sump or accumulator of the fluid which
      escapes past the splash guard. The seals or the splash guard itself can be
      omitted; however, the splash guard serves a useful purpose in keeping the
      fluid to be pumped in the lower portions of the chamber, minimizing
      bubbles of foaming on its surface and further surrounding the lower end of
      the piston rod 48 with the fluid to be pumped. For drainage, an additional
      port 68 is provided opening into the lower portions of the pumping chamber
      62.
PAR  The lower end of the piston rod 48 serves as the piston. The lower end is
      placed in an abutting relationship to a resilient member 70. The resilient
      member 70 is formed of a resilient material such as butadiene. It has a
      durometer which may range perhaps as low as twenty to as high as about
      ninety. The resilient member 70 incorporates a dished out cavity 72. The
      cavity 72 is contoured to have gentle curves and is faired smoothly into
      the face of the resilient member 70. The resilient member 70 does not need
      to be fixedly attached to the piston rod 48. It is preferably captured
      snugly within a telescoped tubular member 74. The member 74 is held
      relative to the piston rod by a bolt 78. The bolt 78 extends through a
      slotted opening 80 in the telescoped tubular member 74. The member 74
      tends to capture the resilient pump face 70. It is captured in a manner
      permitting it to flex and distort in response to pressure, and yet is
      maintained in a working relationship to the piston rod 48.
PAR  A return spring 90 forces the piston rod 48 upwardly, moving the apparatus
      toward the illustrated position.
PAR  In operation, the chamber 62 is filled with a fluid to be pumped. The fluid
      to be pumped may be any sort of fluid, and need only be introduced under
      low pressure to fill the chamber. Once the chamber 62 has been filled to a
      point which at least submerges the face of the resilient pump member 70,
      the piston rod 48 is forced downwardly. As it moves downwardly, the
      resilient member 70 retains its illustrated shape and form until it
      contacts against the exposed face of the bottom plate 22. At this
      juncture, a seal is formed fully about the cavity 72 by contacting the
      resilient member 70 against the bottom plate 22. As the piston rod 48
      moves further downwardly, the resilient member 70 begins to deform and the
      cavity 72 formed in the space begins to disappear. As the cavity 72
      disappears, the fluid which has been captured in the cavity is forced into
      the passage 30. The apparatus is able to pump fluid against a back
      pressure of several thousand psi. Eventually, the resilient member 70
      deforms to an extent that the cavity 72 apparently fully disappears. The
      piston rod 48 can then be retracted and moved upwardly. When it moves
      upwardly, the resilient member 70 is restored to its illustrated shape.
      The resilient member 70 maintains the illustrated cavity only in a relaxed
      posture.
PAR  The piston rod 48 is reciprocated in one technique by introducing pressure
      fluid into the upper chamber 40. The fluid pumping rate can be varied to
      alter the pumping rate of the apparatus. Fluid is introduced into the
      upper chamber under pressure for a timed interval. The pressure is then
      released and later re-introduced to pump cyclically through movement of
      the upper piston 42. This movement is imparted to the piston rod 48. When
      the pressure in the upper chamber is reduced, the spring 90 returns the
      piston 42 to its up position.
PAR  While the illustration shows a hydraulic or pneumatic system for
      reciprocating the pump of the present invention, different apparatus can
      be incorporated for operating the pump. For example, an eccentric pumping
      mechanism can be used to force the piston rod 48 upwardly and downwardly.
PAR  It will be noted that the splash guard 52 tends to keep the fluid to be
      pumped at high pressure in the lower chamber 62. In some instances, it can
      be omitted.
PAR  Attention is next directed to FIG. 2 of the drawings where the numeral 100
      identifies a second embodiment of the present invention. The embodiment of
      FIG. 2 has a diaphragm motor to be contrasted with the piston motor which
      serves as the prime mover for the embodiment 10 shown in FIG. 1.
      Considering FIG. 2 in greater detail, the numeral 102 identifies a top
      housing which is joined opposite a lower diaphragm housing 104. The two
      housings are joined together by bolts at 106. The housing members 102 and
      104 are preferably circular and the bolts are arranged in a circle about
      the periphery. The two circular members are brought together and capture a
      diaphragm member 108. It spans fully across an internal chamber and
      divides the chamber into two portions, the upper portion being indicated
      by the numeral 110 while the lower portion is indicated by the numeral
      112. The diaphragm 108 separates the chambers 110 and 112. The numeral 114
      identifies a port thorugh which pressure fluid is introduced to operate
      the diaphragm motor to be described. It is located in the upper housing
      member 102.
PAR  The chamber 112 incorporates a circular disc 116 which is threaded to a
      piston rod 118. The rod 118 has a collar 120 which limits threaded
      engagement of the disc 116. The disc 116 is only slightly smaller than the
      diameter of the diaphragm 108 within the chambers. When the pressure fluid
      is introduced through the port 114 to the top chamber 110, it impinges on
      the diaphragm 108 and forces it downwardly. The downward motion or force
      is conveyed to the disc 116 which then imparts it to the piston rod 118.
      More will be noted concerning this hereinafter.
PAR  The lower chamber 112 is communicated to atmosphere through a port or
      opening 122. Alternatively, the tapped opening 122 can be connected with a
      back pressure source to control the pressure differential acting acorss
      the diaphragm 108. The range of travel of the piston rod 118 is limited by
      means of an adjustable stop 124 which is shown at the right hand side of
      FIG. 2. The stop 124 preferably comprises a bolt which threads through the
      lower housing member 104. A lock nut 126 is incorporated to hold it at a
      specified position. This lock mechanism limits the range of travel of the
      diaphragm motor and hence, the deformation of the resilient member in the
      high pressure pump to be described.
PAR  The lower housing 104 incorporates an axial passage which is enlarged at
      130. A guide bushing 132 is positioned therein. It has a lower shoulder
      which extends outwardly to receive a coil spring 134. The spring 134
      forces the disc 116 and the connected piston rod 118 upwardly as viewed in
      FIG. 2 of the drawings. Downward movement is accomplished against the
      force of the spring 134. This, of course, if achieved when fluid under
      pressure is introduced above the diaphragm 108.
PAR  The lower housing member 104 is threaded on its exterior at 138 and a
      cylindrical body 140 is joined to it. The body 140 defines an internal
      chamber 142. The piston rod 118 extends downwardly into the chamber 142.
      However, the piston rod 118 is preferably formed of multiple components to
      enable interposition of a seal to prevent leakage along the piston rod
      118. The rod 118 terminates within the chamber 142 and has an internal
      tapped opening for receiving a headless bolt segment 144. The bolt 144
      joins a second portion of the piston rod 146. The upper portion of the
      piston rod is grooved at 148 to receive O-ring for sealing purposes. A
      bellows shaped diaphragm 150 is caught adjacent to the O-ring seal 148
      between the two cylindrical members which comprise the piston rod. The
      diaphragm 150 has a number of bellows which accommodate vertical
      reciprocation of the piston rod 118.
PAR  Three or four bellows are illustrated in FIG. 2 although the number can be
      varied. In any case, the diaphragm 150 elongates with the piston rod as it
      moves upwardly and downwardly.
PAR  The diaphragm seal 150 flares outwardly at its upper end and abuts the
      lower end of the lower housing member 104. It turns up and forms an
      encircling shoulder at 152 and a number of bolts indicated at 154 anchor
      the diaphragm lip 152 against the bottom side of the cylindrical lower
      housing member 104. To prevent leakage, O-ring seals are incorporated at
      156, 158, and 160. The plurality of O-ring seals mentioned above all
      prevent leakage either along the piston rod 118 or between the components
      of the structure including the lower housing 104 or the cylindrical
      housing 140.
PAR  As described to this juncture the piston rod can be reciprocated upwardly
      and downwardly within the chamber 142. Leakage, of course, is prevented by
      means of a diaphragm seal structure 150 described above. The lower end of
      the piston rod including the portion 146 supports a sliding sleeve 172.
      The sleeve 172 is held in position by means of a bolt 174 which extends
      through a lengthwise slot in the sleeve 172. The bolt 174 limits the
      relative movement of the sleeve 172 with respect to the piston rod. The
      sleeve 172 captures a resilient plug 176. The resilient plug 176 has a
      dished, exposed face 178. The face 178 is exposed to an opposing metal
      face 180 which comprises a portion of the cylindrical housing member 140.
      As mentioned above, the dished out portion is formed in the resilient
      member although the location could be reversed, namely, it could be placed
      in the opposing metal face 180. In any event, a dished out face is defined
      within a surrounding shoulder which makes first contact. This helps
      capture fluid in the chamber 142 within the smaller dished out receptacle
      178 so that the fluid can be pumped from the pump under extremely high
      pressure as the dished out chamber 178 disappears. It will be observed
      that the sleeve 172 has an inwardly projecting lip for purposes of
      capturing the resilient plug 176 to prevent it from dropping from the
      sleeve 172. Preferably, the plug fits fairly snuggly within the sleeve.
      However, because of variations in temperature, rubber creep and the like,
      the resilient plug 176 is preferably captured.
PAR  The cylindrical housing has a small passage 182 which extends to a check
      valve mechanism at 184. The check valve mechanism 184 incorporates a check
      valve structure having a valve seat, a conforming valve member, an O-ring
      seal in the valve seat to provide a good seal, a spring working against
      the valve member and a threaded plug structure 186 for assembling all of
      the described apparatus in the illustrated arrangement. The plug 186
      threads into a capped opening within the cylindrical housing 140. It is
      preferably perforate at least one or two locations to communicate with a
      lateral port 188 permitting connection with appropriate conduits for
      delivery of fluid under high pressure.
PAR  The check valve structure should be particularly noted with regard to a
      protruding rod 190. The rod 190 is connected to the valve element itself.
      The spring which is illustrated in FIG. 2 forces the valve element
      upwardly against the seat. It remains in the up position indefinitely
      until the pump actually reciprocates and pumps fluid past the valve
      element. As the fluid is forced against the valve element and the spring
      below, it forces the element from the valve seat. When fluid is forced
      past the valve element, the rod 190 is reciprocated downwardly. This
      serves as a practical external indicator signalling an operator that the
      pump is operative and pumping the specific fluid. This is particularly to
      be contrasted with transparent or optical sight glasses which are a good
      deal more complicated and expensive to install, maintain and service. The
      indicator rod 190 can be easily tested by an operator by simply placing
      his finger against the rod 190 and feeling the oscillations which occur as
      the pump operates.
PAR  From the foregoing description, it will be observed how the indicator rod
      190 provides a physical indication of operation of the high pressure pump
      of the present invention. It can be readily touched to determine if the
      pump 100 is pumping fluid. This is particularly advantageous if the source
      of fluid to be pumped cannot be readily observed and it occasionally runs
      dry. The indicator rod 190 is observed to extend through an O-ring seal
      and a threaded plug which locks the seal in position. The larger plug 186
      is also sealed by a number of O-rings to maintain integrity against
      leakage.
PAR  The numerals 192 and 194 identify ports which communicate with the chamber
      142. They communicate with the distribution system extending from a
      gravity fed tank 196 which delivers fluid to be pumped by means of a
      siphon line 198. A return line is also provided. Preferably, the tank 196
      is stored at a raised point with respect to the pump 100 so that siphon
      flow is maintained through the line 198. The line 198 preferably connects
      with the inlet port or tapped opening 192. This introduces fluid to the
      chamber 142. The fluid introduced to the chamber need not be pressurized
      to any particular level. In the event that surplus fluid is introduced to
      the chamber 142, it can be returned through the port 194. The
      reciprocation of the piston rod 118 and the movement of the diaphragm seal
      150 tends slightly to expand and contract the space within the chamber
      140. This forces some slight flow of surplus fluid out through the port 94
      and back to the tank 196. As required, appropriate valves are included in
      the multiple lines extending from the port 192 and 194 to the tank 196.
PAR  Attention is next directed to FIG. 3 of the drawings where the numeral 200
      identifies a third embodiment of the pump of the present invention. This
      embodiment is particularly adapted for use as a sampling device for
      removing fluid from a container at extremely high pressures. The pump 200
      may be installed in a pipeline such as that indicated at 202. It may also
      be installed in a pressure vessel at any suitable point where it is
      exposed to the fluid that is of interest.
PAR  The embodiment 200 cooperates with a threaded fitting 204. The fitting 204
      opens into the pipe 200. The fitting 204 receives a hollow adaptor 206 in
      threaded engagement. The hollow adaptor 206 has a lower cylindrical
      chamber indicated at 208. The chamber 208 is hollow and receives a
      resilient plug 210. The chamber 208 is preferably cylindrical in
      crosssection and is closed across the bottom as illustrated in FIG. 3. The
      hollow passage in the adaptor 206 opens upwardly from the chamber 208. The
      resilient plug is positioned therein just below a number of ports or
      openings indicated at 212. The ports or openings enable fluid which is to
      be pumped by the sampling pump to enter into the chamber 208 adjacent to
      the resilient plug 210.
PAR  The plug 210 preferably has a dished out face at 214. It is positioned
      immediately opposite to the working face 216 of a piston rod. The face 216
      functions in the same manner as the opposing face 180 shown in FIG. 2. By
      way of contrast, however, the face 216 reciprocates while the face 180
      shown in FIG. 2 is held stationary while the resilient member is
      reciprocated. The face 216 is on the lower end of an elongate piston rod
      220. The piston rod reciprocates upwardly and downwardly through the axial
      passage in the threaded adaptor 206. The piston rod is hollow beginning at
      the bottom where it has a small passage 222 extending upwardly to a valve
      seat member 224. The valve seat member 224 contracts a valve member 226.
      The valve member 226 is forced downwardly against the valve seat by means
      of a resilient spring 228. The spring 228 determines the bias against
      which the pump operates when it takes a sample from the pipeline 202.
PAR  The spring 228 is received within a hollow chamber adjacent to the seat
      member 224. The seat member 224 is received below a threaded plug 230
      within the hollow piston rod. The plug 230 has a small passage 232 formed
      therein which extends upwardly above the threaded plug which completes
      assembly of the check valve mechanism. It will be observed that the relief
      valve mechanism is conveniently located within the piston rod 220.
PAR  The numeral 236 identifies a chevron packing on the exterior of the piston
      rod 220 to prevent leakage along the rod. The piston rod 220 will be
      observed to be hollow above the check valve mechanism. This provides an
      axial passage to a lateral tapped opening 240. The opening 240 is in a
      fitting which is sealed by means of encircling O-rings 242 and 244 to the
      piston rod 220. A small opening 246 is formed in the side wall of the
      piston rod to the fitting which is thereabout. The fitting is indicated by
      the numeral 248 and is held in position by a number of snap rings 250.
PAR  The upper end of the piston rod is closed by a plug 252. The plug enables
      connection to an additional rod 254 extending thereabove.
PAR  A typical power source is connected to the rod 254 to force the piston rod
      upwardly and downwardly at a desired rate. As illustrated, the piston rod
      220 is free to slide upwardly, completely out of the threaded adaptor 206.
      It is held in position by means of a reciprocating power source such as
      the power sources illustrated in FIGS. 1 and 2. For instance, FIG. 1
      discloses a pressure fluid operated pump having a piston of substantial
      cross-sectional area to enable a substantial reduction in the pressure
      required to operate the pump. FIG. 2 illustrated a diaphragm motor which
      can be used. In any event, the piston rod 220 is forced downwardly by
      means of some suitable motive source. It can even be hand operated if
      desired. Moreover, suitable supporting structure is incorporated, not
      shown, which prevents the piston rod 220 from being ejected by the
      pressure within the pipe 202.
PAR  In operation, the sampling pump functions similar to the structures
      described heretofore. The sampling pump is mechanically operated to
      reciprocate the piston rod 220. When the rod moves downwardly, the metal
      face 216 contacts the resilient member 210. The resilient member is
      deformed and the recess 214 disappears. It first captures a small quantity
      of the fluid to be sampled inasmuch as the first contact between the
      opposing face 216 and the resilient member 210 is about the periphery of
      the dished chamber. This captures some of the fluid. As the piston rod
      moves further downwardly, the encircling shoulder of contact becomes
      larger as the resilient material deforms. This is accomplished while fluid
      is forced from the chamber into the passage 222 and past the check valve
      mechanism.
PAR  Attention is next directed to FIG. 4 of the drawings where the numeral 300
      identifies a mechanism for controlling one of the embodiments of the pump
      which has been described to this juncture. The control apparatus 300 will
      be described very briefly and then will be described in detail. Gas under
      pressure is introduced to a control valve which has a control rod
      extending from it. The control rod is engaged by a control mechanism which
      is rotated to set the control valve. The valve forms a metered or
      controlled flow. The control rod of the valve is captured by a temperature
      responsive device. The yoke moves the control rod to thereby alter the
      setting of the control valve.
PAR  The control valve meters flow to a reversing mechanism. If the flow to the
      reversing mechanism is increased, it operates at a greater rate of speed.
      The reversing mechanism is connected to a spool operated valve. The spool
      operated valve is supplied with gas under pressure. It attains two
      positions, a closed position and an opened position. The two positions
      modulate gas flow to the pump of the present invention. It is supplied in
      pulses or surges. The slide valve also provides a vent to atmosphere which
      exhausts the high pressure pump after gas has been applied to it. The pump
      is cyclically operated at a rate which is determined by the setting on the
      metering valve and the temperature responsive device.
PAR  A detailed consideration of the structure shown in FIG. 4, the numeral 302
      identifies an inlet port in the metering valve assembly 304. The metering
      valve assembly is more fully disclosed and is claimed in copending patent
      application of the same inventor. The metering valve 304 has a tapered
      opening 306 from which a control rod 308 extends. The rod is supported in
      the tapered opening by a resilient diaphragm 310. The diaphragm 310 fits
      snuggly about the rod. A viewed in FIG. 4, the rod pivots about the
      tapered opening 306. Leakage along the rod through the tapered opening is
      prevented by the resilient diaphragm 310.
PAR  The diaphragm 310 is received within an internal cylindrical chamber in the
      valve 304. It is clamped in position by a circular insert 312 within the
      cylindrical chamber. The circular insert 312 bears on the periphery of the
      diaphragm 310 to clamp it in position. Moreover, it is perforated at
      spaced locations along its tubular body to admit gas to the interior of
      the valve. It also provides a flow path from the inlet port 302 to an
      opposing outlet port where a fitting 314 communicates the gas on the other
      apparatus to be described.
PAR  The interior of the valve 304 is divided into two separate chambers which
      are selectively communicated by the control rod 308. A second diaphragm
      316 fits snuggly about the lower end of the control rod 308. The diaphragm
      316 is supported by a metal backing member 318. The backing member
      supports the diaphragm 316. It additionally has an opening formed in it
      which is larger than the control rod 306. The opening can be an elongated
      slot, for instance, to enable the control rod to be pivoted at its point
      of emergence from the upper diaphragm 310. As the control rod 308 is
      moved, it distorts the lower diaphragm 316. In the neutral or center
      position, the diaphragm 316 fits snuggly about the control rod and
      prevents leakage of gas past the diaphragm. However, when the control rod
      is deflected, the opening is distorted and gas flows past the diaphragm
      and the support disc 318.
PAR  The numeral 320 identifies a tubular fitting received within the body of
      the valve 304 which is forced upwardly against the back up disc 318.
      Clamping action is created about the periphery of the disc 318 and the
      diaphragm 316. This prevents leakage around the edge of the diaphragm.
      Moreover, the hollow threaded insert 320 is equipped with an O-ring seal
      322 which prevents leakage along its exterior. The member 320 has a
      surrounding flange enabling bolts to secure the members together in a
      leakproof arrangement. The numeral 326 identifies a pipe fitting which
      connects into the outlet port in the member 320 and a conduit 328 delivers
      a controlled volume of gas to a reversing mechanism.
PAR  The reversing mechanism 330 incorporates a hollow chamber 332 where gas
      from the line 328 is introduced. The numeral 334 identifies a push rod or
      stem which supports a tubular valve body 336. The valve body 336 is
      notched at 338. The push rod 334 connects to an enlargement at its lower
      end which is joined to a compressed spring 340. The spring 340 surrounds a
      rod extending from a pivot 342. This arrangement is duplicated on both
      sides. Thus, as the stem 334 moves upwardly, it must compress the springs
      340. The springs are compressed as they rotate at the pivot connections at
      342.
PAR  Gas which is introduced to the chamber 334 forces the stem 334 and the
      sleeve 336 from the chamber. The notch 338 spans the surrounding housing
      334. An O-ring 346 held in position by a spring 348 maintains the seal
      about the sleeve 336. However, when the sleeve 336 moves upwardly, gas
      leaks through the notch 338 and past the seal 346. Some of the gas is
      vented atmosphere through an opening 350. However, as the stem and sleeve
      move upwardly, they engage a piston 352 and force it upwardly. The piston
      352 moves upwardly against a return spring 354. Its upward movement is
      also imparted to a push rod 356 extending from the piston 352. The rod 356
      centers a bumper spring 358 and a washer 360 positioned about the rod.
      Their function will be explained later.
PAR  As gas is introduced into the chamber 332, it forces the stem 334 from the
      chamber. Movement of the stem upwardly encounters an increasing force as
      the springs 340 are compressed. However, when the springs align
      horizontally as viewed in FIG. 4, they thereafter provide snap action
      movement to the stem. The stem then moves quickly upwardly past the
      stalled dead center position. As it moves upwardly, it forces the piston
      352 upwardly. The piston 352 moves upwardly within the surrounding shell
      362. The piston 352 moves upwardly eventually until the bumper spring 358
      engages a slide valve 364. The slide valve 364 is moved upwardly by the
      piston. It will be observed that the movement is actually imparted through
      the bumper spring which is compressed to some extent during engagement.
PAR  At this juncture, the sleeve 336 is in the up position so that the notch
      338 vents gas from the chamber 332 through the port 350 and to atmosphere.
      As pressure in the chamber 332 is relieved, the stem moves downwardly and
      carries the sleeve 338 with it. It moves downwardly to the position where
      the springs 340 are horizontal. It snaps past this position and returns to
      the illustrated position in FIG. 4.
PAR  The stem 334 has an enlarged head 368 at its upper end which forces the
      sleeve 336 downwardly. The sleeve passes through a guide disc 370 which is
      secured to a head 372 in the structure. The enlargement 368 provides a
      place to anchor a resilient member 374 which extends to the piston 352 and
      is connected to the piston by means of a bolt 376 which clamps the
      resilient member to the piston 352. A suitable resilient member is a
      rubber band.
PAR  The piston 352 is pushed upwardly by the stem 334. Because the stem is
      returned to its illustrated position rather rapidly, the resilient member
      374 is stretched and pulls the piston 352 from its raised position back to
      the illustrated position of FIG. 4. The resilient member stretches when
      the stem 334 returns by snap action.
PAR  It will be understood and observed how the reversing mechanism 330 operates
      in a continuous manner to move the piston 352 upwardly and downwardly.
      This motion will next be considered in the operation of the slide valve
      364.
PAR  The shell 362 is joined to a valve body 380 which supports the slide valve
      364. The fitting 314 communicates with an inlet port which opens to a
      groove 382 cut in the slide valve 364. Leakage toward the piston 352 is
      prevented by means of an O-ring seal 384. Upward movement of the slide
      valve is limited by a snap ring 386.
PAR  The numeral 388 identifies a seal in the body 380 which surrounds the slide
      valve. Downward movement of the slide valve is limited by a snap ring 390
      which moves to a limiting position as illustrated in FIG. 4 in a counter
      sunk opening. The body 380 has a central axial passage 392 which is
      enlarged at 394. The enlarged counter-drilled axial passage communicates
      with a lateral port 396 which supplies gas at a time modulated rate
      through suitable connective fittings 400 to the high pressure, low volume
      pump in accordance with the teachings of the present invention. The pump
      is shown in FIG. 4 and details are, of course, included in FIGS. 1, 2 and
      3.
PAR  When the slide valve 364 is moved upwardly, the neck 382 of reduced
      diameter spans the inlet port and the O-ring 388. This then communicates
      the inlet port with the outlet port 396. Gas then flows through the
      outlet. The neck 382 spans the O-ring 388 for an interval sufficient to
      supply enough gas to the pump of the present invention to cause it to
      operate through one cycle. This gas continues to flow until the slide
      valve is moved away from the described position back towards the
      illustrated position.
PAR  Slide valve 364 is returned downwardly by the push rod 356. More
      particularly, the rod 356 passes fully through the slide valve 364. Its
      upper end has an enlargement 402 which forces the slide valve downwardly
      when the piston 352 moves down. It will be recalled in the description of
      the piston 352 that it moves downwardly because of the tug of the
      resilient member 374. This pulls the push rod 356 down and returns the
      slide valve 364 to the illustrated position.
PAR  When the slide valve 364 is in the illustrated position, the pump is vented
      to atmosphere. The pump is vented through the fittings 400 and the outlet
      port 396 back to the counter-drilled enlarged axial bore 394. This
      communicates with an axial passage in a fitting 404. A muffler 406 is
      threaded into the fitting 404 by means of connective fitting 408. The
      fitting 408 continues the passage from the pump into the muffler and then
      to atmosphere.
PAR  The fitting 404 is particularly adapted to the sealed when the slide valve
      364 is in the up position. To this end, the numeral 410 identifies an
      encircling O-ring which fits within the fitting passage 412. The passage
      412 tapers at a central point to a smaller diameter to prevent further
      upward movement of the slide valve 364. The fitting 404 is joined to the
      valve body 380 by suitable bolts 416.
PAR  In operation, the valve 364 modulates gas flow to the outlet ports 396.
      When it is in the illustrated position, no gas is delivered to the pump.
      Rather, gas is vented from the pump to atmosphere through the muffler 406.
      The escape route has been described above. When the slide valve 364 is in
      the up position, the inlet port is communicated by the neck 382 of the
      valve with the outlet port 396. This delivers gas through the pump to
      cause it to operate. It will be observed that the fitting 314 directly
      connects the inlet of the valve just described to the metering valve 304
      previously mentioned.
PAR  Attention is next directed to FIG. 6 of the drawings where the metering
      valve 304 is shown. As will be recalled, the metering valve has a control
      rod 308 which extends upwardly. The control valve rod passes through a
      cylindrical body 430. The cylindrical body 430 is bolted at 432 to the
      control valve 304. The hollow body 430 is cylindrical. It has an internal
      enlargement 434 which supports a shaft 436 on which a control knob 438 is
      mounted. The control knob 438 rotates about the shaft 436.
PAR  Attention is momentarily directed to FIG. 5 where the control knob 438 is
      illustrated to have a non-circular peripheral edge 440. The edge 440
      provides a taper which contacts the control rod. The arrangement of FIG. 5
      shows the control knob 440 rotated to enable the control rod 308 to attain
      its neutral or vertical position. As the rod 308 is deflected, the valve
      304 is opened by degree. Thus, the control knob 438 is rotated in a manner
      forcing the control rod 308 away from its neutral position thereby
      increasing the gas passed by the metering valve 304.
PAR  To this juncture, it will be understood how the control knob 440 serves as
      a single function control subject to setting by the operator. In addition,
      the device is preferably made temperature responsive. To this end,
      attention is directed to FIG. 6 where the numeral 444 identifies a chamber
      which is filled with a fluid. The fluid has a high positive coefficient of
      expansion with respect to temperature. As it expands, it forces a push rod
      446 outwardly. The fluid is within a closed chamber. Thus, expansion of
      the fluid is converted into linear movement of the push rod 446. The
      mechanism 444 is received within the cylindrical body 430 against an
      internal shoulder 448 which is held in position by a snap ring 450.
PAR  The push rod 446 connects to a longer push rod 454. The rod 454 has an
      encircling shoulder 456. The shoulder 456 receives a return spring 458
      forcing the rod 454 to the right of FIG. 6. This serves as a return
      mechanism. The tubular body 430 receives a snap ring 462 which locks in
      position an internal spool 464.
PAR  As described to this juncture, expansion of liquid in the container 444
      moves the push rod 446 to the right which movement is then coupled to a
      larger rod 454. All of this is accomplished against a return spring 458
      which returns the mechanism to the right. The rod 454 incorporates an
      elongate slot 470 which captures the control 308. This sets the control
      rod and may in fact override the setting on the control knob 438. More
      importantly, the control rod 308 observed to be captured in the slot 470.
      This limits its movement to the right or in a direction increasing the
      opening of the valve. In addition, it is controlled on movement to the
      left as viewed in FIG. 6. A set screw 472 threads into the end of the rod
      and protrudes into the slot 470. The set screw can be adjusted to set the
      operating rate of the pump of the present invention for a specified
      temperature. This particularly will serve as the minimum rate for that
      particular temperature. Of course, it can be overriden to a larger value
      by rotation of the knob 438.
PAR  When the liquid in the container 444 is cooled, the rod 454 moves to the
      right. The slot 470 is also moved to the right. This increases the opening
      of the metering valve 304.
PAR  The temperature responsive apparatus described above is particularly useful
      for injection of inhibitors preventing hydration in pipelines. Thus, as
      the temperature increases, the tendency to form hydrates is reduced,
      thereby reducing the amount of additives required. Operation in the
      opposite direction can be obtained by utilizing a negative temperature
      coefficient liquid in the container 444. That is, as the liquid is cooled,
      the rod is extended rather than retracted. In the alternative, the rod 454
      can be elongated so that the slot 470 is located to the left side of the
      neutral position of the control rod 308. As described in the above
      mentioned copending application, the control rod 308 can be deflected on
      both sides of its neutral position. Thus, movement of the rod 454 to the
      left past neutral will serve to increase the metered flow rate from the
      valve 304. If this is desired, the conrol 438 can be located to the right
      of the control rod.
PAR  The control system 300 shown in FIGS. 4, 5 and 6 is particularly adapted
      for use with a hydration inhibitor injector device for use in pipelines.
      To this end, it is made responsive to outside or ambient air temperature.
      If desired, it can be made responsive to other temperatures such as
      temperature of the gas in the pipeline proper. To this end, the mechanism
      shown in FIG. 6 would have to be maintained at the same temperature as the
      gas in the pipeline. This is relatively easily accomplished by
      communicating the two with a heat sink.
PAR  It is possible to remove the resilient, dished member and substitute one of
      similar size and shape to either change resistance to pumping by a change
      of durometer or to install a rubber having a larger or smaller capacity.
      In the event pumping pressures become too high, there is some chance of
      extruding the rubber into the passage in the opposing face. This can be
      avoided by using a plurality of small passages which branch and intersect
      the exposed face at a number of diverse locations. Of course, all the
      small passages would still utilize the same check or relief valve.
PAR  The foregoing is directed to the preferred embodiment of the present
      invention and particularly includes three different embodiments of the
      present invention and a control system therefor. Many other alterations
      and modifications may be incorporated but the scope is determined by the
      claims which are as follows.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pump comprising
PA1  a resilient solid body of specified body size and having an exposed face;
PA1  an opposing member formed of a material relatively harder than said
      resilient body, said opposing member further having an exposed working
      face opposing the face of said resilient body;
PA1  an encircling peripheral shoulder on said resilient solid body which
      resiliently seals against said opposing member;
PA1  a generally circular cavity formed in one of said faces interiorally of
      said shoulder which seals about said cavity to capture without escape a
      fluid therein to be pumped, said cavity being closed to capture fluid by
      said resilient solid body on reciprocating said working face relative to
      the face of said resilient solid body, said cavity being sufficiently
      shallow in comparison with the size of said resilient solid body to enable
      said body to resiliently collapse into the cavity to thereby reduce the
      volume of said cavity within said shoulder to pump fluid from said cavity
      wherein the reduction of volume is substantial by all of the volume and is
      a function of the relative movement of said faces toward one another;
PA1  means for positioning said resilient solid body and said working face at a
      specified location relative to one another;
PA1  an outlet passage means opening from said cavity providing an escape path
      for fluid pumped from said cavity when said cavity is reduced in volume;
PA1  means adapted to capture a fluid to be pumped in the vicinity of said
      opposing faces so that said cavity is at least partly filled with fluid;
PA1  means for relatively moving said opposing faces in repetitive pumping
      motion toward one another, said cavity capturing fluid between said faces
      inside said shoulder to pressure fluid in a pumping action flowing into
      said outlet passage means;
PA1  said moving means comprising a generally circular chamber divided into two
      portions by a diaphragm thereacross;
PA1  a port opening into said chamber for introducing fluid under pressure to
      said chamber to move said diaphragm;
PA1  a plate-like member contacted against said diaphragm to be moved by said
      diaphragm;
PA1  a piston rod connected to said plate-like member;
PA1  a body surrounding said piston rod and connected to said chamber;
PA1  a seal means cooperative with said body and said piston rod for sealing
      against leakage therepast;
PA1  said seal means being constructed and arranged such that one end of said
      piston rod is exposed within a generally closed internal cavity within a
      housing therein said cavity comprises a portion of said capturing means
      for fluid;
PA1  said moving means including an encircling hollow sleeve about said
      resilient member and slidably on an end of said piston rod, said sleeve
      exposing the face of said resilient member.
NUM  2.
PAR  2. The pump of claim 1 including a check valve means cooperative with said
      passage means to limit flow therethrough.
NUM  3.
PAR  3. The pump of claim 1 including a movable piston rod imparting
      reciprocating motion to said resilient member.
NUM  4.
PAR  4. The pump of claim 3 including a diaphragm within a closed chamber
      operatively connected to said piston rod for moving said piston rod.
NUM  5.
PAR  5. The pump of claim 1 wherein said capture means includes a generally
      closed container receiving fluid therein which container has an inlet
      opening adapted to receive fluid therethrough.
NUM  6.
PAR  6. The pump of claim 1 including a surrounding housing, said passage means
      extending through said housing to an outlet thereon, and means constructed
      and arranged to respond to flow of pumped fluid in said passage means past
      a specified point to form an external indication of the operation of the
      pump, said means forming a different indication on the absence of flow.
NUM  7.
PAR  7. The pump of claim 1 including
PA1  an elongate housing;
PA1  an elongate piston rod in said housing;
PA1  means for reciprocating said piston rod;
PA1  means dividing at least a portion of said housing into a separate chamber
      apart from the remainder thereof;
PA1  said dividing means including sealing means for isolating said chamber for
      fluid integrity; and,
PA1  opening means in said housing for introducing the fluid to be pumped into
      said chamber.
NUM  8.
PAR  8. The pump of claim 1 including
PA1  container means incorporating said opposing member and including an opening
      therein for receiving the fluid to be pumped in said container means;
PA1  a movable piston rod extending into said container means;
PA1  means for securing said resilient member relative to said piston rod for
      movement relative to said opposing member;
PA1  means connected to said piston rod for moving said piston rod; and,
PA1  means controlling the rate of operation of said last named means.
NUM  9.
PAR  9. The pump of claim 1 wherein
PA1  a generally enclosing housing incorporates said opposing member;
PA1  said moving means including a piston rod movably received in said housing;
PA1  means for connecting said resilient member to said piston rod to receive
      movement imparted therefrom;
PA1  means connected to said piston rod for moving said piston rod; and,
PA1  a flexible seal member connected to said piston rod and sealing a portion
      of said housing to prevent leakage from at least a portion of said
      housing.
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ABST
PAL  In a submerged pump of a type having a pump casing in which a cylindrical
      motor casing is housed, the pump casing and the motor casing are
      constructed in such a way that the pump casing is given the shape of a
      polygonal column and the motor casing substantially inscribes the inner
      surface of the respective walls of the pump casing. The space defined by
      the adjacent inscribing lines and the portions of the walls between the
      lines is adapted to pass water without creating spiral flow therethrough
      from a discharge port of the volute chamber toward the discharge opening
      of the pump.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a submerged pump and, more specifically, to the
      improvement in the submerged pump having a pump casing around a motor
      casing.
PAC  BACKGROUND OF INVENTION
PAR  In a submerged pump of the prior art which is provided with a pump casing
      outside of the motor for driving the pump, it has been generally known to
      form the pump casing in a cylindrical configuration so as to provide a
      substantially uniform gap between the casing and the motor. Consequently,
      water drawn from a suction port of the pump and passed through volutes of
      the pump is advanced toward a discharge opening through the gap wherein
      the flow of water follows a spiral path. Further, at least two volutes are
      normally provided in a volute casing of the pump so as to balance radial
      thrust. Thus, each water flow discharged from an outlet of the respective
      volute will interfere with other flow during the passage of the gap where
      the respective flow takes the spiral path.
PAR  The spiral passage causes the water flow to stay longer in the gap and to
      increase the friction loss. Also, due to the interference between the
      water flows, several other losses will be derived thereby remarkably
      reducing the efficiency of the pump.
PAC  SUMMARY OF INVENTION
PAR  It is, therefore, an object of this invention to provide a submerged pump
      which is free of the drawbacks above.
PAR  It is another object of this invention to provide a submerged pump having
      high efficiency.
PAR  It is also an object of the invention to provide a submerged pump having a
      configuration which is also suitable for operating the pump in water.
PAR  According to the present invention, there is provided a submerged pump
      having a pump casing of polygonal shape. The pump casing surrounds the
      motor casing so as to provide a plurality of gaps between the pump casing
      and the motor casing, each of the gaps being separated from the other
      thereby eliminating the possibility of interference between the water
      flows discharged from the discharge side of the volute and restricting the
      flow so as to follow the spiral path.
PAR  The advantage and novel features of the invention will be apparent from the
      following detailed description of illustrative preferred embodiments
      referring to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a sectional side view of a submerged pump of prior art;
PAR  FIG. 2 is a plan view of the pump shown in FIG. 1 sectioned normal to the
      longitudinal axis of the pump at a chamber containing an impeller;
PAR  FIG. 3 is an embodiment according to the invention showing a sectional side
      view thereof;
PAR  FIG. 4 is a sectional plan view taken along the line 4--4 of FIG. 3; and
PAR  FIG. 5 is also a sectional plan view of another embodiment taken in a
      manner similar to FIG. 4.
DETD
PAC  DESCRIPTION OF EMBODIMENT
PAR  Before explaining the embodiments of the invention, the pump of the prior
      art will be briefly touched upon.
PAR  There is shown, in FIGS. 1 and 2, an illustrative example of the submerged
      pump of the prior art. As illustrated in these figures, a pump casing 10
      located outside of a motor casing 15 is cylindrical in form and there is a
      substantially uniform gap between the casings 10 and 15. When the pump is
      driven, water is drawn into the gap through an intake port 17 in the
      bottom of the pump and volutes 13. Upon flowing out of the discharge side
      of the volutes 13 into the gap, the water flow takes several turns around
      the motor casing 15 in a spiral as indicated by x in FIG. 1 and finally
      reaches a discharge port 18 provided at the upper portion of the pump.
      Since the number of volutes is at least two so as to balance the radial
      thrust in the pump, a plurality of water flows are discharged from the
      outlet side of the volutes 13 and, thus, each of the flows interferes with
      others in the course of its respective spiral path. As already discussed
      hereinbefore, the condition above creates several losses which result in
      decreased efficiency of the pump.
PAR  Now reference is made with respect to FIGS. 3 and 4 wherein a preferred
      embodiment of the invention is illustrated. As shown in FIG. 4 a pump
      casing 20 is formed to have shape of a polygonal column, as for example, a
      triangular column, the cross section of which is illustrated in FIG. 4.
      The portions around the ridge lines of the column where the adjoining
      surfaces of the polygonal column intersect with each other are preferably
      rounded as illustrated in FIG. 4. At the lower part of the casing 20,
      there is provided an intake opening 27 and a discharge opening 28 is
      provided at the upper portion of the casing 20.
PAR  Inside of the pump casing 20, a cylindrical motor casing 25 is disposed so
      as to substantially inscribe the inner surface of respective walls 21
      constituting the polygonal pump casing 20. Below the motor casing, an
      impeller 26 is rotatably mounted so as to be driven by a motor contained
      in the motor casing 25.
PAR  Around the impeller, there are provided a plurality of volutes 23 in a
      manner similar to the prior pump. Since the embodiment illustrated in
      FIGS. 3 and 4 has the pump casing 20 of triangular column, the number of
      the volutes 23 is selected as three so that each of the discharge ports 24
      formed by the volutes 23 is positioned at the respective apex of the
      triangle in the cross section. Around the portion of each wall 21, the
      thickness of each volute is relatively decreased so as to allow the
      substantial inscribing of the motor casing 25 by the pump casing 20.
PAR  According to the construction of the pump as explained above, water
      energized by the impeller 26 and discharged out the respective discharge
      port 24 is forced upwardly without receiving any interference from the
      water discharged from the other discharge ports 24 since each of the water
      flows is confined within the space defined by the two adjacent inscribing
      lines and the portions of walls disposed between the two lines above. Each
      of the water flows is, thus, guided upwardly within the space
      substantially in the direction indicated with y in FIG. 3 until it reaches
      the discharge opening 28. Accordingly, there will be no turbulence in the
      water flow within the pump casing 20 and the losses due to friction and
      interference of the water flows, which are relatively rapid, are
      remarkably reduced, thereby greatly increasing the efficiency of the pump.
      Further, since the pump casing 20 and the motor casing 25 substantially
      serve as guide vanes, it is not necessary in the device of the present
      invention to provide guide vanes which are normally required. In other
      words, even if a liquid passage exists in the portion where the motor
      casing 25 substantially inscribes the pump casing 20, there will be no
      substantial interference of the flows between the adjacent discharge ports
      24.
PAR  In addition to the advantages and effect discussed above, the following
      point is to be appreciated. A submerged pump is generally used in the
      field of public works and, in such situations, if the configuration of the
      pump casing is a polygonal column, such as triangular column illustrated
      in FIGS. 3 and 4, the pump is stable and hard to tumble. This also
      provides the merit that the efficiency of the pump can be maintained for a
      fairly long period when the pump is put in continuous operation over an
      extended term.
PAR  As an alternative embodiment, one example is shown in FIG. 5 wherein the
      section of the pump casing 20' is a square. In this embodiment, the
      elements similar to those in FIGS. 3 and 4 are given similar references
      with prime added thereto respectively. In this case also, the volute
      discharge openings 24' are disposed, as viewed in the cross section, at
      the respective apexes or corners 22' of the square.
PAR  Although the invention has been explained with examples of pump casing
      constructed as a triangular column or a square column, any polygonal
      column may be employed as far as it is practically applicable.
PAR  It is noted, if the pump casing is made to be a triangular column as
      illustrated in FIGS. 3 and 4, the space defined between the pump casing 20
      and the water casing 25 is such that the ratio of the cross sectional area
      of the space through which the water flow is guided to the area of the
      wall contacting the water flow becomes the maximum and accordingly the
      highest efficiency of the pump is likely obtained.
PAR  While the invention has been described in detail with particular reference
      to illustrative embodiments thereof, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A submersible pump for pumping liquid comprising:
PA1  a polygonal pump casing column having an inlet at one axial end of the
      column and an outlet at the opposite end of the column;
PA1  a motor positioned at the inlet of said column and a rotary shaft fitted to
      and downward from said motor;
PA1  a cylindrical motor casing means for containing therein said motor and
      shaft, said casing means being fitted within said casing column with the
      casing means substantially inscribing each of the respective walls of the
      casing column and forming a plurality of columnar spaces substantially
      isolated from each other between the outer surface of the motor casing
      means and the inner surface of the pump casing column parallel to the axis
      of the cylindrical casing means;
PA1  an impeller mounted on said shaft near the inlet to said column; and
PA1  a plurality of volutes within said pump casing column near said inlet port,
      beneath said motor casing and surrounding said impeller, forming a
      plurality of discharge passages from the inlet port discharging into the
      columnar spaces around the motor casing, the number of volutes and
      passages corresponding to the number of columnar spaces between the pump
      casing and the motor casing, whereby the liquid impelled through the inlet
      by the impeller discharges through said passages into the columnar spaces
      and is directed axially upward therethrough to the outlet.
NUM  2.
PAR  2. A pump as claimed in claim 1, wherein the discharge passages from the
      inlet to the columnar spaces defined by the volutes discharge into the
      columnar spaces at the intersecting angles of the sides of the polygonal
      column.
NUM  3.
PAR  3. A submerged pump as claimed in claim 1 wherein said polygonal column is
      a triangular prism.
NUM  4.
PAR  4. A submerged pump as claimed in claim 1 wherein said polygonal column is
      a square in cross section.
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PAL  The invention relates to a cylinder and plunger pump for transferring very
      small quantities of dosed liquids.
PAL  The purpose of the invention consists in the realization of relatively
      small pumps of which the piston need only perform a very small
      reciprocating movement in order to pump up the liquid, whereby no
      disturbances may occur.
BSUM
PAC  DESCRIPTION
PAR  According to the main characteristic of the invention, use is made for this
      purpose of a pump which consists mainly of a cylinder provided at one end
      with an inlet bore with a valve for sucking up a liquid, and being open at
      the other end and in connection with a space for another liquid or gas
      which is at a higher pressure than the first mentioned, a plunger with
      axial bore and valve housing for evacuating the dosed liquid, means for
      obtaining an axial displacement between plunger and cylinder, whereby the
      plunger is alternately located within and outside of aforesaid cylinder,
      so that in the latter position of the plunger the liquid which has been
      brought into the cylinder is at same pressure as that which is in
      aforementioned space, in such a manner that a small displacement of the
      plunger is sufficient to pump up the liquid which is then evacuated
      through the plunger when the latter penetrates into the cylinder.
PAR  The fact of bringing the liquid which is present in the cylinder up to a
      higher pressure, does not merely offer as advantage that only a small
      displacement need be transmitted to the plunger for pumping up the liquid,
      but also that all compressible matters or gasses which are present, such
      as for instance air bubbles, are already compressed before the liquid is
      being transferred, so that they present no obstacle when the liquid is
      pumped up, and that the transfer can take place without disturbance, even
      with a very small displacement of the plunger. Another advantage of this
      pump is that, contrary to what occurs with the known pumps, it is no
      longer necessary to completely immerse this pump in the liquid which has
      to be pumped up in order to prevent the formation of air bubbles, and such
      due to the previously mentioned fact that the new pump permits the easy
      evacuation of any air bubbles which may be present.
DRWD
PAR  Merely as an example, and without the slightest attempt at limitation, a
      more detailed description is given hereinafter of a possible form of
      embodiment of this pump. The description refers to the appended drawings
      in which:
PAR  FIG. 1 shows a longitudinal section of a pump in the final position of its
      rising displacement;
PAR  FIG. 2 shows an outside view of the pump with a volume meter and a
      container connected to it.
DETD
PAR  In FIG. 1 it can be seen that the pump has a fixed housing 1 with a nozzle
      2 which can be displaced upon it and that scale divisions being provided
      between said housing and said nozzle. Within the housing a threaded
      portion 3 is provided into which a cylinder 4, which is also threaded, is
      screwed and which can be adjusted in height as described in greater detail
      hereinafter. Nozzle 2 can be blocked upon cylinder 4 by means of a set
      screw 5, so that when nozzle 2 is rotated, cylinder 4 is displaced within
      the fixed housing 1, whereby this displacement can be read upon the scale
      divisions provided between housing 1 and nozzle 2. So as to ensure a
      perfect sealing between cylinder 4 and housing 1, the cylinder is provided
      with a sealing element 6 of any known type. At the bottom of the cylinder
      a nozzle 7 with central bore 8 is screwed on, upon which a hose 9 is
      pressed, which is let down in a container of the liquid to be pumped up. A
      valve housing 10 is fitted between aforesaid nozzle 7 and cylinder 4. This
      valve housing is provided with a ring 11 of some appropriate material upon
      which a ball 12 seats freely. This valve housing connects up with axial
      bore 13 of cylinder 4. The top free edge 14 of this opening is rounded off
      in order to facilitate the penetration of a plunger 15. This plunger is
      provided around its outer circumference with a sealing ring 16 which
      guarantees a perfect sealing between plunger 15 and cylinder 4. The axial
      bore 17 of plunger 15 leads into a valve housing 18 provided with a ring
      19 and a ball 20. For the up and down movement of plunger 15 use is made
      of a rotated driven excentric disc 23 and of a spring 24 which presses the
      plunger against said disc. In this case plunger 15 is attached to a
      diaphragm 21 in which is for instance a part of space 22 connected to a
      means 25, in which there is liquid under a certain pressure.
PAR  In FIG. 2 it can be seen that the pump with a volume meter 25, in which is
      mounted said excentric mechanism is connected to a bottle 23 containing a
      liquid which has to be pumped up and into which a hose 9 with filter 24
      has been lowered. The pumped up liquid is evacuated via outlet 26, whereas
      the liquid which is at a certain pressure is entered into the pump via
      inlet 27.
PAR  In order to pump up a determined quantity of liquid, cylinder 4 is screwed
      into housing 1 by means of nozzle 2 in such a manner that the depth of
      penetration of plunger 15 with its reciprocating motion is determined
      hereby, as well as the quantity of liquid which is allowed to penetrate
      into cylinder 4. The scale divisions provided between housing 1 and nozzle
      2 allow this adjustment to be carried out with precision. When the plunger
      is in its lowest position and is displaced upward by means of spring 24,
      the vacuum thus created will lift up ball 12 and suck up a determined
      quantity of liquid from bottle 23 into axial bore 13 of cylinder 4. When
      plunger 15 has reached its highest (FIG. (FFIG. 1), the latter is located
      above free edge 14 of cylinder bore 13. Consequently another liquid under
      a certain higher pressure, such as for instance from the water mains, will
      flow into this bore 13, so that the pressure of the liquid which has
      already been sucked up in the cylinder is raised until it reaches the
      pressure of the inflowing liquid, with as result that any air bubbles
      which may be present in the cylinder are compressed and can easily be
      pumped up with the liquid, so that no difficulties are encountered when
      pumping up the liquid. In the meantime ball 12 has closed off the central
      bore 8 of nozzle 7, due to the pressure exerted upon it, so that no liquid
      can escape from the cylinder. When plunger 15 is lowered, it penetrates
      into bore 13 of cylinder 4, whereby the liquid which is present in the
      cylinder is pressed upward through bore 17 of plunger 15. Consequently
      ball 20 of valve housing 18 is lifted up so that a precisely determined
      quantity of liquid is evacuated via valve housing 18, and opening 26
      depending upon the stroke of plunger 15. Due to the fact that plunger 15
      is removed out of cylinder 4 each time it reaches its highest position,
      the pressure in this cylinder is each time increased by the inflowing
      liquid at a higher pressure than that for instance, of the liquid sucked
      up out of bottle 23, so that a very small displacement of the plunger in
      the cylinder will be sufficient to pump up the liquid. This makes it
      possible to build the pump with relatively small dimensions.
PAR  It is perfectly obvious that the shape and the dimensions of the parts
      described above may differ and that certain of the previously described
      parts may be replaced by others which pursue the same purpose. The
      reciprocating movement of plunger 15 could for instance be produced also
      by a crank mechanism.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pump for transferring small quantities of dosed liquids, comprising a
      cylinder, an axial inlet bore in said cylinder for alternately receiving
      and discharging dosed liquid, a valve being provided at one end of said
      bore controlling the suction of liquid in said bore, the other end of said
      bore being in communication with a space for another liquid or gas at a
      higher pressure than the first mentioned liquid, a plunger being disposed
      above the other end of said inlet bore and in said space, said plunger
      being provided with an axial bore and a valve housing with valve for
      controlling the evacuation of the dosed liquid out of the inlet bore of
      said cylinder when the plunger penetrates in the bore of said cylinder,
      means for obtaining the axial displacement between said plunger and said
      cylinder and for bringing said plunger alternately within and without said
      cylinder, whereby in the latter mentioned position of said plunger the
      liquid which has been fed into said inlet bore of said cylinder is brought
      up to the same pressure as that which prevails in said space.
NUM  2.
PAR  2. A pump as claimed in claim 1 including a fixed housing having said
      cylinder therein and in threaded engagement therewith whereby said
      cylinder can be adjusted relative to said plunger.
NUM  3.
PAR  3. A pump as claimed in claim 1, wherein the edge of the inlet bore of said
      cylinder which is open at one end is rounded off towards the inside, in
      order to assure an easy penetration of said plunger.
NUM  4.
PAR  4. A pump as claimed in claim 1, including a hose having one end fixed to
      said inlet bore at said one end of said cylinder and a free end, a filter
      carried at said hose free end which can be immersed in a container of the
      liquid which is to be drawn up.
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ABST
PAL  The hydraulic head comprises a cylinder forming a pump chamber and
      comprising at least one fuel supply orifice formed in its cylindrical
      wall. A pump piston is adapted to move in said cylinder, and a delivery
      connector is connected to the cylinder. This connector is provided
      externally with a shoulder adapted to constitute an axial stop for the
      hydraulic head, against a support surface of the pump casing comprising
      housings adapted to receive said hydraulic heads. The delivery connector,
      comprises, in addition, internally, a delivery valve, the end portion of
      the cylinder turned towards the delivery connector comprising, on its
      outer surface, fixing means adapted to cooperate with complementary fixing
      means provided on the inner surface of a housing of the delivery connector
      adapted to receive said end portion of the cylinder. Thus, in the fully
      assembled hydraulic head, said cylinder is directly suspended on the
      delivery connector.
BSUM
PAR  The invention relates to hydraulic heads for injection pumps, of the type
      which comprises, on the one hand, a cylinder forming a pump chamber and
      comprising a fuel supply orifice formed in its cylindrical wall, a pump
      piston being adapted to move in said cylinder, and on the other hand, a
      delivery connector connected to the cylinder, this connector being
      provided externally with a shoulder adapted to constitute an axial stop
      for the hydraulic head, against a support surface of the pump casing
      comprising housings adapted to receive the abovesaid hydraulic heads, this
      delivery connector comprising, in addition, internally, a delivery valve.
PAR  The invention relates more particularly, because it is in this case that
      this application seems to offer the most advantage, but not exclusively,
      to hydraulic heads for fuel injection pumps called "in line" pumps, that
      is to say of which the axis of the hydraulic heads are located in a same
      plane.
PAR  It is a particular object of the invention to render the abovesaid
      hydraulic heads such that they respond to the various exigencies of
      practice better than hitherto and especially such that they are simpler to
      produce and that the risks of deformation of the bore of the cylinder on
      clamping the hydraulic head on the pump casing be reduced.
PAR  According to the invention, a hydraulic head of the type defined above is
      characterised by the fact that the end portion of the cylinder turned
      towards the delivery connector comprises, on its outer surface, fixing
      means adapted to cooperate with complementary fixing means provided on the
      inner surface of a housing of the delivery connector adapted to receive
      said end portion of the cylinder, so that, in the fully mounted hydraulic
      head, said cylinder is directly suspended from the delivery connector.
PAR  Preferably, fixing means provided at the outer surface of said end portion
      of the cylinder are constituted by a threading adapted to cooperate with a
      complementary threading provided inside the delivery connector.
PAR  The delivery valve, of the delivery connector, comprises advantageously an
      outer collar which is clamped between the front wall of the end portion of
      the cylinder and an inner shoulder of the delivery connector; a
      sealing-washer is, for example, provided between said collar and the inner
      shoulder of the delivery connector.
PAR  This delivery connector comprises a portion engaged in the housing of the
      casing of the pump adapted to receive the hydraulic head, and a fluid
      tight seal is provided between this portion, engaged in a housing, and the
      wall of the housing, a second level of fluid tightness being formed by a
      seal arranged directly between the cylinder and said wall of the housing,
      the one or more fuel in that orifices provided in the wall of the
      cylinder, being situated axially between the two levels of fluid tightness
      formed by the abovesaid seals.
PAR  Advantageously, the hydraulic head comprises a deflector ring, situated
      axially at the level of the one or more supply orifices of the cylinder,
      mounted free in rotation around the cylinder, especially with the
      interposition in the axial direction of a friction washer.
PAR  This deflector ring is advantageously mounted in a housing defined, at its
      axial end turned towards the delivery connector, by the front end wall of
      the portion of the connector engaged in the housing.
PAR  The invention also relates to fuel injection pumps, for example to in line
      injection pumps, characterised by the fact that they are equiped with
      hydraulic heads such as previously defined.
PAR  The invention also relates to the cylinders and delivery connectors for
      such hydraulic heads.
PAR  The invention consists, apart from the features discussed above, of certain
      other features which are preferably utilised at the same time and which
      will be more explicitely considered below with reference to a prefered
      embodiment of the invention which will now be described in more detailed
      manner with reference to the accompanying drawing, but which is to be
      considered as a non-limiting.
DRWD
PAR  The single FIGURE of this drawing shows, in transverse section, a hydraulic
      head for an injection pump, according to the invention.
DETD
PAR  Referring to the drawing, there can be seen a hydraulic head 1, for an
      injection pump, comprising a cylinder 2 and a delivery connector 3
      connected to the cylinder. This connector 3 is provided externally with a
      shoulder 4 adapted to constitute an axial stop for the hydraulic head 1
      against a support surface A of the casing C of the pump, in which are
      provided housings 5 adapted to receive the hydraulic heads 1. It is to be
      noted that the shoulder 4 cannot be directly in abutment against the
      surface A and that a shim 6, as shown in the drawing, may be arranged
      between said shoulder 4 and the surface A.
PAR  Each housing 5 is cylindrical in revolution and has a constant diameter.
PAR  A hydraulic head comprising a delivery connector provided with such a
      shoulder 4, as well as the injection pump equiped with these hydraulic
      heads, have been described previously in U.S. Pat. No. 3,759,637 granted
      Sept. 18, 1973.
PAR  For all additional information relating to the arrangement of the hydraulic
      head 1 with respect to the various members of the injection pump, it
      suffices to refer to this patent.
PAR  A pump piston 7 is provided to move slidably and in rotation in the
      cylinder 2, a pump chamber 8 being formed in this cylinder, above the head
      of the piston 7. The sliding movements of the piston are actuated by a
      pusher 9 subject to the action of a cam (not shown) whilst the rotary
      movements of the piston 7 are actuated by a finger (not shown) intended to
      be keyed in rotation on the shank of a piston 7 at the level of the
      grooved g. In the drawing, the piston 7 has been shown in full line in its
      low position and in dashed or broken line in its high position. A helical
      spring 10 arranged between the shoulder 2a of the outer wall of the
      cylinder 2 and a cup 9a supported on the pusher 9, ensures the return of
      this pusher against the cam (not shown).
PAR  The end portion 11 of the cylinder 2 which faces or is turned towards the
      delivery connector 3 comprises on its outer surface fixing means f adapted
      to cooperate with complementary fixing means j provided on the inner
      surface of an axial housing 12 of the delivery connector 3 adapted to
      receive said end portion 11. In the assembled hydraulic head 1, the
      cylinder 2 and the connector 3 are coaxial.
PAR  The housing 12 of the delivery connector 3, bearing fixing means j, is
      situated in a portion p of this connector 3 engaged in the housing 5, as
      can be seen in the drawing.
PAR  Fixing means f and j are advantageously constituted by complementary
      threadings provided respectively on the outside of the portion 11 and on
      the inside of a housing 12. However, fixing means other than threading
      could be used for example a helicoidal ramp device cooperating with a pin
      or any other conventional device capable of being suited to the fixing
      envisaged.
PAR  As seen on the drawing, the delivery connector 3, intended to be connected
      to a pipe leading to the injectors of the pump, comprises a frustoconic
      outer portion 13 on which a mounting clamp (not shown) for the hydraulic
      head is adapted. Due to this clamp, the connector 3 is locked against the
      surface A or, if necessary, against the shim 6, itself supported against
      the surface A.
PAR  Inside the delivery connector 3, and at the neighbouring end of the
      cylinder 2, is arranged a delivery valve 14 adapted to permit the flow of
      fuel to the injectors when the pressure in the pump chamber 8 is
      sufficient. This delivery valve 14 comprises an outer collar 15 which is
      clamped between the front wall 16 of the end portion 11 of the cylinder 2
      and a shoulder 17 inside the delivery connector 3. A sealing washer 18 is
      generally provided between this collar 15 and said shoulder 17.
PAR  As seen on the drawing, the inner shoulder 17 is situated axially
      substantially at the level of the inner edge of the shoulder 4 turned
      towards the casing C. As a result the collar 15 is situated substantially
      at the level of the surface A.
PAR  The locking of the cylinder 2 in the delivery connector 3 is ensured by
      means of the sealing-washer 18 and said collar 15. The cylinder 2 is in a
      way suspended from the delivery connector 3.
PAR  A deflector ring 19 is mounted free in rotation, around the cylinder 2, at
      the level of the two diametrically opposite orifices 20 provided in the
      wall of said cylinder to ensure the supply of fuel of the pump chamber 8.
      This ring 19 which, preferably, completely surrounds the cylinder 2, is
      mounted on two cylindrical collars 21, 22 provided on the outer surface of
      the cylinder 2, and of a diameter greater than the outer diameter of the
      end portion 11. These collars 21, 22 are situated axially outside the
      delivery connector and are separated from one another so that an annular
      gap forming a chamber 23 is created between these two collars. The
      orifices 20 open into this chamber 23. The deflector ring covers,
      longitudinally, this chamber 23 and includes orifices 24, shifted axially
      with respect to the orifices 20. As shown on the drawing, these orifices
      24 are situated, with respect to the orifices 20 on the opposite side to
      the connector 3. Under these conditions, the jet of fuel projected
      violently through the orifices 20 at the end of injection is deviated by
      the wall of the ring 19 and flows, along a baffled path, through the
      orifices 24 so that the wall 25 of the fuel supply manifold in the casing
      is protected against erosion.
PAR  The housing l in which the deflector ring 19 is placed is bounded, at its
      axial end turned towards the connector 3, by the front wall 26 of the end
      of this connector. A friction washer 27 is arranged between this wall 26
      and the ring 19 to facilitate the rotation of the latter and to avoid wear
      of said wall.
PAR  The housing l at its other end is limited by a shoulder 28 provided on the
      outside of a cylinder 2.
PAR  It is to be noted that play persists between the front wall 26 and the
      friction washer 27 so that the deflector ring 19 is not clamped axially
      and preserves its rotary freedom. Due to the possibility offered to the
      ring 19 of moving rotatively, the erosion produced by the jet of fuel
      coming from the orifices 20 and striking the inner wall of the ring 19 is
      distributed regularly over the whole inner prelimitor of this ring.
PAR  The fluid tightness between the hydraulic head and the wall of the housing
      5 is ensured at two levels by two fluid tight seals 29, 30 arranged in
      grooves provided respectively at the periphery of the portion p of the
      connector 3 engaged in the housing 5 and on the periphery of the portion
      of the cylinder 2 situated on the side of the deflector ring 19 opposite
      the connector 3.
PAR  The seals 29, 30 are supported, externally, against the wall of the housing
      5.
PAR  The orifices 20 are situated axially between the two sealing levels formed
      by the seals 29 and 30.
PAR  In a hydraulic head according to the invention, the connection of the
      delivery connector and of the cylinder is effected in simple manner.
PAR  Due to the fact that the cylinder 2 is in a way suspended in the delivery
      connector 3 and does not comprise any portion in abutment against the
      casing, a high degree of clamping of the delivery connector 3 and of the
      collar 4 of this connector due to the fixing clamp (not shown) can be
      effected without risk of deforming the bore of the cylinder 2 in which the
      piston 7 is intended to slide.
PAR  It is only necessary to ensure fluid tightness at two levels by the seals
      29 and 30.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydraulic head for a fuel injection pump including a casing defining a
      housing and a support surface, said head comprising: a cylinder defining a
      pump chamber and including at least one fuel supply orifice formed in the
      cylindrical side wall thereof, a pump piston disposed for movement within
      the cylinder, a delivery connector connected to the cylinder, said
      delivery connector including an external shoulder which cooperates with
      the support surface of the pump casing to provide an axial stop for the
      hydraulic head, said delivery connector further including an internal
      delivery valve and a depending housing having a threaded inner surface,
      the end portion of the cylinder facing the delivery connector being
      received in said housing of said delivery connector and including
      complementary threaded outer surface which engages the threaded inner
      surface of said housing so that, in the fully assembled hydraulic head,
      said cylinder is directly suspended from the delivery connector, said
      delivery connector also including an internal shoulder and said delivery
      valve of said delivery connector including an outer collar which is
      clamped between the end wall of the end portion of the cylinder adjacent
      to the delivery connector and said inner shoulder of the delivery
      connector.
NUM  2.
PAR  2. A hydraulic head according to claim 1 further comprising a sealing
      washer provided between the collar and said inner shoulder of the delivery
      connector.
NUM  3.
PAR  3. A hydraulic head according to claim 1 wherein the delivery connector
      includes a portion engaged in the pump housing in which the hydraulic head
      is received, said hydraulic head further including sealing means for
      providing a fluid tight seal between said portion of said delivery
      connector engaged in the pump casing housing and the wall of the pump
      casing housing, a second level of fluid-tightness being provided by a seal
      arranged directly between the cylinder and said wall of said pump casing
      housing, the fuel inlet orifice provided in the cylinder wall being
      located axially between the two seals.
NUM  4.
PAR  4. A hydraulic head according to claim 1, further comprising a deflector
      ring, located axially at the level of the supply orifice of the cylinder
      and mounted for free rotation around the cylinder by means including an
      axially disposed friction washer.
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PAL  A pack-off assembly provides a dual tubing dump for a well, for example an
      oil well, includes a pack-off assembly which forms, divides and
      fluidically seals upper and lower pumping chambers to provide essentially
      twice the ordinary fluid flow from a well.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to pump apparatus, and is more particularly
      concerned with pumps which are integrally formed with the tubing of a
      well, in particular an oil well.
PAR  2. Description of the Prior Art
PAR  It is well known in the art to provide double displacement pumps, generally
      in the form of insert pumps; however, such pumps require a multitude of
      operating components for pumping a liquid, such as oil, from the bottom of
      the well to the surface.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a new and improved well
      pump apparatus of simple construction and high capacity.
PAR  Another object of the invention is to provide a simple and economical pump
      apparatus for use in wells which will provide a marked increase in pumping
      capacity over pumps heretofore known.
PAR  According to the invention, the hollow tube is carried by a string of
      sucker rods and reciprocated up and down near the bottom of a well. A ball
      valve near the bottom of the well opens on the up stroke to provide fluid
      flow through the hollow rod into two pumping chambers which are sealed
      from each other by way of the instant unique pack-off assembly. On the
      down stroke, a second ball valve is opened and the first ball valve is
      closed to discharge fluid to a point in the well tubing above the pump
      apparatus for expulsion during subsequent pump reciprocations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description taken in conjunction with the accompanying drawing,
      on which:
PAR  FIG. 1 is a sectional view of pump apparatus constructed in accordance with
      the invention, shown at the initiation of an up stroke;
PAR  FIG. 2 is a similar sectional view to that illustrated in FIG. 1 at the
      initiation of, or at least during, the down stroke of the pump;
PAR  FIG. 3 is a sectional view taken substantially along the line III--III of
      FIG. 1; and
PAR  FIG. 4 is a sectional view taken substantially along the line IV--IV of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, pump apparatus is generally illustrated at 10 as
      comprising a hollow well tubing 12 (in this case, the barrel which is in
      effect an integral part of the tubing) which, as is well known in the art,
      is normally constructed of a plurality of end-to-end connected tubes.
PAR  At or near the lower end of the tube 12, a ball valve 14 is disposed, the
      valve 14 including a plug 16 having a bore 18 for receiving fluid flow
      therethrough, a valve seat 20, a chamber 22, a ball 24, and an output
      passage 26.
PAR  At the upper end of the apparatus illustrated in FIG. 1, a string of sucker
      rods is symbolically illustrated at 28 connected to pump apparatus 30.
PAR  The pump apparatus 30 comprises structure which divides the tubing (barrel)
      12 into a plurality of chambers 32, 34, 36 and 40. The chamber 32 has
      disposed therein and in fluid communication therewith a valve 42 which
      comprises a threaded stud 44 for threaded connection to the string of
      sucker rods 28, a body 46 having a hollow chamber 48 and a plurality of
      passageways 50 and 52 communicating the chamber 48 with the chamber 32, a
      valve seat 54, a passageway 56, and a threaded hollow portion 58 for
      threaded engagement with a threaded bore 60 of an upper plunger 62. The
      valve seat 54 is shaped to receive and fluidically seal communication
      between the chamber 48 and the passageway 56 by means of a ball 55.
PAR  The upper plunger 62 comprises a bore 64 in communication with the
      passageway 56, and a pair of seals 66 and 68 which engage and seal the
      plunger 62 with respect to the inner surface 70 of the tubular casing 12.
PAR  The upper plunger 62 includes a threaded bore 72 for threaded connection
      with one end 74 of a hollow tube 75 which includes a threaded end 76
      threadedly engaging a threaded bore 78 of a lower plunger 80. The lower
      plunger 80 includes a hollow chamber 86 and is sealed to the inner surface
      70 of the tubular casing 12 by means of a plurality of fluid seals 82 and
      84. The hollow chamber 86, during pumping, forms a part of a larger
      chamber 40 between the lower plunger 80 and the ball valve 14. The hollow
      chamber 86 is in fluid communication with the upper ball valve 42 by means
      of the hollow interior 88 of the tube 75.
PAR  The tube 75 has, near its upper end, a plurality of transverse bores 90,
      92, 94 and 96 which provide communication between the hollow interior or
      passageway 88 and the upper pumping chamber 34.
PAR  The upper pumping chamber 34 and the lower pumping chamber 40 (86) are
      sealed from each other by a pack-off assembly 98 which includes a seating
      member 100 having a pair of seals 102 and 104 which engage the inner
      surface 70 of the well casing 12, a bore 106 to receive the hollow
      polished tube 75, and a threaded counterbore 108 for threadedly receiving
      a threaded end 110 of a pack-off jacket 112.
PAR  The pack-off jacket 112 includes a first diameter bore 114 for receiving
      the polished tube 75, a second and larger inner diameter 116 which
      receives packing 118 and a threaded portion 126 which receives a threaded
      end 124 of a packing nut 120 which has a head 122.
PAR  The packing 118 may be a soft packing, such as square braided graphite-hemp
      packing or a precision metal seal packing.
PAR  Referring specifically to FIG. 1, the pump is illustrated in its extreme
      down position and at the initiation of an up stroke. The pumping chambers
      34 and 40 have fluid drawn therein due to a low pressure condition which
      is caused by (1) the formation of a vacuum and (2) the existence of any
      hydrostatic head outside of the well bore tubing 12.
PAR  The fluid enters the pump through the lower ball valve 14 filling the lower
      chamber 40 (86), continues up through the hollow polished rod or tube 75
      and flows through the holes 90-96 to fill the upper chamber 34.
PAR  At the end of the up stroke, the lower ball falls and seats against the
      valve seat 20 and one half of the pumping cycle is completed.
PAR  Next, the pump then starts on its down stroke and the fluid in the lower
      chamber is displaced by the lower plunger 80 and is forced up through the
      hollow polished rod 75. The fluid from the lower chamber is joined by the
      fluid being displaced from the upper chamber by the upper plunger 62, via
      the bores 90-96. The pressure of this combined fluid flow overcomes the
      pressure above the upper ball valve 42 causing the ball 55 to rise off of
      its seat 54 and permit fluid flow through the passage 56, through the
      chamber 48 and into the chamber 32 via the openings 50 and 52.
PAR  At the end of the down stroke, the upper ball valve closes to complete one
      pumping cycle.
PAR  Referring to FIG. 2, the apparatus of FIG. 1 is illustrated at the
      initiation of a down stroke showing the opening of the upper ball valve 42
      and the fluid flow from the chambers 40 (86) and 34 into the chamber 32.
PAR  During assembly of the pumping apparatus, the pack-off assembly 98 is
      anchored in place by means of friction rings and the pack-off assembly,
      with the hollow polished rod 75 and the plungers 62 and 80, all in one
      unit, are lowered into the well tubing or casing 12 on the end of a string
      of sucker rods 28. This string of rods is the same as that which operates
      the pump and provides its up and down reciprocating action. As an example,
      the weight of the sucker rods usually approximates 1 pound per foot, so
      that a well of 500 feet deep, or deeper, as is usually the case, would
      utilize a sucker rod assembly having sufficient weight to force the 0.030
      inch, for example, over size seating rings of the pack-off assembly into
      the pump barrel.
PAR  It should be noted that the tube 12 is provided with openings 128 and 130
      which communicate the exterior of the well bore with the chamber 36 to
      provide lubrication of the lower plunger 80 and breathing of the
      apparatus.
PAR  It is readily apparent to those skilled in the art that pump apparatus
      constructed in accordance with the present invention may utilize a variety
      of different materials for the components of the pump structure. However,
      I have found that certain materials provide a suitable, sturdy and
      economical construction and set forth these materials in the following
      tabulation.
TBL  ______________________________________                                    
     ELEMENT             MATERIAL                                              
     ______________________________________                                    
     Upper valve body 42 Stainless Steel.                                      
     Tubular casing 12   Steel.                                                
     Threaded stud 44    Steel.                                                
     Upper plunger 62    Steel.                                                
     Seals 66, 68        Composition rings.                                    
     Alternative plunger 62                                                    
                         Precision metal                                       
                         plunger.                                              
     Hollow polished rod 75                                                    
                         Steel.                                                
     Packing nut 120     Steel.                                                
     Pack-off jacket 112 Steel.                                                
     Packing 118         Graphite-hemp                                         
     Alternative packing 118                                                   
                         Precision metal - seal.                               
     Seating member 100  Steel.                                                
     Seating rings 102, 104                                                    
                         Composition                                           
                         (canvas and                                           
                         rubber).                                              
     Lower plunger 80    Steel.                                                
     Alternate lower plunger 80                                                
                         Precision metal                                       
                         plunger.                                              
     Lower ball valve 14 Stainless steel.                                      
     ______________________________________                                    
PAR  Although I have described my invention by reference to a particular
      illustrative embodiment thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. I therefore intend
      to include within the patent warranted hereon all such changes and
      modifications as may reasonably and properly be included within the scope
      of my contribution to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Well pump apparatus for connection to and operation by a reciprocating
      string of sucker rods which extend downwardly into a well tubing,
      comprising: said tubing constituting an outer pump casing;
PA1  a one-way first valve mounted within said tubing permitting upward fluid
      flow;
PA1  a hollow member of lesser outer diameter than the inner diameter of said
      tubing disposed within said tubing and connected to said string of sucker
      rods for reciprocation;
PA1  lower and upper plungers carried by said hollow member above said first
      valve in spaced relation and in sealed sliding engagement with said
      tubing, each of said plungers having a fluid passageway therein in a fluid
      communication path with said hollow member and said first valve;
PA1  a one-way second valve mounted for reciprocation with said hollow member
      and operable to provide communication between the fluid communication path
      and the interior of said tubing above said upper plunger; and
PA1  a pack-off assembly anchored in a forced fit in sealed relation within and
      with respect to the inner surface of said tubing, said pack-off assembly
      forced into its anchored position by said upper piston and removed from
      its anchored position by said lower piston in response to a downward force
      and an upward force, respectively, applied to the sucker rods,
PA1  said pack-off assembly including
PA2  chamber dividing means receiving said hollow member in sealed sliding
      engagement between said upper and lower plungers to form upper and lower
      pumping chambers of equal diameter,
PA2  said hollow member including fluid passage means above said pack-off
      assembly providing communication of the fluid communication path and said
      upper chamber, whereby during an up stroke fluid is drawn through said
      first valve into said lower chamber and via said fluid communication path
      and said fluid passage means into said upper chamber and during a down
      stroke fluid is expelled via said second valve from said lower chamber via
      said fluid communication path and from said upper chamber via said fluid
      passage means and said fluid communication path upwardly through said
      tubing.
NUM  2.
PAR  2. The well pump apparatus of claim 1, wherein said pack-off assembly
      comprises:
PA1  a first member having a bore receiving said hollow member therethrough;
PA1  first sealing means fixing and sealing said first member with the inner
      surface of said tubing; and
PA1  second sealing means slidingly sealing said hollow member and said first
      member.
NUM  3.
PAR  3. The well pump apparatus of claim 2, wherein said second sealing means
      comprises:
PA1  a tube extending axially from said first member and having a threaded
      portion;
PA1  packing material about said hollow member within said tube; and
PA1  a packing nut threadedly engaging said threaded portion for retaining the
      packing material and adjusting the sealing thereof.
NUM  4.
PAR  4. The well pump apparatus of claim 2, wherein:
PA1  said first member includes a threaded portion in said bore; and
PA1  said second sealing means comprises
PA2  a tube having an outside threaded portion threadedly engaging said threaded
      portion of said bore, and an inside threaded portion,
PA2  a packing portion having an inner diameter greater than the outer diameter
      of said hollow member,
PA2  packing material about said hollow member within said packing portion, and
PA2  a threaded packing nut having a bore receiving said hollow member, said
      packing nut engaging said inner threaded portion of said tube to retain
      said packing material.
NUM  5.
PAR  5. The well apparatus of claim 1, comprising packing material slidingly
      sealing said hollow member and said chamber dividing means.
NUM  6.
PAR  6. The well apparatus of claim 5, wherein said packing material comprises
      graphite-hemp packing.
NUM  7.
PAR  7. The well apparatus of claim 5, wherein said packing material comprises a
      precision metal seal packing.
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ABST
PAL  In an internal combustion rotary engine having a rotor housing with a rotor
      having apex seals sliding on the rotor housing there is provided a dynamic
      damper secured to each apex seal for damping apex seal vibrations caused
      by the rotor housing as excited by the engine firing cycle and there is
      also provided a dynamic damper secured to each apex seal for damping apex
      seal vibrations caused by apex seal bending.
BSUM
PAR  This invention relates to rotary combustion engine damped apex seals and
      more particularly to dynamic dampers damping apex seal vibration caused by
      the rotor housing as excited by the engine firing cycle and also apex seal
      vibrations caused by apex seal bending.
PAR  In certain rotary combustion engines it has been found that the apex seals
      vibrate with substantial amplitudes, this being confirmed by the
      observation of chatter marks on the rotor housing and surface scratches on
      the sides of the apex seals. Since the vibration will permit leakage past
      the apex seals in addition to the deleterious affects on the relatively
      moving parts, it is very desirable that any substantial apex seal
      vibrations either be eliminated or substantially reduced and by simple
      means readily suited to mass production. In approaching this problem, I
      have found that one of the major difficulties lay in finding the actual
      cause of the troublesome vibrations since arriving at the most efficient
      vibration damper is predicated on treating the exact ill.
PAR  In the rotary combustion engines which I have investigated, the apex seals
      are typically located on the rotor and pushed against the rotor housing
      surface by a flat spring under each seal. When the engine is running, the
      apex seals are held in place by this spring force and by the centrifugal
      and gas forces. I have found that with such an arrangement the apex seals
      are dynamically unstable and that it is principally the gas firing force
      that sets up an undulating rotor housing vibration which in turn excites
      the apex seals and results in chatter marks on the rotor housing. There
      are, however, a number of other sources of seal excitation such as bending
      vibration of the seal due to its own weight, vibration resulting from gas
      pressure, and vibration resulting from the spring or the compressibility
      of the seal material itself when acted upon by the gas force. However, I
      have found that the rotor housing vibration and the seal bending vibration
      which have relatively low and high natural frequencies, are the two major
      sources of excessive apex seal motion and of these two it is most
      important to dampen the apex seal motion caused by the rotor housing
      vibration resulting from the engine firing cycle. Having diagnosed the
      major causes of apex seal vibration, I then found that simple dynamic
      dampers in the form of differently tuned free-ended beams can be secured
      to each of the apex seals to provide nodal drives that dampen out the low
      frequency apex seal vibration caused by rotor housing vibration and the
      high frequency apex seal vibration caused by apex seal bending.
PAR  An object of the present invention is to provide a new and improved rotary
      combustion engine damped apex seal.
PAR  Another object is to provide in a rotary combustion engine a dynamic damper
      mounted on each apex seal that dampens the apex seal vibration caused by
      rotor housing vibration from the engine firing cycle.
PAR  Another object is to provide in a rotary combustion engine a dynamic damper
      mounted on each apex seal that dampens apex seal vibration caused by apex
      seal bending.
PAR  Another object is to provide in a rotary combustion engine a low frequency
      dynamic damper mounted on each apex seal that dampens apex seal vibration
      caused by rotor housing vibration from the engine firing cycle and a high
      frequency dynamic damper mounted on each apex seal that dampens apex seal
      vibration caused by apex seal bending.
DRWD
PAR  These and other objects of the present invention will become more apparent
      from the following description and drawing in which:
PAR  FIG. 1 is a side elevation with parts in section of a rotary combustion
      engine having damped apex seals according to the present invention.
PAR  FIG. 2 is a view taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged view taken along the line 3--3 in FIG. 2.
PAR  FIG. 4 is a view taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a side view of the damped apex seals.
PAR  FIG. 6 is an enlarged perspective view of the apex seals with two dynamic
      dampers secured thereto.
DETD
PAR  The damped apex seals according to the present invention are shown in use
      in a rotary combustion engine of the planetary type shown in FIGS. 1 and
      2. The engine comprises a housing which in a single rotor arrangement has
      basically three parts, namely a rotor housing 10 having an inwardly facing
      peripheral surface or wall 12 and a pair of end housings 14 and 16 having
      parallel, oppositely facing, spaced inner end walls 18 and 20,
      respectively. The housing parts are secured together by bolts 21 extending
      through coolant passages 22 in the rotor housing with the inner housing
      walls 12, 18 and 20 cooperatively provide a cavity. As shown in FIG. 2,
      the peripheral wall 12 has the shape of a two-lobe epitrochoid or curve
      parallel thereto whose center line is indicated at 23. A crankshaft 24
      extends through the cavity and is rotatably supported in collars 26 and 28
      that are bolted to the end housings 14 and 16 as shown in FIG. 1. The
      crankshaft 24 has an eccentric 30 located in the cavity and a rotor 32 is
      rotatably mounted on the eccentric. The rotor 32 has the general shape of
      a triangle with two parallel side walls 34 and 36 at right angles to the
      rotor axis which face and run close to the end walls 18 and 20,
      respectively, and a peripheral wall 38 having three arcuate outer faces
      which face the peripheral wall 12 and cooperate therewith and with the end
      walls 18 and 20 to define three variable volume working chambers 40.
      Sealing of the three chambers 40 is effected by sealing means comprising
      three one-piece apex seals 42 each of which is mounted in an axially
      extending slot 44 that is located at each apex or corner of the rotor and
      extends the width thereof. Three arcuate side seals 46 are mounted in
      accommodating grooves in each rotor side and extend adjacent the rotor
      faces between two of the apex seals 42. Three cylindrical corner seals 48
      are mounted in cylindrical holes 50 at the opposite ends of the apex seal
      slots 44 and provide sealing between the adjacent ends of two side seals
      and one apex seal as best shown in FIG. 3. Each of the apex seals 42 is
      biased outwardly by a leaf spring 52 to engage the peripheral wall 12
      while each of the corner seals 48 is biased by a spring 54 to engage the
      respective end wall. Each of the side seals 46 is also biased by a spring,
      not shown, to engage the respective end wall.
PAR  With the two-lobe peripheral wall 12 and three corner rotor 32, each of the
      working chambers 40 sequentially expands and contracts between minimum and
      maximum volume twice during each revolution in fixed relation to the
      housing by forcing the rotor to rotate at one-third the speed of the
      crankshaft in a certain manner. This is accomplished by gearing comprising
      an internal tooth rotary phasing gear 56 which is fixed to the rotor side
      36 concentric with the rotor axis. The gear 56 meshes with an external
      tooth annular stationary phasing gear 58 which is freely received about
      and is concentric with the crankshaft 24 and is made stationary by being
      fixed to the inboard end of the right-hand collar 28 as shown in FIG. 1.
      The gear 56 has 11/2 times the number of teeth as the gear 58 to provide
      the required speed ratio of 3:1 between the crankshaft and the rotor.
PAR  A combustible air-fuel mixture from a suitable carburetor and manifold
      arrangement, not shown, is made available to each working chamber 40
      through an intake port 60 in the rotor housing 10 through the peripheral
      wall 12, the apex seals 42 thus passing over the intake port which is
      arranged so as to be open to the chambers as they expand in an intake
      phase as the rotor turns in the direction of the arrow in FIG. 2. A spark
      plug 62 is mounted in the rotor housing 12 with its electrodes exposed to
      the passing working chambers and ignites the mixture when the rotor faces
      are in the vicinity of top-dead-center, there being provided a suitable
      ignition system, not shown, for applying voltage to the spark plug at the
      proper time. Upon ignition of the mixture, the peripheral wall 12 takes
      the reaction forcing the rotor to continue rotating while the gas is
      expanding. The leading apex seal 42 of each of the working chambers
      eventually traverses an exhaust port 64 in the peripheral wall of the
      rotor housing whereby the exhaust products are then expelled to complete
      the cycle.
PAR  In the engine structure thus far described it has been found that the apex
      seals are dynamically unstable and will vibrate as a result of a number of
      sources of excitation, the seal since it is dynamically unstable being
      capable of being excited by almost any vibration that would result in seal
      motion. For example, the apex seals can vibrate as a result of the gas
      pressure acting as a spring on the bottom of these seals, such excitation
      producing apex seal vibration at a low frequency of long duration as the
      result of expansion pressure and a high frequency of short duration as the
      result of firing pressure. Furthermore, the seal material itself has a
      certain compression or spring rate and when acted upon by the gas force
      will thus be excited to vibrate, such vibration being dependent upon the
      modulus of elasticity of the apex seal material. The apex seals also have
      their own vibrating natural frequency with the first mode of bending
      vibration for the seal determined by the seal deflection due to its own
      weight. The apex seal also has a rocking mode of vibration of
      substantially higher frequency and a third mode where the apex seal
      vibrates as a free-ended beam with a natural frequency intermediate the
      bending and rocking mode frequencies. Apart from the apex seal vibrations
      noted above, I have found that the engine firing cycle excites vibration
      of the rotor housing which in turn excites the apex seals, the unsupported
      inner peripheral wall spans 65 under the coolant passages 22 vibrating as
      beams with fixed ends. I have further found that the vibrating housing
      spans produced by the firing pressure are the predominant factor in
      causing excessive apex seal vibration, the housing spans typically having
      a relatively low frequency, e.g. about 100 cps in one actual engine.
      Secondarily, the bending vibration of the seal as determined by its
      deflection due to its own weight appears to be the next greatest cause of
      excessive apex seal vibration, the natural bending frequency of the seals
      being a much higher frequency than the rotor housing spans, e.g. about
      3600 cps in the same engine examined.
PAR  In the present invention, I have provided a simple dynamic damper which
      secures to the apex seals and is tuned to damp the predominant low
      frequency vibration of the seal excited by rotor housing vibration from
      the engine firing cycle. Furthermore, I have supplemented this damping
      system with another dynamic damper similar to the first but separately
      tuned to damp the higher frequency apex seal bending vibration. In the
      existing apex seal arrangement, I have taken advantage of the relative
      arrangement of the apex seals and their springs wherein each of the
      springs 52 is seated at its middle on the bottom of the apex seal slot 44
      and has curved ends 66 engaging the curved ends 67 of a recess 68 in the
      bottom of the apex seal as best shown in FIG. 3. To accommodate my dynamic
      dampers, the recess 68 is extended upward along its length and is formed
      with sockets 70 at its opposite ends above the spring seats 67. This
      permits the simple installation of a spring type low frequency dynamic
      damper 72 in the form of a metal leaf with rectangular cross-section. The
      damper 72 is mounted in the extension of the recess 68 between the apex
      seal spring 52 and the upwardly displaced bottom of the apex seal 42 and
      has upwardly curved ends 74 which are received in the sockets 70 whereby
      the damper is thus secured to the apex seal and is positively held or
      trapped thereon when the seal is mounted in the apex seal slot. As a
      result, the damper 72 is freely supported in bending at its opposite ends
      directly on the apex seal, i.e. is mounted as a free-ended beam on the
      seal. The natural frequency of the low frequency dynamic damper 72 is made
      to be equal to or about that of the natural frequency of the rotor housing
      spans by proper selection of its weight, its dimensions, its modulus of
      elasticity and its inertia. Furthermore, a weight 76 can be added as shown
      to lower the spring's natural frequency, this added weight to be effective
      having a mass of about  10-20% of the mass of the apex seal. As a result,
      when the apex seal is excited by the rotor housing during the engine
      firing cycle, the apex seal will move in one direction and the dynamic
      damper 72 will move in the opposite direction, i.e. 180.degree. out of
      phase therewith and there will be effected a so-called "nodal drive" which
      is known to be effective to eliminate or dampen vibrations.
PAR  Then for the apex seal vibrations at the higher frequencies as caused by
      apex seal bending from the gas force as determined by the seal deflection
      due to its own weight, there is provided another dynamic damper 78 that is
      similar to and fits along side the low frequency damper with its curved
      ends 80 also freely supported in the sockets 70 in the apex seal as shown
      in FIG. 6. The high frequency damper 78 is made stiffer than the low
      frequency damper 72 to tune to the high frequency apex seal bending
      vibrations, this being readily accomplished for example by making the
      free-ended beam substantially thicker as shown. As a result, there is then
      provided a high frequency nodal drive to eliminate or dampen the high
      frequency apex seal vibrations of seal bending.
PAR  Thus, there has been provided simple and efficient dynamic damping of the
      apex seal vibration by using a free-ended beam damper tuned with or
      without weights to the natural frequency of the rotor housing spans to
      dampen the predominant apex seal vibration of low frequency. Furthermore,
      it has been shown that a similar type damper tuned to the higher frequency
      of the secondarily important apex seal bending vibration can also be
      employed along side the major damping device and all within a very
      confined space. It will also be appreciated that with the free-ended beam
      damper provided, its natural or damping frequency is more predictable than
      for example that of a fixed-end beam arrangement.
PAR  The above described embodiments are illustrative of the invention which may
      be modified within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates, and
      damper means secured to each said apex seal having a natural frequency
      substantially equal to the frequency of said rotor housing excited by the
      engine firing cycle whereby there is effected a nodal drive to dampen apex
      seal vibration caused by said rotor housing.
NUM  2.
PAR  2. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates, and
      a free-ended beam freely secured at opposite ends to each said apex seal
      having a natural frequency substantially equal to the frequency of said
      rotor housing excited by the engine firing cycle whereby there is effected
      a nodal drive to dampen apex seal vibration caused by said rotor housing.
NUM  3.
PAR  3. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates, and
      damper means secured to each said apex seal having a natural frequency
      substantially equal to the bending frequency of the apex seal determined
      by its own weight whereby there is effected a nodal drive to dampen apex
      seal vibration caused by apex seal bending.
NUM  4.
PAR  4. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates, and
      a free-ended beam with a center weight freely secured at opposite ends to
      each said apex seal having a natural frequency substantially equal to the
      bending frequency of the apex seal determined by its own weight whereby
      there is effected a nodal drive to dampen apex seal vibration caused by
      apex seal bending.
NUM  5.
PAR  5. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates,
      first damper means secured to each said apex seal having a natural
      frequency substantially equal to the frequency of said rotor housing
      excited by the engine firing cycle whereby there is effected a nodal drive
      to dampen apex seal vibration caused by said rotor housing, and second
      damper means secured to each said apex seal having a natural frequency
      higher than the natural frequency of said first damper means and
      substantially equal to the bending frequency of the apex seal determined
      by its own weight whereby there is effected a nodal drive to dampen apex
      seal vibration caused by apex seal bending.
NUM  6.
PAR  6. An internal combustion rotary engine comprising a rotor housing, a rotor
      having apex seals sliding on said rotor housing as the rotor rotates, a
      free-ended beam freely secured at opposite ends to each said apex seal
      having a natural frequency about equal to the frequency of said rotor
      housing excited by the engine firing cycle whereby there is effected a
      nodal drive to dampen apex seal vibration caused by said rotor housing,
      and a free-ended beam with a center weight freely secured at opposite ends
      to each said apex seal having a natural frequency higher than the natural
      frequency of said first mentioned free-ended beam and substantially equal
      to the bending frequency of the apex seal determined by its own weight
      whereby there is effected a nodal drive to dampen apex seal vibration
      caused by apex seal bending.
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ABST
PAL  A structure for preventing oil leakage which occurs between a side wall of
      a rotor and the inner surface of a side housing in a rotary engine,
      comprising at least one oil groove formed in the side wall of the rotor in
      a region located inside of a conventional annular oil seal means. The oil
      groove formed in the side wall of the rotor extends helically around the
      center of the rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a rotary engine, and more
      particularly, to a structure for preventing oil leakage in a rotary engine
      of the type comprising a rotor adapted to rotate eccentrically within a
      casing made of at least two side housings and a center housing positioned
      therebetween wherein the gas and oil tightness between the side wall of
      the rotor and the side housing is maintained by an oil seal ring mounted
      in an annular oil seal groove formed in the side wall of the rotor.
PAR  2. Description of the Prior Art
PAR  2. Description of the Prior Art
PAR  In the art of rotary engines of the aforementioned type, various
      improvements regarding its oil seal structure have been proposed in order
      to improve the gas and oil tightness at the oil seal portion composed of
      the annular oil seal groove and the oil seal ring. However, despite such
      improvements regarding the oil seal means, a considerable amount of
      lubricating oil leaks out through the oil seal means radially outwardly of
      the rotor causing the drawback that the rotary engine consumes a
      considerably larger amount of lubricating oil as compared with the
      conventional internal combustion engine of the reciprocating type.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, it is the object of the present invention to counteract the
      aforementioned problem and to provide a structure for preventing oil
      leakage in a rotary engine which is distinguishable from the various
      conventionally proposed improvements which are principally related with
      the improvement of the oil seal ring structure. According to the present
      invention, oil leakage between the rotor side wall and the side housing is
      more effectively prevented.
PAR  Other objects and further scope of applicability of the present invention
      will become apparent from the detailed description given hereinafter; it
      should be understood, however, that the detailed description and specific
      examples, while indicating preferred embodiments of the invention, are
      given by way of illustration only, since various changes and modifications
      within the spirit and scope of the invention will become apparent to those
      skilled in the art from this detailed description.
PAR  According to the present invention, the abovementioned object is
      accomplished by providing at least one oil seal groove in the side wall of
      the rotor said oil groove being located radially inside of the annular oil
      seal groove and extending helically around the center of the rotor. By
      utilizing the aforementioned helical oil groove, and particularly by
      arranging the helical groove so as to open radially outwardly along the
      rotating direction of the rotor, the helical groove applies a radially
      inwardly directed scratching action of the oil as the rotor rotates,
      whereby oil is constantly recovered and directed toward the central region
      of the rotor while at the same time maintaining a good oil film on the
      rotor side wall and the inside surface of the side housing. Thus, by
      utilizing the oil groove, according to the present invention the pressing
      of a large amount of oil into the oil seal means provided at the outside
      of the oil groove is avoided, and accordingly, oil leakage in the oil seal
      means is also reduced. The oil and gas tightening performance of the oil
      seal means is satisfactorily maintained if an amount of oil is supplied
      which is sufficient to maintain an effective oil film between the oil seal
      ring and the wall surface of the annular oil seal groove as well as
      between the oil seal ring and the inner surface of the side housing. A
      supply of oil beyond the necessary amount does not contribute to an
      improvement in the oil and gas tightening performance but, in fact,
      increases oil leakage. Since the amount of oil supplied to the oil seal
      means is maintained at a proper level by the helical oil groove according
      to the present invention, the oil and gas tightening performance of the
      oil seal means is maintained at its optimum level while effectively
      suppressing oil leakage.
PAR  The aforementioned helical oil groove may preferably be provided in
      plurality and arranged symmetrically around the center of the rotor. In
      this case, it is advantageous if the plurality of helical grooves are
      arranged as a multi-layered helical groove wherein some portions of the
      individual grooves overlap with each other. Thus, a multi-staged helical
      groove means is obtained as seen along a radial section of the rotor side
      wall, which renders uniform the oil scraping action over a wider area so
      as to accomplish a more desirable oil scraping effect as well as affording
      a good oil and gas tightening effect.
PAR  The helical oil groove according to the present invention may preferably be
      formed so as to have a gradually increasing cross sectional area from its
      radial outer end portion towards its radial inner end portion. Such an
      arrangement of the cross sectional area, facilitates the return of the oil
      scraped by the helical groove and collected in the groove to the central
      portion of the rotor. The radially outer end of the helical oil groove may
      join and communicate with the annular oil seal groove of the oil seal
      means. In this structure, the superfluous oil scraped by the oil seal ring
      is directly returned to the central portion of the rotor by the helical
      oil groove provided according to the present invention.
PAR  The surface of the side wall portion where the helical oil groove,
      according to the present invention, is provided may preferably be provided
      with an anti-wearing surface treatment so that localized heavy wearing in
      the rotor body can be avoided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention will become more fully understood from the detailed
      description given hereinbelow and the accompanying drawings which are
      given by way of illustration only, and thus are not limitative of the
      present invention and wherein,
PAR  FIG. 1 is a side view of a rotor of a rotary engine incorporating a
      structure for preventing oil leakage according to the present invention;
PAR  FIG. 2 is a longitudinal section of the rotary engine including the rotor
      shown in FIG. 1;
PAR  FIG. 3 is a view showing an embodiment of this invention wherein the
      helical oil groove is formed as a single helical groove;
PAR  FIG. 4 is a view showing an embodiment of the helical groove in more
      detail;
PAR  FIG. 5 is a view showing the helical groove shown in FIG. 4 in a
      straightened condition together with its configuration regarding depth;
PAR  FIG. 6 is a view showing another embodiment of the helical oil groove
      according to the present invention; and
PAR  FIG. 7 is a sectional view showing the surface structure of the rotor where
      the helical grooves are provided.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be described in more detail with respect to
      some preferred embodiments and with particular reference to the
      accompanying drawings.
PAR  FIG. 1 shows a side wall of a rotor of a rotary engine incorporating the
      structure for preventing oil leakage according to the present invention.
      The rotor 1 is provided with a plurality of oil grooves 3 which extend
      helically around the center of the rotor in a region located radially
      inside of an oil seal means 2 having a conventional structure. As shown in
      FIG. 2, the oil grooves 3 are provided to oppose to the inner surface of a
      side housing 4. The shown rotor 1 is designed to rotate in the direction
      of the arrow A in FIG. 1, and corresponding thereto, the helical grooves 3
      are formed to open radially outwardly of the rotor along the direction of
      the arrow A.
PAR  FIG. 3 shows an embodiment where the helical groove 3 is formed as a single
      groove.
PAR  FIG. 4 shows the shape of an embodiment of a helical groove 3. In this
      case, the helical groove 3 is formed so as to widen gradually from its
      radially outer end portion a toward its radially inner end portion c by
      way of an intermediate portion b.
PAR  In FIG. 5, the helical groove as shown in FIG. 4 is shown in a straightened
      condition so that the change of its depth is conveniently shown along the
      groove. As shown in FIG. 5, the groove 3 may be formed to have gradually
      increasing depth from portions a to c so that the cross sectional area of
      the groove is increased gradually from its radial outer end portion to its
      radial inner end portion but at a rate sufficient to allow free flow of
      the oil scraped by the entire region of the helical groove toward the
      radially inner end portion of the groove, wherein the amount of said flow
      increases gradually as it approaches the radially inner end portion of the
      groove.
PAR  FIG. 6 shows an embodiment where the helical groove 3 joins and
      communicates with the oil seal groove of the annular oil seal means 2 at
      its radially outer end portion. In this structure, the superfluous oil
      scraped by the annular oil seal means is returned directly to the central
      portion of the rotor by way of the helical groove 3.
PAR  FIG. 7 shows a section of a rotor side wall portion formed with the helical
      grooves 3, wherein the surface of the rotor side wall portion is applied
      with a surface treatment so as to provide it with an anti-wearing layer 5.
      By utilizing an anti-wearing layer, heavy wearing of the rotor side wall
      portion formed with the helical groove 3, which causes local wearing of
      the rotor even when said rotor side wall portion comes into direct contact
      with the inner surface of the side housing is avoided.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A structure for preventing oil leakage in a rotary engine which
      comprises a casing having at least two side housings and a center housing
      positioned therebetween, a rotor, rotatably disposed within said casing,
      said rotor being adapted to rotate eccentrically within said casing, an
      annular oil seal groove formed in the side wall of the rotor, an annular
      oil seal ring mounted in said annular oil seal groove for maintaining gas
      tightness and oil tightness between a side wall of the rotor and a side
      housing, and at least one oil groove formed in the side wall of the rotor
      and located radially inside of said annular oil seal groove, said oil
      groove having a gradually increasing cross-sectional area from its radial
      outer end toward its radial inner end, a closed radial outer end and an
      opened radial inner end, said oil groove extending helically around the
      center of the rotor.
NUM  2.
PAR  2. The structure according to claim 1, wherein the rotor side wall portion
      where said oil grooves are formed is provided with an anti-wearing layer.
NUM  3.
PAR  3. The structure according to claim 1, wherein a plurality of oil grooves
      are provided.
NUM  4.
PAR  4. The structure according to claim 3, wherein said plurality of oil
      grooves are arranged to form multi-layered helical groove means.
NUM  5.
PAR  5. The structure according to claim 3, wherein said plurality of oil
      grooves extend radially from the center of the rotor to the vicinity of
      the annular oil seal groove, each of said oil grooves overlapping a
      portion of the length of its adjacent oil groove as seen in the direction
      of rotation of the rotor.
NUM  6.
PAR  6. The structure according to claim 1, wherein a single oil groove is
      formed in the side wall of the rotor, said oil groove extending helically
      from the center of the rotor to the annular oil seal groove thereby
      forming a plurality of overlapping oil grooves between the center of the
      rotor and the annular oil seal groove.
NUM  7.
PAR  7. The structure according to claim 6, wherein the helical groove opens
      radially outwardly along the rotating direction of the rotor.
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PAL  A rotary piston engine for compressing or expanding gases, which comprises
      housing formed of two cylindrical semi-cups of two equal size cylindrical
      hollow bodies, said cups facing each other along longitudinal openings. In
      the housing there are provided two shafts of equal pitch diameter which
      shafts are rotatable about the central axis of one of two hollow bodies
      and mesh with a fine-toothed labyrinth with each other. Between each one
      of the shafts and the inner surface of the hollow body surrounding the
      pertaining shaft there is formed a working chamber intended for an
      adiabatic inner compression or expansion of the gases. The shafts
      respectively comprise a rotary piston extending over the length of the
      hollow body and extending with slight play to the inner wall of the hollow
      body and forming with the respective engaging parts of the inner wall of
      the hollow body a surface forming a gap seal or labyrinth gap seal. The
      shafts also have a recess adjacent the rotary piston and extend in an
      axis-parallel manner while the recess has a dimension making possible the
      meshing of the rotary piston of the other shaft, the two shafts being
      connected to two control gears which are rotatable about the central axis
      of said shafts outside the housing and mesh with each other. One of the
      shafts forms a hollow shaft while the recess in the hollow shaft has such
      a depth that in this hollow shaft a slot parallel to the axis of the shaft
      is formed and that the hollow shaft is rotatable about a hollow inner
      cylinder slit open over the length of the slot. The inner cylinder serves
      as outlet or inlet conduit while an opening in the housing correspondingly
      serves as inlet or outlet opening for the gases, and parts such as parts
      of the housing or of the shafts which have different temperatures and
      engage each other and are mechanically firmly connected to each other and
      are rotation symmetric about a common axis are separated from each other
      by an air gap provided on the conical surface of a cone with the axis of
      the cone located in the common axis of the parts to be interconnected. In
      the air gap there are provided connecting bodies of a material which is a
      poor heat conductor and will withstand high mechanical and thermal
      stresses. Such material may be quartz glass or porcelain or the like. The
      connecting bodies are so provided on those sides of the parts to be
      interconnected which face the air gap that in response to a heat expansion
      of the hotter part of the parts to be interconnected, the colder part is,
      due to a spring force, anchored in the two parts to be interconnected
      displaced in the direction of the common axis.
BSUM
PAR  The present invention relates to a rotary piston engine for compressing or
      expanding gases, which engine comprises a housing formed of two
      cylindrical semi-cups of two equal sized cylindrical hollow bodies, said
      cups facing each other along longitudinal openings. In said housing there
      are provided two shafts of equal pitch diameter, which shafts are
      rotatable about the central axis of one of the two hollow bodies and mesh
      with a fine-toothed labyrinth with each other. Between each one of the
      shafts and the inner surface of the hollow body surrounding the pertaining
      shaft there is formed a working chamber intended for an adiabatic inner
      compression or expansion of the gases. The said shafts respectively
      comprise a rotary piston extending over the length of the hollow body and
      extending with slight play to the inner wall of the hollow body and
      forming with the respective engaging parts of the inner wall of the hollow
      body a surface forming a gap seal or a labyrinth gap seal. The said shafts
      also have a recess adjacent said rotary piston and extending in an
      axis-parallel manner while said recess has a dimension making possible the
      meshing of the rotary piston of the other shaft, while the two shafts are
      connected to two control gears which are rotatable about the central axis
      of said shafts outside the housing and mesh with each other.
PAR  Engines for compressing or expanding gases are frequently used in industry.
      Compression engines are employed as ventilators, blowers, or as
      compressors.
PAR  According to a non-published suggestion, with a rotary piston engine of the
      above mentioned type with contact-free sealing gaps, one of the shafts is
      designed as hollow shaft while the recess of the shaft designed as hollow
      shaft has such a depth that in that shaft which is designed as hollow
      shaft a slot is formed which extends parallel to the axis of the shaft,
      and while the shaft designed as hollow shaft is rotatable about an inner
      hollow cylinder slit open over the length of said slot. The inner cylinder
      serves as discharge or outlet conduit, and the opening in the housing
      correspondingly serves as intake or outlet opening for the gases. This
      rotary piston engine is, according to this suggestion, employed as a
      compression and/or expansion engine in an internal combustion engine
      operated as a hot air engine in which one or more compression engines and
      a combustion chamber operable by burnable substances under continuous and
      under constant pressure has a volume with a sufficient size for a longer
      stay of the burnable substances. Furthermore, there are provided one or
      more expansion engines which follow the combustion chamber but are
      spatially separated from each other and are connected to each other by
      connecting lines. Between the compression engine or engines and the
      combustion chamber there is provided a heat exchanger which is passed
      through by the gases to be compressed in the compression engine or engines
      and in counterflow to the compressed gases is passed through by the
      exhaust gases of the expansion engine or engines. The rotary piston engine
      is expediently operated with a rotary speed within the range of from 6,000
      to 24,000 revolutions per minute and at a compression or expansion with a
      pressure ratio of the gases of from 2.0 to 5.0.
PAR  With the rotary piston engine according to the above mentioned suggestion,
      for purposes of establishing a heat insulating connection, discs and rings
      are provided between hot and cooled parts, which rings are made of
      materials which are poor heat conductors. However, this arrangement has
      the drawback that the centering of the parts relative to each other which
      is of importance, for instance, for maintaining a constant gap width
      between the rotary piston and the inner surface of the respective
      semi-cup, can be assured only at high expenses.
PAR  It is, therefore, an object of the invention to provide a rotary piston
      engine for compressing and expanding gases, in which the hot and cooled
      parts of the engine which are adjacent to each other are separated from
      each other in a heat insulating manner, while however, at the same time
      being connected to each assured. mechanically in a simple manner so that
      also at high working temperatures of the rotary piston engine a frictional
      connection and simultaneously a centering of the parts will be assumed. In
      this connection, at the same time a heat expansion of the hot parts should
      be possible without tension or stresses occurring between individual parts
      of the engine.
DRWD
PAR  These and other objects and advantages of the invention will appear more
      clearly from the following specification, in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 represents a section taken along the line I--I of FIG. 2.
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
DETD
PAR  The rotary piston engine according to the present invention is
      characterized in that one of the shafts is designed as hollow shaft while
      the recess of the shaft designed as hollow shaft has such a depth that in
      the shaft designed as hollow shaft there is formed a slot which is
      parallel to the axis and that the shaft designed as hollow shaft is
      rotatable about a hollow inner cylinder slit open over the length of the
      slot. The inner cylinder serves as outlet or intake conduit, and an
      opening in the housing correspondingly serves as inlet and outlet opening
      for the gases. The rotary piston engine according to the present invention
      is furthermore characterized in that parts, such as parts of the housing
      or of the shaft which engage each other and which are mechanically to be
      connected to each other and which are rotatably symmetrical about a common
      axis while having different temperatures, are separated from each other by
      an air gap located on the conical surface of a cone with the axis of the
      cone located in the common axis of the parts to be connected to each
      other. In the air gap, connecting bodies are provided which are
      mechanically and thermally strong so as to withstand high load while being
      poor heat conductors such as quartz glass, porcelain, or the like. These
      connecting bodies are so arranged on those sides of the parts to be
      interconnected which face said air gap so that during heat expansion of
      the hotter part of the parts to be interconnected, the colder part is, due
      to a spring force is anchored in the two parts displaced in the direction
      of the common axis.
PAR  Due to the air gap which is provided between the hot and cooled parts and
      which has the width of a few millimeters, a good heat insulation is
      obtained which is only immaterially affected by the connecting parts.
      Furthermore, in view of the arrangement of the connecting bodies and also
      due to the fact that the parts are under a mutual pressure, the cooled
      part, during the heat expansion of the hot part will be displaced in axial
      direction in such a way that the frictional engagement between the hot and
      the cold parts as well as the centering will be maintained at all times.
      The connecting bodies will at the same time transfer the torque between
      the parts.
PAR  A very advantageous design of the rotary piston according to the present
      invention consists in that the connecting bodies are designed as hollow
      cylinders which are embedded in those sides of the interengaging parts
      which face the air gap and, more specifically, in oppositely located
      depressions adapted to the form of the hollow cylinders. Inasmuch as only
      a slight wall thickness of the hollow cylinder is required, the affect of
      the heat insulation of the air gap is only very slight. In this
      connection, an advantage of the rotary piston engine according to the
      invention consists, when employing hollow cylinders as connecting bodies
      in the simple establishment of the connection between hot and cooled
      rotatable parts because merely the connecting surfaces of the hollow
      cylinders with the sides facing the air gap and pertaining to the parts to
      be connected have to be produced so as to fit. This is realized by first
      coarsely interconnecting the parts to be connected to each other, for
      instance, by a separable gluing, or the like, and then by preparing bores
      along the connecting surface of the two parts into which bores with hollow
      cylinders are fittingly insertable. Subsequently thereto, those sides of
      the parts to be interconnected which face each other are by a chip
      removing machining action treated to such an extent that the provided air
      gap is formed between the parts.
PAR  An expedient design of the rotary engine according to the invention
      consists in that the rotary pistons and the recesses are so designed that
      the surfaces of the rotary pistons which, with parts of the inner wall of
      the hollow bodies, form gap seals or labyrinth gap seals, have a size
      which corresponds at least to the cross-sectional surface of the foot of
      the rotary piston, while the rotary pistons and the recesses are so shaped
      that when the rotary piston of one shaft meshes with the recess of the
      other shaft, the two surface edges which extend parallel to the central
      axes of the shaft will with slight play and constant distance be guided
      along one flank each of the recess of the other shaft. Due to the fact
      that the surface of the rotary piston which engages the inner wall of the
      hollow body is as large as possible, it will be realized that also the gap
      length is as great as possible, whereby a very good seal of the pistons
      relative to the inner wall of the hollow body is obtained also without oil
      lubrication. Furthermore, due to the fact that the rotary pistons and the
      flanks of the recesses are so designed that the surface edges nearly reach
      the flanks of the recesses at constant distance, the dead chamber volume
      is kept to a minimum. Due to the external control of the two shafts it is
      not necessary to maintain a high manufacturing precision. It will suffice
      if the distance amounts to from 1 to 2 millimeters.
PAR  A further expedient embodiment of the rotary piston according to the
      invention consists in that the shafts are by a factor of from two to three
      longer than their diameter. As a result thereof, at equal volume of the
      working chamber, the flow losses of the gases are kept to a minimum, and
      it will be realized that the centrifugal forces also at high speed of
      rotation of the shafts are kept within technically permissible limits.
PAR  Referring now to the drawings in detail, the rotary piston engine according
      to the present invention comprises a housing 1, which includes two
      cylindrical hollow bodies having the shape of cylindrical semi-cups with
      longitudinal openings along which said cups face each other. Two shafts 2
      and 3 with the same pitch diameter are rotatable about the central axis of
      the cylindrical hollow bodies. As will be evident from FIG. 2, the said
      shafts 2 and 3 are connected to control gears 37 and 38 which mesh with
      each other and are rotatably arranged outside the housing 1. Each of the
      shafts 2 and 3 comprises a rotary piston 6 with a recess thereon, said
      rotary piston 6 extending over the length of said hollow bodies. That
      surface of the rotary piston 6 which faces the inner wall of housing 1
      forms with the respective adjacent partial surface of the inner wall of
      housing 1 a gap seal or labyrinth seal 7, as shown in FIG. 1. The two
      shafts 2 and 3 furthermore comprise a fine-toothed labyrinth 8. As will be
      evident from FIG. 1, shaft 2 is perforated at its foot and is rotatable
      about a hollow cylinder 9 which is slit open along the length of the
      shaft. As will likewise be evident from FIG. 1, the hollow body
      surrounding shaft 3 is at the defining surface of two hollow bodies
      provided with an opening 10 which, when the engine operates as expansion
      engine, works as discharging opening, and when the engine works as
      compression engine operates as inlet opening for the gases.
PAR  FIG. 1 shows the two rotary pistons 6 in their position at the inlet angle
      11 in which the pistons define the minimum dead chamber. In the direction
      of rotation of shafts 2 and 3, as indicated by the arrows, the engine is
      employed as expansion engine. The gases passing from the combustion
      chamber 12 (partially illustrated in FIG. 2) into the hollow inner
      cylinder 9 pass during the further rotation of shafts 2 and 3, due to the
      fact that the slot in the hollow shaft 2 overlaps the slot in the inner
      cylinder 9, in an isobaric manner into the working chamber being formed
      until after a further rotation of the shafts 2 and 3 and after reaching
      the filling angle 13, the inflow of the gases into the working chamber is
      interrupted. The gas in the working chamber now has the pressure and
      temperature of the combustion chamber. During a further rotation of shafts
      2 and 3, the gas in the working chamber is adiabatically expanded until
      the outlet angle 14 has been reached. From this point on, the rotary
      pistons 6 mesh in a force-free manner up to the starting point at the
      inlet angle 11. During the next following revolution, the expanded gas is
      exhausted from the outlet opening 10. Simultaneously, the gas begins anew
      to flow from the inner cylinder 9 into the working chamber being formed.
PAR  When employing the engine as compression engine, the shafts 2 and 3 are
      rotated in a direction counter to the direction indicated by the arrows in
      FIG. 1. The gases then enter through the inlet opening 10, are compressed
      in the working chamber which is being reduced by rotation of shafts 2 and
      3, and, as soon as the perforated foot of the recess in shaft 2 overlaps
      the slot of the inner cylinder 9, pass into the inner chamber of the inner
      cylinder 9 from where they pass into the combustion chamber.
PAR  As will furthermore be evident from FIG. 1, the rotary pistons are so
      designed that those surfaces of the rotary piston 6 which form the gap
      seal are as large as possible. The flanks of the tooth spaces are so
      shaped that as is indicated, for instance, in FIG. 2 with regard to the
      lower rotary piston 6, during the meshing of the rotary piston 6, the
      surface edge 15 passes by the flank 17 of the recess in shaft 2, whereas
      the surface edge 16 passes by the flank 18 of the recess of shaft 2 at
      constant distance.
PAR  In order to assure assume housing 1 as well as shafts 2 and 3 assme the
      mean discharge gas temperature as soon as possible, and in order to reduce
      the weight of the engine, bores 19 are provided. These bores are at the
      same time so arranged in shafts 2 and 3 that the unbalances caused by the
      rotary pistons 6 and the recesses will be compensated for.
PAR  As will be evident from FIG. 2, the hollow shaft 2 rotatable about the
      inner cylinder 9 has a confining ring 20 having firmly connected thereto,
      a bearing pivot 22 through the intervention of connectng bodies 21 forming
      hollow cylinders. Bearing pivots 22 and shaft 2 are, through a screw
      connection 23, elastically pull-connected to a spring body 24. In the same
      manner, the housing 1 is fixedly connected to the bearing box 25 for shaft
      2 and there is connection to the bearing pivot 28 for shaft 3 through
      connecting bodies 21 designed as hollow cylinders. As bearings for
      mounting the shaft 3, there is provided a combined inclined ball-roller
      bearing 29, and for journaling hollow shaft 2 there is provided a bearing
      provided with a cover 30 and comprising an outer ring 31, a cage 32, an
      inner ring 33, and a sealing ring 34.
PAR  As will furthermore be evident from FIG. 2, the inner cylinder 9 for
      purposes of radially positioning is at the level of the bearing for shaft
      2 provided with an air chamber 35 which expediently for avoiding
      convection is filled with suitable insulating material, such as
      Triton-Kaowool. The inner cylinder 9 is additionally positioned in radial
      direction by means of a guiding ring 36. As will also be evident from FIG.
      2, the two shafts 2 and 3 are, by means of control gears 37 and 38, which
      have inclined teeth, coupled to each other. The rotary piston engine
      according to the invention has, as is only partially shown in the
      drawings, a cylindrical design. Depending on the intended employment of
      the engine as compression or as expansion engine, the inner cylinder 9 is
      connected through a connecting part 39 to the heat exchanger or to the
      combustion chamber.
PAR  It is, of course, to be understood that the present invention is, by no
      means, limited to the specific showing in the drawings, but also comprises
      any modifications within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary piston engine for compressing or expanding gases and
      comprising; intersecting partial cups on parallel adjacent axes forming a
      housing, said cups being open near one region of intersection thereof, a
      rotary piston in each cup, said pistons having meshing labyrinth seal
      means and each having a radical projection which runs closely inside the
      pertaining cup, each piston having a pocket to receive the projection on
      the other piston, said projections being in side by side relation when
      disposed in said pockets, a hollow shaft coaxial with one piston and
      opening outside the housing at one end and having an axial slot, the
      pocket in said one piston having a port which communicates with said slot
      in one rotated position of said one piston, means for driving the pistons
      in rotation in unison in respective directions, bearings journaling said
      pistons in said housing and supports for said bearings, and means
      interposed between each said support and at least one of the respective
      said piston and housing for relieving stresses due to thermal expansion
      and contraction, said means comprising opposed spaced parallel surfaces on
      said support and said one of said pistons and housing, said surfaces being
      annular segments of parallel cones on the axis of relative rotation of the
      respective piston and the housing, and connecting bodies interposed
      between and engaged by said surfaces, said supports including at least one
      support for each bearing connected to one of said housing and respective
      piston for resilient axial movement.
NUM  2.
PAR  2. A rotary piston engine according to claim 1 which includes a support
      between each bearing and each of said housing and the respective piston,
      and axially resilient means nonrotatively connecting each support to the
      pertaining one of said housing and the respective piston.
NUM  3.
PAR  3. A rotary piston engine according to claim 1 in which each surface is
      formed with recesses parallel to the said axis, said recesses in each
      surface being in opposed relation to those in the other surface, and said
      connecting bodies comprising hollow cylinders seated in said opposed
      recesses.
NUM  4.
PAR  4. A rotary piston engine according to claim 1 in which each piston has
      labyrinth seal means formed thereon and extending the full axial length of
      the respective piston.
NUM  5.
PAR  5. A rotary piston engine according to claim 1 in which at least one of
      said projections has radially outer leading and trailing edges parallel to
      the axis of rotation of the pistons, at least one of said edges passing
      closely along an end wall of the pocket in the other piston as the pistons
      rotate and said projection moves into and out of said pocket.
NUM  6.
PAR  6. A rotary piston engine according to claim 1 in which each piston has a
      length of from two to three times the diameter thereof.
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ABST
PAL  A machine for compressing or expanding fluids in which a globoidal worm,
      having a plurality of threads with crests circumscribed by a surface
      generated by a rectilinear line and in meshing engagement with at least
      one toothed pinion, cooperates with a casing having at least one low
      pressure port and at least one high pressure port located in the immediate
      vicinity of the pinion. Each of the pinion teeth is provided with two
      substantially  rectilinear flanks, the flank located on the side of the
      pinion nearest the low pressure port when one tooth is engaged in the worm
      being longer than the flank of the same tooth which is located nearest the
      high pressure port.
BSUM
PAR  As disclosed in particular in French Pat. Nos. 1,331,998, 1,586,832,
      1,601,531, and 2,177,124, it is known to construct compressors or
      expansion machines of the type in which provision is made for a globoidal
      worm disposed in meshing engagement with at least one pinion.
PAR  In accordance with the technique described in particular in French Pat. No.
      1,331,998, volumetric compression ratios of 5 to 6 can readily be obtained
      when making use of cylindrical worms having six threads and cooperating
      with pinions each provided with a number of teeth ot the order of 11.
PAR  The above-mentioned compression ratio is wholly suitable for producing
      compressed air at an effective pressure of 7 bars but is insufficient for
      the purpose of attaining higher pressures of the order of 12 to 16 bars.
PAR  In order to obtain volumetric compression ratios which correspond to these
      pressures and are of the order of 6 to 8, it is found necessary either to
      reduce the size of the exhaust ports, thus resulting in very high rates of
      gas flow through the high-pressure orifice, drops in pressure and
      unsatisfactory efficiency, or to increase the number of threads which are
      in mesh at the same time with any one pinion and to employ, for example,
      worms having eight threads. However, the increase in the number of threads
      in mesh with a given pinion is achieved at the expense of the available
      volume between the threads, with the result that there is a reduction in
      the swept volume and also a reduction in the width of the tooth at the
      precise moment of increase in the pressure which said tooth is intended to
      withstand.
PAR  The aim of this invention is to provide a compressor or rotary expansion
      machine comprising a globoidal worm which has a plurality of threads
      disposed in meshing engagement with at least one toothed pinion and which
      cooperates with a casing applied against at least part of the external
      surface of the worm, the generating line of the surface which is
      circumscribed about the threads crests of the worm being substantially
      rectilinear, at least one low-pressure port and at least one high-pressure
      port located in the immediate vicinity of the pinion, characterized in
      that each tooth of said pinion has two substantially rectilinear flanks,
      the flank located on the side nearest the low-pressure port when one tooth
      is engaged in the worm being longer than the flank of the same tooth which
      is located nearest the high-pressure port.
PAR  By virtue of this arrangement, it is in fact possible to retard the
      establishment of communication between the thread and the discharge port
      while maintaining substantial dimensions of this latter in order to
      prevent any loss of pressure.
DRWD
PAR  A better understanding of the present invention will be gained from the
      following description which is given by way of non-limitative example and
      from the accompanying drawings in which:
PAR  FIG. 1 is a view in cross-section of a compressor of known type, especially
      as disclosed in French Pat. Nos. 1,331,998 and 1,601,531;
PAR  FIG. 2 is a developed view showing the worm of FIG. 1 and the position of
      the exhaust port;
PAR  FIG. 3 shows the rotating parts of a compressor in accordance with the
      present invention; and
PAR  FIG. 4 is a developed view showing the worm of FIG. 3 and the position of
      the exhaust port.
DETD
PAR  FIG. 1 shows a compressor or expansion unit of known type, rotating parts
      of which are constituted by a worm 1 provided with threads 2, said worm
      being capable of rotating about an axis 3 and disposed in meshing
      engagement with a pinion 4 which rotates about an axis 5 and is provided
      with teeth 6. A pinion which has been omitted and the teeth 6' of which
      are shown in FIG. 2 is disposed symmetrically with the pinion 4 with
      respect to the worm 1. Said worm is surrounded by a casing 20 which
      permits the pinion to pass through and provides a communication between
      the zone 7 of the thread extremities and the low pressure, that is to say
      the suction in the case of a compressor and the discharge in the case of
      an expansion machine. A substantially triangular high-pressure port 8 is
      formed in said casing in the vicinity of the pinion 4; the compressed
      gases are discharged through said port in the case of a compressor or the
      gases to be expanded penetrate into said port in the case of an expansion
      machine; a symmetrical port (not shown in the drawings) is located in the
      vicinity of the other pinion.
PAR  FIG. 2 shows in a developed view of the worm of FIG. 1 the teeth 6 and 6'
      of the pinion 4 and of the symmetrical pinion as well as the contours of
      the highpressure port 8 in dashed lines. By definition, the volumetric
      compression or expansion ratio is the ratio of volumes contained in the
      compression chambers formed by two successive threads, the casing and one
      pinion tooth when one chamber has just been closed by one tooth 6 and when
      said chamber begins to come into communication with the high-pressure port
      8.
PAR  In the example of FIG. 2, it is apparent that the first volume is
      designated by the reference numeral 9 and the second volume is designated
      by the reference numeral 10 by reason of the fact that, if the machine
      operates as a compressor, for example, and the worm rotates in the
      direction of the arrow 11, a communication is about to be established
      between said second volume 10 and the port 8.
PAR  In accordance with this known technique, volumetric compression ratios
      within the range of 4 to 6 can readily be obtained in compressors or
      expansion units. In consequence, effective discharge pressures of 7 to 10
      bars can be obtained in the case of compressed air by employing, for
      example, worms having six threads and two symmetrical pinions each having
      eleven teeth whilst the mean rates of flow of gas under pressure through
      the port 8 do not exceed 20 to 30 metres per second even when the
      peripheral velocity of the worm 1 attains 50 metres per second, which is
      the usual limit of utilisation. At a velocity of this order, the pressure
      drop through the port is negligible.
PAR  If it is desired to increase the compression ratio, it is necessary to
      reduce the volume 10 by retarding the establishment of communication with
      the port 8, thereby entailing the need to reduce the size of said port.
      But a reduction in cross-sectional area is faster than the increase in
      compression ratio and beyond a volumetric compression ratio of the order
      of 6, the reduction in cross-sectional area gives rise to gas flow
      velocities which increase very rapidly to infinity in respect of a
      negligible gain in compression ratio.
PAR  Another solution consists in increasing the number of threads of the worm
      and at the same time the number of threads which engage simultaneously
      with one pinion or, equivalently, the number of pinion teeth which engage
      simultaneously with the worm. However, each additional thread occupies a
      volume at the expense of the volume swept by the worm; moreover, this
      reduces the width of the teeth and reduces their longitudinal rigidity.
PAR  The rotating parts of a compressor in accordance with the invention are
      shown in FIG. 3.
PAR  It will be noted in this arrangement that the tips of the teeth 6 are no
      longer disposed on a circle as in the case of FIG. 1 but each have a bevel
      12 which joins the flank 13 to the flank 14; the flank 13 which is located
      on the low-pressure port side with respect to the tooth is longer than the
      flank 14 which is located on the high-pressure port side.
PAR  The bottoms of the worm threads are clearly machined so as to come into
      cooperating relation with the bevels 12. As a result of this inclination
      as well as the fact that the thread crests of the worm are disposed on a
      cylinder although the result would be the same if the crests were disposed
      on a cone or a plane or generally on a surface of revolution having a
      substantially rectilinear generating line and the fact that the depth of
      the threads is therefore variable, said threads accordingly terminate on
      the external profile of the worm along inclined lines 15 which are shown
      in FIGS. 3 and 4 and not on a great circle 16 of revolution with respect
      to the axis as shown in FIG. 1.
PAR  As a consequence of the foregoing, provision can be made for a port 8'
      which remains of large cross-sectional area but begins to open onto the
      thread 10 only when the line 15 -- and not a thread flank of the
      compression chamber -- comes into position opposite to said port.
PAR  The result thereby achieved is that, for example in the case of a
      compressor, the exhaust can be retarded up to the moment when the line 15
      comes into coincidence with the line 17 and when the volume 10 has become
      the volume represented by the dotted zone 18 in the figure.
PAR  By reason of the fact that the compression chamber has a variable depth
      which decreases towards the high-pressure side, the ratio of the volumes
      10 to 18 is much higher than would appear to be the case from the ratio of
      the corresponding surfaces shown in the figure in the developed view of
      FIG. 4.
PAR  It is therefore possible to obtain considerable volumetric compression
      ratios of the order of 10 to 15 which permit delivery pressures of
      considerably higher value than 16 bars while retaining high-pressure ports
      of substantial cross-sectional area such that gas flow rates of less than
      30 metres per second can be maintained under the conditions set forth in
      the foregoing.
PAR  The tooth flanks which are represented as being parallel can clearly be
      divergent or convergent or the flanks need not be strictly straight; in
      addition, the bevel 12 which is represented as a straight segment can have
      slightly curved shapes, the exact shape of the port 8' being dependent on
      this curvature. However, the possibility of maintaining a large
      cross-sectional area of the port while considerably increasing the
      compression ratios is obviously dependent on the difference in the lengths
      of the flanks 13 and 14.
PAR  It is readily apparent that an arrangement of this kind can be applied to
      conical or flat compressors as described in French Pat. No. 1,331,998 or
      to compressors in which the pinion teeth are disposed on a cone or a
      cylinder as described in French Pat. No. 1,586,832.
PAR  Moreover, the increase in compression ratios has been described in the case
      in which the compressed or expanded gas is air but clearly applies also to
      any gas and especially cold-producing gases.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A compressor or rotary expansion machine comprising a globoidal worm
      which has a plurality of threads disposed in meshing engagement with at
      least one toothed pinion and which cooperates with a casing applied
      against at least part of the external surface of the worm, the generating
      line of the surface which is circumscribed about the thread crests of the
      worm being substantially rectilinear, at least one low-pressure port and
      at least one high-pressure port located in the immediate vicinity of the
      pinion, the flank of each tooth of said pinion which is located on the
      side nearest said low-pressure port when one tooth is engaged in the worm
      being longer than the flank of the same tooth which is located nearest
      said high-pressure port.
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ABST
PAL  A gear pump wherein the trunnions of two or more mating gears are mounted
      directly in ring-shaped bearing members or in bearing sleeves which are
      fitted into the bearing members. The deformation of those surfaces of
      bearing members which are immediately adjacent to the end faces of the
      corresponding gears is prevented by enlarging the bores of the bearing
      members in close proximity to the end faces of the gears, by forming the
      internal surfaces of the bearing members with circumferentially complete
      or arcuate grooves, or by reducing the outer diameters of bearing sleeves
      in immediate proximity to the end faces of the gears. This insures that
      the deformation of bearing members in response to transmission of forces
      by the respective trunnions is not propagated all the way to those
      surfaces of the bearing members which are immediately adjacent to the end
      faces of the gears.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to gear pumps or analogous fluid displacing
      machines wherein the means for conveying a fluid (e.g., oil) from the
      inlet to the outlet of a housing comprises the teeth of two or more mating
      spur gears, herringbone gears or helical gears.
PAR  The gears of a gear pump are provided with trunnions which are journalled
      in bearing structures mounted in or forming part of the pump housing. When
      the gears are rotated by a highly pressurized fluid, or when the gears are
      used to pressurize a fluid, the trunnions transmit to the respective
      bearing structures forces of substantial magnitude. Such forces are likely
      to damage or destroy the bearing structures and/or the gears. In many
      instances, the forces are large enough to effect a pronounced distortion
      of that surface of a bearing structure (e.g., a ring-shaped body which
      surrounds a trunnion with minimal clearance) which is immediately adjacent
      to the respective end face of the adjacent gear. This causes excessive
      leakage of fluid and results in pronounced wear which can bring about
      rapid destruction of the bearing structure, trunnion and/or gear.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a gear pump or an analogous fluid
      displacing, conveying and/or pressurizing machine with novel and improved
      bearing structures which surround the trunnions of the gears and are
      constructed and configurated in such a way that the forces which the
      trunnions apply while the machine displaces a fluid cannot result in undue
      distortion of and/or excessive wear upon those surfaces which are adjacent
      to the end faces of the gears.
PAR  Another object of the invention is to provide the bearing structures for
      the trunnions of gears in gear pumps or the like with novel and improved
      means for confining the deformation of bearing structures to regions which
      are remote from the respective gears.
PAR  A further object of the invention is to provide a gear pump which embodies
      one or more improved bearing structures for the trunnions of gears and
      wherein the deformation of bearing structures when the pump is in use does
      not result in excessive leakage of conveyed fluids.
PAR  The invention is embodied in a gear pump or an analogous fluid displacing
      machine which comprises a pair of mating rotary gears each having two end
      faces and at least one of the gears having a trunnion which extends from
      one of its end faces, and a bearing structure for the trunnion. The
      bearing structure includes a ring-shaped body which is installed in or
      forms part of the housing of the fluid displacing machine, which surrounds
      the trunnion, and which has a surface closely adjacent to the one end face
      of the one gear. When the machine displaces fluid, the trunnion is urged
      against the bearing structure whereby the trunnion applies against the
      ring-shaped body a resultant force acting substantially radially of the
      ring-shaped body and tending to deform that portion of the ring-shaped
      body which is located within a predetermined distance from the locus of
      application of the force to the bearing structure. In accordance with a
      feature of the invention, the bearing structure includes or embodies means
      for confining the ambit of the resultant force to a region of the
      ring-shaped body which is remote from the aforementioned surfaces of the
      ring-shaped body so that the application of such resultant force does not
      entail appreciable deformation or distortion of the surface of the
      ring-shaped body.
PAR  For example, the bearing structure may further comprise a bearing sleeve
      which is installed in the ring-shaped body and surrounds the trunnion so
      that the application of resultant force to the ring-shaped body takes
      place through the medium of the bearing sleeve. The bearing sleeve is
      preferably spaced apart from the one end face of the one gear, and the
      ring-shaped body has a bore for the bearing sleeve. This bore includes a
      first portion which snugly receives the bearing sleeve and a
      larger-diameter second portion which is adjacent to the one end face of
      the one gear. The confining means constitutes that portion of the
      ring-shaped body which surrounds the second portion of the bore. That end
      portion of the bearing sleeve which is nearer to (but spaced apart from)
      the one end face of the one gear preferably extends with clearance into
      the second portion of the bore in the ring-shaped body. The axial length
      of the second portion of the bore in the ring-shaped body is selected in
      such a way that the resultant force which acts upon the ring-shaped body
      through the medium of the bearing sleeve and is necessarily applied only
      to that portion of the ring-shaped body which surrounds the first portion
      of the bore is sufficiently remote from the one end face of the one gear
      to prevent any or to prevent appreciable distortion of that surface of the
      ring-shaped body which is adjacent to the one end face of the gear.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved bearing
      structure itself, however, both as to its construction and its mode of
      operation, together with additional features and advantages thereof, will
      be best understood upon perusal of the following detailed description of
      certain specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view of a gear pump wherein the bearing structure for
      each of the trunnions of two mating gears is constructed and assembled in
      accordance with a first embodiment of the invention;
PAR  FIG. 2 is an enlarged fragmentary view of one of the bearing structures
      shown in FIG. 1, the illustrated portion of the one bearing structure
      being that which is located within the phantom-line circle II in FIG. 1
      and is shown in inverted position;
PAR  FIG. 3 is a similar fragmentary sectional view of a second bearing
      structure;
PAR  FIG. 4 is a similar fragmentary sectional view of a third bearing
      structure;
PAR  FIG. 5 is a similar fragmentary sectional view of a fourth bearing
      structure;
PAR  FIG. 6 is a similar fragmentary sectional view of a fifth bearing
      structure; and
PAR  FIG. 7 is an end elevational view of a sixth bearing structure.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a gear pump having a housing including a centrally located
      main section 1 and two end sections or cover members 2, 3 which are bolted
      or otherwise sealingly connected to the open ends of the main section 1.
      The main section 1 is formed with two parallel bores 4 and 5 which
      partially overlap each other so as to form a chamber having a
      substantially 8-shaped cross-sectional outline. Two mating gears 12 and 23
      are respectively disposed in the central portions of bores 4, 5 and
      respectively comprise coaxial trunnions 13, 14 and 23', 23". The gear 12
      is positively driven by a suitable motor, not shown, and its trunnion 14
      constitutes a drive shaft which is rotated by the output member of the
      motor, either directly or through the intermediary of a suitable
      transmission. The shaft 14 extends through a ring-shaped packing 16 in the
      cover member 3. The packing 16 is mounted in a larger-diameter portion of
      a bore 15 in the cover member 3. The inlets and outlets of the housing 1-3
      are not shown in the drawing; for example, the inlet can be located behind
      the gears 12, 23 and the outlet can be located in front of the gears, as
      viewed in FIG. 1. When the machine is in operation, the shaft 14 rotates
      the gear 12 whereby the gear 12 rotates the idler gear 23 and the gears
      cause a fluid to flow from the inlet toward the outlet. The fluid is
      thereby pressurized in a manner well known from the art of gear pumps.
PAR  The bearing structure for the trunnion 13 of the driven gear 12 comprises a
      ring-shaped body 6 which is snugly received in the left-hand end portion
      of the bore 4 adjacent to the cover member 2, and a cylindrical bearing
      sleeve 10 which directly surrounds the trunnion 13 and is snugly received
      in an axial bore 8 of the ring-shaped body 6 (hereinafter called ring for
      short).
PAR  The bearing structure for the drive shaft or trunnion 14 comprises a ring 7
      which is snugly received in the right-hand end portion of the bore 4 and
      has a bore 9 for a cylindrical bearing sleeve 11. The bearing structure
      for the trunnion 23' comprises a ring 17 having a bore 19 for a bearing
      sleeve 21, and the bearing structure for the trunnion 23" comprises a ring
      18 having a bore 20 for a bearing sleeve 22.
PAR  The surfaces 6A, 7A of the rings 6, 7 are immediately adjacent to the
      respective end faces 12A, 12B of the driven gear 12, and the surfaces 17A,
      18A of the rings 17, 18 are immediately adjacent to the end faces 23A, 23B
      of the idler gear 23. Each of the bearing sleeves 10, 11, 21, 22 is
      preferably a press-fit in the bore of the respective ring. It will be
      noted that each of the bearing sleeves 10, 11, 21, 22 is spaced apart from
      the respective end face 12A, 12B, 23A, 23B of the associated gear.
PAR  The cover members 2, 3 and/or the outer surfaces 6B, 7B, 17B, 18B of the
      rings 6, 7, 17, 18 are formed with suitable channels or the like to
      produce pressure fields which urge the surfaces 6A, 7A, 17A, 18A toward
      the respective end faces 12A, 12B, 23A, 23B. Such channels preferably
      communicate with the pressure side of the pump in a well known manner not
      forming part of the invention.
PAR  The details of the bearing structure 6, 10 for the trunnion 13 of the gear
      12 are shown in FIG. 2. This bearing structure comprises the
      aforementioned confining means which prevents excessive deformation or
      distortion of the surface 6A on the ring 6 when the pump is in use and the
      trunnion 13 is urged against the bearing structure 6, 10 to apply against
      the ring 6 a resultant force P acting substantially radially of the
      bearing sleeve 10 and tending to deform a certain portion of the ring 6.
      Such portion is shown in FIG. 2 within the phantom-line triangle 24. The
      portion (within the triangle 24) which is likely to undergo deformation or
      is actually deformed when the machine displaces a fluid (e.g., oil) is
      located within a predetermined distance of the locus 10b of the
      application of resultant force P to the internal surface of the ring 6.
      The purpose of the confining means is to insure that the ambit of the
      force P is confined to or localized in that portion of the ring 6 which is
      remote from the surface 6A so that the surface 6A undergoes a negligible
      distortion or is not distorted at all and cannot rub against the adjacent
      end face 12A of the gear 12 with a force which would be likely to cause
      rapid destruction of the machine.
PAR  The bore 8 in the ring 6 has a smaller-diameter portion 8" which snugly
      receives the bearing sleeve 10 and a larger-diameter portion 8' which is
      immediately adjacent to the surface 6A and hence to the end face 12A of
      the gear 12. The transition between the portions 8' and 8" of the bore 8
      may be gradual, as shown at 6d. The diameter of the portion 8' exceeds the
      outer diameter of the bearing sleeve 10, i.e., the end portion 10a of the
      sleeve 10 extends with clearance into that portion 6D of the ring 6 which
      surrounds the portion 8' of the bore 8. It will be noted that the end
      portion 10a is spaced apart from the surface 6A and hence from the end
      face 12A of the gear 12. The portion 6D can be said to constitute the
      aforementioned confining means of the bearing structure 6, 10 because it
      insures that the locus 10b is sufficiently remote from the surface 6A to
      prevent appreciable distortion of such surface when the pump is in use and
      the teeth of gears 12, 23 convey a fluid from the inlet toward the outlet
      of the housing 1-3. For example, the length of the portion 8' of the bore
      8 in the ring 6 may be about 6 millimeters.
PAR  The construction of the bearing structures 7, 11 and 17, 21 and 18, 22 is
      preferably identical to that of the bearing structure 6, 10 of FIG. 2.
PAR  An important advantage of the bearing structure of FIG. 2 is its utter
      simplicity. Thus, all that is necessary is to enlarge the bore 8 of the
      ring 6 in the region of the surface 6A and to dimension and/or mount the
      bearing sleeve 10 in such a way that its end portion 10a does not extend
      all the way to the surface 6A and end face 12A.
PAR  FIG. 3 shows a first modification of the bearing structure of FIG. 2. The
      surface 28 of the ring 26 corresponds to the surface 6A of the ring 6. The
      major portion of the bearing sleeve 25 is snugly received in the bore 29
      of the ring 26; however, the end portion 27 of the sleeve 25 has an outer
      diameter which is smaller than the diameter of the bore 29 so that the end
      portion 27 is spaced apart from the surrounding portion 26D of the ring
      26. In this embodiment of the bearing structure, the end portion 27 of the
      sleeve 25 constitutes a confining means which insures that the resultant
      force which is applied to the ring 26 by a trunnion in the sleeve 25 acts
      upon the ring at a locus which is sufficiently remote from the surface 28
      to guarantee that the surface 28 is not unduly deformed or distorted when
      the machine is in use. It will be noted that the end portion 27 does not
      extend all the way to the surface 28, i.e., this end portion is also
      spaced apart from that end face of a gear which is adjacent to the surface
      28.
PAR  The bearing structure of FIG. 4 consists of a ring 30 having a surface 34
      corresponding to the surface 6A of the ring 6, and a bearing sleeve 31
      which is snugly received in the bore 32 of the ring 30. The confining
      means comprises a preferably endless groove or recess 33 which is machined
      into the surface 32' surrounding the bore 32 and is spaced apart from the
      surface 34 (see the distance a). The end portion 31a of the bearing sleeve
      31 terminates in the region of the groove 33, e.g., midway between the
      axial ends of the groove. The distance a and the depth of the groove 33
      are selected in such a way that, when the trunnion in the sleeve 31
      applies a resultant force to a portion of the ring 30 (i.e., to that
      portion which is located to the right of the groove 33, as viewed in FIG.
      4), the deformed portion of the ring does not extend all the way to the
      surface 34. As a rule, the deformation will or can reach that surface
      (34E) which flanks the right-hand side of the groove 33. If desired, the
      bearing sleeve 31 can be dimensioned and/or mounted in such a way that its
      left-hand end face is flush with the surface 34E.
PAR  In the embodiment of FIG. 5, the bearing structure consists of a ring 36
      having a surface 36A corresponding to the surface 6A of the ring 6. The
      ring 36 has a bore including a smaller-diameter portion 37 which is remote
      from the surface 36A (and from the corresponding end face of a gear whose
      trunnion extends into the ring 36) and a larger-diameter portion 38 which
      is immediately adjacent to the surface 36A. It will be seen that the
      bearing structure of FIG. 5 is analogous to that of FIG. 2, the only major
      difference being that the sleeve 10 is omitted so that the trunnion bears
      directly against a portion of the surface surrounding the smaller-diameter
      portion 37 of the bore in the ring 36. The confining means of the bearing
      structure shown in FIG. 5 is that portion (36D) of the ring 36 which
      surrounds the larger-diameter portion 38 of the bore.
PAR  FIG. 6 shows a bearing structure which consists of a ring 40 having a bore
      41 which receives the trunnion of a gear (not shown). One end face of the
      gear is adjacent to the surface 40A of the ring 40. The confining means
      includes a preferably endless groove or recess 42 which is machined into
      the internal surface of the ring 40 and is spaced apart from the surface
      40A by a distance a. The bore 41 preferably includes a smaller-diameter
      portion which is located at the right-hand side of the groove 42 and a
      larger-diameter portion 41' which extends between the surface 40A and the
      groove 42. The trunnion bears only against that portion of the internal
      surface of the ring 40 which surrounds the smaller-diameter portion of the
      bore 41. The depth of the groove 42 and the distance a are selected in
      such a way that the deformation of ring 40 under the bias of the trunnion
      is not propagated all the way to the surface 40A. It will be noted that
      the bearing structure of FIG. 6 is analogous to that shown in FIG. 4.
PAR  FIG. 7 shows that the confining means of the bearing structure need not
      extend all the way around the trunnion. It is sufficient if the confining
      means extends to both sides of the locus 145 of impingement of the
      resultant force P to a ring-shaped body 45, as considered in the
      circumferential direction of the trunnion (not shown in FIG. 7) and
      substantially within the ambit of the force P. The ring 45 of FIG. 7 has a
      bore 46 which snugly receives a bearing sleeve 47. The surface 45A of the
      ring 45 corresponds to the surface 6A of the ring 6. The radius of the
      major portion of the bore 46 is constant and equals the radius of the
      cylindrical external surface of the bearing sleeve 47. However, a portion
      of the bore 46 has a larger radius so that such portion forms an arcuate
      groove or recess 48 extending along an arc of approximately 180.degree.,
      i.e., along 90.degree. to both sides of the locus 145. The portion 45D of
      the ring 45 surrounds the groove 48 and constitutes the confining means of
      the bearing structure shown in FIG. 7. In this embodiment of the
      invention, the groove 48 extends all the way to the surface 45A. However,
      it is also possible to move the groove 48 inwardly, i.e., away from the
      surface 45A, so that the groove 48 will constitute one-half of the
      circumferentially complete groove 33 shown in FIG. 4. The bearing sleeve
      47 need not extend all the way to the surface 45A.
PAR  It is further clear that the bearing structure of FIG. 5 or 6 can be
      modified so as to more closely resemble the bearing structure of FIG. 7.
      Thus, the groove 42 of FIG. 6 may extend only along an arc of
      approximately 180.degree., and the portion 38 of the bore 37 shown in FIG.
      5 need not extend along an arc of 360.degree. but only along such an arc
      as is necessary to avoid a deformation of the surface 36A due to the
      application of a force to the surface surrounding the smaller-diameter
      portion of the bore 37.
PAR  It is further clear that the rings 6, 17 and/or 7, 18 may be made integral
      with each other so that they form two substantially 8-shaped bodies having
      two bores one for one trunnion of the gear 12 and the other for one
      trunnion of the gear 23. This also applies for the ring-shaped bodies
      which are shown in FIGS. 3 through 7.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of out contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. In a gear pump or an analogous fluid displacing machine, a combination
      comprising a pair of mating rotary gears each having two end faces and one
      of said gears having a trunnion extending from one of the respective end
      faces; and a bearing structure including a ring-shaped body surrounding
      said trunnion and having a surface immediately adjacent to said one end
      face of said one gear, said trunnion being urged against said bearing
      structure when the machine displaces fluid whereby said trunnion applies
      against said body a resultant force acting substantially radially of said
      body and tending to deform that portion of said body which is located
      within a predetermined distance from the locus of application of said
      force to said bearing structure, said bearing structure having means for
      confining the ambit of said force to a region of said body which is remote
      from said surface so that the application of said force does not entail
      appreciable distortion of said surface such as would result in wear owing
      to friction between said surface and said one end face due to immediate
      proximity of said surface to said one end face.
NUM  2.
PAR  2. A combination as defined in claim 1, wherein said bearing structure
      further comprises a bearing sleeve installed in said ring-shaped body and
      surrounding said trunnion so that the application of said resultant force
      to said body takes place through the medium of said sleeve, said sleeve
      being spaced apart from said one end face of said one gear.
NUM  3.
PAR  3. A combination as defined in claim 2, wherein said body has a bore for
      said sleeve and said bore includes a first portion snugly receiving said
      sleeve and a larger-diameter second portion adjacent to said one end face
      of said one gear, said confining means including that portion of said body
      which defines said second portion of said bore.
NUM  4.
PAR  4. A combination as defined in claim 3, wherein said sleeve has an end
      portion which extends with clearance into said second portion of said
      bore.
NUM  5.
PAR  5. A combination as defined in claim 2, wherein said sleeve has an end
      portion adjacent to but spaced from said one end face of said one gear and
      having an outer diameter which is less than the diameter of said bore so
      that said end portion is spaced apart from the surrounding portion of said
      body, said end portion of said sleeve constituting said confining means.
NUM  6.
PAR  6. A combination as defined in claim 2, wherein said body has an internal
      surface surrounding said bore and said confining means includes a
      circumferentially extending groove provided in said internal surface and
      spaced apart from said one end face of said one gear.
NUM  7.
PAR  7. A combination as defined in claim 6, wherein the distance between said
      one end face of said one gear and said sleeve approximates the distance
      between said groove and said one end face of said one gear.
NUM  8.
PAR  8. A combination as defined in claim 1, wherein said bearing structure
      consists of said ring-shaped body and said body has a bore for said
      trunnion, said bore including a smaller-diameter portion remote from said
      one end face of said one gear and a larger-diameter portion adjacent to
      said one end face of said one gear, said confining means constituting that
      portion of said body which surrounds said larger-diameter portion of said
      bore.
NUM  9.
PAR  9. A combination as defined in claim 1, wherein said bearing structure
      consists of said ring-shaped body and said body has a bore for said
      trunnion and an internal surface surrounding said bore, said confining
      means including a circumferentially extending groove provided in said
      internal surface and being spaced apart from said one end face of said one
      gear.
NUM  10.
PAR  10. A combination as defined in claim 9, wherein said bore has a
      smaller-diameter portion disposed at that side of said groove which is
      remote from said one end face of said one gear and a larger-diameter
      portion between said groove and said one end face of said one gear.
NUM  11.
PAR  11. A combination as defined in claim 1, wherein said bearing structure has
      a bore for said trunnion and said confining means extends to both sides of
      said locus, as considered in the circumferential direction of said bearing
      structure, and substantially within said ambit.
NUM  12.
PAR  12. A combination as defined in claim 11, wherein said body has a bore for
      said trunnion and said last mentioned bore includes a first portion remote
      from said one end face of said one gear and having a first radius, and a
      second portion nearer to said one end face of said one gear and having a
      greater second radius, said confining means constituting that portion of
      said body which surrounds said second portion of said bore.
NUM  13.
PAR  13. A combination as defined in claim 12, wherein said second portion of
      said last mentioned bore extends along an arc of approximately
      180.degree., as considered in the circumferential direction of said
      trunnion.
NUM  14.
PAR  14. A combination as defined in claim 13, wherein said body has an internal
      surface surrounding said last mentioned bore and said second portion of
      said last mentioned bore constitutes an arcuate groove provided in said
      internal surface and spaced apart from said one end face of said one gear.
NUM  15.
PAR  15. A combination as defined in claim 13, wherein said body has an internal
      surface surrounding said last mentioned bore and said second portion of
      said last mentioned bore extends all the way to said one end face of said
      one gear.
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ABST
PAL  The invention relates to positive-displacement fluid machines which may be
      used as pumps, compressors or motors.
PAL  The machine includes a piston integral with the stator and engaged in an
      annular cylinder formed in the rotor. Movable partitions slide in
      longitudinal grooves in the rotor and create fluid-work chambers in the
      cylinder. Cams for actuating the partitions determine, between the rotor
      and the stator, periodically-variable volumetric spaces filled with fluid
      under pressure suitable for providing an assisted control for the
      displacement of the partitions.
BSUM
PAC  FIELD OF THE INVENTION AND BACKGROUND OF THE INVENTION
PAR  This invention relates to positive-displacement fluid machines which may be
      used as motors, pumps, or compressors, of the type made up by two units
      defining between them at least one groove of constant section, and movable
      one relative to the other in the direction of said groove, at least one
      piston integral with one of said two units, which piston has a working
      section conjugate with that of said groove and is engaged in a fluid-tight
      manner in the groove, movable partitions in the other of said two units in
      such manner as to bring about selectively in said groove, to the
      fluid-work chambers, means for putting said chambers into communication
      with an inlet orifice and an outlet orifice, and cams for controlling said
      movable partition, said cams being unitary with the unit which carries the
      piston or pistons and co-operating with the ends of said partition in
      order to impress upon the latter a to-and-fro movement synchronized with
      the relative movement of said two units.
PAR  In known machines of this type, the displacements of the movable partitions
      are mechanically ensured by the cams, so that the movements of said cams,
      which must be abrupt, lead to a certain amount of wear of the mechanism.
PAC  OBJECTS OF THE INVENTION
PAR  The object of the invention is to provide a machine of the type stated
      which does not have the aforesaid disadvantage of the known machines.
PAR  To this end, according to the invention, the ends of the partitions are
      displaced in a closed space formed between said two limbs of the machine
      and in communication with a space in the machine filled with fluid, in
      such manner as also to be filled with fluid, the cams controlling said
      partitions being located in said closed space and determining periodically
      variable volumetric capacities between the ends of any two successive
      partitions, the configuration and the dimensions of said closed space
      being such that the variation in volume of each of said periodically
      variable volumetric capacities is equal to at least the volume of that
      part of each partition which penetrates cyclically more or less deeply
      into said closed space.
PAR  Thanks to this particular disposition, the partitions are subjected,
      through their ends, to the fluid pressure which prevails in said closed
      space, so that they are displaced under the effect of this pressure
      without there being any need in practise for the cams to take part. In
      this way practically any mechanical contact between the cams and the ends
      of the partitions is eliminated, and this reduces considerably the wear
      and tear of the machine and renders it much more quiet. The cams which
      remain in place, since it is they which produce the periodic variations in
      volume of the capacities involved, function as safety members and ensure
      in due course a displacement always of length and direction and of
      synchronization perfectly adapted to the running of the machine in the
      case where the action of the fluid under pressure would not provide the
      full efficiency desired at certain instants, especially when the machine
      is started.
PAR  The invention is applicable to cylindrical machines with axial partitions,
      as well as to flat machines with radial partitions.
PAR  An embodiment of a positive-displacement fluid machine according to the
      invention will now be described, by way of example, with reference to the
      accompanying drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a longitudinal section along the broken line I--I of FIG. 2 of
      the engine assembly;
PAR  FIG. 2 is a transverse section of the engine assembly taken along section
      II--II of FIG. 1; and
PAR  FIG. 3 shows, in its upper part, a developed view of a part of the cylinder
      of radius R1 of FIG. 1, and, in its lower part, a developed view of a part
      of the cylinder of radius R2 of FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The machine shown in FIGS. 1 and 2 consists essentially of a stator 1 of
      three parts 1a, 1b and 1c assembled by screws 2 and surrounding a one
      piece rotor 3.
PAR  The rotor 3 comprises a main part 3a the two side faces of which are
      represented by broken lines at 3b and 3c in FIG. 1, and a central part 3d
      which constitutes the shaft of the machine, and which is tubular in this
      embodiment. In the cylindrical part 3a of the rotor there are formed,
      along the generatrices, grooves 4 of rectangular section in which movable
      partitions 5 can slide. Moreover, in the same cylindrical part 3a of the
      rotor, there is hollowed out an annular groove 7 of rectangular section
      forming a cylinder in which can slide, in a fluid-tight manner, a piston 6
      of corresponding working section integral with the part 1b of the stator.
PAR  Each movable partition 5 has therein a rectangular notch 5a through which
      the piston 6 can pass, when said notch is in the path of the piston.
PAR  Orifices 8 and 9 made in the central part 1b of the stator place into
      communication with the exterior, respectively, the two fluid-work chambers
      10 and 11 in the cylinder 7, which chambers are on each side of the piston
      6 as far as the two partitions 5 which close the cylinder.
PAR  The movable partitions 5 are displaced axially by fluid pressure and under
      the control of cams 17 and 18 projecting on to those faces of the two side
      parts 1a and 1c of the stator which are opposite the corresponding side
      faces 3b and 3c of the rotor (see also FIG. 3).
PAR  The cams 17 and 18 occupy, in a radial direction, the fraction of the space
      enclosed between the cylindrical surface D1 defining the bore surround of
      the stator and the external cylindrical surface D3 of the cylindrical
      parts of the rotor which are on both sides of the two side faces 3b and 3c
      of the active central part of said rotor. They bring into being, on both
      sides of the main part 3a of the rotor, convergent spaces, such as 12.3
      (FIG. 3) opposite divergent spaces, such as 12.4, considered in the
      direction F of displacement of the rotor with respect to the stator. At
      each side of the rotor, the convergent spaces are connected to the
      divergent spaces by calibrated passages provided, in this example, by
      internal conduits 16 made in the stator.
PAR  The operation of the machine is as follows:
PAR  The fluid under pressure, admitted through the orifice 8, reaches the
      chamber 10 and exerts a thrust on the movable partitions 5 which has the
      effect of setting the rotor 3 into rotation in the direction of the arrow
      F. The fluid trapped in the chamber 11 escapes progressively through the
      orifice 9.
PAR  If consideration is given to two adjacent partitions 5.1 and 5.2 in their
      positions closing the cylinder 7 (zone I, FIG. 3), they settle the limits
      with the stator 1 and the rotor 3 of a cavity 12.1 of volume v1. These two
      partitions, during the rotation of the rotor, go to take up at 5.4 and 5.5
      (zone III, FIG. 3) the position opening the cylinder. The cavity defined
      above is modified, its volume v2 is less; the reduction in volume V = v1 -
      v2 is effected during passage in the zone II.
PAR  If consideration is given to the outside faces 13 of the partitions (FIGS.
      2 and 3), the surfaces 4 seating partitions, and the side part 1a of the
      stator, they determine cavities 14 the volume of which is nil in the zone
      I and at a maximum, equal to v2 in the zone III. The increase to volume v2
      is effected on passage of the movable partitions in the zone II.
PAR  According to the present invention, all of the cavities 12 and 14 are
      designed so as to be substantially fluid-tight and are maintained filled
      with liquid, either from the cylinder 7 by allowing slight leaks between
      the rotor and the stator in the direction of these cavities, or by an
      external feed arriving through orifices 15 such as that shown in FIG. 3.
PAR  The sum of the variations in volumes v1 and v2 of the cavities 12 and 14 is
      nil in order that the constant quantity of fluid confined in all of these
      cavities makes up the relationship between the angular displacement of the
      rotor which causes v1 to vary and the displacement of the movable
      partitions in their seats which causes v2 to vary. These volumes v1 and v2
      are proportioned in order to obtain the desired displacement of the
      partitions in their seats according to a predetermined angle of rotation.
PAR  In a modification, the volumetric variation v'1 of the cavities 12 is given
      a value greater than the volumetric variation v'2 of the cavities 14, the
      extra fluid necessary to the displacement of the partitions being
      discharged through the conduits 16 (FIGS. 2 and 3) of a working section
      which is adjustable or is fixed after trials, from a cavity 12.3 from
      which the ends 13.1 of the partitions are driven inwards, towards a cavity
      12.4 into which the opposite ends 13.2 of said partitions penetrate.
PAR  This embodiment permits a displacement of the partitions free from
      interference, the action of the fluid providing an end thrust on these
      partitions in accordance with their direction of displacement when the
      ends of these partitions, accommodated in the cavities 12.3 corresponding
      with the zones II, are surrounded by fluid at the same pressure.
PAR  The cams linking the guide tracks of the partitions in the zones 1 and 3
      enable the relative position of the partitions with respect to the pistons
      to be maintained, thus avoiding any accident at the time of starting and
      any wear and tear following upon failure of feed when the machine is set
      into rotation by inertia.
PAR  The invention also provides other advantages. For example, it enables the
      travel of each partition to be restricted by a stop integral with the
      component which provides the seating for these partitions, instead of
      restricting this travel by guide tracks pertaining to the other component.
      In this case play is provided between the ends of the partitions and the
      guide tracks in order to avoid any contact, the passage left to the fluid
      playing the part of evacuation conduits 16 by connecting at one and the
      same side of the rotor cavities 12.3 to cavities 12.4. Any inopportune
      inspiration of air is suppressed in the case of machines operating as
      pumps, fluid accommodated in the cavities 12 creating an hydraulic joint
      between the rotor and the stators.
PAR  Of course, the invention is not restricted to the embodiments shown and
      described which have been given by way of examples; numerous modifications
      may be incorporated therein, in accordance with the applications
      contemplated, without, for that purpose, departing from the scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary sliding partition machine comprising: two units (1,3) defining
      between them at least one groove (7) of constant cross-section, and
      movable one relative to the other in the direction of said groove; at
      least one piston (6) secured to one of said units, which piston has a
      working section mating with the cross-section of said groove and is
      engaged in a fluid-tight manner in said groove; elongated partitions (5)
      with two end portions and movable in the other of said two units in a
      direction transverse to said groove in such a manner as to create fluid
      work chambers (10,11) selectively in said groove; means (8,9) for putting
      said chambers into communication with an inlet orifice and an outlet
      orifice for the fluid; two space means formed between said two units in
      communication with a portion of the machine filled with fluid in such a
      manner as also to be filled with fluid, said end portions of said
      partitions being displaced in said space means; and partition-controlling
      elements (17,18) secured to said piston-carrying unit (1) and located in
      said space means, said partition-controlling elements extending in the
      direction of said groove alternately in one and in the other of said two
      space means in the direction of movement of said partitions toward said
      end portions of said partitions to determine between the end portions of
      any two successive partitions periodically variable volumetric capacities
      (12-1, 12-2, 12-3, 12-4), the dimension of said partition-controlling
      elements in a direction at right angles both to the direction of said
      groove and to the direction of displacement of said partitions being such
      that the variation of volume each of said periodically variable volumetric
      capacities is equal to at least the volume of that part of each partition
      which penetrates cyclically into said space means.
NUM  2.
PAR  2. The machine of claim 1, wherein the aforesaid dimension of said
      partition-controlling elements is such that the variation in volume of
      each of said periodically variable volumetric capacities (12-1, 12-2,
      12-3, 12-4) is greater than the volume of each part of said partition
      which penetrates cyclically into said space means, and wherein a
      calibrated restricted passage (16) connects one of said space means to the
      other in the vicinity of said partition-controlling elements.
NUM  3.
PAR  3. A machine according to claim 1, wherein a gap is formed by a voluntary
      clearance between said two units (1,3) of the machine movable one relative
      to the other, said space means being in communication with said gap.
NUM  4.
PAR  4. A machine according to claim 1, wherein said partition-controlling
      elements extend in the direction of movement of said partitions in a
      progressive configuration.
NUM  5.
PAR  5. A machine according to claim 1, wherein additional inlet means (15) are
      provided for feeding pressure fluid to said space means.
NUM  6.
PAR  6. A rotary sliding partition machine comprising: two units (1,3) capable
      of rotating one inside the other about an axis and each having a
      cylindrical surface coaxial with said axis adapted to cooperate with a
      mating cylindrical surface of the other of said two units, said units
      defining between them at least one coaxial annular groove (7) of constant
      cross-section; at least on piston (6) secured to one (1) of said two
      units, said piston having a cross-section mating with said cross-section
      of said groove and engaged in a fluid tight manner in said groove;
      partitions (5) axially movable in the other (3) of said two units and
      extending across said groove (7) in such a manner as to determine
      selectively in said groove fluid work chambers (10,11); means for putting
      said chambers into communication with an inlet orifice (8) and an outlet
      orifice (9) for the fluid; two annular spaces defined between said two
      units, into which said end portions of said partitions penetrate and which
      are connected to a portion of a machine filled with fluid in such a manner
      as also to be filled with fluid; and partition-controlling elements
      (17,18) secured to the piston-carrying unit (1) and located in said
      annular spaces said partition controlling elements extending in a
      circumferential direction alternately in one and in the other of said two
      annular spaces and in axial direction toward said end portions of said
      partitions to determine, between the end portions of any two successive
      partitions, capacities (12-1, 12-2, 12-3, 12-4) of periodically variable
      volume, the radial thickness (D1/2-R2) (FIG. 1) of said
      partition-controlling elements being shorter than the radial thickness of
      said annular spaces and having such a value that the variation of volume
      of each of said periodically variable volumetric capacities if equal to at
      least the volume (14) of that part of each partition which penetrates
      cyclically into said spaces.
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ABST
PAL  Continuous production of a molded three-dimensional product employs an
      indexing rotatable drum having along its periphery a plurality of mold
      cavities into which molten thermoplastic material is introduced, and a web
      of material permeable to the molten thermoplastic material and which is
      guided along the drum periphery. In one embodiment the thermoplastic
      material enters the cavities through the web to which the thermoplastic is
      subsequently bonded. The thermoplastic material in the cavities is then
      shaped and cooled before it is removed from the cavities by dissociating
      the web from the drum periphery. In a second embodiment the molten
      thermoplastic material is introduced into the cavities before the web is
      associated onto the drum periphery. After cooling the thermoplastic to
      bond it to the web, the web is dissociated from the drum and removes the
      molded thermoplastic from the cavities.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for the continuous
      production of molded three-dimensional products.
PAR  In the following, the term "three-dimensional" denotes a product having
      portions such as projections or blades which are substantially greater in
      length than the thickness of a structure which supports and interconnects
      the projections or blades.
PAR  An apparatus for molding three-dimensional products made for thermoplastic
      materials is disclosed in U.S. Pat. No. 3,507,010. In this known apparatus
      a mold surface having cavities therein is advanced with respect to a
      stationary extruder block mated against the mold surface so that
      communication exists between the cavities and the extruder block causing a
      flowable thermoplastic material to be forced into the cavities under high
      pressure by isolating the cavities from the remainder of the mold. On the
      mold surface a continuous matrix is formed having projections attached
      thereto and extending into the cavities of the mold. The matrix is formed
      under a lower pressure than the projections. After cooling the product is
      stripped from the mold surface.
PAR  This known apparatus suffers from the disadvantage of requiring zones of
      two different pressures to form the three-dimensional products, namely a
      high pressure zone for forming the projections and a low pressure zone for
      forming the heavier and thicker matrix.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method and apparatus
      for the continuous production of molded three-dimensional products wherein
      the thermoplastic material is charged into mold cavities at a suitable
      molding pressure and a preformed carrier is applied and bonded to the
      molded thermoplastic material.
PAR  It is another object of the present invention to provide a method and
      apparatus for the continuous production of molded three-dimensional
      products wherein the thermoplastic material is charged into mold cavities
      at atmospheric pressure and a preformed carrier is applied and bonded to
      the molded thermoplastic material.
PAR  It is a broad object of the present invention to provide a method and
      apparatus for the continuous production of molded three-dimensional
      products wherein the requirement for zones of differing pressures is
      eliminated.
PAR  According to a first aspect of the present invention, continuous production
      of a molded three-dimensional product includes a mold having a plurality
      of mold cavities therein, each cavity being movable in turn step-by-step
      through a first station. A measured charge of flowable thermoplastic
      material is introduced into the cavity at the first station, after which
      the mold is passed to a second station at which a shaping and cooling tool
      enters the charged cavity to shape and cool the thermoplastic material
      therein. A third station is provided at which the shaped and molded
      material is removed from the cavity. A web of material, which is permeable
      to the thermoplastic material, is guided into contact with the mold at the
      first station so that the thermoplastic material enters the cavity through
      the web and is so doing is bonded to the web.
PAR  The method according to this aspect of the present invention may be
      summarized as a continuous production of a molded three-dimensional
      product which comprises: closing one end of a mold cavity with a web
      permeable to a thermoplastic material; injecting a charge of the
      thermoplastic material into the cavity through the web; indexing the
      cavity and web to a forming station; introducing a shaping and cooling
      tool into the cavity through the end thereof remote from the web;
      withdrawing the shaping tool and thereafter removing the web carying the
      molded thermoplastic shape.
PAR  Preferably the mold comprises a rotatable drum having a plurality of
      angularly spaced rows of mold cavities which may be each indexed in turn
      past an extruder at the first station, and a reciprocable press having a
      plurality of forming punches, one punch for each cavity in a row, at the
      second station. Alternatively, the mold can comprise an endless conveyor
      having rows of mold cavities. The web, on removal from the mold, is
      conveniently bonded to a backing before being wound on a take-up roll. In
      addition means can be provided to deform the molded shapes carried by the
      web in order to give the product a substantially uniformly distributed
      tufted appearance.
PAR  The permeable web may be formed from plastics, a metal screen or a
      fiberglass screen. Thus, for example, the web may be precoated with a
      thermoplastic material which is compatible with the thermoplastic material
      used to form the molded shapes.
PAR  Preferably the forming punches on the press are changeable whereby a
      variety of different shaped products can be produced by the same mold.
PAR  The product which comprises a web or carrier having a tufted surface
      thereon can find use as matting or carpeting, as artificial turf or grass,
      as an artificial ski slope surface material or as an artificial soil
      retention medium for use on slopes or gradients. The above are but
      examples of a variety of uses for the product.
PAR  According to another aspect of the present invention apparatus for the
      continuous production of a molded three-dimensional product comprises a
      mold having at least one mold cavity therein, the mold being movable
      through a first station at which a controlled charge of flowable
      thermoplastic material is introduced into the cavity. At a second station,
      a web of a material which is permeable to the thermoplastic material is
      introduced into the open end of the mold cavity and bonded to the
      thermoplastic material therein. A third station is provided at which the
      molded thermoplastic material, bonded to the web, is removed from the
      mold. Preferably this mold comprises a drum having angularly spaced rows
      of cavities therein, each cavity containing an insert which defines the
      shape and form of the thermoplastic material to be bonded to the web.
      Alternatively the mold can be an endless band having rows of cavities. The
      web is preferably introduced into each cavity by means of a roll
      co-operable with the drum to define a nip which partially enters each
      cavity arriving at the nip. An extruder can be provided to supply molten
      polymer to an extruder block at the first station for introducing the
      thermoplastic material into each cavity passing therebeneath. Preferably
      the extruder block is urged into sealing engagement with the mold by
      means, for example, of a hydraulic cylinder or cylinders.
PAR  The method according to this second aspect of the invention may be
      characterized as a method for the continuous production of a molded
      three-dimensional product which comprises; introducing a controlled amount
      of hot thermoplastic material into at least one mold cavity; transporting
      the charged cavity into engagement with a web of material which is
      permeable to the thermoplastic material; and urging the web into the open
      end of the cavity so as to effect bonding of the web to the molded
      thermoplastic material.
PAR  Preferred moldable thermoplastic materials are polyolefins such as
      polyethylene and polypropylene; polyfinyl halides such as polyvinyl
      chloride, polyvinylidene chloride, polyvinyl tetrafluoride, polyvinyl
      chlorotrifluoride; polyvinylesters such as polyvinyl acetate; and mixtures
      of copolymers thereof. Other suitable materials include thermoplastic
      condensation polymers such as polyamides, segmented polyurethanes,
      polyurethane rubbers, silicone rubbers, natural and synthetic rubbers and
      polyesters. If required the properties of the thermoplastic material may
      be modified to improve its durability, performance and appearance by the
      addition of pigments and stabilizers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of several specific embodiments thereof, especially
      when taken in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a plan view in elevation of a preferred apparatus according to
      one aspect of the present invention;
PAR  FIG. 2 is a view in section, in enlarged scale, of the product formed by
      the apparatus of FIG. 1; and
PAR  FIG. 3 is a plan view in elevation of a preferred apparatus according to a
      second aspect of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1 of the accompanying drawings, a continuous
      web W1 is drawn off a supply roll 1 and is guided by an idler roll 2 to
      enter a nip formed between an extruder block 3 and a rotatable mold drum
      4. The drum 4 has a plurality of angularly spaced rows of mold cavities 5
      in its surface, each row extending into the plane of the drawing. The drum
      4 is indexed step-by-step to bring each cavity row 5, in turn, into
      alignment with a row of extrusion nozzles 10 in the extruder block 3, and
      then into alignment with a row of forming punches 11.
PAR  The extruder block 3 contains a reservoir 12 to receive a molten
      thermoplastic polymer, the reservoir extending across the width (i.e. into
      the plane of the drawing) of the extruder block. The molten polymer is
      supplied at a controlled rate into cavity 13 which communicates with the
      extrusion nozzles 10. The control of the polymer supply is effected by
      respective adjustable trimming screws 14. The extruder block 3 is
      maintained at a substantially uniform temperature by means of cartridge
      heaters 15.
PAR  The mold drum 4 is indexed step-by-step by an amount equal to the angular
      pitch of the cavity rows 5, whereby to bring each ciavity row into
      alignment with the nozzles 10 at a first station and into alignment with
      the forming punches 11 at a second station. The drum is indexed by a
      reciprocable power press 6. A pawl 7, which is carried by the press 6,
      actuates a ratchet 8 which is fixedly secured to shaft 9a of a gear wheel
      9. The gear wheel 9 is in meshing engagement with a rim gear 9b secured to
      drum 4. Upon a downward stroke of press 6, forming punches 11 enter a row
      5 of mold cavities located therebeneath; drum 4 remains stationary as pawl
      7 does not actuate ratchet 8 at this time. During a reverse, upward stroke
      of press 6, and following the withdrawal of punches 11 from the row of
      cavities 5, pawl 7 actuates ratchet 8 to index the drum through one step
      equal to the angular pitch of the rows of mold cavities 5.
PAR  The molten polymer is injected into each successive row of cavities through
      web W1, the web being permeable to the molten thermoplastic material. A
      desired amount of molten polymer is injected into each cavity in a row 5.
      Upon indexing the drum, the polymer-filled rows 5 pass over a water-cooled
      shoe 18 which serves to chill polymer trapped in the spaces of the web W1
      whereby to effectively seal the ends of the cavities. Thereafter the
      forming punches 11 descend into each row in turn to impart a desired shape
      or form to the molten polymer and at the same time inducing a rapid
      cooling of the polymer by restraining it in pressure contact with the cold
      drum 4.
PAR  A web W2 of a backing material is reeled off a supply roll 17 and passed
      over a rubber roll 19 which is maintained in contact with drum 4. A heater
      20, having a parabolic reflector, is arranged to direct heat onto the
      approaching surfaces of the webs W1 and W2 at the nip formed by roller 19
      and drum 4. In this way web W1 carrying the shaped forms is bonded to web
      W2, causing the finished product to be withdrawn from drum 4 and wound
      upon a take-up roll 22.
PAR  A spreader plate 21 is secured to reciprocable press 6 and serves to
      distribute or re-orientate the shaped thermoplastic forms on the web W1.
      During a downward stroke of the press, with the web W1 stationary,
      spreader plate 21 descends onto a row of shaped forms therebeneath and
      deforms these to spread the forms over the web W1. The amount of
      deformation is controlled by the movement of spreader plate 21 which is
      adjustably mounted on press 6.
PAR  FIG. 2 illustrates the product formed by the apparatus prior to the action
      of the spreader plate 21. The shaped thermoplastic forms 30 are each in
      the configuration of a cylindrical cup. The cup has a tubular wall which
      comprises a plurality of separate continuous blades or petals 31 which are
      joined above the base of the cup so as to be supported and interconnected
      by a portion 40 whose thickness is substantially smaller than the length
      of the petals. The number, shape and depth of the blades or petals are
      determined by the configuration of punches 11. When spreader plate 21
      descends upon each row in turn, the blades or petals 31 are deformed such
      that the blades of one cup intermesh with the blades of adjacent cups so
      as to give the product received on the take-up roll 22 a closed tufted
      appearance.
PAR  The apparatus illustrated in FIG. 1 is relatively inexpensive and is
      suitable primarily for short production runs. The molds are easily changed
      and need not be precision molds.
PAR  Another apparatus, suitable for fast, large volume production runs, and in
      which precision molds are utilized, is illustrated in FIG. 3.
      Specifically, the apparatus illustrated in FIG. 3 comprises an extruder
      block 52 having a concave face which sealingly abuts the surface of a
      rotatable mold drum 50. A plurality of angularly spaced rows of mold
      cavities 57 are provided in the surface of the drum. Each cavity 57
      contains a precision insert which defines the shape and form of the
      thermoplastic material to be bonded to a web, as described subsequently.
PAR  The block 52 contains a reservoir 51 for molten thermoplastic material
      which communicates through ports 53 with each mold cavity in a row of
      spaced cavities 57 located therebeneath. The flow of thermoplastic
      material to the cavities is controlled by respective adjustable trimming
      screws 54. The extruder block is maintained at a substantially uniform
      temperature by means of cartridge heaters 55 or other suitable means. A
      hydraulic cylinder or cylinders 58 maintains the extruder in sealing
      engagement with the drum.
PAR  A cooling medium 59, for example water, is circulated through the interior
      of the drum by way of inlet and outlet ports not shown in the drawing.
PAR  A web W3 of material which is permeable to the heated themoplastic material
      is drawn off a supply roll 60 and passes around a roller 61. Roller 61 is
      permanently geared for rotation with drum 50 and has peripheral
      projections 62 which engage in the mold cavities 57. The web W3 passes
      through the nip formed between the drum 50 and roller 61 and is withdrawn
      from the drum at a location 66 which is substantially diametrically
      opposed to the nip. A heater 63, having a parabolic reflector, directs
      heat onto the nip whereby to bond the web to the thermoplastic material in
      each mold cavity.
PAR  A roller 64, having a resilient covering such as sponge, is rotatable in a
      water trough 65. The roller 64 serves to assist in the cooling of the
      thermoplastic material. Upon withdrawal from the drum, the web W3, having
      rows of molded thermoplastic bonded thereto, is wound about a take-up roll
      67.
PAR  The molded shape formed in each cavity takes the configuration illustrated
      in FIG. 2, namely a cup or like member whose peripheral wall is subdivided
      into a plurality of contiguous blades or petals. The precision inserts in
      each cavity are adjustable so as to limit the penetration of the
      thermoplastic material and to control the height of the blades or petals.
PAR  In operation, the drum rotates in the indicated direction at a constant
      speed. As each row of cavities 57 passes beneath the row of ports 63, a
      charge of hot thermoplastic material is introduced therein and takes the
      form determined by the inserts. On reaching the nip formed between drum 50
      and roller 61, the web W3 is pressed into the open end of each cavity in a
      row by means of the projections 62. The heat from heater 63 assures that a
      bond is established between the thermoplastic material and the web, the
      thermoplastic material permeating at least partly into the web. In passing
      from the nip to the withdrawal location 66 the thermoplastic material is
      cooled by the medium 59 in the drum and by the water saturated sponge on
      roller 64. A scraper blade or the like may be arranged at location 66 to
      assist in removal of the web W3 from the drum.
PAR  Although not illustrated in FIG. 3, means can be provided for spreading the
      tufts of molded thermoplastic material, bonded to the web W3, into an
      intermeshing carpet or mat prior to take-up by the roll 67. This can be
      achieved, as illustrated in FIG. 1, by deforming the individual blades or
      petals of each molded shape formed by the mold cavities.
PAR  The three-dimensional product produced by the present method and apparatus
      can find use as matting or carpeting, artificial turf or grass, an
      artificial ski slope surface material or artificial soil retention medium
      for use on slopes or gradients. The above are but examples of a variety of
      uses for the product.
PAR  While I have described and illustrated several specific embodiments of my
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for the continuous production of a molded three-dimensional
      product comprising;
PA1  a mold having a plurality of rows of spaced mold cavities therein, the rows
      being movable through a first station at which controlled charges of
      flowable thermoplastic material are simultaneously introduced only into
      each mold cavity of the row at said first station;
PA1  a second station at which a web of a material which is permeable to the
      thermoplastic material is introduced into the open end of said mold
      cavities, one row at a time, and bonded to the spaced thermoplastic
      material charges therein; and
PA1  a third station at which the molded thermoplastic material bonded to the
      web is removed from the mold;
PA1  wherein the mold comprises a drum having angularly spaced rows of cavities
      therein, each cavity containing an insert which defines the shape and form
      of the thermoplastic material to be bonded to the web.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, further including a roller cooperable
      with said drum to define a nip and having at least one projection thereon
      to enter said mold cavity as it arrives at the nip to introduce said web
      into said mold cavity.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, in which the drum is hollow so as to be
      coolable by flowing cooling medium through the drum core.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 including an extruder for supplying
      molten polymer to an extruder block at the first station to introduce the
      thermoplastic material into said cavity located therebeneath.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, including means urging the extruder
      block into sealing engagement with the mold.
NUM  6.
PAR  6. Apparatus for the continuous production of a molded three-dimensional
      product in the form of a preformed carrier web to which spaced molded
      thermoplastic projections are directly bonded, said apparatus comprising:
PA1  a movable mold member having a series of spaced open-ended mold cavities
      defined in a surface thereof;
PA1  extrusion means for selectively issuing flowable thermoplastic material
      from a predetermined location toward said mold surface;
PA1  means for guiding a preformed web along at least a portion of said mold
      surface and over the open end of at least some of said cavities, said web
      being of a material which is permeable to said flowable thermoplastic
      material, said means for guiding being arranged to permit said web to be
      moved with said mold surface in response to movement of said mold member;
PA1  drive means for moving said mold member to successively position at least
      one mold cavity at a time in place at said predetermined location to
      receive said flowable thermoplastic material from said injection means
      into the open end of the receiving mold cavity; and
PA1  means for solidifying the thermoplastic material in said mold cavities to
      bond the thermoplastic material to said web;
PA1  wherein said mold cavities are configured and spaced such that the
      solidified thermoplastic material from each cavity is completely separated
      along said web from the solidified thermoplastic material from all other
      cavities;
PA1  wherein said mold comprises a rotatable drum having a plurality of said
      open-ended cavities defined in its periphery, said drum being indexed to
      stop at a plurality of specific positions wherein said cavities are
      aligned with respective work stations; and
PA1  wherein said web is guided along said drum at a first work station so that
      flowable thermoplastic material enters the cavities at said first work
      station through the web, said web being movable with said drum to a second
      work station; and further comprising shaping means at said second work
      station arranged to enter cavities positioned thereat to shape and cool
      the thermoplastic material therein.
NUM  7.
PAR  7. Apparatus for the continuous production of a molded three-dimensional
      product in the form of a preformed carrier web to which spaced molded
      thermoplastic projections are directly bonded, said apparatus comprising:
PA1  a movable mold member having a series of spaced open-ended mold cavities
      defined in a surface thereof;
PA1  extrusion means for selectively issuing flowable thermoplastic material
      from a predetermined location toward said mold surface;
PA1  means for guiding a preformed web along at least a portion of said mold
      surface and over the open end of at least some of said cavities, said web
      being of a material which is permeable to said flowable thermoplastic
      material, said means for guiding being arranged to permit said web to be
      moved with said mold surface in response to movement of said mold member;
PA1  drive means for moving said mold member to successively position at least
      one mold cavity at a time in place at said predetermined location to
      receive said flowable thermoplastic material from said injection means
      into the open end of the receiving mold cavity; and
PA1  means for solidifying the thermoplastic material in said mold cavities to
      bond the thermoplastic material to said web;
PA1  wherein said mold cavities are configured and spaced such that the
      solidified thermoplastic material from each cavity is completely separated
      along said web from the solidified thermoplastic material from all other
      cavities;
PA1  wherein said mold comprises a rotatable drum having a plurality of said
      open-ended cavities defined in its periphery, said drum being indexed to
      stop at a plurality of specific positions wherein said cavities are
      aligned with respective work stations; and
PA1  wherein said web is introduced onto said drum periphery adjacent cavities
      into which said flowable thermoplastic material has already been
      introduced.
NUM  8.
PAR  8. Apparatus for the continuous production of a molded three-dimensional
      product comprising:
PA1  a mold having a plurality of mold cavities therein, each cavity being
      movable in turn step-by-step through a first station,
PA1  means for introducing a measured charge of flowable thermoplastic material
      into the cavity at the first station;
PA1  a second station;
PA1  a shaping and cooling tool located at said second station and arranged to
      enter the charged cavity to shape and cool the thermoplastic material
      therein;
PA1  a third station;
PA1  means at said third station for removing the shaped and molded material
      from the cavity;
PA1  means for stepping each cavity to said stations in sequence and for
      actuating the shaping and cooling tool when a cavity is stationary at the
      second station; and
PA1  means for guiding a web of material, which is permeable to said
      thermoplastic material, into contact with the mold at the first station
      such that the thermoplastic material enters the cavity through the web;
PA1  wherein the mold comprises: a rotatable drum having a plurality of
      angularly spaced rows of said mold cavities which may be each indexed in
      turn past said first station; an extruder at said first station; and a
      reciprocable press having a plurality of forming punches, one punch for
      each cavity in a row, said press being located at the second station.
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ABST
PAL  A pipe of concrete, cement mortar or other cementitious material is formed
      by an integrally cast cementitious mass which is reinforced with a glass
      fibre strand or roving forming a substantially helical winding extending
      around the pipe and incorporated in the cement matrix of the cementitious
      mass. Preferably there are two windings, one incorporated in the outer
      periphery of the mass and the other incorporated in the inner periphery of
      the mass. The pipe is preferably made by a centrifugal casting operation
      in which a centrifugal casting mould is rotated and the glass fibre strand
      or roving is fed from a feeding device within the mould and is caused to
      adhere to the internal peripheral face of the mould and then the feeding
      device is moved axially along the mould as the mould rotates so that the
      winding is formed from the roving around the internal peripheral face of
      the mould. The concrete or other cementitious material is introduced into
      the mould at the same time as the glass fibre roving or subsequently and
      the winding becomes incorporated in the cement matrix of the cementitious
      material as the mould continues to be rotated.
PARN
PAR  This is a division of application Ser. No. 370,145, filed June 14, 1973.
BSUM
PAR  The reinforcement in reinforced concrete pipes is most commonly in the form
      of cages of steel wire mesh which are cast into the concrete of the pipe
      when the pipe is formed. Concrete pipes have, however, also been
      reinforced by wrapping them with a coil of glass fibre strand after the
      concrete has been cast and has hardened. When this is done, the glass
      fibre is set in a synthetic resin coating on the pipe in order to bond the
      glass fibre to the concrete and also to hold the glass fibre in position
      and protect it.
PAR  It has also been proposed to reinforce concrete pipes either by
      incorporating glass fibre in the wet concrete mix or by a spraying process
      in which a glass fibre mat is impregnated with a wet concrete or cement
      mortar mix. In both these techniques chopped fibre is used. In the first
      technique, the fibres extend in entirely random directions within the
      concrete and in the second technique the fibres lie in a cylindrical
      surface, but are still randomly oriented in this surface.
PAR  When the concrete which is reinforced with the glass fibre is made using
      Aluminous cement, ordinary "E" glass fibre can be used for the
      reinforcement, but with normal Portland cement concrete, alkali-resistant
      glass fibre must be used because ordinary glass fibre loses its tensile
      strength to a very considerable extent in the alkaline concrete mix.
PAR  The reinforcement of concrete pipes which are to withstand external loads,
      or internal pressures, or both with either entirely randomly orientated
      chopped glass fibres or with fibres randomly orientated in a cylindrical
      surface is inefficient because only a proportion of the fibres increase
      the tensile strength of the pipe in the directions required to resist the
      tensile stresses caused by the applied external loads or internal
      pressure. Indeed, when the orientation is entirely random, as little as
      one-sixth of the total fibre content may be effective in the required
      directions and with planar orientation only one-third of the fibre may be
      effective.
PAR  According to this invention, a pipe of concrete, cement mortar, or other
      cementitious material formed by an integrally cast cementitious mass is
      reinforced with a glass fibre strand or roving forming a winding extending
      around the pipe and incorporated and bonded in the cement matrix of the
      cementitious mass.
PAR  When the pipe is required only to withstand a hoop stress generated by
      internal pressure or otherwise, the winding is preferably incorporated in
      the outer peripheral layer of the cementitious mass. The peripherally
      orientated glass fibre is able to resist tensile hoop stresses efficiently
      and the proportion of the glass fibre in the concrete can therefore be
      much smaller than that which is necessary when entirely randomly or planar
      orientated fibre is used.
PAR  In order to withstand not only internal pressure, but also bending stresses
      in the wall of the pipe produced by external loads, preferably a second
      winding of glass fibre strand or roving is incorporated in the cement
      matrix of the inner peripheral layer of the cementitious mass. With two
      layers of glass fibre reinforcement, one in the internal periphery and the
      other in the external periphery of the pipe, the reinforcing effect is
      similar to that produced by the customary steel mesh cages. A greater
      tensile strength than that produced by steel mesh cages can however be
      achieved and this enables the pipes to be made thinner than steel
      reinforced pipes of the same strength. Further, because the glass fibre
      does not have to be protected from corrosion in the same way as steel
      reinforcement, the protective cover, if any, to the glass fibre may be of
      a much smaller thickness than is necessary with steel reinforcement so
      that the overall thickness of the pipe for a given strength may be reduced
      still more. This results in considerable economy of concrete and also
      makes the pipes lighter and easier to handle and lay.
PAR  In order to impart longitudinal tensile strength to the pipe, additional
      longitudinally extending glass fibre strand or roving may be introduced,
      but preferably the winding or each winding of glass fibre strand or roving
      is laid along a sinusoidal or other wavy path around the pipe so that the
      winding is able to withstand both circumferential and axial tensile
      stresses.
PAR  Pipes in accordance with the invention may be made, in accordance with
      another aspect of this invention, by a centrifugal casting operation in
      which a centrifugal casting mould is rotated and a glass fibre strand or
      roving is fed from a feeding device within the mould and is caused to
      adhere to the internal peripheral face of the mould, the feeding device is
      moved axially along the mould as the mould rotates so that a coil or
      winding is formed from the strand or roving around the internal peripheral
      face of the mould and concrete, cement mortar, or other cementitious
      material is introduced into the mould to form the pipe with the coil or
      winding incorporated and bonded in the cement matrix of the cementitious
      mass.
PAR  With this method, as the centrifugal mould is spun after the introduction
      of the concrete, cement mortar or other cementitious material, the
      centrifugal force acting on the material tends to force the cement matrix
      of the cementitious mass into intimate contact with the coil or winding
      and a very satisfactory bond is produced between the glass fibre strand or
      roving and the cementitious mass.
PAR  In order to make a pipe reinforced both externally and internally with
      glass fibre windings, preferably cementitious material in the form of a
      neat cement or mortar slurry is introduced into the mould with the glass
      fibre strand or roving, concrete is subsequently introduced into the mould
      and forms a concrete body of the pipe as the mould is spun and then a
      second glass fibre strand or roving is fed from the feeding device onto
      the internal surface of the concrete and the feeding device is again moved
      axially along the mould so that a second coil or winding is formed from
      the strand or roving around the internal peripheral face of the concrete
      and becomes embedded in the cement matrix of the concrete.
PAR  As an alternative to this, the glass fibre strand or roving which forms the
      external reinforcement of the pipe may be fed into the mould with the
      mould dry and this strand or roving then becomes incorporated into the
      cement matrix of the concrete when this is subsequently added. However,
      the provision of additional neat cement or mortar slurry enriches the
      cement content of the peripheral portion of the concrete and the pipe and
      it assists in ensuring that the glass fibre is fully embedded in the
      cement matrix and that there is a satisfactory bond between the glass
      fibre and the concrete.
PAR  When the second layer of glass fibre reinforcement is applied to the
      internal face of the concrete, it is not always necessary to apply a
      second layer of neat cement or mortar slurry because as the concrete is
      spun in the mould, some cement paste in the concrete tends to flow inwards
      and in consequence the internal surface of the concrete is already covered
      with a cement paste layer sufficient to ensure adequate penetration of the
      glass fibre into its surface.
PAR  In order to lay the winding or each winding along a sinusoidal or other
      wavy path around the pipe when this is required, the strand or roving is
      fed from the feeding device at a speed greater than the peripheral speed
      of the internal face of the mould or greater than the peripheral speed of
      the internal face of the concrete and this causes the strand or roving to
      adopt the wavy path automatically as the feeding device is moved axially
      along the mould.
PAR  The present invention also includes, according to another of its aspects,
      apparatus for carrying out the centrifugal casting method and this
      apparatus comprises a centrifugal pipe mould, a driving mechanism for
      rotating the mould, a device for feeding a glass fibre strand or roving to
      the inside of the mould in a position in which the strand or roving
      impinges on the internal peripheral face of the mould and a mechanism for
      moving the feeding device axially within the mould.
PAR  Preferably the device for feeding the glass fibre strand or roving is also
      arranged to feed cement grout or slurry and the device comprises a
      pneumatic conveying tube having at its discharge end an ejector head
      having a connection for the supply of the grout or slurry and a series of
      nozzles in the head from which, in use, the grout or slurry issues with an
      inward inclination so that the jets impinge upon the glass fibre strand or
      roving issuing from the pneumatic conveying tube to carry the strand or
      roving along with the grout or slurry and the strand or roving is
      intimately impregnated with the grout or slurry.
PAR  To enable the glass fibre strand or roving to be laid either along a normal
      helix or along a wavy helical path according to requirements, the
      apparatus preferably also includes a pair of feed rollers to control the
      speed at which the glass fibre strand or roving is fed through the
      pneumatic conveying tube.
PAR  The rate at which the feeding device is moved axially within the mould
      determines the thickness and the pitch of the coil which is built up
      either on the internal face of the mould or on the internal face of the
      concrete and the coil may be built up in a single layer by a single
      traverse of the feeding device along the mould or it may be built up in a
      number of layers by moving the feeding device backwards and forwards along
      the mould. For convenience a double traverse is preferably made and the
      thickness of the winding is controlled by the traversing speed. In either
      case the glass fibre strand or roving may be laid either as a straight or
      a wavy helix, the amplitude of the waveform of which can be controlled by
      controlling the speed of the feed rollers in relation to the peripheral
      speed of the mould.
PAR  The amount of glass fibre in the winding is, of course, dependent upon the
      pipe strength required. Generally speaking, though, both coils will have a
      radial thickness of, for example, between 0.1 inch and 0.2 inch.
PAR  The glass fibre strand or roving in the winding, or in both the windings
      when there is a winding on both the external periphery and the internal
      periphery of the concrete, may be continuous from one end of the pipe to
      the other or it may be discontinuous and the winding, or each winding, may
      be built up with a number of sections each consisting of one or more turns
      of the strand or roving.
PAR  The mechanism for moving the feeding device axially within the mould
      preferably comprises a carriage outside the mould and a mechanism for
      moving the carriage to and fro along a track which extends parallel to the
      axis of the mould. The feeding device is then mounted on the carriage and
      extends from the carriage into the mould.
PAR  Instead of making the pipe entirely by a centrifugal casting operation as
      already described, it may be made by a combination of a vertical casting
      operation with a centrifugal casting operation. In this technique, a pipe
      in the form of a thin shell with a single glass fibre winding impregnated
      with cement mortar or slurry is made by the method already described using
      mortar or slurry as the cementitious material and, when the cementitious
      material has hardened, the shell is introduced into a vertical casting
      mould of which the shell forms the outer peripheral face. Concrete is then
      introduced between the shell and an internal peripheral face of the mould
      and is consolidated to form a concrete pipe which is reinforced by the
      glass fibre strand or roving forming the winding incorporated in the shell
      which forms the outer peripheral layer of the pipe.
PAR  With this technique, a second shell of smaller diameter than the first
      shell may also be made by the method already described using cement mortar
      or slurry as the cementitious material and then both shells are introduced
      into the vertical casting mould so that the shell of larger diameter forms
      the outer peripheral wall of the mould and the shell of smaller diameter
      forms the inner peripheral wall of the mould. The concrete is then
      introduced between the two shells and is consolidated to form a concrete
      pipe which is reinforced by the glass fibre windings incorporated in the
      shells which form the outer and inner peripheral layers of the pipe.
DRWD
PAR  Some examples of pipes, of methods of making pipes and also of apparatus
      for use in carrying out the methods will now be described with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a concrete pipe in accordance with the
      invention with a part of the concrete cut away to show glass fibre
      reinforcement;
PAR  FIG. 2 is a circumferential section through a part of the pipe shown in
      FIG. 1 as seen in the direction of the arrows on the line II--II in FIG.
      1;
PAR  FIG. 3 is a diagrammatic perspective view of part of the apparatus for
      forming the pipe shown in FIGS. 1 and 2;
PAR  FIG. 4 is a somewhat less diagrammatic side elevation of the apparatus as a
      whole;
PAR  FIG. 5 is an end elevation of the apparatus as seen in the direction of the
      arrow V in FIG. 4;
PAR  FIG. 6 is a plan view of the apparatus shown in FIGS. 4 and 5;
PAR  FIG. 7 is a diagrammatic diametric section through a vertical casting mould
      with a pipe being cast in it; and,
PAR  FIG. 8 is a radial section to a larger scale of a part of the pipe shown in
      FIG. 7.
DETD
PAR  A concrete pipe 1 shown in FIGS. 1 and 2 of the drawings is of the Ogee
      jointed kind with a spigot 2 at one end with a rebate 3 for receiving a
      sealing ring and a socket 4 at the other end formed within the thickness
      of the pipe wall. The pipe is reinforced with an outer winding 5 of glass
      fibre roving and a similar inner winding 6. The windings 5 and 6 are
      incorporated in outer and inner cement paste layers 7 and 8 respectively
      forming part of the matrix of concrete 9 of which the wall of the pipe is
      formed. The windings 5 and 6 may both be of helical form, but in this
      example the individual turns of both of the windings follow a wavy
      sinusoidal path as shown at 10 in FIG. 1. The waviness of the windings 5
      and 6 ensures that they impart not only circumferential tensile strength,
      but also axial tensile strength to the concrete 9. The outer winding 5
      extends into the part of the concrete wall bounding the socket 4 and
      similarly the inner winding 6 extends into the spigot 2.
PAR  The pipe shown in FIGS. 1 and 2 is made in the apparatus shown in FIGS. 3
      to 6 of the drawings. This comprises a conventional centrifugal pipe mould
      11 having radially projecting end flanges 12 and 13. The flanges 12 and 13
      are each supported on a pair of rollers 14 and 15 which are themselves
      fixed on shafts 16 and 17 respectively. The shafts 16 and 17 are supported
      in journal bearings 18 which are fixed on channel bearers 19. The shaft 17
      has a chain sprocket 20 fixed on it and this sprocket is rotated by a
      variable speed electric motor 21 through a driving chain 22. Thus, when
      the motor 21 is in operation, the rollers 15 are rotated in order to spin
      the mould 11. The mould 11 is spun in a counterclockwise direction as seen
      in FIG. 5 and a shield 23 is provided to give protection against any
      detritus flung centrifugally from the mould.
PAR  At the left-hand end of the mould 11 as seen in FIGS. 4 and 6 of the
      drawings there is a rail track 24 on which a platform 25 with wheels 26
      runs. The platform 25 carries a device indicated generally at 27 for
      feeding a glass fibre roving impregnated with cement slurry to the inside
      of the mould 11. The provision of the rail track 24 enables the device 27
      to be aligned as necessary with the mould 11 and it also enables it to be
      moved to any one of a series of moulds 11 which are not shown, but which
      are arranged spaced apart side by side.
PAR  Some of the main parts of the device 27 are shown diagrammatically in FIG.
      3. The device comprises a bin 28 containing a package 29 of glass fibre
      roving. The bin 28 has a lid 30 from which a tube 31 extends centrally to
      a housing 32 containing a pair of feed rollers 33 which are driven by a
      variable speed electric motor 34 which is electronically controlled by an
      electronic speed controller 35 shown in FIG. 4. The controller 35 is
      manually operable to set the speed of the motor 34 relative to that of the
      motor 21 and hence the speed of the roving 29 relative to the peripheral
      speed of the mould 11. The controller 35 also monitors the speed of the
      motor 21 and automatically adjusts the speed of the motor 34 so that, once
      set, the relative speeds of the roving 29 and of the mould 11 are
      maintained exactly.
PAR  Next to the housing 32 and connected to it by a tube 36 is a second housing
      37 containing a pair of cutter rollers 38 the upper one of which carries a
      knife 39. The cutter rollers 38 are rotated by a motor 40 and are movable
      towards each other to make them operate by a handle 41.
PAR  An air mover 42 which is coaxial with the tube 36 is connected to the
      housing 37 and has a pipe 43 for the supply of compressed air connected to
      it. The tube 43 is fitted with a stop-cock 44. A flexible tube 45 leads
      from the air mover 42 to an ejector head 46.
PAR  The ejector head 46 comprises a tubular body 47 concentrically surrounding
      the end of the tube 45 and between the body 47 and the tube 45 is a filter
      48. A flexible slurry supply tube 49 is connected to the annular space
      between the tubular body 47 and the tube 45. This annular space is closed
      at the left-hand end as shown in FIG. 3 and at its right-hand end is
      filled by a nozzle plate 50 provided with four nozzle orifices two of
      which are shown at 51 and which are uniformly spaced at 90.degree. angular
      intervals around the axis of the tube 45. As shown in FIG. 3, the nozzle
      orifices 51 are inclined inwards towards the axis of the tube 45. A
      conical outlet nozzle 52 having an outlet orifice 53 surrounds the outlets
      from the orifices 51.
PAR  In use, the glass fibre roving from the package 29 extends through the tube
      31 and thence through a nip formed between the feed rollers 33 by which
      the roving is gripped. Thence the roving extends through the tube 36 and
      freely between the cut-off rollers 38. Thence it extends through the tube
      42 into the tube 45 which is a pneumatic conveying tube through which the
      roving is conveyed by compressed air supplied through the tube 43. The
      roving issues from the tube 45 in the centre of the nozzle plate 50 and
      cement slurry is supplied from the tube 49 under pressure through the
      nozzle orifices 51 so that jets of the slurry impinge upon the roving 29
      and both impregnate it thoroughly and also assist in drawing it through
      the tube 45 so that the impregnated roving issues from the nozzle 53.
PAR  As shown diagrammatically in FIG. 3, the axis of the ejector head 46 is
      arranged at a slight inclination to a tangent of the inner face of the
      mould 11 so that the impregnated roving 28 is fed onto the internal
      surface of the mould 11 as the mould rotates. The speed at which the
      roving 29 issues from the nozzle 53 is dependent upon the speed of the
      feed rollers 33 which can be controlled by the speed controller 35. The
      roving 29 can be cut off in lengths as required by operating the handle 41
      to move the upper roller 38 and trap the roving between the knife 39 and
      the periphery of the lower roller 38.
PAR  As shown most clearly in FIGS. 4 and 6, the ejector head 46 is supported on
      the end of a boom 54 extending from a housing 55 which supports the bin 28
      and also the housings 32 and 37 on top of it. The housing 55 forms a
      carriage which slides on rails 56 and has driving chains 57 and 58
      attached to it. The driving chains 57 and 58 extend around pulleys and
      lead to a traversing drive within a housing 59. The traversing drive
      operating through the chains 57 and 58 moves the housing 55 to and fro
      along the rails 56 so that the ejector head 46 is moved into the mould 11
      as the housing 55 moves towards the right as seen in FIGS. 4 and 6 and the
      traversing drive is subsequently controlled so that the ejector head 46 is
      moved axially to and fro within the mould 11.
PAR  A slurry feed hopper 60 is supported on the platform 25 and it has a bottom
      outlet leading to a positive displacement pump 61 which is driven by an
      electric motor 62. An outlet from the pump 61 is connected through a valve
      manifold 63 to the flexible tube 49. A recirculating pipe 64 leads from
      the valve manifold 63 and when the supply of cement slurry to the tube 49
      is restricted by partly closing a valve in the manifold, the slurry is
      recirculated by the pump 61, through the pipe 64 back to the hopper 60
      thus enabling the rate of slurry supply to be adjusted.
PAR  An air compressor 65 is mounted on top of an air reservoir 66 which is in
      turn supported from the platform 25. The tube 43 is connected by a further
      flexible tube, which is not shown, to an outlet of the reservoir 66.
PAR  The various motors controlling the device for feeding the roving to the
      ejector head 46 together with the mould-driving motor 21, the motor 62 and
      a motor driving the compressor 65 are all controlled by controls on a
      control panel which is not shown.
PAR  In order to form a pipe such as that shown in FIGS. 1 and 2 of the
      drawings, the mould 11 is set in rotation and the traversing drive 59 is
      operated to move the ejector head 46 into the mould 11. The supply of
      compressed air through the tubes 43 and 45 is then started and the feed
      rollers 33 are set in motion to feed the roving 29 to the ejector head 46.
      At the same time, the pump 61 is started and the valves in the manifold 43
      are set so that cement slurry from the hopper 60 is supplied through the
      tube 49 to the ejector head 46. The feeding speed of the roving 29 is
      controlled by means of the feed rollers 33 so that it is somewhat greater
      than the linear speed of the internal periphery of the mould 11. The
      roving which is impregnated with cement slurry issuing from the nozzle 53
      impinges on the internal surface of the mould 11 and is held there by
      centrifugal force. As the mould 11 rotates, the head 46 is moved axially
      along the mould 11 so that a wavy helical winding is formed on the mould.
      This winding is intimately embedded in the cement slurry which passes
      through the tube 49 and issues from the nozzle 53 with the glass fibre
      roving. Thus the layer 7 shown in FIG. 2 is built up and the head 46 is
      moved axially to and fro a number of times as necessary to build up a
      winding of the required thickness and number of turns.
PAR  When this has been done, the feeding of the glass fibre roving 28 and the
      cement slurry is stopped and concrete to form the body of the wall 9 is
      fed, by means of a conveyor not shown, into the mould 11 in the normal way
      for forming the spun concrete pipes. As the mould 11 is spun, this
      concrete becomes intimately combined with the outer slurry layer 7.
PAR  When the pipe wall has been built up to the requisite thickness, the
      ejector head 46 is moved back again into the mould 11 and it is operated
      in the same way as before to build up the winding 6. In this case,
      however, the supply of cement slurry through the tube 49 is reduced or
      indeed the roving 29 may be fed dry through the nozzle 53. As the mould 11
      continues to be spun, some cement slurry from the concrete 9 tends to
      migrate radially inwards and this in itself is in some cases sufficient to
      impregnate the winding 6 and ensure that this is thoroughly incorporated
      in the inner slurry layer 8.
PAR  In order to form a vertically cast concrete pipe as shown in FIGS. 7 and 8
      of the drawings, a thin concrete shell 68 is first formed in the apparatus
      shown in FIGS. 3 to 6 of the drawings by forming a slurry impregnated
      winding similar to the winding 5 on the outside of the pipe shown in FIGS.
      1 and 2. This is formed by feeding glass fibre roving and slurry through
      the ejector head 46 into a mould similar to the mould 11, and then
      continuing to spin the mould whilst allowing the slurry to set with the
      usual centrifugal casting technique, but without subsequently adding any
      concrete to the mould. When the shell has become sufficiently
      self-supporting in the mould 11, the mould 11 is removed from the spinning
      rollers 14 and 15 and is set aside to allow the shell to harden. At this
      time a second shell 69 is formed in a similar manner, but using a
      centrifugal casting mould of a smaller diameter.
PAR  When the shells 68 and 69 are sufficiently strong, they are placed in the
      vertical casting mould shown in FIG. 7 which comprises a bottom plate 70
      and a top plate 71 which is slidable by a mechanism not shown upwards and
      downwards on guide rods 72. To place the shells 68 and 69 in position, the
      plate 71 is raised, the shells 68 and 69 are set, one inside the other on
      the bottom plate 70 and the top plate 71 is then lowered into the position
      shown in the drawing. When this has been done, concrete is introduced into
      the annular space between the shells 68 and 69 and is vibrated to
      consolidate it. The concrete is then allowed to set and harden and the
      pipe is then removed from the casting mould.
PAR  If it is required to make a pipe with only a single glass fibre winding
      near its outer periphery, the shell 68 is made and is placed in the mould
      shown in FIG. 7 together with a steel mould tube which takes the place of
      the shell 69. The concrete is then cast as before, but when it has set and
      obtained sufficient strength, the tube which takes the place of the shell
      69 is removed.
PAR  In one example of the manufacture of a pipe similar to that shown in FIGS.
      1 and 2 and having a length of 3 metres, an internal diameter of 900 mm
      and a wall thickness of 65 mm, using the apparatus shown in FIGS. 3 to 6
      of the drawings, the mould 11 had an internal diameter of 1,030 mm and was
      fitted with shaped ends to form the Ogee or in-wall spigot and socket
      joint as shown. The mould was rotated at a speed of from 80 to 85 r.p.m.
      giving a peripheral speed of from 4.31 to 4.58 metres per second. A single
      roving of Cem-FIL alkaline-resistant glass fibre consisting of about 6,000
      untwisted continuous filaments of 13 microns in diameter was fed to the
      head 46 at a speed 10% above the peripheral speed of the mould, that is
      from 4.74 to 5.04 metres per second. The speed of the roving was
      accurately controlled by the feed rolls 33, which were themselves
      controlled by a sensing device monitoring fluctuations in the rotational
      speed of the mould.
PAR  A Portland cement slurry having a water:cement ratio of 0.46:1 was pumped
      through the pipe 49 to the head 46 where it passed through the nozzles 51
      at a speed somewhat higher than that of the roving. The roving met the
      slurry at the confluence of the jets from the nozzles 51 and owing to the
      turbulence caused by the jet impingement and because the jet velocity was
      higher than the speed of the roving, very efficient mixing of the slurry
      into the roving took place. The roving and slurry passed through the
      nozzle 53 with the roving only forming a relatively small fraction of the
      total material. The nozzle 53 was arranged at a distance of between 5 and
      10 centimetres from the internal periphery of the mould 11.
PAR  The head 46 was moved once along the length of the mould 11 parallel to its
      axis of rotation and then back again at a speed dependent upon the amount
      of fibre reinforcement required in order to build up the winding 5. The
      angle of the head 46 was adjusted at the socket end of the pipe to ensure
      that the stream of slurry and glass fibre roving entered the part of the
      pipe surrounding the socket.
PAR  After the movement of the head 46 to and fro once along the mould, a 1:2:4
      concrete mix with a crushed granite graded aggregate up to 3/4 inch
      maximum size was loaded into the mould in exactly the same manner as is
      conventional in the manufacture of spun concrete pipes. The amount of
      concrete added was such that after compaction approximately 60 mm of the
      wall thickness of the pipe had been built up. The speed of rotation of the
      mould was then increased to generate centrifugal compaction forces and to
      de-water the concrete and slurry, again in a manner similar to that used
      in conventional spun concrete pipe manufacture.
PAR  Next the mould was slowed down again to a speed of 80 to 85 r.p.m. and
      further glass fibre roving and slurry was ejected from the head 46 as this
      was again moved once to and fro along the mould. The slurry and fibre
      speeds were reduced to match the smaller diameter and consequently the
      smaller peripheral speed of the internal face of the concrete. This formed
      the second winding 6.
PAR  A layer of dry 2:1 granite dust and cement was added to build up the pipe
      to its required wall thickness of 65 mm and to form a wearing layer on the
      bore of the pipe. The speed of the mould was then again increased for a
      short period to compact this layer and finish off the pipe in the usual
      way.
PAR  The spinning was then stopped and the pipe and mould were removed to a
      steam chamber for a 12 hour curing period followed by de-moulding and a 28
      day air cure before the pipe was ready for use.
PAR  The shells 68 and 69 forming part of the pipe shown in FIGS. 7 and 8 can be
      made in a manner similar to the formation of the outer winding 5 in the
      example just described. That is to say the slurry and glass fibre roving
      are supplied to a mould in the same way, and no concrete is added and
      after the winding has been formed, this is followed only by de-watering
      steam curing and de-moulding.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for making a pipe comprising a body formed by an integrally
      cast mass of cementitious material including a cement matrix and a glass
      fibre roving reinforcing said body, said roving forming a winding
      extending around said body along the length thereof, said roving being
      incorporated in said cement matrix, said apparatus comprising a
      centrifugal pipe mould, means for rotating said mould, means for feeding a
      glass fibre roving to the inside of said mould in a position in which said
      roving impinges on an internal peripheral face of said mould and means for
      moving said feeding device axially within said mould.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said means for feeding said
      glass fibre roving includes means for feeding cement slurry and said means
      for feeding said glass fibre includes a pneumatic conveying tube having an
      inlet end and a discharge end, an ejector head at said discharge end of
      said pneumatic conveying tube, means for supplying slurry to said head,
      means defining a series of nozzles in said head for directing jets of said
      slurry to impinge upon said glass fibre issuing from said discharge end of
      said pneumatic conveying tube and guide means surrounding said slurry jets
      and said roving to guide said slurry and said roving onto said internal
      peripheral face of said mould.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said means for feeding said
      glass fibre roving includes a pair of feed rollers for said roving, means
      for driving said feed rollers and means for controlling said driving means
      to control the speed at which said glass fibre roving is fed through said
      pneumatic conveying tube.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein said means for moving said
      feeding means axially within said mould includes a carriage outside said
      mould, a rail track extending parallel to said mould and supporting said
      carriage, a mechanism for moving said carriage to and fro along said rail
      track and means extending from said carriage into said mould.
NUM  5.
PAR  5. Apparatus for making a tubular body comprising an integrally and
      centrifugally cast mass of cementitious material including a matrix of
      inorganic cement and glass fibre strand or roving reinforcing said mass
      and forming a winding which extends around said body and is incorporated
      and bonded in said matrix, said apparatus comprising centrifugal mold
      means, a driving mechanism, means operatively connecting said driving
      mechanism to said mold means for spinning said mold means, a feeding
      device including means for impregnating a glass fibre strand or roving
      with cementitious slurry and means for positively feeding said glass fibre
      strand or roving after impregnation to the inside of said mold means at a
      speed at least as great as the internal peripheral speed of said mold
      means as said mold means is spun by said driving means, said strand or
      roving being fed by said feeding device in a position in which said strand
      or roving impinges on said internal peripheral face of said mold means,
      and means for moving said feeding device within said mold means in a
      direction parallel to an axis about which said mold means is spun.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said feeding device includes a
      pneumatic conveying tube having an inlet end and a discharge end, means
      for conducting said glass fibre strand or roving into said inlet end, an
      ejector head at said outlet end of said pneumatic conveying tube, means
      for supplying cementitious slurry to said ejector head and a series of
      nozzles in said head operatively connected to said means for supplying
      said slurry whereby slurry issues in jets from said nozzles with an inward
      inclination towards said strand or roving and said jets impinge upon said
      strand or roving issuing from said pneumatic conveying tube to impregnate
      said strand or roving with slurry and carry said strand or roving along
      with said slurry jets.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein said feeding device further
      comprises a pair of feed rollers, a nip formed between said feed rollers,
      means for rotating said feed rollers at a constant but adjustable speed
      and means for directing said strand or roving through said nip whereby
      said rollers control the speed at which said glass fibre strand or roving
      is positively fed through said pneumatic conveying tube.
NUM  8.
PAR  8. Apparatus as claimed in claim 5, wherein said means for moving said
      feeding device within said mold means comprises a track outside said mold
      means, said track extending in a direction parallel to said axis, carriage
      means mounted on said track, means for moving said carriage means to and
      fro along said track, means fixed to said carriage means and extending
      from said carriage means into said mold means and means mounting said
      impregnating means and said positive feeding means on said means extending
      into said mold means.
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PAL  An apparatus for continuously producing tapered shafts comprises
      peripherally co-operating rotating rolls. At least one of the rolls has a
      peripheral groove of varying depth so that as the rolls are rotated they
      define, at their co-operating regions, a die aperture of cyclically
      varying cross-section. Resin-impregnated fibres e.g. carbon fibres, are
      drawn through the die aperture to form a series of shafts each
      corresponding to one revolution of the rolls. A reciprocating mandrel may
      also be present if it is desired to produce hollow articles. According to
      one mode of operation, the rolls and, if present, the mandrel, are locked
      in position and the resin-impregnated fibres are pulled through the
      stationary die aperture to form an article the predetermined constant
      cross-section of which depends on the position at which the rolls and, if
      present, the mandrel have been locked. Heaters are provided to solidify
      the resin downstream of the die aperture. The possibility of making shapes
      other than tapered or uniform cross-sectional shapes is discussed.
BSUM
PAR  This invention relates to fibre reinforced composites.
PAR  In particular the invention is applicable to the production of elongate
      composite articles of non-uniform section such as tapered tubes e.g. for
      use as golf-club shafts. Previously the fabrication of such forms has been
      restricted to essentially batch processes on account of the tapered form
      of the shaft and U.K. patent specification No. 1,327,246 (National
      Research Development Corporation) describes one such process.
PAR  According to the broadest aspect of the present invention, an apparatus for
      use in the continuous production of elongate articles of fibre reinforced
      composite material comprises a forming die of variable aperture and means
      for controlling this aperture in relation to the linear displacement of
      the composite material through the die cavity to produce an elongate
      article of predetermined varying external cross-section.
PAR  Conveniently, the apparatus comprises two circumferentially co-operating
      rolls, the cylindrical surfaces of which define a die cavity the
      cross-sectional shape of which varies cyclically when, in operation of the
      apparatus, the two rolls are synchronously rotated in opposite rotational
      senses.
PAR  One or both of the cylindrical surfaces may for example include a
      peripheral groove the depth of which varies along the length of the groove
      and according to a preferred feature both rolls have such a groove and the
      cavity presented by the rolls as they rotate is symmetrical about an
      imaginary plane which contains the longitudinal axis of the die cavity and
      which is perpendicular to an imaginary plane containing the axes of
      rotation of the two rolls.
PAR  The or each groove may include one or more step portions in which case the
      depth of the groove(s) increases from a minimum value at the radially
      outer part of the step portion(s) to a maximum value at the radially inner
      part of the step portion(s). The depth of the groove(s) may increase at a
      constant rate between the two values.
PAR  The apparatus may also include a mandrel adapted for location along the
      axis of the die cavity. Conveniently the cross-section of the mandrel will
      vary in the same way as the cross-section of the die cavity whereby an
      elongate form of substantially constant wall thickness is produced in
      operation of the apparatus. Means may also be provided for automatically
      reciprocating the mandrel along the axis of the die cavity so that the
      mandrel moves synchronously with the groove-defining surfaces of the rolls
      up to a certain point and then returns relatively rapidly, in a contrary
      direction, to some initial position, prior to subsequent movement in
      synchronism with said groove-defining surfaces. The motion of the mandrel
      may be controlled by suitable gearing or by a cam, for example.
PAR  According to another feature of the invention a distributor plate is
      provided upstream of the die cavity for distributing fibres for
      introduction into the cavity. The distributor plate may also include means
      for distributing a shear reinforcement tape e.g. of aluminium foil.
PAR  The invention also includes the case where a resin bath is provided
      upstream of the die cavity for impregnating the fibres and, if present,
      the shear reinforcement tape. The impregnated fibres are brought together
      in the die cavity as hereinafter described to form the finished article,
      and means for solidifying this article in the vicinity of the downstream
      side of the die cavity are preferably also provided.
PAR  The invention also includes an apparatus for forming an elongate article of
      composite material and axially varying external cross-section made with
      the apparatus of the present invention. One such article e.g. for use as a
      golf club shaft, has a uniform taper from one end to the other. The
      invention also includes a golf club incorporating such a shaft.
PAR  In a preferred embodiment, the shaft includes a longitudinal unidirectional
      layer (or layers) of a high performance fibrous composite in combination
      with other different types of layers. Typically, this unidirectional layer
      provides the principal flexural strength and stiffness, and the other
      layer(s) provide the method of shear transmission arising from, for
      example, bending or torsion. The high performance composite is preferably
      of the type in which strong, stiff, low density fibres (such as the carbon
      fibres described in British Pat. No. 1,110,791, boron fibres, Kevlar 49
      (Du Pont) and others types) are combined in a controlled manner with a
      suitable polymer system. A suitable polymer system would be capable of
      liquid stage impregnation of a fibrous mass and subsequent solidification
      by thermal/chemical means. Although thermosetting systems such as
      polyesters e.g. crystic 212 and catalyst paste B(Scott-Bader) and epoxies
      (e.g. Shell epicote 190/epicure DX 126, epicure K61B) are ideally suited,
      the possibility of other polymer types such as thermoplastics (e.g.
      polyimide), is not excluded for this purpose.
DRWD
PAR  FIG. 1a is a side elevational view of a system for producing a hollow tube,
      in accordance with a preferred embodiment of the invention;
PAR  FIG. 1b is a front elevation view, to an enlarged scale, of the distributor
      plate shown in FIG. 1a;
PAR  FIG. 2 is a cross-sectional view, to an enlarged scale, taken generally
      along line A--A of FIG. 1a illustrating the cyclic variation in the
      effective die aperture; and
PAR  FIG. 3 is an end elevational view of rolls used in producing a rod of
      tapering triangular cross-section.
DETD
PAR  The invention may be better understood by reference to the particular
      example shown in the FIGS. 1a, 1b, and 2 of the accompanying drawings,
      which show a system for producing a tapered hollow tube such as would be
      required for a golf-club shaft for example. In this particular example,
      the shear reinforcement means cmprises metal foils (e.g. aluminium alloy)
      which are simultaneously formed with the fibre/resin into a composite
      article. The method is illustrated in FIG. 1a. The driving means for this
      method is a set of flexible rolls 1, actinig under controlled pressure.
      Continuous carbon fibres (such
PAR  Grooved ground steel rolls 8 are driven at a controlled rate by a
      synchronous electric motor 90 and a variable speed drive 92. In the
      example under consideration the peripheral speed of the rolls is greater
      than the linear speed of the mandrel and equal to the linear speed of the
      fibres. The rolls generate the taper of a golf club shaft in their plane
      of contact during one revolution, which defines the die surface and
      provides a variable aperture therebetween with provision for the cyclic
      discontinuity between consecutive shafts. Mandrel 9 moves into this
      defined aperture at a controlled rate which defines the internal diameter
      of the tube.
PAR  This controlled movement of the mandrel may be achieved by various
      mechanical, hydraulic and electromotive means, e.g., as in the particular
      case illustrated, an extension rack 102 supported in a guide 101. The
      pinion wheel 103 for rack 102 is driven by chain drive 104 from the upper
      one of the rolls 8. As upper roll 8 rotates it drives pinion wheel 103 via
      a chain and sprocket connection 104 to move the rack 102 (and with it the
      mandrel 9) to the left (as viewed in FIG. 1a). The diameters of the pinion
      wheel 103 is such as to correctly relate the axial velocity of the mandrel
      to the rotational speed of the rolls to give the desired wall thickness to
      the tapered article being produced. When the mandrel has reached the end
      of its leftwards travel, (corresponding to the arrival of the deepest part
      of the roll grooves at the die aperture), a smooth section 106 of the
      pinion wheel lacking the teeth of the rest of the wheel frees the rack 102
      from the wheel and allows it to move to the right, under the influence of
      a pneumatically or hydraulically operated return cylinder 105, until the
      end of rack 102 engages with a stop 107. The pinion wheel resumes its
      drive on the rack when the shallower ends of the roll grooves arrive at
      plane A--A to define the cavity for the tapered end of the next shaft.
PAR  In one practical example for making 40 inch tapered shafts, the peripheral
      speed of the rolls is 10 inches per minute (corresponding to an angular
      speed of .pi./2 radians per minute) and the mandrel speed is 2.5 inches
      per minute. The resulting cyclic variations in effective die aperture are
      evident from FIG. 2 which shows on an enlarged scale a cross-section taken
      on A--A of FIG. 1a after successive intervals of time.
PAR  The rolls 8 are heated by built in electric heating elements illustrated
      diagrammatically at 110 and 112 respectively. In addition a radiant heat
      oven 114 heats the mandrel and also provides a preheat zone extending over
      some 10- 15 inches before the entrance to die cavity 4. In operation these
      various heaters raise the composite to a temperature which, for the
      particular resin system and drawing rate, is sufficient to effect a rapid
      solidification in the vicinity of the downstream side of the die cavity.
      If desired the emergent composite article 11 may be wrapped with a
      heat-shrinkable film of cellophane to provide a bonding pressure during
      post cure. A cut-off device in the form of a circular saw 116 is provided
      beyond the drive roll, and the shafts are then post-cured.
PAR  The linear speed of drawing and the resin gelation time must be carefully
      matched to ensure proper formation of the shaft. For this reason hot
      setting polyester formulations with a benzoyl peroxide catalyst are
      suitable. In the present example, the resin is crystic 212, the catalyst
      is paste B, and the rolls, mandrel, and preheat zone are heated to
      140.degree.C. The resin setting time is 1 minute and the rate of shaft
      production is 10 inches/minute.
PAR  It should be borne in mind that resin setting time is a function of
      temperature. With the materials quoted above, for example, the resin
      setting time rises to 2 minutes if the roll/mandrel/preheat zone
      temperature is dropped to 115.degree.C.
PAR  It should be clearly understood that this method is not restricted to any
      particular fibre or resin type, shear reinforcing means, or geometry. For
      example, an effective shear stiffening means could be incorporated by the
      angular winding, from rotating spools, of a fibrous material on to mandrel
      9 prior to drawing into the forming cavity. Alternatively, the
      reciprocating mandrel 9 may be replaced by preformed cores, connected in
      series and continuously fed into the cavity at an appropriate rate. The
      provision of localised heating for curing purposes may also be achieved in
      alternative ways to contact conductors. Microwave heating would be
      particularly suitable.
PAR  FIG. 3 shows an end on view of the rolls 8' for producing a rod of tapering
      triangular cross-section in which only one of the rolls has a peripheral
      groove. If desired a triangular sectioned mandrel may also be provided (at
      position 9'  in which case the remainder of the apparatus, apart from the
      repositioning of the mandrel to co-operate with the single groove, will be
      identical to that shown in FIG. 1a.
PAR  Finally, in addition to the suitability of the techniques above described
      for the production of variable section elongate forms, it is clear that
      they may also be used for articles of constant section, with one set of
      rolls providing the tooling for a wide range of article dimensions. Thus
      in accordance with another aspect a mechanical brake applied to the upper
      roll 8 locks the rolls at some preselected orientation to define a die
      cavity of the desired cross-sectional area and elongate articles of fibre
      reinforced composite material are formed by pulling through fibres
      impregnated with bonding material, e.g. using the remainder of the
      apparatus described with reference, where appropriate, to the accompanying
      drawing. if a mandrel is used in this "stationary-roll" mode of operation,
      then obviously this too will be maintained stationary relative to the die
      cavity to produce an article of constant wall thickness. If a tapered
      mandrel is used (such as that illustrated in the drawing) then the axial
      position of this is chosen to give the required wall thickness to the
      resulting article 11. To adjust the apparatus for production of an article
      of different external dimensions it is sufficient to reset the rolls at
      the orientations associated with the new size of die cavity required. If a
      tube is being made, the bore of the tube being produced can easily be
      reset to some new value by adjusting the axial position of the tapered
      mandrel.
PAR  It will also be understood that the die cavity need not necessarily be of
      circular cross-section and any other desired cross-sectional shape (e.g.
      square, hexagonal, oval, triangular etc.) could equally well be provided.
      Nor need carbon fibres necessarily be used for the longitudinal
      reinforcement although they may often be preferred on account of their
      high strength/weight ratio. In some applications other fibres, such as
      glass fibres or polypropylene fibres, might be used instead of carbon
      fibres.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for use in the continuous production of elongate articles
      of fibre reinforced composite material comprises a forming die of variable
      aperture, means for controlling this aperture in relation to the linear
      displacement of the composite material through the die cavity to produce
      an elongate article of predetermined varying external cross section, and
      means for providing continuous reinforcement fibres extending throughout
      the length of the article.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 including two circumferentially
      co-operating rolls the cylindrical surfaces of which define a die cavity
      the cross-sectional shape of which varies cyclically when, in operation of
      the apparatus, the two rolls are synchronously rotated in opposite
      rotational senses.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which at least one of the
      cylindrical surfaces includes a peripheral groove the depth of which
      varies along the length of the groove.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 in which both cylindrical surfaces
      include a groove the depth of which varies along the length of the groove
      and the cavity presented by the rolls as they rotate is symmetrical about
      an imaginary plane which contains the longitudinal axis of the die cavity
      and which is perpendicular to an imaginary plane containing the axes of
      rotation of the two rolls.
NUM  5.
PAR  5. An apparatus as claimed in claim 4 in which the at least one said groove
      includes at least one step portion so that the depth of the groove
      increases from a minimum value at the radially outer part of the step
      portion to a maximum value at the radially inner part of the step portion.
NUM  6.
PAR  6. An apparatus as claimed in claim 5 in which the depth of the groove
      increases at a constant rate between the two values.
NUM  7.
PAR  7. An apparatus as claimed in claim 1 including a mandrel for location
      along the axis of the die cavity.
NUM  8.
PAR  8. An apparatus as claimed in claim 7 in which the cross-section of the
      mandrel varies in the same way as the cross-section of the die cavity
      whereby an elongate form of substantially constant wall thickness is
      produced in operation of the apparatus.
NUM  9.
PAR  9. An apparatus as claimed in claim 7 including means for automatically
      reciprocating the mandrel axially of the die cavity so that the mandrel
      moves synchronously with the groove-defining surfaces of the rolls up to a
      certain point and then returns relatively rapidly, in a contrary
      direction, to some initial position, prior to subsequent movement in
      synchronism with said groove-defining surfaces.
NUM  10.
PAR  10. An apparatus as claimed in claim 1 including a distributor plate
      provided upstream of the die cavity for distributing fibres for
      introduction into the cavity.
NUM  11.
PAR  11. An apparatus as claimed in claim 10 in which the distributor plate
      includes means for distributing a shear reinforcement tape.
NUM  12.
PAR  12. An apparatus as claimed in claim 1 including a resin bath provided
      upstream of the die cavity for impregnating the fibres.
NUM  13.
PAR  13. An apparatus as claimed in claim 12 including heating means to assist
      solidification of the resin downstream of the die cavity.
NUM  14.
PAR  14. An apparatus as claimed in claim 13 including heaters for the two
      rolls, the mandrel, and a preheat zone upstream of the die cavity.
NUM  15.
PAR  15. An apparatus as claimed in claim 7 including means for holding the
      rolls and the mandrel, in a predetermined position.
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ABST
PAL  A shuttle is mounted in a passage connecting ducts from injection barrels.
      An outlet in the passage wall connects to a common sprue channel. The
      shuttle isolates one duct from the opening at each end of its travel but
      at no time blocks the opening. The shuttle is preferably a ball and is
      preferably located in the spigot of a shut-off tap.
BSUM
PAR  This invention relates to injection moulding machinery and in particular to
      an injection unit for injecting plastic materials sequentially into a
      mould cavity from separate sources.
PAR  By injecting plastic materials sequentially into a mould cavity from
      separate sources, articles may be formed having a skin of the material
      first injected enclosing a core of the second injected material.
PAR  Various embodiments of this process and machinery suitable therefor are
      described in, inter alia, our British Patent Specification Nos. 1,156,217,
      1,219,097 and 1,255,970.
PAR  In order to achieve rapid moulding cycles it is desirable that the walls of
      the mould cavity into which the materials are injected are maintained at
      such a temperature as to enhance solidification of the synthetic resin
      material. The mould temperatures are conveniently those utilised for the
      conventional injection moulding of the skin material, or, where one of the
      materials is thermosetting, the temperatures normally utilised for
      injection moulding of that thermosetting material. Thus where both the
      synthetic resin materials are thermoplastics that are solidified by
      cooling, the mould walls are preferably maintained at a temperature below
      the softening point of the skin material e.g. at a temperature in the
      range 0.degree. to 100.degree.C by water or oil circulating within the
      mould members defining the mould cavity. Where one or both of the
      synthetic resin materials are thermosetting i.e., materials that are
      converted to the solidified state by heating, the mould walls are
      preferably heated to the temperature necessary to effect solidification of
      the thermosetting resin.
PAR  Except where the skin material is thermoplastic and the core thermosetting
      in which case a heated mould would be utilised to effect curing of the
      core material, on injection of synthetic resin material into the mould
      cavity, the material adjacent to the walls solidifies before that in the
      centre of the cavity. As the material is injected into the mould cavity,
      it contacts the mould wall and then spreads out from the injection
      orifice, herein termed the sprue passage, towards the mould extremities.
      Thus while material is beiing injected, the melt front is continuously
      moving until it is halted by contact with the mould wall. We have noticed
      that if the melt front temporarily stops moving before the mould cavity is
      filled, a line may appear on the surface of the moulded article at a point
      corresponding to the position of the melt front when it was temporarily
      halted. This line is believed to be caused by preferential solidification
      of the melt at the point where the melt front is stationary. Some
      materials exhibit this line, herein termed a hesitation mark, to a greater
      extent than other materials.
PAR  During the injection cycle it is necessary to inject different materials,
      i.e., the skin material and then the core material, and so it is necessary
      to switch from injection of one material to another. While it is possible
      to arrange that the switchover is very rapid nevertheless a hesitation
      mark is still liable to occur.
PAR  In some cases it may be possible to arrange that injection is continuous,
      for example by arranging plugs of the materials to be injected in series
      in an injection barrel of an injection moulding machine. While this may
      avoid hesitation marks, it is less versatile than systems using separate
      injection barrels as the same injection conditions, e.g. temperatures,
      have to be used for each material and also contamination of the skin
      material by core material is possible.
PAR  In our British Pat. No. 1,291,111 we described a shuttle valve system which
      enabled injection of the second material to commence before injection of
      the first material stopped. By arranging for this "overlap" of injection
      the hesitation marks can be reduced or eliminated. We have now devised an
      alternative form of such a valve.
PAR  Accordingly we provide an injection unit of an injection moulding machine,
      for injecting plastic materials sequentially into a mould cavity with
      injection of the second material commencing before completion of injection
      of the first material, comprising
PA1  1. two injection barrels,
PA1  2. a single channel for connection with a sprue passage of a mould cavity,
PA1  3. ducts connecting each injection barrel with the single channel,
PA1  4. means to force plastic material from each barrel into the mould cavity
      via said ducts, channel, and sprue passage,
PA1  5. isolator means to isolate both injection barrels from the sprue passage
      at the same time, and
PA1  6. selector means having dispositions wherein each barrel in turn is
      connected to the single channel with the other barrel isolated therefrom,
      and in the transitional disposition of said selectror means, between said
      dispositions wherein one barrel is connected to the single channel and the
      other barrel is isolated therefrom, both barrels are connected to the
      single channel,
PAL  characterised in that said selector means is located at the junction of
      said ducts and said single channel and comprises
PA1  a. a passage each end of which connects to one of said ducts,
PA1  b. an opening in the wall of the passage, intermediate said ends,
      connecting with said single channel, the width of said opening being less
      than the width of said passage,
PA1  c. a shuttle mounted in said passage and being moveable, under the action
      of the pressure exerted by the plastic material, along the length of the
      passage, said shuttle blocking the passage, at each extremity of its
      movement, to prevent flow of material from the duct at that end of the
      passage, via the passage, to the opening, said shuttle at no time
      completely blocking said opening so that at any position of the shuttle,
      one or both of the ducts is connected to the opening.
PAR  The shuttle is thus of such a configuration that, if it has a part of the
      same cross-section as the passage, the length of that part, in the
      direction of movement of the shuttle, is less than the greatest dimension
      of said opening in the direction of movement of the shuttle.
PAR  The shuttle is preferably a ball and the passage is of circular
      cross-section having the same diameter as the ball. Alternatively short
      cylindrical shuttles can be used, or shuttles of other cross-sections. The
      shuttle preferably has a distance of travel greater than, or equal to, the
      greatest dimension of the opening in the direction of movement of the
      shuttle.
PAR  In operation, when one material is being injected, the injection pressure
      of that material emerging into the passage from the duct at one end
      thereof forces the shuttle to its extremity of its travel on the side of
      he opening in the passage remote from said one end. In this position the
      shuttle seals or isolates the other duct from communication with the
      opening.
PAR  When injection of material from the first barrel is nearing completion, the
      pressure on the material in the second barrel is increased. The shuttle is
      thus forced to move towards the other end of the passage, thus connecting
      the duct from the second barrel to the opening. As the shuttle at no time
      completely blocks the opening, material can thus flow from both injection
      barrels, via their associated ducts into the passage and hence into the
      mould. When the shuttle reaches the other extremity of its travel the duct
      from the first barrel is isolated from the opening, thus stopping flow of
      material from the first barrel.
PAR  The isolator means may be either upstream or downstream of the shuttle
      selector valve. It is preferably upstream of the shuttle selector valve so
      that both of the injection barrels can be isolated from the passage in the
      shuttle selector valve. This enables both injection barrels to be
      recharged with plastics material independently of each other.
PAR  In a preferred form the isolator is a rotary tap and particularly is a tap
      arranged both upstream and downstream of the shuttle selector valve. This
      may be achieved by locating the shuttle selector valve inside the spigot
      of a rotary tap. Such a tap spigot has two inlets one for communication
      with each duct, and a single outlet, which corresponds to aforesaid single
      channel, for communication with the sprue passage. On rotation of the
      spigot from the "on" position, the spigot inlets are taken out of
      communication with the ducts, thereby isolating each barrel from the sprue
      passage and from each other, upstream of the shuttle selector valve, and
      also the outlet of the spigot is taken out of communication with the sprue
      passage.
DRWD
PAR  One embodiment of the invention is now described with reference to the
      accompanying drawings wherein
PAR  FIG. 1 is a diagrammatic layout of the apparatus,
PAR  FIG. 2 is a partial cross-section through the tap part of the injection
      unit showing the shuttle at one extremity of its travel;
PAR  FIG. 3 is a view corresponding to part of FIG. 2 showing the shuttle in
      mid-position;
PAR  FIG. 4 is a view similar to FIG. 3 but showing an enlarged opening in the
      shuttle passage;
PAR  FIG. 5 is a section along the line V--V of FIG. 4 with the shuttle omitted;
      and
PAR  FIG. 6 is a view, similar to FIG. 3 but showing an alternative form of
      shuttle at one extremity of its movement.
DETD
PAR  In FIG. 1 there is shown an injection unit comprising two injection barrels
      1, 2 each provided with reciprocating screw injection rams which can be
      rotatably driven by motors 3 and reciprocated by hydraulic cylinders 4.
      The outlets of the injection barrels are connected via a tap 5 to a sprue
      passage 6 of a mould assembly 7. The tap 5 can be rotated between "on" and
      "off" positions by means of a motor 8.
PAR  The tap arrangement is shown in more detail in FIGS. 2 to 4.
PAR  Referring to FIGS. 2 and 3 the rotary tap 5 comprises a rotatable spigot 9
      mounted in a housing 10. A squared projection 11 on one end of spigot 9
      enables the spigot to be rotated by the drive motor 8.
PAR  The two outlets from the injection barrels 1, 2 are shown as hot runners
      12, 13. The housing 10 also provides the start of the sprue passage 6. The
      tap spigot 9 is provided with inlet ducts 14, 15 and a single cylindrical
      outlet channel 16. In the "on" position shown in FIG. 2 each inlet duct
      14, 15 is connected to its associated hot runner 12, 13 respectively, and
      the outlet channel 16 is connected to sprue passage 6. On rotation of
      spigot 9 by means of motor 8 driving squared projection 11, the ducts 14,
      15 and channel 16 can be moved out of communication with hot runners 12,
      13 and sprue passage 6 respectively, thus constituting an "off" position
      wherein both injection barrels are isolated from each other and from the
      sprue passage 6.
PAR  Inside spigot 9, duct 15 leads into one end of a cylindrical bore disposed
      with its longitudinal axis along the axis of rotation of spigot 9.
PAR  A plug 17 is screwed into an enlargement of the cylindrical bore and this
      plug 17 has a cylindrical projection 18 which fits inside the bore. Duct
      14 connects with a duct 19 in projection 18 and thence with a cylindrical
      passage 20 formed by the plugged cylindrical bore. This passage 20 has an
      opening 21 disposed in the wall thereof which opening forms the start of
      channel 16. The diameter of opening 21 and channel 16 is less han the
      diameter of passage 20. It is thus seen that passage 20 connects duct 15
      with duct 14 via the duct 19 which forms an extension of duct 14.
PAR  Situtated in passage 20 is a shuttle consisting of a ball 22. This ball has
      the same diameter as passage 20 and is movable therealong. By virtue of
      the fact that the shuttle is here a sphere, the length of the shuttle, in
      the direction of movement thereof, that has the cross-section of passage
      20 is the thickness of the circumference and so is actually of
      infinitesimal length.
PAR  This length is thus less than the greatest dimension of opening 21, i.e.,
      the diameter thereof, in the direction of movement of the shuttle. At each
      end of its movement, the ball seats against a tapered surface constituting
      the junctions of ducts 15 and 19 with passage 20. At one extremity of the
      movement of ball 22 (as shown in FIG. 2), its centre line, and hence the
      circumference in contact with the walls of passage 20, lies at one side of
      opening 21 while at the other extremity of movement, it lies to the other
      side of opening 21.
PAR  In the extreme position, as shown in FIG. 2, material can be injected from
      hot runner 12 to sprue passage 6 via, in turn, duct 14, duct 19, passage
      20 and channel 16. At the same time the pressure on the material being
      injected forces ball 22 firmly against the tapered seating surface, thus
      isolating duct 15 from passage 20 and hence hot runner 13 from sprue
      passage 6.
PAR  In the transitional position as the ball moves from one extremity of
      movement to the other, as shown in FIG. 3, both duct 19 and duct 15 are in
      communication with passage 20 and because ball 22 can at no time block
      opening 21, material can flow from both hot runners 12 and 13 to the sprue
      passage 6.
PAR  The ball 22 is moved from one position to the other by the pressure exerted
      thereupon by the plastic material. When the injection of material from hot
      runner 12 is nearing completion (i.e., with the shuttle in the FIG. 2
      position), the pressure on the material in the other injection barrel, and
      hence in hot runner 13, is increased. Because the whole of the
      cross-sectional area of the ball 22 is subjected to the pressure of the
      material in passage 20, while the area of the ball subjected to the
      pressure of material in duct 15 is somewhat less, due to the diameter of
      seating of the ball being less than the diameter of passage 20, the
      material in duct 15 has to be subjected to a higher pressure than that
      prevailing in passage 20 before the ball 22 will start to move. As the
      ball moves, material will be forced into the sprue passage 6 from both hot
      runners. When the injection ram in the injection barrel 2 connected to hot
      runner 12 stops moving forward the applied pressure will drop and ball 22
      will seat against the tapered end of projection 18, thus isolating hot
      runner 12 from the sprue passage 6.
PAR  If it is desired to have a greater degree of overlap of injection, opening
      21 may be enlarged in the direction of movement of the shuttle (although
      the width of the opening 21, i.e., in the direction perpendicular to the
      direction of movement, must remain less than the diameter of passage 20 to
      stop ball 22 dropping into the opening 21). Such an enlargement is shown
      in FIGS. 4 and 5.
PAR  Another advantage of this arrangement we have found is that the second
      injected material tends to be injected fairly concentrically down the
      sprue passage and hence the mould cavity is filled evenly.
PAR  Instead of a ball shuttle, alternative forms may be used. One of these is
      shown in FIG. 6. Here the passage 20 is of rectangular cross-section and
      the shuttle 22 has a middle portion 23 of corresponding rectangular
      cross-section. The length of this middle portion is less than the
      longitudinal dimension of the opening 21 so that shuttle 22 does not close
      opening 21 during its path of movement. The remainder of the length of
      shuttle 22 is of lesser cross-section and the ends are tapered to seat
      against the tapered ends of passage 20.
PAR  The sequence of operation of the apparatus of the present invention will
      generaly be as follows, referring to the apparatus of FIGS. 1 to 3 with
      the tap spigot in the "off" position, the mould cavity 7 is closed, the
      injection barrels 1, 2 are charged with plasticised plastics material by
      screw plasticisation in the normal way and the `skin` material injection
      barrel 1 (connected to hot runner 12) pressurised. The tap is then turned
      to the "on" position and the skin material injection ram forced forwards
      by its associated hydraulic cylinder 4. The pressure of the material in
      hot runner 12 forces ball 22 to the FIG. 2 position, if it was not there
      already, and skin material is injected, via sprue passage 6, into the
      mould cavity. When injection of skin material is nearly complete, the core
      material injection ram in the injection barrel 2 connected to hot runner
      13 is forced forwards; this pressurises the material in duct 15 until ball
      22 starts to move. Injection of skin material continues meanwhile and
      injection of core material commences as soon as ball 22 is moved clear of
      the seating at the end of passage 20. Movement of the skin material
      injection ram is halted and the pressure exerted on ball 22 by the core
      material from duct 15 causes the ball 22 to seat against the tapered end
      of projection 18, thus stopping injection of skin material. Often, when
      injection of core material is nearly complete, the skin material injection
      ram is forced forward to repressurise the skin material in duct 19 and
      move ball 22 back to the FIG. 2 position as the core material ram is
      halted, thus injecting a further amount of skin material. The tap is then
      rotated to the "off" position, the moulding allowed to solidify and the
      injection rams recharged with plasticised material. After solidification
      the moulding is removed from the mould cavity, together with the sprue
      formed in sprue passage 6 and the system is then in readiness for the next
      moulding cycle. The further injection of skin material enables any
      residual core material to be swept from the channel 16, so that on
      commencing injection of skin material in the next moulding cycle, no core
      material is present in channel 16, which being inside the tap spigot
      cannot be removed with the sprue, and so contamination of the skin
      injection in the next moulding cycle is avoided. It also ensures that the
      shuttle 22 is moved to the FIG. 2 position in readiness for the next
      moulding cycle.
PAR  It will be appreciated that if the length of travel of the shuttle is
      increased, the shuttle may lift off its seating before opening 21 is
      brought into communication with the portion of passage 20 between the
      previously isolated duct and the shuttle. In this case no injection of
      material from that previously isolated duct will occur until the shuttle
      moves sufficiently to permit communication between that duct and opening
      21.
CLMS
STM  I claim:
NUM  1.
PAR  1. An injection unit of an injection moulding machine, for injecting
      plastics material sequentially into a mould cavity with injection of the
      second material commencing before completion of injection of the first
      material, comprising
PA1  a. two injection barrels;
PA1  b. ducts connecting with each injection barrel;
PA1  c. a passage, each end of which connects to one of said ducts, said passage
      having an opening in its wall, intermediate said ends, the width of said
      opening being less than the width of said passage;
PA1  d. a single channel for connection of said opening with a sprue passage of
      a mould cavity;
PA1  e. means to force plastics material from each barrel into the mould cavity
      via said ducts, passage, channel and sprue passage;
PA1  f. isolator means, having an on-position for communicating the single
      channel with the injection barrels and an off-position wherein both
      injection barrels are isolated from the single channel at a location
      upstream of said passage; and
PA1  g. a shuttle located in said passage and being moveable, under the action
      of the pressure exerted by the plastics material, along the length of the
      passage, said shuttle having a cross-section substantially the same as the
      passage and at each extremity of its movement blocking the duct at that
      end of the passage to prevent flow of material from that duct to the
      single channel, and said shuttle at no time completely blocks said opening
      so that, when the isolator means is in the on-position, depending on the
      position of the shuttle, one or other or both of the injection barrels are
      connected to the single channel via said ducts, passage and opening.
NUM  2.
PAR  2. An injection unit as claimed in claim 1 wherein the passage is of
      circular cross section and the shuttle comprises a ball of the same
      diameter as said passage.
NUM  3.
PAR  3. An injection unit as claimed in claim 1 wherein the shuttle has a
      distance of travel at least equal to the greatest dimension of the opening
      in the direction of movement of the shuttle.
NUM  4.
PAR  4. An injection unit as claimed in claim 1 wherein the isolator means, when
      in the off-position, also isolates the single channel from the sprue
      passage.
NUM  5.
PAR  5. An injection unit as claimed in claim 4 wherein the isolator means is a
      rotary tap and the passage and shuttle are located inside the spigot of
      the tap.
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ABST
PAL  Methods and an apparatus for filling doughnuts or like edible products with
      a filling in which the product is extruded over and through a hollow,
      annular filling nozzle such that the product material flows closely past
      radially, outwardly directed discharge openings in the filling nozzle. The
      product material forms a solid annular ring where it is rejoined, and
      filling material is injected into the ring by applying positive pressure
      to the filling material in the filling nozzle. The filling flow is stopped
      by applying negative pressure from within the filling nozzle to draw the
      filling material back from the discharge openings of the nozzle. The
      negative pressure allows the product material to move toward the discharge
      openings, sealing the openings.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to improvements in methods and apparatus for the
      production of filled, edible products, such as doughnuts, particularly
      products of a hollow-center, ring-like configuration but which can also be
      of other shapes.
PAR  2. Description of the Prior Art
PAR  Various types of techniques have been used for injecting into doughnuts a
      filling material, such as cream or jelly. These devices primarily use some
      form of extrusion technique for forming the product, then either extrude
      or inject the filling material into the product while in a yet unformed
      state and then finally form the product around the filling material. These
      various techniques have generally involved very elaborate mechanical
      mechanisms to control and guide the flow of both the filling material and
      the product material and thus have been expensive to manufacture and
      difficult to maintain.
PAR  One problem in injecting the filling material into edible products that are
      later cooked, as in a fryer, is that the filling material, during the
      injecting process, is not adequately sealed from the outside surface of
      the product, preventing the formation of a good bond between the product
      material at the surface of the product and impairing the quality and
      appearance of the final product.
PAR  Various techniques known to Applicant for filling doughnutlike products are
      described in the following U.S. Pat. Nos. 3,452,687; 3,362,355; 3,196,810;
      2,982,231; 1,933,557.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved method for forming
      hollow, ring-like, edible products with a center ring of filling.
PAR  It is another object of this invention to provide an improved process for
      making filled, toroidal-type doughnuts.
PAR  It is another object of this invention to provide a method for making
      toroidal-shaped, filled doughnuts of a high quality and a good appearance.
PAR  It is another object of this invention to provide a method of forming
      toroidal-shaped, filled doughnuts in which the filling material is placed
      generally along a line equidistantly located in the doughnut ring.
PAR  It is still another object of this invention to provide a method for
      injecting a filling material into a toroidal-shaped doughnut without
      leaving a dribble of filling material from within the doughnut to the
      outside surface of the doughnut.
PAR  Basically, these objects are obtained by extruding the doughnut product
      material along two annular paths that later join together but form a void
      at the division of the paths. The filling material is then injected
      generally radially outwardly into the joined paths from within the void.
      Finally, the product material is closed off between the void and the
      injected filling material to seal the filling material generally centrally
      in the cross-section of the product material.
PAR  These objects are also obtained by a unique method for controlling the flow
      of filling material into the product by discharging the filling material
      through discharge openings or orifices until the desired quantity of
      filling material has been injected, then generally after a short delay
      applying negative pressure to draw the filling material back from the
      discharge orifices and allowing the product material to move over the
      discharge orifices and form a bond to make the inner surface of the
      doughnut ring.
PAR  It is also an object of this invention to provide an apparatus for making
      filled, edible products.
PAR  It is another object of the invention to provide an apparatus for forming
      filled, toroidal-shaped, edible products, such as doughnuts.
PAR  It is another object of this invention to provide an apparatus for forming
      toroidal-shaped dougnuts that is generally inexpensive to manufacture,
      easy to maintain and which provides a high quality product of good
      appearance and good customer acceptability.
PAR  These objects are best obtained by providing means for extruding the
      doughnut material through and around a filling material discharge nozzle.
      Means are also provided for forcing filling material out through the
      discharge nozzle in a generally radially directed ring and then retracting
      a portion of the filling material back through the discharge nozzle so
      that the filling material flow is stopped, closing the doughnut material
      around the filling material between the discharge opening of the filling
      material discharge nozzle and the ring of filling material in the doughnut
      and, finally, moving the doughnut and filling material discharge nozzle
      relative to one another to finally form the filled doughnut.
PAR  The invention is applicable to virtually all types of filled, cooked,
      edible products of various shapes. Preferably, the final product will be a
      toroidal-shaped, ring-type doughnut with the filling material being placed
      in a ring centrally in the doughnut. The description hereinafter will
      refer to a doughnut material and a jelly filling material but this
      description is solely intended for brevity and explaining one embodiment
      only.
PAR  By extruding the doughnut material through a hollow, jelly discharge
      nozzle, the doughnut material is able to reform outside of the radially
      directed discharge openings of the jelly nozzle, such that the injection
      of the jelly into the reformed ring can be varied radially outwardly or
      radially inwardly of the formed doughnut ring to position the jelly ring
      radially within the doughnut. Preferably, the injection is timed to place
      the ring of jelly in the approximate center of the cross-section of the
      ring of the doughnut. Further extrusion of the doughnut material after the
      injection of the jelly is completed draws the remaining doughnut material
      past the discharge opening of the jelly nozzle to seal the ring of jelly
      from the inside surface of the doughnut ring. In this way, the jelly does
      not dribble or have a thread between the two extruded layers of the
      doughnut, which thread would weaken the structure of the doughnut. The use
      of positive and negative pressure from within the jelly nozzle to control
      the discharge of the jelly is highly advantageous since it reduces the
      number of mechanisms necessary to control the flow of jelly and provides a
      more positive and clean shutoff of the jelly than has heretofore been
      possible. The reduction in the number of parts also makes cleaning of the
      apparatus much less time-consuming.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric illustration of a center-filled doughnut making
      machine embodying the principles of the invention.
PAR  FIG. 1A is a preferred time sequence diagram for one embodiment and one
      formulation of jelly and doughnut material.
PAR  FIG. 2 is a horizontal section taken along the line 2--2 of FIG. 4.
PAR  FIG. 3 is a vertical section taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is vertical longitudinal section of a portion of the apparatus shown
      in FIG. 1 and illustrating one step of a filled doughnut-forming sequence.
PAR  FIG. 4A is a schematic illustration of the dough and fill material paths.
PAR  FIGS. 5-7 are operational sequence views illustrating further steps in the
      sequence of making a filled doughnut.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As is best shown in FIG. 1, the filled doughnut making apparatus includes a
      unique cutter head 10 embodying the principles of the invention which is
      carried on a well-known doughnut fryer 12. The fryer employs a tank 14
      which holds hot cooking oil through which the doughnuts are carried by a
      conveyor 15. A paddle 16 overturns the doughnuts as they travel through
      the tank in a well-known manner. Further details of the frying unit are
      not believed necessary to an understanding of the invention.
PAR  Sitting adjacent the frying unit is a filling material dispenser 18 which,
      as will be described herein below, operates in conjunction with the cutter
      head 10 to inject semi-solid filling material, such as jelly, in the form
      of a circle concentric about the center of the doughnut hole and generally
      centrally positioned in the doughnut ring.
PAR  As is best shown in FIGS. 1 and 4, the cutter head includes a conventional
      hopper 20 for holding a supply of doughnut, pastry or other like edible
      product D. Seated in the bottom of the hopper is a forming cylinder 21
      through which the doughnut material D is extruded. The doughnut material
      is pushed through the sleeve by a metering piston 22. A forming piston 24
      is positioned axially a variable-spaced distance below the metering piston
      to provide a forming surface for the bottom of the doughnut and to also
      act as a cutter to sever the doughnut from the forming cylinder, allowing
      it to fall into the tank 14. As thus far described, the cutter head 10 is
      similar to known doughnut formers, such as illustrated in U.S. Pat. No.
      2,643,621. The pistons 22 and 24 are reciprocated in timed sequence
      relative to one another by cams 26. The cams are driven through a
      combination motor-brake and oscillate cam levers 30 and 32 to reciprocate
      the metering piston 22 and forming piston 24, respectively.
PAR  It is a unique feature of this invention that jelly or other fill material
      can be injected into the product P during the extruding process to form a
      circular ring of jelly or fill material F approximately in the center of
      the ring of the doughnut. For this purpose, the forming piston 24 is
      secured to an actuating rod 36, the intermediate portion of which is a
      hollow tube 38. The bottom of the tube 38 is solid, as at 39, to form a
      plug for the end of the hollow tube. As best shown in FIGS. 2 and 3, the
      hollow tube 38 terminates in a nozzle 35 having a plurality of radially
      directed tubes 40, preferably six in number, that provide passages for
      fill material from the tube to a metering cavity 42. The metering cavity
      42 is formed between a spoked wheel or disc 44 and a ring 46. The ring 46
      is provided with a circumferential band 48 that provides an annular
      orifice 50, approximately 0.020 of an inch, between the metering cavity 42
      and discharge ports 52. The discharge ports 52, approximately 0.025 of an
      inch in height, are circumferentially spaced about the wheel 44 by a
      plurality of small bosses 54 machined into the underside of the ring 46.
      As is readily apparent, the fill material is moved past the band 48 and
      out through the discharge ports 52 in a discontinuous circular pattern.
PAR  As best shown in FIG. 4A, dough D is free to pass between the radial tubes
      40 and thus beneath the wheel 44 as well as outwardly of the ring 46
      between the ring and the forming cylinder 21. In this manner, the doughnut
      material is extruded against the forming piston and around the upper and
      lower surfaces of the discharge ports 52. The discharge ports 52 are
      formed of upper and lower horizontal surfaces 52a and 52b which enable the
      jelly to assume a preferred horizontal direction during discharge.
      Chamfered surfaces 46a and 44a allow the doughnut material to slide
      smoothly past the discharge passages so that the fill material does not
      leak out of its desired path.
PAR  Movement of the fill material through the discharge ports 52 is uniquely
      controlled by sequential application of positive and negative pressure to
      the tube 38. For this purpose, the fill material dispenser 18 is provided
      with a conventional three-phase motor 56 and a brake 58 to drive a gear
      reducer 59. The gear reducer is provided with an output shaft 60 that
      drives a twin-output gear box 62. The outputs of the gear box 62 are
      coupled to a pair of impellers 64 of a metering pump 66. The pump is of a
      conventional type providing a positive displacement of fill material from
      a hopper 70 to the jelly discharge nozzle 35 in exactly measured amounts.
      The quantity of pumped jelly is determined from a control panel 76 having
      a meter readout dial 77 coupled to the shaft 60 and a plurality of
      variable electrical controls 78 for energizing the motor 56 and brake 58
      and synchronizing the energization with movement of the doughnut-forming
      elements of the cutter head 10. The control panel is provided with various
      time delay relays which, through related circuitry, run the pump 64 to
      force jelly through a pair of lines 74 to the tube 38, thence through the
      discharge ports 52. After a predetermined amount of jelly is discharged
      from the ports 52, the control automatically applies a delay period and
      then reverses the pump 66 to place a negative pressure on the fill
      material in the lines 74 to withdraw the fill material from the discharge
      ports 52 back into the metering cavity 42. In this manner, the flow of
      fill material into the formed product is completely terminated. A
      particularly advantageous feature of this type of fill material cut-off is
      that the area adjacent the discharge ports 52 is kept clean of fill
      material and the dough can form together tightly adjacent the discharge
      ports so that no trails or dribbles of fill material are left between the
      center ring of the fill material and the inner annulus of the doughnut.
      The controls are variable so that either the quantity of fill material
      injected can be varied or the length of time of negative pressure varied,
      depending upon the type of product being formed and the viscosity and like
      characteristics of the fill material.
PAR  In order to provide sufficient delay to allow the fill material to be
      injected into the product, the cutter head 10 is provided with a motor 80
      having a brake 82. The motor drives the cams 26 through a shaft 83.
      Synchronization of the dispensing apparatus and the cutter head is
      obtained through a cam 84 keyed to the shaft 83 and operable to close a
      microswitch 85 when the metering and forming pistons 22 and 24 have
      reached desired positions in the cylinder 21. This operation is best
      illustrated in FIGS. 4-7. In FIG. 4, the motor 80 is energized, lowering
      the forming piston 24 and the metering piston 22 simultaneously, trapping
      a measured quantity of dough D in the forming cylinder 21. As is
      conventional practice, the forming piston moves relative to the metering
      piston into the position shown in FIG. 5, allowing a quantity of the dough
      D to be extruded between the lower edge of the forming cylinder and the
      upper surface of the forming piston. At this time, the microswitch 85 is
      closed to apply the brake 82 and hold the metering and forming pistons in
      a holding cycle. The switch 85 also signals to the control panel 76, and
      the motor 56 is energized to force a quantity of jelly through the
      discharge passages 52. The jelly travels radially outwardly and at a
      slight angle downwardly, discharging circumferentially spaced, circular
      segments of jelly into the approximate center of the outer ring of the
      doughnut. Next, the control energizes the brake 58 and then, after a time
      delay, reverses the motor 56 to apply a negative pressure to stop the flow
      of fill material out of the discharge ports 52. The time delay between
      pushing the jelly out and then applying a negative pressure to shut off
      the flow of jelly is used to allow the forward motion of the jelly, due to
      entrapped compressed air, to come to an approximate halt. The signal is
      then given to again cycle the motor 80 and release the brake 82 to
      continue downward movement of the metering piston 22, as shown in FIG. 6.
      The completion of the cycle is, as in conventional equipment, to extrude
      the doughnut completely and then retract the forming piston to cut off the
      doughnut and let it fall by gravity into the tank 14. The above cycle is
      repeated for making a plurality of filled doughnuts.
PAR  While the pump 66 is connected to the fill nozzle 35 by a pair of lines 74,
      more or less lines can be used as desired. Also, an additional line or
      lines can be coupled between the pump and the fill nozzle of a second
      cutter unit if desired.
PAR  A preferred sequence of operations is best understood from a description of
      the operational diagram of FIG. 1A. As pistons 24 and 35 are moved down,
      switch 85 gets closed at time 0 thus; stopping motor 80, applying brake 82
      and starting pump 66 in the forward direction. After approximately 1.2
      seconds, pump 66 is stopped and the hold-time period begins to allow the
      jelly flow to stop. After approximately 0.4-0.5 seconds, the pump is
      started in the reverse direction and runs for approximately 0.6-0.7
      seconds. After stopping the pump, the motor 88 is again energized and
      brake 82 released, completing the cycle of the doughnut formation.
PAR  By varying the point of energization of the positive pressure and/or the
      negative pressure application relative to the product material-extruding
      operation, the radial location of the ring of jelly within the doughnut
      ring can be varied outwardly or inwardly as desired. Furthermore, by
      varying the length of time positive pressure is applied, the quantity of
      jelly injected can also be varied.
PAR  While the preferred embodiments of the invention have been illustrated and
      described, it should be understood that variations will be apparent to one
      skilled in the art without departing from the principles expressed herein.
      Accordingly, the invention is not to be limited to the embodiment
      illustrated.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Apparatus for filling edible products with a filling material,
      comprising:
PA1  a product material hopper having a forming cylinder,
PA1  forming piston means reciprocably mounted in said forming cylinder,
PA1  metering piston means axially spaced from said forming piston means and
      independently reciprocably mounted in said forming cylinder,
PA1  means for reciprocating the forming and metering piston means in said
      forming cylinder to trap a quantity of product material and extrude it
      radially outwardly of said forming cylinder in an annular ring, and
PA1  means within said forming cylinder for injecting a ring of filling material
      substantially radially outwardly into said ring of product material, said
      injecting means including annular nozzle means providing split product
      material flow passages over and through said nozzle means whereby the
      filling material is injected into the space between said split paths.
NUM  2.
PAR  2. Apparatus of claim 1, said filling material injecting means including a
      filling material supply, tube means joining said supply with said annular
      nozzle means, and pump means for applying positive and negative pressures
      on said filling material to control movement of the filling material
      through said nozzle means.
NUM  3.
PAR  3. Apparatus for filling edible products with a relatively low-viscosity,
      readily flowable filling material, comprising:
PA1  means for partially forming th product into its final form in an atmosphere
      of a first pressure,
PA1  nozzle means having a discharge orifice for injecting filling material into
      said partially formed product,
PA1  means applying a positive pressure and a negative pressure less than said
      first pressure on said filling material for respectively injecting filling
      material against said product material and for withdrawing a portion of
      the filling material into said nozzle means and pulling a portion of the
      product material against said nozzle means discharge orifice for sealing
      the orifice against filling material leakage, and
PA1  means for finally forming the product between said nozzle and said injected
      filling material to form a final product completely sealing said filling
      material.
NUM  4.
PAR  4. The apparatus of claim 3, said discharge orifice of said filling
      material nozzle having a fixed opening.
NUM  5.
PAR  5. The apparatus of claim 3, said means for applying a negative pressure on
      said filling material including means for varying the negative pressure.
NUM  6.
PAR  6. The apparatus of claim 3, said means for applying positive and negative
      pressure on said filling material including means for delaying the
      application of positive pressure for allowing the low-viscosity filling
      material to stand stationary inward of said orifice while additional
      product material is being extruded.
NUM  7.
PAR  7. The apparatus of claim 3, said nozzle means including an annular cavity,
      and a metering band separating said cavity from said orifice for providing
      a smaller surface area opening than said annular cavity to control flow of
      the filling material to said orifice.
NUM  8.
PAR  8. Apparatus for filling edible products with a relatively low-viscosity,
      readily flowable filling material, comprising:
PA1  cylinder means, forming means cooperating with said cylinder means for
      providing a generally radially opening product material discharge passage
      for partially extruding the product into its final form in an atmosphere
      of a first pressure,
PA1  nozzle means for injecting filling material radially into said partially
      formed product, said nozzle means including at least one orifice
      confronting said product material discharge passage,
PA1  means applying positive pressure on said filling material in said nozzle
      means for forcing filling material against said product material and
      applying negative pressure below said first pressure on said filling
      material to partially retract the flow of filling material and a portion
      of said product material against the orifice, and
PA1  means for finally forming the product between said nozzle means and the
      injected filling material to form a final product completely enclosing the
      filling material.
NUM  9.
PAR  9. Apparatus of claim 18, said pressure applying means including a filling
      material supply, a reversible metering pump coupled to said supply, tube
      means coupling said pump with said nozzle means, and means for operating
      said pump in a predetermined sequence for injecting, delaying and
      reversing the flow of filling material between the supply and the nozzle
      means.
NUM  10.
PAR  10. Apparatus of claim 8, said nozzle means including a central opening and
      a smooth outer surface and being positioned between said cylinder means
      and said forming means whereby product material passes through said
      central opening and over said outer surface in a split path and is joined
      again radially outward of said nozzle means, said orifice having a
      circumferential discharge opening substantially circumferentially of said
      cylinder and terminating within said split path for injecting the filling
      material against the rejoined product material, and including means for
      extruding part of the product along said split path prior to injecting the
      filling material and for extruding the remaining product material over the
      orifice circumferential discharge opening to form an annular inner surface
      of the product between the injected filling material and the orifice
      circumferential discharge opening.
NUM  11.
PAR  11. Apparatus of claim 8, said means for applying positive pressure
      including means for varying the length of time of said positive pressure
      application to vary the amount of filling material injected.
NUM  12.
PAR  12. Apparatus of claim 8, including control means for varying the time of
      initiating energization of said positive pressure for varying the location
      of the filling material within said product.
NUM  13.
PAR  13. Apparatus for filling edible products with a filling material,
      comprising:
PA1  a product material hopper having a forming cylinder,
PA1  forming piston means reciprocably mounted in said forming cylinder,
PA1  metering piston means axially spaced from said forming piston means and
      independently reciprocably mounted in said forming cylinder,
PA1  means for reciprocating the forming and metering piston means in said
      forming cylinder to trap a quantity of product material and extrude it
      radially outwardly of said forming cylinder in an annular ring, and
PA1  means within said forming cylinder for injecting a ring of filling material
      substantially radially outwardly into said ring of product material, aid
      injecting means including annular nozzle means providing split product
      material flow passages over and through said nozzle means whereby the
      filling material is injected into the space between said split paths, said
      filling material injecting means including a filling material supply, tube
      means joining said supply with said annular nozzle means, and pump means
      for applying positive and negative pressures on said filling material to
      control movement of the filling material through said nozzle means, said
      nozzle means including circumferential discharge means, a plurality of
      spaced pipes joining said tube means and said discharge means, said spaced
      pipes allowing passage of said product material therebetween, said nozzle
      means being spaced between said forming piston and metering piston so that
      product material is guided past said discharge means from two directions
      to close off the discharge means during final forming of the product.
NUM  14.
PAR  14. Apparatus of claim 13, said discharge means including circumferentially
      spaced ports and an annular, chamfered surface on either side of said
      ports to guide the product material past said ports.
NUM  15.
PAR  15. Apparatus for filling edible products with a filling material,
      comprising:
PA1  a product material hopper having a forming cylinder,
PA1  forming piston means reciprocably mounted in said forming cylinder,
PA1  metering piston means axially spaced from said forming piston means and
      independently reciprocably mounted in said forming cylinder,
PA1  means for reciprocating the forming and metering piston means in said
      forming cylinder to trap a quantity of product material and extrude it
      radially outwardly of said forming cylinder in an annular ring, and
PA1  means within said forming cylinder for injecting a ring of filling material
      substantially radially outwardly into said ring of product material, said
      injecting means including annular nozzle means providing split product
      material flow passages over and through said nozzle means whereby the
      filling material is injected into the space between said split paths, said
      filling material injecting means including a filling material supply, tube
      means joining said supply with said annular nozzle means, and pump means
      for applying positive and negative pressures on said filling material to
      control movement of the filling material through said nozzle means, said
      nozzle means including an annular cavity and a plurality of
      circumferentially spaced discharge ports, and a metering band separating
      said cavity from said discharge ports for providing a smaller surface area
      orifice than said annular cavity to control flow of the fill material to
      said discharge ports.
NUM  16.
PAR  16. Apparatus for filling edible products with a filling material,
      comprising:
PA1  means for partially forming the product into its final form,
PA1  nozzle means for injecting filling material into said partially formed
      product,
PA1  means for applying positive pressure on said filling material in said
      nozzle means and for applying negative pressure on said filling material
      to partially retract the flow of filling material, and
PA1  means for finally forming the product between said nozzle means and the
      injected filling material to form a final product completely enclosing the
      filling material, said pressure applying means including a filling
      material supply, a reversible metering pump coupled to said supply, tube
      means coupling said pump with said nozzle means, and means for operating
      said pump in a predetermined sequence for injecting, delaying and
      reversing the flow of filling material between the supply and the nozzle
      means, said nozzle means including a metering cavity and a plurality of
      circumferentially, equidistantly spaced discharge ports, and an annular
      orifice joining said metering cavity and said discharge ports for
      controlling the flow of filling material to the discharge ports.
NUM  17.
PAR  17. Apparatus of claim 8, said filling material having a flowable,
      relatively low viscosity, said means for applying negative pressure on
      said filling material including means for varying the negative pressure
      for adjusting for filling materials of various flowable viscosities.
NUM  18.
PAR  18. Apparatus of claim 8, said filling material having a flowable,
      relatively low viscosity, said means for applying positive and negative
      pressure on said filling material including control means for providing a
      delay between the application of negative pressure to the application of
      positive pressure for allowing the filling material to stand stationary
      inward of said orifice while additional product material is being
      extruded.
NUM  19.
PAR  19. Apparatus of claim 8, said orifice of said filling material nozzle
      means having a fixed opening.
NUM  20.
PAR  20. Apparatus of claim 8, said nozzle means including an annular cavity,
      and a metering band separating said cavity from said orifice for providing
      a smaller surface area opening than said annular cavity to control flow of
      the filling material to said orifice.
NUM  21.
PAR  21. Apparatus for filling edible products with a relatively low-viscosity,
      readily flowable filling material, comprising:
PA1  cylinder means having a discharge end,
PA1  forming means including disk means having a peripheral edge in generally
      coaxial alignment with said cylinder means discharge end for providing
      with said discharge end a generally radially opening product material
      discharge passage, means for opening and closing said product material
      discharge passage for radially extruding a quantity of said product
      material, and means for moving said quantity of product material through
      said discharge passage for forming first a partially formed product and
      then a fully formed product having radially inner and outer portions,
PA1  injection means for injecting filling material between said discharge end
      and disk means outwardly against said partially formed product, said
      injection means including at least one discharge outlet discharging into
      said product material discharge passage,
PA1  means applying positive pressure on said filling material in said nozzle
      means for forcing filling material against said product material while it
      is in the state of a partially formed product and applying negative
      pressure sufficient to completely eliminate the positive pressure acting
      on the filling material so as to halt the flow of filling material out
      said discharge outlet while said state exists, thereby leaving a
      predetermined quantity of filling material against said partially formed
      product,
PA1  means for coordinating said forming means with said cylinder means to
      complete the extrusion of said partially formed product into a fully
      formed product completely enclosing said predetermined quantity of filling
      material.
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ABST
PAL  A molding system for producing articles of mottled appearance includes a
      plasticizing unit having an inner bore which communicates with a mold
      cavity. A feed screw is mounted within the bore and is connected to
      fluid-actuated motors for rotary and translational movement within the
      bore. A spreader device is positioned in a heated part of the bore ahead
      of the feed screw. The screw is rotated to feed and soften molding
      materials of diverse coloration and is subsequently translated to push the
      materials through the spreader device such that final plasticization
      occurs. A bridging conduit is provided between the rotary and
      translational motors to divert a controlled amount of fluid from the
      latter to the former during a pushing operation, to rotate the screw
      forwardly at a controlled rate or to hold pressure on the screw to prevent
      backward rotation or to limit the amount of backward rotation.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  This invention relates to improved methods and apparatus for injection
      molding of articles, such as rubber or plastic articles, having a mottled
      appearance.
PAR  One injection molding technique which has been heretofore employed involves
      the use of an injector unit of the type having a barrel and a plunger
      disposed for reciprocating movement within an inner bore of the barrel.
      The inner bore-defining surface of the barrel is heated, usually by means
      of heating bands which encircle the outer periphery of the barrel. By
      inserting molding materials of common or diverse coloration ahead of the
      plunger and then advancing the plunger, the materials are displaced toward
      the discharge orifice of the barrel. Contact with the heated surface of
      the bore causes the materials to become heated and plasticized.
      Material-spreading means might be employed in the barrel to increase the
      rate of heat exchange occurring between the material being displaced along
      the bore and the heated bore surfaces.
PAR  More recently, injection molding techniques have been somewhat
      revolutionized by the introduction of screw-type plasticating units.
PAR  The basic screw injector apparatus includes an elongated barrel and a screw
      which extends longitudinally through the barrel. The screw has a helical
      land or thread on its surface which cooperates with the internal surface
      of the barrel bore. The screw is rotated about its own axis to work the
      molding material and feed it toward the outlet end of the barrel. The
      working of material generates heat causing the material to melt as it
      progresses along the screw. Characteristic of screw-type injectors is an
      intense mixing of the materials which occurs during feeding, assuring
      that, upon reaching the end of the screw, the melt will be of
      substantially uniform temperature and consistency, and free of small gels
      and other fine-structure agglomerations.
PAR  Due to the superior performance of screw-type injectors over those
      previously utilized, especially involving such features as rate of
      plasticization, efficiency of heat transfer, degree of mixing, and overall
      melt quality, current high-production molding facilities rely heavily on
      such screw injector units.
PAR  Although screw injectors have been found highly advantageous in providing
      plasticated material having substantially homogeneous properties, such
      material may not be acceptable for the production of certain articles. For
      instance, the fabrication of articles having a mottled or marbled
      appearance requires that materials of diverse coloration must be melted
      and ejected without the occurrence of undue blending or dispersion of the
      colors. The intense material mixing and dispersion effected by screw
      injectors as conventionally constructed and utilized, would obviate the
      formation of such a color pattern. Hence, until now, the versatility of
      screw injectors has been somewhat limited.
PAR  It is, therefore, a general object of the invention to eliminate or
      minimize problems of the sort previousy discussed.
PAR  It is a particular object of the invention to provide novel extrusion
      methods and apparatus for enabling screw injectors to effectively produce
      articles having a mottled appearance.
PAR  It is another object of the invention to maximize the versatility and
      efficiency of screw injector operation.
PAC  SUMMARY OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  A preferred form of the invention intended to accomplish at least some of
      the foregoing objects entails an injection molding system of the
      reciprocal screw type capable of producing articles having a mottled
      appearance. In this system, molding materials are heated within an
      injector and subsequently injected into a mold cavity. The injector
      includes a heated housing having an inner bore and a discharge opening. A
      feed screw having a helical land is disposed within the bore. A
      material-spreading structure is located within the bore ahead of the screw
      to facilitate the transfer of heat from the housing to materials passing
      through the spreader. Power mechanism is connected to the screw for
      respectively rotating and advancing the screw within the bore. This power
      mechanism is suitably actuated so as to rotate the screw to feed and work
      the materials, and then advance the screw forwardly to project the
      materials through the spreader structure and out the discharge opening.
PAR  In accordance with a preferred embodiment of the invention the effective
      length of the feed screw is dimensioned to feed and work molding materials
      of diverse coloration such that the materials are discharged from the
      screw in a softened condition having distinct color patterns. This is in
      contrast to conventional screw operation in which molding materials are
      heated and mixed to such a state that differently colored materials would
      be discharged from the screw in a substantially blended condition, almost
      devoid of discernible color patterns.
PAR  A suitable effective screw length may be provided, for example, by
      appropriately designing a screw, by removing flights from an existing
      screw, and/or by disposing a conventional screw within the housing such
      that a portion of the rearward flights are situated behind the feed
      opening.
PAR  The power mechanism for rotating and advancing the screw preferably
      comprises fluid-actuated rotary and translational motors. A bridging
      conduit may be provided which fluidly connects these motors. When the
      translational motor is actuated to advance the screw forwardly, the
      bridging conduit may be opened to divert pressurized fluid to the inlet
      side of the motor to apply torque to the screw in a direction opposite to
      that resulting from the back pressure of softened molding material upon
      the screw. The amount of fluid diverted to the rotary motor during a screw
      translating stroke may be controlled as desired to permit some reverse
      rotation of the screw, to hold the screw against rotation, or to rotate
      the screw in a forward direction.
DRWD
PAC  THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      from the subsequent detailed description thereof in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a schematic view, partly in longitudinal section, of a molding
      system according to the invention;
PAR  FIG. 2 is a longitudinal sectional view of a forward end portion of the
      molding injector; and
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  A preferred form of a novel molding apparatus is illustrated in FIG. 1 and
      includes a die unit 10 and an injector assembly 12. The die unit 10
      includes a pair of platens 14 and 16 which carry a pair of die sections 18
      and 20. The proximate faces of the die sections are configured so as to
      define a mold cavity 22. The platens are relatively separable, such that
      the mold cavity 22 may be exposed to allow removal of a molded article
      therefrom.
PAR  The injector assembly 12 communicates with the mold cavity 22 and includes
      a stationary housing or barrel 24. At its forward end, the barrel includes
      a nozzle 26 having a discharge orifice 28. This orifice communicates with
      the mold cavity 22 by means of passages extending through the platen 14
      and the die section 18.
PAR  The barrel 24 includes a cylindrical inner surface 30 which defines a
      cylindrical bore 32. Operably disposed within the barrel is a feed screw
      34 which includes a helical land or thread 35, and a smear head 37 at the
      forward end thereof. The helical land cooperates with the bore surface 30
      to define an elongated helical channel 35' for conducting molding
      materials, such as plastic or rubber for example. The feed screw is
      coupled to a power system suitable for producing rotational and
      translational movements of the screw. One such suitable power system
      comprises a fluid-actuated control mechanism 36.
PAR  The screw-actuating mechanism 36 includes a carriage 38 which is movably
      mounted relative to a stationary frame 40. The carriage 38 carries, at its
      outer ends, a pair of fluid-actuated translational motors 42 and 44. At
      its center, the carriage 38 carries a fluid-actuated rotary motor 46.
      These motors 42, 44, and 46 may be of the hydraulically driven type, for
      example.
PAR  The output shaft of the rotary motor 46 is coupled to a
      rotation-transmitting element 48 which is rotatably mounted in suitable
      bearings within the central frame portion. At its forward end, the element
      48 is provided with a splined socket which receives a rearwardly
      projecting splined tongue portion 50 of the screw 34. In this fashion,
      rotation of the rotary motor 46 is transmitted to the feed screw 34.
PAR  The hydraulic translating cylinders 42 and 44 include piston rods 52, 54
      which are fixedly coupled to the stationary frame 40. The piston ends 56
      and 58 of these rods are located within chambers 60 and 62 of the
      translating cylinders.
PAR  Actuating fluid is conducted to the motors 42, 44, 46, from a pump P. The
      pump draws fluid from a reservoir R and feeds it to a control valve 64.
      The control valve 64 is suitably configured, as a spool arrangement for
      example, to selectively direct fluid to the translating motors 42, 44 and
      the rotary motor 46. Thus, with the valve 64 in a screw-rotating posture,
      the pump P is placed in communication with a conduit 66 to deliver fluid
      to the inlet 68 of the rotary motor 46 in a manner rotating this motor
      forwardly. At the same time, the outlet 70 of this motor is fluidly
      coupled with the reservoir via conduit 72 to recirculate the fluid.
PAR  When the valve 64 is in a screw-translation posture, depicted in FIG. 1,
      the pump P is placed in fluid communication with the pistonrod side of the
      chambers 60 and 62 via conduits 76, 78a, and 78b. Pressurized fluid
      entering this portion of each chamber advances the carriage 38, and thus
      the screw 34, forwardly toward the discharge orifice 28. The piston sides
      of the chambers 60 and 62 may, at this point, be placed in communication
      with the reservoir by means of conduits 74. If desired, the valve 64 may
      be arranged for selectively providing communication between these piston
      sides and the pump to exert force in the screw-retracting direction as
      well.
PAR  To this point, a conventional screw-type injector has been described which
      may be utilized in accordance with known principles to plasticate stock
      materials. Thus, with the control valve 64 oriented to communicate the
      pump with the rotary motor 46, the screw can be rotated at a desired speed
      within the bore. At the same time, stock material introduced at the
      rearward end of the screw would be displaced forwardly to be heated and
      gradually plasticated by the screw.
PAR  During the build up of a charge, access from the discharge opening 28 to
      the mold cavity 22 may be blocked by suitable means. Thus, plasticated
      material discharged from the screw would accumulate ahead of the screw and
      exert back pressure against the screw to urge the screw rearwardly within
      the bore. Following production of a proper amount of charge, the discharge
      orifice can be unblocked, and the control valve shifted to a screw-advance
      posture to communicate the pump P with the cylinder chambers 60 and 62.
      Fluid which is fed to these chambers reacts against the stationary pistons
      56, 58 and advances the carriage 36 and the screw 34 forwardly to inject
      the charge of melt through the then-unblocked discharge orifice.
PAR  As noted previously, however, the conventional screw injection systems are
      not well suited to the production of mottled articles due to the high
      degree of melting and mixing ordinarily obtained. When applied to a
      plurality of diversely colored materials, this results in a substantial
      blending of the colors.
PAR  In accordance with the present invention, however, the screw injector
      system is constructed and operated in an unconventional manner whereby
      certain advantages of plasticator screws may be realized in a mottling
      operation without the occurrence of aforementioned disadvantages.
PAR  More particulary, this invention involves a screw arrangement which
      restricts the amount of work-input applied to the molding materials by the
      screw. When discharged from the screw, the materials will have been worked
      to a softened condition and will not have reached the degree of melting
      and mixing typified by conventional screw operation. This assures that the
      diverse color patterns of the molding materials will be kept distinct.
PAR  One preferred manner of reducing work-input from the screw to the
      materials, aside from fabricating a new screw, is depicted in FIG. 1 and
      involves a rearward displacement of the screw 34 relative to the barrel
      such that, at the initiation of a plasticating cycle, one or more of the
      rear flights of the thread 35 lies behind the material feed inlet opening
      80. The result of this arrangement is a reduction in the effective working
      length of the feed channel, and thus a reduction in the total amount of
      work applied to these materials by the screw. In this fashion, the
      materials are discharged from the screw 34 in a softened condition, but
      not in a fully plasticized and mixed condition. Therefore, mottled color
      patterns of the materials will remain clearly discernable.
PAR  This effect may be also be accomplished, for example, by removing some of
      the front flights of the thread 34 which likewise shortens the working
      length of the channel 35'.
PAR  The amount by which the effective working length of the channel 35' is to
      be reduced is determined, for example, in accordance with the melting
      characteristics of the various molding materials being utilized.
PAR  Subsequent operation in the injector unit are directed toward further
      melting of the materials with minimal mixing thereof. Accordingly, the
      portion of the bore surface 30 ahead of the screw 34 is heated, preferably
      by a plurality of electrical heating bands 83 disposed in encircling
      relation to the barrel 24. The bands 83 thereby transform the part of the
      bore ahead of the screw into a heating chamber where further heating and
      melting of the molding materials is effected.
PAR  Positioned within the heating chamber ahead of the screw 34 is a spreader
      device designed to intensify heat transfer to the softened materials to
      further facilitate melting. A preferred form of spreader device comprises
      a "torpedo" 84, termed such because of its torpedo-like appearance.
PAR  The torpedo 84 includes a conical rearward tip 86 which faces the smear
      head 37 of the feed screw, as depicted in FIG. 2. At the outer end of the
      rear conical tip 86 a plurality of longitudinal grooves 88 and radial fins
      90 are arranged in circumferentially alternating fashion.
PAR  The forward end of the torpedo includes a conical front tip 92 and a
      plurality of longitudinal grooves 94 and radial fins 96 arranged in
      circumferentially alternating fashion.
PAR  Between the front and rear tips 86 and 92, the torpedo has a cylindrical
      outer surface 98 defining an annular passage 100 with the bore-defining
      surface 30 of the barrel 24.
PAR  The fins 90, 96 of the torpedo 84 function to center the torpedo  within
      the bore and transmit heat from the bore surface 30 to the outer  torpedo
      surface 98.
PAR  With a charge of softened materials being disposed between the screw and
      the torpedo, forward advancement of the screw serves to push these
      softened materials through the torpedo. As a result, the materials are
      heated and plasticized to a desired consistency for injection into the
      mold 10.
PAR  The resistance to flow of material through the restricted passage 100
      established by the torpedo 84 and out into the mold may be high and there
      is therefore a tendency for the material to flow backwardly relative to
      the feed screw 34 as the latter is being translated forwardly. Such
      backward slippage of material undesirably reduces the amount of the charge
      or shot which is ultimately injected. The present invention features means
      for resisting material back-flow so as to facilitate the injection of a
      full shot.
PAR  This is accomplished preferably by the use of a bridging conduit 102
      connected between the feed line 76 and the rotary motor input line 66, as
      may be seen in FIG. 1. Disposed within the bridging conduit 102 is a
      selectively actuable valve 104, which is operable to admit a desired
      amount of fluid flow through the bridging conduit. In this fashion,
      pressurized fluid which would otherwise be fed to the translating motors
      42 and 44 is diverted, in controlled amounts, to the inlet side of the
      rotary motor 46 to regulate the rotary behavior thereof in a manner to
      oppose back-flow of the material being injected. In some instances,
      satisfactory performance can be achieved even though rearward rotation of
      the screw is not completely prevented but is rather resisted and slowed
      down. In other instances, it will be desirable to divert sufficient fluid
      to hold the screw against reverse rotation or to impart a forward rotation
      to the screw during its injection stroke. The particular conditions best
      suited to a particular operation may be obtained by appropriate adjustment
      or regulation of the valve 104.
PAR  In accordance with the invention, the bridging conduit 102, in lieu of
      being connected as shown in FIG. 1, could be connected in any suitable
      manner for directing pressurized fluid from the pump P to the inlet side
      of the rotary motor 46. For example, this valved conduit could be
      connected directly to a pump outlet with access to the rotary motor being
      prevented until such time as the screw is being advanced.
PAC  OPERATION
PAR  Prior to the initiation of an injection cycle, the screw 34 is arranged to
      define with the bore 32 a working channel 35' having an effective length
      dimensioned to transform molding materials into a generally softened
      condition. This arrangement can be accomplished, for example, by
      displacing the screw 34 rearwardly relative to the feed opening 80, as
      shown in FIG. 1, or by removing front flights from the thread 35, or by a
      combination of both expedients.
PAR  A batch of diversely colored molding materials is fed into the barrel
      through the opening 80. With the valve 64 in a screw-rotation position,
      the screw is rotated forwardly by the rotary motor 46 to displace the
      materials forwardly within the channel 35'. The materials are heated as
      they are mechanically worked by the screw and are progressively softened.
      Due to the unusually short span of the working channel 35', however, the
      materials are discharged from the screw tip while in a softened condition,
      having been plasticated by an amount less than that normally produced by
      conventional screw operations. By merely softening the materials, the
      diverse color patterns thereof remain distinctly discernable at this
      point, not having become blended into a single color as would be caused by
      standard screw operation.
PAR  Accumulation of these softened materials discharged ahead of the "softener"
      screw 34 results in the screw being urged rearwardly within the bore.
      After a sufficient charge has been softened by the screw, the valve 64 is
      shifted to a screw-advance position. Pressurized fluid is delivered to the
      translational motors 42, 44 through conduit 76 and the screw is translated
      forwardly within the bore in the manner of a ram to push the materials
      through the torpedo 84. The materials are spread outwardly by the torpedo
      into a thin layer within the annular passage 100. Accordingly, heat is
      transferred to the materials from the heated torpedo and the heated bore
      surface 30 in amounts sufficient to transform the materials into a desired
      state of plasticization, but mixing of the materials passing through the
      torpedo is kept at a minimum to maintain distinct color patterns in the
      material.
PAR  During forward translation of the screw 34, the valve 104 may be opened to
      divert controlled amounts of pressurized fluid from the translational
      motors 42, 44 to the rotary motor 46. For example, fluid may be diverted
      at a rate sufficient to induce forward rotation of the screw, to
      compensate for material back-flow tendencies and facilitates the feeding
      of a full shot of material through the torpedo. In this fashion the
      overall efficiency of the injector is enhanced.
PAR  By way of example, in one test run of a screw injector, a standard extruder
      screw having an overall length of 42.42 inches and a 20:1
      length-to-diameter ratio was used. A 2 inch long mottling smearhead of
      1.812 inches diameter was placed on the screw nose. The screw was
      displaced rearwardly relative to the feed opening 80 by an amount which
      reduced the effective length-to-diameter ratio of the screw to
      approximately 15:1. A torpedo of 12 inches overall length was placed ahead
      of the screw, there being about a 6 inch clearance between the torpedo and
      the screw tip. A batch of 10 pounds white styrene-acrylonitrile polymer
      manufactured by the Monsanto Company of St. Louis, Missouri, and
      commercially available under the designation LNA 21, and .01 pounds of
      maroon coloring concentrate manufactured by the Coz Chemical Company of
      Northbridge, Massachusetts, and commercially available under the
      designation ANPS 517-C, was fed through the opening 80. A melt temperature
      of about 360.degree. F provided a good mottle.
PAR  It will be understood that by providing methods and apparatus enabling
      mottled articles to be produced by a screw injector, the present invention
      enables certain benefits afforded by plasticizer screws, e.g., rapid and
      efficient heat transfer, to be realized in mottling operations without the
      accompaniment of otherwise expected disadvantages. Mottling operations can
      thus be conducted efficiently and conveniently with the type of equipment
      usually desired for carrying out other, more conventional, molding
      operations.
PAR  It will be understood, however, that in accordance with the principles of
      the present invention, a screw may be newly-fabricated so as to present a
      working channel dimensioned to soften, rather than completely plasticize,
      molding materials.
PAR  Although the invention has been described in connection with a preferred
      embodiment thereof, it will be appreciated by those skilled in the art
      that additions, modifications, substitutions and deletions not
      specifically described may be made without departing from the spirit and
      scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In molding apparatus of the type in which materials of diverse
      coloration are mixed and melted within an injector mechanism and
      subsequently injected into a mold cavity to form an article of generally
      mottled appearance, the improvement wherein said injector mechanism
      comprises:
PA1  a housing having inner bore-defining surface means and a discharge opening;
PA1  a softener screw disposed in a rearward portion of said bore;
PA1  rotary means operably connected to said softener screw to rotate said
      softener screw to displace said diversely colored materials forwardly and
      discharge said materials from said screw in a softened condition but short
      of a fully blended condition so that distinct color patterns are present;
PA1  translating means operably connected to said translating screw to produce
      translation of said screw relative to said bore to displace softened
      materials toward said discharge opening;
PA1  heating means for heating a portion of said housing forwardly of said
      softener screw; and
PA1  spreader means disposed in said bore intermediate said discharge opening
      and the front of said screw, said spreader means defining passage means at
      its outer periphery for spreading the softened materials of diverse
      coloration into a thin travel pattern along a heated portion of said
      housing for absorbing additional heat from said housing to facilitate
      melting of said spread materials of diverse coloration;
PA2  said passage means being unobstructed at its inlet and outlet ends during
      said injection and being oriented to guide said spread materials of
      diverse coloration toward a discharge opening of said bore in directions
      substantially parallel to the axis of said bore to minimize blending of
      said colors and preserve the presence of distinct color patterns;
PA2  said spreader means including a plurality of heat transfer fins, such fins
      being directed generally radially outwardly toward said bore-defining
      surface means to transmit heat therefrom; said bore-defining surface means
      being longitudinally stationary relative to said fins;
PA2  the portion of said bore disposed between said spreader means and said
      screw defining a materials conducting conduit that is operable to preserve
      the presence of distinct color patterns in said materials during
      advancement of said materials toward said spreader means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said housing means includes inlet
      opening means for receiving said materials; said screw thread defining a
      helical material-working channel with said bore-defining surface means;
      said screw being disposed such that at least one flight of said screw
      thread is disposed rearwardly of said inlet opening means to reduce the
      effective working length of said channel.
NUM  3.
PAR  3. In molding apparatus of the type in which materials of diverse
      coloration are mixed and melted within an injector mechanism and
      subsequently injected into a mold cavity to form an article of generally
      mottled appearance, the improvement wherein said injector mechanism
      comprises:
PA1  a housing having inner bore-defining surface means and a discharge opening;
PA1  a softener screw disposed in a rearward portion of said bore;
PA1  actuating means operably connected to said softener screw to rotate said
      softener screw to displace said diversely colored materials forwardly and
      discharge said materials from said screw in a softened condition but short
      of a fully blended condition so that distinct color patterns are present;
PA1  heating means for heating a portion of said housing forwardly of said
      softener screw;
PA1  spreader means disposed in said bore intermediate said discharge opening
      and the front of said screw, said spreader means defining passage means at
      its outer periphery for spreading the softened materials of diverse
      coloration into a thin travel pattern along a heated portion of said
      housing for absorbing additional heat from said housing to facilitate
      melting of said spread materials of diverse coloration;
PA2  said passage means being unobstructed at its inlet and outlet ends during
      said injection and being oriented to guide said spread materials of
      diverse coloration toward a discharge opening of said bore in directions
      substantially parallel to the axis of said bore to minimize blending of
      said colors and preserve the presence of distinct color patterns;
PA1  means operably connected to said softener screw for advancing said screw in
      a manner displacing softened materials located thereahead toward said
      spreader means; and
PA1  means for rotating said screw forwardly during advancement thereof.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said screw rotating means
      comprises fluid-actuated rotary power means for rotating said screw
      forwardly to displace molding material toward said discharge opening; said
      screw advancing means comprising fluid-actuated translational power means
      for advancing said screw in a manner displacing molding material located
      thereahead toward said discharge opening; means for actuating said rotary
      power means and said translational power means including:
PA1  pressurized fluid supply means common to said fluid-actuated rotary power
      means and said fluid-actuated translational power means, said pressurized
      fluid supply means including fluid valve means for:
PA2  delivering pressurized fluid to said fluid-actuated rotary power means to
      rotate the latter in a forward direction of rotation in the absence of
      forward translation of said feed screw, to advance molding material,
PA2  delivering pressurized fluid to said fluid-actuated translational power
      means to urge the latter in a forward direction of translation during a
      material injection stroke, and
PA2  delivering pressurized fluid to said fluid-actuated rotary power means
      simultaneously with the deliverance of pressurized fluid to said
      fluid-actuated translational power means to tend to urge said rotary power
      means in a forward direction of rotation to regulate the rotary behavior
      of said screw in a manner opposing backward flow of material being
      injected.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said spreader means comprises a
      structure of generally torpedo-like configuration for spreading the
      softened mixture outwardly into contact with the heated bore-defining
      surface of said housing.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said torpedo-like spreader
      includes heat-transfer fins located at each end thereof contacting said
      bore-defining surface
NUM  7.
PAR  7. In molding apparatus of the type in which materials of diverse
      coloration are mixed and melted within an injector mechanism and
      subsequently injected into a mold cavity to form an article of generally
      mottled appearance, the improvement wherein said injector mechanism
      comprises:
PA1  a housing having inner bore-defining surface means and a discharge opening;
PA1  a softener screw disposed in a rearward portion of said bore;
PA1  actuating means operably connected to said softener screw to rotate said
      softener screw to displace said diversely colored materials forwardly and
      discharge said materials from said screw in a softened condition but short
      of a fully blended condition so that distinct color patterns are present;
PA1  heating means for heating a portion of said housing forwardly of said
      softener screw;
PA1  spreader means disposed in said bore intermediate said discharge opening
      and the front of said screw, said spreader means defining passage means at
      its outer periphery for spreading the softened materials of diverse
      coloration into a thin travel pattern along a heated portion of said
      housing for absorbing additional heat from said housing to facilitate
      melting of said spread materials of diverse coloration;
PA2  said passage means being unobstructed at its inlet and outlet ends during
      said injection and being oriented to guide said spread materials of
      diverse coloration toward a discharge opening of said bore in directions
      substantially parallel to the axis of said bore to minimize blending of
      said colors and preserve the presence of distinct color patterns;
PA1  said actuating means comprising pressurized fluid-actuated rotary motor
      means;
PA1  pressurized fluid-actuated translational motor means being operably
      connected to said softener screw for advancing said softener screw and the
      softened mixture disposed thereahead toward said spreader means; and
PA1  means for conducting pressurized fluid to said rotary motor means in a
      direction to oppose backward flow of the mixture during screw advancement.
NUM  8.
PAR  8. In molding apparatus of the type in which molding material is heated
      within an injector mechanism and subsequently injected into a mold cavity
      to cure; the improvement wherein said injector mechanism comprises:
PA1  a housing having an inner bore and discharge opening;
PA1  a feed screw having helical thread means disposed in said bores;
PA1  fluid-actuated rotary power means for rotating said screw forwardly to
      displace molding material toward said discharge opening;
PA1  fluid-actuated translational power means for advancing said screw in a
      manner displacing molding material located thereahead toward said
      discharge opening;
PA1  pressurized fluid supply means common to said fluid-actuated rotary power
      means and said fluid-actuated translational power means, said pressurized
      fluid supply means including fluid valve means for:
PA2  delivering pressurized fluid to said fluid-actuated rotary power means to
      rotate the latter in a forward direction of rotation in the absence of
      forward translation of said feed screw, to advance molding material,
PA2  delivering pressurized fluid to said fluid-actuated translational power
      means to urge the latter in a forward direction of translation during a
      material injection stroke, and
PA2  delivering pressurized fluid to said fluid-actuated rotary power means
      simultaneously with the deliverance of pressurized fluid to said
      fluid-actuated translational power means to tend to urge said rotary power
      means in a forward direction of rotation to regulate the rotary behavior
      of said screw in a manner opposing backward flow of material being
      injected.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein said valve means comprises a
      first valve for selectively supplying fluid solely to said rotary motor
      and solely to said translational motor, and a second valve for diverting
      fluid being supplied to said translational motor and directing said
      diverted fluid to said rotary motor.
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PAL  A cap rest assembly to support a closed bore cap slightly above the upper
      periphery of the pipe jacket in a packerhead/vibration system concrete
      pipe machine, which has a slump filler attachment enabling making of a
      green pipe including the upper end in a continuous operation by
      overfilling the jacket slightly, the cap rest assembly supporting and
      enabling automatic release of the closed bore cap when the slump filler
      compression ring depresses the closed bore cap and overfills concrete into
      the top end of the pipe jacket to complete the green pipe.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The slump filler of a packerhead/vibration system concrete pipe machine
      with which this invention is particularly useful is disclosed and claimed
      in a copending application entitled SLUMP FILLING APPARATUS AND METHOD IN
      CONCRETE PIPE MANUFACTURE, Ser. No. 345,743, filed Mar. 28, 1973, and
      assigned to the same assignee as this application (hereinafter "slump
      filler application").
PAC  BACKGROUND OF THE INVENTION
PAR  The above referenced copending application discloses a slump filling
      apparatus for a packerhead/vibration system concrete pipe machine, the
      slump filler having an overfill and compaction ring assembly mounted on
      the top of the pipe mold or jacket which enables complete formation of the
      concrete pipe in single stage fashion without necessity of adding extra
      concrete to the top of the jacket to make up for volume lost in compaction
      of the material caused by vibration. The slump filler is useful with any
      one of a wide variety of available concrete pipe machines, and basically
      includes an overfill and compression ring assembly surmounting the pipe
      jacket which has a downwardly driven compression ring to compress overfill
      concrete into the top of the pipe jacket during the final stages of
      manufacture of a green pipe to complete the top of spigot end of the pipe,
      both the vibration and the compression ring causing the overfill to
      compact into the pipe jacket.
PAR  In the type of concrete pipe machines being discussed, a vertically
      disposed pipe jacket is used as a form for the pipe to be made, having a
      lower bell forming end and an upper spigot forming end. Interiorally of
      the upper periphery of the pipe jacket is a cap which completes the
      formation of the pipe spigot end. Such caps are of two varieties: "open"
      and "closed". An "open" bore cap covers only about one-half of the outer
      periphery of the spigot end of the pipe, the remaining half being formed
      by the compression ring of the slump filler, which acts directly on
      overfill concrete concentrically interiorally of the open bore cap, the
      open bore cap remaining stationary during operation of the slump filler,
      as shown in FIGS. 6 and 7 of the slump filler application.
PAR  Conversely, a "closed" bore cap covers and forms substantially the entire
      outer periphery of the spigot end of the pipe. Thus, when the slump filler
      is used with closed bore caps, the entire cap must be moved from an
      elevated, overfill accomodation position, to a lower, spigot end forming
      disposition, the compression ring of the slump filler acting directly on
      the closed bore cap to compress overfill concrete into the pipe jacket,
      since there is no room for the compression ring to act directly on the
      overfill concrete.
PAR  Thus, when utilizing a closed bore cap, a support assembly is required to
      retain the closed bore cap in an elevated position as the pipe is formed
      and the support for the closed bore cap must be releasable during
      actuation of the slump filler so that the closed bore cap may move
      downwardly into the top end of the pipe jacket to complete the pipe spigot
      end. To accomplish the foregoing operation one initial attempt utilized a
      hydraulically actuated cap support assembly which was found to be not
      entirely satisfactory. The presently disclosed and claimed cap rest
      assembly evolved from the earlier attempt.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a cap rest assembly for
      the closed bore cap for a pipe jacket in a packerhead/vibration system
      concrete pipe machine having a slump filler thereon, to support the closed
      bore cap in an elevated attitude to accommodate overfill concrete
      therebeneath and enabling automatic release of the closed bore cap upon
      actuation of the slump filler.
PAR  It is another object of the invention to provide a cap rest assembly for
      the closed bore cap of the pipe jacket of a packerhead/viibration system
      concrete pipe machine employing a slump filler which is entirely
      mechanical in structure and function.
PAR  Yet another object of the invention is to provide a cap rest assembly for
      the closed bore cap of the pipe jacket of a slump filler equipped
      packerhead/vibration concrete pipe machine which is adjustable to support
      a wide variety of weights and sizes of closed bore caps.
PAR  It is still another object of the invention to provide a cap rest assembly
      supporting the closed bore cap of the pipe jacket of a slump filler
      equipped packerhead/vibration concrete pipe machine and having a positive
      lock to secure the cap rest in its non-supporting attitude.
PAR  A further object of the invention is to provide a cap rest assembly for the
      closed bore cap of the pipe jacket of a packerhead/vibration system
      concrete pipe machine which automatically releases the closed bore cap
      upon actuation of the slump filler, without need of any additional
      actuating mechanism or control by the concrete pipe machine operator.
PAR  Further novel features and other objects of this invention will become
      apparent from the following detailed description, discussion and the
      appended claims taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred structural embodiments of this invention are disclosed in the
      accompanying drawings in which:
PAR  FIG. 1 is a side elevation view of a commercial embodiment of a
      packerhead/vibration system concrete pipe machine showing a machine
      employing a rollerhead, the view being partly in section with parts broken
      away to show interior detail and illustrates the environment of structure
      utilizing the present invention;
PAR  FIG. 2 is an enlarged scale front elevation view taken from the center of
      FIG. 1, showing the relationship of vibrating core, hopper and rollerhead
      just after completion of a compression operation by the slump filler as
      used with a closed bore cap and cap rest assembly in accord with the
      present invention;
PAR  FIG. 3 is a greatly enlarged detail, partial section view of the upper left
      hand portion of FIG. 2, showing the cap rest assembly supporting a closed
      bore cap prior to actuation of the slump filler;
PAR  FIG. 4 is a view similar to FIG. 3, but showing relationship of parts after
      actuation of the slump filler, the cap rest being in a non-supporting
      position;
PAR  FIG. 5 is a section view of one cap rest member, taken along lines 5--5 of
      FIG. 3;
PAR  FIG. 6 is an enlarged partial detail section view showing the left hand
      portion of a cap rest member and the slump filler being used in the
      manufacture of steel end ring, non-cylinder concrete pipe,
      non-prestressed;
PAR  FIG. 7 is a view similar to FIG. 3 but showing another emobidment of the
      invention;
PAR  FIG. 8 is a section view of the embodiment of the invention shown in FIG.
      7, taken along lines 8--8 of FIG. 7;
PAR  FIG. 9 is a greatly enlarged elevation view of an earlier development of
      cap rest assembly; and
PAR  FIG. 10 is a partial section view taken along lines 10--10 of FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 of this application conforms to FIG. 3 of the above identified slump
      filler application and shows a "McCracken" packerhead machine employing a
      "Viropac" supplemental vibration system, both being made and sold by the
      assignee of this application.
PAR  The pipe machine 10 has a frame superstructure 12, a packershaft 14 having
      a rollerhead type of packerhead 16 depending from crosshead 18 which is
      guided for vertical movement on guide tubes (not shown) in superstructure
      12, a turntable 20 for rotating a pipe mold or jacket 22 into and out of a
      pipe forming position, a "Viropac" core 24, and a "Viropac" unit 26,
      located in a pit 28 beneath turntable 20. A concrete material boot 30 and
      material conveyor 32 supply the cementitious material through hopper 34 on
      top of jacket 22 to make a green pipe 36.
PAR  The "Viropac" non-rotating core 24 is mounted beneath turntable 20 on a
      core support platform 38 which is raised and lowered by a hydraulic
      piston-cylinder actuator 40. The platform 38 is guided for vertical
      movement by a plurality of bearing block assemblies 42 movable along a
      corresponding plurality of stationary guide rods 44 (four of each, in this
      example). Pipe jacket 22, which may be either a single or multiple piece
      unit, has a bell end forming section at its lower end and a spigot end
      forming section at the top. A bell end pallet 46 is located concentrically
      interiorally at the base of jacket 22. A turning and vibrating standard
      48, is raised by a bell down unit 50 to rotate and vibrate pallet 46
      during the initial stages of forming a green pipe 36. At such time, the
      turning and vibrating motion imparted to pallet 46 assures vibration which
      enables desired densification of the material forming the bell end of the
      green pipe 36.
PAR  FIG. 2 illustrates a stage of manufacture wherein the green pipe 36 has
      been completely formed, including actuation of a slump filler 52 which
      permits slight overfill of pipe jacket 22 followed by compression of the
      overfill material and vibration of "Viropac" core 24, as by one or more
      vibrators 54 (FIG. 1), to consolidate and form the spigot end of the pipe,
      all in one continuous operation without need of adding extra material to
      jacket 22 to compensate for material volume lost by
      vibration/consolidation. A complete explanation of the operation of slump
      filler 52 will be found in the slump filler application. During all steps
      of forming green pipe 36, hopper 34 serves also to clamp pipe jacket 22 to
      turntable 20 by reason of a pair of hopper holddown cylinders 56 bolted to
      the outer ends of hopper bearing blocks 58 which, in conjunction with
      hopper guide tubes 60, guide hopper 34 for vertical movement. After a pipe
      making operation, hopper 34 is lifted from jacket 22 by a pair of lift
      rods 62, slidably connected to the struts of crosshead 18 (not shown) so
      that turntable 20 may be rotated to bring an empty jacket 22 into position
      for another pipe making operation.
PAR  The slump filler 52 includes a filler ring 64, bolted to hopper bottom
      plate 66, a spacer ring 68, welded to the inner peripheral edge of filler
      ring 64, and a compression ring 70 for bearing against a closed bore cap
      72, which has a snap ring 74 therein for forming a seal ring groove in the
      spigot end of the pipe. Prior to its actuation, in the pipe making
      process, slump filler 52 is separated from the upper periphery of jacket
      22 by a series (three in this case) of hydraulic ram actuators 76
      circumferentially spaced around top centering ring 78. Each actuator
      includes slip posts connecting top centering ring 78 and filler ring 64
      these posts further determining maximum axial separation of top centering
      ring 78 with respect to filler ring 64. Conversely, minimum axial
      separation between these rings after actuation of slump filler 52 is
      determined by a spacer ring 80, welded to the inner peripheral edge of top
      centering ring 78.
PAR  Actuation of slump filler 52 occurs by cooperation of ram actuators 76 and
      hopper holddown cylinders 56. That is, ram actuators 76 are fully extended
      to axially separate slump filler 52 and top centering ring 78, against the
      downward force of holddown cylinders 56 acting on blocks 58, hopper 34 and
      consequently slump filler 52. During the step of compaction of the spigot
      end of green pipe 36, pressure in ram actuators 76 is relieved so that
      slump filler 52, with its compression ring 70, moves downwardly towards
      top centering ring 78, to the position illustrated in FIG. 2.
PAR  As set forth in the slump filler application, when the Slump Filler is used
      with open bore caps, which form only about one-half of the outer
      peripheral surface of the spigot end of a green pipe the slump filler
      compression ring acts directly against overfill material, fitting neatly
      peripherally inwardly of the open bore cap, while the open bore cap
      remains in a stationary position on the top inner surface of its pipe
      jacket.
PAR  However, when slump filler 52 is used with closed bore caps such as 72,
      then the closed bore cap itself must be moved from an elevated, overfill
      material accommodation position (FIG. 3) to a lower, spigot end forming
      position (FIG. 4) because there is no room for compression ring 70 to fit
      between closed bore cap 72 and the vibrating core 24 (FIG. 2) which is in
      the disposition shown in FIG. 2 to vibrate material during the operation
      of slump filler 52. Therefore, it is necessary to provide retractable
      closed bore cap rest means which will support the closed bore cap in an
      elevated position during formation of the main body of a green pipe, but
      which will automatically retract to a non-supporting position to allow the
      closed bore cap to be depressed by the slump filler 52 to complete
      formation of the spigot end of the green pipe.
PAR  One embodiment of an acceptable closed bore cap rest assembly is disclosed
      in FIG. 2 and 3-5. The assembly includes a plurality (three in this
      example) of circumferentially spaced cap rests 82, each having a plural
      lug mounting structure 84 welded to jacket 22 near the upper, outer
      peripheral edge thereof, an inverted U-shaped spring anchor bracket 85
      welded to lugs 84 and a cap rest foot 86 pivotally dependant from lugs 84
      and secured by a retainer bolt 88 through lugs 84. Cap rest foot 86 is
      urged to a support disposition with its toe projecting interiorally of
      pipe jacket 22 through an associated aperture 90, preferably a slotted
      opening therein, beneath closed bore cap 72 (FIG.3), by a pair of coil
      wound torsion springs 92 located on retainer bolt 88, or on sleeves
      slipped over the bolt. The torsion springs are disposed on opposite sides
      of lugs 84. Lateral spring anchor blocks 94 secured to opposite sides of
      the rest foot 86 serve to anchor one end of the torsion springs 92 while
      the opposite ends of springs 92 are retained under U-bracket 85 and about
      individual set screws 96 which may be adjusted to select a desired
      torsional biasing force of springs 92. Accordingly, cap rests 82 are
      adaptable for use with a wide variety of closed bore caps of varying size
      and weight.
PAR  When slump filler 52 is actuated, compression ring 70 forces closed bore
      cap 72 downwardly to compress the cementitious overfill material 98
      (FIG.3) into pipe jacket 22 to complete formation of the spigot end of
      green pipe 36 (FIG. 4). Simultaneously, all of the circumferential spaced
      cap rest feet 86 will be forced outwardly of the pipe jacket 22 to their
      non supporting position shown in FIG. 4, by the closed bore cap which is
      being forced down into the jacket, there being sufficient force exerted by
      holddown cylinders on closed bore cap 56 (FIG. 2) to overcome the biasing
      force exerted on the cap rest feet by torsion springs 92.
PAR  Another embodiment of a cap rest assembly is shown in FIGS. 7 and 8, which
      is particularly useful with single piece pipe jackets 22. Single one piece
      pipe jackets have a single vertical seam throughout their length with a
      lock to open the seam slightly when the jacket is to be removed from a
      completed green pipe. Thereafter, the jacket is removed from the green
      pipe by an overhead stripper, the jacket being lifted, vertically, off of
      the green pipe.
PAR  If the cap rest embodiment shown in FIG. 3-5 were to be used with one piece
      pipe jackets, the cap rest foot 86 of each cap rest 82 would bear against
      the closed bore cap 72 (FIG. 4) during stripping, thereby probably causing
      the cap 72 to be dislodged which would result in cracking the green pipe
      spigot end. Thus, the green pipe would be useless and would be discarded.
      (In the case of multipiece pipe jackets, there is no such problem.)
PAR  Accordingly, in this second embodiment, each cap rest 82 is provided with a
      depending handle 100 having a dog 102 arranged to engage a bore 104 in a
      flat 106 welded to jacket 22 when the cap rest 82 is in a non cap
      supportive position. Thus, after complete formation of green pipe 36 and
      prior to stripping of the pipe jacket, handle 100 is moved outwardly so
      that dog 102 engages bore 104 so that cap rest foot 86 does not abut
      against closed bore cap 72, as shown by phantom lines in FIG. 7.
      Thereafter, the pipe jacket may be stripped from the green pipe without
      fear of dislodging closed bore cap 72 and destroying the pipe.
PAR  The adaptability of the invention to any one of a wide variety of pipe
      making situations is illustrated by the following example.
PAR  The embodiment of the invention shown in FIG. 3-5 is illustrated in FIG. 6,
      with slump filler 52, in making green pipe 36 which is reinforced and
      employs a Z-closed bore cap 108 to form the spigot end of green pipe 36.
      Specifically, green pipe 36 in this instance is a section of steel end
      ring non-cylinder concrete pipe, non-prestressed, which is used in the
      water supply industry for low-head transmission lines (See American Water
      Works Association Manual M9, New York, 1961: pp. 4-5). The reinforcement
      shown includes a lower bell ring 110 welded to lower, wire cage
      reinforcement 112, and an upper spigot ring 114 welded to upper wire cage
      reinforcement 116. Sections 110-112 and 114-116 are situated in
      telescoping relationship, unconnected one to the other, so that Z-closed
      bore cap 108 may be moved downwardly by slump filler 52 against the urging
      of cap rests 82.
PAR  An earlier developement of a cap rest assembly is disclosed in FIG. 9 and
      10. A mounting bracket 118 has a cap support pin 120 slidably mounted
      therein, biased to a closed bore cap supportive disposition (shown in
      solid lines, FIG. 10) by a torsion spring 122 bearing against one leg of a
      lever 124 having its fulcrum at bolt 126. The other leg of lever 124 is
      connected to support pin 120 by a pin 128. A hydraulic actuator 130 is
      secured beneath top centering ring 78 (not shown in FIG. 9 and 10) and
      serves to retract support pin 120 to the position shown in FIG. 10 by
      phantom lines, upon actuation of the slump filler (not shown). An open
      bore cap support pin 132 is provided when open bore caps are used, but are
      removed when closed bore caps are used.
PAR  Although the closed bore cap rest assembly shown in FIGS. 9 and 10 will
      operate satisfactorily under suitable conditions, it is more expensive to
      produce, requiring a hydraulic actuator 130, and the timing of its
      operation is difficult to maintain under repeated use, in that support
      pins 120 must be retracted immediately upon actuation of the slump filler;
      otherwise they will be bent or even broken. On the contrary, the cap rest
      assembly of the present invention retracts automatically without need of
      separate controls, and is far less expensive to produce and maintain over
      a period of time, since it is entirely mechanical in structure and
      actuation.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope of the invention being indicated by the
      appended claims rather than by the foregoing description, and all changes
      which come within the meaning and range of equivalency of the claims are
      therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In vertically disposed pipe mold means comprising core means, cap means
      forming the upper end of a green pipe interiorally of said pipe mold means
      and means for moving said cap means downwardly with respect to said pipe
      mold means; releasable cap support means for supporting said cap means,
      said cap support means including releasing means thereon beneath said cap
      means for non-manually, automatically releasing support of said cap means
      in response to forced downward movement of said cap means against said cap
      support means, said releasing means and said cap support means being
      forced to a position other than beneath said cap means to thereby release
      support of said cap means by said releasable cap support means.
NUM  2.
PAR  2. The releasable cap support means as recited in claim 1 wherein said
      releasing means further comprise means for pivotally mounting said
      releasing means about horizontal axes, said horizontal axes being
      generally tangential to said pipe mold means.
NUM  3.
PAR  3. A packerhead/vibration system for making cementitious material pipe,
      comprising: vertical pipe mold means; vibratable core means movable
      upwardly through said pipe mold means; packerhead means above said core
      means and movable therewith as cementitious material is introduced into
      said core means to form the major portion of a pipe; overfill cementitious
      material accommodation means on said pipe mold means comprising closed
      bore cap means for forming substantially the entire outer peripheral end
      of a green pipe; means, surmounting said vertical pipe mold means, for
      moving said bore cap means downwardly with respect to said pipe mold
      means; and cap rest assembly means including means for supporting said cap
      means on said pipe mold means in an elevated attitude with respect to said
      pipe mold means during formation of the major portion of a pipe, said cap
      rest assembly means further including means for non-manually,
      automatically releasing said cap means in response to downward movement of
      said cap means against said cap supporting means.
NUM  4.
PAR  4. The packerhead/vibration system as recited in claim 3 wherein said cap
      rest assembly means comprise at least three releasable cap rest support
      means circumferentially spaced about the upper periphery of said pipe mold
      means.
NUM  5.
PAR  5. The packerhead/vibration system as recited in claim 4 wherein each of
      said releasable cap rest support means comprise a support foot, pivotally
      mounted on a horizontal axis exteriorally of said pipe mold means, means
      defining an opening through said pipe mold means, at least a portion of
      said support foot adapted in a support condition to project through said
      opening to a position interiorally of said pipe mold means beneath and in
      supporting relationship beneath said cap means, said support foot being
      forced outwardly of said pipe mold means to a non-supporting disposition
      upon downward movement of said cap means.
NUM  6.
PAR  6. The packerhead/vibration system as recited in claim 5 wherein said each
      of said cap rest support means further comprise means for biasing said
      support foot towards said pipe mold means beneath said cap means, about
      said horizontal axis.
NUM  7.
PAR  7. The packerhead/vibration system as recited in claim 6 wherein said
      biasing means comprise torsion spring means.
NUM  8.
PAR  8. The packerhead/vibration system as recited in claim 7 wherein said
      torsion spring means further comprise means for selectively adjusting the
      biasing force of said torsion spring means.
NUM  9.
PAR  9. The packerhead/vibration system as recited in claim 5 wherein each said
      cap rest support means further comprise means for securing said support
      foot in a non-supporting disposition substantially outwardly of the
      interior of said pipe mold means.
NUM  10.
PAR  10. The packerhead/vibration system as recited in claim 9 wherein said
      securing means comprise a handle, depending downwardly from said
      supportive foot, exteriorally of said pipe mold means, and a latch member,
      mounted on said pipe mold means, for securing said handle with said foot
      in said non supporting disposition.
NUM  11.
PAR  11. In a packerhead/vibration system for making cementitious material pipe
      comprising vertical pipe mold means, vibratable core means movable
      upwardly through said pipe mold means, packerhead means above said core
      means and movable therewith as cementitious material is introduced into
      said core means to form the major portion of a pipe, closed bore cap means
      adjacent the upper periphery of said pipe mold means for forming
      substantially the end of a green pipe, and means for moving said cap means
      downwardly with respect to said pipe mold means; cap rest assembly means
      including means for supporting said cap means on said pipe mold means in
      an elevated attitude with respect to said pipe mold means said cap rest
      assembly means further including means for non-manually, automatically
      releasing said cap means in response to forced downward movement of said
      cap means against said cap supporting means.
NUM  12.
PAR  12. The cap rest assembly means as recited in claim 11 wherein said
      assembly means comprise a plurality of releasable cap rest support means,
      circumferentially spaced about the outer upper periphery of said pipe mold
      means.
NUM  13.
PAR  13. The cap rest assembly means as recited in claim 12 wherein each of said
      cap rest support means comprise a support foot, means pivotally mounting
      said foot about a horizontal axis exteriorally of said pipe mold means,
      and means biasing said foot so at least a portion thereof is disposed
      interiorally of said pipe mold means, beneath said cap means.
NUM  14.
PAR  14. The cap rest assembly means as recited in claim 13 wherein said biasing
      means comprise spring means on said pivotal mounting means.
NUM  15.
PAR  15. The cap rest assembly means as recited in claim 14 wherein said biasing
      means further comprise means for adjustably preselecting the biasing force
      of said spring means against said foot.
NUM  16.
PAR  16. The cap rest assembly means as recited in claim 13 wherein said support
      foot inclues means for securing said foot in an non-supporting disposition
      substantially exteriorally of said pipe mold means.
NUM  17.
PAR  17. The cap rest assembly means as recited in claim 16 wherein said
      securing means comprise a handle depending downwardly from said supportive
      foot and latch means securing said handle and foot in said non-supporting
      disposition.
NUM  18.
PAR  18. In a vertically disposed pipe mold means comprising core means, cap
      means for forming the upper end of a green pipe interiorally of said pipe
      mold means and means for moving said cap means downwardly with respect to
      said pipe mold means; releasable cap support means for nonmanually,
      automatically releasing support of said cap means in response to forced
      downward movement of said cap means against said cap support means.
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ABST
PAL  A method of making reproduction printing plates having steps of disposing
      an opposed member against a roll member which has on its outer surface a
      matrix with a predetermined gap therebetween, supplying a molten
      thermoplastic material to the gap, and driving at least one of the
      opposing and roll members to press and roll the molten thermoplastic
      material onto the matrix.
PAL  An apparatus of making reproduction printing plates having a matrix, a roll
      member having thereon the matrix, an opposing member disposed against the
      roll member with a predetermined gap therebetween, a device for supplying
      molten thermoplastic material to the gap, and a device for driving at
      least one of the roll and opposing members to press and roll the molten
      thermoplastic material.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation in part of our application Ser. No.
      365,857 filed June 1, 1973, now abandoned, which is a divisional
      application of Ser. No. 253,774 filed May 16, 1972, now abandoned. This
      application is also a continuation of application 484,947 filed July 31,
      1974 which was a continuation-in-part of Ser. No. 253,774.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of making a reproduction printing plate
      (hereinafter referred to as a printing plate) of a synthetic resin, and
      more particularly to a method of making a printing plate for use with a
      high-speed rotary press.
PAR  2. Description of the Prior Art
PAR  Almost all of printing plates heretofore used with the high-speed rotary
      press are stereotypes. However, the stereotypes are very heavy in weight,
      as well known, and very difficult to assemble with or disassemble from the
      rotary press, which naturally leads to a decrease in the work efficiency
      to provide for lowered rate of operation of the rotary press. This is a
      serious defect for printing newspapers which must be promptly distributed
      in large quantities.
PAR  To avoid such defects of the stereotype as above described, a printing
      plate of synthetic resin has recently been proposed. However, such a
      printing plate of synthetic resin also has many defects such as necessity
      for pressing of the synthetic resin on a matrix for an appreciably long
      time, low accuracy of the dimensions of the finished printing plate and
      the necessity for back scraping the printing plate during finishing.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the primary object of this invention is to
      provide a novel method and apparatus for making a printing plate which is
      free from the defects experienced in the conventional method of making
      printing plates of synthetic resin.
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view schematically showing a plate cylinder section
      of a rotary press;
PAR  FIG. 2 is a perspective view showing a stereotype for use with the rotary
      press;
PAR  FIG. 3 is a perspective view schematically illustrating the principal part
      of a printing plate producing apparatus of this invention;
PAR  FIG. 4 is a cross-sectional view of the part shown in FIG. 3;
PAR  FIG. 5 is a side view schematically illustrating another example of this
      invention;
PAR  FIG. 6 is a perspective view for explaining the principal part of another
      example of this invention;
PAR  FIG. 7 is a schematic side view showing a practical embodiment of apparatus
      for making a reproduction printing plate according to this invention;
PAR  FIG. 8 is a plan view illustrating one example of a conveyor employed in
      the example of FIG. 7;
PAR  FIG. 9 is a cross-sectional view taken on the line IX--IX in FIG. 8;
PAR  FIG. 10 is a perspective view showing one example of the construction of a
      heating section used in the embodiment of FIG. 7;
PAR  FIG. 11 is a cross-sectional view showing the principal section of the
      heating section;
PAR  FIG. 12 is a diagram for explaining the operation of a squeeze section
      employed in the embodiment of FIG. 7;
PAR  FIG. 13 is a perspective view illustrating a matrix roll used in the
      embodiment of FIG. 7;
PAR  FIG. 14 is a plan view showing a press ruler used in this invention;
PAR  FIG. 15 is a cross-sectional view illustrating the principal part of the
      matrix roll; and
PAR  FIG. 16 is a detailed cross-sectional view taken on the line XVI--XVI in
      FIG. 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  To facilitate a better understanding of the present invention, a
      description will be given first of the principal part of a high-speed
      rotary press with which a printing plate of this invention is used.
PAR  FIG. 1 schematically illustrates a plate cylinder section of an ordinary
      type of rotary press. In FIG. 1 reference numeral 1 indicates a plate
      cylinder, 2 a semicircular printing plate wrapped around it (refer to FIG.
      2) and 3 an impression cylinder held in rotary contact with the plate
      cylinder 1. The plate cylinder 1 and the impression cylinder 3 are driven
      at high speed in synchronism with each other and a web of paper P is fed
      between them and rotary printing is achieved at a high speed corresponding
      to the peripheral speed of the printing plate 2. The plate face 2' of the
      printing plate 2 shown in FIG. 2 is usually relieved.
PAR  A conventional stereotype used with such a rotary press is produced by
      processes: type form dry matrix stereotype, as well known, and the
      stereotype thus produced has many advantages such as (high fidelity of the
      plate face), high accuracy of dimensions such as thickness and so on, high
      efficiency of the production with automation on the above processes and
      low cost resulting from repetitive use of the material.
PAR  However, the conventional stereotype has a serious defect in that it is too
      heavy because of the material used. The stereotype for use with, for
      example, a high-speed rotary press for newspaper printing may weigh about
      18 kilograms. Accordingly, assembling or disassembling of the stereotype
      with or from the plate cylinder is very hard labor, which causes
      occupational diseases such as sore backs and the like and lowers the rate
      of operation of the rotary press because of the time required to change
      plates and imposes a severe limitation on the speed of printing of
      newspapers.
PAR  Further, a printing plate of synthetic resin has been developed as a
      substitute for conventional stereotypes. This printing plate has
      heretofore been made by pressing softened sheet-like or kneaded
      thermoplastic resin on a matrix with a hydraulic press and tearing it off
      from the matrix after cooled. With such a method, the synthetic resin must
      be pressed on the matrix for an appreciably long time and accuracy of the
      dimensions of the finished printing plate is poor and finishing processes
      such as back scraping and so on are required. Thus, the printing plate of
      synthetic resin is inferior to that of the stereotype.
PAR  Referring now to FIGS. 3-5, a description will be given of a method and
      apparatus for making a printing plate according to this invention.
PAR  FIGS. 3 and 4 schematically illustrate the principal part of one example of
      a printing plate apparatus of this invention. Reference numeral 10
      indicates a hollow matrix cylinder. 11 a hollow impression cylinder
      disposed in parallel thereto and 10a and 11a shaft tubes projecting from
      both end faces of the cylinders 10 and 11 centrally thereof. The shaft
      tubes 10a and 11a are rotatably supported by suitable known bearing means,
      though not shown, and the matrix cylinder 10 and the impression cylinder
      11 are driven in directions indicated by arrows a.sub.1 and a.sub. 2 in
      FIG. 3 so that their peripheries 10b and 11b have the same peripheral
      speed. The drive mechanism therefore is a known one, and hence will not be
      described.
PAR  Further, feed pipes 12a and 12a and drain pipes 12b and 12b are
      respectively coupled to the shaft tubes 10a and 11a of both cylinders 10
      and 11 in a watertight manner, as indicated by chain lines, to circulate
      cooling water W through the cylinders 10 and 11 in directions, for
      example, indicated by arrows a.sub.3 and a.sub.4, thereby to achieve
      cooling of molten resin. The feed and drain pipes 12a and 12b are fixed to
      a frame or the like, not shown.
PAR  In the apparatus depicted in FIG. 3, the distance between the axes of the
      matrix cylinder 10 and the impression cylinder 11 is adjustable and a
      matrix 13 is wrapped around the cylindrical peripheral surface 10b of the
      matrix cylinder 10. Between the matrix 13 and the cylinderical peripheral
      surface 11b of the impression cylinder 11, molten resin 14 is fed and
      spread to a predetermined thickness while being pressed on the matrix 13
      by the inward rotation of both cylinders 10 and 11 (which in turn in the
      directions indicated by the arrows a.sub.1 and a.sub.2) to transfer the
      plate face of the matrix 13 to the spread resin and, at the same time, the
      cooling water W is supplied to the cylinders 10 and 11 to cool the resin.
      The matrix 13 above mentioned need not always be limited to a paper mould
      but may be of any material so long as it serves the purposes described
      later.
PAR  We have discovered that in order to obtain plastic printing plates 15 of
      fine definition it is necessary to use a matrix 13 which has the
      characteristic that as the heated resin is pushed into its depressions
      that air entrapped in the depressions will pass through the walls of the
      depressions but that the resin does not pass through the walls of the
      depressions but completely fills the depressions and thus clear and
      distinct printing plates will be obtained. We have discovered that a
      matrix 13 made of paper material such as pulp board has a suitable
      porosity for air but will retain and not allow the resin to pass through.
      Porosity tests are well known in the paper making art and a matrix may be
      made of the following materials: pulp board, combination board, cloth
      paper, air permeable molded paper, and rigid foam board, for example.
PAR  The synthetic resin employed in this invention is polyethylene,
      poypropylene or the like but need not be limited specifically thereto and
      may be any thermoplastic resin. For example, in the case of polypropylene,
      it is heated up to about 200.degree. C to be molten and, in the
      illustrated example, a predetermined amount of molten polypropylene is
      supplied on the matrix cylinder 10 and the impression cylinder 11 and is
      spread downwardly by the rotation of both cylinders in the directions of
      the arrows a.sub.1 and a.sub.2 to transfer the plate face of the matrix 13
      on the spread resin. Means for supplying the molten resin 14 may be, for
      example, a nozzle N of a known extruder which is placed above the gap
      defined between the cylinders 10 and 11 and the nozzle is adapted to
      extrude a predetermined amount of molten resin 14 intermittently. If
      necessary, a suitable die is attached to the tip of the nozzle N to supply
      molten resin of predetermined length and thickness between the cylinders
      10 and 11. Further, by extruding the molten resin 14 in synchronism with
      the rotation of the cylinders 10 and 11, printing plates can be produced
      continuously and finished printing plates 15 can be peeled off from the
      matrix cylinder 10 at the position indicated by imaginary lines in FIG. 4.
PAR  The thickness of the printing plate 15 is usually 1.0 to 1.5mm and can be
      selected accurately by adjusting the distance between the axes of the
      cylinders 10 and 11.
PAR  One feature of the present invention lies in the cooling of the molten
      resin during its spreading process. The peripheral surface 11b of the
      impression cylinder 11 is cooled by the cooling water W and makes direct
      contact with the spread resin 15' but the peripheral surface 10b of the
      matrix cylinder 10 is cooled by the cooling water W and makes indirect
      contact with the spread resin 15' through the matrix 13, so that the
      surface portion of the spread resin 15' making direct contact with the
      peripheral surface 11b of the cylinder 11 is cooled more rapidly than the
      inner portion (the transfer surface) making contact with the matrix 13.
      That is, since the surface portion of the molten resin pressed against the
      plate face of the matrix 13 is cooled more slowly than the portion pressed
      against the peripheral surface 11b, the molten resin on the side of the
      cylinder 10 is pushed fully into the corners and hollows of the matrix 13.
      The molten resin on the side of the impression cylinder 11 is cooled more
      rapidly than that on the side of the matrix cylinder 10. Accordingly, the
      printing plate 15 thus produced has a plate face which faithfully
      reproduces the matrix 13 and since the printing plate 15 is moved out of
      contact with the impression cylinder 11 while still sticking to the matrix
      13 and the cylinder 10, and the printing plate 15 can be readily removed
      from the latter. In the illustrated example, one matrix 13 is wrapped
      around substantially a 180.degree. portion of the peripheral surface 10b
      of the matrix cylinder 10, but by mounting another matrix on the remaining
      portion of the peripheral surface symmetrically with the former, two
      printing plates can be obtained during one cycle of rotation of the
      cyinders 10 and 11. Of course, in this case, the molten resin 14 is
      extruded from the nozzle N twice during each rotation.
PAR  Since the matrix allows air to pass therethrough but does not allow the
      molten resin 14 to pass through, a clear and distinct imprint will be
      molded into the resin.
PAR  The printing plate 15 thus obtained has a very accurate plate face and a
      predetermined thickness.
PAR  In order to assemble such a printing plate 15 with the plate cylinder 1
      above described in connection with FIG. 1, the so-called fins projecting
      from the margins of the printing plate 15 are cut off to form a
      predetermined size and the curved printing plate 15 is inverted and then
      mounted on the plate cylinder 1. In this case, a saddle may be employed
      for compensating the difference in thickness between the printing plate
      and the prior stereotype, but by suitably designing the plate cylinder, it
      is possible to dispense with the saddle. In any case, the printing plate
      15 produced by the present invention is far lighter than the conventional
      stereotype. The stereotype is approximately 10mm and the specific gravity
      of its material is more than 11.3, while the specific gravity of the
      synthetic resin is less than 1.5 and the thickness of the synthetic resin
      printing plate is 1.0 to 1.5mm. Therefore, the printing plate of this
      invention can be easily assembled with the plate cylinder.
PAR  FIG. 5 illustrates a modified form of this invention. Reference numeral 10
      designates a matrix cylinder, 11 an impression cylinder, 10a and 11a shaft
      tubes and 13 two matrixes wrapped on the peripheral surface 10b of the
      matrix cylinder 10. The construction of the cylinders and the cooling
      means are identical with these employed in the foregoing example. In this
      case, however, both cylinders 10 and 11 are mounted as shown and a flat
      plate 16 made of, for example, a metal of high heat conductivity is
      interposed to pass horizontally between the cylinders 10 and 11. The flat
      plate 16 is transferred in one direction (indicated by an arrow a.sub.5)
      in accordance with the peripheral speeds of the cylinders and, at the same
      time, molten resin 14 is spread between the flat plate 16 and the matrix
      13 to transfer the plate face of the matrix 13 to the surface of the resin
      making contact with the matrix 13. Also, the surface portion of the molten
      resin 14 contacting the plate 16 is cooled more rapidly than the portion
      pressed against the matrix 13, to provide the same results as those
      obtainable with the foregoing example and a printing plate 15' is obtained
      on the cylinder 10, and the printing plate 15 may be removed from the
      cylinder 10 upwardly as indicated by dot-dash lines.
PAR  In the present example, many flat plates 16 are connected, for example, by
      chains 17 at predetermined intervals and moved in a horizontal direction
      from left to right as indicated by an arrow a.sub.5 in the figure and a
      constant amount of molten resin 14 is supplied onto each of the flat
      plates 16 at the left-hand position in the figure and passed between both
      cylinders to transfer the plate face of the matrix 17 to the resin. The
      width and length of each flat plate 16 are selected substantially equal to
      the axial length of each cylinder and a little greater than one half the
      length of the circumference of each cylinder. The molten resin 14 is
      placed on each plate 16 at the right-hand area thereof in the figure.
      Though not shown, many flat plates 16 are connected together in an endless
      manner. Reference numeral 18 indicates carrier rollers for the flat plates
      16.
PAR  Such a construction as above described is intended as being merely
      illustrative of this invention. For example, the flat plates 16 may be
      adapted to reciprocate instead of moving in an endless manner. Further, it
      is also possible to form the flat plates hollow and cool them with water
      as is the case with the cylinders 10 and 11. The flat plates 16 may also
      be cooled by blowing a gas such as air or the like against them from
      beneath (indicated by arrows a.sub.6) in the figure. The printing plate
      producing apparatus of this invention may be variously modified. In any
      case, spreading of the molten resin 14, transfer of the plate face of the
      matrix thereto and cooling thereof will be readily understood from the
      description in connection with the foregoing example.
PAR  As has been described above, the present invention is based on a novel
      concept of making the reproduction printing plate of a synthetic resin
      with the rolling system. With the method of this invention, it is possible
      to avoid almost all of the defects encountered in conventional stereotype
      and printing plates of synthetic resin. The printing plate of this
      invention does not necessitate back scraping required for the conventional
      synthetic resin printing plate and can be made by pressing a synthetic
      resin on the matrix for a shorter time than that required for the
      conventional printing plate. According to our experiments in which
      polypropylene was molten at about 200.degree. C and the cylinders 10 and
      11 were driven at a speed of 5.5m per minute, and a clear transfer plate
      face was obtained. The length of 5.5m corresponded to those of printing
      plates of six pages of a newspaper and error variations in the thickness
      was with .+-.25 microns.
PAR  Thus, the method of this invention removes bottlenecks in newspaper
      printing previously described and is useful for making printing plates for
      other ordinary printing.
PAR  With reference to FIGS. 6-16, another embodiment of this invention will be
      described.
PAR  In FIG. 6, reference numeral 101 indicates a heat resistant endless
      conveyor driven in the direction of the arrows by, for example, pairs of
      turn rolls (not shown) and 104 and 105 which are mounted across the
      conveyor 101 at both ends of the conveyor 101. The conveyor 101 passes
      through a rolling section 106 while the conveyor 101 is driven. The
      rolling section 106 consists of a matrix roller 107 which engages the
      upper face of the conveyor 101 and press rolls 108 and 109 which make
      rotary contact with the underside of the conveyor 101 and a matrix 110, as
      for example which is molded from paper and which is air permeable but
      stops resin, is wrapped around the matrix roll 107.
PAR  Both press rolls 108 and 109 are disposed in predetermined parallel but
      spaced relation to the matrix roll 107 to direct the conveyor 101 around
      the matrix roll 107 over a certain desired angular range. The rolls and
      conveyor are driven in synchronism with one another.
PAR  With such an arrangement, a sheet of softened resin S is placed on the
      conveyor 101 and fed to the rolling section 106 where the plate face of
      the matrix 110 is transferred to the surface of the resin sheet S. The
      resin sheet S is cooled and hardened and then removed from the matrix 110
      to provide a printing plate S'. Reference numerals 104' and 105' designate
      shafts of the turn rolls 104 and 105, and 107', 108' and 109' sleeves of
      the matrix roll 107 and the press rolls 108 and 109. The rolls are hollow.
      The matrix 110 may be made of the same porous materials as the matrix 13
      such as pulp board, combination board, cloth paper, air permeable molded
      paper, and rigid foam board, for example.
PAR  FIG. 7 is a schematic diagram illustrating one embodiment of apparatus for
      making a printing plate according to the principle of FIG. 6, in which
      parts corresponding to those in FIG. 6 are identified with the same
      reference numerals and characters. The shafts 102', 103', 104' and 105' of
      the turn rolls 102, 103, 104 and 105 and the sleeves 107', 108' and 109'
      of the matrix roll 107 and the press rolls 108 and 109 are all journalled
      by bearings (not shown) in an apparatus frame. Reference numeral 111
      designates a sheet supply section which is disposed forwardly of the
      conveyor 101, that is, on the side of the turn rolls 102 and 103 and which
      is constructed to supply the sheets S of resin to the conveyor 101 one by
      one.
PAR  Such a sheet supply means may be constructed in various forms. In the
      illustrated example, many sheets S cut in a predetermined form and size
      are loaded, for example, in a case 112 and are sequentially fed by a
      vacuum pick-up 113 onto the conveyor 101. The pick-up 113 is provided with
      a plurality of sucking disks 113' and is connected with a vacuum pump (not
      shown). The pick-up 113 is reciprocated by a link mechanism or like means
      between positions indicated by full and imaginary lines on a predetermined
      cycle. In the case 112 a support plate 114 is provided for intermittently
      raising the sheets S mounted thereon, so that the uppermost resin sheet S
      is always held at substantially the same level. The resin sheet S is made
      of polyethylene, polypropylene or like thermoplastic resin and is about
      1.2 to 1.5mm in thickness.
PAR  However, the sheet supply means above described is intended as being merely
      illustrative and the sheets may be supplied by any other means. It is also
      possible to place in the case 112 a truck which holds the resin sheets S
      and raise it intermittently. Alternatively, the resin sheets S may be
      above the upper surface of the conveyor 101 and placed on the conveyor 101
      one by one by their own weight. Any means may be employed as long as it
      supplies the resin sheets S one by one onto the conveyor 101 at a
      predetermined position.
PAR  In the present invention the resin sheet S is heated while being carried by
      the conveyor 101 and is uniformly molten and is then fed to the rolling
      section 106. The conveyor 101 is made heat resistant.
PAR  FIG. 8 shows one example of the construction of the conveyor 101 in which
      two endless roller chains 115a and 115b are disposed in parallel and many
      steel sheets 116 of the same construction are arranged therebetween.
      Right- and left-hand sides of the substantially rectangular steel sheets
      116 and which are about 0.3mm thick are bent to form bent portions 116a
      and 116b for engagement with adjacent steel sheets (refer to FIG. 9) and
      rods 117 extending inwardly from roller shafts of the chains on both sides
      are inserted into the bent portions 116a of the steel sheets 116 and fixed
      therein and the longer sides of the steel sheets 116 are connected at a
      plurality of places by springs 118 to the roller chains corresponding
      thereto. Reference numerals 116' designate cutouts of the left-hand
      corners of the steel sheets 116.
PAR  The reasons why the conveyor 101 is constructed as above described are to
      absorb expansion and shrinkage of the steel sheets 116 and to adapt them
      for the construction of the heating unit described hereinbelow. Reference
      character S.sub.1 indicated by imaginary line designates the position
      where the resin sheet is placed.
PAR  Referring back to FIG. 7, the heating section will be described. Reference
      numeral 119 indicates generally a heating unit through which the conveyor
      101 is passed to heat the resin sheet S mounted thereon by the
      aforementioned sheet supply means 111 and which is a furnace 120
      consisting of a rolling section 122 and preheating and melting sections
      121a and 121b disposed forwardly and backwardly thereof respectively. In
      the furnace 120 the resin sheet S is heated first in the preheating
      section 121a up to a temperature immediately below the melting point of
      the resin and then fed to the rolling section 122 to remove deformation of
      the resin sheet S caused by the preheating and then heated in the melting
      section 121b to be molten. In the rolling section 22, rolls 123 and 124
      are disposed on and under the conveyor 101, respectively. The operation of
      the rolling section 122 will be described in detail later. A sleeve 123'
      of the upper roll 123 and a shaft 124' of the lower roll 124 are both
      journalled to side plates of the furnace 120 or the like, respectively,
      and a cooling water pipe 125 is coupled by a rotary joint or like means to
      the sleeve 123' of the roll 123 as indicated by broken line and cooling
      water is discharged from the sleeve on the opposite side. The roll 123 is
      hollow to permit circulation therethrough of the cooling water.
PAR  In FIG. 10 there is illustrated the principal part of one example of the
      heating unit 119, that is, the furnace 120. Reference numeral 126a
      designates a U-shaped furnace proper and 126b a cover therefore, and in
      the illustrated example, the furnace 120 has a flat, rectangular
      cross-section. Reference numerals 127a and 127b indicate partitions made
      of an adiabatic material which are disposed in the furnace 120 near both
      side plates to divide the furnace 120 into a steel sheet path 128 and
      chain paths 129a and 129b. The partitions 127a and 127b have slits 130a
      and 130b symmetrically formed in the lower portions thereof to permit the
      passage of the conveyor 101 as depicted in FIG. 11. Both side marginal
      portions of the steel sheets 116 are held in both slits 130a and 130b and
      the roller chains 115a and 115b are driven in the chain paths 129a and
      129b.
PAR  As will be seen from the foregoing, the steel sheet path 128 is a heating
      chamber and heating means employed therein comprise long and short
      infrared heaters 131a and 131b. These infrared heaters are arranged above
      and below the conveyor 101 between both partitions at certain intervals as
      shown in the figures. The longer infrared heaters 131a and the shorter
      ones 131b are arranged above the conveyor 101 and the longer infrared
      heaters 131a are also arranged below the conveyor 101. Wiring to terminals
      of stems 131' of the heaters is made on the sides of the chain paths. With
      the infrared heaters thus arranged, the resin sheet S on the steel sheet
      116 can be uniformly heated. Further, since the chain paths 129a and 129b
      are shielded from the steel path 128 by the partitions 127a and 127b of
      the adiabatic material, the roller chains 115a and 115b are never heated.
      A damper for adjusting the temperature of the atmosphere in the furnace
      and the like is provided on the cover 126 of the furnace 120 at necessary
      positions, though not shown.
PAR  The infrared heaters used as heating means are not necessarily requisite
      for this invention.
PAR  Turning now to FIG. 12, the operation of the aforementioned rolling section
      122 will be described. The upper and lower rolls 123 and 124 and the
      conveyor 101 (that is, the steel sheets) are driven in synchronism with
      one another with the upper roll 123 being spaced a predetermined distance
      apart from the conveyor 101 with the lower roll 124 making rotary contact
      with the underside thereof. FIG. 12 shows the manner in which the resin
      sheet S placed on the steel sheet 116 at a predetermined position (refer
      to FIG. 8) is brought into the rolling section 122 after having passed
      through the preheating section 121a as depicted in FIG. 7. The resin sheet
      S is heated by the preheating section 121a up to a temperature immediately
      below the melting temperature of the resin and is thereby deformed, but
      when fed to the rolling section 122, the resin sheet S is transferred in a
      direction of an arrow while being rolled out flat in a uniform thickness
      between the upper face of the steel sheet 116 and the peripheral surface
      of the roll 123. In this case, since cooling water is supplied to the
      inside of the roll 123 from the pipe 125 as previously described, the
      resin sheet S does not adhere to the peripheral surface of the roll 123
      and it is transferred in close contact with the upper face of the steel
      sheet 116 which is higher in temperature than the roll 123 and then the
      resin sheet S is molten while passing through the melting section 121b and
      is supplied to the rolling section 106 (FIG. 7).
PAR  The construction of the rolling section 106 for molding the resin sheet S
      by rolling can be understood from the description of FIG. 6. As
      illustrated in FIG. 7, pipes 132 and 133 for cooling water, indicated by
      broken lines, are coupled with the sleeves 107' and 109' of the matrix
      roll 107 and the press roll 109, respectively, as is the case with the
      aforementioned roll 123. A pipe 134 for hot water, indicated by a one-dot
      chain line is coupled with the sleeve 108' of the press roll 108, to hold
      the peripheral surface of each roll, especially that of the press roll 108
      at a predetermined temperature (60.degree. to 80.degree. C). Further, a
      cooler 135 (using water or air) is provided for cooling the underside of
      the conveyor 101 (the steel sheet 116) corresponding to the peripheral
      surface of the matrix roll 107, so that suitable temperature changes occur
      on both sides of the resin sheet S as it is drawn between the matrix 110
      of the matrix roll 107 and the steel sheet 116, thereby to cool and harden
      the resin sheet S while achieving highly faithful transfer of the plate
      face of the matrix 110 to the resin sheet S, thus providing a printing
      plate S' of accurate thickness (refer to FIG. 6).
PAR  The rolling section 106 is designed so that the distances between the axes
      of the rolls can be adjusted by the use of, for example, an eccentric
      bearing construction. In FIG. 7, reference numeral 136 indicates a pawl
      disposed near the upper portion of the matrix roll 107 for tearing off the
      printing plate from the matrix 110.
PAR  A detailed description will be given in connection with the process of the
      molding of the resin sheet S in the rolling section 106 and the state of
      the resin sheet S therein. The resin sheet S which has been made
      homogeneously molten in the melting section 121b (the temperature of the
      sheet being 150.degree. to 175.degree. C in the case of polyethylene and
      200.degree. to 250.degree. C in the case of polypropylene) is first drawn
      in between the matrix 110 of the matrix roll 107 and the press roll 108
      together with the steel sheet 116. Since the press roll 108 is held at a
      temperature ranging from 60.degree. to 80.degree. C as above described,
      the relief of the matrix is transferred very accurately onto the resin
      sheet S pressed on the matrix 110. The temperature of the press roll 108
      was selected based upon the results of our experiments and this is a
      temperature at which the transferred plate face of the molten resin sheet
      S can be maintained in an optimum condition.
PAR  In such a molding, spring-back is caused a little due to the property of
      resin but this can be prevented from exerting a bad influence upon the
      faithful transfer of the plate face by selecting the thickness of the
      resin sheet S in anticipation of such spring-back phenomenon. The resin
      sheet S is formed about 0.2mm thicker than the finished printing plate S'
      and its melting temperature is selected as previously described. Thus, the
      resin sheet S is held in the so-called bank condition in the transfer
      process to obtain a highly faithful plate face; and until the resin sheet
      S is brought to the press roll 109, it is rapidly cooled by the cooler 135
      through the steel sheet 116, by which the hardened printing plate S' is
      made to have a predetermined thickness, for example, 1.0mm. The above
      hardening temperature is 100.degree. C for polyethylene and 170.degree. C
      for polypropylene.
PAR  It must be noted that since the transfer face of the resin sheet S makes
      indirect contact with the matrix roll 107 through the matrix 110 of low
      heat conductivity in the rolling process above described, it is cooled
      later than the back thereof. This makes the plate face clearer. The
      definition of the thickness of the molten resin sheet S can be achieved
      with adjustment of the distance between the axes of the rolls 123 and 124.
      Accordingly, it is preferred to make the bearing constructions of the
      rolls 123 and 124 adjustable as is the case with those of the rolls of the
      rolling section 106.
PAR  The following will describe means for assembling the matrix 110 with and
      disassembling it from the matrix roll 107. In the present example, two
      matrixes 110 are wrapped around the matrix roll 107 and two printing
      plates S' are obtained in one revolution.
PAR  FIG. 13 shows the matrix roll 107, around which striking rulers 137 of a
      predetermined width are provided symmetrical positions, and one side of
      the matrix 110 is urged against a longer edge 137' of each ruler 137 and
      both marginal portions and that of the other side of the matrix 110 are
      firmly pressed against the peripheral surface of the roll 107 by press
      ruler 138. The press ruler 138 is a U-shaped ruler of such curvature so
      that it substantially conforms to the radius of the matrix roll 107. FIG.
      14 shows a developed plan view of the press ruler 138. The press ruler 138
      is made of a magnetic material such, for example, as an iron alloy and is
      formed substantially rectangular in cross-section in its base 138a and
      legs 138b and has projections 138c formed on the inner upper edge, as
      illustrated.
PAR  Means for fixing the press ruler 138 on the matrix roll 107 is shown in
      FIGS. 15 and 16, in which a plurality of, for example, four electromagnets
      139 for each press ruler 138 are provided on the side of the matrix roll
      107 at places corresponding to the inner face of the press ruler 138 and
      these electromagnets 139 are energized to attract the ruler 138 thereto.
      One side of the matrix 110 is pushed against the ruler 137 to position the
      matrix 110 in the circumferential direction of the matrix roll 107 and the
      projections 138c of the press ruler 138 are put on both marginal portions
      of the matrix 110 and the other side thereof and then the electromagnets
      139 are energized so that matrix 110 can be brought into close contact
      with the peripheral surface of the matrix roll 107.
PAR  FIG. 16 is a cross-sectional view taken on the line XVI--XVI in FIG. 15.
      The legs 138b of the press ruler 138 lie in grooves 140 formed in both
      marginal portions of the matrix roll 107. The grooves 140 are formed
      between the striking rulers 137 and contiguous to each other in the form
      of a U along one longer edge of each of the rulers 137. The groove 140 is
      formed to conform to the press ruler 138. The inner marginal portion of
      the groove 140 is planed off as indicated at 141 to hold the marginal
      portion of the matrix 110 between the former and the projections 138c of
      the press ruler 138 and the pole of each electromagnet 139 is exposed at
      the bottom of the groove 140.
PAR  Further, in the present example, blind holes 142 are formed in the inside
      of the leg 138c at places corresponding to the electromagnets 139 and
      coiled springs 143 are inserted into the blind holes 142. When the
      electromagnets 139 are deenergized in the illustrated conditions, the leg
      138b, that is, the press ruler 138 pops up to the position indicated by an
      imaginary line. Wirings for the electromagnets 139 are led to one side of
      the matrix roll 107 or to an operation board or panel for controlling the
      entire apparatus, so that the electromagnets 139 can be energized and
      deenergized with actuation of a single pushbutton or the like. Thus, the
      matrix 110 can be assembled with or disassembled from the matrix roll 107
      easily and rapidly. In this case, the matrix roll 107 is moved up. In FIG.
      15, reference character W indicates the cooling water in the matrix roll
      107.
PAR  The construction of each part of the apparatus of this invention and the
      operation of the entire apparatus will be seen from the foregoing but its
      driving and control systems may be designed in various manners. For
      example, in the driving system, in order to synchronize the peripheral
      speeds of the rolls of the rolling section 106 and the upper and lower
      rolls of the rolling section 122 with the speed of the conveyor 101, it is
      possible to use the conveyor 101 as a driving source and to provide
      sprocket wheels on both end portions of each roll in meshing relation to
      the roller chains 115a and 115b of the conveyor 101 and to drive the
      sprocket wheels. It is also possible to use any of the rolls of the
      rolling section 106 as a driving roll and to drive the other rolls in
      synchronism through the conveyor 101. Further, means for adjusting the
      distances between the axes of the rolls of the rolling sections 106 and
      122 need not be limited specifically to the aforementioned eccentric
      bearings but may comprise various axis adjusting means. In some cases,
      clutches, brakes or the like are mounted on the rolls of the rolling
      section 106.
PAR  Further, the control system is designed mainly on the basis of the moulding
      cycle of the rolling section 106 in association with which the cycle for
      supplying the resin sheet S in the supply section 111 is selected and the
      temperature of the heating section 119 and means for circulating the
      cooling water and hot water to the rolls are controlled.
PAR  However, there are matters of choice in deisgn; and this invention may be
      modified within the scope of its subject matter.
PAR  In any case when many resin sheets S made of polyethylene, polypropylene or
      like thermoplastic synthetic resin are loaded in the supply section 111
      and the apparatus is put in operation, the resin sheets S are supplied and
      placed one by one on the conveyor 101 at predetermined positions and
      brought into the heating section 119 in which the resin sheets S are
      heated to a predetermined temperature while being moved in the preheating
      section 121a. Then, the resin sheets S deformed by preheating are rolled
      in the rolling section 122 and transferred to the melting section 121b in
      which they are homogeneously molten. Thereafter, the molten resin sheets S
      are drawn in the rolling section 106 to mould them by rolling as
      previously described in detail, thus providing the printing plates S'
      having highly faithful plate faces and accurate thicknesses. It is
      noteworthy that such a series of processes can be achieved continuously
      and automatically and with high speed.
PAR  In order to assemble the printing plate thus produced with a plate cylinder
      of a rotary press or the like, the fins projecting from the margins of the
      printing plate are cut off in accordance with a predetermined size and the
      curved printing plate is inverted and then mounted on the plate cylinder.
      In this case, the printing plate is mounted on the peripheral surface of
      the plate cylinder through a saddle for attachment but the mounting means
      itself does not directly relate to the present invention. Further, the use
      of the printing plate made by the apparatus of this invention is not
      always limited specifically to a rotary press but the printing plate can
      be used with flat plate printers.
PAR  With the present invention, almost all of the defects experienced in the
      prior art hydraulic press system can be eliminated; the plate face of the
      finished resin printing plate is clear; the thickness of the printing
      plate is accurate and no back scraping is required; and the rate of
      operation of the apparatus and making printing plates is high.
      Accordingly, the apparatus of this invention makes printing plates for use
      with high-speed rotary presses and is suitable for making other ordinary
      printing plates.
PAR  Although it has been described with respect to preferred embodiments, it is
      not to be so limited as changes and modifications may be made which are
      within the full intended scope as defined by the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An apparatus for making reproduction printing plates comprising, a
      matrix which is air permeable but stops molten theremoplastic material
      from passing therethrough, a roll member, said matrix being detachably
      mounted on the outer surface of said roll member, an opposing member
      disposed against said roll member with a predetermined gap therebetween
      means for supplying molten thermoplastic material to said gap, and means
      for driving at least one of said roll and opposing members to press and
      roll said molten thermoplastic material and form said reproduction
      printing plates therefrom.
NUM  2.
PAR  2. Apparatus for making reproduction printing plates according to claim 1
      wherein said matrix is made of paper.
NUM  3.
PAR  3. An apparatus of making reproduction printing plates as claimed in claim
      1 further including a means for hardening said molten thermoplastic
      material during its pressing and rolling.
NUM  4.
PAR  4. An apparatus of making reproduction printing plates as claimed in claim
      3 in which said hardening means is a cooling device which supplies fluid
      to said molten thermoplastic material.
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ABST
PAL  A duel-belt press in which two mating endless steel belts are supported and
      pressed against each other through a treating zone while holding a layer
      of a product captive. The layer of product is compressed as it moves into
      the nip formed by two diametrically opposed compression rolls which act
      through the belts to compress the product layer. Belt support structures
      are provided through the zone extending from upstream to downstream of the
      compression rollers relative to the movement of the belts and the layer of
      the product.
BSUM
PAR  This invention relates to endless belt presses, and, more in particular to
      duel-belt presses in which two mating endless metal belts are supported
      upon rolls or drums and having mating runs between which a layer of a
      product is fed and is compressed by a pair of diametrically positioned
      compression rolls.
PAR  The present invention is particularly important for use in duel-belt
      presses of the type which may be used for compacting products, German Pat.
      No. 923,172 discloses a press of that type. It is an object of the present
      invention to adapt endless belt presses for compacting materials to a
      final shape under high pressure, for example, for manufacturing particle
      board. The materials used for producing that product are considerably
      bulkier than the finished product so that a layer for forming a sheet of
      particle board is much thicker than the compacted material in its final
      condition. Accordingly, the layer of material must be compressed a very
      substantial amount. In order to utilize endless belts for performing the
      compressing operation at the zone where the product enters, the belts must
      be supported upon pulleys which are spaced a substantial distance apart,
      and there are compression rolls which act through the belts to compress
      the layer of material to the desired thickness. Within the area of the
      compression rolls, the belts are subjected to very substantial pressures.
PAR  It is an object of the present invention to provide endless belt presses,
      and particularly duel-belt presses which operate at high compacting
      pressures, to produce substantial reductions in the thickness of the
      materials being processed in them. It is a further object to provide
      improved systems and methods for compacting materials. It is a further
      object to provide endless steel belt systems in which a belt can be used
      to impose substantial compression forces upon products without creating
      objectionable stressing and flexing of the belt. These and other objects
      will be in part obvious and in part pointed out below.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a diagrammatic side elevation of a duel-belt press incorporating
      the invention;
PAR  FIG. 2 is an enlarged view, partially in section and somewhat schematic, of
      the portion of FIG. 1 in which the layer of the product being treated is
      subjected to substantial compacting;
PAR  FIG. 3 is a fragmentary sectional view on the line III--III of FIG. 2;
PAR  FIG. 4 is a somewhat schematic and enlarged perspective view of a portion
      of a belt supporting structure of FIGS. 1 and 2; and,
PAR  FIG. 5 is an enlarged vertical section showing the relationship between the
      strip shown at the lower left hand portion of FIG. 4 and one of the
      compression rolls of FIGS. 1-3.
DETD
PAR  Referring to FIG. 1 of the drawings, a pair of endless steel belts 1 and 2
      are mounted upon end pulleys 3A and 3B at the left and pulleys 4A and 4B
      at the right. Pulleys 4A and 4B are positioned diametrically opposite to
      each other with a distance between the belts passing around them being
      equal to the thickness desired in the finished product layer 21. A layer 5
      of a product to be compacted is fed onto belt 2 at the left and is carried
      to the right into a compression zone 22 formed by a pair of diametrically
      opposed compression rollers 7 and 8 past which belts 1 and 2 move and
      which provide the compression forces which reduce the thickness of layer 5
      to the precise thickness desired in the finished product. However, pulleys
      3A and 3B are spaced from each other at an appreciably greater distance so
      that the mating runs of the belts move toward each other when passing from
      pulleys 3A and 3B to the compression rollers 7 and 8. That provides the
      compression zone 22 within which the product layer 5 is contacted by belt
      1 and is then compressed between the belts as it moves into the nip
      between rollers 7 and 8 (see also FIG. 2). After passing the compression
      rollers, the product is held in its compacted position and moves on to the
      right past a pair of rollers 9A and 9B, each of which guides the rollers
      10 of a roller assembly in between its belt and a pressure plate 11.
      Rollers 10 are of small diameter and are held in closely spaced parallel
      relationship by a pair of endless chains 23 positioned at the opposite
      ends of the rollers, extending along the continuous path at the ends of
      the rollers with each roller end being pivoted to its chain. Hence, as
      each roller 10 moves around its roller 9, it moves between its belt and
      its pressure plate 11 and the movement of the belt causes the roller 10 to
      roll along the surface of the adjacent plate 11. As shown in FIG. 1, each
      of the roller assemblies formed by rollers 10 passes from beneath its
      plate 11 at the right and around a closed path formed by three rollers 14,
      13 and 12 while passing through the zone between pressure plates 11. The
      product layer is cured and stabilized to form the rigid layer 31.
PAR  Throughout the compression zone upstream with respect to the belt movement
      from compression rollers 7 and 8 to the right in FIGS. 1 and 2 to rollers
      9A and 9B, each of the belts is provided with a compression shoe 24 formed
      by a plurality of parallel metal strips 6 (see also FIG. 4) which have
      main compression portions 26 within the compression zone upstream from the
      compression rollers, compression portions 28 within the zone between
      compression rollers 7 and 8 and rollers 9A and 9B, and each strip 6 also
      has an integral central connection portion 30 which extends between its
      compression roller 7 and 8 and its belt. Each of the compression rollers
      has a peripheral groove 15 (see FIG. 5) for each of its strips 6. That is,
      in the illustrative embodiment (see FIG. 3) there are seven strips 6
      forming each shoe 24 and there are seven equally spaced grooves 15 in
      which the portions 30 of the strips are positioned as shown in FIGS. 3 and
      5. The strips 6 of each shoe are interconnected at the left by a top strip
      20 and form comblike structure. However, each strip 6 has a continuous
      flat surface which is held tightly against its belt and the strips mate
      with grooves 15 so that the shoe is retained in its proper operating
      position by its compression roller. The end of each shoe adjacent its
      rollers 10 is shaped to the contour of the outer edge of the path of
      rollers 10 so that the shoe extends between the belt and a substantial
      portion of the roller 9A or 9B. It is thus seen that each of the shoes
      provides a continuous supporting surface on each of its strips 6 against
      which the belt rests throughout the entire compression zone and up to the
      zone where rollers 10 engage the belt. Within that zone the product layer
      5 is compacted and is held in compressed condition for sufficient time for
      its thickness to be stabilized. However, rollers 10 then maintain the
      compression throughout the treatment zone along compression plates 11.
PAR  Referring to FIGS. 2 and 4, each of the shoes is provided with an inlet
      pipe 21 for compressed air which acts as a lubricating or friction
      reducing medium throughout the zone downstream from the center line of the
      compression rollers in the direction of the belt movement. Accordingly,
      each shoe has air distribution passageways 17; horizontal passageway 17A;
      a vertical passageway 17B extending downwardly into each strip 6; a
      horizontal passageway 17C extending longitudinally in the strip; vertical
      discharge passageways 18 opening to the adjacent belt (see also FIG. 5);
      and vertical discharge passageways 19 opening into the top (or bottom) of
      the groove 15 in the compression roller. As shown in FIG. 5, grooves 15
      and strips 6 have parallel or mating surfaces and are tapered. There are
      also spaces at the top and bottom of the strip for the discharge of the
      compressed air. The air pressure is sufficient to provide substantial
      support from the compression roller to the strip and from the strip to the
      belt, and to provide lubrication or friction reducing or act as a friction
      reducing fluid.
PAR  It is thus seen that the compressed air provides a lubricating function
      between the shoes and the compression rollers and between the shoes and
      the belt. The shoes are held from moving from their operating positions by
      the engagement with the compression rollers. The compacting or compression
      rollers 7 and 8 are located in the area where the maximum compacting
      pressure is required. By reason of their dimensions, those rollers are
      able to absorb elevated pressures and are structurally adapted to the
      particular requirements. Owing to their combination with the supporting
      strips 6, it is possible to control the operating conditions in the area
      where the maximum pressure is encountered, which in the embodiment shown
      calls for a pressure ranging from 25 to 30 kp/cm.sup.2 (i.e., 234 Kg to
      294 Kg) over a length of about 10 cm, in such a way that the requisite
      pressure is produced over that length. An advantage of this embodiment is
      that supporting strips 6 prevent the moving steel belts from being
      subjected to excessive bending stresses in the jawlike opening between the
      end pulleys 3A and 3B. The belts are also protected against deformation,
      particularly in the area where the maximum pressure is produced by rollers
      7 and 8 and the adjacent portions of the supporting strips 6. The
      diametrically opposed positioning of rollers 7 and 8 insure that the
      pressures are exerted on the material to be compressed, rather than acting
      upon the steel belts as bending forces. Since the pressure gradually
      decreases in the area between the point of contact between the belts 1 and
      2 and the compacting rolls 7 and 8 and the deflection rollers 9A and 9B,
      the pressures there still prevailing can readily be absorbed by the
      pressure rollers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dual-belt press in which two endless metal belts or the like are
      provided which on their facing sides are supported and pressed against
      each other by rollerlike pressure bodies, said belts being spread apart
      and forming an inlet area for compressing material masses, characterized
      by including a pair of compression rollers which form a compacting zone
      along said inlet area and which are diametrically opposed in the vicinity
      of the narrowest point of said inlet area between said belts, and
      supporting shoes which bear against the belts and bridge the space along
      said compacting zone and between the line of contact of said belt and said
      compacting roll and between the belt and the rollerlike pressure bodies.
NUM  2.
PAR  2. A dual-belt press as defined in claim 1, characterized by the fact that
      said supporting shoes include interconnected portions disposed along said
      belt upstream and downstream of said compression rollers with respect to
      the direction of belt travel.
NUM  3.
PAR  3. A dual-belt press as defined in claim 2, characterized by the fact that
      said supporting shoes have surfaces adjacent and along the path of the
      periphery of said compacting rolls.
NUM  4.
PAR  4. A duel-belt press as defined in claim 3, characterized by the fact that
      said supporting shoes have end faces which are positioned along the path
      of the deflection of the pressure rollers.
NUM  5.
PAR  5. A dual-belt press as defined in claim 2, wherein said compression
      rollers have peripheral grooves and said supporting shoes are constructed
      as a plurality of supporting strips between said compression roller and
      the belt which mesh with and are positioned respectively in said
      pheripheral grooves.
NUM  6.
PAR  6. A dual-belt press as defined in claim 5, characterized by the fact that
      the sides of said supporting shoes facing said pressure rollers extend
      into the wedge zone between said belt and said pressure rollers moving
      toward said belt.
NUM  7.
PAR  7. A dual-belt press as defined in claim 6, characterized by the fact that
      said supporting shoes are provided with through ducts and with openings on
      the side facing the belt through which a friction-reducing medium is
      discharged.
NUM  8.
PAR  8. A dual-belt press as defined in claim 7, which includes outlet openings
      on the side of the supporting shoes which faces said compression roller.
NUM  9.
PAR  9. A dual-belt press as defined in claim 8, characterized by the fact that
      the friction-reducing medium is compressed air.
NUM  10.
PAR  10. A dual-belt press as defined in claim 9, characterized by the fact that
      the supporting strips are interconnected at one end in comblike fashion by
      a connecting member which is provided with a pipe connection for admission
      of said compressed air.
NUM  11.
PAR  11. In an endless belt press having a treatment zone through which a layer
      of compacted material is passed between the mating runs of two endless
      belts, the combination of, a pair of compression rollers which are
      diametrically positioned upon the opposite sides of said runs so as to
      provide a zone of maximum compression for the material passing to said
      treatment zone, means mounting said belts at the discharge end of said
      treatment zone spaced from each other to provide a discharge opening of
      substantially the dimension of the treated product, means mounting said
      belts at their other ends with the belts spaced from each other to provide
      an inlet zone in which the belts move toward each other into a compression
      zone and approach said compression rollers, and support structure within
      said compression zone which provide support surfaces against which said
      belts are urged by the material being compacted.
NUM  12.
PAR  12. Apparatus as described in claim 11 wherein said support structure
      comprises shoes which extend in the direction of belt movement beyond said
      zone of maximum compression and which includes structure extending between
      said compression rollers and each having a contour away from said belts to
      provide an interlocking relationship between said shoe structure and the
      adjacent compression roller.
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ABST
PAL  A device for pressing storage substrates made of thermoplastic material. It
      comprises: a press having two plates, a matrix attached to one of the
      plates, the matrix carrying the data to be stored in said substrate, and,
      arranged between the plates, one rubber sheet, on polyethyleneterephtalate
      sheet and a metal film. The superimposition of these different materials
      ensuring a properly uniform pressure over the substrate.
BSUM
PAR  Various methods have been developed to make it possible to record video
      frequency data, so that black and white or colour television programmes,
      with several sound tracks, can be stored.
PAR  The data or information is recorded in the form of a micro-relief structure
      cut in the surface of a transparent or reflective material. This
      micro-relief structure typically takes the form of holes whose diameters
      may vary from a fraction of a micron to some few microns, and whose depths
      are less than one micron.
PAR  The initial recording of the video frequency signals is carried out in a
      material chosen in order to make it possible to monitor the size of the
      holes which have been hollowed out by an optical method, or by an electron
      beam or again mechanically using known methods. This initial recording is
      then used, for instance with the help of a galvanoplastic technique, to
      create metal matrices which make it possible to reproduce in a
      thermoplastic material, the microrelief structure thus created, this in
      the form of numerous examples.
PAR  Those of the devices for reading out the recordings thus effected upon a
      thermoplastic material, which utilise automatic aerodynamic stabilisation
      of said material, requires that said material should have excellent
      parallelism upon the part of its faces and should not exhibit any high
      spots either on the face carrying the impression of the microrelief
      structure or upon the opposite face. Hitherto, this has been impossible of
      achievement, due to the "flow" phenomenon occurring, during the pressing
      operation, in the plastic materials utilised.
PAR  The pressing device which forms the subject of the present invention makes
      it possible to achieve excellent quality recordings of video frequency
      signals upon thermoplastic substrates.
PAR  In accordance with the invention, there is provided a device for pressing
      thermoplastic material, designed to transfer to said thermoplastic
      material an impression carried by a rigid matrix, and comprising: a press
      having two rigid, parallel plates, said matrix being attached to the first
      of said plates; heater means designed to raise said thermoplastic material
      to its impression temperature; means for uniformly distributing a pressure
      over the whole surface of said thermoplastic material, arranged between
      said thermoplastic material and the second of said plates, thus preventing
      any transverse displacements of said thermoplastic material during the
      pressing operation.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will be made to the following description
      and the attached figures, among which:
PAR  FIG. 1 illustrates an embodiment of the pressing device in accordance with
      the invention;
PAR  FIG. 2, in section, illustrates a composite material which can be
      associated with one of the plates of the press, forming part of the device
      in accordance with the invention;
PAR  FIG. 3 illustrates a material which can be utilised in the device in
      accordance with the invention;
PAR  FIG. 4 illustrates another embodiment of a pressing device in accordance
      with the invention.
DETD
PAR  The pressing device shown in FIG. 1, comprises a press with two plates 1
      and 2 respectively fitted with a matrix or die 3, whose surface carries a
      micro-relief structure 4, and a composite material 5 illustrates in
      section in FIG. 2. This composite material 5 comprises a plate 6 of
      elastomeric material, for example neoprene, and a sheet 7 of a film of
      flexible material having a good resistance to stretching and a softening
      temperature in excess of the pressing temperature of the thermoplastic
      material 8 used as storage substrate; this sheet 7 can advantageously be
      made of polyethyleneterephtalate, marketed under the trade name "MYLAR,"
      or "TERPHANE." In order, at the instant of pressing, to prevent the
      "MYLAR" 7 from exhibiting the flow phenomenon and therefore a similar
      phenomenon in the thermoplastic material 8 as a consequence, a metal film
      9, for example of aluminium, is arranged between the "MYLAR" sheet 7 and
      the thermoplastic material 8 (FIG. 1). A particular embodiment consists in
      attaching the metal film 9 to the layer of MYLAR 7, the assembly 7-9 being
      fixed on the elastomeric plate 6 which itself is fixed to a plate of the
      press, for example the plate 2 on the figure.
PAR  In another embodiment (FIG. 3), the metal film 9 is deposited on the layer
      7, then taking the form of a strip, both material 7 and 9 thus
      constituting a single film of flexible material which can easily be
      renewed at each pressing operation.
PAR  In this case, the pressing device can be designed in the manner shown in
      FIG. 4. The thermoplastic material 8 which is this embodiment can equally
      well take the form of a strip or band, is introduced into the press at the
      same time as the "MYLAR" layer 7, on which there has previously been
      deposited a metal film 9. The device of the invention further comprises
      heater means which can take the form of an electrical resistor arranged in
      the plate 2, or of a hot fluid circulating through said plate 2, as shown
      for example on FIG. 1 illustrating a hot fluid coil positioned near the
      inner surface 12 of the plate 2, in the form of a spiral. It can
      preferably take the form of a contact system for passing an electric
      current through that portion of the aluminium film 9 which is in contact
      with the thermoplastic material 8 at the instant of pressing as shown for
      example on FIG. 4, where two movable contacts 13 and 14, or brushes, are
      illustrated which apply on the aluminum film 9 and are connected to two
      terminals A and B respectively, a voltage source (not shown) for applying
      a potential difference between A and B being further provided. At this
      instant, said heater means make it possible to raise the temperature of
      the thermoplastic material 8 to its softening point.
PAR  Said thermoplastic material 8 can also be subjected to a preheating
      operation before being introduced into the press so that the pressing rate
      can be increased.
PAR  At the instant of pressing, the thermoplastic material 8, for example
      polyvinylchloride, is raised to its impression temperature (about
      80.degree. C). This thermoplastic material 8 is then subjected to the
      desired pressure (10 to 50 Kg/cm.sup.2).
PAR  The association of the neoprene plate 6, the polyethyleneterephthalate
      sheet 7 and the aluminium film 9 makes it possible to apply a really
      uniform pressure over the whole of the surface of the thermoplastic
      material 8 at the instant of pressing, and also makes it possible to
      prevent the "flow" phenomenon, and certain impression defects which are
      due to the poor condition of the rear surface of the matrix 3.
PAR  When the impression has been made, the temperature of the thermoplastic
      material 8 is reduced to the gelling temperature (substantially equal to
      50.degree. C for polyvinylchloride) whilst maintaining the pressure.
      Release from the mould is then effected. The requisite holes for driving
      the recording substrate through the pick-up system, said substrate taking
      the form of a disc for example, can be produced by means of a punch 10 as
      shown in FIG. 4. In the same way, the cutting of said disc to the desired
      size can be effected in the press, after the pressing operation, when the
      disc has reached its gelling temperature.
PAR  Self-evidently, the pressing device utilised to implement the method in
      accordance with the invention, may exhibit various embodiments. The metal
      film 9 may, for example, be separate from the sheet or strip of "MYLAR" 7.
      In this case, it will pass between the plates of the press before each
      pressing operation, as also can the thermoplastic material if it too takes
      the form of a strip or band.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A device for pressing thermoplastic material, designed to transfer to
      said thermoplastic material an impression carried by a rigid matrix, and
      comprising: a press having two rigid, first and second parallel plates,
      said matrix being attached to the first of said plates; heater means
      designed to raise said thermoplastic material to its impression
      temperature; means for uniformly distributing a pressure over the whole
      surface of said thermoplastic material, arranged between said
      thermoplastic material and the second of said plates, thus preventing any
      transverse displacements of said thermoplastic material during the
      pressing operation.
NUM  2.
PAR  2. A pressing device as claimed in claim 1, wherein said uniform pressure
      distribution means comprise an elastomeric plate located opposite said
      second plate and associated with at least one film of flexible material
      having a high resistance to stretching and a softening temperature in
      excess of the pressing temperature of said thermoplastic material.
NUM  3.
PAR  3. A pressing device as claimed in claim 2, wherein the material of said
      film is polyethyleneterephthalate.
NUM  4.
PAR  4. A pressing device as claimed in claim 2, wherein said film is
      constituted by a composite material formed by a layer of
      polyethyleneterephthalate upon which a metal film has been deposited.
NUM  5.
PAR  5. A pressing device as claimed in claim 4, wherein said metal film is an
      aluminium film.
NUM  6.
PAR  6. A pressing device as claimed in claim 2, wherein said elastomeric plate
      is attached to said second plate of the press.
NUM  7.
PAR  7. A pressing device as claimed in claim 6, wherein said film is fixed to
      said elastomeric plate.
NUM  8.
PAR  8. A pressing device as claimed in claim 4, wherein said film is attached
      to said elastomeric plate; the latter being fixed to said second plate.
NUM  9.
PAR  9. A pressing device as claimed in claim 2, wherein a first and second film
      of flexible material are associated with said elastomeric plate, these
      films being located between the two plates of the press during the
      operation of pressing said thermoplastic material, and means being
      provided in order to introduce said films between said press plates.
NUM  10.
PAR  10. A pressing device as claimed in claim 9, wherein said first film is
      made of polyethyleneterephthalate and said second film a metal film.
NUM  11.
PAR  11. A pressing device as claimed in claim 4, wherein said heater means are
      associated with said metal film, said heating means comprising a system of
      electrical contacts which make it possible to apply a potential difference
      between two opposite edges of said metal film.
NUM  12.
PAR  12. A pressing device as claimed in claim 10, wherein said heating means
      are associated with said metal film, said means comprising a system of
      electrical contacts which make it possible to apply a potential difference
      between two opposite edges of said metal film.
NUM  13.
PAR  13. A pressing device as claimed in claim 1, further comprising means for
      preheating said thermoplastic material, associated with said press.
PATN
WKU  039457915
SRC  5
APN  4560167
APT  1
ART  141
APD  19740329
TTL  In-register printed and embossed carpet
ISD  19760323
NCL  3
ECL  1
EXP  Griffin; Ronald W.
NDR  1
NFG  1
INVT
NAM  Bohrn; Walter J.
CTY  Lancaster
STA  PA
ASSG
NAM  Armstrong Cork Company
CTY  Lancaster
STA  PA
COD  02
RLAP
COD  72
APN  51210
APD  19700630
PSC  03
RLAP
COD  75
APN  157889
APD  19710629
PSC  03
CLAS
OCL    8 17
XCL    8 14
XCL    8 62
XCL    81145
XCL    8149
EDF  2
ICL  D06P  500
FSC    8
FSS  14;17;62;149
UREF
PNO  2110866
ISD  19380300
NAM  Castles
OCL    8115
UREF
PNO  2317359
ISD  19430400
NAM  Cassel
OCL    8 62
UREF
PNO  2984540
ISD  19610500
NAM  Tillett et al.
OCL    8 62
UREF
PNO  3031253
ISD  19620400
NAM  Gilbert et al.
OCL    8177
UREF
PNO  3170757
ISD  19650200
NAM  Gift et al.
OCL    8 14
UREF
PNO  3282717
ISD  19661100
NAM  Kelly
OCL    8 62
UREF
PNO  3434189
ISD  19690300
NAM  Buck et al.
OCL    8 14
UREF
PNO  3434793
ISD  19690300
NAM  Pratt
OCL    8 62
UREF
PNO  3505000
ISD  19700400
NAM  Shinmura et al.
OCL    8115
UREF
PNO  3775054
ISD  19731100
NAM  Devinney
OCL    8 14
FREF
PNO  544,820
ISD  19420400
CNT  UK
OCL    8114.5
ABST
PAL  A carpet material is printed with a decorative pattern. The ink formulation
      used for printing will for some portions of the pattern contain a solvent
      for the fiber of the carpet. The carpet is passed through a series of
      printing stages all prior to the time the carpet is steamed. After all
      printing is done, the carpet is steamed once. This causes the fibers which
      have been printed with a solvent to shrink and/or dissolve to produce an
      embossed effect. The other printed areas will have the dye in the ink set
      in the carpet. The carpet is then washed and dried. There is produced a
      carpet having an embossed pattern effect with a natural fibrous appearance
      in the embossed areas.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 51,210, filed June 30, 1970, by Walter J. Bohrn, and entitled
      "Steam-Etched Solvent Embossed Carpet", now abandoned, and a
      continuation-in-part of copending application Ser. No. 157,889, filed June
      29, 1971, by Walter J. Bohrn, and entitled "In-Register Printed and
      Embossed Carpet", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is directed to a process for making a printed and embossed
      carpet and particularly to a process for making a carpet having the design
      and embossing in register.
PAR  2. Description of the Prior Art
PAR  The above-mentioned patent applications fully disclose the status of the
      prior art relative to the making of a carpet product having an embossed
      configuration. In all the prior art processes, the embossed effect was
      secured with or without a coloring in the embossed region. Normally, all
      embossed carpet is of one color, and there is no attempt made to provide a
      two-color effect. The first above-mentioned copending application was one
      of the first steps towards the coloring of the embossed areas. It has been
      only recently that embossed effects have been provided on carpeting.
PAR  It is noted that in the publications, for example, the book "The Principles
      and Practice of Textile Printing" by Edmund Knecht, 4th Edition, 1952,
      publisher Charles Griffen & Company Limited, London, page 31, there is the
      clear teaching that when one wet color is superimposed over another wet
      color or when two wet colors are close to each other so that one wet color
      will run into the other wet color, a drying step after each wet color is
      carried out. Therefore, it would appear that the art clearly suggests a
      steaming step between each ink application step for the purpose of setting
      the dye of the ink.
PAC  SUMMARY OF THE INVENTION
PAR  The process herein involves the printing of a plurality of pattern
      components in register on a carpet. The carpet may pass through a dye bath
      to provide it with background color. The carpet then passes through a
      series of printing stations which apply a pattern to the carpet due to
      dyes in the printing inks. At some of the printing stations, the inks
      which provide the pattern components to the carpet also include a solvent
      which will cause shrinkage of the carpet fibers to give an embossed effect
      to the carpet. After the carpet has been totally printed with all of its
      pattern components, it is passed to a steam chamber where the steaming
      effects the embossing of the carpet and the setting of the dyes. Finally,
      the carpet material is washed and then dried to remove the wash water.
      There is now provided a carpet with a pattern having embossed design areas
      and non-embossed design areas in registration. All operations were
      performed along a continuous line in a single pass operation through the
      printer with only the need for a single steaming operation. Consequently,
      the above process provides a simplicity of operation and a reduction in
      cost along with a guarantee of registry in the pattern.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE of the drawing is a representation of the process utilized
      herein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, the process herein involves the printing of
      carpet or any type of pile fabric with dyes and solvents for the fibers.
      The carpet material 2 may initially be fed through a conventional dye tank
      4 and dip dyed to color it. The dye in the tank would be any conventional
      dye capable of dyeing the fabric of the carpet and would provide the
      carpet with background color for the subsequently printed pattern
      components. While the dyed carpet material is still in its wet state, it
      is fed on to subsequent printing stations. The operation of the feeding is
      such that the carpet will be fed from the first dye bath by the printing
      stations to the steaming station. There will be a substantially continuous
      feeding of the carpet through the printing stations and to the steaming
      chamber. By "substantially continuous" is meant a process which is carried
      out in a matter of minutes versus one which would be carried out in a
      matter of hours. The carpet component which is to be handled is a
      flexible, stretchable material which normally has pile fabric tufted into
      a flexible, stretchable backing. By the terms " flexible and stretchable"
      is meant a carpet material which will be flexible and will stretch during
      handling. This is to be contrasted against the term "rigid" which normally
      denotes a non-flexible, non-stretchable condition. There is no known
      carpet product being made now which could be called "rigid". Most carpet
      products being made are flexible and stretchable and such a property is
      necessary in the carpet to enable the carpet to be laid.
PAR  A plurality of subsequent printing stages may be provided to place the
      pattern configuration on the carpet. The number of printing stations
      involved will depend upon the complexity of the pattern and the degree of
      embossing. For illustration purposes, three printing stations have been
      shown in the drawing. At the first printing station 6, the carpet would be
      printed with a decorative pattern component using a conventional printing
      ink containing a carpet dye. The carpet would then be passed on to a
      second printing station 8 which would put on another portion of the
      pattern. Finally, the carpet would pass on to station 10 which would
      provide the third phase of the carpet pattern. Here, the printing ink may
      contain a solvent plus a dye(s) for the fiber of the carpet or just simply
      a solvent for the carpet fibers. It is obvious that a number of solvent
      printing steps may be used. The sequence of printing the dye and solvent
      may be varied.
PAR  Normally, the printing stations would be flat bed screen printers such as
      are conventional in the art. Rotary screen printers or other suitable
      devices may be used. The carpet would move with an intermittent operation
      being indexed from one station to the next and would be inherently in
      registry. Machines capable of this work are similar to those set forth in
      the Zimmer U.S. Pat. No. 3,495,285. After all the printing and dyeing
      operations are performed, the carpet then passes to a steam chamber 12 in
      which steam in a temperature range of 212.degree. to 220.degree.F. is
      applied to the carpet. Under the effects of the steam, the dye will
      develop or set on the fibers. In addition, and of particular importance,
      is that under the effects of the steam, the fibers in the area treated
      with the solvent will shrink and to a degree dissolve to produce an
      embossed effect in the printed area. The carpet then passes on to a
      conventional wash tank 14 through which the carpet passes to remove the
      residual printing ink and any other residual chemicals which may remain in
      the carpet. The carpet then passes on to conventional drying structure 16
      which evaporates the wash water from the carpet in the usual manner. The
      carpet coming out of the dryer has a good hand, and the appearance
      obtained in the embossed area is that of a fibrous material. The loft of
      the carpet is maintained, the embossed areas are particularly pleasing in
      appearance, and the pattern components are in complete register.
PAR  In one typical embodiment of the invention, an acrylic fiber carpet
      material is fed through a dye bath 4 containing the following carpet dye:
      ##SPC1##
PAL  This provides a background coloring. The yellow dye is water soluble and is
      mixed at the rate of 1 part dye to 99 parts water. Viscosity of this
      solution is between 15-200 centipoises. The wet carpet then passes on to
      the first printing station 6 wherein the printing ink contains the
      following materials by weight: 98% water, 11/2% modified locust bean gum
      thickener and 1/2% water-soluble dye -- Basic Blue 25
      ##SPC2##
PAL  This dye solution is at a viscosity of about 5000-5500 centipoises and
      provides a printed pattern to the background colored carpet. The wet
      carpet then passes on to the second pattern printing station which
      contains the same basic materials as the first printing station except
      that the dye was Basic Orange 21.
      ##SPC3##
PAL  Specifically the dye solution contains the following materials by weight:
      981/2% water, 1% Cellosize QP 100M thickener (Union Carbide brand of
      hydroxyethyl cellulose) and 1/2% dye at a solution viscosity of 5000-5500
      centipoises.
PAR  Finally, the wet carpet passes on to station 10 wherein the printing ink is
      basically a thickened aqueous solution of ethylene carbonate as set forth
      in the first above-mentioned copending application. Specifically the
      solvent containing solution contains the following material by percentage
      by weight: 44% water, 55% ethylene carbonate and 1% Cellosize QP 100M
      thickener at a solution viscosity of 5000-5500 centipoises. This solution
      provides a third printed pattern on the background colored carpet.
      Obviously, as indicated in the above-mentioned copending application, the
      solvent will change depending upon the fiber type used in the carpet being
      treated. Also, the dyes will change, depending upon the color desired, the
      type of fibers used and the availability of dyes. No invention lies in
      this case in the selection of the particular dyes and solvents. Of primary
      importance herein is the fact that the total treatment of the carpet to
      provide it with a pattern is provided in a series of sequential steps
      which are readily controlled in register prior to the time that the carpet
      passes to the steam chamber to cause the embossing and to set the dyes.
      The sequence of operations is carried out in a substantially continuous
      sequence of steps without any appreciable time delay between the series of
      steps. In addition to the fact that a prolonged wait between the series of
      steps may result in the bleeding of the dyes into each other, there is
      also a problem that the water may evaporate from the aqueous solution of
      solvent, thus increasing the solvent concentration in position and causing
      deleterious destruction of the carpet fibers.
PAR  Basically, the control of bleeding of the differently colored dyes into
      each other is carried out through proper attention to the viscosity of the
      printing inks and the rheology of the dyes. The thickeners in the ink are
      important in controlling the viscosity of the inks. The thickeners let the
      ink function so that under force (shear), the ink will flow into the
      carpet, but with the removal of force (shear), there is no flow of the ink
      laterally (bleeding). Consequently, the rheology of the ink may be
      described as being a condition of the ink that has the ink at low
      viscosity under shear, but at high viscosity when without shear.
      Naturally, the viscosity of the ink must be temperature insensitive or
      else the inks would flow during steaming.
PAR  Viscosity is generally kept in the range of 3500 to 6000 centipoises. These
      viscosity readings would be based on readings taken on a Brookfield Model
      RVF Viscometer using a No. 4 spindle run at 20 rpm. The viscosity secured
      is simply dependent on the amount of thickener added and this must be
      based generally on a trial and error basis with each different ink used.
PAR  One final point is of some concern. That is, the inks cannot be left
      indefinitely on the carpet without setting them with the steaming. The
      steaming should be carried out within about ten minutes of the printing of
      the inks. Prolonged periods of time beyond this will result in some
      bleeding of the inks into each other.
PAR  As used herein, the term "pattern" means a composite of embossed and
      non-embossed design elements. The non-embossed design elements are
      provided with a decorative coloring. The embossed areas may or may not
      have added coloring. As used herein, the term "register" means a composite
      of embossed and non-embossed design elements wherein the elements are
      either overlying each other or are in an abutting relationship. This may
      mean that there is a dye design placed overtop of a background dye
      coloring or a solvent design printed on a background dye coloring or two
      adjacent dye designs of different colors placed in abutting relationship
      or other similar variations of the above. "Register" is not meant to cover
      a large number of very detached design elements which are spaced apart a
      certain distance and repeated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing a carpet having a pattern printed thereon,
      said carpet being flexible and stretchable during handling, the pattern on
      the carpet having embossed design areas and non-embossed design areas in
      register, consisting of the steps of:
PA1  a. passing the carpet substantially continuously through a series of
      printing, steaming, washing and drying steps,
PA1  b. printing the carpet with at least one pattern component using only a dye
      to provide the pattern component,
PA1  c. moving the carpet to a second printing station wherein the previously
      printed pattern component will be in register with and abutting with the
      second pattern component to be printed,
PA1  d. printing the second pattern component in register and abutting with the
      first pattern component and using a printing ink containing a solvent for
      the carpet fibers, said solvent will cause the carpet fibers to shrink
      upon a subsequential steaming operation;
PAL  the improvement comprising:
PA2  1. controlling the viscosity and rheology of the printing inks to prevent
      bleeding of the different printing inks into each other to destroy the
      sharpness of the patterns printed, the rheology of the printing ink is
      such that it flows into the carpet when under shear, but has no flow
      laterally of the carpet when not under shear,
PA2  2. then within approximately 10 minutes of the last printing step, applying
      only then steam to the carpet to shrink the fibers printed and affected by
      the solvent to produce an embossed effect in the printed areas and to set
      the dyes in the carpet,
PA1  e. washing the carpet, and then
PA1  f. drying the carpet to remove the wash water.
NUM  2.
PAR  2. The process of claim 1 wherein the carpet is dyed to provide a
      background effect for the pattern components prior to the time the carpet
      moves to the different printing stages for printing the pattern components
      thereon.
NUM  3.
PAR  3. The process of claim 2 wherein the viscosity of the ink is controlled to
      within a range of 3500 to 6000 centipoises.
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      Final Report No. 1108, 1947, p. 178.
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ABST
PAL  A process for the filling of leather tanned with mineral, vegetable and/or
      synthetic tanning agents by treating the leather, in the acid pH-range ,
      with an aqueous solution of a filling agent consisting of unsubstituted or
      substituted homo- or copolymeric acrylic acids and protein glue, alone or
      in admixture with further additives, as well as dry or liquid compositions
      thereof, are disclosed; thereby an even fullness of the leather is
      obtained without impairing the handle, the buffing properties, the
      tightness of the grain, the fine grain or the dyeability of said leathers.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 47,618,
      filed June 18, 1970, now abandoned.
BSUM
PAR  The present invention relates to a process for the filling of leather
      tanned with mineral, vegetable and/or synthetic tanning agents, to
      compositions usable therefor as well as to the leather obtained by the
      process according to the invention.
PAR  It is known that leather tanned with mineral, vegetable and/or synthetic
      tanning agents, can be advantageously given an after-treatment for the
      purpose of improving the fullness, the handle and/or the buffing property,
      whereby, depending on the nature of the preliminary tanning, vegetable,
      synthetic or resinous tanning substances can be used for the purpose.
      Leather after-treated in such a manner, however, has certain disadvantages
      in that, for example, the tightness and smoothness of grain are
      unfavourably affected and, in particular, the dyeability of the leather is
      impaired. The use, as a tanning agent for leather, of acid polymers
      containing carboxyl groups, has, moreover, also been already suggested,
      but leather treated therewith exhibits, in many cases, an inadequate
      fullness and dyestuff absorption.
PAR  Surprisingly, it has now been found that an even fullness can be imparted
      to leather tanned with mineral, vegetable and/or synthetic tanning agents,
      without impairing the handle, the buffing property, the tightness of
      grain, the fine grain or the dyeability of the leather, by treating the
      leather, in the acid pH range, with an aqueous solution of a filling agent
      consisting of unsubstituted or substituted homo- or copolymeric acrylic
      acids and protein glue in a weight ratio of homo- or copolymeric acrylic
      acids to glue of approximately 1:12 to 12:1, alone or in admixture with
      further additives.
PAR  The aqueous solutions usable according to the invention can be so-called
      true as well as colloidal solutions.
PAR  Particularly favourable results, with regard to filling and dyeability of
      the leather, are obtained if the process according to the invention is
      performed with a pH-value of the solution of between 3 and 5.
PAR  The unsubstituted or substituted homo- or copolymeric acrylic acids
      according to the invention are water-soluble and are advantageously used
      in the form of their alkali metal salts, especially the sodium and
      potassium salts, or in the form of their ammonium salts, alone or in
      admixture with corresponding free polycarboxylic acids.
PAR  Preferable for use in the process according to the invention are
      water-soluble, unsubstituted or substituted homopolymeric acrylic acids,
      e.g. homopolymers from the following monomers: acrylic acid, methacrylic
      acid, .alpha.-ethylacrylic acid, .alpha.-isopropylacrylic acid,
      .alpha.-butyacrylic acid and .alpha.-chloroacrylic acid. Especially
      preferred are water-soluble homopolymers of acrylic or methacrylic acid.
PAR  Suitable copolymeric acrylic acids usable according to the invention are,
      in particular, copolymerisation products of acrylic acid and methacrylic
      acid, but also copolymerisation products of acrylic acid or methacrylic
      acid with an above-mentioned substituted acrylic acid.
PAR  Further copolymerisation products usable according to the invention are
      obtained by copolymerisation of acrylic or methacrylic acid with compounds
      containing vinyl groups and capable of copolymerisation, especially
      water-soluble or water-insoluble comonomers.
PAR  Examples of water-soluble comonomers are:
PAR  a. comonomers containing carboxylic acid groups, such as crotonic acid;
PAR  b. comonomers containing carboxylic acid amide groups, and their
      N-hydroxyalkyl derivatives such as acrylic acid amide, methacrylic acid
      amide, N-hydroxymethyl-, N-.beta.-hydroxyethyl-, N-.gamma.-hydroxypropyl-,
      N,N-bis-.beta.-hydroxyethyl acrylic acid amide, N-hydroxymethyl-,
      N-.beta.-hydroxyethyl-, N-.gamma.-hydroxypropyl- and
      N,N-bis-.beta.-hydroxyethyl methacrylic acid amide;
PAR  c. water-soluble derivatives of .beta.-hydroxyalkyl acrylic acid amides or
      -methacrylic acid amides, which are obtained, e.g. by condensation of
      acrylic acid halides or methacrylic acid halides, particularly chlorides,
      with reaction products from alkanolamines and chlorosulphonic acid;
PAR  d. aldehydes capable of copolymerisation, such as acrolein and croton
      aldehyde.
PAR  Examples of suitable water-insoluble comonomers are:
PAR  i. acrylic acid alkyl esters or methacrylic acid alkyl esters having from 1
      to 12 carbon atoms in the alkyl radical which, optionally, can be further
      substituted, particularly by hydroxyl groups, such as acrylic acid methyl
      ester or methacrylic acid methyl ester, ethyl ester, .beta.-hydroxyethyl
      ester, n.-butyl ester and dodecyl ester;
PAR  ii. vinyl esters of aliphatic carboxylic acids containing from 1 to 12
      carbon atoms, or of mixtures of such carboxylic acids such as vinyl
      acetate, vinyl formate, vinyl butyrate or vinyl ester of the carboxylic
      acid mixture having 9 to 11 carbon atoms, known under the trade-name of
      VEOVA 911 (Shell) (also called "versatinic acid" vinyl ester);
PAR  iii. vinyl benzenes such as styrene, chlorostyrene, methylstyrene.
PAR  Among the copolymerisation products from acrylic or methacrylic acids and
      the above-mentioned water-insoluble comonomers those having a major
      portion of acrylic or methacrylic acids are preferred.
PAR  The mono- or copolymerisation can be performed, in a manner known per se,
      in aqueous or aqueous-organic, such as aqueous-alcoholic, solution or
      suspension under the effect of catalysts, preferably radical-forming
      catalysts such as hydrogen peroxide, ammonium persulphate, potassium
      persulphate or organic peroxides, e.g. dibenzoyl peroxide, or with the use
      of ammonium persulphate and sodium hydrogen sulphite. Optionally, the
      mono- or copolymerisation is carried out in the presence of usual
      emulsifiers, especially anion-active emulsifiers, such as sulphated higher
      alcohols, e.g. stearylsulphate or oleylsulphate, or sulphated
      ethhyleneoxide addition products, particularly sulphated addition products
      of from 1 to 30 mols of ethyleneoxide and fatty acids or aliphatic
      alcohols, for instance lauryl-, stearyl- or oleyl-alcoholpolyglycol ether
      sulphates having about 20 ethyleneoxy groups. The mono- or
      copolymerisation is advantageously carried out at a temperature between
      40.degree. and 100.degree. C.
PAR  By protein glue usable according to the invention is meant water-soluble
      glue produced from animal raw materials containing collagen and which
      contains animal protein as principal constituent. The animal protein glue
      may be used in any chosen form, e.g. in the form of small pieces, in the
      ground or liquid state, as gel, or also in the form of gelatin. In this
      specification and the appended claims whenever protein glue is mentioned,
      animal protein glue is meant.
PAR  The aqueous solutions usable in the process according to the invention can
      be prepared, e.g. from concentrated, liquid, water-soluble compositions as
      well as from pulverised dry filling agents as defined. Therefore, the
      present invention also relates to such concentrated, liquid, water-soluble
      compositions and pulverised dry filling agents, respectively. Preferably,
      concentrated, liquid, water-soluble compositions are used which,
      calculated on the total weight of the composition, contain as essential
      components
PA1  a. from 0 to 30 per cent by weight of tanning agent,
PA1  b. from 5 to 40 per cent by weight, especially from 10 to 30 per cent by
      weight, of filling agent consisting of unsubstituted or substituted homo-
      or copolymeric acrylic acids and protein glue in a weight ratio of homo-
      or copolymeric acrylic acids to glue of from 1:12 to 12:1, the balance
      consisting of
PA1  c. water,
PAL  whereby the composition has a pH of at least 4.0. Such concentrated
      compositions according to the invention are preferably prepared by
      dissolving the homo- or copolymeric acrylic acids and the protein glue, in
      the desired proportions, separately in water, and subsequently combining
      the two solutions with vigorous stirring, optionally with the addition of
      tanning agents. In order to obtain the desired pH-value of at least 4.0
      and preferably from 5.0 to 7.0, usual neutralising agents are added, if
      necessary, such as sodium hydroxide, ammonium or basic amines, e.g.
      dimethylamine or trimethylolamine. Advantageously these neutralising
      agents are added to the aqueous homo- or copolymeric acrylic acid
      solution. The concentrated, liquid, water-soluble compositions obtained in
      this manner, after dilution with water and vigorous stirring, can be used
      directly in the process according to the invention.
PAR  Stable, storable pulverised dry filling agents according to the invention,
      which essentially consist of unsubstituted or substituted homo- or
      copolymeric acrylic acids and protein glue in a weight ratio of homo- or
      copolymeric acrylic acids to glue of from 1:12 to 12:1, alone or in
      admixture with further additives, can be prepared, for example, by
      evaporating to dryness, e.g. in vacuo, the combined solutions of protein
      glue and optionally neutralised homo- or copolymeric acrylic acids, in the
      desired proportions, and pulverising and optionally admixing the powder
      obtained with further additives in solid form as defined hereinafter.
      However, it is also possible to add the further additives in liquid form
      to the solutions of protein glue and homo- or copolymeric acrylic acids,
      whereupon the obtained aqueous composition is evaporated to dryness. Such
      pulverised dry filling agents can be dissolved in water with vigorous
      stirring whenever desired, and the aqueous solutions thus obtained can be
      employed directly for the filling of leather according to the process of
      this invention.
PAR  The homo- or copolymeric acrylic acid and the protein glue are preferably
      used in a reciprocal weight ratio of approximately 1:1 to 1:6, especially
      1:4.
PAR  Here and in the following, percentages and amounts given -- if not
      otherwise stated -- relate to the shaved weight of the leather to be
      treated.
PAR  Particularly favourable results are obtained by using in the process
      according to the invention an aqueous solution containing, in all, from
      0.1 to 10 per cent by weight of the filling agent consisting of homo- or
      copolymeric acrylic acids and protein glue (dry substance relative to
      shaved weight of the leather).
PAR  As further additives the aqueous solutions usable according to the
      invention or the concentrated, liquid, water-soluble compositions and
      pulverised dry filling agents of this invention, respectively, from which
      said solutions can be prepared, can contain, in particular, tanning
      agents, e.g. vegetable tanning extracts, synthetic tanning substances,
      resinous tanning agents or dialdehydes such as glutaraldehyde.
      Advantageously, these tanning agents are added to the concentrated liquid
      compositions or pulverised dry filling agents in such amounts that the
      directly usable, aqueous solutions obtained therefrom, depending on
      whether the tanning agents are used in the dry or liquid form, contain
      from about 2 to 10 per cent by weight or from 5 to 15 per cent by weight,
      respectively, of said tanning agents, relative to the shaved weight.
PAR  To the aqueous solution usable in the process according to the invention
      may also be added inorganic acids, and especially organic acids such as
      acetic and formic acid, or acid-reacting auxiliary tanning agents such as
      condensation products from naphthalene sulphonic acids and formaldehyde,
      or salts splitting off acid and having a tanning action such as chromium,
      aluminum and zirconium sulphates, preferably in such an amount that the
      leather exhibits, at the end of the after-treatment, a pH-value of 3.5 to
      5.5.
PAR  Finally, usual fat-liquoring agents can be added to the aqueous solution
      usable according to the invention, advantageously fat-liquoring agents
      containing cationic constituents, or after a usual fat-liquoring a
      cationic fat-topping is applied.
PAR  Advantageously, the above-mentioned additives are added to the treatment
      bath during the course of the treatment and not immediately at the
      beginning.
PAR  Suitable leather to be treated according to the invention is, in
      particular, mineral-tanned leather, especially chrome-tanned leather such
      as chrome-tanned side leather, calf leather, kid leather or sheepskin
      leather, but also vegetable-tanned leather, particularly vegetable-tanned
      sheepskin and kid leather.
PAR  The filling, according to the invention, of the leather is preferably
      carried out in a drum or paddle. It is advisable, before the actual
      treatment, to slightly neutralise the tanned leather, still moist from
      shaving, in the usual manner by treating it in an aqueous bath (ratio of
      leather moist from shaving to liquor = approximately 1:2 to 1:3 in the
      drum) during 30 to 90 minutes, depending on the thickness of the leather,
      at a bath temperature of about 30.degree. to 35.degree. C with e.g. 0.5 to
      2 per cent by weight of one or more of the usual neutralising agents, such
      as sodium bicarbonate and sodium formate, whereafter the leather is rinsed
      with water.
PAR  Immediately following this, the leather is subjected to the actual
      treatment in a fresh bath containing 0.1 to 10 and preferably 0.5 to 5 per
      cent by weight of the filling agent usable according to the invention and
      made from homo- or copolymeric acrylic acids and protein glue. The leather
      is treated, for example, with a ratio of leather moist from shaving to
      liquor of approximately 1:0.2 to 1:3 in the drum and approximately 1:2.5
      to 1:5 in the paddle and at a bath temperature of 20.degree. to 50.degree.
      C, particularly 30.degree. C, for 30 to 90 minutes. If desired, the thus
      treated leather can be subsequently rinsed. Any subsequent fat-liquoring
      and/or dyeing of the leather is advantageously carried out in a fresh bath
      in the usual manner.
DETD
PAR  In the following Examples the temperatures are given in degrees Centigrade.
PAC  EXAMPLE 1
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised in a
      drum (ratio of shaved leather : water = 1:2) in a known manner to the
      extent that the pH-value of the leather through the cross-section remains
      below 4, and barely exceeds 5 only at the surface of the leather. To the
      bath are then added 5 g of the filling agent described below and the
      neutralised leather is treated at a bath temperature of 30.degree. for 30
      minutes. The leather is then fat-liquored, in the same bath or in a fresh
      bath, in a manner known per se using conventional fat-liquoring agents.
PAR  Leather is obtained having good fullness with a compact fine grain and
      which can be easily dyed to give dyeings having excellent fastness to
      light.
PAR  The filling agent used in the above Example is obtained as follows:
PAR  172 ml of water, 8.5 g of methacrylic acid and 8.5 g of acrylic acid amide
      are mixed at 20.degree., the reaction mixture is heated to 80.degree., 0.4
      g of potassium persulphate are added and the reaction mixture is
      maintained, whilst being stirred, for 5 hours at 80 to 82.degree.,
      whereupon the obtained slightly milky solution is cooled to 50.degree. and
      5 g of 50% aqueous sodium hydroxide solution are added. To the clear
      solution are subsequently added 190 g of aqueous protein glue solution
      (42%). In this manner a readily flowable, directly usable, light brown
      composition is obtained.
PAR  By using, instead of 8.5 g of acrylic acid amide, equivalent amounts of
      methacrylic acid amide, N-hydroxymethyl- or N-.beta.-hydroxyethyl-acrylic
      acid amide, with otherwise the same procedure, similar compositions are
      obtained.
PAC  EXAMPLE 2
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised to
      the extent that the leather has approximately a pH-value of 5 throughout.
      The leather is subsequently rinsed and treated, in a drum, in a fresh
      bath, consisting of 100 ml of water and 2.5 g of the filling agent
      described below, for 20 minutes at 25.degree., whereupon 5 g of a liquid
      condensation product of phenol sulphonic acid, formaldehyde and urea
      (ratio 1:1:0.5) are added to the bath, and the treatment then proceeds for
      one hour at 25.degree..
PAR  After fat-liquoring, a leather with very good fullness, firm handle and
      tight grain is obtained.
PAR  The filling agent, used in the above Example, is obtained as follows:
PAR  500 ml of water, 68.8 g of methacrylic acid and 17.2 g of crotonic acid are
      dissolved at room temperature in a 1-liter three-necked flask, and to the
      solution is added 1 g of dibenzoyl peroxide. The obtained mixture is
      subsequently heated within 2 hours to 85.degree. and, whilst being
      stirred, maintained for 3 hours at this temperature. After dilution with
      200 ml of water, the pH-value of the obtained solution is adjusted with
      30% aqueous sodium hydroxide solution to 7, and to the solution are then
      added at 60.degree., with thorough stirring, 615 g of aqueous protein glue
      solution (42%).
PAC  EXAMPLE 3
PAR  100 g of chrome-tanned, shaved kid leather are neutralised to the extent
      that the pH-value of the leather is between 4.5 and 4.8 throughout. The
      leather is then given a short washing and afterwards treated, in a drum,
      in a fresh liquor (50 ml of water) at a temperature of 35.degree. with 2 g
      of the filling agent described below. To the bath are added, after 30
      minutes, 10 g of a liquid condensation product from formaldehyde,
      dihydroxydiphenyl sulphone and naphthalene sulphonic acid (ratio 0.75:1:1)
      (pH-value of the liquor about 4), and the treatment is continued at the
      same temperature for one hour.
PAR  In this manner leather is obtained having very good fastness to light and
      which, after the usual dyeing and fat-liquoring, has good fullness with a
      firm handle and a fine smooth grain.
PAR  The filling agent, used in the above Example, is produced as follows:
PAR  700 ml of water, 64.8 g of acrylic acid and 7 g of croton aldehyde are
      mixed in a 1-liter flask with stirrer at room temperature and to the
      reaction mixture are added 2 g of potassium persulphate and the whole is
      heated over 30 minutes to 80.degree. and maintained, whilst being stirred,
      for 5 hours at this temperature. The reaction solutiton is subsequently
      cooled to 50.degree., adjusted to a pH-value of 6.5 using 8-N-sodium
      hydroxide solution, and to the reaction solution are then added 510 g of
      aqueous protein glue solution (42%).
PAC  EXAMPLE 4
PAR  100 g of chrome-tanned sheepskin leather wet-buffed on the stone are rinsed
      and treated, in a drum, in 100 ml of water at room temperature and with a
      pH-value of the leather of below 4 throughout, with 2 g of a 50%
      glutaraldehyde solution. After 30 minutes, the pH-value throughout of the
      leather is increased to approximately 5 by the addition of sodium
      bicarbonate solution. After a further 30 minutes, 5 g of the filling agent
      described below are added to the bath and the leather is fulled in the
      liquor for one hour. 1 ml of 85% formic acid is subsequently added and the
      treatment is continued during 10 minutes with a pH-value of between 4 and
      5.
PAR  After the usual slight fat-liquoring, the leather is dried and subsequently
      buffed. It can afterwards be wetted back and dyed in a known manner. A
      suede leather for clothing is obtained having excellent properties with
      regard to buffing dyeability, fastness to water and fastness fo light.
PAR  The filling agent, used in the above Example, is obtained as follows:
PAR  a. 300 ml of water, 21.8 g of methacrylic acid and 18.2 g of acrylic acid
      are mixed at 25.degree. in a 1-liter three-necked flask. The obtained
      mixture is then heated within 30 minutes to 85.degree. and 1 g of
      potassium persulphate is added. A slightly exothermic reaction occurs and
      the temperature rises within 10 minutes to 91.degree.. The solution is
      subsequently further stirred for 2 hours at 85.degree.. After cooling of
      the reaction solution to 50.degree., it is adjusted with aqueous 50%
      sodium hydroxide solution to a pH-value of 6, and 95 g of an aqueous
      protein glue solution (21%) are added. After 20 minutes stirring, a
      viscous, homogeneous, light brown solution is obtained which is directly
      usable.
PAR  b. If, instead of 21.8 g of methacrylic acid, double the amount of
      methacrylic acid is used in the process described under (a), then a
      composition is obtained which imparts to leather similar properties.
PAR  c. If the 18.2 g of acrylic acid are replaced by equivalent amounts of
      .alpha.-ethyl- or .alpha.-isopropyl-acrylic acid in the process described
      under (a), then compositions are obtained which are just as suitable for
      the filling of chrome-leather.
PAC  EXAMPLE 5
PAR  100 g of chrome-tanned sheepskin leather wet-buffed on the stone are weakly
      neutralised and rinsed. The leather is subsequently fulled at 40.degree.
      for 30 minutes, in a drum, in a liquor of 100 ml of water containing 5 g
      of the composition described below, whereupon 5 g of mimosa extract and 5
      g of a solid condensation product from formaldehyde, urea, phenol and
      phenol sulphonic acid (ratio 0.75:1.5:0.5:1) are added. After two hours
      drumming, a short rinsing is given, whereupon the leather is fat-liquored
      and crusted in a usual manner. After subsequent buffing, the thus treated
      leataher can be wetted back and dyed in the usual manner. Leathers are
      obtained having an excellent fullness and a particularly good compactness
      of the leather structure.
PAR  The aqueous composition used in the above Example is produced as follows:
PAR  856 ml of water and 86 g of methacrylic acid are mixed at room temperature
      in a 21/2-liter three-necked flask provided with reflux condenser,
      thermometer and stirrer. With thorough stirring, 1 g of potassium
      persulphate is then added and the contents of the flask are heated within
      30 minutes to 80.degree.. This temperature is maintained for 5 hours,
      whereby the solution becomes inhomogeneous. After cooling to 50.degree.,
      25 g of 50% aqueous sodium hydroxide solution are added to the clear
      transparent reaction solution, whereupon 935 g of a 42% aqueous protein
      glue solution are added whilst the solution is being well stirred.
      Stirring is continued for a further half hour. A light-brown-coloured
      composition is obtained which is just flowable.
PAR  A composition having similar properties is obtained if, in the above
      Example, the 86 g of methacrylic acid are replaced by the same amount of
      .alpha.-chloroacrylic acid, with otherwise the same procedure.
PAC  EXAMPLE 6
PAR  100 g of vegetable pre-tanned, crusted sheepskin or kid leather are soaked
      in water and then treated, in a drum, in 600 ml of water containing 15 g
      of the composition described below, for 2 hours at room temperature. A
      leather is obtained having outstanding fullness and compactness and which
      is distinguished by a good handle and good firmness.
PAR  The thus treated leather can be dyed and fat-liquored in the usual manner.
PAR  The composition used in the above Example is produced as follows:
PAR  150 ml of water and 20 g of acrylic acid are mixed at room temperature in a
      three-necked flask of 500 ml capacity. After heating the mixture to
      85.degree., 0.5 g of potassium persulphate are added. A slightly
      exothermic reaction occurs and the temperature of the reaction mixture
      rises to 97.degree.. Stirring is then continued for 3 hours at 85.degree..
      After cooling to 60.degree., the solution is neutralised with 12.5 g of
      50% aqueous sodium hydroxide solution, whereupon 473 g of 42% aqueous
      protein glue solution are added, with vigorous stirring, to the solution.
      A viscous composition is obtained.
PAR  If, in the above process, instead of 20 g of acrylic acid, the equivalent
      amount of .alpha.-butylacrylic acid is used, a similar composition is
      obtained.
PAC  EXAMPLE 7
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised in a
      known manner in a drum (ratio of shaved leather to water = 1:3) to the
      extent that the pH-value of the leather remains below 4 through the
      section and barely exceeds 5 only at the surface of the leather. To the
      bath are then added 3 g of the composition described below, and the
      neutralised leather is treated for 30 minutes at a bath temperature of
      30.degree.. The leather can be subsequently fat-liquored in the usual
      manner, either in the same bath of in a fresh bath.
PAR  Leather is obtained having good fullness, a compact fine grain, good
      dyeability and excellent fastness to light.
PAR  The composition used in the above Example is obtained as follows:
PAR  156 ml of water and 1.4 g of potassium sulphate are heated to 95.degree.
      within 15 minutes in a flask fitted with stirrer. With thorough stirring,
      a mixture of 29 g of methacrylic acid and 14 g of acrylic acid ethyl ester
      is added dropwise within 20 minutes, whereby the formed polymerisate
      gradually precipitates in the form of a soft wax. Stirring is continued
      for one hour at 95.degree., 270 ml of water are added for dilution and the
      whole is neutralised with 32 g of 50% aqueous sodium hydroxide solution,
      whereby, after a short time, a clear solution is obtained. To this are
      finally added, with vigorous stirring, 480 g of 42% aqueous protein glue
      solution.
PAR  If in the above process, the 14 g of acrylic acid ethyl ester are replaced
      by equivalent amounts of acrylic acid methyl ester or acrylic
      acid-.beta.-hydroxyethyl ester, with otherwise the same procedure, then
      compositions are obtained which are likewise very suitable for the filling
      of chrome-tanned side leather.
PAC  EXAMPLE 8
PAR  100 g of chrome-tanned, shaved kid leather are neutralised to the extent
      that the pH-value of the leather throughout is between 4.5 and 4.8. The
      leather is given a short washing and is then treated, in a drum, in 100 ml
      of water containing 8 g of the filling agent described below, at a
      temperature of 30.degree.. To the bath are added, after 30 minutes, 5 g of
      a liquid condensation product of formaldehyde, dihydroxydiphenyl sulphone
      and naphthalene sulphonic acid (ratio 0.75:1:1)(pH-value of the liquor
      about 4), and the treatment is continued at the same temperature for one
      hour.
PAR  In this manner leather having very good fastness to light is obtained and
      which possesses, after the usual dyeing and fat-liquoring, good fullness
      with a firm handle and a fine smooth grain.
PAR  The filling agent used in the above Example is produced as follows:
PAR  30 g of acrylic acid and 10 g of acrylic acid butyl ester are dissolved at
      room temperature in a mixture of 70 ml of methanol and 30 ml of water. 0.3
      g of potassium persulphate are then added and the mixture is heated within
      one hour to 60.degree.. This temperature is maintained for 2 hours and the
      mixture is then diluted with 160 ml of water and the pH-value adjusted to
      7 with 30% aqueous hydroxide solution. By the addition of 96 g of a 42%
      aqueous protein glue solution a light brown, readily flowable composition
      is obtained.
PAC  EXAMPLE 9
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised to
      the extent that the leather has a pH-value throughout of about 5. The
      leather is subsequently rinsed and treated for 20 minutes at 25.degree.,
      in a drum, in a fresh bath consisting of 70 ml of water, containing 8 g of
      the filling agent described below, whereupon 1 ml of 85% formic acid is
      added to the bath, and the treatment is then continued for one hour at
      25.degree..
PAR  After fat-liquoring, a leather with very good fullness, firm handle and
      tight grain is obtained.
PAR  The filling agent used in the above Example is obtained as follows:
PAR  8 g of acrylic acid and 32 g of acrylic acid ethyl ester are dissolved at
      25.degree. in a mixture of 70 ml of methanol and 30 ml of water. To this
      solution are added 0.25 g of sodium persulphate and the solution is heated
      within 30 minutes to 60.degree.. A slightly exothermic reaction occurs at
      this temperature. After subsidence of the reaction, stirring is continued
      for a further hour at 70.degree.. 240 ml of water are added for dilution
      and the whole is neutralised with 13 g of 30% aqueous sodium hydroxide
      solution. 96 g of a 42% aqueous protein glue solution are subsequently
      added, whereupon a readily flowable yellowish-brown composition is
      obtained.
PAC  EXAMPLE 10
PAR  100 g of chrome-tanned sheepskin leather wet-buffed on the stone are rinsed
      and then treated, in a drum, in 100 ml of water at room temperature and
      with a pH-value of the leather of below 4 throughout, with 2 g of a 50%
      glutaraldehyde solution. After 30 minutes, the pH-value of the leather
      throughout is adjusted to about 5 by the addition of sodium carbonate
      solution. After a further 30 minutes, 6 g of the filling agent described
      below are added, and the leather is then fulled in the liquor for one
      hour. 1 ml of 85% formic acid is subsequently added and the treatment is
      continued for 10 minutes with a pH-value of between 4 and 5.
PAR  After the usual slight fat-liquoring, the leather is dried and subsequently
      buffed. It can afterwards be wetted-back and dyed in the known manner. A
      suede leather for clothing is obtained having excellent properties with
      regard to buffing, dyeability, fastness to water and fastness to light.
PAR  The filling agent used in the above Example is obtained as follows:
PAR  250 ml of toluene, 35 g of methacrylic acid, 5 g of styrene and 0.5 g of
      dibenzoyl peroxide are mixed together in a 500 ml three-necked flask
      fitted with reflux condenser and stirrer, at room temperature. After
      heating the mixture to 90.degree., an exothermic reaction occurs, and the
      internal temperature rises to 116.degree.. This temperature is maintained
      for one hour and afterwards stirring is continued for a further 6 hours at
      100.degree.. The polymerisation product obtained in this manner is in the
      form of a white powder which is isolated by filtration and dried in vacuo.
      20 g of the thus obtained copolymer are dissolved in 200 ml of water, the
      solution is adjusted with 33% aqueous sodium hydroxide solution to a
      pH-value of 5.5 and then mixed with 380 g of a 21% aqueous protein glue
      solution.
PAR  If in the above described process, instead of 5 g of styrene, equivalent
      amounts of methylstyrene or p-chlorostyrene are used, with otherwise the
      same procedure, then compositions are obtained which are likewise very
      suitable for the filling of sheepskin leather.
PAC  EXAMPLE 11
PAR  100 g of vegetable pre-tanned, crusted sheepskin or kid leather are soaked
      in water and then treated, in a drum, in 800 ml of water containing 10 g
      of the composition described below, for 2 hours at room temperature. A
      leather is obtained having very good fullness and compactness, and which
      is also distinguished by a good handle and good firmness.
PAR  The thus treated leather can be subsequently dyed and fat-liquored in the
      usual manner.
PAR  The composition used in the above Example is obtained as follows:
PAR  24 g of acrylic acid and 16 g of vinyl acetate are dissolved at 20.degree.
      in a mixture of 60 ml of methyl alcohol and 40 ml of water. 0.25 g of
      potassium persulphate are then added and the solution is heated within 20
      minutes to 60.degree.. A slightly exothermic reaction occurs. After
      completion of the polymerisation, the reaction solution is stirred for a
      further 3 hours at 65.degree.. To produce the directyl usable composition,
      the reaction solution is afterwards diluted with 200 ml of water, the
      solution adjusted with 30% aqueous sodium hydroxide solution to pH 7 and,
      with vigorous stirring, mixed with 200 g of a 42% aqueous protein glue
      solution.
PAC  EXAMPLE 12
PAR  100 g of chrome-tanned sheepskin leather wet-buffed on the stone are weakly
      neutralised and rinsed. The leather is subsequently fulled for 30 minutes,
      in a drum, in a liquor consisting of 80 ml of water at 35.degree.
      containing 15 g of the composition described below, whereupon there are
      added three times, at intervals of 30 minutes, 0.5 ml each time of 85%
      formic acid. 30 minutes after the last addition of acid, the leather is
      given a short rinsing and subsequently fat-liquored and crusted in the
      usual manner. After subsequent buffing, the thus treated leather can be
      wetted-back and dyed as usual. Leather is obtained having very good
      fullness and a very compact leather structure.
PAR  The composition used in the above Example is produced as follows:
PAR  200 ml of water and 5 g of an ethoxylated lauryl alcohol sulfate having
      about 20 ethyleneoxy groups are placed in a 1-liter flask with stirrer and
      heated within 30 minutes to 90.degree.. From one supply vessel, within 3
      hours at 90.degree., a mixture of 140 g of methacrylic acid and 10 g of
      the vinyl ester known under the trade-name of Veova 911 (vinyl ester of
      tertiary carboxylic acids having 9 to 11 carbon atoms) is evenly added,
      whilst from a second supply vessel is introduced, at the same temperature,
      a solution of 7.5 g of potassium persulphate in 150 ml of water. After
      completion of the dropwise addition, the reaction solution is stirred for
      a further hour at 90.degree.. To the obtained milky viscous reaction
      solution are then added 80 g of 30% aqueous sodium hydroxide solution and
      the whole is thereupon mixed at 50.degree. with 500 g of a 21% aqueous
      protein glue solution and 150 ml of water.
PAC  EXAMPLE 13
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised in a
      known manner in a drum (ratio of shaved leather to water = 1:3) to the
      extent that the pH-value of the leather through the section remains below
      4 and barely exceeds 5 only at the surface of the leather. To the bath are
      then added 5 g of the composition described in Example 5 and the
      neutralised leather is treated at a bath temperature of 30.degree. for 30
      minutes. The leather is dyed at 60.degree. for 30 minutes in a fresh
      liquor (ratio of shaved leather to liquor = 1:3) containing 1 g of the
      dyestuff of the formula
      ##SPC1##
PAR  To the exhausted dye bath are added 3 g of sulphated animal foot oil and
      the leather is fat-liquored for 45 minutes at 60.degree..
PAR  A leather is obtained having good fullness, a compact fine grain and giving
      a level and intense brown dyeing with good fastness to light.
PAC  EXAMPLE 14
PAR  100 g of chrome-tanned, shaved full grain side leather are treated in the
      drum at 30.degree. during 10 minutes in a liquor consisting of 100 ml of
      water and 0.5 g of sodium bicarbonate. Then 5 g of the filling agent
      described below and an aqueous solution of 2 g of a condensation product
      from formaldehyde, dihydroxydiphenyl sulphone and naphthalene sulphonic
      acid (ratio 0.75:1:1), adjusted to a pH-value of 3.3, are added to the
      liquor and the treatment is continued at the same temperature for 30
      minutes.
PAR  After the usual fat-liquoring leather with good fullness and a good grain
      quality is obtained.
PAR  The filling agent used in the above Example is obtained as follows:
PA1  170 ml of water, 3 g of methacrylic acid 14 g of styrene and 2 g of the
      sodium salt of stearylsulphate are heated within 30 minutes to 80.degree..
      Then 0.3 g of potassium persulphate are added to the obtained emulsion
      whereby a slightly exothermic reaction occurs and the temperature rises to
      87.degree.. This temperature is maintained for 2 hours. For the
      preparation of the directly usable composition the resulting slightly
      milky reaction solution is admixed with 4 g of 30% aqueous sodium
      hydroxide solution and then at 50.degree. with 285 g of an aqueous protein
      glue solution (28%).
PAC  EXAMPLE 15
PAR  100 g of vegetable pre-tanned, crusted kid leather are soaked in water and
      then treated in a drum in 600 ml of water. 6 g of the pulverised, dry
      filling agent described below are added to the treatment liquor, and the
      leather is treated for 2 hours at room temperature. After the usual dyeing
      and fat-liquoring leather is obtained which is distinguished by excellent
      fullness, compactness and good handle.
PAR  The pulverised filling agent used in the above Example is produced as
      follows:
PAR  258 ml of water, 20 g of methacrylic acid and 5 g of acrylic acid are mixed
      at room temperature in a three-necked flask of 500 ml. After heating the
      mixture to 80.degree., 0.5 g of ammonium persulphate are added. A slightly
      exothermic reaction occurs and the temperature rises to 89.degree.. This
      temperature is maintained for 5 hours, then the solution obtained is
      cooled to 50.degree. and neutralised with 7.5 g of 50% aqueous sodium
      hydroxide solution. Finally, with vigorous stirring, 288 g of an aqueous
      protein glue solution (42%) are added and the mixture obtained is
      evaporated to dryness in vacuo and pulverised.
PAC  EXAMPLE 16
PAR  100 g of chrome-tanned, shaved kid leather are neutralised to the extent
      that the pH-value of the leather throughout is between 4.5 and 4.8. The
      leather is given a short rinsing and then treated for 90 minutes at
      30.degree. in the drum, in a fresh liquor (60 ml of water) containing 5 g
      of the pulverised filling agent described below.
PAR  In this manner leather is obtained which has very good fastness to light
      and which, after the usual dyeing and fat-liquoring, possesses good
      fullness with a firm handle and a fine smooth grain.
PAR  The pulverised filling agent used in the above Example is prepared as
      follows:
PAR  430 ml of water and 43 g of methacrylic acid are mixed at room temperature
      in a 21/2-liter flask fitted with a stirrer. Then the mixture is heated
      within 30 minutes to 75.degree. and 0.15 g of potassium persulphate are
      added. A slightly exothermic reaction occurs, the solution becoming
      inhomogeneous. Stirring is then continued for 3 hours at 75.degree.. After
      cooling to 45.degree. the clear transparent reaction solution is admixed
      with 42 g of 30% aqueous sodium hydroxide solution. Thereafter, 400 g of a
      50.degree. warm, 50% aqueous protein glue solution are added with vigorous
      stirring and stirring is continued for another 30 minutes. To the
      resulting viscous solution 950 g of a 40% aqueous solution of a
      condensation product from formaldehyde, urea, phenol and phenol sulphonic
      acid (ratio 0.75:1.5:0.5:1), neutralised with ammonia to a pH of 5.5, are
      added at 50.degree.. The obtained mixture is then evaporated to dryness at
      90.degree. and pulverised.
PAC  EXAMPLE 17
PAR  100 g of chrome-tanned, shaved full grain side leather are neutralised in
      the drum to the extent that the leather has a pH-value throughout of below
      4. The leather is given a short washing and then treated for 1 hour at
      35.degree. in a fresh liquor (200 ml of water) containing 4 g of the
      pulverised filling agent described below. The leather thus treated can be
      dyed and fat-liquored in the usual manner, thereby obtaining a leather
      with good fullness, a compact fine grain and excellent fastness to light.
PAR  The pulverised filling agent used in the above Example can be obtained as
      follows:
PAR  400 ml of water, 32.7 g of methacrylic acid and 27.3 g of acrylic acid and
      mixed at room temperature in a 1-liter three-necked flask. The obtained
      mixture is then heated to 80.degree. during 45 minutes and 1.0 of
      potassium persulphate is added. A slightly exothermic reaction occurs and
      the temperature rises to 87.degree.. Then the reaction solution is stirred
      for 2 hours at 85.degree. and, after cooling to 40.degree., neutralised
      with 40 g of 50% aqueous sodium hydroxide solution and finally admixed
      with 142 g of an aqueous protein glue solution (42%). After stirring for
      30 minutes 270 g of a 45% aqueous solution of a condensation product from
      formaldehyde, dihydroxydiphenylsulphone and naphthalene sulphonic acid
      (ratio 0.75:1:1), adjusted to a pH of 6.0, are added, and the resulting
      composition is evaporated to dryness in vacuo at 80.degree.-85.degree. and
      pulverised.
PAC  EXAMPLE 18
PAR  100 g of chrome-tanned sheepskin leather wet-buffed on the stone are weakly
      neutralised and rinsed. The leather is subsequently fulled for 30 minutes
      at 35.degree. in the drum, in a liquor consisting of 100 ml of water and
      12 g of the composition described below, whereupon there are added three
      times, at intervals of 30 minutes, 0.5 ml each time of 85% formic acid. 30
      minutes after the last addition of acid, the leather is given a short
      rinsing and subsequently fat-liquored and crusted in the usual manner.
      After subsequent buffing, the thus treated leather can be wetted back and
      dyed as usual. Leather is obtained having good fullness and a very compact
      leather structure.
PAR  The composition used in the above Example is prepared as follows:
PAR  856 ml of water and 86 g of methacrylic acid are mixed at room temperature
      in a 4-liter three-necked flask. The contents of the flask are then heated
      to 75.degree. within 30 minutes with vigorous stirring and 1.5 g of
      ammonium persulphate are added. A slightly exothermic reaction occurs, the
      mixture being kept for 4 hours at 75.degree.. After cooling to 50.degree.,
      the obtained clear reaction solution is admixed, with vigorous stirring
      with 960 g of a 42% aqueous protein glue solution which has been adjusted
      to a pH-value of 9.0 by the addition of sodium hydroxide solution. The
      resulting mixture is poured into a 4-liter beaker and 950 g of a 40%
      aqueous solution of a condensation product from formaldehyde, urea, phenol
      and phenol sulphonic acid (ratio 0.75:1.5:0.5:1), adjusted to a pH of 6.0
      with sodium hydroxide solution, are added. A milky homogeneous composition
      is obtained which yields a clear solution when diluted with water.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the filling of leather tanned with mineral, vegetable
      and/or synthetic tanning agents, the improvement which consists of
      treating the leather in the acid pH-range, with an aqueous solution of a
      filling agent consisting of
PA1  a. a homopolymer or copolymer selected from the group consisting of acrylic
      acid, methacrylic acid, .alpha.-ethylacrylic acid,
      .alpha.-isopropylacrylic acid, .alpha.-butylacrylic acid and
      .alpha.-chloroacrylic acid or
PA1  b. copolymers formed from a monomer of component (a) as defined above and a
      vinyl unsaturated monomer selected from the groups consisting of
PA1  .alpha.. water-soluble comonomers containing carboxylic acid groups,
      carboxylic acid amide groups and their N-hydroxyalkyl derivatives,
      water-soluble derivatives of .beta.-hydroxyalkyl acrylic or methacrylic
      acid amides, or aldehydes capable of copolymerisation; and
PA1  .beta.. water-insoluble comonomers consisting of optionally substituted
      acrylic or methacrylic acid alkyl esters having from 1 to 12 carbon atoms
      in the alkyl radical; vinyl esters of aliphatic carboxylic acids,
      containing from 1 to 12 carbon atoms, or mixtures of such carboxylic
      acids; or vinyl benzenes; and
PA1  c. protein glue in a weight ratio of polymer to glue of from 1:12 to 12:1,
PAL  alone or in admixture with further additives.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the unsubstituted or substituted
      home- or copolymeric acrylic acid is in the form of an alkali metal salt
      or ammonium salt, alone or in admixture with corresponding free
      polycarboxylic acids.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein component (a) is a water-soluble
      homopolymer of acrylic acid or methacrylic acid.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the polymer and the protein glue
      are used in a reciprocal weight ratio of from 1:1 to 1:6.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the further additives are
      tanning agents.
NUM  6.
PAR  6. A composition used as agent for the filling of leather tanned with
      mineral, vegetable and/or synthetic tanning agents essentially consisting
      of
PA1  a. a homopolymer or copolymer selected from the group consisting of acrylic
      acid, methacrylic acid, .alpha.-ethylacrylic acid,
      .alpha.-isopropylacrylic acid, .alpha.-butylacrylic acid and
      .alpha.-chloroacrylic acid, or
PA1  b. copolymers formed from a monomer of component (a) as defined above and a
      vinyl unsaturated monomer selected from the groups consisting of
PA1  .alpha.. water-soluble comonomers containing carboxylic acid groups,
      carboxylic acid amide groups and their N-hydroxyalkyl derivatives,
      water-soluble derivatives of .beta.-hydroxyalkyl acrylic or methacrylic
      acid amides, or aldehydes capable of copolymerisation; and
PA1  .beta.. water-insoluble comonomers consisting of optionally substituted
      acrylic or methacrylic acid alkyl esters having from 1 to 12 carbon atoms
      in the alkyl radical; vinyl esters of aliphatic carboxylic acids,
      containing from 1 to 12 carbon atoms, or mixtures of such carboxylic
      acids; or vinyl benzenes; and
PA1  c. protein glue in a weight ratio of polymer to glue of from 1:12 to 12:1,
PAL  alone or in admixture with further additives.
NUM  7.
PAR  7. A composition according to claim 6, wherein said composition is a
      concentrated, liquid, water-soluble composition which, calculated on the
      total weight of the composition contains as essential ingredients
PA0  1. from 5 to 40% by weight of filling agent consisting of components (a)
      and/or (b) and (c) as defined in Claim 6, in a weight ratio of said
      components (a) and/or (b) to (c) of from 1:12 to 12:1;
PA0  2. from 0 to 30% by weight of tanning agent;
PAL  the balance consisting of
PA0  3. water,
PAL  whereby the composition has a pH from 4.0 to 7.0.
NUM  8.
PAR  8. A composition according to claim 6, wherein said composition is in dry
      form.
NUM  9.
PAR  9. A composition as claimed in claim 6, wherein the further additives are
      tanning agents.
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ABST
PAL  Process for the colouration of acid-modified synthetic textile fibres,
      particularly polyacrylonitrile fibres or basic dyeable polyester fibres,
      wherein said fibres are coloured with a cationic dye in the presence of a
      compound of the formula
      ##EQU1##
      wherein R is a chloro-substituted phenyl group, Z is hydrogen or methyl
      and n is an integer from 1 to 3, obtaining on said fibres a rapid fixation
      of the cationic dye and an outstanding colour yield.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our patent application Ser.
      No. 83,630 filed Oct. 23, 1970 now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an improved process for the colouration of
      acid-modified synthetic textile fibres, particularly acrylic fibres and
      basic dyeable polyester fibres.
PAR  In British Patent Specification No. 1,021,806 there is described a
      composition for dyeing synthetic hydrophobic materials, among others
      polyacrylonitrile, comprising an acetate dyestuff, an aryl glycol ether
      having the general formula
      ##EQU2##
      wherein R is hydrogen or a methyl group, Ar is an aromatic hydrocarbon
      radical of the benzene series and n is 1 or 2, and a di- or
      tri-chlorobenzene. We have found, surprisingly, that in a process for the
      colouration of acid-modified synthetic textile fibres using a cationic
      dye, the use of a di- or tri-chlorobenzene is unnecessary.
PAR  Basic dyeable polyester fibres are usually mixed with other fibres with a
      different affinity for basic dyes whereby differential effects are
      obtained in order to produce attractive patterns. Up to the present time,
      in the presence of conventional dye carriers, the dyeing has been carried
      out at about 100.degree.C. We have found surprisingly, that dyeing can
      also be carried out effectively at lower temperatures, for instance
      70.degree.C, in the presence of chlorophenoxyethanol derivatives as dye
      carriers giving superior colour yields to those obtained when basic
      dyeable polyesters are dyed in the presence of conventional carriers.
      Moreover, the light fastness of the basic dyeable textile fibres when dyed
      at these lower temperatures is equal to that when the dyeing is carried
      out at the boil.
PAR  The present invention provides a process for the colouring of acid-modified
      synthetic textile fibres, particularly polymeric or copolymeric acrylic
      fibres or basic dyeable polyester fibres comprising treating said fibres
      with a preparation consisting essentially of an aqueous solution of at
      least one cationic dye and at least one chlorophenylglycol ether having
      the formula I
      ##EQU3##
      wherein R is a chloro-substituted phenyl group, Z is hydrogen or methyl
      and n is an integer from 1 to 3.
PAR  The compositions used in the process are also within the scope of the
      invention.
PAR  The chlorine substituent of the phenyl group R is desirably limited to a
      total of not more than three; preferably R is a monochloro-substituted
      phenyl radical. When n is greater than 1, it is to be understood that each
      Z grouping in the molecule need not necessarily be the same. For instance
      compounds may be used in which at least one Z grouping in the molecule is
      hydrogen and at least one is methyl. n is, however, preferably 1.
PAR  The preferred chlorophenyl glycol ethers are those of the formula Ia
EQU  R -- O CH.sub.2 CH.sub.2 O .sub.n H                        (Ia)
PAL  wherein R is a chloro-substituted phenyl group and n is an integer from 1
      to 3. Preferably, the compound of formula Ia is one derived from an
      average of one mole of ethylene oxide per mole of a mixture of 20% of
      ortho-chlorophenol and 80% of para-chlorophenol.
PAR  The acid-modified synthetic textile fibres which may be coloured according
      to the invention include acid-modified polyamide, polyurethane,
      polypropylene fibres and particularly acid-modified polymeric or
      copolymeric acrylic fibres or basic dyeable polyester fibres.
PAR  The acrylic fibres, which may be coloured by the process of the present
      invention include the commercially known types of polymeric or copolymeric
      acrylonitrile. In the case of acrylonitrile copolymers, the proportion of
      acrylonitrile is advantageously of at least 80 percent by weight, based on
      the weight of the copolymer. Furthermore, these acrylic fibres possess
      sufficient dyesites to impart to the fibres a color saturation value of at
      least 1 and especially in the range of about 1.1 to 3.5. Suitable
      comonomers include other vinyl compounds, e.g. vinylidene chloride,
      vinylidene cyanide, vinyl chloride, methacrylate, methylvinylpyridine,
      N-vinylpyrrolidone, vinylacetate, vinylalcohol or styrenesulphonic acid.
PAR  The acid groups of copolymer effecting the affinity of the dyestuff are
      mainly the carboxylic acid, carboxylic acid amide or hydroxy groups as
      well as the sulfonic acid group.
PAR  Suitable acrylic fibres which satisfy the above requirements are produced
      from spinnable solutions described for instance in British Pat. No.
      830,830, published Mar. 23, 1960, and German Pat. No. 1,075,317, published
      Feb. 11, 1960.
PAR  Commercially available fibres of the above-described type are stated for
      example in the publication of R. Rokohl, Tenside 2 (1965), 76
      "Kationtenside als Egalisiermittel fuer das Faerben von anionischen
      Polyacrylnitrilfasern" and include for instance Dralon, Orlon 42, Acrilon
      16 or Courtelle.
PAR  Suitable materials comprising polyacrylonitrile fibres that may be coloured
      by the process of the present invention include carpet and other floor
      coverings such as needle felt, carpet yarns, yarns for other uses, for
      example woven fabrics and fibre assemblies such as tow and slubbing.
PAR  The basic dyeable polyester fibres which are dyed in the process of the
      present invention, may for instance, be those described in British Patent
      Specification No. 826,248. Examples of a basic dyeable polyester fibre are
      those sold under the Trade marks "Dacron 64"  and "Dacron 62" as described
      in the article of S. Buchholz, E. Schonpflug and A. Wurz with the title:
      "Faerben und Ausruesten von Polyesterfasern und Polyesterfasermischungen"
      in a publication of the firm BASF for the textile industry S. 363 d
      6.6680477 (June 1966).
PAR  The basic dyeable polyester fibres and the acidmodified polyamide fibres
      may be coloured according to the invention in any form desired, for
      example in the form of flocks, slubbing, tow, yarn or fabric. They can
      also be in the form of blended or patterned fabrics.
PAR  Suitable compounds having the formula I which may be used in the process of
      the present invention are, for instance, a compound derived from an
      average of one to three moles of ethylene oxide or propylene oxide per
      mole of monochlorophenol or a compound derived from an average of one mole
      of ethyleneoxide or propylene oxide per mole of dichlorophenol or
      trichlorophenol. If desired, the compound of formula I may be derived from
      a mixture of ethylene oxide and propylene oxide and the appropriate amount
      of chlorophenol.
PAR  Especially satisfactory results of broad applicability to a great variety
      of dyestuffs are obtained with those compounds of formula I which are
      derived from one mole of ethylene oxide per mole of monochlorophenol such
      as orthochlorophenol, parachlorophenol or meta-chlorophenol or any mixture
      thereof, especially per mole of a mixture of orthochlorophenol and
      para-chlorophenol. The proportions by weight of ortho- and
      para-chlorphenol range preferably from 1:2 to 1:5, especially 1:4.
PAR  In certain circumstances it is desirable to dilute a compound of formula I
      with a water-soluble alcohol or a lower ketone having at most 5 carbon
      atoms, which is miscible with the compound of formula I, for example
      methylated spirits, isopropyl alcohol, ethylene glycol, ethylene glycol
      monomethyl or monoethyl ether or methyl ethyl ketone. The amount of water
      soluble alcohol or said ketones added may vary depending on the
      circumstances but may conveniently be up to 30% by weight based on the
      weight of the compound of formula I.
PAR  Where the colouration is carried out by a printing or continuous dyeing
      process, the amount of the compound having the formula I used, may
      conveniently be within the range of from 1% to 5% and preferably from 2%
      to 4% by volume based on the total volume of the dye impregnation paste or
      liquor.
PAR  Where the colouration is carried out by an exhaust dyeing process, the
      amount of the compound having formula I used may conveniently be within
      the range of from 0.05% to 2% and preferably from 0.25% to 0.75% by volume
      based on the total volume of the dye liquor.
PAR  Particularly advantageous results are obtained for polyacrylonitrile fibres
      when the colouration is carried out by continuous dyeing process or
      especially by a printing process.
PAR  The colouration of the basic dyeable polyester fibres may conveniently be
      an exhaust dyeing process, for instance it may be carried out batchwise;
      or if desired it may be carried out continuously, for instance by padding
      followed by steaming.
PAR  The cationic dye that may be used in the process according to the invention
      may conveniently be one which is in the form of a water-soluble salt and
      contains onium groupings such as ammonium, sulphonium or phosphonium
      groups. These dyestuffs have advantageously a saturation value of 0.15 to
      2, especially 0.18 to 1.
PAR  For instance, the usual salts of cationic dyestuffs, e.g. the halides,
      sulphates, alkyl sulphates, aryl sulphonates or metal halide double salts
      such as zinc chloride double salts, of a wide variety of cationic
      dyestuffs may be used.  In particular, salts of methine, azamethine or
      especially cyclammonium polyazamethine dye salts, cyclammonium azo dye
      salts or cyclammonium triazene dye salts may be used. Alternatively, basic
      dyestuffs of the diphenylmethane, triphenylmethane, oxazine or thiazine
      series may also be used according to the present invention. As a further
      alternative, salts of basic dyestuffs of the arylazo or anthra-quinone
      series having an external ammonium group, for example an alkylammonium or
      pyridinium group and the benzo-1,2-pyrane dye salts containing in position
      3 a cyclammonium group, especially a benzimidazolium group, may be used.
      Particularly suitable in the colouring process according to the invention
      is the use of cycloammonium azo dye salts corresponding to formula II
EQU  [a -- n = n -- b].sup.+ x.sup.-                            (ii)
PAL  the symbols in this formula have the following meanings:
PA1  A represents the radical of an optionally benzocondensed N-quaternated
      azole or azine ring, preferably a thiazolium, benzthiazolium, imidazolium,
      benzimidazolium, pyridinium, quinolinium, pyrazolium, indazolium,
      triazolium or thiadiazolium radical,
PA1  B represents the radical of a coupling component free of hydroxyl groups in
      the nucleus and enolisable keto groups, especially a p-aminophenyl radical
      or -naphthyl radical, a 3-indazolyl, 3-indolyl, 2,4,6-triamino-5-pyrimidyl
      or 5-pyrazolyl radical, and
PA1  X.sup.+ represents the anionic acid equivalent.
PAR  The amount of dye salt that is used, may vary depending on the
      circumstances, for example, the depth of shade required, and may be an
      amount up to 10% by weight based on the weight of the fibre.
PAR  Where a printing or continuous dyeing process is used the colouration may
      conveniently be carried out by applying the colour at a temperature below
      the fixation temperature of the dyestuff, followed by steaming and
      afterwards washing and drying. The temperature at which the colour is
      applied may for instance be up to 60.degree.C, but preferably ambient
      temperatures (15.degree.-35.degree.C) are used for polyacrylonitrile
      fibres and from 40.degree.C to 60.degree.C for basic dyeable polyester
      fibres. The fibres are first impregnated with a solution of the dyestuff
      and then excess impregnating liquor is squeezed out for instance by means
      of rollers.
PAR  The impregnating dye liquor or paste may also contain inorganic or organic
      acids or the water-soluble salts thereof which are conventionally used in
      dyeing processes to adjust the pH, for example phosphoric acid, sodium
      phosphate, ammonium acetate, ammonium sulphate, alkyl or aryl sulphonic
      acid, formic acid, lactic acid, tartaric acid, chloroacetic acid and
      particularly acetic acid. These additives are preferably used in amounts
      from 1% to 5% by weight based on the total weight of the impregnating dye
      liquor or paste.
PAR  There may also be used in the impregnating dye liquors or especially in the
      printing pastes a thickening agent. The thickening agent may be any
      conventional thickening agent used in textile printing but which is
      compatible with cationic dyes, for instance locust bean gum ether. Other
      conventional ingredients may also be present, for instance urea and
      oxidising agents such as sodium chlorate.
PAR  Where the colouration is carried out by a printing process, a printing
      paste is applied by a conventional method for instance by means of screens
      or by a Vigoureux or other printing machine. The dyestuff is subsequently
      fixed by steaming and the printing is completed by rinsing and optionally
      by resoaping. The prints obtained do not show any staining of dyestuffs
      used on the adjacent unprinted textile material, especially of
      polyacrylonitrile fibre material.
PAR  The steaming may be carried out at a temperature up to 120.degree.C and
      preferably from 100.degree. to 110.degree.C for instance by using
      saturated or slightly superheated steam at atmospheric pressure,
      advantageously for a period of 5 to 20 minutes. If desired a pressure of
      up to 0.5 atmospheres higher than atmospheric pressure may be used.
PAR  Where the colouration is carried out by means of an exhaustive dyeing
      method, the compound having the formula I may, for instance, be added to
      the dyebath itself, and the fibre material may be immersed in the dye
      liquor. The duration of the dyeing may be varied depending on the
      requirements and may for instance be a period from 30 minutes to 3 hours,
      preferably a period of from 1 to 2 hours. In the colouration of a
      polyacrylonitrile fibre, the temperature at which the dye is applied, is
      preferably in the range of from 80.degree.C to the boil. In the
      colouration of a basic dyeable polyester fibre, the temperature at which
      the dye is applied may be in the range of from 60.degree.C to the boil,
      but particularly advantageous results are obtained at dyeing temperatures
      from 65.degree. to 85.degree.C.
PAR  There may also be present, if desired, in the dye liquor the above
      mentioned inorganic or organic acids and/or water-soluble salts thereof to
      adjust the pH of the dyebath. They are preferably used in amounts of from
      0.25% to 5% by weight based on the total weight of the dye liquor. A
      slightly acid pH is normally used and may conveniently be from pH 4 to pH
      6 but preferably pH 5. This is usually achieved by means of a buffered
      solution consisting of a mixture of sodium acetate and acetic acid.
PAR  The process of the present invention in comparison with conventional
      methods for colouring polyacrylonitrile fibres gives a more rapid fixation
      of cationic dyes and a greater proportion of the dye applied is fixed
      resulting in higher colour strength and yield and easier washing. These
      results are surprisingly obtained when
      monochlorophenyl-.beta.-hydroxyethylether is used without any emulsifier.
      An outstanding colour yield is obtained on basic dyeable polyester fibres
      by this process and this outstanding colour yield can already be obtained
      at temperatures below the boil.
PAR  The "color saturation value" of the acrylic fibres mentioned in this
      specification is the constant saturation value of usable acrylic fibres
      with a basic dyestuff of average affinity, for example, malachite green
      for such fibres, expressed in grams of dyestuff per 100 grams of fibre.
PAR  The "saturation value" of the dyestuff mentioned in this specification
      corresponds to the quotient from the saturation value of the fiber and the
      saturation concentration value of the dyestuffs. This latter value
      represents the amount of the dyestuff absorbed by the fibre when
      saturation point is attained. The saturation concentration value of the
      dyestuff is given in grams pro 100 grams of fibre.
DETD
PAR  The following Examples further illustrate the invention. Parts and
      percentages are expressed by weight unless otherwise stated. Parts by
      weight bear the same relation to parts by volume as do kilograms to
      liters. The temperatures are given in degrees centigrade.
PAC  EXAMPLE 1
PAR  A printing paste is prepared from
PA1  a. 2 parts of a dyestuff of the formula
      ##SPC1##
PA1  b. 5 parts of 80% acetic acid
PA1  c. 2 parts of locust bean gum ether
PA1  d. 2 parts of a compound derived from 1 mole of ethylene oxide per mole of
      a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PAL  and made up to 100 parts with water.
PAR  The above paste was applied by screen printing at a temperature of
      15.degree. to a carpet having a pile of polyacrylonitrile fibre to give an
      application of 200% on the weight of the fibre. The printed carpet was
      then steamed for 14 minutes in saturated steam at atmospheric pressure and
      then washed thoroughly in cold water and dried. A well-defined print in a
      full red shade was obtained which does not show any staining on the
      adjacent unprinted fabric.
PAC  EXAMPLE 2
PAR  By repeating the procedure described in Example 1 but using 2 parts of a
      compound derived from 2 moles of ethylene oxide per mole of a mixture
      comprising 20% o-chlorophenol and 80% p-chlorophenol instead of component
      (d) there used, a print of a full red shade was obtained.
PAC  EXAMPLE 3
PAR  By repeating the procedure described in Example 1 but using 4 parts of a
      compound derived from 3 moles of ethylene oxide per mole of a mixture
      comprising 20% o-chlorophenol and 80% p-chlorophenol instead of component
      (d) there used, a print of a full red shade was obtained.
PAC  EXAMPLE 4
PAR  By repeating the procedure described in Example 1 but using 2 parts of a
      compound derived from 1 mole of ethylene oxide per mole of
      2,4-dichlorophenol instead of component (d) there used, a print of a full
      red shade was obtained.
PAC  EXAMPLE 5
PAR  A printing paste is prepared from
PA1  a. 2 parts of a dyestuff of the formula
      ##SPC2##
PA1  b. 5 parts of 80% acetic acid
PA1  c. 2 parts of locust bean gum ether,
PA1  d. 1 part of sodium chlorate
PA1  e. 4 parts of a compound derived from 1 mole of ethylene oxide per mole of
      a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol.
PAL  and made up to 100 parts with water.
PAR  The above paste was applied by screen printing at a temperature of
      15.degree. to a carpet having a pile of polyacrylonitrile fibre to give an
      application of 200% on the weight of the fibre. The printed carpet was
      then steamed for 10 minutes in saturated steam at atmospheric pressure and
      then washed thoroughly in cold water and dried. A print in a full blue
      shade was obtained.
PAC  EXAMPLE 6
PAR  By repeating the procedure described in Example 5 but using 2 parts of
      component (e) instead of the 4 parts there used a print in a full blue
      shade was obtained.
PAC  EXAMPLE 7
PAR  By repeating the procedure described in Example 5 but where the printing
      paste contains as an additional ingredient 5 parts of urea, a print of a
      full blue shade was obtained.
PAC  EXAMPLE 8
PAR  A printing paste is prepared from
PA1  a. 2 parts of the dyestuff having the formula given in Example 5
PA1  b. 5 parts of 80% acetic acid
PA1  c. 2 parts of locust bean gum ether,
PA1  d. 2 parts of a compound derived from 1 mole of ethylene oxide per mole of
      a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PAL  and made up to 100 parts with water.
PAR  The above paste was applied by screen printing at a temperature of
      15.degree. to a carpet having a pile of polyacrylonitrile fibre to give an
      application of 200% on the weight of the fibre. The printed carpet was
      then steamed for 10 minutes in saturated steam at atmospheric pressure and
      then washed thoroughly in cold water and dried. A print in a full blue
      shade was obtained.
PAC  EXAMPLE 9
PAR  By repeating the procedure described in Example 8 but using 4 parts of
      component (d) instead of the 2 parts there used, a print in a full blue
      shade was obtained.
PAC  EXAMPLE 10
PAR  A printing paste is prepared from
PA1  a. 1.8 parts of a dyestuff having the formula given in Example 1 and 0.1
      parts of a yellow dyestuff of the formula
      ##SPC3##
PA1  b. 0.5 parts monosodium dihydrogen phosphate
PA1  c. 2.5 parts of locust bean gum ether
PA1  d. 4 parts of a compound derived from 1 mole of ethylene oxide per mole of
      a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PAL  and made up to 100 parts with water. The above paste was applied by screen
      printing at a temperature of 15.degree. to a carpet having a pile of
      polyacrylonitrile fibre to give an application of 250% on the weight of
      the fibre. The printed carpet was then steamed for 14 minutes in saturated
      steam at atmospheric pressure and then washed thoroughly in cold water and
      dried. The resultant print was of a full red shade and dye fixation was
      virtually complete.
PAC  EXAMPLE 11
PAR  A printing paste was prepared from:
PA1  a. 1.1 parts of a dyestuff of the formula given in Example 10
PA1  0.6 parts of a dyestuff of the formula given in Example 5 and
PA1  0.3 parts of a dyestuff of the formula given in Example 1
PA1  b. 0.5 parts monosodium dihydrogen phosphate
PA1  c. 2.5 parts locust bean gum ether
PA1  d. 2.0 parts of a compound derived from 1 mole of ethylene oxide per mole
      of a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PAL  and made up to 100 parts with water.
PAR  The above paste was applied by screen printing at a temperature of
      15.degree. to a carpet having a pile of polyacrylonitrile fibre to give an
      application of 250% on the weight of the fibre. The printed carpet was
      then steamed for 14 minutes in saturated steam at atmospheric pressure and
      then washed thoroughly in cold water and dried. There was very little
      unfixed dye requiring to be removed during washing and the resultant print
      was of a full dark grey shade.
PAC  EXAMPLE 12
PAR  A dye impregnation liquor was prepared from
PA1  a. 1 part of a dyestuff having the formula
      ##SPC4##
PA1  b. 5 parts 80% acetic acid
PA1  c. 0.4 parts locust bean gum ether
PA1  d. 2 parts of a compound derived from 1 mole of ethylene oxide per mole of
      a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PAL  and made up to 100 parts with water.
PAR  A carpet having a pile of polyacrylnitrile fibre was impregnated with this
      dye liquor by passing the carpet through the liquor and then holding in a
      vertical postion whilst excess liquor drained away to give an application
      of 450% on the weight of the fibre. The impregnated carpet was then
      steamed for 10 minutes in saturated steam at atmospheric pressure and
      washed thoroughly in cold water and dried. The carpet was dyed to a strong
      golden yellow shade.
PAC  EXAMPLE 13
PAR  An exhaustion dyeing was made on yarn spun from polyacrylonitrile fibre
      with
PA1  a. 2% of a dyestuff having the formula given in Example 5
PA1  b. 2% sodium acetate
PA1  c. 2% of 40% acetic acid
PA1  d. 5 grams per liter calculated on the volume of the dye bath of a compound
      derived from 1 mole of ethylene oxide per mole of a mixture comprising 20%
      o-chlorophenol and 80% p-chlorophenol the quantities being calculated as a
      percentage of weight of yarn and producing a dye bath in the pH range 4-5.
      The dye liquor ratio employed was 40:1. Dyeing was carried out for one
      hour at 80.degree. at the end of which time the yarn was dye to a full
      royal blue shade.
PAC  EXAMPLE 14
PAR  A dyeing was carried out on 5 grams of a fabric containing 50% basic
      dyeable polyester and 50% normal polyester to produce a check pattern. The
      dye liquor ratio employed was 40:1 and the addition to the bath were as
      follows:
PA1  a. 2.5% by weight, based on the weight of fabric, of a dyestuff having the
      formula given in Example 5
PA1  b. 2% by weight, based on the weight of fabric, of sodium acetate.
PA1  c. 2.0% by weight, based on the weight of fabric, of 40% acetic acid.
PA1  d. 5 grams per liter, calculated on the volume of the dyebath, of a
      compound derived from 1 mole of ethylene oxide per mole of a mixture
      comprising 20% o-chlorophenol and 80% p-chlorophenol.
PAR  The dyeing was carried out at a temperature of 70.degree.  for a period of
      11/2 hours followed by rinsing in water. The resulting blue dyeing
      exhibited a good colour yield.
PAC  EXAMPLE 15
PAR  By repeating the procedure described in Example 14 but using 7.5 grams per
      liter of component (d) instead of the 5.0 grams per liter there used, a
      good colour yield was obtained.
PAC  EXAMPLE 16
PAR  By repeating the procedure described in Example 14 but carrying out the
      dyeing at 100.degree., instead of the 70.degree. there used a full colour
      yield was obtained.
PAC  EXAMPLE 17
PAR  By carrying out the procedure described in Example 14, but using instead of
      the dyestuff there used, a dyestuff of the formula:
      ##SPC5##
PAL  a full colour yield was obtained.
PAC  EXAMPLE 18
PAR  By repeating the procedure described in Example 16, but using a dyestuff
      having the formula given in Example 17 instead of the dyestuff there used
      a full colour yield was obtained.
PAC  EXAMPLE 19
PAR  By repeating the procedure described in Example 14 but using instead of the
      dyestuff there used, the dyestuff having the formula given in Example 10,
      a full colour yield was obtained.
PAC  EXAMPLE 20
PAR  By repeating the procedure described in Example 16 but using instead of the
      dyestuff there used, the dyestuff having the formula given in Example 10 a
      full colour yield was obtained.
PAC  EXAMPLE 21
PAR  By repeating the procedure described in Example 14, but using 5 grams per
      liter, calculated on the volume of the dyebath of
      2,4-dichloro-phenoxyethanol instead of component (d) there used, a full
      colour yield was obtained.
PAC  EXAMPLE 22
PAR  By repeating the procedure described in Example 21, but using 2.5 grams per
      liter of 2,4-dichloro-phenoxyethanol instead of the 5 grams per liter
      there used, a full colour yield was obtained.
PAR  If in the above examples the dye salt components are replaced by
      corresponding amounts of the salts of cationic dyestuffs which are listed
      in the following table, Column 2, the procedure being otherwise as in the
      Examples 1 to 22, then likewise are obtained dyeings of the shades given
      in the last column of that table, which have similar satisfactory
      properties.
      ##SPC6##
PAC  EXAMPLE 56
PAR  A dyeing was carried out on 5 grams of a fabric containing 50% basic
      dyeable polyester and 50% normal polyester to produce a check pattern. The
      liquor ratio employed was 1:40 and the additions to the bath were as
      follows:
PA1  a. A mixture of dyestuffs consisting of
PA2  i. 1.25% by weight, based on the weight of fabric, of a dyestuff of the
      formula
      ##SPC7##
PA2  ii. 0.63% by weight, based on the weight of fabric, of a dyestuff of the
      formula
      ##SPC8##
PA2  iii. 0.69% by weight, based on the weight of fabric, of a dyestuff of the
      formula
      ##SPC9##
PA2  iv. 1.0% by weight, based on the weight of fabric, of a dyestuff of the
      formula
      ##SPC10##
PA1  b. 2% by weight based on the weight of fabric of sodium acetate.
PA1  c. 2% by weight based on the weight of fabric of 40% acetic acid.
PA1  d. 2.5 grams per liter, calculated on the volume of the dyebath of a
      composition consisting of
PA2  .alpha.. 50% by weight of a compound derived from 1 mole of ethylene oxide
      per mole of a mixture comprising 20% o-chlorophenol and 80% p-chlorophenol
PA2  .beta.. 35% by weight of 2,4-dichlorophenoxyethanol
PA2  .gamma.. 15% by weight of 2,4,6-trichlorophenoxyethanol.
PAR  The dyeing was started at a temperature of 50.degree. and the temperature
      was raised to 100.degree. in 25 minutes and held there for 11/2  hours
      followed by rinising in water.
PAR  The resulting dyeing exhibited a full colour yield.
PAC  EXAMPLE 57
PAR  By repeating the procedure described in Example 1 but using 2 parts of a
      compound derived from 1 mole of propylene oxide per mole of a mixture
      comprising 20% o-chlorophenol and 80% p-chlorophenol instead of component
      (d) there used, a print of a full red shade was obtained.
PAC  EXAMPLE 58
PAR  By repeating the procedure described in Example 14 but using 5 grams per
      liter calculated on the volume of the dyebath of a compound derived from 1
      mole of propylene oxide per mole of a mixture comprising 20%
      o-chlorophenol and 80% p-chlorophenol instead of component (d) there used,
      the resulting dyeing exhibited a full colour yield.
PAR  The following Comparative Examples demonstrate that the colouration process
      of the present invention gives superior results to processes of the prior
      art.
PAC  COMPARATIVE EXAMPLE A
PAR  By repeating the procedure described in Example 8 or 9 but using 2.5 or 5
      parts of a product containing 80% trichlorobenzene instead of component
      (d) there used, the print obtained was of a weaker shade than that
      obtained in accordance with the present invention.
PAC  COMPARATIVE EXAMPLE B
PAR  By repeating the procedure described in Example 13 but where the dyebath
      contains in addition, 6.25 grams per liter calculated on the volume of the
      dyebath of a product containing 80% of trichlorobenzene, poor exhaustion
      of the dyebath was obtained and the yarn was dyed to a pale blude shade
      weaker than that obtained in accordance with the present invention.
PAC  COMPARATIVE EXAMPLE C
PAR  By repeating the process described in Example 14 but using 5 grams per
      liter of a product containing diphenyl as active ingredient instead of
      component (d) there used, a full colour yield was not obtained.
PAC  COMPARATIVE EXAMPLE D
PAR  By repeating the procedure described in Example 17 but using 5 or 7.5 grams
      per liter of a product consisting essentially of chloro-cresyl acetate
      instead of component (d) there used, a full colour yield was not obtained.
PAC  COMPARATIVE EXAMPLE E
PAR  By repeating the procedure described in Example 1 but using 2 parts of
      2-(p-chlorophenoxyethanol) in an admixture with an anionic emulsifier on
      the basis of sulphonic acid, then a print was obtained which shows
      staining on the adjacent unprinted fabric.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the coloring of acidmodified polyester fibers or
      polyacrylonitrile fibers comprising treating said fibers with a
      preparation consisting essentially of an aqueous solution of a cationic
      dye and as dye carries an effective amount of at least one component
      having the formula Ia
EQU  R -- O--CH.sub.2 CH.sub.2 O) .sub.n H                      (Ia)
PAL  wherein R is a chloro-substituted phenyl group and n is an integer from 1
      to 3.
NUM  2.
PAR  2. A process as described in claim 1 wherein n is 1.
NUM  3.
PAR  3. A process as described in claim 1 wherein the compound of formula Ia is
      derived from an average of one mole of ethylene oxide per mole of a
      mixture of 20% of orthochlorophenol and 80% of para-chlorophenol.
NUM  4.
PAR  4. A process as described in claim 1 wherein the acidmodified synthetic
      textile fibers are polyacrylonitrile fibers which contain at least 80% by
      weight of acrylonitrile.
NUM  5.
PAR  5. A process as described in claim 4 comprising impregnating acrylic fibers
      at a temperature below te fixation temperature of the dyestuff with a dye
      impregnation liquor which contains a cationic dyestuff and a carrier
      consisting of at least one compound of the formula Ia, removing excess
      liquor from the impregnated acrylic fibers and steaming and rinsing the
      resulting dyeing.
NUM  6.
PAR  6. A process as described in claim 5 comprising printing acrylic fibers at
      a temperature below the fixation temperature of the dyestuff with a
      printing mixture which contains a cationic dyestuff, a thickener and a
      carrier consisting of at least one compound of the formula Ia, removing
      excess liquor from the impregnated acrylic fibers and steaming and
      rinsing.
NUM  7.
PAR  7. A process as described in claim 6 wherein the amount of compound having
      the formula Ia is from 1% to 5% by volume based on the total volume of the
      printing mixture.
NUM  8.
PAR  8. A process as described in claim 7 wherein the amount of compound having
      the formula Ia is from 2% to 4% by volume based on the total volume of the
      printing mixture.
NUM  9.
PAR  9. A process as described in claim 4 comprising dyeing polymeric or
      copolymeric acrylonitrile fibers with a dye liquor which contains a
      cationic dyestuff and a carrier consisting of at least one compound of the
      formula Ia.
NUM  10.
PAR  10. A process as described in claim 9 wherein the amount of compound having
      the formula Ia is from 0.25% to 0.75% by volume based on the total volume
      of the dye liquor.
NUM  11.
PAR  11. A process as described in claim 9 wherein the dye is applied at a
      temperature from 80.degree.C to the boil.
NUM  12.
PAR  12. A process as described in claim 11 wherein the acid-modified synthetic
      textile fibers is a basic dyeable polyester fiber.
NUM  13.
PAR  13. A process as described in claim 12 comprising dyeing basic dyeable
      polyester fibers with a dye liquor whic contains a cationic dye and a
      carrier consisting of at least one compound of formula Ia.
NUM  14.
PAR  14. A process as described in claim 13 wherein the amount of compound
      having the formula Ia is from 0.05% to 2% by volume based on the total
      volume of the dye liquor.
NUM  15.
PAR  15. A process as described in claim 14 wherein the amount of compound
      having the formula Ia is from 0.25% to 0.75% by volume based on the total
      volume of the dye liquor.
NUM  16.
PAR  16. A process as described in claim 15 wherein the dyeing is carried out at
      a temperature from 60.degree.C to the boil.
NUM  17.
PAR  17. A process as described in claim 16 wherein the dyeing is carried out at
      a temperature from 65.degree.C to 85.degree.C.
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ABST
PAL  Acrylonitrile polymer fibers are dyed level shades with basic dyes using as
      leveling agent a quaternary ammonium salt containing two or three benzyl
      groups as nitrogen ligands.
BSUM
PAR  The invention relates to a process for the production of level dyeings on
      acrylonitrile polymer fibers with basic dyes using certain quaternary
      ammonium salts as levelling agents.
PAR  Fibers of polyacrylonitrile and acrylonitrile copolymers are mainly dyed
      with basic dyes. These dyes have high affinity for the fibers and
      therefore they are absorbed almost completely and give very fast dyeings.
      The rapid absorption of dye due to the high affinity often results in
      dyeings which are not level however particularly when dyeing in the
      critical temperature range from 90.degree. to 96.degree.C. Mitigation is
      only achieved in some cases by careful control of the temperature.
      Subsequent levelling of dyeings which are not level, generally referred to
      as "levelling out" which is fairly easy in the case of natural fibers,
      does not lead to the desired result with prior art conventional
      auxiliaries, with oxyethylation products, vinylpyrrolidone and
      anion-active compounds because of the high affinity of the dye for the
      fiber.
PAR  German Pat. No. 1,148,971 discloses a process in which certain quaternary
      ammonium compounds are used in which (a) the benzyl group and (b) an
      aromatic or a hetero-aromatic or cycloaliphatic group are attached direct
      to the quaternary nitrogen atom as structural elements.
PAR  The process according to the said specification represents a great advance
      in the field of dyeing polyacrylonitrile fibers.
PAR  It has been found however that there are drawbacks to the use of these
      compounds, evident for example in the case of the use of compounds having
      aromatic radicals in their low stability in storage because of their easy
      oxidizability, in the case of the use of heteroaromatics by odor nuisance
      and finally in the case of the use of cycloaliphatic radicals on the
      nitrogen atom by less than optimum properties.
PAR  The said patent specification teaches that with aromatic or hetero-aromatic
      substituents on the nitrogen atom quaternary compounds are obtained which
      give fairly satisfactory results as levelling agents but require special
      attention because of their odor nuisance or lack of stability to
      oxidation. On the other hand the cycloaliphatic substituents exemplified
      as possible alternatives result in less favorable, i.e., not optimum,
      properties.
PAR  The present invention has as its object to provide a method of dyeing
      acrylonitrile polymer fibers which does not have the said drawbacks.
PAR  This object is achieved by a process for the production of level dyeings on
      acrylonitrile polymer fibers with basic dyes using a quaternary ammonium
      salt as a levelling agent wherein the quaternary ammonium salt used has
      the formula:
      ##SPC1##
PAL  In which R.sup.1 and R.sup.2 may be identical or different and each is
      alkyl of one to four carbon atoms or together are alkylene of four to six
      carbon atoms, R.sup.1 may also be benzyl and X is the radical of an
      organic or preferably inorganic acid.
PAR  Compounds in which R.sup.1 and R.sup.2 together form alkylene containing
      four to six carbon atoms and particularly hexamethylene are of special
      interest.
PAR  Preferred alkyls for the individual radicals R.sup.1 and R.sup.2 are
      methyl, ethyl and propyl, methyl being particularly preferred.
PAR  Particularly suitable individual compounds are dibenzyldimethylammonium
      chloride, tribenzylmethylammonium methosulfate,
      dibenzyltetramethyleniminium chloride and dibenzylhexamethyleniminium
      chloride and the corresponding methosulfates.
PAR  Other anions, for example hydrogen sulfate, bromide, formate, acetate,
      tartrate, or toluenesulfonate may be used instead of the said chloride or
      methosulfate anions. The nature of the anion is without effect on the
      action of the salt and anions of industrially accessible acids are
      therefore preferred.
PAR  The auxiliaries dissolve well in water. They are not surfaceactive, do not
      tend to foam and in particular do not affect the fastness properties of
      the dyeings or the hand of the fabric. Moreover they are odorless and
      stable to oxidative influences.
PAR  The levelling agent may be used in the dye liquor during dyeing; from 0.5
      to 5% and preferably from 1 to 4% based on the weight of fiber is
      required. It is equally possible to level up the fibrous material after
      dyeing in a blank dye liquor, somewhat larger amounts of from 1.5 to 10%
      based on the weight of fiber being necessary in the blank dye liquor.
PAR  The levelling agents are superior to the agents specified in German Pat.
      No. 1,148,971 with regard to their levelling effect, twice as good
      levelling generally being obtained with the agents according to the
      invention. According to the disclosure of German Pat. No. 1,148,971 an
      unsatisfactory dyeing as regards levelness is obtained when exact
      temperature conditions are not maintained. When quaternary ammonium
      compounds bearing pyridyl or picolyl groups as substituents are used the
      effect is similar to that of the agents according to the present invention
      but the serious odor nuisance gives rise to the known drawbacks for
      personnel in attendance on the machines. The sensitivity to oxidation of
      compounds having aryl groups which are not of a heterocyclic nature
      results in less stability in storage of the compounds and in their
      discoloration and this may involve considerable increases in cost.
PAR  The levelling agents to be used according to the invention are particularly
      well suited to polyacrylonitrile but are also suitable for acrylonitrile
      copolymers.
PAR  Examples of dyes which may be used in combination with the levelling agents
      to be used according to the invention are dyes of the diarylmethane and
      triarylmethane series, the indolylarylmethane and diindolylaryl series,
      oxazine, thiazine, diazine, indoline and cyanine dyes and also basic azo
      and azomethine dyes.
PAR  The non-surface-active auxiliaries to be used according to the invention,
      in spite of their outstanding levelling effect have very little retarding
      power so that dye liquors are exhausted very well. Some of them,
      particularly those in which R.sup.1 and R.sup.2 together form
      tetramethylene or hexamethylene exhibit a slight increase in retarding
      effect, but this in many cases is an additional advantage because a slight
      retarding power sometimes decreases the speed of absorption. Having regard
      to the prior art these advantageous properties could not have been
      foreseen.
PAR  Among auxiliaries previously known for dyeing basic synthetic and natural
      fibers such as wool preferably with wool and polyamide dyes are
      oxyethylation products of amines and the corresponding quaternary ammonium
      salts. These auxiliaries are to make it possible to dye more deeply the
      material to be dyed and to dye union fabrics more uniform hues. These
      auxiliaries are not suitable however as levelling agents for dyeing with
      basic dyes on polyacrylonitrile fibers. They have practically no levelling
      power and a decrease in the rate of absorption of basic dyes is not
      noticeable unless an uneconomically large amount is used. Moreover these
      auxiliaries often favor foaming. This disadvantage can be obviated by
      using according to the invention the quaternized compounds herein
      specified.
PAR  The levelling agents according to the invention may be prepared simply and
      by classical methods described for example in the following Examples and
      no more need be said.
DETD
PAR  The following Examples illustrate the invention. Parts given therein are
      parts by weight.
PAC  EXAMPLE 1
PAC  Tribenzylmethylammonium methosulfate
PAR  287 parts of tribenzylamine is dissolved in 200 ml of dioxane and reacted
      with 132 parts of dimethyl sulfate at 70.degree.C. The quaternary salt
      crystallizes out upon cooling and is suction filtered and dried. The yield
      is 371 parts and the melting point is 163.degree. to 164.degree.C.
PAC  EXAMPLE 2
PAC  Dimethyldibenzylammonium chloride
PAR  124 parts of 40% dimethylamine is diluted with 129 parts of water. 253
      parts of benzyl chloride is dripped into the resulting solution within 1
      hour at from 40.degree. to 50.degree.C. 80 parts of 50% caustic soda
      solution is then dripped in within two hours at from 50.degree. to
      70.degree.C and then the whole is kept at from 70.degree. to 80.degree.C
      for another hour. The whole is allowed to stand for several hours to allow
      the two liquid phases to separate. The upper phase contains the quaternary
      salt in a 99% yield.
PAC  EXAMPLE 3
PAR  20 kg of machine knitting yarn of a copolymer of a predominant amount of
      acrylonitrile with vinyl acetate is dyed as a hank on a yarn dyeing
      machine with propeller circulation at a liquor ratio of 40:1 with 1.0%
      (based on the weight of fiber) of a dye of the formula:
      ##SPC2##
PAL  with an addition of 0.3% of glacial acetic acid and 0.5% of anhydrous
      sodium acetate. The temperature at the start is 65.degree.C. It is raised
      within 45 minutes to 95.degree.C by raising it by 1.degree.C per minute up
      to about 80.degree.C and by 2.degree.C per minute from 80.degree.C upward.
      The whole is then kept at 95.degree.C for another 35 minutes. In spite of
      the careful control of the temperature the dyeing is not level because the
      dye is absorbed spontaneously in the range from 85.degree. to 90.degree.C.
PAR  Dyeing is carried out under otherwise the same conditions with an addition
      of 0.4 kg of tribenzylmethylammonium methosulfate (= 2.0%). A satisfactory
      level dyeing is obtained. The liquor contains only traces of unabsorbed
      dye.
PAC  EXAMPLE 4
PAR  An uneven dyeing is prepared from light polyacrylonitrile piece goods by
      dyeing the textile material with 3% of Basacryl blue 3RL with an addition
      of 0.5% of glacial acetic acid at 100.degree.C without any precautions
      being taken.
PAR  The blue piece goods dyed unevenly is then treated in a blank liquor which
      contains glacial acetic acid and sodium acetate in the amounts specified
      in Example 3 and also 4% of dimethyldibenzylammonium chloride at a liquor
      ratio of 30:1 for two hours at boiling temperature. The dyeing is level.
      About 10% of the dye which was on the fiber remains in the liquor.
PAR  In the absence of the levelling agent the dyeing remains uneven after
      boiling for a very long time, for example from five to eight hours, in the
      blank liquor.
PAR  When a retarder, for example laurylbenzyldimethylammonium chloride, is used
      instead of the said levelling agent, in an amount of 1%, 2% or 4% the
      dyeing is certainly brightened and it is found that about 20 to 25% of the
      amount of dye is left in the liquor; the dyeing is however not level. In
      an attempt to redye the material by adding a further amount of dye, for
      example by adding 2.5% of a dye of the formula:
      ##SPC3##
PAL  only about 30 to 40% of the added dye has been absorbed after 2 hours. In
      the case of the piece of Dralon treated with the levelling agent according
      to the invention it is possible to allow the added dye to be absorbed
      practically quantitatively.
PAR  The same amount of dibenzylhexamethyleniminium chloride instead of
      dimethyldibenzylammonium chloride gives the same effect.
PAC  EXAMPLE 5
PAR  400 parts of water, 0.4 part of glacial acetic acid, 2 parts of sodium
      acetate and 0.2 part of tribenzylethylammonium chloride are placed in a
      dye beaker having a capacity of 500 parts by volume. 5 parts of the
      predyed cloth according to Example 4 and 5 parts of white material of the
      same type are then placed in the beaker and heated for 90 minutes at
      100.degree.C. The beaker is closed and rotated in a heating bath about a
      rotating axis to which it is secured. (Dyeing apparatus on the
      Launder-Ometer principle.)
PAR  The originally uneven dyeing is thus completely equalized, the white
      material is dyed very deeply. About 10% of the dye remains in the liquor.
      There is practically no dyeing of the white material when no levelling
      agent is added. When a retarder is used (cetylbenzyldimethylammonium
      chloride) only a small amount of dye migrates; the quaternary fatty
      alkylammonium compound exhibits practically no levelling effect. When a
      larger amount of retarder is used there is no migration whatever of the
      dye; the accompanying fibers are completely blocked for a further
      absorption of dye.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the production of level dyeings on acrylonitrile
      polymer fibers with a basic dye using a quaternary ammonium salt as a
      levelling agent, the improvement which comprises utilizing as said
      levelling agent from 0.5 to 10% by weight, with reference to said fibers,
      of the quaternary ammonium salt of the formula
      ##SPC4##
PAL  in which R.sup.1 is alkyl of one to four carbon atoms or benzyl; R.sup.2 is
      alkyl of one to four carbon atoms; or R.sup.1 and R.sup.2 taken together
      form a heterocyclic ring of four to six carbon atoms with N.sup.+; and X
      is the radical of an organic or inorganic acid.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein levelling is carried out with
      the quaternary ammonium salt in a blank dye liquor on the dyed material
      after it has been dyed.
NUM  3.
PAR  3. A process as claim in claim 1 where X.sup.- in the formula is an anion
      from the group: Cl.sup.-, Br.sup.-, CH.sub.3 OSO.sub.3 .sup.-, HOSO.sub.3
      .sup.-, HCOO.sup.-, CH.sub.3 --COC.sup.-, HOCO--(CHOH).sub.2 --COO.sup.-
      or
      ##SPC5##
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the levelling agent is used in
      the dye liquor in an amount from 0.5 to 5% by weight.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the levelling agent is used in
      the dye liquor in an amount from 1 to 4% by weight.
PATN
WKU  039457958
SRC  5
APN  4575261
APT  1
ART  171
APD  19740403
TTL  Means for preventing damage to jacketed flexible pumping strand
ISD  19760323
NCL  6
ECL  1
EXA  Garris; Bradley R.
EXP  Richman; Barry S.
NDR  1
NFG  2
INVT
NAM  Townsend, Jr.; Herbert E.
CTY  Coopersburg
STA  PA
INVT
NAM  Horton; James B.
CTY  Bethlehem
STA  PA
ASSG
NAM  Bethlehem Steel Corporation
CTY  Bethlehem
STA  PA
COD  02
CLAS
OCL   21 61
XCL   21  2
XCL   21  25R
XCL   21  27R
XCL  137539
XCL  138109
XCL  138178
XCL  166243
XCL  403 31
XCL  403 37
EDF  2
ICL  B05C  500
ICL  C23F 1100
ICL  E21B 1704
ICL  E21B 4300
FSC   21
FSS  2.5 R;2.7 R;61
FSC  166
FSS  243;304;57
FSC  138
FSS  103;109;178
FSC  403
FSS  31;34;37
FSC  137
FSS  539
UREF
PNO  1570828
ISD  19260100
NAM  Fisher
XCL  137539
UREF
PNO  2658939
ISD  19531100
NAM  Greenfield et al.
OCL  174 24
UREF
PNO  3219373
ISD  19651100
NAM  Sutliff
OCL  403 34
UREF
PNO  3263520
ISD  19660800
NAM  Tschanz
XCL  138109
UREF
PNO  3301277
ISD  19670100
NAM  Kelley
XCL  166 75
UREF
PNO  3637341
ISD  19720100
NAM  Horton et al.
XCL   21  2.7R
LREP
FR2  O'Keefe; Joseph J.
FR2  Wilkinson; Charles A.
ABST
PAL  Damage due to rupture or ballooning of the plastic jacket on a flexible
      pumping strand due to filling of the well with gas is prevented by
      providing an assembly including a preset pressure release valve in the
      lower portions of the strand to quickly release fluid from the interior of
      the strand to the surrounding environment upon the attainment of a
      pressure differential between the interior and exterior of the strand
      within a predetermined fraction of the rupture or ballooning strength of
      the plastic jacket on the pumping strand.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to oil well pumping and especially to pumping with
      flexible pumping strand and more particularly to flexible pumping strand
      assemblies equipped with safety devices designed to prevent ballooning and
      rupture of the strand due to events or accidents which may produce excess
      pressure in the strand.
PAR  U.S. Pat. No. 3,637,341 issued Jan. 25, 1972 to Horton et al. and assigned
      to the assignee of the present invention discloses a corrosion protection
      system for flexible pumping strand used in oil wells. In accordance with
      the invention disclosed in said patent a flexible pumping strand is
      provided with a flexible outer jacket customarily formed of a plastic
      resin composition, which jacket isolates the wires of the strand from the
      surrounding environment and also encloses a corrosion inhibiting fluid
      within the strand. In accordance with the preferred operation of this
      prior invention to corrosion inhibiting fluid is passed slowly through the
      strand either continuously or intermittently so that the inhibitor is
      continuously or periodically renewed in order to overcome the inhibitor
      exhausting effects of any corrosive substances which may gain access to
      the interior of the pumping strand through the strand jacket. Such
      corrosion including substances may gain access to the interior of the
      strand either through a slight permeability of the jacket over long
      periods of time or through defects in the jacket. In accordance with the
      prior invention the corrosion inhibiting fluid is selected or adjusted to
      have a specific gravity substantially similar to the specific gravity of
      the liquid components or major liquid components of the surrounding
      environment in the oil well so that the pressure due to the head of
      corrosion inhibiting liquid in the interior of a long length of strand
      extending down an oil well will be similar to the pressure in the oil well
      outside of the flexible pumping strand. If the pressure differential
      between the interior of the strand and the surrounding environment on the
      exterior of the strand is greater than the ballooning or yield strength of
      the plastic of the strand jacket the jacket will balloon and eventually
      rupture usually at the location of the greatest pressure differential,
      particularly if the exterior pressure is less than the interior pressure.
      If the location of the pressure differential is at the bottom of the
      strand due to the use of too dense a corrosion inhibiting liquid the
      ballooning of the jacket will occur near the bottom of the well or the
      lower end of the strand, while if the corrosion inhibiting liquid is not
      dense or heavy enough it will have to be forcibly pumped to the lower
      portions of the strand and the force of the pump may cause ballooning or
      rupture of the strand jacket near the top of the well or in the upper
      portions of the flexible pumping strand.
PAR  It has been discovered that while the provision of a corrosion inhibiting
      liquid in the interior of a flexible pumping strand having a specific
      gravity similar to the specific gravity of the surrounding environment in
      accordance with the previous invention is effective to prevent ballooning,
      rupture or other damage to the jacket of the strand during normal
      operation or use of the strand to operate a down-hole pumping apparatus,
      difficulty with ballooning and rupture of the strand jacket may still
      occur if for some reason the well tubing becomes suddenly or even in some
      cases slowly filled with gas so that the density and weight of the
      environment at the exterior of the strand becomes much less than the
      density or weight of the corrosion inhibiting liquid in the interior of
      the flexible pumping strand. In such case if ballooning and rupture of the
      strand jacket is to be avoided the pressure of the liquid in the interior
      of the strand must be relieved before the ballooning strength of the
      plastic jacket is exceeded by the pressure differential between the
      interior and the exterior of the strand.
PAR  Loss of exterior pressure in an oil well may occur in a number of manners
      of which the following are notable examples.
PAR  a. The pumping apparatus at the bottom of the well may fail so that oil is
      no longer being pumped. Normally this will involve in the usual type of
      pump the failure of both the lower ball valves to close. If the valves
      fail to close properly the oil in the well tubing will drain out through
      the pump and be replaced with gas or vapor either from the well or from
      the atmosphere.
PAR  b. The well tubing may develop a hole or a series of perforations through
      which the oil in the tubing may drain. Holes or openings in the tubing may
      originate as a result of corrosion or abrasion through the tubing,
      physical puncture of the tubing or because the tubing unscrews at a
      coupling. Accidental unscrewing of tubing couplings is by no means
      uncommon in many oil wells.
PAR  c. The oil well pump may unseat from its seating arrangement in the tubing
      at the bottom of the well. Such unseating of the pump may often occur due
      to binding of the plunger rod against the packing in the pump. Binding of
      the plunger may be due to loose scale or sand getting in the packing of
      the pump or to corrosion of the pumping rod, dropping of objects into the
      well and the like. If the plunger rod binds in the packing the entire pump
      may be lifted during the upstroke of the pump and the pump unseated in the
      well tubing, whereupon the oil in the tubing will drain from the tubing.
      Very often when the pump fails due to various types of breakage or the
      like the pump body will also become unseated within the well tubing
      allowing the oil to drain from the tubing.
PAR  d. A bubble or pocket of gas from the surrounding strata may gain access to
      the well and expel all the oil within the tubing leaving only a light gas.
      This eventuality is liable to occur in wells which do not have enough gas
      pressure to cause the oil to flow from the well by gas pressure alone
      without pumping, but do have some residual gas pressure in the surrounding
      strata. Sometimes the entrance of gas into the well is very sudden causing
      a very rapid change in pressure in the well.
PAR  All of the foregoing eventualities which result in the substitution of a
      gaseous medium for a liquid medium in the well, usually unexpectedly and
      quite often very rapidly, may cause a significant pressure differential
      between the interior of the pumping strand and the exterior environment
      which, if the flexible pumping strand is of any great length, will often
      quickly exceed the ballooning or rupture strength of the plastic jacket of
      the pumping strand. Exceeding the ballooning strength of the plastic
      jacket quickly results in ballooning of the jacket which, if continued
      quickly leads to rupture of the strand jacket allowing access of the
      corrosive exterior environment to the metal wires of the interior of the
      strand with resultant corrosion and also allowing the corrosion inhibitor
      in the interior of the strand to escape with the same ultimate effect.
      Even if the rupture strength of the strand jacket is not exceeded and the
      jacket only balloons, the jacket will be weakened and its thickness
      decreased and it may be exposed to physical damage during operation or
      removal from the well. Some plastic materials, furthermore, may exhibit
      rupture under excess pressure without initial ballooning and other
      plastics may exhibit either ballooning and then rupture or rupture without
      initial ballooning depending upon the environment or conditions. The
      foregoing list of eventualities which may result in the loss of oil from
      the well tubing is exemplary only and it will be understood that it is
      neither exhaustive nor exclusive.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that the foregoing difficulties and problems
      associated with differential pressures between the interior and the
      exterior of a linear member such as a flexible pumping strand filled with
      a corrosion inhibiting liquid when the well tubing in which the strand is
      located becomes filled with gas can be avoided by providing a flexible
      pumping strand assembly including a preset pressure exhaust valve near the
      bottom of the pumping strand. The preset pressure valve is set to open
      when a pressure differential between the exterior and interior of the
      strand is exceeded which is between the normal operating pressure
      differential and the ballooning or rupture pressure differential of the
      strand jacket. When this pressure differential is exceeded the valve will
      open and the corrosion inhibiting fluid in the interior of the strand will
      be rapidly dumped or drained from the strand before the ballooning
      pressure, i.e., the pressure differential at which ballooning of the
      plastic jacket may occur, or the rupture pressure, i.e., the pressure
      differential at which rupture of the plastic jacket may occur, is exceeded
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general elevation of a flexible pumping strand assembly in an
      oil well according to the present invention.
PAR  FIG. 2 is an enlarged cross sectional view of the lower portion of the
      flexible pumping strand assembly according to the present invention
      particularly illustrating the preset pressure exhaust valve component of
      the assembly.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 there is shown a schematic view of an oil well 11 including a
      well casing 13, a differential pressure or other suitable pump (i.e.
      down-hole pumping means) 15 positioned at the bottom of the well 11 and
      seated in the end of tubing 14 to pump the oil up to the surface through
      the tubing 14, which extends from the pump to the surface to conduct the
      oil to the surface, and a flexible pumping strand 17 comprised of
      individual steel wires 19 and a nylon plastic jacket 21 covering the
      surface of the strand which strand extends through the well tubing 14 from
      the surface to the pump 15 or equipment attached ultimately to the pump.
      The flexible pumping strand 17 passes at the well head 23 through the
      usual packing 25 preferably being protected at this point by a so-called
      hollow polished rod 26 which is secured to the strand and reciprocates in
      the packing 25 as the flexible pumping strand 17 is reciprocated by
      movements of a horsehead 17 (i.e. secondary prime mover means) operated at
      the surface by motor 29 (i.e. primary prime mover means) through
      connecting rod 31 connected to flywheel arm 33. The reciprocation of
      flexible pumping strand 17 serves to operate pump 15 to which the flexible
      pumping strand is attached through a swagged fitting 35, a pressure
      release valve 37, and a pony or pump rod 39. A conventional shear release
      means 41 is preferably used to connect the pony rod 39 to the pressure
      release valve 37, but could be positioned at some other location or even
      omitted.
PAR  The well shown in FIG. 1 may be several thousand feed deep and will
      normally contain crude oil and in many instances highly corrosive salts
      and gaseous substance.
PAR  At the surface adjacent to horsehead 27 and motor 29 is a reservoir 45 of a
      suitable corrosion inhibitor 47. This inhibitor may be composed of a
      liquid with various additives such as are suggested in U.S. Pat. No.
      3,637,341 as corrosion inhibiting additions or with other inhibiting
      substances. A pump 49 located adjacent to reservoir 45 and connected by
      pipe 51 with the reservoir is operated by a belt connection to motor 29,
      which motor functions in the first instance primarily to operate horsehead
      27. In the alternative, pump 49 may be operated by suitable connections to
      horsehead 27 or by an independent motor. Pump 49 serves to introduce
      corrosion-inhibiting liquid 47 from reservoir 45 into flexible pumping
      strand 17 through tubing 53 connected to flexible pumping strand 17 at any
      suitable location such as, for instance, above well head 23 and below
      carrier bar 34 as shown in FIG. 1 and forced with slight positive pressure
      towards the termination of strand 17 at or near the pump 15 at the bottom
      of well 11. The corrosion inhibitor 47 could also be introduced into the
      extreme upper end of the flexible pumping strand 17. As an alternative to
      the use of the pump 49 the reservoir 45 might be a pressurized reservoir
      adapted to receive and contain a pressurized gas over the surface of the
      reservoir which accumulated gas serves to apply a permanent pressure to
      the surface of the liquid, which pressure is transferred to the liquid in
      the flexible pumping strand and serves to force the corrosion inhibiting
      liquid into the pumping strand. The corrosion inhibiting liquid may be
      introduced into the strand by whatever pumping apparatus is provided
      either continuously or intermittently, or, in certain instances, the
      corrosion inhibiting liquid, if not much corrosive action is encountered
      in the particular well, may merely be pressurized in the pumping strand in
      a static condition either permanently or for long periods.
PAR  It is essential in a practical deep corrosion retardant system that the
      specific gravity of the corrosion inhibiting liquid be substantially the
      same as or at least not differ greatly from that of the surrounding fluid
      medium in the well. The corrosion inhibiting liquid will in any event be
      selected so that the differential density of the corrosion inhibitor with
      respect to the environment will avoid ballooning, rupture or other damage
      to the plastic jacket for the length of strand involved. The density
      difference between the corrosion inhibitor and the surrounding medium may
      be allowably greater for short strands than for long strands. The range of
      specific gravities for most liquids will range from 0.8, the specific
      gravity of ethyl alcohol, to 1.4, the specific gravity of a 40 percent
      calcium chloride solution and the specific gravities of the corrosion
      inhibitor liquid may also be within or just outside this range,
      particularly for the lower densities, depending upon the environment in
      which it is to be used and the vertical length of the flexible pumping
      strand.
PAR  Since the flexible pumping strand is filled with a corrosion inhibiting
      fluid having a specific gravity within or close to the range of specific
      gravities of 0.8 to 1.4 it will be seen that if the pumping strand is
      fairly long and the external liquid contents of the well is suddenly
      replaced by a gaseous medium the entire head of corrosion inhibiting
      liquid in the strand will be applied to the liquid in the bottom of the
      strand generating a considerable internal pressure in the strand which
      internal pressure will then be exerted against the essentially unsupported
      walls of the plastic jacket of the strand. Since these walls are not
      overly strong and are not designed to oppose extreme pressures it will not
      under such circumstances require too long a length of strand to build up a
      head of liquid sufficient to balloon and ultimately rupture the plastic
      jacket. It has been discovered, however, that such rupture can be
      effectively avoided if the head of corrosion inhibiting liquid can be
      reduced quickly before ballooning or rupture of the strand jacket takes
      place. This may be done by use of the strand assembly of the present
      invention in which there is combined with the flexible pumping strand a
      preset pressure relief valve which will open and relieve the internal
      pressure in the strand caused by the head of liquid in the strand. Such an
      arrangement is shown in FIG. 1 and in more detail in cross section in FIG.
      2.
PAR  In FIG. 2 there is shown a portion of the well tubing 14 and the flexible
      pumping strand 17 having a plastic jacket 21. The end of the flexible
      pumping strand 17 is secured in a compression fitting 35 which is
      comprised of an inner compression portion 63 and an outer shroud or sleeve
      65. A packing gland 67 with packing 67a seals the upper end of the sleeve
      65 with the surface of the strand. Orifices or holes 69 in the jacket 21
      provide access from the interior of the strand to a chamber 71 in the
      fitting which connects through orifices 72 shown in dotted lines in the
      upper flange portion 73 of the inner compression portion 63 of the fitting
      to the annular space 75 between the sleeve 65 and the compression portion
      of the fitting 63. This annular space 75 in turn connects to passages 77
      and 79 in the lower portion of the compression fitting 35. The lower end
      of passage 79 opens to the surface of the fitting on the lower end of the
      nose 81 of the fitting.
PAR  While the compression fitting 35 with its fluid by-pass has been described
      in some detail because of its intimate connection in the particular
      embodiment of the present invention illustrated with the pressure relief
      valve and flexible pumping strand assembly of the instant invention, the
      structure and operation of the compression fitting forms no part of the
      present invention, but is instead the subject of the invention disclosed,
      described in detail and claimed in an application being filed concurrently
      herewith entitled "End Fitting for Flexible Pumping Strand" co-invented by
      H. E. Townsend, Jr. and F. Krcmar, Ser. No. 457,527, filed Apr. 3, 1974.
PAR  Threadedly engaged with the lower portion of the compression fitting 35 is
      a preset pressure exhaust valve 37. Pressure exhaust valve 37 is comprised
      of a main body section 91 having a female threaded internal surface 93
      which engages with the externally threaded nose 81 of the compression
      fitting 35. A further sealing effect in addition to the sealing provided
      by the threaded connection is effected between the exhaust valve 37 and
      the compression fitting 35 by means of a suitable packing ring 95
      accommodated in an annular depression 97 in the upper end of the exhaust
      valve 37. Wrench flats 92 are preferably provided on the surface of the
      body 91 of the valve 37 to facilitate attachment to and removal of the
      valve 37 from the compression fitting 35. A second internally threaded
      female orifice 99 at the lower end of the exhaust valve accommodates the
      upper threaded end of either the shear release fitting 41 or the pony rod
      39 which are shown in FIG. 1, but are omitted from FIG. 2 for clarity. The
      pony rod 39 is connected to and serves to operate the pump at the bottom
      of the well.
PAR  Within the body 91 of the exhaust valve 37 there is a chamber 101 having a
      straight sided central section 103, an upper reduced diameter threaded
      section 105 in which there is secured an upper threaded portion 107 of a
      ball valve seat 109, and a lower internally threaded section 111 in which
      there is accommodated a threaded pressure adjustment fitting 113 which is
      adapted to be rotatably adjusted longitudinally in the fitting by the use
      of a suitable wrench which may be fitted in a hexagonal wrench
      accommodating orifice 115 in the lower end of the fitting 113 when the
      pony rod 39 is unscrewed and removed as shown in FIG. 2. The upper
      threaded portion 107 of the ball valve seat has a square of other
      angularly shaped orifice or passage 108 which may be engaged by a wrench
      to screw the valve seat into place and also serves as a passageway from
      the chamber 112 under the nose 81 of the fitting 35 to the interior of the
      pressure release valve 37. Between the adjustment fitting 113 and the ball
      valve seat 109 there is accommodated a coil type compression spring 117
      which serves to force a movable ball valve 119 against the seat 109 with a
      force which is determined by the strength of the spring and compression of
      the spring as determined or adjusted by the prior adjustment of the
      adjustment fitting 113 in the valve body. Preferably the adjustment
      fitting 113 will be provided with nylon or similar locking elements 121
      accommodated in small depressions 123 in the side of the fitting to
      frictionally engage with the threads on the side of the exhaust valve to
      prevent unintended movement of the fitting 113 due to shocks and the like.
      A nose 125 of the adjustment fitting 113 fits into the bottom of the
      spring 117. A fluid conducting passage 127 extends through the adjustment
      fitting 113 from the surface of the nose 125 to the wrench accommodating
      orifice 115 which opens into a chamber 129 above the threaded orifice 99
      which during operation accommodates the pony rod 39 or the shear release
      fitting 41 depending upon the particular arrangement. Orifices 131 lead
      from the chamber 129 to the exterior of the pressure releasing valve 37 to
      exhaust corrosion inhibiting fluid from the interior to the exterior of
      the valve.
PAR  The operation of the flexible pumping strand assembly of the invention is
      as follows. Upon initiation of operation of the strand in a well the
      strand 17 is preferably already filled with a corrosion inhibiting fluid.
      Additional fluid is pumped or forced into the upper portion of the strand
      from the reservoir 45 by the action of the pump 49 or any other suitable
      type of pressurization device as necessary during operation of the strand
      to keep the strand filled. The adjustment fitting 113 will have been
      previously adjusted while the end of the strand is accessible on the
      surface so that the ball is forced against the valve seat 109 by the
      action of the coil spring 117 with a predetermined pressure which is
      sufficient to maintain the desired pressure of corrosion inhibitor in the
      flexible pumping strand. Usually corrosion inhibitor in the strand will be
      first pumped or pressurized to an initially higher pressure than desired
      for normal operation. This will cause the ball valve to open to discharge
      the corrosion inhibiting liquid from the interior of the strand to the
      exterior at a fairly rapid rate and serves to ascertain or make absolutely
      certain that the valve will open at the correct predetermined pressure and
      that all orifices in the valve and the compression fitting at the end of
      the strand are clear. This can be determined by the fact that the internal
      pressure in the strand will climb until the opening pressure is reached
      and will then become steady as the valve opens and the excess corrosion
      inhibitor is discharged from the strand. After testing the valve with a
      higher pressure the pumping strand may then either be operated with a
      slight excess pressure so that the valve remains slightly open at all
      times or may be operated at normally lower pressures with periodic or
      intermittent higher pressure periods when the valve is opened to exhaust
      excess corrosion inhibitor to the environment and renew the corrosion
      inhibitor in the interstices of the pumping strand 17. For example, the
      pressure may be maintained at a constant level without continuous pumping
      and then at periodic intervals, either initiated by a timer or by an
      inspector during periodic inspection trips to the well head, the pressure
      of the corrosion inhibiting liquid within the flexible pumping strand may
      be increased to effect opening of the exhaust valve to make certain the
      valve is in operating condition and to partially flush the strand. The
      pressure may be increased by pumping or the like to open the preset
      pressure valve and allow a flow of corrosion inhibitor through the pumping
      strand and out into the well. This flow of corrosion inhibitor serves to
      flush the strand, sometimes completely, but usually only partially, and
      fill the strand with fresh corrosion inhibitor. The intervals between
      pumping or excess pressurization to open the ball valve may range from an
      hour or tow, or even less, up to weeks or months depending upon the
      corrosive conditions in the well. Usually the invervals of intermittent
      pumping or pressurization will be about every one or two days during
      regular inspection of the well. Whether pumping or excess pressurization
      of the corrosion inhibitor to cause its passage through the flexible
      pumping strand is continuous or intermittent, the corrosion inhibitor will
      pass into and down the strand within the plastic jacket in the interstices
      between the wires and will then pass from the strand through orifices 69
      in the jacket 21 into the chamber 71 of the compression fitting 35 from
      which the corrosion inhibitor enters the annular passageway 75 between the
      sleeve 65 and the compression portion of the fitting. The corrosion
      inhibitor then passes into the orifices 77 and 79 in the lower portion of
      the compression fitting 35 and is transferred into the preset pressure
      release valve 37 where it passes through the orifice 108 in the threaded
      portion 107 of the ball valve seat 109 and thence past the ball valve 119
      into the central section 103 of chamber 101 in the exhaust, or pressure
      release valve, through the passageway 127 in the adjustment fitting 113
      into the chamber 129 in the exhaust, or pressure release valve and thence
      through the orifices 131 into the exterior environment in the bottom of
      the oil well. In some cases in fairly mild environments the corrosion
      inhibiting fluid in the pumping strand may be initially merely pressurized
      against the resistance of the ball valve and operated in this manner for
      long periods without even intermittent opening of the valve or flushing.
      This static condition may be continued until there is some reason to
      suspect that corrosion may be taking place or may be about to take place
      in the interior of the strand due to a change in conditions in the well or
      to the lapse of time with the corrosive conditions normally expected in
      the particular well to result in degradation or partial exhaustion of the
      corrosion inhibiting characteristics of the inhibiting fluid.
PAR  In any event, whenever for some reason the normal external pressure
      surrounding the strand should be lost due to the replacement of the normal
      surrounding medium with another medium such as a gas for any of a number
      of reasons such as infiltration of gas from the surrounding strata,
      failure of the down-hole pump, leakage from the well tubing due to
      perforation or accidental uncoupling or for any other reason, the pressure
      of the head of liquid within the flexible pumping strand will no longer be
      substantially balanced by the external pressure surrounding the strand. To
      forestall ballooning or rupture of the strand jacket under such
      circumstances the force of the spring 117 as determined by the spring
      characteristics and the adjustment of the adjustment fitting 113 is
      predetermined or preadjusted to be such that at a pressure differential
      which is less than the ballooning or rupture strength of the plastic
      jacket at any point the ball valve will be opened sufficiently to quickly
      relieve the internal pressure in the strand by quickly "dumping" the
      excess fluid from within the strand into the bottom of the oil well. The
      greater the pressure differential, of course, the more the ball valve will
      tend to open until said valve in itself presents no substantial
      restriction to the exhaustion of the corrosion inhibiting fluid from the
      pumping strand. It is important in case the pressure differential occurs
      suddenly that the pressure be relieved quickly and it is necessary,
      therefore, that the openings and orifices in the exhaust valve and in the
      connecting compression fitting be large enough to relieve the pressure
      from the strand quickly before ballooning of the plastic jacket occurs.
PAR  It will be evident that the exhaust valve, which is a critical component of
      the flexible pumping strand assembly of the invention, need not be
      connected to the strand through the compression fitting as shown, but
      could instead be directly connected to the end of the strand or to the
      plastic jacket of the strand at a location above the end of the strand.
      The exhaust valve arrangement shown is, however, the presently preferred
      arrangement. It will also be evident that the valve itself could have any
      one of a number of structures or mechanical arrangements designed to
      relieve the internal pressure in the strand when a potentially damaging
      pressure differential between the internal pressure in the strand and the
      external pressure occurs. The particular exhaust valve illustrated and
      described has been found, however, to be very effective and convenient and
      is the presently preferred arrangement for the valve.
PAR  It will be evident from the above and from the disclosure and discussion of
      U.S. Pat. No. 3,637,341 that the opening pressure of the valve 37 may be
      adjusted to many different opening pressures depending upon the
      characteristics of the jacket material, the depth of the well and the
      characteristics of the corrosion inhibiting liquid and the surrounding
      environment in the well.
PAR  The use of a pressure release valve in accordance with the present
      invention is required whenever the pressure differential between the
      inhibitor fluid within the strand at any depth and the pressure external
      of the strand at the same depth might exceed the rupture or ballooning
      strength of the thickness of the particular plastic from which the jacket
      of the particular strand is composed. Such rupture or ballooning is most
      likely to occur, of course, as has been explained above, when a loss of
      fluid, and usually a sudden loss of fluid, is experienced from the
      interior of the well tubing through which the flexible pumping strand
      passes. It will be understood that rupture of the strand jacket usually
      will only take place after ballooning has already occurred. However, since
      ballooning of the walls of the jacket of the strand inevitably decreases
      the thickness and thus the strength of the jacket, once ballooning has
      begun the ballooning out of the walls of the jacket will rapidly increase,
      usually at an increasing rate, until actual rupture of the plastic jacket
      occurs. Usually the only reason that a ballooned jacket will not quickly
      proceed to complete rupture will be either because the excess pressure
      within the jacket is very quickly removed or the material from which the
      jacket is formed has the property of increasing in strength as it is
      stretched, such as may happen with many metals due to work hardening or
      with some compositions of resinous materials due to molecular orientation
      when the ultimate pressure is not too great. Thus with some plastic
      materials from which the jacket of the strand may be formed the rupture
      strength may be somewhat greater than the ballooning strength of the
      plastic, while with other plastics the ballooning and rupture strength, or
      conversely the ballooning and rupture pressure, may be substantially the
      same. Furthermore, as has previously been pointed out some plastics will
      experience rupture without initial ballooning and other plastics will
      experience rupture without ballooning when exposed to certain environments
      or conditions. In any event, as has been explained previously, because
      ballooning is usually detrimental in itself since it may result in ensuing
      mechanical damage to the strand, and also because it is usually desired to
      include a very substantial safety factor when deciding what pressure
      should be allowed to build up in the strand, either the ballooning or
      rupture pressure of the plastic jacket will usually be selected as the
      pressure from which to calculate the pressure at which the pressure
      exhaust valve according to the present invention should be set to open
      depending upon whether ballooning or rupture will occur first with the
      particular type plastic from which the strand jacket is constructed. It
      will be understood that the resistance of the plastic strand jacket to
      transverse forces such as internal strand pressure will be dependent
      primarily upon the material from which the jacket is formed, the thickness
      of the jacket and the diameter or radius of the jacket as well as upon
      some subsidiary considerations such as temperature and surface condition
      of the plastic.
PAR  The differential pressure P exerted upon the strand jacket containing an
      inhibitor fluid having a density d.sub.1 at a depth D in a well having an
      environment with a fluid density d.sub.2 can be calculated approximately
      (neglecting in particular dynamic effects) from the general formula:
EQU  P =  gD (d.sub.1 - d.sub.2) - P.sub.T
PAL  where g is the local gravitational constant (customarily taken as 0.433
      when D is given in feet, d.sub.1 and d.sub.2 are given in gms/cu. cm., and
      P is given in pounds per square inch) and P.sub.T is the pressure within
      the well tubing at the top of the well. In the event that the liquid in
      the tubing is displaced by gas or vapor, the pressure acting to balloon or
      rupture the strand jacket can then attain at the lowest point from which
      the liquid in the tubing is completely displaced a value expressed
      approximately by the following equation:
EQU  P = gD d.sub.1
PAR  In general, therefore, it is desirable that the pressure at which the
      pressure exhaust valve will open be adjusted or preset to a value given by
      the equation:
      ##EQU1##
      where P.sub.V is the pressure at which the exhaust valve is set to open,
      P.sub.S is the rupture or ballooning strength of the strand jacket and f
      is any desired factor of safety. A satisfactory useful factor of safety
      will usually be a factor of 3 or more. A static system, i.e., a system in
      which the valve is not open, will result when the value of the exhaust
      valve setting is greater than the value given by:
EQU  P.sub.V = gD (d.sub.1 - d.sub.2) - P.sub.T
PAL  or
EQU  P.sub.V &gt; gD (d.sub.1 - d.sub.2) - P.sub.T
PAR  a continuous flow of inhibitor fluid through or past the exhaust valve can
      be effected by providing an exhaust valve setting less then the above or
      by applying additional pressure at the well head to the inhibitor liquid
      within the interior of the pumping strand.
PAR  It will be understood that certain dynamic considerations will also effect
      the pressure of the corrosion inhibitor fluid in the strand and the
      pressure of the well fluid within the tubing. For example, there is a
      certain impulse factor in the pressure within the strand due the impact
      loading of the reciprocating strand as it changes direction at each end of
      its pumping stroke. These dynamic considerations can usually be ignored if
      a reasonable safety factor is used in presetting the pressure at which the
      exhaust valve is set to open.
PAR  The rupture pressure or strength of the strand jacket can be approximated
      from the relation:
      ##EQU2##
      where T is the jacket thickness, R is the strand radius and S.sub.D is the
      yield strength (in force per unit area) of the material from which the
      jacket of the strand is formed.
PAR  In one typical example of the invention a 5200-foot-deep well containing a
      well fluid having a specific gravity of 0.9 and in which the well fluid is
      pumped to the surface with a flexible pumping strand containing a
      corrosion inhibiting liquid having a specific gravity of 1.0, the strand
      may be provided with a 0.1-inch-thick polyamide resin type jacket, which
      jacket will typically have a ballooning or rupture pressure of
      approximately 1300 pounds per square inch. The flexible pumping strand may
      be reciprocated by a suitable prime mover at the surface in order to
      operate a pump positioned at the bottom of the well, which pump serves to
      force well fluid up the well through the well tubing with a tubing
      pressure of 50 pounds per square inch. The absolute fluid pressure within
      the interior of the flexible pumping strand near the bottom due to the
      head of inhibitor fluid contained in the strand will be approximately 2252
      (the pressure exerted by the superimposed atmospheric pressure is for
      simplicity not included). The differential pressure between the inhibitor
      fluid in the interior of the strand and the well fluid exterior of the
      strand will be approximately 176 pounds per square inch when the pump is
      operating and approximately 226 pounds per square inch when the pump is
      not operating and the pressure in the well fluid in the tubing is thus
      reduced by the 50 pounds per square inch operating pressure. It will be
      understood that the actual pressure in the well fluid in the tubing will
      be an oscillating pressure due to the oscillating motion of the well pump.
      The pressure in the well fluid does not return to the pure head pressure
      of the liquid in the tubing on the downstroke of the pump, however, due to
      back pressure in the pumping system and it is convenient, therefore, to
      consider that there is a single or constant operating pressure in the well
      tubing during operation of the pump. This operating pressure is normally
      measured at the well head and it will be also understood that the
      operating pressure at the well head due to the operation of the pumps
      tends to be somewhat less at the well head than near the pump at the
      bottom of the well due to friction losses in the well tubing. These
      variations in pressure can, however, normally be ignored if a reasonable
      safety factor is allowed for in the calculations.
PAR  It will be evident that in the event that the well tubing should become
      emptied completely of fluid the differential pressure between the interior
      and exterior of the strand would become, near the bottom of the strand,
      substantially the same as the head of corrosion inhibitor liquid within
      the strand, or 2252 pounds per square inch. A pressure exhaust valve
      preset to open upon the attainment of a pressure differential between the
      interior and the exterior of the strand of less than the 1300 pounds per
      square inch is thus required for safety to prevent ballooning or rupture
      of the strand jacket in the event of sudden loss of well fluid from the
      well or well tubing. As it is generally desirable to provide a factor of
      safety of about 3 or more with respect to rupture strength of the plastic
      jacket in determining the opening pressure of the exhaust valve, in the
      well of the example the exhaust valve is preset to open at a differential
      pressure of approximately 433 pounds per square inch. Since the normal
      operating pressure differential between the interior and the exterior
      pressure of the strand in the illustration is 176 pounds per square inch,
      the valve is maintained normally closed and the corrosion inhibiting fluid
      does not flow past the exhaust valve except when additional pressure is
      applied to the fluid within the strand interior from a pressurizing system
      at the top of the well. Such additional pressure will normally be applied
      initially to make certain that the valve will in fact open at
      approximately the correct pressure and also to flush the end of the
      strand. The initially high pressure will then be returned to normal
      operating limits. Additional pressure will thereafter also be applied
      periodically at spaced intervals varying from several hours to several
      weeks to open the exhaust valve and partially renew or flush the corrosion
      inhibiting fluid from the interior of the flexible pumping strand.
      Alternatively, a continuous flow of corrosion inhibiting fluid could be
      maintained through the strand and the exhaust valve by presetting the
      exhaust to open at a pressure less than 176 pounds per square inch. In
      such a case the higher the pressure the wider the exhaust will open and
      the greater the flow of corrosion inhibitor through the pumping strand
      which will be attained. As a still further alternative the preset opening
      pressure of the exhaust valve can remain at 433 pounds per square inch and
      the normal operating pressure of the fluid within the strand can be
      increased above 433 pounds on a continuous basis. Since oil wells are
      customarily operated, or pumped, unattended, however, and inspected and
      worked on only periodically and since operation at a pressure of more than
      433 pounds per square inch differential pressure will reduce the normally
      desirable safety factor of about 3 or greater, or in other words operate
      the well at a pressure nearer to the rupture or ballooning pressure of the
      plastic strand jacket, it will normally be desirable to reduce the preset
      opening pressure of the exhaust valve rather than increasing the internal
      pressure of the fluid within the strand if a continuous or substantially
      continuous flow of corrosion inhibiting liquid through the strand is
      desired.
PAR  It should be noted that owing to the flexibility of the strand jacket the
      internal volume of the jacketed strand, and hence the resistance to
      hydraulic flow through the strand, is pressure dependent. As a result of
      this pressure dependence a pressure applied at one end of a long length of
      jacketed strand will not be immediately evident at the other end. Because
      of this time lag phenomenon pressure applied to the interior of flexible
      pumping strand at the well head by pressurization apparatus such as the
      pump 49 or other suitable apparatus must be applied for a substantial
      period depending upon conditions in order to effect opening of the exhaust
      valve at the bottom of the strand.
PAR  In one actual experimental trial of flexible pumping strand assemblies
      incorporating the invention a 5201 foot length of strand was used in a
      well having a well fluid specific gravity of 1.02 (d.sub.2) and a normal
      operating pressure at the top of the tubing of 40 pounds per square inch
      (P.sub.T). A corrosion inhibiting fluid was used in the interior of the
      strand having a specific gravity of 0.82 (d.sub.1). The strand jacket was
      formed from a polyamide commonly referred to as nylon 11 approximately 0.1
      inches in thickness (T) and having a rupture pressure of 1300 pounds per
      square inch (P.sub.S). The bottom pressure (gDd.sub.1) at the bottom and
      the interior of the strand was 1847 pounds per square inch [.433(5201)0.82
      = 1847]. The differential pressure between the interior of the strand and
      the exterior of the strand when the well pump was operating was - 490
      pounds per square inch. The differential pressure is indicated in this
      case to be a negative figure because the pressure in the interior of the
      strand was less than the pressure on the exterior of the strand - since
      the specific gravity of the corrosion inhibiting fluid in this example was
      less than the specific gravity of the well fluid. The differential
      pressure between the interior of the strand and the exterior of the strand
      was -450 pounds per square inch when the well pump was not in operation
      and the pressure of the pump was not being added to the normal pressure
      head of the well fluid in the tubing. Since there was already a fairly
      large working spread between the point where the internal pressure of the
      strand might become greater than the exterior pressure surrounding the
      strand, it was possible in this example to use a large factor of safety
      for the setting on the exhaust valve. Thus in the experimental strand the
      opening pressure exerted by the valve spring was adjusted to be 160 pounds
      per square inch. (Since the plastic jacket on the strand is normally very
      effectively supported from the underside by the closely packed wires of
      the strand, particularly in those cases where the strand jacket has been
      desirably pressure extruded over the underlying wires of the strand, there
      is very little likelihood under normal operating conditions that the
      strand jacket will rupture inwardly.) With the valve set to open at 160
      pounds per square inch the pressure applied to the strand at the well head
      which would cause the valve to open was 650 pounds per square inch (160
      psi. spring pressure plus 490 psi. differential pressure.) The valve
      opening pressure of 160 pounds per square inch provided a safety factor of
      8.13, well over the normal desirable safety factor of at least 3 in a
      strand such as that of the example having a rupture pressure of 1300
      pounds per square inch. The strand of the example was an experimental
      assembly and in a similar commercial installation in which the specific
      gravity of the well fluid is greater than the specific gravity of the
      corrosion inhibitor within the strand an even larger factor of safety
      could be used. If, due to the complete loss of external pressure as the
      result of loss of well fluid from the well tubing or a portion of the
      tubing, the internal pressure within the strand should exceed the safety
      factor which has been established, the exhaust valve will open and exhaust
      the corrosion inhibiting liquid from the strand at a rate which will
      prevent excessive pressure from building up and ballooning or rupturing
      the strand jacket.
PAR  In a second actual example of the invention a 2200 foot length of
      experimental strand was used in a test well containing a well fluid with a
      specific gravity of 1.05. The jacket of this strand, like the first
      strand, was composed of the polyamide nylon 11 and had a thickness of 0.1
      inches. As in the previous examples this provided a rupture strength of
      1300 pounds per square inch. The tubing pressure, or operating pressure,
      in the well was 12 pounds per square inch. The specific gravity of the
      corrosion inhibiting liquid within the strand had, as in the first
      example, a specific gravity of 0.82. The absolute pressure at the bottom
      of the interior of the strand was 781 pounds per square inch. It will be
      noted that this pressure would normally be insufficient to rupture the
      strand jacket even if all the external supporting pressure was lost as the
      result of drainage of the well fluid from the tubing of the well. However,
      it is still desirable in such a case to provide an exhaust valve in the
      strand in order to assure a reasonable safety factor in the event of
      malfunction of the corrosion inhibiting liquid pumping system and possible
      overpressurization of the strand. For example, if all the well fluid
      should drain from the strand of the example and the corrosion inhibiting
      fluid pressurization or pumping system should apply a pressure of slightly
      more than 500 additional pounds per square inch pressure to the interior
      of the strand the strand jacket would rupture. It is thus advantageous to
      provide a healthy margin of safety below this pressure and in the example
      the exhaust valve was set to open at a pressure of 330 pounds per square
      inch. The factor of safety in this example was, therefore, 3.94. This
      figure was the factor by which the rupture strength of the strand was
      greater than the setting of the exhaust valve. Since the pressure
      differential was -231 pounds per square inch when the pump was operating
      and -219 pounds per square inch when the pump was not operating, the
      pressure which would have to be applied to the corrosion inhibiting liquid
      at the well head to cause the exhaust valve to open was 561 pounds per
      square inch during operation of the pump.
PAR  It should be noted that the use of a preset exhaust valve as part of a
      flexible pumping strand assembly is desirable not only to avoid rupture of
      the strand during operation of the well in the event that external
      pressure is suddenly lost from the exterior of the strand due to loss of
      well fluid from the well tubing or the like, but also when the strand is
      being installed in a well. The strand is normally installed within the
      well already charged with a corrosion inhibiting liquid. The strand is
      precharged with liquid because otherwise when the strand first contacts
      the well fluid some of the external well fluid might otherwise gain
      entrance to the interior of the strand and also because due to the
      constricted nature of the interior of the strand it is very difficult to
      displace any air in strand with the corrosion inhibiting fluid once the
      strand is installed in a well. Considerable external pressure is in such
      case required to force the corrosion inhibiting liquid into the strand to
      displace the air and there is an actual danger that the applied pressure
      may be great enough to balloon or rupture the plastic jacket near the top
      of the strand -- rather than near the bottom -- during charging. For this
      reason it is very desirable that the strand be installed already charged
      with corrosion inhibiting liquid. When the strand is run into the well
      already charged, however, since the well has not been operating, the well
      tubing will not be filled with well fluid, at least in its upper portions,
      and the strand will thus hang down the well for a finite period without
      substantial external support. In a deep well, therefore, it is necessary
      that the internal pressure be removed from the strand to avoid rupture of
      the strand in its lower sections. Removal of any excess pressure during
      installation of the strand is accomplished by the exhaust valve opening at
      the preset pressure so that the corrosion inhibitor flows freely from the
      strand into the well. As long as the valve is opened sufficiently to allow
      the corrosion inhibiting liquid to flow freely through the strand at its
      maximum rate, which rate is, however, restricted by the frictional flow
      resistance engendered in the constricted cross section of the strand along
      the length of the strand, no excess pressure will build up in the strand
      and the strand jacket will not rupture. It is, of course, advantageous to
      replace new corrosion inhibiting liquid at the top of the strand during
      installation of the strand in the well as the inhibitor liquid trickles
      from the bottom of the strand into the well through the exhaust valve.
      However, if the installation crew works quickly the strand can usually be
      installed and in operation within a few hours in which time only a small
      proportion of the inhibitor fluid may be lost from the strand, for example
      perhaps 10% or thereabouts of the total inhibitor in the strand, which
      amount can in practice be replaced without too much difficulty once
      operation of the strand commences. To avoid ballooning or rupture of the
      strand jacket during installation of a long strand in a well, therefore,
      it is usually necessary to have the exhaust valve open to exhaust the
      inhibitor fluid from the interior of the strand at the bottom into the
      well at the maximum flow-through rate of the inhibitor through the strand
      interstices. This rate is sufficient to remove all significant internal
      pressure from the strand, but not usually great enough in a long strand to
      seriously empty the strand if installation is made quickly and
      expeditiously. If new corrosion inhibitor is, as is desirable, added
      continuously to the top of the strand, of course, the installation of the
      strand in the well can take as much time as may be necessary.
PAR  The exhaust valve of the invention is normally designed by initially
      deciding what the size of the opening 108 through the valve seat in
      cooperation with the size of the opening through the passage 127 in
      adjustment fitting 113 must be in order to quickly release or dump the
      corrosion inhibiting fluid from the strand in the event of a build-up of
      internal pressure due to a sudden loss of external well tubing pressure. A
      spring having a strength and spring constant sufficient to oppose the
      pressure developed against the ball valve 119 by a fluid pressure exerted
      over this area is then selected to oppose opening of the ball valve.
      Knowing the pressure and the spring constant, the required compression of
      the spring to oppose any pressure can be readily calculated. As a
      practical matter the exhaust valves are usually precalibrated in the shop
      by initially threading the adjustment fitting 113 all the way into the
      valve until the spring 117 is completely compressed, applying an external
      pressure to the valve through the opening 108 and backing the adjustment
      fitting out while varying the applied pressure to determine the number of
      turns of the fitting 113 for any given opening pressure. A calibration
      curve can easily be prepared having the opening pressure on one coordinate
      and the number of turns of the adjustment fitting on the other coordinate
      and the curve used in the field to determine the opening pressure of the
      valve for any given number of turns of the adjustment fitting. The fitting
      may be easily turned or adjusted by means of a conventional hexagonal or
      other suitably shaped wrench inserted into the wrench accommodating
      orifice 115. The nylon or other locking elements 121 which frictionally
      engage with the threads on the side of the exhaust valve body prevent
      unintended movement of the adjustment fitting after it is adjusted to
      maintain a predetermined pressure.
PAR  It will be understood that the above general analysis of the factors to be
      considered in determining the opening of the pressure exhaust valve at the
      lower end of the linear pumping assembly of the invention should be
      recognized as a practical approximation based upon a hydrostatic analysis
      and that certain hydrodynamic effects, some of which are noted at places
      throughout the foregoing specifications, would also have an effect upon an
      operating system.
CLMS
STM  We claim:
NUM  1.
PAR  1. A corrosion and mechanical damage resistant flexible pumping strand
      assembly arranged and constructed to extend downwardly through oil well
      tubing positioned in an oil well and to connect at the lower end thereof
      to pumping means for pumping well fluid, which fluid includes corrosive
      substances, upwardly through said tubing, comprising:
PA1  a. a flexible wire strand comprising a plurality of wires with interstices
      between the wires,
PA1  b. a flexible plastic jacket disposed about at least that portion of said
      wire strand exposed to said well fluid and arranged and constructed to
      contain within the strand in the interstices between the wires of said
      strand a liquid that:
PA2  i. is corrosion inhibiting with respect to corrosive substances in said
      well fluid, and
PA2  ii. has a specific gravity similar to that of said well fluid such that the
      pressure differential between the corrosion inhibiting liquid within the
      plastic jacket and the well fluid on the outside of the plastic jacket
      when the strand is placed in said well is less than the rupture strength
      of said jacket, and
PA1  c. pressure relief valve means connected to said wire strand and said
      plastic jacket adjacent the lower ends thereof and arranged and
      constructed to open when the pressure of said corrosion inhibiting liquid
      contained within the plastic jacket in said interstices between the wires
      of the strand exceeds by a predetermined degree the pressure of said well
      fluid external of said plastic jacket, said predetermined degree defining
      a predetermined pressure differential adjacent said pressure relief valve
      means which is less than the pressure differential which will cause
      rupture of said plastic jacket.
NUM  2.
PAR  2. A mechanical and chemical damage resisting linear rod assembly for use
      in a well containing corrosive well-environment fluids and for operative
      mechanical connection of a down-hole pumping means to a prime mover means
      comprising:
PA1  a. an elongated linear member comprising a flexible wire strand having a
      flexible plastic jacket disposed circumferentially thereabout throughout
      the length thereof,
PA1  b. a corrosion inhibiting liquid contained within said jacket and bathing
      the wires of said strand and having a specific gravity substantially
      similar to the specific gravity of the surrounding well-environment fluids
      such that the pressure differential between the inside and outside of said
      plastic jacket is less than the ballooning strength of said jacket,
PA1  c. a pressure-releasing valve means positioned near the lower pumping means
      connection end of said linear member to provide access from the interior
      to the exterior of said linear member,
PA1  d. said pressure-releasing valve means being arranged and constructed to
      open when the internal pressure of the corrosion inhibiting liquid within
      the linear member is a predetermined degree higher than the pressure of
      the well-environment fluids external of said pressure-releasing valve
      means, said predetermined degree defining a pressure differential which is
      less than the rupturing pressure of the plastic jacket of the linear
      member.
NUM  3.
PAR  3. A linear assembly according to claim 2 wherein the pressure-releasing
      valve means is a spring activated pressure relief valve.
NUM  4.
PAR  4. A linear rod assembly according to claim 3 wherein said
      pressure-releasing valve means is secured to the lower end of said linear
      member.
NUM  5.
PAR  5. A linear rod assembly according to claim 4 wherein said
      pressure-releasing valve means is attached to said linear member via an
      intermediate end fitting secured to said linear member.
NUM  6.
PAR  6. A mechanical and chemical damage resisting linear rod assembly for use
      in a well containing corrosive well-environment fluids and for operative
      mechanical connection of a down-hole pumping means to a prime mover means
      comprising:
PA1  a. an elongated linear member comprising a flexible wire strand,
PA1  b. a flexible plastic jacket disposed about at least the portion of said
      flexible wire strand which it to be exposed to said corrosive
      well-environment fluids,
PA1  c. a corrosion inhibiting liquid contained within said flexible plastic
      jacket and bathing the component wires of said flexible wire strand, said
      corrosion inhibiting liquid being selected to have a specific gravity
      similar to the specific gravity of surrounding well-environment fluids
      such that the pressure differential between the inside and outside of said
      plastic jacket when the strand is placed in said well is less than the
      rupture strength of said jacket,
PA1  d. an internal pressure-releasing valve means positioned adjacent the lower
      end of said wire strand near the bottom of said well, said
      pressure-releasing valve means being arranged and constructed to be
      secured to a pumping means connection and providing restricted access from
      the interior to the exterior of said flexible plastic jacket,
PA1  e. said pressure-releasing valve means being arranged and constructed to
      open when the internal hydrostatic pressure of the corrosion inhibiting
      liquid within the wire strand component of the linear member is a
      predetermined degree higher than the pressure of the well-environment
      fluids external of said pressure-releasing valve means, said predetermined
      degree defining a pressure differential which is less than the rupturing
      pressure of the plastic jacket disposed about the flexible wire strand.
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ABST
PAL  An apparatus for sterilization of fluid in sealed containers such as
      ampoules, the apparatus has a chamber provided with a hot air distributor
      therein, a magazine conveyor comprising a drum mounted to be rotable about
      its vertical axis in said chamber having compartment defining means
      thereon defining a plurality of vertically stacked tiers of compartments
      for accomodation and transportation of containers to be treated, said
      chamber having a plurality of bottom walls fixedly mounted therein one
      being associated with each tier of compartments and constituting the
      bottoms of said compartments each bottom wall having a gap therein, the
      gaps being at different circumferential positions, the gaps being for
      transferring containers inserted and carried in compartments automatically
      one after the other to the next adjacent lower tier at said positions, one
      wall of each compartment permitting passage of air therethrough and
      apparatus for supply and removal of containers to be treated to and from
      said magazine conveyor, whereby hot air is constantly circulated and
      recirculated around containers to be treated carried on said magazine
      conveyor for sterilizing fluid contained in the sealed containers.
BSUM
PAR  The present invention relates to an apparatus for continuous, automatic
      sterilization of medicinal or other fluid in sealed containers such as
      ampoules or phials.
PAR  A conventional method of sterilizing medicinal fluid in sealed containers
      depends essentially on the use of heated steam. This method has
      disadvantages with respect to operation and also it is often the source of
      undesirable side effects in the fluid being sterilized. Fluid contained in
      sealed containers must be subjected to a temperature of 100.degree. C for
      60 minutes or to a temperature of 120.degree. C for 20 minutes, and
      because of the length and severity of this heat treatment there are
      frequently compositional changes, discoloration or precipitiation of
      dissolved elements in the fluid treated. Also, to bring the temperature of
      the steam in the sterilization chamber to a temperature at which
      sterilization is effective, the pressure of the steam (saturation
      pressure) must be about 2 kg/cm.sup.2, with the result that execution of
      this method can be dangerous, and also that continuous, automatic
      operation is comparatively difficult to attain.
PAR  Other conventional methods for the sterilization of medicinal or other
      fluids in sealed containers involve irradiating the fluid with ultrasonic
      rays, ultraviolet rays or other forms of radiation. But these methods
      often have adverse effects on the characteristics of treated fluids and
      also are dangerous to the attendant workers.
PAR  It is accordingly an object of the present invention to provide an
      apparatus for continuous, automatic sterilization of medicinal or other
      fluids contained in sealed containers such as ampoules or phials which
      does not present any dangers in operation and is not the source of adverse
      effects on treated fluid or on attendant persons or workers.
PAR  According to the present invention, there is provided a multi-tiered
      magazine conveyor on each tier of which there is a plurality of suitably
      spaced compartments for holding sealed ampoules or phials or similar
      containers (below referred to as `ampoules` for the sake of brevity)
      containing medicinal or other fluid (below simply referred to as `fluid`).
      The magazine conveyor is housed within a substantially, hermetically
      sealed chamber equipped with a hot air distributor for the sterilization
      of fluid in the ampoules. Ampoules are supplied to the top tier of the
      magazine conveyor by a supply conveyor external to the sterilization
      chamber, and are removed from the bottom tier by a discharge conveyor,
      also external to the sterilization chamber. Ampoules are carried round the
      tiers of the magazine conveyor. In each tier except the bottom tier, as
      each ampoule comes to a certain point, it passes through a hole or a split
      portion formed in the support base of the tier and moves down to the next
      lower tier. After being carried around the bottom tier, ampoules are
      removed by the discharge conveyor. The hot air distributor continuously
      circulates and recirculates hot air around the sterilization chamber. In
      this equipment, the supply and discharge conveyors and the magazine
      conveyor are driven synchronously. This can be achieved, for example, by a
      single motor acting through suitable gears or transmission elements, and
      so once ampoules are supplied to the supply conveyor the whole operation
      is continuous and automatic. The central portion of the magazine conveyor
      is hollow, and there are holes formed in the ampoule carrier compartment
      walls adjacent to the central portion. Also, ampoules are kept separated
      from the compartment walls at a suitable distance, which is generally
      about 0.5-1.5 mm, to permit a flow of air around the sterilization chamber
      and around the ampoules in the magazine conveyor compartments through
      holes at a velocity of about 30-40 m/sec. Fluid in ampoules carried by the
      magazine conveyor is sterilized by the heat of the air circulated by the
      distributor. Since this air is constantly circulated around the
      sterilization chamber and through the magazine conveyor, and the ampoule
      carrier compartments, the temperature can be easily adjusted, and fluid
      can be brought to a suitable temperature for sterilization. A suitable
      temperature is between about 120.degree.-200.degree.  C, and ampoules can
      be carried through the process in a time short enough to ensure that there
      are no changes in the characteristics of the fluid treated.
PAR  The invention offers the advantages that since sterilization of fluid is
      effected by hot air, the process is clean, and, unlike conventional
      methods using steam, or ultrasonic, ultraviolet or other forms of
      radiation, there are no dangerous pressures and the process does not
      present a health hazard for personnel.
PAR  Also, according to the invention, since the ampoule carrier compartments of
      the magazine conveyor are spaced at predetermined intervals and there are
      holes in the compartment walls, there is a free flow of air around the
      magazine conveyor, the ampoules carried thereon and within the
      sterilization chamber. Therefore, there is an even distribution of
      temperature, and there is no risk of some ampoules being exposed to high
      temperature. The holes in the compartment walls can of course be of any
      size. Generally, the larger the holes, the better the distribution of air.
      Also, there may be a number of holes in one compartment wall.
PAR  A further advantage of the invention is that, since ampoules are carried in
      separate compartments on the magazine conveyor, even if an ampoule
      shatters, other ampoules are not damaged since they are protected by the
      compartment walls.
PAR  Another advantage is that pressure rises within the sterilization chamber
      can be prevented by making the magazine conveyor a vertical rotary
      magazine conveyor, and drawing heated air from the portion of the chamber
      outside the conveyor, through the conveyor compartments and into the
      conveyor central portion. In other words, pressure inside the chamber can
      be kept at atmospheric pressure, and even without provision of an air seal
      there is no leakage of air when ampoules are brought into or removed from
      the chamber.
PAR  In one preferred embodiment of the invention, the magazine conveyor is made
      a vertical rotary magazine conveyor which has a number of tiers, each of
      which is provided with a plurality of compartments for carrying ampoules.
      Ampoules are supplied to the top tier by a supply conveyor and removed
      from the bottom tier by a discharge conveyor. Each tier comprises a
      stationary baseboard, above and on which are rotated compartments for
      carrying ampoules. At a set point in the baseboard of each tier there is
      formed a hole or a split portion large enough to permit the passage of an
      ampoule. Ampoules inserted in compartments are carried around the
      baseboard of each tier, and when they come to the hole or split portion in
      the baseboard, they fall through to a compartment in the next lower tier.
      This embodiment provides a large capacity for ampoules to be treated since
      there is a plurality of tiers in the magazine conveyor.
DRWD
PAR  In another embodiment of the invention, the magazine conveyor is a conveyor
      which carries ampoules in rows in the same direction and in the same
      plane. Ampoules are supplied at one end of the conveyor, to the first row
      and removed from the other end of the conveyor, from the last row.
      Ampoules are transferred from one row to another by compressed air from a
      blower nozzle, or similar means. The means according to this second
      embodiment is also simple in construction and of large capacity. These and
      other objects and features of the present invention will become apparent
      from the following description taken in conjunction with the preferred
      embodiments thereof with reference to the accompanying drawings, in which;
PAR  FIG. 1 is a side sectional view of an apparatus for sterilization of fluid
      in sealed ampoules according to one preferred embodiment of the present
      invention,
PAR  FIG. 2 is a cross sectional view taken along the line II--II in FIG. 1,
PAR  FIG. 3 is a cross sectional view taken along the line III--III in FIG. 1,
PAR  FIG. 4 is a front elevational view, on an enlarged scale, showing a portion
      of the ampoule carrier compartments of FIG. 1,
PAR  FIG. 5 is a side sectional view taken along the line V--V in FIG. 4,
PAR  FIG. 6 is a cross sectional view taken along the line VI--VI in FIG. 4,
PAR  FIG. 7 is a cross sectional view, on an enlarged scale, showing a portion
      of a discharge screw passing through a chamber opening of FIG. 1,
PAR  FIG. 8 is a side elevational view of FIG. 7,
PAR  FIG. 9 is a rear elevational view showing ampoule carrier compartments for
      the purpose of illustrating the transport of ampoules in FIG. 1,
PAR  FIG. 10 is a graph showing relation between fluid temperatures in a sealed
      ampoule and times for holding the ampoule in the a sterilization chamber
      of FIG. 1,
PAR  FIG. 11 is a similar view to FIG. 1, but showing the apparatus according to
      the second preferred embodiment of the present invention,
PAR  FIG. 12 is a cross sectional view taken along the line XII--XII in FIG. 11,
PAR  FIG. 13 is a cross sectional view taken along the line XIII--XIII in FIG.
      11,
PAR  FIG. 14 is a front elevational view, on an enlarged scale, showing a
      portion of the ampoule carrier compartments of FIG. 11, and
PAR  FIG. 15 is a cross sectional view taken along the line XV--XV in FIG. 14.
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like reference numerals throughout the
      accompanying drawings. It is further to be noted that the present
      invention is hereinafter described as applied in sterilizing medical
      solution in sealed ampoules.
PAR  The ampoule sterilizing apparatus according to the present invention
      comprises, as shown in FIG. 1, a feeder unit including a screw conveyor
      10; a sterilizing unit including a chamber 20 and a hot air distributor
      30; a transport unit accomodated in the chamber 20 and including a
      rotatory magazine conveyor 40 and stationary elements 50; and a removal
      unit including a screw conveyor 60.
PAR  The screw conveyor 10 in the feeder unit may be of any known type and
      includes screw conveyor helixes 11 having a pitch substantially equal to
      the outer diameter of each ampoule A. This screw conveyor 10 is used to
      supply one after another a plurality of ampoules placed on a suitable tray
      12, which may otherwise be in the form of an endless belt conveyor or any
      other cage, to the rotatory magazine conveyor 40 through an opening 21 of
      the chamber 20. The screw conveyor 10 is driven by an electrical motor
      M.sub.1 through gear transmission mechanism N.sub.1 at a speed preselected
      as will be described later.
PAR  The screw conveyor 10 extends horizontally in parallel to the top disk 41a
      of a magazine conveyor drum 41 and both ends of the screw conveyor 10 are
      situated outside the chamber 20 through the openings 21, 22, which are
      formed in the opposed walls defining said chamber 20, while substantially
      all the intermediate portion of the screw conveyor 10 is situated within
      said chamber 20. Also, the screw conveyor 10 is supported at both ends by
      bearings 13, provided outside the chamber 20, and has the helix 11 from
      its one end extended outside the chamber 20 to its intermediate portion in
      the chamber 20, the inner end of which faces to the upper portion of the
      outer periphery of the magazine conveyor side wall 41b so as to supply an
      ampoule A from the screw conveyor 10 to the magazine conveyor 40.
PAR  The chamber 20 is a cubic container made of adiabatical materials with legs
      23, and accomodates the hot air distributor 30 and transport unit therein.
      A pair of openings 21 and 24 each having a cross section of a shape of a
      figure "b", as shown in FIGS. 7 and 8, are provided respectively at upper
      portion of the right side wall and at lower portion of the left side wall
      of the chamber 20 for passing through the screw conveyors 10 and 60
      together with ampoules A. The shapes of openings 21 and 24 are made just
      big enough to pass the screw conveyor 10 or 60 and an ampoule A
      transferred by the screw conveyor along tray 11 or 61, without permitting
      air to flow into and out from the chamber 20.
PAR  The rotatory magazine conveyor 40 comprises a cap-like drum 41 having a top
      disk 41a and a cylindrical side wall 41b with holes 42 for flowing air
      from the outside into the inside by means of the hot air distributor 30 as
      described later, a drive shaft 43 extending from the center of the top
      disk 41a for rotating the drum 41, and a plurality of partition plates 44
      disposed at equal intervals, each of which is sufficient to accomodate the
      width of an ampoule A, around the outer periphery of the side wall 41b and
      extending radially outwards therefrom in the direction of the length of
      the side wall 41b, both the shaft 43 and plates 44 being arranged in
      parallel to the axis of the drum 41. The drum 41 is accommodated in the
      chamber 20 and is suspended from the upper wall of the chamber 20 by means
      of the drive shaft 43, one end of which is extends outside the chamber 20
      through an opening 25 formed in the upper wall of the chamber 20 and is
      supported by bearings 45 provided on the chamber 20. The chamber 20 is
      thus divided into two main portions, which are a central chamber 20a
      inside the drum 41, and an outer chamber 20b outside the drum 41. The
      drive shaft 43 is driven by the motor M.sub.1 which acts through a
      transmission element N.sub.2 to which the upper end of the drive shaft 43
      is connected, so that the magazine conveyor 40 formed of the side wall 41b
      and partition plates 44 is driven in rotatory motion by the drive shaft
      43.
PAR  There is provided at least more than one slot 46 in each partition plate 44
      at equal intervals, each of which is sufficient to accomodate the height
      of an ampoule A, all of slots 46 next to each other being arranged in one
      circle on a supposed horizontal plane. Perpendicular to the axis of the
      drum 41. The radial dimension of the partition plates 44 is slightly
      greater than the width of the ampoule A while the depth of the slots 46
      cutout from the outside of the partition plates is slightly smaller than
      the radial dimension of the partition plates 44.
PAR  The stationary elements 50 comprise an annular support 51 fixedly mounted
      in the chamber 20 by stays 52 so as be positioned horizontally under the
      drum 41 with a little gap for making the lower opening 41c of the drum 41
      narrow, a plurality of annular baseboards 53 mounted horizontally on
      struts 54, which are fixedly provided on the annular support 51, in
      concertric relation to the annular support 51 at equal intervals
      corresponding to those of the slots 46 of the partition plates 44 so as to
      form a staircase of steps for standing ampoules A thereon, guide rings 55
      optionally provided over the annular baseboards 53 for preventing an
      ampoule from falling, a cylindrical screen 56 optionally provided on the
      annular support 51 in the drum 41 for stopping ampoule's fraction, and
      windbreaks 57 mounted behind the holes 42 of the drum 44 on poles 58
      mounted on the annular support 51 in the drum 41 for opposing air flow
      passing through the holes 42. The baseboards 53 surround the outer
      periphery of the side wall of drum 41, and each inner portion of the
      baseboards 53 is inserted into the slots 46 of the partition plates 44
      arranged in one circle with a little gap therebetween, the width of the
      baseboards being sufficient to support ampoules A thereon. The outer
      surface of the side wall 41b, and a pair of the partition plates 44, and
      the baseboards 53, thus form one compartment with one open side facing
      outwardly, into which an ampoule A may be inserted. Also, the baseboards
      53 divide the magazine conveyor 40 into a number of separate tiers along
      the axial direction of the drum 41. In each tier, when the magazine
      conveyor 40 is driven to rotate in one direction by the drive shaft 43, an
      ampoule A inserted in a compartment is pushed by one partition plate 44
      and slides along a baseboard 53.
PAR  The ampoule carrier compartments are shown in further detail in FIGS. 4 to
      6. In these drawings it will be seen that in each compartment there are
      formed three holes 42 in the side wall 41b of the drum 41. The holes 42
      provide a passage for air from the outer chamber 20b to the central
      chamber 20a through the compartment. In each compartment the holes 42 are
      formed slightly above the baseboard 53, in other words, approximately
      opposite the body of an ampoule A inserted in the compartment. In order to
      ensure that ampoules A do not block the holes 42, each compartment is
      provided with a pair of rails 47 which extend outwardly from the side wall
      41b and prevent the body of an ampoule A from coming into direct contact
      with the wall 416 around the holes 41. Also, to ensure that air is able to
      flow completely around ampoules A in compartments, in each compartment the
      partition plate 44 which pushes an ampoule A when the magazine conveyor 40
      is rotated, is provided with projections 48, which prevent the body of the
      ampoule A coming into direct contact with that partition plate 44. To
      prevent ampoules A from falling from the compartments, it is preferable to
      further provide guard rings 55 extending vertically upwards from the outer
      edge of the baseboards 44. At a certain location in each baseboard 53
      there is formed a split gap 59, the ends of which are positioned near the
      partitition plates 44 and the length of which is approximately twice that
      of a compartment. In addition, holes 42 of the drum 41 to be positioned in
      the compartment having the split portion 59 are covered by the windbreaks
      57 provided opposite the inner surface of the drum 41, thereby to cause to
      oppose flow of air through the holes 42. Each gap 59 in each baseboard 53
      is in a different location, that is, the gaps 59 are not vertically
      aligned with one another. As described above, an ampoule A is carried in a
      compartment by being pushed by a partition plate 44 and slid along a
      baseboard 53. When an ampoule A thus carried is brought to the gap 59 of a
      baseboard 53, it falls through the gap 59 onto the next lower tier and is
      then carried in a compartment of the next tier. In this manner, an ampoule
      is carried in a compartment in each tier while it falls from one tier to
      another tier through a gap. Ampoules A are supplied to the top tier of the
      magazine conveyor 40 by the supply screw conveyor 10, and removed from the
      bottom tier of the magazine conveyor 40 by the discharge screw conveyor
      60. Ampoules A are fed to the supply conveyor 10 from a feed table (not
      shown in Figures) external to the chamber 20, and the supply conveyor 10
      passes horizontally through the opening 21 in a side wall of the chamber
      20 level with the top tier of the magazine conveyor 40. The discharge
      conveyor 60 of the removal unit lies level with the bottom tier of the
      magazine conveyor 40 and extends horizontally through an opening 24 in a
      side wall of the chamber 20, to carry ampoules A to the next process. Both
      ends of the discharge conveyor 60 are situated outside the chamber 20
      through the openings 24 and 26 which are formed in the opposite walls of
      the chamber 20 and supported by bearings 62, 62 provided outside chamber
      20, and the substantially all the intermediate portion of the discharge
      conveyor 60 is situated within the chamber 20, the screw helix of the
      discharge conveyor 60 extending from the intermediate portion to the one
      end. In addition, there is provided a tray 61 beneath the discharge
      conveyor 60, a guide rail 63 extending vertically upwards from the outer
      edge of the tray 61 in front of the discharge conveyor 60, and a removing
      board 64 provided in the lowest slot 46 of the plates 44 at a position
      near the outer periphery of the magazine conveyor 40 by which ampoules A
      held in compartments of the magazine conveyor 40 are guided as they are
      taken out of the magazine conveyor 40 and, then, received by the discharge
      conveyor 60.
PAR  The drive shafts of the screw conveyors 10 and 60 are driven through
      coupling gears N.sub.1 and N.sub.3, which are connected to the
      transmission element N.sub.2, in a known manner. In other words, the
      conveyors 10 and 60 are driven by the same motor M.sub.1 that drives the
      magazine conveyor 40, and operation of the conveyors 10, 40 and 60 is
      completely synchronized. When the motor M.sub.1 is started, the magazine
      conveyor 40 turns and the supply conveyor 10 feeds successive ampoules A
      into successive compartments in the top tier of the magazine conveyor 40,
      as shown by arrows R in FIG. 9. As the magazine conveyor 40 turns, each
      ampoule A is brought to the gap 59 in the baseboard 53 of the top tier,
      and falls through the split portion 59 into a compartment of the next
      lower tier. The ampoule A is then carried around the 2nd tier until it is
      brought to the gap 59 in the baseboard 53 of the 2nd tier, and falls into
      a compartment of the 3rd tier, and so on, until it reaches the bottom
      tier. When the ampoule A carried around the bottom tier is brought into
      direct contact with and is guided by the removing board 64, it comes to
      the intermediate portion of the discharge conveyor 60, which removes the
      ampoule A from the chamber 20, to the next process. Provided below the
      magazine conveyor 40 and in the outer chamber 20b there is the hot air
      distributor 30 comprising a distributor 31 and heaters 32. The distributor
      31 may be a turbo-fan of any known type such as Silocco fan, and the
      suction portion 31a thereof is slidably fitted into the inner opening 51a
      of the annular support 51 through a Labyrinth packing (not shown in
      figures). The distributor 31 is driven through a transmission element
      N.sub.4 by a motor M.sub.2 situated outside the chamber 20. Heaters 32
      also are provided on stays 33 in front of the injection portion 31b of the
      distributor 31 in the lower part of the outer chamber 20b. Hot air being
      produced by the hot air distributor 31 circulates in the chamber 20, and
      ampoules A carried by the rotatory magazine conveyor 40 are sterilized by
      the hot air passing around the outer periphery thereof, as shown in FIG.
      6. The circulatory path of air driven by the hot air distributor 30 is, as
      shown by arrows H in FIG. 1 from the outer chamber 20b into the
      compartments for ampoules through the holes 42, into the central chamber
      20a, to the distributor 30, past the heaters 32, and then again into the
      compartments. Ampoules A carried by the magazine conveyor 40 are thus
      evenly heated by a constant flow of hot air. As described earlier, if an
      ampoule A shatters by accident, other ampoules A are not effected since
      they are protected by the side walls 41b of the compartments. In order to
      prevent fragments of shattered ampoules A entering the central chamber
      20a, there may be optionally provided a cylindrical screen 56 inside the
      side wall 41b of the magazine conveyor 40. Any remnants of shattered
      ampoules A that are carried out of the chamber 20 by the discharge
      conveyor 60, are removed by compressed air from a nozzle 65. The nozzle 65
      is situated adjacent to the conveyor 60 immediately on the exit side of
      the chamber 20, and directs thereon compressed air C with sufficient force
      to dislodge any ampoule fragments that may be carried by the conveyor 60.
      The force of the compressed air from the nozzle 65 is not, however,
      sufficient to move an ampoule A filled with fluid, and so whole ampoules A
      pass by the nozzle 65 unaffected. As a further check that ampoules A
      coming from the chamber 20 are satisfactory, the conveyor 60 carries the
      ampoules A to the guide rail 63, which tilts the ampoules A so that it may
      be observed whether there is any leakage of fluid therefrom. After this,
      ampoules A are restored to an upright position and carried to the next
      process. With the apparatus of the present invention being constructed as
      above described, fluid contained in sealed ampoule A is sterilized by hot
      air of high temperature, for example, 150.degree. C and of high velocity,
      for example, 81 m/sec. (W), 40 m/sec. (X), 19 m/sec. (Y). 10 m/sec. (Z),
      produced by the hot air distributor 30 during which the ampoule A stays in
      the chamber 20, as shown in FIG. 10. It is to be noted that the higher the
      velocity and the temperature of the hot air, the shorter the time until
      the fluid of ampoule attains a predetermined temperature T. Also, the
      above mentioned factors of hot air and time for treatment of ampoules may
      be suitably selected in accordance with the kind and volume of fluid
      contained in the sealed ampoules.
PAR  In another embodiment of the invention, which is shown in FIGS. 11 to 15,
      the magazine conveyor 40' is not a vertical, but a horizontal type. In
      addition, the supply conveyor is in the form of a vaned wheel 10', and the
      discharge conveyor 60' is a belt conveyor. Also, ampoules A are fed to the
      supply conveyor 10' through a hopper 70.
PAR  As in the 1st embodiment, the magazine conveyor 40' is provided with a
      plurality of compartments for transport of ampoules A. But in the 2nd
      embodiment the compartments are disposed in rows on the same plane of the
      magazine conveyor 40'. The compartments are formed by a pair of orthotomic
      walls 44' and 71 which extend vertically outwards at equal intervals with
      respect to the surface of the magazine conveyor 40'. The walls 44' are
      disposed transversally across and fixedly on the surface of the magazine
      conveyor 40'. The other walls 71 are made of annular plates fixedly
      disposed longitudinally with respect to the magazine conveyor 40', that is
      at right angles to the walls 44', and slidably inserted into slots 46'
      provided on the first mentioned walls at equal intervals. The walls 71 of
      the 2nd embodiment correspond to the baseboards 53 in the 1st embodiment,
      but divide the compartments into rows instead of into tiers. Ampoules A
      are supplied to the first row, at one end of the magazine conveyor 40',
      carried round the conveyor 40', transferred to the next row, in a manner
      described below, transferred to and carried round in successive rows and
      finally removed from the last row, from the opposite end of the conveyor
      40' to the supply end.
PAR  In each wall 44', and 71 there are slots at the locations of the other
      walls 71 and 44', whereby the walls 44' may be moved without hindrance
      when the conveyor 40' is rotated. In a set location in each wall 71 except
      the two walls 71 lying immediately adjacent to the outer edges of the
      conveyor 40' there is a gap 59'. The gap 59' in the different walls 71 are
      not aligned with one another. A compressed air nozzle 72 is positioned on
      each wall 71 opposite the gap 59' in the succeeding wall. That is, if, for
      example, there are five walls 71 (and therefore four rows of
      compartments), and if from the first to the last row the walls 71 are
      considered as wall a, wall b, wall c, etc., as shown in FIG. 12, the
      compressed air nozzle 72 on wall a is positioned opposite the gap 59' in
      wall b, the compressed air nozzle 72 on wall b is positioned opposite the
      gap 59' in wall c, and so on. When an ampoule A in a compartment is
      carried into line with a nozzle 72 the compressed air therefrom pushed the
      ampoule A into the next succeeding row. Notches 73 are cut at the bottom
      of sections of the walls 44' which form the sides of a compartment, and
      which pass over nozzles 72, to permit the conveyor 40' to rotate freely.
PAR  Underneath the magazine 40' there is provided a support 74 in the form of a
      net conveyor with permeability running in the same direction as the
      magazine conveyor 40', in order to prevent ampoules A from falling. In
      this embodiment, the vaned wheel 10', magazine conveyor 40', discharge
      conveyor 60' and net conveyor 74 are driven synchronously by means of
      transmission elements N.sub.4 and N.sub.5 and motor M.sub.1 '. There are
      also provided guide boards 75 at the ends of the magazine conveyor 40, to
      prevent ampoules from falling when they are carried around the ends of the
      conveyor 40'. The guide board 75 does not however cover the discharge end
      of the last row, from which ampoules are removed by the belt conveyor 60'.
PAR  In the 2nd embodiment, as well as heaters 32' in the chamber 20', there is
      also provided a supplementary heater 76, which is in the form of a hot air
      blower, and which is positioned below the top side of the conveyor 40'.
      Also, two fans 77 driven by motors M.sub.3 are provided above the conveyor
      40'. Below both ends of the magazine conveyor 40' there are provided boxes
      78 into which fragments of broken ampoules A may fall through gaps between
      the guide boards 75 and the support 74. In each space between the upper
      and lower portions of the conveyors 40' and 74 there is respectively
      provided a plane screen 79, 80 for stopping ampoules' fraction. Also,
      there are provided parting strips 81 between the heaters 32' and the
      conveyors 40', 74 to guide hot air from the upperside of the fan 77 to the
      underside of the conveyors 74. Hot air produced by means of the fan 77 and
      heaters 32', is circulated in the chamber for sterilizing fluid contained
      in sealed ampoules carried by the conveyors 40'. The circulatory path of
      hot air driven by the fan 77 is, as shown by arrows H in FIG. 11, from the
      outer chamber 20b outside the parting strip past the underside of the
      conveyor 74, into compartments of two steps on the magazine conveyor 46,
      through the holes provided in the magazine conveyor 40', the screens 79,
      80 and the supplementary heater 76, to the fan 77, past the heaters 32',
      the net conveyor 74, and again into the compartments. As may be seen from
      the above description, the present invention provides an apparatus for
      sterilization of fluid in small containers, which is rapid, continuous,
      and automatic.
PAR  The present invention has been fully disclosed by way of the preferred
      embodiments thereof. However, it is to be noted that various changes and
      modifications thereof are apparent to those skilled in the art from the
      foregoing description with or without reference to the accompanying
      drawings. Therefore, these and other changes and modifications should be
      construed as included within the scope of the present invention unless
      otherwise departing therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for sterilization of fluid of sealed containers, comprising
      a chamber substantially hermetically sealed and having a supply point at
      one part of said chamber at which is a supply opening in said chamber land
      having a removal point at another part of said chamber spaced from said
      supply point and at which is a removal opening, means for supply of
      containers to be treated extending from the outside of said chamber to the
      supply point through the supply opening of the chamber, means for removal
      of treated containers extending from the removal point to the outside of
      the chamber through the removal opening of the chamber, drum mounted to be
      rotatable about its vertical axis in said chamber having compartment
      defining means thereon defining a plurality of vertically stacked tiers of
      compartments for accommodation and transport of containers to be treated,
      said chamber having a plurality of bottom walls fixedly mounted therein
      one being associated with each tier of compartments and constituting the
      bottoms of said compartments, each bottom wall having a gap therein, the
      gaps being at different circumferential positions, the gaps being for
      transferring containers inserted and carried in compartments automatically
      one after the other to the next adjacent lower tier at said positions,
      means in said chamber for heating air and circulating the heated air in
      the chamber, each compartment having aperture means therein for permitting
      passage of the circulating hot air laterally therethrough in a direction
      transverse to the direction of transport of the containers for sterilizing
      the fluid contained in the containers, and drive means connected to said
      conveyor for continuously driving the conveyor to carry the containers
      within the compartments from the supply point to the removal point, said
      drive means, supply means and removal means being coupled for synchronous
      driving.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 wherein said air heating and
      circulating means comprises a distributor for circulating air and a heater
      over which the air being circulated is caused to flow.
NUM  3.
PAR  3. An apparatus as claimed in claim 1 wherein said supply means comprises a
      conveyor moving from the outside of the chamber to the inside of the
      chamber by which a container carried by the supply means is transferred to
      the rotatable drum.
NUM  4.
PAR  4. An apparatus as claimed in claim 1 wherein said removal means comprises
      a conveyor moving from the inside of the chamber to the outside thereof by
      which a container carried by the rotatable drum is transferred to the
      outside of the chamber.
NUM  5.
PAR  5. An apparatus for sterilization of fluid in sealed containers, comprising
      a chamber substantially hermetically sealed and having a supply point at
      one part of said chamber at which is a supply opening in said chamber and
      having a removal point at another part of said chamber spaced from said
      supply point at which is a removal opening, means for supply of containers
      to be treated extending from the outside of said chamber to the supply
      point through the supply opening of the chamber, means for removal of
      treated containers extending from the removal point to the otuisde of the
      chamber through the removal opening of the chamber, a magazine conveyor in
      said chamber constituted by a cylindrical drum means, a means rotatably
      mounting said drum within the said chamber, a plurality of partitition
      plates disposed at equal intervals around the outer periphery of the drum
      and extending radially outwardly therefrom, a plurality of baseboards
      fixedly mounted in position within said chamber in planes transverse to
      the axis of said drum at intervals along said drum axis, said partition
      plate shaving slots therein in a direction transverse to the axis of the
      drum and into which said baseboards extend in slidable relationship, said
      partition plates and baseboards and the outer peripheral surface of the
      drum constituting vertically stacked tiers of compartments for carrying
      containers, and each baseboard having a gap therein for passing a
      container therethrough to the next adjacent lower tier, one portion of the
      periphery of the drum being at the supply point and another portion of the
      periphery of the drum being at the removal point, means in said chamber
      for heating air and circulating the heated air in the chamber, the wall of
      the drum in each compartment having at least one aperture therein for
      permitting passage of the circulating hot air laterally therethrough in a
      direction transverse to the direction of transport of the containers for
      sterilizing the fluid contained in the containers, and said rotatable
      mounting means includes drive means for continuously rotating the drum to
      carry the containers within the compartments from the supply point to the
      removal point, said drive means, supply means and removal means being
      coupled for synchronous driving.
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ABST
PAL  A process for measuring the isotope content of substances containing .sup.3
      H or .sup.3 H and .sup.14 C isotopes in the gas phase, by converting the
      hydrogen content of the sample into water and the carbon content of the
      sample to a gaseous substance in simultaneous oxidation processes,
      separating the formed water and carbon dioxide, reconverting the .sup.3 H
      content of the water into gaseous form, introducing the gases containing
      .sup.3 H and possibly also .sup.14 C separately into a detecting unit, and
      determining the radioactivity of said gases, in which the tritium content
      of the water carrying the .sup.3 H radio-activity is bonded on a contact
      catalyst capable of water retention or adsorption and containing activated
      hydrogen, the gaseous mixture, containing also .sup.14 CO.sub.2 when a
      sample of .sup.14 C content is analyzed, is removed and, optionally after
      purification, is fed into a detecting unit together with a counting gas,
      then the tritium adsorbed on the surface of the catalyst is continuously
      converted into gas phase by exchange reaction with an appropriate gas flow
      and is fed into a detecting unit in unchanged state, or in the form of a
      compound prepared from it by chemical reaction.
BSUM
PAR  This invention relates to a process for measuring the isotope content of
      substances containing .sup.3 H or .sup.3 H and .sup.14 C isotopes -- first
      of all of organic compounds and samples of biological origin -- in the gas
      phase, by converting the hydrogen content of the sample into water and,
      the carbon content of the sample to a gaseous substance, preferably to
      carbon dioxide gas, in sumultaneous oxidation processes, separating the
      formed water and carbon dioxide, reconverting the .sup.3 H content of the
      water into gaseous form, introducing the gases containing .sup.3 H and
      possibly also .sup.14 C separately into a detecting unit, and determining
      the radioactivity of said gases. The invention relates further to an
      apparatus for carrying out the above process.
PAR  The tracer technique using radioactive isotopes is an important,
      indispensable investigation method in theoretical and practical research
      work connected to biology, biochemistry and related fields. The
      application of tracer methods in these fields relies first of all on the
      organogen elements and, among these, most frequently on the hydrogen
      isotope of mass number 3 and carbon isotope of mass number 14. It is well
      known that the analysis of radioactive substances containing these
      isotopes is still the most complicated and most difficult task of the
      nuclear measuring technique.
PAR  Recently, on the field of practical use, first of all the pharmaceutical
      industry and pharmaceutical research work, agricultural chemical research
      and food industry have become the most extensive utilizers of the isotopes
      mentioned above.
PAR  In the pharmaceutical research work the tracer technique is used for
      different pharmacological, microbiological, pharmacobiochemical,
      preparation-technical and technological routine examinations, while in the
      agricultural chemical research it is used for the different plant- and
      animal-physiological investigations in studies on the absorption,
      accumulation and natural decomposition of herbicides, insecticides and
      preserving agents, as well as in toxicological investigations connected to
      the above agents.
PAR  The behaviour of pharmaceutical products or of chemicals, used in the
      agriculture and food industry, in the living organism, the mechanism of
      their transport processes, e.g. the mechanism of absorption, distribution,
      excretion or accumulation, the metabolic changes of the products, etc. can
      be established by serial examinations using indicator compounds labelled
      with radioactive isotopes.
PAR  Due to the recognition of the harmful effects of foreign substances
      entering the living oganisms together with pharmaceuticals and foodstuffs,
      the marketing of pharmaceutical products and chemicals used in agriculture
      or food industry (e.g. herbicides, preserving agents, etc.) is regulated
      by orders prescribing more and more severe examinations all over the
      world. In the development of such examinations the compulsory introduction
      of radioisotopic tracer-indication methods is playing a role of rapidly
      growing importance. Thus, e.g., according to an order of WHO in 1966, a
      compulsory radoisotopic pharmacological examination is prescribed before
      releasing a new pharmaceutical product to the market.
PAR  Since in the majority of these examinations indicator compounds labelled
      with .sup.3 H and .sup.14 C isotopes are to be used, the examinations of
      the applied related research fields rendered now compulsory the urgent
      development of processes and the marketing of measuring devices applicable
      for the accurate and rapid measurement of .sup.3 H and .sup.14 C isotopes.
PAR  The use of tracer-technique utilizing soft .beta.-isotopes in several
      important fields of practical research and application is hindered first
      of all by the lack of high-capacity measuring devices for the
      determination of the radioactivity of .sup.3 H and .sup.14 C isotopes with
      reliable accuracy and sensitivity, by the shortcomings of the equipment
      marketed so far, as well as by the extremely high price of the equipment.
      At the same time just these new fields of application have raised the new
      demands against isotope analysis that could hardly or even not be
      fulfilled by the equipment marketed so far.
PAR  The unusually high number of samples requires the automation of .sup.14 C
      and .sup.3 H measuring methods; furthermore, due to the small amount of
      radioactive substances contained in samples of widely different kind, and
      for making possible the efficient counting of low-energy .beta.-particles,
      extremely sensitive detecting methods are required. Even the separate
      solution of these tasks poses serious technical problems.
PAR  As far as automation is concerned, liquid scintillation counting methods
      have been developed most rapidly. Counting equipment
      (.beta.-spectrometers) of completely automated operation, now available in
      the international market, are able to handle several hundreds of samples
      and to analyze them fully automatically with a more or less acceptable
      accuracy, and meet almost completely the needs of activity measurement in
      several fields of soft .beta.-isotope indication examinations. A common
      disadvantage, however, of this equipment is that the mechanism and partial
      processes of scintillation, as a physical phenomenon upon which the
      counting is based, are not yet cleared Consequently, the sensitivity and
      counting efficiency of such equipment depend on the physical and chemical
      characteristics of the substances to be measured. The efficiency of
      counting is reduced in heterodisperse systems by self-absorption, and in
      homogeneous solutions by the inestimable colour and concentration
      quenching effects, arising from the physical and chemical characteristics
      of the solvent and the substances dissolved therein. On the other hand, a
      false increase of the counting efficiency may occur in some cases due to
      phosphorescence and fluorescence phenomena in the samples. The correction
      of these factors increasing or decreasing counting efficiency can only be
      carried out with great difficulties, and even the approximate correction
      requires the use of complicated and expensive equipment (computers).
PAR  Particular difficulties arise if liquid-scintillation counting methods are
      to be used for the isotope analysis of various types of biological samples
      produced by the routine examinations of pharmaceutical and agricultural
      chemical research (e.g. residues of plant or animal organs). Even the
      preparation of the counting solution (i.e. the solubilization) is a
      time-consuming, laboursome process requiring various manipulations that
      cannot be automated, and containing several error sources. A great number
      of the biological samples are colored, frequently insoluble, or form a
      heterodisperse colloid solution. At the selection of a suitable liquid
      scintillator, including also the solvents, solubilizing agents, as well as
      primary and secondary scintillators, the external characteristics,
      physical and chemical, but first of all the scintillation properties of
      the substances should be taken into account. Furthermore the possible
      colour- and different concentrationquenching effects should be considered,
      and suitable correction methods should be chosen. These correction
      manipulations require complicated and time-consuming calculation work. It
      follows from the above that due to the broad range of materials and the
      variety of samples, the analysis of a sample often needs separate
      preliminary investigations.
PAR  The reliable isotope analysis of samples simultaneously labelled with
      .sup.3 H and .sup.14 C isotopes can hardly be solved by liquid
      scintillation technique. The efficiency correction requires even more
      sophisticated calculations in this case. The simultaneous determination of
      .sup.3 H and .sup.14 C isotopes requires multichannel counters, and can be
      carried out only by energy discrimination methods. Consequently, the
      counting efficiency drops to the half or even to a smaller fraction of the
      original value.
PAR  In order to overcome the above-discussed difficulties arising at the liquid
      scintillation activity measurement methods attempts have been made to
      develop gas phase counting methods for the determination of soft -62
      -radiating isotopes of samples containing .sup.3 H and .sup.14 C. In these
      methods the tritium or carbon content of solid or liquid samples is
      converted into a gas. The gas sample is filled into counter tubes or
      ionization chambers of flow system, operating in the GM- or proportional
      range, and the radioactivity is determined in the gas phase.
PAR  The advantage of counting carried out in tubes of flow system lies in the
      fact that a nearly absolute intensity is measured, without window-effect,
      i.e. counting efficiency is almost 100 per cent. Irrespectively of the
      type of the sample, the measurement is carried out always on the same gas
      (e.g. HT, TH.sub.2 C-CH.sub.2 T, .sup.14 CO.sub.2, .sup.14 CO or .sup.14
      CH.sub. 4), the evaluation is simple, no correction calculations are
      necessary, error sources are limited, and the reproducibility of the
      measurements is favourable. The gas phase .sup.14 C and .sup.3 H counting
      procedures known so far, however, have the common disadvantage that the
      preparation of the specimen prior to the counting, i.e. the conversion of
      the carbon or tritium content of the sample to the specimen gas, is a
      time-consuming process which depends on the skill and practice of the
      operator, and the procedure requires extremely complicated equipments.
      Namely, the gas samples should be purified very carefully, which involves
      the freezing out, isolation, and further chemical transformation of HTO or
      .sup.14 CO.sub.2. Before the measurement of the next sample the equipment
      should always be carefully decontaminated in order to exclude memory
      effect, which operation is, mainly in the case of tritium determination,
      an extremely difficult, practically almost insoluble task. The complete
      process consists of individual, intermittent partial processes to be
      carried out manually, and so it is extremely time- and labour-consuming.
PAR  The simultaneous determination of .sup.3 H and .sup.14 C isotopes in the
      same sample cannot be solved by the gas phase soft .beta.-counting,
      either. In all the measuring methods known until now these two isotopes
      have been determined in separate equipments from separate samples. The
      known measuring methods, almost without exception, are either based on
      energy discrimination or separate samples are used, so a separate
      operation or equipment should be applied if both of the above two isotopes
      are to be determined from the same sample. This, obviously, results in the
      reduction of counting efficiency in the first case, and leads to extremely
      complicated and time-consuming manipulatons in the second case.
PAR  The invention aims at the elaboration of a process and equipment being free
      of the disadvantages of the known ones and making possible the highly
      accurate and sensitive measurement of the radioactivity of samples
      containing tritium or tritium and .sup.14 C isotope, optionally without
      any manual intervention, i.e., in a fully automated operation.
PAR  The invention is based on the recognition that in the gas-phase measurement
      technique one of the main problems is the purification and quantitative
      isolation of the active gas from the gas mixture forming upon the
      conversion of the sample into gas phase. Now we have found that the total
      .sup.3 H amount of the water formed at the oxidation of the hydrogen
      content of the sample can be absorbed on special contact catalysts within
      certain temperature limits, while all the other gases formed in the
      burning procedure can be removed, and the tritium isolated in the above
      manner can continuously be converted into gas phase using an appropriate
      gas flow.
PAR  This invention is based further on the discovery that when samples
      containing both .sup.14 C and .sup.3 H isotopes are to be analyzed, the
      .sup.14 C activity of the gas mixture separated from the total tritium
      content of the sample can be measured separately and independently of the
      tritium also with almost 100% efficiency; consequently, when determining
      the isotope content of the sample the use of energy discrimination in the
      measuring of radioactivity can be omitted.
PAR  The invention is based finally on the recognition that by using an
      appropriate gas or gas mixture as counting gas, or by converting the
      hydrogen gas sample, via an appropriate chemical reaction, to a compound
      which can be used as counting gas even in itself, the obtained gaseous
      sample can also be used in the determination of activity without any
      special purification step. It was, in fact, also this observation that
      gave the clue to the complete automation of the measurement, i.e. to the
      operation mode where, in a given equipment, the measurement can be carried
      out without manual intervention, merely by the automatic operation of
      valve systems.
PAR  Accordingly, this invention relates to a process for measuring the isotope
      content of substances containing .sup.3 H or .sup.3 H and .sup.14 C
      isotopes -- first of all of organic compounds and samples of biological
      origin -- in the gas phase, by converting the hydrogen content of the
      sample into water and the carbon content of the sample to a gaseous
      substance, preferably to carbon dioxide gas, in simultaneous oxidation
      processes, separating the formed water and cabon dioxide, reconverting the
      .sup.3 H content of the water into gaseous form, introducing the gases
      containing .sup.3 H and possibly also .sup.14 C separately into a
      detecting unit, and determining the radioactivity of said gases. According
      to the invention one proceeds as follows: the tritium content of the water
      carrying the .sup.3 H radioactivity is bonded on a contact catalyst
      capable of water retention or adsorption and containing activated
      hydrogen, preferably on aluminium oxide and/or aluminium hydrosilicate,
      the gaseous mixture, containing also .sup.14 CO.sub.2 when a sample of
      .sup.14 C content is analyzed, is removed and, optionally after
      purification, is fed into a detecting unit together with a counting gas,
      then the tritium adsorbed on the surface of the catalyst is continuously
      converted into gas phase by exchange reaction with an appropriate gas
      flow, preferably hydrogen flow, and is fed, optionally together with a
      counting gas, preferably a gaseous hydrocarbon or a mixture of such gases,
      into a detecting unit in unchanged state, or in the form of a compound
      prepared from it by chemical reaction.
PAR  Alkali metal, alkaline earth metal or earth metal oxides, silicates,
      sulphates, carbonates hydrosilicates or substances containing such
      compounds, such as calcined clay minerals, molecular sieves, zeolites,
      etc., containing hydrogen capable of entering exchange reaction, can be
      preferably used as contact catalysts.
PAR  Tritium is firmly bonded to the surface of the contact catalyst even when
      transferring high amounts of gases, with the exception of certain special
      gases or gas mixtures, which are used according to the invention just for
      the liberation of gaseous tritium.
PAR  According to an advantageous method of implementation of the invention the
      liberation of gaseous tritium from the surface of the catalyst is
      continuously carried out with hydrogen gas, utilizing the following
      exchange reaction:
EQU  H.sub.2 + T.sub.cat .revreaction. H.sub.cat + TH.
PAR  the exchange reaction may also proceed with other gases containing
      activated hydrogen, such as H.sub.2 S; these gases have, however, no
      advantages over hydrogen in the subsequent operations.
PAR  The gas obtained in the above reaction, containing the total .sup.3 H
      amount of the sample, can be led directly into the detecting unit together
      with a counting gas, preferably with a gaseous hydrocarbon or a mixture of
      such gases or it may be converted in a chemical reaction, and the
      converted gas can be led into the detecting unit in itself, or together
      with a counting gas.
PAR  In compliance with a preferred variant of the process according to the
      invention, the hydrogen gas sample containing .sup.3 H is reacted with an
      unsaturated hydrocarbon, preferably butadiene, in the presence of a
      hydrogenating catalyst, and the obtained gaseous hydrocarbon, containing
      the .sup.3 H content of the sample in chemically bonded form in a reduced
      volume, is fed directly into the detecting unit as a counting gas. In such
      instances chemical reactions resulting in the decrease of mole number are
      particularly advantageous, since they substantially reduce the volume of
      the sample.
PAR  According to another preferred process variant oxygen and hydrogen,
      necessary for the preparation of the gas sample, are prepared in situ in
      an electrolyzing cell. Due to the high current density required for this
      process ozone is also formed in a substantial amount, which promotes the
      quick and quantitative burning of the substances. By varying the voltage
      of the cell the gas flow rate can be controlled with a high accuracy.
PAR  In compliance with a further advantageous method of the process according
      to the invention the sequence of the gas sample preparation steps and the
      continuity of the operation without manual intervention are ensured by
      controlling with a time programming, unit adjustable as required, an
      electromechanically or pneumatically operated feeding unit and gas valves.
PAR  This invention relates further to equipment for carrying out the above
      process, comprising a feeding unit, a burning unit connected to said
      feeding unit and serving for converting the hydrogen content of the sample
      into water and the carbon content of the sample into a gas, a reactor
      connected to said burning unit, charged with a contact capable of
      isolating the tritium content of the water and converting the same into
      gas, one or more detecting unit(s) connected to said reactor, and one or
      more recording unit(s) connected to said detecting unit(s).
PAR  The equipment preferably contains also an electrolyzing cell, connected to
      the burning unit and to the reactor, for the production of hydrogen and
      oxygen gases.
PAR  When the isotope content of a sample containing .sup.14 C is to be
      determined, the equipment may comprise also a reactor, charged with a
      contact for removing the oxygen content of the gas, attached to the
      reactor and to the electrolyzing cell, as well as a water separating unit
      attached to the oxygen-removing reactor and to the detecting unit(s).
DRWD
PAR  FIG. 1 shows the block diagram of the equipment according to the invention.
PAR  FIG. 2 shows the block diagram of an advantageous variant of the equipment
      according to the invention.
PAR  FIG. 3 shows an operation program referring to the operation of an
      advantageous variant of the equipment according to the invention.
DETD
PAR  The equipment according to the invention as well as its operation is
      described below with reference to FIG. 1.
PAR  The sample is fed into chamber 2 by feeding unit 1, wherein the sample is
      burnt in order to convert its hydrogen content into water and its carbon
      content into a gas, preferably into carbon dioxide. The gas is passed into
      reactor 3 by means of oxygen flow, where tritium is bonded on the surface
      of a contact containing activated hydrogen and capable of water retention
      or adsorption, preferably on the surface of aluminium oxide and/or
      aluminium hydrosilicate catalyst. The gases formed in the burning process
      are removed from reactor 3 by oxygen flow, and the reactor is flushed with
      an inert gas flow, preferably with nitrogen. Thereafter the tritium bonded
      on the surface of the catalyst charged into reactor 3 is continuously
      converted into gas using a flow of gas capable for tritium exchange,
      preferably a hydrogen flow, and the obtained gas encompassing the total
      .sup.3 H content of the sample is fed into detecting unit(s) 4 together
      with a counting gas, preferably with a propane-butane mixture. Detecting
      unit(s) 4 are in connection with recording unit 5, which may be used
      optionally also for data storage.
PAR  Oxygen and hydrogen are preferably prepared in electrolyzing cell 6.
PAR  When determining the isotope content of a sample containing also .sup.14 C
      isotope, the gas mixture leaving reactor 3 is passed by oxygen flow into
      reactor 7 where the O.sub.2 content of the gas mixture is reacted on an
      appropriate contact, preferably on a charge of Cu--CuO, with hydrogen to
      yield water vapour. The gaseous sample together with this water vapour is
      forwarded into condenser 8, where the water vapour condenses. Between
      reactor 3 and detecting unit 4 a carrier gas, preferably a mixture of
      propane and butane, is introduced into the gas transport, thereby
      forwarding the gas encompassing the total .sup.14 C content of the sample
      into detecting unit 4.
PAR  Gas conduits A, B, C and D connect the oxygen, hydrogen, nitrogen and
      counting gas sources with the system.
PAR  The communication between the individual parts of the equipment is
      controlled preferably by valves of automatic operation. The sequence of
      the operation of the valves is controlled by a programming unit.
PAR  The main advantages of the process and equipment according to the invention
      are as follows:
PAR  1. In all of the cases the measurement is carried out in the same gas
      phase, accordingly the determination of the isotope content of widely
      different samples containing .sup.3 H (e.g. biological samples, etc.) can
      be carried out under identical conditions.
PAR  2. The counting efficiency is nearly 100 % and is constant even in such
      cases when both the .sup.3 H and .sup.14 C content of the sample are to be
      determined. The high and steady counting efficiency can be attributed to
      the quantitative separation of the .sup.3 H and .sup.14 C content of the
      sample. The results obtained by the process according to the invention can
      be evaluated directly, no correction calculations are necessay, and
      expensive computers need not to be used.
PAR  3. The equipment supplies accurate results with good reproducibility. The
      accuracy and reproducibility of the measurement is independent of the
      skill and training of the operator.
PAR  4. No separate operations are required for sample preparation, and the
      conversion of a sample into counting gas proceeds continuously and
      automatically without any manual intervention, apart from placing the
      sample into the feeding unit. Consequently, the capacity of the equipment
      is very high, and its handling is very simple.
PAR  5. Due to its simple design, the equipment is not expensive, the chance for
      breakdowns is low, and its maintenance can easily be carried out.
PAR  6. The memory effect of the equipment is practically nil, in contrast with
      the know gas-phase measuring processes. This is particularly important in
      the measurement of .sup.3 H activity, where up to now the memory effect
      could practically not be excluded.
PAR  7. Since measurements are carried out in identical chemical form, the
      equipment can easily and very accurately be tested with standard samples.
PAR  8. The detecting unit can be operated at room temperature and atmospheric
      pressure, so no expensive vacuum pumps, cooling or conditioning means are
      required.
PAR  An advantageous variant of the process according to the invention as well
      as the operation of an advantageous form of the equipment are described in
      the following Example, with reference to FIGS. 2 and 3, respectively.
PAC  EXAMPLE
PAR  Samples of .sup.3 H and .sup.14 C content placed into sample holders made
      of aluminium foil, are placed into feeding unit 1. Upon a pulse produced
      by programming unit P the feeding unit drops the first sample into burning
      chamber 2 made of quartz or metal, heated to 900 .degree.C, and filled
      with oxygen arising from electrolyzing cell 6 and fed into the chamber via
      conduit A through liquid level control M.sub.1. The sample is completely
      burnt in this chamber within 30 to 60  seconds. One minute past the time
      of dropping, valves S.sub.1, S.sub.5, S.sub.7, S.sub.9, S.sub.10 and
      S.sub.12 open and the oxygen flow passes the .sup.3 H containing water
      vapour as well as the .sup.14 C containing carbon dioxide formed in the
      burning operation into reactor 7 through reactor 3. In reactor 3, charged
      with aluminium oxide - aluminium hydrosilicate catalyst and heated to 550
      .degree.C, tritium is bonded to the surface of the catalyst. In reactor 7
      the gas stream is mixed with hydrogen fed into the reactor from
      electrolyzing cell 6 through pressure control M.sub.4 and conduit B, and
      at the same time the oxygen content of the gas is converted to water
      vapour on the surface of the Cu--CuO contact heated to 600 .degree.C.
      Propanebutane gas stream, which forwards the radioactive carbon dioxide
      into counting tube 4, is fed into the system through pressure control
      M.sub.5 and conduit D. At the same time the water vapour formed in reactor
      7 is condensed in water separator 8.
PAR  The activity measurement (counting) takes 2 min.; during this time all the
      valves are closed. During the same period reactor 3 is flushed with
      nitrogen introduced through pressure control M.sub.3 and conduit C.
PAR  The counting tube operates in the proportional range, at a working point
      4700 V. The background radiation is eliminated by circular anticoincidence
      technique and a lead shield of 5 cm. thickness. The electric signals
      produced by the counting tube are recorded by a two-channel coincidence
      counter 5. The third channel reduces the signals coming from the internal
      tube by the pules arriving in coincidence. The recording unit writes the
      pules arriving from the individual channels onto a tape.
PAR  After the measurement of .sup.14 C activity, the counting tube is
      decontaminated by means of a propane butane mixture introduced through
      manostate M.sub.5 while valves S.sub.9, S.sub.10 and S.sub.12 are open.
      Thereafter the tritium bonded on the surface of the catalyst maintained at
      550.degree.C temperature in reactor 3 is continuously converted into gas
      by a hydrogen flow led from electrolyzing cell 6 through manostate M.sub.2
      and conduit B, and this active gas is flushed into counting tube 4 while
      valves S.sub.2, S.sub.6, S.sub.11 and S.sub.12 are open.
PAR  Thereafter the above-listed valves are closed and the activity of the gas
      mixture containing .sup.3 H isotope is determined. At the same time
      reactor 3 is flushed with nitrogen led through the open valves S.sub.3 and
      S.sub.4 and manostate M.sub.3 built into conduit C. When the activity
      measurement is finished, valves S1, S.sub.5, S.sub.11 and S.sub.12 are
      opened. The nitrogen is removed from the system through valve S.sub.8 with
      a flow of oxygen fed into reactor 7 through burning chamber 2 and reactor
      3, and at the same time the charge of reactor 7 is regenerated. In the
      same phase counting tube 4 is decontaminated by a propane-butane mixture
      fed through manostate M.sub.6 and conduit D.
PAR  Accordingly, the measurement takes place in seven stages, according to the
      time program shown in FIG. 3. In the diagram shadowed squares indicate
      closed valve positions, while blank squares indicate open valves; Roman
      numbers denote the operation stages; S.sub.1, S.sub.2 . . . S.sub.12
      denote the valves corresponding to the notation of FIG. 2.
TBL  ______________________________________                                    
     Operation stage             Time                                          
     ______________________________________                                    
     I.      Burning                 1 min.                                    
     II.     Separation of tritium, flushing                                   
                                     2 min.                                    
     III.    Measurement of .sup.14 C, flushing with                           
             nitrogen                2 min.                                    
     IV.     Decontamination         1 min.                                    
     V.      Isotope exchange        2 min.                                    
     VI.     Measurement of .sup.3 H, flushing with                            
             nitrogen                2 min.                                    
     VII.    Regeneration of catalyst, de-                                     
             contamination           1 min.                                    
     ______________________________________                                    
PAR  The above seven stages may be repeated without any manual intervention
      until there are no samples remaining in the feeding unit 1.
PAR  The results of a series of measurements proving the reproducibility of the
      process and the reliability of the operation of the equipment are given in
      Tables 1 and 2. Data listed in Table 1 refer to samples containing only
      .sup.3 H isotope, while those given in Table 2 relate to samples
      containing both .sup.3 H and .sup.14 C isotopes.
TBL                                    Table 1                                 
     __________________________________________________________________________
                      Net  Activity                                            
                                 Back-                                         
                                     Difference                                
     No. Sample       weight                                                   
                           cpm.  ground                                        
                                     of activity                               
                      mg.        cpm.                                          
                                     and back-                                 
                                     ground                                    
                                     cpm./mg.                                  
     __________________________________________________________________________
     1.  Benzoic acid-4.sup.3 H                                                
                      6.4  57.050                                              
                                 71  8.843                                     
     2.  Benzoic acid-4.sup.3 H                                                
                      5.3  47.122                                              
                                 71  8.820                                     
     3.  Benzoic acid-4.sup.3 H                                                
                      9.1  80.653                                              
                                 71  8.792                                     
     4.  Benzoic acid-4.sup.3 H                                                
                      11.0 97.702                                              
                                 71  8.811                                     
     5.  Benzoic acid-4.sup.3 H                                                
                      7.2  64.087                                              
                                 71  8.830                                     
     6.  Deoxy-D-ribose-21/2.sup.3 H                                           
                      11.2 28.235                                              
                                 83  2.438                                     
     7.  Deoxy-D-ribose-21/2.sup.3 H                                           
                      17.4 44.917                                              
                                 83  2.451                                     
     8.  Deoxy-D-ribose-21/2.sup.3 H                                           
                      21.0 52.353                                              
                                 83  2.410                                     
     9.  Deoxy-D-ribose-21/2.sup.3 H                                           
                      16.8 42.437                                              
                                 83  2.443                                     
     10. Deoxy-D-ribose-21/2.sup.3 H                                           
                      14.0 34.790                                              
                                 83  2.402                                     
     11. Blood        22.2 34.654                                              
                                 76  1.485                                     
     12. Blood        24.5 40.817                                              
                                 76  1.590                                     
     13. Blood        30.5 16.775                                              
                                 78    472                                     
     14. Blood        26.0 12.064                                              
                                 78    386                                     
     15. Urine        6.2  44.628                                              
                                 84  7.114                                     
     16. Urine        10.5 79.580                                              
                                 84  7.485                                     
     17. Liver        14.1 207.270                                             
                                 70  14.630                                    
     18. Liver        14.5 205.494                                             
                                 70  14.102                                    
     19. Liver        22.0 62.678                                              
                                 72  2.777                                     
     20. Liver        26.3 67.933                                              
                                 72  2.511                                     
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     No. Sample        Net  Activity                                           
                                  Activity                                     
                                        Back-                                  
                                            Difference of                      
                                                    Difference of activity     
                       weight                                                  
                            .sup.14 C                                          
                                  .sup.3 H                                     
                                        ground                                 
                                            activity and                       
                                                    and background             
                       mg.  cpm.  cpm.  cpm.                                   
                                            background                         
                                            (.sup.14 C)                        
                                                    (.sup.3 H)                 
                                            cpm./mg.                           
                                                    cpm./mg.                   
     __________________________________________________________________________
     1.  Benzoic acid 7-.sup.14 C-4-.sup.3 H                                   
                       7.1  8.563 133.622                                      
                                        80  1.126   18.740                     
     2.  Benzoic acid 7-.sup.14 C-4-.sup.3 H                                   
                       10.4 12.688                                             
                                  195.738                                      
                                        80  1.140   18.741                     
     3.  Benzoic acid 7-.sup.14 C-4-.sup.3 H                                   
                       12.0 14.292                                             
                                  226.464                                      
                                        80  1.111   18.792                     
     4.  Benzoic acid 7-.sup.14 C-4-.sup.3 H                                   
                       8.2  9.955 154.439                                      
                                        80  1.134   18.754                     
     5.  Benzoic acid 7-.sup.14 C-4-.sup.3 H                                   
                       8.6  10.458                                             
                                  161.938                                      
                                        80  1.136   18.770                     
     6.  Blood         26.8 24.736                                             
                                  372.600                                      
                                        81   842    13.822                     
     7.  Blood         25.0 24.150                                             
                                  352.175                                      
                                        81   885    14.006                     
     8.  Blood         22.6 15.707                                             
                                  230.430                                      
                                        84   611    10.112                     
     9.  Blood         27.2 21.053                                             
                                  285.872                                      
                                        84   690    10.426                     
     10. Liver         18.4 27.802                                             
                                  145.250                                      
                                        76  1.435   7.818                      
     11. Liver         16.0 26.336                                             
                                  127.712                                      
                                        76  1.570   7.906                      
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for measuring the .sup.3 H and .sup.14 C isotope content of
      substances in the gas phase, which comprises converting the hydrogen
      content of the substance into water and the carbon content into carbon
      dioxide in simultaneous oxidation processes, separating the resulting
      water from the resulting carbon dioxide by passing them through a contact
      catalyst capable of retaining water and containing activated hydrogen and
      thereby bonding the .sup.3 H content of the water, purifying the separated
      gas which contains .sup.14 CO.sub.2, transfering the purified gas with a
      counting gas into a detector unit, then continuously converting the .sup.3
      H retained by said contact catalyst to a gas by exchange reaction with a
      flowing gas, and feeding the thus liberated .sup.3 H-containing gas with a
      counting gas into a detectng unit.
NUM  2.
PAR  2. The process of claim 1, wherein said activated hydrogen-containing
      contact catalyst is aluminum oxide, aluminum hydrosilicate, or a mixture
      of aluminum oxide and aluminum hydrosilicate.
NUM  3.
PAR  3. The process of claim 1, wherein said conversion by exchange reaction is
      carried out with a hydrogen flow.
NUM  4.
PAR  4. The process of claim 1, wherein said counting gas is a gaseous
      hydrocarbon or a mixture of gaseous hydrocarbons.
NUM  5.
PAR  5. Apparatus for measuring the isotope content of a sample labeled with a
      .sup.3 H isotope or a .sup.3 H isotope and a .sup.14 C isotope, comprising
      a feeding unit, a burning unit connected from said feeding unit for
      converting the hydrogen content of the sample into water and any carbon
      content of the sample into a carbonaceous gas, a reactor connected from
      said burning unit, said reactor being charged with a contact catalyst for
      isolating the .sup.3 H content of the water and converting it into a gas,
      at least one detecting unit connected from said reactor, and at least one
      recording unit connected from said detecting unit.
NUM  6.
PAR  6. The apparatus of claim 5, further comprising an electrolyzing cell
      connected from said burning unit and from said reactor for the production
      of hydrogen and oxygen gases.
NUM  7.
PAR  7. The apparatus of claim 6 for use when said sample also contains a
      .sup.14 C isotope, the apparatus further comprising a second reactor
      connected from said reactor, said second reactor being charged with a
      contact catalyst for removing the oxygen content of the gas, said second
      reactor being further connected from said electrolyzing cell, and a water
      separating unit connected from said second reactor and from said detecting
      unit.
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ABST
PAL  A test element is provided which can detect and measure extremely low
      concentrations of formaldehyde in the environment. The test strip
      comprises a support having thereon a formaldehyde-sensitive layer
      comprising an inert formaldehyde-permeable binder which stabilizes
      sulphite ions against aerial oxidation having dispersed therein
      pararosaniline or an acid derivative thereof and sulphite ions. The test
      element requires no processing and can be fixed to obtain a permanent
      record.
BSUM
PAR  This invention relates to a test element for detecting very low levels of
      formaldehyde.
PAR  Formaldehyde is widely distributed in both the industrial and domestic
      environment and can have harmful effects on, for example, both people and
      photographic products. For example, formaldehyde can often be released
      from paints, glues, insecticides, engine exhaust gases and wood products
      such as plywood and particle board. There is, therefore, a considerable
      need for a simple formaldehyde monitor.
PAR  There is a very extensive literature on the detection and estimation of
      formaldehyde. This is well summarized to 1964 by J. F. Walker in
      "Formaldehyde" (Reinhold, N.Y.), and more recently, with a photographic
      emphasis, by Dr. D. A. Thomas in an M.Sc. thesis (University of London,
      July, 197l). All the work described however involves bulk liquids for
      volumetric, colorimetric, gravimetric, or polarographic analysis.
PAR  One such method for detecting formaldehyde is disclosed in a paper entitled
      "17 Quantitative Determination of Formaldehyde in the Parts Per Hundred
      Million Concentration Level" by Lyles, Dowling, and Blanchard. (J. Air
      Pollution Control Association 15, 106-8, (1965)). These authors describe a
      colorimetric method using pararosaniline hydrochloride and a
      dichlorosulphitomercurate (II) complex for atmospheric testing. It is
      necessary to make up the mercury complex fresh each day.
PAR  It is therefore an object of the present invention to provide a novel
      method for using the change of color of a reagent containing layer to
      determine the concentration of formaldehyde.
PAR  It is an object of the present invention to provide a simple method and a
      test element for determining the concentration of formaldehyde which does
      not require further processing.
PAR  It is also an object of the present invention to provide a test element
      which is sensitive to very low levels of formaldehyde.
PAR  It is another object of the present invention to provide a test element
      which can be stored safely until used and then fixed for a permanent
      record.
PAR  These and further objects are accomplished by the present invention which
      provides a test element for detecting the presence of formaldehyde. The
      test element comprises a support having coated thereon a layer which is
      sensitive to the presence of formaldehyde. The formaldehyde sensitive
      layer comprises an inert (to formaldehyde) formaldehyde-permeable binder
      which stabilizes sulphite ion against aerial oxidation having sulphite
      ions and pararosaniline or an acid salt thereof dispersed therein.
      Preferably, the binder is gelatin. Upon exposure to formaldehyde, a
      visible, spectrophotometrically quantizable dye is formed. The
      concentration of dye is directly proportional to the concentration of
      formaldehyde in the environment and the time of exposure.
PAR  According to the invention, the support can be any suitable material known
      for such use in photography or other similar arts. Examples of such
      supports include paper, resin-coated paper and polymeric films such as
      cellulose acetate and poly(ethylene terephthalate), glass, wood and metal.
      It is preferred that the support be transparent to light so that the
      transmission density of the colored exposed formaldehyde sensitive layer
      may be ascertained. This is not necessary, however, since the reflection
      density of the exposed layer may be ascertained when translucent or opaque
      supports are used by conventional reflective or transmissive techniques.
      Poly(ethylene terephthalate) is an especially preferred support because it
      is impermeable to formaldehyde and demonstrates the preferred transparency
      desirable for transmissive analysis of dye density.
PAR  The sulphite ions can be provided by using any suitable compound which is
      well known to those of average skill in the art. Thus, any sulphite
      compound which will release sulphite ion on contact with formaldehyde to
      produce a dye with the pararosaniline may be used. A preferred method of
      providing the sulphite ions is by using an alkali metal sulphite such as
      sodium, potassium or lithium sulphite.
PAR  Pararosaniline or an acid salt of pararosaniline can be used in the
      formaldehyde sensitive composition. A particularly useful acid salt is
      pararosaniline hydrochloride.
PAR  The binder should comprise a material or mixture of materials which in
      addition to serving the function of providing a matrix for the dispersed
      reagents and being readily and uniformly permeable to formaldehyde, also
      serves to stabilize sulphite ions against aerial oxidation. A particularly
      preferred binder for this purpose is gelatin, although any other material
      or mixture of materials possessing the foregoing characteristics may be
      used for this purpose.
PAR  In addition to the binder, sulphite ions and pararosaniline, the
      composition may contain a hygroscopic agent to increase the humidity in
      the formaldehyde sensitive layer of the test element. Any conventional
      hygroscopic agent may be used. A particularly useful hygroscopic agent is,
      for example, calcium chloride. The composition may also contain a mordant
      for the dye which is formed upon exposure to formaldehyde if this is
      desirable.
PAR  The formaldehyde-sensitive layer may be coated on the support by techniques
      well known in the photographic art and the coating composition may contain
      any other known additive, for example, surfactants, lubricants,
      plasticizers and the like.
PAR  Useful results may be obtained with a formaldehyde-sensitive layer
      containing various quantities of the above-named constituents. Typically,
      useful results can be obtained with a layer containing from about 0.2 to
      2.0 g. of pararosaniline hydrochloride and up to 7.0 g. sulphite ions per
      100 g. of binder. Calcium chloride, if used, may typically be present in
      an amount of up to 25 g of CaCl.sub.2.sup.. 2H.sub.2 0 per 100 g. of
      gelatin.
PAR  The formaldehyde-sensitive layer may have a thickness in the range 5-50
      .mu., the thinner layers providing, in photographic terms, a higher speed
      and lower maximum density and the thicker layers a lower speed and higher
      maximum density. The layers may typically contain the following components
      in amounts expressed as mg per square decimeter:
     Component            Amount mg/dm.sup.2                                   
     ______________________________________                                    
     Gelatin               100 - 5000                                          
     Pararosaniline .sup.. HCl                                                 
                          0.2 - 20                                             
     Sodium sulphite .sup.. 7H.sub.2 O                                         
                          1.0 - 100                                            
     ______________________________________                                    
PAR  While the mechanism of the pararosaniline reaction used herein is not
      entirely known, it appears that the pararosaniline is decolorized by the
      acid conditions, and the sulphite ion and formaldehyde react to give
      sulphurous acid which condenses with the anilinium ion to give a dye.
PAR  In use, the present material is placed in the environment to be tested for
      a period of a few minutes up to a few days. In the presence of
      formaldehyde the dye starts to form immediately. It is a relatively simple
      matter to construct calibration curves whereby the density of the dye can
      be shown to be dependent on the concentration of formaldehyde and/or time
      of exposure, humidity being kept constant.
PAR  The density of the dye may be determined using a densitometer or, less
      accurately, by comparison with standard densities.
PAR  The material of the present invention can be made very sensitive and can
      detect concentrations of formaldehyde down to even below 1 part per
      million. Because of this and the constant presence of formaldehyde in the
      atmosphere, precautions will usually have to be taken to prevent the
      premature formation of the dye.
PAR  In one embodiment of the present invention, therefore, there is provided a
      material having a formaldehyde-impermeable base carrying the
      formaldehyde-sensitive layer and temporarily adhered to the surface of the
      layer, a formaldehyde-impermeable cover which may be removed prior to use.
      Formaldehyde-impervious materials include poly(vinyl chloride) (PVC) and
      poly(ethylene terephthalate).
PAR  After the dye has been formed further dye formation can be prevented by
      fixing. The fixing process can be accomplished by oxidizing any excess
      sulphite ions such as by using an acid dichromate bath, or alternatively
      by attaching a formaldehyde-impermeable material to the surface of the
      test element such as by attaching a self-adhesive polyvinyl chloride film.
PAR  In the event that the present material is intended for use by those without
      access to a densitometer, standard comparison dyes may be incorporated
      into the material itself or its packing to facilitate reading and
      quantifying the result.
DETD
PAR  The invention is further illustrated by the following examples:
PAC  EXAMPLE 1
PAR  3.0 g. of gelatin is dissolved in 10 ml of water at about 60.degree.C and
      to this is added 75 mg of anhydrous sodium sulphite, 0.5 g of calcium
      chloride dihydrate, 2.0 ml. of a 1% aqueous mucochloric acid solution and
      7.5 ml. of an acid solution of 0.16% pararosaniline hydrochloride prepared
      by dissolving 0.16 g. of pararosaniline hydrochloride in 24 ml. of
      concentrated hydrochloric acid and diluting to 100 ml. with water.
PAR  The solution is coated in two passes onto a 10 .times. 80 cm loop of subbed
      polyethylene terephthalate film base to give a glass clear dried layer
      about 50 .mu. thick.
PAR  Samples of a film prepared by the method above develop a magenta color when
      exposed to an atmosphere containing formaldehyde. A control area on the
      film may be obtained by covering the gelatin layer with some self-adhesive
      PVC tape. This area will remain uncolored after exposure to formaldehyde.
PAR  This film is so sensitive that if left exposed to room air for a few days
      the background becomes distinctly magenta. Two methods used to "fix" the
      film in order to provide a permanent record after it has been used for a
      formaldehyde determination are illustrated by Examples 2 and 3.
PAC  EXAMPLE 2
PAR  An exposed sample of a film prepared as in Example 1 with a control area is
      bathed for 30 seconds in an aqueous solution of 0.2% sodium dichromate and
      0.03% sulphuric acid. It is then quickly washed and dried. A slight loss
      of magenta density (from 2.1 to 1.7) is noticed. This film is then placed
      in a formaldehyde atmosphere (1000 ppm, 58% R.H.) for 24 hours. The clear
      control area is unaffected.
PAR  In similar conditions, an untreated sample of film produces the maximum
      magenta density (of 2.1) in just 2 hours.
PAC  EXAMPLE 3
PAR  The film may be "mechanically" fixed by pressing a strip of self-adhesive
      PVC tape onto the gelatin surface. Two pieces of film, coated as in
      Example 1, are placed in a high concentration of formaldehyde (100 ppm)
      and removed before the maximum density is reached. One is fixed by
      applying a strip of self-adhesive PVC tape to its gelatin surface. The
      other is used as a contro. Both pieces of film are kept in a normal
      laboratory environment. The control reaches its maximum density in a few
      days, however, after months in the normal laboratory atmosphere the fixed
      film shows negligible increase of density.
PAC  Example 4
PAR  Small samples of a film prepared as in Example 1 are stood in a range of
      formaldehyde atmospheres of constant relative humidity and known
      formaldehyde concentration. A Blank control area is produced on the film
      by sticking a small piece of transparent adhesive P.V.C. tape to the
      gelatin surface. After calibrating the film prepared above, some of the
      film was stored at room temperature with a PVC tape protecting layer for 7
      weeks. After 7 weeks, the film was recalibrated; no loss of sensitivity or
      rise in background is observed.
PAC  EXAMPLE 5
PAR  Samples of a formaldehyde sensitive film as prepared in Example 1 are stood
      in closed vessels containing the following compounds for 24 hours:
TBL  Acetaldehyde     Chloral hydrate                                          
     Propionaldehyde  Acrolein                                                 
     Butyraldehyde    Formic acid                                              
     Benzaldehyde     Mucochloric acid                                         
     Crotonaldehyde   Hexamethylene tetramine                                  
     Fural            Sulphur dioxide                                          
PAL  The only compound that shows a similar effect to that found with
      formaldehyde is propionaldehyde. The homologues, acetaldehyde and
      butyraldehyde show no discernable effect.
PAR  The invention has been described in detail with particular reference to
      certain preferred embodiments thereof, but it is understood that
      variations and modifications can be effected within the spirit and scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An element for determining the amount of formaldehyde present in a
      gaseous environment comprising a support having thereon a
      formaldehyde-sensitive layer comprising gelatin, pararosaniline or an acid
      derivative thereof, a sulphite ion and a hygroscopic agent.
NUM  2.
PAR  2. The element of claim 1 wherein the hygroscopic agent is calcium
      chloride.
NUM  3.
PAR  3. The element of claim 1 wherein the support is a formaldehyde-impermeable
      transparent polymeric film selected from the group consisting of
      poly(ethylene terephthalate) and poly(vinyl) chloride), and the
      formaldehyde-sensitive layer comprises gelatin, pararosaniline
      hydrochloride, an alkali metal sulphite, and calcium chloride.
NUM  4.
PAR  4. An element for determining the amount of formaldehyde present in a
      gaseous environment comprising (1) a formaldehyde-impermeable support
      having thereon a formaldehyde-sensitive layer comprising gelatin,
      pararosaniline hydrochloride, an alkali metal sulphite, and a hygroscopic
      agent; and (2) a strippable, formaldehyde-impermeable layer contiguous
      with the gelatin layer which can be removed from the gelatin layer prior
      to exposure.
NUM  5.
PAR  5. The element of claim 4 wherein the formaldehyde-impermeable support and
      strippable layer are a polymeric film selected from the group consisting
      of poly(ethylene terephthalate) and poly(vinyl chloride).
NUM  6.
PAR  6. A method for determining the quantity of formaldehyde present in a
      gaseous environment comprising:
PA1  exposing a test strip to a formaldehyde-containing gaseous environment,
      said test strip comprising a support having thereon a
      formaldehyde-sensitive layer comprising gelatin, pararosaniline or an acid
      derivative thereof, and sulphite ion, the exposed test strip producing a
      dye in the formaldehyde-sensitive layer in proportion to the concentration
      of formaldehyde in the environment and the exposure time; and
PA1  determining the quantity of formaldehyde present from the density of the
      dye produced.
NUM  7.
PAR  7. The method of claim 6 including the additional step of fixing the
      exposed test strip to obtain a permanent record.
NUM  8.
PAR  8. The method of claim 7 wherein the fixing step comprises chemically
      oxidizing the excess sulphite ions.
NUM  9.
PAR  9. The method of claim 7 wherein the fixing step comprises placing a
      formaldehyde-impermeable layer over the formaldehyde-sensitive layer to
      prevent further reaction.
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ABST
PAL  Disclosed is an improvement of quantitative analysis of oxygen content in
      an organic compound. The accuracy of the quantitative determination is
      substantially improved by adding hydrogen or methane to a carrier gas.
PAL  The carbon-reduction process is performed in the presence of hydrogen or
      methane in the thermal decomposition tube, thus retaining the catalyst in
      the state of not being contaminated with oxygen or oxygen compound by
      depriving the catalyst of the oxygen or oxygen compound which is released
      from the air and moisture undesirably entering the tube and from the
      thermal decomposition gas of the sample.
BSUM
PAR  This invention relates to an improvement in a method for quantitatively
      determining oxygen content in organic compounds by the carbon-reduction
      process and to a system for carrying out such method.
PAR  The art of quantitative analysis of oxygen in an organic compound generally
      belongs to a field of organic micro-quantitative analysis in analytic
      chemistry. The organic compound includes such principal elements as
      carbon, hydrogen, nitrogen and oxygen, and it is required that the organic
      micro-quantitative analysis accurately determine the composition ratio of
      these different elements within an allowance of absolute error of 0.3%.
      This microanalysis is indispensable for research in organic chemistry and
      related fields, such as determination of molecular structure,
      determination of molecular formula, identification of material or the
      like, and, in fact, it may be the only method for quantitative
      determination. Different quantitative analyses of oxygen have been
      proposed since H. ter Meulen and A. Gotz et al. reported the
      hydrogen-reduction process in which analysis of oxygen is performed in a
      100% hydrogen gas stream. However, the quantitative analysis for oxygen
      content in organic compounds which is predominantly employed at present is
      the carbonreduction process.
PAR  The oxygen quantitative analysis according to the carbon-reduction process
      uses nitrogen, argon, helium and other pure inert gases as a carrier, and
      comprises the steps of: thermally decomposing a sample of organic
      compound, introducing the resultant thermal-decomposition gas, which is
      entrained in the carrier gas, to a platinum-carbon or carbon catalyst
      (hereinafter referred to as "carbon-reduction catalyst") at an elevated
      temperature ranging from 900.degree. to 1200.degree.C, reduce all of
      oxygen compounds into carbon monoxide; oxidizing said carbon monoxide with
      copper oxide or iodine pentoxide to produce carbon dioxide or iodine;
      quantitatively determining the carbon dioxide or iodine thus produced by
      means of gravimetric process, volumetric process, differential thermal
      conduction process or the like; and finally determining the oxygen content
      in the organic compound from the result of quantitative determination of
      carbon dioxide or iodine.
PAR  The conventional method of quantitatively determining oxygen content
      according to the carbon-reduction process as described above, has many
      disadvantages which make it impracticable. These disadvantages can be
      enumerated as follows:
PAR  1. The conventional quantitative analysis of oxygen is less accurate than
      the quantitative analysis of carbon, hydrogen or nitrogen. In practice, it
      is difficult to maintain the absolute error below 0.3%.
PAR  2. It has a poor reproducibility. The same result cannot be assured, no
      matter how carefully the quantitative analysis is repeated on the same
      sample.
PAR  3. Different errors are caused by replacement of carbon-reduction catalysts
      and, oxidizing agents, and by recharging filling materials.
PAR  4. It has an increased "after-blank value". Even if preliminary tube
      heating has been effected for a long time, the "after-blank value" cannot
      be reduced, and the figure does not remain at a constant and is
      uncontrollable.
PAR  5. The "after-blank value" greatly varies with hours and days, and can be
      hardly maintained at a constant.
PAR  6. The "after-blank value" is different from the "ghost blank value" which
      is determined after the organic compound is thermally decomposed, and the
      "ghost blank value" is very large. Accordingly, even an organic compound
      containing no oxygen, when thermally decomposed, may exhibit blank value
      which would be found in thermally decomposing an organic compound having a
      2 - 3% oxygen content.
PAR  It has been found that, among other factors, the most important cause for
      defects is the contamination of the carbon-reduction catalyst with oxygen
      or oxide compound during operation.
PAR  One source of the contamination is the air and moisture which enter a
      thermal decomposition tube when a sample is loaded in the tube, and the
      other is the oxygen compound (mainly, carbon monoxide) produced by the
      thermal decomposition of the sample and retained on the carbon-reduction
      catalyst. There would be no problem if the oxygen or oxygen compound were
      completely removed from the catalyst at the temperature ranging from
      900.degree. to 1000.degree.C within the inactive gaseous atmosphere.
PAR  It appears that when the tube and the carbon-reduction catalyst are heated
      to the above temperature, as a preliminary step to measurement, the
      catalyst cannot be cleaned and that a part of the oxygen or oxygen
      compound is released from the carbon-reduction catalyst and is entrained
      in the carrier gas, and erroneously detectted as a part of the oxygen
      content of the sample.
PAR  Accordingly, the problems listed above can be solved by adding to the
      inactive carrier gas, hydrogen, methane or other reducing gases to remove
      from the carbon-reduction catalyst the oxygen compound which is adsorbed
      by or combined with the catalyst.
PAR  This invention is based on the discovery above mentioned.
PAR  The object of this invention is to provide a carbon-reduction type
      quantitative analysis of an organic compound in terms of oxygen content at
      as high precision (0.3% less absolute error) as in the quantitative
      analysis of carbon, hydrogen or nitrogen.
PAR  Another object of this invention is to provide a system for carrying out
      such quantitative analysis.
PAR  To attain these objects, quantitative analysis of oxygen according to this
      invention essentially comprises adding a proper amount of hydrogen or
      methane into a thermal decomposition tube at an intermediate stage of
      process to prevent the contamination of the carbon-reduction catalyst with
      oxygen or oxygen compound and to promote the separation of the carbon
      monoxide from the carbon-reduction catalyst.
DRWD
PAR  This invention will be better understood from the following description
      which is made with reference to the accompanying drawings:
PAR  FIG. 1 is a block diagram illustrating an embodiment of the system for
      quantitatively analyzing the oxygen content of an organic compound
      according to this invention;
PAR  FIG. 2 is a similar block diagram but showing the conventional system; and
PAR  FIG. 3A illustrates the position of different filling materials in a
      thermal decomposition tube and an oxidizing tube used in the system
      according to this invention, and
PAR  FIG. 3B shows a similar positioning employed in the conventional one.
DETD
PAR  FIG. 1 illustrates a system for carrying out the quantitative analysis of
      oxygen according to this invention, while FIG. 2 illustrates a
      conventional system for the comparative purpose.
PAR  In FIG. 1, a thermal decomposition tube 2 contains a carbon-reduction
      catalyst 1. A sample charging member 3 which carries a sample of organic
      compound is inserted in a thermal decomposition tube 2 from one end
      thereof.
PAR  (The sample is shown in this figure as positioned within the heating
      furnace 10, but this sample is at the right hand of the tube before the
      thermal decomposition is performed.) When the sample is inserted in the
      thermal decomposition tube 2, air and moisture enters the tube 2. By
      opening a valve V.sub.1 and opening valves V.sub.3 and V.sub.4 helium is
      introduced to discharge the air and the moisture into atmosphere. After a
      few minutes the valves V.sub.1, V.sub.3 and V.sub.4 are closed and a valve
      V.sub.2 is opened so that a gas mixture of helium and hydrogen is fed into
      the thermal decomposition tube 2. Then, the valves V.sub.3 and V.sub.4 are
      opened so that the gas mixture is discharged into atmosphere. This purging
      continues for a few minutes, so that the carbon-reduction catalyst which
      has been contaminated with the oxygen content of the air and moisture is
      purified by the reducing action of hydrogen or methane. Then, the valves
      V.sub.4, V.sub.3 and V.sub.2 are closed to cease the gas flowing. Then the
      sample is subjected to thermal decomposition under static state. At this
      stage of the process the thermal decomposition tube is filled with helium
      and hydrogen or methane. The hydrogen or methane assists to separate from
      the carbon-reduction catalyst, the oxygen compound produced by thermal
      decomposition of the sample and the carbon monoxide produced by reduction
      of the oxygen compound by the catalyst. After a few minutes the valves
      V.sub.3 and V.sub.1 are opened so that monoxides and the other thermal
      decomposition products are introduced into an acidic gas absorbing tube 4,
      which purifies the thermal decomposition products, and, after
      purification, they are fed into an oxidizing tube 6 which is filled with
      oxidizing agents, such as copper oxide or iodine pentoxide. When the
      copper oxide is used, the carbon monoxide is oxidized into carbon dioxide,
      while when the iodine pentoxide is used, the carbon monoxide is changed
      into carbon dioxide and iodine, and then the carbon dioxide or the iodine
      is measured by a quantitative analyzing system 7 to determine the oxygen
      content in the sample.
PAR  As will be understood from the above, in the method for quantitatively
      determining oxygen according to this invention, hydrogen or methane is
      introduced in the thermal decomposition tube at each measuring procedure,
      and the thermal decomposition is effected under static condition in the
      presence of the inactive gas and hydrogen or methane. Accordingly, the
      carbon-reduction catalyst is purified by reduction by means of hydrogen or
      methane, and thus the catalyst can be maintained in the same state without
      being contaminated with oxygen and oxygen compounds.
PAC  Example
PAR  The oxygen analysis was made on various standard samples, using the
      quantitative analyzing system according to the differential thermal
      conduction process, under the conditions given in Table 1. FIG. 3 shows
      the filling agents in the thermal decomposition tube and the oxidizing
      tube. FIG. 3A shows those tubes used in the system according to this
      invention and FIG. 3B shows those which are most widely used at present.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                 Types of                                      
     Thermal              Kinds of                                             
                                 thermal                                       
     decomposi-   Oxidizing                                                    
                          reaction                                             
                                 decomposi-                                    
     tion tube    tube    gas added                                            
                                 tion system                                   
     __________________________________________________________________________
          Temp. of                                                             
                  Temp. of                                                     
          tube: 960.degree.C.                                                  
                  tube:                                                        
                  220 - 240.degree.C.                                          
                          Hydrogen                                             
     Present                                                                   
          Platinum-       added  Static                                        
          carbon          (11-12 ml)                                           
     Inven-                                                                    
           (50 mm),                                                            
                  Oxidizing                                                    
     tion          agent:                                                      
          Platinum net,                                                        
          Granulated                                                           
                  Iodine                                                       
           quartz pentoxide                                                    
     __________________________________________________________________________
          Temp. of                                                             
                  Temp. of                                                     
                          No gas added                                         
          tube: 960.degree.C.                                                  
                  tube: 650.degree.C.                                          
                                 Dynamic                                       
          Platinum-                                                            
     Prior                                                                     
          carbon                                                               
           (102 mm)                                                            
                  Oxidizing                                                    
     art           agent:                                                      
          Platinum net.                                                        
                  Copper oxide                                                 
          Granulated                                                           
           copper                                                              
     __________________________________________________________________________
PAR  Table 2 shows the sensitivities Ko, in determining the oxygen contents of
      the standard samples, and Table 3 shows the oxygen content values of these
      samples. As is apparent from these tables, the figures show the stability
      of sensitivity, compared with the sensitivity of the conventional system,
      and that oxygen content can be determined with a 0.3% or less absolute
      error.
TBL                                    Table 2                                 
     __________________________________________________________________________
             Theoretic                                                         
             oxygen          Present                                           
             content                                                           
                   Prior art invention                                         
     Sample  (%)   Ko:.mu.v/.mu.g.DELTA.Ko                                     
                             Ko:.mu.v/.mu.g.DELTA.Ko                           
                                       Remarks                                 
     __________________________________________________________________________
     Succinic                                                                  
     acid    54.19 14.06                                                       
                        -0.42                                                  
                             12.91                                             
                                  +0.01)                                       
                                  )    Quantitative                            
     Saccharose                                                                
             51.41 14.09                                                       
                        -0.39                                                  
                             12.79                                             
                                  -0.11)                                       
                                       analysis was                            
                                  )    repeated five                           
     m-dinitro-                   )    times on the                            
     benzene 38.07 14.32                                                       
                        -0.16                                                  
                             12.81                                             
                                  -0.09)                                       
                                       same sample,                            
                                  )    and average                             
     Benzoic acid                                                              
             26.20 14.25                                                       
                        -0.23                                                  
                             12.99                                             
                                  +0.09)                                       
                                       value of the                            
                                  )    five mea-                               
     p-nitro-                     )    surements is                            
     aniline 23.17 14.40                                                       
                        -0.08                                                  
                             12.91                                             
                                  +0.01)                                       
                                       given                                   
     Aceto-                                                                    
     anilide 11.87 14.78                                                       
                        +0.30                                                  
                             12.88                                             
                                  -0.02)                                       
                                  )                                            
     Cholesterol                                                               
              4.14 15.45                                                       
                        +0.97                                                  
                             12.99                                             
                                  +0.09)                                       
     Anthracene                                                                
             0     320.mu.v  -10.mu.v  Signal output                           
     __________________________________________________________________________
     x             14.48     12.90                                             
     (average value                                                            
     of Ko)                                                                    
     R              1.39      0.20                                             
     (range)                                                                   
     __________________________________________________________________________
      ##EQU1##
TBL                                    Table 3                                 
     __________________________________________________________________________
                                 Present                                       
                 Theoretic                                                     
                       Prior Art Invention                                     
                 oxygen                                                        
                       Oxygen    Oxygen                                        
                 content                                                       
                       content                                                 
                            Absolute                                           
                                 content                                       
                                      Absolute                                 
     No.                                                                       
        Sample   (%)   measured                                                
                            error                                              
                                 measured                                      
                                      error                                    
     __________________________________________________________________________
     1  Succinic acid                                                          
                 54.19 54.20                                                   
                            +0.01                                              
                                 54.17                                         
                                      -0.02                                    
     2           "     54.26                                                   
                            +0.07                                              
                                 54.22                                         
                                      +0.03                                    
     3  Saccharose                                                             
                 51.41 51.35                                                   
                            -0.06                                              
                                 51.30                                         
                                      -0.11                                    
     4           "     51.86                                                   
                            +0.45                                              
                                 51.33                                         
                                      -0.08                                    
     5  m-dinitrobenzene                                                       
                 38.07 38.88                                                   
                            +0.81                                              
                                 37.92                                         
                                      -0.15                                    
     6           "     38.94                                                   
                            +0.87                                              
                                 38.08                                         
                                      +0.01                                    
     7  Benzoic acid                                                           
                 26.20 26.56                                                   
                            +0.36                                              
                                 26.40                                         
                                      +0.20                                    
     8           "     26.57                                                   
                            +0.37                                              
                                 26.36                                         
                                      +0.16                                    
     9  p-nitroaniline                                                         
                 23.17 23.64                                                   
                            +0.47                                              
                                 23.23                                         
                                      +0.06                                    
     10          "     23.62                                                   
                            +0.45                                              
                                 23.25                                         
                                      +0.08                                    
     11 Acetoanilide                                                           
                 11.84 12.47                                                   
                            +0.63                                              
                                 11.90                                         
                                      +0.06                                    
     12          "     12.44                                                   
                            +0.60                                              
                                 11.87                                         
                                      +0.03                                    
     13 Cholesterol                                                            
                  4.14  4.55                                                   
                            +0.41                                              
                                  4.14                                         
                                      .+-.0                                    
     14          "      4.56                                                   
                            +0.42                                              
                                  4.14                                         
                                      .+-. 0                                   
     15 Anthracene                                                             
                 0     250- --                                                 
     16          0     370 .mu.v 0-13.mu.v                                     
                                      --                                       
     __________________________________________________________________________
                       x    0.43 x    0.07                                     
                       Actual sensitivity                                      
                                 Actual sensiti-                               
                       of first run of                                         
                                 vity of first                                 
                       succinic acid                                           
                                 run of succinic                               
                       = .mu.v/.mu.g                                           
                                 acid                                          
                       =14.05    =.mu.v/.mu.g = 12.85                          
     __________________________________________________________________________
PAR  Similar results were obtained when cupric oxide is used as the oxidizing
      agent at a temperature of 200.degree.C.
PAR  As is understood from the above the accuracy of the quantitative
      determination is much improved by adding hydrogen or methane to a carrier
      gas according to this invention.
PAR  Furthermore, the amount of charge of the oxygen-reducing catalyst required
      for this invention is about half of that required for the prior art
      method. The catalyst is not likely to be covered by thermal carbon, so
      that the harmful effect due to carbon is reduced and the catalyst can be
      used continuous operation for long time.
PAR  The present invention serves to elevate the art of the quantitative
      analysis of oxygen in organic compounds to the same level as that of the
      quantitative analysis of carbon, hydrogen, nitrogen and the like, thus
      permitting the accurate quantitative analysis of all the principal
      elements of an organic compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the carbon-reduction quantitative method of determining oxygen in
      which an organic compound is subjected to thermal decomposition and oxygen
      is measured as oxides of carbon, the improvement comprising thermally
      decomposing said compound over a platinum-carbon or carbon catalyst in a
      static volume of inert gas containing a small amount of hydrogen or
      methane.
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ABST
PAL  A method and apparatus for protecting human beings from the combined
      aftereffects of a nuclear explosion, namely, penetrating radiation and the
      settling of carbon dioxide in low areas. A warning barrier of rope or cord
      with newspaper suspended therefrom is erected in the upper level of a
      building to delineate a safe area beyond the penetration distances of
      alpha and beta radiation. A combustion means having an exposed flame is
      provided within the safe area for insertion through an aperture in the
      floor into the basement of the building where refuge is to be sought
      against more penetrating gamma radiation. The flame is observed through a
      second aperture to check and verify the quality of the atmosphere therein
      before entering the basement.
BSUM
PAR  This invention relates to a method and apparatus for the protection of
      human beings in the event of a nuclear attack. More particularly, it
      relates to a method and apparatus for the protection against the hazards
      of nuclear radiation and the accumulation of unbreathable gases
      accompanied by the reduction of oxygen in certain portions of the
      atmosphere in the event of a nuclear explosion.
PAC  BACKGROUND OF THE INVENTION
PAR  A nuclear explosion poses a multitude of problems to human existence.
      Subsequent to the initial shock waves and the incendiary effects of the
      initial heat waves, the combined effects of nuclear fallout and the
      settling of unbreathable, heavier-than-air gases in low areas surrounding
      the explosion produce great risks for humans inhabiting those areas.
      Primarily, such unbreathable gases comprise large quantities of carbon
      dioxide generated by the massive conflagration created by the explosion.
PAR  Nuclear radiation is produced by the spontaneous nuclear decay and
      transformation of materials and elements exposed to the nuclear explosion.
      The process of decay or transformation emits great amounts of energy in
      the form of alpha, beta or gamma rays. This energy-emitting process is
      termed "radioactivity," and, depending on the energy and/or wave length of
      the particular wave or ray involved, human exposure to radioactivity
      causes varying degrees of sickness and even death.
PAR  Alpha rays are produced by the spontaneous emission of helium nuclei from
      radioactive elements. A continuous stream of such helium nuclei forms the
      alpha ray. The alpha particles forming the alpha ray are easily dissipated
      by thin layers of shielding such as a few centimeters of air or less than
      a millmeter of aluminum. Without shielding the rays do not penetrate
      beyond the superficial layers of the skin.
PAR  A beta ray is a continuous stream of electrons emitted from a radioactive
      or decaying atomic nucleus. Since an electron has a much smaller mass than
      a helium nucleus, the beta particles forming the beta ray have a much
      smaller mass than the alpha particles forming the alpha ray. Due in part
      to this smaller mass, beta rays can penetrate somewhat further than alpha
      rays, but in any event may be stopped by a few millimeters of lead or
      other dense material or a somewhat greater amount of air than is required
      to absorb alpha rays. Even without shielding, beta rays would be absorbed
      in the outer layers of skin and would not reach internal organs.
PAR  Gamma rays are not formed by the emission of small particles of mass, but
      are extremely penetrating electromagnetic radiation having extremely short
      wave lengths and high energy. Gamma rays also originate in the atomic
      nucleus and usually accompany alpha and beta emission. A great deal of
      shielding is necessary to absorb gamma rays. The highest energy gamma rays
      will even penetrate several centimeters of lead shielding. However, gamma
      rays can be absorbed by sufficient thicknesses of concrete and earth as
      well as by sufficient thicknesses of lead. Without shielding, gamma rays
      do great harm to the human body since they penetrate the body affecting
      internal organs and bones. Thus, although alpha and beta rays may be
      completely dissipated by several feet of air and/or an intermediate layer
      of another material, gamma rays, and especially high energy gamma rays,
      require significantly greater thicknesses of shielding materials.
PAR  In order to avoid such radiation, people would move into their basements.
      This, however, exposes them to a second danger. After a nuclear explosion,
      the heat and incendiary effects of the explosion produce great amounts of
      carbon dioxide. Carbon dioxide is heavier than air and thus will settle in
      depressions and low spots, such as basements, in the areas surrounding the
      blast. Since carbon dioxide is tasteless, colorless and odorless, there is
      little or no warning to persons who take shelter from radiation effects in
      cellars, basements or other low protected area. In this connection, it is
      well to realize that the basement of an individual dwelling will provide
      the greatest protection against the highly penetrating gamma rays due to
      the thicknesses of the walls and earth surrounding the house.
      Consequently, the escape from radioactivity may end in suffocation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a method
      and apparatus for protecting human beings against the combined
      aftereffects of a nuclear explosion, both radiation buildup and carbon
      dioxide buildup. This object is not in a way that is convenient and with
      materials which are inexpensive and readily available to all.
PAR  In one form of the invention, the method comprises erecting a warning
      barrier on an upper level of the building around the perimeter of an area
      within the building which is beyond the penetration distances of prolonged
      nuclear radiation, particularly alpha and beta radiation, following a
      nuclear explosion. If people are forced out of a stench filled, carbon
      dioxide filled basement, the warning barrier serves to keep them within
      safter areas of the floor to which they have been forced. To determine
      when it might be safe to return to the basement, means are disposed within
      the confines of the warning barrier for determining the amount of oxygen
      present within the lower level of such a building.
PAR  The warning barrier erected within the building may take the form of ropes
      of cords suspended between the wall of a building from hooks fastened to
      the walls at predetermined positions thereon. Colored newspapers or other
      papers may be hung from the cord or rope to provide a clear
      differentiation between the protected and unprotected areas defined by the
      warning barrier.
PAR  Preferably, the method for determining the amount of oxygen present within
      a building comprises the steps of providing a portable combustion means,
      inserting the combustion means into desired areas of the atmosphere within
      the building, and probing the atmosphere with the portable combustion
      means such that the amount of oxygen present therein may be visually
      determined.
PAR  In another aspect of the invention, the apparatus employed comprises a
      portable combustion means having at least one flame exposed to the
      atmosphere, the combustion means also including an elongated extension
      projecting therefrom for probing various areas from remote positions away
      from those areas. One embodiment of the combustion means comprises an
      elongated conduit reciprocally mounted in the floor between the upper and
      lower levels of the building. The conduit has a flow of combustible gas
      passing therethrough and ignited in a flame at the end of the conduit. The
      conduit may then be lowered through the floor into the lower level of the
      building and visually checked to determine whether a sufficient amount of
      oxygen is present in the lower level to sustain the flame at the end of
      the conduit. As is apparent, if there is enough oxygen to sustain the
      flame, there is enough to sustain human life. Another form of the
      combustion means comprises a self-contained torch such as a blowtorch or
      butane torch which is fastened to an extended handle and may be used by
      persons entering the lower levels to probe the various areas of the lower
      levels to search for areas containing a sufficient amount of oxygen.
PAR  These and other objects, advantages and features of the invention will
      become apparent from a study of the following description taken in
      conjunction with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of one floor of a typical house or dwelling including
      the area within that dwelling which is safe from nuclear radiation and
      defined by the warning barrier comprising a portion of this invention;
PAR  FIG. 2 is a fragmentary perspective view of a typical dwelling such as that
      shown in FIG. 1 including the warning barrier suspended from the walls
      thereof;
PAR  FIG. 3 is a fragmentary, side elevation of one embodiment of the combustion
      means for determining whether a sufficient amount of oxygen is present in
      the atmosphere, which combustion means includes means for mounting the
      apparatus in a floor of the building
PAR  FIG. 4 is a fragmentary, perspective view of the means for mounting the
      apparatus of FIG. 3 in the floor of a typical housing or dwelling;
PAR  FIG. 5 is a perspective view of another embodiment of the invention
      comprising a portable combustion means for probing areas of the
      atmosphere; and
PAR  FIG. 6 is a side elevation of a snorkel tube which may be used while
      probing the various areas of the atmosphere of the building.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As described above, the aftereffects of a nuclear explosion will require
      precautions on the part of individuals living within the blast area if
      they are to survive. Since most persons within the area will be living in
      a house, dwelling, apartment or other structure having at least two levels
      comprising an upper and lower level, a typical house or dwelling 10, such
      as that shown in FIGS. 1 and 2, is taken as the basis for providing the
      subject of this invention. It should be noted that such a dwelling
      provides protection in various portions thereof for all types of radiation
      encountered following a nuclear explosion. In this respect, certain areas
      of the upper floors of such a dwelling 10 provide protection for the alpha
      and beta rays since, as mentioned above, such rays are dissipated in
      relatively short distances. The typical dwelling 10 can also provide
      protection in its basement or cellar areas 16 from gamma radiation. Thus,
      the typical cellar will have walls of concrete surrounded by several cubic
      yards of earth. If one enters such a basement and crouches low along the
      basement walls, he is provided with sufficient protection from gamma rays
      emanating from sources several miles distant. Protection is afforded since
      the gamma rays travel approximately parallel to the ground and over his
      head or are absorbed by the concrete and earth between himself and the
      source of the gamma rays. Thus, the typical housing unit can provide the
      required radiation protection if sufficient precautions are taken before
      entering the various portions of the dwelling to determine whether or not
      the atmosphere in those areas is sufficient to support life.
PAR  In reference to FIGS. 1 and 2, there is shown in dwelling 10 a protected or
      safe area 25 which is outside or beyond the penetration range or distances
      of most of the nuclear radiation following a nuclear explosion. As
      described above, alpha and beta radiation is produced by nuclear fallout
      and thus all houses or dwelling units within a blast area could be
      showered with such fallout. At worse, such fallout could coat the exterior
      of the typical house or dwelling 10. Given such a coating of fallout,
      which fallout produces alpha and beta radiation, the dwelling 10 on its
      upper level can still provide radiation protection within the defined
      protected or safe area shown at 25. This area is an area spaced a
      predetermined distance beyond or within the exterior walls 12 of the
      dwelling 10. Typically, the predetermined distance, represented by "X" in
      FIGS. 1 and 2, includes the dissipation distance for alpha and beta
      radiation of the highest energy level plus an additional safety margin.
PAR  The safety margin is easily calculated by those familiar with nuclear
      radiation from nuclear engineering texts and other books showing
      dissipation distances of radiation of various energies in various
      materials. Depending on the density composition of the external walls 12
      of the house 10, the safety margin is larger or smaller. Thus, in a house
      having walls 12 of a high density, the safety margin is accordingly less
      and vice versa for a house having lower density walls. In the preferred
      embodiment, the distance "X" is approximately 10 feet within the exterior
      walls 12 of dwelling 10.
PAR  The method of differentiating the safe or protected area 25 from the
      remainder of the house which is unsafe or not protected comprises erecting
      a warning barrier 24 by suspending ropes 26 between the exterior walls 12
      or exterior and interior walls 12 and 13, respectively, by means of
      prepositioned hooks or other securing means 28. The hooks 28 are located
      at the required positions prior to any nuclear attack such that, in the
      event of a nuclear explosion, and in the event that the house or dwelling
      10 remains intact after the expolsion, lengths of rope or cord 26 are
      quickly and easily secured between the prepositioned hooks 28 without
      requiring an undue amount of time. After the ropes or cords 26 have been
      suspended from the hooks 28, newspapers or rags of a predetermined color
      are hung from the ropes or cords 26 to further differentiate the safe from
      the unsafe areas. Thus, the erection of the warning barrier 24 along the
      perimeter of the safe or protected area 25 utilizing ropes or cords 26 and
      colored papers or rags 30 provides a quick, convenient, inexpensive method
      for differentiating the safe from the unsafe areas of a house 10 after a
      nuclear explosion.
PAR  In the typical house, the safe area 25 will include portion of various
      rooms within the house so that some semblance of normal living may be
      practiced during the period in which the radiation outside the house is
      dissipating. Depending on the number of nuclear explosions and the
      severity of the attack, this period may be days, weeks or months. It is
      apparent then, that the warning barrier 24 provides a visible physical
      barrier between the safe and unsafe areas of the house during any length
      of time after the nuclear explosion.
PAR  Although the warning barrier shown in FIGS. 1 and 2 provides sufficient
      protection from alpha and beta radiation, it is necessary to seek refuge
      in the cellar or basement area 16 of the typical house 10 in order to
      escape the hazards of gamma radiation. Although generally gamma radiation
      is more short-lived than either alpha or beta radiation, it is necessary
      to leave the confines of the protected area 25 to obtain access to the
      gamma radiation shelter in the basement. Thus, use of the stairs 18 is
      required. In such an event, external shielding shown at 32 in FIG. 1 is
      required to protect the occupants of the house 10 from alpha and beta rays
      as well as gamma rays while they are moving between the basement area 16
      and the protected area in the upper floors 25. Such shielding is
      preferably placed externally of the house 10 and may be of several
      available nuclear radiation shielding materials which have been widely
      publicized for their effectiveness. Of these, lead is probably the best
      known. Thus, external shielding 32 is used to shield the occupants of the
      house from gamma rays in all areas where they must pass from the protected
      basement area 16 to the protected area 25 on the upper floors.
PAR  Referring now to FIGS. 2 and 3, a means 35 for determining the sufficiency
      of the oxygen within various areas of the house, particularly the
      basement, is provided within the safe area 25. Means 35 takes the form in
      one embodiment of the invention as a movable combustion means 36 as shown
      in FIG. 3. Combustion means 36 comprises a conduit 38 having one end 40
      bent into the shape of a J such that its extreme end 42 is directed
      vertically upwards. At the other end of the conduit 38 is secured an
      elongated extension comprising a flexible conduit 44 which is connected to
      a pressurized source of combustible gas 46. The combustion means 36 is
      mounted reciprocally through the floor 17 of the typical house 10, which
      floor separates the upper level 14 from the lower or basement level 16.
      The combustion means 36 is mounted within a conduit or pipe 48 forming a
      port or aperture through floor 17 thereby allowing the reciprocal movement
      of the conduit 38 therethrough. A second port or aperture formed by
      positioning a second length of pipe or conduit 50 adjacent the first port
      or aperture 48 may be formed such that when the conduit 38 is drawn all
      the way up, the end 42 extends through conduit 50, as shown by the phantom
      lines in FIG. 3. Thus, the gas emerging from end 42 is ignited forming an
      open flame over end 42. The gas is under sufficient pressure to keep the
      flame ignited regardless of small air drafts or movements of the conduit
      38. Consequently, when the conduit 38 is lowered into the basement
      atmosphere 16 conduit 50 has the dual purpose of allowing visual
      observation of the open flame at the end 42 of conduit 38 as the conduit
      is lowered. It will be apparent that the conduit 38 is long enough to
      reach near the basement floor 19 as well as intermediate areas between the
      basement floor and the first floor 17. Accordingly, the atmosphere at all
      levels therebetween can be checked for the quality of the atmosphere and
      the sufficiency of the amount of oxygen contained therein all from within
      the safe area on the first or upper floor level 14 by means of a visual
      determination through conduit 50. The materials used for conduit 38,
      flexible conduit 44, conduits 48 and 50 are fireproof materials which are
      also inexpensive and readily obtainable. Thus, iron or steel pipe as well
      as fireproof, non-combustible plastic pipe may be used.
PAR  As shown in FIG. 4, the conduit or pipes 48 and 50 are normally securely
      mounted in a floor joist of floor 17. The conduit 48 or 50 includes a
      section 52 extending through the floor 17 and a section 54 which is
      slightly larger which extends above the floor 17. A cap or cover 56 is
      threadably, hingedly or otherwise secured over the open end of section 54
      to completely close off the conduit. Cover 56 includes a hinged or
      otherwise pivotally secured closure means 58 for covering an aperture or
      slot in cover 56. The closure means 58 may thus be opened to admit the
      conduit 38 such that the conduit can be lowered into the basement
      atmosphere in order to check the qualitiy thereof. Therefore, it is not
      necessary to remove the entire cover 56 to utilize the combustion means 36
      described above. Preferably, conduits 48 and 50 are circular in cross
      section and have diameters somewhat larger than the diamter of conduit 38
      thereby allowing easy movement of conduit 38 therethrough.
PAR  Referring now to FIG. 5, a second embodiment 60 of the combustion means for
      checking the quality of atmosphere in desired areas is shown. As shown
      therein, combustion means 60 comprises a portable combustion means
      including a self-contained blowtorch or butane-type torch 62 to which is
      strapped or otherwise secured an extended handle 64 by means of straps 66.
      When ignited, the torch 62 has an open flame 68 which is used to check the
      quality of the atmosphere in various areas. The torch 62 contains a
      combustible gas, such as butane gas, under pressure such that flame 68
      will not be blown out by small drafts or movement of the combustion means
      60. Consequently, the only way torch 62 can be extinguished is by the use
      of control valve 69 or by its emersion in an inferior quality atmosphere.
      In this connection, it will be understood that an oxygen poor atmosphere
      such as one produced by the gases resulting after a nuclear explosion in
      low level areas would not contain sufficient oxygen to either allow the
      burning of flame 68 on torch 62 or to support human life therein.
      Consequently, when combustion means 60 is utilized to probe various areas
      of the atmosphere in low level areas such as basement 16, the quality of
      the air is determined visually be checking the burning flame 68 in those
      areas before persons enter those areas. Further, extended handle 64 is
      utilized by a person descending into such low level areas by means of
      basement stairs, etc., whereby he can probe the areas he expects to enter
      before entering those areas. Thus, it is possible for him to determine the
      quality of the air in all areas before he enters those areas.
PAR  As shown in FIG. 6 a snorkel means 70 is comprised of a snorkeling tube 72
      and a mouthpiece 74. Snorkel means 70 is utilized by a person using
      portable combustion means 60. Thus, as the person carrying means 60 walks
      through the atmosphere to be checked, he uses snorkel means 70 in order to
      breathe better quality air near the upper areas of the atmosphere to be
      checked while he is probing the remainder of the atmosphere below the
      uppermost portions thereof. In this connection, it will be apparent that
      tube 72 is great enough in length to extend to areas near the ceiling of
      rooms whose atmospheres are to be checked. Further, it will also be
      understood that well-known scuba-type diving equipment including
      self-contained tanks of compressed air (not shown) may be used by a person
      probing various portions of the atmosphere with combustion means 60.
PAR  The method for protecting against nuclear radiation and suffocation
      following a nuclear explosion in a building having at least two levels
      will now be apparent. As shown in FIGS. 1 and 2, a safe or protected area
      25 is cordoned off within a typical house or dwelling 10 by means of a
      warning barrier 24 comprising rope or cord 26 suspended between the walls
      of the house. The safe or protected area 25 is spaced inside the exterior
      walls of the house a uniform distance represented by "X" in FIGS. 1 and 2
      which is beyond the maximum penetration distance for alpha and beta type
      radiation and also includes a sufficient safety margin. Colored newspapers
      or rags are hung from ropes 26 to further differentiate the boundary
      represented by the warning barrier 24. Further, a means for testing and
      determining the quality of atmosphere in lower levels of the building or
      house 10 is positioned within the confines of the safe or protected area
      25. Such a means is one similar to that shown at 36 in FIG. 3. Combustion
      means 36 is lowered from the area above the basement level 16 in order to
      check the atmosphere therein. Basement level 16 is utilized as the
      protected area from all remaining types of radiation including gamma rays
      which are highly penetrating and very dangerous to human existence.
PAR  A similar but slightly modified method utilizes a portable combustion means
      such as that shown in FIG. 5 at 60 which is carried by a person desiring
      to check various areas of the lower level or basement 16. In this
      connection, the inhabitant of the house 10 would ignite the combustion
      means 60 and insert it into the atmosphere to be checked from areas
      outside the atmosphere such as on stairwell 18 by means of the extended
      handle 64. The extended handle 64 also allows the inhabitant to probe
      various hard to-get-at places in the basement 16 while walking through the
      basement. In this latter case a snorkel means such as that shown at 70 or
      other similar scuba diving equipment utilizing self-contained air tanks is
      used by the inhabitant to assure a sufficient quantity of oxygen while he
      is probing the atmosphere.
PAR  Therefore, it will be understood that the method and apparatus described
      herein provide a suitable means for protecting oneself in a typical
      dwelling structure against nuclear radiation and suffocation after a
      nuclear explosion. It will be understood that the method and apparatus
      shown and described provide areas for protection against alpha, beta and
      gamma radiation as well as providing a means for verifying the condition
      and quality of the atmosphere in areas to be utilized as radiation
      shelters. It will also be understood that the method and apparatus may be
      quickly and conveniently utilized by the average person using inexpensive
      and readily available materials which normally form a part of the
      inventory of nearly all households or which are easily obtained at low
      cost. Thus, the method and apparatus will be available to all persons on
      an equal basis regardless of their incomes.
PAR  While several forms of the invention have been shown and described, other
      forms will now be apparent to those skilled in the art. Therefore, it will
      be understood that the embodiments shown in the drawings and described
      above are merely for illustrative purposes, and are not intended to limit
      the scope of the invention which is defined by the claims which follow.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed as follows:
NUM  1.
PAR  1. Apparatus for determining a lack of oxygen within a building having a
      floor and upper and lower levels above and below said floor respectively
      and a certain atmosphere within each level comprising a portable
      combustion means for testing an atmosphere having a flame exposed to said
      atmosphere; said combustion means including an elongated extension
      projecting therefrom bent into a J-shape, having a fluid passageway
      therethrough, and means for passing a combustible gas through said
      passageway, said J-shaped extension including a vertically upwardly
      extending opening for emitting said combustible gas upwardly to provide an
      upwardly extending flame visible from above; and aperture means in said
      floor for reciprocally raising and lowering said extension in said floor
      such that said combustion means may be lowered into the atmosphere of said
      lower level to test the oxygen quality of that atmosphere, said aperture
      means including a portion allowing ignition of said combustible gas by
      raising of the portion of said extension including said opening through
      said floor for said ignition of said combustible gas at said opening
      whereby, when said extension is lowered into said lower level, said flame
      will be extinguished if there is sufficient lack of oxygen in said
      atmosphere of said lower level; said aperture means including a first
      aperture in which said extension is mounted for reciprocal raising and
      lowering and a second aperture comprising said portion of said aperture
      means through which the portion of said extension including said opening
      is passed for ignition of said flame and through which said flame is
      observed as said extension is lowered into said lower level atmosphere.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein pipes are mounted in said
      apertures in said floor, said pipes comprising fireproof material and
      including fireproof covers on the upper ends thereof, said covers each
      including an aperture and a closure means therein.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said floor is between a
      basement and first floor level of said building.
NUM  4.
PAR  4. Apparatus for determining the lack of oxygen in the lower level of a
      building having at least an upper and lower level and a floor
      therebetween; said apparatus comprising two apertures formed in said
      floor, and means for determining a lack of oxygen in an atmosphere; one of
      said apertures being of sufficient size to allow the oxygen sufficiency
      determining means to be raised and lowered therethrough into and out of
      the atmosphere of said lower level; said oxygen sufficiency determining
      means including upwardly extending means for insertion into said upper
      level from said lower level through the other of said apertures to
      initiate operation of said oxygen sufficiently determining means, said
      other aperture also being sufficiently large to allow the visual
      observation of said oxygen sufficiency determining means when lowered into
      said lower level atmosphere for visual determination of the quality of
      said atmosphere.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said oxygen sufficiency determining
      means comprises a combustion means including an open flame; the amount of
      oxygen in said lower level atmosphere being determined by observing said
      flame through said other aperture.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said apertures are immediately adjacent
      one another, whereby said combustion means can be ignited through said
      other aperture.
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ABST
PAL  A continuous HCl in-air indicator consists of a tube-like element with an
      inlet end through which a continuous stream of air, containing HCl,
      enters. The air flows downstream from the inlet end and exits the
      element's outlet end. Positioned between the element's inlet and outlet
      ends are first and second spaced apart photoelectric units, which are
      preferably positioned adjacent the inlet and outlet ends, respectively.
      Ammonia gas is injected into the air, flowing through the element, at a
      position between the two photoelectric units. The ammonia gas reacts with
      the HCl in the air to form ammonium chloride particles. The difference
      between the outputs of the two photoelectric units is an indication of the
      amount of HCl in the air stream.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention generally relates to a device for indicating the
      presence of a specific pollutant, present among others in air and, more
      particularly, to a device for continuously indicating the presence of such
      a pollutant in a stream of air.
PAR  2. Description of the Prior Art:
PAR  One of the pollutants released into the atmosphere by rocket boosting of
      satellites into orbit is hydrogen chloride (HCl) gas, which is
      hygroscopic. The gas seeks out water in the form of vapor in the booster
      effluent and in the atmosphere to form mist droplets of hydrochloric acid
      solution which is highly corrosive. As is appreciated, the hydrochloric
      acid solution is actually HC1 dissolved in water. For various reasons, it
      is necessary to determine the concentration of the HCl in the atmosphere,
      i.e., the air over an area extending several miles from the launch site at
      various altitudes. There are other situations in which it is desirable or
      necessary to determine the presence of other specific pollutants in air.
      Thus, a need exists for a simple, yet reliable, device for indicating the
      amount of a specific pollutant in the air.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to provide a device which
      can receive a continuous stream of air containing various pollutants to
      provide an indication of the amount of a specific one of the pollutants in
      the air.
PAR  Another object of the present invention is to provide a relatively simple
      device capable of providing a continuous indication of the HCl content in
      the atmosphere, sampled by the device.
PAR  A further object of the invention is to provide a simple device capable of
      being flown through an atmosphere containing various pollutants to provide
      a continuous indication of the quantity of a specific one of the
      pollutants in the atmosphere.
PAR  The invention will be described in connection with an embodiment in which
      the specific pollutant to be detected is assumed to be HCl gas and/or
      droplets of hydrochloric acid solution. These and other objects of the
      invention are achieved by providing a device through which a stream of
      contaminated air passes continuously at a known flow rate. The air is
      assumed to contain various pollutants incuding HCl gas and/or droplets of
      hydrochloric acid solution. The particle content of the air is measured
      photoelectrically at a first location, by passing the polluted air through
      a first photoelectric unit. Following the first location downstream, a
      small jet of ammonia (NH.sub.3) gas is introduced into the air stream. The
      NH.sub.3 reacts with the HCl in the droplets of the hydrochloric acid
      solution or with the HCl gas and forms ammonium chloride particles which
      add to the particulate content of the air stream. The light transmission
      through air with ammonium chloride particles differs from that of air with
      droplets of hydrochloric acid solution or HCl gas. The air stream is then
      measured again photoelectrically by a second photoelectric unit at a
      second station, downstream from the location where the NH.sub.3 is
      introduced and whereat the ammonium chloride particles are formed. The
      difference between the two photoelectric outputs is an indication of the
      conversion of the HCl into ammonium chloride and thus an indication of the
      amount of hydrogen chloride originally present in the air stream at the
      particular sample-taking location.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of one embodiment of the invention; and
PAR  FIG. 2 is a cross sectional view of another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, numeral 10 designates a tube-like element with an inlet end 12
      through which air, represented by arrows 13, is assumed to enter as a
      continuous stream at a known rate. The air 13 is assumed to contain
      pollutant particles including HCl. The HCl may be in gaseous form or in
      the form of droplets of hydrochloric acid solution, i.e., HCl dissolved in
      water. Downstream from the inlet end 12, a first photoelectric unit 15 is
      located. It consists of a light source, such as a bulb L1, and a light
      sensitive device such as a photocell PC1 which is located diametrically
      opposite the bulb L1. The output of the PC1, which is supplied to a
      recorder 18 as one input, is directly related to the light provided by
      bulb L1 and the light transmission through the polluted air which includes
      the HCl, and which passes between L1 and PC1.
PAR  The tube-like element 10 defines an outlet end 19 through which the air
      with any contaminants therein exits and is exhausted to the surrounding
      atmosphere. The exhausted air is represented by arrows 21. Adjacent the
      outlet end a second photoelectric unit 22 is located. It, like unit 15,
      includes a light source, such as a bulb L2, and a photocell PC2, located
      diametrically opposite thereto. The output of PC2 is provided to recorder
      18 as a second input.
PAR  For explanatory purposes, it is assumed that the light provided by each of
      the bulbs L1 and L2 is the same and that the sensitivities of the two
      photocells PC1 and PC2 are the same. It should thus be appreciated that if
      the particles in the air are not modified in the element 10, the two
      photocells PC1 and PC2 would provide identical outputs, since the light
      transmission through the air with the original contaminants passing
      through unit 15 would be the same as that of the air passing through unit
      22.
PAR  In accordance with the present invention the device includes a source of
      ammonia (NH.sub.3) gas 25 from which a jet of ammonia is injected into the
      air stream in element 10 through a small opening 26 of a conduit 27, which
      extends from the source 25. The NH.sub.3 jet is represented by dashed
      lines 28. The NH.sub.3, introduced into the stream of air in element 10,
      reacts with the HCl in the air, whether the HCl is in gas form or is
      dissolved in water in the form of droplets of hydrochloric acid solution.
      The reaction of the NH.sub.3 with the HCl produces ammonium chloride
      particles, which add to the particulate content of the air stream, and
      flow with the air through unit 22, i.e., between the bulb L2 and PC2 and
      are then exhausted with the air steam through outlet 19. Thus, the HCl
      pollutant in the entering air stream 13 is converted into a different
      pollutant, i.e., ammonium chloride as the air passes through element 10.
PAR  Ignoring the effect on light transmission of other pollutants in the air
      which are not of interest and are not affected by NH.sub.3, the light
      transmission characteristic of air with HCl gas or droplets of
      hydrochloric acid droplets differs from that of the air with ammonium
      chloride particles. Consequently, even with bulbs L1 and L2 being
      identical and PC1 and PC2 having the same sensitivity, since air with HCl
      passes through the first unit 15 and air with ammonium chloride particles
      passes through the second unit 22, the two photcells will produce
      different rather than identical outputs. The difference between their
      outputs, which are supplied to recorder 18, is an indication of the
      conversion of the HCl into ammonium chloride and thus is an indication of
      the amount of HCl originally present in the air stream entering the
      element 10 at the particular sample-taking location.
PAR  Since the air flow of air in element 10 and the injection of the ammonia
      may be continuous the device may be used to provide a continuous
      indication of the HCl in the continuously sampled air. From the foregoing,
      it should thus be apparent that in accordance with the present invention,
      the particular pollutant of interest in the air stream is detected by
      converting it into a different type of pollutant which has different light
      transmission properties. The conversion is done as the air flows
      continuously through the device. The amount of the pollutant of interest
      is indicated by the difference between the outputs of the two photocells
      as compared with their outputs under initial or calibration conditions,
      i.e., when the same matter passes through both units.
PAR  In the embodiment shown in FIG. 1, the device is shown with two
      photoelectric units 15 and 22. If desired, the device may include only
      unit 22 and means provided to operate the NH.sub.3 jet stream in a pulsed
      mode. Such an arrangement is shown in FIG. 2. Therein, a valve 31 is shown
      in conduit 27. The valve is assumed to be driven between open and closed
      positions by a driver 32. In the open position, NH.sub.3 flows from source
      25 through the valve and therefore a jet of NH.sub.3 is injected into the
      air stream. In the closed position NH.sub.3 is prevented from reaching the
      air stream. The driver may be connected to the recorder to indicate the
      valve position.
PAR  When NH.sub.3 is not injected, air with the unmodified HCl passes through
      unit 22 and the output of PC2 is of one level. Then, when the valve is
      opened and NH.sub.3 is injected into the stream the ammonium chloride
      particles are formed and the PC2 output changes to another level. Thus,
      the difference between the two levels of the PC output is indicative of
      the amount of HCl in the air entering element 10. In this embodiment it is
      assumed that the amount of HCl does not vary between the sample or
      quantity of air in which the HCl is not converted into ammonium chloride
      particles, and the succeeding sample of air into which the NH.sub.3 is
      injected to react with the HCl and convert it into ammonium chloride.
PAR  In the embodiment of FIG. 1, a continuous indication of the HCl in the
      continuous stream of air is provided. However, in the FIG. 2 embodiment
      the indication is of the HCl in alternate air samples, spaced apart by air
      samples whose HCl content is used as a reference. By increasing the rate
      of valve switching the indication is for all practical purposes of the HCl
      in a continuous air stream.
PAR  Although the invention was conceived in connection with developing a
      continuous HCl in-air indicator and was described in connection with
      indicating the amount of HCl in sampled air, it is not intended to be
      limited thereto. Indeed the device with the one or two photoelectric units
      may be used to indicate the amount of any air pollutant which has a given
      light transmission property and which can react with a known compound or
      compounds to form particles with different light transmission properties.
      For example, the presence in air of various pollutants containing sulphur,
      such as H.sub.2 S can be detected by injecting into the air stream any one
      of several different lead salts, rather than NH.sub.3. In such an
      application, the lead would combine with the sulphur to form lead sulfide
      (PbS) particles which are black, thereby affecting the light transmission
      properties. The lead salts such as lead nitrate or lead acetate would only
      affect the sulphur-containing pollutants, whose presence in the air would
      be indicated by the difference in the outputs of the two photcells or by
      the different successive outputs of the same cell (FIG. 2 embodiment).
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and consequently, it is intended
      that the claims be interpreted to cover such modifications and equivalents
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for indicating the amount of a specific pollutant present among
      various pollutants in a stream of air comprising:
PA1  a single elongated hollow tube-like element having a first open end and a
      second open end, diametrically opposite said first open end, said first
      open end defining an inlet end through which a continuous stream of air
      containing various pollutants, including a specific pollutant, is adapted
      to enter and flow continuously downstream along the entire length of said
      element and exit through said second end defining an outlet end of said
      element;
PA1  a first photoelectric unit positioned upstream from said outlet end and
      including a first light source and first light sensitive means, positioned
      directly in the path of light from said source, for receiving the light
      directly directed thereto from said first light source, said first light
      sensitive means being spaced apart from said first light source in a
      direction perpendicular to the element's length direction along which the
      air flows from said inlet end to said outlet end, so that at least a
      portion of the air flowing through said element passes between said first
      light source and said first light sensitive means, the latter providing an
      output which is a function of the light directed thereto from said first
      light source and the light transmission characteristics of the air with
      the various pollutants including said specific pollutant contained
      therein; and
PA1  source means for injecting selected matter into the air flowing through
      said element at a location upstream from said first photoelectric unit,
      whereby the selected matter reacts inside said element with the specific
      pollutant in said air to form compound particles carried by said air past
      said first photoelectric unit, the air with said compound particles having
      light transmission characteristics which differ from those of the air with
      the specific pollutant therein.
NUM  2.
PAR  2. The device as described in claim 1 further including a second
      photoelectric unit positioned upstream from the location whereat the
      selected matter is injected into the air in said element, said second unit
      including a second light source and a second light sensitive means spaced
      apart from said second light source directly in the path of the light from
      said second light source and in a direction perpendicular to the element's
      length direction along which the air flows from said inlet end to said
      outlet end, so that the air containing various pollutants including said
      specific pollutant and entering said element, passes between said second
      light source and said second light sensitive means, the latter providing
      an output which is a function of the illumination of the second light
      sensitive means by the light transmitted by said second light source
      directly to said second light sensitive means through the air containing
      said pollutants including said specific pollutant and flowing
      therebetween, said source means continuously injecting said selected
      matter into said air which passed said second unit to convert
      substantially all the specific pollutant in said air into said compound
      particles, which pass together with the air past said first unit, and
      means for receiving the outputs of said first and second light sensitive
      means.
NUM  3.
PAR  3. A device for measuring the amount of a selected first compound present
      in a continuous stream of a carrier gas essentially consisting of:
PA1  a single elongated hollow tube-like element having a first open end and a
      second diametrically opposite second open end, the distance between said
      open ends defining the length of said element, said first open end
      defining an inlet end through which a continuous stream of a carrier gas
      containing said first compound is adapted to flow continuously downstream
      along the entire length of said element and exit through said second open
      end, which defines an outlet end of said element;
PA1  a single photoelectric unit positioned upstream from said outlet end and
      including a single light source and a single light sensitive means, spaced
      apart from said single light source in a direction which is substantially
      perpendicular to the element's length direction, along which the carrier
      gas flows from said inlet end to said outlet end, so that at least a
      portion of said carrier gas passes between said single light source and
      said single light sensitive means, the latter being positioned directly in
      the path of light from said light source, for providing an output which is
      a function of light which is directly directed thereto from said single
      light source and the light transmission characteristics of the carrier gas
      and any compounds carried therein;
PA1  source means including an outlet nozzle in communication with said element
      for injecting discrete quantities of a selected second compound into said
      element, through which said carrier gas with said selected compound flow,
      during discrete intervals, spaced apart by periods during which said
      selected second compound is not injected into said element, said first and
      second compounds reacting in said element to form therein particles of a
      selected third compound, which are carried by said carrier gas past said
      single photoelectric unit, the light transmission characteristics of said
      carrier gas with particles of said third compound being different from the
      light transmission characteristics of said carrier gas with said first
      compound; and
PA1  output means coupled to said single light sensitive means for sensing the
      output thereof.
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ABST
PAL  In an exhaust gas purifying apparatus which includes first and second
      reactors in the exhaust line of an internal combustion engine there is
      provided a heater burner to which there is delivered an air-fuel mixture
      and which heats the first reactor for rapidly bringing it to operating
      temperatures when the engine is started. In the air conduit through which
      combustion air for the air-fuel mixture is delivered to the burner there
      is provided a valve controlled in such a manner that the flow rate of
      combustion air remains constant and is thus independent of the
      counterpressure at the heating burner and the output delivery of the air
      pump driving the combustion air. Upon reaching operating temperatures the
      burner is extinquished and the combustion air is rerouted past the first
      reactor to the second reactor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for purifying the exhaust gases of
      internal combustion engines and is of the type which is provided with at
      least one reactor and a heating burner, both disposed in the exhaust line
      of the engine.
PAR  Exhaust gases of internal combustion engines contain, among others, carbon
      monoxide, oxides of nitrogen and uncombusted or partially combusted
      hydrocarbons which contribute to a substantial extent to air pollution.
PAR  A known exhaust gas purifying apparatus of the aforeoutlined type (such as
      disclosed, for example, in German Pat. No. 470,389) utilizes three
      measures: first, the exhaust gases are mixed with an oxidizing agent,
      second, the combustion of the gases is initiated by means of an external
      heat source and third, the aforenamed combustion is continued and
      maintained by heat which is derived from the burning gases by means of a
      catalyzer. This known apparatus comprises a combustion chamber into which
      leads the exhaust conduit of the engine and an air chamber which surrounds
      the combustion chamber. Upstream of the combustion chamber in the exhaust
      conduit there is disposed a catalyzer upstream of which there is arranged
      a spark plug and an injector which, dependent upon the position of
      associated valves, selectively draws an air-hydrocarbon mixture or
      preheated air into the exhaust conduit. When the internal combustion
      engine is started, the catalyzer is heated over the ignited hydrocarbon
      mixture. After the combustion chamber has reached a certain temperature
      that is sufficient to bring the temperature of the air in the air chamber
      to a predetermined value, the admission of the hydrocarbon mixture is
      interrupted and the preheated air is mixed to the exhaust gas flow. The
      harmful pollutants of the latter are then converted with the cooperation
      of the catalyzer while the catalyzer temperature is mantained.
PAR  The ever increasing limitations imposed by law on the poisonous components
      in the exhaust gas of internal combustion engines require the improvements
      of the aforeoutlined heating system in such a manner that the period in
      which the necessary operational temperature of the exhaust gas purifying
      apparatus is reached, is substantially shortened. This is of great
      significance because, according to the future test methods the emissions
      are measured from the time of engine start and the test cycles begin to
      run as early as the start of the internal combustion engine. Thus, during
      the warm-up run of the engine, even the emission of poisonous exhaust gas
      components by the heating burner are included in the test results.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide an improved exhaust gas
      purifying apparatus which produces optimal exhaust gas values as early as
      the period of the warm-up run of the internal combustion engine.
PAR  Briefly stated, according to the invention, the air quantities delivered to
      the heating burner are adjustable to a constant value by an air control
      valve independently from the counterpressure at the heating burner and the
      output of the air pump.
PAR  The invention will be better understood as well as further objects and
      advantages become more apparent from the ensuing detailed specification of
      a preferred, although exemplary embodiment of the invention taken in
      conjunction with the sole figure schematically illustrating the exhaust
      gas purifying apparatus incorporating the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the FIGURE, in the exhaust gas purifying apparatus shown
      therein the exhaust gas flows in the direction of the arrow 1 from an
      internal combustion engine (not shown) into a reactor 2 which may be of
      the type that is provided with a heat storing material or a catalyzer
      material and which serves, for example, for the reduction of nitrogen
      oxide. For heating the reactor 2 to the operating temperature there is
      provided a heating burner 3, the fuel nozzle 4 of which is connected to a
      burner fuel conduit 5 which, during the standstill of the internal
      combustion engine or upon termination of the warm-up run, is closed by a
      solenoid valve 6. A fuel pump 7 draws fuel from a fuel tank 8 and forces
      it through the burner fuel conduit 5. The flow rate of the fuel to the
      fuel nozzle 4 is settable to a constant value by means of a fuel control
      valve 9. The latter contains a diaphragm 10 which separates two chambers
      11 and 12 from one another. The chambers 11 and 12 are interconnected by
      means of a channel 13, the flow passage section of which is variable by
      means of an adjustable throttle screw 14. The fuel control valve 9 is
      formed as a flat seat valve having the diaphragm 10 as its movable valve
      member and also having a stationary valve seat 15. When the heating burner
      3 is not operating, a spring 16 maintains the fuel control valve 9 in its
      open position. From the burner fuel conduit 5, at the pressure side of the
      fuel pump 7, there extends a return conduit 17 which contains a pressure
      limiting valve 18 and which leads back to the fuel tank 8.
PAR  The supply of air to the heating burner 3 is effected through a burner air
      conduit 20 by means of an air pump 21. For the ignition of the fuel-air
      mixture at the heating burner 3 there is disposed, in the vicinity
      thereof, a spark plug 19. The air flow in the burner air conduit 20 is
      maintained at a constant value by means of an air control valve 22. For
      this purpose, in addition to a spring 23, one side of a diaphragm 26 is
      exposed, through a channel 24, to the air pressure in the smallest flow
      passage section of a venturi nozzle 25. The other side of the diaphragm 26
      is exposed to the air pressure in the burner air conduit 20 downstream of
      the venturi nozzle 25. The diaphragm 26 operates, by means of a linkage
      27, a butterfly valve 28 disposed in the burner air conduit and, at the
      same time, also actuates a switch 29 which is located in the energizing
      circuit (not shown in detail) of the solenoid valve 6.
PAR  Downstream of the air pump 21 there is located an electromagnetically
      controlled air control valve 30 which is controlled by a temperature
      sensor 34 and which permits an air flow in the heater air conduit 20
      during the warm-up run of the engine until the operating temperature of
      the reactor is reached. Upon such an occurrence the air control valve 30
      interrupts the air flow effected by the air pump 21 through the burner air
      conduit 20 and at the same time deflects the air stream into the secondary
      air conduit 31 which has been closed heretofore. The secondary air conduit
      31 merges into an intermediate pipe 32 of the exhaust gas conduit
      downstream of the reactor 2. The intermediate pipe 32 leads into a further
      reactor 33 in which there is effected, for example, the oxidation of
      carbon monoxide and uncombusted or only partially combusted hydrocarbons.
PAR  The exhaust gas purifying apparatus described above operates in the
      following manner:
PAR  In order to obtain a reaction-ready reactor for the purifying process as
      soon after the starting of the engine as possible, upstream of the reactor
      2 there is connected the heating burner 3 which heats the reactor 2 to the
      operating temperature. According to the invention in the heating burner 3
      there is ignited, by means of the spark plug 19, a constant fuel-air
      mixture. The combustion air for the heating burner 3 flows during the
      heat-up phase of the reactor 2 through the burner air conduit 20, since
      the air control valve 30, responding to the temperature sensor, maintains
      communication between the air pump 21 and the burner air conduit 20, while
      it blocks communication between the air pump 21 and the auxiliary air
      conduit 31. In order to ensure that independently from the counterpressure
      at the heating burner 3 and independently from the ouput of the air pump
      21 there is metered a constant air quantity, in the burner air conduit 20
      there is disposed the butterfly valve 28 which is controlled by means of
      the diaphragm 26 as a function of the air quantities or pressure
      difference at the venturi tube 25. If the actual throughgoing air
      quantities are smaller than the desired air quantities required for the
      combustion at the heating burner, the butterfly valve 28 is maintained in
      its open position through the linkage 27 by the spring 23 and
      simultaneously the energizing circuit of the solenoid valve 6 is
      maintained open by means of the switch 29. If the air quantities in the
      burner air conduit 20 fall below a predetermined value, then the fuel flow
      to the heating burner 3 is immediately stopped. The solenoid valve 6
      operates advantageously with a delay when energized, but without delay
      when de-energized.
PAR  In order to ensure that for the constant burner air quantities there are
      simultaneously metered constant burner fuel quantities, in the burner fuel
      conduit 5 there is located the fuel regulating valve 9 which operates as a
      diaphragm-type differential pressure valve. The fuel quantities flowing
      through the outlet of the valve 9 can be set by means of the throttle
      screw 14. Thus, either by changing the spring bias 23 at the air control
      valve 22 or by changing the position of the throttle 14 at the fuel
      control valve 9 there may be set a fuel-air mixture which during the
      combustion effected by virtue of the heating burner 3 results in an
      exhaust gas which is approximately free of harmful pollutants.
PAR  Once the reactor 2 has reached its operating temperature, the temperature
      sensor 34 readjusts the air control valve 30 in such a manner that it
      shuts off the air flow in the burner air conduit 20 and simultaneously
      opens the heretofore closed secondary air conduit 31 to the air pump 21 to
      make possible a further oxidation of the carbon monoxide and the
      uncombusted or partially combusted hydrocarbons in the reactor 33.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an exhaust gas purifying apparatus for treating the exhaust gases in
      the exhaust line of the internal combustion engine, said apparatus being
      of the type that has (a) a reactor in said exhaust line, (b) a heating
      burner for heating said reactor to operating temperatures, (c) fuel supply
      means for delivering burner fuel to said heating burner, said fuel supply
      means including a fuel conduit, (d) air supply means for delivering
      combustion air to said heating burner, said air supply means including a
      burner air conduit and an air pump disposed in the latter, the improvement
      comprising an air control valve including:
PA1  A. a movable valve member situated in said burner air conduit downstream of
      said air pump;
PA1  B. flow regulating means coupled to said movable valve member for
      regulating the air quantity delivered to said heating burner to a constant
      value independently from the counterpressure at said heating burner and
      independently from the output delivery of said air pump;
PA1  C. an additional reactor in said exhaust line;
PA1  D. an intermediate pipe forming part of said exhaust line and extending
      between said reactors;
PA1  E. a secondary air conduit extending from said burner air conduit to said
      intermediate pipe and opening in the direction of said additional reactor;
PA1  F. a routing valve in said burner air conduit between said air control
      valve and said air pump, said routing valve being connected to said
      secondary air conduit, said routing valve having a first position in which
      communication is maintained between said air pump and said air control
      valve and communication is blocked between said air pump and said
      secondary air conduit and a second position in which communication is
      mantained between said air pump and said secondary air conduit and
      communication is blocked between said air pump and said air control valve;
      and
PA1  G. a temperature sensor connected to said routing valve and responsive to
      the temperature of the reactor associated with said heating burner, said
      temperature sensor causing said routing valve to be moved from said first
      position to said second position when the reactor associated with said
      heating burner reaches its operating temperature.
NUM  2.
PAR  2. An improvement as defined in claim 1, said regulating means including
PA1  A. a venturi nozzle disposed in said burner air conduit upstream of said
      movable valve member, said venturi nozzle having a narrowest flow passage
      section,
PA1  B. a diaphragm having first and second sides,
PA1  C. linkage means connecting said diaphragm with said movable valve member,
PA1  D. means for communicating the pressure prevailing in said narrowest flow
      passage section with said first side of said diaphragm,
PA1  E. a spring means in engagement with said first side of said diaphragm, and
PA1  F. means for communicating the pressure prevailing in said burner air
      conduit downstream of said venturi nozzle and upstream of said movable
      valve member with said second side of said diaphragm.
NUM  3.
PAR  3. An improvement as defined in claim 2, wherein said movable valve member
      is constituted by a butterfly valve.
NUM  4.
PAR  4. An improvement as defined in claim 2, including
PA1  A. a solenoid valve in said fuel conduit,
PA1  B. an electric energizing circuit connected to said solenoid valve,
PA1  C. an on-off switch in said electric energizing circuit to close and open
      the latter and
PA1  D. means for connecting said diaphragm with said on-off switch, whereby
      said fuel conduit is shut off by means of said solenoid valve when the air
      quantity flowing through said burner air conduit falls below a
      predetermined value.
NUM  5.
PAR  5. An improvement as defined in claim 1, including a fuel regulating valve
      in said fuel conduit, said fuel regulating valve having means for setting
      the through-going fuel quantity to a constant value.
NUM  6.
PAR  6. An improvement as defined in claim 5, said fuel regulating valve being
      formed as a diaphragm-type pressure differential valve having
PA1  A. first and second chambers,
PA1  B. a diaphragm constituting a movable valve member of said pressure
      differential valve and separating said first and second chambers from one
      another,
PA1  C. channel means maintaining communication between said first and second
      chambers and
PA1  D. adjustable throttle means in said channel means for varying the flow
      passage section thereof.
PATN
WKU  039458032
SRC  5
APN  347559&
APT  1
ART  171
APD  19730403
TTL  Elastic support for a ceramic monolithic catalyzer body
ISD  19760323
NCL  8
ECL  1
EXP  Richman; Barry S.
NDR  2
NFG  4
INVT
NAM  Musall; Reimar
CTY  Hannover
CNT  DT
INVT
NAM  Wolsing; Wilhelm
CTY  Hannover
CNT  DT
INVT
NAM  Almeroth; Klaus
CTY  Hannover
CNT  DT
ASSG
NAM  Kali-Chemie AG
CTY  Hannover
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720407
APN  2216772
CLAS
OCL   23288FC
XCL  138108
XCL  138112
EDF  2
ICL  B01J  800
ICL  F01N  315
FSC   23
FSS  288 F;288 FC
FSC   60
FSS  299
FSC  138
FSS  37;108;112
UREF
PNO  2506293
ISD  19500500
NAM  Copeland
XCL  285299
UREF
PNO  2850365
ISD  19580900
NAM  Adey et al.
XCL   23288F
UREF
PNO  2850368
ISD  19580900
NAM  Adey
UCL   23288FC
UREF
PNO  3094394
ISD  19630600
NAM  Innes et al.
OCL   23288F
UREF
PNO  3197287
ISD  19650700
NAM  Innes et al.
OCL   23288F
UREF
PNO  3211534
ISD  19651000
NAM  Ridgway
XCL   23288F
UREF
PNO  3248188
ISD  19660400
NAM  Chute
UCL   23288F
UREF
PNO  3441381
ISD  19690400
NAM  Keith et al.
OCL   23288F
UREF
PNO  3441382
ISD  19690400
NAM  Keith et al.
OCL   23288F
UREF
PNO  3597165
ISD  19710800
NAM  Keith et al.
OCL   23288F
UREF
PNO  3692497
ISD  19720900
NAM  Keith et al.
OCL   23288F
UREF
PNO  3719457
ISD  19730300
NAM  Nagamatsu
OCL   23288F
UREF
PNO  3785781
ISD  19740100
NAM  Hervert et al.
OCL   23288F
UREF
PNO  3798006
ISD  19740300
NAM  Balluff
OCL   23288F
UREF
PNO  3801289
ISD  19740400
NAM  Wiley
OCL   23288FC
UREF
PNO  3841842
ISD  19741000
NAM  Wiley
OCL   23288FC
FREF
PNO  791,117
ISD  19680700
CNT  CA
OCL   23288FC
LREP
FR2  Marmorek; Ernest F.
ABST
PAL  In an apparatus for cleaning exhaust gases comprising a rigid housing
      forming an outer wall of the exhaust conduit, a pocket formed at each end
      of the housing, a pair of accordion-shaped or corrugated wall and
      resilient compensating devices placed at each end into the pockets and
      each having gripping end portions, a catalyzer body of the monolithic type
      being placed between the gripping end portions for suspension axially
      within the housing with a gap in the housing.
PARN
PAC  CROSS-REFERENCE TO OTHER APPLICATIONS
PAR  Ser. No 349,477, filed Apr. 9, 1973, by Musall et al.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an elastic suspension for ceramic
      monolithic bodies, and more particularly it relates to the suspension of
      such monolithic bodies which are used as catalyzer carriers preferably in
      devices for the decontamination of exhaust gases of automobiles.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of ceramic catalyzer carriers having a honeycomb structure for the
      cleaning of exhaust gases, especially for the cleaning of the exhaust
      gases of automobiles, has been already known. Such honeycomb structures
      combine two advantages. On one hand they possess a large surface with
      respect to a unit volume, on the other the flow resistance through them is
      very small. The difficulty of their use in devices for the decontamination
      of exhaust gases of automobiles resides in their required elastic
      suspension. The pushing forces and vibrations which occur during the
      travelling of the car, place a heavy mechanical requirement on the
      honeycomb structure so that finally this will lead to a destruction of the
      catalyzer carrier.
PAR  Elastic suspension for such honeycomb structures have been already
      proposed, such as by U.S. Pat. No. 3,441,382, which describes a catalyzer
      patron which exists from a ceramic monolithic catalyzer element placed in
      a metallic housing and in which, between the catalyzer and the housing
      wall, a heat insulating mass, such as fire resistant brick, or molten
      aluminum oxide, etc., is placed. By means of a metallic spring, which can
      be adjusted, a pressure is applied to the insulating mass so that the
      catalyzer body is retained fixedly in its position. Such suspension turned
      out to be, however, not sufficiently elastic. The pressure applied to the
      body of the catalyzer is too large and is not uniformly distributed in
      order to be able to prevent an eventual mechanical destruction of the
      honeycomb structure.
PAR  Another device for the catalytic decontamination of the exhaust gases of
      automobiles has been described in German DAS 1,476,507. In such a device
      the monolithic catalyzer is placed in a cylindrical housing between a pair
      of annular flanges which are in gas-tight connection with the housing.
      Into the annular gap between the housing and the catalyzer a resilient
      wavy member is placed which can be in form of a corrugated or wavy wire
      mesh which surrounds the catalyzer body very tightly.
PAR  The experience of the automobile industry, especially in the case of high
      revolution four-cycle engines, proves that the wavy-shaped wire mesh
      inserts cannot withstand the high thermal and mechanical loading even when
      the wire mesh is made from a high heat-resistant steel. The ceramic body
      which is embedded in the wire mesh begins to wander around within it when
      the spanning effect of the wire mesh has lost its original tight
      application. Then due to the subsequent large shaking and oscillating
      forces the ceramic body will become quickly destroyed.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      elastic suspension for a ceramic body of the monolithic type preferably
      used as a catalyzer carrier in an exhaust gas cleaning arrangement for
      automobiles which is capable to withstand the severe shocks and
      oscillating forces arising during the travelling of the vehicle.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-section of the housing containing the
      catalyzer body and its elastic suspension according to the present
      invention;
PAR  FIG. 2 is a longitudinal cross-section through the honeycomb structure
      having an outer sleeve and an elastic suspension;
PAR  FIG. 3 is a longitudinal section partially through the apparatus according
      to the present invention having an alternative elastic suspension of the
      ceramic catalyzer body; and
PAR  FIG. 4 is a longitudinal section through an alternative embodiment of the
      present invention.
DETD
PAR  The invention will become more readily apparent from the following
      description of preferred embodiments thereof shown in the accompanying
      drawings, in which:
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus including the inventive suspension for the catalyzer body
      within an exhaust gas cleaning arrangement as it can be seen in FIG. 1
      includes a metallic housing 1 which is rigid and is closed at other
      portions than at the two ends thereof for the entry and exit of the
      exhaust gases thereto, and wherein in FIG. 1 the suspension means is in
      the form of the soft wave-shaped or resilient corrugated walled
      compensating arrangement 2a made from a heat-resistant material and which
      are placed in pocket means 5 formed before the end portions of the
      cylindrical housing 1. The cylindrical housing 1 at the same time forms
      the outer wall of an exhaust gas conduit of the exhaust gas cleaning
      arrangement itself. A ceramic monolithic body 3 having a honeycomb
      structure is placed within the housing and is axially suspended between
      the accordion-shaped compensator means 2a at both ends thereof. As
      mentioned above, the accordion-shaped compensators 2a are placed in an
      annular shaped pocket means 5 at each end of the housing 1 which at one
      side has a wall portion formed either as a conically shaped connecting
      wall 7 connecting the housing 1 with the exhaust conduit, or it has a
      straight wall portion 6 similarly connecting the housing 1 with the
      exhaust conduit and further with the exhaust gas system of the vehicle.
      The pockets 5 will not be passed through by the exhaust gas since the
      compensating means 2a in addition to being the elastic suspension means
      for the catalyzer body 3 serve also as a gas-tight seal within the system.
      The wide spaces 6a and 7a at each end of the housing are filled by an
      insulating material and, as a result, the compensating means 2a even
      during the operation remain relatively cold so that they will not lose
      their resiliant properties. The honeycomb structure 3 is either directly
      suspended between the gripping means 8 integrally formed with the
      compensating means 2a or they are supported in ceramic rings 9, or in
      addition in a ceramic sleeve 10 as can be seen in FIG. 2, so that the
      gripping means 8 can abut against the rings 9 or against the sleeve 10
      with a certain bias. In order to obtain a good sealing between the rings 9
      or the sleeve 10 in the case of the embodiment illustrated in FIG. 2, and
      between the gripping means 8, a ceramic wool material 9a can be placed
      there between as illustrated in FIG. 1 only. In order to attain an
      improved gas distribution, one may provide a perforated plate 11
      consisting of a heat resistant steel or a ceramic material and placed
      between the compensating means 2a and the ceramic body 3 at least at one
      end which is exposed to the incoming hotter gases.
PAR  As mentioned above, the compensators 2a are given a certain initial
      tensioning or bias so that the different heat expansions can be fully
      compensated and the high accelerating forces in the radial and axial
      directions can be also reduced or countered without causing the developing
      of gaps during the application of such forces between the ceramic body 3
      and the compensating means 2a.
PAR  A further embodiment of the elastic suspension means according to the
      present invention is illustrated in FIG. 3. Here the eventual sealing of
      the gas is achieved by an especially soft accordion-shaped or corrugated
      walled compensating means 12 which with one foot portion thereof abuts
      against the bottom of the pocket means 5 formed similarly as described in
      connection with FIG. 1 and with the other end thereof it abuts against the
      ceramic body 3 itself or against a loosely mounted intermediate flange 14,
      or it is fixedly connected with the loosely mounted intermediate flange
      14. The mechanical resilient suspension of the ceramic body is obtained by
      use of a coil spring 13 which at one end thereof abuts against the bottom
      of the pocket means 5 while at the other end thereof abuts against the
      flange 14 and at both ends clamping down and thereby providing the
      required resiliency to the resilient means 12.
PAR  In the embodiment according to FIG. 4 the compensating means 2b are placed
      not in the closed chamber, but in a portion of the outer wall of the
      housing 1. The compensating means 4 is a part of the outer wall of the
      housing 1. In this case the compensating means has a somewhat harder
      elastic relationship with the ceramic body 3 than it is the case with the
      compensating means 2a of the other embodiment. The compensating means 4
      before the ceramic body 3 placed therebetween is given such strong initial
      spring bias that the gripping means 8 cannot liftoff or separate from the
      ceramic body 3 during operation or heat expansion or due to the
      mechanically loading of the entire device during the running of the
      vehicle. They are provided with cylindrical stops 6 and connected with
      flanges 5 and 5a fixed in a manner such as by being welded thereto. The
      flanges 5 and 5a are securely connected with each other by three or more
      bolts 15.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what we claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. An apparatus for cleaning exhaust gases comprising a monolithic catalyst
      body suitable for removing toxic gases from a gas flow through an exhaust
      gas passage and an elastic holder resiliently supporting said monolithic
      catalyst body, said elastic holder including
PA1  a rigid metallic housing having an inlet opening and an outlet opening and
      forming an outer wall of said exhaust gas passage;
PA1  resilient means operable to apply a resilient force upon being compressed,
      disposed within said housing and a major portion of which is spaced from
      said housing near each opening therein and being compressed, said
      resilient means comprising a corrugated wall device, the space between
      said resilent means and said housing forming an annular chamber near each
      opening in said housing;
PA1  inner circumferential plate means secured to said housing and dispoded
      therein for guiding and supporting said resilient means for axial movement
      thereof said plate means being disposed between said resilient means and
      said gas flow to thereby shield said resilient means from direct contact
      by the gases;
PA1  gripping end portions operably secured to and axially pressed by said
      compressed resilient means, said gripping end portions being positioned to
      suspend the monolithic catalyst body therebetween whereby the monolithic
      catalyst body is resiliently suspended, within said housing, between said
      gripping end portions.
NUM  2.
PAR  2. The apparatus as claimed in claim 1, wherein a perforated plate means is
      placed between said gripping end portions and the catalyst body, said
      plate means extending substantially over the entire cross-section of said
      catalyst body.
NUM  3.
PAR  3. The apparatus as claimed in claim 1, wherein said resilient means is an
      especially soft flexible corrugated walled device means, a compression
      spring placed in each said annular chamber, each said gripping end portion
      comprising a flange for supporting said catalyst body, said spring
      abutting at one end thereof against a wall portion of said annular chamber
      and at the other end thereof against said flange and thereby, in
      combination with the corrugated walled device resiliently supporting said
      catalyst body in said housing while simultaneously clamping said flexible
      corrugated walled device at respective ends thereof against said flange
      and said wall portion of said annular chamber.
NUM  4.
PAR  4. An apparatus, as claimed in claim 1, and further including an
      intermediate resilient means operable to apply a force as a result of its
      resilient return to original size after having been stretched,
      intermediate and operably secured to said gripping end portions whereby
      said gripping end portions are resiliently pulled in a direction toward
      each other.
NUM  5.
PAR  5. The apparatus as claimed in claim 1, wherein a ceramic ring means is
      inserted between said catalyst body and said gripping end portions of said
      resilient means.
NUM  6.
PAR  6. The apparatus as claimed in claim 5, wherein a heat-resistant sealing
      material is placed between said gripping end portions and said ceramic
      ring means.
NUM  7.
PAR  7. The apparatus as claimed in claim 1, wherein a ceramic sleeve means is
      placed about said catalyst body, said sleeve means cooperating at the end
      portions thereof with said gripping end portions of said resilient means
      for supporting said catalyst in said axial direction.
NUM  8.
PAR  8. The apparatus as claimed in claim 7, wherein a heat-resistant material
      is placed between said gripping end portions and said sleeve means.
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PAL  A process for vapor phase ammoxidation of hydrocarbons which comprises
      reacting vapors of ammonia and said hydrocarbon in the presence of a
      molten salt eutectic mixture of V.sub.2 O.sub.5 and K.sub.2 O, said molten
      salt being atomized in the presence of said ammonia and hydrocarbon, and,
      optionally, said spent molten salt being regenerated by air oxidation and
      recycled for reuse. The invention also embodies an apparatus for the
      ammoxidation process which comprises a reactor vessel fitted with (a)
      input means for ammonia and hydrocarbon, (b) an atomizing apparatus within
      said reactor, (c) means for feeding the molten eutectic salt from an upper
      reservoir to said atomizing apparatus, (d) a lower reservoir for spent
      molten salt, and (e) a gas-lift to move said spent salt from said lower
      reservoir to said upper reservoir.
PARN
PAR  This application is a divisional application of Ser. No. 286,634, filed
      Sept. 6, 1972, and now U.S. Pat. No. 3,846,473.
BSUM
PAR  It has been disclosed in the application of William C. Neikam et al., Ser.
      No. 267,303, filed June 29, 1972, now U.S. Pat. No. 3,812,171, issued May
      21, 1974, that ammoxidation reactions may be carried out with V.sub.2
      O.sub.5 as catalyst where the V.sub.2 O.sub.5 is employed in the form of a
      molten eutectic with K.sub.2 O. The eutectic melts at 390.degree.C and
      consists of 39 mole percent of K.sub.2 O and 61 mole percent of V.sub.2
      O.sub.5. It is made simply by heating such a molar mixture slowly with
      stirring to about 500.degree.C, CO.sub.2 being evolved and the eutectic
      formed. This eutectic is described in an article by Holtzberg, J.A.C.S. 78
      p. 1538, 1956.
PAR  This invention provides an improved process for carrying out ammoxidation
      reactions using the above-described eutectic as catalyst. In accord with
      this invention, there is provided a process for vapor phase ammoxidation
      of hydrocarbons which comprises reacting vapors of ammonia and said
      hydrocarbon in the presence of a molten salt eutectic mixture of V.sub.2
      O.sub.5 and K.sub.2 O, said molten salt being atomized in the presence of
      said ammonia and hydrocarbon. In a preferred process, the spent molten
      salt is regenerated by air oxidation and recycled for reuse. The invention
      also embodies an apparatus for the ammoxidation process which comprises a
      reactor vessel fitted with (a) input means for ammonia and hydrocarbon,
      (b) an atomizing apparatus within said reactor, (c) means for feeding the
      molten eutectic salt from an upper reservoir to said atomizing apparatus,
      (d) a lower reservoir for spent molten salt, and (e) a gas-lift to move
      said spent salt from said lower reservoir to said upper reservoir.
PAR  The organic reactants useful in the process may be selected from a wide
      variety of compounds and will include alkyl-substituted aromatic,
      aliphatic, alicyclic, and heterocyclic compounds. Among preferred starting
      materials are the mono- and polyalkyl-substituted aromatic hydrocarbons
      such as toluene, the xylenes, .alpha.-methylnaphthalene,
      polymethylnaphthalenes, mono-alkyl and polyalkyl anthracenes, mesitylene,
      durene, and the like. The alkyl substituent may, of course, contain more
      than a single atom and thus the corresponding ethyl and other lower alkyl
      substituents are also useful.
PAR  Aliphatic compounds normally subjected to ammoxidation include the olefinic
      compounds. Thus, any olefinic hydrocarbon having at least one alkyl group
      is useful in the process. Examples of such compounds are propylene,
      butenes, octenes, methyl heptenes, alkyl-butadienes, pentadienes, ethyl
      butenes, hexadienes, heptadienes, and the like, all of which will give the
      corresponding nitriles. Preferred olefins are those containing up to about
      ten carbon atoms, particularly propylene, butenes, and the
      methyl-butadienes and cycloolefinic compounds, particularly the
      alkyl-substituted hydrocarbon olefins exemplified by 3-methyl cyclohexene,
      3,6-dimethyl cyclohexene, methyl tetralin and the like.
PAR  Also of value as reactants are alicyclic compounds having an alkyl
      substituent and these compounds are exemplified by methylcyclopentane,
      methylcyclohexane, the alkyl-substituted decalins, and the like.
PAR  The heterocyclic compounds useful as organic reactants in the process will
      include alkyl-substituted furans, pyrroles, indoles, thiophenes,
      pyrazoles, imidazoles, thiazoles, oxazoles, pyrans, pyridines, quinolines,
      isoquinolines, pyrimidines, pyridazines, pyrazines, and the like, all of
      which are converted to the corresponding nitriles. Preferred reactants in
      this group are the mono-, di- and tri-alkyl pyridines.
DRWD
PAR  In order to further describe the invention, reference is now made to the
      drawing and for illustrative purposes the process described will refer to
      the reaction of meta-xylene and ammonia to yield isophthalonitrile.
DETD
PAR  In accord with the drawing, ammonia and m-xylene are introduced to a
      reactor 11 through an input line 12, the mixture of gases passing through
      a nozzle 13. This nozzle may be of a variety of atomizing devices and is
      preferably an atomizing type using high intensity sound waves. The nozzle
      used will provide means for the molten catalyst of the V.sub.2 O.sub.5
      /K.sub.2 O eutectic 14 to enter the sonic energy field 13a in order that
      thorough atomization of the reactants and catalyst occur thus effecting a
      highly efficient contact and reaction system. Such a nozzle is described
      in U.S. Pat. No. 3,371,869 and is commercially available under the trade
      name "Sonicore" from Sonic Development Corporation. The molten eutectic 14
      is held in an upper reservoir 15 and is fed into the sonic area of the
      nozzle through an opening 16 controlled by a valve 17, the rate at which
      the molten eutectic drops into the nozzle depending upon the size of the
      opening. The spray from the nozzle may be directed at an optional baffle
      18, which will aid in separating the eutectic from the gaseous products.
      The products of isophthalonitrile, unreacted ammonia, and any by-products
      are taken overhead through a vent 19 to a separation and product recovery
      system which may be a series of cyclones (not shown) or other applicable
      system.
PAR  The molten spent eutectic catalyst drops to the bottom of the reaction
      chamber 11 and is maintained as a liquid lower reservoir 20. Extending
      from above the bottom of the lower reservoir to a level in the upper
      reservoir 15 above the molten eutectic is a conduit 22 which serves as a
      gas-lift and regeneration system for the spent eutectic. Air or other
      oxygen containing gas is fed into the gas-lift conduit 22 through inlet 23
      which is inside and concentric with the conduit and in this way the molten
      eutectic 21 near the opening of the gas-lift conduit is swept into the
      gas-lift and transported upward to spill over the conduit into the upper
      reservoir 15. During its passage through the conduit 22 the oxygen in the
      lift-gas effects regeneration of the spent eutectic so that it is again
      ready for use. The lifting gas exits overhead through vent 24.
PAR  It will be understood that various alternative methods are useful within
      the context of the above-described apparatus. For example, the eutectic
      may be atomized by passing an inert gas through the sonic nozzle and the
      ammonia and hydrocarbon gases fed into the reaction system separately.
      Means other than the illustrated valve 17 may be used to feed the molten
      eutectic to the atomizing nozzle and other modifications will be evident
      to the skilled art worker.
PAR  Because the molten eutectic is highly corrosive it is important that
      corrosion resistant materials be used throughout the apparatus. The nozzle
      is particularly sensitive to dimensional change due to corrosion and it is
      therefore preferred that it be constructed of a highly resistant alloy
      such as one consisting of 50% nickel and 50% chromium.
PAR  The conditions of reaction will be those usually used in the ammoxidation
      of hydrocarbons. Thus the reaction will be held at a temperature of from
      about 400.degree. to about 500.degree.C, the usual ammoxidation
      temperature range. Reaction pressure is preferably atmospheric pressure,
      although higher and lower pressures may be used (e.g., from about 0.5 to
      about 20 atmospheres). The products of the reaction, together with any
      unconverted reactants, after removal from the reactor are separated by
      conventional methods, any unreacted hydrocarbon being recycled to the
      reactor, if desired. Similarly, recycle of partially ammoxidized
      hydrocarbons (e.g., m- or p-xylene converted to m- or p- toluonitrile) may
      be recycled for further conversion to polynitriles. The rate of ammonia to
      xylene to hydrocarbon, while not a critical parameter, should be at least
      about 3 moles of ammonia per mole of hydrocarbon group to be converted to
      nitrile. In general, an ammonia to hydrocarbon ratio of from about 3:1 to
      about 12:1 will be employed and such ratios are consistent with the prior
      art ammoxidation processes. It will be understood that the usual reaction
      conditions and techniques of prior art ammoxidation processes may be used
      with the process of this invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An apparatus for an ammoxidation process which comprises in combination
      a reactor vessel fitted with (a) input means for vapors of ammonia and
      hydrocarbon to supply said vapors to an atomizing apparatus within said
      reactor, (b) an upper reservoir for a molten eutectic salt catalyst, (c)
      means for feeding said molten eutectic salt from said upper reservoir to
      said atomizing apparatus, (d) a lower reservoir for spent molten salt, (e)
      a gas-lift having an inlet for an oxygen containing gas at the bottom of
      said lower reservoir to move said spent salt from said lower reservoir to
      said upper reservoir, (f) a vent from said upper reservoir to provide an
      exit for said lifting gas, and (g) an outlet from said reactor for
      removing the products of reaction between the ammonia and hydrocarbon.
NUM  2.
PAR  2. An apparatus as in claim 1 where the atomizing apparatus is a sonic
      energy device.
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ABST
PAL  A high temperature reactor-generator apparatus for the high temperature
      conversion of a reactant stream of which reforming hydrocarbons into
      gaseous products, dissociating ammonia, partial oxidation of hydrocarbon
      feeds, high temperature catalytic reforming and the like are examples. The
      apparatus comprises a pressure vessel, a conduit within the vessel having
      upper and lower ends and sides spaced from the pressure vessel walls, a
      partition intermediate the ends of the conduit member and spanning the
      space between the vessel and the conduit member to divide the interior of
      the vessel into an upper reactor chamber and lower reactor chamber, means
      for introducing a fluid reactant into the lower chamber for flow
      therethrough and upwardly through the conduit into the upper reactor
      chamber, a heat supply for heating the lower reactor chamber, a reaction
      products outlet from the upper chamber and means for supplying heat to the
      lower reactor chamber for causing the reaction. The means for flowing a
      fluid in heat exchange relationship with the upper reactor chamber may
      take any form desired such as a fluid coil in the upper chamber or an
      injector for injecting the fluid directly into contact with the fluids in
      the upper chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a high temperature reactor-generator apparatus
      for providing gaseous reaction products in which a pressure vessel is
      separated into upper and lower reactor chambers connected by a conduit
      within the vessel communicating with both chambers and arrangements for
      introducing a heat exchange fluid in heat exchange relationship with the
      upper reactor chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of one embodiment of the apparatus of
      this invention with a portion being in side elevation.
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating a second embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus of this invention includes a reactor 10 that is generally
      similar to the one shown, described and claimed in our copending
      application Ser. No. 447,503, filed Mar. 4, 1974. This reactor as
      illustrated in both figures of this application comprises a pressure
      vessel 11 that in these embodiments is vertically elongated and including
      an integral section 12 comprising a cylinder 13 provided with a bottom 14.
PAR  At the top of the vessel 11 is a cap section 15 that is provided with an
      annular mounting flange 17 which cooperates with a parallel mounting
      flange 16 on the adjacent end of the cylindrical section 13. The lower end
      of this cylindrical section 13 is in communication with a furnace shown
      schematically at 18 for receiving heat therefrom.
PAR  The cylindrical section 13 and the cap section 15 are resiliently connected
      together by spaced bolts 19 that interconnect the mounting flanges 16 and
      17 and press the flanges 16 and 17 against resilient gaskets 20 that are
      on opposite sides of a mounting flange 21 that is attached to a vertical
      conduit or tube 22. This tube has a top end 23 adjacent to the cap section
      15 and a bottom end 24 that is adjacent to the bottom 14 of the pressure
      vessel 11.
PAR  As can be seen from this description and the accompanying drawings the
      pressure vessel 11 is defined by walls including the side walls of the cap
      section 15 and the aligned side walls of the bottom section 13. The
      conduit or tube 22 within the vessel has the upper 23 and lower 24 ends
      and its cylindrical sides spaced from these pressure vessel walls. These
      ends of the tube are open for fluid flow therethrough as indicated by the
      arrows in FIGS. 1 and 2.
PAR  The mounting flange 21 for the tube functions as a partition intermediate
      the upper and lower ends that span the reactor space defined by the
      pressure vessel 11 and tube 22 that divides the space into an upper
      reactor chamber 25 and lower reactor chamber 26.
PAR  The apparatus includes means illustrated by the pipe 27 for introducing a
      fluid reactor medium into the lower reactor chamber 26 for flow through
      this chamber as indicated by the arrows 28 and then upwardly through the
      conduit member or tube 22 as indicated by the arrows 29. This flow
      upwardly through the tube 22 is into the upper chamber 25 by way of the
      open upper end 23 of the tube.
PAR  The furnace 18 supplies heat to the lower end of the apparatus and means
      comprising the tube 30 are provided for removing the reaction products
      from the upper reactor chamber 25.
PAR  The apparatus is also provided with means for flowing a fluid in heat
      exchange relationship with the upper reactor chamber 25. In one embodiment
      of FIG. 1 this means comprises a helical coil 31 arranged around the tube
      22 within the upper reactor chamber 25 and substantially concentric with
      but spaced from the tube and the cap section 15 and thus with the pressure
      vessel 11. This coil 31 has an inlet 32 and an outlet 33 so that passage
      of a fluid through the coil 31 is in heat exchange relationship with the
      fluids in the upper reactor chamber 25. This not only serves to heat the
      fluid flowing through the coil 31 but also to cool the reaction products
      before they leave the reactor through the pipe 30. This of course greatly
      simplifies the external cooling requirements that would be necessary to
      cool the reaction products.
PAR  The heated fluid flowing from the coil 31 through the outlet 33 may be
      disposed of in any manner desired. As is illustrated by the dotted line 34
      this fluid may be a reactant such as water which is directed into the
      lower reactor chamber 26 along with the other reactants that are
      introduced by way of the pipe 27. Thus the dotted line 34 is merely a
      schematic illustration of a manner in which the heated fluid from the coil
      31 may be utilized.
PAR  In FIG. 2 the structure is exactly the same as FIG. 1 except in the FIG. 2
      embodiment the heating coil 31 is replaced with a pipe 35 which functions
      as an inlet fitting for introducing a cooling medium such as water or a
      fluid reactant of which water may be an example directly into the upper
      chamber 25 for direct contact with the reaction product fluids therein. In
      this embodiment the direct contact of the fluids is achieved in the upper
      reactor chamber 25. If desired, of course, this direct contact could be
      achieved initially in the reaction by merely changing the location of the
      inlet fitting 35 from the upper chamber 25 to the lower chamber 26 and
      preferably in the vicinity of the main reactant inlet pipe 27.
PAR  One advantage of injecting the fluid through the pipe 35 into the upper
      chamber 25 is that the injected fluid will then be introduced later in the
      reaction or as illustrated in FIG. 2 in the final stage of the reaction.
      Thus this will be done without permitting the injected fluid to fall into
      the lower reactor chamber 26 which is separated from the upper chamber by
      the tube mounting flange 21.
PAR  One of the important advantages of this invention is that the apparatus is
      ideally usable for the generation of oil-gas with a given range of feed
      stocks because this apparatus provides two separated reaction zones which
      permit different processes to occur in series in the two zones. Thus the
      initial reaction will take place in the bottom reactor chamber 26, will
      continue while flowing downwardly and then initially through the tube 22
      with the reactants receiving heat from the furnace and then continuing the
      reaction in a final chamber illustrated by the upper reactor chamber 25.
      Thus with this apparatus ideal temperatures can easily be maintained
      throughout the reactor to promote the best reaction or in the oil and gas
      example to provide the best ratio of carbon, hydrogen and oxygen produced.
      This proper temperature can, of course, be maintained by proper heat
      input, a controlled heat transfer surface area, a calculated cooling
      medium flow inside of the apparatus and other controllable variables, all
      as well known to those skilled in the art. Typical temperatures within the
      apparatus may vary from about 1000.degree. to as much as 2500.degree.F. or
      even lower or higher where such temperatures are required in the
      particular process.
PAR  Typical uses of the high temperature reactor-generator apparatus of this
      invention are for reforming hydrocarbons into gaseous fuel products or
      feed stocks, dissociation of ammonia, partial oxidation of distillable and
      gaseous hydrocarbon feeds, high temperature catalytic reforming and the
      like.
PAR  The illustrated embodiment in the drawings shows only a single stage
      reactor. It is evident, however, to those skilled in the art that the
      invention may be readily applied to reactors in which a plurality of
      reactors are used either in parallel, series or parallel and series
      combined gas generating operations.
PAR  Furthermore, although the vessel is shown in generally upright position the
      reactor could also be used inverted from the posistion of the drawing or
      in horizontal or annular position.
PAR  Having described our invention as related to the embodiments shown in the
      accompanying drawings, it is our intention that the invention be not
      limited by any of the details of description, unless otherwise specified,
      but rather be construed broadly within its spirit and scope as set out in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high temperature reactor-generator apparatus, comprising: a pressure
      vessel defined by walls including side walls, said vessel including a
      lower section and an upper section; a conduit member within said vessel
      having sides spaced from the pressure vessel walls and open upper and
      lower ends; a combined partition means and mounting flange for said
      conduit member located intermediate to said upper and lower ends of said
      conduit member and extending to said side walls and spanning the space
      between the vessel and the conduit member for dividing the vessel into an
      upper reactor chamber located laterally outwardly of said conduit member
      upper end and a lower reactor chamber, said lower section and said upper
      section comprising said lower and upper reactor chamber; resilient sealing
      means for resiliently sealing together said partition means and said upper
      and lower vessel sections; means for introducing a fluid reactant medium
      into said lower reactor chamber for flow therethrough and upwardly through
      said conduit member into said upper reactor chamber; means for supplying
      heat to said lower reactor chamber; means for removing reaction products
      from said upper reactor chamber; and means for flowing a fluid in heat
      exchange relationship with said upper reactor chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for introducing said fluid
      comprises a helical coil in said upper reactor chamber having an inlet and
      an outlet and comprising means for preheating said reactant medium, said
      coil outlet communicating with said lower reactor chamber for introducing
      said reactant medium thereto.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said upper reactor chamber is provided
      with an inlet fitting for introducing a cooling medium into said upper
      reactor chamber for direct contact with the contents thereof.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said vessel and said conduit member are
      essentially vertical, said means for introducing said fluid reactant
      member is located adjacent the top of said lower reactor chamber and said
      means for removing said reaction products is located adjacent the bottom
      of said upper reactor chamber.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said means for flowing said fluid
      comprises a conduit in said upper chamber.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said conduit comprises a coil located
      in said upper reactor chamber surrounding said conduit member.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said coil is substantially concentric
      with said conduit member and said pressure vessel.
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ABST
PAL  A high temperature reactor-generator apparatus comprising a pressure vessel
      defined by walls including side walls with the vessel including a lower
      section and an upper section, a conduit member or tube within the vessel
      having sides spaced from the pressure walls and open upper and lower ends,
      a partition intermediate the upper and lower ends of the conduit spanning
      the space between the vessel and the conduit and dividing the vessel into
      an upper reactor chamber and a lower reactor chamber, heating means for
      supplying heat to the lower reactor chamber adjacent to the bottom
      thereof, restricted flow means for providing a restricted flow passage
      dividing the lower reactor chamber into an intermediate preheat section
      essentially above the heating means and a heating section essentially at
      the heating means, fluid introducing means for introducing a fluid
      reactant medium into the intermediate section for flow in the intermediate
      section, through the restricted passage into the heating passage and
      upwardly in the conduit into the upper reactor chamber and means for
      moving the reaction products from the upper reactor chamber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a reactor-generator apparatus for providing
      gaseous reaction products from feed material in which a baffle and a
      restricted flow orifice divides the apparatus into an intermediate preheat
      section or chamber, a heating section at a heating means to receive heat
      therefrom, an upper reactor chamber and means for introducing a reaction
      medium into the intermediate preheat section and for withdrawing reaction
      products from the upper reactor chamber.
PAR  The invention also relates to an apparatus of this type in which a solid
      fuel is converted to a gaseous and a solid reaction product together with
      means for separating the solid reaction product and disposing of it
      externally of the apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view partially in side elevation of one
      embodiment of the invention.
PAR  FIG. 2 is a view similar to FIG. 1 but illustrating a second embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus of this invention includes a reactor 10 that is generally
      similar to the one shown, described and claimed in our copending
      application Ser. No. 447,503, filed Mar. 4, 1974. This reactor as
      illustrated in both figures of this application comprises a pressure
      vessel 11 that in these embodiments is vertically elongated and including
      an integral section 12 comprising a cylindrical section 13 provided with a
      bottom 14.
PAR  At the top of the vessel 11 is a cap section 15 that is provided with an
      annular mounting flange 17 which cooperates with a parallel mounting
      flange 16 on the adjacent end of the cylindrical section 13. The lower end
      of this cylindrical section 13 is in communication with a furnace shown
      schematically at 18 for receiving heat therefrom.
PAR  The cylindrical section 13 and the cap section 15 are resiliently connected
      together by spaced bolts 19 that interconnect the mounting flanges 16 and
      17 and press the flanges 16 and 17 against resilient gaskets 20 that are
      on opposite sides of a mounting flange 21 that is attached to a vertical
      conduit or tube 22. This tube has a top end 23 adjacent to the cap section
      15 and a bottom end 24 that is adjacent to the bottom 14 of the pressure
      vessel 11.
PAR  As can be seen from this description and the accompanying drawings the
      pressure vessel 11 is defined by walls including the side walls of the cap
      section 15 and the aligned side walls of the bottom section 13. The
      conduit or tube 22 within the vessel has the upper 23 and lower 24 ends
      and its cylindrical sides spaced from these pressure vessel walls. These
      ends of the tube are open for fluid flow therethrough as indicated by the
      arrows in FIGS. 1 and 2.
PAR  The mounting flange 21 for the tube functions as a partition intermediate
      the upper and lower ends that span the reactor space defined by the
      pressure vessel 11 and tube 22 that divides the space into an upper
      reactor chamber 25 and lower reactor chamber 26.
PAR  The apparatus includes means illustrated by the pipe 27 for introducing a
      fluid reactant medium into the lower reactor chamber 26 for flow through
      this chamber as indicated by the arrows 28 and then upwardly through the
      conduit member or tube 22 as indicated by the arrows 29. This flow
      upwardly through the tube 22 is into the upper chamber 25 by way of the
      open upper end 23 of the tube.
PAR  The furnace 18 supplies heat to the lower end of the apparatus and means
      comprising the tube 30 are provided for removing the reaction products
      from the upper reactor chamber 25.
PAR  The apparatus is also provided with means for flowing a fluid in heat
      exchange relationship with the upper reactor chamber 25. In the embodiment
      of FIG. 1 this means comprises a helical coil 31 arranged around the tube
      22 within the upper reactor chamber 25 and substantially concentric with
      but spaced from the tube and the cap section 15. This coil 31 has an inlet
      32 and an outlet 33 so that passage of a fluid through the coil 31 is in
      heat exchange relationship with the fluids in the upper reactor chamber
      25. This not only serves to heat the fluid flowing through the coil 31 but
      also to cool the reaction products before they leave the reactor through
      the pipe 30. This of course greatly simplifies the external cooling
      requirements that would be necessary to cool the reaction products.
PAR  The heated fluid flowing from the coil 31 through the outlet 33 may be
      disposed of in any manner desired. As is illustrated by the dotted line 34
      this fluid may be a reactant such as water which is directed into the
      lower reactor chamber 26 along with the other reactants that are
      introduced by way of the pipe 27. Thus the dotted line 34 is merely a
      schematic illustration of a manner in which the heated fluid from the coil
      31 may be utilized.
PAR  The tube or conduit 22 in the area adjacent the top of the furnace 18 is
      expanded into an annular enlargement 36 that extends to adjacent the
      bottom cylindrical section 13 of the vessel 11 to provide a circular
      restricted flow orifice 37 or passage dividing the lower reactor chamber
      26 into an intermediate preheat section 38 that is essentially above the
      furnace 18 and a lower heating section 39 that is essentially at the
      furnace 18 to receive heat directly therefrom.
PAR  Located at the intermediate section 38 is the tube 130 which functions as a
      fluid introducing means for introducing a fluid reactant medium such as
      mixed coal particles and air into the intermediate preheat section 38.
      This mixture is directed downwardly as indicated by the arrows 28 through
      the flow restrictor circular orifice 37 as indicated by the arrows 40 and
      into the heating section 39 where the most intense heat is applied
      directly by the furnace 18.
PAR  In its flow through the preheat section 38 the fluid reactant mixture 41 is
      preheated by contact with heat exchange baffles 42 on the tube 22 and
      within the section 38.
PAR  The reactant mixture during its flow downwardly in the heating section 39
      as indicated by the arrows 43 reacts to generate the gas reaction products
      and a solid reaction product which in the case of coal would of course be
      ash. This mixture of reaction products is directed at the bottom of the
      vertical tube 22 into the entrance 44 to a centrifugal separator 45 and
      upwardly therein into the lower end 24 of the tube or conduit member 22.
PAR  In the separator 45 the solids are separated from the upwardly flowing
      gases 46 in the customary manner and the solids drop through the usual
      inverted conical section of the separator into a rotary valve 48 of the
      customary type having the usual series of pockets 49 which permit
      disposing of the solid residue while maintaining a seal to prevent the
      entry of ambient air.
PAR  FIG. 2 illustrates a second embodiment of the invention wherein both the
      reactants and the reaction products are fluids. In both embodiments
      similar parts are identified by the same numerals.
PAR  In this invention the apparatus can be used to produce a burnable gas
      reaction product 50 and 51 where the reactant mixture 41 is a finely
      divided organic solid such as coal, scrap polymers or the like as in the
      embodiment of FIG. 1. In the embodiment of FIG. 2 the reactant mixture 52
      may be a gas or a liquid such as oil and water which can be supplied to
      the reactor at ordinary room temperature and which will be converted into
      the reaction product 51 at a temperature of about 250.degree.F. for
      example.
PAR  A typical spacing to provide the orifice 37 would be 1/16 inch for a 2-1/2
      inch diameter tube 22 which would provide a flow rate through the orifice
      of about 1000 feet per minutes. Also, if desired, the orifice can be
      provided by having grooves (not shown) at a 45.degree. angle to the
      horizontal spaced about 1/4 inch apart and each 1/16 inch deep by 1/16
      inch wide.
PAR  The structure of this invention provides a series of reaction sections here
      shown as two identified at 38 and 39. Obviously, by providing more
      restricted flow areas 36 the successive sections could be any number
      desired.
PAR  One of the important advantages of this invention is that the apparatus is
      ideally usable for the generation of oil-gas with a given range of feed
      stocks because this apparatus provides two separated reaction zones which
      permit different processes to occur in series in the two zones. Thus the
      initial reaction will take place in the bottom reactor chamber 26, will
      continue while flowing downwardly and then initially through the tube 22
      with the reactants receiving heat from the furnace and then continuing the
      reaction in a final chamber illustrated by the upper reactor chamber 25.
      Thus with this apparatus ideal temperatures can easily be maintained
      throughout the reactor to promote the best reaction or in the oil and gas
      example to provide the best ratio of carbon, hydrogen and oxygen produced.
      This proper temperature can, of course, be maintained by proper heat
      input, a controlled heat transfer surface area, a calculated cooling
      medium flow inside of the apparatus and other controllable variables, all
      as well known to those skilled in the art. Typical temperatures within the
      apparatus may vary from about 1000.degree.F. to as much as 2500.degree.F.
      or even lower or higher where such temperatures are required in the
      particular process.
PAR  Typical uses of the high temperature reactor-generator apparatus of this
      invention are for reforming hydrocarbons into gaseous fuel products or
      feed stocks, dissociation of ammonia, partial oxidation of distillable and
      gaseous hydrocarbon feeds, high temperature catalytic reforming and the
      like.
PAR  The illustrated embodiment in the drawings shows only a single stage
      reactor. It is evident, however, to those skilled in the art that the
      invention may be readily applied to reactors in which a plurality of
      reactors are used either in parallel, series or parallel and series
      combined gas generating operations.
PAR  Furthermore, although the vessel is shown in generally upright position the
      reactor could also be used inverted from the position of the drawings or
      in horizontal or angular position. In both embodiments, the hot gases 29
      flowing in the metal tube 22 serve to supply heat to the preheat zone 38.
PAR  Having described our invention as related to the embodiments shown in the
      accompanying drawings, it is our intention that the invention be not
      limited by any of the details of description, unless otherwise specified,
      but rather be construed broadly within its spirit and scope as set out in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high temperature reactor-generator apparatus, comprising: a pressure
      vessel defined by walls including side walls, said vessel including a
      lower section and an upper section; a conduit member within said vessel
      having sides spaced from the pressure vessel walls and open upper and
      lower ends; a combined partition means and mounting flange for said
      conduit member located intermediate to said upper and lower ends of said
      conduit member and extending to said side walls and spanning the space
      between the vessel and the conduit member for dividing the vessel into an
      upper reactor chamber located laterally outwardly of said conduit member
      upper end and a lower reactor chamber, said lower section and said upper
      section comprising said lower and upper reactor chambers; resilient
      sealing means for resiliently sealing together said partition means and
      said upper and lower vessel sections; heating means for supplying heat to
      said lower reactor chamber adjacent to the bottom end thereof; restricted
      flow means for providing a restricted flow passage dividing said lower
      reactor chamber into an intermediate, preheat section essentially above
      said heating means and a heating section essentially at said heating
      means; fluid introducing means for introducing a fluid reactant medium
      into said intermediate, preheat section for flow in said intermediate,
      preheat section, through said restricted passage into said heating section
      and upwardly in said conduit member into said upper reactor chamber; and
      means for removing reaction products from said upper reactor chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said restricted flow means comprises an
      integral section of said conduit member and the adjacent portion of said
      chamber wall.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said integral section comprises an
      annular portion of said conduit member.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said introducing means comprises means
      for introducing a solid reactant and a fluid reactant into said
      intermediate section and means are provided at the bottom of said heating
      section for removing solid reaction products.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said means for removing said solid
      reaction products comprises a gas-solids separator located at the bottom
      of said conduit member for separating solids from gases prior to said
      gases passing upwardly in said conduit member.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said solids separator comprises a
      centrifugal separator having a solids outlet at the bottom thereof.
NUM  7.
PAR  7. The apparatus of claim 1 wherein there are provided means for flowing a
      fluid in heat exchange relationship with said upper reactor chamber.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said fluid introducing means comprises
      a helical coil in said upper reactor chamber having an inlet and an outlet
      and comprising means for preheating said reactant medium, said coil outlet
      communicating with said lower reactor chamber for introducing said
      reactant medium thereto.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said intermediate section is provided
      with means for introducing a second reactant medium into said intermediate
      section.
NUM  10.
PAR  10. The apparatus of claim 7 wherein said means for flowing said fluid
      comprises a conduit in said upper chamber.
NUM  11.
PAR  11. The apparatus of claim 10 wherein said conduit comprises a coil located
      in said upper reactor chamber surrounding said conduit member.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said coil is substantially concentric
      with said conduit member and said pressure vessel.
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ABST
PAL  A tool such as a drill, etc. made of a hard metal, e.g., a cemented
      carbide, having applied thereto a coating film of a noble metal such as
      gold, silver, platinum, etc. by means of an ion-plating treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a tool such as a drill used, for example, in
      drilling a base plate for wire printing.
PAR  Heretofore, the drills previously used for this kind of work have been made
      of a hard metal such as, e.g., a cemented carbide of the Wc-Co series,
      WC-TiC-Co series or the like, but drills of this kind have been defective
      in that, during their repeated use, there has been a comparatively rapid
      increase in the rifling and smearing appearing on the inner surface of the
      hole being drilled, thereby causing degradation of the products and
      necessitating that the drill be replaced by a new one at an early stage.
PAR  A significant advantage afforded by the present invention resides in its
      provision of a tool such as a drill or the like that is free from the
      foregoing defects.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a metal tool
      such as a drill or the like that is made of a hard metal such as a
      cemented carbide, to which a film coating of a noble metal such as gold,
      silver, platinum, etc. is applied by means of an ion-plating treatment.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a preferred embodiment of this invention, the noble metal that is
      applied to the hard metal tool as a film coating is applied in a manner
      that is not especially different from the conventional ion-plating
      treatment that is known in the art. The present method of ion-plating
      comprises introducing a hard metal drill and a noble metal vapor source
      into a vacuum treatment chamber and applying, to the drill side, a
      negative electric potential so as to form an ionized space between the
      drill and the vapor source, such that the vapor generated from the vapor
      source is ionized within that space and is attracted to the negative
      electric potential of the drill side and driven into the surface of the
      drill, thereby forming a coating film of noble metal thereon, whereby the
      coating film thus obtained is remarkably uniform and has excellent
      adhesion in comparison with that obtained by conventional treatment such
      as by chemical plating or the like. The thickness of the coating film is
      in general from several microns to several tens of microns.
DETD
PAR  The present invention is further illustrated by the following example
      wherein hard metal drills were film coated with various noble metals by
      the present method of ion-plating as described above and the resultant
      coated drills compared against a blank, i.e., an uncoated drill, with
      respect to the nature and character of the rifling and smearing results
      obtained from drilling resinous base plates used for wire printing with
      each of such drills.
PAC  EXAMPLE
PAR  A gold film coated drill A1, a silver film coated drill A2, a platinum film
      coated drill A3 and a conventional drill A0, having no film coating, were
      subjected to the following comparison test to obtain the results shown in
      the table set forth below. The comparison test consisted of repeated
      drilling, many times, of five resin plates, each having thereon printed
      wires and being stacked one upon another, from the above surface of said
      plates with each of the drills A0, A1, A2, and A 3, and the resultant
      holes obtained were observed by a magnifying lens and evaluated. The
      evaluation was on the basis of a marking or grading system of 5 points,
      whereby a given, tested drill which was considered to have passed the test
      and have performed satisfactorily was given 3 points or more, and, if its
      performance was considered better than satisfactory i.e., desirable, it
      was given 4 points or more.
PAR  Each drill used in the test was made of a metal of WC-Co and was 1 mm in
      diameter; the drilling was effected by revolving the drill at a speed of
      4000 r.p.m. and a feeding speed of 2000 mm/min. or 2800 mm/min.; and the
      inner surface of the hole of the uppermost position plate or the lowermost
      position plate was observed in respect of the rifling and smearing
      obtained at each end with the following number of times of drilling: 500,
      1000, 1500, 2000 and 2500. The results obtained are shown in the following
      table.
TBL  __________________________________________________________________________
     Drill                                                                     
          A0  A0  A0  A0  A1  A1  A1  A1  A2  A2  A3  A3                       
     __________________________________________________________________________
     Feeding                                                                   
          2000                                                                 
              2800                                                             
                  2000                                                         
                      2800                                                     
                          2000                                                 
                              2800                                             
                                  2000                                         
                                      2800                                     
                                          2800 2800                            
                                                  2800                         
                                                      2800                     
     speed                                                                     
     Position                                                                  
          UPper                                                                
              Upper                                                            
                  Lower                                                        
                      Lower                                                    
                          Upper                                                
                              Upper                                            
                                  Lower                                        
                                      Lower                                    
                                          Upper                                
                                               Lower                           
                                                  Upper                        
                                                      Lower                    
     of plate                                                                  
     Rifling                                                                   
     500  4   4   4   3   5   5   5   5   5    5  5   5                        
     1000 4   4   4   3   5   5   4   4   4    4  5   5                        
     1500 4   3   3   3   5   5   4   4   4    4  5   5                        
     2000 3   3   3   2   5   5   4   4   4    4  5   4                        
     2500 3   3   3   2   5   5   4   4   4    4  5   4                        
     Smearing                                                                  
     500  4   4   5   3   5   5   5   5   5    5  5   5                        
     1000 4   4   5   3   5   5   5   5   5    5  5   5                        
     1500 3   4   4   2   5   5   5   5   5    5  5   5                        
     2000 3   4   4   2   5   5   5   5   4    4  5   5                        
     2500 3   4   4   2   5   5   5   5   4    4  5   5                        
     Total                                                                     
          35  37  39  28  50  50  46  46  44   44 50  48                       
     points                                                                    
     __________________________________________________________________________
PAR  As is clear from the above table of results, the conventional hard metal
      drill A0 having no film coating thereon scored from 3 points to 4 points
      with regard to rifling from the initial period of use and later became
      disqualified with a grade of 2 points at the lowermost plate, especially
      when its use reached 2000 times. Additionally, it scored from 3 points to
      4 points with regard to smearing, from its initial period of use and later
      became disqualified with a score of 2 points at the lowermost plate,
      especially when its use reached 1500 times. However, the products of the
      present invention A1, A2, and A3 all kept scores of 4 points to 5 points
      throughout the test. Although the reasons for the success of the present
      products are not clearly understood, it is nevertheless believed that such
      factors, as the following, acting collectively, might account for it: (1)
      the noble metal coating film serves as a lubricant; (2) the escape of heat
      is rapid because the noble metal coating film has a good heat
      conductivity; and (3) the noble metal coating film has such good adhesion
      to the metal drill that it does not peel off during use because it was
      formed by means of the ion-plating treatment described above.
PAR  Thus, according to this invention, the simple application of a noble
      coating film on the surface of a hard metal tool such as a drill by means
      of ion-plating, makes it possible to always obtain excellent worked holes,
      even with repeated use of numerous times per use, thereby markedly
      improving the working of such tool and rendering its use more economical.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A metal tool adapted for drilling holes in resin plates for wire
      printing, said tool comprising a cemented metal carbide base, and a
      iron-plated coating film on said base, said coating film being a noble
      metal selected from the group consisting of gold, silver and platinum,
      said coating film constituting a means for producing smooth drilled holes
      in the resin plates with prolonged usage.
NUM  2.
PAR  2. A tool as claimed in claim 1 wherein said coating film has a thickness
      of between several microns and several tens of microns.
NUM  3.
PAR  3. A tool as claimed in claim 1 wherein the cemented metal carbide is
      selected from the group consisting of WC-Co, WC-TiC-Co, and alloys
      thereof.
NUM  4.
PAR  4. A method comprising drilling holes in resin plates for wire printing
      with a tool formed by ion-plating a coating film on a metal carbide base,
      said coating film being a noble metal selected from the group consisting
      of gold, silver, and platinum, said film enabling the production of smooth
      drilled holes in the resin plates with prolonged usage.
NUM  5.
PAR  5. A method as claimed in claim 4 wherein said base is a cemented metal
      carbide base.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the cemented metal carbide base
      is selected from the group consisting of WC-Co, WC-TiC-Co, and alloys
      thereof.
NUM  7.
PAR  7. A method as claimed in claim 4 wherein said coating film is formed with
      a thickness of between several microns and several tens of microns.
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ABST
PAL  The present invention discloses a low-profile package containing one or
      more individually operated switches. More particularly, the present
      invention consists of an insulating housing having therein one or more
      single pole - single throw switches all of which have been stamped and
      formed from a single coplanar sheet of conductive material. The upper
      portion of the housing contains one or more switch actuators which can be
      depressed to provide momentary switch closure or rotated to provide
      continuous switch closure.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of Ser. No. 460,843, filed
      Apr. 15, 1974 and now U.S. Pat. No. 3,900,709 which is in turn a
      continuation-in-part application of Ser. No. 454,530, filed Mar. 25, 1974
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrical switch packages having a number of separate switches are finding
      increasingly wider application particularly as components on printed
      circuit boards. An example of one such switch package is a binary codable,
      cam operated switch assembly illustrated in U.S. Pat. No. 3,792,206. The
      package disclosed therein is ideally suited for use as a coded address
      system on a printed circuit board.
PAR  Another area of use for switch packages exists in garage door operators
      utilizing limited range receiving transmitting radio systems. In the
      earlier systems, the frequency on which the system operated was
      permanently set during assembly. Out of this a somewhat humorous problem
      developed; i.e., the garage doors mysteriously opening or closing. The
      cause, of course was quickly determined as being the result of
      interference from passing cars, operation of near-by garage door systems
      and the like. However, a more serious problem also developed; i.e.,
      interference with ham radio operations by the garage door systems.
PAR  In an effort to avoid such problems, radio systems were equipped with the
      means to change the frequency. These means included that of re-wiring the
      frequency-controlling circuits so as to provide a different frequency.
      This method obviously is time consuming in that after the re-wiring was
      done it had to be tested to determine whether the new frequency avoided
      interference. Further, re-wiring is always susceptable to faulty
      workmanship such that the connections may work loose through vibrations
      and the like.
PAR  To avoid these problems, workers in the field turned to electrical switch
      packages whereby the frequency could be changed by simply resetting the
      several switches contained in the package. These overcame the re-wiring
      problems but the switches introduced other problems. For example, because
      they contain springs and the like, the packages have a considerable
      height. The costs of the switches are considerable in that they contained
      a large number of hand-crafted parts and are hand-assembled. The toggles
      or push buttons, prominently extending up from the package surface, are
      susceptable to accidental movement. Yet another problem is that the
      packages generally are not environmentally sealed, hence dirt, moisture
      and other debris have free and damaging access to the mechanism and more
      importantly, to the contacts themselves.
PAR  Accordingly it is an object of the present invention to provide an
      electrical switch package with a minimum number of parts and which can be
      machine-assembled.
PAR  Another object of the present invention is to provide a low-cost electrical
      switch package having a lowprofile and which is ideally suited for use on
      printed circuit boards and flat flexible cable.
PAR  Still another object of the present invention is to provide an electrical
      switch package having reliable switch action with no or only a minimum of
      trouble during a long service life.
PAR  Yet another object is to provide an electrical switch package wherein the
      contact actuators are recessed into the housing to prevent accidental
      movement thereof.
PAR  Another object of the present invention is to provide an environmentally
      sealed electrical switch package wherein the one or more switches are
      operated independently and the contacts can be opened or closed
      momentarily or can be set in either position at the option of the
      operator.
PAR  These and other objects, novel features and advantages of the present
      invention will be readily apparent from the following detailed description
      of the preferred embodiment.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of the first preferred embodiment constructed in
      accordance to the present invention;
PAR  FIG. 2, is a cross-sectional view of the embodiment of FIG. 1;
PAR  FIG. 3 is a top plan view of a stamped lead frame used in the embodiment of
      FIG. 1;
PAR  FIG. 4 is a view of the lead frame of FIG. 3 after forming;
PAR  FIG. 5 is a view of the second preferred embodiment constructed in
      accordance to the present invention;
PAR  FIG. 6 is a cross-sectional view of the embodiment of FIG. 5;
PAR  FIG. 7 is a top plan view of the stamped lead frame used in the embodiment
      of FIG. 5; and
PAR  FIG. 8 is a view of the lead frame of FIG. 7 after forming.
DETD
PAC  DESCRIPTION OF THE FIRST PREFERRED EMBODIMENT
PAR  The electrical switch package 10 shown in FIG. 1 illustrates the clean,
      unencumbered lines of the package which adapts it so well to closely
      stacked printed circuit boards or other space confining environments. The
      Figure also illustrates the recessed contact actuators 12 positioned in
      apertures 14. The recesses permits a smooth top surface 16 on cover 18.
      (FIG. 2) of housing 20. The smooth surface lends itself to receiving
      adhesive tape to protect the contact during the wave soldering of contact
      member legs 22 to printed circuit board or like receptacles (not shown).
      Further, tape across the surface of a package in use will bar moisture and
      dirt from entering the package.
PAR  Preferably cover 18 and base 24 (FIG. 2) of housing 20 is molded from a
      glass filled nylon, a material which provides strength and electrical
      insulation.
PAR  FIG. 1 shows the contact actuators for nine individual switches, one of
      which is shown in cross-section in FIG. 2. It is to be understood however
      that the present invention contemplates a package containing from one up
      to any number of individual switches.
PAR  FIG. 2 shows the structural features of a single switch in package 10.
PAR  Cover 18 consists of the top surface 16, side walls 26 and end walls 28
      (FIG. 1). Cross-sectionally, cover 18 is U-shaped to provide an interior
      space in cooperation with base 24. The ceiling is designated by reference
      numeral 30. The side walls 26 have a change in thickness to define
      interior, downwardly facing shoulders 32.
PAR  The top of the cover is bored through at predetermined locations to provide
      the aforementioned aperture 14. The lower edge 34 of the aperture; i.e.,
      the circumference of the aperture opening onto ceiling 30, has two
      diametrically opposed, slanted camming surfaces 36 of which only one is
      shown. Each camming surface 36 extends around the circumference of the
      aperture for about 90 degrees; i.e., about 1.57 radians, and at each end
      terminates in an arcuate depression 38. The depression closest to cover
      top surface 16 is hereinafter designated by adding the letter o to
      reference numeral 38 and the depression closest to downwardly facing
      surface 30 is hereinafter designated by adding the letter c to reference
      numeral 38. The slant or angle of the camming surfaces relative to the
      horizontal is predetermined to provide the proper vertical displacement of
      contact actuator 12 as it is rotated in aperture 14.
PAR  Base 24 of housing 20 is a rectangular block having a constant thickness
      except for two rounded, upwardly projecting contact support rails 40, one
      on each longitudinal side of the base and a flat-surfaced longitudinally
      extending ridge 41 positioned midway between rails 40. The rails 40 define
      a cavity 42 thereinbetween with ridge 41 bisecting it. The over-all width
      of the base is slightly less than the width between the thinner portions
      of side walls 26 and the length is almost equal to the distance between
      end walls 28 of the cover. The thickness of the base plus the height of
      the rails is slightly less than the length of the aforementioned thinner
      portions of side walls 26. Ridge 41, has an important predetermined height
      as will be discussed below. Both sides of base 24 contain vertical slots
      44 which are aligned with aperture 14 and which receive legs 22 of the
      contact members.
PAR  Transverse walls (not shown) may be included between adjacent apertures 14
      to define, in conjunction with base 24, completely isolated switch
      chambers (not shown). However, such isolation is not necessary where the
      voltage between switches is of non-arcing nature or is low.
PAR  Contact actuators 12 are cylindrical bodies having a flat upper surface 48
      bisected by a screwdriver-receiving slot 50. The opposite end of the
      actuator is characterized by a smooth spherical; i.e., dome-shaped,
      surface, and referred to hereinafter as the lower surface 52.
PAR  Two diametrically opposed pins 54, positioned between the two surfaces,
      project laterally outwardly from the cylindrical portion of actuator 12.
      As is apparent from FIG. 2, with the actuator positioned in aperture 14,
      pins 54 seat in one or the other arcuate depression 38 and ride on camming
      surfaces 36. Preferably the actuators are molded from a polycarbonite
      compound.
PAR  With continuing reference to FIG. 2, a lead frame, stamped and formed from
      a single coplanar sheet of conductive material such as copper alloy,
      provides the contacts which are opened and closed via contact actuator 12.
      Each switch assembly contains two contact members, each member being
      positioned on an opposite side of base 24 with the free ends extending
      into chamber 46. The left hand contact member in FIG. 2 contains a short
      fixed arm 56. An upwardly projecting, transversely extending, elongated
      dimple 58, located at the arm's free end, provides the contact per se;
      i.e., that point which will touch a like point on the other contact member
      to enable an electrical current to flow from one circuit to another
      circuit through the opposing contact members. Although this arm is
      designated as a "fixed" arm, it may move slightly when engaged by the
      opposite contact member.
PAR  The right hand contact member in FIG. 2 contains a long movable arm 60. A
      downwardly projecting, longitudinally extending, elongated dimple 62
      located at that arm's free end and in overlying relation to the
      aforementioned fixed arm contact, provides the contact per se for that
      contact member.
PAR  An intermediate portion 64 is that part of the contact member between the
      arm and leg 22. As such, these portions generally include the curved
      portion of the contact member, and the downwardly depending side to where
      the width of the contact member is reduced as seen in FIG. 3. As is
      apparent, there is no attempt here to precisely define or set out a
      specific "intermediate" portion. Rather, the purpose here is to define a
      general area of the contact member which is supported by support rails 40
      and which separates arms 56-60 from legs 22. As will be seen below and as
      alluded to above, the three "parts" of a contact member are in fact
      integral.
PAR  FIG. 2 illustrates one complete switch which includes a fixed
      contact-carrying arm, a movable contact-carrying arm, means for moving the
      movable arm into contact with the fixed arm, i.e., contact actuator 12 and
      means for electrically connecting the contacts to circuits; i.e., legs 22.
PAR  The lead frame referred to above begins as a roll of conductive material
      (not shown). The roll may be completely plated or selectively plated at
      the contact points before being stamped or after, depending upon
      economics, the stamping and forming process used and other manufacturing
      techniques. The plating may be gold, tin or some other suitable plating
      material. Preferably gold is used and is applied to the dimples before the
      stamping step.
PAR  FIG. 3 shows a portion of a roll of plated conductive material after it has
      been stamped into a flat lead frame. The conventional parts of the frame
      include the carrier end strips 66 and joining the two end strips are
      carrier side strips 68. Spanning the side strips are "pre-cut" pairs of
      contact members. The dash lines show where the cutting will take place to
      provide the separate, opposing members.
PAR  Using the dashed lines as a reference point, the elements of the contact
      members called out during the discussion of FIG. 2 will be called out
      again to emphasize the novel simplicity of the present invention and to
      make the invention even more clear. On the pair of contact members to the
      far right, and immediately above the dashed line (toward the top of the
      drawing) dimple 58 on fixed arm 56 is seen extending normal to the axis of
      the contact member.
PAR  As noted above, there is no sharp line of demarcation between fixed arm 56
      and intermediate portion 64 immediately above it. However, the thinning of
      the contact member offers a convenient marker between the intermediate
      portion and leg 22. More importantly though, the thinning provides lateral
      beveled shoulders 70 which serve to insure the proper standoff between the
      electrical switch package and the printed circuit board or the like on
      which the package is mounted; i.e., the width of the legs are
      approximately equal to the sizes of openings into which they are inserted;
      therefore the package can be pushed down onto the board only to where the
      beveled shoulder abut the board's surface.
PAR  With reference to the contact member below the dashed line, dimple 62 on
      movable arm 60 is seen extending parallel to the axis of the contact
      member. The remaining functional "parts" of the contact member; i.e.,
      intermediate portion 64, beveled shoulders 70 and leg 22, are also noted.
PAR  Before proceeding to the formed frame in FIG. 4, the staggered pattern
      between pairs of contact members is to be noted. This pattern makes a
      higher density of switches possible for a given length.
PAR  The forming operation bends the lead frame of FIG. 3 into the inverted
      generally U-shaped frame shown in FIG. 4. Each contact member is bent
      about 90 degrees in the intermediate portion 64 area. Movable arms 60 are
      bent upwardly about 30 degrees relative to the horizontal to build a
      spring force into the arm. Fixed arms 58 remain generally parallel to the
      horizontal plane or may be bent very slightly upwardly to enhance contact
      pressure between the contacts.
PAR  The forming operation further includes a jogging or off-set operation to
      reduce the over-all width of the formed frame so that the free end and
      dimple of movable arm 60 overlaps the free end and dimple of fixed arm 58.
      The overlap places the two contacts (dimples 58-62) into abutting relation
      when movable arm 60 is depressed by contact actuator 12.
PAR  FIG. 4 shows a partial lead frame as such is representative of an entire
      frame. Also, the partial frame illustrates the point that the present
      invention is not limited in the number of switches contained in a package,
      but can range from one to whatever number is desired.
PAC  ASSEMBLY AND OPERATION OF THE FIRST PREFERRED EMBODIMENT
PAR  Cover 18 is placed upside down and cam actuators 12, slots 50 facing
      downwardly, are placed into apertures 14 with pins 54 being received in
      depressions 38 o.
PAR  In one assembly process, the stamped and formed lead frame illustrated in
      FIG. 4; i.e., with carrier strips 66-68 attached, is inverted and placed
      into the upside-down cover. Where the package 10 has an odd number of
      switches, alignment of the frame is automatic; that is, a movable arm 60
      will engage the dome-shaped lower surface 52 on actuators 12. On the other
      hand, care must be taken relative to the proper alignment where the
      package has an even number of switches.
PAR  Base 24, turned over and with adhesive applied to its sides is placed over
      the lead frames with the vertical parts of the intermediate portions 64
      being received in slots 44. Thereafter the carrier strips 66-68 are cut
      off and the assembly is complete.
PAR  An alternative process, and one suitable for a package containing an even
      number of switches, is one where the lead frame is placed onto the base,
      and that subassembly placed onto the overturned cover.
PAR  The switches of the present invention represent simplicity in operation and
      versatility. To close a switch; i.e., connect one circuit to another, the
      appropriate contact actuator 12 is rotated 90 degrees. As pins 54 ride
      down camming surface 36, the actuator pushes movable arm 60 down. Contacts
      on the two arms 56-60 meet each other during the downward travel. This
      engagement halts direct vertical travel of the movable arm at that point;
      i.e., at the dimple. However, the movable arm spanning cavity 42 continues
      to be pressed down by the actuator. Thus dimple 62 travels obliquely
      downward scraping dimple 58 with the result that a wiping action between
      the two contacts occurs. In this manner, better electrical contact is
      made.
PAR  The portion of travel taking place after the initial contact engagement
      provides overtravel of the movable arm thereby storing energy therein to
      compensate for creep or cold flow conditions which may occur in the molded
      housing. Further, the stored energy causes the movable arm to return to
      its original position when pressure is removed therefrom. Excessive
      overtravel of movable arm 60 is prevented by that arm abutting ridge 41.
PAR  The arcuate depressions 38 removably lock the actuator and thus the contact
      members into either an open or closed position. Momentary closing of a
      switch is available by simply pressing straight down on an actuator 12 and
      maintaining pressure thereon. Upon release, the spring force in movable
      arm 60 will break contact engagement and will return the arm and actuator
      to their open position.
PAC  DESCRIPTION OF THE SECOND PREFERRED EMBODIMENT
PAR  The electrical switch package of the second preferred embodiment
      illustrated in FIGS. 5-8, is designated by reference numeral 110. The
      elements of package 110 are either the same as those in package 10 or have
      been modified.
PAR  The second preferred embodiment is an outgrowth of extensive testing of the
      first preferred embodiment.
PAR  In additional to, or more precisely, as a result of the modifications
      referred to above, relative dimensions of package 110 differ from those of
      package 10. For example, in comparing a package 10 with a package 110
      where each contains the same number of switch assemblies and are
      constructed for an identical application, package 110 is slightly wider.
      These dimensional changes will be expressly noted below.
PAR  The top of apertures 14 on cover 18 have been partially enlarged to form
      diametrically-opposed recesses 200. These recesses offer a stop means to
      prevent overrotation of contact actuators 12 provided the head of the
      screwdriver used has a width greater than slot 50. It is apparent that
      excessive torquing can shear pins 54 absent such stop means.
PAR  Two very significant modifications in package 110 are that the movable arm
      60 has been appreciably lengthened and the point of engagement between the
      contact actuator 12 and movable arm has been moved inwardly to the
      approximate midpoint on that arm. As an adjunct to the lengthening of the
      arm, the fixed arm 56 has been shortened and the width of the interior
      space and housing 20 has been increased.
PAR  The relocating of the point of engagement between contact actuator 12 and
      movable arm 60 to its approximate midpoint without relocating apertures 14
      was accomplished by lengthening the actuator and replacing the dome-shaped
      lower surface 52 with a flat surface 152 having rounded edges 202.
PAR  These modifications prevent a concentration of stresses in the intermediate
      portion of the contact member at rail 40. The stresses resulting from
      flexing arm 60 are more evenly distributed over the whole length thereof.
      As contact actuator 12 cams downwardly to close the switch; i.e., open the
      circuit, arm 60 bows into a symmetrical curve as opposed to the
      asymmetrical curve obtained in package 10. Whereas both packages perform
      satisfactorily, material fatigue is lessened by the longer movable arm.
      Further, an improved recovery of the movable arm is gained as the switch
      is opened. The contacts separate faster and the arm provides an improved
      biasing action on the actuator. A click is heard or felt as the arm pushes
      the pins into depression 38 o.
PAR  The aforementioned widening of housing 20 increased the distance between
      legs 22. Thus it was necessary to offset the intermediate portions of the
      contact members to move the legs back into the required spacing. The
      offset area is generally designated by the reference numeral 204.
PAR  Legs 22 have been made more rigid by impressing elongated dimples 206 along
      the length thereof.
PAR  The height of the housing 20 has been increased and a recess 208 extending
      down the length of base 24 provided. The recess facilitates washing away
      excess solder and other residue subsequent to wave soldering the package
      onto a printed circuit board. The recess further aids in molding by
      eliminating sink mark and minimizes material consumption.
PAR  Another significant modification in package 110 concerns the lead frame and
      the contact members. As will be recalled, during the forming operation of
      the lead frame of package 10, an offset operation reduces the over-all
      width of the frame to achieve overlap of the contacts or dimples on each
      pair of opposing arms (FIG. 4).
PAR  In the second preferred embodiment, the lead frame is stamped out as is
      shown in FIG. 7. There, contact members having alternatingly a fixed arm
      56 and then a movable arm 60 extend out from a single carrier side strip
      68.
PAR  Subsequent to the stamping operation, the frame is formed as shown in FIG.
      8.
PAR  In assembling package 110, two lengths of contact members having the
      required number for each side are cut from the frame. Each length is
      placed on a respective side of the base which is then turned over and
      placed onto the inverted cover. Of course, many other assembly methods can
      be used.
PAR  Preferably the carrier strip 68 remains attached to the contact members
      until after cover 18 is adhesively or otherwise bonded to base 24.
PAR  In summary, the present invention discloses electrical switch packages
      containing any desired number of individually operated switches. The array
      of switches, although electrically isolated one from another after
      assembly in the package, are stamped and formed from a single coplanar
      sheet of material. Any one switch contains three distinct elements; i.e.,
      the fixed arm contact member, the movable arm contact member and the
      actuator.
PAR  The housing and actuators are economically molded from nylon or like
      insulating material.
PAR  All the elements lend themselves to automatic assembly methods.
PAR  The movable arm travel is designed so that energy is stored within to
      compensate from creep or cold flow conditions occurring in the molded
      housing and actuators.
PAR  The rails and ridge in the base member of the housing serve to prevent
      overstressing of the movable arm, thereby increasing the useful life of
      the switches.
PAR  Depressions at either end of the camming surfaces removably retain the
      actuators to prevent accidental opening of closed switches.
PAR  Reference to size has been limited to relative statements; e.g., low
      profile of the package. One reason for not being specific relative to
      dimensions is that an electrical switch package, constructed in accordance
      to the present invention, can be made as small or as large as present day
      manufacturing techniques permit. However, as an example, dimensions for
      the nine switch package illustrated in FIGS. 1-4 and which is used in
      conjunction with radio frequency-operated garage and other door openers
      follow:
     Overall Height        0.340 inch                                          
     Leg Height            0.140 inch                                          
     Housing Height        0.200 inch                                          
     Overall Width         0.350 inch                                          
     Opposing Leg Width    0.300 inch                                          
     Overall Length        1.000 inch                                          
PAL  The dimensions for the nine switch package illustrated in FIGS. 5-8 and
      used for the same purpose are:
TBL  Overall Height        0.400 inch                                          
     Leg Height            0.140 inch                                          
     Housing Height        0.260 inch                                          
     Overall Width         0.380 inch                                          
     Opposing Leg Width    0.300 inch                                          
     Overall Length        1.000 inch                                          
PAL  These dimensions are given only for purposes of illustration and are not to
      be construed as limiting the present invention to that size. Further, the
      detailed description has been given for clearness of understanding only,
      and no unnecessary limitations should be understood therefrom, as some
      modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lead frame stamped from a sheet of conductive material adapted for use
      in an electrical switch package of the type having means therein for
      pushing one contact into engagement with another contact, which comprises:
PA1  a. a frame consisting of integral end carrier strips and side carrier
      strips;
PA1  b. one or more first contact members each containing a contact at the end
      of an arm of the member, said members extending inwardly from said side
      carrier strips; and
PA1  c. one or more second contact members each containing a contact as the end
      of a arm of the member, said second members being shorter than said arm of
      acid first members and extending inwardly from said side carrier strips
      and so positioned such that each second contact member faces a first
      contact member extending inwardly from the opposing side strip and
      further, on a same side strip a first contact member is adjacent to a
      second contact member;
PA1  said lead frame being in a U-shaped form with the contact on each first
      contact member overlapping the contact on the opposing contact member.
NUM  2.
PAR  2. A lead frame stamped (and formed) from a sheet of conductive material
      adapted for use in an electrical switch package of the type having means
      therein for pushing one contact into engagement with another contact,
      which comprises:
PA1  a. a side carrier strip;
PA1  b. one or more first contact members integral with and spaced along said
      strip and extending away therefrom, each containing a contact at the end
      of an arm of the member; and
PA1  c. one or more second contact members integral with and spaced along said
      strip and extending away therefrom parallel to in alternating sequence
      with said first contact members, each of said second contact members
      containing a contact at the end of an arm thereof shorter than said arm of
      said first contact members;
PA1  wherein each of said first and second contact members contain a leg with an
      intermediate portion integral to and positioned between the leg and arm,
      with said members being formed so that said legs are parallel to but
      displaced laterally from said intermediate portions.
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ABST
PAL  A method and apparatus for removing oversized, unentrained char particles
      from a two-stage coal gasification process so as to prevent clogging or
      plugging of the communicating passage between the two gasification stages.
      In the first stage of the process, recycled process char passes upwardly
      while reacting with steam and oxygen to yield a first stage synthesis gas
      containing hydrogen and oxides of carbon. In the second stage, the
      synthesis gas passes upwardly with coal and steam which react to yield
      partially gasified char entrained in a second stage product gas containing
      methane, hydrogen, and oxides of carbon. Agglomerated char particles,
      which result from caking coal particles in the second stage and are too
      heavy to be entrained in the second stage product gas, are removed through
      an outlet in the bottom of the second stage, the particles being separated
      from smaller char particles by a counter-current of steam injected into
      the outlet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a process for production of methane rich fuel gas
      by two-stage gasification of either caking or non-caking coals, and, more
      particularly, to a method and apparatus for the removal of oversized char
      particles that would not be carried out by the gas stream up-flow.
PAR  2. Description of the Prior Art
PAR  A method of producing methane fuel gas using a two-stage gasification
      process is described in my earlier U.S. Pat. No. 3,782,913. In this
      process steam and particulate coal are reacted in the second stage with
      synthesis gas from the first stage, which contains hydrogen and oxides of
      carbon at temperatures in excess of 1600.degree.F and pressures in excess
      of 50 atmospheres, to produce a product gas containing hydrogen, methane,
      carbon oxides, and entrained char. The product gas and entrained char are
      withdrawn and separated, the product gas being thereafter treated to
      remove carbon oxides and other diluents, and ultimately methanated to
      produce methane-rich fuel gas. The char is recycled to the first
      gasification stages for reaction with steam and oxygen at temperatures in
      excess of 2500.degree.F and pressures in excess of 50 atmospheres to
      produce a synthesis gas containing hydrogen and oxides of carbon for
      reaction in the second gasification stage.
PAR  The efficiency at which the coal particles and the char product particles
      are entrained in the up-flow gas in the second stage is a key factor
      affecting the overall efficiency of the process. One problem that has been
      encountered in this regard is that particles of some kinds of coal,
      generally called caking coals, tend to agglomerate as they become char
      product particles. Moveover, some proportion of the char product particles
      so formed become too large to be entrained by the product gases of the
      second stage. Consequently, these oversize char particles will accumulate
      and will tend to plug the passage for first stage synthesis gas. This
      problem is of considerable importance since a majority of the coals found
      in the Eastern United States are of a caking nature.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a method and apparatus is provided for
      withdrawing or removing oversized char particles from the second stage of
      a two-stage coal gasification process.
PAR  As described hereinabove, in the first stage of the process in question,
      recycled process char reacts with steam and oxygen as it passes upwardly
      therewith to produce a synthesis gas containing hydrogen and carbon
      oxides. In the second stage, the first stage synthesis gas reacts with
      coal and steam passing upwardly therewith to produce a second stage char
      which is entrained in the second stage product gas containing methane,
      hydrogen and carbon oxides. Between the first and second stages, the
      synthesis gas passes through a restricted mixing stage, coal and steam
      being injected upwardly into the mixing stage toward the second stage to
      provide mixing and rapid reaction of the coal and steam with the synthesis
      gas. According to the present invention, an arrangement is provided at the
      bottom of the second stage for removing the oversize char particles which
      tend to accumulate in this area and which can block the passage between
      the stages. This oversized char removal arrangement preferably comprises
      an outlet passage having an inlet which opens into the bottom of the
      second stage and means for injecting flushing gas, preferably steam,
      upwardly through the passage toward the second stage. The injection of
      flushing gas or steam into the outlet passage ensures that only oversized
      char particles which are capable of traveling against the counter flow
      produced by the steam are removed and hence that smaller particles,
      capable of being entrained in the second stage gas, are not removed. The
      velocity of the flushing gas or steam is between 0.4 and 4 feet per second
      based on the open cross-section of the outlet passage. Further, the steam
      serves to cool the oversized char particles as they leave the gasifier.
      The steam, or part thereof, can be generated by injecting liquid water
      onto the hot char in the outlet passage to achieve better cooling of the
      coarse, withdrawn char. The outlet passage can be connected to a lock
      hopper for depressurizing or discharging of the particles that are
      removed. These coarse char particles can also be recycled for use in the
      first stage of the process, either directly or after grinding.
PAR  It will be appreciated that the oversized char removal method and apparatus
      of the invention increases the efficiency of the process by maintaining a
      maximum amount of char in the second stage gas while preventing
      accumulation of large char particles that can block or plug the passage
      between the stages. Moreover, with the problems caused by so-called caking
      coals substantially reduced or eliminated, the applicability of the bi-gas
      process is extended to all areas of the country.
PAR  Other features and advantages of the invention will be set forth in, or
      apparent from the detailed description of preferred embodiments found
      hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single FIGURE in accompanying drawings is a highly diagrammatic section
      view of a two-stage coal gasification apparatus incorporating the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the single FIGURE in the drawings, a two-stage gasification
      vessel, indicated generally at 10, includes a lower portion 12, and an
      upper portion 14, the first stage of a two-stage gasification process
      taking place in the lower portion 12 and the second stage taking place in
      the upper portion 14. The lower portion 12 of vessel 10 has an upper
      truncated conical portion 16 and a lower truncated conical portion 18. The
      downwardly converging conical walls of the lower truncated portion 18
      converge to form a slag removal area or port 20. The upwardly converging
      conical walls of the upper portion 16 of the first stage 12 converge to
      form a throat 22 between the upper portion 14 and the lower portion 12.
PAR  Recycle process char mixed with steam at high pressure is injected into the
      lower portion 12 of vessel 10 through a conduit indicated at 32 and
      reacted therein with oxygen introduced into the lower portion 12 of vessel
      10 through a further suitable conduit 30. The char, oxygen and steam are
      introduced and injected into the lower portion 12 at high velocity and in
      such fashion that rapid mixing and reaction of the various reactants
      occurs. The reaction in the lower portion 12 of vessel 10 is the first
      stage of the gasification process and produces a synthesis gas containing
      hydrogen and oxides of carbon, this synthesis gas passing upwardly through
      the throat 22 into the upper portion 14 of vessel 10.
PAR  First stage synthesis gas which passes upwardly through the upper conical
      portion 16 of the vessel lower portion 12 through the throat 22 is rapidly
      mixed with coal and steam as described hereinbelow. Throat 22 should have
      a cross sectional area which is preferably less than 20% of the cross
      sectional area of the smaller of the lower and upper portions 12 and 14 of
      vessel 10 so as to restrict gravitation of coal downwardly through the
      throat 22. At a location near the most narrow cross sectional area of the
      throat 22, superheated steam is injected upwardly through a plurality of
      ports or nozzles which are indicated at 38 and surround throat 22. It is
      preferred that at least ten nozzles 38 be employed and that these nozzles
      be directed radially upward toward upper portion 14 of vessel 10 to
      restrict the entry of coal into the lower portion 12 of vessel 10 from
      upper portion 14. Coal is introduced into throat 22 through ports 40 at
      locations above the steam ports 38 to provide rapid mixing with the
      synthesis gas and injected steam passing upwardly through throat 22. The
      mixture of coal, steam, and synthesis gas passes upwardly through the
      upper portion 14 while reacting to yield a second stage product including
      partially gasified char entrained with a second stage product gas
      comprising methane, hydrogen, and oxides of carbon.
PAR  As discussed above, oversized char particles, which result as caking coal
      particles react with synthesis gas and steam to form agglomerating char
      and the second state product gas, can be of such a size and weight that
      they are not entrained in the second stage product gas with the other char
      particles. These oversized particles would normally gravitate towards
      throat 22 between vessel upper portion 14 and vessel lower portion 12,
      where they would accumulate and cause possible plugging or blocking of
      throat 22. In accordance with the invention, an outlet passage or trough
      24 is provided which opens into the upper portion 14 of vessel 10 in the
      area of throat 22. A counter-current or counter-flow of steam is provided
      in passage 24 by steam which is injected into passage 24 from a port or
      nozzle 50 and directed upwardly along passage 24. The velocity of the
      upwardly directed steam injected through nozzle 50 is controlled so as to
      prevent small char particles which are capable of being entrained in the
      second stage gas flow from entering passage 24. However, oversized char
      particles which are too large to be entrained in the second stage product
      gas can exit from portion 14 of vessel 10 along passage 24, through the
      steam counter-current injected by nozzle 50. It should be noted that the
      steam entering through nozzle 50 also serves to cool the large char
      particles in addition to preventing exiting of the smaller ones.
PAR  Oversized char particles can be directed from the passage 24 to a lock
      hopper (not shown) or the like used in depressurizing or discharging the
      particles. The particles can also be recycled to stage one, either
      directly or after grinding.
PAR  While the invention has been described in detail with particular reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that variations and modifications can be effected in
      the exemplary embodiments within the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for removing oversized char particles which are produced in a
      two-stage coal gasification process by reacting a first stage synthesis
      gas with coal and steam in a mixing zone in the second stage, and which
      are too large to be entrained in an upwardly directed second stage gas
      stream, said method comprising:
PA1  withdrawing said oversized char particles through an exit passageway which
      opens into the bottom of said mixing zone,
PA1  and directing a counter-flow of steam in a direction which is opposite to
      that in which the particles are removed so as to prevent removal of char
      particles of a size capable of being entrained in the second stage gas
      stream.
NUM  2.
PAR  2. In a two-stage coal gasification apparatus for producing methane-rich
      fuel gas comprising a gasification vessel including an upper portion, a
      lower portion and a mixing throat connecting the upper and lower portions;
      means for passing a synthesis gas from the lower portion of the vessel
      upwardly into said mixing throat, and said mising throat including means
      for injecting coal and steam thereinto for mixing with the synthesis gas
      to produce partially gasified char which is entrained in a second stage
      product gas that passes upwardly through the upper portion of the vessel;
      the improvement comprising means for removing oversized char particles
      which are formed in said mixing throat and which are too large to be
      entrained in said second stage product gas, said means comprising means
      defining a downwardly extending exit passageway which opens into the
      bottom of said mixing throat and through which said oversized char
      particles can be removed and means for injecting a counter-flow of fluid
      in said passageway for preventing the removal of particles which are of a
      size capable of being entrained within said second stage product gas.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 wherein said fluid injecting means
      comprises means for injecting steam into said exit passageway.
NUM  4.
PAR  4. A process for the two stage gasification of coal comprising:
PA1  passing recycled char upwardly through a first zone and reacting said char
      therein with superheated steam and oxygen to yield a first stage synthesis
      gas comprising hydrogen and oxides of carbon,
PA1  passing the first stage synthesis gas from the first zone through a mixing
      zone having a cross sectional area substantially less than the cross
      sectional area of the first zone,
PA1  injecting coal and superheated steam into said mixing zone and mixing said
      coal and superheated steam with the first stage synthesis gas passing
      therethrough,
PA1  passing the mixture of steam, coal and first stage synthesis gas from the
      mixing zone into a second gasification zone,
PA1  passing the mixture of coal, steam and first stage synthesis gas upwardly
      through the second zone while reacting the mixture to yield a second zone
      product comprising agglomerated char, and char entrained in a second zone
      product gas comprising methane, hydrogen and oxides of carbon,
PA1  withdrawing the second zone product entrained char and second zone product
      gas together;
PA1  separately withdrawing the second zone product aggolomerated char through
      an exit passageway which opens into the bottom of said mixing zone against
      a counter-current of steam,
PA1  controlling the velocity and direction of flow of said counter-current of
      steam to prevent the exit of non-agglomerated char particles and to cool
      the said agglomerated char as it leaves the second stage through said exit
      passage, and
PA1  recycling the separated agglomerated char to the first gasification zone.
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ABST
PAL  Apparatus and process for the disposal of plastic waste in conjunction with
      air the apparatus comprising a fluidized bed combustion unit with means
      for heating the plastic waste disposed within the upper portion of the
      combustion unit. The plastic waste is converted to hydrocarbon gases and
      oils within the heating means which itself comprises a fluidized bed.
PARN
PAR  This is a division, of application Ser. No. 399,243, filed Sept. 20, 1973
      now U.S. Pat. No. 3,843,339.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and device for the disposal of wasted
      plastics of polyolefins such as polyethylene and polypropylene. More
      specifically, the invention relates to a process for disposing of plastic
      waste by combusting a part of the plastic and thereby converting it into
      an absolutely innoxious gas free from soot and other foreign matter and,
      at the same time, converting the greater part of the plastic into
      hydrocarbons useful as fuels and industrial raw materials by utilizing the
      heat resulting from the aforesaid combustion of a part of the plastic, and
      to a device used for practicing the process.
PAR  The disposal of plastic waste has come to pose a serious problem to the
      community in recent years in consequence of the incessant increase in the
      quantities of plastics used. Quantitatively, plastics of polyolefins such
      as polyethylene and polypropylene account for the majority of the plastics
      being discarded. Such wasted polyolefinic plastics are generally left to
      mingle with ordinary trash and then burnt in an ordinary trash
      incinerator.
PAR  When a polyolefinic plastic is burnt in an ordinary incinerator, the
      plastic is fused and deposited in a form resembling molten gelatin on the
      grate to obstruct the flow of air. Further, the internsive heat generated
      from the burning plastic tends to fuse the grate or damage the incinerator
      proper.
PAR  It is technically difficult to have such plastic burnt completely in the
      ordinary incinerator. The incineration of waste plastic, therefore,
      entails occurrence of incompletely burnt gas and soot and eventually
      pollutes the atmosphere.
PAR  Various incinerators designed exclusively for the combustion of waste
      plastics have been suggested with a view to solving the difficulties
      mentioned above. They invariably have both merits and demerits and none of
      them have yet been put to effective use.
PAR  Attempts have also been made to obtain useful petrochemical raw materials
      from wasted polyolefinic plastics as the starting materials. For example,
      research is under wasy on a process of obtaining heavy oil, light oil,
      kerosene, ethane and so on by thermally decomposing such plastic waste.
      This process has not yet been materialized because residue from thermal
      decomposition accumulates within a thermal decomposition unit and changes
      the operating conditions of said unit from time to time, because products
      of thermal decomposition are difficult of separation, because continuous
      operation of the unit for a prolonged period is difficult to achieve, and
      so on.
PAR  A primary object of this invention is to provide a process for completely
      combusting a part of polyolefinic plastics, particularly wastes thereof,
      and thereby converting them into an innoxious gas perfectly free from
      suspended matter and obtaining useful hydrocarbons from the remaining
      greater part of said polyolefinic plastics by utilizing the heat generated
      by said combustion.
PAR  Another object of the present invention is to provide a highly effective
      device for practicing the process described above.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWING
PAR  The drawing illustrates a device according to the present invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a part of wasted plastics, particularly wasted
      polyolefinic plastics, are completely burnt by fluidized combustion and
      converted into an innoxious gas and the remaining greater part of the
      wasted plastics are fused by the heat generated from said combustion and
      subsequently thermally decomposed in the presence of oxygen and thereby
      converted into hydrocarbon oils and hydrocarbon gases useful as industrial
      raw materials and fuels.
PAR  The hydrocarbon oils and hydrocarbon gases to be produced as mentioned
      above may be varied in kind and quantity by regulating the amount of
      oxygen introduced into wasted plastics or the temperature of heating.
PAR  As the device most suitable for effecting the process described above, the
      present invention employs a fluidized combustion means which is provided
      in the upper empty space thereof with a means for introducing waste
      plastics and at a position adjacent thereto with a means for fluidization,
      partial oxidation and thermal decomposition.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First, waste polyolefinic plastics in conjunction with a fluidizing medium
      added thereto are subjected to fluidized combustion in the presence of air
      introduced in an amount greater than the amount theoretically required for
      combustion of said plastics.
PAR  The term "fluidizing medium" as used in the present invention refers to a
      substance of the kind which is added in advance to a fluidized bed in
      order to ensure sufficient fluidization of reactants participating in
      fluidized reactions such as fluidized combustion.
PAR  Waste plastics are divided in advance to a suitable size, as occasion
      demands, to warrant ease of fluidization. Although sand and coal ash are
      typical substances that serve satisfactorily as the fluidizing medium,
      other substances may also be used insofar as they are physically and
      chemically stable and remain unaffected by the heat generated from the
      fluidized combustion. The size of the fluidizing medium is limited to the
      range of from 0.1 to 0.3mm.
PAR  The mixture of waste plastics and the fluidizing medium is fluidized with
      air and combusted. The amount of air to be used for this purpose must be
      in excess of that which required for complete combustion of the wasted
      plastics. The excess air enables the mixture of plastics and fluidizing
      medium to form a fluidized bed, with the result that the plastics are
      combusted and the gas generated from the combustion is continuously
      discharged.
PAR  Since air is amply supplied and the plastics are fluidized by the air, the
      combustion is effected substantially completely and the amount of solids
      entrained by the gas from the combustion is extremely small. The gas to be
      discharged into the atmosphere is not allowed to have even the smallest
      content of noxious substances. Therefore, it is treated by a solid-gas
      separator such as, for example, a cyclone and deprived of solids prior to
      release into the atmosphere.
PAR  Plastics at times contain various additives to meet the purposes of their
      manufacture. Upon combustion, such additives may form noxious substances.
      In the case of such plastics, the gas from the combustion may suitably be
      scrubbed by a known method to be freed of such noxious substances.
PAR  Once the combustion is started by ignition, it can be carried out
      continuously by supplying plastics continuously. The combustion can easily
      be accomplished by regulating the amount of air supplied and that of
      plastics introduced so that the heat of combustion is retained in the
      range of from 600.degree.C to 800.degree.C.
PAR  In the course of the fluidized combustion, low-grade coal or some other
      supplementary fuel may be added to accelerate the combustion.
PAR  The formation of hydrocarbon oils and hydrocarbon gases by the oxidation of
      wasted plastics will be explained herein below. First waste plastics are
      fused. The heat generated from said fluidized combustion is exploited as
      the heat required for effecting said fusion.
PAR  Although the temperature at which the fusion is effected varies with the
      kind of plastics to be fused, most polyolefinic plastics (such as plastics
      of polyethylene and polypropylene) which are generally used are invariably
      dissolved when heated to about 300.degree. - 500.degree.C. Then the fused
      plastics are maintained at a prescribed temperature by means of the heat
      from said fluidized combustion and, in the presence of an added fluidizing
      medium, fluidized by introducing therein a forced current of oxygen, with
      the result that the plastics are oxidized and thermally decomposed and,
      consequently, converted into hydrocarbon oils and hydrocarbon gases of
      high purity. Here, the term "hydrocarbon oils" refers to hydrocarbons
      which are liquid at normal room temperature (about 25.degree.C) and the
      term "hydrocarbon gases" to hydrocarbons which are gaseous at normal room
      temperature. The yield of hydrocarbon oils can be increased by blowing
      oxygen in an amount about one twentyfifth of the amount theoretically
      required for complete combustion of polyolefinic plastics and regulating
      the temperature of the fluidized bed in the range of 570.degree. -
      630.degree.C. In this case, hydrocarbon oils account for not less than 60%
      by weight of all the hydrocarbons to be formed. Where hydrocarbon gases
      such as olefin gases are desired to be obtained in a larger amount, it
      suffices to blow oxygen in an amount about one fifteenth of the amount
      theoretically required for complete combustion of plastics and, at the
      same time, regulate the temperature of the fluidized bed in the range of
      700.degree. - 800.degree.C. In this case, olefin gases account for not
      less than 80% by weight of all the hydrocarbons to be formed. Upon thermal
      decomposition, the fused plastics produce some carbonaceous substance in
      addition to gases. This carbonaceous substance deposits itself on a part
      of the fluidizing medium. The fluidizing medium on which said carbonaceous
      substance has been deposited, because of difference of specific gravity,
      sinks downward in the fluidized bed and begins to flow in the lower zone
      of the fluidized bed. The incoming oxygen and the carbonaceous substance
      on the medium react to cause partial combustion, which is believed to
      contribute to the promotion of the thermal decomposition.
PAR  The thermal decomposition, thus, produces said carbonaceous substance.
      However, this carbonaceous substance does not obstruct the fluidization.
      Nor does it clog pipes. This means that no protective means is required
      against occurrence of said carbonaceous substance. Thus, a small device
      will suffice for the purpose of the process described above.
PAR  During said oxidation and thermal decomposition of plastics, since the
      fluidized bed is maintained around 600.degree. - 800.degree.C, the formed
      hydrocarbons are vaporized out of said fluidized bed. Hydrocarbon oils and
      hydrocarbon gases can be separated from the vaporized gas by collecting
      the gas and cooling it. A device employed for practicing the present
      invention will be described herein below.
PAR  The device of the present invention comprises (a) a fluidized combustion
      means, (b) a means for the fluidization and partial oxidation disposed in
      the upper empty space in the interior of said fluidized combustion means
      and (c) a means adapted to supply plastics to said means for the
      fluidization and partial oxidation and disposed in the upper empty space
      in the interior of said fluidized combustion means.
PAR  The device as a whole has a structure capable of improving the thermal
      efficiency, because both the means (b) and (c) can utilize the heat
      generated by the combustion in the fluidized combustion means.
PAR  The device of this invention will be explained with reference to the
      drawing.
PAR  Referring to the drawing, 1 denotes a fluidized combustion means, 2 a means
      for the fluidization and partial oxidation disposed in the upper empty
      space in the interior of the fluidized combustion means 1, and 3 a means
      adapted to supply plastics to the means 2 for the fluidization and partial
      oxidation. Denoted by 4 is a means for supplying the plastic waste to be
      disposed of to said fluidized combustion means. In the illustrated
      embodiment, a screw feeder is used as the means 4. A distribution plate 9
      supports a fluidized bed. 5 denotes a pipe for introducing into the
      fluidized combustion means 1 the air which is used for fluidization and
      combustion. The air which has been introduced via the pipe 5 passes
      through the distribution plate 9 and causes fluidization and combustion of
      the plastic waste A deposited on the plate 9. The gas generated in
      consequence of the fluidized combustion is removed through the head
      portion of the fluidized combustion means 1. Solids contained in this gas
      are separated by a cyclone 6 in the case of the illustrated embodiment.
      The gas which contains absolutely no solids is released as an innoxious
      gas via an outlet 7. The solids which have been collected by the cyclone 6
      are sent through a pipe 8 and returned to the fluidized combustion means
      1. At the bottom of the fluidized combustion means, there is disposed a
      valve 10. This valve 10 is intended to remove the fluidizing medium or the
      residue of combustion or to adjust the height of the fluidized bed of the
      medium. The means 2 for the fluidization and partial oxidation and the
      means 3 for the supply of plastics are both disposed in the upper empty
      space within the fluidized combustion means 1 and they are heated by the
      heat from the combustion which occurs in the means 1.
PAR  The plastic waste, when thrown into the plastic supply means 3, is fused by
      the heat and converted to a liquid form. The liquid plastic is supplied to
      the means 2 for the fluidization and partial oxidation by virtue of a
      supply means 11, which is a screw feeder in the case of the illustrated
      embodiment. This means 2 for the fluidization and partial oxidation is
      provided at the bottom thereof with a distributing plate 14 serving to
      support the fluidized bed. It is further provided below the distributing
      plate 14 with a pipe 12 for supplying oxygen for fluidization and partial
      oxidation and a pipe containing a valve 15 for withdrawing the contents
      from the fluidized bed. When the fused plastic is introduced by the screw
      feeder 11 into the means 2 for the fluidization and partial oxidation, the
      oxygen from a supply pipe 12 is sent through the distributing plate and
      introduced into the fused plastic. The fluidizing medium is placed in
      advance on the distributing plate 14. The fused plastic and the fluidizing
      medium are urged by the incoming oxygen to form a fluidized bed, with the
      result that the fused plastic is oxidized and thermally decomposed. The
      thermally decomposed, oxidized gas (hydrocarbon gases) is delivered to a
      condenser 13 and separated in liquid recovery unit 16 into a liquid and a
      gas, which are recovered independently of each other.
PAR  The following example is further illustrative of this invention. It should
      be understood that the present invention is not limited thereto.
PAC  EXAMPLE:
PAR  Device: The device of the present invention explained above was used. The
      components of this device, invariably made of stainless steel, had the
      following dimensions.
PAR  Fluidized combustion means - 1200mm in height, 300mm in upper inside
      diameter and 200mm in lower inside diameter.
PAR  Means for fluidization and partial oxidation disposed in the upper empty
      space within the fluidized combustion means - 1000mm in height and 110mm
      in inside diameter.
PAR  Means for supply of plastics to means for fluidization and partial
      oxidation disposed in the upper empty space within the fluidized
      combustion means - 700mm in height and 90mm in inside diameter.
PAR  Screw feeder for fluidized combustion means - 25mm in diameter
PAR  Screw feeder for means for fluidization and partial oxidation - 25mm in
      diameter.
PAC  Materials used in the device:
TBL            Polyethylene Polypropylene                                      
     ______________________________________                                    
     Specific gravity                                                          
                 0.93           0.91                                           
     Melting point                                                             
                 120 - 130.degree.C                                            
                                160 - 170.degree.C                             
     Heat produced                                                             
                 11,000 kCal/kg 10,500 kCal/kg                                 
     Grain size  5mm            4mm                                            
     ______________________________________                                    
PAR  Supply of plastics to the device:
PAR  To the fluidized combustion means, polyethylene and polypropylene plastics
      were supplied at respective rates of 0.45 kg/hour and 0.1 kg/hour by the
      screw feeder. As the fluidizing medium, about 10kg of sand having a grain
      size of 0.1 - 0.3mm was placed in advance in the fluidized combustion
      means. Air was introduced to the lower section of the fluidized combustion
      means at a rate of 18.6 cm/sec. The materials charged were ignited at the
      outset of the operation. The combustion of the materials was maintained by
      continuing the introduction of the materials and air at the rates
      indicated above, with the temperature kept at 750.degree.C to effect
      fluidized combustion.
PAR  The gas discharged at a rate of 8.3 m.sup.3 per hour via the cyclone of the
      fluidized combustion means was found to have the following composition (in
      percentage by weight)
TBL  H.sub.2                                                                   
           O.sub.2 CO      CH.sub.4                                            
                                 CO.sub.2                                      
                                       C.sub.2 H.sub.6                         
                                              N.sub.2                          
     ______________________________________                                    
     0.5   1.4     2.0     1.3   13.6  0.7    80.5                             
     ______________________________________                                    
PAR  The effluent gas had absolutely no solids content and was innoxious.
PAR  Separately, the means for fluidization and partial oxidation was packed in
      advance with about 6kg of sand having a grain size of 0.1 - 0.3mm as the
      fluidizing medium. To the supply means, polyethylene plastic and
      polypropylene plastic were delivered at respective rates of 2.5 kg/hour
      and 0.5 kg/hour by the screw feeder. Oxygen was supplied at two rates of
      300 Nl/hour and 500 Nl/hour.
PAR  The supply means was heated to about 300.degree. - 500.degree.C with the
      heat of combustion in the fluidized combustion means and both polyethylene
      and polypropylene plastics were fused. The fused plastics were delivered
      by the screw feeder to the means for fluidization and partial oxidation at
      the aforementioned rates.
PAR  By the oxygen introduced through the lower section of the means for
      fluidization and partial oxidation, the fused polyethylene was fluidized
      in conjunction with the fluidizing medium and subjected to oxidation and
      thermal decomposition. The gas generated consequently was cooled by the
      condenser to 5.degree.C and separated into hydrocarbon gases and
      hydrocarbon oils.
PAR  The results of the operation will be described herein below.
PAR  a. In the operation having oxygen supplied at the rate of 300 Nl/hour:
PAR  In this case, the amount of oxygen supplied was 1/25 of the amount of
      oxygen required for complete combustion of the plastic.
PAR  The fluidized bed was controlled to a temperature of 620.degree.C.
PAR  Consequently, the plastic was gasified through oxidation and thermal
      decomposition. This gas was cooled by the condenser to 5.degree.C to
      afford 1.2kg of a gas containing hydrocarbons and 1.8kg of hydrocarbon
      oils.
PAR  The yield of the oils was 60%. The compositions of the gas and the oils
      were as shown below.
PAR  Gas composition (% by weight)
TBL  H.sub.2                                                                   
         CH.sub.4                                                              
             C.sub.2 H.sub.4                                                   
                 C.sub.2 H.sub.6                                               
                     C.sub.3 H.sub.8                                           
                         C.sub.4 H.sub.8                                       
                             O.sub.2                                           
                                 N.sub.2                                       
                                     Cl  CO.sub.2                              
                                             (C.sub.2 - C.sub.4)               
     __________________________________________________________________________
     0.9 8.0 20.8                                                              
                 7.3 22.7                                                      
                         14.5                                                  
                             0   0.2 9.0 16.6                                  
                                             65.3                              
     __________________________________________________________________________
PAR  Oil composition (% by weight)
TBL  C.sub.6 - C.sub.10                                                        
               C.sub.11 - C.sub.15                                             
                           C.sub.16 - C.sub.20                                 
                                       C.sub.21 or more                        
     ______________________________________                                    
     6.5       17.5        32.0        44.0                                    
     ______________________________________                                    
PAR  b. In the operation having oxygen supplied at the rate of 500 Nl/hour:
PAR  In this case, the amount of oxygen supplied was 1/15 of the amount of
      oxygen required for complete combustion of the plastic.
PAR  The fluidized bed was controlled to a temperature of 770.degree.C.
PAR  Similarly to the case of (a), the plastic was gasified through oxidation
      and thermal decomposition and then cooled to 5.degree.C. Consequently,
      there were obtained 2.46kg of a gas containing hydrocarbons and 0.54kg of
      hydrocarbon oils.
PAR  The yield of oils was 18%.
PAR  The compositions of the gas and the oils were as shown below.
PAC  Gas composition (% by weight)
TBL  H.sub.2                                                                   
         CH.sub.4                                                              
             C.sub.2 H.sub.4                                                   
                 C.sub.2 H.sub.6                                               
                     C.sub.3 H.sub.6                                           
                         C.sub.4 H.sub.8                                       
                             O.sub.2                                           
                                 N.sub.2                                       
                                     CO  CO.sub.2                              
                                             (C.sub.2 -C.sub.4)                
     __________________________________________________________________________
     1.1 10.5                                                                  
             20.7                                                              
                 6.2 17.7                                                      
                         11.4                                                  
                             0   0.3 11.2                                      
                                         20.9                                  
                                             56                                
     __________________________________________________________________________
PAC  Oil composition (% by weight)
TBL  C.sub.6 - C.sub.10                                                        
               C.sub.11 - C.sub.15                                             
                           C.sub.16 - C.sub.20                                 
                                      C.sub.21 or more                         
     ______________________________________                                    
     2.0       9.5         22.5       66                                       
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for combusting plastics to reduce hydrocarbons useful for
      industrial raw materials which comprises
PA1  a. a first cylindrical fluidized combustion unit having disposed therein
PA2  1. a distributing plate which is disposed at the lower portion of said
      cylindrical fluidized combustion unit and is capable of supporting a
      fluidized medium within said unit;
PA2  2. a plastic supply means disposed in the lower portion of said fluidized
      combustion unit and above said distributing plate;
PA2  3. an oxygen supply means disposed in the lower portion of said cylindrical
      fluidized combustion unit and below said distributing plate such that
      oxygen introduced into said unit will pass upwardly and through said
      distributing plate;
PA2  4. means situated below said distributing plate for removal of the residue
      of combustion from said unit;
PA2  5. a fluidizing medium having a particle size of from 0.1 to 0.3 mm placed
      on said distributing plate;
PA1  b. a cylindrical plastic supply unit for containing a supply of plastic
      material, said unit having a plastic supply means situated at the lower
      extremity of said plastic supply unit through which said plastic supply
      can be fed into a second cylindrical fluidization and partial oxidation
      unit wherein at least part of said plastic supply means is situated within
      said second cylindrical unit wherein plastic fed into said second
      cylindrical unit will be in a liquid form as it enters said second unit;
PA1  c. said second cylindrical fluidization and partial oxidation unit having
PAR  1. a distributing plate which is disposed at the lower portion of said
      cylindrical fluidization and partial oxidation unit which is capable of
      supporting a fluidized medium within said unit;
PA2  2. a plastic supply means disposed in the lower portion of said cylindrical
      fluidization and partial oxidation unit and above said distributing plate;
PA2  3. an oxygen supply means disposed in the lower portion of said cylindrical
      fluidization and partial oxidation unit and below said distributing plate
      such that oxygen introduced into said unit will pass upwardly and through
      said distributing plate;
PA2  4. means situated below said distributing plate for removal of the residue
      of combustion from said unit;
PA2  5. a fluidizing medium placed on said distributing plate; said second
      cylindrical unit and said plastic supply means for feeding said second
      cylindrical unit being situated within the upper empty space of the first
      cylindrical fluidized combustion unit and in heat exchange communication
      with the gases generated in said first unit when said first unit is used
      to combust a plastic supplied thereto;
PA1  d. a condenser connected to a gas outlet on said second cylindrical
      fluidization and partial oxidation unit such that volatile hydrocarbons
      generated within said second cylindrical unit are removed from said unit
      and are condensed within said condenser.
PATN
WKU  039458113
SRC  5
APN  5343852
APT  1
ART  176
APD  19741219
TTL  Process for removing sulfur compounds from gases
ISD  19760323
NCL  18
ECL  1
EXP  Adee; John
INVT
NAM  Beasley; Glenn H.
CTY  Cheltenham
STA  PA
INVT
NAM  Cartier; Peter G.
CTY  Cornwells Heights
STA  PA
ASSG
NAM  Rohm and Haas Company
CTY  Philadelphia
STA  PA
COD  02
RLAP
COD  72
APN  512815
APD  19741007
PSC  03
CLAS
OCL   55 73
XCL  210 74
XCL  210 76
EDF  2
ICL  B01D 5302
FSC   55
FSS  73;74;76
FSC  260
FSS  2.1 R
UREF
PNO  3780500
ISD  19731200
NAM  Clemens
XCL   55 74
UREF
PNO  3816355
ISD  19740600
NAM  Clemens
OCL  260  2.1R
ABST
PAL  Sulfur dioxide and sulfur trioxide may be removed from gases over a broad
      range of temperature and moisture conditions by utilizing a class of
      resinous adsorbents which retain their capacity at low moisture levels.
      Preferred embodiments are those resins which may be thermally regenerated
      to recover the sulfur.
PARN
PAR  This is a continuation-in-part application of copending U.S. application
      Ser. No. 512,815, filed Oct. 7, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns a process for the removal and optional recovery of
      sulfur oxides from gaseous streams using a solid resin adsorbent. More
      particularly the invention concerns the treatment of waste streams such as
      stack gases discharged from generating plants, industrial plants which
      produce sulfur derivatives and other facilities that burn
      sulfur-containing coal or oil.
PAR  As a result of the enactment of the recent Federal Clean Air Act and
      corresponding state legislation designed to provide for the implementation
      of standards approved by the Federal Environmental Protection Agency, a
      major portion of the fossil-fueled power plants in the U.S. are under
      order to reduce their output of sulfur dioxide substantially in the near
      future. Some of these emission standards may be attained by the use of low
      sulfur fuels, but sufficient supplies of such fuels for all generating
      units will not be available for many years.
PAR  At present no acceptable method to adsorb sulfur oxides from hot gaseous
      streams appears known which would comply with today's stringent
      environmental standards. The art does disclose a wet scrubbing process
      which provides for the gaseous stream to be contacted with lime/limestone
      slurries to form insoluble calcium solids. Unfortunately no practical
      method has been developed for the disposal of this quicksand-like sludge.
      Furthermore the disposal of these wastes has caused concern to
      environmentalists.
PAR  The prior art further contains various suggestions for removing sulfur
      dioxide from gases utilizing resins. See, for example, U.S. Pat. Nos.
      3,709,977; 3,727,379 and French Pat. No. 1,356,116. None of these resins
      however perform satisfactorily over broad ranges of temperatures and resin
      moisture conditions. They are particularly deficient in the case of stack
      gas purification.
PAR  The inadequacy of the prior art resins has been theorized to be related to
      the marked decrease in capacity such resins experience at low moisture
      levels. When a wet solid adsorbent is contacted with, for example, a hot
      stack gas, a substantial drying of the adsorbent takes place despite the
      presence of moisture in the gas. Such dehydration renders many resins
      ineffective particularly if the moisture content falls much below the 50%
      mark. Consequently the utilization of such resins requires the cooling of
      such stack gases usually to temperatures circa 50.degree.C. to avoid
      dehydration of the resinous adsorbents and followed by significant
      reheating of the gases to provide buoyancy for the gases to escape from
      tall stacks.
PAR  It is a primary object of the present invention to provide a process for
      removing sulfur oxides over a broad range of temperature and moisture
      conditions.
PAR  It is additionally an object of the present invention to prevent air
      pollution due to sulfur dioxide emission.
PAR  It is a further object of the present invention to provide a process which
      will allow industrial sulfur dioxide emissions to meet governmental
      standards.
PAR  Another object is to provide a sulfur oxide recovery process which will
      produce saleable sulfur products including, for example, elemental sulfur,
      sulfuric acid, sulfur dioxide, sodium sulfate and sodium bisulfate.
PAR  A further object of the invention is to provide a method of recovery of
      sulfur oxides from stack gases.
PAR  These and other objects are achieved by the present invention set forth now
      in greater detail.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a process for
      separating sulfur oxides from gases which comprises contacting said gases
      with a crosslinked macroreticular resin comprising a functional moiety
      containing at least one basic nitrogen and at least one acid metal salt
      group.
PAR  Preferred polymeric backbones include styrene, vinyl benzylchloride,
      ethylene, acrolein, acrylonitrile, methylvinyl ketone, acrylates or
      methacrylates which are crosslinked with such monomers as divinylbenzene,
      trimethylolpropane trimethacrylate, ethyleneglycol dimethacrylate or
      ethylene glycol divinylether. Preferred functional groups include amino
      acids and iminodiacids of carboxylic, phosphonic or sulfonic acids. More
      preferred are those amino and iminodiacids which contain carboxylic acids.
      Specifically, resins having the iminodiacetic, aminoacetic and picolinic
      acid moieties function best.
PAR  Suitable resins include those having the following formulas or tautomers
      thereof:
      ##EQU1##
      where R.sub.1 is
      ##EQU2##
      and where at least one of R.sub.1, R.sub.2 and R.sub.3 is an acid metal
      salt and both R.sub.2 and R.sub.3 are selected from CH.sub.2 COONa,
      ##EQU3##
      CH.sub.2 SO.sub.3 Na, CH.sub.2 CH.sub.2 COONa, H, and any alkyl group;
      ##EQU4##
PAR  The resins may include additional functional groups such as ketones,
      amides, esters, ethers or nitriles without affecting their efficacy.
PAR  Although the process may be in the form of a fixed bed system, a preferred
      embodiment of the process would comprise having the stack gas at
      temperatures ranging from 50.degree. to 100.degree.C., being contacted
      with an adsorbent in a staged, semi-continuous fluidized system. A typical
      stack gas may contain up to 3000 ppm of SO.sub.2 and is preferably
      contacted with an electrostatic precipitator or water scrubber to remove
      particulate content. Frequently a water scrubber will find use as a
      pre-treatment step to remove particulates, SO.sub.3 and NO.sub.2.
PAR  Since the capacity of the resins so useful in the process of the invention
      is maintained they frequently remove more than 96% of the sulfur dioxide
      emission, resulting in a treated gas which usually contains less then 200
      ppm of SO.sub.2, a level which is well within the present Federal
      regulations.
PAR  Preferred resins of the invention are thermally regenerable. Such a
      regeneration may be accomplished by subjecting the SO.sub.2 loaded resin
      bed to steam at temperatures above 100.degree. C., thereby stripping the
      SO.sub.2  from the resin. Due to oxidation however a portion of the
      SO.sub.2 adsorbed on the resin is difficult to recover by thermal elution.
      It is therefore necessary occasionally to include a chemical regeneration
      such as for example a water rinse followed by caustic to remove the
      nonelutable sulphur compounds as sodium salts. The caustic also converts
      the resin to its active form.
PAR  The invention will now be described further with reference to the following
      specific examples which are merely illustrative.
PAR  As mentioned hereinbefore, preferred systems would of course include a
      continuous fluidized bed containing a closed resin loop. An example of
      such a system is given below.
PAR  In a single-stage, fluid bed adsorber, a macroreticular styrene/3.5%
      divinyl benzene/4% trimethylolpropane trimethacrylate resin containing 2.7
      millimoles of iminodiacetic acid/gram dry in the sodium form is fluidized
      at 70.degree.C. with a simulated stack gas stream containing 2000 ppm
      SO.sub.2, 12% H.sub.2 O, 5% O.sub.2, and 10 ppm NO.sub.2 at a superficial
      gas velocity of 1.7 ft./sec. (370 lb./hr. ft..sup.2). The resin is loaded
      with SO.sub.2 until an instantaneous SO.sub.2 concentration in the
      effluent gas of about 1000 ppm is detected (80% total SO.sub.2 removal).
      The resin is then thermally eluted with steam at about 130.degree.C. for
      20 minutes. Finally, the resin is cooled to 70.degree.C. and a subsequent
      loading cycle is begun. After 11 load-steam elute cycles, the resin is
      rinsed with water eluting sodium salts of non-elutable sulphur compounds
      followed by regeneration with caustic to put the resin in its active form
      - the sodium form. The resin has the following properties: surface area of
      about 37 sq. meters per gram; pore size range of about 400 to about 1200
      Angstrom units; pore volume or porosity of about 0.66 cc./gram or 0.47
      cc./cc. -- all properties measured in the dry H.sup.+ form.
PAR  Experimental results for the above 11 cycle study indicate an average resin
      capacity of 0.026 lb. SO.sub.2 sorbed/lb. dry resin and an average thermal
      elution of 79% of the SO.sub.2 sorbed.
PAR  Various other resins were evaluated in fluid or a fixed bed system. All
      resins evaluated in the process of the invention are listed and identified
      in the following Table I.
DETD
PAC  EXAMPLE 1
PAR  A 9.562 solvent treated and dried sample of Resin A is placed in a 1 inch
      diameter, jacketed stainless steel column. The resin is exposed to a
      simulated stack gas stream containing 2100 ppm SO.sub.2, 3% O.sub.2, and
      11% H.sub.2 O passed upflow through the resin column at a temperature of
      70.degree.C. and 10,000 ml./min. At this high gas velocity (1.7 ft./sec.),
      the resin bed is fluidized with 100% expansion vs. the fixed bed volume.
      The resin is thermally eluted with superheated steam passed upflow through
      the resin column at a temperature of 120.degree.C. and a flow rate of
      about 2 ml. condensed steam/min. Following steam elution, a second loading
      cycle is begun. The resin has the following properties: surface area of
      about 37 sq. meters/gram; pore size range of about 400 to about 1200
      Angstrom units; pore volume or porosity of about 0.66 cc/gram or 0.47
      cc/cc; cation exchange capacity of about 6.3 meq/gram -- all properties
      measured in the dry H.sup.+ form.
TBL  ______________________________________                                    
     Experimental Results (per gram dry resin)                                 
     SO.sub.2 Capacity (mmols)                                                 
                      Total SO.sub.2                                           
                               Final SO.sub.2                                  
                                        SO.sub.2 Steam                         
     to Leakage of    Capacity Leakage  Eluted                                 
     Cycle 50 ppm   500 ppm   (mmol) (ppm)  (mmol)                             
     ______________________________________                                    
     1     .22      .93       1.04   700    .40                                
     2     .042     .42        .54   640    .31                                
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  A 4.9659 g (12 cc) sample of solvent treated and dried resin G is placed in
      a 10 mm I.D. stainless steel column. The resin is a macroreticular styrene
      -- 80% DVB resin (surface area = 425 m.sup.2 /g) with 1.62 mmoles of
      iminodiacetic acid/g dry in the sodium form. A gas containing 2000 ppm
      SO.sub.2 and 10% H.sub.2 O in N.sub.2 was preheated to 140.degree.C. and
      passed, downflow, through the column at 2000 ml./min. The column is heated
      to 70.degree.C. Prior to exposure to SO.sub.2, the initially dry resin is
      equilibrated with the moist gas, typically attaining 80 - 95% solids. The
      leakage of SO.sub.2 from the column is iodometrically determined. After
      the leakage exceeds 500 ppm, the SO.sub.2 flow is discontinued and the
      column is heated to 140.degree.C. while dry nitrogen preheated to
      140.degree.C. is passed down the column. The thermal removal of SO.sub.2
      is followed by iodometric titration for 40 minutes.
PAR  The following table shows the results of three successive cycles comprising
      equilibration, adsorption and thermal elution.
TBL  ______________________________________                                    
     Experimental Results                                                      
     (per gram dry resin)                                                      
                     Cycle 1                                                   
                            2        3                                         
     ______________________________________                                    
     SO.sub.2 Capacity at 500 ppm                                              
      Leakage (m moles)                                                        
                       0.68     0.47     0.47                                  
     Total SO.sub.2 Capacity (m moles)                                         
                       0.79     0.65     0.58                                  
      (final leakage, ppm)                                                     
                       (1614)   (1469)   (1791)                                
     Total SO.sub.2 Eluted (m moles)                                           
                       0.68     0.67     0.67                                  
     ______________________________________                                    
PAL  After cycling, the surface area of resin G is found to have declined to 364
      m.sup.2 /g but the porosity is unchanged.
PAC  EXAMPLE 3
PAR  An 8.923 g (22 cc) sample of solvent swelled ion exchange resin A is placed
      in a 16 mm I.D. stainless steel column. Resin A is a macroreticular
      styrene -- 3.5% DVB -- 4% trimethylolpropane trimethacrylate resin with a
      surface area of 35 m.sup.2 /g with 2.68 m moles of iminodiacetic acid/g
      dry in the sodium form. A simulated stack gas containing 2037 ppm
      SO.sub.2, 3.8% O.sub.2 and 11% H.sub.2 O in nitrogen is passed, downflow,
      through the column at 3000 ml./min. at 60.degree.C. Prior to exposure to
      SO.sub.2, the initially dry resin is equilibrated with moist gas attaining
      approximately 89% solids. The SO.sub.2 loading and elution is carried out
      in a manner identical to that in example 1.
PAR  Table II shows the capacity at 500 ppm leakage maintained over 12 cycles.
      The cation exchange capacity of the resin was unchanged by cycling. During
      cycling the surface area dropped from 35 m.sup.2 /g to 19 m.sup.2 /g while
      the porosity changed from 0.465 to 0.382 cc/cc. It is known that most of
      this collapse in structure occurs on the first cycle.
TBL                Table II                                                    
     ______________________________________                                    
     SO.sub.2 Capacities of Resin A (per gram dry resin)                       
     Cycle            Capacity (m moles)                                       
     ______________________________________                                    
     1                1.20                                                     
     2                0.58                                                     
     3                0.48                                                     
     4                0.52                                                     
     5                0.70                                                     
     6                0.52                                                     
     7                0.46                                                     
     8                0.47                                                     
     9                0.42                                                     
     10               0.44                                                     
     11               0.35                                                     
     12               0.35                                                     
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Example 2 is repeated with a 10.9003 g (23 cc) sample of Resin I in the
      sodium form, with the following results.
TBL                Resin I                                                     
     ______________________________________                                    
     Cation Exchange Capacity (CEC)                                            
                        3.91 meq/gm                                            
     Surface Area       43 m.sup.2 /g                                          
     Porosity           0.440 cc/cc                                            
     SO.sub.2 Capacity:                                                        
     To 500 ppm Leakage   0.95 mmoles/gm dry                                   
     To Final Leakage     1.20 mmoles/gm dry                                   
                          at 970 ppm                                           
     Total SO.sub.2 Thermally Eluted                                           
                          54%                                                  
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Example 3 is repeated with 9.5262 g (23 cc) of Resin N in the sodium form
      with the following results:
TBL                Resin N                                                     
     ______________________________________                                    
     CEC                4.45 meq/gm                                            
     Surface Area       5 m.sup.2 /g                                           
     Porosity           0.511 cc/cc                                            
     SO.sub.2 Capacity:                                                        
     To 500 ppm Leakage   0.48 mmoles/gm dry                                   
     To Final Leakage     0.62 mmoles/gm dry                                   
                          at 1926 ppm                                          
     Total SO.sub.2 Eluted                                                     
                          86%                                                  
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Example 3 is repeated with 12.1690 g (30 cc) of Resin H in the sodium form,
      with the following results
TBL                Resin H                                                     
     ______________________________________                                    
     CEC                9.65 meq/gm                                            
     Surface Area       27 m.sup.2 /g                                          
     Porosity           0.530 cc/cc                                            
     SO.sub.2 capacity:                                                        
     TO 500 ppm           1.11 mmoles/gm dry                                   
     To Final Leakage     1.18 mmoles/gm dry                                   
                          at 1908 ppm                                          
     Total SO.sub.2 eluted                                                     
                          59%                                                  
     ______________________________________                                    
PAR  The following examples show various syntheses of resins useful in the
      process of the invention.
PAC  EXAMPLE 7
PAC  Preparation of Resin I, an N-methyl-N-benzyl glycine resin
PAR  The resin is prepared in two steps from a styrene, divinylbenzene (6%)
      ethylvinylbenzene (5%) terpolymer (polymerized in the usual fashion, phase
      extended with 40% methylisobutylcarbinol). The first step is synthesis of
      a methylbenzylamine resin utilizing the aminomethylation procedure. This
      resin is then reacted with sodium chloroacetate in the presence of aqueous
      caustic to give the desired amino acid.
TBL                Methylbenzylamine Resin                                     
     ______________________________________                                    
     Charges                                                                   
     Terpolymer             52 g(dry)                                          
     N-methyl-N-methylolformamide (NMNMF)                                      
                            90 g                                               
     1-Nitropropane        160 g                                               
     99% Sulfuric Acid     114 g                                               
     20% Oleum             180 g                                               
     ______________________________________                                    
PAC  Procedures
PAR  The resin and 1-nitropropane are changed to a 500 ml flask and heated to
      80.degree.. The NMNMF is added, the mixture held at 85.degree. -
      90.degree. for one hour, then cooled to 55.degree. - 60.degree.C. The
      sulfuric acid is charged to a 1 liter flask and the resin slurry is slowly
      charged to the acid with the temperature maintained below 30.degree.C. in
      the 1 liter flask. When half of the slurry has been charged, the mixture
      begins to separate and the oleum addition is initiated at such a rate that
      its addition is complete 30 minutes after completion of the resin
      addition. The reaction mixture is stirred at 25.degree. for 16 hours and
      then quenched with 45 ml. of tap water. An additional 50 ml. of tap water
      is charged and the nitropropane is removed by azeotropic distillation
      giving 237 grams of product as sulfate salt (35.0% solids). The free base
      has a total anion exchange capacity of 5.37 meq/g dry.
TBL                N-Methyl-N-benzylglycine Resin I                            
     ______________________________________                                    
     Charges:                                                                  
     Methylbenzylamine Resin                                                   
                          68.0 g (43.3% solids)                                
     Sodium Chloroacetate                                                      
                          29.1 g                                               
     50% Sodium Hydroxide                                                      
                          16.0 g                                               
     Water               116.0 g                                               
     ______________________________________                                    
PAC  Procedure
PAR  The resin, 36 ml. water and caustic are placed in a 500 ml. flask
      (condenser, stirrer, thermometer) and stirred at room temperature for 15
      minutes. The sodium chloroacetate in 80 g of water is then added to the
      reaction mixture, the mixture is heated to reflux at 100.degree.C. and
      held overnight. The product is batch washed with five 250 ml. portions of
      DI water giving 116 g of material having 32% solids (95% yield). The
      cation exchange capacity is 3.91 meq/g dry resin.
PAC  EXAMPLE 8
PAC  Preparation of Resin G
PAR  Briefly, a copolymer is aminomethylated, then reacted with sodium
      chloroacetate giving an iminodiacetic acid resin.
TBL                Benzyl Amine Resin                                          
     ______________________________________                                    
     Charges:                                                                  
     Styrene Divinylbenzene                                                    
     copolymer (80%) DVB                                                       
                      198.3 g (dry)                                            
     1-nitropropane   562.5 g                                                  
     Ethylene Dichloride                                                       
                      157.5 g                                                  
     Glacial Acetic Acid                                                       
                       56.3 g                                                  
     Aminomethylating Reagent                                                  
                      200 g                                                    
     99% Sulfuric Acid                                                         
                      594 g                                                    
     20% Oleum        560.3 g                                                  
     ______________________________________                                    
PAC  Procedure
PAR  The procedure is essentially similar to the preparation of methylbenzyl
      amine resin. The yield is 572.4 g (46.2% solids) in the sulfate form.
      Elemental analysis shows 3.41% nitrogen, 76.43% carbon and 7.42% hydrogen.
TBL                Iminodiacetic Acid Resin G                                  
     ______________________________________                                    
     Charges:                                                                  
     Benzyl Amine Resin                                                        
     (free base form) 174.4 g (43% solids)                                     
     50% Sodium Hydroxide                                                      
                       29.3 g                                                  
     Sodium Chloroacetate                                                      
                       85.3 g in 400 ml. water                                 
     ______________________________________                                    
PAC  Procedure
PAR  The resin in the free base form is charged to a 1 liter flask and drained
      free of water. To the aqueous solution of sodium chloroacetate the sodium
      hydroxide is added and the mixture heated to reflux and held so for three
      hours. The crude product is washed twice with deionized (DI) water,
      transferred to a column and treated with 0.5 N HCl until acid leakage was
      observed. For example, after rinsing resin G with DI water until neutral,
      the product weighs 180 g (solids 49.4%) and has a cation exchange capacity
      of 3.20 meq/g dry resin. This resin is converted to the disodium salt by
      passing 4% NaOH (1000 ml./30 ml. resin) through, followed by four bed
      volumes of DI water.
PAR  Iminodiacetic acid resins such as Resins A, G, O and P may also be prepared
      according to methods disclosed in U.S. Pat. No. 2,980,607 and Chemical and
      Engineering News, Volume 32, page 1896 (1954). Resin A is available from
      the Rohm and Haas Company under the commercial designation of Amberlite
      XE-318.
PAC  EXAMPLE 9
PAC  Synthesis of an Iminodiphosphonic Acid Resin H
PAR  This resin was prepared in one step from benzylamine resin such as
      described in the preparation of Resin G. The polymer for Resin H is a
      terpolymer of styrene, divinylbenzene (4%) and ethylvinylbenzene (3.5%),
      phase extended with 44.9% methylisobutylcarbinol. The benzylamine resin in
      the free base form contains 9.0% nitrogen.
TBL  ______________________________________                                    
     Charges:                                                                  
     Benzylamine Resin (in the                                                 
     bisulfate form)    590 g (wet)                                            
     Orthophosphorous Acid                                                     
                        180 g in 100 ml.                                       
     Concentrated HCl   300 ml.                                                
     37% Aqueous Formaldehyde                                                  
                        320 ml.                                                
     ______________________________________                                    
PAC  Procedure
PAR  The resin, orthophosphorus acid solution and concentrated HCl are placed in
      a 3-liter flask (stirrer, addition funnel and reflux condenser) and the
      mixture heated to reflux (95.degree.C.). The formaldehyde is added over 30
      minutes, the addition funnel replaced by a thermometer and the refluxing
      slurry stirred overnight (temperature 104.degree. after formaldehyde
      addition). The batch is cooled to 25.degree., filtered and washed twice
      with water after which the column is washed with two liters of DI water
      (pH of effluent neutral). The moist product weights 608.5 g (45% solids)
      and has a cation exchange capacity of 9.65 meq/g dry resin. The resin is
      converted to its sodium salt by treatment with an excess of 4% sodium
      hydroxide followed by four bed volumes of DI water. The incorporation of
      sodium was 12.1%.
PAC  EXAMPLE 10
PAC  Synthesis of a Picolinic Acid Resin N
PAR  This resin is prepared from a 4-vinylpyridine, 7% divinylbenzene
      ethylvinylbenzene (6%) terpolymer (phase extender -- 35% diisobutylketone)
      in three steps as outlined below. The first step is oxidation of the
      pyridine to its N-oxide with H.sub.2 O.sub.2. This N-oxide is then reacted
      with sodium cyanide to give a 2-cyanopyridine resin which is hydrolyzed
      with hydrochloric acid giving the desired picolinic acid.
      ##SPC1##
TBL                Pyridine N-oxide Resin                                      
     ______________________________________                                    
     Charges:                                                                  
     Pyridine Resin        420 g (dry)                                         
     Glacial Acetic Acid  3000 g                                               
     30% Aqueous Hydrogen Peroxide                                             
                           904 g                                               
     ______________________________________                                    
PAC  Procedure
PAR  The resin and acetic acid are stirred for 15 minutes at room temperature in
      a 5-liter flask (stirrer, thermometer, reflux condenser). The peroxide is
      added and the mixture heated slowly to 70.degree.C. and held at that
      temperature overnight. The mixture is cooled to 30.degree.C. washed with
      water until effluent is neutral, then treated with 10% NaOH, more water
      until pH of effluent is seven and finally with four portions of methanol.
      After drying overnight, the resin weighs 483 g (N = 9.3%, O = 16.37%).
TBL                2-Cyanopyridine Resin                                       
     ______________________________________                                    
     Charges:                                                                  
     Pyridine N-oxide Resin                                                    
                     480      g (dry)                                          
     Methanol        2500     ml.                                              
     Dimethyl sulfate                                                          
                     630      g                                                
     Sodium Cyanide  588      g in 2000 ml.                                    
                              tap water                                        
     ______________________________________                                    
PAC  Procedure
PAR  The resin and methanol are charged to a five liter flask (stirrer,
      condenser, thermometer) and stirred for 15 minutes. The dimethyl sulfate
      is added, the reaction mixture stirred until the exotherm had subsided,
      and then heated at 50.degree.C overnight. After cooling the reaction the
      mixture is washed with methanol then four times with water. The drained
      resin is then added to the freshly prepared sodium cyanide solution, the
      temperature of the mixture being kept below 50.degree.C. The slurry is
      stirred overnight then washed with D.I. water until neutral. A sample of
      the dried product contains 15.06% nitrogen.
TBL                Picolinic Acid Resin N                                      
     ______________________________________                                    
     Charges:                                                                  
     Reaction product from previous reaction                                   
     in concentrated hydrochloric acid                                         
                              2500 ml.                                         
     ______________________________________                                    
PAC  Procedure
PAR  The 2-cyanopyridine resin and acid are recharged to a 5-liter flask
      (stirrer, thermometer, condenser) and stirred for 15 minutes. The mixture
      is heated at reflux overnight. The cooled product is washed with water
      (column) until the effluent pH was neutral giving 1507 grams of material
      (solids of 35.7%) having 8.93% nitrogen, 17.62% oxygen and a cation
      exchange capacity of 4.45 meq/g dry.
PAC  Vinylbenzylchloride/Amino Diacetic Acid Resin
PAR  Resin O is analogous to Resin A with the exception that the backbone
      comprises vinylbenzylchloride and 8% divinylbenzene. Resin P is prepared
      in a similar fashion as Resins O and A, but in this Resin the copolymer
      composition comprises 43% vinylbenzylchloride, 8% divinylbenzene, and the
      remainder styrene.
TBL                                    Table I                                 
     __________________________________________________________________________
     Resin                                                                     
         Copolymer  Functionality                                              
                                Surface                                        
                                     Porosity                                  
                                          CEC SO.sub.2 Capacity                
                                                       Percent                 
         Composition            Area (cc/cc)                                   
                                          (meq/g                               
                                              to 500 ppm                       
                                                       Eluted                  
                                (m.sup.2 /g)                                   
                                          dry)                                 
                                              (meq/g dry)                      
     __________________________________________________________________________
         3.5% DVB   iminodiacetic acid                                         
                                 37  0.498                                     
                                          6.30                                 
                                              1.24(cycle 1)                    
                                                       52                      
     A   4% TMPTMA                            0.47 (9) 78                      
         styrene                                                               
     B   20% DVB/styrene                                                       
                    iminodiacetic acid                                         
                                 69  0.328                                     
                                          3.91                                 
                                              0.64 - (1)                       
                                                       32                      
         33% MIBC                             0.22 - (2)                       
                                                       96                      
         25% DVB/styrene                                                       
                    iminodiacetic acid                                         
                                315  0.540                                     
                                          2.89                                 
                                              0.73 - (1)                       
                                                       64                      
     C   70%  1 - toluene                     0.44 - (2)                       
                                                       93                      
            1 - MIBC                          0.33 - (7)                       
                                                       95                      
     D   50% DVB/styrene                                                       
                    iminodiacetic acid                                         
                                200  0.401                                     
                                          1.17                                 
                                              0.28 - (1)                       
                                                       81                      
         33% MIBC                             0.20 - (2)                       
                                                       100.sup.+               
     E   50% DVB/styrene                                                       
                    iminodiacetic acid                                         
                                259  0.468                                     
                                          1.25                                 
                                              0.32 - (1)                       
                                                       60                      
         40% MIBC                             0.20 - (8)                       
                                                       87                      
     F   80% DVB    iminodiacetic acid                                         
                                733  0.442                                     
                                          1.10                                 
                                              0.24 - (1)                       
                                                       91                      
         70% Toluene                          0.24 - (2)                       
                                                       99                      
     G   80% DVB    iminodiacetic acid                                         
                                425  0.507                                     
                                          3.23                                 
                                              0.68 - (1)                       
                                                       86                      
         70% toluene                          0.47 - (2)                       
                                                       103                     
                                              0.49 - (3)                       
                                                       118                     
     H   4% DVB/styrene                                                        
                    iminodiphosphonic                                          
                                27.0 0.527                                     
                                          9.65                                 
                                              1.10-(cycle 1)                   
                                                       59                      
         44.9% MIBC                           0.57 (3) 60                      
     I   6% DVB/styrene                                                        
                    N-methyl-N-benzyl                                          
                                43.2 0.436                                     
                                          3.91                                 
                                              0.95-(cycle 1)                   
                                                       54                      
         40% MICB   glycine                   0.13-(2) 73                      
     J   80% DVB    iminodipropionic acid 3.47                                 
                                              0.56-(cycle 1)                   
                                                       37                      
         70% toluene                          0.30-(2) 42                      
     K   8% DVB/acrolein/                                                      
                    .alpha.-alkylglycine  4.26                                 
                                              1.15     27                      
         2% diethylene gly-                   0.29     77                      
         col divinylether                                                      
         35% toluene                                                           
     L   Acrolein/8% DVB/                                                      
                    N-methyl-.alpha.-alkyl-                                    
                                          3.95                                 
                                              0.28 -(1)                        
                                                       52                      
         2% diethylene                                                         
                    glycine                   0.13 -(2)                        
                                                       59                      
         glycol divinylether                                                   
         (water phase                                                          
         extended)                                                             
     M   6% DVB/styrene                                                        
                    2-phenyl              1.97                                 
                                              0.88     57                      
         43% MIBK   glycine                                                    
     N   7% DVB/    picolinic   5.0  0.511                                     
                                          4.45                                 
                                              0.48     81                      
         vinylpiridine                                                         
                    acid                                                       
     O   VBC/8% DVB iminodiacetic         6.71                                 
                                              1.14 (1) 56                      
                    acid                      0.55 (2) 87                      
     P   43% VBC/8% DVB/                                                       
                    iminodiacetic acid    3.39                                 
                                              1.09 (1) 40                      
         styrene                              0.31 (2) 76                      
     __________________________________________________________________________
      The above resins are all phase extended with a variety of solvent systems
      such as toluene, methylisobutyl carbinol, methylisobutyl ketone, butyl   
      ether and even water. All the above resins are in the sodium form.       
      However, other metal salt forms such as potassium or lithium may also be 
      useful.                                                                  
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for separating sulfur oxides from gaseous mixtures containing
      them which comprises contacting said gases with a crosslinked
      macroreticular resin comprising a functional moiety containing at least
      one basic nitrogen and at least one acid metal salt group thereby
      absorbing a substantial part of the sulfur oxide from the gaseous streams
      or mixtures.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the sulfur oxide is sulfur
      dioxide and is adsorbed from a gaseous stream at a temperature of up to
      about 120.degree.C.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the gaseous stream is
      pre-treated with a water scrubber.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the sulfur oxide is adsorbed
      from a gaseous stream at a temperature in the range of about 50.degree. -
      100.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the gaseous mixture is
      pre-treated with an electrostatic precipitator.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the resins are utilized at a
      percent moisture level of from about 2 to 20.
NUM  7.
PAR  7. A process as claimed in claim 1 which process is a fluid bed system.
NUM  8.
PAR  8. A process as claimed in claim 1 wherein the resin is an iminodiacetic
      acid resin.
NUM  9.
PAR  9. A process as claimed in claim 8 wherein the resin is in the sodium salt
      form.
NUM  10.
PAR  10. A process as claimed in claim 1 wherein the resins are thermally
      regenerable.
NUM  11.
PAR  11. A process as claimed in claim 10 wherein the resins are regenerable by
      steam.
NUM  12.
PAR  12. A process as claimed in claim 1 wherein the resin is a picolinic acid
      resin.
NUM  13.
PAR  13. A process as claimed in claim 12 wherein the resin is in the sodium
      salt form.
NUM  14.
PAR  14. A process as claimed in claim 1 wherein the resin is
      N-methyl-N-benzylglycine.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the macroreticular resin has a
      backbone derived from vinylbenzylchloride.
NUM  16.
PAR  16. A process as claimed in claim 14 wherein the resin is in the sodium
      salt form.
NUM  17.
PAR  17. A process as claimed in claim 1 wherein the gaseous mixtures are
      emitted from a utility generating plant.
NUM  18.
PAR  18. A process as claimed in claim 1 wherein the gaseous mixtures are
      emitted from an industrial plant using boilers to generate energy.
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ABST
PAL  A grease filtering method and apparatus for kitchen ventilating systems
      which is readily interchangeable with conventional mesh-type filters. The
      filter has substantially the same external dimensions as a mesh-type
      filter and produces substantially the same pressure drop as a mesh-type
      filter, so that it can be readily interchanged with the mesh-type filter
      without changing the requirements on the blower which draws the exhaust
      stream through the ventilating system. The filter uses a series of baffles
      to direct the exhaust stream in a tortuous path as it passes through the
      filter, thereby removing the condensable greases and oils by depositing
      them on the internal surfaces of the filter by centrifugal and ram action.
      The filter is completely self draining, since the extracted liquids
      continuously run down over the interior surfaces of the filter and then
      drain out of the filter through a plurality of drain holes provided along
      the front edge of the bottom wall. The specific baffle arrangement
      illustrated includes an entrance baffle extending rearwardly from one of
      the elongated edges of each of a plurality of entrance openings, an
      interior baffle disposed on the opposite side of the entrance opening from
      each entrance baffle, and an exit baffle extending forwardly from one of
      the elongated edges of each of a plurality of exit openings positioned
      between pairs of adjacent entrance openings.
PARN
PAR  This is a division of application Ser. No. 326,266 filed Jan. 24, 1973, now
      U.S. Pat. No. 3,870,494.
BSUM
PAR  The present invention relates generally to kitchen ventilating systems and,
      more particularly, to an improved grease filter for kitchen ventilating
      systems.
PAR  It is a primary object of the present invention to provide an improved
      grease filter which is suitable for use in ventilating systems in which
      mesh-type filters are normally used, but which does not utilize a
      mesh-type filtering medium.
PAR  A more specific object of the invention is to provide an improved grease
      filter which produces a relatively low pressure drop, of the same order to
      magnitude as the pressure drop produced by conventional mesh-type filters,
      and yet uses a baffle arrangement to filter the grease so that the filter
      is completely self-draining and does not retain the filtered grease in the
      exhaust stream as in mesh-type filters. In this connection, it is a
      related object of the invention to provide such a grease filter which is
      virtually self-cleaning and will never clog or drip.
PAR  Another specific object of the invention is to provide an improved grease
      filter of the foregoing type which is more effective than conventional
      mesh-type filters in removing grease from a kitchen exhaust stream, and
      which maintains substantially constant grease-extracting efficiency over
      its entire operating life.
PAR  A further object of the invention is to provide such an improved grease
      filter which can be efficiently manufactured at a low cost. In this
      connection, one particular object of the invention is to provide such a
      grease filter that can be made from only a few different parts.
PAR  Still another object of the invention is to provide such an improved grease
      filter which has a long operating life and requires only minimal
      maintenance. A related object is to provide such a grease filter which
      does not have any moving or easily damaged parts.
PAR  A still further object of the invention is to provide such an improved
      grease filter which is considerably safer than a mesh-type filter in the
      event of a fire at the cooking surface. Thus it is more specific object of
      the invention to provide such a grease filter which cannot burn out and
      confines accidental fires.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following detailed description taken in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a perspective view of a conventional cooking range and its
      associated ventilating system including a grease filter embodying the
      present invention;
PAR  FIG. 2 is an enlarged vertical section taken along line 2--2 in FIG. 1;
PAR  FIG. 3 is an exploded perspective view of the grease filter shown in the
      ventilating system in FIG. 2;
PAR  FIG. 4 is a front perspective view of the grease filter shown in the
      ventilating system in FIG. 2; and
PAR  FIG. 5 is a section taken along line 5--5 in FIG. 4.
DETD
PAR  While the invention will be described in connection with certain preferred
      embodiments, it will be understood that it is not intended to limit the
      invention to these particular embodiments. On the contrary, it is intended
      to cover all alternatives, modifications, and equivalent arrangements as
      may be included within the spirit and scope of the invention.
PAR  Turning now to the drawings, in FIG. 1 there is shown a cooking range 10
      having a cooking surface 10a from which hot fumes laden with grease and
      oil vapors and other condensable contaminants rise upwardly toward a
      canopy or hood 11 which projects out over at least a portion of the
      cooking surface 10a. The hood 11 is formed as an integral part of a
      housing 12 connected to an exhaust duct 13. Within the housing 12 one or
      more grease filters 20 are supported on a rear bracket 21 and a pair of
      front brackets 22 and 23. In addition, a spring plate 24 engages the rear
      side of the filter 20 along the top edge thereof to bias the filter
      against the front bracket 22, thereby preventing leakage of exhaust vapors
      along the top of the filter 20. To insert the filter 20 in the housing 12,
      the top of the filter is inserted between the bracket 22 and the spring
      plate 24 and pushed upwardly there between until the bottom of the filter
      clears the lower front bracket 23; the bottom of the filter is then moved
      rearwardly over the bracket 23 and allowed to drop onto the rear bracket
      21.
PAR  As the hot grease-laden fumes rise upwardly beneath the hood 11, they are
      drawn into the housing 12 and upwardly through the grease filter 20 by
      means of a fan or blower (not shown) mounted within the duct 13 connected
      to the outlet of the housing 12. The rate at which the exhaust stream is
      drawn through the extraction system is determined by the blower, a typical
      flow rate being 300 cubic feet per minutes per lineal foot of ventilator
      (c.f.m.). As the exhaust stream leaves the housing 12, it is conducted via
      the duct 13 to an appropriate outlet for discharge to the atmosphere.
PAR  In accordance with the present invention, the filter 20 is dimensioned to
      fit in the space normally provided for mesh-type filters in a kitchen
      ventilating system, and is provided with a unique arrangement of interior
      baffles which can be economically manufactured and yet provide a
      relatively high grease extraction efficiency. Thus, as shown most clearly
      in FIGS. 3 - 5, the filter 20 comprises an external housing which is
      elongated in the X and Y directions (see FIG. 3) and relatively shallow in
      the Z direction so that the housing has substantially the same dimensions
      and proportions as those normally found in a mesh-type filter. For
      example, typical dimensions for the housing are from 151/2  inches to
      241/2  inches in both the X and Y directions and less than 2 inches,
      preferably about 13/4  inches, in the Z direction. Thus, the grease filter
      provided by this invention is completely interchangeable with the
      conventional mesh-type filters.
PAR  In the particular embodiment illustrated, the external housing of the
      filter 20 is formed by a front section 21 telescoped over a rear section
      22. The top and bottom walls of the filter are formed by a pair of
      L-shaped end plates 23 and 24 included in the front section 21 and
      overlapping a corresponding pair of L-shaped end plates 25 and 26 included
      in the rear section 22. After the two sections 21 and 22 are telescoped
      together, the two overlapping pairs of end plates 23, 25 and 24, 26 are
      welded together to form a rigid unitary construction.
PAR  To form the side walls of the housing, the rear section 22 includes a pair
      of side plates 27 and 28 which are welded at opposite ends to the two end
      plates 25 and 26. It can be seen that the short legs of the L-shaped end
      plates 23 - 26 are bent along the respective front and rear surfaces of
      the filter, and corresponding portions of the two side plates 27 and 28
      are also bent inwardly along the respective front and rear surfaces of the
      filter so as to form what appears to be a frame around the entire
      periphery of the filter on both the front and rear sides thereof. In terms
      of the X, Y and Z axes referred to previously, the top and bottom walls of
      the filter housing lie in X-Z planes, the side walls lie in Y-Z planes,
      and the front and rear walls to be described below lie in X-Y planes.
PAR  To permit ingress and egress of the vaporous exhaust stream, the front wall
      of the filter housing forms a multiplicity of spaced entrance openings 30
      which are uniformly elongated in the Y direction and relatively narrow in
      the X direction, and the rear wall forms an exit opening 31 midway between
      each pair of adjacent entrance openings 30, the exit openings 31 also
      being uniformly elongated in the Y direction and relatively narrow in the
      X direction. Thus, in the illustrative arrangement the front wall of the
      filter is formed by a series of alternating wide and narrow wall members
      32 and 33, respectively, while the rear wall is formed by a pair of
      inturned flanges 27a and 28a on the respective side plates 27 and 28 and a
      series of rear wall members 34 regularly spaced between the two flanges
      27a and 28a. The front wall members 32 and 33 are welded at opposite ends
      to the end plates 25 and 26. It can be seen that the spaces between the
      front wall members 32 and 33, and the spaces between the two end members
      32 and the adjacent front flanges on the side plates 27 and 28, form a
      series of vertically elongated entrance openings 30 through which the
      vaporous exhaust stream enters the grease filter. Similarly, the space
      between the rear wall members 34, plus the spaces between the two end
      members 34 and the adjacent flanges 27a and 28a of the side plates, form a
      series of uniform vertically elongated exit openings 31 through which the
      vaporous exhaust stream exits from the grease filter. As shown most
      clearly in FIG. 5, the entrance openings 30 are more restricted than the
      exit openings 31 in the X direction, so as to increase the velocity of the
      exhaust stream as it enters the filter housing.
PAR  As the hot exhaust stream enters the grease filter through the entrance
      ways 30, it is deflected laterally toward a Y-Z baffle 35 by means of an
      entrance baffle 36. In the particular arrangement illustrated, each of the
      entrance baffles 36 is formed as an integral part of one of the front wall
      members 32, and is bent rearwardly within the filter housing at an angle
      of about 75.degree. relative to the front face of the filter. Thus each
      entrance baffle 36 extends from one of the elongated edges of one of the
      entrance openings 30 toward the said plate 27 or 28 or the Y-Z baffle 35
      closest to that entrance opening; each baffle 36 originates at the
      entrance opening edge that is farther away from the closest side wall or
      baffle 35 and extends rearwardly at an acute angle relative to the filter
      face so that the baffle 36 deflects an entering exhaust stream toward the
      closest side wall or baffle 35. If desired, the baffles 36 may be formed
      from a single sheet of metal forming the front walls 32 and 33 as well as
      the side plates 27 and 28, so that the width of each baffle 36 is equal to
      the width of the adjacent entrance opening 30. The Y-Z baffles 35 are
      similarly formed as integral parts of the front wall members 33, except
      for the two Y-Z baffles at the extreme sides of the filter which are
      formed by the side plates 27 and 28. Each of the baffles 35 extends from a
      line midway between an adjacent pair of exit openings 31 on a rear wall
      member 34 to a line midway between an adjacent pair of entrance openings
      30 on a front wall member 33.
PAR  When the exhaust stream first enters the filter through the entrance
      openings 30, the gases expand, with an attendant velocity reduction, in
      the space between the entrance baffle 36 and the adjacent front wall
      member 33 or the front flange of the side plate 27 or 28. As the exhaust
      stream continues to move rearwardly through the filter, its velocity is
      increased again by the restricted area between the rear edge of the
      entrance baffle 36 and the adjacent Y-Z baffle 35. When the exhaust stream
      passes the rear edge of the entrance baffle 36, it again expands, with an
      attendant velocity reduction, in the space between the rear edge of the
      entrance baffle 36 and the rear wall of the filter housing.
PAR  When the exhaust stream reaches the rear of the filter housing, it is
      deflected forwardly by one of a pair of exit baffles 37 formed on the
      opposite vertical edges of each exit opening 31, preferably as integral
      parts of the rear walls. 34. Each of the baffles 37 extends from an
      elongated edge of one of the exit openings 31 toward the opposite
      elongated edge of the same opening at an acute angle relative to the rear
      wall of the housing and is dimensioned so that the front edge of the exit
      baffle 37 is spaced away from the rear edge of the entrance baffle 36 in
      both the X and Z directions. The exhaust stream flows forwardly between
      the entrance and exit baffles 36 and 37, and then rearwardly agains as it
      is drawn out of the filter through the exit opening 31 between the two
      exit baffles 37. To ensure a low pressure drop across the filter, the
      distance between the front edges of the two exit baffles 37 associated
      with each exit opening 31 is preferably at least twice the width of each
      exit opening 30 in the X direction. The continuous swirling of the exhaust
      stream as it passes through the grease filter subjects the condensable
      grease and oil in the exhaust stream to centrifugal action which causes
      the grease and oil to be deposited or "plated out" on the interior
      surfaces of the housing walls and the baffles. In addition, there is a ram
      action as the exhaust stream is directed against the Y-Z baffles 35 and
      then against the rear walls and the exit baffles 37, producing further
      deposition of the condensable grease and oil on the interior surfaces of
      the filter. Moreover, the velocity changes effected by the varying cross
      sectional area of the tortuous path followed by the exhaust stream
      enhances condensation of the entrained grease and oil to further improve
      the extraction efficiency.
PAR  As can be seen most clearly in FIG. 5, the distance between any point on
      any of the baffles 35, 36 or 37 and any other interior surface of the
      filter other than the surface to which each respective baffle is
      connected, is at least as great in the X-Y plane as the width of one of
      the entrance openings 30 in the X direction. Thus, the cross-sectional
      area of the fluid flow path within the filter gradually increases between
      the entrance openings 30 and the exit openings 31, thereby reducing the
      static pressure inside the filter.
PAR  Since the grease filter is located directly over or adjacent to the cooking
      surface 10a, the surfaces of the housing walls and the internal baffles on
      which the extracted grease and oil is deposited are at a sufficiently high
      temperature to cause the deposited material to remain in a fluid condition
      and run down to the bottom of the housing. In this connection, it should
      be noted that all of the internal baffles run parallel to the Y axis, so
      that the materials deposited thereon can flow continuously to the bottom
      of the filter without passing through the exhaust stream and becoming
      re-entrained therein. When the extracted liquids reach the bottom of the
      filter, they flow toward the front corner thereof since the filter is
      normally mounted in an inclined position as shown in FIG. 2. At the front
      edge of the bottom wall of the filter housing, the extracted liquids are
      drained out of the filter through a multiplicity of drain openings 40
      formed in the end plate 24 directly adjacent the front wall of the
      housing. As can be seen in FIGS. 3 and 5, the end plates 25 and 26 do not
      overlap the entire width of the corresponding end plates 23 and 24 when
      the two filter sections 21 and 22 are telescoped together, so that the
      drain openings 40 remain uncovered in the final assembly. To minimize
      leakage of the exhaust stream through the drain openings 40, they are
      perferably located midway between the rear surfaces of each pair of
      adjacent entrance baffles 36. And to facilitate installation of the
      filter, the drain openings 40 are preferably provided in both ends of the
      filter so that it can be inserted in the housing 12 with either end at the
      bottom, as long as the entrance openings 30 are oriented in the vertical
      direction.
PAR  Referring to FIG. 2, as the extracted liquids are drained out of the filter
      20 through the drain openings 40, the liquids are collected in a trough 41
      which runs continuously along the entire length of the brackets which
      support the filters 20. The trough 41 is inclined toward a grease drawer
      42 at one end of the housing 12, and a drain hole 43 is formed in a trough
      41 directly above the drawer 42 so that the extracted liquids continuously
      flow to the lower end of the trough 41 and then run down through the drain
      hole 43 into the drawer 42. As the drawer 42 becomes filled with
      accumulated grease and oil, it is periodically removed and cleaned.
PAR  It can be seen that the illustrative grease filter is continuously
      self-draining, so that the extracted liquids are quickly removed from the
      interior of the filter. Consequently, in the event of a fire there is very
      little grease or oil inside the filter 20 to fuel the fire at any given
      time. This is in contrast to mesh-type filters which normally retain all
      the extracted grease and oil within the filter housing. Furthermore, the
      continuous removal of the extracted grease and oil provides the
      illustrative grease filter with a substantially constant extraction
      efficiency, which is again in contrast to mesh-type filters which have a
      decreasing extraction efficiency due to the accumulation of extracted
      materials within the filtering medium. Moreover, the continuous
      self-draining construction also facilitates cleaning of the filter, since
      cleaning solutions can run freely through the interior of the extractor in
      the same manner as the extracted liquids, and over the same surfaces.
PAR  Another significant advantage of the grease filter provided by this
      invention is that it can be efficiently manufactured. Thus, the
      illustrative filter requires only a small number of different parts, and
      the parts can be assembled by relatively few simple welding operations.
      Moreover, many of the parts are interchangeable with each other; for
      example, the two end plates 23 and 24 are interchangeable with each other,
      as arc the end plates 25 and 26, the side plates 27 and 28, and each of
      the front and rear wall members 32, 33 and 34. Furthermore, each of these
      parts can be preformed by simple stamping operations so that the entire
      manufacturing process can be carried out rapidly and at a low cost, using
      a minumum amount of manual labor.
PAR  Finally, the improved filter of the invention produces only a relatively
      low pressure drop in the ventilating system, of the same order of
      magnitude as the pressure drop produced by conventional mesh-type filters.
      Consequently, this filter can be readily interchanged with the mesh-type
      filters without changing the requirements for the blower which draws the
      exhaust stream through the system.
CLMS
STM  I claim:
NUM  1.
PAR  1. A grease filtering method for kitchen ventilating systems and the like,
      said method comprising the steps of providing a housing that is elongated
      in the X and Y directions and less than 2 inches in the Z direction so
      that the housing will fit in the space normally provided for mesh-type
      filters in a kitchen ventilating system, said housing forming closed top
      and bottom walls lying substantially in X-Z planes, closed side walls
      lying substantially in Y-Z planes, and front and rear walls lying
      substantial in X-Y planes, said front wall forming a multiplicity of
      spaced entrance openings which are uniformly elongated in the Y direction
      and relatively narrow in the X direction, each of said entrance openings
      formed by a pair of edges of said front wall elongated in the Y direction
      on opposite sides of the opening, said rear wall froming a multiplicity of
      exit openings each of which is midway between a pair of adjacent entrance
      openings, said exit openings also being uniformly elongated in the Y
      direction and relatively narrow in the X direction, a multiplicity of
      interior baffles lying substantially in Y-Z planes within said housing,
      each of said interior baffles comprising a single sheet of metal extending
      from a line midway between an adjacent pair of said exit openings on said
      rear wall to a line midway between an adjacent pair of said entrance
      openings on said front wall so that opposite sides of each of said
      interior baffles are exposed to said ajdacent pair of entrance openings, a
      multiplicity of entrance baffles equal to the number of entrance openings
      extending into said housing from the elongated edges of said entrance
      openings, each of said entrance baffles extending from one of the
      elongated edges of one of said entrance openings toward the side wall or
      the interior baffle that is closest to said entrance opening with the rear
      edge of each entrance being spaced farther away from said closest sidewall
      or interior baffle than the other elongated edge of its entrance opening,
      the entrance baffle originating at the entrance opening edge in said front
      wall that is farther away from said closest side wall or interior baffle
      and extending toward said closest side wall or interior baffle and
      extending toward said closest side wall or interior baffle at an acute
      angle relative to said front wall so as to deflect an entering exhaust
      stream toward said closest side wall or interior baffle as the exhaust
      stream passes rearwardly through said housing, and a multiplicity of exit
      baffles equal to the number of entrance baffles extending into said
      housing front the elongated edges of said exit openings, each of said exit
      baffles extending from an elongated edge of one of said exit openings
      toward the opposite elongated edge of the same exit opening at an acute
      angle relative to said rear wall so as to deflect the exhaust stream
      moving rearwardly from each entrance opening in the forward direction away
      from said rear wall before the exhaust stream is discharged through said
      exit opening, said bottom wall forming a multiplicity of drain openings
      adjacent said front wall and spaced away from said entrance openings in
      the X direction; passing an exhaust stream containing condensable grease
      and oil through said entrance openings and rearwardly between each of said
      entrance baffles and the adjacent Y-Z side wall or interior Y-Z baffle,
      then forwardly between each of said entrance baffles and the adjacent exit
      baffle, and finally rearwardly between each pair of exit baffles on
      opposite edges of each exit opening and out through the exit opening; and
      collecting extracted liquids drained through said drain openings below the
      bottom wall of said housing.
NUM  2.
PAR  2. A grease filtering method as set forth in claim 1 wherein said exhaust
      stream is passed through all of said entrance openings at the same time.
NUM  3.
PAR  3. A grease filtering method as set forth in claim 1 wherein the rear edges
      of said entrance baffles and the front edges of said exit baffles are
      spaced away from each other in both the X and Z directions.
NUM  4.
PAR  4. A grease filtering method as set forth in claim 1 wherein the distance
      between the front edges of the two exit baffles for each exit opening in
      the X direction is substantially twice the width of each entrance opening
      in the X direction.
NUM  5.
PAR  5. A grease filtering method as set forth in claim 1 wherein the width of
      each entrance baffle, between its front and rear edges, is substantially
      the same as the width of each entrance opening in the X direction.
NUM  6.
PAR  6. A grease filtering method as set forth in claim 1 wherein the distance
      between any of said baffles and any other surface inside said housing,
      other than the surfaces to which each respective baffle is connected, is
      at least as great in the X-Y plane as the width of said entrance openings
      in the X directions.
NUM  7.
PAR  7. A grease filtering method as set forth in claim 1 wherein said entrance
      baffles are formed as integral parts of said front wall.
NUM  8.
PAR  8. A grease filtering method as set forth in claim 1 wherein said exit
      baffles are formed as integral parts of said rear wall.
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ABST
PAL  This invention relates to improvements in and relating to filtering dust
      collectors.
PAL  The improved filtering dust-collector is characterized by the provision of
      a number of dust-repulsing electrodes which are provided in close
      proximity to or even embedded within the filter material, said electrodes
      being adapted for being impressed with a single phase or a multi-phase
      high A. C. voltage.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part application of our earlier
      co-pending application Ser. No. 240,928 filed Apr. 4, 1972 now abandoned,
      by the same inventors which claims priorities from Apr. 5, 1971; June 11,
      1971; Nov. 4, 1971 and Nov. 4, 1971 based upon Japanese Pat. Nos.
      20364/1971; 41022/1971; 87121/1971 and 87122/1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in and relating to filtering dust
      collectors.
PAR  Various dust collectors have been proposed and broadly in use especially
      for the prevention of atmospheric pollution. As an example, mechanical
      dust collectors such as, for instance, cyclones, venturiscrubbers and the
      like, and electrical dust collectors utilizing the ionization of the
      entrained dust particles, and further, bag filters and the like are now
      broadly being used in various industries for refining of gaseous media
      such as polluted atmosphere through removal of contained dust particles.
PAR  Among others, the filtering dust collector with filter material, preferably
      in the form of fibrous cloth, fine wire net and the like, is most
      advantageously utilized on account of its simpler structure, yet for its
      high operating efficiency, especially for removal of finer dust particles
      contained in the gaseous medium to be purified. With prolonged operation
      of such filtering dust collector, the collected dust particles will
      accumulate on the filtering surfaces of the filter per se, in the form of
      filter cake, so that the filter pores may be filled up substantially, thus
      increasing the pressure losses caused thereby. In order to avoid such
      pressure losses, giving rise to a substantially reduced filtering
      efficiency, frequent cleaning of the thus filled filter pores must be
      carried out by application of mechanical blows preferably at regular time
      intervals. Or alternatively, regular exchange of the filter material by
      new one must be performed. It is not only costly to execute such filter
      exchange, but also the filtering operation must be interrupted during such
      exchange job.
PAR  In order to avoid such difficulty, it has already been proposed to strike
      mechanically the filter material, preferably at regular time intervals for
      driving the accumulated particles of the filter. As an alternative
      measure, application of pulsative air streams or air jet streams against
      the filter is frequently employed for the same purpose in the conventional
      technique.
PAR  It is a common drawback inherent in the conventional techniques above
      referred to that the filter material is subjected to local severe
      stresses, as induced therein almost always in the repeated mode, which
      considerably reduces the durable life of the filter.
PAR  It is therefore the main object of the invention to provide a filtering
      dust collector operative, indeed, without invitation of localized and
      repeated substantial stresses in the filter material and capable or
      removing the accumulated dust particles therefrom in an efficient manner
      for substantial prevention of otherwise possible efficiency reduction of
      the filter, and indeed, with the benefit of an increased durable life of
      the filter material.
PAR  In order to fulfill the above main object, the improved filtering dust
      collector is characterized by the provision of a number of dust-repulsing
      electrodes which are provided in close proximity to or even embedded
      within the filter material, said electrodes being adapted for being
      impressed with a single phase or multi-phase high A.C. voltage. According
      to this invention, the gas streams entraining dust particles and therefore
      to be refined are passed normally and preliminarily through a nest of a
      plurality of sets of ionizing electrodes; each one electrode of one of
      said pairs is electrically connected with a high D.C. voltage source,
      while the other electrode of each of the electrode pair is earthed, so as
      to electrically charge or ionize the entrained dust particles. Then, the
      thus ionizing particles together with the entraining gas streams are
      passed through the filter material for separating the particles from the
      streams and depositing substantial part of the thus separated-off
      particles upon the upstream surface of the filter material. The thus
      refined gas streams are discharged from the outlet opening of the casing
      of the dust collector.
PAR  With progress of the filtering operation, the quantity of the separated and
      deposited dust particles will increase and finally they constitute a
      filter cake on the filter material, and the pressure loss thereat will
      increase correspondingly, thus the filtering efficiency being decreased
      correspondingly. For avoiding such disadvantage, the repulsing electrodes
      are switched on, preferably at properly selected regular time intervals or
      upon sensing the downstream side pressure drop by a certain predetermined
      value, so as to impress high A.C. voltage which may be preferably of a
      multi-phase, most preferably be of the three phase mode, as will be more
      fully described hereinafter. In this way, the filter cake is separated
      exclusively electrodynamically for regeneration of the filtering
      efficiency of the once clogged filtering pores or fine meshes.
PAR  After removal of the filter cake, the repulsing electrodes are again
      switched off.
PAR  In the case of the application of a multi-phase, preferably three phase
      A.C. high voltage energy, the repulsing electrodes are energized with the
      A.C. phase voltages in the successive order, so as to provide a
      progressive wave effect to be described.
PAR  It should be noted that the ionizing effect on the dust particle as applied
      during passage of the gas streams through the ionizing nest and as
      maintained during flow passage from the nest to the mechanical filter is
      brought about more specifically in such a way that the gas molecules are
      ionized and will be attached onto the overall surface of the dust particle
      which acts as if it be an ionized single molecule in its behavior.
PAR  Whe occasion desires, the ionizing electrodes nest can be replaced by an
      electric dust collector unit or units. In this way, coarser particles are
      caught by the electrostatic precipitator(s), while finer dust particles
      may be collected at the mechanical filter and then subjected to the
      electrodynamic repulsion by energization of the repulsing electrodes and
      upon deposited on the filter material of the mechanical filter.
PAR  In a preferred embodiment of the invention, the high A.C. voltage may be
      applied in the form of pulses.
PAR  A preliminary application of about 1,000 - 2,000 A.C. voltage can be, when
      necessary, applied to the repulsing electrodes, indeed, in advance of the
      main application of the regular A.C. high voltage thereto under
      consideration.
PAR  When a series of the dust-repulsing electrodes is applied with a single
      phase A.C. high voltage, an alternating electrical field is established
      between each two successive members of the electrodes, which field has a
      maximum buldge-out cross section at the center between these electrodes.
      Generally-speaking, each of these particles will move along the lines of
      force in the oscillating mode with the A.C. frequency. Therefore, the
      particle will be subjected to a combined influence of the thus generated
      coulomb force and the centrifugal force of different degree as determined
      by the occasionally occupying position by the particle along the line of
      force. Since the resultant force appearing in proximity to repulsing
      electrode is rather intense under substantial influence of the coulomb
      force, thus being subjected to a rather large repulsing force. On the
      other hand, at an intermediate point near the center point between the
      electrodes, the both kinds of the component forces are both effective
      substantially so that the subjected repulsing and resultant force becomes
      rather small. Anyhow, by application of a properly selected A.C. high
      voltage, such as 10,000 - 15,000 volts, as an example, the deposited
      filter cake can be removed effectively from the filter material overcoming
      the influence of the gas flows under treatment and the cohesive force
      among the particles constituting the cake. As was referred to
      hereinbefore, the filter material can perform the separation of the
      fouling dust particles from the gaseous medium and the electrical field
      may take charge of the prevention of formation of filter cake on the
      filter per se.
PAR  As was referred to, the single phase A.C. high voltage as impressed upon
      the repulsing electrodes can be used in the form of pulse voltages. In
      this way, the most predominant parts of the A.C. voltage energy can be
      utilized in an accentuated manner, so as to improve the operating
      efficiency so far.
PAR  When applied the dust-repulsing electrodes with a properly selected
      multi-phase A.C. voltage, a transmission force directing in the filter
      surface direction can be established; such force can be defined as the
      progressive wave effect.
PAR  This and further objects, features and advantages of the invention will
      become more apparent when read the following detailed description of the
      invention by reference to the accompanying drawings illustrative of
      several preferred embodiments of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic sectional side view of a first embodiment of the
      filter assembly proper employable in the present invention.
PAR  FIG. 2 is a schematic enlarged view of a part of FIG. 1.
PAR  FIG. 3 is a schematic electrical wiring diagram of a three phase A.C.
      voltage source system together with the repulsing electrodes as employed
      in FIGS. 1 - 2.
PAR  FIG. 4 is a similar view of FIG. 1 illustrating, however, a modified
      embodiment from the foregoing first embodiment shown therein.
PAR  FIGS. 5 - 7 represent respective sectional and partial views, illustrative
      of three different mutual arrangements of the repulsing electrodes and a
      filter material cooperating therewith.
PAR  FIG. 8 is a similar view of FIG. 1, illustrative, however a still further
      modified embodiment from that shown in FIG. 4. FIG. 9 is a schematic,
      sectional and partial view of a filter material and repulsing electrodes
      combination as a modification from the corresponding part of the foregoing
      embodiments, designed and arranged to provide a larger filtering area than
      the foregoing.
PAR  FIG. 10 is a similar view of FIG. 1 and shows a schematic and sectional
      view of a second embodiment of the invention.
PAR  FIG. 11 is a schematic representation of an electrical wiring diagram
      showing a high voltage supply source and a series of repulsing electrodes.
PAR  FIG. 12 is a voltage wave diagram showing the pulsative A.C. voltage as
      supplied in the case of the arrangement shown in FIG. 11.
PAR  FIGS. 13 - 15 represent three different diagrams of the ideal centrode of a
      particle when subjected to the action of a single phase A.C. high voltage
      field, an A.C. high pulse voltage field and a three phase A.C. high
      voltage field, respectively.
PAR  FIG. 16 is a schematic model of a single phase A.C. and pulsative high
      voltage which is usable in the invention.
PAR  FIG. 17 is a side view of a more specific experimental filter assembly
      proper wherein however, the hopper section(s) and discharge valve(s) have
      beenn omitted.
PAR  FIG. 18 is a schematic combined front view of two groups of charging and
      repulsing electrodes employable in the foregoing assembly shown in FIG.
      17, when seen at X - X' and Y - Y' shown therein, respectively.
PAR  FIG. 19 is a schematic diagram of a whole arrangement of important
      constituents of the dust collector system according to this invention
      having as its main working part, said filter assembly proper.
PAR  FIG. 20 is a schematic diagraphm showing electrical circuitry for the
      system of FIG. 19.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIGS. 1 and 2 of the accompanying drawings, the first
      embodiment of the filter assembly proper employable in this invention will
      be described hereinunder in detail.
PAR  Numeral 100 represents a tight and rigid casing of the system according to
      this invention, having an inlet opening 5 and an outlet opening 6, only
      schematically shown. An arrow "A" denotes the direction of a flow-in gas
      stream which must be subjected to a dust-collecting action during passage
      through this casing 100. Second arrow "A" represents the flow direction of
      the refined gas stream outgoing from the casing 100 through outlet opening
      6.
PAR  Pairs of ionizing bar electrodes 1 and 1' are suspended within the interior
      space of said casing and at a certain distance from said inlet opening 5
      by properly insulated suspension means, although not shown; these means
      may be constituted by suspension bars or supporting bars insulatedly
      attached to the wall(s) of said casing 100. The suspension, preferably of
      the upper series electrodes 1, may be made from the ceiling wall of the
      casing, and the supporting, preferably of the lower series electrodes 1',
      may be made from the lower wall of the casing and in the form of
      supporting struts, again properly insulated although not shown.
PAR  Or alternatively, the bar electrodes 1 and 1' may be supported at their
      both ends attached fixedly and insulatedly to the front and rear walls of
      the casing 100. The rear wall only is shown at 100b, while the front wall
      is not shown. In this case, these electrodes are substantially in the form
      of bridge beams. When necessary, the number of electrodes may be increased
      to a substantial degree, for effecting the ionizing action in a
      satisfactory manner. These electrodes 1 and 1' are electrically connected
      with the both electrodes of a D.C. high voltage source, although not
      shown. By the provision of these ionizing electrodes 1, 1',  substantially
      upstream half part of the interior space 2 of the casing 100 can act as an
      ionizing space.
PAR  Inwardly apart a certain distance from the outlet opening 6, there is
      provided a filtering screen 3 which may consist of a cloth nylon, glass
      fiber, asbestos or the like and fixed at its periphery to the walls of
      casing 100, so as to cross the flow passage of the gases to be refined.
      This filtering material may consist of a fibrous mat, cloth or the like
      dielectric material, The cloth or mat 3 may be coated with a specifically
      selected coating of filtering material. A vertical row of dust-repulsing
      bar electrodes 4 arranged in a horizontal and parallel lines; each of
      these bar electrodes 4 may be encased in an insulator sheath 4', the both
      ends thereof being fixedly supported by the front and rear casing-walls.
      The provision of these insulator sheaths serves for interrupting direct
      contact of dust particles entrained by the gas streams, with the
      electrodes 4. The filtering cloth or mat 3 is threaded in a zig-zag way in
      contact of the sheaths 4' as shown.
PAR  Although not shown, the outlet opening 6 is connected through a duct, not
      shown, with the inlet of an exhausting blower or the like suctioning
      machine.
PAR  The casing 100 is formed at its lower part with a hopper-like section 7
      which is fitted at its lowermost part with a discharge valve unit 8.
PAR  As shown schematically in FIG. 3, these electrodes 4 are electrically
      connected successively with the three phase lines "R",  "T" and "S" of a
      high voltage three phase A.C. supply system 9.
PAR  Separately from or in addition to said exhausting blower, a delivery blower
      may be connected through a proper duct to the inlet opening 5 of the
      casing 100, if necessary.
PAR  The operation of the apparatus so far shown and described is as follows:
PAR  Dust containing gas stream is led through the inlet opening 5 into the
      interior space 2 of the casing 100 upon energization of one or both said
      blowers, not shown. The electrodes 1 act as discharge electrodes and may
      be electrically connected with a d.c. high voltage source, as referred to.
      The opposite electrode 1' may be earthed when necessary. When more than a
      pair of these ionizing electrodes are provided, as in the present case,
      there are formed alternately as discharge and earth electrodes.
PAR  While passing of the introduced gas stream through each pair of the
      discharge or high voltage-impressed electrode and the earthed electrode,
      the contained dust particles are charged electrically and arrive upon
      passing through the ionizing space at the filtering section containing the
      filter material 3 by which the gas stream is separated of the dust
      particles. The thus purified gas stream will be delivered from the outlet
      opening 6.
PAR  With progress of the purifying operation, the separated dust particles will
      accumulate upon the inside surface of the filtering material 3, thus
      representing a gradually increased flow resistance to the passing-through
      gas stream. When this flow resistance attains at a certain predetermined
      value, these electrodes 4 are connected manually or automatically by
      opening a certain switching means, not shown, with the three phase
      conductors "R",  "S" and "T" of the A.C. supply system 9, as was referred
      to hereinbefore briefly.
PAR  By impressing these electrodes 4 with phase currents successively, the
      accumulated dust particles are repulsed off from the filter material 3 by
      the electrodynamic forces thus invited and the pressure drop will be
      recovered to a certain value intrincic to the filter in its clean state.
      When the pressure drop is thus recovered, a certain conventional control
      means, not shown, is actuated and voltage impression to the electrodes 4
      is terminated. As the control means, it may comprise a conventional fluid
      pressure responsive device which is arranged in the down-stream part of
      the filter and electrode unit 3, 4 and 4' and senses pressure drop in the
      downstream space 100a in front of the filter material 3, although not
      shown.
PAR  The electrodynamically repulsed-off dust particles from the filter material
      3 will be accumulated in the hopper section 7 and then discharged
      therefrom by opening the discharge valve 8.
PAR  When the electric connection of the repulsing electrodes 4 with the three
      phase A.C. supply system is made as in the way shown in FIG. 3, the
      charged dust particles will be subjected to an electrodynamic repulsing
      force F.sub.1 caused by the A.C. field as well as a transportation force
      F.sub.2  by the progressive waves, in addition to the inherent gravity
      force (refer to Masuda, et al, "Staub-Reinhalt, Luft" Vol. 30, No. 11,
      November, 1970). Therefore, these particles are driven to move downwards
      by the combined action of these influencing forces.
PAR  FIG. 4 shows a modification of the foregoing, In this variation, the filter
      means are arranged in two successive stages. The first or upstream stages
      is designed and arranged to catch coarser particles and the second or
      downstream stage is designed and arranged to catch finer particles. In
      this case, the filter material of the first stage has naturally coarser
      pores or meshes than those of the second stage filter cloth or mat. Since
      the first and second stages perform similar function, the respective same
      reference numerals are used for easy comparison. If necessary, the number
      of the filtering stages can be increased to three or still more numerous.
PAR  In the foregoing embodiments, the electrically charged dust particles
      contained in a gaseous medium are filtered off and the gradually
      accumulated mass of the thus separated particles on the filter is repulsed
      off therefrom electrodynamically by application of A.C. voltage(s) to the
      repulsing-off electrodes 4 as was described hereinbefore; and thus there
      is no mechanical vibration or impulses to be encountered and indeed,
      without any stoppage of the filtering action. Therefore, it will be seen
      that the dust-collecting operation and the accumulated dust particles
      drive-off opertion can be performed simultaneously, which represents,
      indeed, a remarkable progress in the art.
PAR  As an example, with use of a conventional bag filter, the apparent
      filtering speed could not be accelerated to higher than 2 cm/sec or so.
      But, on the contrary, with use of the foregoing inventive dust filter
      apparatus embodying the novel principles of the invention, it was
      determined by our practical experiments that the filtering speed can be
      increased to 10 and several times to 50 times of the conventional
      velocity; thus, it can be increased to 30 cm/sec - 1 m/sec which
      represents a remarkable value beyond the common sense of any person
      skilled in the art.
PAR  In the foregoing embodiments, the electrically repulsing electrodes 4 are
      covered with respective insulator sheaths 4' so that when the charged
      particles are brought into contact only with these sheaths, thus not with
      the electrodes per se. By employing this means, the charged dust particles
      can not loose their electrical charge and can be maintained their charged
      conditions for a long time. Thus, upon lapse of occasionally very long
      period in their accumulated and cohesive state on the filter material,
      they can be subjected to the electrodynamic separating forces. In
      addition, it should be noted that even conductive particles can be treated
      equally and successfully.
PAR  When desired, the repulsing electrodes can be divided into two groups one
      of which can be fed with a three phase A.C. voltage, while the remaining
      one can be charged with a single phase A.C. voltage.
PAR  In FIGS. 5 - 7, three modified arrangements of the dust particle-repulsing
      electrodes 4 relative to the filter material 3 are shown. In FIG. 5, the
      electrodes 4 are arranged behind the filter material 3 at a certain short
      distance. In FIG. 6, these electrodes 3 are completely embedded in the
      filter material. In FIG. 7, the electrodes 4 are arranged directly in
      front of the filter material 3.
PAR  In the still further modified embodiment shown in FIG. 8, the electrodes 1,
      1' have been dispensed with, and a group of discharge electrodes in the
      form of wire or bar electrodes 101 are arranged in two successive stages
      and in corresponding groups, while two plate-like formed dust-collecting
      electrodes 101' are arranged in respective and opposite arrangement to
      these discharge electrodes as in the conventional electrostatic
      precipitators. The discharge electrodes 101 are electrically connected
      through proper leads, not shown, to the positive side of a high voltage
      D.C. voltage source, while the plate electrodes 101' are earthed, although
      not shown. Suspension means for these electrodes 101 and 101' have been
      omitted from the drawing by virtue of their very popularity.
PAR  When gas stream is passed through these electrostatic precipitators,
      coarser dust particles only may be collected as conventionally, while
      finer and electrically charged particles may be conveyed and filtered off
      by the filter material 3 as before and effectively repulsed off
      electrodynamically by the energization of the electrodes 4 as before, upon
      once accumulation on the inside surface of the filtering material.
PAR  As conventionally, the dust-collecting electrodes 101' are arranged to be
      subjected to mechanical striking forces periodically as known per se to
      let the accumulated particles separated therefrom and drop downwards to
      the respective discharge valves 8, through respective hoppers 7. In this
      case, once collected finer particles having particle sizes of several
      microns or lesser will escape therefrom by being re-entrained by the
      flowing through gas streams. In the present modification, however, these
      finer particles can be effectively caught by the filtering and
      electrodynamically repulsing unit 3; 4 as will be apparent from the
      foregoing disclosure set forth in connection with FIGS. 1 - 7.
PAR  In FIG. 9, a modified arrangement of the unit 3; 4 is shown. In this case,
      the filter material 3 is arranged in a vertical zig-zag way, for
      increasing the overall filtering area. Correspondingly, the arrangement is
      modified so as to represent a zig-zag arrangement as a whole and in close
      proximity to the filter material 3.
PAR  In FIG. 10, a second embodiment is shown. In this embodiment, the housing
      of the device being omitted only for convenience, a series of parallel
      arrows A' represents the general direction of the gas stream to be
      refined. Numeral 21 represents schematically several discharge electrodes
      arranged at a properly selected mutual distance and in horizontal rows.
      Dust-collecting electrodes 22 are arranged in a vertical correspondence
      with respective discharge electrodes 21. Although only schematically
      represented, each of these dish-shaped electrodes 22 has at its peripheral
      edge a flange-like projection directing against the gas inlet direction,
      although the inlet opening has been omitted from the drawing only for
      simplicity. Mutual effective distance between each two electrodes 22 is
      selected to be practically equal to the effective horizontal width of the
      electrode 22. Naturally, the number of the electrodes 21 and 22 is shown
      by way of example and may be increased to any suitable number and rows,
      although not shown. These dust-collecting electrodes 22 are arranged in
      apparently horizontal rows as shown. Each vertical pair of the electrodes
      21 and 22 constitutes a dust-collecting unit a or b.
PAR  The upper three dust-collecting unit b are arranged in a downstream stage.
      The first stage units a are arranged in a staggered way relative to the
      second stage units b. Numeral 24 represents two oppositely and parallel
      arranged filter cloths or mats, similar to those denoted 3 in the
      foregoing embodiment. Each of these filter 24 is positioned at a certain
      downstream distance from the respective dust-collecting unit a or b, and
      covers the whole cross-sectional area of the flow passage of the gas
      stream.
PAR  A series of dust-repulsing electrodes 23 is arranged directly behind the
      respective filter material 24, these electrodes 23 being of the similar
      nature so far as their electrical function with that of the electrodes as
      shown at 4 in the foregoing. These electrodes 23 can be embedded within
      the filter material 24, similarly as shown in FIG. 6.
PAR  Numerals 5 and 6 represent similar pulse-generators, the negative poles
      thereof being connected electrically with the upper electrodes 23 in an
      alternate way, while the positive pole of these pulse generators are
      earthed as shown.
PAR  Although not shown, the lower electrodes 23 are similarly connected with
      these pulse generators.
PAR  Upon feeding of an electrical pulse, each pair of electrodes 22 and 23 will
      generate an electrical field.
PAR  When a foulded gaseous medium will be delivered from a blower or the like
      gas delivery machine, not shown, through the inlet opening, not shown, the
      contained dust-particles of coarser sizes are collected by the collector
      electrodes 22 by  collision thereagainst.
PAR  The finer dust particles which have not been caught by the dust-collecting
      electrodes 22, yet having been electrocharged during passage through the
      units a, will be caught by the filter cloths or fine mesh nets 24 which
      particles have been entrained by the upwardly (FIG. 10) flowing gas
      streams, and then deposited on the lower surface of these mechanical
      filters 24 while they are kept in their electrically charged conditions.
      When these filtered-off and deposited particles have been accumulated to a
      certain substantial degree and the thus invited pressure loss downstreams
      of these mechanical filters is sensed and an information signal thereof is
      utilized to start an electric controller, not shown, so as to close an
      electrical switch, attached to each of the pulse generators 25 and 26
      which are only schematically represented by virtue of their very
      popularity. In this way, the high voltage pulse generators 25 and 26 are
      connected in circuit, and the dustrepulsing electrodes 23 are impressed
      with high voltage pulses from the generators. As seen, these electrodes 23
      are connected alternately with the generators 25 and 26. In this way,
      between the duct-collecting electrodes 24, on the one hand, and the
      repulsing electrodes 23, on the other hand, pulsative electrical fields
      will be intermittently established, so as to provide corresponding
      impulsive forces onto the accumulated dust particles on the filters 24. It
      should be noted that the electric connection relative to the lower filter
      24 has been omitted from the drawing only for the simplicity thereof. In
      this way, the accumulated particles are intermittently driven off from the
      respective mechanical filters 24 in a shaper and stronger manner than
      otherwise where sinusoidal A.C. high voltage waves are applied to the
      repulsing electrodes 23.
PAR  With use of the two separate pulse generators 25 and 26, two groups of the
      repulsing electrodes 23 can be alternately fed with the high voltage pulse
      impulses, thereby increasing substantially the desired drive-off effect
      upon the accumulated particles being realized. In the embodiment shown in
      FIG. 10, the mechanical filter 24 in combination with repulsing electrodes
      23 is positioned downstream of each of the first and second stage dust
      collector units a and b. However, if necessary, this filter 24 together
      with its attributed dust-repulsing electrodes 23 can be positioned
      downstream of the second stage dust collector units b only.
PAR  As seen from the foregoing, the dust-collecting electrodes 22 positively as
      known per se are positioned substantially in opposition to a series of the
      dust-repulsing electrodes 23 which are negatively charged thereby such a
      possibility being given as to increase the electrical working efficiency
      of the whole arrangement and to minimize the occupying space thereof.
PAR  In FIG. 11, a wiring connection of the high voltage A.C. source with the
      dust-repulsing electrodes 4 as employable in the foregoing several
      embodiments shown in FIGS. 1 - 9 is shown. In this figure, 101" denotes a
      high voltage pulse generator of known structure and capable of delivery of
      a series of A.C. pulses as shown in FIG. 12. By consulting the foregoing
      description, its functional operation will be self-explanatory without
      effecting further detailed analysis.
PAR  The nature of the invention highly adapted for generation of electrodynamic
      repulsing force in the aforementioned way may be understood by reference
      to the schematic explanatory views, FIGS. 13 - 16, by consultation with
      the following Table.
PAR  FIG. 15 represents a schema of the electrode, by way of example, of a dust
      particle when subjected to a single phase A.C. high voltage electrical
      field as appeared by energization of a series of repulsing electrodes,
      represented representatively a pair of such electrodes 104 and 105.
PAR  In this case, the centrode of the particle is shown in an ideal way that
      the electrode pair is not influenced by the presence of still further
      neighboring electrodes of the same kind. This manner of idealization will
      be applied to the cases shown in FIGS. 14 and 15, respectively.
PAR  In the case of FIG. 14, the repusling electrodes 102 and 103 are energized
      with a pulsative single phase A.C. higher voltage.
PAR  In the case of FIG. 16, the electrodes 106-108 are unergized with a three
      phase A.C. high voltage.
PAR  From these schematic representations shown in FIGS. 13-15, a repulsing
      force directing from right to left substantially horizontally is applied
      electrodynamically to the respective dust particle. These are naturally
      symbolized and schematic representations and in practice there may be
      collisions among dust particles and the like will naturally occur.
PAR  But, it is definitely believed that the generation of the main
      electrodynamic repulsing force can be easily understood. The detailed
      experimental conditions can be well seen from the following Table.
TBL                                    Table                                   
     __________________________________________________________________________
     Experimental Data                                                         
                                                          Single Phase         
     No.  Symbol                M.K.S.-units                                   
                                        Three phase AC                         
                                                 Single phase                  
                                                          AC                   
     __________________________________________________________________________
                                                          Pulses               
     1.   PL  Mutual electrode distance                                        
                                 (m)    1.0 .times. 10.sup.-.sup.2             
                                                 1.0 .times. 10.sup.-.sup.2    
                                                          1.0                  
                                                          .times. 10.sup.-.sup.
                                                          2                    
     2.   R   Radius of electrode                                              
                                 (m)    1.0 .times. 10.sup.-.sup.10            
                                                 0.5 .times. 10.sup.-.sup.3    
                                                          1.0                  
                                                          .times. 10.sup.-.sup.
                                                          10                   
     3.   X1  Initial value along X axis                                       
                                 (m)    -0.6 .times. 10.sup.-.sup.2            
                                                 0.5 .times. 10.sup.-.sup.2    
                                                          0.5                  
                                                          .times. 10.sup.-.sup.
                                                          2                    
     4.   Y1  Initial value along Y axis                                       
                                 (m)    0.2 .times. 10.sup.-.sup.2             
                                                 0.2 .times. 10.sup.-.sup.2    
                                                          0.2                  
                                                          .times. 10.sup.-.sup.
                                                          2                    
     5.   N   Position of nil electric potential                               
                                 (m)    1.0 .times. 10.sup.-.sup.1             
                                                 1.0 .times. 10.sup.-.sup.1    
                                                          1.0                  
                                                          .times. 10.sup.-.sup.
                                                          1                    
     6.   V1  Pulse peak (elect. 1)                                            
                                 (v)    4.0 .times. 10.sup.3                   
                                                 1.0 .times. 10.sup.3          
                                                          1.0                  
                                                          .times. 10.sup.4     
     7.   V2  Pulse peak (elect 2)                                             
                                 (v)                      1.0                  
                                                          .times. 10.sup.4     
     8.   Q   Particle charge    (coulomb)                                     
                                        5.0 .times. 10.sup.-.sup.14            
                                                 5.0 .times. 10.sup.-.sup.14   
                                                          5.0                  
                                                          .times. 10.sup.-.sup.
                                                          14                   
     9.   H   Time scale unit    (sec)  1.0 .times. 10.sup.-.sup.4             
                                                 1.0 .times. 10.sup.-.sup.4    
                                                          1.0                  
                                                          .times. 10.sup.-.sup.
                                                          4                    
     10.  AT  Time lag between V1 and V2                                       
                                 (sec)                    2.0                  
                                                          .times. 10.sup.-.sup.
                                                          3                    
     11.  TP1 Period of Pulse    (sec)                    4.0                  
                                                          .times. 10.sup.-.sup.
                                                          3                    
     12.  TP2 Length of pulse    (sec)                    1.0                  
                                                          .times. 10.sup.-.sup.
                                                          3                    
     13.  ET  Coefficient of viscosity                                         
                                 (n.sec/m.sup.2)                               
                                        1.83 .times. 10.sup.-.sup.5            
                                                 1.83 .times. 10.sup.-.sup.5   
                                                          1.83 .times.         
                                                          10.sup.-.sup.5       
     14.  D   Yad. of particle   (m)    1.4 .times. 10.sup.-.sup.5             
                                                 1.4 .times. 10.sup.-.sup.5    
                                                          1.4                  
                                                          .times. 10.sup.-.sup.
                                                          5                    
     15.  M   Mass of particle   (kg)   1.5 .times. 10.sup.-.sup.12            
                                                 1.5 .times. 10.sup.-.sup.12   
                                                          1.5                  
                                                          .times. 10.sup.-.sup.
                                                          12                   
     __________________________________________________________________________
      = 4 .times. 10.sup.3 sm2 ft                                              
      f=50 cycles                                                              
PAR  In FIGS. 17 and 18, numeral 110 represents a casing or housing, as at 100
      in FIG. 1, having preferably a square cross-section and a gas inlet
      opening 115 and outlet opening 116, in the similar way as at 5 and 6 in
      FIG. 1, respectively. In an imaginary vertical plane at a predetermined
      distance from said inlet opening 115, there is provided a nest of wire
      electrodes, more specifically discharge electrodes 113 and earthed
      electrodes 114 arranged alternatively with each other, as at 1 and 1' in
      FIG. 1. Discharge electrodes 113 are tightly tensioned between and fixedly
      attached to a pair of holding frames 120 only one of which is shown in
      FIG. 18. These holding frames are attached fixedly and insulatingly to the
      right-hand half housing element 110', although the fixing and insulating
      means have been omitted from the drawing. The discharge electrodes 113 are
      electrically connected, through said frame 120 acting as a bus bar, to the
      positive side of a high voltage D.C. source DC, while the negative side
      thereof is earthed as shown.
PAR  The opposite wire electrodes 114 are fixedly supported at their respective
      both ends 121 by a pair of supporting frames which are supported fixedly
      in turn through insulator means 121a by the first mentioned frames 120. In
      FIG. 18, only one of said supporting frames 112, made of metal is shown.
      The opposite wire electrodes 114 are earthed through proper conductor
      means not shown.
PAR  The housing element 110' in which the charging zone is established and
      maintained, is flanged at 125 to the inlet housing element 123 of a cone
      shape. In the similar way, the housing element 110' is flanged at 126 to
      the left-hand side housing element 110" in which the filtering and
      electro-repulsing zone to be described is formed and maintained. Thus, the
      element 110' can be independently removed from the housing assembly 110
      and together with the charging and ionizing electrodes nest.
PAR  Numerals 135 represents only schematically a hand hole; 139 a glass-covered
      viewing window; and 109 a position through which a pressure take-out
      upstream gas pressure can be taken out for automatic measurement at an
      automatic pressure recorder to be described.
PAR  The housing element 110" is provided at its outer end with a flange 127
      kept in detachable connection with a mating flange 128 formed at the inner
      end of an outlet housing element 223 formed into a hollow cone having said
      gas outlet 116 at its appex.
PAR  Filter-mounting plate 131 and a supporting frame 132 are attached to said
      flanges 127 and 128, respectively. The plate 131 mounts fixedly a
      mechanical filter 129 shown in FIG. 18 which may be similar to that shown
      only schematically at 3 in FIGS. 1 and 2.
PAR  Dust-repulsing wire electrodes 130 are tightly tensioned on the frame 128
      so as to be positioned at a close proximity to the mechanical filter 129,
      preferably at its downstream side as shown. For showing substantial
      similarity to those shown in FIG. 1, the same reference numeral 4 is
      additionally and auxiliarilly shown also in FIG. 18. In the present
      embodiment, however, these dust-repulsing electrodes are arranged in a
      vertical plane. These electrodes are connected respectively with phase
      lines R', S' and T' in a successive order as was descrived more
      specifically in connection with FIG. 3, of an A.C.-400 volt-power source
      which is shown only schematically in FIG. 20.
PAR  Numeral 133, FIG. 17, shows only schematically an opening or socket for
      introducing these phase leads from outside into the interior space of the
      end housing element 223, and indeed, through a step-up transformer Tr3
      which elevates the phase currents from 400 to 1,000-3,000 volts, as an
      example.
PAR  Now referring to FIGS. 19 and 20, gaseous upstream and downstream fluids
      relative to the filtering and dust-repulsing zone 107 comprising said
      mechanical filter 129 and dust-repulsing electrodes 130 are taken out from
      respective gas taps 109 and 110 from the respective zones of the interior
      of housing assebmly 110 and conveyed into a differential pressure
      transmitter 114' wherein the pressure differential is converted into a
      corresponding D.C. voltage. Part thereof is conveyed through a distributor
      115' to an indicator 116' for visual display purpose. When a predetermined
      higher limit of the pressure differential signal reaches at the relay box
      118', a certain relay included therein is energized to close its relay
      contact 119', thereby magnet connector 88A being actuated for closing
      contacts at 88. In this way, high A.C. voltages are applied through
      transformer Tr3 to dust-repulsing electrodes 4 or 130.
PAR  When a predetermined lower limit signal reaches at relay box 118', another
      relay contact 120' is closed and the former relay contact 119' is closed
      and the former relay contact 119' is opened so that another magnet
      contactor 121 is actuated to open the contacts 122. Thus, high voltage
      feed to the dust-repulsing electrodes is interrupted.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are as follows:
NUM  1.
PAR  1. A combined dust-collector and filter assembly wherein a stationary,
      regid and hollow casing is provided for defining a passage having an inlet
      and an outlet opening positioned at opposite sides of said casing for the
      receiption of a dust-containing gas stream and for the discharge of a
      refined gas stream after passage through the interior space of said
      casing, respectively, a plurality of ionizing stationary electrodes are
      provided in proximity to said inlet opening for ionizing dust particles
      contained in the said inlet stream, a mechanical filter disposed across
      said entire passage for filtering off said ionized dust particles from
      said inlet gas stream flowing through said filter, a plurality of
      dust-repulsing electrodes are positioned in close proximity to or within
      the material of said filter and a voltage source for applying multi-phase
      A.C. high voltage to said electrodes each time for short duration of time
      for electrodynamically driving separated and accumulated dust particles in
      the form of a filter cake deposited in and on said filter, off the filter,
      a hopper formed at the bottom of said casing for collecting the
      electrodynamically drivenoff dust particles, and a dust-discharge valve
      positioned in said hopper.
NUM  2.
PAR  2. A combined dust-collector and filter assembly as set forth in claim 1
      wherein said dust-repulsing electrodes are imbedded in said filter.
NUM  3.
PAR  3. A combined dust collector and filter assembly comprising a stationary,
      rigid, hollow casing defining a passage having an inlet and an outlet
      opening positioned at opposite ends of said casing for the reception of a
      dust contining gas stream and for the discharge of a refined gas stream
      after passage through the interior space of said casing respectively, a
      plurality of ionizing stationary electrodes mounted in said casing in
      proximity to said inlet opening for ionizing dust particles contained in
      said inlet stream, a mechanical filter disposed in said casing across said
      entire passage for filtering off said ionized dust particles from said
      inlet gas stream flowing through said filter, a plurality of
      dust-repulsing electrodes covered with respective insulator sheaths
      mounted in said casing in close proximity to the material of said filter
      and a voltage source for applying a.c. voltage to said electrodes
      periodically for a short duration of time for electrodynamically driving
      dust particles which have accumulated on said filter off said filter, a
      hopper formed at the bottom of said casing for collecting the driven-off
      dust particles and a dust discharge valve positioned in said hopper.
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ABST
PAL  Glass tablets which are to be introduced seriatim into an elongated melting
      chamber of a crucible having orifices for extrusion of glass filaments are
      stored in a magazine and are fed onto the first section of a first
      vibrating trough whose sections have different inclinations. The last
      section of the first trough discharges tablets into the receptacle of a
      weighing device which accumulates a predetermined number of tablets and
      thereupon discharges the accumulated batch of tablets onto the first
      section of a second vibrating trough the last section of which discharges
      tablets into an elongated hopper registering with the open top of the
      melting chamber. At least the last section of the second trough is
      inclined downwardly toward the hopper to such an extent that tablets
      leaving the preceding section of the second trough are accelerated during
      travel in the last section and enter the hopper at timely spaced
      intervals. The second trough is caused to swivel back and forth so that
      its last section discharges tablets into different portions of the hopper.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for feeding
      particulate material into a melting chamber, and more particularly to a
      method and apparatus for feeding particles of glass into a crucible or
      muffle wherein the particles are heated to or above melting temperature
      and from which molten material is extruded in the form of filaments. Still
      more particularly, the invention relates to improvements in a method and
      apparatus for continuous simultaneous extrusion of a plurality of glass
      filaments by resorting to an elongated crucible with one or more rows of
      extrusion nozzles.
PAR  Apparatus for the making of glass filaments normally employ a crucible or
      muffle defining a melting chamber for a charge of molten glass and having
      one or more orifices serving to discharge streamlets of molten glass which
      harden immediately or shortly after they leave the orifices of the nozzles
      to be thereby converted into elongated filaments which are thereupon
      collected, grouped and/or otherwise manipulated, depending on their
      intended use. The crucible consists of a highly heat-resistant metallic,
      refractory or other substance, and its chamber must receive fresh material
      (glass in solid state) in order to insure that the upper surface of the
      molten charge in its chamber does not descend below a minimum permissible
      level. The nozzles for extrusion of filaments normally form part of a
      spinneret which is installed in the crucible to constitute the bottom wall
      or base plate of the melting chamber. The spinneret may be formed with one
      or more rows of nozzles, and the filaments issuing from the orifices of
      such nozzles are engaged and convoluted by a rapidly moving rotary body,
      such as a drum, roller, spool or the like. The rotary body also serves as
      a means for attenuating the filaments to a desired thickness. In the
      manufacture of filaments of finite length, the filaments are caused to
      contact the periphery of a rotary drum whereon they remain parallel to
      each other and are convoluted on the periphery of the drum to form a
      hollow cylindrical layer of desired thickness (glass wool). If the
      apparatus is used for the making of relatively short staple fibers, the
      drum cooperates with a stripper or doctor blade which severs the filaments
      before they can form complete convolutions around the periphery of the
      drum. It is also known to assemble the filaments which issue from the
      nozzles of the spinneret into two or more tows or multi-filament yarns
      which are thereupon convoluted onto bobbins or spools to form threads
      known as glass silk.
PAR  For the making of glass wool or staple fibers, the apparatus of presently
      known design normally employ a relatively large drum having a diameter of
      up to or in excess of 1,000 millimeters and an axial length which equals
      or closely approximates its diameter. Such large drum cooperates with a
      crucible having a spinneret whose length equals or approximates the axial
      length of the drum and which is formed with one or more rows of nozzles
      whereby each row comprises a substantial number of discrete nozzles. Thus,
      the length of the melting chamber in the crucible can reach or even
      exceeds 1 meter. This presents serious problems as concerns the
      homogeneousness of molten charge in the crucible. A satisfactory
      consistency of molten charge can be insured only if the volume or mass of
      molten charge is rather small, i.e., if the elongated chamber is
      relatively narrow and the height of molten charge therein is rather small.
      Otherwise, the heating means in or for the crucible cannot guarantee a
      satisfactory heating of each and every region of the molten charge so
      that, once the mass of such charge exceeds a relatively small maximum
      permissible value, it develops streaks not only in the region of its upper
      surface but also in its interior to thus affect the quality of filaments
      which issue from the nozzles of the relatively long spinneret. Additional
      problems arise due to the fact that the crucible must receive fresh
      material at the rate at which molten material is being extruded through
      the nozzles, i.e., freshly admitted particles of glass must melt and blend
      into the previously molten material at the rate at which the charge is
      being depleted when the apparatus is in use. As a rule, fresh material is
      fed into the melting chamber by gravity so that it dips into and is
      submerged in the charge to thereby melt and replenish the contents of the
      crucible.
PAR  An essential requisite for the extrusion of continuous glass filaments is
      that the viscosity of molten charge in the region just above the nozzles
      of the spinneret remain constant. Thus, the charge above the spinneret
      must be refined or homogenized to a very high degree so as to be free of
      streaks, air bubbles or the like. This cannot be readily achieved in view
      of the desirability of a relatively small melting chamber, i.e., a melting
      chamber which does not contain a large quantity of molten material. Were
      the melting chamber designed to receive a relatively large quantity of
      molten glass (this is not desirable on the aforementioned ground that the
      heating means cannot maintain all zones of a large charge at a given
      temperature), the quantity of admitted particulate material relative to
      the quantity of molten material would be rather small so that the
      viscosity of molten charge would change very little or not at all,
      especially if the particulate material (solid glass particles) were
      admitted into the crucible at a substantially constant rate. Consequently,
      the quality of filaments and the condition of molten glass in a crucible
      having a relatively small melting chamber depends to a very large extent
      on the rate at which fresh material is being fed into the crucible.
PAR  Many presently known apparatus for the making of glass filaments use glass
      particles in the form of pellets, i.e., particles of spherical or
      substantially spherical shape. A drawback of such apparatus is that the
      manufacture of glass pellets is an expensive procedure which contributes
      significantly to the cost of the ultimate produce. Therefore, the
      manufacturers of glass filaments prefer to employ particles of other than
      spherical shape, especially particles in the form of small tablets or
      groups of tablets resembling portions of chocolate bars. Such tablets can
      be produced with a reasonably high degree of uniformity, i.e., their
      weight or mass deviates rather negligibly from a preselected value so
      that, by feeding such tablets into the crucible at a substantially
      constant rate, one can insure that the upper surface of molten charge in
      the chamber of the crucible will fluctuate only within a permissible
      range. However, the particles in the form of tablets or cakes exhibit the
      drawback that they are normally obtained by breaking up a relatively large
      bar or plate into a large number of similarly configurated fragments
      whereby portions of such fragments exhibit ragged edges, recesses,
      protuberances and/or other unevennesses which interfere with uniform
      feeding of tablets into the melting chamber.
PAR  The feeding of spherical and/or tablet-shaped glass particles into
      relatively small crucibles, and especially into relatively small crucibles
      having round melting chambers (such crucibles are often used in the making
      of glass silk) presents no serious problems because the particles can be
      caused to enter the charge at the center of the melting chamber. Such
      central feeding does not affect the uniformity of viscosity of the charge
      in the region of the nozzles. However, the situation is aggravated when
      the crucible has a long melting chamber because the admission of particles
      into one and the same region will invariably cause pronounced changes in
      viscosity, especially since the capacity of the crucible is relatively
      small. It was already proposed to employ in such apparatus a feeding
      device with several adjacent chutes for admission of glass particles into
      different portions of an elongated melting chamber. The particles are fed
      by gravity, for example, in a manner as disclosed in German Pat. No.
      1,596,667. It has been found that such apparatus operate properly only if
      the particles resemble or constitute spheres. It has also been found that
      heat which is being radiated by the crucible and the charge therein melts
      the particles at the discharge ends of discrete chutes so that the
      particles soften and adhere to their chutes and block the progress of the
      next-following particles. Such softening of particles and their adherence
      to the chutes is observable even if the particles are perfect spheres.
      Removal of softened particles from the chutes is a time-consuming
      operation, especially since the attendants must be shielded from heat.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a novel and improved method and
      apparatus for making glass filaments.
PAR  Another object of the invention is to provide a novel and improved method
      of supplying solid glass particles into an elongated melting chamber of a
      crucible in an apparatus for continuous extrusion of glass filaments.
PAR  A further object of the invention is to provide a method which insures
      uniform distribution of non-spherical glass particles in an elongated
      chamber for a charge of molten glass which is being converted into
      filaments.
PAR  An additional object of the invention is to provide a method of converting
      a stream of closely adjacent glass particles into a single file of
      discrete spaced-apart particles.
PAR  Still another object of the invention is to provide an apparatus which can
      convert a stream of randomly distributed non-spherical glass particles
      into a single file of spaced-apart particles before the particles are
      allowed to enter an elongated melting chamber in a crucible which serves
      for extrusion of one or more rows of glass filaments.
PAR  A further object of the invention is to provide the apparatus with novel
      and improved means for transporting glass particles from a magazine to a
      hopper which discharges particles into different zones of the melting
      chamber in a crucible.
PAR  Another object of the invention is to provide an apparatus wherein
      non-spherical glass particles can be fed into a crucible at a rate which
      is more uniform than, or at least as uniform as, the rate of feed of
      spherical particles in heretofore known apparatus.
PAR  One feature of the invention resides in the provision of a method of
      feeding substantially identical particles of glass into the elongated
      melting chamber of a crucible which stores a charge of molten glass and
      has orifices for continuous extrusion of filaments. The method comprises
      the steps of establishing and maintaining a supply of particles (e.g., in
      a magazine or in a weighing device), conveying a stream of particles from
      the supply toward the melting chamber along an elongated path, and
      accelerating the particles of the stream -- at least in that region of the
      path which is located immediately upstream of the melting chamber -- to
      thereby attenuate the stream so that the particles enter the crucible by
      gravity at timely spaced intervals.
PAR  The method prefereably further comprises the steps of moving the
      aforementioned region of the path lengthwise of the melting chamber so
      that successive particles enter different portions of the charge in the
      crucible. The downstream region of the path is preferably moved back and
      forth at regular intervals.
PAR  The conveying step preferably comprises vibrating the particles of the
      stream, and the accelerating step may comprise transporting the particles
      from a higher level to a lower level, for example, along successive
      sections of a trough wherein such successive sections have different
      inclinations with respect to a horizontal plane.
PAR  The path may include a first elongated portion which receives particles
      (preferably in the form of tablets or groups of tablets) from the supply,
      and a second portion which includes the aforementioned region. The method
      then preferably further includes the steps of accumulating the particles
      which leave the first portion, weighing the accumulated particles, and
      introducing the accumulated particles into the second portion of the path
      when the combined weight of accumulated particles equals or closely
      approximates a predetermined value. The introducing step preferably takes
      place when the combined weight of accumulated particles matches the
      aforementioned predetermined value or exceeds such value by less than the
      weight of a single particle.
PAR  The method may further comprise the steps of monitoring the upper surface
      of the charge in the melting chamber, interrupting the conveying step when
      the surface of the charge rises to a first predetermined level, and
      resuming the conveying of particles when the surface of molten charge
      descends to a second predetermined level.
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved apparatus
      itself, however, both as to its construction and its mode of operation,
      together with additional features and advantages thereof, will be best
      understood upon perusal of the following detailed description of certain
      specific embodiments with reference to the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a smaller-scale partly elevational and partly vertical sectional
      view of an apparatus which embodies the invention;
PAR  FIG. 2 is a plan view of a glass particle;
PAR  FIG. 2a is a side elevational view of the particle shown in FIG. 2; and
PAR  FIG. 3 is an enlarged transverse vertical sectional view of one section of
      a composite trough in the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The apparatus of FIG. 1 comprises a melting pot or crucible 1 which is
      assembled of a stack of four blocks 1a, 1b, 1c, 1d held together by a
      metallic frame, not shown. Each block defines a portion or zone of a
      composite melting chamber wherein a charge of molten glass is maintained
      in response to admission of a succession of glass particles 50 (FIGS. 2
      and 2a) by way of a funnel-shaped hopper 4. The opening in the bottom
      region of the hopper 4 registers with the open top of the melting chamber.
      The condition of the charge of molten glass in each of the four
      superimposed zones of the melting chamber may but need not be perceptibly
      different; as a rule, the transition in the condition of charge from zone
      to zone is sufficiently gradual to eliminate the likelihood of pronounced
      stratification. An apertured base plate or spinneret 3 which is clamped
      between the blocks 1c, 1d has a plurality of tubular nozzles 2 defining
      small orifices for extrusion of glass filaments 6 which are being
      withdrawn and further processed in a manner not forming part of this
      invention. It will be noted that the lowermost zone of the melting chamber
      (namely, the zone defined by the lowermost block 1d) is rather small and
      communicates directly with the upper ends of orifices in the nozzles 2.
      The nozzles 2 are disposed in two parallel rows whereby the nozzles of one
      row may but need not be staggered with respect to the nozzles of the other
      row, as considered at right angles to the plane of FIG. 1. The crucible 1
      is elongated, again as considered at right angles to the plane of FIG. 1,
      so that it can comprise a relatively long spinneret 3. The side walls of
      the funnel 4 are elongated and diverge upwardly and away from the topmost
      zone 5 of the melting chamber. The zones defined by the median blocks 1b,
      1c constitute a homogenzining area 7 wherein molten glass is heated to a
      temperature which suffices to avoid the formation of streaks which could
      clog the nozzles 2 or adversely influence the uniformity of filaments 6.
PAR  The means for heating the material in the melting chamber of the crucible 1
      is a resistance heater whereby the charge of molten glass preferably
      constitutes the resistance.
PAR  That part of the apparatus which serves to transport particles 50 from a
      main magazine or source 8 for storage of a substantial supply of particles
      50 to the hopper 4 above the topmost zone 5 of melting chamber in the
      crucible 1 comprises a composite trough including a first portion or upper
      trough 9 and a second portion or lower trough 10. The apparatus further
      comprises a weighing device 11 which is disposed between the discharge end
      of the trough 9 and the receiving end of the trough 10. The receiving end
      of the trough 9 is located below a discharge opening 19 in the bottom
      portion of the magazine 8, and the discharge end of the trough 10 is
      located above the open upper end of the hopper 4. Each of the particles 50
      resembles a portion or tablet of a chocolate bar and includes normally one
      substantially square tablet 51 which single tablets are connected to each
      other by a narrow web 52 before they are severed by breaking for use. It
      is clear however, that the particles which are stored in the magazine 8
      may have a hexagonal, rectangular, other polygonal, oval or a more complex
      shape. Glass particles resembling the particle shown in FIGS. 2 and 2a are
      also called "pellets" in spite of the fact that they do not have a
      spherical or substantially spherical shape, whereas particles of such
      shape are called "marbles."
PAR  The upper trough 9 comprises three discrete but rigidly connected sections
      14, 15, 16 which can be moved by a first vibrator motor 12. The lower
      trough 10 comprises four sections 33, 34, 35, 36 which are rigidly
      connected to each other and can be moved by a second vibrator motor 13.
      The magazine 8 may but need not be vibrated. The purpose of the weighing
      device 11 is to receive a predetermined quantity (by weight) of particles
      50 from the last section 16 of the trough 9 and to intermittently
      discharge the thus accumulated quantity of particles 50 into the first
      section 33 of the trough 10.
PAR  The upper side of the bottom region of the first section 14 of the upper
      trough 9 is inclined downwardly and rearwardly, i.e., away from the
      next-following section 15 and counter to the direction of desired
      transport of particles 50 which issue from the magazine 8. The median
      section 15 is horizontal or nearly horizontal, and the last section 16 of
      the trough 9 slopes downwardly in the direction of desired transport of
      particles 50 toward a receptacle 17 of the weighing device 11. A fixedly
      mounted or vibratable downwardly inclined chute 18 directs into the
      receptacle 17 those particles 50 which move beyond the front edge portion
      20 of the section 16. The chute 18 may constitute an apertured plate,
      sieve or grate so as to permit small fragments of glass particles 50 as
      well as dust to pass through its interstices before such fragments and/or
      dust can reach the receptacle 17. This insures a more reliable
      homogenization of molten charge in the chamber of the crucible 1 because
      the hopper 4 invariably receives only particles 50 of predetermined size,
      weight and shape.
PAR  Due to the fact that the first section 14 of the upper trough 9 slopes
      rearwardly, i.e., away from the next-following sections 15 and 16, it
      invariably accumulates a certain number of particles 50 which must travel
      upwardly in response to starting of the motor 12 so as to advance toward
      the horizontal or nearly horizontal second section 15. The channels
      defined by the sections 14-16 of the trough 9 have a triangular outline
      (see FIG. 3) so that each such channel contains a stream or file of
      particles 50 which advance toward the chute 18. The particles 50 in the
      section 14 advance at a relatively slow rate because they must move
      upwardly so that they are rather closely adjacent to each other. The
      particles of the stream in the channel of the section 15 are accelerated
      because this section is horizontal or nearly horizontal (it may slope
      rearwardly but to a lesser extent than the section 14 or forwardly but to
      a lesser extent than the section 16). The particles 50 which descend into
      the channel of the section 16 undergo a further acceleration so that the
      attenuated stream in this channel consists of a single file of spaced
      apart particles 50. This is desirable in order to insure that the chute 18
      and the receptacle 17 receive particles 50 at timely spaced intervals,
      i.e., not more than one particle at a time, even though the chute 18 may
      be long enough to support two or more spaced apart particles 50 at a time.
      Thus, the intervals at which the particles 50 of the stream advancing from
      the discharge opening 19 of the magazine 8 toward the chute 18 move over
      and beyond the front edge portion 15a of the second section 15 are shorter
      than the intervals at which successive particles 50 move over and descend
      beyond the front edge portion 16a of the last section 16. This will be
      readily appreciated since a particle 50 which descends onto the section 16
      is immediately accelerated due to greater inclination of the channel in
      the section 16 so that the next-following particle 50 cannot catch up with
      the preceding particle; on the contrary, the distance between the two
      particles increases prior to acceleration of the next-following article on
      the section 16 to the speed of the preceding particle. It can be said
      that, at least during travel in the left-hand portion of the channel
      defined by the section 16, a preceding particle 50 invariably covers a
      greater distance per unit of time than the next-following particle which
      results in a highly desirable spreading or spacing-apart of particles of
      the stream of particles travelling from the discharge opening 19 toward
      the chute 18.
PAR  The weighing device 11 is of a type which can be adjusted to automatically
      open a pivotable gate 21 of its receptacle 17 when the latter accumulates
      a predetermined quantity of glass, i.e., when the weight of solid
      particulate material in the receptacle 17 equals or very closely
      approximates a predetermined value. Since the chute 18 delivers a single
      file of spaced-apart particles 50, the exact weight of particulate
      material in the receptacle 17 at the time the weighing device 11 causes
      the gate 21 to open can equal a predetermined weight which is a whole
      multiple of the weight of a single particle 50 or deviates from such whole
      multiple by less than the weight of a single particle. For example, and
      assuming that the gate 21 opens when the receptacle 17 contains one
      hundred particles 50 of identical weight, the gate 21 will open when the
      receptacle contains one hundred and one particle if one of the particles
      is lighter than a predetermined norm. Such exact calibration is possible
      and effective because the trough 9 supplies to the chute 18 a steam
      consisting of a single file of spaced-apart particles 50, i.e., because
      the receptacle 17 receives one particle at a time.
PAR  The exact construction of the mechanism in the weighing device 11 forms no
      part of the invention. It suffices to say that the device 11 opens a gate
      21 (e.g., by energizing an electromagnet, not shown) when the combined
      weight of particulate material in the receptacle 17 equals or negligibly
      exceeds a predetermined value, and the weighing device 11 then also
      arrests the vibrator motor 12 to thereby insure that the trough 9 ceases
      to deliver particles 50 to the chute 18 while the contents of the
      receptacle 17 are being transferred into the first section 33 of the lower
      trough 10. The motor 12 is started in response to closing of the gate 21,
      or vice versa. The weighing device 11 insures that the first section 33 of
      the trough 10 receives a predetermined quantity (by weight) of particles
      50 at regular or slightly irregular intervals. This enables the trough 10
      to deliver to the hopper discrete particles 50 at identical intervals and
      to thus insure that the charge of molten glass in the chamber of the
      crucible 1 is homogeneous at all times, at least in the area 7 directly
      above the nozzles 2 of the spinneret 3.
PAR  The means for supporting the magazine 8 and troughs 9, 10 comprises a
      metallic frame which includes U-bars 23. The bars 23 support a traverse 24
      which also consists of profiled metallic stock and includes flanges 26
      having elongated slots 25 for fasteners which secure the traverse to the
      bars 23. The traverse 26 carries an elongated bracket 27 for the upper
      trough 9. The slots 25 enable the attendants to adjust the position of the
      trough 9 in such a way that the first section 14 is in an optimum position
      with respect to the discharge opening 19 and the chute 18 is in an optimum
      position with respect to the open upper side of the receptacle 17. In the
      embodiment of FIG. 1, the chute 18 is mounted on a carrier 18a which is
      secured to the last section 16 of the trough 9.
PAR  The sections 14, 15 of the trough 9 are respectively welded or otherwise
      rigidly secured to crossheads 29a, 29b which rest on elastic carriers 30a,
      30b. Each of the carriers 30a, 30b may constitute an elastic cushion, a
      package of dished springs or other yieldable supporting means for the
      trough 9. The elastic carriers 30a, 30b include holders 31 which are
      welded to the side wall 28 of the bracket 27. The vibrator motor 12 is
      mounted on a bracket 32 which is welded to the section 14 and/or 15 of the
      trough 9.
PAR  The inclination of successive sections 33, 34, 35, 36 of the lower trough
      10 increases progressively in a direction from the weighing device 11
      toward the hopper 4. The pivoting of gate 21 to open position results in
      evacuation of the contents of the receptacle 17 onto an inclined chute 22
      which causes the particulate material to descend into the channel of the
      first section 33. As mentioned above, the gate 21 opens as soon as the
      combined weight of particles 50 in the receptacle 17 equals or only
      slightly exceeds a preselected value so that the section 33 receives fixed
      quantities of particulate material at timely spaced intervals. Such
      material forms a stream whose particles are accelerated to a first extent
      during travel in the channel of the section 33, thereupon to a greater
      second extent during travel in the channel of the section 34, to a still
      greater extent during travel in the channel of the section 35, and to a
      maximum extent during travel in the channel of the last section 36 of the
      trough 10. Consequently, the particles 50 which advance from the section
      33 toward the left-hand edge portion of the section 36 ultimately form a
      single file or attenuated stream of spaced-apart and normally equidistant
      particles which descend seriatim into the hopper 4 to thereupon enter the
      charge of molten glass in the chamber of the crucible 1. The inclination
      of the sections 33-36 need not be such as shown in FIG. 1, i.e., these
      sections may include at least one horizontal section or two or more
      sections of identical inclination; however, the construction of the trough
      10 is preferably such that the particles 50 which travel in the channel of
      the last section 36 form a single file and are spaced apart to thus insure
      that the hopper 4 receives one particle at a time and not more than a
      relatively small number of particles at a time.
PAR  The sections 33-36 of the lower trough 10 are mounted on a supporting arm
      38 which is pivotable about the axis of a vertical shaft 43 mounted in a
      bearing member or housing 44 secured to the aforementioned frame including
      the U-bars 23. The arm 38 further carries two plates 39, 40 for elastic
      carriers 41a, 41b corresponding to the aforementioned carriers 30a, 30b.
      The plates 39, 40 may be bolted, screwed or welded to the arm 38. The
      bearing member or housing 44 further supports the weighing device 11. The
      elastic carriers 41a, 41b are secured to cross-heads 42a, 42b which are
      respectively secured to the sections 35, 34 of the trough 10.
PAR  The motor 13 is mounted on a bracket 113 which is welded to the sections 33
      and 35. The means for pivoting the arm 38 back and forth so that the
      discharge end of the channel in the section 36 moves substantially
      lengthwise of the hopper 4 comprises a pulley or sprocket wheel 45 which
      is secured to the upper end of the shaft 43 and is driven by a belt or
      chain, not shown, to pivot the arm 38 clockwise and anticlockwise through
      angles of preselected magnitude. The shaft 43 is assumed to be rigid with
      the arm 38 and to be rotatably journalled in the housing 44. The pivoting
      of arm 38 insures that the trough 10 discharges successive particles 50
      into spaced-apart portions of the hopper 4, as considered at right angles
      to the plane of FIG. 1.
PAR  FIG. 3 shows the construction of one of the trough sections, e.g., the
      section 14. The section is drawn to actual size or close to actual size.
      The same applies for the particles 50 shown in FIGS. 2 and 2a. The bottom
      portion of the channel in the section 14 is defined by a V-bar 46 which is
      welded to a crosshead 47 corresponding to the member 29a shown in FIG. 1.
      One end portion of the V-bar 46 extends into the similarly configurated
      V-bar of the adjacent section 15 and is welded thereto. Analogously, the
      right-hand end portion of the V-bar of the section 15 is received in and
      welded to the left-hand end portion of the V-bar of the section 16. The
      crosshead 47 of FIG. 3 is connected to the elastic carrier 30a by bolts,
      screws, or analogous fastener means. The section 14 is assumed to receive
      and temporarily store a relatively large quantity of particles 50.
      Therefore, it preferably comprises extensions or side walls 48 of sheet
      metal which are welded to the upper edges of the V-bar 46. Similar
      extensions or side walls (shown at 37 in FIG. 1) can be welded to the
      V-bar of the first section 33 of the lower trough 10 because the section
      33 receives a relatively large number of particles 50 when the weighing
      device 11 opens the gate 21.
PAR  It is further within the purview of the invention to construct each of the
      troughs 9, 10 (or at least one of these troughs) as a one-piece body which
      preferably consists of a metallic material and comprises a plurality of
      integral sections corresponding to the sections 14-16 or 33-36. For
      example, at least one of the troughs may be made of sheet metal with
      sections bent relative to each other to form channels of triangular or
      other suitable cross section and to be inclined relative to each other for
      the purpose of insuring that the discharge end of the trough releases one
      particle 50 at a time. The arrangement may be such that only the least
      section of the trough 9 or 10 is inclined downwardly, i.e., such inclined
      section should bring about an acceleration of particles 50 which advance
      toward the chute 18 or hopper 4.
PAR  If desired, the chute 22 may also constitute a sieve or grate to allow for
      segregation of dust and/or small fragments of glass particles which should
      not reach the hopper 4 and the melting chamber in the crucible 1. Dust and
      fragments of glass particles are likely to develop in the magazine 8,
      during introduction of particles 50 into the magazine, as well as during
      transport of particles from the discharge opening 19 into the receptacle
      17 and/or during intermittent opening of the gate 21 to dump the contents
      of the receptacle 17 onto the chute 22.
PAR  The operation of the apparatus will be readily understood upon perusal of
      the preceding description. When the weighing device 11 opens the gate 21
      of its receptacle 17 so that a metered quantity of particles 50 descends
      into the channel of the section 33, the trough 10 begins to advance the
      particles toward the crucible 1 and insures that the last section 36
      discharges one particle at a time. At the same time, the pulley or
      sprocket wheel 45 causes the arm 38 to swing back and forth so that the
      section 36 discharges successive particles 50 into different portions of
      the hopper 4 and hence into different portions of melting chamber in the
      crucible. This further contributes to homogenization of molten charge in
      the chamber of the crucible 1 and thereby contributes to uniformity of
      filaments 6. The receptacle 17 accumulates a fresh supply of particles 50
      not later than when the last particles of the preceding metered quantity
      leave the channel of the section 33 so that the trough 10 delivers a
      continuous stream of particles in order to maintain the surface of the
      charge in the crucible 1 at or very close to a predetermined level. Short
      interruptions in the stream of particles 50 which advance in the trough 10
      toward the hopper 4 (for example, if the receptacle 17 fails to accumulate
      a requisite number of fresh particles 50 before the last particle of the
      preceding metered quantity leaves the section 33) have no bearing on the
      quality of filaments 6 because the mass of a particle 50, as compared with
      the capacity of the crucible 1 and the quantity of molten glass therein,
      is rather small. In face, such minor fluctuations in the length of
      intervals at which the gate 21 opens are often beneficial because this
      insures that the section 36 does not discharge particles 50 into identical
      portions of the hopper 4, i.e., that the distribution of particles 50
      which form part of a first metered quantity and which have been introduced
      into the hopper 4 and thence into the melting chamber is not identical
      with the distribution of particles which form part of the next metered
      quantity.
PAR  The apparatus may further comprise means for monitoring the quantity of
      particles 50 in the funnel 4 and/or the upper surface of molten glass in
      the chamber of the crucible 1 for the purpose of arresting the motor 12
      and/or 13 when the hopper 4 contains an excessive number of particles
      and/or when the level of molten glass in the crucible is too high. Such
      monitoring means may employ one or more level detectors, e.g., suitable
      photoelectric cells shown in FIG. 1. A first or upper cell includes a
      light source 61 in register with a photosensitive transducer 62. The light
      beam issuing from the source 61 impinges on the photosensitive surface of
      the transducer 62 until and unless the upper surface of molten glass in
      the crucible rises above a maximum permissible level. The signal from the
      transducer 62 is amplified and used to arrest the motor 12 and/or 13. A
      similar detector can be installed in or on the hopper 4 to monitor the
      quantity of particles 50 therein. It is clear that the portion of block 1b
      between the parts 61, 62 of the upper cell transmits light so that the
      beam issuing from the source 61 can reach the transducer 62 when the
      quantity of molten glass in the crucible is satisfactory. A second cell
      63, 64 is installed at a level below the detector 61, 62 to again start
      the motor 12 and/or 13 when the upper surface of molten glass in the
      crucible 1 descends below a minimum permissible level.
PAR  The provision of monitoring means for particles 50 in the hopper 4 and/or
      for the upper surface of molten glass in the crucible 1 is particularly
      desirable in a simplified apparatus which employs a single trough and
      dispenses with the weighing device 11. For example, if the trough 9 is
      omitted, the discharge opening 19 of the magazine 8 can be located at a
      level above the section 33 of the trough 10 so that the sections 33-36
      deliver particles 50 to the hopper 4 as long as the motor 13 is on. Such
      simplified apparatus can be used with advantage with the crucible is
      relatively small or when the apparatus must be mounted in a small area
      which does not suffice to accommodate a composite trough consisting of
      several troughs in addition to at least one weighing device. The
      monitoring means for the particles 50 in hopper 4 and/or for the upper
      surface of molten glass in the crucible can be said to constitute a
      substitute for the weighing device (if the weighing device is omitted). It
      will be readily appreciated that, in the absence of a weighing device, the
      rate of delivery of particles to the hopper 4 cannot be synchronized to
      the rate of extrusion of molten material via nozzles 2 with the same
      degree of accuracy as in the apparatus of FIG. 1. However, the level
      detector or detectors enable such simplified apparatus to maintain the
      quantity of molten glass in the crucible within a permissible range.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of our contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. Apparatus for making glass filaments, comprising a crucible having an
      elongated open-top chamber for a charge of molten glass and orifices
      through which molten glass is extruded to form filaments; a source of
      substantially identical discrete solid particles in the form of glass
      tablets or groups of interconnected glass tablets; and means for
      transporting a stream of particles from said source to a position above
      said chamber so that the particles descend into the charge by gravity,
      comprising at least one elongated trough having a succession of sections
      which define an elongated path for the stream of particles and include a
      last section located immediately ahead of said chamber and a further
      section preceding said last section, all of said sections being inclined
      downwardly toward said chamber and said last section being inclined more
      steeply than said further section, the inclination of said last section
      being such that the particles sliding therein are accelerated one after
      the other and enter the charge in said chamber at timely spaced intervals,
      means for vibrating said trough to thereby advance the particles toward
      and beyond said last section, and means for moving said least section
      lengthwise of said chamber.
NUM  2.
PAR  2. Apparatus as defined in claim 1, further comprising an elongated hopper
      located above and registering with the open top of said chamber, said last
      section of said trough being arranged to discharge successive particles
      into said chamber through the medium of said hopper.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein said trough comprises a first
      portion having a receiving end in the region of said source and a
      discharge end, and a second portion having a discharge end defined by said
      last section and a receiving end, and further comprising a weighing device
      having a receptacle positioned to receive particles from the discharge end
      of said first portion and means for evacuating the contents of said
      receptacle into the receiving end of said second portion when the combined
      weight of particles in said receptacle equals or closely approximates a
      predetermined value.
NUM  4.
PAR  4. Apparatus as defined in claim 3, wherein each portion of said trough
      comprises a plurality of sections which are inclined with respect to each
      other.
NUM  5.
PAR  5. Apparatus as defined in claim 1, wherein said trough comprises a first
      section arranged to receive particles from said source and being
      downwardly inclined counter to the direction of transport of particles
      toward said last section.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein said transporting means
      comprises a plurality of troughs and means for vibrating said troughs
      independently of each other.
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PAL  An apparatus is described for drawing at least one and preferably a
      multiplicity of continuous fibers through a drawing funnel. The drawing
      funnel is positioned with its inlet at a predetermined distance from the
      source from which monofilament is to be drawn. The funnel is provided with
      an aerodynamically smoothly converging inlet on an upstream section
      thereof. This converging inlet accelerates the flow of fluid, preferably
      air or other gaseous medium, and creates laminar flow of that fluid. Means
      are provided to establish a pressure differential over the length of the
      funnel and cause the fluid flow through the funnel. Laminar flow is
      utilized in the converging inlet and preferably over the length of the
      drawing funnel, to inhibit physical damage to the continuous fiber. The
      funnel inlet is located to insure that the fiber is fully solidified or
      finished, before a pulling force is exerted thereon. That pulling force is
      generated by friction of the moving stream of fluid in contact with the
      surface of the filament. The converging inlet accelerates the laminar flow
      of fluid to establish a velocity differential in which the fluid velocity
      exceeds the velocity of the continuous fiber. The velocity differential
      supports laminar flow throughout the drawing funnel, and generates the
      frictionally developed pulling force. Preferably, the converging inlet to
      the drawing funnel is positioned at a distance in the range from about 5
      inches to about 15 inches from a source of heat-softened fiber forming
      material, preferably a glass or mineral composition. The drawing funnel is
      configured in one embodiment so as to provide substantially constant
      velocity of the fluid flow over the length of the drawing funnel. In
      another preferred embodiment of this apparatus, the drawing funnel is
      configured to have a substantially constant cross-sectional area over the
      length of that funnel. Further yet, the drawing funnel preferably has a
      rectangular slot-like cross-section to pass a multiplicity of individual
      fibers. A diffuser section normally is joined to the discharge end of the
      drawing funnel. This diffuser section decelerates the fluid flow and
      continuous fiber carried thereby, thus enabling collection of the
      attenuated fiber in a predetermined form, say on a collet, in a bucket, as
      a felted mat, or the like.
PARN
PAR  This application is a continuation of application Ser. No. 385,576, filed
      Aug. 3, 1973, now abandoned, which is a division of Ser. No. 237,992,
      filed Mar. 24, 1972, now U.S. Pat. No. 3,773,483, granted Nov. 20, 1973
      which is a continuation of Ser. No. 35,197, filed May 6, 1970, now
      abandoned.
BSUM
PAR  This invention relates broadly to a process and apparatus for drawing a
      continuous fiber or monofilament using a stream of a moving fluid to
      develop a pulling or drawing force on the fiber. More particularly, the
      invention relates to a self-starting process and apparatus for drawing a
      monofilament fiber of glass, an organic or inorganic material; and
      especially of a reinforcing type of fiber, and a textile fiber including a
      "Beta"*-type of fiber, without any mechanical or physical handing during
      formation of the continuous fiber. The continuous fiber or monofilament
      can be collected, for example, as a "cake" for use on a roving machine in
      the textile industry, or as a filamentized mat that is of particular use
      in the glass reinforced plastics industry or in any other industry where
      matrix material is to be reinforced.
FNT  *A registered Trade Mark of Owens-Corning Fiberglas Corporation
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the art to which this invention relates that a monofilament
      or continuous fiber refers to one single fiber. Several continuous fibers
      when taken together are considered as a strand, and if cut to discrete
      lengths of staple fibers, become chopped strand from which a chopped
      strand mat can be made. A plurality of continuous filaments can also be
      referred to as yarns, especially if some twist of the individual filaments
      is involved. Yarns generally have reference to the textile industry. Also,
      if a plurality of continuous filaments are considered, in which the
      filaments are generally parallel to one another then those filaments are
      collectively referred to as rovings.
PAR  With that introductory explanation, it will be recognized in this art that
      staple fibers of glass, for instance, can be produced in strands, cut to a
      discrete length and formed into a chopped strand mat structure to which a
      binder or sizing agent can be applied, if necessary. This chopped strand
      mat structure can then have a resinous material added to it when it has
      been placed in a mold, with the chopped strand mat structure thus being
      "wetted out" i.e., having the chopped strands coated with some of the
      resin. Following heating and curing of the resin coated mat structure, an
      article can be produced as a sheet, a shell or any other form. Such an
      article can then be used, for example, in the transportation, construction
      or other related industries where glass reinforced plastics in the form of
      panels, or other molded parts are frequently used. At present, those
      industries in which a matrix material is to be reinforced most frequently
      make use of a chopped strand mat structure that is made from a roving.
      Since a strand from which such a chopped strand mat structure is made
      generally consists of hundreds of filaments, the resulting mat structure
      is relatively coarse. As a result, significant difficulties are
      encountered, for instance, in using such a chopped strand mat structure in
      connection with coating or "wetting out" the chopped strands and staple
      fibers with a matrix material, uniformly, so as to provide a homogeneous
      distribution of the glass fibers in the resulting structure. This matrix
      material could be a polyester, an epoxy, a phenol or other such resinous
      material. In other words, difficulties have previously been encountered in
      achieving a glass load uniformly within the matrix material. In one of the
      processes currently being used to produce rolled chopped strand matting
      for the glass reinforced plastics industry, a relatively large number of
      operating personnel are required to perform all of the necessary
      operations that are involved. Moreover, the equipment can occupy
      considerable volumes of space and this involves large capital expenditures
      in building and maintenance costs. Briefly then, prior art processes used
      for producing a chopped strand mat structure for those industries
      requiring matrix material to be reinforced, have been subject to certain
      problems.
PAR  It is also well known in the art to which this invention relates that
      superfine textile filaments have been produced by methods which have not
      been economically attractive. These superfine filaments are relatively
      thin, being of the order of about 10/100,000 of an inch in diameter.
      Consequently, they are rather delicate and fragile, and are prone to
      breakage when they are physically handled. It is primarily because of the
      hazard for breakage that accompanies physical contact of the fibers by
      mechanical equipment, that has resulted in the industry being unable to
      achieve production which is as economically attractive as one would like.
PAC  SUMMARY
PAR  The self-starting process and apparatus comprehended by the present
      invention significantly improves upon many of the inadequacies of prior
      art arrangements. The apparatus and process described below is versatile
      in its scope of application, due at least in part to the relative
      simplicity of the same. Some specific forms of apparatus that can be used
      to carry out the present process will be described below, and certain
      modifications thereto will also be suggested. In accordance with the
      process described herein we have discovered that by ensuring that the
      fiber is fully solidified, i.e., finished or cooled, before a pulling
      force is exerted thereon, a continuous fiber or monofilament can be drawn
      at speeds which extend over a wide range, and with a dramatically reduced
      risk of breakage in all cases. This pulling force is generated by the skin
      friction which develops when a moving stream of a fluid (be it liquid,
      gaseous or a vapor) contacts the surface of the fiber. Moreover, the
      drawing speeds involved are very much higher than has previously been
      thought possible in the production of superfine textile filaments. We have
      found unexpectedly that by ensuring that the fluid flow is laminar at
      least when it initially contacts the fiber to be drawn, drawing speeds of
      up to about 500 feet per second were achieved under experimental
      conditions. It is fully expected that within the spirit of this invention
      these drawing speeds can be increased even more, to the extend of being up
      to about 0.9 Mach. That is to say, it is thought possible to use the
      process described herein to draw continuous fibers at speeds of up to
      about 90% of the speed of sound.
PAR  In a broad sense, therefore, we have discovered a self-starting process for
      drawing a continuous fiber or monofilament from a supply of viscous liquid
      through a calibrated orifice by the steps of forming a laminar flow in a
      moving screen of fluid, and introducing the fiber into that moving stream
      at a predetermined distance from the calibrated orifice such that the
      fiber is fully solidified and formed before a frictionally generated
      pulling force is applied to the fiber, whereby said fiber is drawn into a
      continuous fiber or monofilament without any physical or mechanical
      handling of the same. We have found that a monofilament or continuous
      fiber drawn in such a process has a diameter which, for all practical
      purposes, is constant; but which diameter can be varied by making certain
      adjustments to the apparatus or its operating conditions. We have also
      found that this process is particularly suitable for the very high drawing
      speeds required for the economical production of "Beta" or other types of
      textile fibers. The apparatus and self-starting process contemplated here
      are expected to be readily adaptable for use in drawing monofilament or
      continuous fibers from many materials currently being used in the textile
      industry, for example, nylon, rayon, viscose and so on; as well as being
      especially suited for drawing continuous fibers of glass. The rate at
      which the monofilament or continuous fiber is drawn can be varied (a) by
      changing the velocity of the moving stream of fluid; (b) by altering the
      diameter of the calibrated orifice (or as it is known in the glass-making
      industry, the "bushing" orifice) from which the fiber is initially drawn;
      (c) by varying the viscosity of the liquid at the source, from which the
      fiber is made; or (d) by various combinations thereof. Preferably, the
      fluid which is used in the present process is a gas or vapour, commonly
      air, although steam or some other vapor or gas could also be used, so long
      as the vapour or gas is chemically inert relative to the material of which
      the continuous fiber is made.
PAR  It is an object of this invention, therefore, to provide a new and improved
      process and apparatus wherein continuous or monofilament fibers can be
      drawn at high speeds and involving a minimum of physical contact with
      mechanical devices. The present process is self-starting as opposed to
      prior art processes which require manual assistance at start-up.
PAR  It is also an object of this invention to provide a process and apparatus
      wherein a moving stream of a fluid generates the force required for
      drawing the monofilament fiber, by frictional contact therewith, this
      force eliminating the necessity of mechanical handling of the delicate
      monofilament during formation of the same.
PAR  It is also an object of one particular aspect of this invention to enable
      continuous reinforcing textile and preferably superfine fibers to be drawn
      at speeds very much higher than had been possible before.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the present invention will become
      apparent from the following detailed description which should now be read
      in conjunction with the accompanying, illustrative drawings, wherein:
PAR  FIG. 1 is an elevation view that shows schematically one form of
      experimental apparatus which embodies the present invention;
PAR  FIG. 1A is an elevation view taken in cross-section to show some of the
      detail of an injector device used in the apparatus of FIG. 1;
PAR  FIG. 2 is on the same page as FIG. 1 and is a graphical representation
      showing the velocity and pressure distribution in the stream of gas or
      vapour, during operation, taken lengthwise of the apparatus of FIG. 1;
PAR  FIG. 3 is a side elevation view, partly in section and showing one proposed
      arrangement for producing and collecting textile, and especially superfine
      continuous filaments in accordance with the present invention.
PAR  FIG. 3A is a side elevational view of a modified version of the apparatus
      of FIG. 3, taken partly in section;
PAR  FIG. 4 is on the same page as FIGS. 1 and 2 and is an elevation view taken
      in section longitudinally to show schematically a proposed commercial
      arrangement embodied by the present invention;
PAR  FIG. 4A is an elevation view taken in section to show in part an
      arrangement for use in applying a bonding agent or other surface
      conditioner to the monofilamant being drawn;
PAR  FIG. 5 is on the same page as FIG. 4A, and is an elevation view taken
      partly in section to illustrate one form of apparatus that can be used to
      produce a filamentized felt mat structure from one or more continuous
      fibers or monofilaments; and which is somewhat similar to the apparatus of
      FIG. 4.
PAR  FIG. 6 is a perspective view to show schematically another form of
      apparatus embodied by the present invention;
PAR  FIGS. 7A, 7B, 7C and 7D which all appear on the same page of drawings are,
      respectively, perspective views to illustrate schematically fragments of a
      glass reinforced plastic, with FIG. 7A representing such a plastic made
      from a chopped strand mat structure as is currently in use; while FIG. 7B
      represents such a plastic reinforced by a filamentized felt mat structure
      utilizing at least one continuous fiber or monofilament produced in
      accordance with the present invention; and FIGS. 7C and 7D are graphical
      representations of the stress concentrations in the laminate of FIGS. 7A
      and 7B, as tekan along lines 7C--7C and 7D--7D thereof, and
PAR  FIG. 8 which appears on the same page of drawings as FIGS. 1, 2 and 4 is a
      side elevation view showing in part and somewhat schematically, further
      modifications that can be incorporated into the apparatus of FIGS. 1, 3,
      3A, or 6, if one or both of a closed and sealed system was being used.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is particularly to be noted that although the foregoing has made
      reference especially to drawing continuous fibers or monofilaments of
      glass, the present invention is not to be limited to drawing continuous
      fibers of that material only. Within the spirit of this invention, the
      process and apparatus of the embodiments to be described below are
      applicable equally well to drawing continuous fibers from other organic
      and inorganic materials, and especially synthetic thermoplastic materials
      of the type that are currently known and used in the textile industry. It
      is expected, for example, that instead of using a silicate as the starting
      material, polyvinylchloride, nylon, rayon or other such materials could
      also be used. The reader should recognize, however, that because of the
      different temperature ranges at which the above materials become viscous
      liquids, certain adjustments will have to be made before the particular
      apparatus can successfully be used. It is well known, for instance, that
      silicate materials require a much higher temperature to be transformed
      into a viscous liquid, than do polyvinyl chloride, nylon, or other
      synthetic thermoplastic materials. Such changes and modifications as will
      be required when using different starting materials, will be apparent to
      those persons skilled in these arts.
PAR  Turning now to the drawings which are concerned with one preferred
      application of the present invention, namely, the drawing of continuous
      fibers or monofilaments of glass, FIG. 1 shows an experimental setup which
      is embodied in one aspect of the present invention. In FIG. 1 a drawing
      section or nozzle 10 of about two to three feet in length is shown to be
      provided with an inlet 12. In an experimental arrangement, this drawing
      nozzle 10 was made of glass tubing, whereas in actual practise, the
      drawing nozzle would be manufactured from a metal or a metal-coated
      material, preferably stainless steel. The inlet 12 flairs smoothly
      outwards in order to enable a laminar flow of fluid, (liquid or gaseous
      and usually the latter) to be established over at least the initial
      portion of the drawing nozzle 10. Moreover, this inlet 12 is disposed at a
      predetermined distance d below a calibrated orifice 14 (known in the
      glass-making industry as a "bushing") that is provided on a conventional
      glass-making furnace. The structure and operation of a glass-making
      furnace is well known, per se, and need not be described at this time. It
      will suffice to state that such a furnace will be capable of transforming
      whatever starting material is being used, in this case a silicate, to a
      viscous liquid. The inlet 12 of the drawing nozzle 10 is integrally joined
      with a very smooth profile, i.e., with no discontinuities, to a body
      section 16 whose side walls are essentially vertically disposed, parallel
      to one another and parallel to the longitudinal axis of the nozzle 10. In
      this arrangement, the cross-sectional area of the drawing nozzle is
      essentially constant, however, other configurations could also be used. It
      is expected, for example, that the side walls of body section 16 could be
      oriented to provide a cross-sectional area which could either increase, or
      decrease, from the inlet 12 lengthwise of the drawing nozzle 10. Such
      other configurations for the side walls of body section 16 could be used
      in order to maintain a desired flow pattern within the fluid medium being
      used. In the apparatus of FIG. 1, the cross-sectional shape of the drawing
      nozzle 10 is circular, however, other shapes such as square or rectangular
      could also be used. Moreover, the cross-sectional area of the drawing
      nozzle 10 could be varied over a wide range, as noted previously. It is
      necessary only that the minimum diameter or spacing between any two
      opposite side walls is slightly larger than the greatest diameter of a
      bead which forms on the end of the glass fiber when it first falls from
      the calibrated orifice 14, following attainment of the correct drawing
      temperature for that material. We have found for example, that in the
      apparatus of FIG. 1, using a cylindrical glass tube as the drawing nozzle
      10, a diameter of approximately 1/4 inch provided an adequate clearance
      for the bead to pass through the drawing nozzle without contacting any of
      the side walls of the body section 16.
PAR  The end portion 18 opposite the inlet 12 is provided with an apparatus 20
      whose construction is shown in more detail in FIG. 1A. This apparatus 20
      is structurally similar to a conventional injector. As used in connection
      with the apparatus of FIG. 1, however, apparatus 20 was used only to apply
      sizing to the fiber being drawn. Hence, the large inlet 22 (in FIG. 1A)
      will be connected to a suitable supply of sizing. From inlet 22, the
      sizing is introduced into a chamber 24 that is annular, and from which
      chamber the sizing is drawn or tucked via the jet action of the interior
      jet nozzle 26, and dispensed to treat the surface of the continuous fiber
      being drawn. This apparatus 20 is integrally joined to a diffusor or hood
      section 30. This diffusor or hood section 30 is generally conical in
      section taken longitudinally of the same and will be generally circular in
      cross-section perpendicular to the longitudinal axis thereof. Collecting
      means in the form of a screen 32 is provided at the end of the hood
      section 30 opposite the apparatus 20, in order to collect and retain
      thereon a continuous fiber or monofilament 34 which is being drawn by the
      apparatus of FIG. 1. A suction box 36 is provided beneath the screen 32
      and is operatively connected to a vacuum pump, suction fan or the like
      (not shown) which develops or generates a suction or reduced static
      pressure therein. The hood section 30 is in tight sealed engagement with
      the suction box 36, in this instance by means of clamped flanges 38
      secured by bolts, clamps or the like. Other alternative sealing means
      could also be used. The reduced static pressure within the suction box 36
      will also generate or develop a reduced static pressure within the
      diffusor section 30, with the result that a pressure differential is
      established over the length of the drawing nozzle 10. Because of this
      pressure differential and the fact that the inlet 12 is open to
      atmosphere, a moving stream of fluid will be set up. In this instance, the
      moving fluid is air. Since the inlet 12 is provided with a smoothly shaped
      contour and there are for all practical purposes no discontinuities over
      the initial portion of the drawing nozzle 10, the flow of gas indicated by
      arrows 40 will be laminar in form, at least over that initial portion of
      the drawing nozzle. The extent to which the flow remains laminar over the
      remaining portion of the drawing nozzle 10 will in part depend on the
      specific wall configuration being used, for example, parallel or tapered.
PAR  As stated previously, the inlet 12 to the drawing nozzle 10 has a
      predetermined, smoothly contoured shape. This shape is deliberately
      maintained free of any surface discontinuitites so as to ensure that the
      inflow of gas or vapour from the environment into the initial portion of
      the drawing nozzle 10 is laminar. The establishment of laminar flow over
      at least the initial portion of the drawing nozzle 10 is essential in
      order to ensure that the velocity and pressure distribution within the
      flow of gas is uniform in the inlet 12. Because the velocity and pressure
      distributions are uniform, there are no abrupt changes or gradients in
      either the pressure or velocity, which would tend to subject the delicate
      continuous fiber or monofilament 34 to forces having a tendency to break
      the same.
PAR  The provision of a laminar inflow to the drawing nozzle 10 is in decided
      contrast to techniques used in a number of present-day processes. It is
      known, for example, to introduce a jet of air from a suitable source under
      high pressure to be directed at a stream of liquid glass being drawn from
      the calibrated or "bushing" orifice. Because a positive pressure jet of
      air is very turbulent in nature, it immediately breaks up the fiber into
      staple fibers of a discrete length. Such fibers are of a form referred to
      in the glass-making art as "curly" and are used in the manufacture of
      blankets of insulating mineral wool. In contrast to that, the present
      invention is concerned with drawing a continuous fiber or monofilament and
      especially "Beta" or other types of textile fibers which are straight and
      not curly, by a moving fluid.
PAR  As noted previously, the inlet 12 to the drawing nozzle 10 is located a
      distance d beneath the calibrated orifice 14 from which a continuous fiber
      is to be drawn. This distance d can vary somewhat depending upon the exact
      structural configuration being used, as will become apparent from the
      description below. At this point, however, we should emphasize that the
      distance d is sufficient to ensure that the continuous fiber or
      monofilament 34 is fully solidified and formed before the moving air
      stream (indicated by arrows 40) engages the monofilament and effects a
      frictionally generated pulling force thereon. We have found that with the
      apparatus of FIG. 1, in trial runs involving the drawing of continuous
      fibers of glass, a distance of approximately 17.8 cm is adequate. This
      distance can of course be much greater than that if desired. However, to
      use a distance very much greater than the minimum required to ensure that
      the continuous fiber is indeed fully solidified and formed, will expose
      that very thin and delicate monofilament to a tremendously increased
      hazard for breakage. Breakage of the monofilament is naturally undesirable
      since it restricts the rate of production of the textile fiber, and causes
      unnecessary and costly delays.
PAR  Thus, the apparatus of the invention provides means for the continuous
      application of a pulling force to the solidified fibre, at a substantially
      shorter distance from the supply of heat softened material than is
      possible with prior art mechanical pulling devices. This, in combination
      with the effects of the laminar air flow, further minimizes lateral
      vibrations of the solidified filament which can cause weakening and
      occasional breaks.
PAR  One particular experimental facility of the type illustrated in FIG. 1 was
      set up and operated in a manner which will now be described briefly. A
      laboratory type of glass-making furnace was used to bring some E-type
      textile glass marbles to a temperature of about 2200.degree. F., to
      transform the glass to a viscous liquid. A vacuum pump was connected to
      the suction box 36 and when operated, it initially established a pressure
      differential over the length of the drawing nozzle 10 of approximatly 11.4
      cm of mercury. When the correct operating temperature of about
      2200.degree. F. was reached, a molten bead of glass formed at the
      calibrated or "bushing" orifice 14, and fell of its own weight due to
      gravity into the drawing nozzle. There, the bead and attached fiber were
      accelerated to a drawing speed of approximately 88 meters per second
      (about 290 feet per second). With fiber actually being drawn into a
      monofilament in the drawing nozzle 10, the pressure drop longitudinally
      thereof rose to about 12.7 cm of mercury, indicative of the work being
      done by the air stream in pulling the monofilament. As mentioned
      previously, the nozzle inlet 12 was positioned approximately 17.8 cm below
      the calibrated orifice 14. This apparatus was operated under those
      conditions for 30 minutes. The monofilament drawn was collected upon the
      screen 32, weighed, average fiber diameter meansured, and using that
      information, the fiber drawing speed was calculated to be the 88 meters
      per second previously mentioned. It is to be recognized that because of
      the skin friction drag generated by the moving air stream contacting the
      surface of the fiber, the actual drawing velocity of the monofilament will
      be someqhat less than the velocity of the air stream itself. In another
      experimental run using the apparatus of FIG. 1, a monofilament fiber of
      glass having a diameter of 2.5.mu.(10/100,000 inch on the average) was
      continuously drawn over an eight-hour period of operation at a speed of
      about 150 meters per second (500 feet per second) with no breaks
      whatsoever occurring in the monofilament during that entire time. This
      drawing speed was calculated in the same manner as above.
PAR  It is to be emphasized that the rate of drawing monofilament or continuous
      fiber according to the present invention, can be varied. The rate of
      drawing continuous fiber is, moreover, basically a function of two
      opposing forces. The first, a positive force, is created by the pressure
      differential established over the length of the drawing nozzle, and this
      differential sets up the flow or moving stream of fluid. The presence of a
      monofilament or continuous fiber in the moving stream of fluid causes the
      latter to exert a fractionally generated pulling force on the
      monofilament. The frictional force is in the form of a skin friction drag,
      and it is this factor that causes a difference to exist in the actual
      velocities of the moving gas and the monofilement being drawn. The
      mechanics of how such a fractional pulling force is established does not
      itself form part of this invention. For present purposes, it is only
      necessary to recognize that such a frictional force is established and
      that it does indeed effect a pull on the monofilament being drawn. A
      change in any one of several of a number of factors will affect the
      magnitude of the positive, frictionally generated pulling force. A
      variation, for instance, in the diameter of the calibrated orifice and
      hence of the fiber (and the active surface area of the latter); in the
      pressure differential over the length of the nozzle and hence the rate of
      drawing; in the active length of the drawing nozzle and the velocity
      difference between the fiber and drawing fluid, taken either singly or in
      combination, will contribute to a change in this pulling force.
PAR  The second force, a negative or retarding force, depends upon the viscosity
      of the viscous liquid which constitutes the starting material, and the
      diameter of the calibrated orifice. A complex mathematical relationship
      exists in describing the various factors which make up this retarding
      force, and a detailed analysis of those factors is beyond the scope of the
      present application. For purposes of this invention, it will suffice to
      state simply that a more viscous starting material will require a greater
      pulling force to draw the monofilament at a constant rate, other
      parameters being constant. Alternatively, for a constant pulling force, a
      greater viscosity of the starting material will result in a decreased rate
      of drawing the continuous fiber. Generally speaking, changes in the
      viscosity of a starting material are primarily brought about by changing
      the temperature in the forehearth and calibrated orifice in the
      glass-making furnace. On the other hand, changing the chemical make-up of
      the starting material can also cause a change in the viscosity. For all
      practical purposes, however, the viscosity-temperature relationship of a
      starting material obtained from any particular source of supply is
      essentially fixed. It is far easier to stay with the starting material in
      its original form and composition, and if changes in viscosity are indeed
      wanted, alter the temperature at which the viscous liquid is to be drawn
      from the calibrated orifice. One would not usually wish to incur the extra
      expenses and delay associated with adding other chemical ingredients
      merely to change the viscosity of the starting material, while keeping the
      drawing temperature in the calibrated orifice relatively constant.
PAR  In the apparatus of FIG. 1, the inlet 12 to the drawing nozzle 10 is open
      to atmosphere, while the other end of the "system" is the suction box 36
      which is connected to a vacuum pump not shown. As stated previously, the
      pressure differential established longitudinally over the length of the
      drawing nozzle causes a flow of fluid, usually a gas, through the nozzle.
      The mathematical relationship which exists between pressure and velocity
      in a moving stream of a gas is well known, and need not be discussed here.
      It is known, for instance, that the stagnation or total pressure in a
      moving stream of a gas is composed of two parts, the static pressure and
      the dynamic pressure. The static pressure is related to the pressure
      intensity of the gas when it is not moving, i.e., when undisturbed. On the
      other hand, dynamic pressure is related to the velocity of the moving
      stream of gas. Since there is no external application of pressure to the
      gas moving between the inlet 12 and the suction box 36, of FIG. 1, the
      total or stagnation pressure in the stream of moving gas wills stay
      substantially constant. However, since the stream of moving gas
      accelerates over the length of the drawing nozzle 10, the factors involved
      in each of the static and dynamic pressures will change. It will suffice
      to state simply that as the velocity of the moving gas increases, so too
      does the dynamic pressure component of the total or stagnation pressure,
      increase. Hence the static pressure component must decrease. A rough
      approximation of the relationship of static pressure and gas velocity in
      the air stream moving through the apparatus of FIG. 1 is illustrated
      graphically in FIG. 2. There, it will be seen that the static pressure
      decreases from ambient pressure, with the dynamic pressure and velocity
      being essentially zero just outside of the inlet 12, to a maximum amount
      of negative pressure or suction in the area of the apparatus 20, where gas
      velocity is at its maximum. From the area of the apparatus 20, the static
      pressure will once again rise, reaching the pressure drawn by the vacuum
      pump within the suction box 36. In a similar manner, the velocity of the
      moving stream of gas increases gradually over the length of the drawing
      nozzle 10, starting from the inlet 12 where it already has some velocity
      to a maximum again in the region of the apparatus 20. From here, the
      velocity falls off again quite rapidly within the diffusor or hood section
      30. The velocity of the moving gas will not fall to zero in the suction
      box 36 because, in this instance, gas is continually being drawn out of
      the suction box by the vacuum pump in maintaining the suction or reduced
      static pressure therein.
PAR  FIGS. 3, 3A and 4 show embodiments which could be used commercially. In
      FIG. 3, a drawing funnel or nozzle 50 is used to draw a multiplicity of
      continuous fibers or filaments 52, while a collet assembly 54 enables
      these monofilaments 52 to be collected as a "cake" 56. As before, the
      drawing nozzle 50 has an inlet 58 which is smoothly contoured and
      integrally joined to a body section 60 in such a way that there are no
      discontinuities formed. The inlet 58 is located a distance d beneath a
      multiplicity of calibrated orifices provided in the forehearth 62 of a
      conventional glass-making furnace. As it is known, there are several
      hundred calibrated orifices provided, with one continuous fiber or
      monofilament 52 being associated with each orifice. The body section 60 is
      associated with a sizing applicator 64 similar in structure and function
      as the apparatus 20 of FIG. 1 at the end of nozzle 50 opposite the inlet
      58. The sizing applicator 64 is sealably connected to a diffusor hood or
      chamber 66 in whose lower end 68 the collet assembly 54 is provided. The
      end 68 is provided with a bulged portion 70 which defines a receiving area
      for the "cake" 56. This "cake" 56, as it is known in this art, is formed
      roughly in an annular form having a central opening. In other words, the
      "cake" 56 is roughly doughnut-shaped. Within the inner opening of the
      "cake" 56, a nose cone section 72 of the collet assembly 54 is disposed,
      to draw a suction or reduced static pressure within the hood or diffusor
      section 66. This nose cone section 72 is perforated and connected by means
      of its body section 74 and connecting line 76 to a vacuum pump, suction
      fan, or the like. In order to ensure that the monofilaments 52 have enough
      "swirling motion" within the hood section 66, a pair of oppositely
      disposed nozzles 78 are provided in the portion of hood section 66
      adjacent the sizing applicator 64. These nozzles 78 enable a blast of air
      to be intoduced tangentially to the generally cylindrical cross-sectional
      form of the hood section 66, thereby ensuring that a swirling motion of
      the air flow within that section is established. Evacuation of the gas
      from within the hood section 66 by means of the perforated nose cone 72
      ensures also that the flow of gas is generally downwards, as seen in FIG.
      3. Because of the inertia of the monofilaments 52, and the swirling flow
      of gas within the hood section 66, these monofilaments can thus be
      collected in the form of the "cake" 56.
PAR  It is again to be emphasized that in the apparatus shown in FIG. 3, the
      inlet 58 is smoothly contoured and so formed as to ensure that a laminar
      flow of the moving gas or vapour is established. The apparatus of FIG. 3,
      and 3A as in FIG. 1, can be considered as an "open" system with air being
      the gas in question.
PAR  The apparatus of FIG. 3A is similar to structure and function to that of
      FIG. 3. There is one major difference, however, in that nozzles 78 in the
      latter drawing have been replaced by a vane assembly 80. This vane
      assembly 80 is slightly above the outlet 82 from the drawing nozzle, from
      which outlet the monofilament being drawn and drawing fluid are
      discharged. The "jet effect" of the fluid being discharged causes
      environmental air within the chamber 66 to be sucked or drawn down through
      the vanes of assembly 80. These vanes redirect the fluid flowing past the
      same and induce a swirling motion generally circumferentially and
      vertically of chamber 66. (See arrows 84, 86) In other words, the "jet
      effect" above causes a swirling of recirculated fluid in the chamber 66,
      both circumferentially of the chamber 66, as well as vertically. Such
      motion aids in laying down the monofilament being drawn as the "cake" 56.
PAR  The apparatus illustrated schematically in FIG. 4 shows a drawing nozzle 90
      provided with a smoothly contoured inlet 92 that is again located a
      distance d beneath at least one and preferably a multiplicity of
      calibrated orifices provided on a forehearth 94 of a conventional
      glass-making furnace. The drawing nozzle 90 can be rectangular in
      cross-section, being made up from a pair of plates or side walls that are
      spaced approximately 1/4 inch apart. These side walls or plates make up
      the body section 96 of the drawing nozzle. Near the discharge end of the
      body section 96, a single or multi-stage injector unit 98 is provided. It
      is to be noted, however, that the injector unit 98 of FIG. 4 (shown in
      section in FIG. 1A) is connected to a suitable source of air under
      pressure so as to inject a jet of air at superatmospheric pressure
      conditions, thereby causing a suction to be generated in the inlet 92 to
      the drawing nozzle 90. The discharge end of the drawing nozzle 90 is
      connected to a hood section 100 that is disposed immediately above, but
      not sealed to an uppr run 102 of a collecting conveyor assembly 104. This
      collecting conveyor assembly 104 is conventional in construction and
      operation and need not be described in detail here. It is to be noted that
      since the injector unit 98 provides a jet of air under positive pressure,
      i.e., no suction boxes are associated with the collecting conveyor
      assembly 104, the hood section 100 need not be in tight sealed
      relationship to the top run 102 of the collecting conveyor. In other
      words, the monofilaments are collected at normal atmospheric pressure.
PAR  As a similar arrangement, a multiplicity of drawing nozzles 10 or 120 (of
      FIGS. 1 and 5) could be supported side by side and connected to a common
      hood section and suction box, to effect drawing many individual fibers.
      Since each nozzle draws a single monofilament, better control thereof will
      be possible. An injector in each nozzle would cause the fluid flow.
PAR  The jets of air under positive pressure as injected by units 98 into the
      lower end of the drawing nozzle 90 establish a pressure differential
      lengthwise of the drawing nozzle, and hence, cause a flow of moving gas to
      be set up in the same. Moreover, since the inlet 92 is smoothly contoured
      and free of virtually any surface discontinuities, a laminar flow of gas
      is established at least over the initial portion of the drawing nozzle 90.
      This laminar flow is indicated by arrows 106. The multiplicity of
      continuous fibers or monofilaments drawn by nozzle 90 are set down within
      the good section 100 onto the top run 102 of the collecting conveyor in
      the form of a filamentized felt mat 108. This filamentized felt mat 108
      can subsequently be used in the glass-reinforced plastics industry, or
      other such industry where reinforcing of a matrix material is desired. It
      is to be noted that each of injector units 98 can also be used, if
      desired, to apply binder or conditioning agent to the continuous fibers or
      monofilaments being drawn, just prior to the latter being set down as the
      filamentized felt mat 108. Within the spirit of this invention, the
      filamentized felt mat 108 is made up from a multiplicity of continuous
      fibers or monofilaments that are of a reinforcing type of fiber. As
      described in connection with the apparatus of FIG. 1, the pressure in the
      source for pressurized air for the injectors 98 can be varied in order to
      change the velocity of the gas moving through drawing nozzle 90.
      Similarly, the temperature-viscosity relationship of the viscous liquid
      which constitutes the starting material can also be varied. In these ways,
      the drawing speed of the continuous fibers or monofilaments can be varied.
PAR  The apparatus indicated in FIG. 5 is yet a further modification of the
      basic apparatus shown in FIG. 1. Accordingly, a drawing nozzle 120 is
      provided with an inlet 122 that is smoothly contoured and free of any
      surface discontinuities. AA the discharge end of the drawing nozzle 120 is
      an injector 124 that is associated with the open top 130 of a diffusor or
      hood section 126. The top of the hood section 126 is provided with
      cross-members 128 which support the drawing nozzle 120. A collecting
      conveyor shown at 132 is operatively associated with the lower and
      discharge end of the hood section 126. Provided beneath the upper run of
      the collecting conveyor 132 is a suction box 134 that is connected to a
      suitable suction fan, or the like. The apparatus of FIG. 5 is intended to
      be used in connection with an injector arrangement supplying a limited
      amount of air, and hence opening 130 provided in the top of the hood
      section 126 is required in order to enable an adequate air flow, drawn
      into the suction box 134 to enable a mat (not shown) being formed by
      collecting the continuous fiber, to be held down on the top run of the
      collecting conveyor 132. As in the embodiments previously described, the
      inlet 122 is disposed a predetermined distance d which can be in the range
      from approximately 5 to 15 inches, beneath the calibrated orifice, in this
      instance, of a laboratory-type glass-making furnace.
PAR  Another suggested commercial arrangement that would embody the present
      invention is indicated in FIG. 6. There, a conventional glass-making
      furnace (not shown) is provided with a forehearth 140 on the underside of
      which there are provided several hundred calibrated or "bushing" orifices.
      A drawing nozzle 142 is positioned in alignment beneath the forehearth 140
      and comprises side walls 144 in the form of two plates that are integrally
      interconnected by end walls 146. These plates are about two to three feet
      in length and extend in widths up to approximately 4 feet or more,
      depending upon the actual width of the reinforcing mat being produced. The
      calibrated orifices will also be adequate in number to be compatible with
      the width of mat being formed therefrom. In other words, continuous fibers
      collected at one location on the mat will be derived from orifices located
      immediately above that location, contrary to prior art systems where the
      fibers are produced in one central region and distributed in a
      side-to-side manner in forming the mat. Moreover, these plates 144 are
      spaced apart a distance of approximately 1/4 inch. For convenience in
      fabrication, the side walls 144 and end walls 146 will usually be welded
      or otherwise joined together. The drawing nozzle 142 is provided with a
      flaired, smoothly contoured inlet 148 that is free of any surface
      discontinuities. The other end of the drawing nozzle 142 is connected to a
      diffusor section 150 that is conical in shape taken longitudinally
      thereof. This diffusor section 150 also comprises side walls and end walls
      which, for convenience, can simply be continuations of the side walls 144
      and end walls 146 of drawing nozzle 142. A slot arrangement is provided
      within a housing 152 at the discharge end of the drawing nozzle 142 to
      apply an evenly distributed mist of a conditioning agent to the
      multiplicity of continuous fibers or monofilaments being drawn. This
      conditioning agent can be binder, sizing, a surface tension-reducing
      agent, or the like. This slot arrangement is shown in cross-section in
      FIG. 4A. There, the slot can be seen at 155, one formed in each of side
      walls 144. A butterfly damper 157 is pivotally disposed in each slot 155
      and serves to cause the film-like mist to be formed and applied to the
      monofilaments. A suction box or chamber 154 is connected to the lower part
      of the diffusor section 150. This suction box 154 is then connected to a
      suction fan, or the like which operates to generate a suction or reduced
      static pressure with the suction box. One run 156 of a collecting conveyor
      of a construction well known in this art, passes through the suction box
      154, in order to collect the multiplicity of continuous fibers or
      monofilamente as a filamentized felt mat 158. The end walls 146 together
      with a labyrinth seal arrangement 160 provided at the lower end of the
      diffusor section 150 function to effectively seal the suction box 154 and
      diffusor chamber from the higher ambient pressure outside. The precise
      structure for providing this sealed arrangement is known to those familiar
      with this art, and it will be recognized that in any given instance, one
      specific form could be more preferable than another.
PAR  As before, the inlet 148 to the drawing nozzle 142 is located or positioned
      a predetermined distance d beneath the calibrated orifices of the
      forehearth 140. This distance will generally be in the range from about 5
      inches to about 15 inches, with approximately 7 inches being preferred.
      Accordingly, the multiplicity of continuous fibers or monofilaments that
      are being drawn from the calibrated orifices will each be fully solidified
      and formed before the laminiar air flow in the inlet 148 engage the
      filaments and frictionally generates a pulling force thereon. As indicated
      earlier, the side walls 148 of the drawing section are spaced
      approximately 1/4 of an inch apart, this distance being adquate only to
      ensure passage of the bead which forms on the end of the fiber when it
      initially falls from the calibrated orifice upon reaching its operating
      (or drawing) temperature. If there are several rows of calibrated orifices
      provided on the forehearth 140, then it will be appropriate to perhaps
      spread the side walls 144 apart a distance somewhat greater than that
      previously indicated. This could be achieved by a fixed structure or
      perhaps by adjustably movable side walls that could serve to vary the
      orientation of the walls as well. It is highly desirable to minimize the
      cross-sectional area of the drawing nozzle 142 following initial start-up,
      in order to keep the power requirements for the suction fans and like
      equipment to a reasonable magnitude. The multiplicity of continuous fibers
      or monofilaments that are drawn will have conditioning agent applied to
      the same by means of the slot arrangement under hood 152, just prior to
      those continuous fibers being collected and formed into the filamentized
      felt mat 158. Shortly after being formed, the raw filamentized felt mat
      158 is conveyed to a curing oven 162 that might be heated by electricity,
      gas or other alternative source of energy. After it has been cured, the
      filamentized felt mat 158 is conveyed, for instance, to other equipment
      (not shown) where it is collected, on take-up rolls or the like. Such a
      filamentized felt mat can then be used in the glass-reinforced plastics
      industry or other such industry where reinforcing of a matrix material is
      desirable.
PAR  In connection with the apparatus of FIG. 6, as in the other embodiments
      already described, the furnace with which the drawing nozzle 142 is
      associated will be conventional in construction and operation, and serves
      to provide a supply of viscous liquid, at a temperature which is
      compatible with the particular starting material which is to be used. That
      is to say, if silicate material is being used, the furnace must be capable
      of transforming that material to a viscous liquid, i.e., at a temperature
      in the order of about 2200.degree. F. As indicated previously, other
      starting materials could be used just as well, and should nylon,
      polyvinylchloride, or other such synthetic thermoplastic be used, then
      these too would be transformed to a viscous liquid since they have lower
      melting temperatures than a silicate.
PAR  In any event, because the process and apparatus embodied by the present
      invention are self-starting, as soon as the right temperature has been
      reached in the forehearth and calibrated orifice, a small bead or drop of
      glass (or other viscous starting material) will descend, being pulled by
      gravity and slowly entering into the area adjacent the inlet 148 to the
      drawing nozzle 142. In the inlet 148, this bead of starting material will
      encounter the laminar air flow and will be accelerated to the drawing
      speed of that material, for the particular parameters involved for the
      apparatus in question. In other words, for a given amount of suction or
      reduced static pressure within the suction box 154 and diffusor chamber
      150, coupled with a particular temperature and hence viscosity of the
      viscous liquid from which the continuous fibers are to be drawn, coupled
      with calibrated orifices having predetermined diameter, a certain drawing
      speed will pertain. It is a particularly advantageous feature of this
      invention to be able to establish in the drawing nozzle 142 or other
      drawing nozzles previously described herein, a moving stream of gas,
      usually air, that has a very high velocity. Apparatus according to the
      present invention, such as that particularly shown in FIG. 6 has no
      mechanical pulling devices such as take-up reels or collets such as are
      used in prior art arrangements now in operation. Indeed, drawings speeds
      which are at least two to three times faster than in conventional drawing
      processes, espectially for reinforcement, textile, and particularly
      superfine textile filaments can be achieved in accordance with the present
      invention. Accordingly, it is envisaged that the present apparatus and
      process will function satisfactorily to provide drawing speeds which are
      as high as about 0.9 Mach. In other words, we expect that drawing speeds
      in the order of 90% of the speed of sound can be obtained. As will be
      fully recognized by those skilled in this art, such drawing speeds
      represent a very significant improvement over current drawing speeds.
PAR  Another advantage to be gained by apparatus of the type described herein,
      and especially as indicated in FIG. 6, is a self-compensating capability
      when a multiplicity of continuous fibers or monofilaments are being drawn.
      The reason for this self-compensating capability will be apparent from a
      brief consideration of the pressure and velocity distributions for laminar
      flow between two flat parallel plates. Such a situation exists, for
      example, within the drawing nozzle 142. It is well known that laminar flow
      between two flat parallel plates possesses a generally parabolic velocity
      distribution. That is to say, the velocity immediately adjacent the
      surfaces of the side walls 148 will be virtually zero, and will rise in a
      parabolic manner to a maximun value in the central portion of the drawing
      nozzle. As previously discussed, the total or stagnation pressure over the
      length of the drawing nozzle 142 will be approximately constant. Hence, as
      the velocity increases so will the dynamic pressure increase, at the sake
      of decreasing the static pressure. Hence, as the dynamic pressure
      increases with a rise in the velocity of the moving stream of gas, so it
      will be that the static pressure decreases. It will be recognized that on
      a much smaller scale, the presence of numerous continuous fibers or
      monofilaments in the air stream will, because such fibers are travelling
      at a lower velocity than the air itself, establish similar velocity and
      pressure gradients from one fiber to the next, or between one fiber and
      the side walls 148. Since a higher static pressure is found in an area
      where the velocity is low, movement of a continuous fiber towards another
      fiber or towards one of the side walls 148 will establish an imbalance in
      the pressure distribution. Hence, a pressure differential will be
      established, tending to push the fiber back to a region of lower static
      pressure, i.e., more centrally of the bounding "surfaces." It is for this
      reason, therefore, that even though very large numbers of continuous
      fibers or monofilaments might be drawn simultaneously, virtually no
      entanglement or contact between these monofilaments is expected to occur.
PAR  Further advantages which accrue from the present invention can be explained
      with reference to FIG. 6 and FIG. 7A to 7D. Using the apparatus of FIG. 6,
      a filamentized felt mat 158 is laid down, and is made up from a
      multiplicity of continuous fibers or monofilaments that have been drawn
      using the nozzle 142. After the continuous fibers or monofilaments have
      been coated with a sizing or coupling agent, binder, or surface
      tension-reducing agent, they are then laid down in an overlapping circular
      and continuously random pattern, directly onto the upper run of the
      collecting conveyor 156. The suction or reduced static pressure within the
      suction box 154 will hold the filamentized felt mat in place, and assist
      in formation of the same.
PAR  It might be appropriate to digress briefly at this point to make reference
      to the type of reinforced plastic material indicated in FIG. 7A. There, a
      piece of material 200 is shown as being made up from a resinous matrix
      material 202 in which a chopped strand mat struture was embedded, the
      latter comprising chopped strands 204 of a discrete length, usually about
      2 inches. The stable fibers in the chopped strands 204 and the chopped
      strands themselves are not distributed homogeneously throughout the matrix
      material 202. As a result the individual fibers which make up the strands
      204 will be found in pockets or concentrated regions within that matrix
      material. Accordingly, when a panel, for instance, has been made up from a
      reinforced plastic material employing a chopped strand mat structure, it
      will contain many fibers and strands of a discrete length, with the ends
      of such strands and fibers being sources of stress concentrations. See the
      graphical representation of that in FIG. 7C. The stress concentrations
      arise because the fibers are not continuous, and hence, any load which is
      applied to the plastic material 200 is not uniformly taken up by the
      reinforcing material and the matrix material 202.
PAR  In contrast to the reinforced plastic material 200 as made up from a
      chopped strand mat structure, a similarly reinforced material 210 (FIG.
      7B) includes a filamentized felt mat consisting of continuous fibers or
      monofilaments 212 set down uniformly in a matrix of resinous material 214.
      Because the monofilaments which make up the filamentized felt mat 212 are
      continuous, a very good "wetting out" due to good capillary effects of the
      resinous matrix material 214 is obtained. Moreover, the individual
      monofilaments are very uniformly distributed in the filamentized felt mat.
      Hence. any load that is applied to the reinforced plastic material 210
      will be evenly and uniformly taken up by the filamentary reinforcing
      material 212, i.e., the the continuous fibers or monofilaments, which
      possess a materially greater strength capability than does the resinous
      matrix material 214. With such a make up, virtually no stress
      concentrations will arise, with the result that significantly improved
      durability and strength properties are obtained. Using a continuous fiber
      or monofilament laid down in a random pattern, we have found that in the
      filamentized felt mat itself, the continuous fibers hold together better
      due to a certain interlocking effect. This also gives the filamentized
      felt mat a slight stretchability. Such a property is of commercial value
      because in a process of die pressing a laminate, there would be no
      tendency for the continuous fibers to be pulled apart and cause, for
      example, fiberless corner spots such as could and does occur using a
      chopped strand mat structure as the reinforcing.
PAR  FIG. 8 illustrates yet another variation to the basic apparatus illustrated
      either in FIGS. 3, 4 or 6. FIG. 8 shows a conventional forehearth 230 on
      which at least one bushing 232 is provided. Located immediately below the
      forehearth 230 and surrounding the bushings 232 is a pressure chamber 234
      whose bottom surface 236 is integrally connected to the inlet of a drawing
      nozle 238. That drawing nozzle 238 could be essentially identical to
      either the drawing nozzle 50 of FIGS. 3 or 3A, or the drawing nozzle 142
      of FIG. 6. It should particularly be noted that the drawing nozzle 238 is
      associated with a diffusor chamber and a suction box, not shown here,
      which are completely closed to the atmosphere. In other words, the suction
      fan which generates the negative pressure in the suction box and diffusor
      chamber has its delivery side connected to a conduit 240 shown in FIG. 8,
      which leads into the pressure chamber 234. The reader should note that the
      spacing between the side walls that make up the drawing nozle 238 is
      considerably exaggerated in FIG. 8. In reality, the dimensions of the
      inlet to the drawing section 238 are very much smaller than the relative
      dimensions of the pressure chamber 234. As a result, the inflow of gas or
      vapour though the conduit 240 establishes a positive pressure above
      atmospheric within pressure chamber 234. Hence, the positive pressure in
      the chamber 234 coupled with the negative pressure provided in the suction
      box and diffusor chamber associated with the drawing nozzle 238
      establishes a pressure differential longitudinally of the drawing nozzle.
      This causes a moving stream of fluid (liquid, gas or vapour) to be
      established. As in the apparatus previously described, the inlet to the
      drawing nozzle 238 is very smoothly formed so as to enable laminar flow to
      be established. Moreover, the lower surface 236 of the pressure chamber
      234 will be spaced, as before, a sufficient distance below the orifice of
      the bushing 232 as to ensure that the monofilament fiber is fully solified
      and formed before the laminar flow exerts a net pulling force on the same.
      Side walls 242 are provided on the pressure chamber 234 and can either be
      sealed to the bottom of the forehearth 230, or alternatively, can be close
      to, but not actually sealed therewith. In the arrangement illustrated in
      FIG. 8, the pressure chamber 234 is not actually in sealed engagement with
      the lower surface of the forehearth 230. Hence, the pressure within the
      chamber 234 is not quite as high as it would be if sealed engagement was
      involved. The ghosted lines 244 show the extra depth of viscous liquid
      required in the bushing 232 when used on connection with the pressure
      chamber 234. This extra depth establishes an additional head indicated by
      .DELTA. h of (molten) starting material which is required to offset the
      increased positive pressure in the chamber 234. If the chamber 234 were
      actually sealed to the forehearth 230, a further or greater .DELTA. h or
      head would be required since the static pressure within the pressure
      chamber 234 would be even greater since there would be no loss to
      atmosphere.
PAR  The arrangement illustrated in FIG. 8 is representative of what might be
      considered as a "closed system". Using such a system, it would be possible
      to use a fluid, i.e., a liquid, or gas or vapour which is something other
      than air, for example, steam, or some other gas or a suitable liquid such
      as water, which is chemically inert with respect to the composition of the
      monofilament fibers being drawn, or which will achieve a chemical
      treatment of the filament itself to improve certain desired qualities.
      Further to that, it is to be recognized that using a closed system it
      would be possible to eliminate any dust or other extraneous material
      therefrom which would otherwise tend to cause tiny scratches on the
      surface of the monofilament fibers. Such scratches could in the worst
      case, raise stress concentrations that would weaken or reduce the strength
      properties of such a fiber. In other words, a controlled atmosphere could
      be used in such a system, in which the binder or sizing agent could also
      be dispersed within the gas so as to eliminate the need for a separate
      application thereof.
PAR  Finally, it might be possible to provide some means by which a heated zone
      is provided for example, by radiant energy, either in or downstream of the
      drawing nozzle. That heated zone could be used to improve or refine the
      qualities of glass, or other such material from which the monofilament
      fibers are made. Such a refinement step might be analogous to the process
      of "tempering" steel.
PAR  The foregoing disclosure has described preferred embodiments of apparatus
      and processes according to the present invention. In addition, several
      modifications have also been suggested, within the spirit of this
      invention. All such embodiments and modifications as will be apparent to
      those skilled in this art are therefore to be comprehended within the
      scope of the claims below.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for drawing a continuous unbroken relatively thin fiber the
      thickness of which is of the order of 10/100,000 of an inch, said
      apparatus comprising:
PA1  a. means for supplying a heat softened stream of material;
PA1  b. a drawing funnel having an upstream section and a downstream elongated
      pulling section;
PA1  c. said funnel being positioned downstream from said supply to receive a
      fiber therefrom;
PA1  d. means to produce a laminar flow of a gas through said funnel including
      means for establishing a pressure differential over the length of the
      funnel;
PA1  e. said means for producing laminar flow further including an
      aerodynamically smoothly converging inlet for accelerating the laminar gas
      flow to establish a velocity exceeding the velocity of the continuous
      fiber, whereby the velocity differential causing said flow to remain
      laminar in said elongated pulling section generates a frictionally
      developed pulling force exerted on the fiber;
PA1  f. means for solidifying the drawn fiber comprising a spacing of the inlet
      portion of said funnel from the outlet portion of said means for supplying
      a heat softened stream by a distance of 5 to 15 inches, whereby said
      frictionally developed pulling force is exerted on a fully formed
      solidified portion of said fiber to attenuate said heat softened stream
      with the heat softened stream being free of said frictionally developed
      pulling force.
NUM  2.
PAR  2. The apparatus of claim 1 including means for collecting the attenuated
      fiber.
NUM  3.
PAR  3. Apparatus for drawing a continuous unbroken relatively thin fiber the
      thickness of which is of the order of 10/100,000 of an inch, said
      apparatus comprising:
PA1  a. furnace means for supplying a heat softened stream of material,
      including a calibrated orifice from which said stream is discharged;
PA1  b. a drawing funnel having an upstream inlet section and a downstream
      elongated pulling section of substantially constant cross-sectional area;
PA1  c. said funnel being positioned downstream from said orifice to receive a
      fiber therefrom, at which the fiber is fully formed and solidified;
PA1  d. means to produce a laminar flow of a gas through said funnel including
      means for establishing a pressure differential over the length of the
      funnel;
PA1  e. said means for producing laminar flow further including an
      aerodynamically smoothly converging inlet for accelerating the laminar gas
      flow to establish a velocity exceeding the velocity of the continuous
      fiber, whereby the velocity differential causing said flow to remain
      laminar in said elongated pulling section generates a frictionally
      developed pulling force exerted on the fiber;
PA1  f. means for solidifying the drawn fiber comprising a spacing of the inlet
      portion of said funnel from said orifice by a distance of 5 to 15 inches,
      whereby said frictionally developed pulling force is exerted on a fully
      formed solidified portion of said fiber to attenuate said heat softened
      stream with the heat softened stream being free of said frictionally
      developed pulling force.
NUM  4.
PAR  4. The apparatus defined in claim 1, wherein the elongated pulling section
      is configured to provide substantially constant velocity of the gas flow
      over the length thereof.
NUM  5.
PAR  5. The apparatus defined in claim 1, wherein the elongated pulling section
      has a substantially constant cross sectional area over the length thereof.
NUM  6.
PAR  6. The apparatus defined in claim 1, wherein there is provided a diffusor
      section joined to the discharge end of the elongated pulling section for
      decelerating the gaseous flow and fiber thereby allowing collecting of the
      attentuated fiber in a predetermined form.
NUM  7.
PAR  7. The apparatus defined in claim 2, wherein said means for collecting
      includes a mechanism operative to collect the fiber as a roving.
NUM  8.
PAR  8. The apparatus defined in claim 2, wherein said means for collecting
      includes a mechanism operative to collect the continuous fiber as a
      monofilament mat.
NUM  9.
PAR  9. The apparatus defined in claim 1, wherein there is provided a plurality
      of calibrated orifices, each orifice being operable to discharge a heat
      softened stream of said fiber forming material, and wherein said drawing
      funnel is configured to receive the plurality of heat softened streams
      from said orifices.
NUM  10.
PAR  10. The apparatus defined in claim 4, wherein there is provided a plurality
      of calibrated orifices, each orifice being operable to discharge a heat
      softened stream of said fiber forming material, and wherein said drawing
      funnel is configured to receive the plurality of heat softened streams
      from said orifices.
NUM  11.
PAR  11. The apparatus defined in claim 5, wherein there is provided a plurality
      of calibrated orifices, each orifice being operable to discharge a heat
      softened stream of said fiber forming material, and wherein said drawing
      funnel is configured to receive the plurality of heat softened streams
      from said orifices.
NUM  12.
PAR  12. The apparatus defined in claim 3, wherein there is provided a plurality
      of calibrated orifices, each orifice being operable to discharge a heat
      softened stream of said fiber forming material, and wherein said drawing
      funnel is configured to receive the plurality of heat softened streams
      from said orifices.
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ABST
PAL  A lightweight refractory foam primarily of silica can be formed from a
      phase-separable silicate glass such as borosilicate glass, by melting the
      glass, foaming the glass at elevated temperatures, phase-separating the
      silicate foam glass at elevated temperatures to form a silica-rich phase
      and a silica-poor phase and leaching said phase-separated foam glass with
      warm water or dilute acids to remove substantially the silica-poor phase.
      The resulting refractory foam consists essentially of a silica network.
      The density of the refractory cellular product may be from about 0.075
      grams per cubic centimeter to 0.5 grams per cubic centimeter, or higher,
      as desired. The refractory cellular product has a very low coefficient of
      expansion and high chemical durability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Foam glass products have been known for a considerable time, as evidenced
      by the early patents to Haux, et al, U.S. Pat. No. 2,233,608; Ford, U.S.
      Pat. No. 596,669; U.S. Pat. No. 2,611,712; and Miller, et al, U.S. Pat.
      No. 2,233,631 wherein various chemicals and mechanical foaming processes
      are disclosed.
PAR  Recent interest in foam glass products is evidenced by the patents to
      Jones, et al, U.S. Pat. No. 3,459,565, wherein a foamable granular product
      is prepared by melting a glass in the presence of a gas under high
      pressure, thereafter cooling the glass so that upon reheating the glass
      will expand; to Marceau, U.S. Pat. No. 3,325,264, wherein glass is caused
      to foam by being heated to about 2000.degree. farenheit which causes
      dissolved magnesium oxide to decompose and gasify; to Slayter, U.S. Pat.
      No. 3,151,966, wherein foaming is caused by the dissolution of dissolved
      gas due to the crystallization of the glass and to Schott, U.S. Pat. No.
      3,628,937, wherein glass is foamed by the action of a paddle which
      disperses gas throughout the glass as it is leaving a melting tank.
PAR  Although foam glass products produced by techniques of the prior art are
      useful for many purposes, foam glass products have not been useful as
      insulation at elevated temperatures. Most glasses have a substantial
      coefficient of thermal expansion and the existence of a temperature
      gradient of any magnitude across the glass causes cracking or crazing.
      Refractory glasses are generally those which withstand high temperatures
      and have a low coefficient of thermal expansion. Refractory glasses,
      however, require melting and processing at very elevated temperatures,
      thus consuming a considerable amount of energy to melt and causing rapid
      degradation of the refractory linings of the melting and processing tanks.
PAR  One technique of making a refractory foam product is disclosed in U.S. Pat.
      No. 3,592,619 issued to Elmer, et al. In the patent a high-silica glass
      foam is produced by melting a borosilicate glass composition,
      phase-separating the glass into a silica-rich phase and a borate-rich
      phase, leaching the borate-phase from the glass to produce a porous,
      silica-rich body having a pore size in the range of about 10 to 25
      angstroms, impregnating the porous body with an aqueous boric acid
      solution, particulating the impregnated glass, drying the particulated
      glass to remove excess water and foaming the particulated silica at an
      elevated temperature of about 1300.degree. to about 1425.degree.C to form
      a foamed refractory body.
PAR  The Elmer process involves several critical steps, as indicated by the
      patent, the first being the leaching step which must produce a very fine
      network of pores to entrap therein the moisture that serves to expand the
      glass upon heating. Therefore, the glass must be carefully heated during
      phase-separation to produce a borate phase of the correct dimensions and
      heating must be avoided prior to leaching to prevent growth of the borate
      phase. The leached and impregnated glass must be flash fired so that the
      pores are closed very rapidly to prevent escape of water vapor. The glass
      is then heated to a temperature of about 1300.degree. to about
      1425.degree.C to cause the glass to decrease sufficiently in viscosity so
      that it can expand. Foaming of a product at temperatures of 1300.degree.C
      and above requires processing equipment with a refractory lining. Since
      foaming occurs after leaching, the minimum density obtainable by Elmer's
      process is about 0.2 gm/cc, which is typical of glass foaming processes.
PAR  The process outlined in U.S. Pat. No. 3,592,619 is complicated and very
      time consuming in that a very large number of processing steps must be
      conducted to obtain a final product and the foaming of the final product
      must be done at very elevated temperatures in refractory lined equipment.
      Furthermore, because boric acid is introduced as a flux after leaching,
      the final product will not approach a pure silica content, as indicated by
      the thermal coefficient of expansion for Elmer's product of 8 .times.
      10.sup.-.sup.7 per .degree.C as compared with 4 .times. 10.sup.-.sup.7 per
      .degree.C for pure silica. for pure silica.
PAC  INVENTION DESCRIPTION
PAR  A process has now been discovered whereby a refractory foam or cellular
      product substantially of silica may be produced in a few steps from a
      glass composition without requiring the glass to be subjected to
      temperatures in excess of about 850.degree. C in any step subsequent to
      melting of the glass forming ingredients to form a leachable,
      phase-separable glass.
PAR  The process is practiced by first melting a leachable, phase-separable
      glass, particularly a borosilicate glass, and then foaming said glass at
      elevated temperatures to form a lightweight phase-separable foam glass.
      The foam glass is then phase-separated at elevated temperatures to form a
      silica-rich phase and a silica-poor phase, which in the case of a
      borosilicate glass is a borate-rich phase. The silica-poor phase is
      preferably present as a substantially continuous phase. The
      phase-separated foam glass is then leached with warm water or other
      aqueous leaching solution, e.g., dilute mineral acids, to remove the
      silica-poor phase from the glass to provide a cellular product consisting
      essentially of silica. The refractory foam consists of cells resulting
      from the foaming action and interconnecting pores resulting from leaching
      of the silica-poor phase. The density of the resulting refractory cellular
      product may be about 0.075 grams/cc to about 0.5 grams/cc, or higher. The
      refractory foam product has a very low coefficient of thermal expansion.
DRWD
PAC  Drawings
PAR  The attached drawings illustrate certain processing steps wherein:
PAR  FIG. 1 is a graph illustrating the temperatures and time periods
      experienced when a glass body is foamed and phase-separated according to
      the techniques of the instant invention;
PAR  FIG. 2 is a graph illustrating the leaching of foamed glasses of various
      compositions in distilled water after various heat treatments; and
PAR  FIG. 3 is a graph comparing leaching of a foamed glass in water and dilute
      hydrochloric acid.
DETD
PAC  PROCESS DESCRIPTION
PAC  Glass Composition
PAR  The process to produce a cellular refractory product utilizes any silica
      glass which may be phase-separated into a silica-rich phase and a
      leachable, silica-poor phase. Preferred glasses are those which have a
      melting point below about 1500.degree.C and a softening point of below
      about 800.degree. C.
PAR  Borosilicate glasses are one of the preferred glass compositions for
      producing a refractory foam substantially of silica. A typical
      borosilicate glass used in the invention is one having a silica content of
      about 40 to 90 percent by weight, a boric oxide content of about 10 to 50
      percent by weight and a metal oxide flux content from about 3 to about 20
      percent by weight. A preferred range of ingredients comprises from about
      50 to 85 percent by weight silica, 10 to about 40 percent by weight boric
      oxide, and about 4 to 15 percent by weight of metal oxide flux. The metal
      oxide flux is typically an oxide of sodium, potassium or lithium although
      oxides of calcium, strontium, barium, lead, zinc, titanium or zirconium
      may be present instead of, or in addition to, the alkali metal oxide.
PAR  A preferred family of borosilicate glass composition for the purpose of
      this invention includes those wherein the silica content is about 60 to
      about 85 percent by weight, a B.sub.2 O.sub.3 content of about 12 to about
      35 percent by weight and an alkali metal oxide (preferably Na.sub.2 O,
      K.sub.2 O or Li.sub.2 O) content of about 4 to about 15 percent by weight.
PAR  The soda, lithia and potassia borosilicates are particularly preferred
      inasmuch as the leachable phase phase-separates in the form of spinodal
      decomposition, i.e., it is vein-like or cord-like throughout the class in
      contrast to spherical or nucleated phase-separation. Thus, upon leaching
      of a glass having spinodal phase-separation occuring, the resulting
      product has tunnels therethrough.
PAR  The instant invention is particularly advantageous inasmuch as contaminated
      ingredients may be used in forming the phase-separable glass especially
      where such contaminates tend to concentrate in the leachable silica-poor
      phase and are therefore removed from the glass upon leaching.
PAR  A cheap source of silica and soda for use in the instant invention can be
      provided from waste glass, which is primarily bottle glass. As indicated,
      contaminants do not represent a substantial problem with regard to the
      instant invention.
PAR  Waste glass is primarily a soda-lime-silica glass, ranging from about 5 to
      15% Na.sub.2 O, about 5 to 15 percent CaO and about 70 to 80 percent
      silica. Minor quantities of K.sub.2 O, MgO, BaO, B.sub.2 O.sub.3 and other
      glass formers or fluxes may be present, thus providing a mixture of alkali
      metal oxides. Thus, the addition of proper proportions of boric oxide,
      e.g., 20 to 40 percent of the weight of the cullet, to a waste glass
      cullet provides a phase-separable borosilicate glass. The leachable phase
      is then an alkali metal-alkaline earth metalborate phase, e.g., a
      sodium-calcium-borate.
PAR  The components leached from the glass may be recovered and recycled, and
      through use of waste glass as a source of silica it may be possible to
      produce soda and calcia values for other purposes while continuously
      cycling B.sub.2 O.sub.3.
PAC  Melting
PAR  The melting conditions for the phase-separable, foamable, leachable glass
      utilized in practicing the instant invention are typical. For example,
      phase-separable borosilicate glasses are generally melted at temperatures
      between 1200.degree.C and about 1500.degree.C. Certain precautions taken
      in forming glasses for optical purposes, for example, window glass and the
      like, such as fining, need not be done.
PAR  The molten glass may be quenched to form a frit which is then crushed to a
      powder for use with various chemical foaming agents to produce a foamed
      glass. Also, the molten glass may be foamed or cellulated as it leaves the
      melting tank, for example, by the method disclosed in the Schott patent,
      or the Miller, et al patent. In the event the molten glass is foamed as it
      leaves the melting tank, the foamed sheets of glass may be cut by laser,
      plasma arc flame or other appropriate means for cutting a hot glass body
      before being subjected to phase-separating techniques. Molten foam glass
      may be readily shaped into various articles, e.g., blocks, tubes, rods,
      cones and the like.
PAC  Foaming
PAR  Foaming may also be accomplished by heating particulate foaming agents with
      small glass particles having a particle size of up to about 1/16 inch
      although preferably the particle size is between about 5 mesh and 100 mesh
      or smaller. The foaming is generally accomplished in a cavity having the
      size and shape of the article which is to be produced. Typically, about
      0.5 percent to about 5.0 percent of a foaming agent is uniformly mixed
      with the glass particles. Chemical foaming agents such as carbonates and
      sulfates of the various alkali and alkaline earth metals such as sodium
      carbonate, potassium carbonate, calcium carbonate, barium carbonate,
      strontium carbonate and the like, and sodium sulfate, potassium sulfate,
      calcium sulfate, barium sulfate, strontium sulfate, and the like, as well
      as carbonblack, sulphur and the like, the latter being utilized in
      conjunction with an oxidizing agent, may be utilized.
PAR  Foaming is accomplished by heating the mold or cavity in which the glass
      particles and foaming agent reside in intimate contact to a temperature of
      about 650.degree.C to about 850.degree.C for a period of a few minutes to
      about 4 hours and preferably for a period of about 15 minutes to about 2
      hours, depending upon the size of the mold. The mold or cavity may be
      formed of steel, so long as the foaming temperature does not exceed about
      850.degree.C.
PAC  Phase-separation
PAR  The foamed glass, for example, a foamed borosilicate glass, may be
      phase-separated into a silica-rich phase and a silica-poor phase by
      subjecting the glass to a temperature between about 450.degree.C to about
      755.degree.C and preferably from a temperature of about 480.degree.C to
      about 520.degree.C for a period of about 1/2 hour to about 4 hours. The
      phase-separation stage may be entered by the foamed glass after the
      foaming step without an intermediate cooling period, thereby conserving
      thermal energy. For example, foamed glass coming from the melting tank may
      be directed into the phase-separation zone wherein the temperatures are
      allowed to stabilize within the desired range so that phase-separation
      occurs. Also, phase-separation may be accomplished immediately after the
      foaming process without any intermediate cooling period. A distinct
      advantage of the instant process is that no intermediate cooling step is
      required before phase-separation and that phase-separation will always
      follow either the melting-foaming step or the separate foaming step, each
      of which yields a foamed product at an elevated temperature ready for
      phase-separation.
PAR  Certain borosilicate compositions, such as those in which the predominant
      amounts of fluxing ingredients are selected from the group consisting of
      alkaline earth metals, lead, zinc, titanium and zirconium, tend to
      phase-separate upon cooling, i.e., a separate heat treatment is not
      required. The borate phase in such glasses tends to be discontinuous and
      to leave only a small pore when leached. Phase-separable borosilicate
      glasses which are phase-separated at low temperatures for short periods of
      time tend also to have a discontinuous borate phase which leaves small
      pores when leached. The discontinuous borate phase requires more time in
      leaching and may not be completely leachable since some of the borate
      phase is totally surrounded by a chemically resistant, silica-rich phase.
PAC  Leaching
PAR  The phase-separated foamed glass has its silica-poor phase removed by
      leaching with warm water, preferably distilled, or dilute acids. The
      temperature of the leaching media is perferably from about 80.degree.C to
      about 100.degree.C or higher if the leaching solution is maintained under
      pressure. Leaching is conducted for about one hour to two days depending
      upon the size of the article being leached and the dimensions of the
      foamed pores and the original proportion of leachable phase. Generally,
      leaching can be accomplished in less than 8 hours.
PAR  The leaching solution may be slightly acidic to enhance leaching. Typical
      acidic leaching solutions comprise dilute solutions of hydrochloric acid,
      nitirc acid and sulfuric acid. Typical acid concentrations vary from about
      0.1 Normal to about 1.5 Normal. Leaching with dilute acids reduces the
      leaching time by about 5 to 20 fold.
PAR  The leached glass is then dried, preferably under moderate conditions, for
      a period sufficient to remove substantially all the leaching solution.
      Whenever an acid leaching solution is utilized, the foam preferably
      undergoes a water rinse prior to drying.
PAR  The refractory foam produced according to the practice of the instant
      invention is unique in having a skeletal structure substantially of silica
      enclosing voids or cells caused by the action of a foaming agent. The cell
      walls formed by the skeletal silica structure have fine pores therein
      resulting from leaching of the silica-poor phase. These pores are
      generally interconnecting, i.e., are sufficiently continuous whereby one
      pore interconnects with another pore as one pore interconnects two cells.
PAR  The density of the foam product may be as low as 0.075 grams per cubic
      centimeter. Such foams are generally friable or weak, finding greatest
      utility as a high-temperature insulation in which substantial structured
      strength is not required. Foaming of conventional glass bodies has
      resulted in densities as low as 0.15 grams/cc; thus a borosilicate glass
      having a density of 0.15 grams/cc and a leachable borate phase comprising
      50 percent of the glass body is theoretically leachable to produce a
      silica body having a density of 0.075 grams/cc.
PAR  Densities in the range of about 0.2 to about 0.5 grams/cc are readily
      obtained by practice of the instant invention. It is particularly
      significant that a lightweight refractory foam can be made without
      requiring processing at very elevated temperatures after the glass is
      initially formed.
PAR  The foam products of this invention have a very low thermal coefficient of
      expansion, e.g., about 4.0 .times. 10.sup.-.sup.7 m/m.degree.C, to about
      10 .times. 10.sup.-.sup.7 depending upon the final composition and can
      withstand temperatures up to its melting point, approximately
      2900.degree.F for long periods of time, e.g., in excess of four hours,
      without substantial loss of strength or structural integrity. The heat
      resistance and thermal conductivity can be affected by leaching, i.e.,
      leaching can be conducted until substantially all the leachable phase is
      removed, thereby approaching a pure silica composition having a thermal
      coefficient of expansion of about 4.0 .times. 10.sup.-.sup.7
      m/m/.degree.C. Preferred phase-separation and leaching techniques are
      followed to produce refractory foams with thermal coefficients of
      expansion of from about 4.0 .times. 10.sup.-.sup.7 to about 6.0 .times.
      10.sup.-.sup.7 m/m/.degree.C. Furthermore, the chemical durability of
      these foamed products is many fold, e.g., up to about fifteen fold,
      greater than the durability of typical glass foams.
PAR  The following examples are illustrative of the instant invention:
PAC  EXAMPLE I
PAR  A refractory foam was formed from the following materials:
TBL  SiO.sub.2        40 percent by weight                                     
     B.sub.2 O.sub.5  50 percent by weight                                     
     Na.sub.2 O       10 percent by weight                                     
PAR  A glass was formed by melting these materials in a conventional manner,
      fritted by rapid cooling, and further crushed to a fine particle size. The
      powdered glass was thoroughly admixed with about 1 percent by weight of
      CaCO.sub.3.
PAR  The CaCO.sub.3 glass powder mixture was then introduced to a stainless
      steel mold having substantially greater volume than the volume of the
      CaCO.sub.3 glass powder mixture. The mold was then heated (fired) in a
      kiln for a period of about 11/2 hours to a temperature of about
      750.degree.C. Thereafter, the mold was allowed to cool gradually in the
      kiln.
PAR  The foam article was then heated at a temperature of about 500.degree.C for
      about 4 hours to induce phase-separation of the sodium borate phase from
      the silica phase.
PAR  The resulting foam had cells approximately one-fourth inch as an average
      dimension. The foam was fragile after leaching.
PAR  The firing schedule of this material is illustrated in FIG. 1 as Curve No.
      1.
PAC  EXAMPLE II
PAR  A second composition substantially identical to that of Example I was
      prepared and foamed in a similar manner to that of Example I.
PAR  The foam was then divided into two pieces which were phase-separated by
      different techniques.
PAR  Sample II(a) was heat treated at about 500.degree.C for 8 hours while
      Sample II(b) was heat treated at 500.degree.C. for about 2 hours.
PAR  The samples were then leached at 90.degree.C. in distilled water, as
      illustrated in FIG. 2, Curve C. No significant difference was noted in the
      appearance and properties of the two samples. Each had cell dimensions
      about 1/16 inch and each was fragile after leaching. The thermal
      coefficient of expansion of each sample was about 5.0 .times.
      10.sup.-.sup.7 m/m/.degree.C.
PAC  EXAMPLE III
PAR  A composition having a higher silica content was prepared from the
      following materials:
TBL  SiO.sub.2       60 percent by weight                                      
     B.sub.2 O.sub.3 33.3 percent by weight                                    
     Na.sub.2 O      6.7 percent by weight                                     
PAR  A glass was melted therefrom, fritted and crushed, as described in Example
      I. The further treatment of the glass is set forth in the following table:
TBL                                    TABLE I                                 
     __________________________________________________________________________
            Weight %                                                           
                  Firing                                                       
            Foaming                                                            
                  Schedule                                                     
                           Phase                                               
     Sample No.                                                                
            Agent Attached                                                     
                          Separation                                           
                                  Remarks                                      
     __________________________________________________________________________
     IIIa   2%CaCO.sub.3                                                       
                  Curve No. 2                                                  
                          Two types                                            
                                  Max. Foam.                                   
                  FIG. 1  (a) 550.degree.C                                     
                                  Temp.: 8.0.degree.C                          
                          2 Hrs after                                          
                                  Avg. Foam Pore                               
                          foaming Size: 1/4"                                   
                          (b) Addi-                                            
                          tional 500.degree.C                                  
                          2 Hrs   Leaching -                                   
                                  See FIG. 2                                   
     IIIb   1%CaCO.sub.3                                                       
                  Curve No. 3                                                  
                          550.degree.C                                         
                                  Max. Foam                                    
                  FIG. 1  2 Hr while                                           
                                  Temp. 735.degree.C                           
                          cooling Avg. Foam Pore                               
                          from foam-                                           
                                  Size: 1/16 -                                 
                          ing Temp.                                            
                                  1/8"                                         
                                  Leaching-See                                 
                                  FIG. 2 -Leached                              
                                  Density .25g/c                               
     __________________________________________________________________________
PAR  As can be discerned from FIG. 2, Sample IIIb without additional heat
      treating other than cooling in the kiln, as illustrated in FIG. 1, Curve
      3, leached more slowly than Sample IIIa, which was similarly treated.
      Sample IIIa had more blowing agent in the composition, indicating a larger
      pore size and lower density.
PAR  As illustrated in FIG. 2, a high silica glass (60% silica - Sample IIIa)
      which had a larger quantity of foaming agent, produced a foamed glass from
      which the leachable phase was more quickly leached than the same glass
      (Sample IIIb) which had been foamed with one-half as much blowing agent. A
      low silica glass (40% silica - Sample IIa) was completely leached (Curve
      C, FIG. 2) in about the same time as Sample IIIa even though about twice
      as much leachable phase was present and only one-half as much blowing
      agent utilized.
PAR  A comparison of water leaching with acid leaching is illustrated in FIG. 3
      wherein Sample IIIb was leaching in hot water and hot HCl (1 Normal
      solution). The acid leaching was about 6 times faster than the water
      leaching. As shown in FIG. 2, Sample IIIb was a difficult glass to leach,
      thus proportional decreases in leaching times result when leaching more
      easily leached glasses with an acid solution.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of forming a lightweight refractory foam substantially of
      silica comprising:
PA1  a. mechanically foaming a molten phase-separable alkali metal borosilicate
      glass having a borate content which separates into a silica-poor,
      borate-rich phase,
PA1  b. maintaining the temperature of the foamed glass between about
      450.degree.C and about 755.degree.C to separate said glass into a
      silica-rich phase and a silica-poor, borate-rich, leachable phase,
PA1  c. cooling said glass below 450.degree.C, and
PA1  d. leaching said foamed, phase-separated glass with an aqueous medium for a
      period sufficient to remove substantially all of said borate-rich phase to
      yield a lightweight refractory foam substantially of silica.
NUM  2.
PAR  2. A method of forming a lightweight refractory foam substantially of
      silica comprising:
PA1  a. chemically foaming a molten phase-separable alkali metal borosilicate
      glass having a borate content which separates into a silica-poor,
      borate-rich phase by heating a mixture of said alkali metal borosilicate
      glass and a chemical foaming agent in a cavity until a cellular glass is
      produced,
PA1  b. maintaining the temperature of the foamed glass between about
      450.degree. and about 755.degree.C to separate said glass into a
      silica-rich phase and a silica-poor, borate-rich, leachable phase,
PA1  c. cooling said glass below 450.degree.C, and
PA1  d. leaching said foamed, phase-separated glass with an aqueous medium for a
      period sufficient to remove substantially all of said borate-rich phase to
      yield a lightweight refractory foam substantially of silica.
NUM  3.
PAR  3. The method of claim 2 wherein the glass additionally contains an
      alkaline earth oxide.
NUM  4.
PAR  4. A process of claim 2 wherein the phase-separable alkali metal
      borosilicate glass comprises less than about 20 percent by weight alkali
      metal oxide, about 10 percent to about 50 percent by weight boric acid and
      about 40 percent to about 85 percent by weight silica.
NUM  5.
PAR  5. The process of claim 4 wherein the alkali metal oxide is soda.
NUM  6.
PAR  6. The process of claim 4 wherein the alkali metal oxide is a mixture of
      alkali metal oxides.
NUM  7.
PAR  7. A method of claim 2 wherein the alkali metal borosilicate glass is a
      mixture of finely ground glass and a chemical foaming agent.
NUM  8.
PAR  8. The method of claim 2 wherein said chemical foaming agent is selected
      from the class consisting of calcium carbonate, strontium carbonate,
      barium carbonate, calcium sulfate, barium sulfate and strontium sulfate.
NUM  9.
PAR  9. The method of claim 2 wherein foaming of said glass occurs by heating of
      said glass to a temperature of about 650.degree.C to about 850.degree.C.
NUM  10.
PAR  10. The method of claim 2 wherein phase separating occurs by maintaining
      the temperature of said glass between about 450.degree.C and 755.degree.C
      for a period of about 1/2 to about 5 hours.
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ABST
PAL  In the production of reduced iron pellets from a material mainly comprising
      dust exhausted from metallurgical furnaces for iron and steel production,
      such as blast furnaces, converters, hearth furnaces and electric furnaces,
      and/or a mixture thereof, by means of a grate-kiln a furnace including a
      pretreatment furnace comprising, a drying zone, a preheating zone a
      hardening zone and travelling grate passing sequentially through said
      zones, and a rotary kiln receiving the output pellets from the hardening
      zone, hot exhaust gases from the rotary kiln are first passed through said
      hardening zone and then through said preheating zone to harden and preheat
      green pellets moving therein. Said exhaust gases are then introduced into
      a first dust collector, where dust of a high zinc content is almost
      completely collected from said exhaust gases. Said exhaust gases so
      purified are then passed through said drying zone to dry green pellets
      moving therein. Said exhaust gases are then introduced into a second dust
      collector, where dust is further collected from said exhaust gases before
      said exhaust gases are discharged out of a stack to open air. When the
      temperature of said exhaust gases which have passed said first dust
      collector is not high enough for a heat source for drying green pellets
      moving in said drying zone, the temperature of gases for drying is raised
      by blowing hot gases, which are separately produced by a fuel burner, into
      said drying zone. The dust of a high zinc content collected by said first
      dust collector is used as a material for zinc refining.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method for the collection of dust of a high
      zinc content available as a material for zinc refining in the production
      of reduced iron pellets by the grate-kiln system for firing.
PAC  BACKGROUND OF THE INVENTION
PAR  Since dust contained in exhaust gases from metallurgical furnaces for iron
      and steel production, such as blast furnaces, converters, hearth furances
      and electric furnaces, contains powdered iron oxide in large quantities,
      it is used as a burden material for blast furances, etc. However, such
      dust contains also zinc and/or zinc compounds in large quantities.
      Therefore, it is necessary to remove the zinc contained in said dust while
      reducing the iron oxide in said dust by firing said dust in the form of
      pellets in a reducing atmosphere, so that said dust may be used as a
      burden raw material for blast furnaces, etc.
PAR  As a process for satisfying this necessity, a method of producing reduced
      iron pellets is known which used what is called the grate-kiln system for
      firing. In this known method, green pellets produced from a material
      mainly comprising dust, such as blast furnace dust, converter dust, hearth
      furnace dust, electric furnace dust and/or a mixture thereof, are passed
      by means of a travelling grate 6' in the direction of arrows in FIG. 1
      through a pretreatment furnace 2' comprising a drying zone 5', a
      preheating zone 4' and a hardening zone 3', where said pellets are dried,
      preheated and hardened in order, after which said pellets are charged into
      a rotary kiln and are fired to produce reduced iron pellets. In this
      process, zinc and/or zinc compounds contained in pellets are removed from
      said pellets through the high temperature in the rotary kiln and are
      entrained by the dust in exhaust gases from the rotary kiln. Therefore,
      the exhaust gases from the rotary kiln contain zinc in large quantities.
      In the conventional grate-kiln method for firing, hot exhaust gases of a
      high zinc content from the rotary kiln are used as a heat source for
      drying, preheating and hardening green pellets to be fired by being
      introduced into said pretreatment furnace 2'. More specifically, all or
      part of said hot exhaust gases from the rotary kiln is introduced through
      the passages shown by dotted lines into the hardening zone 3' of said
      pretreatment furnace 2' to harden green pellets moving therein, is then
      introduced through a cyclone 7' into the preheating zone 4' to preheat
      green pellets moving therein, and after that, is introduced through a
      cyclone 8' into the drying zone 5' to dry green pellets moving therein,
      and is finally introduced into a dust collector, such as an electrostatic
      dust precipitator and a bag filter, where dust in said exhaust gases is
      collected before said exhaust gases are discharged through a blower 10'
      out of a stack 13' to open air.
PAR  In the conventional method, as mentioned above, hot exhaust gases from the
      rotary kiln pass through said pretreatment furnace 2' in the order of said
      hardening zone 3', said preheating zone 4' and then said drying zone 5'.
      Accordingly, since the temperature of said exhaust gases introduced into
      said hardening zone 3' and said preheating zone 4' and of green pellets
      moving in these zones is relatively high, the zinc in said exhaust gases
      still remains therein. However, the temperature of said exhaust gases
      introduced into said drying zone 5' has fallen, and the temperature of
      green pellets moving therein is also low and in a wet condition, whereby
      part of zinc contained in said exhaust gases deposits on the surface of
      green pellets therein, resulting in contaminating the pellets with zinc
      and in reducing the zinc content of said exhaust gases as well. Since
      pellets so contaminated with zinc must be charged into the rotary kiln,
      the dezincification rate of the rotary kiln is reduced. Moreover, the zinc
      content of said exhaust gases is further reduced since said exhaust gases
      come to contain large quantities of powdered iron oxide produced by
      bursting of green pellets moving in said drying zone 5' while passing
      therethrough. Therefore, the zinc content of dust collected by a dust
      collector 9' is low, thereby making it industrially and economically
      impossible to use said collected dust as a material for practical zinc
      refining.
PAR  In consideration of the foregoing, though a method is needed for the
      collection of dust of a high zinc content available as a material for zinc
      refining in the production of reduced iron pellets by means of the
      grate-kiln system for firing, such method has not so far been proposed.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, the object of this invention is to provide an improved method of
      using hot exhaust gases from a rotary kiln in the production of reduced
      iron pellets from a material mainly comprising dust exhausted from
      metallurgical furnaces for iron and steel production, such as blast
      furnaces, converters, hearth furnaces and electric furnaces, and/or a
      mixture thereof, by means of the grate-kiln system for firing.
PAR  The principal object of this invention is to provide a method for the
      collection of dust of a high zinc content available as a material for zinc
      refining in the production of reduced iron pellets from a material mainly
      comprising dust exhausted from metallurgical furnaces for iron and steel
      production, such as blast furnaces, converters, hearth furnaces and
      electric furnaces, and/or a mixture thereof, by the grate-kiln system for
      firing.
PAR  In accordance with the present invention, in the production of reduced iron
      pellets from a material mainly comprising dust exhausted from
      metallurgical furnaces for iron and steel production, such as blast
      furnaces, converters, hearth furnaces and electric furnaces, and/or a
      mixture thereof, by means of a grate-kiln type furnace, said grate-kiln
      type furnace including a pretreatment furnace comprising a drying zone, a
      preheating zone following the drying zone, a hardening zone following the
      preheating zone and a travelling grate passing sequentially through the
      zones to carry green pellets therethrough, and a rotary kiln receiving the
      output material from said hardening zone, hot exhaust gases from said
      rotary kiln being first passed through said hardening zone and then
      through said preheating zone to harden and preheat the green pellets
      moving therein on said travelling grate. The exhaust gases from the
      preheating zone is then introduced into a first dust collector, such as an
      electrostatic dust precipitator and a bag filter, to collect dust of a
      high zinc content from said exhaust gases almost completely. Then the
      exhaust gases so purified from the first dust collector are passed through
      said drying zone to dry green pellets moving therein on said travelling
      grate, and the the from exhaust gases from said drying zone are fed to a
      second dust collector, such as an electrostatic dust precipitator and a
      bag filter, to collect further dust from the exhaust gases. The exhaust
      gases are then discharged from said second dust collector.
DRWD
PAC  BRIEF DESCRIPTION
PAR  Of the drawings, FIG. 1 is a schematic drawing of the conventional method
      for the production of reduced iron pellets by the grate-kiln system for
      firing, and FIG. 2 is a schematic drawing of a method for the collection
      of dust of a high zinc content according to this invention in the
      production of reduced iron pellets by the grate-kiln system for firing.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 2, the present invention is described in detail. Green
      pellets produced by a granulator (not illustrated) from a material mainly
      comprising dust collected from exhaust gases from metallurgical furnaces
      for iron and steel production, such as blast furnaces, converters, hearth
      furnaces and electric furnaces, and/or a mixture thereof, are fed onto a
      travelling grate 6 from the right side thereof as viewed in FIG. 2, said
      grate 6 passing through a pretreatment furnace 2 comprising a drying zone
      5, a preheating zone 4 and a hardening zone 3. Said green pellets move
      successively by continuous movement of said grate 6 in the direction of
      the arrows through said drying zone 5, said preheating zone 4 and said
      hardening zone 3 of said pretreatment furnace 2, where said green pellets
      are dried, preheated and hardened in this order, and then, they are
      charged into a rotary kiln 1 arranged on the left of and close to said
      grate 6.
PAR  Hot exhaust gases produced in said rotary kiln 1 and used as a heat source
      for said pretreatment furnace 2 contain zinc in large quantities, as
      described above. Said hot exhaust gases are introduced from said rotary
      kiln 1 through passages A and B shown by dashed lines in FIG. 2 into said
      hardening zone 3 to harden green pellets moving therein and are introduced
      from the lower part of said zone 3 through a passage C into a cyclone 7,
      where part of the dust in said exhaust gases is collected. Said exhaust
      gases are then introduced through a passage D into said preheating zone 4
      to preheat green pellets moving therein and are introduced from the lower
      part thereof through a passage E into a further cyclone 8, where part of
      the dust in said exhaust gases is further collected.
PAR  In the conventional grate-kiln system for firing, as is shown in FIG. 1,
      said exhaust gases which have passed through said preheating zone 4' and
      said cyclone 8', are then introduced into said drying zone 5' to dry green
      pellets moving therein, and are removed of their dust by said dust
      collector 9'. However, the temperature of said exhaust gases introduced
      into said drying zone 5' falls therein to a considerable extent, resulting
      in the above-mentioned disadvantages associated with the conventional
      method in such points that green pellets moving in said drying zone 5' are
      contaminated with zinc contained in said exhaust gases, that the
      dezincification rate of said rotary kiln 1' is reduced, and further that
      the zinc content of dust collected by said dust collector 9' is reduced.
PAR  Therefore, according to this invention as shown in FIG. 2, said exhaust
      gases which have passed said preheating zone 4 and a cyclone 8 are, prior
      to being introduced into said drying zone 5, introduced through a passage
      F into a first dust collector 9, such as an electrostatic dust
      precipitator and a bag filter, to collect zinc-containing dust from said
      exhaust gases almost completely. Such dust with a high electric resistance
      as zinc can be almost completely collected through regulation of the
      temperature and humidity in the first dust collector 9. Since the zinc
      content of dust collected by said first dust collector 9 in accordance
      with this invention exceeds 50% by weight, it is quite possible to use the
      dust so collected as a material for zinc refining industrially and
      economically. Since the temperature of said exhaust gases passing said
      cyclone 7 and 8 is still high, the dust collected therein scarcely
      contains zinc, resulting in its reuse as a material for green pellets
      without additional treatment.
PAR  Said exhaust gases almost completely removed of their zinc content in the
      above-mentioned manner are then introduced through a passage G, a blower
      10 and a passage H into said drying zone 5 to dry green pellets moving
      therein. Since said exhaust gases passing through said drying zone 5,
      scarcely contain zinc, as mentioned above, green pellets moving therein
      will not be contaminated with zinc whereby the dezincification rate of
      said rotary kiln 1 will not be reduced.
PAR  Said exhaust gases which have passed through said drying zone 5 are
      introduced from the lower part thereof through a passage I into a second
      dust collector 11, such as an electrostatic dust precipitator and a bag
      filter, to collect dust further. Said exhaust gases are then discharged
      through a passage J, a blower 12 and a passage K out of a stack 13 to open
      air. Since the dust collected by said second dust collector 11 naturally
      contains zinc in the slightest quantity, it can be reused as a material
      for green pellets without additional treatment.
PAR  When the temperature of said exhaust gases which have passed through said
      first dust collector 9 is not sufficiently high to be a heat source for
      drying green pellets moving in said drying zone 5, part of said exhaust
      gases is discharged through said blower 10 out of said stack 13 to open
      air, and hot gases are separately produced by a fuel burner 14 and are
      blown into said drying zone 5 to raise the temperature of said gases for
      drying.
PAR  According to this invention as mentioned in detail above, in the production
      of reduced iron pellets from a material mainly comprising dust exhausted
      from metallurgical furnaces for iron and steel production, such as blast
      furnaces, converters, hearth furnaces and electric furnaces, and/or a
      mixture thereof, by the grate-kiln system for firing, hot exhaust gases of
      a high zinc content from said rotary kiln 1 are passed through said
      hardening zone 3 and said preheating zone 4 to harden and preheat green
      pellets moving therein, are then introduced into said first dust collector
      9 to collect zinc-containing dust almost completely, and said exhaust
      gases so purified are introduced into said drying zone 5 to dry green
      pellets moving therein. Accordingly, the zinc content of dust collected by
      said first dust collector 9 exceeds 50% by weight enabling it to be used
      as a material for zinc refining industrially and economically. Moreover,
      the method in accordance with this invention makes a great contribution to
      the industry by providing such advantages that green pellets will not be
      contaminated with zinc contained in said exhaust gases and that the
      dezincification rate of said rotary kiln 1 will not be reduced.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for collecting dust of a high zinc content in the production of
      reduced iron pellets in at least one grate-kiln type furnace, said at
      least one furnace including a pretreatment furnace comprising a drying
      zone, a preheating zone following said drying zone, a hardening zone
      following said preheating zone and a travelling grate passing sequentially
      through said zones, and a rotary kiln receiving the output material from
      said hardening zone,
PA1  the method comprising:
PA1  passing green pellets through said pretreatment furnace on said travelling
      grate and to said rotary kiln;
PA1  passing hot exhaust gases from said rotary kiln through said hardening zone
      and thereafter through said preheating zone to harden and preheat green
      pellets moving therein on said travelling grate;
PA1  then introducing the exhaust gases from said preheating zone into a first
      dust collector to collect dust of a high zinc content from the exhaust
      gases almost completely;
PA1  then passing the exhaust gases so purified from said first dust collector
      through said drying zone to dry green pellets moving therein on said
      travelling grate;
PA1  then introducing the exhaust gases from said drying zone into a second dust
      collector further dust from the exhaust gases; and
PA1  then discharging said exhaust gases from said second dust collector.
NUM  2.
PAR  2. A method according to claim 1, wherein said exhaust gases from said
      second dust collector are discharged to the atmosphere.
NUM  3.
PAR  3. A method according to claim 1, wherein said exhaust gases are introduced
      to the respective zones in said pretreatment furnace at the upper portion
      of the respective zones, and are discharged from said respective zones
      from the lower portions thereof.
NUM  4.
PAR  4. A method for collecting dust of a high zinc content in the production of
      reduced iron pellets in at least one grate-kiln type furnace, said at
      least one furnace including a pretreatment furnace comprising a drying
      zone, a preheating zone following said drying zone, a hardening zone
      following said preheating zone and a travelling grate passing sequentially
      through said zones, and a rotary kiln receiving the output material from
      said hardening zone,
PA1  the method comprising:
PA1  passing green pellets through said pretreatment furnace on said travelling
      grate and to said rotary kiln;
PA1  passing hot exhaust gases from said rotary kiln through said hardening zone
      and thereafter through said preheating zone to harden and preheat green
      pellets moving therein on said travelling grate;
PA1  then introducing the exhaust gases from said preheating zone into a first
      dust collector to collect dust of a high zinc content from the exhaust
      gases almost completely;
PA1  discharging part of said exhaust gases so purified from said first dust
      collector and passing the remainder thereof through said drying zone to
      dry green pellets moving therein on said travelling grate;
PA1  blowing externally produced hot gases into said drying zone to raise the
      temperature of said drying exhaust gases in said drying zone;
PA1  then introducing a gas mixture of the remainder of said exhaust gases and
      said hot gases from said drying zone into a second dust collector further
      dust from the exhaust gases; and
PA1  then discharging said gas mixture from said second dust collector.
NUM  5.
PAR  5. A method according to claim 4, wherein said exhaust gases from said
      second dust collector are discharged to the atmosphere.
NUM  6.
PAR  6. A method according to claim 4, wherein said exhaust gases are introduced
      to the respective zones in said pretreatment furnace at the upper portion
      of the respective zones, and are discharged from said respective zones
      from the lower portions thereof.
NUM  7.
PAR  7. A method according to claim 4, wherein said externally produced hot
      gases are produced by a fuel burner.
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ABST
PAL  Molten slag is introduced through the lower portion of a crucible device
      into the bottom of the remelting zone in an electroslag remelting process
      using single or plural consumable electrodes in an amount sufficient to
      achieve a predetermined depth in the remelting zone. The achievement of
      the predetermined depth is signalled when current flows as a result of the
      slag level contacting and closing a circuit through an energized electrode
      disposed in the remelting zone. The crucible has a bottom plate at its
      lower end, the bottom plate has a recess in its top side and a piece of
      metal is inserted in the recess to provide electrical contact between the
      piece of metal and the bottom plate the piece of metal in the recess in
      the bottom plate is connected by a center tap line to an electric current
      source which passes through the electrode(s), the slag and the piece of
      metal during initial remelting.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 186,765, filed Oct.
      5, 1971, which is a division of application Ser. No. 68,661, filed Sept.
      1, 1970, which is now U.S. Pat. No. 3,736,124, which is a
      continuation-in-part of abandoned application Ser. No. 592,054, entitled
      "A Method of Electroslag Remelting of Metal and Plant Effecting Same,"
      filed Nov. 4, 1966. Also, this application is a continuation-in-part of
      Ser. No. 10,419, entitled "Method and Apparatus for Electroslag Remelting
      of Metals", filed Feb. 11, 1970, now abandoned; and Ser. No. 10,485,
      entitled "Slag Introduction Method for Electroslag Remelting Process,"
      filed Feb. 11, 1970, also abandoned. These two abandoned applications in
      turn being continuations-in-part of Ser. No. 592,054.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method of electroslag remelting of metal
      from consumable electrode means, and particularly to electroslag remelting
      utilizing introduction of molten slag at the bottom of a crucible device.
PAR  In the electroslag remelting of metals, a bath of molten is obtained in a
      remelting zone, for example, a crucible or a mold (often referred to as a
      crystallizer). At least one consumable electrode is disposed to extend
      into that zone with its lowermost end immersed in said molten slag bath.
      Electric current is caused to flow from the electrode to and through the
      slag bath. The passage of the current through the slag bath produces heat
      which causes the electrode to melt. As the electrode melts, the remainder
      of the electrode is lowered into the slag bath so that all of the
      electrode is progressively melted. Because the metal in the electrode has
      a density greater than that of the slag bath, a molten pool of metal is
      formed below the slag bath. This molten pool of metal progressively
      solidifies into an ingot of refined metal.
PAR  Known in the prior art are methods of electroslag remelting of metal,
      obtained from consumable electrodes in a cooled crucible, disposed on a
      bottom plate; for carrying out the remelting process, a pool of molten
      slag is formed in said crucible.
PAR  The molten slag pool is obtained in the crucible in one case due to the
      melting of a solid flux or a mixture of its charge constituents during the
      remelting of a consumable electrode directly in the crucible. In another
      case, non-consumable electrodes, carbon or graphite, are employed for
      these purposes. This method is known as the "dry start" method.
PAR  There is also employed a flux premelted in a separate unit or a mixture of
      its charge constituents, followed by top pouring the molten slag thus
      obtained into the crucible. This method is referred to herein as "top
      pouring."
PAR  In the first two cases of preparing the molten slag pool, the time as
      required for obtaining an ingot is increased by as much as 10 to 20
      percent, since the melting of slag is carried out directly in the
      crucible, which is likely to decrease the production rate of the plant by
      as much as 10 to 20  percent.
PAR  Besides, when preparing the molten slag pool with the use of consumable
      electrodes, there occurs an incomplete melting of the flux in the
      peripheral zone of the crucible which is likely to drastically impair the
      surface of the ingot being melted and to increase the bottom discard to be
      cropped during the subsequent processing of the ingot up to 10 percent.
PAR  Through the preparation of the molten slag pool in the crucible by top
      pouring therein the molten slag is a progressive method, which allows
      increasing the production rate of the plant and ensuring a high quality of
      the bottom part of the ingot, this method possesses its disadvantages,
      too.
PAR  When placing the consumable electrode in the crucible, the gap therebetween
      is small, and the pouring of the molten slag therein presents
      difficulties. The molten slag gets on the crucible walls and consumable
      electrode, and is likely to produce slag sows or lumps thereon. The
      falling off of the slag sows into the slag pool during the melting process
      may result in marked variations of electrical conditions of the melting
      process.
PAR  To eliminate said disadvantages requires that during the pouring of the
      molten slag the consumable electrode should be outside the crucible, for
      which reason the design of the plant must provide for lifting the
      electrode clamped in the electrode holder over the crucible so that the
      latter could be displaced from under the electrode for pouring the slag
      therein.
PAR  The short electric circuit is elongated thereby, and consequently, the
      losses of active energy increase therein, too, which results in a
      reduction of the power factor of the plant (cosl). After top pouring the
      molten slag into the crucible, a voltage is applied to the installation,
      and the consumable electrode is lowered at a maximum speed into the
      crucible until it is brought into contact with the slag. During this time,
      a crust or lining of the solid slag may form on the crucible walls and on
      the cooled bottom plate or a dummy bar, if it is to be placed on the
      bottom plate, which crust is likely to insulate the molten slag pool from
      the bottom plate and crucible, which results in a breaking occurring in
      the current circuit, and the melting process may not start.
PAR  Disadvantages of the existing plants employed for effecting the electroslag
      remelting of metal according to said method, consist in their excessive
      height, which is connected with a necessity of pouring the molten slag
      with the consumable electrode being raised, and with considerable losses
      of time as required for effecting auxiliary operations. Besides, there are
      required dummy bars or sacrificial plates for protecting the bottom plate
      against the burning through.
PAC  SUMMARY OF THE INVENTION
PAR  In conformity with the present invention, the molten slag pool is produced
      in the crucible by pouring the molten slag into its bottom part, in other
      words, its lower portion. The consumable electrode (or electrodes) is
      inserted into the crucible until its lower end is at a predetermined
      distance from the bottom plate, and a voltage is applied to the plant
      simultaneously with the pouring of slag into the bottom portion of the
      crucible. When the level of slag in the crucible reaches the electrode,
      there occurs the completion (closing) of the electric circuit of the
      plant, and the process of remelting the consumable electrode begins.
PAR  Because of a rapid rising of the slag level in the crucible, there is
      insufficient time for a crust or lining of solidified slag to form on the
      bottom plate (or dummy bar) and on the crucible walls, and current begins
      to flow in the electric circuit of the plant, while the pouring of the
      molten slag continues to be carried out while current flows, the pouring
      of slag being discontinued only after the formation of the molten slag
      pool of a specified depth.
PAR  According to the present invention, in the plant for carrying out the
      method, said plant being provided with an electrode holder complete with
      consumable electrodes that are disposed in a crucible placed on a bottom
      plate, in the lower part or portion of said plant there is disposed a
      pouring device for supplying the molten slag into the crucible through a
      channel (access port). The access port or channel for introduction of the
      slag can be constructed in many ways such as a bore or aperture adjacent
      the lower portion of the crucible through the crucible wall or through the
      crucible bottom plate. For convenience in cleaning out solidified slag in
      the channel such channel can be made separable, e.g., it can be formed by
      the linking of the bottom plate with the crucible.
PAR  In one embodiment of the realization of the present invention, the channel,
      through which the pouring device communicates with the crucible, is formed
      by an external boring (elongated recess) in the bottom plate, covered from
      above by the end surfaces of the crucible wall and syphon pouring device.
PAR  In another embodiment of the invention, the channel or passage for
      supplying the molten slag is formed in the lower end portion of the
      crucible wall by a radial boring or groove, covered from below by the
      bottom plate of the crucible.
PAR  The channel or passage for supplying the molten slag may be also formed by
      two borings or grooves facing each other, said borings or grooves being
      located in the lower end portion of the crucible wall and in and to the
      outside of the bottom plate of the crucible, respectively.
PAR  It is expedient to design the pouring device detachable along the
      longitudinal plane of its channel.
PAR  The engineering solutions set forth herein allow manufacturing a plant for
      electroslag remelting of metal, said plant being simple in operation and
      design.
PAR  In the startup of electroslag remelting furnaces, it is commonplace to use
      a high conductivity starter plate such as a copper plate on the crucible
      base plate for the purpose of obtaining an adequate electrical connection.
      However, considerable difficulty has been experienced with such plates
      primarily due to uneven or unequal electrical contact between the overall
      area of the plate and the crucible base plate. According to a feature of
      this invention, it is possible to dispose with such a starter plate if the
      base plate is provided with a recess in which a piece of metal of the same
      composition as the ingot is fitted. This piece of metal is referred to as
      a weld lug. The weld lug extends up above the top surface of the base
      plate and sideways pressure is exerted against the bottom of the lug in
      the recess to press it firmly against the bottom plate. When remelting
      begins in the molten slag bath, the top of the weld lug extending into the
      bottom of the mold will melt and weld to the ingot. Thus, excellent
      electrical contact will be obtained between the base plate and the ingot.
PAR  In accordance with another embodiment of the present invention, molten slag
      is poured into the mold through the bottom thereof as described above.
      However, instead of applying power between the electrode and the bottom of
      the mold, power is applied between at least two electrodes which are fed
      simultaneously as a unit into the mold as the electrodes melt. The power
      applied between the electrodes causes current to flow between the
      elecrodes through the molten slag thus heating the slag and melting the
      electrodes. This technique of energizing the electrodes and supplying heat
      to the molten slag greatly reduces the inductance of the system because
      the leads supplying power to the system can be and are maintained close
      together. As a result, the power factor of the system is made considerably
      higher. Because the power factor is higher, much less power is required to
      produce a given size ingot and a much lower capacity transformer may be
      used to produce a given size ingot. When a single electrode is used, the
      application of electrical power between the electrode and bottom plate
      during pouring results in the liquid slag being electrically connected
      directly to one side of the power source. In the system of the present
      invention wherein the power is applied between two electrodes, this hazard
      is eliminated.
PAR  In conjunction with the foregoing discussion, an object of the present
      invention is to provide unique methods of electroslag remelting which
      eliminate disadvantages of previously known methods and plants for
      carrying into effect same. This object is achieved by providing a novel
      method of supplying molten slag to a remelting zone whereby the above
      described disadvantages are overcome or minimized.
PAR  It is a further object of the present invention to provide a novel method
      of slag pouring which gives significantly improved results.
PAR  These objects are realized by the application of a method of electroslag
      remelting of metal as discussed in the foregoing Summary, where pouring of
      molten slag into the crucible is effected in such a manner as to eliminate
      the possibility of the breaking of the current circuit of an electroslag
      remelting plant or apparatus, which would be adapted for carrying into
      effect the pouring of the molten slag in such a manner.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The nature of the present invention will further become more fully apparent
      from a consideration of the following description of an exemplary
      embodiment thereof, taken in conjunction with the acompanying drawings, in
      which:
PAR  FIG. 1 is a general side elevation view of a plant for electroslag
      remelting of metal according to the present invention;
PAR  FIG. 2 is a front view of the plant shown in FIG. 1;
PAR  FIG. 3 is a vertical section detail view of the plant taken along the line
      A--A of FIG. 2 showing structural details of one embodiment of the bottom
      pouring device;
PAR  FIG. 4 is a cross-section view, taken along line B--B of FIG. 1;
PAR  FIG. 5 is a vertical section view of a second embodiment of a bottom
      pouring device according to the present invention;
PAR  FIG. 6 is a cross-section view showing the bottom of a furnace similar to
      that illustrated in FIG. 4 and shows the use of a weld lug;
PAR  FIG. 7 is a vertical section taken along line C--C of FIG. 6 showing
      details of the device for clamping the welding lug;
PAR  FIG. 8 is an elevation view partially in section schematically illustrating
      the system of the present invention as applied to a bifilar furnace; and
PAR  FIG. 9 is a sectional view taken horizontally through the mold shown in
      FIG. 8, illustrating the spaced apart arrangement of the electrodes in the
      mold.
DETD
PAR  The proposed plant for electroslag remelting of metal has a supporting
      column 1 (FIGS. 1 and 2) complete with carriages 2 and 3 disposed thereon,
      said carriages being displaced progressively relative to columns 1 along
      guides 4 by the aid of drives 5 and 6.
PAR  Attached to the carriage 2 is an electrode holder 7 of the clamp type
      complete with a drive 8, designed to secure a consumable electrode 9
      moving relative to a crucible 10 during the progressive motion of the
      carriage 2.
PAR  The crucible part 10, to be placed on its bottom plate 11, is connected by
      a bracket 12 to the carriage 3 and during the displacement thereof it can
      rise relative to the bottom plate 11, placed, in its turn, on a carriage
      13.
PAR  In the lower part of the plant, there is provided a pouring device 14,
      communicating with the crucible 10 and intended for supplying therein the
      molten slag which is premelted in a separate unit, for example, in an arc
      furnace.
PAR  The pouring device 14 communicates with the crucible 10 through a channel
      or passage 15 (FIGS. 3 and 4) which terminates in an access port, as
      formed by the linking of the bottom plate 11 with the crucible 10. Thus,
      in the FIG. 3 embodiment the channel 15 has boundaries determined by the
      top surface of bottom plate 11 and the end surface of the sidewalls of
      crucible 10.
PAR  In the exemplary, preferred embodiment of the present invention,
      represented in FIGS. 3 and 4, the access port in channel 15 is formed by
      an external boring or aperture provided in the bottom plate 11, and is
      covered from above by the lower end surfaces of the crucible 10 and
      pouring device 14. This channel 15 has its upper surface determined by the
      lower end surfaces of crucible 10 and pouring device 14 and its lower
      surface determined by an extension of bottom plate 11.
PAR  To facilitate the removal of slag after the completion of melting, it is
      desirable that the boring provided in the bottom plate 11 should have in
      its cross section a trapezoidal or segment-shaped form. That is, for ease
      of removal of the slag from channel 15 after completion of remelting, it
      is desirable that the longitudinal and transverse cross section of the
      channel should be trapezoidal or segment shaped, as is apparent in FIGS. 3
      and 4.
PAR  The channel or passage 15 into the lower portion of the crucible may be
      formed by a radial boring or aperture (which is not shown in the drawing)
      provided on the lower end of the crucible 10 and covered from below by the
      bottom plate 11 or by borings or grooves (not shown in the drawing)
      provided on the lower end of the crucible 10 and the bottom plate 11
      facing each other. The access into the crucible can also be formed by
      spaced apart apertures (not shown in the drawing), in one or the other or
      both of the bottom plate 11 and the sidewall of crucible 10. All these
      embodiments of the channel provide for a rapid access thereto for cleaning
      it from the slag after the completion of the melting process.
PAR  The pouring device 14 is provided in its upper part with a receiving funnel
      16, which may be made as a single piece integral with it or detachable
      therefrom. It is expedient to make the pouring device 14 detachable along
      the plane of its channel 17, if the cleaning operation is to be effected
      immediately after the pouring of the molten slag into the crucible 10. The
      pouring device 14 may be made non-detachable, if the cleaning of the
      channel 17 from the slag is effected after the completion of the melting
      process; in this case, however, the channel 17 should have a slight taper,
      as seen in FIG. 5, for instance, from 1 to 3  percent, with the big end
      down.
PAR  The top end of receiving funnel 16 ordinarily is at a distance above bottom
      plate 11 sufficient to insure an adequate head of slag in funnel 16 so
      that the slag reaches its predetermined depth inside crucible 10 and
      contacts the lowermost end of electrode 9. It is desirable that the
      lateral end of the pouring device 14 should repeat the shape of the
      lateral surface of the lower flange 18 of the crucible 10. The pouring
      device 14 may be fastened to the lower part of the crucible 10 or to the
      bottom plate 11, and may be made of metal or with a lining of the internal
      channel 17 and receiving funnel 16. Thus, when pouring device 14 has the
      same shape as flange 18 of the crucible 10, the pouring device 14 can be
      fastened to the flange 18 of crucible 10 or to bottom plate 11 or to both
      flange 18 and plate 11.
PAR  Since the pouring device 14 can be made of metal, part or all of the inside
      of channel 17, receiving funnel 16 and channel 15 can be lined as at 20 in
      FIG. 5, to resist heat.
PAR  If desired, heating elements (not shown) can be placed on the receiving
      funnel 16 and/or channel 17 in order to maintain or to increase the
      temperature of the molten slag as it flows therethrough.
PAR  Apart from the described component members, the plant or apparatus is also
      provided with a system for supplying a cooling liquid to the crucible 10
      and bottom plate 11; a system for electric supply (a transformer, bus
      bars, and flexible cables); a system for exhausting gases evolving from
      the crucible during the melting process; apparatus for controlling and
      adjusting the melting operation, that are not described here in detail as
      being not relevant to the essence of the present invention.
PAR  The proposed installation operates as follows.
PAR  The consumble electrode 9 (or electrodes) is introduced into the electrode
      holder 7 and is clamped there by the aid of drive 8. Then, due to a
      displacement of the carriage 2, the electrode 7 is adjusted down into the
      crucible so that its lower end is disposed at a distance from the bottom
      plate 11 somewhat smaller than the thickness of layer of the molten slag
      to be poured into the crucible 10. Hence, when the layer of slag in the
      crucible is equal to, for example, 200 mm, the lower end of the electrode
      9 should be spaced from the bottom plate 11 at a distance of 190 mm.
PAR  The voltage is applied to the crucible by switching in the transformer.
PAR  The molten slag is poured from a ladle into the receiving funnel 16 of the
      pouring device 14, and is supplied into the crucible 10 through channels
      17 and 15. The pouring of the slag is discontinued at the moment the level
      of the molten slag in the crucible reaches the lower end of the electrode
      9, which is evidenced by the current flowing through the plant circuit.
PAR  Thereupon, desirable electrical conditions of the melting process are
      preset by the aid of an appropriate apparatus, said electrical conditions
      being maintained constant throughout the melting process involving the
      building up of the ingot, or may vary according to the present program,
      which is effected due to a variation in the speed of feeding the electrode
      9 by adjusting the rotational speed of the drive 5, and to a variation of
      the voltage of the secondary winding of the transformer intended to supply
      the plant. Thus, as pointed out above, the electrode is lowered to a depth
      of immersion to obtain the desired current flow to maintain the desired
      slag temperature. As the electrode melts, it is fed into the mold to
      maintain the end of the electrode immersed in the molten slag.
PAR  The ingot of a required height having been built up in the crucible 10, the
      melting process is discontinued, for which purpose feeding of the
      electrode is stopped, the transformer switched off, and the carriage 2
      then raised into its upper position. The remaining stub of the electrode 9
      is thereafter removed form the electrode holder 7. Thereupon, the crucible
      part 10 is raised by the aid of the carriage 3 until the built-up ingot is
      made to leave it completely, whereupon the carriage 13 complete with the
      bottom plate 11 and ingot are rolled out aside from the crucible part 10.
      The ingot is then removed and the channels 15 and 17 are cleaned from the
      solidified slag. Sometimes, with a view of saving time, the pouring device
      14 is to be cleaned from the slag in the course of the melting process.
PAR  Subsequently, carriage 13 together with the bottom plate 11 is again placed
      under the crucible part 10, which is lowered onto the bottom plate. The
      pouring device 14 is connected thereto, and the working procedure as
      described above is repeated.
PAR  The proposed plant may be made use of to manufacture ingots of a round,
      oval, square, rectangular or any other cross secton depending upon the
      crucible shape.
PAR  The method and plant, realized according to the present invention, provide
      for a maximum possible coefficient of utilization of the working time;
      allow obtaining ingots with the bottom portion thereof of a high quality,
      which permits practically to avoid cropping the bottom discard; facilitate
      the rapid performance of the operation of pouring the molten slag into the
      crucible and the preparation of the plant before starting the subsequent
      melting process. The greater the weight of the ingot being formed, the
      greater is the efficiency of the instant apparatus.
PAR  The proposed plant is of a comparatively small height.
PAR  Aside from the above-mentioned advantages, the proposed plant provides for
      carrying out the process of electroslag remelting without the use of
      metallic dummy bars that are to be placed in the existing units on the
      bottom plate with a view of preventing its damage during the beginning of
      the melting process.
PAR  The utilization of the proposed plant proves to be more efficient the
      greater the weight of ingots that are to be made therein. It is also
      possible to employ one or a plurality of the consumable electrodes for
      obtaining an ingot. Thus, one or a plurality of the consumable electrodes
      clamped together without insulation between and with power applied between
      electrodes and the bottom plate can be employed to obtain an ingot. Other
      electrical arrangements can be used when a plurality of electrodes are
      employed such as designing the circuitry so that the applied electric
      current flows between the ends of the electrodes when they are in contact
      with the molten slag rather than from the electrodes to the bottom plate.
      In such an arrangement the current can be caused to flow between two or
      four electrodes as shown in FIGS. 5 and 6 of Belgian Pat. No. 670,299 or
      between three electrodes as shown in FIG. 4 of British Pat. No. 979,583
      wherein a three phase transformer is used for the electrical supply.
PAR  Referring to the access port of channel 15 as above described, this access
      port and the radial cross section of channel 15 ordinarily have the same
      area. These areas ordinarily range from 6 to 120 sq. cm. for circular
      ingots of 65-1500 mm diameter (or equivalent non-round cross sections).
      The use of these cross sections assures that the back pressure in channel
      15 will not be excessive and that slag will solidify in channel 15
      blocking backflow through the access port from the crucible and the
      remelting proceeds.
PAR  The above-described lining of the internal channel 17 and receiving funnel
      16, if desired, can be extended into channel 15, using shields 20 of
      refractory material such as graphite as shown in FIG. 5, to prevent the
      molten flux from burning through the funnel wall. The graphite shields may
      be 8-10 mm in thickness in a typical installation.
PAR  When electrode 9, (see FIG. 1), is clamped in electrode holder 7, it is
      adjustably lowered by means of carriage 2 so that its lower portion moves
      into the crucible 10 until its lowermost end is spaced above the bottom
      plate 11 a distance from 4% to 20% less than the thickness (that is, the
      depth) of the layer of the molten slag to be poured into crucible 10.
PAR  Illustrated in FIGS. 6 and 7, there is an exemplary use of a weld lug. To
      provide a perfect electrical connection between the ingot being formed in
      the mold and the bottom plate 21, a circular recess 22 is provided
      extending down into the bottom plate 21 from its top surface which forms
      the bottom of the mold. A circular piece of metal 23 of the same
      composition as the ingot which is to be formed in the mold by the
      electroslag remelting process is fitted in recess 22. FIG. 6 shows a
      pouring device 14 with a receiving funnel 16 and a connecting channel 17
      attached to the mold 10 in a manner similar to that hereinbefore described
      for FIG. 4.
PAR  A cylindrical passage or bore 24 is defined in the bottom plate 21
      extending horizontally from recess 22 to the outer side of the wall of
      bottom plate 21. Cylindrical passage 24 slidably mounts a spring biased
      clamp pin 25, the inner end of which engages the weld lug 23. The outer
      end of pin 25 is slidably guided through a U-shaped bracket 26 mounted on
      the sidewall of bottom plate 21. Pin 25 is provided with an abutment
      collar 27 on the portion disposed between bracket 26 and the bottom plate
      sidewall. A coil compression spring 28 surrounds the pin 25 between the
      collar 27 and the U-shaped bracket 26 and applies a force against the
      collar 27 which urges the pin 25 against the weld lug 23 which presses the
      weld lug 23 against the side of the recess 22. In this manner an excellent
      electrical contact is obtained between the weld lug 23 and the bottom
      plate 21. When the molten slag bath is first introduced into the mold, the
      heat of the molten slag will cause the top of the weld lug 23 extending up
      into the mold to melt and the molten pool, which is initially formed in
      the bottom of the mold, will come in contact with the melted upper portion
      of the weld lug. As a result, when the ingot starts to solidify, weld lug
      23 will be welded to the bottom solidified portion of the ingot being
      formed and an excellent electrical contact will be obtained between the
      weld lug and the ingot and thus between the ingot and the bottom plate 21.
PAR  In an embodiment illustrated in FIGS. 8 and 9, a system in accord with the
      present invention may comprise a mold 30 including a bottom plate 32 and
      sidewalls 34. Although not shown in FIGS. 8 and 9, mold 30 is water cooled
      by conventional techniques, such as has been hereinbefore described. A
      pair of electrodes 36 are positioned over the mold 30 extending down into
      the open top of the mold. The electrodes are supported by an electrode
      holder 38 mounted on a carriage 40. Carriage 40 can be moved up and down a
      supporting tower 42 to feed the electrodes 36 together as a unit into the
      mold 30 as the electrodes melt. The sidewalls 34 of the mold are mounted
      on a second carriage 44 which also is movable up and down the tower 42.
      Drive motors, similar to drives 5 and 6 in FIG. 1 can provide the motive
      force for the carriage 40 and 44.
PAR  As can be seen in FIG. 9, a channel 46 is defined by a groove in the top
      surface of the bottom plate 32 extending from inside of the mold sidewalls
      to outside thereof and extending into a tongue 48 formed on the bottom
      plate. The channel 46 is preferably positioned as shown in FIG. 9 at a
      point half way between the two electrodes. A funnel 50 provided with a
      base plate 52 reset on the tongue 48 of the bottom plate and closes the
      top of the portion of the channel 46 which extends out into the tongue 48.
      The sidewalls are formed with a flange 54 which abuts against the plate 52
      so that the portion of the channel 46 extending outside of the sidewalls
      34 is completely covered. The passage of funnel 50 connects with the
      channel 46. As a result, a closed channel is provided between the bottom
      of the interior of the mold and the mouth of the funnel 50.
PAR  Each of the two electrodes 36 is connected to an opposite side of the
      secondary winding 56 of the transformer 58. The seconding winding has a
      center tap to which the mold bottom plate 32 is connected, preferably by
      means of a weld lug as hereinbefore described, but not shown in this
      embodiment. In operation, the assembly of electrodes 36 is first lowered
      into the mold 30 to a position determined by the desired depth of the bath
      of molten slag to be formed in the mold. AC power is applied between the
      electrodes from the transformer 58. Then superheated molten slag is poured
      into the bottom of the mold 30 through the funnel 50 and the channel 46.
      When the molten slag in the mold 30 reaches a depth sufficient to contact
      the two electrodes 36, current will begin to flow between the electrodes
      through the molten slag thus heating the molten slag and beginning to melt
      the electrodes 36. This flow of current will be indicated by an indicator
      60, which for example may be an ammeter connected in the conductor between
      one of the electrodes and the transformer 58. When the technician who is
      controlling the pouring of the molten slag into the mold observes that
      current begins to flow through the electrodes 36 as indicated by the
      indicator 60, he immediately stops pouring the molten slag. In this
      manner, by initially positioning the electrode at the proper depth in the
      mold, the desired amount of molten slag in the mold is readily obtained
      with precision. Because there will be some reaction time between the
      indication provided by indicator 60 and time pouring of slag actually
      stops, the slag will be poured to a depth a little above the ends of the
      electrodes in the mold. The desired amount of slag is nevertheless
      precisely obtained by initially positioning the bottom ends of the
      electrodes just below the desired level of slag in the mold.
PAR  As the electrodes 36 are melted, they are fed into the molten slag by the
      carriage 40 moving on the tower 42 to maintain the electrodes immersed at
      the desired depth in the molten slag. As the electrodes melt, they will
      form a molten pool beneath the bath of molten slag which will solidify
      into an ingot starting from the bottom of the mold with a pool of molten
      metal being maintained between the bath of molten slag and the solidified
      ingot. In FIG. 8, the solidified ingot in the mold is designated by the
      reference number 62, the bath of molten slag is designated by the
      reference number 64, and the pool of molten metal is designated by the
      reference number 66. The connection between the bottom plate 32 and the
      center tap of the secondary winding 56 serves to maintain the melting
      rates of the two electrodes equal. Should one of the electrodes melt
      slower than the other it will become more deeply immersed in the molten
      slag. The resistance between this electrode and the bottom plate 32 will
      be reduced relative to that between the other electrode and the bottom
      plate. As a result, some current will flow between the center tap and the
      more deeply immersed electrode, thus increasing the current flow through
      the more deeply immersed electrode relative to the other electrode. This
      action results in the more deeply immersed electrode melting at a greater
      rate until its immersion becomes less, the current decreases and melting
      rate decreases. In this manner, the melting rates of the electrodes tend
      to equalize. As the ingot is formed, the bath of molten slag will rise in
      the mold 30. When the bath nears the top of the mold, the melting of the
      electrodes is ended and the molten pool of metal at the top of the ingot
      and the bath of molten slag is allowed to solidify. After the
      solidification has taken place, the sidewalls 34 are stripped from the
      ingot by moving the carriage 44 up on the tower 42. The sidewalls 34 are
      conical shaped with the large end down as shown in FIG. 8 to facilitate
      stripping.
PAR  In this manner, a high quality ingot is produced by an electroslag
      remelting system with a relatively high power factor. The ingot can be
      produced by remelting of ferrous or nonferrous metals from the consumable
      electrodes.
PAR  The "dry start" method of obtaining a molten slag bath, mentioned above as
      prior art, is time consuming and increases the time for producing finished
      product ingots by as much as 20% compared to the time required when the
      slag is melted outside of the remelting zone. In addition, the dry start
      method has the disadvantage that the afore-mentioned arcing leads to
      oxygen release from the slag whereby the first portion of the metal melted
      from an electrode is out of specification. Furthermore, such arcing
      ordinarily does not melt the slag at the periphery of the remelting zone
      and as a result the heat produced by the current passing through the slag
      at the beginning of the remelting process is not sufficient to adequately
      refine the metal being produced. As a result of the oxygen contamination
      and as a result of the initial incomplete slag melting, the bottom portion
      of the formed ingot is of inferior quality and is ordinarily trimmed or
      cropped from the rest of the ingot and reprocessed or discarded. This
      bottom portion can amount to up to 10% of the entire ingot.
PAR  The prior art "top pouring" method overcomes the aforementioned
      disadvantages of the "dry start" method but has disadvantages of its own
      as follows.
PAR  If top pouring is carried out with the electrode removed from the remelting
      zone, a crust of molten slag is often formed at the bottom of the
      remelting zone during the time the electrode is being lowered into the
      zone after pouring has been completed. This crust insulates the bottom of
      the remelting zone so as to block current flow whereby the electroslag
      remelting process is prevented from starting. When this occurs, the
      crust-containing slag must be removed from the remelting zone and a new
      batch of slag poured. This phenomenon is referred to as a false start.
PAR  Moreover, if the apparatus is designed so that the electrode can be
      positioned above the remelting zone, the apparatus is required to be of
      greater height than otherwise, requiring more factory space, and the lead
      attached to the electrode is required to be longer whereby inductance is
      increased so that the power factor is lowered requiring more power per
      pound of metal produced.
PAR  If top pouring is carried out with the electrode in place in the remelting
      zone, then a long electrode of small cross-section must be used in order
      to provide a sufficient gap between the electrode and the sidewalls of the
      remelting zone so that the slag stream does not contact and coat either
      the electrode or the walls with a scale of solid slag. Moreover, such
      scale falls in solid form into the molten slag during the remelting
      process and either can cause marked variation in the current applied
      during remelting thereby causing non-uniform results or else can be
      trapped within the metal melted from the electrode so as to form
      undesirable inclusions in the formed ingot.
PAR  The length of the electrode utilized in this method results in high
      inductance and a lower power factor thereby raising production costs. In
      addition, a tall tower must be provided for supporting and feeding the
      electrode. Such a tower adds significantly to the cost of the
      installation.
PAR  In order to ensure that the slag being top poured does not contact either
      the electrode or the remelting zone walls, the pouring stream must be of
      relatively small cross-section. As a result, pouring of the slag to a
      required depth in the remelting zone takes a significant amount of time so
      that often a crust of solidified slag forms at the bottom of the remelting
      zone whereby a false start occurs.
PAR  Both of the aforementioned techniques of top pouring have the disadvantage
      that the slag during pouring reacts with nitrogen in the air to form
      nitrides which dissolve in the metal being produced lowering the quality
      of the finished product ingot. In addition, moisture in the air dissolves
      in the slag during pouring and disassociates into hydrogen and oxygen
      which dissolve in the metal being produced; the hydrogen causes cracking
      to occur in the finished product ingot. These chemical reactions are
      encouraged due to the long period of time during which top pouring is
      carried out and by the large surface area of slag presented during
      pouring.
PAR  Both of the aforementioned techniques of top pouring are dangerous. The
      fact that the ladle from which the molten slag is poured during top
      pouring is in an elevated position presents considerable danger to
      personnel in case of accidental spilling. Moreover, energizing of the
      electrode can result in a small explosion due to short circuiting causing
      excess heating of the slag which explosion can upset the ladle if it is
      still in position over the remelting zone.
PAR  Furthermore, top pouring techniques have the very important disadvantage
      that the electrode cannot be energized previous to the completion of
      pouring. In top pouring with the electrode outside the remelting zone, the
      electrode cannot be energized previous to its insertion into the remelting
      zone for reasons of safety. In top pouring with the electrode in place,
      depending into the mold, the electrode or electrodes cannot be energized
      because slag splashing against them during pouring causes short circuiting
      resulting in explosion. Energizing of the electrode current circuit
      previous to the completion of pouring would result in a significant time
      savings so that the apparatus can be used more efficiently.
PAR  In addition to the foregoing, top pouring techniques have the disadvantage
      of requiring special measuring equipment to determine the slag level in
      the remelting zone at any particular time during top pouring.
PAR  As stated hereinbefore under the "Summary of the Invention," the slag pool
      is produced by pouring the molten slag into the bottom part of the
      crucible 10. This bottom part of the crucible, as defined by the crucible
      sidewalls and its separate bottom plate 11, forms a remelting zone in
      which the electrode or electrodes, such as shown in the embodiment of FIG.
      8, are melted by the electrical current as soon as the slag reaches its
      predetermined depth by rising to contact the electrode (2). The pouring is
      sufficiently fast and current flow begins sufficiently quickly after the
      pouring is started that the formation of a slag crust on the bottom of the
      remelting zone is prevented and thus false starts are eliminated. In fact,
      the time required for obtaining molten slag in the remelting zone with an
      energized electrode in place is minimized to a matter of a few minutes or
      less.
PAR  Because the electrode is already in place and because bottom pouring avoids
      pouring slag past the electrode, the gap between the electrode and the
      remelting zone walls, i.e., the sidewalls of the crucible, can be made
      very small thus permitting a large diameter electrode to be used. As a
      result, a significantly shorter electrode can be used and the height of
      the tower required is accordingly reduced. With shorter electrodes, the
      inductance of the circuit is reduced and the power factor of the system is
      accordingly increased. Since the slag is poured into the bottom of the
      remelting zone, the possibility of formation of slag scale on the
      remelting zone walls is entirely eliminated.
PAR  With this technique of pouring the molten slag into the bottom of the
      remelting zone, the operator controlling the pouring can determine very
      precisely when to stop pouring the molten slag. When the molten slag
      reaches the electrode, current begins to flow in the electrode and that
      current flow provides a condition indicating to the operator that the slag
      bath has reached the predetermined depth. Accordingly, pouring of the slag
      is discontinued when current starts to flow through the electrode. Because
      the slag can be poured quickly through a closed channel into the bottom of
      the remelting zone, there is little opportunity for the slag to react with
      nitrogen in the air or to dissolve moisture from the air. Furthermore,
      because slag is poured into the bottom of the remelting zone, the ladle is
      positioned near the base of the furnace thus greatly reducing the danger
      to personnel.
PAC  DETAILED OPERATING PARAMETERS
PAR  The initial predetermined distance between the consumable electrode and the
      bottom plate is essentially the same as the predetermined initial depth
      which the slag achieves in the remelting zone. These are not exactly the
      same because slight additional molten slag will enter the remelting zone
      between the time when the circuit completion is signalled and the time
      when the discontinuance of the slag pouring is actually implemented.
      Accordingly, the bottom of the electrode is positioned just below the
      desired slag level as the molten slag is poured.
PAR  The predetermined initial depth of slag in the remelting zone preferably
      ranges from one-fourth the transverse sectional dimension of the ingot to
      be formed to twice the transverse sectional dimension of the ingot to be
      formed. The transverse sectional dimension is: the diameter, if the ingot
      cross-section is circular; the length of a side, if the ingot
      cross-section is square; the length of the shortest side, if the ingot
      cross-section is rectangular; or the length of the shortest dimension
      across the center of the ingot, if the ingot is any other shape.
PAR  If the initial slag depth is less than one-fourth the transverse sectional
      dimension of the ingot to be formed, arcing can occur whereby electroslag
      remelting no longer takes place. If the initial slag depth is more than
      twice the transverse sectional dimension of the ingot to be formed, a
      crust of solid slag can form interfering with the current flow. As an
      illustrative example, for a rectangular slab ingot of 9-15 tons whose
      smallest cross-sectional dimension is 630 mm., the initial slag depth may
      advantageously be 250 .+-. 15 mm.
PAR  It is desirable that the molten slag be introduced (that is, poured) into
      the remelting zone at a rate sufficiently fast and under such conditions
      that no crust of solid slag is formed on the bottom plate in the remelting
      zone. The rate of slag introduction so that such a crust will not form is
      dependent upon the amount of slag being utilized which in turn is
      dependent upon the size of the ingot to be formed. In general, for ingots
      of circular cross-sections of 65-1500 mm diameter (or rectangular or
      square ingots of equivalent cross sectional area), slag pouring rates
      ranging from 5 to 1500 Kg/minute are usually utilized. As an exemplary
      situation, for 9-15 ton slab ingots having cross sections of
      693,000-900,900 square mm, a pour rate of 750 Kg/minute may be
      advantageously used.
PAR  It is desirable that the rate of slag introduction should be sufficient so
      that the mass of molten slag in the remelting zone at any time has
      sufficient superheat to remelt any of the previously added slag that has
      solidified or to prevent any slag from solidifying that has lost its
      superheat.
PAR  It is also desirable in order to prevent crust formation that the slag be
      introduced under turbulent flow. For the same ingots of 65-1500 mm
      diameter ingots (or equivalent rectangular or square ingots), such flow
      should be from 1 to 20 Kg/sq.cm./min.
PAR  The achievement of the aforementioned flow rates is aided by the
      utilization of molten slag superheated to possess a viscosity of no
      greater than the viscosity of water at the standard reference temperature
      of 68.degree. F and preferably much less than this viscosity. It is
      essentially preferred that the slag be superheated to possess a viscosity
      ranging from 0.1 to 0.5 centipoises. In order to achieve such a viscosity,
      the slag for the bottom pour is at a temperature at least 100.degree. C
      higher than its melting point but no higher than 100.degree. C below the
      boiling point of the slag. For the slags normally used for electroslag
      remelting such as ANF-6 the acceptable temperature range is approximately
      1440.degree. C to 2100.degree. C.
PAR  The molten slag is advantageously introduced into the bottom of the
      remelting zone utilizing a reservoir which interconnects via a closed
      channel or conduit with the bottom of said remelting zone. The head of
      slag in the reservoir is utilized to obtain the desired depth of slag in
      the remelting zone. Thus, the electrode is initially positioned in the
      remelting zone with its lowermost portion below the top of the reservoir
      so that the slag can be poured to a level to contact the electrode.
      Preferably the reservoir extends above the level ultimately desired for
      the slag so that there will be no overflow of slag from the reservoir. The
      slag is conveniently introduced into the reservoir utilizing a ladle.
PAR  The cross-sectional area of the stream of slag entering the remelting zone,
      that is the cross-sectional diameter of the conduit interconnecting the
      reservoir with the bottom of the remelting zone, ranges from 6 to 120 sq.
      cm. for circular ingots of 65-1500 mm diameter (or the equivalent
      rectangular or square ingots). With inadequate conduit cross section, the
      back pressure on the stream being introduced can be so great that
      introduction rate will ordinarily be too slow and a false start may occur.
      With excessively large conduit cross sections, slag will not solidify
      completely in the conduit just previous to the access port where the
      conduit opens into the remelting zone, in which case metal will enter the
      conduit producing an ingot with a "side tongue." The channel through which
      the slag flows in the bottom pour should extend into the crucible or mold
      a distance equal to 1 to 2 times the channel depth.
PAR  Owing to a rapid rising of the slag level in the remelting zone and its
      superheated condition, a crust is not formed on the bottom plate. This is
      extremely important with a monophase start in which the circuit path is
      through the bottom plate.
PAR  Once slag pouring is discontinued and remelting has begun, the depth of the
      immersion of the electrode is increased so as to cover the conical point
      which is formed on the electrode during remelting and to increase the
      current flow so as to maintain the desired slag temperature so that proper
      remelting occurs.
PAR  All slag compositions used for electroslag remelting or refining processes
      can be poured into the crucible according to the present invention.
      Representative slag compositions are set out in B. I. Medover et al.
      Electroslag Remelting,  N64-11419 U.S. Department of Commerce, Office of
      Technical Services, Joint Publications Research Service on Table 10, page
      53.
PAC  EXAMPLE
PAR  The remelting of an electrode to produce a 4 ton ingot was carried out by
      lowering an electrode into a mold or crucible of 4 ton capacity of the
      type as shown in FIG. 1. Next, 300 kg. of ANF-6 flux from the
      above-referred to Table 10 is placed into a heated, carbon-lined crucible
      ladle and heated by means of nonconsumable carbon electrodes to a
      temperature of not less than about 1750.degree. C. For this production
      cycle the diameter of the crucible cavity was about 500 mm and the depth
      was 800 mm.
PAR  Simultaneously with the heating of the slag, cooling water is circulated
      through the crucible sidewalls and the base plate. The power transformer
      is then turned on to energize the electrode and the base plate with a
      voltage of 70 to 90 v. The pouring lip of the crucible ladle is then
      aligned with the receiving funnel 16 and the ladle tilted to pour the
      molten slag into the remelting crucible in approximately 0.5 to 1.0
      minute. The pouring is terminated immediately upon the appearance of a
      current, 1 kiloamp, in the transformer electrode line. At such time the
      level of the molten slag is 5-10 mm above the end of the electrode. The
      electric current then maintains the temperature of the molten slag and the
      consumable electrode commences remelting.
PAR  The start-up of this remelting process resulted in the absence of arcing of
      the electric current and the production of an ingot with a fully
      utilizable bottom portion. There were no start-up or operational
      disturbances experienced due to slag solidifying onto the electrodes or
      mold sidewalls as has been the case when the slag is top poured into the
      mold.
PAR  In the preferred embodiment of the present invention, the access port,
      through which the pouring device communicates with the crucible or mold is
      formed by an aperture in the bottom plate. The channel communicating with
      the access port has its top surface defined by a flange extending from the
      crucible sidewall and an end surface of the pouring device and its bottom
      surface defined by an extension of said bottom plate.
PAR  As stated above, the access port for supplying molten slag is formed by a
      radial aperture in the crucible sidewall just above the bottom plate. The
      access port for supplying the molten slag can also be formed by two
      apertures adjoining each other, one of these apertures being located in
      the bottom plate and one in the crucible sidewall.
PAR  It is expedient to utilize an electrode of sufficient size so that the
      minimum gap between the electrode and the crucible sidewall is greater
      than 5 mm and less than 100 mm; this embodiment has the advantage of
      providing very little air space, thereby minimizing reactions which
      degrade the ultimate ingot. This embodiment is made feasible by the
      pouring method and apparatus of the present invention.
PAR  The invention may be embodied in other specific form without departing from
      the scope, spirit or essential characteristics thereof. The present
      embodiments are therefore to be considered in all respects as illustrative
      and not restrictive, the scope and spirit of the invention being indicated
      by the appended claims rather than by the foregoing description, and all
      changes which come within the meaning and range of equivalency of the
      claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. A method for starting up and supplying electric current to an ESR
      furnace comprised of a consumable electrode means, a mold, a bottom plate
      having a recess therein and an electric current source comprising the
      steps of placing a piece of metal in the recess in the bottom plate,
      controllably connecting at least the piece of metal and the electrode
      means to the electric current source, cooling the mold and bottom plate,
      establishing a molten slag pool in the lower end of the mold, bringing the
      consumable electrode means and the molten slag pool into contact,
      supplying electric current from the current source to the furnace for a
      period of time sufficient to allow the consumable electrode means to be
      remelted in the slag pool and to progressively resolidify the metal to
      form an ingot under the slag pool, integrating the piece of metal in the
      bottom plate recess with the ingot being formed during the initial
      remelting, and continuing the remelting to form a complete ingot.
NUM  2.
PAR  2. A method as defined in claim 1, wherein the electrode means comprises a
      group of at least two electrodes connected to the electric current source,
      and the piece of metal in the recess in the bottom plate is connected by a
      center tap line to the current source.
NUM  3.
PAR  3. A method as defined in claim 1, wherein the molten slag pool is
      established by bottom pouring the molten slag into the mold through an
      aperture in the bottom portion of the furnace.
NUM  4.
PAR  4. A. method as defined in claim 3, wherein the consumable electrode means
      and the mold are held fixed with respect to one another when the slag and
      the electrode means are brought into contact with one another.
NUM  5.
PAR  5. A method as defined in claim 4, wherein the molten slag pool is
      established by pre-melted molten slag added to the mold through an
      aperture in the bottom portion of the furnace.
NUM  6.
PAR  6. A method as defined in claim 3, wherein the piece of metal is in
      electrical contact with the bottom plate.
NUM  7.
PAR  7. In a method of electroslag remelting of metal from a consumable
      electrode means in which at least one consumable metal electrode is
      disposed with its lowermost end arranged to be in contact with molten slag
      in a crucible and progressively melted in said slag through the
      application of electric current, said crucible having a bottom plate at
      the lower end thereof and the bottom plate having a recess in the top side
      thereof, and improvement comprising pressing a piece of metal (weld lug)
      against the side wall of the recess to provide electrical contact between
      the weld lug and the bottom plate, introducing slag in a molten state into
      the crucible through at least one passage formed through the crucible
      adjacent the lower portion thereof, and bringing the consumable electrode
      means and the molten slag pool into contact to commence the remelting.
NUM  8.
PAR  8. The method improvement as defined in claim 7, wherein the electrode
      means comprises a group of at lesat two electrodes connected to the
      current supply source, and wherein the piece of metal in the recess in the
      bottom plate is connected by a center tap line to the current source.
NUM  9.
PAR  9. The method improvement as defined in claim 7, wherein the consumable
      electrode means and the mold are held fixed with respect to one another
      when the slag and the electrode means are brought into contact with one
      another.
NUM  10.
PAR  10. The method improvement as defined in claim 9, wherein the molten slag
      pool is established by adding to the mold through an aperture in the
      bottom portion of the furnace.
NUM  11.
PAR  11. The method improvement as defined in claim 7, wherein the piece of
      metal is in electrical contact with the bottom plate.
NUM  12.
PAR  12. In a method of electroslag remelting of metal from consumable
      electrodes in which at least one consumable metal electrode with upper and
      lower ends is disposed with its lowermost end arranged to be immersed in
      molten slag in crucible means having fluid cooled wall means and
      progressively melted in said slag through the application of electric
      current, said crucible means having a fluid cooled bottom plate at the
      lower end thereof, the bottom plate having a recess therein, the
      improvement comprising, in the beginning of the remelting process, placing
      a piece of metal in the recess in the bottom plate, introducing slag in
      the molten state into the fluid cooled crucible means through at least one
      port formed through the crucible means adjacent the lower portion thereof,
      causing the molten slag and the lower end of the consumable electrode to
      come into contact, and with the electrode in contact with the molten slag,
      passing electric current through a circuit including the electrode, the
      molten slag and the piece of metal and integrating the piece of metal with
      the ingot being formed during initial remelting.
NUM  13.
PAR  13. The method improvement as defined in claim 12, wherein the electrode
      means comprises a group of at least two electrodes connected to the
      current supply source, and wherein the piece of metal in the recess in the
      bottom plate is connected by a center tap line to the current source.
NUM  14.
PAR  14. The method improvement as defined in claim 12, wherein the consumable
      electrode means and the mold are held fixed with respect to one another
      when the slag and the electrode means are brought into contact with one
      another.
NUM  15.
PAR  15. The method improvement as defined in claim 12, wherein the piece of
      metal is in electrical contact with the bottom plate.
NUM  16.
PAR  16. The method improvement as defined in claim 12 wherein the piece of
      metal is pressed against a side wall of the recess to provide electrical
      contact between the piece of metal and the bottom plate.
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ABST
PAL  A composition of matter comprising a mass of ferrous scrap pieces
      compressed together in random orientation forming a network of
      interlocking pieces has been prepared. The ferrous metal network has a
      density of 1.2 to 6.3 g/cc, a porosity of 20 to 85%, and a short
      transverse tensile strength (S.T.T.S.) of at least 2.0 psi, preferably at
      least 2.5 psi.
PAL  This ferrous metal network may be impregnated with magnesium in amount from
      5 to 55% by weight of the impregnated body. The magnesium impregnated body
      is useful for treating high melting metals, such as ferrous metal to
      reduce the sulphur content and to produce nodular iron.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 454,951, now U.S. Pat. No. 3,902,892 filed Mar. 26, 1974, which
      in turn is a continuation-in-part of our parent application Ser. No.
      385,584, filed Aug. 3, 1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the iron and steel industry, it is necessary to treat the ferrous base
      metals while in the molten state with a desulfurizing agent to reduce the
      sulphur content of the metal product. Magnesium metal is a powerful
      deoxidizer and desulfurizer. However, magnesium metal boils at a low
      temperature and therefore, the sudden increase in volume which is produced
      when metallic magnesium is added to the molten iron, may result in violent
      reactions as the magnesium metal is vaporized.
PAR  Various methods have been used to reduce this violent activity by slowly
      introducing the magnesium metal into molten ferrous metal under rigidly
      controlled systems. One of these methods for reducing the violence is to
      impregnate porous bodies with magnesium metal and to introduce these
      magnesium impregnated porous bodies into the molten ferrous metal. Under
      these conditions, the impregnated magnesium metal is released at a slow
      enough rate that the violence is held to minimum.
PAR  Among the known porous bodies which have been used with limited success for
      this purpose are: porous coke, carbon, graphite and ceramic bodies such as
      quicklime, lump limestone or dolomite and the like.
PAR  In addition, magnesium has been infiltrated into porous iron bodies. Among
      these prior art iron bodies is sponge iron in which the iron particles are
      very small and are sintered together to form a porous structure. Sponge
      iron itself is expensive to produce and to use. The cost of forming large
      porous structures from sponge iron is also an expensive procedure.
PAR  Since the pores of the sponge iron are excessively small, they tend to
      release the magnesium too slowly when immersed into the molten iron, and
      the release may be too quiescent for optimum operation. Sponge iron also
      may contain oxides which may form a violent reaction with the magnesium
      which may also impair the efficiency.
PAR  Another method used by the prior art to produce iron briquettes containing
      magnesium is to dry-press together iron particiles and magnesium
      particles, both of which preferably are from 4-60 mesh.
PAR  When these compressed iron and magnesium particles are used to desulfurize
      molten iron, the remaining iron structure becomes decidedly weak as the
      magnesium melts and, therefore, the magnesium may be released too quickly
      and therefore may cause a violent reaction.
PAR  In contrast to these prior art products, the instant invention prepares a
      network of ferrous metal pieces, particularly steel turnings, compressed
      together which forms a body having a low density, high porosity, and high
      strength which may be infiltrated with large quantities of magnesium
      metal.
PAR  The voids in the metal network are sufficiently large to release the
      magnesium at a desirable rate, i.e., fast enough to provide rapid
      treatment, but not too fast so that the treatment is unduly violent.
PAR  It has been found that the porous ferrous metal netowrk of the instant
      invention possesses advantages which are not present in the prior art
      porous bodies.
PAC  SUMMARY OF THE INVENTION
PAR  A new composition of matter has been prepared comprising a mass of scrap
      ferrous metal pieces compressed together in random orientation, forming a
      network of interlocking pieces, said mass having a density of 1.2 to 6.3
      g/cc, a porosity of 20 to 85%, and a short transverse tensile strength of
      at least 2.0 psi, preferably at least 2.5 psi.
PAR  Within these broad limits, it has been found that these limits may be
      divided into two types of products, each product is useful for its own
      particular purpose. It has been discovered that the compressed scrap metal
      bodies impregnated with magnesium metal are particularly useful for
      desulfurizing molten iron metal when the scrap bodies contain the
      following properties:
PA1  network of ferrous metal scrap pieces compressed to form the metal network
      having a density of 1.2 to 4.0 g/cc;
PA1  porosity of 50 to 85%;
PA1  short transverse tensile strength of at least 2 psi;
PA1  impregnated with from 18 to 55% magnesium metal.
PAL  This metal scrap network impregnated with 18 to 55% magnesium metal and the
      process for preparing this product is claimed in copending application
      Ser. No. 454,951, and parent application Ser. No. 385,584.
PAR  Compressed scrap metal bodies impregnated with magnesium metal which fall
      within these limitations when used to desulfurize molten iron releases the
      magnesium metal at a rapid rate without producing a violent reaction.
      Although this product may also be used sucessfully to produce nodular
      iron, it has been found that the magnesium infiltrated metal network
      containing less magnesium metal is generally more efficient and causes
      less fuming. This product possesses the following properties:
PA1  the network of iron pieces compressed to form the body has a density of 6.5
      down to 4.0 g/cc, a porosity of 20 up to 50%, a short transverse tensile
      strength of at least 2.0 psi and is impregnated with from 5% up to, but
      not including 18% magnesium metal
PAR  When this product is used to produce nodular iron, the reaction of the
      magnesium is slower and, therefore the utilization efficiency of the
      magnesium values is high, since a very small amount of the magnesium is
      lost by volatilization.
PAR  These masses of porous ferrous metal networks contains a labyrinth of
      interstices in the voids between the compressed interlocking metal pieces.
      These interstices may be filled with magnesium metal by immersing the
      ferrous metal network in molten magnesium metal, and solidifying the
      molten metal impregnated throughout the interstices of the porous metal
      network. The amount of magnesium which may be impregnated into the ferrous
      metal mass may be from 5 to 55% by weight of the impregnated body. This
      product is useful for treating ferrous melts, for example, for
      desulfurizing the melts and also for producing nodular iron. Normally
      about 3/4 to 11/2 pounds of magnesium metal are used to desulfurize 1 ton
      of molten iron. About 2 to 4 more pounds of magnesium are used to form one
      ton of nodular iron, which therefore requires a total of from 23/4 to 51/2
      pounds of magnesium for each ton of nodular iron.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This composition of matter is produced by selecting scrap metal pieces,
      particularly steel turnings which fall within the following size ranges:
TBL  length            1/8 to 9 inches                                         
     width             1/64 to 1 inch                                          
     thickness         1 to 100 mils                                           
PAR  Scrap metal pieces within this size range usually have a bulk density of
      from 0.1 to 1.0 g/cc.
PAR  In the instant application these metal pieces are then compressed to form a
      ferrous metal network having a density of from 6.3 down to 4.0 g/cc. As
      stated previously, the porosity of the network is 20 to 50% and it has a
      short transverse tensile strength of at least 2.0 psi.
PAR  This ferrous metal network is then immersed into molten magnesium metal and
      held in the molten metal for a few minutes to impregnate the interstices
      of the metal network. The impregnated body is removed from the molten
      magnesium and it is cooled to solidify the molten magnesium.
PAR  The impregnated metal is cooled, preferably in the absence of an oxidizing
      atmosphere. One preferred method of cooling the impregnated compressed
      metal body is to immerse the impregnated body into an oil bath.
PAR  The final product comprises a porous composition of matter comprising a
      compacted metal network impregnated with magnesium metal. The composition
      contains from 5% up to but not including 18% magnesium metal by weight of
      the total impregnated metal body.
PAR  The porous ferrous metal network composition of the instant invention when
      impregnated with magnesium is superior to the porous bodies of the prior
      art. The instant porous body, not only may take up and retain magnesium in
      the desired amounts, but in addition, when used to desulfurize iron or to
      form nodular iron, the porous body releases the magnesium metal over a
      short period of time without creating a violent reaction. It also has a
      structural strength which is retained as the magnesium is being released.
      This is advantageous, since the maintenance of the structural strength is
      necessary to prevent a violent reaction from taking place, for the
      magnesium is released in a controlled manner. In addition it is also
      advantageous to employ this particular type of magnesium infiltrated
      porous body over other types of magnesium impregnated bodies, since the
      residual ferrous metal in the porous body may be dissolved in the molten
      metal without having to remove the residual carrier. It has also been
      found that this particular type of ferrous metal body possesses sufficient
      strength to withstand handling prior to infiltration, while at the same
      time possesses a porosity which will hold the desired amount of magnesium
      metal.
PAR  In addition to producing a product which has all of these advantages, the
      porous body of the instant material may be made with raw materials, which
      are readily available.
PAR  The density of the compacted ferrous metal network before impregnation in
      the instant application is from 6.3 down to 4.0 g/cc, while the density of
      the scrap metal pieces before compaction was 0.1 to 1.0 g/cc. Metal porous
      bodies containing amounts of magnesium metal from 5% up to, but not
      including 18% may be produced by this process. Reproducible products are
      also readily obtained.
PAR  If the density of the compressed ferrous metal body is above 6.3 g/cc, the
      amount of magnesium which will infiltrate the compressed body will be
      below 5% by weight. When the magnesium content is below 5%, a large amount
      of scrap metal is added with the magnesium to the molten iron, and the
      molten metal may be cooled substantially. This cooling effect may be
      undesirable. As previously stated, the amount of magnesium infiltrated in
      the scrap iron body, preferably, should be less than 18% when used to
      produce nodular iron. Above this amount the reaction is very rapid, yet
      not violent. Within this range the reaction is still rapid, but slow
      enough to prevent the magnesium values from volatilizing excessively.
PAR  The scrap metal pieces useful in the instant invention include ductile iron
      and the like, but more preferably steel. The scrap metal pieces, as
      previously stated, must fall within the size ranges specified above. If
      the scrap pieces used in this invention lie outside the specified size
      range, difficulties may be encounterd in infiltrating the metal network
      and/or the rate of release of the magnesium may not be desirable.
PAR  The most desirable type of scrap metal are those which are irregular in
      shape and have a variety of sizes which fall within the sizes specified.
      Fine metal turnings, short shovelings and the like are the most desirable.
PAR  The compacted metal porous bodies prepared in the instant invention also
      may be impregnated with alloys. Alloys particularly desirable to use are
      magnesium alloys containing alkaline earth metals, aluminum, silicon, and
      rare earth metals such as cerium, lanthanum, or rare earth alloys, such as
      "Misch Metal" and mixtures of these metals. The term "magnesium"
      hereinafter referred to is meant to include magnesium metal and alloys of
      magnesium metal. The alloy must occupy the same volume as the 5% up to but
      not including 18% by weight.
PAR  The magnesium infiltrated compacted porous steel network structure produced
      in the instant invention possesses the following combined advantages over
      the prior art:
PA1  1. have a range of porosities and therefore are capable of retaining the
      desired quantities of magnesium metal;
PA1  2. the impregnated bodies produced are structurally strong and capable of
      withstanding high temperatures until the magnesium has been released
      during subsequent treatment of molten iron.
PA1  3. the impregnated bodies which contain from 5% up to, but not including
      18% magnesium, when used to form nodular iron, produces reaction which is
      still rapid, but slow enough to prevent excessive volatilization of the
      magnesium values. Reaction times to release the magnesium metal from the
      impregnated bodies may range from 1/2 to 10 minutes.
PA1  4. the magnesium infiltrated bodies made by the instant invention are
      uniform in composition, and when they are used to treat molten iron,
      reproducible results are obtained.
PA1  5. the addition of the particular type of magnesium impregnated body
      employs iron or steel as the carriers to the molten iron which
      subsequently do not have to be removed from the molten iron.
PA1  6. the scrap metal may melt after the magnesium has been released, thus
      contributing iron to the melt and eliminating the necessity of removing
      the carrier after the treatment.
PAR  Scrap metal generally contains a coating of oil. This coating may be
      removed before infiltration, if desired. One method of degreasing is by
      heating the scrap to burn-off the oil. This heating may be done before or
      after compressing. It is economically advantageous, however, to compress
      the scrap metal, then heat the compressed metal to remove the oil, and to
      preheat the metal at the same time before it is introduced into the molten
      magnesium for infiltration.
PAR  If the compressed metal is preheated before introduction into molten
      magnesium, care should be taken to prevent the scrap metal from oxidizing
      excessively. The oxide present can react with magnesium metal, and may
      contribute to the violence during the subsequent treatment of the ferrous
      melts and may consume a significant amount of magnesium, thus lowering the
      efficiency.
PAR  It has been found that the weight gain of the scrap metal compressed
      network due to oxidation should not exceed about 3% and, preferably, not
      exceed about 1% during the preheating step.
PAR  The amount of oxidation may be held within the limits specified, if the
      preheating temperature in air is held between about 500.degree. and
      1000.degree. F. Temperatures up to about 1200.degree. F. may also be
      employed, if the time of preheating is held to no more than about 1 hour.
PAR  Obviously, the preheating temperature upper limits are not critical, if the
      preheating is carried out in a non-oxidizing atmosphere.
PAR  Care should also be taken in the storage of the magnesium infiltrated
      bodies to avoid reaction of the magnesium with moisture. This may be
      readily accomplished by sealing the infiltrated bodies in a suitable
      container or placing the infiltrated bodies with a drying agent in a metal
      can having a tight fitting lid.
DETD
PAR  In order to describe the instant invention more fully, the following
      examples are presented:
PAC  EXAMPLE 1
PAR  In this example a scrap steel briquette was prepared using a roll
      briquetting machine. The machine specifications were as follows:
PA1  Roll Diameter -- 12 inches
PA1  Number of Briquettes -- 32
PA1  Roll Motor -- 20 Horsepower
PA1  Feeder Motor -- 5 Horsepower
PAL  The roll separation was adjusted to give a density in the briquettes of 6.2
      g/cc.
PAR  The steel turnings used in this example were 5 to 10 mils thick, 1/8 to
      7/16 inches in width, and 3/8 to 2 inches in length.
PAR  The steel turnings were fed into the worm gear type feeder and the roll
      motor speed was adjusted to 6 RPM. The finished briquettes were 13/4 inch
      length by 3/4 inches wide by 1/2 inch deep. Each briquette weighed
      approximately 46 g. An accurate measurement of the volume was made by the
      mercury displacement method. The volume was 7.4 cc. After burning off the
      oil in an oven at 900.degree. F, the briquettes were immerged in molten
      magnesium. The average weight gain due to the infiltration of magnesium
      metal was found to be 6%.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 5, the roll separation was
      increased with shimstock to yield a lower density of 5.1 g/cc of the
      briquettes. The briquettes weighed 38 g. and the volume was determined to
      be 7.5 cc. The finished briquettes were again immerged in molten magnesium
      and the average weight gain was found to be 12%.
PAC  EXAMPLE 3
PAR  The 6% magnesium containing products as prepared in Example 1 were used to
      prepare ductile iron. The amount of iron treated was 2400 lbs. at
      2650.degree. F. The amount of product added was 54 lbs. This amounted to
      an addition of magnesium of 2.7 lbs. per ton of metal treated. The initial
      sulphur in the iron was 0.035%. The release time of magnesium was
      determined to be approximately 50 seconds. The final sulphur in the iron
      was determined to be 0.007%. The iron produced was ductile. The residual
      magnesium was measured at various times after treatment as follows:
TBL  TIME             RESIDUAL MAGNESIUM                                       
     ______________________________________                                    
     0                    0.035%                                               
     1 min.   30 sec.     0.034%                                               
     3 min.               0.033%                                               
     4 min.   30 sec.     0.033%                                               
     6 min.               0.033%                                               
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  The 12% magnesium product as prepared in Example 2 was used to prepare
      ductile iron. The amount of metal treated was 2400 lbs. at 2680.degree. F.
      Thirty lbs. of the product were added. This is equivalent to the magnesium
      addition of 3 lbs. per ton of metal treated. The initial sulphur in the
      iron was 0.037%. Time of reaction was approximately 1 min. The final
      sulphur in the iron was determined to be 0.010%. The iron produced was
      ductile. Residual magnesium as a function of time is tabulated below:
TBL  TIME             RESIDUAL MAGNESIUM                                       
     ______________________________________                                    
     0                    0.035%                                               
     1 min.   30 sec.     0.035%                                               
     3 min.               0.033%                                               
     4 min.   30 sec.     0.033%                                               
     6 min.               0.034%                                               
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  In this example steel turnings of the same size as those described in
      Example 1 were used.
PAR  78.5 Grams of the above turnings were inserted in a compaction chamber
      (13/4 inch dia. .times. 3 inch high). The turnings were compacted at 24
      tons/in..sup.2 to produce a briquette 1.858 inch dia. .times. 0.315 inch
      high. The density of the briquette was 5.61 g/cc.
PAR  The compacted briquette was preheated at 960.degree. F for 10 min. which
      allowed all oil on the turnings to burn off. The briquette was reweighed
      and found to weigh 77.5 g. The oil removed was 1.3% by weight.
PAR  The briquette was then immersed in molten Mg at 1400.degree. F for 10 min.
      After the infiltration the briquette was removed from the molten Mg and
      cooled, the briquette was reweighed. It was found to weigh 88.0 g and
      contained 11.9% Mg metal by weight.
PAC  EXAMPLE 6
PAR  In this example 167 grams of the same steel turnings were compacted in a
      compaction chamber which was 13/4 inch dia. and 6 inches high at 50 tons
      per sq. in. The briquette was 1.8 inch dia. and 0.653 inch high. The
      density of this briquette was 6.13 g/cc.
PAR  The compacted briquette was preheated at 960.degree. F for 10 min. which
      allowed all oil on the turnings to burn off. The briquette was reweighed
      and found to weigh 153.0 g. The oil removed was 8.4% by weight.
PAR  The briquette was then immersed in molten Mg at 1400.degree. F for 10 min.
      After the infiltration the briquette was removed from the molten Mg. and
      cooled, the briquette was reweighed. It was found to weigh 171.0 g. and
      contained 10.5% Mg. metal by weight.
PAR  When the briquettes prepared in Example 5 and 6 were used to treat molten
      iron, it was found that the release of the magnesium metal was rapid but
      excessive loss of magnesium did not occur.
PAR  In the following examples, alloys of magnesium were used to infiltrate the
      scrap metal network instead of using magnesium metal alone.
PAC  EXAMPLES 7-8
PAR  In these runs, the steel turnings described in Example 1 were inserted into
      a compaction chamber (13/4 inch diameter .times. 3 inches high) at a
      compaction pressure of 11.0 tons per sq. in. The briquettes produced
      measured 1.86 inches diameter .times. 0.36 inch high. The density of the
      briquettes were 4.6 g/cm.sup.3.
PAR  The compacted briquettes in Example 7 were then preheated to 800.degree.F
      for 30 minutes which allowed the oil on the turnings to burn off. After
      preheating, the compacted briquettes in Example 7 were immersed in a melt
      of an alloy of magnesium metal containing 50% "Misch Metal" for 10 minutes
      and the briquettes contained 17.7% magnesium -- Misch Metal by weight.
PAR  In Example 8 briquettes having a density of 4.96 g/cm.sup.3 were employed.
      The preheated briquettes were immersed in a melt of magnesium metal
      containing 16% by weight calcium metal for 10 minutes and the infiltrated
      briquette contained 15.0% magnesium-calcium metal by weight.
PAR  These briquettes prepared in Examples 7-8 which contained "Misch Metal" and
      calcium in addition to the magnesium metal may be used in the same manner
      as the briquettes prepared in the previous examples for treating molten
      iron metal.
PAR  From the above description and by the examples presented, a superior type
      of product has been produced which comprises a ferrous metal network
      having high strength which may be infiltrated with the desired percentages
      of magnesium metal.
PAR  Such a product is superior to prior art products when used to produce
      nodular iron.
PAR  While this invention has been described and illustrated by the examples
      shown, it is not intended to be strictly limited thereto, and other
      variations and modifications may be employed within the scope of the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition of matter comprising a mass of ferrous metal pieces and
      magnesium, useful for treating molten iron to produce nodular iron, said
      scrap pieces being of random sizes compressed together in a haphazard
      order forming a metal network of interlocking pieces, said pieces having
      individual sizes in which the length of the pieces is from 1/8 to 9
      inches, the width is from 1/64 to 1 inch, and the thickness is from 1 to
      100 mils, and voids between said pieces forming a labyrinth of interstices
      throughout said network, said metal network having a density of from 6.3
      down to 4.0 g/cc, the interstices in said network forming a porosity of
      from 20 to 50%, said metal network having a short transverse tensile
      strength of at least 2 psi, said magnesium filling said interstices, the
      amount of magnesium in said interstices being from 5% up to, but not
      including 18% by weight of the total weight of said metal network
      containing the magnesium.
NUM  2.
PAR  2. Composition according to claim 1 in which said metal network is
      impregnated with magnesium metal.
NUM  3.
PAR  3. Composition according to claim 1 in which said metal network is
      impregnated with a magnesium alloy.
NUM  4.
PAR  4. Composition according to claim 2 in which the scrap pieces employed are
      scrap steel turnings.
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ABST
PAL  Immersion lances for refining metal melts in hearth type vessels including
      open hearth and electric furnaces. The lances are movable into and out of
      the metal melt and comprise an oxygen pipe, a cooling medium pipe
      surrounding the oxygen pipe and a refractory casing which is wear
      resistant, temperature resistant and chemically resistant to the operating
      surroundings. The process of refining using such lances is also described.
BSUM
PAR  The invention relates to a process and to immersion lances for refining
      metal melts by means of oxygen, preferably in hearth type vessels. The
      oxygen, which is surrounded by a protective medium, preferably gaseous
      and/or liquid hydrocarbons, in this process, is supplied to the metal melt
      by means of movable immersion lances sleeved in refractory material. The
      immersion lances dip through the bath surface and penetrate appreciably
      below it.
PAR  Oxygen has been used for many years for refining metal melts. Today the
      largest part of world steel production is by means of an oxygen top
      blowing process in which the oxygen is blown onto the metal bath in a
      refining converter by means of water cooled lances. Oxygen has also been
      used for about three decades in hearth processes such as the
      Siemens-Martin open hearth and in the electric furnaces for the purposes
      of increasing melt outputs. When oxygen is used in hearth type vessels,
      lances have been used, which consist essentially of a steel pipe provided
      with a thin ceramic layer in order to diminish scaling of the lance pipes.
      The wall thickness of such ceramic coatings usually does not exceed about
      1 mm. When these lances are used to supply oxygen to Siemens-Martin or
      electrical furnaces, the pipes actually burn back very quickly the moment
      they are dipped into the metal bath. Therefore, the oxygen will be
      supplied essentially (only) to the slag or to the phase boundary between
      slag and metal. As is the case with oxygen top blowing, introducing the
      oxygen at the phase boundary results in appreciable oxidation of the slag.
      Hence, at least to a considerable extent, the oxygen is supplied to the
      metal melt via the slag. The high iron oxide content of the slag and
      failure to reach an equilibrium concentration between melt and slag, are
      drawbacks to this process.
PAR  Besides such relatively simple steel-pipe lances, expensive lance designs
      provided with cooling have been used for supplying oxygen to
      Siemens-Martin furnaces. Thus, a process is described in U.S. Pat. No.
      3,115,405, wherein oxygen is introduced by means of a cooled lance. The
      patent further proposes using natural gas for cooling, recommending a
      volume ratio of oxygen to natural gas from 3/1 to 8/1. Again, the oxygen
      in this process is introduced essentially at the phase boundary of slag
      and metal. This results from the slight depth of immersion of the lance.
PAR  Besides these lance-processes in which oxygen is supplied preferably at the
      phase boundary of slag and metal, a process has recently become known,
      wherein oxygen is introduced through tuyeres mounted underneath the bath
      surface in the refractory lining of a refining vessel. The tuyeres consist
      of two concentric pipes, oxygen being supplied through the inner one and
      hydrocarbons through the annular gap between the pipes. The proportion of
      hydrocarbons with respect to oxygen ranges from 1 to 5% by weight. This
      process offers the advantage with respect to conventional processes of an
      appreciable shortening of the refining time, for instance in a
      Siemens-Martin furnace, and furthermore of reducing the iron oxide content
      and appreciably homogenizing the melt on account of a marked bath motion
      induced by the introduction of the oxygen. However, this stationary
      assembly of tuyeres mounted below the bath surface also entails drawbacks
      when used in an open hearth type vessel. For instance, when such a tuyere
      fails or burns back, a large part of the melt may leak out and cause
      considerable damage. This is rare, however, but larger damages must be
      expected in open hearth furnaces than with converters, because the former
      may not be tilted as quickly as the latter and therefore do not permit as
      rapid removal of the tuyeres from the bath region. A further drawback of
      tuyeres solidly built-in below the bath surface, for instance in
      Siemens-Martin furnaces, is the intended intermittent use of these tuyeres
      in supplying oxygen during only certain stages of the refining period. In
      practice, oxygen will be applied only during half or one third of the
      operating time. During the remaining time, the tuyeres must be cooled and
      kept clear in order to remain operational. Frequently it will be
      impossible to cool the tuyeres with comparatively cheap nitrogen, and in
      order to avoid nitrogen absorption by the metal bath, a more expensive
      inert gas, for instance argon, must be used. The danger of nitrogen
      absorption is especially important for melts that are tapped at high
      carbon contents, and in such instances, argon is used exclusively for
      cooling the tuyeres. The large amounts of gas required for cooling
      adversely affects the economics of this process.
PAR  The present invention is directed to avoiding the drawbacks of a stationary
      array of tuyeres and in maintaining the advantages relating to the
      metallurgy of refining reactions when introducing the oxygen underneath
      the bath surface. One object of the invention is to provide great
      flexibility to the conventional open hearth process, in a manner similar
      to the known introduction of oxygen through steel lances, without the
      drawbacks, expecially the high iron oxide content and the related
      increased wear of the refractory materials, and large gradients in
      concentration between slag and steel bath characteristic of such methods.
PAR  These and other objects are realized by the process of the invention for
      introducing oxygen preferably into hearth type vessels in that the oxygen,
      surrounded by a protective medium preferably consisting of liquid and/or
      gaseous hydrocarbons, is supplied to the metal melt by means of movable
      lance arrangements which are sheathed in refractory materials and which
      dip appreciably below the surface of the metal bath.
PAR  Specific embodiments of these immersion lances will be discussed in greater
      detail further below. These lances allow deep immersion of the lance in
      the metal melt and removal of the lance following refining. By use of
      these lances, periodic refining by means of oxygen is feasible and the
      lance may remain immersed in the metal bath during the entire refining
      period.
PAR  The immersion lances of this invention permit introducing the immersion
      lances from above, for instance through the arched roofs of Siemens-Martin
      furnaces, or as is presently preferred, the immersion lance may be
      introduced through the side, for instance through an appropriately shaped
      door, into the open hearth refining vessel. The interchangeable door
      design is especially useful in electric furnaces. The covers of such
      furnaces ordinarily being movable, the lance system otherwise would have
      to be moved along when passing through the roof, or else appreciable
      conversion of the conventional electric furnace roof would have been
      required if the immersion lances had to be introduced through the roof.
PAR  The actuating members for moving the immersion lances may be designed as
      purely mechanical means in the form of corresponding levers and gear
      arrangements, but preferably simple hydraulic members such as lift
      cylinders are used, these having been found very useful in practice.
      Obviously such equipment is mounted far enough from the hearth refining
      vessels so that it is not exposed to damaging temperatures, or else it is
      provided with adequate cooling or otherwise protected from high
      temperatures.
PAR  In the present invention, the immersion means is designed so that the
      discharge direction of the oxygen jet is essentially parallel to the metal
      bath surface, that is to say it is substantially horizontal. This may be
      achieved for instance in simple manner by a suitably bent immersion lance
      or an elbow may be connected to the discharge end. The immersed lance has
      a lower horizontal part, at its outlet end.
PAR  Another embodiment of the lance system of the invention provides for
      several discharge apertures in the lance system. Several, preferably two
      outlet tuyeres start from the common supply line in the vicinity of the
      outlet orifice, for instance at the lower, horizontal part of the
      immersion lance, said outlet tuyeres being branched on the oxygen supply
      line and each consisting of a central pipe for supplying the oxygen and a
      surrounding annular gap for supplying the hydrocarbons. The end pieces of
      the immersion lances subtend an angle to one another in a horizontal
      plane. If a lance comprises two outlet tuyeres, preferably that angle will
      be within the range of 30.degree. to 90.degree..
PAR  The immersion lances in conformity with the present invention furthermore
      contemplates utilization of the oxygen as a cooling medium for the
      hydrocarbons, in order to counteract chemical dissociation of the
      hydrocarbons due to the influence of heat prior to discharge from the
      lance. Two methods were found suitable for cooling the relatively small
      amounts of hydrocarbons as compared to the larger quantities of oxygen.
      One embodiment of the invention relating to sheathing consists of sleeving
      with laminar, relatively thin discs of densely sintered or melt-cast
      refractory materials, for instance fused corundum. Such discs, which act
      as reinforcements, are slipped over the tuyere pipes directly or around
      insulating layers already wrapped around the pipe. The gaps and
      intermediate spaces between the individual refractory sheets, discs or
      sleeves are then filled by cast refractory material. In this manner one
      obtains close interlocking between the highly refractory cast material and
      the very dense, refractory casing material, and the latter will be
      extensively protected against thermal shock, the wear-resistance of the
      refractory material being considerably increased on account of said
      casing.
PAR  Deposits of solidified steel are formed at the tuyere tips when the
      immersion lances are used in actual operation, namely at the discharge
      orifices for oxygen and hydrocarbon. These deposits or scabs spread like
      mushrooms about the tuyere mouth and may grow to be several centimeters
      wide. While the central aperture remains open for discharge of oxygen, the
      protective medium will in most cases stream through these deposits in many
      other channels. The ordinarily uneven deposit formation may be used in
      conformity with the invention so as to increase durability provided that
      deposit formation be encouraged to spread over considerable areas. This
      can be achieved by covering the outlet gap of the protective medium with a
      porous material, for instance a panel of sintered metal. It was found that
      a deposit of 15 centimeters in diameter will occur within 15 minutes of
      immersing a lance so prepared, and that the deposit extensively protected
      the annular gap to its rear. Durability of the tuyere mouth could be
      increased considerably by such a measure. This construction furthermore
      offers easy repairs of the lance mouth by replacing the sintered metal
      plate, for instance.
PAR  In the first instance, the supply channel for the hydrocarbons is shifted
      into the oxygen pipe to the extent possible. Then the supply line passes
      into the inlet tuyere where the hydrocarbon surrounds the oxygen jets just
      before the outlet orifice.
PAR  In the second instance, the oxygen-carrying pipe is provided with cooling
      fins that may be of any suitable shape, and the flow of hydrocarbon
      preferably will pass between said fins. In such cases, the annular gap
      about the central oxygen inlet pipe is divided into a multitude of
      channels by means of the cooling fins (see FIG. 3).
PAR  The invention prevents or limits the temperature rise of the hydrocarbons
      because of the construction of the refractory sheathing of the immersion
      lances. It was found practical to deposit first a high-grade insulating
      layer approximately 1 to 2 centimeters thick, around the supply lines and
      inlet tuyeres, and then to mount the wear-resistant layer of the lance
      casing around said insulating layer. Suitable insulating materials for the
      first layer includes mats, loose materials and pre-finished shells or
      pipe-casing components based on refractory fiber materials.
PAR  Suitable refractory wear-resistant materials including composites based on
      corundum, magnesite, zirconium oxide and combinations of these as well as
      other, similarly highly refractory materials have been successfully used.
      Normally casings of wall-thicknesses from about 2 to 10 cm were found
      sufficient. In most cases these casings are cast into molds and are
      compacted by shaking. A specific wear-resistant casing will depend on the
      specific conditions. It is desirable to provide a highly wear-resistant
      casing for use under extreme loading. The casings of the immersion lances
      are required to meet the requirements of mechanical and chemical
      resistance and of high temperature resistance.
PAR  Practical experience furthermore has shown the usefulness of loading the
      oxygen with fine-grained slag-forming agents. For instance, lime may be
      easily introduced into the refining vessel in this manner. However, care
      must be taken in such instances that the inside surface of the oxygen
      inlet pipe be protected by means of a refractory coating so as to prevent
      erosion from the fine-grained solids. Thin enamel coats were found
      superior to other, thicker ceramic layers, the former being of higher
      thermal conductivity and favorably affecting the cooling of the
      hydrocarbons.
DRWD
PAR  The invention will be further understood from the examples which follow
      taken in conjunction with the drawings in which:
PAR  FIG. 1 shows the basic arrangement of the immersion lance in an open hearth
      vessel;
PAR  FIG. 2 is a fragmentary view showing the lower part of a lance with two
      tuyere outlet ends;
PAR  FIG. 3 is a view of a section taken through a lance and shows an example of
      a cooling fin arrangement for the oxygen lance pipe;
PAR  FIG. 4 is a view similar to FIG. 2 and shows the lower part of a modified
      immersion lance, wherein the protective medium pipe is relocated as far as
      the tuyere end in the oxygen pipe, and wherein a sintered metal sheet is
      mounted in front of the outlet annular gap for the protective medium; and
PAR  FIG. 5 shows an example of the construction of the refractory casing of an
      immersion lance with casing sheets of an extremely dense, highly
      refractory material, for instance fused corundum.
DETD
PAR  In a hearth refining vessel, shown as a Siemens-Martin furnace in FIG. 1,
      the immersion lance 5 is introduced preferably through the rear wall. The
      hearth refining vessel 1 is schematically shown in cross-section and is
      provided with charging apertures 2 in its front wall, these being covered
      by doors 3 in the usual way. An orifice 4 is located in the rear wall,
      which may be closed by a door 6 when the immersion lance 5 is removed. The
      lance will be moved in and out of the hearth refining vessel by means of
      gear rack 7 and drive 8. Tuyere end 9 of immersion lance 5 is bent in such
      manner that the oxygen will be discharged substantially parallel to bath
      surface 10.
PAR  Oxygen and protective medium supply to immersion lance 5 is achieved via
      hoses 11 unwinding from a drum 12.
PAR  FIG. 2 shows the tuyere tip of an immersion lance with two discharge
      orifices. Oxygen surrounded by the protective medium leaving this inlet
      tuyere from the annular gap 15 issues from the two oxygen discharge
      orifices 14 into the metal melt. Protective medium line 17 is shifted
      inside oxygen supply pipe 16, which terminates at the connection 18 for
      discharge tuyeres 19. The tuyere is surrounded by a refractory material
      20. The immersion lance allows simple replacement of discharge tuyeres 19,
      by removing the refractory material as far as connection 18, by mounting
      new tuyere tips 19 to the connection 18 and by again encasing the tuyere
      tips 19 with refractory material 20.
PAR  In FIG. 3, the cross-section of the tuyere pipes shows an embodiment of
      cooling fins suitable for the oxygen supply pipe which is provided with
      fins 23 over its entire periphery, said fins simultaneously acting as
      spacers for protective medium pipe 24. The annular gap between oxygen
      pipes 22 and protective medium pipe 24 therefore will be divided into
      individual channels 25.
PAR  FIG. 4 shows the lower end of an immersion lance with discharge tuyere and
      preplaced sintered metal sheet. The protective medium is supplied via line
      27 inside oxygen supply line 28 to the annular gap 29. A sintered metal
      plate 30 is secured ahead of the annular gap. The protective medium
      therefore will distribute itself over thin channels, promoting the desired
      formation of a deposit of essentially solidified steel. The sintered metal
      disk at the same time holds a tuyere shaped brick 32, which may be easily
      replaced when replacing the entire discharge tuyere 33 together with the
      sintered metal disk 30.
PAR  FIG. 5 shows another embodiment of the refractory casing of a tuyere
      arrangement, which possesses an extremely high wear-resistance. Protective
      medium supply 35 is supported by the fins of oxygen inlet pipe 36 and
      coated with an insulating layer 37, made from pre-formed half-shells of a
      refractory fiber material. Variously shaped, extremely dense ceramic disks
      38, made of fused corundum or of sintered zirconium oxide, are stacked
      around insulating layer 37. These disks serve both as reinforcements for
      refractory 39 and for increasing appreciably the wear-resistance of the
      overall refractory casing.
PAR  The invention will be further understood from the following illustrative
      example of the process of the invention:
PAR  First 7 tons of quicklime were loaded into a 200 ton Siemens-Martin
      furnace, and, thereafter, in the course of one hour, 75 tons of steel
      scrap was loaded into the furnace. During that time, the end burners of
      the furnace were in full operation at a rate of approximately 5,000 kg of
      oil an hour. The hot wind rate was approximately 60,000 standard m3/hour.
      The two oxygen immersion lances were removed from the furnace during that
      time and out of operation.
PAR  After scrap charging, a total of 150 tons of pig iron were charged from two
      ladles into the furnace. The pig iron analysis was as follows in weight %:
PA1  C = 4.3%
PA1  mn = 0.8
PA1  Si = 0.7
PA1  P = 0.08
PA1  s = 0.05
PA1  balance iron.
PAR  Following charging of the pig iron, two oxygen lances were moved into the
      furnace. Approximately 500 standard cubic meters of O.sub.2 and 60
      standard cubic meters of propane used as protective medium were made to
      pass through each of the two lances during this immersion phase. When the
      immersion lances were in the refining position, that is, appreciably below
      the bath surface, the amount of oxygen was increased to 2,000 standard
      cubic meters per lance. Simultaneously, the rate of the end burners was
      reduced to 3,000 kg of oil per hour. Shortly after charging the pig iron,
      the scrap had melted and a liquid slag had formed. A test sample taken at
      that time showed the following values:
PA1  C = 2.8%
PA1  p = 0.03
PA1  s = 0.04
PAR  the temperature was approximately 1,300.degree.C. The ensuing refining time
      lasted 70 minutes. During that time, the carbon content of the bath
      declined to 0.3%. The bath temperature was constantly controlled; it rose
      to 1,600.degree.C. during that time. The temperature rise was controlled
      by changing the oil rate at the end burners in the range from zero to
      3,000 kg an hour. The immersion lances were removed from the furnace upon
      reaching the final analysis. The steel was tapped at the following
      composition:
PA1  C = 0.3%
PA1  mn = 0.2
PA1  P = 0.01
PA1  s = 0.02
PAL  hydrocarbons were used as protective media while the immersion lances were
      in operation, ordinarily in proportions less than 10% by weight with
      respect to the amounts of oxygen, preferably from 2 to 5% by weight. The
      protective medium rates were monitored by suitable measuring instruments
      and each immersion lance were individually regulated. The regulating rates
      were set as a function of tuyere burn-off. Ordinarily the tuyere wear was
      less than 5mm per charge, the refining time with oxygen on the average
      being 1 hour.
PAR  In a few applications, where larger burn-off might be tolerated, other
      gases may be used as protective media, these being gases which will not
      react with the steel bath. Thus, in some instances, carbon dioxide could
      be used. The rates involved then must be considerably increased, however
      all those measured will become superfluous, which relate to the cooling of
      the protective medium. Approximately 30% of CO.sub.2 with respect to
      oxygen were found sufficient. However, tuyere wear increased approximately
      ten-fold, that is, to about 50 mm per charge (Assuming 1 hour of refining)
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for refining a molten metal melt in a hearth furnace by means
      of oxygen which comprises:
PA1  providing a movable lance supported for movement relative to said hearth
      furnace and movement into and out of said melt, said lance including a
      refractory sheath within which there are two concentric pipes, one of said
      pipes being a centrally located pipe for supplying oxygen to refine said
      melt and the second of said pipes being disposed around the oxygen pipe
      and being connected to a source of fluid hydrocarbon for protecting said
      lance from burning off when immersed in said metal melt;
PA1  moving said lance into said melt;
PA1  simultaneously blowing oxygen into said melt through said central pipe and
      hydrocarbon fluid into said melt through the annular gap between said two
      pipes, the amount of hydrocarbon being not more than 10% by weight of the
      oxygen, thereby refining said metal melt; and
PA1  after refining said melt to the extent desired, withdrawing said lance from
      said melt.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the discharge direction of the
      oxygen issuing from the immersion lance is essentially parallel to the
      metal melt surface.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the protective medium is a fluid
      selected from the group consisting of liquid hydrocarbons and gaseous
      hydrocarbons.
NUM  4.
PAR  4. A process as defined in claim 3 wherein the gaseous hydrocarbons are
      selected from natural gas, coke oven gas, methane, ethane, propane, butane
      and mixtures thereof.
NUM  5.
PAR  5. A process as defined by claim 3 wherein the liquid hydrocarbon is
      selected from light fuel oil, heavy fuel oil, oil, kerosene, hexane,
      pentane, heptane, octane or derivatives therefrom, individually, in
      mixtures and/or dispersed in other substances.
NUM  6.
PAR  6. A process as defined by claim 1 wherein the melt is refined in part by
      gases issuing from the immersion lances dipped into the metal melt during
      one or more periods of the charging sequence time.
NUM  7.
PAR  7. A process as defined by claim 1 wherein several immersion lances are
      used simultaneously in one refining vessel.
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PAL  This invention provides bearing parts and a bearing steel characterized by
      rolling contact fatique life many times that of bearing parts and steels
      now in use. The steel composition is broadly about 0.7 to 1.0% carbon, up
      to 0.50% silicon, up to 0.50% manganese, about 3.75 to 4.75% molybdenum
      about 3.75 to 4.50% chromium, about 0.20 to 1.00% vanadium and the balance
      iron with usual impurities in ordinary amounts.
BSUM
PAR  This invention relates to bearings and bearing steels and particularly to
      bearings and bearing steels which provided multifold improvements in
      rolling contact fatigue life over bearings and bearing steels heretofore
      available.
PAR  The problems associated with bearing break-down over long periods of use
      such as in the gas turbine engines used in modern jet aircraft are well
      known and recognized in the industry. One of the most serious of these
      problems is the problems of rolling contact fatigue resulting in failure
      of bearings and bearing races. Balls and races of bearings which do not
      fail for mechanical reasons, i.e., break-down in the lubricating system,
      bad design, etc., will normally fail in fatigue caused by the moving parts
      of the bearing rolling against one another under force. Even many failures
      caused by mechanical reasons will manifest themselves as rolling contact
      fatigue failure. Since this type of failure is unrelated to any of the
      recognized mechanical break-downs it is difficult to anticipate and detect
      in time to avoid failures. It is therefore highly important to be able to
      (1) measure rolling contact fatigue and (2) provide bearings which have
      improved contact fatigue properties. From the standpoint of design
      improved rolling contact fatigue life permits greater safety margins
      and/or longer run times before preventive maintenance overhauls are
      necessary. In newer aircraft gas turbine engines which are much more
      expensive to build and require longer life guarantees, this is of
      considerable importance.
PAR  Rolling contact fatigue is measured by a number of different methods, all
      of which embody the following common parameters. Two or more metal samples
      (at least one being the material of interest) in the form of balls,
      cylinders, discs etc. are caused to roll against one another under a
      relatively high imposed load on the contact surfaces. Lubrication of some
      type is provided at the contact surfaces. Rolling contact is continued
      under the above conditions at many cycles per minute until a fatigue crack
      or spall develops in the surface of the material under test. (The test
      units are designed so that the material of interest fails first thus
      providing the desired data.) Testing of a sample material will involve at
      least ten and generally more individual rolling contact fatigue tests as
      described above. Upon completion, the cyclic life values will be plotted
      as a cumulative frequency curve (commonly called a Weibull plot) and
      B.sub.10, B.sub.50 etc. points picked off the curve. The B.sub.10 value is
      that life below which 10% of the failures are expected to occur in a large
      population. Likewise the B.sub.50 value is the median or the life below
      which 50% of the failures are expected to occur in a large population.
PAR  I have invented a bearing and bearing steel which provides markedly
      improved resistance to contact fatigue and is much superior to the steels
      now used for this purpose. The steel presently used for the most severe
      bearing uses is that known as M50. This steel is the alloy primarily used
      at the present time in flying gas turbine bearings and will be used as the
      basis for comparison in this specification.
PAR  In this invention I provide a bearing formed from and a bearing steel whose
      broad composition is:
TBL  Carbon        0.7  - 1.0                                                  
     Silicon       up to 0.50                                                  
     Manganese     up to 0.50                                                  
     Chromium      3.75 - 4.50                                                 
     Molybdenum    3.75 - 4.75                                                 
     Vanadium      0.20 - 1.00                                                 
     Iron          balance with usual impurities                               
                   in ordinary amounts                                         
PAR  A narrower preferred composition is:
TBL  Carbon        0.9  - 1.0                                                  
     Silicon       0.15 - 0.25                                                 
     Manganese     0.20 - 0.35                                                 
     Chromium      4.00 - 4.25                                                 
     Molybedenum   4.00 - 4.25                                                 
     Vanadium      0.50 - 0.70                                                 
     Iron          balance with usual impurities                               
                   in ordinary amounts                                         
PAR  The single preferred composition is:
TBL  Carbon        0.95                                                        
     Silicon       0.20                                                        
     Manganese     0.30                                                        
     Chromium      4.15                                                        
     Molybdenum    4.15                                                        
     Vanadium      .55                                                         
     Iron          balance with usual impurities                               
                   in ordinary amounts                                         
PAR  In order to achieve the maximum improvement in rolling contact fatigue the
      steel may be heat treated by either of the following procedures:
PAC  I
PA1  Preheat 1500-1550.degree.F/6 min. at temp.
PA1  Austenitize in salt 2000.degree.F/3 min. at temp.
PA1  Quench in salt 1050.degree.F., air cool
PA1  Temper 1000.degree.F/2 hrs./air cool
PAC  II
PA1  Preheat 1500.degree.F/6 min. at temp.
PA1  Austenitize in salt 2125.degree.F/3 min. at temp.
PA1  Quench in salt 1000.degree.F., oil quench
PA1  Sub zero treat -100.degree.F/15 min.
PA1  Temper 1000.degree.F/2 hrs./air cool
PA1  Sub zero treat -100.degree.F/15 min.
PA1  Temper 1000.degree.F/2 hrs./air cool
PA1  Sub zero treat -100.degree.F/15 min.
PA1  Temper 975.degree.F/2 hrs./air cool
PAR  The present invention can perhaps be best understood by reference to the
      following examples of steels with varying carbon and vanadium
      concentrations in the same base matrix of about 0.20% silicon, 0.30%
      manganese, 4.15% chromium, 4.15% molybdenum and balance iron with usual
      minor impurities.
TBL  ______________________________________                                    
     Heat   C w/o    V w/o   B.sub.10 (.times.10.sup.6)                        
                                      B.sub.50 (.times.10.sup.6)               
                                               R.sub.C                         
     ______________________________________                                    
     1      .83      1.00    2.0      6.0      62                              
     2      .87      .88     3.0      7.7      65.1                            
     3      .73      .20     5.2      9.8      62.8                            
     4      .95      .50     8.9      20.3     64.2                            
     5      .88      .95     2.4      7.8      64.9                            
     6      .80      .45     3.4      7.3      63.0                            
     7      .85      .55     3.7      13.2     64.3                            
     8      .90      .43     3.4      11.6     64.4                            
     9      .93      .45     4.2      10.7     64.3                            
     10     .96      .54     6.3      16.6     63.8                            
     ______________________________________                                    
      Note:                                                                    
      Heats 1 through 4 were heat treated with heat treatment No. I. Heats 5   
      through 10 were done with heat treatment No. II.                         
PAR  The foregoing data show the significantly improved rolling fatigue life to
      be obtained by controlling the composition within the limits herein set
      out.
PAR  Alloys 1 and 5 are standard M50 and show rolling contact fatigue lives at
      B.sub.10 of 2.0 .times. 10.sup.6 and 2.4 .times. 10.sup.6 respectively.
      Alloys 4 and 10 represent the preferred analysis of the invention and have
      B.sub.10 valves of 8.9 .times. 10.sup.6 and 6.3 .times. 10.sup.6,
      respectively. This represent a 2.5 to 4 fold improvement over the standard
      M50 analysis. Other alloy compositions within the patent, namely alloys
      2,3,6,7,8 and 9, show significant improvements over the M50, but not as
      great as those shown for Alloys 4 and 10, the preferred composition.
PAR  In the foregoing specifications I have set out certain preferred practices
      and embodiments of my invention, however, it will be understood that this
      invention may be otherwise embodied within the scop of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bearing part subject to rolling pressure and characterized by rolling
      fatigue life exceeding that of M50 steel by at least 2 times and formed
      from a steel consisting essentially of about 0.9 to 1.0% carbon, about
      0.15 to 0.25% silicon, about 0.20 to 0.35% manganese, about 4.00 to 4.25%
      chromium, about 4.00 to 4.25% molybdenum, about 0.50 to 0.70% vanadium and
      the balance iron with usual impurities in ordinary amounts.
NUM  2.
PAR  2. A bearing part as claimed in claim 1 consisting essentially of about
      0.95% carbon, about 0.20% silicon, about 0.30% manganese, about 4.15%
      chromium, about 4.15% molybdenum, about 0.55% vanadium and the balance
      iron with usual impurities in ordinary amounts.
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ABST
PAL  A photographic material comprising a support coated at one side with one or
      more silver halide emulsion layers and at the opposite side with an
      electroconductive interlayer which in its turn is coated with a
      photoconductive layer essentially consisting of at least one organic
      photoconductive compound, said silver halide emulsion layer or layers
      being of the type that yield a latent image on exposure with actinic light
      and of which the latent image is developable to a silver image with a
      reducing agent applied as developing agent in silver halide photography,
      said electroconductive interlayer having a resistivity being at least 1000
      times smaller than that of the photoconductive layer, and the composition
      of the non-developed photographic material being such, that the combined
      spectral density of the support, of the conductive interlayer and of the
      photoconductive layer does not exceed 0.3 in the wavelength range of 400
      to 700 nm.
BSUM
PAR  The present invention relates to a photographic process and materials
      suited for image intensification.
PAR  From the U.S. Pat. No. 3,132,963 an image intensification process is known
      comprising the steps of:
PAR  1. ELECTROSTATICALLY CHARGING THE REAR SURFACE OF A RELATIVELY THIN
      TRANSPARENT FILM SUPPORT, THE OTHER SURFACE OF WHICH INTEGRALLY CARRIES A
      PHOTOGRAPHIC DEVELOPED SILVER IMAGE IN A GELATIN LAYER AND WHICH SUPPORT
      HAS SUFFICIENT ELECTRIC RESISTANCE TO STORE ELECTROSTATIC CHARGES EXCEPT
      WHEN HEATED,
PAR  2. EXPOSING THE SILVER IMAGE TO RADIATION SUFFICIENT TO HEAT THE IMAGE AND
      THE AREAS OF THE UNDERLYING SUPPORT TO DISCHARGE SAID AREAS, AND
PAR  3. APPLYING XEROGRAPHIC TONER TO SAID REAR SURFACE OF THE SUPPORT
      DISTRIBUTED IN ACCORDANCE WITH THE ELECTROSTATIC IMAGE REMAINING THEREON.
PAR  The resolution or sharpness of the image thus produced on the rear of the
      film support depends on the thickness of the support.
PAR  Heat produced in the silver image has to diffuse in the underlying film
      support to lower the electric resistance thereof. The diffusion of heat,
      however, is never in perfect conformity with the silver image because
      lateral diffusion of heat cannot be avoided. This results in images with
      rather poor sharpness even when rather thin supports are used since
      supports of photographic materials need a minimum thickness for being
      sufficiently rigid, strong and dimensionally stable.
PAR  Xerothermography as described in the U.S. Pat. No. 3,132,963 although it
      may offer sufficiently good results in the office copying field therefore
      seems less suited for high accuracy graphic art halftone work and X-ray
      radiography for medical and metallurgical diagnosis. Xerothermography is
      also not suited for continuous tone reproduction.
PAR  It is an object of the present invention to provide a composite
      photographic material that is suited for the image intensification of an
      already formed photographic image of low density.
PAR  It is another object of the present invention to provide a recording
      process in which the image-wise exposure (E=intensity .times. time) may be
      reduced substantially and a first image resulting from the image-wise
      exposure is used to modulate overall applied copying light in order to
      form a second image which is developed in conformity with the originally
      produced image.
PAR  It is a further object of the present invention to provide a process for
      the image intensification of an image obtained by means of penetrating
      radiation.
PAR  We have found that these objects and other objects apparent from the
      following description can be accomplished by means of a photographic
      material comprising a support coated at one side with one or more silver
      halide emulsion layers and at the opposite side with an electronconductive
      interlayer which in its turn is coated with a photoconductive layer
      containing (an) organic photoconductive compound(s);
PAR  said silver halide emulsion layer or layers being of the type that yield a
      latent image on exposure with actinic light and of which the latent image
      is developable to a silver image with a reducing agent applied as
      developing agent in silver halide photography,
PAR  said electroconductive interlayer having a resistivity being at least 1000
      times smaller than that of the photoconductive layer, and
PAR  the composition of the non-developed photographic material being such that
      the combined spectral density of the support, of the conductive interlayer
      and of the photoconductive layer does not exceed 0.3 in the wavelength
      range of 400 to 700 nm.
PAR  According to a preferred embodiment the silver halide emulsion layer or
      layers are suited for "direct or indirect" recording with penetrating
      radiation, which radiation includes, e.g., X-rays, .gamma.-rays,
      .beta.-rays, or fast electrons e.g. as obtained in an electron microscope,
      and neutrons.
PAR  By direct recording of penetrating radiation is meant that the latent image
      in the silver halide emulsion layer(s) is built up by the absorption of
      penetrating radiation in the silver halide grains.
PAR  By "indirect" recording of penetrating radiation is meant that the latent
      image in the silver halide emulsion layer(s) is built up by absorbing
      radiation produced with the penetrating radiation e.g. in a fluorescent
      screen emitting ultra-violet radiation and/or visible light to which the
      silver halide is inherently sensitive or has been made sensitive by
      spectral sensitization.
PAR  The latent silver image thus obtained is developed in a known way in order
      to obtain a silver image that will serve as light-modulating mask for the
      copying light for which the photoconductive layer at the opposite side of
      the substantially transparent support is sensitive.
PAR  By the image-wise exposure to said copying light the photoconductive layer
      obtains an image-wise increase in electric conductivity, which allows the
      image-wise carrying off of an electrostatic charge. The electrostatic
      charge pattern thus formed in conformity with the silver image is
      developed in the usual way by means of electrostatically attractable
      substances.
PAR  Photoconductive recording layers that are preferred for the purpose of the
      present invention are based on organic photoconductors since sufficiently
      transparent recording layers can be produced therewith. They are not only
      preferred for their transparency but likewise for their flexibility, ease
      of coating and capability of dye sensitization.
PAR  Many organic compounds have been reported to have photoconductive
      properties. Among these substances monomeric as well as polymeric
      compounds have been found. An organic photoconductor when having itself
      layer-forming properties can be applied without insulating binder, but
      normally is applied as a solid solution or dispersion in resin(s) or
      waxe(s) serving as binder.
PAR  Binderfree polymeric photoconductors have found commercial use in
      xerography, e.g. some halogenated derivatives of poly(N-vinylcabazole).
PAR  Solid solutions in a binder of organic photoconductors in which atoms or
      groups of different electron-affinity are linked by a conjugated system
      are particularly useful for the manufacture of photoconductive recording
      materials. Examples of such organic photoconductors are
      2,5-bis(p-diethylaminophenyl)-1,3,4-oxadiazole, 2,5-bis
      (p-diethylaminophenyl)-1,3,4-triazole, 2,4,5,7-tetranitro-9-fluorenone,
      the quinoline derivatives described in the published German Pat.
      application No. P 20 13 410, the dihydro- and tetrahydroquinoline
      derivative described in the published German Pat. application Nos. (DOS)
      2,159,804, 2,160,873 and 2,254,573.
PAR  Another useful type of photoconductive layer is based on so-called
      charge-transfer complexes between electron-donating or "Lewis-base" resins
      and electron-accepting or "Lewis-acid" solutions. For example, the resin
      poly(N-vinyl cabazole) can be coated on a conductive substrate with
      compounds such as anhydrides, fluorenones, quinones and/or acids dissolved
      in it.
PAR  The above described polymeric films or films of a solid solution of organic
      photoconductors are essentially transparent for visible light and
      grainless. They can be electrostatically charged, exposed, and developed
      with toner, followed by direct fixing of the toner to the film surface.
PAR  Colourless organic photoconductors are inherently sensitive to ultraviolet
      radiation but are preferably dye-sensitized to extend their spectral
      response into the visible region and to increase their total speed.
PAR  Suitable spectral sensitizing dyestuffs for the organic photoconductor are
      among others organic dyestuffs, known as methine dyes, or xanthene dyes of
      which the phthaleins and rhodamines are subclasses, triarylmethane dyes,
      e.g. crystal violet (C. I. 42,555) and the triarylmethane dyes described
      in the published Dutch Pat. application No. 674706. The term methine dyes
      includes mono- as well as polymethine dyes and they are known to those
      skilled in the art of the spectral sensitization of light-sensitive silver
      halides.
PAR  Preferred methine dyes are of the cationic type and are described e.g. in
      the published German Pat. application No. (DOS) 2,254,573. As preferred
      xanthene dyes Rhodamine B (C.I.45,170), Rose Bengale, (C.I. 45,440) and
      Fluorescein (C.I. 45,350) are mentioned. The spectrally sensitizing dyes
      are preferably added to the photoconductive recording layer composition in
      a proportion of 0.01 to 5 % by weight in respect of the photoconductive
      substance(s).
PAR  Certain organic photoconductors exhibit a prolonged "memory" on their own
      or by the addition of certain chemical compounds so that instead of the
      usual sequence of charging and exposure they can first be exposed
      image-wise by the copying light and then subjected to electrostatic
      charging whereby the recording layer selectively retains an electrostatic
      charge in the non-exposed portions.
PAR  Organic photoconductive recording layers in which a permanent conductivity
      image can be formed are described in the U.S. Pat. No. 3,113,022 and
      United Kingdom Patent Specification No. 964,872. In said Specifications
      diazonium salts are mentioned, which on exposure to electromagnetic
      radiation produce (a) radical(s) that irreversibly increase(s) the
      electro-conductivity of the recording layer. The diazonium compounds are
      preferably used in an amount of 0.01 to 10 % by weight in respect of a
      water-impermeable polymeric photoconductive compound.
PAR  Other additives well known in the art of preparing photoconductive coatings
      may be used with the proviso, however, that they do not reduce the
      required transparency too much.
PAR  The thickness of the photoconductive layers should be within the range for
      obtaining sufficiently transparent layers.
PAR  Good results are obtained with photo-conductive layers of a thickness
      between 1 and 20 .mu.m preferably between 3 and 15 .mu.m. Too thin layers
      do not have a sufficient insulating power in the absence of active
      electromagnetic radiation, whereas too thick layers require, extensive
      exposure times or process mechanically undesirable characteristics.
      Suitable photoconductive layers contain from 2 to 6 g of organic
      photoconductive compound(s) per sq.m.
PAR  In the manufacture of the recording materials of the present invention the
      photoconductive recording layer is applied to a transparent support which
      is, e.g., a glass or flexible resin support precovered with an
      intermediate electro-conductive layer. Suitable electro-conductive
      interlayers for insulating supports are, e.g., vacuum-coated metal or
      conductive metal compound (metal oxide or metal salt) layers such as
      conductive silver, tin, aluminium, tin dioxide and copper iodide layers
      that are still sufficiently transparent for the purpose of the present
      invention. The optical density of the interlayer is preferably not more
      than 0.30.
PAR  Further are mentioned transparent conductive polymer layers, e.g. applied
      from a polyionic resin such as a polystyrene sulphonic acid or a polymer
      containing quaternized nitrogen atoms, examples of such polymer being
      described in the United Kingdom Patent Specification No. 950,960.
PAR  Particularly suitable is a conductive polymer having recurring units of the
      following type:
      ##EQU1##
      which polymer is present in CALGON CONDUCTIVE POLYMER 261 of Calgon
      Corporation, Inc., Pittsburgh, Pa., USA and is preferably used in a
      layer-forming mixture with gelatin.
PAR  The electro-conductive interlayers should have a resistivity not higher
      than about 10.sup.9 Ohm.cm and a conductivity preferably at least a factor
      1000 greater than that of the support to which they are applied. Normally
      used transparent resin supports for photographic silver halide emulsion
      layers have a resistivity greater than 10.sup.12 Ohm.cm. Preferably the
      electroconductive layers have a surface resistance in the range of
      10.sup.5 to 10.sup.6 Ohm per square at a relative humidity of 50 %.
PAR  As transparent flexible bases resin sheets having an optical density of not
      more than 0.10 are preferred, e.g. sheets made of polyethylene
      terephthalate, cellulose triacetate, cellulose nitrate, cellulose acetate
      butyrate, polyvinyl acetal, polystyrene, polycarbonate and related
      resinous materials.
PAR  When applying the recording material of the present invention for
      radiographic purposes there is no need to coat (a) silver halide emulsion
      layer(s) with particularly high silver halide content. Indeed, one of the
      advantages of the image intensification of the present invention is a
      considerable economy in silver so that we can suffice with an amount of
      silver halide in one emulsion layer or an aggregate amount of silver
      halide in a plurality of superposed silver halide emulsion layers
      equivalent to say 5 to 16 g of silver nitrate per sq.m.
PAR  The image-forming radiographic silver halide emulsion may comprise
      different types of silver halide, e.g. silver chloride, silver bromide,
      silver chlorobromide and silver chlorobromoiodide.
PAR  The radiographic image-forming silver halide emulsion is preferably a
      medium- or high-speed image-forming silver halide emulsion in which the
      silver halide is predominantly silver bromide, e.g., pure silver bromide
      emulsions and silver bromoiodide emulsions, the iodide content of which is
      less than 10 mole %. The average silver halide grain size is preferably
      comprised between 500 nm and 1200 nm.
PAR  For rapid (high temperature) processing purposes a part of the silver
      halide is applied from a silver chloride-containing emulsion having a
      sufficiently low speed that no visible image is produced therein under the
      conditions of exposure and development of the radiographic image-forming
      silver halide emulsion. Silver halide emulsions of the rapid processing
      type are described in the published German Patent application No. (DOS)
      2,165,193.
PAR  For lowering the exposure radiographic silver halide materials are normally
      indirectly exposed to penetrating radiation by using intensifying screens
      comprising luminescent substances emitting in the U.V. or visible part,
      e.g. the blue region of the spectrum. For medical purposes the
      intensifying fluorescent screens used together with the radiographic
      silver halide materials contain as fluorescent substances or phosphors
      e.g. calcium tungstate or lead/barium sulphate, wherein advantage is taken
      of the inherent sensitivity of the silver halide in the U.V. and blue
      spectral range.
PAR  For use with other fluorescent screens emitting in the visible spectrum
      range, the silver halide may, however, be spectrally sensitized by any of
      the known techniques. It may be spectrally sensitized to light of the
      wavelength bands emitted by said screens under the influence of X-ray
      irradiation by means of any of the common spectrally sensitizing dyes used
      in silver halide emulsions, particularly silver halide colour emulsions.
      Such dyes include cyanine dyes and merocyanine dyes as well as other dyes
      described by F. M. Hamer in "The Cyanine Dyes and related compounds",
      Interscience Publishers (1964).
PAR  The photosensitive silver halide emulsion(s) when used in the exposure with
      visible light emitting fluorescent intensifying screens are spectrally
      sensitized.
PAR  When used e.g. in combination with intensifying screens emitting green
      light the spectral sensitization of the silver halide is effected e.g. for
      light of a wavelength comprised between 480 and 600 nm.
PAR  The intensifying screens emitting green light for use together with
      green-sensitized radiographic materials of the present invention
      preferably comprise fluorescent materials of the rare earth elements with
      atomic number 39 or 57 to 71 which include yttrium, gadolinium, lanthanum,
      cerium, etc. Particularly suitable are the rare earth oxysulphide an
      oxyhalide fluorescent materials activated with other selected rare earths
      e.g. lanthanum and gadolinium oxybromide and oxychloride activated with
      terbium or dysprosium, lanthanum, and gadolinium oxysulphides activated
      with terbium, europium or a mixture of europium and samarium. These rare
      earth fluorescent materials have been extensively described in recent
      literature e.g. in German Patent Specification No. 1,282,819, French
      Patent Specification Nos. 1,504,341, 1,580,544 and 2,021,397, French
      Patent of Addition 94,579 to 1,473,531, U.S. Pat. No. 3,546,128 and in
      K.A. Wickersheim et al. "Rare Earth Oxysulphide X-Ray Phosphors", IEEE
      Nuclear Science Symposium, San Francisco, October 29-31, 1969 and in
      Buchanan J.Appl.Phys., April 1971. These rare earth fluorescent materials,
      especially the gadolinium and lanthanum oxysulphides and oxyhalides
      activated with other selected rare earths e.g. erbium, terbium, and
      dysprosium have a high X-ray "stopping power" or average absorption and
      high fluorescent light emission intensity, which makes it possible for
      radiologists to use substantially lower X-ray dosage levels.
PAR  In the radiographic exposure the X-ray intensifying screen of the
      fluorescent type is optionally arranged in combination with a metal screen
      emitting secondary electrons.
PAR  The photosensitive silver halide emulsion is placed in close contact with
      the fluorescent screen in order to avoid poor image sharpness.
PAR  The screen may be arranged as a separate element in contact with the
      radiation-sensitive outermost silver halide emulsion layer or it may form
      temporarily a composite structure therewith, e.g. is temporarily fixed
      thereto by means of a stripping layer, so that it can be removed from the
      silver halide emulsion layer, e.g. before the development of the silver
      halide emulsion layer(s).
PAR  During the radiographic exposure the intensifying screens may be provided
      at both sides of the present recording material. It has to be noticed that
      in the radiographic exposure the transparent organic photoconductive layer
      does not take part in the formation of a latent silver image.
PAR  For a further economy in silver the silver halide emulsion layers are
      colour developed in the presence of (a) colour coupler(s) so that together
      with the silver image a dye image is formed. When incorporated in the
      silver halide emulsion layers the colour couplers are preferably of the
      colourless type.
PAR  According to a special embodiment the radiographic silver halide recording
      layer is of the type described in the published German Pat. application
      No. 1,946,652. On colour development a monochromic dye image is produced
      in these silver halide emulsion layers together with a silver image which
      dye image mainly absorbs in the red and additionally in the green spectral
      region.
PAR  Radiographic colour images produced in such emulsion layers have certain
      advantages over black-and-white radiographs, e.g. in that they offer more
      visual retrieval of information and have a lower silver halide content.
PAR  The monochromic radiographic dye image preferably has its main absorption
      in the red region (600-700 nm) of the visible spectrum and it absorbs in
      the green region (500-600 nm) of the visible spectrum for at least 30 % in
      comparison with the absorption in the red region. In other words cyan dye
      images with a fairly large side-absorption in the green region and blue
      dye images are favoured.
PAR  For this purpose, those phenol or .alpha.-naphthol type colour couplers are
      particularly suitable, which on colour development of the silver halide
      with an aromatic primary amino developing agent form a quinoneimine dye
      mainly absorbing in the red and green regions and having an absorption
      maximum in the spectral wavelength range of 550 to 700 nm.
PAR  Phenol couplers having such properties correspond, e.g., to the following
      general formula:
      ##SPC1##
PAL  wherein:
PA1  each of R.sub.1 and R.sub.2 represents a carboxylic acid acyl or sulphonic
      acid acyl group including said groups in substituted state, e.g. an
      aliphatic carboxylic acid acyl group, an aromatic carboxylic acid acyl
      group, an heterocyclic carboxylic acid acyl group, e.g. a 2-furoyl group
      or a 2-thienoyl group, an aliphatic sulphonic acid acyl group, an aromatic
      sulphonic acid acyl group, a sulphonyl thienyl group, an
      aryloxy-substituted aliphatic carboxylic acid acyl group, a phenyl
      carbamyl aliphatic carboxylic acid acyl group, or a tolyl carboxylic acid
      acyl group.
PAR  For such types of phenol colour couplers and their preparation reference
      may be made to U.S. Pat. Nos. 2,772,162 and 3,222,176 and to United
      Kingdom Patent Specification No. 975,773.
PAR  The image-forming silver halide emulsions may be chemically sensitized by
      any of the known techniques. They may be digested with naturally active
      gelatin or with small amounts of sulphur-containing compounds such as
      allyl thiocyanate, allylthiourea, sodium thiosulphate, etc. The
      image-forming emulsions may also be sensitized by means of reductors e.g.
      tin compounds as described in the United Kingdom Patent Specification No.
      789,823, polyamines e.g. diethyltriamine, and small amounts of noble metal
      compounds such as gold, platinum, palladium, iridium, ruthenium, and
      rhodium as described by R. Koslowsky, Z.wiss.Phot. 46, 67-72 (1951).
      Representative examples of noble metal compounds are ammonium
      chloropalladate, potassium chloroplatinate, potassium chloroaurate and
      potassium aurithiocyanate.
PAR  Emulsion stabilizers and antifoggants may be added to the silver halide
      emulsion before or after admixture of the low-speed emulsion, e.g., the
      known sulphinic and selenic acids or salts thereof, aliphatic, aromatic or
      heterocyclic mercapto compounds or disulphides e.g. those described and
      claimed application published German Patent Applicaton No. 2,100,622,
      preferably comprising sulpho groups or carboxyl groups, mercury compounds
      e.g. those described in Belgian Patent Specification Nos. 524,121,
      677,337, 707,386 and 709,195 and tetra-azaindenes as described by Birr in
      Z.wiss.Phot. 47, 2-58, (1952), e.g. the hydroxy-tetraazaindenes of the
      following general formula:
      ##EQU2##
      wherein: each of R.sub.1 and R.sub.2 represents hydrogen, an alkyl,
      aralkyl, or aryl group, and
PA1  R.sub.3 represents hydrogen, an alkyl, carboxy, or alkoxycarbonyl group,
PA1  such as 5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine.
PAR  Other additives for example hardening agents such as formaldehyde,
      dialdehydes, hydroxy aldehydes, mucochloric and mucobromic acid, acrolein
      and glyoxal, mordanting agents for anionic colour couplers or dyes formed
      therefrom plasticizers and coating aids e.g. saponin, e.g.
      dialkylsulphosuccinic acid salts such as sodium diisooctylsulphosuccinate,
      alkylaryl polyether sulphuric acids, alkylarylpolyethersulphonic acids,
      carboxyalkylated polyethyleneglycol ethers or esters as described in
      French Patent Specification No. 1,537,417 such as iso--C.sub.8 H.sub.17
      --C.sub.6 H.sub.4 --(OCH.sub.2 CH.sub.2).sub.8 OCH.sub.2 COONa,
      fluorinated surfactants e.g. those described in Belgian Patent
      Specification No. 742,680 and the published German Pat. application Nos.
      1,950,121 and 1,942,665, inert particles such as silicon dioxide, glass,
      starch and polymethyl methacrylate particles can be present in one or more
      of the hydrophilic colloid layers of the radiation-sensitive silver halide
      elements of the present invention.
PAR  For the purpose of accelerating the development, the exposed silver halide
      emulsion layer(s) is (are) developed preferably in the presence of
      development accelerators. These development accelerators can be used
      either in the silver halide emulsion or in the developing bath. They
      include alkylene oxide compounds of various types e.g. alkylene oxide
      condensation products or polymers as described in U.S. Pat. Nos.
      1,970,578, 2,240,472, 2,423,549, 2,441,389, 2,531,832 and 2,533,990 and in
      United Kingdom Patent Specification Nos. 920,637, 940,051, 940,340,
      991,608 and 1,015,023. Other development accelerating compounds are onium
      and polyonium compounds preferably of the ammonium, phosphonium an
      sulphonium type e.g. trialkyl sulphonium salts such as dimethyl-n-nonyl
      sulphonium p-toluene sulphonate, tetraalkylammonium salts such as
      dodecyltrimethylammonium p-toluene sulphonate, alkylpyridinium and
      alkylquinolinium salts such as 1-m-nitrobenzylquinolinium chloride and
      1-dodecylpyridinium chloride, bis-alkylenepyridinium salts such as
      N,N'-tetramethylene-bispyridinium chloride, quaternary ammonium and
      phosphonium polyoxyalkylene salts especially polyoxyalkylene bispyridinium
      salts, examples of which can be found in U.S. Pat. No. 2,944,900, etc.
PAR  The radiographic silver halide elements used in the process of the present
      invention after radiographic exposure are developed, preferably in an
      energetic surface developer. The high energy is required in order to allow
      the development to proceed quickly and can be obtained by properly
      alkalizing the developing liquid (pH 9-12) and by using high-energy
      developing substances or a combination of developing substances, which as
      a consequence of their superadditive action is very energetic.
PAR  When colour images are prepared together with silver images, use is made of
      aromatic primary amino colour developing agents e.g.
      N,N-dialkyl-p-phenylene diamines and derivatives thereof, e.g.
      N,N-diethyl-p-phenylenediamine, N-butyl-N-sulphobutyl-p-phenylenediamine,
      2-amino-5-diethylaminotoluene hydrochloride and
      4-amino-N-ethyl-N(.beta.-methane sulphonamidoethyl)-m-toluidine
      sesquisulphate monohydrate and N-hydroxy-ethyl-N-ethyl-p-phenylenediamine.
      The colour developer can be used together with black-and-white developing
      agents e.g. 1-phenyl-3-pyrazolidinone and p-monomethylaminophenol, which
      are known to have a superadditive effect on colour development (see L. F.
      A. Mason, J.Phot.Sci. 11  (1963) 136-139), and other p-aminophenol
      derivatives e.g. those according to French Patent Specification No.
      1,283,420 such as 3-methyl-4-hydroxy-N,N-diethylaniline,
      3-methyl-4-hydroxy-N-ethyl-N-.beta.-hydroxyethylaniline,
      1-methyl-6-hydroxy-1,2,3,4-tetrahydroquinoline,
      1-.beta.-hydroxyethyl-6-hydroxy-1,2,3,4-tetrahydroquinoline,
      N-(4-hydroxy-3'-methylphenyl)-pyrrolidine, etc. It is also possible to use
      combinations of aromatic primary amino colour developing agents to obtain
      an increased rate of colour development (see e.g. German Patent
      Specification No. 954,311 and French Patent Specification No. 1,299,899);
      favourable effects are obtained e.g. by the use of
      N-ethyl-N-2-hydroxyethyl-p-phenylenediamine together with
      N-butyl-N-sulphobutyl-p-phenylenediamine, 2-amino-5-diethylaminotoluene
      hydrochloride or N,N-diethyl-p-phenylenediamine hydrochloride. A
      superadditive colour development effect is also obtained when using a
      tetraalkyl-p-phenylenediamine derivative as described in published German
      Patent application No. (DOS) 2,156,479 together with an aromatic primary
      amino colour development agent.
PAR  The developing solutions may also comprise any of the usual additional
      ingredients e.g. sodium sulphite and hydroxylamine or derivatives thereof,
      hardening agents, antifoggants, e.g. benzotriazole, 5-nitro-benzimidazole,
      5-nitro-indazole, halides such as potassium bromide, silver halide
      solvents, toning and intensifying compounds, solvents e.g.
      dimethylformamide, dimethylacetamide and N-methyl-pyrrolidone for chemical
      ingredients that are difficult to dissolve in the preparation of the
      developing solutions or that tend to precipitate upon standing, etc.
PAR  The radiation-sensitive emulsions for use in the present invention may be
      coated on a wide variety of supports e.g. films of cellulose nitrate,
      cellulose esters, polyvinylacetal, polystyrene, polyethylene terephthalate
      and other polyester materials as well as .alpha.-olefin-coated papers e.g.
      paper coated with polyethylene or polypropylene.
PAR  Preferred supports comprise a linear condensation polymer, polyethylene
      terephthalate being an example thereof.
PAR  The supports used in the present recording materials may be lightly tinted
      e.g. blue tinted and may be coated with subbing layers for improving the
      adherence thereto of (a) gelatino-silver halide emulsion layer(s).
PAR  The mechanical strength of melt extruded support of the polyester type can
      be improved by stretching. In some cases as described in the United
      Kingdom Patent application No. 1,234,755 the support may carry a subbing
      layer in the stretching stage.
PAR  Suited subbing layers are known to those skilled in the art of silver
      halide photography. With regard to the use of hydrophobic film supports
      reference is made to the composition of subbing layers described in the
      United Kingdom Patent Specification No. 1,234,755.
PAR  According to said specification a hydrophobic film support has a layer,
      which is directly adherent to the said hydrophobic film support and
      comprises a copolymer formed from 45 to 99.5 % by weight of at least one
      of the chlorine-containing monomers vinylidene chloride and vinyl
      chloride, from 0.5 to 10 % by weight of at least an ethylenically
      unsaturated hydrophilic monomer, and from 0 to 54.5 % by weight of at
      least one other copolymerisable ethylenically unsaturated monomer, and a
      layer comprising in a ratio of 1:3 to 1:0.5 by weight of a mixture of
      gelatin and a copolymer of 30 to 70 % by weight of butadiene with at least
      one copolymerisable ethylenically unsaturated monomer.
PAR  For common emulsion preparation processes and the use of particular
      emulsion ingredients reference is made in general to the Product Licensing
      Index of December 1971 in which the following terms are dealt with in more
      details:
TBL  I/II   Emulsion type and preparation of said element                      
     III    Chemical sensitization                                             
     IV     Development modifiers                                              
     V      Antifoggants and stabilizers                                       
     VI     Developing agents                                                  
     VII    Hardeners                                                          
     VIII   Binding agents or polymers for silver halide                       
            layers and other layers                                            
     IX     Antistatic layers                                                  
     X      Supports                                                           
     XI     Plasticizers and lubricants                                        
     XII    Coating aids                                                       
     XV     Spectral sensitization agents for silver halides                   
     XXIII  Colour material ingredients                                        
     XVI    Absorbing and filter dyes                                          
     XXI    Physical development systems                                       
     XVII + XVIII Addition agents and coating procedures.                      
PAR  The image-wise exposed radiographic elements for image intensification
      according to the present invention are preferably processed in an
      automatic processing apparatus for X-ray films in which the photographic
      material may be guided automatically and at a constant speed from one
      processing unit to the other, but it will be understood by those skilled
      in the art that the radiographic image recording elements disclosed herein
      can also be processed apart from the above mentioned automatic processing
      apparatus, in a variety of ways, such as by using the manual conventional
      multi-tank methods well known in the art.
PAR  Although especially suited for use in X-ray recording the recording
      materials of the present invention are intended for all types of exposure
      to radiation which results in the formation of a latent silver image in
      the silver halide emulsion layer(s).
PAR  The information-wise exposure may be of the type in which all parts of the
      radiation pattern simultaneously strike the silver halide emulsion
      layer(s) or may be an exposure, which proceeds progressively e.g. is
      effected line-wise or scanning-wise e.g. by means of a scanning modulated
      light spot.
PAR  According to an embodiment, which is interesting because of its simple
      processing procedure, a recording material is used containing a silver
      halide emulsion layer of the negative type suited for use in document
      reproduction and containing as developing agent e.g. hydroquinone. The
      emulsion layer is subjected to a reflex exposure to a document while the
      emulsion layer is kept in contact with a surface reflectins white light.
      The development of such emulsion layer is carried out by means of an
      alkaline aqueous solution (e.g. a 5 % aqueous sodium hydroxide), which is
      supplied to the silver halide emulsion recording layer with a lick-roller
      and non-differentially absorbed therein. Immediately after that
      processing, which herein is called a "mono-bath" processing, the recording
      material is squeezed between two rollers in order to remove a major amount
      of moisture, whereupon the substantially dry photoconductive layer is
      dried, charged non-differentially and exposed through the image-containing
      emulsion layer. The obtained electrostatic image is developed in the usual
      way and the toner image fixed. For preventing overall fogging the residual
      silver halide may be stabilized or fixed and the silver image optionally
      removed by bleaching when the toner image itself is sufficiently
      spectrally dense.
PAR  In the automatic processing at elevated temperatures of radiation-sensitive
      silver halide elements it is preferred to use a hardening developer. In
      these developers the hardening agent is generally an aldehyde hardener,
      particularly an aliphatic dialdehyde e.g. maleic aldehyde and
      glutaraldehyde, which may be used as such or in the form of their
      bisulphite addition products.
PAR  The silver halide emulsion layers that include the developer may be of the
      type that can be thermally developed (as described e.g. in the published
      German Patent application No. (DOS) 2,162,714 or of the type that operates
      in a wet development with an aqueous alkaline liquid (activator liquid)
      containing no silver halide developing compound.
PAR  When images with a high gradation have to be formed, e.g. for graphic art
      purposes, a so-called lith-development is preferably applied. As
      light-sensitive silver halide emulsions suited for the reproduction of
      graphic line or screen images, lith type emulsions of the silver chloride,
      silver chlorobromide or silver chlorobromoiodide type (containing normally
      less than 1 mole % of iodide) are generally employed.
PAR  For such type of emulsions and an improved development thereof reference is
      made to the German Patent Specification No. 1,141,531 and the published
      German Patent application No. (DOS) 1,597,478.
PAR  The silver halide emulsion(s) may be of the negative or direct-positive
      type. Suitable direct-positive type silver halide emulsions are described
      e.g. in the United Kingdom Patent Specification Nos. 667,206, 698,576,
      796,873, 821,251 and 834,839.
PAR  According to an embodiment that is interesting when use is made of
      light-sensitive silver halide emulsions ungergoing a rapid overall fogging
      after developing, e.g., a high-speed silver halide emulsion, a "two-bath"
      processing is preferably applied. In such a processing the image-wise
      exposed recording material is first moistened with the alkaline activator
      solution whereupon the development is stopped by means of a stop-bath or
      stabilizing bath. A stop-bath essentially contains an acid for
      neutralizing the alkali of the activator bath. A stabilizing bath
      substantially contains a compound transforming light-sensitive silver
      halide in a non-light-sensitive or less light-sensitive silver compound. A
      usual stop-bath contains, e.g., acetic acid and a stabilizing agent, e.g.,
      ammonium thiocyanate. An acid fixing bath containing thiosulphate ions may
      perform both functions of lowering the pH and transforming the
      non-developed silver halide in a less light-sensitive compound. A
      "four-bath" processing yielding high quality and stable silver images has
      been described in the U.K. Patent Specification No. 1,243,180 which
      Specification has to be read in conjunction herewith.
PAR  In the development step of the silver halide emulsion layers used according
      to the present invention it is not necessary to develop the emulsion up to
      the maximum density since already a useful differentiation in conductivity
      in the photoconductive layer can be obtained by irradiating the
      photoconductive layer through the emulsion layer containing a silver image
      or superposed silver images having a density difference of at least 0.05.
      This makes possible an important decrease of the development time and
      reduces the possibility of overall fogging of the emulsion in a processing
      without stop- or stabilizing bath.
PAR  In the preparation of the recording material of the present invention the
      coating of the photoconductive recording layer preferably precedes that of
      the silver halide emulsion layer(s).
PAR  According to common practice the photoconductive substance(s) involved;
      either alone or together with the necessary additives, are first dissolved
      in a suitable organic solvent such as a chlorinated hydrocarbon, e.g.
      methylene chloride. The solution or dispersion thus obtained is uniformly
      spread on a surface of a suitable transparent support, e.g. by
      centrifuging, spraying, brushing or coating. Thereupon the layer formed is
      dried in such a way that a solid photoconductive layer is formed on the
      surface of the support.
PAR  The silver halide emulsion layer(s) are coated at the opposite side of the
      support, which side is preferably provided with a subbing layer for
      improving the adherence of the hydrophilic colloid silver halide emulsion
      layer to the normally rather hydrophobic resin support.
PAR  The coating of the silver halide emulsion layer(s) may proceed by any
      technique known to those skilled in the art e.g. by applying one of the
      coating techniques described by G. F. Duffin in Photographic Emulsion
      Chemistry, The Focal Press, London (1966), pages 153-156. In the same book
      information can be found about the emulsion preparation and the
      ingredients used therein.
PAR  Recording materials containing organic photoconductive substances can be
      used in a negative corona charging as well as in a positive corona
      charging mode.
PAR  In order to obtain an electrostatic image it is possible to effect the
      charging and exposure steps simultaneously and even to expose the
      recording layer image-wise before charging since a conductivity image is
      formed that is not destroyed immediately, especially if diazonium salts
      are used in the recording element. It is preferred, however, that the
      charging is effected before image-wise exposure.
PAR  Suitable exposure sources for non-spectrally sensitized photoconductive
      layers are commonly used ultraviolet emitting lamps e.g. high pressure
      mercury vapour lamps. Spectrally sensitized photoconductive layers can be
      exposed with lamps emitting visible light e.g. incandescent lamps,
      fluorescent lamps and flash lamps.
PAR  The conversion of the electrostatic latent image into a visible image can
      occur according to one of the techniques known in electrophotography,
      wherein use is made of the electrostatic attraction or repulsion of
      electrostatically attractable material e.g. finely divided coloured
      substances, which, e.g. are present in a powder mixture, in an
      electrically insulating liquid (e.g. in the form of a suspension as in an
      electrophoretic developer) or in a gas (e.g. in the form of an aerosol),
      or wherein electrostatic attraction is used for selective liquid
      deposition by selectively wetting charged portions of the recording layer,
      as described e.g. in the U.K. Patent Specification Nos. 1,020,505 and
      1,033,419.
PAR  When the sign of the charge of the developing powder or developing liquid
      is properly chosen, either a negative or a positive print can be obtained
      from the silver image. If both the photoconductive layer and developing
      powder or developing liquid have the same sign of charge, the developing
      material only adheres to the discharged areas so that an image with
      opposite gradation and possibly of contrasting colour with respect to the
      image in the silver halide emulsion layer(s) is obtained. This may be
      useful for improving the visual retrieval of the image information as
      explained in French Patent Specification No. 2,016,178.
PAR  If a coloured powder is used for making visible the latent image, the
      visible image is fixed according to one of the methods known in
      electrophotography, e.g. by heating or by a solvent making the developer
      material adherent to the photoconductive layer surface.
PAR  Thermoplastic organic photoconductive recording layers used in the
      invention can also be developed according to a technique applied in
      thermoplastic recording to form a frost or ripple-image as described,
      e.g., in the United Kingdom Patent Specification No. 964,881 and Phot.
      Sci. Eng., Vol. 7, No. 1, January-February (1963) 12-13.
PAR  Evidently the present invention by no means is limited to the use of
      particular photoconductive compounds with the proviso, that sufficiently
      transparent coatings or sheets are obtained. Thus, it is possible to apply
      in the photoconductive layer in conjunction with the organic
      photoconductive substance(s) a minor amount e.g. less than 5 % by weight
      of inorganic opaque-photoconductive substances e.g. white photoconductive
      zinc oxide particles that optionally are spectrally sensitized.
DETD
PAR  The present invention is further illustrated with the following Examples.
      The percentages or ratios are by weight unless otherwise stated.
PAC  EXAMPLE 1
PAR  To a polyethylene terephthalate support of 100 .mu.m a conductive
      transparent coating was applied from an aqueous solution of gelatin and
      CALGON CONDUCTIVE POLYMER 261 (trade name) in a weight ratio of 2:1. The
      coating was carried out in such a way that the dried coating contained 2 g
      of gelatin per sq.m. The surface electrical resistance of the coating was
      about 5 .times. 10.sup.6 Ohm per square at a relative humidity degree of
      50 %.
PAR  Onto said conductive coating a photoconductive layer composition was coated
      from a solution containing a photoconductive compound:
      ##SPC2##
PAL  (prepared as described in the published German Patent application No. (DOS)
      2,160,873); as binding agents:
TBL  copoly(vinyl chloride/vinyl acetate/                                      
     maleic anhydride) (mole ratio 85.5/                                       
     13.3/0.2                  45 g                                            
     silicone resin            6.7 g                                           
     1,2-dichloroethane        45 g                                            
PAR  The weight of the dried photoconductive layer was 85 g per sq.m.
PAR  The other side of the polyethylene terephthalate support being presubbed
      for a gelatin containing layer was coated at the subbed side with a silver
      halide emulsion suited for radiographic recording. Therefor a silver
      bromoiodide X-ray emulsion (1.5 mole % of silver iodide) was prepared in
      such a way that it contained silver halide grains with an average grain
      size of 0.60 .mu.m and comprised per kg an amount of silver halide
      corresponding to 190 g of silver nitrate and 74 g of gelatin. As
      stabilizing agents the emulsion contained per kg 545 mg of
      5-methyl-7-hydroxy-s-triazolo[1,5-a]pyrimidine, 6.5 mg of
      1-phenyl-5-mercaptotetrazole, and 0.45 mg of mercury cyanide. The silver
      halide emulsion was spectrally sensitized for green light with a spectral
      sensitizing agent corresponding to the structural formula:
      ##SPC3##
PAL  applied in an amount of 120 mg per mole of silver halide.
PAR  The above emulsion was coated onto the subbed side of the polyethylene
      terephthalate support in such a way that an amount of silver halide
      equivalent to 6 g of silver nitrate per sq.m. was present.
PAR  The emulsion layer was coated with a gelatino antistress layer at a
      coverage of 1 g per sq.m.
PAR  The recording material was arranged between two fluorescent intensifying
      screens comprising as luminescent material gadolinium oxysulphide
      activated with terbium and exposed to 60 kV X-ray radiation through an
      aluminium test wedge object in order to produce a wedge image on
      development.
PAR  After removal of the fluorescent screens the radiographic materials were
      processed in an automatic 90 seconds processing machine, the development
      occurred for 23 seconds at 35.degree.C in Agfa-Gevaert's hardening
      developer G 138 which comprises hydroquinone and 1-phenyl-3-pyrazolidinone
      as developing agents and glutaraldehyde as hardener.
PAR  After drying of the recording material the photoconductive layer was
      subjected to a negative corona charging with a potential difference of
      -5200 V exposed through the wedge image print contained in the emulsion
      layer with 5 Osram (trade name) L 20 fluorescent tubes placed at a
      distance of 20 cm from the developed silver halide emulsion layer.
PAR  After the exposure the electrostatic latent image formed on the
      photoconductive layer was developed by means of an electrophoretic
      developer prepared by diluting the concentrated developer composition
      described hereinafter in a volume ratio of 15/1000 by means of Isopar H
      (an isoparaffinic hydrocarbon mixture having a boiling range of
      177.degree.-188.degree.C of Esso Belgium N.V., Antwerp, Belgium):
TBL  carbon black (average particle size : 10 nm)                              
                                30 g                                           
     zinc monotridecyl phosphate as dispersing                                 
     agent                      1.5 g                                          
     ISOPAR H (trade name)      750 ml                                         
     resin solution prepared as described                                      
     hereinafter                150 g                                          
PAR  The resin binder solution was prepared by heating 500 g of ALKYDAL L 67 (of
      Farbenfabriken Bayer AG, Leverkusen, W. Germany, for a linseed
      oil-modified (67 % by weight) alkyd resin and 500 ml of white spirit
      containing 11 % by weight of aromatic compounds at 60.degree.C till a
      clear solution was obtained, and subsequent cooling.
PAR  A black positive copy of the wedge print contained in the developed silver
      halide emulsion layer was obtained.
PAR  The wedge print step area of the developed silver halide emulsion layer
      corresponding with a spectral density for visible light of 0.5 (measured
      before the charging, exposure and development of the photoconductive
      layer) obtained after said electrophoretic development of the
      photoconductive layer a spectral density of about 1.00 measured in
      transmission.
PAC  EXAMPLE 2
PAR  A direct positive silver iodobromide emulsion, containing 95 g of silver
      halide (98 mole % of silver bromide and 2 mole % of silver iodide) was
      prepared. The ratio of hydrophilic colloid to silver halide, expressed as
      silver nitrate, was 0.45.
PAR  After addition of a desensitizing nitro-styryl or nitrobenzylidene dye and
      a methine dye, as described in United Kingdom Patent Specification No.
      1,155,404, and the necessary wetting agents and hardening agents
      (mucochloric acid), the emulsion was coated on a polyethylene
      terephthalate support already provided with a conductive intermediate
      layer and photoconductive coating as described in Example 1 at such a rate
      that an amount of silver halide corresponding with 10 g of silver nitrate
      per sq.m was applied.
PAR  The emulsion layer was then overcoated with a gelatin antistress layer.
PAR  The silver halide emulsion layer was exposed through a continuous grey
      wedge with constant 0.15 by means of incandescent bulbs.
PAR  The exposed material was processed in an automatic 90 seconds processing
      machine. Development lasted 23 seconds at 35.degree.C in a hardening
      developer for automatic processing which comprises hydroquinone and
      1-phenyl-3-pyrazolidinone as developing agents and glutaraldehyde as
      hardener.
PAR  The photoconductive coating was charged, exposed and developed as described
      in Example 1. The spectral density increase obtained thereby was about 100
      % in the area corresponding with density about 1 of the silver metal wedge
      image.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for intensifying low density silver images comprising the steps
      of:
PA1  1. providing a photographic material comprising a support coated on one
      side with at least one silver halide emulsion layer and on the opposite
      side with an electroconductive interlayer having a resistivity not higher
      than about 10.sup.9 ohm.cm. and a conductivity at least 1000 times that of
      said support and is in turn coated with a photoconductive layer having a
      thickness of about 1-20 .mu.m and consisting essentially of at least one
      organic photoconductive compound, each such silver halide emulsion layer
      yielding on exposure with actinic light a latent image which is reducible
      to a silver image upon treatment with a photographic developing agent,
      said electroconductive interlayer having a resistivity at least 1000 times
      smaller than that of the photoconductive layer, and said support, said
      conductive interlayer and said photoconductive layer having an aggregate
      spectral density not exceeding 0.3 in the wavelength range of 400 to 700
      nm,
PA1  2. imagewise exposing such silver halide emulsion layer to penetrating
      radiation to form a low density latent silver image therein,
PA1  3. treating the latent silver image with a photographic developing agent to
      form a visible image thereof,
PA1  4. electrostatically charging the photoconductive layer,
PAR  5. exposing the electrostatically charged photoconductive layer through
      such developed emulsion layer containing said visible image to produce an
      electrostatic charge pattern according to said image,
PA1  6. developing the electrostatic charge pattern thus produced on the
      photoconductive layer with electrostatically attractable material, and
PA1  7. fixing of the electrostatically deposited material onto the
      photoconductive layer thereby to intensify said low density silver image.
NUM  2.
PAR  2. A process according to claim 1 wherein the imagewise exposure of such
      silver halide emulsion layer is with fluorescing light emitted from a
      fluorescent screen exposed to imagewise modulated X-rays.
NUM  3.
PAR  3. A process according to claim 1 wherein said electrostatic latent image
      is developed with an electrophoretic developer liquid containing said
      electrostatically attractable material dispersed therein.
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ABST
PAL  An electrostatographic developer mixture comprising finely divided toner
      particles electrostatically clinging to the surface of larger carrier
      beads, each of the carrier beads comprising a core particle surrounded by
      a thin outer layer of a poly(p-xylylene) polymer. Imaging processes of
      developing electrostatic latent images with the developer mixture are also
      disclosed.
PARN
PAR  This application is a divisional application of copending application Ser.
      No. 308,642, filed Nov. 21, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to electrostatographic imaging systems,
      and, in particular, to improved developer materials and their use.
PAR  The formation and development of images on the surface of photoconductive
      materials by electrostatic means is well known. The basic
      electrostatographic process, as taught by C. F. Carlson in U.S. Pat. No.
      2,297,691, involves placing a uniform electrostatic charge on a
      photoconductive insulating layer, exposing the layer to a light and shadow
      image to dissipate the charge on the areas of the layer exposed to the
      light and developing the resulting electrostatic latent image by
      depositing on the image a finely divided electroscopic material referred
      to in the art as "toner." The toner will normally be attracted to those
      areas of the layer which retain a charge, thereby forming a toner image
      corresponding to the electrostatic latent image. This powder image may
      then be transferred to a support surface such as paper. The transferred
      image may subsequently be permanently affixed to the support surface as by
      heat. Instead of latent image formation by uniformly charging the
      photoconductive layer and then exposing the layer to a light and shadow
      image, one may form the latent image by directly charging the layer in
      image configuration. The powder image may be fixed to the photoconductive
      layer if elimination of the powder image transfer step is desired. Other
      suitable fixing means such as solvent or overcoating treatment may be
      substituted for the foregoing heat fixing step.
PAR  Many methods are known for applying the electroscopic particles to the
      electrostatic latent image to be developed. One development method, as
      disclosed by E. N. Wise in U.S. Pat. No. 2,618,552 is known as "cascade"
      development. In this method a developer material comprising relatively
      large carrier particles having finely divided toner particles
      electrostatically clinging to the surface of the carrier particles is
      conveyed to and rolled or cascaded across the electrostatic latent image
      bearing surface. The composition of the toner particles is so chosen as to
      have a triboelectric polarity opposite that of the carrier particles. As
      the mixture cascades or rolls across the image bearing surface, the toner
      particles are electrostatically deposited and secured to the charged
      portion of the latent image and are not deposited on the uncharged or
      background portions of the image. Most of the toner particles accidentally
      deposited in the background are removed by the rolling carrier due
      apparently to the greater electrostatic attraction between the toner and
      the carrier than between the toner and the discharged background. The
      carrier particles and unused toner particles are then recycled. This
      technique is extremely good for the development of line copy images. The
      cascade development process is the most widely used commercial
      electrostatographic development technique. A general purpose office
      copying machine incorporating this technique is described in U.S. Pat. No.
      3,099,943.
PAR  Another technique for developing electrostatic latent images is the
      "magnetic brush" process as disclosed, for example, in U.S. Pat. No.
      2,874,063. In this method a developer material containing toner and
      magnetic carrier particles is carried by a magnet. The magnetic field of
      the magnet causes alignment of the magnetic carriers in a brushlike
      configuration. This "magnetic brush" is engaged with an electrostatic
      latent image bearing surface and the toner particles are drawn from the
      brush to the electrostatic latent image by electrostatic attraction.
PAR  Another technique for developing electrostatic latent images is the
      "touchdown" process as disclosed, for example, in U.S. Pat. Nos. 2,895,847
      and 3,245,823 to Mayo. In this method a developer material is carried to a
      latent image bearing surface by a support layer such as a web or sheet and
      is deposited thereon in conformity with said image.
PAR  Carrier surfaces and carrier particles are generally made from or coated
      with materials having appropriate triboelectric properties as well as
      certain other physical characteristics. Thus, the materials employed as
      the carrier surfaces and carrier particles or the coatings thereon should
      have a triboelectric value commensurate with the triboelectric value of
      the toner to enable electrostatic adhesion of the toner to the carrier
      surface or carrier particles and subsequent transfer of the toner from the
      carrier surface or carrier particles to the image on the plate.
      Furthermore, the triboelectric properties of the carrier surface and all
      the carrier particles should be relatively uniform to permit uniform
      pickup and subsequent deposition of toner. The materials employed on the
      carrier surface and the carrier particles should preferably have an
      intermediate hardness so as not to scratch the plate or drum surface upon
      which the electrostatic image is initially placed while being sufficiently
      hard to withstand the forces to which they are subjected during recycle.
      The carrier substrate and carrier particles as well as the surface thereof
      also should not be comprised of materials which are so brittle as to cause
      either flaking of the surface or particle breakup under the forces exerted
      on the carrier during recycle. The flaking thereof causes undesirable
      effects in that the relatively small flaked particles may eventually be
      transferred to the copy surface thereby interfering with the deposited
      toner and causing imperfections in the copy image. Furthermore, flaking of
      the carrier surface will cause the resultant carrier to have nonuniform
      triboelectric properties when the carrier is composed of a material
      different from the surface coating thereon. This results in undesirable
      nonuniform pickup of toner by the carrier and nonuniform deposition of
      toner on the image. In addition, when the carrier particle size is
      reduced, the removal of the resultant small particles from the plate
      becomes increasingly difficult. Thus, the types of materials useful for
      making carrier or for coating carrier, although having the appropriate
      triboelectric properties, are limited because other physical properties
      which they possess may cause the undesirable results discussed above.
PAR  While ordinarily capable of producing good quality images, conventional
      developing materials suffer serious deficiencies in certain areas. The
      developing materials must flow freely to facilitate accurate metering and
      even distribution during the development and developer recycling phases of
      the electrostatographic process. Some developer materials, though
      possessing desirable properties such as proper triboelectric
      characteristics, are unsuitable because they tend to cake, bridge and
      agglomerate during handling and storage. Adherence of carrier particles to
      reusable electrostatographic imaging surfaces causes the formation of
      undesirable scratches on the surfaces during the image transfer and
      surface cleaning steps. The tendency of carrier particles to adhere to
      imaging surfaces is aggravated when the carrier surfaces are rough and
      irregular. The coatings of most carrier particles deteriorate rapidly when
      employed in continuous processes which require the recycling of carrier
      particles by bucket conveyors partially submerged in the developer supply
      such as disclosed in U.S. Pat. No. 3,099,943. Deterioration occurs when
      portions of or the entire coating separates from the carrier core. The
      separation may be in the form of chips, flakes or entire layers and is
      primarily caused by fragile, poorly adhering coating material which fails
      upon impact and abrasive contact with machine parts and other carrier
      particles. Carriers having coatings which tend to chip and otherwise
      separate from the carrier core or substrate must be frequently replaced
      thereby increasing expense and loss of productive time. Thus, generally,
      coated carrier particles having coatings which tend to chip or separate
      from the carrier core cannot be reclaimed and reused after many machine
      cycles. Print deletion and poor print quality occur when carriers having
      damaged coatings are not replaced. Fines and grit formed from carrier
      disintegration tend to drift and form undesirable and damaging deposits on
      critical machine parts. Many carrier coatings having high compressive and
      tensile strength either do not adhere well to the carrier core or do not
      possess the desired triboelectric characteristics. In addition, carriers
      having discontinuous coatings generally promote adhesion failure between
      the carrier substrate and the carrier coating material giving rise to the
      aforementioned problems and result in variations in triboelectric
      characteristics, premature discharge of the photoconductive imaging
      surface causing degradation of the electrostatic latent image, scratching
      of the imaging surface, not to mention manufacturing difficulties in
      reproducing carriers having discontinuous coatings. Further the
      triboelectric and flow characteristics of many carriers are adversely
      affected when relative humidity is high. For example, the triboelectric
      values of some carrier coatings fluctuate when changes in relative
      humidity and are not desirable for employment in electrostatographic
      systems, particularly in automatic machines which require carriers having
      stable and predictable triboelectric values.
PAR  Another factor affecting the stability of carrier triboelectric properties
      is the susceptibility of carrier coatings to "toner impaction." When
      carrier particles are employed in automatic machines and recycled through
      many cycles, the many collisions which occur between the carrier particles
      and other surfaces in the machine cause the toner particles carried on the
      surface of the carrier particles to be welded or otherwise forced onto the
      carrier surfaces. The gradual accumulation of impacted toner material on
      the surface of the carrier causes a change in the triboelectric value of
      the carrier and directly contributes to the degradation of copy quality by
      eventual destruction of the toner carrying capacity of the carrier.
PAR  It has been ascertained that in order to develop a latent image comprised
      of negative electrostatic charges, an electroscopic powder and carrier
      combination should be selected in which the powder is triboelectrically
      positive to the granular carrier; and to develop a latent image comprised
      of positive electrostatic charges, an electroscopic powder and carrier
      should be selected in which the powder is triboelectrically negative to
      the carrier. It is often desirable in any type of printing to produce a
      reverse copy of an original. By this is meant to produce a negative copy
      from a positive original or, on the other hand, a positive copy from a
      negative original. In electrostalographic printing, image reversal can be
      accomplilshed by applying to the image a developer powder which is
      repelled by the charged areas of the image and adheres to the discharged
      areas.
PAR  The triboelectric relationship between the electroscopic powder and the
      carrier depends on their relative positions in a triboelectric series in
      which the materials are arranged in such a way that each material is
      electrostatically charged with a positive charge when contacted with any
      material below it in the series and with a negative charge when contacted
      with any material above it in the series. In the reproduction of high
      contrast copy such as letters, tracings, etc., it is desirable to select
      the electroscopic powder and carrier materials so that their mutual
      electrification is sufficient to cause the toner particles to
      electrostatically cling to the carrier surface, and the degree of such
      electrification is normally governed by the distance between their
      positions in the triboelectric series, that is, the greater distance they
      are removed from one another, the greater the mutual electrification and
      the closer they are together in the series, the less the mutual
      electrification.
PAR  It is highly desirable to control the triboelectric properties of carrier
      surfaces to accommodate the use of desirable toner compositions while
      retaining the other desirable physical characteristics of the carrier. The
      alteration of the triboelectric properties of a carrier by applying a
      surface coating thereon is a particularly desirable technique. With this
      technique, not only is it possible to control the triboelectric properties
      of a carrier made from materials having desirable physical
      characteristics, it is also possible to employ materials previously not
      suitable as a carrier. Thus, for example, a carrier having desirable
      physical properties with the exception of hardness, can be coated with a
      material having desirable hardness as well as other physical properties,
      rendering the resultant product more useful as a carrier.
PAR  Suitable coated and uncoated carrier materials for cascade, magnetic brush,
      and touchdown development are well known in the art. The carrier comprises
      any suitable solid material, provided that the carrier acquires charge
      having an opposite polarity to that of the toner particles when brought in
      close contact with the toner particles so that the toner particles adhere
      to and surround the carrier. By proper selection of material in accordance
      with their position in the triboelectric series, the polarities of their
      charge when the materials are mixed are such that the electroscopic toner
      particles adhere to and are coated on the surface of a carrier and also
      adhere to that portion of the electrostatic image bearing surface having a
      greater attraction for the toner than the carrier.
PAR  For a carrier coating material to be useful in preparing carriers for
      reversal development, it should have the proper triboelectric properties.
      A vinyl chloride-vinyl acetate copolymer, as discussed by L. E. Walkup in
      U.S. Pat. No. 2,618,551, is used for coating a carrier for use in reversal
      development of positively charged images. However, this copolymer is not
      spaced far enough below many toner materials in the triboelectric series
      to provide high quality reversal images. Therefore, a dye is used to
      enhance the reversal character of the carrier coating. While the carrier
      prepared from this polymer-dye blend has utility, it also has
      disadvantages. Batch to batch uniformity is poor. High speed machines
      requiring high quality output have great difficulty when trying to use
      this carrier. The origin of these difficulties probably lies in the
      incomplete compatibility of the dye with the polymer and possibly may be
      due to leaching of the dye from the carrier coating composition.
PAR  Thus, there is a continuing need for a better developer material for
      developing electrostatic latent images.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide developer
      materials which overcome the above noted deficiencies.
PAR  It is another object of this invention to provide developer materials which
      flow freely.
PAR  It is a further object of this invention to provide carrier coating
      materials which tenaciously adhere to carrier substrates.
PAR  It is a still further object of this invention to provide carrier coatings
      which are more resistant to cracking, chipping, flaking and the like.
PAR  It is yet another object of this invention to provide carrier coatings
      having more stable triboelectric values.
PAR  It is a further object of this invention to provide carrier coatings having
      high tensile and compressive strength.
PAR  It is yet another object of this invention to provide carrier coatings
      having greater resistance to disintegration.
PAR  It is still another object of this invention to provide carrier coatings
      more resistant to toner impaction.
PAR  It is still another object of this invention to provide improved developer
      materials which will not deposit in unwanted areas of an electrostatic
      latent image.
PAR  It is still another object of this invention to provide more uniformly
      coated electrostatographic carrier materials.
PAR  It is still another object of this invention to provide coated carrier
      materials having controllable triboelectric characteristics.
PAR  It is still another object of this invention to provide coated carrier
      materials having greatly increased life.
PAR  It is still another object of this invention to provide coated carrier
      materials which may be reclaimed.
PAR  It is still another object of this invention to provide improved developer
      materials which may be employed in electrostatographic reversal
      development.
PAR  It is still another object of this invention to provide improved developer
      materials which may be employed in electrostatographic positive
      development.
PAR  A still further object of this invention is to provide improved developer
      materials having physical and chemical properties superior to those of
      known developer materials.
PAR  The above objects and others are accomplished, generally speaking, by
      providing carrier materials comprising a substrate having an outer coating
      comprising substituted and/or unsubstituted poly (p-xylylene) polymers.
PAR  In general, the carrier coating materials of this invention are the
      products obtained by cleaving the cyclic dimer, [2.2] paracyclophane,
      and/or derivatives thereof, to provide the reactive vaporous diradicals,
      and thereafter condensing these vaporous diradicals on the surface of an
      electrostatographic carrier substrate. Upon condensation, these diradicals
      instantaneously polymerize to form a film.
PAR  The reactive vaporous diradicals hereinabove mentioned can be produced by
      the thermal homolytic cleavage of at least one cyclic dimer represented
      generally by the structure:
      ##SPC1##
PAL  wherein R and R' are nuclear substituents which may be the same or
      different, x and y are integers from 1 to 4, inclusive, thus forming two
      separate reactive vaporous diradicals having the structure:
      ##SPC2##
PAR  Thus, where x and y are the same, and R and R' are the same, two moles of
      the same diradical are formed, and when condensed yield a substituted or
      unsubstituted homopolymer having the structure:
      ##SPC3##
PAL  when R and R' and/or x and y are different, condensation of such diradicals
      will yield copolymers having the general structure:
      ##SPC4##
PAR  It is also possible to combine several different dimers with various
      nuclear substituents to form a large number of different and often
      complicated polymers. This will be obvious to those skilled in the art of
      polymerization. Furthermore, analogous systems having fused aromatic rings
      in the dimer structure and polymers resulting therefrom should not be
      considered beyond the scope of this invention and are obvious to those
      skilled in the art.
PAR  Inasmuch as the coupling of these reactive diradicals involves the
      methylene linkages, many unsubstituted or nuclear substituted
      poly(p-xylylene) polymers can be prepared. Thus, the substituent group can
      be any organic or inorganic group which can normally be substituted on
      aromatic nuclei. Illustration of such substituent groups are alkyl, aryl,
      alkenyl, amino, cyanol, carboxyl, alkoxy, hydroxy alkyl, carbonyl
      hydroxyl, nitro, halogen, and other similar groups which may normally be
      substituted on aromatic nuclei. Otherwise, the position on the aromatic
      ring is filled by a hydrogen atom.
PAR  Particularly preferred of the substituted groups are those simple
      hydrocarbon groups such as the lower alkyls like methyl, ethyl, propyl,
      butyl, hexyl; lower aryl hydrocarbons such as phenyl, alkylated phenyl,
      naphthyl; and the halogen groups, particularly chlorine, bromine, iodine,
      and fluorine because electrostatographic carrier coating materials having
      maximum adhesion to carrier substrates and stable triboelectric properties
      are obtained.
PAR  The substituted [2.2] paracyclophanes from which these reactive diradicals
      are prepared, can be prepared from the cyclic dimer, [2.2] paracyclophane,
      by appropriate treatment such as halogenation acetylation, nitration,
      alkylation, and like methods of introduction of substituent groups onto
      aromatic nuclei. Hereinafter the term a "[2.2] paracyclophane" refers to
      any substituted or unsubstituted [2.2] paracyclophane as hereinabove
      discussed.
PAR  In the polymerization process to provide the electrostatographic carrier
      coating materials of this invention, the thermally generated vaporous
      diradicals condense and polymerize instantaneously on the carrier
      substrate. Thus, substituted and/or unsubstituted p-xylylene polymer
      carrier coatings can be made by cooling the vaporous diradicals down to
      any temperature at or below the condensation temperature of the diradical.
      It has been observed that for each diradical species, there is an optimum
      ceiling condensation temperature above which the diradical will not
      condense and polymerize onto the carrier substrate. Substituted or
      unsubstituted poly (p-xylylene) electrostatographic carrier coating
      polymeric materials are made by maintaining the carrier substrate surface
      at a temperature below the ceiling condensation temperature of the
      particular diradical species involved.
PAR  Where different diradicals existing in the pyrolyzed mixture have different
      ceiling condensation temperatures, as for example, p-xylylene, or
      cyano-p-xylylene and chloro-p-xylylene or any other mixture with other
      substituted diradicals, homopolymerization will result when the
      condensation temperature is selected to be at or below that temperature
      where only one of the diradicals condense and polymerize. Therefore, it is
      possible to make homopolymer carrier coating materials from a mixture
      containing one or more of the substituted diradicals when any other
      diradicals present have higher condensation temperatures, and wherein only
      one diradical species is condensed and polymerized on the carrier surface.
      Of course, other diradical species not condensed on the carrier substrate
      surface can be drawn through well-known coating apparatus to be condensed
      and polymerized in a subsequent coating chamber or cold trap. Inasmuch as
      p-xylylene diradicals, for example, are condensed at temperatures at about
      25.degree. to 30.degree.C., which is much lower than cyano-p-xylylene
      diradicals, i.e., about 120.degree. to 130.degree.C., it is possible to
      have such diradicals present in the vaporous pyrolyzed mixture. In such a
      case, homopolymerizing conditions are secured by maintaining the
      electrostatographic carrier substrate surface at a temperature below the
      ceiling condensation temperature of the substituted p-xylylene but above
      that of the p-xylylene, thus permitting the p-xylylene vapors to pass
      through the apparatus without condensing and polymerizing but collecting
      the poly-p-xylylene in a subsequent coating chamber or cold trap.
PAR  It is also possible to obtain substituted copolymer carrier coating
      materials through the pyrolysis process hereinabove described. Copolymers
      of p-xylylene and substituted p-xylylene, as well as copolymers of
      substituted p-xylylenes can all be obtained through said pyrolysis
      process. Copolymerization occurs simultaneously with condensation upon
      cooling of the vaporous mixture of reactive diradicals to a temperature
      below about 200.degree.C. under polymerization conditions.
      Electrostatographic carrier coating copolymer materials can be made by
      maintaining the substrate surface at a temperature below the lowest
      ceiling condensation temperature of the diradical desired in the
      copolymer, such as at room temperature or below. This is considered
      "copolymerizing conditions," since at least two of the diradicals will
      condense and copolymerize in a copolymer at such temperature.
PAR  In the pyrolytic process, the reactive diradicals are prepared by
      pyrolyzing a substituted and/or unsubstituted [2.2] paracyclophane at a
      temperature less than about 700.degree.C., and preferably at a temperature
      between about 550.degree.C. to about 650.degree.C. Pyrolysis of the
      starting [2.2] paracyclophane begins at about 450.degree.C. regardless of
      the pressure employed. Operation in the range of 450.degree.-550.degree.C.
      serves only to increase the time of reaction, lessen the yield of polymer
      secured, and may result in entraining unpyrolyzed dimer in the polymer
      film. At temperatures above about 700.degree.C., cleavage of the
      substituent group may occur, resulting in a tri/or polyfunctional species
      causing cross-linking or highly branched polymers.
PAR  The pyrolysis temperature is essentially independent of the operating
      pressure. It is, however, preferred that reduced or sub-atmospheric
      pressures be employed. For most operations, pressures within the range of
      0.0001 to 10 mm Hg. absolute are most practical. However, if desired,
      greater pressures can be employed. Likewise, if desirable, inert vaporous
      diluents such as nitrogen, argon, carbon dioxide, steam, and the like can
      be employed to vary the optimum temperature of operation or to change the
      total effective pressure in the system.
PAR  Where greater adhesion of poly(p-xylylene) polymers to electrostatographic
      carrier substrate surfaces is desired, improved adhesion may be obtained
      by the use of a substituted silicon compound. That is, poly(p-xylylene)
      polymers can nbe adhered to electrostatographic carrier substrate surfaces
      by providing on the surface of the carrier substrate a silane compound
      containing an ethylenically unsaturated group bonded to the silicon of the
      silane by a carbon-to-silicon bond, and contacting the carrier substrate
      with a vaporous p-xylylene diradical which upon deposition on the surface
      of the carrier substrate forms a poly(p-xylylene) coating which adheres to
      the carrier substrate surface.
PAR  It is well known that siloxanes can be condensed and hydrolyzed products of
      substituted silanes. Such compounds can be prepared by any convenient
      method known in the art. Preferably the siloxanes are formed when reacting
      the silicon compound containing solution with hydroxyl or oxide surface
      groups of the substrate. The siloxanes can be produced from substituted
      silanes represented generally by the structure
      ##EQU1##
      wherein R is an ethylenically unsaturated group bonded to the silicone by
      a carbon-to-silicon bond such as those compounds having the structure
      ##EQU2##
      R' is a monovalent hydrocarbon group bonded to silicon by a carbon to
      silicon bond; X is a hydrolyzable and/or condensable radical such as
      halogen, alkoxy, aryloxy, acyloxy, and the like; and a is 0, 1, or 2.
      Specific illustrations of such substituted silanes containing an
      ethylenically unsaturated group bonded to the silicon of the silane by a
      carbon to silicon bond, and at least one hydrolyzable group attached
      directly to the silicon of the silane are vinyltrichloro silane,
      vinylmethyldichloro silane, and gammamethacryloxypropyltrimethoxy silane.
      Organo silicon compounds useful in the present invention are known in the
      art and can be prepared by any conventional method known in the art.
PAR  The electrostatographic carrier substrates of this invention may be
      provided on their surfaces with a siloxane containing an ethylenically
      unsaturated group bonded to the silicon of the siloxane by a
      carbon-to-silicon bond by treating the substrates with a solution produced
      by dissolving in a solvent a substituted silane containing an
      ethylenically unsaturated group identical to that of the siloxane and at
      least one hydrolyzable group attached directly to the silicon of the
      silane. The solvent employed can vary with the particular silane used. The
      solvent can vary from halocarbons such as trichloroethylene to
      ethanol-water or methanol-water mixtures and any suitable solvent system.
      The amount of silane in solution can be from about 0.05% to about 20%
      depending upon the solvent employed. It must be understood that the
      solvent used and the amount of silane in solution can vary widely and such
      variations should not be construed as being outside the scope of this
      invention. Furthermore, solvents other than those specifically named as
      being preferred, can also be effectively employed without detracting from
      this invention. It must be understood that the solution can also be formed
      of a siloxane containing an ethylenically unsaturated group bonded to the
      silicon of the siloxane by a carbon-to-silicon bond and at least one
      hydrolyzable and/or condensable group attached directly to the silicon of
      the silane. Specific illustrations of the preferred types of solutions
      which can be employed are a 10% solution of vinyltrichloro silane in
      trichloroethylene, 0.1% gamma-methacryloxypropyl trimethoxy silane in
      99.4% methanol-0.5% water. These solutions have been preferred, and
      references to such should not be construed to limit the combinations
      possible in making a solution of the silicon compound. The substrates can
      be treated with the aforementioned solutions by such techniques as dipping
      the substrates directly onto the solution, or other conventional
      techniques. It is also preferred that the treated substrates be dried at
      ambient temperatures to effect evaporation of the carrier solvent. In
      certain instances such as when treating the substrates with a 1% solution
      of gamma-methacryloxypropyltrimethoxy silane in 95/5 ethanol-water, it is
      preferable to bake the substrate at temperatures from about
      50.degree.-70.degree.C. after air drying in order to remove the residual
      non-reacted silane and the rest of the carrier solvent. However, such
      baking is not always necessary but depends upon the silane and solution
      used. Other methods of applying the silane from solution or otherwise will
      be obvious to those skilled in the art. In addition, other adhesion
      promotion techniques are known and may be employed if desired for the
      purposes of this invention.
PAR  Any suitable electrostatographic carrier coating thickness may be employed.
      However, a carrier coating having a thickness at least sufficient to form
      a thin continuous film on a substrate is preferred because the carrier
      coating will then possess sufficient thickness to resist abrasion and
      prevent pinholes which adversely affect the triboelectric properties of
      the coated carrier particles. Generally, for cascade and magnetic brush
      development, the poly(p-xylylene) carrier coating may comprise from about
      50 angstroms to about 5 microns in thickness. Preferably, the
      poly(p-xylylene) electrostatographic carrier coating should comprise from
      about 500 angstroms to about 1 micron in thickness because maximum
      durability, toner impaction resistance, and copy quality are achieved.
PAR  Any suitable well known coated or uncoated carrier material may be employed
      as the substrate for the coated electrostatographic carriers of this
      invention. Typical carrier core materials include sodium chloride,
      ammonium chloride, aluminum potassium chloride, Rochelle salt, sodium
      nitrate, potassium chlorate, granular zircon, granular silicon, methyl
      methacrylate, glass, silicon dioxide, flintshot, iron, steel, ferrite,
      nickel, carborundum and mixtures thereof. Many of the foregoing and other
      typical carrier materials are described by L. E. Walkup in U.S. Pat. No.
      2,618,551; L. E. Walkup et al in U.S. Pat. No. 2,638,416; E. N. Wise in
      U.S. Pat. No. 2,618,552; and C. R. Mayo in U.S. Pat. Nos. 2,805,847 and
      3,245,823. An ultimate coated carrier particle having an average diameter
      between about 1 micron to about 1,000 microns may be employed. However, a
      coated carrier particle having an average diameter between about 50
      microns and about 600 microns is preferred in cascade systems because the
      carrier particle then possesses sufficient density and inertia to avoid
      adherence to the electrostatic images during the cascade development
      process. Adherence of carrier particles to an electrostatographic drum is
      undesirable because of the formation of deep scratches on the drum surface
      during the image transfer and drum cleaning steps, particularly where
      cleaning is accomplished by a web cleaner such as the web disclosed by W.
      P. Graff, Jr., et al in U.S. Pat. No. 3,186,838.
PAR  The surprisingly better results obtained with the poly(p-xylylene)
      electrostatographic carrier coating materials of this invention may be due
      to many factors. For example, the marked durability of the coating
      material may be due to the fact that these poly(p-xylylene) polymers
      adhere extremely well to the substrates tested. Outstanding abrasion
      resistance is obtained when the poly(p-xylylene) coating materials of this
      invention are applied to steel or similar metallic particles. Coatings
      prepared from the polymers of this invention possess smooth outer surfaces
      which are highly resistant to cracking, chipping, and flaking. In cascade
      development systems, the smooth tough surface enhances the rolling action
      of carrier particles across the electrostatographic surfaces and reduces
      the tendency of carrier particles to adhere to the electrostatographic
      imaging surfaces. Whene these poly(p-xylylene) polymers are employed in
      coatings for electrostatographic carriers, carrier life is unexpectedly
      extended, particularly with respect to stability of triboelectric
      properties. Additionally, the hydrophobic properties of the carrier
      coating materials of this invention appear to contribute to the stability
      of the triboelectric properties of the coated carrier over a wide relative
      humidity range. Because of their triboelectric properties, these
      poly(p-xylylene) polymeric coating materials may be employed in reversal
      development of positively charged images without incorporating reversal
      dyes in the carrier coating.
PAR  The carrier coatings employed in the present invention are nontacky and
      have sufficient hardness at normal operating temperatures to minimize
      impaction; form strong adhesive coatings which resist flaking under normal
      operating conditions; have triboelectric values such that they can be used
      with a wide variety of presently available toners in present positive and
      negative electrostatographic processes and are hydrophobic so that they
      retain a predictable triboelectric value. Thus, the coated carrier
      particles of this invention have desirable properties which permit their
      wide use in presently available electrostatographic processes.
PAR  Any suitable poly(p-xylylene) polymer may be employed as the carrier
      coating of this invention. Typical poly(p-xylylene) polymers include
      poly(chloro-p-xylylene), poly(dichloro-p-xylylene),
      poly(cyano-p-xylylene), poly(iodo-p-xylylene), poly(fluoro-p-xylylene),
      poly(bromo-p-xylylene), poly(methoxy-methyl-p-xylylene),
      poly(hydroxy-methyl-p-xylylene), poly(ethyl-p-xylylene),
      poly(methyl-p-xylylene), poly(aminomethyl-p-xylylene) hydrate,
      poly(carboxy-p-xylylene), poly(carbomethoxy-p-xylylene), and mixtures
      thereof.
PAR  Any suitable well-known toner material may be employed with the
      poly(p-xylylene) coated carriers of this invention. Typical toner
      materials include gum copal, gum sandarac, rosin, cumaroneindene resin,
      asphaltum, gilsonite, phenolformaldehyde resins, rosin modified
      phenolformaldehyde resins, methacryclic resins, polystyrene resins,
      polypropylene resins, epoxy resins, polyethylene resins, polyester resins
      and mixtures thereof. The particular toner material to be employed
      obviously depends upon the separation of the toner particles from the
      poly(p-xylylene) coated carrier in the triboelectric series and should be
      sufficient to cause the toner particles to electrostatically cling to the
      carrier surface. Among the patents describing electroscopic toner
      compositions are U.S. Pat. No. 2,659,670 to Copley, U.S. Pat. No.
      2,753,308 to Landrigan, U.S. Pat. No. 3,079,342 to Insalaco; U.S. Pat. No.
      Re. 25,136 to Carlson and U.S. Pat. No. 2,788,288 to Rheinfrank et al.
      These toners generally have an average particle diameter between about 1
      and 30 microns.
PAR  Any suitable colorant such as a pigment or dye may be employed to color the
      toner particles. Toner colorants are well known and include, for example,
      carbon black, nigrosine dye, aniline blue, Calco Oil Blue, chrome yellow,
      ultramarine blue, Quinoline Yellow, methylene blue chloride, Monastral
      Blue, Malachite Greene Ozalate, lampblack, Rose Bengal, Monastral Red,
      Sudan Black BM, and mixtures thereof. The pigment or dye should be present
      in the toner in a sufficient quantity to render it highly colored so that
      it will form a clearly visible image on a recording member. Preferably,
      the pigment is employed in an amount from about 3 percent to about 20
      percent, by weight, based on the total weight of the colored toner because
      high quality images are obtained. If the toner colorant employed is a dye,
      substantially smaller quantities of colorant may be used.
PAR  Any suitable conventional toner concentration may be employed with the
      poly(p-xylylene) coated carriers of this invention. Typical toner
      concentrations for cascade and magnetic brush development systems include
      about 1 part toner with about 10 to about 400 parts by weight of carrier.
PAR  Any suitable organic or inorganic photoconductive material may be employed
      as the recording surface with the poly(p-xylylene) coated carriers of this
      invention. Typical inorganic photoconductor materials include: sulfur,
      selenium, zinc sulfide, zinc oxide, zinc cadmium sulfide, zinc magnesium
      oxide, cadmium selenide, zinc silicate, calcium strontium sulfide, cadmium
      sulfide, mercuric iodide, mercuric oxide, mercuric sulfide, indium
      trisulfide, gallium selenide, arsenic disulfide, arsenic trisulfide,
      arsenic triselenide, antimony trisulfide, cadmium sulfo-selenide and
      mixtures thereof. Typical organic photoconductors include: guinacridone
      pigments, phthalocyanine pigments, triphenylamine,
      2,4-bis(4,4'-diethylamino-phenol)-1,3,4-oxodiazol, N-isopropylcarbazol,
      triphenyl-pyrrol, 4,5-diphenylimidazolidinone,
      4,5-diphenylimidazolidinethione,
      4,5-bis-(4'-amino-phenyl)-imidazolidinone, 1,5-dicyanonaphthalene,
      1,4-dicyanonaphthalene, aminophthalodinitrile, nitrophthalodinitrile,
      1,2,5,6tetraazacyclooctatetraene-(2,4,6,8),
      2-mercaptobenzothiazole-2-phenyl-4-diphenylidene-oxazolone,
      6-hydroxy-2,3-di(p-methoxyphenyl)-benzofurane,
      4-dimethylamino-benzylidene-benzhydrazide, 3-benzylidene-amino-carbazole,
      polyvinyl carbazole, (2-nitrobenzylidene)-p-bromoaniline,
      2,4-diphenyl-quinazoline, 1,2,4-triazine, 5-diphenyl-3-methyl-pyrazoline,
      2-(4'dimethylamino phenyl)-benzoxazole, 3-amine-carbazole, and mixtures
      thereof. Representative patents in which photoconductive materials are
      disclosed include U.S. Pat. No. 2,803,542 to Ullrich, U.S. Pat. No.
      2,970,906 to Bixby, U.S. Pat. No. 3,121,006 to Middleton, U.S. Pat. No.
      3,121,007 to Middleton, and U.S. Pat. No. 3,151,982 to Corrsin.
PAR  Poly(p-xylylene) carrier coatings provide numerous advantages to an
      electrostatographic carrier because they confer a uniform coating and
      yield better batch to batch triboelectric reproducibility than current
      carriers. In addition, the carrier coatings of this invention provide
      exceptionally good life performance, durability, copy quality, quality
      maintenance, less coated carrier bead sticking and agglomeration, and also
      provide improved abrasion resistance thereby minimizing carrier coating
      chipping and flaking. Further, recovery of coated carrier is possible
      since the poly(p-xylylene) polymeric materials are quite insoluble in
      solvents that readily dissolve current conventional toner materials
      thereby enabling the removal of impacted toner from the coated carrier and
      also enabling the re-establishment of the original carrier-toner
      triboelectric relationship. The toner material may thus be readily removed
      from the coated carrier which is then reusable without further processing.
DETD
PAR  The following examples, other than the control examples, further define,
      describe, and compare preferred methods of utilizing the poly(p-xylylene)
      coated carriers of the present invention in electrostatographic
      applications. Parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE I
PAR  Electrostatographic poly(p-xylylene) coated carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane, in a
      sublimer which is heated to a temperature of about 140.degree.C.
      Sublimation is carried out under a vacuum of about 10 microns of Hg. The
      sublimed vapors enter a pyrolysis furnace maintained at a temperature of
      about 680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 450 micron steel carrier cores. The
      deposition chamber is rotated at a speed of between about 10 r.p.m. and
      about 50 r.p.m. Upon contact of the reactive diradicals with the steel
      carrier cores, a thin, hard, continuous coating of poly(p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(p-xylylene) was adhered to
      the carrier cores and no further treatment was necessary.
PAC  EXAMPLE II
PAR  Electrostatographic poly(chloro-p-xylylene) carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane having a
      chlorine atom substituted on each aromatic ring, in a sublimer which is
      heated to a temperature of about 140.degree.C. Sublimation is carried out
      under vacuum at about 10 microns of Hg. The sublimed vapors enter a
      pyrolysis furnace maintained at a temperature of about 680.degree.C. and
      under a vacuum of about 10 microns of Hg. In this pyrolysis zone the dimer
      is converted to reactive diradicals which pass into a deposition zone
      maintained at a temperature of about 25.degree.C. and containing about 200
      grams of 450 micron steel carrier cores. The deposition chamber is rotated
      at a speed of between about 10 r.p.m. and about 50 r.p.m. Upon contact of
      the reactive diradicals with the steel carrier cores, a thin, hard,
      continuous coating of poly(chloro-p-xylylene) forms on the steel carrier
      cores. Vapors which do not condense in the deposition zone are removed by
      a cold trap which protects the vacuum pump from contamination. The coated
      steel carrier cores are removed from the deposition chamber. Examination
      showed the poly(chloro-p-xylylene) was adhered to the carrier cores and no
      further treatment was necessary.
PAC  EXAMPLE III
PAR  Electrostatographic poly(dichloro-p-xylylene) carrier particles are
      prepared by placing a supply of the cyclic dimer, [2.2] paracyclophane,
      having two chlorine atoms substituted on each aromatic ring, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 450 micron steel carrier cores. The
      deposition chamber is rotated at a speed of between 10 r.p.m. and about 50
      r.p.m. Upon contact of the reactive diradicals with the steel carrier
      cores, a thin, hard, continuous coating of poly(dichloro-p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(dichloro-p-xylylene) was
      adhered to the carrier cores and no further treatment was necessary.
PAC  EXAMPLE IV
PAR  Electrostatographic poly(p-xylylene) carrier particles are prepared by
      placing a supply of the cyclic dimer, [2.2] paracyclophane, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a decomposition zone maintained at a temperature of about
      25.degree.C. and containing about 200 grams of 250 micron steel carrier
      cores which have been precoated with about a 0.7% by volume solution of
      gamma-methacryloxypropyltrimethoxy silane in 99.4% methanol-0.5% water.
      The carrier cores were dipped in the silane solution for 10 minutes, air
      dried for 30 minutes, and then baked at 70.degree.C. for 30 minutes. The
      deposition chamber is rotated at a speed of between about 10 r.p.m. and
      about 50 r.p.m. Upon contact of the reactive diradicals with the precoated
      steel carrier cores, a thin, hard, continuous coating of poly(p-xylylene)
      forms on the steel carrier cores. Vapors which do not condense in the
      deposition zone are removed by a cold trap which protects the vacuum pump
      from contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(p-xylylene) was adhered to
      the carrier cores and no further treatment was necessary.
PAC  EXAMPLE V
PAR  Electrostatographic poly(chloro-p-xylylene) carrier particles are prepared
      by placing a supply of the cyclic dimer, [2.2] paracyclophane, having a
      chlorine atom substituted on each aromatic ring, in a sublimer which is
      heated to a temperature of about 140.degree.C. Sublimation is carried out
      under vacuum at about 10 microns of Hg. The sublimed vapors enter a
      pyrolysis furnace maintained at a temperature of about 680.degree.C. and
      under a vacuum of about 10 microns of Hg. In this pyrolysis zone the dimer
      is converted to reactive diradicals which pass into a deposition zone
      maintained at a temperature of about 25.degree.C. and containing about 200
      grams of 250 micron steel carrier cores which have been precoated with
      about a 0.7% by volume solution of gamma-methacryloxypropyltrimethoxy
      silane as in Example IV. The deposition chamber is rotated at a speed of
      between about 10 r.p.m. and about 50 p.r.m. Upon contact of the reactive
      diradicals with the steel carrier cores, a thin, hard, continuous coating
      of poly(chloro-p-xylylene) forms on the steel carrier cores. Vapors which
      do not condense in the deposition zone are removed by a cold trap which
      protects the vacuum pump from contamination. The coated steel carrier
      cores are removed from the deposition chamber. Examination showed the
      poly(chloro-p-xylylene) was adhered to the carrier cores and no further
      treatment was necessary.
PAC  EXAMPLE VI
PAR  Electrostatographic poly(dichloro-p-xylylene) carrier particles are
      prepared by placing a supply of the cyclic dimer, [2.2] paracyclophane,
      having two chlorine atoms substituted on each aromatic ring, in a sublimer
      which is heated to a temperature of about 140.degree.C. Sublimation is
      carried out under vacuum at about 10 microns of Hg. The sublimed vapors
      enter a pyrolysis furnace maintained at a temperature of about
      680.degree.C. and under a vacuum of about 10 microns of Hg. In this
      pyrolysis zone the dimer is converted to reactive diradicals which pass
      into a deposition zone maintained at a temperature of about 25.degree.C.
      and containing about 200 grams of 250 micron steel carrier cores which
      have been precoated with about a 0.7% by volume solution of
      gamma-methacryloxypropyltrimethoxy silane as in Example IV. The deposition
      chamber is rotated at a speed of between about 10 r.p.m. and about 50
      r.p.m. Upon contact of the reactive diradicals with the steel carrier
      cores, a thin, hard, continuous coating of poly(dichloro-p-xylylene) forms
      on the steel carrier cores. Vapors which do not condense in the deposition
      zone are removed by a cold trap which protects the vacuum pump from
      contamination. The coated steel carrier cores are removed from the
      deposition chamber. Examination showed the poly(dichloro-p-xylylene) was
      adhered to the carrier cores and no further treatment was necessary.
PAC  EXAMPLE VII
PAR  A control sample containing about one part colored toner particles having
      an average particle size of about 10 to about 20 microns and about 99
      parts coated carrier particles comprising 450 micron steel carrier cores
      coated with a vinyl chloride-vinyl acetate copolymer containing about 25.0
      percent by weight based on the weight of the copolymer of a reversal dye
      is cascaded across an electrostatic image-bearing surface. The resultant
      developed image is transferred by electrostatic means to a sheet of paper
      whereon it is fused by heat. The residual powder is removed from the
      electrostatic imaging surface by a cleaning web of the type disclosed by
      W. P. Graff, Jr., et al in U.S. Pat. No. 3,186,838. After the copying
      process is repeated 50,000 times, the developer mix is examined for the
      presence of carrier coating chips and flakes. Numerous carrier chips and
      flakes are found in the developer mix. Print qualilty is found to degrade
      throughout the test and to be poor at the conclusion of the test.
PAC  EXAMPLE VIII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example I. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. However, the
      copying process is repeated 326,000 times rather than 50,000 times. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes. Print quality is found
      to be good at the conclusion of the test.
PAC  EXAMPLE IX
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example II. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE X
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example III. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XI
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example IV. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. However, the
      copying process is repeated 400,000 times rather than 50,000 times. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example V. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XIII
PAR  A developer sample is prepared by mixing about one part colored toner
      particles having an average particle size of about 10 to about 20 microns
      with about 99 parts of the coated carrier particles of Example VI. The
      developing procedure of Example VII is repeated with the foregoing coated
      carrier substituted for the carrier employed in Example VII. An
      examination of the developer mix after the test termination reveals
      substantially no carrier coating chips nor flakes.
PAC  EXAMPLE XIV
PAR  The developer materials of Example VII and Example VIII are separately
      cascaded across an electrostatic image-bearing surface. The developed
      images are then electrostatically transferred to receiving sheets. The
      development and transfer steps are separated at different relative
      humidities in 10 percent increments from 20 percent to 80 percent. The
      resolutions in lines per millimeter of each of the transferred images is
      plotted against the corresponding percent relative humidity. The change in
      resolution between 20 and 80 percent relative humidity for the developer
      material of Example VII is more than four times greater than the change in
      resolution for the developer material of Example VIII.
PAC  EXAMPLE XV
PAR  A control sample containing about one part colored toner particles having
      an average particle size of about 10 to about 20 microns and about 99
      parts coated carrier particles comprising 450 micron steel carrier cores
      coated with a vinyl chloride-vinyl acetate copolymer containing about 25.0
      percent by weight based on the weight of the copolymer of a reversal dye
      is cascaded across an electrostatic image-bearing surface. Substantial
      toner impaction along with coating chips and flakes are observed within
      about five hours after the test is initiated. Copy quality was found to
      deteriorate to an unacceptable level.
PAC  EXAMPLE XVI
PAR  The developer material of Example VIII is evaluated according to the
      impaction test procedure of Example XV. Toner impaction is observed at
      about 25 hours after the test was initiated but without deterioration of
      copy quality. No carrier coating chips or flakes are found.
PAR  In the following Examples XVII through XIX, the relative triboelectric
      values generated by contact of carrier beads with toner particles is
      measured by means of a Faraday Cage. The device comprises a brass cylinder
      having a diameter of about one inch and a length of about one inch. A
      100-mesh screen is positioned at each end of the cylinder. The cylinder is
      weighed, charged with about a 0.5 gram mixture of carrier and toner
      particles and connected to ground through a capacitor and an electrometer
      connected in parallel. Dry compressed air is then blown through the brass
      cylinder to drive all the toner from the carrier. The charge on the
      capacitor is then read on the electrometer. Next, the chamber is reweighed
      to determine the weight loss. The resulting data is used to calculate the
      toner concentration and the charge in micro-coulombs per gram of toner.
      Since the triboelectric measurements are relative, the measurements
      should, for comparative purposes, be conducted under substantially
      identical conditions. Thus, a toner comprising a styrene-n-butyl
      methacrylate copolymer and carbon black as disclosed by M. A. Insalaco in
      U.S. Pat. No. 3,079,342 is used as a contact triboelectrification standard
      in Examples XVII through XIX. Obviously, other suitable toners such as
      those listed above may be substituted for the toner used in the examples.
PAC  EXAMPLE XVII
PAR  A control sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles having an average
      particle size of about 5 to about 15 microns with about 200 parts of the
      coated carrier particles disclosed in Example VII. The relative
      triboelectric value of the carrier measured by means of a Faraday Cage is
      about -20 micro-coulombs per gram of toner. In machine life tests
      employing cascade development of a positively charged reusable imaging
      surface and developing discharged image areas with unexposed areas still
      positively charged, the carrier fails between about 40,000 and about
      70,000 prints. Substantial toner impaction and carrier abrasion are
      observed. Print quality is poor at the conclusion of the test, and the
      triboelectric value has degraded to about -7 micro-coulombs per gram of
      toner.
PAC  EXAMPLE XVIII
PAR  A developer sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles of the type
      described in Example XVII with about 200 parts of the coated carrier
      particles of Example I. The relative triboelectric value of the carrier
      measured by means of a Faraday Cage is about -20 micro-coulombs per gram
      of toner. In machine life tests, as in Example XVII, the carrier performs
      well up to about 400,000 prints. Substantially less toner impaction per
      1,000 copies and less carrier abrasion than the carrier of Example XVII is
      observed. Print quality is good throughout the test, and the triboelectric
      value is found not to have degraded below a useful level.
PAC  EXAMPLE XIX
PAR  A developer sample is produced by mixing about one part colored
      styrene-n-butyl methacrylate copolymer toner particles of the type
      described in Example XVII with about 200 parts of the coated carrier
      particles of Example IV. The relative triboelectric value of the carrier
      measured by means of a Faraday Cage is about -20 micro-coulombs per gram
      of toner. In machine life tests employing magnetic brush development of a
      negatively charged reusable imaging surface the carrier performs well and
      print quality is good throughout the test. Substantially no toner
      impaction or carrier abrasion is observed.
PAC  EXAMPLE XX
PAR  The developer material of Example VIII was run in a cascade reversal
      development apparatus to 326,000 cycles at which point the control
      latitude of toner concentration to triboelecricity became narrow and the
      test was terminated. The coated carrier was washed with benzene, air
      dried, and re-installed in the above development apparatus. Print quality
      and toner concentration to triboelectricity control latitude is found to
      have regained original latitude. Carrier life of the original
      poly(p-xylylene) coated carrier is found to exceed 500,000 cycles without
      degradation of the carrier coating.
PAR  Although specific materials and conditions were set forth in the above
      examples for making and using the developer materials of this invention,
      there are merely intended as illustrations of the present invention.
      Various other toners, carrier cores, substituents and processes such as
      those listed above may be substituted for those in the examples with
      similar results.
PAR  Other modifications of the present inventions will occur to those skilled
      in the art upon a reading of the present disclosure. These are intended to
      be included within the scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrostatographic reversal development imaging process comprising
      the steps of providing an electrostatographic imaging member having a
      recording surface, forming an electrostatic latent image on said recording
      surface, and contacting said electrostatic latent image with a developer
      mixture comprising finely-divided toner particles electrostatically
      clinging to the surface of carrier particles capable of generating a
      negative triboelectric charge when mixed with said toner particles, said
      carrier particles comprising more core particles having an average
      diameter between about 1 micron and about 1,000 microns, and said core
      particles being surrounded by a thin outer layer consisting of
      poly(p-xylylene), whereby at least a portion of said finely-divided toner
      particles are attracted to and deposited on said recording surface in
      conformance with said electrostatic latent image.
NUM  2.
PAR  2. An electrostatographic imaging process according to claim 1 wherein said
      poly(p-xylylene) is a polymer.
NUM  3.
PAR  3. An electrostatographic imaging process according to claim 1 wherein said
      poly(p-xylylene) is a copolymer.
NUM  4.
PAR  4. An electrostatographic imaging process according to claim 1 wherein said
      thin outer layer of poly(p-xylylene) is from about 50 Angstroms to about 5
      microns in thickness.
NUM  5.
PAR  5. An electrostatographic imaging process according to claim 1 wherein said
      poly(p-xylylene) contains repeating units of the structures
      ##SPC5##
PAL  wherein R and R' are nuclear substituents selected from the group
      consisting of alkyl, aryl, alkenyl, amino, cyano, carboxyl, alkoxy,
      hydroxy alkyl, carbaloxy, hydroxyl, nitro, and halogen groups which may be
      the same or different, and x and y are each integers from 1 to 4
      inclusive.
NUM  6.
PAR  6. An electrostatographic imaging process according to claim 5 wherein x
      and y are the same and R and R' are the same and said poly(p-xylylene) is
      a homopolymer having the structure:
      ##SPC6##
NUM  7.
PAR  7. An electrostatographic imaging process according to claim 5 wherein R
      and R' and/or x and y are different and said poly(p-xylylene) is a
      copolymer having the general structure:
      ##SPC7##
NUM  8.
PAR  8. An electrostatographic imaging process according to claim 1 wherein said
      core particles are metal.
NUM  9.
PAR  9. An electrostatographic imaging process according to claim 8 wherein said
      metal is steel.
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ABST
PAL  A process for forming an optical sound track which comprises applying a
      nitrogen containing heterocyclic compound in which at least one of the
      nitrogen atoms is connected to a group having 6 or more carbon atoms to
      form a quaternary salt to a sound track area of a multilayer color
      photographic material, after color development but prior to a bleaching
      step, whereby an optical sound track can be easily prepared on a
      conventional multilayer color photographic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for forming sound images on a
      color photographic material and, more particularly, to a process for
      forming an optical sound track on a multilayer color photographic
      material.
PAR  2. Description of the Prior Art
PAR  In general, there are two types of processes for recording sound images on
      a color photographic material for use in the field of motion pictures or
      television: one is an optical sound-recording system and the other is a
      magnet sound-recording system. The present invention relates to a process
      for forming sound tracks suitable for use in the optical sound-recording
      system.
PAR  The reproduction of sound by an optical sound-recording system in a color
      print film, a color reversal film, a color reversal print film, etc. as is
      used in the field of motion pictures or television is accomplished by the
      steps of converting a sound signal recorded on a film as a variation in
      density or area to a light signal, converting the light signal to an
      electrical signal by means of a light acceptor and then converting the
      electrical signal to a sound signal. In such reproduction steps,
      photoelectric tubes having various spectral characteristics are used as a
      light acceptor. Of these, the one used most universally is designated S-1
      type, which has a spectral sensitivity maximum in the infrared region at
      about 800 m.mu. (see, for example, Adrin Cornwell Clyne, Color
      Cinematography, page 593 (1951)).
PAR  On the other hand, in conventional color photographic materials based on a
      subtractive color process, the main absorption of the dyes formed by the
      coupling reaction between an oxidation product of a color developing
      agent, such as a p-phenylenediamine, and a color coupler is always in a
      region of the visible spectrum, which absorption therefore does not
      coincide with the spectral characteristics of the abovedescribed
      photoelectric tube. These color dye images provide, therefore, a sound
      output which is too weak to be practical. Consequently, in recording sound
      on a color photographic material, usually a processing step which forms
      silver images or silver sulfide on a sound track is carried out, and the
      density in the infrared region of the thus obtained silver images or
      silver sulfide images is utilized for the reproduction of sound. The
      infrared density (transmitting density) of these silver or silver sulfide
      images ranges generally from 1.0 to 0.6.
PAR  The production of sound tracks on a color print film can be carried out by
      using the procedures as described in, for example, Journal of the Society
      of Motion Picture and Television Engineers, vol. 77, page 1154 (1968).
PAR  According to these procedures, color images in picture areas and sound
      images in sound track areas are color-developed at the same time in a
      color developing bath. In a first fixing bath, unexposed silver halide is
      removed and, in a bleaching bath, developed silver produced by the
      developing step is rehalogenated. In the sound developing step, silver
      halide only in the sound track areas is converted to a silver image by
      selectively applying a viscous sound developer solution to the sound track
      areas. In a second fixing bath, the silver halide in the picture areas is
      fixed and removed and, in a stabilizing bath, the image dyes are
      stabilized. The density in the infrared region of the silver images thus
      formed on a sound track is predominantly utilized for the reproduction of
      sound.
PAR  Therefore, in the production of sound tracks in a color film, the step for
      forming the silver images or the silver sulfide images is indispensable as
      described above. The reason for forming a sound track comprising silver or
      silver sulfide is, as described above, because the photoelectric tube
      which is employed in the process of sound reproduction has its maximum
      sensitivity in the infrared region, while in such region of the spectrum
      the density of color dyes formed by color developing step is
      insufficiently low. Accordingly, the step to produce silver images or
      silver sulfide images in the sound track area is needed in addition to the
      step of forming dye images in the picture area.
PAR  Recently, methods to produce sound tracks without such a step have been
      provided. For example, as described in U.S. Pat. applications Ser. Nos.
      439,675, filed Feb. 4, 1974, 451,658, filed Mar. 15, 1974 and U.S. Pat.
      Nos. 3,705,801, 3,715,208, and 3,737,312, a color photographic
      light-sensitive material which comprises an auxiliary layer containing a
      compound which is capable of protecting the sound image from the effect of
      a bleaching agent and restraining silver bleaching (a silver bleach
      inhibitor) is provided. When using a light-sensitive material as
      described, it is possible to form sound images simply by conventional
      color processing without conducting the so-called sound development.
      However, these light-sensitive materials having such an auxiliary layer
      containing a silver bleach inhibitor entail certain disadvantages. That
      is, due to the formation of the auxiliary layer (the sound track forming
      layer) in addition to the conventional image forming layers, the
      sensitivity of the image forming layers which are positioned under the
      sound track forming layer is reduced and the sharpness of the images
      decreases markedly. For example, when the sound track forming layer is
      formed in the farthest position from the support (uppermost position), the
      frequency modulation property of the sound images is improved but the
      sharpness of picture images decreases. On the contrary, when the sound
      track forming layer is located closest to the support, the sharpness of
      the picture images formed in the image forming layers over the sound track
      forming layer is not affected but good frequency modulation properties
      cannot be obtained. This is a great difficulty in the practical use of
      these color photographic light-sensitive materials having such an
      auxiliary sound track forming layer.
PAR  Another method of forming sound tracks without a sound developing step is
      described in Japanese Pat. application Laid Open No. 24431/74 and U.S.
      Pat. No. 3,705,800, in which a multilayer color photographic
      light-sensitive material is developed to form a picture record comprising
      silver and a dye and a sound track record comprising silver and then a
      silver bleach inhibitor is selectively applied to the silver of the sound
      track record. in Japanese Pat. application Laid Open No. 24431/74, the
      disclosure is that a compound having at least two oxyalkylene groups or a
      compound having at least one mercapto group can be suitably used as the
      silver bleach inhibitor. According to the method described in Japanese
      Pat. application Laid Open No. 24431/74, after development of a multilayer
      color photographic light-sensitive material, the silver bleach inhibitor
      as mentioned above is applied to only the sound track area containing
      silver to protect the silver sound track record from the action of the
      silver bleaching agent, and then the material is treated in a single
      bleach-fixing bath. Although a shortening of the overall processing time
      can be achieved by treating in such a bleach-fixing bath, this method is
      accompanied by the following disadvantage. That is, in order to recover
      silver from a treating bath for a color photographic light-sensitive
      material, in particular a motion picture film, a method of electrolyzing
      the fixing solution is generally and preferably used. The method is
      described, for example, in Journal of the Society of Motion Picture and
      Television Engineers, vol. 81, pages 603-608. However, when such a single
      bleach-fixing bath as described in Japanese Patent Application Laid Open
      No. 24431/74, German Pat. Nos. 866,605 and 966,410, and British Journal of
      Photography, pages 122-123 and 126 (1966) is employed, the silver recovery
      by electrolysis is difficult to perform due to the presence of other metal
      ions than a silver ion such as an iron ion in the solution.
PAR  Also Japanese Pat. application Laid Open No. 13483/72 describes a method
      for preparing a sound track which comprises developing a multi-layer color
      photographic light-sensitive material, contacting the sound track area
      containing silver with a silver bleach inhibitor having a mercapto group
      or a seleno group, and carrying out the bleaching step. According to the
      method, the silver bleach inhibiting action may be enhanced by using an
      onium salt such as a quaternary ammonium compound, a quaternary
      phosphonium compound or a tertiary sulfonium compound together with the
      silver bleach inhibitor having a mercapto group or a seleno group,
      however, the description is that these onium salts are not silver bleach
      inhibitors within the meaning of the term as defined therein.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new
      method of forming an optical sound track.
PAR  Another object of the present invention is to provide a method of forming a
      sound record suitable for a color photographic light-sensitive material
      which is not subjected to a reversal processing step, such as, for
      example, a color print film (color positive film).
PAR  Still another object of the present invention is to provide a method of
      forming a sound record which can be easily composed into a series of
      processing steps of a color photographic light-sensitive material.
PAR  A further object of the present invention is to provide a method of forming
      an excellent color image and sound record in a simple and rapid manner
      using a conventional color photographic light-sensitive material.
PAR  These objects can be attained by applying a nitrogen containing
      heterocyclic compound in which at least one of the nitrogen atoms is
      connected to a group having 6 or more carbon atoms to form a quaternary
      salt ot a sound track area of a color-developed multi-layer color
      photographic light-sensitive material and then bleaching the
      color-developed material.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of forming an optical sound track according to the present
      invention comprises contacting the sound track area of a color
      photographic material with a nitrogen containing heterocyclic compound in
      which at least one of the nitrogen atoms is connected to a group having 6
      or more carbons atoms to form a quaternary salt to selectively restrain
      the bleaching of silver in the sound track area, as a silver bleach
      inhibitor, after the color-developing but prior to the bleaching of the
      color photographic material.
PAR  The fact that the heterocyclic quaternary salt compound alone can be used
      effectively as a silver bleach inhibitor according to the present
      invention is very surprising when the description in the above-described
      Japanese Pat. application Laid Open No.  13483/72 that the onium salts are
      not silver bleach inhibitors is considered. Further, when the silver
      bleach inhibitor having a mercapto group or a seleno group and the onium
      salt are used in combination, it is occasionally found that the bleach
      inhibitor does not dissolve. However, such a disadvantage does not occur
      in the present invention in which the quaternary salt of the present
      invention is employed.
PAR  In a preferred embodiment of the present invention, the multi-layer color
      photographic light-sensitive material comprises a support having coated
      thereon a first silver halide emulsion layer sensitive to a first region
      of the visible spectrum and containing a coupler capable of forming a
      yellow dye by reacting with an oxidation product of a color developing
      agent, a second silver halide emulsion layer sensitive to a second region
      of the visible spectrum and containing a coupler capable of forming a
      magenta dye by reacting with an oxidation product of a color developing
      agent, and a third silver halide emulsion layer sensitive to a third
      region of the visible spectrum and containing a coupler capable of forming
      a cyan dye by reacting with an oxidation product of a color developing
      agent. The light-sensitive material can further include a backing layer
      containing carbon black, etc., a subbing layer, an antihalation layer
      containing black colloidal silver, etc., a yellow filter layer containing
      yellow colloidal silver, etc., a gelatin inter layer, a protective layer,
      and the like.
PAR  An image exposure from a picture original and a sound image exposure from a
      sound original are provided to a multilayer color photographic
      light-sensitive material, for example such as those described above, and
      the photographic material is subjected to color development to form images
      comprising a silver image and dye image in the picture record area and the
      sound record area. A solution containing a silver bleach inhibitor is then
      applied to only the sound track area of the photographic material. Upon
      bleaching the photographic material the silver image in the picture area
      is bleached, whereas the silver image in the sound track area remains
      which is treated with the silver bleach inhibitor to render the silver
      unbleachable. Subsequently the photographic material is treated with a
      fixing solution to remove the unexposed silver halide and the bleached
      silver while the silver image in the sound track area remains. Thus the
      dye image in the picture area and the silver image in the sound track area
      are formed. The silver image in the sound track area can be utilized as a
      sound image.
PAR  In another preferred embodiment of the present invention, a photographic
      material can be treated with a pre-bath in order to remove a backing layer
      prior to color development, or can be treated with a pre-hardening bath
      for hardening the photographic layers prior to color development.
PAR  In a further preferred embodioment of the present invention, a photographic
      material can be treated, after color development but prior to applying a
      silver bleach inhibitor to the sound track area, with a stop bath, a
      stop-fixing bath or a fixing bath.
PAR  In a still further preferred embodiment of the present invention, a
      photographic material can be treated with a stabilizing bath to stabilize
      the color images after the fixing treatment. Further between each
      treatment step a washing step can be interposed.
PAR  The term "sound track area" or "sound record area" as used in this
      specification refer to the area of a motion picture film as the area seen
      in a plane view, and the position and the width are defined as described
      in ASTM PH 22.40-1967 for 35 mm film and ASTM PH 22.41-1969 for 16 mm
      film.
PAR  The silver bleach inhibitor employed in the present invention is a nitrogen
      containing heterocyclic compound in which at least one of the nitrogen
      atoms is connected to a group having 6 or more carbon atoms up to about
      100 carbon atoms to form a quaternary salt. The number of carbon atoms
      which is contained in the group connected to the nitrogen atom greatly
      influences the silver bleach inhibiting action of the compound. A nitrogen
      containing heterocyclic compound in which a group having 4 carbon atoms
      connected to the nitrogen atom to form a quaternary salt does not exhibit
      any silver bleach inhibiting action. Compounds having a group of 8 or more
      carbon atoms connected to the nitrogen atom show a particularly preferred
      silver bleaching action. Compounds in which the nitrogen containing
      heterocyclic ring is selected from a pyridine ring, an imidazole ring or a
      quinoline ring are particularly advantageous.
PAR  The nitrogen containing heterocyclic ring can have substituents on the ring
      forming atoms other than the quaternary nitrogen atom. Of these
      substituents an alkyl group having 1 to 12 carbon atoms, for example, a
      methyl group, an ethyl group, a propyl group, a butyl group, a hexyl
      group, an octyl group, a dodecyl group, etc., is preferred. The groups
      connected to the nitrogen atom having 6 or more carbon atoms include a
      substituted or unsubstituted alkyl or alkenyl group. Suitable alkyl group
      substituents include a hydroxy group, an alkoxy group, an aryloxy group,
      an acyloxy group, an acylamino group, an amino group, a carbamoyl group,
      an alkylthio group, an aryl group and the like. In the compound which can
      be used in the present invention, the anion which forms the quaternary
      salt is not limited and those derived from a bromide, a chloride, a
      thiocyanate, a sulfonate, a perchlorate, etc., can be preferably used.
PAR  Compounds which can be advantageously used as silver bleach inhibitors in
      the present invention are a pyridinum salt, an imidazolium salt and a
      quinolium salt. The compounds represented by the following general formula
      (I) are particularly preferred.
PAR  General Formula (I)
      ##EQU1##
      wherein Z represents the atoms necessary to form a substituted or
      unsubstituted pyridine ring, imidazole ring or quinoline ring; X.sup.-
      represents an anion; and R.sub.1 represents a group having 6 or more
      carbon atoms and selected from the following groups (a) to (d):
PAR  a. a substituted or unsubstituted alkyl or alkenyl group,
      ##EQU2##
      wherein R.sub.2 represents a substituted or unsubstituted alkyl or alkenyl
      group or alkaryl group; R.sub.3 represents a hydrogen atom or a methyl
      group; A represents --O--, --S--, --COO-- or --NCH.sub.3 --; B represents
      --O--, --COO--, --CONH-- or --CONHC.sub.2 H.sub.4 CONH-; C represents an
      oxyalkylene group; D represents -- CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents 0 or 1; and p represents 0
      or 1. The alkyl or alkenyl moiety in (a) above preferably has 6 to 30
      carbon atoms and preferred substituents are a hydroxy group, a halogen
      atom, and an aryl group, etc. Examples of unsubstituted alkyl groups
      include, for example, a hexyl group, an octyl group, a decyl group, a
      dodecyl group, a tetradecyl group, an octadecyl group, a nonadecyl group,
      and the like. Examples of substituted alkyl groups include, for example, a
      1,1-2H-perfluorooctyl group, a p-nonylbenzyl group, a p-octylbenzyl group,
      a p-tert-butylbenzyl group, and the like. Suitably R.sub.2 in (b), (c) and
      (d) above can have from 3 to 20 carbon atoms in the alkyl moiety thereof
      and examples of substituents include a hydroxy group, a halogen atom, an
      aryl group, etc. Examples of unsubstituted alkyl groups include an octyl
      group, a dodecyl group, a 2-methyldodecyl group, a 2-ethylhexyl group,
      etc., and examples of substituted alkyl groups include a
      1,1-2H-perfluorooctyl group, a p-nonylbenzyl group, a p-tert-butyl-benzyl
      group, etc. Suitable examples of oxyalklylene groups include an
      oxyethylene group and an oxypropylene group. Specific examples of silver
      bleach inhibitors which can be used in the present invention are
      illustrated below.
      ##EQU3##
PAR  The silver bleach inhibitors used in the present invention can be easily
      prepared using conventional methods. For example, the methods described in
      Kogyo Kagaku Zasshi (Journal of Industrial Chemistry), vol. 63, pages
      595-600 (1960) or in U.S. Pat. No. 3,545,974 can be utilized. A specific
      example of the synthesis is illustrated below as to Compound 9.
PAR  1284 g of tetradecyl alcohol was dissolved by heating and 2.0 g of stannic
      tetrachloride was added as a catalyst. With vigorous stirring 148 g of
      epichlorohydrin was added at once. After a reaction time of 3 hours at
      120.degree.-130.degree.C with stirring, the reaction mixture was cooled to
      45.degree.-50.degree.C and a small amount of an aqueous solution of
      potassium carbonate was added and the mixture was vigorously stirred to
      decompose the catalyst. The mixture was dried by addition of anhydrous
      sodium sulfate, then filtered and distilled under reduced pressure to
      separate unreacted tetradecyl alcohol from the crude product. The crude
      product was again distilled to give 350 g of
      tetra-decyl-3-chloro-2-hydroxypropyl ether with a boiling point of
      176.degree.-180.degree.C/3 mmHg (yield 73.3 percent). 307 g of
      tetradecyl-3-chloro-2-hydroxypropyl ether and 237 g of pyridine were added
      to a flask and refluxed for 10 hours at 130.degree.-140.degree.C. After
      cooling, excess pyridine was removed by distillation under reduced
      pressure. The residue was recrystallized from a solvent mixture of acetone
      and ethanol. 272 g of 2-hydroxy-3-tetradecyloxypropyl pyridinium chloride
      with a melting point of 91.degree.C was obtained (yield 71.5%). Other
      compounds can be prepared in a similar manner according to the method
      above.
PAR  The silver bleach inhibitor in the present invention can be used alone or
      as a combination of two or more thereof. When a combination of two or more
      is used, it is observed that the silver bleach inhibiting function is
      occasionaly increased to an even greater extent. Also the silver bleach
      inhibitor of the present invention can be used together with other
      compounds which have a silver bleach inhibiting function or which promote
      the silver bleach inhibiting function. Suitable examples of these
      compounds are described in U.S. Pat. application Ser. No. 360,507, filed
      May 15, 1973, now U.S. Pat. No. 3,869,287 and aforementioned U.S. Pat.
      application Ser. No. 451,658, filed Mar. 15. 1974.
PAR  In accordance with the present invention, it is only necessary to being a
      solution containing the silver bleach inhibitor into contact with a sound
      track area of a photographic material after color development but prior to
      a bleaching step. The contacting procedure is not dependent upon critical
      concentrations, times or temperature. The silver bleach inhibitor is
      generally applied as an aqueous solution. The solution, however, can
      contain an organic solvent which is miscible with water, for example, such
      as methanol, ethanol, etc.
PAR  The solution containing a silver bleach inhibitor which can be used in the
      present invention can contain a conventional thickening agent such as a
      tragacanth gum, a xanthane gum, a copolymer of methyl vinyl ether and
      maleic anhydride (available from GAF Corporation under the trade name of
      Gantrez-AN-4651) to increase the viscosity.
PAR  The concentration of the silver bleach inhibitor in the silver bleach
      inhibitor treatment solution used in the present invention can range
      generally from about 0.5 to about 30 weight%. and preferably from 1 to 20
      weight%. The treatment solution containing the silver bleach inhibitor can
      be applied to a color photographic material over any range of acidic,
      neutral and alkaline. A preferred range is from a pH of about 5 to a pH of
      about 13.
PAR  The temperature at which the silver bleach inhibitor solution can be
      brought into contact with the sound track area can vary widely. However,
      use of approximately the same temperature as the temperature employed for
      the remainder of the processing solutions is preferred. Photographic
      processing temperatures conventionally range from about 20.degree.C or
      less to about 60.degree.C or higher, preferably about 30.degree.C to
      55.degree.C, and the procedure of the present invention can be preferably
      carried out in this range.
PAR  The time the silver bleach inhibitor solution can be in contact with a
      sound track area can also vary widely. Usually the time ranges from about
      5 seconds or less to about 10 minutes or more and preferably, it ranges
      from about 20 seconds to about 5 minutes.
PAR  The silver bleach inhibitor solution can be applied to a color photographic
      material using any convenient method. A sound applicator which has been
      used for coating a sound developer on a sound track area of a color
      photographic material is particularly useful.
PAR  As the support for the photographic material used in the present invention
      to which light-sensitive silver halide emulsion layers are applied, a
      cellulose ester film such as cellulose nitrate, cellulose acetate, etc., a
      polyester film such as polyethylene terephthalate, etc., a polyvinyl
      chloride film, a polystyrene film, a polycarbonate film and the like are
      illustrated and are preferred.
PAR  Any known hydrophilic colloids used in silver halide emulsion layers can be
      used. Gelatin, a gelatin derivative (for example an acylated gelatin such
      as described in U.S. Pat. No. 3,118,766, a graft gelatin having as a graft
      portion a vinyl monomer such as acrylic acid, etc., as described in U.S.
      Pat. No. 2,831,767), albumin, gum arabic, agar-agar, a cellulose
      derivative (an alkyl ester of carboxymethyl cellulose, hydroxyethyl
      cellulose, carboxymethyl hydroxyethyl cellulose, etc.), a synthetic resin
      (polyvinyl alcohol, polyvinyl pyrrolidone, etc.) and the like are
      preferred. These hydrophilic colloids can also be used as the binder for
      layers which constitute the light-sensitive material (for example, a
      protective layer, a filter layer, an inter layer, an antihalation layer, a
      subbing layer, a backing layer, etc.) other than the emulsion layers.
PAR  The hydrophilic colloid used in the various layers of the light-sensitive
      material is advantageously hardened with a hardener of an aldehyde type, a
      methylol type, a 1,4-dioxane type, an aziridine type, an ioxazole type, a
      carbodiimide type, an active halogen type, an active vinyl type and the
      like.
PAR  Typical examples of these hardeners are described in U.S. Pat. Nos.
      3,232,764; 3,288,775; 2,732,303; 3,635,718; 3,232,763; 2,732,316;
      2,586,168; 3,103,437; 3,017,280; 2,983,611; 2,725,294; 2,725,295;
      3,100,704; 3,091,537; 3,543,292 and British Pat. Nos. 974,723; 1,167,207
      and 994,869, etc.
PAR  In the light-sensitive material in the present invention, all silver halide
      emulsions which are used in the photographic field, for example, silver
      bromide, silver iodobromide, silver chloroiodobromide, silver
      chlorobromide, silver chloride, etc. emulsions can be used. Further the
      so-called converted-halide silver halide grains such as described in
      British Pat. No. 635,841 and U.S. Pat. No. 3,622,318, etc. are also
      useful.
PAR  The silver halide photographic emulsion of the light-sensitive material
      used in the present invention can be chemically sensitized using the
      natural sensitizers in gelatin. The emulsion can also be chemically
      sensitized with a sulfur compound as described in U.S. Pat. Nos.
      1,547,944; 1,623,499 and 2,410,689. The emulsion can be chemically
      sensitized with a palladium or a gold salt as described in U.S. Pat. Nos.
      2,399,083 and 2,642,361. The emulsion can also be sensitized with a
      reducing agent such as a stannous salt as described in U.S. Pat. No.
      2,487,850, or a reducing agent such as a polyamine as described in U.S.
      Pat. No. 2,521,925. The emulsion can further be spectrally sensitized with
      a cyanine dye or a merocyanine dye as described in U.S. Pat. Nos.
      2,519,001; 2,666,761; 2,734,900; 2,739,964 and 3,481,742. The emulsion can
      contain a stabilizer such as a mercury compound, an azaindene, etc., a
      plasticizer such as glycerin, etc., a coating aid such as saponin,
      polyethylene glycol monolauryl ether, etc. The emulsion can further
      contain an antistatic agent, a ultraviolet absorber, a fluorescent
      brightening agent, a dye and the like.
PAR  In the present invention, all open-chain ketomethylene type yellow dye
      forming color couplers can advantageously be used. Typical examples
      thereof include a benzoylacetanilide type color coupler, a pivaloyl
      acetanilide type color coupler, etc. All magenta dye forming color
      couplers such as a pyrazolone type, a indazolone type, etc., can
      advantageously be used. Also, all cyan dye forming couplers such as a
      phenol type and a naphthol type, etc. can be advantageously used. These
      color couplers can have a coupling releasing group at the active carbon
      atom of the coupling position. Color couplers which are rended
      non-diffusible by introducing a ballasting group in the molecule are
      preferred. The terms "coupling releasing group," "ballasting group" and
      "non-diffusible" are conventionally used in connection with color
      couplers, and their meanings are well known to those skilled in the art.
      Various kinds of these color couplers are well known. Particularly
      preferred color couplers are selected from a yellow dye forming color
      coupler capable of reacting with an oxidation product of a color
      developing agent to form a dye having an absorption maximum in the
      wavelength region of about 420 to 460 m.mu., a magenta dye forming color
      coupler to form a dye having an absorption maximum in the wavelength
      region of about 520 to 570 m.mu.  and a cyan dye forming color coupler to
      form a dye having an absorption maximum in the wavelength region of about
      630 to 710 m.mu..
PAR  Specific examples of non-diffusible color couplers are described in, for
      example, U.S. Pat. Nos. 1,108,028; 2,186,849; 2,206,142; 2,343,702;
      2,367,531; 2,369,489; 2,423,730; 2,436,130; 2,474,293; 2,600,788;
      2,689,793; 2,728,658; 2,742,832; 2,808,329; 2,998,314; 3,046,129;
      3,062,653; 3,265,506; 3,311,476; 3,408,194; 3,419,390; 3,419,391;
      3,458,315; 3,476,563; 3,516,831; 3,617,291 and British Pat. No. 1,183,515,
      etc.
PAR  These color couplers can be incorporated into the hydrophillic colloid of
      the photographic material using any known technique. For example, the
      color couplers can be dissolved in a high boiling organic solvent (e.g.,
      boiling above 170.degree.C) such as dibutyl phthalate, tricresyl
      phosphate, etc. as described in U.S. Pat. No. 2,322,027 and if desired
      together with a low boiling organic solvent (e.g., boiling below
      170.degree.C) such as ethyl acetate, tetrahydrofuran, etc., and the
      solution is dispersed in the hydorphilic colloid. Also, where the color
      couplers contain an acid group such as a carboxylic acid group or a
      sulfonic acid group, they can be incorporated into the hydrophilic colloid
      as an aqueous alkaline solution.
PAR  In accordance with the present invention, a multi-layer color photographic
      light-sensitive material is exposed to form a picture image and a sound
      image, subjected to color development to form a picture record and a sound
      record containing silver, brought into contact with the silver bleach
      inhibitor only at the sound record area, and bleached to remove the silver
      only from the picture record area while in the sound record area a greater
      part of the silver remains, and thus a color photographic material having
      a sound track comprising silver can be obtained.
PAR  With respect to the photographic processing steps, all processings
      conventionally used in a processing of color photographic materials can be
      utilized except for the procedure of applying the silver bleach inhibitor
      to the sound track area.
PAR  Useful color developer solutions are aqueous alkaline solutions containing
      a color developing agent. As the color developing agent, all known primary
      aromatic amino dye forming developing agents, for example a
      para-phenylenediamine (for example, N,N-diethyl-para-phenylenediamine,
      N-ethyl-N-hydroxyethyl-para-phenylenediamine,
      N-ethyl-N-hydroxyethyl-2-methylpara-phenylenediamine,
      N-ethyl-N-.beta.-methanesulfonamidoethyl3-methyl-4-aminoaniline,
      N,N-di-ethyl-2-methyl-para-phenylenediamine, and the sulfates,
      hydrochlorides or sulfites thereof, etc.) can be used and are preferred.
      These are well known in the art, for example, as described in C. E. K.
      Mees and T. H. James The Theory of the Photographic Process, page 294-295,
      The Macmillan Co., 1966; U.S. Pat. Nos. 2,592,364 and 2,193,015, etc. The
      color developer solution can further contain additives conventionally used
      for example, a sulfite, a carbonate, a bisulfite, a bromide, or an iodide
      of an alkali metal, benzyl alcohol and the like.
PAR  All bleaching solutions containing known bleaching agents such as a
      ferricyanide, a bichromate, an iron (III) salt, etc. can be used. Any
      silver oxidizing agent used in a conventional bleaching solution can be
      used in the bleaching bath in the present invention. For example, a
      water-soluble ferricyanide (e.g., sodium ferricyanide, potassium
      ferricyanide, ammonium ferricyanide, etc.), a water-soluble quinone (e.g.,
      quinone, chloroquinone, methylquinone, etc.), a water-soluble ferric salt
      (e.g.) ferric chloride, ferric sulfate, ferric thiocyanate, ferric
      oxalate, etc.), a water-soluble cupric salt (e.g., cupric chloride, cupric
      sulfate, etc.), a water-soluble cobaltic salt (e.g., cobaltic chloride,
      ammonium cobaltic nitrate, etc.) and the like can be used. Further, a
      complex salt between a polyvalent cation and an alkali metal and a
      water-soluble organic acid can also preferably be used. Suitable organic
      acids include compounds represented by the following formula.
EQU  HOOC - Q.sub.1 -- X -- Q.sub.2 -- COOH
PAL  or
      ##EQU4##
      wherein X represents a hydrocarbon group, an oxygen atom, a sulfur atom or
      a -NQ.sub.6 group, Q.sub.1, Q.sub.2, Q.sub.3, Q.sub.4 and Q.sub.5 each
      represents a substituted or unsubstituted hydrocarbon group, and Q.sub.6
      represents a hydrogen atom or a substituted or unsubstituted hydrocarbon
      group.
PAR  Typical examples of suitable organic acids are malonic acid, tartaric acid,
      ethylmalonic acid, malic acid, fumaric acid, diglycoloic acid,
      thioglycolic acid, ethyliminodipropionic acid, nitrilotriacetic acid,
      ethylenediamine tetraacetic acid, aminotriacetic acid,
      ethylenedithioglycollic acid, dithioglycollic acid, dithioglycollic acid
      and the like.
PAR  Examples of polyvalent cations include a ferric ion, a cobaltic ion and a
      cupric ion. An iron sodium complex salt of ethylenediaminetetraacetic acid
      is particularly useful as a bleaching agent.
PAR  Specific examples of bleaching solutions are described in, for example,
      Journal of the Society of Motion Picture and Television Engineers, vol.
      61, pages 667-701 (1953); U.S. Pat. No. 3,189,452; German Pat. Nos.
      866,605 and 966,410; U.S. Pat. No. 3,582,322; and British Journal of
      Photography, vol. 107, pages 122-123 and 126 (1966).
PAR  For removing the soluble silver salt from a photographic material a fixing
      solution is used. All fixing solutions containing a compound
      conventionally used as a solvent for silver halide can be used. For
      example a water-soluble thiosulfate (e.g., sodium thiosulfate, potassium
      thiosulfate, ammonium thiosulfate etc.), a water-soluble thiocyanate
      (e.g., sodium thiocyanate, potassium thiocyanate, ammonium thiocyanate,
      etc.), a water-soluble organic diol fixing agent containing an oxygen atom
      or a sulfur atom (e.g., 3-thia-1,5-pentanediol, 3,6-dithia1,8-octanediol,
      9-oxa-3,6,12,15-tetrathia-1,17-heptadecanediol, etc.), a water soluble
      sulfur-containing organic dibasic acid and a water-soluble salt thereof
      (e.g., ethylene bisthioglycollic acid, sodium salt thereof, etc.), a
      imidazolidinethione (e.g., methylimidazolidinethione, etc.) and the like
      are preferably used.
PAR  Further, the fixing agents described in L. F. A. Mason, Photographic
      Processing Chemistry, pages 187-188, Focal press (1966) can also
      preferably be used.
PAR  The bleaching step and the fixing step can be carried out in a single bath,
      if desired. In such case, the above described bleaching agent and fixing
      agent can be used in a suitable combination. Specific examples of the
      bleach-fixing baths are described in, for example, German Pat. No. 866,605
      and U.S. Pat. No. 3,582,322, etc.
PAR  Each processing bath can advantageously be used in a system in which the
      baths are circulated for regeneration. Such a process is described in, for
      example, Journal of the Society of Motion Picture and Television
      Engineers, vol. 81, pages 293-295 (1972), etc.
PAR  Silver can be advantageously recovered from the fixing solution. A method
      of silver recovery is described in, for example, Journal of the Society of
      Motion Picture and Television Engineers, vol. 81, pages 603-608, etc.
PAR  The invention will now be explained in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
DETD
PAC  EXAMPLE 1
PAR  On a surface of cellulose triacetate film support which has an
      anti-halation layer containing carbon black on the other surface, a
      subbing layer was provided, on which a coating solution containing a
      silver iodobromide emulsion containing 1.2 mol % of iodide (containing
      0.05 mol of silver) and a dispersion prepared by dispersing
      .alpha.-(2-methylbenzoyl)-3-[.alpha.-(2,4-di-tert-amylphenyoxy)-acetamido]
      acetanilide, as a yellow coupler, together with dibutyl phthalate and
      ethyl acetate was applied to form a blue-sensitive layer. On the
      blue-sensitive layer, a gelatin inter layer was applied. On the inter
      layer a coating solution containing a silver chlorobromide emulsion
      containing 30 mol% of the bromide (containing 0.06 mol of silver) which
      was spectrally sensitized so as to have a sensitivity maximum at about 685
      m.mu. and a dispersion prepared by dispersing
      1-hydroxy-4-chloro-2-(N-hexadecyl)-naphthamide, as a cyan coupler,
      together with dibutyl phthalate was applied to form a red-sensitive layer.
      The optical sensitizing dye used has the following structure:
      ##SPC1##
PAR  On the red-sensitive layer, a gelatin inter layer was applied. On the inter
      layer a coating solution containing a silver chlorobromide emulsion
      containing 35 mol% of the bromide (containing 0.06 mol of silver) which
      was spectrally sensitized so as to have a sensitivity maximum at about 555
      m.mu. and a dispersion prepared by dispersing
      1-(2,6-dichloro-4-methylphenyl)-3-{3-[.alpha.-(2,4-di-tert-amylphenoxy)but
     yramido]benzamido}-5-pyrazolone and
      1-(2,4,6-trichlorophenyl)-3-[3-{.alpha.-(2,4-di-tert-amylphenoxy)-butyrami
     do}benzamido]-5-pyrazolone, as a magenta coupler, together with tricresyl
      phosphate and ethyl acetate was applied to form a green-sensitive layer.
      The optical sensitizing dye had the following structure:
      ##SPC2##
PAR  Subsequently, a coating solution containing liquid paraffin dispersed in an
      aqueous gelatin solution was coated to form a protective layer. Thus, a
      color print film which was designated Sample (I) was prepared.
PAR  In Sample (I), the coating amount of silver, coupler and gelatin (binder)
      and the thickness of a coating layer were as follows.
TBL  Layer        Silver   Coupler  Gelatin                                    
                                           Thickness                           
     ______________________________________                                    
     Blue-sensitive Layer                                                      
                  1.2 g/m.sup.2                                                
                           1.2 g/m.sup.2                                       
                                    2.7 g/m.sup.2                              
                                           4.3 .mu.                            
     Inter Layer  --       --       0.8 g/m.sup.2                              
                                           0.6 .mu.                            
     Red-sensitive Layer                                                       
                  0.8 g/m.sup.2                                                
                           1.2 g/m.sup.2                                       
                                    1.7 g/m.sup.2                              
                                           3.1 .mu.                            
     Inter Layer  --       --       0.8 g/m.sup.2                              
                                           0.6 .mu.                            
     Green-sensitive Layer                                                     
                  1.1 g/m.sup.2                                                
                           1.2 g/m.sup.2                                       
                                    3.0 g/m.sup.2                              
                                           4.2 .mu.                            
     Protective Layer                                                          
                  --       --       0.8 g/m.sup.2                              
                                           0.6 .mu.                            
     ______________________________________                                    
PAR  The amount of sensitizing dye to silver was as follows:
TBL  Red-sensitive Layer                                                       
                        25  mg/mole of silver                                  
     Green-sensitive Layer                                                     
                        250 mg/mole of silver                                  
PAR  Sample (I) was stepwise exposed to radiation from a light source of a
      tungsten lump through a silver wedge and subjected to processing according
      to Processing A, Processing B or Processing C. The infrared density of
      each film thus treated was measured with a Macbeth TD-206A type
      densitometer using a Status S-58 filter. The results obtained are shown in
      Table 1.
TBL  ______________________________________                                    
     Processing A                                                              
     Processing Step                                                           
                    Temperature   Time                                         
     ______________________________________                                    
     Pre-bath       27.degree.C   10 sec.                                      
     Washing        "             15 sec.                                      
     Color Development                                                         
                    "             5 min. 20 sec.                               
     Washing        "             15 sec.                                      
     First Fixing   "             1 min.                                       
     Washing        "             40 sec.                                      
     Bleaching      "             3 min.                                       
     Washing        "             1 min.                                       
     Sound Development                                                         
                    Room Temperature                                           
                                  15 sec.                                      
     Washing        27.degree.C   15 sec.                                      
     Second Fixing  "             2 min.                                       
     Washing        "             5 min.                                       
     Stabilizing    "             10 sec.                                      
     ______________________________________                                    
PAR  The compositions of the processing solutions used were as follows.
TBL  ______________________________________                                    
     Pre-bath Solution                                                         
     Water                   800      ml                                       
     Sodium Carbonate (monohydrate)                                            
                             10.0     g                                        
     Sodium Sulfate (anhydrous)                                                
                             50.0     g                                        
     Water to make           1.0      liter                                    
     Color Developer Solution                                                  
     Water                   800      ml                                       
     Sodium Hexametaphosphate                                                  
                             2.0      g                                        
     Sodium Sulfite (anhydrous)                                                
                             4.0      g                                        
     2-Amino-5-diethylaminotoluene                                             
                             3.0      g                                        
     Hydrochloride                                                             
     Sodium Carbonate (monohydrate)                                            
                             25.0     g                                        
     Potassium Bromide       2.0      g                                        
     Water to make           1.0      liter                                    
     First Fixing Solution and Second Fixing                                   
     Solution                                                                  
     Water                   600      ml                                       
     Sodium Thiosulfate (pentahydrate)                                         
                             240      g                                        
     Sodium Sulfite (anhydrous)                                                
                             15.0     g                                        
     Glacial Acetic Acid     12.0     g                                        
     Boric Acid              6.0      g                                        
     Potassium Alum          15.0     g                                        
     Water to make           1.0      liter                                    
     Bleaching Solution                                                        
     Water                   800      ml                                       
     Potassium Bromide       20.0     g                                        
     Potassium Bichromate    5.0      g                                        
     Potassium Alum          40.0     g                                        
     Sodium Acetate (trihydrate)                                               
                             3.0      g                                        
     Glacial Acetic Acid     10.0     g                                        
     Water to make           1.0      liter                                    
     Sound Developer Solution                                                  
     Solution A                                                                
     Water                   600      ml                                       
     Sodium Sulfite (anhydrous)                                                
                             40.0     g                                        
     N-Methyl-p-aminophenol Sulfate                                            
                             40.0     g                                        
     Sodium Hydroxide        40.0     g                                        
     Hydroquinone            40.0     g                                        
     Solution B                                                                
     Water                   300      ml                                       
     Tragacanth Gum          5.0      g                                        
     Denatured Alcohol       10       ml                                       
     Solution C                                                                
     Ethylenediamine (70%)   20       ml                                       
     Solution A and Solution B were mixed                                      
     together and immediately before use,                                      
     Solution C and water were added                                           
     thereto to make 1.0 liter.                                                
     Stabilizing Solution                                                      
     Water                   800      ml                                       
     Formaldehyde (37%)      10       ml                                       
     40% Aqueous Solution of Poly-                                             
                             5        ml                                       
     ethylene glycol                                                           
     molecular weight: 400)                                                    
     Water to make           1.0      liter                                    
     ______________________________________                                    
TBL  Processing B                                                              
     ______________________________________                                    
     Processing Step                                                           
                    Temperature Time                                           
     ______________________________________                                    
     Pre-bath       27.degree.C 10 sec.                                        
     Washing        "           15 sec.                                        
     Color Development                                                         
                    "           5 min. 20 sec.                                 
     Washing        "           15 sec.                                        
     First Fixing   "           1 min.                                         
     Washing        "           40 sec.                                        
     Bleaching      "           3 min.                                         
     Washing        "           1 min.                                         
     Second Fixing  "           2 min.                                         
     Washing        "           5 min.                                         
     Stabilizing    "           10 sec.                                        
     ______________________________________                                    
PAR  The compositions of the processing solutions were the same as described in
      Processing A.
TBL  ______________________________________                                    
     Processing C                                                              
     ______________________________________                                    
     Processing Step  Temperature                                              
                                 Time                                          
     ______________________________________                                    
     Pre-bath         27.degree.C                                              
                                 10 sec.                                       
     Washing          "          15 sec.                                       
     Color Development                                                         
                      "          5 min. 20 sec.                                
     Washing          "          15 sec.                                       
     First Fixing     "          1 min.                                        
     Washing          "          40 sec.                                       
     Silver Bleach Inhibiting                                                  
                      Room       30 sec.                                       
                      Temperature                                              
     Washing          27.degree.C                                              
                                 1 min.                                        
     Bleaching        "          3 min.                                        
     Washing          "          1 min.                                        
     Second Fixing    "          2 min.                                        
     Washing          "          5 min.                                        
     Stabilizing      "          10 sec.                                       
     ______________________________________                                    
PAR  The compositions of the Silver Bleach Inhibitor Solution and the Bleaching
      Solution were as follows.
TBL  ______________________________________                                    
     Silver Bleach Inhibitor Solution                                          
     Water                    800     ml                                       
     Silver Bleach Inhibitor of the                                            
                              100     g                                        
     Present Invention (Compound 4)                                            
     Water to make            1.0     liter                                    
     Bleaching Solution                                                        
     Water                    700     ml                                       
     Ammonium Bromide         150     g                                        
     Tetrasodium Iron (III) Salt of                                            
                              130     g                                        
     Ethylenediamine Tetraacetic Acid                                          
     Sodium Acetate           15      g                                        
     Water to make            1.0     liter                                    
     ______________________________________                                    
PAR  The compositions of the processing solutions other than the Silver Bleach
      Inhibitor Solution and the Bleaching Solution were the same as described
      in Processing A.
TBL                Table 1                                                     
     ______________________________________                                    
                  Processing                                                   
                  A       B         C                                          
     ______________________________________                                    
     Infrared Density                                                          
                    1.90      0.35      1.70                                   
     ______________________________________                                    
PAR  From the results shown in Table 1, it will be understood that by applying
      the silver bleach inhibitor according to the present invention a high
      infrared density nearly comparable to that obtained by a conventional
      process including a sound development step can be obtained, while a very
      low infrared density was obtained when using Processing B.
PAC  EXAMPLE 2
PAR  Sample (I) as described in Example 1 was exposed using the same procedure
      as described in Example 1 and subjected to processing according to
      Processing D or Processing E. The infrared densities of the samples were
      measured in the same manner as described in Example 1. The results
      obtained are shown in Table 2.
TBL  ______________________________________                                    
     Processing D                                                              
     ______________________________________                                    
     Processing Step  Temperature                                              
                                 Time                                          
     ______________________________________                                    
     Pre-bath         37.8.degree.C                                            
                                 15 sec.                                       
     Washing          "          30 sec.                                       
     Color Development                                                         
                      "          2 min. 30 sec.                                
     Stop             "          30 sec.                                       
     Washing          "          30 sec.                                       
     Silver Bleach Inhibiting                                                  
                      Room       30 sec.                                       
                      Temperature                                              
     Washing          37.8.degree.C                                            
                                 1 min.                                        
     Bleaching        "          1 min. 20 sec.                                
     Washing          "          1 min.                                        
     Fixing           "          2 min.                                        
     Washing          "          2 min.                                        
     Stabilizing      "          10 sec.                                       
     ______________________________________                                    
PAR  The compositions of the processing solutions were as follows.
TBL  ______________________________________                                    
     Pre-bath Solution                                                         
     The same as the Pre-bath Solution of Processing A                         
     Color Developer Solution                                                  
     Water                     900    ml                                       
     Trisodium Salt of Nitrilotriacetic                                        
                               1      g                                        
     Acid                                                                      
     Sodium Sulfite            4      g                                        
     Sodium Carbonate (monohydrate)                                            
                               30     g                                        
     Potassium Bromide         2      g                                        
     Hydroxylamine Sulfate     2      g                                        
     4-Amino-3-methyl-N-ethyl-N-.beta.-                                        
     hydroxyethylaniline       4      g                                        
     Water to make             1.0    liter                                    
     Stop Solution                                                             
     Water                     800    ml                                       
     Glacial Acetic Acid       30     ml                                       
     Water to make             1.0    liter                                    
     Silver Bleach Inhibitor Solution                                          
     Water                     800    ml                                       
     Silver Bleach Inhibitor of the                                            
                               20     g                                        
     Present Invention (Compound 9)                                            
     10% Aqueous Solution of Sodium                                            
                               10     ml                                       
     Hydroxide                                                                 
     Water to make             1.0    liter                                    
     Bleaching Solution                                                        
     The same as the Bleaching Solution of Processing C.                       
     Fixing Solution                                                           
     Water                     700    ml                                       
     Sodium Tetrapolyphosphoric Acid Salt                                      
                               2      g                                        
     Sodium Sulfite            5      g                                        
     Sodium Thiosulfate (70%)  120    ml                                       
     Sodium Bisulfite          5      g                                        
     Water to make             1.0    liter                                    
     ______________________________________                                    
PAC  STABILIZING SOLUTION
PAR  The same as the Stabilizing Solution of Processing A.
PAC  PROCESSING E
PAR  The same as Processing D except for omitting the Silver Bleach Inhibiting
      Step.
TBL                Table 2                                                     
     ______________________________________                                    
     Processing        Infrared Density                                        
     ______________________________________                                    
     Processing D      1.40                                                    
     Processing E      0.35                                                    
     ______________________________________                                    
PAR  By Processing D according to the present invention a high infrared density
      was obtained, whereas in Processing E in which the Silver Bleach Inhibitor
      Solution was not used only a low infrared density was obtained.
PAC  EXAMPLE 3
PAR  Sample (I) as described in Example 1 was exposed using the same procedure
      as described in Example 1 and subjected to processing according to
      Processing F which is the same as Processing D described in Example 2
      except for the Silver Bleach Inhibitor Solution. The compositions of the
      Silver Bleach Inhibitor Solutions used in Processing F are shown in Table
      3. After processing, the infrared densities of the samples were measured
      in the same manner as described in Example 1. The results are shown in
      Table 4.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Silver Bleach                                                             
              F-1    F-2    F-3    F-4                                         
     Inhibitor                                                                 
     Solution                                                                  
     __________________________________________________________________________
     Water    800 ml 800 ml 800 ml 800 ml                                      
     Silver Bleach                                                             
     Inhibitor of                                                              
              Compound 9                                                       
                     Compound 2                                                
                            Compound 9                                         
                                   Compound 4                                  
     the Present                                                               
              20 g   100 g  20 g   100 g                                       
     Invention                                                                 
              --     --     Compound 2                                         
                                   Compound 2                                  
                            100 g  100 g                                       
     10% NaOH Aq.                                                              
              10 ml  --     10 ml  --                                          
     Solution                                                                  
     Water to 1 liter                                                          
                     1 liter                                                   
                            1 liter                                            
                                   1 liter                                     
     make                                                                      
     __________________________________________________________________________
TBL                Table 4                                                     
     ______________________________________                                    
     Silver Bleach Inhibitor Solution                                          
                          F-1    F-2    F-3  F-4                               
     ______________________________________                                    
     Infrared Density     1.40   1.25   2.35 2.14                              
     ______________________________________                                    
PAR  It will be apparent that a high infrared density can be obtained using the
      silver bleach inhibitor according to the present invention, and that the
      effect can be increased by using two or more silver bleach inhibitors in
      combination.
PAC  EXAMPLE 4
PAR  Sample (I) as described in Example 1 was exposed using the same procedure
      as described in Example 1 and subjected to processing according to
      Processing G which is the same as Processing D described in Example 2
      except for using the following solutions as the Silver Bleach Inhibitor
      Solution and the Bleaching Solution.
PAR  After processing, the infrared density of the sample was measured in the
      same manner as described in Example 1 and it was 1.85. In this example a
      high infrared density was also obtained.
TBL  ______________________________________                                    
     Silver Bleach Inhibitor Solution                                          
     Water                   800     ml                                        
     Silver Bleach Inhibitor of the                                            
                             20      g                                         
     Present Invention (Compound 9)                                            
     Silver Bleach Inhibitor of the                                            
                             100     g                                         
     Present Invention (Compound 2)                                            
     10% Aqueous Sodium Hydroxide                                              
                             10      ml                                        
     Solution                                                                  
     Water to make           1.0     liter                                     
     Bleaching Solution                                                        
     Water                   800     ml                                        
     Ferric Chloride         30      g                                         
     Citric Acid             10      g                                         
     Water to make           1.0     liter                                     
     ______________________________________                                    
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for forming an optical sound track which consists essentially
      of applying a nitrogen containing heterocyclic compound in which at least
      one of the nitrogen atoms is connected to a group having 6 or more carbon
      atoms to form a quaternary salt to a sound track area of a multi-layer
      color photographic material, after color developing but prior to bleaching
      wherein said nitrogen containing heterocyclic compound is represented by
      the general formula:
      ##EQU5##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or a quinoline ring; X.sup.- represent an anion; R.sub.1
      represents a group having 6 or more carbon atoms and is selected from the
      group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU6##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents O or 1; and p represents O
      or 1.
NUM  2.
PAR  2. A process for forming an optical sound track which consists essentially
      of applying a nitrogen containing heterocyclic compound in which at least
      one of the nitrogen atoms is connected to a group having 6 or more carbon
      atoms to form a quaternary salt to a sound track area having a silver
      image of a multi-layer color photographic material, after color developing
      but prior to bleaching wherein said nitrogen containing heterocyclic
      compound is represented by the general formula;
      ##EQU7##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or quinoline ring; X.sup.- represent an anion; and R.sub.1
      represents a group having 6 or more carbon atoms and is selected from the
      group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU8##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylarly group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents 0 or 1; and p represents O
      or 1.
NUM  3.
PAR  3. A process for forming an optical sound track on a multi-layer color
      photographic material, which consists essentially of developing a picture
      image, and sound image exposed multilayer color photographic material;
      applying a nitrogen containing heterocyclic compound in which at least one
      of the nitrogen atoms is connected to a group having 6 or more carbon
      atoms to form a quateraary salt to a sound track area of the multi-layer
      color photographic material; and bleaching and fixing the multi-layer
      color photographic material wherein said nitrogen containing heterocyclic
      compound is represented by the general formula:
      ##EQU9##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or a quinoline ring; X.sup.- represent an anion; and
      R.sub.1 represents a group having 6 or more carbon atoms and is selected
      from the group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU10##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents O or 1; and p represents O
      or 1.
NUM  4.
PAR  4. A process for forming an optical sound track on a multi-layer color
      photographic material which consists essentially of developing a picture
      image and sound image exposed multilayer color photographic material;
      applying a nitrogen containing heterocyclic compound in which at least one
      of the nitrogen atoms is connected to a group having 6 or more carbon
      atoms to form a quanternary salt to a sound track area having a silver
      image in the multi-layer color photographic material; and bleaching and
      fixing the multi-layer color photographic material wherein said nitrogen
      containing heterocyclic compound is represented by the general formula:
      ##EQU11##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or a quinoline ring; X.sup.- represent an anion; and
      R.sub.1 represents a group having 6 or more carbon atoms and is selected
      from the group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU12##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O-- ; m
      represents an integer of 1 to 40; n represents 0 or 1; and p represents 0
      or 1.
NUM  5.
PAR  5. A process for forming an optical sound track on a multi-layer color
      photographic material consisting essentially of developing a picture image
      and sound image exposed multi-layer color photographic material; applying
      a nitrogen containing heterocyclic compound in which at least one of the
      nitrogen atoms is connected to a group having 6 or more carbon atoms to
      form a quaternary salt to a sound track area of the multi-layer color
      photographic material; and bleaching the multilayer color photographic
      material wherein said nitrogen containing heterocyclic compound is
      represented by the general formula:
      ##EQU13##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or a quinoline ring; X.sup.- represent an anion; and
      R.sub.1 represents a group having 6 or more carbon atoms and is selected
      from the group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU14##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atoms or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents 0 or 1; and p represents 0
      or 1.
NUM  6.
PAR  6. A process for forming an optical sound track on a multi-layer color
      photographic material consisting essentially of developing a picture image
      and sound image exposed multi-layer color photographic material; applying
      a nitrogen containing heterocyclic compound in which at least one of the
      nitrogen atoms is connected to a group having 6 or more carbon atoms to
      form a quaternary salt to a sound track area of the multi-layer color
      photographic material; and bleach-fixing the multi-layer color
      photographic material wherein said nitrogen containing heterocyclic
      compound is represented by the general formula:
      ##EQU15##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or a quinoline ring; X.sup.- represent an anion; and
      R.sub.1 represents a group having 6 or more carbon atoms and is selected
      from the group consisting of
PA1  a. an alkyl or an alkenyl group.
      ##EQU16##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1to 40; n represents 0 or 1; and p represents 0
      or 1.
NUM  7.
PAR  7. The process for forming an optical sound track as claimed in claim 2,
      wherein the bleaching agent used in said bleaching is a compound
      containing iron (III).
NUM  8.
PAR  8. The process for forming an optical sound track as claimed in claim 7,
      wherein said iron (III) compound in ferric chloride.
NUM  9.
PAR  9. The process for forming an optical sound track as claimed in claim 7,
      wherein said iron (III) compound is an iron (III) salt of
      ethylenediaminetetraacetic acid.
NUM  10.
PAR  10. The process for forming an optical sound track as claimed in claim 2,
      including exposing said multi-layer color photographic light-sensitive
      material and then subjecting the color photographic material to the steps
      of immersion in a pre-bath; color developing; stopping; silver bleach
      inhibiting; bleaching; fixing; and stabilizing.
NUM  11.
PAR  11. The process for forming an optical sound track as claimed in claim 2,
      including exposing said multi-layer color photographic light-sensitive
      material and then subjecting the color photographic material to the steps
      of immersion in a pre-bath; color developing; stopping; silver bleach
      inhibiting; bleach-fixing; and stabilizing.
NUM  12.
PAR  12. The process for forming an optical sound track as claimed in claim 2,
      including exposing said multi-layer color photographic light-sensitive
      material and then subjecting the color photographic material to the steps
      of immersion in a pre-bath; color developing; stop-fixing; silver bleach
      inhibiting; bleaching; fixing; and stabilizing.
NUM  13.
PAR  13. The process for forming an optical sound track as claimed in claim 2,
      including exposing said multi-layer color photographic light-sensitive
      material and then subjecting the color photographic material to the steps
      of immersion in a pre-bath; color developing; stop-fixing; silver bleach
      inhibiting; bleach-fixing; and stabilizing.
NUM  14.
PAR  14. The process for forming an optical sound track as claimed in claim 1,
      wherein said pyridine ring, imidazole ring or quinoline ring has an alkyl
      group having 1 to 12 carbon atoms on ring forming atoms other than the
      quaternary nitrogen atom.
NUM  15.
PAR  15. The process for forming an optical sound track as claimed in claim 1,
      wherein said X is bromide, chloride, thiocyanate, sulfonate or
      perchlorate.
NUM  16.
PAR  16. The process for forming an optical sound track as claimed in claim 2,
      wherein said applying comprises applying at least two of said nitrogen
      containing heterocyclic compounds in combination.
NUM  17.
PAR  17. A process for forming an optical sound track which comprises developing
      an exposed multi-layer color photographic material to form a picture image
      and a sound image, contacting only the silver of the sound track area with
      a solution consisting essentially of a silver bleach inhibiting nitrogen
      containing heterocyclic compound in which at least one of the nitrogen
      atoms is connected to a group having 6 or more carbon atoms to form a
      quaternary salt and bleaching and fixing the multi-layer color
      photographic material wherein said nitrogen containing heterocyclic
      compound is represented by the general formula;
      ##EQU17##
      wherein Z represents the atoms necessary to form a pyridine ring, an
      imidazole ring or quinoline ring; X.sup.- represent an anion; and R.sub.1
      represnets a group having 6 or more carbon atoms and is selected from the
      group consisting of
PA1  a. an alkyl or an alkenyl group,
      ##EQU18##
      wherein R.sub.2 represents an alkyl group, an alkenyl group, or an
      alkylaryl group; R.sub.3 represents a hydrogen atom or a methyl group; A
      represents --O--, --S--, --COO--, or --NCH.sub.3 --; B represents --O--,
      --COO--, --CONH--, or --CONHC.sub.2 H.sub.4 CONH--; C represents an
      oxyalkylene group; D represents --CH.sub.2 CH.sub.2 -- or --O--; m
      represents an integer of 1 to 40; n represents 0 or 1; and p represents 0
      or 1.
NUM  18.
PAR  18. The process for forming an optical sound track as claimed in claim 17,
      wherein said solution containing said heterocyclic compound is an aqueous
      solution.
NUM  19.
PAR  19. The process for forming an optical sound track as claimed in claim 18,
      wherein said solution containing said heterocyclic compound is an aqueous
      methanol solution.
NUM  20.
PAR  20. The process for forming an optical sound track as claimed in claim 18,
      wherein said solution containing said heterocyclic compound is an aqueous
      ethanol solution.
NUM  21.
PAR  21. The process for forming an optical sound track as claimed in claim 18,
      wherein said solution containing said heterocyclic compound has a pH
      ranging from about 5 to 13.
NUM  22.
PAR  22. The process for forming an optical sound track as claimed in claim 18,
      wherein said nitrogen containing heterocyclic compound is present in said
      solution in an amount of about 0.5 to 30 weight %.
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ABST
PAL  Pulse width modulated surface relief phase holograms are produced on a
      substrate by developing a holographic interference pattern recorded on a
      photoresist deposited on the surface of said substrate as an amplitude
      modulated sinusoidal surface relief pattern so as to expose the surface of
      said substrate as a function of the intensity of said interference
      pattern, uniformly etching said substrate and removing said photoresist
      leaving a pulse width modulated, substantially two-level rectangular wave
      diffraction grating. Focused image holograms produced by this method on
      hard durable substrates may be used as masters for replicating said
      holograms in a suitable recording medium.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to recording a holographic interference pattern as a
      fine detail pulse width modulated grating structure and the production of
      pulse width modulated holograms from amplitude modulated sinusoidal
      interference patterns. More particularly, this invention relates to
      producing a focused image hologram recorded as a pulse width modulated,
      two-level grating structure in a hard durable substrate from an amplitude
      modulated, sinusoidal interference pattern recorded in a photoresist on
      said substrate and using said grating structure as a master for
      replicating said focused image hologram or as a medium for permanent
      storage of information for archival purposes.
PAC  BACKGROUND OF THE INVENTION
PAR  Since conventional microfilm and microfiche deteriorate with time,
      recording information on a permanent medium as a surface relief pattern is
      a desireable means for storing information for archival purposes.
PAR  If a photoresist is used as the recording medium for a surface relief
      focused image hologram, the resulting phase hologram is recorded as an
      amplitude modulated, sinusoidal surface relief pattern on the surface of
      the photoresist. Since conventional photoresist materials are soft, it is
      often necessary to use techniques similar to those outlined in U.S. Pat.
      No. 3,565,978 to replicate the hologram in a hard material suitable for
      use as a master. This technique involves a metal plating procedure in
      which a metal film is built up on the resist surface and subsequently
      separated from the resist to form a metal master for replicating the
      hologram. Great care and precision are required to transfer the surface
      relief pattern to the metal master without distortion since the relief
      pattern dimensions are on the order of 1 micron.
PAR  Another technique for duplicating surface relief phase holograms involves
      etching the surface relief pattern recorded on a photoresist into a hard
      durable substrate material underlying the photoresist and the use of this
      substrate as a master for replicating the hologram in a suitable medium,
      e.g., a thermoplastic. U.S. Pat. No. 3,733,258 describes such a process
      using sputter-etching techniques. The substrate also may be etched by
      chemical etching techniques.
PAR  Conventional techniques described above for replicating surface relief
      focused image holograms are often uneconomical for reproducing small
      numbers, i.e., a few thousand copies of the holograms, due to the expense
      involved in producing the master. Therefore, it is highly desired to
      develop a quick, economical method for making masters for surface relief
      holograms.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Focused image holograms, disclosed in U.S. Pat. No. 3,535,012, and pulse
      width diffraction gratings are well known in optics. Recording information
      on a width modulated diffraction grating is described in U.S. Pat. No.
      3,688,025; pulse modulation of spatial optical signals, including
      holographic signals, is discussed by A. W. Lohman and H. W. Werlich, Appl.
      Opt.. 10, 2743 (1971). Forming diffraction gratings in a photoresist by
      the optical interference of two coherent light beams and transferring the
      same to a substrate also is known to practitioners of the art.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that pulse width modulated holograms, e.g., focused
      image holograms, may be produced by recording an interference pattern in a
      photoresist deposited on a substrate as an amplitude modulated sinusoidal
      surface relief pattern, developing said amplitude modulated sinusoidal
      surface relief pattern so as to expose the surface of said substrate as a
      function of the intensity of said interference pattern, and etching said
      substrate so as to develop a rectangular wave, pulse width modulated,
      diffraction grating on said substrate. The substrate is preferably a hard
      durable material so that the rectangular wave, pulse width modulated
      diffraction grating recorded in this material may be used as a master to
      replicate a focused image hologram. This process may be used to produce
      pulse width modulated diffraction gratings for any purpose.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 illustrates a grey scale for amplitude modulated diffraction
      gratings.
PAR  FIG. 2 illustrates a corresponding grey scale for a pulse width modulated,
      two level diffraction grating.
PAR  FIG. 3 illustrates the sequence for converting an interference pattern
      recorded in a photoresist as an amplitude modulated sinusoidal surface
      relief pattern into a pulse width modulated, two-level diffraction grating
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1 and 2 compare a grey scale for an amplitude modulated, rectangular
      wave diffraction grating with a corresponding grey scale for a pulse width
      modulated, rectangular wave diffraction grating respectively. FIGS. 1 and
      2 are prior art and used for illustrative purposes. A rectangular wave
      diffraction grating is a diffraction grating whose cross section is
      substantially rectangular. A "bright" area, i.e., an area of maximum
      efficiency where the line-space ratio is unity, is shown by FIG. 1(a) for
      an amplitude modulated, rectangular wave diffraction grating and by FIG.
      2(a) for a pulse width modulated, rectangular wave diffraction grating.
      FIGS. 1(b) and 2(b) illustrate a "grey" area, i.e., an area of
      intermediate efficiency, for an amplitude modulated rectangular wave
      diffraction grating and a pulse width modulated, rectangular wave
      diffraction grating respectively. A "black" area, i.e., an area of zero
      efficiency, is shown in FIG. 1(c) for an amplitude modulated, rectangular
      wave diffraction grating and by FIG. 2(c) for a pulse width modulated,
      rectangular wave diffraction grating. The efficiency of an area is defined
      by the ratio of the radiant flux diffracted into the reconstruction beam
      to the incident flux of the reconstructing beam.
PAR  A diffraction grating also can be used to record color images by producing
      three overlapping phase gratings, each grating separately encoding the
      interference pattern produced from the image in one of the three primary
      colors.
PAR  FIG. 3 illustrates the sequence for converting an interference pattern
      developed in a photoresist as an amplitude modulated sinusoidal surface
      relief pattern into a pulse width modulated, two-level diffraction
      grating. Referring now to FIG. 3(a), a thin, uniform film 10 of a
      photoresist, e.g., a Shipley AZ 1350 positive photoresist produced by the
      Shipley Company, is applied to the surface of a substrate 12. The
      substrate 12 may be a 1 .mu.m thick molybdenum film deposited on a glass
      plate. Other substrate materials which may be used include glass, plastic,
      and metal and metal oxide films. The thickness of the photoresist film 10
      should be about 5,000 A and should be uniform to .+-. 100 A. There are a
      large number of positive and negative photoresists and photoresist
      developers widely known to those skilled in the art which can be used in
      the present invention. The photoresist 10 is exposed to a holographic
      interference pattern, e.g., a focused image holographic interference
      pattern. The focused image holographic interference pattern may be
      considered as a sinusoidal grating intensity pattern with an amplitude
      varying with the transmission of the object transparency. The exposed
      photoresist film 10 is developed by an approximately linear developer,
      such as a Shipley AZ 303 developer produced by the Shipley Company.
      Depending upon the range of amplitudes of the exposing interference
      pattern the photoresist may preferably be developed by a non-linear
      developer, such as a Shipley AZ 1350 developer produced by Shipley
      Company. FIG. 3(b) illustrates the positive photoresist during
      development. During development of a positive photoresist the photoresist
      film 10 is removed at a rate dependent upon the local exposure of the
      sinusoidal surface relief pattern. The unexposed area 16 of the
      photoresist film 10 is etched away considerably more slowly than the
      exposed areas 18 and 20. The rate of development of the sinusoidal relief
      pattern is dependent upon the intensity of the exposure of the photoresist
      by the interference pattern. A more intensely exposed area 18 of the
      photoresist develops, i.e., is removed, quicker than a less intensely
      exposed area 20. Referring now to FIG. 3(c) the photoresist film is
      developed, i.e., dissolved, until the "valleys" 18 and 20 expose the
      surface 22 of the substrate 12. The valleys 18 and 20 in the developing
      sinusoidal relief pattern cut through to the surface 22 of the substrate
      12 first in the area 18 of maximum exposure. The development progress may
      be conveniently monitored using a microscope equipped with a red filter
      since the Shipley photoresist is insensitive to red light. Development is
      continued until the line width of the revealed substrate in the bright
      areas, i.e., the maximum diffraction efficiency required, is equal to the
      line width of the masked substrate. As a result of this development the
      area 20 which was less intensely exposed to the interference pattern than
      another area 18 reveals an area 24 on the surface 22 of substrate 12
      having a substantially proportionately narrower line width than the line
      width of the area 26 revealed by the more intensely exposed area 18. While
      in most cases the line width of the revealed area 24 and 26 will be in
      substantially direct proportion to the intensity of the interference
      pattern which exposed the overlying photoresist areas 18 and 20, it is
      sufficient that the line width of the revealed areas 24 and 26 be a
      function of the intensity of the interference pattern to transfer the
      spatial holographic information from the photoresist onto the underlying
      substrate as a pulse width modulated grating structure, e.g., the pulse
      width modulated grating can be developed inversely proportional to the
      intensity of the holographic interference pattern or as a logarithmic
      function of the intensity of the holographic interference pattern.
PAR  The revealed substrate surfaces 24 and 26 are now etched by a predetermined
      amount to form a rectangular wave grating in the substrate 12. The etching
      may be accomplished by chemical etching or sputter-etching technques. FIG.
      3(d) illustrates the etched substrate 12 with valleys 28 and 30. The
      optimum depth for the valleys 28 and 30 is about 5,000 A.
PAR  The first order efficiency N of a rectangular phase grating can be
      considered to be
      ##EQU1##
      where a is equal to the line width of the grating, D is equal to the
      period of the grating, and .phi..sub.o is the phase depth, i.e., optical
      depth of the grating in the recording material. The maximum efficiency
      (about 40%) may be considered to result when
      ##EQU2##
      and
EQU  .phi..sub.o = .pi. (the optimum phase depth).
PAL  The optimum depth of the grating d may be considered to relate to the
      refractive index .mu. of the final recording medium, e.g., a thermoplastic
      such as vinyl tape, and the wavelength of the reconstructing light
      .lambda. by
EQU  2.pi. (.mu.-1)d = .phi..sub.o = .pi.
      ##EQU3##
      Thus, for .mu. = 1.5, d would range from 4,600 A (for blue light) to 6,500
      A (for red light). The grating periodicity D is generally determined by
      the geometry of the read-out system, i.e., the read-out angle, grating
      orientation and encoding scheme. In practice it would generally be in the
      range 1-10 .mu.m.
PAR  The photoresist 10 is removed by a photoresist remover, such as acetone,
      leaving a phase hologram recorded in the substrate 12 as a pulse width
      modulated, substantially two-level diffraction grating as illustrated in
      FIG. 3(e). When a suitably hard substrate, e.g., glass or a metal film, is
      used the diffraction grating structure can be used as a master for
      replication of the hologram.
PAR  Often it is difficult using linear development to record the full range of
      object intensities of an interference pattern when these intensities vary
      greatly from each other, i.e., the full grey scale of the object. This
      difficulty may be overcome by non-linear development of the photoresist,
      i.e., developing the resist with a non-linear developer, such as a Shipley
      AZ 1,350 developer. The required intensity distribution for an
      interference pattern also can be obtained by exposing the photoresist to a
      constant uniform weak grating biased by a more intense, incoherent object
      exposure and using a non-linear development. This technique gives a pulse
      width modulated hologram with full grey scale and can be used to construct
      a negative of the original interference pattern, that is a diffraction
      grating where the area of maximum efficiency, i.e., where the line to
      space ratio is unity, results in the area of minimal exposure intensity. A
      similar result can be obtained by following the standard focused image
      holographic interference pattern exposure with a further exposure using
      the object beam only.
PAR  This technique is particularly useful in producing focused image holograms;
      however, it may be applied to any type of system where it is sought to
      transfer information recorded in a photoresist as an amplitude modulated,
      sinusoidal relief pattern into a pulse width modulated, substantially
      two-level diffraction grating relief structure.
PAR  The above technique may be used to develop a pulse width modulated focused
      image hologram in a wide variety of substrates. Since difficulty is often
      encountered adhering a suitable photoresist to a glass substrate, it is
      often necessary to first apply a thin metal film, such as chromium, to the
      glass substrate surface prior to application of the photoresist. This is
      accomplished by coating the glass substrate with a thin film of a metal,
      e.g., chromium 800 A thick, depositing a photoresist on the metal film,
      exposing and developing the photoresist as described above, etching away
      the revealed metal film to expose the glass substrate, etching the exposed
      glass to an optimum depth using dilute hydrofluoric acid, and removing the
      remaining resist and metal film leaving a pulse width modulated, two-level
      diffraction grating phase hologram recorded in the glass substrate.
PAR  Another variation of the basic technique is to cover a suitable substrate
      with a thin film of an amorphous material such as a metal oxide. The film
      thickness is chosen to equal the optimum depth modulation required in the
      final focused image hologram, i.e., normally about 5,000 A. The film is
      coated with a photoresist and the photoresist is exposed and developed as
      described above. The exposed thin film is etched away completely using an
      etch which does not attack the substrate. The remaining resist is then
      removed leaving a pulse width modulated, substantially two-level
      diffraction grating focused image phase hologram recorded in the thin
      metal film. The advantage of this variation is that precise control of the
      etching stage is no longer critical to obtain the correct depth modulation
      and a greater flexibility exists in the choice of materials to be etched.
PAR  The present invention will be further illustrated by the following
      examples, but it is to be understood that the invention is not meant to be
      limited to the details described therein.
PAC  EXAMPLE 1
PAR  A 5,000 A thick film of chromium was evaporated onto a clean glass
      substrate. A 1 .mu.m thick coat of molybdenum was deposited on the
      chromium film. The molybdenum clad glass substrate was coated with a 5,000
      A .+-. 100 A thick film of Shipley AZ 1350 photoresist by spinning the
      glass at 3,000 rpm for 30 seconds. The plate was baked at 75.degree.C. for
      1 hour. Then the photoresist was holographically exposed using laser light
      having a wavelength of 4,416 A. The optimum exposure was approximately 0.1
      joule/cm.sup.2. The photoresist was developed by immersion in a Shipley AZ
      303  photoresist developer diluted 1:8 in water for several minutes.
      Development was monitored with a red light microscope. When the line width
      of the revealed substrate in an area of the maximum diffraction efficiency
      required was equal to the line width of the masked substrate, development
      was stopped and the plate was rinsed in water and dried. The molybdenum
      film was etched for about 15 seconds to the proper depth, about 5,000 A,
      in an etch of a mixture of 1 part by volume nitric acid, 1 part by volume
      sulphuric acid and 5 parts by volume water. The photoresist was stripped
      off the plate by washing the plate in acetone. The plate was then ready
      for use as a master to replicate the surface relief hologram in a suitable
      medium.
PAC  EXAMPLE 2
PAR  A 700 A thick pinhole-free film of chromium was evaporated onto a clean
      glass plate. The photoresist was deposited, baked, exposed, and developed
      as described in Example 1. The exposed chromium film was etched away using
      a chromium etch comprising 200 ml of 42.degree. Baume ferric chloride
      solution and 100 ml of concentrated hydrochloric acid. The temperature of
      the chromium etch bath was 80.degree.C. The glass was etched to an optimum
      depth of approximately 5000 A by immersion in a 4% aqueous solution of
      hydrofluoric acid for 11/2 minutes. After the glass was etched to the
      optimum depth, the photoresist was removed with acetone. The remaining
      chromium film was removed using the chromium etch described above. The
      glass plate was rinsed in water. and dried. The glass plate was now ready
      for use as a master.
PAC  EXAMPLE 3
PAR  A 5,000 A thick film of iron oxide was deposited on a glass plate. A
      Shipley AZ 1,350 photoresist was deposited and developed as described in
      Example 1 to reveal the iron oxide film. The iron oxide film was etched
      through to the glass substrate in a solution of 775 cc of concentrated
      hydrochloric acid, 223 cc of water and 166 gms. ferrous chloride. The
      photoresist was stripped off the iron oxide film by washing the plate in
      acetone leaving a pulse width modulated, two-level, square wave
      diffraction grating recording the interference pattern in the iron oxide
      substrate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a width-modulated surface relief pattern in the
      surface of a substrate that is covered with a coating of substantially
      uniform thickness of photoresist, said method comprising the steps of:
PA1  a. exposing the photoresist to surface radiation including an interference
      pattern,
PA1  b. developing the exposed photoresist just sufficiently to produce an
      amplitude-modulated surface relief pattern which reveals only certain
      portions of the surface of the substrate as a function of the spatial
      distribution of the relative intensity of said surface radiation,
PA1  c. etching only the revealed certain portions of said substrate to form a
      width-modulated wave grating of substantially rectangular cross section
      and substantially uniform depth in the substrate, and
PA1  d. only then removing the photoresist from the now-revealed remainder of
      the substrate.
NUM  2.
PAR  2. The method of claim 1 wherein said surface radiation comprises a focused
      image holographic interference pattern.
NUM  3.
PAR  3. The method of claim 1 wherein said etching is produced by chemical
      etching.
NUM  4.
PAR  4. The method of claim 1 wherein said etching is produced by
      sputter-etching.
NUM  5.
PAR  5. The method of claim 1 wherein said photoresist is exposed to a
      substantially constant, substantially uniform weak grating pattern biased
      by a more intense, incoherent object pattern prior to exposure to said
      interference pattern.
NUM  6.
PAR  6. The method of claim 5 wherein said development is substantially
      non-linear.
NUM  7.
PAR  7. The method of claim 1 wherein said development is substantially linear.
NUM  8.
PAR  8. The method of claim 1 wherein said development is substantially
      non-linear.
NUM  9.
PAR  9. The method of claim 1 wherein said photoresist is exposed to surface
      radiation comprising a focused image of an object after exposure to said
      interference pattern.
NUM  10.
PAR  10. The method of claim 1 wherein said substrate is a hard durable
      substrate capable of being used as a master for replicating said width
      modulated surface relief pattern by hot pressing of a thermoplastic
      medium.
NUM  11.
PAR  11. The method of claim 10 wherein said substrate is etched to an optimum
      depth which is a direct function of the wavelength of the exposing surface
      radiation and an inverse function of the index of refraction of said
      thermoplastic medium.
NUM  12.
PAR  12. A method for producing a width-modulated surface relief pattern
      comprising the steps of:
PA1  a. depositing a thin amorphous film on a substrate,
PA1  b. coating said film with a substantially uniform thickness of photoresist,
PA1  c. exposing said photoresist to surface radiation including an interference
      pattern,
PA1  d. developing said exposed photoresist just sufficiently to produce an
      amplitude-modulated surface relief pattern which reveals only certain
      portions of the surface of the thin film as a function of the spatial
      distribution of the relative intensity of said surface radiation,
PA1  e. etching only the revealed certain portions of said thin film to form a
      width-modulated wave grating of substantially rectangular cross section
      and substantially uniform depth in said thin film, and
PA1  f. only then removing the photoresist from the non-revealed remainder of
      the thin film.
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ABST
PAL  A method of chemical machining utilizing selective plating techniques to
      form a metal component from sheet metal sheets, in which each sheet is
      degreased, rinsed in deionized water, and thoroughly dried, then is coated
      with a positive photoresist. The photoresist is cured, and then the image
      of the component to be formed is photographically applied to either side
      of the sheet utilizing photomasks, the photographically exposed
      photoresist is removed from the sheet, and the sheet etched to provide the
      basic component configuration. Selective plating is effected by further
      photographically exposing the photoresist of the sheet that overlies the
      portions of the sheet to be plated, by utilizing photomasks delineating
      the areas to be plated, after which the freshly exposed photoresist is
      removed, the sheet baked to better condition the resist for plating, and
      then suitably electroplating the areas of the sheet metal thus exposed.
      After plating, the completed component is soaked in acetone to remove the
      resist.
PARN
PAR  This application is a continuation of our application Ser. No. 244,162,
      filed Apr. 14, 1972, now abandoned.
BSUM
PAR  This invention relates to a method of chemical machining utilizing
      selective plating techniques, and more particularly, to a method of
      forming products from sheet metal utilizing photofabrication techniques
      that make provision for plating the product as little or as much as
      desired.
PAR  Photofabrication is the process of forming products from sheet metal by
      chemical etching with the shape of the desired part determined by
      photographic masking techniques. Photofabrication techniques are also
      known as chemical milling, photoforming, chemical cutting, photoetching,
      photo-mechanical duplicating, and chemical machining. While basic
      photofabrication or chemical machining techniques are well known, prior to
      this invention, plating of the resulting products, where desired, has
      followed completion of the etched product and after the photoresist that
      has been used in making the etched product has been removed. This means
      that the areas of the etched product which are not to be plated had to be
      somehow covered or masked to insure that the plating was applied only
      where desired, with the consequent difficulties attended therewith in
      light of the special shapes and configurations that are usually
      encountered in practicing photofabrication techniques.
PAR  A principal object of this invention is to provide a method of chemical
      machining utilizing selective plating techniques in which the photoresist
      remaining on the etched product after etching is used in conjunction with
      photomasks to delineate on the product those areas to be plated to
      facilitate the baring of only those parts of the products that are to be
      plated and provide a plating resisting coating for other parts of the
      product.
PAR  Another principal object of the invention is to provide an improved method
      of chemical machining that insures a high quality product with precise
      tolerances at low cost.
PAR  Yet other objects of the invention are to employ the special qualities of
      positive photoresist to condition photofabricative parts for selective
      plating as desired, to especially condition the material being chemically
      machined and its photoresist coating for improved photofabrication and
      selective plating results, and to provide methods of phorofabrication
      production that are economical to practice and are applicable to a wide
      variety of materials and part configurations, with precise tolerance
      maintenance.
PAR  In accordance with this invention, the metal sheeting forming the raw
      material is degreased and chemically cleaned, after which positive
      photoresist is applied thereto and the sheet is baked to cure the resist.
      The basic configuration of the end product is delineated on the sheet by
      applying the sheet between photomasks bearing registered images of the
      part of component to be etched (usually a number of such parts are formed
      from each sheet, and consequently the photomasks bear registered repeated
      images of the part in question). The photomasks and sheet are then exposed
      to a source of high intensity light, after which the sheet is
      disassociated from the photomasks, and is immersed in a resist solvent to
      remove the exposed photoresist. The sheet is then etched, rinsed, and
      dried, and prepared for selective plating by applying photomasks thereto
      which delineate the areas to be plated. Exposure to light is then made,
      the photomasks removed, and the sheet immersed in resist solvent to remove
      the thus photographically exposed reist. The sheet is then baked to better
      condition the remaining resist for resisting plating, after which the
      plating of the then bared areas of the sheet is effected by a suitable
      electroplating process. Where other areas of the product are to be plated
      with a different material, resist covering such areas is similarly
      photographically exposed and removed, and the additional plating effected
      in the manner indicated. When all plating is completed, the resist is
      removed to provide the end product.
DRWD
PAR  Other objects, uses and advantages will be obvious or become apparent from
      a consideration of the following detailed description and application
      drawings.
PAR  In the drawings:
PAR  FIG. 1 is a flow sheet illustrating the process of this invention;
PAR  FIG. 2 is a diagrammatic fragmental plan view illustrating a portion of a
      sheet that has been processed in accordance with this invention to provide
      a selectively plated end product; and
PAR  FIG. 3 is a plan view on an enlarged scale of one of the end product
      components made from the sheet shown in FIG. 2.
DETD
PAR  However, it is to be understood that the specific drawing illustrations
      provided are supplied primarily to comply with the requirements of the
      Patent Code, and that the invention may have other embodiments which will
      be obvious to those skilled in the art, and which are intended to be
      covered by the appended claims.
PAR  Reference numeral 10 of FIG. 2 diagrammatically illustrates one corner of a
      lead frame or microswitch circuiting made in accordance with this
      invention that is made from a sheet 12 formed from copper or the like that
      has been chemically shaped to define a plurality of lead elements 14 that
      are to be apapted into the circuiting, as by employing a suitable
      thermocompression bonding technique, or some other convention procedure
      that is known to the art. For handling purposes, subsequent to completion
      of frame 10 in accordance with this invention, the lead elements 14 have
      one end 16 thereof remaining connected to a connecting strip 18 of the
      sheet 12 while the other end 20 is free from the sheet. In the particular
      form of lead element 14 that is illustrated, the individual lead elements
      each include a pair of opposed projections 22 and 24 adjacent the element
      end 20.
PAR  The lead frame 10 is of more or less conventional configuration, with
      strips 18 being separated from the sheet 12 as at 26, except at their ends
      28, and strips 18 are formed with a plurality of spaced alignment holes 30
      for conventionally aligning the lead elements 14 in the circuiting during
      the procedure of applying the lead elements to the circuiting. During this
      procedure, lead elements 14 are separated from the strips 18 and strips 18
      are removed.
PAR  In the particular lead frame 10 that is illustrated, the lead elements and
      their associated connecting strips 18 are not only formed or shaped by the
      procedures of this invention, but also the lead elements 14 may be
      selectively plated. In the form shown, leads 14 are plated on both sides
      of same between their ends 16 and 20, with the connecting strips 18
      remaining unplated as well as the remainder of sheet 12.
PAR  Frame 10 is of generally quadrilateral configuration (only one corner of
      same is shown in FIG. 2) and at each of its corners 21 it is formed with a
      hole or perforation 23 for sheet handling purposes.
PAR  Lead frame 10 is produced in accordance with this invention in the
      following manner all without any of the traditional tooling usually
      associated with the fabrication of metal parts.
PAR  The tooling required to form the lead frame 10 and duplicates of same is
      made up starting with a blueprint or detailed sketch of the part or
      component that is being manufactured. Art work, in the form of a master
      photographic template, is made up, which consists of a drawing on an
      oversized scale that is suitable for the part being manufactured. The
      template material ordinarily is an opaque plastic, usually composed of an
      opaque lacquer film laminated to a transparent polyester film, an example
      of which is the No. 75 DM product made and sold by Ulano, Inc. under the
      trademark Rubylith. The drawing is made by utilizing a coordinatograph to
      scribe through the opaque layer of the laminate in a conventional manner
      to provide an image of the part to be fabricated. In practice the part is
      shown on the order of ten times its desired size. The metal to be removed
      is represented by the scribed portions of the template.
PAR  The template or art work is then photographically reduced to final size
      through one or more exposures to provide an image on a film. Since
      ordinarily it is desired to make a number of duplicates of the part from
      the same sheet of metal, the resulting film is then applied to a suitable
      type of step and repeat machine to form images on another sheet of film in
      multiples arranged in the manner that the parts are to be formed in the
      sheet 12 (with the positioning involved that is best suited for economical
      use of the base metal sheet). The resulting film or transparency forms one
      of the photomasks to be employed in accordance with this invention, and
      the second photomask is formed by aligning and registering the first
      photomask with another sheet of film that is to form the second photomask,
      with the photomasks together in emulsion to emulsion, and exposing the
      second photomask to the source of light through the first photomask to
      form the same image on the second photomask, which is then developed for
      masking purposes.
PAR  In this connection, it is pointed out that glass plates can be used in
      place of film to form the photomasks. Also, the films or plates forming
      the photomasks are suitably formed to be properly aligned and registered
      with each other and this may be done in any conventional manner. In the
      case of films, the use of Aldis pins in a suitable frame is recommended.
PAR  At this point, the tooling is now completed in the form of a pair of
      photomasks, one to be applied to one side of the plate to be etched and
      the other to be applied to the other side of the plate. In both
      photomasks, the portion of the metal to be etched is transparent while the
      portion of the metal to be retained is represented by the opaque portions
      of the masks.
PAR  The tooling represented by the photomask is of a permanent nature and may
      be stored for repeated use.
PAR  The production procedure utilizing the tooling described involves the
      cutting of metal sheeting to the desired working size, which in practice
      may provide a sheet 12 of quadrilateral configuration measuring
      approximately thirteen inches by fifteen inches, although these sizes may
      vary depending on production facilitates available and production
      requirements to be met.
PAR  The sheet 12 may be formed from a wide variety of materials, such as
      copper, Kovar, nickel, steel, Ni silver and other cooper base alloys as
      well as other metals that can be plated. The particular lead frame 10
      illustrated is formed from copper sheeting.
PAR  The sheet 12 after it is formed to size is processed in the manner
      illustrated by the flow sheet of FIG. 1. The sheet 12 is first degreased
      in a suitable vapor degreaser (such as the Little Corporal model made by
      Detrex Chemical Industries Inc.) using trichlorethylene as the solvent,
      after which the plate is immersed in an aqueous solution of 10 per cent
      hydrocholric acid at room temperature for approximately five minutes,
      after which the plate is thoroughly rinsed in deionized water to insure
      removal of all mineral residuals, grease residuals, and other foreign
      matter that might still remain even after the chemical cleaning provided
      by the acid bath. The plate is then dipped into a bath of isopropyl
      alcohol to insure even drying without water spotting, and then placed in
      an oven to evaporate the alcohol and any remaining water on the surface of
      the sheet to complete the sheet surface preparation.
PAR  The chemical cleaning and other processing that are involved after
      degreasing effects a conditioning of the surface of the sheet 12 for the
      type of photoresist adherence that is contemplated by this invention.
PAR  The sheet is then dipped into a suitable positive type photoresist, such as
      the product sold under the trademark AZOPLATE, designation AZ-345, by
      Shipley Company, Inc. of Newton, Massachusetts. Any suitable
      positive-acting photoresist material will suffice. In practice the plate
      12 is applied to an apparatus in which the plate is dipped into and out of
      a bath of the photoresist material and at a controlled rate on the order
      of 12 inches per minute.
PAR  In this prodcedure of the invention, it is preferred that the photoresist
      be mixed with 10 per cent of a suitable thinner, such as Shipley's H2-345
      photoresist thinner.
PAR  After the photoresist is sufficiently dried on the plate, the plate is
      suitably baked to insure the photoresist and drive off solvents. In
      practice the sheet is placed in an infrared oven regulated to maintain
      surface temperature near but below 200.degree. F. Curing time is
      approximately 10 minutes under these conditions.
PAR  The cured photoresist is photosensitive and acid resistant (it being a
      polymerized material) although in liquid form the photoresist is not light
      sensitive. The thickness of the photoresist coating is controlled by the
      rate of withdrawal from the photoresist bath; the faster the withdrawal
      rate, the thicker the coating of photoresist. While dipping is the
      preferred way of applying the photoresist to plate 12, application may
      also be done by spraying, spinning or any other convenient means.
PAR  The coated sheet 12 is then placed between the two previously prepared
      photomasks, and this is done by applying the sheet and masks to a suitable
      frame in which the sheet and masks are registered for precise alignment.
      This may be done in any suitable manner. Both sides of the sheets are then
      exposed to a high intensity light source under conventional vacuum
      techniques which draw the photomasks into firm contact with the sheet 12,
      with the result that the photoresist coatings of the sheet are exposed
      through the areas of the photomasks that are transparent. Suitable light
      sources are ultraviolet lamps or mercury vapor lamps. The average exposure
      time is 30 seconds to 3 minutes, depending on the nature of the
      photoresist and product configuration that is involved.
PAR  After exposure, the sheet is removed from between the photomasks and is
      immersed in a suitable positive photoresist developer, such as the
      alkaline developer product sold under the trademark AZOPLATE, designation
      AZ-303, by Shipley. The exposed portions of the photoresist are soluble in
      the photoresist developer and thus this step of the process dissolves the
      photoresist that has been photographically exposed. It is to be noted that
      the remaining photoresist is still photo-sensitive but nonsoluble in the
      developer. Development is at room temperature with an immersion time of
      approximately 3 minutes, after which the sheet is rinsed in tap water.
PAR  The sheet 12 is now in condition to be etched, and in practice a spray
      etching machine is used to etch the sheet from both sides, with the spray
      being applied to both sides of the sheet utilizing Ferric chloride as the
      etchant. Etching machines of two types may be employed, that is, a batch
      type which etches one sheet at a time, or a conveyor type which etches
      sheets continuously. In any event, the sheet 12 is preferably etched at 42
      Be' to 48 Be' acid concentration, at temperatures in the range of from
      about 110.degree. F. to about 135.degree. F., with the sheet moving at a
      rate of about 12 inches per minute through the spray. The etching results
      in the formation of the basic configuration of the end product, with all
      the metal which is bare of photoresist having been removed by the
      microscopic electrochemical cell action that occurs in corrosion or
      chemical dissolution of metal pursuant to conventional etching procedures.
PAR  After etching, the sheet 12 is rinsed and allowed to dry at room
      temperature. The sheet 12 is now in condition for application of the
      selective plating techniques of this invention.
PAR  In practicing the selective plating techniques of this invention,
      photomasks are prepared which delineate the areas of the plate 12 that are
      to be plated. For instance, since the lead elements 14 are to be plated
      between their ends 16 and 20, and on both sides of same, including the
      projections 22 and 24, two photomasks are required that are of the same
      general type previously prepared for the basic tooling except that the
      transparent areas represent that areas of the plate 12 to be plated. In
      other words, the photomasks for practicing the selective plating
      techniques of this invention in connection with the plate 12 would be
      formed with clear areas the size and outline of lead elements 14, for each
      lead element 14 to be plated on both sides of same. The plate 12 and the
      photomasks are brought together and registered in any suitable manner to
      bring the images of the lead elements into registry with and on either
      side of the lead elements 14 that are to be plated.
PAR  Of course, if only one side of the lead elements 14 are to be plated, then
      only one photomask is used; and if only some or parts of the lead elements
      are to be plated, the masks are appropriately made up for this purpose.
PAR  The sheet 12 is then exposed to a suitable source of high intensity light
      of the type described earlier through the photomask or photomasks that
      have been applied to same, and under the vacuum conditions that have been
      previously referred to. The time of exposure will be from 30 seconds to 3
      minutes, again depending on the nature of the photoresist used and
      configuration of the metal parts being selectively plated.
PAR  The plate 12 is then removed from the photomasks and again applied to a
      suitable positive photoresist developer, such as that aforereferred to.
      Again, immersion time is approximately 3 minutes and after development the
      sheet 12 is rinsed in tap water. This step effects removal of the positive
      photoresist from the lead elements 14 to be plated.
PAR  The sheet 12 is now exposed to a source of heat that will provide a surface
      temperature of approximately 250.degree. F. to approximately 300.degree.
      F. for a period of approximately 10 minutes. In practice this is done by
      using an infrared oven. This step is performed, in accordance with this
      invention, to better condition the remaining photoresist to hold up during
      the plating process that is to follow.
PAR  Thereafter, the sheet 12 is immersed in a suitable cleaning solution, such
      as a ten per cent hydrochloric acid aqueous solution, to prepare it for
      plating. The sheet is then applied to conventional electroplating
      equipment to effect plating of the lead elements 14. This is done by
      suspending the plate 12 in the usual tank containing a suitable
      electrolyte appropriate for the material being plated. A source of the
      material being plated and the plate 12 are connected in the usual plating
      circuiting, whereby molecules of the plating material become deposited on
      the lead elements 14. Since the elements 14 are no longer covered with
      photoresist, they are plated, but the remaining portions of the plate 12
      that are covered with photoresist are not plated due to the plating
      resisting character of the photoresist.
PAR  In this connection, the plating material employed may be of any suitable
      type, such as gold, nickel, or any material adapted for plating
      procedures.
PAR  Furthermore, different portions of the lead elements 14 may be selectively
      plated as may be required by special applications. For instance, the end
      20 of the lead elements 14 may be plated with nickel, then subsequently
      the projections 22 and 24 plated with hard gold, and then subsequently the
      ends 16 of the lead elements plated with citrate gold, by repeating the
      selective plating masking, photographic exposure, resist removal, and
      baking steps previously described, in a desired sequence. The photomasks,
      of course, are suitably formed to define the areas of the plate 12 that
      are to be photographically exposed for photoresist removal and plating
      purposes, with registration of the plate 12 and the plating mask or masks,
      as the case may be, being effected in any suitable manner.
PAR  In this connection, the edges of plate 12 that are defined by openings 26
      and the space between leads 14 will also tend to plate as they are not
      covered with photoresist. However, this does not effect the end product
      desired and the thickness of the plate 12, which ordinarily will lie in
      the range of between 0.005 inch and 0.125 inch, insures minimum waste of
      the plating material.
PAR  In practice, a number of sheets 12 are processed simultaneously in
      practicing the methods of this invention by employing suitable equipment
      to consecutively handle sheets 12 as required, or handle selected groups
      of the sheets, as required.
PAR  This invention provides the important advantages of photofabrication
      techniques with the additional advantage of providing for selective
      plating of the resulting product. The general procedure involved requires
      no manufacturing dies, permits design changes to be made quickly and
      inexpensively, and makes feasible small research and development runs. A
      wide variety of metals are available for use in practicing these
      procedures, and design configurations that can be accommodated are
      practically limitless in number and type. However, the invention is
      concerned primarily with the manufacture of thin metal parts.
PAR  In addition to leads for microcircuits, some applications of the selective
      plating procedures are in connection with contact points for spring
      contacts, relay parts, printed circuit applications, electrical
      connections, precision instrument parts, strain gauges, hearing aid parts,
      electronic tubes, leads for thick film circuits, switch parts, decorative
      plaques, motor parts, watch parts, computer parts, resistors, and jewelry,
      among many others.
PAR  In general, any material that can be chemically dissolved and desposited by
      electroplating or metal evaporation can be formed into a part using
      photofabrication. Stainless and carbon steels, aluminums, copper alloys,
      and nickel alloys are commonly used for photofabricated parts.
PAR  The foregoing description and the drawings are given merely to explain and
      illustrate the invention and the invention is not to be limited thereto,
      except insofar as the appended claims are so limited, since those skilled
      in the art who have the disclosure before them will be able to make
      modifications and variations therein without departing from the scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of chemical machining a sheet of sheet metal to define one or
      more components that have their marginal edgings formed by voids formed in
      the sheet but which remain integrally connected in the sheet for handling
      purposes, which method is to include the plating of a precious metal on
      selected portions of one or more of said components on restricted areas of
      same, said method comprising:
PA1  taking the sheet and degreasing same,
PA1  chemically cleaning the sheet,
PA1  rinsing the sheet with deionized water and drying the sheet,
PA1  passing the dried sheet through a liquid positive photoresist to provide
      each side of the sheet with a positive photoresist coating of uniform
      thickness across the sheet,
PA1  curing the photoresist coatings to make same photosensitive,
PA1  placing the sheet between a set of photomasks bearing registered images of
      the front and back side of the metal components to be formed,
      respectively,
PA1  photographically exposing said images to a high intensity light source to
      transfer the respective images to the respective coatings in registered
      relation by exposure of same to said light source through the respective
      photomasks,
PA1  immersing the sheet in a positive photoresist developer to remove from the
      sheet only those portions of said coatings that were photographically
      exposed by the exposing step to bare the portions of said sheet underlying
      said photographically exposed portions of said coatings,
PA1  etching the sheet on both sides of same to remove the bared portions of
      said sheet through the thickness of said sheet to form the sheet voids
      that define said components,
PA1  rinsing and drying the etched sheet,
PA1  applying to the etched sheet in registered relation thereto and in
      overlying registered relation to one of the coatings a photomask bearing
      an image delineating for exposure one or more selected areas of the etched
      sheet where selective plating of a precious metal is desired,
PA1  photographically exposing the photomask and said one coating to a high
      intensity source of light to transfer to said one coating the image of the
      second mentioned photomask,
PA1  immersing the sheet in a positive photoresist developer to remove from the
      sheet only the newly photographically exposed portions of the one coating
      to bare the portions of said sheet underlying said newly exposed portions
      of said coating,
PA1  baking the sheet and coatings under conditions providing a surface
      temperature in the range of from about 250.degree. F. to about 300.degree.
      F. for about 10 minutes,
PA1  cleaning the sheet in an acidic bath for plating purposes,
PA1  electroplating, in an electrolyte bath of the type to which said coatings
      remain plating resistant, the newly bared sheet portions with the precious
      metal to the exclusion of the sheet portions still bearing said coatings,
PA1  and thereafter removing the remainder of the photoresist coatings.
NUM  2.
PAR  2. The method set forth in claim 1 wherein prior to removing the remainder
      of the phororesist coatings, the sheet is further selectively plated with
      another metal by,
PA1  applying to the etched sheet in registered relation thereto and in
      overlying registered relation to one of the coatings a photomask
      delineating for exposure one or more further areas of the etched sheet
      where further selective plating is desired,
PA1  exposing the photomask of the preceding step and sheet to a high intensity
      source of light to transfer to said one coating of the preceding step the
      image of the photomask of said preceding step,
PA1  immersing the sheet in a positive photoresist developer to remove from the
      sheet the newly photographically exposed coating portions, to bare the
      sheet portions underlying same,
PA1  baking the sheet and coatings under conditions providing a surface
      temperature in the range of from about 250.degree. F. to about 300.degree.
      F. for about 10 minutes,
PA1  cleaning the sheet in an acidic bath for plating purposes, and
PA1  electroplating the newly bared sheet portions with said other metal to the
      exclusion of the sheet portions still bearing said coatings.
NUM  3.
PAR  3. The method of chemical machining a sheet of sheet metal to define one or
      more components that have their marginal edgings formed by voids in the
      sheet but which remain integrally connected in the sheet for handling
      purposes, which method includes selective plating of said components while
      they remain integrally connected in the sheet, which method is to include
      the plating of a precious metal on selected portions of one or more of
      said components on restricted areas of same, which method comprises:
PA1  taking the sheet and passing same through a trichlorethylene solvent bath,
PA1  immersing the sheet in a 10 per cent aqueous solution of hydrochloric acid
      at approximately room temperature for approximately 5 minutes,
PA1  removing the sheet from the hydrochloric solution and rinsing same with
      deionized water,
PA1  dipping the sheet into an isopropyl alcohol bath and then drying the sheet
      metal,
PA1  passing the dried sheet through a liquid positive photoresist to provide
      each side of the sheet with a positive photoresist coating of uniform
      thickness across the sheet,
PA1  curing the photoresist coatings,
PA1  placing the sheet between a set of photomasks bearing registered images of
      the front and back sides of the metal components to be formed,
      respectively,
PA1  photographically exposing said images to a high intensity light source to
      transfer the respective images to the respective coatings in registered
      relation by exposure of same to said light source through the respective
      masks,
PA1  immersing the sheet following said exposure in a positive photoresist
      developer to remove from the sheet only the portions of said coatins that
      were exposed by the exposing step to bare the portions of said sheet
      underlying said photographically exposed portions of said coatings,
PA1  etched the sheet on both sides to remove the bared portions of said sheet
      through the thickness of said sheet to form the sheet voids that define
      said components,
PA1  rinsing and drying the etched sheet,
PA1  applying to the etched sheet in registered relation thereto and in
      overlying registered relation to one of the coatings a photomask bearing
      an image delineating for exposure one or more selected areas of the etched
      sheet where selective plating of a precious metal is desired,
PA1  photographically exposing the photomask and said one coating to a high
      intensity source of light to transfer to said one coating the image of the
      second mentioned photomask,
PA1  immersing the sheet after the last mentioned exposure in a positive
      photoresist developer to remove from the sheet only the newly
      photographically exposed portions of the one coating to bare the portions
      of said sheet underlying said newly exposed portions of said coating,
PA1  baking the sheet and coatings under conditions providing a surface
      temperature in the range of from about 250.degree. F. to about 300.degree.
      F. for about 10 minutes,
PA1  cleaning the sheet in an acidic bath for plating purposes,
PA1  electroplating in an electrolyte bath of the type to which said coatings
      remain plating resistant the newly bared sheet portions with the precious
      metal to the exclusion of the sheet portions still bearing said coatings,
PA1  and thereafter removing the remainder of the photoresist coatings,
PA1  whereby said selected areas of said sheet are plated while said sheet bears
      said coatings that resist plating of the portions of said sheet remaining
      coated therewith.
NUM  4.
PAR  4. The method set forth in claim 3 wherein:
PA1  the sheet is passed through the liquid photoresist at a rate on the order
      of 12 inches per minute.
NUM  5.
PAR  5. The method set forth in claim 3 wherein:
PA1  the photoresist coatings are cured by heating the sheet under temperature
      conditions to keep the surface temperature of the sheet near but below
      200.degree. F. for approximately 10 minutes.
NUM  6.
PAR  6. The method as set forth in claim 3 wherein:
PA1  said exposing steps are preformed with the photomasks and sheet applied to
      a vacuum frame under vacuum conditions.
NUM  7.
PAR  7. The method set forth in claim 3 wherein:
PA1  the etching step is employed by utilizing Ferric chloride etchant having an
      acid concentration in the range of about 42 Be' to about 48 Be' at a
      temperature in the range of from about 110.degree. F. to about 135.degree.
      F.
NUM  8.
PAR  8. The method set forth in claim 3 wherein:
PA1  the removal of the remainder of the photoresist coatings is effected by
      soaking the sheet in acetone.
NUM  9.
PAR  9. The method set forth in claim 7 wherein:
PA1  the etchant is applied to the sheet, in practicing the etching step, by
      passing the sheet through a spray of the etchant at a rate on the order of
      12 inches per minute.
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ABST
PAL  The photographic method of producing a printed circuit involves preparing a
      film negative from a graphic replica of the printed circuit and, through
      the film negative, exposing a photosensitive coating on a copper laminate
      board which is then developed and etched. This method is improved using
      Herschel-effect film in two successive steps, first producing a film image
      of the graphic printed-circuit replica and then producing the required
      film negative from the first film image. One of the film images is a film
      positive and the other is a film negative.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to photographic methods of making printed circuits.
PAC  BACKGROUND
PAR  A popular method of making printed circuits involves preparation of a
      graphic image of a desired printed circuit, making a film negative of the
      graphic image, exposing a photosensitive emulsion on a copper-laminate
      board through the negative, and then developing and etching the board to
      yield the desired printed circuit. Preparation of the negative ordinarily
      requires the specialized skills and equipment of photographic
      laboratories. This represents an obstacle that has limited the application
      of the photo-etch method of making printed circuit boards to situations
      warranting expense and procedural delays imherent in utilizing such skills
      and equipment. Separately, the photographic industry has long provided
      high-contrast autopositive films, but such film has apparently not been
      used successfully if at all in providing negatives needed in the
      photographic method of making printed circuits.
PAC  SUMMARY OF THE INVENTION
PAR  The photographic method of producing printed circuits is improved so as to
      provide a film negative of the printed circuit simply and expeditiously.
      According to the presently preferred method, a Herschel-effect film in
      prefogged condition is placed in contact with a graphic copy of the
      desired printed circuit. The film is exposed and developed so as to yield
      a film positive of the printed circuit, especially a laterally reversed
      film positive. By contact printing, a second Herschel-effect film is
      placed in unfogged condition in contact with the film positive and exposed
      and developed so as to yield a film negative of the printed circuit. This
      film negative is then used with a photosensitive copper-clad board to
      produce the desired printed circuit whose parts have sharp outlines. The
      first film becomes a positive image, and the second becomes a film
      negative of the film positive. As will be seen, the procedure may be
      modified to yield a film negative in the first step, and then a film
      positive of the film negative, that is, the desired high-contrast sharp
      film negative. The procedure is one that involves only a small amount of
      equipment, where the equipment is relatively inexpensive and the procedure
      is one that can be executed without special skills and without dependence
      on unduly critical steps. Accordingly, anyone willing and able to make a
      printed circuit by the photo-etch process starting with a film negative
      undoubtedly has the capability of making a film negative from a graphic
      1:1 replica of the printed circuit. The quality of the film negative
      produced in this way makes it particularly effective for use as part of
      the photo-etch printed-circuit making process.
PAC  ILLUSTRATIVE EMBODIMENT
PAR  The nature of the invention and its advantages and novel features will be
      more fully appreciated from the following detailed description of an
      illustrative embodiment of the invention.
DRWD
PAR  In the accompanying drawing:
PAR  FIG. 1 is a block diagram of the photo-etch process of making a
      printed-circuit board, the improved portion of the process being shown in
      heavy outlines; and
PAR  FIG. 2 is a diagram illustrating the reflex printing process.
DETD
PAR  Many electronic and hobby magazines cater to the radio amateur and
      do-it-yourselfer. All of these magazines regularly run articles that
      describe how to construct projects such as radios, transmitters, digital
      devices, etc. The articles usually include a 1:1 graphic image of the
      actual printed circuit board. At present, the experimenter, wishing to
      obtain such a board has four alternatives:
PA1  1. Purchase the board from the author;
PA1  2. Trace the pattern onto a copper-clad board and, using the tracing as a
      guide, apply a paint or dry transfer etch resist to the board. The board
      is then etched with ferric chloride in the usual manner;
PA1  3. Trace the pattern onto a clear plastic sheet using ink or precut
      drafting patterns, then make or obtain a contact negative. Use the
      negative to expose a sensitized copper-clad insulating board. Develop the
      resist image, then etch in the usual way; and
PA1  4. Have the printed image professionally photographed to obtain the
      necessary 1:1 high contrast negative, then expose and etch the board as
      before.
PAR  FIG. 1 of the drawing shows a non-professional adaptation of the fourth
      process of producing a printed-circuit board, incorporating the present
      invention. Starting with an actual-size or 1:1 graphic rendition of the
      desired printed circuit, a film negative of the printed circuit is
      produced in two steps, discussed in detail below. The negative is applied
      to a photographically sensitive emulsion on a copper-clad laminate, it is
      exposed to light and developed, the unaffected areas of emulsion are
      removed by washing, and the bared areas of copper are etched away.
PAR  With the present invention, the hobbyist can obtain a high contrast
      negative without benefit of camera or darkroom and with commercially
      available copy films. This high contrast negative is essential to the
      follow-on process of exposing and etching a board. A lower contrast
      negative of high density will require much longer exposure times and will
      usually make a board with poor circuit line definition: ragged edges,
      "spreading," reduced line clearances.
PAR  High contrast films suitable for the present invention are commercially
      available under the class of duplicating, direct positive and copy films,
      for example Kodak Autopositive film 2577. These films exhibit the Herschel
      Effect, which is explained as follows.
PAR  When a blue-sensitive silver halide emulsion is exposed to blue or UV
      light, a latent image is produced. This is believed to be composed of
      photon induced specks of charged electrons trapped at sensitivity centers
      in the silver halide crystals. A sensitivity center can be either a silver
      sulphide molecule or a discontinuity in or on the crystal. These electrons
      attract and trap free interstitial silver ions wandering through the
      lattice. When an ion is trapped, it is neutralized and becomes a colloidal
      silver atom. This atom is a "seed" that enhances further photolytic silver
      production. Until 4 or 5 of these atoms have clustered, the action is
      reversible: the silver specks can recombine with local free halogen ions
      and again become unexposed, so to speak. (It can still be bleached out or
      destroyed by a phenomenon known as the Herschel Effect.) Silver sulphide
      particles can serve as sensitivity centers so if the film has been heavily
      sulphur sensitized, many more centers exist. The photolytic build-up of
      silver is thus more diffused and the latent image formation is reversible
      to a much greater degree.
PAR  If such a film with a latent image is exposed to light of long wavelength
      or infrared energy that is beyond its photosensitive range, the latent
      image is destroyed or bleached away. The mechanism is generally accepted
      to be as follows: a quantum of long wavelength energy is absorbed by a
      silver atom to form a silver ion plus an electron kicked away into the
      silver halide conduction band. The silver ion thus formed then wanders off
      through the lattice to become an interstitial Ag.sup.+. The foregoing is
      the Herschel Effect. This obviously must go on to some slight extent
      whenever a film emulsion is exposed, but the reactions that form silver
      atoms are much more plentiful in usual photographic film and the Herschel
      Effect is masked. The Herschel Effect is more fully explained at pages
      155-160 in "The Theory of the Photographic Process" by Mees-James.
PAR  As shown in FIG. 1, the process of making a printed circuit starts with
      providing a 1:1 graphic image of the printed circuit. Two slow speed, high
      contrast copy films prominently exhibiting the Herschel effect are also
      provided.
PAR  A first Herschel-Effect film is applied with its emulsion side against the
      graphic printed-circuit image in a contact printing frame. In the
      preferred procedure, this first film is sensitive to blue or actinic light
      and it is in uniformly and suitably fogged condition as supplied by the
      manufacturer for effective use in producing laterally reversed film
      positives by reflex exposure. The arrangement for reflex exposure is
      represented in FIG. 2. (The elements represented in FIG. 2 are shown
      separated for clarity, but in a contact printing frame they are in contact
      with one another.) Long wave-length light is used, provided as by means of
      one light bulb or a cluster of light bulbs and a yellow or yellow-green
      filter F, having a pass band beyond 560 m.mu.. The light L and filter F
      provide incident rays L' that pass through the Herschel-Effect film H-E
      and reach the graphic image I of the printed circuit. Rays L' must not be
      in the sensitivity band of the film. Unsensitized silver chloride is
      insensitive beyond 420 m.mu. and unsensitized silver bromide is
      insensitive beyond 470 m.mu.. Rays L' that strike black image areas C
      representing the circuit conductors are absorbed. Rays L' that strike
      white areas of the graphic image are reflected as rays R which pass
      through film H-E a second time.
PAR  The incident light L' passing through all areas of the film causes a degree
      of reversal or bleaching of the initial fogged film condition. The added
      effect of reflected rays R completes the bleaching action. This leaves the
      film areas opposite image areas C fogged, yielding a film positive upon
      development. Advantageously the first film is applied with its emulsion
      side E facing the graphic image during the exposure. Upon development, the
      result is a laterally reversed film replica of the graphic image.
PAR  Next, the film positive is applied to the second sheet of Herschel-Effect
      copy film in a contact printing frame, preferably with its emulsion side
      facing the emulsion side of the second film. However, since the film as
      sold is fogged for producing positives, it is given a preparatory all-over
      uniform bleaching exposure to long wavelength light so as to be unfogged.
      The exposure should be 10 percent longer than needed to clear the film.
      The second light-sensitive film is exposed to white or blue light through
      the film positive.
PAR  Upon development, the second film constitutes a high-contrast negative,
      with opaque black areas and clear areas, well suited for producing high
      quality printed circuits by ensuing photographic and etching steps. The
      printed circuits are free of ragged edges, spreading, and reduced line
      clearances as mentioned above. This process requires only ordinary and
      inexpensive equipment, and may be carried out in subdued light since the
      film is quite insensitive. A darkroom and a sophisticated photographic
      laboratory are quite unnecessary. The film is available commercially, and
      the exposure times and light intensities as specified by the film
      manufacturer are relatively non-critical.
PAR  In the procedure above, the first exposure yields a film positive of the
      graphic image, and the second yields a high-contrast film negative. In a
      modification, it is feasible to reverse this sequence, in a sense. In the
      first step of the modified procedure, a film negative of the graphic
      printed circuit image is produced by the reflex exposure arrangement shown
      in FIG. 2. In this modification, the first film is sensitive to blue or
      actinic light. The characteristics of Herschel-Effect copying film are
      highly desirable, and where the available film is fogged by the
      manufacturer for intended use in making positives, the film is here
      unfogged or bleached by exposing it to long wavelength light, for a period
      10 percent longer than that needed to completely bleach the film. This is
      a preliminary operation. The reflex exposure step follows, and the film is
      developed. The resulting negative lacks the opaque areas and clear areas
      important in a negative for making printed circuit boards by the
      photo-etch process. Accordingly, a further step is needed to provide the
      desired negative. For this purpose, another sheet of Herschel-Effect copy
      film is applied in contact with the film negative in a conventional
      contact-printing operation, involving exposure of the second sheet of
      Herschel-Effect film to long wavelength light through the film negative.
      The second film becomes a positive replica of the image of the first film,
      and thus the second film becomes a high-contrast negative of the graphic
      image, and is effective for making printed circuits by the ensuing
      photo-etch procedure.
PAR  The modification described above involves a preparatory step of all-over
      exposure of the first sheet of copy film to long wavelength light, for
      rendering the film sensitive to actinic or blue light. This step requires
      care, to attain the degree of reversal needed for making a film negative
      by reflex exposure. In this respect, the first-described procedure is
      easier to perform and is preferred.
PAR  The foregoing represents the presently preferred embodiments of the
      invention, but because the described methods are susceptible of various
      further modifications in matters of detail, the invention should be
      construed broadly in accordance with its full spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of producing a printed circuit board by preparing a film
      negative of the desired printed circuit, assembling the film negative to a
      photosensitive coating on a copper-clad laminate, exposing the coating to
      light through the negative, developing the coating to produce bare and
      resistcoated areas, and etching away the bare areas of the copper-clad
      laminate, the improvement in the preparation of the film negative which
      comprises the steps of applying a first Herschel-Effect silver halide
      emulsion film to a graphic image of the desired printed circuit, exposing
      and developing the first film so as to yield a film copy of the graphic
      image, applying a second Herschel-Effect silver halide emulsion film to
      said film copy of the graphic image, and exposing and developing the
      second film, one of said films being initially fogged when it is exposed
      so as to yield a positive replica of the image to which it is exposed, the
      other of the films being initially unfogged when it is exposed and
      developed so as to yield a negative replica of the image to which it is
      exposed.
NUM  2.
PAR  2. The method of claim 1, wherein the first film is applied with its
      emulsion side facing the graphic image and exposed refexively so that when
      it is developed, it is a laterally reversed film replica of the graphic
      image.
NUM  3.
PAR  3. The method in accordance with claim 1, wherein the first film is
      initially fogged uniformly but reversibly when it is exposed so as to
      yield a film positive of the graphic image when it is developed, and
      wherein the second film is initially unfogged when it is exposed so as to
      yield a film negative of the film positive when it is developed.
NUM  4.
PAR  4. The method of claim 1, wherein the first film is applied in initially
      fogged condition to the graphic image with the emulsion side of the first
      film facing the graphic image and exposed reflexively and developed so as
      to yield a laterally reversed film positive of the graphic image, and
      wherein the second film is applied to the film positive in initially
      unfogged condition and exposed and developed to yield a film negative.
NUM  5.
PAR  5. The method in accordance with claim 1, wherein the first film is applied
      in unfogged condition to the graphic image with the emulsion side of the
      first film facing the graphic image and is exposed reflexively and
      developed so as to yield a first film negative and wherein the second film
      in initially fogged condition is exposed through the first film negative
      to bleaching light.
NUM  6.
PAR  6. The method of claim 1, wherein the first film is applied with its
      emulsion side facing the graphic image when it is exposed, so that when it
      is developed it is a laterally reversed film replica of the graphic image.
NUM  7.
PAR  7. The method in accordance with claim 1, wherein the first Herschel-Effect
      film is in fogged condition when it is exposed as aforesaid, and wherein
      the second Herschel-Effect film is in unfogged condition when it is
      exposed as aforesaid.
NUM  8.
PAR  8. The method in accordance with claim 1, wherein the first Herschel-Effect
      film is in unfogged condition when it is exposed as aforesaid, and wherein
      the second Herschel-Effect film is in fogged condition when it is exposed
      as aforesaid.
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PAL  A method of activating a photographic developer which comprises contacting
      the photographic developer, which contains a metal capable of reducing an
      exposed silver halide as a developing agent, with a metal the same as the
      metal as the developing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of activating a silver halide
      photographic developer using a metal salt as a developing agent.
PAR  2. Description of the Prior Art
PAR  Commonly used developers for silver halide photographic light-sensitive
      materials are an aqueous alkaline solution of an organic compound such as
      a 3-pyrazolidone, a p-aminophenol derivative, a p-phenylenediamine
      derivative or hydroquinone as a developing agent, and, as is well known
      from the literature, an inorganic metal having a reducing property for
      exposed silver halide grains can be used as a developing agent but, in
      practice, is seldom used.
PAR  The reason for the non-use of such inorganic metals is that an organic
      developing agent as described above reduces a silver salt during
      developing and, thereafter changes into a relatively stable oxidation
      product which has no influence upon the reaction system, whereby the
      reduction potential of the developer remains stable and at a sufficiently
      active level, while an inorganic metal developing agent changes during
      development or during storage into a high valency metal which tends to
      change reversibly into a low valency metal, whereby the
      oxidation-reduction potential of the developer changes with an increase in
      the amount of materials developed, and cannot be kept at an active level.
PAR  Therefore, in order to maintain a stable active level using an inorganic
      metal as a developing agent, development must be carried out while
      electrolytically reducing the high valency metal formed in the developing
      reaction or uneconomical procedures must be taken such as using a large
      quantity of supplemental developing solution or throwing away the
      developer after use. However, such inorganic metal developing agents do
      have advantages in that they can be used in an acidic or neutral solution
      and the concentration of the developing agent can be raised, so it is very
      important to establish an economical method for using such solutions.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus one object of the invention to establish a new development
      method wherein an inorganic metal developer which exhibits lowered
      activity is activated, thereby regenerating the developing capacity and
      decreasing the quantity of developer required.
PAR  It is another object of the invention to make it possible to carry out an
      economical development in stable manner for long periods of time by using
      such a method.
PAR  In accordance with the invention, there is provided a method of activating
      a developer, which comprises adding to a silver halide photographic
      developer containing a metal capable of reducing exposed silver halide as
      a developing agent a compound of the same metal as the metal present as a
      salt, or more preferably, adding additional amounts of the metal per se,
      said metal having a large contact area, for example, in powdered,
      granular, wooly or sponge form.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The silver halides to which the developer of the invention can be applied
      show the well-known form of commonly used silver halide photographic
      light-sensitive materials, e.g., to a material capable of holding a
      coating in layer form (support member) such as baryta paper or plastic
      film there is coated an aqueous solution of a water-soluble film-forming
      material such as gelatin, polyvinyl alcohol or polyvinylpyrolidone in
      which fine grains of a non-exposed silver halide (which do not form
      developing nuclei) are dispersed (photographic emulsion), and then dried
      in layer form.
PAR  At present, there are miscellaneous silver halide photographic materials
      differing in the variety and shape of the support, composition of the
      coating solution, variety and grain size of the silver halide, additives
      in the coating solution and the construction of coating layer and support,
      depending upon the exact use of the material. The developer of the
      invention is applicable to any of these light-sensitive materials, e.g.,
      the method of the invention can be applied to all photographic material
      such as in a black and white developer including a first developer in a
      color reversal process.
PAR  In the developer of the present invention there is contained a metal
      capable of reducing exposed silver halide as a developing agent. The
      preferred metals used for this purpose are the lower valency transition
      metals which have an oxidation-reduction (redox) potential lower than that
      of silver. Specific examples of useful metals include titanium, iron,
      vanadium, cobalt and nickel.
PAR  These metals can, of course be introduced into the developing solution as a
      salt and, in fact, this is the usual method of introduction. Illustrative
      of metals used are the lower valency transition metals or complex salts
      thereof, "lower valency" meaning the lower of two or more valence states
      such as Fe.sup.+.sup.+ and Fe.sup.+.sup.+.sup.+. Examples of lower valency
      metal salts are titanium trichloride, vanadium sulfate, ferrous oxalate,
      ferrous sulfate, titanium tribromide, titanium triiodide, vanadium
      trichloride, ferrous chloride and ferrous bromide.
PAR  The compounds of the following formulae (I) and (II) are illustrative of
      ligands which form a complex compound with a lower valency metal ion such
      as Fe.sup.+.sup.+ or Ti.sup.+.sup.+.sup.+:
      ##EQU1##
      In this formula, L is --COOM or
      ##EQU2##
      M is H, Na, K, Li, NH.sub.4 or a substituted ammonium group such as a
      trialkanol or trialkyl ammonium group where the alkanol or alkyl group has
      1 to 4 carbon atoms such as a triethyl ammonium group or a trialkanol
      ammonium group, Q and Q' are H, Na, K, Li, NH.sub.4, a substituted
      ammonium group such as a trialkanol or trialkyl ammonium group where the
      alkanol or alkyl group has 1 to 4 carbon atoms such as a triethyl ammonium
      group or a trialkanol ammonium group alkul or aralkyl, a, b, c and d are
      1, 2 or 3, Z is a divalent group such as a phenylene group (o- or p-), a
      cyclohexylene group or
      ##EQU3##
      where R, R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6 and R.sup.7
      are H, OH, NH.sub.2, a substituted amino group such as a C.sub.1 -C.sub.4
      trialkanol or trialkyl amine, e.g., triethanoamine or triethylamine,
      halogen, alkyl or alkoxy of four or less carbon atoms, C.sub.4, f is 0, 1,
      2 or 3 and e is 1, 2 or 3.
PAR  In the above formulae all alkyl groups, including those present in an
      aralkyl or alkoxy group, preferably have 1 to 4 carbon atoms and the
      aralkyl group includes both mono- and polyaryl groups.
PAR  Specific examples of compounds represented by the above formulae are:
PA1  1. ethylenediaminetetraacetic acid
PA1  2. diethylenetriaminepentaacetic acid
PA1  3. ethylenediamine-N,N,N',N'-tetramethylenephosphoric acid
PA1  4. 1,3-diaminopropanol-N,N,N',N'-tetramethylenephosphoric acid
PA1  5. 1,2-cyclohexanediamine-N,N,N',N'-tetramethylenephosphoric acid
PA1  6. 1,3-propanediamine-N,N,N',N'-tetramethylenephosphoric acid
PA1  7. 1,6-hexanediamine-N,N,N',N'-tetramethylenephosphoric acid
PA1  8. Li, Na, K or NH.sub.4 salts of the above mentioned compounds
      ##EQU4##
                                                                (II) where
      R--R.sub.1 are as described above. In this formula, X is a divalent group
      such as O or S or
      ##EQU5##
      or &gt;NR.sup.10 in which R.sup.8, R.sup.9 and R.sup.10 are H, alkyl (e.g.,
      methyl, chloromethyl, hydroxyethyl, ethoxyethyl,bromoethyl, propyl, butyl,
      cyclohexyl), aralkyl (benzyl, .beta.-phenylethyl), alkoxy (methoxy,
      ethoxy, butoxy), phenyl, substituted phenyl group (tolyl) or
      --(CH.sub.2).sub.f --L (where f and L are as defined in formula (I)), g,
      h, i and j are 0, 1, 2 or 3, and k is 0 or 1. The same material regarding
      preferred alkyl groups in formula (I) apply to formula (II).
PAR  Examples of the compounds represented by the above general formula are:
PA1  8. nitrilotriacetic acid
PA1  9. oxalic acid
PA1  10. malonic acid
PA1  11. chloromalonic acid
PA1  12. ethylmalonic acid
PA1  13. aminomalonic acid
PA1  14. succinic acid
PA1  15. glutamic acid
PA1  16. adipic acid
PA1  17. diglycolic acid
PA1  18. ethyliminodipropionic acid
PA1  19. ethylenedithioglycolic acid
PA1  20. thioglycolic acid
PA1  21. malic acid
PA1  22. tartaric acid
PA1  23. citric acid
PA1  24. nitrilo-N,N,N-trimethylenephosphoric acid
PA1  25. propylamino-N,N-dimethylenephosphoric acid
PA1  26. o-carboxyanilino-N,N-dimethylenephosphoric acid
PA1  27. o-acetamidobenzylamino-N,N-dimethylenephosphoric acid
PA1  28. o-toluidine-N,N-dimethylenephosphoric acid
PA1  29. 2-pyridylamine-N,N-dimethylenephosphoric acid
PA1  30. methylenediphosphoric acid etraethyl ester
PA1  31. cyclohexylmethylenediphosphoric acid
PA1  32. benzylidenephosphoric acid tetraethyl ester
PA1  33. methylenediphosphoric acid
PA1  34. tetraethylnonadecylidenephosphoric acid
PA1  35. Li, Na, K and NH.sub.4 salts of the above mentioned compounds
PAR  Ligand materials which can be used include polycarboxylic acids such as
      citric acid for ferrous ions.
PAR  Useful compounds and metals as can be used in the present invention are
      summarized J. Willems: "Belgische Chemische Industrie" Vol. 21, page
      325-358 (1956) and Vol. 23, page 1105-1115 (1958), "Photographic
      Processing Chemistry" by Mison (Focal Press), pages 173-176, in N. I.
      Kirillov: "Problems in Photographic Research (Focal Press)" page 65, page
      134 (1967) and C. E. K. Mees and T. H. James: "The Theory of Photographic
      Process" (3rd Ed.) (The Macmillan Co. N.Y.) page 279-280 (1966) inorganic
      metal salts. All of these are incorporated by reference.
PAR  The developer may further contain known prehardeners and additives such as,
      for example, alkali halides, sodium sulfate, magnesium sulfate, sodium
      acetate, sodium nitrate, fog inhibitors such as 1-phenylmercaptotetrazole,
      6-nitrobenzimidazole or benzotriazole, phosphates, borates, potassium alum
      and chrome alum. There may also be used as the prehardener one or more
      known aldehyde hardeners such as formaldehyde, glutaraldehyde,
      succinaldehyde, glyoxal, thiobisacetaldehyde,
      .alpha.-methylglutaraldehyde, .beta.-methylglutaraldehyde,
      methylsuccinaldehyde, maleicdialdehyde and coutaraldehyde. These hardeners
      can be used in the form of an aldehyde or an adduct with a bisulfite, or
      in the form of a precursor such as dimethoxytetrahydrofuran.
PAR  The developer has a pH of 0.5 to 7, preferably 4 to 6. The concentration of
      metal developing agent in the developer of this kind is ordinarily within
      the range of 1-200 g/l when a ligand is not used, and 1-400 g/l when a
      chelate compound of a metal ion is used. A metal and a ligand can be added
      respectively within a concentration range of 1-200 g/l to thus form a
      chelate compound in the developer per se.
PAR  The feature of the invention resides in that a developer which is fatigued
      by development and which exhibits lowered activity is contacted with the
      same metal as that originally present in the developing agent, and thus
      the activity of the developer is recovered in a short time. Therefore,
      more light-sensitive materials can be handled with a certain quantity of
      developer where developer is disposed of after use, or the activated
      solution can be repeatedly used as a supplementary solution when carrying
      out development with the addition of make-up or supplementary developer.
      During or after use, the developer can be reacted with the complementary
      metal, e.g., metallic iron (woolly, powdered or granular) in the case of
      an iron or iron salt developer and with metallic titanium in the case of a
      titanium or titanium salt developer.
PAR  Contact with such metal may preferably be carried out by passing the
      developer through a filtering tank using as a filter a metal having a
      large contact area, for example, in powdered, granular, woolly or sponge
      form. Of course, other suitable methods may be employed such as by
      charging a piece of the metal into the developing tank. In some
      embodiments of the invention, a metal filtering tank is provided in the
      circulation system of a developing tank system, whereby the developer is
      activated through circulation to prevent it from lowering in activity
      during continuous development, and the overflow from a developing tank is
      passed through a filtering tank to regenerate the activity thereof and
      reuse the same as a supplementary solution, if necessary, after any
      desired concentration control.
PAR  Using the principle of activation as one embodiment of the application of
      the present invention, a lower valency metal salt developer can be
      produced from the corresponding higher valency metal salt having
      intrinsically no developing action. For example, a mixed aqueous solution
      of ferric sulfate and ethylenediaminetetraacetic acid capable of oxidizing
      and bleaching developed silver but which is not a developer per se can be
      converted into an active developer by the above mentioned iron treatment.
DETD
PAR  The following examples are to illustrate the invention in greater detail
      without limiting the same.
PAC  EXAMPLE 1
PAR  An oxidizing solution having the following composition was prepared:
TBL  ferric sulfate           10 g                                             
     disodium ethylenediaminetetraacetate                                      
     (dihydrate)              36 g                                             
     sodium carbonate (monohydrate)                                            
                              10 g                                             
     boric acid               10 g                                             
     water to make 1000 ml                                                     
PAR  This solution had no developing capacity. To this solution was added 5 g of
      commercially available metallic iron powder, the mixture stirred and the
      precipitate filtered. The resulting solution blackened an exposed silver
      halide, but gradually lost developing capacity when allowed to stand.
      However, the developing activity of the solution was recovered by
      treatment again with metallic iron powder as described.
PAC  EXAMPLE 2
PAR  Similar results were obtained by repeating the procedure of Example 1 but
      using 30 g of nitrilotriacetic acid per 1000 ml in place of the 36 g of
      disodium ethylenediaminetetraacetate dihydrate.
PAC  EXAMPLE 3
PAR  A continuous treatment with an iron (II)-EDTA developer was carried out
      using a small developing machine. A black-and-white positive film (fine
      grain positive movie film made by Fuji Photo Film Co.) was exposed and
      then continuously treated with a black-and-white developer having the
      following composition by means of the small developing machine. The
      residence time of the film in the developing tank was 2 minutes and 45
      seconds and the temperature was 27.degree.C. This developing tank had a
      capacity of 3.5 l and a circulation system wherein the developer was
      guided via a pipe to a temperature control section from the upper portion
      of the tank and then returned via a small pump to the developing tank from
      a feed port at the lower portion of the developing tank.
TBL  ______________________________________                                    
              Composition of developer                                         
     Solution A                                                                
              ammonia water (sp. gr. 0.91)                                     
                                     50 ml                                     
              disodium ethylenediaminetetraacetate                             
                                     140 g                                     
              (dihydrate)                                                      
              water to make 1000 ml                                            
     Solution B                                                                
              ferrous sulfate        100 g                                     
              water to make 300 ml                                             
     ______________________________________                                    
PAL  At the time of use, solutions A and B were mixed. During development, a
      supplementary solution having the same composition as the above described
      developer (tank solution) was supplemented at a rate of 35 ml per 1 minute
      to prevent quality deterioration.
PAR  A cartridge flled with steel wool was then fitted to the circulation
      section of the developing tank so that the developer was passed through
      the cartridge, contacted the steel wool and returned to the developing
      tank. The cartridge was cylindrical and filled with 1 kg of steel wool.
      The developer was pumped to the bottom and delivered from the upper
      portion of the cartridge. The inner volume of the cartridge was about 2000
      ml and the flow rate of developer was 1000 ml/min. The quantity of the
      supplementary solution could be reduced to 1/3 of the above value by the
      provision of the cartridge. The composition of the supplementary solution
      used was free of iron salt, as shown below:
     Composition of supplementary solution                                     
     ammonia water (sp. gr. 0.91)                                              
                               30 ml                                           
     disodium ethylenediamintetraacetate                                       
     (dihydrate)               140 g                                           
     water to make 1000 ml                                                     
PAR  In accordance with the method of this invention, the quantity of developer
      used can largely be reduced and a stable development can be carried out
      for a long time. Moreover, the photograhic qualities compare favourably
      with those of prior art processes.
PAC  EXAMPLE 4
PAR  A reversal color film of the multi-layer type containing a cyan coupler in
      a red-sensitive layer, a magenta coupler in a green-sensitive layer and a
      yellow coupler in a blue-sensitive layer was exposed and then subjected to
      reversal color development using a hardening developer having the
      following composition for the first development:
TBL  titanium trichloride      20 g                                            
     tetrasodium ethylenediaminetetraacetate                                   
                               70 g                                            
     formalin (37 wt %)        14 ml                                           
     succinaldehyde            6 g                                             
     KBr                       2 g                                             
     pH                        4.2                                             
     water to make 1000 ml                                                     
PAL  After hardening development at 38.degree.C for 3 minutes, the steps of
      neutralization, color forming development, stopping, water washing,
      bleaching, fixing, water washing and stabilizing were carried out in the
      recited order, thus obtaining a reversal image.
PAR  Since the life of this hardening developer was short, the developing
      capacity lowered after one day, and only a low sensitivity image having a
      high density at high light areas was obtained. However, the activity of
      the solution was recovered by adding 0.5 g of metallic titanium per 1000
      ml of the low activity solution.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of activating a photographic developer of reduced activity
      which contains a lower valence metal capable of reducing exposed silver
      halide as a developing agent, said metal being present in combination with
      a ligand, which forms a complex with the metal, of the following formula:
      ##EQU6##
      wherein L is --COOM or
      ##EQU7##
      M is H, Na, K, Li, NH.sub.4 or a substituted ammonium group such as a
      trialkanol or trialkyl ammonium group where the alkanol or alkyl group has
      1 to 4 carbon atoms; Q and Q' are H, Na, K, Li, NH.sub.4, a substituted
      ammonium group such as a trialkanol or trialkyl ammonium group where the
      alkanol or alkyl group has 1 to 4 carbon atoms or aralkyl; a, b, c and d
      are 1, 2, or 3; Z is a divalent group such as a phenylene group, a
      cyclohexyl group,
      ##EQU8##
      wherein L is described above; R, R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.5, R.sub.6 and R.sub.7 are H, OH, NH.sub.2, a substituted amino
      group such as a C.sub.1 - C.sub.4 trialkanol or trialkyl amine, halogen,
      alkyl or alkoxy having 1-4 carbon atoms; f is 0, 1, 2 or 3; e is 1, 2 or
      3; said developing agent initially being present in an amount sufficient
      to reduce exposed silver halide, said method comprising contacting said
      photograhic developer with a metal the same as the metal of the developing
      agent and having a large contact area.
NUM  2.
PAR  2. The method of claim 1 wherein the metal is a metal having an
      oxidation-reduction potential lower than silver.
NUM  3.
PAR  3. The method of claim 1 wherein the metal is iron, titanium, vanadium,
      cobalt or nickel.
NUM  4.
PAR  4. The method of claim 2 wherein the developer has a pH of 0.5 to 7.
NUM  5.
PAR  5. The method of claim 4 wherein the concentration of metal in the
      developer is from 1-200 g/l.
NUM  6.
PAR  6. The method of claim 1 wherein the metal exhibits at least two valence
      states and as an active developer is in the lower valence state.
NUM  7.
PAR  7. The method of claim 1 wherein the metal and ligand are each present in
      the developer in an amount of 1 to 200 g/l, whereby a chelate is formed in
      the developer.
NUM  8.
PAR  8. The method of claim 1 wherein the activation is continuous and metal is
      introduced into the developer in an amount equivalent to that consumed in
      the photographic development.
NUM  9.
PAR  9. The method of claim 1 wherein the activation is conducted in a
      batch-wise manner.
NUM  10.
PAR  10. The method of claim 1 wherein said ligand is ethylenediaminetetraacetic
      acid or a salt thereof.
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ABST
PAL  Heterocyclic mercapto compounds are added to a binder layer containing
      colloidal silver which is comprised in a color photographic multilayer
      material. The colloidal silver layer may be a yellow filter layer to
      prevent exposure of the green, and red recording layers to blue light, or
      an antihalation layer arranged between the layer support and the lowermost
      light sensitive silver halide emulsion layer. The heterocyclic mercapto
      compounds reduce the contact fog produced in the (first) developer and
      increase color density in reversal processing. Additionally there can be
      present in the colloidal silver layer a sensitizer for the blue, green or
      red spectral region.
BSUM
PAR  This invention relates to a multilayer color photographic silver halide
      material comprising at least one binder layer which contains colloidal
      silver and in addition a heterocyclic mercapto compound to prevent the
      so-called contact fog produced during processing at the colloidal silver
      of said binder layer.
PAR  Color photographic films are provided, for various purposes, with filter
      layers which contain colloidal silver. These filter layers are arranged
      adjacent to individual light-sensitive emulsion layers, for example the
      auxiliary layer between the blue sensitive and the green sensitive silver
      halide layer and may contain yellow colloidal silver. This yellow filter
      layer serves to keep the unwanted blue component of light away from the
      red and green sensitive emulsion layers. The layer which functions as
      antihalation layer between the support layer and the silver halide layer
      directly adjacent to it may contain black, brown or blue colloidal silver.
      Colored colloidal silver may also be incorporated in a covering layer to
      correct the color reproduction.
PAR  These various layers which contain colloidal silver frequently have a
      deleterious effect on the adjacent emulsion layers, particularly if the
      color materials are treated with developers which contain complex forming
      substances for the silver halide in the emulsion layers, such as alkali
      metal thiocyanate or amino compounds or substantial quantities of sulfites
      and alkali metal halides. These complex forming compounds may cause
      physical development to take place at the nuclei of colloidal silver in
      the auxiliary layers. This has the effect of increasing the color fog in
      color negative materials and the quantity of fogging silver in the first
      developer in the case of color reversal materials so that the color
      density obtained by subsequent color forming development is
      correspondingly reduced. These disadvantageous phenomena are known as
      contact fog. The measures previously used to prevent contact fog have
      various disadvantages. For example the incorporation of separating layers
      which contain gelatine between the layer which contains colloidal silver
      and the light sensitive silver halide emulsion layers only incompletely
      prevented the formation of contact fog and had the added disadvantage of
      reducing the sharpness of the image.
PAR  Attempts to reduce the contact fog by the action of reducing agents on
      colloidal silver (see Grechko and Wilenski, Sci. et Ind. phot. 2, 32, page
      437) also had no useful practical result. In some cases, such attempts
      even led to fogging and desensitization of adjacent emulsion layers.
PAR  Derivatives of benzothiazole and benzoselenazole have been described in
      U.S. Pat. No. 3,206,310 as additives added to colloidal silver to prevent
      contact fog. These substances, however, are only effective if they can
      react with the colloidal silver solution for some time at a given pH
      before casting. It is assumed that the benzo thiazole or benzoselenazole
      ring is decomposed by hydrolysis to form a free thiol compound which is
      regarded as the active substance which prevents contact fog.
PAR  It is an object of this invention to prevent the formation of contact fog
      in auxiliary layers which contain colloidal silver. According to the
      invention, this is achieved by the fact that, in a color photographic
      multilayered material which comprises several light-sensitive silver
      halide emulsion layers arranged above one another which contain color
      couplers and at least one light insensitive layer of binder which contains
      colloidal silver (for example a silver filter layer), the said layer of
      binder contains, per g of silver, 0.1 to 1 g of a heterocyclic mercapto
      compound in which a heterocyclic group comprising a 5-membered or
      6-membered heterocyclic ring carries a mercapto group preferably via a
      ring carbon atom. The heterocyclic group may have other rings condensed to
      the heterocyclic ring and may also carry photographic inert substituents,
      i.e. a water-solubilizing group or an aliphatic hydrocarbon group
      containing from 8 to 20 carbon atoms, which aliphatic group confers
      diffusion resistance. In the heterocyclic mercapto compounds which can be
      used according to the invention the heterocyclic ring preferably contains
      at least one nitrogen atom, and preferably one of such ring nitrogen atoms
      is bonded via a double bond to a ring carbon atom which carries the
      mrcapto group.
PAR  Compounds which are derived from mercaptopyrimidine, mercaptotriazole,
      mercaptothiazolinone or mercaptobenzimidazole have been found to be
      particularly suitable. Owing to the possibilities of tautomerism, a
      considerable proportion of the compounds may also be present as tautomeric
      thioxo compounds and the compounds are therefore also formulated as such.
PAR  The following are given as examples of particularly suitable heterocyclic
      mercapto (or thioxo) compounds:
      ##SPC1##
      ##SPC2##
      ##SPC3##
PAR  The efficiency of the compounds according to the invention in preventing
      contact fog depends on their adsorption on colloidal silver, a property
      which can be determined by suitable tests. The lower the adherence of the
      mercapto compound to the silver grain, the stronger is the tendency of the
      compound to diffuse from the original layer during casting, storage or
      development of the colour material and impair the colour reproduction in
      the adjacent emulsion layer. Compounds which are substituted on the ring
      system with aliphatic hydrocarbon groups which contain 8 to 20 carbon
      atoms are therefore preferred on account of their reduced tendency to
      migrate into other layers. The concentration of mercapto compounds is
      preferably between 0.1 and about 1 g per g of silver. The compounds are
      generally added to the silver colloid before casting. In a particular
      embodiment of the invention and in addition to the mercapto compounds
      according to the invention sensitizing dyes which are known for
      sensitizing silver halide emulsions for the blue, green or red spectral
      region as described in German Offenlegungsschrift No. 2,314,514 may be
      added to the silver colloid. These dyes may be, for example, monomethine
      or trimethine cyanines or merocyanines. The proportion of mercapto
      compound to sensitizing dye may vary within wide limits according to the
      choice of compounds. When preparing the multilayered material, it is
      simplest if the dye which is added to the filter layer is one which is
      also used for sensitizing the adjacent silver halide emulsion layer. The
      preparation of various types of colloidal silver has been described in the
      literature, e.g. in Weiser, Colloidal Elements, Wiley & Sons, New York,
      1933, in which the preparation of yellow colloidal silver by the dextrin
      reduction method of Carey and Lea is described, or in German Patent
      Specification No. 1,096,193 (colloidal brown and black silver) and in U.S.
      Pat. No. 2,688,601 (colloidal blue silver). The color photographic silver
      halide material is built up in known manner by applying the silver halide
      emulsions in several layers on the support layer. At least three emulsion
      layers of differing spectral sensitivities are arranged above one another.
      The support layer is usually covered successively with a red sensitive
      layer which contains cyan coupler, a green sensitive layer which contains
      magenta coupler and a blue sensitive layer which contains yellow coupler.
      The yellow filter layer which contains yellow colloidal silver is normally
      situated between the blue sensitive layer and the green sensitive layer, a
      heterocyclic mercapto compound being added according to the invention to
      this yellow filter layer, either alone or together with a sensitizing dye.
      In certain types of film, a layer of binder which contains brown or black
      colloidal silver may also be arranged as antihalation layer adjacent to
      the support layer. This layer of binder may also contain the additives
      mentioned above.
DETD
PAR  The following Examples serve to explain the invention in detail.
PAC  EXAMPLE 1
PAR  Increasing quantities of mercapto compound 1 were added to an aqueous
      dispersion of yellow colloidal silver in gelatine, known as silver yellow
      according to Carey Lea, the quantities added being, respectively 0 mg, 250
      mg and 750 mg to 150 g of silver yellow which corresponded to 1 g of
      metallic silver. After the addition of a wetting agent and hardener, the
      three silver yellow dispersions were cast on a support layer of cellulose
      acetate in thicknesses corresponding to an application of 0.2 g of silver
      per m.sup.2. A blue sensitive emulsion layer which builds up the yellow
      partial image was cast on each of the three silver yellow layers in the
      same way as is customary in a normal color film. This blue sensitive
      emulsion layer consisted of a silver iodobromide emulsion of medium
      sensitivity containing 5 mols % of AgI,
      .alpha.-(2-tetradecycloxybenzoyl)-acetanilide as yellow forming coupler
      and the usual stabilizers, plasticizers, wetting agents and hardeners.
PAR  A test strip from each of the three samples was treated as follows:
PAR  A. An unexposed strip was fixed and washed.
PAR  B. An unexposed strip was developed for 12 minutes at 24.degree.C in the
      first developer described below and then fixed and washed.
PAR  C. A strip exposed behind a sensitomer wedge was subjected to a complete
      color reversal process as described below.
PAR  1. First development of 12 minutes at 24.degree.C in a thiocyanate
      containing Metol-hydroquinone developer of the following composition:
     Ethylene diaminotetracetic acid sodium                                    
                              2       g                                        
     p-N-monomethylaminophenolsemisulfate                                      
                              4       g                                        
     Sodium sulfite           50      g                                        
     Hydroquinone             6       g                                        
     Sodium carbonate         35      g                                        
     Sodium thiocyanate       1.5     g                                        
     Potassium bromide        2       g                                        
     Potassium iodide         10      mg                                       
     Benzotriazole            250     mg                                       
     made up with water to    1000    ml                                       
     pH 10.0 .+-. 0.1                                                          
PAR  2. Washing - 5 minutes
PAR  3. Second exposure - 1 minute
PAR  4. Reversal development - 15 minutes at 24.degree.C in a colour developer
      of the following composition:
TBL  Nitrilotriacetic acid        2 g                                          
     Sodium sulfite               5 g                                          
     Hydroxylamine sulfate        1 g                                          
     Trisodium phosphate          20 g                                         
     Potassium bromide            1 g                                          
     Potassium iodide             10 mg                                        
     4-Amino-3-methyl-N-ethyl-N-(.beta.-methylsulfonamidoethyl)-               
     anilinosesquisulfate monohydrate                                          
                                9 g                                            
     Ethylenediamine 50 %       6 ml                                           
     made up with water to      1000 ml                                        
     pH 12.0                                                                   
PAR  The material was then clarified, bleached, fixed and washed in the usual
      manner.
PAR  The treated strips, which have been colored yellow either by the colloidal
      silver or by the dye, were examined in a Macbeth densitometer behind a
      blue filter. The following results, which are characteristic of the
      invention, were obtained.
TBL  DB (fixed):                                                               
                Yellow density of the strip which has been                     
                fixed according to A                                           
     DB (developed):                                                           
                yellow density of the strip which has been                     
                developed according to B                                       
     D max.:    maximum yellow density of the yellow color                     
                density curve obtained according to C                          
     Es:        specific sensitivity of the yellow color                       
                density curve obtained according to C.                         
                Es = log I.t for the color density                             
              D max. + Es                                                      
                       where Es is the color fog                               
              2                                                                
              resulting from total exposure.                                   
PAR  The density difference .DELTA.DB = DB (developed) -- DB (fixed) is a
      measure of the quantity of silver deposited on the silver yellow in the
      first developer.
PAR  The values for D max. and Es indicate to what extent the reduction in the
      quantity of silver deposited on the yellow filter which is achieved by the
      substances claimed according to the invention has an effect on the maximum
      density of the yellow dye and the photographic sensitivity.
TBL  ______________________________________                                    
     Addition of Compound 1                                                    
                    0         250       750                                    
     in mg/g of Ag                                                             
     ______________________________________                                    
     .DELTA.DB      2.51      1.70      0.78                                   
     Dmax           2.65      2.72      2.86                                   
     Es             2.62      2.61      2.58                                   
     ______________________________________                                    
PAR  It can be seen that the addition of the mercapto compound greatly reduces
      the quantity of silver deposited on the silver yellow in the first
      developer and considerably increase the color density of the yellow layer
      while the specific sensitivity is only insignificantly reduced.
PAC  EXAMPLES 2 - 5
PAR  Compound 2, 3, 4 or 5 was added to the silver yellow instead of the
      additive used in Example 1. The individual samples, which contain
      increasing quantities of mercapto compound, where treated and examined as
      described in Example 1.
TBL  ______________________________________                                    
     Addition of Compound 2                                                    
                    0         250       750                                    
     in mg/g Ag                                                                
     ______________________________________                                    
     .DELTA. DB     2.43      2.00      1.21                                   
     Dmax           2.66      2.69      2.86                                   
     Es             2.75      2.69      2.66                                   
     ______________________________________                                    
     Addition of Compound 3                                                    
                    0         250       750                                    
     in mg/g Ag                                                                
     ______________________________________                                    
     .DELTA. DB     2.65      2.46      0.40                                   
     Dmax           2.55      2.55      3.01                                   
     Es             2.54      2.51      2.49                                   
     ______________________________________                                    
     Addition of Compound 4                                                    
                    0         250       750                                    
     in mg/g Ag                                                                
     ______________________________________                                    
     .DELTA. DB     2.63      1.00      0.87                                   
     Dmax           2.50      2.58      2.75                                   
     Es             2.66      2.51      2.43                                   
     ______________________________________                                    
     Addition of Compound 5                                                    
                    0         250       750                                    
     in mg/g Ag                                                                
     ______________________________________                                    
     .DELTA. DB     2.51      1.76      1.42                                   
     Dmax           2.55      2.77      2.75                                   
     Es             2.66      2.51      2.41                                   
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Compound 1 and
      5,5'-chloro-3,3'-di-(.beta.-carboxyethyl)-9-ethyl-benzothiazole
      carbocyanine iodide (Dye 1) were added to the silver yellow separately and
      in combination instead of the substances added in Example 1. The
      individual samples were treated and examined as described in Example 1.
TBL  ______________________________________                                    
     Addition in mg/g of Ag                                                    
     of Compound 1  --      500    --    250  300                              
     Dye 1          --      --     125   125  125                              
     ______________________________________                                    
     .DELTA. DB     2.50    0.91   1.41  0.58 0.16                             
     Dmax           2.60    2.66   2.62  2.69 2.78                             
     Es             2.51    2.48   2.48  2.46 2.47                             
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Increasing quantities of the mercapto compound from Example 1, namely 0 mg,
      115 mg and 230 mg, based on 1 g of metallic silver in the slver black
      dispersion, were added to an aqueous dispersion of black-brown colloidal
      silver in gelatine (silver black) which had been prepared by the reduction
      of silver nitrate and hydrazine. The three samples were prepared, treated
      and examined as described in Example 1 with the only difference that a red
      sensitive emulsion layer was applied to the silver black dispersion to
      build up the cyan partial image. It contains a silver iodobromide emulsion
      of medium sensitivity with 5 mols % of silver iodide and 6 g of 1
      -hydroxy-N-octadecyl-2-naphthamide per 6 g of emulsion.
PAR  The three samples of these layer combinations were exposed behind a
      senitometer wedge, subjected to the process of color reversal development
      described in Example 1 and examined to assess their Dmax and Es (specific
      sensitivity).
TBL  ______________________________________                                    
     Addition of compound 1                                                    
                    0         115       230                                    
     in mg/g of black Ag                                                       
     ______________________________________                                    
     Dmax           3.14      3.22      3.26                                   
     Es             2.64      2.65      2.65                                   
     ______________________________________                                    
PAC  EXAMPLE 8
PAR  Varying quantities of the combination of mercapto compound 2 and dye 1 were
      added to the silver black instead of the substances added in Example 1.
PAR  The samples were treated and examined as described in the previous
      examples.
TBL  ______________________________________                                    
     Addition in mg/g of Ag:                                                   
     Compound 2     --      115    --    58   115                              
     Dye 1          --      --     11    11    11                              
     ______________________________________                                    
     Dmax           3.23    3.30   3.33  3.60 3.63                             
     Es             2.76    2.77   2.79  2.74 2.74                             
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  The arrangement of layers in the material corresponds to that of Example 1
      with the addition of mercapto compound 1 to the yellow filter in a
      quantity of 0.8 g/g of yellow silver in contrast to the blank sample. The
      material was subjected to a process of color negative development as
      follows:
TBL  1. Color negative developer 14 minutes at 24.degree.C                     
     Sodium hexametaphosphate                                                  
                           2       g                                           
     Na.sub.2 SO.sub.3 sicc.                                                   
                           2       g                                           
     Potassium bromide     2.5     g                                           
     Sodium metaborate     80      g                                           
     4-Amino-3-methyl-N-ethyl-N-                                               
     (.beta.-methanesulfonamidoethyl)-                                         
     aniline-sesquisulfate                                                     
     monohydrate           6       g                                           
     Benzyl alcohol        6       ml                                          
     made up with water to 1000    ml                                          
     pH                    10.8                                                
     2. Short stop bath 4 minutes at 24.degree.C                               
     Sodium acetate        5       g                                           
     Glacial acetic acid   20      ml                                          
     made up with water to 1000    ml                                          
     pH                    3.9                                                 
     3. Hardening bath 4 minutes at 24.degree.C                                
     Formalin 30 %         18      ml                                          
     Sodium carbonate      20      g                                           
     made up with water to 1000    ml                                          
     pH                    10.6                                                
     4. Washing 4 minutes at 24.degree.C                                       
     5. Bleaching bath 6 minutes at 24.degree.C                                
     Potassium ferricyanide                                                    
                           35      g                                           
     Boric acid            10      g                                           
     Borax                 7       g                                           
     Potassium bromide     10      g                                           
     Potassium nitrate     30      g                                           
     made up with water to 1000    ml                                          
     pH                    8.3                                                 
     6. Washing 6 minutes at 24.degree.C                                       
     7. Fixing bath 8 minutes at 24.degree.C                                   
     Sodium thiosulfate    320     g                                           
     Sodium sulfite        6       g                                           
     Sodium bisulfite      4       g                                           
     made up with water to 1000    ml                                          
     pH                    7.0                                                 
      8. Final washing 10 minutes                                              
     Addition of mercapto                                                      
                     Blank sample 0.8                                          
     compound 1 in g/g of                                                      
                     (0)                                                       
     yellow silver                                                             
     ______________________________________                                    
     Color fog       0.26         0.14                                         
     Gradation       0.76         0.86                                         
     Sensitivity                                                               
     (0.1 above fog) standard     +0.10                                        
     ______________________________________                                    
PAR  The addition of the mercapto compound to the silver yellow reduces the
      color fog in the adjacent emulsion layer in the process of color negative
      development while the threshold sensitivity and gradation are slightly
      increased.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic multi-layer material having compounds that produce
      an image by image-wise exposure followed by developing treatment producing
      an image comprising at least two spectrally sensitized silver halide
      emulsion layers each containing a color coupler and at least one other
      layer containing a binder and colloidal silver, wherein the improvement
      comprises the binder and colloidal silver layer contains a non-diffusible
      heterocyclic mercapto compound carrying a substituent consisting of an
      aliphatic hydrocarbon group having 8 to 20 carbon atoms and a mercapto
      group on a ring carbon atom of a 5- or 6- membered heterocyclic ring, said
      heterocyclic mercapto compound being in an amount of 0.1 to 1 g per g of
      colloidal silver.
NUM  2.
PAR  2. Color photographic multilayer material as claimed in claim 1, wherein
      the mercapto compound is a mercapto pyrimidine, mercapto triazole,
      mercapto thiazolinone or mercapto benzimidazole.
NUM  3.
PAR  3. Color photographic multilayer material as claimed in claim 1, wherein a
      layer of binder which contains yellow colloidal silver as a yellow filter
      layer, contains a non-diffusible sensitizer for the blue, green or red
      spectral region.
NUM  4.
PAR  4. Color photographic multilayer material as claimed in claim 1 wherein the
      layer comprising the binder and colloidal silver contains black colloidal
      silver, the non-diffusible heterocyclic mercapto compound and a sensitizer
      for the red spectral region and said binder and colloidal silver layer is
      arranged between a layer support and an adjacent silver halide emulsion
      layer which contains cyan-forming coupler.
NUM  5.
PAR  5. The photographic material as claimed in claim 1 in which the
      heterocyclic mercapto compound the heterocyclic ring contains at least one
      nitrogen atom and at least one ring nitrogen atom is bonded by a double
      bond to the ring carbon which carries the mercapto group.
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ABST
PAL  A dry presensitized planographic plate composed of a support having coated
      thereon one or two layers of (a) a silicone rubber, (b) a photosensitive
      azide compound, (c) a cyclized rubber, and (d) a copolymer of vinylidene
      chloride and acrylonitrile, the uppermost layer, when the planographic
      plate has two layers, containing at least the component (a) and (b) and
      the lower layer containing at least the component (c).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a presensitized planographic
      plate which does not require a fountain solution (hereinafter, such a
      planographic plate is designated a "dry presensitized planographic
      plate"). More particularly, the invention relates to a dry presensitized
      planographic plate having coated on a support a layer comprising a
      photosensitive azide compound and a silicone rubber.
PAR  2. Description of the Prior Art
PAR  A dry presensitized planographic plate which utilizes the printing
      ink-repellency of a silicone rubber is known. Such a dry presensitized
      planographic plate has a layer of a photosensitive material and a layer of
      silicone rubber as separate layers as described in detail in, for
      instance, the specifications of U.S. Pat. Nos. 3,677,178 and 3,511,178.
PAR  However, such a conventional dry presensitized planographic plate has the
      following problems:
PAR  1. Since the dry presensitized planographic plate has a so-called
      multi-layer structure composed of a layer of the photosensitive material
      and a layer of the silicon rubber, it is important to adhere both layers
      closely and strongly on preparation of the planographic plate.
PAR  2. In a type of dry planographic plate in which the uppermost layer is a
      silicone rubber layer, the uppermost layer is restricted in thickness to
      permit permeation of a developer through the layer.
PAR  3. In a type of dry planographic plate wherein a photo sensitive layer is
      disposed on a silicone rubber layer, a temporary support is additionally
      required and also the adhesive property of the photosensitive layer to the
      silicone rubber is not very good.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, as the result of various investigations of discovering dry
      presensitized planographic plates not having the above-described
      difficulties and capable of being produced simply, the inventors have
      succeeded in providing a new dry presensitized planographic plate having a
      novel structure in which a photosensitive material and a silicone rubber
      are present in one layer.
PAR  An object of this invention is to provide a new positive-working dry
      presensitized planographic plate. Namely, a particular object of this
      invention is to provide a dry presensitized planographic plate having a
      layer comprising a photosensitive azide compound and a silicone rubber.
PAR  Thus, according to the present invention, there is provided a dry
      presensitized planographic plate having coated on a support one or two
      layers of (a) a silicone rubber, (b) a photosensitive azide compound, (c)
      a cyclized rubber, and (d) a copolymer of vinylidene chloride and
      acrylonitrile, with the uppermost layer, when the planographic plate has
      two layers of these components, containing at least the component (a) and
      component (b) and the lower layer containing at least the component (c).
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An important feature of this invention lies in using a photosensitive azide
      compound and a silicone rubber in one layer. Another feature of this
      invention is in the point of using a cyclized rubber as a combination with
      the photosensitive azide compound and further using a copolymer of
      vinylidene chloride and acrylonitrile as a combination of these components
      for increasing the strength of the silicone rubber layer containing the
      photosensitive material and improving adaptability to development.
PAR  Practical examples of the dry presensitized planographic plate of this
      invention can be prepared in the following manner:
PAR  1. A homogeneous solution of a mixture of a silicone gum (a), a
      photosensitive azide compound (b), a cyclized rubber (c), and a copolymer
      of vinylidene chloride and acrylonitrile (d) is coated on a support such
      as an aluminum sheet.
PAR  2. A coating composition containing a cyclized rubber (c) and a copolymer
      of vinylidene chloride and acrylonitrile (d), as a subbing layer, is
      coated on a support such as an aluminum sheet and then a homogeneous
      solution of a silicone gum (a) and a photosensitive azide compound (b) is
      coated on the subbing layer.
PAR  3. A coating composition containing a cyclized rubber (c) is coated in a
      support such as an aluminum sheet and then a homogeneous solution of a
      mixture of a silicone gum (a), a photosensitive azide compound (b), and a
      copolymer of vinylidene chloride and acrylonitrile (d) is coated on the
      subbing layer.
PAR  Each material used in this invention will be explained hereinafter in
      detail.
PAR  As the silicone gum, a single package type normal-temperature vulcanization
      type silicone gum and a two-package type normal-temperature vulcanization
      type silicone gum can be used in this invention. In the specification the
      term "silicone gum" is used to designate an unvulcanized
      polyorganosiloxane and the term "silicone rubber" is used to designate a
      polyorganosiloxane in the vulcanized state. These silicone gums can be
      used individually or as a mixture of them.
PAR  The single package-type silicone gum includes those having
      dimethylpolysiloxane chains terminated by acetyl, oxime, alkyl or amino
      groups. The single package-type silicone gum is a linear compound which
      has repeating units of the following general structure
      ##EQU1##
EQU  n = 2 - 2000
PAL  R', which can be the same or different, is a monovalent alkyl or aryl
      group, or a cyanoaryl group. Generally less than 2 - 3 molar % of the R'
      groups are vinylphenyl or halovinyl or phenyl, but most usually
      essentially, R' is a methyl group.
PAR  These silicone gums contain the following terminal groups
      ##EQU2##
      where R is an alkyl group having 1 to 3 carbon atoms, and R' is as
      described above;
      ##EQU3##
      where Ac is an acetyl group and R' is as described above;
      ##EQU4##
      where R is an alkyl group having 1 to 3 carbon atoms and R' is as
      described above;
PAL  and
      ##EQU5##
      where R is an alkyl group having 1 to 3 carbon atoms and R' is as
      described above.
PAR  The single package type silicone gum becomes a silicone rubber of high
      molecular weight upon curing by hydrolysis (at the above described
      terminal groups). Upon hydrolysis, the compounds eliminated are acetic
      acid, an alcohol, an oxime, etc., depending on the substituent terminal
      group. Depending upon the released components, the commercially available
      silicone gums are classified into four types: de-acetic acid-type,
      de-oxime-type, de-alcohol-type and deamination-type. A de-alcohol type is
      preferred. The de-acetic acid-type is commercially available as KE-41RTV
      (RTV is an abbreviation of Room Temperature Vulcanization) and KE-42RTV
      supplied by Shin-etsu Chemical Industries Co., Ltd., SH-781RTV,
      SH-9731RTV, SH-9732RTV, SH-9737RTV and SH-9140RTV supplied by
      Toray-Silicone Co., and TSE-370 (trade name, made by Tokyo Shibaura
      Electric Co., Ltd.) with these types having the general formula
      ##EQU6##
      where R is alkyl (C.sub.1 - C.sub.3), and Ac is acetyl, the de-oxime-type
      is commercially available as KE-44RTV and KE-45RTV supplied by Shin-etsu
      Chemical Industries Co., Ltd. and SH-780-RTV and PRX-305 dispersion
      supplied by Toray-Silicone Co. these silicone gums having the general
      formula
      ##EQU7##
      where R is alkyl (C.sub.1 - C.sub.3), the de-alcohol-type is commercially
      available as DC-3140RTV supplied by Dow-Corning Co. and Silaseal E
      supplied by Fuji Kobunshi Co., Ltd., and the damination-type is
      commercially available as Elastseal 33, Elastseal 34, Elastseal 50 and
      Elastseal 59 supplied by Wacker Chemie Co., with these types having the
      general formula
      ##EQU8##
      wherein R is alkyl (C.sub.1 - C.sub.3),
PAR  The two package-type silicone gums are basically of two types: a
      condensation type and an addition type.
PAR  The two package addition reaction type silicone gum generally, arises from
      the following reaction schematic
      ##EQU9##
      or the following reaction schematic
      ##EQU10##
      where R' is as described above.
PAR  In the above, the symbols A and B have been used to represent the
      organosiloxane residue bonded to these addition polymerizing type terminal
      groups. A and B can be the same or different and their composition can
      vary since the essential characteristic of these organosiloxanes is in the
      terminal groupings which are addition polymerizable, in which palladium or
      platinum compounds are used as a catalyst and due to addition
      polymerization between, the unsaturated groups such as a vinyl group or
      allyl group and the
      ##EQU11##
      moiety the rubber cures.
PAR  Thus, the so called two-package type silicone gum is one in which the
      catalyst and the siloxane are separate and are mixed when used.
PAR  A specific example of the two package addition reaction type silicone gum
      comprises a mixture, as one component, of an organopolysiloxane having a
      vinyl group in the molecule and an organohydrogenpolysiloxane, e.g., a
      mixture of compounds having terminal groups of the following general
      formula
      ##EQU12##
      wherein R' is as previously described, and a catalyst, as another
      component, such as a platinum compound or a palladium compound. H.sub.2
      PtCl.sub.6 is often used as a catalyst. The two components are combined
      together immediately before use.
PAR  The addition type silicone gums commercially available include KE-103RTV,
      KE-106RTV and KE-1300RTV supplied by Shin-etsu Chemical Industries Co.,
      Ltd., and SH-9555RTV supplied by the Toray-Silicone Co., in which R' is
      alkyl (C.sub.1 - C.sub.3).
PAR  The two package type silicone condensation type gums generally give rise to
      the following reaction schematic
      ##EQU13##
      wherein R', R, A and B are as hereinbefore defined, in which the terminal
      groups which condense can be represented by the following formulas
      ##EQU14##
      A suitable catalyst component is SnCl.sub.3.
PAR  The commercially available condensation type silicone rubbers include
      KE-10RTV, KE-12RTV, KE-15RTV, KE-17RTV, KE-20RTV, KE-102RTV supplied by
      Shin-etsu Chemical Industries Co. Ltd., and SH-9551RTV, SH-9552RTV,
      SH-9553RTV and SH-9554RTV supplied by Toray-Silicone Co., in which R' is
      alkyl C.sub.1 - C.sub.3.
PAR  Any of the known photosensitive azide compounds having an azide group in
      the molecule can be used as the photosensitive azide compounds in this
      invention, with aromatic azides being preferred. Such azide compounds are
      described in detail in, e.g., M. S. Dinaburg; Photosensitive Diazo
      Compounds, published by The Focal Library, Takahiro Tsunoda, Kankosei
      Jushi (Photosensitive Resins), published by Insatsu Gakkai (Printing
      Society) and J. Kosar, Light-Sensitive Systems, pp. 330-336, John Wiley &
      Sons.
PAR  Specific examples of such a photosensitive azide compounds are
      2,6-dichloro-4-nitro-azidobenzene, azidophenylamine,
      3,3'-dimethoxy-4,4'-diazidodiphenyl, 4'-methoxy-4-azidodiphenylamine,
      4,4'-diazidodiphenylamine, 4,4'-diazidodiphenylmethane,
      4'-nitrophenylazobenzene-4-azide, 1-azidopyrene,
      3,3'-dimethyl-4,4'-diazidodiphenyl, 4,4'-diazidophenylazonaphthalene,
      p-phenylenebisazide, p-azidobenzophenone, 4,4'-diazidophenylmethane,
      4,4'-diazidostilbene, 4,4'-diazidocalcon,
      2,6-di-(4'-azidobenzal)cyclohexanone,
      2,6-di-(4'-azidobenzal)-4-methylcyclohexanone, etc. These azide compounds
      can be used alone but it is preferable, when the azide compound is
      photosensitive in the short wave length region, to spectrally sensitizing
      the azide compound so that it is photosensitive in the longer wave length
      side by using a sensitizer such as 1-nitropyrene,
      1-ethyl-2-(.beta.-styryl)quinolinium iodide,
      1-ethyl-2(p-hydroxyethoxystyryl)quinolinium iodide,
      1-methyl-4'-hydroxyethoxystilbazolium methosulfate,
      2-(3-sulfobenzoylmethylene)-1-methyl-.beta.-naphthothiazoline and
      2-benzoylmethylene-1-methyl-.beta.-naphthothiazoline.
PAR  A cyclized rubber is obtained by gradually heating a natural rubber or
      treating a natural rubber together with an acid catalyst and contains
      therein units of the following structure:
      ##EQU15##
PAR  Such cyclised rubber is disclosed in W. J. S. Naunton The Applied Science
      of Rubber, pages 90-98, Edward Arnold Publishers Ltd., London; W.J. Roff
      et al Fibres, Films, Plastics and Rubbers, pages 336-340, Butterworths,
      London; and examples thereof are described in U.S. Pat. No. 2,852,379.
PAR  Cyclized rubbers are commercially available under the trade name of, e.g.,
      Thermolite-S, Thermolite-P, and Thermolite-N (made by the Seiko Chemical
      Co.), which are produced by cyclizing natural rubber with stannic
      chloride.
PAR  The copolymer of vinylidene chloride and acrylonitrile which can be used in
      this invention suitably can contain vinylidene chloride and acrylonitrile
      units in a molar ratio of about 70:30 to 91:9 with a preferred viscosity
      ranging from about 1 to 7 cps (2% wt solution in dimethylformamide at
      25.degree.C) and suitable copolymers are also commercially available under
      the trade names of Saran resins (produced by the Dow Chemical Company) but
      of these resins the copolymers in which the molar ratio of the vinylidene
      chloride to the acrylonitrile in the polymer is about 80 to 20 are
      particularly preferred in this invention.
PAR  Specific examples of such vinylidene chloride-acrylonitrile copolymers are
      EX-5701 (trade name, made by Asahi Dow Co.) and F-310 and F-220 (trade
      names, made by Dow Chemical Co.).
PAR  As the support for the dry presensitized planographic plates of this
      invention, metallic sheets such as an aluminum sheet, a zinc sheet, a
      copper sheet, and an iron sheet can be used. The metallic sheet can be
      used as it is or after graining. Also, in the case of using an aluminum
      sheet, it can be subjected to a chemical treatment as disclosed in U.S.
      Pat. Nos. 2,714,066; 3,280,734; 3,181,461; and 2,882,153 or an anodizing
      treatment before use. Furthermore, a polyester film or a cellulose acetate
      film having good dimensional stability can be used as the support in this
      invention. Still further, the so-called laminate paper, i.e., a paper
      laminated with a polymer film or an aluminum foil can also be used as the
      support.
PAR  Furthermore, a known agent for improving the adhesive property of the
      support can be coated on the support as a subbing layer and a silicone
      primer is such an agent. As the silicone primer, solutions in nonpolar
      solvents of monomers or substances having a low molecular weight such as
      carbon functional organic silanes, for example, alkylsilanol, esters
      thereof, organoalkoxysilane and alkylvinylsilanes, such as Toray Silicone
      PR X 304, Primer SH506 Surface active agent, and Toshiba Silicone
      Primer-ME-11 are preferably used.
PAR  These silane compounds have organic groups of two kinds of different
      reactivity, for example:
      ##EQU16##
      where R can be, for example, an alkyl group, an alkylamino group, an
      aminoalkyl group, an amino group, an alkoxyaryl group, a methacryloxy
      group, a glycidioxy group, a cycloalkyl group, and the like. Examples of
      such are
      ##EQU17##
PAR  One method of producing the dry presensitized planographic plate of this
      invention will be explained below. 1 to 5 parts by weight of a solution
      prepared by dissolving 3 g of a cyclized rubber (c) in 100 ml of an
      aromatic organic solvent such as toluene, xylene, and benzene, 1 to 5
      parts by weight of a photosensitive azide compound (b), 1 to 2 parts by
      weight of a copolymer of vinylidene chloride and acrylonitrile (d), and 10
      to 30 parts by weight of a silicone gum (a) (in the case of using a
      two-liquid normal-temperature vulcanization silicone gum, it is required
      to use a vulcanization catalyst for this silicone rubber in an amount of 5
      to 20% by weight of the silicone gum) are dissolved uniformly in 200 to
      400 parts by weight of a mixture of methyl ethyl ketone, toluene, and
      chlorobenzene in a 1:1:1 volume ratio. The solution thus prepared is
      uniformly coated on an aluminum sheet subjected to a chemical conversion
      treatment with sodium silicate in a rate of 3 to 10 g/1000 cm.sup.2,
      preferably 5 to 8 g/1000 cm.sup.2, and heated for 1 minute at 120.degree.C
      to vulcanize the silicone gum into a solvent-insoluble silicone rubber,
      whereby a dry presensitized planographic plate of this invention is
      obtained. Suitable heating times can range from about 90.degree. to
      150.degree.C, preferably 110.degree. to 120.degree.C, for 1 to 10 minutes,
      more generally 2 to 5 minutes.
PAR  A further embodiment of the method of preparing the two-layer type dry
      presensitized planographic plate of this invention will now be described.
      A mixture of 90 to 95 parts by weight of a solution prepared by dissolving
      2.5 g of a cyclized rubber (c) in 100 ml of a solvent mixture of methyl
      ethyl ketone and toluene in a 1:3 volume ratio and 10 to 5 parts by weight
      of a solution prepared by dissolving 2.5 g of a copolymer of vinylidene
      chloride and acrylonitrile (d) in a solvent mixture of methyl ethyl ketone
      and toluene in a 1:3 volume ratio is coated uniformly on an aluminum sheet
      subjected to a chemical conversion treatment with sodium silicate in an
      amount of 1 to 4 g/1000 cm.sup.2 and dried to remove solvent.
PAR  On the other hand, 2 to 5 parts by weight of a photosensitive azide
      compound (b), 2 to 10 parts by weight of a one-liquid normal-temperature
      vulcanization type silicone gum (a), and 15 to 30 parts by weight of a
      two-liquid normal-temperature vulcanization type silicone gum (together
      with a catalyst for this in an amount of 5 to 20% by weight of the
      silicone gum) were uniformly dissolved in 300 to 400 parts by weight of a
      solvent mixture of methyl ethyl ketone and cyclohexanone in a 6:1 volume
      ratio. The solution thus prepared was coated on the subbing layer formed
      on the aluminum sheet in the above-described procedure in an amount of 3
      to 10 g/1000 cm.sup.2, preferably 5 to 8 g/1000 cm.sup.2, and heated for 1
      minute at 120.degree.C to provide the dry presensitized planographic plate
      of this invention. Suitable heating times and temperatures are as
      previously disclosed.
PAR  Furthermore, when the same procedure as described above is conducted using
      the solution of the photosensitive azide material (a) and the silicone
      gums (b) containing further 1 to 3 parts by weight of a copolymer of
      vinylidene chloride and acrylonitrile (d), a more excellent dry
      presensitized planographic plate of this invention can be obtained.
PAR  When the dry presensitized planographic plate of this invention as prepared
      in the above described process is exposed, e.g., using light ranging from
      360 to 410 nm, through a positive film for making a printing plate, the
      azide compound at the exposed areas is decomposed into nitrene, which
      reacts with the double bond portion of the cyclized rubber to form a
      cross-linked structure, which results in insolubilizing the portions
      insoluble in a developer. On the other hand, the areas of the
      presensitized planographic plate which were not exposed to light cause no
      chemical change or modification and thus if such portions are treated with
      an appropriate developer, these portions dissolved off to expose the
      surface of the aluminum to provide image portions. When the printing plate
      thus prepared is inked, only the exposed aluminum surface or the image
      portions are inked.
PAR  As the developer for the dry presensitized planographic plate of this
      invention, a developer for Photo Resist KTFR, made by Eastman Kodak Co. or
      a hydrocarbon compound, preferably containing 5 to 9 carbon atoms, such as
      n-heptane can be used. In this case, since the n-heptane has high
      volatility, it may be used as a mixture thereof with a liquid paraffin
      (suitable liquid paraffins being disclosed in JIS K 2231-1957) in an
      amount by volume of 10:1 to 1:2, preferably 3:1 to 1:1 of hexane to liquid
      paraffin.
PAR  Moreover, a creamy dispersion prepared by mixing gasoline with aqueous
      alkali metal salt of a fatty acid solution, e.g., 1 part by weight salt, 2
      to 5 parts by weight water and 3 to 6 parts by weight gasoline) can be
      used as the developer for the dry presensitized planographic plate of this
      invention with good facility in handling.
PAR  Features of the dry presensitized planographic plate of this invention are
      as follows:
PAR  1. The photosensitive material is present together with the silicone rubber
      in a same layer in a dispersed state in the silicone rubber, which can
      provide sharp prints having high resolving power.
PAR  2. An azide compound is used as the photosensitive material and in this
      case a cyclized rubber is used in combination with the azide compound. The
      cyclized rubber is used in the form of a mixture with the silicone rubber
      or in the form of a subbing layer which is separately formed on the
      support from the layer of the silicone rubber and the photosensitive azide
      compound.
PAR  3. A copolymer of vinylidene chloride and acrylonitrile is also used, which
      improves the adaptability to development and also increases the strength
      of the layer of the silicone rubber.
PAR  4. The dry presensitized planographic plate of this invention can be
      produced at low cost.
PAR  Now, the invention will be explained more specifically by reference to the
      following examples. Unless otherwise indicated, all parts, percents and
      ratios, etc. are by weight.
PAC  EXAMPLE 1
PAR  0.5 g of a solution prepared by dissolving 3 g of a cyclized rubber,
      Thermolite-S (trade name, made by the Seiko Chemical Co.), 0.1 g of
      2,6-bis-(4'-azidobenzal)cyclohexanone (made by the Daito Chemical Co.),
      0.1 g of a Saran resin, EX-5701 (80:20 VC/ACN molar ratio viscosity 2.4
      cps, trade name, made by the Asahi Dow Co.), 2 g of a two-liquid
      normal-temperature vulcanization type silicone gum, SH-9555 RTV (trade
      name, made by the Toray Silicone Co.), and 0.15 g of a silicone
      vulcanization catalyst RG (made by the Shin-etsu Chemical Industry Co.)
      were dissolved in 30 ml of a mixed solvent of methyl ethyl ketone,
      toluene, and chlorobenzene in a 1:1:1 volume ratio to provide a
      photosensitive composition. The coating composition thus prepared was
      coated uniformly on an aluminum plate treated with sodium silicate in an
      amount of 6 g/1000 cm.sup.2 and then immediately heated for 1 minute to
      120.degree.C to provide a dry presensitized planographic plate of this
      invention.
PAR  After one month from the preparation, the dry presensitized planographic
      plate thus prepared was exposed for 2 minutes through a positive film
      using a Plano PS-A-3 Printer (made by the Fuji Photo Film Co.) and
      developed with n-heptane, whereby the silicone rubber layer at the image
      areas was removed to expose the aluminum surface. When the printing plate
      was mounted and run on an offset printing machine from which the fountain
      solution supply means had been removed using as a printing ink "Speed King
      Black Ink" (made by the Toyo Ink Co.), good prints were obtained. After
      printing 500 prints, no scratches were found on the printing plate.
PAC  EXAMPLE 2
PAR  90 g of a solution prepared by dissolving 2.5 g of Thermolite S in 100 ml
      of a solvent mixture of methyl ethyl ketone and toluene in a 1:3 by volume
      ratio was mixed with 10 g of a solution prepared by dissolving 2.5 g of a
      Saran resin EX-5701 (trade name, made by the Asahi Dow Co.) in 100 ml of a
      solvent mixture of methyl ethyl ketone and toluene in a 7:14 by volume
      ratio to provide a coating composition for the subbing layer. The coating
      composition thus prepared was coated on an aluminum sheet in a thickness
      of about 1 micron and dried.
PAR  A photosensitive composition was prepared by dissolving 0.2 g of
      2,6-bis-(4'-azidobenzal)-cyclohexanone, 0.5 g of a one-liquid
      normal-temperature vulcanization type silicone gum, KE-41 (trade name,
      made by the Shinetsu Chemical Industry Co.), 2 g of a two-liquid
      normal-temperature vulcanization type silicone gum, SH-9555 (trade name),
      and 2 g of Catalyst RG for the silicone gum, uniformly in 35 ml of a
      solvent mixture of methyl ethyl ketone and cyclohexane in a 6:1 by volume
      ratio. The photosensitive composition thus prepared was uniformly coated
      on the subbing layer formed on the aluminum sheet in an amount of 5 g/1000
      cm.sup.2 and then immediately heated for 1 minute to 120.degree.C to
      vulcanize the silicone gums to silicone rubber and to provide a dry
      presensitized planographic plate of this invention. After 3 months, the
      dry presensitized planographic plate was exposed as described in Example 1
      and developed with n-heptane to provide a printing plate. When printing
      was conducted using the printing plate thus prepared, 1000 good prints
      were obtained. The printing plate was not injured or scratched after
      printing.
PAC  EXAMPLE 3
PAR  A photosensitive composition was prepared by dissolving 0.15 g of
      2,6-bis-(4'-azidobenzal)cyclohexanone, 0.2 g of Saran resin EX-5701, a
      one-liquid normal-temperature vulcanization type silicone gum, KE-41 RTV,
      a two-liquid normal-temperature vulcanization type silicone gum, SH-9555
      RTV, and Catalyst RG for the silicone gum, in 35 ml of a solvent mixture
      of methyl ethyl ketone and cyclohexane in a 6:1 volume ratio. The
      photosensitive composition thus prepared was uniformly coated on the
      subbing layer formed on the aluminum sheet as used in Example 2 in an
      amount of 5 g/1000 cm.sup.2 and immediately heated for 1 hour to
      120.degree.C to provide the good dry presensitized planographic plate of
      this invention.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dry presensitized positive-working planographic plate comprising a
      support having an ink receptive surface and having coated thereon one or
      two layers of (a) a silicone gum selected from the group consisting of a
      single package-type silicone gum, a two package-type silicone gum and a
      mixture thereof, (b) a photosensitive azide compound, (c) a cyclized
      rubber, and (d) a copolymer of vinylidene chloride and acrylonitrile
      wherein the molar ratio of vinylidene chloride:acrylonitrile is about
      70:30 to 91:9, the uppermost layer, when said planographic plate has two
      layers, containing at least said components (a) and (b) and the lower
      layer containing at least said component (c), said components (a), (b),
      (c) and (d) being in a homogeneous mixture when present in a single layer,
      and said componets (a), (b) and (d) being present in a homogeneous mixture
      when present in a single layer, and said components (a) and (b) being
      present in a homogeneous mixture when present in a single layer, said
      single package-type silicone gum being a linear compound having repeating
      units of the following formula:
      ##EQU18##
EQU  n = 2 - 2000
PAL  wherein R', which can be the same or different, is a monovalent alkyl
      group, a monovalent aryl group or a cyanoaryl group, said linear compound
      being terminated by acetyl, oxime, alkyl or amino groups said two
      package-type silicone gum being a condensation type or an addition type
      silicone gum, said two package addition reaction type silicone gum being
      formed from the following reaction (A)
      ##EQU19##
      or the following reaction (B)
      ##EQU20##
      wherein A and B represent organosiloxane residues and R' is a monovalent
      alkyl group, a monovalent aryl group or a cyanoaryl group; and the two
      package-type silicone condensation type gum being formed by the following
      reaction scheme
      ##EQU21##
      wherein R', A, and B are as defined in this claim and R is a 1 to 3 carbon
      alkyl group, in the case of (a), (b), (c) and (d) being in a single layer,
      the amounts of (a), (b), (c) and (d) corresponding to the application of a
      coating at a rate of 3 to 10 g/1000 cm.sup.2 of a mixture prepared by
      dissolving uniformly in 200 to 400 parts by weight of a solvent 1 to 5
      parts by weight of a solution prepared by dissolving 3 grams of (c) in 100
      ml of a solvent, 1 to 5 parts by weight of (b), 1 to 2 parts by weight of
      (d) and 10 to 30 parts by weight of (a), in the case of said planographic
      plate having two layers, (a), (b), (c) and (d) are present in amounts
      corresponding to applying the following coatings:
PA1  A. in the case of a coating of (c) and (d), the application of 1 to 4
      g/1000 cm.sup.2 of a mixture of 90 to 95 parts by weight of a solution of
      (c) and 10 to 15 parts by weight of a solution of (d);
PA1  B. in the case of a coating of (b) and (a), 3 to 10 g/1000 cm.sup.2 of a
      mixture of 2 to 5 parts by weight of (b), 2 to 10 parts by weight of a
      single package-type silicone gum (a) and 15 to 30 parts by weight of a two
      package-type silicone gum (a) in 300 to 400 parts by weight of solvent;
PA1  C. in the case of coating containing (a) and (b) and (d), the above
      formulation B further containing 1 to 3 parts by weight of (d),
PA1  said silicone gum being vulcanized into silicone rubber after application
      to said support.
NUM  2.
PAR  2. The dry presensitized planographic plate as set forth in claim 1, in
      which said photosensitive azide compound is
      2,6-dichloro-4-nitro-azidobenzene, azidophenylamine,
      3,3'-dimethoxy-4,4'-diazidodiphenyl, 4'-methoxy-4-azidophenylamine,
      4,4'-diazidophenylamine, 4,4'-diazidodiphenylmethane,
      4'-nitrophenylazobenzene-4-azide, 1-azidopyrene,
      3,3'-dimethyl-4,4'-diazidophenyl 4,4'-diazidophenylazonaphthalene,
      p-phenylene-bisazide, p-azidobenzophenone, 4,4'-diazidobenzophenone,
      4,4'-diazidophenylmethane, 4,4'-diazidostilbene, 4,4'-diazidocalcon,
      2,6-di-(4'-azidobenzal)cyclohexanone, or
      2,6-di-(4'-azidobenzal)-4-methylcyclohexanone.
NUM  3.
PAR  3. The dry presensitized planographic plate of claim 1 wherein the molar
      ratio of vinylidene chloride:acrylonitrile is about 80:20.
NUM  4.
PAR  4. The dry presensitized planographic plate of claim 1 wherein less than
      2-3 molar percent of the R' groups are vinyl phenyl, halovinyl or phenyl.
NUM  5.
PAR  5. The dry presensitized planographic plate of claim 4 wherein R' is
      methyl.
NUM  6.
PAR  6. The dry presensitized planographic plate of claim 4 wherein said single
      package-type silicone gum contains one of the following terminal groups:
      ##EQU22##
      where R is an alkyl group having 1 to 3 carbon atoms,
      ##EQU23##
      wherein Ac is an acetyl group
      ##EQU24##
      where R is an alkyl group having 1 to 3 carbon atoms or
      ##EQU25##
      wherein R is an alkyl group having 1 to 3 carbon atoms.
NUM  7.
PAR  7. The dry presensitized planographic plate of claim 1 wherein R' is
      selected from 1-3 carbon atom alkyl groups.
NUM  8.
PAR  8. A process for producing a dry presensitized positive-working
      planographic plate which comprises applying to a support having an ink
      receptive surface a coating of one or two layers of (a) a silicone gum
      selected from the group consisting of a single package-type silicone gum,
      a two package-type silicone gum and a mixture thereof, (b) a
      photosensitive azide compound, (c) a cyclized rubber, and (d) a copolymer
      of vinylidene chloride and acrylonitrile wherein the molar ratio of
      vinylidene chloride:acrylonitrile is abour 70:30 to 91:9, the uppermost
      layer, when said planographic plate has two layers, containing at least
      said components (a) and (b) and the lower layer containing at least said
      component (c), said components (a), (b), (c) and (d) being in a
      homogeneous mixture when present in a single layer, and said components
      (a), (b) and (d) being present in a homogeneous mixture when present in a
      single layer, and said components (a) and (b) being present in a
      homogeneous mixture when present in a single layer, said single
      package-type silicone gum being a linear compound having repeating units
      of the following formula:
      ##EQU26##
EQU  n = 2 - 2000
PAL  wherein R', which can be the same or different, is a monovalent alkyl
      group, a monovalent aryl group or a cyanoaryl group, said linear compound
      being terminated by acetyl, oxime, alkyl or amino groups, said two
      package-type silicone gum being a condensation type or an addition type
      silicone gum, said two package addition reaction type silicone gum being
      formed from the following reaction (A)
      ##EQU27##
      or the following reaction (B)
      ##EQU28##
      wherein A and B represent organosiloxane residues and R' is a monovalent
      alkyl group, a monovalent aryl group or a cyanoaryl group; and the two
      package-type silicone condensation type gum being formed by the following
      reaction scheme
      ##EQU29##
      wherein R', A, and B are as defined in this claim and R is a 1 to 3 carbon
      alkyl group, in the case of (a), (b), (c) and (d) being in a single layer,
      the amounts of (a), (b), (c) and (d) corresponding to the application of a
      coating at a rate of 3 to 10 g/1000 cm.sup.2 of a mixture prepared by
      dissolving uniformly in 200 to 400 parts by weight of a solvent 1 to 5
      parts by weight of a solution prepared by dissolving 3 grams of (c) in 100
      ml of a solvent, 1 to 5 parts by weight of (b), 1 to 2 parts by weight of
      (d) and 10 to 30 parts by weight of (a), in the case of said planographic
      plate having two layers, (a), (b), (c) and (d) are present in amounts
      corresponding to applying the following coatings:
PA1  A. in the case of a coating of (c) and (d), the application of 1 to 4
      g/1000 cm.sup.2 of a mixture of 90 to 95 parts by weight of a solution of
      (c) and 10 to 5 parts by weight of a solution of (d);
PA1  B. in the case of a coating of (b) and (a), 3 to 10 g/1000 cm.sup.2 of a
      mixture of 2 to 5 parts by weight of (b), 2 to 10 parts by weight of a
      single package-type silicone gum (a) and 15 to 30 parts by weight of a two
      package-type silicone gum (a) in 300 to 400 parts by weight of solvent;
PA1  C. in the case of a coating containing (a) and (b) and (d), the above
      formulation B further containing 1 to 3 parts by weight of (d),
PA1  and vulcanizing said silicone gum into silicone rubber.
NUM  9.
PAR  9. The process of claim 8 wherein said photosensitive azide compound is
      2,6-dichloro-4-nitro-azidobenzene, azidophenylamine,
      3,3'-dimethoxy-4,4'-diazidodiphenyl, 4'-methoxy-4-azidophenylamine,
      4,4'-diazidophenylamine, 4,4'-diazidodiphenylmethane,
      4'-nitrophenylazobenzene-4-azide, 1-azidopyrene,
      3,3'-dimethyl-4,4'-diazidophenyl, 4,4'-diazidophenylazonaphthalene,
      p-phenylene-bisazide, p-azidobenzophenone, 4,4'-diazidobenzophenone,
      4,4'-diazidophenylmethane, 4,4'-diazidostilbene, 4,4'-diazidocalcon,
      2,6'di-(4'-azidobenzal)cyclohexanone, or
      2,6-di-(4'-azidobenzal)-4-methylcyclohexanone.
NUM  10.
PAR  10. The process of claim 8 wherein the molar ratio of vinylidene
      chloride:acrylonitrile is about 80:20.
NUM  11.
PAR  11. The process of claim 8 wherein less than 2-3 molar percent of the R'
      groups are vinyl phenyl, halovinyl or phenyl.
NUM  12.
PAR  12. The process of claim 8 wherein R' is methyl.
NUM  13.
PAR  13. The process of claim 8 wherein said single package-type silicone gum
      contains one of the following terminal groups:
      ##EQU30##
      where R is an alkyl group having 1 to 3 carbon atoms,
      ##EQU31##
      wherein Ac is an acetyl group
      ##EQU32##
      where R is an alkyl group having 1 to 3 carbon atoms or
      ##EQU33##
      where R is an alkyl group having 1 to 3 carbon atoms,
NUM  14.
PAR  14. The process of claim 8 wherein R' is selected from 1-3 carbon atom
      alkyl groups.
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ABST
PAL  Photosensitive resins comprising high molecular weight compounds containing
      a thienylacrylic acid ester or amide group. These resins can be used for
      formation of images, optionally, in combination with at least one
      sensitizer. These resins have extremely high photosensitivity in
      comparison with conventional photosensitive high molecular weight
      compounds. The methods of preparing the polymer and the thienylacrylic
      acid ester or amide functional group containing monomers are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to photosensitive materials for the formation of
      relief images, printing plates and photographic reproductions, and in
      particular, to photosensitive materials comprising photosensitive high
      molecular weight compounds which have a .beta.-thienylacrylic acid ester
      or amide group as a functional group.
PAR  This invention also relates to monomers which can be polymerized to form
      these photosensitive high molecular weight compounds.
PAR  2. Description of the Prior ARt
PAR  Heretofore, many studies have been made on systems which undergo changes in
      solubility, adhesiveness, hardness or the like at the areas irradiated
      with light, particle rays or electromagnetic waves, and some of them are
      presently being used to prepare lithographic printing plates, stencils,
      photoresists, photohardenable paints and similar photomechanical images.
PAR  In the prior art, much research has been conducted on light sensitive
      compounds such as .alpha., .beta.-unsaturated carboxylic acid derivatives
      and .alpha., .beta.-unsaturated carbonyl compounds (for example, (1) J.
      Kosar, Light Sensitive Systems, John Wiley & Sons, New York, 1965, Chap.
      IV; (2) A. Schonberg, Preparative Organic Photochemistry, Springer-Verlag,
      New York, 1968, Chap. 8). In particular, the photoaddition four-membered
      ring-forming reaction of cinnamic acid derivatives has been studied
      extensively among the unsaturated carboxylic acids (for example, (3) P.
      Silber, Ber. dtsch. Chem. Ges., 35, 4128 (1902)) and, furthermore, the
      application of high molecular weight compounds having cinnamic acid ester
      groups to a lightsensitive system has also been well studied (for example,
      Silber, ibid., U.S. Pat. Nos. 2,835,656; 3,357,831; 3,737,319; 3,418,295;
      3,647,470; 3,409,593; 2,956,878; 3,173,787; 3,023,100; 3,066,117;
      3,748,144 and 3,756,820 and British Pat. No. 695,197). In these studies,
      however, functional group containing polymers having sufficient
      sensitivity using commercially available, simple structures and simple
      procedures have not yet been obtained.
PAR  An object of the present invention is to provide a photosensitive system in
      which the disadvantages of prior art systems, especially with respect to
      sensitivity, have been overcome.
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have found and developed photosensitive systems where high
      molecular weight compounds containing a .beta.-thienylacrylic acid ester
      or amide group are used as photosensitive high molecular weight compounds,
      which have not been studied well in the prior art. As a result thereof,
      photosensitive resins having a markedly higher sensitivity than high
      molecular weight compounds containing a cinnamate group have been
      obtained. For example, the unsensitized materials of this invention are
      about seven times as sensitive as commercially available sensitized
      polyvinyl cinnamates and about 3 times as sensitive as
      polyvinyloxyethylfurylacrylate. In addition, this invention also provides
      photosensitive systems comprising these photosensitive high molecular
      weight compounds containing a .beta.-thienylacrylic acid or amide group
      and one or more sensitizers.
PAR  The functional group containing polymer (hereinafter simply polymer) of
      this invention contains therein repeating units of the following general
      formulas
      ##EQU1##
      wherein R.sub.1 is
      ##SPC1##
PA1  R.sub.2 is
      ##EQU2##
EQU  --CH.sub.2 CH.sub.2 (OCH.sub.2 CH.sub.2).sub.n, --CH.sub.2 CH.sub.2
      --(SCH.sub.2 CH.sub.2).sub.n,
      ##SPC2##
      R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.4 is
EQU  --CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 --CH.sub.2 --,
      ##EQU3##
EQU  --CH.sub.2 CH.sub.2 (OCH.sub.2 CH.sub.2).sub.n,   R.sub.5 is
      (CH.sub.2).sub.m ;
PA1  m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --
PA1  R.sub.6 is a hydrogen atom, H--(CH.sub.2).sub.n, a cyano group or a
      carbamoyl group
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, a bromine atom,
      H--(CH.sub.2).sub.n, H--(CH.sub.2).sub.n O--, a nitro group, a sulfo
      group, a carboxy group, a cyano group, a phenyl group, a phenoxy group, an
      acetyl group, or a benzoyl group; and
PA1  R.sub.8 is H(CH.sub.2).sub.n or
      ##SPC3##
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  First, as the processes for producing the polymer compound used in the
      invention, the following processes are suitable, any one of which being
      conveniently employed.
PAR  1. A process utilizing the reaction of a polymer; which comprises reacting
      a synthetic or natural polymer compound having reactive groups such as
      hydroxy, amino, lower alkyl amino, or mercapto groups with the
      corresponding acid halide such as .beta.-thienylacryloyl chloride in the
      presence of base, reacting a polymer having reactive group such as an
      aliphatic halogen atom with a corresponding acid metal salt such as sodium
      .beta.-thienylacrylate in the presence of a quaternary ammonium salt.
PAR  2. A process utilizing a vinyl polymerization reaction; which comprises
      homopolymerizing or copolymerizing a monomer having both an
      addition-polymerizable group and a thienylacrylic acid ester or amide
      group.
PAR  The high polymer compound of this invention suitably has a [.eta.] in
      dimethylformamide or methylethylketone of 0.01 to 3.0, preferably 0.2 to
      1.5 at 30.degree.C.
PAR  As the synthetic or natural polymer compounds which can be used in process
      (1), there are synthetic polymer compounds having reactive groups such as
      hydroxy, amino, lower alkylamino, or mercapto groups, such as polyvinyl
      alcohol, polyethyleneimine, the hydrolyzed products of homo- or
      co-polymers of vinyl acetate such as polyvinyl acetate partial hydrolysis
      products, ethylene vinyl acetate copolymer hydrolysis products, etc.;
      hydroxy containing, amino containing, mercapto or halogen containing
      monomer copolymers with monomers such as chlorostyrene, methoxystyrene,
      styrene, methacrylic acid esters, and acrylic acid esters (such as the
      methyl, ethyl, propyl, butyl, hexyl, methoxyethyl, sulfopropyl,
      methoxyethoxyethyl, benzyl, and lauryl esters), ethylene, vinyl toluene,
      vinyl acetate, vinyl pyrrolidone, acrylic acid, methacrylic acid,
      acrylamide, diacetone acrylamide, acryloylmorpholine, acrylanilide,
      methacrylamide, acrylonitrile, methacrylonitrile, vinyl propionate, vinyl
      methyl ether, vinyl ethyl ether, vinyl butyl ether, vinyl isobutyl ether,
      vinyl chloroethyl ether, vinyl phenyl ether, propylene, octene-1,
      .beta.-propiolactone, etc., in which the hydroxy, mercapto, amino or
      halogen containing representative monomer has the formula
      ##EQU4##
      ##SPC4##
      in which the halogen containing representative monomer has the formula
      ##EQU5##
      ##SPC5##
EQU  h. CH.sub.2.sup.2 =CHOR.sub.2.sup.2 Y    wherein R.sub.2 - R.sub.5 and X
      are the same as described before, and Y is a chlorine atom or a bromine
      atom. Others such as epoxy resins; alkyd resins such as glycerin phthalic
      acid, or glycerin adipic acid; polyvinyl amine as disclosed in Hart,
      Makromol Chem., 3251 (1959); etc., and natural polymer compounds such as
      partially acylated cellulose, hydroxyalkyl celluloses such as
      hydroxymethyl, hydroxyethyl or hydroxypropyl cellulose, gelatin, starch,
      etc., can be used.
PAR  Of the hydroxy, mercapto, amino or halogen containing monomers, preferred
      monomers are as follows;
PA1  1. CH.sub.2 =CHCOOCH.sub.2 CH.sub.2 OH
PA1  2. ch.sub.2 =chcooch.sub.2 ch.sub.2 ch.sub.2 oh
PA1  3. ch.sub.2 =chcooch.sub.2 ch(ch.sub.3)oh
PA1  4. ch.sub.2 =c(ch.sub.3)cooch.sub.2 ch.sub.2 oh
PA1  5. ch.sub.2 =c(ch.sub.3)cooch.sub.2 ch.sub.2 ch.sub.2 oh
PA1  6. ch.sub.2 =c(ch.sub.3)cooch.sub.2 ch(ch.sub.3)oh
PA1  7. ch.sub.2 =c(ch.sub.3)cooch.sub.2 ch(ch.sub.2 cl)OH
PA1  8. ch.sub.2 =chcooch.sub.2 ch(ch.sub.2 cl)OH
      ##SPC6##
PA1  10) ch.sub.2 =c(ch.sub.3)cooch.sub.2 ch.sub.2 och.sub.2 ch.sub.2 oh
PA1  11) ch.sub.2 =choch.sub.2 ch.sub.2 cl
      ##SPC7##
PAL  Of these above described monomers, monomers 1 - 12 are commercially
      available, monomers 13 - 14 can be easily obtained using well known
      procedure. The thienylacrylic acid halides which can be used are of the
      general formula
      ##SPC8##
PAL  wherein R.sub.6, R.sub.7 and Y are the same as that defined before. The
      preferred thienylacrylic acid halides are
      ##SPC9##
PAR  The thienylacrylic acid metal salts which can be used to react with the
      halogen containing compound described above are of the general formula
      ##SPC10##
PAL  wherein M is a monovalent metal such as an alkali metal, e.g., sodium or
      potassium. Preferred thienylacrylic acid metal salts are
      ##SPC11##
PAR  As the base used in process (1), various inorganic or organic base
      catalysts which are employed for conventional esterification reactions and
      amidation reactions can be utilized.
PAR  Suitable bases which can be employed in process (1) are bases such as
      pyridine, picoline, lutidine, quinoline, triethylamine,
      triethylenediamine, N,N'-dimethylpiperadine, N-methylmorpholine,
      dimethylaniline, diethylaniline, sodium hydroxide, potassium hydroxide,
      sodium carbonate, and basic anion exchange resins. Of these the ones most
      generally employed are pyridine, triethylamine and sodium hydroxide. The
      amount of base generally used is 0.05 to 200 mole percent, preferably 0.2
      to 2 molar equivalents to the hydroxy group, the amino group, the halogen
      atom, or the mercapto group. Also, where inorganic bases are used, it is
      important to maintain the reaction temperature low in order to minimize
      hydrolysis of the ester produced. Generally a temperature of about
      -10.degree. to +25.degree.C is employed.
PAR  As the quaternary ammonium salt which can be used in process (1),
      conventional quaternary ammonium salts which are generally employed for
      esterification reactions can be utilized.
PAR  Suitable such quaternary ammonium salts are trimethylbenzylammonium
      chloride, trimethylbenzylammonium bromide, triethylbenzylammonium
      chloride, tetraethylammonium iodide, triethylmethylammonium iodide,
      cetylpyridinium chloride.
PAR  The amount of the quaternary ammonium salt generally used is about 0.1 to
      25 weight percent, preferably 10 to 15 weight percent to the weight of the
      thienylacrylate metal salt.
PAR  As the monomers which can be used in process (2), there are the
      thienylacrylic acid esters or amides of vinyl monomers containing an
      active hydrogen such as hydroxy, mercapto, or amino group(s), such as
      .beta.-hydroxylalkyl acrylate, hydroxyalkyl acrylamide, alkylene glycol
      monoacrylate, aminoalkyl acrylamide, dihydroxypropyl acrylate, those
      methacrylates or methacrylamides corresponding to the previously recited
      acrylates and acrylamides, aminostyrene, hydroxystyrene,
      hydroxyalkylstyrene, hydroxyethyl vinyl ether, etc., and those prepared by
      reacting, reversely, thienylacrylic acid esters containing a hydroxy group
      or amino group with a vinyl group-containing compound such as acrylic acid
      chloride. Furthermore, halogen containing monomers can also be used as
      previously described.
      ##EQU6##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and X are the
      same as defined before. Of these, the following monomers are preferred.
      ##EQU7##
      wherein R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are as defined before.
PAR  Specific examples of suitable monomers are
      ##EQU8##
      ##SPC12##
      In the reaction of process (2), the same reaction procedure shown with
      respect to process (1) can be applied with little modification.
PAR  In the reaction of the halide with the thienylacrylic acid salt in the
      presence of the quaternary ammonium salt, a high reaction temperature
      (generally about 100.degree. to 160.degree.C, preferably 120.degree. to
      140.degree.C) and a long reaction time (about 2 to 6 hours, more generally
      3 to 5 hours) are employed to complete the reaction. Thermal
      polymerization inhibitors such as hydroquinone, cupric oxide, cuprous
      acetate, anthraquinone, phenylnaphthylamine, etc. can be and generally are
      used, in an amount of 0.01 to 15 weight percent, preferably 0.1 to 5
      weight percent, to prevent spontaneous thermal polymerization.
PAR  Solvents such as dimethylformamide, dimethylacetamide, methylmorpholine or
      N-methylmorpholine (these solvents having boiling points above about
      120.degree.C) are useful in the process.
PAR  The reaction of chloromethyl styrene and an acid sodium salt has already
      been studied well as for example in U.S. patent application Ser. No.
      377,006, filed July 6, 1973.
PAR  As the monomer copolymerizable with the above-described monomers, ethylene,
      butadiene, vinyl chloride, vinylidene chloride, vinyl acetate, vinyl
      propionate, styrene, vinyl toluene, chlorostyrene, nitrostyrene, acrylic
      acid, methacrylic acid, maleic anhydride, acrylamide, acrylonitrile,
      methacrylic acid esters or acrylic acid esters (for example, the methyl,
      ethyl, ethylhexyl methoxybutyl, hydroxyethyl,
      .omega.-hydroxy-3,6-dioxa-octyl, 5-hydroxy-3-oxa-amyl, dihydroxypropyl, or
      glycidyl esters), cellosolve acrylate, vinyl pyrrolidone, vinyl sulfonic
      acid, alkyl vinyl esters such as vinyl butyl ether, etc. can be used.
      Preferred comonomers can be easily and freely changed according to the
      polymer characteristics desired. For example, if adhesivity or flexibility
      is desired, acrylonitrile, an acrylic acid ester or a methacrylic acid
      ester can be used as comonomers. If water solubility is desired, vinyl
      pyrolidone, vinyl methyl ether, hydroxy alkyl acrylate, hydroxy alkyl
      acrylamide, or methacrylate, methacrylamide, acrylamide, sulfopropyl
      acrylate, or vinylbenzene-sulfonic acid can be employed. The comonomer
      ratio is closely related to reactivity and, at least 0.02 mole percent of
      the photosensitive monomer and preferably, 0.2 mole percent of the
      photosensitive monomer is generally used, for example, for a
      light-sensitive polymer.
PAR  In the polymerization of these monomers, conventional techniques known for
      the polymerization of acrylic acid derivatives, methacrylic acid
      derivatives or vinyl ethers can conveniently be employed. More
      specifically, in process (2) a vinyl polymerization method is employed
      utilizing generally, temperatures of about -80.degree. to +80.degree.C, a
      time of about 2 minutes to 15 hours and with a comonomer present a molar
      ratio of at least 0.02 mol%, preferably 0.2 mol%, of the monomer and a
      vinyl polymerization catalyst. These general procedures can be modified
      and applied based on knowledge in the art, as disclosed in Preparative
      Methods of Polymer Chemistry by W. R. Sorensen et al., John Wiley & Sons,
      New York, (1961), Polymer Handbook 3rd printing by E. H. Immergut et al,
      John Wiley & Sons, New York (1967) and Murahashi, Synthetic Polymer, 1972,
      Asakura, Tokyo and the cited references therein.
PAR  When the polymerization reaction is carried out, a radical polymerization
      catalyst or an ionic polymerization catalyst can be used according to the
      reaction or the physical properties of the final product polymer. For
      example, such a catalyst can be chosen from the azo compounds (for
      example, .alpha.-cyano or .alpha.-carboxyazo compounds such as
      azobisdimethylvaleronitrile, azobisethylpropionate,
      azobisethylisobutyrate, azobisphenylethane, azobiscyclohexanedinitrile,
      azobisisobutyronitrile), peroxides (for example, benzoyl peroxide, lauroyl
      peroxide, butyroyl peroxide, diisopropyl percarbonate, benzoyl glutaryl
      peroxide, acetyl peroxide, t-butylhydroperoxide, etc.), peracid esters,
      persulfates, aluminum chloride, triethyl aluminum, dialkyl-aluminum
      chloride, boron trifluoride, boron fluoride/ether adduct, alcohol adduct
      or organic acid adduct, and diethyl zinc. Of these a radical initiator is
      the most convenient to use. Generally the amount of the catalyst will
      range from about 0.01 to 20 wt% to the total amount of the monomer or
      monomers. The catalyst ratio to the monomer is closely related to the
      molecular weight of the polymer to be obtained. Too much catalyst
      decreases the molecular weight and broadens the molecular weight
      distribution of the polymer. Suitable polymerizaton techniques which can
      be employed are bulk polymerization, solution polymerization, suspension
      polymerization, emulsion polymerization or graft polymerization.
PAR  Needless to say, other polymers such as ethylene/vinyl-acetate copolymer,
      polyvinyl acetate, polyvinyl pyrrolidone, polymethylmethacrylate or
      polyvinyl acetal, dyes, or pigments, such as quinacridone, phthalocyanine,
      phthalocyanine blue or porphyrin metal complexes, etc. can be present
      during the polymerization reaction. If polymerization is conducted in the
      presence of these materials, the compatibility and uniformity are largely
      improved in comparison with these properties when the polymer is mixed
      with these materials after polymerization.
PAR  The thus obtained photosensitive polymer compounds undergo a change in
      solubility, adhesiveness, hardness or a like physical property due to the
      action of photons, electromagnetic waves, bombardment with particles or
      the like.
PAR  Although the precise reaction mechanism for this change has not yet been
      completely clarified and while not desiring to be bound, the mechanism
      could possibly be as follows.
PAR  Two mechanisms are possible, that is (a) an intermolecular or interpolymer
      addition reaction of the internal double bond adjacent the thiophene ring
      to form a cyclobutane ring or to form an addition polymer and (b) that of
      inner thiovinyl ether group of thiophene ring to form a cyclobutane ring.
PAR  While the polymer compound used in the present invention is particularly
      useful as a photosensitive composition, it is possible to shorten the
      irradiation time and to produce the desired difference in physical
      property by adding, as a sensitizing agent, an aromatic carbonyl compound,
      an aromatic nitro compound, an aromatic quinone, a triphenyl methane, an
      anthrone, a nitroaniline, an acylated nitroaniline, a thiazole, a
      benzoylmethylene, .beta.-naphthothiazoline, a ketone, a pyrylium dye salt,
      a thiapyrylium dye salt, a benzothiazoline, a naphthothiazoline, a
      quinolizone, an acridone, a cyanine dye, a dithiolium salt, and
      .alpha.-ketoaldonyl compound, a diazole, a triazole, an oxazole, or
      various photographic sensitizing dyes.
PAR  Specific examples of such useful sensitizing compounds are nitro compounds
      such as p-nitrodiphenyl, 5-nitro-2-aminotoluene,
      4-nitro-1-aminonaphthalene, 4-nitro-1-acetylaminonaphthalene, picric acid,
      picramide, dichloronitroanilene, nitroacenaphthene, dinitronaphthalene,
      trinitrofluorenone, tetranitrocarbazole, dinitrobenzoanthrazenedione,
      dinitrodimethylacetyl-tert-butylbenzene, dinitrostylbene disulfonic acid,
      trinitronaphthalene, and dinitrochalcone, carbonyl compounds such as
      benzanthrone, 9-anthraldehyde, acetonaphthone, xanthone, benzophenone,
      phenanthrenquinone, benzanthraquinone, t-butylanthraquinone,
      chloroanthraquinone, anthraquinone, naphthoquinone, benzophenone,
      furanone, 2,6-bis-p-azidobenzal-4-methylcyclohexanone, benzoin, pinaloin,
      2-methoxy-2-phenylacetophenone, 2-ethoxy-2-phenylacetophenone,
      .alpha.-methylbenzoin, .alpha.-allylbenzoin, .alpha.-phenylbenzoin,
      tetramethylaminobenzophenone, tetraethylaminobenzophenone,
      dimethoxybenzophenone, dimethoxythiobenzophenone,
      1-cyano-2-keto-3-methyl-6-bromo-3-azabenzanthrone,
      1-carboethoxy-2-keto-3,4-diazabenzanthrone,
      2-keto-3-methyl-1,3-diazabenzanthrone, diphthaloylnaphthalene,
      2-benzoylmethylene-1-.beta.-naphnothiazoline, 4-H-quinolizine-4-thione,
      tetramethylamino thiobenzophenone, erythrosin,
      6-dimethylamino-4-methylcoumarin,
      2-benzoylmethylene-1-methyl-benzothiazoline,
      2-nitrophthaloylmethylene-1-ethyl-benzothiazoline,
      dimethylcarbamoylmethyleneethylbenzothiazoline, and
      diethylcarbamoylmethyleneethylbenzothiazoline, and dyes such as methyl
      violet, victoria blue, and malachite green (triphenylmethane dyes),
      diethyldibenzothiacyanine iodide, diethyldibenzothiacarbocyanine bromide,
      and dimethyldibenzothiacyanine iodide (cyanine, thiocyanine dyes),
      2-benzoylmethylene-3-ethylnaphtho[1,2-d]-thiazoline,
      2,5-bis-(4-dimethylaminophenyl)-oxidazole,
      2-(4-diethylaminophenyl)-phenanthio-(9,10)-4,5-oxazole,
      2-(p-cyanobenzoylmethylene)-3-ethyl-naphtho-[1,2-d]thiazoline,
      3-ethyl-2-[p-(trifluoromethyl) benzoylmethylene]-naphtho[1,2-d]thiazoline,
      5-chloro-2-(p-cyanobenzoylmethylene)-3-ethylbenzothiazole,
      methyl-3-ethyl-2-benzothiazolinylidenedithioacetate,
      2,6-di(p-ethoxyphenyl)-4-(p-n-amyloxyphenyl)-thiapyrylium perchlorate,
      2,4,6-triphenylpyrylium perchlorate,
      4-(4-methoxyphenyl)-2,6-diphenylpyrylium perchlorate,
      4-(2,4-dichlorophenyl)-2,6-diphenylpyrylium perchlorate,
      2,6-bis(4-methoxyphenyl)-4-phenylpyrylium perchlorate,
      6-(4-methoxyphenyl)-2,4-diphenylpyrylium perchlorate,
      2-(3,4-dichlorophenyl)-4-(4-methoxyphenyl)-6-phenylpyrylium perchlorate,
      4-(4-amyloxyphenyl)-2,6-bis(4-ethylphenyl)pyrylium perchlorate, (pyrylium
      salts) are also suitable. Of these sensitizers, the carbonyl compounds
      show superior sensitizing effect in comparison with the nitro compounds.
      Some of these compounds are described in U.S. Pat. Nos. 3,475,617;
      3,737,319; 3,453,110; 3,409,593; 3,575,929; 2,835,656; 3,357,831;
      3,418,295; 3,647,470; 2,956,878; 3,173,787; 3,023,100; and 3,066,117, and
      British Pat. No. 659,197. The sensitizer is basically used in a
      substantially effective amount, i.e., in that amount which provides a
      sensitizing function. The sensitizer is generally used at a level of 0.01
      to 20 weight percent to the polymer, preferably 0.3 to 10 weight percent.
PAR  Also, polyfunctional .alpha., .beta.-unsaturated acid derivatives can be
      used, if desired, in combination with the polymer of this invention to
      accelerate image formation. Suitable examples of such polyfunctional
      .alpha., .beta.-unsaturated acid derivative are, for example, ethylene
      glycol dimethaacrylate, pentaerythrytol tetraacrylate,
      ethylenediaminediacrylate, paraphenylenediamine disorbamide, triethylene
      glycol diacrylate, glycerin trimethacrylate, ethylene glycol diacrylate,
      triethylene glycol diacrylate, neopentyl glycol dimethacrylate,
      hexylethylacrylate, chlorostyrene, vinylbenzophenone, diallylphthalate,
      divinyl phthalate, and the like.
PAR  Particularly preferred are those examples which contain a number of
      polymerizable groups so that branching and cross-linking of the polymer
      formed occurs. Their proportion of the layer weight can be up to 25
      percent by weight based on the weight of the polymer of this invention.
PAR  In order to form images using the above-described polymers of the present
      invention, the polymer is dissolved, together with the above-described
      sensitizing agent, in a solvent at a concentration of about 0.5 to 50
      wt.%, preferably 2 to 15 wt.%, such as a ketone solvent, an amide solvent,
      a halogenated aromatic solvent, an aromatic ether solvent, a cellosolve
      solvent, a halogenated aliphatic solvent, etc., or mixtures thereof, and
      the resulting solution is applied to a support such as a high polymer film
      (e.g., a film of polyethylene terephthalate, polyvinyl acetate, nylon,
      polyethylene, polypropylene, polyalkylmethacrylate,
      polytetrafluoroethylene, a cellulose ester such as cellulose acetate,
      cellulose acetate butyrate, cellulose propionate, a polyethylene coated
      paper, a polypropylene coated paper, polyvinyl butyral, polyethylene
      naphthalate, etc.), a metal plate (e.g., a zinc plate for use in printing,
      an aluminum plate, a copper plate, magnesium foil, etc.) a glass and glass
      coated with such metals as chromium, chromium alloys, steel, silver, gold,
      platinum, a metal oxide plate such as zinc oxide, aluminum oxide, or a
      silicon wafer, using a coating method such as dicoating, rod-coating,
      spinner-coating, spray-coating, lamination, etc. to prepare a
      light-sensitive plate. Suitable solvents which can be employed are
      alcohols such as .beta.-methoxyethanol, .beta.-butoxyethanol,
      diethyleneglycol, .beta.-acetoxyethanol, .beta.-phenoxyethanol,
      .beta.-ethoxypropanol, isopropanol, cyclohexanol, ketones such as acetone,
      4-methyl-2-pentanone, acetylacetone, hexanedione, 4-butyrolactone,
      acetophenone, cyclohexanone, methyethylketone, methylisobutylketone,
      esters such as 2-ethoxyethylacetate, 2-methoxyethyl acetate, 2-butoxyethyl
      propionate, 3-phenylpropyl acetate, n-amylacetate, isobutyl acetate,
      n-butylacetate, cyclohexylacetate, methylcyclohexylacetate, chlorinated
      hydrocarbons such as chloroform, dichloroethane, trichloroethane,
      tetrachloroethane, carbon tetrachloride, trichloroethylene, chlorobenzene,
      amides such as formylmorpholine, dimethylformamide, dimethylacetamide,
      pyrrolidone, butyrolactone, hexamethylphosphoramide, methylphenylsulfone,
      ethers such as dimethoxyethane, dimethoxypropane, diethyleneglycol
      dimethylether, anisole, dimethyl sulfoxide, mixtures of these solvents and
      the like. The optimum coating thickness for a particular purpose will
      depend on such factors as the use to which the coating will be put, the
      particular light-sensitive composition employed, and the nature of other
      components which may be present in the coating solution. Typical coating
      thickness on a support can range from about 0.5 to 250.mu., preferably 2
      to 10.mu.. If desired, the coating composition can be first coated on a
      temporary support and then transferred, e.g., by thermal lamination to the
      support where it is to be used, either uniformly or in an imagewise
      fashion. Such transfer techniques are described, for example, in U.S. Pat.
      Nos. 3,060,023; 3,346,383; 3,469,982; etc. The coating compositions also
      can include a variety of photographic addenda utilized for their known
      purposes such as agents to modify the flexibility of the coating, agents
      to modify its surface characteristics, dyes and pigments as disclosed in
      U.S. Pat. No. 3,740,219 such as TiO.sub.2, ZyO.sub.2, Fe.sub.3 O.sub.4,
      Fe.sub.2 O.sub.3, Al.sub.2 O.sub.3, SiO.sub.2, CaCO.sub.3, CrO.sub.2,
      BaSO.sub.4, ZrO.sub.2, Ca.sub.3 (PO.sub.4).sub.2, carbon black, graft
      carbon, etc., to impart color to the coating, agents to modify the
      adhesivity of the coating to the support, antioxidants, preservatives as
      disclosed in U.S. Pat. No. 2,656,271. Non-light sensitive polymers,
      surface active agents as disclosed in U.S. Pat. Nos. 3,545,974; 3,475,174;
      3,442,654; 3,441,413; 3,415,649; 3,294,540; etc. can also be added to the
      coating compositions to serve as diluents or extenders, and solid
      particles, such as glass microbeads having an average diameter of about 1
      to 10.mu., and a variety of other addenda known to those skilled in the
      art, for example, as disclosed in J. Kosar, Light Sensitive Systems,
      Chapters 3 to 7 and in the references cited therein, can be employed in
      the coating composition where desired. Examples of non-light sensitive
      polymers which can be incorporated in the coating compositions are phenol
      resins such as thermoplastic phenol resins or solvent soluble resole
      resins, hydrophilic polymers such as cellulose, hydroxyethylcellulose,
      hydroxypropylcellulose, ethylcellulose, cellulose hydrogen phthalate,
      cellulose triacetate, cellulose acetate butyrate, carboxymethylcellulose,
      polyethylene oxide, polypropylene oxide, other thermoplastics such as
      ethylene vinylacetate copolymers, polyvinyl formal, polyvinyl acetal,
      polyvinyl butyral, polyvinyl pyrrolidone, polyvinyl methylacetamide,
      ethylene-sodium acrylate co-polymers, styrene-maleic anhydride co-polymers
      or derivatives thereof, polyvinyl acetate, methyl-methacrylate-acrylic
      acid co-polymers, vinyl acetate-crotonic acid copolymers,
      methylstyrene-methacrylic acid copolymers, methylvinyl ether-maleic
      anhydride copolymers, polyvinyl chloride, latex polymers as disclosed in
      U.S. Pat. Nos. 3,411,911; 3,488,708; 3,111,912; 3,220,844; 3,193,386,
      etc., silicone rubbers, polytrifluoroethylene, polyethylene beads,
      polychlorostyrene, alkyd resins, and the like. These additional polymeric
      materials can constitute up to 25% by weight of the polymeric component of
      the coating composition.
PAR  These polymers are applied to modify the physical properties, to serve as a
      diluent, to adjust certain layer properties such as solubility,
      flexibility, anchorage, abrasion resistance, developability, and to
      improve the resistance of the polymer composition to etchants.
PAR  Suitable plasticizers which can be used to modify the thermo-mechanical
      properties of the coating composition are esters such as triphenyl
      phosphate, butyl phthalate, phenylphthalate, diethyleneglycol diphthalate,
      sulfonamides such as N-cyclohexyltoluenesulfonamide, and polyvinyl
      methylether. The amount of plasticizer employed in the polymer composition
      will also vary depending upon factors such as the particular plasticizer
      employed, the presence of other components in the polymer composition the
      ultimate use to which the photosensitive layer is to be put and the like.
      Generally, the plasticizer is employed in amount of between about 25 and
      200 percent by weight based on the weight of the polymer in the coating
      composition. Suitable antioxidants such as propyl gallate, hydroquinone,
      phloroglucinol, resorcinol, thiourea, p-methoxyphenol,
      t-butylhydroquinone, di-t-octylhydroquinone, t-butylcatechol, naphthol,
      copper resinate, naphthylphenylamine, cuprous chloride, di-t-butylcresol,
      phenolthiazine, p-toluquinone, dinitrobenzene, tetramethoxybenzophenone,
      dihydroxybenzophenone, as well as those described in U.S. Pat. No.
      2,691,584 can be employed. The optimum amount of those components
      described above and others can be readily determined by those skilled in
      the art taking the preceding techniques into consideration. The
      photomechanical images can be prepared in the lightsensitive layer by
      imagewise exposing the layer to a light source to harden or insolubilize
      the resin in the exposed area, while superposing thereon an original to be
      duplicated. The exposure can be carried out using irradiation of a mercury
      lamp, a high pressure mercury lamp, a carbon arc lamp, a cathode ray tube,
      a laser beam, a tungsten lamp, a photoflood lamp, an electron beam,
      ultraviolet rays, a xenon lamp, etc., as the energy source. And the
      irradiation time can be changed easily depending on the energy source, the
      distance of the light source from the photosensitive material and the
      sensitizer employed. Exposures of from about 0.001 second to about 20
      minutes, preferably 0.1 second to about 2 minutes, are generally adequate.
      The exposed plate is processed with a solvent containing a dye or a
      pigment to obtain more distinct image formation. Conventional processing
      procedures used, in general, for light-sensitive systems (see, for
      example, Kosar Light Sensitive Systems, John Wiley & Sons 1965) can be
      employed with only minor modification. The polymer compound at the image
      areas does not undergo a photo hardening reaction and is dissolved in the
      solvent. The dye or pigment adheres to the hardened areas to form images.
      Such solvents can be selected from the solvents listed above in detail as
      suitable coating solvents as well as other solvents or such solutions as
      alkaline aqueous solutions, acidic aqueous solutions and the like. In an
      alternate embodiment using the photosensitive material of this invention,
      an image can be formed by exposure as described above and then the exposed
      elements developed by heating to a temperature in the range of about
      50.degree. to 200.degree.C, which is intermediate between the point at
      which the polymer becomes tacky in the unexposed and the exposed areas to
      soften or render the polymer tacky in the unexposed areas. The softened
      polymer can then be toned or transferred to a receiving sheet under
      pressure and toned, or transferred to a receiving sheet under pressure and
      toned or transferred without toning if a pigment, dye or color forming
      compound is incorporated in the original layer.
DETD
PAR  The present invention will now be described in greater detail specifically
      by reference to the following synthesis examples of the functional monomer
      compounds of the present invention, the photosensitive polymer compounds
      of the present invention and image formation examples. These examples
      should not be interpreted as limiting the scope of the invention. Unless
      otherwise indicated all parts, percents, ratios and the like are by
      weight.
PAC  MONOMER SYNTHESIS EXAMPLE 1
PAC  Synthesis of .beta.-Vinyloxyethylthienylacrylate (vinyl ether type)
PAR  In a 3-necked round bottom flask equipped with a cooler and a stirrer were
      charged 0.20 mole of sodium thienylacrylate, 100ml of
      .beta.-chloroethylvinyl ether, 50ml of dimethylformamide, 2.0g of
      trimethylbenzylammonium chloride, 0.5g of phenylnaphthylamine and 1.0g of
      hydroquinone and the mixture was vigorously stirred at 120.degree. to
      150.degree.C for about 5 hours. The sodium chloride formed was separated
      by filtration and the filtrate was distilled under reduced pressure (at 5
      to 20mmHg, 25.degree. to 100.degree.C) to recover the low boiling
      fraction. The residue was further distilled under highly reduced pressure
      (at 0.1 to 0.5 mmHg). The product, boiling at 125.degree.C/0.3mmHg, was
      obtained as a viscous liquid in a yield of 70%.
PAC  MONOMER SYNTHESIS EXAMPLE 2
PAC  Synthesis of .beta.-Methacryloxyethylthienylacrylate (methacryl, acryl
      type)
PAR  In a 3-necked round-bottomed 300ml flask equipped with a calcium chloride
      drying tube and a dropping funnel were charged 0.10 mole of
      thienylacryloyl chloride (prepared from thienylacrylic acid and thionyl
      chloride in the presence of benzene and dimethylformamide), 20ml of
      methylethyl ketone, 0.11 mole of hydroxyethylmethacrylate with cold water
      cooling. Under vigorous stirring, 50 ml of pyridine was added over a 15
      minute period to the mixture and the mixture was stirred at 0.degree. to
      20.degree.C. After about 4 hours, 100ml of diethyl ether was charged to
      the mixture and the mixture was filtered into 100ml of ice cold 5%
      hydrochloric acid. The organic layer formed was treated with a
      hydrochloric acid solution to remove the water soluble portion. Then the
      organic layer was washed with water until the water layer become neutral.
PAR  The organic layer was dried using 5g of anhydrous magnesium sulfate and
      distilled at reduced pressure (10 to 30mmHg. 20.degree. to 50.degree.C).
PAR  The residue was recrystallized from hexane to give
      .beta.-methacryloxyethylthienylacrylate as a white solid melting at
      34.5.degree. - 7.degree.C in a yield of 85%. The corresponding acrylate
      can be prepared using a similar procedure as described above starting from
      hydroxyethylacrylate or hydroxychloropropyl acrylate.
PAC  POLYMER SYNTHESIS EXAMPLE 1
PAC  Synthesis of High Molecular Weight Compound 1
PAR  2.0 gram of .beta.-vinyloxyethylthienylacrylate and 8.0ml of methylene
      chloride were charged in a polymerization ampoule purged with argon gas
      and, at -78.degree.C, 4 mol%, based on the monomer, of a methylene
      chloride solution containing 4.3 .times. 10.sup..sup.-4 mol/ml of boron
      trifluoride etherate was added thereto. After maintaining the mixture at
      -78.degree.C for about 1 hour, the contents of the ampoule were poured,
      under stirring, into 100ml of methanol containing a small amount of
      aqueous ammonia. Thus, a white high molecular weight compound precipitate
      was formed in an yield of about 90%, [.eta.] = 0.21 (at 30.degree.C in
      tetrahydrofuran).
PAC  Synthesis of High Molecular Weight Compound 2
PAR  The same procedures as described in Polymer Synthesis Example 1 were
      conducted except for using the following monomer mixtures.
PAR  To 2.5g of .beta.-vinyloxyethylthienylacrylate, 1.3g of isobutyl vinyl
      ether and 6.0ml of methylene chloride was added 4 mol%, based on the
      monomers, of a methylene chloride solution containing 4.3 .times.
      10.sup..sup.-4 mol/ml of boron trifluoride etherate. After maintaining the
      solution at -78.degree.C for about 2 hours, the reaction mixture was
      treated in the same manner as described in Polymer Synthesis Example 1 to
      obtain a high molecular weight compound. The yield was 90%. [.eta.] = 0.24
      (at 30.degree.C in tetrahydrofuran).
PAC  POLYMER SYNTHESIS EXAMPLE 3
PAC  Synthesis of High Molecular Weight Compound 3
PAR  73g of methylmethacrylate and 76g of hydroxyethylmethacrylate were
      dissolved in dimethylformamide and were polymerized with a small amount of
      30mg of azobisdimethylvaleronitrile as an initiator for 3 hours at
      60.degree.C. Yield: 92% [.eta.]30.degree. DMF: 0.284.
PAR  The thus prepared high molecular weight compound having a hydroxyl group
      was reacted with a thienylacrylic acid halide to synthesize a high
      molecular weight compound having a thienylacrylate group. More precisely,
      10ml of thionyl chloride were added to 0.02 mole of thienylacrylic acid in
      benzene to prepare thienylacrylic acid chloride as the acid halide. The
      resulting chloride was dissolved in 10ml of methyl ethyl ketone, and then
      a solution of dimethylformamide/methylethylketone (volume ratio: 26ml/9ml)
      containing 5g of the high molecular weight compound was slowly added
      dropwise to the resulting chloride solution while cooling with ice.
      Afterwards, 20ml of pyridine were added thereto as a catalyst for removal
      of the hydrogen chloride formed and to separate as pyridine hydrochloride.
      After stirring for 2 hours under cooling with ice, the reaction system was
      left for one night to complete the reaction. The resulting reaction
      mixture was poured into ice-water containing 5% hydrochloric acid to
      remove the water-soluble portion therefrom and then dissolved in 50ml of
      methyl ethyl ketone, and thereafter the methanol-soluble portion was
      further removed therefrom by re-precipitation from 100ml of methanol. The
      thus formed high molecular weight compound was isolated in the form of a
      white powder, and the weight thereof after drying was about 6g. It is
      believed that the esterification proceeded almost quantitatively in view
      of the fact that no hydroxyl group absorption was found in the IR spectrum
      at about 3,300 cm.sup..sup.-1.
PAC  POLYMER SYNTHESIS EXAMPLE 4
PAC  Synthesis of High Molecular Weight Compound 4
PAR  6g of .beta.-methacryloxyethylthienylacrylate, 20mg of
      azobisdimethylvaleronitrile and 25mg of benzoyl peroxide were mixed well
      into a 15ml capacity glass tube equipped with a condenser. The tube was
      heated for about 8 hours, at 100.degree. to 160.degree.C. The contents of
      the tube were poured into 50ml of methanol. Thus, a high molecular weight
      compound precipitate in a quantitative yield was formed. The polymer was
      insoluble in hexane, benzene, diethyl ether and ligroin.
PAC  EXAMPLE 1
PAR  95% by weight methyl ethylketone solution of high molecular weight compound
      synthesized in Polymer Synthesis 1 above containing 0.25% of Michler's
      ketone was prepared. This solution was applied to a anodized aluminum
      plate in a dry thickness of 2 to 3 microns and dried. The plate was
      exposed to light through a transparent original for 1 minute using a 450W
      high-pressure mercury lamp at a distance of 30cm from the plate. Then the
      plate was treated with dimethylformamide for development to dissolve off
      the unexposed areas and then the plate was immersed in water. After
      treating with an oil soluble dye, the surface exposed was colored and
      these areas were sharply distinguished from the plate surface.
PAC  EXAMPLE 2
PAR  A 5% by weight dimethylformamide solution of the high molecular weight
      compound synthesized in the Polymer Synthesis Example 3 was prepared. This
      was applied to a surface-treated anodized and silicate treated aluminum
      plate using dip-coating and then the thus coated plate was heated and
      dried. After putting a step wedge thereupon, the plate was exposed to
      light through the wedge for 1 minute using a 450W high-pressure mercury
      lamp positioned at a distance of 30cm from the plate, and then the thus
      exposed plate was developed in methylethylketone for 1 minute. After
      coloration with an oil soluble dye, the resulting image was
      distinguishable up to three steps.
PAC  EXAMPLE 3
PAR  To 0.5ml of the light sensitive composition solution as described in
      Example 2 above were added 3mg of 5-nitroacenaphthene, as a sensitizer,
      and thereafter the same procedures as described in Example 2 were carried
      out. After coloration, the resulting image was distinguishable up to 12
      steps. Between the three steps (Example 2) and the 12 steps (Example 3),
      the .DELTA.D was 1.41, and therefore, it is noted therefrom that the light
      sensitivity of the preparation of Example 3 is increased by about 30 times
      over that of the former Example 2.
PAC  EXAMPLES 4 - 8
PAR  In place of the 5-nitroacenaphthene used in Example 3 other compounds as
      shown in the following Table were used and the results obtained are shown
      in the following Table.
TBL                                    TABLE                                   
     __________________________________________________________________________
     Example              Amount                                               
                               Maximum Steps                                   
     No.      Compound    Used Distinguishable                                 
     __________________________________________________________________________
     4    Tetranitrofluorene                                                   
                          4mg     4.5                                          
     5    N-Methyl-2-benzoylmethylene-                                         
                          2mg    13                                            
          .beta.-naphthothiazoline                                             
     6    Phenathrenequinone                                                   
                          3.5mg   9                                            
     7    Diethylaminobenzophenone                                             
                          3.2mg  12                                            
     8    Dimethylaminobenzophenone                                            
                          3.1mg  11                                            
          (Michler's ketone)                                                   
     __________________________________________________________________________
PAR  From the results contained in the above Table, it can be seen that
      sufficient sensitizing effect was obtained in every preparation.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive composition comprising as the main photosensitive
      component a high molecular weight polymer containing monomer units of the
      following general formula:
      ##EQU9##
      wherein R.sub.1 is
      ##SPC13##
PA1  R.sub.2 is
      ##EQU10##
EQU  --CH.sub.2 CH.sub.2 --(OCH.sub.2 CH.sub.2).sub.n, --CH.sub.2 CH.sub.2
      --(SCH.sub.2 CH.sub.2).sub.n,
      ##SPC14##
      ##SPC15##
PA1  R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.5 is --CH.sub.2).sub.m ;
PA1  m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --;
PA1  R.sub.6 is a hydrogen atom, H--CH.sub.2).sub.n, is cyano group or a
      carbamoyl group;
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, a bromine atom,
      H--CH.sub.2).sub.n, H--CH.sub.2).sub.n O--, a nitro group, a sulfo group,
      a carboxy group, a cyano group, a phenyl group, a phenoxy group, an acetyl
      group or a benzoyl group; and
PA1  R.sub.8 is H--CH.sub.2).sub.n or
      ##SPC16##
PAL  said polymer containing functional groups attached to the polymer chain of
      said polymer directly as a pendant group or through a divalent group, said
      functional group being selected from the group consisting of a
      thienylacrylate functional group, a thienylacrylamide functional group, a
      thienylthioacrylate functional group and a thienyl thioacrylamide
      functional group and
PA1  at least one sensitizer.
NUM  2.
PAR  2. A photosensitive element comprising a support and having thereon a
      photosensitive resin composition layer as claimed in claim 1.
NUM  3.
PAR  3. The photosensitive element of claim 2, wherein said sensitizer is an
      aromatic carbonyl compound or an aromatic nitro compound.
NUM  4.
PAR  4. The photosensitive element of claim 2, wherein said sensitizer is a
      sensitizing dye or a pyrylium salt.
NUM  5.
PAR  5. The photosensitive element of claim 2, wherein said sensitizer is a
      quinoid compound.
NUM  6.
PAR  6. A photosensitive composition comprising as the main photosensitive
      component a high molecular weight polymer containing monomer units of the
      following general formula:
      ##EQU11##
      wherein R.sub.1 is
      ##SPC17##
PA1  R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.4 is
EQU   -CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 --CH.sub.2 --,
      ##EQU12##
EQU  --CH.sub.2 CH.sub.2 (OCH.sub.2 CH.sub.2).sub.n,
      ##EQU13##
      R.sub.5 is -CH.sub.2).sub.m ; m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --;
PA1  R.sub.6 is a hydrogen atom, H--CH.sub.2).sub.n, a cyano group or a
      carbamoyl group;
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, a bromine atom,
      H--CH.sub.2).sub.n, H--CH.sub.2).sub.n O--, a nitro group, a sulfo group,
      a carboxy group, a cyano group, a phenyl group, a phenoxy group, an acetyl
      group, or a benzoyl group; and
PA1  R.sub.8 is H--CH.sub.2).sub.n or
      ##SPC18##
PAL  said polymer containing functional groups attached to the polymer chain of
      said polymer directly as a pendant group or through a divalent group, said
      functional group being selected from the group consisting of a
      thienylacrylate functional group, a thienylacrylamide functional group, a
      thienylthioacrylate functional group and a thienyl thioacrylamide
      functional group and
PA1  at least one sensitizer.
NUM  7.
PAR  7. A photosensitive element comprising a support and having thereon a
      photosensitive resin composition layer as claimed in claim 6.
NUM  8.
PAR  8. The photosensitive element of claim 7, wherein said sensitizer is an
      aromatic carbonyl compound or an aromatic nitro compound.
NUM  9.
PAR  9. The photosensitive element of claim 7, wherein said sensitizer is a
      sensitizing dye or a pyrylium salt.
NUM  10.
PAR  10. The photosensitive element of claim 7, wherein said sensitizer is a
      quinoid compound.
NUM  11.
PAR  11. A photosensitive composition comprising as the main photosensitive
      component a high molecular weight polymer containing monomer units of the
      following general formula:
      ##SPC19##
PAL  wherein
PA1  R.sub.1 is
      ##SPC20##
PA1  R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.5 is --CH.sub.2).sub.m ;
PA1  m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --;
PA1  R.sub.6 is a hydrogen atom, H-CH.sub.2).sub.n, a cyano group or a carbamoyl
      group;
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, a bromine atom,
      H-CH.sub.2).sub.n, H-CH.sub.2).sub.n O--, a nitro group, a sulfo group, a
      carboxy group, a cyano group, a phenyl group, a phenoxy group, an acetyl
      group, or a benzoyl group; and
PA1  R.sub.8 is H--CH.sub.2).sub.n or
      ##SPC21##
PAL  said polymer containing functional groups attached to the polymer chain of
      said polymer directly as a pendant group or through a divalent group, said
      functional group being selected from the group consisting of a
      thienylacrylate functional group, a thienylacrylamide functional group, a
      thienylthioacrylate functional group and a thienyl thioacrylamide
      functional group and
PA1  at least one sensitizer.
NUM  12.
PAR  12. A photosensitive element comprising a support and having thereon a
      photosensitive resin composition layer as claimed in claim 11.
NUM  13.
PAR  13. The photosensitive element of claim 12, wherein said sensitizer is an
      aromatic carbonyl compound or an aromatic nitro compound.
NUM  14.
PAR  14. The photosensitive element of claim 12, wherein said sensitizer is a
      sensitizing dye or a pyrylium salt.
NUM  15.
PAR  15. The photosensitive element of claim 12, wherein said sensitizer is a
      quinoid compound.
NUM  16.
PAR  16. A photosensitive composition comprising as the main photosensitive
      component a high molecular weight polymer containing monomer units of the
      following general formula:
      ##EQU14##
      wherein R.sub.1 is
      ##SPC22##
PA1  R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.5 is --CH.sub.2).sub.m ;
PA1  m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --;
PA1  R.sub.6 is a hydrogen atom, H--CH.sub.2).sub.n, a cyano group or a
      carbamoyl group;
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, a bromine atom,
      H--CH.sub.2).sub.n, H--CH.sub.2).sub.n O--, a nitro group, a sulfo group,
      a carboxy group, a cyano group, a phenyl group, a phenoxy group, an acetyl
      group, or a benzoyl group; and
PA1  R.sub.8 is H--CH.sub.2).sub.n or
      ##SPC23##
PAL  said polymer containing functional groups attached to the polymer chain of
      said polymer directly as a pendant group or through a divalent group, said
      functional group being selected from the group consisting of a
      thienylacrylate functional group, a thienylacrylamide functional group, a
      thienylthioacrylate functional group and a thienyl thioacrylamide
      functional group and at least one sensitizier.
NUM  17.
PAR  17. A photosensitive element comprising a support and having thereon a
      photosensitive resin composition layer as claimed in claim 16.
NUM  18.
PAR  18. The photosensitive element of claim 17, wherein said sensitizer is an
      aromatic carbonyl compound or an aromatic nitro compound.
NUM  19.
PAR  19. The photosensitive element of claim 17, wherein said sensitizer is a
      sensitizing dye or a pyrylium salt.
NUM  20.
PAR  20. The photosensitive element of claim 17, wherein said sensitizer is a
      quinoid compound.
NUM  21.
PAR  21. A photosensitive composition comprising as the main photosensitive
      compondent a high molecular weight polymer containing monomer units of the
      following general formula:
      ##EQU15##
      wherein R.sub.1 is
      ##SPC24##
PA1  R.sub.2 is
      ##EQU16##
EQU  --CH.sub.2 CH.sub.2 --OCH.sub.2 CH.sub.2).sub. n , --CH.sub.2 CH.sub.2
      --S--CH.sub.2 CH.sub.2).sub. n
      ##SPC25##
PA1  R.sub.3 is a hydrogen atom or a methyl group;
PA1  R.sub.5 is --CH.sub.2).sub.m ;
PA1  m is 0 or 1;
PA1  n is 1, 2, 3 or 4;
PA1  X is --O--, --S--, --NH-- or --NR.sub.8 --;
PA1  R.sub.6 is a hydrogen atom, H--CH.sub.2).sub.n, a cyano group or a
      carbamoyl group;
PA1  R.sub.7 is a hydrogen atom, a chlorine atom, bromine atom,
      H--CH.sub.2).sub.n, H--CH.sub.2).sub.n O--, a nitro group, a sulfo group,
      a carboxy group, a cyano group, a phenyl group, a phenoxy group, an acetyl
      group, or a benzoyl group; and
PA1  R.sub.8 is H--CH.sub.2).sub.n or
      ##SPC26##
PAL  said polymer containing functional groups attached to the polymer chain of
      said polymer directly as a pendant group or through a divalent group, said
      functional group being selected from the group consisting of a
      thienylacrylate functional group, a thienylacrylamide functional group, a
      thienylthioacrylate functional group and a thienyl thioacrylamide
      functional group and at least one sensitizer.
NUM  22.
PAR  22. A photosensitive element comprising a support and having thereon a
      photosensitive resin composition layer as claimed in claim 21.
NUM  23.
PAR  23. The photosensitive element of claim 22, wherein said sensitizer is an
      aromatic carbonyl compound or an aromatic nitro compound.
NUM  24.
PAR  24. The photosensitive element of claim 22, wherein said sensitizer is a
      sensitizing dye or a pyrylium salt.
NUM  25.
PAR  25. The photosensitive element of claim 22, wherein said sensitizer is a
      quinoid compound.
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ABST
PAL  A direct positive silver halide photographic emulsion containing
PAL  1. at least one dimethine dye having the general formula (I):
      ##EQU1##
      2. AT LEAST ONE COMPOUND HAVING THE GENERAL FORMULA (II):
      ##SPC1##
PAL  3. at least one compound having the general formula (III)
      ##EQU2##
      or the general formula (IV)
      ##SPC2##
PAL  wherein Y, Y.sub.o, Z, L.sub.1, L.sub.2, R.sub.o, m, n, X, Z.sub.1,
      R.sub.1, X.sub.1, a, p, q, Y.sub.1, Y.sub.2, m.sub.1, R.sub.3, r, X.sub.2
      and X.sub.3 are as hereinafter defined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to direct positive silver halide photographic
      emulsions and, in particular, to an improvement in such emulsions
      spectrally sensitized with dimethine dyes.
PAR  2. Description of the Prior Art
PAR  When a silver halide photosensitive material is developed after exposure to
      light to which the material is spectrally sensitive, the emulsion layer
      blackens whereby the optical density increases with the increase in the
      amount of exposure, reaching a maximum. When the exposure amount surpasses
      the value corresponding to this maximum density, the density then
      decreases, thus finally giving a positive image from a negative. Such a
      phenomenon is generally referred to as solarization.
PAR  A similar phenomenon of density reversal is also observed with silver
      halides which have been either optically or chemically fogged during the
      manufacturing process of the emulsions. The term, "direct positive silver
      halide photographic emulsion" as used in the present specification means
      an emulsion which gives an optically positive image upon an ordinary image
      exposure to light followed by an usual development.
PAR  Many dyes are known which can be advantageously used for the spectral
      sensitization of usual negative silver halide emulsions. However, all of
      these dyes are not suited for the sensitization of direct positive
      emulsions. Use of these dyes in direct positive silver halide emulsions is
      sometimes accompanied by various disadvantages including a softening of
      the characteristic curve, or re-reversal phenomenon which refers to a
      density increase after the decrease of density in the solarization region.
      Moreover, the addition of such dyes to direct positive silver halide
      emulsions reduces the maximum density exhibited by the original emulsions.
PAR  Many dyes useful for spectral sensitization of direct positive silver
      halide emulsions are already known in the art. Patent specifications such
      as U.S. Pat. Nos. 3,314,796; 3,586,672; 3,314,796 and 3,598,596, and U.S.
      patent application Ser. No. 318,047, filed Dec. 26, 1972 have disclosed
      special usefulness of dimethine dyes containing indole nuclei.
PAR  It is also known from U.S. Pat. Nos. 3,592,653 and 3,598,603 that dimethine
      dyes containing pyrole nuclei are particularly useful for spectral
      sensitization of direct positive silver halide emulsions.
PAR  Further, the present inventors have already discovered that dimethine dyes
      having pyrazolo (1,5 - a) benzimidazole nuclei are particularly useful for
      the sensitization of direct positive silver halide emulsions as disclosed
      U.S. patent application Ser. No. 351,386, filed Apr. 16, 1973.
PAR  The inventors have also disclosed the usefulness of dimethine dyes having
      pyrazolo (5,1 - b) quinazolone nuclei for the sensitization of direct
      positive silver halide emulsions in U.S. patent application Ser. No.
      379,887, filed Sept. 16, 1973.
PAR  On the other hand, U.S. Pat. No. 3,615,610 describes that the combined use
      of the above-described dimethine dyes and nitrostyryl dyes in direct
      positive silver halide emulsions results in an increased photographic
      speed, a reduced minimum density and an improvement in stability during
      storage.
PAR  Further, U.S. Pat. No 3,583,870 discloses that the combined use of
      sensitizing dyes excellent for the sensitization of negative silver halide
      emulsions and dipyridinium salt compounds in direct positive emulsions
      brings about an increase of spectral sensitivity as well as a reduction of
      the minimum density.
PAR  However, the most serious problem in the technology of direct positive
      silver halide photographic emulsions is the insufficient sensitivity for
      various photographic applications. Therefore, a sensitivity increase of
      direct positive silver halide emulsions, particularly by dye
      sensitization, is quite urgently desired.
PAR  An object of the present invention is to provide contrasty direct positive
      silver halide photographic emulsions which retain the maximum densities of
      the original emulsions and which exhibit high sensitivities as well as
      very low minimum densities.
PAC  SUMMARY OF THE INVENTION
PAR  The above described object has been achieved by incorporating into direct
      positive silver halide emulsions at least one of the dimethine dyes
      represented by the following general formula (I):
      ##EQU3##
      wherein Y represents the non-metallic atoms necessary to complete a
      heterocyclic nucleus; Y.sub.o represents a hydrogen atom, an alkyl group,
      an aryl group, a carboxyl group, a halogen atom, an alkoxy group, an
      alkoxycarbonyl group, or a hydroxyl group, and further Y.sub.o may form a
      heterocyclic ring together with Y; Z represents the non-metallic atoms
      necessary to complete a 5- or 6-membered heterocyclic ring; L.sub.1 and
      L.sub.2 each represents a methine group; R.sub.4 represents a substituted
      or unsubstituted alkyl group or an aryl group; m and n each represent an
      integer of 1 or 2; R.sub.o represents a substituted or unsubstituted alkyl
      group or an aryl group; and X represents an anion; at least one compound
      represented by the general formula (II):
      ##SPC3##
PAL  wherein Z.sub.1 and X.sub.1 represents the same groups as Z and X,
      respectively; R.sub.1 represents a substituted or unsubstituted alkyl
      group; and a, p and q each represents an integer of 1 or 2; and
      additionally at least one compound represented by the general formula
      (III)
      ##EQU4##
      wherein Y.sub.1 and Y.sub.2, which can be the same or different each
      represents the non-metallic atoms necessary to form a pyridine,
      benzothiazole or benzimidazole ring, and Y.sub.1 and Y.sub.2 can be
      combined to form a 1,10-phenanthroline ring; R.sub.2 represents
      --CH.sub.2).sub.m.sbsb.11, wherein m.sub.1 represents an integer of from 2
      to 4, --CH=CH--, or
      ##SPC4##
PAL  and X.sub.2 rpresents an anion; or the general formula (IV)
      ##SPC5##
PAL  wherein R.sub.3 has the same meaning as R.sub.1 ; X.sub.3 represents an
      anion; and r represents 1 or 2.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As described above in the general formula (I), Z represents the
      non-metallic atoms necessary to complete a 5- or 6-membered heterocyclic
      ring which can be present in cyanine dyes which act as sensitizers or
      desensitizers. Typical heterocyclic nyclei formed by Z include, for
      example, a thiazole nucleus (e.g., thiazole, 4-methylthiazole,
      4-phenylthiazole, 4,5-dimethylthiazole, 4,5-diphenylthiazole, etc.), a
      benzothiazole nucleus (e.g., benzothiazole, 5-nitrobenzothiazole,
      5-chlorobenzothiazole, 5-methylbenzothiazole, 5-bromobenzothiazole,
      5-iodobenzothiazole, 5-phenylbenzothiazole, 5-methoxybenzothiazole,
      5-methoxycarbonylbenzothiazole, 5-carboxybenzothiazole,
      6-nitrobenzothiazole, 6-chlorobenzothiazole, 6-methylbenzothiazole,
      6-bromobenzothiazole, 6-iodobenzothiazole, 6-phenylbenzothiazole,
      6-methoxybenzothiazole, tetrahydrobenzothiazole,
      5,6-dioxymethylenebenzothiazole, 5,6-dimethylbenzothiazole,
      5-hydroxybenzothiazole, etc.), a naphtho-thiazole nucleus (e.g.,
      .alpha.-naphthothiazole, .beta.-naphthothiazole, .beta.,
      .beta.-naphthothiazole, etc.), an oxazole nucleus (e.g., oxazole,
      4-methyloxazole, 4-phenyloxazole, 4,5-diphenyloxazole, etc.), a
      benzoxazole nucleus (e.g., benzoxazole, 5-chlorobenzoxazole,
      5-methylbenzoxazole, 5-nitrobenzoxazole, 5-methoxybenzoxazole,
      5,6-dimethylbenzoxazole, etc.), a naphthoxazole nucleus (e.g.,
      .alpha.-naphthoxazole, .beta.-naphthoxazole, .beta.,.beta.-naphthoxazole,
      etc.), an indolenine nuclues (e.g., 3,3-dimethyl-5-nitroindolenine, etc.),
      a benzoselenazole nucleus (e.g., benzoselenazole, 5-chlorobenzoselenazole,
      5-nitrobenzoselenazole, 5-methylbenzoselenazole, 5-methoxybenzoselenazole,
      6-nitrobenzoselenazole, etc.), a naphthoselenazole nucleus
      (.alpha.-naphthoselenazole, .beta.-naphthoselenazole, etc.), a quinoline
      nucleus (e.g., 2-quinoline, 3-methyl-4-quinoline, 6-chloro-2-quinoline,
      6-nitro-2-quinoline, 6-methoxy-2-quinoline, 8-chloro-2-quinoline,
      4-quinoline, 6 -methoxy-4-quinoline, 6-nitro-4-quinoline,
      8-chloro-4-quinoline, etc.), a thiazoline nucleus (e.g., thiazoline,
      4-methylthiazoline, etc.), a pyridine nucleus (e.g., 2-pyridine,
      4-pyridine, nitro-substituted pyridines, etc.), an imidazole nucleus
      (e.g., 1-methylimidazole, 1-methyl-4-phenylimidazole, etc.), a
      benzimidazole nucleus (e.g., 1-methylbenzimidazole,
      1-ethyl-5-chlorobenzimidazole, 1-ethyl-5,6-dichlorobenzimidazole,
      1-ethyl-5-methoxycarbonylbenzimidazole, 1-ethyl-5-nitrobenzimidazole,
      1-ethyl-5-chloro-6-nitro-benzimidazole), imidazo[4,5-b]quinoxaline (e.g.,
      1,3-diethylimidazo[4,5-b]-quinoxaline,
      1,3-diallylimidazo[4,5-b]quinoxaline,
      1,3-diphenylimidazo[4,5-b]quinoxaline, etc.).
PAR  Suitable examples of heterocyclic rings for Y are an indole nucleus, a
      pyrrole nucleus, a pyrazole[5,1-b]quinazolone nucleus, a
      pyrazolo[1,5-a]benzimidazolo nucleus, etc.
PAR  Y.sub.o represents a hydrogen atom, an alkyl group (e.g., having 8 or less
      carbon atoms), an aryl group (e.g., having 10 or less carbon atoms), a
      carboxyl group, a halogen atom, an alkoxy group (e.g., having 5 or less
      carbon atoms), an alkoxycarbonyl group (e.g., having 6 or less carbon
      atoms) or a hydroxl group or further may combine with Y to form a
      heterocyclic ring.
PAR  L.sub.1 and L.sub.2 each represents a methine radical such as --CH=,
      --CR.sub.4 =, etc. R.sub.4 represents preferably an alkyl group such as a
      methyl or ethyl group, an aryl group such as a phenyl group, or a
      substituted alkyl group such as an ethoxyethyl group. X represents an
      anion such as, for example, a chloride, bromide, iodide, thiocyanate
      perchlorate, p-toluenesulfonate, methyl sulfate, ethyl sulfate, etc., ion.
PAR  R.sub.o represents an alkyl group (e.g., having 8 or less carbon atoms)
      such as methyl, ethyl, propyl, iso-propyl, n-butyl, hexyl, a hydroxyalkyl
      group (e.g., having 4 or less carbon atoms such as .beta.-hydroxyethyl,
      .gamma.-hydroxypropyl), an acetoxyalkyl group (e.g., having 8 or less
      carbon atoms such as .beta.-acetoxyethyl, .gamma.-acetoxypropyl, etc.), a
      carboxyalkyl group (e.g., having 8 or les carbon atoms such as
      .beta.-carboxyethyl, .gamma.-carboxypropyl, .delta.-carboxybutyl,
      .omega.-carboxybenzyl, etc.), an alkoxycarbonylalkyl group (e.g., having 8
      or less carbon atoms such as .beta.-methoxycarbonylethyl,
      .gamma.-ethoxycarbonylpropyl, etc.), a sulfoalkyl group (e.g., having 5 or
      less carbon atoms such as .beta.-sulfoethyl, .gamma.-sulfopropyl,
      .gamma.-sulfobutyl, .delta.-sulfobutyl, etc.), an aralkyl group (e.g.,
      having 10 or less carbon atoms such as benzyl, phenethyl,
      p-sulfophenethyl, p-carboxyphenethyl, etc.), a vinylmethyl group, an aryl
      group (e.g., phenyl), etc.
PAR  In the general formula (II) and in the general formula (IV) R.sub.1 and
      R.sub.3, respectively, each represents an alkyl group (e.g., having 8 or
      less carbon atoms) including an unsubstituted alkyl group, such as methyl,
      ethyl, propyl, isopropyl, n-butyl, and a substituted alkyl group such as a
      hydroxyalkyl group, .beta.-hydroxyethyl, .gamma.-hydroxypropyl, etc., an
      acyloxyalkyl such as .beta.-acetoxyethyl, .gamma.-acetoxypropyl, etc., a
      carboxyalkyl group such as .beta.-carboxyethyl, .gamma.-carboxypropyl,
      .delta.-carboxybutyl, .omega.-carboxypentyl, etc., an alkoxyalkyl group
      such as .beta.-methoxycarbonylethyl, .gamma.-ethoxycarbonylpropyl, etc., a
      sulfoalkyl group such as .beta.-sulfoethyl, .gamma.-sulfopropyl,
      .gamma.-sulfobutyl, .delta.-sulfobutyl, etc., an unsubstituted aralkyl
      group such as benzyl and phenethyl, a sulfoaralkyl group such as
      p-sulfophenethyl, a carboxyaralkyl group as p-carboxyphenethyl, or a
      vinylmethyl group.
PAR  In the general formula III, Y.sub.1 and Y.sub.2, which can be the same as
      or different from each other, each represents the nonmetallic atoms
      necessary to complete any of a pyridine, a benzothiazole, and a
      benzimidazole, ring. In addition, Y.sub.1 and Y.sub.2 can be combined
      together to form a 1,1-phenanthroline ring.
PAR  Among the dimethine dyes represented by the general formula (I),
      particularly preferred examples are further described in the following.
PAR  The dyes represented by the following general formula (V) are especially
      useful of those containing an indole nucleus as the heterocyclic ring
      completed by Y in the general formula (I).
      ##SPC6##
PAL  In the formula (V), R.sub.7 represents a hydrogen atom; a lower alkyl group
      (e.g., having 1 to 8 carbon atoms) such as methyl or ethyl; a halogen atom
      such as chlorine; a carboxyl group; a lower alkoxycarbonyl group (e.g.,
      having 2 to 5 carbon atoms) such as methoxycarbonyl, ethoxycarbonyl or
      t-butoxycarbonyl, etc.; an aryl group such as phenyl or phenyl groups
      substituted with alkyl or alkoxy groups or halogen atoms.
PAR  Y.sub.3 represents the non-metallic atoms necessary to complete a condensed
      benzene ring, which can be substituted with substituents such as halogen
      atoms, or alkyl or alkoxy groups.
PAR  Z.sub.2, L.sub.3 and L.sub.4 each have the same significance as Z, L.sub.1
      and L.sub.2, respectively.
PAR  R.sub.5 represents a hydrogen atom, an alkyl group (e.g., having 1 to 6
      carbon atoms) such as methyl, ethyl, propyl, isopropyl, n-butyl, or hexyl,
      a hydroxyalkyl group such as .beta.-hydroxyethyl, or
      .gamma.-hydroxypropyl, an acetoxyalkyl group such as .beta.-acetoxyethyl
      or .gamma.-acetoxypropyl, a carboxyalkyl group such as
      .beta.-carboxyethyl, .gamma.-carboxypropyl, .delta.-carboxybutyl or
      .omega.-carboxypentyl, an alkoxycarbonylalkyl group such as
      .beta.-methoxycarbonylethyl or .gamma.-ethoxycarbonylpropyl, a sulfoalkyl
      group such as .beta.-sulfoethyl, .gamma.-sulfopropyl, .gamma.-sulfobutyl,
      or .delta.-sulfobutyl, an aralkyl group such as benzyl, phenethyl,
      p-sulfophenethyl or p-carboxyphenethyl, a vinylmethyl group or an aryl
      group such as phenyl.
PAR  R.sub.6, m.sub.1, n.sub.1 and X.sub.4 each have the same meaning as
      R.sub.0, m, n and X, respectively.
PAR  The dyes described above can be synthesized using the methods described in
      U.S. Pat. No. 3,314,796 and also in U.S. patent application Ser. No.
      318,047, filed Dec. 26, 1972.
PAR  Among the dyes in which the heterocyclic ring completed by Y in the general
      formula (I) is a pyrrole nucleus, those which are particularly useful can
      be represented by the following general formula (VI).
      ##SPC7##
PAR  In the formula, R.sub.8 represents an alkyl group (e.g., having 1 to 12
      carbon atoms, peferably a lower alkyl group having 1 to 4 carbon atoms)
      such as methyl, ethyl, propyl, butyl, cyclohexyl or phenethyl, or an aryl
      group such as phenyl, chlorophenyl, tolyl, methoxyphenyl, naphthyl or
      nitrophenyl.
PAR  R.sub.10 represents a hydrogen atom, an alkyl group (e.g., having 1 to 12
      carbon atoms) such as methyl, ethyl, propyl, isopropyl, butyl, cyclohexyl,
      decyl, or phenethyl or an aryl group such as phenyl, tolyl, chlorophenyl,
      nitrophenyl, methoxyphenyl, etc.
PAR  R.sub.11 represents a hydrogen atom, an alkyl group (e.g., having 1 to 12
      carbon atoms) such as methyl, ethyl, propyl, butyl, cyclohexyl, or
      phenethyl, a carboxyl group, or an alkoxycarbonyl group (e.g., having 2 to
      8 carbon atoms) such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl
      or benzyloxycarbonyl.
PAR  R.sub.9 and R.sub.12 each has the same meaning as R.sub.o and Z.sub.3 has
      the same meaning as Z.
PAR  m.sub.2, n.sub.2, X.sub.5, L.sub.5 and L.sub.6, each have the same meaning
      as m, n, X, L.sub.1 and L.sub.2, respectively.
PAR  The above-described dyes can be prepared using the synthetic methods
      disclosed in U.S. Pat. Nos. 3,592,653 and 3,598,603.
PAR  Among the dyes which include a pyrazolo[5,1-b]quinazolone nucleus as the
      heterocyclic ring completed by Y in the general formula (I), those
      represented by any of the following general formulae (VII) and (VIII) are
      particularly useful.
      ##SPC8##
PAR  In the formulae, R.sub.17 and R.sub.20 each represents the substitutents
      known in pyrazole[5,1-b]quinazolone compounds.
PAR  For example, each represents a hydrogen atom, an alkyl group (e.g., having
      1 to 8 carbon atoms) such as methyl, ethyl, propyl or benzyl, an aryl
      group such as phenyl, p-methoxyphenyl, etc., a carboxyl group, an
      alkoxycarbonyl group (e.g., having 2 to 9 carbon atoms) such as
      methoxycarbonyl, ethoxycarbonyl, etc., an alkoxy group (e.g., having 1 to
      8 carbon atoms) such as methoxy, ethoxy, etc., or a hydroxyl group.
PAR  R.sub.16 represents an alkyl group, including unsubstituted alkyl groups
      (e.g., having 8 or less carbon atoms) such as methyl, ethyl, propyl,
      isopropyl, n-butyl, n-pentyl, n-hexyl, etc., hydroxyalkyl groups (e.g.,
      having 5 or less carbon atoms) such as .beta.-hydroxyethyl,
      .gamma.-hydroxypropyl, etc., alkoxyalkyl groups (e.g., having 8 or less
      carbon atoms) such as .beta.-methoxyethyl, .gamma.-methoxypropyl, etc.,
      carboxyalkyl group (e.g., having 8 or less carbon atoms) such as
      .beta.-carboxyethyl, .gamma.-carboxypropyl, .delta.-carboxybutyl,
      .omega.-carboxypentyl, etc., alkoxycarbonylalkyl groups (e.g., having 8 or
      less carbon atoms) such as .gamma.-ethoxycarbonylpropyl,
      .beta.-methoxycarbonylethyl, etc., sulfoalkyl groups (e.g., having 5 or
      less carbon atoms) such as .beta.-sulfoethyl, .gamma.-sulfopropyl,
      .gamma.-sulfobutyl, .delta.-sulfobutyl, etc., aralkyl groups (e.g., having
      7 to 10 carbon atoms) such as benzyl, phenethyl, etc., sulfoaralkyl groups
      (e.g., having 7 to 10 carbon atoms) such as p-sulfophenethyl, etc.,
      carboxyaralkyl groups (e.g., having 8 to 11 carbon atoms) such as
      p-carboxyphenethyl, etc., and vinylmethyl groups.
PAR  R.sub.18 and R.sub.21 each has the same meaning as R.sub.o, L.sub.9 and
      L.sub.10 as well as L.sub.11 and L.sub.12 each has the same meaning as
      L.sub.1 and L.sub.2, respectively. 1 to 8 carbon atoms) such as methyl,
      ethyl, propyl, etc., a cycloalkyl group (e.g., having 3 to 8 carbon atoms)
      such as cyclohexyl, etc., or an aryl group such as phenyl, etc.
PAR  Z.sub.5 and Z.sub.6 each has the same meaning as Z.
PAR  m.sub.4 and m.sub.5 each has the same meaning as m, n.sub.4 and n.sub.5
      each has the same meaning as n, and X.sub.7 and X.sub.8 each have the same
      meaning as X.
PAR  The above-described dyes can be prepared using the synthetic methods
      disclosed in U.S. patent application Ser. No. 379,887, filed Sept. 16,
      1973.
PAR  Among the dyes including a pyrazole[1,5-a]benzimidazole nucleus as the
      heterocyclic ring completed by Y in the general formula (I), particularly
      useful dyes are expressed by the following general formula (IX).
      ##SPC9##
PAR  In the formula, R.sub.13 represents an alkyl group (e.g., having 1 to 6
      carbon atoms) including an unsubstituted alkyl group such as methyl,
      ethyl, propyl, isopropyl, n-butyl, n-pentyl, n-hexyl, etc., and a
      substituted alkyl group, a hydroxyalkyl group such as .beta.-hydroxyethyl,
      .gamma.-hydroxypropyl, etc., an acetoxyalkyl group (e.g., having 1 to 6
      carbon atoms) such as .beta.-acetoxyethyl, .gamma.-acetoxypropyl, etc., an
      alkoxyalkyl group (e.g., having 2 to 6 carbon atoms) such as
      .beta.-methoxyethyl, .gamma.-methoxypropyl, etc., a carboxyalkyl group
      (e.g., having 2 to 6 carbon atoms) such as .beta. -carboxyethyl,
      .gamma.-carboxypropyl, .delta.-carboxybutyl, .omega.-carboxypentyl, etc.,
      an alkoxycarbonylalkyl group (e.g., having 3 to 6 carbon atoms) such as
      .beta.-methoxycarbonylethyl, .gamma.-ethoxycarbonylpropyl, etc., a
      sulfoalkyl group such as .beta.-sulfoethyl, .gamma.-sulfopropyl,
      .gamma.-sulfobutyl, .delta.-sulfobutyl, etc., an aralkyl group such as
      benzyl, phenethyl, etc., a carboxyaralkyl group such as
      p-carboxyphenethyl, etc., a vinylmethyl group, etc.
PAR  R.sub.14 represents the substituents known in pyrazolo[1,5-a]-benzimidazole
      compounds, including a hydrogen atom, an alkyl group (e.g., having 8 or
      less carbon atoms) such as methyl, ethyl, propyl, benzyl, etc., a carboxyl
      group, an alkoxycarbonyl group (e.g., having 8 or less carbon atoms) such
      as methoxycarbonyl, ethoxycarbonyl, etc., an aryl group such as phenyl,
      etc. R.sub.15 has the same meaning as R.sub.o, Z.sub.4 as Z, m.sub.3 as m,
      n.sub.3 as n, and X.sub.6 as X, respectively.
PAR  The above-described dyes can be synthesized using the methods disclosed in
      U.S. patent application Ser. No. 351,386, filed Apr. 16, 1973.
DETD
PAR  Some specific examples of the dimethine dyes represented by the general
      formula (I) are be given hereinafter.
PAR  It should be noted that the compounds suitable for the present invention
      are not limited to the following compounds.
      ##SPC10##
      ##SPC11##
      ##SPC12##
PAR  Some examples of compounds represented by the general formula (II) are
      given below. It should be noted that the compounds suitable for the
      present invention are not to be limited to these compounds only.
      ##SPC13##
PAR  Some compounds represented by the general formulae (III) and (IV) will be
      illustrated below. However, the compounds applicable to the present
      invention should not be confined to the following ones.
      ##SPC14##
PAR  Most of the above-illustrated compounds are already known and descriptions
      of the synthetic methods for preparing these compounds, for example, are
      disclosed in the following literature Tetrahedron 24, 2699, 5433 and 6453
      (1968); Journal of Heterocyclic Chemistry 7, 719 and 401 (1970); ibid., 8,
      29 (1971); Journal of The Chemical Society (C) 1969 1643; ibid., 1965
      5816; German OLS 2,050,819, etc.
PAR  Now, some examples of the preparation of the above-described compounds are
      described in detail in the following.
PAC  PREPARATION EXAMPLE 1
PAC  (Compound III-9)
PAR  Into 50 ml of dimethylformamide were added 7 g of .alpha.,
      .alpha.'-dipyridyl and 25 g of o-xylenebromide. The mixture was refluxed
      over an oil heating bath for 3 hr. After cooling the mixture, the crystals
      formed were separated by filtration. Recrystallization of the crystals
      using ethanol gave 14 g of crystalline needles having a melting point
      above 350.degree.C. Result of elementary analysis (C.sub.18 H.sub.16
      N.sub.2 Br.sub.2)
TBL           Observed     Calculated                                          
     ______________________________________                                    
     C =        51.38%         51.43%                                          
     H =        3.87%          3.81%                                           
     N =        6.95%          6.67%                                           
     ______________________________________                                    
PAC  PREPARATION EXAMPLE 2
PAC  (Compound III-11)
PAR  Compound III-1 (8g) was dissolved in 100 ml water and stirred at room
      temperature. Into this solution another solution prepared by dissolving
      AgNO.sub.3 (7g) in 100 ml of water was slowly added dropwise. After the
      completion of the addition, the AgBr formed was removed by filtration. The
      mother liquor was concentrated under a reduced pressure. The precipitated
      crystals were purified by recrystallization from ethanol, giving 4 g of
      colorless needle-shaped crystals having a decomposition point of
      215.degree.C.
PAL  Result of elementary analysis (C.sub.12 H.sub.12 N.sub.4 O.sub.6)
TBL           Observed     Calculated                                          
     ______________________________________                                    
     C =        46.54%         46.76%                                          
     H =        3.90%          3.92%                                           
     N =        17.90%         18.18%                                          
     ______________________________________                                    
PAR  The silver halide emulsions which can be used in the present invention can
      contain silver chloride, silver bromide, silver chloro-bromide, silver
      chloro-iodide, or silver chloro-iodobromide.
PAR  The basic emulsions used for the direct positive silver halide photographic
      materials can be divided into two classes.
PAR  The first class of basic emulsion contains silver halide crystals within
      which are distributed free electron trapping centers, and the surface of
      which is previously fogged by chemical means. This class of emulsion is
      characterized in that the emulsion itself can form a positive image
      directly and that the addition of sensitizing dyes can improve the
      photographic speed not only by spectral sensitization but also by
      increasing the sensitivity in the intrinsic absorption region. In this
      class of emulsion, the halogen composition has to be adjusted so that
      chemical sensitizers or salts of the Group VIII metals, which are used to
      provide electron trapping centers, can readily be incorporated in the
      inner portion of the silver halide crystals. In addition, by the addition
      of organic desensitizers, the background density can be reduced and
      particularly the re-reversal phenomenon prevented. Further, an increase in
      the maximum density as well as of the photographic speed and also a
      reduction of background are realized by the addition of bromide or iodide
      ion.
PAR  The second class of basic emulsion contains silver halide crystals within
      which no free electron trapping centers exist, and the surface of which is
      chemically fogged. This type of emulsion contains silver halide crystals
      which have structural defects at a density as low as possible, and which
      desirably consist of pure silver bromide with regular structure free of
      twin surfaces.
PAR  This type of emulsion, although the emulsion itself does not provide such,
      is converted so as to give direct positive images by the use of organic
      desensitizers.
PAR  Examples of basic emulsions containing electron trapping centers are
      disclosed in, for example, Japanese Patent Publication Nos. 4125/1968 and
      29405/1968, U.S. Pat. Nos. 2,401,051, 2,717,833, 2,976,149, 3,023,102,
      3,445,235, 3,537,858, 3,531,288, 3,615,610, 3,574,625, 3,547,647,
      3,428,455, British Pat. Nos. 707,704, and 690,997, and British Patent
      Application No. 16507/66.
PAR  Examples of patents describing sensitive materials containing basic
      emulsions without electron trapping centers are the following;
PAR  U.S. Pat. Nos. 3,501,306; 3,501,307; 3,501,310; 3,531,288; 3,586,672;
      3,501,311; 3,501,309; 3,579,345 and 3,492,123, French Pat. Nos. 1,522,344
      and 1,520,824.
PAR  Of the two classes of basic emulsions, both can be used to practice the
      present invention. Particularly those without electron trapping centers
      are advantageously used.
PAR  The silver halide photographic emulsions used in the present invention are
      previously fogged optically or chemically. Fogging centers of a chemical
      nature can be formed by the incorporation of organic reducing compounds
      including hydrazine derivatives, formaldehyde, dioxothiourea, polyamine
      compounds, aminoboranes, methyldichlorosilane, etc.
PAR  Further, the combined use of reducing agents with metal ions more noble
      than silver ion or with halide ions is also suitable. Examples of patents
      describing such techniques are as follows:
PAR  U.S. Pat. Nos. 2,497,875; 2,588,982; 3,023,102; 3,367,778; 3,445,235;
      3,501,310; 3,501,305; 3,477,852; 3,501,307 and 3,531,288, British Pat.
      Nos. 707,704; 723,019 and 821,251, French Pat. Nos. 1,520,822 and
      1,520,824, Belgian Pat. No. 708,563 and Japanese Pat. No. 13488/1968.
PAR  In the emulsions used to practice the present invention, it is advantageous
      to use as a protective colloid gelatin and particularly an inert gelatin.
      Instead of gelatin other materials can also be used including
      photographically inert gelatin derivatives (for example, phthalated
      gelatin), water soluble synthetic polymers such as polyvinyl acrylate,
      polyvinyl alcohol, polyvinylpyrrolidone, or salts of polyvinyl alginate.
PAR  The silver halide photographic emulsions for use in practicing the present
      invention can further contain; as a stabilizer for the fogging centers
      mercapto compounds, thione compounds, or tetrazaindene compounds; as an
      background improving agent stilbene or triazine compounds; a whiteness
      improving agent; a UV absorber; as a hardening agent chrome alum,
      2,4-dichloro-S-triazine compound, aziridine compounds, epoxide compounds,
      mucochloric acid compounds, halo-formyl-maleic acid compounds; as coating
      aids sodium (polyoxyalkylene sulfonate), saponin, anionic surface active
      agents having betaine structure; antispectics plasticizers; or vinyl
      compounds such as polyalkylacrylates, copolymers of alkylacrylates and
      acrylic acid, or polyalkyleneoxide compounds. Still further they may
      contain color couplers.
PAR  As for the particle size of silver halide crystal included in the
      photographic emulsions for use in the present invention, no special
      limitations are imposed within the range for ordinary use. A particularly
      preferable range lies between 0.05 and 1.0 micron.
PAR  The silver halide crystals used can be of a regular or irregular shape,
      however, those of a regular shape are preferred because better results are
      obtained in the present invention. Further, monodispersed emulsions are
      suited for the present invention, though those other than monodispersed
      emulsions can also be employed.
PAR  The amounts or concentrations of the compounds represented by the general
      formulae (I), (II), (III) and (IV) used in the emulsion can vary according
      to the amount and the surface area of the silver halide and also the end
      use purpose of the resulting product. The dimethine dyes represented by
      the formula (I) are especially effective when used at about 1 .times.
      10.sup.-.sup.6 to 2 .times. 10.sup.-.sup.2 mol per 1 mol of silver halide.
      For the compounds represented by the formulae (II), (III) and (IV)
      particularly effectve range of concentration is from about 1 .times.
      10.sup.-.sup.5 to 1 .times. 10.sup.-.sup.1 mol per 1 mol of silver halide.
      The compounds represented by the formulae (I), (II), (III) and (IV) can be
      advantageously used as solutions in water or in water-miscible solvents
      such as methanol, ethanol, methyl cellosolve, methyl ethyl ketone,
      acetone, pyridine, etc. Ultra-sonic vibration can be employed to dissolve
      these dyes. Other procedures employed in the spectral sensitization of
      negative photographic emulsions can also be used. Some of these procedures
      are described in the following patents:
PAR  Japanese Pat. Nos. 8231/1970; 23389/1969; 27555/1969 and 22948/1969, U.S.
      Pat. Nos. 3,485,634; 3,342,605; 2,912,343 and 3,649,286.
PAR  The addition of dyes into the emulsion can most conveniently be carried out
      immediately before the coating, though, of course, addition is possible
      during the chemical ripening or the silver halide precipitation in the
      emulsion preparation.
PAR  The direct positive silver halide photographic emulsions prepared in
      accordance with the present invention, coated on various supports which
      have been conventionally employed in photographic materials, can be used
      not only as high-contrast materials including those used to duplicate
      lithographic images or duplicate industrial drawings, but as relatively
      low contrast images such as those to duplicate microphotographic images.
      They can also be used for color photography. Further, the direct positive
      silver halide emulsions of the present invention are useful in
      photographic applications based on, in addition to those based on visible
      light irradiation, electron beam, X-ray and .gamma.-ray radiations.
PAR  The important features of the present invention are shown in the following.
PAR  It has already been described that the dimethine dyes represented by the
      general formula (I) are suited for the sensitization of direct positive
      emulsions. In addition, it has also been mentioned that the combined use
      of the dyes represented by the general formula (I) and nitrostyril dyes
      brings about a sensitivity increase, a reduction of minimum density, and
      an improvement of storage stability.
PAR  Our extensive research have disclosed that the degree of the speed increase
      and the minimum density reduction is larger when a dimethine dye
      represented by the formula (I), a compound represented by the formula (II)
      and moreover a compound represented either by the formula (III) or (IV)
      are simultaneously used than in the case of the combined use of a dye
      represented by (I) and a compound of the formula (II). Further, the
      combination of the three ingredients brings about a higher maximum density
      than in either the case of the sole use of a dye represented by the
      formula (I), or of the combined use of a dye represented by the formula
      (I) and a compound of the formula (II).
PAR  Still further, by a suitable selection of the dimethine dyes represented by
      the general formula (I), one can prepare a direct positive silver halide
      photographic emulsion with a minimized residual color.
PAR  As for the stability of the properties of the material during storage, the
      photographic materials utilizing positive emulsions containing the three
      components of the invention can be characterized as having a quite small
      change of the maximum density as well as the photographic speed.
PAR  The present invention will now be described in greater detail by reference
      to the following examples. Unless otherwise indicated, all parts,
      percents, ratios and the like are by weight.
PAC  EXAMPLE
PAR  An emulsion comprising silver chlorobromide (AgBr 20 mol%, AgCl 80 mol%),
      the pH of which was controlled to 10, was fogged by the use of hydrazine
      together with an auric chloride salt. To this original emulsion additives
      were introduced according to the formulations listed in Tables 1 and 2,
      and each resulting mixture was coated on a cellulose triacetate film in a
      dry thickness of 5 .mu..
PAR  Each coated sample was irradiated through an optical wedge with light from
      an incandescent lamp of a color temperature of 2845.degree.K, and
      processed using a developer having the following formulation at
      20.degree.C for 3 minutes and then by a fixer.
TBL  ______________________________________                                    
     Developer Composition                                                     
     Water (at about 30.degree.C)                                              
                             50      ml                                        
     Sodium Sulfite (anhydrous)                                                
                             30      g                                         
     Paraformaldehyde        7.5     g                                         
     Sodium Bisulfite        2.2     g                                         
     Boric Acid              7.5     g                                         
     Hydroquinone            22.5    g                                         
     Potassium Bromide       1.6     g                                         
     Water to make           1000    ml                                        
     ______________________________________                                    
PAR  Each film strip thus obtained was subjected to density measurement using a
      P-type Densitometer produced by the Fuji Photo Film Co., Ltd. to give a
      characteristic curve. The results of the sensitometry are shown in Table 1
      and 2.
TBL                                    Table 1                                 
     __________________________________________________________________________
                               Relative.sup.*1)                                
                               Speed in                                        
                               the Re-                                         
                Compounds Added                                                
                               versal                                          
     No.        (mg/1 mol Ag)  Mode   D.sub.max                                
                                          D.sub.min                            
     __________________________________________________________________________
     1  I-1 (400)               NI.sup.*2)                                     
                                      3.6 NI                                   
     2         II-1 (1400)      10    3.6 0.60                                 
     3                 III-1 (1400)                                            
                                NI    3.7 NI                                   
     4  I-1 (200)                                                              
               II-1 (700)       10.5  3.7 0.60                                 
     5  I-1 (400)                                                              
               II-1 (1400)      10    3.6 0.55                                 
     6  I-1 (200)      III-1 (700)                                             
                                NI    3.7 NI                                   
     7  I-1 (400)      III-1 (1400)                                            
                                NI    3.7 NI                                   
     8  I-1 (200)                                                              
               II-1 (700)                                                      
                       III-1 (700)                                             
                                1320  3.8 0.15                                 
     9  I-1 (400)                                                              
               II-1 (700)                                                      
                       III-1 (700)                                             
                                1520  3.8 0.10                                 
     __________________________________________________________________________
      .sup.*1) The values represent the photographic speeds upon irradiation   
      through a yellow filter (Fuji Filter Sc-48 produced by the Fuji Photo Fil
      Co., Ltd.).                                                              
      .sup.*2) NI means that no reversal image was obtained.                   
TBL                                    Table 2                                 
     __________________________________________________________________________
                                Relative                                       
                                Speed in                                       
                                the Re-                                        
                 Compounds Added                                               
                                versal                                         
     No.         (mg/mol of Ag) Mode D.sub.max                                 
                                         D.sub.min                             
     __________________________________________________________________________
     10 I-38 (400)              NI   3.7 NI                                    
     11        II-2 (1400)      8.5  3.7 0.72                                  
     12                III-4 (1400)                                            
                                NI   3.7 NI                                    
     13 I-38 (200)                                                             
               II-2 (700)       9.5  3.7 0.60                                  
     14 I-38 (400)                                                             
               II-2 (1400)      9.5  3.7 0.53                                  
     15 I-38 (200)     III-4 (700)                                             
                                NI   3.7 NI                                    
     16 I-38 (400)     III-4 (1400)                                            
                                NI   3.7 NI                                    
     17 I-38 (200)                                                             
               II-2 (700)                                                      
                       III-4 (700)                                             
                                1030 3.8 0.17                                  
     18 I-38 (400)                                                             
               II-2 (700)                                                      
                       III-4 (700)                                             
                                1050 3.8 0.15                                  
     19 I-50 (400)              NI   3.6 NI                                    
     20        II-1 (1400)      10.5 3.6 0.56                                  
     21                III-12 (1400)                                           
                                NI   3.6 NI                                    
     22 I-50 (200)                                                             
               II-1 (700)       11.0 3.6 0.40                                  
     23 I-50 (400)                                                             
               II-1 (1400)      11.5 3.6 0.36                                  
     24 I-50 (200)     III-12 (700)                                            
                                NI   3.5 NI                                    
     25 I-50 (400)     III-12 (1400)                                           
                                NI   3.5 NI                                    
     26 I-50 (200)                                                             
               II-1 (700)                                                      
                       III-12 (700)                                            
                                1410 3.8 0.10                                  
     27 I-50 (400)                                                             
               II-1 (700)                                                      
                       III-12 (700)                                            
                                1450 3.8 0.07                                  
     __________________________________________________________________________
PAR  From the results in these tables, it is evident that the direct positive
      silver halide emulsions containing the three components in accordance with
      the present invention are superior in photographic speed, maximum and
      minimum densities.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fogged direct positive silver halide photographic emulsion containing
PA1  1. at least one dimethine dye having the general formula (I):
      ##EQU5##
      wherein Y represents a non-metallic atom group necessary to complete a
      heterocyclic nucleus selected from the group consisting of a pyrole
      nucleus, an indole nucleus, a pyrazolo quinazolone nucleus, or a pyrazolo
      benzimidazole nucleus; Y.sub.o represents a hydrogen atom, an alkyl group,
      an aryl group, a carboxyl group, an alkoxy group, an alkoxycarbonyl group,
      a hydroxyl group, or halogen atom Z represents a nonmetallic atom group
      necessary to complete a 5- or 6-membered heterocyclic ring; L.sub.1 and
      L.sub.2 represents a methine group, and R.sub.o represents an alkyl group
      or an aryl group; m and n represents 1 to 2, and X represents an anion;
PA1  2.
NUM  2.
PAR  2.  at least one compound having the general formula (II):
      ##SPC15##
PA1  wherein Z.sub.1 represents the non-metallic atoms necessary to complete a
      5- or 6-membered heterocyclic ring; R.sub.1 represents an alkyl group, and
      X.sub.1 represents an anion; and a, p, and q each represents 1 or 2; and
PA1  3. at least one compound having the general formula (III):
      ##EQU6##
      or the general formula (IV):
      ##SPC16##
PA1  wherein Y.sub.1 and Y.sub.2, which can be the same or different each
      represents the non-metallic atoms necessary to complete a pyridine,
      benzothiazole or benzimidazole nucleus; or Y.sub.1 and Y.sub.2 may combine
      together to complete a 1,10-phenenthroline ring;
PA1  R.sub.2 represents --CH.sub.2).sub.m.sbsb.1, in which m.sub.1 is an integer
      of from 2 to 4), --CH=CH--, or
      ##SPC17##
PA1  R.sub.3 represents an alkyl group, r represents 1 or 2, and X.sub.2 and
PAR   X.sub.3 each represents an anion. 2. The direct positive silver halide
      photographic emulsion of claim 1, wherein said heterocyclic ring formed by
      Z and Z.sub.1 is a thiazole ring, a benzothiazole ring, a naphthothiazole
      ring, an oxazole ring, a benzoxazole ring, a naphthoxazole ring, and
      indolenine ring, a benzoselenazole ring, a naphthoselenazole ring, a
      quinoline ring, a thiazoline ring, a pyridine ring, an imidazole ring, a
      benzimidazole ring, or an imidazo [4,5-b] quinoxaline ring; wherein
      L.sub.1 and L.sub.2 each represents --CH= or --CR .sub.4 = in which
      R.sub.4 is an alkyl group or an aryl group; wherein said alkyl group for
      R.sub.o is an unsubstituted alkyl group or a substituted alkyl group, said
      substituted alkyl group being a hydroxyalkyl group, a acetoxyalkyl group,
      an alkoxycarbonylalkyl group, a sulfoalkyl group, an arylalkyl group, or a
      vinylmethyl group; wherein said alkyl group for R.sub.1 and R.sub.3 is an
      unsubstituted alkyl group or a substituted alkyl group, said substituted
      alkyl group being a hydroxyalkyl group, a acyloxyalkyl group, a
      carboxyalkyl group, an alkoxyalkyl group, a sulfoalkyl group, an
      unsubstituted aralkyl group, a substituted aralkyl group, said substituted
      aralkyl group being a sulfoaralkyl group or a carboxyaralkyl group, or a
      vinylmethyl group.
NUM  3.
PAR  3. The direct positive silver halide photographic emulsion of claim 1,
      wherein said dimethine dye represented by the general formula (I) has the
      general (V)
      ##SPC18##
PAL  wherein R.sub.7 represents a hydrogen atom, a lower alkyl group, a halogen
      atom, a carboxyl group, a lower alkoxycarbonyl group or an aryl group;
      Y.sub.3 represents the non-metallic atoms necessary to complete a
      condensed benzene ring; Z.sub.2 has the same meaning as Z, L.sub.3 and
      L.sub.4 each has the same meaning as L.sub.1 and L.sub.2, respectively;
      R.sub.5 represents a hydrogen atom, an alkyl group, or an aryl group;
      R.sub.6 has the same meaning as R.sub.o ; m.sub.1 has the same meaning as
      m; and n.sub.1 has the same meaning as n.
NUM  4.
PAR  4. The direct positive silver halide emulsion of claim 1, wherein said
      dimethine dye represented by the general formula (I) has the following
      general formula (VI)
      ##SPC19##
PAL  wherein R.sub.8 represents an alkyl group or an aryl group; R.sub.10
      represents a hydrogen atom, an alkyl group or an aryl group; R.sub.11
      represents a hydrogen atom, an alkyl group, a carboxyl group or an
      alkoxycarbonyl group; R.sub.9 and R.sub.12 each have the same meaning as
      R.sub.o, Z.sub.3 has the same meaning as Z, m.sub.2, n.sub.2, X.sub.5,
      L.sub.5 and L.sub.6 each has the same meaning as m, n, X, L.sub.1 and
      L.sub.2 respectively.
NUM  5.
PAR  5. The direct positive silver halide emulsion of claim 1, wherein said
      dimethine dye represented by the general formula (I) has the general
      formula (VII)
      ##SPC20##
PAL  wherein R.sub.17 represents a hydrogen atom, an alkyl group, an aryl group,
      a carboxyl group, an alkoxycarbonyl group, an alkoxy group, a benzyl group
      or a hydroxyl group; R.sub.16 represents an alkyl group; R.sub.18 has the
      same meaning as R.sub.o ; L.sub.9 and L.sub.10 each has the same meaning
      as L.sub.1 and L.sub.2 ; and Z.sub.5, m.sub.4, n.sub.4 and X.sub.7 each
      have the same meaning as Z, m, n and X, respectively.
NUM  6.
PAR  6. The direct positive silver halide emulsion of claim 1, wherein said
      dimethine dye represented by the general formula (I) has the following
      general formula (VIII)
      ##SPC21##
PAL  wherein R.sub.20 represents a hydrogen atom, an alkyl group, an aryl group,
      a carboxyl group, an alkoxycarbonyl group, an alkoxy group, a benzyl group
      or a hydroxyl group; R.sub.21 has the same meaning as R.sub.o ; L.sub.11
      and L.sub.12 each have the same meaning as L.sub.1 and L.sub.2 ; R.sub.19
      represents a hydrogen atom, an alkyl group, a cycloalkyl group, or an aryl
      group, Z.sub.6, m.sub.5, n.sub.5 and X.sub.8 each has the same meaning as
      Z, m, n and X, respectively.
NUM  7.
PAR  7. The direct positive silver halide emulsion of claim 1, wherein said
      dimethine dye represented by the general formula (I) has the following
      general formula (IX)
      ##SPC22##
PAL  wherein R.sub.13 represents an alkyl group; R.sub.14 represents a hydrogen
      atom, an alkyl group, a carboxyl group, an alkoxycarbonyl group, or an
      aryl group; R.sub.15 has the same meaning as R.sub.o ; Z.sub.4, m.sub.3,
      n.sub.3 and X.sub.5 each has the same meaning as Z, m, n and X,
      respectively.
NUM  8.
PAR  8. The direct positive silver halide photographic emulsion of claim 1,
      wherein said silver halide in said direct positive silver halide emulsion
      is chemically fogged.
NUM  9.
PAR  9. The direct positive silver halide photographic emulsion of claim 8,
      wherein said silver halide is fogged with the combination of a reducing
      agent and an auric compound.
NUM  10.
PAR  10. The direct positive silver halide photographic emulsion of claim 1,
      wherein said emulsion includes a photographic color coupler.
NUM  11.
PAR  11. The direct positive silver halide photographic emulsion of claim 1,
      wherein said silver halide emulsion contains chemically fogged silver
      halide crystals having free electron trapping centers therein.
NUM  12.
PAR  12. The direct positive silver halide photographic emulsion of claim 1,
      wherein said silver halide emulsion contains chemically fogged silver
      halide crystals containing no free electron trapping centers therein.
NUM  13.
PAR  13. The direct positive silver halide photographic emulsion of claim 1,
      wherein said compound of the general formulae (I) to (IV) ranges from 1
      .times. 10.sup.-.sup.6 to 2 .times. 10.sup.-.sup.2 moles per 1 mol of
      silver halide.
NUM  14.
PAR  14. A direct positive silver halide photographic material comprising a
      support having thereon a layer of a direct positive silver halide
      photographic emulsion layer of Claim 1.
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ABST
PAL  A photosensitive coating composition comprising (1) a prepolymer containing
      radically cross-linkable ethylenically unsaturated double bonds and (2) a
      sensitizer which comprises predominantly a mixture of (a) benzophenone,
      halogenated benzophenone or a combination thereof and (b)
      4,4'-bis(diethylamino)benzophenone in a weight ratio of about 1:2 to 10:1.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a photosensitive coating composition which can be
      cured upon exposure to actinic radiation such as ultraviolet light. More
      particularly, it relates to a photosensitive coating composition
      comprising (1) a prepolymer containing radically cross-linkable
      ethylenically unsaturated double bonds and (2) a sensitizer which
      comprises predominantly a mixture of (a) benzophenone, a halogenated
      benzophenone or a mixture thereof and (b)
      4,4'-bis(diethylamino)benzophenone in a weight of about 1:2 to 10:1.
PAR  The "photosensitive coating composition" as used herein is, for example, a
      ultraviolet light curable type coating varnish or a printing ink
      containing various pigments, waxes, monomers, stabilizers and the like as
      optional ingredients which are commonly used in varnishes and printing
      inks of this type.
PAR  2. Brief Description of the Prior Art
PAR  Recently there has been the tendency toward eliminating solvents from
      coating compositions in order to solve possible pollution problems such as
      air pollution, and extensive investigations are now underway for
      non-solvent type coating compositions which solidify (dry or cure) on a
      coated surface. The results of some of these investigations are disclosed
      in U.S. Pat. Nos. 3,551,235, 3,551,246, 3,551,311, 3,552,986 and
      3,558,387, British Pat. No. 1,198,259, Japanese Patent Publication Nos.
      10606/57 and 35688/71 and Japanese Patent Laid Open Nos. 38202/72 and
      20287/72 and so on. Some of these non-solvent type coating compositions
      have been tested on their marketability in the printing field, but at
      present such coating compositions do not have a great market share over
      the conventional printing inks due to their disadvantages, for example,
      poor storage stability when the sensitivity is increased and the like.
PAR  Coating compositions capable of being cured by irradiation with ultraviolet
      light, i.e., printing inks or coating varnishes, require a prepolymer
      containing radically crosslinkable ethylenically unsaturated double bonds
      and a sensitizer as essential ingredients.
PAR  Hitherto many sensitizers are known to generate radicals upon exposure to
      light. Of these sensitizers, ketone-type sensitizers such as benzoin
      methyl ether, benzoin ethyl ether, benzoin butyl ether,
      .alpha.-methylbenzoin, .alpha.-allylbenzoin, .alpha.-chlorodeoxybenzoin
      and the like, azo compound sensitizers such as azobisisobutyronitrile and
      the like, quinone-type sensitizers such as anthraquinone,
      phenanthraquinone and the like, sulfide compound sensitizers such as
      tetramethylthiuram disulfide and the like are widely employed for plating
      plates, photoresists or photosensitive paints.
PAR  However, particularly in the printing field, it is required that a
      relatively thick liquid coating film of, for example, ultraviolet
      light-curable type printing ink or coating varnish be solidified (dried or
      cured) upon irradiation with ultraviolet light in quite a short period of
      time, and that, on the contrary, the coating composition must be stable
      without undergoing a dark reaction on a printing or in a coating machine
      or in a container. The above described sensitizers increase relatively,
      but not sufficiently, the sensitivity of the prepolymer when their
      proportion to a prepolymer is increased. However, the dark reaction is
      also promoted in proportion to a degree of the sensitization thereby
      frequently resulting in objectionable phenomena such as gelation of the
      composition during storage in a container or during operation on machines.
      Therefore, it is very important to develop a sensitizer which has the
      ability for high sensitization but no tendency toward causing the dark
      reaction.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of various investigations which have been made on non-solvent
      type coating compositions, a discovery has been made that a synergistic
      effect which would not be expected from the performance of the individual
      components used separately can be obtained when a specific combination of
      sensitizers is incorporated into an ink or a coating varnish. The above
      discovery is surprising since the synergistic effect can be obtained even
      though each of the sensitizers is inferior in sensitization and/or poorer
      storage stability due to the dark reaction. That is, it has been found
      that a combination of benzophenone, a halogenated benzophenone or a
      mixture thereof and a 4,4'-bis(diethylamino)benzophenone brings about
      remarkable effects.
PAR  This invention provides a photosensitive coating composition comprising a
      prepolymer containing radically cross-linkable ethylenically unsaturated
      double bonds, and a sensitizer which comprises a mixture of (a)
      benzophenone, a halogenated benzophenone or combination thereof and (b)
      4,4'-bis(diethylamino)benzophenone in a weight ratio of (a) to (b) of
      about 1:2 to 10:1.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Prepolymers containing radically cross-linkable ethylenically unsaturated
      double bonds which can be used in this invention include, for example,
      epoxy resins containing epoxy groups esterified with acrylic acid or
      methacrylic acid, alkyd resins containing hydroxyl groups esterified with
      acrylic acid or methacrylic acid, prepolymers obtainable by reacting an
      alkyd or a polyester containing hydroxyl groups with an acrylic
      acid-polyol ester using a diisocyanate and the like. A suitable molecular
      weight for the prepolymers ranges from about 50 to 30,000, preferably 800
      to 15,000.
PAR  As a halogenated benzophenone, it is preferable to use a bromobenzophenone
      or a chlorobenzophenone, and more particularly, combinations of
      p-chlorobenzophenone or o-chlorobenzophenone with
      4,4'-bis(diethylamino)benzophenone can show especially remarkable effects.
PAR  The above described combination of sensitizers according to the present
      invention only exhibits the desired synergistic effect provided that the
      sensitizers in the combination are combined in the proportion specified
      herein. According to the specific combination and proportion of
      sensitizers as defined in this invention, those sensitizers which are
      quite inferior in sensitization although excellent in storage stability
      when used alone exhibit unexpectedly excellent sensitivity unaccompanied
      by any deterioration in storage stability as shown in the Examples
      hereinafter described.
PAR  The proportion of the sensitizers in the final coating compositions, i.e.,
      inks, paints, varnishes, etc., varies depending upon the light
      transmittance of the coating composition. These sensitizers can be used in
      a total amount of about 5 to 25%, preferably 8 to 15%, by weight based on
      the total weight of the composition in a system having a poor light
      transmittance such as pigment-containing inks and paints and in a total
      amount of about 1 to 8%, preferably 3 to 6%, by weight based on the total
      weight of the product in a system having a good light transmittance such
      as a clear coating varnish.
PAR  In order to obtain the above synergistic sensitizing effect, it is
      necessary that (a) the benzophenone, the halogenated benzophenone or the
      combination thereof and (b) 4,4'-bis(diethylamino)benzophenone be used in
      a weight ratio of (a) : (b) of about 1:2 to 10:1, with the most preferable
      weight ratio being 1:1 to 9:1.
PAR  It has not yet been completely clarified why this combination provides a
      high sensitization to the coating composition without causing any
      deterioration in storage stability due to the dark reaction which has been
      regarded as a common phenomenon in conventional sensitizers. It is
      assumed, however, that radicals generated in both sensitizers cause
      complicated reactions with each other thereby resulting in unexpected
      effects. Further, additional sensitizers other than the above enumerated
      sensitizers of the present invention can also be present in the coating
      composition without adversely affecting the sensitivity of the coating
      composition. Suitable examples of additional sensitizers which can be used
      include ketone-type sensitizers such as benzoin methyl ether, benzoin
      ethyl ether, benzoin butyl ether, .alpha.-methylbenzoin,
      .alpha.-allylbenzoin, .alpha.-chlorodeoxybenzoin and the like, azo
      compound sensitizers such as azobisisobutyronitrile and the like,
      quinone-type sensitizers such as anthraquinone, phenanthraquinone and the
      like, sulfide compound sensitizers such as tetramethylthiuram disulfide
      and the like. The amounts thereof can vary depending upon the objects for
      use but usually a suitable amount ranges from about 0.1 to 10% by weight.
      Thus, the only requirement in the coating composition of this invention is
      to use a mixture comprising (a) benzophenone, a halogenated benzophenone
      or a combination thereof and (b) 4,4'-bis(diethylamino)benzophenone in a
      weight ratio of about 1:2 to 10:1 as main sensitizing ingredients.
PAR  Typical examples of the photosensitive coating compositions of this
      invention include a ultraviolet light-curable type printing ink and a
      coating varnish. The ultraviolet light-curable type printing ink generally
      comprises, in addition to the prepolymer and the sensitizers as main
      ingredients, additional ingredients such as waxes, stabilizers, monomers
      (diluents), pigments and the like. The coating varnish generally comprises
      the above prepolymer and sensitizers, as well as waxes, stabilizers,
      monomers (diluents) and the like.
PAR  Waxes which can be used for this purpose include petroleum waxes, white
      petrolatum and the like having a low boiling point, and can be added to
      the ink or coating varnish in an amount of about 1 to 4% by weight.
PAR  Stabilizers used for preventing the dark reaction include those which are
      generally called polymerization inhibitors, for example, p-benzoquinone,
      hydroquinone, p-tert.-butylhydroquinone and the like.
PAR  Monomers are incorporated into the coating varnish and ink as a diluent to
      reduce the viscosity thereof but diluents such as higher alcohols such as
      undecanol, dodecanol, pentadecanol, etc., higher fatty acid esters which
      do not cure with light such as tung oil, linseed oil, dehydrated castor
      oil, oiticica oil, etc. can also be used if some drying due to evaporation
      or penetration is acceptable. Monomers which can be used include acrylic
      acid esters of alcohols, e.g., ethylene glycol, polyethylene glycol,
      trimethylolpropane, pentaerythritol and the like and allyl alcohol esters,
      e.g., methacrylic acid ester, diallyl phthalate, diallyl maleate and the
      like.
PAR  Any of the pigments which are conventionally known can be used in this
      invention except for those which interfere with the curing or which
      deteriorate the storage stability depending upon pigments and utility
      employed. Suitable examples of pigments which can be used in this
      invention are inorganic pigments such as, for example, titanium dioxide,
      iron oxide, carbon black, Prussian blue, etc., and organic pigments such
      as, for example, conventional azo compounds, phthalocyanine, quinacridone,
      perylene, perynone, Alkali blue, etc.
DETD
PAR  The present invention is illustrated in greater detail by reference to the
      following Examples, but these examples are not to be construed as limiting
      the present invention. All parts, percentages, ratios and the like are by
      weight, unless otherwise indicated.
PAC  REFERENCE EXAMPLE 1
PAR  76.2 parts of Adecasizer-O-130P (a trademark for epoxidized soybean oil
      manufactured by Asahi Denka K.K., Japan; mean molecular weight: about
      1,000; epoxy equivalent: about 200), 23.8 parts of acrylic acid, 0.1 part
      of hydroquinone and 0.3 parts of triethylenediamine were charged in a
      four-necked flask equipped with a refluxing condenser and a stirrer. The
      reaction mixture was allowed to react at a temperature of 90.degree. to
      120.degree.C for 15 to 20 hours while bubbling air into the reaction
      mixture until the acid value of the reaction mixture became less than 1
      and then the reaction mixture was removed to obtain epoxidized soybean oil
      acrylate.
PAR  302 parts of the above obtained epoxidized soybean oil acrylate and 290
      parts of an acrylated isocyanate obtained from an equimolar reaction
      between .beta.-hydroxyethylacrylate and toluene diisocyanate were charged
      in a four-necked flask equipped with a refluxing condenser and a stirrer,
      and the resulting mixture was allowed to react at 60.degree.C for several
      hours while bubbling air into the reaction mixture. When the reaction
      ratio exceeded 80%, .beta.-hydroxyethylacrylate was added in an amount
      equimolar to the isocyanate which remained unreacted. When the amount of
      the unreacted isocyanate groups decreased to below 0.2% by weight, the
      mixture was removed.
PAC  REFERENCE EXAMPLE 2
PAR  717 parts of Epikote 828 (trademark, produced by Shell Chemical Co., a
      condensation product of bisphenol A and epichlorohydrin; mean molecular
      weight: about 370; epoxy equivalent: 184 to 194), 283 parts of acrylic
      acid, 0.1 part of hydroquinone and 0.3 parts of triethylenediamine were
      charged in a four-necked flask equipped with a refluxing condenser and a
      stirrer, and the resulting mixture was reacted at 90.degree.C to
      120.degree.C for 15 to 20 hours while bubbling air into the reaction
      mixture until the acid value became less than 1 and then the reaction
      mixture was removed to obtain an epoxyacrylate. To 254 parts of the
      epoxyacrylate thus obtained were added 156 parts of trimethylolpropane
      triacrylate and 290 parts of the acrylated isocyanate as described in
      Reference Example 1. The resulting mixture was charged into a four-necked
      flask equipped with a refluxing condenser and a stirrer, and allowed to
      react at 60.degree.C for several hours while bubbling air into the
      reaction mixture. When the reaction ratio exceeded 80%,
      .beta.-hydroxyethyl acrylate was added to the reaction mixture in an
      amount equimolar to the remaining unreacted isocyanate. The reaction was
      continued until the unreacted isocyanate groups decreased to less than
      0.2% by weight and the reaction mixture was then removed.
PAC  EXAMPLE 1
PAR  A coating varnish was prepared using the prepolymer obtained in Reference
      Example 1 and each of the sensitizers or combinations of sensitizers
      indicated in Table 1 below according to the following standard
      formulation, respectively:
TBL  Coating Varnish Standard Formulation                                      
     Prepolymer           97 parts                                             
     Sensitizer           3 parts                                              
     Total                100 parts                                            
PAR  Each of the resulting coating varnishes was applied onto a piece of tin
      plate in a thickness of 2 mm using an applicator. The coated plate was
      placed on a belt conveyor and passed at a 13 cm distance below a 2 KW-high
      pressure mercury lamp having an input energy of 60 W/cm. The sensitivity
      was determined in terms of the conveyor speed (m/min) required for curing
      each of the coating varnishes on the tin plate.
PAR  In order to evaluate the influence of sensitizers on the dark reaction,
      each coating varnish was placed in a vessel and allowed to stand in a
      thermostatic chamber maintained at 40.degree.C, and the number of days
      until gelation of the coating varnish occurred was taken as an indication
      of storage stability.
PAR  The results obtained in this Example are shown in Table 1 below. In this
      table and Table 2 shown later, 100% in the column headed Ratio indicates
      that only one sensitizer was used. When two or more sensitizers were used
      in combination, the proportion of the sensitizers is shown in the same
      column headed Ratio in terms of the weight percent relative to the total
      weight of the sensitizers.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Coating                                                                   
     Varnish                                                                   
            Sensitizer               Storage                                   
     Sample No.           Ratio                                                
                              Sensitivity                                      
                                     Stability                                 
                          (%) (m/min)                                          
                                     (day)                                     
     __________________________________________________________________________
     1      Benzoin Methyl Ether                                               
                          100 60     2                                         
     2      Benzoin Ethyl Ether                                                
                          100 "      4                                         
     3      Benzoin Butyl Ether                                                
                          100 50     "                                         
     4      Benzyl        100 8      More than                                 
                                     30                                        
     5      Azobisisobutyronitrile                                             
                          100 8      2                                         
                              (not dried)                                      
     6      Anthraquinone 100 8      More than                                 
                                     30                                        
     7      Michler's Ketone                                                   
                          100 "      "                                         
     8      Benzophenone  100 18     "                                         
     9      p-Chlorobenzophenone                                               
                          100 "      "                                         
     10     p-Bromobenzophenone                                                
                          100 "      "                                         
     11     o-Chlorobenzophenone                                               
                          100 "      "                                         
     12     4,4'-bis(Diethylamino)-                                            
            benzophenone  100 10     "                                         
     13     4,4'-bis(Diethylamino)-                                            
                           50                                                  
            benzophenone      50     "                                         
            Benzophenone   50                                                  
     14     4,4'-bis(Diethylamino)-                                            
                           50                                                  
            benzophenone      75     "                                         
            p-Chlorobenzophenone                                               
                           50                                                  
     15     4,4'-bis(Diethylamino)-                                            
                           50                                                  
            benzophenone      75     "                                         
            o-Chlorobenzophenone                                               
                           50                                                  
     16     4,4'-bis(Diethylamino)-                                            
                           50                                                  
            benzophenone      60     "                                         
            2,4-Dichlorobenzophenone                                           
                           50                                                  
     17     Benzoin Ethyl Ether                                                
                           50                                                  
            p-Chlorobenzophenone                                               
                           50 30     4                                         
     18     4,4'-bis(Diethylamino)-                                            
                           50        More than                                 
            benzophenone      20     30                                        
            Benzyl         50                                                  
     __________________________________________________________________________
PAR  As is apparent from the results shown in Table 1 above, coating varnish
      Sample Nos. 1 to 3 exhibited relatively good sensitivity but poor storage
      stability and Sample Nos. 4 to 12 were good in storage stability but poor
      in sensitivity. From the overall point of view sample Nos. 13 to 18 were
      much more excellent.
PAC  EXAMPLE 2
PAR  A magenta ink for off-set printing was prepared using the prepolymer
      obtained in Reference Example 2 and each of sensitizers indicated in Table
      2 below according to the following standard formulation:
TBL  Formulation                                                               
                           part                                                
     ______________________________________                                    
     Carmin 6BH (a trademark of                                                
                             15.0                                              
     a red pigment manufactured                                                
     by Toyo Ink Mfg. Co., Ltd.)                                               
     Prepolymer              45.8                                              
     Sensitizer              20.0                                              
     White Petrolatum        4.0                                               
     Hydroquinone            0.2                                               
     Trimethylolpropane Triacrylate                                            
                             15.0                                              
     Total                   100.0                                             
     ______________________________________                                    
PAR  Each of the resulting printing inks was printed onto an art paper (coated
      paper) in an amount of 30 mg/100 cm.sup.2 using an RI-tester manufactured
      by Akira Seisakusho. Immediately after the printing, the printed article
      was placed on a belt conveyer and passed at a distance of 13 cm below a 2
      KW-high pressure mercury lamp having an input energy of 60 W/cm. The
      sensitivity was determined in terms of the conveyor speed (m/min) required
      for drying each of the printing articles. Further, in the same manner as
      described in Example 1, each of the inks was placed in a vessel and
      subjected to the test for evaluation of the influence on the dark
      reaction.
PAR  The results obtained are shown in Table 2 below.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Ink                      Sensi- Storage                                   
     Sample No.                                                                
            Sensitizer    Ratio                                                
                              tivity Stability                                 
                          (%) (m/min)                                          
                                     (day)                                     
     __________________________________________________________________________
     1      Benzoin Ethyl Ether                                                
                          100 24     1                                         
     2      Michler's Ketone                                                   
                          100 8      More than                                 
                              (not dried)                                      
                                     30                                        
     3      Tetraethyl-p,p'-di-                                                
                          100 "      "                                         
            aminobenzophenone                                                  
     4      p-Chlorobenzophenone                                               
                          100 "      "                                         
     5      o-Chlorobenzophenone                                               
                          100 "      "                                         
     6      p-Bromobenzophenone                                                
                          100 "      "                                         
     7      Benzophenone  100 "      "                                         
     8      Tetraethyl-p,p'-                                                   
                           50                                                  
            diaminobenzophenone                                                
                              20     "                                         
            Benzophenone   50                                                  
     9      Tetraethyl-p,p'-                                                   
                           50                                                  
            diaminobenzophenone                                                
                              30     "                                         
            p-Chlorobenzophenone                                               
                           50                                                  
     10     4,4'-bis(Diethylamino)-                                            
                           10                                                  
            benzophenone      35     "                                         
            p-Chlorobenzophenone                                               
                           90                                                  
     11     4,4'-bis(Diethylamino)-                                            
                           30                                                  
            benzophenone      32     "                                         
            p-Chlorobenzophenone                                               
                           70                                                  
     12     4,4'-bis(Diethylamino)-                                            
                           60                                                  
            benzophenone      25     "                                         
            p-Chlorobenzophenone                                               
                           40                                                  
     13     4,4'-bis(Diethylamino)-                                            
                           10                                                  
            benzophenone                                                       
            p-Bromobenzophenone                                                
                           70 28     "                                         
            Benzyl         20                                                  
     __________________________________________________________________________
PAR  It was found from the above results, sensitizers which showed poor results
      when used individually as shown in Sample Nos. 2 to 7 exhibited extremely
      excellent effects when used in combination as shown in Sample Nos. 8 to
      13.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photosensitive coating composition comprising
PA1  1. a prepolymer containing radically cross-linkable ethylenically
      unsaturated double bonds, and
PA1  2. a sensitizer which comprises a mixture of (a) a halogenated benzophenone
      (b) 4,4'-bis(diethylamino)benzophenone in a weight ratio of (a) to (b) of
      about 1:2 to 10:1.
NUM  2.
PAR  2. The photosensitive coating composition of claim 1, wherein the weight
      ratio of (a) to (b) is 1:1 to 9:1.
NUM  3.
PAR  3. The photosensitive coating composition of claim 1, wherein said
      halogenated benzophenone is a bromobenzophenone or a chlorobenzophenone.
NUM  4.
PAR  4. The photosensitive coating composition of claim 1, wherein said
      sensitizer comprises a mixture of (a) p-chlorobenzophenone or
      o-chlorobenzophenone and (b) 4,4'-bis(diethylamino) benzophenone.
NUM  5.
PAR  5. The photosensitive coating composition of claim 1, wherein said
      prepolymer is an epoxy resin containing epoxy groups esterified with
      acrylic acid or methacrylic acid, an alkyd resin containing hydroxyl
      groups esterified with acrylic acid or methacrylic acid, a prepolymer
      obtained by reacting an alkyd resin with an acrylic acid-polyol ester
      using a diisocyanate or a polyester resin containing hydroxyl groups with
      an acrylic acid-polyol ester using a diisocyanate.
NUM  6.
PAR  6. The photosensitive coating composition of claim 1, wherein said
      composition is a printing ink and additionally includes a pigment and at
      least one of a wax, a stabilizer and a monomer diluent and wherein said
      sensitizer is present in an amount of about 5 to 25% by weight based on
      the total weight of the printing ink composition.
NUM  7.
PAR  7. The photosensitive coating composition of claim 1, wherein said
      composition is a clear coating varnish and includes additionally at least
      one of a wax, a stabilizer, and a monomer diluent and wherein said
      sensitizer is present in an amount of about 1 to 8% by weight based on the
      total weight of the coating varnish composition.
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ABST
PAL  A wood treating composition is provided, comprising an aqueous solution
      containing (a) a specified amount of a water insoluble zine compound,
      namely zinc carbonate, zinc oxide or zinc thiocyanate; (b) one of (i) a
      specified amount of ammonium thiocyanate, or (ii) a specified amount of
      ammonium carbonate, or (iii) a specified amount of both ammonium
      thiocyanate and ammonium carbonate; and (c) a specified amount of a zinc
      compound solubilizing amount of ammonia, the composition having a pH of 9
      or more. The components may be provided by dissolving ZnO in an aqueous
      ammonia solution containing carbonate ions, or by dissolving zinc
      carbonate in an aqueous ammonia, or by means of an aqueous ammoniacal
      solution of Zn(CNS).sub.2. The composition may also include one or more of
      the following: (a) cupric ammonium ions, (b) a vinyl polymer latex, (c)
      optionally, an acidic organic surfactant compound which is soluble in said
      ammnoiacal salt solution, or (d) an additional fungicidal agent.
PARN
PAC  RELATED INVENTION
PAR  This application is related to copending application Ser. No. 362,104,
      filed May 27, 1973, directed to arsenic-containing wood treating
      compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to compositions and procedures for the treatment of
      wood and wood products, for protection during storage and handling of the
      lumber, or as a primer of sheathing. It also relates to the treated wood
      produced so formed.
PAR  2. Description of the Prior Art
PAR  A piece of timber, due to the manner of its formation, possesses
      anisotropic structure which influences its properties and behaviour.
      Compared to competitive cladding materials, for example metals and
      plastics materials, it has a number of major disadvantages which tend to
      counteract the advantages of strength, lightness, low thermal expansion
      and desirable aesthetic features. To overcome and minimize these
      disadvantages a number of specific problems exist: the wood must be
      protected against degrading environmental factors (namely, moisture
      cycling, photodegradation and biological attack); the dimensional
      stability with respect to moisture cycling must be improved;
      photo-degradation due to sunlight must be minimized; the resistance to
      biological attack (fungus) must be improved; the adhesion of protective
      and decorative coatings must be improved; and extractives which adversely
      affect protective and decorative properties of coatings must be sealed
      within the wood. All these aims should be achieved with a treatment that
      does not alter the natural beauty of wood.
PAR  Four classes of treatments are currently used in an attempt to meet these
      requirements.
PAR  The first class is that of clear or pigmented penetrating systems which
      contain fungicides and water-repellent additives, such as, for example,
      polyethylene waxes and metal stearates in a non-aqueous solvent media.
      These treatments are deficient in that they must be repeated at regular
      intervals of 1 to 2 years to provide a desired level of protection.
PAR  The second class is that of stains and sealers. These are normally
      synthetic resin solutions, usually pigmented and designed to penetrate the
      surface of the wood. These treatments as well are deficient, and should be
      repeated every one or two years in order to provide the required degree of
      protection.
PAR  The third class is that of paint systems. Such paint systems would normally
      consist of a primer and top coats. When well applied, these will provide
      the exterior cladding protection from two to five years.
PAR  The fourth class is that of salt treatments. A number of salt treatments
      have been suggested, the most common of which are known as copper-chrome
      arsenate (CCA) and acid-copper-chromate (ACC). Presently systems of this
      type are effective to provide relatively long term durability when applied
      by pressure impregnation techniques. The CCA systems are believed to
      become fixed in the wood by oxidation-reduction reactions associated with
      the chromic acid in the compositions and it is these same reactions which
      are believed adversely to affect stability and processing characteristics.
      Moreover, while providing a high level of protection against fungal
      attack, they provide only limited protection against weathering.
PAR  Coper and zinc containing fungicides have been proposed (see U.S. Pat. No.
      2,414,661 issued Jan. 21, 1947 to A. A. Nikitin) which were prepared by
      precipitation from an aqueous solution of a zinc salt and a copper salt
      with an alkali solution containing soya bean protein, or soaps of fatty
      acids.
PAR  Fungicides have been proposed for cellulosic materials (see U.S. Pat. No.
      2,423,619 issued July 8, 1947 to L. Roon) which comprise copper soaps
      formed in situ from an aqueous solution of copper salts and aqueous
      ammonia by reaction with fatty acids.
PAR  It has also been proposed to provide water and fire resistant coatings on
      wood (see U.S. Pat. No. 2,530,458 issued Nov. 21, 1950 to H. R. Frisch) by
      the use of zinc orthophosphate or zinc orthoarsenate compositions applied
      as a concentrated solution in aqueous ammonia. Zinc arsenate, zinc
      arsenite, and zinc phosphate can all be applied from ammonia solution and,
      on drying, the salt is insoluble and fixed in the wood. However, in all of
      these cases the weather resistance of the treated wood is not signficantly
      improved.
PAR  It was proposed to improve the hardness, compressive strength
      hygroscopicity and liability to swell of wood by impregnating the wood
      with an aqueous ammoniacal solution of polycarboxylic acid containing aT
      least 6 carbon atoms. (See U.S. Pat. No. 2,768,910 issued Oct. 30, 1956 to
      H. Krzikalla and O. Lissner).
PAR  U.S. Pat. No. 2,772,263 issued Nov. 27, 1956 to C. C. Yeager proposed to
      use a compound having a high fungicidal activity in wood, which is a metal
      rosin ammonium phenoxide, prepared by reacting a rosin ammonia phenoxide
      with a water soluble salt of a metal capable of forming a complex with
      ammonia.
PAR  U.S. Pat. No. 3,007,844 issued Nov. 7, 1961 to W. O. Schuly proposed the
      use of a composition comprising a heavy metal ion, borate ions and
      chromate ions as an impregnating agent for the preservation of wood.
PAR  U.S. Pat. No. 3,105,773 issued Oct. 1, 1963 to S. Frank and D. C. Wehner
      proposed to preserve wood by imparting pesticidal and anti-thallophytic
      properties by first impregnating the wood with a water soluble heavy metal
      salt, and then with an acrylic polymer solution.
PAR  Ammoniacal copper arsenite compositions are present being used as
      preservatives.
PAC  AIMS OF THE INVENTION
PAR  While the use of the compositions outlined above provided a considerable
      level of protection against weathering and biological attack and
      effectively sealed the wood and improved the adhesion of paints applied to
      the treated wood, the level of weather resistance achieved fell short of
      what was required to being the durability of wood to a level competitive
      with other cladding materials. None of such systems provided a suitable
      balanced improvement in the following requirements, namely: to impart long
      life to the treated wood product; to provide protection without reducing
      the natural appearance of the treated wood; to be capable of being applied
      by simple (low cost) methods of application (for example, low pressure
      application); and to expand the applicability of these systems which would
      not impart a strong colour to the treated wood. A large amount of effort
      has therefore been expanded in modifying formulations to impart acceptable
      colour to the treated wood.
PAR  Therefore, prime objectives of this invention are to provide such
      compositions in which a suitable balanced improvement, namely for periods
      up to one year, is provided in the following properties, namely: a good
      level of weather resistance; low mammalian toxicity; fire retardant
      characteristics; resistance to biological and fungal attack; resistance to
      water penetration; resistance to extractive staining; adhesion properties
      between the wood and a coating, e.g. paint or glue, etc. later to be
      applied thereto; a mill treatment procedure; and no substantial adverse
      effect on lumber seasoning.
PAC  SUMMARY OF THE INVENTION
PAC  Broad Statements of the Invention
PAR  By one broad aspect of this invention, a wood treating composition is
      provided containing: (a) a water insoluble zinc compound, selected from
      the group consisting of zinc carbonate, zinc oxide and zinc thiocyanate,
      in a total amount, in the solution, of about 0.5 to about 10% by weight,
      as zinc; (b) one of (i) ammonium thiocyanate, in an amount of about 1 to
      about 28% by weight, with the mole ratio calculated as (NA.sub.4 CNS)/ZnO
      being from about 2 to about 3, or (ii) ammonium carbonate, in an amount of
      about 0.5 to about 15% by weight, with the mole ratio calculated as
      [(NH.sub.4).sub.2 CO.sub.3 ]/ZnO being from about 1 to about 1.5, or (iii)
      both ammonium thiocyanate and ammonium carbonate, in an amount of about 1
      to about 28% by weight, with the mole ratio calculated as (NH.sub.4
      CNS+(NH.sub.4).sub.2 CO.sub.3 /ZnO being from about 1 to about 3; and (c)
      a zinc salt dissolving amount of ammonia, in an amount of about 0.3 to
      about 28%, sufficient to provide a ratio of ammonia to zinc of at least
      about 0.3 to about 1, the composition having a pH of about 9 or more.
PAC  VARIANTS OF THE INVENTION
PAR  Such composition may be provided by the following solutions:
PAR  1. ZnO dissolved in an aqueous ammonia solution containing carbonate ions,
      preferably wherein the amount of ZnO is about 0.5 to about 10% by weight,
      and the aqueous ammonia solution is at a concentration of about 1 to about
      28% by weight, and with the amount of NH.sub.3 being correlated to the
      amount of ZnO to provide a mole ratio of NH.sub.3 to Zn of at least about
      0.3 to about 1, and the amount of ammonium carbonate ions being about 0.5
      to about 15% by weight, with the mole ratio of (NH.sub.4).sub.2 CO.sub.3
      to ZnO being from about 1 to about 1.5.
PAR  2. A solution of zinc carbonate in aqueous ammonia, preferably wherein the
      amount of zinc carbonate is about 0.75 to about 15% by weight and the
      aqueous ammonia is at a concentration of about 1 to about 28% by weight,
      with the mole ratio of ammonium carbonate to zinc carbonate (expressed as
      zinc oxide) being about 1 to about 1.5.
PAR  3. An aqueous ammoniacal solution of Zn(CNS).sub.2, preferably wherein the
      amount of Zn(CNS).sub.2 is about 1 to about 25% by weight, and the aqueous
      ammonia is at a concentration of about 1 to about 28% by weight, with the
      mole ratio of ammonium thiocyanate to zinc thiocyanate (expressed as zinc
      oxide) being about 2 to about 3.
PAR  By another aspect of this invention, a first modified composition includes,
      additionally, copper, as cupric ammonium ions, preferably in the
      proportion of about 30% by weight (based on the amount of zinc present)
      although lesser amounts of copper will still provide some benefits. Such
      cupric ammonium ions may be provided by dissolving copper oxide or copper
      carbonate in the ammoniacal zinc salt solution.
PAR  By another aspect of this invention, a second modified composition is
      provided in which the principal composition, or the first modified
      composition includes, additionally, up to about 10% by weight (total) of a
      vinyl polymer latex.
PAR  By yet another aspect of this invention, a third modified composition is
      provided in which the principal composition, or the first modified
      composition or the second modified composition includes, additionally, up
      to about 30% by weight (based on the amount of zinc present) of an acidic
      organic surfactant compound which is soluble in the ammoniacal salt
      solution.
PAR  By still another aspect of this invention, a fourth modified composition is
      provided, in which the principal composition, or the first, second or
      third modified composition includes, additionally, up to about 30% by
      weight (based on the amount of zinc present) of an additional fungicidal
      agent.
PAR  If the composition is to be used as a sealer primer, the presence of a
      surfactant is not necessary. However, the presence of suitable surfactants
      or wetting agents is of great importance in the application of these
      compositions by continuous spray application. Such continuous movement
      lines on which these treatments are carried out can move at a rate up to
      about 1200 feet a minute. The surfactants which are suitable for use in
      these compositions generally may be described as acidic organic compounds
      which are insoluble in water but which are solubilized by the ammoniacal
      salt solution. They are used to improve the wetting characteristics of the
      composition on wood and, where latex is also present, they are used to
      improve the stability of the polymer dispersion. These acidic organic
      compounds generally comprise aliphatic or aromatic compounds or
      halogenated derivatives thereof. The aliphatic compound generally has
      chains or loops of a length of about 10 to about 18 carbon atoms between
      acid groups. They may have complex structures in which there is more than
      one acidic group. Examples of such mterials include the following: an
      ester of phosphoric acid, decanoic acid, a phenol, a chlorinated phenol,
      or a dimer acid formed from unsaturated fatty acids. Such surfactants will
      normally be present in solution as the salt of the zinc ammonia complex.
      In some cases, it may be desirable first to prepare a zinc salt of the
      organic acid before adding it to the composition. If a latex is present,
      the surfactant is generally added to the latex and then the two solutions
      are mixed. Unlike other compositions without latex, formulations
      containing the latex will require larger quantities of the surfactant,
      depending on the type of latex used.
PAR  Another optional ingredient in the composition of an aspect of this
      invention is a latex, which may be used to enhance the effectiveness of
      this composition. The latex generally has fine particle size, about 0.01
      to about 0.1 microns, and a glass transition temperature below about
      +5.degree.C. The chemical composition is such that the latex would form
      water repellent films and would be insolubilized on drying by reaction
      with the salt composition. They are, in general, vinyl polymer latices
      produced from monomers such as, for example, styrene, vinyl acetate,
      acrylic and methacrylic monomers. Preferably, the vinyl polymer is a
      copolymer of acrylic acid, methacrylic acid, acid esters of maleic acid,
      itaconic acid or acid esters of itaconic acid, as well as
      styrene-butadiene copolymers. Thus, for example, they include copolymers
      of styrene, vinyl acetate, acrylic monomer or methacrylic monomer with
      acrylic acid, methacrylic acid, acid esters of maleic acid, itaconic acid
      or acid esters of itaconic acid, or styrene-butadiene polymers or
      2-ethylhexyl acrylate polymers.
PAR  For applications of this composition for protection of lumber during
      air-seasoning and in storage or transit, an additional fungicide may be
      added to enhance the fungicidal activity of the zinc itself or of the
      optionally added copper. The fungicides are characterized in that they are
      capable of forming insoluble salts or complexes with the zinc salts of the
      composition. They are used at levels which do not detract from the water
      repellent characteristics of the salt composition. Examples of these
      include hexamine (hexamethylenetetramine), chlorinated phenols, acids of
      arsenic, dimethylthiocarbamate, ammonium hydrosulfite,
      ethylenebis-thiocarbamate and ammonium thiocyanate.
PAR  In one procedure for preparing the composition of an aspect of this
      invention, a concentrated solution of ZnO and strong NH.sub.3 with the
      requisite amount of (NH.sub.4).sub.2 CO.sub.3 is prepared. Such
      concentrated solution is then diluted with water to obtain the desired
      concentration. If desired, the surfactant is then added to this
      composition in appropriate quantities.
PAR  The level of ammonia used in the above formulations is generally in excess
      of that required to form salts or coordinating complexes so that the
      aqueous compositions will have a pH of about 9 or higher. In addition the
      ratio of ammonia to zinc should be at least about 0.3 to about 1. The
      non-volatile solids of the compositions may vary between about 2% and
      about 60%.
PAR  While it is not desired to be limited to any particular theory, it is
      believed that the high moisture pick-up of wood is due to physical
      absorption of moisture onto cellulose chains in the microfibrils,
      resulting in a decrease in the association between neighbouring cellulose
      chains. It is felt that the improvement in moisture pick-up of the treated
      wood is due to a cross-linking action by the metal ion between
      neighbouring cellulose chains. This cross-linking action could occur due
      to the high strength of coordination linkages. It is further believed that
      resistance to photodegradation is associated with the formation of pigment
      crystals formed within the wood substance which effectively screens the
      natural polymers from the damaging radiation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a graph showing the light stability of treated and untreated
      wood, with wood loss (in mgms) as ordinate and time (in hours) as
      abscissa;
PAR  FIG. 2 is a graph showing the contact angles of water on treated spruce,
      treated with various compositions, with contact angle (in degrees) as
      ordinate and time (in seconds) as abscissa;
PAR  FIG. 3 is a graph showing water pick-up on spraying on treated and
      untreated spruce, pine and cedar, with water pick-up (in grams) as
      ordinate and time (in hours) as abscissa;
PAR  FIG. 4 is a graph showing resistance to water uptake, on a spruce substrate
      of various compositions, with water uptake (as percentage of control) as
      ordinate, and water exposure (in hours) as abscissa;
PAR  FIG. 5 is a graph showing an indication of fire retardancy, on treated
      white pine, with percent weight loss in ignition as ordinate, and salt
      retention (in grams/ft.sup.2) as abscissa; and
PAR  FIG. 6 is a graph of flame spread index of treated white pine and treated
      spruce, with flame spread index as percent of control as ordinate, and
      salt retention (in grams/ft.sup.2) as abscissa.
DETD
PAC  DESCRIPTION OF THE EXAMPLES OF THE INVENTION
PAR  The invention in certain of its embodiments is illustrated in the following
      examples in which all proportions are by weight.
PAC  EXAMPLE 1
PAC  Moisture Pickup
PAR  A treating solution according to one embodiment of this invention was
      prepared as follows: Zinc oxide and ammonium carbonate were mixed with
      concentrated (28%) aqueous ammonia solution and stirred to effect
      solution. Water was then added to achieve the following formulation:
TBL  zinc oxide             5      parts                                       
     ammonium carbonate     5      parts                                       
     aqueous ammonia solution (5%)                                             
                            90     parts                                       
PAR  White spruce and white pine panels 2 .times. 8 .times. 1/2 inches were used
      in this example.
PAR  Matched pairs of panels were cut from the same piece of lumber. One of
      these was subjected to treatment and the other was used as a control
      specimen.
PAR  The treating solution was applied to the panels by three processes: (1) by
      spray; (2) by brush; and (3) by a 10 second dip.
PAR  Treated samples and controls were subjected to a 6 hour water spray in a
      Xenon Weather-Ometer. The moisture pickup on treated specimens was less
      than half that obtained with the untreated controls.
PAC  EXAMPLE 2
PAR  A treating solution according to one embodiment of this invention was
      prepared using the procedure described in Example 1, to provide a
      composition having the following formulation:
TBL  zinc oxide            9      parts                                        
     ammonium carbonate    9      parts                                        
     copper carbonate      1      part                                         
     aqueous ammonia (10%) 81     parts                                        
PAR  Wood samples similar to those used in Example 1 were used in this Example.
PAR  The samples to be treated were pre-heated to a surface temperature of
      100.degree.C. They were then dipped for 10 seconds into the cold treating
      solution.
PAR  A. Moisture Pickup
PAR  Treated samples and untreated samples (controls) were subjected to a water
      spray for 6 hours.
PAR  The moisture pickup in the treated samples was less than 50% of that of the
      controls.
PAR  B. Erosion Resistance
PAR  Treated and untreated (control) samples were subjected to ultraviolet
      radiation using a mercury diffusion lamp placed 5 inches from the surface
      of the sample for a period of 80 hours.
PAR  The control samples suffered erosion of the surface to a depth of 1/32 to
      1/16 in. in the springwood bands. No erosion was observed with the treated
      specimens.
PAR  C. Fungal Resistance
PAR  Treated and untreated (control) samples were inoculated with spores of the
      following fungi: Neurospora, Aspergillus niger and a mixture of molds
      (Neurospora, Penicillium and Ceratacystis adiposa).
PAR  The control samples showed growth of the fungi within 1 week. Treated
      samples showed no mold growth.
PAC  EXAMPLE 3
PAC  Moisture Pickup
PAR  A treating solution according to one embodiment of this invention was
      prepared using the procedure described in Example 2 to give the following
      formulation:
TBL  zinc oxide               5 parts                                          
     ammonium carbonate       5 parts                                          
     AC61 (Trade Mark of Rohm & Haas                                           
     for its acrylic latex) (20% solids)                                       
                              50 parts                                         
     aqueous ammonia (10%)    40 parts                                         
PAR  Wood samples used in this Example were similar to those described in
      Example 1.
PAR  Test Method (A)
PAR  The samples to be treated were pre-heated to a surface temperature of
      100.degree.C. using infrared radiation and then were given two passes
      through a roller coater where the treating solution was applied (the
      application roll of the roller coater was covered by a lambs wool sleeve).
PAR  Test Method (B)
PAR  Samples to be treated were placed in a pressure vessel and were evacuated
      for 20 minutes. The treating solution was then introduced to the pressure
      vessel sufficient to cover the specimens to be treated. An over pressure
      of 100 lbs/sq. in. of air was applied and this pressure was maintained for
      3 hours. The pressure in the treating vessel was then reduced to
      atmospheric pressure and the treating solution was removed.
PAR  Samples treated by method (A) and method (B) described above and control
      samples were subjected to 6 hours water spray in a Xenon Weather-Ometer.
      Regardless of the method of treatment, the moisture pickup of the treated
      samples was less than 50% of the moisture pickup of the control samples.
PAC  EXAMPLE 4
PAC  Wet Strength Increase of Paper
PAR  A treating solution according to one embodiment of this invention was the
      same as was used in Example 1. The sample tested was Whatman No. 1 filter
      paper (unsized). The paper was dipped for 1 second into the treating
      solution and dried.
PAR  Samples of treated paper and untreated paper were cut in size 0.5 inch
      .times. 5 strips and the wet tensile strength (in the machine direction)
      was determined according to Tappi Standards Method T456-OS68 for tissue
      products.
PAR  The wet strength of the treated paper was increased by 700 percent over
      that of the untreated paper. The average wet strength of the treated paper
      was 2.2 lb. as compared to 0.3 lb. for the untreated paper. This was equal
      to 33 percent of the dry strength of the untreated paper (6.5 lbs.).
PAC  EXAMPLE 5
PAC  Light Stability
PAR  The treating solution according to one embodiment of the present invention
      was an aqueous composition having the following formulation: ZnO, 5%;
      (NH.sub.4).sub.2 CO.sub.3, 6%; NH.sub.3, 14%; decanoic acid, 0.2%. Spruce
      and pine panels, dipped in the solution, showed marked increase in the
      light resistance and water repellency of the treated panel as compared to
      untreated panels.
PAR  This is shown graphically in FIG. 1.
PAC  EXAMPLE 6
PAC  Siding Application as a Primer
PAR  The treating solution of one embodiment of the present invention as used
      herein was an aqueous composition having the following formulation: ZnO,
      5%; (NH.sub.4).sub.2 CO.sub.3, 6%; NH.sub.3, 3.5%; latex (small particle
      size butadiene-styrene latex), 5%; decanoic acid, 0.5%. The composition
      was applied to western red cedar panels as a primer-sealer and then the
      panels were top coated with a conventional exterior paint. Control panels
      were primed with diluted conventional exterior latex paint and then top
      coated with the same paint. After 200 hours in a Xenon Weather-Ometer,
      extractive staining was evident on the controls while no staining occured
      with panels primed with the composition of this invention.
PAC  EXAMPLE 7
PAC  Fire Retardancy
PAR  The treating solution of one embodiment of the present invention as used
      herein was an aqueous composition having the following formulation: ZnO,
      14.5%; (NH.sub.4).sub.2 CO.sub.3, 15.5%; NH.sub.3, 10%; decanoic acid,
      0.1%. Pine panels sprayed with this composition exhibited substantial
      reduction in flame spread index as compared to untreated panels.
PAC  EXAMPLE 8
PAC  Control of Kiln Burn
PAR  The treating solution of one embodiment of the present invention as used
      herein was an aqueous composition having the following formulation: ZnO,
      1%; (NH.sub.4).sub.2 CO.sub.3, 1.2%; NH.sub.3, 2.5%; decanoic acid, 0.1%.
      Dip treatment of green white pine boards almost completely eliminated the
      brown stain conventionally produced during kiln drying of the boards. The
      results are shown below in the following table.
TBL  ______________________________________                                    
     Effect of Ammoniacal Zinc Oxide on Number of White                        
     Pine Boards with Brown Stain after Kiln Drying                            
     Percent of Surface                                                        
                  Rough         Skip Planed                                    
     Stained      Treated  Controls Treated                                    
                                           Controls                            
     ______________________________________                                    
     0            34        1       38      1                                  
      0 - 24      6         4       2      17                                  
     25 - 49      0        11       0       9                                  
     50 or more   0        24       0      13                                  
     ______________________________________                                    
PAC  EXAMPLE 9
PAC  Reduction of Fungal Staining in Seasoning and Lumber Transit
PAR  The treating solution of one embodiment of the present invention as used
      herein was an aqueous composition having the following formulation: ZnO,
      5%; (NH.sub.4).sub.2 CO.sub.3, 6%; NH.sub.3, 3.5%; decanoic acid, 0.1%.
      Green pine skip-planed boards were dipped in the solution and sprayed with
      spores of fungi. These and matching controls were then placed in a
      tropical chamber (95% relative humidity at 70.degree.F.) for 12 days and
      examined for mold and stain fungi growth. Molds and fungi grew luxuriantly
      on the controls while the treated boards were practically free from molds
      and fungal attack.
PAR  These results are shown below in the following two tables:
TBL  Effect of Treating Solution of the Invention on Number of                 
     White Pine Boards with Fungal Discolorations                              
     after Air-Seasoning                                                       
     Amount of Staining                                                        
                       Treated    Controls                                     
     ______________________________________                                    
     None              17         1                                            
     Very slight       11         9                                            
     Slight            7          10                                           
     Moderate          1          13                                           
     Heavy             0          3                                            
     ______________________________________                                    
TBL  Effect of Treating Solution of the Invention on Number of Skip-           
     Planed White Pine Boards With Yellow Stain After Air-Seasoning            
     Amount of Staining                                                        
                       Treated    Controls                                     
     ______________________________________                                    
     None              22         1                                            
     Very slight       12         3                                            
     Slight            2          11                                           
     Moderate          0          14                                           
     Heavy             0          7                                            
     ______________________________________                                    
PAC  EXAMPLE 10
PAC  Water Repellency
PAR  The unexpected improvement in water repellency was determined by measuring
      the contact angle of various treated spruce panels. (The contact angle is
      a measure of water repellency, and is the term applied to the angle formed
      by water on the surface of a solid at the gas-solid-liquid interface,
      measured as the dihedral angle in the liquid.) The panels were treated
      with the following treating solutions: Zn(SCN).sub.2 ; ZnCO.sub.3 ; zinc
      pentachlorophenol; ZnAsO.sub.4 ; zinc pentoborate; ZnPO.sub.4 ; and
      ZnSO.sub.4. The results are shown graphically in FIG. 2.
PAR  It is seen that the treating composition of aspects of this invention has a
      surprising and unexpectedly much greater contact angle than the analogous
      treating agents of the prior art.
PAC  EXAMPLE 11
PAC  Water Pickup on Spruce, Pine and Western Red Cedar
PAR  Tests were also conducted on panels of spruce, pine and western red cedar,
      some of which had been treated with the treating composition of
      embodiments of this invention, and some of which were untreated, for
      controls and the amount of liquid water uptake in a Xenon Weather-Ometer
      was determined. It is seen from the graph in FIG. 3 that in 6 hours, the
      treated western red cedar panels took up approximately one-half as much
      water as the untreated, control panels and that the water takeup of
      treated spruce and treated pine is much less than that of untreated spruce
      and pine, respectively, and is even less than untreated cedar.
PAC  EXAMPLE 12
PAC  Water Pickup with Latex-containing Composition
PAR  The synergistic effect of the composition of another embodiment of this
      invention with, additionally a latex (e.g. a butadiene-styrene latex) was
      ascertained by determining the water takeup of a sample treated with the
      composition of this invention, and of a sample treated with the latex
      alone, and of a sample treated with the composition of this invention
      with, additionally, latex, as well as untreated control panels. The
      results are shown graphically in FIG. 4.
PAR  It is seen that while the panel treated with the composition of this
      invention took up about 75% of that taken up by the control, and while the
      latex treated panel took up about 60% of that taken up by the control, the
      composition of this invention with, additionally, the latex, took up only
      about 30%.
PAC  EXAMPLE 13
PAC  Fire Retardancy
PAR  Another desirable characteristic imparted to the wood by the treating
      composition of aspects of this invention is fire retardancy, indicated by
      decreased weight loss on ignition and by improved flame spread index.
PAR  As shown in FIG. 5, as the salt retention due to treatment with the
      composition of aspects of this invention of white pine by dipping
      increases to 4.0 g/ft.sup.2, the percent weight loss on ignition drops
      dramatically.
PAR  As shown in FIG. 6, the flame spread index is reduced proportionally to the
      amount of salt retained in the white pine or spruce panels treated with
      the composition of aspects of this invention. In the pine panels, for a
      salt retention of 4.00 g/ft.sup.2 the flame spread index is only about 75%
      of that of the control pine panel. For spruce panels, for a salt retention
      of 3.00 g/ft.sup.2, the flame spread index is only abut 65% of that of the
      control spruce panel.
PAC  EXAMPLE 14
PAC  Lumber Seasoning
PAR  It was also determined that there was no adverse effect on lumber
      seasonings by determining the loss in moisture on drying white pine
      treated with the composition of aspects of this invention. The results,
      comparing control panels with treated panels, are summarized below.
TBL  __________________________________________________________________________
     Percent Loss in Moisture on Oven Drying White Pine                        
             Board No. 1                                                       
                       Board No. 2                                             
                                 Board No. 3                                   
     Drying Time                                                               
     (hrs)   Control                                                           
                  Treated                                                      
                       Control                                                 
                            Treated                                            
                                 Control                                       
                                      Treated                                  
     __________________________________________________________________________
      6      6.42 5.73 6.32 5.90 4.03 4.06                                     
     22      23.55                                                             
                  23.39                                                        
                       24.41                                                   
                            27.01                                              
                                 16.27                                         
                                      25.63                                    
     28      28.27                                                             
                  28.49                                                        
                       31.72                                                   
                            31.26                                              
                                 24.09                                         
                                      29.92                                    
     72      52.54                                                             
                  53.05                                                        
                       60.99                                                   
                            60.95                                              
                                 54.18                                         
                                      54.82                                    
     (oven dry)                                                                
     __________________________________________________________________________
PAC  COMPARATIVE TESTS
PAR  Comparative tests were carried out following the teachings of U.S. Pat.
      Nos. 2,423,619; 2,414,661; and 2,423,616.
PAC  EXAMPLES OF TREATING WOOD WITH COPPER AND ZINC SOAPS
PAR  Copper and zinc soap solutions in ammonia were prepared as directed in U.S.
      Pat. No. 2,423,619 and wood sample were brushed with the solutions. The
      samples were then top-coated with a conventional exterior acrylic latex. A
      cross-hatch test indicated that samples brushed with zinc soap solutions
      adversely affected the adhesion of the latex to substrate. The copper soap
      solutions treated sample did not affect the adhesion appreciably.
PAR  In another experiment, brushed and top-coated cedar wood samples were
      subjected to high humidity gradients. Within two to three hours, the
      copper-soap treated samples were stained due to extractive bleed through
      while the zinc-soap treated samples blistered badly.
PAR  As a comparison, similar wood samples treated with the composition of this
      invention did not exhibit any bleed through of extractives or blistering
      over a period of six to eight hours under identical conditions. In
      addition, the adhesion of the latex top coat to the samples treated with
      the composition of this invention was good.
PAC  U.S. Pat. No. 2,414,661
PAR  The patent refers to insoluble metal soaps. As the proportions of the salts
      in the compositions of the present invention are defined in terms of zinc
      metal, the small concentrations of the ions left with the insoluble soaps
      taught in U.S. Pat. No. 2,414,661 provides a composition that does not
      possess the characteristics of the composition of the present invention.
PAC  U.S. Pat. No. 2,423,616
PAR  Applicants were unable to prepare the metal soap solutions as described in
      the patent in compositions according to the present invention. Stearic
      acid and oleic acid did not dissolve in large quantities in strong or
      dilute ammonia. One may be able to obtain solutions with ammounts below
      one percent only.
PAR  A composition has thus been provided in which the durability of the treated
      wood or wood product is vastly improved without necessarily modifying the
      natural appearance of the wood or wood product. However, formulation
      changes are permitted which will enable desired colour changes to be
      introduced. Compositions are provided in which compatible polymer/salt
      mixtures can be used which, on drying, are believed to cross-link within
      the wood substance and interact with the wood substance to provide still
      further enhanced characteristics.
PAR  The treatments using compositions of aspects of this invention confer the
      advantages indicated to the following range of wood products: lumber,
      shingles and shakes, plywood, particle-board, fiber boards, and paper
      products.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions. Consequently, such changes and modifications are properly,
      equitably, and "intended" to be, within the full range of equivalence of
      the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A treating composition comprising an aqueous solution containing:
PA1  a. a zinc compound, selected from the group consisting of zinc carbonate,
      zinc oxide and zinc thiocyanate, in a total amount, in the solution, of
      about 0.5 to about 10% by weight, as zinc;
PA1  b. an ammonium composition consisting essentially of ammonium thiocyanate
      and ammonium carbonate, in an amount of about 1 to about 28% by weight,
      with the mole ratio calculated as [NH.sub.4 CNS + (NH.sub.4).sub.2
      CO.sub.3 ]/ZnO being from about 1 to about 3; and
PA1  c. ammonia, in an amount of about 0.3 to about 28%, sufficient to provide a
      ratio of ammonia to zinc of from at least about 0.3 up to about 1, the
      composition having a pH of 9 or more.
NUM  2.
PAR  2. The wood treating composition of claim 1 including, additionally, copper
      ions.
NUM  3.
PAR  3. The wood treating composition of claim 1 including, additionally, cupric
      ammonium ions, the proportion of said cupric ammonium ions being about 30%
      by weight (based on the amount of zinc present).
NUM  4.
PAR  4. The wood treating composition of claim 1 including, additionally, cupric
      ammonium ions provided by dissolving copper oxide in the zinc salt
      solution.
NUM  5.
PAR  5. The wood treating composition of claim 1 including, additionally, cupric
      ammonium ions provided by dissolving copper carbonate in the zinc salt
      solution.
NUM  6.
PAR  6. The treating composition of claim 1 including in addition:
PA1  d. not more than about 30% by weight (based on the amount of zinc present)
      of an acidic organic surfactant compound which is soluble in said
      ammoniacal salt solution.
NUM  7.
PAR  7. The wood treating composition of claim 6 wherein said surfactant
      compound comprises an ester of phosphoric acid, decanoic acid, a phenol, a
      chlorinated phenol, or a dimer acid formed from an unsaturated fatty acid.
NUM  8.
PAR  8. The treating composition of claim 1 including in addition:
PA1  e. not more than about 30% by weight (based on the amount of zinc present)
      of an additional fungicidal ingredient.
NUM  9.
PAR  9. The wood treating composition of claim 8 wherein said additional
      fungicidal ingredient comprises hexamine, a chlorinated phenol,
      dimethylthiocarbamate, ammonium hydrosulfite, ethylene-bis-thiocarbamate,
      or an acid of arsenic.
NUM  10.
PAR  10. A concentrated aqueous solution, containing
PA1  a. a zinc compound, selected from the group consisting of zinc carbonate,
      zinc oxide and zinc thiocyanate,
PA1  b. an ammonium composition consisting essentially of both ammonium
      thiocyanate and ammonium carbonate, the mole ratio [(NH.sub.4).sub.2
      CO.sub.3 + NH.sub.4 CNS]/ZnO being about 1 to about 3; and
PA1  c. ammonia, the mole ratio NH.sub.3 /Zn being from at least about 0.3 up to
      about 1, and adapted, when diluted with water, to provide a wood treating
      composition as claimed in claim 1.
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APD  19730521
TTL  Heavy duty aqueous wood preservative
ISD  19760323
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CTY  Ottawa
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ISD  19430200
NAM  Ritter
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      Reinhold Company, 1966. (pp. 247 and 1031 relied on).
LREP
FRM  Flynn & Frishauf
ABST
PAL  An aqueous wood treating and/or preservative composition is provided. The
      composition has a pH of 9 or more. Of the ions present in the composition,
      the cations are copper ammonium and/or zinc ammonium ions, while the
      anions include arsenic or arsenious ions, as well as further anions of an
      acid ester of phosphoric acid or carbonate or bicarbonate or both such
      acid ester of phosphoric acid and a, which anions have a solubility of
      .gtoreq.0.2% in concentrated (28%) aqueous ammonia. The further anions are
      derived from components which are insoluble in water. Wood treating
      procedures and treated wood products so-provided are also provided.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to compositions and procedures for the treatment of
      wood and wood products. The wood products may be used either as materials
      which are to have high aesthetic considerations, (e.g. structural lumber
      for housing, wall planks, siding, window sashes, roof decks, shingles and
      shakes, stadium seats, picnic tables, farm silos and poles in special
      areas and hereinafter referred to as "Group I materials") or as materials
      which are to have low aesthetic considerations, (e.g. foundation piles,
      poles, posts and fences, ties, marine structures, highway and bridge
      construction, laminated systems for exterior use, and cooling towers, and
      hereinafter referred to as "Group II materials"). Such compositions and
      treatment procedures are designed to provide protection not only during
      the storage and the handling of the lumber, or as use as a primer of
      sheathing, but also to provide protection during the final use of the wood
      and wood products. It also relates to the treated wood products so formed.
PAR  2. Description of the Prior Art
PAR  A piece of timber, due to the manner of its formation, possesses
      anisotropic structure which influences its properties and behaviour.
      Compared to competitive cladding materials, for example metals and
      plastics materials, it has a number of major disadvantages which tend to
      counteract the advantages of strength, lightness, low thermal expansion
      and desirable aesthetic features (for Group I materials). To overcome and
      minimize these disadvantages a number of specific problems exist: the wood
      must be protected against degrading environmental factors (namely,
      moisture cycling, photodegradation and biological attack); the dimensional
      stability with respect to moisture cycling must be improved;
      photodegradation due to sunlight must be minimized; the resistance to
      biological attack (fungus) must be improved; the adhesion of protective
      and decorative coatings must be improved; and extractives which adversely
      affect protective and decorative properties of coatings must be sealed
      within the wood. In the case of Group I materials, moreover, such aims
      should be achieved with a treatment that does not alter the natural beauty
      of wood.
PAR  Protective systems for both groups should impart not only protection
      against biological degradation, but also considerable weather resistance.
      The special needs of Group I materials are high protection against
      weather, and against biodegradation and, additionally, providing
      protection against fire and maintaining the natural appearance of wood
      without discoloration after treatment. The system should provide weather
      resistance with enhanced fire resistancy and no discoloration after
      treatment. The treated material should also be clean and paintable.
PAR  The desirability of properties for materials with high aesthetic
      consideration (Group I) and for materials of low aesthetic consideration
      (Group II) are shown in the following two tables:
     Desirability of Properties for Material with High Aesthetic               
     __________________________________________________________________________
     Consideration                                                             
              Toxic to   Resistant to                                          
                                   Clean                                       
              Fungi &                                                          
                   Water Flame                                                 
                             Glow  or    Not                                   
     Material Insects                                                          
                   Repellent                                                   
                         Spread                                                
                             Combustion                                        
                                   Paintable                                   
                                         Discolored                            
     __________________________________________________________________________
     Structural                                                                
      lumber for                                                               
      housing +    +     +   +     +     +                                     
     Wall planks                                                               
              +(-) +     +   +     +     +                                     
     Siding   +    +     +   +     +     +                                     
     Window sashes                                                             
              +    +     +   +     +     +                                     
     Roof decks                                                                
              +    +     +   +     +     +                                     
     Shingles &                                                                
      shakes  +    +     +   +     +     +                                     
     Stadium seats                                                             
              -    +     +   -     +     +                                     
     Picnic tables                                                             
              +    +     -   -     +     +                                     
     Farm silos                                                                
              +    +     -   -     +     +(-)                                  
     Poles in special                                                          
      areas   +    +     -   +     +     +                                     
     __________________________________________________________________________
TBL  Desirability of Properties for Material with Low Aesthetic                
     __________________________________________________________________________
     Consideration                                                             
              Toxic to   Resistant to                                          
                                   Clean                                       
              Fungi &                                                          
                   Water Flame                                                 
                             Glow  or    Not                                   
     Material Insects                                                          
                   Repellent                                                   
                         Spread                                                
                             Combustion                                        
                                   Paintable                                   
                                         Discolored                            
     __________________________________________________________________________
     Foundation                                                                
      piles   +    +     -   -     -     -                                     
     Poles    +    +     -   +     -     -(+)                                  
     Posts & fences                                                            
              +    +     +   +     -     -                                     
     Ties     +    +     -   -(+)  -     -                                     
     Marine struc-                                                             
      tures   +    +     -(+)                                                  
                             -     -     -                                     
     Highway &                                                                 
      bridge con-                                                              
      struction                                                                
              +    +     -   -(+)  -     -                                     
     Laminated sys-                                                            
      tems (exterior                                                           
      use)    +    +     -   -     +     -                                     
     Cooling towers                                                            
              +    +     -   -     -     -                                     
     __________________________________________________________________________
PAR  Four classes of treatments are currently used in an attempt to meet these
      requirements, for both Group I materials and Group II materials.
PAR  The first class is that of clear or pigmented penetrating systems which
      contain fungicides and water-repellant additives, such as, for example,
      polyethylene waxes and metal stearates in a non-aqueous solvent media.
      These treatments are deficient in that they must be repeated at regular
      intervals of 1 to 2 years to provide a desired level of protection.
PAR  The second class is that of stains and sealers. These are normally
      synthetic resin solutions, usually pigmented and designed to penetrate the
      surface of the wood. These treatments as well are deficient, and should be
      repeated every one or two years in order to provide the required degree of
      protection.
PAR  The third class is that of paint systems. Such paint systems would normally
      consist of a primer and top coats. When well applied, these will provide
      the exterior cladding protection from 2 to 5 years.
PAR  The fourth class is that of salt treatments. A number of salt treatments
      have been suggested for Group I materials generally, and as clean systems
      for Group II materials, the most common of which are known as
      copper-chrome arsenate (CCA), acid-copper-chromate (ACC) and ammonia-cal
      copper salts. Presently systems of this type are effective to provide
      relatively long term durability when applied by pressure impregnation
      techniques. While such systems are effective in preventing biological
      deterioration of wood and provide clean and paintable surfaces, they,
      however, suffer from several disadvantages. CCA preservatives have low
      stability under storage and processing conditions and penetration into
      wood is limited. ACC preservatives cannot penetrate refractory species but
      water repellency of wood treated by ACC is good. Ammoniacal copper salts
      provide extremely stable treating solutions and produce a treated wood
      product which is clean, in which the preservative penetrates deeply into
      the wood substance (particularly in the case of refractory species), but
      which provides negligible protection to the products against weathering.
      All systems provide products which are more or less colored; thus the
      natural appearance of wood is changed or covered by the colored
      preservative and so is unsuitable for Group I materials. Furthermore, none
      of these systems provides protection against glowing combustion. The CCA
      systems are believed to become fixed in the wood by oxidation-reduction
      reaction associated with the chromic acid in the compositions and it is
      these same reactions which are believed adversely to affect stability and
      processing characteristics. Moreover, while providing a high level of
      protection against fungal attack, they provide only limited protection
      against weathering.
PAR  In the case of Group II materials, two main preserving systems are used,
      namely, (1) creosote, and (2) pentachlorophenol in pole oil. These
      preserving systems are effective in (1) preventing fungal and insect
      attack on the wood substance; and (2) in preventing weathering of the
      timber. Both of these requirements are important where long life is
      required in wood exposed to the weather. However, these treatments suffer
      from several disadvantages. The most important of these is low cleanliness
      and lack of paintability. Oil in these systems exudes to the surface
      making the wood unpleasant (dangerous) to handle, impossible to paint, and
      provides a surface which readily accumulates dirt.
PAR  Preservative systems which provide colorless material preserving more or
      less the natural appearance of the wood and which are suitable for Group I
      materials, and as clean systems for Group II materials which are available
      at the present time are the oil-free pentachlorophenol systems using
      liquified gas or highly chlorinated aliphatic hydrocarbons as a solvent
      end vehicle for pentachlorophenol. Data indicates that products produced
      by these processes are inferior in weather resistance to wood products
      impregnated by oil-borne preservatives. However, the cleanliness and
      paintability of such products is good. However, treatments with oil-borne
      preservatives cover up the natural appearance of wood and leave wood
      generally unsuitable for the application of finishes. Moreover, neither of
      the above-mentioned systems protects the wood against glowing combustion.
PAR  Thus, each of the preserving systems mentioned above has disadvantages and
      these can be summarized as follows:
PAR  The major disadvantage of the use of creosote and pentachlorophenol oil
      treatment is their low cleanliness and their lack of paintability.
PAR  The major disadvantage of the use of copper-chrome-arsenate systems is
      limited stability of the treating solution under processing conditions.
PAR  The major disadvantage of the use of ammoniacal copper compounds is the
      lack of weathering resistance of the treated wood product.
PAR  The major disadvantage of the use of oil-free pentachlorophenol treatments
      is the lack of weathering properties relative to the creosote and
      pentachlorophenol-oil systems.
PAR  Copper and zinc-containing fungicides which have been proposed, (see U.S.
      Pat. No. 2,414,661 issued Jan. 21, 1947 to A. A. Nikitin), were prepared
      by precipitation of a zinc salt and a copper salt from an aqueous solution
      with an alkali solution containing soya bean protein, or soaps of fatty
      acids.
PAR  Fungicides, which have been proposed for cellulosic materials, (see U.S.
      Pat. No. 2,423,619 issued July 8, 1947 to L. Roon) comprise copper soaps
      formed in situ from an aqueous solution of copper salts and aqueous
      ammonia by reaction with fatty acids.
PAR  It has also been proposed to provide water and fire-resistant coatings on
      wood, (see U.S. Pat. No. 2,530,458 issued Nov. 21, 1950 to H. R. Frisch)
      by the use of zinc orthophosphate or zinc orthoarsenate compositions
      applied as a concentrated solution in aqueous ammonia.
PAR  It has been proposed, (see U.S. Pat. No. 2,768,910 issued Oct. 30, 1956 to
      H. Krzikalla and O. Lissner) to improve the hardness, compressive
      strength, hygroscopicity and liability to swell of wood by impregnating
      the wood with an aqueous ammoniacal solution of polycarboxylic acid
      containing at least six carbon atoms.
PAR  It has been proposed, (see U.S. Pat No. 2,772,263 issued Nov. 27, 1956 to
      C. C. Yeager) to use a compound having a high fungicidal activity in wood,
      which compound is a metal rosin ammonium phenoxide-complex metal
      carboxylic acid soap compound, prepared by reacting a rosin ammonium
      phenoxide with a water-soluble salt of a metal capable of forming a
      complex with ammonia.
PAR  It has also been proposed, (see U.S. Pat. No. 3,007,844 issued Nov. 7, 1961
      to W. O. Schuly) to use a composition comprsing a heavy metal ion, borate
      ions and chromate ions as an impregnating agent for the preservation of
      wood.
PAR  It has further been proposed, (see U.S. Pat. No. 3,105,773 issued Oct. 1,
      1963 to S. Frank and D. C. Wehner) to preserve wood by imparting
      pesticidal and anti-thallophytic properties thereto by first impregnating
      the wood with a water-soluble heavy metal salt, and then with an acrylic
      polymer solution.
PAR  It has still further been propsed (see U.S. Pat. No. 1,942,977 issued Jan.
      9, 1934 to E. E. M. Payne) to treat wood products with a solution of one
      or more ammonium phosphates and then with a solution containing acid
      phosphates of magnesium and zinc, in order to precipitate an insoluble
      phosphate within the cell structure of the material, thereby to improve
      the color of the materials and to render the treated material resistant to
      fire.
PAR  It has also been proposed, [see British Pat. No. 1,220,281 published Jan.
      27, 1971 in the name of Hickson's Timber Impregnation Co. (G.B.) Ltd.] to
      treat wood with an aqueous emulsion containing an aqueous solution of a
      wood preservative composition based on hexavalent chromium, a
      water-insoluble insecticide in a liquid hydrocarbon solvent, and a
      non-ionic surface active agent. The emulsion is used by impregnation of
      the wood by means of a pressure process, to provide protection against
      fungal attack and against a variety of insects.
PAR  A paper in the Forest Products Journal, Vol. 20, No. 11, Nov. 1970 by M. P.
      Levi et al entitled "Distribution and Effectiveness in Pinus Sp. of a
      Water Repellant additive for Water-Borne Wood Preservatives" discusses the
      development of a water repellent additive for use with water-borne CCA
      preservatives to overcome the deficiency of prevention of weathering
      degradation.
PAR  Ammoniacal copper arsenite compositions are presently being used as
      preservatives. Zinc arsenate, zinc arsenite, and zinc phosphate can all be
      applied from an acetic acid solution and, on drying, the salt is insoluble
      and fixed in the wood. However, in all of these cases, the weather
      resistance of the treated wood is not significantly improved.
PAR  While the use of the compositions outlined above has tended to provide a
      considerable level of protection against specific degrading agencies, none
      of them provides a suitable balance of properties such as, for example,
      excellent stability, high weather resistance, paintability, good wood
      penetration and good water repellency. Additionally some of the
      compositions outlined provide in the one system not only the protective
      properties mentioned avove, but also a measure of protection against fire
      and do not adversely affect the natural appearance of the treated wood.
PAC  SUMMARY OF THE INVENTION
PAR  1. Main Aims of the Invention
PAR  Therefore, prime objectives of this invention are to provide such
      compositions in which a suitable balanced improvement is provided in the
      following properties, namely: a good level of weather resistance; low
      mammalian toxicity; resistance to biological and fungal attack; resistance
      to water penetration; resistance to extractive staining; substantially no
      adverse effect on protection against glowing combustion; good adhesion
      properties between the wood and a coating, e.g. paint or glue, etc. later
      to be applied thereto; and no substantial adverse effect on lumber
      seasoning.
PAR  2. Broad Statement of the Invention
PAR  According to a broad concept of this invention, a wood treating composition
      is provided which is based on copper and/or zinc ammonium complexes
      containing arsenic anions (As.sup.III or As.sup.V) and other additives,
      all components being soluble in one common aqueous ammoniacal solution. In
      the above-noted composition, the preservative compounds in the form of
      water-insoluble salts of zinc or copper or a mixture of these are
      solubilized in admixture with certain specified water repellent compounds
      in the ammoniacal solution.
PAR  3. Variants of the Invention
PAR  In other words, in a broad aspect of this invention, a wood treating
      composition is provided, comprising an aqueous solution containing (a) a
      normally water-insoluble compound of zinc and/or copper with arsenic acid
      or arsenious acid in an amount of about 0.1 to about 4% by weight (as Zn
      or Cu metal) of the total aqueous solution; (b) about 0.15 to about 10% by
      weight of the total aqueous solution of a water repellent component, such
      component comprising either (i) a water-insoluble organic acidic compound
      having a solubility .gtoreq. about 0.2% in concentrated aqueous ammonia,
      in an amount of about 0 to about 200% of the zinc or copper, (ii)
      carbonate or bicarbonate ions in an amount of about 0 to about 150% of
      zinc or copper, or (iii) a combination of carbonate ions or bicarbonate
      ions and the aforesaid water-insoluble organic compound in an amount of
      about 0 to about 150% of the zinc or copper; and (c) ammonia, in an amount
      of about 1 to 28% by weight of the total aqueous solution; the ammonia
      being sufficient to solubilize the normally water-insoluble salt of zinc
      or copper, and the normally water-insoluble water repellant compound.
PAR  The constituents of the preservative composition may range in concentration
      (expressed as percentage by weight of the total) as follows:
     1.                                                                        
       Zinc and/or copper arsenic compound, present                            
       as the arsenate or the arsenite                                         
                               about 0 to about 4 (as                          
                               Zn or Cu metal)                                 
     2.                                                                        
       Water repellent, the water repellent being                              
       an organic acidic compound present in pro-                              
       portions ranging between about 0% and about                             
       200% of the zinc or copper; or carbonate or                             
       bicarbonate ions present in proportions                                 
       ranging between about 0% and about 150% of                              
       the zinc or copper; or the mixtures                                     
       thereof                 about 0.15 to about 10                          
       and                                                                     
     3.                                                                        
       Ammonia                 about 1 to about 28                             
PAR  By another aspect of this invention, a procedure is provided for protecting
      cellulosic products which comprises impregnating such cellulosic products
      by applying an aqueous solution (as described above) to the surfaces of
      such cellulosic products and then drying the surfaces with the resulting
      loss of ammonia. Preferably, the impregnation is conducted in such a way
      as to provide a penetration of at least about 1/4 inch (if the cellulosic
      product is thicker than about 1/2 inch).
PAR  By yet another aspect of this invention, a concentrated preservative
      composition is provided which includes a zinc or copper arsenic  compound
      or mixtures of zinc and copper arsenic compounds in which the arsenic
      compound is present as the arsenate or the arsenite, a water-repellent
      which is an organic acidic compound, and concentrated aqueous ammonia, in
      which the amounts of the zinc and/or copper are directly proportional to
      the amount of the arsenic compound, but which generally vary in a soluble
      amount, up to about 80%, the zinc being present in an amount of about 25%
      to about 80%; the copper being present in an amount of about 15% to about
      25%; and the amount of zinc and copper being present in an amount of about
      25% to about 50%; the concentrate being dilutable to give a composition as
      described above.
PAR  4. Further characteristics of the Invention
PAR  Whether copper and/or zinc is used, the organic acidic component may
      generally be defined as an acidic compound which is insoluble in water but
      which is capable of forming compounds with the metal ammonia complex which
      are soluble in aqueous ammoniacal solution. The organic acidic component
      has a solubility of .gtoreq. about 0.5%, preferably &gt; about 3% in
      concentrated aqueous ammonia (about 28%). Such component may be a
      substantially water-insoluble monocarboxylic acid having between about 8
      and about 15 carbon atoms in the carboxylic acid and being either
      unsubstituted or substituted with hydrocarbon radicals, hydroxyl radicals
      or halogens. Examples include saturated fatty acids, for example,
      octanoic, nonanoic (pelargonic), capric (decanoic), lauric (dodecanoic),
      myristic (tetradecanoic); unsaturated fatty acids, for example,
      .DELTA..sup.9,10 -decylenic, .DELTA..sup.9,10 -dodecylenic. The preferred
      materials are those saturated and unsaturated higher aliphatic acids
      containing from nine to fifteen carbon atoms. Other organic acidic
      compounds which may be used are maleinized unsaturated fatty acids or
      esters from animal or vegetable sources, such as, for example, sardine and
      other fish oils, lard, coconut oil, sesame oil, soybean oil, tung oil,
      corn oil, and having an acid value of about 200 to about 500; maleinized
      unsaturated fatty acids, oils and resins formed by the reaction of maleic
      acid or maleic alkyds with the fatty polycarboxylic acids having an acid
      value between about 200 and about 500; aromatic carboxylic acids and
      derivatives thereof having an acid value between about 200 and about 500;
      the acid esters of phosphoric acid with monohydric alcohols or fatty
      alcohols having an acid value between about 200 and about 500;
      condensation polymers in which the acid value is between about 200 and
      about 500; and any mixtures of the above.
PAR  In the present specification, the term acid value is that given in Sec. 3.1
      on page 57 of the text "Modern Surface Coatings" Nylen and Sunderland,
      Interscience Publishers (1965). The test method to determine "acid value"
      is given in American Standard Test Method D556-61.
PAR  In addition, the term "maleinized" is that given in the descriptions of
      maleinized oils and maleinized resins given in Sec. 3.6 on Page 113 and in
      Sec. 5.1 on page 171 respectively of the above-identified text "Modern
      Surface Coatings".
PAR  Other acids which may be used include synthetic polycarboxylic acids such
      as, for example, polyesters and alkyds having an acid value between about
      200 to about 500.
PAR  The above-identified organic acidic compounds may be used as the sole
      water-repellent agent, or may be used in admixture with a carbonate ion,
      or a bicarbonate ion. The carbonate ion or bicarbonate ion can be provided
      either by selection of the zinc carbonate, zinc bicarbonate, copper
      carbonate or copper bicarbonate, or it can be formed by reaction of a
      suitable zinc or copper salt, e.g., the oxide with ammonium carbonate or
      ammonium bicarbonate in the ammonia solution. In addition, the carbonate
      or the bicarbonate may be used as the sole water-repellent agent or may be
      used in admixture with the above-identified organic acidic compounds.
PAR  One way of selecting the organic acidic component is by determining its
      solubility in a solution of ammonia in water of about 28%. The organic
      acidic components are characterized in that they form compounds with
      copper and/or with zinc which are water insoluble, but which are soluble
      to greater than about 0.2%, preferably greater than about 3%, in an
      aqueous ammonia solution of about 28%.
PAR  If the composition within the ambit of this invention is one containing
      zinc ions, the wood material provided, according to another aspect of this
      invention, is one having high aesthetic considerations. The essential
      presence of arsenic acids or arsenious acids or mixtures thereof in such
      composition results in a composition which protects the wood against
      biological degradation. When carboxylic acids and/or carbonic or
      bicarbonic acid ions are present in the composition, the composition
      imparts high water repellency and weather resistance to the wood. When
      carbonic or bicarbonic acid ions or mixtures thereof are present in the
      composition, the composition imparts protection to the wood against
      glowing combustion.
PAR  If the solution is one containing copper ions, the wood material provided,
      according to yet another aspect of this invention, is one having low
      aesthetic considerations. The essential presence of arsenic acids or
      arsenious acids or mixtures thereof in such composition results in a
      composition which protects the wood against biological degradation. When
      carboxylic acids and/or carbonic or bicarbonic acid ions are present in
      the composition, the composition imparts high water repellency and weather
      resistance to the wood.
PAR  The level of ammonia used in the compositions described above is generally
      in excess of that required to form the copper or zinc salts or
      coordinating complexes; the aqueous compositions will generally have a pH
      of about 9 or higher. The non-volatile solids of the compositions may vary
      between about 1% and about 25% (in the case of zinc), or between about 1%
      and about 15% (in the case of copper, or mixtures of copper and zinc).
PAR  In one embodiment, compositions for Group I materials are provided. These
      compositions comprise an aqueous solution of a zinc ammonium arsenate or
      arsenious complex with the water-repellant additive in the form of
      carbonate or carboxylic acids, as defined above, which is characterized by
      its ability to give rapid penetration into wood substance and which on
      drying leaves wood with its natural appearance and color, resistant to
      biological deterioration, resistant to weathering and resistant to glowing
      combustion. The treating solution has excellent stability under processing
      conditions.
PAR  One example of a treating composition according to the specific needs for a
      material in Group I is:
TBL  zinc meta arsenite                                                        
                      about 1.5 parts by weight                                
     zinc carbonate   about 4.5 parts by weight                                
     decanoic acid    about 3  parts by weight                                 
     aqueous ammonia (about 5%                                                 
      ammonia in water)                                                        
                      about 91  parts by weight                                
PAR  In another embodiment of the invention, for Group II material use, the
      composition comprises an aqueous solution of a copper ammonium arsenic or
      arsenious complex with the water-repellent additive in the form of
      carbonate or carboxylic acids, as defined above, which is characterized in
      that it gives rapid penetration into the wood substance and which, on
      drying, renders the wood resistant to weathering and resistant to
      biological deterioration. The treating solution has excellent stability
      under processing conditions.
PAR  One example of a composition according to specific needs for a material in
      Group II is:
TBL  copper arsenate     about 3 parts by weight                               
     copper carbonate    about 3 parts by weight                               
     organic additive    about 2 parts by weight                               
      as e.g. decanoic acid                                                    
     aqueous ammonia (about 5%                                                 
                         about 92 parts by weight                              
      ammonia in water)                                                        
PAR  The compositions described for both Group I material and Group II material
      application may be applied to the wood by known application methods, for
      example, by brush, spray or dip treatments or by impregnation techniques.
PAR  In use, the preservative composition impregnates the wood, and after being
      dried with the resulting loss of ammonia, the preservative compounds
      become fixed in the wood substance. The treated wood is resistant against
      decay and insect attack, has high water repellency, and increased
      protection against glowing combustion. The composition penetrates
      efficiently into even refractory species and on drying renders wood highly
      resistant to weather and to biological attack.
PAR  While it is not desired to be limited to any particular theory, it is
      believed that the high moisture pick-up of wood is due to physical
      absorption of moisture onto cellulose chains in the microfibrils,
      resulting in a decrease in the association between neighbouring cellulose
      chains. It is believed further that the composition changes the
      hydrophylic nature of the wood surface (both external and internal) to a
      hydrophobic nature and thereby increases the weather resistance of the
      treated wood substance.
PAR  It is felt that the reduction in moisture pick-up of the treated wood is
      due to a cross-linking action by the zinc or copper ions between
      neighbouring cellulose chains. This cross-linking action may well occur
      due to the high strength of coordination linkages. It is further believed
      that resistance to photodegradation is associated with the formation of
      pigment crystals formed within the wood substance which effectively
      screens the natural polymers from the damaging radiation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be better understood and its numerous objects and
      advantages will become apparent to those skilled in the art by reference
      to the accompanying drawings, in which
PAR  FIG. 1 is a graph showing the contact angles of water on red pine wood
      treated with various wood treating compositions, with contact angle (in
      degrees) as ordinate and time of wetting (in minutes) as abscissa, to give
      an indication of water repellency;
PAR  FIG. 2 is a graph showing resistance to water uptake, on nontreated red
      pine (a control) and on red pine substrates after exposure to various
      treating compositions, with water uptake (as percentage of oven dry
      weight) as ordinate, and exposure time (in hours) as abscissa, to give an
      indication of water repellency;
PAR  FIG. 3 is a graph showing penetration of preservative into white spruce (a
      refractory species) with liquid content (% of oven dry weight) as
      ordinate, and immersion time (hours) as abscissa, to give an indication of
      preservative penetration; and
PAR  FIG. 4 is a graph showing the loss of wood due to decay (as ordinate) and
      percent concentration of treating solution (as abscissa) to give an
      indication of resistance to bacterial attack.
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PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The invention in certain of its embodiments is illustrated in the following
      examples in which all proportions are by weight.
PAR  The invention, with respect to compositions for use with Group I materials,
      is illustrated as follows in Examples I-IV, where all proportions are by
      weight.
PAC  EXAMPLE I
PAC  Treating solution preparation
PAR  Solutions of the zinc salts and of the organic acidic component, namely
      nonanoic acid, were prepared in concentrated aqueous ammonia solution
      (about 28% NH.sub.3) at room temperature, and were then diluted with
      distilled water to give the following formulation:
TBL  zinc arsenate           4 parts by weight                                 
     nonanoic acid           2 parts by weight                                 
     zinc carbonate          1 part by weight                                  
     aqueous ammonia solution (7%)                                             
                            93 parts by weight                                 
PAC  Preservative treatment of wood product
PAR  The above-described solution has been used for pressure treating of pole
      sections of white spruce, 7 in. diameter, 48 in. long. Specimens were
      loaded in a pressure vessel, which was evacuated to 26 in. Hg vacuum and
      maintained under vacuum for one hour. Then, the preservative solution was
      introduced into the pressure vessel and the pressure was increased up to
      120 psi with compressed air and was maintained at that pressure for 5
      hours. The temperature was increased up to 150.degree.F. during treatment.
      After the pressure was released, the samples were kept for the next 12
      hours immersed in the solution. The retention of the preservative solution
      in treated specimens was found to be 19 lb/cu.ft. The depth of penetration
      in the middle of the samples, measured on center cross-sections, was from
      1/2in. to 3/4in.
PAC  EXAMPLE II
PAR  A treating solution was prepared the same way as in Example I, but the
      concentration and components of solutions were different as follows:
TBL  zinc arsenate          4.5 parts by weight                                
     zinc carbonate         2.0 parts by weight                                
     monododecyl phosphate  0.2 parts by weight                                
     aqueous ammonia solution (7%)                                             
                           93.3 parts by weight                                
PAC  Preservative treatment
PAR  The treatment was carried out on red pine pole sections 8 in. diameter and
      48 in. long. The treating procedure was the same as in Example I but the
      initial vacuum was held for 30 minutes only and for 5 hours at 115 psi
      presure, during which time the specimens were immersed in the preservative
      solution. An additional period of 5 hours was used to keep the pole
      sections in the preservative solution without any pressure. The
      temperature during the pressure treatment was 155.degree.F. The gross
      retention of the treating solution reached 29.6 lb/cu.ft. and the depth of
      penetration, measured on center cross-sections, achieved 11/4 to 11/2 in.
PAC  EXAMPLE III
PAR  The following composition was used for non-pressure treatment of white
      spruce lumber 2 .times. 4 .times. 48 inches:
TBL  zinc arsenate           1 part by weight                                  
     decanoic acid           3 parts by weight                                 
     zinc carbonate          3 parts by weight                                 
     aqueous ammonia solution (10%)                                            
                            93 parts by weight                                 
PAR  The treatment was carried out in the same manner as described in Example I
      starting with an initial 1 hour vacuum, but in which no pressure was
      applied during 5 hours treatment when the lumber was immersed in the
      treating solution. The temperature was increased up to 175 .degree.F. in
      the treating cylinder and was held there for 5 hours. Cooling of the
      specimens in the preservative solution followed for the next 16 hours. The
      depth of penetration, on center cross-sections, was observed to be 3/8-1/2
      inch.
PAC  EXAMPLE IV
PAR  The non-pressure preservative treatment of red pine lumber 2 .times. 6
      .times. 48  in. was carried out the same way as in Example III. The
      preservative solution used had the following composition:
TBL  zinc arsenate           1 part by weight                                  
     zinc oxide              5 parts by weight                                 
     ammonium carbonate      2 parts by weight                                 
     dibutyl phosphate      0.2 parts by weight                                
     aqueous ammonia solution (10%)                                            
                           91.8 parts by weight                                
PAR  After treatment, the depth of preservative penetration was measured on
      center cross-sections and was found to be from 1/2 to 1 inch.
PAR  The invention, with respect to compositions for use with Group II
      materials, is illustrated as follows in Examples V-VIII in which all
      proportions are by weight.
PAC  EXAMPLE V
PAR  Preparation of preservative treated wood products.
PAC  Treating Solution Preparation
PAR  Saturated solutions of the copper salts and the organic acidic components,
      e.g. lauric acid, were prepared in concentrated aqueous ammonia solution
      (28%) at room temperature. The required amount of these solutions was
      mixed with water and concentrated ammonia solution (28%) to give the
      following formulation:
TBL  copper carbonate        1 part by weight                                  
     copper arsenate         1 part by weight                                  
     lauric acid            0.5 parts by weight                                
     aqueous ammonia solution (5%)                                             
                           98.5 parts by weight                                
PAC  Preservative Treatment of Wood Products
PAR  The treating solution described above was used to treat white spruce lumber
      and round wood specimens.
TBL  ______________________________________                                    
     Lumber                                                                    
     Dimensions     1.8 .times. 1.8 .times. 48 inches                          
     Moisture content                                                          
                    8 - 10%                                                    
     Round Wood (logs)                                                         
     Dimensions     7 inches diameter .times. 48 inches long                   
     Moisture content                                                          
                    30%                                                        
     ______________________________________                                    
PAR  The specimens were loaded into a pressure vessel and evacuated to 26 1/2
      in. Hg and maintained under vacuum for one hour. The pressure was
      increased in the vessel to 10 in. Hg with ammonia gas before introducing
      sufficient treating solution completely to cover the specimens. The
      pressure in the treating vessel was raised to 100 p.s.i. with compressed
      air. The temperature of the treating solution was raised from 75.degree.F.
      to 150.degree.F. over the first three-hour period and was reduced to
      100.degree.F. over the next three hours while maintaining an overpressure
      of 100 p.s.i. The pressure was then reduced to 10 p.s.i. before pumping
      the treating solution back into a hold tank.
PAR  The retention of the treating solution in the wood specimens was determined
      24 inches from the ends of the specimens and average values were as
      follows:
TBL  Lumber            18 lb/cu.ft.                                            
     Logs              23.3 lb/cu.ft.                                          
PAC  EXAMPLE VI
PAR  Preparation of preservative treated wood products.
PAC  Treating Solution Preparation
PAR  A saturated solution of the copper salts along with the organic acidic
      component, e.g. decanoic acid, was prepared in concentrated aqueous
      ammonia solution (28%) at room temperature. The required amount of these
      solutions was mixed with additional decanoic acid, water and concentrated
      ammonia solution (28%) to give the following formulation:
TBL  copper arsenate         3 parts by weight                                 
     decanoic acid           3 parts by weight                                 
     aqueous ammonia solution (7%)                                             
                            94 parts by weight                                 
PAC  Preservative Treatment of Wood Products
PAR  The treating solution described above was used to treat lumber and log
      specimens by a pressure impregnation process. The specimens used and the
      treating schedule were similar to those described in Example V. The
      results of these tests were equal to those shown in Example V with respect
      to degree of impregnation.
PAC  EXAMPLE VII
PAR  Preparation of preservative treated wood products.
PAC  Treating Solution Preparation
PAR  The copper salts and dihexyl phosphate were mixed for thirty minutes and
      then taken into solution with concentrated aqueous ammonia solution (28%)
      at 120.degree.F. The resulting solution was diluted with water and
      concentrated aqueous ammonia solution (28%) to give the following
      formulation:
TBL  copper carbonate        1 part by weight                                  
     copper arsenite         1 part by weight                                  
     nonanoic acid           2 parts by weight                                 
     aqueous ammonia solution (7%)                                             
                            96 parts by weight                                 
PAC  Preservative Treatment of Wood Products
PAR  The treating solution described above was used to treat lumber and log
      specimens by a pressure impregnation process. The specimens used and the
      treating schedule were similar to those described in Example V.
PAC  EXAMPLE VIII
PAR  Saturated solutions of the copper salts along with the organic acidic
      component, e.g. decanoic acid, were prepared in concentrated aqueous
      ammonia solution (28%) at room temperature. The required amount of these
      solutions was mixed with additional decanoic acid, water and concentrated
      ammonia solution (28%) to give the following formulation:
TBL  copper carbonate        1 part by weight                                  
     copper arsenate         2 parts by weight                                 
     decanoic acid           3 parts by weight                                 
     aqueous ammonia solution (7%)                                             
                            94 parts by weight                                 
PAC  Preservative Treatment of Wood Products
PAR  The treating solution described was used to treat white spruce round wood
      specimens.
TBL  ______________________________________                                    
     Dimensions     7 inches diameter .times. 48 inches long                   
     Moisture content                                                          
                    40%                                                        
     ______________________________________                                    
PAR  The specimens were loaded into a pressure vessel and evacuated to 261/2 in.
      Hg and maintained under vacuum for thirty minutes. The vacuum was lowered
      to 20 in. Hg with ammonia gas for 10 minutes and then returned to 261/2
      in. Hg for a further 20 minutes. This process of flushing was repeated
      three times to give a total period of evacuation of 2 hours. The vacuum in
      the treating vessel was reduced to 1 in. Hg and the treating solution was
      added. The pressure in the vessel was raised to 100 p.s.i. with air and
      was maintained at this pressure for 5 hours to give a treating schedule of
      7 hours.
PAR  Over the first four hours of the process (two hours vacuum and two hours
      pressure), the temperature in the treating vessel was raised from
      75.degree. F. to 180.degree. F. The temperature was reduced continuously
      over the last three hours of the process to 100.degree. F.
PAR  The retention of treating solution and the depth of penetration in the wood
      specimens were determined 24 inches from the ends of the specimens.
TBL  ______________________________________                                    
     Retention                15 lbs./cu.ft.                                   
     Penetration (in radial direction)                                         
                              1.2 inches                                       
     ______________________________________                                    
PAC  EXAMPLE IX
PAR  Three hundred white spruce poles (18 ft. long) were pressure treated using
      a preservative composition according to an aspect of the present
      invention, whose components (in parts by weight) were:
PAR  3.5 parts basic copper carbonate
PAR  1.8 parts ammonium bicarbonate
PAR  2.0 parts arsenic acid (71% arsenic pentoxide)
PAL  dissolved into 100 parts of aqueous ammonia solution containing 7%
      NH.sub.3. This solution contains 5% of salts and can also be prepared in
      50% concentrate, which can be diluted with water to the final
      concentration. The poles prior to treatment had an initial moisture
      content of from 20 to 45%. The poles were treated according to the
      following treating schedule:
PAR  Two hrs. steaming of the poles in a closed treating retort was followed by
      1 hr. of vacuum (27 in.). Then, the retort was filled with preservative
      and a pressure of 150 p.s.i. was built up. The temperature of the treating
      solution was maintained between 120.degree. and 135.degree. F. by means of
      steam heated coils at the bottom of the treating retort. After 12 hrs. of
      pressure period, the pressure was released and the excess preservative was
      drained.
PAR  From the weight of the individual pole before and after treatment, the
      preservative uptake was defined and expressed as retention per volume of
      treated pole. The depth of preservative penetration was tested by borings
      taken at the top, middle and butt of the pole.
PAR  It was found that the minimum, mean and maximum preservative retention
      (calculated from 150 treated poles) was 11.7-13.6-18.9 pounds per cubic
      foot respectively.
PAR  It was also found that the minimum, mean and maximum depth of preservative
      penetration from borings was 0.6-0.88-1.25 inches respectively.
PAR  From other treatment tests on white spruce pole sections having a moisture
      content of 100-120%, it was found that kiln drying of material was not
      necessary. Air pre-seasoned poles can be treated to a sufficient depth of
      penetration and to a reliable level of retention.
PAC  COMPARATIVE EXAMPLE A
PAR  The water repellency of wood treated with various zinc-containing and
      copper-containing treating compositions was tested by measurement of the
      contact angle between the surface of treated wood and water. The data were
      plotted with contact angle as ordinate against time (in seconds) as
      abscissa during which the measurements were carried out. The results are
      shown graphically in FIG. 1. In the graph:
PAR  Curve No. 1 is a curve using copper carbonate (2%)
PAR  Curve No. 2 is a curve using copper arsenate (%) + copper carbonate (3%)
      (an embodiment of this invention)
PAR  Curve No. 3 is a curve using chromated copper arsenate (3%)
PAR  Curve No. 4 is a curve using copper chromate (3%)
PAR  Curve No. 5 is a curve using zinc orthoarsenate (3%)
PAR  Curve No. 6 is a curve using copper orthoarsenate (3%)
PAR  Curve No. 7 is a curve of non-treated pine wood control.
PAR  The higher the contact angle holding for a certain time period, the better
      the water repellency of the treated wood.
PAR  It is seen that the composition of an embodiment of this invention provides
      treated wood which is more water repellant than other compositions
      including the conventionally used CCA (Curve No. 3).
PAC  COMPARATIVE EXAMPLE B
PAR  The water uptake by red pine treated with various compositions of this
      invention, as well as with CCA-C was also tested in order to show water
      repellency of wood treated with various preservatives. (CCA-C is the
      well-known designation for chromated copper arsenate). The results are
      shown in FIG. 2. In the graph,
PAR  Curve No. 1 is the graph of an untreated red pine control.
PAR  Curve No. 2 is the graph using a composition of copper arsenate (1%)
      without any water repellant additive.
PAR  Curve No. 3 is the graph using copper chrome arsenate (3%).
PAR  Curve No.
PAR  The clearly superior results are shown in the Table below. the graph using
      zinc arsenate (3%) + zinc carbonate (3%) (an embodiment of this
      invention).
PAR  Curve No. 5 is the graph using zinc carbonate (3%).
PAR  Curve No. 6 is the graph using copper arsenate (3)% + decanoic acid (3%)
      (an embodiment of this invention).
PAL  As seen in FIG. 2, wood treated with the compositions of aspects of this
      invention has a lower water uptake after treatment than wood treated with
      the traditional CCA-C preservative (Curve No. 3).
PAC  COMPARATIVE EXAMPLE C
PAR  The penetration of various compositions of the present invention into
      non-treated white spruce (a difficult-to-penetrate refractory species) was
      compared against CCA-C and water. The penetration was carried out on oven
      dry samples of white spruce and expressed by per cent liquid uptake. The
      results are shown graphically in FIG. 3. In the graph,
PAR  Curve No. 1 is the graph using zinc arsenate (1%) + zinc carbonate (3%) of
      an embodiment of this invention,
PAR  Curve No. 2 is the graph using zinc arsenate (3%) + decanoic acid (1%) of
      an embodiment of this invention,
PAR  Curve No. 3 is the graph using copper arsenate (3%) + decanoic acid (1%) of
      an embodiment of this invention,
PAR  Curve No. 4 is the graph using copper arsenate (1%) + copper carbonate (2%)
      of an embodiment of this invention,
PAR  Curve No. 5 is the graph using distilled water as a control, and
PAR  Curve No. 6 is the graph using chopper chrome arsenate (3%).
PAR  As seen from FIG. 3, as compared with CCA-C, commonly used in preservation
      practice at the present time, and when compared to distilled water, the
      compositions of aspects of this invention show faster and higher
      preservative penetration by wood samles, and approximately the same
      preservative penetration as for the best presently known preservatives.
PAC  COMPARATIVE EXAMPLE D
PAR  Resistance to Fungal Attack
PAR  The compositions of this invention, i.e. both the copper arsenate-ammonia
      complex system with water-repellent additives and the 1412-61
      arsenate-ammonia complex system with water-repellent additives, were
      tested according to AWPA Standard M10, as follows: End-matched specimens
      were impregnated with preservative solutions of different concentrations.
      After drying the blocks were sterilized and pairs of blocks treated with
      the preservative were placed in jars containing 3-week old cultures of the
      test fungi. Two controls were used, one treated with distilled water, the
      other with distilled water containing ammonia. The jars were incubated for
      12 weeks under standard conditions. Three pairs of blocks were used as a
      treatment group and the weight loss of wood was calculated from the oven
      dry weight of the wood before impregnation and after incubation. In the
      first experiments two test fungi were used: Coniophora puteana (A 328) and
      Poria monticola (A 189, Madison 698). This latter fungus is known for its
      tolerance to copper and zinc compounds and is recommended by ASTM D
      1412-61 as a test fungus.
PAR  Coniophora puteana was selected on the basis of detoxication studies and
      toxicity tests carried out in this laboratory over the last several years.
      This fungus is a common cause of decay and is widespread throughout North
      America and Europe. It is used commonly throughout Europe and Australia as
      a test fungus as it grows well under a variety of conditions and shows a
      high level of resistance to a broad spectrum of fungicides.
PAR  The results of the tests, where the fungus under test was Coniophora
      puteana or Poria monticola are shown in FIG. 4. In the graph, Curves Nos.
      1 and 2 are graphs using a zinc preservative composition of one embodiment
      of this invention, with Curve No. 1 showing the effect on Coniophora
      puteana, and Curve No. 2 showing the effect on Poria monticola. Curves
      Nos. 3 and 4 are graphs using a copper preservative composition of one
      embodiment of this invention, with Curve No. 3 showing the effect on
      Coniophora puteana, and Curve No. 4 showing the effect on Poria monticola.
      It is seen that the percentage wood loss when the concentration of the
      treating solution was in excess of 0.1% by weight (corresponding to a
      retention in excess of 0.05 lbs/ft.sup.3) was negligible for both fungal
      species. It is further to be noted that the copper system showed a higher
      level of toxicity and was equally toxic to both fungi and gave a threshold
      value of approximately 0.1 lb/ft.sup.3. The zinc system was quite toxic to
      the Poria monticola with a threshold value of approximately 0.05
      lb/ft.sup.3 but was less toxic to Coniophora puteana having a threshold
      value of approximately 0.7 pounds per cubic foot. In this same series of
      tests, a comparative test using pentachlorophenol as a standard resulted
      in a threshold value of 0.26 lb/ft.sup.3 for Poria monticola and 0.9
      lb/ft.sup.3 for Coniophora puteana.
PAC  COMPARATIVE EXAMPLE E
PAR  Glow Combustion Resistance
PAR  The glow combustion resistance was tested by the glow combustion test for
      sawdust treated with CCA-A, with one embodiment of a zinc arsenate-ammonia
      complex system of this invention, and with untreated sawdust. The test was
      carried out as follows: Spruce sawdust was impregnated with a 3% solution
      of each of the compositions being tested. From each of these samples, oven
      dried discs were prepared. The flame from a Bunsen burner was applied 2
      inches beneath the disc for 30 seconds. After glowing in the disc ceased,
      the percentage weight loss was determined.
TBL                TABLE I                                                     
     ______________________________________                                    
     Glow Combustion Test                                                      
     (Sawdust) Spruce                                                          
     Spruce - treated                                                          
     with:         % Weight Loss due to Glow Combustion                        
     ______________________________________                                    
                   Minimum    Average    Maximum                               
     CCA-A                                                                     
     (Copper chrome                                                            
     arsenate)     93.9%      96.34%     99.7%                                 
     Zn preservative of                                                        
     an embodiment of                                                          
     this invention                                                            
                   5.47%      22.76%     24.9%                                 
     Control                                                                   
     (non-treated) 14.5%      21.29%     23.1%                                 
     ______________________________________                                    
PAR  It is seen that the percentage weight loss after treatment with CCA-A
      amounts to an average of about 96% while the percentage weight loss after
      treatment with a zinc composition according to the present invention is an
      average of about 23%, about equal to the control, untreated samples.
PAC  COMPARATIVE EXAMPLE F
PAR  U.S. Pat. No. 2,423,619
PAR  Copper and zinc soap solutions in ammonia were prepared as directed in U.S.
      Pat. No. 2,423,619 and wood samples were brushed with the solutions. The
      samples were then top-coated with a conventional exterior acrylic latex. A
      cross-hatch test indicated that samples brushed with zinc soap solutions
      adversely affected the adhesion of the latex to the substrate. The copper
      soap solution treated sample showed poor adhesion, but was appreciably
      better than the zinc soaptreated sample.
PAR  In another experiment, brushed and top-coated cedar wood samples were
      subjected to high humidity gradients. Within two to three hours, the
      copper soap-treated samples were stained due to extractive bleed-through
      while the zinc soap-treated samples blistered badly.
PAR  As a comparison, similar wood samples treated with the composition of this
      invention did not exhibit any bleed-through of extractives or blistering
      over a period of 6 to 8 hours under identical conditions. In addition, the
      adhesion of the latex top coat to the samples treated with the composition
      of this invention was good.
PAC  COMPARATIVE EXAMPLE G
PAR  U.S. Pat. No. 2,530,458
PAR  The patent provides a coating composition containing tertiary zinc
      orthophosphate or tertiary zinc orthoarsenate, in amounts of 25-125 parts
      and 30-35% hydrous ammonia, in amounts of 100 parts.
PAR  3/4inch cubes of red pine were impregnated with 3% solutions of zinc
      orthophosphate and zinc orthoarsenate in which the ratio of salt and
      ammonia was within the ratios described in the above-noted patent. These
      blocks were compared with 3/4inch red pine blocks heated with a 3%
      solution of the composition described in Example II, for water pickup.
      Both the rate of water pickup and the amount of water picked up over a
      period of 10 hours were very much lower in the case of the blocks treated
      with the composition of Example II. The order of difference was similar to
      that seen in FIG. 2.
PAC  COMPARATIVE EXAMPLE H
PAR  U.S. Pat. No. 2,768,910
PAR  This patent provides ammoniacal solutions of polycarboxylic acids, e.g. a
      20% ammoniacal solution of phthalic acid.
PAR  Red pine locks impregnated with a 3% ammoniacal solution of phthalic acid
      were compared with red pine blocks treated with a 3% solution of the
      composition shown in Example II. The blocks were tested using the
      procedure described in Comparative Example E. The toxicity to the wood
      destroying fungi of the phthalic acid treated blocks was negligible
      compared to the blocks treated with the composition of Example II.
PAC  COMPARATIVE EXAMPLE I
PAR  U.S. Pat. No. 2,772,263
PAR  This patent provides a treating solution comprising a metal (e.g. zinc or
      copper) rosin ammonium phenoxide complex-metal carboxylic acid soap
      compound.
PAR  A copper soap of the rosin phenoxide carboxylic acid compound described in
      the above-identified United States patent was prepared. The soap separated
      from solution and was insoluble. The supernatant liquid was compared
      against 3% solutions of the compositions described in Examples II and V by
      the procedure described in Comparative Example D. The toxicity to Wood
      destroying fungi of the supernatant was negligible compared to the
      solutions of Examples II and V.
PAC  COMPARATIVE EXAMPLE J
PAR  U.S. Pat. No. 2,414,661
PAR  This patent describes a treating solution which includes the product
      resulting from the reaction of copper or zinc sulfate or carbonate with an
      alkali (e.g. ammonium hydroxide) and a soya bean protein or a soap of a
      fatty acid, in order to precipitate a basic copper zinc sulfate
      proteinate.
PAR  A copper soap as described in the above-identified United States patent was
      prepared. The soap separated from solution and was insoluble. The
      supernatant liquid was compared against 3% solutions of the compositions
      described in Examples II and V by the procedure described in Comparative
      Example D. The toxicity to wood destroying fungi of the supernatant was
      negligible compared to the solutions of Examples II and V.
CLMS
STM  We claim:
NUM  1.
PAR  1. A wood treating composition comprising an aqueous solution containing:
PA1  a. a normally water-insoluble compound selected from the group consisting
      of zinc arsenate, zinc arsenite, copper arsenate, and copper arsenite and
      mixtures thereof in an amount of about 0.1 to about 4% by weight (as Zn or
      Cu metal) of the total aqueous solution;
PA1  b. about 0.15 to about 10% by weight of the total aqueous solution of a
      water-repellent component comprising one of
PA2  i. a water-insoluble organic acidic compound having a solubility .gtoreq.
      about 0.2% and in concentrated aqueous ammonia, said water-insoluble
      organic acidic compound being selected from the group consisting of acid
      esters of phosphoric acid with monohydric alcohols and having an acid
      value between about 200 and about 500, and mixtures thereof, in an amount
      of about 0 to about 200% of the zinc or copper, or
PA2  ii. a combination of said selected organic acidic compound and a carbonate
      or bicarbonate ion selected from the group consisting of zinc carbonate,
      zinc bicarbonate, copper carbonate and copper bicarbonate in an amount of
      about 0 to about 150% of the zinc or copper; and
PA1  c. ammonia, in an amount of about 1 to about 28% by weight of the total
      aqueous solution; the ammonia being sufficient to solubilize said normally
      water-insoluble salt of zinc or copper and said normally water-insoluble
      water-repellent compound.
NUM  2.
PAR  2. The wood treating composition of claim 1, wherein the organic acidic
      compound is selected from: acid esters of phosphoric acid with saturated
      monohydric alcohols having between about 8 and about 15 carbon atoms; and
      acid esters of phosphoric acid with unsaturated monohydric alcohols having
      between 8 and about 15 carbon atoms.
NUM  3.
PAR  3. The wood treating composition of claim 1, having a pH of about 9 or
      more, and comprising an aqueous solution containing:
PA1  A. at least one of
PA2  a. copper ammonium arsenate,
PA2  b. copper ammonium arsenite,
PA2  c. zinc ammonium arsenate, or
PA2  d. zinc ammonium arsenite; and
PA1  B. anions of said selected organic acidic component.
NUM  4.
PAR  4. The wood treating composition of claim 1, having a pH of about 9 of
      more, and comprising an aqueous solution containing:
PA1  A. at least one of
PA2  a. copper ammonium arsenate,
PA2  b. copper ammonium arsenite,
PA2  c. zinc ammonium arsenate, or
PA2  d. zinc ammonium arsenite; and
PA1  B. anions of both
PA2  e. said selected organic acidic component, and
PA2  f. said carbonate or bicarbonate.
NUM  5.
PAR  5. The wood treating composition of claim 4, wherein the composition
      contains acid esters of phosphoric acids with monohydric alcohols, and
      zinc carbonate or copper carbonate.
NUM  6.
PAR  6. The wood treating composition of claim 5, wherein the composition
      contains copper arsenate and zinc arsenate.
NUM  7.
PAR  7. The wood treating composition of claim 5, wherein the composition
      contains zinc arsenite and copper arsenite.
NUM  8.
PAR  8. The wood treating composition of claim 4, selected from the group
      consisting of:
PA1  a. zinc arsenate
PA1   zinc carbonate
PA1   monododecyl phosphate
PA1   aqueous ammonia solution (7% by weight)
PA1  b. zinc arsenate
PA1   zinc oxide
PA1   ammonium carbonate
PA1   dibutyl phosphate
PA1   aqueous ammonia solution (10% by weight) and
PA1  c. copper carbonate
PA1   copper arsenite
PA1   dihexyl phosphate
PA1   aqueous ammonia solution (7% by weight)
NUM  9.
PAR  9. A concentrated aqueous solution comprising a saturated solution, in
      concentrated aqueous ammonia of about 28% concentration, of
PA1  I.
PA1  a. copper arsenate or
PA1  b. copper arsenite, the copper being present in the amount of about 15 to
      about 25%;
PA1  c. zinc arsenate or
PA1  d. zinc arsenite, the zinc being present in the amount of about 25 to about
      80%;
PA1  e. a mixture of copper arsenate and zinc arsenate or copper arsenite and
      zinc arsenite, the zinc and copper in the mixture being present in the
      amount of about 25 to about 5%; and
PA1  Ii. an organic acid component having a solubility .gtoreq. about 0.2% and
      in concentrated aqueous ammonia, said water-insoluble organic acidic
      compound being selected from the group consisting of acid esters of
      phosphoric acid with monohydric alcohols and having an acid value between
      about 200 and about 500, and mixtures thereof.
NUM  10.
PAR  10. A concentrated aqueous solution comprising a saturated solution, in
      concentrated aqueous ammonia of about 28% concentration, of
PA1  I.
PA2  a. copper arsenate or
PA2  b. copper arsenite, the copper being present in the amount of about 15 to
      about 25%;
PA2  c. zinc arsenate or
PA2  d. zinc arsenite, the zinc being present in the amount of about 25 to about
      80%;
PA2  e. a mixture of copper arsenate and zinc arsenate or copper arsenite and
      zinc arsenite, the zinc and copper in the mixture being present in the
      amount of about 25 to about 5%;
PA1  Ii. an organic acidic component having a solubility .gtoreq. about 0.2% and
      in concentrated aqueous ammonia, said water-insoluble organic acidic
      compound being selected from the group consisting of acid esters of
      phosphoric acid with monohydric alcohols and having an acid value between
      about 200 and about 500, and mixtures thereof, and
PA1  Iii. one or more of
PA2  e. copper carbonate
PA2  f. copper bicarbonate
PA2  g. zinc carbonate or
PA2  h. zinc bicarbonate.
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ABST
PAL  An ink composition which comprises an aliphatic hydrocarbon solvent having
      dissolved therein a resinous binder and a modified dye, said modified dye
      being a reaction product obtained by reacting a dye having at least one
      group of --CO.sub.2 M and --SO.sub.3 M in the molecule wherein M is an
      alkali metal with an organic ammonium compound.
BSUM
PAR  The present invention relates to ink compositions, more particularly to an
      ink composition especially suitable for a marking pen.
PAR  Presently, inks prepared by dissolving an oil-soluble dye and resin in
      xylene are mainly employed for marking pens which are extensively used at
      home, school, office, etc. as writing and drawing implements. However,
      xylene has the objections of: (1) giving off a vapor having a strong odor
      to intensely stimulate the eyes, nose and throat, (2) causing troubles in
      the marrow when inhaled over a prolonged period of time even in a very
      small amount, and (3) producing dermatitis when xylene contacts the skin
      repeatedly. For this reason, it has been desired to provide an ink for
      marking pens (hereinafter referred to briefly as "ink" unless otherwise
      specified) prepared by using a solvent of weak odor and low toxicity. In
      fact, inks have recently become available which are prepared by dissolving
      an oil- or alcohol-soluble dye and resin in methyl cellosolve of a low
      odor. Although methyl cellosolve is weak in odor, it is as toxic as xylene
      and involves the hazard that the vapor of the ink will be inhaled by the
      user or the ink will contact his skin. Thus the ink proposed has not
      overcome the objections heretofore experienced. Furthermore, when a
      drawing or writing is made on paper or the like with the conventional ink,
      the dye continues to sublime from the ink-deposited portion even after the
      ink has been dried, with the result that the color transfers to paper,
      cloth or the like which comes into contact with the inked portion, which
      in turn undergoes fading.
PAR  It is known that an aliphatic hydrocarbon solvent is weak in odor and much
      lower than xylene or cellosolve in toxicity to the human body, but the use
      of this solvent is infeasible inasmuch as at present there is no dye
      available that is soluble therein to a concentration required for the ink.
      Indeed, when the solvent is used for the known dyes, low dye
      concentrations will inevitably result to give light colors.
PAR  Accordingly, a main object of this invention is to provide a dye which is
      readily soluble in a substantially odorless and nontoxic aliphatic
      hydrocarbon solvent to a high concentration.
PAR  Another object of this invention is to provide a dye which will not sublime
      from the ink-deposited portion after it has been dried.
PAR  Another object of this invention is to provide an ink which is low in odor
      and toxicity such that it will not adversely affect the human body even
      when used over a long period of time.
PAR  Still another object of this invention is to provide an ink having a high
      concentration of dye and excellent in tinctorial properties.
PAR  Other objects and features of this invention will become more apparent from
      the following description.
PAR  The present invention provides an ink composition which comprises an
      aliphatic hydrocarbon solvent having dissolved therein a resinous binder
      and a dye, said dye being a modified dye obtained by reacting (a) a dye
      having at least one group of --CO.sub.2 M and --SO.sub.3 M in the molecule
      wherein M is an alkali metal with (b) an organic ammonium compound
      represented by the formula
      ##EQU1##
      wherein R.sub.1, R.sub.2 R.sub.3, R.sub.4 and R.sub.5 are respectively a
      hydrocarbon radical having 1 to 40 carbon atoms, a radical of a
      hydrocarbon bonded to a hydrocarbon by a divalent group of --O--, --S--,
      --COO--, --CONH-- or --NH--, the total carbon number of both hydrocarbons
      bonded being in the range of 2 to 40, or
      ##EQU2##
      R' being an alkyl having 1 to 15 carbon atoms or an alkenyl having 1 to 20
       carbon atoms, provided that the total carbon number of R.sub.1 R.sub.2
      R.sub.3 and R.sub.4 is in the range of 11 to 55: R.sub.6, R.sub.7 and
      R.sub.8 are respectively a hydrogen atom, a hydrocarbon radical having 1
      to 40 carbon atoms, a radical of a hydrocarbon bonded to a hydrocarbon by
      a divalent group of --O--, --S--, --COO--, --CONH-- or --NH--, the total
      carbon number of both hydrocarbons bonded being in the range of 2 to 40,
      or
      ##EQU3##
      R' being an alkyl having 1 to 15 carbon atoms or an alkenyl having 1 to 20
      carbon atoms, provided that all of R.sub.6, R.sub.7 and R.sub.8 are not
      hydrogen atom and the total carbon number of R.sub.6, R.sub.7 and R.sub.8
      is in the range of 8 to 40: X is a halogen atom and A is an acid residue.
      According to the researches of the present inventor it has been found that
      a modified dye obtained by reacting a dye having at least one of CO.sub.2
      M groups and SO.sub.3 M groups with an organic ammonium compound
      represented by the formula (I), (II) or (III) dissolves in an aliphatic
      hydrocarbon solvent to a very high concentration, making it possible to
      obtain an ink of deep color without using xylene, cellosolve or like
      solvent which is detrimental to the human body. The reason why the
      reaction product described above is highly soluble in an aliphatic
      hydrocarbon solvent has not been fully clarified yet.
PAR  Further this invention assures greatly reduced sublimation of dye from the
      inked portion after the ink has been dried, consequently eliminating the
      transfer of color to paper, cloth or the like which will contact the inked
      portion and permitting hardly any fading of color in the inked portion
      over a long period of time.
PAR  The dyes to be used according to this invention are those having at least
      one of --CO.sub.2 M groups and --SO.sub.3 M groups wherein M is as defined
      above and include various dyes such as monoazo dyes, disazo dyes, trisazo
      dyes, polyazo dyes, anthraquinone dyes, triphenylmethane dyes, xanthen
      dyes, stilbene dyes and indigo dyes. These dyes are used singly or in
      combination with one another.
PAR  Examples of dyes to be used in this invention are shown below, all of which
      are indicated in accordance with Colour Index (2nd ed.) edited by The
      American Association of Textile Chemist and Colorists, U.S.A. and The
      Society of Dyers and Colourists, Great Britain:
PAR  1. Monoazo dyes:
PA1  Direct Yellow 8, 27, 28,
PA1  Acid Yellow 11, 17, 23, 25, 29, 36, 40, 76, 98, 99,
PA1  Direct Red 20,
PAR  Acid Red 1, 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 37, 42, 133, 155, 180,
      183, 184, 186, 198, 249, 265,
PA1  Acid Blue 92, 117, 158, 161,
PA1  Direct Orange 39, 41,
PA1  Acid Orange 1, 7, 8, 10, 19, 20, 28, 41, 78,
PA1  Acid Violet 7, 11,
PA1  Acid Green 12, 35,
PA1  Acid Brown 2, 4, 20
PA1  Acid Black 51, 52, 107.
PAR  2. Disazo dyes:
PA1  Direct Yellow 1, 12, 24, 33, 44,
PA1  Acid Yellow 38, 42, 44,
PA1  Direct Red 1, 2, 4, 13, 17, 23, 24, 28, 31, 33, 37, 39, 44, 46, 62, 63, 75,
      79, 81, 83, 229,
PA1  Acid Red 85, 89, 97, 111, 114, 115, 134, 145, 154, 158, No. 26670,
PA1  Direct Blue 1, 2, 6, 15, 22, 25, 76, 90, 98, 158, 165, 168, 226,
PA1  Acid Blue 29, 113, 120, 123,
PA1  Direct Black 17, 51,
PA1  Acid Orange 24, 33, 45, 51, 56
PA1  Direct Violet 1, 7, 9, 12, 22, 35, 48, 51, 63,
PA1  Acid Green 19, 20,
PA1  Acid Brown 14,
PA1  Direct Orange 1, 6, 8, 10, 26, 29, 49, 102,
PA1  Direct Brown 2, 58, 59,
PA1  Acid Black 1, 7, 24, 26, No. 20510.
PAR  3. Trisazo dyes:
PA1  Direct Blue 71, 78, 120, 163,
PA1  Direct Green 1, 6, 8, 33, 59,
PA1  Direct Brown 1A, 6, 27, 95, 101, 173,
PA1  Acid Black 94.
PAR  Polyazo dyes:
PA1  Direct Yellow 60,
PA1  Direct Red 32, 80, 84, 194,
PA1  Direct Blue 131, 150, 159, 162, 175, 176,
PA1  Direct Brown 13, 14, 31, 33, 39, 43, 44, 63, 70, 73, 74, 100, 127, 149,
      150, 215,
PA1  Acid Brown 25, 92, 106, 119, 120, 123,
PA1  Direct Black 19, 22, 28, 32, 34, 75, 76, 77, 97, 100, 112.
PAR  5. Anthraquinone dyes:
PA1  Acid Red 80, 82, 83,
PA1  Acid Blue 23, 25, 27, 40, 41, 43, 45, 67, 78, 80, 138,
PA1  Acid Violet 34, 41, 43, 51, No. 62000,
PA1  Acid Green 25, 27, 36, 41, 44,
PA1  Acid Brown 27,
PA1  Acid Black 48.
PAR  6. Triphenylmethane dyes:
PA1  Acid Blue 1, 7, 9, 15, 22, 83, 90, 93, 100, 103, 104,
PA1  Direct Blue 41,
PA1  Acid Violet 15, 49,
PA1  Acid Green 3, 9, 16.
PAR  7. Xanthene dyes:
PA1  Acid Yellow 73, 74,
PA1  Acid Red 51, 52, 87, 91, 92, 93, 94, 95, 98,
PA1  Acid Blue 19
PA1  Acid Violet 9.
PAR  8. Stilbene dyes:
PA1  Direct Yellow 11, 39.
PAR  9. Indigo dyes:
PA1  Acid Blue 74.
PAR  Among these dyes, preferable are those having one to two --CO.sub.2 M
      groups, one to two --SO.sub.3 M groups or both --CO.sub.2 M group and
      --SO.sub.3 M group wherein M is sodium.
PAR  The organic ammonium compounds to be reacted with the dyes according to
      this invention are represented by the formulas (I), (II) and (III) and
      used singly or in combination with one another. Insofar as the definitions
      with respect to the carbon number are fulfilled, the hydrocarbon radicals
      represented by the R.sub.1 to R.sub.8 may be either a saturated or
      unsaturated cyclic hydrocarbon radical or saturated or unsaturated chain
      hydrocarbon radical respectively having or not having substituents.
      Typical of the organic ammonium compounds to be used in this invention are
      shown in Tables 1 - 3 below:
PAR  I. Examples of quaternary ammonium halides represented by the formula (I)
      are shown in Table 1:
TBL                Table 1                                                     
     ______________________________________                                    
     Compound No.                                                              
               Name of organic ammonium compound                               
     ______________________________________                                    
     (1)       Octyl tributyl ammonium halide                                  
     (2)       Decyl tripropyl ammonium halide                                 
     (3)       Dodecyl triethyl ammonium halide                                
     (4)       Tetradecyl trimethyl ammonium halide                            
     (5)       Hexadecyl trimethyl ammonium halide                             
     (6)       Octadecyl trimethyl ammonium halide                             
     (7)       Docosyl trimethyl ammonium halide                               
     (8)       Hexacosyl trimethyl ammonium halide                             
     (9)       Triacontyl trimethyl ammonium halide                            
     (10)      Hexacontyl trimethyl ammonium halide                            
     (11)      Octadecenyl triethyl ammonium halide                            
     (12)      Didodecyl diethyl ammonium halide                               
     (13)      Ditetradecyl diethyl ammonium halide                            
     (14)      Dihexadecyl dimethyl ammonium halide                            
     (15)      Octadecyl octadecenyl dimethyl                                  
               ammonium halide                                                 
     (16)      Hexadecyl octadecyl dimethyl                                    
               ammonium halide                                                 
     (17)      Trioctyl ethyl ammonium halide                                  
     (18)      Tridecyl methyl ammonium halide                                 
     (19)      Didodecyl hexadecyl methyl ammonium                             
               halide                                                          
     (20)      Dioctadecyl octyl methyl ammonium                               
               halide                                                          
     (21)      Dodecylamidomethyl triethyl ammonium                            
               halide                                                          
     (22)      Hexadecylamidopropyl trimethyl                                  
               ammonium halide                                                 
     (23)      Tetradecylaminomethyl trimethyl                                 
               ammonium halide                                                 
     (24)      Hexacosylaminomethyl dimethyl                                   
               ammonium halide                                                 
     (25)      Lauroylethyl octyl dimethyl ammonium                            
               halide                                                          
     (26)      Stearoylmethyl octyl dimethyl                                   
               ammonium halide                                                 
     (27)      Oleyloxibutyl trimethyl ammonium                                
               halide                                                          
     (28)      Octylthioethyl trimethyl ammonium                               
               halide                                                          
     (29)      Didodecyloxiphosphoryl trimethyl                                
               ammonium halide                                                 
     (30)      Dioleyloxiphosphoryl triethyl                                   
               ammonium halide                                                 
     (31)      Oxistearyl trimethyl ammonium                                   
               halide                                                          
     (32)      Dodecylchlorobenzyl trimethyl                                   
               ammonium halide                                                 
     (33)      Hexadecyl aminopropyl dimethyl                                  
               ammonium halide                                                 
     (34)      Octylbenzyl trimethyl ammonium                                  
               halide                                                          
     (35)      Dodecylbenzyl trimethyl ammonium                                
               halide                                                          
     (36)      Hexadecylbenzyl trimethyl ammonium                              
               halide                                                          
     (37)      Butylcyclohexyl trimethyl ammonium                              
               halide                                                          
     (38)      Octylcyclohexyl trimethyl ammonium                              
               halide                                                          
     (39)      Octylnaphtyl trimethyl ammonium                                 
               halide                                                          
     (40)      Didecylbenzyl dimethyl ammonium                                 
               halide                                                          
     (41)      Decyl octylbenzyl dimethyl ammonium                             
               halide                                                          
     (42)      Dodecylhexyl cyclohexyl ammonium                                
               halide                                                          
     ______________________________________                                    
PAR  II. Examples of pyridinium halides represented by the formula (II) are
      shown in Table 2 below:
TBL                Table 2                                                     
     ______________________________________                                    
     Compound No.                                                              
               Name of organic ammonium compound                               
     ______________________________________                                    
     (43)      N-octyl pyridinium halide                                       
     (44)      N-decyl pyridinium halide                                       
     (45)      N-dodecyl pyridinium halide                                     
     (46)      N-tetradecyl pyridinium halide                                  
     (47)      N-hexadecyl pyridinium halide                                   
     (48)      N-octadecyl pyridinium halide                                   
     (49)      N-docosyl pyridinium halide                                     
     (50)      N-hexacosyl pyridinium halide                                   
     (51)      N-triacosyl pyridinium halide                                   
     (52)      N-hexacontyl pyridinium halide                                  
     (53)      N-octadecenylamidomethyl pyridinium                             
               halide                                                          
     (54)      N-hexadecenylamidopropyl                                        
               pyridinium halide                                               
     (55)      N-tetradecylaminomethyl pyridinium                              
               halide                                                          
     (55)      N-tetradecylaminomethyl pyridinium                              
               halide                                                          
     (56)      N-methyl-N-octadecylaminomethyl                                 
               pyridinium halide                                               
     (57)      N-lauroylethyl pyridinium halide                                
     (58)      N-stearoylmethyl pyridinium halide                              
     (59)      N-octadecenyloxibutyl pyridinium                                
               halide                                                          
     (60)      N-hexadecenylthioethyl pyridinium                               
               halide                                                          
     (61)      N-didodecyloxiphosphoryl                                        
               pyridinium halide                                               
     (62)      N-decylbenzyl pyridinium halide                                 
     (63)      N-octadecylbenzyl pyridinium halide                             
     (64)      N-hexadecylcyclohexyl pyridinium                                
               halide                                                          
     (65)      N-dodecylcyclohexyl pyridinium                                  
               halide                                                          
     ______________________________________                                    
PAR  III. Examples of organic and inorganic acid salts of primary, secondary and
      tertiary amines represnted by the formula (III) are acid salts such as
      hydrochlorides, formates, acetates, lactates etc., which are shown in
      Table 3 below:
TBL                Table 3                                                     
     ______________________________________                                    
     Compound No.                                                              
               Name of organic ammonium compound                               
     ______________________________________                                    
     (66)      Octyl amine hydrochloride                                       
     (67)      Decyl amine hydrochloride                                       
     (68)      Dodecyl amine hydrochloride                                     
     (69)      Octadecyl amine hydrochloride                                   
     (70)      Docosyl amine hydrochloride                                     
     (71)      Triacontyl amine hydrochloride                                  
     (72)      Octylbenzyl amine hydrochloride                                 
     (73)      Hexylbenzyl amine hydrochloride                                 
     (74)      Hexadecylamidopropyl amine                                      
               hydrochloride                                                   
     (75)      Tetradecylaminomethyl amine                                     
               hydrochloride                                                   
     (76)      Octadecenyloxibutyl amine                                       
               hydrochloride                                                   
     (77)      Hexadecylthioethyl amine                                        
               hydrochloride                                                   
     (78)      Didecylphosphoryl amine hydrochloride                           
     (79)      Tetradecyl amine sulphate                                       
     (80)      Decylclohexyl amine sulphate                                    
     (81)      Hexacontyl amine nitrate                                        
     (82)      Dodecylcyclohexenyl amine nitrate                               
     (83)      Octadecenyl amine phosphate                                     
     (84)      Hexadecyl amine acetate                                         
     (85)      Octadecenylamidomethyl amine acetate                            
     (86)      Hexacosyl amine lactate                                         
     (87)      Lauroylethyl amine lactate                                      
     (88)      Hexadecyl ethyl amine hydrochloride                             
     (89)      Hexadecyl methyl amine hydrochloride                            
     (90)      Didecyl amine hydrochloride                                     
     (91)      Dihexylbenzyl amine hydrochloride                               
     (92)      Dibutylcyclohexyl amine hydrochloride                           
     (93)      Dioctadecyl amine formate                                       
     (94)      Octyl butyl amine acetate                                       
     (95)      Dodecyl propyl amine acetate                                    
     (96)      Octyl propyl ethyl amine                                        
               hydrochloride                                                   
     (97)      Octadecyl dimethyl amine hydrochloride                          
     (98)      Tridecyl amine hydrochloride                                    
     (99)      Dodecyl ethyl methyl amine acetate                              
     ______________________________________                                    
PAR  Among these typical organic ammonium compounds, particularly advantageous
      are: (a) quaternary ammonium chlorides represented by the formula (I)
      above, (b) pyridinium chlorides represented by the formula (II) above and
      (c) primary, secondary and tertiary amine hydrochlorides represented by
      the formula (III) above.
PAR  The modified dye of the present invention can be prepared by the reaction
      of a dye having at least one of CO.sub.2 M groups and SO.sub.3 M groups
      with an organic ammonium compound represented by the formula (I), (II) or
      (III). The reaction can be conducted in water or organic solvent with
      stirring at a temperature from about 20.degree. to about 70.degree.C,
      preferably of about 40.degree. to 50.degree.C. The resultant reaction
      mixture is washed with water to separate the modified dye, followed by
      drying. The organic ammonium compound represented by the formula (I), (II)
      or (III) is used in an amount of at least one mole per mole of the dye.
      When the dye contains two or more substituents represented by --COOM
      and/or SO.sub.3 M, the organic ammonium compound can be employed in such
      an amount that at least one of the above substituents contained in the dye
      molecule is reacted with the organic ammonium compound. Examples of the
      organic solvents used in the reaction to prepare the modified dye are
      alcohols, ketones, ethers, esters, aromatic solvents, aliphatic
      hydrocarbons, alcyclic hydrocarbons, etc., among which preferable are
      alcohols, ketones and ethers. The above reaction of dye with organic
      ammonium compound can be conducted prior to or simultaneously with the
      preparation of the present ink composition. In the latter case it is
      preferable to first dissolve a resinous binder in aliphatic hydrocarbon
      serving as a solvent for the ink composition and thereafter to add the dye
      and organic ammonium compound thereto for the reaction conducted in the
      same manner as above.
PAR  The resultant modified dye has a structure in which at least one of --COOM
      and/or SO.sub.3 M contained in the molecule is reacted with one mole of
      the organic ammonium compound, is insoluble in water but soluble in an
      aliphatic hydrocarbon, and has the same colour as the original dye.
PAR  The aliphatic hydrocarbon solvents to be used in this invention which may
      differ with the type of the dye used, the desired concentration of ink,
      etc. are preferably those boiling at about 75.degree. to 180.degree.C from
      the viewpoint of preservability of ink over a prolonged period of time and
      drying speed after drawing or writing. Such solvents can be used alone or
      in admixture with one another and typical examples thereof are:
PA1  I. hydrocarbons of methane series: heptane, octane, nonane, decane and like
      normal paraffins, isooctane and like isoparaffins,
PA1  Ii. hydrocarbons of ethylene series: 1-heptene, 1-octene, 1-nonene, etc.
PA1  Iii. ligroin, petroleum spirit, refined gasoline and like aliphatic
      hydrocarbon solvent mixtures.
PAR  The resinuous binder to be used in the invention, which assures satisfacory
      adhesion of the ink on the drawing or writing surface, includes various
      natural or synthetic resins heretofore used in marking pen inks. Typical
      of resinous binders are:
PA1  1. Rosin derivatives: pentaerythritol-rosin ester,
      pentaerythritolhydrogenated rosin ester, ester gum, hydrogenated resin,
      maleinized rosin, etc.
PA1  2. Petroleum resins: coumarone-indene resin, polyolefin, etc.
PA1  3. alkyd resins: alkyd resins modified with drying oil or rosin, phenolated
      alkyd resin, styrenated alkyd resin, etc.
PAR  Among these resins, preferable are pentaerythritolrosin ester,
      pentaerythritol-hydrogenated rosin ester, ester gum, hydrogenated rosin,
      maleinized rosin and polyolefin.
PAR  The concentration of the modified dye and resinuous binder in the present
      ink composition varies widely with the kind of modified dye and aliphatic
      hydrocarbon solvent used, etc. Usually, the concentration of modified dye
      is in the range of 5 to 20%, preferably 5 to 15% by weight and that of
      resinuous binder is in the range of 5 to 35 %, preferably 10 to 20% by
      weight, based on the total weight of the ink composition.
PAR  The ink composition of this invention is prepared by adding the modified
      dye previously prepared as above to an aliphatic hydrocarbon solvent along
      with the resinuous binder and stirring the mixture at a temperature from
      about 20.degree. to about 70.degree.C to completely dissolve the modified
      dye and the resinous binder in the solvent. Alternatively, the ink
      composition of this invention is prepared by adding a dye, organic
      ammonium compound and resinuous binder to an aliphatic hydrocarbon solvent
      at the same time or in suitable sequence and stirring the mixture at a
      temperature from about 20.degree. to 70.degree.C to produce modified dye
      completely dissolved in the solvent along with the resinuous binder. In
      the latter case, it is preferable to prepare the ink composition by
      dissolving the resinuous binder, the organic ammonium compound and the dye
      in sequence in order to increase the solubility of the modified dye to the
      aliphatic hydrocarbon solvent. To the ink composition of the present
      invention can be added further one or more dyes in order to change the
      colour tone.
DETD
PAR  To clarify the features of this invention, examples are given below in
      which parts are all by weight.
PAC  EXAMPLE 1
PAR  Predetermined amounts of dyes and quaternary ammonium chlorides (I) shown
      in Table 4 below were respectively added to 130 parts of water, and the
      mixtures were stirred at 40.degree. to 50.degree.C for about 20 minutes
      and the resultant precipitates in the mixture were filtered off. After
      repeatedly washed with water and dried, the precipitates were subjected to
      extraction with 100 parts of toluene. When the toluene was evaporated off
      under a reduced pressure, purified modified dyes were obtained as shown in
      Table 4 below, all of which were insoluble in water and soluble in
      aliphatic hydrocarbon solvent and had the same colour as the original
      dyes.
TBL                Table 4                                                     
     ______________________________________                                    
     No.  Dye           Quaternary     Amount of                               
     Name*.sup.1                                                               
                Amount  ammonium chloride                                      
                                       modified                                
              used  Comp. No*.sup.2                                            
                               Amount  dye obtained                            
              (part)           used    (part)                                  
                               (part)                                          
     ______________________________________                                    
     1    D.Y. 27   7       1        8     13                                  
     2    A.Y. 29   8       2        6     13                                  
     3    A.Y. 76   6       3        4     8.5                                 
     4    A.Y. 76   6       4        10    14.5                                
     5    A.R. 8    7       5        10    15                                  
     6    A.Br.20   8       6        6     12                                  
     7    D.R. 1    7       7        10    15                                  
     8    D.R. 13   7       8        8     14.5                                
     9    D.Blu.22  5       9        8     11.5                                
     10   D.Bla.17  8       10       9     15                                  
     11   D.V. 22   6       11       8     13                                  
     ______________________________________                                    
      Note:                                                                    
      *.sup.1 "D.Y.", "A.Y.", "A.R.", "A.Br.", "D.R.", "D.Blu.", "D.Bla." and  
      "D.V." respectively stand for "Direct Yellow", "Acid Yellow", "Acid Red",
      "Acid Brown", "Direct Red", "Direct Blue", "Direct Black" and "Direct    
      Violet".                                                                 
      *.sup.2 Compound Nos. 1 to 11 respectively correspond to compound Nos. 1 
      to 11 attached to the examples of quaternary ammonium halides shown in   
      Table 1 before.                                                          
PAR  Then predetermined amounts of the modified dyes obtained as above and
      pentaerythritol-resin ester ("Pentaester", trademark, product of Tokushima
      Seiyu Co., Ltd., Japan) were added to predetermined amounts of refined
      gasoline ("Rubbersol", trademark, product of Kyodo Petroleum Co., Ltd.,
      Japan) to obtain the ink compositions as shown in Table 5 below.
TBL                                    Table 5                                 
     __________________________________________________________________________
     No.  Amount of modified                                                   
                    Amount of pentaery-                                        
                               Amount of refined                               
                                         Colour of the                         
          dye used (part)                                                      
                    thritol-rosin ester                                        
                               gasoline used                                   
                                         ink composition                       
                    used (part)                                                
                               (part)                                          
     __________________________________________________________________________
     1    6         15         79        Lemon yellow                          
     2    6         15         79        Yellow                                
     3    6         15         79        Yellow                                
     4    6         15         79        Yellow                                
     5    6         16         78        Magenta                               
     6    8         16         76        Brown                                 
     7    8         17         75        Red                                   
     8    8         16         76        Dark purple                           
     9    6         12         82        Green                                 
     10   11        13         76        Purplish black                        
     11   7         16         77        Purple                                
     __________________________________________________________________________
PAR  Every ink composition obtained as above tinctured a drawing surface
      satisfactorily in a deep color, was weak in odor, produced hardly any
      stimulation on the skin, and no color transfer was found on paper which
      was held in intimate contact with the drawing surface for a long period of
      over one month.
PAC  EXAMPLE 2
PAR  Predetermined amounts of dyes and quaternary ammonium chlorides [formula
      (I)]  shown in Table 6 below were respectively added to 130 parts of
      ethanol, and the mixtures were stirred at 40.degree. to 50.degree.C for
      about 20 minutes. 300 parts of cold water was then slowly added to the
      mixtures, and the resultant precipitates were filtered off, followed by
      the same procedure as in Example 1 to obtain purified modified dye shown
      in Table 6 below, all of which were insoluble in water and soluble in
      aliphatic hydrocarbon solvent and had the same colour as the original
      dyes.
TBL                                    Table 6                                 
     __________________________________________________________________________
     No.                                                                       
        Dye           Quaternary ammonium chloride                             
                                     Amount of                                 
     Name*.sup.1                                                               
               Amount used                                                     
                      Comp. No.*.sup.2                                         
                             Amount used                                       
                                     modified dye                              
               (part)        (part)  obtained (part)                           
     __________________________________________________________________________
     12 D.G. 1 7      13     12      16                                        
     13 D.Br.44                                                                
               7      15     12      16                                        
     14 A.Blu.43                                                               
               6      17     8       12                                        
     15 A.Blu.100                                                              
               6      20     5       10                                        
     16 A.Y. 40                                                                
               8      22     6       12                                        
     17 D.R. 20                                                                
               7      23     9       15                                        
     18 A.R. 184                                                               
               7      26     7       11.5                                      
     19 A.R. 186                                                               
               6      27     9       13                                        
     20 A.O. 7 8      28     7       13.5                                      
     21 A.O. 41                                                                
               7      29     6       11.5                                      
     22 D.Y. 24                                                                
               6      32     8       12                                        
     23 D.R. 39                                                                
               7      33     9       15                                        
     24 D.R. 44                                                                
               7      35     8       13.5                                      
     25 A.R. 111                                                               
               7      39     7       12                                        
     26 D.Blu. 165                                                             
               6      41     7       11.5                                      
     27 A.Blu. 113                                                             
               6      42     7       11.5                                      
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "D.G.", "D.Br.", "A.Blu." and "A.O." respectively stand for      
      "Direct Green", "Direct Brown", "Acid Blue" and "Acid Orange", and "A.Y."
      "D.R.", "A.R.", "D.Y.", "D.R." and "D.Blu." are the same as in Example 1.
      *.sup.2 Compound Nos. 13 to 42 respectively correspond to compound Nos. 1
      to 42 attached to the examples of quaternary ammonium halides shown in   
      Table 1 before.                                                          
PAR  Then predetermined amounts of modified dyes obtained as above and resinuous
      binders were dissolved in predetermined amounts of solvents to obtain the
      ink compositions shown in Table 7 below.
TBL                                    Table 7                                 
     __________________________________________________________________________
     No.                                                                       
        Amount of                                                              
               Amount of                                                       
                      Solvent used        Colour of the                        
        modified dye                                                           
               resinous                                                        
                      (part)              ink composition                      
        used (part)                                                            
               binder used                                                     
               (part)                                                          
     __________________________________________________________________________
     12  9     15*.sup.1                                                       
                      Refined gasoline*.sup.4                                  
                                          Green                                
                      (65)                                                     
     13 10     12*.sup.1                                                       
                      Petroleum spirit    Yellowish brown                      
                      (60)                                                     
     14 11     13*.sup.1                                                       
                      Petroleum spirit                                         
                                 + n-Octane                                    
                                          Blue                                 
                      (65)         (5)                                         
     15  9     14*.sup.1                                                       
                      Aliphatic hydro-*.sup.5                                  
                                 + Refined*.sup.4                              
                                          Blue                                 
                      carbon       gasoline                                    
                      (20)         (60)                                        
     16 11     18*.sup.1                                                       
                      Refined gasoline*.sup.4                                  
                                          Yellow                               
                      (60)                                                     
     17 13     15*.sup.2                                                       
                      Petroleum spirit                                         
                                 + n-Octane                                    
                                          Red                                  
                      (30)         (20)                                        
     18 10     18*.sup.2                                                       
                      Aliphatic hydro-*.sup.5                                  
                                 + n-Octane                                    
                                          Reddish brown                        
                      carbon       (35)                                        
                      (20)                                                     
     19 11     13*.sup.2                                                       
                      Aliphatic hydro-*.sup.5                                  
                                 + n-Heptane                                   
                                          Crimson                              
                      carbon       (25)                                        
                      (35)                                                     
     20 11     17*.sup.2                                                       
                      Aliphatic hydro-*.sup.5                                  
                                 + n-Heptane                                   
                                          Reddish yellow                       
                      carbon       (20)                                        
                      (30)                                                     
     21 10     14*.sup.2                                                       
                      Ligroin    + n-Octane                                    
                                          Yellowish orange                     
                      (15)         (40)                                        
     22 10     15*.sup.2                                                       
                      Ligroin    + n-Octane                                    
                                          Dark yellow                          
                      (30)         (30)                                        
     23 13     15*.sup.2                                                       
                      Ligroin             Bluish red                           
                      (60)                                                     
     24 11     18*.sup.2                                                       
                      Refined gasoline*.sup.4                                  
                                 + n-Heptane                                   
                                          Purplish red                         
                      (20)         (30)                                        
     25 12     13*.sup.3                                                       
                      Petroleum spirit                                         
                                 + n-Heptane                                   
                                          Red                                  
                      (30)         (20)                                        
     26 11     15*.sup.3                                                       
                      Petroleum spirit    Blue                                 
                      (70)                                                     
     27 11     15*.sup.3                                                       
                      Petroleum spirit    Purplish blue                        
                      (70)                                                     
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1Pentaerythritol-hydrogenated rosin ester, "Pentaester H",         
      trademark, product of Tokushima Seiyu Co., Ltd., Japan.                  
      *.sup.2 Polyolefin, "Petrosin 120", trademark, product of Mitsui         
      Petrochemical Co., Ltd., Japan.                                          
      *.sup.3 Hydrogenated rosin, product of Tokushima Seiyu Co., Ltd., Japan. 
      *.sup.4 "Rubbersol" the same as in Example 1.                            
      *.sup.5 "Isoper E", trademark, product of Esso Petrochemical Co., Ltd.,  
      Japan.                                                                   
PAR  Every ink composition obtained as above had distinguished properties the
      same as the compositions obtained in Example 1.
PAC  EXAMPLE 3
PAR  From dyes and pyridinium chlorides as shown in Table 8 below modified dyes
      were obtained by the similar procedure as in Example 2 except that ethyl
      cellosolve was used instead of ethanol. All of the modified dyes thus
      obtained were soluble in aliphatic hydrocarbon solvent and insoluble in
      water and had the same colours as the original dyes.
TBL                                    Table 8                                 
     __________________________________________________________________________
     No.                                                                       
        Dye          Pyridinium chloride                                       
                                    Amount of modified                         
     Name*.sup.1                                                               
              Amount Comp. No.*.sup.2                                          
                             Amount used                                       
                                    dye obtained                               
              used (part)    (part) (part)                                     
     __________________________________________________________________________
     28 D.V. 7                                                                 
              6      43      5      9.5                                        
     29 D.O. 8                                                                 
              8      46      8      14                                         
     30 D.Br. 1A                                                               
              8      49      10     16.5                                       
     31 D.Br. 95                                                               
              9      51      12     19.5                                       
     32 D.Bla.19                                                               
              10     53      10     18                                         
     33 A.Blu.41                                                               
              6      50      5      10                                         
     34 A.G. 44                                                                
              7      57      7      13                                         
     35 A.Blu.83                                                               
              7      59      5      10.5                                       
     36 A.Blu.90                                                               
              7      60      5      10                                         
     37 A.Blu.93                                                               
              8      61      10     16                                         
     38 D.Y. 39                                                                
              7      63      6      11.5                                       
     39 D.Y. 8                                                                 
              6      64      6      10                                         
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "D.O." and "A.G." respectively stand for "Direct Orange" and "Aci
      Green", and "D.V.", "D.Br.", "D.Bla.", "A.Blu." and "D.Y." are the same a
      in Examples 1 and 2.                                                     
      *.sup.2 Compound Nos. 43 to 64 respectively correspond to compound Nos. 4
      to 64 attached to the examples of pyridinium halides shown in Table 2    
      before.                                                                  
PAR  Ink compositions were prepared by dissolving the modified dyes obtained as
      in Table 8 above and resinuous binders in solvents as shown in Table 9
      below.
TBL                                    Table 9                                 
     __________________________________________________________________________
     No.                                                                       
        Amount of                                                              
               Amount of                                                       
        modified dye                                                           
               resinous                                                        
                      Solvent used       Colour of the                         
        used (part)                                                            
               binder used                                                     
                      (part)             ink composition                       
               (part)                                                          
     __________________________________________________________________________
     28 10     19*.sup.1                                                       
                      Refined gasoline*.sup.4                                  
                                 + n-Heptane                                   
                                         Reddish purple                        
                        (30)       (15)                                        
     29 13     17*.sup.1                                                       
                      Refined gasoline*.sup.4                                  
                                 + n-Octane                                    
                                         Orange                                
                        (30)       (20)                                        
     30 15     16*.sup.1                                                       
                      Ligroin    + n-Octane                                    
                                         Reddish yellow                        
                        (35)       (30)                                        
     31 15     16*.sup.2                                                       
                      Refined gasoline*.sup.4                                  
                                 + n-Heptane                                   
                                         Yellowish brown                       
                        (40)       (20)                                        
     32 17     15*.sup.2                                                       
                      Refined gasoline*.sup.4                                  
                                         Greenish black                        
                      (50)                                                     
     33  9     14*.sup.2                                                       
                      Refined gasoline*.sup.4                                  
                                         Blue                                  
                      (55)                                                     
     34 12     15*.sup.2                                                       
                      Refined gasoline*.sup.4                                  
                                 + n-Heptane                                   
                                         Green                                 
                        (35)       (30)                                        
     35  9     16*.sup.2                                                       
                      Ligroin            Blue                                  
                      (60)                                                     
     36  9     13*.sup. 2                                                      
                      Ligroin    + n-Heptane                                   
                                         Blue                                  
                        (30)       (20)                                        
     37 15     12*.sup.2                                                       
                      Ligroin            Blue                                  
                      (70)                                                     
     38 12     17*.sup.2                                                       
                      Petroleum spirit                                         
                                 + n-Heptane                                   
                                         Yellow                                
                        (35)       (40)                                        
     39 10     13*.sup.3                                                       
                      Refined gasoline*.sup.4                                  
                                         Yellow                                
                      (60)                                                     
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 Hydrogenated rosin, product of Tokushima Seiyu Co., Ltd., Japan. 
      *.sup.2 Polyolefin, "Nisseki Neopolymer 120", trademark, product of Nippo
      Oil Co., Ltd., Japan.                                                    
      *.sup.3 Polyolefin, "Nisseki Neopolymer 140", trademark, product of Nippo
      Oil Co., Ltd., Japan.                                                    
      *.sup.4 "Rubbersol" the same as in Example 1.                            
PAC  EXAMPLE 4
PAR  Modified dyes were obtained from dyes and acid salts of amines [formula
      (III)] as shown in Table 10 below by the similar procedure as in Example 2
      except that methyl ethyl ketone was used instead of ethanol. All of the
      modified dyes thus obtained were soluble in aliphatic hydrocarbon solvent
      and insoluble water and had the same colours as the original dyes.
TBL                                    Table 10                                
     __________________________________________________________________________
     No.                                                                       
        Dye           Amine salts    Amount of modified                        
     Name*.sup.1                                                               
               Amount used                                                     
                      Comp. No.*.sup.2                                         
                              Amount used                                      
                                     dye obtained                              
               (part)         (part) (part)                                    
     __________________________________________________________________________
     40 A.Y. 36                                                                
               7      66      4      10                                        
     41 A.Y. 198                                                               
               6      84      4      9                                         
     42 A.Blu.117                                                              
               6      68      4      8.5                                       
     43 A.R. 134                                                               
               7      81      9      15                                        
     44 A.R. 154                                                               
               8      83      7      13                                        
     45 A.Blu.120                                                              
               7      94      4      10                                        
     46 A.Blu. 40                                                              
               7      90      6      12                                        
     47 A.V. 43                                                                
               7      93      6      11                                        
     48 A.Blu. 9                                                               
               6      96      5      9.5                                       
     49 A.Blu. 15                                                              
               6      97      3      8                                         
     50 A.V. 15                                                                
               7      72      4      10                                        
     51 A.G. 16                                                                
               9      80      5      12.5                                      
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.V." stands for "Acid Violet" and "A.Y.", "A.Blu.", "A.R." and 
      "A.G." are the same as in Examples 1 - 3.                                
      *.sup.2 Compound Nos. 66 to 97 correspond to compound Nos. 66 to 97      
      attached to the examples of amine salts shown in Table 3 before.         
PAR  Ink compositions shown in Table 11 below were prepared by the same
      procedure as in Example 3.
TBL                                    Table 11                                
     __________________________________________________________________________
     No.                                                                       
        Amount of                                                              
               Amount of                                                       
        modified dye                                                           
               resinous                                                        
                      Solvent used       Colour of the                         
        used (part)                                                            
               binder used                                                     
                      (part)             ink composition                       
               (part)                                                          
     __________________________________________________________________________
     40 10     15*.sup.1                                                       
                      Refined gasoline*.sup.3                                  
                                         Reddish yellow                        
                      (50)                                                     
     41 8.5    13*.sup.1                                                       
                      "                  Red                                   
     42 10     12*.sup.1                                                       
                      Refined gasoline*.sup.3                                  
                                         Purplish blue                         
                      (60)                                                     
     43 13     19*.sup.1                                                       
                      Aliphatic hydro-*.sup.4                                  
                                 + Ligroin                                     
                                         Purplish red                          
                      carbon       (35)                                        
                        (20)                                                   
     44 12     14*.sup.2                                                       
                      Petroleum spirit                                         
                                 + n-Heptane                                   
                                         Bluish red                            
                        (30)       (20)                                        
     45 11     14*.sup.2                                                       
                      Petroleum spirit                                         
                                 + n-Heptane                                   
                                         Purplish blue                         
                        (35)       (15)                                        
     46 13     15*.sup.2                                                       
                      Petroleum spirit   Greenish blue                         
                      (60)                                                     
     47 10     16*.sup.2                                                       
                      Refined gasoline*.sup.3                                  
                                 + n-Heptane                                   
                                         Violet                                
                        (25)       (25)                                        
     48 10     10*.sup.2                                                       
                      Refined gasoline*.sup.3                                  
                                 + n-Heptane                                   
                                         Greenish blue                         
                        (45)       (15)                                        
     49 10     13*.sup.2                                                       
                      Refined gasoline*.sup.3                                  
                                 + n-Heptane                                   
                                         Light blue                            
                        (50)       (10)                                        
     50 12     18*.sup.2                                                       
                      Refined gasoline*.sup.3                                  
                                 + n-Heptane                                   
                                         Bluish purple                         
                        (50)       (10)                                        
     51 13     11*.sup.3                                                       
                      Petroleum spirit                                         
                                 + Ligroin                                     
                                         Bluish green                          
                        (30)       (20)                                        
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 Polyolefin, "Nisseki Neopolymer 140" the same as in Example 3.   
      *.sup.2 Ester gum, "Pensel KK", trademark, product of Arakawa Rinsan     
      Kagaku Kogyo Kabushiki Kaisha, Japan.                                    
      *.sup.3 Polyolefin, "Piccopale", trademark, product of Esso-Standard Oil 
      Co., Ltd., U.S.A.                                                        
      *.sup.4 "Rubbersol" the same as in Example 1.                            
PAC  EXAMPLE 5
PAR  To aliphatic hydrocarbon solvents kept at a temperature of about
      70.degree.C were added resinous binders with stirring, and further organic
      ammonium compounds to be reacted with dyes were added slowly with stirring
      to effect complete solution. Subsequently, dyes were added slowly to the
      resulting solutions, followed by stirring for 11/2 hours and then by
      cooling to room temperature. The filtration of insoluble precipitates gave
      ink compositions of the present invention as shown in Table 12 below.
TBL                                    Table 12                                
     __________________________________________________________________________
     No.                                                                       
        Dye        Organic     Amount of                                       
     Name*.sup.1                                                               
               Amount                                                          
                   ammonium compound                                           
                               resinous                                        
                                     Solvent used          Colour of the       
               used                                                            
                   Comp. No.*.sup.2                                            
                           Amount                                              
                               binder                                          
                                     (part)                ink composition     
               (part)      used                                                
                               (part)                                          
                           (part)                                              
     __________________________________________________________________________
     52 A.R.158                                                                
               8   14      10  13*.sup.3                                       
                                     Refined gasoline*.sup.13                  
                                                 + n-Heptane                   
                                                           Red                 
                                       (50)        (20)                        
     53 D.G. 6 6   21      9   13*.sup.4                                       
                                     Aliphatic hydro-*.sup.14                  
                                                 +n-Heptane                    
                                                   Dark green                  
                                       (50)        (20)                        
     54 A.Blu.1                                                                
               7   26      6   15*.sup.5                                       
                                     Aliphatic hydro-*.sup.14                  
                                                 + n-Heptane                   
                                                           Greenish            
                                     carbon                blue                
                                       (40)        (25)                        
     55 A.R.37 7   35      9   15*.sup.6                                       
                                     Refined gasoline*.sup.13                  
                                                 + Aliphatic*.sup.14           
                                                           Red                 
                                       (40)        hydro-                      
                                                   carbon                      
                                                   (20)                        
     56 A.Bla.51                                                               
               10  42      10  14*.sup.7                                       
                                     Aliphatic hydro-*.sup.14                  
                                                 + Ligroin Bluish              
                                     carbon        (30)    black               
                                       (35)                                    
     57 A.O. 24                                                                
               7   49      7   16*.sup.8                                       
                                     Refined*.sup.13                           
                                                 + Aliphatic*.sup.14           
                                                           Brown               
                                     gasoline      hydro-                      
                                       (35)        carbon                      
                                                   (20)                        
     58 A.G. 25                                                                
               8   59      10  14*.sup.9                                       
                                     Refined gasoline*.sup.13                  
                                                 + n-Heptane                   
                                                           Bluish              
                                       (40)        (15)    green               
     59 A.Blu.161                                                              
               6   64      5   14*.sup.10                                      
                                     Refined gasoline*.sup.13                  
                                                 + n-Octane                    
                                                           Violet              
                                       (50)        (15)                        
     60 D.R. 2 6   79      3   14*.sup.11                                      
                                     Ligroin     + n-Heptane                   
                                                           Crimson             
                                       (35)        (25)                        
     61 A.D.45 8   99      5   13*.sup.12                                      
                                     Refined gasoline*.sup.13                  
                                                 + n-Octane                    
                                                           Red                 
                                       (35)        (35)                        
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.R.", "D.G.", "A.Blu.", "A.Bla.", "A.O.", "A.G." and "D.R." are
      the same as in Examples 1 to 4.                                          
      *.sup.2 Compound Nos. 14 to 99 respectively correspond to compound Nos. 1
      to 99 attached to the examples of organic ammonium compound shown in     
      Tables 1 - 3.                                                            
      *.sup.3 Pentaerythritol-rosin ester, "Pentaester" the same as in Example 
      1.                                                                       
      *.sup.4 Alkyd resin modified with rosin, "Beckosol", trademark, product o
      Nihon Reichhold Co. Ltd., Japan.                                         
      *.sup.5 Ester gun, "Pensel KK" the same as in Example 4.                 
      *.sup.6 Polyolefin, "Nisseki Neopolymer 120" the same as in Example 3.   
      *.sup.7 Styrenated alkyd resin, "Styresol J-718", trademark, product of  
      Nihon Reichhold Co., Ltd., Japan.                                        
      *.sup.8 Polyolefin, "Nisseki Neopolymer 140" the same as in Example 3.   
      *.sup.9 Polyolefin, "Piccopale" the same as in Example 4.                
      *.sup.10 Polyolefin, "Petrosin 120" the same as in Example 2.            
      *.sup.11 Maleinized rosin, "MRG-S", trademark, product of Tokushima Seiyu
      Co. Ltd., Japan.                                                         
      *.sup.12 Pentaerythritol-hydrogenated rosin ester, "Pentaester H" the sam
      as in Example 2.                                                         
      *.sup.13 "Robbersol" the same as in Example 1.                           
      *.sup.14 "Isoper E" the same as in Example 2.                            
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An ink composition for a marking pen consisting of a substantially
      odorless and nontoxic aliphatic hydrocarbon solvent having dissolved
      therein 5 to 35% by weight of a resinous binder in the form of a rosin
      derivative and 5 to 20% by weight of a modified dye, all % weights being
      based on the weight of the composition, said modified dye being a reaction
      product obtained by reacting (a) an anthraquinone dye having at least one
      group of --CO.sub.2 M and --SO.sub.3 M in the molecule wherein M is an
      alkali metal with (b) an organic ammonium compound represented by the
      formula
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are respectively a
      hydrocarbon radical having 1 to 40 carbon atoms, a radical of a
      hydrocarbon bonded to a hydrocarbon by a divalent group of --O--, --S--,
      --COO--, --CONH--or --NH--, the total carbon number of both hydrocarbons
      bonded being in range of 2 to 40, or
      ##EQU5##
      R' being an alkyl having 1 to 15 carbon atoms or an alkenyl having 1 to 20
      carbon atoms, provided that the total carbon number of R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 is in the range of 11 to 55 and X is a halogen atom,
      said modified dye having a high solubility in said solvent whereby drying
      of the ink in the pen nib is minimized.
NUM  2.
PAR  2. The ink composition according to claim 1, wherein said X is chlorine
      atom.
NUM  3.
PAR  3. The ink composition according to claim 1, wherein said dye to be
      modified has one to two --CO.sub.2 Na groups, one to two --SO.sub.3 Na
      groups or both --CO.sub.2 Na and SO.sub.3 Na groups.
NUM  4.
PAR  4. The ink composition of claim 1 wherein the dye is Acid-blue 43 and the
      rosin derivative is pentaerythritolhydrogenated rosin ester.
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ABST
PAL  An ink composition which comprises an alicyclic hydrocarbon solvent having
      dissolved therein a resinous binder and a modified dye, said modified dye
      being at least one species selected from the group consisting of a
      reaction product obtained by reacting a dye having at least one group of
      --CO.sub.2 M and --SO.sub.3 M in the molecule wherein M is an alkali metal
      with an organic ammonium compound and a reaction product obtained by
      reacting a basic dye with an acid compound.
BSUM
PAR  The present invention relates to ink compositions, more particularly to an
      ink composition especially suitable for a marking pen.
PAR  Presently, inks prepared by dissolving an oil-soluble dye and resin in
      xylene are mainly employed for marking pens which are extensively used at
      home, school, office, etc. as writing and drawing implements. However,
      xylene has the objections of: (1) giving off a vapor having a strong odor
      to intensely stimulate the eyes, nose and throat, (2) causing troubles in
      the marrow when inhaled over a prolonged period of time even in a very
      small amount, and (3) producing dermatitis when xylene contacts the skin
      repeatedly. For this reason, it has been desired to provide an ink for
      marking pens (hereinafter referred to briefly as "ink" unless otherwise
      specified) prepared by using a solvent of weak odor and low toxicity. In
      fact, inks have recently become available which are prepared by dissolving
      an oil- or alcohol-soluble dye and resin in methyl cellosolve of a low
      odor. Although methyl cellosolve is weak in odor, it is as toxic as xylene
      and involves the hazard that the vapor of the ink will be inhaled by the
      user or the ink will contact his skin. Thus the ink proposed has not
      overcome the objections heretofore experienced. Furthermore, when a
      drawing or writing is made on paper or the like with the conventional ink,
      the dye continues to sublime from the ink-deposited portion even after the
      ink has been dried, with the result that the color transfers to paper,
      cloth or the like which comes into contact with the inked portion, which
      is turn undergoes fading.
PAR  It is known that an alicyclic hydrocarbon solvent is weak in odor and much
      lower than xylene or cellosolve in toxicity to the human body, but the use
      of this solvent is infeasible inasmuch as at present there is no dye
      available that is soluble therein to a concentration required for the ink.
PAR  Accordingly, a main object of this invention is to provide a dye which is
      readily soluble in a substantially odorless and nontoxic alicyclic
      hydrocarbon solvent to a high concentration.
PAR  Another object of this invention is to provide a dye which will not sublime
      from the ink-deposited portion after it has been dried.
PAR  Another object of this invention is to provide an ink which is low in odor
      and toxicity such that it will not adversely affect the human body even
      when used over a long period of time.
PAR  Still another object of this invention is to provide an ink having a high
      concentration of dye and excellent in tinctorial properties.
PAR  Other objects and features of this invention will become more apparent from
      the following description.
PAR  The present invention provides an ink composition which comprises an
      alicyclic hydrocarbon solvent having dissolved therein a resinous binder
      and a modified dye, said modified dye being at least one species selected
      from the group consisting of a reaction product obtained by reacting a dye
      having at least one group of --CO.sub.2 M and --SO.sub.3 M in the molecule
      wherein M is an alkali metal with an organic ammonium compound and a
      reaction product obtained by reacting a basic dye with an acid compound:
      said ammonium compound being represented by the formula
      ##SPC1##
      ##EQU1##
      or
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are respectively a saturated
      or unsaturated hydrocarbon radical having 1 to 40 carbon atoms, a radical
      of a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 2 to 40, or
      ##EQU3##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 has a carbon number of
      not lower than 4 and the total carbon number of R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 is in the range of 7 to 55; R.sub.5 is a saturated or
      unsaturated hydrocarbon radical having 4 to 40 carbon atoms, a radical of
      a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 4 to 40, or
      ##EQU4##
      R' being an alkyl or alkenyl having 4 to 20 carbon atoms; R.sub.6 is
      hydrogen atom, methyl or ethyl group; R.sub.7 is an aliphatic hydrocarbon
      radical having 4 to 22 carbon atoms; R.sub.8 and R.sub.9 are respectively
      a hydrocarbon radical having 1 to 10 carbon atoms; R.sub.10 is methyl,
      ethyl, butyl or propyl; R.sub.11, R.sub.12 and R.sub.13 are respectively a
      hydrogen atom, a hydrocarbon radical having 1 to 40 carbon atoms, a
      radical of a hydrocarbon bonded to a hydrocarbon by a divalent group of
      --O--, --S--, --COO--, --CONH-- or --NH--, the total carbon number of both
      hydrocarbons bonded being in the range of 2 to 40, or
      ##EQU5##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.11, R.sub.12 and R.sub.13 is a radical having a carbon
      number of not lower than 4 and the total carbon number of R.sub.11,
      R.sub.12 and R.sub.13 is in the range of 4 to 50; X is halogen atom and; A
      is an acid residue; and said acid compound being represented by the
      formula
EQU  R.sub.14 Y                                                 (VI),
      ##EQU6##
      wherein R.sub.14 and R.sub.19 are respectively a saturated or unsaturated
      aliphatic hydrocarbon radical having 7 to 22 carbon atoms, an aromatic
      hydrocarbon radical having 10 to 28 carbon atoms or a saturated or
      unsaturaated alicyclic hydrocarbon radical having 10 to 28 carbon atoms;
      R.sub.15 is a saturated aliphatic hydrocarbon radical having 2 to 14
      carbon atoms; R.sub.16, R.sub.17, R.sub.20 and R.sub.21 are respectively a
      saturated or unsaturated aliphatic hydrocarbon radical having 4 to 22
      carbon atoms; R.sub.18 is a saturated aliphatic hydrocarbon radical having
      4 to 18 carbon atoms; M is an alkali metal or ammonium; Y is a --CO.sub.2
      M--, --SO.sub.3 M--, or --OSO.sub.3 M-- group wherein M is the same as
      above.
PAR  According to the researches of the present inventor it has been found that
      a modified dye obtained in accordance with the present invention is
      soluble in an alicyclic hydrocarbon solvent to a very high concentration,
      making it possible to obtain an ink of deep color without using xylene,
      cellosolve or like solvent which is detrimental to the human body. The
      reason why the reaction product described above is highly soluble in an
      alicyclic hydrocarbon solvent has not been fully clarified yet.
PAR  Further this invention assures greatly reduced sublimation of dye from the
      inked portion after the ink has been dried, consequently eliminating the
      transfer of color to paper, cloth or the like which will contact the inked
      portion and permitting hardly any fading of color in the inked portion
      over a long period of time.
PAR  The dyes to be used according to this invention having at least one of
      --CO.sub.2 M groups and --SO.sub.3 M groups wherein M is as defined above
      include various dyes such as monoazo dyes, disazo dyes, trisazo dyes,
      polyazo dyes, anthraquinone dyes, triphenylmethane dyes, xanthen dyes,
      stilbene dyes and indigo dyes. These dyes are used singly or in
      combination with one another.
PAR  Examples of dyes having at least one of --CO.sub.2 M and --SO.sub.3 M
      groups are shown below, all of which are indicated in accordance with
      Color Index (2nd ed.) compiled and published jointly by The American
      Association of Textile Chemist and Colorists and The Society of Dyers and
      Colourists of Great Britain:
PAC  1. Monoazo dyes:
PA1  Direct Yellow 8, 27, 28,
PA1  Acid Yellow 11, 17, 23, 25, 29, 36, 40, 76, 98, 99,
PA1  Direct Red 20,
PA1  Acid Red 1, 6, 8, 9, 13, 14, 18, 26, 27, 32, 35, 37, 42, 133, 155, 180,
      183, 184, 186, 198, 249, 265,
PA1  Acid Blue 92, 117, 158, 161,
PA1  Direct Orange 39, 41,
PA1  Acid Orange 1, 7, 8, 10, 19, 20, 28, 41, 78,
PA1  Acid Violet 7, 11,
PA1  Acid Green 12, 35,
PA1  Acid Brown 2, 4, 20,
PA1  Acid Black 51, 52, 107.
PAC  2. Disazo dyes:
PA1  Direct Yellow 1, 12, 24, 33, 44,
PA1  Acid Yellow 38, 42, 44,
PA1  Direct Red 1, 2, 4, 13, 17, 23, 24, 28, 31, 33, 37, 39, 44, 46, 62, 63, 75,
      79, 81, 83, 229,
PA1  Acid Red 85, 89, 97, 111, 114, 115, 134, 145, 154, 158, No. 26670,
PA1  Direct Blue 1, 2, 6, 15, 22, 25, 76, 90, 98, 158, 165, 168, 226,
PA1  Acid Blue 29, 113, 120, 123,
PA1  Direct Black 17, 51,
PA1  Acid Orange 24, 33, 45, 51, 56,
PA1  Direct Violet 1, 7, 9, 12, 22, 35, 48, 51, 63,
PA1  Acid Green 19, 20,
PA1  Acid Brown 14,
PA1  Direct Orange 1, 6, 8, 10, 26, 29, 49, 102,
PA1  Direct Brown 2, 58, 59,
PA1  Acid Black 1, 7, 24, 26, No. 20510.
PAC  3. Trisazo dyes:
PA1  Direct Blue 71, 78, 120, 163,
PA1  Direct Green 1, 6, 8, 33, 59,
PA1  Direct Brown 1A, 6, 27, 95, 101, 173,
PA1  Acid Black 94.
PAC  4. Polyazo dyes:
PA1  Direct Yellow 60,
PA1  Direct Red 32, 80, 84, 194,
PA1  Direct Blue 131, 150, 159, 162, 175, 176,
PA1  Direct Brown 13, 14, 31, 33, 39, 43, 44, 63, 70, 73, 74, 100, 127, 149,
      150, 215,
PA1  Acid Brown 25, 92, 106, 119, 120, 123,
PA1  Direct Black 19, 22, 28, 32, 34, 75, 76, 77, 97, 100, 112.
PAC  5. Anthraquinone dyes:
PA1  Acid Red 80, 82, 83,
PA1  Acid Blue 23, 25, 27, 40, 41, 43, 45, 67, 78, 80, 138,
PA1  Acid Violet 34, 41, 43, 51, No. 62000,
PA1  Acid Green 25, 27, 36, 41, 44,
PA1  Acid Brown 27,
PA1  Acid Black 48.
PAC  6. Triphenylmethane dyes:
PA1  Acid Blue 1, 7, 9, 15, 22, 83, 90, 93, 100, 103, 104,
PA1  Direct Blue 41,
PA1  Acid Violet 15, 49,
PA1  Acid Green 3, 9, 16.
PAC  7. Xanthene dyes:
PA1  Acid Yellow 73, 74,
PA1  Acid Red 51, 52, 87, 91, 92, 93, 94, 95, 98,
PA1  Acid Blue 19,
PA1  Acid Violet 9.
PAC  8. Stilbene dyes:
PA1  Direct Yellow 11, 39.
PAC  9. Indigo dyes:
PA1  Acid Blue 74.
PAR  Among these dyes, preferable are those having one to two --CO.sub.2 M
      groups, one to two --SO.sub.3 M groups or both --CO.sub.2 M group and
      --SO.sub.3 M group wherein M is sodium.
PAR  The organic ammonium compounds to be reacted with the dyes having at least
      one group of --CO.sub.2 M and --SO.sub.3 M according to this invention are
      represented by the formulas (I), (II), (III), (IV) and (V) and used singly
      or in combination with one another. Typical of the organic ammonium
      compounds to be used in this invention are shown in Tables 1 - 5 below:
PAR  I. Examples of quaternary ammonium halides represented by the formula (I)
      are shown in Table 1:
TBL                Table 1                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of organic ammonium compound                              
     ______________________________________                                    
      (1)      Butyl triethyl ammonium halide                                  
      (2)      Hexyl triethyl ammonium halide                                  
      (3)      Octyl tributyl ammonium halide                                  
      (4)      Decyl tripropyl ammonium halide                                 
      (5)      Dodecyl triethyl ammonium halide                                
      (6)      Tetradecyl trimethyl ammonium halide                            
      (7)      Hexadecyl trimethyl ammonium halide                             
      (8)      Octadecyl trimethyl ammonium halide                             
      (9)      Docosyl trimethyl ammonium halide                               
     (10)      Hexacosyl trimethyl ammonium halide                             
     (11)      Triacontyl trimethyl ammonium halide                            
     (12)      Hexacontyl trimethyl ammonium halide                            
     (13)      Octadecenyl triethyl ammonium halide                            
     (14)      Didodecyl diethyl ammonium halide                               
     (15)      Ditetradecyl diethyl ammonium halide                            
     (16)      Dihexadecyl dimethyl ammonium halide                            
     (17)      Octadecyl octadecenyl dimethyl                                  
               ammonium halide                                                 
     (18)      Hexadecyl octadecyl dimethyl ammonium                           
               halide                                                          
     (19)      Trioctyl ethyl ammonium halide                                  
     (20)      Tridecyl methyl ammonium halide                                 
     (21)      Didodecyl hexadecyl methyl ammonium                             
               halide                                                          
     (22)      Dioctadecyl octyl methyl ammonium halide                        
     (23)      Dodecylamidomethyl triethyl ammonium halide                     
     (24)      Hexadecylamidopropyl trimethyl ammonium                         
               halide                                                          
     (25)      Tetradecylaminomethyl trimethyl ammonium                        
               halide                                                          
     (26)      Hexacosylaminomethyl dimethyl ammonium                          
               halide                                                          
     (27)      Lauroylethyl octyl dimethyl ammonium halide                     
     (28)      Stearoylmethyl octyl dimethyl ammonium                          
               halide                                                          
     (29)      Oleyloxibutyl trimethyl ammonium halide                         
     (30)      Octylthioethyl trimethyl ammonium halide                        
     (31)      Didodecylphosphoryl trimethyl ammonium                          
               halide                                                          
     (32)      dioleylphosphoryl triethyl ammonium halide                      
     (33)      Oxistearyl trimethyl ammonium halide                            
     (34)      Dodecylchlorobenzyl trimethyl ammonium                          
               halide                                                          
     (35)      Hexadecyl aminopropyl dimethyl ammonium                         
               halide                                                          
     (36)      Octylbenzyl trimethyl ammonium halide                           
     (37)      Dodecylbenzyl trimethyl ammonium halide                         
     (38)      Hexadecylbenzyl trimethyl ammonium halide                       
     (39)      Butylcyclohexyl trimethyl ammonium halide                       
     (40)      Octylcyclohexyl trimethyl ammonium halide                       
     (41)      Octylnaphtyl trimethyl ammonium halide                          
     (42)      Didecylbenzyl dimethyl ammonium halide                          
     (43)      Decyl octylbenzyl dimethyl ammonium halide                      
     (44)      Dodecyl hexyl cyclohexyl ammonium halide                        
     ______________________________________                                    
PAR  II. Examples of pyridinium halides represented by the formula (II) are
      shown in Table 2 below:
TBL                Table 2                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of organic ammonium compound                              
     ______________________________________                                    
     (45)      N-butyl pyridinium halide                                       
     (46)      N-octyl pyridinium halide                                       
     (47)      N-decyl pyridinium halide                                       
     (48)      N-dodecyl pyridinium halide                                     
     (49)      N-dodecyl methyl pyridinium halide                              
     (50)      N-tetradecyl pyridinium halide                                  
     (51)      N-hexadecyl pyridinium halide                                   
     (52)      N-octadecyl pyridinium halide                                   
     (53)      N-docosyl pyridinium halide                                     
     (54)      N-hexacosyl pyridinium halide                                   
     (55)      N-triacosyl pyridinium halide                                   
     (56)      N-hexacontyl pyridinium halide                                  
     (57)      N-octadecylamidomethyl pyridinium halide                        
     (58)      N-hexadecylamidopropyl pyridinium halide                        
     (59)      N-tetradecylaminomethyl pyridinium                              
               halide                                                          
     (60)      N-tetradecylaminomethyl ethyl pyridinium                        
               halide                                                          
     (61)      N-methyl-N-octadecenylaminomethyl                               
               pyridinium halide                                               
     (62)      N-Lauroylethyl pyridinium halide                                
     (63)      N-stearoylmethyl pyridinium halide                              
     (64)      N-octadecenyloxibutyl pyridinium halide                         
     (65)      N-hexadecenylthioethyl pyridinium halide                        
     (66)      N-didodecyloxiphosphoryl pyridinium halide                      
     (67)      N-decylbenzyl pyridinium halide                                 
     (68)      N-octadecylbenzyl pyridinium halide                             
     (69)      N-hexadecyclcyclohexyl pyridinium halide                        
     (70)      N-dodecylcyclohexyl pyridinium halide                           
     ______________________________________                                    
PAR  III. Examples of quinolinium compounds represented by the formula (III) are
      shown in Table 3 below:
TBL                Table 3                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of organic ammonium compound                              
     ______________________________________                                    
     (71)      N-octyl quinolinium chloride                                    
     (72)      N-heptadecyl quinolinium chloride                               
     ______________________________________                                    
PAR  IV. Examples of imidazolinium compounds represented by the formula (IV) are
      shown in Table 4 below:
TBL                Table 4                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of organic ammonium compound                              
     ______________________________________                                    
     (73)      1-Ethyl-1-hydroxyethyl-2-heptadecyl-                            
               imidazolinium diethylsulphate                                   
     (74)      1-Methyl-1-hydroxymethyl-2-tridecyl-                            
               imidazolinium chloride                                          
     ______________________________________                                    
PAR  V. Examples of organic and inorganic acid salts of primary, secondary and
      tertiary amines represented by the formula (V) are acid salts such as
      hydrochlorides, formates, acetates, lactates etc., which are shown in
      Table 5 below:
TBL                Table 5                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of organic ammonium compound                              
     ______________________________________                                    
     (75)      Butyl amine hydrochloride                                       
     (76)      Hexyl amine hydrochloride                                       
     (77)      Octyl amine hydrochloride                                       
     (78)      Decyl amine hydrochloride                                       
     (79)      dodecyl amine hydrochloride                                     
     (80)      Octadecyl amine hydrochloride                                   
     (81)      docosyl amine hydrochloride                                     
     (82)      Triacontyl amine hydrochloride                                  
     (83)      Octylbenzyl amine hydrochloride                                 
     (84)      Hexylbenzyl amine hydrochloride                                 
     (85)      Hexadecylamidopropyl amine hydrochloride                        
     (86)      Tetradecylaminomethyl amine hydrochloride                       
     (87)      Octadecenyloxibutyl amine hydrochloride                         
     (88)      Hexadecylthioethyl amine hydrochloride                          
     (89)      Didecylphosphoryl amine hydrochloride                           
     (90)      Tetradecyl amine sulphate                                       
     (91)      Decylcyclohexyl amine sulphate                                  
     (92)      Hexacontyl amine nitrate                                        
     (93)      Dodecylcyclohexenyl amine nitrate                               
     (94)      Octadecenyl amine phosphate                                     
     (95)      Hexadecyl amine acetate                                         
     (96)      Octadecenylamidomethyl amine acetate                            
     (97)      Hexacosyl amine lactate                                         
     (98)      Lauroylethyl amine lactate                                      
     (99)      Dibutyl amine acetate                                           
     (100)     Hexadecyl ethyl amine hydrochloride                             
     (101)     Hexyl methyl amine hydrochloride                                
     (102)     Hexadecyl methyl amine hydrochloride                            
     (103)     Didecyl amine hydrochloride                                     
     (104)     Dihexylbenzyl amine hydrochloride                               
     (105)     Dibutylcyclohexyl amine hydrochloride                           
     (106)     Dioctadecyl amine formate                                       
     (107)     Octyl butyl amine acetate                                       
     (108)     Dodecyl propyl amine acetate                                    
     (109)     Butyl diethyl amine hydrochloride                               
     (110)     Octyl propyl ethyl amine hydrochloride                          
     (111)     Octadecyl dimethyl amine hydrochloride                          
     (112)     Tridecyl amine hydrochloride                                    
     (113)     Dodecyl ethyl methyl amine acetate                              
     (114)     Octyl propyl ethyl amine acetate                                
     ______________________________________                                    
PAR  Among these typical organic ammonium compounds, particularly advantageous
      are: (a) quaternary ammonium ammonium chlorides represented by the formula
      (I) above, (b) pyridinium chlorides represented by the formula (II) above,
      (c) quinolinium chlorides represented by the formula (III) above, (d)
      imidazolinium chlorides represented by the formula (IV) above and (e)
      primary, secondary and tertiary amine hydrochlorides represented by the
      formula (V) above.
PAR  The basic dyes to be used according to this invention have a positively
      charged nitrogen, sulphur or oxygen atom in the molecule and include
      various dyes such as azo dyes, diphenylmethane dyes, triarylmethane dyes,
      xanthene dyes, acridine dyes, methine or polymethine dyes, thiazole dyes,
      azine dyes, oxazine dyes and thiazine dyes. These dyes can be used singly
      or in combination with one another.
PAR  Examples of the basic dyes are shown below in accordance with Color Index.
PAC  1. Azo dyes:
PA1  Basic Yellow 32, 34, 36,
PA1  Basic Orange 1, 2, 32, 33, 34,
PA1  Basic Red 17, 18, 23, 24, 32, 34, 38, 39, 40,
PA1  Basic Violet 26, 28,
PA1  Basic Blue 58, 59, 64, 65, 66, 67, 68, 91, 98,
PA1  Basic Brown 1, 2, 4, 11, 12,
PA1  Basic Black 2, 8.
PAC  2. Diphenylmethane dyes:
PA1  Basic Yellow 2, 3.
PAC  3. Triarylmethane dyes:
PA1  Basic Red 9,
PA1  Basic Violet 1, 2, 3, 4, 13, 14,
PA1  Basic Blue 1, 5, 7, 11, 19, 26,
PA1  Basic Green 1, 4.
PAC  4. Xanthene dyes:
PA1  Basic Red 1,
PA1  Basic Violet 10, 14.
PAC  5. Acridine dyes:
PA1  Basic Yellow 9,
PA1  Basic Orange 10, 14, 15.
PAC  6. Methine or polymethine dyes:
PA1  Basic Yellow 11, 14, 21, 28, 33, 35,
PA1  Basic Orange 21, 22,
PA1  Basic Violet 7, 15, 21, 27,
PA1  Basic Red 13, 14, 15, 27, 35, 36, 37.
PAC  7. Thiazole dyes:
PA1  Basic Yellow 1.
PAC  8. Azine dyes:
PA1  Basic Red 2,
PA1  Basic Violet 5,
PAC  9. Oxazine dyes:
PA1  Basic Blue 3, 6, 12.
PAC  10. Thiazine dyes:
PA1  Basic Blue 9, 24, 25,
PA1  Basic Green 5.
PAC  11. Triphenylmethane dyes:
PA1  Basic Green 4.
PAC  12. Quinoline dyes:
PA1  Basic Green 6.
PAC  13. Anthraquinone dyes:
PA1  Basic Violet 21, 22, 25,
PA1  Basic Blue 44, 45, 47, 60.
PAR  The acid compounds to be reacted with the basic dyes according to this
      invention are represented by the formulas (VI), (VII), (VIII), (IX) and
      (X) and can be used singly or in combination with one another. Typical of
      these acid compounds to be used in this invention are shown in Tables 6 -
      10.
PAR  (I) Examples of alkali metal salts and ammonium salts represented by the
      formula (VI) are shown in Table 6:
TBL                Table 6                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of acid compound                                          
     ______________________________________                                    
     (115)     Sodium caprylate                                                
     (116)     Potassium laurate                                               
     (117)     Ammonium myristate                                              
     (118)     Potassium myristate                                             
     (119)     Ammonium palmitate                                              
     (120)     Potassium palmitate                                             
     (121)     Sodium palmitate                                                
     (122)     Ammonium stearate                                               
     (123)     Potassium stearate                                              
     (124)     Sodium stearate                                                 
     (125)     Sodium behenate                                                 
     (126)     Ammonium oleate                                                 
     (127)     Potassium oleate                                                
     (128)     Sodium oleate                                                   
     (129)     Sodium butylbenzenesulfonate                                    
     (130)     Sodium hexylbenzenesulfonate                                    
     (131)     Sodium octylbenzenesulfonate                                    
     (132)     Sodium decylbenzenesulfonate                                    
     (133)     Sodium dodecylbenzenesulfonate                                  
     (134)     Sodium hexadecylbenzenesulfonate                                
     (135)     Sodium butylnaphthalenesulfonate                                
     (136)     Potassium hexylnaphtalenesulfonate                              
     (137)     Sodium rhodinate                                                
     (138)     Ammonium rhodinate                                              
     (139)     Sodium naphthenate                                              
     (140)     Ammonium naphthenate                                            
     (141)     Potassium naphthenate                                           
     (142)     Sodium laurylsulfate                                            
     (143)     Potassium laurylsulfate                                         
     (144)     Sodium cetylsulfate                                             
     (145)     Potassium cetylsulfate                                          
     (146)     Sodium oleylsulfate                                             
     (147)     Potassium oleylsulfate                                          
     ______________________________________                                    
PAR  II. Examples of alkali metal salts and ammonium salts represented by the
      formula (VII) are shown in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of acid compound                                          
     ______________________________________                                    
     (148)     Dibutyl sodium sulfoadipate                                     
     (149)     Dibutyl ammonium sulfoadipate                                   
     (150)     Dioctyl sodium sulfoadipate                                     
     (151)     Didodecyl sodium sulfoadipate                                   
     (152)     Dihexyl potassium sulfosuccinate                                
     (153)     Didodecyl sodium sulfosuccinate                                 
     (154)     Dioctadecyl sodium sulfosuccinate                               
     ______________________________________                                    
PAR  III. Examples of alkali metal salts and ammonium salts represented by the
      formula (VIII) are shown in Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of acid compound                                          
     ______________________________________                                    
     (155)     Sodium adipate                                                  
     (156)     Sodium suberate                                                 
     (157)     Potassium sebacate                                              
     (158)     Sodium sebacate                                                 
     (159)     Ammonium sebacate                                               
     (160)     Sodium azelate                                                  
     ______________________________________                                    
PAR  IV. Examples of alkali metal salts and ammonium salts represented by the
      formula (IX) are shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
     Compound No.                                                              
                Name of acid compound                                          
     ______________________________________                                    
     (161)     Monooctyl potassium phosphate                                   
     (162)     Monododecyl sodium phosphate                                    
     (163)     Monohexadecyl potassium phosphate                               
     (164)     Monobehenyl sodium phosphate                                    
     ______________________________________                                    
PAR  V. Examples of alkali metal salts and ammonium salts represented by the
      formula (X) are shown in Table 10.
TBL                Table 10                                                    
     ______________________________________                                    
     Compound No.                                                              
                Name of acid compound                                          
     ______________________________________                                    
     (165)     Dibutyl sodium phosphate                                        
     (166)     Dibutyl ammonium phosphate                                      
     (167)     Dioctyl sodium phosphate                                        
     (168)     Didoecyl potassium phosphate                                    
     (169)     Dihexadecyl sodium phosphate                                    
     ______________________________________                                    
PAR  Among these acid compounds exemplified above, particularly preferable are
      sodium salts of the compounds represented by the formulas (VI), (VII),
      (VIII), (IX) and (X).
PAR  The modified dye of the present invention can be prepared by the reaction
      of a dye having at least one of CO.sub.2 M groups and SO.sub.3 M groups
      with an organic ammonium compound represented by the formula (I), (II),
      (III), (IV) or (V) and by the reaction of a basic dye having a positively
      charged nitrogen, sulphur or oxygen atom in the molecule with an acid
      compound represented by the formula (VI), (VII), (VIII), (IX) or (X). The
      reaction can be conducted in water or organic solvent with stirring at a
      temperature from about 20.degree. to about 70.degree. C, preferably of
      about 40.degree. to 50.degree. C. The resultant reaction mixture is washed
      with water to separate the modified dye, followed by drying. The organic
      ammonium compound represented by the formula (I), (II), (III), (IV) or
      (V), or the acid compound represented by the formula (VI), (VII), (VIII),
      (IX) or (X) is used in an amount of at least one mole per mole of the dye.
      When the dye contains two or more substituents represented by --CO.sub.2 M
      and/or SO.sub.3 M, the compound can be employed in such an amount that at
      least one of the above substituents contained in the dye molecule is
      reacted with the compound. Examples of the organic solvents used in the
      reaction to prepare the modified dye are alcohols, ketones, ethers,
      esters, aromatic solvents, aliphatic hydrocarbons, alcyclic hydrocarbons,
      etc., among which preferable are alcohols, ketones and ethers. The above
      reaction of dye with compound can be conducted prior to or simaltaneously
      with the preparation of the present ink composition. In the latter case it
      is preferable to first dissolve a resinous binder in an alicyclic
      hydrocarbon serving as a solvent for the ink composition and thereafter to
      add the dye and compound thereto for the reaction conducted in the same
      manner as above.
PAR  The resultant modified dye has a structure in which at least one of
      --CO.sub.2 M and/or SO.sub.3 M, or a positively charged nitrogen, sulphur
      or oxygen atom contained in the molecule is reacted with one mole of the
      organic ammonium compound or the acid compound, is insoluble in water but
      soluble in alicyclic and aliphatic hydrocarbons, and has the same color as
      the original dye.
PAR  The alicyclic hydrocarbon solvents to be used in this invention which may
      differ with the type of the dye used, the desired concentration of ink,
      etc. are preferably those boiling at about 75.degree. to 180.degree. C
      from the viewpoint of preservability of ink over a prolonged period of
      time and drying speed after drawing or writing. Such solvents can be used
      alone or in admixture with one another and typical examples thereof are:
PA1  I. hydrocarbons of cyclohexane series: cyclohexane, methylcyclohexane,
      ethylcyclohexane, dimethylcyclohexane, methylethylcyclohexane,
      butylcyclohexane, ethylbutylcyclohexane, isopropylcyclohexane, etc.
PA1  Ii. hydrocarbons of cyclohexene series: ethylcyclohexene, butylcyclohexene,
      isopropylcyclohexene, pentylcyclohexene, etc.
PAR  In the present invention, at least one of  aliphatic hydrocarbon solvents
      can be added to the alicyclic hydrocarbon solvent in an amount up to 300%
      by weight, based on the weight of the alicyclic hydrocarbon solvent. Such
      aliphatic hydrocarbon solvents preferably have a boiling point of about
      75.degree. to 180.degree. C and include:
PA1  I. hydrocarbons of methane series: heptane, octane, nonane, decane and like
      normal paraffins, isooctane and like isoparaffins,
PA1  Ii. hydrocarbons of ethylene series: 1-heptene, 1-octene, 1-nonene, etc.
PA1  Iii. ligroin, petroleum spirit, refined gasoline and like aliphatic
      hydrocarbon solvent mixture.
PAR  Further, at least one of monohydric aliphatic alcohols having 2 to 20
      carbon atoms and dihydric aliphatic alcohols having 2 to 100 carbon atoms
      can be added to the alicyclic hydrocarbon or the mixture of alicyclic
      hydrocarbon and aliphatic hydrocarbon for improving the solubility of the
      modified dye in the solvent. The aliphatic alcohol is used in an amount up
      to 30% by weight, based on the weight of the solvent. Examples of such
      aliphatic alcohols are:
PAR  1. monohydric aliphatic alcohols such as ethyl alcohol, n-propyl alcohol,
      isopropyl alcohol, octyl alcohol, lauryl alcohol, cetyl alcohol, etc., and
      (2) dihydric aliphatic alcohols such as ethyleneglycol, propyleneglycol,
      1,3-butyleneglycol 1,4-butyleneglycol, 1,6-hexyleneglycol,
      2,5-hexyleneglycol, 3,4-hexyleneglycol, dipropyleneglycol,
      polypropyleneglycols having up to 100 carbon atoms, etc.
PAR  The resinous binder to be used in the invention, which assures satisfactory
      adhesion of the ink on the drawing or writing surface, includes various
      natural or synthetic resins heretofore used in marking pen inks. Typical
      of resinous binders are:
PA1  1. Rosin derivatives: pentaerythritol-rosin ester,
      pentaerythritol-hydrogenated rosin ester, ester gum, hydrogenated rosin,
      maleinized rosin, etc.
PA1  2. Petroleum resins: coumarone-indene resin, polyolefin, etc.
PA1  3. Alkyd resins: alkyd resins modified with drying oil or rosin, phenolated
      alkyd resin, styrenated alkyd resin, etc.
PAR  Among these resins, preferable are pentaerythritol-rosin ester,
      pentaerythritol-hydrogenated rosin ester, ester gum, hydrogenated rosin,
      maleinized rosin and polyolefin.
PAR  The concentration of the modified dye and resinous binder in the present
      ink composition varies widely with the kind of modified dye and alicyclic
      hydrocarbon solvent used, etc. Usually, the concentration of modified dye
      is in the range of 5 to 20%, preferably 5 to 15% by weight and that of
      resinous binder is in the range of 5 to 35%, preferably 10 to 20% by
      weight, based on the total weight of the ink composition.
PAR  The ink composition of this invention is prepared by adding the modified
      dye previously prepared as above to an alicyclic hydrocarbon solvent or
      solvent mixture of alicyclic hydrocarbon and aliphatic hydrocarbon along
      with the resinous binder and stirring the mixture at a temperature from
      about 20.degree. to about 70.degree. C to completely dissolve the modified
      dye and the resinous binder in the solvent. Alternatively, the ink
      composition of this invention is prepared by adding a dye, resinous binder
      and organic ammonium compound or acid compound to a solvent at the same
      time or in suitable sequence and stirring the mixture at a temperature
      from about 20.degree. to 70.degree. C to produce modified dye completely
      dissolved in the solvent along with the resinous binder. In the latter
      case, it is preferable to prepare the ink composition by dissolving the
      resinous binder, the dye and the organic ammonium compound or acid
      compound in sequence in order to increase the solubility of the modified
      dye to the alicyclic hydrocarbon solvent. To the ink composition of the
      present invention can be added further one or more dyes in order to change
      the color tone.
DETD
PAR  To clarify the features of this invention, examples are given below in
      which parts are all by weight.
PAC  EXAMPLE 1
PAR  Predetermined amounts of dyes having --CO.sub.2 M and/or --SO.sub.3 M group
      and quaternary ammonium chlorides (I) shown in Table 9 below were
      respectively added to 100 parts of isopropyl alcohol, and the mixtures
      were stirred at 40.degree. to 50.degree. C for about 20 minutes and the
      resultant precipitates in the mixture were filtered off. After repeatedly
      washed with water and dried, the precipitates were subjected to extraction
      with 100 parts of toluene. When the toluene was evaporated off under a
      reduced pressure, purified modified dyes were obtained as shown in Table 9
      below, all of which were insoluble in water and soluble in alicyclic
      hydrocarbon solvent and the solvent mixture of alicyclic hydrocarbon and
      aliphatic hydrocarbon and had the same color as the original dyes.
TBL                Table 9                                                     
     ______________________________________                                    
                     Quaternary   Amount of                                    
     Dye             ammonium chloride                                         
                                  modified                                     
     No.   Name*.sup.1                                                         
                     Amount  Comp.  Amount                                     
                                          dye obtained                         
                     used    No.*.sup.2                                        
                                    used  (part)                               
                     (part)         (part)                                     
     ______________________________________                                    
     1     A.Y. 29   6        4     8     12                                   
     2     D.Blu.22  8       11     5     11.5                                 
     3     D.V. 51   8       14     6     12                                   
     4     D.Br.44   12      17     7     17                                   
     5     A.Blu.43  8       19     6     12                                   
     6     D.R. 39   9       37     7     15                                   
     7     A.R. 92   4       23     7     10                                   
     8     A.R. 52   6       26     7     12                                   
     9     A.R. 42   7       27     8     13                                   
     10    A.R.186   9       29     6     13                                   
     11    A.Bla.17  12      12     12    20                                   
     ______________________________________                                    
      Note:                                                                    
      *.sup.1 "A.Y.", "D.Blu.", "D.V.", "D.Br.", "A.Blu.", "D.R.", "A.R." and  
      "A.Bla." respectively stand for "Acid Yellow", "Direct Blue", "Direct    
      Violet", "Direct Brown", "Acid Blue", "Direct Red", "Acid Red" and "Acid 
      Black".                                                                  
      *.sup.2 Compound Nos. 4 to 37 respectively correspond to compound Nos. 4 
      to 37 attached to the examples of quaternary ammonium halides shown in   
      Table 1 before.                                                          
PAR  Then predetermined amounts of the modified dyes obtained as above and
      resinous binder were added to predetermined amounts of solvents to obtain
      the ink compositions as shown in Table 10 below.
TBL                                    Table 10                                
     __________________________________________________________________________
     Amount of  Resinous binder                                                
                          Solvent                                              
          modified  Amount            Amount                                   
                                           Color of the ink                    
          dye used  used              used composition                         
     No.  (part)                                                               
                Kind                                                           
                    (part)   Kind     (part)                                   
                                           obtained                            
     __________________________________________________________________________
     1    9     A*.sup.1                                                       
                    16    Dimethylcyclohexane                                  
                                      75   Yellow                              
                          Butylcyclohexane                                     
                                      60                                       
     2    16    B*.sup.2                                                       
                    17                     Blue                                
                          Ethyl alcohol                                        
                                      7                                        
     3    16    C*.sup.3                                                       
                    17    Isopropylcyclohexane                                 
                                      67   Reddish purple                      
                          Methylethylcyclohexane                               
                                      61                                       
     4    20    D*.sup.4                                                       
                    14                     Yellowish brown                     
                          Hexyleneglycol                                       
                                      5                                        
     5    15    C*.sup.3                                                       
                    18    Isopropylcyclohexene                                 
                                      67   Blue                                
                          Butylcyclohexene                                     
                                      57                                       
     6    17    A*.sup.1                                                       
                    18                     Bluish red                          
                          Ethyl alcohol                                        
                                      8                                        
                          Ethylcyclohexene                                     
                                      15                                       
     7    28    A*.sup.1                                                       
                    19                     Bluish red                          
                          Petroleum spirit                                     
                                      40                                       
                          Dimethylcyclohexene                                  
                                      16                                       
     8    20    E*.sup.5                                                       
                    16    Ligroin     40   Bluish red                          
                          Isopropyl alcohol                                    
                                      8                                        
     9    18    F*.sup.6                                                       
                    15    Butylcyclohexane                                     
                                      67   Red                                 
     10   20    B*.sup.2                                                       
                    18    Ethylbutylcyclohexane                                
                                      62   Crimson                             
     11   25    C*.sup.3                                                       
                    16    Ethylcyclohexane                                     
                                      59   Reddish black                       
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 Pentaerythritol-rosin ester, "Pentaester", trademark, product of 
      Tokushima Seiyu Co., Ltd., Japan.                                        
      *.sup.2 Hydrogenated rosin, "Spaybelite", trademark, product of Hercules 
      Powder Co., U.S.A.                                                       
      *.sup.3 Polyolefin, "Nisseki Neopolymer 120", trademark, product of Nippo
      Oil Co., Ltd., Japan.                                                    
      *.sup.4 Polyolefin, "Nisseki Neopolymer 140", trademark, product of Nippo
      Oil Co., Ltd., Japan.                                                    
      *.sup.5 Pentaerythritol-hydrogenated rosin ester, "Pentaester H",        
      trademark, product of Tokushima Seiyu Co., Ltd., Japan.                  
      *.sup.6 Ester gum, "Pensel KK", trademark, product of Arakawa Rinsan     
      Kagaku Kogyo Kabushiki Kaisha, Japan.                                    
PAR  Every ink composition obtained as above tinctured a drawing surface
      satisfactorily in a deep color, was weak in odor, produced hardly any
      stimulation on the skin, and no color transfer was found on paper which
      was held in intimate contact with the drawing surface for a long period of
      over one month.
PAC  EXAMPLE 2
PAR  To various solvents kept at a temperature of about 70.degree. C were added
      resinous binders with stirring, and further organic ammonium compounds
      represented by the formula (I) before were added slowly with stirring to
      effect complete solution. Subsequently, dyes were added slowly to the
      resulting solutions, followed by stirring for one and a half hours and
      then by cooling to room temperature. The filtration of insoluble
      precipitates gave ink compositions of the present invention as shown in
      Table 11 below.
TBL                                    Table 11                                
     __________________________________________________________________________
                    Organic                                                    
     ammonium       Resinous                                                   
     Dye            compound   binder     Solvent          Color of the        
               Amount     Amount    Amount            Amount                   
                                                           ink                 
               used Comp.*.sup.2                                               
                          used      used              used composition         
     No. Name*.sup.1                                                           
               (part)                                                          
                    No.   (part)                                               
                               Kind*.sup.3                                     
                                    (part)                                     
                                          Kind        (part)                   
                                                           obtained            
     __________________________________________________________________________
                                          Ethylcyclohexane                     
                                                      20                       
     12  A.Br. 10   8     13   E    18                     Brown               
         20                               Refined gasoline                     
                                                      39                       
                                          Ethylbutylcyclohexane                
                                                      60                       
     13  A.V.22                                                                
               8    13    6    B    15                     Reddish purple      
                                          Ethyl alcohol                        
                                                      11                       
                                          Pentylcyclohexene                    
                                                      62                       
     14  D.G. 1                                                                
               12   15    7    A    15                     Green               
                                          Dipropyleneglycol                    
                                                      4                        
                                          Ethylcyclohexane                     
                                                      62                       
     15  A.R.111                                                               
               8    41    8    F    17                     Red                 
                                          Propyleneglycol                      
                                                      5                        
                                          Dimethylcyclohexane                  
                                                      60                       
     16  A.O.41                                                                
               9    31    10   B    16                     Yellowish orange    
                                          Tripropyleneglycol                   
                                                      5                        
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.Br.", "A.V.", "D.G.", "A.R." and "A.O." respectively stand for
      "Acid Brown", "Acid Violet", "Direct Green", "Acid Red" and "Acid Orange"
      *.sup.2 Compound Nos. 8 to 41 respectively correspond to compound Nos. 8 
      to 41 attached to the examples of quaternary ammonium halides shown in   
      Table 1 before.                                                          
      *.sup.3 A, B, E and F are the same as in Table 10 of Example 1.          
PAR  Every ink composition obtained as above had distinguished properties the
      same as the compositions obtained in Example 1.
PAC  EXAMPLE 3
PAR  Predetermined amounts of dyes and pyridinium chlorides as shown in Table 12
      below were respectively added to 100 parts of organic solvents, and the
      mixtures were stirred at about 50.degree. C for about 15 minutes and the
      resultant precipitates in the mixture were filtered off. After repeatedly
      washed with water and dried, the precipitates were subjected to extraction
      with 100 parts of toluene. Purified modified dyes were obtained when the
      toluene was evaporated off under a reduced pressure. The modified dyes
      thus obtained were insoluble in water and soluble in a high concentration
      in alicyclic hydrocarbon solvent and solvent mixture of alicyclic
      hydrocarbon and aliphatic hydrocarbon and had the same colors as the
      original dyes.
TBL                                    Table 12                                
     __________________________________________________________________________
     Dye            Pyridinium chloride      Amount of                         
               Amount       Amount           modified dye                      
               used         used             obtained                          
     No. Name*.sup. 1                                                          
               (part)                                                          
                    Comp. No. *.sup.2                                          
                            (part)                                             
                                 Organic solvent                               
                                             (part)                            
     __________________________________________________________________________
     17  A.R. 138                                                              
               10   46      5    Methyl cellosolve                             
                                             13.5                              
     18  D.V. 9                                                                
               6    47      6    Ethyl cellosolve                              
                                             11                                
     19  D.O. 10                                                               
               7    51      8    Isopropyl alcohol                             
                                             13                                
     20  D.Br. 95                                                              
               9    55      12   methyl ethyl ketone                           
                                             18                                
     21  A.R. 87                                                               
               6    67      5    Methyl isobutyl ketone                        
                                             9.5                               
     22  D.Bla.19                                                              
               10   57      10   Ethyl alcohol                                 
                                             18                                
     23  A.Blu.                                                                
               8    60      7    Isopropyl alcohol                             
                                             13                                
     24  A.Blu.93                                                              
               8    66      10   Methyl cellosolve                             
                                             17                                
     25  A.Blu.83                                                              
               7    64      5    Ethyl cellosolve                              
                                             10                                
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.R.", "D.V.", "D.O.", "D.Br.", "D.Bla." and "D.Blu."           
      respectively stand for "Acid Red", "Direct Violet", "Direct Orange",     
      "Direct Brown", "Direct Black" and "Direct Blue".                        
      *.sup.2 Compound Nos. 46 to 66 respectively correspond to compounds Nos. 
      46 to 66 attached to the examples of pyridinium halides shown in Table 2 
      before.                                                                  
PAR  Ink compositions of the present invention were prepared by dissolving the
      modified dyes obtained as above and resinous binders in solvents as shown
      in Table 13.
TBL                                    Table 13                                
     __________________________________________________________________________
              Resinous binder                                                  
                             Solvent                                           
        Amount of                                                              
        modified   Amount             Amount                                   
                                           Color of the                        
        dye used   used               used ink composition                     
     No.                                                                       
        (part)                                                                 
              Kind*.sup.1                                                      
                   (part)    Kind     (part)                                   
                                           obtained                            
     __________________________________________________________________________
                        Isopropylcyclohexane                                   
                                      40                                       
     17 15    A    17   Aliphatic hydrocarbon*.sup.2                           
                                      25   Red                                 
                        Tripropyleneglycol                                     
                                      3                                        
                        Butylcyclohexane                                       
                                      60                                       
     18 18    E    18                      Reddish purple                      
                        Ethyl alcohol 4                                        
                        Ethylcyclohexane                                       
                                      60                                       
     19 18    B    19                      Yellowish orange                    
                        Dipropyleneglycol                                      
                                      3                                        
     20 25    C    19   Butylcyclohexane                                       
                                      56   yellowish brown                     
     21 17    D    17   Ethylcyclohexane                                       
                                      66   Red                                 
                        Dimethylcyclohexane                                    
                                      52                                       
     22 25    A    18                      Greenish black                      
                        Hexyleneglycol                                         
                                      5                                        
                        Isopropylcyclohexane                                   
                                      39                                       
     23 18    E    16   Aliphatic hydrocarbon*.sup.2                           
                                      20   Green                               
                        Isopropyl alcohol                                      
                                      7                                        
                        Butylcyclohexene                                       
                                      47                                       
     24 19    E    17                      Green                               
                        n-Octane      17                                       
                        Isopropylcyclohexane                                   
                                      41                                       
     25 15    B    19   n-Octene      20   Reddish green                       
                        Dipropyleneglycol                                      
                                      5                                        
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 A, B, C, D and E are the same as in Table 10 in Example 1.       
      *.sup.2 "Isoper E", trademark, product of Esso Petrochemical Co., Ltd.,  
      Japan.                                                                   
PAC  EXAMPLE 4
PAR  Resinous binders were added to solvents at about 50.degree. C with stirring
      and further organic ammonium compounds represented by the formulas (II),
      (III) and (IV) before and dyes were added slowly with stirring to effect
      complete solution. The resulting solutions were further stirred for about
      2 hours and then allowed to cool to room temperature. Ink compositions of
      the present invention were obtained by filtering out the insoluble
      precipitates, as shown in Table 14 below.
TBL                                    Table 14                                
     __________________________________________________________________________
                       Organic                                                 
                       ammonium   Resinous                                     
     Dye               compound   binder   Solvent                             
             Amount          Amount   Amount          Amount                   
                                                           Color of the        
             used      Comp.*.sup.2                                            
                             used     used            used ink composition     
     No.                                                                       
        Name*.sup.1                                                            
             (part)                                                            
                  Formula                                                      
                       No.   (part)                                            
                                  Kind*.sup.3                                  
                                      (part)                                   
                                           Kind       (part)                   
                                                           obtained            
     __________________________________________________________________________
     26 D.Br.                                                                  
             10   II   53    12   E   17   Dimethylcyclohexane                 
                                                      61   Reddish brown       
        1A                                                                     
                                           Butylcyclohexane                    
                                                      52                       
     27 A.Y.17                                                                 
             10   II   70    14   D   17                   Greenish yellow     
                                           Ethyl alcohol                       
                                                      7                        
                                           Pentylcyclohexene                   
                                                      57                       
     28 A.Blu.                                                                 
             9    II   63    8    A   19                   Green               
        41                                 Isopropyl alcohol                   
                                                      7                        
                                           Ethylcyclohexane                    
                                                      45                       
     29 A.V.43                                                                 
             9    III  72    7    C   17                   Violet              
                                           Propylcyclohexene                   
                                                      22                       
                                           Refined gasoline                    
                                                      45                       
     30 A.R.26                                                                 
             9    IV   74    6    A   15                   Red                 
                                           Ethylcyclohexane                    
                                                      25                       
     __________________________________________________________________________
      Note:                                                                    
      .sup.*1 "D.Br.", "A.Y.", "A.Blu.", "A.V." and "A.R." respectively stand  
      for "Direct Brown", "Acid Yellow", "Acid Blue", "Acid Violet" and "Acid  
      Red".                                                                    
      .sup.*2 Compound Nos. 53 to 74 respectively correspond to those attached 
      to the examples of organic ammonium compounds shown in Tables 2, 3, and 4
      before.                                                                  
      *.sup.3 A, C, D and E are the same as in Table 10 of Example 1.          
PAC  EXAMPLE 5
PAR  Modified dyes were obtained from dyes and acid salts of amines [formula
      (V)] as shown in Table 15 by the similar procedure as in Example 3. All of
      the modified dyes obtained had the same colors as the original dyes and
      were soluble in high concentration in alicyclic hydrocarbon solvent and
      solvent mixture of alicyclic hydrocarbon and aliphatic hydrocarbon, but
      were hardly soluble in water.
TBL                                    Table 15                                
     __________________________________________________________________________
     Dye            Amine salt                                                 
               Amount     Amount           Amount of modified                  
               used Comp..sup.*2                                               
                          used             dye obtained                        
     No.                                                                       
        Name*.sup.1                                                            
               (part)                                                          
                    No.   (part)                                               
                               Organic solvent                                 
                                           (part)                              
     __________________________________________________________________________
     31 A.Blu.40                                                               
               6    89    7    Ethyl alcohol                                   
                                           12                                  
     32 A.V. 43                                                                
               7    104   6    Ethyl alcohol                                   
                                           11.5                                
     33 A.Blu.15                                                               
               6    111   3    Isopropyl alcohol                               
                                           8                                   
     34 A.Blu.74                                                               
               6    85    8    Ethyl alcohol                                   
                                           12                                  
     35 D.Y. 28                                                                
               8    86    8    Ethyl cellosolve                                
                                           14                                  
     36 A.R. 14                                                                
               6    89    8    Isopropyl alcohol                               
                                           12                                  
     37 A.R. 138                                                               
               13   75    5    Ethyl alcohol                                   
                                           16.5                                
     38 A.Y. 36                                                                
               7    77    4    Ethyl alcohol                                   
                                           10                                  
     39 A.Blu.117                                                              
               6    81    4    Ethyl cellosolve                                
                                           9                                   
     40 A.Br. 4                                                                
               9    82    10   Ethyl cellosolve                                
                                           15                                  
     41 A.R. 154                                                               
               8    94    7    Methyl cellosolve                               
                                           13                                  
     42 A.V. 49                                                                
               9    100   5    methyl ethyl ketone                             
                                           13                                  
     43 A.R. 51                                                                
               7    93    4    Methyl isobutyl ketone                          
                                           10                                  
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.Blu.", "A.V.", "D.Y.", "A.R", "A.Y." and "A.Br." respectively 
      stand for "Acid Blue", "Acid Violet", "Direct Yellow", "Acid Red", and   
      "Acid Brown".                                                            
      *.sup.2 Compound Nos. 75 to 111 respectively correspond to those attached
      to the examples of amines salts shown in Table 5 before.                 
PAR  Ink compositions of the present invention were prepared by dissolving the
      modified dyes thus obtained and resinous binders in solvents as shown in
      Table 16 below.
TBL                                    Table 16                                
     __________________________________________________________________________
     Amount of                                                                 
              Resinous binder                                                  
                         Solvent                                               
        modified   Amount              Amount                                  
                                            Color of the ink                   
        dye used   used                used composition                        
     No.                                                                       
        (part)                                                                 
              Kind*.sup.1                                                      
                   (part)                                                      
                         Kind          (part)                                  
                                            obtained                           
     __________________________________________________________________________
                         Ethylcyclohexane                                      
                                       50                                      
     31 17    F    17                       Blue                               
                         Aliphatic hydrocarbon*.sup.2                          
                                       6                                       
                         Ethylcyclohexene                                      
                                       17                                      
     32 18    F    14                       Blue                               
                         Ligroin       50                                      
                         Butylcyclohexene                                      
                                       40                                      
     33 15    G    14    n-Heptane     25   Blue                               
                         Ethyl alcohol 6                                       
     34 20    A    18    Isopropylcyclohexane                                  
                                       62   Blue                               
                         Dimethylcyclohexane                                   
                                       40                                      
     35 18    E    19                       Yellow                             
                         Refined gasoline                                      
                                       23                                      
                         Ethylcyclohexane                                      
                                       50                                      
     36 20    F    14    Aliphatic hydrocarbon*.sup.2                          
                                       12   Magenta                            
                         Dipropyleneglycol                                     
                                       4                                       
     37 17    C    18    Dimethylcyclohexane                                   
                                       65   Red                                
                         Ethylcyclohexane                                      
                                       65                                      
     38 16    B    18                       Reddish yellow                     
                         Isopropyl alcohol                                     
                                       6                                       
                         Ethylbutylcyclohexane                                 
                                       63                                      
     39 17    E    16                       Purplish blue                      
                         Propyleneglycol                                       
                                       4                                       
     40 25    D    14    Butylcyclohexane                                      
                                       61   Reddish brown                      
                         Isopropylcyclohexane                                  
                                       60                                      
     41 18    C    16                       Magenate                           
                         Ethyl alcohol 6                                       
                         Dimethylcyclohexane                                   
                                       63                                      
     42 15    A    18                       Violet                             
                         Hexyleneglycol                                        
                                       4                                       
                         Isopropylcyclohexane                                  
                                       50                                      
     43 14    E    16    n-Heptane     15   Orange red                         
                         Ethyl alcohol 5                                       
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 A, B, C, D, E and F are the same as in Table 10 of Example 1. G i
      an alkyd resin modified with soybean oil.                                
      *.sup.2 "Isoper E" the same as in Table 13 of Example 3.                 
PAC  EXAMPLE 6
PAR  Resinous binders were added to solvents at about 60.degree. C with stirring
      and further organic amine salts represented by the formula (V) before were
      added with stirring to effect complete solution. Subsequently, dyes were
      added to the resulting solutions, followed by stirring for an hour and
      then by cooling to room temperature. Ink compositions of the present
      invention were obtained by filtering out the insoluble precipitates from
      the solution as given in Table 17 below.
TBL                                    Table 17                                
     __________________________________________________________________________
     Dye            Amine salt  Resinous binder                                
                                           Solvent          Color of the       
               Amount      Amount    Amount           Amount                   
                                                            ink                
               used Comp.*.sup.*2                                              
                           used      used             used  composition        
     No.                                                                       
        Name*.sup.1                                                            
               (part)                                                          
                    No.    (part)                                              
                                Kind*.sup.3                                    
                                     (part)                                    
                                           Kind       (part)                   
                                                            obtained           
     __________________________________________________________________________
                                           Dimethylcyclohexane                 
                                                      65                       
     44 A.Blu.120                                                              
               7    108    4    B    16                     Greenish blue      
                                           Isopropyl alcohol                   
                                                      8                        
                                           Butylcyclohexene                    
                                                      60                       
     45 A.R. 6 9    88     6    B    18                     Purplish red       
                                           Isopropyl alcohol                   
                                                      7                        
                                           Isopropylcyclohexane                
                                                      40                       
     46 A.R. 26                                                                
               9    90     9    A    18    n-Heptane  19    Red                
                                           Ethyl alcohol                       
                                                      5                        
     47 A.V. 15                                                                
               8    83     7    A    19    Butylcyclohexane                    
                                                      66    Violet             
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A.Blu.", "A.R." and "A.V." respectively stand for "Acid Blue", "
      Acid Red" and "Acid Violet".                                             
      *.sup.2 Composition Nos. 83 to 108 respectively correspond to those      
      attached to the examples of amine salts shown in Table 5 before.         
      *.sup.3 A and B are the same as in Table 10 of Example 1.                
PAC  EXAMPLE 7
PAR  Predetermined amounts of basic dyes and alikali salts of acid compound
      represented by the formulas (VI), (VII), (VIII), (IX) and (X) as shown in
      Table 18 below were respectively added to 100 parts of water and the
      mixtures were stirred at about 40.degree. C for 30 minutes and the
      resulting precipitates in the mixtures were filtered off. After repeatedly
      washed with water and dired, the precipitates thus filtered off were
      subjected to extraction with 100 parts of toluene. Purified modified dyes
      as shown in Table 18 were obtained by evaporating off the toluene under a
      reduced pressure. The modified dyes thus obtained were hardly soluble in
      water but soluble in a high concentration in an alicyclic hydrocarbon and
      a mixture of alicyclic hydrocarbon and aliphatic hydrocarbon, and had the
      same colors as the original dyes.
TBL                                    Table 18                                
     __________________________________________________________________________
     Dye           Alkali salt of acid compound                                
              Amount            Amount                                         
                                     Amount of modified                        
              used              used dye obtained                              
     No.                                                                       
        Name*.sup.1                                                            
              (part)                                                           
                   Formula                                                     
                        Comp. No..sup.*2                                       
                                (part)                                         
                                     (part)                                    
     __________________________________________________________________________
     48 B.Y. 10                                                                
              10    VI  115     6    15                                        
     49 B.R. 12                                                                
              10    VI  125     9    18                                        
     50 B.Blu.7                                                                
              11    VI  133     7    18                                        
     51 B.R. 1                                                                 
              9     VI  136     7    15                                        
     52 B.Blu.5                                                                
              12    VI  138     10   20                                        
     53 B.V. 3                                                                 
              8     VI  139     6    12                                        
     54 B.R.13                                                                 
              10    VI  143     8    16.5                                      
     55 B.Y. 2                                                                 
              10    VII 148     12   20.5                                      
     56 B.O. 2                                                                 
              5     VII 153     10   14                                        
     57 B.V. 1                                                                 
              7     VIII                                                       
                        155     14   20                                        
     58 B.G. 4                                                                 
              10    IX  157     7    15                                        
     59 B.Blu.25                                                               
              12    X   161     5    15.5                                      
     60 B.Blu.3                                                                
              8     X   163     10   16.5                                      
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "B.Y.", "B.R.","B.Blu.", "B.V.", "B.O." and "B.G." respectively  
      stand for " Basic Yellow", Basic red", "Basic Blue", "Basic Violet",     
      "Basic Orange" and "Basic Green".                                        
      *.sup.2 Compound Nos. 115 to 163 respectively correspond to those attache
      to the examples of compounds represented by the formulas (VI) to (X)     
      before.                                                                  
PAR  Ink compositions of the present invention were prepared by dissolving the
      modified dyes thus obtained and resinous binders in solvents as shown in
      Table 19 below.
TBL                                    Table 19                                
     __________________________________________________________________________
     Amount of                                                                 
              Resinous binder Solvent                                          
        modified   Amount                   Amount                             
                                                 Color of the                  
        dye used   used                     used ink composition               
     No.                                                                       
        (part)                                                                 
              Kind*.sup.1                                                      
                   (part)     Kind          (part)                             
                                                 obtained                      
     __________________________________________________________________________
     48 18    C    18         Ethylcyclohexane                                 
                                            64   Reddish yellow                
     49 20    A    15         Methylethylcyclohexane                           
                                            65   Purplish red                  
                              Dimethylcyclohexane                              
                                            40                                 
     50 18    E    17         n-Heptane     18   Blue                          
                              Isopropyl alcohol                                
                                            7                                  
                              Ethylbutylcyclohexane                            
                                            65                                 
     51 17    F    14                            Scarlet                       
                              Dipropyleneglycol                                
                                            4                                  
                              Ethylcyclohexane                                 
                                            60                                 
     52 19    F    17                            Greenish blue                 
                              Propyleneglycol                                  
                                            4                                  
                              Butylcyclohexene                                 
                                            61                                 
     53 18    B    16                            Purple                        
                              Ethyl alcohol 5                                  
     54 18    A    17         Isopropylcyclohexane                             
                                            65   Pinky yellow                  
     55 21    D    16         Butylcyclohexene                                 
                                            63   Yellow                        
                              Ethylcyclohexene                                 
                                            47                                 
     56 24    C    17                            Yellowish Brown               
                              Aliphatic hydrocarbon*.sup.2                     
                                            12                                 
                              Dimethylcyclohexane                              
                                            61                                 
     57 25    B    19                            Purple                        
                              Isopropyl alcohol                                
                                            7                                  
     58 18    F    14         Methylethylcyclohexane                           
                                            65   Bluish green                  
     59 16    H    12         Dimethylcyclohexane                              
                                            72   Green                         
                              Ethylcyclohexane                                 
                                            48                                 
     60 16    E    19                            Greenish blue                 
                              Aliphatic hydrocarbon*.sup.2                     
                                            17                                 
     __________________________________________________________________________
      Note:                                                                    
      *.sup.1 "A", "B", "C", "D", "D" and "F" are the same as in Table 10 of   
      Example 1. "H" is an alkyd resin modified with rosin.                    
      *.sup.2 "Isoper E", the same as in Table 13 of Example 3.                
PAC  EXAMPLE 8
PAR  Resinous binders were added to solvents at 70.degree. C with stirring and
      further alkali salts of acid compounds represented by the formulas (VI)
      and (X) before were added with stirring to effect complete solution.
      Subsequently, basic dyes were added to the resulting solution, followed by
      stirring for two hours and then by cooling to room temperature. Ink
      compositions of the present invention were obtained by filtering out the
      insoluble precipitates from the solution as shown in Table 20 below.
TBL                                    Table 20                                
     __________________________________________________________________________
                  Alkali salt of                                               
     Dye          acid compound   Resinous binder                              
                                             Solvent                           
                                                             Color of          
              Amount          Amount   Amount           Amount                 
                                                             the ink           
              used            used     used             used composition       
     No.                                                                       
        Name*.sup.1                                                            
              (part)                                                           
                  Formula                                                      
                       Comp. No.*.sup.2                                        
                              (part)                                           
                                  Kind*.sup.3                                  
                                       (part)                                  
                                             Kind       (part)                 
                                                             obtained          
     __________________________________________________________________________
                                             Isopropylcyclo-                   
     61 B.Y.11                                                                 
              10  VI   115    8   A    18    hexane     57   Yellow            
                                             Ethyl alcohol                     
                                                        7                      
                                             Butylcyclohexane                  
                                                        40                     
     62 B.Blu.26                                                               
              10  VI   128    6   E    19    Aliphatic hydro-*.sup.4           
                                                        20   Blue              
                                             carbon                            
                                             Hexyleneglycol                    
                                                        5                      
                                             Butylcyclohexane                  
                                                        45                     
     63 B.V.10                                                                 
              10  X    167    8   A    18    n-Heptane  15   Deep violet       
                                             Dipropyleneglycol                 
                                                        4                      
     __________________________________________________________________________
       Note:                                                                   
      *.sup.1 "B.Y.", "B.Blu." and "B.V." respectively stand for "Basic Yellow"
      "Basic Blue" and "Basic Violet".                                         
      *.sup.2 Composition Nos. 115, 128 and 167 respectively correspond to thos
      attached to the examples of compound represented by the formula (VI) and 
      (X) before.                                                              
      *.sup.3 "A" and "E" are the same as in Table 10 of Example 1.            
      *.sup.4 "Isoper E", the same as in Table 13 of Example 3.                
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In an ink composition for use in marking pens of the type composed of a
      dye, a binder and a solvent, the improvement which comprises the solvent
      being selected from the group consisting of the hexane series and having
      dissolved therein 5 to 35% by weight of the resinous binder and about 5 to
      20% by weight of a modified dye, all % weights being based on the weight
      of the total composition, said modified dye being at least one species
      selected from the group consisting of a reaction product obtained by
      reacting a disazo or anthraquinone dye having at least one group of
      --CO.sub.2 M and --SO.sub.3 M in the molecule wherein M is an alkali metal
      with an organic ammonium compound and a reaction product obtained by
      reacting a basic dye having a positively charged nitrogen, sulfur or
      oxygen atom in the molecular selected from the group consisting of azo,
      diphenylmethane, triarylmethane, xanthene, acridiene, methine or
      polymethine, thiazole, azine, oxazine, thiazine, quinoline and
      authraquinone dyes with an acid compound: said ammonium compound being
      represented by the formula
      ##SPC2##
      ##EQU7##
      or
      ##EQU8##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are respectively a saturated
      or unsaturated hydrocarbon radical having 1 to 40 carbon atoms, a radical
      of a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 2 to 40, or
      ##EQU9##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 has a carbon number of
      not lower than 4 and the total carbon number of R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 is in the range of 7 to 55; R.sub.5 is a saturated or
      unsaturated hydrocarbon radical having 4 to 40 carbon atoms, a radical of
      a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 4 to 40, or
      ##EQU10##
      R' being an alkyl or alkenyl having 4 to 20 carbon atoms; R.sub.6 is
      hydrogen atom, methyl or ethyl group; R.sub.7 is an aliphatic hydrocarbon
      radical having 4 to 22 carbon atoms; R.sub.8 and R.sub.9 are respectively
      a hydrocarbon radical having 1 to 10 carbon atoms; R.sub.10 is methyl
      ethyl butyl or propyl group; R.sub.11, R.sub.12 and R.sub.13 are
      respectively a hydrogen atom, a hydrocarbon radical having 1 to 40 carbon
      atoms, a radical of a hydrocarbon bonded to a hydrocarbon by a divalent
      group of --O--, --S--, --COO--, --CONH-- or --NH--, the total carbon
      number of both hydrocarbons bonded being in the range of 2 to 40, or
      ##EQU11##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.11, R.sub.12 and R.sub.13 is a radical having a carbon
      number of not lower than 4 and the total carbon number of R.sub.11,
      R.sub.12 and R.sub.13 is in the range of 4 to 50; X is halogen atom and; A
      is an acid residue; and said acid compound being represented by the
      formula
EQU  R.sub.14 Y,
      ##EQU12##
      wherein R.sub.14 and R.sub.19 are respectively a saturated or unsaturated
      aliphatic hydrocarbon radical having 7 to 22 carbon atoms, an aromatic
      hydrocabon radical having 10 to 28 carbon atoms or a saturated or
      unsaturated alicyclic hydrocarbon radical having 10 to 28 carbon atoms;
      R.sub.15 is a saturated aliphatic hydrocarbon radical having 2 to 14
      carbon atoms; R.sub.16, R.sub.17, R.sub.20 and R.sub.21 are respectively a
      saturated or unsaturated aliphatic hydrocarbon radical having 4 to 22
      carbon atoms; R.sub.18 is a saturated aliphatic hydrocarbon radical having
      4 to 18 carbon atoms; M is an alkali metal or ammonium; Y is a --CO.sub.2
      M, --SO.sub.3 M or --OSO.sub.3 M group wherein M is the same as above.
NUM  2.
PAR  2. The ink composition according to claim 1, wherein said organic ammonium
      compound is a compound represented by the formula
      ##SPC3##
      ##EQU13##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are respectively a saturated
      or unsaturated hydrocarbon radical having 1 to 40 carbon atoms, a radical
      of a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 2 to 40, or
      ##EQU14##
      R'  being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that
      at least one of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 has a carbon number
      of not lower than 4 and the total carbon number of R.sub.1, R.sub.2,
      R.sub.3 and R.sub.4 is in the range of 7 to 55; R.sub.5 is a saturated or
      unsaturated hydrocarbon radical having 4 to 40 carbon atoms, a radical of
      a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 4 to 40, or
      ##EQU15##
      R' being an alkyl or alkenyl having 4 to 20 carbon atoms; R.sub.6 is
      hydrogen atom, methyl or ethyl group; R.sub.7 is an aliphatic hydrocarbon
      radical having 4 to 22 carbon atoms; R.sub.8 and R.sub.9 are respectively
      a hydrocarbon radical having 1 to 10 carbon atoms; R.sub.10 is methyl,
      ethyl, butyl or propyl group; R.sub.11, R.sub.12 and R.sub.13 are
      respectively a hydrogen atom, a hydrocarbon radical having 1 to 40 carbon
      atoms, a radical of a hydrocarbon bonded to a hydrocarbon by a divalent
      group of --O--, --S--, --COO--, --CONH-- or --NH--, the total carbon
      number of both hydrocarbons bonded being in the range of 2 to 40, or
      ##EQU16##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.11, R.sub.12 and R.sub.13 is a radical having a carbon
      number of not lower than 4 and the total carbon number of R.sub.11,
      R.sub.12 and R.sub.13 is in the range of 4 to 50; X is halogen atom and; A
      is an acid residue.
NUM  3.
PAR  3. The ink composition according to claim 2, wherein said organic ammonium
      compound is a quaternary ammonium compound represented by the formula
      ##EQU17##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are respectively a saturated
      or unsaturated hydrocarbon radical having 1 to 40 carbon atoms, a radical
      of a saturated or unsaturated hydrocarbon bonded to a saturated or
      unsaturated hydrocarbon by a divalent group of --O--, --S--, --COO--,
      --CONH-- or --NH--, the total carbon number of both hydrocarbons bonded
      being in the range of 2 to 40, or
      ##EQU18##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have a carbon number of
      not lower than 4 and the total carbon number of R.sub.1, R.sub.2, R.sub.3
      and R.sub.4 is in the range of 7 to 55; and X is a halogen atom.
NUM  4.
PAR  4. The ink composition according to claim 3, wherein said X is chlorine
      atom.
NUM  5.
PAR  5. The ink composition according to claim 2, wherein said organic ammonium
      compound is a pyridinium compound represented by the formula
      ##SPC4##
PAL  wherein R.sub.5 is a saturated or unsaturated hydrocarbon radical having 4
      to 40 carbon atoms, a radical of a saturated or unsaturated hydrocarbon
      bonded to a saturated or unsaturated hydrocarbon by a divalent group of
      --O--, --S--, --COO--, --CONH-- or --NH--, the total carbon number of both
      hydrocarbons bonded being in the range of 4 to 40, or
      ##EQU19##
      R' being an alkyl or alkenyl having 4 to 20 carbon atoms; and X is a
      halogen atom.
NUM  6.
PAR  6. The ink composition according to claim 5, wherein said X is chlorine
      atom.
NUM  7.
PAR  7. The ink composition according to claim 2, wherein said organic ammonium
      compound is a quinolinium compound represented by the formula
      ##SPC5##
PAL  wherein R.sub.7 is an aliphatic hydrocarbon radical having 4 to 22 carbon
      atoms and X is a halogen atom.
NUM  8.
PAR  8. The ink composition according to claim 7, wherein said X is chloride
      atom.
NUM  9.
PAR  9. The ink composition according to claim 2, wherein said organic ammonium
      compound is a imidazolinium compound represented by the formula
      ##EQU20##
      wherein R.sub.8 and R.sub.9 are respectively a hydrocarbon radical having
      1 to 10 carbon atoms; R.sub.10 is methyl, ethyl, propyl or butyl group;
      and A is an acid residue.
NUM  10.
PAR  10. The ink composition according to claim 9, wherein A is chloride atom.
NUM  11.
PAR  11. The ink composition according to claim 2, wherein said organic ammonium
      compound is a amine compound represented by the formula
      ##EQU21##
      wherein R.sub.11, R.sub.12 and R.sub.13 are respectively a hydrogen atom,
      a saturated or unsaturated hydrocarbon radical having 1 to 40 carbon
      atoms, a radical of a saturated or unsaturated hydrocarbon bonded to a
      saturated or unsaturated hydrocarbon by a divalent group of --O--, --S--,
      --COO--, --CONH-- or --NH--, the total carbon number of both hydrocarbons
      bonded being in the range of 2 to 40, or
      ##EQU22##
      R' being an alkyl or alkenyl having 1 to 20 carbon atoms, provided that at
      least one of R.sub.11, R.sub.12 and R.sub.13 is a radical having a carbon
      number of not lower than 4 and the total carbon number of R.sub.11,
      R.sub.12 and R.sub.13 is in the range of 4 to 50; and A is an acid
      residue.
NUM  12.
PAR  12. The ink composition according to claim 11, wherein said A is
      hydrochloric acid residue.
NUM  13.
PAR  13. The ink composition according to claim 1, wherein said dye to be
      reacted with organic ammonium compound has one to two --CO.sub.2 Na
      groups, one to two --SO.sub.3 Na groups or both --CO.sub.2 Na and SO.sub.3
      Na groups.
NUM  14.
PAR  14. The ink composition according to claim 1, wherein said acid compound is
      an acid compound represented by the formula
EQU  R.sub.14 Y,
      ##EQU23##
      ##EQU24##
      wherein R.sub.14 and R.sub.19 are respectively a saturated or unsaturated
      aliphatic hydrocarbon radical having 7 to 22 carbon atoms, an aromatic
      hydrocarbon radical having 10 to 28 carbon atoms or a saturated or
      unsaturated alicyclic hydrocarbon radical having 10 to 28 carbon atoms;
      R.sub.15 is a saturated aliphatic hydrocarbon radical having 2 to 14
      carbon atoms; R.sub.16, R.sub.17, R.sub.20 and R.sub.21 are respectively a
      saturated or unsaturated aliphatic hydrocarbon radical having 4 to 22
      carbon atoms; R.sub.18 is a saturated aliphatic hydrocarbon radical having
      4 to 18 carbon atoms; M is an alkali metal or ammonium; Y is a --CO.sub.2
      M, --SO.sub.3 M or --OSO.sub.3 M group wherein M is the same as above.
NUM  15.
PAR  15. The ink composition according to claim 14, wherein said acid compound
      is an organic alkaline compound rep esented by the formula
EQU  R.sub.14 Y
PAL  wherein R.sub.14 is a saturated or unsaturated aliphatic hydrocarbon
      radical having 7 to 22 carbon atoms, an aromatic hydrocarbon radical
      having 10 to 28 carbon atoms or a saturated or unsaturated alicyclic
      hydrocarbon radical having 10 to 28 carbon atoms; and Y is a --CO.sub.2 M,
      --SO.sub.3 M or --OSO.sub.3 M group wherein M an alkali metal or ammonium.
NUM  16.
PAR  16. The ink composition according to claim 15, wherein said M is sodium
      atom.
NUM  17.
PAR  17. The ink composition according to claim 14, wherein said acid compound
      is an organic alkaline compound represented by the formula
      ##EQU25##
      wherein R.sub.15 is a saturated aliphatic hydrocarbon radical having 2 to
      14 carbon atoms; R.sub.16 and R.sub.17 are respectively a saturated or
      unsaturated aliphatic hydrocarbon radical having 4 to 22 carbon atoms.
NUM  18.
PAR  18. The ink composition according to claim 17, wherein said M is sodium
      atom.
NUM  19.
PAR  19. The ink composition according to claim 14, wherein said acid compound
      is an organic alkaline compound represented by the formula
      ##EQU26##
      wherein R.sub.18 is a saturated aliphatic hydrocarbon radical having 4 to
      18 carbon atoms; and M is an alkali metal or ammonium.
NUM  20.
PAR  20. The ink composition according to claim 19, wherein said M is sodium
      atom.
NUM  21.
PAR  21. The ink composition according to claim 14, wherein said acid compound
      is a phosphoric ester represented by the formula
      ##EQU27##
      wherein R.sub.19 is a saturated or unsaturated aliphatic hydrocarbon
      radical having 7 to 22 carbon atoms, an aromatic hydrocarbon radical
      having 10 to 28 carbon atoms or a saturated or unsaturated alicyclic
      hydrocarbon radical having 10 to 28 carbon atoms; and M is an alkali metal
      or ammonium.
NUM  22.
PAR  22. The ink composition according to claim 21, wherein M is sodium atom.
NUM  23.
PAR  23. The ink composition according to claim 14, wherein said acid compound
      is a dialkyl phosphoric ester represented by the formula
      ##EQU28##
      wherein R.sub.20 and R.sub.21 are respectively a saturated or unsaturated
      aliphatic hydrocarbon radical having 4 to 22 carbon atoms; and M is an
      alkali metal or ammonium.
NUM  24.
PAR  24. The ink composition according to claim 23, wherein said M is sodium
      atom.
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ABST
PAL  We disclose glass compositions having an index of refraction of about 1.550
      in the fiber form. Textile glass fibers formed from these glass
      compositions are especially useful for the reinforcement of clear
      plastics.
PAR  This invention relates to fiberizable glass compositions. More
      specifically, this invention relates to textile glass fibers.
PAR  We often use textile glass fibers for the reinforcement of plastics.
      Commercially available textile glass fibers for this purpose are E-glass
      and S-glass filaments. Recently, we developed a fiberizable glass
      composition in which we eliminated the potential pollutants boron and
      fluorine. The fibers formed from this glass composition compare favorably
      with E-glass in color, liquidus temperature, and viscosity.
PAR  The index of refraction (1.576) of this glass composition, however, is too
      high for the reinforcement of clear plastics. That index should be about
      1.550.
PAR  We now have developed glass compositions which have an index of refraction
      of about 1.550 in the fiber form. These glasses are boron and fluorine
      free and compare favorably with E-glass in color, liquidus temperature,
      and viscosity.
PAR  The boron and fluorine freed glasses of this invention have the following
      compositions and ranges:
     Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    66.0 to 67.0                                          
            CaO          10.0 to 11.0                                          
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2    7.5 to  8.5                                           
            SiO.sub.2    59.0 to 60.0                                          
            Al.sub.2 O.sub.3                                                   
                         17.5 to 18.5                                          
            CaO          9.0 to 10.0                                           
            MgO          8.5 to  9.5                                           
            Na.sub.2 O   0  to  1.0                                            
            Li.sub.2 O   3.0 to  4.0                                           
            SiO.sub.2    56.5 to 57.5                                          
            Al.sub.2 O.sub.3                                                   
                         7.5 to  8.5                                           
            CaO          8.5 to  9.5                                           
            MgO          2.0 to  3.0                                           
            ZnO          6.0 to  7.0                                           
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2    1.5 to  2.5                                           
     ______________________________________                                    
PAR  All of these glass compositions can contain trace or small amounts of
      materials such as Fe.sub.2 O.sub.3 or TiO.sub.2. These amounts are due to
      impurities in the batch ingredients. Generally, these amounts are less
      than 0.1 weight percent.
PAR  Present technology allows for the production of glass fibers having a
      diameter ranging from 0.0001 inch to 0.0004 inch at a rate of 10,000 feet
      to 15,000 feet per minute. Glass fibers are produced from small streams of
      molten glass which exude through tiny orifices located in what is called a
      bushing. Typically, bushings have 204 such orifices. The tiny streams of
      molten glass which issue from the bushing are attenuated by pulling the
      fibers until the diameters given above result. During this time the
      streams cool and rigidify into what are called filaments.
PAR  The filaments then are coated with various sizings, silanes, lubricants,
      and the like and brought together to form a strand and coiled upon a spool
      to form a package. In another embodiment, the coated glass fibers can be
      routed directly to a chopping apparatus, thereby eliminating the
      collection package. The chopped strands can be dried prior to or
      subsequent to chopping. When the strands are gathered onto a collection
      package, the package is dried prior to positioning the package on a creel
      with numerous other packages. In another embodiment, the coating can be
      applied to the glass fibers after the strands or roving are formed rather
      than applying the coating to the filaments.
PAR  The following examples describe specific glass compositions embodying the
      principles of this invention.
TBL                Table                                                       
     ______________________________________                                    
                      Example, Weight Percent                                  
     Ingredients        1        2        3                                    
     ______________________________________                                    
     SiO.sub.2          66.4     59.5     57.0                                 
     Al.sub.2 O.sub.3   --       17.8      8.1                                 
     CaO                10.8      9.6      8.9                                 
     MgO                --        9.1      2.6                                 
     ZnO                --       --        6.5                                 
     Na.sub.2 O         14.9      0.5     14.8                                 
     Li.sub.2 O         --        3.3     --                                   
     ZrO.sub.2           7.9     --        2.0                                 
     Fe.sub.2 O.sub.3            0.07     0.04                                 
     TiO.sub.2                   0.05     0.03                                 
     Liquidus Temperature, .degree.F                                           
                        1940     2190     2000                                 
     Viscosity Temperature, .degree.F                                          
     at Log Poise 2.50  2362     2385     2295                                 
     Refractive Index   1.548    1.550    1.544                                
     ______________________________________                                    
PAR  The glasses of this invention have a liquidus temperature of 2200.degree. F
      or less and a viscosity of log poise 2.50 at 2450.degree. F or less. These
      glasses therefore are suitable for fiber forming and direct replacement of
      E-glass and other textile glass fibers formed from glasses containing
      boron and fluorine. In addition, these glass compositions have an index of
      refraction of about 1.550 in the fiber form. This index makes the glass
      fibers of this invention especially well suited for the reinforcement of
      clear plastics. These glasses also compare favorably with E-glass in
      color, liquidus, and viscosity. Clear plastic panels and clear plastic
      fishing rods are examples of products which these fibers can reinforce.
PAR  We intend to include modifications and variations within the scope and
      spirit of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fiberizable, boron and fluorine free glass composition having a
      liquidus temperature of 2200.degree. F or less, having a viscosity of log
      2.5 poises at 2450.degree. F or less and having an index of refraction of
      about 1.550 in the fiber form, consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    66.0 to 67.0                                          
            CaO          10.0 to 11.0                                          
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2     7.5 to  8.5.                                         
     ______________________________________                                    
NUM  2.
PAR  2. A glass composition according to claim 1 consisting essentially by
      weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    66.4                                                  
            CaO          10.8                                                  
            Na.sub.2 O   14.9                                                  
            ZrO.sub.2     7.9                                                  
     ______________________________________                                    
PAL  and having an index of refraction of 1.548.
NUM  3.
PAR  3. A fiberizable, boron and fluorine free glass composition having a
      liquidus temperature of 2200.degree. F or less, having a viscosity of log
      2.5 poises at 2450.degree. F or less and having an index of refraction of
      about 1.550 in the fiber form, consisting essentially by weight of:
     Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    59.0 to 60.0                                          
            Al.sub.2 O.sub.3                                                   
                         17.5 to 18.5                                          
            CaO           9.0 to 10.0                                          
            MgO           8.5 to  9.5                                          
            Na.sub.2 O    0  to  1.0                                           
            Li.sub.2 O    3.0 to  4.0.                                         
     ______________________________________                                    
NUM  4.
PAR  4. A glass composition according to claim 3 consisting essentially by
      weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    59.5                                                  
            Al.sub.2 O.sub.3                                                   
                         17.8                                                  
            CaO          9.6                                                   
            MgO          9.1                                                   
            Na.sub.2 O   0.5                                                   
            Li.sub.2 O   3.3                                                   
     ______________________________________                                    
PAL  and having an index of refraction of 1.550.
NUM  5.
PAR  5. A fiberizable, boron and fluorine free glass composition having a
      liquidus temperature of 2200.degree. F or less, having a viscosity of log
      2.5 poises at 2450.degree. F or less and having an index of refraction of
      about 1.550 in the fiber form, consisting essentially by weight of:
     Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    56.5 to 57.5                                          
            Al.sub.2 O.sub.3                                                   
                          7.5 to  8.5                                          
            CaO           8.5 to  9.5                                          
            MgO           2.0 to  3.0                                          
            ZnO           6.0 to  7.0                                          
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2     1.5 to  2.5.                                         
     ______________________________________                                    
NUM  6.
PAR  6. A glass composition according to claim 5 consisting essentially by
      weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    57.0                                                  
            Al.sub.2 O.sub.3                                                   
                         8.1                                                   
            CaO          8.9                                                   
            MgO          2.6                                                   
            ZnO          6.5                                                   
            Na.sub.2 O   14.8                                                  
            ZrO.sub.2    2.0                                                   
     ______________________________________                                    
PAL  and having an index of refraction of 1.544.
NUM  7.
PAR  7. A boron and fluorine free textile glass fiber having an index of
      refraction of about 1.550 and consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    66.0 to 67.0                                          
            CaO          10.0 to 11.0                                          
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2     7.5 to  8.5.                                         
     ______________________________________                                    
NUM  8.
PAR  8. A glass fiber according to claim 7 consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    66.4                                                  
            CaO          10.8                                                  
            Na.sub.2 O   14.9                                                  
            ZrO.sub.2     7.9                                                  
     ______________________________________                                    
PAL  and having an index of refraction of 1.548.
NUM  9.
PAR  9. A boron and fluorine free textile glass fiber having an index of
      refraction of about 1.550 and consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    59.0 to 60.0                                          
            Al.sub.2 O.sub.3                                                   
                         17.5 to 18.5                                          
            CaO           9.0 to 10.0                                          
            MgO           8.5 to  9.5                                          
            Na.sub.2 O    0  to  1.0                                           
            Li.sub.2 O    3.0 to  4.0.                                         
     ______________________________________                                    
NUM  10.
PAR  10. A glass fiber according to claim 9 consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    59.5                                                  
            Al.sub.2 O.sub.3                                                   
                         17.8                                                  
            CaO          9.6                                                   
            MgO          9.1                                                   
            Na.sub.2 O   0.5                                                   
            Li.sub.2 O   3.3                                                   
     ______________________________________                                    
PAL  and having an index of refraction of 1.550.
NUM  11.
PAR  11. A boron and fluorine free textile glass fiber having an index of
      refraction of about 1.550 and consisting essentially by weight of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    56.5 to 57.5                                          
            Al.sub.2 O.sub.3                                                   
                          7.5 to  8.5                                          
            CaO           8.5 to  9.5                                          
            MgO           2.0 to  3.0                                          
            ZnO           6.0 to  7.0                                          
            Na.sub.2 O   14.5 to 15.5                                          
            ZrO.sub.2     1.5 to  2.5.                                         
     ______________________________________                                    
NUM  12.
PAR  12. A glass fiber according to claim 11 consisting essentially by weight
      of:
TBL  Ingredients         Weight Percent                                        
     ______________________________________                                    
            SiO.sub.2    57.0                                                  
            Al.sub.2 O.sub.3                                                   
                         8.1                                                   
            CaO          8.9                                                   
            MgO          2.6                                                   
            ZnO          6.5                                                   
            Na.sub.2 O   14.8                                                  
            ZrO.sub.2    2.0                                                   
     ______________________________________                                    
PAL  and having an index of refraction of 1.544.
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ABST
PAL  A new refractory material has been prepared comprising 70 to 96% alumina, 3
      to 20% iron chromite ore, and 1 to 10% of a phosphate compound, calculated
      as P.sub.2 O.sub.5.
PAL  The new refractory material is prepared by admixing 70% to 96% alumina, 3%
      to 20% iron chromite ore, and 1% to 10% of a phosphate compound selected
      from the group consisting of aluminium phosphate and phosphoric acid, said
      phosphate compound calculated at P.sub.2 O.sub.5, and firing the mixture
      to form the refractory product. This new refractory material has a low
      porosity, high bulk density and modulus of rupture.
PARN
PAR  This application is a continuation-in-part of our application Ser. No.
      402,403, filed Oct. 1, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  High alumina containing refractories have been produced for structural
      material, such as bricks and the like, for many years. Attempts have been
      made in the past to improve the products by adding various components to
      the alumina composition. In order to produce refractory products of more
      strength and longer service life, chromic-oxide has been added in varying
      amounts. This alumina-chromic oxide refractory is more dense and less
      porous than the alumina refractories containing no chromic oxide.
PAR  Another refractory composition containing alumina and iron-chromite ore has
      been prepared which possesses still greater strength and is more dense
      than the known alumina-chromic oxide refractory product. This particular
      refractory containing alumina and iron-chromite ore is described and
      claimed in my copending application Ser. No. 309165 filed Nov. 24, 1972.
      This application is assigned to the same assignee as the instant
      application.
PAC  SUMMARY OF THE INVENTION
PAR  A refractory composition having still greater strength has been prepared
      comprising:
TBL  Alumina                 70% to 96%                                        
     Iron Chromite Ore       3% to 20%                                         
     Phosphate Compound, calculated                                            
                             1% to 10%                                         
      as P.sub.2 O.sub.5.                                                      
PAR  This refractory composition is prepared by admixing the alumina, the iron
      chromite ore and the phosphate compound and firing the mixture to produce
      the refractory composition.
PAR  This instant refractory composition possesses a much higher strength than
      the former alumina or alumina-chromic oxide refractories. In addition, the
      instant refractory composition has a greater bulk density than that of the
      prior art products.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has been discovered that an improved composition may be produced which
      comprises alumina, an iron-chromite ore and a phosphate compound.
PAR  Iron chromite ore usually contains from 35% to 50% Cr.sub.2 O.sub.3, from
      15% to 35% FeO and from 25% to 40% oxides of silicon, magnesium, calcium,
      aluminium and other metal oxides.
PAR  With respect to the phosphate compound employed, those which are
      particularly effective are phosphoric acid and aluminium phosphate. The
      phosphate compound or mixture of phosphate compounds is added in amounts
      from 1% to 10% P.sub.2 O.sub.5 by weight. During the firing of this
      composition a portion of the phosphate content may be lost by
      vaporization.
PAR  This composition is either fired to produce fired refractory products, or
      the mixture without firing is used either as a ramming mixture, or as a
      plastic mixture.
PAR  When it is desired to produce a plastic mixture, small amounts of bentonite
      (1 - 4%) and water (1 - 12%), if needed, are added to the mixture. The
      presence of the bentonite increases the plasticity in the mixture. The
      plastic mixture contains the following ingredients:
     Alumina                  72 - 94%                                         
     Iron Chromite Ore        3 - 20%                                          
     Phosphate Compound (Calc. as P.sub.2 O.sub.5)                             
                              1 - 10%                                          
     Bentonite                1 -  4%                                          
     Water                    0 - 12%                                          
PAR  The presence of the bentonite in the mixture is not necessary when the
      mixture is used as a ramming mix, or when fired to produce the refractory
      composition described above.
PAR  In preparing the refractory composition of the instant invention the
      iron-chromite ore should be ground to -325 mesh.
PAR  65% to 94% of the alumina should be -1/4 inch to +325 mesh in size while
      the remainder should be ground to -325 mesh.
PAR  Tabular alumina may be used exclusively, but it is preferred to have a
      mixture of tabular and calcined alumina.
PAR  The tabular alumina when used should be employed in various sizes. All of
      the -1/4 inch +325 mesh alumina should be employed in the tabular form and
      in addition, with respect to the -325   mesh alumina, from 1/4 to all of
      the -325 mesh alumina should be present in the tabular form. If calcined
      alumina is used, it should be -325 mesh in size.
PAR  In preparing the composition, the alumina, the iron-chromite ore and the
      phosphate compound are mixed together sufficiently to temper the mix
      properly. Formed shapes are fired at a temperature from 350.degree.C to
      1650.degree.C for 2 to 8 hours to form the refractory composition.
DETD
PAR  In order to describe the instant invention more fully, the following
      examples are presented:
PAC  EXAMPLE 1
PAR  In this Example, the iron-chromite ore used was ground to -325 mesh and had
      the following chemical analysis:
TBL         Cr.sub.2 O.sub.3                                                   
                          45.66%                                               
            Fe            19.98%                                               
            Al.sub.2 O.sub.3                                                   
                          15.26%                                               
            SiO.sub.2     1.47%                                                
            O.sub.2       7.26%                                                
            MgO           10.24%                                               
            CaO           0.13%                                                
PAR  Both tabular and calcined alumina were employed.
PAR  The -1/4 inch +325 mesh tubular alumina had the following size
      distribution:
PA1  -1/4 inch + 60 mesh 66%
PA1  -60 mesh + 325 mesh 34.0%
PAR  In preparing the refractory composition of the instant invention the
      following ingredients were thoroughly blended to form a homogeneous
      mixture:
PA1  74 kg of +325 mesh tabular alumina
PA1  6 kg of -325 mesh tabular alumina
PA1  15 kg of -325 mesh calcined alumina
PA1  5 kg of -325 mesh iron-chromite ore
PA1  5.2 kg of 80% phosphoric acid
PAR  Bricks 9 inches .times. 41/2  inches .times. 3 inches were formed and fired
      at 1560.degree.C for 5 hours.
PAR  The fired bricks were examined and found to possess the following
      properties:
     Modulus of Rupture, psi                                                   
                            7024                                               
     Porosity, %            13.9                                               
     Bulk Density, g/cc      3.25                                              
PAR  These properties are greatly improved over the alumina-chromic oxide
      refractory products described in the prior art.
PAC  EXAMPLES 2-5
PAR  The procedure of Example 1 was repeated using various amounts of calcined
      alumina, iron-chromite ore, and a phosphate compound.
PAR  Two control runs were also carried out in which no phosphates were used
      (Control A) and in which chromic oxide was used in place of iron chromite
      ore and no phosphates were employed. (Control B)
PAR  In all of these examples, improved results were obtained over the products
      of the prior art control runs. The results of these examples along with
      those of Example 1 and the control runs are presented in the following
      table:
TBL                   Example Number           Control                         
                                                    Control                    
     Material, kg.    1    2    3    4    5    A    B                          
     __________________________________________________________________________
     Tabular Alumina, +325 mesh Kg                                             
                      74   74   74   66.5 64.1 64.1 90                         
     Tabular Alumina, -325 mesh Kg                                             
                      6    6    6    19.4 12.4 12.4 0.0                        
     Calcined Alumina, -325 mesh Kg                                            
                      15   10   5    4.7  6.1  6.1  0.0                        
     Iron Chromite, -325 mesh Kg                                               
                      5    10   15   10.0 17.4 17.4 0.0                        
     Phosphoric Acid (80%) Kg                                                  
                      5.2  0.0  0.0  5.3  6.0  0.0  0.0                        
     Aluminum Phosphate Kg                                                     
                      0.0  4.8  5.0  0.0  0.0  0.0  0.0                        
     Lignin Liquor Kg 0    0    0    0.0  0.0  2.3  3.8                        
     Chromic Oxide Kg 0.0  0.0  0.0            0.0  10                         
                      Example Number           Control                         
                                                    Control                    
      Properties:     1    2    3    4    5    A    B                          
     __________________________________________________________________________
     Modulus of Rupture psi                                                    
                      7024 8840 6543 7540 7728 5775 4500                       
     Apparent Porosity, %                                                      
                      13.9 13.3 14.1 13.9 15.6 17.1 16.5                       
     Bulk Density, gm/cc                                                       
                      3.25 3.25 2.03 3.25 3.24 3.17 3.16                       
     __________________________________________________________________________
PAR  It has also been discovered that the mixture of alumina, iron chromite ore,
      and a phosphate compound may be used as a ramming mixture and that this
      mixture is superior over an alumina, phosphate mixture which contains no
      iron chromite ore. In order to show this superiority the following ramming
      mixtures were prepared:
PAC  EXAMPLE 6
PAR  9 Kg alumina, 1 Kg iron-chromite ore were mixed with 0.34 Kg of phosphoric
      acid (calculated as P.sub.2 O.sub.5.)
PAR  The sizes of the ingredients used were substantially the same as those
      previously described.
PAR  For a direct comparison, 9 Kg of alumina and 0.34 Kg of phosphoric acid
      were admixed without employing any iron chromite ore.
PAR  When these ramming mixes were tested in contact with iron oxide at
      1560.degree.C, the mix containing the iron-chromite ore resulted in little
      or no reaction and the bricks remained unaltered while the ramming mix
      which contained no iron-chromite ore produced a severe reaction and caused
      considerable expansion resulting in failure of the ramming mix which
      contained no iron-chromite ore. In addition, the iron oxide penetration of
      the control was twice that of the ramming mix which contained the iron
      chromite ore in addition to the alumina and phosphate compound.
PAR  In order to produce a plastic mix, the same mixture is used except that it
      is desirable also to add 1-4% bentonite and 0-12% water, if necessary. The
      plastic mix was prepared as follows:
PAC  EXAMPLE 7
PAR  The following ingredients were mixed to form a plastic mixture-
TBL  Tabular Alumina  -4+60 mesh, Kg. 46                                       
     Tabular Alumina  -60+325 mesh, Kg.                                        
                                      18                                       
     Tabular Alumina  -325 mesh, Kg.  19                                       
     Calcined Alumina -325 mesh, Kg.   5                                       
     Phosphoric Acid (80%)                                                     
                      Kg.             12                                       
     Bentonite        -325 mesh, Kg.   1                                       
     Iron Chromite Ore                                                         
                      -325 mesh, Kg.  10                                       
PAR  Tests have shown that this plastic mix gives superior service life compared
      to mixes not containing either the iron chromite ore or the phosphate
      compounds.
PAR  From the data obtained, it has been shown that the properties of the
      alumina refractories which employed iron-chromite ore and phosphates are
      superior to the controls which used chromic oxide in place of the
      iron-chromite ore and which employs no phosphates.
PAR  The instant invention is also useful for preparing plastic or ramming mixes
      which are superior to the prior art products.
PAR  While this invention has been described and illustrated by the examples
      shown, it is not intended to be strictly limited thereto, and other
      variations and modifications may be employed within the scope of the
      following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A refractory composition comprising from 70% to 96% alumina, from 3% to
      20% iron chromite ore, and from 1% to 10% of a compound selected from the
      group consisting of phosphoric acid and aluminum phosphate, said compound
      calculated as P.sub.2 O.sub.5, all of the percentages expressed on a
      weight basis.
NUM  2.
PAR  2. Composition according to claim 1 in which from 65% to 94% of the alumina
      present in said composition is of a size from -1/4 inch to -325 mesh, the
      remaining alumina refractory raw material being -325 mesh.
NUM  3.
PAR  3. A process for preparing a refractory composition which comprises
      admixing 70% to 96% alumina, 3% to 20% iron-chromite ore, and 1% to 10% of
      a compound selected from the group consisting of phosphoric acid and
      aluminum phosphate, said compound calculated as P.sub.2 O.sub.5, all of
      the percentages expressed on a weight basis, forming said mixture into a
      ceramic body and firing said body at temperature from 350.degree.C. to
      1650.degree.C. from 2 to 8 hours to form said refractory composition.
NUM  4.
PAR  4. A process for preparing a refractory composition which comprises
      admixing 70% to 96% alumina, 3% to 20% iron-chromite ore, and 1% to 10% of
      a compound selected from the group consisting of phosphoric acid and
      aluminum phosphate, said compound calculated as P.sub.2 O.sub.5, all of
      the percentages expressed on a weight basis, from 65% to 94% of said
      alumina having a size from -1/4 inch to +325 mesh, the remaining alumina
      being -325 mesh, forming said mixture into a ceramic body and firing said
      body at temperature from 350.degree.C. to 1650.degree.C. for 2 to 8 hours
      to form said refractory composition.
NUM  5.
PAR  5. Process according to claim 4 in which the +325 mesh alumina is tabular
      alumina, the remaining -325 mesh alumina containing from 0% to 75%
      calcined alumina, the remainder of the -325 mesh alumina being present in
      the tabular form.
NUM  6.
PAR  6. A ceramic composition useful as a plastic mix comprising 70% to 96%
      alumina, 3% to 20% iron-chromite ore, 1% to 4% bentonite, 0% to 12% water
      and 1% to 10% of a compound selected from the group consisting of
      phosphoric acid and aluminum phosphate, said compound calculated as
      P.sub.2 O.sub.5, all of the percentages expressed on a weight basis.
NUM  7.
PAR  7. A ramming mix comprising 70% to 96% alumina, 3% to 20% iron-chromite
      ore, and 1% to 10% of a compound selected from the group consisting of
      phosphoric acid and aluminum phosphate, said compound calculated as
      P.sub.2 O.sub.5, all of the percentages expressed on a weight basis.
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ABST
PAL  A non-combustible molding material is produced from (a) a hydraulic
      inorganic mixture consisting of an inorganic substance composed
      predominantly of silica and an inorganic substance predominantly of a
      source of calcium oxide, (b) mineral fibers, and (c) a substance selected
      from the group consisting bitumen, crystalline aluminum oxide, sulfur,
      metal sulfide and vanadum oxide. A non-combustible molded article having
      superior flexural strength and low water absorption can be prepared using
      said material.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 183,077, filed Sept. 23, 1971 now abandoned.
BSUM
PAR  This invention relates to a non-combustible molding material. More
      particularly, the invention relates to a non-combustible molding material
      comprising a hydraulic inorganic mixture consisting of an inorganic
      substance composed predominantly of silica and an inorganic substance
      composed predominantly of a source of calcium oxide, mineral fibers, and
      an organic substance, and a process for producing said molding material.
PAR  In recent years, the development of fire-retarding or non-combustible
      molding materials has been demanded in order to provide building materials
      that can prevent the occurrence and spreading of fire. There has been
      proposed a fire-retardant molding material comprising cement, gypsum and
      mineral fibers, and an organic fiber which is added for improving the
      properties of the material. Since the organic fiber has combustibility and
      is added in great quantities, it is impossible to improve the
      fire-retarding properties of the molding material, and the material
      produced does not have good flexural strength.
PAR  A primary object of the invention is to provide a non-combustible molding
      material having high non-combustibility and flexural strength.
PAR  Another object of the invention is to provide a process for producing a
      non-combustible molding material.
PAR  Still another object of the invention is to provide a process for producing
      a non-combustible molded article from the non-combustible molding
      material.
PAR  The advantages and other objects of the invention will become apparent from
      the following description.
PAR  According to the present invention, there is provided a non-combustible
      molding composition which is capable of hardening after being dehydrated
      to a moisture content of 5 to 50 percent by weight comprising:
PAR  A. 100 PARTS BY WEIGHT OF A HYDRAULIC INORGANIC MIXTURE CONSISTING OF AN
      INORGANIC SUBSTANCE COMPOSED PREDOMINATLY OF SILICA AND AN INORGANIC
      SUBSTANCE COMPOSED PREDOMINANTLY OF A SOURCE OF CALCIUM OXIDE;
PAR  B. 10 TO 200 PARTS BY WEIGHT OF MINERAL FIBERS;
PAR  C. A SUBSTANCE SELECTED FROM THE GROUP CONSISTING OF:
PAR  1. 0.5 TO 5 PARTS BY WEIGHT OF BITUMEN;
PAR  2. 1 TO 15 PARTS BY WEIGHT OF CRYSTALLINE ALUMINUM OXIDE;
PAR  3. 1 TO 10 PARTS BY WEIGHT OF SULFUR;
PAR  4. 1 TO 10 PARTS BY WEIGHT OF METAL SULFIDE; AND
PAR  5. 1 TO 10 PARTS BY VANADIUM OXIDE.
PAR  In the present invention, cement or gypsum which sets in the presence of
      water is not used as the "hydraulic inorganic substance" because it only
      gives a product having low flexural strength, thermal stability, and
      dimensional stability.
PAR  The mixture of an inorganic substance composed predominantly of silica and
      an inorganic substance composed predominantly of a source of calcium oxide
      as used in the present invention has the property of setting upon adding
      water and heating.
PAR  Examples of the inorganic substance composed predominantly of silica
      include quartz rock, silica sand, aplite, pottery stone, silicate terra
      abla, diaspore, diatomaceous earth, fly ash, perlite, obsidian perlite,
      pumice microballoon, foamed shale pumice, foamed clay and vermiculite. On
      the other hand, examples of the inorganic substance composed predominantly
      of calcium oxide are slaked lime, quick lime and calcium carbonate.
PAR  In the hydraulic inorganic mixture used in the invention, the molar ratio
      of the inorganic substance composed predominantly of silica to the
      inorganic substance composed predominantly of a source of calcium oxide is
      from 0.5 to 1.2.
PAR  The hydraulic inorganic mixture is preferably in the form of powders having
      a particle size such as to pass a 80-mesh Tyler sieve, preferably a
      300-mesh Tyler sieve.
PAR  By the term "mineral fiber," as used in the present invention, is meant a
      fibrous substance which is not hydraulic and has a length of 3 mm to 30
      mm, especially 5 mm to 15 mm.
PAR  Examples of the mineral fiber that can be used in the present invention
      are: chrysotile asbestos (3MgO.SiO.sub.2.2H.sub.2 O), amosite asbestos
      [(FeMg).sub.6 Si.sub.8 O.sub.22 (OH).sub.2 ], crocidolite asbestos
      [Na.sub.2 Fe.sub.6 Si.sub.8 O.sub.22 (OH).sub.2 ], amphibole asbestos
      [Ca.sub.2 Mg.sub.5 Si.sub.8 O.sub.22 (OH).sub.2 ], tremolite asbestos
      [Ca.sub.2 Mg.sub.5 Si.sub.8 O.sub.22 (OH).sub.2 ], actinolite asbestos
      [Ca(MgFe).sub.3 (SiO.sub.2).sub.4 H.sub.2 O], rock wool, glass fibers, and
      slug wool. The mineral fibers particularly play a role of reinforcing
      molded articles obtained from the non-combustible molding material.
      Preferably, therefore, the mineral fibers have a length of 5 to 15 mm.
      Mineral fibers shorter than 5 mm do not serve for reinforcing purposes. If
      the mineral fibers are longer than 15 mm, they are entangled with each
      other, and it becomes difficult to disperse them uniformly in the
      hydraulic inorganic mixture.
PAR  The amount of the mineral fibers is 10 to 200 parts by weight per 100 parts
      by weight of the hydraulic inorganic mixture. Favorable results are
      obtained with 20 to 100 parts by weight, especially 50 to 80 parts by
      weight.
PAR  One of the substance used as a third component in the present invention is
      bitumen, which includes coal tar, petroleum tar, ceresine and petrolatum
      (vaseline).
PAR  The amount of bitumen is 0.5 to 5 parts by weight, preferably up to 2.0
      parts by weight, per 100 parts by weight of the hydraulic inorganic
      mixture.
PAR  By the addition of the third component described above, there can be
      obtained a non-combustible molding material which gives non-combustible
      molded articles having high flexural strength and very low water
      imbibition. These improvements are considered due to the action of bitumen
      as a binder of the hydraulic inorganic mixture and the mineral fibers. It
      is assumed that the third component added comes into the interspaces in
      the hydraulic inorganic mixture and the mineral fibers, and by heat and
      pressure, firmly binds the hydraulic inorganic mixture and the mineral
      fibers. The effect of the thrid component as a binder also has to do with
      the molding pressure of the resulting non-combustible molding material,
      and the higher the molding pressure is, the more the flexural strength and
      the water imbibition are improved with lesser amounts of the third
      component. Where bitumen is used as the third component, not only the
      flexural strength and the water imbibition are improved, but also the
      impact strength is improved. It has, however, been found that according to
      the kind of bitumen, the extent of improvement of the flexural strength
      and the water imbibition differs.
PAR  It has also been found that a molding material comprising 100 parts by
      weight of the hydraulic inorganic mixture, 10 - 200 parts by weight of the
      mineral fibers, and at most 15 parts by weight, preferably 1 to 5 parts by
      weight, of crystalline aluminum oxide also gives non-combustible molded
      articles having outstandingly improved flexural strength. The improvement
      of the flexural strength is due to the formation of aluminum tobermolite
      resulting from the replacement of part of Si in tobermolite
      (5CaO.6S:O.sub.2.5H.sub.2 O) by aluminum which tobermolite and aluminum
      tobermolite materials are formed by heating this non-combustible molding
      material at 150.degree. - 210.degree.C., preferably 170.degree. -
      190.degree.C., at a vapor pressure of 5 to 20 atmospheres, preferably 7 to
      10 atmospheres.
PAR  The crystalline aluminum oxide that can be used in the present invention
      includes .alpha.-alumina (.alpha.Al.sub.2 O.sub.3), .gamma.-alumina
      (.gamma.-Al.sub.2 O.sub.3), .alpha.-alumina monohydrate (.alpha.-Al.sub.2
      O.sub.3.H.sub.2 O), .beta.-alumina monohydrate (.beta.-Al.sub.2
      O.sub.3.H.sub.2 O), .alpha.-alumina trihydrate (.alpha.-Al.sub.2
      O.sub.3.3H.sub.2 O), and .beta.-alumina trihydrate (.beta.-Al.sub.2
      O.sub.3.3H.sub.2 O).
PAR  If the amount of the crystalline aluminum oxide is more than 15 parts by
      weight per 100 parts by weight of the hydraulic inorganic mixture, the
      excess crystalline aluminum oxide forms the crystals of hydrogarnet
      (3CaO.Al.sub.2 O.SiO.sub.2.4H.sub.2 O) together with the aluminum
      tobermolite formed in tobermolite, and the hydrogarnet causes a marked
      reduction in the flexural strength of the resulting molded articles.
PAR  The flexural strength of the molded article is maximum when about 2 parts
      by weight of the crystalline aluminum oxide is added per 100 parts by
      weight of the hydraulic inorganic mixture. If the amount of the
      crystalline aluminum oxide exceeds 2 parts by weight but not more than 15
      parts by weight, hydrogarnet is formed together with aluminum tobermolite.
      But since the amount of hydrogarnet formed is small, the flexural strength
      of the molded article is still good. On the other hand, when the amount of
      the crystalline aluminum oxide is more than 15 parts by weight, the
      influence of hydrogarnet is great, and the flexural strength is reduced
      abruptly. When clay which contains great amounts of amorphous aluminum
      oxide together with crystalline aluminum oxide, or aluminum oxide which is
      a mixture of crystalline and non-crystalline forms is added, hydrogarnet
      is formed in great quantities together with the formation of aluminum
      tobermolite, and the flexural strength is not improved so much as compared
      with the case of adding the crystalline aluminum oxide. Hence, such
      substances cannot be used in the present invention. In view of this, it is
      necessary in the invention to use pure crystalline aluminum oxide or
      crystalline aluminum oxide containing only a small amount of amorphous
      aluminum oxide so as not to impede the improvment of the flexural strength
      by the formation of hydrogarnet.
PAR  Further the non-combustible molding composition of the present invention
      may include sulfur or metal sulfides as the case may be.
PAR  As sulfur, solid sulfur such as monoclinic sulfur, rhombic sulfur and
      amorphous sulfur are in use and as metal sulfides, potassium sulfide, tin
      sulfide, iron sulfide, copper sulfide, sodium sulfide, barium sulfide,
      cadmium sulfide, cobalt sulfide, lead sulfide and zinc sulfide are
      preferably used. These sulfurs and metal sulfides may be used in
      combination of one or more than two types.
PAR  Less than 10 parts of sulfur or metal sulfide is mixed and kneaded with 100
      parts of hydraulic inorganic substance. When amounts of addition of sulfur
      or metal sulfides are 1 to 5 parts by weight, a product having high
      flexural strength, low heat shrinkage and low dimensional variations is
      obtained.
PAR  If the composition of the present invention including such sulfur or metal
      sulfides is made into a molded article by the following method,
      tobermolite and sulfur tobermolite resulting from the replacement of part
      of Si in tobermolite by sulfur are produced and the sulfur tobermolite
      contributes greatly to the improvements of flexural strength, heat
      shrinkage and dimensional variations of the article.
PAR  If the amounts of addition of sulfur and sulfides are more than 10 parts by
      weight per 100 parts by weight of hydraulic inorganic substance, unreacted
      sulfur or metal sulfide acts only fillers resulting in lowering remarkably
      the mechanical strength of the molded article. On the other hand, less
      than one part of sulfur or metal sulfides will not produce any effect
      through their addition.
PAR  As vanadium oxides to be included in the non-combusible molding composition
      of the present invention are listed vanadium pentoxide (V.sub.2 O.sub.5),
      vanadium sesquioxide (V.sub.2 O.sub.3), vanadium dioxide (VO.sub.2),
      vanadium monoxide (VO), sodium metavanadate (NaVO.sub.3) and ammonium
      metavanadate (NH.sub.4 VO.sub.3). These vanadium oxides may be for use in
      mixing of one or more than two types. The amount to be added of vanadium
      oxides is preferably 1 to 10 parts by weight and when vanadium oxides are
      present in 3 to 8 parts by weight, is given an molded article having
      excellent heat shrinkage, whose dimensional variation is low at the time
      when water is absorbed.
PAR  If more than 10 parts by weight of vanadium oxides are to be added per 100
      parts of hydraulic inorganic substance, unreacted vanadium oxides remain
      only fillers to lower remarkably the mechanical strength of the molded
      article. When less than one part of vanadium oxides is added, sufficient
      mechanical strength, hardness, dimensional stability and thermal stability
      expected from their addition cannot be attained for the product.
PAR  The non-combustible molding material of the present invention is prepared
      by uniformly mixing (a) 100 parts by weight of a hydraulic inorganic
      mixture consisting of an inorganic substance composed predominantly of
      silica and an inorganic substance composed predominantly a source of
      calcium oxide, (b) 10 to 200 parts by weight of mineral fibers, and (c) a
      substance selected from the group consisting of (1) 0.5 to 5 parts by
      weight of bitumen, (2) 1 to 15 parts by weight of crystalline aluminum
      oxide, (3) 1 to 10 parts by weight of sulfur, (4) 1 to 10 parts by weight
      of metal sulfide, and (5) 1 to 10 parts by weight of vanadium oxide with
      water. A reaction promotor such as sodium hydroxide, potassium hydroxide,
      lithium hydroxide, or alumina may be added.
PAR  Various conventional methods can be utilized to perform the mixing of the
      above ingredients. One preferred method comprises feeding a mixture of the
      components (a) and (b) into a cylinder, while kneading the mixture,
      feeding an aqueous dispersion of the component (c) into the cylinder, and
      continuing the kneading to distribute said dispersion uniformly in said
      mixture. Specifically, this method is performed by using an extruder whose
      partial cross-sectional view is shown in the accompanying drawing.
DETD
PAR  Referring to the drawing, mineral fibers are added to a powdery hydraulic
      inorganic mixture, and they are thoroughly mixed in a mixer. A desired
      amount of the resultant mixture is poured into a material feed inlet 2 of
      the extrusion-molding machine.
PAR  The mixture is then fed into a cylinder 7 and uniformly kneaded by the
      rotation of a screw 1 by a drive mechanism 5. During this time, the
      mixture is being transported towards an extrusion outlet opening 4 formed
      at the forward end of the cylinder 7. About midway between the extrusion
      outlet opening 4 and the inlet opening 2 is provided a fluid feed inlet 3
      adapted to feed an aqueous dispersion of the bitumen the crystalline
      aluminum oxide, the sulfur, metal sulfide and/or vanadium oxide (component
      (c) above) into the cylinder 7. The dispersion is fed into the cylinder 7
      from a reservoir tank (not shown) through a conduit (not shown) by the
      action of a pump. It is preferred that the amount of the dispersion should
      be 50 to 160 parts by weight per 100 parts by weight of the hydraulic
      inorganic mixture.
PAR  Thus, water or the dispersion fed from the fluid opening 3 is uniformly
      distributed in the composition consisting of the hydraulic inorganic
      mixture and the mineral fibers, and the composition is transported in the
      cylinder 7 while being continuously kneaded, and extruded from the
      extrusion outlet opening 4 before the completion of hardening of the
      hydraulic inorganic mixture.
PAR  According to this method, the mineral fibers are oriented in the extrusion
      direction, and therefore, a non-combustible molding material having very
      high flexural strength in the extrusion direction can be obtained. The
      surface of the resulting material is smooth.
PAR  By fitting a die of the desired configuration such as plate or cylinder to
      the forward end of the cylinder, a non-combustible molded article of the
      desired shape can be obtained continuously. Furthermore, the length of the
      molded article can be freely adjusted.
PAR  The production of molded articles from the molding material of the present
      invention is not limited to the molding method described above, but other
      methods can also be used. For example, 300 to 2000 parts by weight of
      water is added to 100 parts by weight of the non-combustible molding
      material and the mixture is put into a die and shaped by direct
      pressurization while performing dehydration. Alternatively, the mixture is
      put into a sheet-making machine or a filtration machine to form a suitable
      plate-like article, and as required, the plate-like article is put into a
      die frame of the desired shape to mold the plate-like article.
PAR  The molded article so obtained is dehydrated to a moisture content of 5 to
      50 percent by weight under a pressure of at least 50 kg/cm.sup.2. In
      ordinary molding operations, it is preferred to limit the molding pressure
      to 50 kg/cm.sup.2 to 600 kg/cm.sup.2, and the moisture content to 5 - 50
      percent by weight.
PAR  By adjusting the moisture content of the plate-like article to 5 - 50
      percent by weight, the content of non-amorphous calcium silicate
      increases, whereas the content of crystalline calcium silicate decreases.
      Thus, the amorphous calcium silicate acts as a binding material for the
      crystalline substance and the mineral fibers to remove water and elevate
      the molding pressure. Consequently, the crystal structure is most
      compacted, and there can be obtained a non-combustible molded article of
      high flexural strength.
PAR  If the water content of the molded article is less than 5 percent by
      weight, large amounts of unreacted SiO.sub.2 and CaO remain and cause
      difficultly of forming calcium silicate. On the other hand, if the water
      content exceeds 50 percent, the content of the amorphous substance becomes
      small and the content of the crystalline substance increases, in which
      case a molded article of high flexural strength cannot be obtained.
PAR  It is preferred that during the moisture content adjustment, the molding
      pressure should be maintained at 50 kg/cm.sup.2 to 600 kg/cm.sup.2. When
      the molding operation is performed at a pressure smaller than 50
      kg.cm.sup.2, it is difficult to reduce the moisture content to less than
      50 percent by weight, and it is difficult to compact the hydraulic
      inorganic mixture and the mineral fibers. If the molding pressure exceeds
      600 kg/cm.sup.2, there is a tendency that it is difficult to increase the
      moisure content above 5 percent by weight.
PAR  The molded article so dehydrated is then heated and cured. As required, the
      molded article is aged by heating at 60.degree. -90.degree.C. at
      atmospheric pressure for 5 to 10 hours, and then aged again in an
      autoclave by heating at 150 .degree. -210.degree.C. and 5 to 20
      atmospheres for 5 to 20 hours. Finally, the molded article is dried to
      form a non-combustible article having very high flexural strength. The
      article is cut into the desired sizes and shapes, and polished to provide
      final articles.
PAR  Where it is desired to produce a non-combustible molded article of light
      weight, an organic blowing agent is added to the non-combustible molding
      material together with water, and a foamed article of light weight is
      produced.
PAR  The organic blowing agents that can be used in the present invention
      decompose at a temperature of 150.degree. to 200.degree.C., and include,
      for example, dinitrosopentamethylene tetramine, 1,1'-azoidicarbonomide,
      benzenesulfonyl hydrazide, benzenesulfonyl hydrazide derivatives,
      4,4'-hydroxybisbenzenesulfonly hydrazide, para-toluenesulfoazide, or
      toluenesulfonyl hydrazide. These organic blowing agents can be used either
      alone or in admixture with each other. The preferred amount of the organic
      blowing agent is 5 to 10 parts by weight, especially 7 to 9 parts by
      weight, based on the mixture of the hydraulic inorganic mixture and the
      mineral fibers. If the amount of the blowing agent is too small, the
      resulting molded article is not light in weight although its flexural
      strength increases. On the other hand, if the amount is too large, the
      resulting molded article is light in weight, but its flexural strength
      decreases drastically.
PAR  Liquid volatile blowing agents which decompose or volatilize at 150.degree.
      -200.degree.C. may also be used in the present invention.
PAR  Conventional additives such as inorganic pigments or fillers may be added
      to the non-combustible molding material of the invention.
PAR  The molded article of the invention obtained above has very high flexural
      strength, low water imbibition and hardly has fuming, flaming, and
      after-flaming properties. It can be formed into any desired shape such as
      plate-like or curved shapes, and is useful as wall, flooring and, ceiling
      materials, or other articles which require non-combustibility.
PAR  The invention will be described further by the following Examples in which
      all parts are by weight.
PAR  The various properties are determined by the following methods.
PAC  NON-COMBUSTIBILITY
PAR  A sample having a size of 22 .times. 22 cm is burned for 3 minutes with a
      city gas burner in which air is fed at a rate of 1.5 liters/min.
      Thereafter, it is additionally burned with an electric heater with
      nichrome wire having a capacity of 1.5 KW/hr. for 17 minutes. The fuming,
      flaming and after-flaming are observed, and the non-combustibility is
      determined from the overall consideration of the results of the
      observation.
PAC  FLEXURAL STRENGTH
PAR  A sample having a size of 50 .times. 120 .times. 30 - 80 mm is used. The
      measurement is made using an autoclave (18 - 2000) (product of Shimazu
      Seisakusho) in a constant humidity and temperature at 20 .+-. 1.degree.C.
      and a humidity of 65 .+-. 5 percent.
PAC  IMPACT STRENGTH
PAR  Measured in accordance with JIS-A-5410.
PAC  WATER IMBIBITION (ABSORPTION RATE)
PAR  Measured in accordance with JIS-A-5905.
PAC  HEAT SHRINKAGE
PAR  On a sample, 30 .times. 200 .times. 60 .+-. 1 mm are drawn indicators 100
      mm long and the length of the indicators is measured with a microscope.
      The specimen is allowed to stand for 30 min. in a gear oven at
      100.degree.C., taken out and measured with a microscope.
PAC  DIMENSIONAL VARIATION
PAR  A sample, 30 .times. 200 .times. 60 .+-. 1 mm is allowed to stand at a room
      temperature of 20 .+-. 1.degree.C. and at a humidity of 65 .+-. 1 percent
      for 1 hour and its dimensions are measured. It is allowed to be a blank.
      It is dipped in water at 20.degree.C. for 24 hr. and its dimensions are
      remeasured. Percentage of dimension variation is calculated by the
      following formula:
      ##EQU1##
PAC  EXAMPLE 1
TBL   Diatomaceous earth (SiO.sub.2 78.56 percent, Al.sub.2 O.sub.3 13.21      
     percent,                                                                  
     Fe.sub.2 O.sub.3 4.11 percent, CaO 1.51 percent, MgO 1.25 percent,        
     H.sub.2 O 2 - 3 percent, heat                                             
     ignition loss 1.11 percent, particle size of less than 300                
     mesh on Tyler's sieve)                                                    
                         57 parts                                              
            Slaked lime  43 parts                                              
            Asbestos     50 parts                                              
            Coal tar     1, 2 and 5 parts                                      
PAR  800 Parts of water was added to 100 parts of an incombustible molding
      material of the above composition. The mixture was thoroughly kneaded in a
      kneader and put into a mold of a size of 910 .times. 1820 .times. 6 mm.
      The kneaded mixture was then molded under a pressure of 200 kg/cm.sup.2,
      and then aged under atmospheric pressure at 80.degree.C. The mixture was
      then aged in an autoclave for 10 hours at 180.degree.C. under 7
      atmospheres and hardened.
PAR  The resulting molded plates were thoroughly dried, and then flexural
      strength, impact strength, and moisture absorption rate were measured. As
      shown in Table 1 below, flexural strength and impact strength were
      excellent with low moisture absorption rate and excellent
      incombustibility.
TBL                Table 1                                                     
     ______________________________________                                    
     Amount of coal   Flexural strength                                        
     tar (part)       (kg/cm.sup.2)                                            
     ______________________________________                                    
     1                270                                                      
     2                380                                                      
     3                310                                                      
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 1
PAR  Using the same molding material as that of Example 1 except without coal
      tar and using the same molding material as that of Example 1 except with
      10 parts of coal tar, molded plates were obtained in the same manner as in
      Example 1. Measurement of the molded plate which does not contain coal tar
      showed a flexural strength of 210 kg/cm.sup.2, an impact strength of 180
      kg/cm.sup.2, and a moisture absorption rate of 52 percent, and measurement
      of the molded plate which contains 10 parts of coal tar showed a flexural
      strength of 290 kg/cm.sup.2, an impact strength of 220 kg/cm.sup.2 and a
      moisture absorption rate of 25 percent. The non-combustibility of the
      molded plate containing 10 parts of coal tar was poor.
PAC  COMPARATIVE EXAMPLE 2
TBL  Portland cement    100 parts                                              
     Asbestos            50 parts                                              
     Coal tar           1, 2 and 5 parts                                       
PAR  The molded articles were made from the above molding composition in the
      same manner as in Example 1. Flexural strengths obtained are as shown in
      Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
     Amount of coal  Flexural strength of                                      
     tar added       molded articles                                           
     (part)          (kg/cm.sup.2)                                             
     ______________________________________                                    
     1               250                                                       
     2               300                                                       
     3               300                                                       
     ______________________________________                                    
PAC  EXAMPLES 2 - 4
PAR  The same procedure as described in Example 1 was repeated except that a
      non-combustible molding material shown in Table 3 was used instead of the
      material used in Example 1. The results are shown in Table 3 also.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Constituents of the non-                                                  
     combustible molding material                                              
                          Properties of the molded articles                    
     (parts)                                                                   
                          Flexural                                             
                               Rate of water                                   
     Examples                                                                  
          Quartz                                                               
              Cement                                                           
                  Asbestos                                                     
                       Coal                                                    
                          strength                                             
                               absorption                                      
          rock         tar                                                     
                          (kg/cm.sup.2)                                        
                               (%)     Non-combustibility                      
     __________________________________________________________________________
     2    50  50  30   1  400  25      Excellent                               
     3    50  50  30   2  370  23      "                                       
     4    50  50  30   5  290  18      "                                       
     __________________________________________________________________________
      In these Examples, 1000 parts of water was added per 100 parts of the    
      non-combustible molding article.                                         
PAC  EXAMPLES 5 - 9
     Quartz rock (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44 percent,       
     Fe.sub.2 O.sub.3                                                          
     0.04 percent; heat ignition loss 0.22 percent)                            
                               50 parts                                        
            Slaked lime        50 parts                                        
            Asbestos           50 parts                                        
            Crystalline aluminum oxide                                         
                               1, 2, 5, 10                                     
                               and 15 parts                                    
PAR  Water (800 parts) was added to 100 parts of a non-combustible molding
      material of the above formulation. The mixture was fully kneaded in a
      kneader and put into a mold having a size of 910 .times. 1820 .times. 6
      mm. The mixture was molded at a pressure of 200 kg/cm.sup.2 to reduce its
      moisture content to 40 percent. The molded article was aged for 10 hours
      by heating at 80.degree.C. at atmospheric pressure and then for 10 hours
      in an autoclave at 180.degree.C. and 7 atmospheres.
PAR  The resultant mixture was thoroughly dried and then observed by X-ray
      diffraction analysis and microscopic examination. It was confirmed that
      tobermolite and aluminum tobermolite were formed in the molded article.
      The flexural strength of the molded product was measured and the results
      are given in Table 4 below. The molded articles were inferior in fuming,
      flaming and after-flaming properties and excellent in non-combustibility.
TBL                Table 4                                                     
     ______________________________________                                    
     Examples                                                                  
             Amount of   Flexural     Non-                                     
             crystalline strength of  combustibility                           
             aluminum oxide                                                    
                         molded articles                                       
             (parts)     (kg/cm.sup.2)                                         
     ______________________________________                                    
     5       1           370          Excellent                                
     6       2           500          "                                        
     7       5           450          "                                        
     8       10          390          "                                        
     9       15          300          "                                        
     ______________________________________                                    
PAC  EXAMPLE 10
TBL  Diatomaceous earth                                                        
     (SiO.sub.2 78.56 percent, Al.sub.2 O.sub.3 13.21 percent, Fe.sub.2        
     O.sub.3 4.11 percent,                                                     
     CaO 1.51 percent, MgO 1.25 percent, H.sub.2 O 2 - 3 percent; heat         
     ignition loss 1.11 percent; particle size smaller                         
     than 300 mesh on Tyler's sieve)                                           
                          50 parts                                             
     Slaked lime          50 parts                                             
     Asbestos             50 parts                                             
     Crystalline aluminum oxide                                                
                          5 parts                                              
PAR  Water (800 parts) was added to 100 parts of a non-combustible molding
      material of the above formulation. The resultant mixture was kneaded in a
      kneader, and put into a mold having a size of 910 .times. 1820 .times. 6
      mm. The kneaded mixture was molded at a pressure of 200 kg/cm.sup.2 to
      reduce its moisture content to 40 percent. The molded article was aged for
      10 hours by heating at 80.degree.C. at atmospheric pressure, and then aged
      in an autoclave for 10 hours by heating at 180.degree.C. and 7
      atmospheres. The resulting molded article was thoroughly dried and
      observed by X-ray diffraction analysis and electron-microscopic
      examination. It was confirmed that tobermolite and aluminum tobermolite
      were formed.
PAR  The molded article had a flexural strength of 380 kg/cm.sup.2 and had
      excellent non-combustibility being substantially free from fuming, flaming
      and afterflaming properties.
PAR  For comparison, the above procedure was repeated using a composition
      consisting of 50 parts of quartz rock (SiO.sub.2 99.4 percent, Al.sub.2
      O.sub.3 9.44 percent, Fe.sub.2 O.sub.3 0.04 percent; heat ignition loss
      0.22 percent), 50 parts of slaked lime, 0 or 16 parts of crystalline
      aluminum oxide, and 50 parts of asbestos. It was confirmed by X-ray
      diffraction analysis and electron-microscopic examination that in the case
      of adding no crystalline aluminum oxide, aluminum tobermolite was formed;
      and that when it was added in an amount of 16 parts, a large amount of
      hydrogarnet was formed in addition to aluminum tobermolite.
PAR  The resulting molded article had good non-combustibility, but had a
      flexural strength of 250 kg/cm.sup.2 (in the case of adding no crystalline
      aluminum oxide) and 240 kg/cm.sup.2 (in the case of adding the aluminum
      oxide in an amount of 16 parts).
PAC  EXAMPLE 11
TBL  Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 1.11 percent)           
                               50 parts                                        
     Slaked lime               50 parts                                        
     Crystalline aluminum oxide                                                
                               1, 2, 10                                        
                               and 15 parts                                    
     Asbestos                  50 parts                                        
PAR  800 Parts of water was added to 100 parts of the above composition. The
      mixture was fully kneaded in a kneader and then put into a mold of a size
      910 .times. 1820 .times. 6 mm, and molded under a pressure of 200
      kg/cm.sup.2, followed by aging at 80.degree.C. for 10 hours. The mixture
      was then aged in an autoclave heated at 180.degree.C. under 7 atmospheres
      for 10 hours.
PAR  The so obtained molded articles after being fully dried were measured by
      means of X-ray diffraction and an electron microscope. And the formation
      of tobermolite and aluminum tobermolite were observed. Measurement of the
      molded articles for flexural strength showed the results as listed in
      Table 5 below. The molded articles hardly possessed fuming, flaming and
      after-flame properties, and were excellent in non-combustibility.
TBL                Table 5                                                     
     ______________________________________                                    
     Amount of crystalline                                                     
                       Flexural strength of                                    
     aluminum oxide added                                                      
                       molded articles                                         
     (part)            (kg/cm.sup.2)                                           
     ______________________________________                                    
     1                 370                                                     
     2                 500                                                     
     10                390                                                     
     15                300                                                     
     ______________________________________                                    
PAC  COMPARATIVE EXAMPLE 3
PAR  Using the same molding material as that of Example 11 except without
      crystalline aluminum oxide and using the same molding material as that of
      Example 11 except with 20 parts of crystalline aluminum oxide, molded
      articles were obtained in the same manner as in Example 11. Measurement of
      the molded article which does not contain crystalline aluminum oxide
      showed a flexural strength of 220 kg/cm.sup.2, and the measurement of the
      molded material which contains 20 parts of crystalline aluminum oxide
      showed a flexural strength of 180 kg/cm.sup.2.
PAR  Measurement of the molded articles by means of X-ray diffraction and an
      electron microscope showed that the molded article containing no
      crystalline aluminum oxide does not cause the formation of aluminum
      tobermolite and the molded article which contains 20 parts of crystalline
      aluminum oxide causes the formation of aluminum tobermolite as well as a
      large amount of hydrogarnet.
PAC  COMPARATIVE EXAMPLE 4
TBL  Portland cement      100 parts                                            
     Crystalline aluminum oxide                                                
                          1, 2, 10 and 15                                      
                          parts                                                
     Asbestos             50 parts                                             
PAR  Molded articles were obtained by using the above composition in the same
      manner as in Example 11. The flexural strengths of the molded articles
      were as listed in Table 6 below.
TBL                Table 6                                                     
     ______________________________________                                    
     Amount of crystalline                                                     
                     Flexural strength of                                      
     aluminum oxide (part)                                                     
                     of molded articles (kg/cm.sup.2)                          
     ______________________________________                                    
     1               300                                                       
     2               290                                                       
     10              280                                                       
     15              280                                                       
     ______________________________________                                    
PAC  EXAMPLES 12 - 15
TBL  Diatomaceous earth                                                        
     (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44 percent,                   
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.22 percent)           
                       50 parts                                                
     Slaked lime       50 parts                                                
     Sulfur            1, 3, 5 and 10 parts                                    
     Asbestos          50 parts                                                
PAR  800 Parts of water was added to 100 parts of a non-combustible molding,
      material comprising the above composition. The mixture was thoroughly
      kneaded with a kneader and put into a mold having a size of 910 .times.
      1820 .times. 6 mm to mold it under a pressure of 100 kg/cm.sup.2. Then it
      was held at 80.degree.C. for 10 hours at normal pressure for a first
      aging, at 180.degree.C. in an autoclave for 10 hours at 10 atmospheres for
      a second aging and hardened.
PAR  The resultant molded article was thoroughly dried and it was confirmed by
      X-ray diffraction and differential thermal analysis that tobermolite and
      sulfur tobermolite resulting from the replacement of part of Si in
      tobermolite by sulfur were formed.
PAR  Flexural strength, heat shrinkage and dimension variation when the molded
      article was moistened were measured in Table 7.
TBL                                    Table 7                                 
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                Flexural                                                       
                     Heat shrinkage (%)                                        
                                    Dimension                                  
                                           Non-                                
          sulfur to                                                            
                strength            variation                                  
                                           combustibility                      
          be added                  when article-                              
     (part)     (kg/cm.sup.2)                                                  
                     100.degree.C                                              
                          200.degree.C                                         
                               300.degree.C                                    
                                    is moistened                               
                                    (%)                                        
     __________________________________________________________________________
     12   1     295  -0.02                                                     
                          -0.15                                                
                               -0.32                                           
                                     0.00  Excellent                           
     13   3     285  -0.02                                                     
                          -0.08                                                
                               -0.35                                           
                                    +0.08  "                                   
     14   5     280  -0.02                                                     
                          -0.16                                                
                               -0.31                                           
                                    +0.08  "                                   
     15   10    --   --   -0.17                                                
                               -0.18                                           
                                    -0.05  "                                   
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 5 and 6
PAR  Withe the use of the molding materials of Example 12 except with no sulfur
      and 15 parts of sulfur, respectively, molded articles were prepared by
      molding and aging them in the same conditions as in Example 12. The
      properties of the molded articles having an excellent non-combustibility
      are given in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
     Comparative                                                               
            Amount of                                                          
                  Flexural                                                     
                       Heat shrinkage (%)                                      
                                      Dimension                                
                                             Non-                              
     Examples                                                                  
            sulfur to                                                          
                  strength            variation                                
                                             combustibility                    
            be added                  when article                             
            (part)                                                             
                  (kg/cm.sup.2)                                                
                       100.degree.C                                            
                            200.degree.C                                       
                                 300.degree.C                                  
                                      is moistened                             
                                      (%)                                      
     __________________________________________________________________________
     5      0     254  -0.04                                                   
                            -0.20                                              
                                 -0.50                                         
                                      +0.10  Excellent                         
     6      15    150  -0.05                                                   
                            --   -0.40                                         
                                      +0.10  "                                 
     __________________________________________________________________________
PAC  EXAMPLES 16 - 19
     Diatomaceous earth (SiO.sub.2 78.56 percent, Al.sub.2 O.sub.3 13.21       
     percent,                                                                  
     Fe.sub.2 O.sub.3 4.11 percent, CaO 1.51 percent, MgO 1.25 percent, heat   
     ignition loss 1.11 percent, H.sub.2 O 2 to 3 percent, particle            
     size of less than 300 mesh on Tyler's sieve)                              
                     57 parts                                                  
     Slaked lime     43 parts                                                  
     Asbestos        50 parts                                                  
     Calcium sulfide 1, 3, 5 and 10 parts                                      
PAR  800 Parts of water was added to 100 parts of a non-combustible molding
      material comprising the aforesaid composition. The mixture was thoroughly
      kneaded with a kneader and put into a mold having a size of 910 .times.
      1820 .times. 6 mm to mold it at 100 kg/cm.sup.2. It was aged for 10 hours
      at 80.degree.C. at normal pressure for a first aging, thereafter for 10
      hours at 180.degree.C. at 7 atmospheres in an autoclave for a second aging
      and hardened.
PAR  The resulting molded plate was thoroughly dried and properties of the plate
      having an excellent non-combustibility are as given in Table 9.
TBL                                    Table 9                                 
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                Flexural                                                       
                     Heat shrinkage (%)                                        
                                    Dimension                                  
                                           Non-                                
          calcium                                                              
                strength            variation                                  
                                           combustibility                      
          sulfide to                when plate                                 
     be added   (kg/cm.sup.2)                                                  
                     100.degree.C                                              
                          200.degree.C                                         
                               300.degree.C                                    
                                    is moistened                               
     (part)                         (%)                                        
     __________________________________________________________________________
     16   1     348  -0.05                                                     
                          -0.14                                                
                               -0.31                                           
                                    +0.05  Excellent                           
     17   3     323  -0.04                                                     
                          -0.14                                                
                               -0.30                                           
                                    +0.03  "                                   
     18   5     320  -0.04                                                     
                          -0.15                                                
                               -0.32                                           
                                    -0.01  "                                   
     19   10    298  -0.04                                                     
                          --   -0.41                                           
                                    +0.05  "                                   
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 7 and 8
PAR  With the use of the molding materials of Example 16 except with no calcium
      sulfide and with 15 parts of calcium sulfide, respectively, molded
      articles were prepared by molding and aging them in the same conditions as
      in Example 16.
PAR  The properties of the molded articles are as shown in Table 10.
TBL                                    Table 10                                
     __________________________________________________________________________
     Comparative                                                               
            Amount of                                                          
                  Flexural                                                     
                       Heat shrinkage (%)                                      
                                      Dimension                                
                                             Non-                              
     Examples                                                                  
            calcium                                                            
                  strength            variation                                
                                             combustibility                    
            sulfide to                when article                             
            be added                                                           
                  (kg/cm.sup.2)                                                
                       100.degree.C                                            
                            200.degree.C                                       
                                 300.degree.C                                  
                                      is moistened                             
            (part)                    (%)                                      
     __________________________________________________________________________
     7      0     254  -0.10                                                   
                            -0.18                                              
                                 -0.50                                         
                                      +0.11  Excellent                         
     8      15    268  -0.10                                                   
                            -0.18                                              
                                 -0.50                                         
                                      +0.06  "                                 
     __________________________________________________________________________
PAC  EXAMPLES 20 - 23
     Diatomaceous earth (SiO.sub.2 78.56 percent, Al.sub.2 O.sub.3 13.21       
     percent,                                                                  
     Fe.sub.2 O.sub.3 4.11 percent, CaO 1.51 percent, MgO 1.25 percent, heat   
     ignition loss 1.11 percent, H.sub.2 O 2 to 3 percent)                     
                     57 parts                                                  
     Slaked lime     43 parts                                                  
     Zinc sulfide    1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
PAR  800 Parts of water was added to 100 parts of a non-combustible molding
      material comprising the above composition. The mixture was kneaded and put
      into a mold 910 .times. 1820 .times. 6 mm to mold it under 100
      kg/cm.sup.2. Then it was held at 80.degree.C. for 10 hours at normal
      pressure for a first aging and at 180.degree.C. in an autoclave for 10
      hours at 7 atmospheres for a second aging and hardened.
PAR  The resultant molded article was thoroughly dried and it was confirmed by
      X-ray diffraction and differential thermal analysis that tobermolite and
      sulfur tobermolite resulting from the replacement of part of Si in
      tobermolite by sulfur were formed.
PAR  The properties are as given in Table 11.
TBL                                    Table 11                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                Flexural                                                       
                     Heat shrinkage (%)                                        
                                    Dimension                                  
                                           Non-                                
          zinc  strength            variation                                  
                                           combustibility                      
          sulfide to                when article                               
     be added   (kg/cm.sup.2)                                                  
                     100.degree.C                                              
                          200.degree.C                                         
                               300.degree.C                                    
                                    is moistened                               
     (part)                         (%)                                        
     __________________________________________________________________________
     20   1     343  -0.04                                                     
                          -0.12                                                
                               -0.30                                           
                                    +0.02  Excellent                           
     21   3     355  -0.02                                                     
                          -0.14                                                
                               -0.29                                           
                                    +0.04  "                                   
     22   5     330  -0.04                                                     
                          -0.14                                                
                               -0.31                                           
                                    +0.06  "                                   
     23   10    302  -0.04                                                     
                          -0.14                                                
                               -0.29                                           
                                    +0.06  "                                   
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 9 and 10
PAR  With the use of the molding materials of Example 20 except with no zinc
      sulfide and with 15 parts of zinc sulfide, respectively, molded articles
      were prepared by molding and aging them in the same conditions as in
      Example 20.
PAR  The properties of the molded articles are as shown in Table 12.
TBL                                    Table 12                                
     __________________________________________________________________________
     Comparative                                                               
            Amount of                                                          
                   Flexural                                                    
                        Heat shrinkage (%)                                     
                                       Dimension                               
                                              Non-                             
     Examples                                                                  
            zinc sulfide                                                       
                   strength            variation                               
                                              combustibility                   
            to be added                when article                            
            (part) (kg/cm.sup.2)                                               
                        100.degree.C                                           
                             200.degree.C                                      
                                  300.degree.C                                 
                                       is moistened                            
                                       (%)                                     
     __________________________________________________________________________
     9      0      254  -0.10                                                  
                             -0.18                                             
                                  -0.50                                        
                                       +0.11  Excellent                        
     10     15     268  -0.12                                                  
                             -0.17                                             
                                  --   +0.10  "                                
     __________________________________________________________________________
PAC  EXAMPLES 24 - 27
     Diatomaceous earth (SiO.sub.2 78.56 percent, Al.sub.2 O.sub.3 13.21       
     percent,                                                                  
     Fe.sub.2 O.sub.3 4.11 percent, CaO 1.51 percent, MgO 1.25 percent, heat   
     ignition loss 0.22 percent, H.sub.2 O 2 to 3 percent)                     
                     57 parts                                                  
     Slaked lime     43 parts                                                  
     Iron sulfide    1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
PAR  800 parts of water was added to 100 parts of a non-combustible molding
      material comprising the aforesaid composition. The mixture was thoroughly
      kneaded with a kneader and put into a mold having a size of 910 .times.
      1820 .times. 6 mm to mold it under a pressure of 100 kg/cm.sup.2. Then it
      was held at 80.degree.C. for 10 hours at normal pressure for a first
      aging, thereafter at 180.degree.C. in an autoclave for 10 hours at 7
      atmospheres for a second aging and hardened.
PAR  The resultant molded article was thoroughly dired and it was confirmed by
      X-ray diffraction and differential thermal analysis that tobermolite and
      sulfur tobermolite resulting from the replacement of Si in tobermolite
      with sulfur were formed.
PAR  The properties of the molded article are as given in Table 13.
TBL                                    Table 13                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                 Flexural                                                      
                      Heat shrinkage (%)                                       
                                     Dimension                                 
                                            Non-                               
          iron sulfide                                                         
                 strength            variation                                 
                                            combustibility                     
          to be added                when article                              
     (part)      (kg/cm.sup.2)                                                 
                      100.degree.C                                             
                           200.degree.C                                        
                                300.degree.C                                   
                                     is moistened                              
                                     (%)                                       
     __________________________________________________________________________
     24   1      358  -0.04                                                    
                           -0.16                                               
                                -0.32                                          
                                     +0.05  Excellent                          
     25   3      373  -0.03                                                    
                           -0.12                                               
                                -0.24                                          
                                     +0.03  "                                  
     26   5      364  -0.03                                                    
                           -0.15                                               
                                -0.30                                          
                                     +0.05  "                                  
     27   10     330  -0.04                                                    
                           -0.16                                               
                                -0.31                                          
                                     +0.09  "                                  
     __________________________________________________________________________
PAC  COMPARATIVE EXAMPLES 11 and 12
PAR  With the use of the molding materials of Example 24 except with no iron
      sulfide and with 15 parts of iron sulfide, respectively, molded articles
      were prepared by molding and aging them in the same conditions as in
      Example 24.
PAR  The properties of the molded articles are as given in Table 14.
TBL                                    Table 14                                
     __________________________________________________________________________
     Comparative                                                               
            Amount of                                                          
                   Flexural                                                    
                        Heat shrinkage (%)                                     
                                       Dimension                               
                                              Non-                             
     Examples                                                                  
            iron sulfide                                                       
                   strength            variation                               
                                              combustibility                   
            to be added                when article                            
            (part) (kg/cm.sup.2)                                               
                        100.degree.C                                           
                             200.degree.C                                      
                                  300.degree.C                                 
                                       is moistened                            
                                       (%)                                     
     __________________________________________________________________________
     11     0      254  -0.10                                                  
                             -0.18                                             
                                  -0.50                                        
                                       +0.10  Excellent                        
     12     15     268  -0.05                                                  
                             -0.18                                             
                                  -0.35                                        
                                       +0.11  "                                
     __________________________________________________________________________
PAC  EXAMPLES 28 - 31
     Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.22 percent)           
                     50 parts                                                  
     Slaked lime     50 parts                                                  
     Vanadium pentoxide                                                        
                     1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
PAR  800 Parts of water was added to 100 parts of the aforesaid composition and
      thoroughly kneaded with a kneader. The mixture was placed in a mold, 910
      .times. 1820 .times. 6 mm and molded at a pressure of 100 kg/cm.sup.2. It
      was held at normal pressure and 80.degree.C. for 10 hours for a first
      aging, thereafter at 10 atmospheres at 180.degree.C. for 10 hours for a
      second aging and hardened. The resultant molded article was thoroughly
      dried and analyzed by X-ray diffraction, differential heat analysis and
      electron-ray diffraction to confirm that tobermolite and vanadium
      tobermolite resulting from the replacement of part of Si in tobermolite
      with vanadium were formed.
PAR  The properties of the articles are as given in Table 15.
TBL                                    Table 15                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                 Heat shrinkage (%)                                            
                                Dimension                                      
                                       Non-                                    
          vanadium              variation                                      
                                       combustibility                          
          pentoxide             when article                                   
     to be added 100.degree.C                                                  
                      200.degree.C                                             
                           300.degree.C                                        
                                is moistened                                   
     (part)                     (%)                                            
     __________________________________________________________________________
     28   1      -0.04                                                         
                      -0.18                                                    
                           - 0.31                                              
                                --     Excellent                               
     29   3      .+-.0                                                         
                      -0.18                                                    
                           -0.27                                               
                                +0.02  "                                       
     30   5      -0.04                                                         
                      -0.17                                                    
                           -0.28                                               
                                +0.03  "                                       
     31   10     -0.04                                                         
                      -0.14                                                    
                           -0.18                                               
                                +0.02  "                                       
     __________________________________________________________________________
PAC  EXAMPLES 32-35
TBL  Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.02 percent)           
                     50 parts                                                  
     Slaked lime     50 parts                                                  
     Vanadium trioxide                                                         
                     1, 3, 5 and 10 parts                                      
     (Manufactured by Han-i Chemical Co. Ltd.)                                 
     Asbestos        50 parts                                                  
PAR  800 Parts of water was added to 100 parts of the aforesaid composition and
      kneaded thoroughly with a kneader. The mixture was placed in a mold 910
      .times. 1820 .times. 6 mm and molded at a pressure of 100 kg/cm.sup.2. It
      was allowed to stand at 80.degree.C. and normal pressure for 10 hours for
      a first aging, thereafter at 180.degree.C. and 10 atmospheres for 10 hours
      for a second aging and hardened. The resultant molded article was
      thoroughly dried and it was confirmed from X-ray diffraction, differential
      thermal analysis and electron-ray diffraction that tobermolite and
      vanadium tobermolite resulting from the replacement of part of Si in
      tobermolite by vanadium were formed.
PAR  The properties of the molded article are as given in Table 16. It had no
      fuming, flaming and after-flaming properties and a good non-combustibility
      was confirmed.
TBL                                    Table 16                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                 Heat shrinkage (%)                                            
                                Dimension                                      
                                       Non-                                    
          vanadium              variation                                      
                                       combustibility                          
     dioxide                    when article                                   
     to be added 100.degree.C                                                  
                      200.degree.C                                             
                           300.degree.C                                        
                                is moistened                                   
     (part)                     (%)                                            
     __________________________________________________________________________
     32   1      -0.04                                                         
                      -0.17                                                    
                           -0.35                                               
                                +0.06  Excellent                               
     33   3      -0.04                                                         
                      -0.18                                                    
                           -0.36                                               
                                +0.05  "                                       
     34   5      -0.04                                                         
                      -0.17                                                    
                           -0.31                                               
                                +0.04  "                                       
     35   10     -0.02                                                         
                      -0.17                                                    
                           -0.34                                               
                                +0.07  "                                       
     __________________________________________________________________________
PAC  EXAMPLES 36 - 39
     Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.02 percent)           
                     50 parts                                                  
     Slaked lime     50 parts                                                  
     Vanadium dioxide                                                          
                     1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
     800 Parts of water was added to 100 parts                                 
PAR  800 Parts of water was added to 100 parts of the aforesaid composition and
      kneaded thoroughly with a kneader. The mixture was placed in a mold 910
      .times. 1820 .times. 6 mm and molded under 100 kg/cm.sup.2. It was allowed
      to stand at 80.degree.C. and normal pressure for 10 hours for a first
      aging, thereafter at 180.degree.C. at 10 atmospheres for 10 hours in an
      autoclave for a second aging and hardened. After thorough drying, the
      resultant molded article was subjected to X-ray diffraction, differential
      thermal analysis and electron-ray diffraction and it was confirmed that
      tobermolite and vanadium tobermolite resulting from the replacement of
      part of Si in tobermolite with vanadium were formed. The properties of the
      molded article are as given in Table 17.
TBL                                    Table 17                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                 Heat shrinkage (%)                                            
                                Dimension                                      
                                       Non-                                    
          vanadium              variation                                      
                                       combustibility                          
     dioxide                    when article                                   
     to be added 100.degree.C                                                  
                      200.degree.C                                             
                           300.degree.C                                        
                                is moistened                                   
     (part)                     (%)                                            
     __________________________________________________________________________
     36   1      --   -0.14                                                    
                           -0.31                                               
                                +0.05  Excellent                               
     37   3      -0.04                                                         
                      -0.14                                                    
                           -0.31                                               
                                +0.02  "                                       
     38   5      -0.04                                                         
                      -0.16                                                    
                           -0.34                                               
                                +0.01  "                                       
     39   10     -0.04                                                         
                      -0.19                                                    
                           -0.40                                               
                                +0.05  "                                       
     __________________________________________________________________________
PAC  EXAMPLES 40 - 43
     Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.02 percent)           
                     50 parts                                                  
     Slaked lime     50 parts                                                  
     Sodium vanadate 1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
PAR  800 Parts of water was added to 100 parts of the aforesaid composition and
      thoroughly kneaded with a kneader. The mixture was placed in a mold 910
      .times. 1820 .times. 6 mm and molded at 100 kg/cm.sup.2. It was allowed to
      stand at 80.degree.C. and normal pressure for 10 hours for a first aging,
      thereafter at 180.degree.C. and 10 atmospheres for 10 hours for a second
      aging and hardened. The resultant molded article was thoroughly dried and
      it was confirmed from X-ray diffraction, differential thermal analysis and
      electron-ray diffraction that tobermolite and vanadium tobermolite
      resulting from the replacement of part of Si in tobermolite with vanadium
      were formed.
PAR  The properties of the molded article are as given in Table 18.
TBL                                    Table 18                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
     __________________________________________________________________________
      Heat shrinkage (%)        Dimension                                      
                                         Non-                                  
          sodium                variation                                      
                                         combustibility                        
     vanadate                   when article is                                
     to be added 100.degree.C                                                  
                      200.degree.C                                             
                           300.degree.C                                        
                                moistened                                      
     (part)                     (%)                                            
     __________________________________________________________________________
     40   1      -0.04                                                         
                      -0.18                                                    
                           -0.30                                               
                                +0.09    Excellent                             
     41   3      -0.04                                                         
                      -0.14                                                    
                           -0.32                                               
                                +0.05    "                                     
     42   5      -0.05                                                         
                      -0.17                                                    
                           -0.33                                               
                                +0.05    "                                     
     43   10     -0.05                                                         
                      -0.19                                                    
                           -0.37                                               
                                --       "                                     
     __________________________________________________________________________
PAC  EXAMPLES 44 - 47
     Diatomaceous earth (SiO.sub.2 99.4 percent, Al.sub.2 O.sub.3 0.44         
     percent,                                                                  
     Fe.sub.2 O.sub.3 0.04 percent, heat ignition loss 0.02 percent)           
                     50 parts                                                  
     Slaked lime     50 parts                                                  
     Ammonium vanadate                                                         
                     1, 3, 5 and 10 parts                                      
     Asbestos        50 parts                                                  
PAR  800 Parts of water was added to 100 parts of the aforesaid composition and
      thoroughly kneaded with a kneader. The mixture was placed in a mold 910
      .times. 1820 .times. 6 mm and molded at 100 kg/cm.sup.2. It was allowed to
      stand at 80.degree.C. and normal pressure for 10 hours for a first aging,
      thereafter at 180.degree.C. and 10 atmospheres for 10 hours for a second
      aging and hardened. The resultant molded article was thoroughly dried and
      it was confirmed by X-ray diffraction, differential thermal analysis and
      electron-ray diffraction that tobermolite and vanadium tobermolite
      resulting from the replacement of part of Si in tobermolite by vanadium
      were formed.
PAR  The properties of the molded article are as given in Table 19.
TBL                                    Table 19                                
     __________________________________________________________________________
     Examples                                                                  
          Amount of                                                            
                 Heat shrinkage (%)                                            
                                Dimension                                      
                                       Non-                                    
          ammonium              variation                                      
                                       combustibility                          
     vanadate                   when article                                   
     to be added 100.degree.C                                                  
                      200.degree.C                                             
                           300.degree.C                                        
                                is moistened                                   
     (part)                     (%)                                            
     __________________________________________________________________________
     44   1      -0.05                                                         
                      -0.19                                                    
                           -0.31                                               
                                .+-.0  Excellent                               
     45   3      -0.04                                                         
                      -0.18                                                    
                           -0.31                                               
                                +0.05  "                                       
     46   5      -0.04                                                         
                      -0.16                                                    
                           -0.32                                               
                                +0.05  "                                       
     47   10     -0.06                                                         
                      -0.19                                                    
                           -0.29                                               
                                +0.05  "                                       
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A non-combustible molding composition which is capable of hardening
      after being dehydrated to a moisture content of 5 to 50 percent by weight
      comprising:
PA1  a. 100 parts by weight of a hydraulic inorganic mixture consisting of an
      inorganic substance composed predominantly of silica selected from the
      group consisting of quartz rock, silica sand, aplite, pottery stone,
      silicate terra alba, diaspore, diatomaceous earth, fly ash, perlite,
      obsidian perlite, pumice microballoon, foamed shale pumice, foamed clay
      and vermiculite; and an inorganic substance composed predominantly of a
      source of calcium oxide selected from the group consisting of slaked lime,
      quick lime and calcium carbonate, the molar ratio of the inorganic
      substance composed predominantly of a source of calcium oxide to the
      inorganic substance composed predominantly of silica being from 0.1 to
      1.2;
PA1  b. 10 to 200 parts by weight of mineral fibers selected from chrysotile
      asbestos, amosite asbestos, crocidolite asbestos, amphibole asbestos,
      tremolite asbestos, actinolite asbestos, rock wool, glass fiber and slag
      wool; and
PA1  c. 1 to 15 parts by weight of crystalline aluminum oxide.
NUM  2.
PAR  2. A water-hardened, non-combustible molded article comprising:
PA1  a. 100 parts by weight of a hydraulic inorganic mixture consisting of an
      inorganic substance composed predominantly of silica selected from the
      group consisting of quartz rock, silica sand, aplite, pottery stone,
      silicate terra alba, diaspore, diatomaceous earth, fly ash, perlite,
      osidian perlite, pumice microballoon, foamed shale pumice, foamed clay and
      vermiculite; and an inorganic substance composed predominantly of a source
      of calcium oxide selected from the group consisting of slaked lime, quick
      lime and calcium carbonate, the molar ratio of the inorganic substance
      composed predominantly of a source of calcium oxide to the inorganic
      substance composed predominantly of silica being from 0.5 to 1.2;
PA1  b. 10 to 200 parts by weight of mineral fibers selected from chrysotile
      asbestos, amosite asbestos, crocidolite asbestos, amphibole asbestos,
      tremolite asbestos, actinolite asbestos, rock wool, glass fiber and slag
      wool; and
PA1  c. 1 to 15 parts by weight of crystalline aluminum oxide.
NUM  3.
PAR  3. A process for producing a non-combustible molded article, which
      comprises:
PA1  i. mixing uniformly a molding composition consisting essentially of
PA1  a. 100 parts by weight of a hydraulic inorganic mixture consisting of an
      inorganic substance composed predominantly of silica selected from the
      group consisting of quartz rock, silica sand, aplite, pottery stone,
      silicate terra alba, diaspore, diatomaceous earth, fly ash, perlite,
      obsidian perlite, pumice microballoon, foamed shale pumice, foamed clay
      and vermiculite; and an inorganic substance composed predominantly of a
      source of calcium oxide selected from the group consisting of slaked lime,
      quick lime and calcium carbonate, the molar ratio of the inorganic
      substance composed predominantly of a source of calcium oxide to the
      inorganic substance composed predominantly of silica being from 0.5 to
      1.2;
PA1  b. 10 to 200 parts by weight of mineral fibers selected from chrysotile
      asbestos, amosite asbestos, crocidolite asbestos, amphibole asbestos,
      tremolite asbestos, actinolite asbestos, rock wook, glass fiber and slag
      wool;
PA1  c. 1 to 15 parts by weight of crystalline aluminum oxide,
PA1  d. 300 to 2000 parts by weight per 100 parts by weight of the total amount
      of components (a), (b) and (c), of water.
PA2  ii. molding the mixture so obtained,
PA2  iii. dehydrating the molded article at a pressure of at least 50
      kg/cm.sup.2 to a moisture content of 5 to 50 percent by weight, and
PA2  iv. heating the molded article to harden it at a temperature of
      150.degree.-210.degree.C and at a vapor pressure of 5 to 20 atmospheres.
NUM  4.
PAR  4. The process of claim 3, wherein a reaction promotor is added to said
      molding composition.
NUM  5.
PAR  5. The process of claim 4, wherein said reaction promotor is selected from
      the group consisting of sodium hydroxide, potassium hydroxide, lithium
      hydroxide, and alumina.
NUM  6.
PAR  6. The process of claim 3, wherein said hardening is performed by first
      heating the molded article at 60.degree. - 90.degree.C. at atmospheric
      pressure for 5 to 10 hours, and then heating it in an autoclave for 5 to
      20 hours at 150.degree. - 210.degree.C. and 5 to 20 atmospheres.
NUM  7.
PAR  7. The process of claim 3, wherein an organic blowing agent is added to
      said molding composition.
NUM  8.
PAR  8. The process of claim 7, wherein said organic blowing agent is an organic
      heat-decomposible blowing agent which is decomposed at 150.degree. to
      250.degree.C.
NUM  9.
PAR  9. The process of claim 8, wherein said blowing agent is selected from the
      group consisting of dinitrosopentamethylene tetramine,
      1,1'-azodicarbonamide, benzenesulfonyl hydrazide, benzenesulfonyl
      hydrazide derivatives, 4,4'-hydroxybisbenzene-sulfonyl hydrazide,
      para-toluenesulfoazide, and toluene-sulfonyl hydrazide.
NUM  10.
PAR  10. A composition according to claim 1 wherein
PA1  a. is a hydraulic mixture of quartz rock and slaked lime, and (b) is
      chysotile asbestos.
NUM  11.
PAR  11. A composition according to claim 2 wherein
PA1  a. is a hydraulic mixture of quartz rock and slaked lime, and (b) is
      chysotile asbestos.
NUM  12.
PAR  12. A process according to claim 3 wherein
PA1  a. is a hydraulic mixture of quartz rock and slaked lime, and (b) is
      chysotile asbestos.
NUM  13.
PAR  13. A process according to claim 5 wherein the reaction promoter is sodium
      hydroxide.
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ABST
PAL  Natural or synthetic gypsum is reacted with quicklime in any desired
      proportions, the heat needed for the complete conversion of gypsum in
      plaster being supplied, on the one hand, by the exothermic reaction of
      hydration of the quicklime and, on the other hand, by an external supply
      of calories obtained by indirect heating of the reaction mixture. This
      indirect heating may be effected by convection and conduction or by
      radiation from a metallic wall.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known to obtain mixtures of hydrated lime and plaster containing
      desired proportions of these ingredients by merely mixing hydrated lime
      and plaster which have been separately manufactured by usual methods.
PAR  Generally, said mixtures are prepared in a factory and supplied to users in
      powdery and dry condition, mostly in bags.
PAR  The high cost of the starting materials, i.e., plaster and hydrated lime,
      as well as the transporting costs of these materials from the production
      plant to the manufacturer which will prepare the mixture adversely affect
      the cost of the mixture of said starting materials.
PAR  On the other hand, it is well known to react quicklime with natural gypsum
      or gypsite at a temperature of more than 150.degree.C, so as to obtain a
      mixture of hydrated lime and plaster, according to the following equation:
      ##EQU1##
PAR  During this reaction an exchange of materials and of heat takes place
      between the quicklime and the natural gypsum; the removal of the crystal
      water of the gypsum is caused by the heat resulting from the hydration
      reaction of the quicklime, the water absorbed by the quicklime resulting
      from the dehydration of the natural gypsum.
PAR  It seems that this known process has never been successfully used on an
      industrial scale, for the following reasons:
PA0  1. the heat which is necessary for converting natural gypsum into plaster
      results only from the heat of hydration of quicklime.
PAR  Therefore, the quantity of quicklime which is necessary for this reaction
      is important, so that the percentage of hydrated lime of the final product
      is very high.
PAR  This high proportion of hydrated lime affects the quality of the product
      used for ceiling coating. It has been found, in this respect, that when a
      mortar of hydrated lime and plaster contains more than 30 percent by
      weight of hydrated lime, some properties of the coatings made with said
      mortar, such as adherence, shrinking ability, hardness and bending and
      compression strength are badly affected.
PA0  2. Moreover, the need of using a great quantity of quicklime substantially
      increases the cost price of the mixture.
PA0  3. Due to the variations of the moisture content of natural gypsum, of the
      calcination state of the used quicklime and the amount of active calcium
      oxide contained in the lime, when it is desired to maintain, as it is
      advisable, a constant proportion of hydrated lime and plaster in the final
      product, the heat of reaction varies within large limits.
PAR  As a consequence of this variation, the reaction mass is brought to a
      temperature at which the hemidrate is converted into undesirable soluble
      anhydrite (163.degree.C) or insoluble anhydrite (200.degree.C).
PAR  If this occurs, a further step is necessary for converting the anhydrite
      into plaster, such a conversion taking place by contact with the air
      moisture or by addition of water.
PA0  4. For improving the reactivity of natural gypsum and reduce thereby the
      duration of reaction of said gypsum, it is necessary to reduce the
      particle size of the natural gypsum. This involves an additional step
      which increases the cost price of the mixture of hydrated lime and
      plaster.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Motars based on hydrated lime [Ca(OH).sub.2 ] and plaster [CaSO.sub.4.1/2
      H.sub.2 O] are commonly used in the building trade as coating for
      ceiling-works or as starting materials for the manufacture of plates or
      panels used as separating or covering elements.
PAR  In addition to the incorporation of fibres, sand and organic materials,
      such as thickening agents (for example, methyl-cellulose) or hardening
      retarders (for example, keratin) or other materials for the purpose of
      improving certain characteristics such as plasticity, hardening duration
      or resistance to mechanical stress, the proportions of lime and plaster
      may vary, in the mortars, from 1 to 9 parts by weight of the plaster for 1
      part of the hydrated lime.
PAR  The present invention provides a process for producing a dry and
      pulverulent mixture of hydrated lime and plaster from quicklime (CaO) and
      gypsum (CaSO.sub.4.2H.sub.2 O), according to the following reaction:
      ##EQU2##
PAR  According to the relative proportion of the starting materials, i.e.,
      gypsum, free water and quicklime or according to the weight ratio of the
      final ingredients of the resulting mixture, i.e., plaster and hydrated
      lime, an additional heat source, that is, a heat source other than the
      heat supplied by the reaction of hydration of quicklime into hydrated
      lime, is needed for reaction (II), in accordance with this invention.
PAR  The reaction (II) starts at a temperature of more than 100.degree.C. and
      preferably takes place at a temperature of more than 150.degree.C.
PAR  The minimum temperature at which gypsum is converted into plaster is
      quickly reached by the reaction between the quicklime and the free water
      which is generally contained in the gypsum.
PAR  According to this invention, the energy needed for converting gypsum into
      plaster and for removing the humidity of the gypsum is supplied, on the
      one hand, by the exothermic reaction of hydration of the quicklime when in
      contact with the water of crystallisation of the gypsum and/or with any
      free water which may be present in the reaction mixture and, on the other
      hand, by indirect heating of this mixture, this heating being preferably
      performed by conduction and convection or by radiation from a metallic
      wall.
PAR  The additional heat source which compensates the lack fo calories of the
      reaction (I) has the following advantages;
PA0  1. it allows a free choice of the proportions of the two solid components
      of the final mixture;
PA0  2. due to the supply of calories by indirect heating, it is possible to
      control the reaction by maintaining a constant reaction temperature;
PA0  3. the variations of free water contained in the gypsum can be compensated
      automatically by a variable supply of calories;
PA0  4. due to the additional heat source, the optimum reaction temperature,
      which is necessary for completely converting gypsum into plaster, while
      avoiding the formation of undesired soluble or insoluble anhydrite, can
      easily be maintained; and
PA0  5. the manufacture of a mixture of plaster and hydrated lime of a constant
      quality is possible by a one-step method.
PAR  Due to its particle size, synthetic gypsum, such as phosphogypsum which is
      a by-product obtained during the manufacture of phosphoric acid, is
      particularly suitable in the process according to this invention, although
      natural gypsum can also be used in this process.
PAR  Taking into account the formation heat of the compounds used in reaction
      (II) and the sensible heat of the obtained mixture, the total thermic
      balance of reaction (II) is equal to .DELTA.H.sub. total =  20715 + 12139m
      - 25130 (calories/mol of gypsum) (II).
PAR  In equation (II), the numerical values are taken from Chemical Engineers
      Handbook, edited by John H. Perry; 4th edition.
PAR  Due to the insufficient amount of used quicklime for completing reaction
      (I), one has:
EQU  .DELTA. H.sub.total &gt;0
PAR  Since the reaction is endothermic, it is necessary to use a fuel for
      supplying the amount of heat needed for completing reaction (I), so that
EQU  .DELTA. H.sub.total + .DELTA. H.sub.fuel .ltoreq.0
DETD
PAR  This additional supply of heat can be obtained by indirect heating in an
      apparatus as shown in FIG. 1 of the attached drawings.
PAR  Said apparatus comprises a cylindrical container 1 having an horizontal
      axis and wherein the reagents are intimately mixed. The container 1 is
      equipped with means, such as toothed rings 2, for rotating it about its
      horizontal axis.
PAR  A heat carrying fluid, such as steam or hot water, is introduced by pipes
      3,4 and 5 in a distributing box 6, from which it is conveyed by pipes 7
      and 8 into stationary longitudinal ducts 9, 9' and 10, 10' which supply
      heat to the reaction mixture in container 1 by convectionconduction and
      act as a stirrer of said reaction mixture. The fluid is collected into a
      box 11 connected to ducts 9, 9' and 10, 10' by small pipes 12 and 13. From
      the box 11, the cold fluid is discharged through pipes 14 and 15.
PAR  Quicklime ad gypsum discharged respectively from a hopper 16 and a hopper
      17 on conveyors 18, 19 are collected into a feed hopper 21. By the opening
      of a rotating valve 22, said starting materials are introduced into the
      mixer 1.
PAR  FIGS. 2 and 3 of the attached drawings show diagrammatically, respectively
      in longitudinal and transverse section, an apparatus wherein heat is
      supplied to the reaction mixture by radiation from a metallic wall. This
      apparatus comprises a cylindrical rotating mixer 25 equipped with internal
      triangular partitions 26 having a height of less than the diameter of
      cylinder 25. A jacket 27 for the circulation of a heat carrying fluid
      surrounds the mixer, the fluid entering in the jacket at an inlet 38 and
      being removed from it at an outlet 29.
PAR  At the discharge end of the mixer 25, the reaction product is collected in
      a discharge box 30 having an outlet 31 for the product and an outlet 32
      for the excess of water vapour. The discharged product is removed on a
      conveyor 33.
PAR  The starting materials are introduced into the mixer 25 by feeding means
      which are similar to those shown in FIG. 1 (hoppers 15, 16; conveyors 17,
      18; hopper 20, rotating valve 19).
PAR  The following example illustrates the process according to this invention.
PAC  EXAMPLE
PAR  For preparing a mixture containing 25 percent by weight of hydrated lime
      and 75 percent by weight of plaster, a synthetic gypsum containing 10
      percent of moisture is used.
PAR  The value of m in equation (II) is 1.06 mols/mol of gypsum and the number
      of mols of quicklime per mol. of gypsum is equal to 0.65 (n), so that
      equation (II) can be written as follows:
EQU  CaSO.sub.4.2H.sub.2 O+1.06H.sub.2 O+0.65CaO.fwdarw.CaSO.sub.4.1/2 H.sub.2
      O+0.65 Ca(OH).sub.2 +1.91 H.sub.2 O
PAR  For a yield of 85 percent of the calories supplied by the quicklime, the
      heat balance of reaction (II) corresponds to the following equation:
      ##EQU3##
PAR  Therefore, the minimum amount of heat to be supplied by indirect heating is
      equal to 19,698 calories/mol of gypsum.
PAR  In an apparatus as shown on FIG. 1, 840kg of phosphogypsum containing 84 kg
      of free water have been mixed with 160 kg of powdery quicklime, these
      amounts being introduced into the mixer over a period of three hours at a
      rate of 0.89kg/minute for the quicklime and 4.67kg/minute for the
      phosphogypsum.
PAR  Due to the presence of free water in contact with the quicklime, the
      temperature of the mixture quickly reached a value of more than
      140.degree.C.
PAR  For completing the reaction, additional heat has been supplied by
      circulating in tubes 9, 9' and 10, 10' a heat carrying fluid having an
      inlet and outlet temperature of about 240.degree.C and 200.degree.C
      respectively.
PAR  The temperature of the mixture of hydrated lime plaster at the outlet of
      the apparatus was about 160.degree.C and the period during which the
      reaction mixture remained in the reactor was about 20 minutes.
PAR  The resulting mixture contained 750kg of plaster and 250 kg of hydrated
      lime.
PAR  No residual calcium oxide or dihydrated calcium sulphate was found by
      analysis in this mixture.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for producing a building material from plaster or hemihydrated
      calcium sulphate and hydrated lime or calcium hydroxide in dry and powdery
      condition, comprising reacting phosphogypsum, a by-product obtained during
      the manufacture of phosphoric acid, and quicklime both in pulverulent
      state in proportions suitable for obtaining a mixture containing 1 to 9
      parts by weight of plaster to 1 part by weight of hydrated lime; supplying
      part of the heat needed for the conversion of gypsum into plaster by the
      exothermic reaction of hydration of the quicklime; and also effecting
      indirect heating of the reaction mixture.
NUM  2.
PAR  2. A process according to claim 1, comprising indirectly heating the
      reaction mixture by conduction and convection.
NUM  3.
PAR  3. A process according to claim 1, comprising indirectly heating the
      reaction mixture by radiation from a metal wall.
NUM  4.
PAR  4. A process according to claim 1, comprising supplying an external heat
      supply to effect said indirect heating and thereby compensating for a lack
      of calories in the reaction.
NUM  5.
PAR  5. A process according to claim 1 comprising using wet phosphogypsum.
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ABST
PAL  The invention provides a composition for forming casts which is a mixture
      of a settable cast-forming composition and a medically acceptable
      quaternary ammonium compound possessing bacteriostatic, wetting and
      accelerator properties.
BSUM
PAR  This invention relates to settable compositions.
PAR  More particularly, this invention relates to the settable cast-forming
      compositions adapted for use as casts or e.g. orthopedic bandages, for
      immobilizing and/or supporting members or parts of the body.
PAR  Conventional cast-forming compositions for the above purpose are composed
      of a wettable, settable (hardenable) material, such as plaster of Paris
      and typically placed on a suitable substrate or backing such as a woven
      gauze fabric. The backing is normally in the form of an elongated strip or
      roll of material.
PAR  There are basically two types of settable compositions on backings in use
      today--the first and least used form being known in the art as a "loose
      plaster bandage", the second being a preformed "hard-coated" settable
      bandage. In the first type, the backing or substrate is dusted or
      otherwise coated with the settable material in a powder form and because
      of disadvantages in material drop-off in handling and use, this type has
      been replaced to a large extent by the second, preformed "hard-coated"
      type. In the preformed or "hard-coated" type, the settable material is
      precoated and dried so as to form a more or less integral composition with
      a substrate which is more readily acceptable for handling purposes as the
      settable composition does not tend to fall off. Normally, the settable
      composition of this type is coated on both sides of the substrate.
PAR  When using both of the above types of settable compositions, the product is
      dipped into an aqueous solution (normally water) which renders the
      settable composition moldable or flexible whereafter the product is
      wrapped or placed about a member of the body and permitted to harden or
      cure.
PAR  A still further method of using the settable compositions described above
      is without a backing, whereby the settable composition is rendered
      moldable by e.g. water and the composition then directly placed about the
      member or part of the body.
PAR  It has been conventional practice to incorporate into cast-forming settable
      compositions a wetting agent for the purpose of permitting rapid
      penetration of the water or similar fluid to render the composition
      moldable or flexible. Use of wetting agents reduces the amount of work and
      time required to render the compositions moldable or flexible and
      simplifies procedures involved in the application of the cast-forming
      composition while ensuring that they are substantially uniformly settable.
PAR  Typical of the wetting agents conventionally used for compositions rendered
      moldable or flexible by water, as in the case of plaster of Paris, are the
      sodium salts of alkylsulphosuccinates. Such wetting agents, to obtain the
      maximum benefit of their inclusion in the settable compositions, are
      generally present in quantities of from about 0.025 to 1% by weight.
PAR  However, the amount of wetting agent must be such that it does not render
      the settable composition "foamy", upon being wetted by, e.g. water, which
      would make the finished cast extremely weak and brittle. Normally, the
      compositions are used in a highly viscous form in which condition they are
      still moldable or flexible and yet are capable of conforming to the
      contours of the member to which they are applied.
PAR  Moreover, the amount of wetting agent is also limited to an amount below
      that which will cause "wash out", a condition where e.g. the plaster of
      Paris upon being wetted for application to a locus of use, will come out
      of a backing or substrate to or on which it is applied (as in the case of
      preformed bandages), and not be available for use as part of the finished
      cast.
PAR  As is known in the art, settable compositions such as plaster of Paris
      ordinarily have no inherent inhibiting effect on the presence or
      reproduction of bacteria. The presence or growth of bacteria between the
      skin and the cast, and in the cast itself, may create problems. This
      problem is accentuated where casts are placed over wounds or points of
      irritation; hence, it has been suggested in the art that such cast-forming
      compositions be improved against bacterial growth or reproduction. To this
      end, various types of agents or compounds for this purpose have been
      proposed, a typical example being hexachlorophene.
PAR  In addition to wetting agents and bacteriostatic agents, conventional
      cast-forming compositions also include an accelerator as an additive,
      functioning for the purpose of decreasing the setting time for the
      compositions. Typical of accelerators conventionally used, generally in
      the form of finely ground powder, are calcium chloride, potassium
      sulphate, copper sulphate, etc. These accelerators are normally added in
      amounts of about 0.5% by weight of the cast-forming ingredients, where
      setting times of about 5 to about 8 minutes are desired; for faster
      setting times (termed extra fast setting in the art) e.g. about 2 to about
      4 minutes, usually 3 times this amount of accelerator is added. The amount
      of accelerator employed is in a non-linear relationship to the setting
      time, and as will be seen from the above, shorter setting times require
      relatively large amounts of the accelerator compared to longer setting
      times, requiring smaller amounts.
PAR  The use of accelerator additives, while providing an advantageous feature,
      also impart undesirable properties to the cast-forming compositions. Thus,
      the amount of accelerator employed is critical as high amounts
      deleteriously affect the viscosity of the slurry used to coat the
      cast-forming compositions which in turn, adversely affect the processing
      of such compositions. Thus, e.g., the slurry tends to become too viscous
      so that it plugs the machinery used for applying the compositions onto the
      substrates. Moreover, above a given amount, no further apparent advantages
      are gained in adding increasing quantities of accelerator. Each separate
      agent, such as the wetting agent, and bacteriostatic agent, and
      accelerator agent, incorporated into the settable cast-forming
      compositions, represents an additional step involved in the production of
      such compositions and thus, adds to the cost of the resultant product, and
      generally interferes with the strength of the product. Thus, it would be
      desirable if, for such settable compositions, the function of certain of
      these agents could be combined thereby eliminating the necessity of
      incorporating separate agents for each function.
PAR  In accordance with this invention, it has unexpectedly been found that a
      selected group of compounds impart to settable cast-forming compositions,
      a combination of bacteriostatic properties and wetting properties, while
      simultaneously functioning as an accelerator, thereby eliminating
      additional steps in the manufacture of the composition, and the necessity
      of including separate components for these purposes, while at the same
      time imparting to the compositions additional desirable characteristics.
PAR  More particularly, with this invention, it has been unexpectedly found that
      medically acceptable quaternary ammonium compounds, when incorporated into
      settable cast-forming compositions, provide the composition with both
      bacteriostatic and wetting properties, while simultaneously functioning as
      an accelerator. The use of a quaternary ammonium compound in settable
      cast-forming compositions functioning as a combined bacteriostatic,
      wetting agent and accelerator was quite unexpected, since it was
      previously considered necessary to provide separate agents for each
      property to obtain maximum benefit for each agent in the composition; and
      further, it has not been suggested in the art that quaternary ammonium
      compounds would have the combined properties of acting as a
      bacteriostatic, wetting and accelerator agent.
PAR  Typical quaternary ammonium compounds functioning as a combined
      bacteriostatic, wetting and accelerator agent include benzalkoniumhalides,
      with the chloride being most preferred, as well as compounds such as
      cetyl-trimethyl-ammonium halides, e.g. the bromide, chloride and iodide
      thereof, with the bromide being particularly preferred.
PAR  The amount of the quaternary ammonium compound employed may be varied
      within wide ranges depending on the type of settable cast-forming
      composition employed. It has been found that at least about 0.025%
      (preferably 0.05 to 1.5%) by weight, of the quaternary ammonium compounds,
      based on the weight of the settable composition, is sufficient to obtain
      both bacteriostatic and wetting agent properties, and function as well as
      an accelerator.
PAR  The cast-forming ingredients or compositions useful with the present
      invention may be any suitable material conventionally employed for this
      purpose. Because of their availability and economical characteristics,
      most cast-forming settable compositions in use today are the
      water-wettable gypsum cements, and more particularly, what is known in the
      art as plaster of Paris - a gypsum cement. The plaster of Paris may be the
      ordinary variety as typically incorporated into cast-forming compositions,
      or may be of the high strength type referred to as alpha gypsum as
      disclosed in U.S. Pat. No. 1,901,051, issued Mar. 14, 1933 to Randel and
      Dailey. This strength gypsum is manufactured by calcination of gypsum rock
      in contact with steam at 17 to 20 lbs. gauge pressure, followed by drying
      and grinding. Alpha gypsum differs from ordinary plaster of Paris in that
      its compressive strength will range from 5000 lbs. per square inch on
      upward. Alpha gypsum is further differentiated from ordinary plaster of
      Paris or hemihydrate in the physical nature of individual crystal
      fragments composing the finely ground product.
PAR  As desired, the setting time for the cast-forming compositions of the
      present invention may be decreased, as in the case of extra fast setting
      compositions, by incorporating a minor amount of a conventional
      accelerator, such as those described above. In this respect, it has been
      found that the quaternary ammonium compound has a synergistic effect on
      the conventional accelerator agents whereby decreased setting times may be
      obtained by employing conventional accelerator agents with the quaternary
      ammonium compounds. Thus, if it is desired to decrease the setting time as
      for extra fast setting compositions, such conventional agents as employed
      for this purpose can be incorporated into the composition of the present
      invention in amounts less than those which were previously used for this
      purpose. In greater detail, depending on the setting time desired, a
      conventional accelerator may be included in amounts ranging from about 5
      to about 50% less than previously employed for this purpose. Thus, by
      adding a minute amount of the quaternary ammonium compounds, it is
      possible to replace a conventional large amount of an accelerator agent.
PAR  The unexpected synergistic action by the compositions of the present
      invention having the quaternary ammonium compounds, and an added
      conventional accelerator for the purpose of still further decreasing the
      setting time as for extra fast setting compositions, is unexpected since,
      as previously mentioned, separate agents were employed for this purpose
      and the amount of accelerator was not in a linear relationship to the
      setting time but rather, requires several times that amount of
      conventional setting agent for extra fast setting as compared to slower
      setting times with smaller amounts.
PAR  Various conventional additives may be included in the settable cast-forming
      compositions of the present invention, such additives being strengthening
      agents such as uncured aldehyde-triazine resins. Such strengthening agents
      may be included in amounts of from about 5 to about 30% by weight of the
      cast-forming composition, and impart greater cast strength and resistance
      to water after setting. Such aldehyde-triazine resins are well known in
      the art and are commercially available, and are described in U.S. Pat. No.
      2,260,239 issued Oct. 21, 1941 to Talbott and 2,310,004 issued Feb. 2,
      1943 to Widmer et al. Other additives which may be incorporated include
      binders which serve the purpose of effecting maximum adhesion of the
      plaster of Paris and resin to the bandage backing material. Suitable
      binders are polyvinyl acetate emulsions, described in U.S. Pat. No.
      2,655,148. Other usable binders include emulsions or solutions of polymers
      of vinyl chloride, vinyl acetate, acrylates, methacrylates, or butadiene,
      or copolymers, interpolymers or polymeric mixtures thereof.
PAR  Additionally, the cast-forming settable compositions may also contain
      conventional amounts of plasticizers or "creaming" agents such as
      glycerols, glycols, polyglycols, natural and synthetic gums, etc.
      Retarders may also be included such as soluble citrates, phosphates,
      acetates, or other organic retarders. The above additives, when used are
      generally incorporated into the cast-forming composition when prepared,
      typically by blending the appropriate amount of additives therein.
PAR  The cast-forming settable compositions of the present invention having the
      combined bacteriostatic, wetting and accelerator agent component may be
      employed, after wetting, by the direct application to the locus of use
      without any backing or substrate, and permitted to set or harden.
      Alternately, and, according to present preferred practices, the
      composition of the present invention may be applied or included on a
      substrate or backing. As explained previously, such compositions are
      either in the form of a "loose powder package" or more recently, in a
      preformed "hard-coated" product form. The loose plaster packages may be
      prepared according to conventional procedures, for example, dusting or
      otherwise coating the composition onto the backing or substrate. In the
      case of preformed compositions, the settable composition may be formed
      into a paste or slurry, and impregnated on one or both surfaces of the
      substrate or backing, and permitted to dry. In either case, the products
      are then wetted by, for example, dipping them in water and once in a
      moldable condition, wrapped about the locus of use. When preparing
      preformed "hard-coated" products having the settable composition of the
      present invention, the steps of impregnating the composition onto the
      substrate or backing followed by drying are well known by those skilled in
      the art and may be carried out accordingly.
PAR  The substrate or backing used in the loose and preformed type of products
      may be any suitable substrate as, for example, woven and nonwoven fabrics,
      again according to conventional practices known to those skilled in the
      art. Such backings are normally of a relatively narrow width in comparison
      to the length thereof and usually a continuous length is wrapped about the
      body point or member to encase it several times to provide a cast of
      sufficient strength characteristics.
PAR  It has been found that the products of the present invention require less
      preparation time and as well, have an efficiency substantially the same
      as, if not better, than conventional compositions. Thus, for example, the
      settable composition will not normally contain the same amount of
      additives as would otherwise be included if separate agents were used for
      each purpose.
PAR  Having thus generally described the invention, reference will now be made
      to the accompanying Examples illustrating preferred embodiments.
DETD
PAC  EXAMPLE I
PAR  A conventional plaster of Paris formulation was prepared, minus wetting
      agents and accelerator, and to it was added 0.1% of benzalkonium chloride
      based on the weight of the plaster of Paris.
PAR  The formulation was coated on a woven backing, the product then being
      permitted to dry to form an orthopedic bandage.
PAR  Upon being dipped in water to render the plaster of Paris composition
      moldable for purposes of application of the bandage to a body member, it
      was found that the benzalkonium chloride provided very rapid wetting
      properties, comparable to a similar composition with a conventional
      additive for this purpose. It was also found in subsequent testing that
      there was inhibition of the growth of bacteria and that the properties of
      the cast made with the orthopedic bandage showed no deterioration.
PAC  EXAMPLE II
PAR  The procedures of Example I were repeated except that the plaster of Paris
      used contained a conventional wetting agent. To the composition there was
      added 0.1% by weight of the plaster of Paris benzalkonium chloride. The
      composition was then placed on a backing to form an orthopedic bandage.
      Upon dipping the bandage in water for application to a locus of use, it
      was found that the wetting properties imparted to the plaster of Paris
      mixture were quite excessive and caused a large amount of plaster to
      separate from the backing, in addition to the plaster of Paris-water
      mixture being foamy.
PAR  This Example demonstrates that the benzalkonium chloride functioning as a
      bacteriostatic agent on one hand, eliminates the requirement for a wetting
      agent since the benzalkonium chloride also imparted to the plaster of
      Paris the required wetting characteristics.
PAC  EXAMPLE III
PAR  A composition substantially identical to that of Example I was prepared,
      except in this case, the quaternary ammonium compound was
      cetyl-trimethyl-ammonium bromide. Similar results to those noted in
      Example I were obtained.
PAC  EXAMPLE IV
PAR  A composition was prepared by mixing together the following ingredients in
      the following amounts (including the conventional binding agents, etc.):
PA1  2600 grams Plaster of Paris
PA1  14.0 grams K.sub.2 SO.sub.4
PAR  The setting time for the above composition was determined to be
      approximately 7-7.5 minutes.
PAC  EXAMPLE V
PAR  A composition identical to that of Example IV was prepared, except there
      was incorporated therein 1.5 grams of cetyl-trimethyl-ammonium-bromide.
      This composition was unexpectedly found to have a setting time of
      approximately 4  minutes, making it an "extra-fast setting" composition.
      In this case, the quaternary ammonium compound not only functioned to
      provide bacteriostatic and wetting agent properties to the composition,
      but in combination with an amount of conventional accelerator normally
      employed for compositions of an average setting time, there was obtained
      an extra-fast setting composition, thereby illustrating the apparently
      synergistic effect of the quaternary ammonium compound in combination with
      conventional accelerators.
PAC  EXAMPLE VI
PAR  A composition substantially identical to that of Example V was prepared,
      but in place of the ammonium bromide compound, there was employed 1.5
      grams of benzalkonium chloride. Substantially, identical results were
      obtained with this composition as that outlined in Example V.
PAC  EXAMPLE VII
PAR  A composition similar to that of Example V was prepared, except that in
      this case, 32 grams of K.sub.2 SO.sub.4 was included. The composition was
      found to possess the required wetting properties, and as well possess
      bacteriostatic properties. The inclusion of the conventional accelerator
      combined with the quaternary ammonium compound provided an extra-fast
      setting composition, which set in approximately 2.5-3 minutes. The
      composition also had the desirable attributes as described in Example IV.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a composition for forming orthopedic casts and comprising a settable,
      water-wettable gypsum cement cast-forming composition, the improvement
      wherein said composition comprises a quarternary ammonium compound having
      bacteriostatic, wetting and accelerator properties, said quarternary
      ammonium compound selected from the group consisting of benzalkonium
      halides and cetyl-trimethyl-ammonium halides and being present in an
      amount of at least about 0.025% by weight based on the weight of the
      settable composition and less than that which would cause foaming.
NUM  2.
PAR  2. The composition of claim 1 wherein said quarternary ammonium compound is
      present in an amount of about 0.025% to about 1.50% by weight based on the
      weight of the settable cast-forming composition.
NUM  3.
PAR  3. In a composition for forming orthopedic casts and comprising a settable,
      water-wettable gypsum cement cast-forming composition, the improvement
      wherein said composition comprises a quarternary ammonium compound having
      bacteriostatic, wetting and accelerator properties, said compound being
      present in an amount of about 0.025% to about 1.5% by weight based on the
      weight of the settable composition and said compound selected from the
      group consisting of benzalkonium halides and cetyl-trimethyl-ammonium
      halides.
NUM  4.
PAR  4. In an orthopedic bandage comprising a woven or nonwoven fabric having
      applied thereto a settable, water-wettable gypsum cement cast-forming
      composition, the improvement wherein said composition comprises a
      quarternary ammonium compound having bacteriostatic, wetting and
      accelerator properties, said quarternary ammonium compound selected from
      the group consisting of benzalkonium halides and cetyl-trimethyl-ammonium
      halides and being present in an amount of at least about 0.025% by weight
      based on the weight of the settable composition and less than that which
      would cause foaming.
NUM  5.
PAR  5. The bandage of claim 4 wherein said quarternary ammonium compound is
      present in an amount of about 0.025% to about 1.50% by weight based on the
      weight of the settable cast-forming composition.
NUM  6.
PAR  6. In an orthopedic bandage comprising a woven or a nonwoven fabric having
      applied thereto a settable, water wettable gypsum cement cast-forming
      composition, the improvement wherein said composition comprises a
      quarternary ammonium compound having bacteriostatic, wetting and
      accelerator properties, said compound being present in an amount of about
      0.025% to about 1.5% by weight based on the weight of the settable
      composition and said compound selected from the group consisting of
      benzalkonium halides and cetyl-trimethyl-ammonium halides.
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ABST
PAL  An improved method for rapidly dispersing high solids suspensions, such as
      calcium carbonate slurries, using a copolymer of methyl acrylate and
      acrylic acid alone or along with sodium polyphosphates is disclosed.
BSUM
PAR  Although paper is manufactured essentially from wood pulp, various inert
      inorganic substances are added for such purposes as improved printability
      and improved opacity. Pigments for example are usually added to improve
      the color of the finished product. These paper additives are used to
      improve the quality of the finished paper and/or to reduce its cost.
      Although calcium carbonate is not inert, it is one of the most widely used
      of the above mentioned paper additives, either alone or with other
      additives. The use of calcium carbonate as a paper pigment is widely known
      to those skilled in the art.
PAR  However, there are some problems in the use of pigments such as calcium
      carbonate. In order to be economical and time saving, high solids
      suspensions of calcium carbonate must be used. Usually, the high solids
      suspensions had a high viscosity. A method was needed to achieve a high
      solids suspension with a low viscosity. Dispersion is usually obtained
      through a combination of chemical action and mechanical shear. Dispersing
      agents act on the surface forces of the pigment particle to reduce them to
      a condition which will produce free particle movement of the pigment
      itself.
PAR  It has been found generally that the inorganic polyphosphate compounds are
      the most effective dispersants for the paper additives, such as, calcium
      carbonate. Other inorganic compounds such as silicates are much less
      effective. The best dispersant as well as the optimum concentration may
      vary between various paper additives. In addition to these inorganic
      dispersing agents, organic polyacrylates have also been used in the past.
      Nevertheless there is a need for a more effective dispersant. A general
      dispersant could also have uses in other industrial applications where a
      high solids suspension is present, such as in cement, mineral slurries and
      other slurries.
PAC  OBJECTS
PAR  It is an object of this invention to provide an improved method of
      dispersing high solids suspensions. It is a further object to provide an
      improved method for rapidly dispersing high solids suspensions. Still
      another object is to provide an improved method of reducing the viscosity
      of high solids suspensions. Other objects will appear hereafter.
PAC  THE INVENTION
PAR  The invention comprises a method for rapidly dispersing high solids
      suspensions by adding small amounts of a dispersant formed by the
      copolymerization of methyl acrylate and acrylic acid. The high solids
      suspensions could be paper coating pigments such as calcium carbonate,
      clay, titanium dioxide; cement; mineral slurries used in the mining
      industry; and other high solids suspensions commonly in use in industry.
      These slurries are prepared at various solids concentrations, but
      typically are within the range of 50 - 80% solids by weight.
PAR  These methyl acrylate-acrylic acid copolymers show dispersion properties in
      high solid suspensions in addition levels as low as 0.2 percent by weight
      based on the weight of the dry pigment. Generally, the dispersant is added
      in a concentration range of from 0.2 to 1.4% by weight of the dispersant
      based on the weight of the dry pigment. However, this range may be
      increased or decreased depending on the paper filler and conditions of the
      particular system involved. The dispersant usually contains about 33%
      copolymer by weight and the rest is solvent. Therefore, 0.2 percent by
      weight of dispersant really means dispersant solution containing about 33%
      copolymer. Thus, 0.2 percent by weight dispersant would mean 0.067% by
      weight of copolymer and 0.133% by weight solvent.
PAR  In accordance with the invention, the copolymer of methyl acrylate and
      acrylic acid has been discovered to exhibit unique properties in
      dispersing high solids suspensions. These copolymers typically have low
      molecular weights, generally within the range of from 5,000 to 15,000. A
      preferred molecular weight range is between 10,000 to 15,000. The weight
      ratio of methyl acrylate to acrylic acid in the copolymer is from 15:85 to
      30:70. The preferred ratio of methyl acrylate to acrylic acid is 25:75 by
      weight. The methyl acrylate-acrylic acid copolymer is formed by reacting
      methyl acrylate and acrylic acid (generally glacial acrylic acid) in an
      excess amount of water and in the presence of a thioglycolic acid carrier,
      which is present in the concentration of 5-20% by weight of the copolymer,
      preferably 10-15% by weight. This mixture is then cooled to
      25.degree.-30.degree.C and then the reaction is initiated with an aqueous
      solution of a free radical initiator. The preferred free radical initiator
      useful in this invention is ammonium persulfate. The free radical
      initiator concentration is from  2 to 15% by weight based upon the weight
      of the copolymer. Generally, the catalyst solution is rapidly added to the
      reactants within 1 minute.
PAR  A strong exotherm is apparent after the addition of the catalyst. The
      temperature rises to between 100.degree.-110.degree.C, after which the
      polymer solution must be cooled to within the range of
      45.degree.-55.degree.C. The polymer solution has a pH within the range of
      3-5. The pH is adjusted to about 7 with an alkali metal hydroxide,
      generally sodium hydroxide or potassium hydroxide. The temperature of the
      polymer is maintained in the range of 45.degree.-55.degree.C.
PAR  It has been found that the methyl acrylate and acrylic acid copolymer also
      may be used in combination with sodium polyphosphates to achieve even
      greater dispersing properties for high solids suspensions. It has been
      determined that from 0.05 to 0.5% by weight of the polyphosphates should
      be used based on the weight of the polymer. The preferred polyphosphate is
      sodium hexametaphosphate.
DETD
PAR  Following are examples of the preparation of the dispersant and its
      subsequent use in high solids suspensions.
PAC  EXAMPLE 1
PAR  A 1000 ml. three-necked flask fitted with a stirrer, thermometer, and a
      reflux condenser was charged with 208 grams of glacial arcylic acid and
      250 ml. of water. To this mixture was added 55 grams of methyl acrylate
      and an additional 200 ml. of water. The total charge was mixed thoroughly.
      Then 20.8 grams of thioglycolic acid was carefully added to the reaction
      charge with mixing and the reactor charge was then cooled to
      20.degree.-25.degree.C. A catalyst solution of 14 grams of ammonium
      persulfate in 30 ml. of water was charged to the reactor within 30
      seconds. The temperature of the reaction vessel contents increased to
      109.degree.C. The reaction vessel was fitted with an ice bath to maintain
      the temperature below 80.degree.C, and then was cooled to 50.degree.C. To
      the reaction vessel, 138.4 grams of a 50% sodium hydroxide solution was
      rapidly added with vigorous agitation. The reaction vessel was again
      cooled to 50.degree.C. Then, 100 grams of methanol was added and the
      resultant mixture was stirred for 30 minutes.
PAC  EXAMPLE 2
PAR  A three-drum pilot reactor was charged with 416 lbs. of glacial acrylic
      acid and 60 gallons of water. Then 150 lbs. of methyl acrylate and 50 lbs.
      of water were added with agitation. 41.6 lbs. of thioglycolic acid was
      added to the reactor with agitation and the reactor was cooled to
      20.degree.C. Then, 90 lbs. of a 30% ammonium persulfate catalyst solution
      was added to the reactor within one minute. The temperature of the reactor
      contents increased to 108.degree.C and was then cooled to 50.degree.C.
      Then 280 lbs. of a 50% tank car caustic was rapidly added to the reactor
      while the temperature was maintained at 70.degree.-80.degree.C. After the
      caustic addition the temperature was reduced to 50.degree.C. Two hundred
      lbs. of methanol was added and the polymer solution was mixed for 1 hour.
PAC  EXAMPLE 3
PAR  The polymer solutions prepared in Examples 1 and 2 were tested in slurries
      of naturally occurring calcium carbonate and were compared to other
      well-known dispersants such as polyacrylic acid and sodium
      hexametaphosphate. One percent by weight solutions of the polymers of
      Examples 1 and 2 as well as polyacrylic acid and sodium hexametaphosphate
      were prepared. The slurries were 60% solids. These dispersants were added
      to samples of the slurries in various concentrations with agitation for 10
      minutes. Then, the viscosity was measured using a No. 6 spindle at 100
      rpm. The results are shown in Table I below.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     BROOKFIELD VISCOSITY (CENTIPOISE)                                         
     Dosage    Example 1                                                       
                      Example 2                                                
                             Polyacrylic Acid                                  
                                      Sodium Hexametaphosphate                 
     (% on dry pigment)                                                        
     __________________________________________________________________________
     0.2       --     6000   9000     --                                       
     0.4       3000   2500   4800     --                                       
     0.6        650    625   1200     --                                       
     0.8        450    410    700     1500                                     
     1.0        350    300    500     --                                       
     1.2        320    300    500     --                                       
     1.4        320    300    480     --                                       
     __________________________________________________________________________
      These results illustrate the reduction of viscosity of the copolymers of 
      this invention as compared to polyacrylic acid and sodium                
      hexametaphosphate. Therefore, the Table readily illustrates the improved 
      dispersing properties of the copolymer.                                  
PAR  The following table illustrates further tests using another commercially
      available calcium carbonate slurry. The results cannot be compared
      directly to the results in Table I, since the physical properties of
      different calcium carbonate pigments vary. The importance in the tables is
      the comparison between the different chemicals using the identical slurry.
TBL                                    TABLE II                                
     __________________________________________________________________________
     BROOKFIELD VISCOSITY (CENTIPOISES)                                        
     Dosage                                                                    
     (% on dry pigment)                                                        
               Example 1                                                       
                    Example 2                                                  
                            Example 1 Plus                                     
                            Sodium Hexametaphosphate                           
                                          Sodium Hexametaphosphate             
     __________________________________________________________________________
     0.1       --   --      600           --                                   
     0.2       5000 4800    280           --                                   
     0.3       2000 2100    290           6000                                 
     0.4        370  360    290           4000                                 
     0.6        260  240    260           1200                                 
     0.8        280  240    270            590                                 
     1.0        250  240    250            480                                 
     __________________________________________________________________________
PAR  From these examples, the wide use and application of the invention is quite
      apparent and its advantage over the prior art is aptly demonstrated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for rapidly dispersing high solids suspensions having
      from 50-80% by weight of soilds which comprises adding from 0.2-1.4% by
      weight of a dispersant formed by the copolymerization of methyl acrylate
      and acrylic acid to said high solids suspensions wherein the weight ratio
      of methyl acrylate to acrylic acid is from 15:85 to 30:70.
NUM  2.
PAR  2. The method of claim 1 in which the dispersant has a molecular weight of
      from 5,000 to 15,000.
NUM  3.
PAR  3. The method of claim 1 in which the high solids suspensions is from 50 to
      80% by weight solids.
NUM  4.
PAR  4. The method of claim 1 in which the weight ratio of methyl acrylate to
      acrylic acid is 25:75.
NUM  5.
PAR  5. The method of claim 1 in which the dispersant has been neutralized to a
      pH of 7.
NUM  6.
PAR  6. The method of claim 1 in which the high solids suspensions is a paper
      coating pigment suspension.
NUM  7.
PAR  7. The method of claim 6 in which the paper coating pigment suspension is a
      calcium carbonate suspension.
NUM  8.
PAR  8. The method of claim 1 in which the dispersant also contains sodium
      polyphosphate.
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ABST
PAL  An electrochemical cell comprising an anode, a cathode, and an electrolyte
      in combination with support or coolant plates fabricated from a
      polymer/metal composite, such as polysulfone/nickel, is described. The
      plates are relatively inexpensive, easily fabricated, have good thermal
      conductivity, low electrical resistance, and good structural stability.
BSUM
PAC  FIELD OF INVENTION AND BACKGROUND
PAR  This invention relates to improved electrochemical devices of the type
      comprising an anode, a cathode, and an electrolyte in combination with
      support and/or coolant plates. More particularly, this invention relates
      to an electrochemical device utilizing a relatively low cost, lightweight
      support or coolant plate comprising a polymer/metal composite such as
      polysulfone/nickel. For convenience hereinafter, the invention will be
      described with reference to a fuel cell for the direct generation of
      electricity utilizing two non-consumable electrodes. As will be apparent,
      however, similar considerations governing the use of the invention in fuel
      cells will apply to other electrochemical devices enabling the use of the
      invention in such devices.
PAR  A fuel cell, as the term is employed herein, designates an electrochemical
      cell for the direct generation of electrical energy from a fuel and
      oxidant. With such cells, it is not necessary to go through the usual
      conversion of chemical energy to heat energy to mechanical energy to
      electrical energy as is common with heat engines. Such cells in their most
      simplified design comprise a housing, an oxidant electrode, a fuel
      electrode, an electrolyte, and means for feeding the fuel and oxidant to
      the respective electrodes. In operation, it is necessary that the fuel and
      oxidant contact a surface of their respective electrodes where a process
      of adsorption and desorption occurs leaving the electrodes electrically
      charged, with the second surface of the electrodes being in contact with
      the electrolyte. Depending upon the nature of the electrolyte, ions are
      transferred through the electrolyte from the anode to cathode, or from the
      cathode to the anode. Electrical current is withdrawn from the cell and
      passed through a suitable load where work is accomplished.
PAR  A problem associated with fuel cells is in the accommodation of reaction
      by-products formed during the operation of the cell. In the case where
      hydrogen is the fuel and oxygen is the oxidant, the by-product formed is
      water. An additional problem associated with such cells is heat transfer,
      i.e., supply of heat during start-up, and control of heat during operation
      of the cell. Accordingly, support and/or coolant plates are constructed
      and arranged with the cells to facilitate by-product (water) removal,
      distribution of reactant gases, and to remove and/or supply heat to the
      cell, or battery of cells. These plates must be light in weight, have good
      thermal conductivity, low electrical resistance, low thermal expansion,
      low shrinkage, and generally good structural stability. In view of the
      aforesaid requirements, polymer plates, although suggested for such use,
      are not completely acceptable in view of the low thermal conductivity and
      their electrical non-conductivity or resistivity. Metal plates are not
      completely acceptable in view of their high cost and susceptibility to
      corrosion.
PAC  OBJECTS AND GENERAL DESCRIPTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      support and/or coolant element for use in an electrochemical cell which is
      low in cost, light in weight, possesses essential properties such as good
      thermal conductivity, good structural stability, low electrical
      resistance, and low thermal expansion.
PAR  It is another object of the present invention to provide an electrochemical
      device which is light in weight and highly efficient comprising support or
      coolant plates in combination with an anode, a cathode, and an electrolyte
      which permits inexpensive construction while having essential
      characteristics such as good thermal conductivity and over-all structural
      integrity as well as low electrical resistance, thermal expansion, and the
      like.
PAR  These and other objects of the invention will be more readily apparent from
      the following detailed description with particular emphasis being placed
      on the embodiment illustrated in the drawing.
PAR  In accordance with the present invention, a fuel cell is constructed which
      incorporates a support or coolant plate fabricated from a polymer/metal
      composite such as polysulfone/nickel in combination with the other
      essential elements of the cell. These polymer/metal composites are
      conveniently fabricated into the diverse shapes and designs required in
      fuel cell support or coolant plates, are light in weight, and relatively
      inexpensive. Moreover, such composite polymer/metal materials can be
      fabricated to have thermal and electrical conductivity approaching the
      conductivity of metal while not being subject to corrosion to the extent
      that metal is subject to corrosion. Further, the composite materials have
      low thermal expansion and good compressive strengths and permit convenient
      fabrication using known polymer molding techniques with low mold
      shrinkage. The polymer/metal composites are less costly in comparison to
      lightweight metals such as magnesium normally used in view of the
      essential characteristics of the plates.
PAR  The polymer moiety of the polymer/metal composite must be capable of being
      molded, i.e., be thermoplastic; have good thermal properties; high
      flexural, tensile, and compressive strengths; and good hardness. Polymers
      meeting the aforesaid requirements include polysulfone, polyphenylene
      sulfide, polyphenylene oxide, acrylonitrilebutadiene-styrene co-polymers,
      polybutadiene, polyaryl ether, and polypropylene. Polysulfone resins are
      available commercially having the formula:
      ##SPC1##
PAL  wherein n has a value of from 25 to 80. The distinctive feature of the
      polymer is the diphenylenesulfone group. Polysulfone resins are available
      under the trade name "Bakelite Polysulfone" of the Union Carbide
      Corporation. Polyphenylene sulfide resins are available commercially under
      the trade name "RYTON," a trademark of the Phillips Petroleum Company.
      Polyaryl ethers are available commercially under the tradename "ARYLON T,"
      a trademark of the Uniroyal Company. Polyphenylene oxide, polypropylene,
      polybutadiene, and acrylonitrile-butadiene-styrene co-polymers are
      available under many commercial designations.
PAR  The metal to be employed in the polymer/metal composite is preferably
      nickel. However, other metals such as the stainless steels, silver, and
      gold which have good thermal and electrical conductivity characteristics,
      while being relatively inexpensive, can be utilized.
PAR  The amount of metal in the polymer/metal composite will vary from about 50
      to 80 percent. The remainder of the composite will be polymer. It has been
      determined that below about 50 percent metal the necessary electrical
      conductivity is not realized. In amounts above 80 percent metal the
      advantages of the polymer are minimal. It has been determined, for
      example, when working with a polysulfone/nickel composite, that at 80
      weight percent nickel the electrical resistivity is 0.00025 ohm
      centimeter. At 65 weight percent nickel the resistivity increases to
      0.0005 ohm centimeter. At 50 weight percent nickel, the resistivity is
      0.003 ohm centimeter. At 40 weight percent the resistivity increases,
      approaching 0.01 ohm centimeter. Accordingly, below about 50 weight
      percent nickel the electrical resistivity increases greatly, precluding
      effective conductivity in the support and coolant plates.
PAR  The polymer/metal composites are made by admixing the polymer and metal
      particles in the desired rations, and molding the mixture in the shape and
      form needed utilizing conventional molding techniques. Employing the
      aforesaid weight percentages, excellent structural integrity and strength
      are realized in the thin plates essential for compact fuel cell
      construction.
PAC  THE DRAWING AND SPECIFIC EMBODIMENTS
PAR  In order to more specifically illustrate the invention, reference is made
      to the drawing wherein a transverse sectional view of a fuel cell stack
      employing the coolant plates of the present invention is shown.
PAR  In the drawing the fuel cell stack preferably will comprise 12 or more
      individual cells, only two of which are shown in combination with a
      humidity exchange/scrubber unit commonly employed to condition the oxidant
      of the cell. Each fuel cell will comprise an anode 20, a cathode 30, and
      an electrolyte contained in electrolyte matrix 40. In the embodiment
      shown, electrodes 20 and 30 are lightweight screen electrodes comprising a
      conductive nickel screen embedded in a uniform admixture of catalytic
      metal -- in this instance platinum -- and polytetrafluoroethylene
      particles. The ratio of polymer to tetrafluoroethylene on a volume basis
      is 3:7, with the platinum loading of the electrode being 15 mg/cm.sup.2.
      The electrodes are approximately 10 mils in thickness. The electrolyte
      matrix 40 is pressed asbestos and is approximately 25 mils in thickness. A
      fuel compartment 21 will be adjacent each anode and an oxidant compartment
      31 will be adjacent each cathode. A heat exchange chamber 50 will separate
      the oxidant and fuel compartments of adjacent cells. A humidity
      exchanger/scrubber unit 60 will service the entire stack and comprises an
      air inlet 61 entering compartment 62. The humidity exchanger/scrubber unit
      will comprise means for removal of CO.sub.2 and means for adding moisture
      to the air as the air is passed therethrough. Operable units are described
      in U.S. Pat. No. 3,411,951. Air after having been conditioned will flow
      through outlet 63 into manifold system 70 where it feeds the individual
      oxidant chambers of all of the cells of the cell stack. After the
      conditioned air passes through the fuel cells, it is vented through
      compartment 68 and outlet 69 of the humidity exchanger/scrubber unit. A
      coolant such as ethylene glycol is continuously circulated through
      manifold means 80, heat exchanger chamber 50 and chamber 81 of the
      humidity exchanger/scrubber unit. The coolant plates which are of
      corrugated design are of polysulfone/nickel containing 70 nickel and 30
      polymer, as defined hereinabove. The coolant plates are easily fabricated
      in the corrugated design shown or in other designs. As a result of the
      good thermal conductivity and high electrical conductivity of the coolant
      plates, the cells can be maintained at a constant operating temperature
      while keeping the coolant flow at a relatively low rate. The cell will
      operate at a constant current drain with a substantially constant cell
      output, with there being little fluctuation in the current characteristics
      of the cell.
PAR  Although the present invention has been described with reference to
      lightweight electrodes and a matrix-type electrolyte in combination with
      the improved coolant plates, it is possible to utilize the coolant plates
      in combination with other electrodes such as the so-called Bacon-type
      electrodes as defined in U.S. Pat. No. 2,716,670, together with
      circulating electrolytes. As will be further apparent, various other
      modifications can be made in the over-all design of the cell to meet
      operating conditions. These modifications being within the ability of one
      skilled in the art are to be covered herein with the invention only being
      limited in accordance with the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrochemical cell comprising an anode, cathode, and electrolyte,
      said electrolyte being in ionic contact with each of said anode and
      cathode, and as an essential part of said cell, or a plurality of said
      cells, a support or coolant plate constructed and arranged with at least
      one of said anode, cathode, or electrolyte to effect sensible heat
      transfer, comprising a polymer/metal composite having a high thermal
      conductivity, said composite containing from 50 - 80 percent metal and
      from 50 - 20 percent polymer.
NUM  2.
PAR  2. The electrochemical cell of claim 1 wherein the polymer of the
      polymer/metal composite is polysulfone.
NUM  3.
PAR  3. The electrochemical cell of claim 1 wherein the polymer of the
      polymer/metal composite is polyphenylene sulfide.
NUM  4.
PAR  4. The electrochemical cell of claim 1 wherein the polymer of the
      polymer/metal composite is polyphenylene oxide.
NUM  5.
PAR  5. The electrochemical cell of claim 1 wherein the polymer of the
      polymer/metal composite is a co-polymer of acrylonitrilebutadiene-styrene.
NUM  6.
PAR  6. The electrochemical cell of claim 1 wherein the polymer of the
      polymer/metal composite is a polyaryl ether.
NUM  7.
PAR  7. The electrochemical cell of claim 1 wherein the polymer/metal composite
      is polysulfone/nickel.
NUM  8.
PAR  8. The electrochemical cell of claim 1 in which the electrolyte is retained
      in a matrix.
NUM  9.
PAR  9. The electrochemical cell of claim 1 wherein the electrolyte is a
      circulating electrolyte.
NUM  10.
PAR  10. A plurality of electrochemical cells of the type defined in claim 1
      constructed and arranged as a battery.
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ABST
PAL  A dashpot type electrolyte ampule for a deferred action battery is
       descri. The dashpot is designed to provide a damping force which varies
      as a function of piston position within the ampule. A maximum damping
      force is provided at the initial position of the piston and a minimum
      damping force is provided at the further most point of piston travel, just
      before rupture of the ampule. Various ampule designs are described to
      provide the variable damping force desired.
GOVT
PAC  RIGHTS OF GOVERNMENT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the United States Government for governmental purposes without the
      payment to me of any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved dashpot type of electrolyte
      ampule for deferred action batteries for rockets, missiles, or other
      projectile firing means. More specifically, the present invention relates
      to an improved dashpot for an ampule of the type described in U.S. Pat.
      No. 3,754,996 issued Aug. 28, 1973 to Gilbert R. Snyder and assigned to
      the same assignee as the present invention.
PAR  Ampules of the type described in the above mentioned U.S. Pat. No.
      3,754,996 employ a cutter mechanism to puncture the bottom of the ampule
      under linear gun acceleration (setback) so as to permit the subsequent
      release of the electrolyte under radial (spin) acceleration. This cutter
      is driven downward under setback by an attached, cylindrical piston
      weight. This downward motion is opposed by forces from several sources,
      the support spring, the cutting resistance and hydraulic damping. The
      motion of the assembly may be described by the following expression:
EQU  x = (F.sub.1 - F.sub.2 - F.sub.3 - F.sub.4)/M              (1)
EQU  (positive sense is downward)
PAL  Where:
PA1  x = Acceleration of piston-cutter
PA1  F.sub.1 = Driving force due to setback
PA1  F.sub.2 = Spring force
PA1  F.sub.3 = Cutting force, the resistance of the diaphragm to puncture and
      tearing.
PA1  F.sub.4 = Hydraulic damping force
PA1  M = Mass of piston-cutter
PAL  Resolving each of the above forces:
PA1  Or, resolving the F terms in (1)
EQU  X = [(G(t) [W] - (KX + A) - F.sub.3 (x) - K(x).sup.2 ]     (2)
PAL  where:
PA1  G(t) = Acceleration g, setback, a function of time
PA1  W = Weight of piston; not constant
PA1  Kx = Spring force, a function of displacement, or = Spring constant, K,
      times displacement, x.
PA1  A = Spring preload force
PA1  F.sub.3 (x) = Cutting force, a function of displacement; F.sub.3 = 0
      between x = 0 and x = diaphragm contact.
PA1  K(x) = Hydraulic resistance, a function of velocity squared, however, when
      x is positive, F is positive and when x is negative, F is also negative.
      Also a function of clearance area.
PAR  F.sub.1 is the driving force caused by the acceleration of the round. Thus
      it varies with the gun acceleration signature. One factor comprising this
      term is the weight of the piston-cutter. It should be noted that this
      factor is not necessarily constant since the piston may start into motion
      while still above the electrolyte. Upon striking the liquid, bouyancy
      reduces the effective weight of the copper piston by about 15%, thus
      altering the driving force proportionally.
PAR  One of the forces opposing the motion of the piston is caused by the spring
      which acts to keep the piston assembly up against the ampule lid and away
      from the bottom. The spring is made as light as possible so as to provide
      the minimum force necessary to keep the assembly suspended under static
      conditions. This force, F.sub.2, which acts in the negative direction is a
      function of the spring constant and the displacement of the piston, thus
      varying linearly with the latter term. F.sub.2 generally has an initial
      value due to spring preload.
PAR  Additional resistive force is encountered in the puncture and tearing of
      ampule bottom by the cutter blades. This force, F.sub.3, also acts in the
      negative direction and is a function of such factors as cutter and bottom
      geometry, bottom strength; as well as varying in some manner with
      displacement.
PAR  Also opposing the motion of the assembly is the hydraulic resistance of the
      electrolyte to the piston as the latter travels downward under
      accelerative loading. For an ampule which is not filled completely with
      electrolyte, it should be apparent that no such resistive force exists
      until the piston actually strikes the liquid. This resistance, as noted
      previously, is a function of the cross-sectional area through which the
      electrolyte can flow past the piston. Since it also varies with the square
      of the piston velocity, the damping of piston movement increases markedly
      with increased rate of loading. The system thus acts as a dashpot to
      resist piston movement, and thus bottom diaphragm puncture and battery
      activation under the short abrupt loading that would occur if the fuze
      were inadvertently dropped. This constitutes a safety feature. Under
      sustained loading such as might occur during the setback, the fluid is
      given time to flow around the piston, which can now move downward. Thus
      the cutter can pierce the ampule bottom and the battery can activate.
PAR  The fluid resistance can be controlled markedly by varying the area through
      which the fluid can flow past the piston. For example, the resistance can
      be decreased by increasing the clearance between the piston and ampule
      (the cylinder) or by providing additional orifice area such as with
      peripheral slots and center holes. One problem with this method is that a
      simple increase in gap also increases the tendency for the piston to cock
      and jam. Further, any increase in orifice area, while improving the ease
      with which the ampule can be opened under setback, i.e., at lower g's also
      decreases the effectiveness of the dashpot safety feature. Likewise, a
      decrease in area would provide for greater drop safety but also make the
      ampule more difficult to open at lower g setback.
PAR  In order to improve low g performance in the power supplies, such as that
      illustrated in U.S. Pat. N0. 3,754,996 issued Aug. 28, 1973 three slots
      are incorporated in the periphery of the respective pistons. These slots
      double the flow area. Even with these slots, the fluid resistance accounts
      for almost 50% of the total force opposing piston motion while diaphragm
      puncture is occurring. The cutting force accounts for another
      approximately 50% and the spring the remaining few percent.
PAR  Just before cutting however, no damping is needed. If damping can be
      eliminated at this point the force available for cutting is doubled since
      the sum of the forces opposing motion is cut in half.
PAR  While the complete elimination of damping is impossible, a notable
      reduction in damping may be incurred by: widening or deepening the slots,
      increasing their number, providing additional fluid bypass orifices
      through the piston on the face, or increasing the piston-ampule clearance.
      For example, increasing the bypass area by 5 times would reduce damping by
      80% or the overall total opposing forces by 40%, assuming x constant.
      Simply doing so, however, would also undesirably reduce drop safety.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a dashpot
      for a deferred action battery ampule which provides a high safety factor
      for handling to prevent activation due to accidental dropping.
PAR  It is a further object of the present invention to provide a dashpot for a
      deferred action battery ampule which is reliable for low g activation when
      fired from a gun or launch tube.
PAR  It is still a further object of the present invention to provide a dashpot
      for a deferred action battery ampule which is simple in construction and
      adaptable for mounting in deferred action batteries presently known in the
      art.
PAR  The objects of the present invention are fulfilled by providing a dashpot
      design whereby the orifice area, i.e., the area surrounding the piston in
      the dashpot cylinder, increases with increasing displacement of the
      piston, thus minimizing the effects of hydraulic damping just before the
      cutters engage the rupturable diaphragm but maximizing the effects of
      hydraulic damping when the piston first begins its downward path. Stated
      another way the normally constant factor K in the F.sub.4 term discussed
      hereinbefore for piston acceleration becomes a variable of, K(X, X.sup.2),
      a function of velocity and displacement.
PAR  The dashpot design of the present invention provides for various preferred
      embodiments for modifying the orifice area in the direction of the
      displacement of the piston. In one embodiment the shape of the dashpot
      cylinder is modified while in another embodiment a specially shaped insert
      sleeve is inserted into the dashpot cylinder.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The objects of the present invention and the attendant advantages thereof
      will become more readily apparent by reference to the description of the
      drawings wherein:
PAR  FIGS. 1A to 1C illustrate a first embodiment of the ampule design of the
      present invention and the stages of motion it experiences in response to
      setback forces;
PAR  FIG. 2 illustrates a second embodiment of the ampule design of the present
      invention;
PAR  FIGS. 3A to 3C illustrate the operation of a third embodiment of the ampule
      design of the present invention;
PAR  FIG. 4A illustrate one form of the third embodiment of the ampule design of
      FIG. 3;
PAR  FIG. 4B illustrates another form of the third embodiment of the ampule
      design of FIG. 3;
PAR  FIG. 5A illustrates one form of a fourth embodiment of the ampule design of
      the present invention;
PAR  FIG. 5B illustrates another form of the fourth embodiment of the ampule
      design of the present invention; and
PAR  FIG. 6 illustrates a fifth embodiment of the ampule design of the present
      invention.
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PAC  DETAILED DESCRIPTION OF DRAWINGS
PAR  Referring in detail to FIGS. 1A to 1C there is illustrated a first
      embodiment of an ampule generally indicated 10 including a cylindrical
      container 12 having a lid 12A and a rupturable bottom 12B to be described
      more fully hereinafter. The ampule cylinder 12 is substantially filled
      with an electrolyte 14 which is to be subsequently released through
      rupturable bottom 12B. The electrolyte within cylinder 12 is at a level
      which substantially coincides with the bottom of a piston 16 as shown in
      FIG. 1A. Piston 16 under static conditions of the ampule is held in the
      position shown in FIG. 1A by a spring 18 and the buoyant force generated
      by electrolyte 14. Cutter blades 20 are provided on the bottom of piston
      16 and are adapted to engage and rupture bottom 12B in response to setback
      forces to be described hereinafter. Three cutter blades are illustrated in
      FIGS. 1A to 1C. However, any number of blades may be used without
      departing from the spirit and scope of the present invention.
PAR  The entire ampule 10 is adapted for insertion into a deferred action
      battery of the type illustrated in U.S. Pat. No. 3,754,996 issued Aug. 28.
      1973 to Gilbert R. Snyder and assigned to the same assignee as the present
      invention. As described in the Snyder Patent, the battery is mounted in a
      missile or projectile and the setback forces generated by the firing of
      the projectile cause displacement of the piston in the direction of the
      rupturable bottom of the ampule, whereby the cutter blades rupture said
      bottom and release the electrolyte into contact with the battery plates.
PAR  FIG. 1A shows the ampule in a static condition before firing of the
      projectile. As the projectile is fired setback forces in the direction of
      the ampule container bottom 12 cause piston 16 to downwardly move as shown
      in FIG. 1B against the force of spring 18 and the buoyant force of
      electrolyte 14. The piston continues to move downwardly until the cutter
      blades 20 rupture or cut through bottom 12B, as shown in FIG. 1C, thus
      releasing electrolyte 14 to the battery of the type described.
PAR  In the embodiment of FIGS. 1A to 1C the container walls of container 12
      taper or slope outwardly from the top to the bottom of the container. The
      piston 16, container 12, and electrolyte 14 function as a dashpot with a
      variable size orifice. The size of the orifice between piston 16 and
      container 12 increases as the piston travels through the container. For
      reasons stated hereinbefore the hydraulic damping of electrolyte 14 is a
      maximum with the piston 16 in the position of FIG. 1A and is a minimum
      with the piston in a position 16 shown in FIG. 1C. The net effect is to
      provide maximum safety from accidental forces and maximum efficiency for
      low g activation of the deferred action batter.
PAR  The side walls of container 12 in FIGS. 1A to 1C are shown as being
      gradually and continuously tapered from top to bottom. Tapering the can to
      a 0.030 greater diameter at the bottom than the top will increase the
      orifice clearance 200 to 600%, reducing damping by 67 to 85% at the end of
      the cutting stroke.
PAR  In another embodiment as illustrated in FIG. 2 the side walls of container
      12 may be stepped as shown at 12C. Thus, the diameter of container 12
      increases abruptly at 12C with a concomittant decrease in hydraulic
      damping. The distance of the step at 12C is so chosen that accidental
      forces such as dropping will not create an excursion of piston 16 beyond
      point 12C. Thus, the safety factor of the ampule is not decreased.
PAR  In either of the designs of FIGS. 1A to 1C and FIG. 2 some difficulty is
      encountered in that the diameters of the circle in which the cutter points
      lie must be reduced in order to allow the points to pass by the section of
      restricted diameter. This prevents the points from puncturing the bottom
      as close to the inner wall of the ampule as would be necessary to allow
      for complete emptying of the ampule under spin. The inclusion of some sort
      of vertical flute in the ampule wall to accommodate the cutter tips would
      solve this problem.
PAR  In another embodiment of the present invention the side walls of container
      12, instead of being tapered or stepped in their entirety, are provided
      with internal flutes or steps 22 to accomplish a similar result. An
      example of the operation of these internal flutes or steps 22 is
      illustrated in FIGS. 3A to 3B.
PAR  As shown in FIGS. 3A to 3B the depth of the flute 22, that is, the distance
      it extends toward the center of container 12, decreases from top to
      bottom. As shown in FIG. 3A the flute 22 is of a maximum depth at the top
      of the container thus providing minimum clearance with the slots 16A in
      piston 16. As piston 16 moves approximately half way down container 12, it
      can be seen that flute 22 tapers to a lesser depth providing an increased
      clearance with relief slots 16A. FIG. 3C illustrates the piston 16 in the
      cutting position in the bottom of container 12. Since there are no flutes
      around the bottom of container 12, this position illustrates a maximum
      clearance within relief slots 16A.
PAR  In an alternative embodiment to FIG. 3 the flutes can be stepped as shown
      in FIG. 4A. The effective bypass area in either case is a maximum at the
      terminus of piston travel. In either case, the tangential g loading due to
      angular acceleration is negligible when compared to the axial or setback g
      load. Thus, binding of the ampule would not be a problem.
PAR  As a modification of the flute of FIG. 4A a tapered section 22A is added to
      the stepped flute. Under certain drop conditions (accidental) piston
      displacement can be excessive and the piston could move below the step of
      FIG. 4A. Piston cocking could then occur and the device could not be
      reset. The tapered extension 22A of the flute having reduced damping
      effectiveness could preclude this.
PAR  Still another embodiment of the present invention is illustrated in FIGS.
      5A and 5B which disclose the use of external flutes 24 on cylindrical
      container 12. Looking at it another way, FIGS. 5A and 5B disclose the use
      of concave internal flutes around the bottom of container 12. The
      advantage of the design of FIGS. 5A and 5B is that the need for relief
      slots in piston 16 is eliminated. As long as the greatest diameter of the
      container 12 through the flutes is no greater than the inner diameter of
      the surrounding battery electrodes it is not necessary to provide slots
      for the flutes in the electrodes themselves. The external flutes 24 may be
      either tapered, as shown FIG. 5A or stepped as shown in FIG. 5B.
PAR  A further embodiment of the present invention is illustrated in FIG. 6. In
      this embodiment a sleeve 26 of a varying internal diameter is inserted
      into ampule container 12. This precludes the need for modifying existing
      ampule containers 12. A plurality of locating ribs or guides 26A may be
      provided in the tapered section 26B to keep piston 16 centrally aligned in
      ampule container 12.
PAR  Sleeves 28 may be manufactured in any of several ways from any of several
      materials. They may be molded from an acid resistant FRP
      (fiberglass-reinforced plastic.) Acceptable plastics for this use are
      polystyrene, polypropylene or Noryl (modified polyphenylene oxide, or
      PPO). All of these materials mold with reasonably good accuracy and are
      not affected by fluoroboric acids. (Plastics which have good molding
      characteristics but which are unacceptable in terms of their acid
      resistance include Delrin and Nylon.) The sleeve may be molded also of
      ceramic materials or a suitably inert metal such as copper. Powder metal
      technology may be utilized for materials such as copper. In addition, the
      sleeve could be stamped, drawn or machined. In any case, one may note that
      the sleeve may be inserted into the ampule after the piston-cutter is in
      place. This means that cutters of the full ampule internal diameter may be
      used allowing for complete emptying of the ampule under spin. An O-ring
      type seal of a suitably inert material such as Teflon may be incorporated
      around the sleeve 26 to prevent electrolyte flow-by outside the sleeve
      under setback.
PAR  It should be borne in mind that for any of the previously discussed designs
      that bypass area need not vary incrementally (stepped design) nor linearly
      (straight taper design) with piston displacement. That is, the function
      K(x) need not be first order but may vary in any manner necessary to
      produce proper operation under the specific conditions which will be
      encountered, i.e., K(X.sup.n).
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications can
      be made by a person skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an ampule for a deferred action battery including a container with a
      fluid electrolyte therein, said container having a piston mounted therein
      and resilient means for normally holding said piston at a first end of
      said container, means on one end of said piston for puncturing a second
      end of said container which is opposite said first end, whereby said
      container, resilient means, electrolyte, and piston form dashpot means for
      generating a damping force in opposition to the movement of said piston,
      the improvement in said dashpot means comprising:
PA1  an annular orifice defined by said piston and the walls of said container
      which increases from a minimum size at said first end of said container to
      a maximum size at said second end of said container.
NUM  2.
PAR  2. The ampule of claim 1 wherein the inside walls of said container taper
      outwardly from said first end of said container toward said second end
      thereof.
NUM  3.
PAR  3. The ampule of claim 2 wherein the inside walls of said container are
      stepped outwardly from a predetermined distance from said first end toward
      said second end.
NUM  4.
PAR  4. The ampule of claim 1 wherein said container is provided with convex
      flutes on the inside walls thereof, said flutes extending a predetermined
      distance from said first end of said container.
NUM  5.
PAR  5. The ampule of claim 4 wherein said flutes are tapered from said first
      end of said container toward said second end thereof.
NUM  6.
PAR  6. The ampule of claim 4 wherein said convex flutes are steps extending a
      predetermined distance from said first end of said container.
NUM  7.
PAR  7. The ampule of claim 6 wherein said steps have tapered end portions on
      the bottom thereof.
NUM  8.
PAR  8. The ampule of claim 1 wherein said container is provided with concave
      flutes on the inside of said container, said flutes extending a
      predetermined distance from the second end of said container.
NUM  9.
PAR  9. The ampule of claim 8 wherein said concave flutes are steps extending a
      predetermined distance from said second end of said container.
NUM  10.
PAR  10. The ampule of claim 8 wherein said concave flutes taper inwardly from
      said second end of said container toward said first end thereof.
NUM  11.
PAR  11. The ampule of claim 1 wherein said container is substantially
      cylindrical and a removable sleeve is provided within said cylinder, the
      internal side walls of said removable sleeve tapering outwardly from said
      first end of said container toward said second end thereof.
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ABST
PAL  A miniature cell 0.1 inch diameter, and 0.75 long using lithium/sulphur
      dioxide electrolyte complex; and the method of preparing it. A hypodermic
      needle sealed at its outer end serves as an anode support and current
      collector and also provides a conduit for injecting a liquid electrolyte
      into the cell.
BSUM
PAR  This invention relates to a miniature cylindrical electric cell utilizing a
      lithium sulphur dioxide organic electrolyte combination to obtain the
      benefits of the high energy content of the elements of a cell utilizing
      that construction.
PAR  There are many applications, where, because of space limitations, a
      miniature primary cell could be beneficially utilized. The present
      invention is directed to a construction of a miniature cell, and to a
      method of making such miniature cell, in dimensions as small as a diameter
      of 0.1 of one inch and a length or height of 0.75 inch, in which advantage
      is taken of the high energy content that can be disposed, even in this
      small volume and weight, with a lithium sulphur dioxide system.
PAR  The primary object of this invention is to provide a primary electric cell
      employing a lithium sulphur dioxide system, which can be made within the
      small dimensions define by a diameter of 0.1 inch and a height or length
      of 0.75 inch.
PAR  Another object of this invention is to provide a cell of these miniature
      dimensions, which can be made to provide the usual satisfactory kind of
      operation of a larger cell of the same elements, and which is made by a
      method of forming the cell that overcomes the usual difficulties of
      working with materials in a space of such diminutive dimensions. Those
      difficulties include the problem of transferring the sulphur dioxide
      electrolyte into the small volume of space in the cell, and the problem of
      sealing the cell to prevent leakage loss of the sulphur dioxide
      electrolyte.
PAR  The amount of energy that may be stored in a primary electric cell of this
      type appears to bear a direct relationship to the quantity of the
      electrolyte which can be disposed in the cell. This is a problem that
      requires that the sulphur dioxide shall be introduced into the cell under
      pressure, in order to assure proper volume and quantity for maximum
      stoichiometric relationship to the anode and the cathode materials, which
      latter already have the advantage of being in solid state formation, and,
      therefore, are essentially of maximum mass and energy content with
      relationship to the space allotted to them as cell components.
PAR  One of the major problems in manufacturing any closed electric cell is
      encountered in sealing the cell. In the construction of a miniature cell
      of the dimensions here involved, the sealing problem is especially
      difficult. Moreover, the presence of the lithium as an element or
      component in the cell requires that all of the assembly work be done in a
      dry atmosphere, since any aqueous moisture would introduce hazardous
      conditions because of the extreme activity of lithium in the presence of
      moisture.
PAR  Thus, the assembly of the cell and the sealing of the cell must be done in
      a dry atmosphere, all of which introduces complications in the handling,
      the sealing and the filling operations.
PAR  Accordingly, this invention provides both a design construction, and a
      method of assembly and filling, to assure the formation and maintenance of
      a seal, and that will then permit filling an already sealed cell
      container, under pressure, without destroying the seal, and that will then
      keep the cell hermetically sealed to prevent leakage of the pressurized
      sulphur dioxide electrolyte, in order thereby to retain the volume of
      sulphur dioxide needed for the proper performance of the cell.
PAR  In accordance with the invention, the cell is constructed with a container
      casing formed from thin hollow tubing, on whose inner surface a porous
      layer of carbon is formed as a cathode. A small elongated cylindrical
      anode of lithium metal is formed on a linear metallic collector, as a
      solid pin support for the lithium, for concentric coaxial disposition
      within said cathode. The anode thus formed is enwrapped in a layer of thin
      insulating separator material, such as a sheet of porous paper or a sheet
      of microporous polypropylene, and this assembly, of the anode and the
      separator wrap, is then axially moved into the cylindrical central axial
      space within the surrounding cylindrical cathode layer. The lithium
      sulphur dioxide electrolyte system of the cell consists of the lithium
      anode, the carbon cathode, and an electrolyte mixture of liquid sulphur
      dioxide, lithium bromide, acetonitrile and propylene carbonate.
PAR  During the preparation of the lithium anode for such disposition, the outer
      extending end of the anode collector pin is anchored in a rubber septum,
      which is essentially a rubber bead on the anode pin; and the rubber septum
      is sized so it will slidingly fit internally into the outer open end of a
      container can, as the entire anode assembly is axially inserted into
      operating position in the can. A hypodermic needle has been previously
      inserted in and through the rubber septum together with the anode
      collector pin, before sealing the assembly in the can, so that the
      hydrodermic needle will be available as a conduit to conduct the
      electrolyte into the can after the rubber septum is sealed in place at the
      originally open end of the can, with the anode structure supported in
      proper position in the can. The hypodermic needle is used to introduce the
      electrolyte under sufficient pressure to put the desired quantity of the
      electrolyte into the cell container which has been previously dry sealed.
      After that filling operation, the hypodermic needle is gradually
      withdrawn, so the rubber septum will reclose the opening behind the
      needle, as the needle is withdrawn, and will thus maintain the seal to
      prevent leakage of the electrolyte.
PAR  In another modification, the hypodermic needle serves both as the filling
      conduit and as the anode collector pin for supporting the body of the
      lithium anode material, and is permanently disposed and sealed in the
      rubber septum. The needle is utilized as a filling port to introduce the
      electrolyte to the amount wanted; and then the input end of the hypodermic
      needle, outside of the cell, is closed off and welded closed at its outer
      end to complete the seal for the cell.
PAR  The low boiling point of the electrolyte introduces a problem in the
      operation of filling the cell through the hypodermic needle. To introduce
      a pressurized electrolyte into the cell would involve the creation of a
      pressure gradient between the electrolyte reservoir and the cell. To avoid
      that, the electrolyte is heated while the cell itself is cooled by a heat
      sink to a temperature of from minus ten degrees Centigrade to minus
      seventy-eight degrees.
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PAR  The construction of the cell, and the method of forming, sealing and
      filling the cell, are explained in more detail in the following
      specification, and are illustrated in the accompanying drawings, in which
PAR  FIG. 1 is a vertical sectional view of one modification of a cell to show
      the general disposition of the components and elements, a construction for
      one method of filling the cell;
PAR  FIG. 2 is a schematic diagram illustrating the electrolyte transfer system
      employed herein for filling the cell;
PAR  FIG. 3 is a vertical cross-sectional view of a second modification of the
      invention, in the cell top of a modified cell in which the hypodermic
      needle serves also as the anode collector, after the electrolyte filling
      operation is completed and the hypodermic needle is sealed closed;
PAR  FIG. 4 is a schematic diagram of the apparatus and a welding system for
      completing the sealing of the cell;
PAR  FIG. 5 is a graph showing several illustrative discharge curves of several
      of the cells, constructed in accordance with the present invention; and
PAR  FIG. 6 is a graph showing the realized capacity and the efficiency of the
      cells of this invention, as a function of electrolyte weight for a
      continuous discharge of two milliamperes.
DETD
PAR  The general features of this invention involve the construction and the
      filling operation of a miniature cylindrical cell having a diameter of 0.1
      inch and a length of 0.75 inch. The operating parameters of the cell will
      be understood from the energy output requirements which were set at (24)
      milli-watt-hours, at 2 to 3 volts, for currents of 2 to 3 milliamperes.
      The cell employs a lithium sulphur dioxide (Li/SO.sub.2) organic
      electrolyte system, consisting of a lithium anode, a carbon mix cathode,
      and an electrolyte mixture of liquid sulphur dioxide (SO.sub.2), lithium
      bromide (LiBr), acetonitrile and propylene carbonate.
PAR  Two modifications of cell design are illustrated. The first modification 10
      of the cell is shown in FIG. 1, and consists of a solid pin collector 12
      for a central concentric axially disposed lithium anode 14, a concentric
      outer carbon cathode 16 supported on the inner wall surface of an
      enclosing cylindrical aluminum can 18, with the lithium anode 14 and the
      carbon cathode 16 separated by an insulating separator 18. The electrolyte
      in liquid phase is introduced into the cell by injection through a
      hypodermic needle 20, that extends through a rubber septum 22, that is
      used to dry seal the can before the electrolyte is introduced. The needle
      is removed after the electrolyte is introduced into the cell.
PAR  Operational tests on the cells of the construction here shown indicate that
      the stoichiometric capacity is determined by the weight of the introduced
      electrolyte which contains the sulphur dioxide to serve as a depolarizer.
PAR  The sulphur dioxide depolarizer is introduced into the cell which has been
      previously sealed closed. As shown in FIG. 1, the rubber septum 22 is
      compressed between tow inwardly directed beads 26 and 28, on the can 18,
      which serve to radially tightly compress the rubber septum 22 in the
      region 30, and serve to crimp and clamp the rubber septum tightly around a
      circular peripheral region 32. In addition, the upper initially open end
      of the aluminum container can 18 is tightly peened over radially inward at
      the region 34 to compress the upper portion 36 of the rubber septum 22 to
      impress a downward clamping pressure, by the peened-over section 34, onto
      the upper surface of the rubber septum 22. A teflon disc 38 insulates the
      bottom of anode 14 from the metal can 18.
PAR  The filling operation is performed outside the dry box. When the filling
      operation is accomplished, the hypodermic needle 20 is slowly and
      gradually withdrawn from the septum 22, in order that the rubber septum
      may reclose the opening which was temporarily filled by the hypodermic
      needle, and thus maintain the sealing action of the rubber septum.
PAR  The filling operation may be better explained upon considering the system
      shown in FIG. 2. As shown there, schematically, a closed container
      reservoir 40, which contains the liquified electrolyte 42, is provided
      with a rubber septum 44 through which the upper end of the hypodermic
      needle 20 of the cell of FIG. 1 extends into the reservoir 40. Vapor
      pressure in the reservoir provides the pressure to force the electrolyte
      through the hypodermic needle into cell 10 to be filled.
PAR  To simplify the filling operation, and to permit filling with maximum
      quantity, as desired, the electrolyte in reservoir 40 is heated and the
      cell 10 is kept cooled to a temperature from about minus 10.degree. to
      -78.degree. C.
PAR  The manner in which the cell is kept cooled during the filling operation is
      schematically indicated in the schematic diagram in FIG. 4. As there
      shown, the cell 10 body is closely thermally coupled in a metal block 50,
      of highly heat-conductive metal, such as copper, and the block 50, in
      turn, is immersed in a cold bath 52, of dry ice and acetone, to bring the
      temperature of the block and the cell 10 down to at least -10.degree. C.
      The freezing bath 52 is contained in a suitable insulated tank 54. When
      the cell has been filled, the final sealing operation is then performed,
      by withdrawal of the hypodermic needle 20, from a cell of the first
      modification, of FIG. 1.
PAR  However, with a relatively shallow rubber septum to serve as a seal, in
      that first modification, the vapor pressure that is generated within the
      cell, -- as some of the fluid electrolyte vaporizes and releases some of
      the sulphur dioxide --, is sufficient to cause some of the sulphur dioxide
      to seep through the reclosed opening in the septum from which the
      hypodermic needle has been withdrawn. Because of that sealing problem, in
      that first modification, the sealing structure is modified, according to
      the second modification, as shown in FIG. 3, to permit the hypodermic
      needle to remain permanently embedded and sealed in the sealing septum.
PAR  As shown in FIG. 3, in cell 10A, the hypodermic needle here identified as
      20A, is employed to serve, also, ultimately, as the anode collector,
      support the lithium anode material 14. The other elements of construction
      in the cell 10A are otherwise the same as in the cell 10 in FIG. 1, so
      that the change here has been to utilize the hypodermic needle in FIG. 3
      to serve also as the anode collector, after the hypodermic needle has
      served to introduce the electrolyte into the cell 10A. In this structure,
      in FIG. 3, the fluid introduced into the combination hypodermic needle and
      anode collector, travels down through the needle as a tube and exits from
      the bottom of said tube into the operating space between the lithium anode
      and the cathode until the desired amount of electrolyte is introduced into
      the cell. After such filling operation, the combination needle and anode
      collector is separated from any filling source and closed above the septum
      seal, and sealed as shown in the operation in FIG. 4.
PAR  As shown in FIG. 4, the cell 10A, after being filled, is sealed by closing
      off the upper end of the combination needle and anode collector 20A. To
      illustrate a step in the invention, the sealing operation is shown as
      performed by a plasma gas flame 60. Tungsten Inert Gas welding is used for
      sealing the hypodermic needle, and welds the tube as close to the cell top
      as possible. A schematic diagram of the fixture is shown in FIG. 4. The
      cell is kept cold with dry ice during welding to avoid loss of SO.sub.2 by
      local heating. The copper block used to make the electrical connection
      between the hypodermic needle and the ground terminal of the welder serves
      as a heat sink. The gas operated tungsten cathode is positioned just above
      the tip of the hypodermic needle which is to be sealed. On triggering the
      welder, the plasma melts the hypodermic needle tip and forms a round bead
      of metal thereby sealing the tip. The same sealing operation may be
      performed, electrically, by a suitable contact pressure spot welding
      device, in which the two welding electrodes may first compress the top end
      of the hypodermic needle collector 20A, and then apply a pulse of energy
      to effect the weld. During such sealing operation of the hydpodermic
      needle to seal the cell 10A closed, the cooling effect of the metal block
      50 and the surrounding cold bath 52 serves to extract immediately any heat
      that may momentarily try to enter the cell as a result of such weld and
      sealing operation. The upper copper block 56 helps to cool the atmosphere
      around the top of the hypodermic needle as it is being sealed closed.
PAR  The double beading 26 and 28 provides a tight compression on the septum and
      a good seal. The height of the rubber septum employed here is 0.065 inch.
PAR  The nature of the problems that are encountered in the manufacture and
      filling of such a miniaturized cell, will be realized from the dimensional
      parameters, previously stated as about 0.75 inch in length with a diameter
      built up on the needle as a collector, is 0.036 inch in diameter, within a
      cathode bore of 0.046 inch to 0.52 inch.
PAR  The excellent results that may be achieved, nevertheless, from such a cell,
      in spite of its miniature dimensions, as long as the cell is properly
      combined and assembled, and adequately filled with electrolyte, may be
      realized from the graphs shown in FIG. 5, where the three curves show that
      the voltage of the tested cells remain excellently constant at their
      desired operating values, for a discharge capacity of seven to eight
      milliampere hours, for drains from 0.1 up to 3.0 milliamperes, with the
      voltage maintained at its normal value for even greater milliampere-hour
      operation where the drain is limited to 1 milliampere.
PAR  FIG. 6 illustrates the relationship of the capacity and efficiency of the
      small cells as a function of the electrolyte weight at a medium discharge
      of two milliamperes.
PAR  It was possible to realize an energy output target of 25 milliwatt-hours at
      2 milliamperes, with the miniature cells disclosed here.
PAR  Thus, in accordance with the invention here disclosed, a miniature cell may
      be made with the filling and sealing operations as disclosed, that will
      assure desired operativeness and good shelf life against leakage. The
      filling operation is controlled to assure the proper stoichiometric
      quantity of electrolyte for maximum life. The design is made such as to
      leave a small volume of space above the fluid electrolyte, to provide a
      vapor space.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A primary electric cell, comprising
PA1  an elongated cylindrical metallic container can;
PA1  a layer of carbonaceous cathodic material on the cylindrical inner surface
      of said can to serve as a cathode;
PA1  means including a linear metal hypodermic needle element sealed at its
      outer end disposed axially within said can to serve as an anode support
      and current collector, and said means also providing a conduit for
      injecting a liquid electrolyte into the cell during manufacturing
      assembly;
PA1  a layer of lithium metal supported on the outside surface of said linear
      metal element to serve as an anode;
PA1  a cylindrical separator of electrically insulating material between said
      anode and cathode;
PA1  an insulating sealing element supported on and at the top end of said can,
      with said linear element extending through and insulatingly supported by
      said sealing element to serve as an anode collector;
PA1  and a predetermined quantity of liquid electrolyte in said cell.
NUM  2.
PAR  2. A primary cell, as in claim 1, in which
PA1  the diameter of the cell container can is of the order of 0.1 inch;
PA1  and the length of said can is of the order of 0.75 inch.
NUM  3.
PAR  3. A primary electric cell, as in claim 1, in which
PA1  the inner end of said linear metal element, is insulatingly spaced from the
      surface of the bottom wall of said container can.
NUM  4.
PAR  4. A primary electric cell, as in claim 1, in which
PA1  the quantity of liquid electrolyte injected into the cell is predetermined
      and its top level is initially spaced from the bottom plane of the sealing
      element to leave a small vapor space above the electrolyte.
NUM  5.
PAR  5. A cylindrical concentric miniature organic electro-chemical cell
      containing a pressurized electrolyte while having its open end always
      sealed, said cell being extremely small, about 0.1 in diameter and 0.75 in
      length but having a high energy output of about 24 milli-watt hours at
      about 2-3 volts, and having a current output of 2--3 milli-amps.; said
      cell further including a lithium, sulfur dioxide electrolyte and having a
      lithium anode, and a carbon cathode which is on the inner surface of a
      cell can, said cell being of a cylindrical aluminum configuration, having
      said lithium anode axially disposed and placed in said electrolyte, a dry
      seal compression means closing said cell even prior to having said
      electrolyte included therein so as to maintain proper restraint, said
      compression means being a rubber septum radially crimped and clamped at
      the open end of said aluminum cell can, said crimp being obtained by means
      of a pair of inwardly directed beads; said septum also being compressed
      downwardly by a peening means on the upper surface of said septum; and a
      plastic disc resting at the bottom of said can to insulate said anode from
      said cell can said cell including a linear metal hypodermic needle element
      sealed at its outer end disposed axially within said can to serve as an
      anode support and current collector, and also providing a conduit for
      injecting liquid electrolyte into the cell during manufacture assembly.
NUM  6.
PAR  6. A cylindrical concentric miniature organic electrochemical cell
      containing a pressurized electrolyte while having its open end always
      sealed, said cell being extremely small, about 0.1 in diameter and 0.75 in
      length but having a high energy output of about 24 milliwatt hours at
      about 2-3 volts, and having a current output of 2-3 milli-amps., said cell
      including a lithium, sulfur dioxide electrolyte and having a lithium anode
      and a carbon cathode on the inner surface of an aluminum can; and having
      an axially disposed lithium anode spaced therein in said electrolyte; and
      a dry seal compression means closing said cell even prior to having the
      electrolyte included therein in order to maintain proper electrolyte
      restraint, said compression means being a rubber septum radially crimped
      and clamped at the open end of said aluminum cell can, said crimping being
      obtained by means of a pair of inwardly directed beads, said septum being
      compressed at the same time downwardly by a peening pressure means on the
      upper surface of said septum; and a plastic disc resting at the bottom of
      said cell to insulate the anode therefrom can said cell including a linear
      metal hypodermic needle element sealed at its outer end disposed axially
      within said can to serve as an anode support and current collector, and
      also providing a conduit for injecting liquid electrolyte into the cell
      during manufacture assembly.
NUM  7.
PAR  7. A cylindrical concentric miniature organic electrochemical cell
      containing a pressurized electrolyte while having its open end always
      sealed, said cell being extremely small, and miniaturized, being about 0.1
      inch in diameter and 0.75 inch in length but having a high energy output
      of about 24 milli-watt hours at about 2-3 volts, and having a current
      output of 2-3 milli-amps., said cell including a lithium, sulfur dioxide
      electrolyte and having a lithium anode, and a carbon cathode on the inner
      surface of a cell, can said cell being of cylindrical aluminum
      configuration, and having an axially disposed lithium anode spaced therein
      immersed in said electrolyte, and a dry seal compression means closing
      said cell even prior to having the electrolyte included therein so as to
      maintain proper pressure restraint, said compression means being a rubber
      septum radially crimped and clamped at the open end of said aluminum cell
      can, said crimp being effected by means of a plurality of inwardly
      directed beads, said septum also being compressed at the same time
      downwardly by a peening pressure means on the upper surface of said
      septum, and a plastic disc resting at the bottom of said cell to insulate
      the anode from said can said cell including a linear metal hypodermic
      needle element sealed at its outer end disposed axially within said can to
      serve as an anode support and current collector, and also providing a
      conduit for injecting liquid electrolyte into the cell during manufacture
      assembly.
PATN
WKU  039458474
SRC  5
APN  4376951
APT  1
ART  115
APD  19740129
TTL  Coherent manganese dioxide electrodes, process for their  production,
      and electrochemical cells utilizing them
ISD  19760323
NCL  20
ECL  1
EXA  Niebling; John F.
EXP  Garvin; Patrick P.
NDR  12
NFG  19
INVT
NAM  Kordesch; Karl V.
CTY  Lakewood
STA  OH
INVT
NAM  Kozawa; Akiya
CTY  Middleburg Heights
STA  OH
ASSG
NAM  Union Carbide Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  212908
APD  19711228
PSC  03
CLAS
OCL  136100R
XCL  136138
XCL  136139
EDF  2
ICL  B08B  300
FSC  136
FSS  20;100 R;111;123;137;138;139
UREF
PNO  1296700
ISD  19190300
NAM  Ruhoff
OCL  136138
UREF
PNO  1637433
ISD  19270800
NAM  Yngve
OCL  136139
UREF
PNO  2491640
ISD  19491200
NAM  Blake et al.
OCL  136136
UREF
PNO  2977401
ISD  19610300
NAM  Marsal et al.
OCL  136123
UREF
PNO  3113050
ISD  19631200
NAM  Kordesch et al.
OCL  136123
UREF
PNO  3184339
ISD  19650500
NAM  Ellis
OCL  136120R
UREF
PNO  3192071
ISD  19650600
NAM  Vinal
OCL  136137
UREF
PNO  3306781
ISD  19670200
NAM  Siller
OCL  136138
UREF
PNO  3335031
ISD  19670800
NAM  Kordesch
OCL  136123
OREF
PAL  Mellor, Comprehensive Treatise on Inorganic & Theoretical Chem., Vol. 5,
      1924 p. 753.
PAL  Glaister, Compounding for Electrical Conductivity, Technical Report RG-128,
      Cabot Corp., 10/11/68 pp. 4-7, 18 & 19.
LREP
FR2  O'Brien; Cornelius F.
ABST
PAL  Coherent manganese dioxide electrodes comprising particulate manganese
      dioxide and particulate electrically conductive material substantially
      uniformly dispersed in a conductive binder wherein said binder comprises
      colloidal electrically conductive material having a surface area as
      defined by the B.E.T. method using N.sub.2 absorption at 78.degree.K of
      less than about 100m.sup.2 /g, and an electrolyte-wettable polymeric
      binder.
PARN
PAR  This is a continuation-in-part of application Ser. No. 212,908 filed Dec.
      28, 1971 now abandoned.
BSUM
PAR  The invention relates to coherent manganese dioxide electrodes, a process
      for their production, and electrochemical cells utilizing them.
PAR  Particulate manganese dioxide mixed with powdered carbon and/or graphite is
      widely used as a cathode material or depolarizer in commercial batteries.
      It is relatively inexpensive and it provides a satisfactory power output.
      However, it has been the experience in the battery making art that
      manganese dioxide cathode mixes could not be compressed into bodies having
      sufficient cohesive strength or density to be self-supporting when they
      are wetted by electrolyte. Therefore, manganese dioxide electrodes have
      been provided with some sort of mechanical support or restraint when used
      in contact with liquid aqueous electrolytes. Such mechanical supports
      include metal containers surrounding annular electrodes, and compression
      on a stack of flat electrodes. Without such support, manganese dioxide
      electrodes will disintegrate fairly rapidly in liquid electrolyte,
      particularly alkali solutions. Disintegration will occur with time even
      when a fairly good cathode binder such as Portland cement (taught in U.S.
      Pat. No. 2,962,540) is used. Mechanical support (e.g., a steel can
      surrounding the cathode) is still needed with cement binders. Cathode
      disintegration becomes even more of a problem if the electrode is employed
      in a rechargeable cell where it is subjected to charge-discharge cycling.
      Lattice expansion on discharge and contraction on charge, a phenomenon
      peculiar to manganese dioxide, further adds to the problem of electrode
      disintegration.
PAR  Because manganese dioxide electrodes lacked the necessary cohesive strength
      when contacted by electrolyte, hetetofore it has not been feasible to
      employ manganese dioxide as a depolarizer in the form of an unrestrained
      thin layer, which is the most effective form for efficient electrochemical
      utilization of the active material present. Because of the disadvantages
      mentioned above, manganese dioxide has been employed commercially as the
      depolarizer only in electrochemical cells delivering low and medium
      discharge currents, despite the fact that it has been demonstrated
      experimentally that manganese dioxide has high current capabilities.
PAR  In U.S. Pat. No. 1,296,700 a depolarizing mixture is disclosed for
      Leclanche cells wherein part or all of the ordinary carbonaceous material
      used in a conventional manganese dioxide depolarizing mixture is replaced
      with colloidal graphite to produce a relatively wet and soft mix. This mix
      is suitable for use in Leclanche cells where the current requirements are
      low and where swelling of the mix due to excessive absorption of the
      electrolyte would not be fatal.
PAR  It is a principal object of the invention to provide manganese dioxide
      electrodes having improved cohesion, especially when exposed to aqueous
      electrolytes.
PAR  Another object of the invention is to provide coherent, thin manganese
      dioxide electrodes.
PAR  A further object of the invention is to provide manganese dioxide
      electrodes capable of high discharge rates.
PAR  Still another object of the invention is to provide a means for more
      efficient electrochemical utilization of manganese dioxide in
      electrochemical cells.
PAR  Another object of the invention is to provide electrochemical cells having
      improved stability to changes in temperature.
PAR  An additional object of the invention is the provision of electrochemical
      cells having improved performance at low temperatures.
PAR  Another object of the invention is to provide manganese dioxide electrodes
      which have improved retention of properties on charge-discharge cycling.
PAR  The invention provides a dense coherent electrode for use in an
      electrochemical cell having an aqueous electrolyte. The electrode is
      composed of particulate manganese dioxide (MnO.sub.2) and particulate
      electrically conductive material both of which are substantially uniformly
      dispersed in a conductive binder composed of colloidal electrically
      conductive material having a surface area as defined by the B.E.T. method
      using N.sub.2 absorption at 78.degree.K of less than about 100m.sup.2 /g,
      and an electrolyte-wettable polymeric binder.
PAR  The particulate electrically conductive material is added to increase the
      electrical conductivity of the electrode since manganese dioxide is a
      relatively poor conductor, and then when the electrode is assembled in a
      cell, the conductive material will substantially reduce the internal
      resistance of the cell. The electrically conductive colloidal material is
      added to further increase the electrode conductivity of the electrode and
      to provide particle-to-particle electrical contact between the manganese
      dioxide particles thereby promoting better utilization of the available
      manganese dioxide so as to greatly reduce cathode polarization when the
      electrode is assembled in a cell.
PAR  Colloidal conductive material, as used hereinafter, shall mean material
      sized substantially in the range from about 1 m.mu. to about 200 m.mu. in
      diameter whereby 1 m.mu. equals 10.sup..sup.-7 cm. The colloidal
      conductive particles for use in this invention are required to have a
      surface area as defined by the B.E.T. method using N.sub.2 absorption at
      78.degree.K of less than about 100m.sup.2 /g; preferably between about 10
      and 50m.sup.2 /g. The B.E.T. method is well known in the art and is
      referred to in the publication titled "The Structure and Properties of
      Porous Materials" edited by D. H. Everett and F. S. Stone, New York
      Academic Press Inc., Publishers-1958. This requirement of surface area for
      the colloidal particles is essential to insure that the finished electrode
      will not absorb large quantities of electrolyte when assembled in a cell
      which would result in excessive swelling and ultimate disintegration of
      the electrode. In addition, the surface area requirement of the colloidal
      material will aid in the fabrication of electrodes having a density in
      excess of about 2 1/2 grams per square centimeter which is necessary for
      producing the relatively hard, well-bonded electrode of this invention.
      Moreover, the colloidal material is necessary to make the polymeric binder
      conductive since the binder by itself is non-conductive.
PAR  The particular polymeric binder for use in this invention must be capable
      of bonding the materials of the electrode together while not completely
      coating the manganese dioxide particles which would tend to diminish the
      high activity and capacity of the manganese dioxide particles. Moreover,
      the polymeric binder must be wettable by the electrolyte the electrode
      will contact in an assembled cell so that said electrode will absorb
      sufficient liquid electrolyte to maintain the necessary ionic contact with
      the active depolarizer material (manganese dioxide). For those binders
      that are initially solid, a volatile solvent should be used to dissolve
      such binders so that an intimate dispersion of the binder can be made with
      the electrode materials after which the solvent can be removed thereby
      aiding the development of desirable porosity in the finished electrode so
      that when said electrode is assembled in a cell, the electrolyte of the
      cell can be absorbed by the electrode thereby providing sufficient ionic
      contact between the electrolyte and the active depolarizer material. Since
      polymeric binders are electrically non-conductors of electricity, the
      colloidal conductive material is necessary so as to cause the binders to
      be conductive rather than insulative.
DRWD
PAR  The principles of the invention will be described in detail hereinafter
      with reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a flat manganese dioxide electrode
      embodying the principles of the invention;
PAR  FIG. 2 is an exploded perspective view of the elements of a cell embodying
      the principles of the invention, in unassembled condition;
PAR  FIG. 3 is a side sectional view of an assembled cell of the type shown in
      FIG. 2;
PAR  FIG. 4 is an exploded view of another type of cell embodying the principles
      of the invention;
PAR  FIG. 5 is a graph of rate of discharge versus per cent utilization of
      manganese dioxide and total capacity in a Zn/KOH/MnO.sub.2 cell of the
      invention compared with a Zn/KOH/MnO.sub.2 cell of the prior art;
PAR  FIG. 6 is a graph of discharge time versus voltage for both freshly made
      Zn/KOH/MnO.sub.2 flat cells of the invention and such cells after storage
      for one month at 125.degree.F., and compares their performance with the
      performance of a commercial Zn/KOH/MnO.sub.2 cell;
PAR  FIG. 7 is a graph of discharge time versus voltage for Zn/KOH/MnO.sub.2
      flat cells of the invention and of commercial Zn/KOH/MnO.sub.2 cells, at
      room temperature, at 0.degree.C., and at -12.degree.C.;
PAR  FIG. 8 is a graph showing the charge/discharge cycle performance of a
      rechargeable Cd/KOH/MnO.sub.2 flat cell constructed in accordance with the
      principles of the invention;
PAR  FIGS. 9 and 10 are graphs showing the charge/discharge cycle performance of
      rechargeable Zn/KOH/MnO.sub.2 flat cells constructed in accordance with
      the principles of the invention;
PAR  FIG. 11 is a graph showing discharge time versus voltage of
      Zn/KOH/MnO.sub.2 cells of the invention at various current densities;
PAR  FIGS. 12 and 13 are graphs showing discharge time versus voltage of,
      respectively, Mg/MgBr.sub.2 /MnO.sub.2  and Pb/H.sub.2 SO.sub.4 /MnO.sub.2
      wet cells of the invention;
PAR  FIG. 14 is a graph of high current drain pulsing performance of a
      Zn/KOH/MnO.sub.2 cell of the invention;
PAR  FIG. 15 is a perspective, partially schematic view of a unit cell embodying
      the principles of the invention, the electrodes being connected in
      parallel;
PAR  FIG. 16 is a schematic perspective view of a battery case designed to
      contain eight unit cells of the type shown in FIG. 15, connected in
      series;
PAR  FIG. 17 is a graph showing the discharge time versus voltages of a unit
      cell of the type shown in FIG. 15 and a commercial lead/acid cell;
PAR  FIG. 18 is a graph showing the high current drain pulsing performance of a
      unit cell of the type shown in FIG. 15; and
PAR  FIG. 19 is an enlarged, idealized cross-sectional view of a portion of a
      manganese dioxide electrode embodying the principles of the invention.
DETD
PAR  Referring first to the drawings, FIG. 1 shows a thin, flat manganese
      dioxide electrode 21 embodying the principles of the invention, and having
      a metal screen current collector 22 embedded therein. The method for
      fabricating the electrode will be described in detail hereinafter. FIGS. 2
      and 3 show a flat cell utilizing a manganese dioxide electrode 21 of the
      type shown in FIG. 1. The cell includes a manganese dioxide electrode 21
      disposed between two zinc screens 23 and 24, the manganese dioxide
      electrode 21 and the zinc screens 23 and 24 being separated by suitable
      separators 25 and 26, such as fibrous-reinforced regenerated cellulose. A
      suitable electrolyte is absorbed in the separators 25 and 26. The cell is
      contained in a case 27 made of a suitable plastic material such as
      polystyrene. In the charged condition, the manganese dioxide electrode 21
      is the cathode, and the zinc screens 23 and 24 comprise the anode.
PAR  The principle of alternating a flat anode and a flat cathode separated by
      suitable separators and encased in a plastic case, as shown in FIGS. 2 and
      3, can be employed to fabricate flat cells composed of at least two flat
      manganese dioxide electrodes and at least two flat metal electrodes, with
      the electrodes normally being connected in parallel.
PAR  In FIG. 4, one type of round cell utilizing the manganese dioxide
      electrodes of the invention is shown. The cell comprises, in the charged
      condition, a rolled manganese dioxide cathode 28 coated on a suitable wire
      screen current collector 29, and a zinc foil anode 31, the two electrodes
      being separated by a suitable separator such as one or two layers of
      modacrylic fibers 32 and 33. The rolled up electrodes are contained in a
      cylindrical steel can container 34. A suitable electrolyte is absorbed in
      the separators 32, 33.
PAR  In FIG. 15, a unit cell is shown that is fabricated from a plurality of
      alternating flat manganese dioxide cathodes and pressed powdered zinc
      anodes, with the electrodes being connected in parallel and separated by
      suitable separators. The unit cell is contained in a plastic case 35, with
      the cathode current collector 36, the anode current collector 37, and a
      filling port 38 extending out of the top of the case 35.
PAR  FIG. 16 shows a battery case 39 that is designed to contain eight unit
      cells of the type shown in FIG. 15, connected in series. Each of said unit
      cells is contained in one of the compartments described by the partitions
      41.
PAR  FIG. 19 shows an enlarged, cross-sectional view of a portion of a
      representative manganese dioxide electrode of the invention. As this
      drawing illustrates, particles of manganese dioxide 42 and heat treated
      carbon 43 (as the particulate electrically conductive material) are
      embedded in a porous matrix of a polymeric binder 44. The polymeric binder
      44 contains colloidal graphite to render it conductive. The
      binder/colloidal graphite matrix serves two purposes: first, to
      mechanically bind the particles of manganese dioxide 42 and carbon 43 to
      render the electrode resistant to swelling when it is contacted by aqueous
      electrolyte; and second, to provide interparticle electrical contact
      within the electrode.
PAR  The manganese dioxide electrodes of the invention can be produced by a
      process which comprises:
PA1  mixing a polymeric binder, a colloidal electrically conductive material,
      particulate manganese dioxide, and particulate electrically conductive
      material, to produce a mixture; and
PA1  forming said mixture into a coherent electrode.
PAR  To briefly illustrate the primary mode of carrying out this process, two
      grams of an epoxy resin (the diglycidyl diether of bisphenol A) plus amine
      hardener mixture is dissolved in 14 grams of an alcoholic (isopropyl
      alcohol) suspension of colloidal graphite to produce a conductive epoxy
      mixture. The polymeric binder, i.e., epoxy resin, would be non-conductive
      without the colloidal graphite and could probably insulate some of the
      manganese dioxide particles if it were mixed directly with the manganese
      dioxide. Consequently, the preferred method to employ is to first mix the
      polymeric binder with the colloidal conductive material so as to render
      the binder material conductive and thereby minimize the coating of the
      manganese dioxide particles with an insulating plastic binder which would
      restrict or limit the high activity and capacity of the manganese dioxide.
      A mixture containing 90 weight per cent particulate manganese dioxide and
      10 weight per cent particulate electrically conductive material (8 per
      cent graphite powder plus 2 per cent carbon) is then mixed with the
      conductive epoxy/colloidal graphite mixture in the ratio of 30 grams of
      the manganese dioxide mixture to 12 grams of the conductive
      epoxy/colloidal graphite mixture. The mixture has a putty-like
      consistency, which makes it easy to spread on a metal screen current
      collector. Pressure may be used, if desired, to fill the holes in the
      screen more uniformly and to insure good contact between the mixture and
      the collector. The mixture on the screen support is then heated for about
      one half hour at about 50.degree.C. in order to drive off the liquids
      present in the mixture and to harden the epoxy resin. The coherent
      electrode is then ready to be incorporated in conventional manner as an
      electrode in an electrochemical cell.
PAR  The polymeric binder that is employed in the invention is one that, in its
      ultimate form in the finished electrode, will permit the electrode to be
      wetted by the electrolyte to be used in the cell, but at the same time,
      the binder should not effectively absorb the electrolyte so that the
      electrode will be resistant to swelling by the electrolyte, which is the
      cause of weakness in prior art manganese dioxide electrodes. The term
      "wetted" refers to a surface condition in which the electrolyte is
      permitted to penetrate the pores of the electrode to achieve maximum ionic
      contact between the electrolyte and the active material in the electrode.
PAR  In addition to epoxy resins as exemplified above, the polymeric binder can
      be a polymer such as an acrylonitrile-butadiene-styrene (ABS) polymer, an
      acrylate polymer such as polymethyl methacrylate or other polymer of a
      lower alkyl (e.g., C.sub.1 to C.sub.4 alkyl) ester of acrylic or
      methacrylic acid, a melamine- or urea-formaldehyde polymer, a chlorinated
      polyether (i.e., a polymer having the recurring structural unit
      ##EQU1##
      a polycarbonate, a phenol-formaldehyde polymer, a polysulfone, polystyrene
      and styrene copolymers with monomers such as acrylonitrile, a vinyl resin
      such as polyvinyl chloride, polyvinyl alcohol, or vinyl chloride-vinyl
      acetate copolymer, and a styrene-butadiene copolymer.
PAR  The polymeric binder can contain conventional additives such as stabilizers
      and plasticizers which are substantially inert in the electrochemical cell
      environment.
PAR  The binder selected should be stable in the electrolyte to be used in the
      cell in which the electrode will be employed. Thus, for instance,
      polyvinyl alcohol, ABS resins, urea/formaldehyde resins, and
      phenol/formaldehyde resins should not be employed in alkaline cells since
      they are not stable to alkali over extended periods of time. The stability
      of the polymeric binder toward the electrolyte is either known or readily
      determined by the worker in the art. Binders which are stable in alkaline
      electrolyte include polysulfone, acrylic polymers such as polymethyl
      methacrylate, epoxy resins, and polystyrene.
PAR  In forming the electrode mixture, it is preferred that the polymeric binder
      be in a liquid vehicle in order to facilitate thorough mixing of the
      ingredients of the electrode mix. Thus, it is desirable to employ the
      binder in solution, since most of the polymers are normally solid
      materials. Even in the case of epoxy resins, which are liquids prior to
      the hardening reaction, it is preferred to employ a solution because most
      epoxy resins are rather viscous at room temperature, and a solution of an
      epoxy resin is more readily mixed to form a uniform mixture than is the
      undiluted, viscous resin. As another alternative, the polymeric binder can
      be employed in the form of a powder, which can be dispersed in a liquid,
      if desired.
PAR  The liquid that is employed as a solvent or dispersant for the polymeric
      binder will depend somewhat on the nature of the polymeric binder. In
      addition to being either a solvent or a dispersant for the polymeric
      binder, the liquid should also be inert towards the electrode mix. For
      instance, the liquid should preferably not be readily oxidized by the
      manganese dioxide in the mix. Examples of such useful liquids include
      organic liquids such as isopropyl alcohol, tert-butyl alcohol, hexyl
      alcohol, and other alcohols. Other useful liquids include ketones such as
      acetone, methyl ethyl ketone, and methyl isobutyl ketone. Chlorinated
      hydrocarbons such as methylene dichloride, chloroform, trichloroethylene,
      perchloroethylene, and other solvents such as tetrahydrofuran are also
      useful in the invention. In many cases, it is useful to employ a mixture
      of liquids. The liquid employed must be volatile. As used herein, the term
      "volatile" means that the liquid is capable of substantially complete
      volatilization at moderate temperatures, for instance, at temperatures of
      up to 100.degree.C.
PAR  Another component that is employed in the process of the invention is a
      colloidal electrically conductive material. Such electrically conductive
      materials include graphite, heat treated carbon, and metal powders such as
      silver and nickel powder. Not all carbon black materials are suitable for
      use in this invention. Some carbon blacks, such as channel blacks with
      high-surface coverage, possess high electrical resistivity and therefore
      they would not be effective in rendering the polymeric binder conductive.
      In addition, it is found that a low-temperature carbon has rather high
      chemical reactivity independent of surface area, while a carbon which has
      been treated at a high temperature above about 1000.degree.C. is
      relatively non-reactive. This change in chemical reactivity is believed
      attributed to the increase in crystallite size and the reorientation of
      crystallites upon heat treatment of the carbon which yields a carbon
      surface composed increasingly of the basal plane of the crystallites. Thus
      the colloidal carbon to be used in this invention has to be heat treated
      at a temperature of above about 1000.degree.C. to render it conductive and
      to insure that it has a surface area as defined by the B.E.T. method using
      N.sub.2 absorption at 78.degree.K of less than about 100m.sup.2 /g, and
      preferably between about 10m.sup.2 /g and about 50m.sup.2 /g. This dual
      requirement of the carbon will enable it to render the polymeric binder
      conductive so that the binder will provide excellent interparticle
      electrical contact between the manganese dioxide particles thereby
      promoting better utilization of the available manganese dioxide in the
      electrode during the operational mode of a cell. The requirement that the
      surface area be less than 100m.sup.2 /g is necessary to insure that the
      electrode will not absorb too much electrolyte in the cell and thereby be
      subject to swelling which is the cause of weakness in prior art manganese
      dioxide electrodes. In addition, when using colloidal graphite as the
      conductive material, the graphite will serve as a lubricant during
      electrode molding or extruding procedures thereby greatly reducing the
      friction encountered in handling abrasive manganese dioxide particles.
PAR  The colloidal electrically conductive material is preferably employed as a
      colloidal dispersion in a liquid. As is known in the art, the individual
      particles of the colloidal electrically conductive material are mostly of
      submicron size. The liquids that can be used as the dispersant for the
      colloidal electrically conductive material include those that were
      mentioned above as solvents or dispersants for the polymeric binder.
      Colloidal graphite is the preferred colloidal electrically conductive
      material, and it is preferably employed as a colloidal dispersion in a
      chlorinated hydrocarbon such as trichloroethylene or in an alcohol such as
      isopropyl alcohol.
PAR  The third principal component of the electrodes of the invention is
      particulate manganese dioxide. The known forms of particulate manganese
      dioxide customarily used in batteries can be employed in the invention.
      Such forms include natural ore (e.g., pyrolusite), chemically treated
      natural ore, electrolytic manganese dioxide, and chemically prepared
      manganese dioxide.
PAR  Particulate electrically conductive material, above micron size, is also
      employed in the manganese dioxide electrodes. These include heat treated
      carbon as defined above, powdered graphite and the like. As in the
      colloidal electrically conductive material, the surface area of the
      particulate electrically conductive material has to be less than about
      100m.sup.2 g, preferably between about 10 and 50m.sup.2 /g as defined by
      the B.E.T. method using N.sub.2 absorption at 78.degree.K. This is
      required to insure that the material will be conductive and will not
      absorb too much electrolyte in the cell which would result in swelling of
      the electrode.
PAR  In the electrodes of the invention, the manganese dioxide is the
      electrochemically active material. The polymeric binder provides cohesive
      strength to the electrode and permits the electrode to be wetted by
      electrolyte. The particulate electrically conductive material serves a
      purpose analogous to a principal purpose of the carbon or powdered
      graphite in the known manganese dioxide depolarizer mixes. That purpose is
      to improve the electrical conductivity of the electrode. The colloidal
      electrically conductive material is employed to overcome a problem
      associated with the use of the polymeric binder in the electrode. The
      binder tends to coat the particles of manganese dioxide and particulate
      electrically conductive material. Since the polymers that are employed as
      binders are non-conductors of electricity, in the absence of the colloidal
      electrically conductive material, the binder would tend to form an
      insulative coating around the individual particles of both the manganese
      dioxide and the particulate electrically conductive material. The
      colloidal material overcomes this tendency and ensures
      particle-to-particle electrical contact within the electrode. Stated
      another way, the colloidal material, when mixed with the polymer, causes
      the binder to be conductive rather than insulative.
PAR  As a general rule, the colloidal electrically conductive material, the
      polymeric binder, and the particulate electrically conductive material,
      are all preferably used in the minimum amounts that can be employed and
      still effect the above-mentioned purposes. This is because it is desirable
      to have as large a proportion of manganese dioxide in the electrode as
      possible in order to provide the maximum service in ampere-hours capacity
      per unit weight of cell.
PAR  As a general rule, the minimum amounts of components that can be used and
      still effect the desired purposes are the following:
PA1  Colloidal electrically conductive material -- about 1 to 2 weight per cent
PA1  Particulate electrically conductive material -- about 5 to 10 weight per
      cent
PA1  Polymeric binder -- about 1 to 2 weight per cent
PAR  The remainder of the electrode is manganese dioxide. (Percentages are based
      on weight of finished electrode, not including the current collector.) As
      can be seen from the above percentages, manganese dioxide can constitute
      at least 85 or 90 weight per cent of the electrode mix, and will normally
      constitute at least about 70 weight per cent of the electrode mix.
      Manganese dioxide electrode mixes in commercial use today generally
      contain a maximum of about 70-80 weight per cent manganese dioxide.
PAR  The above described ingredients are employed in making cohesive manganese
      dioxide electrodes. The components are first thoroughly mixed together to
      form a mixture. It is preferred to first mix the polymeric binder and the
      colloidal electrically conductive material, and then add the remaining
      components. This helps to ensure that optimum electrically conductive
      contact will be made between the colloidal electrically conductive
      material and the particles of manganese dioxide and particulate
      electrically conductive material with a minimum of time being expended in
      the mixing operation. Also, it effectively eliminates the binder from
      forming an insulative coating around the individual particles of both the
      manganese dioxide and the particulate electrically conductive material.
PAR  The type of mixing employed in making the mixture is not critical. Simple
      stirring until the ingredients are substantially uniformly mixed will be
      sufficient in most cases.
PAR  The mixture is then formed into an electrode. In most cases, it is
      desirable to form the electrode by coating a current collector such as a
      metal or carbon screen or fabric with the mixture, which will normally be
      in the form of a relatively thick paste. Conventional coating or spreading
      techniques can be employed. In one desirable aspect of the invention, the
      electrode is formed by forming a laminate or sandwich of two current
      collector screens or fabrics having the mixture between them. This helps
      to eliminate problems that may occur from gassing if the cell is
      overcharged. Pressure is desirable in many cases in order to improve the
      contact between the mixture and the current collector. If desired, the
      current collector can be coated with a material such as a lubricating
      graphite, sintered metal powder, or electroplated silver in order to
      improve the electrical contact between the electrode mixture and the
      current collector screen. The current collector can be made from any
      suitable material that is inert in the system. Steel, nickel, carbon,
      silver, and nickel-or silver-coated steel are examples of current
      collectors that can be employed.
PAR  The liquids that are present in the electrode mix are removed after the
      electrode has been shaped or given its final form. They can be removed
      from the mixture simply by air drying, although in many cases moderate
      heating is desirable. Moderate heating is also desirable for effecting a
      hardening reaction if the polymeric binder is a thermosetting resin such
      as an epoxy resin system. While epoxy resins often can harden at room
      temperature, the hardening is considerably speeded up by heating. One-half
      to about 1 hour at about 40.degree. to 50.degree.C. can be used as the
      heating step.
PAR  In order to improve the contact of the electrode mixture with the current
      collector, and to eliminate bubbles from the mixture, the electrode can be
      pressed in a press prior to the drying step. Pressures of from a few
      hundred to several thousand psi are suitable.
PAR  Before the liquids have been completely removed from the mixture, and
      before any hardenable resins have been cured, the electrodes of the
      invention can be shaped into many different physical shapes. For instance,
      they can be rolled up into a spiral, they can be bent, or they can be
      simply produced in the form of flat electrodes.
PAR  One of the important aspects of this invention is that the coherent
      manganese dioxide electrodes can be made in the form of thin layers. Thus,
      flat manganese dioxide electrodes having thicknesses of from about 10 to
      about 50 mils can be fabricated employing the principles of the invention.
      The importance of this aspect of the invention resides in the fact that
      thin electrodes provide a means for efficient electrochemical utilization
      of the active material present, and for the fabrication of cells
      delivering unusually high rates of discharge with relatively efficient
      utilization of the manganese dioxide. All of the electrodes of the
      invention, thin or otherwise, can be employed in rechargeable cells having
      prolonged cycle life.
PAR  The electrodes of the invention are porous. The porosity is such that the
      electrode will absorb from about 20 to about 40 weight per cent (based on
      weight of electrode) of electrolyte. The porosity is achieved, in most
      cases, by the evaporation of the liquid used in formulating the mix. If no
      volatile liquids are used in formulating the electrode mix, then porosity
      is achieved by other means known to the art, such as by including in the
      mix a compound that can be decomposed to gaseous components at low
      temperatures. Ammonium carbonate is an example of such a compound.
PAR  The manganese dioxide electrodes of the invention are incorporated in
      electrochemical cells by known procedures. The electrodes can be employed
      as cathodes with known types of anodes such as zinc, magnesium, cadmium,
      aluminum, and lead anodes. Either aqueous alkaline or aqueous acid
      electrolytes can be employed, depending on the type of cell desired and,
      in some cases, the nature of the anode.
PAC  In the Examples, the generalized procedure set forth below as Method 1 was
      employed, unless otherwise indicated.
PAC  METHOD 1
PAC  Current Collector
PAR  A 5-mil thick, annealed, nickel plated steel screen is employed as the
      current collector. In order to improve the adhesion of the electrode mix
      to the screen, it is desirable to employ a primer. The primer contains
      conductive material such as colloidal graphite and a polymer that will be
      softened by the solvent contained in the electrode mix. The following
      formulations are useful as primers for electrode mixes containing
      polymethyl methacrylate and polysulfone, respectively:
PAR  Primer 1:
PA1  5 grams polymethyl methacrylate
PA1  100 milliliters solvent (trichloroethylene, chloroform, dichloromethane or
      mixtures thereof)
PA1  300 grams colloidal graphite suspension containing 10 weight per cent
      graphite in trichloroethylene
PAR  Primer 2:
PA1  10 grams polysulfone (PRDA-8030, Union Carbide Corporation)
PA1  100 milliliters dichloromethane
PA1  300 grams colloidal graphite suspension
PAR  (The colloidal graphite that is employed in the Examples, unless otherwise
      indicated, is a commercial product marketed under the trade name "DAG No.
      155", by the Acheson Colloids Division of Acheson Industries, Inc., Port
      Huron, Mich.)
PAR  In addition to the use of a primer to improve adhesion to the screen, high
      current performance of the electrode is improved by silver plating the
      nickel-plated screen prior to priming. Only a very thin coating of silver
      (a silver "strike") is used.
PAC  Manganese Dioxide Formulation
PAR  Electrolytic manganese dioxide is employed. The particulate electrically
      conductive material employed is powdered graphite having a particle size
      such that it pass through a screen having 200 meshes per inch (U.S.
      Standard Sieve Series). It is a commercial product marketed under the
      trade name "Dixon Air-Spun Graphite, Type 200-09", by the Joseph Dixon
      Crucible Company, Jersey City, N.J. In some cases, modacrylic fibers or
      carbon fibers are added to the electrode mix to improve cohesion. In cases
      where the electrode mixture needs to have improved conductivity and/or
      hydrogen absorption properties, Ag.sub.2 O is added. The following
      manganese th dioxide formulation is useful:
PAR  Manganese Dioxide Formulation:
PA1  1000 grams electrolytic manganese dioxide
PA1  100 grams Powdered graphite
PA1  20 grams modacrylic fibers, 1/8-inch long (optional)
PA1  10 grams Ag.sub.2 O (optional)
PAC  Binder Formulations
PAR  The polymeric binder formulations employed were the following:
PAR  Polysulfone Formulation:
PA1  10 grams 10 weight per cent polysulfone solution in dichloromethane and/or
      trichloroethylene
PA1  10 grams colloidal graphite suspension, 10 weight per cent in
      trichloroethylene
PAL  (This formulation is preferably prepared on the day it is used.)
PAR  Polymethyl Methacrylate Formulation:
PA1  10 grams of 5 weight per cent polymethyl methacrylate solution in
      chloroform dichloromethane, and/or trichloroethylene
PA1  10 grams of 10 weight per cent colloidal graphite suspension in
      trichloroethylene
PAL  (This formulation preferably is prepared just prior to its intended use,
      e.g., within about one-half hour.)
PAC  Electrode Mixes
PAR  The following formulations are typical of the electrode mixes employed in
      The Examples:
PAR  Polysulfone spreadable mix:
PA1  30 grams manganese dioxide formulation
PA1  18 grams polysulfone formulation
PAR  Polymethyl methacrylate spreadable mix:
PA1  30 grams manganese dioxide formulation
PA1  18 grams polymethyl methacrylate formulation
PAR  After the spreadable mix is spread onto the primed screen, the electrode is
      placed between plates using absorbent paper as an intermediate layer
      between the electrode and the plates. The electrode is pressed at 5000 psi
      for 1 minute, and the pressure is then raised to 10,000 psi for one
      minute. The electrode is then dried in open air to remove the volatile
      solvents. If the organic liquid used is all or predominantly
      trichloroethylene, heating for about 1 hour at 40.degree.C. is desirable
      to remove all of the liquid.
PAR  If the electrode is to be shaped, for instance by rolling into a spiral
      configuration, this shaping is done after the pressing but before the
      drying.
PAR  The dried plates have a thickness of 25 to 30 mils when the spreadable mix
      is applied in a thickness of 100 mils. The dried plates have a weight of
      about 1.5 grams/square inch (including the single metal screen current
      collector, which weighs 0.2 grams/square inch).
PAR  The polysulfone-containing electrode described above contains about 80-85
      weight per cent manganese dioxide, about 9-10 weight per cent powdered
      graphite, about 2.5-3.0 per cent polysulfone, and about 2.5-3.0 per cent
      colloidal graphite. The polymethyl methacrylate-containing electrode
      contains about 82-87 weight per cent manganese dioxide, about 9-10 per
      cent powdered graphite, about 1.2-1.5 per cent polymethyl methacrylate,
      and about 2-3 per cent colloidal graphite.
PAC  METHOD 2
PAR  The following is an alternate procedure for producing the cohesive
      manganese dioxide electrodes of the invention:
PAR  1. Conductive Polymeric Binder:
PAR  100 grams of a 10 weight per cent polysulfone solution (using 60 per cent
      trichloroethylene and 30 per cent chloroform as solvents) is mixed with
      100 grams of 10 weight per cent colloidal graphite suspension in
      trichloroethylene.
PAR  2. Conductive Polymeric Binder Plus Powdered Graphite:
PAR  Mix 200 grams of powdered graphite with enough trichloroethylene to obtain
      a paste; then add 200 grams of conductive polymeric binder and mix well.
      Place in a well-vented oven at 70.degree.C. and allow mixture to dry.
      Remove the mixture from the oven and grind to a powder.
PAR  3. Partially and Conductively Bonded Graphite Plus Manganese Dioxide:
PAR  Mix 150 grams of the powder obtain in the step immediately above with 850
      grams of electrolytic manganese dioxide. The said powder and manganese
      dioxide must be thoroughly mixed.
PAR  4. Rebonding (tacking) of Mix:
PAR  Spray into mixture obtained from step 3 (while mixing) a fine spray of
      trichloroethylene until mix is damp. Then without allowing mix to dry,
      prepare molded cathodes, using 600 psi pressure, by procedures analogous
      to those described above in Method 1.
PAR  5. Solvent Removal:
PAR  Place cathodes in well-vented oven for 15 minutes at 50.degree.C. to dry.
PAR  (This procedure can be used only when a normally solid binder is used that
      can be re-softened or re-dissolved by the addition of a small amount of
      solvent in the 4th step.)
PAC  EXAMPLE 1
PAR  One of the advantages that can be obtained by practicing the invention is
      the preparation of thin electrodes which are very efficient in their
      utilization of the manganese dioxide in the electrode. This example
      illustrates the efficient utilization of the manganese dioxide in a thin
      electrode constructed in accordance with the invention.
PAR  A flat cell was constructed similar to the one shown in FIGS. 2 and 3, and
      having two 5 mil thick expanded zinc anodes and one manganese dioxide
      cathode constructed as set forth above (Method 1) using polymethyl
      methacrylate as the binder. (Silver oxide was omitted from the manganese
      dioxide formulation). The cathode was 25 mils thick, was about 1.5 square
      inches in area (about 10 square cm), and contained about 2.0 grams of the
      cathode mix (80 weight per cent manganese dioxide). The electrolyte was 9
      N aqueous KOH.
PAR  The cell described above and many others similarly constructed, which had
      initial closed circuit voltages of about 1.4 volts, were discharged at
      various constant current rates until the voltage dropped to 1.0 volt.
PAR  The discharge time of these cells was plotted against cell voltage at
      various constant discharge current densities and compared on the basis of
      milliamperes per gram of manganese dioxide, as shown in FIG. 11. As a
      specific illustration, a thin manganese dioxide cathode containing 1.6
      grams of manganese dioxide (80 per cent of 2 grams of mix) delivers about
      2.2 hours of service at 0.1 ampere (62.5 mA per gram of manganese dioxide)
      constant current to a 1.0-volt cutoff, corresponding to 0.22 ampere-hour
      (see 100 mA curve in FIG. 11). Theoretically, this electrode should have
      delivered 0.496 ampere-hours service. (0.496 = 1.6 .times. 0.31 --
      Assuming that the cell reaction involves conversion of MnO.sub.2 to
      Mn.sub.2 O.sub.3 on discharge of a cell, and that such conversion is
      complete, one gram of manganese dioxide yields about 0.31 ampere-hour of
      electricity.) The efficiency of manganese dioxide utilization in this
      electrode (to 1.0-volt cutoff) is therefore about 45 per cent.
PAR  FIG. 5 compares the average efficiencies of thin manganese dioxide cathodes
      of this invention contained in flat cells of the type described above,
      with the average efficiencies (in utilizing manganese dioxide) of
      commercial D-size alkaline round cells, each of the latter having 35 grams
      of manganese dioxide in the cathode shell molded inside the steel
      container. The current drain for cells containing this type of manganese
      dioxide cathode corresponding to a drain of 62.5 mA/gram manganese dioxide
      would be 2.2 amperes (35 .times. 0.625). According to experimental
      testing, this cell averages such service (i.e., constant current drain of
      2.2 amperes) for 0.7 hour, corresponding to 1.54 ampere-hours. The
      theoretical value would be 35 .times. 0.31 = 10.85 ampere-hours. The
      average efficiency of utilization of manganese dioxide in this cell is
      thus about 14 per cent. The cutoff voltage used in this comparative test
      was 0.7 volt for the commercial cell (at 2.2 amperes), since the voltage
      drop owing to its internal resistance is higher than that of the thin,
      flat cathode of this invention. The 1.0-volt cutoff was still used for the
      thin cathode of the invention. It should be further noted in FIG. 5 that
      at still higher rates of discharge, the average efficiency of manganese
      dioxide utilization in the commercial cell dropped off drastically
      compared to that observed with the thin electrodes of this invention.
PAR  This Example demonstrated the extraordinary efficiency in utilizing the
      electrochemical energy of manganese dioxide that is a feature of the thin
      electrodes of the invention. Thus, the thin manganese dioxide electrodes
      of the invention are capable of utilizing at least 25 per cent, and in
      many cases at least 35 per cent, of the electrochemical energy of
      manganese dioxide at a constant rate of discharge of 100 mA (milliamperes)
      per gram of manganese dioxide vs. a zinc reference electrode using 9 N
      aqueous KOH as the electrolyte, before the voltage drops under about 0.9
      volt. The electrochemical energy of manganese dioxide as used herein
      refers to the theoretical amount of electricity, in ampere-hours, that
      would be obtained upon complete conversion of MnO.sub.2 to Mn.sub.2
      O.sub.3 on discharge of the cell.
PAC  EXAMPLE 2
PAR  The electrodes constructed in accordance with the principles of the
      invention are relatively stable to extremes of temperature, both hot and
      cold. This example illustrates this advantage.
PAR  In this Example, flat cells having alternating flat anodes and cathodes (as
      illustrated in FIGS. 2 and 3) connected in parallel were employed. These
      flat cells each contained three thin, flat manganese dioxide cathodes
      prepared as described above (Method 1). Each cathode contained 2 grams of
      cathode mix (about 1.6 grams of manganese dioxide), and each was about 1.5
      inches in area. The four anodes were zinc, the electrolyte was 9 M aqueous
      KOH, and the separators were fibrous reinforced regenerated cellulose.
PAR  The performance of the flat cells after storage at high temperature
      (125.degree.F., or about 50.degree.C.), and at lower temperatures
      (0.degree.C. and -12.degree.C.) was evaluated and compared with the
      performance of commercial AA size MnO.sub.2 /zinc alkaline cells, which
      are comparable in volume to the flat cells of this Example. The cells of
      the invention weighed 16-19 grams each, compared with 24 grams each for
      the commercial AA cells, including the steel cans. The flat cells each
      contained about 6 grams of manganese dioxide, and the AA cells each
      contained about 7 grams of manganese dioxide.
PAR  The flat cells and the commercial AA cells were discharged at a constant
      current of 350 mA at room temperature, both as produced and after storage
      at 125.degree.F. for 1 month. The results of these tests are shown in FIG.
      6, in which voltage against time is plotted. After storage for 1 month at
      125.degree.F., the flat cell of the invention retained a significantly
      higher proportion of the original performance than did the commercial AA
      alkaline cell.
PAR  The flat cells of the invention and the commercial AA cells were discharged
      at a constant current of 220 mA at room temperature, at 0.degree.C., and
      at -12.degree.C., and the voltage against time was plotted. The results
      are displayed in FIG. 7. The low temperature performance of the flat cell
      of this invention is significantly better than that of the commercial AA
      cell, despite similar room temperature performance.
PAC  EXAMPLE 3
PAR  The cells of the invention can be employed as secondary or rechargeable
      cells. The following two experiments illustrate the rechargeability of the
      cells of the invention:
PAR  A. MnO.sub.2 /KOH/Cd Cell.
PAR  A flat cell having alternating anodes and cathodes (as illustrated in FIGS.
      2 and 3) connected in parallel was fabricated from two thin manganese
      dioxide cathodes made in accordance with the description above (Method 1),
      three commercial cadmium anodes, and 9 M aqueous KOH as the electrolyte.
      The cathodes each weighed 2.2 grams (about 1.6 grams manganese dioxide)
      and were 1.5 square inches in area. The cell was discharged and charged at
      a constant current of 0.2 ampere over a number of cycles, with charge
      beginning when the cell was discharged to 0.8 volt and continuing until
      1.5 volts was reached. The cathode current density was 10 mA/cm.sup.2 and
      the rate of discharge was 50 mA/gm of cathode mix. FIG. 8 shows the
      cycling performance through the 100th cycle. At the voltage settings
      employed, during the first 40 cycles the cell reached a depth of discharge
      of about 75 per cent. As the cycling continued, the level of discharge
      decreased to about 50 per cent.
PAR  The cell delivered a total of 180 cycles, but beyond 130 cycles the
      internal resistance increased and the charge acceptance decreased below
      practical levels.
PAR  B. MnO.sub.2 /KOH/Zn Cell.
PAR  A cell was fabricated from a thin manganese dioxide cathode as shown in
      FIG. 1, and made by the procedure described above (Method 1), a gelled
      zinc powder anode, and 9 M aqueous KOH electrolyte. The cathode weighed 2
      grams (about 1.6 grams manganese dioxide), and was 1 square inch in area.
      The electrodes were separated by two layers of regenerated cellulose.
      Discharge and charge time for the cell was 1 hour at 0.l ampere constant
      current.
PAR  FIG. 9 displays the charge-discharge cycling performance of this cell
      through 58 cycles at a constant current density of 50 mA/gram of manganese
      dioxide (the charge and discharge current was 0.1 ampere). The useful life
      of this cell was about 55 cycles under the conditions tested. The cathode
      then exhibited low charge acceptance and zinc dendrite formation occurred.
PAR  With a lower rate of discharge, for instance 25 mA/gram of manganese
      dioxide, many more cycles can be obtained. For instance, FIG. 10 shows the
      cycling performance of a cell similar to the one described above, but
      which had two thin manganese dioxide cathodes connected in parallel
      instead of one. (The anode was between the cathodes, in a manner analogous
      to that shown in FIGS. 2 and 3.) The charge and discharge currents were
      the same, 0.1 ampere. A rate of discharge of 25 mA/gram of manganese
      dioxide in the cathode mix would correspond to a current of about 1.0
      ampere in a D-size cell. The maximum recommended discharge current for a
      typical commercial D-sized rechargeable MnO.sub.2 /KOH/Zn cell is 0.625
      ampere. This comparison provides an illustration of the high performance
      capabilities of the cells of the invention.
PAR  This Example illustrated the long cycle life that can be obtained with
      rechargeable cells utilizing the manganese dioxide electrodes of the
      invention. As a general rule, rechargeable cells utilizing the manganese
      dioxide electrodes of this invention will be able to undergo at least 150
      charge-discharge cycles when discharged to 30 per cent of full discharge
      at a constant rate of discharge of 100 mA per gram of manganese dioxide,
      before cathode failure occurs. Cathode failure will take the form of poor
      charge acceptance, increase in resistance, or the like.
PAC  EXAMPLE 4
PAC  Flat Rolled-up ("Jelly Roll") Alkaline MnO.sub.2 -Zn Cell
PAR  A C-size primary alkaline-zinc round cell (of the type shown in FIG. 4) was
      fabricated using a zinc foil anode, a modacrylic fiber separator, and a
      polymethyl methacrylate-bonded manganese dioxide cathode coated and
      pressed on a screen (Method 1), rolled up in a spiral (jelly roll), and
      inserted in a steel container. The electrolyte was 9 N KOH containing 1
      per cent by weight ZnO. The binder concentration in the cathode mix was 2
      per cent by weight. Cathode dimensions were 8 inches in length by 11/4
      inches in width by 0.020 inch thickness. Anode dimensions were comparable.
PAR  In comparison with a D-size commercial alkaline cell, the smaller C-size
      cell of this invention showed superior discharge performance in that it
      was capable of supporting 4 amperes constant current for nearly 1 hour
      while the commercial cell failed within 10 minutes on the same drain. (In
      both cases, 1.5 volts was the initial voltage and 0.8 volts the cutoff
      voltage.)
PAR  A rolled-cathode manganese dioxide-zinc cell of this type is comparable in
      power output to the same size Ni-Cd cell having a rolled, sintered nickel
      oxide cathode. The manganese dioxide cell actually surpasses the Ni-Cd
      cell in initial capacity and performs far better after storage at elevated
      temperatures.
PAR  This and other Examples demonstrate the high rate of discharge capability
      that is a feature of cells utilizing the thin manganese dioxide electrodes
      of the invention. Thus, the thin electrodes of the invention are capable
      of discharging above about 0.9 volt at a constant current rate of at least
      250 mA per gram of manganese dioxide vs. a zinc reference electrode using
      9 N aqueous KOH as the electrolyte. At this high discharge rate, the thin
      manganese dioxide electrodes of the invention are capable of utilizing at
      least about 15, and in some cases at least about 20, per cent of the
      electrochemical energy of the manganese dioxide contained in the
      electrode.
PAC  EXAMPLE 5
PAC  Mg/MgBr.sub.2 /MnO.sub.2 Cell (90% MnO.sub.2 in Mix)
PAR  A Mg/MgBr.sub.2 /MnO.sub.2 wet cell was made up using a Mg plate anode,
      aqueous 4 N MgBr.sub.2 electrolyte, and two thin manganese dioxide
      cathodes (of the type shown in FIG. 1) made with the Ag.sub.2 O-containing
      formulation described above in Method 1, except that 60 grams of powdered
      graphite was used instead of 100 grams. Polymethyl methacrylate was the
      binder. Discharge performance on a 0.5-ampere continuous drain is shown in
      FIG. 12.
PAC  EXAMPLE 6
PAC  Pb/H.sub.2 SO.sub.4 /MnO.sub.2 Cell
PAR  A wet cell of this invention was assembled with 20 weight per cent aqueous
      H.sub.2 SO.sub.4 as electrolyte, a lead anode from a commercial lead-acid
      battery, and two thin manganese dioxide cathodes (FIG. 1) of the same mix
      composition described in Example 5, except that a polysulfone binder was
      substituted.
PAR  Discharge performance on a 0.6-ampere constant current drain is shown in
      FIG. 13.
PAC  EXAMPLE 7
PAC  High Current Drain Performance
PAR  The behavior of thin bonded MnO.sub.2 cathodes at extremely high current
      outputs was studied in a four ampere-hour, box-type cell (FIG. 15) in
      pulse tests (described below) simulating the cranking of an engine.
PAR  This cell contained six thin manganese dioxide cathodes and seven gelled
      zinc powder anodes connected in parallel, each electrode measuring 2
      .times. 21/4 .times. 0.020-0.025 inch (thickness) in size. The six
      cathodes (made in accordance with the formulation described in Method 1)
      contained a total of 21 grams of manganese dioxide with 9 grams of
      conductive material and binder (2 per cent by weight polysulfone). The
      seven anodes contained a total of 20 grams of zinc powder and 10 grams of
      starch-gelled 9 N KOH electrolyte pressed into tinplated copper screen
      current collectors. An additional 20 grams of 9 N KOH were used in each
      cell. Separators of modacrylic fiber were employed adjacent to the
      cathodes and fibrous cellulose adjacent to the zinc anodes.
PAR  A suitable container weighs 20 grams; thus, the total unit cell weight is
      100 grams (representing 1/9 of a 9-cell, 12 volt battery). Unit cell
      capacity is a nominal 5 watt-hours, corresponding to approximately 25
      Wh/lb at the 3-hour discharge rate (discharge to a cutoff of 0.9 volt in 3
      hours).
PAR  FIG. 14 shows the 20-ampere discharge (the 6-minute rate) of such a cell,
      arranged in 12 pulses, 5-seconds each, for 3 minutes, thereby taking 1/6
      of the total capacity out of the cell (at 20 amperes, a new cell operates
      for 6 minutes continuously until 0.9 volt is reached). After 20
      charge-discharge cycles (in the 12th pulse of the 20th series), the cell
      reached 0.9 volt (see dashed curves in FIG. 14). This represents excellent
      performance considering that a commercial lead-acid cell of comparable
      size drops to 0.9 volt within one series of 20-A discharge pulses (20
      ampere-minutes). It should be further noted that lead-acid batteries can
      tolerate high pulses in a daily sequence, but when put on shelf after such
      testing, their charge retention is extremely poor.
PAR  The variation in capacity of this cell at various discharge rates is shown
      below:
TBL  6-Hour Rate:    (0.7-A Discharge Current)                                 
     4 Ah            40 - 60 cycles                                            
     3 Ah             80 - 100 cycles                                          
     1.5 Ah           200 cycles                                               
     3-Hour Rate:    (1.33-A Discharge Current)                                
     4 Ah            60 - 80 cycles                                            
     2 Ah             150 cycles                                               
     1 Ah             300 cycles                                               
     0.5 Ah          &gt;800 cycles                                               
     1-Hour Rate:    (4-A Discharge Current)                                   
     4 Ah            20 - 30 cycles                                            
     6-Minute Rate:  (20-A Discharge Current)                                  
     2 Ah            12 - 15 cycles                                            
PAC  EXAMPLE 8
PAR  Manganese dioxide cathodes made according to this invention have
      demonstrated 90 per cent maintenance (charge retention) after 6 months
      storage at 45.degree.C. in 9 N KOH.
PAR  Alkaline manganese dioxide-zinc batteries (FIG. 16) made with the
      electrodes of this invention have also demonstrated a sizeable capacity
      advantage in early cycle life on continuous discharge in comparison with a
      commercial lead-acid battery of the same nominal voltage (12V) and design.
      On a 0.6-ohm constant resistance drain, the eight-cell alkaline manganese
      dioxide batteries operated for 4-6 minutes to the 0.9 V (per unit cell)
      cutoff, compared to the 45 seconds to 1 minute time-to-cutoff advertised
      by the manufacturers of a 12-volt comparable sized lead-acid battery. The
      alkaline unit cells were constructed as shown in FIG. 15. There were eight
      compartments in the battery (FIG. 16), each measuring 3.3 .times. 2.2
      .times. 0.413 inches. Each unit cell contained 6 thin manganese dioxide
      cathodes and five zinc anodes (of No. 5/0 expanded zinc grids). The
      cathodes (each 0.02 inch thick) were made of the following formulation:
TBL                            Finished                                        
     Components                Electrodes                                      
     ______________________________________                                    
     35.8 g Electrolytic manganese dioxide                                     
                               82                                              
      3.6 g Powdered graphite  8.2                                             
      0.72 g Fibers (Modacrylic or graphite)                                   
                               1.6                                             
      1.8 g Polystyrene        4.1                                             
      1.8 g Colloidal graphite 4.1                                             
     ______________________________________                                    
PAL  The solvent used for the polystyrene was tetrahydrofuran. The cathode
      collectors were silver-plated steel; anode collectors were tin-plated
      steel. The electrolyte was 9 N aqueous KOH containing 1 per cent by weight
      ZnO. "Permion" separators (made by Radiation Application, Inc., Long
      Island City, N.Y.) were used. Permion separators are commercial membranes
      composed of radiation grafted cellulose. The radiation grafted monomer is
      a material such as a methacrylate.
PAR  FIG. 17 illustrates the unit cell (FIG. 15) voltage on 0.6-ohm continuous
      drain on the eight-cell battery compared to that of a unit cell in the
      six-cell commercial lead-acid battery. The manganese dioxide-Zn unit cell
      of this invention had a somewhat lower voltage but ran for a much longer
      time than the lead-acid cell at this drain. As many as 20 cycles under
      these discharge conditions were obtained from alkaline manganese dioxide
      cells of this size compared to only a few cycles (e.g., 5) experienced
      with the lead-acid cell under the same conditions.
PAR  Unit alkaline manganese dioxide-Zn cells of the type described immediately
      above (FIG. 15) were also tested by pulsing under a 25 ampere pulse for
      0.50 second once each minute. The discharge performance of several typical
      cells can be seen in FIG. 18, which shows that up to four recharges, 350
      pulses were obtainable to a cutoff of 0.90 volt.
PAC  EXAMPLE 9
PAR  To illustrate the effect of liquid aqueous electrolyte on bonded
      electrodes, the following test was carried out. A number of disks
      containing 78 weight per cent manganese dioxide, 6 per cent Portland
      cement as binder, and 16 per cent powdered carbon was prepared. Other
      manganese dioxide disks containing 80 weight per cent manganese dioxide, 2
      per cent polymethyl methacrylate binder, and 18 weight per cent
      particulate conductive material (both colloidal and non-colloidal) were
      made in accordance with a procedure analogous to Method 1. Samples of each
      type of disk were immersed in 9 N aqueous KOH at 50.degree.C. for 1 week.
      At the end of this time, those disks bonded with Portland cement had
      already begun to crumble and exfoliate, whereas the polymer-bonded disks
      made according to this invention showed no evidence of disintegration.
PAC  EXAMPLE 10
PAR  To illustrate that not all carbons are suitable for use in this invention
      an electrode was prepared by Method 1 using the following components:
PA1  MnO.sub.2 -- 80 percent by weight
PA1  Graphite (particulate form) 10 percent by weight
PA1  Acetylene Black (very fine particulate form wetted with trichloroethylene)
      5 percent
PA1  Plastic binder (polysulfone dissolved in trichloroethylene) 5 percent
PAR  During the preparing of the electrode, the acetylene black soaked up too
      much solvent thus making the extrusion mix very soft to handle and once
      molded, the electrode exhibited a high degree of porosity and relatively
      low conductivity. The short circuit current of a KOH system cell employing
      the electrode of this Example measured 5 amperes and the electrode had a
      KOH pick-up of about 8 ml KOH.
PAR  An identical electrode was prepared as above except colloidal graphite (5
      percent) suspended in trichloroethylene was substituted for the acetylene
      black. The extrusion mix for this electrode was a relatively dense mix
      which upon being molded exhibited relatively good conductivity. The
      electrode was assembled in a KOH system cell, identical to the one used
      above, and the short circuit current of the cell measured 15 amperes while
      the electrode exhibited a KOH pick-up of about 2 ml KOH. This lower KOH
      pick-up substantially decreases the swelling of the electrode over the
      swelling of the electrode fabricated with acetylene black. The low pick-up
      of electrolyte is due to the low surface area of heat treated graphite as
      discussed above. Thus even though the particle size of the colloidal
      graphite was smaller than acetylene black and therefore, one would expect
      such smaller particles to absorb more electrolyte, the reverse occurred
      due to the surface area of the graphite being below about 100m.sup.2 /g as
      required in this invention. As stated above, the heat treatment of carbon
      causes a decrease in the chemical reactivity of the carbon which is
      attributed to the fact that the crystallite size and the reorientation of
      crystallites of the carbon will change thereby yielding a carbon surface
      composed increasingly of the basal plane of the crystallites.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A coherent electrode for use in electrochemical devices having an
      aqueous electrolyte, said electrode comprising particulate manganese
      dioxide and particulate electrically conductive material both of which are
      substantially dispersed in a binder, said binder comprising colloidal
      electrically conductive material having a surface area as defined by the
      B.E.T. method using N.sub.2 absorption at 78.degree.K. of less than about
      100 m.sup.2 /g, and an electrolyte-wettable polymer, thereby forming a
      polymeric binder.
NUM  2.
PAR  2. The electrode of claim 1 wherein said polymer is selected from the group
      consisting of acrylonitrile-butadiene-styrene polymer, epoxy resin,
      polymerized lower alkyl ester of acrylic or methacrylic acid,
      melamine-formaldehyde resin, urea-formaldehyde resin, chlorinated
      polyether, polycarbonate, phenol-formaldehyde resin, polysulfone,
      polystyrene, styrene-acrylonitrile copolymer, polyvinyl chloride, vinyl
      chloride-vinyl acetate copolymer, polyvinyl alcohol, and styrene-butadiene
      copolymer.
NUM  3.
PAR  3. The electrode of claim 1 wherein the polymer is an epoxy resin, a
      polymerized lower alkyl ester of acrylic or methacrylic acid, polysulfone,
      or polystyrene.
NUM  4.
PAR  4. The electrode of claim 1 wherein the colloidal electrically conductive
      material is graphite, heat treated carbon, or a powdered metal, and
      wherein the particulate electrically conductive material is graphite, or
      heat treated carbon.
NUM  5.
PAR  5. The electrode of claim 4 wherein the colloidal electrically conductive
      material is graphite.
NUM  6.
PAR  6. The electrode of claim 1 wherein said electrode contains at least 1
      weight per cent of said colloidal electrically conductive material, at
      least 5 weight per cent of said particulate electrically conductive
      material, at least 1 weight per cent of said polymeric binder, and at
      least 70 weight per cent of manganese dioxide, the percentages being based
      on weight of electrode.
NUM  7.
PAR  7. The electrode of claim 1 wherein said electrode is a flat electrode
      having a thickness of from about 10 to about 50 mils.
NUM  8.
PAR  8. An electrochemical device having an anode, a cathode, and an aqueous
      electrolyte in contact with said anode and cathode, wherein, in the
      charged condition, said cathode is the electrode of claim 1.
NUM  9.
PAR  9. The electrochemical device of claim 8 wherein the anode is zinc,
      cadmium, lead, aluminum, or magnesium.
NUM  10.
PAR  10. The electrochemical device of claim 8 wherein the anode is zinc or
      cadmium, and the electrolyte is aqueous alkali.
NUM  11.
PAR  11. The electrochemical device of claim 8 wherein the anode is lead and the
      electrolyte is aqueous acid.
NUM  12.
PAR  12. The electrochemical device of claim 8 wherein the anode is magnesium
      and the electrolyte is aqueous magnesium bromide.
NUM  13.
PAR  13. Process for producing a coherent electrode comprising the steps:
PA1  a. preparing a first mixture of an electrolyte-wettable polymeric binder
      and a colloidal electrically conductive material so as to form a
      conductive binder mixture;
PA1  b. mixing particulate manganese dioxide, particulate electrically
      conductive material and the conductive binder mixture of step a) to form a
      mixture of said materials; and
PA1  c. forming said mixture of the four materials into a coherent electrode
      wherein the particulate manganese dioxide and particulate electrically
      conductive material are dispersed in the conductive binder composed of the
      colloidal electrically conductive material and the electrolyte-wettable
      polymeric binder.
NUM  14.
PAR  14. The process of claim 13 wherein in step (b) the forming of said mixture
      into a coherent electrode includes contacting said mixture with a current
      collector.
NUM  15.
PAR  15. The process of claim 13 wherein the polymeric binder is selected from
      the group consisting of acrylonitrile-butadiene-styrene polymer, epoxy
      resin, polymerized lower alkyl ester of acrylic or methacrylic acid,
      melamine-formaldehyde resin, urea-formaldehyde resin, chlorinated
      polyether, polycarbonate, phenol-formaldehyde resin, polysulfone,
      polystyrene, styrene-acrylonitrile copolymer, polyvinyl chloride, vinyl
      chloride-vinyl acetate copolymer, polyvinyl alcohol, and styrene-butadiene
      copolymer.
NUM  16.
PAR  16. The process of claim 13 wherein the colloidal electrically conductive
      material is graphite, heat treated carbon, or a powdered metal, wherein
      the particulate electrically conductive material is heat-treated carbon or
      graphite, and wherein the polymeric binder is employed as a solution or a
      dispersion in a volatile liquid.
NUM  17.
PAR  17. The process of claim 16 wherein said colloidal electrically conductive
      material is graphite.
NUM  18.
PAR  18. The process of claim 17 wherein the colloidal graphite is employed as a
      dispersion in said volatile liquid.
NUM  19.
PAR  19. The process of claim 13 wherein step (b) includes subjecting said
      mixture of the four materials to pressure.
NUM  20.
PAR  20. The process of claim 16 wherein step (b) includes subjecting said
      mixture of the materials to pressure, said volatilizing said volatile
      liquid to form pores in said coherent electrode.
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ABST
PAL  This invention relates to a novel primary battery comprising at least one
      positive plate composed of cobalt, oxides and their mixtures, and at least
      one negative plate having a metal selected from the group of light metals,
      said plates being disposed in an electrolyte comprising an organic solvent
      selected from the group consisting of tetrahydrofuran,
      N-nitrosodimethylamine, dimethyl sulfite, propylene carbonate,
      gamma-butyrolactone, dimethyl carbonate, dimethoxy ethane, aceto-nitrile
      and the mixtures thereof, and having dissolved therein soluble salts of
      the light metals, for example, the perchlorates, hexafluorophosphates,
      tetrafluoroborates, tetrachloroaluminates, and hexafluoro arsenates of
      lithium.
PARN
PAR  This application is a continuation of U.S. Ser. No. 55,170, filed July 15,
      1970 now abandoned.
BSUM
PAR  We have discovered that certain cobalt oxides can be cathodically
      discharged in organic electrolytes with high efficiency. These cobalt
      oxides were also found to be highly stable in the organic electrolytes.
      The materials were found to be exceedingly suitable for Li/Cobalt oxide
      organic electrolyte primary cells.
PAR  The objects of the invention are:
PAR  A. TO PROVIDE Li/Cobalt oxide primary cells with high volumetric and
      gravimetric capacity,
PAR  B. TO PROVIDE PRIMARY CELLS WITH HIGH UTILIZATION EFFICIENCY,
PAR  C. TO PROVIDE PRIMARY CELLS WITH LONG SHELF LIFE,
PAR  D. TO PROVIDE PRIMARY CELLS WITH RELATIVELY STEADY OUTPUT VOLTAGE
      THROUGHOUT THE LIFE OF THE CELLS,
PAR  E. TO PROVIDE PRIMARY CELLS WHICH DO NOT EXHIBIT ANY SPONTANEOUS GASSING
      DURING STORAGE AND DURING THE OPERATION OF THE CELL,
PAR  F. TO PROVIDE A MEANS FOR RENDERING USEFUL IN BATTERIES COBALT OXIDES WHICH
      HAVE NOT BEEN OF ANY USE IN WET CELLS HITHERTO, BECAUSE OF THEIR INTRINSIC
      DEFICIENCIES IN THE EXISTING SYSTEMS.
DETD
PAC  EXAMPLES
PAR  1. Li/Co.sub.3 O.sub.4 cells were constructed in parallel plate
      configuration using two rectangular lithium anodes (lithium ribbon pressed
      on stainless steel) placed on both sides of a rectangular (2.27 cm .times.
      0.95 cm) Co.sub.3 O.sub.4 cathode, using one layer of filter paper
      separator on each side. The Co.sub.3 O.sub.4 rectangular cathodes were
      constructed according to the method described below.
PAR  A mixture of 70% Co.sub.3 O.sub.4 and 30% graphite by weight was throughly
      mixed using a "Waring" blender. The mix was then pelletized into small
      pellets using a pressure of 36 tons per square inch. The pellets were then
      broken mechanically to produce a granular mix. This mix was then treated
      with an aqueous Teflon dispersion (commonly known as colloidal Teflon) so
      that the amount of solid Teflon content was 3% by weight of the mix. This
      was then treated with isopropyl alcohol and mechanically kneaded to form a
      rubbery material. The rectangular cathodes were finally molded on expanded
      nickel current collector using the above rubbery mix by pressing with a
      force of 10,000 lbs. in a rectangular die. The apparent area of the
      finished cathode was 2.16 cm.sup.2 on one side. The cathodes were then
      cured at 200.degree.C for 2 hours.
PAR  The cells were packaged in a foil laminate (aluminum foil laminated with
      polyethylene) bag with 1M LiClO.sub.4 in tetrahydrofuran (THF) electrolyte
      and were heat sealed.
PAR  The open circuit voltage of the cells were 3.5 volts. The cells were
      discharged at constant currents of 2.25 ma (0.52 ma/cm.sup.2) and 4.5 ma
      (1.04 ma/cm.sup.2). The typical discharge curves of the Li/Co.sub.3
      O.sub.4 cells are shown in FIG. 1. The voltage of the cells dropped
      quickly to 1.1 volts and remained relatively steady with the end of the
      discharge when the voltage dropped drastically below 0.8 volts. The
      material utilization efficiency of the cathode, based on the reaction
EQU  Co.sub.3 O.sub.4 + 8Li.sup.+ 8e .fwdarw. 3 Co + 4Li.sub.2 O
PAL  was 85% at 0.52 ma/cm.sup.2 and 99% at 1.04 ma/cm.sup.2 current densities.
PAR  The recoverable volumetric capacity of the Co.sub.3 O.sub.4 depolarizer was
      found to be over 5.2A hr./c.c. based on the active material. This was
      almost twice that of the theoretical volumetric capacity (2.8A hr/cc) of
      the H.sub.g O depolarizer. Furthermore, the Li/Co.sub.3 O.sub.4 organic
      electrolyte system did not exhibit any gassing during storage or during
      operation, unlike that of the Zn/HgO alkaline systems.
PAR  The above properties made the system particularly suitable for application
      in the electric watches where a steady voltage (1.1 volt or so) was
      preferable. The absence of gassing was also found to be particularly
      desirable, as it prevented the bulging and leakage of the button type
      watch cells. Cells made in W-4 Mallory battery cans using Li/Co.sub.3
      O.sub.4 -- 1MLiClO.sub.4 --THF system, were used successfully to operate
      an "Accutron" watch.
PAR  The use of Co.sub.3 O.sub.4 in wet cells was not possible because of the
      polarization, low voltage and inefficient operation of the cathode in
      aqueous alkaline cells. These difficulties were overcome, in this
      invention, by the use of organic solvent and lithium metal anode.
PAR  2. Li/Co.sub.2 O.sub.3 cells were constructed using methods similar to that
      described in Example 1. The open circuit voltage of the cells was found to
      be 3.7 volts. The cells were discharged at a constant current of 2.25 ma
      (0.52 ma/cm.sup.2). The typical discharge curve is shown in FIG. 2. The
      voltage dropped to 1.1 volt on the passage of current and remained
      relatively steady thereafter. The material utilization efficiency, based
      on the complete reduction to the metal was found to be 54%.
PAR  The use of Co.sub.2 O.sub.3 in wet cells was thus made possible by the
      choice of organic solvent and lithium anode.
PAR  The voltage of NiO.sub.2 cells was thus considerably improved over the
      alkaline Ni-Cd or Ni-Zn cells, by using the lithium anode in organic
      electrolytes.
PAR  In a similar fashion it is thought that sodium, potassium, aluminum,
      magnesium, calcium, and beryllium as an anode material will result in
      beneficial results as does lithium.
PAC  THE SCOPE OF THE INVENTION
PAR  The invention is applicable to all primary cells with:
PAR  1. light metal anodes, e.g., Li, Na, K, Al, Mg, Ca and Be
PAR  2. organic solvents such as tetrahydrofuran, N-nitrosodimethylamine,
      dimethyl sulfite, propylene carbonate, dimethyl sulfoxide, dimethyl
      formamide, gamma-butyrolactone, dimethyl carbonate, methyl formate,
      butylformate, acetonitrile, dimethoxy ethane and the mixtures thereof.
PAR  3. electrolytes comprising above solvents and all soluble salts of Li, Na,
      K, Mg, Be, Ca and Al. The perchlorates, hexafluorophosphates,
      tetrafluoroborates, tetrachloroaluminates, hexafluoroarsenates, of lithium
      are particularly suitable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high energy density cell comprising a positive electrode composed of a
      cobalt oxide positive electrode material selected from the group
      consisting of Co.sub.2 O.sub.3 and Co.sub.3 O.sub.4 and mixtures thereof;
      a negative electrode consisting of a metal selected from the group of
      light metals; said electrodes being disposed in an electrolyte comprising
      an organic solvent selected from the group consisting of tetrahydrofuran,
      N-nitrosodimethylamine, dimethyl sulfite, propylene carbonate,
      gamma-butyrolactone, dimethyl carbonate, dimethoxyethane, acetonitrile,
      and the mixtures thereof, and having dissolved therein soluble salts of
      the light metals, wherein said soluble salts are selected from the group
      consisting of perchlorates, hexafluorophosphates, tetrafluoroborates,
      tetrachloroaluminates, and hexafluoroarsenates.
NUM  2.
PAR  2. The battery according to claim 1 in which the negative electrode is
      composed of lithium, and the electrolyte is composed of a solution of
      lithium perchlorate in tetrahydrofuran.
NUM  3.
PAR  3. The cell according to claim 2 in which the positive electrode comprises
      a mixture of said positive electrode material with an electronically
      conductive diluent.
NUM  4.
PAR  4. The cell according to claim 3 wherein said electronically conductive
      diluent is graphite.
NUM  5.
PAR  5. In the cell according to claim 2 wherein said positive electrode mixture
      includes a binder of a polyfluorinated hydrocarbon.
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ABST
PAL  A corrosion inhibitor for battery anodes, e.g., metals such as zinc, lead,
      and the like, in primary battery cells, comprises a quaternary ammonium
      salt, particularly, tetraalkyl ammonium chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The durability and efficiency of electrochemical cells, particularly shelf
      life durability, is limited by, among other factors, corrosion of the
      metallic anode which causes dissolution of the anode and generation of
      hydrogen gas. For example, in the Leclanche primary battery cell, the zinc
      anode undergoes corrosion in the electrolyte resulting in dissolution of
      the zinc and the attendant impaired efficiency of the cell. Various
      methods for minimizing anode attack have been attempted, for example, by
      means of additives to the electrolyte and by treating the anode as by
      coating with a material to reduce anode attack. However, such materials
      must be compatible with the electrochemical system and, particularly in
      the case of materials coated on the anode, and must not so insulate the
      anode as to prevent its satisfactory functioning.
PAR  Mercuric chloride is one of the materials widely employed as a metallic
      corrosion inhibitor in batteries. However, economic factors militates
      against its extensive use in battery systems.
PAR  A novel corrosion inhibition system has now been found which is not
      susceptible to the deficiencies of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a corrosion inhibitor for zinc, lead,
      and the like, employed as anodic materials in primary battery cells,
      comprising a quaternary ammonium salt. The preferred quaternary ammonium
      salt is tetraalkyl ammonium chloride, more preferably tetraheptyl ammonium
      chloride. Combinations of quaternary ammonium compounds with corrosion
      inhibitors such as mercuric chloride are also within the scope of the
      present invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to the corrosion inhibition of metals
      such as zinc and lead, when employed as anodes in primary battery cells
      such as the Leclanche cell, by compounds of the formula:
EQU   NR.sub.4 X
PAL  wherein R is an aliphatic or aromatic group, preferably an alkyl group,
      more preferably a 1-10 carbon alkyl group and X is an anion, e.g.,
      hydroxy, bromide, chloride, etc. The particularly preferred compounds are
      those containing 6-10 carbon atoms in the alkyl groups. Thus, it has been
      found that the greatest efficiency is achieved employing quaternary
      ammonium salts of relatively large molecular bulk. However, it is
      necessary that the compounds retain the ability to be solubilized or
      dispersed in the system in which it is employed. It should be understood,
      however, that a limited amount of solubility or dispersibility may be
      incorporated into the quaternary ammonium salts by the inclusion of
      substituents on the R group, for example, a carboxyl group.
PAR  The preferred compounds within the scope of the present invention comprise
      the tetraalkyl ammonium chlorides. Such compounds are particularly
      suitable for use as corrosion inhibitors in Leclanche type cells wherein
      the electrolyte employed is ammonium chloride. It has been found that the
      amount of tetraalkyl ammonium chloride necessary for corrosion inhibition
      decreases with the size of the alkyl group. Thus, equivalent corrosion
      resistance can be achieved with a less amount of tetraheptyl ammonium
      chloride than with tetramethyl ammonium chloride.
PAR  In order to illustrate the corrosion resistance provided by the compounds
      of the present invention, strips of zinc weighing 1 gram were immersed in
      the indicated compounds for a period of 21 days at room temperature. Table
      1 indicates the compounds employed and the extent of dissolution of the
      zinc.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Compound (0.01 M)   Zinc in Solution (mgs.)                               
     ______________________________________                                    
     Ammonium chloride (Control)                                               
                         0.88                                                  
     Tetramethyl ammonium chloride                                             
                         0.18                                                  
     Tetraethyl ammonium chloride                                              
                         0.06                                                  
     Tetrapropyl ammonium chloride                                             
                         0.06                                                  
     Tetraheptyl ammonium chloride                                             
                         0.01                                                  
     ______________________________________                                    
PAR  From the foregoing table, it will be noted while the corrosive effects of
      the ammonium chloride electrolyte are relatively high, the employment of a
      quaternary ammonium compound significantly reduces the dissolution of the
      zinc. It will be further noted that dissolution of the zinc decreases
      significantly as the size of the quaternary ammonium compound increases.
      Thus, while all the compounds were employed in the same concentration, it
      will be obvious that significant corrosion resistance can be achieved with
      the relatively large molecules employed at a relatively low concentration.
PAR  While the mechanism of the corrosion resistance imparted by the compounds
      of the present invention is not completely understood, it is believed that
      the compounds employed are hydrophobic in nature which, whether in
      solution in the electrolyte or precoated on the metal, form a protective
      layer which retards the solution of the metal but still does not interfere
      with the electrical characteristics of the cell.
PAR  As stated above, particularly useful results can be achieved by employing
      quaternary ammonium compounds in combination with other conventional
      corrosion inhibitors. A particularly preferred combination comprises
      mercuric chloride and tetraalkyl ammonium chloride. The ratio of
      quaternary ammonium compound to conventional corrosion inhibitors may
      range over a relatively wide range. Effectiveness of the corrosion
      inhibitor has been found at 0.01% based on the weight of electrolyte. The
      following nonlimiting example illustrates the advantageous results
      achieved by the above-described combination of conventional corrosion
      inhibitor and corrosion inhibitor of the present invention.
DETD
PAC  EXAMPLE I
PAR  A Leclanche battery was assembled employing a zinc anode, a manganese
      oxide-carbon cathode and an electrolyte composed of 26% ammonium chloride,
      9% zinc chloride and 65% water, by weight. The separator paper employed
      contained 240 mgs. of mercuric chloride. Tetraethyl ammonium chloride was
      added to the electrolyte at a level of 1%, by weight, based on the weight
      of the electrolyte.
PAR  A second battery was constructed as above as a control except that the
      tetraethyl ammonium chloride was not added to the electrolyte.
PAR  After 24 hours at room temperature, the battery of the present invention
      was found to have two times the capacity of the control battery. After 7
      days at 120.degree. F., the battery of the present invention was found to
      have three times the capacity of the control battery.
PAR  The novel corrosion inhibitors of the present invention have been defined
      primarily in terms of additives to the system, i.e., employed in addition
      to the electrolyte or as a coating on the anode with a different material
      employed as the electrolyte. It should be understood, however, that the
      novel corrosion inhibitors of the present invention, when employed in
      primary battery cells, may replace the electrolyte in whole or in part.
      Thus, a primary battery cell within the scope of the present invention may
      contain the described corrosion inhibitor at a level of 0.1 to 100% of the
      electrolyte material.
PAR  The novel corrosion inhibitors of the present invention may be introduced
      into the system in which they are employed in a variety of ways. If the
      corrosion inhibitor is sufficiently soluble in the electrolyte, it may be
      incorporated directly therein. Alternatively, one or more solvents for the
      corrosion inhibitors may be employed to incorporate said inhibitors in the
      battery system.
PAR  When the corrosion inhibitors are applied as a precoating to the anode,
      they are preferably dissolved in a solvent such as methanol and coated on
      the anode. The methanol is allowed to evaporate, leaving a residue of the
      corrosion inhibitor on the anode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A primary battery cell comprising an ammonium chloride electrolyte, a
      metallic anode and a cathode wherein a quaternary ammonium halide compound
      is associated with said anode.
NUM  2.
PAR  2. The product as defined in claim 1 wherein said anode is zinc and said
      cathode is manganese oxide.
NUM  3.
PAR  3. The product as defined in claim 1 wherein said quaternary ammonium
      compound is disposed in said electrolyte.
NUM  4.
PAR  4. The product as defined in claim 1 wherein said quaternary ammonium
      compound is precoated on said anode.
NUM  5.
PAR  5. The product as defined in claim 1 wherein said quaternary ammonium
      compound is a compound of the formula:
EQU   NR.sub.4 X
PAL  wherein R is an alkyl or aromatic group and X is an halogen atom.
NUM  6.
PAR  6. The product as defined in claim 1 which includes mercuric chloride.
NUM  7.
PAR  7. The product as defined in claim 1 wherein said compound is tetramethyl
      ammonium chloride.
NUM  8.
PAR  8. The product as defined in claim 1 wherein said compound is tetraethyl
      ammonium chloride.
NUM  9.
PAR  9. The product as defined in claim 1 wherein said compound is tetrapropyl
      ammonium chloride.
NUM  10.
PAR  10. The product as defined in claim 1 wherein said compound is tetraheptyl
      ammonium chloride.
NUM  11.
PAR  11. A galvanic cell comprising an ammonium chloride electrolyte, a metallic
      anode and a cathode wherein a quaternary ammonium halide compound is
      associated with said anode.
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PAL  A plastic cased alkaline cell which may be of indeterminate or noncircular
      or circular shape, includes opposed plastic casing members sheathed in a
      split metal case, anode and depolarizing cathode materials in the
      respective casings with suitable separators and electrolyte, metallic
      spacers electrically connecting the respective anode and cathode materials
      with the conductive terminal portions, and an insulating seal of
      nonconductive plastic forming part of a peripheral flange junction between
      the two casing members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to energy cells or batteries of small size
      adaptable for specialized shapes suitable for electric or electronic
      watches, hearing aids and the like. More particularly, this invention
      relates to a plastic cased cell that is sheathed in a split metal case.
PAR  Small primary energy cells used, for example, in watches and hearing aids
      are well known. These are generally of a circular configuration and known
      as "button" cells because of their shape. Such cells are generally of the
      alkaline type and employ metallic cases which, because of the circular
      shape, can be crimped or swaged around insulating intermediate members to
      hold the casing halves together. Examples of such cells are illustrated in
      U.S. Pat. No. 2,859,266 issued Nov. 1958 to Garbe and U.S. Pat. No.
      3,708,343 issued Jan. 1973 to Walsh. These prior art energy cells are
      basically unsound because the methods of closing the cell by swaging
      imposes a great strain upon the separators and barriers particularly
      underneath the grommet. The consequence of which is that physical rupture
      of the cell is possible. Also, this method of closure can apply a
      sustained pressure on the separators so that finely divided cathode
      material could possibly be forced through them causing internal discharge
      of the cell. Further, the cell is susceptible to damage at the swage area
      giving rise to undesirable metallic particles hanging loosely on the cell.
      And, the internal grommet typically used in these type cells takes up a
      lot of space and screens the cathode area thereby reducing the efficiency
      of the cell.
PAR  It is also known to construct energy cells of plastic material and to seal
      plastic casing members around a peripheral flange, as shown in U.S. Pat.
      No. 2,966,538 issued Dec. 1962 to Bernot. Plastic cased cells are also
      known and described in U.S. Pat. No. 3,384,514 issued in May 1968 to
      Strobel.
PAR  Due to size, and shape of the internal components in devices such as
      hearing aids, electric watches and the like, it is sometimes desirable to
      have the energy cell powering the device in some other shape than the
      conventional circular cross section. When nonconventional shapes are
      employed, it becomes difficult to provide proper sealing between metallic
      casing members by crimping or swaging. An illustration of
      nonconventionally shaped nonmetallic energy cells are shown in assignees
      co-pending U.S. Pat. application Ser. No. 544,102 filed Jan. 27, 1975 on
      an invention made by R. Lewis and R. Sands.
PAR  When flanged plastic casing members are employed, difficulty may arise in
      providing sufficient and reliant electrical connection between a terminal
      of an energy cell that is readily replaceable and the casing of such
      devices which frequently are of metal such as the case of an electric
      watch. Further difficulties may also arise when the flanged energy cell is
      inserted into the watch, for example, by the flange getting caught on the
      case opening of the watch or on its movement or on its circuitry thereby
      possibly causing damage to the watch or to the energy cell.
PAR  Accordingly, an object of the present invention is to provide an improved
      energy cell casing whereby the deficiencies of the prior art energy cells
      are eliminated.
PAR  A further object of the present invention is to provide an improved energy
      cell casing wherein the electrolyte leakage path at the anode and cathode
      is eliminated.
PAR  A still further object of the present invention is to provide an energy
      cell sheathed in metal that can be molded in conventional or
      nonconventional shapes and provides for improved case sealing to prevent
      electrolyte leakage.
PAR  Another object of the present invention is to provide an improved
      construction for a plastic cased energy cell which can be molded in
      conventional or nonconventional shapes, provides an insulating seal
      between the casing members, is readily replaceable and provides reliable
      electrical connection between a terminal of the energy cell and the casing
      of an electric or electronic watch.
PAR  The accompanying drawings diagrammatically illustrate the embodiments of
      the present invention by way of example. Like numerals refer to like parts
      throughout.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a horizontal cross section of a preferred form of the energy
      cell, and
PAR  FIG. 2 is a plane view of an energy cell especially suited for electric
      watches and is illustrative, without limitation, of shapes which are
      adaptable to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, an alkaline energy cell is shown which
      includes a first plastic casing member 1, a second opposed plastic casing
      member 2 joined together at respective juxtaposed peripheral flanges 3, 4
      with each plastic casing member 1, 2 being sheathed in a metal case 5, 6.
PAR  The internal active materials of the cell, which may be more or less
      conventional and which are not material to the present invention, are
      described as follows with reference to FIG. 1. Casing 1 contains an anode
      7 which may be of granulated zinc, cadmium or indium. The lower casing 2
      contains a depolarising cathode 8 which can be a mixture of mercuric oxide
      or monovalent silver oxide mixed with graphite or a mixture of monovalent
      or divalent silver oxide mixed with silver powder. Separating the anode
      and cathode materials is a cellulosic absorbent separator 9 and a barrier
      membrane 10 made, for example, of a cross linked high molecular weight
      polyethylene methacrylic acid graft which is commercially available as a
      polymer called permion 2291 made by R.A.I. Research Corporation.
PAR  In order to provide an insulating and electrolyte seal between the
      juxtaposed peripheral flange area 3, 4 a nonconductive plastic ring 12,
      made for example from a semi-rigid plastic, with central aperture 13 is
      used as an intermediate member between the flanges 3, 4 and membrane
      members 9 and 11.
PAR  The casing members 1, 2 are formed, for example, from an electrically
      nonconductive plastic such as a rigid PVC, each with a central aperture
      14, 15.
PAR  A metal terminal 20, 21 made from, for example, Phos Bronze or nickel 205
      is disposed in the central apertures 14, 15 providing electrical
      connection to its respective anode or cathode.
PAR  The plastic casing members 1, 2 are each sheathed in a metal case 5, 6 such
      as stainless steel. The metal cases 5, 6 are contoured to mate with, i.e.
      be substantially aligned with or to, the flange portions 3, 4 to provide a
      smooth exterior surfaced cell so that the cell does not have exposed or
      protruding flanges and to provide provision for contact to be made to the
      side of the cell. The outer metal casings 5, 6 are electrically insulated
      from each other by the nonconductive flange portions 3, 4 which separate
      the split metal casings 5, 6. An adhesive bond or seal 18, 19 is formed
      between the plastic and the metal cases to form a unified cell case. The
      metal casings 5, 6 can have a central aperture or hole into which a silver
      filled expoxy resin portion 16, 17 is formed so that each half cell is
      sealed at the terminal (hole) portion, and electrical connection is
      provided between a respective terminal portion and metal case.
PAR  It should be recognized, however, that the metal casings 5, 6 could
      alternatively be formed without such holes and the metal casings
      electrically coupled to the terminals by disposing a suitable electrically
      conductive expoxy resin over the terminals and then sealing the metal
      casing over the plastic casings such that its resin forms a seal and
      conductor between the metal and plastic casings.
PAR  A tube or grommet-like ring 22, 23 made from an absorbent material or
      plastic is provided between the plastic and metal cases of each half cell.
      The tubes 22, 23 may be bonded to the plastic and metal cases or so formed
      therebetween to prevent electrolyte leakage. And, it was discovered, by
      sealing the outer metal case to the inner plastic case and providing a
      tube-like ring and sealed terminal portion as described above or in
      similar manner, the electrolyte leakage path at both the anode and cathode
      are lengthened substantially such that virtually the only possible leak
      area is confined to the flanges 3, 4.
PAR  The assembled cell comprises the components indicated above with a suitable
      electrolyte such as potassium hydroxide or sodium hydroxide added, and
      with the peripheral flange portions 3, 4 then being fused together by
      pressure and heat or by a high frequency weld applied around the
      periphery.
PAR  The energy cell above described is particularly useful in electric devices,
      such as electric watches, where the case of the energy cell and the
      electric device, when inserted, are in electrical contact providing a
      ground or reference potential path. Thus, for example, if metal case 6,
      which is connected to the cathode of the energy cell shown in FIG. 1, is
      provided with mating screw threads to the watch case, reliable electrical
      coupling will be provided between the terminal portion 17 of the energy
      cell and the watch by mere insertion of the battery thereinto.
PAR  Reference to FIG. 2 shows a plane view of a noncircular cell shape suitable
      for an electric watch. The sheathed plastic cell casing is shown by
      phantom outline 24. Also, a filled conductive terminal portion 25 is shown
      which is similar to the terminal portions 16, 17 shown in FIG. 1 and a
      cross section taken along lines A--A would appear as shown in FIG. 1.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it is desired to secure in the appended
      claims all modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An energy cell of the type having anode and depolarizing cathode
      material disposed in opposed plastic casing members with means separating
      the anode and cathode materials, a terminal portion electrically
      connecting with the anode or cathode material in each plastic casing
      member, wherein the improvement comprises:
PA1  a peripheral flange on each of said plastic casing members, said flanges
      being sealed juxtaposed to one another; and
PA1  a metal outer casing member being disposed and sealed on each of said
      plastic casing members with each metal outer casing member being contoured
      mates with said flanges to be substantially aligned therewith, said metal
      outer casing members each being electrically coupled to a respective
      terminal portion.
NUM  2.
PAR  2. An energy cell comprising:
PA1  a first plastic cell casing having a central aperture and a peripheral
      flange portion;
PA1  a first metal cell casing having a central aperture and being contoured to
      form an outer sheathing on said first plastic cell casing with substantial
      alignment to the flange portion, said first metal cell casing being bonded
      to said first plastic cell casing;
PA1  a second plastic cell casing having a central aperture and a peripheral
      flange portion, said second plastic cell casing being sealed to said first
      plastic cell casing around the flanges;
PA1  a second metal cell casing having a central aperture and being contoured to
      form an outer sheathing on said second plastic cell casing with
      substantial alignment to the flange portion, said second metal cell casing
      being bonded to said second plastic cell casing;
PA1  an anode material disposed in said first plastic cell casing;
PA1  a first terminal portion disposed in the central apertures of the first
      plastic and metal cell casings;
PA1  a first metallic spacer disposed in said first plastic cell casing between
      the anode material and the first plastic cell casing and electrically
      connected to said first terminal portion;
PA1  a depolarizing cathode material disposed in said second plastic cell
      casing;
PA1  a second terminal portion disposed in the central apertures of the second
      plastic and metal cell casings;
PA1  a second metallic spacer disposed in said second plastic cell casing
      between the cathode material and the second plastic cell casing and
      electrically connected to said second terminal portion; and
PA1  means separating said anode and said cathode materials on a plane
      substantially along said peripheral flanges.
NUM  3.
PAR  3. An energy cell as in claim 2 wherein:
PA1  the first terminal portion and the second terminal portion being
      electrically connected to the first and second metal cell casings
      respectively form metal cell case terminals insulated from each other by
      said flanges.
PATN
WKU  039458512
SRC  5
APN  4791576
APT  1
ART  114
APD  19740613
TTL  Silver zinc electric storage cells
ISD  19760323
NCL  5
ECL  1
EXP  Skapars; Anthony
NDR  1
NFG  1
INVT
NAM  Mote; Harold Trevor
CTY  North Harrow
CNT  EN
INVT
NAM  Hajdu; Laszlo
CTY  Budapest
CNT  HU
INVT
NAM  Ronay; Bela
CTY  Erlangen
CNT  DT
ASSG
NAM  Medicharge Limited
CTY  North Harrow
CNT  EN
COD  03
ASSG
NAM  Medicor Muvek
CTY  Budapest
CNT  HU
COD  03
PRIR
CNT  UK
APD  19730614
APN  28443/73
CLAS
OCL  136111
XCL  136145
EDF  2
ICL  H01M 4302
FSC  136
FSS  145;146;144;143;148;111;20;30;31
UREF
PNO  2484787
ISD  19491000
NAM  Grant
OCL  136145
UREF
PNO  2653986
ISD  19530900
NAM  Philipps
OCL  136145
UREF
PNO  3438812
ISD  19690400
NAM  Cherney et al.
XCL  136 20
UREF
PNO  3758343
ISD  19730900
NAM  Magritz
OCL  136111
LREP
FRM  Brisebois & Kruger
ABST
PAL  In order to increase the cyclability life of rechargeable silver-zinc
      electric storage cells, the semi-permeable membrane separator between the
      silver and zinc electrodes comprises a laminate of plies of semi-permeable
      oriented cellophane foil bonded together with the electrolyte with some of
      the plies arranged cross-wise, as regards their direction of orientation,
      relative to another ply of the membrane. In a preferred embodiment a
      further single layer of cellophane is disposed between the silver
      electrode the absorbent paper layer which is normally positioned between
      the silver electrode and the membrane.
BSUM
PAR  The invention relates to rechargeable silver-zinc storage cells and
      particularly but not exclusively to hermetically sealed miniature
      rechargeable silver-zinc storage cells and batteries.
PAR  The semi-permeable separator between the silver and zinc electrodes has a
      considerable influence on operation of silver-zinc storage cells. An
      effective separator must be able to resist the powerful oxidative and
      alkaline cell environment, prevent diffusion of the soluble silver species
      to the zinc electrode and growth of dendritic zinc towards the silver
      electrode, as well as providing the ionic path between the electrodes and
      acting as an insulator. Hitherto such separators have generally comprised
      a semi-permeable membrane constructed of a plurality of layers or plies of
      regenerated cellulosic material, such as cellophane, which are laminated
      together. Separators are an important factor in determining the cyclic
      lifetime of a rechargeable cell, that is the number of times that the cell
      may be discharged and recharged before the separator becomes degraded and
      short circuits arise in the cell. Exposure to the active material AgO of
      the silver electrode causes the material of the separator to become
      oxidized, which contributes to an early failure of the cellophane
      material. There is also colloidal dissolution of the electrode and silver
      deposition in the pores of the separator, which leads to an undesirable
      increase in cell resistance due to clogging of the pores. Another problem
      is that the part of the zinc electrode which is dissolved in the
      electrolyte tends to be reducible in the final period of charging into a
      dendritic form (as acicular crystals) which tend to pierce the separator,
      resulting in short circuits.
PAR  The cyclability life of a cell can be increased by increasing the number of
      laminations forming the separator, but this results in an undesirable
      increase in the cell resistance.
PAR  Various attempts to solve these problem have been made including using for
      the separator layers of grafted copolymers which, while providing some
      improvement, are considerably more expensive than the conventional
      cellophane material and still do not produce a cyclability life
      approaching that of nickel-cadmium cells which normally have a life of not
      less than 300 cycles.
PAR  It is known that cellophane and like cellulosic materials and plastics
      material in foil or film form, which has been stretched in one direction
      acquires an oriented structure having a greater tensile strength in the
      direction of orientation than in the direction transverse thereto. Such
      oriented foil or film materials are referred to herein and in the appended
      claims as "oriented foil material".
PAR  The materials used for the plies of the laminated separator have an
      oriented structure, with a greater tensile strength in the direction of
      orientation than in the transverse direction. The technique of making the
      separators is to unwind the ply material from a roll, laying the
      successive plies on top of one another and bonding them together with the
      electrolyte and, after drying the laminate, cutting it to the size
      required for the separators. With this method of construction all the
      plies of the laminate are oriented in the same direction. We have
      discovered that the cyclability life of a separator is substantially
      improved if the direction of orientation of the adjacent plies are
      disposed cross-wise, and the present invention consists in a silver-zinc
      storage cell wherein the separator comprises laminated plies of
      semi-permeable oriented foil material, bonded together with the
      electrolyte, of which some of the plies are arranged cross-wise as regards
      their direction of orientation relative to another ply or plies.
PAR  In order to reduce colloidal dissolution of the silver into the separator,
      it has been the practice to introduce an additional partition layer of
      paper between the silver electrode and the separator. We have further
      discovered that the cyclability life of a cell can be further increased by
      disposing an additional layer of semi-permeable cellulosic or like foil
      material between the paper and the silver electrode. Thus the invention
      also consists in a rechargeable silver-zinc storage cell wherein the
      separator comprises a laminate of plies of semi-permeable oriented foil
      material which are bonded together with the electrolyte and of which some
      of the plies are oriented cross-wise relative to the other or others, and
      wherein there is disposed between the separator and the silver electrode a
      layer of paper and a layer of semi-permeable foil material, the latter
      being disposed on the side of the paper adjacent to the silver electrode.
PAR  It has been conventional to use 5 plies of oriented foil material in the
      construction of separators for miniature hermetically sealed cells which
      have been produced commercially. In carrying out the present invention the
      number of plies in the separator is preferably from 3 to 5. By using 3 or
      4 plies in the separator with the one additional semi-permeable foil layer
      referred to between the paper layer and the silver electrode, the total
      amount of material used in the cell is not increased, while the
      cyclability life of the cell is improved to a figure comparable with that
      of nickel-cadmium cells.
DRWD
PAR  In order that the invention may be more clearly understood, reference will
      now be made to the accompanying drawing which shows a half-section through
      a hermetically sealed rechargeable silver-zinc cell, known as a "button
      cell", constructed in accordance with a preferred embodiment of the
      invention.
DETD
PAR  Referring to the drawing, the cell comprises a circular casing comprising
      two cup-shaped parts 1 and 3. The case part 1 is pressed of
      corrosion-resistant sheet metal and coated on its inside with a non-porous
      silver layer, and contains a silver electrode 2. Electrical connection to
      the electrode is provided by the metal case part 1. The zinc electrode 4
      is pressed into the case part 3 made of the same corrosionresistant sheet
      metal and covered on the inside with a double layer of zinc amalgam. The
      case parts 1 and 3 are secured together by spinning the rim of the part 1
      over the flange of the part 3 with the interposition of an insulating
      gasket 5 of plastics material. Between the casing parts are clamped the
      main separator 6 comprising a semi-permeable membrane, a paper layer 7 and
      an additional layer 8 of cellophane as shown. Before assembling, both
      electrodes and all components are impregnated with a solution of potassium
      hydroxide.
PAR  The main separator 6 is made of between 3 and 5 plies of cellophane with
      the direction of orientation in each ply arranged cross-wise, preferably
      at 90.degree., with respect to the direction of the orientation of the
      adjacent ply. The plies are impregnated with the electrolyte, laminated
      together without air bubbles or other pockets therebetween, dried, and cut
      into discs for assembly in a cell.
PAR  In a preferred embodiment, the cell also contains a second depolarizer
      material 9, such as cadmium oxide, to reduce the risk of reverse
      polarization when the cell is used in a rechargeable electric battery.
PAR  Although it is preferred to construct the semi-permeable membrane 6 and the
      additional foil layer 8 from cellophane or like cellulosic materials for
      economic reasons, it will be understood that if desired these components
      may be made from grafted copolymers or other suitable microporous
      materials.
CLMS
STM  We claim:
NUM  1.
PAR  1. A rechargeable silver-zinc electric storage cell comprising a casing
      enclosing a silver electrode and a zinc electrode, a separator comprising
      an imperforate semi-permeable membrane disposed between said electrodes,
      and an electrolyte, said membrane being sealed to the casing so that the
      only ion path between the electrodes is through said membrane,
      characterised in that said imperforate semi-permeable membrane comprises a
      laminate of plies of semipermeable oriented foil material bonded together
      with the electrolyte with some of the plies arranged cross-wise, as
      regards their direction of orientation, relative to another ply of the
      membrane.
NUM  2.
PAR  2. A cell as claimed in claim 1, wherein there is disposed between said
      membrane and the silver electrode, a layer of paper and a layer of
      semi-permeable foil material, the latter being disposed on the side of the
      paper layer adjacent to the silver electrode.
NUM  3.
PAR  3. A cell as claimed in claim 1, comprising a casing comprising two metal
      cup-shaped parts hermetically secured together around their peripheries
      with the interposition of a gasket of electrical insulating material
      therebetween, one of said cup-shaped parts containing the silver
      electrode, and the other cup-shaped part containing the zinc electrode,
      there being clamped between the peripheries of said casing parts, so as to
      extend between the two electrodes, said membrane, and a layer of paper and
      a layer of semi-permeable foil material between said membrane and the
      silver electrode with said layer of semipermeable foil material adjacent
      the silver electrode, both said electrodes and the other components within
      the casing being impregnated with a solution of the electrolyte.
NUM  4.
PAR  4. A cell as claimed in claim 3, wherein the electrolyte is potassium
      hydroxide.
NUM  5.
PAR  5. A cell as claimed in claim 1, wherein said separator comprises plies of
      oriented regenerated cellulosic foil material bonded together with the
      electrolyte.
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ABST
PAL  Corrosion of the current collectors in cells utilizing Vanadium Oxides and
      Chromates as cathode materials is prevented by the utilization of metals
      from Groups IVb, Vb and VIb of the Periodic Tables for fabricating the
      current collectors and leads in contact with the cathode materials. Ta,
      Ti, Mo and W, are preferred materials. Cells containing such structures
      are described as well as an intermediate protective structure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to high energy density organic electrolyte cells
      based upon light metal anodes and strongly oxidizing cathodes and more
      particularly to specifically useful structures and structural materials
      for cathodes utilizing vanadium oxides and metal chromates or dichromates.
PAC  BACKGROUND OF THE INVENTION
PAR  The Li/V.sub.2 O.sub.5 (Ser. No. 829,849 now abandoned) and Li/metal
      chromate (U.S. Pat. No. 3,658,592) organic electrolyte cells show
      excellent energy density and storability at ambient temperatures. However,
      at elevated temperature (e.g. 55.degree.C or higher) the cells exhibit
      corrosion of the nickel cathode current collector.
PAR  1. The Li/V.sub.2 O.sub.5 organic electrolyte cells made according to the
      procedure described in Ser. No. 829,849, showed severe corrosion of the
      nickel current collector and the nickel tab to the degree that the tab was
      disconnected from the current collector after a storage of three months at
      55.degree.C. The corrosion was particularly severe at the point where the
      nickel tab was welded onto the expanded nickel current collector. This
      resulted in a dead cell due to the lack of electrical contact between the
      cathode terminal and the cathode current collector.
PAC  OBJECTS OF THE INVENTION
PAR  a. To solve the problem of corrosion of cathode collector, and
PAR  B. TO IMPROVE THE ELEVATED TEMPERATURE STORABILITY OF ORGANIC ELECTROLYTE
      BATTERIES.
PAC  THE INVENTION
PAR  I have discovered that it is possible to protect nickel current collector
      tabs for cathode assemblies to permit an extension of the corrosion
      resistant life of cathodes beyond the three month storage, 55.degree.C
      storage, maximum life expectancy of unprotected nickel current collectors.
      My method for protecting the current collector tabs in the weld areas
      which are most prone to corrosion consists in heat sealing layers of
      polyolefinic polymer foils on both sides of the tab weld. The heat-sealed
      foil extends completely around the tab-weld area and thus prevents the
      access and contact of electrolyte and cathode active material to the
      corrosion-prone tab-weld area.
DRWD
PAR  The details of this aspect of my invention are illustrated in the drawing
      wherein:
PAR  FIG. 1 shows the cathode assembly current collecting grid exposed in the
      area of the tab-weld;
PAR  FIG. 2 shows the cathode assembly of FIG. 1 with the nickel tab welded in
      place to the current collector;
PAR  FIG. 3 shows the cathode tab-weld area of FIG. 2 protected by heat sealed
      polyethylene foils; and
PAR  FIG. 4 is an enlarged view along line 4 . . . 4 of FIG. 3 showing the
      tab-weld area detailing the protection of the tab-weld area by the
      polyethylene foils heat sealed to the grid and embedded in the cathode
      active material. The procedure according to this aspect of the invention
      resulted in cells which survived the accelerated test of three months of
      storage with the electrolyte in contact with the cathode.
DETD
PAR  However, I have found that cathodes so constructed, showed tab and current
      collector corrosion after 6 months of storage at 55.degree.C showing that
      the problem while successfully ameliorated still persisted.
PAR  My original solution to the corrosion problem was directed to the tab-weld
      area of the current collector assembly where the nickel current collector
      embedded in the cathode active material was fastened to the nickel tab
      leading from the cathode to the cell terminal connections. It had been
      noted that this was the focus of the corrosion noted when the cells were
      stored under accelerated aging conditions.
PAR  Welding conditions were varied, corrosive resistant alloys were used for
      the tabs, the welded areas as well as the current collectors and tabs were
      plated with protective yet highly conductive metals such as gold, but none
      of these expedients imparted sufficient corrosion protection to warrant
      the effort and expense. Then I discovered that by protecting only the most
      corrosion-prone area immediate, the tab-weld area, from access by the
      electrolyte by heat sealing electrolyte proof foils around these critical
      areas, I could make cells that uniformly survived storage at 55.degree.C
      for 3 months. Few of the previous expedients survived this test and none
      did so uniformly. The heat-sealed foils of this invention are foils of
      polyolefin polymer materials such as polyethylene and polypropylene.
PAR  Heat-sealable films of such materials are commercially available in various
      thicknesses ranging from 0.001 to 0.010 inch in thickness. I have found
      0.002 inch thickness of polyethylene to be satisfactory and preferred as
      it is easily heat sealed around the tab-weld area. Such seals uniformly
      and adequately protect this critical corrosion prone area. The heat seals
      to the metal are easily fabricated with light, localized pressure by
      heated platens.
PAR  The current collectors of this aspect of this invention are fabricated by
      welding the nickel tabs 4, to Exmet grids 3. Then the areas of the weld 5
      are overlain on each side of the weld by 2 mil polyethylene foils 6 and
      heat sealed by platens at the temperatures recommended for the specific
      brand of foils.
PAR  After this protection treatment, the cathode-active material 2 is applied
      to the current collector assembly by the techniques described in U.S. Pat.
      No. 3,658,592 and copending Ser. No. 829,849 to form cathode 1.
PAR  A variant method for applying the cathode active material 2 from the method
      described in U.S. Pat. No. 3,658,592 is that the chromate cathodes are
      dried at 50.degree.C in a vacuum instead of at 300.degree.C at atmospheric
      pressure as previously described. 60.degree.
PAR  I have further discovered that metals of Group IVb, Vb, VIb of the Periodic
      Table do not corrode when in contact with cathodic oxidizing agents such
      as V.sub.2 O.sub.5, HgCrO.sub.4 and Ag.sub.2 CrO.sub.4, even at elevated
      temperatures.
PAR  Further, I have discovered that cathode collectors of Tantalum (Ta),
      Titanium (Ti), Molybdenum (Mo), Zirconium (Zr), Niobium (Nb), Vanadium
      (V), Chromium (Cr) and Tungsten (W) in contact with such cathode-active
      materials are useful in the manufacture of cathodes for electrochemical
      cells based upon lithium or other light active metal anodes, organic
      electrolytes and such cathodes.
PAR  Such cells have extended shelf life when stored at 55.degree.C beyond
      comparable cells manufactured with such conventional "anti-corrosive"
      current collectors as nickel, silver, stainless steel, Inconel,
      gold-plated nickel and polyolefin protected nickel.
PAR  It is a theory that the unique corrosion resistant properties of the metals
      of Group IVb, Vb and VIb of the Periodic Table particularly Ta, Ti, Mo,
      and W, which are preferred, are derived from their property of forming
      protective oxide films on contact with these oxidants in the presence of
      the organic electrolytes. These oxide films while protective of the
      underlying metal possess a high degree of conductivity. Such cells show no
      increase in internal resistance when compared to cells using conventional
      current collectors.
PAC  DETAILS OF THE INVENTION
PAR  The V.sub.2 O.sub.5, HgCrO.sub.4 and Ag.sub.2 CrO.sub.4 cathodes, made in a
      manner similar to that described in the copending application Ser. No.
      829,849 and U.S. Pat. No. 3,658,592, on the expanded-metal substrates such
      as Ni, Inconel, gold plated Ni, Ag, Ta, Ti, Mo, Zr, Nb, V, Cr, W and
      stainless steel, were refluxed at 85.degree.C in an electrolyte consisting
      of 1M LiClO.sub.4 in an equivolume mixture of tetrahydrofuran and
      propylene carbonate, in order to accelerate the corrosion phenomenon. The
      reflux temperature was used to accelerate the corrosion test.
PAR  At the end of 233 hours of refluxing, the cathodes were examined. It was
      found that the expanded metal grids of Ta, Zr, Nb, V, Cr, W and Ti, Mo did
      not show any signs of corrosion, whereas all the other metals were
      partially or completely corroded.
PAR  Of the protected non-corroding metal grids and tabs, thereof Tantalum,
      Titanium and Molybdenum are preferred because of the ease of manufacture,
      lower cost and commercial availability.
PAR  The elevated temperature stability of the Li/V.sub.2 O.sub.5,
      Li/HgCrO.sub.4 and Li/Ag.sub.2 CrO.sub.4 organic electrolyte cells were
      thus improved by the use of cathode grids and tabs made of metals such as
      Ta, Ti and Mo. The metals such as Zr, Nb, V, Cr and W also improve the
      elevated temperature storability of the cells when used for cathode grids
      and tabs.
PAR  These cathode current collector materials may be used in the form of
      expanded metal sheets, wires, flat tabs, and cathode cups. The active
      material may be packed around the exmet, may have screens of wire of these
      metals included therein or the sheets may be fashioned into terminal tabs,
      or cathode cups.
PAR  These current collectors while particularly effective for Vanadium Oxide
      and metal chromate and dichromate cathodes in organic electrolytes may
      also be used for milder cathode active materials such as other metal
      oxides, halides, permanganates, arsenates, periodates, persulfates and
      sulfites. The metal chromates include dichromates as well as chromates of
      Ag, Hg, and Cu.
PAR  The organic electrolyte includes combinations of electrolyte salts and
      solvents including electrolyte salts such as perchlorate,
      hexafluorophosphate, tetrafluoroborate, and hexafluoroarsenate of lithium.
PAR  Solvents such as propylene carbonate, tetrahydrofuran, dimethoxy ethane,
      methyl formate, acetonitrile, dimethyl carbonate, dimethyl sulfoxide,
      dimethyl sulfite, dimethyl formamide, gamma-butyrolactone, and
      N-nitrosodimethylamine and mixtures thereof are included.
PAR  Anodes for such cells include Li, Na, K, Ca, Mg, and Al.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cathode current collector assembly for use under corrosion-prone
      conditions which comprises a current collector body and a terminal tab
      welded thereto wherein only the immediate area where the tab is welded to
      said current collector is overlain, surrounded by and has heatsealed
      thereto foils consisting of polyolefin polymer.
NUM  2.
PAR  2. The assembly according to claim 1 wherein said polymer is polyethylene.
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PAL  The method, which provides liquid-impervious seals around opposed positive
      and negative battery electrodes in a collation of battery layers, concerns
      the need to apply energy around the opposed electrodes by some means other
      than and for a longer time period than the conventional pair of pressure
      rolls which have previously been used to seal moving battery layers. With
      this invention the seals are made by platens which either travel along
      with the moving collation during the sealing step or which are brought
      into contact with an increment of the collation which is temporarily
      stopped.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has previously been proposed to construct a continuous chain of
      batteries by properly collating a series of layers each of which contains
      intermittent electrode deposits and then sealing around each positive
      electrode and its opposite negative electrode. For examples of these
      processes see U.S. Pat. Nos. 3,004,093; 3,004,094; and 3,494,796. The
      previously proposed processes are ones in which the seals are accomplished
      by continuously moving the collation of layers past a pair of stationary
      pressure rolls; see U.S. Pat. Nos. 3,004,093 and 3,004,094.
PAR  A thoroughly liquid-impervious seal is essential around each positive
      electrode and its opposite negative electrode. Failure to achieve such a
      seal permits liquid to escape from the interior of the battery, resulting
      in reduced battery performance and shelf life and possibly resulting also
      in corrosion of surrounding objects.
PAR  Three factors associated with the sealing process--heat, pressure, and
      time--affect the degree and hence the quality of the seals. The magnitude
      of the time factor may be varied within a considerable range if the
      remaining two factors are properly adjusted. However, the conclusion is
      justified that truly high quality seals cannot be obtained by using
      stationary energy platens (e.g., pressure rolls or any other energy
      transferring mechanisms) together with a continuously moving collation of
      layers. This conclusion is based on the requirement that there is some
      minimum amount of time during which heat and/or pressure must be applied
      to get good seals, and that this minimum time is in excess of the time
      during which pressure is applied by the pressure rolls of the
      aforementioned previous processes, at least when the collated layers are
      moved at the speeds required for modern, economical production methods.
PAR  In U.S. Pat. No. 3,708,349 a method of constructing batteries is described
      which involves a collation of layers containing intermittent deposits of
      positive and negative electrodes. Liquid-impervious seals are required
      around opposed pairs of positive and negative electrodes. It is desirable
      that the collation of layers described in U.S. Pat. No. 3,708,349 move
      continuously throughout most if not all of the manufacturing process.
PAR  In U.S. Pat. No. 3,701,690 it is proposed to impregnate patches of adhesive
      having the configuration of closed loops into battery separator material
      and then to include those loops in collated layers of battery materials
      where the adhesive patches provide liquid-impervious seals around opposed
      pairs of positive and negative electrodes. The proposal disclosed in U.S.
      Pat. No. 3,701,690 may be used together with the construction method shown
      in U.S. Pat. No. 3,708,349.
PAR  It has previously been proposed that a pair of reciprocating platens could
      be used to press battery electrode active material in sheet form into
      moving grids; see U.S. Pat. No. 3,003,015.
PAC  SUMMARY OF THE INVENTION
PAR  This invention requires the use of collated battery layers. The layers
      include a positive electrode and a negative electrode, with the positive
      electrode being substantially opposite the negative electrode in the
      collation.
PAR  In one embodiment of the invention a liquid-impervious seal is made while
      the collation in moving. The sealing is performed by an energy platen
      which moves in the same direction as and substantially at the same speed
      as the collated layers. This embodiment may include either small pieces of
      the layers and electrodes collated as described above, or continuous
      layers along which are intermittent deposits of electrodes. Where
      continuous layers containing intermittent deposits of electrodes are
      sealed while in motion, the sealing may be done using at least two energy
      platens mounted on carriers which travel along a closed loop track. Each
      of the platens transfers energy to the layers while moving in the same
      direction as and substantially at the same speed as the collation; the
      longitudinal position of one platen with respect to an adjacent platen on
      the track is preferably adjustable, to permit compensation for possible
      slight irregularities in the position of the electrode deposits along the
      layers.
PAR  In another embodiment, the collation of either continuous or discrete,
      discontinuous battery layers may be sealed by temporarily stopping those
      layers at a sealing station having reciprocating platens which move
      perpendicularly rather than longitudinally with respect to the collation
      of layers.
PAR  In each of the embodiments it is preferred to bring the energy platen into
      physical contact with the collation so that the platen applies pressure to
      the areas to be sealed together. Heat is applied to and then subsequently
      removed from those areas while those areas are still under pressure from
      the platen.
PAR  Pressure is also preferably applied to the layers over the areas occupied
      by the electrodes before the layers are sealed around the electrodes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view showing a collation of battery layers moving
      past a sealing station where liquid-impervious seals are made around
      opposed pairs of positive and negative electrodes by energy platens
      carried along a closed loop track.
PAR  FIG. 2 illustrates a continuous strip of sealant carrier containing
      adhesive patches which may be used in obtaining the seals. One or more
      such continuous strips may be included in the collation shown in FIG. 1.
PAR  FIG. 3 shows continuous battery layers in proper collation. The collation
      includes layers on which there are intermittent deposits of positive
      electrodes, layers on which there are intermittent deposits of negative
      electrodes, and strips of sealant carriers such as are shown in FIG. 2.
PAR  FIG. 4 shows a battery after the layers have been collated as shown in FIG.
      3, sealed around opposed pairs of electrodes, and cut apart to
      structurally disconnect one battery from others.
PAR  FIG. 5 is a cross-section of the battery shown in FIG. 4 taken along the
      line A--A of FIG. 4. FIG. 5 illustrates the liquid-impervious seals made
      in the areas of the layers surrounding the electrodes.
PAR  FIG. 6 shows a continuous strip of sealant carrier having spaced openings
      in which discrete battery components may be fitted. The sealant carrier
      shown in FIG. 6 may be used in the collation as a substitute for the one
      shown in FIG. 2.
PAR  FIGS. 7 and 8 show the cross-sections of batteries constructed differently
      from the one shown in FIG. 5 but having collations of layers in which
      seals are made around opposed pairs of electrodes.
PAR  FIGS. 9A and 9B show a pair of reciprocating platens being used to produce
      seals in the battery layers. Accumulator means upstream from the sealing
      station permit the upstream portions of layers to continue in motion and
      be accumulated while the increments of the layers at the sealing station
      are temporarily stopped for sealing; FIG. 9A shows the collation of layers
      at the beginning of such a sealing step, while FIG. 9B shows the layers at
      a later time in the sealing operation with an accumulation of the layers
      being collected upstream from the sealing station.
PAR  FIG. 10 shows an energy platen.
PAR  FIG. 11 shows an energy platen carrier.
PAR  FIG. 12 is a schematic view illustrating means which adjust the
      longitudinal position of one platen with respect to an adjacent platen
      traveling along the closed loop track.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a collation of continuous battery layers moving through a
      sealing machine at a sealing station. The machine contains a pair of
      tracks each of which is in the shape of a closed loop. Along each track
      travels a plurality of energy platens 300 mounted on carriers 320. The
      platens 300 travel in the same direction and substantially at the same
      speed as the collation as the layers moving through the sealing machine.
      The platens transfer energy to the layers in a manner and amount
      sufficient to produce liquid-impervious seals around opposed pairs of
      positive and negative electrodes in the collation of layers.
PAR  FIGS. 2 and 3 illustrate layers typical of those which may be included in
      the collation. FIG. 2 shows a continuous strip 40 which functions both as
      a carrier of adhesive patches used in sealing the batteries and as a
      separator between positive and negative electrodes in the batteries. To
      serve both of these purposes the strip 40 is impregnated with adhesive
      patches 41 each of which is in the form of a closed loop. The areas 42
      inside these closed loops, which are not impregnated with the adhesive,
      perform the function as separators between electrodes in the batteries and
      provide areas where electrolyte may be retained.
PAR  FIG. 3 illustrates the battery layers in proper collation. At the bottom of
      the collation is a continuous layer comprising a laminate of electrically
      conductive plastic 50-A and metal 70, and along the upper or inside face
      of this layer are intermittent deposits of negative electrodes 30. Each of
      the negative electrodes 30 is set back from the edges of the layer 50-A so
      that there is an area of that layer extending around and beyond each of
      the negative electrodes 30; these surrounding areas, shown in FIG. 3 as
      being coated with adhesive 101, are the locations where liquid-impervious
      seals are made by the sealing machine.
PAR  Progressing upward in the collation of layers shown in FIG. 3, the next
      layer is a sealant carrier 40 of the type shown separately in FIG. 2. The
      sealant carrier 40 is positioned or registered in the collation so that
      its adhesive patches 41 will mate with adhesive patches 101 in the
      underlying layer while the areas 42 inside the adhesive patches 41 overly
      the negative electrodes 30.
PAR  Continuing the progression upward through the collation, the next layer
      shown in FIG. 3 is a layer of electrically conductive plastic 50-B which
      constitutes a chain of duplex electrodes. On the underneath side of this
      layer are intermittent deposits of positive electrodes 20 each of which is
      set back from the edges of that layer so that there is an area of layer
      50-B extending around and beyond each positive electrode; these
      surrounding areas may also be coated with an adhesive. The positive
      electrodes 20 on the lower side of layer 50-B are positioned to be above,
      substantially opposite, and facing the negative electrodes 30. On the
      upper side of layer 50-B are intermittent deposits of negative electrodes
      30, each of which is opposite one of the the positive electrodes 20 on the
      other side of layer 50-B; the upper side of layer 50-B therefore,
      resembles the upper side of layer 50-A.
PAR  Moving still upward in the collation from layer 50-B, there will
      alternately be additional layers of sealant carrier 40 and electrode
      carriers 50-C, 50-D, etc., until as many layers as desired have been
      included. The uppermost layer, a counterpart to the bottom layer, is shown
      as comprising a laminate of electrically conductive plastic 50-E and metal
      60, with the lower or conductive plastic side of this laminated layer
      carrying intermittent deposits of positive electrodes 20 which are
      positioned directly above the intermittent deposits of positive and
      negative electrodes 20 and 30 respectively carried by the layers beneath.
PAR  FIG. 4 shows a battery 5 after the layers shown in FIG. 3 have been
      collated together, sealed around opposed pairs of electrodes 20 and 30,
      and cut apart to structurally disconnect one battery from others. FIG. 5,
      which is a cross-section of the battery 5, shows the liquid-impervious
      seals which are obtained with the use of this invention.
PAR  FIG. 6 illustrates an alternative sealant carrier to the one shown in FIG.
      2. In FIG. 6 the sealant carrier 40A (which corresponds to the adhesive
      patches 41 of the carrier 40 shown in FIG. 2) has spaced openings
      (corresponding to areas 42 of FIG. 2) into which discrete battery
      components 40B may be fitted. The components 40B may be used to physically
      separate positive and negative electrodes from each other and to contain
      electrolyte. The construction shown in FIG. 6, unlike the one shown in
      FIG. 2, permits the material containing the adhesive to be different from
      the material which contains electrolyte.
PAR  FIG. 7 illustrates a cross-section of a battery similar to that shown in
      FIG. 5 except that the layers 40, which still perform the functions of
      physically separating electrodes from each other and of containing
      electrolyte, do not extend outward beyond the electrodes into the areas
      where the liquid-impervious seals are made. The seals shown in FIG. 7 are
      achieved with rings of adhesive 100 which extend around and enclose the
      opposed pairs of electrodes; these adhesive rings can be printed onto the
      electrode-carrying layers 50-A through 50-E in a manner analagous to that
      shown in FIG. 3. The layers 40, which in FIG. 7 are shown as discrete
      pieces rather than as continuous strips, are included in the collation at
      a convenient point somewhere upstream from the sealing station.
PAR  FIG. 8 shows a cross-section of a battery constructed somewhat differently
      from the one shown in FIG. 7. In FIG. 8, the layers 51-B through 51-D
      (corresponding to layers 50-B through 50-D of FIG. 7) are made from an
      electrically nonconductive material, and an electrically conductive
      material 53 is applied to both sides of and through holes in each
      nonconductive member 51; the electrical conductivity between the positive
      electrode 20 of one cell and the negative electrode 30 of the adjacent
      cell is through the conductive material 53. The conductive material 53
      does not extend to the seal area at the periphery of the battery, and the
      seals may be made by sealing the layers 50-A, 51-B, 51-C, 51-D, and 50-E
      directly together, e.g., by heat sealing them together.
PAR  FIG. 3 has shown the layers 50-A through 50-E functioning as carriers for
      intermittent deposits of electrodes during assembly of the batteries. As
      an alternative, the layers 40--which have already been shown performing
      the functions of sealant carrier, elecrode separator, and electrolyte
      retainer--can also function as the carriers or substrates onto which
      electrodes are deposited prior to battery assembly, and this is true
      whether the layers 40 are included in the collation as continuous strips
      or as short, discrete pieces; see U.S. Pat. No. 3,694,268 for the use of a
      continuous separator strip in this manner. Regardless of which layer is
      used to carry the electrodes into the collation, the result is that in the
      collation there is in each cell a layer which has a positive electrode
      along one side thereof and a layer having a negative electrode along one
      side thereof (e.g., layers 50-A through 50-E in FIGS. 3, 5, and 7, layers
      50-A, 51-B, C, D, and 50-E in FIG. 8) and the electrodes are set back from
      the edges of the layers so that there are areas of the layers extending
      around and beyond the electrodes where liquid-impervious seals can be
      made.
PAR  The illustrations and descriptions given so far have shown the electrodes
      set back from the edges of the layers on which they are deposited, with
      the areas surrounding the electrodes being the locations where
      liquid-impervious seals are made. As an alternative, the seals may be made
      directly to the periphery of the positive and/or negative electrodes
      themselves. For instance, where the composition of the electrodes is such
      that they are porous in nature, the seals may be made by causing an
      adhesive to be impregnated into those pores. Where the electrodes are
      nonporous in nature, e.g., sheet metal negative electrodes, the seals may
      be made directly to them by materials such as adhesives, heat seal
      materials, etc. The point to be made is that while the drawings illustrate
      the areas surrounding the electrodes being the locations where the seals
      are made, the seals may also be produced at the periphery of and in direct
      contact with the electrodes themselves.
PAR  While the collations and batteries illustrated in the drawings show
      multicell battery constructions, the invention is also applicable to the
      construction of single cell batteries. However, because of the greater
      number of layers inherently required by multicell batteries, the sealing
      time required to obtain a satisfactory, liquid-impervious seal will tend
      to be greater with multicell than with single cell batteries and hence, to
      that extent, it may be more necessary or desirable to utilize this
      invention with multicell than with single cell battery constructions.
PAR  FIGS. 9A and 9B illustrate how the liquid-impervious seals may be obtained
      in a collation of continuous layers using a pair of reciprocating platens.
      The moving collation travels past a sealing station accumulator the
      increment in the collation to be sealed is temporarily stopped, either by
      also temporarily stopping the portions of the collation upstream from the
      sealing station or by collecting those upstream portions on accumulator
      means as they continue in motion; this latter alternative is shown in
      FIGS. 9A and 9B, with FIG. 9A showing only a small length of the collated
      layers in the accumulators at the beginning of the sealing step and FIG.
      9B showing the greater length of the layers in the accumulator at the
      conclusion of the sealing operation. When the sealing step is completed,
      the accumulaor means upstream from the sealing station release another
      increment of the collation which then advances to the sealing station to
      be sealed. Accumulator rolls capable of performing the illustrated
      functions, which rolls are commercially available, permit other steps
      required in the construction of batteries to be performed on continuously
      moving strips upstream from the sealing station while the collated layers
      are temporarily stopped at the sealing station. If desired, additional
      accumulator means can be added to the battery production line just
      downstream from the sealing station to let out previously accumulated
      lengths of the collation while the stepped increment at the sealing
      station is being sealed.
PAR  Collations of discrete, discontinuous layers may also be sealed by being
      temporarily stopped at the reciprocating platens of the sealing machine
      shown in FIGS. 9A and 9B.
PAR  FIG. 10 shows an energy platen 300 which may be used with this invention.
      The platen 300 may be used either with the rotatary-type machine shown in
      FIG. 1 or with the reciprocating type machine shown in FIGS. 9A and 9B.
      The particular platen 300 shown in FIG. 10 is intended to make physical
      contact with and to apply pressure and heat to the areas around the
      electrodes in the collation, and for that purpose the platen is provided
      with a closed-loop surface 305 which contacts the collation and with a
      heat transfer system 310 which transfers heat into and away from the
      surface 305 rapidly and uniformly. It may be desirable to include one or
      more grooves in each platen to provide for the controlled squeeze-out of
      seal materials such as adhesives.
PAR  FIG. 11 shows a carrier 320 onto which a platen 300 may be mounted. The
      carrier 320 rolls along the track in the manner shown in FIG. 1.
PAR  FIG. 12 is a schematic view illustrating means which adjust the
      longitudinal position of one platen 300 with respect to an adjacent platen
      traveling along the closed loop track. Such adjustment means, which permit
      each platen 300 to be precisely registered with respect to the increment
      or portion of the collation which it is to seal, provide compensation for
      minor and unintended deviations in the designed lengths within the
      collation. Referring to FIGS. 1 and 12 together, these adjustment means
      may include a sensor which reads registration marks appearing on the
      exterior of the collation. If a registration mark 180 is not precisely
      where it should be in order for the platen 300 to mate as intended with
      the collation, the sensor activates a control and differential speed
      adjustment mechanism which in turn temporarily adjusts the rotational
      speed of a sprocket wheel 330. This speeds up or slows down the particular
      platen 300 and carrier 320 whose positions are to be determined with
      respect to the registration mark 180. The sensor, control, differential
      speed adjustment mechanism, and sprocket wheel can thus vary the position
      of each platen and carrier with respect to the position of an adjacent
      platen and carrier, within predetermined limits. It will be noted that the
      platen carrier 320 has roller wheels 322 which are engaged by recesses in
      the sprocket wheel 330. After these roller wheels 322 disengage the wheel
      330 they enter a track in the machine where they are spring-loaded against
      the collation and where they travel free-wheeling in a plane parallel to
      the direction of travel; the free-wheeling motion prevents the platens
      from exerting forces which might result in the longitudinal movement of
      one layer with respect to another layer in the collation.
PAR  The machine specifically illustrated in FIG. 1 utilizes energy platens
      which come into physical contact with and apply pressure against the
      collation of battery layers. The machine is equipped with means to heat
      the platens before they come into contact with the collation (e.g., a
      heating section using, for instance, radiant lamps) and also with a
      cooling section where heat can be removed from the collation. Preferably
      heat is transferred from he platens to the areas of the layers extending
      around and beyond the electrodes while those areas are under pressure from
      the platen; a further preference is to continue to have the platens exert
      pressure against the collation when the heated areas in the collation are
      subsequently cooled. With both thermoplastic and thermosetting materials
      it is believed that better quality seals will result if the surfaces being
      sealed together are subjected to both heat and pressure for a finite
      increment of time longer than that which can be exerted by the stationary
      pressure rollers of the prior art. Similarly, where thermoplastic
      materials are used it is believed to improve the quality of the seals to
      cool the areas being sealed together while those areas are still under
      pressure. The exact combination of temperature and the time and magnitude
      of pressure applied by the platens is subject to rather wide variations,
      depending upon such factors as: the mass and therefore the thermal content
      of the platens; the thermal conductivity of the material from which the
      platens are made; the physical configuration of the platens; the number,
      thickness, and thermal conductivity of the layers in the collation; the
      nature of the phenomenon associated with sealing two specific materials
      together; and possibly others. While it is not possible to define in
      absolute terms either maxima or minima for the room temperature, time and
      pressure required for the platens to produce high quality seals in the
      collation, it is possible to state a minimum requirement in relative
      terms, i.e., the magnitude and time duration of the heat and pressure must
      be greater than that obtained with the use of conventional, stationary
      pressure rolls.
PAR  Direct physical contact between the energy platens and the collation is not
      necessary in all embodiments of this invention. For instance, energy
      platens such as dielectric heating platens which transfer energy to the
      collation by the emission of energy waves need not necessarily make
      physical contact with the layers; subsequently the collated layers may be
      cooled and compressed simultaneously by controlled air pressure. By the
      same token, the application of heat by the platens to the collation is not
      required in all instances such as, for instance, where sealing is
      accomplished with certain pressure sensitive adhesives. Platens such as
      ultrasonic horns which develop heat in the collation may also be used.
      Where heat is applied to the collation as a step in the sealing, the heat
      need not necessarily be applied entirely or even at all in a direction
      perpendicular to the top and bottom layers in the collation; energy may be
      directed inwardly from the sides, in planes parallel to the layers in the
      collation. And while a liquid-impervious seal is required around the
      entire perimeter of opposed positive and negative electrodes in the
      finished batteries, the seal need not be produced around the entire
      perimeter in one step; one platen and sealing step can be used to produce
      seals across the width of the collation, at both ends of a pair of
      electrodes, while a different platen and a different step can be used to
      produce seals along the length of the collation at both sides of the pair
      of electrodes.
PAR  Collations of battery layers utilizing a wide variety of materials may be
      sealed by the process of this invention, including both thermoplastic and
      thermosetting materials. The sealing operation may produce physical and/or
      chemical changes in at least some of the layers, at least on a temporary
      basis, or a simple wetting action caused by sufficient pressure may result
      without other physical or chemical changes.
PAR  As used herein, the terms, "seal", "sealing", and the like are used broadly
      to mean the act of adhering one body of material to another and/or two two
      bodies of material adhered together, as appropriate to the context in
      which the terms appear. Except where clearly required, the terms are not
      intended to imply a requirement that the two bodies of material be of
      dissimilar physical and/or chemical composition from each other before,
      during, or after being sealed, or that sealing necessarily produces a
      physical and/or chemical change in all cases even on a temporary basis.
PAR  It may be desirable to squeeze the areas of the collation overlying the
      opposed pairs of electrodes together just prior to sealing, either to wet
      the electrodes with electrolyte and/or to squeeze air out of the
      collation. The squeezing or compression can be achieved by pads which are
      situated inside the seal-producing components of the energy platens.
PAR  Batteries made using this invention may employ a wide variety of positive
      and negative electrode materials and a wide variety of electrochemical
      systems including both primary and secondary systems. Among the positive
      electrode materials are such commonly used inorganic metal oxides as
      manganese dioxide, lead dioxide, nickel oxyhydroxide, mercuric oxide and
      silver oxide, inorganic metal halides such as silver chloride and lead
      chloride and organic materials capable of being reduced such as
      dinitrobenzene and azodicarbonamide compounds. Among the negative
      electrode materials are such commonly used metals as zinc, aluminum,
      magnesium, lead, cadmium, and iron. This invention may employ the
      electrolytes commonly used in the LeClanche system (ammonium chloride
      and/or zinc chloride), various alkaline electrolytes such as the
      hydroxides of potassium, sodium and/or lithium, acidic electrolytes such
      as sulfuric or phosphoric acid, and nonaqueous electrolytes, the
      electrolytes of course being chosen to be compatible with the positive and
      negative electrodes.
PAR  Among the wide variety of electrochemical systems which may be used in
      producing batteries with this invention are those in which the positive
      electrodes comprise manganese dioxide, the negative electrodes
      substantially comprises an acidic solution of inorganic salts. Another
      commonly known system is the alkaline manganese system in which the
      positive electrodes comprise manganese dioxide, the negative electrodes
      comprise zinc, and the electrolyte substantially comprises a solution of
      potassium hydroxide. Other aqueous elecrolyte systems including those of
      nickel-zinc, silver-zinc, mercury-zinc, mercury-cadmium, and
      nickel-cadmium may also be used. Systems employing organic positive
      electrodes and acidic electrolytes may also be used, including
      rechargeable systems using azodicarbonamide compound electrodes and
      LeClanche electrolyte.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of producing a seal around an increment of continuous,
      collated battery-layers,
PA1  the collation including a layer having an increment on which there is a
      deposit of positive electrode,
PA1  the collation also including a layer having an increment on which there is
      a deposit of negative electrode,
PA1  the collation being further characterized as having the positive electrode
      substantially opposite the negative electrode,
PA1  the method comprising the steps of:
PA2  a. moving the collation of continuous battery layers;
PA2  b. temporarily stopping the increment of the collation at a sealing
      station;
PA2  c. moving an energy platen with respect to the stopped increment into a
      position so that the platen can transfer energy to the areas of the layers
      of the stopped increments surrounding the pair of opposed electrodes; and
PA2  d. transferring energy from the platen to the layers in a manner, in an
      amount, and for a time sufficient to heat the areas of the layers
      surrounding the electrodes;
PA2  e. subsequently maintaining pressure against the heated layers while
      simultaneously cooling the heated layers;
PA2  f. removing the increment of the collation from the sealing station while
      the simultaneously advancing another increment of the collation to the
      sealing station; and,
PA2  g. repeating steps (b), (c), (d), and (e) with respect to the other
      increment of the collation.
NUM  2.
PAR  2. The method of claim 1 in which pressure is applied to the increments
      over the areas occupied by the electrodes before energy is transferred to
      the areas being sealed together.
NUM  3.
PAR  3. The method of claim 1 in which, while the increments at the sealing
      station are temporarily stopped, the portions of the layers upstream from
      the sealing station continue to move and are accumulated by accumulator
      means.
NUM  4.
PAR  4. The method of sealing a collation of battery layers,
PA1  the collation including a layer on which there is a deposit of positive
      electrode,
PA1  the collation also including a layer on which there is a deposit of
      negative electrode,
PA1  the collation being further characterized as having the positive electrode
      substantially opposite the negative electrode,
PA1  the method comprising the steps of:
PA2  a. moving the collation of battery layers;
PA2  b. temporarily stopping the collation at a sealing station;
PA2  c. moving an energy platen with respect to the stopped collation into a
      position so that the platen can transfer energy to the areas of the
      stopped collation to be sealed together; and,
PA1  d. transferring energy from the platen to the layers in a manner, in an
      amount, and for a time sufficient to heat the areas of the layers
      surrounding the electrodes;
PA1  e. subsequently maintaining pressure against the heated layers while
      simultaneously cooling the heated layers;
PA1  f. removing the increment of the collation from the sealing station while
      simultaneously advancing another increment of the collation to the sealing
      station; and,
PA1  g. repeating steps (b), (c), (d), and (e) with respect to the other
      increment of the collation.
NUM  5.
PAR  5. The method of claim 4 in which pressure is applied to the collation over
      the areas occupied by the electrodes before energy is transferred to the
      areas surrounding the electrodes.
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PAL  Thermoelectric long-lasting microgenerator which may be implanted in the
      human body, using a cylinder containing a radioactive isotope as a heat
      source and the human body as a cold source. The connection between the
      heat source and the thermoelectric element is effected by means of a
      supple substance which is a poor conductor of electricity. The rest of the
      heat source is surrounded by a volume affording a very high impedance to
      the propagation of heat.
BSUM
PAR  The present invention concerns the structure of a thermoelectric generator
      having very small dimensions drawing heat energy from a radioactive source
      constituted by a radio-isotope such as plutonium 238.
PAR  The structure of the thermoelectric microgenerators intended to be
      implanted in the human body to stimulate the operation of an organ, or
      else to be substituted for the latter must fulfill a certain number of
      particularly severe conditions.
PAR  It must, more particularly, have an effective operational life which is not
      less than about 10 years, in order to avoid repeated surgical operations.
      During that period, the radioactive source must transmit to the organ only
      a perfectly tolerable quantity of ionizing radiations. The operation of
      the generator must remain particularly sure and reliable whatever
      incidents the body bearing the device may be subjected to; more
      particularly, the microgenerator must be able to be subjected for a short
      instant to a high acceleration very much greater than twice the
      acceleration of gravity, of the kind encountered in a car accident or
      aeroplane crash. Likewise, the microgenerator must remain fluid-tight even
      if the person bearing the device were burned in a fire.
PAR  The heat losses of the microgenerator must be sufficiently low and the
      output of that microgenerator must be as high as possible, in order to
      reduce to a minimum, the volume and the mass of the radioactive source.
PAR  The first of the above conditions determine the choice of the radioactive
      isotope which is to be used as a source for the microgenerator. It is
      known that plutonium 238 emits a very slight alpha radiation, the main
      radiation being absorbed by the plutonium itself. The residual alpha
      radiation is easily absorbed by a metallic casing a few millimeters thick,
      the half-period of plutonium 238 being in the order of 90 years, that
      substance is suitable for selection to constitute the energy source of the
      microgenerator. The energy source is therefore constituted by a plutonium
      238 pellet placed in an empty space confined by a fluid-tight metal wall
      whose outer casing is formed by platinum. Such an empty volume is
      indispensable for safety reasons. Indeed, the total alpha radiation
      comprising the main radiation absorbed by the plutonium itself and the
      residual radiation emitted outwards give rise to a certain quantity of
      helium which remains at a normal temperature absorbed within the
      plutonium. If, for an outside accidental cause, the temperature of the
      microgenerator were to rise, and this would more particularly be the case,
      should the bearer of that generator be burned in a fire, the helium would
      be set free and would take up the empty space provided for that purpose
      without any danger of explosion which might be liable to cause an
      accidental releasing of the plutonium in the source.
PAR  The last two conditions set forth above concern heat losses and the
      improvement of the output. Now, in that thermoelectric microgenerator, the
      heat is formed by the casing of the plutonium 238 pellet, whereas the cold
      source is formed by the outer casing of the microgenerator. The output
      will therefore be improved by draining the maximum of the heat flux
      emitted by the heat source towards the thermoelectric converter and by
      preventing the heat from propagating in all parasite directions. The
      nature of the thermoelectric element also plays a very important part.
      More particularly, an element constituted by metallic thermocouples would
      make it possible to produce a solid thermoelement easily bearing high
      accelerations, but it has a fairly low output. Consequently, if a metallic
      thermoelement were used, it would be necessary to combine it with a
      relatively great source of radioactive energy requiring, in its turn, a
      fairly heavy protection against ionizing radiations. Moreover, heat losses
      would become prohibitive and the device thus designed would be difficult
      to implant in the human body. One of the merits of the applicant has been
      that he has implemented thermoelements basically consisting of highly
      doped semiconductors which are hence insensitive to the ionizing action of
      the radioactive source and have, furthermore, a merit factor eight to 10
      times greater than that of the best metallic thermoelectric couples. Thus,
      the output is improved while heat losses are reduced.
PAR  The energy converter implemented by the applicant is a thermoelectric
      device consisting of a certain quantity of thermocouples (which is never
      less than 50) connected together in series. These thermocouples consist of
      P and N semiconductor elements in whose composition bismuth telluride is
      often included as one of the components of a solid solution without
      forasmuch its use being compulsory; various other compositions well known
      to the man in the art have been used with success.
PAR  The nature of the energy converter having been specified, it appeared
      necessary to produce, on either side of the thermoelement, a simultaneous
      resilient and thermal connection with the heat source and with the cold
      source, so that semiconductive thermoelement may bear, without damage,
      very high accelerations while continuing to maintain a close thermal
      connection with the heat source and the cold source, so that the aim which
      the applicant has set himself is to produce a microgenerator having a high
      output energy converter having an excellent mechanical connection but with
      low heat resistance simultaneously with the heat source and with the cold
      source.
PAR  The object of the invention is therefore a very long-lasting thermoelectric
      generator consisting of:
PA1  An outer casing acting as a cold source and containing the microgenerator;
PA1  A hot source formed by a fluid-tight heat conducting metallic casing
      containing, in the vicinity of one of its walls, a radioactive source;
PA1  A thermoelectric generator having a high output, mechanically connected to
      the heat source and to the cold source;
PA1  A highly insulating medium filling up the rest of the space confined by the
      outer casing;
PA1  characterized in that on the one hand, the thermoelectric generator
      consists of P and N semiconductive elements, connected up in series, and
      in that on the other hand, the means for connecting the said
      thermoelectric generator with the hot source and with the cold source is
      resilient and has a low heat resistance in relation to the heat resistance
      of the highly insulating medium confined by the external casing.
PAR  Indeed, only the simultaneous implementing of a thermoelectric generator
      basically consisting of semiconductor elements having high output and good
      mechanical and thermal connection with the sources enables the producing
      of a device which may be implanted in the human body and meeting the
      requirements set forth above.
PAR  It will be understood that the connection element between the thermocouple
      and the heat source must have, simultaneously, good elasticity for
      withstanding accelerations to which the microgenerator may be subjected
      and satisfactory heat conductivity to supply the thermocouple with heat
      energy. If one of these conditions is not fulfilled, and, for example, the
      connecting means is brittle, it ceases to be reliable and the advantages
      of the microgenerator are all lost. The same applies if the heat released
      by the source only partly reaches the thermocouple, that is, if the heat
      resistance offered by the insulating medium filling the outer casing is in
      the same order of magnitude as the resistance of the connection means. It
      is therefore observed that this last resistance must be clearly lower than
      that offered by the insulating medium filling the casing. Nevertheless,
      the connecting means must not forasmuch be a good conductor of
      electricity, for then, a parasite current would be set up between the
      various elements of the thermocouple placed in series. These various
      contradictory conditions have led the applicant to use a substance which
      is a poor conductor of electricity, a rather average heat conductor, but
      used in slight thickness to set up that connection, and to surround
      simultaneously the rest of the heat source with a heat barrier having a
      very high resistance so as to canalize the heat flux just the same towards
      the lowest resistances. Moreover, by increasing the barrier against the
      propagation of the heat flux in parasite directions, it should not be
      considered satisfactory only to improve the output of the microgenerator
      but the quantity of the radioactive product required and consequently the
      ionizing radiation and the hindrance it would be liable to cause to the
      organs near which it has been implanted is decreased by as much.
DRWD
PAR  The invention is described in greater detail in the following description
      with reference to the single FIGURE showing a diagrammatic cross-section
      of one of the microgenerators produced by the applicant.
DETD
PAR  That single FIGURE shows, at 1, the radioactive source formed by a pellet
      of plutonium 238. The disintegration of that radioactive isotope causes
      helium which is liable to fill the cavity 2 if the temperature of the
      plutonium rises substantially. That enclosure is confined by a cylindrical
      covering of tantalum 3 having very good mechanical qualities at high
      temperature and by a platinum cylinder 4. The cylindrical platinum
      covering 4 ensures good protection against oxidization. Moreover, the two
      coverings completely absorb the alpha radiation and allow only gamma
      radiation and neutron radiation coming mainly from impurities in the
      plutonium and sufficiently slight not to have any appreciable nocivity to
      emerge. The cylindrical platinum covering is a good conductor of heat. The
      outer surface of that cylinder constitutes the heat source. The outer
      upper face and the outer lateral face of the platinum cylinder are
      minutely polished in order to reduce the heat radiation of the heat source
      in parasite directions. The heat from the heat source is transmitted to
      the block of thermoelectric cells 5 through a connection means 6 formed by
      a layer of resilient resin basically consisting of silicone substances, so
      that the side 7 of the block of thermoelectric cells is in contact with
      the heat source through a resilient connection means 6 whereas the side 8
      of the thermoelectric cells is in contact with the outside casing forming
      the cold source through a resilient connecting element 10 analogous, by
      its structure, with the connecting element 6 and also formed by a layer of
      resilient resin basically consisting of silicone substances.
PAR  The outer upper face and the outer lower face of the platinum cylinder are
      surrounded with a very slight conductive substance 11 consisting of
      slightly resilient insulating microporous mineral product whose
      consistency is similar to a mixture of felt and chalk. That insulating
      product is formed essentially by agglomerated granulated silica. That
      product is degassed for a long while and placed under partial pressure in
      the order of 100 torrs of Xenon or of any other heavy, that is, highly
      insulating, gas. The assembly is placed in an outer enclosure 12 made of
      stainless steel or titanium and fixed on a base 13 thermally connected to
      the casing 12. Two output wires 14 and 15 of the thermoelectric element
      and a metallic vacuum tube 16 pass through that base.
PAR  The outer casing 12 is made of two parts welded by electronic bombardment
      along a circumference 17 placed above the upper part of the platinum
      cylinder 4. That casing is polished on the inside.
PAR  In order to compensate the slow increase in the pressure which may occur
      during the long service period of the generator inside the enclosure 12
      subsequent to insufficient degassing of the heat insulator 11, a metallic
      grid 18 coated with a getter paste such a Titanium-Zirconium compound
      which is heated by conductivity after pumping and closing of the vacuum
      pipe 16 is placed at the top of that enclosure 12.
PAR  The installing of the thermocouples leads to a certain number of
      preparatory operations.
PAR  The block of thermoelectric couples is formed by a known method. It
      comprises elements basically consisting of bismuth telluride at high
      density in the order of 500 elements per squ. cm. connected up in series.
      The P elements are produced from a solid solution of bismuth telluride and
      antimony telluride doped with lead. The N elements are produced from a
      solid solution of bismuth telluride and bismuth selenide highly doped with
      metallic halides.
PAR  When the connections between the elements are produced, the lateral faces
      of the thermoelectric block 5 are coated with a resin known by the trade
      name "Araldite". The output wires are installed. A second lateral coating
      is formed with an epoxy resin, this being followed by accurate
      dimensioning; on the outside, the epoxy layer is covered with a thin
      reflecting layer. The gap in the order of 4/10 mm on either side of the
      thermoelectric block is filled with a resilient resin basically consisting
      of silicone substances, possibly charged with a powder of a conductive
      metal such as aluminum, copper or silver.
PAR  It is a fact that bismuth telluride is capable of forming an alloy with
      platinum. In the case where the bearer of such a microgenerator is burnt
      in a fire, the bismuth telluride will be liable to come into contact with
      the platinum, and this would cause the destruction of the outer covering
      of the heat source; an oxidation of the tantalum covering could occur,
      setting free the plutonium 238. The chances of such an occurrence are
      reduced by depositing on the whole of the platinum cylinder a diffusion
      barrier formed by a thin layer of alumina, zirconium or boron nitride.
PAR  The radioactive source supplies substantially 80 mW of power in the form of
      heat through a platinum casing brought to 60.degree.C. More than half that
      power is recuperated by the thermocouple. The difference in temperature
      between the heat source and the elements of the block of thermoelectric
      couples is in the order of 1.degree.C. It will therefore be seen that the
      resilient connecting element, while providing a resilient connection
      between the mass formed by the heat source and the outer casing 12 does
      not cause an excessive consumption of energy.
PAR  Moreover, by way of experiment, it was possible to submit such
      microgenerators to very high accelerations reaching 1000 g. The mechanical
      connection between the thermoelectric generator and the two sources has
      proved to be sufficiently resilient and flexible for no damage to the
      device to occur.
PAR  In a certain number of microgenerators, the heat insulation of the heat
      source on the top and lateral faces which are not in contact with the
      thermoelectric assembly has been improved by arranging an extra enclosure
      above the well 4 and at a very slight distance from the latter, in the
      order of 0.5 mm. That extra enclosure has been polished on the inside and
      the space comprised between that enclosure and the wall 4 has been brought
      to a vacuum in the order of 10.sup.-.sup.5 Torr. Thus, the resistance of
      the medium surrounding the hot wall outside the space leading to the
      thermoelectric couple is greatly increased without, however, reducing the
      solidity and hence the reliability of the microgenerator. Indeed, in the
      case of very great acceleration, subsequent to the elasticity of the
      layers 7 and 8, the casing of the heat source will come into contact with
      that extra enclosure, but deformation will be attenuated by the insulating
      mass 11 surrounding that enclosure and the heat source will resume its
      original position when the acceleration has come to an end. The remarkable
      increase in the resistance of the medium surrounding the heat source
      enables better draining of the heat produced towards the thermocouple and
      very appreciable increase in the output of the source.
PAR  Although the device which has just been described appears to afford the
      greatest advantages for implementing the invention, it will easily be
      understood that various modifications may be made thereto without going
      beyond the scope of the invention by putting into operation various
      equivalent means, more particularly inasmuch as concerns heat insulation
      of the heat source on all its faces which are not in contact with the
      thermocouple.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A very long-lasting thermoelectric microgenerator comprising an outer
      casing acting as a cold source;
PA1  a heat source disposed inside said outer casing and including a fluid-tight
      heat conducting metallic casing containing, in the vicinity of one of its
      walls, a radioactive source;
PA1  a high output thermoelectric generator within said outer casing;
PA1  said thermoelectric generator consisting of a plurality of P and N
      semiconductor elements connected in series;
PA1  first means for mechanically and thermally connecting said thermoelectric
      generator to the heat source;
PA1  second means for mechanically and thermally connecting said thermoelectric
      generator to the cold source; and
PA1  a highly insulating medium filling in the rest of the space confined by the
      outer casing;
PA1  said first and second means each comprising a layer of resilient resin,
      being electrically insulating and having a low heat resistance in relation
      to the resistance of said highly insulating medium confined by the
      external casing; and said highly insulating medium being a resilient
      microporous mineral substance which is a poor heat conductor, degassed
      vigorously, set in a rarefied heavy gas atmosphere.
NUM  2.
PAR  2. A very long-lasting thermoelectric microgenerator according to claim 1,
      wherein said layers of resilient resin basically consist of silicone
      substances.
NUM  3.
PAR  3. A very long-lasting thermoelectric microgenerator according to claim 2,
      wherein the P and N semiconductor elements in the thermoelectric generator
      comprise a solid bismuth telluride solution.
NUM  4.
PAR  4. A very long-lasting thermoelectric microgenerator according to claim 3,
      wherein the P semiconductor elements in the thermoelectric generator
      include solid bismuth telluride and antimony telluride highly doped with
      lead.
NUM  5.
PAR  5. A very long-lasting thermoelectric microgenerator according to claim 4,
      wherein the N semiconductors in the thermoelectric generator include solid
      solution of bismuth telluride and bismuth selenide highly doped with
      metallic halides.
NUM  6.
PAR  6. A very long-lasting thermoelectric microgenerator according to claim 5,
      wherein the outer wall of the heat source is polished.
NUM  7.
PAR  7. A very long-lasting thermoelectric microgenerator according to claim 6,
      wherein the inner wall of the outer enclosure of the microgenerator is
      polished.
NUM  8.
PAR  8. A very long lasting thermoelectric microgenerator according to claim 2,
      wherein the heat source including the casing of said heat source
      completely covered with a very thin layer of alumina.
NUM  9.
PAR  9. A very long-lasting thermoelectric microgenerator according to claim 2,
      wherein the casing of said heat source is completely covered with a layer
      of zirconium.
NUM  10.
PAR  10. A very long-lasting thermoelectric microgenerator according to claim 2,
      wherein the causing of said heat source is completely covered with a layer
      of boron nitride.
NUM  11.
PAR  11. A very long-lasting thermoelectric microgenerator according to claim 2,
      further including, at the upper part of the space between the outer wall
      of the heat source and the outer casing, a getter element.
NUM  12.
PAR  12. A very long-lasting thermoelectric microgenerator according to claim 5,
      further including, at the upper part of the space between the outer wall
      of the heat source and the outer enclosure, a getter element.
NUM  13.
PAR  13. A very long-lasting thermoelectric microgenerator according to claim
      12, wherein the outer wall of the heat source is surrounded by an extra
      metallic wall polished on the inside and the space between the outer wall
      of the heat source and the extra metallic wall is kept under a very high
      vacuum.
NUM  14.
PAR  14. A very long-lasting thermoelectric microgenerator comprising an outer
      casing acting as a cold source;
PA1  a heat source disposed inside said outer casing and including a fluid-tight
      heat conducting metallic casing containing, in the vicinity of one of its
      walls, a radioactive source;
PA1  a high output thermoelectric generator within said outer casing
      mechanically connected to the heat source and to the cold source;
PA1  a highly insulating medium filling in the rest of the space confined by the
      outer casing;
PA1  said highly insulating medium being resilient microporous mineral substance
      which is a poor heat conductor, degassed vigorously, set in a rarefied
      heavy gas atmosphere.
NUM  15.
PAR  15. A very long-lasting thermoelectric microgenerator according to claim
      14, wherein said high output thermoelectric generator is mechanically
      connected to the heat source and to the cold source with respective layers
      of resilient resin material.
NUM  16.
PAR  16. A very long-lasting thermoelectric microgenerator comprising an outer
      casing acting as a cold source;
PA1  a heat source disposed inside said outer casing and including a fluid-tight
      heat conducting casing containing, in the vicinity of one of its walls, a
      radioactive source;
PA1  said conducting casing having an outer layer of Platinum;
PA1  a high output thermoelectric generator within said outer casing
      mechanically connected to the heat source and to the cold source;
PA1  said thermoelectric generator consisting of a plurality of P and N
      semiconductor elements connected in series and comprising a solid bismuth
      telluride solution;
PA1  a highly insulating medium filling in the rest of the space confined by the
      outer casing;
PA1  said outer layer of Platinum being completely covered with a very thin
      layer of boron nitride.
NUM  17.
PAR  17. A very long-lasting thermoelectric microgenerator comprising an outer
      casing acting as a cold source;
PA1  a heat source disposed inside said outer casing and including a fluid-tight
      heat conducting casing containing, in the vicinity of one of its walls, a
      radioactive source;
PA1  said conductive casing having an outer layer of Platinum;
PA1  a high output thermoelectric generator within said outer casing
      mechanically connected to the heat source and to the cold source;
PA1  said thermoelectric generator consisting of a plurality of P and N
      semiconductor elements connected in series and comprising a solid bismuth
      telluride solution;
PA1  a highly insulating medium filling in the rest of the space confined by the
      outer casing;
PA1  said outer layer of Platinum being completely covered with a very thin
      layer of alumina.
NUM  18.
PAR  18. A very long-lasting thermoelectric microgenerator comprising an outer
      casing acting as a cold source;
PA1  a heat source disposed inside said outer casing and including a fluid-tight
      heat conducting casing containing, in the vicinity of one of its walls, a
      radioactive source;
PA1  said conducting casing having an outer layer of Platinum;
PA1  a high output thermoelectric generator within said outer casing
      mechanically connected to the heat source and to the cold source;
PA1  said thermoelectric generator consisting of a plurality of P and N
      semiconductor elements connected in series and comprising a solid bismuth
      telluride solution;
PA1  a highly insulating medium filling in the rest of the space confined by the
      outer casing;
PA1  said outer layer of Platinum being completely covered with a very thin
      layer of zirconium.
NUM  19.
PAR  19. A very long-lasting thermoelectric microgenerator according to claim
      18, wherein the outer wall of the heat source is polished.
NUM  20.
PAR  20. A very long-lasting thermoelectric microgenerator according to claim
      19, wherein the inner wall of the outer enclosure of the microgenerator is
      polished.
NUM  21.
PAR  21. A very long-lasting thermoelectric microgenerator according to claim
      20, further including, at the upper part of the space comprised between
      the outer wall of the heat source and the outer enclosure a getter
      element.
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ABST
PAL  Improved alloys suitable for thermoelectric applications and having the
      general formula:
EQU  (AgSbTe.sub.2).sub.1.sub.-x + (GeTe).sub.x
PAL  wherein x has a value of about 0.80 and 0.85, have been found to possess
      unexpectedly high thermoelectric properties such as efficiency index, as
      well as other improved physical properties.
PARN
PAR  This is a division of application Ser. No. 8,043, filed Feb. 2, 1970, now
      U.S. Pat. No. 3,695,867, which is a continuation-in-part of application
      Ser. No. 593,469, filed Nov. 10, 1966, now abandoned, which was a
      continuation-in-part of application Ser. No. 509,511, filed Nov. 24, 1965,
      now abandoned.
BSUM
PAR  This invention relates to novel alloys having the general formula
      (AgSbTe.sub.2).sub.1.sub.-x + (GeTe).sub.x, wherein x is expressed in mol
      fractions, and containing both rhombohedral and face centered cubic
      crystals. More particularly, the present invention relates to new and
      improved thermoelectric alloys and thermoelectric devices containing the
      novel alloys.
PAR  Thermoelectric conversion devices have received a great deal of attention
      in recent years for numerous terrestrial and space applications.
      Consequently, both government and private industry have expended large
      funds in research and development efforts to obtain suitable alternatives
      for the lead telluride elements and, more hopefully, to obtain new
      elements with better thermoelectric and physical properties for operation
      in the same temperature range. However, in spite of this intense activity
      in the thermoelectric field, lead telluride has remained the material
      exhibiting the best electrical properties known to be used commercially in
      this temperature range at the present time.
PAR  A limited number of compositions, or alloys, which may be represented by
      the formula (AgSbTe.sub.2).sub.1.sub.-x + (GeTe).sub.x, wherein x equals
      parts by mol fraction, are known and have been proposed as thermoelectric
      elements in thermoelectric devices. However, so far as known, none of
      these known alloys have been used in commercial devices. Patent literature
      and technical reports have indicated that this lack of commercial usage is
      attributable to the fact that known alloys of the type set out above, are
      not superior, or are even inferior, in their overall thermoelectric
      efficiency and physical attributes to the known and widely used lead
      telluride thermoelectric elements which operate in approximately the same
      temperature range.
PAR  In particular, the article Semiconductor Materials for Thermoelectric Power
      Generation Up to 700.degree.C, F. D. Rosi, J. P. Dismulles, and E. F.
      Hockings, published in "Electrical Engineering", Vol. 79, p. 450 (1960)
      and U.S. Pat. No. 3,061,657 to E. F. Hockings generally agree in the
      conclusion that the alloy of the above-noted type containing 90.degree.%
      GeTe and 10% AgSbTe.sub.2 is the best of this type for thermoelectric
      conversion. In fact, while there is some discussion in the prior art of
      the properties of these alloys, no indication is given of any suspected or
      enhanced properties for these alloys in the range between 50 and 90 mol
      percent GeTe.
PAR  Now in accordance with the present invention, it has been found, that,
      contrary to the teaching of the prior art, for two distinct alloy
      compositions having the general formula (AgSbTe.sub.2).sub.1.sub.-x +
      (GeTe).sub.x, wherein x, expressed in mol fractions, is about 0.80 and
      0.85, distinctly superior thermoelectric and physical properties are found
      compared with other alloy compositions having the same general formula in
      the 50-90 mol percent GeTe range. More particularly, it has been found
      that the alloys of the present invention, which have the above-noted
      general formula, possess unexpected properties in thermoelectric power
      electrical resistivity, thermal conductivity, lattice spacing, and thermal
      expansion.
PAR  Thus, while according to the prior art, the Seebeck  coefficient (.alpha.)
      [thermoelectric power] and resistivity (.rho.) are indicated in the prior
      art as smoothly decreasing with the addition of more GeTe to the
      AgSbTe.sub.2, according to the present invention there is seen to be an
      unexpected fluctuation in both of these properties in the 80% and 85% GeTe
      range (FIGS. 7 and 8 of the application), so that, in fact, substantial
      peaks in the efficiency index, ZT are found at 80% and 85% GeTe.
PAR  Further, the prior art indicates that these materials form a simple solid
      solution. Data obtained according to the present invention using
      differential thermal analysis technique (FIG. 9), however, shows the
      existence of another phase in the 80% to 90% GeTe region.
PAR  Lattice parameter data shown in the prior art gives no indication of a
      lattice contraction, while FIG. 7 definitely shows a contraction of the
      lattice around the 85% GeTe-15% AgSbTe.sub.2 composition. This data was
      obtained using a General Electric XRD-5 X-ray diffraction unit using
      Copper K.alpha. irradiation. (Note that FIG. 7 here gives the spacing for
      the 200 lines which are the most intense lines of the pattern. Below 75%
      GeTe this is exactly one-half the lattice parameter, while above this
      composition it is within 0.3% of being one-half the lattice parameter.
      E.g. the value of 2.980A reported for GeTe here calculates to 5.980 A for
      the lattice parameter, as compared to 5.988 A reported in the literature.)
      FIG. 8 shows a minimum in the thermal expansion (.DELTA.L/L.DELTA.T) at
      the 85% GeTe--15% AgSbTe.sub.2 composition, again pointing up the unusual
      features of this composition. This data was obtained with a Leitz HTV
      dilatometer.
PAR  Significantly, the prior art mentioned above asserts that in the 50-90%
      GeTe range there is an absence of a minimum in the lattice contribution to
      thermal conductivity, K.sub.ph, and therefore no minimum in total thermal
      conductivity, K.sub.t, since K.sub.T = K.sub.ph + K.sub.el, where K.sub.el
      is the electronic contribution to thermal conductivity and K.sub.T and
      K.sub.el are shown to be monotonically increasing throughout the indicated
      alloy composition range. The present inventors have found, however, that
      contrary to what the prior art asserts there are definite and pronounced
      minima in K.sub.T at about 80% GeTe-20% AgSbTe.sub.2 and 85% GeTe-15%
      AgSbTe.sub.2 (FIG. 4).
PAR  The unexpected properties of the alloys of this invention, which are the
      same type of near-degenerate semiconductors as the kindred known alloys,
      namely, p-type, have been compared with those of the most nearly analogous
      heretofore known alloys in order to illustrate the significant advance in
      the art represented by this invention. In all instances extreme care has
      been exercised to utilize only recognized and well established evaluative
      techniques and standards, and to use identical techniques on all samples
      tested. An average value for at least four samples in all instances and 12
      and 38 samples, respectively, when GeTe represented 80 and 85% of the
      alloy was used for the data presented here.
DRWD
     A schematic illustration of a thermoelectric device and the evaluative
      comparisons are set out in the accompanying drawings in which:
PAR  FIG. 1 is a schematic cross-sectional view of a thermoelectric device for
      converting heat energy into electrical energy through utilization of the
      Seebeck effect;
PAR  FIG. 2 is a graph showing a comparison of the Seebeck coefficient (.alpha.)
      for the most nearly related prior art alloys and the alloys of this
      invention at representative temperatures over the normally operating
      temperature gradient for thermoelectric devices using the alloys of this
      invention as thermoelectric elements;
PAR  FIG. 3 is a graph similar to the graph of FIG. 2. relating to electrical
      resistivity .rho.;
PAR  FIG. 4 is a graph similar to the graph of FIG. 2, relating to thermal
      conductivity K;
PAR  FIG. 5 is a graph similar to the graph of FIG. 2, representing the
      efficiency index ZT where T = .degree.K and Z= .alpha.2/.rho.K in which K
      represents thermal conductivity in Watts/.degree.K cm;
PAR  FIG. 6 is a graph representing the energy conversion efficiency of
      thermoelectric devices, respectively, using a preferred alloy of this
      invention and commercial lead telluride doped with sodium as a P-type
      element, while, in each instance, using commercial lead telluride doped
      with lead iodide as the N-type element; the calculations being made in
      each instance in conformity with the recognized formula for efficiency,
      namely,
      ##EQU1##
      wherein T.sub.h + temperature on hot side, T.sub.c + temperature on cold
      side and ZT + efficiency index of the couple averaged over the operating
      temperature range;
PAR  FIG. 7 shows X-ray diffraction lattice data, d.sub.200 spacing as a
      function of alloy composition;
PAR  FIG. 8 shows thermal expansion as a function of alloy composition; and
PAR  FIG. 9 is a phase diagram for varying alloy composition.
PAR  In FIG. 5, the ZT data for 100% GeTe is well known and well established in
      the art and is taken from Thermoelectricity: Science and Technology by R.
      R. Heikes and R. W. Ure, Jr., Interscience Publishers, 1961 (page 435).
PAR  In order to supplement the information presented graphically in FIGS. 2-5,
      Table I present thermoelectric property data shown in those figures taken
      at 750.degree.K. Also included in Table I are thermoelectric property data
      for hypothetically stoichiometric materials not plotted in FIGS. 2-5, but
      which are consistent with the curves shown in those graphs.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Thermoelectric Performance Data at 750.degree.K                           
     Percent                                                                   
     GeTe AgSbTe.sub.2                                                         
                .alpha.(.mu.V/.degree.K)                                       
                       (m.OMEGA.cm)                                            
                            K(mw/cm-.degree.K)                                 
                                    ZT                                         
     __________________________________________________________________________
     50*  50    228    4.00 24.3     .39                                       
     75*  25    204    1.72 21.5    1.04                                       
     80   20    219    1.76 13.4    1.52                                       
     83   17    197    1.57 17.7    1.04                                       
     83-1/3                                                                    
          16-2/3                                                               
                184    1.35 20.0    0.89                                       
     85   15    198    1.19 17.3    1.43                                       
     85-5/7                                                                    
          14-2/7                                                               
                194    1.12 21.9    1.16                                       
     87   13    167    .87  20.0    1.25                                       
     87-1/2                                                                    
          12-1/2                                                               
                168    .95   20.5** 0.88                                       
     90*  10    177    .82  23.0    1.01                                       
     __________________________________________________________________________
       *Corresponds to values obtained in U.S. Patent 3,061,657 to Hockings.   
      **Value obtained by interpolation.                                       
PAR  Since heretofore disclosed most nearly related alloys are not commercially
      available, in order to make a comparison between the novel alloys of this
      invention and such prior art alloys, it was necessary to produce all
      samples tested. Initially, it was attempted to produce sample
      thermoelectric elements by a cold pressing and sintering process. However,
      it was found that this process was completely unsatisfactory because of
      poor mechanical integrity, i.e., they split and crumbled during the
      pressing operation. For instance, a series of samples consisting of finely
      divided particles of (AgSbTe.sub.2).sub.0.15 (GeTe).sub.0.85 and of size
      conventionally used for cold pressing and sintering were first compressed
      at a series of pressures between 25 and 55 tsi and thereafter sintered in
      an argon atmosphere for four hours at temperatures of 582.degree.C,
      604.degree.C and 627.degree.C. In each instance the sintered material had
      mechanical defects set out above.
PAR  It was then found that this problem was eliminated, particularly in the
      case of the novel alloys of this invention, by utilizing a casting
      technique. More particularly, the alloys were prepared by placing the four
      constituent elements in the desired correct proportions in an evacuated
      Vycor tube and then sealing the tube and heating it in a rocking furnace
      at 750.degree.C for one hour, i.e., until a melt was formed. The tubes
      were slowly cooled to approximately 600.degree.C and annealed at this
      temperature for sixteen hours. Thereafter, the tubes were permitted to
      cool to ambient temperature.
PAR  Additionally, some of this cast material was further processed by being
      converted to finely divided particles, as by crushing to -35 mesh, cold
      compacted at 20,000 psi and then hot pressed at 525.degree.C and 5000 psi
      for about one-half hour to form a p-type thermoelectric element.
      Substantially the same thermoelectric properties were exhibited by the
      cast samples as with the samples which were further processes in this
      manner.
PAR  The thermoelectric materials of this invention have been designated
      "alloys" for they appear to be solid solutions and there is no discovered
      evidence of compound formation, for the Stoichiometric compositions do not
      seem to differ, apart from concentration of ingredients, from the
      non-stoichiometric compositions. Basically, microprobe analysis indicates
      a matrix of Ag-Sb-Ge-Te with a small amount of AgTe scattered throughout.
      In the higher Ge-content material, a minor phase of Ge may exist.
PAR  It would appear such alloys are unobtainable apart from the formation of a
      true melt, for otherwise one would have a suspension of higher melting
      metals, or alloys, in lower melting metals, or alloys.
PAR  X-ray diffraction studies indicate the materials of 90%, or greater
      content, in GeTe have a rhombohedral crystal structure with a lattice
      angle very near 90.degree., while materials with 75% or less GeTe content
      have a face centered cubic crystal structure. Both of these structures are
      observed in the materials having a GeTe content between 75% and 90%. Thus,
      it appears optimum results require the presence of both types of crystal
      structures. Yet, optimum ZT values vary from the median ZT value
      indicating further that optimum results also require that the two types of
      crystals be present in unequal amounts as indicated by peaks at about 80%
      and 85% GeTe. respectively. It will be noted that there are values of ZT
      value projectable from prior art knowledge. This double peaking
      characteristic of the ZT curve is an extremely unusual occurrence.
      Electron microscope observation of the 85% and 80% GeTe alloys indicate
      the former has a more disordered structure than the latter.
PAR  Preliminary investigations indicate a slight shrinkage of the lattice in
      the immediate vicinity of the 85% GeTe region which explains to some
      extent the exceptional physical stability of this alloy.
PAR  The graphs shown in FIGS. 2, 3 and 4 serve primarily to facilitate an
      understanding of the graphs of FIGS. 5 and 6. Thus, FIGS. 2, 3, and 4 will
      not be discussed. The efficiency index graph shown in FIG. 5, the most
      widely accepted evaluation of thermoelectric efficiency, strikingly
      illustrates the peaking of thermoelectric efficiency in the two regions of
      80% GeTe-20% AgSbTe.sub.2 and 85% GeTe-15% AgSbTe.sub.2. The peaking of
      the efficiency index at these two points exhibits a definite and
      unexpected departure from the curve projected from the prior art based on
      the properties of the previously disclosed materials containing 50, 75, 90
      and 100% GeTe. It will be observed, moreover, that in the higher and
      preferred operable temperatures, illustrated by 750.degree.K., the largest
      departures occur for both the 80% and 85% GeTe materials. The measured
      results of FIG. 5 were used in determining the data of FIG. 6, which
      illustrates the remarkably superior characteristics of the preferred
      alloys of this invention over P-type lead telluride thermoelectric
      elements, now commonly used in thermoelectic devices.
PAR  FIG. 6 is significant, also, in showing the exceptionally high conversion
      efficiency of the alloys of this invention at conventional operating
      temperatures. For instance, with a hot junction temperature of
      900.degree.F. and a cold junction temperature of 100.degree.F., the
      thermoelectric efficiency approaches 10%. This efficiency is significantly
      greater than the 4-8% obtainable with heretofore known materials in such
      now commonly used thermoelectric devices.
PAR  In view of reports of physical failure in known compositions containing Ag,
      Sb, Te, and Ge, prepared for use as thermoelectric elements, samples of
      the preferred alloys of this invention, prepared in conformity with the
      disclosed recommended procedure, set out above, have been compared with
      the samples of P-type lead telluride of the same size and configuration.
      The lead telluride was purchased from a leading manufacturer who uses the
      cold press and sintering process for fabrication of elements.
PAR  In conformity with established testing techniques, the samples were
      compared as to compression strength. Tests performed on the two materials
      demonstrated a significant difference in the compression strength between
      the lead telluride and the preferred alloys containing 85% GeTe. All four
      of the lead telluride samples tested failed when the pressure on the ends
      of the samples reached 12,000 to 15,000 psi. On the other hand, the
      preferred alloys, which were prepared by hot pressing, showed only a
      slight degree of chipping on the edges at a a pressure of 14,500 to 29,000
      psi and complete failure did not occur until the pressure reached 20,000
      to 35,000 psi. Cast samples of the preferred alloy showed some chipping at
      19,000 to 22,000 psi and total failure took place at 20,000 to 22,400 psi.
      Thus, the compression strength of the alloy is approximately twice that of
      lead telluride. Also, in conformity with established techniques, the
      samples were compared on the basis of impact strength. The preferred
      alloys, which were prepared by hot pressing, exhibited no failure after
      ten impact tests had been performed on each of the samples. The cast
      elements of the same material failed after six tests. However, all of the
      lead telluride samples cracked on the first test and completely split
      apart on the second test. The impact tests, thus again, demonstrated
      significant superiority of the alloy material over that of the most nearly
      competitive commercial composition of lead telluride.
PAR  Others, working with known kindred combinations of Ag, Sb, Ge and Te, have
      experienced serious physical element damage resulting from thermal
      cycling. In this regard, it should be noted that damage, due to thermal
      cycling, is more likely to occur in materials which exhibit a high
      coefficient of linear thermal expansion. Using standard dilatometry
      techniques, measurements were made on representative and preferred alloys
      of this invention as well as on prior known most nearly analogous alloys.
      The results are presented in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Average Coefficient of Linear Thermal                                     
     Expansion from Room Temperature to 300.degree.C                           
     Mol % GeTe in Alloy                                                       
                      Coefficient of Expansion                                 
                      10.sup.-.sup.6 cm/cm.degree.C                            
     ______________________________________                                    
     75               21.3                                                     
     80               18.5                                                     
     83               15.6                                                     
     85               14.1                                                     
     87               16.1                                                     
     90               17.9                                                     
     ______________________________________                                    
PAR  It will be observed that, while the 80% GeTe material of this invention
      exhibits an efficiency index ZT somewhat superior to that of the 85% GeTe
      material at certain operating temperatures, the improved thermal cycling
      characteristics of the latter material nevertheless makes its use more
      desirable in many applications. For instance, samples containing 85 mol %
      GeTe and 15 mol % AgSbTe.sub.2 have been thermally cycled more then 25
      times at a heating and cooling rate of approximately 50.degree.C. per
      minute with no apparent physical damage to the samples.
PAR  The hot and cold shoes of the thermoelectric couples (see FIG. 1) should be
      selected from those materials having good electrical and thermal
      conductivity characteristics and which are sufficiently compatible, both
      chemically and physically, with the P-type thermoelectric elements
      disclosed herein and  the particular N-type thermoelectric element to be
      employed. The suitable shoe material may generally be selected from those
      previously found satisfactory for use with telluride based alloys such as
      iron, molybdenum, tungsten and tantalum.
PAR  Thermoelectric devices using P-type elements disclosed herein have been
      successfully fabricated using a lead tin telluride N element and an iron
      hot shoe. The novel thermoelectric elements of this invention have been
      bonded to the shoe using both bismuth tellurium and tin tellurium braze
      alloys with a nickel braze material being used to bond the lead tin
      telluride thermoelectric element to the shoe. Several of these devices
      have been operated for over 1000 hours at a significantly higher output
      performance than could be obtained using commercially available materials
      at a temperature difference of about 400.degree.K with the hot shoe at
      approximately 750.degree.K. The materials used in these particular shoes
      were procured from the Crucible Steel Company of America, Pittsburgh,
      Pennsylvania, and are identified as their Ferrovac E material.
PAR  In addition, a thermoelectric device comprised of a P-type element 85% mol
      % GeTe - 15 mol % AgSbTe.sub.2 and a commercially available lead tin
      telluride N element utilizing a hot shoe of the type described in
      co-pending application, Ser. No. 423,229, filed Jan. 4, 1965, assigned to
      the common assignee, has been operated for a period in excess of 7,000
      hours with no degradation in electrical output.
PAR  Although the evaluations shown in FIG. 6 use lead iodide doped lead
      telluride as the N-type element in a thermoelectric device, due to the
      prior use thereof in combination with sodium doped lead telluride as a
      P-type element in thermoelectric devices, it has been found the P-type
      thermoelectric elements of this invention may be used quite satisfactorily
      in combination with other known N-type thermoelectric elements in
      thermoelectric devices. For instance, the novel alloys of this invention
      may be fabricated as a P-leg of a thermoelectric device and used
      advantageously in combination with a lead tin telluride doped with lead
      iodide known to be suitable for such use as an N-leg. Typically, lead,
      tin, tellurium, and the lead iodide dopant would be present in a molar
      ratio, respectively of 0.85 : 0.15 : 1.0 : 0.000625 in such an N-leg.
PAR  From the foregoing, it would appear no one has heretofore produced an alloy
      of Ag-Sb-Ge-Te with a crystal structure containing both rhombohedral and
      face-centered cubic crystals, or any such alloy which has a Zt value in
      excess of 1.3 or more, such as 1.4, or 1.5, at 750.degree.K. Also, the
      prior art discloses no such alloys with a coefficient of expansion,
      expressed in 10.sup.-.sup.6 cm/cm-.degree.C below 15.0, or 16.0, such as
      14.1 for the 85% GeTe alloy which may be contrasted with the coefficient
      of expansion of 21.3 for the 75% GeTe alloy and 17.9 for the 90% GeTe
      alloy which are the most closely related known Ag-Sb-Ge-Te alloys.
PAR  It will be apparent to those skilled in the metallurgical arts and the
      thermoelectric arts that many variations may be made in the detailed
      disclosure, set out herein for illustrative purposes, without departing
      from the spirit or scope of the invention as set out in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermoelectric device comprising a P-type element consisting
      essentially of an alloy of GeTe and AgSbTe.sub.2, containing both
      rhombohedral and face-centered cubic crystals and having a ZT value in
      excess of 1.3 at 750.degree.K, an N-type element formed of a compatible
      material, and a chemically and electrically compatible conductor shoe
      electrically connecting said P-type element to said N-type element, the
      respective amounts of said GeTe and AgSbTe.sub.2 present in said alloy
      being represented by the formula (AgSbTe.sub.2).sub.1.sub.-x +
      (GeTe).sub.x, wherein x is expressed in mol fraction and has values of
      about 0.80 and 0.85.
NUM  2.
PAR  2. A thermoelectric device as defined in claim 1, wherein said N-type
      material is selected from the group consisting of lead, tin, telluride
      doped with lead iodide and lead telluride doped with lead iodide.
NUM  3.
PAR  3. A P-type thermoelectric element containing an alloy consisting
      essentially of GeTe and AgSbTe.sub.2, containing both rhombohedral and
      face-centered cubic crystals and having a ZT value in excess of 1.3 at
      750.degree.K, the respective amounts of said GeTe and AgSbTe.sub.2 present
      in said alloy being represented by the formula (AgSbTe.sub.2).sub.1.sub.-x
      + (GeTe).sub.x wherein x is expressed in mol fraction and has values of
      about 0.80 and 0.85.
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ABST
PAL  A method of ion implantation into a semiconductor substrate which comprises
      forming a layer of an electrically insulative material, such as silicon
      dioxide, on the substrate over the region to be ion implanted. Then, a
      beam of ions having sufficient energy to pass through the layer of
      insulative material and to penetrate into the substrate is directed at a
      particular portion of the insulative layer. Before proceeding further, at
      least the upper half of the insulative layer, and preferably all of the
      upper portion of the insulative layer, in excess of a remaining thickness
      of 100A, is removed by etching. Then, the substrate is heated whereby the
      ions are driven further into the substrate to form the selected ion
      implanted region.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to ion implantation, and more particularly to
      ion implantation into a semiconductor substrate through a layer of
      electrically insulative material.
PAR  In ion implantation, it is, at the present time, a fairly prevalent
      practice to ion implant through a relatively thin passivating layer, such
      as silicon dioxide, having a thickness in the order of 100A to 1,000A
      instead of ion implanting directly into an exposed semiconductor
      substrate, such as silicon. This ion implantation through a relatively
      thin layer is utilized in combination with conventional ion implantation
      masking techniques. For example, the relatively thin layer may be masked
      with a material, such as photoresist, which masks the whole surface except
      for holes through the photoresist exposing the thin layer of insulative
      material in the regions which are to be ion implanted. Also, the
      relatively thin layers may be utilized in combination with relatively
      thick layers of the same material having sufficient thicknesses in the
      order of from 1,000A to 10,000A so that the ions being implanted do not
      have sufficient energy to pass through the thicker layers. In such a
      structure, the thicker portions of insulative material are placed over
      regions of the substrate which are to be free of the ion implantation.
PAR  The art has been moving in the direction of ion implantation through
      relatively thin layers of insulative material for several reasons. First,
      all of the semiconductor substrate remains covered during the introduction
      of the dopant, i.e., none of the substrate is exposed at any point to
      contaminants in the ambient. Secondly, at many processing stages in
      forming semiconductor devices, utilization of ion implantation through the
      passivating or insulative layer avoids the necessity of further masking
      and etching steps to remove particular portions of the passivating layer,
      e.g., ion implantation through the gate passivating layer in FET
      fabrication in order to tailor the conductivity of the channel under the
      gate. A third advantage is that where a high surface concentration or
      C.sub.0 of impurity in the semiconductor substrate is desired, ion
      implantation through an insulative layer functions as an aid in achieving
      a doping profile in the substrate which has a peak at the substrate
      surface.
PAR  In addition to these advantages recognized by the prior art, we have found
      that the layer of passivating material serves as a trap or catcher for
      ions of contaminating material within the ion beam. These contaminating
      ions in a large part result from collisions between the dopant ions of the
      beam and the ion implantation equipment, e.g., sidewalls or apertures of
      the defining equipment. We have further found that during the thermal
      drive-in step conventionally conducted at temperatures in the order of
      1,000.degree.C to 1,200.degree.C, the contaminating ions which have been
      caught or trapped in the passivating layer tend to diffuse from the
      passivating layer into the substrate and, thereby, contaminate the ion
      implanted region in the substrate.
PAR  The standard contaminants which are caught or trapped in the passivating
      layer are ions of the material used in the ion implantation equipment.
      Among these contaminants are atoms or molecules from materials such as
      iron, nickel, chromium, manganese, or aluminum, as well as oil from vacuum
      pumps. In some cases, the contaminants result from materials used for
      masking purposes, e.g., some photoresist masks tend to produce carbon
      contaminants.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of the present invention to provide a
      method of ion implantation which produces ion implanted regions
      substantially free of contaminating materials from the ion implantation
      equipment and processing expedients.
PAR  It is another object of the present invention to provide a method of ion
      implantation through a layer of electrically insulative material which
      produces ion implanted regions in a semiconductor substrate substantially
      free of contaminants from the equipment and processing expedients used in
      the ion implantation process.
PAR  It is a further object of the present invention to provide a method of ion
      implantation through a layer of electrically insulative material wherein
      contaminating materials from ion implantation equipment and processing
      expedients are prevented from penetrating into the ion implanted region in
      the substrate during high heat processing steps.
PAR  The present invention provides a method of ion implantation into a
      semiconductor substrate which avoids contamination from ions and light
      contaminants from the materials utilized in the ion implantation equipment
      and processing expedients by forming a layer of electrically insulative
      material on the substrate over the region to be ion implanted. Then, a
      beam of ions having energy sufficient to pass through the layer and
      penetrate into the substrate is directed at the layer. The layer acts as a
      trap or catcher for any contaminating materials in the beam resulting from
      collisions between particles in the beam and the ion implantation
      equipment. At this stage, before any high heat drive-in process is carried
      out with respect to the ion implanted region, at least the upper half of
      the electrically insulative layer is removed. Then, the high heat drive-in
      step is carried out at temperatures of from 1,000.degree.C to
      1,200.degree.C. As a result of the removal of the upper half of the layer,
      the penetration into the substrate of the undesirable trapped impurities
      is minimized if not substantially eliminated.
PAR  The removal of the upper portion of the layer may be conveniently carried
      out by a suitable etchant. For example, if the insulative material is
      silicon dioxide, conventional hydrofluoric acid etchants may be used.
PAR  We have found that when ion implanting through a thin insulative layer,
      most of the contaminating ions become trapped in the upper portion of the
      insulative layer. This is particularly the case when making relatively
      shallow inplants of impurity to an initial implantation depth in the order
      of 0.15 microns through a relatively thin insulative layer, e.g., silicon
      dioxide, about 250A in thickness. Thus, if the upper half of the
      insulative layer is removed by a suitable etchant, the major portion of
      all potential contaminants are removed and, consequently, are not diffused
      into the substrate during the subsequent high heat ion implant drive-in
      step.
DRWD
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description and
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-7 are diagrammatic, partial sections of a portion of an integrated
      circuit at various fabrication stages in order to illustrate the practice
      of the preferred embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1-7, there will now be described an embodiment of
      the present invention wherein a buried N+ region, such as an N+
      subcollector region, is formed in a P- substrate, after which an epitaxial
      layer is deposited over the substrate. In FIG. 1, starting with a suitable
      silicon wafer substrate 10 of P- material, e.g., a silicon substrate
      having a resistivity of about 10 ohms/cm., the substrate is first masked
      by forming a relatively thick layer of insulative material having a
      thickness in the order of 5,000A. This layer 11 in the present embodiment
      is silicon dioxide formed by conventional thermal oxidation techniques. It
      may, of course, be formed of other conventional electrically insulative
      materials, such as silicon nitride or aluminum oxide or silicon
      oxynitride, formed by conventional deposition techniques, such as chemical
      vapor deposition or sputter deposition. Likewise, the silicon dioxide may
      also be deposited by such conventional deposition techniques. After the
      formation of layer 11, an opening 12 is formed in layer 11 by conventional
      photolithographic masking and etching techniques utilized in integrated
      circuit fabrication, after which a relatively thin layer 13, preferably
      but not necessarily of the same composition as layer 11, is formed within
      opening 12 by any of the conventional techniques previously described. In
      the present embodiment, layer 13 is a thin layer of silicon dioxide having
      a thickness of about 250A formed by thermal oxidation. Still with
      reference to FIG. 1, N+ region 14 is formed by the introduction of arsenic
      ions, .sup.75 As.sup.+, as shown, through thin layer 13. The introduction
      is accomplished using conventional ion implantation equipment and
      techniques, as described for example in U.S. Pat. No. 3,756,862. The ion
      beam directed at the substrate has sufficient energy to penetrate layer 13
      to a depth in the order of 0.15 microns but insufficient energy to
      penetrate the thicker layer 11. The dosage level will, of course, vary
      with the desired sheet resistance of region 14. For example, in order to
      achieve sheet resistances in the order of from 5 ohms per square to 20
      ohms per square, the dosage would vary respectively from 2 .times.
      10.sup.16 ions/cm.sup.2 to 5 .times. 10.sup.15 ions/cm.sup.2.
PAR  At this stage, the critical aspect of the present invention is carried out.
      As previously indicated, we have found that thin oxide layer 13 and, in
      particular, the upper portion thereof, has trapped contaminants,
      particularly metallic contaminants, from the ion implantation equipment.
      These contaminants should be substantially removed from the structure
      before inplanted region is driven in to the desired depth in the substrate
      by conventional, i.e., drive-in techniques. Of course, these contaminants
      have also been trapped in the portions of thicker layer 11 which have been
      subjected to the ion beam 15. However, because of the thickness of layer
      11, there is no danger that these contaminants will pass through layer 11
      into the substrate during the drive-in step. In order to eliminate the
      trapped contaminants, layer 13 may be completely removed by conventional
      etching techniques, as shown in FIG. 2. A conventional etchant for
      achieving this result where layer 13 is silicon dioxide is a buffered HF
      solution comprising a 10 percent aqueous solution of HF. A ten second
      treatment of the structure with this solution will be sufficient to
      completely remove silicon dioxide layer 13. At the same time, a small
      portion of the upper surface of thicker silicon dioxide layer 11 is also
      removed. This in no way affects layer 11. After the removal of layer 13,
      the structure is rinsed in the ionized water.
PAR  While in the embodiment shown, layer 13 is completely removed, we have
      found it is not necessary to completely remove layer 13 in order to
      substantially remove all of the impurities. During the ion implantation
      step, almost all of the contaminating metallic ions from the equipment
      appear to be trapped in the upper half of layer 13 and especially in the
      uppermost 100A to 200A of the layer. Accordingly, with most conventional
      thicknesses of insulative material utilized in standard ion implantation
      techniques, the removal of the upper half of the layer will remove
      substantially all of the troublesome contaminants. Accordingly, when
      utilizing a layer, such as layer 13, having a thickness of about 250A, the
      present invention may be practiced by removing the upper 150A of the
      layer, leaving about 100A over the implanted region 14. For many purposes,
      it is important to have a thin layer of the silicon dioxide present in
      opening 12 over implanted region 14 during the drive-in. This thin layer
      will serve as a cap and prevent the loss of the implanted ion from the
      surface of region 14 to the ambient during the drive-in, i.e., drive-in
      step.
PAR  In any event, where layer 13 is completely removed as in the embodiment of
      FIG. 2, it is preferable that a protective layer 16 of the electrically
      insulative material, such as silicon dioxide, be regrown or redeposited by
      the previously described techniques before the high heat drive-in step.
      Such a structure with a thin layer of silicon dioxide 16 regrown by
      thermal oxidation is shown in FIG. 3.
PAR  Next, a standard high heat drive-in is carried out at 1,100.degree.C in an
      inert atmosphere, such as argon, to produce the structure shown in FIG. 4,
      wherein the PN junction 17 defining the limits of region 14 has penetrated
      to a depth of about 2 microns.
PAR  In the embodiment shown, since region 14 is to constitute a subcollector
      upon which a layer of monocrystalline silicon is to be subsequently
      epitaxially deposited, it is important that all damage done to the surface
      of region 14 during the initial ion implantation be removed. Otherwise,
      any damage points on the surface will serve as focal points for defects,
      such as stacking faults, in the subsequently deposited epitaxial layer.
      This damage may be conveniently removed by reoxidizing the surface of
      region 14 so that a layer of silicon dioxide 18 about 5,000A in thickness
      is formed, as shown in FIG. 5. This may be accomplished utilizing
      conventional thermal oxidation techniques well known in the art using
      temperatures in the order of 1,000.degree.C.
PAR  The drive-in and reoxidation steps of FIGS. 4 and 5 may be combined, in
      which case, the structure is heated in an oxidizing atmosphere at a
      temperature of about 1,075.degree.C to both drive-in and form layer 18.
PAR  Next, FIG. 6, silicon dioxide layers 11 and 18 are removed from the
      substrate surface utilizing conventional techniques for removing silicon
      dioxide from a silicon substrate such as the previously described
      hydrofluoric acid etchant. The remaining structure contains a step or
      recess 19 in the surface of N+ subcollector region 14 corresponding to the
      reoxidized region 18.
PAR  Next, N epitaxial layer 20 having a maximum impurity concentration or
      doping level of 10.sup.18 atoms/cm.sup.3 is formed by conventional
      epitaxial techniques involving a temperature in the order of 950.degree.C
      to 1,150.degree.C over a period of about 20 minutes. Region 14 will
      outdiffuse partially up into the epitaxial layer. The epitaxial layer has
      a thickness in the order of 2 microns. The epitaxial layer may be formed
      using the apparatus and method described in U.S. Pat. No. 3,424,629. Step
      or recess 19 remains in the completed structure and is visible through the
      transparent epitaxial layer. Such a recess is conventional in the art and
      serves as an indicator for alignment with respect to buried subcollector
      14 during subsequent masking steps in the formation of the various regions
      which may be subsequently formed in epitaxial layer 20.
PAR  It should be noted that the principles of the present invention are equally
      applicable where the ion implantation is made through a thin layer of a
      semiconductor or conductor material in place of the electrically
      insulative material. In such a case, the removal of at least the upper
      half of such a semiconductor or conductor layer will substantially remove
      contaminating impurities.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of ion implantation into a semiconductor substrate comprising
PA1  forming a protective layer on said substrate over a region to be ion
      implanted,
PA1  directing at said layer a beam of ions having sufficient energy to pass
      through said layer and penetrate said substrate,
PA1  maintaining said substrate below 1000.degree.C,
PA1  removing at least the upper half of said layer through which said ions
      passed by etching, and, then
PA1  heating said substrate whereby said penetrated ions are driven further into
      said substrate to form said ion implanted region.
NUM  2.
PAR  2. The method of claim 1 wherein said layer is an electrically insulative
      layer.
NUM  3.
PAR  3. The method of claim 2 wherein said remaining layer after said etching
      has a maximum thickness of 100A.
NUM  4.
PAR  4. The method of claim 3 wherein said layer is completely removed by said
      etching.
NUM  5.
PAR  5. The method of claim 3 wherein said substrate is silicon and said layer
      is silicon dioxide.
NUM  6.
PAR  6. The method of claim 3 wherein said implanted ions in said region have a
      concentration of at least 1 .times. 10.sup.18 atoms/cm.sup.3 after said
      drive-in.
NUM  7.
PAR  7. The method of claim 5 wherein said etching is chemical etching
      hydrofluoric acid.
NUM  8.
PAR  8. The method of claim 5 wherein said heating for drive-in is conducted in
      an oxidizing atmosphere whereby the removed portion of said silicon
      dioxide is regrown during said heating.
NUM  9.
PAR  9. The method of claim 8 comprising the further steps of removing the
      silicon dioxide layer after drive-in and epitaxially depositing a silicon
      layer on the exposed substrate.
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PAL  A double-diffused, lateral transistor structure is fabricated utilizing an
      etch resistant mask to provide self-aligning positional accuracy for
      formation of active areas of the transistor. The lateral structure
      includes semiconductor material having at least one substantially flat
      surface, and the structure includes at least one region of insulating
      material formed adjacent the flat surface, the top surface of the
      insulating material being substantially coplanar with said one surface. A
      collector is formed in the semiconductor material adjacent first portions
      of both the flat surface and the insulating material, while an emitter is
      formed in the semiconductor material adjacent second portions of both the
      flat surface and the insulating material. A base separates the collector
      from the emitter.
PARN
PAR  This is a division of application Ser. No. 484,831, filed July 1, 1974, on
      an invention of Richard D. Schinella and Michael P. Anthony entitled
      METHOD FOR FABRICATING DOUBLE-DIFFUSED, LATERAL TRANSISTOR STRUCTURES,
      which in turn is a division of application Ser. No. 357,968, filed May 7,
      1973, now U.S. Pat. No. 3,873,989 on an invention of Richard D. Schinella
      and Michael P. Anthony entitled METHOD FOR FABRICATING DOUBLE-DIFFUSED,
      LATERAL TRANSISTORS AND THE RESULTING STRUCTURE.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to semiconductor devices, and in particular to
      integrated circuits containing lateral transistors of higher speed,
      smaller size, and higher packing density than those heretofore existing.
PAR  2. Prior Art
PAR  Lateral transistors are well known and have been employed in integrated
      circuit technology for some time. See, for example, U.S. Pat. No.
      3,571,674 entitled "Fast Switching PNP Transistor" and issued Mar. 23,
      1971 to Yu et al. Conventional lateral transistors, however, and in
      particular PNP lateral transistors, have operated at frequencies much
      lower than desirable for modern integrated circuits. This relatively low
      frequency response has been substantially attributed to two factors.
      First, the relatively large base width of the lateral transistor increases
      the transit time for minority carriers passing through the base from the
      emitter. The relatively large base width results principally from the
      minimum photoresist line width consistently available during manufacture
      of the devices. Second, for a given amount of base impurity, the uniform
      base concentration profile further increases the transit time over that
      achievable in devices having graded base concentration profiles.
PAR  Double-diffused vertical transistors are also well known. See, for example,
      U.S. Pat. No. 3,025,589 entitled "Method of Manufacturing Semiconductor
      Devices," issued Mar. 20, 1962, to Hoerni and U.S. Pat. No. 3,648,125
      entitled "Method of Fabricating Integrated Circuits with Oxidized
      Isolation and the Resulting Structure" issued Mar. 7, 1972 to Peltzer. The
      process by which vertical double-diffused transistors are made has several
      advantages over other processes, such as the mesa process. First, the base
      width of the transistor can be varied by controlling the diffusion
      processes, rather than by altering the dimensions of the masks used in the
      diffusion processes. Second, the concentration profile of the base can be
      graded; that is, the base impurity concentration at the emitter-base
      junction can be made greater than the base impurity concentration at the
      collector-base junction. It is well known that increases in this
      differences for a given amount of base impurity increase the high
      frequency response of the transistor. See Transistor Engineering, by A. B.
      Phillips, McGraw-Hill, 1962.
PAR  In summary, prior art integrated circuits have included vertical
      double-diffused NPN and PNP transistors, and lateral NPN and PNP
      transistors with a uniform concentration of base dopant. Because the
      frequency response of lateral PNP transistors has been lower than desired,
      the prior art integrated circuits for applications requiring high
      frequency response have typically used (1) NPN type lateral transistors,
      as these are approximately three times faster than PNP type lateral
      transistors, or (2) complementary double-diffused vertical PNP and NPN
      devices on the same chip. The first alternative eliminates PNP transistors
      from many applications where their use would otherwise be beneficial. The
      second alternative involves the technology of complementary vertical
      double-diffused transistor -- a very complicated technology resulting in
      many defects in the wafers, and a low yield, high cost product.
      Additionally, the complementary double-diffused vertical NPN and PNP
      transistors have large masking tolerances and thus their packing density
      is lower than desirable.
PAR  Accordingly, some objectives of this invention are: (1) to produce
      double-diffused, lateral transistors capable of higher frequency response
      than that heretofore obtained with lateral transistors; (2) to fabricate a
      lateral transistor structure utilizing as simple a process as possible;
      (3) to make such a structure smaller than existing structures of the same
      type; and (4) to make such a structure easily adaptable for use in
      complementary PNP/NPN devices.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  At least one active region and at least one region of insulating material
      are formed in semiconductor material having at least one substantially
      flat surface. The upper surface of said insulating material is
      substantially coplanar with the flat surface of said semiconductor
      material. A collector region is formed adjacent both the flat surface of
      the semiconductor material and a first portion of the region of insulating
      material. An emitter region is formed adjacent both the flat surface and a
      second portion of the region of insulating material. A base region
      separates the emitter region from the collector region, and this base has
      a graded impurity concentration. The impurity in the base region may be
      introduced either by predeposition and subsequent thermal drive-in or by
      ion implantation.
PAR  In some embodiments of this invention the insulating material forms a
      four-sided closed path surrounding the emitter, base, and collector
      regions. In some embodiments the emitter will be adjacent one side of the
      insulating material and the collector adjacent an opposite side. Further,
      the insulating material may be formed by any one of a number of processes,
      each well known. For example, see U.S. Pat. No. 3,648,125, cited above.
PAR  In one preferred embodiment, the active regions of this invention are
      formed in the semiconductor material utilizing a mask. This mask is formed
      upon the flat surface of semiconductor material and overlies portions of
      what are to be the emitter, base, and collector regions. The mask prevents
      impurities from reaching underlying semiconductor material, resists
      thermal oxidation, prevents thermal oxidation of the underlying
      semiconductor surface, resists attack by many etching solutions, and
      exhibits a differential etch rate when compared with SiO.sub.2. A typical
      mask material which exhibits the above characteristics is silicon nitride.
      Silicon nitride etches faster than silicon dioxide in hot phosphoric acid
      and slower than silicon dioxide in buffered hydrofluoric acid.
PAR  In accordance with this invention, a selected portion of the perimeter of
      the mask performs an alignment function. that is, the selected portions of
      the perimeter of the mask remain fixed in position on the semiconductor
      material during many of the process steps required to fabricate the
      structure of this invention and thereby allows a substantial increase in
      manufacturing tolerances. This feature allows the manufacture of
      double-diffused lateral semiconductor devices significantly smaller than
      those of the prior art.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B show the double-diffused lateral transistor of this
      invention and a typical concentration profile for such a structure,
      respectively;
PAR  FIGS. 2 and 3 show cross-sectional and top views, respectively, of one
      embodiment of this invention comprising a double-diffused, lateral
      transistor structure fabricated utilizing oxide isolation and a
      self-aligning mask 56 together with a photoresist mask 61 used for forming
      the emitter;
PAR  FIG. 4 shows means for making top-side electrical contact with the base
      region of a structure made in accordance with this invention;
PAR  FIG. 5A shows an embodiment of this invention wherein complementary PNP/NPN
      transistors are formed within the same isolation area;
PAR  FIG. 5B shows schematically the circuit represented by the structure of
      FIG. 5A;
PAR  FIG. 5C shows one embodiment of this invention utilizing a plurality of the
      devices shown in FIG. 5A;
PAR  FIGS. 6A through 6F show a first process by which the transistor structure
      of this invention is formed;
PAR  FIGS. 7A through 7I show schematically a second process by which the
      transistor structure of this invention is formed; and
PAR  FIG. 8 shows a third process for forming the transistor structure of this
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1A shows a double-diffused, lateral transistor structure 11.
      Semiconductor material 12 having a substantially flat surface 13 is
      subdivided into regions of active and passive material by insulating
      material 16. Insulating material 16 (of which cross-sections 16A and 16B
      are shown) is typically formed by removing part of the semiconductor
      material 12 overlying the field of the semiconductor device, and oxidizing
      the remaining semiconductor material as disclosed in the above-mentioned
      U.S. Pat. No. 3,648,125. However, other techniques may also be used to
      form insulating material 16. Insulating material 16 is an integral part of
      the semiconductor wafer 11. A feature of this invention is that the top
      surface of insulating material 16 is preferably substantially coplanar
      with the top surface 13 of semiconductor material 12.
PAR  A collector region 17 is formed adjacent to both the flat surface and a
      portion of insulating material 16. A base region 22 is formed in this
      collector region 17 by diffusion or by ion implantation, for example. In
      accordance with this invention, emitter region 19 is formed in base region
      22 adjacent another portion of insulating material 16 and adjacent surface
      13.
PAR  Each of the emitter 19, base 22 and collector 17 regions is adjacent the
      flat surface 13, and the base region 22 separates the emitter region 19
      from the collector region 17. Insulating region 16 serves to partially
      isolate the active region of the transistor 11 shown in FIG. 1A from any
      other active devices formed in semiconductor material 12. Typically,
      regions 16A and 16B will be connected to each other, and will form a
      continuous closed path abutting surface 13 and surrounding the active
      region of transistor 11 but leaving exposed the top surface of the active
      region. In addition, in some situations semiconductor material 12 will
      extend beneath insulation 16 to contact the bottom portions of other
      active regions formed in material 12.
PAR  FIG. 1B shows a concentration profile for the transistor structure 11 shown
      in FIG. 1A when the base and emitter regions of this transistor are
      produced by diffusion processes. The lateral transistor structure of this
      invention, which has a graded base, can be formed using ion implantation
      techniques as well as diffusion techniques. The concentration level 28 of
      collector 17 is shown as a horizontal line, while the impurity
      concentration of the base 22 is represented by line 29, and the impurity
      concentration of the emitter 19 by line 27. The emitter-base junction
      occurs at point 31 corresponding to concentration level C.sub.EB and
      distance R.sub.EB. The collector-base junction occurs at point 32 and
      corresponds to concentration level C.sub.CB and distance R.sub.CB. The
      distance W between R.sub.EB and R.sub.CB is known as the base width, while
      the slope of a straight line connecting points 31 and 32 is called the
      grade constant .alpha. and is defined as .alpha. = (C.sub.EB -
      C.sub.CB)/W. It is well known that reductions in W improve the high
      frequency performance of the transistor, as do increases in the grade
      constant for a given amount of impurity in the base region. This invention
      utilizes both of these effects to improve the high frequency performance
      of lateral transistor structures over that heretofore obtained.
PAR  FIG. 2 shows a double-diffused lateral transistor structure fabricated
      utilizing the isolation technique of Peltzer (U.S. Pat. No. 3,648,125,
      previously cited) and a self-aligning mask. This lateral transistor
      structure will be discussed for a PNP transistor; however, the discussion
      is made equally applicable to NPN transistors by merely reversing the
      conductivity type of the materials involved.
PAR  Employing Peltzer's technique, an N+ type buried layer 53 is formed at a
      selected location in P- type substrate 51. Then a P- type epitaxial layer
      52 is formed on substrate 51. Hereinafter, substrate 51 and any attached
      layers of material will be called wafer 50. the PN junction 53a between
      substrate 51 and N type buried layer 53 terminates at field oxide
      isolation regions 55A and 55B. When reverse biased, this PN junction
      together with insulating material 55 forms a pocket in the wafer and
      isolates active devices within the pocket. On the surface of P- type
      epitaxial layer 52 is deposited a self-aligning mask 56. This mask
      prevents diffusion of impurities into P- type epitaxial material 52
      throughout the regions it overlies. As will be discussed, however, active
      semiconductor devices may still be formed underneath mask 56 because
      impurities may diffuse laterally beneath its edges, for example, edge 57.
PAR  As shown in FIG. 2 the base region 58 and emitter region 59 of the lateral
      PNP transistor are formed by diffusing the N type base 58 and the P- type
      emitter 59 laterally into the silicon epitaxial layer 52 beneath edge 57
      of mask 56. Mask 56 may be formed from one or more materials; for example,
      a composite laminate layer of silicon nitride and silicon oxide (typically
      predominantly silicon dioxide). The choice of individual materials is
      based on several criteria. First, the mask materials or material must
      prevent the passage of, or "mask," impurities. Second, the mask material
      or materials must be electrically non-conductive at the interface with the
      semiconductor material. Third, the material or materials must resist
      etching in solutions used to etch compounds of semiconductor material
      formed by thermal oxidation. These mask materials need not be inert to the
      etching solution, but must only exhibit a substantially smaller etch rate
      than the oxide of the semiconductor material. Advantages provided by the
      mask 56 will be discussed in conjunction with FIG. 3.
PAR  The base width of the transistor in FIG. 2 is approximately equal to the
      difference in distance between the laterally diffused collector-base
      junction 58A and emitter-base junction 59A. This difference is a function
      of process parameters and, in general, may be accurately controlled in a
      well known manner. The effective emitter-base junction area of the
      semiconductor device is proportional to (1) the depth of emitter-base
      junction 59A, and (2) the length "e" (see FIG. 3) of that portion of the
      mask edge 57 under which some of the emitter and base impurities travel,
      that is, the dimension perpendicular to the plane of the cross-section
      shown in FIG. 2. A portion 521 (FIG. 2) of P- type epitaxial layer 52
      serves as the collector of the PNP lateral transistor. Electrical contact
      to the collector 521 of the transistor may be made at any suitable
      location and is shown at 522 in FIG. 2. Emitter region 59 and base region
      58 are terminated along isolation wall 541 which typically is formed at
      the same time isolation region 55 is formed.
PAR  FIG. 3 shows a top view of the double-diffused, lateral oxide-isolated
      transistor shown in FIG. 2. The emitter region 59, base contact region
      581, and collector contact region 522 are shown surrounded at the surface
      of wafer 50 by field oxide insulation 55. Note that a portion of oxide 55
      separates base contact 581 from emitter region 59. In one embodiment the
      self-aligning mask 56 is formed from several materials, including silicon
      nitride. A photoresist mask 61 is shown by a dashed line in FIG. 3 in
      position for formation of emitter region 59 and collector contact region
      522. For diffusion of the emitter region 59 and collector contact region
      522, the area within dashed line 61 is exposed to a mild hydrofluoric acid
      etch. This removes silicon oxide films from the surface of the silicon
      within the opening of photoresist mask 61 while not appreciably etching
      the self-aligning mask 56. The emitter region 59 and the collector contact
      region 522 are then formed in base region 58 and collector region 521,
      respectively (see FIG. 2).
PAR  The particular self-aligning capability discussed above to make the opening
      in the photoresist mask 61 expose both insulating material 55 and mask 56
      provides this invention with a substantial advantage over the prior art.
      The location of edges 57, 95 (FIG. 3) of mask 56 determines the location
      of the base region 58 (FIG. 2), emitter region 59, and collector contact
      region 522. The dimensions and locations of these regions are not
      substantially dependent upon the position of the photoresist mask 61.
      Prior art devices typically depended upon accurate repositioning of
      photoresist masks to define the locations and sizes of the base and
      emitter regions. Unlike the prior art, mask 56 is not removed from the
      wafer 50 and then redeposited later in the manufacturing process. Thus it
      provides a self-aligning positional accuracy for formation of both the
      base and emitter regions of the transistor structure. When the base and
      emitter regions are formed, the positions of the collector-base junction
      58A (FIG 2) and emitter-base junction 59A (FIG. 2) are controlled by the
      impurity concentrations used in, and the duration of, the processes used
      to form these regions. Mask 56 typically comprises silicon nitride, at
      least over its top surface.
PAR  FIG. 4 shows a double-diffused, lateral, oxide isolated transistor with
      provision for topside contact to base region 58. As shown in FIG. 4 from
      the top, emitter region 59 no longer extends the full length e of edge 57
      (FIG. 3) but rather terminates part-way along the edge. Masking material
      56 can be given an appendage 58B as shown in FIG. 4. Base region 58 is
      contacted through a window (not shown) in mask 58B. Emitter 59 and base 58
      are shown separated by line 58C. Electrical contact with the emitter is
      made at region 59 and with the collector at region 521.
PAR  FIG. 5A shows a complementary PNP/NPN transistor structure formed within
      the same isolation area according to one embodiment of this invention.
      Both devices have graded base impurity concentrations. The PNP transistor
      structure includes emitter region 59, base region 58, and collector region
      521. The NPN transistor structure includes emitter region 92, base regions
      91, 521, and collector region 53. Note that the collector region 521 of
      the PNP transistor structure and base region 91 of the NPN transistor
      structure are common, as are the PNP base region 58 and the NPN collector
      region 53. Region 94 is the electrical contact for both the PNP base
      region 58 and the NPN collector region 53. One means for contact with
      other regions is shown in FIG. 4 and has already been discussed. FIG. 5B
      shows the transistor structure of FIG. 5A schematically.
PAR  The complementary PNP/NPN transistor structure formed in accordance with
      this invention provides substantial advantages over the prior art. First,
      the complementary PNP/NPN structure allows very high packing densities
      because the addition of the NPN transistor consumes no extra space over
      that required for just the PNP transistor. This results directly from the
      formation of a part of the NPN base region 91 and formation of the NPN
      emitter region 92 approximately at the location which would be the PNP
      collector contact in a non-complementary embodiment of the invention. This
      advantage can readily be seen by comparing FIG. 5A with FIG. 2. Another
      advantage of the complementary PNP/NPN structure is that it may be formed
      very simply once the PNP transistor structure is fabricated. Once the PNP
      structure is formed only one extra manufacturing operation is necessary,
      that of forming the NPN emitter region 92 and NPN collector region-PNP
      base region contact 94. Note that the NPN base region 91 is formed at the
      same time the PNP emitter region 59 is formed. During formation of the NPN
      base region 91 and NPN emitter region 92 the edge 95 of mask 56 will
      perform a self-aligning function similar to that described above in
      conjunction with edge 57 of mask 56.
PAR  A further advantage of the complementary PNP/NPN transistor structure
      according to this invention is its compatability for inclusion in
      semiconductor devices which utilize arrays of complementary transistors.
      The ease with which arrays of complementary PNP/NPN transistor structures
      may be formed is shown in FIG. 5C. A portion of a wafer 400 is shown on
      which a plurality of complementary PNP/NPN trensistor structures are
      formed. In FIG. 5C, five pairs of complementary devices are shown for
      illustrative purposes only. Each of the devices shown in plan view in FIG.
      5C has the cross-section shown in FIG. 5A. A typical embodiment according
      to this invention employing an array of complementary PNP/NPN transistors
      may contain any number of such structures, for example, several thousand.
PAR  In FIG. 5C the complementary transistor structures are formed at
      intersections of buried layers 53R-V with other regions formeed in the
      wafer 400. Each of the buried layers 53R-V acts as a commpn PNP base-NPN
      collector. Also shown in FIG. 5C are the self-aligned mask 56, PNP emitter
      region 59, a metal contact 403 to the PNP emitter region 59, NPN emitter
      region 92, and a metal contact 405 to the NPN emitter region 92.
      Electrical contacts to other regions of the PNP/NPN complementary
      structure are not shown in FIG. 5C; however, they could be made at any
      suitable location on wafer 400. The five pairs of complementary transistor
      structures are thus formed approximately at the intersections of emitter
      regions 59, 92 with the top surface of the semiconductor material. The PNP
      base region and the NPN base region are not shown, however, they separate
      the PNP emitter and collector regions and the NPN emitter and collector
      regions.
PAR  FIGS. 6A through 6F show one process by which the transistor structure of
      this invention may be formed. This process will be illustrated for a
      nonoxide isolated, lateral, double-diffused PNP transistor, although it
      should be noted the process may be used to form similar NPN structures. 1.
      Oxidize a P type silicon substrate wafer 51 to form a silicon dioxide
      impurity diffusion mask (FIG. 6A, layer 101). 2. Form an opening 100 in
      the silicon dioxide layer 101 where the buried N-type layer is desired. 3.
      Form the buried layer 53 using an N+ predeposition. 4. Remove the oxide
      101 from the surface of the substrate 51.
PAR  5. Grow a P type epitaxial layer (FIG. 6B, layer 52).
PAR  6. Form a mask 104 on the surface of P type epitaxial layer 52. Mask 104 is
      comprised of material meeting the specifications set forth herein, and in
      one embodiment is silicon nitride.
PAR  7. Utilizing photo masking techniques, define openings in mask 104 which
      will be the emitter/base diffusion opening 105, the base contact opening
      106, and the collector contact opening 107.
PAR  8. Oxidize the wafer to form a silicon dioxide film over the exposed
      silicon surface. This film will serve as an impurity diffusion mask
      (layers 108, 109, 110, FIG. 6B).
PAR  9. Form the emitter/base mask 111 using well known photoresist material.
      Note this is an oversize mask, that is, the edges of the mask do not
      define the openings discussed in step 7 above. Remove oxide 110, 108 from
      emitter/base region 105 and base contact region 106 (FIG. 6C).
PAR  10. Form the base region predeposition using N-type impurity (not shown).
PAR  11. Perform the base diffusion 112 (FIG. 6D) at an elevated temperature,
      thereby causing the base impurity to contact the N+ buried layer 53 (FIG.
      6D). During this operation silicon dioxide films 113, 115, 116 are formed.
PAR  12. Form the emitter and collector mask 114 using well-known photoresist
      material. Note this is also an oversized mask. Remove the silicon dioxide
      115, 116 shown in FIG. 6D.
PAR  13. Form the collector contact 117 and emitter 118 (FIG. 6E) predepositions
      and oxidize the wafer (layers 119, 120, 121 in FIG. 6E).
PAR  14. Remove oxide 119, 120, 121 to allow electric contact to be made to
      emitter region 118, base region 112A, and collector region 117.
PAR  15. Deposit and define metal contacts (122, FIG. 6F).
PAR  The above-described process uses one masking layer 104 to form the
      collector, base and emitter regions 52A, 112B and 118, respectively, of a
      lateral, double-diffused PNP transistor with a graded base. Isolation is
      provided by backbiasing the PN junction between P regions 51, 52 and N
      type regions 112A, 112B and 53 (FIG. 6E). Buried layer 53 serves as a low
      resistance contact to base region 112B. Of interest, if the cross-section
      shown in FIG. 6F is rotated 360.degree. about a vertical line through the
      center of the emitter region, a circular structure is obtained with the
      emitter at the center, surrounded by the base region which in turn is
      surrounded by the collector region. The low resistivity buried N region
      underlies the structure and a circular base sink region surrounds the
      collector. In other words, the cross-section shown in FIG. 6F to the left
      of a vertical centerline through the center of the emitter region
      represents the cross-section of one half of a disk-shaped structure.
PAR  A second process by which the transistor of this invention may be formed
      utilizes, in part, the process of Peltzer, previously cited herein, to
      form the isolation regions. This process results in a double-diffused,
      lateral, oxide-isolated PNP structure. The steps of this process are as
      follows:
PAR  1. Follow steps 1-6 of the first process just discussed.
PAR  2. Remove mask 104 from everywhere on the surface of P-type epitaxial layer
      52 except where the transistor structure of this invention is desired.
PAR  3. Oxidize the wafer to grow an impurity-diffusion masking layer 201 of
      silicon dioxide (FIG. 7A).
PAR  4. Mask the base region using a photoresist mask 205 which overlaps the
      mask 104. Remove the exposed silicon dioxide.
PAR  5. Remove mask 205. Form the base region 206 N-type predeposition into the
      exposed silicon surface (FIGS. 7B, 7C).
PAR  6. Remove the thermal oxide 201 (FIG. 7C).
PAR  7. Deposit a second mask of a material with characteristics similar or
      identical to the material of mask 104, i.e., silicon nitride (FIG. 7C,
      layer 207).
PAR  8. Using photomasking techniques, define mask 207 into islands as described
      in Peltzer (FIG. 7D is a top view, while 7E is a cross-sectional view).
PAR  9. Etch the exposed silicon to a depth approximately equal to one-half the
      epitaxial layer 52 thickness using a solution which does not appreciably
      etch the mask 104 or mask 207 (see FIG. 7F).
PAR  10. Oxidize the silicon to the extent that the upper surface of silicon
      dioxide 208 corresponds approximately to the plane of the original silicon
      surface. The lower surface of the silicon dioxide film 208 should
      intersect the buried N+ layer 53. During this oxidation, N-type region 206
      diffuses downward to meet the upward diffusing N+ buried layer 53 (FIG.
      7G).
PAR  11. Remove mask 207 leaving mask 104 intact.
PAR  12. Reoxidize the wafer to grow a thin protective oxide layer 209 (FIG.
      7H).
PAR  13. Use an oversized photoresist mask 212 to expose the silicon in emitter
      210 and collector 211 contact regions. Etch through the layer 209 of the
      silicon dioxide (FIG. 7H).
PAR  14. Form with a P type impurity emitter region 213 and collector contact
      region 214. Remove the silicon dioxide 209 covering base contact region
      206 (FIG. 7I).
PAR  15. Form metal contacts 216A, 216B and 216C (or contacts of any other
      suitable conductive material) in the emitter, base, and collector regions,
      respectively.
PAR  The resulting structure shown in cross-section in FIG. 7I, is similar to,
      and has the features and advantages of the structure shown in FIG. 2.
PAR  A third process for fabricating the transistor structure of this invention
      utilizes ion implantation techniques. The steps of this process are as
      follows:
PAR  1. Follow steps 1-6 under the previously discussed first process. FIG. 8
      shows the mask 304 of silicon nitride, epitaxial layer 52, N+ buried layer
      53 and substrate 51 as they will appear at the completion of this step.
PAR  2. Using chemical vapor deposition (CVD) deposit a silicon dioxide layer
      301 (FIG. 8) sufficiently thick to mask against the high energy ions which
      will later be used to implant impurities below the interface of mask 304
      and silicon 52. (The CVD process is used as an example. Other processes
      utilizing other material could be used to form this layer.
PAR  3. Etch away the silicon dioxide layer 301 from everywhere except where the
      transistor structure is desired. The mask 304 is not etched at this time.
PAR  4. Form a photoresist mask 306 (FIG. 8) over all regions of wafer 300
      except those which are to receive the base impurity, that is, region 307.
      This layer is of sufficient thickness and density to prevent passage of
      impurity ions during ion implantation.
PAR  5. Implant the base N type impurity into the wafer 300 surface. The implant
      energy is selected to make the peak of the impurity distribution fall
      below mask layer 304 in region 310 of silicon 52. The mask layer 304 is
      not appreciably altered by this step. The peak of the implanted impurity
      distribution is shown as lines of crosses 310 in FIG. 8.
PAR  6. Remove photoresist layer 306.
PAR  7. Perform steps 8 through 15 of the second process (mask 304 of the third
      process functions as mask 207 of the second process, while mask 301 of the
      third process functions as mask 104 of the second process. Base region 310
      of the third process is equivalent to base region 206 of the second
      process, except in the manner in which it is formed.
PAR  In summary, this invention provides several advantages over the prior art.
      Among these advantages are: first, the graded concentration profile of the
      base and the narrow base width resulting from the lateral,
      double-diffusion improve the high frequency operation of the transistor.
      Second, the self-aligning manufacturing characteristics of the transistor
      allow the masking tolerances to be increased and provide a corresponding
      reduction in device dimensions. Thus, the device packing density is
      increased. Third, the invention allows fabrication of complementary
      PNP/NPN lateral transistors within a given isolation area, thereby further
      increasing packing density of such circuits.
PAR  Lastly, it should be noticed that the invention is equally applicable to
      the manufacture of transistors and semiconductor devices of opposite
      conductivity types to those particular examples discussed herein. In other
      words, it should be understood that in FIG. 3, for example, the
      conductivity type of each material could be reversed, thereby forming an
      NPN transistor, rather than a PNP transistor. It should also be noted that
      while this invention has been discussed in conjunction with silicon
      semiconductor device technology, it is equally applicable to semiconductor
      devices formed from other materials.
PAR  This invention has been described as using a mask of a material such as
      silicon nitride which etches at a different rate in a given etch than does
      silicon dioxide. However, instead of using silicon nitride for the mask
      such as mask 56 (FIG. 2), silicon dioxide formed to a greater thickness
      than the adjacent layers of silicon dioxide formed on the device can be
      used as the mask. In this situation, mask 56 must be at least thick enough
      to allow the silicon dioxide on adjacent portions of the top surface of
      the wafer to be removed while still leaving a thick enough layer of
      silicon dioxide on the surface to mask the impurities to be diffused or
      otherwise placed in the underlying semiconductor material.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A method for fabricating a double-diffused, lateral transistor structure
      comprising the steps of:
PA1  a. oxidizing a p-type silicon substrate;
PA1  b. forming an opening in the silicon dioxide layer formed by step (a);
PA1  c. predepositing an n.sup.+-type impurity in the portion of the substrate
      exposed by said opening and heating said substrate to thermally drive said
      n.sup.+-type impurity into said substrate to form a buried layer;
PA1  d. removing the remaining silicon dioxide formed by step (a) from the
      surface of said substrate;
PA1  e. epitaxially forming a layer of p-type conductivity;
PA1  f. forming a mask on the surface of said p-type epitaxial layer;
PA1  g. applying a thick silicon dioxide layer to mask against implanted
      high-energy ions;
PA1  h. removing said thick silicon dioxide applied by step (g) everywhere
      except over a portion of the active transistor structure to be formed;
PA1  i. applying a photoresist mask to define a base opening;
PA1  j. implanting an n-type impurity in said substrate through said base
      opening and through said mask formed by step (f);
PA1  k. removing said photoresist mask;
PA1  l. applying a thermal oxidation masking material to said mask formed by
      step (f) over said active transistor structure to be formed;
PA1  m. etching the portion of the epitaxial layer not covered by said thermal
      oxidation masking material to approximately one-half the depth of said
      epitaxial layer;
PA1  n. heating said epitaxial layer to thermally oxidize said etched portion of
      said epitaxial layer so that the surface of the isolation-forming,
      thermally-grown silicon dioxide corresponds approximately to the plane of
      the original surface of said epitaxial layer and so that said implanted
      n-type impurities diffuse to meet said buried layer;
PA1  o. removing said thermal oxidation material applied by step (1);
PA1  p. reoxidizing said substrate to form a thin protective oxide layer;
PA1  q. defining said protective silicon dioxide layer formed by step (p) to
      form emitter and collector contact openings;
PA1  r. predepositing a p-type impurity in said epitaxial layer through said
      emitter and collector contact openings and heating said epitaxial layer to
      thermally drive said p-type impurities into said epitaxial layer to form
      emitter and collector regions, said emitter region stopping short of the
      diffusion front associated with said base region; and
PA1  s. forming metal contacts to said emitter, base and collector regions.
NUM  2.
PAR  2. A method for fabricating a double-diffused, lateral transistor structure
      in accordance with claim 1 wherein step (f) comprises forming a silicon
      nitride passivation mask on the surface of said p-type epitaxial layer.
NUM  3.
PAR  3. A method for fabricating a double-diffused, lateral transistor structure
      in accordance with claim 2 wherein step (g) comprises applying by chemical
      vapor deposition a thick silicon dioxide layer to mask against implanted
      high-energy ions.
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ABST
PAL  A low alloy steel substantially consisting of Ni-Cr-Cu-Nb system and
      further adding 0.01 to 0.10% rare earth metals or their alloy thereto, and
      then being as only hot-rolled by 30 to 80% rolling rate at a temperature
      of less than 950.degree.C. The steel exhibits absorption energy of at
      least 10kg-m at -20.degree.C and a .sub.D T.sub.C transition temperature
      of lower than -40.degree.C, if necessary, may be tempered at a temperature
      of 500.degree. to 680.degree.C to improve the properties.
BSUM
PAR  The present invention relates to an improvement in the manufacturing method
      of steels for low temperature services, and more in particular, method of
      manufacturing steels having high notch toughness at low temperature with
      low cost, even if the steels are as only hot-rolled.
PAR  As a steel for low temperature services, the steels such as those
      containing more than 2.0% Ni which exceeds the limit provided in ASTM -
      A203, i.e. 2.5% Ni steel and 3.5% Ni steel, are given normalizing, or
      normalize-tempering treatment or other low alloy steels are given
      quench-tempering treatment in the art. There were various problems
      encountered in the manufacture of these steels for low temperature
      services and the manufacture thereof is truly difficult. For instance, the
      above mentioned Ni steel costs a lot since Ni is extremely expensive and
      special cares are required in the respective steps of refining, ingot
      making, heating, rolling, etc. As has been mentioned in the above, both
      cases of said Ni steels and other low alloy steels necessarily increase
      the cost in manufacture since such heat-treating as normalizing,
      normalize-tempering or quench-tempering are required, and cause
      disadvantages as the likelihood of damages during heat treating. It is
      also well known that such a steel sheet when used for tubing purposes for
      pipe lines brings about other problems; that is, the tubing material such
      as these are manufactured either by tubing after heat treating as
      mentioned above, or by heat-treating after tubing. When the later method
      is applied to large diameter pipe, there are seen many problems such as
      difficulties in uniform heating and cooling (quenching) over the whole
      length of the pipe, maintainance of optimum quenching temperature,
      prevention of deformation of outer surface, out of roundness, or camber of
      pipe, which problems are caused by the heat treatment and which problems
      still await solution. No effective and suitable means have been found to
      place the production using these methods on an industrial scale. However,
      various more severe demands are being made recently toward steels for low
      temperature services in spite of the above going situation, and in
      particular the requirements for the materials for pipe lines (such as
      notch toughness at low temperature, etc.) to be laid out in such cold
      areas as the Artic. As one measure for solving this problem, the applicant
      for this application proposed the invention as disclosed in Japanese
      Patent Application No. 48-17882 (i.e. No. 17882/73). The said invention
      concerns the steels with excellent low temperature toughness and high
      yield point under a state as only hot-rolled without being given the above
      mentioned heat treatment, or, if necessary, as only tempered thereon.
      However, even this steel required a content of at least 1.4% of Ni.
      Although many of the disadvantages as mentioned above may be removed by
      the said invention, the higher cost caused by the addition of 1.4% Ni
      cannot be avoided. The present invention made a further improvement on
      this point by eliminating the said heat treatment and radically reducing
      the Ni content as well as eliminating said heat treatment, while
      successfully obtaining a more excellent notch toughness at low
      temperature.
PAR  Thus, the prior art is improved at a point of reducing Ni content in steel
      of Cr-Ni-Cu-Nb system, i.e. 0.05 to 0.50% Ni. To make up for reducing said
      content of Ni, rare earth metals or their alloy of 0.01 to 0.20% is added
      to said liquid steel at the stage of vacuum degassing treatment or pouring
      into a mold and then said steel is hot-rolled by a rolling rate at
      temperature of below 950.degree.C of 30 to 80% to the finished thickness,
      further, if necessary, is only tempered at a temperature of 500.degree. to
      650.degree.C.
PAR  An object of this invention is to provide a low alloy steel for low
      temperature services satisfying the requirements that absorption energy at
      -20.degree.C is at least 10kg-m and .sub.D T.sub.C transition temperature
      is at most -40.degree.C.
PAR  Another object of this invention is to provide a low alloy steel fit to be
      used in such very cold area as the polar regions.
PAR  Other objects and advantages will be apparent from the following
      description.
PAR  The first feature of this invention lies in the following chemical
      composition. That is;
TBL  0.02 to 0.10% C,  0.10 to 0.50% Si,                                       
     1.20 to 1.80% Mn, less than 0.030% P,                                     
     less than 0.015% S,                                                       
                       0.05 to 0.50% Ni,                                       
     0.05 to 0.50% Cr, 0.05 to 0.50% Cu                                        
     0.01 to 0.10% Nb, unavoidable impurities                                  
     the balance being Fe.                                                     
PAR  Further rare earth metal or its alloy of 0.01 to 0.20% is added to liquid
      steel consisting of the above composition.
PAR  C: It is an element for which it is inexpensive to maintain the strength,
      but the upper limit is placed at 0.10% because it lowers the absorption
      energy and weldability. The lower limit was set at 0.02% as that which
      should maintain the strength and should offer industrial solution.
PAR  Si: Si is an indispensable and inexpensive deoxidation element in
      manufacturing sound steel, and it must be contained in steel by more than
      0.1%. However, content in excess of 0.5% will make worse weldability and
      toughness.
PAR  Mn: Mn is effective in improving the strength without lowering toughness,
      and for this reason its content should be over 1.20%. However, Mn in
      excess of 1.80% will damage weldability.
PAR  P & S: P and S are the impurities unavoidably present in steel and
      therefore their contents should be as low as possible. However,
      comparatively controllable upper limits were set at 0.030 and 0.015%
      respectively.
PAR  Ni, Cu and Cr: These three elements are contained with a view to increase
      the strength without damaging the toughness. However, less than 0.05%
      content for these elements exhibit little additive effects and their upper
      limit on the other hand is set at 0.50% respectively in view of cost and
      weldability.
PAR  Nb: Nb is an indispensable element for improving strength and transition
      temperature and for refining the structure. For this purpose, at least
      0.01% or more Nb content is necessary, but more than 0.10% of the same
      will bring about lowering of absorption.
PAR  Rare earth metal or its alloy: mischmetal, Rare Earth Silicide, Lan Cer Amp
      or Lexalite is employed as a rare earth metal or its alloy in this
      invention. These metals act to lower the absorption energy, but to
      eliminate harmful S from steel, and are very effective in changing the
      sulfide in steel to one which is little deformed by rolling. For the above
      mentioned purposes, it is necessary to add more than 0.01% of them.
      However, addition in a great amount rather increases harmful inclusions
      and makes worse the hot-workability, so that the upper limit is limited to
      0.20%. Such a rare earth metal or its alloy is restricted in said addition
      amount to liquid steel which is different from those of other elements.
      The reason for this is because there is no sure way established of
      analyzing the amount of rare earth metal present in steel. Another reason
      is that a distinctive difference appears in steel even if the analysis is
      of said rare earth metal or its alloy resulted in a trace. Such rare earth
      metals are added at the stage of vacuum degassing or of pouring into a
      mold to liquid steel. In such a case, said degassing is not always needed.
PAR  The second feature of this invention lies in the requirements of
      hot-rolling the steel consisting of the above composition and further
      adding said rare earth metal or its alloy thereto. For such a steel,
      certain limits are placed on the reduction ratio in connection with
      rolling temperature. If the steel is to be hot rolled under normal
      conditions, some improvement may be seen in impact absorption energy, but
      its transition temperature rises and it has been confirmed that the
      maintaining of .sub.D T.sub.C transition temperature below -40.degree.C in
      load tests becomes difficult. Therefore, the said certain limit is to be
      set at the minimum rolling rate of 30% to steel of below 950.degree.C.
      However, if the rolling rate is made excessively larger in the low
      temperature zone, the absorption energy will become inferior and the
      rolling efficiency will also become lowered. That is the reason for
      limiting the upper limit at 80%.
PAR  The third feature of this invention lies in the heat-treating of the above
      steel. This invention steel exhibits satisfactory low temperature
      properties, i.e. absorption energy of more than 10kg-m at -20.degree.C and
      .sub.D T.sub.C transition temperature of below -40.degree.C, even if as
      only hot-rolled. However, if more improvement of said properties is
      necessary, the hot-rolled steel may be further tempered. In such a case,
      said only temper treating is enough for improving said properties without
      the known thermal-refining, i.e. normalizing, normalize-tempering, or
      quench-tempering. Such a temper-treating is carried out at 500.degree. to
      680.degree.C. This treatment will greatly improve the absorption energy
      and transition temperature and at the same time bring the stability and
      uniformity of yield strength. If the temperature exceeds 680.degree.C.,
      the refined structure obtained through rolling will become coarser and
      will lower the strengh. Accordingly, the upper limit was set at
      680.degree.C.
PAR  In the prior art, steels mainly containing Nb or V were hot rolled and the
      rolling temperature for said steel was controlled in order to impart the
      desired strength and transition temperature as a high tensile strength
      material for line pipe. However, the researches on the unstable fracture
      that are actually seen on the site of line pipe were confirmed. The
      resistance against the said unstable fracture caused by high pressure gas
      stream is under the control of the impact absorption energy of steels.
      Based on the results of such researches, the prior method was reviewed and
      was found to contain a grave obstacle. Namely, the manufacturing method
      controlling rolling temperatures as forementioned, although it is
      effective, encourages the anisotropy of the structure thereby and invites
      decrease of absorption energy in the transverse direction (direction C) to
      the longitudinal direction (direction L). In order to improve the
      absorption energy in direction C, rolling rate in direction C may be
      increased, but this method has its industrial limitation placed
      automatically by the width of rolling mill or by the yield. One reason for
      performing the said heat treatment, such as quench-tempering and the like,
      in spite of the higher cost for obtaining the steel which has both
      excellent transition temperature and absorption energy (such as steels K
      and L to which reference will be made later) resided with this fact. As
      has been discussed, this kind of heat treatment had industrial problems as
      its cost was high and the process was complicated. When it was impossible
      to obtain the steel with desired high transition temperature even with
      this method, expensive alloying elements such as Ni had to be included in
      a great amount. The present invention, as has been discussed above, easily
      and stably secured these properties required at a low cost, and the
      results of the comparative tests against the present invention steel and
      the conventional steels are shown in Tables 1 and 2.
PAR  Table 1 shows the results where the composition, rolling requirements and
      heat treating process as the manufacturing requirements are also shown,
      while Table 2 shows the results of Drop weight tear test = DWTT as
      provided for by API Standard, 5LS, besides the results of normal 2mm V
      notch Charpy test as the impact test values in the transverse direction
      (direction C). In this case, DWTT is different from normal Charpy test and
      the whole thickness of the sample steel was used. Therefore, its
      correlation to brittle rupture in the actual structures is considered to
      be better, and is, for instance, adopted by API Standard 5LXSR6. In the
      Tables, Steels A-F are the present invention steel, among which Steels E
      and F are those that have been as only hot rolled, and Steels A-D are
      those that have been tempered at the temperatures to be described
      hereinafter after hot rolling. Steels G-L are the comparison steels
      manufactured in accordance with the conventional methods. Steel G is
      within the scope of the present invention in respect of its composition,
      but has no REM (Rare earth metals) and its rolling requirements are
      different. Steels H and I are examples of Nb containing Aluminum killed
      steel manufactured for line pipe in the prior art for which the rolling
      temperature has been controlled. Steel J was rolled by controlled rolling
      and was given a temper treatment, and steels K and L are examples of
      conventional steel which is the low alloy steel performed with normal
      heat-treating.
PAR  According to the above Tables, a remarkable difference can be clearly seen
      between the steels produced in accordance with the present invention
      process and those produced under conditions which have one or more lack in
      requirements based on this invention. Further in detail, the lacking
      requirement of steel G against this invention is only rolling
      requirements. Even when the addition of rare earth metals is made and said
      absorption energy increased greatly, the rolling requirements being out of
      the range of the present invention will produce extremely insufficient
      results where .sub.D T.sub.C transition temperature does not reach even
      -10.degree.C. The steels H and I are manufactured under the conditions
      where the addition of REM which is required by the present invention is
      absent. The result obtained is such that the .sub.D T.sub.C transition
      temperature reaches its standard, but the absorption energy is less than
      10kg-m at -20.degree.C. This is naturally insufficient resistance required
      for line pipe in cold areas against said unstable fracture. Steel J has
      been given tempering treatment after hot rolling to improve the properties
      of the above mentioned steels H and I, but no REM addition influences said
      property, consequently, the absorption energy at -20.degree.C is less than
      10kg-m. Here the resistance toward the above mentioned unstable fracture
      is insufficient. As discussed above, the Steels K and L are produced under
      entirely different conditions from the present invention conditions
      (particularly in that no addition of REM is made, and in that hot rolling
      and heat treating requirements), and they have been given the normal heat
      treating, i.e. quench-tempering. The results obtained is such that said
      absorption energy and .sub.D T.sub.C transition temperature were meeting
      needs, but the cost increased and the manufacturing steps became
      complicated, because of the accompanying heat-treating processes, and they
      also need to be radically improved.
PAR  On the other hand, Steels A-F manufactured in accordance with the present
      invention process clearly demonstrate excellent properties incomparable to
      those of comparison steels. For instance, even Steels E and F which have
      been as only hot-rolled and which are therefore comparatively inferior
      among the above Steels A- F show the values comparable to the maximum
      values demonstrated by Steels K and L among the conventional steels. The
      absorption energy at -20.degree.C after only hot rolling is 15-16 kg-m
      which sufficiently satisfies the standard of 10kg-m, at -20.degree.C, and
      .sub.D T.sub.C transition temperature of DWTT far exceeds the standard of
      -40.degree.C and are comparable to those heat-treated Steels K and L. If
      said temper-treating were to be given within the predetermined temperature
      to those steels as hot-rolled, then it will be well understood that their
      low temperature toughness is improved greatly. Those examples are Steels
      A-D, with the absorption energy at -20.degree.C showing about 20kg-m at
      -20.degree.C, and said .sub.D T.sub.C of below -60.degree.C. Described in
      details, the effects of comparison steels I and J by tempering were very
      small, namely about 3kg-m for said absorption energy and -5.degree.C for
      .sub.D T.sub.C, whereas the tempering effect in the present invention is
      remarkable. Comparison of Steels A and E or B and F shows that the degree
      of improvement achieved in this instance is about 9kg-m and 7kg-m for said
      absorption energy at -20.degree.C, and -11.degree.C and -13.degree.C for
      .sub.D T.sub.C, the said figures being incomparably better than the
      comparison steels. This more than demonstrates the synergestic effect of
      REM addition over the tempering effects. It is confirmed that the yield
      strength in the above examples are within the range of 42-65 kg/mm.sup.2
      (hot shown in the above Table II), these being most excellent values over
      the conventional steels for low temperature services. It is needless to
      say that the manufacturing cost of this invention steel is very low,
      because Ni content is low and ordinary heat-treating process is not
      employed.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Chemical Composition (Weight %)                                           
                                   Addition                                    
                                        Rolling Heat-treating process          
     C  Si Mn P   S   Cu Cr Nb  Ni amount                                      
                                        rate of                                
                                   of REM                                      
                                        below 950.degree.C                     
     __________________________________________________________________________
     0.06                                                                      
        0.32                                                                   
           1.62                                                                
              0.009                                                            
                  0.005                                                        
                      0.26                                                     
                         0.25                                                  
                            0.036                                              
                                0.16                                           
                                   0.09 72      hot-rolling    air             
                                        +       630.degree.C.times.30min       
                                        tempering      cooling                 
     0.05                                                                      
        0.17                                                                   
           1.62                                                                
              0.010                                                            
                  0.008                                                        
                      0.08                                                     
                         0.09                                                  
                            0.027                                              
                                0.19                                           
                                   0.05 55      "      600.degree.C.times.30min
                                                       6       "               
     0.07                                                                      
        0.18                                                                   
           1.46                                                                
              0.008                                                            
                  0.006                                                        
                      0.22                                                     
                         0.19                                                  
                            0.034                                              
                                0.10                                           
                                   0.10 55      "      650.degree.C.times.30min
                                                       3       "               
     0.07                                                                      
        0.29                                                                   
           1.41                                                                
              0.011                                                            
                  0.005                                                        
                      0.15                                                     
                         0.08                                                  
                            0.024                                              
                                0.06                                           
                                   0.15 48      "      550.degree.C.times.30min
                                                       .       "               
     Same as above A                            As only hot rolled             
     Same as above B                            As only hot rolled             
     __________________________________________________________________________
                                                hot-rolling    air             
     Same as above A                    24      +      630.degree.C.times.30min
                                                tempering      cooling         
     0.13                                                                      
        0.25                                                                   
           1.32                                                                
              0.013                                                            
                  0.008                                                        
                      0.09                                                     
                         0.26                                                  
                            0.023                                              
                                0.12                                           
                                   --   30      As only hot rolled             
     0.07                                                                      
        0.21                                                                   
           1.43                                                                
              0.010                                                            
                  0.006                                                        
                      0.24                                                     
                         0.25                                                  
                            0.036                                              
                                0.16                                           
                                   --   69      "                              
                                                hot-rolling                    
     0.07                                                                      
        0.31                                                                   
           1.55                                                                
              0.014                                                            
                  0.005                                                        
                      0.27                                                     
                         0.24                                                  
                            0.029                                              
                                0.16                                           
                                   --   67      +      600.degree.C.times.30   
                                                       min     air             
                                                tempering      cooling         
     0.12                                                                      
        0.21                                                                   
           1.42                                                                
              0.013                                                            
                  0.007                                                        
                      -- -- --  -- Mo.0.15                                     
                                        --      920.degree.C                   
                                                       water-quench            
                                                       +       air             
                                                600.degree.C                   
                                                       tempering               
                                                               cooling         
                                                910.degree.C                   
                                                       water-quench            
     0.07                                                                      
        0.24                                                                   
           0.49                                                                
              0.015                                                            
                  0.006                                                        
                      0.33                                                     
                         0.12                                                  
                            --  0.34                                           
                                   --   --             +       air             
                                                620.degree.C                   
                                                       tempring                
                                                               cooling         
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
     2 mm V notch sharpy test(normal test piece) absorption energy             
                                                   DWTT                        
              -120.degree.C                                                    
                 -100.degree.C                                                 
                        -80.degree.C                                           
                             -60.degree.C                                      
                                  -40.degree.C                                 
                                       -20.degree.C                            
                                            Room Temp.                         
                                                   D.sup.T C                   
     __________________________________________________________________________
            A 1.5  9.0  16.4 22.1 24.3 25.0 26.2   -73                         
     Inventive                                                                 
            B 1.1  7.8  13.4 18.0 20.8 22.2 22.8   -63                         
     Steel  C 0.3  12.7 19.9 24.7 27.3 28.9 30.5   -76                         
            D 1.9  7.6  11.6 15.1 17.8 19.6 20.3   -61                         
            E 1.1  3.5  6.6  11.6 14.7 16.6 18.3   -62                         
            F 0.7  2.9  5.2  8.8  0.5  15.2 16.5   -50                         
     __________________________________________________________________________
            G 0.5  0.8  2.1  4.7  9.0  15.8 21.5   - 8                         
     Comparative                                                               
            H 0.7  1.1  1.4  2.1  3.9  5.7  6.4    -28                         
     Steel  I 0.8  1.6  4.0  5.7  6.5  6.9  7.1    -57                         
            J 1.4  3.5  5.6  7.9  9.2  9.6  9.7    -62                         
            K 2.2  15.3 9.8  15.2 17.0 17.3 17.5   -47                         
            L 3.8  14.3 20.6 24.1 25.2 25.5 25.5   -68                         
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing steel for low temperature services consisting
      of the following chemical composition,
TBL  0.02 to 0.10% C,  0.10 to 0.50% Si,                                       
     1.20 to 1.80% Mn, up to 0.030% P,                                         
     up to 0.015% S,   0.05 to 0.50% Ni,                                       
     0.05 to 0.50% Cr, 0.05 to 0.50% Cu,                                       
     0.01 to 0.10% Nb, unavoidable impurities                                  
     and the balance being Fe,                                                 
PAL  further adding rare earth metal or an alloy thereof of 0.01 to 0.20% to the
      above steel at the stage of vacuum degassing or of pouring into a mold,
      and then, being as only hot-rolled at a rolling rate of from 30 to 80% at
      a temperature below 950.degree.C.
NUM  2.
PAR  2. A method of manufacturing steel for low temperature services as set
      forth in claim 1 wherein the hot-rolled steel is further tempered at from
      500.degree. to 680.degree.C.
PATN
WKU  039458598
SRC  5
APN  4539389
APT  1
ART  111
APD  19740322
TTL  Method of manufacturing superconductors of .beta.-tungsten structure
ISD  19760323
NCL  14
ECL  1
EXP  Stallard; W.
INVT
NAM  van Beijnen; Christianus Antonius Maria
CTY  Alkmaar
CNT  NL
ASSG
NAM  Reactor Centrum Nederland (Stichting)
CTY  The Hague
CNT  NL
COD  03
PRIR
CNT  NL
APD  19730417
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CLAS
OCL  148 115R
XCL   29599
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ICL  H01L 3924
FSC  148
FSS  11.5 R
FSC   29
FSS  599
UREF
PNO  3541680
ISD  19701100
NAM  Verrijp
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NAM  Morton et al.
OCL   29599
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PNO  3625662
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NAM  Roberts et al.
OCL   29599
LREP
FRM  Stewart and Kolasch, Ltd.
ABST
PAL  A method of manufacturing a superconductor consisting of different
      materials by introducing into material of an element or an alloy at least
      one element of another group or a compound, whereupon the diameter of the
      assembly, if desired, is reduced and subsequently a superconductive layer
      of said elements is formed by thermal treatment.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to a method of manufacturing a superconductor
      consisting of different materials. German Patent Application No. 1,234,939
      discloses a manufacture of superconductors by mixing vanadium powder and
      V.sub.2 Ga.sub.5 powder in accordance with the reaction: 13V + V.sub.2
      Ga.sub.5 .fwdarw.  5V.sub.3 Ga. A disadvantage of this method of
      manufacturing a superconductor resides in that the final product becomes
      porous. Moreover, this method is not suitable for manufacturing
      filamentary superconductors.
PAR  According to the present invention these disadvantages can be obviated by
      introducing into a piece of material of an element or an alloy of this
      element selected from the group of V-B at least one element selected from
      the group IIIA or IVA or a compound of the element of the group VB with at
      least one element of said other groups or a mixture of such a compound
      with an element of the groups IIIA or IVA of the Periodic System, by
      reducing, if desired, the diameter of the assembly and by subsequently
      forming a superconductive layer of these elements by a thermal treatment,
      the second of said compounds having such a deficiency of the element of
      the group V-B that for the formation of the superconductive layer material
      from the first-mentioned piece is used.
PAR  There may be added an accelerator to the introduced material. The
      introduced material may be compact, powdery or a mixture of powders or of
      a powder and a compact material. The method according to the invention is
      particularly effective when the first piece of material is vanadium and
      the introduced material is V.sub.2 Ga.
DETD
PAR  During the formation of the V.sub.2 Ga.sub.5 the 13 vanadium atoms required
      for each V.sub.2 Ga.sub.5 molecule are provided by the piece of vanadium
      so that an uninterrupted V.sub.3 Ga layer is formed. The thickness of said
      layer may be about 10 .mu.. The thermal treatment is carried out at about
      600.degree.C for 150 hours.
PAR  Other examples are the formation of Nb.sub.3 Al, V.sub.3 Si, Nb.sub.3 Sn,
      Nb.sub.3.76 (Al.sub.0.73 Ge.sub.0.27). For the formation of Nb.sub.3 Al,
      for example, a piece of compact aluminium is introduced into a sheath of
      Nb. When forming V.sub.3 Si a pulverulent Si can be introduced into a
      sheath of vanadium, whilst it is also possible to introduce pulverulent Si
      with pulverulent VSi.sub.2.
PAR  When forming Nb.sub.3.76 (Al.sub.0.73 Ge.sub.0.27), for example, aluminium
      and germanium powder or compact aluminium and powdery germanium may be
      introduced into an Nb cylinder.
PAR  As an alternative, NbAl.sub.3 powder with NbGe.sub.2 powder or NbAl.sub.3
      powder and germanium powder or compact aluminium with NbGe.sub.2 powder
      may be introduced.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of manufacturing a superconductor consisting of different
      materials which comprises introducing into a first component selected from
      the elements or alloys of the elements of Group VB of the Periodic Table,
      a second component containing an accelerator and consisting essentially of
      an element selected from the Group consisting of Group IIIA and Group IVA
      of the Periodic Table, or a second component containing an accelerator and
      consisting essentially of a mixture of (1) a compound or alloy of a Group
      VB element with an element selected from the Group consisting of Group
      IIIA and Group IVA of the Periodic Table with (2) an element selected from
      the Group consisting of Group IIIA and Group IVA of the Periodic Table,
      and thermally treating said materials to produce a superconductor having a
      superconductive boundary layer.
NUM  2.
PAR  2. The method of claim 1, wherein the second component is in the form of a
      powder.
NUM  3.
PAR  3. The method of claim 1, wherein the second component is in a compact
      state.
NUM  4.
PAR  4. The method of claim 1, wherein at least one of the elements or compounds
      has the form of a powder and at least one of the elements is in a compact
      state.
NUM  5.
PAR  5. The method of claim 1, wherein the first component is vanadium and the
      second component is gallium.
NUM  6.
PAR  6. The method of claim 1, wherein the first component is vanadium and the
      second component is a mixture of gallium and V.sub.2 Ga.sub.5.
NUM  7.
PAR  7. The method of claim 1, wherein the thickness of the superconductive
      boundary layer is about 10 microns.
NUM  8.
PAR  8. The method of claim 1, wherein the first and second components are
      inserted into at least hole provided in a bar of a conductive metal.
NUM  9.
PAR  9. The method of claim 1, wherein the Group VB element in the first and
      second component are the same.
NUM  10.
PAR  10. The method of claim 1, wherein the superconducting boundary layer is
      V.sub.3 Ga.
NUM  11.
PAR  11. The method of claim 1, wherein the superconductor is in the form of at
      least one wire, the diameter of the wire being reduced before the thermal
      treatment.
NUM  12.
PAR  12. The method of claim 1, wherein the second component has such a
      deficiency of the Group VB element that the Group VB element of the first
      component is used for the formation of the superconductive layer.
NUM  13.
PAR  13. The method of claim 1, wherein the superconductor is selected from the
      Group consisting of Nb.sub.3 Sn, Nb.sub.3 Al, Nb.sub.3 Ga, Nb.sub.3.67
      (Al.sub.0.73 Ge.sub.0.27) and V.sub.3 Si.
NUM  14.
PAR  14. A superconductor manufactured by the method of claim 8.
PATN
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APT  1
ART  111
APD  19741223
TTL  Process for obtaining high ductility high strength aluminum base alloys
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NCL  8
ECL  1
EXP  Stallard; W.
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LREP
FR2  Bachman; Robert H.
ABST
PAL  The present invention relates to aluminum base alloys having high strength
      and high ductility prepared by working at a temperature of from
      450.degree. to 950.degree.F, working at a temperature below 450.degree.F,
      holding at from 250.degree. to 650.degree.F, and working at a temperature
      below 450.degree.F.
PARN
PAR  This is a continuation, of application Ser. No. 140,580, filed May 5, 1971,
      and now abandoned.
BSUM
PAR  The present invention relates to a process for the preparation of high
      strength aluminum base alloys having high ductility. In particular the
      present invention resides in a process for the preparation of aluminum
      alloys having ductilities considerably higher than are conventionally
      obtained at high strength levels.
PAR  It is naturally highly desirable to conveniently obtain high strengths and
      high ductilities in aluminum base alloys, especially in those common,
      inexpensive, commercially available aluminum base alloys.
PAR  Various processes are generally known for increasing the strengths of
      aluminum base alloys. For example, U.S. Pat. No. 3,490,955 describes a
      process of producing an alloy having increased strength.
PAR  Other conventional processes are also generally known but many of the
      processes are expensive and cumbersome or characterized by a plurality of
      process steps which are inconvenient and expensive to utilize. In
      addition, conventional processes are frequently characterized by
      critically defined process conditions which makes the process inconvenient
      to operate on a commercial scale. Furthermore, processes for increasing
      the strength of aluminum base alloys are frequently selectively based on
      particular alloying ingredients present in the alloy and are not often
      utilizable over a wide range of aluminum base alloys.
PAR  In addition to the foregoing, processes for increasing the strength of
      aluminum base alloys still frequently leave much to be desired with
      respect to the ultimate strength obtained. In addition, conventional
      processes often increase the strength of the aluminum base alloy with
      attendant losses of other desirable physical properties such as ductility
      thereby often improving one property with an attendant degradation of
      another.
PAR  It is therefore an object of the present invention to provide a process for
      preparing aluminum base alloys having improved ductility at high strength
      levels.
PAR  It is an additional object of the present invention to provide an improved
      alloy and process as aforesaid which is inexpensive and convenient and
      readily feasible on a commercial scale.
PAR  It is a still further object of the present invention to provide an
      improved alloy and process as aforesaid which attains greatly improved
      strength characteristics without inordinate loss of desirable physical
      properties, for example, electrical properties and finishing
      characteristics.
PAR  Additional objects and advantages of the present invention will appear
      hereinafter.
PAR  In accordance with the present invention, it has now been found that the
      foregoing objects and advantages may be readily attained and an improved
      alloy and process conveniently provided.
PAR  The process of the present invention comprises:
PA1  A. providing an aluminum base alloy containing from 0.05 to 1.0% iron, from
      0.05 to 1.0% silicon, at least one material selected from the group
      consisting of less than 10.0% magnesium, less than 3.0% manganese, less
      than 1.0% copper, less than 0.5% chromium, less than 0.5% zinc, less than
      0.5% zirconium, less than 0.5% titanium, less than 0.1% boron, others less
      than 0.5% each, total less than 1.5%, balance essentially aluminum;
PA1  B. working said alloy, preferably by rolling, extruding, or drawing, at a
      temperature between 450.degree.F and 950.degree.F, and preferably between
      550.degree. and 850.degree.F, to a total reduction in excess of 20%;
PA1  C. working said alloy, preferably by rolling, extruding, or drawing, at a
      temperature below 450.degree.F with a total reduction in excess of 20%;
PA1  D. holding said alloy at a temperature of from 250.degree. to 650.degree.F
      for a period of time no greater than defined in the following formula: T
      (8.95 + log t) = 5,700, wherein T is temperature in degree Kelvin and t is
      the maximum time in minutes at temperature T, so that there is no
      recrystallization throughout the matrix and so that there is less than 10%
      loss in tensile strength; and
PA1  E. repeating step (C), preferably repeating steps (C) and (D) preferably a
      plurality of times.
PAR  In accordance with the present invention it has been found that the
      foregoing process results in a surprising improvement in strengths, while
      maintaining high ductility even in the common aluminum alloys, and even
      with the introduction of thermal treatments after severe amounts of cold
      working. For example, high tensile properties have been reproducibly
      obtained in combination with high ductilities, generally in excess of, for
      example, at least 5% when steps (C) and (D) are repeated thereby giving
      surprisingly improved ductility at high strength levels, i.e. at tensile
      strengths of 55,000 to 70,000 psi.
PAR  In general, the present invention is broadly applicable to a wide range of
      aluminum base alloys as stated above, including high purity aluminum, and
      significant improvement is obtained with all these materials. It is
      preferred, however, that the aluminum base alloy contain less than 99.5%
      aluminum and naturally that certain additional elements be present in the
      alloy. This is reflected in the following which shows the permissible and
      preferred amounts of additional elements wherein all percentages are
      percentages by weight: Silicon from 0.05 to 1.0%, preferably from 0.3 to
      0.7%; iron from 0.05 to 1.0%, preferably about 0.1 to 0.8%. In addition to
      iron and silicon, the alloy must contain at least one of the following
      materials; copper from 0 to 1.0%, preferably from 0.1 to 0.5%; manganese
      from 0 to 3.0%, preferably from 0 to 1.6%; magnesium from 0 to 10.0%,
      preferably from 0.1 to 5.0%; chromium from 0 to 0.5%, preferably from 0.1
      to 0.25%; zinc from 0 to 0.5%, preferably from 0.05 to 0.3%; zirconium
      from 0 to 0.5%; preferably 0.002 to 0.3%; boron from 0 to 0.1%; titanium
      from 0 to 0.5%, preferably from 0 to 0.2%; others each less than 0.5%,
      total less than 1.5%, preferably each less than 0.05%, total less than
      0.15%. In general the preferred alloys are those of the 1000 series, 3000
      series and 5000 series.
PAR  In accordance with the present invention, the aluminum base alloys may be
      cast in any desired manner. The particular method of casting is not
      critical and any commercial method may be employed, such as Direct Chill
      or Tilt Mold casting.
PAR  After casting it is preferred in accordance with the present invention to
      provide a homogenization or solutionizing treatment. The homogenization
      treatment temperature depends upon the alloy but should be performed at a
      temperature above 850.degree.F and in the single phase region for the
      major constituents. The casting should be held at temperature for a
      minimum of 4 hours. After the homogenizing or solutionizing step, the
      ingot should be rapidly cooled to below 450.degree.F and preferably
      rapidly cooled to below 250.degree.F at a rate of above 400.degree.F per
      hour.
PAR  In accordance with the present invention, if desired, the solutionizing
      step may be in combination with the casting operation, i.e., in the
      casting operation the material may be cooled from the solidification
      temperature.
PAR  The purpose of the solutionizing step is as follows: When the aluminum base
      alloy contains alloying additions as indicated hereinabove, the
      solutionizing step followed by rapid cooling puts as much of these
      materials into solution as possible. Thus, the solute elements or alloying
      additions are in solid solution, preferably to the maximum degree, in the
      aluminum or solvent matrix. This is, as stated hereinabove, a preferred
      operation.
PAR  In accordance with the present invention, the next steps are the critical
      working operations. The preferred type of working operation is by rolling
      and the present specification will be particularly directed to this form
      of working. It should be understood, however, that the other types of
      working are contemplated, such as drawing, swaging, or extruding.
PAR  As a critical step, the material is first worked, e.g., by rolling at a
      temperature between about 450.degree.F and 950.degree.F with a total
      reduction in excess of 20%. It is preferred to roll at a temperature
      between 550.degree. and 850.degree.F and the material may be rolled in one
      or more passes. Throughout the present specification, the term "reduction"
      means total reduction in area.
PAR  It is this critical rolling step which surprisingly and unexpectedly
      provides for the increased ductility of the alloy at high strength levels
      not shown in the art.
PAR  The material is then worked at a temperature below 450.degree.F with a
      total reduction in excess of 20%. It is preferred to work at a temperature
      below 375.degree.F. In general, it is preferred to take a plurality of
      smaller reductions of at least a 15% reduction rather than one large
      reduction. A total reduction may be large if desired. For example, total
      reduction in excess of 99% may be taken, e.g., in wire form.
PAR  After the rolling or working step the material is critically held at from
      250 to 650.degree.F for a period of time no greater than defined in the
      following formula: T (8.95 + log t) = 5,700, wherein T is any given
      temperature within the foregoing temperature range in degrees Kelvin and t
      is the maximum time in minutes at temperature T. The minimum time at
      temperature is not particularly critical, but should be at least one
      second. Naturally, the higher the temperature within the foregoing
      temperature range, the shorter is the maximum holding time and the lower
      the temperature the longer the maximum holding time. It is preferred to
      operate in the temperature range of from 250.degree. to 450.degree.F.
      Examples of maximum allowable times determined in accordance with the
      foregoing formula are: approximately 400 hours at 300.degree.F;
      approximately 16 hours at 400.degree.F; and 2 minutes at 650.degree.F.
PAR  As indicated above, after the rolling or working step the materials is
      critically held at from 250.degree.F to 650.degree.F for no longer than
      the time determined by the foregoing empirical equation for which the
      constants were determined experimentally. It is interesting to note that
      changing the form of this equation to 1/t = exp (-Q/RT) gives a value of
      Q, the activation energy, that is slightly lower than is required for
      recrystallization in aluminum. This indicates that the initiation of
      recrystallization is the upper limit for the thermal treatment.
PAR  Subsequent to the thermal treatment, the material is worked or rolled again
      at a temperature below 450.degree.F with a total reduction of at least 20%
      in the same manner as indicated hereinabove. This second rolling or
      working step may then be followed by an additional thermal treatment at
      from 250.degree. to 650.degree.F as indicated hereinabove if it is so
      desired.
PAR  Cold working after a low temperature thermal treatment is unusual in the
      fabrication of wrought aluminum structures inasmuch as low temperature
      treatment or partial annealing are normally introduced to stabilize the
      structure or lower the strength to desired levels in order to meet
      specific properties. In fact, the 'H2X and 'H3X standards of the Aluminum
      Association specifies work hardening and partical annealing or work
      hardening and then stabilizing. In accordance with the present invention,
      however, hot working followed by cold working below 450.degree.F and a
      stabilizing or partial annealing treatment as a preparatory step for
      subsequent cold working below 450.degree.F provides the significant
      mechanical property increase in combination with high ductility at the
      increased strength levels attained, of the present invention.
PAR  It is preferred to repeat the cold rolling below 450.degree.F and thermal
      treatment steps a plurality of times, preferably from 3 to 5 times. In
      accordance with the present invention, the final step in the process may
      be a thermal treatment operation.
PAR  A modification of the present invention includes the following. If desired,
      the cold rolling step may be performed within the thermal treatment range.
      Thus, where one rolls at a temperature of from 250.degree. to 450.degree.F
      and holds the material at temperature one may effectively combine the
      working or rolling step with the thermal treatment step and thereby avoid
      a separate thermal treatment step.
PAR  An additional modification includes the following: The final step may
      optionally be a low temperature thermal treatment below 250.degree.F or
      the holding step of the present invention at from 250.degree. to
      650.degree.F as permitted by the foregoing formula, so that there is no
      recrystallization throughout the matrix but there is less than 25% loss in
      yield and tensile strength. This would result in yield and tensile
      strengths still greatly superior than normally obtained, and with the
      ductility increased.
PAR  In accordance with the present invention the first cold forming operation
      forms a cellular sub-grain structure. That is, the microstructure of the
      alloy is characterized by grains within grains. The thermal treatment step
      tends to stabilize the sub-grain walls by migrating solute atoms towards
      the sub-grain walls. The second cold deformation forms more sub-grain
      walls within the sub-grain structure, thereby incrementally refining the
      sub-grain size as deformation and thermal treatment steps are repeated.
PAR  Thus, the improved alloys of the present invention are characterized by
      greatly and surprisingly improved ductilities in combination with high
      strength characteristics and ultra fine sub-grain structure with the
      sub-grain size being 0.001 mm or smaller. Furthermore, the sub-grain
      structure is quite stable. The alloys of the present invention are also
      characterized as follows. The sub-grains have boundary walls of pinned
      dislocation tangles i.e., thermally stable or fixed, with pinning
      accomplished by alloying elements in solution or vacancies attendant to
      alloying elements in solution. The matrix between dislocation tangles
      consists of individual regions having lower content of alloying additions
      and low density of dislocations.
PAR  In addition the present invention is characterized by improved workability
      of the alloys as shown, for example by a significant decrease in edge
      cracking during rolling which thereby results in considerable reduction in
      generation of scrap with attendant cost savings.
PAR  The present invention will be more readily understandable from a
      consideration of the following illustrative examples.
DETD
PAC  EXAMPLE I
PAR  In the following examples an alloy of the following composition was
      employed: Si - 0.08%; Cu - 0.44%; Mn - 0.77%; Cr - 0.10%; Mg - 2.9%; Zn -
      0.02%; Fe - 0.17%; Ti - 0.01%. All of the alloys were Direct Chill cast
      and samples 1.75 inches thick were cut for processing according to the
      present invention.
PAC  EXAMPLE II
PAR  Samples of the alloy of Example I were hot rolled to 0.500 inch thick and
      cooled to room temperature. The samples were then cold rolled to 0.035
      inch thick. The tensile strength after processing was found to be 65,200,
      psi, the yield strength 64,200 psi, at 0.2% offset, and the elongation 2%.
PAC  EXAMPLE III
PAR  Samples of the alloy of Example I were hot rolled to 0.500 inch thick. The
      samples were then cooled to room temperature, cold rolled to 0.125 inch,
      heated at about 290.degree.F for about 21/2 hours and cooled to room
      temperature. Then samples were then cold rolled to 0.035 inch and then
      heated at about 290.degree.F for about 21/2 hours.
PAR  The tensile strength after processing was found to be 64,500 psi, the yield
      strength 59,800 psi at 0.2% offset, and the elongation 7%.
PAC  EXAMPLE IV
PAR  Samples of the alloy of Example I were hot rolled to 0.500 inch thick
      cooled to room temperature, cold rolled to 0.125 inch, heated at about
      290.degree.F for about 21/2 hours, and cooled to room temperature. The
      samples were then cold rolled to 0.080 inch, heated at about 290.degree.F
      for about 21/2 hours, cooled to room temperature, cold rolled to 0.035
      inch and heated at about 290.degree.F for about 21/2 hours.
PAR  The tensile strength after processing was found to be 65,900 psi, the yield
      strength 61,400 psi at 0.2% offset, and the elongation 5.5%.
PAC  EXAMPLE V
PAR  As a comparative example to Example II, samples of the alloy of Example I
      were machined to 0.500 inch thick. The samples were then cold rolled to
      0.125 inch, heated at about 290.degree.F for about 21/2 hours, cooled to
      room temperature, and then cold rolled to 0.035 inch thick.
PAR  The tensile strength after processing was found to be 72,000 psi, the yield
      strength 71,900 psi at 0.2% offset and the elongation of essentially 0%.
PAC  EXAMPLE VI
PAR  As a comparative example to Example III, samples of the alloy of Example I
      were machined to 0.500 inch thick, cold rolled to 0.125 inch, annealed at
      about 290.degree.F for about 21/2 hours and then cooled to room
      temperature. Samples were then cold rolled to 0.035 inch and then annealed
      at about 290.degree.F for about 21/2 hours.
PAR  Tensile strength after processing was found to be 67,100 psi, yield
      strength 62,600 psi and 0.2% offset and the elongation 5%.
PAC  EXAMPLE VII
PAR  As a comparative example to Example IV, samples of the alloy of Example I
      were machined to 0.500 inch thick, cold rolled to 0.125 inch, heated at
      about 290.degree.F for about 21/2 hours and cooled to room temperature.
      The samples were then cold rolled to 0.080 inch heated at about
      290.degree.F, cooled to room temperature, cold rolled to 0.035 inch and
      heated at about 290.degree.F for about 21/2 hours.
PAR  Tensile strength after processing was found to be 67,500 psi, yield
      strength 62,700 psi at 0.2% offset and the elongation 5%.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      means and range of equivalency are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of aluminum having high strength and high
      ductility, comprising:
PA1  A. providing an aluminum base alloy containing from 0.05 to 1.0% iron, from
      0.05 to 1.0% silicon, at least one material selected from the group
      consisting of less than 10.0% magnesium, less than 3.0% manganese, less
      than 1.0% copper, less than 0.5% chromium, less than 0.5% zinc, less than
      0.5% zirconium, less than 0.5% titanium, less than 0.1% boron, others less
      than 0.5% each, total less than 1.5% balance essentially aluminum;
PA1  B. working said alloy, preferably by rolling or drawing, at a temperature
      between 450.degree.F and 950.degree.F with a total reduction in excess of
      20%;
PA1  C. working said alloy, preferably by rolling or drawing, at a temperature
      below 450.degree.F with a total reduction in excess of 20%;
PA1  D. holding said alloy at a temperature of from 250 to 650.degree.F for a
      period of time no greater than defined in the following formula: T (8.95 +
      log t) = 5,700, wherein T is temperature in degrees Kelvin and t is the
      maximum time in minutes at temperature T, so that there is no
      recrystallization throughout the matrix and so ther there is less than 10%
      loss in tenxile strength; and
PA1  E. repeating step C, thereby resulting in an alloy having a subgrain size
      of less than 0.001 mm with the subgrain walls being formed of pinned
      dislocation tangles.
NUM  2.
PAR  2. A process according to claim 1 wherein steps (C) and (D) are repeated.
NUM  3.
PAR  3. A process according to claim 1 wherein step (C) and (D) are repeated a
      plurality of times.
NUM  4.
PAR  4. A process according to claim 1 wherein working of step (B) is from
      550.degree. to 850.degree.F.
NUM  5.
PAR  5. A process according to claim 1 wherein the materials in step (A) are
      present in the following amounts: silicon from 0.3 to 0.7%, iron from 0.4
      to 0.8%, at least one material selected from the group consisting of
      copper from 0.1 to 0.5%, manganese up to 1.6%, magnesium up to 5.0%,
      chromium up to 0.2%, zinc up to 0.3%, titanium up to 0.2%, zirconium up to
      0.3% and boron up to 0.05%.
NUM  6.
PAR  6. A process according to claim 1 wherein prior to said hot working step
      (B) the material is homogenized at a temperature above 850.degree.F for at
      least 4 hours.
NUM  7.
PAR  7. A process according to claim 4 wherein after said hot rolling step the
      material is rapidly cooled to below 450.degree.F.
NUM  8.
PAR  8. A process according to claim 1 wherein step (B) is rolling at a
      temperature below 200.degree.F.
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ABST
PAL  An improved automotive bumper or bumper back-up bar is provided in an
      aluminum alloy containing selected amounts of zinc and magnesium with a
      small amount of zirconium and copper, with small amounts of chromium and
      manganese being optional but preferred. Copper is included to enhance
      strength. The alloy can contain 5.5-9% Zn, 0.8-2% Mg, 0.11-0.25% Cu,
      0.05-0.2% Zr, and preferably 0.05-0.35% Mn or 0.05-0.25% Cr, or both. The
      alloy products contemplated include shaped sheet and extrusion bumper
      products. The improved method contemplates homogenization at a controlled
      temperature and control of subsequent thermal exposure to, in cooperation
      with the homogenization, assure good performance from the standpoint of
      both strength and resistance to stress corrosion cracking.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is increasingly more activity in the field of aluminum bumpers for
      automobiles and other vehicles. The advantages of aluminum are immediately
      obvious in that it offers relatively high strength at a substantial weight
      savings, the weight savings being important both from the standpoint of
      performance and ecology considerations not to mention substantial fuel
      savings.
PAR  An aluminum product to serve properly as a bumper needs to possess
      substantial strength, resistance to denting and resistance to stress
      corrosion cracking. Additionally, it should lend itself to relatively easy
      fabricating procedures. The significance of the first and second is
      immediately obvious and the significance of the third revolves around the
      inevitable exposure of the bumper to salt or other corrosive media which
      can cooperate with mechanical loads to initiate cracks in an aluminum
      member, which cracks can later lead to failures. For instance, in
      employing a bumper jack to raise an automobile as in replacing a tire, a
      stress corrosion cracking failure can lead to disastrous results and is
      therefore considered a highly critical aspect in selecting a bumper
      product. With respect to the fabricating procedures, the aluminum alloy
      should not require extremely high press loads in the case of extrusion, or
      have unusually slow extrusion rates in order to be commercially feasible.
      It would also be useful if the material could be chemically brightened so
      as to alleviate the need for chrome plating, although this is a less
      significant aspect since chrome plating is neither excessively expensive
      nor does it introduce other problems which are difficult to cope with. The
      major problem to date has been to develop an alloy and fabrication
      sequence which will produce a bumper having relatively high strength,
      preferably 56,000 psi tensile yield strength or higher and the requisite
      resistance to stress corrosion cracking. Some materials satisfy either but
      not both of these requirements and some even satisfy both, but at
      substantial expense or difficulty in fabrication so as to either create an
      undesirable rejection rate problem or other economically undesirable
      aspects.
PAC  STATEMENT OF THE INVENTION
PAR  The present invention contemplates use of an aluminum alloy containing
      zinc, magnesium, copper, zirconium, and also including manganese and
      chromium and controlled thermal mechanical practices in producing the
      ultimate bumper product. In its broadest aspect, the invention
      contemplates an alloy containing 5.5-9% Zn, 0.8-2% Mg, 0.11-0.25% Cu and
      0.05-0.2% Zr with optional additions of 0.05-0.35% Mn or 0.05-0.3% Cr, or
      both, being preferred. The ingot or other starting material of the
      described alloy is homogenized at a temperature of
      800.degree.-900.degree.F and then fabricated into a sheet or plate product
      or an extruded product suitable for shaping or bending into a bumper which
      is then solution heat treated, quenched and aged. The fabrication sequence
      may include annealing treatments which should be performed at controlled
      temperatures of below 800.degree.F since such in conjunction with the
      controlled homogenization assures an unrecrystallized grain structure in
      the ultimate product which provides for improved resistance to stress
      corrosion cracking.
DRWD
PAC  DETAILED DESCRIPTION
PAR  In the detailed description which now proceeds, reference is made to the
      following drawings in which:
PAR  FIG. 1 is an isometric view depicting a typical automotive bumper;
PAR  FIG. 2 is an elevation view in cross section of an automotive bumper and
      back-up bar;
PAR  FIG. 3 is an elevation view in cross section of an extruded automotive
      bumper.
DETD
PAR  In addition to the alloy limits described above, a preferred minimum for Zn
      is about 6% and a preferred maximum is about 8%. For Mg a preferred
      minimum is about 1.0% and a preferred maximum is about 1.8%. Zr is
      preferably 0.08-0.15%. Copper should be preferably controlled within
      0.13-0.20%. Manganese is desirably present in amounts of about 0.05-0.35%
      and chromium in amounts of 0.05-0.2%. Preferably the alloy contains both
      Mn and Cr. One preferred composition contemplates about 6.4-7.8% Zn,
      1-1.6% Mg, 0.13-0.20% Cu, 0.05-0.25% Cr, 0.08-0.15% Zr and 0.05-0.30% Mn.
      In this composition it is further preferred that the Zn:Mg ratio be about
      7:1.3 as this corresponds stoichiometrically to the ratio of these
      elements in one of the principal hardening phases in this alloy,
      MgZn.sub.2.
PAR  Impurities are controlled such that the following maxima apply: 0.2% Si,
      0.4% Fe and 0.06% Ti. Other impurities are preferably limited to about
      0.1% each and the combination of other impurities should not exceed 0.5%
      total. However, within these limits it is preferred that the grand total
      of all impurities not exceed 0.75%. Where bright finishing characteristics
      are desired, further limits on impurities and other elements need be
      imposed. Thus where bright finishing is of importance, iron and silicon
      are respectively limited to 0.15 and 0.1% each and manganese and chromium
      which are otherwise desirable are now limited to 0.05% each.
PAR  As mentioned earlier, automotive bumpers can be fashioned from box or
      channel-like shapes although other shapes may also be usefully employed in
      making bumpers and bumper back-up members in accordance herewith.
      Referring to the figures there is shown in FIG. 1 a typical automotive
      bumper 10 and it can be seen that the general shape of the bumper is of a
      channel section curved through an arc along its length, the curvature
      becoming sharper at each end of its length so as to wrap around the fender
      area slightly as is the known custom in fashioning automotive bumpers.
      Referring now to FIG. 2, there is shown an elevation in cross section of a
      bumper including face member 12 which is of a generally channel-like shape
      but configured to satisfy the aesthetic desires of the designer, and
      back-up member 14 is depicted as a channel-like member although it could
      also be a more rectangular box-like member, its purpose being to provide
      beam strength across the front of the vehicle and back-up support for the
      bumper face member 12. FIG. 3 depicts an extruded channel-like member
      provided with an integral reinforcing member 16. These general aspects of
      bumper design are well recognized in the art and need little elaboration
      here, the views being presented primarily for illustration in this
      description.
PAR  An important aspect of the composition is the amount of copper present.
      Copper is required to provide the requisite strength required to assure
      continued use of the product as a bumper without fear of failure such as
      by stress corrosion cracking. It should be noted that the concentration of
      copper is to be carefully controlled within the limits indicated. If the
      concentration of copper decreases substantially below the lower limit, the
      strength of the product is decreased and consequently the margin of safety
      inherent during the useful life may be reduced. Conversely, if the amount
      of copper is increased above the upper limit, other considerations may
      arise in the area of diminished weldability and decreased ease of
      fabrication both as to the basic sheet or extrusion working stock and as
      to the bumper shaped therefrom. It has been found that controlling copper
      within the herein prescribed limits provides significant strength over a
      like material without copper but without significant adverse side effects.
      An equal strength achievable by increasing the content of other elements,
      i.e., zinc, can adversely affect the other properties. For example, the
      amount of zinc required to increase the strength of the alloy by the same
      amount as that resulting from the copper added would have to by many times
      the amount of copper. As the zinc is increased in the amount required for
      strength, the stress corrosion cracking resistance can decrease, seriously
      lowering the integrity of the alloy over its useful life. Thus, it will be
      understood that to develop an alloy with excellent strength, ease of
      weldability and workability, and high resistance to stress corrosion
      cracking requires delicate control over the contents of the alloy, and
      procedural steps leading to the final product. Thus, it can be appreciated
      that it is quite difficult to balance all the constituents in an alloy
      product so as to provide a product having all of the above desirable
      characteristics and which avoids undesirable features.
PAR  In addition to the copper being important from the strength increases
      gained, it is also important because its presence lowers the electrode
      potential of the alloy. The copper can reduce the electrode potential of
      the alloy 40 or 50 millivolts. This decrease in electrode potential
      reduces the likelihood of galvanic corrosion when the alloy product is
      coupled to a vehicle body.
PAR  Another benefit of the copper is that it reduces the extent of exfoliation
      corrosion.
PAR  Not only is it important to have copper in the controlled amount as
      hereinbefore described, but the alloy should be prepared according to
      specific method steps in order to provide the desirable characteristics.
      That is, the alloy described herein may be suitably provided as an ingot
      or billet for fabrication into a suitable wrought product by any of the
      techniques currently employed in the art with continuous casting being
      preferred. The continuous cast ingot may be either rectangular or circular
      in cross section and may be preliminarily shaped or worked to provide
      suitable stock for subsequent working operations. At some stage prior to
      the principal working operations, the alloy stock is subjected to
      homogenization temperatures of between 800.degree. and 900.degree.F for an
      extended period of time of at least 4 hours and preferably 10 hours or
      more. A time of 16 hours has been found to be quite suitable. The time is
      selected to provide a homogeneous distribution of the primary elements
      throughout the alloy metal and to properly distribute constituent phases
      containing Mn, Cr and Zr in particles whose size and distribution
      effectively inhibit recrystallization tendencies of the final product
      during thermal treatments. This homogenization treatment in conjunction
      with controls on subsequent thermal treatments cooperate to assure an
      essentially unrecrystallized grain structure even after the product is
      annealed or solution heat treated and it is this unrecrystallized grain
      structure which contributes so significantly to resistance to stress
      corrosion cracking.
PAR  The homogenized alloy stock or body is fabricated by rolling, extruding or
      other procedures to produce stock suitable for shaping into the final
      bumper or back-up piece configuration. In the case of rolling, the stock
      is hot rolled to product a sheet-type product of typically about one-eigth
      to one-fourth inch or above or below this level by some amount. For
      instance, a hot rolled product might be about 0.150 inch in thickness. If
      a thinner sheet is desired, cold rolling is typically employed and the
      sheet product contemplated can be rolled down to thicknesses as little as
      0.065 inch and even less although obviously a bumper member requires some
      significant thickness such that a typical sheet thickness for a bumper
      would be about 0.15 inch. For a channel or box member shaped from sheet to
      provide a back-up bar, the thickness should be about 0.2 inch. However,
      thickness may vary with size of the vehicle. The sheet product is then
      annealed at a temperature below 800.degree.F and then formed to its final
      section shape. For a bumper face member, the shape can be that depicted in
      FIG. 2 for face member 12 and it is obvious that this shape can vary
      substantially from a rounded channel or even an ogive configuration
      through any of the shapes commonly employed for this purpose. In the case
      of a back-up bar, the shapes are usually much simpler and are typically
      channel shaped although this too is subject to variation. After the
      primary cross sectional shape is achieved, the bumper member is typically
      bent in an arc or other shape to conform to the configuration of its sweep
      across the front of its vehicle and at least in the case of the face
      member 12 the end portions are bent relatively sharply to provide the
      wraparound feature so common in today's automotive designs.
PAR  In the case of an extrusion, the alloy stock after homogenization is
      extruded typically at a reduction of about 25 to one at a temperature of
      800.degree. to 900.degree.F. The low extrusion temperature provides the
      alloy with greater resistance to stress corrosion cracking. The extrusion
      temperature is kept relatively low to keep the alloy in its
      unrecrystallized form to provide the excellent resistance to stress
      corrosion cracking even though common practice is to extrude at a higher
      temperature for ease of extrudability. It should be remembered that one
      reason for very closely controlling the copper content to a maximum of
      0.25% is to provide ease of extrusion. Thus, it will now be appreciated
      that a combination of factors is to be observed in order to provide the
      unique characteristics of this aluminum bumper product.
PAR  The extrusion is typically to the final cross sectional shape and thickness
      such that the only further working to be done is to bend the piece along
      its length and to the arc or other shape which conforms to the
      configuration across the front of the vehicle. This bending can be
      accomplished by bending the piece while hot, typically at temperatures of
      600.degree.-750.degree.F or the workpiece can be annealed and then bent
      while cold. It is noteworthy in this respect that the improvement enables
      either hot or cold bending of the beam or section, and this is in itself
      an advantage which enables the ready implementation of improved bumpers
      into various plant operations.
PAR  It is important that any annealing be carried out at temperatures which do
      not exceed 800.degree.F and preferably do not exceed 750.degree.F since
      temperatures above 800.degree.F can deteriorate the benefits of the
      controlled homogenization treatment.
PAR  For instance, annealing at temperatures of 900.degree.-950.degree.F may
      produce recrystallization of the grain structure notwithstanding the
      benefits of the improved homogenization. It is worth noting that
      temperatures of homogenization higher than that specified above could
      permit recrystallization to occur at lower temperatures and thus it would
      become difficult to anneal the workpiece without encountering
      recrystallization.
PAR  After shaping, the product is solution heat treated, quenched and
      artificially aged. The solution heat treatment is typically at a
      temperature of 700.degree.-750.degree.F and arange of
      700.degree.-850.degree.F is contemplated. The time at these temperatures
      is preferably minimized to avoid recrystallization; a preferred time range
      is about 15 minutes to about 1 hour.
PAR  After solution heat treating, the piece is quenched at a relatively slow
      rate. That is, it is preferably not quenched by immersion in water which
      produces a typical quench rate of 2,000.degree.F per second, but is
      quenched in air or other media typically 100.degree.F per second or
      preferably less. For instance, quenching in air moved by fans can produce
      a quench rate of about 5.degree. or 10.degree.F per second depending on
      the particular conditions involved, and this is quite satisfactory in
      practicing the invention. The slow quench rate enhances resistance to
      stress corrosion cracking and in view of the low quench sensitivity of the
      alloy described, the strength of the bumper product is not impaired
      substantially or the shape distorted by the slow quench rate. After
      quenching, the bumper piece can be artificially aged which can be suitably
      accomplished in two stages, the first featuring a temperature in the range
      of 175.degree.-250.degree.F and the second featuring a higher temperature
      than the first ranging typically from about 250.degree. to about
      320.degree.F. Times vary significantly with temperature in each step and a
      time in the first step of about 3 to 8 hours varying generally inversely
      with temperature in the stated range is suitable, and a time of 3 to 8
      hours varying inversely with the temperature stated for the second step is
      suitable. One suitable practice contemplates 3 hours at 200.degree.F
      followed by 8 hours at 275.degree.F and another practice contemplates 3
      hours each at 250.degree. and 300.degree.F temperatures. An isothermal or
      single-stage artificial aging treatment of 12-16 hours at
      250.degree.-300.degree.F can also be employed.
PAR  As an alternative to artificial aging, the bumper can achieve the required
      strength by a natural aging process. That is, the bumper will achieve the
      required strength after a period typically of 1 to 2 months at room
      temperature.
PAR  Reference has been made hereinabove to aluminum alloy 7005 whose resistance
      to stress corrosion cracking is well established. The present alloy
      product made by fabricating procedures mentioned, by comparison, can
      provide even better resistance to stress corrosion cracking. The present
      alloy product has a tensile strength of the order of 10 ksi greater than
      the aforementioned 7005 aluminum alloy. Thus, by this feature alone, the
      present alloy product typically provides less susceptibility to stress
      corrosion cracking. That is, a given stress load will be a smaller
      percentage of the total yield strength. Also because of its greater
      tendency to resist recrystallization, this alloy product is less
      susceptible to stress corrosion cracking than 7005. Furthermore, this
      alloy product has better dent resistance than 7005, thus providing added
      resistance to localized residual stresses and therefore stress corrosion
      cracking.
PAR  Examples of alloys and fabrication sequences follow.
PAC  EXAMPLE I
PAR  Alloy members consisting of the above-described preferred alloys containing
      6.5-7.75% Zn, 1-1.7% Mg, 0.13-0.23% Cu, 0.05-0.2% Zr, 0.05-0.35% Mn and
      0.05-0.25% Cr with maximum of about 0.2% Si, 0.4% Fe and 0.06% Ti were
      produced by continuous casting into ingot suitable for both rolling into
      sheet products and for providing cylindrical extrusion billet. In each
      case, the alloy stock was homogenized at a temperature between
      800.degree.-900.degree.F. Some of the billet was continuously hot rolled
      at temperatures of 800.degree.F into a sheet product about 0.160 inch in
      thickness and then further rolled to produce a sheet product 0.100 inch in
      thickness. The sheet product was then annealed at temperatures below
      800.degree.F with a temperature of 650.degree.F being typical. The sheet
      was fabricated into bumper back-up members which include box beams having
      sides of typically 3 inches and channels having a web of about 5 inches
      and flanges about 3 inches wide. Also, some of the sheet was shaped into
      face plate beams of curved channel cross section. All of the shaping here
      was done at room temperature.
PAR  Other alloy stock in the shape of cylindrical billet was extruded at
      temperatures of 850.degree.F and then annealed at a temperature of
      650.degree.F and subsequently bent at room temperature into final
      configuration. The extrusions coming off the press were generally ribbed
      channel shapes such that the final beam section was achieved in extrusion
      and the only subsequent work would be bending along the length of the
      extrusion. Sections taken from the bumper face members and back-up bar
      portions exhibited the following typical tensile properties after final
      solution heat treatment and artificial aging:
TBL          Tensile Yield     Elong.    Rockwell                              
             Strength                                                          
                     Strength  in 2"     hardness                              
     ______________________________________                                    
     Sheet     60 ksi    55 ksi    13      B75                                 
     Extrusions                                                                
               68 ksi    62 ksi    14      B80                                 
     ______________________________________                                    
PAL  In an accelerated stress corrosion test (total immersion in boiling 6% NaCl
      solution), the specimens in the final solution heat treated and aged
      conditions, even after being deformed locally beyond the yield strength
      and relaxed, all exhibited survival times of 7 days which is considered an
      indication of satisfactory resistance to stress corrosion cracking.
PAC  EXAMPLE II
PAR  Using the same type of alloy described above but employing a homogenization
      temperature of 1050.degree.F and fabricating bumper members in
      substantially the same way as described in Example I, tensile specimens
      removed compared favorably with those discussed in Example I. However, in
      the stress corrosion cracking tests the times to failure were as little as
      1 hour in a locally deformed area which is considered an indication of low
      resistance to stress corrosion cracking.
PAC  EXAMPLE III
PAR  Sheet produced with recommended homogenization treatment and cold rolled to
      final gauge showed the following stress corrosion susceptibility according
      to annealing temperature after being locally deformed in the final
      solution heat treated and artificially aged temper:
TBL  Percent    Annealing   Stress Corrosion                                   
     Cold Work  Treatment   Failures                                           
     ______________________________________                                    
     1   71         2 hrs./800.degree.F                                        
                                None in 7 days exp.                            
     2   71         2 hrs./875.degree.F                                        
                                Failed in 47 hours                             
     3   62         2 hrs./950.degree.F                                        
                                Failed in 7 hours                              
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  To further illustrate the significance of the improvement, another alloy
      candidate for bumpers containing 4.4% Zn, 1.1% Mg and 0.27% Cu was
      fabricated much the same way as delineated in Example I into automotive
      bumper members. Tensile properties were only 51 ksi tensile strength, 46
      ksi yield strength and 13.5% elongation for extrusions after solution heat
      treatment and artificial aging. Locally deformed specimens developed
      stress corrosion cracks after 24-48 hours exposure to the boiling 6% NaCl
      solution accelerated test which indicates susceptibility to this type of
      corrosion.
PAC  EXAMPLE V
PAR  Another alloy within the broad ranges contemplated by the invention and
      containing 7.0% Zn, 0.8% Mg, 0.2% Cu and 0.13% Zr, with impurities such as
      Fe and Si kept to a relatively low level, was fabricated into bumper
      members similar to the extrusions described in Example I. The outer bumper
      face was mechanically buffed and then chemically brightened employing a
      phosphoric-nitric acid mixture. After this, the bumper was anodized in a
      sulfuric acid electrolyte to produce a clear, tough, integrally formed
      oxide coating. The resulting bumper exhibited a high level of brightness
      or brilliance, the performance of which is at least partially assured by
      the anodically formed oxide coating.
PAC  EXAMPLE VI
PAR  Bumper face members produced according to Example I were chromium plated
      electrolytically employing a commercial type chrome plating bath and these
      bumpers exhibited the high level of brilliance or brightness
      characteristic of chromium plating, and it is to be noted that the
      brightness is achieved without the critical controls on impurities
      required for chemical brightening in the preceding example, and thus one
      embodiment of the invention contemplates a chromium plated bumper of the
      type here described.
PAR  While the invention has been described in terms of preferred embodiments,
      the claims appended hereto are intended to encompass all embodiments which
      fall within the spirit of the invention.
CLMS
STM  Having thus described our invention and certain embodiments thereof, we
      claim:
NUM  1.
PAR  1. In the production of an improved automotive bumper, the steps comprising
PA1  1. providing a body of aluminum alloy consisting essentially of 5.5-9% Zn,
      0.8-2% Mg, 0.11-0.25% Cu, 0.05-0.2% Zr, balance essentially aluminum and
      incidental elements and impurities;
PA1  2. homogenizing said body at a temperature of 800.degree.-900.degree.F;
PA1  3. fabricating said body into a bumper section by operations which include
      hot or warm reductions in thickness and thereafter solution heat treating,
      quenching and artificially aging the resulting bumper product.
NUM  2.
PAR  2. In the production of an improved bumper according to claim 1 wherein the
      alloy contains one of the elements selected from the group consisting of
      manganese from 0.05-0.35% and chromium from 0.05-0.30%.
NUM  3.
PAR  3. In the production of an improved bumper according to claim 1 wherein the
      alloy contains 0.05-0.35% Mn and 0.05-0.30% chromium.
NUM  4.
PAR  4. The method according to claim 1 wherein said fabrication operations in
      said step (2) included hot rolling to produce a sheet product, annealing
      at temperatures not over 800.degree.F and shaping said sheet into said
      beam section.
NUM  5.
PAR  5. The method according to claim 1 wherein in step (3) said working
      operations include extruding to produce a wrought product having a beam
      section.
NUM  6.
PAR  6. The method according to claim 5 wherein said extruded beam section is
      bent along its length at an elevated temperature of at least 650.degree.F
      but not to exceed 750.degree.F.
NUM  7.
PAR  7. The method according to claim 5 wherein said extruded beam section is
      annealed at a temperature not to exceed 800.degree.F and thereafter bent
      along its length at room temperature.
NUM  8.
PAR  8. The method according to claim 1 in which the bumper product is solution
      heat treated at a temperature of between 700.degree.-800.degree.F and is
      quenched relatively slowly at a rate not to exceed 100.degree.F per second
      from said solution heat treatment temperature to a temperature not above
      700.degree.F.
NUM  9.
PAR  9. The method according to claim 8 in which said quenched bumper product is
      artificially aged either isothermally 12-16 hrs./275.degree.F or by step
      ages of 3-8 hours at 175.degree.-250.degree.F plus 3-8 hours at
      275.degree.-320.degree.F.
NUM  10.
PAR  10. In the production of an improved aluminum bumper beam member wherein an
      aluminum alloy workpiece is shaped into a bumper beam section by
      operations which include metal working at temperatures of 750.degree.F or
      less or at room temperature after annealing at 600.degree.-800.degree.F
      and wherein said bumper beam section is thereafter solution heat treated
      and artificially aged, the improvement wherein said aluminum is provided
      as an alloy consisting essentially of 5.5-9% Zn, 0.8-2% Mg, 0.11-0.25% Cu,
      0.05-0.2% Zr, balance essentially aluminum, and said alloy body is
      homogenized at a temperature of 800.degree.-900.degree.F.
NUM  11.
PAR  11. In the production of an improved aluminum bumper beam member wherein an
      aluminum alloy workpiece is shaped into a bumper which is solution heated,
      quenched and artificially aged, the improvement wherein said aluminum
      alloy is provided as an alloy consisting essentially of 5.5-9% Zn, 0.8-2%
      Mg, 0.11-0.25% Cu, 0.08-0.15% Zr, 0.05-0.35% Mn, 0.05-0.30% Cr, balance
      essentially aluminum and incidental elements and impurities and said body
      is homogenized at a temperature of 800.degree.-900.degree.F and further
      wherein portions of said shaping occur at elevated temperatures of
      600.degree.-750.degree.F or at room temperature following annealing at
      600.degree.-800.degree.F.
NUM  12.
PAR  12. In the production of an improved aluminum bumper beam member according
      to claim 10 wherein said alloy is provided as a rolled sheet product which
      is shaped into said bumper.
NUM  13.
PAR  13. In the production of an improved aluminum bumper beam member according
      to claim 10 wherein said alloy is provided as an extrusion product which
      is shaped into said bumper.
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ABST
PAL  Coatings for silicon steel comprised of MgO, an amorphous magnesia-silica
      complex and a boron bearing compound.
PARN
PAR  This application is a continuation-in-part application of U.S. Ser. No.
      373,728 filed June 26, 1973, now abandoned.
PAR  This invention relates to coatings for ferrous material and, more
      particularly, an improved magnesium oxide/magnesium hydroxide coating for
      grain oriented silicon steel, and the material coated by such process.
      More specifically, this invention pertains to coating compositions that
      form a superior insulating film on ferrous metal comprised of MgO, a
      magnesia-silica complex and a boron compound, the process of applying said
      coatings and the steel coated thereby.
PAR  In many fields of use and, in particular, in the electrical industry, it is
      necessary to provide a coating on ferrous material. This coating desirably
      performs the function of separating and purifying the ferrous material and
      reacting with surface silica in the steel to form an electrical insulating
      layer. For example, in the transformer art, the cores of the transformers
      are usually formed of a ferrous material, such as silicon steel, which may
      be provided with a preferred grain growth orientation to provide optimum
      electrical and magnetic properties. It has been found necessary to provide
      a coating on the ferrous material prior to the final high temperature
      grain growth anneal. This coating will perform three separate functions.
      The first function of the coating is to provide separation of the various
      turns or layers of the coiled material to prevent their sticking or
      welding together during high temperature anneals. A second function is
      that of aiding in the chemical purification of the ferrous material to
      develop the desired optimum magnetic characteristics of such material. The
      third function of the coating is to form on the surface of the ferrous
      material a refractory type coating which will provide electrical
      insulation of one layer of ferrous material from the next during its use
      as a core in a transformer or in other electrical apparatus such as motor
      armatures or the like.
PAR  In the present state of the electrical apparatus art, the most widely used
      coating for the ferrous material which is used as the magnetic core of the
      electrical apparatus is a coating of magnesium oxide and/or magnesium
      hydroxide. These coatings are, in general, applied to the ferrous material
      in the form of a suspension of magnesium oxide and/or magnesium hydroxide
      in water. The suspension comprises a quantity of magnesium oxide in water
      and is mixed sufficiently for the desired application; the magnesium oxide
      being hydrated to an extent dependent on the character of the oxide used,
      the duration of mixing and the temperature of the suspension. Therefore,
      the term magnesium oxide coating is with reference to a coating of
      magnesium hydroxide which may include magnesium oxide which has not been
      hydrated.
PAR  As set forth in U.S. Pat. No. 2,385,332, in the names of Victor W.
      Carpenter et al., during a heat treatment at suitable temperatures,
      magnesium oxide can be caused to react with silica particles on or near
      the surfaces of previously oxidized silicon-iron sheet stock to form a
      glass-like coating, which coating is useful as an interlaminary insulator
      in the use of silicon-iron in electrical apparatus, e.g., in the cores of
      transformers.
PAR  In the production of silicon steel for the magnetic cores of transformers,
      the steel is generally annealed to provide optimum grain growth and grain
      orientation which develops the magnetic properties of the silicon steel.
      This anneal is usually carried out in a hydrogen atmosphere at
      temperatures ranging from approximately 950.degree. to 1500.degree.C. from
      about 2 to about 50 hours. This anneal also aids in purifying the steel,
      aided by the coating placed on the steel. During this anneal a portion of
      the magnesium oxide coating reacts with the silica on the surface of the
      silicon steel to form a glass-like coating of magnesium silicate. This
      glass-like coating provides electrical insulation during the use of the
      silicon steel in electrical apparatus, e.g., in the cores of transformers.
PAR  A number of additives have been proposed in the past to be added to the
      magnesium hydroxide and/or magnesium oxide in order to improve the
      MgO-SiO.sub.2 reaction. For example, U.S. Pat. No. 2,809,137 (Robinson)
      involves the use of silica to be combined with the MgO for the purpose of
      improving the insulating properties of the glass-like film obtained after
      high temperature annealing. U.S. Pat. No. 2,394,047 (Elsey, et al.)
      relates to the use of additives to produce oxidized surface metal and to
      enhance glass film formation. U.S. Pat. NO. 3,697,322 relates to lithium
      compoumds as additives for MgO coatings. Pending U.S. patent application
      Ser. No. 267,276, filed June 29, 1972 relates to magnesia-silica complexes
      as additives for MgO coatings. In addition to the above, the following
      U.S. Patents are directed to various materials including silicas and
      silicates which have been proposed as additives for the coating of ferrous
      materials. U.S. Pat. Nos. 3,583,887; 3,214,302; 3,562,029; 2,739,085; and
      2,354,123.
PAR  This invention relates to coatings containing magnesium oxide/magnesium
      hydroxide, at least one amorphous magnesia-silica complex and at least one
      boron compound which when applied to silicon sheet steel impart superior
      insulation qualities to the silicon steel after the final high temperature
      anneal in addition to serving as a separator coating for the sheet
      material during heat treatment and aiding in the purification of the
      magnetic material.
PAR  In addition to conventional silicon steel, the compositions of the
      invention find applicability in the coating of steels of high permeability
      that have recently become of interest, particularly in the electrical
      industry. Examples of steels of this type include those reported in U.S.
      Pat. No. 3,676,227.
PAR  The amorphous magnesia-silica complexes of the invention include those
      materials wherein the mole ratio expressed as MgO:SiO.sub.2 may vary form
      about 1:25 to 14:1. The complexes of the invention contain from about
      0.001 to 2.0 precent by weight of an alkali metal oxide or hydroxide.
      Representative of the alkali metals that may be employed in the practice
      of the invention are sodium, lithium, potassium and the like. Of
      particular preference are the amorphous (i.e., non-crystalline)
      magnesia-silica complexes having a molar ratio of MgO:SiO.sub.2 of from
      about 1:13 to 7:1 and from about 0.01 to 1.0 percent by weight of alkali
      metal oxide or hydroxide. An example of a complex that has highly
      desirable properties is one having a MgO:SiO.sub.2 mole ratio of 1:1.6 and
      from 0.05 to 0.4 percent by weight of sodium oxide. Of particular interest
      are those complexes wherein the sodium oxide content is from 0.1 to 0.2
      percent by weight.
PAR  Insofar as the alkali metal is concerned, it should be noted that, although
      the alkali metal oxide or hydroxide is expressed throughout the
      specification and claims as a component of the magnesia-silica complex,
      one skilled in the art will readily appreciate that the alkali metal oxide
      or hydroxide may be provided from a source separate from the
      magnesia-silica complex. For example, the appropriate level of alkali
      metal oxide or hydroxide may be provided by either the complex per se or
      where a complex free of alkali metal oxide or hydroxide is utilized, any
      convenient source of alkali metal oxide or hydroxide may be employed in
      combination with the magnesia-silica complex to insure that the coating
      composition contains the appropriate level of alkali metal oxide or
      hydroxide. Included among the materials that may be used in the practice
      of the invention to provide the alkali metal oxide or hydroxide are
      carbonates and the like. In summary, the alkali metal oxide or hydroxide
      component may be included as a component of the complex or made available
      from either the MgO or an independent source such as carbonates as
      discussed above.
PAR  As set forth in pending U.S. Patent application Ser. No. 267,276, filed
      Jan. 29, 1972, magnesia-silica complexes of the invention may be
      conveniently prepared by the precipitation reaction between a solution of
      a magnesium salt such as MgCl.sub.2, MgSO.sub.4 or Mg(NO.sub.3).sub.2 an a
      solution of silicate salt such as an alkali metal silicate (e.g., sodium
      silicate or potassium silicate). The alkali metal silicates that may be
      employed as reactants include those wherein the mole ratio of alkali metal
      (M) to silicate is 1:25 to 14:1 expressed as M.sub.2 O:SiO.sub.2.
PAR  As indicated previously, amorphous magnesia-silica complexes which do not
      contain the alkali metal oxide or hydroxide may be employed in the
      practice of the invention if the alkali metal oxide or hydroxide is
      provided from another source. In such cases, other soluble silicate salts
      may be employed in the preparation of the amorphous magnesia-silica
      complex. The conditions under which the precipitation reaction occurs are
      not critical and involve techniques well known to the art.
PAR  For example, an amorphous, magnesia-silica complex having a mole ratio of
      1:2 with respect to MgO:SiO.sub.2 may be prepared by a precipitation
      process employing and alkali metal silicate having a mole ratio of 1:2
      with respect to the M.sub.2 O:SiO.sub.2 in the presence of excess
      magnesium salt.
PAR  In addition to the above, other procedures that may be employed in the
      preparation of the novel magnesia-silica complexes of the invention are as
      follows:
PAR  1. Magnesia is precipitated by reacting MgCl.sub.2 or MgSO.sub.4 with NaOH
      or dolomite or Ca(OH).sub.2 to form Mg(OH).sub.2.
PAR  2. Silica is prepared by acidifying sodium silicate or any alkaline
      silicates.
PAR  3. The two slurries are combined in a wet state to afford an intimate mix,
      filter off the impurities by washing, extraction.
PAR  4. The product is dried in a suitable drier. Another convenient method of
      preparation is as follows:
PAR  1. Sodium hydroxide and magnesium chloride or sulfate are reacted to form
      Mg(OH).sub.2.
PAR  2. Mix the Mg(OH).sub.2 slurry with sodium silicate.
PAR  3. React 2 with hydrochloric acid to form the magnesia-silica complex.
PAR  4. Filter and wash off NaCl or Na.sub.2 SO.sub.4 impurities.
PAR  5. The filter cake is dried in a suitable drier.
PAR  The amorphous property of the magnesia-silica complex is apparent from a
      consideration of the X-ray diffraction pattern of representative
      magnesia-silica complexes of the invention. In Table I, X-ray powder
      diffraction data of the magnesia-silica complexes are reported. In order
      to illustrate the uniqueness of the magnesia-silica complex, the X-ray
      powder diffraction patterns were obtained for prior art colloidal silica,
      MgO-colloidal silica compositions and fibrous magnesium silicate. These
      prior art materials have been taught for use in the coating of silicon
      steels.
PAR  The d-spacings and hkl planes (Miller Indices) of the materials tested are
      reported including an indentification of the crystalline structure, where
      appropriate.
PAR  The X-ray diffraction studies were conducted in an X-ray diffractometer
      under the following conditions:
TBL               Radiation                                                    
     Formulation  Source    Filter  Voltage                                    
                                           Current                             
     ______________________________________                                    
     a.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22 MA                             
         Complex                                                               
         (Example 1)                                                           
     b.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22 MA                             
         Complex                                                               
         (Example 2)                                                           
     c.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                None  40 KV  22 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1.7:1)                                                                
     d.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1:1.5)                                                                
     e.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Example 8)                                                           
     f.  Magnesia-silica                                                       
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         Complex                                                               
         (Mole Ratio-                                                          
         1:1.6)                                                                
     g.  Colloidal Silica                                                      
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         (LUDOX)                                                               
     h.  Colloidal Silica                                                      
                      Cuk.alpha.                                               
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:1 by weight)                                                       
     i.  Colloidal Silica                                                      
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         + MgO                                                                 
         (1:4 by Weight)                                                       
     j.  Fibrous Magne-                                                        
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     k.  Fibrous Magne-                                                        
                      CuK.alpha.                                               
                                Ni    40 KV  20 MA                             
         sium Silicate                                                         
     ______________________________________                                    
PAR  The techniques used in these studies followed the commonly accepted
      Debye-Scherrer Method as described in Klug & Alexander's X-Ray Diffraction
      Procedures for Polycrystalline and Amorphous Materials (Wiley, 1954) pp.
      206-209.
TBL                TABLE I                                                     
     ______________________________________                                    
                      Miller  Identified                                       
                      Indices Crystalline                                      
                d (A) (hkl)   Structure                                        
     ______________________________________                                    
     a. Magnesia Silica                                                        
                  --      --      Amorphous                                    
      Complex MgO:SiO.sub.2                                                    
      mole ratio =                                                             
      1:1.6 and contains                                                       
      .774% Na.sub.2 O                                                         
      (Example 1)                                                              
     b. Magnesia Silica                                                        
                  1.607   531     Clinoenstatite                               
      Complex MgO:SiO.sub.2                                                    
                  2.5     131     Enstatite                                    
      mole ratio =        202     Clinoenstatite                               
      1:1.6 heated at                                                          
                  2.87    610     Enstatite                                    
      1000.degree.C. for  310     Clinoenstatite Mostly                        
      3 minutes   2.98    221     Clinoenstatite Amor-                         
      (Example 2) 3.17    420     Enstatite    phous                           
                          220     Clinoenstatite                               
                  3.30    121     Enstatite                                    
                          021     Clinoenstatite                               
     c. Magnesia Silica                                                        
                  --      --      Amorphous                                    
      Complex MgO:SiO.sub.2                                                    
      mole ratio =                                                             
      1.7:1                                                                    
     d. Magnesia Silica                                                        
                  3.229   --                                                   
      Complex MgO:SiO.sub.2                                                    
                  2.5902  --      Amorphous                                    
      mole ratio =                                                             
      1:1.5                                                                    
     e. Magnesia Silica                                                        
                  2.829   --                                                   
      Complex MgO:SiO.sub.2                                                    
                  2.5902  --      Amorphous                                    
      mole ratio =                                                             
                  1.545   --                                                   
      1:1.6 and contains                                                       
      0.20% Na.sub.2 O                                                         
      (Example 8)                                                              
     f. Magnesia Silica                                                        
                  --      --      Amorphous                                    
      Complex MgO:SiO.sub.2                                                    
      mole ratio =                                                             
      1:1.6                                                                    
     g. Colloidal 4.07    101     .alpha.-cristobalite                         
      Silica                                                                   
      (Ludox)                                                                  
     h. Colloidal 4.776   001     Magnesia                                     
      Silica + MgO                                                             
                  2.728   100     Magnesia                                     
      1 to 1 ratio                                                             
                  2.366   101     Magnesia                                     
      by weight   1.792   102     Magnesia                                     
                  1.574   110     Magnesia                                     
                  1.493   111     Magnesia                                     
                  1.373   103     Magnesia                                     
                  1.310   201     Magnesia                                     
     i. Colloidal Silica                                                       
                  4.760   001     Magnesia                                     
      + MgO, 1:4 ratio                                                         
                  2.720   100     Magnesia                                     
      by weight   2.360   101     Magnesia                                     
                  1.789   102     Magnesia                                     
                  1.569   110     Magnesia                                     
                  1.491   111     Magnesia                                     
                  1.370   103     Magnesia                                     
                  1.309   201     Magnesia                                     
     j. Fibrous Magnesium                                                      
                  4.766   001     Magnesia                                     
      Silicate    4.548   020     Serpentine                                   
                                  (3MgO.2SiO.sub.2.2H.sub.2 O)                 
                  3.660   0.0.12  Serpentine                                   
                  3.336   029     Serpentine                                   
                  2.966   0.2.11  Serpentine                                   
                  2.527   --      --                                           
                  2.499   206     Serpentine                                   
                  2.453   0.2.15  Serpentine                                   
                  2.372   209     Serpentine                                   
                  2.154   2.14.9  Serpentine                                   
                  2.097   2.0.15  Serpentine                                   
                  1.799   2.0.18  Serpentine                                   
                  1.617   2.0.21  Serpentine                                   
                  1.536   060     Serpentine                                   
                  1.507   2.0.24  Serpentine                                   
                  1.485   220     Magnesia                                     
     k. Fibrous Magnesium                                                      
                  7.310   006     Serpentine                                   
      Silicate (6 layers          (3MgO.2SiO.sub.2.2H.sub.2 O)                 
      ortho type) 4.766   001     Magnesia                                     
                  4.570   020     Serpentine                                   
                  4.227   024     Serpentine                                   
                  3.660   0.0.12  Serpentine                                   
                  2.506   206     Serpentine                                   
                  2.372   209     Serpentine                                   
                  1.796   2.0.18  Serpentine                                   
                  1.538   060     Serpentine                                   
     ______________________________________                                    
PAR  The colloidal silica reported in formulations (g), (h) and (i) above is
      commercially available under the name of "LUDOX" and is a product of E. I.
      du Pont de Nemours and Company and is taught as a coating material for
      silicon steel in U.S. Pat. No. 2,809,137. Formulation (h) was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation
      (i) was prepared according to U.S. Pat. No. 2,809,137 (Col. 3, lines
      66-70).
PAR  The fibrous magnesium silicates reported in formulations (j) and (k)
      correspond to the fibrous magnesium silicate disclosed in U.S. Pat. No.
      3,562,029 as useful in the coating of silicon steel.
PAR  The studies reported in Table I indicate that the magnesia-silica complexes
      of the invention are amorphous, whereas the prior art materials (colloidal
      silica, colloidal silica + MgO, and fibrous magnesium silicate) are
      crystalline in nature.
PAR  The thermal behavior of the novel magnesia-silica complexes of the
      invention in a Differential Thermal Analyzer (DTA) have been studied. In
      addition, a study of the Differential Thermal Analysis of the following
      prior art coating materials was conducted: commercial steel grade MgO,
      colloidal silica, colloidal silica + MgO, fibrous magnesium silicate,
      commercial steel grade MgO + fibrous magnesium silicate. Also included
      within the study is the DTA of a composition within the scope of the
      invention -- commercial steel grade MgO and the novel magnesia-silica
      complex.
PAR  The Differential Thermal Analyses of the materials studied were conducted
      under the following conditions:
PA1  atmosphere:air, 760 MM
PA1  reference:alumina
PA1  heating rate:10.degree.C./min.
PA1  starting temperature:room temperature
PAC  DIFFERENTIAL THERMAL ANALYSIS
PAR  A. The novel magnesia-silica complexes of the invention exhibit the
      following thermal behavior characteristics:
PA1  a. endothermic peak at about 250.degree.C.;
PA1  b. exothermic peak at about 820.degree.C.;
PA1  c. exothermic peak at about 980.degree.C.
PAR  B. Commercial steel grade MgO + magnesia silica complex exhibits the
      characteristic endothermic and exothermic peaks of the magnesia-silica
      complex and an additional endothermic peak at about 500.degree.C.
PAR  C. Commercial steel grade MgO exhibits one endothermic peak at
      380.degree.C.
PAR  D. Colloidal silica exhibits one endothermic peak at 160.degree.C. and one
      exothermic peak at 1000.degree.C.
PAR  E. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 835.degree.C.
PAR  F. Colloidal silica + MgO exhibits one endothermic peak at 500.degree.C.
      and one exothermic peak at 1000.degree.C.
PAR  G. Fibrous magnesium silicate exhibits endothermic peaks at 435.degree.C.
      and 720.degree.C. and one exothermic peak at 825.degree.C.
PAR  H. Fibrous magnesium silicate + commercial grade MgO exhibits endothermic
      peaks at 465.degree.C. and 690.degree.C. and one exothermic peak at
      830.degree.C.
PAR  The colloidal silica reported in formulations D, E, and F is commercially
      available under the name of "LUDOX" -- a product of E. I. du Pont de
      Nemours and Company and is taught as a coating material for silicon steel
      in U.S. Pat. No. 2,809,137. Formulation E was prepared according to U.S.
      Pat. No. 2,809,137 (Col. 3, lines 60-65). Formulation F was prepared
      according to U.S. Pat. No. 2,809,137 (Col. 3, lines 66-70).
PAR  The fibrous magnesium silicates reported in formulations G and H correspond
      to the fibrous magnesium silicate disclosed in U.S. Pat. No. 3,562,029 as
      useful in the coating of silicon steel.
PAR  Although the exact endothermic and exothermic reaction temperatures of the
      novel magnesia-silica complex were disclosed in this application, one
      skilled in the art would appreciate that minor variations from these exact
      thermal reaction temperatures are within the scope of our invention.
PAR  Representative members of the class of boron bearing compounds that are
      employed in the practice of the invention include the following:
PA1  metaboric acid
PA1  boron oxide
PA1  ammonium tetraborate
PA1  ammonium pentaborate
PA1  ammonium peroxyborate
PA1  beryllium orthoborate
PA1  orthoboric acid
PA1  tetraboric acid
PA1  boron phosphide
PA1  boron selenide
PA1  boron trisilicide
PA1  boron hexasilicide
PA1  boron trisulfide
PA1  boron pentasulfide
PA1  lead borate
PA1  zinc borate
PA1  magnesium borate
PA1  cesium borate
PA1  rubidium borate
PA1  and the like.
PAR  It will be appreciated that boron compounds which have a relatively high
      weight percent of boron are preferred for use in the instant invention. It
      should be emphasized, however, that any boron compound (or mixtures of
      such compounds) may be utilized to obtain the advantageous function here
      involved since the key to this function is the presence of the boron atom
      or ion.
PAR  The MgO, boron, magnesia-silica complex mixture may be applied as a coating
      to silicon steel using techniques well known to the art. Among the well
      known procedures that may be employed include preparing the coating
      composition in the form of a slurry. The slurry may be applied to the
      magnetic sheet material in the form of a thin coating by any convenient,
      suitable means including art-recognized techniques such as immersion,
      brushing or spraying. The wet coating thus applied is dried by suitable
      means. The coated silicon steel in usually wound or stacked condition, is
      placed in an annealing furnace. A convenient and effective coating
      technique involves passing a continuous strip of the material to be coated
      through a bath containing a suspension of the coating composition followed
      by subjecting the coated material to a drying furnace.
PAR  The concentration of magnesia-silica complex with respect to the amount of
      the MgO employed in the coating (exclusive of additive) is not critical
      and may vary from about 2 to about 200 parts by weight per 100 parts by
      weight of magnesium oxide. A satisfactory concentration for most practical
      purposes has been found to be from about 10 to 50 parts by weight of
      magnesia-silica complex per 100 parts by weight of MgO.
PAR  The concentration of the boron bearing compound calculated as B.sub.2
      O.sub.3 with respect to the amount of the MgO employed in the coating is
      not critical and may vary from about 0.01 to about 30 parts by weight per
      100 parts by weight of the magnesium oxide. A satisfactory concentration
      for most practical purposes (calculated as B.sub.2 O.sub.3 has been found
      to be from about 0.05 to 12.5 parts per 100 parts of MgO. It should be
      noted that the particular grade of MgO to be utilized is not critical and
      any commercially available MgO may be employed in the practice of the
      invention.
PAR  Where the coating is applied to the steel in the form of a slurry, the
      concentration of the boron, magnesia-silica complex-MgO combination in the
      coating slurry is not critical and may vary from about 1 to about 50
      percent by weight of the slurry. A particularly effective concentration is
      from 2-20 percent by weight of the slurry. In addition to employing
      conventional coating techniques, the amount of MgO/Mg(OH).sub.2 (exclusive
      of boron and magnesia-silica complex additive) that is applied to the
      silicon steel in the practice of this invention is similar to those
      amounts that heretofore had been employed in MgO/Mg(OH).sub.2 coatings and
      in general will vary from about 0.020 to 0.20 ounces of MgO per square
      foot of steel surface.
PAR  The manner and time at which the boron and magnesia silica complex are
      combined with the magnesium oxide is not critical. For example, the boron
      compound can be effectively added to; (1) the MgO-magnesia-silica complex
      mixture, (2) blended in with the MgO and then mixed with the
      magnesia-silica complex, and (3) mixed with the magnesia-silica complex
      before drying and then blended with MgO. These procedures include adding
      the boron compound and the magnesia-silica complex to a magnesium
      material, such as magnesium basic carbonate or Mg(OH).sub.2, prior to
      their conversion to the magnesium oxide; blending the boron material and
      complex with the MgO or Mg(OH).sub.2 or mixing the boron material and the
      complex in the water used for coating slurry make-up prior to the addition
      of the MgO powder.
PAR  The annealing of the silicon steel that has previously been coated with the
      coating composition of the invention may be carried out in a neutral or
      reducing atmosphere at temperatures ranging from approximately 950.degree.
      to 1500.degree.C. for from about 2 to 50 hours using techniques well known
      to the art.
PAR  The unobvious properties of the instant invention are readily apparent when
      it is appreciated that commercially available steel grade magnesium oxides
      in current use in the silicon steel industry give relatively low
      resistivities of the order of 1-4 ohm-cm.sup.2 according to the Franklin
      Test (ASTM-A344-60T), a widely used test that is utilized in the steel
      industry to determine the surface insulation characteristics of refractory
      films. However, the identical MgO material containing the boron material
      and an amorphous magnesia-silica complex resulted in a considerably higher
      insulation (e.g. 58 ohm-cm.sup.2) by the identical Franklin test, with
      many coated areas of the steel having complete insulation (infinate
      resistance).
PAR  It may be noted that the current practice of the steel industry in its
      attempt to improve insulation involves using an expensive and time
      consuming phosphate coating after the annealing step. This is done to
      improve the insulation from 2-4 ohm-cm.sup.2 to a minimum of about 20
      ohm-cm.sup.2. By using the novel coating compositions of the invention, a
      cost reduction in processing silicon steel is anticipated since the
      phosphate coating can be eliminated or at least reduced to a more easily
      controlled step.
PAR  It should be noted that, in addition to silicon steel, materials such as
      nickel-iron alloys, common iron and other ferromagnetic substances may be
      effectively coated in accordance with the practice of the invention.
PAR  One skilled in the art will appreciate that refractory oxides other than
      MgO may be employed. For example, refractory oxides and hydroxides such as
      Al.sub.2 O.sub.3, Al(OH).sub.3, CaO, Ca(OH).sub.2, TiO.sub.2, MnO.sub.2,
      ZnO, BeO, Cr.sub.2 O.sub.3, SiO.sub.2, ThO.sub.2, ZrO.sub.2, FeO and the
      like may be employed in place of or in combination with MgO.
DETD
PAR  A representative example of the preparation of a magnesia-silica complex
      for use in the coating composition of the invention is as follows:
PAC  EXAMPLE 1
PAR  Two solutions are prepared as follows:
PAR  a. A magnesium chloride solution having a concentration of 213 grams of
      MgCl.sub.2 per liter is prepared from MgCl.sub.2. 6H.sub.2 O crystals.
PAR  b. A 12 percent solution of sodium silicate is prepared having a mole ratio
      of Na.sub.2 O:SiO.sub.2 of 1:1.6.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 0.4-2.1 g.
      MgCl.sub.2 /1 excess by varying the flow of MgCl.sub.2 solution. The
      slurry after stirring for 10 hours is filtered with a leaf filter and
      washed with 45.degree.C. city water, dried at 220.degree.-250.degree.F.
      for 12 hours and hammer-milled to a fine powder. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:1.6. Analysis
      of the complex is as follows:
PA1  MgO -- 25.0 percent
PA1  SiO.sub.2 -- 59.8 percent
PA1  Loss on ignition -- 15.3 percent
PA1  Na -- 0.03 percent
PA1  Bulk density -- 0.74 g/cc
PAR  X-ray diffraction analysis reveals that the product is completely amorphous
      indicating that it is a magnesia-silica complex rather than a crystalline
      form of MgO, silica or silicate. Differential thermal analysis followed by
      X-ray diffraction analysis of this material at temperatures from
      20.degree. to 1200.degree.C. showed primarily an amorphous state with a
      poorly defined clinoenstatite phase at about 820.degree.C.
PAC  EXAMPLE 2
PAR  The magnesia-silica complex prepared in Example 1 is heated in a muffle
      furnace at 1000.degree.C. for 3 minutes. X-ray diffraction analysis
      reveals that this material is largely amorphous.
PAC  EXAMPLE 3
PAR  Two solutions are prepared as follows:
PAR  1. A magnesium chloride solution is made by dissolving 454 g. of
      MgCl.sub.2. 6H.sub.2 O in 1000 ml. of deionized water. The concentration
      of this solution is 213 g. MgCl.sub.2 /1.
PAR  2. A sodium silicate solution is prepared having a concentration of 12
      percent solids and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1.7:1.
PAR  The two solutions are reacted according to the procedure of Example 1. The
      excess MgCl.sub.2 measured is 1.75 g MgCl.sub.2 /1. The resultant
      magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1.7:1.
PAR  Analysis of the complex shows:
PA1  MgO -- 42.5 percent
PA1  SiO.sub.2 -- 37.7 percent
PA1  Loss on Ignition -- 19.8 percent
PA1  Na -- 0.16 percent
PA1  Bulk Density -- 0.31 g/cc
PAC  EXAMPLE 4
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12 percent solids
      and a mole ratio of Na.sub.2 O:SiO.sub.2 of 13:1.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.92 g MgCl.sub.2 / 1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 13:1.
      Analysis of the complex shows:
PA1  MgO -- 63.2 percent
PA1  SiO.sub.2 -- 7.1 percent
PA1  Loss on Ignition -- 29.7 percent
PA1  Na -- 0.16 percent
PA1  Bulk density -- 0.35 g/cc
PAC  EXAMPLE 5
PAR  Two solutions are prepared as follows:
PAR  1. The magnesium chloride solution used in Example 1.
PAR  2. A sodium silicate solution having a concentration of 12 percent solids
      and a mole ratio of Na.sub.2 O:SiO.sub.2 of 1:2.7.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 measured is 1.65 g MgCl.sub.2 /1. The
      resultant magnesia-silica complex has a MgO:SiO.sub.2 mole ratio of 1:2.7.
      Analysis of the complex shows:
PA1  MgO -- 16.5 percent
PA1  SiO.sub.2 -- 67.6 percent
PA1  Loss on Ignition -- 14.9 percent
PA1  Na -- 0.80 percent
PA1  Bulk density -- 0.26 g/cc
PAC  EXAMPLE 6
PAR  Two solutions are prepared as follows:
PAR  1. An acidified magnesium chloride solution is prepared by adding 12.6
      moles of hydrochloric acid to 1 mole of magnesium chloride. The
      concentration is expressed as 213 g. MgCl.sub.2 / 1.
PAR  2. A sodium silicate solution having mole ratio of Na.sub.2 O:SiO.sub.2 of
      1:1.6 is prepared as described in Example 1. The concentration is
      12percent solids.
PAR  The two solutions are reacted according to the procedure described in
      Example 1. The excess MgCl.sub.2 as measured is expressed as 1.07 g
      MgCl.sub.2 /1. The magnesia-silica complex after being dried has a
      MgO:SiO.sub.2 mole ratio of 1:14.2. Analysis of the powder shows:
PA1  MgO -- 4.2 percent
PA1  SiO.sub.2 -- 89.2 percent
PA1  Loss on Ignition -- 6.4 percent
PA1  Na -- 0.47 percent
PA1  Bulk density -- 0.11 g/cc
PAC  EXAMPLE 7
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g. MgSO.sub.4
      /1 equivalent is prepared by neutralizing magnesium hydroxide with
      sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9% and mole ratio,
      Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6.
PAR  Analysis of the complex is as follows:
PA1  MgO -- 25.9 percent
PA1  SiO.sub.2 -- 59.6 percent
PA1  Ignition loss -- 11.3 percent
PA1  Na -- 0.08 percent
PA1  So.sub.4 -- 0.007 percent
PAC  EXAMPLE 8
PAR  Two solutions are prepared as follows:
PAR  a. Magnesium sulfate solution having a concentration of 180 g MgSO.sub.4 /1
      is prepared by neutralizing magnesium hydroxide with sulfuric acid.
PAR  b. A sodium silicate solution having a concentration of 9 percent and mole
      ratio, Na.sub.2 O:SiO.sub.2, of 1:1.6 is prepared.
PAR  The two solutions (a) and (b) are reacted by simultaneously pumping into a
      reactor vessel (1 gallon capacity) equipped with an overflow spout. The
      flow rate of each stream is kept at 0.5-0.8 gallons per minute (gpm) with
      a combined flow rate of 1-1.5 gpm. The slurry is kept at 15-20 g
      MgSO.sub.4 /1 excess by varying the flow of MgSO.sub.4 solution. The
      precipitate formed is immediately diluted 1:2 with city water and filtered
      on a rotary vacuum filter. A 7-minute cycle is used on the filter with
      slurry at the overflow level. City water at 35.degree.C. was used for
      washing. The filter cake after washing is dried at 500.degree.F. for 6-12
      hours. The resulting magnesia-silica complex has a MgO:SiO.sub.2 mole
      ratio of 1:1.6.
PAR  Analysis of the complex is as follows:
PA1  MgO -- 25.9 percent
PA1  SiO.sub.2 -- 59.6 percent
PA1  Ignition loss -- 11.3 percent
PA1  Na -- 0.15 percent
PA1  So.sub.4 -- 0.007 percent
PAR  Additional procedures for the preparation of magnesia-silica complexes to
      be employed in the practice of the invention are set forth in U.S. patent
      application Ser. No. 267,276, now abandoned, said procedures being
      incorporated herein by reference.
PAR  Representative compositions of boron material and a magnesia-silica complex
      in combination with MgO that may be employed in the practice of the
      invention are as follows:
PAR  a. 10 parts by weight of boric acid and 35 parts by weight of complex
      having an MgO:SiO.sub.2 mole ratio of 1:1.6 per 100 parts by weight of
      MgO.
PAR  b. 8 parts by weight of boric oxide and 180 parts by weight of complex
      having an MgO:SiO.sub.2 mole ratio of 7:1 per 100 parts by weight of MgO.
PAR  The unobvious and unexpected properties of the novel coating compositions
      of the invention are clearly evident from a consideration of the following
      resistivity studies wherein a composition of the invention is tested and
      the insulation produced is compared with that achieved by a commercial
      steel grade MgO by itself.
PAC  EXAMPLE 9
PAR  a. A coating slurry is made by mixing in a Waring Blender 44.5 g. of a
      commercial steel grade MgO, 15.5 g. of the amorphous magnesia-silica
      complex prepared in Example 1 and 1.5 grams of reagent grade boric acid
      and 500 ml. of deionized water. The concentration of the slurry is
      approximately 1 lb. of solids per gallon. The mixture is allowed to stand
      to stabilize the viscosity. The resulting slurry is coated onto silicon
      steel strips (size 3 cm. X 30.5 cm.) at a coating weight of 0.061
      oz./ft..sup.2 based upon MgO and dried at 250.degree.-275.degree.C. The
      coated strips are then box-annealed in hydrogen atmosphere for 30 hours at
      1200.degree.C.
PAR  b. For comparative purposes a coating slurry is prepared according to the
      procedure (a) above having a concentration of 1 lb. of solids per gallon
      but containing only the commercial steel grade MgO of (a). Identical steel
      strips are coated as in (a).
PAR  After annealing and cooling, the excess coating was scrubbed off all
      samples with a nylon brush and a cloth. These strips were tested for
      resistance on both surfaces with a Franklin tester (ASTM-A344-60T). The
      results are as follows:
TBL  COATING MATERIAL  RESISTIVITY (ohm-cm.sup.2)                              
     ______________________________________                                    
     (a)    MgO, magnesia-silica                                               
            complex, boric acid                                                
                           29.6                                                
     (b)    MgO            3.3                                                 
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  a. A steel grade MgO containing boron additive is made by adding minute
      quantities of reagent grade boric acid to the magnesium material in the
      wet state. The material is dried and calcined to magnesium oxide. Analysis
      of the sample is as follows:
PA1  MgO -- 97.0 percent
PA1  NaCl -- 0.029 percent
PA1  CaO -- 0.22 percent
PA1  Ignition loss -- 1.52 percent
PA1  B -- 0.13 percent
PA1  Fe.sub.2 O.sub.3 -- 0.027 percent
PAR  b. A coating slurry is made by mixing in a Waring blender 60.0 g. of (a),
      21.0 g. of the amorphous magnesia-silica complex prepared in Example 8 and
      500 ml. of deionized water. The mixture is allowed to stand to stabilize
      the viscosity. The resulting slurry is coated onto high permeability type
      silicon steel strips (size 3 cm. .times. 30.5 cm.) at a coating weight of
      0.074 oz./ft..sup.2 based upon MgO and dried at 250.degree.-275.degree.C.
      The coated strips are then annealed.
PAR  c. For comparative purposes a coating slurry is prepared according to the
      procedure (b) above, having the same slurry concentration but containing
      only the commercial steel grade MgO without the boron additive. Identical
      steel strips are coated as in (b).
PAR  After annealing and cooling, the excess coating is scrubbed off all samples
      with a nylon brush and a cloth. These strips are tested for resistance on
      both surfaces with a Franklin tester (ASTM-A344-60T). The results are as
      follows:
TBL  COATING MATERIAL   RESISTIVITY (ohm-cm.sup.2)                             
     ______________________________________                                    
     (a)  MgO containing 0.13% B                                               
                            8.9                                                
     (b)  MgO containing 0.13% B,                                              
          magnesia-silica complex                                              
                            57.5                                               
     (c)  MgO               4.4                                                
     ______________________________________                                    
PAR  The above experiments unequivocally demonstrate that magnesium oxide
      currently employed to coat grain-oriented silicon steel gives relatively
      low resistance whereas the identical MgO coating containing a boron
      material and an amorphous magnesia-silica complex results in the
      production of a film having a considerably higher resistance. Comparable
      results to that indicated above are achieved employing other
      representative boron materials and non-crystalline magnesia-silica
      complexes encompassed within the scope of the invention.
PAR  Although specific embodiments of the invention have been described herein,
      it is not intended to limit the invention solely thereto but to include
      all of the obvious variations and modifications within the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a separator and electrical insulating coating on
      magnetic ferrous material which comprises applying a coating composition
      comprising MgO, Mg(OH).sub.2 or mixtures thereof, at least one boron
      compound and at least one amorphous magnesia-silica complex containing
      from about 0.001 to 2.0 percent by weight of an alkali metal oxide or
      hydroxide, wherein the mole-ratio of the MgO:SiO.sub.2 is from about 1:25
      to 14:1, said magnesia-silica complex being amorphous as indicated by its
      X-ray powder diffraction pattern and exhibiting the following differential
      thermal behavior characteristics: an endothermic peak at about
      250.degree.C., an exothermic peak at about 820.degree.C. and at about
      980.degree.C., to preoxidized magnetic ferrous material and annealing said
      material at an elevated temperature from about 950.degree.-1500.degree.C.
      for from about 2 to 50 hours in a neutral or reducing atmosphere and
      wherein the boron compound is present at from about 0.01 to 30 parts by
      weight and the magnesia-silica complex is present from about 2 to about
      200 parts by weight per 100 parts by weight of MgO.
NUM  2.
PAR  2. The method of claim 1 wherein the magnesia-silica complex has a
      MgO:SiO.sub.2 mole-ratio of from about 1:13 to 7:1 and the alkali metal
      oxide or hydroxide is from about 0.01 to 1.0 percent by weight of the
      magnesia-silica complex and the boron compound is selected from the group
      consisting of metaboric acid, boron oxide, ammonium tetraborate, ammonium
      pentaborate, ammonium peroxyborate, beryllium orthoborate, orthoboric
      acid, tetraboric acid, boron phosphide, boron silenide, boron trisilicide,
      boron hexasilicide, boron trisulfide, boron pentasulfide, lead borate,
      zinc borate, magnesium borate, cesium borate and rubidium borate.
NUM  3.
PAR  3. The process of claim 1 wherein the MgO:SiO.sub.2 mole-ratio is 1:1.6 and
      the alkali metal oxide or hydroxide is from about 0.01 to 1.0 percent by
      weight of the magnesia-silica complex and a boron compound is selected
      from the group consisting of metaboric acid, boron oxide, orthoboric acid
      and tetraboric acid.
NUM  4.
PAR  4. Magnetic ferrous material having on its surface a separator and
      insulating coating formed in accordance with the method of claim 1.
NUM  5.
PAR  5. Magnetic ferrous material having on its surface a coating comprised of
      MgO, Mg(OH).sub.2 or mixtures thereof, at least one boron compound and at
      least one magnesia-silica complex containing from about 0.001 to 2.0
      percent by weight of an alkali metal oxide or hydroxide wherein the
      mole-ratio of MgO:SiO.sub.2 is from about 1:25 to 14:1, said
      magnesia-silica complex being amorphous as indicated by its X-ray powder
      diffraction pattern and exhibiting the following differential thermal
      behavior characteristics: an endothermic peak at about 250.degree.C., an
      exothermic peak at about 820.degree.C. and at about 980.degree.C.
NUM  6.
PAR  6. The magnetic ferrous material of claim 5 wherein the magnesia-silica
      complex has a MgO:SiO.sub.2 moleratio of from about 1:13 to 7:1 and the
      alkali metal oxide or hydroxide is from about 0.01 to 1.0 percent by
      weight of the magnesia-silica complex and the boron compound is selected
      from the group consisting of metaboric acid, boron oxide, ammonium
      tetraborate, ammonium pentaborate, ammonium peroxyborate, beryllium
      orthoborate, orthoboric acid, tetraboric acid, boron phosphide, boron
      selenide, boron trisilicide, boron hexasilicide, boron trisulfide, boron
      pentasulfide, lead borate, zinc borate, magnesium borate, cesium borate
      and rubidium borate.
NUM  7.
PAR  7. The magnetic ferrous material of claim 5 wherein the MgO:SiO.sub.2
      mole-ratio is 1:1.6 and the alkali metal oxide or hydroxide is from about
      0.01 to 1.0 percent by weight of the magnesia-silica complex and a boron
      compound is selected from the group consisting of metaboric acid, boron
      oxide, orthoboric acid and tetraboric acid.
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ABST
PAL  A process for pretreating metal powders for the preparation of dispersion
      hardened metal alloys whereby an iron, cobalt or nickel base metal powder
      is homogeneously mixed with a chromium powder and with a prealloyed metal
      carbide powder and granulated to a powder granulate. The granulate is then
      classified and reduced to remove oxygen present therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior practices of producing a strong metal matrix for iron, cobalt or
      nickel base alloys generally use a casting technique. In such a technique,
      as typified by U.S. Pat. No. 3,432,294, the composition control is
      dictated by the solubilities of the components and this does not permit
      the precipitation of large volume fractions of individual components into
      the metal matrix by the casting of the alloy.
PAR  In order to increase the volume of a component into the metal matrix beyond
      those determined by equilibrium considerations, powder metallurgy
      processes have been utilized. However, in utilizing these techniques, the
      presence of oxygen in the metal powders, particularly in the form of
      Cr.sub.2 O.sub.3, and the extremely fine particle size of the dispersed
      phase have proved problemsome.
PAR  Among the prior art metallurgical processes, there is included a process
      described in U.S. Pat. No. 3,393,067. This patent teaches a process for
      producing chromium alloy compositions whereby a mixed oxide powder is
      prepared with carbon and heated to a temperature in the range of
      805.degree.-1050.degree.C. whereby any chromium oxide present therein is
      reduced. The product formed was a fine powder having thoria uniformly
      dispersed in the alloy matrix. The hydrogen reduction resulted in an oxide
      content in the final product of less than 0.5 percent, preferably 0.1
      percent, exclusive of the oxygen associated with the refractory oxide
      (ThO.sub.2).
PAR  U.S. Pat. No. 3,446,679 discloses a dispersion strengthened nickelchromium
      alloy. This alloy is first formed by preparing a nickel oxide, chromium
      oxide and thorium oxide powder. This powder was blended with carbon and
      heated with hydrogen at 400.degree.C. to reduce the nickel oxide, and then
      at 925.degree.C. in a H.sub.2 -- CH.sub.4 mixture to reduce the Cr.sub.2
      O.sub.3. The product was subsequently treated by known techniques in order
      to produce a useful alloy foil product.
PAR  U.S. Pat. No. 3,595,710 describes a dispersion hardened nickel or cobalt
      base alloy. A Ni -- Cr -- Fe -- ThO.sub.2 powder was first prepared. The
      powder was mixed with water and briquetted. The briquettes were hydrogen
      reduced at temperatures up to 400.degree.C. and finally up to a maximum of
      750.degree.C. The briquettes were crushed and pulverized and subsequently
      subjected to well-known treating operations to produce a dispersion
      hardened metal product.
PAR  The above processes are generally satisfactory in producing dispersion
      hardened alloys but they do not achieve the strengthening of the metal
      matrix obtained by the process of this invention which process enables a
      rather large and controlled amount of carbide particles to be uniformly
      dispersed in the metal matrix and, at the same time, eliminates the
      occurrence of the deleteriously high oxygen content which normally would
      be retained in a product utilizing metal powders as starting materials.
      Further, by the practice of the process of this invention the mixed powder
      upon being subjected to high temperature reduction, will not bond together
      into the form of a sintered hard cake but instead remains as a powder that
      may be compacted, densified and shaped by normal powder metallurgy methods
      to yield high strength alloys.
PAR  It is an object of this invention to provide a process for pretreating
      metal powders for the preparation of dispersion hardened alloys. Other
      objects will be apparent to those skilled-in-the-art from an inspection of
      the description hereinafter set forth.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with certain of its aspects, the novel process of this
      invention for pretreating metal powders for the preparation of dispersion
      hardened alloys may comprise homogeneously blending together a mixed
      powder containing (i) a metal powder having a base metal selected from the
      group consisting of iron, cobalt and nickel, (ii) a chromium metal powder
      and (iii) a prealloyed metal carbide powder; granulating the mixed powder
      to produce a powdered granulate; classifying the powdered granulate to
      separate out the powdered granulate having a mesh size of about -40 + 100;
      reducing the oxygen present in the separated out powdered granulate at a
      temperature of between about 1150.degree.-1300.degree.C. to form an
      unsintered mass of granulate suitable for the preparation of dispersion
      hardened alloys.
PAC  DESCRIPTION OF THE INVENTION
PAR  It is contemplated by this invention that a mixed powder may be prepared.
      The mixed powder may contain a metal powder having a base metal which may
      typically include iron, cobalt or nickel, preferably cobalt. These metals
      are base metals of the so-called "super alloy" type which have been
      developed for maximum possible service life at extremely high temperatures
      under very high stress and strain conditions. The metal powders may be
      commercially pure and thus by nature may carry a number of impurities,
      including oxygen. Alternatively, the metal powders may be in the form of
      the metal oxides.
PAR  The aforementioned mixed powder may also contain chromium metal powder. The
      chromium component may add strength and oxidation resistances to the
      resulting alloy which may be produced by further treating the product of
      this invention by well-known powder metallurgical procedures.
PAR  A third component of the mixed powder may be a prealloyed metal carbide
      powder. Typically, the metal of the metal carbide powder may include
      titanium, zirconium, hafnium, vanadium, niobium and tantalum, or mixtures
      thereof, preferably titanium and vanadium.
PAR  It is to be understood that in addition to the aforementioned powders other
      types of powders may be incorporated into the mixed powder. For example,
      with respect to the iron base metal powders, other metal powder
      components, including molybdenum, nickel, chromium, sulfur, phosphorous,
      silicon, and manganese may be added in small amounts to produce a suitable
      final alloy. With regards to the nickel base metal powders, other metal
      powder components, such as cobalt, titanium, aluminum, iron, chromium,
      tungsten, niobium, zirconium, carbon and silicon may be utilized therewith
      in order to produce suitable final alloy products. With respect to the
      cobalt base metals, nickel, chromium, boron, silicon, tungsten, vanadium,
      manganese, iron, niobium and zirconium may be used to produce suitable
      alloy products.
PAR  In the practice of this invention, the mixed powder may be prepared by
      blending and mixing the metal base powder, the chromium metal powder and
      the prealloyed metal carbide powders together with other types of metal
      powders previously mentioned. It is important that such mixing
      homogeneously blends the mixed powders together so that all the metal
      powders become uniformly blended. To achieve this homogeneous blending,
      the mixed powders may be finely divided and may typically have the size of
      between -200 to -400 mesh, preferably -325 mesh. The carbide powder
      additions should typically be &lt;0.5.mu., preferably 0.1.mu.. The particular
      time that may be needed to homogeneously blend the powders is not
      critical; however, the blending operation should be of a sufficient time
      to enable both the carbide powders and the other metal powders to become
      uniformly blended. The temperature at which the blending operation may be
      conducted may vary but, preferably, it may be at room temperature.
PAR  The relative proportions of each one of these component powders that may be
      used may be generally dependent upon the characteristic of the resulting
      alloy that is sought to be produced. For a resulting cobalt base alloy
      having chromium and nickel components, the amount of powdered metal
      carbide that may be used may be between 3 to 10 percent, preferably 3
      percent by weight of the total mixed powder. The amount of chromium powder
      may be between 12 - 26 percent by weight, preferably 18 percent of the
      total mixed metal powder, while the amount of nickel may be between 18 to
      26 percent, preferably 20 percent by weight of the total mixed metal
      powder. It has been found that such powders may have a relatively high
      starting oxygen content, typically between 2,000 to 6,000 ppm, say 4,000
      ppm.
PAR  The blended powders may then be granulated to produce a powdered granulate.
      The granulating operation may take place with or without the use of a
      binder; however, preferably a binder may be found useful. The binder may
      be selected from any well-known binding materials used for metal powders
      and may include water, polyvinyl alcohol or waxes. The preferential binder
      that may be used is polyvinyl alcohol.
PAR  The particular amount of binder that may be utilized may be that amount
      which is able to produce a granulate that may have a particle size
      hereinafter described. When utilizing the preferred binder, namely
      polyvinyl alcohol, typically 1/2 to 3 percent by weight of the binder may
      be used, preferably 1 percent by weight of the binder may be added to the
      total powder blend of the aforementioned cobalt base system.
PAR  Alternately, the granulating step may be accomplished without the use of a
      binder. Such an operation may require the mixed powder to be lightly
      compacted so as to cause the individual particles of the powder to
      agglomerate and cohere together to produce a granulate. In order to
      lightly compact the mixed powder, a pressure of typically 500 to 1,500
      p.s.i., preferably 1,000 p.s.i., may be applied against the powder.
PAR  The powdered granulate may be subsequently classified to separate out the
      powdered granulate having a mesh size of about -40 + 100, preferably about
      -40 + 80. This classifying operation may be accomplished by the use of a
      pair of screens, one of which has a mesh size equal to the lower value of
      the above mesh range while the other carries the size of the upper range
      value. Any size of granulate which may fall between these two screens may
      be further treated in accordance with this invention. Since a particle
      size of -100 mesh may have a tendency to stick together or agglomerate
      during further treatment operations, it may be concluded that the use of
      such small size particles might yield a sintered cake after any hydrogen
      reduction at temperatures hereinafter set forth. It may be feasible to use
      larger size particles than that previously described; however, such use
      may incur handling problems in subsequent powder metallurgical operations.
PAR  The classified granulate may then be subjected to a reducing operation such
      that the oxygen present therein may be reduced to low levels of
      concentration. For the cobalt-nickel-chromium alloy of the type previously
      described, the oxygen content of the original powders may be reduced down
      to 200 to 400 ppm, preferably 200 ppm. The reduction operation may take
      place in the presence of a reducing gas, typically hydrogen or carbon
      monoxide, preferably hydrogen. The temperature under which the granulate
      may be reduced may be typically between 1150.degree. to 1300.degree.C., or
      preferably at 1200.degree.C. The length of time of the reducing operation
      and the amount of the reducing gas that may be utilized may be dependent
      upon the particular make-up of starting mixed powder that is being
      treated. For a cobalt base powder having nickel and chromium components,
      typically between 2 to 8 hours, preferably 3 hours for one-fourth pound of
      mixed powder, may be needed to satisfactorily reduce the oxygen level of
      the granulate to that desired, while the amount of reducing gas may be
      between typically 20 to 120 cubic feet/hour, preferably 20 cubic feet/hour
      for the same amount of material for a 21/2 inch diameter furnace muffle.
PAR  The reduced granulate may then be cooled in the presence of the reducing
      gas or, alternately, the granulate may be placed in a cooling chamber
      until the granulate may reach a temperature at which it can be easily
      handled. Preferably, such a temperature may be room temperature. The
      cooled granulate may thereafter be subjected to well-known standard powder
      metallurgical processes, such as compacting, sintering, densifying and
      shaping in order to produce a dispersion hardened alloy.
PAR  It is a feature of the preferred aspect of the process of this invention to
      produce a dispersion hardened alloy that has a strong metal matrix and is
      more ductile at high temperature. This process enables a rather large and
      controlled amount of carbide particles to be uniformly dispersed in the
      metal matrix and, at the same time, eliminates the occurrence of the
      deleteriously high oxygen content which normally would be retained in an
      alloy product that utilized metal powders as starting materials.
PAR  It is a particular feature of the process of this invention that the alloys
      may be more easily produced because the granulate, upon being subjected to
      high temperature reduction, will not bond together into the form of a
      sintered hard cake. Instead, the reduced granulate of this invention
      retains a free flowing powder consistency that may be easily compacted,
      densified and shaped by normal powder metallurgy methods to yield high
      strength alloys.
PAR  The practice of the process of this invention may be illustrated by the
      following detailed description of the preferred embodiment. As elsewhere
      stated in this description, all parts listed are set forth as parts by
      weight.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph of the stress rupture life of a preferred alloy of this
      invention; and
PAR  FIGS. 2 and 3 are graphs of the tensile and yield stress of alloys of this
      invention in comparison with two other known alloys.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the practice of this invention 21 percent by weight chromium oxide
      powder, 26 percent nickel powder, 5 percent of a 50 percent titanium
      carbide (TiC)-vanadium carbide (VC) mixed powder, and 48 percent of cobalt
      powder may be added to a vessel and homogeneously mixed. The blended
      powder may be placed in a dish and sufficient water, containing 1 percent
      polyvinyl alcohol (PVA), may be added to make a paste. The paste may then
      be hand blended and oven dried at 60.degree.C. for 3 hours or vacuum
      dried. The drying step removes the moisture and the original individual
      particles are now agglomerated and thus cohere together to produce a
      granulate.
PAR  The powder blend may be then screened to separate out a powdered granulate
      which is between -40 and +80 mesh. About one-fourth pound of this
      separated granulate may be placed in a molybdenum boat which may be
      positioned in a furnace and heated to 1200.degree.C. About 20 cubic
      feet/hour of hydrogen may then be passed through a 21/2 inch diameter
      furnace muffle in contact with the granulate in the boat for about 3
      hours. The granulate may be cooled by discontinuing the heat applied to
      the furnace and the flow of hydrogen may be continued at the forementioned
      rate for 1 hour until the temperature of the granulate reaches room
      temperature. The granulate may then be treated by well-known powder
      metallurgical processes to produce a dispersion hardened cobalt base
      alloy.
PAR  The influence of carbide additions on the room temperature tensile
      properties of a Co -- 21 percent Cr -- 26 percent Ni alloy may be seen in
      FIG. 1 of the drawings. Tensile samples of such a composite containing
      between 5 and 25 percent metal carbide also were prepared from the mixed
      powders treated in accordance with the process of this invention and their
      room temperature yield and tensile strengths were plotted as a function of
      the carbide content. The carbide additions were found to produce a
      considerable increase in the yield strength. All alloys containing above
      15 percent TiC/VC were found to be brittle at room temperature.
PAR  Pellets of Co -- 21 percent Cr -- 26 percent Ni containing 10 percent
      TiC/VC (Alloy A) were prepared by first producing a granulate in
      accordance with this invention. The reduced metal powders were hot pressed
      and tested at ambient and elevated temperatures. This data is set forth in
      Table I below:
TBL                                    TABLE I                                 
     __________________________________________________________________________
                       Ultimate                                                
               Yield Stress                                                    
                       Tensile Strength (UTS)                                  
                                    % Strain at                                
     Test Temp. .degree.C.                                                     
               Ksi     ksi          Fracture                                   
     __________________________________________________________________________
      20       143.4   150.7        1.0                                        
      800      99.6    102                                                     
     1100      46.2     50.6        1.0                                        
     __________________________________________________________________________
PAL  where the stress at fracture relates to load per square inch of area
      required to rupture the material.
PAR  The values from Table I are found graphically illustrated in FIG. 2 along
      with yield and UTS values for other commercial cobalt base alloys, such as
      Alloys B, C and D. The component make-up of Alloys B, C and D are set
      forth in Table II below:
TBL                TABLE II                                                    
     ______________________________________                                    
     Alloy B Co - 20 Ni - 20 Cr - 10 W - 2 ThO.sub.2                           
     Alloy C 0.25 C - 0.6 Mn - 0.6 Si - 0.27 Cr - 3 Ni -                       
             5 Mo - 1.0 Fe - 0.007 B -                                         
             Co (balance)                                                      
     Alloy D 0.60 C - 23.5 Cr - 7 W - 3.5 Ta - 2 Ti -                          
             0.5 Zr - 10 Ni - Co (balance)                                     
     ______________________________________                                    
PAL  where the above numbers are percent by weight. It will be noted that the
      UTS and yield strength values of Alloy A are greater than the other
      commercial alloys with the exception of Alloy B at low temperatures.
PAR  At low temperatures, Alloy B is considerably stronger than either Alloys A,
      C or D, but the strength of Alloy B decreases rapidly about 700.degree.C.
      and is considerably less than that of Alloy A at elevated temperatures.
PAR  Pellets of the compositions listed in Table III below were prepared by
      first producing a granulate in accordance with this invention. Note that
      Alloys F and G contain a low amount of metal carbide powder.
TBL                TABLE III                                                   
     ______________________________________                                    
     Alloy E    63 Co - 17 Cr - 20 Ni                                          
     Alloy F    58 Co - 17 Cr - 20 Ni - 5 W - 3 TiC                            
     Alloy G    63 Co - 17 Cr - 20 Ni - 3 TiC                                  
     ______________________________________                                    
PAL  where the above numbers are percent by weight.
PAR  The granulates of Alloys E, F, and G were then hot pressed and tested at
      ambient and elevated temperatures. This data is set forth in Table IV
      below:
TBL                TABLE IV                                                    
     ______________________________________                                    
     ALLOY E                                                                   
                  Ultimate                                                     
                  Tensile Strength (UTS)                                       
                                   % Strain at                                 
     Test Temp. .degree.C.                                                     
                  ksi              Fracture                                    
     ______________________________________                                    
      20          135                                                          
     800          30               5.5                                         
     1050         10               4.2                                         
     ALLOY F                                                                   
                  Ultimate                                                     
                  Tensile Strength (UTS)                                       
                                   % Strain of                                 
     Test Temp. .degree.C.                                                     
                  ksi              Fracture                                    
     ______________________________________                                    
      20          165                                                          
     800          65               13.0                                        
     1050         27               10.0                                        
     ALLOY G                                                                   
                  Ultimate                                                     
                  Tensile Strength (UTS)                                       
                                   % Strain at                                 
     Test Temp. .degree.C.                                                     
                  ksi              Fracture                                    
     ______________________________________                                    
      20          157                                                          
     800          57               19.0                                        
     1050         25                4.5                                        
     ______________________________________                                    
PAR  The values from Tables III and IV are graphically represented in FIG. 3
      along with the yield and ultimate tensile strength values for Alloy D. It
      will be noted that at the low carbide range, the alloys of the invention,
      namely Alloys F and G, compare very favorably with Alloy D at high
      temperatures and are considerably stronger than Alloys D and E and low
      temperatures. This figure also shows the improved ultimate tensile
      strength with carbide additives (Alloys F and G) over that of no carbide
      addition (Alloy E).
PAR  Although this invention has been described with reference to certain
      aspects and embodiments thereof, it will be apparent to those
      skilled-in-the-art that changes and modifications may be made thereto
      which fall within the scope of the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the pretreating of metal powders for the preparation of
      dispersion hardened alloys, said process comprising:
PA1  a. homogeneously blending together a mixed powder containing (i) a metal
      powder having a base metal selected from the group consisting of iron,
      cobalt and nickel, (ii) a chromium metal powder, (iii) a prealloyed metal
      carbide powder;
PA1  b. granulating the mixed powder to produce a powdered granulate;
PA1  c. classifying the powdered granulate to separate out the powdered
      granulate having a mesh size of about -40 + 100; and
PA1  d. reducing the oxygen present in the separated out powdered granulate at a
      temperature of between about 1150.degree.-1300.degree.C. to form an
      unsintered granulate mass suitable for the preparation of dispersion
      hardened alloys.
NUM  2.
PAR  2. The method of claim 1, wherein the metal of said metal carbide powder is
      selected from the group consisting of titanium, zirconium, hafnium,
      niobium, vanadium, and tantalum, and mixtures thereof.
NUM  3.
PAR  3. The method of claim 1, wherein the size of the starting mixed powder is
      between about -200 to -325 mesh.
NUM  4.
PAR  4. The method of claim 1, wherein the metal carbide powder is present in
      the amount of between 3-10% by weight of the total weight of the mixed
      powder.
NUM  5.
PAR  5. The method of claim 1, wherein the powders are granulated in the
      presence of a binder.
NUM  6.
PAR  6. The method of claim 5, wherein the binder is selected from the group
      consisting of water, polyvinyl alcohol and wax.
NUM  7.
PAR  7. The method of claim 1, wherein the powders are granulated by light
      compacting to produce the granulate.
NUM  8.
PAR  8. The method of claim 1, wherein the powdered granulate is classified to
      separate out the granulate having a -40 + 80 mesh size.
NUM  9.
PAR  9. The method of claim 8, wherein said classifying is made by screening the
      granulate.
NUM  10.
PAR  10. The method of claim 1, wherein the powdered granulate is reduced by
      hydrogen or carbon monoxide.
NUM  11.
PAR  11. The method of claim 1, wherein the oxygen of the mixed powder is
      reduced to between about 200 ppm to about 400 ppm.
NUM  12.
PAR  12. The method of claim 9, wherein the reduced granulate is cooled.
NUM  13.
PAR  13. The method of claim 12, wherein the reduced granulate is cooled in the
      presence of hydrogen.
NUM  14.
PAR  14. A process for the pretreating of metal powders for the preparation of
      dispersion hardened alloys, said process comprising:
PA1  a. homogeneously blending together a mixed powder containing (i) a cobalt
      base nickel metal powder, (ii) a chromium metal powder and (iii) a
      titanium carbide and vanadium carbide powder mixture, said carbide powder
      mixture present in the amount of about 3-10 percent of the total weight of
      the mixed powder;
PA1  b. granulating the mixed powder in the presence of a polyvinyl chloride
      binder;
PA1  c. classifying the powdered granulate to separate out the powdered
      granulate having a mesh size of about -40 + 80;
PA1  d. reducing the separated out powdered granulate with hydrogen at a
      temperature of between 1150.degree.-1300.degree.C. so as to reduce the
      oxygen present in the powdered granulate to below 400 ppm without
      sintering the powdered granulate mass; and
PA1  e. cooling the granulate to about room temperature in the presence of
      hydrogen to form a suitable granulate for the preparation of dispersion
      hardened alloys.
PATN
WKU  039458644
SRC  5
APN  4737660
APT  1
ART  111
APD  19740528
TTL  Method of growing thick expitaxial layers of silicon
ISD  19760323
NCL  4
ECL  1
EXA  Saba; W. G.
EXP  Rutledge; L. Dewayne
INVT
NAM  Goldsmith; Norman
CTY  East Brunswick
STA  NJ
INVT
NAM  Robinson; Paul Harvey
CTY  Trenton
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  148175
XCL  156 17
XCL  156611
XCL  156612
XCL  156613
XCL  423349
XCL  423350
EDF  2
ICL  H01L 21205
ICL  H01L 21302
ICL  C01B 3302
FSC  148
FSS  174;175
FSC  117
FSS  106 A;201
FSC  156
FSS  17;611-613
FSC  423
FSS  348-350
UREF
PNO  3243323
ISD  19660300
NAM  Corrigan et al.
OCL  148175
UREF
PNO  3501336
ISD  19700300
NAM  Dyer et al.
OCL  117106A
UREF
PNO  3512056
ISD  19700500
NAM  Chu et al.
XCL  148175
UREF
PNO  3661637
ISD  19720500
NAM  Sirtl
OCL  117106A
OREF
PAL  Lekholm, A., "Epitaxial Growth of Silicon From Dichlorosilane" J.
      Electrochem. Soc. Vol. 119, No. 8, Aug. 1972, pp. 1122-1123.
PAL  DeLong, D. J., "Advances in Dichlorosilane Epitaxial Technology" Solid
      State Technology, Oct. 1972, pp. 29-41.
PAL  Dyer et al., "Autodoping--Silicon Epitaxial Manufacturing Processes,"
      Semiconductor Silicon 1973, Second International symp. - May 1973, pp.
      201-212.
PAL  Suzuki et al., "Properties of High-Purity Si Epitaxial Layers" IBID., pp.
      191-200.
PAL  Chiang et al., "Growth of Homoepitaxial Silicon--Mixtures" Metallurgical
      Transactions, Vol. 2, Mar. 1971, pp. 743-746.
LREP
FR2  Christoffersen; H.
FR2  Magee; T. H.
ABST
PAL  Epitaxial layers of silicon, having thicknesses of at least about 25 .mu.m,
      are grown on the (100) or (111) planar surfaces of silicon substrates by
      the vapor deposition of silicon from the reaction of dichlorosilane and
      hydrogen gas in a reactor furnace. Good epitaxial layers of silicon of
      substantially uniform thicknesses are formed on the substrates when the
      growth rate of the epitaxial layer is between about 5 and 20 .mu.m/minute
      in the reactor furnace, and the latter is heated to a temperature of
      between about 1050.degree. and 1200.degree.C.
BSUM
PAR  This invention relates generally to a method of growing epitaxial layers of
      silicon on silicon substrates. More particularly, the invention relates to
      a method of growing an epitaxial layer of silicon, having a thickness of
      at least about 25 .mu.m, on the surface of either a (100) or (111) plane
      of a substrate of single-crystal silicon. The novel method is particularly
      useful in the manufacture of semiconductor power devices where relatively
      thick layers of epitaxial silicon of good crystallographic quality are
      desired.
PAR  Epitaxial layers of silicon, with thicknesses greater than 25 .mu.m, that
      have been grown on the (100) or (111) planes of silicon substrates by
      prior-art methods, as by the reduction of silicon tetrachloride or
      trichlorosilane with hydrogen gas, exhibit crowns, or raised portions, of
      epitaxial silicon around the circumferences of the substrates. These
      crowns of deposited silicon must be removed from the substrates, usually
      silicon wafers, by a manual grinding operation before further
      photolithographic processing may follow on the epitaxial silicon. In
      addition to the grinding operation being costly in time, it also destroys
      a part of the epitaxial silicon deposit. Also, with the aforementioned
      prior-art methods, the growth rates of the epitaxial silicon deposits are
      in the order of about 2 .mu.m/minute or less. If higher growth rates are
      used, the crystallographic quality of the epitaxially deposited silicon is
      degraded.
PAR  In accordance with the novel method, a layer of epitaxial silicon is
      deposited on a silicon substrate by the hydrogen reduction of
      dichlorosilane at a growth rate of at least 5 .mu.m/minute. Under these
      conditions, layers of epitaxial silicon of very good crystallographic
      quality, having thicknesses in excess of 25 .mu.m, can be grown on
      single-crystal silicon substrates. Briefly, the novel method of growing a
      relatively thick epitaxial layer of silicon, of substantially uniform
      thickness, on a surface of either the (100) or (111) plane of a substrate
      of single-crystal silicon comprises (a) heating the substrate to a
      temperature of between about 1050.degree. and 1200.degree.C in a reactor
      furnace, (b) etching the surface of the substrate in the reactor furnace
      with HCl gas in a carrier gas, (c) purging the reactor furnace of the HCl
      gas, and (d) reacting dichlorosilane and hydrogen gas in the reactor
      furnace to grow the epitaxial layer of silicon at a growth rate of at
      least 5 .mu.m/minute.
PAR  In one embodiment of the novel method, the reactor furnace is purged by
      cutting off the supply of HCl gas to the reactor furnace and reducing the
      velocity of the carrier gas to about 1/10 of its velocity during the
      etching operation, until all of the HCl gas is removed from the reactor
      furnace.
PAR  In another embodiment of the novel method, the reactor furnace is purged by
      cutting off the supply of the HCl gas, dropping the temperature of the
      reactor furnace about 300.degree.C from its previous temperature, and
      maintaining the flow of the carrier gas through the reactor furnace at the
      same velocity it flowed during the etching operation.
PAR  The novel method of growing relatively thick epitaxial layers of silicon on
      surfaces of single-crystal silicon substrates can be carried out in a
      reactor furnace of conventional design. The reactor furnace can be either
      a vertical, a horizontal, or a pancake type, for example, of the kind
      commonly used in the semiconductor device processing art. The novel method
      hereinafter to be described in detail will be explained, by way of an
      example, with respect to a horizontal type epitaxial reactor furnace
      wherein gases are directed through a tube, about 2 inches (5.08 cm) high,
      4 inches (10.16 cm) wide, and having a heated length of about 12 inches
      (30.48cm). Substrates of single-crystal silicon to be coated with a
      relatively thick layer of epitaxial silicon are usually wafers disposed on
      a silicon carbide coated graphite susceptor that is heated by rf
      induction, in a manner well known in the art.
PAR  Processing gases that pass through the reactor furnace are metered for
      flow, and their temperature within the reactor furnace is measured with an
      optical pyrometer.
PAR  The surface of the single-crystal silicon substrate, upon which the
      epitaxial layer of silicon is to be deposited, must be polished and
      cleaned before the epitaxial deposition. The surface is polished to remove
      any imperfections thereon, resulting from the cutting and/or sawing of the
      substrate from a crystal boule, and to provide a substantially smooth flat
      surface. The cleaning is accomplished by washing the surface, preferably
      with a solution of water, hydrogen peroxide, and ammonia in the ratio of
      about 4:1:1. Other suitable cleaning solutions known in the art may also
      be used.
PAR  The substrate is heated in a reactor furnace to a temperature of between
      about 1050.degree. and 1200.degree.C. The surface of the substrate is then
      etched to remove between 1 and 5 .mu.m of it, whereby to remove any
      silicon dioxide that may have formed on the surface and to provide a
      virgin receptive area upon which a layer of silicon is to be epitaxially
      deposited. The etching operation of the surface is accomplished by passing
      a mixture of gases through the reactor furnace. The mixture of gases
      comprises about 1% HCl gas and a carrier gas such as 99% hydrogen gas, by
      volume, flowing through the reactor furnace at a velocity of about
      20cm/second (calculated for normal pressure, 760 mm, and temperature,
      25.degree.C). All of the velocities mentioned herein and in the appended
      claims are calculated for normal pressure and temperature.
PAR  After the surface of the substrate is suitably etched, the reactor furnace
      is purged of the HCl gas. The purging of the reactor furnace is an
      important operation of the novel method in that it substantially removes
      or minimizes the boundary layer of gas on the surface upon which the
      epitaxial silicon is to be deposited. Under such conditions, a more rapid
      removal of the etching products (normally trapped in the boundary layer)
      is obtained. In accordance with one embodiment of the novel method, the
      reactor furnace is purged by cutting off the HCl gas in the mixture of HCl
      gas and hydrogen gas, and then reducing the velocity of the hydrogen gas
      flowing through the reactor furnace to about 1/10 of the velocity used in
      the aforementioned etching operation. Thus, if the etching operation is
      done with a flow of the (carrier) hydrogen gas (in the mixture of HCl gas
      and hydrogen gas) through the reactor furnace at a velocity of
      20cm/second, the rate of flow of hydrogen gas is reduced to a velocity of
      2 cm/second, until all of the HCl gas is purged from the reactor furnace.
      In another embodiment of the novel method, the reactor furnace is purged
      by cutting off the supply of HCl gas from the mixture used in the etching
      operation, then lowering the temperature within the reactor furnace
      300.degree.C from its previous temperature, while maintaining the flow of
      hydrogen gas through the reactor furnace at the same velocity used in the
      etching operation. Hence, in this last-mentioned embodiment, the velocity
      of flow of hydrogen gas through the reactor furnace is 20 cm/second. When
      all of the hydrogen chloride (HCl) gas is purged from the reactor furnace,
      the temperature of the furnace is brought back to its originally heated
      temperature, that is, between about 1050.degree. and 1200.degree.C.
PAR  The epitaxial layer of silicon is deposited onto either the (100) or the
      (111) plane of the heated surface of the substrate by the reaction of
      dichlorosilane and hydrogen gas in the heated reactor furnace. To this
      end, a mixture of dichlorosilane and hydrogen gas is introduced into the
      reactor furnace at a velocity of about 20 cm/second and in a concentration
      to cause the deposition of silicon (due to the reduction of the
      dichlorosilane) epitaxially onto the etched and heated surface of the
      substrate at a rate of growth of between about 5 and 20 .mu.m/minute. To
      accomplish this, the concentration of dichlorosilane in the mixture of
      dichlorosilane and hydrogen gas should be between about 2 and about 15
      mole percent when reacted at the aforementioned temperatures
      (1050.degree.C and 1200.degree.C).
PAR  An important feature of the novel method is the rate of growth of the
      epitaxial layer of silicon on the surface of the substrate. Unless the
      growth rate is at least 5 .mu.m/minute, a raised portion of deposited
      silicon, in the form of a crown, tends to form adjacent to periphery of
      the substrate. When however, the growth rate of the epitaxial layer of
      silicon is between 5 and 20 .mu.m/minute, a layer of epitaxial silicon,
      with a substantially uniform thickness of at least 25 .mu.m, can be
      deposited on either the (100) or (111) plane of the substrate, thereby
      requiring substantially no further processing with respect to the
      thickness of the deposited epitaxial silicon layer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of growing an epitaxial layer of silicon, having a thickness of
      at least about 25 .mu.m, on a surface of either a (100) or (111) plane of
      a substrate of single-crystal silicon, said method comprising the steps
      of:
PA1  heating said surface to a temperatue of between about 1050.degree.C and
      about 1200.degree.C in a reactor furnace,
PA1  etching said surface in said reactor furnace by passing a mixture of gases
      through said reactor furnace, at a velocity of about 20 cm/second, to
      remove a portion of said surface, said mixture of gases comprising about
      1% HCl gas and about 99% hydrogen gas, by volume,
PA1  purging said reactor furnace of said HCl gas by cutting off the supply of
      HCl gas in said mixture and either reducing the velocity of hydrogen gas
      or dropping the temperature in said reactor furnace until substantially
      all of said HCl gas is removed from said furnace, and
PA1  introducing dichlorosilane and hydrogen gas into said reactor furnace, at a
      temperature of between about 1050.degree.C and 1200.degree.C, in a
      concentration to react said dichlorosilane with said hydrogen gas to grow
      said epitaxial layer of silicon on the etched surface at a rate of between
      about 5-20 .mu.m/minute.
NUM  2.
PAR  2. A method of growing an epitaxial layer of silicon as described in claim
      1, wherein:
PA1  said surface is polished to a planar flat surface and cleaned by washing
      the polished surface with a solution of water, hydrogen peroxide, and
      ammonia in a ratio of about 4:1:1 before the surface is heated in said
      reactor furnace.
NUM  3.
PAR  3. A method of growing an epitaxial layer of silicon as described in claim
      1, wherein:
PA1  said step of purging said reactor furnace comprises cutting off the supply
      of HCl gas in said mixture, and reducing the velocity of said hydrogen gas
      to about 1/10 of its velocity during the etching step, until substantially
      all of said HCl gas is removed from said reactor furnace.
NUM  4.
PAR  4. A method of growing an epitaxial layer of silicon as described in claim
      1, wherein:
PA1  said step of purging said reactor furnace comprises cutting off the supply
      of said HCl gas from said mixture, dropping the temperature in said
      reactor furnace about 300.degree.C, and maintaining a flow of said
      hydrogen gas through said reactor furnace at the same velocity as it
      flowed in said mixture.
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ABST
PAL  Evolution of NOx fumes during dissolution of metal values in mineral acid
      solutions of nitric acid can be eliminated by the addition of small
      quantities of hydrogen peroxide to the acid solution.
BSUM
PAR  Nitric acid is a powerful and useful oxidizing agent which is frequently
      employed in the dissolution and etching of metals, as very few metallic
      elements and alloys are resistant to its oxidative attack. However, the
      attack on metals generally involves the reduction of nitrogen and results
      in the production of oxides of nitrogen which can create a serious air
      pollution problem. The oxides of nitrogen most commonly present in the
      gaseous effluents from a nitric acid oxidizing system are the colorless
      nitric oxide (NO) and the brown nitrogen dioxide (NO.sub.2). Since nitric
      oxide reacts instantly and almost quantitatively with atmospheric oxygen
      to produce nitrogen dioxide, these two oxides are generally considered as
      a single NOx toxic pollutant.
PAR  The persistent generation of concentrated NOx fumes where relatively
      concentrated acid solutions containing nitric acid is used as an oxidizing
      reagent necessitates control to prevent it from becoming an intolerable
      health hazard. Where control now exists, most commonly the NOx fumes are
      exhausted from the immediate area of generation, and then subjected to
      water scrubbing in an attempt to prevent their discharge into the
      environment. However, the NOx removal by scrubbing is at best marginal.
PAR  As shown in the following simplified reaction, the scrubbing of NO.sub.2
      with water results in the production of nitric acid and nitric oxide.
EQU  3 NO.sub.2 + H.sub.2 O .fwdarw. 2HNO.sub.3 + NO
PAR  the dilute nitric acid produced has little or no value and creates and
      additional waste treatment problem. The nitric oxide produced by this
      process, and any nitric oxide initially present in the exhaust fumes,
      passes through the scrubber and exits free to combine with atmospheric
      oxygen to again form the brown, toxic nitrogen dioxide. Recycling the
      effluent becomes an endless, impractical process of limited effectiveness.
      Although other more expensive and exotic systems find their most feasible
      application in the area of nitric acid manufacturing and fuel-burning
      processes where the need to eliminate many millions of tons of potential
      NOx pollutants justifies their expense.
PAR  It is known in the prior art to employ acidified hydrogen peroxide
      solutions as a pickle for metals such as copper and copper alloys. The
      pickle solutions, which contain a relatively high mole ratio of hydrogen
      peroxide to acid, are generally mildly acidic containing from about 5 to
      about 15 percent of a mineral acid. The latter usually is sulfuric acid,
      but other mineral acids such as nitric, hydrochloric and hydrofluoric
      acids have also been suggested. (U.S. Pat. No. 3,649,194). However, prior
      to this invention nitric acid-hydrogen peroxide systems have never been in
      commerical use. The addition of hydrogen peroxide to such acid solutions
      therefore had no other intended effect than to improve the pickling rate.
PAR  The present invention relates to a method or process by which the complete
      elimination of any effluent oxides of nitrogen can be achieved in systems
      where a mineral acid solution containing nitric acid is used for the
      dissolution of metal values. Included within the definition of the above
      mentioned systems are those employed in etching, pickling, bright dipping,
      stripping of metallic coatings and the like.
PAR  It has been found that the presence of hydrogen peroxide prevents the
      evolution of oxides of nitrogen where oxidative metal dissolution occurs.
      This additional oxidant may function either to re-oxidize any NOx species
      produced by oxidation-reduction reactions, or it may serve to assist the
      nitric acid in the oxidizing function so that no NOx compounds are formed
      during metal dissolution. In either event, the presence of such an
      additive eliminates NOx emissions; and thereby, negates the need for any
      type of NOx control device and permits the employment of nitric acid
      systems without endangerment to the endangerment to the environment.
PAR  As hydrogen peroxide performs its oxidative function, it is itself
      converted to oxygen and water. The generation of NOx fumes, so common to
      nitric acid systems, is thereby replaced by a mild evolution of oxygen,
      and the water produced has only a small dilution effect upon the process
      solution.
PAR  The addition of hydrogen peroxide to solutions of almost any practical
      concentration of nitric acid has been found to completely stop the
      effluent of oxides of nitrogen generated by metal dissolution processes.
      This also applies to mixed mineral acid systems where one or more acids
      are used in conjunction with nitric acid for the dissolution of metal
      values.
PAR  In all cases, neither visual nor spectral measurements made on these
      systems detected the presence of any effluent oxides of nitrogen as long
      as the concentration of hydrogen peroxide in the working solution was
      maintained above 1 gram per liter. If the hydrogen peroxide concentration
      was permitted to drop below this minimum value, then the presence of NOx
      effluents was immediately in evidence. The upper limit of hydrogen
      peroxide is set only by the consideration of what concentration is
      desirable and practical to be maintained in a given application.
      Experience shows that a preferred maximum concentration for hydrogen
      peroxide is 30 grams per liter. Operation in the range of 5-20 grams per
      liter usually provides a sufficient safeguard against production of NOx
      fumes due to sudden hydrogen peroxide consumption, without maintenance of
      a superfluous amount of this reagent in the process solution.
PAR  It was noted in the experimental work that the suppression of NOx fumes by
      hydrogen peroxide showed no tendency to be a temperature dependent
      phenomenon. Various simulated process solutions containing nitric acid
      were observed in the course of this work over a temperature range of
      10.degree. to 70.degree. Centigrade, and in all cases, this method was
      found to be effective. The optimum conditions of temperature will
      naturally vary from one application to another, depending upon what metal
      or metals are to be attacked and the rate of dissolution desired. For most
      applications the preferred temperature range of from about 20.degree. to
      about 55.degree.C will be appropriate.
PAR  In some systems the stability of hydrogen peroxide is adversely affected by
      the presence of certain metals, such as iron, copper and lead, which
      catalyze its auto-decomposition. In systems where this problem occurs, it
      can be attenuated by addition of suitable reagents known in the art to
      stabilize hydrogen peroxide in these circumstances, such as organic
      compounds that carry polar hydrogen atoms, for example compounds
      containing carboxyl or hydroxyl groups. Included in this group are the
      fatty acid, glycerine and glycol stabilizers disclosed in U.S. Pat. No.
      3,537,895, the disclosure being incorporated in this specification by
      reference. Specific examples of other such stabilizers are allyl alcohol,
      crotyl alcohol, cis-1,4-but-ene-diol, and phenolic compounds such as
      phenol, p-phenol sulfonic acid or simple salts thereof, and p-methoxy
      phenol. The particular selection of stabilizer used is not important to
      the invention of the present application.
PAR  The concentration of hydrogen peroxide may be kept in the desired range by
      appropriate additions to compensate for the consumption. The actual
      concentration can be monitored either by manual titrations or automated
      means known in the art.
PAR  One application in which the present invention is particularly advantageous
      is in the bright dipping of copper and copper alloys. Commonly aqueous
      solutions of nitric acid and sulfuric acid with a small quantity of
      hydrochloric acid are used for the bright dipping of these metals, a
      typical formulation.sup./1/ being as follows:
TBL  Ingredients:      Volume        Gms/l                                     
     ______________________________________                                    
     H.sub.2 SO.sub.4                                                          
                (96%)      2 Gallons     785                                   
     HNO.sub.3  (67%)      1 Gallon      210                                   
     HCl        (37%)      1/2 Fluid     0.4                                   
                           Ounce                                               
     H.sub.2 O             1.5 Gallons   --                                    
     ______________________________________                                    
FNT  .sup./1/ .varies.Metal Finishing Guidebook and Directory.varies., 1974,
      42nd Edition, Metals and Plastics Publications, Inc., p. 226.
PAR  It was surprisingly found that the acid concentration requirements could be
      drastically reduced in bright dip solutions containing hydrogen peroxide.
      The bright dip solutions of this invention produce no NOx fumes and yield
      a clean bright surface on copper and copper alloys comparable to or better
      than those of the conventional systems. Listed below are the broad and
      preferred ranges of the ingredients of the bright dip solutions of the
      present invention.
TBL  ______________________________________                                    
                Broad Range   Preferred Range                                  
     Ingredients                                                               
                gms/l         gms/l                                            
     ______________________________________                                    
     H.sub.2 SO.sub.4                                                          
                200-600       430-460                                          
     HNO.sub.3   75-200       100-150                                          
     HCl        0.1-5         0.2-3                                            
     H.sub.2 O.sub.2                                                           
                 1-30          8-12                                            
     ______________________________________                                    
PAR  Preferably, a hydrogen peroxide stabilizer is added to the bright dip
      solution to prevent or reduce the catalytic decomposition of hydrogen
      peroxide.
PAR  It is also preferred to add a surface passivation agent to the bright dip
      solution in order to prevent staining or tarnishing of the metal surface,
      sometimes occurring during the time lag between the bright dipping and the
      first rinse.
PAR  Many chemical compounds well known in the art are suitable as surface
      passivation agents, e.g. organic nitrogen compounds such as amines and
      imines. Specific examples include the aliphatic amines, cyclo-alkyl
      amines, N,N'-dialkyl aniline and benzotriazol of U.S. Pat. No. 3,773,557,
      hereby incorporated in the disclosure by reference. Other suitable agents
      include the chelating agents disclosed in the aforementioned U.S. Pat. No.
      3,537,895.
DETD
PAR  For a better understanding of the invention, the following examples are
      provided and are not intended to be limiting.
PAC  EXAMPLE I
PAR  The experiment was carried out to demonstrate the effectiveness of the
      invention when dissolving copper in a strong nitric acid solution. A
      copper panel weighing 52.86 grams was immersed in 0.3 liter of an aqueous
      solution containing 700 grams per liter nitric acid, approximately 18.9
      grams per liter of H.sub.2 O.sub.2 and 22.2 grams per liter of ethylene
      glycol, the solution having a temperature 23.degree.C. After a short
      period of time, the panel was removed, rinsed, dried and weighed (49.56
      grams). The final hydrogen peroxide concentration was determined (8.35
      grams per liter) and from this a hydrogen peroxide consumption of about
      1.8 moles H.sub.2 O.sub.2 /mole copper dissolved could be calculated. No
      evolution of NOx fumes was detected during the experiment. Similar
      experiments carried out at 15.degree., 30.degree., 35.degree. and
      40.degree.C showed hydrogen peroxide consumptions in the range of 1.5-2.1
      moles H.sub.2 O.sub.2 /mole of Cu dissolved.
PAC  EXAMPLE II
PAR  Solutions containing approximately 250 grams per liter nitric acid are
      known to be employed in the etching of zinc plates used in typographical
      processes. It is also known that etching of these zinc plates produces a
      serious localized NOx emission problem. To demonstrate the value of
      hydrogen peroxide additions in the elimination of NOx fuming in this
      process, the dissolution of weighed portions of metallic zinc were
      conducted at 10.degree., 15.degree., 20.degree., 25.degree., 30.degree.
      and 40.degree. Centrigrade in 0.5 liter of a solution of 250 grams per
      liter nitric acid and approximately 10 grams per liter hydrogen peroxide.
      No stabilizer was added. In every case, the complete absence of NOx fuming
      was evident. The average consumption of hydrogen peroxide per mole of zinc
      dissolved was found to be 0.23 mole. The pertinent data are shown below:
TBL  H.sub.2 O.sub.2 Initial                                                   
              wt.Zn Initial                                                    
                           wt.Zn Final Temperature                             
     gms/liter                                                                 
              gms          gms         .degree.C                               
     ______________________________________                                    
     10.2     148.3437     145.8650    10                                      
     9.69     145.8650     142.8504    15                                      
     9.10     142.8540     139.2630    20                                      
     8.16     139.2630     135.3630    25                                      
     9.94     135.5952     131.1552    30                                      
     9.01     131.7472     126.9238    40                                      
     ______________________________________                                    
PAC  EXAMPLE III
PAR  Solutions of nitric and hydrofluoric acid are used in the pickling (removal
      of metal surface layers) of titanium and zirconium metal and alloys. This
      process, along with most others that employ nitric acid, is the source of
      an NOx fuming problem. An experiment was therefore performed to evaluate
      the effectiveness of hydrogen peroxide additions in the elimination of
      this source of NOx pollution. A solution containing 114 ml of 70.4 percent
      nitric acid, 11.4 ml of 43 percent hydrofluoric acid, and 114 ml of water
      was prepared to simulate a titanium or zirconium pickle solution. Pieces
      of titanium and zirconium metal were lowered into this solution maintained
      at about 55.degree.C, and the rapid evolution of brown NOx fumes was
      noted. At the height of NOx evolution, hydrogen peroxide was added to the
      pickle solution (10 grams per liter). An immediate cessation of NOx
      evolution was observed at this point. Tests on additional pieces of
      titanium and zirconium showed that the presence of the hydrogen peroxide
      did not reduce the effectiveness of the nitric-hydrofluoric acid pickle.
      In fact, test panels pickled in this solution were judged to have a
      cleaner and brighter surface than those pickled in a solution containing
      only nitric and hydrofluoric acid.
PAC  EXAMPLE IV
PAR  The manufacture of tungsten filaments for light bulbs and vacuum tubes
      requires the use of a nitric-sulfuric acid solution for the dissolution of
      the molybdenum mandrels on which the tungsten filaments are formed and
      annealed. Solutions containing 300 grams per liter each of sulfuric and
      nitric acid and between 2 and 30 grams per liter of hydrogen peroxide were
      evaluated for use in this process. In all cases, the dissolution of the
      molybdenum mandrels proceeded smoothly with no apparent attack on the
      tungsten filament and complete absence of any NOx evolution. This process
      was operated at temperatures between 20.degree. and 70.degree. Centigrade,
      and in every case, the rate of molybdenum etching was found to be
      equivalent to or faster than that achieved by a similar solution, without
      the hydrogen peroxide addition. It was also noted that the dissolution of
      one mole of molybdenum required the average consumption of 3.88 moles of
      hydrogen peroxide per mole of molybdenum dissolved.
PAC  EXAMPLE V
PAR  A solution suitable for bright dipping copper and copper alloys was
      prepared, which solution contained about 438 grams per liter H.sub.2
      SO.sub.4, 125 grams per liter HNO.sub.3, 0.9 grams per liter HCl, 10 grams
      per liter H.sub.2 O.sub.2, 22.2 grams per liter ethylene glycol and 7.5
      grams per liter of ethylene diamine tetraacetic acid (sodium salt).
      Samples of hot forged brass were treated at temperatures between
      32.degree.-38.degree.C, for 2-3 minutes, allowed to drain for 10-20
      seconds and then rinsed. No evolution of NOx fumes were detected and the
      treated brass exhibited very bright yellow surfaces without any surface
      staining.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for prevention of evolution of NOx fumes in the dissolution of
      metal values in mineral acid solutions containing HNO.sub.3 which
      comprises adding hydrogen peroxide to said acid solution, maintaining the
      hydrogen peroxide concentration during the dissolution at between about 1
      and about 20 grams per liter and the mole ratio of hydrogen peroxide to
      mineral acid at a value of less than 0.273.
NUM  2.
PAR  2. The method of claim 1 in which the dissolution is carried out at
      temperatures in the range from about 10.degree. to about 70.degree.C.
NUM  3.
PAR  3. A process of claim 2 in which said temperatures range from about
      20.degree. to about 55.degree.C.
NUM  4.
PAR  4. A process according to claim 1 wherein a hydrogen-peroxide stabilizer is
      added to the acid solution.
NUM  5.
PAR  5. A process according to claim 4 wherein the hydrogen peroxide stabilizer
      is selected from fatty acids, glycerine, glycols, allyl alcohol, crotyl
      alcohol, cis-1,4-but-ene-diol, phenol, p-phenol sulfonic acid or salts
      thereof or p-methoxy phenol.
NUM  6.
PAR  6. A process according to claim 4 wherein the hydrogen peroxide stabilizer
      is ethylene glycol.
NUM  7.
PAR  7. A process according to claim 1 wherein the mineral acid solution is a
      mixture of nitric acid and at least one acid selected from sulfuric acid,
      hydrofluoric acid and hydrochloric acid.
NUM  8.
PAR  8. A process for bright dipping copper or copper alloys without evolution
      of NOx fumes which comprises immersing the copper or copper alloy in a
      bright dip acid solution containing from about 430 to about 460 grams per
      liter of H.sub.2 SO.sub.4, from about 100 to about 150 grams per liter of
      HNO.sub.3 from about 0.2 to about 3 grams per liter of HCl and from about
      8 to about 12 grams per liter of hydrogen peroxide.
NUM  9.
PAR  9. The process of claim 8 wherein the acid solution also contains a
      hydrogen peroxide stabilizer.
NUM  10.
PAR  10. The process of claim 8 wherein the acid solution also contains a
      surface passivation agent.
NUM  11.
PAR  11. A bright dip solution for copper or copper alloys comprising:
PA1  from about 430 to about 460 grams per liter of H.sub.2 SO.sub.4 ;
PA1  from about 100 to about 150 grams per liter of HNO.sub.3 ;
PA1  from about 0.2 to about 3 grams per liter of HCl, and
PA1  from about 8 to about 12 grams per liter of hydrogen peroxide.
NUM  12.
PAR  12. The bright dip solution of claim 11 also containing a hydrogen peroxide
      stabilizer.
NUM  13.
PAR  13. The bright dip solution of claim 11 also containing a surface
      passivation agent.
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ABST
PAL  A first stage radial ply carcass and an endless breaker belt are built
      conventionally about horizontal axes. Carcass and belt separately are
      upended, to axis-vertical positions. The respective mid-circumferential
      planes of the carcass and the belt are made coplanar and coincident about
      the vertical axis of a shaping and curing core, without fixed reference to
      the vertical axis. The core is raised, into and through the carcass and
      expanded, first to support the carcass without significant radial
      deformation due to gravity, and then to expand the carcass to adhere the
      belt therearound. The assembly of core and belted carcass is then returned
      to horizontal orientation to receive tread therearound. The tire is cured
      conventionally while the shaping core remains in the tire, still inflated,
      preferably with an inert gas.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawings and the following detailed description.
PAR  The present invention is related to building tires and particularly to
      building tires of great size and weight as compared to, for example,
      relatively much smaller tires for road vehicle use.
PAR  Because of the comparatively great size and weight of the tires of the
      class described herein, such tires in the uncured state are readily
      deflected and deformed from their designed shape by only their own weight.
      This is particularly true in such tires wherein the reinforcing cords of
      the ply or plies cross the mid-circumferential plane of such tire at, or
      very nearly at, 90.degree., as in radial ply tires. In such radial ply
      tire, the carcass comprises a single or at most few carcass plies and, in
      the uncured state is limp and flaccid, in contrast to the large number of
      carcass plies used in massive tires of the prior art. In tires having a
      large number of bias plies disposed in successively alternating bias
      angles across the mide-circumferential plane of the tire, the resulting
      carcass, even in its uncured state, is less subject to deformation due to
      its relatively greater muliple ply construction stiffness. As used in the
      present specification including the appended claims, the term, tire of the
      class described, refers particularly to tires of great section width,
      diameter, and relatively large section periphery from bead to bead,
      coupled with a relatively thin section wall due to the presence of a
      single or at most relatively few plies, usually of metallic cable or
      filament construction. Such tires of the class described are also
      characterized by always including in or beneath the tread thereof a
      circumferentially restrictive breaker belt of relatively inextensible
      circumferential length greater than the circumference of the flat band
      carcass as built for such tire. Tires of the class described are
      represented by tires for large earthmoving machines, for example, of sizes
      of 18.00 .times. 24 and larger.
PAR  In the heretofore practiced construction of tires of the class described by
      classic methods about horizontal axes, a deflection due to the weight of
      the uncured carcass, even without a tread, occasioned a sag or deformation
      radially inwardly above the horizontal axis and radially outwardly below
      the axis. This sag is believed to have contributed sometimes to a
      displacement of portions of the carcass with respect to the
      mid-circumferential plane, relative to a desired symmetry of the
      construction with respect to such plane.
PAR  A principal object of the present invention, therefore, is to provide
      methods and apparatus by which tires of the class described can be built
      more accurately as well as more economically.
DRWD
PAR  Further objects and advantages will become apparent from the following
      description of preferred embodiments of the invention and from reference
      to the attached drawings in which:
PAR  FIGS. 1-19 illustrate steps of a preferred method of building a tire of the
      class described. In particular, FIG. 1 shows schematically a conventional
      horizontal tire carcass and building drum. FIG. 2 illustrates means for
      and a step of transferring the nonself-supporting carcass from the carcass
      building step of FIG. 1 to subsequent operations. FIG. 3 shows
      schematically means for and the step of constructing an inextensible
      breaker-belt later to be combined with the carcass in accordance with the
      invention. FIGS. 4-8 illustrate means for and successive steps of lifting
      the carcass and inserting a shaping core into the carcass of FIG. 1 in
      accordance with the invention. FIGS. 9-13 illustrate the steps of and
      means for placing the breaker belt of FIG. 3 about the carcass of FIG. 1.
      FIGS. 14-16 show further steps of handling the combined carcass and
      breaker-belt. FIGS. 17-19 illustrate removal of the core from the tire
      after curing thereof.
PAR  FIGS. 20-25 illustrate in more detail features of the apparatus in
      accordance with the invention. FIG. 20 shows the breaker-belt building
      means of FIG. 3. FIG. 21 illustrates the carcass lifting means, as well as
      the tire shaping and curing core, shown schematically in FIGS. 5-8, 10-13,
      and 17-19. FIGS. 22-23 show the core inserting apparatus according to the
      invention. FIG. 24 shows apparatus according to the invention for
      positioning the breaker-belt relative to the carcass and the core, and
      FIG. 25 illustrates apparatus of the invention for consolidating the
      breaker-belt and carcass, as well as a tread thereon, to complete the
      uncured tire.
PAR  Practice of the method of the invention, in the presently preferred mode,
      begins with the building of a tire carcass C illustrated schematically in
      FIG. 1. The carcass C is also commonly referred to as a firststage carcass
      and can be built in any known or preferred manner by winding, about a
      rigid cylindrical surface of a collapsible tire building drum 30, a ply or
      plies preferably including radial wire cord reinforcement into an endless
      cylindrical form coaxial about the horizontal axis 32' of the drum. The
      usual tire beads 33, 33' are placed on or adjacent the respective axial
      ends of the cylindrical ply and the axial ends of the ply are wrapped
      about the beads in any known manner. This first-stage carcass C can
      include also any of the circumferentially expandable components, such as
      sidewalls, shoulder wedges, and like components of a complete tire of the
      class described. As is commonly done, the mid-circumferential plane of the
      carcass is determined and represented on the carcass by a visible line 35
      before the carcass is removed from the drum.
PAR  After completing such first-stage carcass C, the carcass is removed from
      the building drum 30 and upended by rotating the carcass and its own
      central axis 32 from its horizontal orientation to a vertical orientation,
      as is indicated in FIG. 2. In its vertical orientation, the carcass is
      placed on the carcass transporter 40. The upending step can be carried out
      in any suitable manner. Preferably, the first-stage carcass, as it is
      being removed from the drum, is immediately supported by fluid pressure
      acting outwardly symmetrically of its axis 32 by placing a plurality of
      inflatable tubes such as the innertubes 41 of suitable size inside the
      carcass. In the carcass transporter 40, vertical support is provided by
      inserting a rigid plate 42 and one of the tubes 41, the tube 41a, into the
      interior of the carcass in such manner that when the carcass is upended
      the plate 42 supports the uppermost innertube 41a which is urged by
      inflation air pressure within, both upwardly toward the upper bead 33 of
      the upended carcass and radially outwardly uniformly toward the adjacent
      sidewall and shoulder portion of the carcass C. As an equally useful
      alternative, the tube 41a can be omitted and the peripheral edge of the
      plate 42 can be provided with a rounded or toroidal protective cover such
      as a length of suitable hose fastened to and about the plate. In turn, the
      plate 42 is supported on a post 44 which is carried erect on a platform
      46. The post 44 is made telescopically adjustable so as to be lowered when
      the carcass C is later removed as well as to accommodate different sizes
      of first-stage carcasses. For further support against undesirable
      deformation, additional innertubes are placed, as shown, in the interior
      of the carcass and suitably inflated to form a regular and coaxial stack
      of tubes between the lower bead 33'  and the plate 42. The height of the
      post 44 supporting the plate is adjusted to carry all or very nearly all
      of the weight of the carcass and of the tubes 41. The platform 46 can be
      provided with wheels 46a for mobility, or be transported otherwise if
      desired.
PAR  Turning to FIG. 3, a circumferentially endless breaker-belt B is
      constructed, while the first-stage carcass C is being constructed, and at
      a location independent of and apart from the location where the carcass C
      is built. The breaker-belt B can be constructed by any known method and
      apparatus. In the presently preferred embodiment of the invention, the
      breaker-belt B is assembled inside a cylindrical ring 50 provided with a
      ring liner 52 comprising a substantially continuous circumferential length
      of flexible material, such as a length or a plurality of lengths of
      conveyor belting removably secured to the inner cylindrical surface of the
      ring 50. The ends of the belting composing the ring liner 52, when in
      place, meet but do not overlap. The ring is mounted on supports shown
      schematically at 54 enabling the ring to be rotated about its own axis 56
      while an operator positions successive plies such as B-1, B-2 of the
      breaker belt B, splicing each of the several plies one at a time until the
      selected number of plies have been assembled. As will be appreciated, each
      of the successive plies, for example, plies B-1 and B-2, will be located
      symmetrically with respect to the mid-circumferential planes 58 of the
      belt and 58'  of the ring 50. The ring 50 serves not only as a form in
      which the breaker belt is constructed but also serves, as will presently
      be shown, to transport the breaker-belt B and to cooperate, with apparatus
      to be described, to apply such breaker-belt B to the first-stage carcass C
      at a later stage in the operation being described.
PAR  Turning to FIG. 4, the carcass transporter 40 is moved with the carcass C
      thereon to a position adjacent the carcass lifting means, provided by the
      crane 60, such that the boom 61 of the crane can be moved to locate its
      lifting axis 62 in at least approximate collinear alignment with the axis
      32 of the carcass C. The carcass is then grasped by the fingers 63 at
      uniformly spaced coplanar locations within the upper bead 33. The fingers
      63 can readily displace the yieldable innertube 41 sufficiently not to
      interfere with lifting the carcass. The carcass can, if desired, by
      grasped about the outer surface of the carcass instead of the inner
      surface of the bead.
PAR  The boom 61 is then elevated, lifting the carcass C keeping its axis 32
      vertical. The boom and carcass are swung to a position above a safety
      stand 65 where an operator can remove tubes 41 and the plate 42 through
      the lower bead 33'  and open end of the carcass. To avoid the need for
      excessive height of the lift of the carcass, the telescoping post 44 is
      lowered.
PAR  In FIG. 4, the first-stage carcass C as illustrated is then supported only
      by the grasp of the eight lifting fingers 63 spaced uniformly about the
      inner circumference of the bead 33, and while so supported the carcass is
      moved to the position shown in FIG. 5.
PAR  The carcass shaping and curing core 70 is moved upwardly by the core
      inserter 80 to a suitable height above the operating floor 90, along its
      own vertical axis 100. Three height gauges 110, one of which is shown in
      FIG. 5, are disposed at equal angles about the axis 100 and are adjusted
      into a coplanar relation with the mid-circumferential plane 70a of the
      core sleeve 71 of the core 70. The actual mid-circumferential plane of the
      core need not be exactly level or exactly perpendicular to the vertical
      axis 70, as will be noted later herein. The gauges 110 are each fixed
      respectively on one of three independently adjustably elevated support
      stands 120. The height gauges, having been so adjusted, define a first
      reference plane 130. The height gauge 110 can be a light line projector by
      which a narrow horizontally extending light beam can be projected to
      coincide with a line or mark placed on the sleeve 71 at its
      mid-circumferential plane 70a. Alternatively, a height gauge in the form
      of a pointer can be moved radially normal to the axis 100 to approach
      closely or to touch the line or mark on the sleeve 71. The respective
      stands 120 are thereby adjusted to the reference plane 130 representing
      the mid-circumferential plane of the core 70 in accordance with the
      settings of three height gauges.
PAR  The core 70 is next lowered sufficiently into the pit 95 to permit the
      carcass C to be moved to position its own now vertical axis 32 in
      substantial alignment with the vertical axis 100 as illustrated in FIG. 6
      of the core 70. The boom 61 and carcass C are lowered to locate the line
      35 in the reference plane 130 as determined by the previously set height
      gauges 110. The carcass continues to be supported only be the fingers 63.
PAR  Turning to FIG. 7; after the carcass C has been positioned above and in
      vertical alignment with the core 70, the core is again evelated into and
      through the suspended carcass to a height which repositions the
      mid-circumferential plane 70a of the sleeve 71 in coplanar alignment again
      with the previously established reference plane 130 and, therefore, with
      the mid-circumferential line 35 of the carcass.
PAR  Also, or alternatively, the core 70, which at this step is extended to a
      length greater than the axial length of the carcass, can be visually
      observed to be located in correct axial registry with the carcass within
      satisfactory limits.
PAR  Before the fingers 63 are moved clear of the carcass C, the core 70 is
      expanded to support the carcass by admission of air into the core chamber
      74. Air, preferably air from which the oxygen has been removed, or an
      equivalent inert gas, is admitted to the cavity at an above atmospheric
      pressure of about one-half atmosphere, which pressure is then maintained
      without decrease until the tire is placed in the mold.
PAR  As illustrated in FIG. 8, the sleeve ends 71a and 71b, which are coaxially
      and airtightly attached, respectively, to the rigid core ends 72 and 73,
      are then moved toward each other and toward the reference plane 130 while
      the sleeve 71 is expanded radially to an extent sufficient to bring the
      sleeve into circumferential engagement with the inner surface of the
      carcass C in an axially central zone thereof extending across the plane of
      the mid-circumferential line 35 but spaced inwardly from the respectively
      upper 33 and lower 33'  beads. The beads of the carcass are not at this
      time engaged by the core. Engagement of the expanded sleeve 71 with the
      carcass is sufficient alone to support the weight of the carcass and to
      permit the fingers 63 to be disengaged and moved away.
PAR  While the carcass C is supported only by the sleeve 71, FIG. 8, an upper
      bead mold ring 75 is lowered around the pressure dome 105 and secured
      concentrically on the upper core end 72. Both the ring 75 and the lower
      bead mold ring 77 form parts of the mold (not shown) in which the tire is
      to be cured, as well as of the core 70, and like the core, remain with the
      carcass C throughout the sequence of operations from the initial shaping
      of the carcass as seen in FIG. 8, until the tire has been molded and
      cured.
PAR  At this point, it should be noted that the weight of the carcass in a tire
      of the class described can tend to deform the sleeve 71 sufficiently to
      shift the actual or true mid-circumferential plane 70a of the sleeve
      and/or line 35 of the carcass C a small but measurable amount downwardly
      with respect to the reference plane 130. An advantage of the present
      invention is that such deformation has no appreciable effect on the
      symmetrical relation of the carcass to its own axis 32. However, in the
      event that the mentioned deforming of the sleeve or possible movement of
      the carcass relatively of the sleeve tends to shift the actual
      mid-circumferential line 35 of the carcass out of parallel with the
      reference plane, according to the invention such misalignment can readily
      be dealt with, as will presently appear.
PAR  Turning now to FIG. 9; while the carcass C is supported alone by the core
      70, the previously described ring 50 together with the breaker-belt B
      therein is apended, rotating the axis 56 of the ring and belt from
      horizontal orientation to a vertical orientation by employing, for
      example, a strong back or beam 50a having two lifting cables 50b which
      engage the trunions 50c and an overhead crane or hoist (not shown) to lift
      and then to rotate the ring. With its axis vertical, the ring 50 together
      with the breaker-belt B are disposed adjacent the crane 60. To locate the
      ring and breaker-belt suitably in relation to the crane, a target may be
      painted on the floor and, as seen in FIG. 10, the carcass lifting boom 61
      is moved to position its lifting axis 62 collinear with the now vertical
      axis 56 of the belt and ring.
PAR  The upper 72 and lower 73 core ends are moved equally closer toward each
      other and toward the reference plane 130 while additional gas is
      introduced into the cavity 74 so that the carcass is expanded to a
      diameter slightly less than the inside diameter of the breaker belt B to
      be applied. Because of the possible movement of the actual true
      mid-circumferential line 35 of the carcass as previously discussed, the
      support stands 120 can be again adjusted vertically as necessary to accord
      with the actual position of the mid-circumferential line 35 of the carcass
      itself, independently of the previously established reference plane, so as
      to locate the ring 50 and the belt B is suitable coplanar relation with
      the actual position of the line 35. This relation can be accomplished by
      using the height gauges 110 to adjust as may be required after the partial
      expansion of the carcass the respective elevations of the support stands
      120 before placing the ring thereon. It will be apparent that radial space
      between the circumference of the partially expanded carcass and the inner
      surface of the belt must be provided to allow the ring and belt to move
      into the required coplanar relation, and further that the line 35 will
      then be inaccessible to direct view and measurement. Moreover, some
      additional movement of the carcass can occur during its further expansion
      toward contact with the belt. As a preferred alternative to the above
      step, we temporarily attach or adhere to the carcass, in at least
      approximate alignment with each of the support stands 120, a gauge strip
      S, as illustrated in FIG. 10. Each strip S is a straight length of thin
      metal about three-quarters inch in width having a zero mark placed at the
      line 35. Each gauge strap is so attached as to extend parallel to the axis
      32 beyond the respective upper and lower edges of the ring 50 and has a
      suitable alignment mark to which an edge of the ring can be registered
      visually. The ring 50 and the belt are then moved by the crane 60, first
      to align the axis 56 with the axis 100 then to place the ring on the
      support stands. The stands 120 can then be adjusted individually as
      required to register one, or both, edges of the ring with the alignment
      marks on the gauge strips when the carcass has been expanded almost to
      touch the belt.
PAR  The true mid-circumferential plane 58 of the belt B is thereby disposed in
      coplanar relation with the actual true position of the mid-circumferential
      line 35 of the carcass, independently of the previously discussed
      reference plane.
PAR  As may be seen in FIG. 12, the carcass C is then further expanded into
      adherent contact with the breaker-belt B while the core ends 72 and 73 are
      moved equally closer toward each other and toward the mid-circumferential
      plane 58. The gauge strips S can then be easily removed. When the carcass
      and the belt and adhered to each other, the flexible connectors 63b are
      attached to three of the lifting fingers 63 and to the eyes 50d to lift
      the ring vertically from the assembled carcass and belt. The ring liner 52
      remains adhered to the belt while the ring 50 is being removed. The
      belting forming the liner 52 can then easily be peeled from the assembled
      breaker-belt and carcass, and subsequently be replaced in the ring for
      reuse.
PAR  FIG. 13 illustrates a further stage in which the core ends 72,73 and the
      bead mold rings 75,77 fixed respectively thereon are moved closer together
      to their final, axially spaced, relation wherein the beads 33,33' of the
      carcass are spaced apart by the distance therebetween at which the tire is
      to be cured. Then the core ends are locked to one another rigidly fixing
      such distance.
PAR  The cooperation of the vertically adjustable support stands with the
      breaker belt ring 50 yields a further and important advantage in that the
      core inserter 80 can be less complex and expensive than the classic
      horizontal axis tire building apparatus. In the latter, complex and
      expensive mechanism is required for aligning a breaker belt and a carcass
      in reasonably accurate coaxial relation. In contrast, a core inserter
      oriented along a vertical axis according to the present invention can
      readily accommodate some tilting of the axis from the true vertical such
      that the mid-circumferential plane of the core and of the carcass may not
      be exactly level but by appropriate readily made adjustment of the support
      stands 120 to the actual mid-circumferential plane, the belt can be
      applied to the carcass in symmetrical alignment with the
      mid-circumferential plane of the carcass within limits at least as small
      as could be obtained by horizontal axis apparatus of comparable size. The
      core inserter of the invention, therefore, does not require closely fitted
      slide ways and the like to obtain very satisfactory accuracy in shaping
      the carcass and applying the breaker-belt.
PAR  Moving on to FIGS. 14 and 15, the now united carcass and belt with the core
      70 expanded and secured therein are next lifted as a unit from the core
      inserter 80 and lowered coaxially onto an arbor 140 which is accommodated
      in coaxial open bores in the core ends 72,73. The core, carcass and belt
      assembly, including the arbor are then turned from the axis-vertical to an
      axis-horizontal position aided by the tilting device 150. From the tilting
      device, the assembly on its arbor is transferred to a transfer truck 160
      in which the arbor is supported by the semi-cylindrical saddles 161 in
      which the arbor 140 is supported with the core between the two saddles.
PAR  The truck 160 is then moved to a tire rotating stand 170, which is located
      apart from the core inserter 80, in which stand the breaker-belt B and
      carcass C are rotated in stitching contact with conventional stitching
      mechanism (not shown) and further consolidated. The stitching mechanism is
      not, as in the prior art heretofore, associated immediately with the tire
      building drum on which assembly of carcass and breaker belt are performed.
PAR  After the breaker-belt has been consolidated with the carcass, the shaped
      and belted carcass is transported by the truck 160 to a further station
      (not shown) whereat a circumferentially endless tread is applied,
      preferably in the form of a continuing plurality of revolutions of a cord,
      ribbon, or flat band of tread compound wound continuously about the belted
      carcass to form the full depth of tread desired. After the tread applying
      operation, the tire is returned to the stand 170 and the so-applied tread
      is also stitched and consolidated to the belted carcass, after which the
      assembled uncured tire on the core is placed as a unit in a curing mold.
      It should be noted here that, as previously mentioned, the upper and lower
      bead mold rings 75,77 form parts of the mold in which the uncured tire is
      placed and which mold then is subjected to heat and to internal pressure
      for molding and curing the tire. The gas pressure introduced into the core
      70 during the initial shaping of the carcass is not decreased therein
      throughout the operations following the first introduction of pressure
      into the carcass.
PAR  After the tread has been applied to the belted carcass and before the
      uncured tire is placed in a mold for curing, the assembled carcass, core,
      and arbor are slowly rotated, at about one revolution per minute to avoid
      radial distortion of the uncured tire which can otherwise result from the
      weight of the tread applied to the carcass. The saddles 161 of the truck
      160 provide bearing support for rotation of the arbor 140.
PAR  After the in-mold curing of the tire has been accomplished, the tire with
      the core 70 remaining (see FIG. 17) therein is removed from the mold and
      carried back to the core inserter 80 and placed upon a parallel pair of
      beams 182 placed across the pit 95 to support the tire. The upper and
      lower core ends 72,73 73 are disengaged from each other. The lower core
      end 73 is again secured to the platen 84 and the upper core end 72 is
      again secured to the shaft 85 by the spider 107 and the pressure retaining
      dome 105 is reaffixed, whereupon the core ends 72,73 are moved away from
      each other which movement operates to withdraw the sleeve 71 from the
      tire.
PAR  As seen in FIG. 18, after the core ends have been moved apart to the
      maximum extent and the sleeve extended therebetween to assume its minimum
      diameter, the core 70 is lowered into the pit 95 to the position
      illustrated in FIG. 19 whereupon the boom 61 may be swung over the pit and
      lowered to pick up the tire and to carry it away from the inserter. The
      boom is then ready to return with a first-stage uncured carcass C to
      repeat the sequence of operations described.
PAC  Apparatus
PAR  The invention further includes apparatus about to be described which is
      particularly suited to the practice of the method hereinbefore described.
PAC  Breaker-Belt Assembly, Transport, and Applying Means
PAR  The ring 50 shown but schematically in FIG. 3 is illustrated in greater
      detail in FIG. 20. This ring serves as a building form providing means for
      building a breaker belt from a plurality of plies in a conventional
      manner. In accordance with the invention, the belt buiding ring 50 is
      provided with means which cooperate to serve also for handling the
      breaker-belt, particularly for turning the belt from an axis-horizontal
      position as built to an axis-vertical position, and for transporting the
      belt. The ring serves further for positioning the breaker-belt relative to
      the carcass and for applying the breaker-belt to the carcass as the latter
      is expanded, which operations have been described hereinabove.
PAR  The ring 50 comprises an arcuate steel plate formed as a cylinder. The
      respective ends of the plate are clamped together to form the complete
      cylindrical ring or released by a pair of turnbuckle clamps 51 or the
      like.
PAR  In constrast to belt-transferring devices of the prior art, the ring 50 is,
      in the present embodiment, an endless ring not subject to radial
      enlargement during the practice of the invention. We have found, however,
      that by providing a single cylindrical plate with a separation or parting
      line 55 which is held closed in rigid endless form during use, a further
      advantage can be obtained. The opposing ends of the plate can be separated
      sufficiently to accommodate an extension plate 50x which is inserted and
      held fixedly to the opposing ends of the cylindrical plate so as to
      enlarge the circumference of the ring 50 as much as about 6 inches and
      thereby economically accommodate minor differences in the belt
      circumferences of different tires without altering the rigid endless
      character of the ring 50 while assembling any single tire.
PAR  The ends of the plate are retained in alignment by slidable links 53
      attached to one end of the plate to extend across the parting line 55 into
      engagement respectively with a pair of slides 57 attached to the matching
      other end of the plate. For lifting the ring 50 to and from its position
      surrounding the carcass, flexible connectors, such as the short, and
      equal, lengths of chain 63b, are removably attached to the crane arms 65
      adjacent the fingers 63. Each chain 63b has a hook engageable in a
      respective one of the lifting eyes 50d secured on the ring 50. Although
      equivalent means of connecting the ring 50 to the boom 61 may be readily
      apparent to persons skilled in the art, we have found the use of the
      chains 63b to be quick and simple. To position the ring and the
      breaker-belt therein in a coplanar relation with the mid-circumferential
      line on the carcass, three support lugs 59 are fixed on the ring at three
      equal angular intervals about the axis. Each of the lugs has a surface 59a
      located in precise parallel relation with the mid-circumferential plane of
      the ring with which the breaker-belt has been aligned. In the present
      embodiment the surfaces 59a are provided by the flat ends of the
      cylindrical bores in the respective lugs. The cylindrical wall 59b of the
      bore protects the surface 59a against damage and provides a secure
      engagement with the support stand 120 which will be described presently.
      It will be evident that other support surfaces for engagement with support
      stands could be provided and it will further be evident that the support
      surfaces can as well be parallel to but offset from the
      mid-circumferential plane of the ring as well as coplanar therewith.
PAR  To facilitate release of the breaker-belt and ring from each other, the
      ring liner 52, previously referred to, is provided by a flexible strip or
      strips of conveyor belting attached to the inner cylindrical surface of
      the ring in any convenient manner. In the present embodiment the strips
      extend the full circumference of the ring so that the open ends meet but
      do not overlap.
PAC  Carcass Lifting Means
PAR  Turning now to FIG. 21, the carcass lifting means, the functions of which
      have been made apparent throughout the successive stages of the method
      already described, is illustrated more completely in FIG. 21. While the
      functions described can be accomplished by alternative means, for example,
      by suitably equipped gantry crane or the like, in the present embodiment,
      the preferred lifting means is provided by the jib crane 60 which includes
      the vertical column 60a mounted for rotation about its own vertical axis
      on a base 60b fixed to the operating floor 90 adjacent to the pit 95. A
      traveler 60c mounted for vertical movement up and down the column 60a
      carries the boom 61 which extends radially outwardly of the column. In its
      radially outward end 61a, the boom supports a center post 61b in line
      vertically with the lifting axis 62. A spreader 64 comprising beams 64a
      extending at equal angular intervals radially of the lifting axis are
      fixed to and carried by the center post 61b. One of the carcass supporting
      arms 65 is mounted on each of the beams 64a to move radially inwardly and
      outwardly of the lifting axis. A lifting finger 63, fixed on each of the
      arms 65, is shaped suitably to engage the upper bead portion 33 of the
      carcass C. These fingers can be removed from the arms 65 or interchanged
      with fingers particularly adapted for carcasses of other dimensions as the
      need arises. The arms 65 can also be employed to support a first-stage
      carcass by engaging the axially intermediate and radially outward surface
      of the carcass rather than within the upper bead of such carcass.
PAR  A scroll 66 is mounted rotatably coaxially of the center post 61b
      immediately above the spreader beams 64a and has a plurality of spiral
      grooves each of which accommodates a cam follower (not visible in the
      figure) associated respectively with one of the arms 65 such that rotation
      of the scroll controls the radial movement of the arms toward and away
      from the axis 62. The scroll, spiral grooves, and cam followers, are of
      well-known construction, hence the details thereof, not being within the
      scope of the invention claimed, are not further described.
PAR  The major movements of the boom 61 upward and downward along the column 60a
      are effected by a major lift drive including a chain 60d which passes at
      its upper end about a sprocket 60e driven by a drive 60f  fixed at the
      upper end of the column. The chain extends downward about an idler
      sprocket 60b fixed near the lower end of the column. The respective ends
      of the chain are joined to the traveler 60c. In addition to the major lift
      drive, an inching or vernier drive 61c is mounted on the boom 61 to
      facilitate the precise vertical location of the lift fingers 63. Screw
      threads on the upper end of the post 61a engage a rotatable nut 61d held
      in its axial position on a thrust bearing (not shown). The nut 61d is
      rotated relatively of the post 61b by the vernier drive 61c to raise or
      lower the center post 61b and thereby the arms 65 and fingers 63 to effect
      minor adjustments of the vertical elevation of the fingers.
PAR  The column is rotated by a drive 66 and is controlled to locate the lifting
      axis 62 in alignment with the axis 100 of the core inserter 80, about to
      be described in greater detail, by conventional means well understood in
      the arts.
PAR  Vertical movement of the boom 61 relative to the column 60a is controlled
      by conventional limit switches.
PAC  Carcass Shaping and Tire Curing Core
PAR  The core 70 itself as illustrated in FIG. 21 comprises a radially
      expansible elastomeric sleeve 71 the axial ends 71a ,71b of which are
      fluidly tightly connected respectively to a rigid upper core end 72 and a
      rigid lower core end 73 which latter is removably secured coaxially on the
      platen 84 of the core inserter 80, presently to be more fully described.
      The lower core end includes the integral lower bead mold ring 77. The
      upper core end 72 is provided with a seat 72a on which is removably
      affixed the upper bead mold ring 75 which can be removed to permit the
      upper core end 72 to pass axially through the open center of the
      first-stage carcass after which the bead ring 75 can be secured on the
      core end 72. An open cylindrical bore 78 extends through each of the core
      ends to accommodate the central shaft 85 as well as an arbor 140, on which
      the core 70 and uncured belted carcass can be mounted. The further details
      of the core 70 are conventional and not within the scope of the present
      invention, hence do not appear to require further description.
PAC  Core Inserting Means
PAR  The core inserting means provided by the core inserter 80 in the
      illustrative embodiment of the present invention is shown in FIGS. 22 and
      23. Movements of the core inserter 80 have been discussed in connection
      with the stages of the method set forth hereinabove. The core inserter
      comprises a rigid elevator 82 mounted for straight line movement
      vertically up and down. The structure 82 is provided with downwardly
      extending stabilizing legs 82a rigidly secured to the elevator. Each of
      the legs carries a wheel 82b which rolls on a vertical rail 96 rigidly
      mounted on a vertical wall 97 of the pit 95 in which the inserter is
      housed. An upwardly extending yoke 86a secured integrally to the elevator
      82 is connected to the elevating ram 86 permitting the elevator 82 to move
      downwardly below the upper end 87a of the elevating cylinder 87. The
      elevator is raised and lowered by the ram 86 in the hydraulic elevating
      cylinder 87 which is fixed on and extends vertically upward from the floor
      98 of the pit 95. In the present embodiment a pair of such cylinders 87
      are disposed equally and oppositely relatively of the vertical axis 100,
      as shown in FIG. 22. A pair of shaping cylinders 88 are rigidly fixed to
      the structure 82 for movement upwardly and downwardly together therewith.
      The two shaping cylinders 88 are also disposed equally and oppositely
      relatively of the vertical axis 100 as shown in FIG. 22. Each of the
      shaping cylinders 88 contains a ram 89 which is fixed at its upper end to
      the platen 84 to which the lower core end 73 is removably attached. The
      shaping cylinders are each supported in a saddle 88a secured integrally to
      the elevator 82. The vertical center shaft 85 extends slidably through the
      platen 84. A spider 107 removably secured to the shaft upper end by a
      C-ring is locked to and released from the upper core end by a conventional
      serrated ring lock. The lower end portion 85a of the center shaft 85 has a
      plurality of gear racks 85b fixed on or made integral therewith. The racks
      85b extend vertically parallel to the axis 100. Each of the racks 85b is
      in meshing engagement with a pinion 83 mounted for rotation about a pinion
      axis 83a fixed in the elevator in a plane normal to the vertical axis 100.
      Fixed to the platen 84 and extending downwardly therefrom parallel to the
      axis 100 are a plurality of racks 84a each of which is held in meshing
      engagement with one of the pinions 83 by a backing roller 84b mounted in
      the elevator for rotation about an axis parallel to and suitably spaced
      from the respective pinion axis 83a so that the roller bears rollably on
      the plain back surface 84c of the rack. It will be seen in FIG. 23 that as
      the rams 89 of the shaping cylinders 88 are extended to move the platen 84
      upwardly the racks 84a move upwardly therewith and cause rotation of the
      respective pinions 83 which in turn exert downward force on the center
      shaft 85 by virtue of the engagement of the pinions 83 with the racks 85b
      on that shaft. In this way, the upward movement of the platen 84 is
      accompanied by an equal and opposite downward movement of the upper core
      end 72. In like manner, downward movement of the platen 84 as the rams 89
      retract results in equal and opposite upward movement of the upper core
      end 72. Both of the described shaping movements are independent of the
      position of the elevator 82 which is itself raised or lowered by the
      elevator rams 86.
PAC  Support Stands
PAR  The support stands 120 shown schematically in FIGS. 5 and 11-13 are
      illustrated in greater detail in FIG. 24. The plurality of support stands
      120, preferably three, are equally spaced about the axis 100. Since these
      support stands are identical, a description of one will suffice for all
      three. Each stand comprises a hollow post 121 extending upwardly from the
      floor 90. An elevating screw 122 is disposed telescopically within the
      post and extends upwardly, being engaged in an internally screw-threaded
      worm wheel 123. The worm wheel is carried on a thrust bearing 124 on the
      upper end of the post. A hand-wheel shaft 125 mounted in a suitable
      bracket fixed on the post carries a worm 125a which meshes with the worm
      wheel 123. The worm 125a is turned by the hand-wheel 125b to rotate the
      worm wheel which moves the screw 122 upward or downward in the post 121. A
      hollow support beam 126 is fixed horizontally on a swivel housing 126a
      mounted on the upper end of the screw 122, the beam 126 extending as a
      cantilever outwardly therefrom. A beam extension 126b slidable within the
      hollow beam 126 can be extended toward the axis 100 manually or moved into
      the hollow beam away from the axis as required in the operation described.
      The distal end of the extendable and retractable beam extension 126b
      carries the support surface 126c on which the respective surface 59a of a
      lug 59 of the ring 50 are placed to position the ring in the
      above-described coplanar relation with the mid-circumferential line 35 of
      the carcass C. As has been mentioned, the support stand 120 also carries a
      height gauge 110 by which the true actual position of the
      mid-circumferential plane of the carcass C is determined. The height
      gauge, illustrated by a light beam projector, is mounted on the housing
      126a in adjustably fixed relation to the support surface 126c so that by
      vertical adjustment of the screw 122 the projected light beam or
      equivalent height gauge can be aligned with the mid-circumferential plane
      of the core 70 or of the carcass C as has been described hereinbefore. In
      this manner, the support surface 126c of each beam 126 defines one point
      of a plane parallel to or coplanar with the desired midcircumferential
      plane and the three support stands together cooperate to place the ring 50
      and belt B in the desired plane, as has been described.
PAR  Means for adjusting the position of each of the stands radially of the axis
      to accommodate larger or smaller diameter tires as is also shown in FIG.
      24 can be provided if desired.
PAC  Truck and Stitching Arrangement
PAR  Turning to FIG. 25, apparatus for the practice of the method described
      includes the truck 160 adapted to transport the uncured belted carcass or
      the tire and the core as well as to enable rotation of the tire and core
      assembly about the axis 32. in addition to a conventional truck frame 162
      and wheels 163 thereon, a pair of uprights 164 fixed on the frame support
      the pair of saddles 161 previously described, which are half bearings on
      which the arbor 140 previously referred to can be supported for rotation
      about the tire axis. The truck, as has been mentioned, serves to transport
      the core with the carcass and belt assembly thereon, to a conventional
      stitching mechanism located apart from the tire drum 30 and from the
      inserter where the carcass and belt have been assembled. The saddles 161
      are at such elevation, relative to the operating floor 90 that the tire
      axis 32 is supported a fraction of an inch below the rotation axis 171 of
      the headstock 172 and cooperating tailstock 173 of the tire rotating stand
      170.
PAR  A freely rotatable coned center 173a mounted on the tailstock non-rotating
      spindle 173b cooperates with a driving coned center 172a mounted
      corotatably on a hollow driving shaft 172b on the headstock not only to
      mount the core and tire thereon for rotation during stitching of the belt
      to the carcass, and later the tread to the belt and carcass, but also to
      lift the arbor 140 with the tire and core assembly the aforesaid small
      fraction of an inch, sufficient only to separate the arbor from the
      saddles 161. A push rod 174c mounted coaxially in the hollow shaft 172b
      connects the driving center 172a with the piston 174a of a power cylinder
      174b mounted at the distal end of the shaft and which is operable to move
      the driving center 172a toward and away from the tailstock 173. The arbor
      140 has coned centers 140a formed coaxially and in each of its ends, into
      which the headstock and tailstock centers can be first freely entered and
      then, by additional fluid pressure in the cylinder 174b, forced into full
      engagement with the arbor thereby lifting the arbor with the core and tire
      thereon into coaxial alignment with the rotation axis 171. A drive motor
      176 in the headstock is connected, by the chain 176a and sprockets 176b,
      176c to the shaft 172b to rotate the tire at a speed or speeds suitable
      for stitching the belt and/or the tread.
PAR  To adjust the location of the mid-circumferential plane of the belted
      carcass, the tailstock spindle 173b is slidable in the tailstock tube 173c
      and is moved axially by a screw 173d engaged with internal threads formed
      coaxially within the spindle. The screw extends outwardly from the tube
      and is supported for rotation but axially fixed in the tube. A drive chain
      173f connects the screw drivably with an air motor 177 fixed on the
      tailstock frame 178. The motor and screw can move the core and arbor
      toward or away from the headstock 172 while the piston 174a maintains
      thrust axially on the arbor.
PAR  When the stitching has been completed, the center 172a is moved axially
      away from the arbor so as to lower the arbor to rest again in the saddles.
PAR  To minimize radial distortion of the tire, particularly after a tread has
      been placed around the belt and carcass, it has been found advantageous to
      rotate the uncured tire slowly, for example, at about one revolution per
      minute, until the tire is transferred to a curing mold. The truck 160 and
      in particular the saddles 161 allow the tire to be so rotated by any
      suitable motor drivingly connected to the arbor 140.
PAR  By assembling a tire of the class described while the axes of the carcass,
      of the breaker-belt, and of the tire shaping and curing core, are vertical
      and coincident, the weight of the uncured tire acts parallel to and
      generally in line with the common axis so that any sag or distortion of
      such a tire has no harmful effect on the radial uniformity of the tire
      about its operating axis. This is contrary to the classic method of
      assembling tires about a horizontal axis.
PAR  By locating the mid-circumferential plane of the breaker-belt variably to
      suit the actual position of the mid-circumferential plane of the carcass
      just prior to uniting the belt and carcass, thus compensating for the
      somewhat unpredictable vertical sag or deformation due to the weight of
      the carcass, and of the shaping-curing bladder if used, the accuracy of
      the position of the breaker-belt relative to the mid-circumferential plane
      of the tire can be improved. Again, this is contrary to the classic
      procedure in building tires about a horizontal axis, in which no
      compensation for angular misalignment has been provided by the prior art.
PAR  By shaping the tire from its cylindrical to its toroidal shape and applying
      an inextensible breaker-belt on a curing core having a central open
      coaxial bore isolated from the tire cavity, less time and effort are
      expended in subsequent operations and quality is improved.
PAR  Capital expenditure for equipment is made less than heretofore incurred by
      utilizing apparatus capable both: of shaping a carcass and applying an
      inextensible breaker belt; and of mounting and dismounting the uncured
      carcass and tire on and from a curing core; as contrasted with the prior
      art practice of providing, for smaller tires than tires of the class
      described, one apparatus for shaping and applying a breaker to a carcass,
      and other apparatus for mounting and dismounting a tire on and from a
      curing bag or bladder. THis advantage is particularly enhanced in
      providing for manufacture of tires of the class described.
PAR  It is no longer required to dismount and remount a partially completed tire
      on successive different building or shaping forms, yielding an advantage
      in both accuracy and in cost of manufacturing. Additionally, by shaping
      the carcass initially with air, or preferably an inert gas, and
      maintaining such pressure within the core throughout the building process,
      less undesirable deformation of the carcass occurs during its manufacture.
PAR  While the foregoing description relates, as to utility, primarily to radial
      ply tires, neither the practice of the invention nor the subject matter
      expressed in the claims are intended in any way to exclude any tire of the
      class described as large and having a breaker-belt in or beneath the
      tread.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making a tire of the class described comprising:
PA1  building in cylindrical form about a horizontal axis a carcass including at
      least one tire carcass reinforcing ply and axially spaced apart tire beads
      enfolded in the respective ends of such ply;
PA1  building apart from said carcass a circumferentially endless tire
      breaker-belt;
PA1  unpending said carcass and said belt by rotating their respective axes from
      horizontal to vertical;
PA1  supporting said carcass in a vertical orientation about a vertical axis
      only by elastically expandable means engaging the interior surface thereof
      in a circumferential zone spaced axially inward of the beads and extending
      axially across the mid-circumferential plane of the carcass;
PA1  establishing a support plane parallel to the actual mid-circumferential
      plane of the so-supported carcass by positioning three support surfaces
      located at about equal angular intervals around and spaced radially
      outwardly of the carcass, each support surface being adjustable
      independently of the others of said support surfaces in directions
      parallel to said vertical axis;
PA1  then disposing said breaker-belt about and in radially spaced
      non-contacting relation to said carcass with the mid-circumferential plane
      of said breaker-belt parallel to said support plane;
PA1  moving said beads vertically equally and oppositely toward each other while
      expanding said carcass circumferentially into adherent contact with said
      breaker-belt;
PA1  thereafter applying about said breaker-belt and carcass a circumferentially
      endless tread and curing the tire.
NUM  2.
PAR  2. The method of making a tire as claimed in claim 1, wherein said
      breaker-belt is assembled, transported, and disposed about said carcass
      while in a rigid cylindrical ring.
NUM  3.
PAR  3. The method of making a tire as claimed in claim 2, and while moving said
      beads toward each other, deploying a tire-shaping a curing core in said
      carcass, and while so deploying said core urging a bead molding ring
      against the axially exterior surface of each respectively associated bead.
NUM  4.
PAR  4. The method as claimed in claim 2, and before applying said tread to said
      carcass, rotating the axis of said carcass from vertical to horizontal
      orientation and transporting said carcass to tire rotation means situated
      apart from the site whereat the carcass and breaker-belt are united for
      consolidating said breaker-belt and said carcass.
NUM  5.
PAR  5. The method as claimed in claim 2, and after rotating said carcass and
      its axis from horizontal to vertical and before disposing said
      breaker-belt about said carcass, supporting said carcass against axial and
      radial deformation by fluid pressure exerted radially and axially
      symmetrically upward on the then upper bead and the portion of the carcass
      immediately adjacent said upper bead.
NUM  6.
PAR  6. The method of making a tire of the class described comprising:
PA1  building in cylindrical form about a horizontal axis a carcass including at
      least one tire carcass reinforcing ply and axially spaced apart tire beads
      enfolded in the respective ends of such ply;
PA1  building apart from said carcass a circumferentially endless tire
      breaker-belt;
PA1  rotating said carcass and its axis from horizontal to vertical orientation;
PA1  suspending said carcass in vertical orientation and while so suspending the
      carcass moving a pair of curing core rigid ends upwardly coaxially of the
      carcass to position said ends respectively above and below the beads of
      said carcass, and then applying said breaker belt to said carcass.
NUM  7.
PAR  7. Apparatus for making a tire of the class described comprising:
PA1  core inserting means having a vertical central axis extending
      perpendicularly above and below an operating floor including:
PA1  a rigid elevator mounted for straight line movement vertically up and down
      along said axis;
PA1  a pair of hydraulic elevating cylinders for moving said elevator;
PA1  a platen;
PA1  a pair of shaping cylinders fixed on said elevator, each cylinder having a
      ram therein extendable and retractable parallel to said axis, said rams
      being fixed to said platen;
PA1  a shaping and curing core having an upper and a lower core end and a
      vertical central shaft, said upper core end being removably affixed to
      said shaft for movement therewith along said axis, said lower core end
      being removably affixed to said platen;
PA1  at least one pinion mounted rotatably about a pinion axis fixed on said
      elevator, said pinion axis lying in a plane normal to said vertical axis;
PA1  at least one rack mounted on and extending parallel to said shaft in
      meshing engagement with said pinion;
PA1  and at least one other rack fixed on and extending downwardly of said
      platen parallel to said vertical axis and in meshing engagement with said
      pinion, whereby said upper and said lower core end are respectively
      movable equally and oppositely toward and away from each other coaxially
      of said vertical axis in response to extension and retraction of the rams
      in said shaping cylinders.
NUM  8.
PAR  8. The apparatus as claimed in claim 7, further comprising carcass lifting
      means having swingable boom, a vertical lifting axis and including a
      plurality of vertically extending arms and carcass engaging members
      mounted on said boom for movement uniformly toward and away from the
      lifting axis for grasping and for releasing a tire carcass;
PA1  a support column;
PA1  traversing means for swinging said lifting means arcuately about said
      column for traversing said lifting means horizontally between a carcass
      pickup position and a carcass suspending position whereat said lifting
      axis and said vertical axis are collinear;
PA1  primary lifting drive means for raising said boom;
PA1  and inching means for adjusting the vertical position of said carcass
      engaging members and a carcass grasped thereby relative said boom.
NUM  9.
PAR  9. The apparatus as claimed in claim 7, including at least three vertical
      support stands disposed on said operating floor radially of and spaced
      angularly about said vertical axis each having a support surface for
      supporting a breaker belt relative to a carcass, each of said stands being
      vertically adjustable independently of the others of said stands.
NUM  10.
PAR  10. The apparatus as claimed in claim 9, including height gauge means
      carried respectively by each of said stands and cooperable to align the
      respective support surfaces of said stands in a common plane parallel to
      the mid-circumferential plane of a carcass supported by said carcass
      shaping means.
NUM  11.
PAR  11. The apparatus as claimed in claim 10, including breaker-belt assembly,
      transport, and support means comprising in combination a rigid cylindrical
      ring, a plurality of support engaging elements fixed on said ring and each
      engageable with a respectively associated one of said support stands to
      position said ring in coplanar relation with the actual
      mid-circumferential plane of a carcass supported on said carcass shaping
      means independently of the respective positions of said upper and said
      lower core ends.
NUM  12.
PAR  12. Apparatus as claimed in claim 7, said tire shaping and curing core
      having a pair of bead mold rings disposed coaxially thereon for molding in
      a tire mold the axially outward surface of the respective tire bead, one
      of said bead mold rings being removably fixed on the respectively
      associated shaping and curing core end.
NUM  13.
PAR  13. Apparatus as claimed in claim 12, including a tubular elastomeric,
      expansible carcass shaping and tire curing sleeve having its respective
      axial ends each secured fluid tightly to the respectively associated core
      rigid end.
NUM  14.
PAR  14. Apparatus as claimed in claim 12, each said core end having a coaxial
      bore open therethrough, and locking means cooperable for locking each said
      end coaxially fluid tightly to the other said end.
NUM  15.
PAR  15. Apparatus as claimed in claim 7, including a pit extending downwardly
      from said operating floor, vertical walls defining said pit and supporting
      a plurality of vertical rails, a plurality of flanged wheels mounted on
      said elevator and rollably engaging the respective rails, said elevating
      cylinders being operable to lower said core completely below said
      operating floor and to raise same to a working height above said floor.
NUM  16.
PAR  16. Tire building apparatus for rotating an uncured tire carcass about an
      axis, comprising:
PA1  a tire rotating stand having a headstock and a driving tailstock spindle
      having a drivable center cone mounted in the headstock and a tailstock
      spindle having a freely rotatable center cone mounted in the tailstock the
      center cones being coaxial with each other on a horizontal axis at a first
      elevation;
PA1  an arbor having internal cones in each of its ends respectively conjugate
      with the drivable center cone and the freely rotatable cone;
PA1  a wheeled truck having a pair of half-bearing saddles for rotatably
      supporting said arbor about a horizontal rotatable axis at a second
      elevation spaced less than one inch below the first elevation;
PA1  a tire shaping and curing core corotatably mounted on said arbor;
PA1  an air cylinder coaxially and corotatably mounted on said driving spindle;
PA1  a piston rod disposed in said cylinder and connected to said drivable
      center cone for moving same axially of the driving spindle;
PA1  motor means drivably connected to the driving spindle to rotate the same, a
      screw coaxial in the tailstock spindle and drivingly connected to said
      freely rotatable center zone to move same coaxially of the tailstock
      spindle;
PA1  the cylinder and piston being operable to urge said center cones to enter
      into the internal cones of the arbor to raise the axis of the same from
      the second to the first elevation;
PA1  and a motor connected to the screw operable to move the arbor toward and
      away from the headstock while the arbor is supported only by the center
      cones.
NUM  17.
PAR  17. The method of making a tire of the class described comprising:
PA1  building in cylindrical form about a horizontal axis a carcass including at
      least one tire carcass reinforcing ply and axially spaced apart tire beads
      enfolded in the respective ends of such ply;
PA1  building, apart from said carcass, a circumferentially endless tire
      breaker-belt;
PA1  upending said carcass and its axis from horizontal to vertical position;
PA1  disposing said breaker-belt about said carcass in said vertical position
      about a common vertical axis and in radially spaced, non-contacting
      relation with the carcass while positioning the mid-circumferential line
      of said carcass and the midcircumferential plane of said breaker-belt in
      coplanar relation independently of means supporting the carcass;
PA1  and while supporting said carcass in said vertical position by lifting
      means and before disposing said breaker-belt about said carcass, engaging
      with each other the interior surface of said carcass and elastically
      expandable means and then disengaging said lifting means to support said
      carcass only by said elastically expandable means engaging the interior
      surface thereof in a circumferential zone axially inward of the beads and
      extending axially across the circumferential plane of the carcass;
PA1  moving said beads vertically equally and oppositely toward each other while
      expanding said carcass circumferentially into adherent contact with said
      breaker-belt;
PA1  continuing to move said beads toward each other to a dimension measured
      parallel to said axis equal to the axial dimension between said beads at
      which said tire is to be cured;
PA1  and holding said beads positively fixed at said dimension and thereafter
      applying about said breaker-belt and carcass a circumferentially endless
      tread and curing the tire.
NUM  18.
PAR  18. The method of making a tire of the class described comprising:
PA1  building in cylindrical form about a horizontal axis a carcass including at
      least one tire carcass reinforcing ply and axially spaced apart tire beads
      enfolded in the respective ends of such ply;
PA1  building, apart from said carcass, a circumferentially endless tire
      breaker-belt;
PA1  upending said carcass and its axis from horizontal to vertical position;
PA1  disposing said breaker-belt about said carcass in said vertical position
      about a common vertical axis and in radially spaced, non-contacting
      relation with the carcass while positioning the mid-circumferential line
      of said carcass and the midcircumferential plane of said breaker-belt in
      coplanar relation independently of means supporting the carcass;
PA1  moving said beads vertically equally and oppositely toward each other,
      deploying a tire shaping and curing core in said carcass while expanding
      said carcass circumferentially into adherent contact with said breaker
      belt before and while engaging upper and lower bead mold rings against the
      axially exterior surface of the respectively associated beads;
PA1  moving said beads vertically equally and oppositely toward each other while
      expanding said carcass circumferentially into adherent contact with said
      breaker-belt;
PA1  continuing to move said beads toward each other to a dimension measured
      parallel to said axis equal to the axial dimension between said beads at
      which said tire is to be cured;
PA1  and holding said beads positively fixed at said dimension and thereafter
      applying about said breaker-belt and carcass a circumferentially endless
      tread and curing the tire.
PATN
WKU  039458679
SRC  5
APN  4040953
APT  1
ART  161
APD  19731105
TTL  Plastic hose making method
ISD  19760323
NCL  24
ECL  1
EXP  Whitby; Edward G.
NDR  1
NFG  9
INVT
NAM  Heller, Jr.; William C.
CTY  Milwaukee
STA  WI
INVT
NAM  Leatherman; Alfred F.
CTY  Columbus
STA  OH
ASSG
NAM  Heller, Jr.; William C.
CTY  Milwaukee
STA  WI
COD  04
CLAS
OCL  156143
XCL  138123
XCL  138125
XCL  138141
XCL  138145
XCL  156149
XCL  156172
XCL  156244
XCL  156272
XCL  428 36
EDF  2
ICL  B31C 1300
FSC  156
FSS  143;144;149;272;166;172;187;188;190;244;272
FSC  138
FSS  118;123;124;125;126;127;141;145;146
UREF
PNO  3248272
ISD  19660400
NAM  Sawada
OCL  156143
UREF
PNO  3253618
ISD  19660500
NAM  Cook
OCL  156149
UREF
PNO  3253619
ISD  19660500
NAM  Cook et al.
OCL  156149
UREF
PNO  3296047
ISD  19670100
NAM  Parr
OCL  156143
UREF
PNO  3370115
ISD  19680200
NAM  Wood
OCL  156287
UREF
PNO  3574031
ISD  19710400
NAM  Heller et al.
OCL  156313
UREF
PNO  3603350
ISD  19710900
NAM  Monroe
OCL  156149
UREF
PNO  3620875
ISD  19711100
NAM  Guglielmo et al.
OCL  156272
UREF
PNO  3755032
ISD  19730800
NAM  Higbee
OCL  156143
UREF
PNO  3776794
ISD  19731200
NAM  Ingham
OCL  156149
UREF
PNO  3791898
ISD  19740200
NAM  Remi
OCL  156188
LREP
FRM  Andrus, Sceales, Starke & Sawall
ABST
PAL  A hose includes a hollow plastic core having an indirectly heatable agent
      bonded to the exterior thereof by a heat seal. A reinforcing net is
      embedded in the agent when heated and the composite structure covered with
      a coating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of making a tubular article, such
      as a hose, incorporating a cylindrical, braided, reinforcing means. The
      present invention also contemplates the provision of a tubular article so
      formed.
PAR  2. Description of the Prior Art
PAR  Flexible plastic hose has come into wide usage because of its ruggedness,
      resistance to deterioration, suitability for a wide variety of fluids, and
      other desirable properties. These uses range from sanitary applications in
      the food and drug industry to hydraulic and pneumatic applications, as in
      braking and other control systems. The latter may involve internal
      pressure of considerable magnitude, for example 500 psi working pressures
      and 2,000 psi burst strengths, or more. In order to provide light weight
      while at the same time providing the necessary strength to resist the
      circumferential and longitudinal forces exerted on the hose, reinforcement
      in the form of a surrounding tubular net is utilized.
PAR  A typical plastic hose includes an inner tubular core. Nylon is often used
      for this purpose because of its inertness, chemical properties, strength,
      and for other reasons. The reinforcing net is placed around the core and
      the composite structure coated with a plastic having abrasion resistance,
      coloration, and similar properties.
PAR  At present, many types of hoses constructed in accordance with the
      foregoing technique are prone to kinking and rippling when bent. When the
      hose is cut, the reinforcing net is subject to fraying and/or unraveling.
PAR  These defects are traceable to the lack of adequate adherence of the net
      and coating to the nylon core of the hose. While adhesion of the net to
      the core would overcome these defects, the lubricous properties which
      render nylon so suitable as a hose core material also make it difficult to
      join the net and coating to the core, as by glue or adhesives.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It is, therefore, the object of the present invention to provide an
      approved plastic hose making method, and article formed thereby, which
      secures the net to the core in an improved manner thereby overcoming the
      shortcomings noted above.
PAR  The present invention contemplates a plastic hose having an indirectly
      heatable bonding agent about the exterior of the core. The bonding agent
      is selected to be heat sealable to the core and to be thermally
      deformable. The reinforcing net is positioned around the bonding agent.
      Heat is generated in the bonding agent and the resulting heat induced
      deformation of the agent brings the agent and net into locking engagement,
      as by partially embedding the net in the agent. The core-net assembly may
      then be coated. The technique of the present invention thus employs
      mechanical joinder of the net to the agent and bonding joinder of the
      agent to the core. The mechanical engagement of the net and agent not only
      eliminates the kinking and fraying heretofore experienced, but also
      provides a smoother surface for the exterior coating of the pipe, through
      the partial embedment of the net in the agent. This reduces abrasion and
      wear.
PAR  Preferably, the necessary heat is provided by dispersing in the agent a
      particulate susceptor, heatable upon exposure to a selected form of
      indirectly applied energy, for example, a high frequency magnetic or
      electric field. Such susceptors may comprise inductively heatable metallic
      oxides. such as an iron oxide, or dielectrically heatable compounds, such
      as polyvinyl chloride.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a plastic hose of the type to which the
      present invention pertains.
PAR  FIG. 2 is a cross-sectional view of a plastic hose showing the prior art
      construction.
PAR  FIG. 3 is a cross-sectional view similar to that shown in FIG. 2 showing a
      plastic hose manufactured and constructed in accordance with the present
      invention.
PAR  FIGS. 4a through 4e show steps in the method of making the plastic hose of
      the present invention.
PAR  FIG. 5 shows an alternative step in the method for making the plastic hose
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to FIG. 1, there is shown therein plastic hose 10. Plastic hose
      10 includes hollow core 12. Surrounding core 12 is a reinforcing net 14.
      Net 14 is formed of a lattice of strands 16 capable of receiving tensile
      forces and thus serves to resist the circumferential and longitudinal
      forces exerted on plastic hose 10 by the presence and passage of fluids
      through core 12. Coating 18 is provided over core 12 and net 14.
PAR  A plastic hose of the foregoing type constructed in accordance with the
      prior art is shown in cross section in FIG. 2. As will be noted from the
      Figure, strands 16 of net 14 lie along the exterior surface of core 12.
      This positioning, along with the absence of a bond between strands 16 and
      core 12, causes the kinking and rippling upon bending and the fraying and
      unraveling upon cutting noted earlier.
PAR  FIG. 3, on the other hand, shows the improved plastic hose 10a of the
      present invention. Plastic hose 10a includes core 12. Core 12 may be
      formed of a variety of materials. Nylon, typically nylon 11, may be used
      because of its strength and resistance to the effects of oil and water.
      Ethylene vinyl acetate may be used for food applications, such as milk
      handling.
PAR  In plastic hose 10a indirectly heatable bonding agent 20 is heat sealed to
      the exterior of core 12. Strands 16 of net 14 are at least partially
      embedded in agent 20 obviating the shortcomings heretofore encountered in
      the use of plastic hose. As noted supra, attainment of the features of the
      present invention depends on the mechanical engagement of the agent and
      net produced by this embedment and the heat seal between the agent and the
      core.
PAR  The bonding properties of agent 20 may be selected by considering its
      joinder to core 12. As such, bonding agent 20 may be a material similar to
      core 12, for example, a nylon 11 bonding agent for a nylon 11 core or a
      different material, the important consideration being the heat sealability
      or fusibility of the bonding agent to the core. Net 14 may be formed of
      orientable polymer yarn, typically polyester or nylon, or other suitable
      material. Strands 16 of net 14 may be woven or braided or may comprise a
      plurality of parallel filaments as in a roving. Strands 16 may or may not
      intersect and may or may not be knotted at their intersections in forming
      net 14. With certain types of net and bonding agent materials, a greater
      or lesser amount of bonding may occur between these two elements but the
      primary coaction between the elements is the mechanical engagement noted
      above.
PAR  In order to provide this mechanical engagement the layer of bonding agent
      must be of appreciable thickness. While the exact thickness of the layer
      depends to some extent on the diameter of strands 16 and their material
      type, the layer of bonding agent is typically 5 to 10 mils (0.005-01 inch)
      thick. This is considerably in excess of adhesive coatings which tend to
      be less than 2 mils in thickness.
PAR  Another feature of the present invention is the manner in which the heating
      of bonding agent 20 is obtained. As can be appreciated, it is difficult to
      heat agent 20 with conventional means such as burners and heated platens
      and, at the same time, apply net 14. External heat also is likely to
      damage net 14.
PAR  The present invention therefore contemplates rendering the agent itself
      heatable upon exposure to a selected form of indirectly applied energy. By
      the term "indirectly applied" is meant that the energy is applied in the
      form of an electromagnetic field, for example, alternating magnetic or
      electric fields, rather than through the direct application of heat as by
      heated platens and the like. This may be accomplished by dispersing in
      agent 20 a particulate susceptor 22 heatable upon exposure to the
      indirectly applied energy, as shown in FIG. 3.
PAR  In the instance in which the indirect energy is applied in the form of an
      alternating magnetic field, susceptor material 22 may comprise an
      inductively heatable substance. Susceptors comprising, at least in part,
      non-conductive metallic oxides having ferromagnetic properties are
      suitable for use as an inductively heatable susceptor material. Ferrite
      materials may be used. The oxide compounds gamma Fe.sub.2 O.sub.3,
      Fe.sub.3 O.sub.4, and CrO.sub.2 have been found to be useful susceptor
      materials. In addition to their high heat generating properties by
      hysteresis losses, such compounds may be reduced to extremely small size.
      This size reduction is without loss of heat generating properties and
      facilitates the dispersion of susceptor 22 in agent 20. Metallic oxide
      susceptors may be reduced to submicron particle sizes, for example, 0.01
      microns. A typical maximum particle size is 20 microns.
PAR  In the instance in which the indirect energy is applied in the form of an
      alternating electric field, susceptor 22 may comprise a polar material
      heatable by dielectric losses. The polymers and copolymers of vinyl
      chloride, vinyl fluoride, vinylidene chloride, and vinylidene fluoride are
      suitable for use as dielectrically heatable susceptors. Polyvinyl chloride
      has been found useful.
PAR  Turning now to FIG. 4, typical steps in the process of making plastic hose
      10a are illustrated. A hollow plastic core 12 shown in FIG. 4A is provided
      by conventional methods. Bonding agent 20 containing dispersed susceptor
      particles 22 may be obtained by a plurality of methods. For example, the
      granulated thermoplastic material of agent 20 and the particulate
      susceptor material 22 may be dry mixed together in the desired quantities
      in preparation for application to core 12. Depending on the type of
      thermoplastic material comprising agent 22 and the degree of dispersion
      desired, it may be necessary to pass this admixture through an extruder,
      regranulate the once extruded composition and reextrude it, as for
      example, directly on to the core.
PAR  More specifically, the bonding agent may be coextruded on the exterior of
      core 12 as the core is formed or the bonding agent may be extruded on an
      already formed core. The bonding agent may be formed as a film and wrapped
      on the exterior of core 12 or applied in liquid form. Yet another
      alternative is applying bonding agent 20 to strands 16 so that the bonding
      agent is applied to the core as net 14 is formed. The efficiencies
      obtainable by the process of the present invention permit the use of
      relatively low particle loading, for example 3 to 10% (preferably 8 to
      10%) by weight with respect to the bonding agent 20.
PAR  Net 14 is then placed on the exterior of agent 20 as shown in FIG. 4C, by
      conventional means. Thereafter, core 12, agent 20, and net 14 are passed
      through induction heating coil 24. See FIG. 4D. Induction heating coil 24
      is energized by high frequency alternating current power supply 26 so as
      to generate a high frequency magnetic field in the interior of the coil. A
      frequency range for the magnetic field of from 0.4 to 6 megahertz has been
      found suitable although useful heat is also achieved at higher frequencies
      up to a typical maximum of 30 MHz for a conventional coil. The
      energization of coil 24 applies a high frequency magnetic field to agent
      20 which generates heat in susceptor particles 22 causing the agent to
      become heated and deformable so as to permit the embedment of strands 16
      in the exterior of the core and the heat sealing of agent 20 to core 12.
      The embedment may be accomplished by the exudation of the hot bonding
      agent through the openings in net 14, by the circumferential tension
      existing in strands 16 and by any thermoshrinking of strands 16 which may
      be present. A pressure means (not shown) may be applied to the exterior of
      agent 20.
PAR  The amount of time that agent 20 must be exposed to the magnetic field of
      coil 24 depends on the type of material utilized for agent 20, the
      concentration of susceptor material 22, the degree of embedment of strands
      16 desired, the strength and frequency of the magnetic field, and other
      factors. However, because of the efficiencies obtainable with the
      technique of the present invention, only a short period of time is
      normally required to obtain the necessary softening of the exterior of
      agent 20. Times less than one second are common. In the case in which
      plastic hose 10 is being continuously formed in a processing line, the
      exposure time may be regulated by the velocity at which the hose passes
      through heating coil 24.
PAR  After passing through induction heating coil 24, agent 20 having net 14
      embedded therein may be cooled by air blasts or the like. Agent 20 and net
      14 are then coated with coating 18 as by spray guns 28 or by some other
      means such as a coater, extruder, brushes, or the like. See FIG. 4E.
      Coating 18 may typically be urethane rubber. This completes the
      manufacture of plastic hose 10a. It will be appreciated that coating 18
      may be applied prior to heating bonding agent 20 if desired.
PAR  In the instance in which susceptor particles 22 are dielectrically
      heatable, a high frequency electric field may be formed between two
      plate-like electrodes 30 connected to high frequency generator 32, as
      shown in FIG. 5.
PAR  A typical embodiment of the invention comprises a hose having a nylon 11
      core. A concentric coextruded layer of nylon 11 bonding agent 10 mils
      thick and containing 10% by weight of gamma Fe.sub.2 O.sub.3 particles is
      provided over the core. The net is formed of polyester yarn. The outside
      diameter of the product is approximately 0.6 inches.
PAR  The induction heating coil utilized to treat the hose described above
      consisted of two parallel windings providing a total of 28 turns of 3/16
      inch insulated tubing. The axial length of the coil was 6 3/4 inches. The
      coil was energized by an induction heating generator operating at
      approximately 3.5 MHz with approximately 200 amperes of r - f current
      feeding each winding.
PAR  The velocity at which hose 10a passed through the coil was such as to
      expose a given point on the hose to the magnetic field of the coil for 0.6
      seconds. This exposure caused sufficient melting of the nylon bonding
      agent to cause the nylon to exude outward through many small openings in
      the net and become visible on the exterior of the net in small quantities,
      thus locking the net to the core upon cooling. The product was suitable
      for receiving a coating of urethane rubber.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a composite hose having a generally dimensionally
      stable hollow plastic core suitable for receiving and conveying an
      internal pressure producing fluid and a tubular textile net surrounding
      the core for reinforcing the core against the pressure of the fluid, said
      method comprising the steps of:
PA1  applying a layer of thermally softenable material to the exterior of the
      core, said material being bondable to the core by thermal fusion but
      possessing substantial bonding incompatibility with the net, the material
      having uniformly dispersed therein a particulate susceptor having a size
      range of submicron to 20 microns and heatable upon exposure to a selected
      form of indirectly applied energy, the layer being applied in a thickness
      no greater than that which obtains a restraining partial embedment of the
      net in the bonding agent;
PA1  drawing the reinforcing net about the exterior of the core; and
PA1  exposing the layer material to a selected form of indirectly applied energy
      of sufficient heat generating properties and duration to transiently heat
      the layer for fusing the layer to the core and for providing a net
      embedding thermal softening of the layer to mechanically retain the net in
      the layer by the embedment in in the layer.
NUM  2.
PAR  2. The method of claim 1 wherein the step of applying the layer is further
      defined as applying the material to the core prior to the formation of the
      reinforcing net.
NUM  3.
PAR  3. The method of claim 2 wherein the step of applying the layer is further
      defined as applying the material in a layer having a thickness of
      approximately 5 mils or more.
NUM  4.
PAR  4. The method of claim 3 wherein the step of applying the layer is further
      defined as applying the material in a layer having a thickness of 5 to 10
      mils.
NUM  5.
PAR  5. The method of claim 2 wherein the step of applying the layer is further
      defined as extruding the material about the exterior of the core.
NUM  6.
PAR  6. The method of claim 2 wherein said hollow core is formable by extrusion
      and wherein the step of applying the layer is further defined as
      coextruding the material about the exterior of the core during the
      formation of the core.
NUM  7.
PAR  7. The method of claim 2 wherein the bonding agent is film like, the step
      of applying the bonding agent is further defined as wrapping the bonding
      agent around the core and the step of exposing the agent is further
      defined as heating the agent to seal the agent to the core.
NUM  8.
PAR  8. The method of claim 2 wherein the material is liquid, the step of
      applying the layer is further defined as applying the material in liquid
      form.
NUM  9.
PAR  9. The method of claim 1 wherein the step of applying the layer is further
      defined as coating the net with the material prior to drawing it around
      the core and applying the layer to the exterior of the core during the
      formation of the net.
NUM  10.
PAR  10. The method of claim 1 further defined as including the step of cooling
      the layer subsequent to heating.
NUM  11.
PAR  11. The method of claim 1 further including the step of coating the net to
      form a cover for the hose.
NUM  12.
PAR  12. The method of claim 11 further defined as coating the net prior to
      exposing the layer.
NUM  13.
PAR  13. The method of claim 12 further defined as coating the net after
      exposing the layer.
NUM  14.
PAR  14. The method of claim 1 including an initial step of dispersing in the
      material, particulate means heatable upon exposure to a selected form of
      indirectly applied energy.
NUM  15.
PAR  15. The method of claim 15 further defined as dispersing 3 to 10% by weight
      particulate means in the material.
NUM  16.
PAR  16. The method of claim 15 further defined as dispersing 8 to 10% by weight
      particulate means in the material.
NUM  17.
PAR  17. The method of claim 1 further defined as applying a layer of material
      having dispersed therein a particulate susceptor heatable upon exposure to
      a high frequency magnetic field and wherein the step of exposing the
      material is further defined as exposing the layer to a high frequency
      magnetic field.
NUM  18.
PAR  18. The method of claim 17 further defined as exposing the material to a
      magnetic field having a frequency of from 0.4 to 30 megahertz.
NUM  19.
PAR  19. The method of claim 18 further defined as exposing the material to a
      magnetic field having a frequency of from 0.4 to 6 megahertz.
NUM  20.
PAR  20. The method of claim 14 further defined as dispersing a particulate
      means dielectrically heatable upon exposure to a high frequency electric
      field in the material.
NUM  21.
PAR  21. The method of claim 20 further defined as dispersing a particulate
      means comprising a material selected from a class consisting of polymers
      and copolymers of vinyl chloride, vinyl fluoride, vinylidene chloride, and
      vinylidene fluoride.
NUM  22.
PAR  22. The method of claim 21 further defined as dispersing a particulate
      means comprising polyvinyl chloride.
NUM  23.
PAR  23. The method of claim 17 further defined as applying a layer of material
      having dispersed therein a particulate susceptor comprising non conductive
      metallic oxides having ferromagnetic properties.
NUM  24.
PAR  24. The method of claim 23 further defined as applying a layer of material
      having dispersed therein a particulate susceptor selected from a class
      consisting of gamma Fe.sub.2 O.sub.3, Fe.sub.3 O.sub.4 and CrO.sub.2 in
      the material.
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ABST
PAL  Metal foil is applied to sheet metal by a film of polythene adhering to
      both and separating the two from direct contact, for improving the
      heat-insulating qualities of the sheet metal, by superimposing the film on
      the sheet metal, superimposing the foil on said film, and drawing the
      laminated assembly under tension along a convex curved surface, said foil
      next to said surface, and simultaneously heating said sheet metal to heat,
      by conduction, said film, heat and pressure on said foil causing it to
      bond to said foil and said film.
BSUM
PAR  This invention relates to an improved method of and apparatus for applying
      heat insulating material to sheet metal.
PAR  The general object of the invention is to provide an improved method and
      apparatus for applying to sheet metal, normally galvanized sheet steel
      drawn as a fairly wide strip from a roll, insulating material consisting
      of metal foil, normally aluminium, and an interposed layer of polythene
      film which is heated to cause adhesion to the foil and the sheet metal
      whilst separating the two from direct contact.
PAR  Accordingly, the invention resides broadly, in one aspect in a process of
      bonding metal foil to sheet metal by an interposed film of polythene
      adhering to both and separating the two from direct contact, including the
      steps of superimposing the foil and film to the sheet metal, drawing the
      laminated material in tension along a convex curved member, the foil
      against the member, and simultaneously applying heat to the sheet metal,
      the heat conducted to the film and the pressure on the film within the
      curved tensioned laminated material causing bonding of the film to the
      foil and sheet metal. Preferably the process includes also the step of
      coiling the heated laminated product under tension for curing under
      prolonged heat and pressure.
PAR  In another aspect, the invention resides in apparatus for carrying out the
      process and including a longitudinally convex curved surface; means for
      superimposing metal foil and polythene film to sheet metal; means for
      drawing the laminated material under tension along the curved member, the
      foil next to the said member, and means for simultaneously heating the
      sheet metal to heat the film by conduction.
PAR  The invention also includes a laminated product made by the said process.
DRWD
PAR  In the drawings:
PAR  FIGS. 1, 2 and 3 are schematic side elevational views of the application
      section, the heating and pressing section, and the re-coiling section
      respectively of a machine according to the invention,
PAR  FIG. 4 is a sectional view, to enlarged scale, of the tension roller
      assembly of the machine,
PAR  FIG. 5 is a sectional view to enlarged scale along line 5--5 in FIG. 1,
PAR  FIG. 6 is a sectional view along line 6--6 in FIG. 5,
PAR  FIG. 7 is a side elevation, to enlarged scale, of the weighted pressure pad
      assembly of the machine,
PAR  FIG. 8 is a partly broken-away plan view of the weighted pressure pad
      assembly, and also the pressure pad lifting device, and
PAR  FIGS. 9, 10, 11, 12 and 13 are diagrammatic views showing the operation of
      the edge covering and trimming means of the machine.
DETD
PAR  Referring initially to FIG. 1, a roll of galvanized sheet steel 10 is
      rotatably mounted on a stand 11, and may be driven by a suitable motor
      (not shown) to deliver the steel at controlled speed. From the roll, the
      steel is fed over an idler roller 12 at the rear end of an application
      section frame 13, and is fed between a pair of idler rollers 14 and 15, a
      brush 16 resting on, and cleaning, the upper surface of the steel. A
      weighted roller 17 lies across the loop of steel between roller 12 and
      rollers 14 and 15, and ensures that the steel is under sufficient tension
      to feed from the driven roll to the loop.
PAR  The steel is then guided horizontally between driven chain guides 18 of
      known type engaging its side edges, and the sides of the steel engaged by
      the chains are kept flat by shaped wheels 19.
PAR  The steel is then carried between two pairs of tension rollers, each pair
      consisting of an upper roller 20 and a lower roller 21, and it passes
      under a pivoted roller 22 positioned between the two pairs of tension
      rollers. The steel is pulled through this assembly of rollers as will be
      later explained, causing them to rotate. The tension rollers are
      interconnected by sprocket and chain arrangements (not shown) so that the
      upper tension rollers 20 rotate in the one direction, the lower tension
      rollers 21 in opposite direction, all at the same speed. The lower tension
      rollers 21 taper slightly from the middle to both ends, and the bearings
      for the shafts of the constant-diameter upper tension rollers 20 are
      heavily spring-loaded downwardly by adjustable springs 23 so that the
      pressure on the sheet steel is equalised from side to side. The springs 23
      ensure that when there are occasional variations in thickness of the
      steel, from side to side, pressure on the steel does not vary
      significantly. The pivoting roller 22 as shown particularly in FIG. 4
      depresses the steel between the two pairs of tension rollers 20, 21, and
      is rotatable in a transverse carrier 24 (FIG. 4) centrally pivoted about a
      longitudinal axis to an adjustable frame 25 so that if one side edge of
      the sheet metal should be stretched and therefore longer than the other
      the pivoted roller 22 will take up a tilted position assisting in guiding
      the steel straight. The adjustable frame 25 may be raised or lowered and
      the limits of the tilting movement of the pivoted roller 22 may be set by
      an adjustment handwheel 26. One of the lower tension rollers 21 is
      connected through a chain drive (not shown) to a countershaft 27 (FIG. 1)
      which in turn is operatively connected through a gearbox 28 to a hydraulic
      pump 29 which when driven circulates hydraulic fluid through a restricted
      orifice action as a brake for the tension rollers. The sheet steel is
      carried over an arrangement of three parallel transverse idler rollers 30,
      31 and 32, the first of these being on the front of the application
      section frame 13, and the others being on the rear of the frame 33 of the
      heating and pressing section (FIG. 2). The sheet is unsupported between
      roller 32 and an idler roller 34 at the rear of the frame 35 of the
      recoiling section (FIG. 3). The steel is carried under this roller 34
      around between a roller 36 at the rear of the frame and springloaded nip
      roller 37 and onto a recoiling roller 38 which is driven so that the steel
      between the assembly of tension rollers 20 and 21 and the recoiling roller
      38 is in a state of tension when the machine is in operation and is pulled
      through the machine at a controlled speed.
PAR  A roll of transparent polythene film 39, and a roll of aluminium foil 40,
      are mounted on the frame 13 of the application section. Polythene film is
      drawn from its roll and, guided by rollers 41, is carried forwardly and
      then brought down behind and under parallel transverse cylindrical bars 42
      and 43 and, as the sheet steel 10 is drawn close under the lower bar 43,
      the polythene film is at or near to this point brought down onto the steel
      and is carried forward with it in superimposed arrangement, over a small
      support roller 44, and over the three rollers 30, 31 and 32 which, as
      shown particularly in FIG. 7, are arranged to impart curvature to the
      steel drawn over them.
PAR  To prevent longitudinal tension of the polythene film from causing it to
      contract laterally, four oblique resilient rollers 45 (see FIG. 5) are
      mounted to bear, with adjustable pressure, on the film where it is drawn
      past the fixed bar 42; and as shown in FIG. 6, a further pair of resilient
      oblique rollers 46 are mounted to bear with adjustable pressure on the
      polythene film 39 where it is superimposed on the sheet steel 10, above
      support roller 44. The action of these oblique rollers 45 and 46 is
      primarily to urge the side parts of the film outwards, to give lateral
      tension to the film, but also, by increasing the friction of the film
      passing the bar 42 to impart some longitudinal tension to the film.
PAR  Aluminium foil 40 drawn forwards from its roll is passed over a transverse
      roller 47 and under a transverse roller 48 before being brought down onto
      the polythene film 39 and steel 10 being drawn over the rollers 30, 31 and
      32. Tension in the foil is equalised by carrying it under a resilient
      transverse brush 49.
PAR  Lubricating fluid, such as dimethyl siloxane of approximately 100
      centistrokes viscosity, is applied to the upper surface of the foil 40
      before it is superimposed on the film and steel. As shown in FIG. 5, the
      lubricant is conveyed by a flexible hose 50 from a reservoir 51 to a
      feeder brush 52 mounted on a traveller 53 reciprocated along a transverse
      guide rail 54 by an automatically reversing chain drive 55. The feeder
      brush feeds lubricant to a transverse applicator brush 56 contacting the
      roller 48 which in turn transfers the lubricant to the foil.
PAR  The frame 33 of the heating and pressing section has across its rear end a
      transverse member 57 below which is mounted a transverse pressure bar 58
      covered by a pad 59 of compressed polyurethane foam, which bears on the
      superimposed laminations of foil, polythene and steel curving over the
      rollers 30, 31 and 32 to smooth the foil and expel entrapped air.
PAR  The polythene film and the aluminium foil are of about the same width, and
      a little narrower than the steel 10. The film is applied to the steel in
      laterally offset manner so that a strip of one side of the steel is
      uncovered by the film, which at the other side slightly overlaps the
      steel. The foil is offset slightly more in the same direction, so that one
      side strip of the film is uncovered by the foil, which at the other side
      extends beyond the film. This ensures that, despite any variations in the
      width of foil or film, the foil nowhere directly contacts the steel,
      polythene film always being interposed between the two.
PAR  The uncovered strip at one side of the polythene film has a lubricant,
      which may be the same as that applied to the foil, applied thereto from a
      reservoir 60 through a hose 61 to the appropriate side of the pad 59,
      through which it is applied to the strip of exposed film.
PAR  A large part of the laminated assembly of steel, film and foil which is
      suspended between the rollers 32 and 34 is covered by a weighted pressure
      pad assembly indicated generally at 62. This includes, referring to FIG.
      7, a rectangular sheet 63 of flexible fibre-glass cloth, its rear end
      fixed to transverse member 57, and over this woven sheet is a resilient
      pad 64 of heat-insulating material, covered by a rectangular section 65 of
      flexible sheet metal, both having their rear ends connected to the
      transverse member 57. Over the sheet metal section 65 is a panel 66 of
      flexible mesh, and over the mesh are a number of weights 67 in
      longitudinally and laterally aligned arrangement. Each of the weights
      includes a rectangular bottom plate 67a with a central rod 68 extending
      perpendicularly upwards, the weights being held in position by passing
      these rods 68 through apertures in a series of flexible metal straps 69
      extending from the transverse member 57. One or more centrally apertured
      supplementary plates 67b may be engaged on each central rod 68, and the
      curvature of the unsupported assembly of steel, film and foil, as well as
      the pressure applied thereto, may be varied as required by alteration of
      the weights.
PAR  The heating and pressing section frame 33 is provided at both sides with
      pairs of vertically adjustable standards 70 interconnected to their upper
      ends by transverse gas jet manifolds 71, each connected to a controlled
      source of supply of gas and having a multiplicity of gas jet orifices from
      one side to the other. The heights of the standards 70 are adjusted so
      that the gas jet manifolds are substantially equidistantly spaced below
      the curved sheet steel 10.
PAR  During the operation of the machine, the advancing sheet steel 10 is heated
      by the ignited gas jets, to heat by conduction the superimposed polythene
      film 39 and aluminium foil 40. As the laminated arrangement is drawn under
      the convex curve of the weighted flexible pressure pad assembly 62, the
      heat and pressure cause the polythene film to melt and adhere to the steel
      and the foil, bonding them together, but also separating the foil from the
      steel by a thin lamination of transparent polythene.
PAR  An angle section 72 is secured across the front end of the weighted
      pressure pad assembly 62, and from this there lead forward a pair of
      straps 73 connected to cables 74 which are carried around a pair of pulley
      wheels 75 at the front of the frame 33 and operatively connected to an
      assembly of compression springs 76 which, during the operation of the
      machine, are compressed by the extended piston of a hydraulic cylinder 77.
PAR  Control means (not shown) of any suitable type are provided whereby, if the
      travel of the sheet steel 10 through the machine should be interrupted, or
      in the event of a malfunction of the machine, the supply of gas to the gas
      jet manifolds 71 is immediately discontinued, and instead cool air is
      directed through the gas jets. At the same time, the piston of the
      hydraulic cylinder 77 is automatically retracted, so that the springs 76
      tension the cables 74 to lift the weighted pressure pad assembly 62
      further from the hot gas jet manifolds 71 to prevent overheating of the
      stationary laminated arrangement of steel, polythene and foil. Also by
      suitable braking means (not shown) the rotation of the rolls of steel
      polythene film and aluminium foil is checked, to prevent over-run.
PAR  The idler roller 34 under which the laminated steel, film and foil is
      passed, is mounted on the frame 35 in tiltably adjustable manner so that
      either side may be raised or lowered to assist in steering the laminated
      product; and it is formed with a shallow helical groove 34a. As the
      laminated product is drawn under this roller, excess of the foil due to
      expansion by heat, which would otherwise tend to form wrinkles, is induced
      by the helical groove to form a pattern of parallel lines, and the helical
      groove also assists in eliminating any minor bubbles of trapped air.
PAR  The laminated product is guided to engage, at one side with two driven
      chain guides 78 and 79, FIG. 3, with associated wheels 80 for keeping the
      product flat near to these guides. At the other side of the laminated
      product, the film and foil overlap the steel 10, as before described, and
      there is provided an assembly, shown schematically in FIG. 9 to 13 for
      covering the side edge of the steel 10 with film and foil, and trimming
      away excess film and foil. FIG. 9 shows the side edge of the sheet steel
      10 with superimposed polythene film 39 extending beyond the steel, and
      aluminium foil 40 extending further. FIG. 10 shows the side of the
      laminated assembly brought under an edge guide 81, which commences to bend
      the foil and film sharply down, as the laminated product has further
      advanced. FIG. 12 shows the laminated product, moved beyond the guide 81,
      and acted on by a rotary cutter 82, which cuts away the foil and film
      extending below the edge of the sheet steel 10; and FIG. 13 shows the edge
      of the product brought past a spring-loaded pad 83 which passes the
      laminations of polythene film and foil against the side edge of the steel.
      The steel is sufficiently heated at this stage to ensure a good bond
      between the polythene, and the edge of the steel and the foil. The
      covering of the edge of the steel protects against corrosion, and also
      makes the edge less likely to cut or damage articles with which it comes
      in contact.
PAR  As the laminated product is carried around roller 36, it is further heated,
      as this roller is heated by a gas jet manifold 84 generally similar to the
      gas manifolds 71. The laminated product is tightly wound on the re-coiling
      roller 38, and when re-coiling has been completed, the roll may be removed
      and stored for curing. It is found that the curing of the heated product
      under pressure on the roll greatly improves the bond between the
      laminations.
PAR  The product may be roll-formed into any desired profile, for roofing sheets
      or other purposes. It will be found that the product has good heat
      insulating qualities when installed with the sheet steel 10 nearer to a
      source of heat; for example uppermost when the product is used for
      roofing. It is understood that a significant proportion of heat radiated
      from the underside of the steel passes through the transparent polythene
      film to the foil, from which it is reflected back through the film to the
      steel. Furthermore, the surface of the aluminium foil remote from the heat
      source is a very poor emitter of radiant heat. Experiments have shown that
      heat insulating qualities brought about by the application of the
      polythene film and the metal foil to sheet steel, and applied to roofing,
      is comparable to the results obtained by the use of other well-known heat
      insulating materials, such as foil-faced kraft paper installed under
      untreated sheet steel.
PAR  Apparatus according to the invention will be found to be very effective in
      the production of sheet metal to which the heat insulating laminations of
      film and foil are applied, the product being capable of being subsequently
      roll-formed to required profile. It will of course be understood that the
      particular embodiment described and illustrated may be subject to many
      modifications within the scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of bonding metal foil to sheet metal by an interposed film of
      polythene which is adhered to both and which separates the sheet metal and
      metal foil from direct contact, comprising the steps of:
PA1  a. drawing said sheet metal from a roll,
PA1  b. separately drawing said film and superimposing said film on said moving
      sheet metal,
PA1  c. separately drawing said foil and superimposing said foil on said film,
PA1  d. suspending said laminate between longitudinally spaced rollers,
PA1  e. applying weight and pressure to the laminated assembly of foil, film and
      sheet metal while in tension and so suspended by contacting and covering
      said laminate with a plurality of spaced weights which apply pressure by
      virtue of such weight to said laminate, and
PA1  f. applying heat to the underside of said sheet metal at least in the area
      below said weights, such heat melting said film and causing bonding of
      said film to said foil and said sheet metal due to the pressure applied to
      the laminate by said weights and the tension on the laminate.
NUM  2.
PAR  2. A method according to claim 1 including the further steps of coiling
      said laminated assembly under tension, and applying heat to said laminate
      just before coiling for curing said film.
NUM  3.
PAR  3. The method of claim 1 further including the step of applying adjustable
      laterally outward pressure on said film just prior to and at its point of
      contact with said sheet metal thereby preventing undesired longitudinal
      tension in said film.
NUM  4.
PAR  4. The method of claim 1 further including the steps of laterally
      offsetting said film on said sheet metal so that one side edge of the
      sheet metal is exposed and the other side edge thereof is overlapped by
      said film, offsetting said foil on said film so that one side of the film
      is exposed and the other side overlapped by said foil, whereby said film
      is always interposed between said sheet metal and said foil, covering the
      overlapped side edge of said sheet metal with said film and foil, cutting
      away the overlapped edges of said film and foil, and pressing said film
      and foil against the covered side edge of said sheet metal, with the
      residual heat in said sheet metal bonding said foil to said sheet metal
      along said edge.
NUM  5.
PAR  5. The method of claim 1 further including the step of adjustably
      tensioning said weights thereby permitting said weights to be lifted away
      from the source of heat to prevent overheating of the laminate when the
      travel of the laminate is interrupted.
NUM  6.
PAR  6. The method of claim 1 wherein the application of heat is by gas burners
      equidistantly spaced below said sheet metal and extending longitudinally
      below said weights so as to apply heat to the laminate throughout its
      travel below said weights.
NUM  7.
PAR  7. The method of claim 1 including the step of adjustably varying the
      pressure of said weights on said laminate by individually installing or
      removing weight members carried by flexible supporting members.
NUM  8.
PAR  8. The method of claim 1 further including the step of forming in said foil
      a pattern of parallel lines during travel of said foil over the front
      roller of said spaced rollers, thereby accommodating expansion in said
      foil resulting from the heating process.
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PAL  Relates to continuous methods of making writing points from filamentary
      thermoplastic materials differing in denier, whereby writing
      characteristics are improved and the ink content of porous reservoirs is
      more efficiently utilized. It is particularly directed to the methods of
      manufacturing such writing elements from yarns differing in denier of
      filaments whereby the size and location of ink-conveying channels in the
      cross-section of the writing point or element and the writing
      characteristics thereof are uniformly and positively controlled and
      maintained by being able to place and retain a particular position for
      each yarn during manufacture and bonding, and to means whereby such
      control can be attained.
BSUM
PAR  Although the use of filaments and fibers in the form of brushes as a
      writing instrument goes back to ancient Chinese times, the modern writing
      instrument employing a fibrous point is manufactured in accordance with
      U.S. Letters Pat. Nos. 3,558,392 and 3,623,941, owned by the assignee of
      the present application. Writing instruments manufactured in accordance
      with the above patents were highly accepted by the purchasing public, but
      a few objections were also voiced. Some customers object to the fibrous
      point because, although they write smoothly, such points brush out and do
      not write with a fine line. Another objection which has been raised is
      that the fibrous point is rather scratchy and does not write smoothly and
      quietly. Another modern objection is that the lines are not sufficiently
      intense.
PAR  These various objections are interrelated: the brushout problem can be met
      readily by increasing the amount of bonding agent used in the manufacture
      of the points, but the use of an excessive amount of bonding agent not
      only produces a scratchy point but also one which is incapable of feeding
      a proper quantity of ink to the point during fast writing. Moreover, by
      using a higher resin content or bonding agent content between the fibers,
      onee attains a fine writing instrument, when it writes, but it is
      incapable of writing rapidly or for a prolonged period of time. By using
      less bonding resin in the points, the amount of ink supplied to the point
      and laid down can be increased, but this gives more porous and weaker
      points which are able to brush out more readily. The amount of ink
      actually capable of being written with by a point can also be increased by
      using filaments of a larger diameter or higher denier, but this gives rise
      to increased scratchiness, reduced smoothness and points made of these
      larger denier filaments cannot draw as much ink out of the reservoir and
      refuse to write when about 37% of the original ink is still left in the
      porous reservoir.
PAR  The use of a bundle of wires (which may be said to be filaments of large
      denier) was suggested many years ago as a point for a fountain pen.
      Suggestions have also been advanced involving the wrapping of a few large
      axial filaments in many layers of paper or encasing them in stretchable
      tubes or metal tubes, but none of these suggestions have solved the
      problem in a manner which can be placed in controlled continuous and
      consistent production on a commercial scale.
PAR  We have ascertained that the increase in intensity of line can be obtained
      by increasing the laydown in terms of milligrams of ink per foot of trace.
      We have also ascertained and discovered that this increased laydown can be
      attained by the employment of filaments or yarns made of synthetic
      filaments differing in denier, and have discovered a manner in which these
      different yarns, different in denier of filaments composing the same, can
      be positioned with accuracy in a predetermined manner within a rod or
      writing element which is being made in a continuous manner, the accuracy
      of the method and means employed being readily checked by taking samples
      from the beginning and the end of a rod which may be a thousand feet long.
PAR  One of the principal objects of the invention is to disclose and provide
      steps and means which permit the operator to successfully produce
      elongated writing elements in which selected large denier yarns and other
      finer denier yarns are accurately and positively positioned so as to
      obtain large ink-conveying channels in predetermined number and desired
      portions of the cross-section of the element and to allocate the yarns of
      finer denier filament in other predetermined areas to provide capillarity
      and soft writing without brush-out.
PAR  Another object is to provide means and methods of operation which obviate
      the application of high compressive forces upon an array of virtually
      parallel filamentary yarns, such high compressive forces tending to shift
      the yarns from desired positions and compact them indiscriminately in such
      a manner that all of the porosities between fibers and yarns are made
      uniform and the larger ink-conveying channels desired to produce desired
      high laydown are virtually eliminated.
PAR  A still further object is to provide means and methods whereby
      manufacturers can use strands of filamentary yarns of such denier per
      filament and total selected for providing desired characteristics in a
      writing element, and determine with exactitude the number and position
      that the yarns should occupy in the final writing element, and by adhering
      to the teachings of this invention, be assured that the desired product
      will be constantly produced in a continuous manner.
DRWD
PAR  These and other advantages, objectives and uses of the present invention
      will become apparent to those skilled in the art from the following more
      detailed explanation and description, and for purposes of illustration and
      explanation, reference will be made to the appended drawings in which:
PAR  FIG. 1 is a diagramatic flow chart of a continuous operation in accordance
      with the description given hereinafter;
PAR  FIG. 2 is an enlarged longitudinal section through the positioning portion
      of the apparatus;
PAR  FIG. 3 is an end view taken from the left of FIG. 2;
PAR  FIG. 4 and FIG. 5 are representations of photomicrographs of transverse
      sections of two different and exemplary types of writing elements made by
      the method and means of this invention.
PAR  FIG. 6 is an end view of a modified preheating and positioning apparatus
      similar to that shown in FIG. 3.
DETD
PAR  As previously indicated, the efficient and commercially desirable writing
      element made of synthetic filamentary material must contain longitudinally
      extending channels differing in cross-sectional area or size. It must be
      strong so as to resist brushing, but such strength cannot depend upon an
      increase in the amount of bonding resin used, since that reduces the pore
      size and impairs the desired soft feeling during writing. The use of stiff
      rods for the axial portion of the point is not satisfactory for the same
      reason; it becomes a very hard, unyielding and scratchy writer. The use of
      fine filament yarns which are impregnated with a resin and compressed into
      a hard rod is quite unsatisfactory since all of the remaining pores are of
      substantially uniform size, inadequate to supply ink to the points during
      rapid or prolonged writing, and cause starvation. In the method herein
      disclosed, we employ at least two different types of yarn; one made of
      fairly large denier filaments and another composed of finer filaments, 10,
      12, 15 dpf are cited as exemplary of larger size, and 3-6 dpf may be
      exemplary of the finer filaments. The principal problem encountered is in
      maintaining a predetermined spatial or polar position for each yarn during
      manufacture and bonding so that the size and location of the ink-conveying
      channels in the cross-section of the elements and the writing
      characteristics of the elements are constantly, consistently and
      positively controlled and maintained.
PAR  As shown in FIG. 1, yarns of two (or more) different sizes may be supplied
      to the production line from a plurality of sources, such as the bobbins 10
      and 10', each strand of yarn from a bobbin being controlled by a
      tensioning device 11 through which the yarn passes before it travels
      through a specific hole in a perforated plate 12. The tensioning device 11
      may be in the form of spring biased devices such as are used for the
      tensioning of thread on sewing machines. Each of the yarns is pulled
      through the perforated plate as hereinafter described, and then through a
      preheater 13, wherein the individual strands, spaced from each other, are
      subjected to a current of hot air at 150.degree.-170.degree.C flowing in a
      countercurrent direction, which serves to dry and heat the yarn for
      subsequent treatment.
PAR  From the preheater 13, the various strands pass into positioner 14 which
      constitutes the important means for bringing the yarn strands into initial
      contact in the desired polar or spatial orientation without application of
      radial compression forces which may cause drifting out of desired
      position. This particular equipment 14 is illustrated in longitudinal
      section in FIG. 2 and in end view in FIG. 3. The unit 14 preferably
      provides a plurality of parallel open-ended metal-walled passageways,
      including axial and circumaxial passageways. As shown in FIG. 2, the body
      of the device 14 may comprise a metal block provided with through bores,
      such as 16 (representing an axial passageway), and 17, 17' and the like,
      in circumaxial array. A similar arrangement of passageways may comprise a
      series of tubes soldered, brazed or bonded together. Each passageway
      should be of sufficiently large diameter to permit a yarn to be easily
      pulled therethrough with negligible contact with the walls of the
      passageway. The exits of the passageways for yarns farthest removed
      radially from the axial yarns (such as exit of passageway 17') should be
      displaced longitudinally with respect to the exits of the axially
      positioned yarns, all said passageways exiting into a chamber having
      conical walls at an acute angle to the axis, these walls being indicated
      at 18 and 18'. The wall 18' may be a part of an outer wall member which is
      in poor heat conductive contact with the sintering tube 24 and also in
      heat conductive contact with the body of the element 14. The wall or
      surface 18 of the body member may be that of a cone having an included
      angle at its apex (projected) of about 40.degree.-50.degree., whereas the
      enclosing outer conical wall 18' may be the surface of a cone having an
      apex angle of about 25.degree.--30.degree. and such surface is confluent
      with the inner surface of tube 14. It will be evident that the included
      angle of conical wall or surface 18 generally controls the longitudinal
      displacement of the exits such as 17' above referred to. And the slightly
      smaller outer conical wall 18' insures that the passageway exits are
      almost adjacent the entrance to the sintering tube. In this manner the
      travel of the different yarns in an unsupported condition is almost
      completely eliminated.
PAR  The tube 24 is provided ordinarily with some readily controllable means of
      heating the tube (such as hot oil or resistance heaters) to a temperature
      adapted to produce incipient fusion or sintering of at least some of the
      fibers of a yarn. In the device illustrated, there was very little heat
      flowing from the sintering tube to the walls of the passageways 16, 17 and
      the like of the orienting and positioning device. Separate means of
      supplying heat to the various tubes of the device 14 may be utilized.
PAR  It will be noticed that each strand of yarn as it is being pulled through
      the heated passageways is uncompressed and is discharged into an inclined
      chamber wherein the yarn is gently bent and placed into contact with the
      axial yarn discharging through passageway 16 in a precise angular, spatial
      or polar position just before entering the sintering tube 24 in which the
      heat is sufficient to lightly sinter the external yarn to the axial yarn
      or yarns. It may be noted that in starting the operation, each individual
      yarn is led through each desired passageway and is constantly under
      tension as it is pulled through the entire apparatus including the
      positioning and orienting unit 14 as well as the sintering tube 24.
      Tensions on the order of between about 6 to 10 grams per yarn have been
      found adequate. In making a writing element in the form of a rod 0.05 to
      0.07 inches in outside diameter, from 7, 9 or 10 yarns, the array of
      metalwalled passageways in the preheating and conditioning unit 14 may
      occupy a cross-sectional area 5 to 10 times the cross-sectional area of
      the bonding tunnel 24. These relationships indicate the very minute and
      delicate bending that the individual preheated yarns are subjected to
      before and during the time that they are brought into actual contact and
      bonded together.
PAR  The temperatures in the preheater 13 and in the tubes of the positioning
      unit 14 may be within the range of 150.degree.C to 180.degree.C when the
      filamentary material used in the yarns is a polyamide, such as nylon.
      Since the individual strands of yarn are under only very slight tension,
      the yarn will only be slightly straightened in the event it had been
      bulked.
PAR  The sintering tube 24, which has been used with considerable success,
      consists of a stainless steel tube provided with an interior lining of
      "Teflon" (polytetrafluoroethylene). The "Teflon" liner tube is in thermal
      contact with the unit 14, as previously stated, and the oil is heated to
      approximately 217.degree.--218.degree.C, which is approximately within the
      melting range of the polyamide used in the filaments. Signs of incipient
      fusion at random spots are shown by examination of the treated yarns and
      their photomicrographs. The slight sintering takes place between yarns
      while they are moving in the absence of any added bonding agent.
PAR  From the bonding or sintering operation in the tunnel 24, the now coherent
      element is drawn into the cooling zone 25 and then through an impregnating
      tube bath 26, where it may be impregnated with a bonding agent in solution
      in a suitable volatile vehicle. Reference is here made to U.S. Pat. No.
      3,558,392 for a more detailed description of bonding agents and volatile
      solvents which may be employed. After impregnation, the rod is
      consecutively passed through the evaporator 27 and a curing oven 28, then
      cooled and discharged by a puller 30 onto a cutting table or wound upon
      large reels for transfer to a cutting and grinding operation to contour
      the ends for writing purposes before installing the elements in a pen
      body.
PAR  FIG. 4 is a photomicrograph of a cross-section taken through a writing and
      ink-feeding element made by employing an arrangement of passageways in a
      positioning unit 14 as shown in FIGS. 2 and 3 and by pulling a single
      strand of 840/56 nylon (15 dpf) through the axial passageway 16 and a
      single strand of 840/136 (6 dpf) through each of the circumaxial
      passageways 17, 17' and the like. FIG. 4 clearly shows that the larger
      ink-conducting channels have been located in the central area of the rod
      which constitutes the writing point of the element and of the finer
      filament yarns surround the central yarn and impart softness as well as
      strength to the point. The method here disclosed does not rely greatly, if
      at all, upon compaction of adjacent strands in the sintering tube. It may
      be noted that the point of FIG. 4 measured 0.05354 inch in O.D. while the
      I.D. of tube 24 was 0.05556 inch.
PAR  FIG. 5 illustrates the effect of using 7 strands of 840/56 (15 dpf) yarn in
      the same equipment and process. This point had a higher initial laydown,
      but did not write well. The following tabulation reports the results of a
      test of points made of 7 strands of 840/56 (as in FIG. 5), 7 strands of
      840/136 (not illustrated) and of 6 circumaxial 840/136 and 1 axial 840/56
      shown in FIG. 5. All points were made at same speed and temperatures,
      impregnated with same bonding solution and tested in standard barrels
      charged with equal amounts of same ink.
TBL  __________________________________________________________________________
                                 INITIAL                                       
     POINT        LAYDOWN Mg/ft.                                               
                            % INK                                              
                                 POINT          *GEN                           
     COMPOSITION  INITIAL - 1200'                                              
                            USED STRENGTH                                      
                                       *SMOOTHNESS                             
                                                 PERF                          
     __________________________________________________________________________
     FIG 5 --                                                                  
           7 Strands                                                           
           840/56 0.64 0.53 63   30    3.4      3.6                            
           7 Strands                                                           
           840/136                                                             
                  0.48 0.51 65   30    3.6      3.4                            
     FIG 4 --                                                                  
           6 Strands                                                           
           840/136                                                             
                  0.66 0.60 78   33    4.0      3.8                            
           1 Strand                                                            
           840/56                                                              
     __________________________________________________________________________
PAL  Explanatory: 20 pens of each group submitted to 20 testers. Each tester
      evaluated each pen for smoothness and general performance on an arbitrary
      scale of 5 very good, 3 satisfactory and 1 poor. The first evaluation was
      after the tester wrote his name and Johnson. The pen was then used in
      writing 200 ft. under a 50 gram load and another 800 ft. under a 130 gram
      load and again evaluated by the tester. Point strength is line width in
      mils after writing 16' under a 300 gram load.
PAR  Attention is drawn to the uniformly higher laydown of FIG. 4 (mixed yarn)
      points and their higher smoothness and general performance ratings. A
      study of such results shows that writing elements of any desired type can
      now be manufactured in a predetermined and constant manner.
PAR  From the examples given, it is quite evident that a great variety of mixed
      yarns in various proportions may be utilized in a positive controlled
      manner in the manufacture of points having specific characteristics.
PAR  FIG. 6 illustrates a modified array of passageways involving 8 circumaxial
      passageways surrounding the axial passageway. It may be mentioned that
      placement of circumaxial passageways at an equal distance from the axial
      passageway appears to produce more dependable results. It is also believed
      that the use of yarns differing in dpf but containing virtually equal
      amounts of the thermoplastic synthetic polymer being used, facilitates the
      orderly and positive positioning of the strands in the final product; a
      virtually identical tension is effectively used on all strands and heat
      absorption characteristics are equalized. Although particular reference
      has been made herein to elements composed of filaments of 15 and 6 denier,
      such filaments have been used in various arrangements and quantities only
      for the purpose of testing and comparison and that the invention is not
      limited thereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method continually producing elongated elements adapted for use in
      writing instruments, said elements being composed of a plurality of
      parallel strands of yarns differing in denier per filament, bonded into a
      porous but strong element, the steps of:
PA1  maintaining a predetermined polar position for each yarn during manufacture
      and bonding, whereby the size and location of ink-conveying channels in
      the cross-section of the elements and the writing characteristics thereof
      are uniformly and positively controlled and maintained, including:
PA1  preheating the strands while out of contact with each other to a
      temperature of between about 110.degree. C and 125.degree. C without
      sintering or incipient fusion, and
PA1  providing a plurality of parallel open-ended, metal-walled passageways
      including axial and circumaxial passageways, each passageway being adapted
      to receive and permit a strand to be easily pulled therethrough with
      negligible contact with the walls:
PA1  discharging the preheated sorted individual strands onto a first conical
      surface surrounded by a conical heated enclosing surface spaced from the
      first, said enclosing surface leading to an entrance to an adjacent
      sintering tube coaxially aligned with and forwardly positioned with
      respect to the conical surfaces;
PA1  said conical surfaces bringing the various preheated and axially moving
      strands into initial contact in relative polar positions established
      substantially at the entrance to said sintering tube by the array of
      pathways and then drawing the contacting and positioned strands through
      the sintering tube to lightly sinter the moving yarns in said established
      polar position.
NUM  2.
PAR  2. A method as stated in claim 1, wherein the strands are composed of
      filamentary thermoplastic polymer yarn and are of virtually equal total
      denier.
NUM  3.
PAR  3. A method as stated in claim 1, wherein more than one strand of yarn is
      pulled through the axial passageway, the circumaxial passageways are
      equally spaced from the axial passageway and a single yarn is pulled
      through each of the circumaxial passageways.
NUM  4.
PAR  4. A method as stated in claim 1, followed by the step of cooling the
      lightly sintered yarns, impregnating the same with a bonding agent in a
      volatile solvent, and curing the bonding agent.
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PAL  An endless multi-layer composite is provided for subsequent processing into
      articles on a mass production, continuous basis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to business forms, particularly to
      an endless multi-layer composite for subsequent processing and to the
      articles producible therefrom. The invention covers both the method of
      producing the endless composite and articles as well as the unqiue
      composite and the resulting articles.
PAR  In the past, a variety of multi-layer and multi-ply articles have been
      developed and utilized. Common disadvantages have been encountered when
      manufacturing each of these several articles. Two such articles are, for
      example, chance or lottery tickets wherein original indicia is to be
      applied to a portion thereof and concealed from view for later selective
      exposure, and filing devices wherein a mounting board or carrier sheet
      containing a pressure sensitive adhesive is utilized for assembly and
      filing of various documents.
PAR  While these articles vary greatly with respect to use and format, each
      presents similar manufacturing problems. Neither of the articles has
      heretofore been producible from a single, endless web, permitting
      processing and manufacture from a continuous automated process while
      meeting all critical requirements of each final article form.
PAR  This single disadvantage has generated a variety of solutions, each limited
      to a particular, narrowly construed article form. For example, where
      articles such as lottery or chance tickets or the like require a high
      degree of secrecy, it is desirable that the concealed indicia be
      originally applied to the inner surface of the ticket and concealed for
      later selective exposure. No system previously disclosed permits the
      original application of concealed indicia with the required degree of
      secrecy, while permitting production in a continuous automated process.
      Two ticket formats have been devised, depending on the intended usage,
      each having limitations preventing their wide-spread acceptance. The first
      ticket format allows concealment of original indicia and maintains an
      acceptable degree of secrecy, for example, any of the tickets disclosed in
      each of U.S. Pat. Nos. 1,980,004; 2,108,749; and 2,180,808. In each of
      these patents, the indicia to be concealed is originally applied, and then
      concealed by placing a panel in overlying relationship therewith, the
      panel either partially or completely removable to later selectively expose
      the indicia. However, none of the patents in this group discloses nor
      suggests an article producible by mass production techniques while
      retaining or achieving the desired degree of secrecy.
PAR  The second ticket format permits mass production, however it is not
      tamper-proof and not acceptable for lottery games or similar gaming
      devices. An example of a ticket of this format is disclosed in U.S. Pat.
      No. 2,023,829. As described therein, the indicia is only partly concealed
      and may be exposed at will, only minimal secrecy being maintained. The
      ticket of U.S. Pat. No. 2,023,829 is of two-ply construction, produced
      from a blank containing a center fold line, the fold line defining two
      hinged panels. The blank is further separated by cross weakened lines. One
      panel of the blank contains an adhesive substance extending along the
      outer edge, each section of said panel adapted to receive indicia to be
      later concealed by folding the second panel thereupon along the center
      fold line. The second panel contains a hinged flap, corresponding to the
      location of each indicia, for later selective exposure. As disclosed, the
      final ticket is not designed nor is it adapted to maintain a high degree
      of secrecy with respect to the nature of the concealed indicia. The flap
      may be simply lifted to expose the indicia, and the end portions of each
      ticket are not sealed.
PAR  An article having similar production disadvantages, though different in
      form is a filing carrier sheet as disclosed in U.S. Pat. Nos. 3,043,734
      and 3,740,879. Each of these patents discloses a filing device for
      assembling papers, such as medical records, in a shingled relationship by
      providing a carrier sheet having a pressure-sensitive adhesive supplied
      thereto for attaching various documents. The carrier sheet of U.S. Pat.
      No. 3,043,734 includes a wide band of adhesive covered with a protective
      release sheet, the release sheet being cut into transverse strips, each
      strip being selectively removable to expose a portion of the adhesive. The
      carrier sheet of U.S. Pat. No. 3,740,879 includes a longitudinal strip of
      adhesive extending the length of one marginal edge, and a release sheet
      sectioned into independently removable portions covering the adhesive.
      Opposite the adhesive strip and adjacent another marginal edge of the
      carrier sheet is a series of adhesive spots also covered with the
      removable release sheet. By removing one section of the release sheet from
      the adhesive strip and the release sheet covering the corresponding
      adhesive spot, documents may be attached to the carrier sheet in a manner
      similar to that of U.S. Pat. No. 3,043,734.
PAR  While U.S. Pat. No. 3,043,734 suggests the manner of making the article
      disclosed therein, neither patent discloses nor suggests the manufacture
      of carrier sheets from an endless composite web in a continuous, automated
      process.
PAR  Thus, each of the article forms herein described have singular
      disadvantages in that neither is producible in mass quantities from a
      continuous process while meeting certain critical requirements.
PAR  The present invention provides a single, unique solution to each of the
      problems in manufacturing the various article formats by providing an
      endless multi-layer composite adapted to be further processed to generate
      either lottery tickets containing originally applied concealed indicia or
      filing carrier sheets for use in attaching documents in a predetermined,
      accessible order.
PAR  The present invention discloses a unique, multi-layer composite from which
      a variety of articles may be produced. The composite consists of three
      basic layers: an endless web of base material, a layer of pressure
      sensitive adhesive selectively applied to the base material, and an
      endless web of readily removable protective release material placed in
      overlying relationship therewith. By selectively applying adhesive and
      performing certain preliminary manufacturing steps on the base material
      and/or the release material, the present invention provides a suitable
      multi-layer composite for continuously producing in mass quantities the
      articles of either of the described formats.
PAR  Therefore, the present invention not only provides a unique multi-layer
      material composite, but also a variety of unique articles of independent
      and distinct format, each of the articles adapted to similar mass
      production techniques and producible from the unique, continuous
      multi-layer composite of the present invention as well as the method for
      producing each.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are diagrammatic illustrations of the preliminary processing
      steps in the manufacture of articles which embody the teachings of the
      present invention.
PAR  FIG. 3a diagrammatically illustrates a method for producing a first article
      from the multi-layer composite of FIG. 2.
PAR  FIG. 3b diagrammatically illustrates a method for producing a second
      article from the multi-layer composite of FIG. 2.
PAR  FIG. 4 is a plan view of a multi-layer composite ready for storage or
      further processing with components thereof broken away for clarity of
      detail and understanding and as shown at 4--4 of FIG. 3a.
PAR  FIG. 5 is a view similar to FIG. 4, illustrating the multi-layer composite
      with original indicia applied, as shown at 5--5 of FIG. 3a.
PAR  FIG. 6 is a plan view of the underside of the multi-layer composite of FIG.
      4.
PAR  FIG. 7 is a plan view of a first article produced from the multi-layer
      composite of FIG. 2.
PAR  FIG. 8 is a view similar to FIG. 7, illustrating the manner in which the
      concealed indicia is exposed.
PAR  FIG. 9 is a perspective view of a second article produced from the
      multi-layer composite of FIG. 2.
PAR  FIG. 10 is a perspective view of a series of auxiliary articles used in
      conjunction with the article of FIG. 9.
PAR  FIGS. 11, 12, 13, and 14 illustrate sequential steps in the use of the
      articles of FIGS. 9 and 10.
PAR  FIG. 15 is a modification of the second article produced from the
      multi-layer composite of FIG. 2.
PAR  FIG. 16 is a portion of the auxiliary sheet for use in conjunction with the
      article of FIG. 15.
PAR  FIG. 17 is a view similar to FIG. 16, with the adhesive exposed.
PAR  FIGS. 18 and 19 illustrate sequential steps in the use of the articles of
      FIGS. 15 and 16.
PAR  FIG. 20 is a further modification of a second article produced from the
      multi-layer composite of FIG. 2.
PAR  FIG. 21 is an illustration of the article of FIG. 20 with an auxiliary
      sheet attached thereto.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIGS. 1, 2, 3a, and 3b diagrammatically illustrate the steps for producing
      the multi-layer composite and various articles of the present invention.
      FIGS. 4-8 illustrate a first exemplary article producible by the method of
      FIGS. 3a. FIGS. 9-21 illustrate several alternative embodiments of a
      second article producible by the method of FIG. 3b.
PAR  The multi-layer composite of the present invention is shown generally as a
      continuous, composite web 33 (see FIG. 2) consisting of three material
      layers and is produced by the process of FIG. 2. The composite is adapted
      for subsequent processing to form each of the articles illustrated in
      FIGS. 8, 9, 15, 16, and 20. The web 33 consists generally of a web or
      layer of base material 10, a layer of pressure sensitive adhesive 11
      selectively applied in a predetermined pattern to the base material, and a
      web or layer of release material 12 having a surface temporarily adherent
      to and readily strippable from the adhesive, the release material
      overlying that portion of the base material containing the adhesive. The
      adhesive 11 is of the type having natural affinity for the surface of the
      base material, and, once applied, becomes an integral part thereof. The
      release material 12 includes a surface that is temporarily adherent to,
      but readily strippable from, the adhesive to selectively expose desired
      portions thereof. While various processing steps have been illustrated in
      both FIGS. 1 and 2, the steps basic to formation of the web 33 are
      illustrated generally in FIG. 2 and include: (1) supplying an endless web
      of base material 10 at a fixed, substantially constant feed rate to an
      adhesive applicating mechanism 28 and (2) collating an endless web of
      release material 12 therewith, protecting the pressure sensitive adhesive,
      at 27. The collating station 27 generally includes mating the two endless
      webs and registering the webs in proper relationship at 30 and ensuring
      proper adherence of the release material to the adhesive at 32.
PAR  While these basic steps define the manufacturing process necessary to
      produce the composite web 33, various other steps preliminarily performed
      on the various composite components or subsequently performed on the final
      composite are desirable where particular articles are to be manufactured.
      However, all of the articles included herein are generated from the basic
      multi-layer composite including a base layer 10, a pressure sensitive
      adhesive layer 11 applied thereto and an overlying release layer 12.
PAR  In general, a variety of distinctly varying articles are producible from
      the web 33, including both articles containing only the base 10 and
      adhesive 11, and articles containing all three material layers. The first
      article utilizes the adhesive to form a closed pocket for concealing
      originally applied indicia to generate, for example, a lottery ticket. The
      second article contains at least one region of selectively exposable
      pressure sensitive adhesive for attaching secondary articles thereto. FIG.
      3a includes the basic process steps for producing the first article, while
      FIG. 3b includes the basic steps for producing the second. Exemplary
      articles are illustrated in FIGS. 4-21.
PAR  Starting with the composite web 33, the basic steps producing the first
      article include: (1) separating the release material from the adhesive 11
      and base 10, at 40 of FIG. 3a, and (2) folding the portion of the base
      sheet containing adhesive onto a portion not containing adhesive at 43,
      including both folding at 44 and securing at 46. Since the adhesive 11
      will have an equal affinity for both portions of the base 10, the two
      portions are permanently sealed to form a two-ply format. The web is then
      separated into independent articles by bursting or cutting at 48 and 49.
PAR  To produce the second article, only one additional step subsequent to
      formation of the web 33 need be performed, as illustrated in FIG. 3b. The
      web 33 is simply sliced into predetermined length sections as shown at 34,
      and stored at 36.
PAR  Thus, two distinct articles are obtainable from the composite web 33 by
      performing distinct auxiliary operations prior to collating or after the
      basic web has been produced.
PAR  In summary, the only required steps for producing the composite web 33 are
      illustrated in FIG. 2, viz: providing a continuous base 10; selectively
      applying a pressure sensitive adhesive 11 at 28; and collating a suitable
      release sheet 12 with the base sheet 10 and adhesive 11, at 27. Steps 14,
      16, 18, 20, 22, 24, and 26 are auxiliary preliminary steps, generally
      optional, and are not inherent in the production of the multi-layer
      composite herein described.
PAR  The first article, see FIGS. 4-8, is produced by separating or stripping
      the release sheet 12 from the base sheet 10 at 40, folding the base sheet
      at 43, bringing portions thereof into overlapping adhesively secured
      relationship, and bursting the form into independent articles at 48 and
      49, as illustrated in FIG. 3a. Steps 38 and 42 are not inherent to the
      process, but are required for the particular embodiment as herein
      described in detail.
PAR  The second article, see FIGS. 9-21, is provided by simply cutting the
      composite web into predetermined length sections at 34 as shown in FIG.
      3b. It should be understood that other steps could be here included if
      desired.
PAR  The first article is illustrated in FIGS. 4-8, the preliminary steps of
      FIG. 1 and auxiliary steps of FIG. 3a being here utilized to produce the
      article from the composite web 33. Referring to FIG. 4, the base 10 of the
      composite web requires certain preliminary steps prior to applying the
      adhesive thereto and collating the release sheet 12 therewith. In the
      present example, the base 10 is printed at 14 with certain indicia, for
      example, the periodically repeated background patterns 51 and 53 and THE
      INSTANT GAME. The base sheet next periodically receives numerals 55 or
      other identifying indicia indicating form number, run, date, or other
      inventory or control data. This number is printed at station 16 and is
      generally placed on a discardable portion, being removed from the form
      prior to culmination in a final article. The base sheet 10 is then
      separated into a pair of elongate panels 82 and 84, the panels spanning
      the width of the sheet and extending the length thereof, by providing a
      continuous foldline 60 at station 20. The foldline is generally scored or
      provided by a series of perforations. Therefore the adjacent panels 82 and
      84 are interconnected, having a common boundary at foldline 60. One of the
      panels, for example panel 84, substantially contains the entire pattern of
      adhesive 11 and is subsequently covered with the release sheet 12, while
      the other panel remains exposed, adapted to receive original applied
      indicia as illustrated in FIG. 5.
PAR  It is also convenient to provide the other necessary continuous weakened
      lines at station 20. Tear lines 58 and 62 are spaced equidistant from and
      on either side of line 60 to provide a tear tab as hereinafter described.
      Tear line 78 is placed adjacent the left edge to define margin region 72
      and separate it from panel 82, and tear line 80 likewise provides a
      boundary between margin region 74 and panel 84.
PAR  Sprocket or track holes 76 are also provided at punching station 22. These
      holes provide a feed track for aligning and feeding the form through
      particular steps in the process, and are contained in the margin regions
      so that they may be removed prior to production of the final article.
PAR  While not necessary, it is desirable to also divide the base sheet into
      predetermined length sections, each length section comprising the elements
      of a complete independent article, for example the ticket sections 66, 68,
      70, 71 and 73 as shown in FIGS. 4, 5 and 6. Each ticket section comprises
      opaque regions 51 and 53 with the included indicia and spans the entire
      width of the base sheet, encompassing panels 82 and 84. The ticket
      sections are defined by providing weakened lines 54, 56, 57 and 59 at
      station 18 of FIG. 1.
PAR  At this point, the preliminary steps performed on base sheet 10 are
      complete, and the base sheet is properly prepared for receiving adhesive
      11 and the release sheet 12 to provide the composite web 33. It should be
      understood that the preliminary steps could be performed in any order and
      that certain steps could be deleted, while certain others could be added
      without departing from the scope of the invention. The particular
      preliminary steps are defined by the final article and not by the
      particular composite used in producing that article.
PAR  Therefore, the preliminary steps illustrated in FIG. 1 prepare the base 10
      prior to generation of the composite web 33. The composite web 33 is
      produced by the three basic steps shown in FIG. 2: (1) supplying a
      properly prepared endless web of base material 10 at a relatively constant
      feed rate to an adhesive applying station 28, (2) selectively applying
      pressure sensitive adhesive 11 in a predetermined pattern at station 28,
      and (3) collating an endless web of protective release material 12 with
      the base material 10 and in overlying relationship with the adhesive at
      27.
PAR  In the embodiment of FIGS. 4-8, the base 10 as prepared in FIG. 1 is now
      prepared for the adhesive applying station 28 where adhesive 11 is applied
      in the predetermined pattern shown in FIG. 4. The adhesive is contained
      entirely within panel 84 of the base sheet 10, bounded by lines 60 and 80.
      Further, the adhesive is selectively applied within panel 84, leaving a
      portion of the opaque background region 53 substantially exposed. Release
      sheet 12 is then placed in overlying relationship therewith at step 27 of
      FIG. 2, preparing the composite web for addition of concealed indicia. As
      illustrated in FIG. 4, the release sheet completely covers the adhesive
      pattern, here panel 84. Where desired, the release sheet could extend over
      to elongate edge 81 of the base, covering margin region 74 and sprocket
      holes 76. When this is done the release sheet would also contain marginal
      sprocket holes for providing precise alignment of the release sheet 12
      with base 10. This registration and alignment may be provided at station
      30, but is not necessary to the present embodiment. The release sheet is
      next nipped to the adhesive to ensure proper bonding at station 32,
      forming the particular composite web 33 for use in producing the article
      of FIGS. 4-8.
PAR  The completed web 33, as shown in FIG. 4, is now prepared for the final
      processing steps necessary to produce the first article, i.e. a lottery
      ticket or the like containing concealed, originally applied indicia that
      is to be later selectively exposed.
PAR  The web 33 in the form illustrated in FIG. 4 and designated 33a in FIG. 3a
      is supplied to initial point 37 of the process of FIG. 3a. As clearly
      illustrated on the underside of the web, as shown in FIG. 6, the base
      material contains a continuous series of length sections 66, 68, 70, 71,
      and 73 constituting individual, complete ticket forms, separated by
      transverse weakened lines 54, 56, 57, and 59, each section composed of the
      panels 82 and 84, respectively. As shown in FIG. 4, the adhesive 11 is
      completely contained in one panel, here panel 84, and is protected by
      release sheet 12. The web is now ready to receive original indicia to be
      later concealed. The web is fed through a suitable printing station 38
      where the indicia 50 is applied, here the numerals "93," "467," and "16"
      as illustrated in FIG. 5.
PAR  When indicia is applied in this manner, it is necessary to have release
      sheet 12 overlying the adhesive 11, ensuring proper flow of the web
      through station 38. After this step is complete, the release sheet may be
      separated from the adhesive by stripping or peeling at 40. Further, when
      the indicia 50 is added at station 38, particularly in the present
      embodiment, where the indicia indicates winning numbers of a lottery, it
      is necessary to ensure proper registry of the web with the printer.
      Sprocket holes 76 provide proper registry, thereby ensuring placement of
      the indicia within each background region 53. This is particularly
      beneficial when the printing is done by computer or other automated
      process where winning numbers are supplied in random sequence.
PAR  After application of the indicia 50 at mechanism 38, the release sheet 12
      is removed at stripper 40. The endless web of base material is now ready
      to fold, along foldline 60, bringing panels 82 and 84 into overlapping,
      adhesively secured relationship, concealing the indicia 50 therebetween.
      The margin regions 72 and 74 are no longer necessary, the printing
      operation being complete, and are removed by slitting or another suitable
      method at 42. The remaining base sheet consisting of panels 82 and 84 and
      divided into predefined length sections 66, 68, 70, 71, and 73 by weakened
      lines 54, 56, 57, and 59 is then folded along line 60 at step 44. To
      ensure proper binding of the panels to one another, a nip roll 46 is
      provided, nipping the folded-over panel 84 onto panel 82. The natural
      affinity of the adhesive for the base material ensures permanent
      attachment of the two panels. The form next goes through bursting process
      48 and 49 to separate the individual length sections 66, 68, 70, 71, and
      73 from one another along lines 54, 56, 57, and 59 to generate individual
      articles, for example ticket 70 as illustrated in FIG. 7.
PAR  The ticket illustrated in FIG. 7 includes the panel 82 with the entire
      panel 84 folded thereon. The adhesive pattern see FIG. 4, contained on the
      right panel 84 circumscribes the region 53 to form a seal around the
      printed indicia 50, providing an uncoated pocket region for permitting
      selective exposure of the indicia. As can be seen, by utilizing the
      patterned adhesive 11, the concealed indicia 50 is sealed on all four
      sides, the adhesive forming a seal on three sides and the foldline 60
      between panel 84 and panel 82 forming the seal on the fourth side. The
      indicia 50 is completely contained in a sealed pocket non-coated with
      adhesive, and is interposed between opaque layers, thus providing a
      virtually tamper-proof ticket.
PAR  The elongate tear lines 58 and 62, each equidistant from line 60, see FIG.
      4, are utilized to facilitate exposure of the concealed indicia 50 when
      desired. Then panel 84 is folded onto panel 82 along line 60, lines 58 and
      62 are placed in registry forming a perforated tear tab or strip 86 along
      the edge of the ticket. As illustrated in FIG. 8, by removing the tear tab
      86 along perforated lines 58 and 62, access to the pocket containing
      concealed indicia 50 is provided.
PAR  As here illustrated, the composite web 33 provides a suitable form for
      producing a chance ticket or the like for concealing originally applied
      indicia, the indicia being carried in a pocket provided by selectively
      applying adhesive in such a manner that the region containing the indicia
      is uncoated while substantially circumscribed by adhesive and thereby
      sealed. Access to the pocket is provided by removing a tear tab. In the
      present embodiment, the indicia 50 is further concealed by providing
      background region 53. This background is opaque, providing transfer of
      light therethrough, preventing preliminary determination of the contents,
      thus making the ticket virtually tamper-proof. By extending the background
      into both panels 82 and 84, the indicia 50 is interposed between two
      layers of opaque material when the form is folded along foldline 60.
PAR  Thus, the web 33 provides a suitable format for producing any variety of
      articles containing originally applied, concealed indicia, specifically a
      chance ticket or the like having an accessible pocket and containing
      concealed indicia therein.
PAR  Exemplary embodiments of a second article, wherein the release sheet 12 is
      included in the final product, are illustrated in FIGS. 9-21. The second
      articles are each produced by the basic processing steps of FIGS. 2 and
      3b, i.e. supplying a properly prepared endless web of base material 10 at
      a relatively constant feed rate to an adhesive applying station 28,
      selectively applying pressure sensitive adhesive 11 in a predetermined
      pattern to the base, and collating an endless web of protective release
      material 12 with the base material and in overlying relationship with the
      adhesive at 27, to form the basic composite web 33. Then, as shown in FIG.
      3b, the web designated 33b is cut or otherwise separated into
      predetermined length sections at cutter 34 to form individual articles as
      illustrated in FIGS. 9, 15, 16, and 20. Again, certain preliminary steps
      are generally performed on the base sheet 10 and/or the release sheet 12
      prior to formation of the composite web. Further, certain other process
      steps may be added or deleted, prior to or after the formation of web 33
      without departing from the scope of the invention.
PAR  Generally, to form articles of FIGS. 9-21, the preliminary steps are less
      comples than those required for the first article, as illustrated in FIGS.
      4-8. The base material 10 and the adhesive pattern 11 collectively define
      a mounting board or carrier sheet for selectively mounting auxiliary
      articles, and the release sheet 12 provides a protective cover for the
      adhesive until use. Referring to FIG. 9, the blank base sheet 10 is
      supplied with indicia 88, for example the words LAB REPORT at station 14.
      Then, where desired, run number or other identifying indicia may be added
      at 16. The other steps are strictly optional, and in the embodiments
      illustrated in FIGS. 9-21 are not utilized.
PAR  It is desirable, although not necessary, to provide separate, independently
      removable, panels in the release sheet 12 in order that the patterned
      pressure sensitive adhesive 11 may be selectively exposed. This is
      provided at cross-perforation station 24 and/or longitudinal-perforation
      station 26 illustrated in FIG. 2. The embodiment of FIGS. 9-14 includes
      only longitudinal-perforations, while the embodiments of FIGS. 15-18
      include only cross-perforations, and the embodiment of FIGS. 20 and 21
      utilizes both stations 24 and 26 to produce release sheet panels.
PAR  In the preferred embodiment of FIG. 9 the release sheet 10 substantially
      covers the entire base sheet 12, a small margin being left at the top and
      bottom. While this embodiment is illustrated in FIG. 3b, it should be
      understood that each modification of the second article is produced in
      generally the same manner. The release sheet must by nature cover the full
      width of the article because it is formed from a continuous web, and when
      the composite web 33 is cut into predetermined length sections, here
      defined by boundaries 101 and 103, the release sheet 12 and base sheet 10
      break at the same point. The longitudinal tear lines 92, 94, and 96 extend
      the length of the sheet 12 and are provided at station 26 of FIG. 2. These
      lines define separate panels 98, 100, 102, and 104 on the release sheet,
      extending the width thereof and completely covering the adhesive bands
      108, 110, 112, and 114 supplied at station 28. As shown in FIG. 9 the tear
      lines 92, 94, and 96 are each slightly above the respective adhesive band,
      permitting selective exposure of any of one or several of the bands at any
      desired time. The adhesive bands each extend substantially the width of
      the finished article, a small margin remaining at each end of the bands,
      being generated by a periodically interrupted continuous band applied at
      station 28. After the adhesive 11, and the properly prepared release sheet
      12 have been applied to base sheet 10 to form the composite web, the web
      is cut into predetermined length sections, at cutting station 34, and
      stacked or otherwise stored at 36. It may be desirable to punch or
      otherwise provide mounting holes 115 at this time.
PAR  The embodiment of FIG. 9 is particularly well suited for a medical
      environment wherein a series of lab reports, completed in different
      locations, may be assembled for easy reference. Generally, a series of lab
      reports, for example REPORT NO. 1, designated 116 in FIG. 10 is maintained
      at a particular lab reporting station. At the conclusion of testing the
      lab report is completed and removed from the series along perforation line
      118 and is ready for placement on the carrier sheet provided by the base
      material 10 and adhesive 11 provided by the article as cut at station 34
      and as illustrated in FIG. 9. The user then removes the first panel 104 of
      the release sheet by tearing along line 96, exposing the first adhesive
      band 114. The article 116, as illustrated in FIG. 12 may then be placed
      over the adhesive band and attached to the base sheet as illustrated in
      FIG. 13.
PAR  By utilizing the patterned adhesive process indicated at station 28 of FIG.
      2, it is possible to provide an adhesive band which is substantially the
      same length as the report 116. Therefore, none of the adhesive will extend
      beyond the margins 114 and 118 of the report, thus providing a suitable
      attachment and accumulation form for the reports without having exposed
      adhesive, thereby preventing the final report from accidentally adhering
      to another item, for example, when filing.
PAR  As a patient progresses from lab report station to lab report station other
      reports may be added to the carrier sheet simply by removing the
      subsequent panels 98, 100, 102, and 104 therefrom, exposing in sequence
      adhesive bands 108, 110, 112 and 114. The final form of the lab report
      carrier sheet with all the reports attached thereto is illustrated in FIG.
      14, wherein each of the lab reports 116, 122, 124, and 126 are attached to
      respective adhesive bands 108, 110, 112, and 114 in echelon relationship.
      Thus, each report may be lifted to completely expose the report directly
      beneath it, conserving filing space while providing a full report from
      each lab station. As shown, the adhesive bands 108, 110, 112, and 114 do
      not extend beyond the full length of each report, thus ensure that the lab
      report and will not later become accidentally attached to external,
      independent articles. In the event all of the lab reports are not used,
      any panel of the release sheet 12 may be retained, thereby covering the
      adhesive, preserving it for future use, and protecting it from accidental
      attachment.
PAR  An alternative embodiment of a lab report is illustrated in FIGS. 15-19.
      Here, a single adhesive band 154 is supplied to the base sheet 10. The
      release sheet 12 is part of the composite web produced by the process of
      FIGS. 1 and 2 and as illustrated extends the full width of the lab report.
      However, rather than longitudinal tear lines defining panels as
      illustrated in the embodiment of FIG. 9, transverse tear lines 132, 134,
      136, 138 and 140 extending the width of the release sheet, are provided,
      separating the single adhesive band into a series of individual regions
      142, 144, 146, 148, 150 and 152. Thus, to expose the first portion of the
      adhesive band 154, the first panel of the release sheet, or panel 142 is
      removed. Subsequent panels of the adhesive band are exposed in the same
      manner.
PAR  When utilizing the carrier sheet of FIG. 15 it is desirable to provide a
      unique lab report from 156 as illustrated in FIGS. 16-18. The lab report
      form is similar to the carrier sheet of FIG. 15 and produced by the same
      process, on a smaller scale. A continuous release sheet 12a covers the
      single band of adhesive 154a contained on base 10a. The release sheet,
      being readily strippable, is removed when the lab report 156 is to be
      attached to the carrier sheet of FIG. 17. The adhesive band 154a does not
      extend the full width of the report, but (see FIG. 17) starts at margin
      161 and continues partially across the width of the report to a region
      near the second margin 163. The adhesive is completely covered by the
      release sheet 12a until such time as a second lab report 162 is secured
      thereto, see FIG. 18. When the lab reports are attached to the carrier
      sheet, the first release sheet panel 142 is removed and the first lab
      report 156 is attached thereto.
PAR  It will be noted that the attachment of the lab report 156 completely
      covers the exposed portion of the adhesive band 154 thus ensuring that the
      band will not accidentally adhere to foreign elements.
PAR  When the second report 162 is attached to the mounting board, the release
      sheet 12a is removed from report 156, exposing adhesive band 154a and the
      panel 144 is likewise removed from the adhesive band 154. Report 162 is
      then attached to report 156 and the carrier sheet of FIG. 15 as
      illustrated in FIG. 18. Subsequent reports 164, 166, 168 and 170 may be
      applied in similar manner, the final form illustrated in FIG. 19.
PAR  The release sheet 12a is not removed from the final lab report 170, the
      adhesive band 154a of report 170 not being utilized. This ensures that the
      final Lab Report with individual reports assembled thereon will not
      accidentally become attached to foreign elements during filing.
PAR  Another alternative embodiment of the lab report carrier sheet is
      illustrated in FIGS. 20 and 21. The patterned adhesive is applied in a
      plurality of independent regions or patches 192-203 at station 28 of FIG.
      2. In this embodiment, the release sheet 12 includes both transverse tear
      lines 182 and 184 applied at 24, and longitudinal tear lines 186, 188, and
      190 applied at 26, to provide 12 independent panels 204-215, each panel
      covering one of the adhesive patches 192-203. FIG. 21 illustrates the
      attachment of a typical lab report form 216 to one of the panels of the
      carrier sheet of FIG. 20. Panel 215 of the release sheet is removed from
      the carrier sheet along lines 184 and 190, exposing adhesive patch 203. As
      can be seen, the adhesive patch 203 does not extend to the edge of the
      area exposed when panel 215 is removed from the release sheet 12. Thus,
      when the lab report 216 is attached to the carrier sheet none of the
      adhesive will be exposed. As in previous embodiments, subsequent panels
      may be removed, exposing in sequence the adhesive patches whereby a
      plurality of lab reports may be mounted on the carrier sheet in echelon
      fashion.
PAR  As can be seen, by utilizing the various embodiments of the second article,
      i.e., the carrier sheet illustrated in FIGS. 9-21, any variety of report
      forms can be generated for use with a variety of auxiliary articles. By
      utilizing the various accumulation techniques herein illustrated the
      number of lab reports may vary from four to twelve while requiring little
      additional space in a filing system.
PAR  Thus, it can be seen that a variety of articles may be produced from the
      composite web of the present invention. While the embodiments here
      described are limited to tamper-proof lottery tickets and lab report
      carrier or accumulation sheets, it should be understood that any of a
      variety of other articles may be produced from the composite web without
      departing from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous method of producing a multi-layer composite for subsequent
      processing into desired information bearing articles, wherein the
      composite comprises a continuous web of base material, a pressure
      sensitive adhesive coating selectively applied to portions only of one
      surface of said web of base material, and a continuous web of strippable
      release material covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material having an upper
      and lower surface toward a collating station;
PA1  b. selectively applying pressure sensitive adhesive to a predetermined
      portion only of the upper surface of said advancing web of base material
      in advance of said collating station;
PA1  c. continuously advancing an endless web of release material having an
      upper and lower surface toward said collating station;
PA1  d. collating the lower surface of said advancing web of release material
      with a portion of the upper surface of said advancing web of base material
      and in overlying, adhesively secured relationship with the adhesive on the
      upper surface of said web of base material, whereby to cover only a
      portion of the upper surface of the web of base material, leaving a
      portion of the upper surface of the web of base material exposed;
PA1  e. advancing said multi-layer composite to indicia applying means where
      original indicia is directly applied to the exposed portion of the upper
      surface of the web of base material;
PA1  f. continuously stripping the web of release material from the web of base
      material; and
PA1  g. thereafter disposing said adhesive coated portion of said web of base
      material in overlapping, adhesively secured relationship with said exposed
      portion of said web, thereby concealing said original indicia thereon,
      therebetween.
NUM  2.
PAR  2. A method as called for in claim 1 wherein said adhesive substantially
      circumscribes the original indicia.
NUM  3.
PAR  3. A continuous method of producing a multi-layer composite for subsequent
      processing into desired information bearing articles, wherein the
      composite comprises a continuous web of base material, a pressure
      sensitive adhesive coating selectively applied to portions only of one
      surface of said web of base material, and a continuous web of strippable
      release material covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material having an upper
      and lower surface toward a collating station;
PA1  b. delineating an elongate fold line on and extending the length of the web
      of base material defining therein a pair of elongate, transversely
      adjacent, interconnected panels spanning the width of the web;
PA1  c. selectively applying pressure sensitive adhesive to a predetermined
      portion only of the upper surface of one of said pair of panels of said
      advancing web of base material in advance of said collating station;
PA1  d. continuously advancing an endless web of release material having an
      upper and a lower surface toward said collating station;
PA1  e. collating the lower surface of said advancing web of release material
      with the upper surface of said advancing web of base material and in
      overlying, adhesively secured relationship with the adhesive on the upper
      surface of one of said pair of panels leaving the upper surface of
      theother panel of the pair of the web of base material exposed for
      application of original indicia thereto;
PA1  f. advancing said composite with both of said elongate panels in a flat,
      side-by-side relationship;
PA1  g. applying original indicia directly to the exposed surface of that panel
      of the pair which is free of release material;
PA1  h. continuously stripping the web of release material from the composite
      after the application of original indicia to one of said panels;
PA1  i. then folding said web of base material along said fold line for
      disposing the indicia bearing surface of one panel and the adhesively
      coated surface of the other panel in overlapping, adhesively secured
      relationship, concealing said original indicia therebetween and rendering
      access thereto impossible without multilation of at least one of said
      panels.
NUM  4.
PAR  4. A method as called for in claim 3 which comprises the step of
      transversely subdividing the continuous length of adhesively secured
      elongate panels into individual ticket like articles each of which include
      original indicia which is unique to each individual article.
NUM  5.
PAR  5. A continuous method of producing a multi-layer composite for subsequent
      processing into desired information bearing articles, wherein the
      composite comprises a continuous web of base material, a pressure
      sensitive adhesive coating selectively applied to portions only of one
      surface of said web of base material, and a continuous web of strippable
      release material covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material having an upper
      and a lower surface toward a collating station;
PA1  b. selectively applying pressure sensitive adhesive to a portion only of
      the upper surface of said advancing web of base material in advance of
      said collating station;
PA1  c. continuously advancing an endless web of release material having an
      upper and a lower surface toward said collating station;
PA1  d. subdividing the endless web of release material into a plurality of
      elongate, longitudinal strips in advance of the collating station, wherein
      the adjacent side edges of said strips are releasably interconnected;
PA1  e. collating the lower surface of the advancing strips of release material
      with the upper surface of said advancing web of base material and in
      overlying, adhesively secured relationship with the adhesive on the upper
      surface of said web of base material, thus producing a multi-layer
      composite capable of being further processed into a plurality of
      information bearing articles by continuous mass production techniques.
NUM  6.
PAR  6. A method as called for in claim 5, wherein said strips of release
      material are further transversely subdivided into a plurality of
      sub-strips the adjacent edges of which are releasably interconnected.
NUM  7.
PAR  7. A continuous method of producing a multi-layer composite for subsequent
      processing into desired information bearing articles, wherein the
      composite comprises a web of base material, an adhesive coating
      selectively applied to portions only of one side of said web, and a web of
      release material covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material toward a
      collating station;
PA1  b. selectively applying pressure sensitive adhesive to a portion only of
      one surface of said advancing web of base material in advance of said
      collating station;
PA1  c. continuously advancing an endless web of release material toward said
      collating station; and
PA1  d. collating the lower surface of said advancing web of release material
      with a portion only of the upper surface of said advancing web of base
      material and in overlying, adhesively secured relationship with the
      adhesive on the upper surface of said web of base material, leaving a
      portion of the upper surface of the web of base material exposed for
      application of original indicia thereto, thus producing a multi-layer
      composite capable of being further processed into a plurality of
      information bearing articles by continuous mass production techniques.
NUM  8.
PAR  8. A continuous method of producing a multi-layer composite for subsequent
      processing into desired information bearing articles, wherein the
      composite comprises a continuous web of base material, a pressure
      sensitive adhesive coating selectively applied to portions only of one
      surface of said web, and a continuous web of strippable release material
      covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material toward a
      collating station;
PA1  b. selectively applying pressure sensitive adhesive to a portion only of
      one surface of said advancing web of base material in advance of said
      collating station;
PA1  c. continuously advancing an endless web of release material toward said
      collating station, wherein the web of release material has a width less
      than the width of the web of base material;
PA1  d. collating said advancing web of release material with said advancing web
      of base material and in overlying relationship with the adhesive on said
      web of base material and in covering relationship to only a portion of
      said one surface of the web of base material, leaving a portion thereof
      exposed;
PA1  e. applying original indicia to the exposed portion of the web of base
      material;
PA1  f. continuously stripping the web of release material from the web of base
      material; and
PA1  g. disposing said adhesive coated portion of said web of base material in
      overlapping, adhesively secured relationship with said exposed portion of
      said web, thereby concealing said original indicia therebetween, thus
      producing a multi-layer composite capable of being further processed into
      a plurality of information bearing articles by continuous mass production
      techniques.
NUM  9.
PAR  9. A method as claimed in claim 2, including the steps of:
PA1  h. applying opaque areas to said web prior to the application of adhesive
      thereto;
PA1  i. providing an elongate fold line on and extending the full length of the
      web of base material for defining a pair of elongate, adjacent,
      interconnected panels collectively spanning the width of said web, wherein
      said adhesive pattern and web of release material are each disposed
      primarily on one of said panels;
PA1  j. advancing said composite with both of said elongate panels in flat,
      side-by-side relationship for applying the original indicia referred to in
      step e directly to the exposed surface of that panel of the pair which is
      free of release material;
PA1  k. continuously stripping the web of release material from the composite
      after the application of the original indicia to one of said panels;
PA1  l. thereafter folding said web of base material along said fold line for
      disposing the indicia bearing surface of one panel and the adhesively
      coated surface of the other panel in overlapping, adhesively secured
      relationship, concealing said original indicia therebetween and rendering
      access thereto impossible without mutilation of at least on of said
      panels; and
PA1  m. transversely subdividing the continuous length of adhesively secured
      elongate panels into individual ticket like articles each of which include
      concealed original indicia which is unique to each individual article.
NUM  10.
PAR  10. A method as called for in claim 8, wherein the adhesive is applied in a
      predetermined, repetitive pattern substantially surrounding areas free of
      adhesive and wherein the original indicia is applied to exposed portions
      of the web of base material which are covered by the areas free of
      adhesive when the adhesive coated portion of the web of base material is
      disposed in overlapping relationship therewith.
NUM  11.
PAR  11. A method as called for in claim 10, which includes the step of applying
      an opaque coating to the indicia receptive portions and the adhesive free
      areas of the web of base material in advance of the collating station to
      prevent viewing of the original indicia through the web of base material.
NUM  12.
PAR  12. A method of continuously producing a multi-layer composite for
      subsequent processing, wherein the composite comprises a continuous web of
      base material, a pressure sensitive adhesive selectively applied to the
      web of base material, and a continuous web of strippable release material
      covering said adhesive, comprising the steps of:
PA1  a. continuously advancing an endless web of base material toward a
      collating station;
PA1  b. selectively applying a plurality of transversely spaced, longitudinally
      extending strips of pressure sensitive adhesive to a portion of one
      surface of said advancing web of base material in advance of said
      collating station;
PA1  c. continuously advancing an endless web of release material toward the
      collating station;
PA1  d. subdividing said web of release material into a plurality of
      interconnected, seperable, elongate, longitudinal strips in advance of
      said collating station; and
PA1  e. collating said advancing web of release material with said advancing web
      of base material for disposing said seperable strips in covering
      relationship with corresponding stripes of pressure sensitive adhesive on
      said web of base material.
NUM  13.
PAR  13. A method as called for in claim 12, wherein said strips of release
      material are further transversely subdivided into a plurality of
      sub-strips, the adjacent edges of which are releasably interconnected.
NUM  14.
PAR  14. A method as called for in claim 13, wherein said adhesive is applied in
      a plurality of separate patches, and wherein each adhesive patch is
      covered by a corresponding substrip of the release web.
NUM  15.
PAR  15. A continuous method of producing a multi-layer composite for subsequent
      processing, wherein the composite comprises a continuous web of base
      material, a pressure sensitive adhesive selectively applied to the web of
      base material, and a continuous web of strippable release material
      covering said adhesive, comprising the steps of:
PA1  a. Continuously advancing an endless web of base material toward a
      collating station;
PA1  b. Selectively applying zones of pressure sensitive adhesive in
      predetermined, repetitive patterns to a portion of one surface of said
      advancing web of base material in advance of said collating station;
PA1  c. Continuously advancing an endless web of release material toward the
      collating station;
PA1  d. Subdividing said web of release material into a plurality of
      interconnected, separable panels in advance of said collating station; and
PA1  e. Collating said advancing web of release material with said advancing web
      of base material for disposing said separable panels in covering
      relationship with corresponding zones of pressure sensitive adhesive on
      said web of base material.
NUM  16.
PAR  16. A method as called for in claim 15, wherein said adhesive is applied in
      an elongate, longitudinally extending stripe and wherein the release
      panels are transversely subdivided into a plurality of sub-panels which
      collectively overlie the adhesive stripe.
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ABST
PAL  A tread for the recapping of tires is provided with a roughened internal
      surface simultaneously with the shaping of profile on its external surface
      in a vulcanizing form. The internal surface can be roughened by placing
      against the body of raw rubber in the form of a latticework, a plate with
      regularly or irregularly distributed projections or a composite deforming
      structure. The internal surface of the prefabricated tread can be sealed
      from the atmosphere by a foil which is applied to the internal surface
      directly in the form or subsequent to removal of tread from the form.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  The present invention relates to a method of making treads for the
      recapping of tires. The invention also relates to treads which are
      produced in accordance with the improved method.
PAR  It is well known that the internal surface of a tread must be roughened
      prior to bonding to the carcass of a used tire, either directly or with
      the interposition of a conventional intermediate layer or insert which is
      placed between the internal surface of the tread and the peripheral
      surface of the carcass. As a rule, the internal surface of a prefabricated
      tread is roughened shortly prior to bonding to a carcass or to an
      intermediate layer in order to avoid oxidation of the material of the
      tread along the uneven internal surface. The internal surface of the
      intermediate layer can be subjected to an analogous treatment prior to
      placing it against the peripheral surface of the carcass.
PAR  When a prefabricated tread is to be bonded to the carcass of a used tire,
      its internal surface is roughened for two reasons, i.e., to remove the
      oxidized layer of material along the internal surface and to enhance the
      bonding action during vulcanizing. This insures that raw rubber which is
      exposed along the roughened internal surface adheres strongly to the
      peripheral surface of the carcass when the recapping operation is
      completed. If the tread consists of widely different materials, or if the
      materials of the tread and carcass are different, the internal surface of
      the tread is normally subjected to a very pronounced roughening action so
      as to greatly increase the overall area of the internal surface by
      imparting to such internal surface a pronouncedly coarse finish which
      contributes to a superior bonding action and reduces the likelihood of
      cracking in the regions of transition between different material types.
PAR  It was further proposed to roughen the internal surface of a prefabricated
      treat immediately after the making. The freshly roughened internal surface
      is then coated with a layer of adhesive and is overlapped by a suitable
      foil which seals the roughened internal surface from the surrounding
      atmosphere. However, the roughening of internal surface still represents a
      separate step which must be carried out upon completion of the
      prefabricated tread and contributes significantly to the manufacturing
      cost. Moreover, the roughening of successive treads is not reproducible
      with a requisite degree of accuracy, especially if the roughening action
      is to produce relatively narrow recesses and small protuberances which
      cannot be machined at an acceptable cost. Thin treads cannot be properly
      roughened in presently available machinery; therefore, the roughening is
      often performed by hand, especially in regions which cannot be readily
      reached by machine tools.
PAR  It was further proposed to vulcanize a tissue onto the internal surface of
      a prefabricated tread, especially a tread for large (tactical, combat and
      analogous) tires. The tissue is forcibly removed prior to bonding of the
      tread to the carcass of a tire. A drawback of such proposal is that the
      tissue can be applied only to relatively large and thick treads because
      the removal of tissue necessitates the exertion of a very large force
      which must be furnished by a suitable machine. Furthermore, the depth of
      recesses and the height of protuberances on the internal surface of the
      tread subsequent to removal of the tissue is relatively small so that the
      bonding action between the tread and the carcass is not satisfactory.
PAC  Summary of the Invention:
PAR  An object of the invention is to provide a novel and improved method of
      producing a tread for the recapping of used tires according to which the
      roughening of the internal surface of the tread is completed
      simultaneously with completion of the tread.
PAR  Another object of the invention is to provide a novel and reproducible mode
      of roughening the internal surfaces of prefabricated treads.
PAR  A further object of the invention is to provide a novel and improved
      prefabricated tread for the recapping of tires.
PAR  Still another object of the invention is to provide a tread whose internal
      surface is roughened as soon as the tread is removed from the form and
      whose internal surface can be configurated in a manner to insure the
      formation of an optimum bond between the internal surface and the
      peripheral surface of a carcass.
PAR  An additional object of the invention is to provide a novel and improved
      apparatus for the making of prefabricated treads.
PAR  A further object of the invention is to provide novel and improved means
      for imparting to the internal surface of a tread a desired configuration.
PAR  The method of the present invention can be resorted to for the making of
      storable sections of or circumferentially complete treads which are used
      in the recapping of tires. The method can be practiced by employing a
      vulcanizing form whose bottom wall has an outline which is complementary
      to the desired profile of the external surface of the tread, and the
      method comprises the steps of introducing into the form an effective
      amount of raw rubber which forms in the form a layer having an exposed
      surface corresponding to the internal surface of the tread and a concealed
      surface which is adjacent to the bottom surface of the form and
      corresponds to the profiled exposed surface of the tread, pressing against
      the exposed surface of the layer of raw rubber a deforming structure or
      pattern having a plurality of regularly or randomly distributed
      projections and recesses to impart to the exposed surface of the layer a
      complementary configuration, and converting the layer into a prefabricated
      tread. The converting step comprises heating the layer so that the raw
      rubber flows and the prefabricated tread is provided with an external
      surface having a profile complementary to the profile of the bottom
      surface of the form, and with an internal surface whose configuration is
      complementary to that of the deforming structure.
PAR  The method may further comprise the step of applying over the internal
      surface of the prefabricated tread a deformable protective sheet (e.g., a
      foil of synthetic plastic material) which closely follows the
      configuration of the internal surface and seals it from the surrounding
      atmosphere.
PAR  Alternatively, the method may comprise the step of placing between the
      deforming structure and the exposed surface of the layer in the form, a
      deformable sheet or foil which adheres to and closely follows the
      configuration of the internal surface of the prefabricated tread to seal
      the internal surface from the surrounding atmosphere.
PAR  The method preferably further comprises the step of evacuating air from the
      form in the course of the converting step.
PAR  The deforming structure may constitute a latticework or a plate having
      projections and recesses, and such structure may be assembled of two or
      more separable parts. The internal surface of the tread may have the
      configuration of sand paper and the projections and/or recesses of the
      deforming structure may have portions of different height, width and/or
      length. At least some projections of the internal surface of the tread may
      be dovetailed (undercut).
PAR  The novel features which are considered as characteristic of the invention
      are set forth in particular in the appended claims. The improved tread
      itself, however, both as to its construction and the mode of producing the
      same, together with additional features and advantages thereof, will be
      best understood upon perusal of the following detailed description of
      certain specific embodiments with reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of a prefabricated tread whose internal
      surface is configurated in accordance with a first embodiment of the
      invention;
PAR  FIG. 2 is a sectional view of the tread shown in FIG. 1;
PAR  FIG. 3 is a perspective view of a segment of a prefabricated tread for use
      on tractors, trucks or analogous vehicles;
PAR  FIG. 4 is a sectional view of the segment shown in FIG. 3;
PAR  FIG. 5 is a plan view of a receptacle which can be used for the application
      of foils to prefabricated treads;
PAR  FIG. 6 is a fragmentary perspective view of a further tread;
PAR  FIG. 7 is a plan view of the structure shown in FIG. 6;
PAR  FIG. 8 is a plan view of a tread which constitutes a modification of the
      tread shown in FIG. 6;
PAR  FIG. 9 is a fragmentary perspective view of another tread;
PAR  FIG. 10 is a fragmentary perspective view of a further tread;
PAR  FIG. 11 is a fragmentary perspective view of still another tread;
PAR  FIG. 12 is a plan view of the structure shown in FIG. 11;
PAR  FIG. 13 is a fragmentary perspective view of a further tread; and
PAR  FIG. 14 is a sectional view of an apparatus for the making of the improved
      tread.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  FIGS. 1 and 2 illustrate a prefabricated tread 1 whose external surface 2
      has a suitable profile and whose internal surface 3 is roughened in
      accordance with the method of the present invention. The pattern which is
      impressed into the internal surface 3 resembles a latticework, i.e., it
      comprises intersecting projections or ribs surrounding recesses of
      polygonal outline. Such latticework represents but one of many patterns or
      configurations which can be provided on the internal surface 3 of the
      tread; other patterns include those having pits or scars, naps, truncated
      cones, crepe-like surfaces, projections in the form of push-buttons or
      dovetailed and similarly undercut protuberances. All that counts is to
      provide the internal surface 3 with regularly or irregularly distributed
      raised and recessed portions in the form of discrete or interconnected
      projections and grooves or recesses, identically or differently
      configurated protuberances and cavities, or regular or irregular
      combinations of such configurations so as to insure the formation of a
      reliable bond when the internal surface 3 of the tread 1 is permanently
      secured to the carcass of a used tire. In contrast to the presently
      followed procedure of roughening the internal surface of a tread
      subsequent to making of the tread, the method of the present invention
      contemplates to produce the tread in such a way that the internal surface
      of the tread is roughened as soon as the making of the tread is completed,
      i.e., that the roughening of internal surface constitutes one or more
      steps of the tread-making process. This insures a much more reliable
      reproducibility of the formation of patterns or configurations on the
      internal surfaces of successively produced treads and reduces the likehood
      of unsatisfactory roughening due to lack of experience and/or lack of
      conscientiousness on the part of the workmen.
PAR  FIGS. 3 and 4 illustrate an arcuate portion or segment 4 of a prefabricated
      tread whose external surface 102 has a profile corresponding to that of a
      tactical or combat tire. The profile consists of relatively large ribs
      separated by relatively wide recesses or grooves, such as are customary on
      agricultural vehicles, conveyances used in quarries, mines and elsewhere
      where the tires are subjected to very pronounced wear. The internal
      surface 103 of the segment 4 exhibits a pattern consisting of very
      pronounced projections or protuberances and recesses or cavities to insure
      a highly satisfactory bonding to the carcass. The side faces 6 and the end
      faces 5 of the segment 4 are also roughened, preferably in the same way as
      the internal surface 103. This insures satisfactory bonding to the end
      faces of similar arcuate segments and to layers which are applied against
      the side faces 6 prior to vulcanizing of the tread to a tire carcass.
PAR  FIG. 5 illustrates a receptacle or bag 10 which serves to provide the
      roughened internal surface of a prefabricated tread with a protective
      layer consisting of a suitable flexible material, such as a plastic foil
      which closely follows the configuration of the internal surface and is
      applied thereto by simultaneous evacuation of air so that the foil
      constitutes a seal which protects the roughened internal surface from
      contact with the surrounding atmosphere. The tread is introduced into the
      receptacle 10 upon completed conversion of a mass of raw rubber into a
      body having profiled internal and external surfaces, such as the surfaces
      2, 3 of the tread 1 or the surfaces 102, 103 of the segment 4. FIG. 5
      shows the configuration (latticework) of the internal surface 7 of a tread
      in the receptacle 10; such configuration has been imparted to the surface
      7 by a deforming structure of the type shown in FIG. 6 or by an analogous
      deforming structure which was caused to contact and to deform the exposed
      surface of a body of raw rubber in a mold whose bottom surface has a
      configuration complementary to the desired profile of the external surface
      of the tread. The recesses which are formed by the bars of the deforming
      structure can be used to facilitate the evacuation of air from the space
      between the foil and the internal surface 7 of the tread in the receptacle
      10. The outlet for evacuation of air from the receptacle is shown at 9.
      The application of a foil to the exposed surface 7 in an airtight manner
      prevents oxidation of the internal surface during the interval following
      the making of the tread and preceding the bonding of the internal surface
      7 to the carcass of a tire. The foil which adheres to the internal surface
      7 can be readily peeled off by hand immediately prior to bonding of the
      tread to a carcass.
PAR  The receptacle 10 can further serve for storage of one or more
      prefabricated treads prior to vulcanizing to carcasses. Thus, the treads
      are placed into the receptacle, the latter is thereupon evacuated by way
      of the outlet 9, and the outlet is sealed to prevent any contact between
      the internal surfaces of the confined treads and the atmosphere.
PAR  FIGS. 6 and 7 illustrate the configuration of the internal surface 203 of a
      further prefabricated tread 201. The internal surface 203 is formed with
      longitudinally and transversely extending recesses or channels 11, 11a
      which surround rectangular projections in the form of platforms 12. The
      configuration shown in FIGS. 6 and 7 is imparted to the surface 203 by a
      latticework of coplanar longitudinally and transversely extending metallic
      rods or wires 111, 111a (only one of each of these rods is shown in part
      in FIG. 6). The rods 111, 111a are recessed into the layer of raw rubber
      to such an extent that the depth of each recess 11, 11a is less than the
      diameter of a rod 111 or 111a but exceeds the radius of such rod. In other
      words, the width of the recesses 11, 11a at the level of the exposed top
      faces or projections 12 is less than the width of channels below such top
      faces. It can be said that portions of the projections 12 are undercut or
      that the projections are dovetailed; a feature which has been found to
      contribute significantly to satisfactory bonding of the tread 201 to a
      tire carcass. Care should be exercised to prevent the material of the
      tread 201 from overflowing the rods 111, 111a because this would create
      difficulties during separation of rods from the tread.
PAR  FIG. 7 further shows a portion of a form or mold 250 having a bottom
      surface 251 whose profile is complementary to the desired profile of the
      tread 201.
PAR  FIG. 8 shows a portion of a freshly finished tread 301 prior to removal
      from the mold, not shown. The deforming means for imparting a specific
      configuration to the internal surface of the tread 301 comprises a
      modified latticework of interwoven metallic rods or bars 13 and 13a which
      produce in the internal surface recesses or channels having portions of
      different depths, i.e., the depth of each channel is greatest in the
      region where a vertical channel (as viewed in FIG. 8) intersects a
      horizontal channel. Moreover, the utilization of such latticework results
      in the formation of differently oriented projections or protuberances 312.
      The configuration of FIG. 8 has been found to be even more satisfactory
      for effective bonding to a tire carcass than the configuration shown in
      FIGS. 6 and 7.
PAR  The configuration of the internal surface of the tread 301 shown in FIG. 8
      can be altered by using rods 13 and 13a of different diameters, for
      example, larger-diameter horizontal rods 13 and smaller-diameter vertical
      rods 13a, or alternating larger- and smaller-diameter horizontal and/or
      vertical rods. Additional variations in the configuration of the internal
      surface of the tread can be achieved by changing the distance between
      neighboring rods, either in accordance with a certain pattern or at
      random. An advantage of rods having different diameters is that they cause
      the formation of channels or recesses having different depths irrespective
      of whether the rods are coplanar (FIGS. 6-7) or interlaced in a manner as
      shown in FIG. 8. It has been found that the strength of the bond between
      the tread and the carcass improves if the depth and/or shape of the
      channels, grooves, recesses, cavities, projections, protuberances and/or
      analogous parts of the internal surface varies within a wide range. FIGS.
      9 to 13 illustrate additional advantageous configurations for the internal
      surface of the improved tread. The surface 403 of FIG. 13 has rounded
      projections 14 of substantially semispherical shape. The projections 15 of
      the internal surface 503 shown in FIG. 10 are of conical shape with
      rounded tips. FIGS. 11 and 12 show pushbutton-shaped projections 16 each
      of which resembles the major part of a sphere. The internal surface 17 of
      the tread shown in FIG. 9 has a crepe-like configuration. These are but a
      few of many configurations which can be used on the internal surface of
      the improved tread to enhance the bond between the carcass and the tread.
      All that counts is to provide the internal surface of the tread with
      raised and recessed portions during the making of the tread so that the
      finished product need not be roughened prior to vulcanizing to a tire. The
      depth of recessed portions and the height and other dimensions of the
      projections will also depend on the intended use of the recapped tire.
PAR  The configurations shown in FIGS. 8, 11 and 12 are especially suited for
      treads of tires which are used on agricultural vehicles or the like. The
      recesses of the type shown in FIG. 8 are particularly satisfactory on
      treads which must stand substantial transverse stresses. The surface 17 of
      FIG. 13 can be formed by resorting to a deforming means having the
      configuration of sand paper. Such configuration can also be obtained by
      using deforming means in the form of a metallic plate which is provided
      with randomly distributed hardened droplets of a suitable metal. The cover
      of the form 250 can serve as a deforming means.
PAR  It will be noted that the improved prefabricated tread is characterized by
      an internal surface which is provided with molded projections or
      protuberances and recesses, i.e., that the formation of such projections
      and recesses takes place simultaneously with the profiling of the external
      surface in a mold or matrix. The projections may be dovetailed (FIGS. 6 to
      8), button-shaped (FIGS. 11 and 12) or otherwise configurated (FIGS. 9,
      10, 13), and the recesses may have portions of different width, length
      and/or depth (see, for example, FIG. 8). The ratio of that portion of the
      internal surface which is provided with recesses to that portion of the
      internal surface which is provided with projections is preferably (but not
      necessarily) one-to-one.
PAR  FIG. 14 shows a form or mold 750 having a profiled bottom surface 751 and
      containing an effective amount of raw rubber 752 which is to be converted
      into a prefabricated tread (e.g., the tread 1 of FIGS. 1 and 2). A
      pressure-resistant foil 753 is placed on top of the body 752 and a
      latticework 754 consisting of metallic rods or wires is placed on top of
      the foil 753. The mold 750 is then closed by a cover 755 and heat is
      supplied via coils 756 to vulcanize the body 752. The cover 755 is
      thereupon removed prior to removal of the latticework 754. The foil 753
      adheres to the internal surface of the prefabricated tread to prevent
      oxidation and is removed immediately prior to bonding of the tread to a
      carcass.
PAR  The latticework 754 can consist of two or more discrete portions. Moreover,
      this latticework can be replaced by deforming means in the form of a plate
      having conical, button-shaped or otherwise configurated projections,
      depending on the desired configuration of the internal surface of the
      prefabricated tread. The closing of the cover 755 is preferably
      accompanied by forcible introduction of the foil 753 and a portion of the
      latticework 754 into the exposed upper surface of the body 752 and by
      simultaneous expulsion of air from the space between the body 752 and the
      foil 753. The heating action is sufficient to cause the material of the
      body 752 to flow and to completely fill the recesses in the bottom surface
      751 as well as to be provided with a desirable internal surface whose
      configuration is determined by the latticework 754.
PAR  The method which has been described in connection with FIG. 14 exhibits the
      advantage that the foil 753 is secured to the prefabricated tread
      immediately in the form 750; however, the separation of foil 753 from the
      tread necessitates the exertion of a much greater force than that which is
      needed to separate the foil described in connection with FIG. 5.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which
      fairly constitute essential characteristics of the generic and specific
      aspects of my contribution to the art and, therefore, such adaptations
      should and are intended to be comprehended within the meaning and range of
      equivalence of the claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. A method of producing a circumferentially complete storable tread or a
      section thereof for use in the recapping of tires, comprising the steps of
      providing a mold having a bottom surface of an outline complementary to
      the desired profile of an external surface of the tread; introducing into
      the mold an effective amount of raw rubber so as to form in the mold a
      layer having an exposed surface corresponding to the internal surface of
      the tread and a concealed surface adjacent to the bottom surface of the
      mold; pressing against said exposed surface of said layer a deforming
      structure having a plurality of projections and recesses to impart to said
      exposed surface a complementary configuration and to simultaneously press
      said layer against the bottom surface of the mold so that said concealed
      surface assumes said desired profile; converting said layer into a
      prefabricated tread having a profiled external surface and a configurated
      internal surface suited for subsequent bonding to a tire to be recapped,
      including heating said layer; applying a removable layer of impermeable
      material to said internal surface of said tread to prevent access of the
      ambient air to said internal surface; and storing said tread prior to the
      use thereof for recapping for a storage period during which oxidation of
      the rubber forming said internal surface is prevented by said layer,
      whereby said internal surface is ready for immediate bonding without
      roughening to a tire to be recapped upon removal of said layer of
      impermeable material.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said deforming structure is a
      latticework.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said deforming structure
      consists of several separable sections.
NUM  4.
PAR  4. A method as defined in claim 1, wherein said exposed surface of said
      prefabricated tread has the configuration of sand paper.
NUM  5.
PAR  5. A method as defined in claim 1, further comprising the step of
      evacuating air from the form in the course of said converting step.
NUM  6.
PAR  6. A method as defined in claim 1, wherein the recesses and/or projections
      of the deforming structure have portions of different height, depth and/or
      width.
NUM  7.
PAR  7. A method as defined in claim 1, wherein said internal surface of said
      prefabricated tread comprises undercut projections.
NUM  8.
PAR  8. A method as defined in claim 1, wherein said applying step includes
      placing a deformable protective sheet over said internal surface
      immediately following said converting step; and deforming said protective
      sheet so as to closely follow the configuration of said internal surface
      and seal the latter from the ambient air.
NUM  9.
PAR  9. A method as defined in claim 1, wherein said applying step includes
      placing a deformable protective sheet over said internal surface prior to
      said pressing step; and wherein said protective sheet is deformed during
      said pressing step so as to closely follow the configuration of said
      internal surface and seal the latter from the ambient air.
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ABST
PAL  A method and mechanism for continuously making a plastic film with shaped
      profiles on the surface including extruding a continuous length of
      interlocking profiles from a die shaped with a precise shape for
      interlockingly engaging with another profile and directing a flow of
      coolant on the profile from a stationary coolant means and adjusting the
      direction of flow of coolant relative to the direction of movement of the
      profile or controlling the pressure and temperature of the flow of coolant
      to control the cooling rate and the shape of the profile.
PARN
PAR  This application is a continuation-in-part of my copending application,
      U.S. Ser. No. 178,086, filed Sept. 7, 1971 U.S. Pat. No. 3,787,269.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to improvements in plastic extrusion equipment and
      methods for forming film with shaped profiles on the surface where such
      film is eventually used in making reclosable bags or similar products.
PAR  More particularly, the invention relates to improvements in forming the
      profiles such that the shape can be more completely controlled at
      relatively high extrusion speeds so that a precise shape can be maintained
      to accurately and strongly interlock with another mating profile. One type
      of film having profiles on the surface is formed by supplying a continuous
      sheet of film and simultaneously extruding a profile which is laid on the
      film while hot so that it integrally attaches itself to the film to form a
      completed profile sheet. Mechanisms and processes for forming such sheets
      are shown in the copending applications of Takashi Noguschi, U.S. Ser. No.
      178,086, filed Sept. 7, 1971 and U.S. Ser. No. 178,087, filed Sept. 7,
      1971. It will be understood that the features of the invention find
      advantage in forming profiles by other methods and other mechanisms, but
      the invention will be primarily described in connection with an
      environment such as that shown in the above referred to copending
      applications, the disclosures of which are embodied herein by reference.
      The features described herein may be employed, for example, in an
      extrusion arrangement wherein the profile is not formed separately and
      applied to a film white hot, but wherein the profile and film are extruded
      simultaneously out of a single die opening. It is also contemplated that
      the features of the invention may be employed in an arrangement wherein
      the film and profile are extruded separately, but substantially
      immediately joined to each other.
PAR  In the formation of profile sheets with the improvement of extrusion
      techniques and profile and film designs, it has become possible to form a
      very thin film of only a few mils of thickness and to make the profile
      very small and yet obtain interlocking profiles which will join to each
      other with a strength that approaches or surpasses the strength of the
      film. To obtain an efficient highly effective interlocking profile depends
      upon the accuracy thereof, and this accuracy is hard to maintain at high
      extrusion speeds. It has been discovered that an important factor in
      maintaining the shape of the profile is in controlling the cooling
      thereof.
PAR  It is accordingly an object of the present invention to provide an improved
      mechanism and method for the production of profiled film obtaining more
      accurate and better control of profile shape and/or higher extrusion
      rates.
PAR  A still further object of the invention is to provide an improved method
      and mechanism for accurately controlling the shape of extruded plastic
      profiles during continuous extrusion.
PAR  Other objects, advantages and features, as well as equivalent mechanisms
      and methods which are intended to be covered herein, will become more
      apparent with the disclosure of the preferred embodiments in the
      specification, claims and drawings, in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic elevational view of a mechanism for making
      profile film constructed and operating in accordance with the principles
      of the present invention;
PAR  FIG. 2 is a vertical sectional view taken through a film strip with
      profiles illustrating the type of construction formed in accordance with
      the invention;
PAR  FIG. 3 is a vertical sectional view taken through the top of a bag formed
      from the film of FIG. 2;
PAR  FIG. 4 is a somewhat schematic enlarged fragmentary sectional view showing
      a portion of the cooling mechanism;
PAR  FIG. 5 is a fragmentary enlarged side elevational view of another form of
      the cooling mechanism;
PAR  FIG. 6 is a fragmentary detailed view of a further form of the invention;
      and
PAR  FIG. 7 is another fragmentary schematic view of a further form of the
      invention.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 illustrates a mechanism for attaching a profile to a traveling strip
      of film. The structure is somewhat similar in principle to the mechanism
      shown in the copending application, Ser. No. 178,086 but other variations
      may be employed. In accordance with the type of mechanism generally
      illustrated, a flat thin strip of film is delivered traveling along a path
      and a freshly extruded profile is positioned on the film to be bonded
      thereto by the heated plastic of the profile adhering to and solidifying
      with the film.
PAR  In FIG. 1 a strip of thin plastic film such as a laminate with one
      polyethylene surface travels over a guide roll 10 and successive rolls 11,
      12 and 13 to pass upwardly in the nip between a pair of press rolls 14 and
      15. The press roll 15 has a recess so as to admit a freshly extruded
      heated plastic profile P. The profile emerges from the die opening of an
      extruding head 16 which is supplied with heated plastic from an extruder
      17. The die 16 and extruder 17 may be of various conventional designs
      which will be fully recognized by those versed in the art.
PAR  The film sheet F is preferably heated such as by passing over the heated
      roll 14 so that the profile will more readily adhere to the surface and
      form a firm bond. The plastic of the profile P being freshly extruded is
      relatively hot and must be cooled so that it will solidify for subsequent
      interlocking or for rolling up the profile film on a roll in a continuous
      operation. For this purpose a coolant jet mechanism 24 is provided
      directing a flow of coolant against the heated profile to remove heat
      therefrom. The film sheet is guided upwardly over a series of guide rolls
      19, 20, 21 and 22.
PAR  The coolant jet 24 may be referred to as a control coolant jet because it
      has been discovered that this jet can control the shape of the resultant
      profile on the film. The profile after being adhered to the film, is in
      the somewhat plastic formative stage, and it has been found that the
      coolant jet 24 can influence the shape of the profile by controlling the
      location where the coolant fluid is directed and the direction at which it
      engages the profile as well as the pressure or velocity at which it
      engages the profile. The coolant employed is preferably air, but other
      gases or water may be used.
PAR  An additional cooling means 23 further along the path of travel of the
      strip may be employed for completing the cooling operation. The primary or
      the control coolant jet 24 removes the majority of heat and controls the
      shape of the profile, and the secondary coolant means 23 completes the
      operation, but usually has no effect on the size and shape of the profile.
      Also, to increase the cooling operation, a cooling means 23a may be placed
      in opposing relationship to the cooling means 23.
PAR  The extruder head 16 may be designed to extrude one or more profiles and,
      for example, a rib profile and a groove profile may be simultaneously
      extruded. The profiles must be accurately sized and shaped to be able to
      interlock when pressed together and to hold together with maximum
      strength. To accomplish this with the smallest profile possible and to
      thereby save the amount of plastic required and to be able to do so at as
      high a speed as possible, preciseness and accuracy in the shape of the
      profile is mandatory. In accordance with the present invention, it has
      been discovered that this shape can be controlled by controlling the
      direction and/or pressure of coolant directed against the profile after it
      has been placed on the sheet.
PAR  A sheet of the type formed with the mechanism illustrated is shown in FIG.
      2 wherein the plastic film 26 has profiles 27 and 28 bonded to the
      surface. A use for this type of film is shown in the structure of FIG. 3
      wherein the film sheet is doubled to form a doubled closed bag with a top
      30 and a bag interior 29 and a bottom 30b. The top of the bag has
      interlocking profiles 27 and 28. For use the bag will be slit along the
      top 30, and the profiles can be pulled apart by the flanges located above
      them for access to the interior of the bag. For reclosing the bag the
      profiles 27 and 28 will be pressed together by applying a lateral pressure
      along the top of the bag on either side of the profiles.
PAR  A typical set of profiles will consist of a general arrowhead shape for one
      profile as shown schematically at 27 in FIG. 2, and a complementary groove
      shape with overlapping side jaws for the other profile as shown
      schematically at 28 in FIG. 2.
PAR  FIG. 4 illustrates the relationship between the profile P on the film F and
      the cooling head 24. The cooling head is shown as having one or more jets
      illustrated by the air jets 33 and 34. Air supply lines 36 and 37 are
      connected to the jets. The jets are mounted on a movable adjustment piece
      35 so that their angle can be altered in a direction transversely of the
      direction of travel of the profile. By shifting the jets in an arcuate
      path through 180.degree. relative to the profile, more or less heat will
      be removed from one side of the profile than the other in the initial
      cooling which will change the shape of the resultant profile. During
      operation, the position of these jets can be changed to obtain the optimum
      shape in the profile. Thus this shape may be changed to correct, for
      example, unequal size jaws in the female profile. This feature may be also
      used to correct resultant unequal size barbs of the male profile due to
      inaccuracies in the shape of the die 16. Additionally, if at different
      speeds of extrusion, the plastic tends to flow so that the head or jaw of
      the male or female profile is smaller on one side than on the other side,
      then compensation can be made by adjusting the position of the air jets.
PAR  FIg. 5 shows an arrangement wherein a coolant jet 38 is adjustable through
      180.degree. so that the jet can be directed from a position facing the
      oncoming moving profile P to a position where its direction is parallel
      with the movement of the profile. This arrangement tends to control the
      profile height and its general shape. The adjustment arrangement wherein
      the coolant jet direction is adjusted in the direction of movement of the
      profile or normal to the direction of movement of the profile may be
      combined or may be used individually.
PAR  FIG. 6 shows an arrangement wherein a plurality of individual jets 40, 41,
      42 and 43 are used such as with a female profile F. These jets will be
      individually adjustable and also adjustable as a block in both of the
      directions illustrated in FIGS. 4 and 5 so as to be able to vary the
      direction and position of engagement of the coolant with the moving
      profile. Adjustment means are shown at 48, 49, 50, 51 and 52.
PAR  A further variation may be introduced in control of the pressure of the
      flow of coolant. As shown in FIG. 7, a traveling profile has a jet 45
      directed thereagainst supplied with a flow of coolant through a line 46
      controlled by a pressure control valve 47. By varying the valve 47, the
      rate of flow of the coolant through the jet 45 is altered which will have
      an effect on the resultant shape of the profile P. The pressure control
      arrangement of FIG. 7 may be employed alone or simultaneously with the
      arrangement shown in FIGS. 4 through 6.
PAR  An additional variation may also be introduced by controlling the
      temperature of the coolant by passing it through a heat transfer mechanism
      53 wherein the coolant can be brought to and maintained at a predetermined
      optimum temperature for satisfactorily cooling the profiles.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In the method of making plastic film with shaped profiles on the surface
      comprising the steps of:
PA1  extruding a continuous length of an interlocking profile from a die opening
      with the profile having a precise shape for interlockingly engaging with
      another profile;
PA1  and directing a flow of coolant onto the extruded profile of warm plastic
      and adjusting the direction of flow of coolant relative to the direction
      of movement of the profile for controlling the cooling rate and shape of
      the profile.
NUM  2.
PAR  2. In the method of making a plastic film with shaped profiles on the
      surface in accordance with claim 1.
PA1  wherein said direction is adjusted through an arc of 180.degree..
NUM  3.
PAR  3. In the method of making plastic film with shaped profiles on the surface
      in accordance with the steps of claim 1.
PA1  wherein the flow of coolant is adjusted in an arc extending in the
      direction of travel of the profile length.
NUM  4.
PAR  4. In the method of making plastic film with shaped profiles on the surface
      in accordance with the steps of claim 1.
PA1  wherein the flow of coolant is adjusted in an arc extending transversely of
      the direction of movement of the profile length.
NUM  5.
PAR  5. In the method of making plastic film with shaped profiles on the surface
      comprising the steps of:
PA1  extruding a continuous length of an interlocking profile from a die opening
      with the profile having a precise shape for interlockingly engaging with
      another profile;
PA1  and directing a flow of coolant against the heated profile and adjusting
      the pressure of coolant flow for controlling the cooling rate and shape of
      the profile.
NUM  6.
PAR  6. In the method of making plastic film with shapes profiles on the
      surface, the steps of:
PA1  extruding a continuous length of an interlocking profile from a die opening
      with the profile having a precise shape for interlockingly engaging with
      another profile;
PA1  directing a flow of coolant onto the extruded profile of warm plastic;
PA1  and varying the temperature of the coolant flow for controlling the cooling
      rate and shape of the profile.
NUM  7.
PAR  7. In the method of making plastic film with shaped profiles on the
      surface, the steps of:
PA1  extruding a continuous length of an interlocking profile from a die opening
      with the profile having a precise shape for interlockingly engaging with
      another profile;
PA1  directing a first flow of coolant against the heated profile length in a
      small jet shape;
PA1  and directing a second flow of coolant in a small jet shape against the
      heated profile length;
PA2  said first flow being directed laterally relative to the axis of the
      profile and said second flow being directed in a direction laterally
      opposing the first flow of coolant.
NUM  8.
PAR  8. In the method of making plastic film with shaped profiles on the
      surface, the steps of:
PA1  extruding a continuous length of an interlocking profile from a die opening
      with the profile having a precise shape for interlockingly engaging with
      another profile;
PA1  directing a first flow of coolant in a small jet shape against the heated
      profile length;
PA1  and directing a second flow of coolant in a small jet shape against the
      heated profile length;
PA2  said second flor of coolant being positioned after the first flow of
      coolant in the direction of profile lenth movement.
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ABST
PAL  A process for bonding a first sheet of non-woven plexifilamentary polymeric
      material to a second sheet of compatible, thermoplastic, polymeric
      material by applying at least one stream of hot polymeric material to the
      second sheet of polymeric material to form a narrow continuous bead and
      after a time sufficient to allow the hot polymeric material of the bead to
      begin to fuse the first sheet of plexifilamentary polymeric material,
      simultaneously cooling and deforming the bead so that it permeates the
      first sheet of plexifilamentary polymeric material and so that its edges
      extend beyond the region where the polymer has permeated the first sheet
      of plexifilamentary polymeric material. The hot-melt polymer bonds the two
      sheets together in the region where it permeates the plexifilamentary
      material, and forms a continuous bond between the superposed layers. The
      structure may then be slit through the bead to form a porous tube which is
      particularly useful as an irrigation tubing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved process for bonding polymeric sheet
      materials together, and particularly to a process for bonding a sheet of
      plexifilamentary polymeric material to a second sheet of polymeric
      material. The process is useful in the fabrication of porous
      plexifilamentary tubing which can be used for agricultural purposes, such
      as irrigation.
PAR  2. Description of the Prior Art
PAR  Processes for forming tubing from heat-sealable materials are known in the
      art. U.S. Pat. No. 2,522,346 discloses the manufacture of tubing from
      rolls of material in which two plies of heat-sealable film are separated
      by a liner of non-heat sealable cellulosic material. Wide rolls of the
      heat-sealable film are first sliced and then brought into contact with a
      heated plate or open flame. The heating of the ends of the rolls causes
      contacting edges of the heat-sealable film to become united, and the
      linear material prevents the union of those portions of the film separated
      by the liner. In this manner, tubing of any desired width may be prepared.
PAR  U.S. Pat. No. 2,916,053 discloses a process for forming tubing from
      superposed layers of thermoplastic sheet material using a sealing heat
      internally equipped with a conventional resistance type electric heating
      element.
PAR  U.S. Pat. No. 3,538,912 discloses a method of bonding layers of porous and
      liquid absorbent non-woven cellulosic material using an intermediate layer
      of thermoplastic material. This process requires interleaving the
      thermoplastic material between the superposed non-woven sheets. The bonds
      formed, however, are of marginal strength.
PAR  British Pat. No. 993,092 discloses a process for bonding two thermoplastic
      films together by applying a strip of hot thermoplastic material to one
      film and allowing the heat of the applied material to fuse the two sheets
      together. This patent, however, does not deal with a process for making
      tubing nor does it deal with the problem of bonding two layers of material
      together when one of those layers is a plexifilamentary sheet.
PAR  The problems encountered in bonding a sheet of fibrous, non-woven
      plexifilamentary polymeric materials either to another sheet of the same
      material or to a sheet of a second polymeric material are entirely
      different from those encountered in bonding two solid thermoplastic films
      together. As with all fibrous materials, the plexifilaments in such a
      sheet structure react to the heat used in the sealing process and "neck
      down" to such an extent that the mere act of applying heat to the sheets,
      for the purpose of effectuating a bond between the two layers of material,
      actually creates a rupture line at the edge of the heat seal.
PAR  The situation is even more complicated when the process is used to produce
      a tube which can be used in trickle irrigation. While a small hole, which
      tends to plug quickley with water sediments, can be tolerated in such a
      tube, a hole with a rupture line around it, which will increase in size
      due to the pressure exerted on the weakened fibers in the region of the
      hole, cannot be tolerated. Such a hole, even a microscopic hole which
      allows an almost invisible squirt of water to escape, can leak an order of
      magnitude more water than intended for each plant and thereby reduce
      proportionally the amount of water provided to plants downstream from the
      hole. Furthermore, for outdoor use, the bond formed should, preferably, be
      resistant to ultraviolet degradation and the tubing formed should be
      resistant to the formation of kinks. Furthermore, because of its inert
      nature and relative cheapness, polyethylene is a preferred material for
      irrigation tubing. Plexifilamentary polyethylene sheets are particularly
      difficult to bond together or to bond to solid polyethylene sheets.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a process for bonding
      a first layer of fibrous, nonwoven plexifilamentary, polymeric sheet
      material to a second layer of compatible, thermoplastic, polymeric sheet
      material comprising the steps of:
PAR  a. Superposing, in overlapping contact with one another, the first and
      second layers of polymeric sheet materials to form a composite sheet;
PAR  b. applying at least one stream of hot polymeric material onto the surface
      of the second layer of polymeric sheet material to form a narrow,
      continuous bead of hot polymeric material; and
PAR  c. after a time sufficient to allow the hot polymeric material of the bead
      to begin to fuse the first layer of plexifilamentary polymeric sheet
      material, cooling the bead by contacting it with a solid surface
      maintained at a temperature below the solidification temperature of the
      polymeric material in the bead, and simultaneously, deforming the bead by
      pressing the upper surface of the bead against the solid surface with a
      force sufficient to cause the hot polymeric material of the bead to
      permeate the first layer of plexifilamentary, polymeric sheet material and
      to cause the edges of the bead to extend beyond the region where the
      polymeric material of the bead has permeated the first layer of
      plexifilamentary polymeric sheet material.
PAR  The process is applicable to the situation where both the first and second
      sheets of material are fibrous, non-woven plexifilamentary polymeric
      sheets. The process is also useful in the situation where only the first
      sheet is a fibrous, non-woven plexifilamentary sheet, and the second sheet
      is a solid film of material, such as black pigmented branched
      polyethylene. In the latter situation, however, the solid film must be a
      thermoplastic material (i.e., not cross-linked or thermoset) and it should
      be compatible, in the fluid state, with the plexifilamentary polymeric
      material of the first layer. Preferably, it should also have a relatively
      low degree of orientation compared to the material of the first layer. In
      either situation, then, the second layer must be a layer of a compatible
      thermoplastic polymeric material.
PAR  The first and second layes of the polymeric material may be formed from a
      single sheet, folded over on itself, or they may be separate sheets of
      polymeric material in which case the step of superposing the first and
      second layers of polymeric material is accomplished by superposing
      separate sheets of polymeric material.
PAR  The process is particularly useful when the first and second layers of
      polymeric material are made from polyethylene. In this case, the bead is
      also a polyethylene, preferably a branched polyethylene, and the step of
      extruding at least one narrow continuous bead of hot-melt polymer
      comprises heating the hot-melt polymer to a temperature between about
      260.degree. and about 340.degree.C. (preferably 320.degree. to
      340.degree.C.).
PAR  It is advantageous to use an excess of polymer in the bead, so, in the
      preferred embodiment, the bead of polymeric material comprises at least 35
      mg/cm. (preferably 50 mg/cm.) of polymeric material in a ribbon less than
      about 0.8 cm. wide. Best results have also been achieved when the basis
      weight of the plexifilamentary polymeric material is at least 1.2 oz. per
      sq. yd., preferably 1.5 oz. per sq. yd. Furthermore, when the products
      formed by the above process are to be used in direct sunlight, it is
      advantageous to include in the polymeric material from which the bead is
      formed a small amount (i.e., less than about 1%) of a suitable ultraviolet
      absorber such as carbon black, to prevent degradation of the bond by the
      sunlight.
PAR  When the process is used to make tubing, the step of applying at least one
      stream of hot polymeric material, comprises applying a plurality of
      parallel streams of polymeric material, and the process further comprises
      the step of slitting the composite sheet (possibly along the longitudinal
      axis of each bead) to form a plurality of tubes. Preferably the beads
      should be separated from one another by at least about 0.5 inch, but much
      larger or even narrower spacings are useful in some circumstances.
PAR  The tube formed from the above process comprises:
PAR  a. a first layer of fibrous, non-woven plexifilamentary polymeric sheet
      material;
PAR  b. a second layer of compatible, thermoplastic, polymeric sheet material;
PAR  c. at least one narrow continuous bead of polymeric material deposited on
      the second layer of polymeric sheet material and permeating the first
      layer of plexifilamentary polymeric sheet material to form a bond between
      the first and second layers of polymeric sheet material. The bead extends
      in the longitudinal direction along at least one edge of the tube, and the
      edges of the upper surface of the bead are deformed to extend beyond the
      region where the polymer of the bead has permeated the first layer of
      plexifilamentary sheet material and bonded the two layers of polymeric
      material together.
PAR  The two layers can be formed from the same sheet, or they can be formed
      from two separate sheets. In one embodiment of the tube, the second sheet
      of polymeric material is a film of black branched polyethylene, and in a
      second embodiment, the second sheet of polymeric material is a sheet of
      fibrous, non-woven plexifilamentary polymeric material similar to that
      used as the first sheet.
PAR  If the tube is formed from a single sheet, folded back upon itself, only
      one bead need be used. On the other hand, if the tube is made from two
      sheets of material, then at least two parallel beads of material are used
      to form the tube. In the preferred embodiment, the plexifilamentary
      polymeric material has a basis weight of at least 1.2 oz. per sq. yd., and
      the bead comprises at least 35 mg/cm. (preferably 50 mg/cm.) in a ribbon
      less than about 0.8 cm. wide of polymeric material. If a number of tubes
      are formed at the same time, by applying a plurality of streams of hot
      polymeric material, and then slitting each bead, the resultant bead
      associated with each edge of the tube will contain at least about 15
      mg/cm. (preferably at least 25 mg/cm.) of polymeric material in a ribbon
      less than about 0.4 cm. wide.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is best described by reference to the following
      figures in which:
PAR  FIG. 1 is a diagram of one embodiment of an apparatus for practicing the
      process of the present invention and making a plurality of tubes from two
      sheets of material;
PAR  FIG. 2 is an enlarged perspective view of the sealing region shown in FIG.
      1;
PAR  FIG. 3 is a cross-sectional view of the sealing region shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view of the seal formed by the process
      performed by the apparatus shown in FIG. 1; and
PAR  FIG. 5 is a perspective view of a portion of a tube formed by the apparatus
      shown in FIG. 1, taken in cross-section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The invention is described with reference to the apparatus for practicing
      the process of the invention shown in the attached drawings.
PAR  In FIG. 1, two separate sheets of polymeric sheet material (W.sub.1 and
      W.sub.2) are provided from supply rolls 11 and 12. The bottom web W.sub.1
      will be referred to as the first sheet of polymeric material, and the top
      web will be referred to as the second sheet of polymeric material. Both
      the first and second sheets of polymeric material may be fibrous,
      non-woven, plexifilamentary, polymeric sheet materials, and the invention
      will be described by reference to a process in which both sheets are such
      materials. However, it is to be understood that the second sheet of
      polymeric material W.sub.2 may be in the form of a solid film.
PAR  The preferred plexifilamentary polymeric sheets used in the present
      invention are the fluid-permeable flexible, porous, non-woven fibrous
      sheets disclosed by Steuber in U.S. Pat. No. 3,169,899 and by David in
      U.S. Pat. No. 3,442,740, the disclosures of which are hereby incorporated
      by reference into the present specification. These patents describe a
      method of making and finishing flexible porous non-woven fibrous sheets
      from special plexifilamentary strands which are described in Blades et al,
      U.S. Pat. No. 3,081,519, the disclosure of which is also incorporated by
      reference into the present specification. Porous, non-woven
      plexifilamentary sheets used to make the articles of this invention are
      preferably made from strands of a polyolefin such as polyethylene or
      polypropylene, as taught in the aforementioned patents.
PAR  After passing through a pair of break rolls 13 and 13' (used to provide
      tension in the nip), guide rolls 14, 14' and 14" and dancer roll 15, which
      in combination are used to control the tension in sheet W.sub.1, sheet
      W.sub.1 is superposed with sheet W.sub.2 by guide rolls 16 and 17 to form
      composite sheet W. Composite sheet W is then fed to idler roll 18 and
      extrusion roll 19.
PAR  As shown most clearly in FIGS. 2 and 3, extrusion roll 19 is disposed
      beneath an extrusion die 20 which serves to supply molten polymeric
      material to the die or orifice plate. The molten naure of the polymer in
      die 20 may be maintained by heating coils (not shown) or any convenient
      method well known to those skilled in the art of polymer extrusion. At the
      bottom of die 20, is an extrusion die orifice plate 21 which contains a
      plurality of extrusion orifices. The size and construction of these
      orifices will vary, depending upon the materials used. Such a plate can
      easily be constructed by one skilled in the art of polymer extrusion. In
      one suitable embodiment, however, the orifices in the plate have a
      diameter of approximately 3/16 inch, and their centers are offset from one
      another by 13/16 inch. In this embodiment, the tubes will be made by
      slitting the beads formed in the process down their middle. In another
      embodiment, the die orifices can have alternate 13/16 inch and 3/8 inch
      centers, and the tubes can be made by slitting the composite sheet between
      the beads separated from one another by 3/8 inch. The orifice spacing,
      however, can be adjusted to make tubes with any desired width.
PAR  The hot polymeric material used in the present invention to form the beads
      can be any suitable hot-melt or thermoplastic polymeric material. However,
      the hot polymeric material will preferably be selected from a group of
      polymers which are the same or similar to the polymer from which the
      plexifilamentary material is made. For example, to bond together two
      non-woven sheets made from polyethylene plexifilaments, it is preferred to
      use as a hot-melt composition a polyethylene of low crystallinity.
      Examples of suitable hot-melt compositions include branched polyethylene
      with a melt index of 12, a copolymer of 97.5% ethylene and 2.5% vinyl
      acetate with a melt index of 5.0, and a copolymer of 82% ethylene and 18%
      vinyl acetate with a melt index of 8.0. One suitable hot-melt composition
      is Alaton* 1560 polyethylene resin, which can be used for sealing at a
      temperature of between about 260.degree. and 340.degree.C. Preferably,
      however, it is used at a temperature of between about 320.degree. and
      340.degree.C.
FNT  *Registered trademark of E. I. du Pont de Nemours and Co.
PAR  The hot polymeric material used to form the beads can also contain a small
      amount of ultraviolet absorber as disclosed above.
PAR  A plurality of polymer streams 22 are caused to issue from die plate 21.
      This can be simply by using the force of gravity or by supplying some
      pumping force, if necessary. In the embodiment illustrated, the hot
      polymer streams are extruded but actually they can be applied by any
      convenient method of applying a continuous stream of hot polymeric
      material. These polymer streams are applied to the exposed surface of
      sheet W as it passes over extrusion roll 19, or more specifically, they
      are applied to the exposed surface of sheet W.sub.2. As they impinge on
      sheet W.sub.2, they form a plurality of narrow continuous beads of hot
      polymeric material running parallel to one another along the longitudinal
      extent of sheet W.
PAR  After the beads of hot polymeric material have been laid down on the upper
      surface of the composite sheet, the composite sheet is removed from
      extrusion roll 19 and moves a short distance to a chill roll 23, which is
      normally a driven roll. In the space between extrusion roll 19 and chill
      roll 23, the composite sheet is unsupported, although it is maintained
      under tension to keep it taut, and time is allowed for the hot polymer of
      the bead to fuse (i.e., melt) the composite sheet, particularly sheet
      W.sub.1.
PAR  Prior to contacting the chill roll, there is little or no permeation of
      sheet W.sub.1 by the hot polymer of the bead. The bond, itself, is caused
      by the material forced through sheet W.sub.1 by the chill roll. The
      strength of the bond and the frequency of the holes which form at the edge
      of the bond will depend to a large extent on the amount of fusion which is
      allowed to take place in sheet W.sub.1 before the upper surface of the
      bead is pressed against the chill roll. The actual distance that the sheet
      travels unsupported, however, will depend on a variety of factors,
      including the speed with which the sheets are moving, the temperature of
      the hot polymeric material in the streams when they impinge on composite
      sheet, the basis weight of the sheets, and the composition of the sheets.
      When both sheets W.sub.1 and W.sub. 2 are made from plexifilamentary
      sheets with a basis weight between 1.2 and 2.2 oz./sq. yd., the composite
      sheet is moving at a linear speed of 30 ft./min., and the reservoir
      temperature of the polymeric material in the die is about 332.degree.C.,
      then a gap of about 2 inches, between extrusion roll 19 and chill roll 23
      appears to be sufficient.
PAR  Chill roll 23, which is maintained at a temperature below the
      solidification temperature of the polymeric material in the beads by some
      suitable means, such as water cooling, provides a solid surface which both
      cools and deforms the bead. The temperature of chill roll 23 can vary
      considerably, depending on its diameter, but with the conditions set forth
      above, a chill roll having about an eleven inch diameter, maintained at a
      temperature of about 24.degree.C. will suffice.
PAR  Extrusion roll 19 may be a hard surfaced polished metal roll or a resilient
      surfaced roll. In fact, the polymer streams may be applied directly to the
      unsupported sheet. However, the chill roll should be a hard surfaced
      polished roll and, for best results, it should be displaced from the point
      at which the polymer streams impinge on the composite sheet so that the
      beads formed by such streams will have a chance to begin to fuse the
      composite sheet, particularly sheet W.sub.1, before coming into contact
      with the chill roll.
PAR  The chill roll serves three purposes. In the first place, it causes the hot
      polymeric material of the bead, and also some of the material from sheet
      W.sub.2, to permeate sheet W.sub.1. In the second place, it cools at least
      the exterior of the bead, so that permeation of the polymeric material
      through sheet W.sub.1 is eventually stopped. Permeation of the composite
      sheet continues after the composite sheet is in contact with the chill
      roll, but within a short period, the extend of the polymeric material's
      permeation of sheet W.sub.1 can be seen to stop. This surface cooling also
      allows the composite sheet to be removed from the chill roll without
      sticking.
PAR  In the third place, the chill roll acts to deform the upper surface of the
      bead. The tension of the composite web is maintained at a level so that
      the force exerted on the upper surface of the bead by the chill roll is
      sufficient to flatten the bead and force the edges of the bead to extend
      beyond the region where the polymeric material of the bead has permeated
      sheet W.sub.1. This situation can be seen in FIG. 4 where the flattened
      upper portion of bead 24 is shown with bulging edges 25 and 26 extending
      beyond the region where permeation has occurred. Without such deformation
      of the bead, beyond the region where the polymeric material permeates the
      first sheet, there will be a rupture line, full of small holes, along the
      edge of the bead.
PAR  FIG. 4 is a schematic illustration. Actually, the upper portion of the bead
      which will be referred to as the seal cap and the fused region of sheets
      W.sub.1 and W.sub.2 merge with one another and to a large extent are
      indistinguishable visually even though they have been distinguished in the
      figure for illustrative purposes. The one deviation from this occurs at
      the bottom surface of the fused portion of the composite sheet,
      particularly in spurs 27 and 28 where a considerable amount of sintered
      plexifilamentary material from sheet W.sub.1 is to be found.
PAR  In the above discussion, and throughout the remainder of the specification,
      we shall, for convenience, refer to the top of the seal cap as the upper
      surface of the bead, even though the composite sheet may well be oriented
      in any direction.
PAR  In the embodiment described above, a force of 10 lbs. across a sheet two
      feet wide appears to be sufficient to cause the bulging of the edges of
      the seal cap which appears to be necessary to avoid the problems referred
      to above, where hot polymer permeating sheet W.sub.1 will cause the fibers
      in this sheet to neck down to such an extent that a rupture line is formed
      along the edge of polymer bead. The amount of tension in the sheets,
      however, or actually the force with which the solid surface of the chill
      roll presses against the upper surface of the bead, can be varied
      considerably, depending on circumstances. The choice of the proper force
      to use is well within the skill of one skilled in the art, however, once
      taught the necessity for deforming the seal cap.
PAR  After the bead has been cooled sufficiently so that its geometry is
      substantially fixed, the composite web W is stripped off chill roll 23
      using nip roll 29. Nip roll 29 serves two purposes. It serves to flatten
      spurs 27 and 28, but, more importantly, it serves to remove the composite
      sheet from the chill roll in a gradual bend so that minimal stresses are
      set up in the polymer bead which may still be hot enough at this point to
      flow.
PAR  After leaving nip roll 29, the composite sheet passes over guide rolls 30,
      31 and 32 and through a cooling region represented by cooling nozzles 33
      to 38, which in the embodiment illustrated are air nozzles. Guide roll 30
      is cooled by air jet 48. Care must be taken, however, not to use air
      pressure high enough to rupture the seal which may still be weak until the
      polymer bead is fully cooled.
PAR  From guide roll 32, the composite sheet W is passed to a slitting station
      39. In the embodiment shown, the slitting station is illustrated as a
      plurality of knife blades 40 located between guide rolls 41 and 42, but
      any conventional slitting mechanism can be used. Prior to entering the
      slitting station 39, composite sheet W is an integral sheet formed from
      two separate sheets, which are bonded together in a plurality of regions
      by a plurality of polymer beads (a) through (g). The slitting step serves
      to slit this integral sheet into a plurality of tubes by slitting each
      bead along its longitudinal axis, indicated by A in FIG. 4. As stated
      above, however, the slit can be made either between alternate beads or
      down the middle of each bead.
PAR  A representative tube is illustrated in FIG. 5. It consists of an upper
      sheet W.sub.2, a lower sheet W.sub.1, and two bonds. Bond 44, on the right
      side, has been illustrated as a "half bead" formed when the composite
      sheet is slit down a bead, and bond 43, on the left side, has been
      illustrated as a full bead, formed when the composite sheet is slit
      between alternate beads. The bonds hold the two sheets together at the
      edges of the tube and provide a hollow region 45 between the sheets
      suitable for fluid flow.
PAR  The individual tubes are then passed over nip rolls 46, 47, which are
      driven at a speed which is a constant percentage of the speed of the chill
      roll, (to isolate the slitting station from the wind-up station), and are
      wound up on wind up roll 49, which in the embodiment illustrated is a
      driven roll.
PAC  EXAMPLE 1
PAR  Using the apparatus shown in FIGS. 1 through 3 above, irrigation tubing
      suitable for use in above-ground irrigation was produced with a first
      sheet of 2.2 oz./sq. yd., non-woven, plexifilamentary polymeric material
      and a second sheet of 5.5 mil black polyethylene. The non-woven
      plexifilamentary polymeric material was made according to the teaching in
      David, U.S. Pat. No. 3,442,740, particularly Example 10. A plurality of
      narrow beads of Alathon 1560 polyethylene, kept at a temperature of
      327.degree.C., were applied to the black polyethylene side of the
      composite sheet. The apparatus was operated at 25 feet per minute with a
      chill roll temperature of 24.degree.C. A plurality of beads (55 mg./cm.)
      were laid down, cooled and deformed as set forth above. The orifices in
      the extrusion plates were alternately spaced 13/16 inch and 3/8 inch apart
      and the tubes were formed by slitting the composite structure down the
      middle of the 3/8 inch section of composite web. Application of the
      Alathon to the plexifilamentary side of the composite sheet did not
      produce a reliable bond.
PAC  EXAMPLE 2
PAR  Following the procedure set forth in Example 1, a second tube of acceptable
      quality, suitable for sub-surface irrigation, was made using first and
      second sheets of plexifilamentary material. Both sheets were made
      according to the teaching in David, U.S. Pat. No. 3,442,740, particularly
      Example 10, except that the belt feed was adjusted so that the first sheet
      of plexifilamentary material had a basis weight of 2.2 oz./sq. yd., and
      the second sheet of plexifilamentary material had a basis weight of 1.6
      oz./sq. yd. The seal weighed about 50 mg/cm., the sealing speed was 28
      fpm; and the resin temperature was 335.degree.C.
PAC  EXAMPLE 3
PAR  A third tube of acceptable quality, suitable for above-ground irrigation,
      was made using 5.5 mil black polyethylene film as the second sheet and a
      plexifilamentary material having a basis weight of 1.6 oz./sq. yd. as the
      first sheet. The plexifilamentary material was the same 1.6 oz/sq. yd.
      material used in Example 2, and the sealing conditions were the same as
      for Example 2.
PAR  The above description and examples of the process and articles of this
      invention are intended to be illustrative and not limiting, except as set
      forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for bonding a first layer of fibrous, non-woven, polymeric
      sheet material to a second layer of compatible, thermoplastic, polymeric
      sheet material comprising the steps of:
PA1  a. Superposing, in overlapping contact with one another, said first and
      second layers of polymeric sheet material to form a composite sheet;
PA1  b. applying at least one stream of hot polymeric material onto the surface
      of said second layer of polymeric sheet material to form a narrow
      continuous bead of hot polymeric material; and
PA1  c. after a time sufficient to allow the hot polymeric material of said bead
      to begin to fuse said first layer of non-woven polymeric sheet material,
      cooling said bead by contacting it with a smooth solid surface, maintained
      at a temperature below the solidification temperature of the polymeric
      material in said bead, and simultaneously deforming said bead, by pressing
      said solid surface against the upper surface of said bead with a force
      sufficient to cause the hot polymeric material of said bead to permeate
      said first layer of non-woven polymeric sheet material and to cause the
      edges of said bead to extend beyond the region where the polymeric
      material of the bead has permeated said first layer of non-woven polymeric
      sheet material.
NUM  2.
PAR  2. The process of claim 1 wherein, during at least a portion of the time
      when the hot-melt polymer of said bead is fusing said first layer of
      non-woven polymeric sheet material, said composite sheet is maintained in
      a taut, unsupported condition.
NUM  3.
PAR  3. The process of claim 2 wherein said first and second layers of polymeric
      material are separate sheets of polymeric material, and wherein the step
      of superposing said first and second layers of polymeric material is
      accomplished by superposing the separate sheets of polymeric material.
NUM  4.
PAR  4. The process of claim 3 wherein the polymeric material from which said
      sheets and said bead of polymeric material are formed is polyethylene, and
      wherein the step of applying at least one stream of hot polymeric material
      comprises heating the polymeric material to a temperature of between about
      260.degree. and about 340.degree.C.
NUM  5.
PAR  5. The process of claim 4 wherein said polymeric material is heated to a
      temperature of between about 320.degree. and about 340.degree. C.
NUM  6.
PAR  6. The process of claim 4 wherein said second sheet of polymeric material
      is a film of black branched polyethylene.
NUM  7.
PAR  7. The process of claim 6 wherein the step of applying at least one stream
      of hot polymeric material is accomplished by applying at least 35 mg/cm.
      of branched polyethylene in a ribbon less than about 0.8 cm. wide.
NUM  8.
PAR  8. The process of claim 6 wherein the step of applying at least one stream
      of hot polymeric material is accomplished by applying at least 50 mg/cm.
      of black pigmented branched polyethylene in a ribbon less than about 0.8
      cm. wide.
NUM  9.
PAR  9. The process of claim 4 wherein said second sheet of polymeric material
      is a sheet of fibrous, non-woven non-woven polymeric material.
NUM  10.
PAR  10. The process of claim 9 wherein said first and second sheets of
      non-woven polymeric material have a basis weight of at least 1.2 oz. per
      sq. yd.
NUM  11.
PAR  11. The process of claim 10 wherein the step of applying at least one
      stream of hot polymeric material is accomplished by applying at least 35
      mg/cm. of branched polyethylene in a ribbon less than about 0.8 cm. wide.
NUM  12.
PAR  12. The process of claim 10 wherein the step of applying at least one
      stream of hot polymeric material is accomplished by applying at least 50
      mg/cm. of black pigmented branched polyethylene in a ribbon less than
      about 0.8 cm. wide.
NUM  13.
PAR  13. The process of claim 3 wherein the step of applying at least one stream
      of hot polymeric material comprises applying a plurality of parallel
      streams of hot polymeric material and wherein the process further
      comprises the step of slitting the composite sheet to form a plurality of
      tubes from said first and second sheets of polymeric material.
NUM  14.
PAR  14. The process of claim 3 wherein the step of applying at least one stream
      of hot polymeric material comprises applying a plurality of parallel
      streams of hot polymeric material, and wherein the process further
      comprises the step of slitting each bead, along its longitudinal axis, to
      form a plurality of tubes from said first and second sheets of polymeric
      material.
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ABST
PAL  A method of facilitating assembly of hubs, particularly hubs intended for
      boat engines and being of the kind comprising an outer sleeve, e.g. a
      propeller sleeve, a hub sleeve mounted coaxially in said outer sleeve, and
      a rubber bushing between the inner and outer sleeves. In accordance with
      the invention, the bushing is mounted on the hub sleeve in a
      non-vulcanized condition, whereafter the sleeve and rubber bushing unit is
      positioned in the outer sleeve, whereafter vulcanization is carried out.
      In addition to facilitating correct positioning of bushing and hub sleeve
      in the outer sleeve the invention provides the advantages of making
      specialty tools superfluous for mounting of the hub, making possible to
      reduce the thickness of the outer sleeve as heavy stresses are no longer
      exerted on said sleeve during mounting, and making storage easier.
PARN
PAR  This is a continuation, of application Ser. No. 287,040 filed Sept. 7,
      1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns a method of assembling hubs.
PAR  Propeller hubs for boat engines usually consist of a propeller sleeve on
      which are mounted the propeller blades, a hub sleeve which is arranged
      coaxially with the propeller sleeve and in which is insertable the
      propeller shaft, and a rubber bushing positioned between the propeller
      sleeve and the hub sleeve, said rubber bushing being arranged to absorb
      torsional stresses and, on account of its elasticity, to protect the
      propeller and power transmission means, particularly from the stresses
      occuring from heavy thrusts as may occur for various reasons.
PAR  In assemblying a hub unit of this kind certain problems have hitherto
      presented themselves on account of the inappropriate way in which the task
      has been performed. Initially, the rubber bushing was secured to the hub
      sleeve through vulcanization. Then, the bushing together with the hub
      sleeve were forced into the propeller sleeve while compressing the bushing
      radially, and in its compressed state, as desired, the bushing contacted
      the inner surface of the propeller sleeve with considerable friction.
PAR  This method is inadvantageous in that specialty tools are required to
      perform the assembly and considerable force necessary to urge the bushing
      into the propeller sleeve. In order to be able to withstand the stresses
      exerted on it during this work, the propeller sleeve in addition had to
      have a considerable material thickness. Since the bushing in its
      compressed state, as mentioned, offers large friction against the
      propeller sleeve, it was furthermore difficult to orientate the hub sleeve
      and the bushing correctly in the propeller sleeve.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel and simplified method of assembling
      hubs comprising, as mentioned above, an outer sleeve, and a hub sleeve
      mounted coaxially with said outer sleeve, and a rubber bushing between
      said two sleeves to absorb torsional stresses occuring between the outer
      sleeve and the hub sleeve. Characteristic of the invention is that the
      rubber bushing is threaded in an unvulcanized state over the hub sleeve,
      whereafter bushing and sleeve are together placed in their correct
      positions in the outer sleeve, whereupon the bushing is vulcanized. Owing
      to this novel method of assembly, the mounting may be performed quicker,
      easier and at lower costs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various embodiments of the invention will be described in the following in
      detail with reference to the accompanying drawings, wherein
PAR  FIG. 1 illustrates a hub sleeve, a rubber bushing, and a couple of washers,
PAR  FIG. 2 shows the details mentioned as mounted in a propeller sleeve,
PAR  FIG. 3 shows the hub sleeve and the rubber bushing as mounted in a tubular
      sleeve, and
PAR  FIG. 4 shows this unit inserted into a propeller sleeve.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a hub sleeve 1 intended for a propeller hub for a boat
      engine. The hub sleeve 1 is arranged to be threaded onto the end of a
      propeller shaft and is provided with splines 2 for transmission of the
      rotational forces of the propeller shaft. An unvulcanized rubber bushing 3
      may be threaded onto the hub sleeve 1. Preferably washers 4, 5 are mounted
      on either side of the bushing 3.
PAR  When performing the assembling method in accordance with the present
      invention, the washer 4, the unvulcanized bushing 3, and the washer 5 are
      threaded in the order mentioned on the hub sleeve 1. The parts thus
      assembled are thereafter inserted into a propeller sleeve 6 (see FIG. 2).
      This may be performed in a simple and smooth way manually, it being then
      also an easy task to place the assembled parts in the exactly correct
      position in the propeller sleeve 6. The rubber bushing 3 is thereafter
      vulcanized while in correct position in the hub. The rubber material
      thereby receives its resilient properties while at the same time the inner
      surface of the bushing is made to adhere to the hub sleeve 1, its outer
      surface to adhere to the propeller sleeve 6 and its end surfaces to adhere
      to the washers 4 and 5, respectively.
PAR  Upon rotation of the propeller sleeve 6 in relation to the hub sleeve 1,
      the bushing will be deformed on account of its adherence on the inner and
      outer surfaces, and upon cease of influence from the rotational forces it
      will spring back.
PAR  According to the embodiment illustrated in FIG. 3 the hub sleeve 1 and the
      rubber bushing 3, non-vulcanized, together with a washer 7 are mounted in
      a tubular sleeve 8. In this position, the bushing 3 is vulcanized, which
      may be done in a more simple fashion than according to the previous
      embodiments as the unit is comparatively small and compact. Furthermore,
      units of this kind are stored with more ease and at lower costs than
      complete hubs.
PAR  The unit consisting of the hub sleeve 1, the rubber bushing 3, the washer 7
      and the tubular sleeve 8 is thereafter mounted in the propeller sleeve 6
      (see FIG. 4). This may be done for instance by glueing the tubular sleeve
      8 to the propeller sleeve 6 by means of some metal glue, such as Araldit.
      It is also possible to secure the propeller sleeve 6 onto the tubular
      sleeve 8 by shrinking.
PAR  The method in accordance with the invention offers considerable advantages
      over the technique hitherto known in that no particular tools are required
      to assemble the hub, that without any difficulty whatsoever the bushing
      may be aligned and orientated in the hub, and in that the material
      thickness of the propeller sleeve 6 need not be as considerable as
      previously, as this sleeve is no longer subjected to extraordinary
      stresses during assembly.
PAR  In the above embodiments a propeller has been chosen to illustrate the
      invention by way of example. Naturally it is quite possible to apply the
      method in accordance with the invention also to the hubs incorporated in
      machines of entirely different constructions.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An improved method of assembling a propeller hub intended for boat
      engines, said hub comprising a propeller sleeve, a tubular sleeve arranged
      in said propeller sleeve coaxially therewith, a hub sleeve arranged in
      said tubular sleeve coaxially therewith, and a rubber bushing disposed
      between said tubular sleeve and said hub sleeve to absorb torsional
      stresses occuring between said two sleeves, the improvement comprising
      threading said rubber bushing in non-vulcanized condition onto said hub
      sleeve, placing said rubber bushing and said hub sleeve together in
      correct positions in said tubular sleeve, vulcanizing said bushing to said
      hub sleeve and to said tubular sleeve, and thereafter securing the
      assembly within said propeller sleeve.
NUM  2.
PAR  2. The improved method according to claim 1, the improvement comprising
      securing said propeller sleeve to said tubular sleeve through gluing.
NUM  3.
PAR  3. The improved method according to claim 1, the improvement comprising
      securing said propeller sleeve to said tubular sleeve through shrinking.
NUM  4.
PAR  4. The method of assembling a propeller hub intended for boat engines,
      which comprises the steps of:
PA1  a. preforming an unvulcanized rubber mass to a tubular shape to provide a
      bushing having cylindrical inner and outer surfaces each of selected
      diameter;
PA1  b. forming a hub sleeve to provide a cylindrical exterior surface of a
      diameter easily accepting said bushing while maintaining face-to-face
      contact therebetween;
PA1  c. forming a tubular sleeve to provide cylindrical inner and outer surfaces
      each of selected diameter, the diameter of said inner surface of the
      tubular sleeve being such as permits manual insertion of said bushing
      therewithin and in face-to-face contact therewith when said bushing is
      received on said hub sleeve;
PA1  d. engaging said bushing onto said exterior surface of the hub sleeve in
      said face-to-face contact therewith;
PA1  e. manually inserting the interengaged bushing and hub sleeve within said
      tubular sleeve in said face-to-face contact between the bushing and
      tubular sleeve;
PA1  f. vulcanizing the hub sleeve-bushing-tubular sleeve assembly to impart
      resilient properties to said bushing while adhering the bushing to said
      hub sleeve and to said tubular sleeve; and thereafter
PA1  g. positioning and securing said assembly within the propeller sleeve of a
      propeller hub to form the completed propeller hub.
NUM  5.
PAR  5. The method according to claim 4 wherein the securing of step (g)
      comprises gluing said tubular sleeve within the propeller sleeve.
NUM  6.
PAR  6. The method according to claim 4 wherein the securing of step (g)
      comprises shrinking.
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PAL  This invention relates to a method for obtaining improved adhesion in the
      preparation of polyester laminates by treating the surface with an
      isocyanate containing ethylenic unsaturation and then applying a polyester
      adhesive containing a peroxide curing agent and to the said laminates.
PARN
PAR  This is a Continuation, of application Ser. No. 838,324 filed July 1, 1969.
BSUM
PAR  This invention relates to an improved method of obtaining adhesion between
      polyester compositions per se. More specifically, this invention relates
      to a method of modifying the surface of a polyester composition which may
      contain glass fiber reinforcement to obtain a better bond to the polyester
      composition with the polyester-peroxide type adhesive.
PAR  Heretofore, in making laminates between polyester compositions per se it
      has been customary to clean the surface to be bonded by shot blasting to
      expose fresh surfaces and to remove the surface contamination. This
      treatment necessarily results in reduction of size of the shot blasted
      piece and also effects the surface contour. It should be readily evident
      that the use of a sandblasting or a mechanical abrading treatment
      increases the cost and also presents problems due to the contamination of
      the surrounding area with the fines from the sandblasting treatment or
      mechanical abrading.
PAR  Therefore, it is an object of this invention to provide an improved method
      for obtaining adhesion between polyester compositions per se with an
      adhesive of the polyester-peroxide type composition. This object and other
      advantages may be obtained by the practice of this invention, as will be
      evident from the following discussion.
PAR  The surface of the polyester composition is subjected to a treatment with a
      suitable treating agent preferably dissolved in a solvent, removing the
      excess treating agent, if any, and then applying a suitable polyester
      peroxide adhesive for the polyester composition, to the surface to be
      bonded or laminated and allowing the polyester-peroxide adhesive to set
      and cure.
PAR  More specifically, the polyester compositions are those utilized for
      constructing panels or built-up objects of substantial rigidity, for
      instance, the use of polyester compositions containing glass fiber
      reinforcements such as those used in making automobile bodies or parts,
      boats, and related objects are the ones to which this invention has its
      primary benefit. These polyester compositions may be made by reacting
      suitable polycarboxylic acids or their anhydrides with suitable glycols
      such as ethylene or the other glycols of 3 to 20 carbon atoms. For these
      purposes the polycarboxylic acids of the aromatic type are particularly
      suitable as they tend to give a more rigid composition. Representative
      examples of these aromatic polycarboxylic acids are phthalic, isophthalic
      and terephthalic. Also, unsaturated polycarboxylic acids such as the
      representative members, maleic and fumaric, are utilized where it is
      desired to introduce a small to a relatively large amount of unsaturation
      in the polyester composition, especially where the composition is to be
      cured or set by peroxide curing, either alone or in conjunction with an
      unsaturated monomer or alpha olefin of 2 to 20 carbon atoms such as
      styrene or acrylonitrile, etc. The nature of these polyester compositions
      are given in "The Handbook of Reinforced Plastics" of the Society of the
      Plastic Industry, edited by Samuel Oleesky and J. Gilbert Mohr.
PAR  The glass fiber reinforced polyester compositions are well known and are
      used widely but in general these compositions are prepared by forming a
      copolymer containing maleic anhydrides or related unsaturated
      polycarboxylic acids and one of the phthalic acids or lower aliphatic
      dicarboxylic acid with ethylene glycol or related glycols.
PAR  The treating agent for modifying the surface of the polyester composition
      is at least bifunctional and contains in its simplest form at least one
      isocyanate group and at least one ethylenic unsaturated group.
      Representative materials are the mono, di and higher isocyanates which
      contain at least one double bond. Representative examples of these are
      allyl isocyanate, butylene isocyanate and the higher unsaturated
      monoisocyanates. Also, the isocyanates containing ethylenic unsaturation
      obtained by reacting a diisocyanate or polyisocyanate with an unsaturated
      reactive hydrogen compound of about 90 to 500 or even 6 to 10,000 in
      molecular weights to yield an isocyanate terminated adduct having at least
      one ethylenic carbon-to-carbon bond for each 1000 and preferably for each
      100 units of molecular weight.
PAR  The polyester composition, preferably in the form of a sheet or thin film,
      is treated with the treating agent by applying the treating agent,
      preferably from a solvent, to the surface by brushing, spraying, rolling
      or other suitable techniques, then allowing the treating agent to react
      with the polyester composition, i.e. the free hydroxyls or carboxyls
      thereof, either at room temperature or preferably at elevated temperatures
      such as 100.degree.F. to 300.degree.F., which would more readily remove
      the solvent. Then the polyester whose surface has been modified is treated
      with a polyester adhesive containing an organic peroxide and the two
      surfaces to be joined are placed in contact and maintained there until the
      adhesive has had time to laminate or bond the two compositions together.
      Sometimes it is desirable to remove any excess isocyanate which may remain
      on the surface of the polyester in an unreacted condition by subjecting
      the surface to a suitable washing action with a suitable solvent before
      applying the polyester-peroxide adhesive to the surface.
PAR  Suitable solvents for washing the surface of the polyester composition and
      the metals are those such as methyl ethyl ketone, acetone, ethylene
      dichloride, methylene chloride, chloroform, toluene, benzene, xylene, the
      aliphatic hydrocarbons, coal tar and petroleum napthas, and chlorinated
      solvents and napthas. It is preferred that the solvent boil below about
      350.degree.F. and usually no higher than 300.degree.F.
PAR  The nature of this invention may be more specifically exemplified by the
      following representative examples wherein all parts are by weight unless
      otherwise indicated and FRP designates a polyester reinforced with fiber
      glass.
DETD
PAC  EXAMPLE I
PAR  To show the current state of the art and provide a base line for the FRP
      stock (FRP is used to designate a commercial grade of fiberglass
      reinforced polyester) and polyester adhesive being used, the following
      bonds were made and tested.
PAR  Six pieces of FRP test stock (The MFG Company's test stock, cut in 1
      .times.3.times.0.10 inch pieces) were wiped clean with "Kimwipe" or
      related paper tissues soaked in methyl ethyl ketone. Six other pieces were
      shot blasted to remove all surface gloss. Each set of six pieces were then
      bonded in pairs to form two sets of three tensile cross bonds, using The
      MFG Company's Number 131 polyester bond adhesive (catalyzed with 6 percent
      methyl ethyl ketone peroxide). When the adhesive was observed to be
      gelling, the excess adhesive was trimmed from the edges of the bond with a
      rubber knife to permit clamping in the close fitting tensile test fixture.
      After an overnight wait at room temperature these bonds were pulled apart
      with standard tensile test fixture with the following results:
TBL           Sample  Remarks on                                               
              Tensile, psi                                                     
                      Nature of Bond Failure                                   
     ______________________________________                                    
     MEK wipe only                                                             
                27        100 % Surface Separation                             
     MEK wipe only                                                             
                27        100 % Surface Separation                             
     MEK wipe only                                                             
                27        100 % Surface Separation                             
     Shot blasted                                                              
                276       Light fiber tear-probably 100%                       
     Shot blasted                                                              
                262       100% fiber tear-not deep all over                    
     Shot blasted                                                              
                258       Very light fiber tear                                
     ______________________________________                                    
PAC  EXAMPLE II
PAR  To a bottle was added and mixed in order the following materials:
TBL  Polylite 31-822*       1 part                                             
     Methyl ethyl ketone (dried)                                               
      over "Drierite")      99 part                                            
     Mobay's Mondur MR**    3.6 part                                           
     Rubber Oil Red "O" dye 0.0001 part                                        
      *Unsaturated polyester resin available from Reichold Chemical Company,   
      which analyzes 249 hydroxyl number, 44 acid number for estimated active  
      hydrogen equivalent weight of 192.                                       
      **Polymethylene poly(phenyl isocyanate) having average functionality of  
      approximately 2.7, equivalent weight of 132. Used at approximately 1 mole
      per active hydrogen equivalent in the polyester.                         
PAL  The resulting solution is bright and clear and non-clouding.
PAR  Ten pieces of FRP test stock were wiped with a "Kimwipe" tissue soaked in
      the above solution, leaving a visible film of material on the FRP surface.
      After about an hour (more than ample time for the solvent to evaporate)
      the pieces were bonded into 5 tensile crosses using MFG's Number 131
      polyester bond as in Example I. After trimming, three of these bonds were,
      within an hour, given a 1 hour bake at 275.degree.F. (simulating the
      effect of paint bake cycles). The other two bonds were held at room
      temperature overnight and then baked at 275.degree.F. Bond strength test
      results were as follows:
TBL  Immediate Delayed                                                         
     Bake      Bake                                                            
     Tensile, psi                                                              
               Tensile, psi                                                    
                           Comments - Bond Failure                             
     ______________________________________                                    
     100                   100% I (p-s)***                                     
     161                   100% I (p-s)                                        
     340                   Deep fiber tear                                     
               290         100% deep fiber tear                                
               244         10% fiber tear, 90% surface                         
                           separation with fracture lines                      
     ______________________________________                                    
      ***I (p-s) signifies apparent interfacial failure, between primer and    
      substrate.                                                               
PAC  EXAMPLE III
PAR  To a bottle was added and mixed in order the following materials:
TBL  Arochem 640*           1.75 part                                          
     Methyl ethyl ketone (dried                                                
      over "Drierite")      98.25 part                                         
     Mobay's Mondur MR      3.7 part                                           
     Rubber Oil Red "O" dye 0.0001 part                                        
      *Unsaturated polyester resin (supplied by Ashland Chemical Company) which
      analyzes 150 hydroxyl number and 16 acid number for an estimated active  
      hydrogen equivalent weight of 338.                                       
PAL  The resulting solution is bright and clear and non-clouding.
PAR  This solution was applied to ten FRP panels as in Example II and the panels
      bonded into tensile crosses with MFG's Number 131 polyester bond as in
      Example I. Treatment and testing was the same as in Example II. Bond
      strength test results were as follows:
TBL  Immediate                                                                 
              Delayed                                                          
     Bake     Bake                                                             
     Tensile,psi                                                               
              Tensile,psi                                                      
                         COmments - Bond Failure                               
     ______________________________________                                    
     276                 Deep fiber tear - shows 40%                           
                         surface separation                                    
     216                 100% I (p-s) with bad fracture                        
                         lines in FRP                                          
     312                 Deep fiber tear - shows some sur-                     
                         face separation                                       
              322        100% deep fiber tear - opposite                       
                         panel reveals 30-40% surface                          
                         separation under loose fibers                         
              317        100% deep fiber tear - opposite                       
                         panel as above.                                       
     ______________________________________                                    
PAC  EXAMPLE IV
PAR  To a bottle was added and mixed in order the following materials:
TBL  Reichhold's Polylite 31-822                                               
                             1 part                                            
     Methyl ethyl ketone (dried                                                
      over "Drierite")      99 part                                            
     Mobay's Mondur TM*      6.0 part                                          
      *4,4',4" triphenyl methane triisocyanate (267 MW), 20% solution. Used at 
      approximately one mole per active hydrogen equivalent in the polyester   
      resin.                                                                   
PAL  The resulting solution is bright and clear and nonclouding.
PAR  The solution was applied to ten FRP panels as in Example II and the panels
      similarly bonded into tensile crosses with MFG's Number 131 polyester bond
      as in Example I. Treatment and testing was the same as in Example II. Bond
      strength test results were as follows:
TBL  Immediate Delayed                                                         
     Bake      Bake                                                            
     Tensile,psi                                                               
               Tensile,psi Comments - bond failure                             
     ______________________________________                                    
     184                   I (p-s) with fracture of one                        
                            panel surface                                      
     143                   I (p-s) slight fiber tear at edges                  
     188                   I (p-s) with fracture of one                        
                            panel surface                                      
               340         100% fiber tear                                     
               120         I (p-s)                                             
     ______________________________________                                    
PAC  EXAMPLE V
PAR  To a bottle was added and mixed in order the following materials:
TBL  Crotyl alcohol      .375       part                                       
     Methyl ethyl ketone (dried                                                
      over "Drierite")   99.625     part                                       
     Mobay's Mondur MR   3.6        part                                       
     Rubber Oil Red "O" dye                                                    
                         0.0001     part                                       
PAL  The resulting solution is bright and clear and nonclouding.
PAR  This solution was applied to six FRP panels as in Example II, and after an
      overnight exposure to the atmosphere was bonded into three crosses with
      MFG's Number 131 polyester bond as in Example I. The trimmed bond
      specimens were left at room temperature overnight, then bonded one hour at
      275.degree.F., cooled and tested. Bond strengths were as follows:
TBL  Tensile, psi Comments - bond failure                                      
     ______________________________________                                    
     147          I (p-s)                                                      
     299          75% deep fiber tear, 25% I (p-s)                             
     266          25% deep fiber tear, 75% I (p-s)                             
                  with fracture lines in surface                               
     ______________________________________                                    
PAC  EXAMPLE VI
PAR  To a bottle was added and mixed in order the following materials:
TBL  1,5 hexadiene-2,4 diol                                                    
                         0.6        part                                       
     Methyl ethyl ketone (dried                                                
      over "Drierite")   99.4       part                                       
     Mobay's Mondur MR   3.6        part                                       
     Rubber Oil Red "O" dye                                                    
                         0.0001     part                                       
PAL  The resulting solution is bright and clear and nonclouding.
PAR  This solution was applied to 10 FRP panels as in Example II and the panels
      bonded into tensile crosses with MFG's Number 131 polyester bond as in
      Example I. Treatment and testing was the same as in Example II. Bond
      strength test results were as follows:
TBL  Immediate Bake                                                            
                  Delayed Bake                                                 
                              Comments                                         
     Tensile,psi  Tensile, psi                                                 
                              Bond Failure                                     
     ______________________________________                                    
     83                       I (p-s)                                          
     100                      I (p-s)                                          
     78                       I (p-s)                                          
                  83          I (p-s)                                          
                  64          I (p-s)                                          
     ______________________________________                                    
PAR  A second set of six panels were first wiped down with a solution of
      triethylene diamine (2% in methyl ethyl ketone) then treated with the
      above solution. After 15 minutes at room temperature, excess primer was
      wiped off with a MEK soaked tissue. The panels were then bonded with MFG's
      Number 131 polyester bond as in Example I. After trimming, the bonds were
      baked 1 hour at 275.degree.F., cooled and tested with the following
      results:
TBL  Tensile,psi  Comments - Bond Failure                                      
     ______________________________________                                    
     253          Surface separation with some                                 
                  drastic fracture of surface                                  
     221          100% surface separation with                                 
                  slight surface fracture                                      
     248          Surface separation with fracture                             
                  lines in panel surface.                                      
     ______________________________________                                    
PAC  EXAMPLE VII
PAR  To a bottle was added and mixed in order the following materials:
TBL  Acrylonitrile-butadiene copolymer, OH                                     
     terminated*         8          parts                                      
     Toluene (dry)       92         parts                                      
     Mondur MR           3.6        parts                                      
     Rubber Oil Red "0" dye                                                    
                         0.0001     part                                       
      *Sinclair Petrochemical's PET 293-68, 2500-3000 molecular weight, 345    
      Iodine Number.                                                           
PAL  The resulting solution is bright and clear and nonclouding.
PAR  Bond specimens were prepared as in Example VI with the following results:
TBL  Bonds prepared as in Example II-IV                                        
     Immediate Bake                                                            
                  Delayed Bake                                                 
                              Comments -                                       
     Tensile, psi Tensile, psi                                                 
                              Bond Failure                                     
     ______________________________________                                    
     92                       I (p-s)                                          
     92                       I (p-s)                                          
     92                       I (p-s)                                          
                  92          I (p-s)                                          
                  92          I (p-s)                                          
     ______________________________________                                    
     Bonds prepared as in last part of Example VI                              
     Tensile,psi   Comments - Bond Failure                                     
     ______________________________________                                    
     244        30% deep fiber tear, balance surface                           
                  separation                                                   
     280        10-15% scattered fiber tear, balance                           
                  surface separation                                           
     276        60% deep fiber tear, balance surface                           
                  separation                                                   
     ______________________________________                                    
PAC  EXAMPLE VIII
PAR  Another set of FRP test panels was treated by coating the surface with
      melted bis(2-isocyantoethyl) fumarate and the panel was maintained in an
      oven at 250.degree.F. for 2-3 hours to permit the bis(2-isocyantoethyl)
      fumarate to melt and become chemically bonded with the panel surface. Then
      the set of panels was removed from the oven, allowed to cool and washed
      with toluene to remove any excess or free bis(2-isocyantoethyl) fumarate.
      Each of these sets of panels were then treated with an adhesive comprising
      a pasty polyester of the type of which the panel was made containing also
      some styrene (i.e.-a maleic anhydride-phthalic acid ethylene glycol(1:1:1)
      polyester) to make a paste.
PAR  This paste had mixed with it three parts of methyl ethyl ketone peroxide
      for each hundred parts of resin in the paste just prior to the time the
      paste was smeared on the panel. Each set of the panels was clamped and
      allowed to set and cure. Then the surface adhesion was determined by
      submitting the panels to an adhesion test. The panels treated in this
      manner withstood a pull of 258 pounds per square inch before failing.
PAC  EXAMPLE IX
PAR  Three parts of bis(2-isocyantoethyl) fumarate was dissolved in 97 parts of
      toluene to form a 3 percent by weight solution. One set of panels was
      allowed to stand at room temperature for four days in the open air and a
      second set of panels was allowed to stand at room temperature for four
      days in a closed jar free of atmospheric moisture. Then these two sets of
      panels were treated with the adhesive of Example VIII and allowed to cure
      and set and the adhesion test was run. The results are tabulated below:
TBL  Test Specimen         Adhesion-Lbs/Sq In                                  
     ______________________________________                                    
     First set of panels (open air)                                            
                           340                                                 
     Second set of panels (closed jar)                                         
                           299                                                 
     ______________________________________                                    
PAR  Any of the organic peroxides may be used to cure the polyester adhesive.
      Representative of these are tertiary butyl peroxide, dicumylperoxide, and
      those peroxides shown in U.S. Pat. Nos., 2,429,587, 2,483,374 and
      3,386,947. The peroxides available commercially as Dicup and Varox also
      may be used.
PAR  The organic isocyanates useful for reacting with unsaturated hydroxyl
      containing or reactive hydrogen containing materials to give an
      unsaturated treating agent are any of the organic isocyanates that are
      useful in the preparation of polyurethane foams or casting materials. It
      should be appreciated that the tertiary amine catalysts such as
      triethylene diamine or triethylene amine or the other tertiary alkyl
      amines that are useful as catalysts with the polyurethanes may be utilized
      in accordance especially with the teachings of Example VII to enhance the
      bond obtained in accordance with this invention. Also, the other
      polyurethane catalysts such as the metal salts, for example, of tin
      compounds and specifically such as the carboxylic acid salts of tin can be
      utilized advantageously in connection with the treating agent of the
      instant invention.
PAC  EXAMPLE X
PAR  A bright clear solution was prepared by reacting
TBL                         Parts                                              
     ______________________________________                                    
     Diallylamine             1                                                
     Dry methyl ethyl ketone  99                                               
     Mondur MR                3.5                                              
     Rubber Oil Red ("O" dye) .0001                                            
     ______________________________________                                    
PAL  Six pieces of polyester panels (FRP test panels) were wiped with the above
      treating solution and then after standing 30 minutes wiped with methyl
      ethyl ketone to remove the excess of treating solution. Then the panels
      were coated with MFG polyester bond containing six percent methyl ethyl
      ketone peroxide and formed in test crosses before baking 1 hour at
      275.degree.F.
PAR  These pieces required at least 156 pounds per square inch of pull to pull
      the cross apart.
PAC  EXAMPLE XI
PAR  When the diallylamine and ketone of Example X was replaced with maleic acid
      and toluene respectively and warmed to 160.degree.F., a precipitate formed
      which left a clear solution on filtering. This filtrate was used to treat
      FRP test panels as in Example I and a pull of at least 250 pounds per
      square inch was required before the cross pieces were separated.
PAR  Similar results were obtained when the unsaturated acid, fumaric, was used
      instead of maleic acid.
PAC  EXAMPLE XII
PAR  A bright and clear solution was prepared by reacting
TBL                           Parts                                            
     ______________________________________                                    
     Polyester (Arochem 640)    1.75                                           
     4,4'-diphenylene methylene diisocyanate (MDI)                             
                                2.8                                            
     Dry methyl ethyl ketone    98.25                                          
     Rubber Oil Red "O" dye     0.001                                          
     ______________________________________                                    
PAL  This solution was used to treat FRP test panels as per Example IX except
      the cross members were baked 1 hour at 275.degree.F. before being
      subjected to pull tests. These bonds required at least 140 pounds per
      square inch pull before failure occurred.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a laminate of two specimens comprising treating the
      surface of a polyester specimen with an organic isocyanate containing
      ethylenic unsaturation, then applying a fluid adhesive comprising an
      organic peroxide curative and an unsaturated polyester to at least one of
      the specimens to be laminated, placing the treated polyester specimen in
      laminating relationship with the other specimen and curing the adhesive to
      bond the specimens together, said polyester specimen being the reaction
      product of a polycarboxylic acid or anhydride with a polyol.
NUM  2.
PAR  2. The method of claim 1 wherein the peroxide has the formula
      ##EQU1##
      where R.sub.1, R'.sub.1, R.sub.2, R'.sub.2, R.sub.3 and R'.sub.3 are
      alkyl, aryl, or haloaryl and at least one R group can be peroxy alkyl.
NUM  3.
PAR  3. The method of claim 1 wherein the compound used for treating the surface
      of the polyester specimen is the reaction product of an organic
      polyisocyanate with a reactive hydrogen material selected from the class
      of unsaturated carboxylic acid, unsaturated organic amines, unsaturated
      alcohol and unsaturated polyols.
NUM  4.
PAR  4. The method of claim 1 wherein the treating compound is a reaction
      product of an organic polyisocyanate and diallyl amine.
NUM  5.
PAR  5. The method of claim 3 wherein the reactive hydrogen material is an
      unsaturated polyester polyol.
NUM  6.
PAR  6. The method of claim 3 wherein the reactive hydrogen material is said
      polyol and further is a hydroxyl terminated polybutadiene.
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ABST
PAL  A segmented thermoplastic copolyester containing intralinear long chain and
      short chain ester units is bonded to a fiber-forming condensation polymer
      or regenerated cellulose by reaction with a polyisocyanate reaction
      product, having an available isocyanato group content of at least 2
      percent, at elevated temperature and/or elevated pressure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  High molecular weight copolyesters prepared from dicarboxylic acids or
      their esters and mixtures of long chain glycols and low molecular weight
      diols are thermoplastic and exhibit elastomeric properties. These
      materials have good low temperature properties, high abrasion resistance
      and extremely good hydrolytic stability and resistance to many organic
      fluids in addition to useful physical properties at ambient and elevated
      temperatures. Because of their thermoplastic nature, these copolyesters
      can be processed by substantially any procedure used for thermoplastics in
      general. Their good thermal stability and low melt viscosities provide
      outstanding processing safety.
PAR  It has been found, however, that the preparation of composite structures
      from these copolyesters wherein it is desirable to adhere or bond the
      copolyester to substrates such as fiber forming condensation polymers and
      regenerated cellulose is complicated by the fact that the copolyesters
      have limited affinity for materials such as polyesters e.g.
      poly(ethyleneterephthalate) and polyamides e.g. poly(hexamethylene
      adipamide). In order to take advantage of the properties and
      processability of this class of copolyesters in composite structures,
      convenient and economical means for adhering the copolyesters to the
      above-described substrates is needed.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention a method has been devised for bonding the
      thermoplastic copolyester to a substrate which is either a fiber-forming
      condensation polymer or regenerated cellulose e.g. rayon. The method
      comprises applying to the surface of said copolyester and/or the surface
      of said substrate a polyisocyanate reaction product having an available
      isocyanato group content of at least 2 percent and is obtained by reacting
      an excess of polyisocyanate with a polyol or a polyamine having an
      equivalent weight of about 30 to 2000. The bonding or joining of the
      copolyester takes place through the action of elevated temperature and/or
      elevated pressure, after the copolyester and substrate are contacted.
PAR  The thermoplastic copolyester which is to be joined to the substrate by the
      process of the instant invention consists essentially of a multiplicity of
      recurring intralinear long-chain and short chain ester units connected
      head-to-tail through ester linkages, said long-chain ester units being
      represented by the following structure:
      ##EQU1##
      AND SAID SHORT-CHAIN ESTER UNITS BEING REPRESENTED BY THE FOLLOWING
      STRUCTURE:
      ##EQU2##
      WHEREIN: G is a divalent radical remaining after removal of terminal
      hydroxyl groups from poly(alkylene oxide) glycol having a carbon-to-oxygen
      ratio of about 2.0-4.3 and molecular weight between about 400 and 6000;
PA1  R is a divalent radical remaining after removal of carboxyl groups from a
      dicarboxylic acid having a molecular weight less than about 300; and
PA1  D is a divalent radical remaining after removal of hydroxyl groups from a
      low molecular weight diol having a molecular weight less than about 250,
PA1  with the provisos that the short-chain ester units constitute about 15-95%
      by weight of the copolyester and, ergo, the long-chain ester units
      constitute about 5 to 85% by weight of the copolyester; at least about 50%
      of the short-chain ester units must be identical and a homopolymer in the
      fiberforming molecular weight range (&gt;5000) consisting of the identical
      short-chain ester units must melt at, at least, 150.degree.C.
PAC  DETAILED DESCRIPTION
PAR  The term "long-chain ester units" as applied to units in a polymer chain
      refers to the reaction product of a long-chain glycol with a dicarboxylic
      acid. Such "long-chain ester units," which are a repeating unit in the
      copolyesters of this invention, correspond to formula (a) above. The
      long-chain glycols are polymeric glycols having terminal (or as nearly
      terminal as possible) hydroxy groups and a molecular weight from about
      400-6000. The long-chain glycols used to prepare the copolyesters of this
      invention are poly(alkylene oxide) glycols having a carbon-to-oxygen ratio
      of about 2.0-4.3.
PAR  Representative long-chain glycols are poly(ethylene oxide) glycol,
      poly(1,2- and 1,3-propylene oxide) glycol, poly-(tetramethylene oxide)
      glycol, random or block copolymers of ethylene oxide and 1,2-propylene
      oxide, and random or block copolymers of tetrahydrofuran with minor
      amounts of a second monomer such as 3-methyltetrahydrofuran (used in
      proportions such that the carbon-to-oxygen mole ratio in the glycol does
      not exceed about 4.3).
PAR  The term "short-chain ester units" as applied to units in a polymer chain
      refers to low molecular weight compounds or polymer chain units having
      molecular weights less than about 550. They are made by reacting a low
      molecular weight diol (below about 250) with a dicarboxylic acid to form
      ester units represented by formula (b) above.
PAR  Included among the low molecular weight diols which react to form
      short-chain ester units are acyclic, alicyclic, and aromatic dihydroxy
      compounds. Preferred are diols with 2-15 carbon atoms such as ethylene,
      propylene, tetramethylene, pentamethylene, 2,2-dimethyl-trimethylene,
      hexamethylene, and decamethylene glycols, dihydroxy cyclohexane,
      cyclohexane dimethanol, resorcinol, hydroquinone, 1,5-dihydroxy
      naphthalene, etc. Especially preferred are aliphatic diols containing 2-8
      carbon atoms. Included among the bis-phenols which can be used are
      bis(p-hydroxy) diphenyl, bis(p-hydroxyphenyl) methane, and
      bis(p-hydroxyphenyl) propane. Equivalent ester-forming derivatives of
      diols are also useful (e.g., ethylene oxide or ethylene carbonate can be
      used in place of ethylene glycol). The term "low molecular weight diols"
      as used herein should be construed to include such equivalent
      ester-forming derivatives; provided, however, that the molecular weight
      requirement pertains to the diol only and not to its derivatives.
PAR  Dicarboxylic acids which are reacted with the foregoing long-chain glycols
      and low molecular weight diols to produce the copolyesters of this
      invention are aliphatic, cycloaliphatic, or aromatic dicarboxylic acids of
      a low molecular weight, i.e., having a molecular weight of less than about
      300. The term "dicarboxylic acids" as used herein, includes equivalents of
      dicarboxylic acids having two functional carboxyl groups which perform
      substantially like dicarboxylic acids in reaction with glycols and diols
      in forming copolyester polymers. These equivalents include esters and
      ester-forming derivatives, such as acid halides and anhydrides. The
      molecular weight requirement pertains to the acid and not to its
      equivalent ester or ester-forming derivative. Thus, an ester of a
      dicarboxylic acid having a molecular weight greater than 300 or an acid
      equivalent of a dicarboxylic acid having a molecular weight greater than
      300 are included provided the acid has a molecular weight below about 300.
      The dicarboxylic acids can contain and substituent groups or combinations
      which do not substantially interfere with the copolyester polymer
      formation and use of the polymer of this invention.
PAR  Aliphatic dicarboxylic acids, as the term is used herein, refers to
      carboxylic acids having two carboxyl groups each attached to a saturated
      carbon atom. If the carbon atom to which the carboxyl group is attached is
      saturated and is in a ring, the acid is cycloaliphatic. Aliphatic or
      cycloaliphatic acids having conjugated unsaturation often cannot be used
      because of homopolymerization. However, some unsaturated acids, such as
      maleic acid, can be used.
PAR  Aromatic dicarboxylic acids, as the term is used herein, are dicarboxylic
      acids having two carboxyl groups attached to a carbon atom in an isolated
      or fused benzene ring. It is not necessary that both functional carboxyl
      groups be attached to the same aromatic ring and where more than one ring
      is present, they can be joined by aliphatic or aromatic divalent radicals
      or divalent radicals such as --O-- or --SO.sub.2 --.
PAR  Representative aliphatic and cycloaliphatic acids which can be used for
      this invention are sebacic acid, 1,3-cyclohexane dicarboxylic acid,
      1,4-cyclohexane dicarboxylic acid, adipic acid, glutaric acid, succinic
      acid, carbonic acid, oxalic acid, azelaic acid, diethyl-malonic acid,
      allylmalonic acid, 4-cyclohexene-1,2-dicarboxylic acid, 2-ethylsuberic
      acid, 2,2,3,3-tetramethylsuccinic acid, cyclopentanedicarboxylic acid,
      decahydro-1,5-naphthalene dicarboxylic acid, 4,4'-bicyclohexyl
      dicarboxylic acid, decahydro-2,6-naphthalene dicarboxylic acid,
      4,4'-methylenebis-(cyclohexane carboxylic acid), 3,4-furan dicarboxylic
      acid, and 1,1-cyclobutane dicarboxylic acid. Preferred aliphatic acids are
      cyclohexane-dicarboxylic acids and adipic acid.
PAR  Representative aromatic dicarboxylic acids which can be used include
      terephthalic, phthalic and isophthalic acids, bi-benzoic acid, substituted
      dicarboxy compounds with two benzene nuclei such as bis(p-carboxyphenyl)
      methane, p-oxy(p-carboxyphenyl) benzoic acid, ethylene-bis(p-oxybenzoic
      acid), 1,5-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic
      acid, 2,7-naphthalene dicarboxylic acid, phenanthrene dicarboxylic acid,
      anthracene dicarboxylic acid, 4,4'-sulfonyl dibenzoic acid, and C.sub.1
      -C.sub.12 alkyl and ring substitution derivatives thereof, such as halo,
      alkoxy, and aryl derivatives. Hydroxyl acids such as
      p(.beta.-hydroxyethoxy) benzoic acid can also be used providing an
      aromatic dicarboxylic acid is also present.
PAR  Aromatic dicarboxylic acids are an especially preferred class for preparing
      the copolyetherester polymers of this invention. Among the aromatic acids,
      those with 8-16 carbon atoms are preferred, particularly the phenylene
      dicarboxylic acids, i.e., phthalic, terephthalic and isophthalic acids and
      their dimethyl derivatives.
PAR  It is essential that at least about 50% of the short segments are identical
      and that the identical segments form a homopolymer in the fiber-forming
      molecular weight range (molecular weight&gt;5000) having a melting point of
      at least about 150.degree.C. and preferably greater than 200.degree.C.
      Polymers meeting these requirements exhibit a useful level of properties
      such as tensile strength and tear strength. Polymer melting points are
      conveniently determined by differential scanning calorimetry.
PAR  The short-chain ester units will constitute about 15-95 weight per cent of
      the copolyester. The remainder of the copolyester will be the long
      segments, ergo the long segment will comprise about 5-85 weight per cent
      of the copolyester.
PAR  Most preferred copolyesters which are bonded by the process of this
      invention are those prepared from dimethyl terephthalate, 1,4-butanediol,
      and poly(tetramethylene oxide) glycol having a molecular weight of about
      600-2000 or poly(ethylene oxide) glycol having a molecular weight of about
      600-1500. Optionally, up to about 30 mole % and preferably 5-20 mole % of
      the dimethyl terephthalate in these polymers can be replaced by dimethyl
      phthalate or dimethyl isophthalate. Other preferred copolyesters are those
      prepared from dimethyl terephthalate, 1,4-butanediol, and
      poly(1,2-propylene oxide) glycol having a molecular weight of about
      600-1600. Up to 30 mole % and preferably 10-25 mole % of the dimethyl
      terephthalate can be replaced with dimethyl isophthalate or butanediol can
      be replaced with neopentyl glycol until up to about 30% and preferably
      10-25% of the short chain ester units are derived from neopentyl glycol in
      these poly(propylene oxide) glycol polymers. The polymers based on
      poly(tetramethylene oxide) glycol are especially preferred because they
      are easily prepared, have overall superior physical properties, and are
      particularly resistant to water.
PAR  The dicarboxylic acids or their derivatives and the polymeric glycol and
      incorporated into the final product in the same molar proportions as are
      present in the reaction mixture. The amount of low molecular weight diol
      actually incorporated corresponds to the difference between the moles of
      diacid and polymeric glycol present in the reaction mixture. When mixtures
      of low molecular weight diols are employed, the amounts of each diol
      incorporated is largely a function of the amounts of the diols present,
      their boiling points, and relative reactivities. The total amount of dial
      incorporated is still the difference between moles of diacid and polymeric
      glycol.
PAR  The polymers described herein can be made conveniently by a conventional
      ester interchange reaction.
PAR  A preferred procedure involves heating the dimethyl ester of terephthalic
      acid with a long chain glycol and a molar excess of 1,4-butane diol in the
      presence of a catalyst at about 150.degree.-260.degree.C. and a pressure
      of 0.5 to 5 atmospheres, preferably ambient pressure, while distilling off
      methanol formed by the ester interchange. Depending on temperature,
      catalyst, glycol excess and equipment, this reaction can be completed
      within a few minutes, e.g., about 2 minutes, to a few hours, e.g., about 2
      hours.
PAR  Concerning the molar ratio of reactants, at least about 1.1 mol of diol
      should be present for each mol of acid, preferably at least about 1.25 mol
      of diol for each mol of acid. The long chain glycol should be present in
      the amount of about 0.0025 to 0.85 mol per mol of dicarboxylic acid,
      preferably 0.01 to 0.6 mol per mol of acid.
PAR  This procedure results in the preparation of a low molecular weight
      prepolymer which can be carried to the high molecular weight copolyether
      of this invention by the procedure described below. Such prepolymers can
      also be prepared by a number of alternate esterification or ester
      interchange processes; for example, the long chain glycol can be reacted
      with a high or low molecular weight short chain ester homopolymer or
      copolymer in the presence of a catalyst until randomization occurs. The
      short chain ester homopolymer or copolymer can be prepared by ester
      interchange from either the dimethyl esters and low molecular weight
      diols, as above, or from the free acids with the diol acetates.
      Alternatively, the short chain ester copolymer can be prepared by direct
      esterification from appropriate acids, anhydrides, or acid chlorides, for
      example, with diols or by other processes such as reaction of the acids
      with cyclic ethers or carbonates. Obviously, the prepolymer might also be
      prepared by running these processes in the presence of the long chain
      glycol.
PAR  The resulting polymer is then carried to high molecular weight by
      distillation of the excess of short chain diol. This process is known as
      "Polycondensation."
PAR  Additional ester interchange occurs during this polycondensation which
      serves to increase the molecular weight and to randomize the arrangement
      of the copolyetherester units. Best results are usually obtained if this
      final distillation or polycondensation is run at less than about 5mm. Hg
      pressure preferably less than about 2mm. Hg and a temperature of about
      200.degree.-280.degree.C. preferably about 220.degree.-260.degree.C. for
      less than about 2 hours, e.g., about 0.5 to 1.5 hours. It is preferred
      that a stabilizer, preferably 4,4'-bis(.alpha.-dimethylbenzyl)
      diphenylamine be present during the polycondensation preferably in the
      amount of about 0.2 to 2.0 percent by weight.
PAR  Most practical polymerization techniques rely upon ester interchange to
      complete the polymerization reaction.
PAR  In order to avoid excessive hold time at high temperatures and possible
      irreversible thermal degradation, a catalyst for the ester interchange
      reaction should be employed. While a wide variety of catalysts can be
      employed, organic titanates such as tetra-butyl used alone or in
      combination with magnesium or calcium acetates are preferred. Complex
      titanates such as Mg[HTi(OR).sub.6 ].sub.2, derived from alkali or
      alkaline earth metal alkoxides and titanate esters are also very
      effective. Inorganic titanates, such as lanthanum titanate, calcium
      acetate/antimonytrioxide mixtures and lithium and magnesium alkoxides, are
      representative of other catalysts which can be used.
PAR  The catalyst should be present in the amount of about 0.005 to 2.0 percent
      by weight based on total reactants.
PAR  Ester interchange polymerizations are generally run in the melt without
      added solvent, but inert solvents can be used to facilitate removal of
      volatile components from the mass at low temperatures. This technique is
      especially valuable during prepolymer preparation, for example, by direct
      esterification. However, certain low molecular weight diols, for example,
      butanediol in terphenyl, are conveniently removed during high
      polymerization by azeotropic distillation. Both batch and continuous
      methods can be used for any stage of copolyether polymer preparation.
      Polycondensation of prepolymer can also be accomplished in the solid phase
      by heating divided solid prepolymer in a vacuum or in a stream of inert
      gas to remove liberated low molecular weight diol. This method has the
      advantage of reducing degradation because it must be used at temperatures
      below the softening point of the prepolymer.
PAR  The properties of these stabilized copolyethers can also be modified by
      incorporation of various conventional inorganic fillers, such as carbon
      black, silica gel, alumina, rutile, clays and chopped fiber glass. White
      or light colored fillers are preferred with the nondiscoloring
      compositions of this invention. In general, these additives have the
      effect of increasing the modulus of the material at various elongations.
      Compounds having a range of hardness values can be obtained by blending
      hard and soft copolyesters of this invention.
PAR  The substrates to which the copolyesters described hereinbefore are bonded
      by the process of this invention may be described as fiber-forming
      condensation polymers or regenerated cellulose. The phrase fiber-forming
      condensation polymers is used to indicate that the composition of the
      substrate can be formed into useful fibers. The phrase is not intented to
      limit the form of the substrate to fibers or to structures derived from
      fibers such as threads, cords and fabrics. Other forms of the substrate
      may be included such as filaments, rods, tubes, films and sheets.
      Regenerated cellulose is intended to include products such as rayon. All
      four main types of rayon e.g. acetate, cupraammonium, nitrocellulose and
      viscose would, of course, fall within the definition of rayon. The process
      of this invention can also be used to adhere the copolyester to complex or
      irregular substrate surfaces as long as proper mating surfaces are
      provided for bonding.
PAR  Representative fiber-forming condensation polymers which are intended to be
      used as substrates in the process of this invention are, as indicated
      previously, those substances capable of forming fibers. Typically, the
      fibers are formed at molecular weights of &gt;5000. Specific categories for
      these include the polyesters, e.g. poly(ethyleneterephthalate) which are
      discussed at length in the Encyclopedia of Polymer Science and Technology,
      Interscience Publishers, 1969, Vol. 11, Pages 62-128, which are herein
      incorporated by reference. Other polyesters which are intended to be
      included within the scope of this invention are
      poly-(p-hydroxyepoxybenzoate) and
      poly(cyclohexanedimethyleneterephthalate). Polyamides such as
      poly(hexamethyleneadipamide), polycaptolactam and poly(11-amino undecanoic
      acid) are also within the scope of the instant invention. The polyamides
      are discussed at length in the Encyclopedia of Polymer Science and
      Technology, Supra, Vol. 10, pages 483-597 which are incorporated herein by
      reference. Polyurethanes such as that derived from hexamethylene
      diisocyanate and 1,4-butanediol are also included; polyurethanes are
      discussed in the Encyclopedia of Polymer Science and Technology, Supra,
      Vol. 11, page 506-563 which are also incorporated herein by reference. A
      discussion of regenerated cellulose is to be found in the Encyclopedia of
      Polymer Science and Technology, Supra, Vol. 11, pages 810-847. This too is
      herein incorporated by reference.
PAR  The polyisocyanate reaction products used in the present process to join
      the copolyester and the fiber-forming substrate must have an isocyanato
      group functionality of at least about 2 and have an available isocyanato
      group content of at least about 2% by weight. The available isocyanato
      group content can be determined by the procedure of ASTM D1638. The
      functionality can be determined from the per cent available NCO groups and
      the average molecular weight of the polyisocyanate composition using the
      equation:
      ##EQU3##
      The functionality can also be estimated readily for many polyisocyanate
      reaction products from a knowledge of the amounts and identity of the
      components used in its preparation.
PAR  Aromatic, aliphatic and cycloaliphatic polyisocyanates can be used to
      prepare the polyisocyanate reaction products when reacted with a variety
      of polyols and/or polyamines as polyisocyanate compositions in the present
      invention. The preferred polyisocyanates which can be used to prepare the
      polyisocyanate reaction product are the C.sub.8 -C.sub.25 aromatics,
      C.sub.2 -C.sub.18 aliphatics and C.sub.5 -C.sub.25 cycloaliphatics.
      Representative aromatic polyisocyanates includee 2,4-tolylene
      diisocyanate, 2,6-tolylene diisocyanate, 4,4'-methylene bis(phenyl
      isocyanate), 1,3-phenylene diisocyanate, triphenylmethane triisocyanate,
      2,4,4'-triisocyanatodiphenyl ether,
      2,4-bis(4-isocycnatobenzyl)phenylisocyanate and related polyaryl
      polyisocyanates, 1,5-naphthalene diisocyanate and mixtures thereof.
      Representative aliphatic polyisocyanates include hexamethylene
      diisocyanate, xylylene diisocyanate, 1,12-dodecane diisocyanate and lysine
      ethyl ester diisocyanate. Representative cycloaliphatic polyisocyanates
      include 4,4'-methylenebis (cyclohexyl isocyanate), 1,4-cyclohexylene
      diisocyanate, 1-methyl-2,4-cyclohexylene diisocyanate and
      2,4-bis(4-isocyanatocyclohexylmethyl) cyclohexyl isocyanate. The
      polyisocyanates can be used in refined grades or as undistilled crude
      products containing varying amounts of phosgenation by-products.
PAR  The polyisocyanates can be used to increase the adhesion of the polyesters
      to various substrates of the instant invention; it has however, been found
      that the resulting assemblies are stiffened to such an extent that the
      valuable elastomeric characteristics of the copolyesters are no longer
      evident.
PAR  The polyisocyanate reaction products which are contemplated for use in the
      process of this invention are those materials which are frequently
      referred to as adducts and prepolymers. They are customarily obtained by
      reacting an excess of a polyisocyanate with one or more polyol or
      polyamines having equivalent weights ranging from about 30 to 2000.
      Polyols are preferred to polyamines; in particular those polyols having
      from 2 to 8 OH groups are preferred. An especially preferred class of
      polyols are those which have an equivalent weight of about 200-1000 of
      which a part of the polyol is poly(alkylene oxide)glycol or triol. Most
      preferably at least 50% by weight of the polyol is a poly(alkylene oxide)
      glycol or triol. The polyamines which are preferred would also have an
      equivalent weight of about 200-1000 and about 2-3 amino groups.
PAR  Representative polyols include ethylene glycol, diethylene glycol,
      1,3-butanediol, 1,4-butanediol, dipropylene glycol, trimethylol propane,
      glycerol, 1,2,6-hexanetriol, pentaerythritol, sorbitol; oxyethylated or
      oxypropylated derivatives of the foregoing polyols having equivalent
      weights up to about 2000; polyesters derived from the foregoing polyols
      and organic dicarboxylic acids such as adipic, sebacic, phthalic and
      terephthalic acids; polytetramethylene ether glycols; polycaprolactone
      glycols; oxyethylated and oxypropylated derivatives of nitrogen-containing
      compounds such as ethylene diamine, ethanol amine, diethanol amine and
      triethanol amine; and oxyethylated or oxypropylated derivatives of
      dihydric phenols such as hydroquinone, resorcinol or bis-phenol A.
      Representative polyamines include ethylene diamine, 1,2-propylene diamine,
      polyoxypropylene diamines, 1,3-phenylene diamine, 2,4-tolylene diamine,
      4,4'-methylene dianiline, 4,4'-methylenebis(2-chloroaniline) and
      4,4'-methylenebis(cyclohexyl amine). Polyisocyanate reaction products
      derived from polyols are preferred because the generally high melting
      points and low solubilities of the products derived from polyamines makes
      them more difficult to use in the present process.
PAR  Polyisocyanate/polyol reaction products derived from about 1.2 to 4.0, and
      particularly 1.5-2.2, equivalents of NCO groups per equivalent of OH
      groups are preferred to use in the present process over other reaction
      products. This preference is based on convenience in use and the
      effectiveness of bonding. An especially preferred class of polyisocyanate
      compositions for use in the present invention are the prepolymers
      described in U.S. Pat. No. 3,188,302 Lorenz, the disclosure of which is
      herein incorporated by reference.
PAR  The reaction conditions described in the foregoing patent would be
      satisfactory for the polyisocyanate/polyol reaction.
PAR  Any of the polyisocyanate reaction products may be converted to blocked
      polyisocyanates before use in the present process if bonding is to be
      accomplished through the action heat. Compounds frequently used for
      blocking include phenol, cresol, phenylnaphthylamine, methyl ethyl ketone
      oxime, cyclohexanone oxime and the enol forms of acetylacetone and
      acetoacetic ester.
PAR  The polyisocyanate reaction product may be employed directly in bond
      formation if its physical form is suitable; it may however be dissolved in
      a suitable solvent which is not reactive with isocyanate groups to permit
      or to assist the preparation of bonds. In the case of blocked isocyanates,
      aqueous emulsions or dispersions of the polyisocyanate composition may
      also be used.
PAR  Bond formation between the thermoplastic copolyester and the fiber-forming
      substrate is accomplished by applying the polysiocyanate composition to
      either or both the copolyester and the fiber-forming substrate, contacting
      the surfaces involved and maintaining contact until bonding occurs under
      the action of heat and/or pressure. Because of the large number of
      applications in which the present process may be employed, the methods of
      applying the polyisocyanate composition and forming the bond can be varied
      considerably. In general however, these methods are conventional. With
      polyisocyanate compositions of suitable viscosity, brushing, spraying and
      roll coating are typical means of application which can be employed. If
      the polyisocyanate composition has a low viscosity (with or without the
      use of solvents), the substrate can be coated by immersion with excess
      material being removed by means such as squeeze rolls, doctors knives or
      simple draining. Dispersions of solid polyisocyanate compositions
      generally have low enough viscosity to be applied by immersion methods. In
      those instances where it is desirable to limit the penetration of the
      polyisocyanate composition, such as in bonding a copolyester cover to
      poly(ethylene terephthalate) fiber braid on a hose, more viscous
      polyisocyanate compositions can be used to advantage. Many
      isocyanato-terminated prepolymers have sufficient viscosity as such but if
      necessary thickening agents such as finely divided silica can be used to
      raise the viscosity. Such viscous material can be applied in controlled
      amounts by transfer coating or by doctoring.
PAR  Actual bond formation is accomplished by contacting the thermoplastic
      copolyester and the fiber-forming substrate under the action of pressure
      with or without heating after application of the polyisocyanate
      composition. If the bond is to be formed at ambient temperatures, the
      application of sufficient pressure to maintain contact usually must be
      continued for a period of about 12 to 120 hours. The time required to form
      satisfactory bonds can be reduced by increasing the temperature at which
      contact is made. By operating at temperatures near the melting point of
      the thermoplastic copolyester; that is, about 160.degree.C. to
      230.degree.C., bonding can be accomplished with the application of
      pressure in about 1 to 10 minutes. Generally, ambient temperature up to
      temperatures near the melting point of the copolyester may be employed.
      Pressure may vary from 1 to 200 psi but if desired higher pressures can be
      utilized if for instance uneven surfaces are to be bonded. A particularly
      convenient method of bonding involves applying the polyisocyanate
      composition to a fiber forming substrate such as woven cloth or braid on a
      hose tube and immediately applying molten thermoplastic copolyester by
      doctoring or cross head extruding onto the polyisocyanate coated
      substrate. Bond formation proceeds with sufficient rapidity under those
      conditions that bonding can be effected by the time the thermoplastic
      copolyester has solidified.
PAR  If a solvent solution or aqueous dispersion of polyisocyanate composition
      has been used, it is preferred that the solvent or water be removed before
      contacting the copolyester and the fiber-forming substrate.
PAR  The method of the present invention is particularly useful for preparing
      compositions useful in reinforced structures such as braided hose, flat
      belting, V-belts and coated fabrics. In these applications, the use of
      isocyanate-terminated prepolymers is particularly advantageous and permits
      a wide latitude in handling and processing procedures. As indicated, bond
      formation with prepolymers can be accomplished almost immediately by
      heating or at room temperature over an extended time period. The
      structures prepared with prepolymers are more flexible than those prepared
      from conventional adhesives such as epoxies which rigidize the structures.
      When low temperature flexibility is a consideration, the rubberlike
      characteristics of the prepolymer system again provides a decided
      advantage over other adhesive systems including simple polyisocyanates.
PAR  All parts, proportions and percentages disclosed herein are by weight
      unless otherwise indicated. The following examples further illustrate the
      invention.
DETD
PAC  EXAMPLES
PAR  Copolyester A is prepared by ester interchange of 4.53 moles of dimethyl
      terephthalate hereinafter (DMT), 1.27 moles of dimethyl isophthalate
      hereinafter (DMI), 1.0 mole of polytetramethyleneether glycol hereinafter
      (PTMEG-980) (having a number average molecular weight about 980) and
      excess 1,4-butanediol in the presence of a tetrabutyl titanate/magnesium
      acetate catalyst and a stabilizer [sym-di-beta-naphthyl-phenylene diamine
      or 1,3,5-trimethyl-2,4,-6-tri(3,5-di-tert-butyl-4-hydroxybenzyl)benzene].
      Ester interchange is conducted at atmospheric pressure up to a final
      temperature of 220.degree.C. The ester interchange is followed by
      polycondensation at 250.degree.C. at about 1 Torr for about 90 minutes. At
      higher pressures a product having a lower inherent viscosity will be
      produced but a higher rate or production will be obtained. Conveniently
      pressures of less than about 5 Torrs are employed. The resulting polymer
      has an inherent viscosity of about 1.45-1.55. Sheets (6 .times. 6 .times.
      0.075 inches) are prepared from granulated copolyester by compression
      molding for 1 minutes at about 220.degree.C. and cooling rapidly to room
      temperature. These sheets are used in the adhesive tests described in the
      following examples.
PAR  Copolyester B is prepared by ester interchange of 7.85 moles of DMT, mole
      PTMEG-980 and excess 1,4-butanediol using ester interchange and
      polycondensation conditions and catalyst described for the preparation of
      Copolyester A. Copolyester B has an inherent viscosity of about 1.20-1.45.
      Sheets are prepared from this copolyester by compression molding at about
      180.degree.C. as described for Copolyester A.
PAR  Inherent viscosities of the copolyesters described hereinbefore are
      measured at 30.degree.C. at an concentration of 0.5 g./dl in a mixed
      solvent of 60 parts liquid phenol (90% phenol; 10% water) and 40 parts of
      1,1,2-trichloro-ethane.
PAR  Prepolymer A is prepared by reacting 346 parts of tolylene diisocyanate
      (80% 2,4-isomer; 20% 2,6-isomer) with a mixture of 45 parts of
      1,3-butanediol and 490 parts of polytetramethyleneether glycol (number
      average molecular weight 980) for about 4 hours at 80.degree.C. It has an
      available NCO content of about 9.4% by weight.
PAR  Prepolymer B is prepared by reacting 348 parts of 2,4-tolylene diisocyanate
      with 980 parts of polytetramethyleneether glycol (number average molecular
      weight 980) for 4 hours at 80.degree.C. It has an available NCO content of
      6.3%.
PAC  EXAMPLE 1
PAR  1-A.  A thin coating of Prepolymer A was applied to a 6 .times. 6 inch
      square of poly(ethylene terephthalate) woven fabric (7.5 oz/sq. yd.) and a
      6 .times. 6 .times. 0.075 inch sheet of Copolyester B was placed on the
      coated side of the fabric. This assembly was placed between steel plates
      at a temperature of about 230.degree.C. for 5 minutes at a pressure of
      0.65 psi. It was then removed from the plates and allowed to cool to room
      temperature. After standing for 1 day at room temperature, the 180.degree.
      peel strength of the assembly at 25.degree.C. was 55 pli when the sample
      was pulled at a rate of 2 inch/min.
PAR  When the assembly was prepared by the same procedure, but Prepolymer A is
      omitted, the 180.degree. peel strength was 13 pli.
PAR  1-B.  The procedure of 1A was repeated using Prepolymer B in place of
      Prepolymer A. The 180.degree. peel strength was 37.5 pli.
PAR  1-C.  The procedure of 1-A is repeated using a poly(cyclohexanedimethylene
      terephthalate) fabric; substantially similar results are obtained.
PAR  1-D.  The procedure of 1-B was repeated except that poly(hexamethylene
      adipamide) woven fabric (6 oz./sq.yd.) was used in place of the
      poly(ethylene terephthalate) fabric. The 180.degree. peel strength was 32
      pli. In the absence of any isocyanate composition, the peel strength was
      about 6 pli.
PAR  1-E.  The procedure of 1-A was repeated except that Copolyester A was used
      in place of Copolyester B and the temperature at which the assembly was
      pressed was lowered from 230.degree.C to 205.degree.C. The assembly had a
      peel strength of 25 pli. A control omitting Prepolymer A had a peel
      strength of 15 pli.
PAC  EXAMPLE 2
PAR  2-A.  A thin coating of Prepolymer A was applied to a 6 .times. 6 inch
      square of poly(ethylene terephthalate) woven fabric (7.5 oz./sq.yd.) and a
      6 .times. 6 .times. 0.075 inches sheet of Copolyester B was placed on the
      coated side of the fabric. This assembly was placed between steel plates
      at about 25.degree.C for 7 days at a pressure of about 0.70 psi. The
      180.degree. peel strength of the assembly is at 25.degree.C is 17 pli.
      When Prepolymer A was omitted, there was no adhesion between the
      Copolyester sheet and fabric.
PAR  2-B.  The procedure of 2-A was repeated with the exception that Prepolymer
      B is used in place of Prepolymer A. The 180.degree. peel strength was 15
      pli.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of bonding (1) a segmented thermoplastic copolyester
      composition consisting essentially of a multiplicity of recurring long
      chain ester units and short chain ester units joined head-to-tail through
      ester linkages, said long chain ester units being represented by the
      formula
      ##EQU4##
      and said short chain units being represented by the formula
      ##EQU5##
      where G is a divalent radical remaining after the removal of terminal
      hydroxyl groups from a poly(alkylene oxide) glycol having a molecular
      weight of about 400-6000 and a carbon to oxygen ratio of about 2.0-4.3; R
      is a divalent radical remaining after removal of carboxyl groups from a
      dicarboxylic acid having a molecular weight less than about 300 and D is a
      divalent radical remaining after removal of hydroxyl groups from a diol
      having a molecular weight less than about 250; provided said short chain
      ester units amount to about 15-95 percent by weight of said copolyester,
      and at least about 50% of said short chain ester units are identical and
      (2) a substrate selected from the group consisting of fiber-forming
      condensation polymers or regenerated cellulose which comprises applying to
      either said copolyester or said substrate a polyisocyanate reaction
      product having an available isocyanato group content of at least 2 percent
      and being obtained by reacting an excess of a polyisocyanate with a liquid
      polyol or a polyamine having an equivalent weight of about 30-2000 and
      then contacting said copolyester and said substrate in the presence of
      either elevated pressure and/or temperature.
NUM  2.
PAR  2. The process of claim 1 wherein said substrate is a fiber-forming
      condensation polymer selected from the group consisting of polyesters,
      polyamides and polyurethanes.
NUM  3.
PAR  3. The process of claim 1 wherein said substrate is rayon.
NUM  4.
PAR  4. The process of claim 1 wherein said substrate is a poly(ethylene
      terephthalate).
NUM  5.
PAR  5. The process of claim 1 wherein said substrate is a poly(hexamethylene
      adipamide).
NUM  6.
PAR  6. The process of claim 1 wherein said polyisocyanate reaction product is
      formed by reacting a polyol having 2 to 8 OH groups with an excess of
      polyisocyanate.
NUM  7.
PAR  7. The process of claim 6 wherein said polyol has an equivalent weight of
      200-1000 and at least 50 percent by weight of the polyol is a
      poly(alkylene oxide) glycol or triol.
NUM  8.
PAR  8. The process of claim 1 wherein the polyisocyanate reaction product is
      formed by reacting a polyisocyanate with a polyamine having an equivalent
      weight of 200-1000 and about 2-3 amino groups.
NUM  9.
PAR  9. The process of claim 1 wherein said contacting takes place at a
      temperature of about 160.degree.-230.degree.C.
NUM  10.
PAR  10. The process of claim 1 wherein said dicarboxylic acid is selected from
      the group consisting of phthalic acid, terephthalic acid, isophthalic
      acid, their esters and mixtures thereof.
NUM  11.
PAR  11. The process of claim 1 wherein the poly(alkylene oxide) glycol is
      poly(tetramethylene oxide) glycol having a molecular weight of about
      600-2000.
NUM  12.
PAR  12. The process of claim 1 wherein said glycol is poly(tetramethylene
      oxide) glycol having a molecular weight of about 600-2000, said
      dicarboxylic acid is dimethyl terephthalate and said diol is
      1,4-butanediol.
NUM  13.
PAR  13. The process of claim 1 wherein said dicarboxylic acid is a mixture of
      dimethyl terephthalate and a maximum of 30 mole per cent of dimethyl
      isophthalate, dimethyl phthalate or mixtures thereof.
NUM  14.
PAR  14. The product of claim 1.
NUM  15.
PAR  15. The product of claim 2.
NUM  16.
PAR  16. The product of claim 7.
PATN
WKU  039458776
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ART  161
APD  19741025
TTL  Cross linkable thermoplastic adhesives
ISD  19760323
NCL  4
ECL  1
EXA  Leitten; Brian J.
EXP  Powell; William A.
INVT
NAM  Marcozzi; Arthur J.
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STA  PA
ASSG
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CTY  Pittsburgh
STA  PA
COD  02
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PAL  Chemical Abstracts, Vol. 72, p. 48, No. 80022h (1970). (For German Offen.
      1,928,388).
LREP
FR2  Krayer; William L.
ABST
PAL  Compositions are disclosed for making thermoplastic adhesives and coatings.
      The compositions include coal tar pitch and two copolymers of ethylene in
      which the copolymers are cross-linked with dicumyl peroxide.
PARN
PAR  This is a continuation, division, of application Ser. No. 365,776 filed May
      31, 1973 now U.S. Pat. No. 3,880,791.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Prior to this invention it has been known to make adhesives and coating
      compositions using coal tar pitch and certain ethylene polymers such as
      copolymers of ethylene with acrylic acid and copolymers of ethylene with
      vinyl acetate. Such coatings and adhesives have been generally successful,
      but they suffer from a significant defect in that the creep resistance is
      unsatisfactorily low.
PAR  Creep resistance is a dimensional change which is caused under loads and is
      a function of time and temperature. Although in some applications a
      certain amount of creep is tolerable or even useful, in most applications
      the creep effect is undesirable since the coating or adhesive is gradually
      weakened and the bond is ultimately destroyed. My invention relates to the
      use of a particular cross-linking agent in the pitch/ethylene copolymer
      composition.
PAR  Cross-linking of polymers is not new. For example, in U.K. Pat. 1087286,
      the cross-linking of ethylene/acrylic acid copolymers and ethylene/vinyl
      acetate copolymers is described. In particular, the use of dicumyl
      peroxide is disclosed in the fourth line of the top of Page 3. See also
      French Pat. No. 1488913.
PAR  Pitch derived from coal tar is used in combination with various polymers
      including ethylene copolymers in U.S. Pat. Nos. 3,267,083, 3,309,329,
      3,392,132, 3,402,742, and 3,318,977. In addition, the reader may be
      interested in the following U.S. Pat. Nos. 3,402,223, 3,410,928,
      3,425,981, 3,503,914, 3,577,365, and 3,654,207.
PAR  So far as I am aware, no one has proposed to incorporate or has
      incorporated into a single composition a coal tar pitch, ethylene/vinyl
      acetate copolymers and ethylene/acrylic acid copolymers (EVA and EAA)
      including a crosslinking agent such as dicymyl peroxide, nor has anyone
      previous to this invention disclosed that the use of dicumyl peroxide has
      a cross-linking agent will not only cross-link the polymers used in such
      compositions but will greatly inhibit the tendency to creep.
PAC  SUMMARY OF THE INVENTION
PAR  The preferred method for reducing creep in this series of adhesives
      comprising EVA and EAA copolymers is to cross-link the polymer chains with
      dicymyl peroxide. The chemical links thus established between molecular
      chains increase resistance to plastic flow. Useful copolymers are those
      having a vinyl acetate content between about 5 and 50% by weight,
      preferably between about 15 and 40% by weight. Useful copolymers are those
      having a melt index between about 0.2 and 500, preferably between about
      0.5 and 175. The term "Elvax 260" used herein means a copolymer of 72% by
      weight ethylene and 28% vinyl acetate.
PAR  Useful ethylene-acrylic acid copolymers may vary in melt index from about
      0.1 to about 400, the preferred range being between about 5 and 40. The
      acid content of useful copolymers may range between about 0.1% and 75% by
      weight of the copolymer. The acid range of commercially available
      copolymers with acrylic acid is between about 0.1 and 40% by weight of the
      copolymer. The preferred acid range of the latter is between about 2 and
      20%.
PAR  Experimentation showed that both EVA and EAA are affected by dicumyl
      peroxide [C.sub.6 H.sub.5 --C(CH.sub.3).sub.2 --O].sub.2, an organic
      peroxide cross-linking agent. Generally, cross-linkable adhesives are
      produced in this disclosure by blending the peroxide with the
      pitch-EVA-EAA combinations, then processing the mixture into desired form
      (tape, rod, pellets) by any convenient method as, for example, extruding.
      The peroxide-containing blend can then be cross-linked at the point of use
      by raising the temperature of the blend to decompose the peroxide and
      consequently trigger the cross-linking reaction. The cross-linking
      mechanism appears to be one of hydrogen abstraction, and although we do
      not intend to be bound by any theories, probably occurs at the ethylene
      units of the copolymers. Since two copolymers having ethylene units are
      involved, cross-linking does not necessarily occur with only EVA ethylene
      units or just EAA ethylene units. Ethylene units of both copolymers may be
      available for linkage.
PAR  Dicymyl peroxide itself and its radicals do not enter into the molecular
      structure resulting from the cross-link reaction. They serve only to
      initiate the reactions. All of the peroxide is converted to dimethylbenzyl
      alcohol, acetophenone and methane. Since dicymyl peroxide does not enter
      the molecular structure of either copolymer, the pitch-polymer blend can
      be cross-linked without altering adhesive properties. Generally the
      cross-link reaction rate can be increased or decreased by changing the
      temperature at which the reaction is carried out. The preferred
      temperature range is 320.degree. -- 550 F. The degree of cross-link is
      determined by the amount of peroxide used in the blend.
PAR  Although other peroxides can be used to cross-link these blends, these
      factors must be considered when selecting a peroxide cross-linking agent:
PAR  1. peroxide decomposition products do not enter the molecular structure to
      alter the properties of the adhesive;
PAR  2. decomposition temperature of the peroxide is high enough (i.e., about
      300.degree.F) so that cross-linking will not occur during processing
      (milling, extruding, etc.);
PAR  3. peroxide blends well with the cross-linkable material.
PAR  Dicumyl peroxide meets the above requirements in that:
PAR  1. its decomposition products apparently do not enter the molecular
      structure of either copolymer;
PAR  2. its decomposition temperature (which should be at least 300.degree.F)
      will permit processing at about 350.degree.F at reasonable time intervals
      without significant cross-linking during processing:
PAR  3. as a solid at room temperature, it blends well with pitchpolymer
      adhesives.
PAR  Dicumyl peroxide satisfied the above desired criteria. It is commercially
      available (Hercules, Inc. Wilmington, Delaware) in these forms:
TBL  Grades          Composition                                               
     ______________________________________                                    
     Di-Cup T 90 to 93% active dicumyl peroxide                                
     Di-Cup R 96 to 100% active dicumyl peroxide                               
     Di-Cup 40C                                                                
              39.5 to 41.5% active dicumyl peroxide supported on               
              precipitated calcium carbonate                                   
     Di-Cup 40KE                                                               
              39.5 to 41.5% active dicumyl peroxide supported on               
              Burgess KE clay                                                  
     ______________________________________                                    
PAR  All grades can be blended with the pitch-polymer series of thermoplastic
      adhesives. Peroxide content depends on the degree of cross-link desired.
      About 0.5 to 10% of peroxide based on polymer weight is satisfactory in
      our invention. The most probable commercial range would be 2.0 to 5.0%.
PAR  A pitch suitable for the purposes of the invention is preferably that
      derived from coal tar. Useful pitches range in ring-and-ball softening
      points between about 70C and 200C, a preferred range being between about
      100C and 150C.
PAC  EFFECT OF DICUMYL PEROXIDE ON PITCH-POLYMER THERMOPLASTIC ADHESIVES
PAC  Creep Resistance
PAR  Although creep-resistance improvement with cross-linking has not been
      directly evaluated, an indication of change in flow under controlled
      conditions can be obtained by means of melt index data. Melt index is
      defined as the weight in grams (g) extruded in 10 minutes through a
      specified orifice at 190.degree.C by a loaded piston weighing 2160 g. It
      is measured by means of a melt index device (F. F. Slocum Corp.,
      Wilmington, Delaware) and is expressed as g/10 min. The following melt
      index results for various ethylene/EVA and ethylene/EAA compositions with
      and without peroxide treatment, indicate the reduction in flow by
      cross-linking.
TBL  ______________________________________                                    
      Sample                Melt Index                                         
     ______________________________________                                    
     Composition A (no peroxides)                                              
                           11.9 g                                              
     Composition A + Di-Cup R (2%)                                             
                           0.58 g                                              
     Composition A + Di-Cup R (5%)                                             
                           0.008 g                                             
     Composition B (no treatment)                                              
                           12.9 g                                              
     Composition B + Di-Cup R (2%)                                             
                           2.3 g                                               
     ______________________________________                                    
PAR  Formulas for Composition A and B are as follows:
PA1  A - 1/3 pitch, 1/2 "Elvax 260", 1/3 copolymer of ethylene and 6.8% by
      weight acrylic acid.
PA1  B - 40% pitch, 60% "Elvax 260".
PAC  Plastograph Studies
PAR  Results from plastograph tests in which materials are subjected to severe
      shear action, show evidence of cross-linking. Resistance to shear is
      increased in Composition A immediately after dicumyl peroxide is added.
      The time-torque relationship of Composition A has been tested before and
      after adding dicumyl peroxide at 1 part per hundred resin (phr) and 5 phr.
      Initially, untreated Composition A shows a torque of about 2700 meter-gms
      at 160 C (40 rpm). About 7 minutes after dicumyl peroxide is added at 5
      phr, the torque increased to about 5000 meter-gms. A similar action
      results at 1 phr, but torque does not increase as with 5 phr.
PAR  The rapid increase in torque after addition of dicumyl peroxide is probably
      caused by cross-linking of the copolymer chains.
PAR  Although the chief objective of the invention is to reduce the creep
      property of the pitch-polymer blend, an unexpected benefit was obtained.
      In order to evaluate the effect of cross-linking on the adhesive
      properties of Composition A, the peel strength of cross-linked and
      untreated Composition A were compared at various temperature levels.
      Cross-linked Composition A exhibited much higher strengths than untreated
      Composition A especially at elevated and low temperatures.
PAR  The following data illustrate this.
TBL  ______________________________________                                    
                        Peel Strength, ppi                                     
     Sample               -60 F   80 F    200 F                                
     ______________________________________                                    
     Composition A (no treatment)                                              
                          20      75       0                                   
     Composition A + Dicumyl peroxide,                                         
     58% by weight        98      80      19                                   
     ______________________________________                                    
PAR  All samples were bonded at 500 F for 3 min. The peroxide-containing
      Composition A used in making the peel test samples had been extruded into
      a 4-inch-wide, 0.017-inch-thick tape prior to use. Complete cross-linking
      took place during the heat cycle used in making the peel samples
      (550.degree.F, 3 min.).
PAR  The following preferred pitch-polymer-peroxide blends illustrate the
      invention:
PAC  EXAMPLE 1
PA1  a. 5 lbs. pitch 140 C
PA1  b. 5 lbs. Elvax 260
PA1  c. 5 lbs. EAA (Copolymer of ethylene and 6.8% acrylic acid)
PA1  d. 56.75 gms Di-Cup 40C
PAR  Ingredients (a), (b), (c), and (d) were mixed in a twin-shell blender then
      extruded into a 4-inch-wide, 0.017-inch-thick tape at 300.degree.F.
PAC  EXAMPLE 2
PA1  a. 15 lbs. Composition A pellets
PA1  b. 227 gms dicumyl peroxide
PAR  Ingredients (a) and (b) were mixed in a twin-shell blender then extruded
      into a 4-inch-wide, 0.017-inch-thick tape at 300.degree.F.
PAC  EXAMPLE 3
PA1  a. 2 lbs. pitch, 140 C
PA1  b. 2 lbs. Elvax 260
PA1  c. 2 lbs. (EAA as defined in Example 1)
PA1  d. 90.8 gms Di-Cup R
PAR  Ingredients (a), (b), (c), and (d) were mixed in a twin-shell blender then
      extruded into 1/8-inch diameter rod at 300.degree.F. The rod was chopped
      into pellets.
PAC  EXAMPLE 4
PA1  a. 2 lbs. pitch, 140 C
PA1  b. 2 lbs. Elvax 260
PA1  c. 2 lbs. (EAA as defined in Example 1)
PA1  d. 136.5 gms Di-Cup 40C (this is equivalent to 3%)
PAR  Ingredients (a), (b), (c) and (d) were mixed in a twin-shell blender then
      extruded at 300 F into 1/8 -inch diameter rod. The rod was pelletized.
PAC  EXAMPLE 5
PA1  a. 2 lbs. pitch, 140 C
PA1  b. 2 lbs. Elvax 260
PA1  c. 2 lbs. (EAA as defined in Example 1)
PA1  d. 54.5 gms Di-Cup R - 3%
PAR  Ingredients (a), (b), (c), and (d) were mixed in a twin-shell blender then
      extruded at 300.degree.F into 1/8 -inch diameter rod. The rod was then
      pelletized. The use of an extruded tape or other form of my composition
      comprises a novel method of adhering surfaces wherein the adhesive
      composition is formed into a planar shape corresponding to the surfaces to
      be joined, at a temperature above the melting point of the resins but
      below the decomposition temperature of the dicumyl peroxide. After
      application to the surfaces to be joined, it is heated to the
      decomposition temperature of dicumyl peroxide and then cooled.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of adhering surfaces comprising
PA1  A. forming an adhesive composition comprising, by weight
PA2  a. about 25 to 50 percent pitch;
PA2  b. about 20 to 40 percent ethylene vinyl acetate copolymer;
PA2  c. about 20 to 40 percent ethylene - acrylic acid copolymer; and
PA2  d. about 0.5 to 10 percent dicumyl peroxide into a shape applicable to the
      surfaces to be joined, at a temperature above the melting temperature of
      the ethylene polymers;
PA1  B. applying the shaped composition to the surfaces to be joined; and
PA1  C. heating the composition to the surfaces to be joined.
NUM  2.
PAR  2. Method of joined surfaces comprising
PA1  A. forming a composition comprising
PA2  a. about 25 to 50 percent pitch having a ring-and-ball softening point
      between about 70.degree.C and 200.degree.C;
PA2  b. about 20 to 40 percent copolymer of ethylene and vinyl acetate in which
      the ethylene comprises from 50 to 95 percent by weight;
PA2  c. about 20 to 40 percent copolymers of ethylene and acrylic acid in which
      the ethylene comprises from 25 percent to about 99.9 percent by weight,
      having a melt index from about 0.1 to about 400; and
PA2  d. about 0.5 to 10 percent dicumyl peroxide; into a shape applicable to the
      surfaces to be joined, at a temperature above the melting temperature of
      the ethylene polymers;
PA1  B. applying the shaped composition to the surfaces to be joined; and
PA1  C. heating the composition to a temperature above the decomposition
      temperature of dicumyl peroxide.
NUM  3.
PAR  3. Method of adhering surfaces comprising
PA1  A. forming a composition comprising, by weight
PA2  a. about 25 to 50 percent pitch;
PA2  b. about 20 to 40 percent ethylene vinyl acetate copolymer;
PA2  c. about 20 to 40 percent ethylene - acrylic acid copolymer; and
PA2  d. about 0.5 to 10 percent dicumyl peroxide; into a shape applicable to the
      surface to be joined, at a temperature above the melting temperature of
      the ethylene polymers;
PA1  B. applying the shaped composition to the surfaces to be joined; and
PA1  C. heating the composition to a temperature above the decomposition
      temperature of dicumyl peroxide.
NUM  4.
PAR  4. Method of joining surfaces comprising
PA1  A. forming a composition comprising
PA2  a. about 25 to 50 percent pitch having a ring-and-ball softening point
      between about 100.degree.C and 150.degree.C;
PA2  b. about 20 to 40 percent copolymer of ethylene and vinyl acetate in which
      the ethylene comprises from 59 to 95 percent by weight;
PA2  c. about 20 to 40 percent copolymers of ethylene and acrylic acid in which
      the ethylene comprises from 25 percent to about 99.9 percent by weight,
      having a melt index from about 0.1 to about 400; and
PA2  d. about 0.5 to 10 percent dicumyl peroxide; into a shape applicable to the
      surfaces to be joined, at a temperature above the melting temperature of
      the ethylene polymers;
PA1  B. applying the shaped composition to the surfaces to be joined; and
PA1  C. heating the composition to a temperature above the decomposition
      temperature of dicumyl peroxide.
PATN
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ABST
PAL  A machine for automatically applying stamps onto successive envelopes at a
      precise location and without distorting or marring the stamps or envelopes
      comprises vacuum devices for picking off the stamps and envelopes from
      respective magazines, feeding each envelope into an exact position below a
      backing pad, and concurrently feeding a respective stamp past a moistening
      device into an exact position below the envelope, then pressing the
      envelope against the backing pad and concurrently pressing the stamp
      upwardly against the envelope, and thereupon releasing the vacuum devices
      and knocking out the stamped envelope into a receptacle as the machine is
      returned to a start position for another application cycle.
BSUM
PAR  Essential features of stamped envelopes reserved as collectors' items --
      known as First Day Covers -- are that neither the stamps nor the envelopes
      be blemished or wrinkled in any way as the stamps are applied, and that
      each stamp be applied in an exact location on each envelope. Further, in
      the further development of the collecting art, there have been greater
      runs of First Day Covers put out by governmental and historical agencies,
      creating the need for machines which can apply stamps automatically in a
      uniform manner and with greater economy.
PAR  Objects of the invention are to provide an automatic machine for applying
      stamps to cards or envelopes, which is operative to apply the stamps
      uniformly in the same location throughout long runs and without marring in
      any way the quality of the stamps and cards or envelopes, and which is
      operative to apply the stamps in a rapid and economical manner with only
      minimum required supervision.
PAR  These and other objects and features of the invention will be apparent from
      the following description and the appended claims.
DRWD
PAR  In the description of the invention, reference is had to the accompanying
      drawings, of which:
PAR  FIG. 1 is a top plan view of an automatic stamp-applying machine according
      to the invention;
PAR  FIG. 2 is a front elevational view of this machine;
PAR  FIG. 3 is a rear elevational view of the machine;
PAR  FIG. 4 is a fractional sectional view on the line 4--4 of FIG. 3;
PAR  FIG. 5 is a fractional sectional view on the line 5--5 of FIG. 2;
PAR  FIG. 6 is a sectional view on the line 6--6 of FIG. 2;
PAR  FIG. 7 is a section on the line 7--7 of FIG. 2;
PAR  FIG. 8 is a section on the line 8--8 of FIG. 2;
PAR  FIG. 9 is a vertical section to enlarged scale on the line 9--9 of FIG. 1;
PAR  FIG. 9A is a fractional sectional view on the line 9a--9a of FIG. 9;
PAR  FIG. 10 is a perspective view of a roller for moistening the stamps
      individually and of its adjustable mounting;
PAR  FIG. 11 is a vertical sectional view on the line 11--11 of FIG. 2; and
PAR  FIG. 12 is a series of graphs showing the timing between the different
      operations of the machine.
DETD
PAR  The present machine has four angle iron legs 10 (FIGS. 1 and 2) supporting
      a top table 11 and a lower shelf 12. Mounted on the table 11 at the back
      lefthand portion thereof is a magazine 13 for a stack of stamps 14 having
      corner clearance slots 13b, and mounted on the table at the front
      right-half portion thereof is a magazine 15 for a stack of envelopes 16.
      The envelope magazine has left and rear walls fixedly mounted on the table
      top 11, but to permit the magazine to accept envelopes of different sizes
      the right wall is shiftable by being mounted on a slide plate 110
      adjustably secured to the table 11 by a screw-slot coupling 111 and the
      front corner portions of the magazine are closed by upright posts 112
      shiftable back-to-front and adjustably secured to the left and right walls
      by screw-slot couplings 113 shown in FIG. 11. At the bottom of the
      magazines 13 and 15 there are inwardly projecting retainer lugs 13a and
      15a which hold the stamps and envelopes releasably in the respective
      magazines while allowing the same to be drawn off one by one by vacuum
      devices later described. The table 11 has an overhang 11a at the right
      side thereof which carries therebelow a chute 17 leading into a receptacle
      18 for receiving the stamped envelopes. The receptacle extends beyond the
      overhang and has an opening at the top and a slot 18a at the end (FIG. 1)
      to permit the operator to reach in and remove stacks of the stamped
      envelopes as they accumulate therein.
PAR  Bridging the table 11 and bottom shelf 12 at the rear righthand portion
      thereof (FIGS. 1, 2 and 3) is a vertical rod 19 receiving two vertically
      spaced slide bearings 20 of a main carriage 21. This carriage comprises a
      rear V-shaped side plate 22 to the back side of which are secured the
      bearings 20 by screws 23, and a right V-shaped side plate 24 also secured
      by screws to the bearings. The two side plates 22 and 24 are inclined
      upwardly from the lowermost bearing 20 along the back and right sides of
      the machine as is shown in FIGS. 2 and 11. The main carriage 21 is
      confined against clockwise turning as viewed from the top about the rod 19
      by a guide roller 22a (FIGS. 3 and 8) on the rear side plate 22 riding
      against a post 11b depending from the table 11, and is confined against
      counterclockwise movement by a guide roller 24a (FIGS. 2 and 8) on the
      side plate 24 riding against a guide rail 10a on the front right leg of
      the machine.
PAR  The main carriage 21 is weight-biased through a collar 25 onto a pair of
      rollers 26 journalled to a fork-shaped arm 27 (FIGS. 2 and 6) which
      embraces the rod 19. The arm 27 constitutes the bottom member of a rocker
      28 having a vertical V-shaped plate 29 (FIGS. 2 and 3) secured rigidly to
      the arm 27 through a triangular gusset 30 welded therebetween. The plate
      29 has trunnions 31 at the opposite ends which are journalled in apertured
      side members of a U-bracket 32 mounted on the shelf 12. Secured to the top
      of the plate 29 is a vertically extending pin 33 (FIG. 6) receiving a
      roller 34 which engages a non-circular groove 35 in the bottom face of a
      cam disk 36. This cam disk is secured to a vertical shaft 37 journalled at
      its ends in the table 11 and shelf 12. The shaft is coupled below the
      shelf through pulleys 38 and a belt 39 to a gear reduction 40 driven by a
      motor M mounted on one of the legs 10 (FIG. 3). By reference to FIGS. 6
      and 12A, at the start position of the cam disk 36 the roller 34 registers
      with a point in the cam groove 35 at a maximum radial distance from the
      shaft 37 to tilt the rocker 28 downwardly and place the main carriage 21
      in its lowermost position. As the cam plate 35 is turned clockwise through
      one revolution completing one stamp-mounting cycle of the machine, the
      main carriage 21 is raised and lowered during the first 105.degree.
      movement of the cam disk, is retained in nearly its lowermost position
      during a next approximately 65.degree. movement, is again raised and
      lowered during a next 120.degree. movement, and is retained in its
      lowermost position during the remaining 70.degree. movement.
PAR  Mounted on the inner wall of the upper portion of the rear side plate 22 of
      the main carriage 21 is a vacuum grip device 41 (FIG. 9) for picking off
      the bottom stamp 14 from the magazine 13. This grip device 41 comprises a
      stamp pad 42 mounted on the upper end of a rectangular plunger 43 which
      slides vertically in slotted side members of a U-shaped carriage 44 (FIGS.
      7 and 9A) closed at its right end (FIG. 9). This plunger has a central
      duct 43a connected at the bottom via a tube 43b to a vacuum pump P (FIG.
      2) and has a flared opening 42a at the top forming a suction cup. The
      carriage 44 is mounted on a horizontal slide plate 45 having undercut
      edges 45a engaging a horizontal track 46 secured to the plate 22, the
      track having overhanging top and bottom edges 46a which embrace the edges
      45a. The carriage 44 is shifted horizontally along the side plate 22 by a
      front-to-back extending rocker arm 47 (FIGS. 7 and 9) having a forked end
      engaging a pin 48 bridging the side members of the carriage 44 and pivoted
      at its forward end to a bracket 49 depending from the table 11 (FIG. 2).
      The rocker arm has a roller 50 thereon which engages a cam groove 51 in
      the upper face of a cam disk 52 secured to the shaft 37 directly above the
      cam disk 36. In the start position of the cam disk shown in FIG. 7, the
      roller 50 engages a dwell portion 51a of the groove at the smallest radial
      distance from the shaft 37, causing the vacuum stamp pad to be at the left
      end of its travel directly below the stamp magazine 13. In the first
      approximately 105.degree. rotation of the cam disk 52, the pin traverses
      the dwell portion 51a of the groove 51 leaving the stamp pad 42 at
      standstill below the stamp magazine (FIG. 12B). However, during this
      portion of the cycle the main carriage 21 is first raised, to bring the
      stamp pad 42 against the bottom of the stack of stamps 14 in the magazine
      13 and to pick off the lowermost stamp by vacuum applied to the stamp pad.
      Next, the stamp pad 42 is lowered to carry the stamp to a level below the
      envelope to which the stamp is to be applied, as will appear. In the
      continuing clockwise rotation of the cam disk 52 through approximately
      90.degree., the pin 50 engages a radially outwardly progressing portion of
      the groove 51, causing the stamp pad 42 to be shifted to the right to a
      stamping station below a backing pad 53 on the under side of the table 11
      (FIGS. 1 and 9). By reference to FIG. 12B, this rightward travel of the
      stamp pad 42 occurs while the main carriage 21 is in its nearly lowermost
      position, but as the stamp pad reaches its rightmost position the main
      carriage is being raised, causing it to reach its fully raised position
      about 20.degree. later as shown by reference to FIG. 12A. It is during
      this raising of the main carriage that the stamp pad 42 is pressed against
      an envelope backed by the pad 53 by pressure of a tension spring 54
      between the plunger 43 and carriage 46 (FIG. 9) biasing the plunger 43
      upwardly relative to the carriage. During the applying of a stamp to an
      envelope and during an ensuing lowering of the main carriage to disengage
      the stamp pad 42 from a stamped envelope, the stamp pad 42 is retained at
      its right end of travel by the pin 50 then engaging a dwell portion 51b of
      the cam 51. As the main carriage 21 nears its lowermost position, the pin
      50 traverses an inwardly extending portion of the groove to shift the
      stamp pad back to its start position.
PAR  As a stamp is being carried by the pad 42 from a point below the magazine
      13 to a point below the pad 53, the main carriage is slightly above its
      lowermost position (FIG. 12A) causing the stamp to be swept in contact
      past a moistening roller 56 along a bottom tangential line thereof (FIGS.
      1, 9 and 10). This roller is preferably of a felt composition and is
      journalled on a shaft 57 secured rigidly at its rear end to an adjustable
      block 58. The block 58 is shiftable horizontally in directions axially of
      the roller on a track 59 of a second block 60, and is secured in its
      adjusted position relative to the latter by a clamping screw 61. The block
      60 is adjustable vertically on a t rack 62 of a bracket 63 secured to the
      under side of the table 11 by screws engaging screw holes 64 in the
      bracket, the vertical adjustment being by a thumb screw 65 in a bottom
      flange 63a of the bracket. The block 60 is retained in its adjusted
      position by a clamping screw 66 in the depending wall of the bracket.
      These adjustments in the positioning of the moistening roller are critical
      in order that the stamp will receive an adequate amount of moisture as it
      is moved past the roller but will not be displaced or wrinkled in any way
      during its passage under the roller.
PAR  A moistening of the roller 56 is maintained at a controlled rate by a
      dropper 67 mounted via a bracket 68 above the table 11 (FIGS. 3 and 4).
      This dropper comprises a flask 69 containing a supply of water 70. The
      flask feeds down through a needle valve 71 electrically controlled by a
      solenoid 72 to open the valve only when the motor M is turned on. The
      water so released feeds through a tube 73 and down to a dropper nozzle 74
      onto the roller through an opening 11b in the table 11 (FIG. 9).
PAR  Mounted on the inner wall of the upper portion of the right side 24 of the
      main carriage 21 is a second vacuum gripper device 75 having a vacuum
      envelope pad 80 directly below the magazine 15 for picking off the bottom
      envelope 16 from this magazine. The envelope pad is mounted above a
      horizontal plate 76 supported via a bracket 77 from a slide plate 78
      having undercut edges 78a (FIG. 2). The slide plate engages a horizontal
      track 79 on the side wall 24 having overhanging edges 79a embracing the
      slide plate to guide the envelope pad 80 for front and back travel along
      the plate 24. The envelope pad 80 is guided vertically on headed studs 81
      upstanding from the plate 76 and is spring-biased upwardly by three
      compression springs 82. The envelope pad is provided with two suction cups
      83 (FIG. 1) coupled by tubing 84 to the vacuum pump P. As the main
      carriage 21 is raised, the envelope pad 80 is pressed yieldably through
      the compression springs 82 to engage the bottom envelope in the magazine
      with a vacuum grip, and when the carriage is next lowered the lowermost
      envelope is drawn off past the detent lugs 15a to a level below the table.
      As is shown in FIG. 1, the envelope pad 80 has a cutout 80a to expose a
      rear corner portion of the envelope from the bottom for application of a
      stamp thereto by the stamp pad 42 hereinbefore described.
PAR  The envelope pad 80 is shifted from front to back by a horizontal lever 85
      extending laterally of the machine (FIGS. 2 and 8). This lever is pivoted
      at its left end to a stud 86 depending from the table 11, and has a forked
      right end portion 85a slidably engaging a vertical pin 77a on the bracket
      77. While the main carriage is being raised and lowered by rotation of the
      cam disk 36 from its start position shown in FIG. 6, the envelope pad 80
      is held against travel by a roller 88 on the lever 85 engaging a dwell
      portion 89a of a cam groove 89 in the bottom face of a cam disk 90 secured
      to the shaft 37 above the cam disk 52 (FIGS. 2 and 8). Thereupon, as the
      main carriage is retained in its lowermost position, the roller 88 starts
      traversing the remaining portion of the groove 89 extending radially
      outwardly from the shaft 37 to swing the lever 85 first to shift the
      envelope pad 80 rearwardly to carry the envelope by vacuum grip to the
      stamping station -- which shifting movement may be started before the
      stamp pad is fully lowered by reason of a slant-off clearance 16a provided
      below the rear springs 15a shown in FIG. 11 --, then to retain the
      envelope at the stamping station as the roller 88 traverses an outer dwell
      portion 89b of the groove, and thereupon to release the vacuum grip and
      return the envelope pad forwardly to its start position. However, by
      reference to the graphs 12A and 12C, the main carriage 21 is raised and
      lowered while the envelope pad 80 is retained at the stamping station to
      hold the envelope clamped against the pad 53, and further by reference to
      graph 12B it is seen that the stamp pad 42 is raised during this same time
      to cause the stamp carried thereby to be pressed against the exposed
      corner portion of the envelope.
PAR  As shown by the dotted outline of an envelope in FIG. 1, the envelope
      overhangs the left side of the pad 80. At the left side of the envelope
      magazine there is a ledge 15b which is at a level below this overhanging
      portion of the envelope when the pad is in its lowermost position (FIGS.
      1, 2 and 11). The purpose of this ledge is to support the overhanging
      portion of the envelope against drooping down to any excessive extent.
      This ledge has an even extension past the back side of the envelope
      magazine formed by an angle iron 15d (FIGS. 1 and 11) having a turned-down
      lug at its forward end secured to the back end of the ledge 15b and
      secured as by screws at its back end to a bar 15e which serves as a
      backstop to the envelope when the envelope reaches its stamp-mounting
      position. This bar is secured by screws 15g to the underside of the table
      11. The left inside wall of the stamp magazine and the upright side of the
      angle iron 15d form a guide to prevent lateral displacement of the
      envelope as it is being carried by the pad 80 to the stamp-mounting
      position, and the extension of the bar or backstop 15e to the right of the
      stamp-mounting position forms a guide for the envelope as it is knocked
      from the envelope pad 80 into the receptacle 18.
PAR  The vacuum pump P is connected by tubing 103, valve 104 and tubing 105 to a
      manifold 106 (FIG. 2). Leading from this manifold is the tubing 84 to the
      envelope pad 80 and the tubing 43b to the stamp pad 42. The valve 104 is
      controlled by a solenoid 107 connected by a cable 108 to a switch 102
      operated by a cam 100 on the shaft 37 (FIG. 5). This cam is shaped to
      control the solenoid 107 so that the vacuum is applied to the stamp pad 42
      and to the envelope pad 80 when the main carriage is first raised to its
      uppermost position during a cycle of the machine, as at approximately a
      point 91 about 30.degree. from the start position of the cycle (FIG. 12A).
      This vacuum is later cut off in the same cycle of the machine when the
      main carriage is again raised to its uppermost position, as at
      approximately a point 92 about 224.degree. along the time axis. Thus, when
      the main carriage starts being lowered after cutoff of the vacuum, the
      vacuum grip to both the applied stamp and to the envelope is released,
      leaving the stamped envelope lying free on the pad 80 solely by its own
      weight. As the main carriage nears its lowermost position, the slide 46
      for the stamp pad 42 and the slide 78 for the envelope pad 80 begin their
      travel back to their start positions with the stamp pad now clearing the
      moistening roller as indicated by the clearance S in FIG. 12A.
PAR  At approximately the instant the slides 46 and 78 begin their return
      movement (FIGS. 12B and 12C), an envelope knockout slide member 93 mounted
      on the underside of the table 11 (FIGS. 1 and 11) is moved in a rightward
      direction (FIG. 12D) through a clearance opening D in the channel guide
      member 15d (FIG. 11) against the left rearward corner portion of the
      envelope overhanging the cutout 80a of the envelope pad 80 to push the
      envelope through the chute 17 into the receptacle 18. This knockout member
      93 has an L-shaped end face 93a (FIG. 2) so that it supports the envelope
      vertically at its point of engagement during the knockout operation. The
      knockout member 93 is moved by a horizontal lever 95 having a pin-slot
      coupling at one end to the knockout member and pivoted at the other end to
      a post 96 depending from the table 11 (FIGS. 1 and 2). An intermediate
      portion of the lever overlies a cam disk 97 also secured to the shaft 37.
      In the upper face of this cam disk is a groove 98 engaged by the pin 99
      depending from the lever 95. At the start position of a cycle operation
      the pin is in a portion 98a of the groove nearest the shaft 37, at a point
      about 25.degree. past that at which the knockout member is fully extended.
      Thus, in the immediate initial movement of the cam disk from a start
      position of a cycle of the machine, the knockout member is quickly further
      retracted and then retained in that retracted position as the pin
      traverses a long dwell portion 98b of the groove until near the end of the
      cycle. At the instant the stamp pad 42 and the envelope pad 80 begin their
      travel back to their start positions at the end of a cycle, the pin 99
      enters the radially inwardly extending portion 98a of the groove to move
      the knockout member to the right and expel the stamped envelope as before
      described.
PAR  Upon the main carriage reaching its lowermost position and the pads 42 and
      80 reaching their start positions below the stamp magazine 13 and envelope
      magazine 15, the cycle is completed by which a stamp has been picked off
      from the magazine 13, an envelope has been picked off from the magazine
      15, the envelope is shifted rearwardly to a position below the pad 53, the
      stamp is shifted to the right across the moistening roller to a position
      below the corner portion of the envelope underlying the pad 53, and the
      main carriage is raised to press the stamp against the corner portion of
      the envelope backed by the pad 53. All of these operations are
      accomplished in a precisely timed sequence to apply the stamp on the
      envelope at an exact position on the envelope without distorting or
      marring the stamp or envelope in any way and, further, these operations
      are carried out in a rapid and economical manner.
PAR  The embodiment of my invention herein particularly shown and described is
      intended to be illustrative and not necessarily limitative of my invention
      since the same is subject to changes and modifications without departure
      from the scope of my invention which I endeavor to express according to
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for automatically applying stamps to envelopes comprising
      respective magazines for said stamps and envelopes mounted in parallel
      arrangement, respective vacuum pads for picking off said stamps and
      envelopes one by one from the same ends of said respective magazines, a
      main carriage for said vacuum pads mounted for back and forth shifting
      movement in the directions of said magazines, means yieldably mounting
      said pads on said main carriage for independent movement relative to the
      carriage in directions of said shifting movement, means mounting said
      respective pads on said carriage for traveling movement at right angles to
      the carriage movement to and from a stamping station whereat a stamp from
      the stamp magazine is placed in overlapping relation to an envelope from
      the envelope magazine, and power means cyclically operable for imparting a
      first reciprocation to said main carriage towards and from said magazines
      to cause said pads to pick off a stamp and an envelope from the respective
      magazines, to impart then a traveling movement to each of said pads to
      said stamping station, and to impart next a second reciprocation to said
      carriage in the directions of said shifting movement to cause said stamp
      to be pressed against said envelope.
NUM  2.
PAR  2. The machine set forth in claim 1 wherein the corner portions of said
      stamp magazine are cut away to provide clearance for the corner serrations
      of said stamps.
NUM  3.
PAR  3. The machine set forth in claim 1 including a backing member for said
      envelope at said stamping station, and wherein said power means includes
      means for causing said vacuum pads to be pressed yieldably against said
      magazines during said first reciprocation of said main carriage of each
      cycle of said power means, and means for causing said envelope to be
      pressed yieldably against said backing member and said stamp to be
      thereupon pressed yieldably against said envelope backed by said backing
      member during said second reciprocation of said main carriage of each
      cycle of said power means.
NUM  4.
PAR  4. The machine set forth in claim 3 wherein both of said magazines are
      positioned at a level above said pads, and said yieldable mounting is
      directed to press said pads relative to the main carriage in directions
      towards said respective magazines, and wherein said mounting means for
      said pads are adapted to place said stamp pad at a lower level than said
      envelope pad whereby when said pads are moved to said stamping station
      said stamp pad is below said envelope pad and the envelope pad is below
      said backing member to cause the envelope to be pressed first against the
      backing member and then the stamp to be pressed against the envelope as
      said main carriage is raised during its second reciprocation in a cycle of
      said power means.
NUM  5.
PAR  5. The machine set forth in claim 4 including knockout means for removing a
      stamped envelope from said envelope pad, wherein said power means
      comprises a motordriven shaft, and a series of cams on said shaft
      respectively operative during each revolution of said shaft for shifting
      said main carriage through said first and second reciprocations, shifting
      said stamp pad on said main carriage back and forth between said stamp
      magazine and said stamping station, shifting said envelope pad on said
      main carriage back and forth between said envelope magazine and said
      stamping station, controlling said vacuum source, and actuating said
      knockout means when a stamped envelope has been released from said vacuum
      member.
NUM  6.
PAR  6. The machine set forth in claim 4 wherein the envelope pad is terminated
      short of supporting the envelope at the end thereof to which a stamp is to
      be applied leaving this end portion of the envelope overhanging the pad,
      including a side wall below said envelope magazine in line with the side
      wall of the magazine engaging the edge of said end portion of the envelope
      and extending from said magazine to the far side of said stamp-mounting
      station for guiding said edge of the envelope during the travel of the
      envelope to said station, and a narrow ledge on said side wall extending
      from said envelope magazine to said station for supporting said
      overhanging portion of the envelope against excessive drooping during said
      travel.
NUM  7.
PAR  7. The machine set forth in claim 6 including a guide wall at the far side
      of said stamp-mounting station for providing a backstop for the leading
      side edge of the envelope to locate the envelope at an exact point of
      advance in the forward travel thereof to said station.
NUM  8.
PAR  8. The machine set forth in claim 7 including a chute and a knockout ram
      traversing a clearance opening in said side wall at said station for
      knocking an envelope after a stamp is applied thereto through said chute,
      wherein said backstop wall is extended from said station to said chute to
      guide the envelope as it is being pushed off said envelope pad.
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ABST
PAL  An apparatus is disclosed for holding a plurality of modular components
      against a surface. A fixture prepositions the components and a vacuum
      develops a uniform pressure which presses and holds the fixture and
      objects against a surface. The surface may be curved, vertical, or
      overhead and since local load concentrations are avoided, fragile ceramic
      tiles may be installed using the apparatus.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the performance of work under a
      NASA contract and is subject to the provisions of Section 305 of the
      National Aeronautics and Space Act of 1958, Public Law 85-568 (72 Stat.
      435; 42 USC 2457).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an apparatus for positioning and holding a
      plurality of modular components, or the like, in a predetermined
      configuration while they are being attached directly to a surface which
      may be curved, vertical, or overhead.
PAR  2. Description of the Prior Art.
PAR  The advantages of covering a surface with prefabricated modular components
      having desired characteristics are well known. For example, this technique
      is widely used in the construction industry for finishing walls, ceilings,
      and floors of basements, offices, and the like with modular components
      giving a desired decorative effect. The technique is also used in the
      aerospace industry where modular panels having desired thermal
      characteristics are attached to the outer surfaces of spacecraft.
PAR  However, these construction techniques become cumbersome if each component
      must be individually positioned by laborers. The problems associated with
      piecemeal fitting of modular components become particularly burdensome if
      the surface to which the components are to be attached is curved,
      vertical, or overhead.
PAR  While earlier developments include installing a plurality of modular
      components, these earlier developments lacked the aspects of this
      invention whereby a plurality of objects can be attached directly to a
      curved, vertical, or overhead surface.
PAR  An application showing the use of a lattice for positioning and maintaining
      a plurality of floor tiles in a predetermined configuration is described
      in U.S. Pat. No. 2,852,932 to Cable. However, this relates to flat,
      downhand surfaces and not to curved, vertical, or overhead surfaces.
      Additionally, the lattice used in the Cable patent is attached to the
      surface along with the tiles. United States Pat. No. 3,721,050 to Perina
      teaches a system whereby a frame system is attached to a flat vertical or
      flat overhead surface and modular panels are then connected to the frame
      members. Other prior art generally relating to the field of the invention
      includes: U.S. Pat. No. 3,254,417 to Carmichael relating to a tile setting
      template which is used to position tiles on a flat, downhand surface. U.S.
      Pat. 3,287,814 to Littman teaches a device for mounting data sheets on a
      larger mounting sheet and does not relate to overhead, contoured, or
      vertical surfaces.
PAR  It is the purpose of the present invention to disclose an apparatus for
      positioning and maintaining a plurality of objects in a preselected
      configuration against a surface which may be curved, vertical, or
      overhead. It is furthermore an aspect of the present invention that a
      vacuum is used to apply a uniform pressure to the objects to hold them in
      place against the surface while they are being attached. An additional
      aspect of the present invention is that the use of a uniform pressure
      prevents local stress concentrations in the objects being attached;
      therefore, fragile tiles can be installed without being cracked. Another
      aspect of the present invention is that the position and alinement of the
      objects may be inspected after the objects are in position against the
      surface but before they are attached to the surface.
PAR  These and other advantages of the invention are set forth in the following
      specification and claims considered in connection with the attached
      drawings to which they relate.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a fixture which may be manufactured in
      appropriate standard dimensions or any other dimensions which are either
      convenient or appropriate. The objects which are to be attached to the
      surface are located and held in place on the fixture by any suitable means
      such as raised projections bordering the objects. By appropriate
      arrangement of the projections a plurality of objects can be alined,
      quickly and efficiently, in a predetermined configuration on the fixture.
      The fixture and properly alined objects are moved into position adjacent
      to the portion of the surface to which the objects are to be attached and
      a uniform pressure applied to the fixture and objects holding them in
      place against the surface until the objects have been attached. A feature
      of the present invention is that the surface need not be flat but may be
      curved. To assure proper alinement of the objects on a curved surface the
      fixture is made to mate with the contours of this surface and may be
      manufactured from a flexible material which will conform to the varying
      contours of different surfaces. Thus, the same fixture may be used to
      aline objects on surfaces having a variety of contours resulting in ease
      and economy of installation.
PAR  The fixture may be provided with a plurality of apertures exposing the
      centers of and seams between the objects so that the alinement and
      positioning of the objects may be inspected through these apertures by
      touch as well as by sight. If only visual inspection is required, the
      fixture may be manufactured from a transparent material. This aspect of
      the invention provides a simple means for assuring proper alinement and
      positioning of the objects in three directions prior to attachment of the
      objects to the surface.
PAR  A number of means for attaching the objects to the surface will suggest
      themselves to one skilled in the art. In the preferred embodiment, it is
      intended that a pressure sensitive adhesive be used to bond the objects to
      the surface; however, any other suitable means such as mechanical
      fasteners or diffusion bonding may be used.
PAR  The uniform pressure which holds the fixture and properly alined objects
      against the surface until the objects have been attached is created by
      sealing the fixture and objects in a cavity formed between a flexible
      material impervious to air and the surface to which the objects are to be
      attached, and then pumping the air from this cavity. The air pressure
      outside the cavity forces the objects and fixture against the surface and
      holds them in position irrespective of the orientation of the surface.
      Therefore, the objects may be attached to overhead or vertical as well as
      downhand surfaces with ease and speed.
PAR  Another advantage of using a vacuum means, of the type described, to hold
      the objects and fixture in position against the surface is that the
      pressure distribution is uniform over the entire fixture, which being
      flexible, will be forced to conform to the contour of the surface. The
      uniform pressure distribution and flexible fixture assure an even
      distribution of the load to the objects; therefore, fragile ceramic tiles
      may be installed without cracking caused by local load concentrations.
PAR  It will be seen from the following description that the invention will
      permit a wide variety of objects to be installed on surfaces without
      regard to the surfaces' shape or orientation. In particular, it will be
      seen that the present invention will permit fragile ceramic tile to be
      installed on curved, vertical, or overhead surfaces.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the present invention; and
PAR  FIG. 2 is a side elevational view of the present invention in place beneath
      an overhead surface.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated a preferred embodiment
      of the invention as it would be used in attaching a plurality of objects
      to a curved overhead surface. As best seen in FIG. 1 and FIG. 2, the
      apparatus comprises basically a fixture 10, a sheet of flexible material
      which is impervious to air 17 and any suitable means for temporarily
      supporting the fixture in a position adjacent to the overhead surface 12
      such as a tripod 21 having a threaded extensible member 20 with a platform
      19 attached thereon.
PAR  The fixture 10 in the preferred embodiment is manufactured from a flexible
      metal sheet so that it will conform to the contours of the overhead
      surface 12 but may be manufactured from any material or in any manner
      which will result in the required flexibility. It will be understood that
      for applications where the objects 11 are to be applied to a number of
      surfaces each having the same contour, the fixture 10 may be rigidly
      shaped to mate with the single contour of those surfaces. However, since
      using a rigid fixture may induce local load concentrations in the objects
      11 a rigid fixture should not be used with objects which will crack
      easily.
PAR  Extending outward from the face of the fixture 10 are projections 13 which
      are arranged so as to border each object 11 thus defining the spacing and
      configuration of the objects. In the preferred embodiment shown in FIG. 1
      these projections 13 are horizontal metal bars having a rectangular
      cross-section; however, the projections 13 may be manufactured from any
      suitable material which can be fastened to the fixture 10. Additionally,
      the projections 13 may take a number of different forms such as
      cylindrical or rectangular bars set on end. As shown in FIG. 2 the
      projections 13 will generally extend outward from the face of the fixture
      10 a distance which is less than the thickness of the objects 11 to assure
      that the backs of the objects 11 will contact the overhead surface 12
      without interference from the projections 13. The width of the projections
      defines the spacing between the objects 11 and may be varied to suit a
      variety of particular requirements such as providing an allowance for
      thermal expansion of the objects 11.
PAR  The fixture 10 is provided with a plurality of apertures 15 exposing the
      centers of and seams between the objects 11 so that the alinement and
      positioning of the objects 11 may be inspected through these apertures by
      sight and touch. However, if only visual inspection is required the
      fixture 10 may be manufactured from a transparent material.
PAR  The flexible material 17 may be manufactured from any material which is
      impervious to air and which has little rigidity such as vinyl plastic. The
      flexible material 17 is provided with a plurality of airtight fittings 18
      of a kind generally known to one skilled in the art which are connected to
      a suction pump or other suitable means for drawing air through the
      fittings 18. The flexible material 17 is of such dimensions that an
      airtight seam 22 can be formed between the flexible material 17 and the
      surface 12 thereby forming an airtight cavity 23 around the fixture 10 and
      objects 11. The airtight seam 22 may be formed by any suitable means such
      as by applying zinc chromate putty between the surface 12 and the flexible
      material 17. The flexible material 17 may be transparent so that visual
      inspection of the alinement and positioning of the objects is not
      impaired. This is particularly important if the surface 12 is large and
      will be covered in segments, since making the flexible material 17
      transparent allows the fixture 10 and objects 11 to be attached along a
      reference line without difficulty.
PAR  The platform 19 holds the flexible material 17, fixture 10 and objects 11
      in place adjacent to the surface 12 until a vacuum is developed in the
      cavity 23 formed between the flexible material 17 and the surface 12. The
      platform 19 is preferably manufactured from a transparent material to
      facilitate visual positioning of the fixture 10, objects 11 and flexible
      material 17.
PAC  OPERATION
PAR  In use the flexible material 17 is layed on the platform 19 and the fixture
      10 placed on top of the flexible material 17. The objects 11 are located
      on the fixture 10 in the predetermined configuration defined by the
      projections 13 with the outward face of the objects 11 facing the fixture
      10. The tripod 21 is moved into position beneath the surface 12 and the
      threaded extensible member 20 is twisted so as to elevate the platform 19
      until the objects 11 are adjacent to or just in contact with the surface
      12 as shown in FIG. 2. This positioning process is simplified by having
      the platform 19, flexible material 17, and fixture 10 manufactured from
      transparent materials. In the preferred embodiment a pressure sensitive
      adhesive is applied to the overhead surface 12, but many other means of
      attached the objects 11 to the surface 12 will suggest themselves to one
      skilled in the art. For example, various types of known mechanical
      fasteners or a diffusion bonding process may be used.
PAR  The flexible material 17 is attached to the surface 12 by any suitable
      means which will form an airtight seam 22 between the surface 12 and the
      flexible material 17. The airtight fittings 18 are then connected to a
      suction pump 25 and the air is pumped from the cavity 23 formed around the
      fixture 10 and objects 11 by the flexible material 17 and the overhead
      surface 12. The suction pump lowers the air pressure in the cavity 23 and
      the higher air pressure outside the cavity presses the fixture 10 and
      objects 11 against the surface 12 and supports them in the desired
      position. The air pressure outside the cavity acts uniformly over the face
      of the fixture 10 forcing the fixture 10 to conform to the contours of the
      surface 12 thereby locating the objects 11 in the predetermined
      configuration on the overhead surface 12. The air pressure is evenly
      distributed over the faces of all the objects 11 without any local load
      concentrations; therefore; the objects 11 can be fragile ceramic tile or
      the like.
PAR  Once the vacuum is established in the cavity 23 the tripod 21 and the
      platform 19 are removed. The vacuum is maintained until the objects 11
      have been attached to the surface 12, then the vacuum is broken and the
      flexible materal 17 and the fixture 10 are removed.
PAR  It will be understood that the foregoing description is of the preferred
      embodiments of the invention and is therefore merely representative. In
      order to appreciate more fully the spirit and scope of the invention
      reference should be made to the appended claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An apparatus for supporting and positioning a plurality of objects in a
      preselected configuration against a curved surface comprising:
PA1  a fixture for supporting said objects while said objects are being attached
      to said curved surface; said fixture being flexible to allow said fixture
      to conform to said curved surface and said fixture having a plurality of
      projections extending outward from said fixture for locating and
      maintaining said objects in a predetermined orientation and spacing as
      said fixture and objects conform to said curved surface;
PA1  uniform pressure means for applying a uniform pressure to said fixture and
      objects; said uniform pressure holding said fixture and objects against
      said curved surface while said objects are being attached to said curved
      surface; and
PA1  positioning means for locating said fixture and objects adjacent to said
      surface prior to the application of said load means.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said fixture has a
      plurality of aperture means exposing the centers of and seams between said
      objects for inspecting the alinement and positioning of said objects by
      sight and touch.
NUM  3.
PAR  3. An apparatus as set forth in claim 1 wherein said uniform pressure means
      for applying a uniform pressure is a vacuum means.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 wherein said vacuum means comprises
      a sheet of flexible material impervious to air, securing means for
      attaching said material to said surface forming an airtight cavity around
      said fixture and objects, and suction means for creating a vacuum within
      said airtight cavity.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said flexible material is
      transparent to aid in inspection of alinement and positioning of fixture
      and objects.
NUM  6.
PAR  6. An apparatus as set forth in claim 1 wherein said positioning means
      comprises a base supporting an extensible member having a platform
      attached thereto.
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ABST
PAL  Smelts produced in Kraft mill and soda mill spent pulping liquor recovery
      operations and containing sodium chloride are treated to remove sodium
      chloride therefrom in pure form while the removal of usable components is
      avoided. A solid mixture of sodium chloride, sodium carbonate and sodium
      sulphate is provided in the case of the soda mill, or first is separated
      from the sodium sulphide in the case of the Kraft mill. Thereafter, the
      solid mixture is leached to remove the sodium carbonate and sodium
      sulphate while leaving the sodium chloride in a substantially pure form,
      the resulting leach liquor being refrigerated to deposit sodium carbonate
      and sodium sulphate. The mother liquor, after removal of the deposited
      salts is recycled to the solid mixture leaching step.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention is directed to the removal of sodium chloride from pulp mill
      systems.
PAC  BACKGROUND TO THE INVENTION
PAR  In a liquid-effluent-free pulp mill, bleach plant effluent, containing
      sodium chloride values from chlorine-containing spent bleaching chemicals,
      typically chlorine, chlorine dioxide, chlorine monoxide and sodium
      hypochlorite, and soda values from spent caustic extraction chemicals,
      typically sodium hydroxide, used in the bleaching and purification
      procedures of the bleach plant, is discharged to the spent pulping liquor
      recovery and regeneration operation of the pulping process producing the
      pulp for bleaching and purification.
PAR  Typically such recovery and regeneration operation includes burning the
      liquors to remove carbonaceous materials and to form a mixture of
      chemicals reusable as or convertible into pulping chemicals for recycle.
      Since sodium chloride is unaffected chemically by the recovery and
      regeneration operation, it would remain as a dead load in the
      effluent-free pulp mill and build up in the system unless steps are taken
      to remove the same.
PAR  The effluent-free pulp mill may be used with the Kraft mill process,
      wherein the active pulping chemicals are sodium hydroxide and sodium
      sulphide. Sodium sulphate or other sodium-and sulphur-chemical is added to
      the spent pulping liquor to make up losses of sodium and sulphur from the
      system. The recovery and regeneration operation produces a smelt in the
      burning or furnacing step which contains mainly sodium sulphide and sodium
      carbonate which later is converted to sodium hydroxide, together with
      small amounts of sodium sulphate and other sodium sulphur-oxygen
      compounds. The smelt also contains sodium chloride in the effluent-free
      mill procedure.
PAR  The present invention is directed to the removal of sodium chloride in pure
      form from the smelt without removing the usable chemicals. Canadian Pat.
      No. 928,008 describes a procedure for the removal of sodium chloride from
      a sodium sulphide-, sodium carbonate- and sodium chloride-containing smelt
      involving first leaching sodium sulphide from the smelt at a temperature
      above 50.degree.C followed by separation of sodium chloride from the
      sodium sulphide-free smelt at a temperature below 20.degree.C.
PAR  Problems exist with this procedure. Thus, under the conditions of
      operation, the sodium chloride is obtained as an aqueous solution thereof
      which also contains some dissolved sodium carbonate. This prior art
      suggests discarding the sodium chloride solution, thereby discarding some
      of the valuable sodium carbonate.
PAR  The present invention seeks to overcome this problem of the art by
      recovering the sodium chloride in a solid substantially pure form and
      avoiding the discarding of sodium carbonate values from the system.
PAR  The principles of this invention are applicable to other pulp mill
      operations in addition to the Kraft mill process which utilize sodium
      sulphide or in which aqueous sodium sulphide is produced as an
      intermediate product. Typical of such additional processes are high yield
      pretreatment Kraft, polysulphide, alkafide and sodium-based sulphite
      processes.
PAR  The effluent-free pulp mill also may be used in a soda mill where sodium
      hydroxide is used as the active pulping chemical. The furnacing in the
      recovery and regeneration operation results in a smelt which contains
      sodium carbonate and sodium chloride.
PAR  The smelt also usually contains small quantities of sodium sulphate and
      other sodium- and sulphur-oxygen salts arising from the furnace fuel oil,
      the wood and from sodium sulphate-contaminated make-up chemicals.
PAR  The present invention is also directed to the recovery of sodium chloride
      in substantially pure solid form without loss of usable chemicals from the
      sodium carbonate-, sodium chloride- and sodium sulphate-containing smelt
      of a soda mill.
PAR  While the present invention will be described more particularly with
      reference to the presence of sodium chloride in the smelt arising from
      bleach plant effluents, the sodium chloride may arise from other sources,
      singly or in combination, such as sodium chloride in the wood chips from
      which the pulp is formed, arising from the floating of logs or sea water,
      sodium chloride contamination in pulp mill chemicals and sodium chloride
      contamination in water utilized in the pulp mill.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention, a solid mixture of sodium
      carbonate, sodium chloride and sodium sulphate is formed as, or separated
      from, the smelt formed in a pulp mill recovery operation wherein sodium
      chloride is introduced from at least one source thereof, is leached to
      dissolve the sodium carbonate and sodium sulphate values therefrom and
      thereby leave substantially pure sodium chloride which is recovered. The
      leach liquor subsequently is refrigerated to deposit sodium carbonate and
      sodium sulphate therefrom and the mother liquor is recycled to the solid
      mixture leaching step. The sodium carbonate values of the deposited
      mixture with sodium sulphate are causticized to sodium hydroxide, which is
      recycled to the pulping liquor.
PAR  The quantity of sodium chloride present in the solid mixture subjected to
      leaching depends on the source of the sodium chloride. Typically, the bulk
      thereof is provided by bleach plant effluent where a liquid-effluent-free
      mill is used and the quantity depends on the bleaching sequence employed.
      In a typical procedure where a mixture of chlorine dioxide and chlorine
      are utilized in the first stage of a CEDED sequence the quantity of sodium
      chloride may vary between about 120 and 160 lbs/ton of pulp, depending on
      the proportion of chlorine dioxide used.
PAR  Where the invention is carried out on a sodium sulphide-containing smelt,
      the smelt first is fractionated to separate the sodium sulphide values
      from the solid mixture of sodium carbonate, sodium chloride and sodium
      sulphate.
PAR  The manner of achieving the fractionation of the smelt is not critical to
      this invention. In one embodiment, the smelt may be leached to remove
      therefrom substantially all the sodium sulphide values and leave a solid
      mixture consisting substantially of sodium carbonate, sodium chloride and
      sodium sulphate. The resulting aqueous sodium sulphide solution containing
      some dissolved sodium carbonate, sodium chloride and sodium sulphate
      values of the smelt is recycled to provide at least one of the pulping
      chemicals.
PAR  As an alternative, the smelt may be dissolved in aqueous material to
      provide an aqueous solution of the components. The resulting aqueous
      solution is concentrated, typically by boiling, to deposit a mixture of
      sodium carbonate, sodium chloride and sodium sulphate. The deposited
      mixture is removed for manipulation in accordance with this invention and
      the sodium sulphide solution is recycled to the pulping step.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a schematic flow sheet of one embodiment of the invention;
PAR  FIG. 2 is a schematic flow sheet of a modification of the embodiment of
      FIG. 1; and
PAR  FIG. 3 is a schematic flow sheet of a second embodiment of the invention
      for integration with a soda mill.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to the drawing, wood chips, or other raw cellulosic fibrous
      material, are fed by line 10 to a digester 12 wherein the wood chips are
      digested with a pulping liquor fed by line 14 and containing sodium
      sulphide and sodium hydroxide as the active pulping chemicals, and hence
      utilizing the Kraft process.
PAR  The resulting pulp and black liquor are separated and the pulp is washed in
      a brown stock washer 16. The pulp is washed, in the embodiment
      illustrated, with aqueous bleach plant effluent fed by line 18.
      Alternatively, the pulp may be washed with water or "contaminated
      condensate" , and the bleach plant effluent may be utilized elsewhere in
      the system. In order to avoid the formation of hydrogen sulphide during
      this washing step when the bleach plant effluent is used, it is preferred
      to provide the bleach plant effluent at neutral or slightly alkaline pH,
      typically around pH 9.
PAR  The washed and unbleached pulp is fed by line 20 to a bleach plant 22
      wherein the pulp is subjected to a series of bleaching and purification
      processes involving the use of one or more chlorine-containing bleaching
      agents. Generally, the bleaching and purification processes involve
      bleaching with chlorine, chlorine dioxide or mixtures thereof fed by line
      24 and purification by caustic extraction, using aqueous sodium hydroxide
      solution fed by line 26, typically in a CEDED sequence. The pulp is washed
      during the bleach plant operations, typically after each bleaching or
      caustic extraction operation, by water fed by line 28. The spent wash
      water from the bleach plant washing operations together with the spent
      chemicals from the bleaching and caustic extraction steps provide the
      bleach plant effluent in line 18.
PAR  Preferably, the washing operations involve countercurrent flow of pulp and
      wash water through the bleach plant. Preferably, the quantity of sodium
      hydroxide used in the caustic extraction of the pulp is slightly in excess
      of the stoichiometric requirement of one sodium atom for each chlorine
      atom in the bleaching chemicals, whereby the bleach plant effluent in line
      18 has an alkaline pH, as mentioned above. The bleached and purified pulp
      of required brightness is recovered from the bleach plant 22 by line 30
      and is passed to paper making procedures.
PAR  If desired, the bleach plant effluent in line 18 may be added directly to
      the black liquor in line 32, although this procedure is less preferred,
      since the overall water requirement thereby is increased.
PAR  The bleach plant effluent in line 18 contains considerable quantities of
      sodium chloride which are transferred to the black liquor in line 32. The
      black liquor is evaporated in an evaporator 34 prior to passage by line 36
      to a furnace 38 of any convenient construction. The water recovered from
      the evaporator 34 by line 40 may be used to provide at least part of the
      water requirement of the system, for example, as at least part of the
      water fed to the bleach plant in line 28, after suitable cleaning, if
      required.
PAR  Sodium sulphate, or other source of sodium-and sulphur-values, such as
      spent acid, is added to the black liquor in the furnace 36, typically by
      addition by line 42 to the evaporated liquor in line 36. The sodium
      sulphate, which may be added in solid, slurry or aqueous solution form, is
      used to make up the sodium and sulphur values lost from the system in the
      chemical recovery and regeneration processing steps.
PAR  The black liquor forms in the furnace 38 a smelt containing sodium sulphide
      and sodium carbonate, and additionally unreacted components, consisting of
      sodium chloride and sodium sulphate and other sodium sulphur-oxygen salts.
PAR  Thus, there is obtained from the furnacing operation a smelt containing
      sodium sulphide, sodium carbonate, sodium chloride and sodium sulphate.
      This smelt is subjected to various operations in accordance with the
      invention to remove sodium chloride.
PAR  The smelt first is leached at an elevated temperature in a smelt leacher 44
      by water fed by line 46 to dissolve substantially all the sodium sulphide
      values from the smelt. The water used in line 46 may be constituted by
      "weak wash" water from the washing of calcium carbonate mud following
      causticization.
PAR  The resulting sodium sulphide solution in line 48 usually contains some
      dissolved sodium carbonate, sodium sulphate and sodium chloride values but
      the bulk thereof remains as undissolved solids which are passed by line 50
      to a leacher 52. The sodium sulphide solution in line 48, after dilution,
      if desired, is used to form recycle pulping liquor, as described in more
      detail below.
PAR  The smelt leaching step is carried out at an elevated temperature,
      typically from 120.degree. F to the boiling point of the solution. The
      quantity of water used in the smelt leaching is maintained at a level to
      produce a high concentration of sodium sulphide in the sodium sulphide
      solution of line 48, in order to inhibit the dissolving of large
      quantities of sodium chloride in the sodium sulphide solution. Typically,
      the sodium sulphide concentration is in the range of about 20 to about
      45%.
PAR  While two separate leachers 44 and 52 are illustrated, this is for the sake
      of convenience in ease of illustration. A single leacher may be used, if
      desired, the leaching steps being carried out sequentially.
PAR  In the leacher 52, the solid mixture is contacted by water fed by line 54
      and recycle aqueous solution in line 56 to dissolve substantially
      completely the sodium carbonate and sodium sulphate from the solid
      mixture, leaving substantially pure sodium chloride, which is recovered by
      line 58.
PAR  The leaching of the mixture in the leacher 52 may be carried out at
      approximately ambient temperatures, typically from about 55.degree. to
      about 90.degree.F, particularly about 70.degree.F, which represents the
      temperature of approximately maximum solubility of sodium carbonate and
      sodium sulphate in the system Na.sub.2 CO.sub.3 -- Na.sub.2 SO.sub.4 --
      NaCl -- H.sub.2 O.
PAR  The solution resulting from the solid mixture leaching in leacher 52,
      containing some recycling sodium chloride in addition to the sodium
      carbonate and sodium sulphate, is passed by line 59 to a crystallizer 60.
      In the crystallizer, the aqueous solution is refrigerated to cause
      deposition of a mixture of sodium carbonate and sodium sulphate free from
      sodium chloride, the deposited mixture being removed from the mother
      liquor by line 62.
PAR  Water usually is added during the refrigeration step since, at the
      prevailing temperature, the sodium carbonate precipitates as the
      decahydrate, such water being added by line 64.
PAR  The refrigeration of the solution in the crystallizer 60 may be carried out
      in any convenient manner, typically to a temperature below 60.degree.F,
      such as from about 32.degree. F to 60.degree.F, preferably about
      50.degree.F.
PAR  The lower limit of this temperature range compares favourably with the
      temperature range specified in the aforementioned Canadian Pat. No.
      928,008, wherein temperatures down to -20.degree.C are used, considerably
      increasing the energy requirements, as compared to the procedure of this
      invention.
PAR  The mother liquor from the crystallization of sodium carbonate and sodium
      sulphate is recycled by line 56 to the leacher 52 for utilization therein.
PAR  In a balanced system, the quantities of sodium chloride, sodium carbonate
      and sodium sulphate recylcing in line 56 are substantially constant, so
      that the quantity of sodium carbonate and sodium sulphate in line 62 is
      substantially that in line 50 and the quantity of sodium chloride in line
      58 is substantially that in line 50.
PAR  The mixture of sodium carbonate and sodium sulphate in line 62 fed to the
      dissolver 65 is dissolved in water fed by line 66 to form sulphide-free
      green liquor which passes by line 68 to a causticizer 70 wherein a
      substantial proportion of the sodium carbonate values are converted to
      sodium hydroxide by lime fed to the causticizer 70 through line 72. The
      calcium carbonate mud precipitated in the causticizer 70 is separated from
      the resulting sulphide-free white liquor and is forwarded by the line 74
      to a lime kiln for formation of further amounts of lime.
PAR  The calcium carbonate mud is washed with water to remove entrained amounts
      of white liquor prior to passage to the lime kiln. The spent wash water
      from the latter washing is the weak wash used preferably to dissolve the
      smelt in the smelt leacher 44 as part of the water requirement in line 46.
PAR  The sulphide-free white liquor, consisting of an aqueous solution of sodium
      hydroxide containing sodium sulphate and uncausticized sodium carbonate,
      is passed by line 76 to mix with the sodium sulphide solution in line 48,
      with suitable dilution with water, if required, to provide the desired
      proportion of sodium sulphide to sodium hydroxide to form a white liquor
      in line 78 containing sodium sulphide and sodium hydroxide, which is
      recycled to form at least part of the pulping liquor in line 14.
PAR  The presence of residual quantities of sodium chloride and unregenerated
      pulping chemicals in the recycled white liquor in line 78 usually is not
      disadvantageous since the sodium sulphate and other sodium- and sulphur-
      compound values are converted in the furnace 38 and the sodium carbonate
      values are cycled in the system to the causticizer 70. Any sodium chloride
      values in the white liquor in line 78 cycle through the system and while
      it is a dead load, under steady state conditions the quantity remains
      substantially constant since the quantity removed in the leacher 58 is
      approximately equal to the amount of sodium chloride introduced to the
      system. Therefore, while the white liquor in line 78 contains a dead load
      of non-active chemicals, this dead load, under steady state conditions, is
      substantially constant and hence does not impair the operation to any
      significant degree.
PAR  The pure sodium chloride which is recovered by line 58 may be put to a
      variety of uses. Typically, the sodium chloride is utilized to regenerate
      bleach plant chemicals. For example, the sodium chloride may be used to
      generate sodium hydroxide and chloride by electrolysis of an aqueous
      solution thereof, the sodium hydroxide being used in the bleach plant in
      line 26 and the chlorine being used in line 24. Alternatively, the sodium
      chloride may be used to generate chlorine dioxide and chlorine by reaction
      with sodium chlorate and sulphuric acid, the chlorine dioxide and chlorine
      being fed to the bleach plant by line 24. Further, the sodium chloride may
      be electrolyzed as an aqueous solution to sodium chlorate for use in a
      chlorine dioxide producing reaction involving reduction of the sodium
      chlorate in an acid medium.
PAR  FIG. 2 illustrates a modification of the procedure of FIG. 1, in depicting
      an alternative smelt fractionation procedure. Features common to FIGS. 1
      and 2 have been designated by the same reference numerals for ease of
      illustration.
PAR  In FIG. 2, a smelt in line 80 is fed to a smelt dissolver 82 wherein the
      smelt is dissolved in an aqueous medium fed by line 84 to form a solution
      of the components of the smelt. This solution is fed by line 86 to an
      evaporator 88 wherein the solution is boiled, the evaporated water being
      removed by line 90. The boiling results in deposition of a solid mixture
      of sodium carbonate, sodium sulphate and sodium chloride which is removed
      from the resulting sodium sulphide solution and is passed by line 50 to
      the leacher 52 for manipulation as discussed above in connection with the
      embodiment of FIG. 1.
PAR  The concentrated sodium sulphide solution is removed by line 92 for passage
      to white liquor formation, in analogous manner to that described above in
      connection with the sodium sulphide solution in line 48 in FIG. 1.
PAR  The boiling of the aqueous solution of the smelt components in the
      evaporator 88 may be carried out at a temperature of about 120.degree. F
      to about 280.degree.F, with sub- or superatmospheric pressure being used,
      as required. The sodium sulphide concentration of the aqueous solution of
      the smelt components is usually high to promote the deposition of the bulk
      of the sodium carbonate, sodium chloride and sodium sulphate values during
      the boiling step, typically about 20 to about 45%.
PAR  Turning now to consideration of FIG. 3, there is illustrated therein a
      smelt manipulation procedure for use in a soda pulp mill. While the smelt
      manipulation procedure only is illustrated, it will be understood that the
      remainder of the pulp mill operation may take the form illustrated in FIG.
      1, with suitable modification to take into account that sodium hydroxide
      is used as the sole active pulping chemical.
PAR  As illustrated in FIG. 3, a sodium carbonate-, sodium sulphate- and sodium
      chloride-containing smelt obtained in the recovery and regeneration
      operation of a soda pulp mill is fed by line 110 to a smelt leacher
      wherein the smelt is leached with water fed by line 114 and recycle mother
      liquor in line 118 to dissolve substantially all the sodium carbonate and
      sodium sulphate from the smelt, leaving substantially pure sodium
      chloride, which is recovered by line 116.
PAR  The leaching of the smelt in the leacher 112 may be carried out at
      approximately ambient temperatures, typically from about 55.degree. to
      about 90.degree.F, particularly about 70.degree.F.
PAR  The aqueous solution resulting from the smelt leaching contains some
      recycling sodium chloride in addition to the sodium carbonate and sodium
      sulphate and is passed by line 120 to a crystallizer 122. In the
      crystallizer 122, the aqueous solution is refrigerated to cause deposition
      of a mixture of sodium carbonate and sodium sulphate free from sodium
      chloride, the deposited mixture being removed from the mother liquor by
      line 124.
PAR  The removed solid mixture is passed to causticization to form sodium
      hydroxide-containing pulping liquor for recycle to the pulping step, the
      causticization being carried out as described above for the solid mixture
      in line 62 in FIG. 1.
PAR  Water usually is added during the refrigeration step since, at the
      prevailing temperature, the sodium carbonate precipitates as the
      decahydrate, such water being added by line 126.
PAR  The refrigeration of the solution in the crystallizer 122 may be carried
      out to any convenient temperature, typically to a temperature below about
      60.degree.F, such as from about 32.degree. F to about 60.degree.F,
      preferably about 50.degree.F.
PAR  The mother liquor from the crystallization of sodium carbonate and sodium
      sulphate is recycled by line 118 to the smelt leacher 112 for utilization
      therein.
PAR  In a balanced system, the quantities of sodium chloride, sodium carbonate
      and sodium sulphate recycling to the smelt leacher 112 in line 118 are
      substantially constant, so that the quantity of sodium chloride in line
      116 is substantially that in the smelt in line 110 and the quantities of
      sodium carbonate and sodium sulphate in line 124 are substantially those
      in the smelt in line 110.
PAR  The present invention, as illustrated in FIGS. 1 to 3, therefore, removes
      sodium chloride in a pure solid and reusable form from a Kraft mill or a
      soda mill while all the usable chemicals are retained, thereby overcoming
      the prior art problem mentioned above.
PAC  EXAMPLES
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE I
PAR  A study of the relative solubilities of the components of the system
      Na.sub.2 S -- NaCl -- Na.sub.2 CO.sub.3 -- Na.sub.2 SO.sub.4 -- H.sub.2 O
      at various temperatures and sulphide concentrations was undertaken with a
      view to determining the desired conditions for smelt leaching. Small
      quantities of sodium hydroxide were present in the liquors. The following
      Table gives the results of the study:
TBL                Table                                                       
     ______________________________________                                    
     Temperature                                                               
              Na.sub.2 S                                                       
                       NaOH    NaCl   Na.sub.2 CO.sub.3                        
                                             Na.sub.2 SO.sub.4                 
     .degree.F                 wt.%                                            
     ______________________________________                                    
     120      24.8     0.3     4.38   1.07   0.20                              
     131      21.8     0.1     6.44   1.51   0.19                              
     212      22.4      0.21   7.43   1.63   0.17                              
     212      35.4     0.7     2.27   0.41   0.11                              
     235      22.7     0.3     7.51   2.08   0.22                              
      243.5   26.7     0.7     5.73   1.09   0.23                              
      266.5   36.3     1.6     2.92   0.88   0.16                              
     ______________________________________                                    
PAR  It will be seen from the above results that high temperatures and high
      sodium sulphide concentrations favour the leaching of sodium sulphide
      while avoiding leaching substantial quantities of other components.
PAC  EXAMPLE II
PAR  Utilizing the data of Example I and the known solubility data for the
      system Na.sub.2 CO.sub.3 -- NaCl -- Na.sub.2 SO.sub.4 -- H.sub.2 O, a mass
      balance was calculated for the embodiment illustrated in FIG. 1 of the
      drawings, for an approximately 500 ton/day pulp mill.
PAR  24,908 lbs./hr. of a smelt containing 16,863 lbs. of sodium carbonate,
      4,010 lbs. of sodium sulphide (35%), 3,412 lbs. of sodium chloride and 623
      lbs. of sodium sulphate are leached at 100.degree.C with 7,113 lbs./hr. of
      water (leacher 44) to form 11,457 lbs./hr. of an aqueous sodium sulphide
      solution containing 57 lbs. of sodium carbonate, 4,010 lbs. of sodium
      sulphide, 264 lbs. of sodium chloride, 13 lbs. of sodium sulphate and
      7,113 lbs. of water, for passage to white liquor (line 48).
PAR  The 20,564 lbs./hr of a solid mixture of 16,806 lbs. of sodium carbonate,
      3,148 lbs. of sodium chloride and 610 lbs. of sodium sulphate resulting
      from the smelt leaching are leached at 20.degree.C with 19,283 lbs./hr. of
      water and 148,332 lbs./hr. of recycle solution (in line 56) containing
      9,389 lbs. of sodium carbonate, 28,791 lbs. of sodium chloride, 5,281 lbs.
      of sodium sulphate and 104,871 lbs. of water.
PAR  Sodium chloride in an amount of 3,148 lbs./hr. remains in the solid phase
      and the leaching results in 185,031 lbs./hr. of leach solution containing
      26,195 lbs. of sodium carbonate, 28,791 lbs. of sodium chloride, 5,891
      lbs. of sodium sulphate and 124,154 lbs. of water. The leach solution is
      cooled to 10.degree.C while 10,028 lbs./hr. of water are added, resulting
      in the crystallization of 46,727 lbs. of solids, containing 16,806 lbs. of
      sodium carbonate, 610 lbs. of sodium sulphate and 29,311 lbs. of water of
      crystallization. The solids are removed from the mother liquor and
      forwarded to causticization (by line 62), while the 148,332 lbs./hr. of
      mother liquor are recycled to the solids mixture leaching (by line 56).
PAC  EXAMPLE III
PAR  Based on the known solubility data for the system Na.sub.2 CO.sub.3 -- NaCl
      -- Na.sub.2 SO.sub.4 -- H.sub.2 O, a mass balance was calculated for the
      embodiment illustrated in FIG. 3 of the drawings, for an approximately 500
      ton/day pulp mill.
PAR  20,564 lbs/hr of a soda mill smelt containing 16,806 lbs. of sodium
      carbonate, 3,148 lbs. of sodium chloride and 610 lbs. of sodium sulphate
      are leached at 20.degree.C with 19,283 lbs./hr of water and 148,332 lbs/hr
      of recycle solution (in line 118) containing 9,389 lbs. of sodium
      carbonate, 28,791 lbs. of sodium chloride, 5,281 lbs. of sodium sulphate
      and 104,871 lbs. of water.
PAR  Sodium chloride in an amount of 3,148 lbs./hr remains in the solid phase
      (for recovery by line 116) and 185,031 lbs./hr. of leach solution result
      containing 26,195 lbs. of sodium carbonate, 28,791 lbs. of sodium
      chloride, 5,891 lbs. of sodium sulphate and 124,154 lbs. of water. The
      leach solution is cooled to 10.degree.C while 10,028 lbs./hr. of water are
      added, resulting in the crystallization of 46,727 lbs. of solids
      containing 16,806 lbs. of sodium carbonate, 610 lbs. of sodium sulphate
      and 29,311 lbs. of water of crystallization. The solids are removed from
      the mother liquor for forwarding to causticization (by line 124), while
      148,332 lbs./hr. of mother liquor are recycled to the smelt leaching (by
      line 118).
PAC  SUMMARY
PAR  The present invention, therefore, is able to recover sodium chloride from
      Kraft mill and soda mill smelts containing the same without loss of other
      usable chemicals. Modifications are possible within the scope of the
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a pulp mill process which comprises digesting cellulosic fibrous
      material with a pulping liquor containing sodium hydroxide and sodium
      sulphide as the pulping chemicals, separating pulped material from spent
      pulping liquor, introducing sodium chloride to said spent pulping liquor,
      forming a smelt containing sodium sulphide, sodium carbonate, sodium
      chloride and sodium sulphate from said spent pulping liquor, fractionating
      said smelt to form an aqueous sodium sulphide solution and a solid mixture
      of sodium carbonate, sodium sulphate and sodium chloride substantially
      free from sodium sulphide, and recycling said aqueous sodium sulphide
      solution to said digestion step to provide at least part of said sodium
      sulphide in said pulping liquor, the improvement which comprises leaching
      said solid mixture with an aqueous medium to dissolve substantially
      completely said sodium carbonate and sodium sulphate therefrom thereby to
      form an aqueous sodium carbonate and sodium sulphate solution and leave
      substantially pure solid sodium chloride, refrigerating said aqueous
      sodium carbonate and sodium sulphate solution to deposit a solid mass of
      sodium carbonate and sodium sulphate substantially free from sodium
      chloride, separating said deposited solid mass from the mother liquor,
      forming an aqueous solution of said separated mass, converting at least a
      substantial proportion of the sodium carbonate in the aqueous solution of
      said mass to sodium hydroxide, recycling the resulting sodium hydroxide
      solution to said digestion step to provide at least part of said sodium
      hydroxide in said pulping liquor, and recycling said mother liquor to
      provide part of said aqueous medium leaching said solid mixture.
NUM  2.
PAR  2. The process of claim 1 wherein said smelt fractionation is carried out
      by leaching said smelt with an aqueous medium to remove substantially
      completely said sodium sulphide therefrom thereby to form said aqueous
      sodium sulphide solution and leave said solid mixture of sodium carbonate,
      sodium sulphate and sodium chloride substantially free from sodium
      sulphide.
NUM  3.
PAR  3. The process of claim 2 wherein said smelt leaching is carried out at a
      temperature of from about 120.degree. F to the boiling point of the
      aqueous sodium sulphide solution.
NUM  4.
PAR  4. The process of claim 3 wherein said smelt leaching is carried out with a
      quantity of aqueous medium to provide a sodium sulphide concentration in
      said aqueous sodium sulphide solution of about 20% to about 45%.
NUM  5.
PAR  5. The process of claim 1 wherein said smelt fractionation is carried out
      by dissolving said smelt in an aqueous medium and boiling the resulting
      aqueous solution to deposit a solid mixture of sodium carbonate, sodium
      chloride and sodium sulphate.
NUM  6.
PAR  6. The process of claim 5 wherein said boiling is carried out at a
      temperature of from about 120.degree. F to about 280.degree.F.
NUM  7.
PAR  7. The process of claim 6 wherein said resulting aqueous solution has a
      sodium sulphide concentration of about 20 to about 45%.
NUM  8.
PAR  8. The process of claim 1 wherein said leaching of said solid mixture is
      carried out at a temperature of about 55.degree. to about 90.degree.F.
NUM  9.
PAR  9. The process of claim 1 wherein said refrigerating of said sodium
      carbonate and sodium sulphate solution is carried out to a temperature
      below 60.degree.F.
NUM  10.
PAR  10. The process of claim 9 wherein said temperature is from about
      32.degree. to about 60.degree.F.
NUM  11.
PAR  11. The process of claim 2 wherein said smelt leaching is carried out at a
      temperature of from about 120.degree. F to the boiling point of the sodium
      sulphide solution, said leaching of said solid mixture is carried out at a
      temperature of about 55.degree. to about 90.degree.F and said
      refrigeration is carried out to a temperature of about 32.degree. to about
      60.degree.F.
NUM  12.
PAR  12. The process of claim 5 wherein said boiling is carried out at a
      temperature of from about 120.degree. F to about 280.degree.F, said
      leaching of said solid mixture is carried out at a temperature of about
      55.degree. to about 90.degree. F and said refrigeration is carried out to
      a temperature of about 32.degree. to about 60.degree.F.
NUM  13.
PAR  13. The process of claim 1 including adding water to said aqueous sodium
      carbonate and sodium sulphate solution during said refrigeration.
NUM  14.
PAR  14. The process of claim 1 wherein said cellulosic fibrous material is
      wood.
NUM  15.
PAR  15. The process of claim 14 including subjecting said pulped material to a
      series of bleaching and purification steps using at least one
      chlorine-containing bleaching chemical in at least one of said bleaching
      steps and aqueous sodium hydroxide-containing solutions in said
      purification steps, discharging a sodium chloride-containing aqueous
      effluent from said series of bleaching and purification steps into said
      spent pulping liquor whereby at least part of said sodium chloride is
      introduced to said spent pulping liquor.
NUM  16.
PAR  16. The process of claim 15 including washing said pulped material after
      formation thereof and before passage to said series of bleaching and
      purification steps and utilizing said sodium chloride-containing aqueous
      effluent in said washing.
NUM  17.
PAR  17. In a pulp mill process which comprises digesting cellulosic fibrous
      material with a pulping liquor containing sodium hydroxide as the pulping
      chemical, separating pulped material from spent pulping liquor,
      introducing sodium chloride to said spent pulping liquor and forming a
      smelt containing sodium carbonate, sodium chloride and sodium sulphate
      from said spent pulping liquor, the improvement which comprises leaching
      said smelt with an aqueous medium to dissolve substantially completely
      said sodium carbonate and sodium sulphate therefrom thereby to form an
      aqueous sodium carbonate and sodium sulphate solution and leave
      substantially pure solid sodium chloride, refrigerating said aqueous
      sodium carbonate and sodium sulphate solution to deposit a solid mass of
      sodium carbonate and sodium sulphate substantially free from sodium
      chloride, separating said deposited solid mass from the mother liquor,
      forming an aqueous solution of said separated mass, converting at least a
      substantial proportion of the sodium carbonate in the aqueous solution of
      said mass to sodium hydroxide, recycling the resulting sodium hydroxide
      solution to said digestion step to provide at least part of said sodium
      hydroxide in said pulping liquor, and recycling said mother liquor to
      provide part of said aqueous medium leaching said solid mixture.
NUM  18.
PAR  18. The process of claim 17 wherein said smelt leaching is carried out at a
      temperature of about 55.degree. to about 90.degree.F.
NUM  19.
PAR  19. The process of claim 17 wherein said refrigerating of said sodium
      carbonate and sodium sulphate solution is carried out to a temperature
      below about 60.degree.F.
NUM  20.
PAR  20. The process of claim 19 wherein said temperature is from about
      32.degree.F to about 60.degree.F.
NUM  21.
PAR  21. The process of claim 17 wherein said smelt leaching is carried out at a
      temperature of about 55.degree. to about 90.degree.F and said
      refrigeration is carried out to a temperature of about 32.degree. to about
      60.degree.F.
NUM  22.
PAR  22. The process of claim 17 including adding water to said aqueous sodium
      carbonate and sodium sulphate solution during said refrigeration.
NUM  23.
PAR  23. The process of claim 17 including subjecting said pulped material to a
      series of bleaching and purification steps using at least one
      chlorine-containing bleaching chemical in at least one of said bleaching
      steps and aqueous sodium hydroxide-containing solutions in said
      purification steps, discharging a sodium chloride-containing aqueous
      effluent from said series of bleaching and purification steps into said
      spent pulping liquor whereby at least part of said sodium chloride is
      introduced to said spent pulping liquor.
NUM  24.
PAR  24. The process of claim 23 including washing said pulped material after
      formation thereof and before passage to said series of bleaching and
      purification steps and utilizing said sodium chloride-containing aqueous
      effluent in said washing.
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PAL  A Fourdrinier steam shower positioned over the wire includes a steam
      distributor pipe extending across the path of motion of the machine wire
      and fed with pressurized steam. This steam pipe is connected to support
      members in the Fourdrinier machine. Positioned around said steam pipe for
      the width of the machine wire is a steam distributor including legs
      extending downward and outward from the pipe at an angle so as to define
      and enclose a steam chamber open at the bottom. Steam enters the steam
      distributor from jets in the steam pipe and is directed through a tortuous
      path into the steam chamber. Water collecting in the legs of the steam
      distributor is discharged through drains located at the bottom of each
      leg.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In a Fourdrinier or paper making machine, it is usual to flow a dilute
      aqueous slurry of fibrous material onto a continuously moving continuous
      wire. Ordinarily, the fibrous material is cellulose or wood pulp and the
      slurry may, if desired, contain various paper additives such as sizing or
      materials to improve strength or other properties. After the slurry is
      laid down on the wire, the water is drained off, the resulting web of
      paper is dried and, if desired, further materials or coatings may be
      placed on the paper.
PAR  One of the problems associated with the paper making process is the removal
      of the relative large quantity of water from the paper fibers. The
      greatest part of this water is removed by drainage through the Fourdrinier
      wire. It is usually, thereafter, further removed by passing the wire over
      a suction box which draws the water through the fiber and wire. Then it is
      the usual practice to press the paper, similarly to remove additional
      water, after which the remainder of the water is removed by evaporation.
      In the earlier stages, the paper fibers which have been freshly laid down
      are obviously and visibly wet. As this newly formed paper web advances
      through the machine, it reaches a point known as the "dry line" at which
      the paper looks dry. At this point, the paper will usually contain several
      times as much water as fibrous material and it is the removal of this
      residual quantity of water which is most troublesome.
PAR  If a significant improvement can be made in the removal of this water, one
      or both of two benefits can be achieved. In the one instance, operating
      with existing equipment whose speed is not limited by other factors, it is
      possible to increase the speed of the wire and thus increase the speed of
      the entire paper making process. Ordinarily, a paper machine operates at a
      speed ranging between extremes of about 50 to about 5,000 feet per minute,
      but more usually from about 600 feet a minute with a bulky paper to
      roughly 3,000 feet per minute, depending of the nature of the paper, its
      thickness or basis weight, the added materials and a number of other
      factors, but a typical speed is about 1,500 feet per minute. If a
      significant increase in speed is achieved, the result is that a greater
      quantity of paper is made on the machine in a given period of time and
      with a given amount of labor producing a finite cost reduction in an
      extremely cost conscious industry. Accordingly, the reduction in cost of
      the finished paper product can be quite significant as a consequence of
      even a very small increase in the rate of removal of its water.
PAR  In other cases, it is possible to achieve very substantial reductions of
      cost in other forms. For example, if new equipment is being constructed,
      it can be made considerably shorter if a lesser quantity of water must be
      removed after the paper has passed through the preliminary steps of water
      removal and very important capital investment can be saved, again in a
      highly cost conscious industry.
PAR  One of the points of opportunity for increased efficiency or effectiveness
      of removal of water from newly formed paper is at a point approximately at
      the dry line, or the point at which it is usual to pass the machine wire
      over one or more suction boxes to remove that portion of the water which
      can be drawn from the paper web through the wire and into a drainage
      mechanism. Water or moisture that remains in the paper beyond this point
      is usually removed by pressing and by evaporation requiring very
      significant amounts of heat.
PAR  It has previously been known that water can be removed either more
      completely or more quickly from the paper web at the suction boxes if the
      temperature of the paper and the water is significantly elevated. The
      reason for this improvement has not been fully understood but it is
      believed that it is a consequence of either or both of two factors. If
      there is substantial increase in the temperature of the water, there is
      also a very substantial decrease in its viscosity with the result that it
      flows more quickly away from the paper fibers. For example, raising the
      temperature of water from about 110.degree.F to about 140.degree.F just
      about halves its viscosity. It is also true that with a significant
      increase in temperature, there is a measurable decrease in the surface
      tension of the water, with the expected consequence that more of the water
      can be removed at the suction boxes. Whatever the reason, hotter water is
      removed both more quickly and more nearly completely. The appropriate
      increase in the temperature has, in the past, been accomplished by heating
      the moist paper with steam. For this purpose, it is most desirable that
      the steam be essentially saturated so that the largest quantity of heat
      can be transferred from the vapor to the paper web by condensation. The
      use of steam in paper manufacture is a common procedure, and is commonly
      not well understood. For example, Dupasquier U.S. Pat. No. 2,642,314 uses
      a steam shower for control of the surface characteristics. A few years
      later the same Dupasquier, in a later U.S. Pat. No. 2,809,867, used steam
      in an upward stream from beneath the wire, and found this advantageous.
      Goyette, U.S. Pat. No. 2,949,239 also uses steam in a paper making machine
      for an unstated purpose, directed in a converging flow between rolls.
      Furthermore, steam has been used, and is now used in practice to assist in
      drying the paper web. The method and apparatus most generally now in use
      to heat the paper web and the water contained in the web employs a
      relatively large and heavy steam box placed directly above the paper web
      at the suction box location. This steam box has a number of slits in its
      bottom and a number of V-shaped troughs, both running across the direction
      of motion of the paper. Steam is fed to this box where, hopefully, any
      condensed moisture falls into the troughs and can be drained off while
      steam is forced through the slits and down toward the paper. Such a system
      is illustrated in Dupasquier U.S. Pat. No. 2,838,982.
PAR  This commonly used system has a number of drawbacks, some of which are a
      consequence of mechanical ackwardness and some of which are process
      related and are likely to bring about machine stoppage or to produce water
      spotting on the paper from condensed moisture which is not fully separated
      from the steam.
PAR  For example, the slits of the commonly used equipment, which are quite
      narrow and which are positioned quite close to the paper, can and do
      become clogged or partially clogged so as to interfere with the flow of
      steam onto the paper. In addition, the troughs tend to become partly or
      largely filled with water which is entrapped in the steam and may be
      spattered onto the paper, producing permanent water spots on the paper
      web. Some of these difficulties occur primarily when a machine is first
      started up and, accordingly, the problems are partly alleviated by raising
      the relatively heavy steam box a number of inches above the paper until
      the machine is operating at its equilibrium condition. Attempts to remedy
      these flaws in the prior systems have been made and have failed generally
      because efforts to make the steam box smaller and lighter have usually
      resulted in uneven end-to-end performance of the equipment. In addition,
      the results, while being a substantial improvement over results achieved
      without such heating of the web, have still produced less removal of water
      than is desired, and a great deal of expense is involved in subsequent
      heat-drying of the web. The horns of the dilemma have appeared to be the
      incompatible characteristics that reducing the flow of steam reduces the
      amount of heat which can be transferred to the paper and thus limits the
      amount of water that can be drawn from the paper at the suction boxes,
      while on the other hand increasing the flow of steam seems inevitably to
      lead to water spotting of the paper.
PAC  GENERAL NATURE OF THE INVENTION
PAR  The present invention includes an improved device for the distribution of
      saturated steam to the paper as early as possible at the dry line.
      Saturated steam is supplied to a steam distributor extending essentially
      across the path of motion of the machine wire at the dry line and fed with
      steam at a pressure which will produce what is known as "choked flow." As
      a consequence of maintaining the conditions of choked flow, the end-to-end
      distribution of steam is extremely uniform, and a substantial increase in
      steam pressure produces only relatively little increase in rate of flow.
      The steam is then directed in a confined path including a significant
      whirling motion which effectively throws condensed moisture out of the
      steam vapor into a collecting drain. The result is much as if the steam
      were centrifuged. After passing through a confined and reversing path, the
      steam is then distributed in an expanding path across the entire area of
      the paper web where it is drawn through the paper at a point beyond the
      dry line so that the steam passes through the paper and transfers the
      maximum quantity of heat to the paper by the condensation of a quantity of
      the steam onto or into the paper. Instead of making contact only with the
      upper surface of the paper, the steam makes contact throughout the volume
      of the paper and is capable of raising the temperature of the paper and
      its water contained therein by an amount from around 20.degree.F or
      30.degree.F to as much as 80.degree.F to 100.degree.F if desired.
PAR  According to a presently preferred embodiment of the invention, the
      apparatus for achieving this result comprises the source of steam and a
      first distribution device which may be simply a steam pipe positioned
      above the machine wire and extending thereacross. This pipe has at least
      one series of holes or jet members positioned to direct steam at an angle
      into a confined zone or chamber, also extending across the width of the
      machine wire. Optionally, a plurality of such rows of jets may be used,
      each directing jets of steam into a confined zone. The confined zone or
      zones may desirably be shaped triangularly like the legs of a capital
      letter A, whereby in addition to confining the flow of steam and swirling
      it to throw out condensed moisture, they also form a mechanically strong
      and light structure. The are, further, so shaped that a reversing or
      whirling motion of steam is caused within the confined zone.
PAR  The condition of choked flow which is desirable in order to achieve
      uniformity of steam flow across the entire width of the web is generally
      achieved with a steam pressure outside the pipe which ordinarily is
      approximately atmospheric. The mathematics of fluid flow through a jet
      shows that when the pressure at one end of a jet member approaches double
      the pressure at the other end, the jet chokes up and accordingly, it is
      generally preferred to maintain the pressure within the pipe at a little
      bit more than 15 pounds gauge pressure and a suitable pressure has been
      found to be approximately 20 pounds per square inch gauge, which is
      sufficient to insure end-to-end uniformity while at the same time being
      sufficiently low so that upon emerging from the combined paths of travel
      and being directed onto the paper web, the steam is essentially saturated
      to achieve maximum heat transfer from steam to paper.
PAR  When the present invention is employed in connection with the production of
      a paper such as newsprint which ordinarily has a basis weight of about 30
      pounds per 3,000 square feet, it has been found that the moisture content
      of the paper measured after it leaves pressing rolls can be reduced from
      about 1.1 times the weight of the paper to about 1.0 times the weight of
      the paper. This is about a 10% reduction in the amount of water, and can
      be roughly translated into a 10% increase in machine speed in favorable
      conditions. Where machine speed is not limited by other factors unrelated
      to water removal, an increase in machine speed of up to 10% can be
      realized, and generally it is to be expected that an increase of 5 to 10%
      will be quite usual. This is a significant improvement in paper making
      operations.
DRWD
PAR  The general nature of the invention having been set forth, the invention is
      now further illustrated in the drawings in which:
PAR  FIG. 1 is a side view in section of apparatus according to one embodiment
      of the invention.
PAR  FIG. 2 is a diagrammatic view of paper making apparatus including apparatus
      according to one embodiment of the invention;
PAR  FIG. 3 is a perspective view of a portion of the apparatus of FIG. 1;
PAR  FIG. 4 is a diagrammatic end view, partially in section, illustrating a
      portion of apparatus according to another embodiment of the invention
      including a modified suction box associated therewith;
PAR  FIG. 5 is a diagrammatic end view of a still further embodiment of the
      invention; and
PAR  FIG. 6 is a diagrammatic end view of still another embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 is shown apparatus, according to one embodiment of the invention,
      in which a steam distributor generally designated 10 is positioned over a
      Fourdrinier wire 11 at a location substantially above a suction box 12.
      The wire 11 is normally moved in the direction indicated by arrow 13.
      Optionally within the suction in box 12 may be a thermostat 14 or other
      temperature measuring device adapted to send a control signal through a
      wire 15, the lead portion of which is illustrated in the figure. The
      Fourdrinier wire 11 and suction box are conventional components of paper
      making machines and are adapted to work in their conventional manners.
PAR  The steam distributor 10 includes, near its upper end, a steam conveying
      means or pipe 18 (also illustrated in FIG. 3) which has a series of jet
      nozzles 19. This steam pipe is connected to support members or frame work
      in the Fourdrinier machine (not shown) and can supply all or a major part
      of the mechanical support for the entire steam distributor 10. Positioned
      around pipe 18 is a hood 21 which is positioned above or may rest on pipe
      18 and including, on each side, legs 22. These legs 22 extend downwardly
      and outwardly from pipe 18 at a suitable angle so that they cover a
      moderate length of the machine wire 11 and define an outwardly and
      downwardly diverging steam chamber 20. In actual practice, a paper making
      machine ordinarily has a wire 11 which may be as wide as about 400 inches,
      but generally about 15 or 20 feet. A wire as narrow as 3 feet is
      considered relatively narrow. Accordingly, the structure of the steam
      distributor 10 is a relatively massive structure extending entirely across
      the wire 11 and the legs 22 or steam chamber 20 generally cover several
      feet of the length of wire 11. This chamber 20 is essentially completely
      open over its entire bottom. Similarly, pipe 18 is a relative large and
      extremely sturdy member. If, for example, as may be the case, pipe 18 is a
      6 inch steam pipe, it can support, and will support, a much more massive
      structure than the hood 21.
PAR  The lower end of each leg 22 includes a steam control compartment 24
      defined by an outer wall 25 and an inner wall 26, usually in the form of a
      single sheet of metal bent through a 180.degree. curve at its base. At one
      or both ends of each compartment 24 is a drain 28 adapted to drain off any
      water which may be collected in compartment 24 from condensation of steam
      therein or from collection of earlier steam condensation. At the upper end
      of each compartment 24 at the end of inner wall 26 is a U-shaped baffle
      29. The entire assembly of the steam apparatus is mounted as close to wire
      11 as is practicable and generally within one or several inches of the
      wire.
PAR  In the apparatus illustrated in FIG. 1 which has two legs 22 defining and
      enclosing an outwardly and downwardly diverging steam chamber 20, the pipe
      18 has two rows of steam jets 19, each aimed away from the downwardly
      vertical direction and into the compartments 24, generally being aimed to
      direct steam in a laminar direction along the outer wall 25 of compartment
      24. According to the flow of steam within compartments 24 is approximately
      indicated by arrows 30.
PAR  In FIG. 2 is shown, in outline, a portion of typical paper making apparatus
      which may include a steam distributor 10 such as the steam distributor
      illustrated in FIG. 1. In this portion of the apparatus is illustrated the
      Fourdrinier wire 11 traveling in the direction indicated by arrow 13
      around a couch roll 17. A plurality of suction boxes 12 are positioned
      beneath the wire 11 prior to its reaching the couch roll 17. The dry line
      16 or point at which the paper looks dry is indicated to be between a pair
      of these suction rolls. Positioned beyond the dry line 16 in the direction
      of motion of wire 11, is the steam distributor 10 which may be associated
      with one or more suction boxes 12.
PAR  The apparatus and method of the present invention will bring about the
      removal of a substantial amount of water over and above that which can be
      removed by ordinary methods and will remove this water without the danger
      of spotting the paper. Moreover, the removal of water is essentially
      uniform from one side of the machine to the other. In order to achieve
      these results, however, there are certain things which should be kept in
      mind in the construction and operation of the apparatus.
PAR  In order to have a side-to-side uniformity of water removal, it is
      appropriate to have end-to-end uniformity of the flow of steam through the
      rows of jets 19 in pipe 18. This is accomplished in the preferred
      embodiment of the invention by having each of jets 19 approximately the
      same in flow capacity and by maintaining steam pressure within the pipe 18
      at approximately twice the pressure of steam or other vapor outside the
      pipe and within the steam distribution hood 21. It is known that a
      condition known as "choked flow" occurs when a gas is flowing through a
      jet opening with the pressure forcing the gas through the opening about
      equal to the total pressure into which the gas is flowing, or in other
      words, with the pressure behind the jet about double the pressure in front
      of the jet. When the pressure behind the jet or, in this case, within pipe
      18 is less than about double the pressure within the hood 21, there is a
      substantial difference in the rate of flow of the steam through the jets
      as the pressure changes. On the other hand, when the pressure within the
      pipe 18 is approximately double the pressure in hood 21, the steam flows
      through the jets at essentially sonic velocity and there is very little
      difference in rate of flow with a substantial increase or decrease in the
      driving pressure. Since hood 21 is open to the atmosphere adjacent to the
      wire 11, it is apparent that the pressure within the hood will ordinarily
      be approximately atmospheric pressure, and thus a pressure of at least
      about 15 pounds per square inch gauge within pipe 18 will maintain this
      condition of choked flow. To obviate concern about the fluctuation in
      steam pressure, it has been found commercially practicable to operate at
      about 20 p.s.i. gauge pressure within pipe 18. This pressure is
      sufficiently high so that there is essentially no likelihood of pressure
      fluctuation sufficient to cause a significant change in the rate of flow
      of steam through jets 19.
PAR  One of the consequences of maintaining the condition of choked flow is that
      the steam flow through jets 19 is noisy. The larger the jets the greater
      the noise; the smaller the jets the more difficult and, accordingly, more
      expensive it is to maintain substantial uniformity in jet size from one
      end to the other of pipe 18. Jet sizes of approximately 1/4 inch diameter
      may be somewhat noisier but generally is of an acceptable level compared
      with other sound levels in ordinary paper mill operations. Jets of
      approximately 1/8 inch diameter have been found to be essentially
      inaudible in operating conditions in a paper mill. Smaller jets have been
      employed and, in fact, jets of 1/16 inch diameter have been found to be
      nearly inaudible in operating conditions other than paper mills where
      other structures cause an apparent amplification of the sonic noise. In
      certain conditions, larger jets such as 1/2 inch in diameter and perhaps
      up to 1 inch in diameter have been found to be acceptably quiet in actual
      working conditions. Needless to say, the smaller the jets the larger the
      number which must be used to obtain in optimum flow of steam through the
      system. Using the system described herein with sizes appropriate for
      present day paper making operations, it has been found that two rows of
      jets of about 1/8 inch diameter with the jets being approximately five to
      ten inches apart produces a good rate of steam flow with a fully
      acceptable noise level.
PAR  It is of great importance in paper making operations to minimize the
      presence of droplets of condensed water in the steam atmosphere within
      hood 21. Such condensed droplets of water, if they are excessively large,
      will fall or be drawn onto paper or wire 11 and may cause a permanent
      water spot on the paper. Where high quality paper is being produced, such
      water spots are unacceptable. In order to avoid this danger, the steam
      from jets 19 is not directed immediately to the wire 11 but instead is
      directed through a confined tortuous path which causes condensed water
      droplets to be removed from the paper prior to entering the diverging
      steam chamber 20. As seen in FIG. 1, the jets 19 direct the steam along
      outer wall 25 of legs 22 in such manner that the flow of steam is sharply
      reversed near the bottom of each leg. The rate of flow of steam in this
      confined area is relatively high inasmuch as the steam emerging from jets
      19 was originally at essentially sonic speed or roughly 1,100 feet per
      second. Accordingly, a centrifuge effect is realized at the bottom of
      chambers 24 and condensed droplets are deposited at the bottom of or
      against the walls of chambers 24. As the apparatus continues to operate,
      these condensed droplets gather in the bottom of chambers 24 and flow out
      at the ends of hood 21 through drains 28. In the presently preferred
      embodiment of the invention, these chambers 24 are relatively deep, and
      are sufficiently deep so that it makes very little difference whether
      several inches of water may collect in the bottoms of these chambers for
      draining out through drains 28. Even when the collection of water is
      relatively deep it is not again picked up by the flowing steam and thus is
      not conveyed out of chambers 24 into the diverging volume of hood 21. In
      addition, at the upper ends of inner walls 26 of these chambers 24, a
      baffle 29 serves further to collect any stray condensed water particles
      which may still be present in the steam flow.
PAR  The flow of steam within hood 21 after emergence of the steam from chambers
      24 is generally in a downwardly and outwardly diverging direction to
      maintain an essentially uniform volume of essentially saturated steam
      within the volume of the hood. This steam flows downwardly toward screen
      11 or toward a paper web moving along screen 11 and is positioned
      approximately at or beyond the dry line of the paper machine. Generally
      the hood 21 covers a distance of no more than about 3 to 6 feet along the
      line of motion of wire 11 of the Fourdrinier machine or over a suction
      roll. In the practical and commercial art, a paper machine whose wire
      travels at a rate of 600 feet per minute, is generally considered
      relatively slow while machines may operate at speeds as high as 3,000 feet
      per minute or even substantially higher. Accordingly, the exposure of the
      paper to the steam vapor within hood 21 can be expected to range between
      approximately 1/4 of a second to as little as perhaps 1/20 of a second or
      even less. Obviously the amount of heat which can be transferred from a
      gas merely flowing against the surface of the paper in such a short time
      can have a minimal affect on the temperature within the volume of the
      paper web. Hood 21, accordingly, is positioned at the location of a
      suction box 12 and approximately at the dry line so that saturated steam
      does not merely brush the surface of the paper web but is actually drawn
      through the web so that the steam contacts the internal volume of the
      paper web as well as its upper surface. In addition, the steam within hood
      21 is essentially saturated or, in other words, is at essentially
      212.degree.F at atmospheric pressure. As the saturated steam passes
      through the cooler paper web, steam condenses and releases its latent heat
      of condensation. Many times as much heat is transferred from the steam to
      the web by such condensation as compared with the amount of heat
      transferrable from super heated steam which is heated to too high a
      temperature for condensation.
PAR  In normal operating conditions, it has been found that the temperature of a
      paper web will be raised upwards of about 20.degree.F and generally about
      30.degree. or 40.degree.F depending upon the thickness of paper being
      formed and the speed of the wire 11. Using newsprint as a typical
      illustration, it is found that the operation of the present invention with
      a hood having a spread of about 3 or 4 feet will raise the web temperature
      from about 110.degree.F to about 140.degree.F. This extent of change in
      temperature brings about two complementary results. In the first place,
      white water or water with the normal dissolved and suspended materials
      encountered in paper making operations, undergoes a reduction of its
      viscosity in the order of about 50% when the temperature of the water is
      increased from about 110.degree.F to about 140.degree.F. This means that
      water can be withdrawn from the paper web at a much higher rate. In
      addition, when this same water is raised by this same temperature
      differential there is a less dramatic but significant decrease in its
      surface tension. When the surface tension is thus decreased, the water
      clings less tenaciously to the paper fiber with the result that water can
      be removed not only more quickly, but more nearly completely. The
      combination of these two complementary affects reduces dramatically the
      quantity of water which must subsequently be removed from the paper by
      other methods such as, for example, heat evaporation.
PAR  The apparatus and method of the present invention achieves the desired
      result in a manner which is much more effective, much more practicable,
      much more reliable and much safer than the methods and apparatus
      previously employed. The typical system most commonly employed at the
      present time is a modification of the system shown in Dupasquier U.S. Pat.
      No. 2,838,982 and particularly illustrated in FIG. 3 in that patent.
      Differences between the present invention and the systems presently in
      use, including that of Dupasquier and others, result in very significant
      advantages. Among these advantages, the present invention provides for a
      deep receptacle for condensed water vapor such that there is essentially
      no danger whatsoever that condensed water will be carried by the flow of
      steam into the downwardly diverging steam flow within hood 21. In
      addition, the flow of steam through the combined and reversing pass of
      flow removes essentially all of the particles of condensed water vapor
      from the live steam and removes these particles at a location where they
      are not susceptible to being picked up by the flowing steam. According to
      the present invention, the steam jets 19 are at a position far removed
      from the surface of the paper and are so located that any condensation or
      impurities which may form at or around the exits of the jets will be
      directed into chambers 24 where this condensation will be collected and
      removed from the flowing steam. In addition, this distant relationship
      between the steam jets and the paper has, as a consequence, a near
      impossibility for mechanical contamination or clogging of the jets by
      action of any paper solids in normal operation. The only thing which comes
      close to the jets is the steam itself. A very significant advantage of the
      present invention as compared with existing practices is the major
      difference in safety. Ordinarily, safety valves are employed to prevent a
      steam box from building up excessive pressure and exploding. According to
      the present invention, the hood and the volume within the hood 21 of this
      invention operates essentially at atmospheric pressure and the space
      between the hood and the paper is always maintained free and clear. Steam
      pressure exists only within pipe 18 which is a pipe or steam conveying
      member adapted to carry steam at pressures far higher than those employed
      in this invention. It is ordinarily designed to operate at pressures up to
      several hundred pounds per square inch and in this invention is used with
      a steam pressure in the range of only about 20 pounds per square inch.
PAR  The disadvantages of presently employed systems are of greatest concern
      when the Fourdrinier machine is stopped and restarted. During stoppage or
      at start-up, there is increased danger of contamination from paper solids
      or other sources. During such periods of stoppage with the present
      invention, there are no active or critical parts of components of the
      apparatus which can be contaminated, blocked or clogged. In ordinary paper
      mill operations, these dangers and problems are so well understood that it
      is usual to provide that steam application apparatus be substantially
      removed from the machine either by raising it a significant distance above
      the machine wire or occasionally actually removing it completely. Such
      apparatus, after it has been raised, must be operated for a period of time
      to achieve a steady operating condition in order to avoid excessive
      condensation of steam when the paper machine is first restarted.
PAR  These various disadvantages of the prior art are avoided with the present
      invention and a number of advantages are achieved in a very simple
      straight forward and economical manner.
PAR  In FIGS. 4, 5 and 6 are shown modified apparatus and, in particular,
      various modified suction box and steam distributor apparatus which can be
      combined to achieve greater flexibility or greater uniformity in the
      drying of paper in accordance with the present invention.
PAR  FIG. 4 shows a steam distributor 10 of the type illustrated in FIG. 1
      positioned above the machine wire 11. Beneath the wire 11 is a suction box
      generally designated 12 including an upper or suction wall or suction
      plate 31 having a plurality of holes 32 permitting the flow of steam or
      air and accompanying water through a wire 11, through the suction plate 31
      and into the suction box 12. The suction box 12 has a bottom wall 37
      inclined downwardly to drain water to a suction outlet 34 at one side of
      the suction box 12. Mounted within suction box 12 is a baffle 33 inclined
      downwardly toward bottom wall 37 at approximately the same angle as the
      angle of inclination of bottom wall 37. The end of baffle 33 is spaced
      from wall 37 approximately at the middle of the suction box 12 and defines
      an exit passage for steam air and water essentially at the middle of the
      suction box 12 and essentially below the middle of wire 11. This structure
      provides relatively uniform air flow from side to side through wire 11 and
      its supported paper web, with perhaps a moderately higher rate of flow
      near the center of the wire 11 and web essentially above the exit gap
      between baffle 33 and bottom wall 37. This provides improved side-to-side
      uniformity of steam flow through the paper web. In addition, in paper
      operations, it is not unusual for the edges of the paper to dry more
      rapidly or more thoroughly than the center portions of the paper and this
      slightly increased flow of steam through the center portions at least
      partly corrects normal non-uniformity.
PAR  In FIG. 5 is shown another modification of the steam distributor 10 and the
      suction box 12 wherein both the steam distributor 10 and the suction box
      12 are compartmentalized. Within the steam distributor 10 are a plurality
      of baffles 38 dividing the steam chamber into two or more zones across the
      width of the wire 11. Beneath the wire 11 is a suction box 12 having upper
      plate 31 having holes 32 therein, as in FIG. 4, to permit suction of steam
      through wire 11. The suction box also is compartmentalized, having several
      baffles therein dividing the suction box into compartments which may
      approximately correspond in width and location to the compartments in the
      steam distributor 10. Illustrated is an upperwall or baffle 35 defining a
      compartment leading to suction outlet 34. Beneath baffle or wall 35 is a
      second baffle or wall 36 defining a second compartment leading from
      essentially the middle portion of wire 11 to outlet 34. Baffle 36 also
      defines, in conjunction with bottom wall 37, a third compartment leading
      from the far edge of wire to outlet 34. The exit portion or narrowest
      portion of each of these compartments joined to outlet 34 is of
      predetermined size or capacity. As illustrated, the upper baffle 35, which
      defines a path of flow whose length is shorter, is positioned most closely
      to a wall of suction box 12 thereby producing a shorter but more
      restricted path of flow. The second baffle 36 is positioned somewhat
      further from first baffle 35 to define a path of flow somewhat less
      restricted but of medium length. Likewise, baffle 36 is positioned still
      further from bottom wall 37, defining a flow path which is both longest
      and least restricted. The difference between the pressures causing the
      flow through these compartments is balanced against the length of the flow
      path so that the flow is essentially uniform in each of the compartments.
      If desired, the central compartment or, in the event that there are
      numerous compartments, the more centralized of such compartments may be
      proportionately slightly larger to encourage a somewhat greater rate of
      flow of steam through wire 11 near the center of the wire.
PAR  In FIG. 6 is illustrated a compartmentalized system having positive control
      rather than passive control but generally otherwise corresponding to the
      compartmentalized system of FIG. 5. As shown in FIG. 6, within the steam
      chamber 20, are a plurality of baffles 38 separating this chamber into a
      plurality of compartments. Within each such compartment is a pipe 18a, 18b
      or 18c connected to a main steam line 39. Each pipe 18a, 18b and 18c has a
      series of jets as illustrated in FIG. 1. Each compartment is shaped in
      much the same manner as the steam distributor 10 of FIG. 1 and is adapted
      to cause steam to flow through a confined path as in the case of FIG. 1.
      Leading from main steam line 39 to each pipe 18 is a connecting pipe with
      a valve 40a, 40b or 40c usuable and adapted to control the rate of flow of
      steam into its associated pipe 18a, 18b or 18c. When the apparatus is
      operated according to the condition of choked flow, an increase or
      decrease in pressure within pipe 18 produces a small variation in flow
      through the jets. By control of valves 40a, 40b and 40c, however, a small
      difference in rate of flow can be achieved and this small difference can,
      if desired, be adjusted to produce a slightly greater or slightly lesser
      rate of steam flow in one or several compartments. This rate can be
      adjusted to produce side-to-side uniformity, or if desired, selected
      side-to-side non-uniformity of drying of paper on web 11.
PAR  Positioned below wire 11 is suction box generally designated 12 having
      three compartments defined by walls 35, 36 and bottom wall 37 leading to
      outlet pipes 34. At each outlet pipe may optionally be a valve 41a, 41b or
      41c to control the suction flow in a manner to correspond with the steam
      flow through corresponding steam valve 40a, 40b or 40c.
PAR  It is apparent that numerous further modifications may be made in the
      present apparatus or in its manner of operation without sacrificing
      significant advantages of the invention. For example, in the drawings
      there is illustrated a generally A-shaped hood 21 having two legs and both
      of which is a steam confining chamber 24 and means for removing condensed
      moisture therein. If desired, a greater flow of steam can be employed in
      one of these legs defining the steam chamber and the other leg may be
      merely a wall enclosing the volume of saturated steam presented to the
      paper web. If a greater flow of steam is required, there may be additional
      collecting chambers operating according to the same principal so three or
      more rows of jets may be employed to provide an additional quantity of
      steam if so desired. If greater drying of the paper is desired, a greater
      length of path along the machine wire 11 may be coverec by hood 21.
      Further, if desired, the paper making process may be modified by including
      vaporized paper additives in the steam flow and, if the expense can be
      tolerated, heating vapors other than steam may be employed.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for heating a paper web on a Fourdrinier wire to increase
      removal of water therefrom comprising
PA1  a steam chamber positioned above the wire, substantially across the entire
      width of said wire at least partly beyond the dry line and open across the
      bottom thereof to ambient atmospheric pressure and essentially completely
      open to said wire,
PA1  means beneath said wire positioned to draw steam from said steam chamber
      through the wire and through a web on said wire,
PA1  means to feed essentially saturated steam into said chamber, said means
      including a plurality of steam jets located across said steam chamber,
PA1  means to supply steam under pressure to said jets to provide a directed
      flow of steam through said jets,
PA1  said jets being directed to project steam into a downwardly confined path
      of travel substantially free from abrupt reversal including at least an
      upward reversal of direction, whereby condensed steam droplets are adapted
      to be thrown out of said steam, and thence into said steam chamber,
PA1  means at the bottom of said confined path of travel at the point of upward
      reversal to collect condensed steam and to drain water therefrom,
PA1  a discharge opening into said steam chamber of a size to prevent abrupt
      expansion of said steam,
PA1  whereby a volume of dry, essentially saturated steam is drawn through said
      web and wire to heat said paper by release of latent heat of condensation
      of said steam.
NUM  2.
PAR  2. The apparatus of claim 1, wherein said means to supply steam to said
      jets comprises means to supply steam at a pressure to cause choked flow
      through said jets.
NUM  3.
PAR  3. The apparatus of claim 1, wherein steam chamber and said means for
      drawing steam through said web and wire are divided into a plurality of
      compartments across said wire adapted to cause different steam flow
      through said web and wire at different positions across said web and wire.
NUM  4.
PAR  4. The apparatus of claim 1 wherein means are provided to draw steam from
      underneath said wire and paper web at a location beneath approximately the
      center of the moving wire.
NUM  5.
PAR  5. A method for increasing removal of water from a paper web on a
      Fourdrinier machine comprising:
PA1  directing jets of essentially saturated steam in a downwardly confined path
      substantially free from abrupt reversal including at least an upward
      reversal of direction of motion,
PA1  collecting and removing condensed steam at the bottom of said confined path
      of motion at the point of upward reversal to provide essentially dry,
      essentially saturated steam,
PA1  thereafter directing said saturated steam at atmospheric pressure and
      substantially free from expansion above said web at a location at least
      partly beyond the dry line of said paper web, and
PA1  drawing said steam through said paper web to condense at least a portion of
      said steam within the volume of the paper web, thereby releasing latent
      heat of condensation within said web.
NUM  6.
PAR  6. The methods of claim 5, wherein said condensed steam is collected and
      removed at a location guarded from contact between said steam and said
      paper web and guarded from direct flow of said steam onto said paper web.
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PAL  A paper-making machine has a stock supply conduit, a slice, and a pre-slice
      flow distributing system which communicates with the slice and directs a
      flow of paper-making stock from the supply conduit to the slice. The
      system includes a manifold extending longitudinally of the slice, being
      spaced from the same and having an inlet side through which stock flows
      from the conduit in direction transversely of the elongation of the
      manifold. A first side wall of the manifold extends from the inlet side in
      the flow direction and has a first wall portion which is convex transverse
      to the flow direction so as to be tangentially approached by the flowing
      stock and which is formed with a plurality of outlet openings each having
      a center axis. A second side wall of the manifold is transversely spaced
      from and extends along the first side wall, having a second side wall
      portion which is so inclined with reference to the first side wall portion
      that the direction of flow of stock travelling between and being guided by
      the side wall portions includes identical angles with the center axes of
      the respective outlet openings.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to paper-making machines in general, and more
      specifically to a novel stock inlet arrangement for such a paper-making
      machine. Still more particularly, the invention is directed to a stock
      inlet arrangement providing an improved stock distribution for the paper
      stock that is directed to the slice and there ejected onto a forming wire.
PAR  In paper-making machines it is usually essential that the dilute paper
      stock suspension be as homogenous as possible as it flows to the slice,
      and that it be flowing at uniform velocity and direction when it is spread
      onto the forming wire. Unless these requirements can be met, the finished
      paper will have undesirable variations in its properties, for instance in
      the form of streaks, in the form of areas in which the fibers are light or
      sparce, in variations in the sheet strength, and other problems.
PAR  Various proposals have been made in the prior art to meet these
      requirements. One of these involves an apertured distributor roll upstream
      of the slice. However, rolls of this type will themselves contribute to
      the development of certain non-uniformities, and it has been found that
      quite frequently the sheet product will have streaks as the result of
      eddies passing through the roll or wakes which are created behind the roll
      as the latter rotate it.
PAR  Another approach involves the use of stock distributing pipes which are
      designed as diffusers. However, because of the use of these pipes the flow
      path of the paper stock suspension is considerably increased and it has
      been found that this leads to a flocculation of the fibers. This prior-art
      construction proposes to employ a flow channel which extends over the
      width of the machine and is interposed between the distributing pipes and
      so-called fine pipes. The distributing pipes supply paper stock into the
      flow channel and from there it must change its flow direction to enter
      into the fine distributing pipes which supply it to the slice. This
      results in the production of uncontrolled eddy currents in the flow
      channel and leads to faulty fiber distribution within the suspension, with
      a consequent development of the problems that have been outlined earlier.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved stock inlet arrangement for a paper-making machine, which is not
      possessed of the aforementioned disadvantages.
PAR  More particularly, it is an object of the invention to provide such an
      improved stock inlet arrangement in which optimum flow conditions are
      established for the paper-making stock.
PAR  Another object of the invention is to provide such a stock inlet
      arrangement which is relatively simple and uncomplicated and which permits
      the production of paper having a high degree of uniformity.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a stock inlet
      arrangement for a paper-making machine which, briefly stated, comprises a
      stock supply conduit and a slice. According to the invention, the
      arrangement further comprises a pre-slice flow distributing system
      communicating with the slice for directing a flow of paper-making stock
      from the supply conduit to the slice. The system includes a manifold which
      extends longitudinally of the slice spaced therefrom and having an inlet
      side through which stock flows from the conduit in direction transversely
      of the elongation of the manifold, a first side wall extending from the
      inlet side in the flow direction and having a first wall portion which is
      convex transverse to the flow direction so as to be tangentially impinged
      by the flowing stock and which is formed with a plurality of outlet
      openings each having a central axis, and a second side wall transversely
      spaced from and extending along the first side wall and having a second
      side wall portion which is so inclined with reference to the first side
      wall portion that the direction of flow of stock travelling between and
      provided by the side wall portions includes identical angles with the
      center axes of the respective outlet openings.
PAR  The so-called fine-distributing tubes or pipes will of course be connected
      with the outlet openings formed in the convex first wall portion, and will
      be coaxial with these respective outlet openings, their purpose being to
      forward the paper stock towards the slice.
PAR  The present invention is based on the understanding that when the
      suspension enters the fine-distributing pipes, that is via the outlet
      openings in the convex first wall portion, there is not only a loss of
      inlet energy but also a loss of flow energy at the inflow surfaces which
      is caused by the change of direction of the stock and which is many times
      greater than the loss of inlet energy. In these circumstances the
      individual partial currents in the inflow regions, which flow at high
      velocity, suffer a relatively higher loss of energy than the individual
      partial currents which flow at a lower velocity. This means that the
      presence of an additional loss which is brought about by the change of
      direction forced upon the flowing suspension will bring about a
      considerable flow equalization. However, since the loss due to change of
      direction thus makes a considerable contribution to the flow equalization,
      and since the extent of the loss depends to a very high degree on the
      angle of deflection which the stock must undergo as it enters the outlet
      openings, it is of the greatest importance that this angle of deflection
      should be the same at all of the outlet openings. This means that the
      change of direction must not be allowed to take place in the manifold
      upstream of the outlet openings, that is before the flow reaches the
      outlet openings, because otherwise the desired equalization that results
      from the deflection loss will be nullified by secondary currents which are
      known to arise in such a case from the curved flow path obtained. By
      resorting to the present invention, however, the direction in the change
      of flow takes place only in the plane of the respective outlet opening,
      which means that secondary flow currents are suppressed so that an
      absolutely uniform flow is achieved.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a vertically sectioned fragmentary perspective view, illustrating
      one embodiment of the invention; and
PAR  FIG. 2 is a view similar to FIG. 1, but illustrating a further embodiment
      of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring firstly to FIG. 1 it will be seen that reference numeral 1
      identifies a stock supply conduit through which dilute paper stock is to
      be supplied to the slice S from where it is deposited upon a forming wire
      5 which is trained about and travels around the breast roll 11. The stock
      supply conduit 1 receives the stock in known manner, that is for instance
      via a conventional pumping system that is known per se in the paper-making
      art.
PAR  The conduit 1 extends over the entire width of the machine, as of course
      does the breast roll 11 and the forming wire 5, as well as the slice S.
      From the conduit 1 extend a plurality of distributing pipes 2 which are
      arranged side-by-side along the length of the conduit 1 and which
      communicate with a manifold 3 that also extends over the entire width of
      the machine. The manifold 3 will be seen to have two transversely spaced
      side walls which each have initially a straight portion, that is a portion
      which is straight in the direction of the flow of stock, from the conduit
      1 upwardly through the pipes 2 and further upwardly through the manifold
      3. In the region of the upper end of the manifold the latter is bounded by
      side wall portions which are not straight as is the remainder of the side
      walls. The side wall portion 7 is curved convexly transverse to the
      direction of flow of the stock, so that the flowing stock will approach
      the side wall portion 7 tangentially with reference to the curvature of
      the same. The side wall portion 7 is provided with a plurality of outlet
      openings 4a the center axis of each of which coincides with the
      longitudinal axis of a fine distributing pipe or tube 4 which communicates
      with the respective opening 4a. The pipes 4 also are arranged over the
      entire width of the machine, and they all converge in the direction from
      the respective openings 4a towards the slice S. The pipes 2 and the pipes
      4 include with one another an angle .beta. which may be between
      substantially 95.degree. and 135.degree., and the center of curvature of
      the convex side wall portion 7 is identified with reference numeral 12 and
      coincides with the point of intersection of the longitudinal axes of the
      converging pipes 4, although it might be located elsewhere.
PAR  The side wall portion 8 which is located opposite the side wall portion 7
      is also curved (or may be provided with one or more bends instead of being
      curved) in such a manner that the flow of stock will include with the
      center axis of each of the openings 4a and hence the pipes 4 an angle
      .alpha.. It is most important according to the present invention that this
      angle will be the same for all of the openings 4a. In other words, over
      the entire height of the side wall portion 8, as well as over the entire
      length thereof (as seen with respect to the width of the machine) the
      angle included between the center axis of each of the openings 4a and the
      stream of stock suspension that approaches this opening must always be
      .alpha., and this angle may vary between substantially 105.degree. and
      155.degree.. This is obtained by the curvature of the side wall portion 7
      and the coordinated curvature (or the provision of bends) of the side wall
      portion 8.
PAR  Past the terminal openings 4a, that is the ones which are located uppermost
      in FIG. 1, the manifold 3 is provided with an overflow 9 through which a
      portion of the fiber stock may be let off as indicated by the liquid level
      present in the chamber 10. In the chamber 10 a cushion of compressed
      gaseous fluid may be established for the purpose of damping the pulsations
      of the paper stock entering the manifold 3, for instance pulsations caused
      by the pumping of the paper stock by the non-illustrated pumping system.
PAR  The embodiment in FIG. 2 is reminiscent of that in FIG. 1, and like
      reference numerals identify like components. It will therefore not be
      described in detail, but only insofar as it differs from that of FIG. 1.
      In FIG. 2, there is provided a further manifold 3' analogous to the
      manifold 3 but located between the manifold 3 and the stock supply conduit
      1. The manifold 3' has a side wall portion 7' corresponding to the side
      wall portion 7, and a further side wall portion 8' corresponding to the
      side wall portion 8. Its outlet openings, which correspond to the openings
      4a of FIG. 1, again each communicate with a distributing pipe or tube 4',
      but in this case the tubes 4' converge to a lesser degree than the tubes
      4. The tubes 4' communicate with the manifold 3 which is constructed in
      all respects in the same manner as in FIG. 1 and of course the remainder
      of the construction also is the same, that is the manifold 3 discharges
      into the tubes or pipes 4 which in turn supply the stock to the slice S.
      The fact that the tubes 4' converge to a lesser extent than the tubes 4,
      means that the convex curvature of the side wall portion 7' is less than
      that of the side wall portion 7. This arrangement further increases the
      uniformity of flow and consequently the uniformity of paper which is
      produced with the machine.
PAR  The provision of the overflow 9, which is present in both of the
      illustrated embodiments, assures that the influence of wall friction in
      the manifold 3, that is friction between the flowing stock and the walls
      bounding the manifold, is avoided with respect to the terminal openings
      4a, that is the ones which are located just before the overflow 9, because
      the suspension which flows along the side wall portion 8 in this region
      can now enter into the overflow 9 and thus cannot disadvantageously
      influence the angle .alpha..
PAR  The chamber 10 in which the gaseous cushion can be formed, could be omitted
      if desired but it is advantageous to provide it because of its damping
      effect.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      stock inlet arrangement for a paper-making machine, it is not intended to
      be limited to the details shown, since various modifications and
      structural changes may be made without departing in any way from the
      spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features which,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. A stock inlet arrangement for a paper-making machine, comprising a stock
      supply conduit; a slice; and a pre-slice flow distributing system
      communicating with said slice for directing a flow of paper-making stock
      from said supply conduit to said slice, said system including a manifold
      extending longitudinally of said slice spaced therefrom and having an
      inlet side through which stock flows from said conduit in a direction
      transversely of the elongation of said manifold, a first side wall
      extending from said inlet side in said flow direction and having a first
      side wall portion which is convex transverse to said flow direction so as
      to be tangentially approached by the flowing stock and which is formed
      with a plurality of outlet openings each having a center axis, and a
      second side wall transversely spaced from and extending along said first
      side wall and having a second side wall portion which is so inclined with
      reference to said first side wall portion that the direction of flow of
      stock traveling between and guided by said side wall portions includes
      identical angles with said center axes of the respective outlet openings.
NUM  2.
PAR  2. An arrangement as defined in claim 1; and further comprising a plurality
      of stock distributing tubes each of which communicates with and is coaxial
      to one of said outlet openings, said tubes converging from said first side
      wall portion towards said slice.
NUM  3.
PAR  3. An arrangement as defined in claim 2; further comprising feeding pipes
      connecting said supply conduit with said inlet side; and wherein said
      feeding pipes are inclined with reference to the elongation of said tubes.
NUM  4.
PAR  4. An arrangement as defined in claim 1; further comprising an additional
      manifold; and an additional pre-slice flow distributing system similar to
      the first-mentioned one but connecting said additional manifold with said
      stock supply conduit to supply paper-making stock from the latter to the
      former.
NUM  5.
PAR  5. An arrangement as defined in claim 2, wherein said tubes include
      terminal tubes as seen with reference to the flow direction of stock
      through said manifold; and wherein said manifold is provided with means
      defining an overflow which is located past said terminal tubes and extends
      over the length of said manifold.
NUM  6.
PAR  6. An arrangement as defined in claim 5; and further comprising walls
      forming above said overflow means a chamber adapted to accommodate a
      cushion of compressed gaseous fluid.
NUM  7.
PAR  7. An arrangement as defined in claim 2, wherein said identical angels
      formed by said flow direction of stock with said center axes of said
      respective outlet openings are between substantially 105.degree. and
      155.degree..
NUM  8.
PAR  8. An arrangement as defined in claim 3, wherein said feeding pipes are
      inclined with reference to the elongation of said tubes to define an angle
      between substantially 95.degree. and 135.degree..
NUM  9.
PAR  9. A stock inlet arrangement for a paper-making machine, comprising a stock
      supply conduit; a slice; a pre-slice flow distribution system
      communicating with said slice for directing a flow of paper-making stock
      from said supply conduit to said slice, said system including a manifold
      extending longitudinally of said slice spaced therefrom and having an
      inlet side through which stock flows from said conduit in a direction
      transversely of the elongation of said manifold, a first side wall
      extending from said inlet side in said flow direction and having a first
      side wall portion which is convex transverse to said flow direction so as
      to be tangentially approached by the flowing stock and which is formed
      with a plurality of outlet openings each having a center axis, and a
      second side wall transversely spaced from and extending along said first
      side wall and having a second side wall portion which is so inclined with
      reference to said first side wall portion that the direction of flow of
      stock travelling between and guided by said side wall portions includes
      identical angles with said center axes of the respective outlet openings,
      said identical angles being between substantially 105.degree. and
      155.degree.; a plurality of stock distributing tubes each of which
      communicates with and is coaxial to one of said outlet openings, said
      tubes converging from said first side wall portion toward said slice; and
      feeding pipes connecting said supply conduit with said inlet side, said
      feeding pipes being inclined with reference to the elongation of said
      tubes so as to define therewith an angle between substantially 95.degree.
      and 135.degree. .
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ABST
PAL  A fast reactor core is submerged in a pool of liquid metal coolant and
      there is a catchment tray for falling fuel debris disposed beneath the
      core. The catchment tray comprises a complex of open top collecting
      vessels arranged on lattice pitches in layers, the lattice pitches of the
      layers being off-set to provide a complete catchment area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to liquid cooled nuclear reactor constructions.
PAR  One known construction of liquid cooled nuclear reactor comprises a core
      supported on a diagrid within a steel primary vessel. The primary vessel
      depends from the roof of a prestressed concrete vessel which forms the
      primary containment. The core is submerged in a pool of liquid sodium and
      comprises a plurality of fuel element sub-assemblies closely packed
      side-by-side on the diagrid. The fuel element sub-assemblies each comprise
      a bundle of closely spaced slender fuel pins of a fissile material, the
      bundle being enclosed by a steel wrapper or shroud through which sodium
      coolant is flowed upwardly in heat exchange with the fuel pins. In the
      event of a loss of coolant flow, such as would be caused by a blockage of
      some of the fuel pin interspaces, the temperature of the fuel could rise
      sufficiently to cause it to melt and the resultant molten fuel could have
      sufficient heat capacity to cause it eventually to burn through the
      material of the primary vessel thereby releasing liquid sodium into the
      primary containment. One method of reducing such risk consists in
      providing a catchment tray for molten fuel debris below the diagrid. One
      such tray which has been proposed comprises a plurality of spaced elongate
      troughs of "V" cross-section arranged in layers, the troughs in any layer
      are parallel to each other but those of alternate layers are laid in
      directions normal to each other. The troughs of a third layer (which are
      laid in the same direction as those of the uppermost first layer) are
      off-set to the troughs of the first layer so as to provide catchment for
      debris falling through the spaces between the troughs of the first layer.
      Similarly the troughs of a fourth layer are off-set to those of the second
      layer. In this way a catchment tray of multiple layers may be built up to
      provide a barrier impervious to debris falling from the core but
      sufficiently pervious to enable liquid sodium to flow upwardly by natural
      or forced convection effectively to cool the troughs. However,
      difficulties are foreseen in providing an adequate system of support for
      the trays and an adequate restraint against thermal distortion that is
      effective during the time in which they contain molten fuel. Furthermore,
      if the trays were manufactured from exotic high melting point materials
      there could be problems in effecting satisfactory end closures.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention in a liquid cooled nuclear reactor construction
      wherein the core is supported within a primary vessel containing a pool of
      liquid coolant in which the core is submerged, there is provided a
      catchment tray for debris falling from the core, the catchment tray
      comprising a complex of open top collecting vessels having central support
      struts, the vessels being spaced apart and arranged in layers in lattice
      pitch, the lattice pitch of the vessels in each layer being off-set to the
      lattice pitches of the vessels in the other layers so that upper vessels
      partially overlap lower vessels, the support struts extending through
      interspaces defined by the vessels in off-set pitch to a common supporting
      sub-structure of the complex, arranged so that the complex of vessels
      presents a complete catchment area to falling debris whilst being pervious
      to liquid coolant circulating upwardly by convection.
PAR  The invention has application to liquid metal cooled fast neutron reactor
      constructions.
PAR  Preferably, the collecting vessels comprise conical dishes and are arranged
      in triangular lattice pitch in each layer and the complex of vessels
      comprises three layers. Conical vessels can be economically manufactured
      and are not readily distorted by temperature to such an extent that the
      distortion would affect their capacity to retain molten debris.
PAR  Alternatively, the collecting vessels may be rectilinear and arranged on a
      square lattice.
PAR  The catchment tray may comprise two or more such complexes in stacked
      array.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate diagrammatically an embodiment of the
      invention in a liquid metal cooled nuclear reactor construction and is
      described by way of example.
PAR  FIG. 1 is a construction of nuclear reactor.
PAR  FIG. 2 is a construction of catchment tray for the nuclear reactor and is
      shown in plan view.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a core 1 supported on a diagrid 2 within a steel primary
      vessel 3. The primary vessel depends from the roof 4 of concrete primary
      containment 5. The core is submerged in a pool 6 of liquid sodium and
      comprises a plurality of fuel element sub-assemblies (not shown) closely
      packed side-by-side. Each fuel element subassembly comprises a bundle of
      closely spaced slender fuel pins of a fissile material sheathed in steel.
      The bundle is enclosed by a steel wrapper or shroud of hexagonal
      cross-section through which sodium is flowed upwardly from the diagrid in
      heat exchange with the fuel pins. A catchment tray 7 for the collection of
      debris falling from the core is disposed beneath the core.
PAR  Referring now to FIG. 2, the catchment tray 7 illustrated therein comprises
      a complex of open top collecting vessels in the form of conical dishes 8
      having central suppport struts 9. The dishes are spaced apart and arranged
      in three layers 10, 11, 12 in triangular lattice pitch. The lattice pitch
      of the dishes in each layer are offset to the lattice pitches of the
      vessels in the other layers so that the dishes of the upper layer 10
      partially overlap dishes of the intermediate and lower layers 11, 12, and
      the dishes of the intermediate layer 11 overlap the dishes of the lower
      layer 12. The support struts 9 extend through the interspaces afforded by
      the dishes in off-set pitch to a common supporting substructure 13 (FIG.
      1) of the complex. The entire arrangement of the dishes is such that a
      complete catchment area is presented to debris, such as molten fuel,
      falling from the core but there is sufficient separation to enable sodium
      to flow upwardly by natural or forced convection through the complex. In
      the event of upper dishes becoming over full, the overspill would normally
      be retained by the lower dishes. To guard against damage by overspill from
      the lowest dishes further containment trays 7 can be provided in stacked
      array.
PAR  In other arrangements of catchment trays suitable for use in nuclear
      reactor installations both conical dishes and rectilinear vessels could be
      used; the conical dishes and rectilinear vessels could be arranged in
      alternate layers and the holding capacity of the conical dishes could be
      increased by providing them with cylindrical upward extensions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid cooled nuclear reactor construction comprising:
PA1  a primary vessel containing a pool of liquid coolant,
PA1  a nuclear reactor core submerged in the pool of liquid coolant,
PA1  a catchment tray for collecting debris falling from the core, the catchment
      tray comprising a complex of open top collecting vessels having central
      support struts and a substructure for supporting the collecting vessels,
      the vessels being spaced apart and arranged in layers in lattice pitch,
      the lattice pitch of the vessels in each layer being off-set to the
      lattice pitches of the vessels in the other layers so that upper vessels
      partially overlap lower vessels, the support struts extending through
      interspaces defined by the vessels in off-set pitch to the supporting
      substructure, arranged so that the complex of vessels presents a complete
      catchment area to falling debris whilst being pervious to liquid coolant
      circulating upwardly by convection.
NUM  2.
PAR  2. A liquid cooled nuclear reactor construction according to claim 1
      wherein the collecting vessels comprise conical dishes and are arranged in
      triangular lattice pitch in each layer, the complex comprising three
      layers of vessels.
NUM  3.
PAR  3. A liquid cooled nuclear reactor construction according to claim 1
      wherein the collecting vessels comprise rectilinear vessels and are
      arranged in square lattice pitch in each layer, the complex of vessels
      comprising at least three layers.
NUM  4.
PAR  4. A liquid cooled nuclear reactor construction according to claim 1
      wherein the complex of collecting vessels comprises at least one layer of
      conical dishes and at least one layer of rectilinear vessels.
NUM  5.
PAR  5. A liquid cooled nuclear reactor construction according to claim 1
      wherein the catchment tray comprises a plurality of complexes of
      collecting vessels in stacked array.
NUM  6.
PAR  6. A liquid cooled nuclear reactor construction according to claim 2
      wherein the reactor is a fast neutron reactor and the coolant is liquid
      metal.
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ABST
PAL  Particle fuel, such as is used in high temperature nuclear reactors, and
      having the fuel material coated with a pyrolytic carbon coating
      impermeable to gaseous fission products and embedded in a matrix of
      graphite, incorporates radium 226 which may be included in the binder for
      the grains of the fuel. During the manufacturing process, the integrity of
      the pyrolytic carbon coating can be checked before irradiation in a
      reactor by circulating an inert gas such as argon over the particles at a
      temperature in excess of 800.degree.C. This may be carried out in the
      final carbonisation step during manufacture or immediately before vacuum
      degassing. The inert gas after passing over the particles is checked for
      the presence of radon 222, for example by passing the gas into a decay
      chamber having a filter in its outlet to collect radio active solid
      daughters of radon and counting the alpha particles emitted by the
      material collected by the filter. It is thus possible to test the
      integrity of the pyrolytic carbon coating before the fuel is irradiated.
PARN
PAC  REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 135231
      filed Apr. 19th 1971, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to particle fuel (such as is used for high
      temperature nuclear reactors) of the kind in which the fuel material is
      coated with a pyrolytic carbon coating impermeable to gaseous fission
      products and embedded in a matrix of graphite and is concerned more
      particularly with the testing of such fuel particles to determine the
      integrity of the coating against any fission gas leakage.
PAR  In considering the problem of testing such fuel particles it will be borne
      in mind that these particles are quite small and that far greater numbers
      of fuel particles are employed in a high temperature reactor using such
      carbon coated fuel particles compared with the number of fuel cans in
      earlier types of graphite moderated gas-cooled reactors operating at lower
      temperatures such as the Magnox and A.G.R. reactors. There may, for
      example, be of the order of 10.sup.10 particles in a reactor fuel charge
      for a high temperature reactor and the level of defect that is required to
      be measured lies in a range of one in 10.sup.4 to one in 10.sup.6 fully
      failed particles. It is an object of the present invention to provide a
      method of testing such particles in a way which is directly relevant to
      the fission gas release in the reactor and to this standard. One of the
      requirements is that the testing should be effected before the particles
      are irradiated in the reactor. With the very large numbers of particles,
      it is not practicable to load them into the reactor and to check and
      remove faulty elements after irradiation.
PAR  In checking before irradiation, however, a further problem arises with the
      carbon coated fuel particles in that, although the inner pyrolytic carbon
      coating has to provide the effective containment of fission gas products,
      at low temperatures, the matrix graphite will also effectively contain
      such products although at high temperatures they will diffuse through this
      matrix graphite.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention a method of manufacturing
      fuel particles for a nuclear reactor having fuel material coated with a
      pyrolytic carbon coating surrounded by an outer matrix graphite includes
      the steps of incorporating radium 226 into the fuel material, coating the
      fuel material with at least one pyrolytic carbon coating, surrounding the
      coated fuel material with matrix graphite.
PAR  The fuel material before applying the pyrolytic carbon coating is formed
      into a green kernel which is then sintered. The sintered kernel may be
      coated with a silicon carbide layer between two pyrolytic carbon layers.
      In forming a fuel body, a number of such kernels with their pyrolytic
      carbon coatings may be overcoated with matrix graphite.
PAR  The testing of the integrity of the coating may be made following the
      completion of manufacture but very conveniently the heating for the
      testing may be a heating stage in the manufacture of the particles. It
      may, for example, be the heating during the final carbonisation step in
      making the fuel bodies which step is normally at a temperature of
      800.degree. to 900.degree.C. However, after this carbonisation, the bodies
      are normally vacuum degassed at a temperature typically of the order of
      1800.degree.C and it may be more convenient to effect the test by heating
      to this degassing temperature and, after effecting the test, carrying out
      the vacuum degassing of the bodies at this temperature. The carbonisation
      and degassing steps may be combined by passing the bodies through a
      furnace with two heating zones at the appropriate temperatures, e.g. the
      first at 900.degree.C and the second at 1600.degree.C, the degassing being
      performed in a flowing gas stream; the testing, as before, may be effected
      by checking for the presence of radon in the gas stream.
PAR  The higher the temperature, the more quickly will the radon 222 diffuse
      through the matrix graphite. If a relatively low temperature of
      800.degree.C is employed, in order to reduce the delay to the testing
      process caused by the time that radon would take to diffuse out of the
      fuel material grains of the kernel of the particle, it may be preferable
      to ensure that the radium is coated on the surface of these grains of the
      fuel material in the kernel of the particle, for example by incorporating
      the radium in the binder employed to bind the grains together during the
      kernel manufacture and sintering process. As examples of suitable binding
      materials, a paraffin or ketone binder may be employed but preferably
      stearic acid or aluminium stearate is employed as the binder. The radium
      may be incorporated in the binder in the form of radium stearate. The
      amount of radium required to be incorporated in the particles is very
      small. Systems have been built to detect quantities of radon as small as
      10.sup.-.sup.14 Curies (which give only one to two disintegrations per
      hour). The quantity of radium to be added to fuel is governed not
      therefore by the limits of detection techniques but by the time in which
      it is required to conduct the test and the limitations of convenient
      detection techniques. The amount of radium required is very small,
      typically less than 1 part in 10.sup.8 parts of uranium (by weight), and
      should not cause any difficulty in the manufacturing process if the
      ventilation is adequate.
PAR  The invention furthermore includes within its scope a nuclear reactor fuel
      particle of the kind in which the fuel material is coated with a pyrolytic
      carbon coating and with an outer matrix graphite coating wherein a small
      quantity of radium 226 is incorporated in the fuel material. For a uranium
      fuel, the radium may be less than 1 part in 10.sup.8 parts (by weight) of
      the uranium. It may be coated on the grains of the fuel material or
      incorporated in a binder for the fuel material grains.
PAR  The fuel material in the particles is typically uranium oxide or a mixture
      of uranium and thorium oxide. Other materials however may be employed,
      e.g. uranium carbide.
PAR  The testing of these nuclear reactor fuel particles of the above-described
      kind in which the fuel material has a pyrolytic carbon coating and is
      embedded in a matrix of graphite and incorporates radium 226 may be
      carried out in apparatus comprising means for heating the fuel particles
      in a closed furnace to a temperature of at least 800.degree.C, means for
      circulating an inert gas through the furnace and through a decay chamber
      having, in its exit, a filter for collecting radio active solid daughters
      of radon, and means for checking the presence of any such radio active
      material on the filter. The checking is preferably effected by means of a
      counter counting any alpha particles emitted by the material collected on
      the filter.
PAR  It is desirable to check the amount of radium in the fuel before looking
      for radon release. The radium in the fuel may be measured by gamma ray
      spectroscopy. However, to obviate the need to wait for the radon to come
      into equilibrium with the radium (radon 222 has a half-life of 3.8 days),
      the quantity of radon daughters in the fuel may be checked by gamma ray
      spectroscopy before looking for radon release.
PAR  For calibration purposes, a secondary loop containing a known radon source
      may be provided, the gas being circulated through the radon source and
      decay chamber. The source conveniently is a solution of a known quantity
      of radium chloride in hydrochloric acid to give a pH of about 2, the gas
      being bubbled through the solution to release the radon.
PAR  The above-described method and apparatus provides a non-destructive test
      technique to check the integrity of the particle coatings against release
      of gaseous fission product and it has a particular advantage in that the
      test can be carried out if desired after the particles have been compacted
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the following description reference will be made to the accompanying
      drawing in which:
PAR  FIG. 1 is a cross-sectional view of a fuel particle having a pyrolytic
      carbon coating and outer matrix graphite for use in a high temperature
      nuclear reactor; and
PAR  FIG. 2 illustrates diagrammatically an apparatus for testing the integrity
      of the pyrolytic carbon coating of the nuclear fuel particles.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The manner of making fuel particles for high temperature gas-cooled
      reactors of the kind having fuel material in a pyrolytic carbon coating or
      coatings surrounded by matrix graphite is well-known and will only be
      outlined in the following description except in so far as mention is made
      of the distinctive and novel features of manufacture which are significant
      in relation to the present invention which enables the integrity of the
      pyrolytic carbon coating of the fuel particles to be tested without
      irradiation in a reactor.
PAR  The fuel particles in this example have an inner kernel of compacted
      powdered uranium dioxide fuel material. As is known, however, other
      materials such as uranium carbide or mixed oxides or carbides, e.g.
      uranium and thorium oxide or uranium and thorium carbide, may be employed.
      The uranium dioxide is in the form of a fine powder, typically having a
      surface area of 4 m.sup.2 /g. This is mixed with a small percentage of
      carbon black, typically 5% by weight, and with a suitable binder,
      typically 1/2% by weight the material being mixed in a ball mill. The
      binder may be aluminium stearate which is commonly employed as a binder in
      manufacturing fuel particles of this nature but it is preferred to use
      stearic acid. In accordance with the present invention the binder however
      is doped with radium 226. The quantity of radium 226 is quite small and it
      is preferred to use approximately 10 micro Curies of radium 226 per
      kilogram of uranium. The powder is then agglomerated by being put in an
      agitated container, typically a drum rotated eccentrically, the powder
      being fed in at a controlled rate. The powder particles agglomerate slowly
      to form spheres. Typically these spheres, when about 250 microns diameter,
      are taken out and used as seed spheres in a further agglomerator into
      which powder is added at a controlled rate. Agglomerators are used in
      cascade to produce spheres of typically 1000 microns diameter which
      constitute the green kernels of the fuel material. These kernels are then
      subjected to heat treatment stages using different atmospheres for the
      various stages. As one example, the material is first heated typically to
      1300.degree.C in an atmosphere of carbon monoxide (to prevent formation of
      uranium carbide) this heating stage being to carbonise the binder
      meaterial and to sinter the kernels. The sintered kernels are then heated
      in a flowing mixture of CO.sub.2 and CO to decarbonise the material; the
      carbon from the stearic acid and the carbon black is converted to carbon
      monoxide and driven off leaving porosity in the kernel in this stage.
      After the carbon has been driven off, the material is then heated to a
      higher temperature to sinter the uranium oxide, typically at a temperature
      of 1450.degree.C.
PAR  Other techniques are known and, in particular, to obtain the porosity,
      instead of using carbon black with uranium dioxide, one can start with
      U.sub.3 O.sub.8, subsequently reducing it to UO.sub.2 after the grains
      have been bound together.
PAR  After sintering, the kernels are coated with two layers of pyrolytic
      carbon. A layer of porous carbon may be formed before applying the first
      pyrolytic carbon layer in order to extend the porosity of the fuel. There
      may also be a layer of silicon carbide between the two pyrolytic carbon
      layers. The purpose of the pyrolytic carbon is to retain the gaseous
      fission products. The silicon carbide layer, if provided, is to retain
      metallic fission products but it also assists in retaining gaseous
      products. The coating with the pyrolytic carbon layers is effected by
      putting the sintered kernels in a fluidised bed coating furnace through
      which an appropriate reactant gas, such as propylene or methane, is
      passed. For a silicon carbide layer, the gas employed is
      methyltrichlorosilane. The methods of producing such coatings on fuel
      bodies are known in themselves (see for example British Patent
      Specification No. 1055232 and U.S. Pat. No. 3298921) and will not be
      further described.
PAR  FIG. 1 illustrates a particle at this stage. The particle has a kernel 5
      formed of sintered powdered uranium oxide material. The radium 226 from
      the binder remains on the surface of the finely powdered uranium oxide.
      This kernel has a first pyrolytic carbon coating 6, a silicon carbide
      coating 7 and an outer pyrolytic carbon coating 8.
PAR  The particles are then overcoated with a graphite resin mixture by feeding
      the overcoating material at a controlled rate into a mixer with the
      particles. The coated particles are then put in a die to form the shape of
      the appropriate fuel bodies which may contain many particles. The actual
      form of the fuel bodies depends on the reactor design. There are a number
      of different ways in which particles of this nature may be employed. For
      example, the particles may be embedded in large blocks of matrix graphite.
      In another arrangement, the particles may be formed into relatively small
      fuel pins for insertion into channels in a graphite core. The present
      invention is applicable quite generally to all such fuel bodies.
PAR  The essential novelty of the process thus far described lies in the
      incorporation of the radium 226 in the fuel kernels. It is the presence of
      this radium 226 which permits of the non-destructive testing of the fuel
      particles or fuel bodies before irradiation in a reactor in order to check
      the integrity of the pyrolytic carbon coatings in retaining gaseous
      fission products. This check permits of monitoring of the production
      stages during the manufacture of the fuel bodies. Particularly during the
      incorporation of the pyrolytic carbon coated particles in large blocks of
      matrix graphite, the possibility arises of mechanical damage to the
      pyrolytic carbon coating during the processing. The presence of the radium
      226, as hereinafter described, permits the subsequent checking of the
      integrity of these coatings without irradiation in the reactor.
PAR  The testing of the coatings is conveniently carried out on the particles
      with their pyrolytic carbon coating after they have been overcoated with
      the matrix graphite. As has been indicated above the fuel bodies may
      contain a large number of particles but this is not necessarily so. The
      testing procedure however is applicable to both large and small fuel
      bodies. In forming the matrix overcoating of graphite, after the
      carbonisation process at a temperature of 800.degree. to 900.degree.C, the
      particles are heated to a temperature typically of 1800.degree.C and then
      vacuum degassed. The testing may be carried out during the carbonisation
      stage but it is conveniently carried out during the heating stage before
      the vacuum degassing.
PAR  FIG. 2 illustrates the test apparatus for testing the fuel bodies and shows
      the fuel bodies 10 in a closed tubular furnace 11 which may be the furnace
      for heating the particles prior to degassing. By means of a pump 12, an
      inert gas is circulated through a pipe 13 into the furnace and out through
      a pipe 14 to a decay chamber 15. This inert gas (which may be any gas
      which will not react with the particles or the material of the equipment)
      will carry with it any radon 222 which escapes from the fuel particles on
      heating. This radon decays in the decay chamber 15 and the radio active
      solid daughters of the radon are filtered at the exit of the chamber by a
      filter 16 (conveniently a cellulose acetate type filter) and their
      presence on the filter is checked by means of an alpha particle counter 17
      (e.g. a solid state silicon surface barrier detector) which counts alpha
      particles emitted by the material collected on the filter, the count being
      shown on a display 18. Any escape of radon indicates faults in the
      pyrolytic carbon coating and hence the counter indication provides a
      measure of the proportion of faulty coatings in the particles under test.
PAR  For calibration purposes, there is provided a known radon source comprising
      a vessel 20 containing a known quantity of radium chloride in an aqueous
      solution with sufficient hydrochloric acid to give a pH of about 2; the
      hydrochloric acid is to keep the radium chloride in solution. By means of
      valves 21, the gas stream can be diverted to bubble through the radium
      chloride solution to release the radon. For calibration, the gas passes
      through the vessel 20 and into the decay chamber 15 where the radon decays
      and is measured by the counter 17.
PAR  It is desirable to check the quantity of radium in the fuel particles
      before looking for radon release. This may be done by gamma ray
      spectroscopy. As a refinement, the quantity of radon daughters may also be
      checked by gamma ray spectroscopy; this obviates the need to wait until
      the radon has come into equilibrium with the radium.
CLMS
STM  I claim:
NUM  1.
PAR  1. A nuclear reactor fuel body of the kind in which the fuel material is in
      the form of a kernel coated with a pyrolytic carbon coating and with an
      outer matrix graphite coating wherein a small quantity of radium 226 is
      incorporated in the kernel.
NUM  2.
PAR  2. A nuclear reactor fuel body as claimed in claim 1 wherein the fuel
      material is uranium and wherein the radium 226 is less than one part in
      10.sup.8 parts by weight of uranium.
NUM  3.
PAR  3. A nuclear reactor fuel body as claimed in claim 1 wherein the fuel
      material is in granular form in said kernel of a fuel particle with the
      grains bound together by a binder and wherein the radium 226 is
      incorporated in the binder, said fuel body comprising a plurality of said
      fuel particles within outer matrix graphite.
NUM  4.
PAR  4. A nuclear reactor fuel body as claimed in claim 1 wherein the fuel
      material is in granular form in the kernel of the particle and wherein the
      radium 226 is coated on the surface of the grains of fuel material.
NUM  5.
PAR  5. A nuclear reactor fuel body as claimed in claim 3 and employing a
      mixture of radium stearate and aluminium stearate as the binder.
NUM  6.
PAR  6. A nuclear reactor fuel body as claimed in claim 1 wherein the kernel has
      a silicon carbide coating between pyrolytic carbon coatings.
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PAL  A nuclear fuel assembly has a plurality nuclear fuel pins which are
      extremely long and slender thin walled tubes containing heavy nuclear fuel
      pellets supported in exceedingly close pitch as a cluster. The end support
      for supporting these pins vertically locates each pin by a spigot and
      socket connection of special design. By other connection the pin is
      positioned and retained in the cluster whilst it can execute limited
      changes in length, and can when necessary be detached from its support by
      a force which may distort the connection but will not put the integrity of
      the fuel can as a fuel container at risk.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to means for supporting nuclear fuel pins in a
      coolant channel of a nuclear reactor. Problems in supporting nuclear fuel
      pins in nuclear reactors arise from many design restraints unique to these
      components. For reasons of nuclear reactivity and neutron economy it is a
      requirement to reduce the parasytic material in a reactor core to a
      minimum whilst for heat transfer reasons it is desirable to avoid the use
      of fuel pins having a large cross-sectional area. A consequence of these
      design considerations is that the fuel pin tends to be a very long thin
      object with the fuel can of minimum thickness such that the pin with its
      heavy metal oxide filling is hardly self-supporting in other than a
      vertical attitude and it is in this attitude it must be supported in a
      nuclear reactor core. Typically the fuel pin may have a length/diameter
      ratio of 500/1 and, in the case of a fast reactor fuel pin, the outside
      diameter may be about 0.2 inches. Furthermore for reactor physics reasons,
      these long, slender, pins must be spaced very close together. As an
      example, a fast reactor fuel assembly may require that some 2-300 fuel
      pins, each a few tenths of an inch diameter, be supported end on to
      coolant flowing up a channel about 22 square inches in total area.
      Eventually, of course, the fuel pins, having suffered irradiation, must be
      withdrawn from the fuel channel by an upward pull which must dislodge the
      pin without the risk of breaching the can as a fuel (and fission product)
      container.
PAR  It will be appreciated from the foregoing that the design of fuel pin
      support can be a matter of some complexity.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a nuclear fuel assembly comprises a
      number of metal clad fuel pins retained in parallel spaced relationship in
      a common support structure, each fuel pin having a fuel containing portion
      and an end fitting portion, the latter portion co-operating with the
      support structure in such a manner as, on the one hand to retain the fuel
      pin in position in the assembly whilst allowing the pin to execute limited
      charges in length and, on the other hand, to allow separation of the fuel
      pin from the support structure after the application of forces which
      distort the end fitting whilst the integrity of the fuel containing
      portion is maintained. Preferably the common support comprises an annular
      member supporting a row of deep cross beams. At closely spaced intervals
      along each beam is secured upstanding one component of special spigot and
      socket coupling, the other component of which is carried by the lower end
      of the fuel can. Where it is desired to preserve a specific, rotational,
      orientation of the fuel pin in the assembly and restrain the pins against
      rotation, a special formation on the end fitting may be incorporated to
      achieve this effect.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described with reference to the following
      diagrammatic drawings in which
PAR  FIG. 1 is an axial cross-section of a nuclear fuel assembly, one pin only
      being shown;
PAR  FIG. 2 is a plan view of FIG. 1;
PAR  FIG. 3 is an axial cross-section through the lower end of a nuclear fuel
      pin showing part of its fuel containing portion and is extension;
PAR  FIG. 4 is an external view of FIG. 3 as seen in the direction of arrow A;
PAR  FIG. 5 is a view of FIG. 3 with the fuel pin separated from the support
      structure and
PAR  FIG. 6 is a similar view to FIG. 1 showing an alternative configuration of
      and fitting.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring firstly to FIGS. 1 and 2, a nuclear fuel assembly is shown to
      comprise a number of metal clad fuel pins 1 retained in parallel, spaced
      relationship in a common, bottom support structure 2. Each pin 1 has fuel
      containing portion 1a and a lower extension 1b which forms a locating
      support member. The support structure 2 comprises an annular member 3
      having a plurality of beams 4 extending characterise across the member 3,
      each beam 4 being a deep plate supported at its ends by the member 3. An
      open ended wrapper tube 5 of hexagonal cross-section is fastened to the
      periphery of the annular member. Secured to each beam 4 and upstanding
      from its upwards directed face is a row of locating members in the form of
      spigots 6 which is dimensioned to enter as a push fit a socket 7 in the
      lower extension 1b of the fuel pin. To space the fuel pins from one
      another along their length each is externally wrapped with wire (not
      shown) along a helical path on the pin surface, alternatively a spacer
      grid may be used.
PAR  To form an assembly of this nature it is necessary to place the support
      structure on flat base with its tubular wrapper attached and to lower the
      fuel pins which may be up to 8 feet long one by one into the wrapper so
      that the locating support member on the fuel pin engages the spigot 6 on
      the beam. As the pins are spaced closer than the pin diameter the support
      means for each pin must lie within the diameter of the fuel containing
      portion of the pin. The means of effecting this are shown in FIGS. 3, 4.
PAR  Referring now to FIGS. 3 and 4, parts of the support means shown are the
      annular member 3, a beam 4 in cross-section and a spigot 6. The latter
      comprises a stem 6a  secured to the top face of the beam and upstanding
      therefrom and an enlarged head 6b with a tapered surface 6c. Those parts
      of the fuel pin 1 shown are the lower end of the fuel containing portion
      1a and the locating support member 1b formed as an extension of the fuel
      pin. The member 1b has a socket 7 the entry to which is a tapered hole 8
      leading through a neck portion 9 to a cavity 10 of enlarged cross-section.
      The axial length of the stem 6a on the spigot 6 is less than the axial
      length of the tapered hole 8 and the extremity of the socket 7 is
      bifurcated so that it straddles the underlying beam 4. This latter feature
      prevents rotation of the pin relative to the support structure. The cavity
      10 has a generous axial length so that the pin can lift from its hard down
      position on its support structure, for example as by being levitated by
      upward coolant flow, but this levitation is limited by the enlarged head
      6b. The axial clearance between the top of the cavity and the top of the
      spigot allows axial length changes of the fuel pin, especially the fuel
      containing portion which, as shown is separated from the cacity in the
      extension by a bulkhead section. An upward pull on a fuel pin to remove
      the pin from the cluster will if large enough separate the spigot and
      socket by distortion and even fracture of these parts. For example the
      enlarged head may on the spigot by pulled through the necked portion
      scuffing the surfaces defining the neck. The stem 6a of the spigot may
      fracture and the parts separate leaving the head 6b in the cavity 10.
      Alternatively the pin extension may fracture the wall of the cavity
      adjacent the bulkhead 11. All these modes of separation involve distortion
      of the spigot or socket or both.
PAR  A further feature may be provided as showing for convenience in FIG. 4. Two
      slits 11 are cut axially along the centre of each bifurcated half of the
      socket. The axial length of each slit is approximately equal to the length
      of the tapered portion of the socket and it allows the socket to be
      enlarged as the spigot enters it. In a modified form of the socket shown
      in FIG. 6, the surfaces of the cavity adjacent the neck are tapered at 13
      similarly to the taper on the lower side of head of the spigot 6. This
      taper will ease the withdrawal of the spigot head from the cavity and
      hence from the socket.
CLMS
STM  We claim:
NUM  1.
PAR  1. A nuclear fuel assembly comprising: a number of metal clad fuel pins
      having a fuel containing portion and an end extension shaped as a locating
      member, a support for supporting the fuel pins vertically from below the
      support,
PA1  comprising an annular member having a plurality of spaced beams extending
      chordwise across the annular member,
PA1  rows of support members upwardly projecting from said beams,
PAL  each of said fuel pins being supported by the support by
PA1  co-operation between its locating member and one of said support members,
PAL  said locating members and support members being shaped as co-operating
      spigots and sockets, whereof each spigot has an enlarged head portion
      which enters through a necked portion of the socket into a cavity of the
      socket as a force fit, the members being separable only by distortion of
      at least one of said members without breaching the fuel containing portion
      of the metal clad fuel pin.
NUM  2.
PAR  2. A nuclear fuel assembly as claimed in claim 1 in which the spigot
      comprises a stem upstanding from the beam and having an enlarged head
      portion at the end of the stem.
NUM  3.
PAR  3. A nuclear fuel assembly as claimed in claim 1 in which the spigot and
      socket have complementary tapers which lead spigot and socket into
      engagement, the tapered portion of the socket being bifurcated to straddle
      the beam from which the spigot extends.
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ABST
PAL  A control rod for a nuclear reactor in an articulated form, and including a
      series of pivotally connected links. At least one of these links is
      disclosed, the endmost one, serves as a means for the collection of a gas,
      with the rest of the links containing a neutron absorbing material.
      Flexible members extend through pivotal joints between the links,
      establishing serial communication between the links and serving to convey
      the gas produced as a result of the absorption of neutrons by said
      material into said gas collection means.
BSUM
PAR  The present invention relates to nuclear reactors and, more particularly,
      to a control rod for a nuclear reactor, which is in most cases associated
      with fast nuclear reactors.
PAC  BACKGROUND OF THE INVENTION
PAR  A control rod for a nuclear reactor is known, which contains a series of
      pivotally connected links containing a neutron absorbing material and
      having a means for the collection of the gas produced as a result of the
      absorption of neutrons by said material.
PAR  In said known control rod, the neutron absorbing material only partially
      occupies the volume of each link. The rest of the volume serves as the
      means for the collection of the gas, which is necessary to reduce the
      value of the pressure of the gas acting from the inside onto the sheath of
      the link. The presence of free spaces in each link results in an overall
      reduction of the amount of the neutron absorbing material that can be
      carried by the control rod, and, hence, affects the efficiency of said
      rod. The service life of this rod is limited by the time during which the
      pressure of the gas within the link is built up to a critical value (from
      the point of view of the strength of the sheath of the link). Thus, with
      the control rod being of the above-described known structure, its service
      life can be prolonged by increasing the free space in each link, and the
      overall efficiency of the rod is reduced as a result, and vice versa.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to step up the overall efficiency
      of the control rod for a nuclear reactor and, at the same time, to prolong
      the service life thereof.
PAR  This object is accomplished in a control rod for a nuclear reactor,
      including a series of pivotally joined links accommodating a neutron
      absorbing material, and having a means for the collection of the gas
      produced as a result of the absorption of neutrons by this material, in
      which control rod, in accordance with the present invention, said means
      for the collection of the gas is accommodated in one of the end portions
      of the rod, and is pivotally joined with a respective endmost link, said
      links and said gas collection means being provided with flexible members
      extending through the pivotal joints between the links, thus establishing
      serial communication between the links, and serving to convey the gas into
      said collection means.
PAR  The herein disclosed structure for a control rod for a nuclear reactor
      provides for stepping up the overall efficiency of the rod and prolonging
      its service life.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be further described in connection with
      preferred embodiments thereof with reference to the appended drawings,
      wherein:
PAR  FIG. 1 is a longitudinal sectional view of a control rod for a nuclear
      reactor embodying the invention;
PAR  FIG. 2 is a longitudinal sectional view of a fast nuclear reactor
      incorporating a control rod, in accordance with the invention;
PAR  FIG. 3 is a sectional view taken along line III--III of FIG. 2;
PAR  FIG. 4 is a longitudinal sectional view of a control rod for a nuclear
      reactor, which is an alternative embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in particular to the appended drawings, the herein disclosed
      control rod 1 (FIG. 1) for a nuclear reactor 2 (FIG. 2) is intended to
      control the neutron flux within the core 3 of the reactor 2, which in this
      case is a fast reactor.
PAR  The control rod 1 (FIG. 1) is positioned in the core 3 (FIG. 2) of the
      reactor defined, respectively, by axial and side blankets 4 and 5, and
      also by a neutron shielding 6. Fuel assemblies 7 (FIG. 3) of the core 3,
      and fuel assemblies 8 of the side blanket 5 are secured, respectively, in
      the top and bottom plates 9 and 10 (FIG. 2) of a pressure chamber 11 of
      the reactor 2, with the plates also having guide sleeves 12 mounted
      therein (FIG. 1) for the control rods 1.
PAR  The presently described control rod 1 is of an articulated type, including
      five links interconnected through respective pivotal joints 13 and
      reciprocable within a respective guide sleeve 12. Three links 14 of this
      control rod 1 are filled with a neutron absorbing material 15, preferably,
      based on B.sup.10, accommodated within sealed sheaths 16 of these links
      14, the sheaths 16 being of a cylindrical shape. Two bottommost links 17
      of the control rod 1 are likewise interconnected and coupled to one of the
      adjacent links 14 through pivotal joints 13 and serve as the means for the
      collection of the gas produced as a result of the absorption of neutrons
      by the material 15.
PAR  The internal spaces of the links 14 and 17 communicate with one another by
      means of flexible members 18 in the form of hollow tubes extending through
      the pivotal joints 13, with each flexible member 18 including a single
      helical coil of this tube. This shape for the flexible members 18
      compensates for the action of thermal stresses occurring in the operation
      of the respective adjacent pairs of the links 14 and 17.
PAR  The control rod 1 has a head portion 19 provided with a stop 20, with the
      head portion being made fast with the sheath 16 of the topmost link 14. As
      the control rod 1 is introduced into the core 3 (FIG. 2) of the nuclear
      reactor 2 to extend between top and bottom limits 21 and 22, respectively,
      of this core; it is retained in a desired position by the stop 20 being
      placed on the top face 23 (FIG. 1) of the sleeve 12. In this position, the
      bottommost links 17, acting as the gas collection means, are situated
      below the bottom limit 22 of the core 3 (FIG. 2).
PAR  In order to effect vertical adjustment of the control rods 1 (FIG. 1)
      relative to the core 3 (FIG. 2), a lid 24 of a vessel 25 of the nuclear
      reactor 2 is associated with actuators 26, with a rod 27 of each actuator
      26 being adapted to engage the head portion 19 (FIG. 1) of a respective
      control rod 1 (FIG. 3).
PAR  A coolant is introduced into and withdrawn from the vessel 25 (FIG. 2) of
      the nuclear reactor 2 by means of pressure and outlet connections 28 and
      29, respectively. There is also the possibility of having an alternative
      embodiment for a control rod of a nuclear reactor in accordance with the
      invention, similar to the one described above.
PAR  The difference between the two embodiments is that in the second embodiment
      the gas collection means is in the form of two uppermost links 30 (FIG. 4)
      which are positioned above the top limit 21 of the core 3 (FIG. 2),
      wherein the control rod is introduced into this core 3, while the two
      bottommost links 31 (FIG. 4) of the rod are filled with the neutron
      absorbing material 15.
PAR  Both embodiments of the control rod for a nuclear reactor are operated in a
      similar manner, as follows:
PAR  In operation of the core 3 (FIG. 2) of the nuclear reactor 2, the neutron
      absorbing material 15 (FIGS. 1 and 4) gradually "burns away", and the gas
      being thus produced, e.g. helium, fills the internal pores of the material
      15 itself, and is ultimately collected in the gas collection means after
      having passed through the successive flexible members 18.
PAR  The herein disclosed structure for the control rod of a nuclear reactor
      provides for stepping up the overall efficiency thereof and, at the same
      time, prolonging the service life of the rod, owing to the gas collection
      means, i.e. the means that collects the gas produced by the burning away
      of the neutron absorbing material, being which positioned outside the core
      of the reactor, as contrasted to the prior art structures. As compared
      with the rod of the prior art structure, the control rod in accordance
      with the invention enables, with the same height of the reactor core, the
      efficiency of the control rod to be enhanced by filling the
      gas-accommodating space provided in the known rod with the neutron
      absorbing material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control rod for a nuclear reactor, accommodated in the core of said
      reactor and comprising: a series of hollow links; pivotal joints
      interconnecting said series of links into an articulated structure; at
      least one of said links of said series, which is the endmost one, serving
      as a gas collecting means; a neutron absorbing material accommodated in
      the rest of said links of said series; flexible members extending through
      said pivotal joints and establishing serial fluid communication between
      said links, with said flexible members being adapted to convey the gas
      produced as a result of the absorption of neutrons by said neutron
      absorbing material to said gas collecting means.
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ABST
PAL  A heat-insulating lining for a fast reactor shield slab comprises a set of
      panels each consisting of a mat of superposed wire mesh or fabric elements
      enclosed within at least one metallic casing which is secured against the
      shield slab. The end walls of the casing are formed by sealing plates
      applied against the panels and the side walls are formed by at least two
      interengaged L-section members so arranged that one flange of each member
      covers the edge of one sealing plate whilst the other two flanges leave a
      narrow lateral gap which forms a capillary seal.
BSUM
PAR  This invention relates to a heat-insulating lining which is primarily
      intended to be employed in a fast reactor for ensuring thermal protection
      of a shield slab which serves to close the top portion of the biological
      shield structure of a reactor of this type. The shield structure in turn
      encloses an open-topped metallic tank having a vertical axis and
      containing a mass of liquid metal which usually consists of sodium for
      cooling the reactor core by removal of the heat generated by nuclear
      fission. The invention applies more especially in the case in which the
      closure or shield slab located above the free level of the liquid metal
      within the tank is separated from this latter soley by a layer of inert
      blanket gas which usually consists of argon, the shield slab being
      constituted by a horizontal concrete wall, the wall surface which is in
      contact with said blanket gas being covered with a metallic sole-plate of
      stainless steel. Said shield slab also has openings which allow access by
      handling equipment units to the reactor core within the biological shield
      structure and at the same time provide a sealed passageway for components
      such as heat exchangers and pumps which are necessary for the operation of
      the installation.
PAR  In sodium-cooled fast reactors, it is also known that the temperature in
      the inert-gas atmosphere which is present above the level of the liquid
      metal is usually of the order of 500.degree.C. This gives rise to the
      formation in the blanket gas of sodium vapors and aerosols which would be
      liable to come into contact with the sole-plate of the shield slab if no
      precaution were taken and thus to cause rapid damage to the sole-plate on
      the one hand as a result of corrosion effects and on the other hand as a
      result of mechanical stresses arising from differential thermal
      expansions.
PAR  The invention relates to a heat-insulating lining which is adapted to the
      operating conditions outlined in the foregoing and is consequently capable
      of ensuring thermal protection of the shield slab, provision being made in
      particular for metallic structural elements which are incorporated with
      said lining and afford resistance to corrosion by liquid metal, with the
      exception of mineral heat-insulating materials which are incompatible with
      sodium vapors and aerosols. Said metallic structural elements are
      preferably provided in the form of wire fabric, trelliswork or netting and
      are stacked so as to form aerated panels of predetermined thickness which
      are comparable with a fibrous medium, thereby producing between the
      sole-plate of the shield slab and the blanket gas located above the level
      of liquid metal an acceptable thermal gradient which is adapted to the
      possible power levels of the reactor both under normal operating
      conditions and in the event of a fault condition in the circulating pumps
      accompanied by an abrupt temperature rise.
PAR  To this end, the heat-insulating lining under consideration which comprises
      a set of panels each constituted by a mat of superposed elements of
      metallic fabric or trelliswork extending parallel to the shield slab to be
      heat-insulated, is distinguished by the fact that the set of panels is
      enclosed within at least one metallic casing fixed against the shield slab
      and such that the end walls of said casing which are parallel to the
      panels are formed by sealing plates applied against said panels, the sides
      of the casing which connect the sealing plates to each other being
      constituted by at least two interengaged L-section members having two
      flanges at right angles, one flange of each L-section member being adapted
      to cover one sealing plate whilst the other two flanges delimit
      therebetween a narrow lateral gap forming a capillary seal.
PAR  In its application which is more particularly contemplated, the
      heat-insulating lining under consideration is applied against the shield
      slab which closes the biological shield structure of the reactor so that
      one of the sealing plates which is in contact with the shield slab is at a
      relatively low temperature and the other sealing plate which is in contact
      with the blanket gas is at the high temperature of this latter. The
      thermal gradient created across the lining by the metallic fabric or
      trelliswork panels ensures condensation of the aerosols of liquid metal
      within the capillary space delimited by the two lateral L-section members,
      with the resultant formation of an annular band of solidified metal which
      achieves imperviousness of the casing to outside agents. As a consequence,
      the vapors and aerosols of liquid metal cannot penetrate into the casing
      or consequently cause progressive clogging of the interstices between the
      meshes of the metallic fabric elements which would rapidly limit the
      thermal efficiency of the lining. Under these conditions and in accordance
      with a particular feature of the invention, the capillary gap opens
      towards the exterior of the casing and preferably into the layer of
      blanket gas located above the level of liquid metal within the tank,
      therefore in the vicinity of the "hot" sealing plate of the lining in
      contradistinction to the "cold" plate which is applied against the
      sole-plate of the shield slab.
PAR  In accordance with one particular form of construction of the
      heat-insulating lining which is primarily intended to permit adaptation of
      said lining to surfaces of shield slabs having large dimensions or having
      complex geometrical profiles, the L-section members of the casing are
      formed by means of a plurality of unitary L-section members, each unitary
      member being provided at one end with a flat stepped portion which permits
      successive overlapping of said members without any break in continuity.
      Moreover, depending on the thermal gradient to be established across the
      lining under the conditions of operation, a plurality of superposed panels
      are enclosed in the casing and separated by flat intermediate sheet-metal
      elements which are parallel to the sealing plates.
PAR  In accordance with another feature of the invention, the L-section members,
      the sealing plates and the intermediate sheet-metal elements are assembled
      together with the panels of metallic fabric or trelliswork by means of
      fixing studs carried by the shield slab and extending at right angles to
      this latter, supporting of the casing being effected by means of nuts
      screwed on threaded ends of said studs and applied against a metallic
      support and protection wall mounted beneath the casing. Locking of the
      nuts against the metallic support wall is preferably carried out with
      interposition of a bearing washer applied by tightening of the nuts. In
      addition and in order to limit heat conduction between the metallic
      support wall and the shield slab across the casing, the fixing studs are
      either made of material having low heat conductivity or provided with an
      internal bore filled with inert gas which is similar to the blanket gas.
      Finally and in accordance with a characteristic feature, each nut which is
      screwed on the end of a stud is surrounded by a leak-tight end-cap which
      is welded to the metallic support wall.
DRWD
PAR  Further properties of a heat-insulating lining as constructed in accordance
      with the invention will become apparent from the following description of
      one example of construction which is given by way of indication without
      any limitation being implied, reference being made to the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic axial sectional view of a fast reactor comprising
      a top closure or shield slab fitted with a heat-insulating lining in
      accordance with the invention;
PAR  FIG. 2 is an exploded view to a larger scale showing part of the
      heat-insulating lining under consideration;
PAR  FIG. 3 is a transverse sectional view of the lining in accordance with FIG.
      2.
DETD
PAR  In FIG. 1, the reference numeral 1 designates the core of a fast reactor
      which is represented as being immersed in a suitable mass 2 of liquid
      metal and especially liquid sodium which has the intended function of
      cooling the reactor core during operation at power. The liquid metal 2 is
      confined within an open tank 3 up the level shown diagrammatically at 4
      and an atmosphere 5 of inert blanket gas usually consisting of argon is
      present above said level 4. The tank 3 is open at the top and in turn
      surrounded by a second tank or safety tank 6, the unit consisting of both
      tanks with a common vertical axis being placed within an external
      biological shield structure 7. Provision is made at the top of said shield
      structure for a wide circular opening 8 in which is mounted a closure or
      shield slab 9. Said slab extends horizontally and parallel to the level 4
      of liquid sodium within the tank 3 and has a central opening 10 for
      positioning a system consisting of two shield plugs 11 and 12 which make
      it possible as a result of combined relative movements of rotation in
      accordance with a conventional procedure to provide access to the reactor
      core 1 for a handling tool 12a which passes in leak-tight manner through
      one of the shield plugs. The shield slab 9 is also provided with further
      passageways such as 13 in order to mount in these latter the equipment
      units which are necessary for operation of the reactor and in particular
      for circulation of the liquid sodium and removal of the heat which is
      collected as the sodium flows through the reactor core. The equipment
      units consist especially of pumps and heat exchangers, one of which is
      represented schematically at 14 in the drawing. The shield slab 9 is
      supported on a corbel formed in the biological shield structure 7 by a
      bearing element 15 which ensures immobilization and leak-tightness of the
      assembly. Finally, the shield slab 9 has preferably a composite structure
      consisting mainly of a concrete wall 16 of substantial thickness, the slab
      surface which is directed towards the level 4 of liquid metal within the
      tank 3 being lined with a sole-plate 17. By virtue of the presence of the
      heat-insulating material, said sole-plate 17 can be formed of black steel
      protected by a corrosion-resistant deposit. During operation, the
      atmosphere of the inert gas which is present above the liquid sodium
      within the tank 3 is at a pressure in the vicinity of atmospheric pressure
      and is brought to a relatively high temperature of the order of
      500.degree.C. Under these conditions, this atmosphere is charged with
      liquid-metal aerosols or vapors which, if no precaution is taken, are
      liable to cause rapid corrosion of the sole-plate 17 at the same time as
      the deformation of this latter under the action of mechanical stresses
      resulting from differential thermal expansions.
PAR  Under these conditions, in order to ensure thermal protection of the shield
      slab 9 and in particular of its bottom sole-plate 17, provision is made in
      accordance with the invention for a heat-insulating lining as shown in
      greater constructional detail in FIGS. 2 and 3, said lining being placed
      against that face of the sole-plate which is directed towards the level 4
      of liquid metal and in contact with the blanket gas.
PAR  As can be seen from these figures, the heat-insulating lining which is
      proposed is mainly composed of superposed panels such as those designated
      by the references 18 and 19 and formed by means of a stack of suitable
      wire-fabric, wire-trelliswork or wire-netting elements. The
      characteristics of these wire-fabric or trelliswork elements are chosen as
      a function of the values of thermal flux to be withstood irrespective of
      the reactor power level. In particular, the fabric elements referred-to
      above can be formed by means of wires having a diameter of 0.4 mm, the
      mesh structure of said wire-fabric elements being such as to correspond to
      a uniform square lattice having a pitch of 4 mm. The panels 18 and 19 thus
      formed are separated by an intermediate sheet-metal element 20 having a
      small thickness of the order of 0.2 mm and are placed together within the
      interior of a closed semi-impervious casing.
PAR  Said casing is made up of two sealing plates 21 and 22 respectively which
      extend parallel to the corresponding face of the sole-plate 17, said
      sealing plates being applied against the opposite surfaces of the panels
      18 and 19. The plates 21 and 22 are additionally covered along the lateral
      edges of the casing by L-section members designated by the references 23
      and 24 respectively and each having two flanges bent at right angles to
      each other, one of which is applied against the corresponding sealing
      plate 21 or 22 whilst the two other flanges of the two L-section members
      are parallel to each other so as to delimit therebetween a narrow gap 25
      which forms a capillary seal with respect to the external blanket gas 5.
PAR  If the shield slab to be heat-insulated has a substantial surface area,
      each L-section member 23 or 24 is preferably formed by means of a series
      of unitary L-section members which are capable of interengagement so as to
      overlap each other in pairs, each L-section member being accordingly
      provided at one end with a flat stepped portion 26 shown in FIG. 2 between
      two successive L-section members 24a and 24b, said stepped portion 26 of
      one of the unitary L-section members 24a being covered by the
      corresponding portion of the following unitary member 24b.
PAR  The complete unit formed by the panels 18 and 19 of wire-fabric elements,
      the intermediate sheet-metal element 20, the sealing plates 21 and 22 and
      the L-section members 23 and 24 is assembled together and then applied
      against the sole-plate 17 by means of fixing studs 27, one extremity 28 of
      each stud being screwed directly into the sole-plate. Said studs 27
      traverse the heat-insulating lining through vertical bores 29, then
      through a metallic support and protection wall 30, the design function of
      which will be explained in greater detail hereinafter. The extremity 31 of
      the stud 27 is also threaded so as to cooperate with a locking-nut 32
      which serves to apply a bearing flange 33 against the wall 30 as a result
      of tightening of said nut and serves at the same time to clamp the panels
      18 and 19 between the sealing plates 21 and 22 and the L-section members
      23 and 24, the complete assembly being thus rigidly fixed beneath the
      sole-plate 17. As an advantageous feature, washers 34 and 35 are mounted
      on each stud 27 against the plates 21 and 22 in order to maintain
      leak-tightness of the casing; finally, the end portions of the studs 27 on
      which the nuts 32 are screwed are protected by external end-caps 36 which
      are welded beneath the metallic wall 30. It should be noted that said wall
      can be formed in a number of adjacent portions separated by slits or
      openings which permit relative movements of expansion, said portions being
      joined to each other by means of the bearing flanges 33 which are
      partially welded to the corresponding adjacent portions while permitting
      relative sliding motion of these latter.
PAR  The narrow gap 25 which forms a capillary seal between the vertical edges
      of the lateral L-section members 23 and 24 thus makes it possible at the
      time of operation of the reactor to trap the sodium vapors and aerosols
      which are prevented from migrating towards the center of the panels 18 or
      19 by the liquid layer or the solid band formed within said gap which is
      open towards the blanket gas. In consequence, the casing of the lining
      remains leak-tight and the characteristics of the panels are not modified.
      The aerated structure of said panels endows these latter with a very low
      coefficient of thermal conduction, thereby providing the sole-plate of the
      shield slab with suitable protection with respect to the temperature
      existing within the interior of the tank above the level of liquid metal.
      It should be noted, however, that the studs which serve to secure the
      lining beneath the shield slab are liable to create thermal bridges
      between the hot face of the heat-insulating material within the metallic
      support and protection wall and the cold face constituted by the
      sole-plate of the shield slab iself. In order to limit these thermal
      bridges, various solutions of an essentially conventional type can be
      employed with a view to reducing the thermal conductivity of the studs
      either by making a suitable choice of the material constituting the studs
      or by forming an axial bore within said studs so as to delimit within
      these latter a closed cavity filled with an inert gas which is usually
      identical with the blanket gas. It should also be pointed out that the
      presence of the protective end-caps around the heads of the studs makes it
      possible to limit heat build-up to an appreciable extent. At the same
      time, said end-caps ensure safety in the event of failure of one of the
      studs by preventing this latter from falling together with its fixing nut
      into the liquid metal contained in the tank.
PAR  It is readily apparent that the external profile of the casings containing
      the heat-insulating panels which are applied against the sole-plate of the
      shield slab can easily be adapted to the shape of said sole-plate,
      especially when this latter has portions which are not only horizontal but
      also vertical, in particular through the openings formed in said shield
      slab. The casings containing the metallic panels can in fact cover the
      sole-plate irrespective of its orientation with respect to the level of
      liquid metal and can be fixed against the corresponding wall either by
      mechanical fastening means or by direct welding or finally by mounting on
      support shells combined with liquid metal seals for ensuring
      leak-tightness between said shells and the wall of the sole-plate.
      Finally, in order to limit the thermal gradient across the heat-insulating
      lining still further, it can be advantage to place beneath the metallic
      support and protection wall either one or a number of thermal baffles
      supported by studs or the like so as to attach them beneath said wall or
      directly beneath the protective end-caps which are welded to this latter.
PAR  It must therefore be understood that the invention is not limited to the
      example of construction which has been more especially described with
      reference to the accompanying drawings but extends on the contrary to all
      alternative forms.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a fast nuclear reactor, a heat-insulating lining for a shield slab
      which serves to close the biological shield structure of said fast reactor
      comprising an open tank mounted within the shield structure and containing
      the reactor core immersed in a mass of liquid-metal coolant and a layer of
      inert blanket gas which is present above said coolant, said
      heat-insulating lining being comprising a set of panels each constituted
      by a mat of superposed elements of metallic fabric or trelliswork
      extending parallel to the shield slab to be heat-insulated, wherein the
      set of panels is enclosed within at least one metallic casing fixed
      against the shield slab and so arranged that the end walls of said casing
      which are parallel to the panels are formed by sealing plates applied
      against said panels, the sides of the casing which connect the sealing
      plates to each other being constituted by at least two interengaged
      L-section members having two flanges at right angles, one flange of each
      member being adapted to cover one sealing plate whilst the other two
      flanges delimit therebetween a narrow lateral gap forming a capillary
      seal.
NUM  2.
PAR  2. A heat-insulating lining according to claim 1, wherein the lateral gap
      between the edges of the two L-section members opens towards the exterior
      of the casing into the layer of blanket gas.
NUM  3.
PAR  3. A heat-insulating lining according to claim 1, wherein the L-section
      members of the casing are formed by means of a plurality of unitary
      L-section members, each unitary member being provided at one end with a
      flat stepped portion which permits successive overlapping of said members
      without any break in continuity.
NUM  4.
PAR  4. A heat-insulating lining according to claim 1, wherein the casing
      encloses a plurality of superposed panels separated by intermediate flat
      sheet-metal elements which are parallel to the sealing plates.
NUM  5.
PAR  5. A heat-insulating lining according to claim 1 and claim 4, wherein the
      L-section members, the sealing plates and the intermediate sheet-metal
      elements are assembled together with the panels of metallic fabric or
      trelliswork by means of fixing studs carried by the shield slab and
      extending at right angles thereto, supporting of the casing being effected
      by means of nuts screwed on a threaded end of said studs and applied
      against a metallic support and protection wall mounted beneath the casing.
NUM  6.
PAR  6. A heat-insulating lining according to claim 5, wherein locking of the
      nuts against the metallic support wall is carried out with interposition
      of a bearing washer applied by tightening of the nuts.
NUM  7.
PAR  7. A heat-insulating lining according to claim 5, wherein the fixing studs
      are either made of material having low heat conductivity or provided with
      an internal bore filled with inert gas which is similar to the blanket
      gas.
NUM  8.
PAR  8. A heat-insulating lining according to claim 5, wherein each nut which is
      screwed on the end of a stud is surrounded by a leak-tight end-cap which
      is welded to the metallic support wall.
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ABST
PAL  A new method for production of a cephalosporin ester (I) which comprises
      reacting a derivative of an organic acid (II) with a 7-aminocephem
      compound (III) in the presence of an enzyme of a microorganism of one of
      the genera Escherichia, Bacillus, Proteus and Pseudomonas:
      ##SPC1##
      ##EQU1##
      ##SPC2##
      wherein R is an unsaturated six-membered carbocyclic ring or five-membered
      heterocyclic ring residue which may optionally have uncharged substituent
      groups; R.sup.1 is hydrogen or an uncharged substituent group such as
      hydroxyl or halogen; R.sup.2 is a hydrogen atom or an organic group which
      is bound through an oxygen, sulfur or nitrogen atom; COOR.sup.3 is a group
      which may easily be converted to COOH.
BSUM
PAR  This invention relates to a new method for production of cephalosporins.
      More particularly, this invention relates to a new method for production
      of a cephalosporin ester of the following general formula (I), which is
      characterized by reacting a derivative of an organic acid of the following
      general formula (II) with a 7-aminocephem compound of the following
      general formula (III) in the presence of an enzyme of a microorganism of
      one of the genera Escherichia, Bacillus, Proteus and Pseudomonas which is
      able to synthesize a cephalosporin ester of general formula (I) from a
      derivative of an organic acid of general formula (II) and
      7-aminocephem-4-carboxylic acid of general formula (III):
      ##SPC3##
      ##EQU2##
      ##SPC4##
      wherein R is an unsaturated six-membered carbocyclic ring or
      five-mentioned heterocyclic ring residue which may optionally have
      uncharged substituent groups; R.sub.1 is hydrogen or an uncharged
      substituent group such as hydroxyl or halogen, R.sup.2 is a hydrogen atom
      or an organic group which is bound through an oxygen, sulfur or nitrogen
      atom; COOR.sup.3 is a group which may easily be converted to COOH and, for
      convenience' sake, will hereafter be called an ester residue.
PAR  Heretofore, the production of semi-synthetic cephalosporins through the
      condensation reactions of reactive derivatives of organic acids (II) with
      7-aminocephem-4-carboxylic acids has been invariably carried out by
      chemical procedures. However, these chemical procedures are more or less
      accompanied with drawbacks. For example, in the acylation of a
      7-aminocephem-4-carboxylic acid with an acyl halide which is a typical
      acylating agent, the reaction has been carried out by using the acyl
      halide at least in equimolar amount relative to the
      7-aminocephem-4-carboxylic acid, but when the acyl halide, which is highly
      reactive per se, is employed in excess, unstable
      7-aminocephem-4-carboxylic acid partially undergoes an undesirable side
      reaction which results in reduced yields. And it is very difficult to
      control reaction conditions so as to suppress the side reaction to a
      minimum.
PAR  We conducted extensive studies to establish a better process for production
      of semi-synthetic cephalosporins and discovered that an enzymatic
      condensation reaction can be utilized in the production of cephalosporins
      from organic acid (II) or a derivative thereof and
      7-aminocephem-4-carboxylic acid.
PAR  Thus, we found that, as will be seen from Reference Example 1 which appears
      hereinafter, there are among bacteria of the genera of Escherichia,
      Bacillus, Proteus and Pseudomonas the organisms which are able to
      synthesize cephalosporins (I'), which correspond to said general formula
      (I) wherein R.sup.3 is a hydrogen atom, from an organic acid of general
      formula (II) or a derivative thereof and a 7-aminocephem-4-carboxylic acid
      (III') which corresponds to said general formula (III) wherein R.sup.3 is
      a hydrogen atom. Further studies led to the finding that the bacterial
      enzymes which catalyze the reactions have an extremely high activity to
      hydrolyze the product cephalosporins (I') into (II) and (III') and that
      these synthetic reactions proceed by far faster when a derivative of
      organic acid (II) is used than when orgaic acid (II) as such is used as
      the acylating agent. Thus, these bacterial enzymes, when organic acid (II)
      is used as an acyl doner, catalyze the following reversible reaction and,
      as shown in Reference Example 2 which appears hereinafter, the
      equilibrium-constant (K) is much smaller than unity (see Table II). This
      shows the rate of hydrolysis of (I') is considerably greater than the rate
      of production of (I').
      ##SPC5##
      (wherein R, R.sup.1 and R.sup.2 have the same meaning as defined above.)
PAR  When a derivative of organic acid (II), e.g. a glycine derivative, is
      employed instead of the acid (II), the rate of synthesis of (I') is
      considerably increased to the extent that it is substantially equal to the
      rate of hydrolysis of (I'). (See Reference Example 3 hereafter.) However,
      the organic acid derivative is readily hydrolyzed into (II) and glycine by
      these enzymes besides its being used in the above condensation reaction.
      Even if high concentration of the organic acid derivative is employed in
      order that (I') would be accumulated beyond the equilibrium point of the
      above reaction formula, the compound (I') once accumulated is
      re-hydrolyzed as the organic acid derivative and (III') are reduced in
      amount. Thus, it was found difficult to allow (I') to be accumulated in a
      high concentration over the equilibrium concentration (Reference Example
      3).
PAR  However, we have surprisingly discovered that rate of formation of (I) from
      a derivative of (II) and (III)) is about equal to that of formation of
      (I') from a derivative of (II) and (III'), that (I) once produced is not
      hydrolyzed at all no matter how much is the reaction time protracted and
      that, consequently, (I) can be obtained from (II) and (III) in a high
      yield.
PAR  As is well known, microbial enzymes have strict substrate-specificity and,
      therefore, the enzymatic production of (I) from a derivative of (II) and
      (III) can not be expected to even the skilled in the art from the fact
      that (I') can be produced from a derivative of (II) and (III'). Moreover,
      it is surprising that the formation rate of (I) from a derivative of (II)
      and (III) is about equal to that of (I') from a derivative of (II) and
      (III').
PAR  Furthermore, most enzymes are known to be inhibited by a large excess of
      substrate as is called "substrate-inhibition". In hitherto-known enzymatic
      production of penicillins and cephalosporins, concentration of substrate
      has been about 0.1 to 1 %. In the present invention, however,
      "substrate-inhibition" does not occur at all even if the concentration of
      substrate is more than 10 % and the enzymatic reaction proceeds smoothly.
PAR  As mentioned above, penicillin-synthesizing enzyme has, in general, a
      strong activity of hydrolyzing penicillin. Therefore, the penicillin once
      produced is hydrolyzed when reaction time is protracted [Biochemical
      Journal 115, 759-761(1969)]. On the other hand, in this invention, the
      hydrolysis of the product (I) does not occur at all and (I) is obtainable
      in remarkably high yield of 70-80%.
PAR  Another surprising discovery was that it was even possible to synthesize
      (I) in high yield by employing (III) in a concentration ten times that of
      (III') when (III) is of highly water-soluble type.
PAR  These findings were followed by further studies which have culminated in
      the present invention. The advantages of the method of this invention will
      become more apparent if one compare it with the above-described method
      involving the same organism, that is the method utilizing the synthetic
      reaction of (I') from a derivative of (II) and (III'). Thus, (1) the
      production yield of the desired compound is remarkably high; (2) the
      reaction can be conducted in high concentration without inducing reduction
      in production yield, (3) the proportion of a derivative of organic acid
      (II) may be far less than the amount required in the above-mentioned
      method where (III') is used, and (4) since the accumulation of product
      compound (I) is not significantly reduced no matter how much is the
      reaction time protracted, the end-point of the reaction is not critical.
PAR  Aside from the above-mentioned advantages, there is the advantage that
      because, unlike (I'), the product compound (I) is sparingly soluble in
      water, it can be purified by extraction with organic solvents and,
      accordingly, the product can be easily obtained in a high purity that
      permits its use as injections. This is also a major advantage of this
      method over the above-mentioned method whose contemplated product is (I').
PAR  The bacteria to be exploited in this application can be selected from among
      the strains of microorganisms in deposit of various type culture
      collections or may be separated from by natural kingdom including the
      soil, sewages, marine water, human and animal excreta, atmosphere and
      other sources. Among these bacteria are many strains which elaborate
      .beta.-lactamases. When the particular .beta.-lactamase acts upon at least
      one of 7-aminocephem-4-carboxylic acid ester (III) and cephalosporin ester
      (I), it is preferable to grow and use a non-.beta.-lactamase-producing
      variant in the per se conventional manner.
PAR  All the mutant strains that can be induced by conventional techniques for
      the purpose of enhancing the desired cephalosporin-synthetic activity can
      also be employed to advantage in the practice of this invention. Below
      given is a method of screening and selecting the strains which can be
      utilized according to this invention.
PAR  Method of selecting the useful strains:
PAR  A test bacterium is shake-cultured at a suitable temperature in the range
      of 20.degree. to 40.degree.C for 1 to 2 days.
PAR  After adequate growth has been attained, the cells are separated and
      suspended in a volume of citrate-phosphate buffer (0.05M, pH 6.0) which is
      equal to the volume of the culture. Then, 20 mM of 7-aminocephalosporanic
      acid (hereinafter abbreviated as 7-ACA) and 60 mM of
      2-thienylacetylglycine (hereinafter abbreviated as (TAG) are added, and
      the reaction is conducted at 37.degree.C for 30 minutes. The strain which
      accumulates not less than 2mM of 7-thienylacetamidocephalosporanic acid
      (hereinafter abbreviated as CET or cephalothin) is selected as one of the
      strains which are useful for the purposes of this invention. The yield of
      CET is determined by spectropolarimetry. Thus, the change (.DELTA.
      R.sub.D) in optical rotation reading at 589 m.mu. (10 cm, 27.degree.C, pH
      6.0) that is encountered when 20 mM of 7-ACA has been 100 % converted to
      CET is 0.540. To measure the yield of CET by taking advantage of this
      fact, the following procedure is employed. The reaction mixture is first
      cooled to 0.degree.C and then centrifuged to remove the cells. The optical
      rotation (R.sub.D.sup.30) of the resultant supernatant fluid is measured
      with a Perkin-Elmer Model 141 digital polarimeter (at 27.degree.C) and,
      from the deviation from the pre-reaction rotation (R.sub.D.sup.O), the
      yield of CET is calculated by means of the following equation.
      ##EQU3##
PAR  Some exemplary strains which have been selected by the foregoing procedure
      from among the strains in deposit at various type culture collections are
      as follows
PAR  Escherichia coli  IFO-3542, Escherichia coli ATCC-9637, Escherichia coli
      var. communior IFO-3547, Escherichia coli var. communior IFO-3548,
      Bacillus sp. ATCC-14552, Proteus rettgeri ATCC-9250, Escherichia coli
      IFO-13502(ATCC-21985), Escherichia coli IFO-3470(ATCC-21986), Escherichia
      coli IFO-3450(ATCC-21987), Pseudomonas putida IFO-3537(ATCC-21988) and
      Bacillus sp. IFO-12063(ATCC-21989).
PAR  The IFO and ATCC numbers indicate the accession numbers of the organisms at
      the Institute for Fermentation, Osaka, Japan and at American Type Culture
      Collection, Rockville, Md, U.S.A., respectively.
PAR  To produce the desired cephalosporin ester (I) using a bacterium which has
      the above-described ability to synthesize cephalosporin esters (I), the
      microorganism is usually first cultivated and the resultant culture or a
      processed matter thereof is then contacted with a derivative of organic
      acid (II) and 7-aminocephem-4-carboxylic acid ester (III) under suitable
      conditions.
PAR  The cultural method for obtaining said culture may be whichever of aerated
      stirring culture, shake culture and stationary culture, though aerobic
      culture is usually preferred. The culture medium may be any one or a
      combination of two or more of nutritive materials which are routinely
      employed, e.g. meat extract, yeast extract, peptone, casein hydrolyzate,
      corn steep liquor, etc. and, if necessary, may be supplemented with
      phenylacetic acid, such carbon compounds as sugars, organic acids,
      n-paraffins, etc., various inorganic and organic nitrogenous compounds
      including nitrogen in amino or nitrate form, phosphates, magnesium salts,
      sodium chloride and other metallic ions, various vitamins, etc. The medium
      is adjusted to pH 6 to 9 before use. The incubation temperature is
      desirably in the range of 20 to 37.degree.C.
PAR  While the cultivation time depends upon the particular strain of bacterium
      and cultural conditions, particularly the cultural equipment, medium
      composition, incubation temperature, etc., it is advisable to terminate
      the cultivation when the cephalosporin ester-synthesizing activity of the
      enzyme system is maximal, i.e. somewhere between the second half of the
      logarithmic phase of growth and the first half of the stationary phase.
      Usually, the time of 8 to 48 hours proves adequate.
PAR  The culture thus obtained or a processed matter thereof is used in the
      reaction of synthesizing cephalosporin ester. The term "processed matter"
      as used herein means any and all matters which have been obtained by
      processing the said culture somehow into forms which have an improved
      cephalosporin ester-synthesizing activity and which are more suited ot the
      production of cephalosporin esters. For example, when said synthesizing
      activity occurs intracellularly, the processed matter includes, among
      others, (1) the cells separated from the bacterial culture, (2) the
      cell-free extract having the cephalosporin ester-synthesizing enzyme
      activity which has been obtained by the application of some known
      treatment to the bacterial cells, (3) the partially or completely purified
      cephalosporin ester synthesizing enzyme which is prepared from said
      cell-free extract by some known procedure, and (4) water-insoluble enzymes
      having cephalosporin ester-synthesizing activity which are prepared by
      causing said partially or completely purified enzyme to be bound to a
      water-insoluble high molecular material either physically or chemically.
      When said synthetic activity occurs extracellularly, the processed matter
      means any of (1) the supernatant fluid obtained after the cells is removed
      from the culture, (2 ) the partially or completely purified cephalosporin
      ester-synthesizing activity which is obtained by subjecting said
      supernatant to some known enzyme purification procedure, and (3) the
      cephalosporin ester-synthesizing activity which has been prepared as above
      and bound to a water-insoluble high molecular support material either
      physically or chemically.
PAR  In producing cephalosporin ester (I) from a derivative of organic acid (II)
      and 7-aminocephem-4-carboxylic acid ester (III) with the aid of said
      culture or processed matter, the desired condensation reaction is usually
      conducted in aqueous solution. In this connection, the pH of the reaction
      system is preferably controlled between pH 4and pH 10 and, for better
      results, between pH 6 and pH 9. When the culture or processed matter is
      water-soluble, the above condensation reaction is conducted in solution,
      but when the culture or processed matter is water-insoluble, the
      condensation reaction is conducted either in suspension or in the
      following manner. Thus, a derivative of the said water-insoluble
      cephalosporin ester-synthesizing enzyme is packed into a column and an
      aqueous solution containing said derivative of organic acid (II) and said
      7-aminocephem-4-carboxylic acid ester (III) is passed through the column
      so that the condensation reaction may take place within the column. In
      conducting the condensation reaction in any of the described manners, it
      is possible to improve the reaction yield by adding a water-miscible
      organic solvent, e.g. alcohols, acetone or dimethylsulfoxide, to the
      reaction system. The reaction time varies with the concentrations of the
      substrates, the activity of the cephalosporin ester-synthesizing enzyme,
      the reaction temperature and other factors, but it in general ranges from
      1 minute to 30 hours.
PAR  The reaction temperature is selected from the range of about 0.degree. to
      about 50.degree.C. The concentrations of substrates are determined chiefly
      with reference to the cephalosporin ester-synthesizing activity. Generally
      speaking, the concentration of 7-aminocephem-4-carboxylic acid ester (III)
      is selected from the range of 0.1 to 20 percent.
PAR  In order to enhance the production yield of cephalosporin ester (I)
      relative to 7-aminocephem-4-carboxylic acid ester (III), the concentration
      of a derivative of organic acid (II) is preferably at least not less than
      equimolar with respect to 7-aminocephem-4-carboxylic acid ester (III).
PAR  Referring to general formula (II), the uncharged unsaturated carbocyclic
      six-membered residue or heterocyclic five-membered ring residue R is
      exemplified by phenyl, cyclohexenyl, cyclohexadienyl, thienyl, buryl, etc.
      The substituent groups that may be possessed by these cyclic groups are
      exemplified by --OH, --SH, --NO.sub.2, halogen (e.g. --Cl, --Br), an alkyl
      (e.g. --CH.sub.3, --C.sub.2 H.sub.5), an alkoxy (e.g. --OCH.sub.3,
      --OC.sub.2 H.sub.5), --CN and so on. In general formula (II), R.sup.1 is
      not a charged group such as amino or carboxyl but an uncharged group such
      as, for example, hydrogen, hydroxyl or halogen (e.g. --Cl, --Br). Thus,
      examples of organic acid (II) include, among others, phenylacetic acid,
      mandelic acid, cyclohexadienylacetic acid,
      .alpha.-oxycyclohexadienyl-acetic acid, cyclohexenylacetic acid,
      2-thienylacetic acid, 2-furylacetic acid, parahydroxyphenylacetic acid,
      paramercaptophenylacetic acid, paranitrophenylacetic acid,
      parachlorophenylacetic acid, parabromophenylacetic acid,
      paramethylphenylacetic acid, paraethylphenylacetic acid,
      paramethoxyphenylacetic acid, paracyanophenylacetic acid and so on.
PAR  While the above examples of phenylacetic acid are relevant to
      para-substitutions only, it should of course be understood that compounds
      wherein similar substituents occur in the ortho- or meta-position are also
      useful. Furthermore, compounds wherein two or more substituents, either
      the same or different in kind, occur on the ring are also included in
      organic acid (II).
PAR  The derivative of said organic acid (II) means the compounds which can be
      hydrolyzed in aqueous medium by the enzyme of the microorganism employed
      in accordance with this invention to give organic acid (II). Preferred
      example include, among others, such water-soluble derivatives as amino
      acid derivatives, particularly the corresponding glycine derivatives, e.g.
      N-phenylacetylglycine, N-(2-thienylacetyl)glycine, etc.; glycolic acid
      derivatives; the thioglycolic acid derivative of said organic acid and the
      amides of said organic acid. Besides them, an alkyl ester, e.g. methyl
      ester, ethyl ester, of the organic acid may at times be employed.
PAR  The organic group whose available valence is bound through O, S or N as
      denoted by symbol R.sup.2 in general formula (III) is exemplified by
      alkoxy (e.g. --OCH.sub.3,--OC.sub.2 H.sub.5), alkylcarbonyloxy (e.g.
      --OCOCH.sub.3,OCOC.sub.2 H.sub.5),
      ##SPC6##
PAL  pyridylthio(e.g. 2-pyridylthio), pyridinium (e.g.
      ##SPC7##
PAL  alkylthiocarbonyloxy(e.g. --OCOSCH.sub.3, --OCOSC.sub.2 H.sub.5),
      dialkylaminothiocarbonylthio(--SCSN(CH.sub.3).sub.2, --SCSN(C.sub.2
      H.sub.5).sub.2, trialkylammonium (e.g. --N.sup.+(CH.sub.3).sub.3),
      --N.sub.3, aralkyloxycarbonylamino(e.g.
      ##SPC8##
PAL  pyridazinylthio-N-oxide(e.g. 3-methylpyridazinylthio-2-oxide,
      3-methoxypyridazinylthio-1-oxide) and so on.
PAR  The ester residue represented by R.sup.3 in --COOR.sup.3 may be a group
      which can be easily converted to --COOH by treatment with alkali, acid or
      enzyme or by reduction, examples including halogenoalkyl (e.g.
      trichloroethyl), alkyl- or arylsulfonylalkyl(e.g. methylsulfonylethyl,
      ethylsulfonylethyl, phenylsulfonylethyl), alkyl (e.g. methyl, ethyl),
      alkoxyalkyl (e.g. methoxymethyl), alkylcarbonylalkyl (e.g. acetonyl),
      diarylalkyl(e.g. diphenylmethyl), alkylthioalkyl (e.g. methylthiomethyl),
      alkyl- or arylsulfinylalkyl (e.g. methylsulfinylethyl,
      phenylsulfinylmethyl) and so on. The "alkyl" herein referred to is
      typically exemplfied by one having 1 to 4 carbon atoms such as methyl,
      ethyl, propyl, isopropyl, butyl, isobutyl, sec. butyl, tert. butyl and the
      "aryl" is typically exemplified by phenyl which may be substituted by
      alkyl, alkoxy, halogen, etc. Therefore, said 7-aminocephem-4-carboxylic
      acid ester (III) includes such species as 7-aminocephalosporanic acid
      methoxymethyl ester, 7-amino-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester, 7-amino-3-methoxymethyl-3-cephem-4-carboxylic
      acid methoxymethyl ester,
      7-amino-3-{2-(1-oxopyridyl)thiomethyl}-3-cephem-4-carboxylic acid
      diphenylmethyl ester, 7-amino-3-(1-pyridylmethyl)-3-cephem-4-carboxylic
      acid methoxymethyl ester, 7-amino-3-{1
      -(4-carboxamidopyridyl)-methyl}-3-cephem-4-carboxylic acid methoxymethyl
      ester, 7-amino-3-methylthiocarboxymethyl-3-cephem-4-carboxylic acid
      methoxymethyl ester, 7-amino-3-trimethylaminomethyl-3-cephem-4-carboxylic
      acid acetonyl ester,
      7-amino-3-dimethyldithiocarbamylmethyl-3-cephem-4-carboxylic acid
      diphenylmethyl ester, 7-amino-3-azidomethyl-3-cephem-4-carboxylic acid
      methoxymethyl ester,
      7-amino-3-benzyloxycarbonylaminomethyl-3-cephem-4-carboxylic acid
      methoxymethyl ester and so on.
PAR  There are new compounds among these, 7-aminocephem-4-carboxylic acid esters
      which can be produced by one of the procedures described below.
PAR  1. The method in which the alcohol (R.sub.3 OH) corresponding to the
      desired ester residue or a reactive derivative thereof is reacted with
      penicillin G or penicillin V to obtain the corresponding penicillin G
      ester or penicillin V ester which is then caused to undergo a
      ring-enlarging reaction in the per se conventional manner and the
      7-position of the resultant corresponding
      7-acyl-3-desacetoxycephalosporanic acid ester is deacylated to obtain the
      desired 7-amino-3-desacetoxycephalosporanic acid ester;
PAR  2. The method in which, after the amino group of cephalosporin C has been
      protected, the material compound is reacted with the alcohol corresponding
      to the desired ester residue or a reactive derivative of said alcohol to
      obtain cephalosporin C ester and, then, the 7-acyl group of the same
      compound is removed in the conventional manner to obtain the desired
      7-aminocephalosporanic acid ester; and
PAR  3. The method in which, after the 3-position of cephalosporin C has been
      modified as required, the procedure of method (2) is followed to obtain
      the desired 7-aminocephem-4-carboxylic acid ester.
PAR  The cephalosporin ester (I) thus synthesized from a derivative of organic
      acid (II) and 7-aminocephem-4-carboxylic acid ester (III) in the presence
      of said bacterial culture or processed matter thereof can be isolated and
      purified under mild conditions from the reaction mixture by conventional
      procedures such as extraction with an organic solvent which will form a
      distinct phase with respect to water, crystallization from a suitable
      solvent or chromatography, or by means of an oraganic acid which is
      capable of forming an insoluble salt with cephalosporin compound (I).
PAR  Cephalosporin ester (I) thus obtained includes useful compounds which are
      antibiotic per se, it is generally as important as (I') in the sense that
      includes intermediates which can be easily converted to (I') which
      includes still more desirable drugs.
PAR  Throughout the specification, the abbreviation "g", "mg.", "m.mu.", "ml.",
      "l.", ".degree.C", "M", "mM", "ppm", "r.p.m.", "psi" and "N" respectively
      refer to "gram(s)"milligram(s)""milligram(s)38 , "millimicron(s)",
      "milliliter(s)", "liter(s)", "degree centrigrade", "molar concentration",
      "millimolar concentration", "part(s) per million", revolution per minute",
      "pound(s) per square inch" and "normality"; percent (%) regarding
      concentrations is weight per volume, i.e. "gram per deciliter", unless
      otherwise specified.
PAR  Below given are the compositions of the media employed in the reference
      examples and working examples which appear hereafter.
TBL  ______________________________________                                    
     (Medium A)                                                                
            Meat extract    10 g.                                              
            Peptone         10 g.                                              
            NaCl             5 g.                                              
            Tap water       1l., pH 7.0                                        
     (Medium B)                                                                
            Sodium glutamate                                                   
                            20 g.                                              
            Yeast extract   10 g.                                              
            Phenylacetic acid                                                  
                             2 g.                                              
            NaCl             2 g.                                              
            KH.sub.2 PO.sub.4                                                  
                             1 g.                                              
            MgSO.sub.4,7H.sub.2 O                                              
                             0.2 g.                                            
            Tap water       1l., pH 7.0                                        
     (Medium C)                                                                
            Meat extract    10 g.                                              
            Peptone         10 g.                                              
            NaCl             5 g.                                              
            Benzoic acid     1 g.                                              
            Tap water       1l., pH 7.0                                        
     ______________________________________                                    
PAC  REFERENCE EXAMPLE 1
PAR  A loopful of Escherichia coli IFO-3542, Pseudomonas putida IFO-3537,
      Bacillus sp. IFO-3860 or Proteus rettgeri ATCC-9250 from a 2-day slant
      culture was used to inoculate 20 ml. of medium B (for Escherichia) or
      medium C (for other organisms) in a conical flask of 200 ml. capacity,
      where it was cultivated under shaking at 24.degree.C (for Escherichia) or
      28.degree.C for 24 hours. The resultant cultures of strains used, except
      the culture of the Bacillus, were centrifuged to harvest the cells, which
      were suspended in 5 ml. of 0.2M citrate-phosphate buffer (pH 6.0). As to
      the Bacillus, its culture broth was directly subjected to the following
      experiment. To each of the cell suspensions, there was added 5 ml. of an
      aqueous solution (pH 6.0) containing 10 mg./ml. of 7-ACA and 40 mg./ml. of
      TAG. The reaction was allowed to proceed at 37.degree.C for 4 hours. The
      quantitative determination of the product cephalothin (CET) was performed
      by the spectrophotometric method [Journal of the American Chemical
      Society, 94, 4035, (1972)] which measures cephalosporins selectively even
      in the concomitant presence of 7-ACA from the decrease in absorbance at
      260 m.mu. after treatment with .beta.-lactamase produced by Aerobacter
      cloaseae IFO-12937. The results are set forth in the following table.
TBL                Table 1                                                     
     ______________________________________                                    
                         Production yield(%)                                   
     Microorganism       of cephalothin                                        
     ______________________________________                                    
     Escherichia coli IFO-3542                                                 
                         46                                                    
     Pseudomonas putida IFO-3537                                               
                         41                                                    
     Bacillus sp. ATCC-14552                                                   
                         37                                                    
     Proteus rettgeri ATCC-9250                                                
                         20                                                    
     ______________________________________                                    
PAC  REFERENCE EXAMPLE 2
PAR  The entire growth of a slant culture (28.degree.C, 24 hours' cultivation,
      medium A) of Escherichia coli IFO-13502 was suspended in 10 ml. of sterile
      water and the resultant suspension was used to inoculate 400 ml. of medium
      B in a shake flask of 2-liter capacity. The inoculated medium was
      incubated under shaking at 24.degree.C for 24 hours. The resultant culture
      was centrifuged to harvest the cells, which were suspended in 20 ml. of
      distilled water. Meanwhile, there were prepared 5 ml. each of aqueous
      solutions containing 40 mM of cephalothin and 0, 40, 120 or 280 mM of
      thienylacetic acid (hereinafter abbreviated as TA).
PAR  Each of the solutions was added to a 5 ml. portion of the above cell
      suspension and the mixture was held at pH 6.0 and 37.degree.C to allow the
      hydrolysis of cephalothin to take place. The pH of the reaction system was
      exactly maintained at 6.0 with the aid of a pH-stat. The concentration of
      cephalothin and that of 7-ACA when the reaction had established an
      equilibrium were measured by spectrometric and polarimetric methods.
PAR  The results, together with the times that elapsed before the equilibria
      were reached, are set forth below in the table. In this connection,
      equilibria were also established when cephalothin was synthesized from
      7-ACA and TA and the mole ratio of cephalothin to 7-ACA at the equilibrium
      was directed by the mole ratio used of 7-ACA at the equilibrium was
      directed by the mole ratio used of 7-ACA and TA and substantially
      coincided with the mole ratio of cephalothin to 7-ACA found in the
      cephalothin hydrolysis experiment. It should be noted that, in the above
      comparison, the value for cephalothin was arrived at on the basis of
      equimolar amounts of TA and 7-ACA.
PAR  Since the synthesis from TA and 7-ACA requires a long time before it
      establishes an equilibrium, the data tabulated below refer only to the
      values obtained from the hydrolysis of cephalothin. It will be seen from
      Table II that if cephalothin be synthesized from 20 mM of 7-ACA and 160 mM
      of TA, the yield of cephalothin is as low as 30 percent.
PAR  If the substrate concentration of the reaction system be increased, the
      production yield of cephalothin at the equilibrium point will be somewhat
      increased but since the solubility of 7-ACA is low, any significant effect
      can be expected even if the concentration is increased to 50 mM or more.
TBL                Table II                                                    
     ______________________________________                                    
     Concentra-           Concentra-                                           
     tion of   Concentra- tion of      Time before                             
     TA and CET                                                                
               tion of    CET and 7-   the equi-                               
     at start of                                                               
               TA and 7-  ACA at       librium is                              
     reaction (mM)                                                             
               ACA (mM)   equilibrium  established                             
                          (mM)                                                 
     TA    CET     TA     7-ACA CET   7-ACA  (hour)                            
     ______________________________________                                    
      0    20      20     20    0.9   19.1   0.5                               
     20    20      40     20    1.2   18.8   1                                 
     60    20      80     20    2.1   17.9   2                                 
     140   20      160    20    6.0   14.0   4                                 
     ______________________________________                                    
PAC  REFERENCE EXAMPLE 3
PAR  The washed cells of Escherichia coli IFO-13502 which had been prepared in
      the same manner as Reference Example 2 were suspended in distilled water
      to give a concentration ten times that of the original culture broth and
      while the suspension was held at ph 6.0 by means of a pH-stat, the rates
      of the following reactions were measured at 37.degree.C. (1) The rate of
      synthesis of cephalothin from TA(80mM) and 7-ACA (20mM); (2) the rate of
      synthesis of cephalothin from TAG (80 mM) and 7-ACA (20 mM); (3) the rate
      of hydrolysis of cephalothin (20 mM) (production of TA and 7-ACA); and (4)
      the rate of hydrolysis of TAG (80 mM) (the production of TA and glycine).
      The rates of reactions (1), (2) and (3) were measured by
      spectrophotometry. The rate of reaction (4) was determined by titrating
      the glycine produced with ninhydrin [Analyst, 80, 209, (1955)]. The
      results are set forth in Table III, from which it will be seen that the
      rate of production of cephalothin from TAG and 7-ACA is about 7 times as
      high as the rate of production of the same from TA and 7-ACA and
      approaches the rate of hydrolysis of cephalothin and also that the rate of
      hydrolysis of cephalothin by the present bacterium is by far higher than
      the rate of synthesis of cephalothin. From these figures, it will be seen
      that if the particular organism is allowed to synthesize cephalothin from
      TAG (160 mM) and 7-ACA (40 mM), the rate of synthesis of cephalothin will
      be equal to the rate of its hydrolysis when about 20 mM of cephalothin has
      just been produced, that is to say the net production rate (accumulation
      rate) of cephalothin becomes nil(zero) at that moment.
TBL                                    Table III                               
     __________________________________________________________________________
                           Value found (mM) at various intervals               
                                                           Reaction            
                           (in minutes after start of reaction)                
                                                           rate                
     Substrates (mM)                                                           
                Compound determined                                            
                           5   10  20  30  60  90  120 150 (.mu. moles/min.)   
     __________________________________________________________________________
     TA(80)+7-ACA(20)                                                          
                CET (produced)                                                 
                           0.54                                                
                               0.83                                            
                                   1.23                                        
                                       1.49                                    
                                           2.01                                
                                               2.16    2.53                    
                                                           0.05                
     TAG(20)+7-ACA(20)                                                         
                CET (produced)                                                 
                           2.32                                                
                               3.31                                            
                                   3.23                                        
                                       2.42                                    
                                           1.25                                
                                               1.10                            
                                                   1.01    0.36                
     TAG(80)+7-ACA(20)                                                         
                CET (produced)                                                 
                           2.33                                                
                               4.14                                            
                                   6.42                                        
                                       7.28                                    
                                           5.53                                
                                               4.31                            
                                                   3.55    0.36                
     CET (18)   CET (disappeared)                                              
                           15.92                                               
                               13.50                                           
                                   10.58                                       
                                       8.78                0.36                
     TAG (80)   Gly* (produced)                                                
                           19.40                                               
                               25.10                                           
                                   45.82                                       
                                       59.23                                   
                                           74.93           2.29                
     __________________________________________________________________________
      *Gly : Glycine                                                           
PAR  As the concentration of TAG drops, the accumulation rate of cephalothin
      becomes negative. Therefore, though the accumulation of cephalothin
      exceeds by far the maximal accumulation of cephalothin from TA(160 mM) and
      7-ACA(40 mM) (the accumulation of cephalothin at equilibrium), it will
      still be 20 mM (50% conversion rate) at best.
PAC  EXAMPLE 1
PAR  The cells of Escherichia coli IFO-13502 from four slants (medium A
      containing agar 2 %) grown at 28.degree.C for 24 hours were suspended in
      40 ml. of physiological saline and 10 ml. portions of the suspension were
      inoculated into 2-liter shake flasks containing 500 ml. of medium B each.
      The flasks were incubated under shaking at 24.degree.C for 24 hours to
      prepare a seed culture. A 2-liter portion of the seed culture was then
      used to inoculate 100 l. of medium B (containing 0.005 % of an antifoam)
      in a tank of 200-liter capacity and incubated with sparging and agitation
      for 24 hours. The conditions were 50 % aeration, 150 r.p.m. and
      24.degree.C. After the cultivation, the wet cells were harvested by a
      centrifugal separator and suspended in 5 l. of pure water. After the cells
      had been thoroughly washed, the suspension was re-centrifuged to obtain
      about 1100 g. of wet cells. The cells were resuspended in 5 l. of pure
      water and kept in lyophile state till use.
PAR  The washed cells thus prepared were suspended in 10 ml. of 0.5 M
      citrate-phosphate buffer to give a concentration ten times that of the
      original culture broth.
PAR  To this suspension was added 10 ml. of a buffer solution similar to the
      above containing 160 mM of mandelylglycine and 80 mM of
      7-amino-3-desacetoxycephalosporanic acid (hereinafter abbreviated as
      7-ADCA) methylsulfonylethyl ester. The mixture was allowed to react at
      37.degree.C for 4 hours with constant agitation, whereupon 27.5 mM of
      7-{.alpha.-phenyl-.alpha.-hydroxyacetamido}-3-desacetoxycephalosporanic
      acid methylsulfonylethyl ester accumulated in the reaction system. The
      quantitative determination was performed by polarimetry.
PAC  EXAMPLE 2
PAR  The washed cells of Escherichia coli IFO-13502 which had been prepared
      according to Example 1 were suspended in 0.2 M citrate-phosphate buffer
      (pH 6.0) to give a concentration ten times that of the culture broth.
      Meanwhile, phenylacetylglycine (hereinafter abbreviated as PAG) and 7-ADCA
      or 7-ADCA methyl sulfonylethyl ester were dissolved in the same buffer
      solution and the solution was pooled with the above cell suspensions. The
      mixture was then allowed to react at 37.degree.C with agitation. The
      concentrations of cells, PAG, 7-ADCA and 7-ADCA methylsulfonylethyl ester
      in the reaction mixture are shown in Table IV. In the table, the
      asterisk(*) means that the cell concentration of the culture broth was
      used as standard.
TBL                Table IV                                                    
     ______________________________________                                    
     Exp.  Cell      Concentra-                                                
                               Concentra-                                      
                                        Concentra-                             
     No.   Concentra-                                                          
                     tion of   tion of  tion of                                
           tion      PAG(mM)   7-ADCA(mM)                                      
                                        7-ADCA ester                           
                                        (mM)                                   
     ______________________________________                                    
     1      X 5*     80        40       0                                      
     2     X 2       80        0        40                                     
     3     X 5       160       80       0                                      
     4     X 2       160       0        80                                     
     5     X 5       240       120      0                                      
     6     X 2       240       0        120                                    
     ______________________________________                                    
PAR  The amount of 7-phenylacetamido-3-desacetoxycephalosporanic acid produced
      from PAG and 7-ADCA was determined by spectrophotometry as applied in
      combination with the use of .beta.-lactamase. To determine the amount of
      7-phenylacetamidocephalosporanic acid methylsulfonylethyl ester produced
      from PAG and 7-ADCA methylsulfonylethyl ester, tetrahydrofuran was added
      to the reaction mixture and, after centrifugation to remove the cells, the
      supernatant was subjected to the above-mentioned polarimetric measurement.
      The results are set forth in Table V.
TBL                                    Table V                                 
     __________________________________________________________________________
     Yield of cephalosporin at various intervals                               
     (minutes after start of reaction)                                         
     (mM)                                                                      
                                        Max.    Conversion at                  
     Exp. No.                                                                  
           15  60  90  120 180 240 20.times.60                                 
                                        conversion (%)                         
                                                end of reaction                
     __________________________________________________________________________
                                                (%)                            
     1     7.4 9.7 10.1                                                        
                       9.2 10.0                                                
                               8.7 8.0  25      20                             
     2     16.6                                                                
               24.4                                                            
                   25.0                                                        
                       25.3                                                    
                           26.2                                                
                               26.5                                            
                                   27.4 68      68                             
     3     11.0                                                                
               15.1                                                            
                   22.3                                                        
                       22.1                                                    
                           23.1                                                
                               22.5                                            
                                   20.2 29      25                             
     4     19.4                                                                
               51.3                                                            
                   56.0                                                        
                       56.2                                                    
                           56.4                                                
                               57.4                                            
                                   58.0 73      73                             
     5     10.5                                                                
               25.0                                                            
                   30.6                                                        
                       34.2                                                    
                           37.0                                                
                               32.4                                            
                                   31.3 31      26                             
     6     18.1                                                                
               49.0                                                            
                   59.0                                                        
                       67.7                                                    
                           78.0                                                
                               85.2                                            
                                   91.2 76      76                             
     __________________________________________________________________________
PAR  Whereas the convention ratio of 7-ADCA into cephalosporin was 25 to 31 %,
      that 7-ADCA ester into cephalosporin ester was 68 to 76 %. The product was
      identified in the following matter. To the 20-hour reaction mixture of
      Experiment 6(containing 91 mM of cephalosporin ester) was added five times
      its volume of tetrahydrofuran to dissolve the product thoroughly and,
      then, the cells and insoluble proteins were removed by centrifugation. The
      resultant supernatant fluid was concentrated under reduced pressure at a
      temperature not exceeding 35.degree.C. After the tetrahydrofuran had been
      distilled off, crystals separated out. The crystals were harvested by
      filtration, washed well with water and recrystallized from methanol. The
      procedure yielded crystals of 7phenylacetamido-3-desacetoxycephalosporanic
      acid methylsulfonylethyl ester, melting point: 145.degree.-146.degree.C,
      [.alpha.].sub.D.sup.25 + 78.degree.(c=1.0, CH.sub.2 Cl.sub.2), E.sub.
      lcm.sup.1% (260 m.mu. )=159(Yield 72 %). The product was identified with
      an authentic sample by NMR and IR spectrometry.
PAC  EXAMPLE 3
PAR  There was prepared an aqueous solution (pH 6.0) containing PAG and 7-ADCA
      methylsulfonylethyl ester. Then, a given amount of the washed cells of
      Escherichia coli IFO-13502 according to Example 1 was suspended inn an
      equal volume of distilled water. The suspension was added to the above
      aqueous solution and the mixture was allowed to react at 37.degree.C while
      its pH was maintained at 6.0 with 2N HCl by means of pH-stat. The
      concentrations of cells and substrates in the reaction mixture are
      indicated in Table VI. The progress of the reaction is as shown in Table
      VII. The quantitative analysis of the reaction product
      (7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonyethyl
      ester) was performed in the manner described in Example 2.
TBL                Table VI                                                    
     ______________________________________                                    
             Concentration                                                     
                         Concentration                                         
                                     Concentration                             
     Exp. No.                                                                  
             of cells    of PAG      of 7-ADCA ester                           
     ______________________________________                                    
     1        5 Times    480 mM      240 mM                                    
     2       8.5 Times   660 mM      330 mM                                    
     ______________________________________                                    
TBL                Table VII                                                   
     ______________________________________                                    
     Yield of cephalosporin ester                                              
     at various reaction periods                                               
     (minutes) (mM)                                                            
                                                 Reaction                      
     Exp. No.                                                                  
             15    60    90  120  180  240  7.times.60                         
                                                 Yield (%)                     
     ______________________________________                                    
     1       18    38    49   62   93  124  172  72                            
     2       18    60    88  119  152  210  260  79                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  A loopful of Escherichia coli IFO-3450, Escherichia coli IFO-3470 or
      Escherichia coli var. communior IFO-3547 from a 2-day slant culture was
      used to inoculate 20 ml. of medium B in a shake flask of 200 ml. capacity
      and cultivated under shaking at 24.degree.C for 24 hours. The cells thus
      grown were harvested by centrifugation and suspended in 2.5 ml. of 0.2 M
      citrate-phosphate buffer (pH 6.0). To this suspension was added 2.5 ml. of
      a similar buffer containing 480 mM of PAG and 240 mM of 7-ADCA
      methylsulfonylethyl ester and the mixture was allowed to react under
      shaking at 37.degree.C for 16 hours.
PAR  Then, 25 ml. of tetrahydrofuran was added to the reaction mixture to
      completely dissolve the products and the bacterial cells and insoluble
      proteins were removed by centrifugation. The resultant supernatant was
      then subjected to a polarimetric determination to measure the yield of
      7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonylethyl
      ester. The results are shown in Table VIII.
TBL                Table VIII                                                  
     ______________________________________                                    
                       Yield (mM) of the                                       
                       contemplated product                                    
     Microorganism     (cephalosporin ester)                                   
     ______________________________________                                    
     Escherichia coli IFO-3450                                                 
                       94.8 mM(79 % theoretical)                               
     Escherichia coli IFO-3470                                                 
                       99.6 mM(83 % theoretical)                               
     Escherichia coli var.                                                     
     communior IFO-3547                                                        
                       82.8 mM(69 % theoretical)                               
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  A loopful of Bacillus sp. ATCC-14552 or Bacillus sp. IFO-12063 from a 2-day
      slant culture was used to inoculate 20 ml. of medium C in a shake flask of
      200 ml. capacity and cultivated under shaking at 28.degree.C for 24 hours.
      To each of the resultant cultures was added a solution of 160 mg. of TAG
      in 2.5 ml. of 0.5 M-citrate-phosphate buffer (pH 6.0), followed by the
      addition of 114 mg. of 7-ADCA as methyl ester dissolved in 2.5 ml. of
      methanol.
PAR  The reaction was allowed to proceed at 37.degree. C with constant stirring
      for 16 hours. The amount of
      7-(2'-thienylacetamido)-3-desacetoxycephalosporanic acid methyl ester as
      accumulated in the reaction system was 16.2 mM when the culture of
      Bacillus sp. ATCC-14552 was used or 15.8 mM in the case of Bacillus sp.
      IFO-12063. The determinations were made by spectrophotometry as applied in
      combination with the use of .beta. -lactamase.
PAC  EXAMPLE 6
PAR  A loopful of Pseudomonas putida IFO-3537 or Proteus rettgeri ATCC-9250 from
      a 2-day slant culture was used to inoculate 40 ml. of medium C in a shake
      flask of 200 ml. capacity and cultivated under shaking at 28.degree. C for
      24 hours. The cells thus grown were harvested by centrifugation and
      suspended in 2 ml. of 0.2M citrate-phosphate buffer (pH 6.0). To this
      suspension was added 2 ml. of a similar buffer containing 320 mM of PAG
      and 160 mM of 7-ADCA methylsulfonylethyl ester and the mixture was allowed
      to react with stirring at 37.degree. C for 16 hours. Then, 12 ml. of
      tetrahydrofuran was added and the cells and insoluble proteins were
      removed by centrifugation. Finally, the concentration of
      7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonylethyl
      ester in the resultant 75 % aqueous tetrahydrofuran solution was measured
      by polarimetry. The yield was 44 mM for the reaction mixture containing
      the cells of Pseudomonas putida IFO-3537 or 36 mM for the system
      containing the cells of Proteus rettgeri ATCC-9250.
PAC  EXAMPLE 7
PAR  Ten (10) ml. of a 20 % aqueous solution of methanol containing 160 mM of
      TAG and 80 mM of 7-ADCA methyl ester was pooled with 10 ml. of a
      suspension of the washed cells of Escherichia coli IFO-13502 prepared
      according to Example 1 in 0.5M citrate-phosphate buffer (pH 6.0) and the
      mixture was allowed to react under stirring at 30.degree. C for 3 hours.
      Then, the concentration of
      7-(2'-thienylacetamido)-3-desacetoxycephalosporanic acid methyl ester in
      the reaction system was 28 mM as determined with polarimetry. The reaction
      was terminated by the addition of 50 ml. of a mixture of
      dichloromethane-ethyl ether (1:3) and the reaction mixture was shaken well
      to extract the contemplated cephalosporin ester. Using 50 ml. of a similar
      solvent, the extraction procedure was repeated further twice and the
      extracts were pooled and dried over anhydrous sodium sulfate. Then, the
      solvent was distilled off at a temperature not exceeding 35.degree. C. The
      resultant residue was crystallized from a small quantity of methanol-water
      to obtain 155 mg. of needles, melting point: 196.degree.-198.degree. C,
      [.alpha.].sub.D.sup.25 +147.degree.(c=0.5, in methanol). NMR(CDCL.sub.3)
      .delta.(ppm): 2.07(3H,s), 3.25(2H,q), 3.75(3H,s), 3.77(2H,s), 4.87(1H,d),
      5.67(1H,q), 6.72(1H,d), 6.90(2H,d), 7.17(1H,t)(s:singlet; d:doublet;
      t:triplet; q:quartet). The product was identified with an authentic sample
      by IR and NMR spectrometry.
PAC  EXAMPLE 8
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer to
      four times the concentration of the culture broth.
PAR  To this suspension was added 10 ml. of a 20 % aqueous solution of methanol
      containing PAG(80mM) and 7-ADCA methyl ester (67.4 mM) and the mixture was
      reacted at 30.degree. C with constant stirring. After 4 hours, the
      reaction product (7-phenylacetamido-3-desacetoxycephalosporanic acid
      methyl ester) amounted to 26.5 mM(79 % of theoretical). The quantitative
      analysis of the product was performed by spectrophotometry as applied in
      combination with the use of .beta.-lactamase.
PAR  The reaction was terminated after four hours incubation and the reaction
      system was shaken well with 40 ml. of tetrahydrofuran. Then, the cellular
      and other insoluble materials were removed by centrifugation and the
      supernatant was concentrated under reduced pressure at a temperature not
      exceeding 35.degree. C. The resultant crystals were harvested by
      filtration and recrystallized from methanol. The procedure yielded needles
      of 7-phenylacetamido-3-desacetoxycephalosporanic acid methyl ester,
      melting point: 191.degree.-193.degree. C, [.alpha.].sub.D.sup.25
      +23.degree.(c=0.5, in CH.sub.2 Cl.sub.2), E.sub.1cm.sup. ( 260 m.mu.)=185.
      The product was identified with an authentic sample by IR and NMR
      spectrometry.
PAC  EXAMPLE 9
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 20 ml. of distilled water to a concentration
      ten times that of the culture broth. To this suspension was added 20 ml.
      of a 20 % aqueous solution of methanol containing 320 mM of TAG and 160 mM
      of 7-ACA methoxymethyl ester and the system was reacted at 28.degree. C,
      the pH being controlled at 6.0 by means of a pH-stat. After 4 hours, the
      accumulation of the contemplated cephalosporin ester in the reaction
      mixture was 61 mM. The quantitative analysis was conducted by
      spectrophotometry as applied in combination with the use of
      .beta.-lactamose. Then, 120 ml. of tetrahydrofuran was added to the
      reaction mixture to completely dissolve the product and the cells and
      other insolubles are removed by filtration. The resultant supernatant was
      concentrated under reduced pressure and at a temperature not exceeding
      30.degree. C and the resultant crystalline residue was harvested by
      filtration, washed with water and recrystallized from methylene chloride
      and ether. The procedure yielded 203 mg. of
      7-(2'-thienylacetamido)cephalosporanic acid methoxymethyl ester, melting
      point: 158.degree.-159.degree. C[.alpha.].sub.D.sup.25 +
      28.degree.(c=0.5, in CH.sub.2 Cl.sub.2), E.sub.1cm.sup. 1% (260m.mu.)=162.
PAR  The product was identified with an authentic sample by NMR and IR
      spectrometry.
PAC  EXAMPLE 10
PAR  A loopful of Escherichia coli IFO-3450 from a 2-day slant culture was used
      to inoculate each 25 ml. of medium B in a shake flask of 200 ml. capacity
      and cultivated under shaking at 24.degree. C for 24 hours.
PAR  Then, the culture fluids from the four flasks were centrifuged to obtain
      the grown cells, which were then suspended in 10 ml. of 0.2M
      citrate-phosphate buffer (pH 6.0). To this suspension was added 10 ml. of
      0.2M citrate-phosphate buffer containing 160 mM of phenylacetamide and 80
      mM of 7-ADCA methylsulfonylethyl ester. The system was reacted under
      stirring at 37.degree. C for 16 hours. The yield of
      7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonylethyl
      ester in the reaction system was 24.2 mM.
PAC  EXAMPLE 11
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer (pH
      6.0) to a concentration ten times that of the culture broth. To the
      resultant suspension was added 10 ml. of a 20 % aqueous solution of
      methanol containing TAG (160 mM) and 7-ACA acetonyl ester (80 mM) and the
      mixture was reacted under stirring at 30.degree. C. After 4 hours, the
      yield of cephalosporin ester as accumulated in the reaction mixture was
      20.5 mM. Then, 40 ml. of tetrahydrofuran was added and, after shaking
      well, the cells and other insolubles were removed by centrifugation. The
      supernatant was concentrated at low temperature under reduced pressure.
      The resultant crystals were harvested by filtration and recrystallized
      from methanol-ether. The procedure yielded 128 mg of
      7-(2'-thienylacetamido)cephalosporanic acid acetonyl ester. This product
      was identified with an authentic sample by NMR and IR spectrometry.
PAC  EXAMPLE 12
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer (pH
      6.0) to a concentration 10 times that of the original culture broth and,
      then, 10 ml. of 20 % aqueous methanol containing TAG(120 mM) and 7-ACA
      diphenylmethyl ester (60 mM) was added. Under stirring, the mixture was
      allowed to react at 30.degree. C. After 4 hours' reaction, the amount of
      cephalosporin ester as accumulated in the reaction system was 18.5 mM. To
      this reaction mixture was added 40 ml. of tetrahydrofuran and, after
      shaking well, the cells and other insolubles were removed by
      centrifugation. The supernatant was concentrated at low temperature under
      reduced pressure. The resultant crystals were harvested by filtration and
      recrystallized from methanol to obtain 105 mg. of
      7-(2'-thienylacetamido)cephalosporanic acid diphenylmethyl ester, melting
      point: 61.degree.-63.degree. C, [.alpha.].sub.D.sup.25 0.degree.(c=0.5,
      CH.sub.2 Cl.sub.2), E.sub.1cm.sup.1% (260 m.mu. )=136. This product was
      identified with an authentic sample by NMR and IR spectrometry.
PAC  EXAMPLE 13
PAR  There was prepared 20 ml. of an aqueous solution (adjusted to pH 6.0)
      containing 480 mM of TAG and 240 mM of 7-ADCA methylsulfonylethyl ester.
      Meanwhile, the washed cells of Escherichia coli IFO-13502 as prepared
      according to Example 1 were suspended in 20 ml. of distilled water to a
      concentration 10 times that of the original culture broth. The suspension
      was added to the above solution and the mixture was reacted at 37.degree.
      C, the pH being maintained at 6.0 with 2N HCl by a pH-stat.
PAR  The yield of the cephalosporin ester accumulated in the reaction system by
      the end of 5 hours was 86.4 mM as measured by polarimetry.
PAR  The reaction was terminated at this time and 200 ml. of tetrahydrofuran was
      added to the mixture to dissolve the product. Then, the cells and other
      insolubles were removed by filtration. The resultant filtrate was
      concentrated under reduced pressure at a temperature not exceeding
      35.degree. C and the crystals separated were harvested by filtration. The
      crystals were then recrystallized from methanol-ether to obtain 1.26 g. of
      7-(2'-thienylacetamido)-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester, melting point: 137.degree.-139.degree. C,
      [.alpha.].sub.D.sup. 25 +120.degree.(c=0.5, in 75 % aqueous
      tetrahydrofuran), E.sub.1cm.sup.1% (260 m.mu.(=175, NMR(CDCl.sub.3)
      .delta. (ppm): 2.13(3H,s), 2.94(3H,s), 3.33(2H,d), 3.38(2H,t), 3.83(2H,s),
      4.65(2H,q), 4.95(1H,d), 5.73(1H,q), 6.67(1H,d), 6.98(2H,d), 7.25(1H,t).
PAC  EXAMPLE 14
PAR  In 7 l. of 0.1M Tris-hydrochloric acid buffer (pH 8) were suspended 2700 g.
      (on a wet basis) of washed cells of Escherichia coli IFO-13502 as prepared
      according to Example 1. Then, using a fractionator (Ribi Cell
      Fractionator, Sorval, Model RF-1), the cells were disrupted under 15000
      p.s.i. To the resultant crude extract were added 17.3 g. of MgSO.sub.4.
      7H.sub.2 O(final concentration: 10mM) and 3.5 mg. of DNase-I(Sigma, final
      concentration 0.5 .mu.g/ml.) and the system was stirred at 5.degree. C for
      3 hours. Then, 282 g. of Ca(CH.sub.3 COO).sub.2. H.sub.2 O was added in
      powdery form and dissolved. Thereafter, a solution of 279 g. of K.sub.2
      HPO.sub.4 in 800 ml. of pure water was gradually added dropwise to cause
      calcium phosphate gel to be formed in the crude extract and the system was
      promptly centrifuged. The resultant supernatant, amounting to 7.9 l., was
      brought to pH 5.2 with 10 % acetic acid and, after the resultant
      precipitate was removed by centrifugation, was further adjusted to pH 7.5
      with 2 % aqueous ammonia. Then, ammonium sulfate powder was added to the
      solution to 60 % saturation and the precipitate was harvested by
      centrifugation, dissolved in a small quantity of pure water and dialyzed
      against pure water. The resultant dialysate, 1.1 l., was passed over
      diethylaminoehtylcellulose (pH 8.5, 0.01M Tris-buffer) and the
      cephalosporin-synthesizing enzyme adsorbed was eluted with 0.01M Tris-HCl
      buffer (pH 8.5) containing 0.05M NaCl. The fractions having activity were
      pooled and dialyzed against pure water, followed by lyophilization,
      whereupon about 730 mg. of enzyme preparation was obtained. 60
PAR  An example of synthesis of cephalosporin ester by use of the above enzyme
      preparation is as follows.
PAR  Twenty(20) mg. of the above enzyme preparation was added to a 20 ml.
      aqueous solution (pH 6.0) containing 160 mM of TAG and 80 mM of 7-ADCA
      methylsulfonylethyl ester and the mixture was reacted at 37.degree. C for
      4 hours, the pH being held at 6.0 with 2N HCl by means of a pH-stat. It
      was found that, during this reaction time, 58.2 mM of
      7-(2'-thienylacetamido)-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester had accumulated in the system. The quantitative
      determination was carried out by polarimetry.
PAC  EXAMPLE 15
PAR  The cephalosporin ester-synthesizing enzyme according to Example 14 was
      chemically bound to a water-insoluble resin to prepare a water-insoluble
      enzyme preparation and a cephalosporin ester synthesis was carried out
      with the aid of this enzyme preparation. A number of known methods are
      available for binding the cephalosporin ester-synthesizing enzyme to a
      water-insoluble resin. For the present purpose, however, the azide method
      only will be mentioned and described as an example of the available
      insolubilization procedure.
PAR  In 400 ml. of methanol was suspended 50 g. of carboxymethylcellulose (CMC)
      (Whatman CM-11) and while the suspension was cooled at -10.degree. C to
      -20.degree. C, 100 ml. of thionyl chloride was added dropwise. The
      reaction was further allowed to proceed overnight under cooling with ice
      and, then, for 3 days at room temperature. The methyl ester thus formed
      was harvested by filtration, washed with methanol, acetone and ether, and
      finally dried (yield 41 g.). Then, this methyl ester was suspended in 500
      ml. of methanol and 100 ml. of hydrazin hydrate was added. The mixture was
      refluxed at 65.degree. C for 3 hours and, then, allowed to stand at room
      temperature overnight. The resultant CMC-hydrazide was washed with
      methanol and ether and dried (yield 39.3 g.). Three (3) g. of the
      CMC-hydrazide was added to a mixture of 150 ml. of 2 % hydrochloric acid
      and 30 ml. of 3 % sodium nitrite and the mixture was allowed to react at
      4.degree. C for 30 minutes. The product was harvested by filtration and
      washed twice with 200 ml. of cold dioxane and, then, with 200 ml. of cold
      water to obtain CMC-azide. Then, 1 g. of the CMC-azide was suspended in 5
      ml. of 0.05M phosphate buffer (pH 8.0) and a solution of 100 mg. of the
      cephalosporin ester-synthesizing enzyme according to Example 14 in 10 ml.
      of a similar buffer was added. The mixture was reacted overnight at
      5.degree. C. The resultant product was harvested by filtration and washed
      well with 0.2M aqueous glycine and, then, with 0.5M aqueous of sodium
      chloride. Then, the product was assayed for cephalosporin
      ester-synthesizing activity. It was found that 12 % of the activity of the
      enzyme sample used had been bound to the CMC. The entire amount of the
      water-insoluble enzyme thus obtained was suspended in 20 ml. of 0.2M
      citrate-phosphate buffer (pH 6.0) and a solution of 160 mM of TAG and 80
      mM of 7-ADCA methylsulfonylethyl ester in 20 ml. of a similar buffer was
      added. The mixture was allowed to react at 37.degree.  C for 4 hours, with
      constant stirring, whereupon 28.2 mM of
      7-(2'-thienylacetamido)-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester accumulated in the reaction mixture. The
      quantitative determination was conducted by polarimetry.
PAC  EXAMPLE 16
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer to a
      concentration 10 times that of the original culture broth and, then, 10
      ml. of a similar buffer containing 160 mM of TAG and 80 mM of
      7-amino-3-(2"-pyridylthiomethyl)3-cephem-4-carboxylic acid methoxymethyl
      ester was added. The mixture was allowed to react at 37.degree. C for 4
      hours, with constant stirring, whereby 24 mM of
      7-(2'-thienylacetamido)-3-(2"-pyridylthiomethyl)-3-cephem-4-carboxylic
      acid methoxymethyl ester was produced in the reaction mixture. The
      quantitative determination was conducted by polarimetry.
PAC  EXAMPLE 17
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer to a
      concentration ten times that of the original culture broth and, then, 10
      ml. of a similar buffer containing 160 mM of TAG and 80 mM of
      7-amino-3-{6"-(3"-methylpyridazinyl)thiomethyl}-4-methoxymethoxycarbonyl-3
     -cephem-2"-oxide was added. Under stirring, the mixture was reacted at
      37.degree. C for 4 hours, whereby 22 mM of
      7-(2'-thienylacetamido)-3-{6"-(3"-methylpyridazinyl)thiomethyl}-4-methoxym
     ethoxycarbonyl-3-cephem-2"-oxide was produced and accumulated in the
      reaction system. The quantitative determination was conducted by
      polarimetry.
PAC  EXAMPLE 18
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer to a
      concentration ten times that of the original culture broth and, then, 10
      ml. of a similar buffer containing 160 mM of TAG and 80 mM of
      7-amino-3-{6"-(3"-methoxypyridazinyl)thiomethyl}-4-methoxymethoxycarbonyl-
     3-cephem-1"-oxide was added. The mixture was allowed to react under
      stirring at 37.degree. for 4 hours, whereupon 27 mM of
      7-(2'-thienylacetamido)-3-{6"-(3"-methoxypyridazinyl)thiomethyl}-4-methoxy
     methoxycarbonyl-3-cephem-1"-oxide was produced and accumulated in the
      reaction mixture. The quantitative determination was conducted by
      polarimetry.
PAC  EXAMPLE 19
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to
      Example 1 were suspended in 10 ml. of 0.5M citrate-phosphate buffer to ten
      times the concentration of the original culture broth. Then, 10 ml. of a
      similar buffer solution containing 160 mM of TAG and 80 mM of
      N-{7-amino-4-methoxymethoxycarbonyl-3-cephem-3-ylmethyl}pyridinium is
      added to the suspension. The mixture is allowed to react under stirring at
      37.degree. for 4 hours, whereupon 21 mM of
      N-{7-(2'-thienylacetamido)-4-methoxymethoxycarbonyl-3-cephem-3-ylmethyl}py
     ridinium was produced and accumulated in the reaction mixture. The
      quantitative determination was conducted by polarimetry.
PAC  EXAMPLE 20
PAR  The washed cells of Escherichia coli IFO-13502 as prepared according to the
      manner in Example 1 were suspended in 2 ml. of 0.2M phosphate buffer to a
      concentration 20 times that of the original culture broth and, then, 2 ml.
      of a 0.2M phosphate buffer containing 160 mM of 7-ADCA methylsulfonylethyl
      ester and 320 mM of 0-(p-hydroxyphenylacetyl)-glycolic acid was added. The
      mixture was allowed to react at 37.degree. C for 16 hours with constant
      stirring. The cephalosporin ester thus formed and unreacted 7-ADCA ester
      were converted to the corresponding acids with 180 mM of NaOH at
      25.degree. C, pH 10.0. The mixture was treated with .beta.-lactamase
      produced by Aerobacter cloaceae IFO-12937 according to the manner of
      Reference Example 1 and a concentration of the cephalosporin was measured
      by spectrophotometry. The amount of
      7(p-hydroxyphenylacetamido)-3-desacetoxycepharosporanic acid
      methylsulfonylethyl ester accumulated in the reaction system was 118 mM.
PAC  EXAMPLE 21
PAR  A similar manner to that of Example 20 was conducted using the washed cells
      of Proteus rettgeri ATCC-9250 instead of Escherichia coli IFO-13502. The
      amount of 7-(p-hydroxyphenylacetamido)-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester accumulated in the reaction system was 9 mM.
PAC  EXAMPLE 22
PAR  To 20 ml. of the culture of Bacillus sp. ATCC-14552 prepared by the same
      manner as that of Example 5 was added 164 mg. of phenylacetic acid ethyl
      ester dissolved in 2.5 ml. of methanol and 178 mg. of
      7-amino-3desacetoxycephalosporanic acid methylsulfonylethyl ester
      hydrochloride dissolved in 2.5 ml. of 0.5M phosphate buffer (pH 8.0). The
      mixture was adjusted to pH 8.5 with 5-NaOH and allowed to react at
      37.degree. C for 24 hours with constant stirring. The amount of
      7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonylethyl
      ester as accumulated in the reaction system was 12.3 mM. The determination
      was made by spectrophotometry as applied in combination with the use of
      .beta.-lactamase.
PAC  EXAMPLE 23
PAR  The washed cells of Escherichia coli IFO-13502 prepared according to the
      manner in Example 1 were suspended in 0.5M phosphate buffer to a
      concentration 20 times that of the original culture broth. To 5 ml. of the
      suspension were added 5 ml. of 0.5M phosphate buffer (pH 8.0) containing
      160 mM of phenylacetamide and 80 mM of 7-amino-3-desacetoxycephalosporanic
      acid methylsulfonylethyl ester and the mixture was allowed to react at
      37.degree. C for 24 hours. The amount of
      7-phenylacetamido-3-desacetoxycephalosporanic acid methylsulfonylethyl
      ester as accumulated in the reaction system was 22.5 mM. The determination
      was made by polarimetry.
PAC  EXAMPLE 24
PAR  The cells of Proteus rettgeri ATCC-9250 were separated from 40 ml. of the
      culture prepared by a manner similar to that of Example 6 by
      centrifugation and were suspended in 2 ml. of 0.2M citrate-buffer (pH
      6.0). To the suspension was added 2 ml. of a similar buffer containing 320
      mM of S-phenylacetylthioglycolic acid and 160 mM of
      7-amino-3-desacetoxycephalosporanic acid methylsulfonylethyl ester. The
      mixture was allowed to react at 37.degree. C for 24 hours with stirring.
      The amount of 7-phenylacetamido-3-desacetoxycephalosporanic acid
      methylsulfonylethyl ester as accumulated in the reaction mixture was 57
      mM. The determination was made by polarimetry.
PAC  EXAMPLE 25
PAR  To 20 ml. of the culture of Bacillus sp. IFO-12063 prepared by the same
      manner as that of Example 5 was added 5 ml. of 0.2M glycine-NaOH buffer
      (pH 9.0) containing 400 mM of phenylacetylglycine and 200 mM of
      7-amino-3-desacetoxycephalosporanic acid methyl ester. The mixture was
      adjusted to pH 9.3 and allowed to react at 37.degree. C for 24 hours with
      stirring. The amount of 7-phenylacetamido-3-desacetoxycephalosporanic acid
      methyl ester as accumulated in the reaction system was 16 mM. The
      determination was made by polarimetry.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the production of a cephalosporin of the formula:
      ##SPC9##
PAL  wherein R is an unsaturated six-membered carbocyclic ring or five-membered
      heterocyclic ring residue which may have uncharged substituent(s); R.sup.1
      hydrogen, hydroxy, or halogen; R.sup.2 is a hydrogen atom or an organic
      group which is bound through an oxygen, sulfur or nitrogen atom;
      COOR.sup.3 is an ester group which may be easily converted to COOH, which
      comprises reacting a derivative of an organic acid of the formula:
      ##EQU4##
      wherein R and R.sup.1 have the same meaning as defined above with
      7-aminocephem-4-carboxilic acid ester of the formula:
      ##SPC10##
PAL  wherein R.sup.2 and COOR.sup.3 have the same meaning as defined above in
      the presence of a culture or the enzyme containing processed matter of
      said culture of the microorganism of one of the genera Escherichia,
      Bacillus, Proteus and Pseudomonas which is able to synthesize a
      cephalosporin of the formula (I) from a derivative of the organic acid of
      the formula (II) and 7-aminocephem-4-carboxylic acid ester of the formula
      (III).
NUM  2.
PAR  2. A method according to claim 1, wherein the derivative of the organic
      acid of the formula (II) is one which can be hydrolyzed in aqueous medium
      in the presence of a culture or a processed matter of the microorganism
      employed to give the organic acid of the formula (II).
NUM  3.
PAR  3. A method according to claim 1, wherein R.sup.2 is hydrogen, alkoxy,
      alkylcarbonyloxy, pyridylthio, pyridinium, alkylthiocarbonyloxy,
      dialkylaminothiocarbonylthio, alkylammonium, --N.sub.3,
      aralkyloxycarbonylamino or pyridazinylthio-N-oxide and R.sup.3 is
      halogenoalkyl, alkyl(or aryl) sulfonylalkyl, alkyl, alkoxyalkyl,
      alkylcarbonylakyl, diarylthioalkyl or alkyl (or aryl) sulfinylalkyl.
NUM  4.
PAR  4. A method according to claim 2, wherein R.sup.2 is hydrogen, alkoxy,
      alkylcarbonyloxy, pyridylthio, pyridinium, alkylthiocarbonyloxy,
      dialkylaminothiocarbonylthio, alkylammonium, --N.sub.3,
      aralkyloxycarbonylamino or pyridazinylthio-N-oxide and R.sup.3 is
      halogenoalkyl, alkyl (or aryl) sulfonylalkyl, alkyl, alkoxyalkyl,
      alkylcarbonylalkyl, diarythioalkyl or alkyl (or aryl) sulfinylalkyl.
NUM  5.
PAR  5. A method according to claim 4, wherein the derivative of the organic
      acid of the formula (II) is an amino acid ester, a glycolic acid ester, a
      thioglycolic acid ester, an amide or alkyl ester of the said organic acid.
NUM  6.
PAR  6. A method according to claim 1, wherein the microorganism is Escherichia
      coli.
NUM  7.
PAR  7. A method according to claim 4, wherein the microorganism is
PA1  Escherichia coli IFO-3542,
PA1  escherichia coli ATCC-9637,
PA1  escherichia coli var. communior IFO-3547,
PA1  escherichia coli var. communior IFO-3548,
PA1  escherichia coli IFO-13502,
PA1  escherichia coli IFO-3470,
PA1  escherichia coli IFO-3450,
PA1  bacillus sp. IFO-12063,
PA1  proteus rettgeri ATCC-9250 or
PA1  Pseudomonas putida IFO-3537.
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PAL  Human placental hyaluronidase preparation is prepared by extracting
      hyaluronidase from human placenta with an aqueous alkaline solution,
      harvesting globulin fraction from the extract, selectively adsorbing
      hyaluronidase contained in the fraction on an anion exchanger such as
      DEAE-Cellulose and eluting it, gel-filtrating the eluate, and lyophilizing
      the filtrate into powder. The hyaluronidase thus obtained has a molecular
      weight of about 70,000, with isoelectric point of pH 5.2, and enzymatic
      optical pH ranging 3.6 - 4.0, differing from conventional bovin testicular
      hyaluronidase. The preparation contains no heterogeneous proteins which
      cause ill-effect to human body.
BSUM
PAR  This invention relates to a human placental hyaluronidase preparation and
      process therefor.
PAR  The name, hyaluronidase, is commonly applied to a group of enzymes that are
      capable of hydrolyzing hyaluronic acid. This enzyme is widely distributed
      in nature, i.e., mammalian testis, liver and spleen, snake venoms, and
      certain bacteria. It has already been known that especially in mammalian
      testis, this enzyme has been found in relatively large amounts and usually
      animal testis is used as its source. Hyaluronidase itself has also been
      called as the "Spreading Factor" because of the property it has of
      enhancing the diffusion in tissues by modifying the permeability of tissue
      in vivo, and preparation of hyaluronidase obtained from the animal testis
      has widely been applied clinically in order to get better absorption of
      injected drugs. Nevertheless, hyaluronidase preparations obtained from
      such heterogeneous tissues as animal testis or bacteria, happen to induce
      critical ill-effects due to its heterogeneous protein when being injected
      into patients, and attention should be paid before and during its
      administration.
PAR  Little has been known on the presence of hyaluronidase in human placental
      tissue, and the physiological significance as well as clinical role of the
      enzyme has not yet been elucidated. [F. Scarpa, A. Panazzolo, M. Tanferna,
      and P. F. Pavetto: Boll. Soc. Ital. Biol. Sper. 45 217 - 220 (1969); I. P.
      Homenyuk: Pediatr. Akush. Hinekol. 34(2) 44 - 46 (1972); and N. P. Rudyuk:
      Nekotorye Vopr. Patol. Beremennosti i Rodov, Vinnitsk. Med. Inst. Vinnitsa
      1960 No. 2 251 - 258 (Pub. 1961)] There has been no report on the
      isolation or prepareation of human placental hyaluronidase so far.
PAR  The inventors succeeded in isolation and preparation of hyaluronidase from
      human placenta in good yield, and found that the preparation thus obtained
      showed no ill-effect when being parentally administered to test animals
      and human bodies.
PAR  Thus, an object of the present invention is to provide a preparation of
      human placenta hyaluronidase which has no ill-effect to human body due to
      the lack of heterogeneous protein.
PAR  Another object of the present invention is to provide a method of preparing
      a hyaluronidase preparation from a readily available source.
PAR  According to the present invention, there is provided a process for
      preparing a hyaluronidase preparation comprising subjecting a human
      placental tissue to extraction with an aqueous alkaline solution at pH of
      about 7.5 to about 10.5, harvesting glubulin fraction from the extract,
      contacting the globulin fraction with an anion exchanger equilibrated with
      about 0.005 M to about 0.01 M buffer at pH of about 6.0 to about 8.5 and
      eluting hyaluronidase adsorbed with a buffer of increased molarity and/or
      lowered pH, and subjecting thus obtained hyaluronidase fraction to
      gel-filtration.
PAR  Now, the present invention will be explained in detail.
PAR  Human placental tissue used in the present invention is fresh or frozen
      one, and is used with or without washing to remove blood. The tissue is
      minced by an appropriate chopper such as a meat chopper, and homogenized
      with an aqueous alkaline solution at pH 7.5 - 10.5. All treatments are
      done preferably at the temperature below 5.degree. C. Unsolubilized
      material is removed by filtration or centrifugation and the clear extract
      is obtained. By this alkaline extraction process, the maximum yield of
      hyaluronidase is achieved and this range of pH keeps the enzyme more
      stable during the extraction than doing in acidic medium.
PAR  Alkalis used in the aqueous alkaline solution are ammonium hydroxide,
      sodium hydroxide, tris(hydroxymethyl)aminomethane, various boric acid
      salts, and preferably alkaline buffer containing the above alkalis.
PAR  A globulin fraction can be harvested from the clear extract by using any
      conventional fractionation methods, for instance, salting-out
      fractionation by ammonium sulfate, fractionation by water-soluble
      alcohols, by zinc acetate, and electrophoretically, and separated from
      hemoprotein such as hemoglobin and colored protein contained in the
      extract.
PAR  Among the fractionation methods, ammonium sulfate fractionation and alcohol
      fractionation processes are recommendable, and the former is most
      preferable. The extract obtained is adjusted to pH about 6.5 to 7.5, and
      added with solid or concentrated ammonium sulfate under vigorous stirring
      to give about 40 to 50% saturation to the resulting solution. The
      precipitate formed is harvested by centrifugation. Thus obtained
      precipitate or globulin fraction contains almost all amount of
      hyaluronidase in the starting placenta. On the other hand, large amounts
      of impurities such as hemoprotein contained in the original tissue are
      effectively removed; moreover, huge volume of the original extract can be
      reduced to a small volume as precipitate sludge. This ammonium sulfate
      precipitation process may conveniently be performed at room temperature,
      being its action of enzyme stabilizing and bacteriostatic effects due to
      ammonium sulfate added.
PAR  The alcohol fractionation process is also preferably used to separate
      hyaluronidase from the extract by precipitating fractionation using
      watersoluble alcohols such as ethanol and isopropanol. In the case of
      applying ethanol, for instance, a final solvent concentration of about 20
      - 25 percent at pH about 6.5 - 8.5 is an appropriate condition.
PAR  Although the ethanol fractionation process usually requires rather strict
      conditions in temperature, pH and ion strength, the yield and purity
      achieved by this process do not differ so much from those by ammonium
      sulfate fractionation.
PAR  The globulin fraction harvested as the precipitate, is still heavily
      contaminated with hypotensive factors, blood type substances, hemoprotein
      and others, and hence it should further be purified. In order to remove
      such impurities, the fraction is contacted with an anion exchanger so that
      hyaluronidase in the fraction is adsorbed selectively.
PAR  The precipitate is dissolved in a small amount of water, and ammonium
      sulfate remaining in the solution is removed by dialysis against water,
      and the dialysate is contacted with an anion exchanger. The selective
      adsorption of hyaluronidase is carried out by contacting the dialysate
      with anion exchangers at a pH of about 6.0 to about 8.5 in a buffer of
      such a decreased molarity as about 0.005 M to about 0.01 M.
PAR  Thus, the dialysate is equilibrated with about 0.005 M -- about 0.01 M
      buffer at a pH of about 6.0 to about 8.5, such as phosphate buffer and
      tris(hydroxymethyl)aminomethane buffer, and passed through an anion
      exchanger column which has previously been equilibrated with the same
      buffer. Hyaluronidase in the dialysate is selectively adsorbed by the
      anion exchanger.
PAR  The anion exchangers used in the step are, for example, a polysaccharide
      gel with basic groups, such as DEAE-Sephadex (diethylaminoethyl dextran
      supplied by Pharmacia Co.) and DEAE-Cellulose (diethylaminoethyl cellulose
      supplied by Brown Co.), a styrenedivinylbenzene (DVB) copolymer matrix
      with basic groups such as Dowex 1 (styrene-DVB copolymer matrix with
      quaternary ammonium group), or a phenol-formaldehyde resin with basic
      groups such as Amberlite XE (supplied by Rohm and Haas Co.).
PAR  After washing the anion exchanger with the same buffer as used to remove
      non-adsorbed impurities, hyaluronidase is eluted with the buffer but
      having an increased molarity, for example, 0.02 M - 0.10 M with same of
      lower pH, or with the buffer of a lowered pH, for example, 6.5 - 5.0,
      according to conventional chromatography technique.
PAR  The eluted hyaluronidase fraction is gelfiltered through a highly
      cross-linked polysaccharide gel molecular sieving such as Sephadex G-150
      and G-250 (cross-linked dextran supplied by Pharmacia Co., Sweden) and
      Sepharose 6-B (agarose gel supplied by Pharmacia Co.), or a polyacrylamide
      gel molecular sieving such as Biogel P-100 or P-150 (a copolymer of
      acrylamide and methylenebis acrylamide supplied by BIO.sup.. RAD Lab. The
      filtrate is lyophylized into white powder which is the hyaluronidase
      preparation of the present invention.
PAR  While a satisfactory preparation can be obtained according to the
      above-mentioned process, hyaluronidase preparation having higher activity
      may be prepared by inserting, before the contacting of anion exchanger,
      the treatment of the globulin fraction either with a cation exchanger
      equilibrated with a buffer having a molarity ranging about 0.01 M to 0.05
      M at a pH of about 5 to about 7, or with an anion exchanger which may be
      same as previously mentioned and is equilibrated with a buffer having a
      molarity ranging about 0.1 M to 0.2 M at a pH of about 6.0 to about 7.0,
      in order to previously removing the undesirable impurities already
      mentioned, as selective adsorptives.
PAR  The cation exchanger used is, for example, polysaccharide gel type such as
      CM-Cellulose (carboxymethylated cellulose supplied by Brown Co.) and
      CM-Sephadex (carboxymethylated dextran sold by Pharmacia Co.), or
      methacrylic acid-divinylbenzene copolymer such as Amberlite IRC-50
      (supplied by Rohm & Haas Co.), and the actual technique of the treatment
      is conventional in the art.
PAR  In both treatments, the buffer which passed through each of the ion
      exchangers and containing further purified hyaluronidase is contacted with
      the anion exchanger under the condition previously mentioned to obtain
      further purified hyaluronidase fraction which is subjected to
      gel-filtration.
PAR  Alternatively, the impurities contained in the globulin fraction may also
      be removed by the use of less cross-linked molecular siervings and
      non-specific adsorbents for facilitating the essential steps, that is, the
      contacting with the anion exchanger and gelfiltration. For the purpose,
      the globulin fraction is passed through a molecular sieving such as
      Sephadex G-100 or G-150 and fractionated into three fractions, that is,
      higher molecular weight one, a desired fraction of a molecular weight of
      50,000 - 100,000 and lower molecular weight fraction. The desired fraction
      may be contacted with non-specific adsorbents such as charcoal, kaolin and
      hydroxyapatite, etc. The partially purified fraction thus obtained may be
      treated with the cation exchanger or anion exchanger according to the
      procedure in the previous paragraph followed by the essential treatment
      with the anion exchanger and gel-filtration.
PAR  The hyaluronidase preparation of the present invention has no adverse
      effects when being injected into human bodies. The properties of the human
      placental hyaluronidase prepared by the present method are as follows:
      Molecular weight is about 70,000 with isoelectiric point pH 5.2, and its
      optimal pH ranging 3.6 - 4.0 determined with hyaluronic acid from human
      umbilical cord as a substrate. The enzyme is very stable when being kept
      below 30.degree. C at a pH of 6 - 7 in an aqueous solution. On the other
      hand, it has been reported that the molecular weight, isoelectric point,
      and the optimal pH of bovine testicular hyaluronidase are 11,000, pH 5.7
      and 4.0 - 5.5, respectively.
PAR  Comparing with the above parameters of both, human placental hyaluronidase
      apparently differs from the bovine testicular one.
DETD
PAR  The present invention will be explained in more detail by following
      Examples which should not be construed to limit the invention.
PAR  In the Examples the assay of hyaluronidase activity is performed by a
      modification of the methods of Aronson et al. [N. N. Aronson, Jr., E. A.
      Dadidson J. Biol. Chem. 242(3) 437 - 440 (1967)] and Patel et al. [V.
      Patel, A. L. Tappel, J. S. O'Brien Biochem. Med. 3 447 - 457 (1972)]. In a
      test tube, 0.04 M acetate buffer (pH 3.6), 0.15 M NaCl, 150 mcg sodium
      hyaluronate as a substrate, and enzyme solution are mixed to make a total
      volume of 0.40 ml, and the reaction mixture is incubated at 37.degree. C
      for 60 min. After incubation, 50 .mu.l of 50% trichloroacetic acid
      solution is added to the reaction mixture for stopping the enzymic
      reaction. To another test tube, as a control, incubation is carried out
      without addition of enzyme and after the incubation under the same
      condition to the main experiment, trichloroacetic acid and the enzyme
      extract are added in this order. No breakdown of hyaluronate is shown in
      the absence of the enzyme. The acidified reaction mixture by
      trichloroacetic acid is neutralized with 50 .mu.l of alkali solution of
      appropriate concentration, usually 3.4 N NaOH is used. The amount of
      N-acetylhexosamine end group revealed from substrate by the enzymic
      reaction is determined by the method of Resissig, Strominger and Leloir
      (J. Biol. Chem. vol. 217, pages 959 - 966, 1955), with using
      N-acetylglucosamine as a standard. One unit of activity of hyaluronidase
      is defined as the amount of enzyme that can release 1 .mu. mole of
      N-acetylglucosamine residue from hyaluronate added at 37.degree. C per
      minute.
PAC  EXAMPLE [I]
PAR  Human frozen placenta, weighed 2676 grams in wet state, was minced by a
      meat chopper and rinsed three times by suspension and filtration with 10 l
      of cold physiological saline solution to remove contaminated blood
      thoroughly. The washed placental tissue obtained weighed 2071 g, and then
      homogenized by a VirTis 45 homogenizer (sold by The Virtis Co., U.S.A.)
      with 2.5 times volume of chilled 0.02 M Tris-HCl buffer (pH 9.0) at the
      top speed of the cutter for 30 seconds. The resulted homogenate, 5,450 ml
      in total volume, was allowed to stand for 2 hours and centrifuged at 9,600
      .times. g for 15 min. A clear supernatant of 3,950 ml was obtained. The
      supernatant was adjusted to pH 7.0 by addition of 5 N HCl under vigorous
      mechanical stirring, followed by addition of 1,290 g solid ammonium
      sulfate at 0.degree. - 5.degree. C to give approximately 50 percent
      saturation. The pH of the solution was checked and again adjusted to 7.0
      with N sodium hydroxide solution, and allowed to stand for overnight at
      0.degree. - 5.degree. C to precipitate completely. The precipitated
      material was harvested by centrifugation at 9,600 .times. g for 15 min.
      and redissolved in 200 ml of water. The solution was then dialyzed against
      water by a Hollow Fiber Dialyzer Concentrator Model DC-2 (Amicon Corp.,
      U.S.A.) until no sulfate ion was detected. The dialysate was equilibrated
      with 0.01 M phosphate buffer (pH 8.2) and applied to a DEAE-Cellulose
      column (4.5 .times.  50 cm), which had previously equilibrated with the
      same buffer. The column was washed with the same buffer to remove
      non-absorbable contaminants. The enzyme was eluated with 0.05 M phosphate
      buffer (pH 7.5) and the eluated solution, 725 ml in total volume, was
      desalted by dialysis against water.
PAR  The specific activity of the enzyme itself was 4.5 milli units per mg of
      protein. The degrees of purification at the process of ammonium sulfate
      fractionation and DEAE-Cellulose column chromatography are calculated as
      1.8 fold and 10 fold, respectively.
PAR  The hyaluronidase fraction free from the buffer salt was lyophilized in
      order to concentrate and dissolved in 0.01 M Tris buffer (pH 7.0), and
      then subjected to ascending gel filtration using Sephadex G-200. The
      effluent was fractionated and each 2 ml portion was collected in the test
      tube. Hyaluronidase fraction was pooled and desalted by dialysis against
      water. After being lyophilized, 20.8 mg of highly purified human placental
      hyaluronidase was obtained and the specific activity was 17.2 milli units
      per mg of protein. The degree of purification by the use of Sephadex G-200
      is calculated as 3.8 fold.
PAR  The hyaluronidase in the preparation had a molecular weight of about 69,000
      as determined by gel filtration technique and an isoelectric point of
      5.19. The preparation was stable at pH 6.5 at 30.degree. C for at least 24
      hours in aqueous solution, but during incubation at 60.degree. C for 30
      minutes, 90 percent of the original activity was lost at the same pH. On
      the other hand, the preparation showed no loss of activity in the repeated
      treatment of freezing and thawing at least five times, and also stable
      under the incubation in an aqueous solution at pH 4 - 7.6 at 0.degree. C.
PAC  EXAMPLE [II]
PAR  One and a half kilogram of the washed placental tissue prepared as in
      Example I, was homogenized by a waring blender with 2.5 times volume of
      water. The resulted homogenate was adjusted to pH 9.5 with 2 N sodium
      hydroxide solution under vigorous stirring and allowed to stand for 1
      hour. The extract was filtered through a sheet of cloth under reduced
      pressure, and the pH of the filtrate was again adjusted to pH 7.0  with 2N
      hydrochloric acid. To the solution, solid ammonium sulfate was added to
      give approximately 45 percent saturation, and the resulted precipitate,
      after standing several hours, was collected by centrifugation at 6,800
      .times. g for 20 minutes. The precipitate was dissolved in a small amount
      of water, followed by dialysis against water to remove ammonium sulfate.
      The dialysate was then equilibrated with 0.01 M phosphate buffer (pH 6.0)
      for the subsequent application onto a CM-Sephadex (C- 50) column (3
      .times. 80 cm), which had been equilibrated with the same buffer that was
      used as eluting solution. Then, the eluate that passed through the column
      was collected.
PAR  A large portion of non active globulin-like protein remained on the
      CM-Sephadex column in this method, and as the result, hyaluronidase in the
      eluate was partially purified. The non-absorbed fraction was equilibrated
      with 0.01 M Tris buffer (pH 8.0) and applied onto a DEAE-Sephadex (A-50)
      column (2 .times. 15 cm), which was previously equilibrated with the same
      buffer. Approximately 30 mg of partially purified human placental
      hyaluronidase was obtained by lyophilization from the eluate with 0.05 M
      Tris buffer (pH 7.0), and its specific activity was 11.2 milli units per
      mg of protein. The degrees of purification by the use of CM-Sephadex and
      DEAE-Sephadex were 3.5 fold and 8.5 fold, respectively.
PAR  Thirty milligrams of the obtained enzyme preparation was dissolved in 2 ml
      of 0.15 M phosphate buffer (pH 6.5) and then subjected to ascending gel
      filtration using Sephadex G-200. The effluent was fractionated into each 2
      ml portion. Hyaluronidase fractions detected by enzyme assay were pooled
      and desalted by dialysis against water. After being lyophilized, 15.1 mg
      of highly purified human placental hyaluronidase was obtained and the
      specific activity was 19.8 milli units per mg of protein.
PAR  The hyaluronidase in the preparation had a molecular weight of about
      72,000, an isoelectric point of 5.21. The behaviors in the stability tests
      are same as those of the preparation obtained in Example I.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A human placental hyaluronidase preparation free from hypotensive
      factors, blood type substances, and hemoprotein, said human placental
      hyaluronidase having a molecular weight of about 70,000, an isoelectric
      point of pH about 5.2 and enzymatic optimum pH ranging from 3.6 to 4.0,
      and being stable for at least 24 hours when kept below 30.degree. C. at pH
      6-7 in an aqueous solution.
NUM  2.
PAR  2. A human placental hyaluronidase preparation according to claim 1,
      wherein the human placental hyaluronidase contained is in the form of
      lyophilized powder.
NUM  3.
PAR  3. A process for preparing a hyaluronidase preparation comprising
      subjecting a human placental tissue to extraction with an aqueous alkaline
      solution at a pH of about 7.5 to about 10.5, harvesting globulin fraction
      from the extract, contacting the globulin fraction with an anion exchanger
      equilibrated with about 0.005 M to about 0.01 M buffer at a pH of about
      6.0 to about 8.5 and eluting hyaluronidase adsorbed with a buffer having
      an increased molarity and/or a lowered pH, and subjecting thus obtained
      hyaluronidase fraction to gel-filtration.
NUM  4.
PAR  4. The process for preparing a hyaluronidase preparation according to claim
      3, wherein before being contacted with the anion exchanger the globulin
      fraction is contacted with a cation exchanger equilibrated with about 0.01
      M to about 0.05 M buffer at a pH of about 5 to about 7 to pass through a
      partially purified hyaluronidase fraction which is to be contacted with
      the anion exchanger.
NUM  5.
PAR  5. The process for preparing a hyaluronidase preparation according to claim
      3, wherein before being contacted with the anion exchanger the globulin
      fraction is contacted with an anion exchanger equilibrated with about 0.1
      M to about 0.2 M buffer at a pH of about 6.0 to about 7.0 to pass through
      a partially purified hyaluronidase which is to be contacted with the anion
      exchanger.
NUM  6.
PAR  6. The process for preparing a hyaluronidase preparation according to claim
      3, wherein the harvesting of the globulin fraction is effected by salting
      out fractionation with ammonium sulfate and collecting a precipitate of up
      to 40 to 55% saturation at a pH of about 6.5 to about 7.5.
NUM  7.
PAR  7. The process for preparing a hyaluronidase preparation according to claim
      3, wherein the harvesting of the globulin fraction is effected by
      precipitation with a water-soluble alcohol and collecting a precipitate of
      up to 20 to 25% saturation at a pH of about 6.5 to 8.5.
NUM  8.
PAR  8. The process for preparing a hyaluronidase preparation according to claim
      3, wherein the whole procedures are effected at a temperature of below
      5.degree. C in wet state.
NUM  9.
PAR  9. The process for preparing a hyaluronidase preparation according to claim
      3, wherein the anion exchanger is a polysaccharide gel with basic groups,
      a styrene-divinylbenzene copolymer gel with basic groups or a phenol
      formaldehyde resin with basic groups.
NUM  10.
PAR  10. The process for preparing a hyaluronidase preparation according to
      claim 3, wherein the anion exchanger is a diethylaminoethyl dextran gel
      (DEAE-Sephadex), a diethylaminoethyl cellulose (DEAE-Cellulose), a
      quaternary ammonium-styrene DVB matrix (Dowex 1), or a phenol formaldehyde
      polyamine resin (Amberlite XE).
NUM  11.
PAR  11. The process for preparing a hyaluronidase preparation according to
      claim 3, wherein the gelfiltration is effected by passing the
      hyaluronidase fraction through a highly cross-linked polysaccharide gel
      molecular sieving such as Sephadex G-150 and Sephadex G-200, a
      polyacrylamide gel molecular sieving such as Biogel P-30, or an agarose
      gel molecular sieving such as Sepharose 6-B.
NUM  12.
PAR  12. The process for preparing a hyaluronidase preparation according to
      claim 4, wherein the cation exchanger is a carboxymethyl-cellulose
      (CM-Cellulose), carboxymethyl dextran (CM-Sephadex), or a carboxylic
      methacrylic acid-divinylbenzene copolymer (Amberlite IRC-50).
NUM  13.
PAR  13. The process for preparing a hyaluronidase preparation according to
      claim 5, wherein the anion exchanger is same as the anion exchanger in
      claim 1.
NUM  14.
PAR  14. A hyaluronidase preparation prepared by the process according to claim
      3.
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ABST
PAL  Organic and pseudo-organic materials, such as waste materials, for example,
      are processed in a converter system and decomposed into various usable and
      reusable forms. Inorganic metals and salts are treated likewise in the
      same converter system and processed into various usable and reusable
      forms. While being carried by a conveyor through a controlled atmosphere
      treatment chamber, virtually free from combustion supporting air or other
      oxidizing agents, the feed material is caused to progressively thermally
      break down into its more basic constituents which flow out of the material
      treatment chamber in a continuous liquid and gaseous vapor stream.
      Negative pressure is applied upstream from the material treatment chamber
      to lead the liquid and gaseous vapor stream through successive processing
      stages of collection containers, condensers and gas scrubbers. The
      variable negative pressure is sufficient to maintain the pressure in the
      material treatment chamber within a range of slightly above ambient
      pressure. Decomposed matter entrained in and constituted by the liquid and
      gaseous vapor stream is continuously recovered for use and reuse while
      being cycled through the converter system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to materials handling and waste handling,
      and more specifically to the heat treatment of any decomposable materials
      and the procedures and equipment for treating them. Various organic,
      pseudo-organic, and inorganic metals and salts including waste, refuse,
      garbage and the like are converted into usable, recoverable and reusable
      products. This accomplishes total resource recovery, resource conservation
      and pollution free disposal.
PAR  Numerous and various types of waste treatment facilities and systems
      serving both private and community demands have been proposed over recent
      years, aimed at disposing of waste products without unduly contaminating
      the environment.
PAR  Modern waste conversion systems with expanded capabilities are needed to
      more quickly and efficiently handle and convert greater quantities of
      waste materials produced into usable products.
PAR  Most prior art waste handling systems are restricted by various drawbacks
      such as complexity, pollution problems, excessive operation, maintenance,
      and capital cost, inadequate capacity and capability, etc.
PAR  Many present day systems are as ineffective as they are ancient, such as
      open burning dumps, incinerator processes and sanitary land fill methods.
      It is also a known procedure to treat waaste material having a high
      organic content under a relatively high pressure process of destructive
      distillation in order to thermally decompose the organic waste material.
      Generally this treatment involves heating the various substances to at
      least their boiling points and causing the resulting gases, mists and
      other fluids to move by high pressure blowers and pumps to collection
      areas. The resulting fluids are then processed at elevated pressures,
      elevated temperatures or under vacuum conditions to cause further
      separation.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, this invention comprehends a materials and waste converter
      system and process for converting organic and psuedo-organic materials as
      well as some inorganic metals and salts into usable, recoverable and
      reusable form.
PAR  The converter system includes an elongated housing defining a
      longitudinally extending material treatment chamber and has an entrance
      end and an exit end. A continuous conveyor carries organic,
      psuedo-organic, inorganic metals and salts and waste materials through the
      material treatment chamber and extends between the housing entrance and
      exit ends. A drive means is coupled to the continuous conveyor for moving
      it through the material treatment chamber.
PAR  A radiant heating means is disposed in the housing and arranged in heat
      exchange relationship with the conveyor in order to cause decomposition by
      thermal breakdown of the materials traveling on the conveyor. A loading
      means is located externally of the housing entrance end for feeding the
      material onto the conveyor.
PAR  A plurality of sequentially aligned take-off tubes extend from the material
      treatment chamber and into corresponding collection containers where
      cooling or chilling of the decomposition materials is accomplished to
      create some condensates. The collection containers serve to collect a
      portion of the decomposed products created by thermal breakdown of the
      organic, pseudo-organic and inorganic materials. An elongated manifold
      arranged in fluid communication with top portions of the collection
      containers is positioned to accept gaseous vapor streams that are led from
      the collection containers by the Booster Pump.
PAR  A secondary condenser is arranged in fluid communication with a downstream
      section of the manifold in order to accept the gaseous vapor stream from
      the manifold. The condenser then chills gases and vapors and collects the
      resulting condensation.
PAR  Gas scrubber means is placed in communication with the secondary condenser
      for removing fluid and particulate matter from the gaseous vapor stream.
PAR  A Booster Pump generates a negative pressure and is positioned downstream
      of and in fluid communication with the gas scrubber means. The negative
      pressure generated applies a vacuum force sufficiently upstream to draw
      the gaseous vapor stream from the material treatment chamber and causes
      the various liquids, gases and vapors to flow along a tortuous path that
      eventually passes through the gas scrubber means. The flow during this
      phase is driven by the negative pressure of the Booster Pump and gravity
      flow is not relied upon. A regulator means is operatively coupled to the
      Booster Pump for maintaining pressure in the material treatment chamber
      within a range slightly above ambient pressure.
PAR  An accumulator is located externally of the housing exit end for
      accumulating processed solid material which may be cooled, removed and
      separated in a continuous process.
PAR  In accordance with one embodiment of this invention, a heat transfer
      barrier divides the housing into a relatively upper space constituting a
      heat generating chamber or chambers and a relatively lower space
      constituting the material treatment chamber. Heat from the heat generating
      chamber or chambers that is absorbed by the heat transfer barrier, is
      transmitted by radiation into the material treatment chamber. The heating
      means may include a plurality of burner units extending into the
      combustion chamber. Alternatively, the heating means may include a
      plurality of "fire tubes" extending directly into the processing or
      treatment chamber. An air-fuel supply distributes air-fuel charges to the
      burner units as the material treatment chamber is kept substantially free
      from air and other oxidizing agents in order to prevent combustion. A
      return line is provided to deliver substantially clean combustible gas
      from the Booster Pump into the combustion chamber in order to augment the
      air-fuel supply in those instances where gas heating is employed.
      Otherwise the gas is stored for various other uses.
PAR  A bottom section of the material treatment chamber is formed with a
      plurality of conically shaped troughs or sloping intersecting planes that
      are arranged to guide decomposed products created by thermal breakdown
      into corresponding take-off tubes.
PAR  The conveyor is preferably an endless conveyor with an upper flight that
      travels through the material treatment chamber in close proximity to the
      heating means and a lower flight that travels beneath the material
      treatment chamber. Alternatively, the lower flight may be fully enclosed
      within the elongated housing or retort and return by way of an internal
      tunnel.
PAR  The conveyor may be constructed from a woven mesh stainless steel alloyed
      wire belt having a balanced weave and porosity sized sufficiently to
      contain or hold particles of predetermined size while permitting fluid and
      small particles less than a predetermined size to flow freely and
      downwardly therethrough.
PAR  Gas scrubber means includes multiple serially aligned gas scrubbers for
      adsorbing, absorbing and otherwise eliminating certain matter entrained in
      and formed by the gaseous vapor stream flowing from the condenser. A first
      gas scrubber may remove matter by absorptive material including excelsior.
      A second gas scrubber may remove matter by adsorptive material including,
      but not limited to activated carbon.
PAR  From a process standpoint, this invention may be practiced by conveying
      organic, pseudo-organic, and inorganic materials through a material
      treatment chamber and heating the materials to progressively cause
      decomposition by thermal breakdown. A material, such as waste material for
      example, is simultaneously converted into liquid, vapor, gaseous and solid
      constituents and phases.
PAR  The pressure within the material treatment chamber is maintained within a
      range slightly above ambient. A negative pressure is continuously applied
      to draw a liquid, gaseous and vapor stream from the material treatment
      chamber and causes it to carry entrained particles and other matter
      through a predetermined tortuous flow path. During this process, liquids
      created by thermal breakdown are collected and recovered for use and
      reuse. Gases and vapors in the gaseous-vapor stream are condensed and
      recovered for use and reuse. Some particulate matter is removed from the
      gaseous-vapor stream and organic, pseudo-organic and inorganic materials
      exiting the material treatment chamber are accumulated, cooled and
      separated in a continuous process.
PAR  Preferably this process is carried out by heating the organic,
      pseudo-organic and inorganic materials with radiant heat and substantially
      preventing these materials from being exposed to air and other oxidizing
      agents during heating.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The numerous benefits and unique aspects of the present invention will be
      fully understood when the following detailed description is studied in
      conjunction with the drawings in which:
PAR  FIG. 1 is a perspective view showing one side of a waste converter system
      constructed in accordance with this invention;
PAR  FIG. 2 is a perspective view from the opposite side of the same waste
      converter system shown in FIG. 1; and,
PAR  FIG. 3 is a side elevational, longitudinally sectional, partially schematic
      and fragmentary view of a waste converter system constructed in accordance
      with this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring primarily to FIGS. 1 and 2, a material converter system 10 is
      shown constructed in accordance with this invention for generally
      continuously handling and treating organic, pseudo-organic and inorganic
      material, such as waste products, for example, and converting the vast
      majority of it into usable and reusable forms. This is an exemplary
      apparatus to illustrate one way in which the invention may be practiced
      with respect to waste materials.
PAR  The waste converter system 10 includes an elongated retort or housing 11 of
      general cylindrical or any other suitable configuration that is held
      elevated by a plurality of struts 12 resting on and supported by base
      beams 13 and 14.
PAR  Housing 11 is essentially a large retort with an entrance end 15 and an
      exit end 16. Housing 11 has an upper longitudinally extending section 17
      that embodies a heating means which shall be subsequently described and a
      lower longitudinally extending section 18 which defined a material
      treatment chamber.
PAR  An exhaust duct 20 is secured to discharge ports formed in the housing
      upper sections 17. Exhaust gases may be discharged eventually through the
      exhaust stacks or branch lines 21 and 22. The hot gases may thereafter be
      used in other phases of the operation where heat is needed, such as in
      pre-drying and fluid movement control.
PAR  Coupled to the housing entrance 15 is a feed box 25 formed with an entrance
      26 that may be selectively opened and closed in a suitable manner such as
      by way of a slide door 27, as shown. Alternatively, an airlock may be
      employed to assist in continuous processing. Extending from a side of the
      feed box 25 and aligned with entrance 26 is a loading tray 28 along which
      feed stock W may be slid and eventually introduced through the entrance
      26. The feed stock W may be a broad variety of material including waste
      material, refuse, gargage, rubbish and the like, characterized by a high
      organic or carbon content but not limited to just organic materials.
PAR  An endless conveyor 30 has an upper flight 31 which generally travels
      through the housing lower section 18 and the feed box 25 and a lower
      flight 32 which travels generally beneath and externally of housing 11.
      The lower flight 32 may alternatively travel within the housing lower
      section 18 by way of a tunnel beneath the upper flight 31. The conveyor 30
      is constructed from a stainless steel alloyed wire belt that has a woven
      mesh and balanced weave. In addition the porosity of the belt is sized to
      hold particles of a predetermined size while permitting smaller particles
      and fluids to flow freely downwardly therethrough. FFeed stock W.sub.1
      delivered onto the conveyor 30 is carried into the material treatment
      chamber defined by the lower housing section 18.
PAR  The drive means 35 is linked through a gear system to endless conveyor 30
      whose optimum rate of travel may be regulated by a variable speed control
      36 on a control panel 34.
PAR  The direction of travel of the feed stock or material W and endless
      conveyor 30 through the housing 11 is indicated by directional arrow D.
PAR  Coupled to the housing exit end 16 is a hopper 38 which accumulates solid
      stock residue W.sub.4 that has been thoroughly processed within the
      material treatment chamber. A door 39 may be operated to periodically
      dispose of this solid waste stock W.sub.4. An airlock may be coupled to
      the hopper 38 instead of the door 39 in order to facilitate continuous
      processing.
PAR  As the stock W is carried by conveyor 30 through the housing 11, it passes
      a number of sequentially aligned take-off tubes 40, 41, 42 and 43, each of
      which is arranged in fluid communication with collection containers 44,
      45, 46 and 47 respectively. These collection containers collectively serve
      as a primary or initial condensing stage. The decomposed materials are
      cooled or chilled within the collection containers to create condensates.
      A plurality of take-off lines, 48, 49, 50 and 51 associated with
      corresponding collection containers 44, 45, 46 and 47 are in fluid
      communication with an elongated manifold pipe 52. The manifold pipe 52 is
      inclined or sloped downwardly from housing end 16 to housing end 15, so
      that liquids may be drained and gases may be directed towards the exit end
      53 of the manifold pipe 52.
PAR  Fluid and vapor contents pass from the manifold pipe 52 into a condenser 54
      where some segment of the vapor and gas is condensed within and held by
      condenser 54.
PAR  A booster pump regulator valve 55 is positioned on a flow line feeding from
      the condenser 54. A booster pump control 57 is positioned on the control
      panel 34 and operates independently of valve 55.
PAR  Aligned serially with condenser 54 is a first gas scrubber 58, a second gas
      scrubber 60 and a booster pump 62. A return line 63 is shown extending
      between the booster pump 62 and the housing upper section 17 for
      delivering the usable combustible gases to the combustion chamber.
      Alternatively, in instances where there is no gas burning function in
      conveyor system 10, these gases may be led from booster pump 62 to a
      suitable collection receptacle.
PAR  A temperature monitoring and control device 64 is thermally coupled to the
      upper housing section 17 by way of a plurality of temperature sensors 65.
      The particular temperature at the stages or zones associated with the
      temperature sensors 65 may be selectively indicated on the temperature
      read-out 66. An air-fuel source 69, shown schematically, is coupled to an
      air-fuel supply line 70 from which inlet branches 71, 72, 73 and 74 extend
      into the upper housing section 17. One inlet branch 71 projects into
      housing end 16, inlet branches 72 and 73 project into intermediate regions
      of housing 11 and inlet branch 74 projects into housing end 15.
PAR  An air-fuel control 76 positioned on the control panel 34, may be
      manipulated to selectively vary the mixing ratio, mass flow rate, velocity
      and other parameters to achieve optimum performance.
PAR  Referring now primarily to FIG. 3, a longitudinally oriented heat exchange
      barrier 78 extends entirely through the housing 11. Barrier 78 divides
      housing 11 into an overlying combustion chamber 80 and an underlying
      material treatment chamber 79. The material treatment chamber 79, with the
      aid of barrier 78, is generally hermetically sealed to block out ambient
      air and any other oxidizing agents.
PAR  Disposed beneath barrier 78 and also conveyor upper flight 31 are a
      plurality of generally conical or funnel-shaped troughs 81. These troughs
      81 are arranged in side-by-side relationship at sequential stages or
      phases within the material treatment chamber 79. The housing entrance end
      15 has an airlock mechanism 82, shown schematically. Feed box 25 is shown
      with a top-loading door 83 instead of a side-loading door as shown in
      connection with FIG. 2.
PAR  Disposed within the combustion chamber 80 are a plurality of heating units
      85, 86, 87 and 88 arranged in fluid communication with the air-fuel inlet
      branches 71, 72, 73 and 74 respectively. These heating units are, for
      purposes of illustration, equipped with nozzles to substantially regulate
      and distribute air-fuel charges into the combustion chamber 80 so that the
      heating will be substantially regulated throughout.
PAR  A fuel supply source 90 and an oxidizer supply source 91 feed these
      ingredients into the air-fuel source 69 where they are sufficiently
      commingled and then channeled through a pump 92 which distributes the
      air-fuel mixture through supply line 70. Heat generated in the combustion
      chamber 80 is transferred through barrier 78 and radiated into the
      underlying material treatment chamber 79. Exposed to intense radiant heat,
      the material W.sub.2 traveling on conveyor 30 commences to experience
      thermal breakdown and conversion into its more basic elements and
      compounds. Continuous subjection to high thermal energy levels causes
      progressive thermal breakdown as the material W.sub.2 is carried through
      the chamber 79. Throughout this conversion process, the environment within
      material chamber 79 is maintained at a pressure slightly above ambient or
      atmospheric pressure in a manner that shall be subsequently explained.
PAR  The gaseous, vapor, liquid and particulate products created within the
      material treatment chamber 79 tumble or are drawn into the troughs 81 and
      caused to successively enter the takeoff tubes 40, 41, 42 and 43. Liquids
      are collected within the containers 44, 45, 46 and 47. Gaseous and vapor
      products flow through take-off tubes 48, 49, 50 and 51 into the manifold
      52 and eventually enter the condenser 54. Chilling or refrigeration
      equipment, symbolized by refrigeration coil 93, causes additional gaseous
      and vapor product to condense and accumulate in the condenser 54.
      Uncondensed fluids egress through flow line 94 which mounts the booster
      pump regulating valve 55 and an adjacent regulator guage 56. This product
      enters the base of a first gas scrubber 58 and is distributed throughout a
      mass of high adsorptive material 95. Material 95 may, for example, consist
      of coarse elements such as excelsior, i.e., dry wood, shavings and
      ribbons, and/or plastic scraps. A porous partition 96 such as cheesecloth
      rests on the adsorptive material 95 and a metal hold down grid 97 is
      positioned on partition 96.
PAR  The balance of the gaseous and vapor product with entrained matter moves
      upwardly and is led through flow line 98 to the base of a second gas
      scrubber 60. The gaseous and vapor product is distributed throughout a
      mass of highly absorptive material 99 such as activated carbon. Another
      substantial amount of particulte matter is removed through absorption. A
      hold-down grid 100 rests on the absorptive material 99.
PAR  The balance of the gaseous and vapor product, now substantially cleansed
      and purified of particulate matter is led through flow line 102 and is
      drawn into the booster pump 62. The resulting gaseous-vapor stream of
      combustible fluid is sent through return line 63 into the combustion
      chamber 80 in order to augment the combustion ingredients.
PAC  OPERATION
PAR  Keeping the above construction and process in mind it can be understood how
      many of the previously described disadvantages of conventional material
      and waste treatment techniques are overcome or substantially elminated by
      this invention.
PAR  As a preliminary operation before being processed in the converter system
      10 of this invention, the material W or feed stock may optionally be
      sorted, shredded, disintegrated, dried and otherwise prepared for
      subsequent handling.
PAR  The material W may be characterized by various common products such as, but
      not limited to: wood products including paper, cardboard, hedge and tree
      trimmings, milk cartons, etc; plastic products including automobile tires,
      garden hose, plastic containers, wrappers, etc.; household wastes and
      garbage; hospital waste; agricultural wastes; petroleum wastes; sewage,
      sludge and industrial wastes. This invention treats natural and man-made
      decomposable materials for producing a variety of usable products.
PAR  Oxidizer, such as air, and fuel, such as natural gas, are driven through
      the air-fuel supply 70 and caused to enter combustion chamber 80 by way of
      burner units 85, 86, 87 and 88. This heat may optionally be generated by
      way of electricity, oil or any other suitable energy that may be converted
      or transformed into radiant heat. The selected material W is delivered
      through feed box 25. The material W.sub.1, deposited on endless conveyor
      30, is carried forwardly through the airlock entrance 82 which is
      structured to prevent ambient air, except for a very small portion, from
      entering the combustion chamber 80.
PAR  The material W.sub.2 is then subjected to regulated radiant heat
      transmitted through the barrier 78. Throughout its journey within the
      material treatment chamber 79, the material W.sub.2 is caused to decompose
      by way of thermal breakdown without air or any oxidizing agents, except in
      inconsequential amounts, being present. The decomposing action penetrates
      deeper through the material W.sub.2 as it is conveyed along the
      predetermined path as indicated by directional arrow D.
PAR  Conveyor 30 is constructed from woven mesh belt stock as previously
      described so as to contain and hold very small particulate matter of a
      predetermined size while allowing gases, vapors and liquids created by
      thermal breakdown to fall into the troughs 81 and become guided at
      different stages into the takeoff tubes 40, 41, 42 and 43.
PAR  The general flow from the material treatment chamber 79 is laden with
      various decomposed or converted products in various forms, i.e., gas,
      vapor, liquid, particulate matter, aggregations and conglomerations.
PAR  The decomposed product in various states is borne by a general
      gaseous-vapor stream originating in the material treatment chamber 79 and
      which is temporarily split into several streams passing through the
      take-off lines 40, 41, 42 and 43. The gaseous-vapor stream entrains and
      carries these products through a tortuous predetermined flow path during
      which certain products are constantly removed, all for recovery use and
      reuse as the stream is simultaneously being cleaned and purified.
PAR  The negative pressure exerted by booster pump 62 is sufficient to pull the
      gaseous-vapor stream from the material treatment chamber 79 and then
      successively through the manifold pipe 52, condenser 54, scrubber 58,
      scrubber 60 and any subsequent scrubbers that may optionally be included
      in the converter system 10.
PAR  Through the vacuum force as adjusted and regulated by the booster pump
      regulating valve 55, the pressure within the material treatment chamber 79
      is kept within a preferred range above ambient pressure which is the ideal
      operating condition. The booster pump control 57 governs the extent of the
      negative pressure exerted. Regulator valve 55 selectively varies or
      adjusts the negative pressure applied upstream into the material treatment
      chamber 79.
PAR  All of the decomposed products are recovered or reclaimed at various stages
      for further use, refining and reuse. Thus, the converter system 10
      operates as a total resource recovery system. Solid material W.sub.3 is
      delivered by the conveyor 30 to a bin or accumulator 38 so that some
      portion of the accumulated solid material W.sub.4 is in the form of
      carbons and char. Decomposed matter in liquid form, collected in
      containers 44, 45, 46 and 47 and in the condenser 54 may be various
      chemicals, oils, and tars capable of being refined into other products.
      Substantially purified and cleaned combustible gas egressing the booster
      pump 62 is boosted through return line 63 into the combustion chamber 80
      in order to augment the primary fuel source. The heat discharged from
      combustion chamber 80 through the exhaust duct 20 may be used for drying
      and other processes.
PAR  By way of illustration, some of the particular chemicals and compounds that
      may be recovered for reuse are; acids, alcohols, aldehydes, benzols,
      cresols, ketones, oils, phenols, ammonias and oleoresins, hydrocarbons,
      tars, and terpenes.
PAR  Some of the inorganic materials treated for soft metals, such as lead, zinc
      and antimony. An example of a pseudo-organic material treated is silicone.
PAR  From the foregoing it will be evident that the present invention has
      provided a conversion system and process in which all of the various
      advantages are fully realized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A converter system comprising:
PA1  a. an elongated housing defining a longitudinally extending material
      treatment chamber, having an entrance end and an exit end;
PA1  b. an endless conveyor for carrying organic, pseudo-organic and inorganic
      material through the material treatment chamber and extending between the
      housing entrance end and exit end, the conveyor having an upper flight
      that travels through the material treatment chamber and a lower flight
      that travels beneath the material treatment chamber;
PA1  c. drive means coupled to the conveyor for moving the conveyor through the
      material treatment chamber of the housing;
PA1  d. heating means in the housing arranged in heat exchange relationship with
      the conveyor to cause decomposition by thermal breakdown of material being
      carried by the conveyor;
PA1  e. loading means located externally of the housing entrance end for feeding
      material onto the conveyor;
PA1  f. multiple sequentially aligned take-off tubes depending from the housing
      material treatment chamber and into corresponding collection containers
      for collecting liquid, gaseous and vapor streams of decomposed product
      created by thermal decomposition of the material;
PA1  g. a bottom portion of the material treatment chamber formed with a
      plurality of conically shaped throughs arranged to guide decomposed
      product created by thermal decomposition into corresponding take-off
      tubes;
PA1  h. an elongated manifold in fluid communication with top portions of the
      collection containers and arranged to accept fluid (gases and vapors)
      streams led from the collection containers;
PA1  i. a condenser arranged and constructed in fluid communication with the
      manifold to accept the fluid (gases and vapors) stream from the manifold,
      to chill the fluids and collect resulting condensation;
PA1  j. gas scrubber means in communication with the condenser for removing
      entrained particulate matter from the fluid (gases and vapors) stream, the
      gas scrubber means including multiple serially aligned gas scrubbers for
      absorbing, adsorbing and eliminating particulate matter entrained in the
      fluid (gases and vapors) stream led from the condenser;
PA1  k. booster pump means positioned downstream of and in fluid communication
      with the gas scrubber means, the booster pump means being arranged and
      constructed to apply negative pressure sufficiently upstream to draw the
      fluid (gases and vapor) stream from the material treatment chamber and
      along a tortuous flow path eventually passing through the gas scrubber
      means;
PA1  l. regulator means operatively coupled to the booster pump means for
      maintaining pressure in the material treatment chamber within a range
      slightly above ambient pressure; and,
PA1  m. an accumulator located externally of the housing exit end for
      accumulating processed solid material, and cooling, sorting, and
      continuously conveying away the material.
NUM  2.
PAR  2. The system according to claim 1 including:
PA1  an exhaust duct extending from the upper portion of the combustion chamber,
      the duct being arranged to furnish heat to other phases of the system.
NUM  3.
PAR  3. The system according to claim 1 wherein said gas scrubber means consists
      of :
PA1  a first gas scrubber means, for removing matter by absorptive material;
      and, a second gas scrubber means for removing matter by adsorptive
      material.
NUM  4.
PAR  4. The system according to claim 1 wherein:
PA1  absorptive material in the first gas scrubber means includes excelsior.
NUM  5.
PAR  5. The system according to claim 1 wherein;
PA1  the heating means includes a plurality of burner units;
PA1  a heat transfer barrier is arranged to divide the housing into a relatively
      upper space constituting a combustion chamber and a relatively lower space
      constituting the material treatment chamber;
PA1  an air-fuel supply is provided for distributing air-fuel charges to the
      burner units;
PA1  a return line is provided for delivering substantially clean combustible
      fluids from the booster pump means to the combustion chamber to augment
      the air-fuel supply; and,
PA1  the material treatment chamber is kept substantially free of air and any
      other oxidizing agents to prevent combustion of the material therein.
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PAL  Crude phosphate ester products resulting from the phosphorylation of
      phenol, lower alkyl phenols and mixtures of same are purified to prepare
      triaryl phosphates substantially free of unreacted phenols by the
      sequential steps of flash distillation and fractional distillation under
      controlled conditions with removal of the phosphate ester product as a
      liquid underflow.
BSUM
PAR  This invention relates to the purification of triaryl phosphate esters.
      More particularly, this invention relates to a novel, improved
      distillation process for the purification of triaryl phosphates so as to
      substantially eliminate the presence of unreacted phenolic contaminants.
PAR  Triaryl phosphate esters such as cresyl diphenyl phosphate, tricresyl
      phosphate, triphenyl phosphate, mixed xylyl cresyl phosphates, lower
      alkylphenyl/phenyl phosphates, such as mixed isopropylphenyl/phenyl
      phosphates, t-butylphenyl/phenyl phosphates, and the like are used
      extensively as plasticizers, functional fluids, gasoline additives,
      flame-retardant additives and the like. These products are conventionally
      prepared by the phosphorylation of a suitable phenolic feedstock, either
      the so-called natural cresols which are coal tar phenol fractions or
      synthetic feedstocks produced by alkylation of phenols as described, for
      example, in U.S. Pat. No. 3,576,923 issued April 27, 1971  to Randell et
      al.
PAR  Increasingly more stringent limitations are being placed upon the allowable
      amount of unreacted and/or free phenols in chemical products. These
      requirements have created a demand for manufactured triaryl phosphate
      ester products which contain only trace quantities of unreacted phenols
      and alkyl phenols. Heretofore commercially available triaryl phosphate
      ester products purified by distillation generally contain from about 500
      to 3000 parts per million (ppm) of such phenols. The term "phenols" as
      used herein is meant to include not only phenol itself but also unreacted
      or free alkylated phenols containing one or more alkyl substituents, the
      alkyl groups each having about 1 to 4 carbon atoms. The term "free
      phenols" is employed to indicate that some phenols are formed as a result
      of decomposition reactions during purification as opposed to "unreacted
      phenols" which did not undergo phosphorylation.
PAR  Distillation processes for purification of triaryl phosphate esters are
      known and are disclosed, for example, in U.S. Pat. No. 3,219,547, issued
      Nov. 23, 1965 to Wheeler. Such conventional distillation processes are not
      capable of reducing the phenolic content to very low levels, that is, to a
      concentration of 100 parts per million or less. It is a current objective
      of those in the industry to produce commercially available triaryl
      phosphate esters which contain these minimal quantities of unreacted or
      free phenol or alkyl phenols, that is, less than 100 ppm.
PAR  Additional extensive treatments have been necessary, as supplements to
      conventional distillation techniques, to reduce the phenolic content of
      triaryl phosphates to very low levels. These techniques include caustic
      washing, permanganate oxidation, treatment with solid adsorbents and the
      like. Avoidance of these economically unattractive processing steps is
      achieved in the practice of the invention described hereinbelow.
PAR  In accordance with the present invention, there has been discovered an
      improved distillation process for the purification of crude triaryl
      phosphate esters prepared by the phosphorylation of phenol, C.sub.1
      -C.sub.4 alkyl substituted phenols and mixtures of same, comprising the
      steps of:
PAR  a. subjecting the crude triaryl phosphate ester reaction mixture to flash
      distillation at a temperature of from about 220.degree. to 320.degree.C
      and at a pressure of 2 to 10 mm. Hg and removing catalyst residues and
      high boiling impurities in an underflow and removing at least 90% by
      weight of the feedstock as overhead vapors comprising triaryl phosphate
      ester product and unreacted phenols, and
PAR  b. fractionally distilling the overhead from the flash distillation step in
      a fractional distillation column having a low pressure-drop per
      theoretical stage maintained at a temperature of 250.degree. to
      300.degree.C, a pressure of 4 to 10 mm. Hg at the base of said column and
      at a temperature of about 60.degree. to 200.degree.C and a pressure of 2
      to 4 mm. Hg at the top of said column, and
PAR  c. removing the purified triaryl phosphate ester product as a liquid
      underflow from the base of said column, the product being characterized as
      containing not more than about 100 parts per million of unreacted or free
      phenol or alkyl phenols.
PAR  The invention is generally applicable to the purification of triaryl
      phosphate esters produced by the phosphorylation of phenol and various
      mono- and polyalkylated phenols wherein the alkyl group contain from 1 to
      4 carbon atoms, mixtures of alkyl phenols, and mixtures of phenol with
      alkyl phenols. Exemplary are phenol, ortho- meta- and para- cresols, the
      isomeric xylenols, the isomeric polymethyl phenols, ethylphenols such as
      tetraethyl phenols, alkylated phenols containing alkyl groups such as
      ethyl, isopropyl, n-propyl, tertiary butyl, secondary butyl and the like
      as well as mixtures of same and partially alkylated products such as
      mixtures of isopropylphenols or t-butylphenols and phenols produced by the
      propylene or isobutylene alkylation of phenol as described in said U.S.
      Pat. No. 3,576,923. The triaryl phosphate esters are produced by any
      suitable technique, typically by phosphorylation with POCl.sub.3 in the
      presence of a Friedel-Crafts catalyst such as aluminum chloride.
PAR  In the process of the present invention, the crude phosphorylation reaction
      batch is first subjected to flash distillation. The flash distillation
      unit is generally operated with a reboiler temperature of 220.degree. to
      320.degree.C with the pressure maintained at about 2 to 10 mm. Hg. Under
      these conditions, approximately 90 to 98% by weight of the crude ester
      feedstock is rapidly removed overhead, the overhead stream being
      principally unreacted free phenol and the desired triaryl phosphate
      product. Catalyst residue and other high boiling impurities are removed in
      an underflow which amounts to approximately 2 to 10% by weight, based on
      the weight of feedstock charged.
PAR  Catalyst residue, which comprises aluminum aryloxides and aluminum
      chloro-aryloxides, and other high boiling impurities dissolved in triaryl
      phosphates are removed as an underflow from the crude flash distillation
      unit. It is important that the catalyst residue be removed at this step of
      the process, during the crude flashing step. This technique enables a
      highly efficient fractional distillation to be carried out since the
      immediate withdrawal of the catalyst residues from the product stream
      reduces the probability of catalytic decomposition reactions which can
      result in the formation of increased amounts of phenols and prevents
      fouling of the fractionation device.
PAR  The distillate is generally condensed but may be allowed to remain in vapor
      form and is transferred to a fractionation column characterized as having
      a low pressure-drop throughout the column. The distillate is introduced at
      the column midpoint or above in order to promote stripping. The fractional
      distillation is carried out generally with the reboiler maintained at
      250.degree. to 300.degree.C and at a pressure of 4 to 10 mm. Hg at the
      base of the column. At the top of the column, the pressure is maintained
      at about 2 to 4 mm. Hg with an overhead temperature of 60.degree. to
      200.degree.C. A falling film reboiler is generally used to minimize
      residence time.
PAR  A highly significant aspect of the present invention is that exposure of
      triaryl phosphate ester product to high temperatures is minimized in order
      to prevent thermal decomposition of the ester product which can result in
      the production of additional free phenols. Precise maintenance of
      temperature and pressure conditions is required to ensure complete
      effectiveness of the process and to accomplish the desired objective of
      producing triaryl phosphate ester product having a free phenolic content
      of 100 ppm or less without the need for after-treatment process in order
      to prepare a commercial product of acceptable purity.
PAR  Fractional distillation under these conditions results in a highly
      efficient fractionation of the charge stream. Triaryl phosphate ester
      product so produced will contain generally less than 100 parts per million
      (ppm) of unreacted or free phenols. Preferably, there can be less than 50
      ppm of such phenols with products having been obtained containing between
      1 and 10 ppm of free phenols, or only trace quantities thereof.
      Heretofore, it has not been possible to produce triaryl phosphates with
      such low concentrations of phenolic contaminants in a distillation
      technique.
PAR  It is critical to the process of the present invention that the distillate
      product be removed as a liquid underflow from the fractionation column.
      This allows the volatile phenols to pass through the column in the vapor
      state. Removal of product as a vaporous stream would not accomplish the
      desired result, since this stream would contain relatively substantial
      amounts of phenolic contaminants.
PAR  The preferred temperature and pressure operating conditions for the flash
      distillation and fractional distillation steps, particularly the latter,
      will depend on the particular triaryl phosphate ester being treated in
      accordance with the present invention. The invention is especially
      suitable for the purification of triaryl phosphate esters used as
      plasticizers and functional fluids especially tricresyl phosphate, cresyl
      diphenyl phosphate, trixylyl phosphate and the mixed alkylphenyl/phenyl
      phosphates prepared by phosphorylation of an alkylate formed by reacting
      butylene, isobutylene or propylene in amounts of 10 to 40% with phenol.
      The latter products are mixed isopropylphenyl/phenyl phosphates,
      secondary-butylphenyl/phenyl phosphates and tertiarylbutylphenyl/phenyl
      phosphates as described, for example, in U.S. Pat. Nos. 3,576,923, issued
      Apr. 27, 1971 to Randell et al. and 3,533,155, issued Jan. 5, 1971 to
      Garrett. Such mixed products generally contain about 30 to 50% phenyl
      groups and 70 to 50% alkylphenyl groups.
PAR  For flash distillation, a preferred temperature range of
      250.degree.-310.degree.C and a pressure range of 5 to 8 mm. Hg applies to
      all triaryl phosphates. The preferred fractional distillation conditions
      for isopropylphenyl/phenyl phosphate products are a reboiler temperature
      of 255.degree. to 275.degree.C and a base pressure of 5.4 to 9 mm. Hg. For
      the distillation of phosphorylated isobutylene-phenol alkylation products,
      the preferred ranges for fractional distillation are a reboiler
      temperature of 270.degree. to 275.degree.C and a base pressure of 8 to 9
      mm. Hg. For cresyl diphenyl phosphate preferred fractional distillation
      reboiler conditions will be 4.9-8.1 mm. Hg and 252.degree. to
      266.degree.C. For tricresyl phosphate, fractional distillation is
      preferably carried out with reboiler temperatures at 258.degree. to
      278.degree.C and a base pressure of 5.4 to 6.6 mm. Hg. For trixylyl
      phosphate, optimum fractional distillation conditions are a reboiler
      pressure of 4.8 to 7.3 mm. Hg and a reboiler temperature of 271.degree.
      to 282.degree.C.
PAR  The fractional distillation is carried out using a fractionating device for
      high vacuum distillation characterized as having a low pressure drop per
      theoretical stage. Particularly suitable are packed fractionation columns
      containing predominantly filmwise contacting devices where capillary
      action predominates. Packing sections suitable for such high vacuum
      distillation are generally prepared from corrugated woven wire fabric,
      rolled screen, closely spaced vertical coils or springs, knitted
      multi-filament packing and the like, with the packing sections being
      stacked vertically in the column. Particularly suitable are cylindrical
      packing sections formed from stainless steel woven fine wire fabric. The
      circular sections have the same diameter as the column and are stacked in
      the column in layers. Also suitable, but less preferable, are the dropwise
      contacting devices such as fractionators containing a plurality of
      impellers on a rotating shaft, or differential evaporation devices
      containing an internally cooled central rotor having attached vertical
      blades, wherein fractionation occurs through the repeated processes of
      evaporation and condensation.
PAR  The fractional distillation is usually operated with a reflux ratio of
      about 0.5:1 to 1.5:1. However, the process can be carried out without any
      reflux and in this case the overhead temperature will be at the higher end
      of the range described, that is, from about 90.degree.C up to about
      150.degree.C, that is, about or higher, up to about 200.degree.C. This may
      be done when it is desired to improve the color of the product.
PAR  The liquid underflow product triaryl phosphate ester produced in accordance
      with the present invention meets most current product specifications for
      use as functional fluids or plasticizers. However, for certain
      applications, further treatment of the product may be desirable. For
      example, when plasticizer grade products having a color of 50 APHA (ASTM
      D-1209-62) or less are desired, a supplemental flash distillation of the
      product may be carried out at about 245.degree. to 255.degree.C and 2 to 4
      mm. Hg.
DETD
PAR  The drawing illustrates diagrammatically the purification procedure of this
      invention. In the drawing a crude triaryl phosphate ester reaction mixture
      is passed through line 2 into flash distiller 4 operated with a reboiler 3
      at a temperature of about 220.degree. to 320.degree.C at about 2 to 10 mm
      Hg. Catalyst residues and other high boiling impurities are removed as an
      underflow through line 8 from distiller 4. The catalyst residues are not
      passed to fractional distillation column 10 in order to reduce catalytic
      decomposition reactions which result in the formation of increased amounts
      of phenols. An overhead stream principally containing unreacted free
      phenol and the desired triaryl phosphate ester product is removed through
      line 6 and passed to fractional distillation column 10, entering the
      column midpoint or above in order to promote stripping. Fractional
      distillation of the unreacted free phenol and the desired triaryl
      phosphate ester product is carried out in fractional distillation column
      10. Fractional distillation is carried out at 250.degree. to 300.degree.C
      and at a pressure of 4 to 10 mm Hg at column base 12 while column top 14
      is at a temperature of 60.degree. to 200.degree.C and at a pressure of 2
      to 4 mm Hg. Precise maintenance of temperature and pressure conditions is
      required to produce a triaryl phosphate ester product having a free
      phenolic content of 100 ppm or less without the need for an
      after-treatment process. The product is removed from column 10 as a liquid
      underflow through line 16. Volatile phenolics pass through column 10 in
      the vapor state and are removed through overhead line 18. Removal of the
      triaryl phosphate ester product as a sidestream rather than as a liquid
      underflow would result in a product having a substantial amount of
      phenolic contaminants.
PAR  The invention is further illustrated by the following examples which are
      not to be considered limitative of its scope. Parts and percentages
      reported are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  13,000 parts of an isopropylphenol/phenol mixture prepared by alkylating
      phenol with about 28 to 30% by weight propylene were mixed with 65 parts
      AlCl.sub.3 and stirred with heating to 120.degree.C, 4,558 parts of
      POCl.sub.3 were added over a period of 2 hours. The reaction mixture was
      heated slowly to 220.degree.C over a period of 41/2 hours held at
      220.degree.C for 11/2 hours then cooled to room temperature to form a
      mixed isopropylphenyl/phenyl phosphate.
PAR  The crude products were fed to flash distillation apparatus comprising a
      graduated adding funnel, flowmeter preheater, thermal siphon reboiler
      equipped with electrical heater and level controller, vapor line and
      condensing system connected to a vacuum source, and a device for
      continuous bottoms draw. The product was fed to the crude flasher at a
      rate of about 5.3 pounds per hour, flash distillation was conducted at
      pressure of 7 mm. Hg, reboiler temperature of 260.degree. to 270.degree.C,
      an overhead temperature of 250.degree. to 260.degree.C. 5% of the
      feedstock was continuously removed as an underflow. The flash distillate
      was then continuously fractionally distilled.
PAR  The fractionation unit comprised a flow-controlled feed system, preheater,
      vacuum jacketed glass column packed with 9 stainless steel cylindrical
      packing sections (thickness to 6.8 inches; diameter 1.6 inches) formed
      from parallel corrugated strips of woven stainless steel wire fabric,
      vapor line with condenser, reflux return, automatic reflux ratio
      controller, condensate take-off and receiver, and an electrically heated
      thermal siphon reboiler. The distillate was fed at a point 2 sections from
      the top of the column at about 5 pounds per hour. Overhead pressure was 2
      to 3 mm. Hg; reboiler pressure was 6 to 7 mm. Hg. The overhead temperature
      range was 85.degree. to 90.degree.C and the reboiler temperature was
      260.degree. to 270.degree.C. The reflux ratio was generally 0.5 to 1.
      Under these conditions, the overhead vapor was substantially free of
      phosphate esters, while the triaryl phosphate ester product was removed as
      a liquid underflow and contained from about 2 to 3 ppm unreacted phenols
      as determined by gas chromotography. The underflow product had a color of
      90 to 50 APHA; acidity (as acetic acid) 0.003-0.005%; passed the
      hydrolytic stability test (ASTM D-2619-67) and had a viscosity of 49.5
      centistokes at 100.degree.F.
PAC  EXAMPLE II
PAR  Under a nitrogen blanket and a glass reactor were charged 10,000 parts of
      meta/paracresols and 25 parts of AlCl.sub.3. The mixture was stirred and
      heated to 120.degree. and POCl.sub.3, 4,420 parts, was added uniformly
      over a period of 21/2 hours. The temperature was then gradually raised to
      220.degree.C over an additional period of 11/2 hours and then held at
      220.degree.C for 11/2 hours.
PAR  The crude product so obtained was continuously flashed distilled by
      employing the equipment described in Example I. Conditions were as
      follows: a feed rate of 5.5 pounds per hour, a pressure of 7 mm. Hg, a
      reboiler temperature of 265.degree. to 275.degree.C, an overhead
      temperature of 255.degree. to 265.degree.C and an underflow draw rate of
      5% by weight.
PAR  The flash distillate was continuously fractionally distilled as in Example
      I. The operating conditions were: a feed rate of 4 to 5 pounds per hour,
      an overhead pressure of 3 mm. Hg, a reboiler pressure of 6.5 mm. Hg, an
      overhead temperature of 65.degree. to 75.degree.C, a reboiler temperature
      of 265.degree. to 275.degree.C and a reflux ratio of 1.1-1.5 to 1.
PAR  The triaryl phosphate ester product was removed as a liquid underflow and
      the product was analyzed as containing from 3 to 30 ppm of free unreacted
      phenols. Other properties were as follows: color 90-150 A.P.H.A., acidity
      0.01% (as acetic acid) and specific gravity 1.171.
PAR  Reducing or eliminating the reflux return and raising the overhead
      temperature to 100.degree. to 150.degree.C improved the color of the
      underflow product to 50-60 A.P.H.A. while maintaining free phenol level at
      3 to 8 ppm without affecting any other properties.
PAC  EXAMPLE III
PAR  An alkylated phenol mixture was prepared by reacting phenol with 20% by
      weight isobutylene and phosphorylated by the method of Example I using
      0.5% AlCl.sub.3 and 95% of the theoretically stoichiometric amount of
      POCl.sub.3. A mixed tertiary-butylphenyl/phenyl phosphate was produced.
PAR  The crude product so obtained was continuously flash distilled as described
      in Example I. Operating conditions were:
TBL  Feed rate             6.5 lbs/hr.                                         
     Pressure              6.0 mm. Hg                                          
     Reboiler temp.        283-291.degree.C                                    
     Overhead temp.        274-280.degree.C                                    
     Underflow draw rate   5.2%                                                
PAR  The flash distillate was continuously fractionated as described in Example
      I, operating conditions are summarized as follows:
TBL  Feed rate            6.2 lbs/hr.                                          
     Overhead pressure    3.4 mm. Hg                                           
     Reboiler pressure    8.6 mm. Hg                                           
     Overhead temp.       87-89.degree.C                                       
     Reboiler temp.       273-274.degree.C                                     
     Reflux ratio         1:1                                                  
PAR  The underflow product obtained under these conditions contained 9 ppm of
      free phenols and had a color of 250 APHA.
PAC  EXAMPLE IV
PAR  A mixed isopropylphenyl/phenyl phosphate prepared by phosphorylation of a
      phenol propylated with about 30% by weight propylene was distilled as
      described in Example I. The fractional distillation column was provided
      with a device for taking a vapor sample at the bottom of the column in
      order to compare the phenolic content of vaporous sidestream samples with
      product removed as a liquid underflow. The results are tabulated below:
TBL  Free Phenols - ppm                                                        
     Sample No.       Vapor       Liquid                                       
     ______________________________________                                    
     (a)              212         81                                           
     (b)              303         95                                           
     (c)              135         54                                           
     (d)              121         97                                           
     (e)               64         32                                           
     (f)               89         78                                           
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for purifying triaryl phosphate esters prepared by the
      phosphorylation of phenol, C.sub.1 -C.sub.4 alkyl substituted phenols and
      mixtures of same consisting essentially of:
PA1  a. subjecting the crude triaryl phosphate ester reaction mixture of flash
      distillation at a temperature of about 220.degree. to 320.degree.C and a
      pressure of 2 to 10 mm. Hg and removing catalyst residues and high boiling
      impurities in an underflow and removing at least 90% of the feedstock as
      an overhead distillate comprising triaryl phosphate ester product and
      unreacted phenols, and
PA1  b. fractionally distilling the overhead from the flash distillation step in
      a fractional distillation column having a low pressure drop per
      theoretical stage maintained at a temperature of about 250.degree. to
      300.degree.C and at a pressure of 4 to 10 mm. Hg at the base of said
      column and a temperature of about 60.degree. to 200.degree.C and a
      pressure of 2 to 4 mm. Hg at the top of said column, and
PA1  c. removing the purified triaryl phosphate ester product as a liquid
      underflow from the base of said column, the product being characterized as
      containing less than about 100 parts per million of unreacted phenols,
      free phenol, and alkyl phenols.
NUM  2.
PAR  2. The process of claim 1 wherein said phosphate ester is a mixed
      isopropylphenyl/phenyl phosphate.
NUM  3.
PAR  3. The process of claim 1 wherein said phosphate ester is a mixed
      secondary-butylphenyl/phenyl or tertiarybutylphenyl/phenyl phosphate.
NUM  4.
PAR  4. The process of claim 1 wherein said phosphate ester is cresyl diphenyl
      phosphate.
NUM  5.
PAR  5. The process of claim 1 wherein said phosphate ester is tricresyl
      phosphate.
NUM  6.
PAR  6. The process of claim 1 wherein said phosphate ester is trixylyl
      phosphate.
NUM  7.
PAR  7. The process of claim 1 wherein said purified triaryl phosphate ester is
      characterized as containing less than 50 ppm of said free, phenol,
      unreacted phenols, and alkyl phenols.
NUM  8.
PAR  8. The process of claim 1 wherein the flash distillation is carried out at
      a temperature of 250.degree. to 310.degree.C and a pressure of 5 to 8 mm.
      Hg.
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ABST
PAL  There is disclosed an electrochemical process and cell, the electrochemical
      cell comprising an anode compartment through which flows an anolyte and a
      cathode compartment through which flows a catholyte separated, at least in
      part, by an ion-permeable wall, wherein the operating pressures within the
      anode compartment and the cathode compartment are controlled in a manner
      such that there is not a large difference of pressure across said
      ion-permeable wall. The operating pressures are advantageously controlled
      by a flow impeder constituted by a plurality of perforated plates or
      baffles disposed within an electrode compartment of the cell.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrochemical processes and to electrochemical
      cells and more particularly, but not exclusively, is concerned with
      electrochemical processes and electrochemical cells employing particulate
      electrodes.
PAR  Some electrochemical cells, for example those where one of the electrodes
      is a fluidised bed electrode, have separate anode and cathode
      compartments, separated by a common ion-permeable wall, for example a
      semi-permeable wall. This ion-permeable wall is intended to prevent
      passage of solid particles and/or of specific species of ions from one
      compartment to the other. Further, it is often desired that the anolyte
      present in an anode compartment and the catholyte present in a cathode
      compartment be kept separate. More generally, it is often desirable to
      employ in separate electrode compartments electrodes of widely differing
      types. The nature of the electrodes may be so different that a significant
      pressure difference develops across the whole or part of the common
      ion-permeable wall; if formed from a delicate membrane, for example a
      semi-permeable membrane, the pressure difference is often sufficient to
      rupture the membrane.
PAC  SUMMARY OF THE INVENTION
PAR  According to a first aspect of the present invention there is provided in
      an electrochemical process conducted within an electrochemical cell
      comprising an anode compartment through which flows an anolyte and a
      cathode compartment through which flows a catholyte separated at least in
      part by an ion-permeable wall, the improvement which comprises controlling
      the operating pressure in said anode compartment and the operating
      pressure in said cathode compartment in a manner such that there is not a
      large difference of pressure across said ion-permeable wall.
PAR  According to a further aspect of the invention there is provided an
      electrochemical cell comprising an anode compartment through which, in
      use, there flows an anolyte and a cathode compartment through which, in
      use, there flows a catholyte separated, at least in part, by an
      ion-permeable wall, and further comprising means to control the operating
      pressure in said anode compartment and the operating pressure in said
      cathode compartment in a manner such that there is not a large difference
      of pressure across said ion-permeable wall when said electrochemical cell
      is in use.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In one embodiment of the invention, a flow-impeder is located in one
      compartment, which flow-impeder acts as a pressure regulator and can thus
      be arranged to control the pressures in the anode and cathode compartment.
      The flow-impeder may comprise a series of baffles, perforated plates or a
      packing. In another embodiment of the invention where one electrode is of
      the type comprising a bed of particles contacted by a stream of
      electrolyte, for example a fluidised bed electrode, there may be present
      in the other electrode compartment together with the counter electrode a
      bed of non-electrochemically active particles to provide similar pressure
      characteristics, so that the operating (otherwise called dynamic)
      pressures in the two compartments are controlled so as to be balanced.
      Balancing the operating pressures in the two compartments decreases the
      tendency for there to be migration of electrolytes and reactants between
      the anode and cathode compartments. In certain circumstances one might
      therefore be able to replace a semi-permeable membrane with a rather more
      coarse and robust ion-permeable wall for example a filter cloth or a
      perforated plate.
PAR  In embodiments of the electrochemical cell according to the present
      invention in which the flow-impeder takes the form of a series of
      perforated plates or baffles, it may be advantageous to dispose the
      perforated plates or baffles so that they are in close-fitting
      relationship with an electrode within the compartment and so that they
      slope upwardly away from the ion-permeable wall. This disposition ensures
      that if a gas is liberated at the electrode during the course of an
      electrochemical process conducted within the cell then it will be
      channelled away from the electrode and the ion-permeable wall, reducing
      its interference in the electrochemical process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, and to show more clearly how
      the same may be carried into effect, reference will now be made, by way of
      example, to the accompanying drawings, in which:
PAR  FIGS. 1, 2 and 3 show schematically vertical sections of three embodiments
      of electrochemical cells, the vertical sections being normal to the width
      of the cells and showing the thickness of the cells;
PAR  FIG. 4 shows a section of the cell of FIG. 3 taken along the line C--C of
      FIG. 3; and
PAR  FIG. 5 shows the variation of operating or dynamic pressure in an
      electrochemical cell as shown in FIG. 3 as it varies with distance from
      the bases of the electrode compartments.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, an electrochemical cell 1 comprises a first
      electrode compartment 2 and a second electrode compartment 3 separated by
      an ion-permeable wall 4 constructed from a filter cloth. The electrodes
      i.e., the anode and the cathode, which are disposed in the first and
      second electrode compartments, are not shown for the sake of greater
      clarity. The first electrode compartment 2, which is of truncated
      wedge-shaped section, contains a bed 5 of discrete, electroconductive
      particles. Inlet conduits 6 and 7 are provided at the base of the
      electrode compartment 2 and an outlet conduit 8 near the top of this
      compartment. The cell is provided with a second inlet conduit 9 which
      communicates with a chamber 10 the top of which forms a flow distributor
      11 at the base of the second electrode compartment 3. Within the second
      electrode compartment 3 there are provided five substantially horizontal
      perforated plates 12 which thus form a number of sub-compartments 13-18
      within the second electrode compartment 3. A pressure sensor 19 extends
      into each of these sub-compartments 13-18. Near the top of the second
      electrode compartment 3, there is provided an outlet conduit 20.
PAR  Reference is now made to FIG. 2, which shows another embodiment of
      electrochemical cell, in operation. The electrochemical cell 31 comprises
      a cathode compartment 32 and an anode compartment 33 separated by an
      ion-permeable wall 34 inclined towards the cathode compartment. A bed 35
      of discrete, electroconductive particles is provided within the cathode
      compartment 32. An inlet conduit 36 issues via a flow distributor 37 into
      the base of this cathode compartment 32 which is further provided with an
      outlet conduit 38.
PAR  The anode compartment 33 has an inlet conduit 39 issuing into its base and
      four perforated plates 42 disposed within the compartment substantially
      normal to the ion-permeable wall 34 of the compartment. The perforated
      plates 42 form sub-compartment 43-47 within the anode compartment 33. An
      outlet conduit 50 is provided near the top of the anode compartment.
      Current conductors 51 and 52 extend into the anode compartment 33 and
      cathode compartment 32 respectively.
PAR  FIG. 3 shows a vertical section A--A of a further embodiment of
      electrochemical cell 61 comprising a first electrode compartment 62 and a
      second electrode compartment 63 separated by an ion-permeable wall 64. The
      first electrode compartment 62 is provided with a bed 65 of
      electroconductive particles, which, in operation constitutes a particulate
      electrode, an inlet conduit 66, a flow distributor 67 and an outlet
      conduit 68. In the interests of greater clarity, the current conductor, by
      which current is conducted to the bed 65 is omitted.
PAR  The electrochemical cell 61 includes a second inlet conduit 69 connecting
      with a chamber 70 disposed beneath the second electrode compartment 63. An
      anode 71 and five baffles 72 are disposed within the second electrode
      compartment, the baffles forming sub compartments 73-78 within the second
      electrode compartment. At the top of the second electrode compartment
      there is an outlet conduit 80.
PAR  FIG. 4 shows more clearly the individual construction of one of the baffles
      72. The baffles 72 fit closely inside the second electrode compartment 63
      and in addition to one long slot 81 through which the anode 71 passes,
      each baffle is provided with a number of slots 82 disposed adjacent to the
      wall of the second electrode compartment 63 opposite the ion-permeable
      wall 64, thus providing for greater resistance to electrolyte flow
      adjacent the ion-permeable wall.
PAR  The operation of embodiments of electrochemical cell as shown in the
      drawings will now be described with reference to FIG. 1 of the drawings.
      However, operation of the embodiments of FIGS. 2 and 3 is similar.
PAR  In operation of the cell shown in FIG. 1, electrolyte is introduced to the
      first electrode compartment 2 through the inlet conduits 6 and 7. The
      electrolyte passes upwardly through the bed 5 of particles in the
      electrode compartment, causing the particles of the bed 5 to move and the
      volume of the bed 5 to increase. Under steady state conditions, the level
      of electrolyte in the electrode compartment 2 remains constant as
      electrolyte leaves the compartment through the outlet conduit 8 at the
      same rate as it enters the base of the electrode compartment. At the same
      time, a second electrolyte is passed through the second electrode
      compartment 3, though in some cases this second electrolyte may be
      identical to that flowing through the first electrode compartment.
      Electrolyte passes into the second electrode compartment 3 through the
      inlet conduit 9, chamber 10 and flow distributor 11. As it passes upwardly
      through the second electrode compartment 3, its flow is impeded by the
      perforated plates 12 so that the operating pressure of electrolyte in the
      sub-compartments 13-18 is larger than would be the case in the absence of
      baffles. Electrolyte leaves the second electrode compartment through an
      outlet conduit 20.
PAR  Due to the resistance in the bed 5 of particles in the first electrode
      compartment to fluid flow therethrough, the operating pressure in the
      first compartment 2 is larger than it would otherwise be, particularly
      towards the base of the compartment. By careful calculation of numbers,
      spacing and individual design of the perforated plates 12 and by
      adjustment of the flow rates of electrolyte, it is possible to balance the
      operating pressures in the two electrode compartments 2 and 3 so that
      there is little or no pressure difference across the ion-permeable wall 4.
      Pressure sensors 19 connecting with each of the sub-compartments 13-18 of
      the second electrode compartment 3 provide data on the pressure
      distribution within the compartment.
PAR  An electrochemical process may be conducted within the electrochemical cell
      1 by imposing a suitable potential difference across the electrodes (not
      shown) of the electrochemical cell.
PAR  The embodiments of the electrochemical cell shown in FIG. 3 operates in a
      similar manner to that described above. However, it has particular use for
      electrochemical processes in which a gas is evolved at the anode. The
      sloping design of the baffles 72 and their close fitting relation to the
      anode 71 means that evolved gas is channelled away from the anode towards
      the slits 82 in the baffles. Channelling of evolved gas away from the
      vicinity of the anode can often result in improved efficiency of the
      electrochemical process being conducted. The electrochemical cell is
      readily adapted for use in conducting electrochemical processes in which
      gas is evolved at the cathode if the sign of the potential difference
      across the electrodes of the cell is reversed.
PAR  Referring now to FIG. 5, this Figure shows the relationship between the
      dynamic pressure within the bed 65 of particles in the first electrode
      compartment 62 in FIG. 3 and the dynamic pressure within each of the sub
      compartments 73-77 of the second electrode compartment 63 for three
      different rates of flow of electrolyte through this latter compartment. In
      the drawing, the stepped lines referenced 1, 2, and 3 represent flow rates
      of anolyte through the second electrode compartment of 21 liters/minute,
      18 liters/minute and 14 liters/minute respectively. As can be seen, the
      stepped discontinuous variation of dynamic pressure in the second
      electrode compartment 63 approaches closely the substantially linear,
      continuous variation of dynamic pressure in the cathode bed of particles
      65.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electrochemical process conducted within an electrochemical cell
      comprising first and second electrode compartments separated by an ion
      permeable wall and wherein first and second electrolytes flow upwardly
      through said first and second electrode compartments, respectively; said
      first electrode compartment containing a particulate electrode consisting
      of a bed of discrete, electroconductive particles which are caused to move
      by the flow of said first electrolyte; and said second electrode
      compartment containing a non-particulate electrode; the improvement
      comprising impeding the upward flow of electrolyte in said second
      electrode compartment such that along said ion-permeable wall the pressure
      difference across the wall is less than that required to rupture the wall.
NUM  2.
PAR  2. The electrochemical process of claim 1, wherein the second electrode
      compartment contains a plurality of baffles which act to impede the upward
      flow of electrolyte in the second electrode compartment, and wherein the
      resistance to the upward flow of electrolyte through said baffles is
      greatest adjacent said ion-permeable wall.
NUM  3.
PAR  3. In an electrochemical cell comprising first and second electrode
      compartments separated by an ion-permeable wall, said first electrode
      compartment containing a particulate electrode consisting of a bed of
      discrete, electroconductive particles and having associated therewith
      means for causing an overall upward flow of fluid through the first
      electrode compartment whereby the particles of the particulate electrode
      are caused to move during use of the electrochemical cell, and said second
      electrode compartment containing a non-particulate electrode and having
      associated therewith means for causing an upward flow of liquid through
      said second electrode compartment, the improvement which comprises liquid
      flow impeding means disposed in said second electrode compartment so as to
      establish a gradient in the operating pressure in said second electrode
      compartment during use of the cell which is such that the difference in
      pressure across said ion-permeable wall at any particular point thereof is
      less than that required to rupture the wall.
NUM  4.
PAR  4. The electrochemical cell of claim 3 wherein said flow impeding means
      comprises a bed of particles disposed in said second electrode compartment
      the particles having an electrochemical activity when the cell is in use
      of substantially zero.
NUM  5.
PAR  5. The electrochemical cell of claim 4, including means to move the
      particles of the bed of particles in the second electrode compartment when
      the cell is in use.
NUM  6.
PAR  6. The electrochemical cell of claim 3 wherein said fluid flow impeding
      means comprises a plurality of spaced apart baffles disposed within said
      second electrode compartment.
NUM  7.
PAR  7. The electrochemical cell of claim 6 wherein said baffles comprise a
      plurality of perforated plates each of which extends over substantially
      the entire cross-sectional area of said second electrode compartment.
NUM  8.
PAR  8. The electrochemical cell of claim 6 wherein each of said baffles abuts a
      portion of the surface of said ion-permeable wall and slopes generally
      upwardly away from said portion of the surface of the ion-permeable wall.
NUM  9.
PAR  9. The electrochemical cell of claim 8 wherein said ion-permeable wall is
      inclined from the vertical so as to overlie the particulate electrode and
      each of said baffles is normal to said ion-permeable wall.
NUM  10.
PAR  10. The electrochemical cell of claim 6 wherein said baffles fit closely
      around the non-particulate electrode disposed within said second electrode
      compartment.
NUM  11.
PAR  11. An electrochemical cell comprising first and second electrode
      compartments each provided with a liquid inlet at the base thereof and a
      liquid outlet at the top thereof, and being separated by an ion-permeable
      wall, said first electrode compartment containing a particulate electrode
      consisting of a bed of discrete, electroconductive particles and having
      associated therewith means for causing an overall upward flow of liquid
      through the first electrode compartment whereby the particles of the
      particulate electrode are caused to move during use of the electrochemical
      cell and said second electrode compartment containing a generally planar,
      non-particulate electrode, said ion-permeable wall being inclined from the
      vertical to overlie the particulate electrode, said electrochemical cell
      further comprising a plurality of baffles disposed in said second
      electrode compartment said baffles spanning substantially the entire cross
      sectional area of said second electrode compartment and being provided
      with a means for receiving said generally planar non-particulate electrode
      in a snug fit.
NUM  12.
PAR  12. The electrochemical cell of claim 11 wherein said baffles are
      substantially normal to said ion-permeable wall.
NUM  13.
PAR  13. The electrochemical cell of claim 11 wherein said baffles comprise
      perforated plates.
NUM  14.
PAR  14. The electrochemical cell of claim 11 wherein said baffles include an
      edge portion adjacent said ion-permeable wall and a further edge portion
      opposite said ion-permeable wall and wherein said further edge portion has
      disposed therein a plurality of slots.
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ABST
PAL  Fine particles of a very hard material such as silicon carbide and either a
      solid lubricant such as carbon fluoride or a lubricant such as a powdered
      organic high polymer are dispersed in a metal plating solution, and a
      metal object to be plated is immersed as a cathode, together with a metal
      rod as an anode, in the plating bath, and then a suitable current is
      passed through the bath to cause coprecipitation of the fine particles and
      lubricant in the metal deposit. The plated coating layer thus obtained is
      electro-polished or chemically or mechanically polished and a given
      thickness of the metal layer is removed to leave the fine particles as
      tiny protrusions from the lowered surface. In this way a low-abrasion
      surface is produced on the metal object.
BSUM
PAR  This invention relates to a process for forming low-abrasion surface layers
      on metal objects.
PAR  In order to produce such wear-resistant surfaces, it has been customary to
      mix into a base metal another metal of a different kind, cast the mixture
      together to a desired shape, allowing a substance, such as a carbide, of
      greater hardness than the base metal to precipitate separately and then
      finish the casting to provide a low-abrasion surface, that is, wear
      resistant surface. Because the conventional process thus involves
      formation and dispersion of the harder precipitate throughout the matrix,
      such metal castings are difficult to machine.
PAR  The present invention has for its object the provision of a process which
      utilizes the technique of composite plating and produces a low-abrasion
      surface by allowing fine particles of a very hard substance and solid
      lubricant to remain only in the surface layer of a metal object, as partly
      protruding therefrom. According to the invention, the disadvantage of the
      prior art process that arises from the necessity of mixing a different
      metal or metals into the base metal throughout the entire mass of the
      casting can be eliminated.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent more fully from the following description taken in connection
      with the accompanying drawings showing examples thereof, in which:
PAR  FIG. 1 is a schematic sectional view, on an enlarged scale, of a
      low-abrasion surface obtained in accordance with this invention;
PAR  FIGS. 2(A) to (D) are sectional views illustrating the stepwise progress of
      polishing according to the present invention;
PAR  FIGS. 3(I) and (II) are, respectively, a micrograph of composite-plated
      coating after electropolishing of the surface and an aeroview of the same
      surface;
PAR  FIG. 4 is a graph comparing the results of tests on cylinders of
      internal-combustion engines with the interiors having composite-plated
      coatings formed by an ordinary process and by the process of this
      invention.
PAR  FIGS. 5(i) and (ii) are sectional views of a compositeplated cylinder wall
      before and after polishing, respectively.
DETD
PAR  The term "composite plating" as herein used means a process whereby
      electroplating is carried out with an ordinary metal plating bath in which
      particles of an electrically nonconductive material are dispersed, so
      that, as the result of the coprecipitation the nonconductive particles
      precipitate separately in the plated coating. (For details refer to
      Japanese Patent Publication No. 3806/1961.)
PAR  For example, if fine particles of a very hard material are dispersed in a
      metal plating bath and a suitable current is passed through the bath,
      making the object to be plated as a cathode and a metal rod held opposite
      to the object as an anode, a plated coating will result as consisting of a
      metal deposit in which the high-hardness fine particles precipitate
      separately.
PAR  The metal deposit formed in this way on the base metal surface is then
      subjected to electrolytic, chemical or mechanical polishing so that a
      given thickness of the metal coating is removed, leaving the hard, fine
      particles partly exposed and protruded from the deposit layer.
PAR  Thus, as shown in FIG. 1, a primary sliding face a and a secondary sliding
      face b are formed, the latter being lower than the former because of the
      removal of metal. Lubricating oil is retained on the secondary sliding
      face b for constant lubrication of the primary sliding face a, or the
      actual sliding surface. Just after electrolytic or chemical polishing, the
      protruding fine particles of hard material, for example, silicon carbide,
      have such sharp corners that they may scratch or otherwise damage the
      surface to contact the plated surface. Therefore, if it is desirable
      because of the material of the surface facing the fine particle
      protrusion, the primary sliding face may be further finished
      conventionally, for example by grinding, lapping, or honing with a plastic
      polishing wheel.
PAR  Coprecipitative substances for use in composite plating may be enumerated
      in the form of fine particles of a hard material, a solid lubricant and a
      lubricant of a powdered organic high polymer.
PAR  The above-mentioned fine particles of a hard material may be silicon
      carbide and tungusten carbide and a solid lubricant may be carbon
      fluoride, fluorocarbon polymer [(CF)n] and molybdenum disulfide. And a
      lubricant of a powdered organic high polymer may be synthetic rubber. All
      these coprecipitative substances are used either singly respectively or
      may be used in combination, as the case may require. Suitable metal
      ingredients are metals that can be electroplated, e.g., nickel, zinc,
      chromium, copper, and tin. The fluorocarbon polymer is manufactured by the
      Japan Carbon Co., Ltd.
PAR  In accordance with the present invention, the major metal ingredient of the
      composite-plated coating is partly removed by electrolytic, chemical or
      mechanical polishing to allow the separate or dispersed precipitate to
      protrude about 0.1 to 5 microns from the coating surface. The polishing
      exposes the dispersed precipitate from the matrix, with an increasing
      number of protrusions like rocks emerging on the ebb. If the dispersed
      precipitate is fine particles of a hard material, the coating surface is
      finished by lapping with an ordinary lapping composition to obtain a low
      abrasion surface. The type of polishing, electrolytic, chemical or
      mechanical, that is to be adopted is governed by the kind of the metal to
      form the matrix of the composite plated coating, and the polishing is
      carried out by a conventional procedure.
PAR  The present process will be described in more detail hereunder with
      examples in which nickel was used as the major metal ingredient or matrix
      and silicon carbide as a separate or dispersed precipitate.
PAR  Powdered silicon carbide was dispersed in a nickel plating solution, and
      the cylinder block of an internalcombustion engine (aluminum alloy
      casting) was immersed as a cathode in the bath, with a nickel rod opposite
      to the work as an anode, and then, passing a suitable current (usually 20
      A/dm.sup.2) through the bath, a plated coating of nickel and silicon
      carbide was formed on the inner wall of the cylinder in the usual manner.
PAR  The particle size of silicon carbide was so distributed that powder of a
      desired size, large or small, could be chosen according to the intended
      use. The concentration of the silicon carbide in the plating solution is
      50-250 g/l. Usually the silicon carbide to be used ranged in particle size
      from 0.1 to 10 .mu.. The nickel plating solution used was a bath of nickel
      sulfamate. It was composed of 826 .+-. 46 g/l of a 60% nickel sulfamate
      solution, 15.1 .+-. 1.7 g/l 96 percent nickel chloride solution, 45 .+-. 5
      g/l 99.5 percent boric acid, and 2.9 .+-. 0.7 g/l saccharin sodium
      solution. The plating solution contained (l50 g/l) (silicon carbide.) The
      nickel-silicon carbide coating layers thus formed ranged from 100 to 500
      .mu. in thickness.
PAR  The coating layer was electropolished. The polishing proceeded in three
      stages as represented in FIGS. 2(A) through (D). FIG. 2(A) shows the
      composite-plated coating layer prior to the electropolishing. The
      reference numeral 1 indicates the base metal, and 2 indicates the
      compositeplated coating layer formed thereon. FIG. 2(B) shows the coated
      surface in the first stage of electropolishing, with pits 3 formed
      scatteredly. In the second stage shown in (C) the pits 3 were transformed
      into recesses 4. In the third and last stage shown in (D) the recesses 4
      developed sidewise to leave only minute protrusions of silicon carbide 5
      behind.
PAR  Useful as low-abrasion surfaces are the surfaces polished to the extent of
      the second or third stage shown.
PAR  In electropolishing, the electrolysis of a metal surface as an anode
      immersed in a suitable electrolyte will gradually dissolve the anode
      metal, forming a multiplicity of pits particularly due to the removal of
      surface impurities and textural irregularities. [FIG. 2(B)]. The dissolved
      metal salt will form an anode film with which to fill up the surface
      depressions. In the lands, on the other hand, the metal salt concentration
      is low and the anode film is thin, so that the current preferentially
      flows through the lands to accelerate their dissolution.
PAR  Especially when the metal forms complex ions with the electrolyte, the
      electric resistance produced is higher than that of the original
      electrolyte, and the current concentration in the lands is promoted.
      Accordingly the percentage the lands account for the total metal surface
      area is decreased, thus presenting a surface condition where the surface
      area left unpolished is limited as shown in FIG. 2(C). With the progress
      of the electrolysis, the unplished surface is dissolved and a smooth
      polished surface is obtained. In the electrolysis of a compositeplated
      film wherein some coprecipitated substance is embedded, the substance will
      be exposed in the form of tiny protrusions from the polished surface upon
      the removal by dissolution of the surrounding metal. In this way the
      condition of FIG. 2(D), or the electropolished surface to which the
      present invention is directed, is attained.
PAR  Now the actions of silicon carbide and carbon fluoride will be discussed.
      These substances to be added for coprecipitation are embedded by composite
      plating into the resulting coated layer. They are related to the
      improvements in the properties, e.g., heat resistance, hardness,
      lubricity, and wear resistance, of the coated layer formed by the plating.
      To be more exact, the physical properties inherent to the coprecipitative
      substances contribute to the improvements in those properties of the
      coating. In the composite plating wherein silicon carbide is
      coprecipitated, the great hardness or a beneficial property of silicon
      carbide improves the wear resistance of the composite-plated coating. In
      the case of carbon fluoride, its lubricity adds to the wear resistance of
      the coating. Microscopic observation of the coating surface formed by
      ordinary composite plating indicates that the coprecipitative substance is
      embedded in the sub-surface layer and therefore it cannot be said that the
      substance has really improved the physical properties of the coating
      surface. The metal ingredients constituting the composite-plated coating
      are worn off by the running-in of the sliding assembly. In order to reduce
      this initial wear due to running-in, it is necessary to allow the
      coprecipitated substance to protrude on the surface. The protrusions form
      a primary sliding face along which another member slides in a relative
      movement. Here the physical properties of the primary sliding face are
      those of the coprecipitated substance. It follows that if a coprecipitated
      substance has great hardness on lubricity, the primary sliding face will
      attain improved wear resistance. Directly contributory to the improvement
      in the wear resistance of the metal surface is a separately or dispersedly
      precipitatable substance such as silicon carbide or carbon fluoride and
      the process of electrolytic, chemical or mechanical polishing whereby the
      precipitate is caused to protrude from the surface so that the desirable
      properties of the precipitate can be fully taken advantage of. A
      wear-resistant metal surface is obtained. Thus it is only with the
      addition of a separately or dispersedly formed precipitate and through the
      polishing process that a wear-resistant metallic surface can be obtained.
      Without either of the factors, no wear-resistant metal surface would
      result. In other words, such metal surface would not be obtained if
      neither silicon carbide nor carbon fluoride was added.
PAR  The particle sizes and concentrations in the plating baths of the
      coprecipitative substances employed in the present invention were as
      tabulated below. These values can be used as compositions of combined
      plating solutions which have been respectively explaind already.
TBL  ______________________________________                                    
     Particle sizes and concentrations                                         
     of coprecipitative substances                                             
                        Particle    Concentra-                                 
     Substance          size (.mu.) tion (g/l)                                 
     ______________________________________                                    
     Silicon carbide, SiC                                                      
                         0.1 - 10   50 - 250                                   
     Tungsten carbide, WC                                                      
                          1 - 20    10 - 150                                   
     Fluorocarbon polymer, (CF)n                                               
                         0.1 - 15   2 - 60                                     
     Molybdenum disulfide, MoS.sub.2                                           
                         0.1 - 10   10 - 100                                   
     Aluminum oxide, Al.sub.2 O.sub.3                                          
                         0.1 - 10   25 - 200                                   
     Synthetic rubber, SBR rubber                                              
                        0.01 - 0.3  1 - 100                                    
     ______________________________________                                    
PAR  The kinds of plating baths, current densities, and plating rates used were
      as follows:
TBL  Nickel plating bath                                                       
     __________________________________________________________________________
     Composition                                                               
                60% nickel sulfamate sol.                                      
                               826 .+-. 46 g/l                                 
                Nickel chloride (96%)                                          
                               15.1 .+-. 1.7 g/l                               
                Boric acid (99.5%)                                             
                               45 .+-. 5 g/l                                   
                Saccharin sodium                                               
                               2.9 .+-. 0.7 g/l                                
     Current density                                                           
                15 - 20 A/dm.sup.2                                             
     Plating rate                                                              
                100 .mu./hr                                                    
     Copper plating bath                                                       
     Composition                                                               
                Copper sulfate (99.5%)                                         
                               220 .+-. 20 g/l                                 
                Sulfuric acid (97%)                                            
                               47 .+-. 17 g/l                                  
     Current density                                                           
                2 - 5 A/dm.sup.2                                               
     Plating rate                                                              
                30 .mu./hr                                                     
     Zinc plating bath                                                         
     Composition                                                               
                Zinc sulfate (99.5%)                                           
                               240 g/l                                         
                Ammonium chloride (99%)                                        
                               15 g/l                                          
                Aluminum sulfate (51 - 57%)                                    
                               30 g/l                                          
                Sodium acetate (98%)                                           
                               15 g/l                                          
                Glucose        120 g/l                                         
     Current density                                                           
                2 - 4 A/dm.sup.2                                               
     Plating rate                                                              
                40 .mu./hr                                                     
     Tin plating bath                                                          
     Composition                                                               
                Stannous sulfate (96%)                                         
                Sulfuric acid (97%)                                            
                Cresol-sulfonic acid (90%)                                     
                .beta.-Naphthol (98%)                                          
                Gelatin                                                        
     Current density                                                           
                2 A/dm.sup.2                                                   
     Plating rate                                                              
                35 .mu./hr                                                     
     Chrome plating bath                                                       
     Composition                                                               
                Chromic anhydride (95%)                                        
                               250 g/l                                         
                Sulfuric acid (97%)                                            
                               2.5 g/l                                         
     Current density                                                           
                30 - 70 A/dm.sup.2                                             
     Plating bath                                                              
                25 .mu./hr                                                     
     __________________________________________________________________________
PAR  Examples of the electropolishing of composite-plated coatings other than of
      silicon carbide are given below:
TBL  Copper-molybdenum disulfide composite plating                             
     Bath composition                                                          
              Copper sulfate (99.5%)                                           
                                  220 g/l                                      
              Sulfuric acid (97%) 50 g/l                                       
              Molybdenum disulfide (2.mu.)                                     
                                  30 g/l                                       
     Current density                                                           
              2 A/dm.sup.2                                                     
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (6).                                                   
     Zinc-tungsten carbide composite plating                                   
     Bath composition                                                          
              Tungsten carbide (2 .mu.)                                        
                                  50 g/l                                       
              Zinc sulfate (99.5%)                                             
                                  240 g/l                                      
              Ammonium chloride (99%)                                          
                                  15 g/l                                       
              Aluminum sulfate (51-57%)                                        
                                  30 g/l                                       
              Sodium acetate (98%)                                             
                                  15 g/l                                       
              Glucose             120 g/l                                      
     Current density                                                           
              2 A/dm.sup.2                                                     
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (3).                                                   
     Chrome-aluminum oxide composite plating                                   
     Bath composition                                                          
              Aluminum oxide (3.5 .mu.)                                        
                                  100 g/l                                      
              Chromic anhydride (95%)                                          
                                  250 g/l                                      
              Sulfuric acid (97%) 2.5 g/l                                      
     Current density                                                           
              50 A/dm.sup.2                                                    
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (4).                                                   
     Tin-aluminum oxide composite plating                                      
     Bath composition                                                          
              Aluminum oxide (3.5 .mu.)                                        
                                  100 g/l                                      
              Stannous sulfate (96%)                                           
              Sulfuric acid (97%)                                              
              Cresol-sulfonic acid (90%)                                       
              .beta.-Naphthol                                                  
              Gelatin                                                          
     Current density                                                           
              2 A/dm.sup.2                                                     
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (7).                                                   
     Nickel-fluorocarbon polymer composite plating                             
     Bath composition                                                          
              Fluorocarbon polymer (8 .mu.)                                    
                                  20 g/l                                       
              60% nickel sulfamate sol.                                        
                                  826 .+-. 46 g/l                              
              Nickel chloride (96%)                                            
                                  15.1 .+-. 1.7 g/l                            
              Boric acid (99.5%)  45 .+-. 5 g/l                                
              Saccharin sodium    2.9 .+-. 0.7 g/l                             
     Current density                                                           
              15 A/dm.sup.2                                                    
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (1).                                                   
     Nickel-SBR latex composite plating                                        
     Bath composition                                                          
              SBR latex (0.2 .mu.)                                             
                                  10 g/l                                       
              60% nickel sulfamate sol.                                        
                                  826 .+-. 46 g/l                              
              Nickel chloride (96%)                                            
                                  15.1 .+-. 1.7 g/l                            
              Boric acid (99.5%)  45 .+-. 5 g/l                                
              Saccharin solution  2.9 .+-. 0.7 g/l                             
     Current density                                                           
              15 A/dm.sup.2                                                    
     Electropolishing                                                          
              Under the conditions given in                                    
              Example 1 (1)                                                    
PAC  EXAMPLE 1
PAR  The plated coating of nickel and silicon carbide formed in the manner
      described above was electropolished with different electrolyte
      compositions under different conditions as follows:
TBL  (1) Electrolyte composition                                               
     ______________________________________                                    
     Perchloric acid (60%)                                                     
                          8 vol.%                                              
     Ethyl alcohol (99.5%)                                                     
                         70                                                    
     Butyl cellosolve (98%)                                                    
                         10                                                    
     Pure water          12                                                    
     Electrolytic conditions                                                   
     Current                                                                   
            80 - 300 A/dm.sup.2                                                
                         Optimum current                                       
                                      150 A/dm.sup.2                           
     Cathode                                                                   
            Stainless steel                                                    
     Temp.  20 - 40.degree.C                                                   
                         Optimum temp.                                         
                                      30.degree.C                              
     Time   15 - 60 sec. Optimum time 30 sec.                                  
     ______________________________________                                    
PAR  The electrolyte was prepared by placing perchloric acid into a mixed
      solution of ethyl alcohol, butyl cellosolve, and pure water immediately
      before use.
PAR  This electrolyte uses perchloric acid and has the danger of decomposition
      and explosion. In handling it, therefore, adequate care should be taken to
      ensure the safety. The electrolyte must be prepared immediately before
      use, while keeping it cool in a well ventilated place lest the liquid
      temperature should rise. The procedure of electrolyte preparation starts
      with the pouring of pure water into the tank to be subsequently filled
      with the electrolyte. Next, ethyl alcohol is slowly added dropwise to the
      pure water while the latter is being cooled by internal or external
      cooling means. Butyl cellosolve is then dropped into the mixture of pure
      water and ethyl alcohol. Finally, perchloric acid is added dropwise
      immediately before the use of the resulting electrolyte. This is important
      to avoid the decomposition of the acid. The dropping of the acid should be
      slowly carried out while agitating the mixed solution. The mixture must be
      continuously cooled so that the temperature never exceeds 40.degree. C.
      During the course of electrolysis, care must also be used to preclude any
      sparking due, for example, to a failure of contact in the electric system.
      This precaution is necessary to prevent an explosion of the perchloric
      acid as a result of a temperature rise or an explosion of the hydrogen gas
      produced by the cathode.
TBL  ______________________________________                                    
     (2) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                    15 - 25 vol.%,                                             
                                preferably 20 vol.%                            
     Sulfuric acid (97%)                                                       
                    50 - 60     preferably 55                                  
     Aniline (99%)  0.5         preferably 0.5                                 
     Pure water     20 - 35     preferably 24.5                                
     Electrolytic conditions                                                   
     Current 10 - 30 A/dm.sup.2                                                
                          Optimum current                                      
                                        13 A/dm.sup.2                          
     Cathode Lead                                                              
     Temp.   50 - 60.degree. C                                                 
                          Optimum temp. 55.degree. C                           
     Time    15 - 90 sec. Optimum time  45 sec.                                
     (3) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                    20 - 80 vol.%,                                             
                                preferably 50 vol.%                            
     Sulfuric acid (97%)                                                       
                     5 - 40     preferably 25                                  
     Hydrochloric acid                                                         
                    0.1-3       preferably 1                                   
     (35-37%)                                                                  
     Pure water     10 - 35     preferably 24                                  
     Electrolytic conditions                                                   
     Current 14 - 30 A/dm.sup.2                                                
                          Optimum current                                      
                                        15 A/dm.sup.2                          
     Cathode Lead                                                              
     Temp.   40 - 60.degree. C                                                 
                          Optimum temp. 50.degree. C                           
     Time    30 - 180 sec.                                                     
                          Optimum time  120 sec.                               
     (4) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     65 - 73 vol.%,                                            
                                preferably 65 vol.%                            
     Sulfuric acid (97%)                                                       
                     15         preferably 15                                  
     Chromic anhydride (95%)                                                   
                      2 - 10    preferably 10                                  
     Water           10         preferably 10                                  
     Electrolytic conditions                                                   
     Current 5 - 20 A/dm.sup.2                                                 
                          Optimum current                                      
                                        10 A/dm.sup.2                          
     Cathode Lead                                                              
     Temp.   50 - 60.degree. C                                                 
                          Optimum temp. 55.degree. C                           
     Time    90 - 240 sec.                                                     
                          Optimum time  120 sec.                               
     (5) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     60 - 70 vol.%,                                            
                                preferably 65 vol.%                            
     Sulfuric acid (97%)                                                       
                     10 - 20    preferably 15                                  
     Perchloric acid (60%)                                                     
                     0.1-1.5    preferably 0.5                                 
     Pure water       5 - 30    preferably 19.5                                
     Electrolytic conditions                                                   
     Current 10 - 50 A/dm.sup.2                                                
                          Optimum current                                      
                                        15 A/dm.sup.2                          
     Cathode Lead                                                              
     Temp.   50 - 80.degree. C                                                 
                          Optimum temp. 65.degree. C                           
     Time    90 - 240 sec.                                                     
                          Optimum time  180 sec.                               
     (6) Electrolytic composition                                              
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     65 - 75 vol.%,                                            
                                preferably 70 vol.%                            
     Chromium trioxide (95%)                                                   
                      5 - 15    preferably 10                                  
     Pure water      10 - 30    preferably 20                                  
     Electrolytic conditions                                                   
     Current 15 - 25 A/dm.sup.2                                                
                          Optimum current                                      
                                        20 A/dm.sup.2                          
     Cathode Lead                                                              
     Temp.   40 - 70.degree. C                                                 
                          Optimum temp. 60.degree. C                           
     Time    90 - 180 sec.                                                     
                          Optimum time  120 sec.                               
     (7) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     65 - 80 vol.%,                                            
                                preferably 70 vol.%                            
     n-Butanol (95%) 15 - 20    preferably 18                                  
     Pure water      10 - 20    preferably 12                                  
     Electrolytic conditions                                                   
     Current 40 - 80 A/dm.sup.2                                                
                          Optimum current                                      
                                        60 A/dm.sup.2                          
     Cathode Stainless steel                                                   
     Temp.   20 - 50.degree. C                                                 
                          Optimum temp. 40.degree. C                           
     Time    120 - 240 sec.                                                    
                          Optimum time  180 sec.                               
     (8) Electrolyte composition                                               
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     40 - 90 vol.%,                                            
                                preferably 60 vol.%                            
     Glycerin (95%)  10 - 50    preferably 30                                  
     Pure water       0 - 40    preferably 10                                  
     Electrolytic conditions                                                   
     Current 20 - 100 A/dm.sup.2                                               
                          Optimum current                                      
                                        60 A/dm.sup.2                          
     Cathode Stainless steel                                                   
     Temp.   50 - 90.degree. C                                                 
                          Optimum temp. 75.degree. C                           
     Time    30 - 180 sec.                                                     
                          Optimum time  120 sec.                               
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  The plated coating of nickel and silicon carbide formed as above was
      chemically polished in different ways as follows:
TBL  (1) Composition of chemical polishing solution                            
     ______________________________________                                    
     Phosphoric acid (85%)                                                     
                     45 - 60 vol.%,                                            
                                preferably 53 vol.%                            
     Nitric acid (60 - 62%)                                                    
                     10 - 15    preferably 12                                  
     Sulfuric acid (97%)                                                       
                     15 - 25    preferably 20                                  
     Pure water      10 - 20    preferably 15                                  
     Polishing conditions                                                      
     Temperature                                                               
                Over 65.degree. C,                                             
                              preferably 70.degree. C                          
     Time       5 - 20 sec.,  preferably 10 sec.                               
     (2) Composition of chemical polishing solution                            
     ______________________________________                                    
     Sulfuric acid (97%)                                                       
                     50 - 70 vol.%,                                            
                                preferably 60 vol.%                            
     Nitric acid (60 - 62%)                                                    
                     20 - 40    preferably 30                                  
     Pure water      10         preferably 10                                  
     Polishing conditions                                                      
     Temperature                                                               
                Over 70.degree. C,                                             
                              preferably 80.degree. C                          
     Time       10 - 30 sec., preferably 15 sec.                               
     (3) Composition of chemical polishing solution (with                      
     pure water as solvent)                                                    
     ______________________________________                                    
     Chromium trioxide                                                         
                    200 g/l   (The composition                                 
     Sodium nitrate 200       used in the example was                          
     Sodium hydrogen sulfate                                                   
                    300       the same as the one                              
                              specified here.)                                 
     Polishing conditions                                                      
     Temperature                                                               
                70 - 95.degree. C,                                             
                              preferably 80.degree. C                          
     Time       Over 4 min.,  preferably over 5 min.                           
     (4) Commercially available chemical polishing solution:                   
     ______________________________________                                    
       "Alchemize LB-Ni (prepared by Uemura Kogyo Co.)                         
     Polishing conditions                                                      
     Temperature                                                               
                60 - 70.degree. C,                                             
                              preferably 70.degree. C                          
     Time       0.5-6 min.,   preferably 45 sec.                               
     (per catalog)                                                             
     ______________________________________                                    
PAR  The coating surface before and after the electropolishing with the
      electrolyte and under conditions specified in Example 1(1) was observed
      through an electron microscope of the scanning type (magnification 1,000
      X) using EPMA and photographed (FIGS. 3(A) and (B) ). An aeroview clearly
      indicates the protrusion of silicon carbide from the surface of the nickel
      coating after the polishing.
PAC  EXAMPLE 3
PAR  1 The interior of the cylinder of a small air-cooled gasoline engine of the
      two cycle type was compositely plated with nickel and silicon carbide, and
      the plated coating was then electropolished. Molybdenum disulfide was
      employed as the lubricant. The amount of abrasion of the polished surface
      due to test run was compared with that of the surface not electropolished.
PA1  Engine: -- Single-cylinder, two-cycle gasoline engine, air-cooled, with a
      cylinder bore of 56 mm.
PA1  Run: -- 2000 km run on bench test (corresponding to a run along 2000 km of
      sandy beach)
PA1  Plating: -- Silicon carbide content of the plated coating -- 5.5 (wt.
      percent)
PA1  Polishing: -- In conformity with the electropolishing procedure described
      in Example 1(1).
PAR  The amounts of abrasion were determined in the vicinity of the top dead
      center of the piston rings where the maximum abrasion occurred. The
      results were as given in FIG. 4. As compared with the amount of abrasion
      of the ordinary composite-plated coating, that of the coating formed in
      accordance with this invention was less than a half.
PAC  2 Mechanical polishing
PAR  For the honing of the composite-plated cylinder wall, mechanical polishing
      was done using a plastic whetstone containing fine particles of molten
      alumina. In this way the metal ingredient of the composite-plated coating
      was selectively removed to leave behind the minute particles of the
      separate and dispersed precipitate as protrusions.
TBL  ______________________________________                                    
     Composite-plated                                                          
                  Nickel-silicon carbide                                       
     coating      (containing 6.0 wt.% SiC)                                    
     Plastic whetsone                                                          
                  Polyurethane resin                                           
                                 41.2 wt.%                                     
     composition  Molten alumina 58.8 wt.%                                     
     Molten alumina                                                            
     for roughing                                                              
                av. part. size    34 .mu., sp. gr. 0.76                        
     for finishing                                                             
                av. part. size     5 .mu., sp. gr. 0.73                        
     composition                                                               
                Al.sub.2 O.sub.3                                               
                          Over    98.5 wt.%                                    
                SiO.sub.2 Under    0.3 wt.%                                    
                Fe.sub.2 O.sub.3                                               
                          Under    0.1 wt.%                                    
                TiO.sub.2 Under    0.05 wt.%                                   
     ______________________________________                                    
PAR  The silicon carbide and tungsten carbide to be added in the form of fine
      particles of great hardness to the plating bath may contain sericite which
      acts as a dispersant. Sericite, a variety of muscovite, is particularly
      fine-grained and is adhesive to the human skin. It has a greasy touch and
      a silky luster. Its crystals measure at most 20 .mu., and the average
      particle size is 0.3 .mu..
PAR  In the composite-plated coating yet to be polished, the separately and
      dispersedly precipitated substance is embedded in the coating layer.
      Therefore, the composite-plated surface, if subjected to a friction
      against another metal surface, would wear rapidly because of the direct
      contact. Also, without polishing the coprecipitated substance so dispersed
      with desirable properties such as great hardness, self-lubricating
      property, wear resistance, and/or heat resistance would be largely hidden
      under the surface of the composite-plated coating. This would naturally
      make it impossible to take the best advantage of those beneficial
      attributes of the disposed substances. In order to make it possible, the
      hidden substance should be exposed in the form of tiny protrusions above
      the composite-plated coating layer.
PAR  By way of exemplification, the sliding of piston rings relative to a
      cylinder will now be considered. Composite-plated cylinder walls before
      and after polishing are schematically illustrated in FIGS. 5(i) and (ii).
      In those figures, the reference character 6 designates a piston ring, 7 a
      cylinder, and SiC a silicon carbide precipitate dispersedly formed in a
      composite-plated coating. In the unpolished state, the silicon carbide
      particles merely "peep" through the coating surface. After the polishing,
      the particles protrude from the coating surface and form a plane or a
      first sliding face S.sub.1 of silicon carbide, while, at the same time,
      the nickel matrix of the composite-plated coating constitutes a second
      sliding face S.sub.2. Thus, an oil reservoir 8 to retain lubricating oil
      is defined between the first sliding face S.sub.1 and the second sliding
      face S.sub.2. This eliminates the possibility of abrasive wear due to the
      lack of lubricant. If a self-lubricating material is employed as the
      dispersible precipitate, scuffing will no longer take place.
PAR  Chemical polishing is simple in procedure because the work has only to be
      dipped in a polishing bath in order to dissolve out surface metal and
      provide a smooth metal surface with the protrusions of the dispersed
      precipitate. However, the requirements the polishing bath must meet are so
      many that utmost care must be exercised in choosing a proper bath. The
      polishing mechanism is substantially the same as that for
      electropolishing. The polishing solution dissolves the metal, producing
      complex ions on the metal surface. Under the conditions where it is made
      soluble in water, the soluble complex salt of the metal deposits on the
      irregular surface, thickly on dents and thinly on lands, while inhibiting
      the dissolution of the depressed regions and preferentially dissolving the
      land regions, so that the metal surface is flattened and smoothened. The
      substance separately and dispersedly precipitated in the metal can be
      exposed as tiny protrusions from the surface by the use of a polishing
      solution which dissolves the metal only.
PAR  Unlike the electropolishing and chemical polishing above described,
      mechanical polishing removes metal in a physical way. Therefore, in the
      mechanical polishing, the fine abrasive particles to be dispersed in the
      whetstone for honing should have a sufficient hardness to scratch the
      metal away. To satisfy this requirement, usually the fine particles of
      silicon carbide or alumina oxide about 5 .mu. in diameter are employed.
      With mechanical polishing it is difficult to make the metal surface as
      smooth as the surfaces finished by electrolytic or chemical polishing.
      Here the mechanical polishing is intended for roughly removing the metal
      and exposing the dispersed precipitate in the form of protrusions from the
      metal surface. As will be obvious from its action, the mechanical
      polishing is of value in composite plating to form a coating wherein a
      very hard substance is coprecipitated in the bed of a relatively mild
      metal. To attain this end the metal surface is first scratched by an
      abrasive. Since the precipitate is hard enough to remain unscratched by
      the abrasive, the metal surface is selectively removed, the entire metal
      surface layer being removed by continued polishing. Stripped of the
      surrounding metal, the hard precipitate particles remain as protrusions to
      be exposed to the action of the abrasive. The sharp corners of the
      protrusions are thus rounded off by the abrasive, which contributes to the
      provision of a low-abrasion-wear surface. The rounded protrusions of the
      hard precipitate have fewer chances of scratching the other surface to
      slide relative to the composite-plated coating. As described, the process
      is effective for forming a low abrasion surface.
PAR  The use of polishing reagents and polishing time will be considered now.
      The care that must be exercised in the preparation of an electrolytic or
      chemical polishing solution is similar to the care generally used in
      handling chemicals. For example, where a preparation of a strong acid and
      water is to be made, the former must always be added to the latter. The
      polishing solution thus prepared is placed in a polishing tank equipped
      with a quartz heater of the immersion type. Upon heating to a temperature
      that is dictated by the kind of the solution, the polishing solution is
      now ready for use. What must be done in this stage is to set the current
      density and polishing time in the case of electropolishing or to set the
      polishing time in chemical polishing. In setting these conditions it must
      be noted that there are optimum temperature, current density, and time,
      which have been chosen to form the desired metal surface, or the flat
      metal surface from which the particles of hard precipitate protrude, with
      a minimum of labor (working time and electric power consumption). A
      haphazard extension of the polishing time is not advisable because it
      simply reduces the thickness of the composite-plated coating, thus
      affecting the desirable metal surface, and constitutes a mere waste of
      labor.
PAR  The hard substances other than silicon carbide and tungsten carbide which
      may be adopted in the process of the present invention include alumina
      oxide, zirconium carbide, titanium carbide, and boron carbide. Of those
      hard substances, alumina oxide is used in composite plating and then
      electropolished in the manner described above. In the case of titanium
      carbide, the plating under the following conditions gives good results:
TBL  Nickel-titanium carbide composite plating                                 
     Bath composition                                                          
                Titanium carbide (1 .mu.)                                      
                                  30 g/l                                       
                60% nickel sulfamate sol.                                      
                                  826 .+-. 46                                  
                Nickel chloride (86%)                                          
                                  15.1 .+-. 1.7                                
                Boric acid (99.5%)                                             
                                  45 .+-. 5                                    
                Saccharin sodium  2.9 .+-. 0.7                                 
     Current density                                                           
                15 A/dm.sup.2                                                  
     Electropolishing                                                          
                Under the conditions described in                              
                Example 1 (1) of electropolishing.                             
PAR  Although experiments with zirconium carbide and boron carbide are yet to be
      conducted, indications are that the results will be similar to those of
      the experiment with silicon carbide.
PAR  The thickness of the composite-plated coating and the amount of polishing
      required are as follows. The thickness varies with the intended use of the
      plated articles, but usually a thickness between 100 and 500 .mu. is
      chosen. The amount of polishing, or the thickness of the composite-plated
      coating to be removed by electrolytic, chemical or mechanical polishing,
      ranges from 2 to 15 .mu.. Generally the removal of the surface layer,
      about 2 to 5 .mu. in thickness, will provide a low abrasion surface, that
      is, a flat and smooth metal surface with dispersed protrusions of a hard,
      coprecipitative material.
PAR  As for chemical polishing, it is only necessary to dip the articles to be
      polished into a chemical polishing bath. The articles taken out of the
      bath are thoroughly rinsed with water to be cleaned of the polishing
      solution, just as in electropolishing. The dipping is practically the only
      step required in chemical polishing.
PAR  The eventual effect of polishing upon the composite-plated coating, that
      is, the common purpose of electrolytic, chemical, and mechanical
      polishing, is to allow a dispersed coprecipitative substance to protrude
      from a smoothened metal surface. Electropolishing causes the metals
      constituting the composite-plated coating to be dissolved at a controlled
      rate into the electrolyte, thereby exposing the dispersed hard substance
      in the form of tiny protrusions from the metal surface. Chemical polishing
      dissolves and removes the metal ingredients of the coating by the dip in a
      chemical bath, whereas mechanical polishing removes the metal layer
      through the agency of an abrasive. It may be said, therefore, that the aim
      of whatever polishing is to expose a dispersed and originally embedded
      precipitate in the form of tiny protrusions from the smoothly polished
      surface of composite-plated coating.
PAR  The results and effects of polishing will now be discussed. As has already
      been stated in connection with the actions of silicon carbide and carbon
      fluoride, the tiny protrusions of the dispersed hard substance are
      combined to form a primary sliding face. If the hard precipitate is
      self-lubricating carbon fluoride, molybdenum disulfide or the like, the
      lubricity of the hard protrusions of the primary sliding face remarkably
      reduces the abrasive wear of the mating member that slides relative to the
      primary face. In the case of a cylinder compositely plated but not
      polished in accordance with the present invention in sliding engagement
      with a cast iron piston, a maximum wear occurs on the both members, in the
      vicinity of the top dead center of the piston. Responsible for this is the
      lack of lubricating oil in the proximity of that point, or the failure of
      the oil to reach the top dead center. On the other hand, the
      composite-plated coating polished in conformity with the invention has an
      oil reservoir between the primary and secondary sliding faces. Lubricating
      oil retained in this reservoir is constantly supplied to the primary
      sliding face. If a separate, dispersed substance of great hardness is
      used, the primary sliding face will scarcely wear and the constant supply
      of lubricating oil will smoothen the relative sliding motion of the two
      members. Hence there is little abrasive wear of the associated member and
      no danger of seizure. If the compositely plated cylinder wall is not
      polished, it will have such a large area of contact with the opposing
      member that irregular wear, seizure or other trouble tends to occur due to
      inadequate oil supply. As will be obvious from the foregoing, polishing is
      not intended for simply abrading the composite-plated surface but for
      smoothening the coating surface by removing part of the metals
      constituting the coating by electrolytic, chemical or physical means and
      thereby exposing an embedded precipitate in the form of tiny protrusions.
      The metal surface thus formed is resistant to abrasive wear as described
      above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a low-abrasion surface on a base member comprising
      the steps of electrolytically depositing a metal coating to form a
      permanent bond with said base member and simultaneously codepositing fine
      particles of a hard material as a precipitate in said metal coating,
      removing a predetermined surface portion of said metal coating to permit
      said fine particles to protrude above the surface of said metal coating,
      and applying lubricating oil to said surface which acts as a reservoir for
      said lubricating oil.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said metal coating is deposited
      to a depth of between about 100 .mu. and 500 .mu..
NUM  3.
PAR  3. A method as set forth in claim 2 wherein said fine particles of a hard
      material are of a size of between about 0.1 .mu. and 20 .mu..
NUM  4.
PAR  4. A method as set forth in claim 3 wherein said fine particles of a hard
      material protrude between about 0.1 .mu. and 15 .mu. above the surface of
      said metal coating.
NUM  5.
PAR  5. A method as set forth in claim 2 wherein said fine particles of a hard
      material protrude between about 0.1 .mu. and 5 .mu. above the surface of
      said metal coating.
NUM  6.
PAR  6. A method as set forth in claim 2 wherein said fine particles of a hard
      material are of a size of between about 0.1 .mu. and 10 .mu..
NUM  7.
PAR  7. A method as set forth in claim 1 including the step of codepositing fine
      particles of a solid lubricant.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein said fine particles of a solid
      lubricant are of a size of between 0.1 .mu. and 20 .mu..
NUM  9.
PAR  9. A method as set forth in claim 8 wherein said fine particles of a solid
      lubricant are of a size of between about 0.1 .mu. and 10 .mu..
NUM  10.
PAR  10. A method as set forth in claim 4 wherein said fine particles are of a
      size of between about 0.1 .mu. and 20 .mu..
NUM  11.
PAR  11. A method as set forth in claim 10 wherein said particles are of a size
      of between about 0.1 .mu. and 10 .mu..
NUM  12.
PAR  12. A method as set forth in claim 4 including the additional step of
      mechanically smoothing the surface of said protruding fine particles to
      reduce their abrasive effect.
NUM  13.
PAR  13. A method as set forth in claim 4 wherein said hard material particles
      are selected from the group of silicon carbide tungsten carbide, or
      aluminum oxide.
NUM  14.
PAR  14. A method as set forth in claim 1 wherein said surface portion is
      removed by electrolytic polishing.
NUM  15.
PAR  15. A method as set forth in claim 1 wherein said surface portion is
      removed by chemical polishing.
NUM  16.
PAR  16. A method as set forth in claim 1 wherein said surface portion is
      removed by mechanical polishing.
NUM  17.
PAR  17. A method of forming a wear-resistant surface on a base member
      comprising the steps of electrolytically depositing nickel thereon to form
      a permanent bond therewith, and simultaneously codepositing silicon
      carbide of a particle size of between about 0.1.mu. to 10 , so as to
      provide a total thickness of the deposited material of between about
      100.mu. to 500.mu., removing a portion of the nickel coating to permit
      said silicon carbide to protrude an amount of between about 0.1.mu. and
      5.mu. and applying lubricating oil to said surface which acts as a
      reservoir for said lubricating oil.
NUM  18.
PAR  18. A method as set forth in claim 17 including the additional step of
      finishing the outer surfaces of the protruding silicon carbide to remove
      the sharp edges.
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ABST
PAL  The instant invention is broadly directed to acid zinc electroplating baths
      and the use thereof wherein there is utilized water soluble polyglycidols
      and their derivatives which have been found useful in relatively small
      additive amounts to the plating solutions and accomplish marked
      improvements in the brightness of the cathode deposits and also increase
      the throwing power of the plating solutions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the art to which this invention pertains that acid zinc
      baths are characterized by very high anode and cathode efficiencies and
      also by low anode and cathode polarizations. These properties, however,
      result in a throwing power of the bath which is relatively poor.
      Accordingly, acid zinc electroplating baths generally are limited to the
      plating of relatively simple shapes or to the employment of special and
      relatively elaborate anode arrangements or complicated racking facilities
      in order that good metal distribution can be obtained.
PAR  The expression employed herein, namely "throwing power" refers to the
      ability of the acid zinc plating solution to deposit metal uniformly upon
      an irregularly shaped cathode. In order to measure throwing power in a
      typical test, a J-shaped electrode is suspended in the plating bath as the
      cathode between a pair of vertically disposed and generally rectangular
      anodes. The thickness of the zinc deposited in the deepest recesses of the
      cathode is then expressed as a percentage of the thickness of the zinc
      deposited on that portion of the cathode relatively closer to the anode
      and fully exposed to the anode.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is concerned with compositions for and methods of
      electrodepositing zinc on an iron, steel or generally similar substrates
      from an acid zinc bath. The environmental problems inherent in the
      disposition of waste cyanide from cyanide zinc plating baths has of course
      given important emphasis to the utilization of acidic zinc baths. Such
      baths may be of the sulfate type, of the fluoborate type, chloride type
      and others as exemplified by acetate, sulfamate or gluconate. At present,
      however, the latter three baths have not enjoyed widespread
      commericalization.
PAR  Typically, sulfate baths contain from about 100 to approximately 400 grams
      per liter of zinc sulfate, fluoborate baths contain from about 100 to
      about 400 grams per liter of zinc fluoborate, and chloride baths generally
      contain from about 50 to about 300 grams per liter of zinc chloride.
PAR  Commonly, ammonium sulfate, ammonium chloride or ammonium fluoborate are
      added to either the sulfate, chloride or fluoborate baths, respectively,
      in order to increase their conductivity, while sodium acetate, aluminum
      sulfate, boric acid or citric acid can be added as a buffer to sulfate
      baths. Ammonium chloride, sodium chloride, ammonium citrate or aluminum
      chloride are typically added to chlorine baths. Likewise, ammonium
      chloride, boric acid or citric acid are added to the fluoborate bath. The
      pH of the baths generally range from about 1.5 to about 6.5, and the pH is
      controlled during operation by acid additions.
PAR  As was stated hereinabove, aqueous acidic zinc electroplating baths have
      high anode and cathode efficiencies and relatively low electrode
      polarizations. However, their throwing power is relatively poor. In fact,
      the zinc sulfate baths have a negative throwing power when measured in a
      Haring cell. This disadvantageous situation is overcome by the present
      invention through the addition of a polymerized glycidol. More
      particularly, the polymerized addition products of the present invention
      are selected from the group consisting of polyglycidol and copolymers of
      polyglycidol with alkylene oxides and their polymers such as
      ethyleneoxide, propyleneoxide, styreneoxides or epichlorohydrin.
PAR  Typically, the basic polyglycidol is formed from glycidol, by very slowly
      adding glycidol or other suitable solvents to benzene or other suitable
      solvents containing boron trifluoride or other well-known catalysts. The
      polyglycidol reaches its limit of solubility in the solvent and
      precipitates out as the polymer. Alternatively, 1,2 dichloroethane may be
      utilized as a preferred solvent in substitution for benzene.
PAR  The formula for glycidol is as follows:
      ##EQU1##
PAR  Upon polymerization, the resultant polymer has the following repetitive
      structure, which of course may also be cross linked as well as linear or
      both:
      ##EQU2##
      wherein n is an interger between 3 and 10, and m is an interger between 1
      to 10.
PAR  The basic polyglycidol may be copolymerized with suitable alkylene oxides,
      ready polymers thereof and as well epichlorohydrin. Typical reactants for
      copolymerization are the following:
      ##EQU3##
PAR  To illustrate the invention further, the following procedures of
      preparation of the compounds of this invention may be:
PAC  EXAMPLE A
PAR  40 grams of glycidol was placed into a stirred anhydrous benzene solution
      to which 1.5 cc of boron trifluoride etherate had been added. The
      temperature rose to 81.degree.C over a period of 10 minutes. The
      polyglycidol came out of the solution. The benzene was then poured off
      into another beaker and was used for the next polymerization. The polymer
      remaining in the container was then dissolved in 400 cc of water by
      heating to approximately 86.degree.C and passed through a filtering aid.
      Approximately 10% of the polymer was water insoluble.
PAC  EXAMPLE B
PAR  30 grams of glycidol and 20 grams of butylene oxide were placed into a
      stirred anhydrous benzene solution to which 1.5 cc of boron trifluoride
      etherate had been added. The temperature rose to about 80.degree.C over a
      period of ten minutes. The polymer was separated from the benzene, which
      was then used for the next polymerization. The polymer remaining in the
      container was then dissolved in 500 cc of water by heating to 86.degree.C
      and filtered through a filter aid. The insolubles amounted to
      approximately 3 grams.
PAC  EXAMPLE C
PAR  In a further method of preparation, 10 grams of polyethylene-glycol having
      a molecular weight of 400 was added to a stirred anhydrous benzene
      solution containing 1.5 cc of of boron trifluoride etherate. Then, 40
      grams of glycidol was added. The temperature rose to 78.degree.C over a
      period of 10 minutes. The polymer was separated from the benzene and
      dissolved in 500 cc of water.
PAC  EXAMPLE D
PAR  40 grams of glycerin was heated to about 250.degree.C for 2 hours. The
      product obtained was found to be water soluble and a viscous polymer which
      was then dissolved in 400 cc of water.
PAC  EXAMPLE E
PAR  50 grams of glycidol and 10 grams of epichlorohydrin were added to a
      stirred anhydrous 1,2 dichloroethane solution to which 1.5 cc of boron
      trifluoride etherate had been added. The temperature rose to about
      85.degree.C over a period of 10 minutes. The polymer was separated from
      the solvent and dissolved in 400 cc of warm water. The insolubles amounted
      to approximately 7 grams.
PAR  The polymerization normally continues until the molecular weight ranges
      from about 200 to approximately 2000, with a preferred range being from
      about 300 to 800. As can be appreciated, the relatively lower molecular
      weight polymers are more soluble in the bath, however, it has been found
      that lesser amounts of the higher molecular weight polymers are desired
      for effective utilization in the process.
PAR  Homopolymers of glycidol and copolymers of glycidol and the other groups
      listed above may of course be used in combination with other known zinc
      brighteners in order to enhance the overall appearance of the zinc plate.
      For example, there may be employed aromatic aldehydes and ketones,
      quarternary nicotinates, gelatine, thioureas and like compounds.
PAR  In order to describe the instant inventive concept more fully, a number of
      plates were prepared. An electroplating solution was made up for each of
      the examples to be described below, and was operated under normal acid
      zinc bath operating conditions which included a current density of from
      about 10 to 80 amperes per square foot and at a temperature ranging from
      approximately 75.degree. to 90.degree.F, with a pH of from about 1.5 to
      5.9. The polyglycidol polymer had a molecular weight of from about 300 to
      800.
PAR  In each instance, a steel J was suspended as a cathode between a pair of
      planar, vertically disposed anodes. The throwing power was determined by
      measuring the thickness of the zinc coating on the cathode in closest
      proximity and directly exposed to the anode as compared with the thickness
      of the zinc coating at the deepest portion of the recess formed by the
      turned back portion of the J plate. The throwing power is then expressed
      as a percentage of the two thicknesses.
PAR  The following examples were prepared, operated and measured:
PAC  EXAMPLE I
TBL  Zinc sulfate monohydrate                                                  
                           200 g/l                                             
     Boric Acid             23 g/l                                             
     Ammonium sulfate       10 g/l                                             
PAR  The resultant, plated J plate was dull at the deepest recess, and the
      throwing power was 1 percent.
PAC  EXAMPLE II
PAR  Example I was repeated with the addition of 0.3 g/l polyglycidol to the
      bath. The panel was bright with an increase in throwing power of 8
      percent.
PAC  EXAMPLE III
PAR  Example I was repeated with the addition of 1 g/l polyglycidol from Example
      A to the bath. The result was that the throwing power was increased by 20
      percent, and the plate at even the innermost recess of the J plate was
      semi-bright.
PAC  EXAMPLE IV
PAR  Example I was repeated with the addition of 1 g/l glycidol-butylene oxide
      coploymer from Example B. The throwing power was increased to 10% and the
      panel was semi-bright.
PAC  EXAMPLE V
PAR  Example I was repeated with the addition of 2 g/l polyglycidol from example
      D. The throwing power was increased to 8% and the panel has very much
      improved grain refinement.
PAC  EXAMPLE VI
TBL  Zinc fluoborate       200 g/l                                             
PAR  A throwing power value of .05% was obtained.
PAC  EXAMPLE VII
PAR  Example VI was repeated with the addition of 0.5 g/l polyglycidol from
      Example A. The result was that the throwing power was increased to 13
      percent and the place showed good grain refinement.
PAC  EXAMPLE VIII
TBL  Zinc Chloride         110 g/l                                             
     Ammonium chloride     160 g/l                                             
PAR  The throwing power was determined to be 20 percent, and the plate in the
      recess was dull and uneven.
PAC  EXAMPLE IX
PAR  Example VIII was repeated with the addition of 0.1 g/l polyglycidol from
      Example A. The throwing power was increased by 50 percent, i.e. from 20 to
      30 percent, and the J plate was uniformly semi-bright.
PAC  EXAMPLE X
PAR  Example VIII was repeated with an addition of 2 g/l copolymer of glycidol
      and polyethylene glycol molecular weight 400 from Example C. The throwing
      power was increased to 26 percent.
PAC  EXAMPLE XI
TBL  Zinc sulfate          200 g/l                                             
PAR  A throwing power value of 1% was obtained.
PAC  EXAMPLE XII
PAR  Example XI was repeated with the addition of 0.8% polyglycidol from Example
      A. The throwing power was determined to be 15 percent. This increase in
      throwing power was accompanied by an increase in brightness and uniformity
      of the electrodeposit in the J plate recess.
PAC  EXAMPLE XIII
PAR  Example XI was repeated with an addition of 0.5 g/l,
      glycidol-epichlorohydrin copolymer. The throwing power was increased to 8%
      and the product showed improved grain refinement.
PAR  Various changes and modifications in the solutions and procedures have been
      described herein, and these and other variations may of course be
      practiced without departing from the spirit of the invention or the scope
      of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for the electrodeposition of zinc upon a substrate, which
      comprises an aqueous acidic solution containing a soluble zinc salt in
      which the zinc concentration is present in an amount of about 20 to 200
      grams per liter, and a polymeric additive selected from the group
      consisting of polyglycidol and copolymers of polyglycidol with an alkylene
      oxide or their ready polymers and epichlorohydrin.
NUM  2.
PAR  2. A composition as defined in claim 1, in which the polymeric additive is
      present in the range from about 0.05 to 100 grams per liter.
NUM  3.
PAR  3. A composition as defined in claim 1, in which the molecular weight of
      the polymeric additive is between about 200 to approximately less than
      2000.
NUM  4.
PAR  4. A composition as defined in claim 1, in which the zinc salt is selected
      from the group consisting of zinc sulfate, zinc chloride, zinc fluoborate,
      zinc acetate, zinc sulfamate or zinc gluconate and others related thereto.
NUM  5.
PAR  5. A composition for the electrodeposition of zinc as defined in claim 4,
      in which the zinc acetate is present in an amount between about 60 to 300
      grams per liter, zinc gluconate is present in an amount between
      approximately 60 to 200 grams per liter, zinc sulfamate is present in an
      amount of about 60 to 150 grams per liter, and other zinc salts are
      present in generally equivalent amounts.
NUM  6.
PAR  6. A method for electrodepositing zinc to provide enhanced throwing power
      and an improved brightened electrodeposit, which comprises forming an
      acidic aqueous zinc electroplating bath which includes therein a zinc salt
      selected from the group consisting of zinc sulfate, zinc fluoborate, zinc
      chloride, zinc acetate, zinc sulfamate, or zinc gluconate, and dissolving
      therein a polymeric additive selected from the group consisting of
      polymerized polyglycidol and copolymers of polyglycidol and alkylene
      oxides, the ready polymers thereof, and epichlorohydrin.
NUM  7.
PAR  7. A method for the electrodeposition of zinc as defined in claim 6,
      wherein the zinc sulfate is present in an amount from about 150 to about
      400 grams per liter, the zinc fluoborate is present in an amount from
      about 150 to about 400 grams per liter, the zinc chloride is present in an
      amount from about 75 to 240 grams per liter, zinc acetate is present in an
      amount from approximately 60 to 200 grams per liter, the zinc gluconate is
      present in an amount from about 60 to 200 grams per liter and zinc
      sulfamate is present in an amount from about 60 to 150 grams per liter.
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ABST
PAL  Colored anodic coating of aluminum and its alloys can be obtained by
      immersing the aluminum or its alloys as an anode in an aqueous electrolyte
      solution containing aromatic sulfonic acid and at least one of formic acid
      and formate salts, which solution preferably contains at least one of
      sulfuric acid and water soluble sulfate or bisulfate salts and by passing
      electric current through the electrolyte solution for a predetermined
      time.
BSUM
PAR  The present invention relates to a method of producing a colored anodic
      coating on aluminum and its alloys by passing a direct current through an
      aqueous electrolyte solution.
PAR  The colored anodic coating on aluminum or its alloys is accomplished by
      immersing an anode consisting of the aluminum or its alloys, and at least
      one cathode consisting of stainless steel or other metallic materials into
      the electrolyte solution and passing direct current between the anode and
      the cathode. Electrolyte solutions which produce colored coatings and
      which are already known in the art comprise: sulfophthalic acid and
      sulfuric acid; phenol sulfonic acid and sulfuric acid; and, sulfosalicylic
      acid and at least one of sulfuric acid, lactic acid, maleic acid,
      chresylic sulfonic acid and oxalic acid, etc.
PAR  The colors of coatings produced by the conventional electrolytes are rather
      dull and are not transparent. Said coatings produced by the conventional
      electrolytes can be stably colored only if an oxide film on the aluminum
      or its alloy becomes thick, for example 10 microns or more.
PAR  The conventional colored coatings may be covered by inorganic or organic
      paint film, such as thermosetting resin film, when it is desired to use
      the coated article in a corrosive atmosphere, as the coating by anodic
      oxidation does not have sufficient weather resistant properties. The
      conventional colored coatings, however, are not suitable for such
      applications, because it is difficult to heat aluminum to the drying
      temperature needed to cure paint coated on the thick oxide film. For
      example, in a case where thermosetting resin film is employed and is cured
      at a high temperature, for example 150.degree. C, the colored oxide
      coatings tend to develop fissures with the result that the coated article
      is unacceptable for practical application. The film of paint formed on the
      oxide coating is, therfore, usually cured at such a low temperature that
      the film of paint does not have the desired properties.
PAR  It is, therefore, an object of the present invention to provide a method of
      producing colored anodic coatings on aluminum and its alloys, the colors
      of which coatings are more vivid and transparent than the conventional
      colors.
PAR  It is another object of the present invention to economically increase the
      throwing power of the electrolyte solution so that an increased number of
      aluminum articles can be dipped in a constant volume of the electrolyte
      solution.
PAR  It is a further object of the present invention to produce a yellowish
      coating, which could not be obtained in the conventional electrolyte, by
      incorporating a particular ingredient into the known electrolytes
      mentioned above.
PAR  It is a specific object of the present invention to produce colored anodic
      coatings having a small thickness, i.e. lower than 10 microns.
DETD
PAR  Other objects of the present invention will be apparent from the following
      description of embodiments.
PAR  In accordance with the present invention, there is provided a method of
      producing colored anodic coating on aluminum and its alloys comprising:
      providing at least one cathode; immersing the aluminum or its alloy as an
      anode into an aqueous electrolyte comprising aromatic sulfonic acid;
      passing a direct current through the electrolyte solution between the
      anode and the cathode to obtain a colored anodic coating on the aluminum;
      wherein an improvement comprises employing, as said aqueous electrolyte,
      an aqueous electrolyte solution containing (a) aromatic sulfonic acid and
      (b) at least one member selected from the group consisting of formic acid
      and formate salts.
PAR  The combination of aromatic sulfonic acid and formic acid to produce
      colored coatings has not been known prior to the present invention,
      because an electrolyte containing either aromatic sulfonic acid or formic
      acid was not recognized as being capable of forming desired coatings on
      aluminum and its alloys. An electrolyte solution containing only
      sulfosalicylic acid as the aromatic sulfonic acid has been recognized to
      bring about electric discharge accompanied by sparks on the surface of
      aluminum or its alloys. The aluminum treated in this electrolyte solution
      is exposed to pitting corrosion during the electrolytic coating. This
      electrolyte solution further does not provide the favorable conditions
      needed in order to increase the thickness of the oxide film being formed,
      on the aluminum or its alloys, to a sufficient value. It is also known
      that an electrolyte solution containing formic acid exclusively, causes
      the formation of pitting on the aluminum surface and does not provide
      sufficiently thick coatings even if the electric current density and the
      voltage are widely changed. In order to form the anodic coating on
      aluminum using an electrolyte solution containing formic acid exclusively,
      it is required that the temperature of the electrolyte be raised so as to
      be close to its boiling point and the formic acid contained in the
      electrolyte must be in an extremely high concentration. Since
      monocarboxylic acids, in which the formic acid is included, belong to the
      monobasic acid category, said monocarboxylic acids dissociate hydrogen in
      an amount considerably lower than that required to initiate the anode
      reaction. Accordingly, monocarboxylic acid having low dissociation
      constants must be present in an extremely high concentration and must be
      heated also to its boiling point. In addition to these disadvantages,
      monocarboxylic acids bring about pitting corrosion on the aluminum anode
      and the destruction of the oxide film, when said monocarboxylic acids are
      present in the electrolyte solution in a moderate or low concentration. In
      addition to the low dissociation constants of the monobasic acids, the
      adsorption of these acids on the aluminum anode is not suitable for
      forming oxide film on the aluminum compared to the adsorption of polybasic
      acids. Namely, the monobasic acids dissociating the hydrogen are adsorbed
      and placed on the aluminum anode in a smaller force than the polybasic
      acids, thereby failing to homogeneously and actively oxidize the aluminum
      surface.
PAR  Attempts were made to remove one of the disadvantages of monobasic acids,
      i.e., the inactive adsorption phenomenon of anions dissociated from formic
      acid, by incorporating another ingredient into the electrolyte solution.
      According to one of the attempts, an electrolyte solution containing
      oxalic acid in addition to the formic acid was proposed. This proposed
      electrolyte solution, however, did not make it possible to produce both
      vivid, transparent colored coatings and thin coatings. Colored coatings
      are obtained using the proposed electrolyte solution only when the
      electrolysis time is extended until the coatings grow to a thickness of
      approximately 40 microns. According to another attempt, sulfuric acid was
      added into the electrolyte consisting of formic acid so as to provide an
      electrolyte with improved electrical conductivity. This attempt, however,
      also did not prove to be successful, since aluminum treated in this
      electrolyte solution was still subject to the pitting corrosion.
PAR  The present inventors found that aromatic sulfonic acid enables the
      disadvantages of the formic acid to be overcome. Formic acid in the
      presence of aromatic sulfonic acid is free from the harmful corrosion
      effect, thereby ensuring that a stable oxide film can be favorably formed.
PAR  As far as the inventors understand the mechanism of coloration, the
      aromatic sulfonic acid incorporated in the electrolyte solution is
      decomposed during electrolysis, following which a part of the substances
      decomposed from the aromatic sulfonic acid remains in the film being
      formed, allowing vivid colors be developed on the aluminum.
PAR  The colors of the oxide film produced by the above process according to the
      present invention have various hues depending upon, first of all, the
      thickness of the film and, secondly, on the kinds of material treated. The
      colors are marked by a high degree of saturation and transparency
      irrespective of the thickness and the kinds of materials treated.
PAR  The throwing power of the electrolyte solution can be increased to twice
      the throwing power of the conventional electrolyte solution. Therefore,
      when the aluminum or its alloy shapes are piled in a supporting cage and
      then dipped in the electrolyte solution, a gap provided between each shape
      is decreased to half the size of the gap defined between each shape in
      order to form desired coatings on the shapes according to the conventional
      electrolyte.
PAR  The inventors have also found that formate salts including nickel formate
      and ammonium formate can be used, with or without formic acid, as the
      above-described second member of the electrolyte solution so as to achieve
      the advantageous results mentioned above. Therefore, at least one of
      formic acid, nickel formate and ammonium formate should be preferably used
      as one of the essential components of the electrolyte solution.
PAR  Further, the aromatic sulfonic acid should preferably be selected from the
      group consisting of sulfophthalic acid and sulfosalicylic acid.
PAR  According to an embodiment of the invention, the electrolyte contains an
      aromatic sulfonic acid in an amount of from 5 to 500 preferably 10 to 500,
      g/liter and at least one member selected from the group consisting of
      formic acid and formate salts in an amount of 5 to 200 g, in terms of the
      weight of the formic acid, per litre of the electrolyte. The electrolyte
      solution described may be employed over the following range of operating
      conditions: 0.5 to 5 ampere/square decimeter of current density; 20 to 120
      volts of voltage applied between the anode and the cathode; 1 to 150
      minutes of electrolysis time.
PAR  The electrolyte should preferably contain from 10 to 40 g/liter of at least
      one member of the formic acid and formate group. When it is desired to
      produce a satin finished surface, the content of at least one member from
      the formic acid and formate group should be in excess of 40 g/liter. In
      this case, surface defects and seams formed by dies on this basic metal
      disappear. On the other hand, when lustrous oxide coatings are desired,
      the content of at least one member from the formic acid or formate group
      should not exceed 10 g/liter.
PAR  The coatings of various hues are produced by adjusting the operation
      conditions, i.e., the current density, voltage and time period of
      treatment, so that the thickness of the film is changed within a wide
      range.
PAR  According to another embodiment of the invention, the electrolyte solution
      containing components within the particular ranges already described, is
      employed over the following operating conditions: 1 to 3 amperes/square
      decimeter of a current density; 25 to 80 volts of voltage, and; 5 to 20
      minutes of an electrolysis time. In this embodiment, the colored,
      extremely thin, i.e., 2 microns, coatings can be produced by selecting
      operating conditions substantially equal to the lower limits of said
      operating conditions. The thickness of the coatings does not exceed 20
      microns when the coating process is carried out at operating conditions
      substantially equal to the upper limits. This method, which is capable of
      forming a thinly coated film, provides some advantages. First of all, the
      time of the electrolytic coating can be shortened by as much as a fourth
      to a half as compared to the conventional process. Secondly, the
      thermosetting resin paint coated on the aluminum can be cured at a high
      temperature, for example 180.degree. C, without danger of generating
      fissures in the oxide film. In addition, the paint coating is firmly
      adhered to the surface of the aluminum or its alloys. Thirdly, the
      qualities of the thinly coated oxide film, such as wear resistance,
      adhesion and corrosion resistance, are not inferior compared to those of
      conventional thickly coated film. Fourthly, since the oxide film
      exhibiting minute pores with a diameter ranging from 100 to 1000 angstoms
      can be colored when the film reaches a very small thickness, paint can be
      infiltrated into the pores using an electrodeposit painting method,
      thereby enabling said electrodeposit coating to be applied on the anodic
      coated article. Even if a part of the paint, which is deposited on the
      aluminum surface, exfoliates therefrom, the remaining part of the paint,
      which is infiltrated into the pores, helps to resist corrosion. The
      resistance against the alkali solution of the aluminum, which is subjected
      to the colored anodic coating and then to the painting, is, therefore,
      superior to the aluminum produced by the conventional method.
PAR  According to a further preferable embodiment of the invention, the
      electrolyte for colored coating of aluminum or its alloys contains (a)
      aromatic sulfonic acid, (b) at least one first member selected from the
      group consisting of formic acid and formate salts, and (c) at least one
      second member selected from the group consisting of sulfuric acid and
      water soluble sulfate or bisulfate salts. The water soluble sulfate salts
      include, for example, metal sulfates and ammonium sulfate. The water
      soluble bisulfates salts include, for example, metal bisulfates and
      ammonium sulfates. The aforementioned second member enables the electrical
      conductivity of the electrolyte to be adjusted in a such manner that the
      electrolytic operation can be carried out at a lower voltage. The second
      member further promotes the formation of said oxide film and the
      coloration thereof.
PAR  According to still another preferable embodiment the electrolyte contains
      (a) aromatic sulfonic acid in an amount of from 10 to 500 g/liter, (b) at
      least one first member selected from the group consisting of formic acid
      and formate salts in an amount of from 5 to 200 g/liter and (c) at least
      one second member selected from the group consisting of sulfuric acid and
      water soluble sulfate or bisulfate salts in an amount not higher than 5
      g/liter, more preferably 0.5 to 2 g/liter, and the direct current is
      passed at a current density of from 0.5 to 5 ampere/square decimeter over
      a period of 1 to 150 minutes, and a voltage of from 20 to 100 volts is
      applied between the anode and the cathode.
PAR  According to a yet another preferable embodiment of the invention, the
      electrolyte solution containing said three components within the
      particular ranges according to the foregoing still another preferable
      embodiment is employed under the following operating conditions: 5 to 20
      minutes; 1 to 3 amperes/square decimeter of current density; 25 to 80
      volts of voltage, and; 5 to 20 minutes of electrolysis time, so that the
      colored coatings have a thickness of from 2 to 20 microns.
PAR  The invention will be illustrated by way of the following examples. The
      aluminum or its alloy used in these Examples had the following
      compositions.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Designa-                                                                  
     tion                                                                      
     (Form)                                                                    
           Cu   Si  Fe   Mn   Mg  Zn  Cr  Ti   Al                              
     __________________________________________________________________________
     A1100 0.14                                                                
               0.11 0.56                                                       
                        0.01 0.00 0.02                                         
                                      0.01                                     
                                          0.01                                 
                                              rest                             
     (sheet)                                                                   
     A3003 0.20                                                                
               0.60 0.70                                                       
                        1.0 -                                                  
                              --  0.10                                         
                                      --  --  rest                             
     (sheet)            1.5                                                    
     A6063T.sub.5                                                              
           0.10                                                                
               0.2 -                                                           
                    0.35                                                       
                        0.10 0.45 -                                            
                                  0.10                                         
                                      0.10                                     
                                          0.10                                 
                                              rest                             
     (shape)   0.6           0.90                                              
     __________________________________________________________________________
PAC  EXAMPLE 1
PAR  Aluminum sheets and aluminum alloy shapes were degreased and etched prior
      to the anodic coating. The aluminum sheets and aluminum alloy shapes were
      immersed in a solution as an anode and a stainless steel bars were
      immersed in the solution as cathodes. The conditions of treatment and the
      results are shown in Table II.
PAR  In this table, the prime numbers indicate that the treatments were carried
      out under the same conditions as those of the basic numbers except for the
      length of treatment times. The obtained colored oxide films were as hard
      as the conventional films and exhibited excellent weather resistance.
PAC  EXAMPLE 2
PAR  The aluminum alloy shapes treated according to conditions No. 6 of Example
      1 were subjected to electrodeposit painting. The painted shapes were
      heated at 180.degree. C for 30 minutes without formation of cracks in the
      colored oxide film and without discoloration of this film.
TBL                                    Table II                                
     __________________________________________________________________________
        Aluminum                                                               
              Aromatic                                                         
                      Formic Acid or                                           
                               Sulforic Acid                                   
                                       Current   Tempera-                      
                                                      Time                     
                                                         Thick-                
     No.                                                                       
        Designa-                                                               
              Sulfonic                                                         
                      Formate. g/l                                             
                               or Sulfate.                                     
                                       Density                                 
                                           Voltage                             
                                                 ture min-                     
                                                         ness                  
        tion  Acid. g/l        g/l     A/dm.sup.2                              
                                           Volts .degree.C                     
                                                      utes                     
                                                         microns               
                                                              Color            
     __________________________________________________________________________
     1  A1100 Sulfosalicylic                                                   
                      Formic Acid.                            Yellowish        
              acid. 65g/l                                                      
                      15g/l    --      2.0  45 - 100                           
                                                 20   15 8    umber            
     2  A1100 Sulfosalicylic                                                   
                      Formic acid.                                             
                               Sulfuric acid                                   
                                       3.0 45 - 60                             
                                                 20   12 8    Yellowish        
              acid. 50g/l                                                      
                      12g/l    0.8 g/l                        umber            
      2'                                                                       
         do     do    do       do      do  do    do   24 17   Umber            
     3  A3003 Sulfosalicylic                                                   
                      Formic acid.                                             
                               Sulfuric acid                                   
                                       1.0 50 - 70                             
                                                 20   12 3    Gray             
              acid. 65g/l                                                      
                      15g/l    1g/l                                            
      3'                                                                       
         do     do    do       do      do  do    do   30 7    Dark gray        
     4  A6063T.sub.5                                                           
              Sulfosalicylic                                                   
                      Formic acid.                                             
                               Sulfuric acid                                   
                                       1.5 45 - 55                             
                                                 20   12 4    Light            
              acid. 70g/l                                                      
                      18g/l    1.2g/l                         umber            
      4'                                                                       
         do     do    do       do      do  do    do   24 8    Yellowish        
                                                              brown            
     5  A6063T.sub.5                                                           
              Sulfosalicylic                                                   
                      Formic acid                                              
                               Sulfuric acid                                   
                                       3.0 45 - 60                             
                                                 20   12 9    Yellowish        
              acid. 70g/l                                                      
                      18g/l    1.2g/l                         brown            
     6  A6063T.sub.5                                                           
              Sulfosalicylic                                                   
                      Formic acid                                              
                               Sulfuric acid                                   
                                       3.0 45 - 80                             
                                                 20   30 22   Dark brown       
              acid. 70g/l                                                      
                      18g/l    1.2g/l                                          
     7  A6063T.sub.5                                                           
              Sulfophthalic                                                    
                      Formic acid                                              
                               Sulfuric acid                                   
                                       3.0 45 - 75                             
                                                 20   12 9    Umber            
              acid. 60g/l                                                      
                      15g/l    0.04g/l                                         
     8  A6063T.sub.5                                                           
              Sulfosalicylic                                                   
                      Formic acid                                              
                               Sulfuric acid                                   
                                       3.0 45 - 75                             
                                                 20   12 9    Olive (1)        
              acid. 60g/l                                                      
                      60g/l    0.04g/l                                         
     10 A1100 Sulfophthalic                                                    
                      Ammonium                                                 
              acid. 70g/l                                                      
                      formate  Sulfuric acid                                   
                                       2.0 40 - 80                             
                                                 20   20 10   Umber            
                      20g/l    1.0g/l                                          
     11 A6063T.sub.5                                                           
              Sulfosalicylic                                                   
                      Nickel   Sulfuric acid                                   
                                       2.0  50 - 100                           
                                                 20   29 15   Light            
              acid. 65g/l                                                      
                      formate  1.2g/l                         bronze           
                      40g/l                                                    
     __________________________________________________________________________
       Note: (1) The surface was "satin finish.                                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing colored anodic coating on aluminum and its alloys
      comprising:
PA1  providing at least one cathode;
PA1  immersing the aluminum or its alloys as an anode into an aqueous
      electrolyte comprising an aromatic sulfonic acid;
PA1  passing a direct current through the electrolyte solution between the anode
      and cathode to obtain a colored anodic coating on the aluminum;
PA1  wherein, an improvement comprises employing, as said aqueous electrolyte,
      an aqueous electrolyte solution containing (a) aromatic sulfonic acid in
      an amount of 10 to 500 g/liter and (b) at least one member selected from
      the group consisting of formic acid and formate salts in an amount of 5 to
      200 g, in terms of the weight of formic acid, per liter of the
      electrolyte.
NUM  2.
PAR  2. A method according to claim 1 wherein said aromatic sulfonic acid is
      selected from the group consisting of sulfothalic acid and sulfosalicylic
      acid, and said direct current is passed at a current density of from 0.5
      to 5 ampere/square decimeter over the period of 1 to 150 minutes and a
      voltage of from 20 to 120 volts is applied between the anode and the
      cathode.
NUM  3.
PAR  3. A method according to claim 2, wherein said direct current is passed at
      a current density of 1 to 3 ampere/square decimeter over the period of
      from 5 to 20 minutes and a voltage of from 25 to 80 volts is applied,
      thereby obtaining a colored anodic coating having a thickness ranging from
      2 to 20 microns.
NUM  4.
PAR  4. A method according to claim 1, wherein said aromatic sulfonic acid is at
      least one selected from the group consisting of sulfophthalic acid and
      sulfosalicylic acid.
NUM  5.
PAR  5. A method according to claim 1, wherein said formate salts are nickel
      formate and ammonium formate.
NUM  6.
PAR  6. A method according to claim 1, wherein said aromatic sulfonic acid is
      sulfophthalic acid.
NUM  7.
PAR  7. A method according to claim 1, wherein said aromatic sulfonic acid is
      sulfosalicylic acid.
NUM  8.
PAR  8. A method of producing colored anodic coating on aluminum and its alloys
      comprising:
PA1  providing at least one cathode;
PA1  immersing the aluminum or its alloys as an anode into an aqueous
      electrolyte comprising aromatic sulfonic acid;
PA1  passing a direct current through the electrolyte solution between the anode
      and cathode to obtain a colored anodic coating on the aluminum anode;
PA1  wherein an improvement comprises employing, as said aqueous electrolyte, an
      aqueous electrolyte solution containing (a) aromatic sulfonic acid in an
      amount of from 10 to 500 g/liter (b) at least one first member selected
      from the group consisting of formic acid and formate salts in an amount of
      from 5 to 200 g, in terms of the weight of formic acid, per liter of the
      electrolyte and (c) at least one second member selected from the group
      consisting of sulfuric acid and water soluble sulfate or bisulfate salts
      in an amount not higher than 5g, in terms of the weight of sulfuric acid,
      per litre of the electrolyte.
NUM  9.
PAR  9. A method according to claim 6 wherein said aromatic sulfonic acid (a) is
      selected from the group consisting of sulfophthalic acid and
      sulfosalicylic acid, and, further said direct current is passed at a
      current density of from 0.5 to 5 ampere/square decimeter over a period of
      1 to 150 minutes and a voltage of from 20 to 100 volts is applied between
      the anode and the cathode.
NUM  10.
PAR  10. A method according to claim 9, wherein said second member is contained
      in the electrolyte in an amount of from 0.5 to 2 g per liter of the
      electrolyte.
NUM  11.
PAR  11. A method according to claim 8, wherein said aromatic sulfonic acid is
      at least one selected from the group consisting of sulfophthalic acid and
      sulfosalicylic acid.
NUM  12.
PAR  12. A method according to claim 8, wherein said first member is formic
      acid.
NUM  13.
PAR  13. A method according to claim 8, wherein said second member is sulfuric
      acid.
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ABST
PAL  Acetonitrile and alpha-substituted acetonitriles are electrolytically
      carboxylated to yield the corresponding alpha-cyano carboxyl compounds.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, it has been discovered that
      acetonitrile and alpha-substituted acetonitriles can be electrolytically
      carboxylated in the presence of carbon dioxide to yield the corresponding
      alpha-cyano carboxylated product.
PAR  The alpha-cyano carboxylated products obtained in the present method can be
      recovered by a variety of procedures as the ester, salt, and free
      carboxylic acid.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The reaction of the present invention can be illustrated:
      ##EQU1##
      in which the R's are individually selected from hydrogen, alkyl containing
      1 to 10 carbons, inclusive, aralkyl, aryl, oxy, thio, phosphino, and
      amino, including for example such groups as alkoxy, aryloxy, alkylthio,
      arylthio, alkylamino, arylamino, alkylsphosphino, arylphosphino, and
      various hydrocarbyloxy, hydrocarbylthio groups.
PAR  Representative compounds suitable for use in the present invention include,
      for example, acetonitrile, methoxyacetonitrile, ethoxyacetonitrile,
      propionitrile, alpha-methoxy-propionitrile, isobutyronitrile,
      gamma-methoxy-n-butyronitrile, phenylacetonitrile,
      alpha-methoxy-beta-phenylpropionitrile, gamma-methoxyvaleronitrile,
      methylthioacetonitrile, dimethyl-phosphinoacetonitrile, and
      dimethylaminoacetonitrile.
PAR  In carrying out the method of the present invention, an electric current is
      passed through the acetonitrile compound in contact with a cathode and in
      the presence of carbon dioxide. The acetonitrile compound or medium in
      which it is employed must have sufficient conductivity to conduct electric
      current. It is preferable from an economic viewpoint not to have too high
      a resistance. The required conductivity is generally achieved by employing
      common supporting electrolytes, such as electrolyte salts of sufficiently
      negative discharge potentials.
PAR  The present reaction may be effected in the presence of an additional
      solvent for the acetonitrile compound and the electrolyte; however, liquid
      acetonitrile compounds having sufficiently high dielectric constants may
      also serve as solvents when used in sufficient quantities. But whatever
      solvent is employed, whether the acetonitrile compound or a separate
      solvent, it will generally be desirable for the solvent to have a fairly
      high dielectric constant in order to lower electrical resistance. Separate
      solvents desirable for use herein include, for example, dimethylformamide,
      hexamethylphosphonamide, dimethyl sulfoxide, etc. In general, it is
      desirable to employ a solvent with a dielectric constant of at least 25,
      and preferable of at least 50.
PAR  The electrolytic carboxylation of the present method is conveniently
      carried out in a substantially anhydrous medium, although strict adherence
      to anhydrous conditons is not necessary for successful completion of the
      reaction.
PAR  In the present method it is generally desirable to have the electrolysis
      medium as a fairly homogeneous dispersion. A true solution is not required
      as, for example, many quaternary ammonium salt solutions may, in some
      respects, be dispersions rather than true solutions. Thus the present
      invention may use emulsions as well as true solutions. Moreover, in
      emulsions or media having more than one phase, electrolysis can occur in a
      solution of the components in one of the phases.
PAR  As indicated hereinabove, the required conductivity in the present method
      is generally achieved by employing common supporting electrolytes, such as
      electrolyte salts of sufficiently negative discharge potentials. With some
      acetonitrile compounds (and separate solvent when employed), an additional
      electrolyte may not actually be necessary, but in practice a supporting
      electrolyte is utilized. A supporting electrolyte, as understood by those
      in the art, is an electrolyte capable of carrying current but not
      discharging under the electrolysis conditions. In the present invention,
      this primarily concerns discharge at the cathode, as the desired reaction
      occurs at the cathode. Thus the electrolyte employed will generaly have
      cations of more negative cathodic discharge potential than the discharge
      potentials of both the acetonitrile compound and carbon dioxide. But
      whatever the actual mechanistic pathway, whether by way of reduction of
      the acetonitrile compound or by way of reduction of carbon dioxide, it
      will be recognized that discharge potentials will vary with cathodic
      materials and their surface conditions, and various materials in the
      electrolysis medium. In order for the reaction to proceed, however, it is
      only necessary to have an effective reduction of the appropriate compound
      under the conditions of the electrolysis, and some salts may be effective
      supporting electrolytes under such conditions even though nominally of
      less negative discharge potential than the compound being reduced at the
      cathode.
PAR  The term salt is employed in its generally recognized sense to indicate a
      compound composed of a cation and an anion, such as produced by a reaction
      of an acid with a base. The salts can be organic, or inorganic, or
      mixtures of such, and composed of simple cations and anions or very large
      complex cations and anions.
PAR  Certain salts of alkali and alkaline earth metals can be employed to some
      extent; however, amine and quaternary ammonium salts are generally more
      suitable and preferred for use herein, as such salts generally have very
      negative discharge potential--that is, more than -2.2 cathodic volts
      versus the saturated calomel electrode. Among the quaternary ammonium
      salts useful, are the tetralkylammonium, for example, tetramethylammonium,
      tetraethylammonium, methyltriethylammonium etc., heterocyclic and
      aralkylammonium salts, for example, benzyltrimethylammonium, etc.
PAR  The term "quaternary ammonium" as employed herein has its usual recognized
      meaning of a cation having four organic groups substituted on the
      nitrogen.
PAR  Various anions can be used with the foregoing and other cations, for
      example, organic and inorganic anions, such as tetrafluoroborates,
      phosphates, halides, sulfates, sulfonates, alkanesulfonates, etc. Aromatic
      sulfonates and similar anions, including those referred to as McKee salts,
      can be used, as can other hydrotropic salts, although the hydrotropic
      property may be of no particular significance when employed with very low
      water content.
PAR  The concentration of salts, when used, can vary widely, for example, from
      0.5 percent to 50 percent or more by weight of the electrolysis medium,
      but suitable concentrations will often be in the range of 1.0 percent to
      15 percent by weight, or on a molar basis, often in the range of 0.1 to
      1.0 molar. If it is desired to have all the components in solution, the
      amount of salt utilized will be no greater than will dissolve in the
      electrolysis medium.
PAR  Various current densities can be employed in the present method. It will be
      desirable to employ high current densities in order to achieve high use of
      electrolysis cell capacity, and therefore for production purposes it will
      generally be desirable to use as high a density as feasible, taking into
      consideration sources and cost of electrical current, resistance of the
      electrolysis medium, heat dissipation, effect upon yields, etc. Over broad
      ranges of current density, the density will not greatly affect the yield.
      While very low densities are operable, suitable ranges for efficient
      operation will generally be in ranges from a few amperes per square
      decimeter of cathode surface, up to 10 or 100 or more amperes per square
      decimeter.
PAR  The present electrolysis can be conducted in the various types of
      electrolysis cells known in the art. In general, such cells comprise a
      container made of material capable of resisting action of electrolytes,
      for example, glass or plastic, and a cathode and anode, which are
      electrically connected to sources of electric current. The anode can be of
      any electrode material so long as it is relatively inert under the
      reaction conditions. Ordinarily, the anode will have little or no
      influence on the course of the electrolysis, and can be selected so as to
      minimize expense and any corrosion, or erosion problems.
PAR  Any suitable material can be employed as the cathode, various metals,
      alloys, graphite, etc. being known to the art. However, the cathode
      material can have some effect upon the ease and efficiency of the
      reaction. For example, mercury, cadmium, lead, and carbon cathodes are
      suitable.
PAR  In the present method a divided cell will often be employed, that is, some
      separator will prevent the free flow of reactants between cathode and
      anode. Generally, the separator is some mechanical barrier which is
      relatively inert to the electrolyte material, for example, a fritted glass
      filter, glass cloth, asbestos, porous poly(vinyl chloride), etc. An ion
      exchange membrane can also be employed. The desired reactions will occur
      in an undivided cell, and this could have advantages for industrial
      production in that electrical resistance across a cell-divider is
      eliminated.
PAR  When a divided cell is used, it will be possible to employ the same
      electrolysis medium on both the cathode and anode sides, or to employ
      different media. In some circumstances, it may be advisable to employ a
      different anolyte for economy of materials, lower electrical resistance,
      etc.
PAR  The electrolysis cells employed in the procedural Examples herein is
      primarily for laboratory demonstration purposes. Production cells are
      usually designed with a view to the economics of the method, and
      characteristically have large electrode surfaces, and short distances
      between electrodes. The present method is suited to either batch or
      continuous operations. Continuous operations can involve recirculation of
      a flowing electrolyte stream, or streams between electrodes, with
      continuous or intermittent sampling of the stream for product removal.
      Similarly, additional reactants can be added continuously or
      intermittently, and salt or other electrolyte component can be augmented,
      replenished, or removed as appropriate. Additional description of a
      suitable cell for continuous operation is set forth in Baizer et al., U.S.
      Pat. No. 3,193,480. See also H. Lund et al., in Organic Electrochemistry
      (M. M. Baizer, et al), Marcel Dekker, New York, 1973, pp. 65 ff. for a
      general description of various laboratory scale cells, and D. Danly, ibid,
      pp. 907 ff. for some consideration of industrial cell designs.
PAR  The electrolysis can be conducted at ambient temperatures, or at higher or
      lower temperatures. If volatile materials are utilized, it may be
      desirable to avoid elevated temperatures so that the volatile reactant
      will not escape, and various cooling means can be used for this purpose in
      preference to pressure vessels. Cooling to ambient temperatures may be
      appropriate, but if desired, temperatures down to 0.degree.C or lower can
      be employed. The amount of cooling capacity needed for the desired degree
      of control will depend upon the cell resistance and the electrical current
      drawn. If desired, cooling can be effected by immersing the electrolysis
      cell in an ice or ice-salt bath. Pressure can be employed to permit
      electrolysis at higher temperatures with volatile reactants, but
      unnecessary employment of pressure is usually undesirable from an economic
      standpoint.
PAR  The method of the present invention involves a carboxylation reaction, and
      therefore requires a source of the carboxyl groups. Carbon dioxide
      admirably serves this purpose. The carbon dioxide can be supplied at
      atmospheric pressure or at a higher pressure, for example 50 or 100
      atmospheres or more of carbon dioxide. Other sources can also be used,
      such as alkali metal carbonates, for example, sodium bicarbonate, or
      various other materials equivalent to or a source of carbon dioxide or
      carbonic acid. The present invention contemplates reactions occurring in
      the presence of carbon dioxide, regardless of its source.
PAR  The alpha-cyano carboxyl compounds produced in the present invention can be
      recovered in the form of the free acid, ester, or salt. Because nitriles
      are employed in the method of the present invention, it will ordinarily be
      desirable to avoid conditions known to result in hydrolysis of the nitrile
      group, such as excessively acidic or basic conditions with elevated
      temperatures.
PAR  The isolation procedures employed in the procedural Examples and discussed
      hereinbelow are primarily for illustrative purposes. Other procedures can
      be employed, and may be preferred, for commercial use.
PAR  Upon completion of the electrolysis the excess acetonitrile compound (and
      separate solvent when employed) are removed by vacuum aspiration at
      ambient temperatures. The remaining residue is taken up in water, and the
      mixture made basic, preferably to about pH 10 by the addition of solid
      alkali metal hydroxide, for example, sodium hydroxide. Extraction of the
      basic solution with an appropriate solvent, such as, for example, ethyl
      ether or methylene chloride to remove neutral material leaves an aqueous
      solution of the salt of the alpha-cyano carboxylic acid. Mild
      acidification of the extracted aqueous solution with mineral acid followed
      by extraction with an appropriate organic solvent, for example, ethyl
      ether, which is thereafter dried over an appropriate desiccant yields an
      organic solution of the free acid. Treatment of this solution with an
      amine, such as, for example, benzylamine, yields the substituted ammonium
      salt of the carboxylic acid.
PAR  Alternatively, the organic solvent extract from the acidified aqueous
      solution may be dried and evaporated to yield the free
      alpha-cyanocarboxylic acid.
PAR  The free acid may also be obtained from the substituted ammonium salt by
      treating an aqueous solution of the salt with mineral acid, extracting
      with an organic solvent, such as, for example, ethyl ether, drying the
      extracts, and evaporating the organic solvent.
PAR  A further alternative is to isolate the carboxylated product as the ester.
      The product, which exists as the carboxylic acid anion because of the
      presence of salts in the electrolysis, can be alkylated by treatment of
      the catholyte with an alkylating agent, such as, for example, methyl
      iodide or dimethyl sulfate. Evaporation of the resulting mixture to
      dryness and extraction of the residue with an appropriate organic solvent,
      such as ethyl ether, filtering to remove the undissolved material, and
      removal of the solvent provides the ester.
PAR  The following examples illustrate the present invention and the manner by
      which it can be practiced.
PAC  EXAMPLE 1
PAC  Electrolytic Carboxylation of Acetonitrile
PAR  Procedure A
PAR  A typical two-compartment H cell having a 250-milliliter cathode
      compartment was employed. The cathode and anode compartments were
      separated by a medium porosity glass frit. The cathode was a mercury pool
      (50 cm.sup.2 surface area) and the anode was platinum. The cathode
      compartment contained an inlet and outlet for carbon dioxide but was
      otherwise gas tight. An electrolyte solution comprising 0.15 molar
      solution of tetraalkylammonium tosylate in acetonitrile was added to the
      cathode and anode compartments, and the cell was cooled to about
      0.degree.C in an ice bath. Dry carbon dioxide was continuously bubbled
      into the solution at atmospheric pressure during the electrolysis, which
      was conducted with an observed cathode potential of -2.0 volts (versus the
      saturated calomel electrode) while maintaining a constant current of 0.7
      ampere. The electrolysis was continued until 0.07 faraday of current was
      expended. Upon completion of the electrolysis, the remaining acetonitrile
      was removed by vacuum aspiration to leave a viscous residue to which was
      added about 30 milliliters of water. The resulting mixture was made basic
      to about pH 10 by the addition of solid sodium hydroxide and extracted
      with five 50-milliliter portions of ethyl ether, which were discarded. The
      remaining aqueous solution was acidified to pH 1 with concentrated
      hydrochloric acid and extracted with ten 50-milliliter portions of ethyl
      ether. The combined ethereal extracts were dried over anhydrous magnesium
      sulfate, filtered, and treated with excess benzylamine to yield a white
      precipitate which was collected by vacuum filtration, washed with
      anhydrous ethyl ether, and dried to yield 0.926 grams of benzylammonium
      cyanoacetate. This yield, the equivalent of 0.41 grams of cyanoacetic
      acid, corresponds to 0.216 grams of acid per ampere-hour or 5.8 grams per
      faraday.
PAR  Procedure B
PAR  The apparatus described in Procedure A above was employed. To the
      150-milliliter catholyte medium comprising a solution of 0.15 molar
      tetraethylammonium tetrafluoroborate in dimethylformamide was added 15
      milliliters of acetonitrile. Thereafter the cell was placed in an ice bath
      and cooled to about 0.degree.C. Dry carbon dioxide was bubbled
      continuously into the catholyte at atmospheric pressure during the
      electrolysis. The electrolysis, conducted at a temperature between
      0.degree.C and 10.degree.C and with an observed cathode potential of -2.0
      volts while maintaining a constant current of 0.7 ampere, was continued
      until 0.1 faraday of current was expended. Upon completion of the
      electrolysis, the product was isolated as the benzylammonium salt as
      described for Procedure A above. The 0.87-gram yield of benzylammonium
      cyanoacetate, the equivalent of 0.39 grams of cyanoacetic acid,
      corresponds to 0.146 grams of acid per ampere-hour or 3.9 grams per
      faraday.
PAC  EXAMPLE 2
PAC  Electrolytic Carboxylation of Methoxyacetonitrile
PAR  Following Procedure A of Example 1 above, an electrolyte solution
      comprising 13.0 grams (0.043 mole) of tetraethylammonium tosylate
      dissolved in 200.0 grams (2.82 moles) of methoxyacetonitrile was
      electrolytically carboxylated at about 23.degree.C with a constant current
      of 0.3 ampere for 5.5 hours (1.65 ampere-hours). The desired
      methoxycyanoacetic acid was isolated as the benxylammonium salt (1.0
      gram). The free acid equivalent of 0.52 gram corresponds to 0.313 gram of
      acid per ampere-hour or 8.4 grams per faraday.
PAR  The alpha-carboxylated compounds produced in the present method are
      suitable for numerous purposes. Cyanoacetic acid and its derivatives,
      including the corresponding esters are valuable organic intermediates,
      being utilized as starting material for numerous syntheses in the
      pharmaceutical field. For example, cyanoacetic acid and its ethyl ester
      are useful in the manufacture of barbiturates; the ethyl ester is useful
      in the preparation of numerous 4-substituted
      1-cyanoacetyl-3-thiosemicarbazides which are useful as anti-parasitic and
      antifungal agents; and butyl cyanoacetate is useful in the preparation of
      caffeine. Many other derivatives are useful in the manufacture of vitamin
      B, (thiamine), vitamin B.sub.6 (pyridoxine), various amino acids (for
      example, ornithine, tryptophane, and glutamic acid), and various hypnotics
      such as the 3,3-dialkyl derivatives of 6-methyl-2,4(1H,3H)-pyridinedione.
      In addition, derivatives such as cyanoacetylurea and cyanoacetyl guanidine
      are couplers suitable for use in photographic developers and emulsions.
PAR  While the invention has been described with respect to various specific
      examples and embodiments thereof, it is to be understood that the
      invention is not limited thereto and that it can be variously practiced
      within the scope of the following claims.
CLMS
NUM  1.
PAR  1.  The method of electrolytic carboxylation of acetonitrile and
      alpha-substituted acetonitriles having at least one hydrogen attached to
      the carbon located alpha to the cyano group, where the alpha substituent
      is hydrogen or an organic group selected from alkyl containing 1 to 10
      carbons, inclusive, aralkyl, aryl, oxy, thio, phosphino, and amino, which
      comprises electrolytic reduction at the cathode by electrolysis in a
      liquid medium consisting essentially of such acetonitrile compound,
      supporting electrolyte, and added carbon dioxide, and recovering an
      alpha-cyano carboxylated product of such acetonitrile compound.
NUM  2.
PAR  2. The method of claim 1 wherein the acetonitrile compound is an
      alkanenitrile.
NUM  3.
PAR  3. The method of claim 2 wherein the alkanenitrile is acetonitrile.
NUM  4.
PAR  4. The method of claim 1 wherein the acetonitrile compound is an
      alpha-alkoxyacetonitrile.
NUM  5.
PAR  5. The method of claim 4 wherein the alpha-alkoxyacetonitrile is
      methoxyacetonitrile.
NUM  6.
PAR  6. The method of claim 1 wherein the liquid electrolysis medium contains an
      additional solvent.
NUM  7.
PAR  7. The method of claim 6 wherein the additional solvent is
      dimethylformamide.
NUM  8.
PAR  8. The method of claim 1 wherein a mercury pool cathode and a platinum
      anode are used.
NUM  9.
PAR  9. The method of claim 1 wherein a quaternary ammonium salt electrolyte is
      used.
NUM  10.
PAR  10. The method of claim 1 wherein the added carbon dioxide is supplied to
      the electrolysis medium as a continuous gaseous stream.
NUM  11.
PAR  11. The method of claim 1 wherein the liquid electrolysis medium is
      substantially anhydrous.
NUM  12.
PAR  12. The method of claim 1 wherein the cathode potential is sufficient to
      effect reductive carboxylation of acetonitrile and alpha-substituted
      acetonitriles.
NUM  13.
PAR  13. The method of claim 12 wherein the cathode potential is about -2.0
      volts.
NUM  14.
PAR  14. The method of claim 2 wherein the alkanenitrile is propanenitrile.
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ABST
PAL  As new compositions of matter, a halogenated lactam of the formula:
      ##EQU1##
      and a complex of a Lewis acid of the formula MX.sub.a and said halogenated
      lactam, wherein
PA1  m is 2 or 3;
PA1  n is 5 to 11;
PA1  M is a metal of Group IIIA, IVA, VA, VIA or IVB of the Periodic Table;
PA1  a is the valence of M; and
PA1  X and X' are independently chlorine or bromine.
PAL  The Lewis acid-halogenated lactam complex is used as a polymerization
      activator in the polymerization of 2-pyrrolidone.
PAL  The halogenated lactam is formed by halogenating the desired lactam, and
      the Lewis acid-halogenated lactam complex is formed by reacting the
      desired halogenated lactam with said Lewis acid of the formula MX.sub.a.
PARN
PAR  This is a division of application Ser. No. 309,082, filed Nov. 24, 1972,
      now U.S. Pat. No. 3,875,147, issued Apr. 1, 1975.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a novel complex and a novel halogenated lactam,
      methods for their preparation, and methods for the polymerization of
      2-pyrrolidone employing said complex and/or said halogenated lactam.
PAR  Methods for the polymerization of 2-pyrrolidone to form polypyrrolidone
      have been extensively disclosed in the literature, from as early as U.S.
      Pat. Nos. 2,638,463, 2,809,958 and 2,891,038, to as recent as British
      Patent No. 1,267,446. In general, 2-pyrrolidone is polymerized in the
      presence of an alkaline polymerization catalyst, usually with an activator
      or co-catalyst.
PAR  The polymer formed from 2-pyrrolidone is believed to be a linear polyamide,
      which has come to be known as nylon-4, having the structure:
      ##EQU2##
PAR  The polymer may be shaped into ribbons, films, molded articles and fibers.
PAR  The present invention provides a method of making a polymer of
      2-pyrrolidone in solid form, which comprises polymerizing 2-pyrrolidone in
      the presence of an alkaline polymerization catalyst and, as an activator
      or co-catalyst, a complex of a Lewis acid and a halogenated lactam, which
      complex is postulated to have the general formula:
      ##EQU3##
      where m=2 or 3; n=5 to 11; M is a metal of Group IIIA, IVA, VA, VIA, or
      IVB of the Periodic Table; a is the valence of M; and X and X' are
      independently chlorine or bromine.
PAR  In accordance with the method for the polymerization of 2-pyrrolidone to
      form polymers of 2-pyrrolidone in solid form, the Lewis acid-halogenated
      lactam complex (I) or (II) is either first formed outside of the
      polymerization mixture and is then added thereto, or the complex (I) or
      (II) is formed in situ by adding to a mixture of 2-pyrrolidone and an
      alkaline polymerization catalyst, a halogenated lactam of the formula:
      ##EQU4##
      where m, n and X' are as defined above,
PAL  and a Lewis acid of the formula:
EQU  (V)  MX.sub.a
PAL  where M, X and a are as defined above.
PAR  The present invention further provides, as novel chemical compounds, the
      halogenated lactam of the formula (III) or (IV) and the Lewis acid complex
      thereof of the formula (I) or (II).
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known, of course, that trihalides of aluminum, bismuth and antimony,
      tetrahalides of tin, titanium, zirconium and lead and the pentahalide of
      antimony, have previously been proposed for use as activators in the
      polymerization of 2-pyrrolidone in U.S. Pat. No. 3,383,367 to Black and
      Morehead. Further, U.S. Pat. No. 3,405,099 to Taber proposes the use of
      tetrahalides of an element of Group IV, including the metals and
      non-metals. Both Black et al. and Taber proposed that their respective
      metal halides be added as polymerization activators to a mixture of
      2-pyrrolidone monomer and an alkaline polymerization catalyst. Neither
      Black et al. nor Taber employed any halogenated lactam or Lewis acid
      complex.
PAR  When the halogenated lactam (III) or (IV) is used as an activator or
      co-catalyst, together with an alkaline polymerization catalyst, in the
      polymerization of 2-pyrrolidone, the resulting polymer is of extremely low
      molecular weight. Indeed, the results obtained using no activator at all,
      and only the alkaline polymerization catalyst, are not much different than
      using the combination of halogenated lactam (III) or (IV) and alkaline
      polymerization catalyst. However, while the halogenated lactam (III) or
      (IV) has almost no activity as an activator for the polymerization of
      2-pyrrolidone, the Lewis acid-halogenated lactam complex (I) or (II)
      possesses very strong activity.
PAR  When the Lewis acid-halogenated lactam complex (I) or (II) is compared to
      the Lewis acid alone as an activator for the polymerization of
      2-pyrrolidone, it is surprisingly found that the Lewis acid complex (I) or
      (II) of the invention is far more active than the Lewis acid, and, in
      addition, gives rise to a polymer of higher molecular weight. It is indeed
      surprising that the activity of the Lewis acid as a polymerization
      activator can be markedly increased by forming a complex of the Lewis acid
      (V) and the halogenated lactam (III) or (IV), since the halogenated lactam
      (III) or (IV) has substantially no activity as a polymerization activator.
PAC  PREPARATION OF HALOGENATED LACTAM
PAR  The new halogenated lactams (III) or (IV) of the present invention may be
      conveniently formed by chlorinating or brominating the desired lactam of
      the formula:
      ##EQU5##
      where m and n are as defined above, such as by the use of chlorine gas or
      liquid bromine in the presence of ultraviolet light.
PAR  Thus, the desired lactam may be dissolved in any suitable inert organic
      solvent that is customarily used for halogenation reactions, such as
      carbon tetrachloride, and the chlorine gas or liquid bromine is introduced
      into the solution of the lactam while the solution is being irradiated
      with ultraviolet light. The reaction between gaseous chlorine and
      2-pyrrolidone in the presence of ultraviolet light takes place within two
      or three minutes, as evidenced by the formation of a solid reaction
      product, which precipitates out of the solution. With other lactams, the
      halogenation reaction has a longer induction period, and generally the
      bromination reaction is slower than the chlorination reaction. Both the
      chlorination and bromination of the desired lactam are satisfactorily
      carried out at room temperature and atmospheric pressure, but, if desired,
      higher or lower temperatures can be employed, bearing in mind the melting
      and boiling points of the solvent. That is, the lower limit for the
      halogenation reaction will be determined by the desire to maintain a
      liquid phase, and the upper limit will be determined in large measure by
      the desire to maintain the solvent in solution rather than boiling it off
      by the use of excessively high temperatures. A satisfactory temperature
      range for the halogenation reaction is 20.degree.C to 40.degree.C and any
      convenient pressure may be used ranging from subatmospheric to
      superatmospheric. The halogenation reaction time is not critical, and
      generally the halogenation reaction will be completed in from about 15
      minutes to 1 hour. With the higher lactams, longer reaction times may be
      needed.
PAR  The halogenated lactam is in the nature of a dimer when it is formed from
      the lower lactams, azetidinone and 2-pyrrolidone, whereas the halogenated
      lactam has the halogen directly attached to the ring nitrogen atom when it
      is formed from the higher lactams, namely caprolactam (n = 5) through
      .omega.-lauroyllactam (n = 11). Those lactams where m = 2 or 3, namely
      azetidinone and 2-pyrrolidone, and those where n = 5-8, namely
      caprolactam, enantholactam, caprylolactam and .omega.-nonanoyllactam, are
      preferred lactams for use in forming the halogenated lactam (III) or (IV),
      and hence the halogenated lactam complex (I) or (II), since these lactams
      are more readily available and less expensive than the lactams with more
      carbon atoms.
PAC  PREPARATION OF LEWIS ACID COMPLEX
PAR  The Lewis acid-halogenated lactam complex (I) or (II) is readily formed by
      contacting the desired Lewis acid (V) with the halogenated lactam (III) or
      (IV). The reaction between the Lewis acid (V) and the halogenated lactam
      (III) or (IV) is very exothermic and a solid reaction product is rapidly
      formed that contains the desired Lewis acid-halogenated lactam complex (I)
      or (II). Thus, no special reaction conditions are necessary to form the
      Lewis acid-halogenated lactam complex (I) or (II), since room temperature
      and ordinary pressure are quite suitable. Likewise, either the Lewis acid
      (V) or the halogenated lactam (III) or (IV) may be present in excess of
      equimolar proportions.
PAR  The Lewis acid moiety of the complex (I) or (II), is a chloride or bromide
      of a metal of Groups IIIA through VIA and IVB of the Periodic Table,
      namely aluminum, gallium, indium, tantalum, germanium, tin, lead,
      antimony, bismuth, polonium, titanium, zirconium and hafnium. Such metal
      halides are known as Friedel-Crafts catalysts. It is presently preferred
      to use aluminum chloride or stannic chloride as the Lewis acid to form the
      Lewis acid-halogenated lactam complex (I) or (II) of the present
      invention, due to their ready availability and relative ease of handling
      as compared to other Lewis acids.
PAR  It is presently believed that the complex (I) or (II) has the formula (I)
      or (II) set forth above, but the precise structural formula therefor has
      not yet been completely determined. For convenience, the present
      application refers to the "complex (I) or (II)" as meaning the complex
      formed by reacting the Lewis acid (V) with the halogenated lactam (III) or
      (IV).
PAC  POLYMERIZATION OF 2-PYRROLIDONE
PAR  The reaction conditions for the polymerization of 2-pyrrolidone in
      accordance with the present invention are essentially the same as that
      known in the prior art.
PAR  Thus, the polymerization may be carried out at a temperature from about
      18.degree.C to about 100.degree.C, and preferably from about 25.degree.C
      to about 70.degree.C. The pressure during the polymerization may range
      from superatmospheric pressure to subatmospheric pressure, and atmospheric
      pressure is preferred. Bulk polymerization or suspension polymerization
      may be used. The technique described in U.S. Pat. No. 2,739,959 is also
      suitable.
PAR  The alkaline polymerization catalyst may be any of those used in the art
      for the polymerization of 2-pyrrolidone, such as those disclosed in
      previously mentioned U.S. Pat. No. 2,638,463. Alkali metals, or any other
      agent that may reduce the sensitive 2-pyrrolidone ring and thereby
      introduce impurities into the polymerization, are avoided.
PAR  Suitable catalysts are derivatives of the alkali metals, e.g. the hydrides,
      hydroxides and oxides of the alkali metals. The alcoholates of the alkali
      metals, such as sodium methylate, may also be used with good results. The
      preferred catalyst is the alkali metal salt of 2-pyrrolidone, e.g. sodium
      or potassium pyrrolidonate.
PAR  In addition, the oxides and hydroxides of the alkaline earth metals, for
      example, calcium and barium, may be used as catalysts. Also, organic
      metallic compounds, preferably those which are strongly basic, may be
      used, such as the lithium, potassium and sodium alkyls, e.g. butyl
      lithium, and the aryls of the alkali metals, such as sodium phenyl and
      sodium amide. The catalyst may be a quaternary ammonium base as described
      in U.S. Pat. No. 2,973,343 of the formula:
      ##EQU6##
      wherein R.sub.1, R.sub.2 and R.sub.3 are lower alkyl radicals and R.sub.4
      is an alkyl, aryl or aralkyl radical. Further, as previously mentioned,
      the catalyst may be an alkali metal hydride, such as sodium hydride, as
      described in U.S. Pat. No. 3,075,953. While certain alkali metal
      derivatives can be used, many of them are undesirable. For example, the
      alkali metal carbonates as well as the alkaline earth metal hydroxides
      tend to be insoluble and for this reason are undesirable. Lithium
      hydroxide (monohydrate) also is insoluble in 2-pyrrolidone.
PAR  The catalyst may be used in an amount of 0.5 to 50% by weight, based on the
      2-pyrrolidone monomer, preferably 5 to 30 wt. percent, most preferably 8
      to 20 wt. percent.
PAR  It is desirable to carry out the polymerization in the substantial absence
      of water, although anhydrous conditions are not essential; e.g. the amount
      of water should not exceed about 0.1% by weight of the 2-pyrrolidone
      monomer.
PAR  A preferred technique is to heat under vacuum to 120.degree.C or below a
      mixture of 10 mols of 2-pyrrolidone and 1 mol of KOH while removing water
      formed during the reaction to provide an anhydrous solution of potassium
      pyrrolidonate in 2-pyrrolidone and to add the Lewis acid-halogenated
      complex (I) or (II) to this solution.
PAR  The Lewis acid-halogenated lactam complex (I) or (II), which is used as the
      activator or co-catalyst, is used in an amount of from trace quantities up
      to about 80 mol percent, preferably up to about 30 mol percent, based on
      the mols of the alkaline polymerization catalyst. For purposes of
      calculation, it is assumed that the complex has the structural formula (I)
      or (II) set forth above. Generally, good results are obtained using from
      about 0.1 to about 20 mol percent of the complex, but even a trace amount
      of the complex exerts a strong activating and/or co-catalytic effect.
PAR  The Lewis acid-halogenated lactam complex (I) or (II) is quite hygroscopic,
      and for this reason it is desired to form the Lewis acid-halogenated
      lactam complex (I) or (II) in situ for use in the polymerization of
      2-pyrrolidone. As is well known, the polymerization of 2-pyrrolidone is
      preferably carried out under substantially anhydrous conditions and the
      addition of a hygroscopic material that carried with it substantial
      quantities of bound water would not be desirable. Nevertheless, the
      addition of the pre-formed Lewis acid-halogenated lactam complex (I) or
      (II) to a mixture of 2-pyrrolidone monomer and alkaline polymerization
      catalyst does indeed result in a polymerization to form a solid polymer of
      2-pyrrolidone.
PAR  It is preferred, therefore, to carry out the polymerization of
      2-pyrrolidone in the presence of the Lewis acid-halogenated lactam complex
      (I) or (II) by the formation of such complex in situ through the addition
      to a substantially anhydrous mixture of 2-pyrrolidone and alkaline
      polymerization catalyst of the halogenated lactam (III) or (IV) and the
      desired Lewis acid (V).
DETD
PAR  The present invention is illustrated by the following Examples.
PAR  As used herein, inherent viscosity is defined as equal to:
      ##EQU7##
      where C = concentration of polymer in solvent in grams per deciliter
PA1  t.sub.s = flow time of solution
PA1  t.sub.o = flow time of pure solvent
PAL  Inherent viscosity is reported herein in terms of a 0.5 g/dl solution of
      polymer in anhydrous hexafluoroisopropanol at 25.degree.C, unless
      otherwise stated.
PAR  The maximum initial rate of decomposition and the time to 90% decomposition
      reported in the Examples were determined using a DuPont Thermogravimetric
      Analyzer, Model 950, operated isothermally at 300.degree.C. The maximum
      initial rate of decomposition is determined by calculating the steepest
      slope of the curve of percent decomposition versus time.
PAC  EXAMPLE 1
PAC  Preparation of Chlorinated Pyrrolidone
PAR  A solution of 50 grams of 2-pyrrolidone in 100 ml of carbon tetrachloride
      was placed in a quartz tube and the solution irradiated at room
      temperature with short wave ultraviolet light for 15-20 minutes while
      chlorine gas was bubbled through. A white precipitate formed after 2 to 3
      minutes, and the precipitate stopped forming after about 15-20 minutes.
      After termination of the chlorination, the crude solid product obtained
      was filtered off and washed three times with 100 ml portions of benzene.
      The crude product was then recrystallized from acetone and 63 grams (90
      percent of the theoretical yield) of final product was obtained, having a
      melting point of 88.degree.-89.degree.C. Analysis of the final product
      determined that it had the following structural formula:
      ##EQU8##
PAR  Analysis: I.R. C = O band at 1670 cm.sup.-.sup.1 : NH (singlet) band at
      3320 cm.sup.-.sup.1 : Calculated for C.sub.8 H.sub.13 N.sub.2 O.sub.2 Cl:
      C, 47.05; H, 6.37; N, 13.72; Cl, 17.16. Found: C, 46.83; H, 7.05; N,
      13.55; Cl, 17.00.
PAC  EXAMPLE 2
PAC  Preparation of Chlorinated Caprolactam
PAR  Following the procedure of Example 1, a solution of 10 grams of caprolactam
      in 100 ml of carbon tetrachloride was placed in a quartz tube and
      irradiated at room temperature with short wave ultraviolet light while
      chlorine was bubbled through for 20-30 minutes. A solid product formed
      shortly after the chlorine gas was introduced into the solution and
      settled to the bottom of the tube. At the end of the chlorination
      reaction, the solid product was filtered off and washed several times with
      100 ml portions of benzene. The product was recrystallized from acetone
      and 2.8 grams (43 percent of theory) of final product was obtained having
      a melting point of 152.degree.-153.degree.C. Infrared and other analysis
      established the structure of the final product as:
      ##EQU9##
PAR  Analysis I.R. NH band at 3220 cm.sup.-.sup.1 disappeared: C=O band at 1640
      cm.sup.-.sup.1 : Calculated for C.sub.6 H.sub.10 NOCl: C, 48.97; H, 6.8;
      N, 9.25; Cl, 23.7. Found: C, 48.87; H, 7.98; N, 9.25; Cl, 22.85.
PAC  EXAMPLE 3
PAC  Polymerization of 2-Pyrrolidone Using Lewis Acid-Halogenated Pyrrolidone as
      Initiator
PAR  A mixture of 42.5 grams (0.5 mol) of 2-pyrrolidone and 4.25 grams of KOH
      pellets (85% by weight assay) was heated at a temperature of about
      103.degree.C for 2 minutes under 4 mm Hg pressure to remove the water
      formed. The resulting anhydrous solution was cooled to room temperature
      and 2 grams of the chlorinated pyrrolidone obtained from Example 1 were
      added to the solution and completely dissolved therein. A trace amount
      (about 2-3 mg) of AlCl.sub.3 was added and the system flushed with
      nitrogen gas. The polymerizate was poured into a polyethylene bottle and
      held at a temperature of 45.degree.-50.degree.C for 20 hours. At the end
      of this period of time, the solid polymer thus formed was removed from the
      bottle, and washed with water to remove unreacted monomer and KOH. The
      percent conversion of monomer to polymer was 43 percent, by weight, and
      the polymer had an inherent viscosity of 4.00 dl/g.
PAR  Following this procedure, additional runs were made using larger amounts of
      aluminum chloride and employing different reaction times and
      polymerization temperatures. In addition, three runs were carried out in
      which no chlorinated pyrrolidone was employed. The results of all of these
      runs are reported in Table I below.
TBL                TABLE I                                                     
     ______________________________________                                    
                    Polymerization Data                                        
          Amount of                                                            
          Chlorinated                                                          
          Pyrrolidone                                                          
                    Amount of Time Temp.        I.V.*                          
     Run  (g)       AlCl.sub.3 (g)                                             
                              (hr.)                                            
                                   (C.degree.)                                 
                                         % Conv.                               
                                                (dl/g)                         
     ______________________________________                                    
     1    2         trace     20   45-50 43     4.00                           
     2    2         trace     40   45-50 51     &gt;4.61                          
     3    2         trace     24   25    41     3.72                           
     4    3         1.5       50   45-50 51     4.61                           
     5    3         1.0       70   45-50 59     &gt;4.61                          
     6    none      1.19      25   25    18     &lt;2.7                           
     7    none      1.19      50   25-50 35     3.41                           
     8    none      1.19      25   45-50 26     3.00                           
     ______________________________________                                    
      *I.V. = Inherent viscosity?                                              
PAR  A comparison of Runs 1-5 with any of Runs 6, 7 and 8 immediately shows the
      advantages of the present invention over the use of a Lewis acid alone as
      the initiator. Thus, in Runs 6, 7 and 8, the Lewis acid, AlCl.sub.3, was
      used as the activator, as compared with Runs 1-5 where the Lewis
      acid-chlorinated pyrrolidone complex was used. In every case, the polymer
      of Runs 1-5 had a substantially higher inherent viscosity, and therefore a
      substantially higher molecular weight, than the polymer of Runs 6-8. The
      use of even a trace amount of aluminum chloride with the chlorinated
      pyrrolidone to form a trace amount of the complex, as in Runs 1, 2 and 3,
      results in a substantially higher molecular weight than can be obtained
      even with the large amounts of aluminum chloride used in Runs 6, 7 and 8.
      Furthermore, a comparison of Run 1 with Run 8  shows that the use of the
      aluminum chloride alone gives rise to about half the conversion of monomer
      to polymer as the use of even a trace amount of the complex formed by in
      situ reaction of a trace amount of aluminum chloride with the chlorinated
      pyrrolidone.
PAC  EXAMPLE 4
PAC  Polymerization of 2-Pyrrolidone Using a Complex of Chlorinated Pyrrolidone
      and SnCl.sub.4 as Activator
PAR  Following the procedure of Example 3, 2-pyrrolidone was polymerized using
      as the activator stannic chloride alone or the stannic
      chloride-chlorinated pyrrolidone complex. The amounts of 2-pyrrolidone
      monomer and KOH and the manipulative techniques are as in Example 3. The
      amount of SnCl.sub.4 and chlorinated pyrrolidone, and the results of the
      polymerization, are reported in Table II below.
TBL                TABLE II                                                    
     ______________________________________                                    
     Amount of                                                                 
     Chlorinated          Polymerization Data                                  
          Pyrrolidone                                                          
                    Amount of Time Temp.        I.V.* -Run (g) SnCl.sub.4      
                                                (g) (hr.) (C.degree.) %        
                                                Conv. (dl/g)                   
     ______________________________________                                    
     1    none      1.5       25   45-50 19     3.00                           
     2    none      1.5       50   45-50 31     3.29                           
     3    none      1.5       70   45-50 39     3.5                            
     4    2.6       1.5       20   25    38     4.30                           
     5    2.6       1.5       20   45-50 41     &gt;4.61                          
     6    2.6       1.5       40   45-50 48     &gt;4.61                          
     ______________________________________                                    
      *I.V. = Inherent viscosity                                               
PAR  As in the case of Example 3, the use of the Lewis acid, stannic chloride,
      by itself, as in Runs 1, 2 and 3 of Example 4, results in the formation of
      a polymer having a significantly lower molecular weight than is obtained
      with the use of the stannic chloride-chlorinated pyrrolidone complex
      formed in situ in Runs 4-6. In addition, the use of the complex more than
      doubles the percent conversion for a given polymerization time,
      particularly in the early stages of the polymerization, as may be seen by
      comparing Run 1 with either of Runs 4 or 5.
PAC  EXAMPLE 5
PAC  Polymerization of 2-Pyrrolidone Using a Complex of Chlorinated Pyrrolidone
      and Various Lewis Acids as Activator
PAR  Following the procedure of Example 3, 2-pyrrolidone was polymerized using
      various Lewis acids to form the Lewis acid-halogenated lactam complex. The
      amounts of 2-pyrrolidone monomer and KOH and the manipulative techniques
      are as in Example 3. Table III below reports the Lewis acid used, the
      amount of the Lewis acid used, the amount of chlorinated pyrrolidone, and
      the results of the polymerization. Included in Table III are TGA data on
      the polymers formed.
TBL                                    TABLE III                               
     __________________________________________________________________________
             Amount                                                            
                  Amount of                                                    
                         Polymerization Data                                   
                                           TGA Data                            
             of Lewis                                                          
                  Chlorinated                     Time to 90%                  
        Lewis                                                                  
             Acid Pyrrolidone                                                  
                         Time                                                  
                             Temp.    I.V.*       Decomposition                
     Run                                                                       
        Acid (g)  (g)    (hr.)                                                 
                             (C.degree.)                                       
                                 % Conv.                                       
                                      (dl/g)                                   
                                           % dec./min.                         
                                                  (min.)                       
     __________________________________________________________________________
     1  AlCl.sub.3                                                             
             trace                                                             
                  2      25  50  48   &gt;4.61                                    
                                           17.0   12.1                         
     2  SnCl.sub.4                                                             
             1.5  2      25  25  43   &gt;4.61                                    
                                           19.5   10.3                         
     3  SbCl.sub.5                                                             
             trace                                                             
                  2      20  25  32   &gt;4.61                                    
                                           17.0   10.4                         
     4  GeCl.sub.4                                                             
             1.5  2      20  50  35   3.58 21.0   10.6                         
     5  TiCl.sub.4                                                             
             trace                                                             
                  2      20  25  43   4.61 23.5    8.2                         
     6  ZrCl.sub.4                                                             
             1.5  2      20  50  41   4.30 21.0   11.5                         
     7  HfCl.sub.4                                                             
             1.5  2      20  50  40   4.30 22.0   10.7                         
     __________________________________________________________________________
      *I.V. = Inherent viscosity                                               
PAL  These data show the consistently high molecular weight nylon-4 obtained
      with a wide variety of Lewis acid-chlorinated pyrrolidone complexes and
      the thermal stability data, reflected by the percent decomposition per
      minute and the time to reach 90 percent decomposition, indicate that the
      resulting polymers are thermally stable.
PAC  EXAMPLE 6
PAC  Polymerization of 2-Pyrrolidone Using a Complex of Chlorinated Caprolactam
      and Various Lewis Acids as Activator
PAR  The procedure of Example 3 was followed to polymerize 2-pyrrolidone using
      as the activator a Lewis acid-chlorinated caprolactam complex. In this
      Example, the amount of 2-pyrrolidone and KOH and the manipulative
      technique are as specified in Example 3. Instead of the 2 grams of
      chlorinated pyrrolidone employed in Example 3, 1.5 grams of chlorinated
      caprolactam obtained by the procedure of Example 2 were employed. Table IV
      below reports the specific Lewis acid used, the amount of the Lewis acid
      used and the results of the polymerization. Again, the thermal stability
      data show that the resulting polymers are thermally stable.
TBL                                    TABLE IV                                
     __________________________________________________________________________
             Amount                                                            
                  Amount of                                                    
                         Polymerization Data                                   
                                           TGA Data                            
             of Lewis                                                          
                  Chlorinated                     Time to 90%                  
        Lewis                                                                  
             Acid Caprolactam                                                  
                         Time                                                  
                             Temp.    I.V.*       Decomposition                
     Run                                                                       
        Acid (g)  (g)    (hr.)                                                 
                             (C.degree.)                                       
                                 % Conv.                                       
                                      (dl/g)                                   
                                           % dec./min.                         
                                                  (min.)                       
     __________________________________________________________________________
     1  AlCl.sub.3                                                             
             trace                                                             
                  1.5    25  50  45   &gt;4.61                                    
                                           18.5   10.7                         
     2  SnCl.sub.4                                                             
             1.5  1.5    25  25  41   &gt;4.61                                    
                                           20.0   10.6                         
     3  SbCl.sub.5                                                             
             trace                                                             
                  1.5    25  25  40   &gt;4.61                                    
                                           19.5   10.4                         
     4  GeCl.sub.4                                                             
             1.5  1.5    20  50  32   4.30 20.0   10.0                         
     5  TiCl.sub.4                                                             
             trace                                                             
                  1.5    20  25  45   3.84 24.5    8.9                         
     6  ZrCl.sub.4                                                             
             1.5  1.5    20  50  42   3.41 22.0   11.8                         
     7  HfCl.sub.4                                                             
             1.5  1.5    20  50  38   3.14 22.0   11.4                         
     __________________________________________________________________________
      *I.V. = Inherent viscosity                                               
PAC  EXAMPLE 7
PAC  Preparation of Brominated Pyrrolidone
PAR  A mixture of 11.3 g (0.125 mol) of 2-pyrrolidone and 20 g (0.125 mol) of
      bromine was dissolved in 200 ml of carbon tetrachloride, and the solution
      placed in a 250 ml three-necked flask. The reaction mixture was stirred by
      passing nitrogen gas into the solution at room temperature over a period
      of one hour, during which time the solution was irradiated with
      ultraviolet light. After termination of the reaction, the product thus
      obtained was filtered off and washed several times with 100 ml portions of
      benzene. The crude product was re-crystallized from acetone, giving 3.5 g
      (11 percent yield of theory) of final product having a melting point of
      138.degree.-138.5.degree.C. Analysis of the final product showed it had
      the following structural formula:
      ##EQU10##
PAR  Analysis: I.R. C=O band at 1670 cm.sup.-.sup.1 : NH (singlet) band at 3120
      cm.sup.-.sup.1 : Calculated for C.sub.8 H.sub.13 N.sub.2 O.sub.2 Br: C,
      38.55; H, 5.22; N, 11.24; Br, 32.12. Found: C, 37.88; H, 5.75; N, 10.88;
      Br, 32.25.
PAC  EXAMPLE 8
PAC  Polymerization of 2-Pyrrolidone Using a Complex of Brominated Pyrrolidone
      and AlBr.sub.3 as Activator
PAR  A mixture of 42.5 g (0.5 mol) of 2-pyrrolidone and 4.25 g of potassium
      hydroxide pellets (85 percent assay) was heated at about 103.degree.C for
      2 minutes under 4 mm Hg pressure to remove the water formed. The resulting
      anhydrous solution was cooled to room temperature and 2.5 g of the
      brominated pyrrolidone of Example 7 was added with stirring until the
      brominated pyrrolidone was completely dissolved. A trace amount (2-3 mg)
      of AlBr.sub.3 was added and the reaction system flushed with nitrogen gas.
      Polymerization was carried out at 50.degree.C for 25 hours using the
      procedure of Example 3, and the resulting polymer was worked up as in
      Example 3. The percent conversion was 43 percent to a polymer having an
      inherent viscosity of &gt;4.61 dl/g. The TGA analysis of the polymer showed
      it had a percent decomposition per minute of 17.3 and a time to 90 percent
      decomposition of 10.8 minutes.
PAC  EXAMPLE 9
PAC  Preparation and Isolation of Complex of Chlorinated Pyrrolidone and
      AlCl.sub.3
PAR  A 2 g (0.01 mol) portion of chlorinated pyrrolidone of Example 1 was added
      to 50 ml of dry benzene (dried over LiAlH.sub.4 overnight) in which 1.3 g
      (0.01 mol) of AlCl.sub.3 was suspended, and a rise in temperature was
      immediately noted. The reaction mixture was stirred under a nitrogen
      atmosphere in an ice bath at 10.degree.C for 30 minutes. When the stirring
      was terminated, the reaction product, consisting of the Lewis acid
      complex, settled to the bottom and was filtered off in a dry box. The
      solvent was removed from the final product in a vacuum oven overnight at
      room temperature. The final product was a solid which is believed to have
      the formula:
      ##EQU11##
PAC  EXAMPLE 10
PAC  Polymerization of 2-Pyrrolidone Using Pre-formed Lewis Acid-Halogenated
      Lactam Complex as Activator
PAR  A mixture of 42.5 g (0.5 mol) of 2-pyrrolidone and 4.25 g of potassium
      hydroxide pellets (85 percent assay) was heated at about 103.degree.C for
      two minutes under 4 mm Hg pressure to remove the water formed. The
      resulting anhydrous solution was cooled to room temperature and then 3 g
      of the solid product of Example 9 was added and the system flushed with
      nitrogen gas. Polymerization was carried out at 50.degree.C for 25 hours
      using the procedure of Example 3, and the resulting polymer was worked up
      as in Example 3. The conversion to polymer was 38 percent with the polymer
      having an inherent viscosity of &gt;4.61 dl/g. The TGA analysis of the
      polymer showed that the polymer had a percent decomposition per minute of
      19.3 and a time to 90 percent decomposition of 11.1 minutes.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a compound of the formula:
      ##EQU12##
      which comprises contacting a solution of a lactam of the formula:
      ##EQU13##
      in an organic solvent with a hologenating agent selected from the group
      consisting of chlorine gas or liquid bromine in the presence of
      ultraviolet light, wherein m is 2 or 3, n is 5 to 11 and X' is chlorine or
      bromine.
NUM  2.
PAR  2. The method of claim 1, wherein said lactam is 2-pyrrolidone and the
      compound produced is:
      ##EQU14##
      where X' is chlorine or bromine.
NUM  3.
PAR  3. The method according to claim 2, wherein the halogenating agent is
      chlorine gas and X' is chlorine.
NUM  4.
PAR  4. The method of claim 2, wherein the halogenating agent is liquid bromine
      and X' is bromine.
NUM  5.
PAR  5. The method of claim 1, wherein said lactam is caprolactam and the
      compound produced is:
      ##EQU15##
      where X' is chlorine or bromine.
NUM  6.
PAR  6. A compound of the formula:
      ##EQU16##
      wherein m is 2 or 3; and
PA1  X' is chlorine or bromine.
NUM  7.
PAR  7. The compound of claim 6, wherein m is 2 or 3.
NUM  8.
PAR  8. The compound of claim 6, having the formula:
      ##EQU17##
      where X' is chlorine or bromine.
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PAL  Uniform and strong carbon film can be formed on a surface of a metal
      substrate or metallized substrate without damaging optical, thermal and
      electrical characteristics which are original to carbon surface by
      electrodepositing the carbon film on the substrate from electrodepositing
      liquid containing carbon and water soluble electrodepositing resin and
      then heat treating the carbon film to decompose and release said resin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved method for coating carbon on
      the surface of a metal substrate or a metallized substrate. Furthermore,
      it concerns with parts of electron tube having black carbon coating on
      their surface and a method for production thereof. Thus, obtained carbon
      coated part of electron tube such as anodes, grids or shadow masks cause
      little generation of gases, are excellent in heat radiation efficiency,
      have extremely small secondary electron emission ratio and do not lose
      strong adhesiveness even at a high temperature of about 1,000.degree. C.
PAR  As the method for coating a metal surface with carbon, there has been known
      such method as applying a suspension of carbon using water glass as a
      binder by brushing or spraying. However, according to this method using
      water glass as a binder, the adhesiveness between the metal surface and
      carbon depends greatly upon the characteristic of the water glass. For
      example, when concentration of said water glass is high, said adhesiveness
      is great, but since the surface of carbon particles is protected by the
      water glass, the surface of the carbon layer cannot sufficiently exhibit
      the effect which it originally possesses. On the other hand, when
      concentration of said water glass is low, the adhesiveness between the
      metal surface and the carbon layer is small and the carbon layer is apt to
      separate from the metal surface.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an improved method for
      forming a strong coating of carbon on a surface of a metal substrate and
      the like without damaging optical, thermal and electrical characteristics
      which a carbon surface originally possesses.
PAR  Another object of the present invention is to provide a method for forming
      a carbon coating layer in a uniform thickness on various molded metal
      materials having complicated shapes.
PAR  Further object of the present invention is to provide parts of electron
      tube by molding said carbon coated metal substrates or metallized
      substrates into the shapes of parts of electron tube.
PAR  The gist of the present invention resides in a step of forming a carbon
      film on a metal substrate and the like by the cataphoretic
      electrodeposition method (referred to as electrodeposition method
      hereinafter) and a step of heat treating said film for heat decomposition
      and removal of organic resins contained in said carbon film.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a basic flowsheet for practicing the method of the present
      invention.
PAR  FIG. 2 is a graph which shows the effect obtained by practicing the method
      of the present invention that is, it compares secondary electron emission
      ratio to primary electron voltage of an iron plate coated with carbon
      according to the present invention and that of an iron plate having no
      carbon coating.
PAR  FIG. 3 is a cross sectional view of a part of electrode for electron tube
      obtained by the present invention.
PAR  FIG. 4 is a flow-sheet for production of parts of electron tube in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will be specifically explained with reference to the
      drawings.
PAR  FIG. 1 illustrates the basic steps which constitute the method of the
      present invention. The metal substrate to which the method of the present
      invention is applicable include all metal plates such as iron plates,
      nickel plates, stainless steel plates, titanium plates, copper plates,
      aluminum plates, etc. Furthermore, the present method is also applicable
      to chromium plated, zinc plated and nickel plated metal substrates and
      metallized non-metallic materials. The selection of such substrates rather
      depends on purpose for use thereof. For example, when thermal resistance
      is required, the selection should be made in accordance with oxidation and
      reduction reactivity and cementation of the surface of the metal
      substrates.
PAR  Next, the electrodepositing liquid used in the present invention is such
      that obtained by adding a water soluble electrodepositing resin as a
      vehicle to carbon or graphite carbon and dispersing it in an aqueous
      solution. Said water soluble electrodepositing resins are those which are
      generally used in the paint industry such as alkyd resins, acrylic resins,
      phenol resins, melamine resins which are rendered water soluble. These
      resins may be used alone or in combination of two or more. The composition
      of the electrodepositing liquid are suitable 0.4-12% by weight of carbon
      and 1-18% by weight of vehicle and when the compositions are outside said
      ranges, there are difficulties in thickness, uniformity, adhesion strength
      of the electrodeposition film and electrodepositing time.
PAR  Suitable electrodeposition conditions are as follows: deposition voltage of
      30-250 V (DC) and deposition time of more than about 1/10 second,
      preferably less than 5 minutes, more preferably less than 2 minutes.
PAR  The thickness of electrodeposited film depends on said conditions such as
      compositions of the electrodepositing liquid, electrodeposition voltage
      and electrodeposition time and it is possible to optionally adjust the
      thickness in the range of 3 .mu. -70 .mu..
PAR  Since the electrodeposited film of the present invention contains the
      vehicles such as alkyd resins, etc. besides carbon as mentioned above, it
      is necessary to remove the gas releasing component by heat decomposition.
      However, if it is previously known that the metal substrate having the
      electrodeposited film is to be heat treated under the conditions
      corresponding to or severer than the heat treating conditions of the
      present invention at later stage after being assembled into an article,
      the heat treatment of the present invention may be omitted.
PAR  The furnace used for the heat treatment in the present invention may be any
      of oxidizing or inert atmosphere, but in case of high temperature
      treatment, inert atmosphere is preferred. The heat treating time is one
      hour when the heat treating temperature is about 350.degree. C and about 5
      minutes is sufficient when the temperature is 800.degree. C. Under these
      heat treating conditions, organic resins contained in the film of a
      thickness within said range is nearly completely decomposed. The range of
      the heat treating temperature will be explained. In order to
      heat-decompose the vehicle, at least 300.degree. C is required even in
      case of the vehicle having low heat decomposition temperature such as
      acrylic resin. Regarding the maximum temperature, in case of finely
      powdered carbon or graphite which has good dispersibility, it is oxidized
      and decomposed at a temperature of higher than 1,000.degree. C. Therefor,
      the heat treating temperature is suitably about 300.degree.-1,000.degree.
      C. A conveyer furnace can also be used, but since when travelling speed of
      conveyer is high, namely, speed of temperature elevation is too high, the
      organic resin in the film is rapidly heat decomposed and the carbon layer
      is apt to separate from metal plate, careful consideration should be given
      on heating rate. Furthermore, the similar consideration must also be given
      on cooling rate. When the cooling rate is too high and density of the
      carbon layer is high, difference in thermal expansion coefficient of the
      metal substrate and that of the carbon layer is great and separation of
      the carbon layer is also caused. According to the inventor's experiments,
      heating and cooling rates are preferably lower than 70.degree. C/min.
PAR  FIG. 2 shows one of the effects obtained by the method of the present
      invention. That is, it shows the comparison of secondary electron emission
      ratio to primary electron voltage of iron plate deposited with carbon in
      accordance with the present invention and an iron plate having no carbon
      coating. As is clear from FIG. 2, the carbon deposited plate A of the
      present invention exhibits secondary electron emission ratio to each
      primary electron voltage which is about 50% lower than that of the plate B
      having no carbon layer.
PAR  FIG. 3 is a cross sectional view of a color selection electrode which is
      one embodiment of electrode parts obtained by the method of the present
      invention. In this FIG. 3, 1 is an opening through which a number of
      electron beam passing holes 2 are excavated, 3 is a skirt part, and 4 is a
      carbon layer deposited on the whole surface of said opening 1 and skirt
      part 3.
PAR  FIG. 4 is a flowsheet of production of parts of electron tube in accordance
      with the present invention. According to one embodiment of production of
      electron tube parts as shown in FIG. 4, firstly surface of material for
      electron tube parts having electrodepositable shape and made of
      electrodepositable material such as iron plate, stainless steel, etc. was
      degreased with trichlene for rustproofing and cleansed with a surface
      active agent. Then, the portions to be welded were masked not to be
      electrodeposited and then the surface was subjected to surface
      conditioning by pretreatment. Then, thus treated material was dipped in an
      electrodepositing liquid obtained by mixing about 0.5-4% by weight of
      carbon powders, about 1-15% by weight of a water soluble organic resin
      binder and water and electrodeposition was carried out by applying a DC
      voltage of 60-200 V for 3 minutes to form an electrodeposited film
      comprising a mixture of carbon powders and the binder on the surface of
      the material. Furthermore, this film was baked at 130-180.degree. C for 30
      minutes to heat-cure the film to render it hard.
PAR  Thereafter, thus obtained material having the electrodeposited film on its
      surface was molded into the shapes of electron tube parts by cutting and
      pressing. The drawability and pressability were excellent and the film was
      never separated from the substrate.
PAR  Furthermore, after removal of cutting oil and metal dusts which sticked to
      the electrodeposited film in molding, the film was subjected to the heat
      treatment to cause heat decomposition of binder to eliminate it.
PAR  As is clear from the above explanation, according to the present invention,
      electron tube parts having carbon layer on the surface which has a uniform
      thickness and a strong adhesion power even when the thickness is greater
      than the conventional electrodeposited film can be efficiently produced.
PAR  The present invention will be illustrated in the following Examples.
PAC  EXAMPLE 1
PAR  Using an electrodepositing liquid having the composition of 3% by weight of
      carbon powders (average particle size 35 m.mu.), 18% by weight of alkyd
      resin and 87% by weight of water, electrodeposition was carried out on a
      degreased and pretreated iron plate (surface area about 80 cm.sup.2) for
      40 seconds under a voltage of DC 100 V and then the film was subjected to
      washing with water, washing with solvent, air blow and hot air drying.
      Then, the electrodeposited film was heat treated in an electric furnace at
      400.degree. C for 30 minutes to obtain an extremely strong jet-black
      carbon film of 20 .mu. in thickness. When said iron plate was in the form
      of a shadow mask, the same carbon film as obtained above was also formed
      thereon.
PAC  EXAMPLE 2
PAR  Using an electrodepositing liquid having a composition of 12% by weight of
      carbon powders (average particle size 0.2 .mu.), 2% by weight of acrylic
      resin and 85% by weight of water, electrodeposition was carried out on a
      degreased titanium plate (surface area about 80 cm.sup.2) for 5 minutes
      under a voltage of DC 30 V and then the electrodeposited film was
      subjected to washing with water, washing with solvent, air blow and hot
      air drying. Thereafter, the electrodeposited film was heat treated in a
      reducing furnace at 700.degree. C for 10 minutes to obtain a carbon film
      having irregular surface of 5 .mu. in thickness. When said titanium plate
      was in the form of an anode, the same carbon film as obtained above was
      also formed thereon.
PAC  EXAMPLE 3
PAR  Using an electrodepositing liquid having compositions of 4% by weight of
      graphite paste (Aquadag), 9% by weight of phenol resin and 87% by weight
      of water, electrodeposition was carried out on an nickel plated and
      degreased copper plate (surface area 400 cm.sup.2) for 10 seconds under a
      voltage of DC 200 V and the electrodeposited film was subjected to washing
      with water, washing with solvent and air blow. Thereafter, thus
      electrodeposited film was heat treated in a furnace of oxidizing
      atmosphere at 450.degree. C for 30 minutes to obatin a carbon film having
      a smooth surface of 12 .mu. in thickness. When said nickel plated copper
      plate was in the form of an anode, the same carbon film as obtained above
      was also formed thereon.
PAC  EXAMPLE 4
PAR  Using the same electrodepositing liquid as used in the Example 3,
      electrodeposition was carried out on the cleaned and pretreated surface of
      iron plate photoetching part (surface area about 750 cm.sup.2) for 30
      seconds under a voltage of 100 V. Thereafter, thus electodeposited film
      was washed with water and subjected to air blowing and then was heat
      treated in an N.sub.2 gas atmosphere in which N.sub.2 gas was passed at a
      rate of 300 1/min at 550.degree. for 30 minutes to obtain a strong carbon
      film of 14 .mu. in thickness. When said iron plate was in the form of a
      shadow mask, the same carbon film as obtained above was also obtained
      thereon.
PAC  EXAMPLE 5
PAR  Using an electrodepositing liquid having a composition of 10% of maleinized
      oil resin, 2% of carbon and 88% of water, electrodeposition was carried
      out on an iron plate (surface area 1200 cm.sup.2) subjected to degreasing,
      cleaning, masking and pretreatment at DC of 50 V for 30 seconds. The
      electrodeposited film was subjected to baking at 170.degree. C for 20
      minutes and the plate was molded into an electrode. The surface of this
      electrode stained by the molding was degreased and then was heat treated
      at 450.degree. C for 10 minutes to obtain the electrode coated with a
      carbon film of 5 .mu. in thickness having the similar properties to those
      mentioned above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for coating a surface of a metal or a metallized body to form a
      substantially pure carbon coating thereon comprising treating said surface
      with an aqueous electrodepositing liquid consisting essentially of carbon
      and at least one water soluble organic resin to form an electrodeposited
      carbon film on said surface and heat treating said carbon film at a
      temperature of about 300.degree. to 1,000.degree. C. to substantially
      completely decompose the organic resin in said carbon film.
NUM  2.
PAR  2. A method according to claim 1, wherein said water soluble organic resin
      is at least one selected from alkyd resin, acrylic resin, phenol resin and
      melamine resin.
NUM  3.
PAR  3. A method according to claim 1, wherein said electrodepositing liquid
      comprises 0.4-12% by weight of carbon 1-18% by weight of the water soluble
      organic resin and the balance of water.
NUM  4.
PAR  4. A method according to claim 1, wherein conditions for electrodeposition
      are as follows: a voltage of 30-250 V (DC), time of 1/10 second - 5
      minutes and a thickness of 3 .mu. -70 .mu..
NUM  5.
PAR  5. A method according to claim 1, wherein the material to be coated with
      carbon is molded electron tube part.
NUM  6.
PAR  6. Electron tube parts produced by the method of claim 5.
NUM  7.
PAR  7. A method according to claim 1, wherein thus obtained metal or metallized
      body having carbon film is molded into a shape of electron tube part.
NUM  8.
PAR  8. A method according to claim 1, wherein said carbon film is heated up to
      said temperature at a rate lower than about 70.degree.C/min., and further
      wherein said carbon film is cooled from said temperature after heat
      treatment at a cooling rate of lower than about 70.degree.C/min.
NUM  9.
PAR  9. A method according to claim 8, wherein said electrodepositing liquid
      comprises 0.4-12% by weight of carbon, 1-18% by weight of the water
      soluble organic resin and the balance of water.
NUM  10.
PAR  10. The product of the process of claim 9.
NUM  11.
PAR  11. A method according to claim 9, wherein the surface of a molded electron
      tube part is coated with said carbon film.
NUM  12.
PAR  12. The product of the process of claim 11.
NUM  13.
PAR  13. A method according to claim 8, wherein the electrodepositing liquid
      applied to said surface is dried to form said carbon film prior to heat
      treatment.
NUM  14.
PAR  14. A method according to claim 13, wherein said electrodepositing liquid
      is dried by heating.
NUM  15.
PAR  15. A method according to claim 8, wherein sufficient electrodepositing
      liquid is applied to said surface so that the thickness of said carbon
      film is about 3.mu. to about 70.mu..
PATN
WKU  039458997
SRC  5
APN  484985&
APT  1
ART  114
APD  19740701
TTL  Process for coating aluminum or aluminum alloy
ISD  19760323
NCL  18
ECL  1
EXA  Weisstuch; Aaron
EXP  Williams; Howard S.
INVT
NAM  Nikaido; Norio
CTY  Hiratsuka
CNT  JA
INVT
NAM  Shirai; Shinji
CTY  Hiratsuka
CNT  JA
INVT
NAM  Iihashi; Mototaka
CTY  Hiratsuka
CNT  JA
INVT
NAM  Umemoto; Sueo
CTY  Hiratsuka
CNT  JA
ASSG
NAM  Kansai Paint Company, Limited
CTY  BOTH OF
CNT  JA
COD  03
ASSG
NAM  Fuji Sashi Industries Limited
CTY  BOTH OF
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730706
APN  48-76953
PRIR
CNT  JA
APD  19730803
APN  48-87279
PRIR
CNT  JA
APD  19731116
APN  48-128899
PRIR
CNT  JA
APD  19731115
APN  48-129021
PRIR
CNT  JA
APD  19731115
APN  48-129024
PRIR
CNT  JA
APD  19731119
APN  48-129912
CLAS
OCL  204181
XCL  148  615R
XCL  148  62
XCL  148  63
XCL  148 315
XCL  204 38A
XCL  204 58
XCL  428469
XCL  428 13
EDF  2
ICL  C25D  500
ICL  C25D 1306
ICL  C25D 1320
FSC  204
FSS  35 N;38 A;38 E;58;181
UREF
PNO  1068410
ISD  19130700
NAM  Chubb
OCL  204 58
UREF
PNO  1850298
ISD  19320300
NAM  Washington, Jr.
OCL  204 58
UREF
PNO  2116449
ISD  19380500
NAM  Robinson
OCL  204 58
UREF
PNO  2859148
ISD  19581100
NAM  Altenpohl
OCL  148  6.14
UREF
PNO  2868702
ISD  19590100
NAM  Brennan
OCL  204 28
UREF
PNO  2981647
ISD  19610400
NAM  Schwartz
OCL  148  6.14
UREF
PNO  3622473
ISD  19711100
NAM  Ohta et al.
OCL  204181
UREF
PNO  3775266
ISD  19731100
NAM  Ikeda et al.
OCL  204 38E
UREF
PNO  3785946
ISD  19740100
NAM  Terai et al.
OCL  204181
UREF
PNO  3798143
ISD  19740300
NAM  Rolles et al.
OCL  204181
UREF
PNO  3799848
ISD  19740300
NAM  Kolic et al.
OCL  204 38E
UREF
PNO  3834999
ISD  19740900
NAM  Hradcovsky et al.
OCL  204 56R
UREF
PNO  3836437
ISD  19740900
NAM  Osada et al.
OCL  204 17
LREP
FRM  Larson, Taylor and Hinds
ABST
PAL  A process for coating an aluminum or aluminum alloy comprising the steps of
      subjecting the aluminum or aluminum alloy to boehmite treatment or
      chemical conversion treatment, anodizing the resulting aluminum or
      aluminum alloy in an aqueous solution of a water-soluble salt of at least
      one oxyacid, and thereafter coating the aluminum or aluminum alloy with an
      organic coating composition to form a resin layer, said oxyacid being at
      least one oxyacid selected from the group consisting of silicic acid,
      boric acid, phosphoric acid, molybdic acid, vanadic acid, permanganic
      acid, stannic acid and tungstic acid.
BSUM
PAR  This invention relates to a process for coating aluminum or aluminum alloys
      more particularly to a process for coating with an organic composition
      aluminum or aluminum alloys which have been subjected to boehmite
      treatment or chemical conversion treatment.
PAR  It is impossible to coat aluminum or aluminum alloys directly with an
      organic coating composition due to their poor ability to adhere to the
      organic coating composition. Various improved processes have heretobefore
      been proposed, therefore. According to one of the proposed processes,
      aluminum or aluminum alloys are subjected to so-called boehmite treatment
      by contacting the same with hot water or steam containing or not
      containing ammonia or amines to form an aluminum oxide layer on it surface
      which layer is predominantly composed of Al.sub.2 O.sub.3.nH.sub.2 O
      wherein n is usually an integer of 1 to 3 and the aluminum or aluminum
      alloy is thereafter coated with an organic coating composition. Although
      aluminum or aluminum alloys can be coated with the organic coating
      composition by this process, the adhesion between the organic coating and
      the aluminum oxide layer formed is still poor. Furthermore, the aluminum
      oxide layer produced by the boehmite treatment has a thickness of as small
      as about 1.0.mu. and is insufficient in toughness and texture. Therefore,
      if the organic coating formed thereon should be marred for one cause or
      another, corrosion may possibly develop in the aluminum oxide coating from
      that portion.
PAR  Another process, so-called chemical conversion treatment, is also known in
      which aluminum or aluminum alloys are immersed in an aqueous solution of
      phosphate and/or chromate to form a chemical conversion layer thereon and
      an organic coating composition is thereafter applied onto the layer.
      However, this process also fails to assure good adhesion between the
      organic coating and the chemical conversion coating layer formed on
      aluminum or aluminum alloy. Moreover, the layer formed by chemical
      conversion is not satisfactory in its resistance to corrosion. Thus the
      process has drawbacks similar to those of the boehmite treatment
      described. Such drawbacks of these processes entail serious problems when
      aluminum or aluminum alloys are used for sash and external building
      materials.
PAR  An object of this invention is to provide a process for coating aluminum or
      aluminum alloys subjected to boehmite treatment or chemical conversion
      treatment with an organic coating composition with high adhesion.
PAR  Another object of this invention is to provide a process for coating
      capable of forming a highly corrosion-resistant coating on aluminum or
      aluminum alloys which have been subjected to boehmite treatment or
      chemical conversion treatment.
PAR  Other objects of this invention will become apparent from the following
      description.
PAR  These objects of this invention can be fulfilled by a process comprising
      the steps of subjecting aluminum or aluminum alloys to boehmite treatment
      or chemical conversion treatment, anodizing the treated aluminum or
      aluminum alloy in an aqueous solution of a water-soluble salt of at least
      one oxyacid selected from the group consisting of silicic acid, boric
      acid, phosphoric acid, vanadic acid, tungstic acid, permanganic acid,
      molybdic acid and stannic acid, washing the resulting aluminum or aluminum
      alloy with water and thereafter coating the aluminum or aluminum alloy
      with an organic coating composition.
PAR  Our researches have revealed the following results:
PAR  1. When aluminum or aluminum alloy is subjected to boehmite treatment or
      chemical conversion treatment, followed by anodization of the resulting
      aluminum or aluminum alloy in an aqueous solution of water-soluble salt of
      at least one of the above-specified oxyacids, the oxyacid anions resulting
      from the dissociation of the oxyacid salt in the aqueous solution are
      adsorbed by the surface of the aluminum or aluminum alloy, whereupon they
      release their charges to react with the boehmite layer or chemical
      conversion layer, thereby forming a new inorganic layer. Subsequently,
      when an organic coating composition is applied onto the new layer by a
      usual method, a coating film is formed on the new layer as firmly adhered
      thereto since the new surface layer has an exceedingly high ability to
      adhere to the organic coating composition.
PAR  2. As compared with the aluminum oxide layer produced only by the boehmite
      treatment or chemical conversion treatment, the new layer obtained as
      above has a considerably larger thickness, improved toughness and fine
      texture and is therefore much more resistant to corrosion than the
      aluminum oxide layer or chemical conversion layer alone. As a result, the
      new layer gives the metal substrate an improved ability to adhere to the
      organic coating composition and remarkably enhanced resistance to
      corrosion. Thus even if the organic coating film formed thereon should be
      marred for one cause or another, the greatly improved corrosion resistance
      of the new layer itself enables the coated aluminum or aluminum alloy to
      remain much more resistant to corrosion than the coated product prepared
      by boehmite treatment or chemical conversion treatment.
PAR  According to the present invention, it is essential to conduct electrolysis
      using aluminum or aluminum alloy, which has been subjected to boehmite or
      chemical conversion treatment, as the electrode in an aqueous solution of
      a water-soluble salt of at least one oxyacid selected from the group
      consisting of silicic acid, boric acid, phosphoric acid, permanganic acid,
      vanadic acid, tungstic acid, molybdic acid and stannic acid and to
      subsequently coat the resulting aluminum or aluminum alloy with an organic
      coating composition.
PAR  In practicing the process of this invention, the aluminum or aluminum alloy
      is first subjected to the usual pretreatment including degreasing and
      etching. Degreasing is conducted in the usual manner, for example, by
      immersing aluminum or aluminum alloy in an acid such as nitric or sulfuric
      acid at room temperature. Similarly, etching is conducted in the usual
      manner as by immersing the aluminum or aluminum alloy in an alkali
      solution at a temperature of about 20.degree. to 80.degree.C. The aluminum
      or aluminum alloy thus pretreated is then subjected to boehmite treatment
      or chemical conversion treatment which is carried out by a conventional
      method.
PAR  The boehmite treatmment is usually conducted by contacting the aluminum or
      aluminum alloy thus treated with hot water or steam containing or not
      containing ammonia or amines. Examples of the amines usable are
      monoethanolamine, diethanolamine, triethanolamine, dimethylethanolamine
      and like water-soluble amines. Generally, about 0.1 to 5 parts by weight
      of amine or ammonia are used per 100 parts by weight of water. Use of such
      amine or ammonia brings about the increase of thickness of aluminum oxide
      layer produced by the boehmite treatment. The aluminum or aluminum alloy
      is kept in contact with hot water or steam usually for about 5 to 60
      minutes. The temperature of the hot water to be used is usually in the
      range of 65 to boiling point, preferably 80 to boiling point and that of
      steam in the range of 100.degree. to 180.degree.C, preferably 130.degree.
      to 150.degree.C. Such contact is effected by methods heretofore employed,
      for example, by immersion or spraying.
PAR  Generally, the chemical conversion treatment is conducted with a chromate
      or phosphate. Examples of the chemical conversion treatment with chromate
      are MBV method using sodium carbonate and sodium chromate, EW method using
      sodium carbonate, sodium chromate and sodium silicate, LW method using
      sodium carbonate, sodium chromate and sodium primary phosphate, Pylumin
      method using sodium carbonate, sodium chromate and basic chromium
      carbonate, Alrock method using sodium carbonate and potassium dichromate,
      Jirocka method using dilute nitric acid containing heavy metal or using a
      mixture of permanganic acid and hydrofluoric acid containing heavy metal,
      Pacz method using a mixture of sodium silicofluoride and ammonium nitrate
      which contains a nickel or cobalt salt, etc. Examples of the chemical
      conversion treatment with phosphate are a method using manganese
      dihydrogenphosphate and manganese silicofluoride, a method wherein acidic
      zinc phosphate, phosphoric acid and chromic acid are used, etc.
PAR  The aluminum or aluminum alloy thus subjected to boehmite or chemical
      conversion treatment is rinsed with water and then used as the electrode
      to conduct electrolysis in an aqueous solution of water-soluble salt of at
      least on oxyacid selected from the group consisting of silicic acid, boric
      acid, phosphoric acid, molybdic acid, vanadic acid, permanganic acid,
      tungstic acid and stannic acid.
PAR  The oxyacid salts to be used include various salts of the above oxyacids
      with monovalent to trivalent metals, ammonia or organic amines. The
      silicates include orthosilicates, meta-silicates and disilicates and like
      polysilicates. Examples thereof are sodium orthosilicate, potassium
      orthosilicate, lithium orthosilicate, sodium metasilicate, potassium
      metasilicate, lithium metasilicate, lithium pentasilicate, barium
      silicate, ammonium silicate, tetramethanol ammonium silicate, triethanol
      ammonium silicate, etc. The borates include metaborates, tetraborates,
      pentaborates, perborates, biborates, borate-hydrogen peroxide addition
      products and boroformates. Examples are lithium metaborate (LiBO.sub.2),
      potassium metaborate (KBO.sub.2), sodium metaborate (NaBO.sub.2), ammonium
      metaborate, lithium tetraborate (Li.sub.2 B.sub.4 O.sub.7.5 H.sub.2 O),
      potassium tetraborate, sodium tetraborate, ammonium tetraborate
      [(NH.sub.4).sub.2 B.sub.4 O.sub.7.4 H.sub.2 O], calcium metaborate
      [Ca(BO.sub.2).sub.2.2 H.sub.2 O], sodium pentaborate (Na.sub.2 B.sub.10
      O.sub.16.10 H.sub.2 O), sodium perborate (NaBO.sub.2.H.sub.2 O.sub.2.3
      H.sub.2 O), sodium borate-hydrogen peroxide addition product
      (NaBO.sub.2.H.sub.2 O.sub.2), sodium boroformate (NaH.sub.2
      BO.sub.2.HCOOH.2H.sub.2 O), ammonium biborate [(NH.sub.4)HB.sub.4
      O.sub.7.3 H.sub.2 O], etc.
PAR  The phosphates include orthophosphates, pyrophosphates and
      polymetaphosphates. Examples are potassium monobasic phosphate (KH.sub.2
      PO.sub.4), sodium pyrophosphate (Na.sub.4 P.sub.2 O.sub.7), sodium
      metaphosphate (NaPO.sub.3), aluminum hydrophosphate [Al(H.sub.2
      PO.sub.4).sub.3 ], etc. The vanadates include orthovanadates,
      metavanadates and pyrovanadates. Examples are lithium orthovanadate
      (Li.sub.3 VO.sub.4), sodium orthovanadate (Na.sub.3 VO.sub.4), lithium
      metavanadate (LiVO.sub.3.2 H.sub.2 O), sodium metavanadate (NaVO.sub.3),
      potassium metavanadate (KVO.sub.3), ammonium metavanadate (NH.sub.4
      VO.sub.3) or [(NH.sub.4).sub.4 V.sub.4 O.sub.12 ], sodiuim pyrovanadate
      (Na.sub.2 V.sub.2 O.sub.7), etc. The tungstates include orthotungstates,
      metatungstates, paratungstates, pentatungstates and heptatungstates. Also
      employable are phosphorus wolframates, borotungstates and like complex
      salts. Examples are lithium tungstate (Li.sub.2 WO.sub.4), sodium
      tungstate (Na.sub.2 WO.sub.4.2 H.sub.2 O), potassium tungstate (K.sub.2
      WO.sub.4), barium tungstate (BaWO.sub.4), calcium tungstate (CaWO.sub.4),
      strontium tungstate (SrWO.sub.4), sodium metatungstate (Na.sub.2 W.sub.4
      O.sub.13), potassium metatungstate (K.sub.2 W.sub.4 O.sub.13.8 H.sub.2 O),
      sodium paratungstate (Na.sub.6 W.sub.7 O.sub.24), ammonium pentatungstate
      [(NH.sub.4).sub.4 W.sub.5 O.sub.17.5 H.sub.2 O], ammonium heptatungstate
      [(NH.sub.4).sub.6 W.sub.7 O.sub.24.66H.sub.2 O], sodium phosphowolframate
      (2Na.sub.2 O.P.sub.2 O.sub.5.12 WO.sub.3.18 H.sub.2 O), barium
      borotungstate (2BaO.B.sub.2 O.sub.3.9 WO.sub.3.18 H.sub.2 O), etc.
      Examples of permanganates are lithium permanganate (LiMnO.sub.4), sodium
      permanganate (NaMnO.sub.4.3 H.sub.2 O), potassium permanaganate
      (KMnO.sub.4), ammonium permanganate [(NH.sub.4)MnO.sub.4 ], calcium
      permanganate [Ca(MnO.sub.4).sub.2.4 H.sub.2 O], barium permanganate
      [Ba(MnO.sub.4).sub.2 ], magnesium permanganate [M.sub.g
      (MnO.sub.4).sub.2.6 H.sub.2 O], strontium permanganate
      [Sr(MnO.sub.4).sub.2.3H.sub.2 O], etc. The stannates include
      orthostannates and metastannates. Examples are potassium orthostannate
      (K.sub.2 SnO.sub.3.3H.sub.2 O), lithium orthostannate (Li.sub.2
      SnO.sub.3.3H.sub.2 O), sodium orthostannate (Na.sub.2 SnO.sub.3.3H.sub.2
      O), magnesium stannate, calcium stannate, lead stannate, ammonium
      stannate, potassium metastannate (K.sub.2 O.5SnO.sub.2.4H.sub.2 O), sodium
      metastannate (Na.sub.2 O.5SnO.sub.2.8H.sub.2 O), etc. Examples of
      molybdates are orthomolybdates and metamolybdates. More specific examples
      are lithium molybdate (Li.sub.2 MoO.sub.4), sodium molybdate (Na.sub.2
      MoO.sub.4), potassium molybdate (K.sub.2 MoO.sub.4), ammonium molybdate
      [(NH.sub.4).sub.6 Mo.sub.7 O.sub.24.4H.sub.2 O] triethylamine molybdate,
      etc.
PAR  Preferable among these oxyacid salts are those of alkali metals which
      generally have high water solubilities. Among the oxyacid salts enumerated
      above, silicates are preferable to use because they are economical and
      readily available. According to this invention these oxyacid salts are
      used singly or in admixture with one another.
PAR  The concentration of such oxyacid salt in its aqueous solution is usually
      about 0.1% by weight to saturation, preferably about 1.0% by weight to
      saturation, although variable with the kind of the oxyacid salt.
PAR  In the present invention, water-soluble salts of chromic acid can be used
      together with the above-mentioned oxyacid salts, whereby the
      anti-corrosive property of the resulting coating is further improved.
      Examples of the chromates are lithium chromate (Li.sub.2
      CrO.sub.4.2H.sub.2 O), sodium chromate (Na.sub.2 CrO.sub.4.10H.sub.2 O),
      potassium chromate (K.sub.2 CrO.sub.4), ammonium chromate
      [(NH.sub.4).sub.2 CrO.sub.4 ], calcium chromate (CaCrO.sub.4.2H.sub.2 O)
      and strontium chromate (SrCrO.sub.4).
PAR  According to this invention, the electrolysis is conducted in a
      conventional manner. For example, the aluminum or aluminum alloy and
      another electroconductive material used as electrodes are immersed in
      aqueous solution of the above-specified oxyacid salt, and electric current
      is applied between the electrodes. The electric current may be either
      direct current or alternating current. When direct current is used, the
      aluminum or aluminum alloy is to be the anode and when alternating current
      is used, the aluminum or aluminum alloy can be used either as anode or as
      cathode. The advantageous range for the electric voltage is from 5 to 300
      volts for direct current, or from 5 to 200 volts for alternating current.
      The electric current is applied for more than 5 seconds. The temperature
      of the electrolytic solution is usually in the range between the
      separating point of the salt of the oxyacid from the solution and the
      boiling point of the solution, preferably in the range of 20.degree. to
      60.degree.C.
PAR  According to this invention, the electrolytic operation can be conducted
      repeatedly two or more times with an aqueous solution of the same oxyacid
      salt or with aqueous solutions of different oxyacid salts. For example,
      electrolysis is conducted with an aqueous solution of silicate and then
      with the same aqueous solution of silicate, or first with an aqueous
      solution of silicate and subsequently with an aqueous solution of another
      oxyacid salt. When repeatedly carried out, the electrolysis also gives the
      resulting aluminum or aluminum alloy product higher corrosion resistance
      than when it is conducted only once. Moreover, the electrolysis causes
      some water to undergo electrolysis to give off hydrogen gas in the form of
      bubbles. Consequently, the bubbling lowers the efficiency of the
      electrolytic operation. However, if the electrolysis is conducted
      repeatedly, the evolution of hydrogen gas is noticeably reduced as
      compared with the case wherein the electrolytic operation is conducted
      only once, assuring improved efficiency.
PAR  After the electrolysis, the aluminum or aluminum alloy is rinsed with water
      and dried, whereby a thick layer of higher hardness and finer texture is
      formed. According to this invention, the dried product may further be
      heated at a temperature of about 150.degree. to 250.degree.C when desired
      to thereby increase the hardness of the coating.
PAR  After this treatment, the aluminum or aluminum alloy is coated with an
      organic coating composition by a usual coating method such as immersion,
      brush, spray coating, electrophoretic coating, electrostatic coating or
      the like. Effectively usable as the organic coating composition are a
      liquid coating composition mainly comprising a binder resin and a liquid
      medium and containing the pigment and other additives as desired and a
      powder coating composition predominantly consisting of a binder resin and
      further containing the desired pigment and additives. Any of various
      binder resins can be used as the binder resin, their examples being drying
      oil, semi-drying oil, cellulose and various synthetic or natural resins.
      More specifically, examples of drying oil or semi-drying oil are linseed
      oil, tung oil, soybean oil, castor oil, etc. and examples of cellulose are
      nitrocellulose. Exemplary of synthetic or natural resin are alkyd resin,
      modified alkyd resin, phenolic resin, amino resin, unsaturated polyester
      resin, epoxy resin, modified epoxy resin, polyurethane, acrylic resin,
      polybutadiene, modified polybutadiene, rosin, modified rosin, etc.
      Examples of the liquid medium are water and various organic solvents.
      Pigments which are usable as desired are usual coloring pigments such as
      titanium dioxide, red iron oxide, carbon black, Phthalocyanine Blue and
      extender pigments such as talc, clay, calcium carbonate and like
      conventional pigments. Examples of other additives are plasticizer, drying
      agent, dispersant, wetting agent, defoaming agent and other known
      additives.
PAR  The organic coating composition is suitably selected in accordance with the
      coating method employed. For electrophoretic coating, for example, a
      liquid coating composition, especially aqueous coating composition is used
      which is prepared by dissolving or dispersing a water-soluble or
      water-dispersible binder resin in an aqueous medium. Specific examples of
      such water-soluble or water-dispersible binder resin are addition products
      of drying oils and .alpha.,.beta.-ethylenically unsaturated dibasic acids
      such as maleic acid, epoxy resin esterified with fatty acid and having
      carboxyl groups, alkyd resin having carboxyl groups, copolymer of vinyl
      monomer and acrylic or methacrylic acid, polyester having carboxyl groups,
      a reaction product of polybutadiene and .alpha.,.beta.-ethylenically
      unsaturated dibasic acid such as maleic acid, etc. Examples of the aqueous
      medium are usually water or a mixture of water and an organic solvent.
      Examples of the solvent are benzyl alcohol, n-butanol, butyl cellosolve,
      isopropyl cellosolve, methyl cellosolve, isopropanol, carbitol, ethanol,
      etc. The sold concentration of the electrophoretic coating composition is
      in the range of 1 to 20 weight percent, preferably 5 to 15 weight percent.
PAR  In the case where electrophoretic coating process is adopted, either liquid
      composition or powder composition can be used.
PAR  According to this invention, the organic coating composition is applied to
      the substrate by a known method as already enumerated.
PAR  The aluminum or aluminum alloy substrate thus coated with an organic
      coating composition is then dried or/and baked, whereby a coating film is
      obtained which has uniform hardness.
PAR  The process of this invention is applicable to various aluminum alloys such
      as Al-Si, Al-Mg, Al-Mn, Al-Si-Mg, etc. The aluminum or aluminum alloy to
      be treated by the present process is not limited to plate or panel but may
      be of various shapes.
PAR  The process of this invention will be described below in greater detail
      with reference to examples and comparison examples, in which the
      percentages and parts are all by weight unless otherwise specified. In the
      examples aluminum panels serving as substrates were prepared by the method
      stated below, and electrolytic operation and electrophoretic coating
      operation were conducted according to the procedures stated below.
PAC  Preparation of Substrate
PAR  A substrate was prepared by degreasing and etching an aluminum alloy panel
      measuring 70 mm in width, 150 mm in length and 2 mm in thickness
      (consisting of 98.0% aluminum, 0.45% Si, 0.55% Mg and 1% others; JIS H
      4100) according to the following procedure given below:
PA0  a. Immersion of 10% solution of nitric acid at room temperature for 5
      minutes.
PA0  b. Rinsing in water.
PA0  c. Immersion in 5% aqueous solution of caustic soda at 50.degree.C for 5
      minutes.
PA0  d. Rinsing in water.
PA0  e. Immersion in 10% aqueous solution of nitric acid at room temperature for
      1 minute.
PA0  f. Rinsing in water.
PAC  Electrolytic Operation
PAR  Into a plastic container measuring 10 cm in width, 20 cm in length and 15
      cm in depth was placed 2000 cc of a solution of an oxyacid salt. When
      direct current was supplied, the aluminum substrate serving as the anode
      and a mild steel plate serving as cathode were immersed in the solution as
      spaced apart from each other by 15 cm. When alternating current was
      applied, the aluminum subtrates as electrodes were immersed in the same
      manner as above. Electrolytic operation was conducted at a liquid
      temperature of 25.degree.C by applying a specified voltage. The aluminum
      substrate was thereafter washed with water and then dried.
PAC  Electrophoretic Coating Operation
PAR  Into the same container as used in the abovementioned electrolytic
      operation was placed 2000 cc of electrophoretic coating composition and
      the aluminum substrate serving as anode and a mild steel plate as a
      cathode were immersed in the electrophoretic coating composition as spaced
      apart from each other by 15 cm. Electrophoretic coating operation was
      conducted at a liquid temperature of 25.degree.C by applying direct
      current of a specified voltage. The aluminum substrate was thereafter
      washed with water and then dried.
PAR  The properties of the aluminum substrate obtained in Examples and
      Comparison Examples are determined by the following method.
PAR  1. Coating thickness
PAR  Measured by a high-frequency thickness meter.
PAR  2. Hardness
PAR  Leave a test panel to stand in a constant temperature and constant humidity
      chamber at a temperature of 20.degree. .+-. 1.degree.C and a humidity of
      75% for 1 hour. Fully sharpen a pencil (trade mark "UNI", product of
      Mitsubishi Pencil Co., Ltd., Japan) by a pencil sharpener and then wear
      away the sharp pencil point to flatness. Firmly press the pencil against
      the coating surface of the test panel at an angle of 45.degree. between
      the axis of the pencil and the coating surface and push the pencil forward
      at a constant speed of 3 cm/sec as positioned in this state. Repeat the
      same procedure 5 times with each of pencils having various hardness. The
      hardness of the coating is expressed in terms of the highest of the
      hardnesses of the pencils with which the coating remain unbroken at more
      than 4 strokes.
PAR  3. Cross-cut Erichsen test
PAR  After leaving a test panel to stand in a constant temperature and constant
      humidity chamber at a temperature of 20.degree. .+-. 1.degree.C and a
      humidity of 75% for 1 hour, make eleven parallel cuts, 1 mm apart, in the
      coating film up to the surface of aluminum alloy substrate, using a
      single-edged razor blade. Make a similar set of cuts at right angles to
      the first cut to form 100 squares. Using an Erichsen film tester, push out
      the test panel 5 mm and apply a piece of cellophane adhesive tape to the
      pushed out portion. Press the tape firmly from above and thereafter remove
      the tape rapidly. The evaluation is expressed by a fraction in which the
      denominator is the number of squares formed and the numerator is the
      number of squares left unremoved. Thus 100/100 indicates that the coating
      remain completely unremoved.
PAR  4. Impact Resistance
PAR  After leaving a test panel to stand in a constant temperature and constant
      humidity chamber at a temperature of 20.degree..+-.1.degree.C and a
      humidity of 75% for 1 hour, test the panel on a Du Pont impact tester
      (1-kg, 1/2 inch). Determine the largest height (cm) of the weight
      entailing no cracking in the coating.
PAR  5. Resistance to Boiling Water
PAR  Place deionized water into a beaker along with a boiling stone and heat to
      boiling. Boil a test panel for 3 hours in the water while keeping the
      panel spaced apart from the bottom of the beaker by 20 mm. Take out the
      test panel to check for any change in the coating such as discoloring,
      peeling, cracking or blistering. Furthermore after leaving the test panel
      to stand for 1 hour, conduct cross-cut Erichsen test in the same manner as
      above to evaluate the adhering ability.
PAR  6. Resistance to sulfurous acid
PAR  Into a glass container, place a 6% aqueous solution of sulfurous acid
      having a specific gravity of 1.03 and add deionized water to prepare a 1%
      aqueous solution of sulfurous acid. Immerse a test panel in the solution
      at 20.degree.C for 72 hours and then take it out to check with the unaided
      eye for any change in the coating such as discoloring, peeling, cracking
      and blistering. In the same manner as above, conduct cross-cut Erichsen
      test to evaluate the adhering ability.
PAR  7. Alkali Resistance
PAR  Fill a glass container with a 5% aqueous solution of sodium hydroxide and
      immerse a test panel therein at 20.degree.C for 72 hours. Then take out
      the test panel and inspect the surface with the unaided eye to check for
      any change in the coating such as peeling, pitting and blistering.
PAR  8. CASS test (Copper-Accelerated Acetic acid-Salt Spray Testing)
PAR  Conduct CASS test according to JIS H 8601 for 72 hours. Inspect the
      appearance of coating with the unaided eye.
DETD
PAC  EXAMPLE 1
PAR  To 65 parts of water-soluble acrylic resin (trade mark: "ARON 4002",
      product of Toagosei Chemical Industry Co., Ltd., Japan) were added 35
      parts of water-soluble melamine resin (trade mark: "XM-1116", product of
      American Cyanamid Company, U.S.A.) and 900 parts of deionized water and
      the mixture was uniformly mixed together to obtain an aqueous solution. pH
      of the solution was adjusted at 8 by adding triethylamine to the solution.
PAR  An aluminum substrate prepared as described above was immersed in boiling
      deionized water for 5 minutes for boehmite treatment, then rinsed with
      water and subsequently immersed in 10 wt.% aqueous solution of sodium
      silicate (Na.sub.2 O.2SiO.sub.2) to conduct electrolysis by using of
      direct current at the specified voltage for the specified period of time
      as listed in Table 1 below. The aluminum substrate was then
      electrophoretically coated with the above coating composition at voltage
      of 100 volts to obtain a coated panel. Various properties of the coated
      panel obtained are given in Table 1 below.
PAC  EXAMPLES 2 to 4
PAR  Aluminum substrates were treated in the same manner as in Example 1 except
      that electrolysis was conducted using specified current at the voltages
      and for periods of time listed in Table 1. The acid resistance of each of
      the aluminum substrates thus treated was measured with the result shown in
      Table 1.
PAC  COMPARISON EXAMPLE 1
PAR  Aluminum substrate was treated in the same manner as Example 1 except that
      electrolysis was not conducted.
PAC  COMPARISON EXAMPLES 2 AND 3
PAR  Aluminum substrates prepared as above were immersed in 10 wt.% aqueous
      solution of sodium silicate (Na.sub.2 O.2SiO.sub.2) without conducting
      boehmite treatment, and electrolysis was carried out under the conditions
      listed in Table 1, and followed by electrophoretic coating by the same
      manner as in Example 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                      Comp.                                    
                                           Comp. Comp.                         
              Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 1                                    
                                           Ex. 2 Ex. 3                         
     __________________________________________________________________________
     Electrolysis                                                              
     conditions                                                                
      Current D.C*.sup.1                                                       
                    D.C   A.C*.sup.2                                           
                                A.C   D.C  D.C   A.C                           
      Voltage (V)                                                              
              40    40    80    80    --   40    80                            
      Time (sec)                                                               
              120   600   120   600   --   120   600                           
     Coating  16    17    15    16    15   17    17                            
     thickness (.mu.)                                                          
     Hardness 3H    3H    3H    3H    3H   3H    3H                            
     Cross-cut                                                                 
              100/100                                                          
                    100/100                                                    
                          100/100                                              
                                100/100                                        
                                      90/100                                   
                                           100/100                             
                                                 100/100                       
     test                                                                      
     Impact   50    50    50    50    40   50    50                            
     resistance (cm)                                                           
     Resistance to                                                             
     boiling water                                                             
      Appearance                                                               
              Good  Good  Good  Good  Good Partially                           
                                                 Partially                     
                                           peeling                             
                                                 peeling                       
      Adhering                                                                 
              100/100                                                          
                    100/100                                                    
                          100/100                                              
                                100/100                                        
                                      50/100                                   
                                           0/100 0/100                         
      ability                                                                  
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance                                                               
              Good  Good  Good  Good  Good Blister-                            
                                                 Blister-                      
                                           ing   ing                           
      Adhering                                                                 
              100/100                                                          
                    100/100                                                    
                          100/100                                              
                                100/100                                        
                                      50/100                                   
                                           0/100 0/100                         
      ability                                                                  
     Alkali   Good  Good  Good  Good  Good Peeling                             
                                                 Peeling                       
     resistance                                                                
     CASS Test                                                                 
              10    10    10    10    9.5  8     8.5                           
     (Rating No.)                                                              
     __________________________________________________________________________
      Note:                                                                    
       *.sup.1 Direct current.                                                 
       *.sup.2 Alternating current.                                            
PAC  EXAMPLES 5 to 15
PAR  Aluminum substrates were treated in the same manner as in Example 1 except
      that 3 wt.% aqueous solution of oxyacid salts indicated in Table 2 were
      used in place of sodium silicate. The properties of each of the substrates
      thus treated was determined with the result shown in Table 2 and Table 3.
TBL                                    Table 2                                 
     __________________________________________________________________________
                  Ex. 5 Ex. 6 Ex. 7  Ex. 8 Ex. 9 Ex. 10                        
     __________________________________________________________________________
     Oxyacid salt KBO.sub.2                                                    
                        NaPO.sub.3                                             
                              Al(H.sub.2 PO.sub.4).sub.3                       
                                     Na.sub.3 VO.sub.4                         
                                           NH.sub.4 VO.sub.3                   
                                                 K.sub.2 WO.sub.4              
     Coating thickness                                                         
                  15    15    15     14    15    15                            
      (.mu.)                                                                   
     Hardness     3H    3H    3H     3H    3H    3H                            
     Cross-cut test                                                            
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100                                   
                                           100/100                             
                                                 100/100                       
     Impact resistance (cm)                                                    
                  50    50    50     50    50    50                            
     Resistance to                                                             
     boiling water                                                             
      Appearance  Good  Good  Good   Good  Good  Good                          
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100                                   
                                           100/100                             
                                                 100/100                       
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance  Good  Good  Good   Good  Good  Good                          
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100                                   
                                           100/100                             
                                                 100/100                       
     Alkali resistance                                                         
                  Good  Good  Good   Good  Good  Good                          
     CASS test (Rating No.)                                                    
                  10    10    9.5    10    10    10                            
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
                  Ex.11 Ex.12 Ex.13  Ex.14   Ex.15                             
     __________________________________________________________________________
     Oxyacid salt Na.sub.2 W.sub.4 O.sub.13                                    
                        KMnO.sub.4                                             
                              Ba(MnO.sub.4).sub.2                              
                                     K.sub.2 SnO.sub.3.3H.sub.2 O              
                                             K.sub.2 MoO.sub.4                 
     Coating thickness                                                         
                  16    14    15     15      16                                
      (.mu.)                                                                   
     Hardness     3H    4H    3H     3H      4H                                
     Cross-cut test                                                            
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100 100/100                           
     Impact resistance (cm)                                                    
                  50    50    50     50      50                                
     Resistance to                                                             
     boiling water                                                             
      Appearance  Good  Good  Good   Good    Good                              
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100 95/100                            
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance  Good  Good  Good   Good    Good                              
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100                                          
                                     100/100 100/100                           
     Alkali resistance                                                         
                  Good  Good  Good   Good    Good                              
     CASS test (Rating No.)                                                    
                  10    10    10     10      10                                
     __________________________________________________________________________
PAC  EXAMPLE 16
PAR  An aluminum substrate prepared as described above was immersed in aqueous
      solution containing 1.5 parts of sodium chromate (Na.sub.2 CrO.sub.4), 3
      parts of sodium carbonate (Na.sub.2 CO.sub.3) and 100 parts of water for 3
      minutes at 50.degree.C for chemical conversion coating, then rinsed with
      water and subsequently conducted to electrolysis by the same manner as in
      Example 1. The aluminum substrate was then electrophoretically coated by
      the same manner as in Example 1 to obtain a coated panel.
PAC  EXAMPLES 17 to 24
PAR  Aluminum substrates were treated in the same manner as in Example 16 except
      that 3 wt.% aqueous solution of oxyacid salts indicated in Table 4 or 5
      were used in place of sodium silicate.
PAC  COMPARISON EXAMPLE 4
PAR  Aluminum substrate was treated in the same manner as in Example 16 except
      that electrolysis was not conducted.
PAR  The properties of each of the substrates obtained in Examples 16 to 24 and
      Comparison Example 4 was determined with the result shown in Table 4 or 5.
TBL                                    Table 4                                 
     __________________________________________________________________________
                  Ex. 16 Ex. 17 Ex. 18                                         
                                      Ex. 19                                   
                                            Ex. 20                             
     __________________________________________________________________________
     Oxyacid salt Na.sub.2 O.2SiO.sub.2                                        
                         K.sub.2 O.3SiO.sub.2                                  
                                KBO.sub.2                                      
                                      KH.sub.2 PO.sub.4                        
                                            Na.sub.3 VO.sub.3                  
     Coating thickness                                                         
                  14     15     15    16    16                                 
      (.mu.)                                                                   
     Hardness     3H     3H     3H    3H    3H                                 
     Cross-cut test                                                            
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                      100/100                                  
                                            100/100                            
     Impact resistance (cm)                                                    
                  50     50     50    50    50                                 
     Resistance to                                                             
     boiling water                                                             
      Appearance  Good   Good   Good  Good  Good                               
      Adhering ability                                                         
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                      100/100                                  
                                            100/100                            
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance  Good   Good   Good  Good  Good                               
      Adhering ability                                                         
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                      100/100                                  
                                            100/100                            
     Alkali resistance                                                         
                  Good   Good   Good  Good  Good                               
     CASS test (Rating No.)                                                    
                  10     10     10    10    10                                 
     __________________________________________________________________________
TBL                                    TABLE 5                                 
     __________________________________________________________________________
                                            Comp.                              
                  Ex. 21                                                       
                        Ex. 22                                                 
                              Ex. 23  Ex. 24                                   
                                            Ex.4                               
     __________________________________________________________________________
     Oxyacid salt K.sub.2 WO.sub.4                                             
                        KMnO.sub.4                                             
                              K.sub.2 SnO.sub.3.3H.sub.2 O                     
                                      K.sub.2 MoO.sub.4                        
                                            --                                 
     Coating thickness                                                         
      (.mu.)      15    14    13      15    15                                 
     Hardness     3H    3H    3H      3H    2H                                 
     Cross-cut test                                                            
                  100/100                                                      
                        100/100                                                
                              100/100 100/100                                  
                                            100/100                            
     Impact resistance (cm)                                                    
                  50    50    50      50    50                                 
     Resistance to                                                             
     boiling water                                                             
      Appearance  Good  Good  Good    Good  Good                               
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100 100/100                                  
                                            100/100                            
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance  Good  Good  Good    Good  Blisten-                           
                                            ing                                
      Adhering ability                                                         
                  100/100                                                      
                        100/100                                                
                              100/100 100/100                                  
                                            50/100                             
     Alkali resistance                                                         
                  Good  Good  Good    Good  A few pitting                      
     CASS test (Rating No.)                                                    
                  10    10    10      10    9                                  
     __________________________________________________________________________
PAC  EXAMPLE 25
PAR  Aluminum substrate was treated in the same manner as in Example 1 except
      for electrophoretic coating operation. The aluminum substrate thus
      prepared was air-sprayed at air pressure of 3.5 kg/cm.sup.2 with acrylic
      resin-modified polyurethane coating composition (trade mark: "Retan Clear
      No. 702", product of Kansai Paint Co., Ltd., Japan) and thereafter baked
      in a hot air at 80.degree.C for 20 minutes.
PAC  EXAMPLE 26
PAR  Aluminum substrate was treated in the same manner as in Example 25 except
      that chemical conversion treatment was used in place of boehmite
      treatment.
PAC  EXAMPLE 27
PAR  Aluminum substrate was treated in the same manner as in Example 25 except
      that electrostatic spray-coating was conducted in place of air-spraying as
      follows:
PAR  Aluminum substrate to be coated was earthed positively and the same acrylic
      resin-modified polyurethane coating composition as in Example 25 was
      charged negatively at -90 KV. Coating was conducted by using "A-E-H Gun".
PAC  EXAMPLE 28
PAR  Aluminum substrate was treated in the same manner as in Example 26 except
      that electrostatic spray-coating was used in place of air-spraying.
PAR  The properties of each of the substrates obtained in Examples 25 to 28 were
      determined with the result shown in Table 6.
TBL                                    Table 6                                 
     __________________________________________________________________________
                  Ex. 25 Ex. 26 Ex. 27 Ex. 28                                  
     __________________________________________________________________________
     Oxyacid salt Na.sub.2 O.2SiO.sub.2                                        
                         Na.sub.2 O.2SiO.sub.2                                 
                                Na.sub.2 O.2SiO.sub.2                          
                                       Na.sub.2 0.2SiO.sub.2                   
     Coating thickness                                                         
                  15     15     15     15                                      
      (.mu.)                                                                   
     Hardness     3H     3H     3H     3H                                      
     Cross-cut test                                                            
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                       100/100                                 
     Impact resistance (cm)                                                    
                  50     50     50     50                                      
     Resistance to                                                             
     boiling water                                                             
      Appearance  Good   Good   Good   Good                                    
      Adhering ability                                                         
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                       100/100                                 
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance  Good   Good   Good   Good                                    
      Adhering ability                                                         
                  100/100                                                      
                         100/100                                               
                                100/100                                        
                                       100/100                                 
     Alkali resistance                                                         
                  Good   Good   Good   Good                                    
     CASS test (Rating No.)                                                    
                  10     10     10     10                                      
     __________________________________________________________________________
PAC  EXAMPLE 29
PAR  Aluminum substrate was treated in the same manner as in Example 1 without
      electrophoretic coating. The aluminum substrate thus treated was then
      immersed in water-soluble acrylic resin modified polyester coating
      composition having a solid content of 17 % by weight (trade mark: "Alguard
      No.1000", product of Kansai Paint Co., Ltd., Japan) and kept for 1 minute,
      and thereafter taken up at a speed of 1 m per minute. The resulting
      aluminum substrate was baked at 200.degree.C for 15 minutes.
PAC  EXAMPLE 30
PAR  Aluminum substrate was treated in the same manner as in Example 29 except
      that chemical conversion treatment was used in place of boehmite
      treatment.
PAR  The properties of each of the substrates obtained in Example 29 and 30 were
      determined with the result shown in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
                     Example 29 Example 30                                     
     ______________________________________                                    
     Oxyacid salt      Na.sub.2 O.2SiO.sub.2                                   
                                    Na.sub.2 O.2SiO.sub.2                      
     Coating thickness 15           16                                         
      (.mu.)                                                                   
     Hardness          3H           3H                                         
     Cross-cut test    100/100      100/100                                    
     Impact resistance (cm)                                                    
                       50           50                                         
     Resistance to                                                             
     boiling water                                                             
      Appearance       Good         Good                                       
      Adhering ability 100/100      100/100                                    
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance       Good         Good                                       
      Adhering ability 100/100      100/100                                    
     Alkali resistance Good         Good                                       
     CASS test (Rating No.)                                                    
                       10           10                                         
     ______________________________________                                    
PAC  EXAMPLE 31
PAR  An aluminum substrate prepared as described previously was immersed in
      boiling deionized water for 10 minutes, then rinsed with water and
      subsequently immersed in an aqueous solution of sodium silicate (Na.sub.2
      O.2SiO.sub.2) to conduct electrolysis by applying direct current at 30
      volts for 60 seconds. After rinsing with water, the substrate was immersed
      in 3% aqueous solution of sodium metaborate (Na.sub.2 BO.sub.2) to conduct
      electrolysis by applying direct current at 60 volts for 60 seconds. The
      substrate was then rinsed with water and thereafter dried. The dried
      substrate was then conducted to electrophoretic coating by the same manner
      as in Example 1.
PAC  EXAMPLE 32
PAR  Aluminum substrate was treated in the same manner as in Example 1 except
      that two kinds of oxyacid salts indicated in Table 8 were used in place of
      sodium silicate.
TBL                Table 8                                                     
     ______________________________________                                    
                    Example 31 Example 32                                      
     ______________________________________                                    
     Oxyacid salt     Na.sub.2 O.2SiO.sub.2                                    
                                   Li.sub.2 O.10SiO.sub.2                      
                      Na.sub.2 BO.sub.2                                        
                                   Na.sub.2 MoO.sub.4                          
     Coating thickness                                                         
                      16           15                                          
      (.mu.)                                                                   
     Hardness         3H           3H                                          
     Cross-cut test   100/100      100/100                                     
     Impact resistance (cm)                                                    
                      50           50                                          
     Resistance to                                                             
     boiling water                                                             
      Appearance      Good         Good                                        
      Adhering ability                                                         
                      100/100      100/100                                     
     Resistance to                                                             
     sulfurous acid                                                            
      Appearance      Good         Good                                        
      Adhering ability                                                         
                      100/100      100/100                                     
     Alkali resistance                                                         
                      Good         Good                                        
     CASS test (Rating No.)                                                    
                      10           10                                          
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for coating an aluminum or aluminum alloy comprising the steps
      of subjecting the aluminum or aluminum alloy to treatment with steam or
      hot water to form a boehmite layer or to chemical conversion treatment
      with at least one of phosphate and chromate, electrolytically anodizing
      the resulting aluminum or aluminum alloy in an aqueous solution of a
      water-soluble salt of at least one oxyacid, and thereafter coating the
      aluminum or aluminum alloy with an organic coating composition to form a
      resin layer, said oxyacid being at least one oxyacid selected from the
      group consisting of silicic acid, phosphoric acid, molybdic acid, vanadic
      acid, permanganic acid, stannic acid and tungstic acid.
NUM  2.
PAR  2. The process for coating an aluminum or aluminum alloy according to claim
      1, in which the aluminum or aluminum alloy is subjected to treatment with
      steam or hot water to form a boehmite layer.
NUM  3.
PAR  3. The process for coating an aluminum or aluminum alloy according to claim
      1, in which the aluminum or aluminum alloy is subjected to chemical
      conversion treatment with at least one of phosphate and chromate.
NUM  4.
PAR  4. The process for coating an aluminum or aluminum alloy according to claim
      1, in which the concentration of said water-soluble salt in the aqueous
      solution is in the range of 0.1 weight percent to saturation.
NUM  5.
PAR  5. The process for coating an aluminum or aluminum alloy according to claim
      4, in which said concentration is in the range of 1.0 weight percent to
      saturation.
NUM  6.
PAR  6. The process for coating an aluminum or aluminum alloy according to claim
      1, in which said water-soluble salt is at least one water-soluble salt of
      silicic acid.
NUM  7.
PAR  7. The process for coating an aluminum or aluminum alloy according to claim
      1, in which said water-soluble salt is at least one water-soluble salt of
      tungstic acid.
NUM  8.
PAR  8. The process for coating an aluminum or aluminum alloy according to claim
      1, in which said water-soluble salt is at least one water-soluble salt of
      phosphoric acid.
NUM  9.
PAR  9. The process for coating an aluminum or aluminum alloy according to claim
      1, in which said water-soluble salt is at least one water-soluble salt of
      molybdic acid.
NUM  10.
PAR  10. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which said water-soluble salt is at least one water-soluble
      salt of vanadic acid.
NUM  11.
PAR  11. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which said water-soluble salt is at least one water-soluble
      salt of permanganic acid.
NUM  12.
PAR  12. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which said water-soluble salt is at least one water-soluble
      salt of stannic acid.
NUM  13.
PAR  13. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which the aluminum or aluminum alloy is electrophoretically
      coated with an organic coating composition.
NUM  14.
PAR  14. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which the organic composition is electrostatically coated on
      the aluminum or aluminum alloy.
NUM  15.
PAR  15. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which the aluminum or aluminum alloy is coated by
      electrostatic spray coating method with an organic coating composition.
NUM  16.
PAR  16. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which the aluminum or aluminum alloy is coated by
      spray-coating method with an organic coating composition.
NUM  17.
PAR  17. The process for coating an aluminum or aluminum alloy according to
      claim 1, in which the organic composition is coated on the aluminum or
      aluminum alloy by immersion-coating.
NUM  18.
PAR  18. An aluminum or aluminum alloy coated by the method claimed in claim 1.
PATN
WKU  039459004
SRC  5
APN  5084091
APT  1
ART  114
APD  19740923
TTL  Electro ultrafiltration process and apparatus
ISD  19760323
NCL  10
ECL  1,5
EXP  Williams; Howard S.
NDR  2
NFG  4
INVT
NAM  Klinkowski; Peter R.
CTY  Norwalk
STA  CT
ASSG
NAM  Dorr-Oliver Incorporated
CTY  Stamford
STA  CT
COD  02
RLAP
COD  72
APN  249701
APD  19720502
PSC  03
CLAS
OCL  204181
XCL  204299EC
XCL  204300EC
EDF  2
ICL  C25D 1306
ICL  B01D 1302
FSC  204
FSS  181;300 EC;299 EC
UREF
PNO  3663397
ISD  19720500
NAM  Le Bras et al.
OCL  204181
UREF
PNO  3730866
ISD  19730500
NAM  Madejczyk
OCL  204181
UREF
PNO  3784460
ISD  19740100
NAM  Le Bras et al.
OCL  204181
FREF
PNO  1,020,910
ISD  19660200
CNT  UK
OCL  204299EC
FREF
PNO  1,117,461
ISD  19680600
CNT  UK
OCL  204181
LREP
FR2  Snyder; H. M.
FR2  Kearns; Burtsell J.
FR2  Jablon; Theodore M.
ABST
PAL  An electro-ultrafiltration process is conducted in a tank in which the
      cathode and anode regions are separated by an anisotropic ultrafiltration
      membrane. A pressure differential is applied across the membrane and the
      fluid component of the bath moves through the membrane under the influence
      of this pressure for removal from the tank. Current applied between the
      electrodes develops an additional flow of the fluid component of the bath
      through the membrane. Due to the special characteristics of the
      anisotropic membrane, the total flux through the membrane under these
      conditions greatly exceeds the flux attributable to the individual effects
      of pressure and current. This process is especially useful when applied in
      electrophoretic coating systems, for it can establish a stable bath
      composition and it also tends to maintain the membrane in an essentially
      unfouled condition.
PARN
PAR  This application constitutes a continuation-in-part of application Ser. No.
      249,701, filed May 2, 1972, now abandoned.
BSUM
PAR  This invention relates to an electro-ultrafiltration process for separation
      of particulate matter from a fluid medium.
PAR  Most particulate matter when dispersed in fluids, is electrophoretic.
      Passing a current between electodes immersed in such a fluid will drive
      the particles to one of the electrodes thereby effectng a separation. The
      solids dispersed in clay slurries, sewage wastewater, proteinaceous
      suspensions such as cheese whey and polymeric electrocoating paints, have
      electrophoretic properties. The ultrafiltration process is a separation
      procedure which employs a differential pressure applied across a
      microporous membrane. The micropores of this membrane are of a size as to
      prevent passage of particles of high molecular weight (in general,
      particles of over 500 mw).
PAR  It is convenient to describe the present invention as it applies to plants
      for applying polymeric coatings. There are in commercial use
      electrophoretic coating installations in which an article to be coated is
      immersed as the anode in a bath containing charged polymeric paint resins
      in suspension or solution. The process has well-known advantages over
      conventional coating procedures such as spraying, dipping and the like. By
      means of this process, a relatively uniform coating can be applied to
      articles having complex configurations, including recessed areas; for
      example, automobile frames and bodies and tubular members. Wide use is
      made of the process in the automobile industry in the application of
      primers and paints for protecting such structures from corrosion.
PAR  It will be seen that in the operation of an electrophoretic deposition
      bath, the polymeric coating material is removed from the bath as the
      coating of articles proceeds, leaving behind the fluid or liquid medium
      which was initially associated with the coating material. Accordingly, the
      concentration of polymeric material will decrease in the course of the
      coating operations and, if nothing is done to replenish the supply of
      polymeric material or otherwise maintain its concentration in the bath,
      satisfactory operation of the coating process cannot long proceed. It has
      been found beneficial, therefore, to continuously remove and filter a
      portion of the bath, especially that portion of the bath which has become
      depleted of polymeric material. In the filtering process, commonly
      employing an ultrafiltration membrane, the polymeric material is separated
      from the fluid medium. The polymeric material can be fed directly back
      into the bath to maintain the desired concentration of coating material.
PAR  The fluid medium, which is the filrate in the electrophoretic coating
      process described above, contains impurities such as chromates,
      phosphates, chlorides and sulphates carried into the bath by one means or
      another; e.g., by the articles being coated. Such impurities increase bath
      conductivity, lower the bath throwing power and otherwise contaminate the
      bath and impede the process. When this fluid medium is removed from the
      bath as a filtrate, it may be wasted or treated for reuse. For example,
      the contaminated filtrate might be diluted with fresh fluid medium to a
      tolerable impurity level, mixed with polymeric material to achieve the
      desired concentration and then returned to the bath. One current practice
      is to waste a portion of the filtrate while the bulk is used to rinse the
      article being coated of non-deposited paint which is then returned to the
      bath.
PAR  The efficiency of the ulrafiltration membrane in removing the fluid medium,
      i.e. the flux rate, is usually expressed as a percent of the normal water
      flux. The normal water flux is measured at specified pressures on a feed
      of deionized water and is ordinarily considered the maximum flux that can
      be achieved by the membrane under test at the specified pressure. The
      water flux is the standard used because there are no retained or dissolved
      species to hinder flow.
PAR  One particularly successful ultrafiltration unit which has been applied in
      such a system employs an anisotropic, microporous, polymeric, high-flux,
      low-pressure membrane of the kind disclosed in U.S. Pat. No. 3,615,024,
      issued Oct. 26, 1971 in the name of A. S. Michaels. Ultrafiltration may
      also be carried out with cellulosic ultrafilters. In any case, the special
      membrane employed has a layered structure. An extremely thin layer, about
      one-tenth to about ten microns in thickness composed of a homogeneous
      polymer, is supported upon a thicker layer, about twenty microns to about
      one millimeter or more in thickness of a microporous open-celled polymer.
      Average pore diameter thickness, in the millimicron range; for example,
      from 1 to 1,000 millimicrons; i.e., about one-tenth to one-hundredth the
      thickness of the skin. By selection an ultrafiltration membrane having the
      appropriate pore size, the polymeric coating material can readily be
      separated from the fluid medium in an ultrafiltration unit.
      Electrodeposition tanks coupled with an ultrafiltration unit employing
      membranes of the type described, have operated on a commercial basis.
      However, after extended operation, the membranes of the ultrafiltration
      unit tend to become fouled with the electrophoretic polymeric material,
      thereby limiting flow of the filtrate through the membrane. Reliance is
      placed in these closed ultrafiltration units or cells upon the high
      velocity of the in-flowing stream to help limit film formation of
      polymeric material on the membrane and to reduce any material adhering to
      the membrane. Despite the fact that the ulrafiltration cells are thus to
      some extent self-cleaning, it is necessary from time to time either to
      remove the cells for a separate and special cleaning operation or to
      substitute clean cells for the fouled cells. Of course, it would be very
      distinctly advantageous if a process could be provided in which the
      ulrafiltration membrane would be completely self-cleaning or, better
      still, if a system could be provided in which such fouling films would not
      be deposited.
PAR  An electro-ultrafiltration system has now been invented with which an
      extraordinarily high flux rate can be achieved, in some cases higher even
      than the water flux rate. When the system is applied to the
      electrophoretic coating process, not only is bath composition maintained,
      but the ultrafiltration membrane will not require any substantial separate
      cleaning operation.
PAR  It is an object of the invention to provide an electro-ultrafiltration
      system having a high flux rate.
PAR  It is a further object of the invention to develop a flux rate in an
      electro-ultrafiltration process which can equal or even exceed the normal
      water flux rate of the membrane.
PAR  It is still another object of this invention to provide an operating
      electrophoretic deposition bath with a substantially constant
      concentration of polymeric coating material and constant low level of
      contaminants together with an ultrafiltration system which remains
      essentially unfouled in the deposition process.
PAR  It is yet another object of this invention to provide an ultrafiltration
      system for an electrodeposition process wherein fouling films are
      generally not deposited on the ultrafiltration membrane, but if deposited,
      are removed in the normal course of operation of the electrodeposition
      process.
DRWD
PAR  Other objects and advantages of the invention will become apparent from the
      following description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic showing of an electrophoretic deposition process in
      accordance with this invention,
PAR  FIG. 2 is a schematic showing of another system for electrophoretic
      deposition in accordance with this invention,
PAR  FIG. 3 is a broken perspective view of an electrode suitable for use in the
      process of the invention,
PAR  FIG. 4 is a view similar to FIG. 3 of an alternative structure for an
      electrode, and
PAR  FIG. 5 is a graph in which current density is plotted against flow rate in
      utilizing a membrane in accordance with the invention.
DETD
PAR  Generally speaking, the present invention contemplates an
      electro-ultrafiltration process in which a microporous, anisotropic,
      ultrafiltration membrane is utilized to separate anode and cathode
      chambers in the bath. As current is passed between the electrodes,
      traversing the membrane, the filterable particulate material in one
      chamber migrates toward the electrode therein for deposition or
      collection, while the fluid constituent of the bath moves through the
      membrane into the other electrode chamber. From this latter chamber excess
      fluid can be removed for disposal or reuse. Also, in accordance with the
      practice in ultrafiltration processes, a differential pressure is
      established and maintained across the membrane to effect a flow of fluid
      constituent through the membrane. It has been discovered, surprisingly,
      that the total flux obtained in this fashion invariably greatly exceeds
      the sum of the fluxes attributable to the individual effects of the
      pressure and current applied across the membrane. This remarkable
      phenomenon is apparently due to the characteristics of the microporous,
      anisotropic, ultrafiltration membrane.
PAR  In a more specific aspect, the present invention contemplates a process for
      the electrophoretic deposition of a polymeric coating material on an
      article in which the bath contains electrically charged polymeric material
      in a fluid (usually aqueous) medium. The article to be coated is made the
      anode in the bath and the cathode is isolated in the bath by a microporous
      ultrafiltration membrane which is substantially impermeable to the
      polymeric coating material, but through which the fluid medium can pass.
      The voltage gradient across the membrane causes the polymeric material in
      the anode region to deposit upon the anode while, at the same time, a flow
      of fluid medium which is directly proportional to the current density at
      the membrane passes into the cathode region. The fluid volume associated
      with the cathode is maintained at a lower pressure than the anode bath
      volume and, consequently, as the polymeric material is deposited on the
      articles to be coated and thereby removed from the bath at the anode, an
      additional flow of fluid medium passes into the cathode volume through the
      membrane under the influence of said pressure and is thereby removed from
      the anode bath volume. The fluid medium takes with it, through the
      membrane, ionic impurities which would otherwise accumulate in the anode
      bath. The anodic bath volume in which deposition is carried out is thus
      maintained with a substantially constant concentration of the polymeric
      coating material and a minimum of ionic impurities. The flux rate of fluid
      medium through the membrane can be controlled and raised to a level even
      higher than the water flux in some cases, by increasing the current
      density impressed upon the membrane.
PAR  In carrying the invention into practice, a tank for the electrophoretic
      deposition of polymeric coating material is provided with an anisotropic,
      microporous, polymeric, high-flux, low-pressure membrane which separates a
      main or anode bath volume of the tank from an enclosed cathode volume, and
      a pump means is provided for maintaining the cathodic volume at a lower
      pressure than the anode bath volume so that a flow is established through
      the membrane. The electrodeposition bath, as in the prior art, consists of
      a polymeric coating material suspended in an aqueous medium. Since the
      membrane separating the cathode volume from the anode volume is
      impermeable to the polymeric coating material, the flow through the
      membrane resulting from the pressure differential and the current density
      on the membrane will consist substantially entirely of the aqueous medium
      together with such impurities as may be dissolved in the bath. Further,
      the electrical potential between cathode and anode induces migration of
      polymeric particles in the bath toward the anode. Since substantially all
      of the polymeric material in the bath is disposed in the anode volume, the
      movement of particles located on or adjacent to the membrane is directed
      away from the membrane. The flux rate through the membrane is responsive
      to variations in current density impressed on the membrane. Increasing the
      current density increases the flux rate per unit membrane area
      proportionately.
PAR  The membrane thus provides a way for stabilizing the composition of the
      bath, since, with the polymeric coating material leaving the bath as a
      coating on the painted articles, the aqueous medium leaves the anode
      volume of the bath through the membrane and may then be pumped out of the
      tank. The amount of filtrate or aqueous medium withdrawn can be adjusted
      by the pressure differential employed and by the current density impressed
      on the membrane to more or less exactly balance the consumption of
      polymeric coating material, thereby stabilizing the bath composition.
      Also, since the movement of polymeric material is away from the membrane,
      the membrane tends to remain clean. The filtrate or fluid medium withdrawn
      from the bath may be used in washing coated articles, in pre-rinsing the
      articles to be coated, or it may be mixed with additional polymeric
      coating material and then used to replensih the bath, or the filrate may
      be wasted. In some cases the filtrate may be treated to remove impurities
      before it is reused in the process.
PAR  The bath compositions for electrodeposition are often characterized as
      being "solubilized", but, in fact, may be considered to be a complex
      solution, a dispersion, a suspension or a combination of one or more of
      these classes in water. These solubilized baths act as electrolytes for
      the passage of electric current. While the polymeric materials may, in
      some cases, or to some extent, be in solution, generally speaking the
      condition of the polymeric material is a dispersion of a molecular size
      lying somewhere between a colloidal suspension and a true solution.
PAR  Referring now to FIG. 1, there is disclosed therein an electrophoretic
      deposition system 10 for painting articles, which includes an
      electrodeposition tank 12 which is electrically insulated and contains a
      fluid indicated by the fluid level 26 which is made up of two fluid
      volumes separated by the filtering element 22. This filtering element 22
      comprises an ultrafiltration membrane 23 which is sustained in position by
      the support member 24 which may be an insulating plastic perforate grid or
      screen. A first fluid volume in the electrodeposition tank 12 is composed
      of electrophoretic paint and fills the anode chamber 28 in which the
      electrodeposition process is carried out, whereas the second fluid volume
      occupies the cathode chamber 29 and is composed of a filtrate which is the
      aqueous medium component of the electrophoretic paint. Immersed in the
      paint in the anode chamber 28 is the anode member 14 (the article to be
      painted) connected to a DC power supply (not shown) by the electrical
      conductor 15. The cathode 16 is immersed in the aqueous medium of filtrate
      occupying cathode chamber 29 and it is connected to the DC power supply by
      the electrical conductor 17. The vacuum pump 42 is in communication with
      the gas volume 35 above the fluid 36 in the holding tank 34 through the
      conduit 43. The conduit 32 connects the filtrate chamber 29 of the
      electrodeposition tank 12 with the holding tank 34. A conduit 38
      communicates with the holding tank 34 to permit withdrawal of fluid
      therefrom for disposal or further use.
PAR  In operation, an electrical potential is maintained between the cathode 16
      and the anode 14 of sufficient magnitude to cause the negatively charged
      polymeric coating material in the fluid volume 28 to migrate to the anode
      14 and thoroughly coat the electrode. The coated article or electrode 14
      is then withdrawn from the bath, taking with it a substantial amount of
      the polymeric coating material. At the same time, a pressure differential
      is maintained across the filtering element 22 by the vacuum pump 42 by
      withdrawing fluid from the cathode chamber 29 through the conduit 32. The
      cathode chamber 29 is thereby maintained at a lower pressure than the
      anode chamber and, in consequence, a fluid flow is established through the
      membrane 23 of the filtering element 22. In addition, there is a component
      of the flux rate through the membrane which is due to the current density
      impressed on the membrane. Thus, the actual flux rate obtained is the
      result of the combined effects of pressure and current density at the
      membrane. Further, this combined flux rate is substantially greater than
      would be expected from mere summation of the flux rates due to each. Since
      the membrane 23 is substantially impermeable to the polymeric coating
      material in the electrophoretic paint, the fluid flow through the membrane
      consists almost entirely of the aqueous medium component of the
      electrophoretic paint. Some minor amount of electrophoretic material, say
      10% or less, has a sufficiently small particle size so as to pass through
      the membrane 23 together with impurities in solution in the aqueous medium
      which the anode articles may bring into the bath. It wll be seen then
      that, in effect, both the polymeric coating material component and the
      aqueous medium component are being withdrawn from the electrodeposition
      tank 12, and by adjusting the operation of the vacuum pump and the current
      density on the membrane, the withdrawl of aqueous medium can be made to
      substantially exactly balance the withdrawl of polymeric coating material.
      The concentration of polymeric material in the electrophoretic paint is
      thus held essentially constant.
PAR  In the migration of polymeric coating material in the anode chamber 28
      toward the anode 14 during the coating process, it will be noted from the
      arrangement in the electrodeposition tank 12 that this movement is
      directed away from the membrane 23 of the filtering element 22. Therefore,
      there is little or no tendency for a flow-choking film of polymeric
      coating material to form on the membrane 23 itself. In fact, the tendency
      is for the coating material to strip off the membrane 23 if any such film
      has formed.
PAR  Referring now to FIG. 2, another mode of utilizing the process of the
      invention is illustrated. An electrodeposition tank 52 contains an
      electrophoretic paint bath 54. A feed reel 56 carries a roll of metal
      sheet 57 which dips into bath 54 around guide roll 58 and thence to
      take-up reel 59. Immersed in bath 43 is a hollow cylindrical electrode 62
      connected to a DC power source 67 by the electrical conductor 65. The
      metal sheet 57 is the other electrode in the bath 54 and is connected to
      the DC power source 67 through reel 59 by the electrical conductor 69. The
      exterior surface of the electrode 62 (see FIG. 3) is provided with an
      ultrafiltration membrane 63 and the chamber 61, interior of the electrode
      62, is in fluid communication with the holding tank 66 through conduit 64.
      Vacuum pump 68 communicates with the gas volume 72 above the fluid 73 in
      tank 66 through conduit 77. The conduit 75 is connected to holding tank 66
      as a drain.
PAR  The process, with the arrangement of FIG. 2, is carried out in a manner
      quite similar to that used with the arrangement of FIG. 1. Thus, the metal
      sheet 57 is the anode and moves through bath 54 to receive an
      electrodeposited coating of paint. The aqueous medium of the paint moves
      through the membrane 63 of the electrode 62 at rate determined by the
      pressure differential established by the vacuum pump 68 and the current
      density on the membrane and is withdrawn from the interior of the cathode
      through the conduit 64 to holding tank 66. The movement of electrophoretic
      polymeric material in bath 54 is away from the membrane 63 which therefore
      tends to remain clean.
PAR  The vacuum pumping means disclosed in the systems of FIGS. 1 and 2 may, of
      course, be replaced by direct acting pumps. In this case pumps would be
      inserted in conduit 32 of FIG. 1 and conduit 64 of FIG. 2. This would
      obviate the need for the sealed tanks 34 and 66 and the vacuum pumps 42
      and 68. The pumps may be operated continuously or intermittently.
PAR  Some additional details of alternative cathode structures are illustrated
      in FIGS. 3 and 4. In FIG. 3, the cathode member 62 is tubular or
      cylindrical in form and is composed of a porous metal tube element 81
      made, for example, by powder metallurgy techniques. The ulrafiltration
      membrane 63 is in contact with and completely envelops the exterior
      surface 83 of the porous metal member 81. It will be noted that the fluid
      medium of the electrophoretic paint gains access to the interior chamber
      61 of the cathode member 62 by passing first through the pores of membrane
      63 and then through the interstices of the powder metal tube element 81.
      An end closure or cap 87 is provided at each end of the cathode member 62
      to seal the interior chamber 61. The electrical conductor 65 is connected
      to the metal tube element 81 of cathode member 62 at 85. The fluid conduit
      64 communicates with the interior chamber 61 of the cathode member 62,
      passing through the end cap 87.
PAR  In FIG. 4, the cylindrical electrode 62 comprises a solid rodshaped carbon
      or metal element 91 supported in centrally spaced relation from the
      tubular grid member 93 which provides a perforate substrate as a base for
      the microporous membrane 63. Between the rod member 91 and the grid member
      93 is the internal cathode chamber 61. The electrical conductor 65 is
      passed through end cap 87 and connected to the electrode element 91 at 85.
      Fluid conduit 64 also passes through end closure or cap 87 and is in
      communication with the internal cathode chamber 61.
PAR  In the structures shown in FIGS. 3 and 4 it is sometimes advantageous to
      interpose a porous base member, such as a layer of cardboard, between the
      ultrafiltration membrane 63 and either the tubular electrode member 81 or
      the grid member 93. Cardboard provides a good surface on which the
      membrane may be deposited and does not interfere with the ulrafiltration
      process.
PAR  It will be understood that the ultrafiltration membrane employed may be of
      the type described in the aforementioned U.S. Pat. No. 3,615,024. Since
      flow through the membrane is proportional to current density, it is
      preferable that the membrane is so positioned in the bath as to be
      perpendicular to the electrical field established, although other
      orientations are operable. The membrane may be composed, in accordance
      with the above patent, of polymers such as polycarbonates,
      polyvinylchlorides, polyamides, acrylic resins, polystyrene,
      styrene-acrylonitrile, polysulfones, acetal polymers and various
      copolymers. The average pore size in the thin surface layer of such a
      membrane may advantageously be in the range from 20 A to 100 A, but larger
      or smaler pore size may be desirable depending upon the size of the
      electrophoretic molecules. In general, the pore size in the thin surface
      layer will be from 0.1 to 0.001 of the layer thickness. Pore size in the
      support layer will be one or more orders of magnitude larger than in the
      surface layer. The membrane will sustain a very substantial flow of fluid
      therethrough, say from 5 to 100 gfd (gallons per square foot per day) or
      more. For example, a membrane having an average pore size in the range
      from about 20 A to about 50 A can easily sustain a flow volume in the
      range from about 20 to about 50 gfd with very effective filtration effect
      using only a moderate pressure differential across the membrane of up to
      about 15 lb/in.sup.2 and a current density at the membrane of at least 10
      ma/cm.sup.2.
PAR  The formulation of polymeric materials for electrodeposition is a highly
      developed art and materials suitable for use in the bath of this invention
      are well known. Such polymeric materials are disclosed, for example, in
      U.S. Pat. No. 3,366,563 issued Jan. 30, 1968, U.S. Pat. No. 3,369,983
      issued Feb. 20, 1968 and U.S. Pat. No. 3,403,088 issued Sept. 24, 1968.
PAR  The medium used to suspend the polymeric coating material has been referred
      to throughout as an aqueous medium, but it will be understood that the
      medium will in most cases contain, in addition to water, solubilizers or
      surfactants such as detergents, cellusolves, ketones and alcohols which
      are there for the purpose of maintaining the resins in suspension or
      solution. Again, this aspect of the paint compositions is well described
      in the patents mentioned in the preceding paragraph.
PAR  The electrophoretic paint will also contain pigments in addition to the
      polymeric resins and solubilizers, e.g., titanium dioxide, carbon black
      and iron oxide.
PAR  Coatings of acrylic and epoxy resins, for example, may be formed by the
      process of the invention.
PAR  For the purpose of illustrating the advantages of the invention to those
      skilled in the art, the following example is given:
PAC  EXAMPLE I
PAR  Using the system illustrated in FIG. 2, some preliminary tests are carried
      out to substantiate certain aspects of the invention. The porous metal
      tubular cathode element (of the type shown in FIG. 3) employed in this
      case is a stainless steel member, 10 inches long and 1.75 inches in
      diameter with a 1/8 inch wall thickness. It was prepared by powder
      metallurgy techniques and the voids therein amount to 30%, by volume. The
      membrane was formed on the tubular cathode element by dipping the element
      into a liqud bath comprised of a 15% solution of of a
      polyvinylchloride-vinylacetate-acrylonitrile terpolymer (sold under the
      trade designation NYGS) in dimethylformamide with 3% water, thereby
      providing an adherent membrane on the element which is about 8 mils in
      thickness having an average pore size of from about 30 A to about 35 A.
      The electrophoretic bath is a composition sold under the trade designation
      ED-2000,  comprising 13% of a modified epoxy resin which is KOH-deficient,
      together with iron oxide and carbon black as pigments and with keto ethers
      and surfactants as dispersants.
PAR  With the roll mechanism and power supply shut down, the vacuum pump is
      operated to draw fluid from the interior chamber of the cathode into the
      holding tank. The fluid medium of the electrophoretic paint is drawn
      through the microporous membrane, but the electrophoretic material cannot
      pass through the membrane and accumulates on the surface thereof. The
      accumulation of electrophoretic material on the surface of the membrane
      gradually chokes off the flow of fluid medium and from an initial flow
      rate of about 10 gfd, the rate diminishes to very nearly a zero flow rate.
      The power is then turned on to establish a voltage gradient between the
      cathode 62 and the sheet anode 57 and the flow rate is measured as the
      current density is increased. The electrophoretic material in the bath
      migrates toward the anode, and significantly, as the current density
      increases, the electrophoretic film on the cathode is thinned and greatly
      depleted by migration of the material toward the anode, and a high rate of
      flow through the membrane is re-established. Flow through the membrane is
      proportional to current density and therefore proportional to the
      deposition rate. It is found that at the higher current densities, e.g.,
      6.5 ma/cm.sup.2 (milliamperes per square centimeter), flow rates of as
      high as 50 gfd and even higher can be attained. The results obtained as
      just described are set forth in graphical form in FIG. 5. It should be
      understood that the flow rate cannot improve indefinitely as the slope of
      the curve would indicate, but that at some value of current density higher
      than that used in this series of tests, the flow rate will become constant
      as the film on the membrane is substantially entirely removed. The high
      flow rates obtained in these tests contrast with results obtained with
      filtration cells now in commercial use which are subject to deposition of
      flow-inhibiting films. Flow rates in the range of only about 8 to 18 gfd
      are experienced in such installations. It is clear, then, that with the
      arrangement and process of the invention, the microporous membrane can be
      maintained essentially clear of flow-obstructing films in an
      electrophoretic bath and that the flow rate is determined by the pressure
      differential across the membrane and the current density impressed on the
      membrane.
PAR  The system of FIG. 2 was employed to deposit a coating of electrophoretic
      paint on a sheet of aluminum foil 0.002 in. in thickness which was passed
      through the bath from feed reel 56 to take-up reel 59. The bath was
      agitated by a magnetic stirrer (not shown). The sheet moved through the
      bath at a speed of 5 feet per minute. Both sides of the foil were
      uniformly coated with an adherent film of paint to a thickness of 2 mils.
      A flow of 60 gfd of the fluid medium of the electrophoretic paint was
      maintained through the microporous membrane throughout the painting
      process by a pressure of about 5 lb/in.sup.2 and a current density of
      about 8.4 ma/cm.sup.2. The normal water flux rate at 5 lb/in.sup.2 is
      about 14 gfd. The concentration of electrophoretic material remained
      substantially constant in the bath as determined by monitoring analyses
      during the process. No significant amount of electrophoretic material was
      deposited on the microporous membrane during the painting operation as is
      indicated by the fact that the high flow rate through the membrane
      remainded substantially constant.
PAR  The effect of current density at the membrane on the flux rate was examined
      in some detail as is set forth in the following examples.
PAC  EXAMPLE II
PAR  A 0.2 sq. ft. membrane was prepared by casting on the outside of a porous
      caardboard tube the solution, as described in Example I, and precipitating
      in water containing 3% Triton X-100. A 1/2-inch carbon rod was inserted
      inside the tubular membrane and connected to a power supply. Appropriate
      fittings were connected to the membrane device to set up the system
      illustrated in FIG. 2.
PAR  With no power applied, the water flux of the membrane was measured at
      different pressures.
TBL  ______________________________________                                    
     Pressure (inches                                                          
     of Hg vacuum)       Water Flux (gfd)                                      
     ______________________________________                                    
     20                  26                                                    
     15                  20.5                                                  
     10                  13.4                                                  
     ______________________________________                                    
PAL  Over the pressure range tested, water flux varied linearly with the
      pressure applied.
PAR  With no power applied, the system was run on the electrophoretic bath
      composition described in Example I. At 15 inches Hg vacuum, the initial
      flux was 12 gfd which dropped to 0 gfd after only several minutes of
      operation. The application of power on clean membranes resulted in the
      following stable flux rates:
TBL  Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     0.7         3.8               11.7                                        
     1.0         5.4               16.55                                       
     1.4         7.6               19.2                                        
     1.8         9.7               25.5                                        
     1.9         10.2              27.5                                        
     ______________________________________                                    
PAL  It will be noted that with a current density of 9.7 ma/cm.sup.2 and at a
      pressure of 15 inches Hg vacuum, the stable flux rate attained operating
      with electrophoretic paint substantialy exceeded the water flux rate at
      that pressure. Increasing the current density to 10.2 ma/cm.sup.2 resulted
      in an even higher stable flux rate. The expected flux rate of the permeate
      would be about two-thirds that of the water flux rate.
PAR  In order to achieve higher current densities, the bottom half of the
      tubular membrane device was rendered impervious to fluid and electric
      current with insulating tape. Flux rates were stable at the following
      points with 15 inches of vacuum.
TBL  ______________________________________                                    
     Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     1.6         17.25             39.2                                        
     1.8         19.4              45.5                                        
     3.2         34.4              69.7                                        
     3.8         41                85.0                                        
     ______________________________________                                    
PAL  With pressure held constant, a linear relationship has thus been
      demonstrated between the current density and the flux over the current
      density range tested.
PAR  After 27 hours of operating in paint, the membrane device was then removed
      from the bath, cleaned carefully and tested for any change in water flux.
      At 15 inches Hg, its water flux was 16.7 gfd. The slight drop from the
      original of 20.5 gfd is presumed to be due to incomplete cleaning. This is
      supported by the fact that after soaking for several hours in water with a
      few drops of diethylamine, the flux was again measured at 18.2 gfd. The
      most remarkable and entirely unexpected result of this experiment was the
      discovery that in the electrophoretic application of anisotropic membrane
      devices where the current is applied across the membrane, operating flux
      can be in excess of the normal water flux. This means that aside from the
      predictable removal of any fouling film accomplished by application of the
      electric current, there is, in addition, some mechanism which causes
      significant accelerated transport of the fluid medium. To study this
      further, flux rates were measured with current, at 15 inches Hg vacuum, on
      a deionized water-diethylamine system (only a trace amount of diethylene
      is added to make the water conductive) and the same tubular membrane:
TBL  Current (Amps)        Flux (gfd)                                          
     ______________________________________                                    
     0                     18.2                                                
     0.2                   66.7                                                
     0.5                   100                                                 
     1.0                   134                                                 
     ______________________________________                                    
PAR  In a similar KOH-water system, the same membrane gave 200 gfd at 0.8 amp
      and 15 inches Hg vacuum. One would anticipate that if trace amounts of KOH
      or diethylamine in water could cause such a dramatic effect on the water
      transport, larger quantities of KOH or diethylamine would yield even
      greater effects. Experimental evidence, however, showed that, as the ionic
      strength of the solution increased, it reached a point where not only was
      there no net increase in mass transfer, but instead the flux reverted to
      the same rate as was achieved with no power applied.
PAR  Thus, the following table has been prepared from these experiments:
TBL               10.sup.-.sup.4 N KOH                                         
                             10.sup.-.sup.1 N KOH                              
     ______________________________________                                    
     flux at 0 amps  18 gfd      18 gfd                                        
     flux at 1 amp  200 gfd      18 gfd                                        
     ______________________________________                                    
PAR  While it is not the intent to be bound by any particular explanation of the
      phenomena which have been described above, since there are other possible
      explanations which ultimately may prove to be valid, it is presently
      believed that the unexpected increase in transport through the membrane
      relates to ionic solutions whose DeBye length is large with respect to the
      pore length. The DeBye length as used herein is defined as the diameter of
      the electric field which exists about an ion. Indeed, it is the extremely
      short pore length of the anisotropic membranes that distinguishes them
      from other membrane or semi-permeable devices which have been used
      similarly without experiencing the accelerated transport. When the thin
      skin of the anisotropic membrane is less than about 90 A in paint, the
      DeBye length of the ions in solution is longer than the pore length in the
      skin and a "streaming" of positively charged ions through the pores is
      achieved.
PAC  EXAMPLE III
PAR  A cellulose acetate ulrafiltration membrane of the anisotropic type was
      cast on a cardboard tube according to the art. The effective membrane area
      was 0.1 sq. ft. and it was applied into the system described in FIG. 2 and
      operated on deionized water-diethylamine feed with and without application
      of current and then operated on electrophoretic paint feed with and
      without current.
TBL  ______________________________________                                    
     Pressure (inches                                                          
     of Hg vacuum)       Water Flux (gfd)                                      
     ______________________________________                                    
     10                  21.2                                                  
     15                  30.6                                                  
     20                  38.1                                                  
     ______________________________________                                    
PAL  At 15 inches of Hg vacuum:
TBL  Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Water Flux                                  
                                   (gfd)                                       
     ______________________________________                                    
     0           --                30.6                                        
     0.3         3.2               37.5                                        
     0.6         6.4               50.0                                        
     1.0         10.8              60.0                                        
     1.5         16.1              51.0                                        
     ______________________________________                                    
PAL  On ED-2000 electrophoretic paint -- 15 inches of Hg vacuum:
TBL  Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     0           --                0                                           
     1.2         12.9              26.8                                        
     2.0         21.6              34.6                                        
     2.7         29.1              50.5                                        
     4.0         43.2              73.5                                        
     4.7         50.5              90.8                                        
     ______________________________________                                    
PAL  It will be noted from the above results that an anisotropic cellulose
      acetate ultrafiltration membrane exhibits the same improved flux rates
      when current is applied as were observed with respect to the anisotropic
      polyvinylchloride-vinylacetate-acrylonitrile terpolymer ulrafiltration
      membrane of Example I. Thus, it is seen that the water flux rate at 15
      inches of mercury vacuum can be nearly doubled by applying a current
      density of 10.8 ma/cm.sup.2. This doubled flux can be exceeded, even
      though the system is operating on electrophoretic paint, as the current
      density approaches 40 ma/cm.sup.2.
PAC  EXAMPLE IV
PAR  Three anisotropic membranes, of the types indicated below, were cast on the
      outside of porous polypropylene tubes according to the art. The tubes were
      assembled as in FIG. 2 by insertion of carbon rods as in Example II. Each
      membrane was 0.082 sq. ft. Flux characteristics were determined on each
      one.
TBL  ______________________________________                                    
     XP-24 membrane (polyvinylchloride-vinyledene                              
     chloride, acrylonitrile                                                   
     terpolymer) (24,000 mw cut off):                                          
     No Current:                                                               
     Pressure (inches                                                          
     of Hg vacuum)       Water Flux (gfd)                                      
     ______________________________________                                    
     10                  116                                                   
     15                  193                                                   
     20                  279                                                   
     With Current at 15" Hg:                                                   
                 Current Density                                               
     Current (Amps)                                                            
                 (ma/cm.sup.2)  Water Flux (gfd)                               
     ______________________________________                                    
     0           --             174                                            
     0.5          6.6           279                                            
     1.0         13.1           350                                            
     1.5         19.7           420                                            
     On ED-2000 electrophoretic paint:                                         
     Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     0           --                0                                           
     1.2         15.8              39                                          
     1.75        23                45.7                                        
     2.10        27.6              58.41                                       
     2.36        31                62.78                                       
     2.62        34.4              72.44                                       
     3.82        50.1              84.6                                        
     IP-3 (Polyarylsulphone) membrane (3,000 mw cut off):                      
     Water flux - no current:                                                  
     Pressure (inches                                                          
     of Hg vacuum)       Water Flux (gfd)                                      
     ______________________________________                                    
     10                  155                                                   
     15                  232                                                   
     20                  284                                                   
     ED-2000 electrophoretic paint at 15" Hg:                                  
     Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     0.67         8.8              17.6                                        
     1.2         15.8              28.9                                        
     2.05        26.9              38.8                                        
     2.85        37.4              59.64                                       
     3.56        46.7              71.2                                        
     5.5         72.2              115.6                                       
     XP-24 low viscosity (very thin) membrane:                                 
     No current - water flux:                                                  
     Pressure (inches                                                          
     of Hg vacuum)       Water Flux (gfd)                                      
     ______________________________________                                    
     10                  25                                                    
     15                  34.6                                                  
     20                  45                                                    
     Water flux with current at 15" Hg:                                        
                 Current Density                                               
     Current (Amps)                                                            
                 (ma/cm.sup.2)  Water Flux (gfd)                               
     ______________________________________                                    
     0           --              35                                            
     0.25        3.3             64                                            
     0.35        4.6            210                                            
     0.55        7.2            300                                            
     Flux on ED-2000 at 15" Hg:                                                
     Current (Amps)                                                            
                 Current Density (ma/cm.sup.2)                                 
                                   Flux (gfd)                                  
     ______________________________________                                    
     0           --                 0                                          
     1.1         14.4              29.6                                        
     2.0         26.3              45.4                                        
     2.56        33.6              63.4                                        
     2.94        38.6              95.8                                        
     ______________________________________                                    
PAL  The results obtained with these three membranes demonstrate the remarkable
      increase in flux which is obtained by application of current across the
      membrane.
PAC  EXAMPLE V
PAR  In order to demonstrate the synergistic effect obtained, in accordance with
      this invention, by the simulaneous application of both pressure and
      current across the anisotropic membrane, the water flux was determined on
      a 0.003 M solution of sodium bicarbonate with (1) pressure alone applied,
      (2) current alone applied and (3) both pressure and current applied. The
      results were as follows:
TBL  Pressure (inches                                                          
     of Hg vacuum) Current (Amps) Flux (gfd)                                   
     ______________________________________                                    
     25            0              189                                          
      0            1               60                                          
     25            1              331                                          
     ______________________________________                                    
PAL  It is seen that the effects of simultaneous application of pressure and
      current, across an anisotropic membrane, are not merely additive, but the
      actual water flux obtained in this instance exceeds the sum of the two
      effects by more than 30%.
PAR  The anisotropic membrane of U.S. Pat. No. 3,615,024, mentioned above, would
      exhibit a water flux of 15 - 25 gfd on pure distilled water at a 15 psi
      pressure drop. Such an anisotropic membrane would have an 8 - 10 gfd flux
      when used (with no current across the membrane) in the treatment of an
      electrodeposition bath as described in U.S. Pat. No. 3,663,404, which
      issued May 16, 1972. Used in accordance with this application, the
      anisotropic membrane could sustain flux rates in excess of 150 gfd at the
      same pressure differential. Flux is independent of pressure when operated
      at at least about a 5 psi differential.
PAR  The power consumption to produce 1,000 gallons of permeate from an
      anisotropic ultrafiltration membrane used in accordance with U.S. Pat. No.
      3,663,404 would be about 60 kilowatt hours. This power is necessarily
      consumed in passing the feed along the membrane surface at a sufficient
      velocity to minimize the secondary film buildup and sustain a steady state
      flux. When that same membrane is used in accordance with this invention,
      the same quantity of permeate could be generated with only 6 kilowatt
      hours, because the fouling films are prevented by the electrode-membrane
      arrangement.
PAR  The discovery that the membrane flux is proportional to the current
      density, independent of the membrane area and a function of the area of
      the object undergoing electropainting, makes it relatively simple to
      achieve automatic tank control. This automatic tank control would operate
      in the following manner in the electropainting of automobile bodies, for
      example: The automobile bodies would move through the paint bath at a
      fixed rate to receive a coating of paint. The voltage would be set at some
      value which will produce the electrical current required to deposit a
      paint coating of desired quality on the automobile bodies. The membrane
      flux is constant, maintaining the paint bath concentration at a
      predetermined level. When it is desired to increase the rate at which the
      automobile bodies are painted, and hence a greater area for painting is
      moved into the bath in a given time period, the voltage is maintained
      constant with a consequent increase in the current, whereby the desired
      coating quality is maintained. The increase in current, of course, results
      in an increase in current density at the membrane and a consequent
      increase in the flux. The increase in flux tends to stabilize the
      composition of the paint bath.
PAR  In the above description, it has been indicated that the deposition of
      coating material occurs at the anode. However, the invention is equally
      applicable in the situation where the polarity of the electrodes is
      reversed; i.e., where the article to be coated is made the cathode, to
      which positively charged polymeric material is attracted, and the fluid
      medium of the electrophoretic paint is removed as a filtrate through the
      anode chamber.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for electrophoretic deposition of a coating on a first
      electrode from a bath containing polymeric coating material disposed in a
      fluid medium wherein an ulrafiltration process is employed to maintain the
      concentration of polymeric coating material in the bath at a substantially
      constant level while deposition proceeds, the improvement whereby a
      polymeric anisotropic ulrafiltration membrane is maintained in a
      substantially clean and unfouled condition and functions to remove excess
      fluid medium and contaminants from the bath, comprising,
PA1  subjecting said bath to the ultrafiltration process proximate a second
      electrode which is isolated from the main bath volume by said anisotropic
      ultrafiltration membrane and thereby establishing and maintaining a volume
      of ulrafiltrate depleted in polymeric material at said second electrode,
      said volume of ultrafiltrate being closed off from the atmosphere,
PA1  withdrawing ultrafiltrate from said volume established at said second
      electrode to maintain a pressure differential of at least about 5 psi
      across said anisotropic membrane and a first flow increment of fluid
      medium from said bath through said anisotropic membrane,
PA1  energizing the electrodes to establish an electrical current traversing
      said anisotropic membrane for electrophoretic deposition of said polymeric
      material, thereby inducing migration of said polymeric material in said
      main bath volume and, particularly, in the region adjacent said membrane,
      toward said first electrode essentially in counterflow to the flow of
      fluid medium through said anisotropic membrane whereby said membrane is
      maintained in a substantially unfouled condition,
PA1  said current inducing a second flow increment of fluid from said main bath
      volume of ultrafiltrate at said second electrode, the total flow of fluid
      medium through said membrane being directly proportional to the current
      applied and the total flow through the membrane being substantially
      greater than the sum of the flows individually attributable to the effects
      of pressure and current.
NUM  2.
PAR  2. A process for separating particulate material from a fluid medium in
      which it is disposed, comprising,
PA1  establishing a bath volume isolated from a main bath volume by an
      anisotropic microporous ultrafiltration membrane,
PA1  maintaining a differential pressure across said membrane capable of
      supporting a predetermined first flow rate of said fluid medium through
      said membrane into said isolated bath volume,
PA1  locating a first electrode in the main bath volume and a second electrode
      in said isolated bath volume,
PA1  passing a current through said anisotropic membrane to effect deposition of
      said particulate material at said first electrode,
PA1  said current being independently capable of supporting a second
      predetermined flow rate of said fluid medium through said anisotropic
      membrane into said isolated bath volume, and
PA1  the total flow of fluid medium through said membrane into said isolated
      bath volume exceeding the sum of the flows individually attributable to
      the pressure and current applied.
NUM  3.
PAR  3. The process of claim 2 wherein the differential pressure across said
      membrane is at least about 5 psi.
NUM  4.
PAR  4. A bath control method for anodic electrophoretic deposition on anodic
      surface areas wherein current is passed through the bath to deposit
      electrophoretic material on one or more recipient anodes which move into,
      through and out of the bath, comprising,
PA1  locating at least one cathode in contact with an enclosed pressure-tight
      bath volume isolated from the main bath volume by an anisotropic
      ultrafiltration membrane,
PA1  establishing a pressure differential of at least about 5 psi across the
      membrane to initiate a first flow component of ultrafiltrate through the
      membrane,
PA1  passing a current between said cathode and said recipient anodes to effect
      electrodeposition upon said recipient anodes and to initiate a second flow
      component of ultrafiltrate through the membrane which is directly
      proportional to the current density on the membrane,
PA1  maintaining a constant voltage between said electrodes thereby assuring a
      constant deposition rate per unit area and a second flow component of
      ultrafiltrate which varies in direct relation to the depletion of solids
      from the bath and proportionally to the changes in surface area of the
      anode,
PA1  the total flow of ultrafiltrate through said membrane substantially
      exceeding the sum of the flows individually attributable to the pressure
      and current applied.
NUM  5.
PAR  5. An ultrafiltration system for treating a filterable fluid medium which
      is capable of attaining accelerated transport of filtrate through an
      anisotropic ulrafiltration membrane, comprising,
PA1  a vessel having two chambers separated by said anisotropic ultrafiltration
      membrane, one of said chambers being open to the atmosphere and the other
      closed to the atmosphere,
PA1  said anisotropic ultrafiltration membrane comprising a thin skin of from
      about 0.1 to 5 microns in thickness having an average pore diameter of
      from about 1 to 1,000 millimicrons on a coarsely porous support layer,
PA1  means for establishing a pressure differential between said chambers across
      said anisotropic membrane wherein the fluid at higher pressure bears on
      the skin surface of said membrane and is capable of forcing filtrate
      through said membrane at a first flow rate,
PA1  an electrode in each of said chambers adapted to be immersed in the fluid
      therein,
PA1  means for establishing an electrical potential between said electrodes to
      thereby initiate a flow of electrical current between said electrodes
      across said membrane,
PA1  said current flow being capable of initiating a flow of fluid at a second
      flow rate through said membrane which is supplementary to said fluid flow
      generated by said pressure differential,
PA1  the total fluid flow rate through said anisotropic membrane when both
      pressure and current are applied being substantialy in excess of the sum
      of the fluid flow rates individually attributable to said pressure
      differential and said current.
NUM  6.
PAR  6. The system of claim 5 wherein the electrode in said closed chamber is
      the cathode and wherein an extraction pump is provided to establish a
      pressure differential of at least about 5 psi across said membrane.
NUM  7.
PAR  7. The system of claim 5 wherein the electrode in said closed chamber is
      the anode and wherein an extraction pump is provided to establish a
      pressure differential of at least about 5 psi across said membrane.
NUM  8.
PAR  8. The system of claim 5 wherein said electrode in said open chamber is
      adapted to make electrical contact with a D.C. power supply and comprises
      a plurality of conductive members movable into, through and out of said
      open chamber for deposition of a polymeric coating material thereon.
NUM  9.
PAR  9. The ultrafiltration system of claim 5 wherein one of said electrodes
      comprises a porous tubular metal member, the internal chamber of said
      tubular member being sealed and thus constituting the closed chamber of
      said vessel, the ultrafiltration membrane being in contact with and
      enveloping the exterior surface of said tubular metal member, the tubular
      member being connected through an electrical conductor to an external
      source of power and a fluid conduit connecting the internal chamber of the
      tubular member with external means for withdrawing fluid from said
      internal chamber.
NUM  10.
PAR  10. The ultrafiltration system of claim 5 wherein one of said electrodes
      comprises a carbon or metal rod member axially disposed of a tubular
      filtering element which is comprised of a perforate support member on
      which is disposed the ultrafiltration membrane, the volume defined between
      the said rod member and the tubular filtering element providing a sealed
      annular chamber constituting the closed chamber of said vessel, the rod
      member being connected thrugh an electrical conductor to an external
      source of power and a fluid conduit connecting the said annular chamber
      with external means for withdrawing fluid from said chamber.
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ABST
PAL  A method is provided for obtaining the deposition of a protective
      electrocoating film onto the surface of electrically conductive,
      magnetically-attractable metal articles. With the method, a multitude of
      various articles, e.g., screws, clips, bolts, nails and the like, which
      may be in mixture, can be readily and efficiently electrocoated in batch
      or continuous operation. The method provides for establishing a magnetic
      field in close proximity to a coating bath, with the field having
      sufficient magnetic strength to affect the location of coated parts in at
      least a zone of the coating bath. The magnetic field cooperates with an
      assembly that is rotatable, e.g., a drum member. The means for rotation
      has a face element at least partly immersed in the bath. In rotation,
      articles are moved within the bath while they are under the influence of
      the magnetic field.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      371,149, filed June 18, 1973, now U.S. Pat. No. 3,898,151.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The deposition of an organic coating by electrical deposition processes on
      electrically conductive articles has received much attention in recent
      years. Some of this attention has been focused upon the coating of large
      numbers of small objects. One attractive feature of such a coating system,
      which may be termed electropainting, electrocoating or the like, is the
      generally desirable uniformity of coating.
PAR  Such coating uniformity is often difficult to achieve on small objects, as
      for example, screws, since they have sharp edges and abrupt changes in
      surface configuration that do not lend themselves to achieving a uniform
      surface coating. In the coating of such small objects by electrodeposition
      there has been tried the conventional coating procedure of placing many
      such items in a wire basket or similar conductive container. It was early
      appreciated that such method involves coating of the container during
      coating of the small items contained therein. This results in disposing of
      the container after merely one use or of the economically unattractive
      removal of the coating from the container before re-use.
PAR  It was therefore suggested to provide electrical connection between the
      objects to be coated and the container with a disposable
      connector-conductor, e.g., a layer of steel wool on the container bottom.
      For example, in U.S. Defensive Publication No. T856,035, such concept has
      been suggested after a discussion of the above noted problems associated
      with simply using wire baskets as coating containers. The concept of
      employing steel wool simply supplants one disposable item coated during
      the electrodeposition operation for another disposable item.
PAR  Such disposable items can be minimized; in the coating of small objects,
      this has been disclosed in U.S. Pat. No. 3,575,832. It has likewise been
      discussed in such patent the desirability of employing electromagnetic
      support means. And, by such support means, the small objects, and
      disposable connector-conductors, can be carried through not only the
      coating but also the curing step, although simultaneous coating of a
      plurality of objects is not ostensibly a practical feature of such
      operation.
PAR  As has been mentioned hereinabove, the difficulty in obtaining a uniform
      coating for many small objects is associated with the surface
      configuration of such objects. These configurations present a non-smooth
      appearance, but this feature may enhance the small objects making contact
      through deposited, wet coatings to an underlying electrode. Regardless,
      although paint films that are deposited by the electrocoating process are
      "self-limiting", at this resulting thickness conductivity of the deposit
      is retained as long as the coating is wet. Thus, parts deposited on the
      coating will have impressed upon them sufficient flow of electrical energy
      to themselves become coated. The "self-limiting" feature provides that the
      underlying article no longer is sufficiently conductive to achieve a
      further deposition of paint on itself once a sufficient paint film
      thickness has been achieved.
PAR  Although both anodically depositable and cathodically depositable paints
      can be formulated, and are contemplated for use herein, commercial
      development has focused upon anodically depositable paints and such are
      often used herein for illustration although both types are contemplated.
PAR  Movement of small articles during the coating operation is encouraged to
      achieve efficient coating; but since foaming of such baths may become a
      problem, suppression of foam generation must be kept in mind. For example,
      in U.S. Pat. No. 3,616,392 there is disclosed an electrocoating process
      employing a series of two conveyors, each conveyor being in association
      with a plurality of hoppers. Loading of parts into hoppers of the first
      conveyor, and subsequently dumping from same into the hoppers of the
      second conveyor, ostensibly permits adequate movement of the parts to
      obtain desirable coating thereon. The angle of the second conveyor then
      permits the coated parts to be conveyed out of the coating bath for
      subsequent curing. Such operation is not however simplistic in nature,
      involving many moving parts, and necessitates a large tank and a
      considerable bulk of apparatus, when considered in association with the
      size of the objects to be coated. In regard to this, and other aspects of
      the foregoing discussion, reference can be had to "Products Finishing",
      February, 1973, pages 34-43.
PAC  SUMMARY OF THE INVENTION
PAR  A method is now provided whereby many small articles can be easily and
      contemporaneously electropainted in batch or continuous operation. The
      method is tailored towards simplistic operation and suppressing foam
      generation; and, it is directed to the treatment of
      magnetically-attractable as well as electrically conductive articles. With
      the method of the present invention, such small articles are quickly and
      efficiently electrocoated and often with minimal equipment and further,
      while reducing uneconomical liquid dragout losses.
PAR  The present invention is thus directed to the method of electrocoating a
      plurality of discrete, magnetically-attractable and
      electrically-conductive metallic articles of manufacture with a protective
      electrocoating film by establishing contact between the articles and a
      bath of electrocoating composition, with the method including the feeding
      of electrocoating composition to the bath and to a coating zone therein.
      The method also includes establishing a magnetic field with magnet means
      in close proximity to the coating zone and having sufficient field
      strength to attract coated articles located in at least a portion of the
      zone, as well as providing a rotatable member proximate to, but spaced
      apart from, the magnet means and offering in rotation a face element in
      continuous surface-wettting contact with electrocoating composition in the
      bath. Further, the method calls for establishing electrically conductive
      means for providing a flow of electrical energy through the coating zone
      and through electrically conductive articles located therein, and
      impressing a flow of electrical energy through the means, while feeding
      articles into the coating zone, into contact with the impressed flow of
      electrical energy and into the influence of the magnetic field, whereby
      such articles are coated and attracted onto the face element of the
      intervening rotatable member. Thereby rotating such member provides for
      moving on the face element the wet, coated articles within the bath while
      these articles are under the influence of the magnetic field.
PAR  In another aspect, the invention is directed to the method of preparing a
      multitude of objects for subsequent electrodeposition of an organic film
      thereon, as well as to such electrodepsition.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a verticle cross sectional view of apparatus according to the
      invention and having a rotatable drum with interior magnet assembly.
PAR  FIG. 2 is a vertical cross sectional view of apparatus employing a tray
      coating tank as well as a rotatable drum with interior magnet assembly.
PAR  FIG. 3 depicts a two-drum, vertical cross sectional view of apparatus
      according to the present invention and having a conveyor member around a
      drum type magnetic assembly.
PAR  FIG. 4 is a cross sectional view in vertical perspective of an assembly for
      carrying on surface pre-treatment and subsequent electropainting
      operation.
PAR  FIG. 5 is a vertical cross sectional view of apparatus wherein a dual
      rotatable drum assembly enhances small part movement during coating.
PAR  FIG. 6 is a cross sectional view in vertical perspective of a conveyor
      assembly using a magnet for impressing parts into association with
      conveyor means.
PAR  FIG. 7 depicts in a cross sectional view an assembly of a coating drum plus
      a rotatable magnetic drum.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a drum or cylindrical shell 4 made conventionally of
      non-magnetic as well as non-magnetizable but electrically conductive
      metallic material, is mounted by a hub 5 for rotational movement about a
      stationary shaft 6. The shaft 6 is usually mounted on bearings, not shown,
      supported on a fremework, also not shown. Furthermore, the drum 4 is
      rotated in operation as depicted in FIG. 1 in a counter-clockwise
      direction typically by connection with a power source, all not shown.
      Within the drum 4 is a stationary magnet 12 positioned by means of support
      members not shown. The magnet 12 has an outer, arcuate surface in close
      proximity to the inner surface of drum 4 and spaced apart therefrom in
      concentric relationship.
PAR  The bottom portion of the drum 4 is slightly immersed in a bath 11 of
      electrocoat paint contained in a holding tank 9. The tank 9 is located
      under the end section of a chute 8 down which fresh articles 7 for coating
      may be conveyed toward the bath 11. On the side of the holding tank 9
      opposite the end section of the chute 8, and closely adjacent to the drum
      4, is a conveyor 14. On the conveyor 14, coated parts 13 are conveyed away
      from the drum 4 and over a demagnetizer 15. Near the upper open end of the
      holding tank 9 and immersed in the bath 11 is an electrode 16 insulating
      layer on the upper surface thereof.
PAR  In operation, small fresh parts 7 are gravity fed from a source not shown
      down the chute 8; as such articles 7 leave the chute 8 they are attracted
      to the outer surface of the drum 4 by the magnet 12. In this operation
      where the bath 11 is an anodically deposited organic material, the drum 4
      serves as the anode from a source of electric current, not shown, and is
      thereby connected to such source by means not shown, e.g., by a brushtype
      contact. Drum 4 will thereby have deposited on its outer surface a soft,
      self-limiting layer of electrodeposited paint. As the drum 4 rotates, such
      wet layer of paint, now shown, will be continuously air exposed and then
      re-immersed and wetted in the bath 11, maintaining a wet, deposited film.
PAR  Continuous rotation of the drum 4 permits parts 7 directed to the outer
      surface of the drum 4 to move initially through the bath 11 for coating
      thereon; and, subsequently, while maintained under the influence of the
      stationary magnet 12, to be conveyed out of the bath 11. This path of
      travel is continued until gravitational force overcomes the magnetic
      field. As a result, coated parts 13 fall, typically accompanied by initial
      slipping across the face of the drum 4, and eventually away from the drum
      4 onto the conveyor 14. The coated parts 13 are thereon conveyed away from
      the drum 4 over the demagnetizer 15 for removing any magnetic effect
      imparted to the coated parts 13 under the influence of the magnet 12. Such
      coated parts 13 are transported on the conveyor 14 typically to rinsing
      and curing means, not shown.
PAR  In FIG. 2, fresh parts 21 feeding from a source not shown enter a bath 22
      of electrocoat paint. The bath 22 is maintained in a tank 23. Submersed
      parts 20 in the bath 22 may move along the tank 23, e.g., the tank 23 may
      be a vibrating tray having attendant vibrating means not shown. During
      such movement, the immersed parts 20 come between the bottom of the tank
      23 and an electrode 24 connected to a power source, not shown. The
      electric charge is given to the immersed parts 20 through the tank 23 and
      connected in conventional manner to a power source, all not shown.
PAR  As movement continues, resulting coated parts 25 come under the influence
      of a magnetic field originating with a stationary magnet 26 positioned
      inside a pickup drum 27. The pickup drum 27 rotates in clock-wise
      direction on a hub 28 around a stationary shaft 29. This hub 28 and shaft
      29 arrangement has attendant bearings and has attendant means connected
      with a power source, all not shown. The lower portion of pickup drum 27 is
      immersed in the bath 22 of electrocoat paint.
PAR  The coated parts 25 under the influence of the magnet 26 are attracted onto
      the pickup drum 27 and by rotation of the drum 27 these parts 25 are
      carried out of the bath 22. Subsequently, the parts 25 on the drum 27
      rotate away from the influence of the magnetic field and fall by
      gravitational affect to a conveyor 31. On the conveyor 31 the coated parts
      25 are then conveyed away and over a demagnetizer 32, typically to rinsing
      and curing operations not shown.
PAR  In FIG. 3 a pickup drum 41 is supported by a hub 42 on a stationary shaft
      43. The drum 41 and hub 42 are supported on the shaft 43 by bearings, not
      shown; and, as with the drum 4 in FIG. 1, the pickup drum 41 is driven by
      attendant apparatus also not shown. A portion of the outer surface of the
      pickup drum 41 is in snug contact with a continuous conveyor belt 44 made
      of electrically conductive but non-magnetic and non-magnetizable material,
      e.g., stainless steel. The belt 44 is in contact, e.g., by brush contacts,
      with a source of electric power, conventionally of direct current, all not
      shown. This conveyor belt 44 is also in snug contact with a conveyor drum
      45.
PAR  The conveyor drum 45 is supported by a hub 46 on a stationary shaft 47.
      Attendant support apparatus for the conveyor drum 45 is also not shown.
      Either the conveyor drum 45 or the pickup drum 41 or both, may be
      connected through drive means to a power source providing rotational
      movement. As shown in FIG. 3, both drums 45 and 41 rotate clockwise,
      thereby, in operation, providing continuous rotation of the conveyor belt
      44 in a generally clockwise manner.
PAR  The pickup drum 41 houses an interior stationary magnet 48 and further,
      this drum 41 is in part immersed in a bath 49 of electrocoat paint. The
      immersion of the drum 41 into the bath 49 also results in the immersion of
      a portion of the conveyor belt 44 into the bath 49. Also immersed in the
      bath 49 are freshly entering parts 51 feeding from a source not shown.
      These parts 51 enter the bath 49 and move along the bottom surface of a
      holding tank 52 containing the bath 49 of electrocoat paint. The tank 52
      is connected by means not shown to serve as the electrode providing an
      electric charge to the parts 51. Subsequently, coated parts 53 are
      attracted onto the conveyor belt 44 by the magnet 48. The coated parts
      traveling on the conveyor belt 44 between the pickup drum 41 and conveyor
      drum 45 may pass over a demagnetizer 54; continuing on, the coated parts
      53 are gravity fed from the conveyor belt 44 and fall onto a removal
      conveyor 55 for transportation away from the conveyor drum 45 and
      typically to operations as have been mentioned hereinabove. When no
      demagnetizer 54 is present between the drums 41 and 45, the coated parts
      53 on the removal conveyor 55 pass over a demagnetizer 56. During
      continued rotation, the portion of the conveyor belt 44 continuing on
      around the conveyor drum 45 is then reintroduced into the bath 49.
PAR  Referring to FIG. 4, a first drum 61 is equipped in a manner as has been
      described for the drum 4 in FIG. 1. Thus, in part, it is mounted on a hub
      62 for rotational movement around a stationary shaft 63. Within the first
      drum 61 is a stationary magnet 64 positioned my means of support members
      not shown. The magnet 64 is in the lower zone of the first drum 61 and is
      spaced away from the interior shell surface of the drum 61. The bottom
      portion of the drum 61 is slighlty immersed in liquid treating composition
      65 contained in a holding tray 66. At the left hand portion of the holding
      tray 66, fresh parts feeding from a source not shown enter the liquid
      treating composition 65 and become submersed therein under the drum 61.
PAR  Closely adjacent to this first drum 61 but at the right hand side of the
      drum 61 is an intermediate conveyor 67. That is, the conveyor 67 is spaced
      intermediately between the first drum 61 and a second drum 71. Submersed
      articles 68 that move out of the liquid treating composition 65 on the
      rotating first drum 61, reach a zone where gravitational force overcomes
      the magnetic force of the stationary magnet 64. As a result, the treated
      articles 69 fall onto the intermediate conveyor 67; thereafter, they may
      be conveyed over a demagnetizer 72.
PAR  The treated articles 69 next are conveyed into a bath 76 of electrocoat
      paint. The paint bath 76 is contained in a holding tray 75 that serves as
      one electrode, and hence the bath functions as has been described
      hereinbefore for FIG. 2. Thus, the other electrode 74 is slightly immersed
      in the bath 76 and spaced apart from the bottom of the holding tray 75.
      Submersed and treated parts 73 are coated in the bath 76 as they move
      under the electrode 74 along the tray 75.
PAR  Also immersed in the bath 76 is the lower portion of the second drum 71. As
      was the case with the first drum 61, the second drum 71 is mounted by a
      hub 77 about a stationary shaft 78 and has additional, attendant apparatus
      as discussed hereinabove with similar such drums. Housed in the second
      drum 71 is a stationary magnet 79. Treated parts 73 that have become
      coated parts 81 in the bath 76, are conveyed out of the bath 76 under the
      influence of the stationary magnet 79 on the outer face of the second drum
      71. These coated parts 81 fall by gravitational force onto a removal
      conveyor 82 whereby the coated parts 81 are conveyed over a demagnetizer
      83 to subsequent operation.
PAR  In operation, as an example, articles that have been surface coated with a
      phosphate coating and subsequently water rinsed, may then be immersed in
      an aqueous solution 65 of chromic acid. The subsequently rinsed parts 69
      are then brought by the drum 61 out of this solution 65 and deposited on
      the intermediate conveyor 67; thereon they may be slowly carried under
      infra red lamps or through an oven or the like for drying. The dried parts
      then leave the intermediate conveyor 67 and are immersed in a bath 76 of
      electrocoat paint.
PAR  In like manner for a sequence of pre-treatments, a first drum 61 may be
      used, with attendant apparatus, to prepare the initial phosphate coating
      on the parts. In this instance, the fresh parts will be introduced into an
      aqueous phosphate coating bath 65. Resulting phosphate coated parts 69 may
      then be transported, as on a woven, porous intermediate conveyor 67 that
      will permit rinsing of the parts on the conveyor 67.
PAR  The subsequently coated and rinsed parts can be introduced through a second
      treating operation, e.g., the above mentioned chromic acid rinse whereby
      the phosphate coated parts leaving the intermediate conveyor 67 are fed
      into the chromic acid treating bath 65 and proceed as above described.
      Where an extended residence time for parts in a liquid composition is
      desired, such can be achieved, for example, by adjustment of equipment
      sizing. The advantages of the above sequences, including the extended
      sequence of first phosphate coating, subsequently chromic acid rinsing,
      and then painting has been disclosed in U.S. Pat. No. 3,454,483.
      Similarly, a desirable sequence of coating steps, including a final
      application of electrocoat paint, which sequence can be handled by
      apparatus such as depicted in FIG. 4, has been disclosed in U.S. Pat No.
      3,616,392.
PAR  When many small metallic articles are coated at the same time, adjacent
      articles may be in close contact that is not easily broken. This phenomena
      is sometimes referred to as "nesting". Nesting or other inter-part contact
      can lead to entrapment of air bubbles between parts, resulting in small
      unpainted patches or "holidays" in the overall painted surface. It is thus
      desirable to cause some movement between the parts during the coating
      operation as has been underscored in U.S. Pat. No. 3,728,247. In view of
      this, and referring to FIG. 5, uncoated parts 91 feeding from a source not
      shown enter a coating bath 92 on a feed conveyor 93. The coating bath 92
      is maintained in a large holding tray 94.
PAR  The feed conveyor 93, powered by attendant drive means, not shown, also
      serves as an electrode; thus, the electric charge given to the uncoated
      parts 91 is through the feed conveyor 93. It may be connected in a
      conventional manner, e.g. brush contacts, to a source of electrical
      energy, all not shown. The feed conveyor 93 may be formed, for example, of
      non-magnetic and non-magnetizable, but electrically conductive woven
      stainless steel. The uncoated parts 91 travelling on the feed conveyor 93
      pass under an immersed electrode 95, submersed in the coating bath 92
      directly above a zone of the path of travel of the feed conveyor 93 and
      having an upper insulating layer 90. An immersed magnet 89 may be placed
      under the uncoated parts 91 travelling on the feed conveyor 93 and such
      parts 91 may come under the influence of the field of this magnet 89
      during coating.
PAR  Resulting coated parts 96 travelling at first deeper into the coating bath
      92 on the feed conveyor 93 come under the influence of a magnetic field
      emanating from a stationary magnet 97. This stationary magnet 97 is housed
      in an intermediate drum 98 that is supported by a hub 99 on a stationary
      shaft 101. This arrangement of drum 98, hub 99 and stationary shaft 101 is
      supported by bearings and driven by attendant drive means, all not shown.
      The drum 98 is intermediate between the feed conveyor 93 and a second
      coating conveyor 102.
PAR  Coated parts 96 under the influence of the stationary magnet 97 are
      attracted and held on the outer surface of the intermediate drum 98. As
      the drum 98 rotates, these coated parts 96 eventually move beyond the
      magnetic field; thereafter, while outside the coating bath 92 and under
      the influence of gravity, they slide down the outer face of the
      intermediate drum 98. Since the drum 98 during its rotation is partly
      immersed in the coating bath 92, the outer surface of the drum 98 becomes
      wet with coating bath liquid. The coated parts 96 therefore slide, in a
      region of the drum 98 above the second coating conveyor 102, across a
      wetted surface.
PAR  As the coated parts 96 slide free from the wet surface of the drum 98 they
      re-enter the coating bath 92, which operation acts to enhance separation
      of adjacent parts and the removal of previously entrapped air bubbles. In
      falling, the coated parts 96 land on the second coating conveyor 102
      powered by attendant drive means, not shown. The second coating conveyor
      102 is given an electric charge; thus, through the conveyor 102 the charge
      is conducted to the coated parts 96, and all by conventional means and
      through a conventional power source, not shown. On the second coating
      conveyor 102, the coated parts 96 move under a subsequent immersed
      electrode 103 having an upper insulating cover 100. This passage under the
      subsequent electrode 103 serves to continue the coating of the parts 96
      after drum-induced separation. The parts 96 may also move over a second
      immersed magnet 110 that firmly impresses the parts 96 onto the second
      coating conveyor 102 for enhanced contact during coating. The resulting
      finally coated parts 104 are then moved along the second coating conveyor
      102 and come under the influence of a pick-up drum stationary magnet 105.
      The pick-up drum 106 housing such magnet 105, is mounted on a hub 107 for
      rotational movement around a stationary shaft 108 and if further equipped
      in a manner as has been referred to for the drum 4 in FIG. 1.
PAR  As the pick-up drum 106 rotates, the finally coated parts 104 held on the
      surface of the drum 106 by the stationary magnet 105, move initially out
      of the coating bath 92. As rotation continues, these parts 104 soon leave
      the influence of the magnetic field and, under gravitational influence,
      fall from the drum 106 onto a removal conveyor 109. The parts 104 are then
      conveyed on the removal conveyor 109 over a demagnetizer 111 and typically
      on to a subsequent rinse.
PAR  As used herein, all of the holding tanks, or holding trays, for the
      electrocoating liquid are typically connected by recirculating means not
      shown to separate storage tanks, also not shown. By this arrangement,
      fresh coating liquid is supplied to the holding tanks generally in amount
      sufficient for partial immersion of the face element of rotatable members
      that are in surface-wetting contact with the coating liquid. In the
      separate storage tank, which may be equipped with attendant cooling
      equipment, the coating liquid is tyically agitated and filtered and
      otherwise adjusted, e.g., pH adjustment, to provide for the desired
      characteristics of the electrocoat paint in the holding tank or tray.
PAR  In FIG. 6 a lower drum 115 is supported by a hub 116 on a stationary shaft
      117. The drum 115 and hub 116 are supported on the shaft 117 by bearings,
      not shown. A portion of the outer surface of the lower drum 115 is in snug
      contact with a continuous conveyor belt 118 that can be a foraminous belt
      made of electrically conductive but non-magnetic and non-magnetizable
      material, e.g., woven stainless steel. The belt 118 is in contact, e.g.,
      by brush contacts, with a source of electric power, conventionally of
      direct current, all not shown. This conveyor belt 118 is also in snug
      contact with an upper drum 119.
PAR  The upper drum 119 is supported by a hub 121 on a stationary shaft 122.
      Attendant support apparatus for the upper drum 119 is also not shown.
      Either the upper drum 119 or the lower drum 115 or both, may be connected
      through drive means to a power source providing rotational movement. As
      shown in FIG. 6, both drums 115 and 119 rotate clockwise, thereby, in
      operation, providing continuous rotation of the conveyor belt 118 in a
      generally clockwise manner.
PAR  The lower drum 115 is immersed in a bath 123 of electrocoat paint
      maintained in a hold tank 124. The immersion of the drum 115 into the bath
      123 also results in the immersion of a portion of the conveyor belt 118
      into the bath 123. Also immersed in the bath 123 are freshly entering
      parts 125 feeding from a source not shown. These parts 125 enter the bath
      123 by feeding down a chute 126 on to the conveyor belt 118. As the parts
      125 are moved on the belt 118, a magnet 127, partially immersed in the
      bath 123 and positioned under a portion of the belt 118 on which the parts
      are traveling, provides a magnetic field that impresses the parts 125 onto
      the belt 118. Preferably the strength of the magnetic field decreases, by
      curvature of the magnet 127 away from the belt 118, or by employing an
      electromagnet, or other similar means, so that the parts 125 are most
      firmly impressed on the belt 118 as they pass under the electrode 128.
      This action serves to enhance contact of the parts 125 with the belt 118,
      which is serving as the electrode providing an electric charge to the
      parts 125. The magnet 127 may have a series of alternating poles to
      produce movement of parts 125 on the belt 118, but this movement will not
      deleteriously interfere with the magnet 127 enhancing contact of the parts
      125 with the belt 118. The movement helps break up air entrapment in and
      among the parts.
PAR  The parts 125 traveling on the belt 118 pass under a partially immersed
      electrode 128 having an upper insulating layer 129. Continuing on, coated
      parts 125 are gravity fed from the conveyor belt 118 and fall onto a
      removal deck 131 for transportation away from the upper drum 119 and
      typically to operations as have been mentioned hereinabove. The coated
      parts 125 on the removal deck 131 pass over a demagnetizer 132. During
      continued rotation, the portion of the conveyor belt 118 continuing on
      around the upper drum 119 is then reintroduced into the bath 123. The
      upper drum 119 may be equipped with an interior magnet 133 when continued
      firm attraction of the parts 125 on the belt 118 is desired.
PAR  Curing as used herein can include, for example, baking as under infra red
      lamps or forced and heated air drying, or other useful operation to affect
      typically polymerization of coating constituents such as radiation curing.
PAR  Another procedure for effecting the simultaneous coating of a number of
      small parts while freeing the parts from deleterious adjacent inter part
      contact uses an inclined drum. Thus, and referring to FIG. 7, parts 141
      ready for coating slide down a feed chute 142, that may be preferably
      wetted with coating composition as from an overhead spray applicator. As
      the parts 141 continue down the feed chute 142 they become submersed in a
      coating bath 143 contained in a holding tank 144. Upon leaving the feed
      chute 142, the uncoated but submersed parts 141 are deposited into a
      cylindrical drum 145. This drum 145 has mounting means and is driven in
      rotation by attendant drive means, all not shown.
PAR  The cylindircal drum 145 also serves as an electrode. Hence, electric
      charge is given to the deposited and uncoated parts 141 through the
      cylindrical drum 145. It is connected in conventional manner such as
      through brush contacts to a source of electrical energy, all not shown.
      The interior of the drum 145 is equipped with a helical track 146. Thus,
      as the drum 145 revolves, the submersed parts 141 move upwardly in the
      drum 145, typically in groups of parts, by means of the helical track 146.
PAR  As rotation of the drum 145 continues, the parts 141 travel underneath an
      immersed electrode 147 spaced within the drum 145 but apart therefrom.
      During conveyance upwardly within the drum 145 and under the immersed
      electrode 147 the parts 141 thereby become coated. Further, owing to
      movement within the drum 145, the parts are retained free from deleterious
      interpart contact.
PAR  Resulting coated parts 148 emerge from the drum 145 showing highly
      desirable uniform coating. These coated parts 148 emerging from the drum
      145 are maintained in the coating bath 143. This submergence in the
      coating bath 143 is maintained by providing for the coated parts 148
      leaving the drum 145 to come under the influence of a stationary magnet
      149.
PAR  The stationary magnet 149 is housed in a cylindrical drum 151 that is
      supported by a hub 152 on a stationary shaft 153. This arrangement of drum
      151, hub 152 and stationary shaft 153 is supported by bearings and driven
      by attendant drum drive means, all not shown.
PAR  Coated parts 148 under the influence of the stationary magnet 149 are
      attracted and held on the outer surface of the drum 151. As the drum 151
      rotates, these coated parts 148 leave the coating bath 143 and continue on
      the drum until they eventually move beyond the magnetic field. Thereafter,
      under the influence of gravity, the coated parts 148 slide down the outer
      surface of the drum 151 and onto a removal conveyor 154. Since the drum
      151 during its rotation is partly immersed in the coating bath 143, the
      outer surface of the drum 151 becomes wet with coating bath liquid. The
      coated parts 148 therefor slide onto the removal conveyor 154 from a
      wetted surface of the drum 151. On the removal conveyor 154 the coated
      parts 148 are carried away from the drum 151 and over a de-magnetizer 155
      to further typical operation as hereinabove described.
PAR  Referring again to FIG. 1, the chute 8 can be fabricated from stainless
      steel, as can the holding tank 9, and the fresh articles 7 may be wetted
      with coating bath liquid, prior to entering into the bath 11, as by spray
      application of liquid overhead of the chute 8. Such spray application can
      further be preferably utilized in all such feeds, e.g., overhead of the
      feed chute 142 of FIG. 7. It is also contemplated that the holding tank 9
      in FIG. 1 may serve as an electrode thereby charging the bath 11 and
      permitting removal of the electrode 16. It is further contemplated that in
      such arrangement, or in any such assembly described herein of apparatus
      wherein a tank or tray serves as an electrode, e.g., an anode for
      anodically deposited paints, that it may be desirable to limit the charged
      area of the tank. To this end, an insulated coating is applied to
      predetermined portions of the interior surfaces of the tank, resulting in
      regions that will not carry an electrical charge to the bath or to
      articles in the tank. Such insulated coating will thereby serve to reduce
      the inner surface of the container to a zone more nearly equating to the
      zone of the cathode area exposed to the coating liquid in the tank. For
      the insulating layer 17 as depicted in FIG. 1, such can be a perforated
      nylon screen for protecting the electrode 16.
PAR  In FIG. 2, the fresh parts 21 feeding into the bath 22 may fall onto a
      coating conveyor, rather than at the bottom of the tank 23, such as the
      second coating conveyor 102 of FIG. 5. The parts 21 will then be moved
      along the coating conveyor and coated as they come under the electrode 24.
      Resulting coated parts 25 leaving the coating conveyor are then attracted
      by the magnet 26 onto the pick-up drum 27. Such operation is also
      applicable for the submersed and treated parts 73 in FIG. 4. For either
      the electrode 24 in FIG. 2 or the electrode 74 of FIG. 4 it is preferred
      that each have an insulating cover, e.g., a solid plexiglass covering over
      the electrode, to guard against accidental electrical short circuits as
      might arise from objects inadvertently falling into the tanks 23 and 75
      and contacting such tanks and the electrodes 24 and 74. In FIG. 3, it is
      contemplated to extend the distance between the pickup drum 41 and the
      conveyor drum 45, while eliminating the de-magnetizer 54. In this case,
      the coated parts 53 traveling on the conveyor belt 44 can proceed through
      one or more rinsing steps, as for example where the conveyor belt 44 is a
      porous, woven stainless steel belt. Thus the coated parts 53 may even
      proceed to a curing step prior to removal from the conveyor belt 44 by
      gravity feeding off the belt 44 around the conveyor drum 45. It is also
      contemplated in FIG. 3 to feed fresh parts into the bath 49 down a chute.
      And preferably, to feed fresh parts down a chute, e.g., the feed chute 142
      of FIG. 7 wherein fresh bath liquid is applied onto the parts and onto the
      chute to provide wetted parts feeding into the bath 49.
PAR  In FIG. 5, the intermediate drum 98 can be completely immersed in the
      liquid paint in the coating bath 92. Further, a stationary magnet 97
      within the intermediate drum can have field shaping poles, as discussed
      more particularly hereinbelow, to enhance inter-part movement of the
      coated parts 96 as they are rotated on the outer surface of the
      intermediate drum 98. Field shaping poles for stationary magnets are
      contemplated where parts under the influence of the magnetic field are
      also in contact with coating liquid. For example, for the stationary
      magnet 12 in FIG. 1 or the stationary magnet 127 in FIG. 6. Moreover, the
      feed conveyor 93 in FIG. 5, as well as for all such conveyors depicted in
      the drawings which carry articles thereon that also are coated thereon,
      such conveyors can be in assembly with "deplating" electrodes. For the
      feed conveyor 93 this can be facilitated by positioning an electrode under
      the conveyor, i.e., adjacent the path of travel of the portion of the
      conveyor 93 exiting the coating bath 92. This lower electrode is
      electrically charged with the same charge on the conveyor 93 entering the
      bath 92. The result is to change the charge on the conveyor 93 in the zone
      of the lower electrode and thereby remove paint from the conveyor 93 as it
      leaves the bath 92. Subsequently, the uncoated parts 91 feeding on to the
      conveyor 93 as it enters the bath 92 are feeding on to a fresh, uncoated
      surface of the conveyor 93.
PAR  It is also contemplated in FIG. 5 to provide that the pickup drum 106 be in
      combination with a conveyor drum such as the conveyor drum 45 in FIG. 3.
      The conveyor drum would be spaced apart from the conveyor drum 106, with a
      connecting conveyor belt. Thus, in FIG. 5 as in FIG. 3, the finally coated
      parts 104 would be moved along a conveyor belt beyond the coating bath 92,
      then typically proceed through one or more rinsing steps and even a
      subsequent curing operation prior to removal from the conveyor belt. It
      may also be desirable in FIG. 5 to replace the feed conveyor 93 and
      immersed electrode 95 with a cylindrical feed drum having an interior
      helical track, such as the cylindrical drum 145 having the interior
      helical track 146 as depicted in FIG. 7. However, for FIG. 5 such drum
      would be gently canted to permit gradual immersion of the parts 91
      entering the coating bath 92. Resulting coated parts 96 could then be
      deposited on a more fully immersed intermediate drum 98 upon leaving the
      cylindrical feed drum.
PAR  It is further contemplated that such feed drum arrangement will also be
      useful in FIG. 6 for replacing the feed conveyor 123 plus immersed
      electrode 125 apparatus. In a like manner, such drum and helical track can
      be used, in FIG. 6, for replacing the second coating conveyor 132 and
      subsequent immersed electrode 134. In this replacement however, there is
      provided an intermediate chute to transmit the re-immersed parts 133
      leaving the intermediate drum 128 down into the interior portion of the
      cylindrical drum. Furthermore, the finally coated parts 135 will be
      transported out of the coating bath 122 with an additional drum such as
      with the drum 151 of FIG. 7. Also in FIG. 6 the feed conveyor 123, as well
      as with other feed conveyors such as the feed conveyor 93 of FIG. 5, may
      be arranged with overhead spray applicators to wet parts 121 prior to
      immersion of the parts into the coating bath 122. Such pre-entry wetting
      with electrocoating liquid serves to enhance performance of the bath as
      well as to retard holidays caused by entrapped air bubbles.
PAR  In carrying out the coating operations, the electrodes that are generally
      depicted, such as the immersed electrode 125 and subsequent immersed
      electrode 134 of FIG. 6, are conventionally grid electrodes, sometimes
      termed "standoff" electrodes that provide an electrical charge to a
      localized portion of the coating bath, and are typically coarse stainless
      steel wire mesh.
PAR  In FIG. 7, such wire mesh construction can also serve for the immersed
      electrode 147; but, the electrode 147 is typically arcuate in cross
      section in conformance with the cylindrical shape of the drum 145. Such
      electrode 147 is preferably extended essentially to the end zone of the
      drum 145 wherein the coated parts 148 are leaving the drum 145. It is also
      preferable that such cylindrical drum 145 be provided with a multitide of
      minute perforations, insufficient to permit passage of the coated parts
      148 therethrough or to substantially impair coating thereof but sufficient
      to augment free passage of coating liquid within the drum 145.
PAR  Coated parts emerging from the coating baths, e.g., the coated parts 13 of
      FIG. 1 or coated parts 25 of FIG. 2, may typically fall onto one another
      as they are being processed onto the removal conveyors. This inter-part
      jostling may result in tiny surface nicks but these tend to be covered in
      subsequent curing since the deposited coating will flow slightly during
      the curing process. Where the removal conveyors, e.g., removal conveyor 14
      in FIG. 1 or removal conveyor 31 in FIG. 2 will transmit the parts,
      conventionally after rinsing, to curing operation as to a bake oven, such
      conveyors may be wire-mesh conveyor belts that are coated with non-stick
      resin coatings. This enhances freedom from sticking of the coated parts to
      the conveyor during the curing operation. For this use, resins such as
      polymerized tetrafluoroethylene, have met with commercial acceptance.
PAR  The rotatable drum or cylindrical shell housing an interior stationary
      magnet can be any of such aparatus that are generally well known in the
      magnetic separation art. An example of the drum type magnetic separator
      that can or has been used in the practice of this invention is shown for
      example in U.S. Pat. No. 2,950,008. In such patent the drum envelops
      powerful electromagnets which, for the purposes of the present invention,
      may be powered by alternating or direct current. Additionally, permanent
      magnets within the drum are particularly serviceable. Furthermore, it is
      contemplated to use a drum and magnet arrangement such as disclosed in
      U.S. Pat. No. 3,489,280. The magnets as disclosed therein have field
      shaping poles whereby material which is magnetically attracted onto the
      exterior face of the drum can be carried, by rotation of the drum, through
      a series of alternating polarity magnetic fields. The result is a rotation
      of the material on the surface of the drum, and the serviceability of this
      feature has been mentioned hereinabove.
PAR  It is further contemplated to supply the outer surface of a drum, as for
      example the outer surface of the pickup drum 27 of FIG. 2, with an
      apparatus that facilitates releasing the coated articles away from the
      face of the drum. As an example, rod or flap members extending
      longitudinally across the drum face, such members being further spaced
      apart one from the other, can serve to enhance such release. On the pickup
      drum 27 in FIG. 2 they will serve to guide away from the surface of the
      drum 27 the coated parts 25 when these parts 25 begin to slide downwardly
      on the wet face of the drum 27. The longitudinal rod or flap members also
      will become wetted by immersion during rotation of the drum 27. Similar
      guiding action may be obtained by other apparatus, e.g., a rippled screen
      extending across the circumference of the drum face and longitudinally
      across such face.
PAR  The initial coating apparatus of FIG. 4, including the first drum 61, may
      be used for applying to the surface of metal articles such treatments as
      are conventionally used, or any that are contemplated for use, prior to
      the application of electrocoat paint. Such apparatus will be useful with
      liquids that would otherwise be applied by immersion or spray application
      techniques to the metal articles. Thus, the apparatus including the first
      drum 61, or similar apparatus preceding the apparatus including the first
      drum 61, may be used for operations including cleaning or rinsing,
      etching, coating or combinations of such operations. And by the use of the
      term "treating" herein, such use is intended to include these operations.
      Moreover, metallic objects or articles that have magnetic susceptibility
      and are typically dip or spray treated are represented by metal fasteners
      including nuts, bolts, screws and clips, and such preferably that have a
      ferrous substrate such as iron or steel including magnetizable stainless
      steel, but also including galvanized steel, chromeplated steel, and other
      coated substrates.
PAR  Parts for coating, such as the articles 7 in FIG. 1, are typically freshly
      cleaned parts as may be obtained by degreasing with known agents, for
      instance, agents containing metasilicate, caustic soda, carbon
      tetrachloride, trichloroethylene, and the like. Such parts, e.g., grade 8
      bolts which are 1 1/16 inches long by 1/4 inch in diameter at the threaded
      end and have 7/8 inch of threading on the shaft topped by a 5/8 inch
      smooth shaft section that terminates in the bolt head, are coated in
      conventional manner with a pre-paint primer.
PAR  The primer is water-based and contains 300 grams per liter (g/l) of zinc
      flake and 40 g/l of chromic acid. Further, the composition is prepared
      with three milliliters per liter (ml./l) of wetter and 21 volume percent
      of dipropylene glycol. The wetter is a nonionic, modified polyethoxy
      adduct having a viscosity in centipoises at 25.degree. C of 180 and a
      density at 25.degree. C of 8.7 pounds per gallon. The cleaned bolts are
      coated by placing in a wire basket and dipping the basket into the coating
      composition, removing the basket and draining excess composition herefrom
      with a mild shaking action and then immediately baking in a hot air
      convection oven at a substrate temperature of about 450.degree. F for
      about 10 minutes. The parts are then ready for the application of
      electrocoat paint. In such operation, the electrocoat paint used is a
      commercial water-based, black-pigmented polyester-based paint. It is
      anodically deposited with an impressed voltage of 100-150 volts for a
      duration of about 45 seconds. For this, and referring to FIG. 1, the
      pre-coated parts 7 are carefully gravity-fed down a metal tray, e.g., the
      chute 8. As these parts 7 come down the feed tray 8 and are initially
      submersed in the bath 11 of the electrocoat paint, the stationary interior
      magnet 12 of the magnetic drum 4 attracts the falling parts 7 directly on
      to the outer surface of the magnetic drum 4.
PAR  The magnetic drum measures 12 inches in length along the shaft or axis
      about which the drum rotates. The drum is about 13 inches in diameter and
      is equipped with rim elements at each end projecting upwardly from the
      drum face approximately 1/2 inch and around the entire extent of the
      circumference of the drum, thereby providing the end of the drum with an
      about 14-inch diameter. The drum, a model DPC-1212, manufactured by the
      Bux-Shrader Company, rotates in a counter-clockwise manner. The drum is
      geared to rotate at a rate of about 0.25 revolution per minute. It serves
      as the anode in the painting operation by means of brush contacts on each
      of the drum rims. Across the face of the drum and parallel to the drum
      shaft axis are six aluminum flaps.
PAR  These flaps are placed across the face of the drum at essentially equal
      distance one from the other and in cross section, have a shape like a lazy
      h; the flaps are affixed to each rim member by metal bands around the
      periphery of the rim. The flaps are positioned such that coated parts 13
      slipping downwardly on the face of the drum 4 will contact the leaning,
      longer member of the lazy h portion of the flap and thereby, as slipping
      continues, will be deflected away from the continuously rotating drum 4.
      The interior magnet within the drum is a stationary permanent magnet that
      holds the parts 7 securely on the face of the drum 4 during rotation
      through the paint 11. During such rotation, the parts 7 become anodically
      charged by the drum 4 and pass by the cathode 16, thereby receiving the
      deposition of paint. In operation, the cathode 16 has a perforated nylon
      screen insulator 17 to guard against electrical short circuits.
PAR  Thereafter, as the drum 4 continues rotation, the coated parts 13 are
      conveyed in an arcuate path of travel out of the paint bath 11. As such
      parts 13 are overcome by gravitational forces, they slip downwardly across
      the face of the drum 4 and during this are in contact with the wet paint
      film on the face and on the flaps of the drum 4 which film has been
      deposited during the continuous rotation of the drum 4 through the bath
      11. Thereafter, these coated parts 13 fall onto the conveyor 14 and are
      transported then to a rinsing operation. After rinsing, and then baking,
      which augments flowing of the deposited paint over the contact points of
      the parts 7 with the drum 4 that have resulted during the coating
      operation, the subsequent painted articles are dry to the touch and, under
      visual inspection, have the appearance of articles ready for commercial
      use, e.g., under corrosive conditions.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of electrocoating a plurality of discrete,
      magnetically-attractable and electrically-conductive metallic articles of
      manufacture by establishing contact between said articles and a bath of
      electrocoating composition, which method comprises:
PA1  A. feeding coating composition to said bath and to a coating zone therein;
PA1  B. establishing a magnetic field with magnet means in close proximity to
      said coating zone and having sufficient field strength to attract coated
      articles located in at least a portion of the zone;
PA1  C. providing a rotatable member proximate to, but spaced apart from, said
      magnet means and offering in rotation a face element in continuous
      surface-wetting contact with coating composition in the bath;
PA1  D. establishing electrically conductive means for providing a flow of
      electrical energy through the coating zone and through electrically
      conductive articles located therein, and impressing a flow of electrical
      energy through said means; while,
PA1  E. feeding articles into said coating zone, into contact with said
      impressed flow of electrical energy and into the influence of said
      magnetic field, whereby said articles are coated and attracted onto the
      face element of said intervening rotatable member; and
PA1  F. rotating said member and moving on said face element the wet, coated
      articles within the bath while said articles are under the influence of
      said magnetic field.
NUM  2.
PAR  2. The method of claim 1 wherein coated articles are conveyed on a rotating
      drum away from said contact zone while attracted by a magnetic field
      emanating from magnet means within said drum.
NUM  3.
PAR  3. The method of claim 1 further characterized by conveying coated articles
      away from said rotating member and to rinsing means, thereby preparing
      coated and rinsed articles.
NUM  4.
PAR  4. The method of claim 3 further characterized by demagnetizing coated
      articles as they are conveyed away from said rotating member.
NUM  5.
PAR  5. The method of electrodepositing a coating on a plurality of discrete,
      magnetically-attractable and electrically-conductive metallic articles of
      manufacture by first pre-treating the surface of the articles for
      receiving the deposition of said coating and thereafter establishing
      contact between the pretreated articles and a bath of coating composition,
      which method comprises;
PA1  A. pretreating said articles in a contact zone of liquid treating
      composition wherein articles are wetted and surface treated;
PA1  B. establishing a magnetic field with magnet means in close proximity to
      said contact zone and having sufficient field strength to thereby attract
      articles located in at least a portion of the contact zone;
PA1  C. providing a rotatable member proximate to, but spaced apart from, said
      magnet means and offering in rotation a face element in continuous
      surface-wetting contact with liquid composition in said contact zone;
PA1  D. rotating said member and conveying on said face element and out of said
      contact zone, treated articles attracted onto the face element under the
      influence of said magnetic field;
PA1  E. transporting treated articles from the face element to a coating zone of
      a coating bath;
PA1  F. establishing a magnetic field with magnet means in close proximity to
      said coating zone and having sufficient field strength to attract coated
      articles located in at least a portion of the zone;
PA1  G. providing a rotatable member proximate to, but spaced apart from, said
      magnet means and offering in rotation a face element in continuous
      surface-wetting contact with coating composition in the bath;
PA1  H. establishing electrically conductive means for providing a flow of
      electrical energy through the coating zone and through electrically
      conductive articles located therein, and impressing a flow of electrical
      energy through said means; while,
PA1  I. feeding treated articles into said coating zone, into contact with said
      impressed flow of electrical energy and into the influence of said
      magnetic field, whereby said articles are coated and attracted onto the
      face element of said rotatable member; and
PA1  J. rotating said member and moving on said face element the pretreated and
      coated articles within the bath while said articles are under the
      influence of said magnetic field.
NUM  6.
PAR  6. The method of claim 5 wherein coated articles are conveyed on a rotating
      drum away from said contact zone while attracted by a magnetic field
      emanating from magnet means within said drum.
NUM  7.
PAR  7. The method of claim 5 further characterized by conveying coated articles
      away from said rotating member and to rinsing means, thereby preparing
      pretreated, coated and rinsed articles.
NUM  8.
PAR  8. The method of claim 5 further characterized by demagnetizing articles as
      they are conveyed away from a rotating member.
NUM  9.
PAR  9. The method of claim 5 further characterized by drying transported,
      treated articles and preparing dry, surface-treated articles for coating.
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ABST
PAL  A diamond body and an oxide substrate are simultaneously sputter-etched
      such that the diamond body is cleaned and a layer of the sputtered oxide
      is deposited on the clean surface of the diamond body, then a metallic
      layer is deposited on the oxide layer. This provides a metallized diamond
      body whose metallic layer will adhere to the body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a metallized body of crystalline material and to
      a method of fabricating. More specifically, the present invention relates
      to a diamond material that has been metallized and to the method for
      metallization of a diamond material.
PAR  In the past, it was difficult to metallize a crystalline diamond material
      so that the metallization would adhere to the material. In the prior art,
      sputtering techniques have been used for the metallization of crystalline
      material such as diamonds, but such techniques had several distinct
      disadvantages. Sputtering a metal onto a diamond surface, in the prior
      art, required the diamond being placed in an evacuated sputtering system
      in which the diamond was first sputter etched and then metallized. Both
      steps had to be performed consecutively in the evacuated sputtering
      system. The vacuum system could not be broken between process steps since
      to assure adhesion of the metal onto the diamond it is essential that the
      diamond surface be cleaned as a result of the sputter etching. In
      addition, since prior art metallization of a diamond material must be
      performed in a sealed sputtering system, the entire surface of the diamond
      is covered with a metallic layer, because it is not convenient to
      introduce a selective mask into the vacuum system to form a metallic
      pattern.
PAC  SUMMARY OF THE INVENTION
PAR  A metallized diamond device including a body of diamond material having a
      layer of an oxide material on the surface of the body. Such a metallized
      diamond device can be fabricated by a method of metallizing a body of
      crystalline material in which simultaneously a crystalline body is cleaned
      and an oxide layer is formed on the cleaned body. The metallic layer can
      be patterned by masking using photoresist technology. If however, the
      metallic layer is etched so as to form a pattern, a portion of the diamond
      surface may be exposed to the ambient and any further metallization onto
      the exposed surface is not possible without again sputter-etching the
      diamond surface. Sputteretching the diamond a second time would remove all
      metallization initially formed on the diamond surface. Therefore, it would
      be most advantageous to have a method of metallizing a diamond in which
      metallization can be performed on the diamond after the diamond has been
      removed from the sputteretching chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the metallized body of diamond material
      of the present invention.
PAR  FIG. 2 is a cross-sectional view of an apparatus suitable for the operation
      of the method of the present invention.
PAR  FIG. 3 is a cross-sectional view of the metallized body of diamond material
      of the present invention, having a patterned metallic layer.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1, a metallized device 10 consists of a body of diamond
      material 12 having an oxide layer 14 on a surface of the body 12. On the
      oxide layer 14 is a metallic layer 16. The oxide layer 14 is typically an
      oxide of silicon or aluminum, but silicon dioxide is preferred since it is
      used extensively in photoresist technology. The metallic layer 16 is
      typically gold with a layer of any good wetting agent, such as titanium or
      chromium, between the gold and the oxide layer 14, to assure adherence of
      the gold.
PAR  Referring to FIG. 2, an apparatus suitable for carrying out the method of
      fabricating a metallized crystalline body such as the metallized device 10
      is generally designated as 110. The apparatus 110 comprises a sputtering
      chamber 111 in which is a cathode plate 115 and an anode plate 118. The
      anode plate 118 is separated from and directly over the cathode plate 115.
      The plates 115 and 118 are typically of a metal such as brass. An oxide
      substrate 114 is placed on the cathode plate 115. Bodies of crystalline
      material 112, typically diamonds, are disposed onto the oxide substrate
      114, between plates 115 and 118. The bodies of crystalline material 112
      are the same as the body of crystalline material 12 in FIG. 1, and the
      oxide substrate 114 is of the same material as the oxide layer 14 in FIG.
      1.
PAR  After the crystalline bodies 112 have been disposed on the substrate 114,
      the sputtering chamber 111 is closed and sealed, so as to be impervious to
      the ambient. Next, the sputtering chamber 111 is evacuated, by a vacuum
      pump 120, to approximately 5 .times. 10.sup..sup.-6 mm Hg. After
      evacuation of the sputtering chamber 111, the chamber 111 is back filled
      from a source 122 of a heavy noble gas. Usually, of the noble gases that
      can be used in sputtering the inert gas argon is preferred since it is
      both inexpensive and efficient as compared to other noble gases.
PAR  With the sputtering chamber 111 back filled with argon gas at a pressure
      suitable for sputtering, such as from 25 to 50 microns pressure, the
      cathode plate 115 and the anode plate 118 are electrically connected to an
      RF power source (not shown) such that the cathode plate 115 is at a
      negative potential compared to the anode plate 118. The RF voltage
      differential between the plates 115 and 118 must be sufficient for the
      operation of the sputtering process. That is to say, the RF voltage
      between the plates 116 and 118 must be at such a value as to ionize the
      argon atoms between the separated plates effecting a glow discharge
      therebetween, and then accelerate the argon ions toward the targets to be
      sputter-etched. The voltage potential difference between the plates 115
      and 118 forms positive argon ions. Therefore, the argon ions will be
      attracted to and accelerated toward the cathode plate 115, striking the
      oxide substrate 114 and crystalline bodies 112.
PAR  The argon ions are large as compared to the atoms of the materials
      constituting the oxide substrate 114 and crystalline bodies 112. When the
      argon ions strike the oxide substrate 114 and crystalline bodies 112 they
      cause some of the atoms in the area of the striking ion to be ejected from
      the surfaces of the oxide substrate 114 and crystalline bodies 112. Some
      of the ejected crystalline atoms and oxide atoms will be attracted to the
      anode plate 118 and be deposited thereon. Since the sputtering rate of the
      oxide substrate 114 is greater than the sputtering rate of the bodies of
      crystalline material 112, at some time in the sputtering process a layer
      of oxide will form on the crystalline bodies 112. In the method of the
      present invention the oxide substrate 114 and crystalline bodies 112 are
      sputter-etched simultaneously and an oxide layer is deposited onto the
      surface of the crystalline bodies 112.
PAR  The atoms forming an oxide layer on the surface of the crystalline bodies
      112 come from two sources. The first source is atoms which have been
      ejected from the surface of the oxide substrate 114 and which strike argon
      ions in the glow discharge and are reflected back toward the surfaces of
      the crystalline bodies 112. The second source is from those atoms which
      have been ejected from the oxide substrate 114 and have been deposited
      onto the anode plate 118. Some of these ejected atoms will in turn be
      ejected from the anode plate 118 and deposited on the crystalline bodies
      112.
PAR  Typically, after about 2 hours of sputter etching at an RF-AC voltage
      differential of between 1400 and 1600 volts a layer of oxide material
      about 400 to 500 A in thickness has been deposited on the crystalline
      bodies 112. The crystalline bodies 112 are then removed from the
      sputtering chamber 111 and either metallized or placed in a storage for
      further metallization.
PAR  Since the body of diamond material 12, as shown in FIG. 1, is coated with
      an oxide layer 14, methods well known in the art, such as evaporation, can
      be used to form the metallic layer 16 on the oxide layer 14. Having the
      oxide layer 14 on the body of diamond material 12 improves the adherence
      of the metallic layer 16 to the metallized device 10, since an oxide, such
      as silicon dioxide, has a better adherent quality to both diamond and a
      metal, such as gold, than the gold has to the diamond. By the use of state
      of the art masking and photoresist techniques, the metallic layer 16 of
      FIG. 1 can be formed into many desired patterns.
PAR  Referring to FIG. 3, the metallized device 210 consists of a body of
      diamond material 212 having an oxide layer 214 on a surface thereof, and a
      patterned metallic layer 217 on the oxide layer 214. The body of diamond
      material 212 and the oxide layer 214 are the same as the body 12 and oxide
      layer 14, respectively, of the metallized device 10 of FIG. 1. Those
      portions of the oxide layer 214 which are exposed, because the metallic
      layer 217 is patterned, are designated as 219. If after the patterned
      metallic layer 217 is formed, the metallized device 210 is to again be
      metallized, it can be done with the method of the present invention since
      metallization on the exposed portion 219 of the oxide layer 214 and on the
      metallic layer 217 can be performed in the ambient. Unlike in the prior
      art methods of metallization, there is no need in the method of the
      present invention to again subject the device 210 to sputter etching
      before metallizing. The method of the present invention is far more
      flexible than that provided by prior art methods of metallization in a
      sealed sputtering system.
PAR  Therefore, the metallized device 10 and the method of the present
      invention, provides for a metallic layer on a diamond body which will not
      peel off from the body and a method of performing multi-metallic steps on
      crystalline bodies. A metallized crystalline material such as a diamond
      can be useful as a heat sink for many types of semiconductor devices where
      thermal dissipation is important. In addition, since a patterned metallic
      layer can be formed onto the metallized diamond, the present invention has
      an application for the stylus of phonographic devices.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of preparing a body of crystalline material for subsequent
      metallization comprising the step of simultaneously sputter etching the
      surfaces of said crystalline body and an oxide substrate in order to clean
      said crystalline body and to provide an oxide layer on said body.
NUM  2.
PAR  2. The method in accordance with claim 1 in which the body of crystalline
      material is mounted on said oxide substrate for sputter-etching.
NUM  3.
PAR  3. The method in accordance with claim 2 in which the sputtering rate for
      said oxide substrate is greater than that of said body of crystalline
      material.
NUM  4.
PAR  4. A method of metallizing a body of crystalline material comprising the
      steps of simultaneously sputter etching the surfaces of said crystalline
      body and an oxide substrate in order to clean said crystalline body and to
      provide an oxide layer on said body and subsequently depositing a metal
      layer on said oxide layer.
NUM  5.
PAR  5. The method of metallizing a body of crystalline material in accordance
      with claim 4 in which said body is a diamond material.
NUM  6.
PAR  6. The method of metallizing a body of crystalline material in accordance
      with claim 5 in which said oxide substrate is an oxide selected from the
      group consisting of oxides of silicon and oxides of aluminum.
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ABST
PAL  Means for supporting a glass sheet substrate during the sputter-coating of
      a thin film of metal or metal-alloy thereon, comprising a rigid metal
      platen having a major supporting surface, and an overlay for the metal
      platen consisting of at least one glass plate covering the major
      supporting surface of the platen and directly supporting thereon the glass
      sheet substrate during the sputter-coating operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in the coating of substrates
      of a glassy siliceous material with thin films of a metal or metal-alloy
      and more particularly to the coating of sheets of glass by the known
      sputtering or sputter-coating process.
PAR  The process of sputter-coating involves ion bombarding a target of the
      coating material in low-pressure gaseous glow discharge to cause atomic
      particles of coating material to be dislodged and deposited on the
      substrate to be coated. One type of apparatus employed for carrying out
      the process embodies a plurality of aligned, independently controlled
      contiguous chambers including an entry chamber, a coating chamber and an
      exit chamber, sputter-coating means in the form of a substantially
      rectangular cathode mounted horizontally in the upper portion of the
      coating chamber and having a sheet of a selected coating material secured
      to the bottom thereof, and conveyor means for moving the substrates (glass
      sheets) in a horizontally disposed position through the successive
      chambers and beneath the sputter-coating means such that a continuous film
      of the selected coating material will be deposited on the substrate.
PAR  In one such process, the glass sheets or other substrates to be coated are
      placed horizontally directly upon a solid metal platen which supports and
      conveys the sheets through the successive chambers of the coating
      apparatus. While this method has proven commercially acceptable, the use
      of metal platens for supporting the glass sheets has sometimes been
      attendant with certain objections. Although the specific reasons are not
      fully understood, it is believed that the metal of which the platens is
      made has a tendency toward outgassing and that these gases comingle with
      the coating material being deposited resulting in an oxide coating rather
      than a coating of pure metal. This has undesirable effects on the
      deposited coating, particularly at the edges or marginal portions of the
      glass sheet in that the color, as well as the thickness and composition of
      the coating are adversely affected.
PAR  According to the present invention, these objections have been effectively
      overcome by providing the metal platen with a covering or overlay which
      serves as a support bed for the glass sheets during the coating
      operations. It has been found that significant improvement can be obtained
      in the thickness and composition of the coating, as well as the color of
      the glass sheet at the edges thereof by overlaying the upper surface of he
      metal platen with one or more plates of glass and then laying the glass
      sheets to be coated on the glass overlay and out of direct contact with
      the metal platen.
PAR  The primary object of the invention, therefore, is to provide novel means
      for supporting the glass sheets during coating such that the sheets will
      be uniformily coated from edge to edge with a thin film of metal of
      uniform thickness, composition and color.
DRWD
PAR  With reference to the drawings:
PAR  FIG. 1 is a vertical longitudinal section through one form of
      sputter-coating apparatus with which the present invention may be
      employed,
PAR  FIG. 2 is a plan view of a metal platen provided with a covering or overlay
      for supporting the glass sheets to be coated according to the present
      invention;
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 2, and
PAR  FIG. 4 is a modified form of support or overlay for the metal platen.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sputter-coating apparatus illustrated in FIG. 1, with which the
      invention may be employed, comprises four successive, continuous
      enclosures which define four independently controlled chambers--an entry
      chamber 10, a heating and cleaning chamber 11, a coating chamber 12 and an
      exit chamber 13. The chambers are rectangular in shape and the dimensions
      thereof, especially the height, are kept to a minimum in order to minimize
      the internal volume and thereby minimize the vacuum pumping required.
PAR  Each of the chambers is substantially closed except for an elongated
      entrance opening and an elongated exit opening. The outer end wall 14 of
      the entry chamber 10 is provided with an entrance opening 15, while the
      outer end wall 16 of exit chamber 13 is provided with an exit opening 17.
      The chambers are also separated by partition walls 18, 19 and 20 provided
      with similiar openings 21, 22 and 23 respectively. All of the openings are
      positioned at the same height to allow for ingress and egress of the glass
      sheet substrates as they are moved into and through the successive
      chambers. Preferably, quick-opening and closing vacuum-tight closures are
      provided over at least some of the elongated openings to reduce the vacuum
      pumping requirements. These closures are open when a piece of glass is
      moved through the opening and closed when no glass is in the opening.
PAR  Each of the chambers is provided with at least one outlet tube 24,
      preferably located at the bottom of the chamber. Each tube communicates
      with a vacuum pump (not shown) and a valve 25 is provided on each tube to
      independently control the pressure within each of the chambers. Inlet
      tubes 26 extend through the top of the coating chamber and communicate
      with an inert gas source, preferably argon. A valve 27 is provided on each
      tube 26 to control the flow of gas into the coating chamber.
PAR  Conveyor means such as rollers 28 are located in the lower portion of all
      of the chambers to transport the substrates 29 to be coated through the
      sequence of chambers. The rollers are driven by suitable drive means (not
      shown) preferably located outside the chamber.
PAR  Heating means 30, comprising elongated, tubular radiation heaters 31, are
      mounted in the upper portion of the chamber 11. These heaters are
      preferably high-intensity radiation heaters and a reflector 32, mounted
      above the heaters, is used to concentrate the heat on the passing
      substrates 29. The substrates are heated prior to coating to promote
      outgassing and thereby attain additional surface cleaning and improved
      adherence of the coating. A glow-discharge cleaning electrode 33, in the
      form of a closed loop, is located at the top of chamber 11. The electrode
      is supported by a rod 34 and voltage is applied to the electrode by the
      high-voltage D.C. power source 35. One side of the source is grounded and
      the other side thereof is connected to the rod 34. Shields 36 are
      positioned below the electrode and are just large enough to prevent the
      substrates from "seeing" the electrode as they pass through the chamber.
      The electrode is operated as an ordinary sputtering electrode but the
      shields prevent the electrode material from being deposited on the
      substrates. The ionized ions of the gas will bombard the surfaces of the
      substrates to clean them but no sputtering is deposited.
PAR  Sputter-coating cathodes 37, 38 and 39, in the form of elongated,
      rectangular plates of the selected coating material, are mounted at the
      top of the coating chamber 11 by means of electrically conductive support
      rods 40 which pass through insulating bushings 41. The cathodes 37 and 38
      are used to deposit a thin film of a metal such as nickel or nickel-base
      alloy and therefore voltage is applied to these cathodes by high-voltage
      D.C. power sources 42 and 43 respectively. The cathode 39 may be used to
      deposit a thin protective layer of a siliceous material such as Pyrex
      glass by radio-frequency sputtering and therefore voltage is applied to
      cathode 39 by a high-voltage radio-frequency power source 44. Grounded
      shields 45 surround the cathodes 37, 38 and 39 and the support rods 40 to
      prevent sputtering on the back side of the cathodes and the rods. All
      power sources are preferably grounded to the apparatus such that the
      apparatus will act as the anode for the cleaning and sputtering
      operations.
PAR  In practice, one or more cathodes may be used in he coating chamber.
      Several cathodes of different materials may be applied consecutively as,
      for example, by making cathode 37 of one metal, cathode 38 of a different
      metal, and cathode 39 of a siliceous material. Also, the coating chamber
      can be increased in length and a greater number of cathodes of the same
      material used to increase the deposition rate, and therefore the
      production rate.
PAR  In operation, the glass sheet substrates to be coated are first cleaned by
      a conventional washing operation and are then passed into the entry
      chamber 10, with the smooth continuous surface to be coated facing upward.
      The vacuum pumping in the entry chamber removes most of the air, moisture,
      and other contaminates which leak in through the entrance opening. The
      substrates 29 are moved by the rollers 28 to the heating and cleaning
      chamber 11 where they are heated by the heaters 31 and then cleaned by the
      cleaning electrode 33. The substrates then move at a controlled speed into
      the coating chamber 12 where a continuous film of the selected coating
      material or materials is sputtered on the clean upper surfaces thereof. As
      stated above, the cathodes 37 and 38 are preferably used to deposit a
      reflective film of metal, such as nickel or nickel-alloy, while the
      cathode 39 is used to radio-frequency sputter-coat an overlying layer of
      siliceous material, such as quartz or Pyrex. After being coated, the
      substrate moves into the exit chamber 13 where it is cooled before being
      removed from the apparatus through the opening 17.
PAR  In the sputter-coating of glass sheet substrates involving an apparatus of
      the general character described above, it has been customary to
      horizontally support the glass sheets to be coated directly upon the
      rollers 28, or other conveying means, during the coating operations. In
      another process, the glass sheets to be coated are supported horizontaly
      on a rigid metal platen which carries them through the coating apparatus,
      and it is with this type of sheet supporting means that the present
      invention is particularly concerned.
PAR  Platens formed of magnesium have been used with considerable success for
      supporting the glass sheets during coating, although platens of other
      metals can also be used, including steel, aluminum, titanium and copper.
      However, the use of metal platens has not heretofore been completely free
      of objection in that there has sometimes been a tendency for the metal to
      outgas during the coating operation and these gases, mixing with the metal
      particles being deposited on the glass sheet, tend to contaminate the
      metal resulting in the coating on the marginal or edge portions of the
      glass sheet being different from the coating over the major surface area
      of the sheet in both density and composition, as well as color.
PAR  After various ways and means were tried to alleviate this condition without
      success, it was discovered that it could be effectively overcome by
      providing the metal platen with a special type of covering or overlay to
      form a bed on which the glass sheet could be supported and thus kept out
      of direct contact with the metal platen itself.
PAR  Such an arrangement is shown in FIGS. 2 and 3 of the drawings, in which the
      upper surface of the metal platen 46 is provided with a covering or
      overlay of a siliceous material consisting of a single plate of glass 47
      which is coextensive in size with the upper surface of the platen so that
      the marginal portions of the platen are not exposed to the sputtering
      means. The glass sheet substrate 48 to be coated is then laid directly
      upon the glass support plate 47 and carried by the platen through the
      coating apparatus disclosed in FIG. 1. Significant improvement has been
      attained by this arrangement in the uniformity of the sputtered metal
      coating from edge to edge of the glass sheet substrate both as to
      thickness and composition, as well as color.
PAR  Although it is preferred that the glass plate overlay 47 be coextensive in
      size with the metal platen 46, it may, if desired, be of slightly larger
      dimensions with the same effectiveness. The glass used for the overlay may
      be conventional silicate glass including window glass, plate glass and
      float glass. The thickness of the glass plate overlay may also vary
      although plates of 1/4 inch thickness have been used successfully.
PAR  Although it is usually preferred that a single plate of glass be used as
      the overlay for the platen, a plurality of individual glass plates 49 may
      be used, as shown in FIG. 4, with the plates being in closely abutting
      edge to edge relation to completely cover the platen.
PAR  It is to be understood, of course, that the words used herein to describe
      the invention are words of description rather than of limitation and that
      the scope of the invention is to be limited only insofar as set forth in
      the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with apparatus for sputter-coating a thin film of metal
      on a glass sheet substrate including a coating chamber, sputter-coating
      means mounted in the upper portion of said chamber, a metal platen having
      a major upper supporting surface, and means for conveying the metal platen
      into, through and out of said coating chamber, the improvement which
      consists (of) in providing an overlay for the metal platen formed of a
      (siliceous material) single plate of glass freely supported on and
      completely covering the upper major supporting surface of the platen in
      contact therewith and (directly supporting thereon) adapted to freely
      support the glass sheet substrate thereon and in contact therewith during
      the sputter-coating (operation) of the upper surface of the glass sheet
      substrate.
NUM  2.
PAR  2. The improvement of claim 1, in which the overlay for the metal platen
      consists of a plurality of glass plates arranged in abutting edge to edge
      relation to completely cover the major supporting surface of the platen.
NUM  3.
PAR  3. In the method of sputter-coating a thin film of metal on a glass sheet
      substrate, wherein said substrate is supported horizontally on the upper
      surface of a rigid metal platen and conveyed through a coating chamber,
      the improvement comprising covering the upper surface of said platen with
      an overlay consisting of a single plate of glass freely supported thereon
      in direct contact therewith, and then freely supporting the glass sheet
      substrate to be coated on said glass plate overlay in direct contact
      therewith.
NUM  4.
PAR  4. The improvement of claim 3, in which the overlay for the metal platen
      consists of a plurality of plates of glass arranged in abutting edge to
      edge relation freely supported on the upper surface of said platen and
      freely supporting the glass sheet substrate to be coated.
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ABST
PAL  An improved and modified Claus process control system utilizing first and
      second coulometric titrators for automatically controlling the amount of
      oxygen used in burning a portion of the hydrogen sulfide (H.sub.2 S) in
      flue gases. The first and second titrators are fed sulfur dioxide
      (SO.sub.2) and H.sub.2 S scrubbed samples, respectively, of the flue gases
      downstream of the oxygen injection point. The first and second titrators
      produce H.sub.2 S and SO.sub.2 analog output signals, respectively, which
      are used to control the rate of flow of oxygen or air injected in a manner
      such that the samples of the flue gases contain H.sub.2 S in a
      concentration which is approximately or exactly equal to twice the
      concentration of the SO.sub.2 therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the process control art, and more particularly,
      to an improved method of and system for controlling the Claus process.
PAR  Prior art methods and systems for controlling prior art forms of the Claus
      process have been very complex, expensive and not substantially reliable
      or accurate.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the above-described and other
      disadvantages of the prior art are overcome by providing a Claus process
      control of oxygen injection by the use of a fluid sample, a sulfur dioxide
      scrubber, a hydrogen sulfide scrubber and two coulometric titrators.
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a block diagram of one embodiment of the present invention;
PAR  FIG. 2 is a schematic diagram of a controller shown in FIG. 1;
PAR  FIG. 3 is a schematic diagram of a servo-mechanism shown in FIG. 2;
PAR  FIG. 4 is a schematic diagram of an alternative embodiment of the present
      invention; and
PAR  FIG. 5 is a schematic diagram of a servo-mechanism shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings, in FIG. 1, a new Claus process control system is
      illustrated. A conventional flue is indicated at 10 which may carry only
      hydrogen sulfide (H.sub.2 S) or flue gases, only a portion of which at
      least sometimes includes hydrogen sulfide and normally in the form of a
      gas. A hydrogen sulfide gas source is indicated at 11. Source 11 may, for
      example, be any means for burning fossil or other fuels.
PAR  According to the Claus process, a portion of the hydrogen sulfide in flue
      10 is oxidized to form sulfur dioxide (S0.sub.2) and water. The sulfur
      dioxide and the remaining hydrogen sulfide is then combined to form
      elemental sulfur and water in accordance with the following chemical
      equation, hereinafter referred to as the Claus equation:
EQU  2H.sub.2 S + S0.sub.2 .fwdarw. 3S + 2H.sub.2 O
PAL  where H.sub.2 S is hydrogen sulfide, SO.sub.2 is sulfur dioxide, S is the
      sulfur atom, H is the hydrogen atom, and O is the oxygen atom.
PAR  In FIG. 1, a furnace 12 is provided having an inlet conduit 13 through
      which oxygen is supplied. The oxygen in furnace inlet 13 may be supplied
      in the form of air, if desired. Furnace 12 has another inlet conduit 14
      connected from flue 10, and an outlet conduit 15 connected back to flue 10
      downstream from the point of connection of furnace inlet conduit 14 with
      flue 10.
PAR  As will be explained hereinafter in greater detail, in FIG. 1 a portion of
      the hydrogen sulfide gas in flue 10 is drawn through furnace inlet conduit
      14 and oxidized with the oxygen in the air supplied in furnace conduit 13.
      Furnace 12 is closed except for the inlet conduits 13 and 14 thereof, and
      the outlet conduit 15 thereof. The combustion products formed in furnace
      12, thus, are injected back into flue 10 through outlet conduit 15 of the
      furnace 12. A conventional coalescer 16 is connected in the flue 10 to
      cause the reaction to move in the direction of the arrow in the equation.
      Coalescer 16 may be entirely conventional, if desired. Coalescer 16, if
      desired, may be of the baffle type having its own heat source and heat
      exchanger to maintain the fluids passing therethrough at between about
      300.degree. F. and 400.degree. F. Molten elemental sulfur may be removed
      from coalescer 16 by opening manually operable valve 17 allowing molten
      sulfur to pass from an outlet conduit 18 through valve 17 and a spigot 19
      to a drip pan 20.
PAR  Downstream of the coalescer 16 in FIG. 1 is a fluid sampler 21 which has a
      probe 22 that is sealed through the wall of flue 10 and an outlet conduit
      23. Sample 21 may be entirely conventional. Alternatively, sample 21 may
      be identical to the sampler disclosed in copending application Ser. No.
      224,026 filed Feb. 7, 1972, now U.S. Pat. No. 3,819,330, by David M.
      Creighton for FLUID MONITORING SYSTEM AND FLUID SAMPLING METHOD AND
      APPARATUS FOR USE THEREWITH.
PAR  A manually operable blocking valve 24 in FIG. 1 is connected from sampler
      outlet conduit 23. Valve 24 is employed simply to allow the outward flow
      of a sample fluid flowing through outlet conduit 23 of sampler 21 to be
      turned completely off.
PAR  Also shown in FIG. 1 is a pressure regulator 25 having an inlet conduit 26
      connected from valve 24 and an outlet conduit 27 connected to sulfur
      dioxide and hydrogen sulfide scrubbers 28 and 29, respectively. A hydrogen
      sulfide titrator 31 and a sulfur dioxide titrator 42 are connected from
      scrubbers 28 and 29, respectively.
PAR  In some cases, valve 24 in FIG. 1 and pressure regulator 25 may be
      completely bypassed by respective conduits and the valve 24 and the
      pressure regulator 25 eliminated.
PAR  Sulfur dioxide scrubber 28 in FIG. 1 has an outlet conduit 30 connected to
      a hydrogen sulfide titrator 31. Titrator 29 has an electrical output lead
      32 upon which a D.C. voltage is impressed that is directly proportional to
      the sulfur dioxide concentration in the fluid flowing in pressure
      regulator outlet conduit 27.
PAR  Hydrogen sulfide titrator 31 in FIG. 1 has an electrical output lead 33
      upon which is impressed a D.C. voltage directly proportional to the
      hydrogen sulfide only, and not the sulfur dioxide, in the sample fluid in
      the pressure regulator outlet conduit 27.
PAR  The titrator output leads 32 and 33 in FIG. 1 are connected to a controller
      34. Controller 34 adjusts the rate of air flow through furnace inlet
      conduit 13 from an air supply 35 via an air supply outlet conduit 36
      through a needle valve 37 connected therefrom to the lower end of furnace
      inlet conduit 13.
PAR  Needle valve 37 in FIG. 1 may be entirely conventional and has a threaded
      needle or input device 38 which is rotated by controller 34 responsive to
      a predetermined function of the magnitudes of the D.C. voltages which
      appear on titrator output leads 32 and 33 and other variables.
PAR  In FIG. 1 a furnace 39 is shown connected in flue 10 downstream of sample
      probe 22 and fed by an air supply 40 via a conduit 41. In this manner, any
      hydrogen sulfide remaining in flue 10 at the position of sample probe 22
      is oxidized to form sulfur dioxide and water usually in vapor form. This
      is usually preferred although furnace 39, air supply 40 and conduit 41 may
      be omitted in some cases and the flow from sample probe 22 upwardly in
      flue 10, as viewed in FIG. 1, vented to the atmosphere. This is
      illustrated in connection with a flue 10' shown in FIG. 4.
PAR  Controller 34 is shown in FIG. 2 having output lead 32 of sulfur dioxide
      titrator 29 connected as an input to an analog divider 43. Analog divider
      43 also is connected from output lead 33 of hydrogen sulfide titrator 31.
PAR  Titrators 31 and 42 may be identical, if desired, and of the type disclosed
      in U.S. Pat. No. 3,448,031. The titrator may or may not be internally
      adjusted electrically for calibration or otherwise both as to zero and as
      to span. Their output signals may or may not be weighted according to two
      times the molecular weight of hydrogen sulfide and unity times the
      molecular weight of sulfur dioxide, as desired, and respectively.
PAR  In FIG. 2, various junctions 45, 46, 47, 48 and 49 are shown. A resistor 50
      is connected from an output lead of analog divider 43 to junction 45.
      Junctions 45, 46 and 47 are connected together. Junctions 48 and 49 are
      connected together. A resistor 51 is connected between junctions 45 and
      49. A capacitor 52 is connected between junctions 46 and 48.
PAR  A differential amplifier 53 is provided in FIG. 2, amplifier 53 having an
      inverting input lead 54, a non-inverting input lead 55 and an output lead
      56 connected respectively from junction 47, ground and to junction 48.
PAR  Amplifier 53 in FIG. 2 also has a positive power input lead 57 which may be
      connected to a constant potential of, for example, 12 volts positive.
      Amplifier 52 also has a negative power input lead 58 which may be, for
      example, connected to a potential of 12 volts negative.
PAR  A potentiometer 59 is shown in FIG. 2 including a winding 60 connected
      between, for example, 12 volts positive and 12 volts negative.
PAR  Potentiometer 59 in FIG. 2 has a wiper 61. A resistor 62 is connected
      between potentiometer wiper 61 and junction 47.
PAR  In FIG. 2, a servo-mechanism 66 is connected from junction 49 to valve
      input device 38 through a gear reduce 65. For clarity, needle valve 37 is
      illustrated in both FIGS. 1 and 2.
PAR  The output of gear reducer 65 in FIG. 2 drives valve needle screw or input
      device 38. The rate of change of the input to gear reducer 65 is varied by
      the use of servo-mechanism 66.
PAR  The use of servo-mechanism 66 in FIGS. 2 and 3 to drive gear reducer 65
      makes possible a rate adjustment in accordance with an integral of rate.
      The use of gear reducer 65 slows down the rate of change with respect to
      time of the flow rate of the air in furnace inlet 13 and stabilizes the
      system. It can be made unconditionally stable in this and conventional
      ways. A change in the control voltate is also slowed down by the use of
      capacitor 52 in FIG. 2 although the use of capacitor 52 is optional.
PAR  Analog divider 43 in FIG. 2 both may be entirely conventional. The same is
      true of all of the differential amplifiers disclosed herein,
      servo-mechanism 66 (velocity servo) and gear reducer 65. The same is also
      true of source 11, flue 10, needle valve 37, furnace 12, valves 17 and 24,
      all conduits disclosed herein, drip pan 20, furnace 39, air supply 40,
      pressure regulator 25, both titrators 31 and 42 and scrubber 28. The same
      is also true of air supply 35.
PAR  The mechanical construction of scrubber 29 is conventional, but the
      solution therein is not. This solution is related to a material disclosed
      on page 72 of Air Pollution II, Second Edition, by Arthur C. Stern
      (Academic Press, New York, 1968) and in H. W. Washburn and R. R. Austin,
      Air Pollution, Proc. U.S. Tech. Conf. Air Pollution, 1950, page 596
      (McGraw-Hill, New York, 1952).
PAR  Preferably the scrubber 29 contains 91 ml. of concentrated H.sub.2 SO.sub.4
      added to about 600 ml. of water. Cool to room temperature. Then add 31 ml.
      of concentrated HCl. Then add more water to make up a 900 ml. solution.
      Then mix in Bi.sub.2 O.sub.3 until the solution is saturated with Bi.sub.2
      O.sub.3. Filtering is the last step.
PAR  For the solution of scrubber 29, it is also possible of Bi.sub.2 O.sub.3 in
      a 9:1 acid (9 = acid) mix of 4NH.sub.2 SO.sub.4 - 4NHCl (N = normal).
      Normality = 0.5 mole per liter.
PAR  The solution in scrubber 29 may contain bismuth subcarbonate and/or bismuth
      subchloride in addition to or in lieu of Bi.sub.2 O.sub.3. Other
      equivalents may be possible.
PAR  The pH of the solution of scrubber 29 is preferably about or below 1.5 to
      0.05 or zero.
PAR  Analog subtractor 42 in FIG. 2 produces a D.C. voltage on the output lead
      44 thereof which is directly proportional to the sulfur dioxide in the
      sample fluid in pressure regulator outlet conduit 27.
PAR  A D.C. voltage is impressed upon the output lead of divider 43 in FIG. 2 by
      analog divider 43 that is directly proportional to the ratio of the
      hydrogen sulfide concentration to that of the sulfur dioxide concentration
      in pressure regulator outlet conduit 27. All the structure connected from
      the output of analog divider 43 to servo-mechanism 66 is primarily an
      analog adder except for the capacitor 62 which slows down the control.
      What the adder adds, for example, is the D.C. output voltage of analog
      divider 43 and the voltage which appears at potentiometer wiper 61. In
      general, if the D.C. voltage at the output of analog divider 43 is
      positive, the voltage appearing on potentiometer wiper 61 will be a
      negative voltage equal to a voltage necessary to cause the output of
      amplifier 53 to be zero. Normally potentiometer wiper 61 will be moved to
      a position on winding 60 such that the magnitude of the negative potential
      on wiper 61 will represent a ratio of the concentrations of hydrogen
      sulfide and sulfur dioxide in the sample fluid in the outlet conduit 27 of
      pressure regulator 25 equal to 2:1. This ratio is determined by the Claus
      equation. Note that this equation requires two molecules of hydrogen
      sulfide to be combined with one molecule of sulfur dioxide. Somewhat
      different ratios may be employed by adjusting the position of wiper 61 on
      winding 60 of potentiometer 59. The position of wiper 61 also may be
      calibrated with indicia in terms of the ratio of the concentration of
      hydrogen sulfide to that of sulfur dioxide.
PAR  As shown in FIGS. 2 and 3, servo-mechanism 66 has an input lead 136
      connected from junction 49 in FIG. 2 to an input junction 137 in FIG. 3.
      As shown in both FIGS. 2 and 3, servo-mechanism 66 has an output shaft 138
      which is connected to the input of gear reducer 65 in FIG. 2.
PAR  In FIG. 3, various other junctions are shown throughout the circuit
      including junctions 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149
      and 207.
PAR  A potentiometer 156 is shown in FIG. 3 having a winding 157 and a wiper
      158. A resistor 159 is connected from wiper 158 to junction 140. Junctions
      139 and 140 are connected together. A resistor 160 is connected between
      junctions 137 and 139. A resistor 161 is connected between junctions 140
      and 141. A resistor 162 is connected from an output lead 195 of a
      tachometer generator 194 driven by a servo-motor 197. Tachometer generator
      194 has another output lead 196 which is grounded.
PAR  In FIG. 3, a differential amplifier 163 is provided having an inverting
      input lead 164 connected from junction 140 and a non-inverting input lead
      165 connected to ground. Amplifier 163 also has an output lead 166
      connected to junction 141. Junctions 141, 142 and 143 are connected
      together. A resistor 167 in a conventional inverter amplifier 168 is
      connected between junctions 143 and 144. A resistor 169 is connected
      between junctions 144 and 145. A differential amplifier 170 is provided
      with an inverting input lead 171 connected from junction 144, a
      non-inverting input lead 172 connected to ground, and an output lead 173
      connected to junction 145. Junctions 145 and 146 are connected together.
      An amplifier 174 has an output lead connected from junction 146 and an
      output lead 176 connected to junction 147. A diode 177 and a biasing
      source of potential 178 are connected in succession in series in that
      order from junction 147 to junction 146. Source 178 is poled to back bias
      diode 177. A diode 179 is connected from ground to junction 147 and poled
      to be conductive in a direction toward junction 147.
PAR  In FIG. 3, conventional electronic switches are illustrated at 200 and 201.
      Receipt of a positive potential at junction 147 closes switch 201. When
      junction 147 is maintained at ground potential, switch 201 is open, as
      shown.
PAR  In FIG. 3, an amplifier 186 is shown having an input lead 187 connected
      from junction 148 and an output lead 188 connected to junction 149. As
      before, a diode 189 and a source of biasing potential 190 are connected in
      succession in series in that order from junction 149 to junction 148.
      Again, source 190 is poled to back bias diode 189. Note will be taken that
      both diodes 177 and 189 are poled to be conductive in directions away from
      junctions 147 and 149, respectively. A diode 191 is connected from ground
      to junction 149, and poled to be conductive in a direction toward junction
      149. Junctions 143 and 148 are connected together. When the potential of
      junction 149 is positive with respect to ground, switch 200 is closed by
      the application of a posotive potential thereto.
PAR  As shown in FIG. 3, servo-motor 197 is provided having an input lead 198
      connected from a junction 207 and output shaft 138 which drives gear
      reducer 65 (FIG. 2), and drive tachometer generator 194, as well.
PAR  In FIG. 3, normally closed limit switches 208 and 209 are opened on the
      respective full closing and full opening of valve 37. Limit switches 208
      and 209 are connected in parallel with electronic switches 200 and 201,
      respectively. Switches 200 and 201 are connected in succession, in series
      in that order from junction 142 to junction 207.
PAR  In the operation of the servo-mechanism 66 shown in FIG. 3, because of the
      inversions of amplifiers 53 and 163 in FIGS. 2 and 3, respectively, the
      tachometer generator output is returned via resistor 162 to junction 139.
      The phrase "positive or negative potential" herein means positive or
      negative both with respect to ground. The potential of junction 49 (FIG.
      2) may, thus, be positive when the air flow rate in conduit 13 is
      increasing and the feedback from tachometer generator 194 is positive. The
      velocity feedback from tachometer generator 194 makes the process control
      system stable because the angular velocity of device 38 in FIG. 1 is zero
      when the displacement error (junction 49) is zero (ground potential).
PAR  In FIG. 3, the potential of junction 147 is positive when the potential of
      junction 142 is negative. The potential of junction 149 is positive when
      the potential of junction 142 is positive. Diodes 179 and 191 maintain the
      potentials of the respective junction 147 and 149 at ground potential when
      the junctions 146 and 148 have potentials negative with respect to ground.
      Amplifiers 174 and 186 are, thus, non-inverting amplifiers.
PAC  OPERATION
PAR  In the operation of the embodiment illustrated in FIG. 1, hydrogen sulfide
      is supplied by source 11 and with other flue gases rises in flue 10. A
      portion of this hydrogen sulfide gas is then oxidized in furnace 12. The
      combustion products of furnace 12 are then injected back into flue 10 via
      outlet conduit 15, furnace 12 being closed except for air inlet conduit
      13, flue gas inlet conduit 14, and outlet conduit 15.
PAR  Sampler 21 then removes a sample of the flue gas mixture in flue 10
      including both hydrogen sulfide and sulfur dioxide gas after a large
      percentage of each (e.g. 99 percent) has been removed by the coalescer 16.
      This sample passes through conduit 23, valve 24, conduit 26, pressure
      regulator 25 and pressure regulator outlet conduit 27. From this point, a
      first portion of the sample gas in conduit 27 is passed through sulfur
      dioxide scrubber 28 to hydrogen sulfide titrator 31. A second portion
      thereof is passed through hydrogen sulfide scrubber 28 to sulfur dioxide
      titrator 42. The D.C. voltages on the output leads 32 and 33 of titrators
      42 and 31 are then directly proportional to the sulfur dioxide and
      hydrogen sulfide concentrations, respectively, in the fluid sample passing
      through pressure regulator outlet conduit 27.
PAR  Sulfur dioxide scrubber 28 removes the sulfur dioxide from the first
      portion of the fluid sample passing through conduit 27. Hydrogen sulfide
      scrubber 29 removes the hydrogen sulfide from the second portion. The
      transfer function between the output signals of titrators 31 and 42 to the
      rate of flow of air in conduit 13 is not critical and need not be linear
      with any function of hydrogen sulfide and/or sulfur dioxide concentration
      in the fluid sample flowing in conduit 27. This is true because the system
      of FIG. 1 is a null seeking servo-mechanism. Further, controller 34 may be
      a position or velocity servo which operates on a number of different
      functions of the output signals of titrators 31 and 42. When controller 34
      is that shown in FIG. 2, and servo-mechanism 66 therein is that shown in
      FIG. 3, the servo-mechanism 66 is provided with a velocity feedback to
      make the process stable. This is not always necessary.
PAR  In the case of FIG. 2, controller 34 turns needle valve screw 38 until the
      oxygen supply is adequate to drive the D.C. voltage appearing at the
      output of analog divider 43 in FIG. 2 to the same potential at which the
      wiper 61 of potentiometer 59 is set. This is also not necessarily true.
      This assumes that the resistance of each of the resistors 50 and 62 in
      FIG. 2 is the same. If they are different, the D.C. potential of the
      output of divider 43 will be a predetermined fraction of, larger or
      smaller than, the potential of potentiometer wiper 61.
PAR  In accordance with the foregoing, it will be appreciated that
      servo-mechanism 66 may be of the type to be described in connection with
      FIG. 5, and gear reducer 65 may be omitted in some cases. Further, needle
      valve 37 may be omitted and another device substituted therefor.
PAR  All the structures shown in FIG. 4 may be identical to all those respective
      structures shown in FIG. 1 except the structures connected from titrator
      output leads 32' and 33' to needle valve 37'.
PAR  In FIG. 4, a servo-mechanism 84 is connected from titrator output lead 32'.
PAR  Servo-mechanism 84 is shown in FIG. 5. In FIG. 5, lead 32' is connected to
      a summing junction 69 by a resistor 70. A differential amplifier 71 has an
      inverting input lead 72 connected from junction 69 and a non-inverting
      input lead 73 connected to ground. Amplifier 71 has an output lead 74
      connected to an output junction 75. A resistor 76 is connected between
      junctions 69 and 75. A potentiometer 77 is connected, as before, and has a
      winding 78 and a wiper 79. A resistor 80 is connected between junction 69
      and wiper 79, as before. A servo-motor 81 has an output shaft 82 which
      drives wiper 117 on winding 116 of a potentiometer 83 (FIG. 4). The
      servo-mechanisms 66 and 84 in FIGS. 1 and 4, respectively, may not be
      conventional and may or may not be identical to each other or to the
      servo-mechanisms shown in FIGS. 3 and 5. The servo-mechanism 84 in FIG. 5
      has a feedback from a wiper 85 of a potentiometer 86 connected, as before,
      with a winding 87. Wiper 85 is connected to junction 69 via a resistor 88.
PAR  In FIG. 4, a hyperbolic potentiometer winding 116 has one end 118 connected
      from titrator output lead 33' and another lead 119 which is not connected
      to anything. The hyperbolic winding makes the potential at a junction 120
      directly proportional to the ratio of the potentials on leads 32' and 33'.
      The reciprocal, however, could be used.
PAR  In FIG. 4, various junctions are provided throughout the circuit. These
      junctions are 121, 122, 123 and 124. A resistor 125 is connected between
      junctions 120 and 123. A capacitor 126 is connected between junctions 121
      and 123. A differential amplifier 127 is provided having an inverting
      input lead 128 connected from junction 122, and a non-inverting input lead
      129 connected to ground. Amplifier 127 has an output lead 130 connected to
      junction 124. Another potentiometer is provided at 131 having a winding
      132 and a wiper 133. A resistor 134 is connected from wiper 133 to
      junction 122. A servo-motor 135 is connected from junction 124 to needle
      valve 37'.
PAR  All identical reference numbers, except for the use of one or more prime
      marks, refer to structures which may or may not be identical, as desired.
PAR  The word "fluid" is hereby defined for use herein and for use in the
      claims, unless operative with liquids, to means substantially only a
      single gas compound or substantially only a mixture of different gases.
      For example, the invention will be found useful in connection with the
      removal of sulfur from a mixture of gases including hydrogen sulfide gas
      which normally are vented from a flue.
PAR  As explained previously, preferably an excess of hydrogen sulfide gas is
      introduced to furnace 12 through inlet conduit 14 to make sure that the
      oxygen in the air introduced through inlet conduit 13 does not exist as
      elemental oxygen gas in outlet conduit 15 and to make sure that most all
      available oxygen oxidizes the hydrogen sulfide. Normally, furnace 12 may
      take approximately one-third to all the flow through flue 10.
PAR  Additional inverting and non-inverting amplifiers may be used, as desired,
      throughout all of this disclosure.
PAR  If desired, any one or more or all of the computation functions performed
      by the controllers disclosed herein may be performed by digital computers
      instead of analog computers without departing from the invention.
PAR  Capacitor 52 in FIG. 2 and capacitor 126 in FIG. 4 both may be omitted, if
      desired.
PAR  Controller 34 may use one or more of any digital or analog computers,
      conventional or not. Alternatively, portions of the controller computing
      functions may be analog and other portions may be digital. Still further,
      all of the computer portions of the controller may be analog or all of
      them may be digital.
PAR  Scrubber 28 may be entirely conventional except that the scrubber solution
      employed therein may or may not be conventional. For example, the solution
      of scrubber 28 may be that disclosed in U.S. Pat. No. 3,757,488 and in
      copending application Ser. No. 406,379 filed Oct. 15, 1973, by J. R.
      Robison for METHOD OF AND SYSTEM FOR CONTROLLING A CHEMICAL PROCESS now
      U.S. Pat. No. 3,854,884.
PAR  In some cases, sampler probe 22 in FIG. 1 may be located either upstream or
      downstream from coalescer 16. However, outlet conduit 15 of furnace 12
      will always be connected to flue 10 upstream of coalescer 16, as shown in
      FIG. 1. Further, sampler probe 22 will always be located downstream of the
      connection of conduit 15 with flue 10.
PAR  The word "concentration" is hereby defined for use herein and for use in
      the claims as well, to mean approximately or exactly the percent by weight
      or volume (percent by weight and by volume are about the same) or this
      percent divided by the molecular weight. The Claus equation is a molecular
      solution. As is well known, the molecular weight of hydrogen is about 1
      gram, the molecular weight of sulfur is about 32 grams and the molecular
      weight of oxygen is about 16 grams. The molecular weight of hydrogen
      sulfide is then about 34 grams, and the molecular weight of sulfur dioxide
      is about 64 grams.
PAR  Conventional titrators, e.g. those of the type disclosed in U.S. Pat. No.
      3,448,031, have conventional zero and span adjustments for molecular
      weight weighting, if desired. Such weighting requires only constant scale
      factors, i.e. zero and/or span.
PAR  The phrase "molecular ratio" is hereby defined for use herein and in the
      claims to mean the ratio of the gram molecular weight of hydrogen sulfide
      to the gram molecular weight of sulfur dioxide or the reciprocal thereof.
PAR  The manner of supplying oxygen and/or air through inlet conduit 13 of
      furnace 12 may be performed in a great many ways different from that
      disclosed herein without departing from the present invention. Included,
      but not limited to, one or more of these ways is utilizing an air pump,
      the speed of which is operated by controller 34. Further, air supply 35
      may be either a compressed air source, a compressed oxygen source or an
      air compressor having an intake from the atmosphere.
PAR  Valve 37 need not be a needle valve but may be another valve which may be
      varied to vary the rate of flow of air or oxygen in furnace inlet conduit
      13.
PAR  If valve 37 is an air pump or compressor, controller 34 may supply a
      velocity control thereof using a tachometer feedback similar to or the
      same as that shown in servo-mechanism 66 of FIG. 3. An additional
      amplifier and servo-motor may be provided for this purpose, if desired.
PAR  The phrase "source of oxygen" is hereby defined for use herein and for use
      in the claims as including, but not limited to, a source of compressed
      oxygen or air, and oxygen or air pump, a furnace with a variable draft and
      an atmospheric or oxygen intake or otherwise.
PAR  The word "divider" as used herein and as used in the claims, is hereby
      defined to include either an analog or a digital divider.
PAR  The word "multiplier" as used herein and as used in the claims, is hereby
      defined to include either an analog or a digital multiplier.
PAR  The word "constant" is hereby defined for use herein and for use in the
      claims to mean "approximately constant" as either absolutely constant or
      constant over certain periods or manually adjustable only or otherwise
      adjustable.
PAR  In FIG. 2, it will be noted that potentiometer 59 generally will supply
      only a negative potential to resistor 62 at wiper 61 if the D.C. voltage
      at the output lead of analog divider 43 is generally only positive.
PAR  The phrase "one magnitude equal to another" is hereby defined for use
      herein and for use in the claims to mean that the absolute values of the
      magnitudes are equal to each other. Generally, as stated previously, for
      example, when the D.C. voltage on the output lead of divider 43 in FIG. 2
      is positive, wiper 61 will be moved to a position where it is negative.
      The converse is also true.
PAR  The word "drive" is hereby defined for use herein and for use in the claims
      to mean a drive in either direction, e.g. a drive increasing or decreasing
      the oxygen flow rate through inlet conduit 13 of furnace 12 in FIG. 1.
PAR  The phrase "algebraic sum" is hereby defined for use herein and for use in
      the claims to have its conventional meaning. That is, the addition of a
      minus to a plus is the difference between the numbers.
PAR  Reference to sampler 21 in FIG. 1 likewise is a reference to sampler 21' in
      FIG. 6. Similarly, reference to any number having one or more prime marks
      is to be considered herein as a reference to the number with fewer or no
      prime marks. Conversely, reference to any number having no prime marks is
      also hereby defined to be a reference to a structure having this same
      number with one or more prime marks added.
PAR  From the foregoing, it will be noted that the Claus process is used at
      least for the purpose of producing sulfur and/or to remove sulfur from
      fluid streams which periodically or continuously contain 100 percent or
      some percent of hydrogen sulfide other than zero.
PAR  In FIG. 2, if the resistance of resistor 51 is properly selected,
      particular settings internally of the titrators may be over a wide range.
PAR  If desired, resistors 51 (FIG. 2), 125 (FIG. 4) and other resistors may be
      variable resistors to adjust gain and/or span.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process control system comprising: first means for connection with
      apparatus confining the flow of a fluid, a portion or all of said fluid at
      least sometimes being hydrogen sulfide gas, said first means having an
      outlet conduit and being actuable to supply a flow of a sample of said
      fluid through said outlet conduit; first and second scrubbers, each of
      said scrubbers having an inlet conduit connected from said first means
      outlet conduit to receive first and second portions of said fluid sample,
      respectively, and having its own outlet conduit, said first and second
      scrubbers being chargeable with first and second solutions, respectively,
      such that said first and second scrubbers pass hydrogen sulfide and sulfur
      dioxide, respectively, whenever they are carried in said first and second
      fluid sample portions, respectively, and while said first and second
      scrubbers remove sulfur dioxide and hydrogen sulfide, respectively, from
      said first and second fluid sample portions, respectively; first and
      second coulometric titrators having first and second inlet conduits,
      respectively, and first and second electrical output leads, respectively,
      said first titrator inlet conduit being connected from said first scrubber
      outlet conduit to receive the fluid output thereof, said first titrator
      producing an electrical output signal on said first lead thereof of a
      magnitude directly proportional to the concentration of hydrogen sulfide
      in said sample fluid, said second titrator inlet conduit being connected
      from said second scrubber outlet conduit to receive the fluid which passes
      through said second scrubber outlet conduit, said second titrator
      producing an electrical output signal on said second output lead thereof
      of a magnitude directly proportional to the concentration of sulfur
      dioxide in said sample fluid; and second means connected from said first
      and second output leads of said first and second titrators, respectively,
      for connection with said flow confining apparatus at a location upstream
      of the connection of said first means therewith, said responsive to said
      titrator output signals and the magnitudes thereof for introducing oxygen
      in pure form or in a fluid mixture into said fluid confining apparatus at
      a variable flow rate and at a temperature to oxidize hydrogen sulfide
      therein; flow of fluid in said flow confining apparatus, said first means,
      said first and second scrubbers, said first and second titrators, and said
      second means each forming a link in a closed loop null seeking
      servo-mechanism in which said second means is actuable to vary or maintain
      constant said oxygen flow rate in a manner to drive the magnitudes of the
      output signals of said titrators to values indicating that there are
      concentrations larger than zero of both hydrogen sulfide and sulfur
      dioxide in said sample fluid and to values indicating that the
      concentration of hydrogen sulfide in said sample fluid times the molecular
      ratio 64/34 is approximately twice as large as the concentration of sulfur
      dioxide in said sample fluid.
NUM  2.
PAR  2. The process control system as defined in claim 1, wherein a coalescer is
      adapted for connection with said flow confining apparatus downstream of
      the location at which said second means is adapted for connection
      therewith to form and to extract elemental sulfur from hydrogen sulfide
      (H.sub.2 S) and sulfur dioxide (SO.sub.2) in said fluid in accordance with
      the chemical equation:
EQU  2H.sub.2 S + SO.sub.2 .fwdarw. 3S + 2H.sub.2 O
PAL  where H, S and O are symbols for the hydrogen, sulfur and oxygen atoms,
      respectively.
NUM  3.
PAR  3. The process control system as defined in claim 2, wherein said first
      means is adapted for connection to said flow confining apparatus at a
      location downstream of the location at which said coalescer is adapted for
      connection with said flow confining apparatus.
NUM  4.
PAR  4. The process control system as defined in claim 3, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the respective locations at which said
      coalescer and said first means are adapted for connection with said flow
      confining apparatus, said furnace outlet being connected back to said flow
      confining apparatus at a predetermined location upstream of the respective
      locations at which said coalescer and said first means are adapted for
      connection with said flow confining apparatus, said second means including
      a source of a reaction fluid all or a portion of which contains oxygen,
      said reaction fluid source having an input device, being connected to said
      second furnace inlet, and being variable with said input device thereof to
      change the flow rate of oxygen into said furnace through said second
      furnace inlet, said controller having an output device connected to said
      reaction fluid source input device, said controller being constructed to
      vary said reaction fluid source input device through variation of said
      controller output device in a manner to drive the magnitudes of the
      signals on said titrator output leads to indicatee that the concentration
      of hydrogen sulfide in said sample fluid times the molecular ratio 64/34
      is approximately twice as large as the concentration of sulfur dioxide in
      said sample fluid.
NUM  5.
PAR  5. The process control system as defined in claim 1, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the location at which said first means is
      adapted for connection with said flow confining apparatus, said furnace
      outlet being connected back to said flow confining apparatus at a
      predetermined location upstream of the location at which said first means
      is adapted for connection with said flow confining apparatus, said second
      means including a source of a reaction fluid all or a portion of which
      contains oxygen, said reaction fluid source having an input device
      connected to said second furnace inlet, and being variable with said input
      device thereof to change the flow rate of oxygen into said furnace through
      said second furnace inlet, said controller having an output device
      connected to said reaction fluid source input device, said controller
      being constructed to vary said reaction fluid source input device through
      variation of said controller output device in a manner to drive the
      magnitudes of the signals on said titrator output leads to indicate that
      the concentration of hydrogen sulfide in said sample fluid times the
      molecular ratio 64/34 is approximately twice as large as the concentration
      of sulfur dioxide in said sample fluid.
NUM  6.
PAR  6. The process control system as defined in claim 2, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the respective locations at which said
      coalescer and said first means are adapted for connection with said flow
      confining apparatus, said furnace outlet being connected back to said flow
      confining apparatus at a predetermined location upstream of the respective
      locations at which said coalescer and said first means are adapted for
      connection with said flow confining apparatus, said second means including
      a source of a reaction fluid all or a portion of which contains oxygen,
      said reaction fluid source having an input device, being connected to said
      second furnace inlet, and being variable with said input device thereof to
      change the flow rate of oxygen into said furnace through said second
      furnace inlet, said controller having an output device connected to said
      reaction fluid source input device, said controller being constructed to
      vary said reaction fluid source input device through variation of said
      controller output device in a manner to drive the magnitudes of the
      signals on said titrator output leads to indicate that the concentration
      of hydrogen sulfide in said sample fluid times the molecular ratio 64/34
      is approximately twice as large as the concentration of sulfur dioxide in
      said sample fluid.
NUM  7.
PAR  7. A process control system comprising: a source of an input fluid;
      apparatus connected from said input fluid source confining the flow of
      said input fluid therefrom, a portion or all of said input fluid at least
      sometimes being hydrogen sulfide gas; first means connected from said flow
      confining apparatus, having an outlet conduit, and being actuable to
      supply a flow of a sample of said input fluid through said outlet conduit;
      first and second scrubbers each having an inlet conduit connected from
      said first means outlet conduit to receive first and second portions,
      respectively, of said fluid sample, each of said first and second
      scrubbers having its own outlet conduit, said first and second scrubbers
      being charged with first and second solutions such that they pass hydrogen
      sulfide and sulfur dioxide, respectively, whenever they are or are carried
      in said first and second fluid sample portion, respectively, while they
      remove sulfur dioxide and hydrogen sulfide, respectively, from said first
      and second fluid sample portions, respectively; first and second
      coulometric titrators having first and second inlet conduits,
      respectively, and first and second electrical output leads, respectively,
      said first titrator inlet conduit being connected from said first scrubber
      outlet conduit, said first titrator producing an electrical output signal
      on said first lead thereof of a magnitude directly proportional to the
      concentration of hydrogen sulfide in said sample fluid, said second
      titrator inlet conduit being connected from said second scrubber outlet
      conduit, said second titrator producing an electrical output signal on
      said second output lead thereof of a magnitude directly proportional to
      the concentration of sulfur dioxide in said sample fluid; and second means
      connected from said first and second output leads of said first and second
      titrators, respectively, and connected to said flow confining apparatus at
      a location upstream of the connection of said first means therewith, and
      responsive to said titrator output signals and the magnitudes thereof for
      introducing oxygen in pure form or in a fluid mixture into said fluid
      confining apparatus at a variable flow rate and at a temperature to
      oxidize hydrogen sulfide therein; flow of fluid in said flow confining
      apparatus, said first means, said first and second scrubbers, said first
      and second titrators, and said second means each forming a link in a
      closed loop null seeking servo-mechanism in which said second means is
      actuable to vary to maintain constant said oxygen flow rate in a manner to
      drive the magnitudes of the output signals of said titrators to values
      indicating that there are concentrations larger than zero of both hydrogen
      sulfide and sulfur dioxide in said sample fluid and to values indicating
      that the concentration of sulfur dioxide in said sample fluid times the
      molecular ratio 34/64 is approximately one-half the concentration of
      hydrogen sulfide in said sample fluid.
NUM  8.
PAR  8. The process control system as defined in claim 7, wherein a coalescer is
      connected with said flow confining apparatus downstream of the location at
      which said second means is connected therewith to form and to extract
      elemental sulfur from hydrogen sulfide (H.sub.2 S) and sulfur dioxide
      (SO.sub.2) in said fluid in accordance with the chemical equation:
EQU  2H.sub.2 S + SO.sub.2 .fwdarw. 3S + 2H.sub.2 O
PAL  where H, S and O are symbols for the hydrogen, sulfur and oxygen atoms,
      respectively.
NUM  9.
PAR  9. The process control system as defined in claim 8, wherein said first
      means is connected to said flow confining apparatus at a location
      downstream of the location at which said coalescer is connected thereto.
NUM  10.
PAR  10. The process control system as defined in claim 9, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the respective locations at which said
      coalescer and said first means are connected with said flow confining
      apparatus, said furnace outlet being connected back to said flow confining
      apparatus at a predetermined location upstream of the respective locations
      at which said coalescer and said first means are connected with said flow
      confining apparatus, said second means including a source of a reaction
      fluid all or a portion of which contains oxygen, said reaction fluid
      source having an input device, being connected to said second furnace
      inlet, and being variable with said input device thereof to change the
      flow rate of oxygen into said furnace through said second furnace inlet,
      said controller having an output device connected to said reaction fluid
      source input device, said controller being constructed to vary said
      reaction fluid source input device through variation of said controller
      output device in a manner to drive the magnitudes of the signals on said
      titrator output leads to indicate that the concentration of sulfur dioxide
      in said sample fluid times the molecular ratio 34/64 is approximately
      one-half as large as the concentration of hydrogen sulfide in said sample
      fluid.
NUM  11.
PAR  11. The process control system as defined in claim 7, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the location at which said first means are
      connected with said flow confining apparatus, said furnace outlet being
      connected back to said flow confining apparatus at a predetermined
      location upstream of the location at which said first means are connected
      with said flow confining apparatus, said second means including a source
      of reaction fluid all or a portion of which contains oxygen, said reaction
      fluid source having an input device, being connected to said second
      furnace inlet, and being variable with said input device thereof to change
      the flow rate of oxygen into said furnace through said second furnace
      inlet, said controller having an output device connected to said reaction
      fluid source input device, said controller being constructed to vary said
      reaction fluid source input device through variation of said controller
      output device in a manner to drive the magnitudes of the signals on said
      titrator output leads to indicate that the concentration of sulfur dioxide
      in said sample fluid times the molecular ratio 34/64 is approximately
      one-half as large as the concentration of hydrogen sulfide in said sample
      fluid.
NUM  12.
PAR  12. The process control system as defined in claim 7, wherein said second
      means includes a controller connected from both of said titrator output
      leads, a furnace closed except for first and second inlets and an outlet,
      said first furnace inlet being adapted for connection from said flow
      confining means upstream of the respective locations at which said
      coalescer and said first means are connected with said flow confining
      apparatus, said furnace outlet being connected back to said flow confining
      apparatus at a predetermined location upstream of the respective locations
      at which said coalescer and said first means are connected with said flow
      confining apparatus, said second means including a source of reaction
      fluid all or a portion of which contains oxygen, said reaction fluid
      source having an input device, being connected to said second furnace
      inlet, and being variable with said input device thereof to change the
      flow rate of oxygen into said furnace through said second furnace inlet,
      said controller having an output device connected to said reaction fluid
      source input device, said controller being constructed to vary said
      reaction fluid source input device through variation of said controller
      output device in a manner to drive the magnitudes of the signals on said
      titrator ouput leads to indicate that the concentration of sulfur dioxide
      in said sample fluid times the molecular ratio 34/64 is approximately
      one-half as large as the concentration of hydrogen sulfide in said sample
      fluid.
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PAL  A fixed, hollow, cylindrical, open ended electrically conductive cathode
      concentrically surrounds a hollow, cylindrical, electrically conductive
      anode. The anode is fixed upon an electrically conductive axle so as to
      allow the anode and axle to rotate inside the cathode. Electrically
      non-conductive brushes are mounted on the anode and rotate therewith,
      sweeping over the radially inner surface of the cathode. A water inlet
      housing at one end of the cathode and a water exhaust housing at the other
      end of the cathode cooperate to divert a stream of water in which salt has
      been dissolved between the anode and the cathode, the housings also
      supporting the conductive axle and allowing it to rotate. An electric
      motor rotates the axle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrolytic cells are conventionally used to chlorinate water for swimming
      pools and the like, by decomposing salts such as sodium chloride dissolved
      therein. In the process of producing chlorine gas, chlorine bubbles form
      on the cathode of such a cell, and it has been found desirable to wipe
      such bubbles off the cathode as they are produced, to maximize bare
      cathode surface area presented to the water and thus facilitate chlorine
      production. In U.S. Pat. No. 2,530,524 an electrolytic cell is shown with
      a revolvable electrode and stationary wipers. This device uses alternating
      current to decompose water, thus causing each electrode in the device to
      alternately function as cathode and anode. In addition, a monel electrode
      body is used, this body being subject to deterioration and necessitating
      the cutting of grooves to insure that an adequate electrode surface area
      is always presented to the water. The present invention differs radically
      from that shown in the above mentioned patent in that it has rotatable
      wiper blades, uses no monel electrode and consequently has no grooves, and
      uses direct current.
PAC  SUMMARY OF THE INVENTION
PAR  This invention resides in the use of a hollow cylindrical cathode
      concentrically surrounding a cylindrical anode, the anode being rotatable
      and carrying brushes that sweep the inner surface of the cathode free of
      chlorine bubbles as they form. The invention further resides in the
      angling of the brushes to allow them to function as turbine vanes, and
      thus cause the anode to rotate under the influence of water passing
      through the invention.
PAR  This invention is specifically intended for use with water in which sodium
      chloride is dissolved, although its use is not limited thereto. Such water
      is routed through the elongated annular volume between two concentric
      cylindrical electrodes. The outer electrode, which is the cathode in this
      design, is fixed, while the inner electrode (or anode) is rotatable about
      its axis. Non-conductive brushes are fixed to the surface of the anode,
      and sweep across the radially inner surface of the cathode.
PAR  When a direct current source is placed across the anode and cathode, the
      salt-laden water flowing between them is electrolyzed, and chlorine
      bubbles form on the inside of the cathode. As the anode rotates, the
      brushes sweep the cathode clear of bubbles, keeping a maximum surface area
      presented to the water and facilitating chlorine production.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a drawing of the invention, with a cutaway portion showing
      construction details;
PAR  FIG. 2 is a view along line 2--2 in FIG. 1;
PAR  FIG. 3 is a view along line 3--3 in FIG. 1;
PAR  FIG. 4 is a drawing of the anode and the brushes disposed thereon; and
PAR  FIG. 5 is a drawing showing the anode-axle connectors.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A hollow, cylindrical copper cathode 10 has open ends to which a water
      intake housing 20 and a water exhaust housing 30 are attached by clamps
      40. Inside the cathode is disposed a hollow cylindrical titanium anode 50
      which bears a platinum coating. The cathode and anode are concentric, the
      latter being free to rotate inside the former on electrically conductive
      axle 60. The axle is attached to the anode by two like cylindrical plastic
      plugs 70 placed in the ends of the anode. To make electrical contact
      between the axle and anode, two like opposed electrically conductive anode
      axle connectors 80 are biased against the axle and are attached to the
      anode.
PAR  Plastic plugs 90 and 100 are placed in housings 20 and 30. Plug 90 has a
      cylindrical recess in which one end of axle 60 is placed, while plug 100
      has a central hole through which the axle extends. This hole is fitted
      with seal 110, to prevent water escaping from the region between the
      cathode and anode into electric motor 120, which rotates the axle through
      insulator 130, and is attached to housing 30.
PAR  To connect the anode and cathode in circuit with a 5 volt direct current
      source, a carbon brush 140 touches the axle, the brush being placed in
      holder 160 in motor housing 150. Two rectifiers 170 in holders 180 are
      connected to the exterior of the cathode.
PAR  When water in which 1% sodium chloride has been dissolved is inducted into
      the elongated annular space between the anode and the cathode and 5 volts
      is placed across the anode and cathode, electrolysis decomposes the sodium
      chloride and chlorine bubbles form on the radially inner surface of the
      cathode. To wipe the surface of the cathode clear of bubbles and thus
      facilitate chlorine production, three teflon wiper brushes 190 are
      attached to the outside of the rotating anode. These brushes are inclined
      40 degress of arc with respect to the axis of the anode, so that water
      under high pressure that is inducted into the device will press against
      the blades and rotate the anode. The motor exists to rotate the anode only
      when the water pressure is not sufficient to do so.
PAR  It has been found that the resistance of the cell is sufficiently low so as
      to allow twenty to thirty amperes to pass through water containing 1%
      sodium chloride, when 5 volts have been placed across the cell. The
      distance between the anode and cathode in this embodiment of the invention
      is 1/8 inch.
PAR  While the invention has been described with detailed reference to the
      drawings, the protection sought is to be limited only by the terms of the
      claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrolytic cell comprising:
PA1  a fixed hollow cylindrical open ended electrically conductive cathode;
PA1  an electrically conductive axle rotatable about its axis and aligned with
      the axis of the cathode;
PA1  a hollow cylindrical open ended electrically conductive anode disposed
      between and spaced from the cathode and axle, the axle being aligned with
      the axis of the anode;
PA1  electrically nonconductive plugs disposed between the anode and axle to
      mechanically connect the anode and axle whereby the axle and anode rotate
      as a unit, said plugs having openings to permit passage of water
      therethrough;
PA1  electrically conductive connectors biased against the axle and attached to
      the anode to electrically connect the axle and anode;
PA1  a plurality of electrically nonconductive brushes disposed on the external
      surface of the anode and secured thereto, said brushes being rotated as
      the anode rotates and sweeping radially over the inner surface of the
      cathode;
PA1  means for rotating the axle; and
PA1  means for introducing a flow of water containing dissolved salt between the
      anode and cathode.
NUM  2.
PAR  2. The device of claim 1 wherein the brushes are straight teflon blades
      mounted on the anode at an acute angle with respect to the axis of the
      anode, whereby water under pressure that is introduced between the cathode
      and anode flows against the brushes and causes the anode and axle to
      rotate.
NUM  3.
PAR  3. The device of claim 2 wherein an electric motor rotates the axle.
NUM  4.
PAR  4. The device of claim 3 wherein the anode is a titanium shell coated with
      platinum.
NUM  5.
PAR  5. The device of claim 4 wherein the distance between the anode and the
      cathode is 1/8 inch.
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ABST
PAL  An interior lining system for aluminum reduction cell anodes comprising
      strips of flexible sheet material supplied in roll form with adjacent
      strips disposed in laterally overlapping relationship between the anode
      and its casing.
BSUM
PAR  This invention relates to electrolytic cells of the type having a
      continuous self-baking anode. Such a cell commonly includes an anode
      casing peripherally enclosing the anode and defining its cross-sectional
      shape. The present invention is concerned especially with providing an
      interior lining between the anode and its casing.
PAC  BACKGROUND OF THE INVENTION
PAR  Aluminum reduction cells have traditionally employed anode systems of two
      different types: prebaked carbon blocks arranged in the cell for
      individual height adjustment and replacement, and Soderberg or self-baking
      anodes in which a large mass of carbonaceous material, typically a mixture
      of pitch and coke, is supported in a casing over the cell. In the latter
      system, the heat of operating the cell bakes the anode in place as it is
      formed progressively. Then, as the carbon anode is consumed at its lower
      end, more anode paste is supplied on top to replenish the anode.
      Adjustment of the anode position in the cell may be accomplished by
      lowering the anode and its casing as a unit, or by lowering the anode
      within its casing, or combinations of both.
PAR  Some cells use a permanent anode casing which is mounted in fixed relation
      to the cell. This type of construction typically includes external support
      means for the permanent casing, such as removable channels or the like,
      and a jacking system for adjusting the anode position within the casing.
      One such arrangement, particularly for Soderberg cells having side-entry
      anode pins, includes a stack of channel members on opposite sides of the
      anode, with clearance holes for the pins. The fixed casing itself has
      corresponding slots that are elongated vertically to allow for lowering
      the anode with its electrical contact pins and their associated support
      channels as a unit relative to the anode casing. Before the lowermost
      channels come too close to the bath, the bottom row of support channels
      and associated anode pins can be removed and later reset at the top.
PAC  SUMMARY OF THE INVENTION
PAR  In order to achieve the necessary slippage between the anode and its casing
      when adjusting their relative positions, various lining materials have
      been interposed between the anode and casing. The present invention
      provides an improved lining system for that purpose. The lining is formed
      by laterally overlapping strips of flexible sheet material supplied in
      continuous lengths from rolls thereof that are arranged to unwind and move
      with the anode as it is lowered within the casing. An advantage of this
      arrangement is that the rolls of lining material have to be replaced only
      at infrequent intervals, thus minimizing the maintenance effort. In
      addition, when the rolls are supported on an interior surface of the anode
      casing, for example, the supply of rolled lining strips can be enclosed
      with the anode under a removable cover. The cover affords access for
      introducing anode paste, or replacing the rolls periodically, and it also
      serves to keep alumina ore at the cell from dusting out on the anode.
PAR  The lining material used may be sheet steel or aluminum, for example, of a
      thickness suitable for coiling into a compact roll, and preferably thin
      enough to allow for punching anode pins through the lining. Other
      conventional nonmetallic sheet materials used for anode linings can also
      be employed, if they are strong enough and provide sufficient adhesion to
      the carbon anode, but sheet metal is preferable for cells having anodes
      equipped with side-entry pins entering the anode through the lining, in
      order to achieve positive feeding of the strip as it unwinds from the
      roll. Common sheet steel of a thickness in the range of about 0.005-0.010
      inch ordinarily is suitable for this purpose.
DRWD
PAC  DETAILED DESCRIPTION
PAR  The present preferred embodiments of the invention are illustrated in the
      accompanying drawings, wherein:
PAR  FIG. 1 is a semi-schematic perspective view of an aluminum reduction cell;
PAR  FIG. 2 is a partial transverse section through an anode of the cell;
PAR  FIG. 3 is a partial interior elevation of the anode casing and associated
      components of the lining system;
PAR  FIG. 4 is a partial interior elevation at a corner of the anode casing;
PAR  FIG. 5 is a vertical section of the anode casing at a corner thereof and
PAR  FIG. 6 is a transverse section of a cell showing an alternative embodiment
      of the anode lining.
DETD
PAR  Referring to FIG. 2, the anode assembly 10 includes a continuous
      self-baking anode 12, permanent casing means 14 and support channels 16
      having clearance holes for the side-entry anode pins 18. The casing means
      14 include an outwardly spaced upper portion 20 extending above the anode,
      and a shelf-like connecting portion 22.
PAR  As detailed in FIGS. 3, 4 and 5, strips of flexible sheet metal lining
      material are supplied in continuous lengths from rolls 24 that are
      supported by brackets 26 mounted on the anode casing. The rolls are placed
      alternately one above the other along opposite sides of the anode, in
      order to allow for unwinding the strips from adjacent rolls in a common
      pass line with their edges overlapping. Each of the rolls is arranged to
      unwind inwardly from beneath the roll, thence around an edge of the
      connecting portion 22 of the anode casing, or an upper guide rod 28
      similarly situated, and downwardly along an interior surface of the anode
      casing. This arrangement for feeding the strips provides sufficient drag
      to keep the rolls from unwinding prematurely, without imposing any
      appreciable tension in the strips or interfering with their movement
      downwardly within the casing.
PAR  Additional anode lining strips are similarly arranged in laterally
      overlapping relationship along opposite ends of the anode. Rolls of corner
      strips are mounted for rotation on a diagonal axis adjacent each corner of
      the anode, and a guide rod 29 is provided for folding each corner strip as
      it leaves the roll to form side and end portions of the strip overlapping
      the adjacent side and end strips.
PAR  To form the lining initially, the overlapping strips are placed within the
      anode casing and held in position by introducing anode paste on top of the
      anode. At an appropriate stage, the anode pins are punched through the
      lining into the anode. Thereafter, as the anode is formed progressively
      and lowered from time to time relative to the casing, the strips unwind
      from their rolls and move downwardly through the casing along with the
      anode, and eventually are melted into the molten contents of the cell as
      the anode is consumed.
PAR  In the general arrangement of the cell shown in FIG. 1, it can be seen that
      the anode 12, its permanent casing 14 and the rolls 24 of lining material
      are enclosed by hinged doors 30 arranged to provide access for anode
      servicing operations. Also, the entire cell is generally enclosed as
      shown, to provide for collecting gaseous effluent of the cell through
      take-off ducts 32.
PAR  An alternative cover arrangement is shown in FIG. 6, where the supply rolls
      24 of lining material are supported on framework above the anode. As the
      laterally overlapping strips are supplied from these rolls they are passed
      upwardly over guide rollers 34, thence downwardly over cover pivot hinge
      rollers 36 adjacent the anode casing to form an inner lining previously
      described. However, in this embodiment, the strips also constitute a cover
      for the anode and its casing. Access is provided by swinging either or
      both halves of the cover upwardly about the axis of rollers 36 to the
      raised positions shown in dotted lines.
PAR  Although presently preferred embodiments of the invention has been
      illustrated and described, it will be apparent that the invention may be
      otherwise variously embodied and practiced within the scope of the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an aluminum reduction cell having a continuous selfbaking anode of
      substantially rectangular shape, permanent casing means for the anode,
      support means for the casing means, a plurality of side entry electrical
      contact pins entering the anode on opposite sides thereof through
      clearance holes in the support means and corresponding slots in the casing
      means, the slots being elongated vertically to allow for adjusting the
      anode position within the casing means, and an inner lining for achieving
      a slippage between the anode and the casing means when adjusting their
      relative positions, the lining being disposed between the anode and the
      casing means along each anode side and end and having the contact pins
      punched through the portions thereof along each anode side, the
      improvement wherein:
PA1  the lining is formed from a plurality of strips of flexible sheet material
      which extend downwardly between the anode and the casing means, with
      adjacent strips in laterally overlapping relationship, there being a
      plurality of side strips for each anode side, at least one end strip for
      each anode end and one corner strip for each anode corner; and
PA1  the lining is supplied in continuous lengths by a rotatably mounted roll of
      said sheet material for each of said strips, the rolls respectively
      associated with side and end strips being placed to provide for feeding
      adjacent strips along a common pass line with their edges overlapping,
      each roll associated with an anode corner strip being mounted for rotation
      on a diagonal axis and including means for folding said strips as it
      leaves said roll to form side and end portions of said strip which overlap
      the adjacent side and end strips.
NUM  2.
PAR  2. The improvement of claim 1 wherein said rolls are mounted alternately
      one above the other.
NUM  3.
PAR  3. The improvement of claim 2 including cover means for affording access to
      the upper interior of the casing means to replace said rolls and replenish
      the anode, said rolls being supported on and within the casing means and
      beneath said cover means.
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ABST
PAL  The use of composite cathodes comprising a metal substrate having thereon a
      coating of rhenium in electrolytic cells for the electrolysis of aqueous
      alkali metal halide solutions reduces the cell voltage requirements in
      comparison to the conventional ferrous metal cathodes traditionally used
      in such cells.
BSUM
PAC  BACKGROUND
PAR  1. Field of the Invention
PAR  This invention relates to improved cathodes for use with electrolytic cells
      used in the electrolysis of aqueous alkali metal halide solution for the
      production of halogen and caustic or alkali metal hypohalides.
PAR  2. Description of the Prior Art
PAR  The electrolysis of aqueous alkali metal halide solution such as solutions
      of sodium chloride or potassium chloride is conducted on a vast commercial
      scale. The electrolysis of alkali metal chlorides to produce elemental
      chlorine and alkali metal hydroxides is conducted in two general types of
      cells--the diaphragm and the mercury cathode cell. In the diaphragm cell,
      the cell is divided into two compartments--the anode compartment and the
      cathode compartment--which are separated by a porous or semiporous
      diaphragm which is usually made of asbestos or by an ion exchanger type
      membrane. The cathode is of perforated metal and the asbestos diaphragm is
      in contact with the cathode. The anode, which until recently was usually
      made of carbon or graphite, is disposed centrally in the anode
      compartment.
PAR  In the production of alkali metal hypochlorite and chlorate, anodes and
      cathodes (or bipolar electrodes which when arranged in a spaced electrical
      series in an electrolytic cell may serve as both anode and cathode) are
      submerged in an aqueous solution of the sodium chloride or the like and an
      electrical potential is established between the electrodes. In the past,
      graphite or carbon electrodes have been used as anodes or as the bipolar
      electrodes in series. In consequence of the electrochemical reactions
      which occur, alkali metal chlorate is produced either directly in the cell
      or outside the cell after the solution is allowed to stand.
PAR  In operating each of the above-described cells one was confronted with a
      common problem, namely, that during the course of the electrolysis, the
      carbon or graphite electrode gradually eroded or decomposed. Consequently,
      great interest was developed in a dimensionally stable anode that would be
      free of the objectionable characteristics of the graphite or carbon
      electrode. The dimensionally stable anodes which were developed are
      typically of titanium or similar valve metal and coated with a platinum
      metal or ruthenium oxide or alone or in combination with other oxide
      compounds. During the development of the improved anodes for the various
      electrolytic cells little or no attention has been given to the cathode
      employed in the cells which, as mentioned above, typically is a ferrous
      metal material.
PAR  Improvement in the cathode is desirable inasmuch as there is a voltage loss
      at the cathode in addition to a voltage loss at the anode of these
      electrolytic cells. Inasmuch as these cells consume tremendous amounts of
      electricity even a small amount, such as a tenth of a volt, of savings in
      electrical energy at either the cathode or the anode is of tremendous
      economic advantage and importance to the producer. Hindering the desire
      for better cathodes is the fact that the operating conditions of the
      cathode, e.g., high caustic concentration, heat, conductivity requirements
      and the like, are very deleterious to many materials which might otherwise
      be considered for such use.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention there is provided in an electrolytic cell
      for the production of halogen and caustic or alkali metal hypohalides from
      aqueous alkali metal halide solutions wherein the cell is equipped with
      anodes and cathodes the improvement which comprises a composite cathode
      comprising a metal substrate having thereon a coating of rhenium.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a diaphragm-type cell for the production of chlorine, the typical metal
      cathode has been of woven wire mesh construction. Ferrous metal cathodes
      of this type are well known and described in some detail in the textbook
      Chlorine, Its Manufacture Properties and Uses, J. S. Sconce, Editor,
      American Chemical Society Monograph No. 154, Reinhold Publishing Company,
      New York, New York, (1962) at page 90 et seq. which is incorporated herein
      by reference. Flat cathodes are also known, for instance see U.S. Pat.
      Nos. 1,464,689 and 3,335,079. Perforated and/or expanded metal sheet
      cathodes are also known. Any of the foregoing configurations of metal
      cathodes are suitable for the purpose of this invention. While
      commercially the metal of choice for cathodes has been a ferrous metal
      other metals, such as copper or nickel, can be used in this invention.
PAR  The rhenium is applied as a thin coating to the metal. The thickness of the
      coating can vary consistent with cell efficiency improvement sought, the
      economics of fabrication and the like. While theoretically a continuous
      monomolecular layer of rhenium will suffice, because of porosity a layer
      of from several microns up to about 0.001 inch in thickness is desirable
      and preferably the thickness is about 0.0001 to about 0.001 inches. The
      coating can be applied by electro-depositing on the base structure from a
      plating solution or chemideposited by forming a liquid film containing the
      rhenium on the ferrous metal and the drying of the film as is well known
      in the plating arts. Additionally, vacuum deposition, cladding, powder
      deposition, sintering, ionic plating sputtering, spraying, etc.,
      techniques can be used to apply the rhenium coating. The coating can be
      applied to either one side only or both sides (or faces) of the cathode as
      desired depending on the configuration of the electrolytic cell wherein
      the cathode is to be employed.
PAR  The rusting and undercutting of ferrous metal substrates is a well known
      phenomenon. In an electrolytic cell the electrolyte containing Cl.sup.-
      and/or OCl.sup.- ions is very corrosive and ferrous metal starts corroding
      immediately. Thus, it is usually desirable to provide an intermediate
      coating between the rhenium and the cathode so as to avoid rusting and
      undercutting which might be occasioned by the porosity of the rhenium
      coating. A suitable intermediate coat is nickel or cobalt or a thin layer
      of each to make the intermediate coat which overcomes the undercutting and
      also provides a better bond with the rhenium. The intermediate coating can
      be deposited by various means. The coating can be deposited so as to
      increase the surface area, i.e., a rough, irregular but continuous deposit
      as opposed to the surface of a uniformly shaped or extruded wire and the
      like.
PAR  The cathodes of this invention provide for an electric current voltage
      savings in an electrolytic cell on the order of 0.2 to 0.3 volts at about
      200 amps. per square foot (ASF).
PAR  The following examples are included to illustrate the preparation of the
      coated cathodes of this invention but are not to be considered limiting.
      Unless otherwise specified all temperatures are expressed in degrees
      centigrade and all parts are expressed as parts by weight.
PAR  At present, steel is used as the cathode material in the chlor-alkali and
      many other electrolytic cells. The cathodes are fabricated from a wire
      mesh or screen. In a Hooker cell the cathode screen wire is of
      approximately 0.078 inch diameter and the screen has 6 wires and 6
      openings per inch. In order to examine the advantages offered by the
      coatings in comparison with the conventionally used steel, the test
      cathodes were made by depositing the coatings on the conventional
      material. Thus, the general geometry and structure of test cathodes were
      the same as those of the cathode material used in the Hooker's cell. The
      test and steel (control) cathodes were about 6.25 inches by 1.625 inches
      in size with a panhandle for electrical connection. The comparison between
      the test cathodes with experimental coatings and the conventional steel
      cathode was made by measuring the cathode potentials with respect to a
      calomel standard half cell and/or measuring the cell voltages. A twin
      cathode cell in which the test and the control cathodes were incorporated
      side-by-side in the same plane but separated from each other, a common
      asbestos diaphragm and a common dimensionally stable anode was used. The
      diaphragm and the anode were twice the size of the single cathode and
      disposed parallel to the cathode. The test and control cathodes were also
      incorporated in separate electrolytic cells for the measurements.
PAR  Saturated brine, purified and filtered to remove mainly calcium, magnesium,
      iron, and suspended matter was used as the electrolyte. The pH of the
      brine before entering the cell was between 9 and 11. The rate of flow of
      the catholyte flowing out of the cell and the salt cut was monitored from
      time to time to check that the cell was not running at extreme conditions.
      The advantages offered by the coatings in terms of cathodic potential or
      in terms of hydrogen overpotential were greater than the differences
      introduced by the usual variations in the flow and concentration in the
      catholyte. The temperataure of the cells was generally 120.degree. to
      140.degree. F. but experiments were made in the lower and higher range.
PAR  The test cathodes were first coated with nickel (5 to 10 mil thick) and
      then with rhenium. The nickel plated cathodes were heated first in
      hydrogen and Argon to 500.degree.-1000.degree.C. for one to three hours to
      remove oxides and improve the adhesion of nickel to the steel as well as
      to the subsequent overcoating. (Other reducing gases in place of hydrogen
      and inert gases in place of Argon, e.g., helium or krypton, can be used.)
      The rhenium coatings were obtained by electroplating in a commercially
      available bath of rhenium-A manufactured by Technic Inc. (believed to be a
      rhenium/sulfamide type path) using the standard procedure, e.g.,
      temperature 150.degree. F., 150 ASF, 10 minutes per 0.0001  inch plate.
      The thickness of the outer coatings was about 0.0005 inches. It was found
      that if the rhenium was coated in two layers with a heat treatment process
      interposed in between them a more durable surface was obtained. After a
      partial, thin, initial coat of rhenium is applied, the cathode was heated
      to about 500.degree. to 1000.degree. C. in a reducing gas (e.g., hydrogen)
      and finally cooled in an inert gas (Argon) for one-half to three hours.
      Thereafter, a second coat of rhenium was applied to obtain the desired
      thickness and obtain a surface more durable against physical damage, e.g.,
      dislodging the coatings in storage, or during or after electrolysis.
PAR  Cathodes of other shapes, sizes and geometry can be used as long as they
      have the rhenium coating.
PAR  Summarized in tabular form below is the test data for a diaphragm-type
      chlorine cell showing amount of reduction in voltage requirements at
      various amps. per square foot (hereinafter referred to as ASF) for the
      cell equipped with the rhenium coated cathode compared to the other cell
      equipped with a conventional uncoated cathode. In each case the coated
      cathode had a nickel intermediate coating and then heat treated before the
      rhenium was applied. The diaphragm was deposited asbestos.
TBL  ______________________________________                                    
           Days                                                                
     Ex-   of Cell   Voltage Reduction at Stated ASF                           
     ample Operation 19     38   95   133  190  228  298                       
     ______________________________________                                    
     1     1         0.09   0.13 0.20 0.21 0.21 0.22 0.23                      
     2     2         0.10   0.14 0.21 0.22 0.24 0.24 0.26                      
     3     5         0.10   0.14 0.20 0.21 0.22 0.23 0.24                      
     4     6         0.09   0.13 0.20 0.21 0.22 0.23 0.22                      
     5     7         0.09   0.13 0.19 0.20 0.22 0.22 0.23                      
     ______________________________________                                    
PAR  From the foregoing table it will be seen that consistent results are
      obtained depending only on the ASF level. Since commercial cell ASF levels
      are 100 or more, significant savings in electrical energy is obtained by
      the use of this invention.
PAR  The rhenium coated cathodes can be used in alkali cells in general rather
      than just those used in producing caustic and chlorine since the rhenium
      coating was also found to be stable against chemical corrosion (e.g.,
      OCl.sup.- or ClO.sub.3 .sup.- ion attack) and therefore suitable for use
      in hypochlorite and chlorate cells which generally are similar to chlorine
      cells except for the absence of the diaphragm.
PAR  The foregoing examples and methods have been described in the foregoing
      specification for the purpose of illustration and not limitation. Many
      other modifications and ramifications will naturally suggest themselves to
      those skilled in the art based on this disclosure. These are intended to
      be comprehended as within the scope of this invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an electrolytic cell for the production of halogen and caustic or
      alkali metal hypohalides and chlorates from alkali metal halide solutions
      wherein the cell is equipped with anodes and cathodes, the improvement
      which comprises a composite cathode comprising a metal substrate having
      thereon a coating of rhenium.
NUM  2.
PAR  2. The electrolytic cell of claim 1 wherein the coating is on one side of
      the cathode.
NUM  3.
PAR  3. The electrolytic cell of claim 1 wherein the coating is on both sides of
      the cathode.
NUM  4.
PAR  4. The electrolytic cell of claim 1 wherein there is a layer of nickel or
      cobalt intermediate said metal substrate and the rhenium coating.
NUM  5.
PAR  5. The electrolytic cell of claim 4 wherein the intermediate layer has a
      nonuniform thickness so as to increase the surface area.
NUM  6.
PAR  6. The electrolytic cell of claim 4 wherein the rhenium coating is applied
      as two separate layers.
NUM  7.
PAR  7. The electrolytic cell of claim 5 wherein the coating is rendered more
      durable by heat treating in a reducing gas after the application of the
      intermediate layer and again after the first layer of rhenium.
NUM  8.
PAR  8. The electrolytic cell of claim 1 wherein the cathode is separated from
      the anode by a diaphragm.
NUM  9.
PAR  9. The electrolytic cell of claim 1 wherein the cathode is separated from
      the anode by a membrane.
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ABST
PAL  An improved means for sealing the gaseous product header of an electrolytic
      cell is provided which comprises a water trap positioned below the gas
      header duct and in communication therewith, a means for draining said
      water trap positioned in the lower portion thereof, a liquid inlet,
      preferably associated with said draining means, a non-porous baffle member
      extending from said header into the water trap and means connecting said
      draining means with said cell.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an improved means for sealing the gaseous product
      header associated with an electrolytic cell. More particularly, it relates
      to an improved header which permits the removal of an individual cell from
      service in an efficient and convenient manner.
PAC  BACKGROUND OF INVENTION
PAR  The electrolytic decomposition of ionizable chemical compounds, e.g.,
      alkali metal halides is a well known commercial process. In the
      electrolysis of such compounds, gaseous products, e.g., chlorine, are
      produced as a major product. In most commercial installations a series of
      electrolysis cells are operated in banks and the gaseous product from each
      of the cells is collected and delivered into a common duct, or header,
      running over the top of each of the cells. Whenever one of the cells in a
      particular bank is shut down for maintenance or servicing, e.g., for
      replacement of the diaphragm or electrodes, the gaseous product line
      running into the header, needs to be detached from the common header. In
      such detaching operation a considerable amount of the gaseous product in
      the header will be released into the cell room unless the header is sealed
      off during the detachment.
PAR  Various methods have been used in the past to seal off the end of the gas
      product line communicating with the header. Conventionally this sealing
      has been provided by valving means which valving means is troublesome to
      maintain in liquid and/or gas tight condition and expensive to fabricate
      due to the highly corrosive nature of the wet chlorine gas. Further, the
      gaseous products emanating from the cells contain considerable amounts of
      water vapor which on entering into the header and cooling condense
      therein. This condensate is carried along with the gaseous products and,
      being somewhat corrosive in nature is difficult and expensive to handle.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to devise an improved means for
      connecting and disconnecting the gaseous product stream of an electrolytic
      cell with a common header which services a series of electrolysis cells.
PAR  A further object is to provide a means which permits the removal of
      condensate from such gaseous products from the header.
PAR  These and other objects and advantages of the invention will be obvious
      from the following description.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, there is provided apparatus and
      methods for sealing the gaseous product header of a series of electrolytic
      cells which comprises a trap positioned below said header and
      communicating therewith, said trap including a means for draining liquid
      therefrom, means for introducing liquid into said trap, preferably
      associated with said draining means, a non-porous baffle within said trap
      spacedly positioned in relation to the communication with said header,
      means connecting said trap to an electrolytic cell and means connecting
      said draining means with the means connecting said trap to said cell.
PAR  During normal operation of the cell, the gaseous products, e.g., chlorine
      flows from the cell through a connecting pipe, generally called a "dogleg"
       into the trap around the baffle and into the header. Water vapor
      associated with the gas product condenses therefrom collects in the bottom
      of the trap and may be periodically or continuously removed through the
      draining means. When the cell is to be removed from service, the drain is
      closed and water or brine is introduced into the trap, preferably through
      the draining means to a height sufficient to cover the lower end of the
      baffle. Thereafter the dogleg may be disconnected and the cell removed
      without leakage of gas from the header. Preferably a liquid level
      indicator, e.g., a sight glass, may be installed in the trap to monitor
      the liquid level in the trap. Following servicing of the cell, it may be
      reconnected to the header and following draining of the liquid from the
      trap and reconnection of the connecting line to the gas outlet, the
      collection of gas product may be resumed.
DRWD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention may best be understood by reference to the attached drawing
      which illustrates a preferred embodiment of the invention. In this FIGURE,
      there is represented a plan view partly in section of the apparatus of
      this invention showing the attachment thereof to the header in accordance
      with the invention.
DETD
PAR  The gas product, e.g., chlorine, header, 1, having an opening, 2, in
      communication with trap 3 in which liquid condensate may collect. A sight
      glass, 4, is provided to indicate the liquid level in the trap. An
      opening, 5, in the bottom section of the trap permits drainage of the
      liquid from the trap through hoses, 6 and 7, into the dog-leg, 10, at
      port, 11, in the riser section of dog-leg. The dog-leg is attached to the
      chlorine exit port, 12, in the top of the electrolysis cell, 13 and is
      attached to the trap 3, at gas inlet 16. A nipple, 8, is inserted in the
      hose sections 6, and 7, to permit detachment thereof and insertion of a
      water or brine line, not shown. Dog-leg, 10, is attached to the trap 13,
      through a collar connector, 14. A nonporous baffle, 15, directs the flow
      of the chlorine through the trap into the header, 1. Similarly, when the
      housing contains sufficient liquid, water, brine and/or condensate to
      cover the lower extremity of the baffle, chlorine passing through the
      header is prevented from escaping into the dog-leg by the liquid seal. The
      baffle also serves as a means for removing any spray entrapped in the gas
      stream. The baffle may be fabricated from any non-corrosive metal or
      synthetic plastic material, e.g., polypropylene, teflon, polyvinyl
      acetate, chlorendic acid polyesters and the like.
PAR  During normal operation of the cell, the gaseous product formed at the
      anode is discharged from the cell, 13, through the gas outlet, 12, in the
      upper portion thereof and, passes through the dog-leg, 10, into trap, 3,
      around the baffle, 15, into the gas header, 1. Vapor which condenses from
      the hot gas collects in the trap and may be intermittently or continuously
      removed from the trap through the drain flowing through hose sections, 6
      and 7, connecting trap, 3, with the dog-leg 10 and back into the anode
      compartment of the cell. The flow may be controlled by adjusting the clamp
      on the hose section, as will be obvious to those skilled in this art.
PAR  When the cell is to be removed from service, the electrical current is
      shunted around the cell interrupting the electrolysis reaction. The drain
      is suitably closed by clamps attached to the hose sections, 6 and 7, and
      the supply of feed brine to the cell is shut off. Hose lines 6 and 7 are
      disconnected at the nipple connection 8, and a line supplying water or
      brine is connected to the drain hose, 6, at the nipple connection.
      Thereafter trap, 3, is filled with water or brine to a level above the
      lower end of the baffle, 15, thereby preventing leakage of gas from the
      header by a liquid seal in the trap. The level of liquid in the trap may
      be aptly monitored by sight glass, 4. The dog-leg may be detached from the
      gas header and if desired, the opening in the trap closed by a suitable
      closure, e.g., a bung. The cell is thus detached from the gas header and
      trap and can be serviced.
PAR  The above described liquid seal for gas headers associated with
      electrolytic cells offers significant advantages over the apparatus
      presently in use for connecting and disconnecting cells to a collection
      system. Not only is the above described apparatus of relatively simple
      design but it does not include the use of costly valves which due to the
      highly corrosive atmosphere to which they are subjected, are relatively
      short lived and troublesome to maintain. By its use, the apparatus of this
      invention enables the cell to be readily removed and reinstalled in
      service with a minimum of gas leakage.
PAR  While there have been described various embodiments of the present
      invention, the apparatus features described is not intended to be
      understood as limiting the scope of the invention. As will be obvious to
      those skilled in this art, changes in the details described herein are
      possible without departing from the scope or spirit of the invention. It
      is further intended that each element recited in any of the following
      claims is to be understood as referring to all equivalent elements for
      accomplishing substantially the same results in substantially the same or
      equivalent manner. It is intended to cover the invention broadly in
      whatever form its principles may be utilized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrolytic cell comprising an outlet for gaseous products formed
      in said cell, said outlet communicating with a header for collection of
      the gaseous products from a series of similar cells, the improvement which
      comprises attaching to said header a trap comprising
PA1  a. a housing having a gas inlet communicating with the gas outlet of said
      cell,
PA1  b. a baffle positioned in and extending across said housing, said baffle
      being attached to the top of said gas inlet and forming a part thereof,
      said baffle extending downwardly into said housing and terminating above
      the bottom thereof,
PA1  c. a liquid outlet in the lower portion of said housing, said liquid outlet
      being at a lower level than the lower end of said baffle,
PA1  d. a liquid inlet in the lower portion of said housing,
PA1  e. means for conveying liquid from said liquid outlet to the gas outlet of
      said cell, and
PA1  f. means attached to said liquid outlet for controlling the flow of liquid
      from said housing,
PA1  Said gas inlet and said baffle forming a path through said trap for the
      flow of gaseous products from said cell through said trap into said
      header, said trap allowing a gas flow and acting to remove spray entrapped
      in the gas stream during normal cell operation, said trap preventing gas
      flow when said trap contains liquid to a level above the lower end of said
      baffle.
NUM  2.
PAR  2. The electrolytic cell as claimed in claim 1 wherein said housing
      includes also means for indicating externally the level of liquid in the
      housing.
NUM  3.
PAR  3. The electrolytic cell as claimed in claim 2 wherein said liquid level
      indicating means is a sight glass.
NUM  4.
PAR  4. The electrolytic cell as claimed in claim 1 wherein said liquid inlet
      and said liquid outlet are the same.
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ABST
PAL  The invention relates to a bipolar electrode and to a diaphragm-type
      electrolyser equipped with such a bipolar electrode. Said bipolar
      electrode comprises a generally vertical supporting wall, a plurality of
      generally vertical, spaced parallel anode plates, transversally connected
      to said wall, on one side thereof, and a plurality of generally vertical,
      spaced parallel foraminous cathode fingers transversally connected to the
      opposite side of said wall, and alternating with the anodes. At least a
      portion of the supporting wall comprises a plurality of generally vertical
      elongated metallic members supporting the cathode fingers and extending
      each between two anode plates. The cathode fingers are in communication
      with one another through apertures provided through said metallic members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements to electrolytic cells,
      especially to cells for the production of chlorine from aqueous solutions
      of alkali-metal chlorides.
PAR  This invention relates more particularly to a bipolar electrode for a
      diaphragm type electrolyser, said electrode comprising a substantially
      vertical supporting wall, a plurality of substantially vertical, spaced
      parallel anode plates, transversely connected to said wall, on one side
      thereof, and a plurality of substantially vertical, spaced, foraminate
      cathode fingers, transversally connected to the opposite side of said
      wall, and alternating with the anodes.
PAR  In known bipolar electrodes of this type, for example in the one described
      in the Belgian Pat. No. 752,380 of June 23, 1970 in the name of PPG
      INDUSTRIES Inc., the supporting plate is constituted by a steel plate to
      which the anodes (constituted by titanium plates coated with a catalytic
      active coating) and the cathodes (hollow cathode fingers having foraminate
      walls intended to be covered with a diaphragm) are fixed by welding,
      rivetting or bolting. On the anodic side, the steel plate is coated with a
      protective layer corrosion resistant to the electrolyte and to the
      products generated by electrolysis.
PAR  The aforesaid known bipolar electrodes present many disadvantages. Their
      construction is not easy in particular due to the cumbersome supporting
      plate of generally important sizes. The assembling of anodes and cathodes
      on said plate is also complicated by the need to have a plate strictly
      plane and to realize a regular and precise distribution of anodes and
      cathodes along said plate.
PAR  Another important disadvantage of these known bipolar electrodes is the
      difficulty to handle said electrodes, in particular to diassemble the
      same, in order, for example, to replace a damaged anode or cathode.
PAR  In order to facilitate the assembling of the anodes on the supporting plate
      and to reduce the electrical resistance of the resulting assembly, the
      supporting plate is sometimes made of a composite plate constituted by a
      steel strip and a titanium strip closely joined to each other for example
      by explosion welding. Then, the titanium anode plates may be easily fixed
      on the titanium strip. However, it has been noted on practice, that
      composite titanium-steel plates rapidly deteriorate due to the formation
      of titanium hydride in the titanium-strip, resulting from the diffusion of
      hydrogen atoms arising on the cathode surface.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages of the aforesaid known
      bipolar electrodes. It relates, for this purpose, to a bipolar electrode
      for a diaphragm type electrolyser, said bipolar electrode comprising a
      generally vertical supporting wall, a plurality of generally vertical,
      spaced parallel anode plates, transversally connected to said wall, on one
      side thereof, and a plurality of generally vertical, spaced parallel
      foraminate cathode fingers, transversally connected to the opposite side
      of said wall, and alternating with the anodes, wherein at least a portion
      of said supporting wall comprises a plurality of generally vertical
      elongated metallic members supporting the cathode fingers and extending
      each between two anode plates, said cathode fingers being in communication
      with one another through apertures provided through said metallic members.
PAR  An advantage of the electrode according to the invention is its ability to
      be easily and rapidly assembled and disassembled. Moreover, said electrode
      can be manufactured from prefabricated elements, assembled together in a
      more or less great number according to the sizes required for the
      electrode.
PAR  In the bipolar electrode according to the invention, the elongated metallic
      members of the supporting wall may be steel members coated on the anodic
      side with a protective coating corrosion resistant to the electrolyte. The
      anodes are preferably constituted by titanium plates inserted between the
      elongated steel members, said titanium plates being coated at least partly
      with a catalytic coating, for example, a conductive coating containing a
      platinum group metal or a compound of a platinum group metal.
PAR  In the aforesaid embodiment of the bipolar electrode according to the
      invention, it has been noted that there is no formation of titanium
      hydride in the titanium anodes, what constitutes a further appreciable
      advantage. Moreover the possibility of imparting a substantially plane
      shape to said anode plates, greatly facilitates the coating of the plates,
      for example by means of a painting method.
PAR  According to the invention, it is preferred to coat the surfaces of each
      anode plate which are in contact with the elongated metallic members of
      the supporting wall, with a coating which is more electro-conductive than
      titanium, for example with platinum.
PAR  The invention relates also to a bipolar type diaphragm electrolyser,
      comprising at least two unit electrolytic cells, each unit cell including
      a lateral wall, a plurality of generally vertical, parallel spaced anodes,
      a plurality of generally vertical, parallel spaced, foraminous cathode
      fingers alternating with said anodes, a permeable diaphragm covering said
      foraminous cathode fingers, means for feeding said unit cell with an
      electrolyte, means for evacuating products generated in the cell, and a
      partition between said cell and a next adjacent one, wherein said
      partition between both unit cells comprises a plurality of generally
      vertical elongated metallic members, disposed side by side, connected to
      and supporting the cathode fingers of one of both cells, and extending
      each between a pair of anode plates of the other cell, said cathode
      fingers being in communication with one another through apertures provided
      through said metal members.
PAR  In a particular form of embodiment of the electrolyser according to the
      invention, said partition comprises two vertical elongated end members
      constituting at least a portion of the lateral wall of one of said unit
      cells.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other features and details of the invention will appear from the following
      description of the attached drawings, which schematically represent,
      solely by way of example, several forms of embodiment of the bipolar
      electrode and the electrolyser according to the invention.
PAR  FIG. 1 shows partly, in horizontal cross-section, a first embodiment of the
      bipolar electrode according to the invention.
PAR  FIG. 2 is a vertical cross-section along the planes II--II of FIG. 1.
PAR  FIG. 3 shows a modification of the embodiment of FIG. 1.
PAR  FIGS. 4 to 8 show partly in horizontal cross-section, five other forms of
      embodiment of the bipolar electrode according to the invention.
PAR  FIG. 9 shows schematically, in horizontal cross-section, a particular
      embodiment of a diaphragm type electrolyser according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In these figures, the same reference numbers designate same elements.
PAR  In a first embodiment, represented in FIGS. 1 and 2, the bipolar electrode
      according to the invention, comprises a supporting wall designated by the
      reference number 1. The supporting wall includes a plurality of vertical
      elongated members 2, for example made of steel. Anode plates 3 are
      inserted between the members 2. The anode plates 3 are advantageously
      titanium plates, each having on at least a portion of its two faces, an
      electro-catalytic active coating comprising a platinum group metal or a
      compound of a platinum group metal. The elongated members 2 and the anodes
      3 are clamped together by means of a plurality of bolts 4 and nuts (not
      shown) in order to form a rigid assembly. Sealing joints 5 may be
      interposed between the elongated members 2 in prolongation of said anodes
      3.
PAR  Two transversal vertical extensions 6 supporting a foraminate cathode
      finger 7 are provided on each elongated member 2, on the side opposite to
      the anodes 3.
PAR  The cathode fingers 7 are successively connected with one another by means
      of foraminate side blades obtained by folding the longitudinal walls 8 of
      the cathode fingers 7 and applied one against another, preferably
      elastically.
PAR  The cathode fingers 7, their side blades 9 and the elongated members 2
      delimite thus a cathode chamber in the bipolar electrode. In order to
      allow a circulation of the products generated by electrolysis, in the
      peripheral zone 10 of said cathode chamber, the aforesaid extensions are
      cut for forming apertures 11 and 12.
PAR  The walls of the cathode fingers 7 and their foraminate side blades 9 are
      intended to be covered with a diaphragm, on the outside of the aforesaid
      cathode chamber.
PAR  The elongated members 2 are coated, on the anode side thereof, with a
      protective coating 16 which is corrosion-resistant to the electrolyte and
      chlorine, for example with a layer of concrete containing a
      chlorine-resistant polyester.
PAR  In order to improve the tightness between the anode plates 3 and the
      elongated members 2 and to reduce the electrical resistance between said
      anode plates and elongated members, it is advantageous to apply between
      said anode plates 3 and said elongated members 2, a layer 27 of a known
      electroconductive and corrosion-resistant cement.
PAR  According to a modified embodiment, shown on FIG. 3, each cathode finger 7
      is engaged about and attached to an extension 6 of an elongated member 2.
      In order to reduce the electrical resistance through the cathode fingers
      7, they are advantageously provided each with an inner axial plate
      connected to the upper and lower parts of the cathode finger and to the
      extension 6 attached to said cathode finger 7.
PAR  According to another modified embodiment, not shown, the removable clamping
      means of the elongated members 2 and anode plates 3 is similar to that
      described in Belgian Pat. No. 755,900 filed on Sept. 9, 1970. The clamping
      means comprise a plurality of hollow bolts passing respectively through
      the elongated members 2 and screwed successively in one another. Each bolt
      comprises on the one hand a head passing through an elongated member 2 and
      bearing on a shoulder of said elongated member, and on the other hand, a
      threaded body screwed in a threaded opening of the head of a next adjacent
      nut.
PAR  In the embodiment of FIG. 4, the cathode fingers 7, similar to those of
      FIG. 3, are supported on inner axial plates 26 extending between the anode
      plates 3. Generally vertical metallic elements 30 are interposed and
      clamped between said plates 26 and anode plates 3. Cross-pieces 29 may be
      disposed between the axial plates 26 and the longitudinal walls 8 of the
      cathode fingers in order to reinforce their rigidity.
PAR  In the embodiment of FIG. 5, both longitudinal vertical walls 8 of each
      cathode finger 7 are turned back in the vicinity of the supporting wall 1
      so as to form a pair of axial extensions 15 inserted and clamped between
      two vertical elongated elements 30 of the supporting wall 1. The
      foraminate side blades 9 are directly attached to the foraminate walls 8
      of the cathode fingers.
PAR  A conductive plate 28 is preferably inserted between the extensions 15 and
      extends inside the cathode finger 7, in order to facilitate the
      circulation of the electric current.
PAR  FIG. 6 schematically shows a further embodiment of the bipolar electrode
      according to the invention. In this embodiment, the anodes are shaped in
      the form of vertical boxes comprising each a pair of plates 3 disposed on
      either side of an intermediate vertical element 13. The elements 13 are
      part of the supporting plate 1, where they alternate with the elongated
      members 2 carrying the cathode fingers 7 by means of said extensions 6.
PAR  In the embodiment of FIG. 6, the portions of plates 3, which are not
      engaged in the supporting wall 1 may be either foraminate or not.
PAR  According to a modification, partly shown on FIG. 7, of the embodiment of
      FIG. 6, the pair of plates constituting each anode box are fixed on the
      flange of a T-shaped member 14, the web of which is inserted between two
      elongated members 2 of the supporting wall 1.
PAR  In a preferred embodiment of the invention, represented on FIG. 8, the
      bipolar electrode has box-like anodes which comprise each a pair of plates
      3 disposed on either side of a vertical elongated member 2 of the
      supporting wall 1. The cathode fingers 7 are prolongated by side blades 9
      obtained, for example, by folding the ends of their walls 8. The cathode
      fingers 7 are fixed coupled to extensions 25 of the vertical elongated
      members 2, by means of the side blades 9. Each cathode finger 7 is thus
      carried by two elongated members 2 of the supporting wall 1. Intermediate
      elements 13 are interposed between the successive pairs of plates 3.
PAR  In the bipolar electrode of FIG. 8, the cathode fingers 7 and their
      respective side blades 9 may be for example built up together from a
      corrugated foraminate structure.
PAR  The embodiment of FIG. 8 presents the advantage to shorten the electric
      current circuit from the cathodes to the anodes through the supporting
      wall 1.
PAR  FIG. 9 represents schematically in a horizontal section, a preferred
      embodiment of a diaphragm-type electrolyser according to the invention.
PAR  The electrolyser comprises five unit cells 17 separated from each other by
      transversal vertical partitions, each constituting a supporting wall of a
      bipolar electrode according to the invention. Each partition or supporting
      wall comprises, as described hereabove, a plurality of vertical elongated
      members 2 alternating with vertical anode plates 3 and clamped together
      with said anode plates. Said vertical elongated members 2 carry cathode
      fingers 7 made of a wire net and alternating with the anodes 3 of a next
      adjacent unit cell 17.
PAR  According to the invention, the end elongated members 18 of each supporting
      wall 1 comprises lateral extensions 19 constituting the lateral vertical
      wall of a unit cell 17 contiguous to the partition 1. Appropriate sealing
      joints 20 are interposed between said extensions 19 and the next adjacent
      partitions.
PAR  The two end partitions 21 and 22 of the electrolyser are similar to the
      partitions 1, except that they are unipolar, cathodic and anodic
      respectively. They are provided with lead-in bars 23.
PAR  The transversal partitions 1, end partitions 21 and 22 and lateral walls 19
      are tightly mounted on a base (not shown) and covered by a cover (not
      shown).
PAR  The electrolyser of FIG. 9 comprises further means (not shown) for feeding
      a solution to be electrolyzed in the unit cells and for evacuating
      products generated in the cells.
PAR  Although several preferred forms of embodiment of the invention have been
      described, with reference to the drawings, it is evident that the
      invention is not limited to these embodiments, and any modification may be
      made in the shape, the arrangement and the construction of certain of the
      elements used in carrying it into effect.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a bipolar electrode for a diaphragm type electrolyser, a
      self-supporting, upstanding bipolar electrode structure comprising, in
      assembled relationship, a generally vertical supporting wall, a plurality
      of generally vertical, laterally spaced, parallel anode plates,
      transversally connected to said wall, on one side thereof and extending
      away therefrom, and a plurality of generally vertical, spaced parallel
      foraminous cathode fingers, transversally connected to the opposite side
      of said wall and extending away therefrom, and alternating with the
      anodes, the improvement which comprises at least a portion of said
      supporting wall comprising a plurality of apertured generally vertical
      elongated metallic members supporting the cathode fingers and each
      extending between two anode plates, said cathode fingers being in
      communication with one another through apertures provided through said
      metallic members, and said portion of said wall comprising extensions of
      the anode plates, alternating with and clamped between the vertical
      elongated metallic members supporting the cathode fingers to make said
      portion of said wall continuous and self-supporting on the anode side
      thereof.
NUM  2.
PAR  2. An electrode according to claim 1, wherein two elongated metallic
      members support each cathode finger facing each other and wherein each
      anode comprises at least a pair of plates facing each other, and disposed
      on either side of an elongated metallic member connected to two successive
      cathode fingers.
NUM  3.
PAR  3. An electrode according to claim 1, wherein each elongated metallic
      member carries one single cathode finger and is disposed between a pair of
      anode plates belonging to two separate anodes.
NUM  4.
PAR  4. An electrode according to claim 1, wherein substantially vertical blades
      successively connect said cathode fingers to each other in the vicinity of
      the supporting wall.
NUM  5.
PAR  5. An electrode according to claim 4, wherein said side blades of
      successive cathode fingers are foraminate and elastically applied against
      one another.
NUM  6.
PAR  6. An electrode according to claim 1, wherein said cathode fingers comprise
      a corrugated foraminate structure.
NUM  7.
PAR  7. An electrode according to claim 1, wherein sealing joints are interposed
      between said successive elongated members in prolongation of said anode
      plates.
NUM  8.
PAR  8. An electrode according to claim 1, wherein said elongated members are
      steel members having a protective corrosion resistant coating on the anode
      side thereof.
NUM  9.
PAR  9. An electrode according to claim 1, wherein said supporting wall
      comprises two vertical, elongated end members having lateral extensions
      defining a portion of lateral vertical walls of a bipolar type
      electrolyser.
NUM  10.
PAR  10. An electrode according to claim 1, including an electrically conductive
      and corrosion-resistant cement disposed between said anode plates and
      elongated members.
NUM  11.
PAR  11. A bipolar electrode for a diaphragm type electrolyser, said electrode
      comprising, a self-supporting, upstanding bipolar electrode structure
      comprising, in assembled relationship, a generally vertical supporting
      wall, a plurality of generally vertical, laterally spaced, parallel anode
      plates, transversally connected to said wall, on one side thereof and
      extending away therefrom, and a plurality of generally vertical, spaced
      parallel foraminous cathode fingers, transversally connected to the
      opposite side of said wall and extending away therefrom, and alternating
      with the anodes, at least a portion of said supporting wall comprising a
      plurality of apertured generally vertical elongated metallic members each
      supporting one cathode finger and each extending between two anode plates
      belonging to separate anodes, said cathode fingers being in communication
      with one another through apertures provided through said metallic members,
      and each elongated metallic member comprising a generally vertical plate
      extending axially in the cathode finger carried by said elongated member,
      and a pair of generally vertical elongated elements sandwiching and
      clamping said plate.
NUM  12.
PAR  12. An electrode according to claim 11, wherein a known electroconducting
      and corrosion-resistant cement is interposed between said anode plates,
      elongated elements and vertical plates.
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ABST
PAL  Diaphragms for a cell, in which the electrolysis of an aqueous solution of
      an alkali metal is carried out, having good permeability, shape and
      dimensional stability and good wettability characteristics with respect to
      the electrolyte are disclosed as well as a method for the manufacture
      thereof. The diaphragms are composed of a mixed sheet of a substantially
      homogeneous mixture of amphibole asbestos fibers and polyvinylidene
      fluoride fibrils connected together. To manufacture the diaphragms, an
      intimate mixture of polyvinylidene fluoride fibrils and amphibole asbestos
      is formed into a sheet and the sheet is heated to cause surface fusion of
      the fibrils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a diaphragm for use in a cell for the
      electrolysis of an aqueous solution of an alkali metal halide.
PAR  In the known diaphragm cells, in particular the cells for the electrolysis
      of a sodium chloride brine, the diaphragm is generally made of a layer or
      a sheet of asbestos, laid on a foraminous structure of iron, which forms
      the cathode of the cell.
PAR  The variety of asbestos generally used is chrysotile, because this gives
      the diaphragm good cohesion and, consequently, good mechanical resistance.
PAR  The known chrysotile diaphragms nevertheless have the disadvantage of
      dimensional instability with the passage of time. At the start of
      electrolysis these known diaphragms tend to swell, this swelling being
      followed by progressive consolidation under the effect of the hydrostatic
      pressure ruling in the cell. These variations with the passage of time in
      the volume and shape of the diaphragm are unfavorable to the electrolysis.
      Furthermore, they have a detrimental influence on the geometry chosen for
      the cell. In particular, the swelling of the diaphragm at the start of its
      life necessitates the provision in the cell of anodecathode separations
      distinctly greater than the optimum value for a cell in a normal
      condition.
PAR  Chrysotile diaphragms also have thhe disadvantage of rapid deterioration in
      contact with acid electrolytes.
PAR  In order to overcome this last disadvantage, it has been proposed in U.S.
      Pat. No. 3,505,200 to make diaphragms of anthophyllite alone or in
      admixture with chrysotile. Although the anthophyllite variety of asbestos
      has good resistance to acids, nevertheless diaphragms of pure
      anthophyllite are difficult to use in electrolytic cells because of their
      lack of cohesion. The addition of chrysotile to the anthophyllite
      substantially improves the cohesion of the diaphragm, but to the detriment
      of its resistance to acids.
PAR  These known diaphragms based on anthophyllite also suffer from the
      disadvantage, already mentioned above for chrysotile diaphragms, in that
      they change in volume and shape in the course of electrolysis.
PAR  In order to increase the cohesion of asbestos diaphragms and to improve
      their stability as to shape and dimensions, it has been proposed, in West
      German Patent Application No. 2,140,714, to coat the asbestos fibers of
      the diaphragm with a binding agent containing a fluorinated resin. In
      these known diaphragms, the presence of the resin, dispersed between the
      asbestos fibers, has however the highly disadvantageous effect of reducing
      significantly the permeability of the diaphragm. Thus, in this known
      diaphragm an acceptable cohesion can be obtained only with sacrifice of
      permeability or, conversely, an acceptable permeability of the diaphragm
      can be obtained only at the expense of the cohesion and the stability of
      shape and dimensions of the diaphragm.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages of the known
      diaphragms.
PAR  We have now in fact found a diaphragm which has the feature of combining
      advantageous properties, which up to now were thought to be incompatible:
      to have a good permeability, good stability of shape and dimensions, and
      good wettability by the electrolyte. These advantageous properties of the
      diaphragm according to the invention ease the process of electrolysis,
      particularly the disengagement of the gas at the anodes. They also permit
      the construction of cells with a smaller separation between the
      electrodes.
PAR  According to the present invention there is provided a diaphragm for a cell
      for the electrolysis of an aqueous solution of an alkali metal halide, the
      diaphragm comprising a mixed sheet formed of a substantially homogeneous
      mixture of fibers of amphibole asbestos and fibrils of polyvinylidene
      fluoride connected together.
PAR  Also according to the present invention, a method for manufacturing the
      diaphragm is provided, which comprises forming a mixed diaphragm sheet by
      intimately mixing fibrils of polyvinylidene fluoride with fibers of
      amphibole asbestos, forming the mixture into a sheet, heating the sheet to
      a temperature of about 200.degree.C. to 280.degree.C. so as to cause
      surface fusion of the fibrils in the sheet and allowing the sheet to cool.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURES illustrate schematically, in enlarged vertical cross-section, a
      horizontal cathode screen having a diaphragm of the invention thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  By "amphibole asbestos" we mean, for example, crocidolite and
      anthophyllite.
PAR  The fibrils used in the present invention are specific structures of the
      polymeric material, disclosed in Belgian Patent Nos. 787,032 and 787,033
      which correspond to U.S. application, Ser. Nos. 277,033 and 277,032 filed
      on Aug. 1, 1972 and which are incorporated herein by reference. The
      fibrils have a flaky appearance and an elongated shape, and they consist
      of a plurality of very fine filaments which are in the form of thin
      ribbons having a thickness of less than 4 microns, generally of the order
      of one micron. The filaments are interconnected at irregular intervals, so
      as to form a three-dimensional network. In the aggregate or network, the
      fine elemental filaments are often rolled or folded, sometimes giving the
      appearance of a fibrous material. The fibrils have lengths between 0.5 mm.
      and 50 mm. approximately and thicknesses between 0.01 mm. and 5 mm.
      approximately; they are characterized by a high specific surface, greater
      than 1 m..sup.2 /g. and even, in some cases, greater than 10 m..sup.2 /g.
PAR  Fibrils used in the diaphragm of the invention may be manufactured by
      subjecting a two-phase liquid mixture of molten polymer, such as
      polyvinylidene fluoride and solvent which is at elevated temperature and
      pressure to an abrupt pressure release in order to effect the
      instantaneous vaporization of the solvent and the solidification of the
      polymer. A make-up fluid is introduced through the two-phase liquid
      mixture, during or before the abrupt pressure rlease. The "two-phase
      liquid mixture" refers to a polymer-solvent mixture which is in the form
      of a single homogeneous liquid phase at high pressure and temperature, but
      which, when the pressure is gradually reduced, separates from a particular
      pressure onwards, into a system of two liquid phases; the two liquid
      phases consist of a continuous liquid phase poor in polymer and in which
      there is dispersed a second liquid phase, in the form of droplets, which
      is rich in polymer.
PAR  In the diaphragm according to the invention, the fibrils of the diaphragm
      sheet are connected together in known manner, for example by superficial
      fusion and adhesion.
PAR  In an advantageous embodiment of the diaphragm according to the invention,
      the content of fibrils of polyvinylidene fluoride in the mixed sheet lies
      between 10% and 80%, preferably between 20% and 50%, by weight of the
      mixture.
PAR  The weight of the mixed diaphragm sheet according to the invention is
      preferably between about 350 and about 650 g./m..sup.2. The thickness of
      the mixed diaphragm sheet is preferably between about 0.3 mm. and about
      0.8 mm.
PAR  In a preferred embodiment of the diaphragm according to the invention, the
      aforesaid mixed sheet containing the mixture of amphibole asbestos and
      fibrils of polyvinylidene fluoride is superimposed on a sheet of
      chrysotile asbestos and fixed or bonded to this sheet. In this embodiment
      the sheet of chrysotile asbestos may have a permeability substantially
      equal to or, preferably, higher than that of the mixed sheet. Preferably
      the chrysotile sheet has a thickness between about 0.2 and about 0.5 mm.
      and a permeability between about 0.8 and about 3.5 h..sup..sup.-1, the
      permeability being defined by the relationship:
      ##EQU1##
      where Q denotes electrolyte flow rate through the diaphragm in cm..sup.3
      /h.,
PA1  S denotes the working cross-section of the diaphragm in cm..sup.2, and
PA1  H denotes the hydrostatic pressure of the electrolyte (expressed as cm.
      depth of the electrolyte).
PAR  In the preferred embodiment of the diaphragm according to the invention,
      the sheet of chrysotile asbestos increases the rigidity of the diaphragm.
      This embodiment finds a special application in cells with horizontal
      foraminous cathodes, where the sheet of chrysotile asbestos, placed
      against the cathode, supports the mixed sheet containing the mixture of
      amphibole asbestos and fibrils of polyvinylidene fluoride, and prevents
      the mixed sheet from settling into the apertures of the cathode.
PAR  According to a variant of the preferred embodiment of the diaphragm
      according to the invention, the mixed sheet containing the mixture of
      amphibole asbestos and fibrils of polyvinylidene fluoride is held,
      sandwiched between two sheets of chrysotile asbestos and is bonded to
      these.
PAR  Within the scope of the present invention there is also provided a method
      for the manufacture of a diaphragm, which comprises forming a mixed
      diaphragm sheet by intimately mixing 10% to 80% by weight of fibrils of
      polyvinylidene fluoride with correspondingly 90% to 20% by weight of
      fibers of amphibole asbestos, forming the mixture of fibrils and fibers
      into a sheet, heating the sheet to a temperature between about
      200.degree.C. and about 280.degree.C. so as to cause surface fusion of the
      fibrils in the sheet and then allowing the sheet obtained to cool.
PAR  While the sheet is being heated, which may take from 5 to 15 minutes, the
      mixture of fibers and fibrils in the sheet may advantageously be
      compressed.
PAR  According to one embodiment of the method of the invention, the sheet
      formed from the mixture of fibers and fibrils is compressed, while being
      heated, against at least one sheet of chrysotile asbestos, or preferably
      between two sheets of chrysotile asbestos.
PAR  According to a preferred embodiment of the method of the invention, after
      the mixed sheet containing the mixture of amphibole asbestos and fibrils
      has been cooled, it is contacted with at least one sheet of chrysotile
      asbestos, or preferably it is inserted between two sheets of chrysotile
      asbestos, and the assembly of sheets is heated to a temperature between
      about 200.degree.C. and about 280.degree.C. for about 3 hours. Preferably
      the sheets are pressed against each other during this heating step.
PAR  The last-mentioned manner of carrying out the method of the invention has
      the advantage of improving the cohesion and the rigidity of the diaphragm.
PAR  The drawings concern chlorine-alkali horizontal diaphragm cells. FIGS. 1
      and 2 illustrate schematically an enlarged vertical cross-section of a
      horizontal cathode screen 1, having a diaphragm 2 thereon. In the
      embodiment of the invention shown in FIG. 1, the diaphragm 2 is composed
      of a lower sheet 3 of chrysotile asbestos which rests on the cathode
      screen 1 and an upper mixed sheet 4, made of a mixture of amphibole
      asbestos and polyvinylidene fluoride fibers, which is bonded to sheet 3.
      In FIG. 2, a particularly preferred embodiment of the invention is
      illustrated, wherein the mixed sheet 2, composed of amphibole asbestos and
      polyvinylidene fluoride fibrils is sandwiched between and bonded to two
      sheets 3 and 5 of chrysotile asbestos.
PAR  The invention is further illustrated by the following examples which
      further illustrate the best mode currently contemplated for carrying out
      the invention, but which are not to be construed as limiting the invention
      in any manner.
PAC  EXAMPLES
PAR  The following six diaphragms according to the invention were prepared, each
      consisting of fibers of one variety of amphibole asbestos as indicated and
      fibrils of polyvinylidene fluoride.
TBL  ______________________________________                                    
     Diaphragm I  crocidolite     80%                                          
                  fibrils         20%                                          
     Diaphragm II crocidolite     60%                                          
                  fibrils         40%                                          
     Diaphragm III                                                             
                  crocidolite     50%                                          
                  fibrils         50%                                          
     Diaphragm IV crocidolite     50%                                          
                  fibrils         50%                                          
     Diaphragm V  crocidolite     40%                                          
                  fibrils         60%                                          
     Diaphragm VI anthophyllite   50%                                          
                  fibrils         50%                                          
     ______________________________________                                    
PAC  Preparation of Fibrils of Polyvinylidene Fluoride
PAR  The polyvinylidene fibrils may be produced in the following manner. A
      mixture of polyvinylidene fluoride and methylene chloride containing 100
      g. of polyvinylidene fluoride per kg. of solution is heated to
      180.degree.C. and the pressure is regulated to 35 kg./cm..sup.2. At this
      pressure the mixture of polyvinylidene fluoride and methylene chloride is
      present as two phases. The two-phase liquid mixture is delivered to a die
      at a rate of 5 kg. of polymer/hr., wherein it is subjected to turbulent
      movement. Simultaneously, nitrogen, at a temperature of 20.degree.C. and
      under a pressure of 40 kg./cm..sup.2 is injected into the die through the
      turbulent two-phase liquid mixture, at a flow rate of 20 normal m..sup.3
      of nitrogen per hour. In the die, both the liquid mixture and nitrogen
      pass through a laminating orifice having a diameter of 2 mm. and a length
      of 1 mm., in order to subject the two-phase liquid mixture to an abrupt
      pressure release.
PAR  By operating under the foregoing conditions, 5 kg. of polyvinylidene
      fluoride fibrils per hour are produced, having a length of less than, or
      equal to 5 mm. and a specific surface area of 15 m..sup.2 /g.
PAC  Preparation of the Diaphragms of the Invention
PAR  Each of the six diaphragms was made by the method of the invention as
      follows:
PAR  About 12.5 g. of the appropriate mixture of amphibole asbestos fibers
      (crocidolite or anthophyllite as the case may be) and polyvinylidene
      fluoride fibrils were dispersed in 3 liters of a 10% solution of alcohol
      in water. The homogeneous suspension thereby obtained was filtered so as
      to collect a filter cake consisting of a substantially hemogeneous mixture
      of fibers of amphibole asbestos and fibrils of polyvinylidene fluoride.
      The cake was dried in an oven at 100.degree.C. and was then compressed
      between two platens within a former. During compression the cake was
      heated to a temperature of about 250.degree.C., for about 10 minutes, so
      as to join together the fibrils of polyvinylidene fluoride and to ensure
      cohesion of the diaphragm. The diaphragm then had the form of a thin
      coherent sheet. The thickness and weight of the six diaphragms are shown
      in the following table.
TBL  ______________________________________                                    
                Thickness     Weight                                           
     Diaphragm No.                                                             
                mm.           g./m..sup.2                                      
     ______________________________________                                    
     I          0.5           560                                              
     II         0.75          400                                              
     III        0.75          390                                              
     IV         0.75          400                                              
     V          0.75          400                                              
     VI         0.75          500                                              
     ______________________________________                                    
PAR  These six diaphragms were submitted to testing as follows: (Tests 1 to 6):
PAL  Test 1
PAR  A laboratory electrolysis cell was employed, equipped with an anode and a
      cathode, each of these being rectangular and horizontal and having a
      surface area of about 1.5 dm..sup.2. The anode was made up of a series of
      parallel vanes of titanium covered with a catalytic coating containing
      ruthenium oxide. The cathode was a steel lattice and carried on its upper
      surface, facing the anode, the Diaphragm I described above. The
      anode-cathode distance was adjusted to 3 mm.
PAR  Sodium chloride brine was electrolyzed in this cell continuously for 83
      days at a current density of 3.5 kA/m..sup.2. At the end of this period
      the diaphragm had not deteriorated and had not changed in shape or volume.
PAL  Test 2
PAR  The procedure of Test 1 was repeated using Diaphragm II. After a period of
      41 days continuous operation, the current density was increased to 4
      kA/m..sup.2. The electrolysis was stopped after 50 days operation. At the
      end of this period the diaphragm showed practically no deterioration nor
      deformation.
PAL  Test 3
PAR  The procedure of Test 1 was repeated using Diaphragm III and stopping the
      electrolysis after 31 days continuous operation, at the end of which the
      diaphragm had not deteriorated or deformed.
PAL  Test 4
PAR  A laboratory electrolysis cell was employed, having the form of a
      horizontal cylinder and equipped with a vertical anode and a vertical
      cathode, both circular. The anode consisted of a titanium plate of 78.5
      cm..sup.2 surface area coated with a mixture of titanium dioxide and
      ruthenium oxide on the face turned towards the cathode. The cathode was a
      steel lattice of surface area 113 cm..sup.2. It carried the Diaphragm IV
      on its face turned towards the anode. The anode-cathode distance was
      adjusted to 10 mm.
PAR  Sodium chloride brine was electrolyzed in this cell continuously for 60
      days at a current density of 4kA/m..sup.2 of anodic surface. At the end of
      this period the diaphragm had suffered no significant change.
PAL  Test 5
PAR  The procedure of Test IV was repeated using Diaphragm V. After a period of
      14 days continuous electrolysis the diaphragm was still working and
      appeared unaltered.
PAL  Test 6
PAR  The procedure of Test IV was repeated using Diaphragm VI. At the end of 20
      days operation the diaphragm had not deteriorated or suffered any change
      in shape or dimensions.
PAL  Test 7
PAR  In the manner described above, a mixed sheet was prepared containing, by
      weight, 40% of polyvinylidene fluoride fibrils and and having a thickness
      of 0.8 mm. The mixed sheet obtained was compressed between two sheets of
      chrysotile asbestos so as to reduce its thickness from 0.8 mm. to 0.3 mm.
      and was heated for 3 hours in an oven at 250.degree.C. The two sheets of
      chrysotile asbestos were about 0.2 mm. thick each.
PAR  The diaphragm thereby obtained (Diaphragm VII) was tested in a electrolytic
      cell with a horizontal cathode of 32 dm..sup.2 and a foraminous titanium
      anode of 28 dm..sup.2 carrying a coating of ruthenium oxide. The
      anode-cathode distance was adjusted to 3 mm. An aqueous solution of sodium
      chloride was electrolyzed with an anodic current density of about 4.5
      kA/m..sup.2.
PAR  At the end of the test, which lasted 74 days, the sheet of chrysotile
      asbestos which faced towards the anode was damaged by contact with the
      acid anolyte, but the working part of the diaphragm, consisting of the
      chrysotile asbestos sheet lying against the cathode and the mixed sheet
      formed out of the mixture of amphibole asbestos and fibrils of
      polyvinylidene fluoride was undamaged and maintained good cohesion and
      good stability of shape and dimensions.
PAR  In the following table there are listed the permeability figures for each
      of the Diaphragms I to VII during the preceding tests. Also recorded in
      the table are current density and the voltage across the electrodes.
TBL        Permeability         Duration of Test    Electrolyzing              
     Diaphragm                                                                 
           (h.sup.-.sup.1)      (Days)        Current                          
                                                    Voltage                    
     No.                                      Density                          
                                                    (Volts)                    
                                              (kA/m.sup.2)                     
           Before After Putting                                                
     Electrolysis on load  Final                                               
                                Before Putting                                 
                                         Total      Maximum                    
                                                         Minimum               
                                         on Load                               
                                              on Load                          
     __________________________________________________________________________
     I     --     --       1.200                                               
                                --       83   3.5   3.5                        
     II    2.220  --       1.259                                               
                                --       50   (3.5  3.70 3.30                  
                                              (4                               
     III   3.512  1.956    1.776                                               
                                9        31   3.5   3.56 3.44                  
     IV    2.195  0.952    0.576                                               
                                3        60   4     4.20 3.45                  
     V     2.965  1.221    1.009                                               
                                2        14   4     3.98 3.78                  
     VI    3.770  1.294    0.739                                               
                                4        21   5     3.90 3.46                  
     VII   0.710  --       0.375                                               
                                --       74   4.5   3.59 3.35                  
     __________________________________________________________________________
PAR  It is evident from the preceding table that the diaphragm according to the
      invention has a permeability distinctly higher than that of the diaphragms
      described in the aforesaid West German Patent Application No. 2,140,714,
      which contain a fluorinated resin dispersed between the asbestos fibers.
PAR  Diaphragms according to the invention find an advantageous application in
      horizontal diaphragm cells, for example in the electrolytic cell which is
      the subject of Belgian Patent No. 781,959 in the name of the present
      applicant.
CLMS
STM  What we claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A diaphragm for a cell for the electrolysis of an aqueous solution of an
      alkali metal halide comprising a mixed sheet formed of a substantially
      homogeneous mixture of fibers of amphibole asbestos and fibrils of
      polyvinylidene fluoride connected together, said fibrils having a
      three-dimensional network structure, a length of about 0.5 to 50 mm., a
      thickness of about 0.01 to 5 and a specific surface area greater than 1
      m..sup.2 /g. and forming ribbons having a thickness of less than 4 u.
NUM  2.
PAR  2. A diaphragm according to claim 1, wherein said asbestos fibers comprise
      fibers of crocidolite.
NUM  3.
PAR  3. A diaphragm according to claim 1, wherein the said asbestos fibers
      comprise fibers of anthophyllite.
NUM  4.
PAR  4. A diaphragm according to claim 1, wherein said mixed sheet comprises 10%
      to 80% by weight of fibrils of polyvinylidene fluoride.
NUM  5.
PAR  5. A diaphragm according to claim 4, wherein said mixed sheet comprises 20%
      to 50% by weight of said fibrils.
NUM  6.
PAR  6. A diaphragm according to claim 1, wherein the weight of said mixed sheet
      is between about 350 and about 650 g./m..sup.2 and the thickness between
      about 0.3 mm. and about 0.8 mm.
NUM  7.
PAR  7. A diaphragm according to claim 1, wherein said mixed sheet is bonded to
      a sheet of chrysotile asbestos.
NUM  8.
PAR  8. A diaphragm according to claim 7, wherein said sheet of crysotile
      asbestos has a thickness between about 0.2 mm. and about 0.5 mm. and a
      permeability between about 0.8 and about 3.5 liters per hour per dm..sup.2
      of diaphragm surface at a head 1 dm. of aqueous sodium chloride solution.
NUM  9.
PAR  9. A diaphragm according to claim 1, wherein said mixed sheet is sandwiched
      between two sheets of chrysotile asbestos and is bonded to said two
      sheets.
NUM  10.
PAR  10. A diaphragm according to claim 9, wherein each sheet of crysotile
      asbestos has a thickness between about 0.2 mm. and about 0.5 mm. and a
      permeability between about 0.8 and about 3.5 liters per hours per
      dm..sup.2 of diaphragm surface at a head 1 dm. of aqueous sodium chloride
      solution.
NUM  11.
PAR  11. A diaphragm according to claim 1, wherein said asbestos fibers are
      selected from anthophyllite and crocidolite fibers in an amount of 40-80%
      by weight and in which, the thickness of said diaphragm is from about 0.5
      to 0.75 mm. and the weight is about 390 to 560 g./m..sup.2.
NUM  12.
PAR  12. A diaphragm according to claim 1 wherein the surface of said fibrils is
      fused.
PATN
WKU  039459110
SRC  5
APN  5011752
APT  1
ART  114
APD  19740828
TTL  Cathodes for sputter-coating glass sheets or other substrates
ISD  19760323
NCL  5
ECL  1,2
EXA  Weisstuch; Aaron
EXP  Kaplan; G. L.
NDR  1
NFG  4
INVT
NAM  McKelvey; Harold E.
CTY  Plymouth
STA  MI
ASSG
NAM  Shatterproof Glass Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  204298
EDF  2
ICL  C23C 1500
FSC  204
FSS  192;298
UREF
PNO  3617463
ISD  19711100
NAM  Gregor et al.
OCL  204298
UREF
PNO  3699034
ISD  19721000
NAM  Lins et al.
OCL  204192
UREF
PNO  3718572
ISD  19730200
NAM  Robison et al.
OCL  204298
UREF
PNO  3748253
ISD  19730700
NAM  Provenzano et al.
OCL  204298
UREF
PNO  3793167
ISD  19740200
NAM  Glaser
OCL  204298
UREF
PNO  3838031
ISD  19740900
NAM  Snaper
OCL  204192
UREF
PNO  3890217
ISD  19750600
NAM  Burrows et al.
OCL  204298
LREP
FR2  Nobbe; William E.
ABST
PAL  A cathode for use in the sputter-coating of thin films of a selected
      coating material on glass sheets or other substrates. The cathode is of
      rectangular boxlike construction having a closed chamber therein
      containing a plurality of spaced partitions arranged to form a serpentine
      passageway through which a cooling medium is circulated. The side and end
      walls of the cathode defining the closed chamber extend above the top wall
      of said chamber and are provided with outwardly directed flanges which
      form a continuous rim for supporting the cathode in operative position in
      the coating apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to improvements in the coating of glass
      sheets or other substrates with thin films of a selected coating material
      and more particularly to the coating of such substrates by the cathode
      sputtering process.
PAR  The process of sputter-coating involves ion bombarding a target of the
      coating material in an ionized gas atmosphere in a chamber in which a
      controlled vacuum is maintained to cause atomic particles of coating
      material to be dislodged and deposited on the substrates to be coated. One
      type of apparatus employed for carrying out the process embodies a
      plurality of aligned, independently controlled contiguous chambers
      including an entry chamber, a coating chamber and an exit chamber,
      sputter-coating means in the form of a substantially rectangular cathode
      mounted horizontally in the upper portion of the coating chamber and
      having a sheet or layer of a selected coating material carried by the
      bottom surface thereof, and conveyor means for moving the substrates
      (glass sheets) in a horizontally disposed position through the successive
      chambers and beneath the sputter-coating means such that a continuous film
      of the selected coating material will be deposited on the upper surfaces
      of the substrates.
PAR  In such process, the thin films deposited on the substrates are usually of
      a metal such as, for example, nickel, gold, chromium, copper, molybdenum
      or titanium, or alloys of these metals. Typical sputtering conditions are
      5,000 volts potential on the target (coating material) and a resulting
      current density of 0.5 to 1.0 ma/cm.sup.2 for a time period of 0.2 to
      several minutes depending on the thickness of coating desired. It will be
      appreciated that this potential on the target in the ionized gas
      atmosphere of the coating chamber will generate a very high temperature
      which tends to heat the metal cathode to an undesirable degree.
PAR  In order to maintain accaptable working conditions, it is essential that
      the cathodes be maintained at as low a temperature as possible and to
      accomplish this it has been heretofore proposed to provide them with means
      for cooling the same during the coating operation. However, the cooling
      procedures heretofore utilized have not proven entirely satisfactory in
      meeting the requirements continuous commercial operation. Further, the
      mounting means previously employed for supporting the cathodes in
      operative position have not been of such character as to permit ready
      removal and replacement of the cathodes in the coating apparatus.
PAR  This invention, therefore, contemplates an improved cathode of novel design
      which provides a more effective and uniform cooling of the cathode and, in
      consequence, a more rapid and efficient dissipation of the heat generated
      during the sputtering process.
PAR  Another object of the invention is to provide such a cathode of simplified
      yet durable and sturdy construction embodying a minimum number of parts
      and having means for easily and quickly removing and subsequently
      replacing the same when it becomes necessary to change or replenish the
      target material.
DRWD
PAR  With reference to the drawings:
PAR  FIG. 1 is a vertical longitudinal section through one form of
      sputter-coating apparatus with which the present invention may be
      employed,
PAR  FIG. 2 is a plan view of the improved cathode constructed in accordance
      with the invention,
PAR  FIG. 3 is a sectional view taken substantially on line 3--3 of FIG. 2, and
PAR  FIG. 4 is a perspective view of the cathode, partially in section.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The sputter-coating apparatus illustrated in FIG. 1, with which the present
      invention may be employed, comprises four successive, continuous
      enclosures which define four independently controlled chambers -- an entry
      chamber 10, a heating and cleaning chamber 11, a coating chamber 12 and an
      exit chamber 13. The chambers are rectangular in shape and the dimensions
      thereof, especially the height, are kept to a minimum in order to minimize
      the internal volume and thereby minimize the vacuum pumping required.
PAR  Each of the chambers is substantially closed except for an elongated
      entrance opening and an elongated exit opening. The outer end wall 14 of
      the entry chamber 10 is provided with an entrance opening 15, while the
      outer end wall 16 of exit chamber 13 is provided with a discharge opening
      17. The chambers are also separated by partition walls 18, 19 and 20
      provided with similiar openings 21, 22 and 23 respectively. All of the
      openings are positioned at the same height to allow for ingress and egress
      of the glass sheet substrates as they are moved into and through the
      successive chambers. Preferably, quick-opening and closing vacuum-tight
      closures are provided over at least some of the elongated openings to
      reduce the vacuum pumping requirements. These closures are open when a
      piece of glass is moved through the opening and closed when no glass is in
      the opening.
PAR  Each of the chambers is provided with at least one outlet tube 24,
      preferably located at the bottom of the chamber. Each tube communicates
      with a vacuum pump (not shown) and a valve 25 is provided on each tube to
      independently control the pressure within each of the chambers. Inlet
      tubes 26 extend through the top of the coating chamber and communicate
      with an inert gas source, preferably argon. A valve 27 is provided on each
      tube 26 to control the flow of gas into the coating chamber.
PAR  Conveyor means such as rollers 28 are located in the lower portion of all
      of the chambers to transport the substrates 29 to be coated through the
      sequence of chambers. The rollers are driven by suitable drive means (not
      shown) preferably located outside the chamber.
PAR  Heating means 30, comprising elongated, tubular radiation heaters 31, are
      mounted in the upper portion of the chamber 11. These heaters are
      preferably high-intensity radiation heaters and a reflector 32, mounted
      above the heaters, is used to concentrate the heat on the passing
      substrates 29. The substrates are heated prior to coating to promote
      outgassing and thereby attain additional surface cleaning and improved
      adherence of the coating. A glow-discharge cleaning electrode 33, in the
      form of a closed loop, is located at the top of chamber 11. The electrode
      is supported by a rod 34 and voltage is applied to the electrode by the
      high-voltage D.C. power source 35. One side of the source is grounded and
      the other side thereof is connected to the rod 34. Shields 36 are
      positioned below the electrode and are just large enough to prevent the
      substrates from "seeing" the electrode as they pass through the chamber.
      The electrode is operated as an ordinary sputtering electrode but the
      shields prevent the electrode material from being deposited on the
      substrates. The ionized ion of the gas will bombard the surfaces of the
      substrates to clean them but no sputtering is deposited.
PAR  Sputter-coating cathodes 37, 38 and 39 (to be more fully hereinafter
      described) are mounted at the top of the coating chamber 12. The cathodes
      37 and 38 are used to deposit a thin film of a metal and therefore voltage
      is applied to these cathodes by high-voltage D.C. power sources 42 and 43
      respectively. The cathode 39 may be used to deposit a thin protective
      layer of a siliceous material, such as Pyrex glass, by radio-frequency
      sputtering and therefore voltage is applied to cathode 39 by a
      high-voltage radio-frequency power source 44. All power sources are
      preferably grounded to the apparatus such that the apparatus will act as
      the anode for the cleaning and sputtering operations.
PAR  In practice, one or more cathodes may be used in the coating chamber.
      Several cathodes of different materials may be applied consecutively as,
      for example, by making cathode 37 of one metal, cathode 38 of a different
      metal, and cathode 39 of a siliceous material. Also, the coating chamber
      can be increased in length and a greater number of cathodes of the same
      material used to increase the deposition rate, and therefore the
      production rate.
PAR  In operation, the glass sheet substrates to be coated are first cleaned by
      a conventional washing operation and are then passed into the entry
      chamber 10, with the smooth continuous surface to be coated facing upward.
      The vacuum pumping in the entry chamber removes most of the air, moisture,
      and other contaminates which leak in through the entrance opening. The
      substrates 29 are moved by the rollers 28 into the heating and cleaning
      chamber 11 where they are heated by the heaters 31 and then cleaned by the
      cleaning electrode 33. The substrates then move at a controlled speed into
      the coating chamber 12 where a continuous film of the selected coating
      material or materials is sputtered on the clean upper surface thereof. As
      stated above, the cathodes 37 and 38 are preferably used to deposit a
      reflective film of metal, while the cathode 39 is used to radio-frequency
      sputter-coat an overlying layer of siliceous material, such as quartz or
      Pyrex. After being coated, the substrates move into the exit chamber 13
      where they are cooled before being removed from the apparatus through the
      opening 17.
PAR  As brought out above, under typical operating conditions, 5,000 volts
      potential may be applied on the target (coating material) and this high
      potential generates an excess amount of heat that must be rapidly removed
      in order to produce a commercially satisfactory coating on the substrate
      without damage to the apparatus. The present invention is particularly
      concerned with the provision of a new and improved cathode of unique
      construction which lends itself to a more efficient and uniform cooling
      action such as to prevent overheating thereof during the sputtering
      process.
PAR  A given cooling factor may be adequate in certain instances (depending on
      th desired thickness of coating and speed of production) but
      unsatisfactory when it is desired to increase the speed of production, at
      which time more power is required to deposit a coating of the same
      thickness within the same period of time. This, of course, increases the
      amount of heat generated. The cathode of this invention is effective to
      maintain the temperature thereof within commercially acceptable limits
      over a wide range of operating conditions.
PAR  To this end, each of the cathodes 37, 38 and 39 is of substantially
      rectangular boxlike form comprising a housing including a top wall 45 and
      a bottom wall 46 sealed to side walls 47 and 48 and end walls 49 and 50
      which define within the housing a closed chamber 51. Extending
      longitudinally within the chamber 51 are a plurality of spaced, parallel
      partitions 52,53,54,55 and 56 which divide the chamber into a series of
      passages. The partitions are alternately spaced from the opposite end
      walls 49 and 50 as indicated at a,b,c,d and e to provide a serpentine
      passageway 57 for a cooling medium, such as water. The cooling medium is
      introduced into one end of the passageway 57 through a supply pipe 58 and,
      after flowing through the serpentine passageway as indicated by the arrows
      59, is discharged from the opposite end thereof through an outlet pipe 60.
PAR  The coating material (target) is carried by the under surface of the bottom
      wall 46 of the cathode housing and, in the case of the cathodes 37 and 38,
      consists of a sheet or layer 61 of a selected metal which is to be
      deposited upon the upper surfaces of the substrates as they pass
      therebeneath. As stated, various metals may be used, including chromium,
      nickel, tungsten, copper, gold, molybdenum and titanium, or alloys
      thereof. Certain of the metals, such as chromium, are applied to the
      bottom wall 46 by electrodeposition while others, such as gold, are brazed
      thereon. Other methods of application of the coating material may also be
      used.
PAR  The side walls 47 and 48 and end wals 49 and 50 of the cathode extend above
      the top wall 45 thereof and terminate in outwardly directed flanges 62 and
      63 respectively to form a continuous rim 64 surrounding the housing and
      which serves to support the cathode in operative position.
PAR  As previously stated, one of the objects of the invention is to provide
      simplified means for mounting the cathodes to facilitate their ready
      removal and replacement whenever desired. The provision of the supporting
      rim 64 admirably serves this purpose. More particularly, the top wall 65
      of the coating chamber 12 is provided with a transverse, rectangular
      opening 66 of slightly greater length and width than the cathode housing.
      The cathode is simply lowered into this opening so that the lower portion
      thereof is located within the upper portion of the coating chamber, as
      shown in FIG. 1. When thus positioned, the support rim 64 will overlap the
      adjacent portions of the top wall 65 of the coating chamber surrounding
      the opening 66 and will be supported thereby, as shown in FIG. 3.
PAR  To prevent electrical contact or arcing between the metal rim 64 and top
      wall 65 of the coating chamber, the metal rim is insulated from the
      coating chamber by a gasket 67 of Teflon or the like and the space between
      them sealed by an O-ring 68. Grounded shielding plates 69 surround the
      cathode within the opening in the top wall of the coating chamber and are
      secured to the said top wall by suitable fastening means, such as the
      screws 70.
PAR  With this arrangement, it is a very simple matter to remove the cathode
      when it is desired to replace it with another one or when the coating
      material has been depleted. The removal and replacement of the cathode is
      facilitated by the provision of brackets 71 adjacent the opposite ends
      thereof to which can be attached suitable lifting means.
PAR  The required electrical power for the cathodes 37, 38 and 39 can be
      supplied thereto from the respective power sources 42, 43 and 44 through
      power lines 72, 73 and 74 respectively connected to the supporting rim 64
      of the respective cathode, as indicated at 75 in FIG. 4. In order to
      remove the cathode, it is only necessary to first disconnect the
      electrical power line and the means for supplying the cooling medium,
      whereupon the cathode can be lifted out of the opening in the top wall of
      the coating chamber. When installing the cathode this procedure is simply
      reversed. The weight of the cathode will hold it securely in place so that
      no additional securing means are required.
PAR  The cathode herein provided, therefore, is not only of significant
      importance in maintaining the cathode at an acceptable temperature under
      varying operating conditions but also in providing for the ready removal
      and replacement thereof when conditions require it.
PAR  It will be understood, of course, that the words used herein to describe
      the invention are words of description rather than of limitation and that
      the scope of the invention is to be limited only insofar as set forth in
      the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with apparatus for sputter-coating thin films of a
      selected coating material on glass sheets or other substrates, a plurality
      of aligned, contiguous rectangular chambers, including an entry chamber, a
      coating chamber and an exit chamber, means for conveying the glass sheets
      to be coated into, through and out of the successive chambers, and a
      rectangular cathode arranged transversely in said coating chamber and
      mounted (in the opening in) adjacent the top wall thereof, said cathode
      comprising a housing having a top wall, a bottom wall and side and end
      walls defining a closed chamber, the improvement which comprises means in
      said closed chamber defining a serpentine passageway formed of spaced,
      parallel passages extending longitudinally of said chamber, said passages
      communicating at alternate ends with adjacent passages to form the
      serpentine passageway, and means for circulating a cooling medium through
      said passageway, said bottom wall of the cathode adapted to secure a layer
      of coating material thereon.
NUM  2.
PAR  2. The improvement of claim 1, in which the means defining the serpentine
      passageway comprises a plurality of spaced, parallel partitions that
      extend longitudinally of said chamber, and in which alternate partitions
      terminate short of the opposite end walls of the said closed chamber.
NUM  3.
PAR  3. In combination with apparatus for the sputter-coating of thin films of a
      selected coating material on glass sheets or other substrates, a plurality
      of aligned, contiguous rectangular chambers, including an entry chamber, a
      coating chamber and an exit chamber, means for conveying the glass sheets
      to be coated into, through and out of successive chambers, and a
      rectangular cathode arranged transversely in said coating chamber and
      comprising a rectangular housing defining a closed chamber, and means for
      circulating a cooling medium through said closed chamber, the improvement
      which consists in that the side and end walls of said rectangular housing
      extend upwardly beyond the top wall thereof and terminate in outwardly
      directed flanges which form a continuous rim encircling said housing and
      adapted to support the cathode in the upper portion of said coating
      chamber.
NUM  4.
PAR  4. The improvement of claim 3, including a plurality of spaced parallel
      partitions disposed in said closed chamber extending longitudinally
      thereof, with alternate partitions terminating short of the opposite end
      walls of the said chamber to form a serpentine passageway through which
      the cooling medium is circulated.
NUM  5.
PAR  5. In combination with apparatus for sputter-coating thin films of a
      selected coating material on glass sheets or other substrates, a plurality
      of aligned, contiguous rectangular chambers including an entry chamber, a
      coating chamber and an exit chamber, means for conveying the glass sheets
      to be coated into, through and out of the successive chambers, said
      coating chamber having a top wall provided with a substantially
      rectangular opening therein extending transversely thereof, a
      substantially rectangular cathode mounted in said opening and including a
      housing having a top wall, a bottom wall and side and end walls defining a
      closed chamber therein, and means for circulating a cooling medium through
      said closed chamber, the improvement which consists in that the side and
      end walls of the housing extend upwardly beyond the top wall thereof and
      terminate in outwardly directed flanges which form a continuous rim
      surrounding the housing, the lower portion of the cathode being received
      in the coating chamber and the rim thereof being supported on the adjacent
      portions of the top wall of the coating chamber defining the opening
      therein, the bottom wall of said housing adapted to secure a layer of
      coating material thereon.
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ABST
PAL  Mineral oils containing small amounts (less than 2 weight percent) of
      normal paraffins may be urea dewaxed to produce refrigerator oils having
      Freon cloud or flock points of at least minus 55.degree.C. by utilizing
      large excesses of the amount of crystalline urea theoretically required
      for complete conversion of the n-paraffins into solid adduct and
      conducting the adduct formation under conditions of vigorous agitation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the urea-dewaxing of mineral oils containing very
      small amounts of n-paraffins. More particularly, the invention relates to
      the production of refrigerator oils from such low paraffin content mineral
      oils.
PAR  It is known to dewax hydrocarbon mixtures or mineral oil distillates by
      reacting them with urea to form solid inclusion compounds or adducts of
      the n-paraffins and separating these adducts from the dewaxed mineral oil.
      This process is called urea dewaxing and has been used in different
      embodiments for the large-scale refining of mineral oil. Usually in this
      process, the mineral oil distillate charge is diluted with an organic
      solvent or mixture of solvents in order to reduce the viscosity of the
      reaction mixture, to improve its pumping and mixing properties, and to
      increase the degree of separation of the adduct and the dewaxing
      selectivity. In most cases, the same solvent, or solvent mixture, is used
      for washing the separated adducts and, if desired, for extracting the
      n-paraffins from the adduct. The solvent, or solvent mixture, should not
      form adducts with urea under the reaction conditions being employed.
      Conventional solvents include lower aliphatic and aromatic hydrocarbons,
      chlorinated hydrocarbons such as, dichloromethane, and the like.
PAR  Usually, the urea is dissolved in water or methanol, the solution having
      been saturated at a temperature above the predetermined reaction or
      adduct-forming temperature. The amount of urea required for adduct
      formation is from 3.5 to 4 parts by weight per part by weight of
      n-paraffin to be separated from the mineral oil. It has also been proposed
      to use urea in crystalline form, preferably finely divided. In this case
      the formation of adduct progresses at a very slow rate, therefore usually
      minor amounts of so-called activators such as water, methanol, ketones,
      and other urea-dissolving agent are added.
PAR  It is also known to initiate or accelerate the adduct-forming process by
      introducing a so-called "seed adduct". Another known method of enhancing
      the formation of adduct is by vigorously mixing the reaction mixture.
      However, vigorous mixing of such mixtures, especially aqueous ones,
      frequently tends to form emulsions which can be broken only with great
      difficulty.
PAR  With the known urea dewaxing processes it may be difficult to separate the
      adducts from the solution of the dewaxed mineral oil since the adduct
      often is in the form of a dust-like powder or a slimy-sticky mass which
      does not lend itself to filtration. Powder-like adducts may be separated
      by centrifuging inasmuch as there is a sufficient difference in gravity
      between them and the solution. There have also been attempts to remove the
      adduct, especially slimy adduct, from the solution by allowing it to
      settle. However, this remedial measure would require large volume settlers
      and would be so time-consuming that it could hardly be useful in a
      continuous commercial operation.
PAR  The above described difficulties of the prior dewaxing processes become
      more acute when the mineral oil distillate charge comprises only minor
      amounts or just traces of n-paraffins.
PAR  It is the object of this invention to improve the urea dewaxing process so
      that very small amounts of n-paraffins contained in mineral oil distillate
      and similar hydrocarbon mixtures may be removed therefrom in a simple
      relatively rapid manner, and that the removal is practically complete and
      is preferably performed in a continuous operation. Another object is to
      produce a lubricating oil for refrigerating machines from a naphthenic
      mineral oil distillate.
PAC  SUMMARY OF THE INVENTION
PAR  Refined mineral oils having Freon cloud or flock points of at least minus
      55.degree.C. may be produced from mineral oil distillates, particularly
      naphthenic mineral oil distillates, containing small amounts (less than 2
      weight percent of normal paraffins) by a urea dewaxing process. In this
      process crystalline urea in large excess of the stoichiometric amount
      required to form the n-paraffin-urea adduct, is added to a mixture of the
      distillate and an organic solvent, the resultant mixture is vigorously
      mixed to effect adduct formation and the dewaxed mineral having the
      requisite cloud or flock point is recovered.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention contemplates the production of refrigerator oils by urea
      dewaxing mineral oil distillates containing small amounts, i.e., less than
      2 weight percent, of normal paraffins.
PAR  This urea dewaxing process comprises:
PAR  a. diluting a mineral oil containing less than 2 weight percent n-paraffins
      with an organic solvent, said solvent being one which does not form an
      adduct with urea, in which urea is substantially insoluble and which has a
      density substantially below that of n-paraffin-urea adduct,
PAR  b. combining the mineral oil solution with solid urea, the amount of said
      urea being a multiple of the amount required for the complete conversion
      of the n-paraffins into solid adduct,
PAR  c. vigorously mixing the mixture of mineral oil solution and urea for a
      period of time sufficient to form n-paraffin-urea adduct,
PAR  d. separating from the mixture of step (c) a solids-free solution of
      dewaxed mineral oil, and
PAR  e. recovering from said solids-free solution the organic solvent and
      dewaxed mineral oil having a reduced n-paraffin content.
PAR  In a preferred embodiment, the process is conducted continuously, without
      any difficulties in filtration and at relatively short residence times for
      the reaction mixture. This may be carried out by pumping the mixture of
      mineral oil, solvent and urea in a closed loop and continuing the
      circulation until the solid adducts are formed. If desired, a slip stream
      of the circulating reaction mixture may be drawn off periodically or
      continuously and the solids contained therein may be separated by any
      conventional means, e.g., by filtration or centrifuging, and the liquid
      parts of said slip stream may be recycled to the reaction mixture. From
      the separated solids, adduct and excess urea, essentially pure crystalline
      urea may be easily recovered by conventional techniques, e.g., extraction
      or decomposition, and this recovered urea may also be recycled to the
      reaction mixture. If desired the n-paraffins may be recovered from the
      extract.
PAR  The mineral oil distillates which may be dewaxed in this process contain
      small amounts of n-paraffins. By small amounts we mean distillates
      containing less than 2 weight percent n-paraffins, particularly less than
      1 weight percent. The process is even effective where the feedstock
      contains less than 0.5 weight percent n-paraffins.
PAR  The organic solvent added to the mineral oil distillate feed should not
      form an adduct with urea, urea should be essentially insoluble in it and
      it should have a density substantially below the n-paraffin urea adduct.
      Useful solvents include lower aliphatic hydrocarbons, such as pentane,
      hexane and heptane; aromatic hydrocarbons, such as, benzene and toluene;
      lower alcohols, such as methanol and isopropanol; ketones, such as
      butanone and methylisobutylketone and halogenated hydrocarbons such as,
      dichloromethane and dichloroethane. Mixtures of these solvents may also be
      employed. In particular it was found that suitable solvents for performing
      the improved dewaxing process according to the invention percent of a
      hydrocarbon having from 5 to 7 carbon atoms such as hexane or, preferably,
      benzene and from about 5 to 60 volume percent of methylisobutylketone. The
      mineral oil charge is diluted with 30 to 80 parts by volume, more
      particularly 40 to 60 parts by volume, of this solvent mixture, per 100
      parts by volume of mineral oil distillate but higher concentrations of
      solvent also are acceptable.
PAR  In this process, to effectively remove the small quantity of n-paraffins
      present, large excesses of the stoichiometric quantity of urea required
      for adduct formation are required. For adduct formation 3.5 to 4 parts
      (weight) of urea per part (weight) of n-paraffin are required. In our
      process up to 20 times or more, preferably up to 10 times the amount
      required for complete conversion of n-paraffins into solid adduct are
      used.
PAR  This process finds particular utility in dewaxing naphthenic base mineral
      oil distillates to produce refrigerator oils. Refrigerator oils usually
      are prepared from isoparaffinic products obtained from a hydrocracking
      process or preferably from naphthenic base mineral oil distillates. These
      starting materials already have low pour points, ranging from about minus
      30 to minus 50.degree.C. or lower, but nevertheless contain minor amounts
      of n-paraffins which must be removed therefrom completely or at least to a
      large extent since they may cause haziness or flocculation (cf., for
      example, C. Zerbe, "Mineraloele und verwandte Produkte," 2nd edition
      (1969), Part II, pp. 321-339). These oils may be tested for haziness or
      flocculation in the so-called Freon flocculation test according to German
      Standard (DIN) No. 51351 and DIN 51590. A refrigerator oil which is to be
      employed in refrigerators operated on CF.sub.2 Cl.sub.2 (Freon 12) should
      have a Freon cloud point or flock point of at least about minus
      55.degree.C. Freon is a registered trademark for a series of halogenated
      hydrocarbon refrigerants.
DETD
PAR  In the examples below, three distillates of naphthenic base crude oils
      having the following properties were dewaxed:
     Distillate No. 1         2         3                                      
     ______________________________________                                    
     Viscosity, SUS                                                            
      at 37.8.degree.C.                                                        
                     84       313       515                                    
      at 98.8.degree.C.                                                        
                     37        47        58                                    
     Pour Point,.degree.C.                                                     
                    -51       -37       -32                                    
     (ASTM-D-97)                                                               
     n-Paraffins,                                                              
     circa weight % 0.4       0.3       0.2                                    
     ______________________________________                                    
PAR  The following examples demonstrate the process of this invention.
PAC  EXAMPLE I
PAR  This example demonstrates the dewaxing of low content n-paraffin
      distillates by conventional urea dewaxing methods.
PAR  100 parts by volume of each of the above distillates, distillates No. 1, 2
      and 3, were mixed with 1.7 to 3.0 parts by volume of a solvent mixture
      consisting of isopropanol (33.3 volume percent) and methanol (66.7 volume
      percent) and 1.3 to 2.1 parts by weight of crystalline urea. The mixture
      was stirred with a propeller mixer (F1) at 1400 to 2800 revolutions per
      minute or with a Turrax mixer (T) at 8000 rpm. The initial temperature of
      the mixture was 25.degree.C. and gradually rose to 40.degree.C. The
      stirring period was from 6 to 8 hours for the propeller mixer and 10
      minutes for the Turrax mixer. At the end of the respective mixing time,
      stirring was stopped and the reaction mixture was allowed to stand for 7
      hours. Table 1 below indicates the Freon cloud points and flock points
      obtained for the dewaxed distillate.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     RUN NO.        1     2     3     4     5     6     7                      
     __________________________________________________________________________
     Distillate No. 1     1     1     2     2     3     3                      
     Charge Oil, parts (vol.)                                                  
                    100   100   100   100   100   100   100                    
     Solvent mixt., parts (vol.)                                               
                    1.7   1.7   1.7   2.2   2.2   3.0   3.0                    
     Urea, wt. % ** 1.3   1.3   1.3   1.6   1.6   2.1   2.1                    
     Temperature, .degree.C.                                                   
                    25-40 25-40 25-40 25-40 25-40 25-40 25-40                  
     Time, hours    6     8     10 min*                                        
                                      6     8     6     8                      
     Type of mixer  Fl    Fl    T     Fl    Fl    Fl    Fl                     
     Freon cloud point, .degree.C.                                             
                    -50   -65   -49   -30   -47   -30   -45                    
     Freon flock point, .degree.C.                                             
                    -51   -69   -56   -30   -53   -30   -55                    
     __________________________________________________________________________
       *formation of an emulsion                                               
      **based on charge oil                                                    
PAC  EXAMPLE II
PAR  Each of distillates No. 1, 2 and 3 was mixed with 10 grams of crystalline
      urea per 100 ml of distillate and with 40 or 95 vol.%, based on the
      distillate, of methylisobutylketone (MIBK).
PAR  In Runs Nos. 8, 10 and 11 a mixture containing 100 ml of distillate was
      separated from the solids by filtration. The solids then were reacted five
      more times in Run 8, in Runs 10 and 11 four more times, with 100 ml of
      fresh distillate and 40 or 95 ml. of solvent. All mixtures were stirred
      with a Turrax mixer (8000 rpm).
PAR  In contrast, in Run No. 9, the whole mixture was circulated through a
      decanter for 60 min by means of a gear pump having a capacity of 200 1/hr.
PAR  Further data and the cloud point and flock point values obtained for the
      filtrates are shown in Table 2 below:
TBL                TABLE 2                                                     
     ______________________________________                                    
     Run No.      8        9         10     11                                 
     ______________________________________                                    
     Distillate No.                                                            
                   1        1         2       3                                
     Charge Oil,  6.times.100                                                  
                           600       5.times.100                               
                                            5.times.100                        
      parts (vol.)                                                             
     MIBK, parts  6.times.40                                                   
                           240       5.times.95                                
                                            5.times.95                         
      (vol.)                                                                   
     Crystalline Urea,                                                         
      wt.% *      1.96     1.96      2.3    2.3                                
     Temperature,.degree.C.                                                    
                  40       30        40     40                                 
     Time, min.   6.times.10                                                   
                           60        5.times.10                                
                                            5.times.10                         
     ______________________________________                                    
      * based on charge oil                                                    
TBL  Run No.      8        9         10     11                                 
     Type of mixer                                                             
                  T        P*        T      T                                  
     Freon cloud  -65      -65       -47    -45                                
      point, .degree.C.                                                        
     Freon flock  -69      -70       -54    -51                                
      point, .degree.C.                                                        
     ______________________________________                                    
      *gear pump                                                               
PAR  In Runs 8, 10 and 11 the Freon cloud points of even the last filtrates were
      below minus 65.degree.C. (distillate 1) and below minus 45.degree.C.
      (distillates 2 and 3), respectively.
PAR  In Run No. 9 the dispersion of solids in the distillate solution was
      circulated in the lower portion of a decanter by means of the pump. The
      suction effected by the pumping caused the solids to settle at the bottom
      of the decanter so that the overflow at the upper end thereof was
      practically free of solids.
PAC  EXAMPLE III
PAR  Run No. 9 of Example II was carried on in continuous operation by
      continuously introducing fresh distillate solution into the lower portion
      of the decanting column through which the reaction mixture was being
      circulated. The run was terminated after the concentration of the urea,
      initially at 10 parts by weight, had dropped to 2 parts by weight per 100
      parts of total distillate charge. The Freon cloud point of the effluent
      from the decanting column was at minus 64.degree.C.
PAC  EXAMPLE IV
PAR  100 parts by volume of distillate No. 1 were mixed with 10 parts by weight
      of crystalline urea and varying amounts of different solvents and stirred
      with a propeller mixer at 25.degree.C. In two Runs the reaction was
      carried out in the presence of seed adduct. The results are shown in Table
      3 below:
TBL                TABLE 3                                                     
     ______________________________________                                    
     Run no.          12      13      14    15                                 
     ______________________________________                                    
     Seed Adduct      --      --      --    +                                  
     Charge Oil, parts                                                         
                      100     100     100   100                                
      (vol.)                                                                   
     MIBK, parts (vol.)                                                        
                      18      12      18    12                                 
     Benzene, parts (vol.)                                                     
                      --      48      42    28                                 
     Toluene, parts (vol.)                                                     
                      42      --      --    --                                 
     Hexane, parts (vol.)                                                      
                      --      --      --    --                                 
     Freon cloud point,.degree.C.                                              
                      -58     57      -59   -62                                
     Freon flock point,.degree.C.                                              
                      -68     -65     -69   -70                                
     ______________________________________                                    
     Run No.          16      17                                               
     ______________________________________                                    
     Seed Adduct      --      +                                                
     Charge Oil, parts                                                         
                      100     100                                              
      (vol.)                                                                   
     MIBK, parts (vol.)                                                        
                      40      40                                               
     Benzene, parts (vol.)                                                     
                      --      --                                               
     Toluene, parts (vol.)                                                     
                      --      --                                               
     Hexane, parts (vol.)                                                      
                      --      40                                               
     Freon cloud point,.degree.C.                                              
                      -65     -61                                              
     Freon flock point,.degree.C.                                              
                      -70     -69                                              
     ______________________________________                                    
PAR  According to this invention, employing a large excess amount of the urea
      actually required for the complete conversion into adducts of the
      n-paraffin contained in the charge material, and circulating the reaction
      mixture by pumping, one suceeds, in a surprisingly short time, in freeing
      the charge material of n-paraffins to such an extent that mineral oil
      products are obtained which are suitable as refrigerator oils. The process
      of the invention can be run continuously, without any difficulties in
      filtration and at relatively short residence times of the reaction mixture
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for dewaxing liquid mineral oils comprising reacting said
      liquid mineral oils with urea in the presence of an organic solvent to
      form solid, n-paraffin-urea adducts, separating said adducts from the
      solution of the dewaxed mineral oil, decomposing or extracting the
      separated adducts, recovering and recycling the urea and, optionally,
      recovering the n-paraffins, the improvement which comprises:
PA1  a. diluting a mineral oil containing less than 2 weight percent of a
      n-paraffins with an organic solvent, said solvent being one which does not
      form an adduct with urea, in which urea is substantially insoluble and
      which has a density substantially below that of the n-paraffin-urea
      adduct,
PA1  b. combining the mineral oil solution with solid urea, the amount of urea
      being a multiple of the amount required for the completed conversion of
      the n-paraffins into n-paraffin-urea adduct,
PA1  c. vigorously mixing the mixture of mineral oil solution and urea by
      pumping the mixture of mineral oil solution and urea through a closed loop
      whereby said mixture is continuously circulated for a period of time
      sufficient to form n-paraffin-urea adduct,
PA1  d. separating from the mixture of step (c) a solids-free solution of
      dewaxed mineral oil, and
PA1  e. recovering from said solids-free solution the organic solvent and a
      dewaxed mineral oil product having a reduced n-paraffin content,
PA1  f. continuously removing a portion of said circulating mixture,
PA1  g. removing the solids from said portion,
PA1  h. returning said solids-free portion to said circulating mixture,
PA1  i. recovering the urea from the separated solids of step (g) by decomposing
      the adduct in said solids, and
PA1  j. returning the recovered urea to the circulating mixture.
NUM  2.
PAR  2. A process according to claim 1 including the following additional step:
PA1  k. recovering the n-paraffin from the decomposed adduct of step (i).
NUM  3.
PAR  3. A process according to claim 1 wherein the mineral oil is a naphthenic
      base mineral oil having a pour point of at least minus 30.degree.C and a
      n-paraffin content below about 0.5 weight percent and the dewaxed mineral
      product having a Freon cloud point (DIN 51351) of at least minus
      55.degree.C.
NUM  4.
PAR  4. A process according to claim 1 wherein the amount of urea is up to 20
      times the amount required for the complete conversion of the n-paraffins
      into n-paraffin-urea adduct.
NUM  5.
PAR  5. A process according to claim 1 wherein the organic solvent is a mixture
      of from about 40 to 95 volume percent of a hydrocarbon having 5 to 7
      carbon atoms and from about 60 to 5 volume percent of methylisobutylketone
      and the mineral oil is diluted with 30 to 80 parts by volume of solvent
      per 100 parts by volume of the mineral oil.
NUM  6.
PAR  6. A process according to claim 5 wherein the mineral oil is diluted with
      40 to 60 parts by volume of the solvent per 100 parts by volume of the
      mineral oil.
NUM  7.
PAR  7. A process according to claim 5 wherein the hydrocarbon is hexane.
NUM  8.
PAR  8. A process according to claim 5 wherein the hydrocarbon is benzene.
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PAL  Certain acidic heterogeneous catalysts produce large yields of benzene,
      toluene and xylene from alkyl aromatics of at least nine carbon atoms by a
      mechanism different from the classical disproportionation reaction
      characteristic of acid catalysts. These catalysts are characterized by a
      zeolite of the ZSM-5 type or zeolite ZSM-12 or zeolite ZSM-21. The
      reaction has the unique function of providing aliphatic by-products of
      higher molecular weight than is to be expected by splitting side chains
      from benzene rings. Typically, aromatic mixtures so derived from such
      charge stocks have unusually low content of ethyl benzene, thus greatly
      simplifying separation of xylene isomers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Of the aromatic compounds used in industry, benzene, toluene and xylenes
      are of outstanding importance on a volume basis. That mix of compounds,
      often designated BTX for convenience, is derived primarily from such
      aromatic naphthas as petroleum reformates and pyrolysis gasolines. The
      former result from processing petroleum naphthas over a catalyst such as
      platinum on alumina at temperatures which favor dehydrogenation of
      naphthenes. Pyrolysis gasolines are liquid products resulting from mild
      hydrogenation (to convert diolefins to olefins without hydrogenation of
      aromatic rings) of the naphtha fraction from steam cracking of
      hydrocarbons to manufacture ethylene, propylene, etc.
PAR  Regardless of aromatic naphtha source, it is usual practice to extract the
      liquid hydrocarbon with a solvent highly selective for aromatics to obtain
      an aromatic mixture of the benzene and alkylated benzenes present in the
      aromatic naphtha. That aromatic extract may then be distilled to separate
      benzene, toluene and C.sub.8 aromatics from higher boiling compounds in
      the extract. The benzene and toluene are recovered in high purity but the
      C.sub.8 fraction, containing valuable para xylene, is a mixture of the
      three xylene isomers with ethyl benzene. Techniques are known for
      separating p-xylene by fractional crystallization with isomerization of
      the other two isomers for recycle in a loop to the p-xylene separation.
      That operation is hampered by the presence of ethyl benzene (EB). However,
      a widely used xylene isomerization technique, "Octafining" can be applied.
      Octafining by passing the C.sub.8 aromatics lean in p-xylene and mixed
      with hydrogen over platinum on silica-alumina not only isomerizes xylenes
      but also converts ethyl benzene, thus preventing build-up of EB in the
      separation-isomerization loop.
PAR  The manner of producing p-xylene by a loop including Octafining can be
      understood by consideration of a typical charge from reforming petroleum
      naphtha. The C.sub.8 aromatics in such mixtures and their properties are:
TBL                               Density                                      
              Freezing  Boiling   Lbs./U.S.                                    
              Point .degree.F.                                                 
                        Point .degree.F.                                       
                                  Gal.                                         
     ______________________________________                                    
     Ethyl benzene                                                             
                -139.0      277.1     7.26                                     
     P-xylene     55.9      281.0     7.21                                     
     M-xylene    -54.2      282.4     7.23                                     
     O-xylene    -13.3      292.0     7.37                                     
     ______________________________________                                    
PAR  Principal sources are catalytically reformed naphthas and pyrolysis
      distillates. The C.sub.8 aromatic fractions from these sources vary quite
      widely in composition but will usually be in the range 10 to 32 wt.% ethyl
      benzene with the balance, xylenes, being divided approximately 50 wt.%
      meta, and 25 wt.% each of para and ortho.
PAR  In turn, calculated thermodynamic equilibria for the C.sub.8 aromatic
      isomers at Octafining conditions are:
TBL  Temperature        850.degree.F.                                          
     Wt.% Ethyl benzene 8.5                                                    
     Wt.% para xylene   22.0                                                   
     Wt.% meta xylene   48.0                                                   
     Wt.% ortho xylene  21.5                                                   
     TOTAL              100.0                                                  
PAR  An increase in temperature of 50.degree.F. will increase the equilibrium
      concentration of ethyl benzene by about 1 wt.%, ortho xylene is not
      changed and para and meta xylenes are both decreased by about 0.5 wt.%.
PAR  Individual isomer products may be separated from the naturally occurring
      mixtures by appropriate physical methods. Ethyl benzene may be separated
      by fractional distillation although this is a costly operation. Ortho
      xylene may be separated by fractional distillation and is so produced
      commercially. Para xylene is separated from the mixed isomers by
      fractional crystallization.
PAR  As commercial use of para and ortho xylene has increased there has been
      interest in isomerizing the other C.sub.8 aromatics toward an equilibrium
      mix and thus increasing yields of the desired xylenes.
PAR  Octafining process operates in conjunction with the product xylene or
      xylenes separation processes. A virgin C.sub.8 aromatics mixture is fed to
      such a processing combination in which the residual isomers emerging from
      the product separation steps are then charged to the isomerizer unit and
      the effluent isomerizate C.sub.8 aromatics are recycled to the product
      separation steps. The composition of isomerizer feed is then a function of
      the virgin C.sub.8 aromatic feed, the product separation unit performance,
      and the isomerizer performance.
PAR  The isomerizer unit itself is most simply described as a single reactor
      catalytic reformer. As in reforming, the catalyst contains a small amount
      of platinum and the reaction is carried out in a hydrogen atmosphere.
PAR  Octafiner unit designs recommended by licensors of Octafining usually lie
      within these specification ranges:
TBL  Process Conditions                                                        
     Reactor Pressure     175 to 225 PSIG                                      
     Reactor Inlet Temperature                                                 
     Range                830-900.degree.F.                                    
     Heat of Reaction     Nil                                                  
     Liquid Hourly Space                                                       
     Velocity             0.6 to 1.6 Vol/Vol/Hr.                               
     Number of Reactors,                                                       
     Downflow             1                                                    
     Catalyst Bed Depth, Feet                                                  
                          11 to 15                                             
     Catalyst Density, Lb/Cu. Ft.                                              
                          38                                                   
     Recycle Circulation, Mols                                                 
     Hydrogen/Mol Hydrocarbon                                                  
     Feed                 7.0 to 14.0                                          
     Maximum Catalyst Pressure                                                 
     Drop, PSI            20                                                   
PAR  It will be apparent that under recommended design conditions, a
      considerable volume of hydrogen is introduced with the C.sub.8 aromatics.
      In order to increase throughput, there is great incentive to reduce
      hydrogen circulation with consequent increase in aging rate of the
      catalyst. Aging of catalyst occurs through deposition of carbonaceous
      materials on the catalyst with need to regenerate by burning off the coke
      when the activity of the catalyst has decreased to an undesirable level.
      Typically the recommended design operation will be started up at about
      850.degree.F. with reaction temperature being increased as needed to
      maintain desired level of isomerization until reaction temperature reaches
      about 900.degree.F. At that point the isomerizer is taken off stream and
      regenerated by burning of the coke deposit.
PAR  A typical charge to the isomerizing reactor may contain 17 wt.% ethyl
      benzene, 65 wt.% m-xylene, 11 wt.% p-xylene and 7 wt.% o-xylene. The
      thermodynamic equilibrium varies slightly with temperature. The objective
      in the isomerization reactor is to bring the charge as near to theoretical
      equilibrium concentrations as may be feasible consistent with reaction
      times which do not give extensive cracking and disproportionation.
PAR  Ethyl benzene reacts through ethyl cyclohexane to dimethyl cyclohexanes
      which in turn equilibrate to xylenes. Competing reactions are
      disproportionation of ethyl benzene to benzene and diethyl benzene,
      hydrocracking of ethyl benzene to ethane and benzene and hydrocracking of
      the alkyl cyclohexanes.
PAR  The rate of ethyl benzene approach to equilibrium concentration in a
      C.sub.8 aromatic mixture is related to effective contact time. Hydrogen
      partial pressure has a very significant effect on ethyl benzene approach
      to equilibrium. Temperature change within the range of Octafining
      conditions (830.degree. to 900.degree.F.) has but a very small effect on
      ethyl benzene approach to equilibrium.
PAR  Concurrent loss of ethyl benzene to other molecular weight products relate
      to % approach to equilibrium. Products formed from ethyl benzene include
      C.sub.6 + naphthenes, benzene from cracking, benzene and C.sub.10
      aromatics from disproportionation, and total loss to other than C.sub.8
      molecular weight. C.sub.5 and lighter hydrocarbon by-products are also
      formed.
PAR  The three xylenes isomerize much more selectively than does ethyl benzene,
      but they do exhibit different rates of isomerization and hence, with
      different feed composition situations the rates of approach to equilibrium
      vary considerably.
PAR  Loss of xylenes to other molecular weight products varies with contact
      time. By-products include naphthenes, toluene, C.sub.9 aromatics and
      C.sub.5 and lighter hydrocracking products.
PAR  Ethyl benzene has been found responsible for a relatively rapid decline in
      catalyst activity and this effect is proportional to its concentration in
      a C.sub.8 aromatic feed mixture. It has been possible then to relate
      catalyst stability (or loss in activity) to feed composition (ethyl
      benzene content and hydrogen recycle ratio) so that for any C.sub.8
      aromatic feed, desired xylene products can be made with a selected
      suitably long catalyst use cycle.
PAR  Because of its behavior in the loop for manufacture of p-xylene, or other
      xylene isomer, ethyl benzene is undesirable in the feed but is tolerated
      because of the great expense of removal from mixed C.sub.8 aromatics.
      Streams substantially free of ethyl benzene are available from such
      processes as transalkylation of aromatics having only methyl substituents.
      Thus toluene can be reacted with itself (the specific transalkylation
      reaction sometimes called "disproportionation") or toluene may be reacted
      with tri-methyl benzene in known manner. Improved catalysts for these
      reactions are described in copending application Ser. No. 431,519, filed
      Jan. 7, 1974 now abandoned.
PAR  The transalkylation reactions provide means for utilizing the higher
      boiling aromatics separated in preparing BTX from reformates. Thus toluene
      may by reacted with tri-methyl benzenes to produce xylenes. They are also
      useful in handling high boiling aromatics formed by side reactions in such
      processes as isomerization of xylenes.
PAR  These conventional techniques make BTX available for the chemical industry
      by removing light aromatics from the "gasoline pool" of the petroleum
      fuels industry. This is an unfortunate result, particularly under present
      trends for improvement of the atmosphere by steps to reduce hydrocarbon
      and lead emissions from internal combustion engines used to power
      automotive equipment.
PAR  By far the greatest amount of unburned hydrocarbon emissions from cars
      occurs during cold starts while the engine is operating below design
      temperature. It has been contended that a more volatile motor fuel will
      reduce such emissions during the warm-up period. In addition, the
      statutory requirements for reduction and ultimate discontinuance of alkyl
      lead anti-knock agents require that octane number specifications be met by
      higher content of high octane number hydrocarbons in the motor fuel.
PAR  The net effect of the trends in motor fuel composition for environmental
      purposes is increased need for light aromatics to provide high volatility
      and octane number for motor gasoline. Present practices for supply of BTX
      to the chemical industry run counter to the needs of motor fuel supply by
      removing the needed light aromatics from availability for gasoline
      blending.
PAR  It is known that acid zeolites are very effective for disproportionation of
      alkyl aromatic compounds. See Frilette et al. U.S. Pat. No. 3,506,731,
      Wallace et al. U.S. Pat. No. 3,808,284 and Inoue et al. U.S. Pat. No.
      3,671,602. The latter has shown that heavier aromatics, e.g. tri-methyl
      benzenes may be disproportionated to BTX and C.sub.10 + aromatics. The
      problem with that course is that a substantial portion of the product is
      C.sub.10 + aromatics which boil &gt;350.degree.F., which is at the upper
      limit or above the gasoline range and has little or no value as chemicals.
PAR  It is apparent that need exists for a process which will satisfy the BTX
      demand without removing those compounds from gasoline blending stocks.
PAC  SUMMARY OF THE INVENTION
PAR  That need is met by the process of this invention which, in its preferred
      embodiments comprises modification of petroleum refinery operation to
      remove the C.sub.9 + fraction of catalytic reformate for processing to BTX
      and using the lighter fraction of reformate in blending of motor fuel. By
      this means, high front end volatility and octane number are preserved for
      gasoline. In its broader aspect, the invention contemplates manufacture of
      BTX from alkyl benzenes of nine or more carbon atoms by processing over
      unique acid zeolite catalysts, hereinafter described, in the presence of
      hydrogen.
PAR  The high boiling aromatics, nine carbon atoms or more, are convertible to
      BTX over catalyst characterized by acid zeolite of the ZSM-5 type, zeolite
      ZSM-12 or zeolite ZSM-21. That the reaction is not simply dealkylation is
      clear from the fact that the aliphatic byproducts include large amounts of
      paraffins having more carbon atoms than the alkyl side chains of the
      aromatics charged. The process of the invention is conducted at
      550.degree. to 1000.degree.F. under pressures of 100 to 2000 pounds per
      square inch in the presence of 0.5 to 10 mols of hydrogen per mol of
      hydrocarbon charge. Since the preferred catalysts are composites of
      zeolite with relatively inert porous matrix, the space velocity is best
      related to weight of active zeolite in the catalyst. Weight hourly space
      velocities on that basis between 0.5 and 200 are suitable.
PAR  The charge for the preferred embodiment of producing BTX (while making
      gasoline having good front end volatility, high octane number and low
      heavy end content) is here designated "C.sub.9 + reformate". As is well
      known in the petroleum refining art, this does not normally define a
      fraction free of lighter material. Petroleum refinery fractionation is
      relatively imprecise, being designed to produce distillate and bottom cuts
      of desired boiling range. The invention is intended for use in
      conventional equipment of petroleum refineries and therefore contemplates
      "sloppy" fractionation. The term C.sub.9 + reformate as used herein means
      a fraction which contains most of the C.sub.9 aromatics in the reformate
      and substantially all of the heavier aromatics present in the reformate.
      In general, the C.sub.9 + reformate will contain 20% by weight or less of
      xylenes.
PAR  It is a characteristic feature of catalytic reforming that the heavy end
      contemplated for use in this invention is very low in aliphatic
      components. A very high proportion of the alkyl carbon atom content is
      constituted by alkyl substituents on aromatic rings. To a major extent,
      those side chains have been reduced to methyl groups. A moderate amount of
      ethyl groups are present and a few propyl and butyl groups are also seen
      in a typical heavy reformate. Longer alkyl chains are so minor that they
      can be disregarded. A principal reaction appears to be rearrangement and
      removal of methyl groups and removal of those few higher alkyl side chains
      present in the charge.
PAR  The course of the conversion necessarily results in production of aliphatic
      hydrocarbons in reducing higher alkyl aromatics to BTX. Surprisingly, the
      alkyl compounds in the reaction product are predominantly longer chains
      that the substituents on the rings in the charge. This characteristic of
      the reaction is extremely valuable in a process conducted under hydrogen
      as is the process of this invention. A molar excess of hydrogen is
      preferred. In order to achieve maximum economy of operation, hydrogen is
      separated from the product and recycled to the inlet of the reactor.
      Methane, being difficult to separate from hydrogen without expensive
      cryogenic equipment, tends to build up in the recycle hydrogen and
      requires that a portion of the recycle stream be withdrawn to maintain
      adequate hydrogen purity. That withdrawn stream in other processes using
      hydrogen, e.g. catalytic reforming, is of value only for fuel. Such
      degradation of hydrogen value is obviated in large measure by the present
      process because of the low methane concentration in the reactor effluent.
PAR  Although C.sub.9 + reformate is the preferred commercial feedstock for this
      process, it is obvious that other sources of C.sub.9 + aromatic
      concentrates comprised primarily of C.sub.1 and C.sub.2 alkylbenzenes will
      serve as well. One such source is pyrolysis gasoline from the production
      of ethylene.
PAR  It is noted further that the yield of aliphatics boiling in the BTX range
      is nil, thus providing high purity aromatic products.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Preferred embodiments of the invention are illustrated by the annexed
      drawings wherein:
PAR  FIG. 1 is a flow sheet of combined motor fuel manufacture and production of
      BTX according to the invention;
PAR  FIG. 2 is a flow sheet of processing C.sub.9 + reformate to manufacture BTX
      in which advantage is taken of isomerization activity of the catalyst; and
PAR  FIG. 3 is constituted by three flow sheets for comparative purposes:
PA1   3A represents conventional practice in manufacture of BTX;
PA1   3b illustrates application of the present invention for maximum BTX; and
PA1   3C is a simplication of FIG. 1.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  As stated, the catalyst used according to the invention is characterized by
      specific zeolites. Zeolites of the ZSM-5 type include zeolite ZSM-5 as
      described in Argauer and Landolt U.S. Pat. No. 3,702,886, dated Nov. 14,
      1972 and zeolite ZSM-11 as described in Chu U.S. Pat. No. 3,709,979 dated
      Jan. 7, 1973 and variants thereof. Zeolite ZSM-12 is described in German
      Offenlegungsschrift No. 2213109.
PAR  Preparation of synthetic zeolite ZSM-21 is typically accomplished as
      follows: A first solution comprising 3.3 g. sodium aluminate (41.8%
      Al.sub.2 O.sub.3, 31.6% NA.sub.2 O and 24.9% H.sub.2 O), 87.0 g. H.sub.2 O
      and 0.34 g. NaOH (50% solution with water) was prepared. The organic
      material pyrrolidine was added to the first solution in 18.2 g. quantity
      to form a second solution. Thereupon, 82.4 g. colloidal silica (29.5%
      SiO.sub.2 and 70.5% H.sub.2 O) was added to the second solution and mixed
      until a homogeneous gel was formed. This gel was composed of the following
      components in mole ratios:
      ##EQU1##
PAR  The mixture was maintained at 276.degree.C. for 17 days, during which time
      crystallization was complete. The product crystals were filtered out of
      solution and water washed for approximately 16 hours on a continuous wash
      line.
PAR  X-ray analysis of the crystalline product proved the crystals to have a
      diffraction patterns as shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     d (A)                 I/Io                                                
     9.5 .+-. 0.30       Very Strong                                           
     7.0 .+-. 0.20       Medium                                                
     6.6 .+-. 0.10       Medium                                                
     5.8 .+-. 0.10       Weak                                                  
     4.95 .+-. 0.10      Weak                                                  
     3.98 .+-. 0.07      Strong                                                
     3.80 .+-. 0.07      Strong                                                
     3.53 .+-. 0.06      Very Strong                                           
     3.47 .+-. 0.05      Very Strong                                           
     3.13 .+-. 0.05      Weak                                                  
     2.92 .+-. 0.05      Weak                                                  
     ______________________________________                                    
PAR  Chemical analysis of the crystalline product led to the following
      compositional figures:
TBL                          Mole Ratio on                                     
     Composition    Wt.%     Al.sub.2 O.sub.3 Basis                            
     ______________________________________                                    
     N              1.87     --                                                
     Na             0.25     --                                                
     Al.sub.2 O.sub.3                                                          
                    5.15     1.0                                               
     Si.sub.0 2     90.7     29.9                                              
     N.sub.2 O      --       1.54                                              
     Na.sub.2 O     --       0.11                                              
     H.sub.2 O      --       9.90                                              
     ______________________________________                                    
PAR  Physical analysis of the crystalline product calcined 16 hours at
      1000.degree.F. showed it to have a surface area of 304 m.sup.2 /g and
      adsorption tests produced the following results:
TBL         Adsorption                                                         
                     Wt.%                                                      
            Cyclohexane                                                        
                     1.0                                                       
            n-hexane 5.4                                                       
            Water    9.0                                                       
PAR  In determining the sorptive capacities, a weighed sample of zeolite was
      heated to 600.degree.C. and held at that temperature until the evolution
      of basic nitrogeneous gases ceased. The zeolite was then cooled and the
      sorption test run at 12 mm for water and 20 mm for hydrocarbons.
PAR  Zeolite ZSM-21 is the subject of copending application Ser. No. 358,192,
      filed May 7, 1973 now abandoned.
PAR  These new catalysts are characterized by very good stability as well as
      very high activity and selectivity in many hydrocarbon reactions.
PAR  The characterizing feature of the catalyst according to this invention is
      ZSM-5 type of zeolite as described in said U.S. Pat. Nos. 3,702,886,
      Argauer et al., and 3,709,979, Chu, and ZSM-12 as described in German
      Offenlegungsschrift No. 2213109 the disclosures of which are hereby
      incorporated by reference. The invention also contemplates use of ZSM-21
      as hereinabove described. The most active forms for the present purpose
      are those in which cationic sites are occupied at least in part by
      protons, sometimes called the "acid form". As described in the Argauer et
      al., and Chu patents, and the German Offenlegungsschrift the acid form is
      achieved by burning out the organic cations. Protons may also be
      introduced by base exchange with ammonium or amine cations and calcination
      to decompose the ammonium or substituted ammonium cation.
PAR  Preferably, the catalyst also includes a metal having hydrogenation
      capability such as the metals of Group VIII of the Periodic Table, plus
      chromium, tantalum, tungsten, vanadium, gold and the like which will
      enhance selectivity to benzene at the higher temperatures of the range
      contemplated. Preferred metals for this purpose are nickel and cobalt.
      These metals may be introduced by base exchange or impregnation. In
      general, the selected metal should be chosen with regard to reaction
      temperature contemplated. Platinum can be used at high temperatures above
      about 800.degree.F. which favors dehydrogenation of benzene rings. At
      lower temperatures, platinum will result in saturation of rings and
      destruction of product. Nickel can be used effectively at those lower
      temperatures.
PAR  The zeolite is preferably incorporated in a porous matrix to provide
      mechanical strength, preferably alumina. The hydrogenation metal may be
      added after incorporation with the zeolite in a matrix, the only essential
      feature being that metal sites be in the vicinity of the zeolite,
      preferably within the same particle.
PAR  Temperatures for the catalyst used according to this invention may vary
      depending upon design factors of the equipment. Generally these lie
      between 550.degree.F. and 1000.degree.F. Pressures will also be dictated,
      at least in part, by design factors of the equipment and may vary from 100
      to 2000 lb. per square inch gauge.
PAR  In general, a temperature will be chosen which suits commercial needs at a
      particular place and time. It is generally true that higher temperatures
      tend to increase the yield of benzene. Note particularly the data at
      different temperatures in Tables IV and VI, below. Based on these data, it
      will be clear that a temperature can be chosen to maximize either benzene
      or xylenes.
PAR  In this connection, it is noted again that the temperature of reaction is
      related to character of the hydrogenation metal, if any, on the catalyst.
      Many prior art aromatic processing catalysts employ a metal of the
      platinum group. These are very potent hydrogenation catalysts. At
      temperatures much below 800.degree.F., hydrogenation of the ring destroys
      greater amounts of product, the more the temperature is reduced. At the
      higher temperatures, thermodynamic equilibria favor the benzene ring. The
      present catalysts are effective with such metals as nickel which give
      negligible ring hydrogenation at the lower temperatures here possible. In
      general, it is preferred to use these less potent metal catalysts in this
      invention to afford temperature flexibility with consequent capability for
      high throughput.
PAR  Space velocities are calculated with respect to the active component of
      ZSM-5 type or ZSM-12or ZSM-21 zeolite. For example, the catalyst may be a
      composite of 65% ZSM-5 and 35% alumina, by weight. Space velocities are
      calculated with respect to that 65% constituted by active zeolite. So
      calculated, the space velocities may vary from about 0.1 to about 200 on a
      weight basis, preferably 0.5 to 10.
PAR  The process requires the presence of hydrogen. Preferably, the smallest
      amount of hydrogen consistent with the desired rate and selectivity of
      conversion and with adequate catalyst life between regenerations will be
      selected to minimize the load on compressors, heat exchangers, etc. The
      hydrogen admixed with charge will generally lie between about 0.5 and 10
      mols of hydrogen per mol of hydrocarbon charge.
PAR  Severity of the reaction is a function of both temperature and space
      velocity. Excessive severity will result in undue cracking of the charge.
      Insufficient severity may permit build up of C.sub.10 + aromatics through
      C.sub.9 + disproportionation-type reactions, see Example 1. Thus, the two
      factors should be adjusted in relationship to each other. For example,
      space velocities in the lower part of the claimed range will indicate
      lower temperatures of reaction, and vice versa.
PAR  The nature of the conversion obtained will be apparent from examples
      presented below.
PAC  EXAMPLE 1
PAR  The character of the invention for conversion of alkyl aromatic mixtures
      containing primarily methyl and ethyl substituted aromatics is best seen
      in comparison against the course of reaction of n-propyl benzene with a
      catalyst according to the invention. The catalyst employed was 65% acid
      ZSM-5 in an alumina matrix. Two runs were made at different conditions.
      Space velocities are reported on a weight basis in Table II with respect
      to the zeolite only in each case. The specified charge was admixed with
      hydrogen in the molar proportions shown by the value given for "H.sub.2
      /HC". Yields of products and by-products are shown in the Table. In each
      case, yields are supplied for products on two bases.
TBL                TABLE II                                                    
     ______________________________________                                    
     CHARGE               n-PROPYLBENZENE                                      
     Temperature, .degree.F.                                                   
                         600       700                                         
     Pressure, psig      400       400                                         
     WHSV                7.5       22.5                                        
     H.sub.2 /HC         3/1       3/1                                         
     C.sub.9 Converted (Wt.%)                                                  
                         76        91                                          
     Material Balance (%)                                                      
                         98        101                                         
     Products, Wt.%                                                            
     C.sub.1 + C.sub.2   0.2       0.4                                         
     C.sub.3             4         7                                           
     C.sub.4             6         8.5                                         
     C.sub.5 + paraffins 4         5                                           
     Benzene             38        45                                          
     Toluene             2         4                                           
     Xylenes             4         9                                           
     C.sub.9 Aromatics   24        9                                           
     C.sub.10 + Aromatics                                                      
                         18        12                                          
     ______________________________________                                    
PAR  Of particular interest among the data in Table II are the relatively high
      yields of C.sub.4 and heavier paraffins and the yields of the methyl
      benzenes, via. toluene and xylenes. Dealkylation would result in propane
      and benzene. Cracking of the side chain of three carbon atoms could
      produce toluene and xylenes plus equivalent amounts of methane, ethane or
      both, but the yield of C.sub.1 and C.sub.2 compounds is very minor.
PAR  The BTX is suited for fractionation and processing to desired valuable
      products with low EB to facilitate the isolation of desired xylene
      isomers. The disadvantage is the high yield of C.sub.10 + aromatics by
      disproportionation at these mild conditions.
PAR  The paraffinic by-products are predominantly heavier than C.sub.2 and thus
      have value greater than that of fuel gas. Propane is the principal
      ingredient of bottled gas (LPG), while butane and heavier materials are
      gasoline components.
PAC  EXAMPLE 2
PAR  The preceding example is not illustrative of nature of the invention
      because the charge is a single, long chain C.sub.9 aromatic. Dramatic
      contrasts are seen when its charge is a fraction available at commercial
      installations. The C.sub.9 + cut left after commercial style fractionation
      to prepare BTX from reformate will contain some xylene but will be
      essentially free of the lowest boiling C.sub.8 aromatic (ethyl benzene).
      The C.sub.9 (predominant) portion will contain trimethyl benzenes, ethyl
      methyl benzenes and some propylbenzenes. A typical such fraction
      containing 10 wt.% xylene, 69 wt.% C.sub.9 aromatics and 21 wt.% C.sub.10
      and heavier aromatics was the charge in a conversion over a catalyst of 65
      wt.% acid-nickel ZSM-5 composited with 35 wt.% of alumina matrix. The
      catalyst contained 0.6 wt.% nickel. Reaction conditions and yields are
      shown in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     CHARGE         C.sub.9 + REFORMATE AROMATICS                              
     Temperature, .degree.F.                                                   
                    700                                                        
     Pressure, psig 600                                                        
     WHSV           1.0                                                        
     H.sub.2 /HC    4/1                                                        
     C.sub.9 + Converted (Wt.%)                                                
                    65                                                         
     Material Balance (%)                                                      
                    99                                                         
     Products, Wt.%                                                            
     C.sub.1 + C.sub.2                                                         
                    1.5                                                        
     C.sub.3        10                                                         
     C.sub.4        2                                                          
     C.sub.5 + paraffins                                                       
                    --                                                         
     Benzene        4                                                          
     Toluene        19                                                         
     Ethylbenzene   2                                                          
     Xylenes        29                                                         
     C.sub.9 Aromatics                                                         
                    27                                                         
     C.sub.10 + Aromatics                                                      
                    5.5                                                        
     ______________________________________                                    
      Note should be taken of the high yield of valuable propane and sharp     
      increase in C.sub.8 aromatic content with low EB.                        
PAC  EXAMPLE 3
PAR  A series of runs were conducted in which the charge was
      318.degree.-349.degree.F. cut from the full range commercial reformate.
      The catalyst was a nickel acid ZSM-5 of 70 silica/alumina ratio composited
      with 35 weight percent of alumina binder. The composite was extruded and
      calcined to provide the final catalyst. Table IV below shows reaction
      conditions and product distribution as determined by analysis of samples
      taken on stream. The charge was constituted as follows:
TBL                   WEIGHT PERCENT                                           
     m- and p-xylenes 5.8                                                      
     o-xylenes        3.7                                                      
     C.sub.9 Non-aromatics                                                     
                      0.6                                                      
     C.sub.9 Aromatics                                                         
                      69.2                                                     
     C.sub.10 Aromatics                                                        
                      19.4                                                     
     C.sub.11 -C.sub.12 Aromatics                                              
                      1.3                                                      
TBL                TABLE IV                                                    
     ______________________________________                                    
     REACTING OF C.sub.9 -C.sub.10 REFORMATE                                   
     AROMATICS OVER NiHZSM-5                                                   
     EXAMPLE      3A       3B       3C     3D                                  
     ______________________________________                                    
     Temperature,                                                              
     .degree.F.   754      725      775    701                                 
     Pressure,                                                                 
     psig         600      610      610    615                                 
     WHSV         1.0      1.0      1.0    1.0                                 
     H.sub.2 /HC  4/1      4/1      4/1    4/1                                 
     Product                                                                   
     Distribution,Wt.%                                                         
     C.sub.1 Non Aromatic                                                      
                  0.6      0.3      0.9    0.02                                
     C.sub.2 's Non Aromatic                                                   
                  4.6      2.8      4.9    1.5                                 
     C.sub.3 's Non Aromatic                                                   
                  12.3     12.3     13.2   10.2                                
     C.sub.4 's Non Aromatic                                                   
                  2.3      2.9      2.1    1.8                                 
     C.sub.5 's Non Aromatic                                                   
                  0.3      0.6      0.2    0.2                                 
     C.sub.6 's Non Aromatic                                                   
                  --       --       --     --                                  
     Benzene      5.1      4.8      5.3    3.8                                 
     C.sub.7 's Non Aromatic                                                   
                  --       --       --     --                                  
     Toluene      22.4     20.7     22.9   19.1                                
     C.sub.8 's Non Aromatic                                                   
                  0.06     0.05     --     --                                  
     Ethyl benzene                                                             
                  1.5      1.7      1.4    1.9                                 
     m- and p-xylene                                                           
                  22.9     22.1     22.2   22.9                                
     o-xylene     7.4      6.8      7.0    6.8                                 
     C.sub.9 's Non Aromatic                                                   
                  --       --       --     --                                  
     C.sub.9 's Aromatics                                                      
                  17.8     20.9     15.9   27.2                                
     C.sub.10 's Aromatics                                                     
                  0.6      1.4      0.8    1.8                                 
     C.sub.11 + Aromatics                                                      
                  2.2      2.7      3.1    2.7                                 
     Total Wt.%                                                                
     Conversion   70.9     67.0     72.5   60.1                                
     Wt.% Reacted                                                              
     C.sub.9 Aromatics                                                         
                  74.3     69.8     77.0   60.6                                
     C.sub.10 Aromatics                                                        
                  97.1     93.0     95.9   90.6                                
     Wt.% C.sub.1 -C.sub.5 Made                                                
                  20.1     18.9     21.4   13.8                                
     Wt.% Xylenes Made                                                         
                  20.9     19.5     19.7   20.1                                
     EXAMPLE      3E       3F       3G                                         
     ______________________________________                                    
     Temperature,                                                              
     .degree.F.   801      651      602                                        
     Pressure,                                                                 
     psig         595      600      615                                        
     WHSV         1.0      1.0      1.0                                        
     H.sub.2 /HC  4/1      4/1      4/1                                        
     Product                                                                   
     Distribution,Wt.%                                                         
     C.sub.1 Non Aromatic                                                      
                  1.1      --       --                                         
     C.sub.2 's Non Aromatic                                                   
                  5.9      0.8      0.2                                        
     C.sub.3 's Non Aromatic                                                   
                  12.7     9.5      7.4                                        
     C.sub.4 's Non Aromatic                                                   
                  0.7      2.3      2.4                                        
     C.sub.5 's Non Aromatic                                                   
                  0        0.3      0.3                                        
     C.sub.6 's Non Aromatic                                                   
                  --       --       --                                         
     Benzene      5.5      3.2      2.1                                        
     C.sub.7 's Non Aromatic                                                   
                  --       --       --                                         
     Toluene      25.2     17.7     14.3                                       
     C.sub.8 's Non Aromatic                                                   
                  --       --       --                                         
     Ethyl benzene                                                             
                  1.2      1.7      2.9                                        
     m- and p-xylene                                                           
                  23.1     21.6     15.7                                       
     o-xylene     6.8      5.6      3.6                                        
     C.sub.9 's Non Aromatic                                                   
                  --       --       --                                         
     C.sub.9 's Aromatics                                                      
                  16.2     33.4     45.6                                       
     C.sub.10 's Aromatics                                                     
                  0.3      3.0      5.2                                        
     C.sub.11 + Aromatics                                                      
                  1.2      0.93     0.2                                        
     Total Wt.%                                                                
     Conversion   72.8     53.2     39.5                                       
     Wt.% Reacted                                                              
     C.sub.9 Aromatics                                                         
                  76.6     51.7     34.1                                       
     C.sub.10 Aromatics                                                        
                  98.5     84.5     73.0                                       
     Wt.% C.sub.1 -C.sub.5 Made                                                
                  20.4     12.8     10.4                                       
     Wt.% Xylenes Made                                                         
                  20.5     17.8     9.8                                        
     ______________________________________                                    
PAR  From the above tabulation it will be seen that the use of C.sub.9 +
      aromatics offers an attractive route to xylenes, much more so than the
      practice recently followed in the art of disproportionation of toluene.
      BTX substantially free of saturates can be made from the C.sub.9 +
      aromatics concentrate derived by fractionation of reformate without the
      expensive extraction step commonly practiced today in making BTX from
      reformates.
PAR  The by-products are low in C.sub.1 and C.sub.2 paraffins despite the fact
      that the side chains of the charge are primarily methyl and ethyl groups.
      In addition to the advantage from greater value for propane, the hydrogen
      consumption is sharply reduced below that required to saturate C.sub.1 and
      C.sub.2 radicals. The low content of C.sub.4 + paraffins facilitates
      purification of benzene.
PAR  Note particularly the sharp reduction of C.sub.10 + (350.degree.F.+)
      aromatics instead of increase expected of conventional transalkylation and
      disproportionation reactions. Such heavy aromatics impart poor volatility
      and poor engine cleanliness characteristics to gasolines. It will be shown
      that C.sub.9 + aromatics in the product can be recycled with toluene to
      the feed in order to optimize benzene and xylene production. It appears
      there is no significant buildup of C.sub.10 + aromatics in the loop when
      such recycle is practiced.
PAC  EXAMPLE 4
PAR  The feasibility of charging toluene and C.sub.9 + aromatics as recycle in
      the process of this invention was demonstrated by charging a 50-50 molar
      blend of toluene and C.sub.9 -C.sub.10 aromatics over NiHZSM at one hourly
      space velocity, 600 psig and a 4 to 1 hydrogen/hydrocarbon molar ratio.
      The results summarized below in Table V show that ring loss is reduced
      from 10 weight percent to 2 weight percent and conversion goes from 53 to
      37% while xylene production remains almost constant over the range of 830
      to 700.degree.F.
TBL                TABLE V                                                     
     ______________________________________                                    
     Temperature      830       698                                            
     Conversion, Wt.% 52.5      37.2                                           
     Wt.% Reacted                                                              
     Toluene          24.1      15.2                                           
     C.sub.9 Aromatics                                                         
                      79.3      55.4                                           
     Ring Loss        9.8       2.2                                            
     Wt.% Xylenes Made                                                         
                      23.0      21.9                                           
     ______________________________________                                    
PAR  More detail on this type of reaction is shown in Table VI in which the
      catalyst was the same as that described in Example 3. The charge was
      constituted as follows:
TBL                   WEIGHT PERCENT                                           
     Toluene          44.4                                                     
     C.sub.8 Non Aromatics                                                     
                      0.05                                                     
     Ethyl benzene    0.3                                                      
     m- and p-xylene  2.9                                                      
     o-xylene         2.0                                                      
     C.sub.9 Non Aromatics                                                     
                      0.1                                                      
     C.sub.9 Aromatics                                                         
                      38.9                                                     
     C.sub.10 Aromatics                                                        
                      9.4                                                      
     C.sub.11 -C.sub.12 Aromatics                                              
                      1.9                                                      
TBL                TABLE VI                                                    
     ______________________________________                                    
     TRANSALKYLATION OF TOLUENE AND                                            
     C.sub.9 -C.sub.10 AROMATICS OVER Ni-ZSM-5                                 
     EXAMPLE      4A       4B       4C     4D                                  
     ______________________________________                                    
     Temperature,                                                              
     .degree.F.   830      825      812    778                                 
     Pressure,                                                                 
     psig         605      605      615    600                                 
     WHSV         1.0      1.0      1.0    1.0                                 
     H.sub.2 /HC  4/1      4/1      4/1    4/1                                 
     Product                                                                   
     Distribution,Wt.%                                                         
     C.sub.1 Non Aromatics                                                     
                  1.4      1.0      0.9    0.4                                 
     C.sub.2 's Non Aromatics                                                  
                  8.4      5.1      4.9    3.3                                 
     C.sub.3 's Non Aromatics                                                  
                  7.3      6.6      6.8    6.6                                 
     C.sub.4 's Non Aromatics                                                  
                  0.7      0.7      0.7    1.0                                 
     C.sub.5 's Non Aromatics                                                  
                  --        0.03     0.03   0.08                               
     C.sub.6 's Non Aromatics                                                  
                  --       --       --     --                                  
     Benzene      11.3     11.3     11.2   9.9                                 
     C.sub.7 's Non Aromatics                                                  
                  --       --       --     --                                  
     Toluene      33.7     34.6     34.9   35.7                                
     C.sub.8 's Non Aromatics                                                  
                  0.05     0.13     0.06   0.03                                
     Ethyl benzene         1.5      1.3    1.4                                 
                  21.3*                                                        
     m- and p-xylene       20.8     21.3   21.6                                
     o-xylene     6.6      6.8      6.9    6.9                                 
     C.sub.9 's Non Aromatics                                                  
                   --      --       --     --                                  
     C.sub.9 's Aromatics                                                      
                  8.0      9.4      9.5    11.5                                
     C.sub.10 's Aromatics                                                     
                  0.8      1.1      1.0    1.2                                 
     C.sub.11 + Aromatics                                                      
                  0.4      0.9      0.4    0.4                                 
     Total Wt.% Conversion                                                     
                  52.5     49.3     49.0   46.1                                
     Wt.% Reacted                                                              
     Toluene      24.1     22.0     21.3   19.6                                
     C.sub.9 Aromatics                                                         
                  79.3     75.8     75.5   70.5                                
     C.sub.10 Aromatics                                                        
                  92.0     88.2     89.0   87.0                                
     C.sub.11.sub.-12 Aromatics                                                
                  94.4     85.3     92.0   88.8                                
     Wt.% C.sub.1 -C.sub.5 Made                                                
                  17.8     13.4     13.4   11.4                                
     Wt.% Xylenes Made                                                         
                  23.0*    22.6     23.2   23.5                                
     EXAMPLE      4E       4F       4G                                         
     ______________________________________                                    
     Temperature,                                                              
     .degree.F.   751      698      828                                        
     Pressure,                                                                 
     psig         610      620      600                                        
     WHSV         1.0      1.0      1.0                                        
     H.sub.2 /HC  4/1      4/1      4/1                                        
     Product                                                                   
     Distribution,Wt.%                                                         
     C.sub.1 Non Aromatics                                                     
                  0.3      0.02     1.0                                        
     C.sub.2 's Non Aromatics                                                  
                  2.4      1.1      5.5                                        
     C.sub.3 's Non Aromatics                                                  
                  6.1      4.7      6.0                                        
     C.sub.4 's Non Aromatics                                                  
                  1.1      1.2      0.5                                        
     C.sub.5 's Non Aromatics                                                  
                  0.1      0.2       0.03                                      
     C.sub.6 's Non Aromatics                                                  
                  --       0.06     --                                         
     Benzene      8.9      7.2      13.1                                       
     C.sub.7 's Non Aromatics                                                  
                  --       0.01     0.002                                      
     Toluene      36.5     37.6     34.8                                       
     C.sub.8 's Non Aromatics                                                  
                  0.06     0.2      0.06                                       
     Ethyl benzene                                                             
                  1.6      --       --                                         
     m- and p-xylene                                                           
                  21.0     21.1*    22.3*                                      
     o-xylene     6.7      5.7      6.7                                        
     C.sub.9 's Non Aromatics                                                  
                  --       --       --                                         
     C.sub.9 's Aromatics                                                      
                  13.2     17.4     8.1                                        
     C.sub.10 's Aromatics                                                     
                  1.6      1.3      0.3                                        
     C.sub.11 + Aromatics                                                      
                  0.5      2.3      1.5                                        
     Total Wt.% Conversion                                                     
                  43.1     37.2     50.9                                       
     Wt.% Reacted                                                              
     Toluene      17.7     15.2     21.5                                       
     C.sub.9 Aromatics                                                         
                  66.0     55.4     79.2                                       
     C.sub.10 Aromatics                                                        
                  83.3     86.2     96.8                                       
     C.sub.11.sub.-12 Aromatics                                                
                  84.4     19.6     53.9                                       
     Wt.% C.sub.1 -C.sub.5 Made                                                
                  10.0     7.2      13.0                                       
     Wt.% Xylenes Made                                                         
                  22.8     21.9*    24.1*                                      
     ______________________________________                                    
      *XYLENES PLUS EB                                                         
PAC  EXAMPLE 5
PAR  Three comparative runs demonstrate the necessity for hydrogen in the
      reaction and show how the reaction over ZSM-5 differs from that of prior
      art acid catalysts. The runs reported below compare ZSM-5 with and without
      hydrogen and also compare the catalyst described in U.S. Pat. No.
      3,671,602. It will be seen that in the absence of hydrogen or when using
      mordenite catalyst, the predominant reaction is disproportionation. The
      results are set out in Table VII.
TBL                TABLE VII                                                   
     ______________________________________                                    
     Temp. .degree.F.                                                          
                 698       700       700                                       
     Catalyst    NiHZSM-5  NiHZSM-5  Mordenite                                 
                                     Catalyst of                               
                                     No. 3,671,602                             
     H.sub.2 /HC 0         4/1        10                                       
     psig        605       600       425                                       
             Charge                    Charge                                  
     Benzene         1.2       3.8            --                               
     Toluene         9.3       19.1            6.0                             
     Xylenes 9.5     18.9      29.6           23.8                             
     C.sub.9 69.2    43.9      27.2    100    51.0                             
     C.sub.10                                                                  
             19.4    8.4       1.8     C.sub.10 +                              
                                              18.2                             
     C.sub.11 +                                                                
             1.3     13.0      2.7            --                               
     Ring Loss       8.7       1.2            --                               
     Conversion      37.0      60.1           49                               
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  The significance of cutting the reformate to exclude most of the C.sub.8
      aromatics was demonstrated by a set of runs in which the process
      conditions and results are summarized in Table VIII.
TBL                TABLE VIII                                                  
     ______________________________________                                    
     EFFECT OF C.sub.9 + AROMATICS                                             
              C.sub.8 + REFORMATE                                              
                            C.sub.9 + REFORMATE                                
     EXAMPLE    6A      6B      6C    6D     6E                                
     ______________________________________                                    
     Process                                                                   
     Conditions                                                                
     Temperature,                                                              
     .degree.F. 700     700     700   700    700                               
     Pressure,                                                                 
     psig       425     425     425   600    600                               
     Space Velocity,                                                           
     LHSV       1.5     1.5     1.5   0.7    0.7                               
     H.sub.2 /HC                                                               
                4       4       4     4      4                                 
     Charge (Wt.%)                                                             
     Xylenes    32.6    43.2    47.5  10     nil                               
     C.sub.9 + Aromatics                                                       
                36.1    15.0    5.0   90     100                               
     C.sub.6 + Non-                                                            
     Aromatics  3.2     6.6     8.8   1      &lt;1                                
     Results (Wt.%)                                                            
     Xylenes (.+-.)                                                            
                -1.5    -17.8   -22.7 +20    +.about.30                        
     EB (% of C.sub.8)          .about.5 %                                     
     C.sub.6 + Non                                                             
     Aromatic                         (not                                     
     Conversion 94      95      94    measurable)                              
     ______________________________________                                    
      Note that the higher the xylene content of the charge the lower the net  
      xylene production. In fact, if the xylene content of the charge exceeds  
      30-35%, there may be a net loss of xylene.                               
PAR  It will be seen that the present invention provides a means for manufacture
      of xylenes from reformate without the expensive extraction step usually
      practiced and with conservation of xylenes in the reformate for use in
      motor gasoline.
PAC  COMMERCIAL EMBODIMENTS
PAR  The drawings illustrate advantageous process arrangements for applying the
      present invention to good advantage. As shown in FIG. 1, a full range
      naphtha is charged to a platinum reformer 10, where it is processed under
      conditions usual in the art. The full range reformate is transferred by
      line 11 to a distillation column 12 operated to take most of the C.sub.8
      and lighter fraction overhead by line 13 and to provide a bottoms fraction
      of C.sub.9 + with only minor amounts of C.sub.8, depending upon efficiency
      of the fractionation available. The C.sub.9 + reformate passes by line 14
      to a reactor 15 for practice of the present invention. Hydrogen is added
      to the charge from hydrogen recycle line 16 with addition of such make up
      hydrogen as may be needed at line 16. The converted product passes from a
      high pressure separater 17 from which excess hydrogen is taken overhead by
      line 16 for recycle in the process.
PAR  The liquid product, together with lower boiling material other than methane
      passes to fractionator 18 from which light hydrocarbons are taken overhead
      as gas at line 19 and benzene is removed as a side stream at line 20. The
      bottoms from fractionator 18, constituted almost entirely by aromatics
      boiling above benzene passes by line 21 to a fractionator 22. Toluene is
      taken overhead from column 22 by line 23 and the C.sub.8 + aromatics are
      withdrawn as bottoms by line 24. The bottoms from column 22 are thus
      transferred to a fractionator 25 from which a C.sub.8 aromatics stream is
      taken overhead for processing to desired chemicals. The bottoms of column
      25 are constituted by C.sub.9 + aromatics which can be recycled in the
      process by line 26. As shown above, it is advantageous to recycle the
      toluene from line 23 and the C.sub.9 + fraction from line 26 back to
      charge of reactor 15.
PAR  Very little naphthalene has been found in the products of this reaction. If
      naphthalenes are introduced to the system, buildup can be prevented by
      taking a drag stream of column 25 bottoms through line 27.
PAR  The embodiment shown in FIG. 1 is ideally suited to an operation in which
      high quality gasoline meeting the needs of today's environmental
      restrictions can be prepared while still manufacturing BTX.
PAR  It will be apparent that the C.sub.8 -fraction taken overhead from
      fractionator 12 by line 13 is a low boiling fraction of high octane number
      which is advantageously employed for blending with other motor fuel
      components (catalytic gasoline, straight run, gasoline, alkylate,
      additives and the like) to prepare a finished motor gasoline. The C.sub.9
      + product taken as bottoms from fractionator 25 is also a splendid motor
      fuel component which may be passed from line 27 to gasoline blending. This
      C.sub.9 + product fraction has higher volatility than the C.sub.9 + charge
      prepared by fractionator 12 and is used to advantage for motor fuel, in
      whole or part, depending upon the need to prepare BTX. The integration of
      the process of this invention is thus seen to afford a remarkably high
      degree of flexibility to a refinery chemical manufacturing complex.
PAR  The catalyst used according to this invention is very effective in
      isomerization of C.sub.8 aromatics. It thus becomes possible to include
      the reactor of this invention in the recovery loop for manufacture of
      paraxylene and alternatively orthoxylene. Such an arrangement is shown in
      FIG. 2 where a C.sub.9 + reformate is supplied by line 28. That heavy
      reformate is prepared in a manner similar to the distillation in column 12
      of FIG. 1. The heavy reformate passes to a reactor 29 here shown as a
      single process block. It will be understood that the reactor unit includes
      the auxiliary shown in FIG. 1 together with heat exchangers, compressors
      and other equipment necessary to accomplish the result. The effluent of
      reactor 29 passes by line 30 to a fractionator 31 from which light
      aliphatic components are taken overhead at line 32. The bottoms pass by
      line 33 to column 34 from which benzene and toluene are taken overhead and
      the bottoms passes by line 35 to a fractionator 36. A xylene fraction is
      taken overhead from column 36 by line 37 and a C.sub.9 + recycle passes by
      line 38 back to the reactor charge.
PAR  The xylene fraction from line 37 is subjected to an operation for
      separation of paraxylene at 39. This may be either fractional
      crystallization or selective sorption as known in art. Product p-xylene is
      reconverted by line 40. The remaining xylenes pass by line 41 to a column
      42 where orthoxylene is separated by fractional distillation.
PAR  The bottoms of column 42 are constituted by C.sub.8 aromatics lean in
      p-xylene and o-xylene and are therefore mainly m-xylene and ethyl benzene.
      Those bottoms may be withdrawn by line 43 for any desired purposes but are
      preferably recycled in the system by line 44 to reactor 29. In reactor 29,
      the meta xylene is isomerized to produce additional p-xylene and o-xylene.
PAR  The results of operating such a system in different manners can be
      calculated. The manner of modifying the flow sheet of FIG. 2 will be
      apparent to one skilled in the art in order to provide the cases shown in
      Table IX below:
TBL                                    TABLE IX                                
     __________________________________________________________________________
     PRODUCT YIELDS FROM VARIANTS OF FIGURE 2                                  
     (PARTS BY WEIGHT)                                                         
                                   C.sub.9 +  m-xylene+                        
                C.sub.9 +REFORMATE                                             
                          C.sub.2 +C.sub.3                                     
                               B+T RECYCLE                                     
                                         p-xylene                              
                                              EB    o-xylene                   
     __________________________________________________________________________
     CASE A                                                                    
     No xylene recycle                                                         
                68        14   23  32    7    16    7                          
     CASE B                                                                    
     o- and p-xylene                                                           
     recovered, balance                                                        
     recycled   37         7   16  47    7    16    7                          
     CASE C                                                                    
     p-xylene recovered,                                                       
     balance recycled                                                          
                19         4    8  58    7    23    --                         
     __________________________________________________________________________
PAR  The three flow sheets of FIG. 3 provide graphical comparisons of
      conventional manufacture of BTX from reformate with two alternative
      approaches to commercial application of the present invention. FIG. 3A
      represents the process scheme now widely followed in commercial production
      of BTX. A light naphtha which includes the C.sub.6 hydrocarbons of the
      distillate from crude and having an end point less than 300.degree.F. is
      subjected to catalytic reforming. The naphtha is cut at an end point which
      avoid introduction of C.sub.9 or heavier aromatics.
PAR  The light naphtha is reformed in platinum reformer 45 to dehydrogenate the
      naphthenes to aromatics. The reformate is fractionated in column 46 and
      the material boiling below about 150.degree.F. is taken overhead to
      provide a bottoms fraction boiling between 150.degree.-300.degree.F. That
      material is charged to a solvent extraction unit 47 wherein aromatics are
      separated from the aliphatic compounds. The extraction is reasonably
      efficient but does leave some non aromatics in the extract which is
      transferred by line 48 to distillation for separation into benzene,
      toluene and C.sub.8 aromatics. The xylenes are recovered from the latter
      by the known techniques of selective sorption or fractional
      crystallization with isomerization of the material from which a desired
      xylene has been separated. The C.sub.8 fraction of the material withdrawn
      by line 48 normally contains about 15 to 18% of ethyl benzene, a
      troublesome component in xylene separations. This should be contrasted
      with the low levels of ethyl benzene reported above for operation in
      accordance with this invention.
PAR  FIG. 3B utilizes the new technology provided by this invention in a system
      to increase the amount of BTX derived from operation of a single reformer.
      In this case, full range naphtha is charged to platinum reformer 49. The
      reformate is fractionated in column 50 to separate a light overhead in
      line 51 comprised mainly by non aromatic hydrocarbons. A light aromatic
      reformate boiling between 130.degree. and 300.degree.F. is transferred by
      fractionator 50 by line 52 and subjected to solvent extraction in
      extractor 53. The extracted aromatics are handled in the same manner as in
      FIG. 3A. The heavy reformate, boiling above about 300.degree.F. is
      transferred by line 54 to reactor 55 in which it is converted in the
      manner described hereinabove to generate additional BTX. The product is
      fractionated in a system indicated generally by 56 and unreacted heavier
      aromatics are recycled by line 57.
PAR  The flow sheet of FIG. 3C illustrates the preferred embodiment of this
      invention in which the high volatility reformate containing BTX formed
      during reforming is utilized to best advantage in manufacture of gasoline.
      The full range naphtha reformed in reformer 58 passes to fractionator 59.
      Light hydrocarbons, are taken overhead by line 60 to be used for
      pressuring gasoline, bottled gas and the like. The C.sub.5 -360.degree.F.
      fraction is a highly aromatic gasoline blending stock of relatively low
      boiling point, desirable for making high volatility, high front end octane
      number gasoline. This fraction passes by line 61 to gasoline blending
      facilities. The heavy end of the reformate (360.degree.F.+) is reacted in
      converter 62 in accordance with the present invention to manufacture BTX.
      The 300.degree.F.+ product is recycled by line 63.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the manufacture of gasoline and concurrent production of chemical
      grade aromatic compounds of eight or less carbon atoms by catalytic
      reforming of naphtha and using part of the reformate for each purpose, the
      improvement resulting in higher quality gasoline of lower "heavy end"
      content, which comprises fractionating a catalytic reformate to provide a
      light reformate containing most of the C.sub.8 and lighter components of
      the reformate and a heavy reformate which contains no more than 20 weight
      percent of xylenes, blending said light reformate with other motor fuel
      components to provide a finished gasoline, contacting said heavy reformate
      with a catalyst characterized by an effective amount of type ZSM-5
      zeolite, zeolite ZSM-12 or zeolite ZSM-21 under conditions to remove from
      alkyl aromatics side chain alkyl groups of greater than one carbon atom
      and produce therefrom aliphatic hydrocarbons containing more carbon atoms
      than the side chains so removed and to produce more xylenes then contained
      in said heavy reformate and to also produce benzene and toluene, said
      conditions being about 550.degree. to about 1000.degree.F., about 100 to
      about 2000 pounds per square inch, about 0.5 to 10 mols of hydrogen per
      mol of hydrocarbon and a weight hourly space velocity between about 0.1
      and about 200 unit weights of hydrocarbon per unit weight of said zeolite
      in the catalyst per hour, and recovering from the product of contacting
      said heavy reformate with said catalyst aliphatic hydrocarbons having a
      greater number of carbon atoms than the side chains of alkyl aromatics in
      said heavy reformate and at least one aromatic hydrocarbon of eight or
      less carbon atoms in an amount greater than quantity of said aromatic
      hydrocarbon in said heavy reformate.
NUM  2.
PAR  2. The process of claim 1 wherein said heavy reformate charge includes a
      minor amount of eight carbon atom aromatics and is essentially free of
      aromatics having less than eight carbon atoms.
NUM  3.
PAR  3. The process of claim 1 wherein said zeolite is at least partially in the
      acid form.
NUM  4.
PAR  4. The process of claim 1 wherein said zeolite is composited with a porous
      matrix.
NUM  5.
PAR  5. The process of claim 4 wherein the matrix is present in the composite in
      an amount less than the amount of said zeolite.
NUM  6.
PAR  6. The process of claim 1 wherein the operating conditions range from about
      0.5 to 10 WHSV.
NUM  7.
PAR  7. The process of claim 1 wherein said catalyst includes a hydrogenation
      metal.
NUM  8.
PAR  8. The process of claim 7 wherein said metal is nickel.
NUM  9.
PAR  9. The process of claim 3 wherein said catalyst includes a hydrogenation
      metal.
NUM  10.
PAR  10. The process of claim 9 wherein said metal is nickel or cobalt.
NUM  11.
PAR  11. The process of claim 4 wherein said matrix is porous alumina and said
      zeolite is nickel, acid zeolite ZSM-5 or cobalt, acid zeolite ZSM-5.
NUM  12.
PAR  12. A process for producing aromatic compounds of six to eight carbon atoms
      from an aromatic hydrocarbon charge predominantly higher in molecular
      weight than eight carbon atom aromatics, without substantial formation of
      heavier (350.degree.F.+) aromatics through conventional disproportionation
      or transalkylation reactions, which process comprises fractionating an
      aromatic naphtha to remove therefrom a substantial amount of C.sub.8
      aromatics together with lower boiling components of said naphtha and
      thereby produce said charge with a catalyst characterized by an effective
      amount of type ZSM-5 zeolite, zeolite ZSM-12 or zeolite ZSM-21 under
      conditions to remove from alkyl aromatics side chain alkyl groups of
      greater than 1 carbon atom and produce therefrom aliphatic hydrocarbons
      containing more carbon atoms than the side chains so removed and to
      produce more xylenes than contained in said heavy reformate and to also
      produce benzene and toluene, said conditions being about 550.degree. to
      about 1000.degree.F., about 100 to about 2000 pounds per square inch,
      about 0.5 to 10 mols of hydrogen per mol of hydrocarbon and at a weight
      hourly space velocity between about 0.1 and about 200 unit weights of
      hydrocarbon per unit weight of said zeolite in the catalyst per hour and
      recovering from the product of contacting said charge with said catalyst
      aliphatic hydrocarbons having a greater number of carbon atoms than the
      side chains of alkyl aromatics in said heavy reformate and at least one
      aromatic hydrocarbon of eight or less carbon atoms in an amount greater
      than quantity of said aromatic hydrocarbon in said heavy reformate.
NUM  13.
PAR  13. The process of claim 12 wherein said charge includes a minor amount of
      eight carbon atom aromatics and is essentially free of aromatics having
      less than 8 carbon atoms.
NUM  14.
PAR  14. The process of claim 12 wherein said charge is a heavy reformate.
NUM  15.
PAR  15. The process of claim 12 wherein said charge is a heavy pyrolysis
      gasoline.
NUM  16.
PAR  16. The process of claim 12 wherein said zeolite is at least partially in
      the acid form.
NUM  17.
PAR  17. The process of claim 12 wherein said zeolite is composited with a
      porous matrix.
NUM  18.
PAR  18. The process of claim 12 wherein the operating condition range is from
      about 0.5 to 10 WHSV.
NUM  19.
PAR  19. The process of claim 17 wherein the matrix is present in the composite
      in an amount less than amount of said zeolite.
NUM  20.
PAR  20. The process of claim 12 wherein said catalyst includes a hydrogenation
      metal.
NUM  21.
PAR  21. The process of claim 20 wherein said metal is nickel or cobalt.
NUM  22.
PAR  22. The process of claim 16 wherein said catalyst includes a hydrogenation
      metal.
NUM  23.
PAR  23. The process of claim 22 wherein said metal is nickel or cobalt.
NUM  24.
PAR  24. The process of claim 17 wherein said matrix is porous alumina and said
      zeolite is nickel, acid zeolite ZSM-5 or cobalt, acid zeolite ZSM-5.
NUM  25.
PAR  25. The process of claim 1 wherein C.sub.9 + aromatics are separated from
      said product and admixed with said heavy reformate for contact with such
      catalyst.
NUM  26.
PAR  26. The process of claim 1 wherein C.sub.9 + aromatics and toluene are
      separated from said product and admixed with said heavy reformate for
      contact with said catalyst.
NUM  27.
PAR  27. The process of claim 1 wherein said heavy reformate contains no more
      than 10 weight percent of xylenes.
NUM  28.
PAR  28. The process of claim 12 wherein C.sub.9 + aromatics are separated from
      said product and admixed with said charge for contact with said catalyst.
NUM  29.
PAR  29. The process of claim 12 wherein C.sub.9 + aromatics and toluene are
      separated from said product and admixed with said charge for contact with
      said catalyst.
NUM  30.
PAR  30. The process of claim 12 wherein said charge contains no more than 10
      weight percent of xylenes.
NUM  31.
PAR  31. The process of claim 1 wherein a xylene fraction is separated from said
      product, a desired xylene isomer is isolated from said xylene fraction and
      the resultant mixture of xylenes lean in said desired isomer is recycled
      to contact with said catalyst in admixture with said heavy reformate.
NUM  32.
PAR  32. The process of claim 12 wherein a xylene fraction is separated from
      said product, a desired xylene isomer is isolated from said xylene
      fraction, and the resultant mixture of xylenes lean in said desired isomer
      is recycled to contact with said catalyst in admixture with said charge.
NUM  33.
PAR  33. The process of claim 1 wherein at least a portion of the said product
      after recovery therefrom of aromatics of eight or less carbon atoms is
      blended with other motor fuel components to make a motor gasoline.
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ABST
PAL  A process for reducing the sulfur content of hydrocarbon material by
      oxidizing the sulfur impurities contained in the hydrocarbon material,
      contacting the oxidized sulfur-containing hydrocarbon material with at
      least one of certain metal containing components at conditions to form a
      metal, sulfur-containing compound and recovering a hydrocarbon material of
      reduced sulfur content.
BSUM
PAR  The present invention relates to an improved process for reducing the
      sulfur content of hydrocarbon materials. More particularly, the invention
      relates to the reduction in sulfur-content of hydrocarbon materials
      involving the oxidation of sulfur impurities contained therein.
PAR  Petroleum crude oils and topped or reduced crude oils as well as other
      heavy hydrocarbon fractions and/or distillates are contaminated by the
      presence of excessive concentrations of various impurities which
      detrimentally affect various processes to which such fractions may be
      subjected. Among the known nonmetallic impurities is sulfur which exists
      in hetero-atomic compounds which have proven difficult to remove by
      conventional processing. The sulfur in these hydrocarbon fractions is
      objectionable, for example, because combustion of fuel containing this
      impurity results in the release of sulfur oxides which are noxious,
      corrosive, and, therefore, present a serious problem with respect to
      pollution of the atmosphere.
PAR  The prior art is replete with methods for removing the sulfur compounds.
      One known method involves oxidation of the hydrocarbon material followed
      by treating the oxidized hydrocarbon at elevated temperatures to reduce
      the sulfur content of the hydrocarbon material. This method has proven to
      be of only limited utility since only a rather low degree of
      desulfurization is achieved. Therefore, it would be advantageous to
      develop a process which gives an increased degree of desulfurization.
PAR  Therefore, one of the primary objects of the present invention is to
      provide a process for the production of a hydrocarbon material having
      reduced sulfur content.
PAR  Another object of the present invention is to provide a process for the
      improved desulfurization of sulfur-containing hydrocarbon materials. Other
      objects and advantages will become apparent hereinafter.
PAR  A process has now been discovered for producing a hydrocarbon material of
      reduced sulfur content which comprises:
PA1  1. contacting a sulfur-containing hydrocarbon material with an oxidant to
      preferentially oxidize at least a portion of the sulfur and form an
      oxidized sulfur-containing hydrocarbon material;
PA1  2. contacting the oxidized sulfur-containing hydrocarbon material with at
      least one additional metal-containing component at a temperature within
      the range from about 500.degree.F. to about 1350.degree.F., preferably
      from about 650.degree.F. to about 1000.degree.F., and more preferably from
      about 700.degree.F. to about 850.degree.F., to form a
      metal-sulfur-containing compound, the additional metal-containing
      component comprising a metal selected from the group consisting of nickel,
      molybdenum, cobalt, tungsten, iron, zinc, vanadium, copper, manganese,
      mercury and mixtures thereof; and
PA1  3. recovering a hydrocarbon material of reduced sulfur content.
PAR  This invention involves the processing of various sulfur-containing
      hydrocarbon materials, such as those derived from petroleum sources. In
      general, the sulfur content of these materials may be greater than about
      1% by weight. In many instances these hydrocarbon materials contain a
      significant amount of thiophene sulfur which is known to be difficult to
      remove. Typical examples of hydrocarbon materials which are suited to the
      present process include heavy hydrocarbon materials such as petroleum
      fractions containing at least a major amount of material boiling above
      about 550.degree.F., for example, crude oil and atmospheric and vacuum
      residues which contain about 1% by weight or more of sulfur. Additional
      examples of suitable hydrocarbon materials include cracked gas oils,
      residual fuel oils, topped or reduced crudes, crude petroleum from which
      the lighter fractions are absent, residues from cracking processes and
      sulfur-containing hydrocarbon materials from tar sands, oil shale and
      coal. The invention is particularly suited to those sulfur-containing
      heavy hydrocarbon materials which cannot be deeply flashed without
      extensive carry over of sulfur-containing compounds. Typical examples of
      the 2,3,4,and 5-ring thiophene-containing materials found in heavy
      hydrocarbon materials which are difficult to remove include
      benzothiophene, dibenzothiophene, 5-thia-3,4-benzofluorene,
      tetraphenyl-thiophene, diacenaphtho (1,2-b, 1',2'-d) thiophene and anthra
      (2,1,9-cde) thianaphthene. The hydrocarbon material may also contain
      non-thiophene sulfur, various sulfides, and elemental sulfur which can be
      removed by the process of the present invention.
PAR  The sulfur in the hydrocarbon material may be oxidized using any
      conventional oxidant which is able to chemically oxidize at least a
      portion of the sulfur contained in the hydrocarbon material. It is
      preferred that the oxidant preferentially oxidize the sulfur rather than
      the hydrocarbon portion of the hydrocarbon material. By this is meant that
      the oxidation preferably occurs without substantial oxidation of carbon
      atoms to form, for example, ketones, carboxyl acids or other
      carbonyl-containing compounds. Included among the oxidants which may be
      used for such oxidation are oxygen (often in the form of oxygen-containing
      gases, e.g., air) ozone, hydrogen peroxide, organic peroxides, organic
      hydroperoxides and organic peracids, as well as inorganic peroxy compounds
      such as inorganic peroxides and the like. The oxidation preferably takes
      place in the presence of a metal-containing catalyst, described
      hereinafter.
PAR  Thus, the oxidation, i.e., contacting, of step (1), is carried out by
      contacting the sulfur-containing hydrocarbon material with an oxidant
      optionally in the presence of a metal-containing catalyst for a time
      sufficient to effect oxidation of at least a portion of the sulfur present
      in the hydrocarbon material. The concentration of oxidant is usually
      dependent upon the percent sulfur present in the hydrocarbon material and,
      in general, the mole ratio of oxidant to sulfur contained in the
      hydrocarbon material is from about 0.5 to about 10 atoms of active (i.e.,
      reducable) oxygen per atom of sulfur in the hydrocarbon material,
      preferably from about 1 to about 8 atoms of active oxygen per atom of
      sulfur and more preferably from about 1.5 atoms to about 4.0 atoms of
      active oxygen per atom of sulfur. Oxidants useful in the present invention
      include those having one, two or more atoms of active oxygen per molecule
      of oxidant.
PAR  The temperature utilized in carrying out the oxidation step can vary over a
      wide range. Preferably, a temperature within the range from about
      20.degree.F. to about 450.degree.F. may be employed, although higher and
      lower temperatures can be utilized. In general, the sulfur-containing
      hydrocarbon material is heated with the oxidant for a time sufficient to
      oxidize at least a portion of the contained sulfur, preferably for a time
      within the range of from about 5 min. to about 24 hours and more
      preferably from about one-half hour to about 20 hours. The time that is
      utilized, in general, depends upon the percent sulfur present and the type
      and amount of oxidant. The sulfur-oxidizing step of this invention, in
      general, may be carried out over a broad range of pressures, preferably at
      a pressure in the range from about 1 atmosphere to about 100 atmospheres
      or more.
PAR  The preferred oxidants which are utilized in carrying out the oxidation
      step of the process of this invention are organic peroxides, organic
      hydroperoxides, organic peracids and hydrogen peroxide. These oxidants are
      particularly preferred since such oxidants have been found to give
      excellent desulfurization when combined with the contacting of step (2)
      and recovery of step (3) described hereinafter. In addition, the use of
      the preferred oxidants has been found to be selective for oxidation of the
      sulfur, that is, substantial amounts of oxidation products such as
      carboxyl acids and ketones are not formed. In addition, high product
      yields in the oxidation step, both as to the high product yield of
      oxidized sulfur impurities and the high product yield of hydrocarbon
      material which remains after the oxidation step and, in particular, after
      the contacting of step (2), are obtained utilizing the preferred oxidants.
      The organic oxidants include by way of example, hydrocarbon peroxides,
      hydrocarbon hydroperoxides and hydrocarbon peracids wherein the
      hydrocarbon radicals in general contain from about 1 to about 30 carbon
      atoms per active oxygen atom, e.g., per peroxide linkage, and more
      particularly from 4 to 16 carbon atoms per active oxygen atom. With
      respect to the hydrocarbon peracids, the hydrocarbon radical is defined as
      that radical which is attached to the carbonyl carbon and it is preferred
      that such hydrocarbon radical contain from 1 to about 12 carbon atoms,
      more preferably from 1 to about 8 carbon atoms, per active oxygen atom. It
      is intended that the term organic peracide include, by way of definition,
      performic acid.
PAR  In addition, it is contemplated within the scope of this invention that the
      organic oxidants can be prepared in situ, that is the peroxide,
      hydroperoxide or peracid can be generated in the sulfur-containing
      hydrocarbon material and such organic oxidant is contemplated for use
      within the scope of this invention.
PAR  Typical examples of hydrocarbon radicals are alkyl such as methyl, ethyl,
      butyl, t-butyl, pentyl, n-octyl and those aliphatic radicals which
      represent the hydrocarbon portion of a middle distillate or kerosene, and
      the like; cycloalkyl radicals such as cyclopentyl and the like; alkylated
      cycloalkyl radicals such as mono- and polymethylcyclopentyl radicals and
      the like; cycloalkyl substituted alkyl radicals such as cyclopentyl methyl
      and ethyl and the like; aryl and alkyl phenyl substituted alkyl radicals
      such as benzyl, methylbenzyl, caprylbenzyl, phenylethyl, phenylpropyl,
      naphthylmethyl, naphthylethyl, and the like; aryl radicals such as xylyl,
      methyl phenyl, ethyl phenyl and the like.
PAR  Typical examples of oxidants are hydroxyheptyl peroxide, cyclohexanone
      peroxide, t-butyl peracetate, di-t-butyl diperphthalate,
      t-butyl-perbenzoate, methyl ethyl ketone peroxide, dicumyl peroxide,
      t-butyl hydroperoxide, di-t-butyl peroxide, p-methane hydroperoxide,
      pinane hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide,
      tetrahydronaphthalene hydroperoxide and cumene hydroperoxide as well as
      organic peracids, such as performic acid, peracetic acid,
      trichloroperacetic acid, perbenzoic acid and perphthalic acid. The
      preferred oxidant for use in the present invention is tertiary butyl
      hydroperoxide.
PAR  The catalyst which may be utilized to promote the oxidation of sulfur
      contained in a hydrocarbon material using the preferred oxidants are
      catalysts selected from Group IV-B, Group V-B and Group VI-B metals. These
      catalysts can be incorporated into the present process by any means known
      to those skilled in the art, and can be included in either a homogeneous
      or heterogeneous catalyst system. When a homogeneous metal-containing
      oxidation catalyst is employed, it is preferred that the catalyst metal
      concentration be at least about 5 ppm., more preferably from about 10 ppm.
      to about 500 ppm. by weight based on the weight of the sulfur-containing
      hydrocarbon material. In any event, the catalyst metal concentration is
      such as to promote the preferential oxidation of sulfur in the
      sulfur-containing hydrocarbon material. The catalyst can be incorporated
      by a variety of means and by the use of a variety of carriers. The
      particular catalyst carrier which is utilized is not critical with respect
      to the practice of this invention and can be, for example, a support
      medium or an anion (including complex formation) which is attached to the
      metal (e.g., a ligand). The preferred catalyst metals are titanium,
      zirconium, vanadium, tantalum, chromium, molybdenum, tungsten and mixtures
      thereof, with molybdenum being the more preferred catalyst metal.
      Illustrative ligands include halides, organic acids, alcoholates,
      mercaptides, sulfonates and phenolates. These metals may be also bound by
      a variety of complexing agents including acetonylacetonates, amines,
      ammonia, carbon monoxide and olefins, among others. The metals may also be
      introduced in the form of organometallics including "ferrocene" type
      structures. The various ligands illustrated above which are utilized
      solely as carriers to incorporate the metal into the process system, in
      general, have an organic radical attached to a functional group such as
      the oxygen atom of the carbonyloxy group of the acid, the oxygen of the
      alcohol, the sulfur of the mercaptan, the
      ##EQU1##
      of the sulfonate, the oxygen of the phenolic compound and the nitrogen of
      the amines. The organic radical attached to the aforedescribed functional
      groups can be defined as a hydrocarbon radical and, in general, can
      contain from 1 to about 30 carbon atoms. Typical examples of hydrocarbon
      radicals are set forth above.
PAR  Various covalent peroxide complexes, with or without ligands, of suitable
      metals are also effective oxidation catalysts. The preferred ligands are
      hexa methyl phosphoamide, octamethyl phosphonamide, trialkyl-, triaryl,-
      and triaralkylphosphines and phosphine oxides, pyridine oxide, pyridine,
      2,2'-bipyridine, dimethylforamide, dimethylacetamide, and tetramethylurea.
PAR  The metals contained in either the homogeneous or heterogeneous catalyst
      useful in the present invention can include an individual metal or
      combination of metals. These metals can be supported on or chemically
      combined with a suitable material, for example, natural or synthetic
      alumina, silica (or combinations of both), organic polymers containing
      trivalent phosphorus and/or nitrogen as well as activated clays or carbon,
      among others. The modes of contacting the hydrocarbon material with a
      heterogeneous catalyst whereby the catalytic effect may be achieved may
      include slurry-bed reactions or continuous contacting over a stationary
      phase in a trickle-tube reactor or other conventional methods.
PAR  A particularly preferred catalyst for carrying out the oxidation step of
      the process of this invention is a molybdenum-containing catalyst prepared
      by a method which comprises interacting molybdenum metal with a compound
      selected from the group consisting of organic peroxide, organic
      hydroperoxide, organic peracid, hydrogen peroxide and mixtures thereof in
      the presence of at least one saturated alcohol having from one to four
      carbon atoms per molecule to solubilize at least a portion of the
      molybdenum metal. It is believed that the molybdenum metal interacts with
      the peroxy compound to form a soluble molybdenum-containing product.
PAR  Typical peroxides, hydroperoxides, and peracids useful in the preparation
      of the preferred molybdenum-containing catalyst have been described
      previously as oxidants and, therefore, no further exemplification is
      required. These peroxy compounds may also be substituted with groups such
      as halides, --NH.sub.2, --SH,
      ##EQU2##
      and the like which do not interfere with the catalyst forming process. The
      most preferred peroxy compound for use in preparing this
      molybdenum-containing catalyst is tertiary butyl hydroperoxide.
PAR  Hydrogen peroxide suitable for preparing the preferred
      molybdenum-containing catalyst is preferably used in the form of an
      aqueous solution containing, for example, from about 10% to about 60%,
      preferably about 30%, by weight of hydrogen peroxide.
PAR  Typical examples of low molecular weight monohydroxy alcohols which are
      suitable for use in the preparation of the preferred molybdenum-containing
      catalyst include methyl alcohol, ethyl alcohol, isopropyl alcohol, n-butyl
      alcohol and tertiary butyl alcohol. The low molecular weight polyhydroxy
      alcohols which are suitable include ethylene glycol, propylene glycol,
      1,2-butylene glycol and glycerol. In general, either mono- or poly-hydroxy
      alcohols containing from 1 to 4 carbon atoms per molecule are suitable. In
      the present invention, it is preferred that the molybdenum metal be
      interacted with tertiary butyl hydroperoxide in the presence of tertiary
      butyl alcohol. If tertiary butyl alcohol is used as the saturated alcohol,
      it is preferred, to enhance molybdenum solubility, that the interaction
      mixture comprise at least one mono- or poly-hydroxy alcohol having from 1
      to about 16 carbon atoms per molecule, at least one primary hydroxy group,
      and present in an amount from about 1% to about 25% by weight of the total
      alcohol.
PAR  Typically, the peroxy compound comprises from about 5% to about 50% by
      weight of the total peroxy compound and alcohol used in catalyst
      preparation.
PAR  The molybdenum concentration in the catalyst mixture, i.e., the mixture
      comprising the interaction product of the metallic molybdenum and peroxy
      compound plus any excess peroxy compound and the low molecular weight
      alcohol, often may be within the range from about 5 ppm. to about 5.0%,
      preferably in the range from about 30 ppm. to about 2.0% by weight of the
      total mixture. It may be desirable to prepare the catalyst in the presence
      of a solvent such as benzene, tertiary butyl alcohol, ethyl acetate and
      the like, in order to obtain the optimum molybdenum concentration in the
      final catalyst mixture. However, if this type of dilution is desired, it
      is preferred that an excess of tertiary butyl alcohol be maintained in the
      catalyst mixture for this purpose.
PAR  The molybdenum metal useful in the preparation of the particularly
      preferred molybdenum-containing catalyst may be in the form of lumps,
      sheets, foil or powder. The powdered material, e.g., having a particle
      size such that it passes through a 50 mesh sieve, preferably through a 200
      mesh sieve, on the Standard Screen Scale, is preferable because of its
      lower cost and in addition, it offers the greatest surface area per unit
      volume and, therefore, the fastest rate of solubilization.
PAR  The molybdenum metal-peroxy compound interacting may be carried out at a
      wide range of temperatures, for example, within the range from about
      25.degree.C. to about 100.degree.C. Interacting pressures should be set to
      avoid extensive vaporization of the peroxy compound and alcohol. Typical
      interacting pressures may range from about 1 psia. to about 100 psia. In
      many instances, atmospheric pressure may be used. After the interacting
      has been carried out for a desired length of time, e.g., from about 5
      minutes to about 30 hours, the reaction mass may be filtered to separate
      the insoluble molybdenum from the catalyst mixture which mixture is
      thereafter suitable for use as a catalyst for the oxidation of sulfur
      impurities in hydrocarbon materials.
PAR  Following the oxidation step, the hydrocarbon material may be separated
      from lower boiling materials, such as oxidant decomposition products,
      solvent, various catalyst components, cracked hydrocarbons and the like.
      Some sulfur-containing compounds may also be removed at this point. This
      separation may be performed using conventional procedures, such as
      flashing, stripping, simple distillation and the like procedures.
      Alternately the entire oxidation reaction mass may be used in the
      contacting of step (2) of the present process.
PAR  After at least a portion of the sulfur in the hydrocarbon material has been
      oxidized, the oxidized sulfur-containing to invention. hydrocarbon
      material is contacted with at least one additional metal-containing
      component at conditions to form a compound containing the metal and
      sulfur. The additional metal-containing component comprises metal selected
      from the group consisting of nickel, molybdenum, cobalt, tungsten, iron,
      zinc, vanadium, copper, manganese, mercury and mixtures thereof. By
      "additional metal component" is meant that the oxidized sulfur-containing
      hydrocarbon material is contacted with metal component which was not
      present in the contacting step (1). The ratio of metal containing
      component to oxidized sulfur-containing hydrocarbon material may vary over
      a broad range. Thus, it is within the scope of the present invention th
      have, for example, additional molybdenum component introduced into a
      molybdenum containing oxidized sulfur-containing hydrocarbon material
      prior to and/or during the contacting of step (2) of the present invetion.
      In a preferred embodiment, the contacting of step (2) takes place in the
      essential absence of added free molecular hydrogen.
PAR  The above-noted step (2) takes place at conditions so that at least one
      compound containing a metal selected from the group consisting of nickel,
      molybdenum, cobalt, tungsten, iron, zinc, vanadium, copper, manganese,
      mercury and mixtures thereof and sulfur is formed. Step (2) contacting
      temperatures range from about 500.degree.F. to about 1350.degree.F.,
      preferably from about 650.degree.F. to about 1000.degree.F., and more
      preferably from about 700.degree.F. to about 850.degree.F. While carrying
      out this contacting of step (2), it is preferred to maintain a sufficient
      pressure in the contacting zone so as to maintain a major portion of the
      oxidized sulfur-containing hydrocarbon material in the liquid phase.
      Typical contacting pressures may be within the range from about
      atmospheric pressure to about 2000 psig., preferably from about 300 psig.
      to about 1000 psig. Contacting time may range, for example, from about 5
      minutes to about 20 hours, preferably from about 10 minutes to about 8
      hours, and more preferably from about 30 minutes to about 2 hours.
PAR  Although the concentration of additional metal component present in the
      contacting of step (2) may vary over a broad range, it is preferred that
      at least about 0.1, e.g., about 0.1 to about 20.0 or more, more preferably
      from about 0.5 to about 15.0 and still more preferably from about 1.0 to
      about 12.0, equivalents of at least one additional metal-containing
      component comprising a metal selected from the group consisting of nickel,
      molybdenum, cobalt, tungsten, iron, zinc, vanadium, copper, manganese,
      mercury and mixtures thereof, which component is capable of chemically
      combining with sulfur at step (2) contacting conditions, be present per
      equivalent of sulfur in the oxidized sulfur-containing hydrocarbon
      material. The preferred metal for use in this contacting step of the
      present invention is selected from the group consisting of molybdenum,
      cobalt, iron, tungsten, vanadium and mixtures thereof. The more preferred
      metal is molybdenum.
PAR  As with the oxidation catalysts noted previously, the metals useful in the
      contacting of step (2) of the present invention can be present during this
      treating in any form provided that it is capable of performing its
      function, i.e., forming a metal-sulfur-containing compound. The particular
      metal vehicle which is utilized is not critical and can be, for example, a
      support medium or an anion (including complex formation) which is attached
      to the metal, e.g., a ligand. Thus, the metal-containing component for use
      in the treating step may include elemental metal, elemental metal or
      metal-containing compounds, e.g., oxide, supported on a catalyst carrier,
      e.g., alumina, soluble metal-containing compounds and the like. In this
      manner, the metal useful in the contacting of step (2) may exist in a
      phase distinct from the oxidized sulfur-containing hydrocarbon material,
      i.e., a heterogeneous system, or it may be present as part of a
      homogeneous system.
PAR  Included among the ligands which may be used as carrier for the metal
      present during the contacting of step (2) are halides, organic acids,
      alcoholates, phenolates and the like. These metals may also be bound by a
      variety of complexing agents including acetonylacetonates, amines,
      ammonia, carbon monoxide and olefins among others. The metals may also be
      introduced in the form of organometallics including "ferrocene" type
      structures.
PAR  Various covalent peroxide complexes, with or without ligands, of suitable
      metals are also effective metal-containing components for use in the
      present invention. The preferred ligands are hexamethyl phosphoamide,
      octamethyl phosphonamide, trialkyl-, triaryl-, and triaralkyl-phosphines
      and phosphine oxides, pyridine oxide, pyridine, 2,2'-bipyridine,
      dimethylforamide, dimethylacetamide, and tetramethylurea.
PAR  The metals contained in either the homogeneous or heterogeneous contacting
      system can include an individual metal or combination of metals. These
      metals can be supported on a suitable material, for example, natural or
      synthetic alumina, silica (or combinations of both) as well as activated
      clays or carbon, among others. The modes of contacting the oxidized
      sulfur-containing hydrocarbon material in a heterogeneous system may
      include slurry-bed treatment zones or continuous treating using a fixed
      bed, ebulatting bed, moving bed or fluidized bed of particles comprising
      the metal-containing component or other conventional methods.
PAR  In one particularly advantageous aspect of the present invention, it has
      been found that the particularly preferred molybdenum-containing oxidation
      catalyst can be beneficially utilized in the contacting of step (2). To
      illustrate this aspect of the invention, the oxidation can be carried out
      in the presence of the particularly preferred oxidation catalyst and
      additional catalyst can be added to the oxidized sulfur-containing
      hydrocarbon material prior to and/or during the contacting of step (2). Of
      course, this catalyst need not be used to promote the oxidation. However,
      in order to achieve the maximum benefits of the present invention, it is
      preferred that the particularly preferred oxidation catalyst be utilized
      in both the contacting of steps (1) and (2) of the present invention.
PAR  In many instances, for example, if the contacting of step (2) described
      above occurs in a homogeneous or slurry-bed reaction system (rather than
      over, for example, a fixed bed of particles comprising the
      metal-containing component) the contacted hydrocarbon material can be
      separated from the metal-sulfur-containing component formed during
      contacting as well as from any unused metal-containing component and
      component support. This operation may involve a liquid-solid separation
      such as filtration, settling and the like. In any event, a hydrocarbon
      material having reduced sulfur content can be obtained from the contacted
      hydrocarbon material by conventional procedures, for example, flashing,
      stripping, distillation and the like.
PAR  If desired, for improved processing efficiency, the metal,
      sulfur-containing component formed in the contacting of step (2) can be
      chemically converted to a metal-containing component useful in this
      contacting step. In other words, the metal-containing component useful in
      the present invention can be regenerated for reuse. For example, the
      metal, sulfur-containing component formed in the contacting of step (2)
      can be exposed to an oxidizing atmosphere, e.g., air, to convert the
      sulfur-containing component to a metal oxide component suitable for use in
      step (2) of the present invention.
PAR  The following examples illustrate more clearly the process of the present
      invention. However, these illustrations are not to be interpreted as
      specific limitations on the invention.
DETD
PAC  EXAMPLES I TO III
PAR  These examples illustrate the improved desulfurization of hydrocarbon
      material which results from practicing the process of the present
      invention.
PAR  The hydrocarbon material employed was a propane soluble portion of a
      petroleum vacuum still residuum (initial boiling point - 610.degree.F.,
      15% overhead - 962.degree.F.). This hydrocarbon material was obtained by
      propane deasphalting the residuum using a propane to residuum volume ratio
      of 7:1. Two separate deasphalting operations (i.e., extractions) were
      performed on the residuum. The propane was stripped from the extract and
      the resulting hydrocarbon material had the following composition.
TBL  ______________________________________                                    
                      Weight %*                                                
     Sulfur           1.73                                                     
     Nitrogen         0.155                                                    
     Carbon           85.80                                                    
     Hydrogen         12.135                                                   
     ______________________________________                                    
      *Proportions listed here result from a series of independent analysis and
      therefore, the sums of the weight percent is slightly different from 100.
PAR  A soluble, i.e., homogeneous, oxidation catalyst was prepared by combining
      0.74 weight percent molybdenum powder with tertiary butyl hydroperoxide in
      the presence of tertiary butyl alcohol and a mixture of C.sub.10 to
      C.sub.15 glycols containing from 4 to 6 hydroxyl groups per molecule
      wherein at least one of the hydroxyl groups was primary. The weight ratio
      of tertiary butyl hydroperoxide to tertiary butyl alcohol to glycols was
      about 2.1:4.1. This combination was heated to about 60.degree.C. with
      constant stirring and maintained at this temperature for about 1.5 to 2
      hours until all the molybdenum has dissolved.
PAR  Tertiary butyl alcohol was used as a solvent in the oxidation reaction and
      was present in an amount such that the weight ratio of tertiary butyl
      alcohol to the hydrocarbon material was about 1.3.
PAR  The oxidation reaction mixture was formed by combining the hydrocarbon
      material, tertiary butyl alcohol, catalyst and tertiary butyl alcohol
      hydroperoxide with constant stirring to insure uniformity. This mixture
      contained 3.0 moles of tertiary butyl hydroperoxide per mole of sulfur and
      166 ppm. of molybdenum.
PAR  This reaction mixture was placed in a glass reaction flask equipped with
      heating means, stirrer and a water cooled condenser. The flask was heated
      to about 180.degree.F. which caused the reaction mixture to reflux. This
      temperature was maintained for 8 hours to effect sulfur oxidation. After
      this period of time, the product in the flask was stripped free of
      essentially all tertiary butyl alcohol and lighter components.
PAR  The oxidized sulfur-containing hydrocarbon product was divided into three
      portions. One portion of this material was combined with di-phenyl ether
      to form a mixture containing 35% by weight of the hydrocarbon material and
      65% by weight of di-phenyl ether. This mixture was heated to a temperature
      ranging from 750.degree.F. to 780.degree.F. and maintained at this
      temperature for 11/4 hours. Throughout this period of time, the pressure
      within the closed vessel was maintained at 600 psig. through the use of
      hydrogen gas. At the time of 11/4 hours the liquid product was sampled and
      analyzed for sulfur content. It was determined that the above processing,
      i.e., oxidation and thermal treatment, had removed 70% of the sulfur which
      was originally contained in the propane soluble portion of the vacuum
      residuum.
PAR  A second portion of the product from the oxidation reaction was placed in a
      300 cc. autoclave along with an amount of di-phenyl ether and molybdenum
      oxide supported on silica, so as to form a mixture of 30% by weight of
      oxidized hydrocarbon product, 61% by weight di-phenyl ether and 8% by
      weight molybdenum oxide supported on silica.
PAR  The molybdenum oxide supported on silica was prepared as follows:
PAR  A mixture of 36.4% by weight commercially available silica gel (particle
      size less than 8 mesh), 4.8% by weight (NH.sub.4).sub.6 MO.sub.7 O.sub.24
      .4 H.sub.2 O and 58.8% by weight water was formed. This mixture was let
      stand at room temperature under a vacuum for a period of 3 hours to
      equilibrate. The mixture was then dried in a rotary evaporator until the
      solid product was free flowing and apparently dried. This solid product
      was further dried at 230.degree.F. in a force draft oven and then calcined
      in an electric muffle furnace fitted with a controller program to heat at
      a rate of 300.degree.F. per hour to 900.degree.F. The solid product was
      maintained for 6 hours at 900.degree.F. and cooled rapidly to room
      temperature. The final calcined molybdenum oxide silica product contained
      0.96% by weight volatile mixture at 1200.degree.F. and 9.7% by weight
      molybdenum oxide, calculated as MoO.sub.3.
PAR  The mixture noted above was heated to a temperature range from
      750.degree.F. to 785.degree.F. for 11/4 hours. During this period of time,
      the pressure within the closed vessel was maintained at 800 psig. by
      hydrogen gas. At the end of this period of time, a liquid sample was
      removed from the autoclave and analyzed for sulfur content. It was
      determined that the above processing had removed 84% of the sulfur which
      was originally contained in the propane soluble portion of the vacuum
      residuum.
PAR  A third portion of the product from the oxidation reaction was placed in a
      300 cc. autoclave along with an amount of di-phenyl ether and iron oxide
      (conventionally used to synthesize ammonia) so as to form a mixture of 39%
      by weight of oxidized hydrocarbon product, 47% di-phenyl ether and 14% by
      weight iron oxide.
PAR  This mixture was heated to a temperature in the range from 530.degree.F. to
      800.degree.F. for 1 hour with the pressure within the closed vessel being
      maintained at 300 psig. by nitrogen gas. The mixture was further treated
      by heating to a temperature from 800.degree.F. to 870.degree.F. for 55
      minutes with the pressure within the closed vessel being maintained at 600
      psig. by hydrogen gas. The above processing removed 79% of the sulfur
      which was originally contained in the propane soluble portion of the
      vacuum residuum.
PAR  These examples illustrate that the present process, which involves the use
      of a metal-containing component such as molybdenum oxide supported on
      silica and iron oxide results in a significant improvement in the degree
      of desulfurization obtainable by oxidation of the sulfur impurities in a
      hydrocarbon material.
PAR  While this invention has been described with respect to various specific
      examples and embodiments, it is to be understood that the invention is not
      limited thereto and that it can be variously practiced within the scope of
      the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A process for producing a hydrocarbon material of reduced sulfur content
      which comprises:
PA1  1. contacting a sulfur-containing hydrocarbon material with an oxidant to
      preferentially oxidize at least a portion of the sulfur and form an
      oxidized sulfur-containing hydrocarbon material, a major amount of said
      sulfur-containing hydrocarbon material boils above about 550.degree.F.;
PA1  2. contacting said oxidized sulfur-containing hydrocarbon material with at
      least one metal or metal-containing compound at a temperature within the
      range from about 500.degree.F. to about 1350.degree.F., to form a
      metal-sulfur-containing compound, said metal or metal-containing compound
      comprising a metal selected from the group consisting of nickel,
      molybdenum, cobalt, tungsten, zinc, vanadium, copper, manganese, mercury
      and mixtures thereof; and
PA1  3. recovering a hydrocarbon material from step (2) of reduced sulfur
      content.
NUM  2.
PAR  2. The method of claim 1 wherein said metal or metal-containing compound is
      present in an amount to provide at least about 0.1 equivalent of said
      metal capable of chemically combining with sulfur at the conditions of
      step (2) per equivalent of sulfur in said oxidized sulfur-containing
      hydrocarbon material.
NUM  3.
PAR  3. The process of claim 2 wherein said oxidant is selected from the group
      consisting of organic peroxides, organic hydroperoxides, organic peracids
      and mixtures thereof containing from 1 to about 30 carbon atoms per active
      oxygen atom and is present during said contacting in an amount to provide
      from about 0.5 to about 10 atoms of active oxygen per atom of sulfur in
      said sulfur-containing material and said step (1) contacting occurs in the
      presence of an oxidation catalyst comprising a metal in an amount
      effective to promote the oxidation of sulfur, said metal being selected
      from the group consisting of Group IVB metals, Group VB metals, Group VIB
      metals and mixtures thereof.
NUM  4.
PAR  4. The method of claim 3 wherein said contacting of step (2) occurs at a
      temperature within the range from about 650.degree.F. to about
      1000.degree.F.
NUM  5.
PAR  5. The process of claim 4 wherein said contacting of step (2) occurs over a
      period of time from about 5 minutes to about 20 hours.
NUM  6.
PAR  6. The process of claim 5 wherein said oxidation catalyst comprises a metal
      selected from the group consisting of titanium, zirconium, vanadium,
      tantalum, chromium, molybdenum, tungsten and mixtures thereof and is
      present in an amount of at least about 5 ppm. by weight of said
      sulfur-containing hydrocarbon material.
NUM  7.
PAR  7. The process of claim 6 wherein said metal or metal-containing compound
      comprises a metal selected from the group consisting of molybdenum,
      cobalt, tungsten, vanadium and mixtures thereof, and is present in an
      amount from about 0.5 to about 15 equivalent of said metal capable of
      chemically combining with sulfur at the conditions of step (2) per
      equivalent of sulfur in said oxidized sulfur-containing hydrocarbon
      material.
NUM  8.
PAR  8. The process of claim 7 wherein said oxidation catalyst comprises
      molybdenum.
NUM  9.
PAR  9. The process of claim 7 wherein said metal or metal-containing compound
      comprises molybdenum.
NUM  10.
PAR  10. The process of claim 8 wherein said oxidation catalyst is prepared by a
      method which comprises interacting molybdenum metal with a compound
      selected from the group consisting of organic hydroperoxide, organic
      peroxide, hydrogen peroxide and mixtures thereof in the presence of at
      least one saturated alcohol having from one to four carbon atoms per
      molecule at conditions such that at least a portion of said molybdenum is
      solubilized.
NUM  11.
PAR  11. The process of claim 10 wherein said metal or metal-containing compound
      is prepared by a method which comprises interacting molybdenum metal with
      a compound selected from the group consisting of organic hydroperoxide,
      organic peroxide, hydrogen peroxide and mixtures thereof in the presence
      of at leaast one saturated alcohol having from one to four carbon atoms
      per molecule at conditions such that at least a portion of said molybdenum
      is solubilized.
NUM  12.
PAR  12. The process of claim 9 wherein said oxidation catalyst is prepared by a
      method which comprises interacting molybdenum metal with a compound
      selected from the group consisting of organic hydroperoxide, organic
      peroxide, hydrogen peroxide and mixtures thereof in the presence of at
      least one saturated alcohol having from one to four carbon atoms per
      molecule at conditions such that at least a portion of said molybdenum is
      solubilized.
NUM  13.
PAR  13. The process of claim 12 wherein said metal or metal-containing compound
      is prepared by a method which comprises interacting molybdenum metal with
      a compound selected from the group consisting of organic hydroperoxide,
      organic peroxide, hydrogen peroxide and mixtures thereof in the presence
      of at least one saturated alcohol having from one to four carbon atoms per
      molecule at conditions such that at least a portion of said molybdenum is
      solubilized.
NUM  14.
PAR  14. The process of claim 13 wherein said contacting of step (2) occurs at a
      temperature within the range from about 700.degree.F. to about
      850.degree.F. and for a period of time from about 30 minutes to about 2
      hours.
PATN
WKU  039459152
SRC  5
APN  5374855
APT  1
ART  177
APD  19741230
TTL  Method of and apparatus for assorting particles according to the
      physical characteristics thereof
ISD  19760323
NCL  3
ECL  1
EXA  Hill; Ralph J.
EXP  Lutter; Frank W.
NDR  7
NFG  24
INVT
NAM  Wilson; Donald C.
CTY  San Jose
STA  CA
ASSG
NAM  FMC Corporation
CTY  San Jose
STA  CA
COD  02
RLAP
COD  74
APN  330896
APD  19730209
PSC  01
PNO  3904517
CLAS
OCL  209 12
XCL  209115
XCL  209480
EDF  2
ICL  B07B 1500
FSC  209
FSS  12;13;19;20;112;115;118;134-137;145;149;32-35;479;480
UREF
PNO  753591
ISD  19040300
NAM  Langerfeld
OCL  209118
UREF
PNO  2281174
ISD  19420400
NAM  Steele
OCL  209112
UREF
PNO  2717692
ISD  19550900
NAM  Brown et al.
OCL  209 19
UREF
PNO  2778498
ISD  19570100
NAM  Vincent
OCL  209118
UREF
PNO  2828011
ISD  19580300
NAM  Whitby
OCL  209 20
UREF
PNO  2875895
ISD  19590300
NAM  Traylor
OCL  209112
UREF
PNO  3044619
ISD  19620700
NAM  Knolle
OCL  209 33
UREF
PNO  3473657
ISD  19691000
NAM  Graf et al.
OCL  209117
FREF
PNO  623,320
ISD  19351200
CNT  DD
OCL  209 20
FREF
PNO  1,166,596
ISD  19640300
CNT  DT
OCL  209134
LREP
FR2  Kelly; R. S.
FR2  Tripp; C. E.
ABST
PAL  Particles flowing in a stream can be arranged in an order of classification
      extending transversely of the stream according to physical characteristics
      of the particles by self-screening and stratification which occur in
      response to a continuous vibratory feeding of the particles in a direction
      laterally of the direction of flow of the stream. Particles having similar
      physical characteristics will flow from a specific portion of the stream
      into a collecting receptacle having a plurality of compartments arranged
      in a line transversely of the stream for separately collecting as many
      stream portions as required to obtain the desired degrees of separation.
      Further particle assortment from each stream portion can be made in
      accordance with the particles trajectory of fall from the stream bed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of application Ser. No. 330,896,
      filed Feb. 9, 1973, now Pat. No. 3,904,517.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of and apparatus for classifying,
      separating and assorting particles. More particularly, the invention
      involves combinations of separations to segregate particles having like
      physical characteristics from a mixture of particles having various
      physical characteristics.
PAR  2. Description of the Prior Art
PAR  Shaking tables have been used for segregating particles according to
      physical characteristics by simultaneous separating actions that include
      standard and reverse classification by size and stratification according
      to specific gravity. Examples of such shaking tables are shown in U.S.
      Pat. Nos. 1,044,067; 1,315,880 and 1,999,000. While such shaking tables
      provide a rough, crude or limited separation, it has been necessary to
      sift certain material through screens after such segregation by the
      shaking tables to achieve a finish degree of separation. Screening is
      difficult to perform continuously because retained particles block the
      screen and necessitate frequent interruptions in the separation operation.
      Separation by screening is most effective when there is but a small
      quantity of material having a size approximately the same as any one sieve
      size although the material screened can vary over a wide range of sizes.
      Shaking tables operate more effectively when all of the particles are
      nearly the same size, and the size range of material that can be treated
      is therefore smaller for shaking tables than for screens.
PAR  A finish or fine degree of separation is also difficult to achieve with
      shaking tables because particles of different classification are often
      re-mixed upon removal from a stratified bed. Normally, the planes of
      stratification are substantially horizontal and the order of
      classification is along a vertical axis. The uppermost particle stratum
      must be skimmed or scalped from the lower particle strata, and, unless the
      plane of removal coincides with the plan of strata separation, particles
      from more than one stratum will be mixed. For continuous operation,
      removal is usually achieved by gravitational flow down a plane inclined
      relative to the horizontal or by vibratory feeding of the material along
      an inclined plane; in using this procedure different classes of particles
      are mixed to some extent because they are removed from more than one
      stratum at a time.
PAC  SUMMARY OF THE INVENTION
PAR  Solid particles which vary in such physical characteristics as size,
      density or shape can be sorted according to one or more of the physical
      characteristics thereof by feeding a mixture of such particles upon a
      support surface, directing the particles thereon to flow in a stream
      having a transverse section with an unconfined side that slopes upward
      from the support surface to a height representing a multiplicity of
      layers, and causing particles within the stream to have a spiral
      transverse flow to follow generally helical paths which diminish in spiral
      radius with longitudinal advancement in the direction of stream flow. The
      motion of the particles thereby segregates the particles according to
      physical characteristics in an order of classification extending
      transversely of the stream so that particles having similar physical
      characteristics flow in the same portion of a transverse section of the
      stream. The particles flowing from a plurality of portions of the stream
      transverse section can then be separately collected. Such a method can be
      practiced by apparatus that includes a surface for supporting a stream of
      particles, a wall connected to one longitudinal side of said surface and
      projecting upwardly therefrom to support one side of said particle stream,
      a feeder for continuously supplying particles to said stream, a vibrator
      for vibrating said surface to impart successive impulses to drive the
      particles toward the side wall, an acceleration ramp to accelerate the
      velocity of the particles in the horizontal direction, and a plurality of
      collectors for separately collecting particles at locations spaced
      transversely of said stream. Fluid means may also be used, if desired, to
      further separate the particles in a direction extending transversely from
      the edge of the stream support surface over which the particles gravitate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a particle separator embodying the present
      invention and for practicing the same.
PAR  FIG. 2 is a broken end view of the particle separator shown in FIG. 1.
PAR  FIG. 3 is a reduced plan view of the separator shown in FIG. 1
      illustrating, in phantom lines, the arrangement of vibrators thereunder.
PAR  FIG. 4 is a reduced side elevation view of the separator shown in FIG. 1
      with the collecting receptacle removed to illustrate the vibrators and the
      downward longitudinal slope of the separating surface.
PAR  FIG. 5 is a diagrammatic transverse section of a stream of particles
      illustrating various classification principles.
PAR  FIG. 6 is a diagrammatic transverse stream section illustrating the
      circulation of particles therein in the practice of the present invention.
PAR  FIG. 7 is a diagrammatic view illustrating the helical path of particle
      travel diminishing in radius progressively with advancement along a
      longitudinal axis.
PAR  FIG. 8 is a diagrammatic view illustrating an order of particle
      classification extending transversely of the stream section as achieved in
      the practice of the present invention wherein particles of similar
      characteristic classification are grouped together in stream portions
      which extend upward from the support surface.
PAR  FIG. 9 is a diagrammatic illustration of an arrangement of multiple
      separators interconnected for recycling material to achieve a finish
      degree of separation.
PAR  FIG. 10 is a diagrammatic illustration of an assortment of particles that
      vary in both size and density as discharged from a separator of the
      present invention having an acceleration ramp, said Figure showing the
      differences in their trajectory of fall after rolling down the
      acceleration ramp which provides a basis for secondary separation.
PAR  FIG. 11 is a diagrammatic illustration of the order of classification at
      the discharge lip of a shaker table when particles vary only in size.
PAR  FIG. 12 is a diagrammatic illustration of the order of classification at
      the discharge lip when particles vary in both size and density.
PAR  FIG. 13 is a diagrammatic illustration of the order of classification at
      the discharge lip when particles vary in both size and shape.
PAR  FIG. 14 is a diagrammatic illustration of the order of classification at
      the discharge lip when particles vary in size, shape and density.
PAR  FIG. 15 is a diagrammatic view illustrating a modification of the apparatus
      of the present invention wherein particles fall from an acceleration ramp
      through a fluid passage to collecting receptacles.
PAR  FIG. 16 is a diagrammatic plan view illustrating the separation of
      particles within the apparatus shown in FIG. 15.
PAR  FIG. 17 is a diagrammatic illustration of a multiple separator arrangement
      constructed in accordance with the principles of the present invention to
      achieve a wide range of particle separations.
PAR  FIG. 18 is a diagrammatic view illustrating another modification of the
      apparatus of the present invention that provides for recycling a portion
      of the assorted particles.
PAR  FIG. 19 is a plan view of yet another modified form of the apparatus of the
      present invention wherein the particle support member includes a portion
      with a smooth surface and another portion with a rough surface.
PAR  FIG. 20 is an enlarged diagrammatic transverse section of the separator
      apparatus shown in FIG. 19 illustrating the particle circulation therein.
PAR  FIG. 21 is a diagrammatic view of a still further modified form of the
      invention wherein the separator is submerged within a liquid while
      performing the particle separation process.
PAR  FIG. 22 is a diagrammatic plan view of three separators arranged in a
      staggered relationship for separating material to a finish degree of
      separation.
PAR  FIG. 23 is a section in elevation taken on the line 23--23 of FIG. 22.
PAR  FIG. 24 is a section in elevation of a modified multiple separator
      arrangement having four stages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1, 3 and 4, particle separator 30 has a bench 31
      that includes a pair of legs 32 supporting one end of a seat 33 and
      another pair of legs 34 supporting the opposite end of the seat. Legs 34
      are shorter than legs 32 so that the seat is downwardly inclined, as shown
      in FIG. 4. Vibrators 36, 37, 38 and 39, which may be of the conventional
      electromagnetic type, are mounted at spaced intervals along the bench and,
      preferably, are skewed downward with respect to a transverse bench section
      (as illustrated in FIG. 3). Skewing of the vibrators provides a force
      component upon material handled by particle separator 30 in the same
      direction as the downwardly inclined slope of the seat. While both
      gravitational and vibratory force components in the longitudinal direction
      of movement are not required on one separator, they may be combined to
      provide a desired flow force. A suitable vibrator for use in practicing
      the present invention is the "Vibra-Drive" unit model F-010 manufactured
      by the Syntron Division of FMC Corporation, Homer City, Pa. Such a
      vibrator provides oscillation at the applied electrical frequency (60 cps)
      to a horizontally located mounting bracket 40 wherein the impulses are
      provided at an angle of approximately 20.degree. with the plane of the
      mounting bracket.
PAR  A plank 41 of light weight and large cross-section modulus to prevent
      unwanted vibrations is attached to the flat-surfaced load mounting
      brackets 40 (FIG. 2) of each of the vibrators 36, 37, 38 and 39 and serves
      to support a generally channel-shaped structure which carries the material
      to be separated. This channel structure includes a support surface 42
      bounded at one end by an upright side wall 43 that is attached to an end
      wall 44 which is, in turn, connected to an inclined side wall 45. A second
      inclined side wall 46 extends diagonally from side wall 45 to the opposite
      end of the support surface, and a short discharge lip 47 extends between
      side walls 43 and 46 to define the unbounded side of the support surface.
      The discharge lip slopes downward from surface 42 at an angle from the
      horizontal of approximately 20.degree., which is approximately the same as
      the angle of vibration, so that particles moving upon the lip will not be
      unduly affected by the applied vibratory impulses.
PAR  Particles are fed to surface 42 by an endless conveyor belt 50 that is
      trained about an idler roller 51 mounted above a hopper 52 having a chute
      53 that discharges onto the surface. The chute is spaced above the surface
      by a distance S, shown in FIG. 2, equal to at least twice the diameter of
      the largest particles to be separated to prevent plugging of the chute.
PAR  A collecting receptacle 54 is positioned below and outward from discharge
      lip 47 to receive particles discharged. The receptacle is divided into
      compartments 55, 56 and 57 arranged in a row parallel with the discharge
      lip; compartments 58, 59 and 60 form a middle row spaced outward from
      compartments 55, 56 and 57; and compartments 61, 62 and 63 form an
      outermost row of compartments. The receptacle compartments can be provided
      with bottoms which may be opened when desired to remove the assorted
      particles collected therein.
PAR  An acceleration ramp 65, which is entirely detached from the vibrated
      structure of the separator 30, is provided beneath discharge lip 47 so
      that particles falling from the lip will roll or slide down the ramp and
      develop their maximum terminal velocity due too gravity before being
      discharged therefrom with the curved surface of the ramp converting the
      vertical terminal velocity into a horizontal velocity component at an
      elevation spaced above the compartments of collecting receptacle 54. The
      acceleration ramp is spaced just under the discharge lip which vibrates
      with surface 42, and the ramp can be supported by an upwardly extending
      back wall 66 of the collecting receptacle.
PAR  In operation, particles to be assorted are continuously supplied to
      separator 30 by conveyor belt 50 and hopper 52. The particles fall onto
      the support surface 42 in the channel portion enclosed by side wall 43,
      end wall 44 and side wall 45. There the particles are subjected to
      vibratory impulses upward and toward side wall 45 while the material, in
      general, tends to flow by gravity down the inclined support surface 42.
PAR  The vibratory impulses, represented by the double headed arrows in FIGS. 2
      and 3, are provided in a direction which is inclined upwardly at an angle
      of approximately 20.degree. with the horizontal (FIG. 2) and skewed
      downwardly from a transverse section of the surface at an angle of
      approximately 20.degree. also (FIG. 3). The amplitude of the vibratory
      strokes can be varied proportionally from the largest at vibrator 36 at
      the delivery end of the separator to the smallest at vibrator 39 at the
      discharge end of the separator so that the impulses gradually diminish as
      the material is propelled down the surface 42. However, depending upon the
      particle size and stroke frequency, it is sometimes more desirable for
      each vibrator to have the same amplitude of vibratory stroke.
PAR  Side walls 45 and 46 project upwardly from the side edge of surface 42 to
      deflect particles, driven towards the side walls by the vibratory
      impulses, backward and upward therefrom. The particles thereby tend to
      form a pile adjacent the side walls having a height representing a
      multiplicity of particle layers and an unconfined side that slopes between
      the top of the pile and the underlying support surface 42. The approximate
      optimum inclination of the walls 45 and 46 is 60.degree. with the
      horizontal. Any angle of inclination larger than this will tend to cause
      the peak of the pile of particles to form too far forward of the wall and
      some of the large particles will be trapped between the wall and the peak
      of the pile. Particles deflected backward from the side walls will either
      percolate downwardly through the pile towards the support surface or roll
      down the unconfined side of the pile. Thus, there is continuous transverse
      circulation of material within the pile of particles, which pile also
      flows longitudinally, parallel with the side walls, as a stream due to
      gravity acting upon the inclined slope of the support surface 42 and the
      force component supplied by the skewed vibrators.
PAR  Since the location of the bottom of chute 53 determines the amount of
      material which will be on the separator at any given time (assuming the
      hopper 52 is kept full of material), the flow rate can be controlled by
      shifting the location of the hopper and chute. It is preferred to control
      the flow of material by shifting the hopper and chute along a line
      parallel to the end wall 44 with the bottom of chute 53 remaining at a
      fixed spacing from the support surface 42. As the hopper is moved closer
      to the side wall 45, the location of the toe of the slope of the material
      pile will also move closer thereto. As the hopper is moved closer to the
      side wall 43, the toe of the slope will move away from side wall 45 thus
      increasing the size of the pile of material on the separator, i.e.,
      increasing the flow rate. The slope of the material pile, which is
      determined by the lateral forces imposed by the vibrators 36-39, will
      remain constant. In practice, it is normally desirable to adjust the flow
      rate such that the initial separation will occur at the adjacent edges of
      side wall 43 and discharge lip 47.
PAR  Particles circulated in the manner described tend to be classified in
      accordance with the recognized principles of self-screening and
      stratification. The term "self-screening" as used herein means that
      smaller particles percolate through the voids between larger particles
      while particles larger than such voids are retained. Thus the particles
      once set in motion tend to screen themselves into an order of
      classification without direct physical intervention. Looking now at FIG.
      5, which represents a vertical section within a pile, fine (i.e., small)
      particles tend to percolate towards support surface 42 while larger
      particles are retained or "floated" upward by the fine particles. This
      movement, considered by itself, will result in a reverse order of
      classification as indicated by the stack of particles 70. On the
      unconfined side slope, particles tend to roll down the slope until
      retained in a notch between particles. Thus, the largest particles roll to
      the toe of the slope, while the fine particles travel but a short distance
      before percolating downward through the slope. This movement, considered
      by itself, will result in a regular order of classification, with the
      coarse particles on the bottom and the fine particles on the top, as
      indicated by the line of particles 71.
PAR  Due to the vibratory impulses toward side wall 46, fine particles tend to
      sift between larger particles and move towards the side wall, while the
      larger particles are retained or repelled backward by the build-up of fine
      particles. This movement, considered by itself, will result in an order of
      classification transversely of the pile from the large particles adjacent
      the unconfined slope to the fine particles adjacent the side wall, as
      represented by the line of particles 72 in FIG. 5.
PAR  A further principle of classification takes place within the pile. Assuming
      that all particles have the same size and shape but vary in density, in a
      vertical plane the heavy particles will sink by gravity towards the bottom
      while the light particles will float upon the heavy particles to provide
      an order of classification as represented by the line of particles 73 in
      FIG. 5. A somewhat similar classification occurs transversely of the pile
      due to the vibratory impulses which cause the heavy particles to move
      towards the side wall while the lighter particles are retained or repelled
      outward towards the unconfined side, as represented by the line of
      particles 74 in FIG. 5.
PAR  When the aforedescribed apparatus is operated particles within the pile
      tend to circulate transversely as indicated by the arrows in FIG. 6. Fine
      particles following paths represented by dashed lines tend to congregate
      adjacent side wall 46, while coarse particles following paths represented
      by solid lines accumulate adjacent the toe of the unconfined side of the
      pile. Simultaneously, the particles are flowing longitudinally down the
      slope of surface 42 so as to follow generally helical paths that diminish
      in diameter in the direction of flow, as indicated in FIG. 7. The result
      of all of the aforedescribed material movements is that particles are
      classified in an order of classification according to physical
      characteristics (size or density) extending transversely of the stream
      cross section, as indicated in FIG. 8, with particles having similar
      physical characteristics grouped in the same portion of the stream
      section.
PAR  The support surface 42 tapers to a point where the inclined side wall 46
      contacts the discharge lip 47 at the end of the separator. Thus, as the
      stream section is reduced, particles having similar physical
      characteristics (i.e., similar size and density) will be discharged along
      a given portion of the discharge lip and can be separately collected in
      receptacle compartments thereunder. Particles varying in but one physical
      characteristic, such as size, will be separated sufficiently at this
      point.
PAR  When particles vary in more than one physical characteristic, such as size
      and density, further assortment is necessary. This can be accomplished by
      utilizing the gravitational forces which accelerate the particles rolling
      down the acceleration ramp 65 to a terminal velocity having a horizontal
      component. Small light particles develop their maximum velocity quickly
      while rolling down the acceleration ramp and have low terminal velocity
      whereby they fall adjacent to the ramp, as indicated by line L in FIG. 2.
      Medium sized and denser particles develop a somewhat larger terminal
      velocity to follow line M, while large heavy particles develop a greater
      terminal velocity and follow line H. The length of the acceleration ramp
      65 should be such that the largest and heaviest particles will develop
      their maximum velocity (as limited by the frictional forces imposed by the
      ramp) while they roll upon the acceleration ramp; thus, all particles will
      reach their respective maximum velocities so that they can be separated in
      accordance with their ejection distance from the ramp. The horizontal
      velocity attained by the particles moving down the ramp 65 is dissipated
      by the drag caused by air resistance. The small horizontal velocity of the
      small particle is lost very quickly and therefore gives the appearance of
      dropping straight down (the velocity in the vertical direction is
      maintained by the force of gravity). The large horizontal velocity of the
      large particles is slow to respond to the air resistance and therefore
      travels a much greater horizontal distance before its trajectory of fall
      is only in the vertical direction.
PAR  Particles of the same size but varying in density between light, medium and
      heavy will approach discharge lip 47 at separate locations in accordance
      with their position in the pile and will, therefore, be discharged at
      different locations along the discharge lip. Particles of like density but
      varying in size between large, medium and small will also be discharged at
      different locations and thereby separated. These orders of classification
      achieved by the varying discharge locations tend to overlap when particle
      differences are defined by two or more characteristics so that, for
      example, particles of different size and density may be discharged at the
      same location along the discharge lip. However, such particles will be
      accelerated to a terminal velocity proportional to the size and density
      thereof as they roll down the acceleration ramp and, upon falling
      therefrom, will be assorted as indicated in FIG. 10. Thus, a large dense
      particle, a medium-sized medium-dense particle, and a small light particle
      may all be discharged at the same location from the ramp 65, but they will
      each achieve different terminal velocities upon the ramp so that they can
      be collected in different compartments in the collection receptacle. For
      example, with reference to the receptacle of FIG. 1, the large dense
      particle may be received in the outer compartment 62 with the medium-sized
      medium-dense particle received in compartment 59 and the small light
      particle received in compartment 56.
PAR  When particles fed to separator 30 have the same density and relative shape
      but vary in size only, discharge over lip 47 will be in an order of
      classification, as illustrated in FIG. 11. The largest particle is
      discharged first, while the smallest particle is discharged last and
      intermediately sized particles are discharged in a uniform order of
      classification therebetween. When particles varying in density are
      combined with particles varying in size, distribution along the discharge
      lip is in the order illustrated in FIG. 12 with an overlapping of
      particles having different sizes and densities. Similarly, when particles
      of the same density but varying in size and shape are combined, there is
      an overlapping distribution of particles along the discharge lip, as
      illustrated in FIG. 13, wherein the rounder, more spherical particles will
      be discharged before other particles having the same maximum diameter but
      being more oblate in shape. As pointed out, particles varying only in size
      and density can be separated by their trajectory of fall after initial
      separation by the separator, and, in like manner, particles varying only
      in size and relative shape can also be separated by their trajectory of
      fall once they are roughly separated by the separator 30 as shown in FIG.
      13.
PAR  Particles which vary in size, relative shape and density can be separated
      into overlapping orders of classification, as illustrated in FIG. 14. Then
      the particles can be further assorted according to density by their
      trajectory of fall since it will be recognized that for any given group of
      particles discharged from the acceleration ramp at a common location, the
      densest particles will be ejected the greatest distance. Usually, for
      separating particles such as ore into individual minerals this two-stage
      separation process will be sufficient since particles of the same density
      will be grouped together in diagonal zones of the collecting receptacle
      and particle shape is not of concern. However, the particles accumulated
      in each compartment of the collecting receptacle can be screened through
      an assortment of sieve sizes to provide further separation based on the
      characteristics of size and shape of the particles.
PAR  Looking now at FIG. 15, a modified form of the invention is there shown. A
      fluid passage 80, such as a wind tunnel, is positioned beneath the
      discharge lip 47 of the separator 30, and an acceleration ramp 81 extends
      from the fluid passage to a point directly adjacent to the discharge lip
      at approximately the same slope as the discharge lip. An opening 82 is
      provided in the fluid passage adjacent the acceleration ramp to provide a
      means to enable the particles to be ejected into the fluid passage.
      Collecting compartments 83, 84 and 85 are positioned along the bottom of
      the fluid passage to receive particles falling therein. Fluid flow
      direction is indicated by arrow 86.
PAR  Particles of large size and high density will be least affected by the
      fluid flow and will follow the particle path represented by the dashed
      line 87 into compartment 83. Particles of medium size and density follow
      the path represented by dashed line 88 into compartment 84, while small,
      low density particles will be carried by the fluid flow along dashed line
      89 into compartment 85. This arrangement provides a greater degree of
      particle separation.
PAR  Collecting compartments 83, 84 and 85 are of channel shape and aligned at
      an oblique angle with discharge lip 47 as illustrated in FIG. 16, so
      particles of similar density, regardless of size, will be collected in the
      same compartment. Acceleration ramp 81 could be eliminated by placing
      discharge lip 47 adjacent opening 82 but this would reduce the
      differential velocity between various types of particles entering the
      fluid passage and the resulting degree of particle separation.
PAR  Multiple particle separator units can be grouped together in tiers, as
      illustrated in FIG. 17, to achieve a greater degree of particle
      separation. Separators 91, 92 and 93 are fed an aggregate of particles
      which they separate into coarse, medium and fine size gradations. These
      separated particles drop respectively onto a lower tier of separators 94,
      95 and 96 which further separate each of the coarse, medium and fine
      segregations into large, intermediate and small fractions. By recycling
      the overlapping size fractions (i.e., 1C, 2A, 2C and 3A in FIG. 17) a
      greater overall degree of separation can be achieved.
PAR  Another modification of the invention is illustrated in FIG. 18. A particle
      separator 30 as previously described is used for separating particles but
      portions of the separated particles which are intermediate of the primary
      size classifications (identified in FIG. 18 as coarse, medium and fine),
      i.e., borderline particles, are recycled through the separator to obtain
      more highly refined separations.
PAR  A further modification of the invention is illustrated in FIGS. 19 and 20.
      Support surface 42 is divided into a rough surface section 42a adjacent
      the feed end of the separator (i.e., between side walls 43 and 45) and
      along inclined side wall 46 and a smooth surface section 42b adjacent
      discharge lip 47. Particles circulate more rapidly over a rough surface
      where the direction of vibration is generally in the direction of the
      plane of the surface due to the increased friction provided by the rough
      surface. By increasing the circulation rate of particles, more
      self-screening or stratification action takes place along a given length
      of surface to provide a more highly refined classification. The smooth
      surface slows down the transverse oscillation of particles so that the
      order of classification can be maintained adjacent the discharge lip where
      particles are removed from the support surface by transverse slippage. The
      inclined wall 46 of the vibrator is also provided with a smooth surface so
      that the wall surface will promote rather than retard the circulation of
      material. A suitable rough surface can be obtained by fastening silicon
      carbide paper No. 400 to section 42a, and a suitable smooth surface can be
      obtained by fastening a polyester tape to section 42b and the inclined
      surface of wall 46.
PAR  A further modification of the invention is illustrated in FIG. 21. A
      particle separator 30, as previously described, is submerged in a tank 100
      beneath a liquid level 101. An elevator 102 of the endless belt type
      having pockets thereon with a horizontal width at least equal to the
      horizontal length of discharge lip 47 is positioned to receive particles
      from the discharge lip in the same relative positions as discharged and
      deposit the particles in the same order in a collecting receptacle 103,
      located out of the liquid. The liquid facilitates the separation of
      particles that vary in density because the separation factor, i.e., the
      ability of the separator to differentiate two different densities, is
      inversely proportional to the difference between the density of the
      lightest particle to be separated and the density of the medium in which
      the separation takes place. For example, where the material to be
      separated is made up of two components with densities of 2.0 and 3.0, the
      separator would normally (in air) have a separation factor of
      ##EQU1##
      The wet separator of FIG. 21 (if the liquid were water, density = 1.0)
      would have a factor
      ##EQU2##
      an increase of the separation factor by 100%.
PAR  Additional modifications of the invention are illustrated in FIGS. 9, 22,
      23 and 24. These modifications include arrangements of multiple separators
      interconnected for recycling material to achieve a finish or fine degree
      of separation.
PAR  Voids occur between particles flowing in a pile on a separator, and the
      movement of an adjacent particle into the void is determined by the
      magnitude of force acting upon each adjacent particle in the direction of
      the void. Particles varying greatly in physical characteristics are
      therefore more rapidly separated than particles having nearly the same
      physical characteristics. Thus, to achieve a finish or fine degree of
      separation on particles having nearly the same physical characteristics,
      it may be necessary to divide up the separated material after a
      preliminary separation and repeat the separation process one or more
      times.
PAR  With reference to FIG. 9, material to be separated is fed to a preliminary
      separator 110 and the discharge therefrom is separated into three parts,
      which in turn are fed to three secondary separators 111, 112 and 113. The
      secondary separators can be of a smaller size than the preliminary
      separator because they handle less material. The discharge from each
      secondary separator is further divided into three parts, with one being
      discharged and the other two being recycled. When the discharge from
      preliminary separator 110 is separated so that large material is fed to
      secondary separator 111, medium material is fed to secondary separator
      112, and small material is fed to secondary separator 113, only the
      material size corresponding closest to that handled by the respective
      secondary separator is discharged therefrom, while more remote sizes are
      recycled to the other two separators. In this manner, more accurate sizing
      is achieved.
PAR  Looking now at FIGS. 22 and 23, an alternative multiple separator
      arrangement is shown which includes a preliminary separator 120, an
      intermediate separator 121 and a finish separator 122. The preliminary
      separator 120 has a back wall 123 and a discharge lip 124. An inclined
      ramp 125 connects discharge lip 124 with a back wall 126 of separator 121.
      Similarly, an inclined ramp 128 connects a discharge lip 127 of separator
      121 with a back wall 129 of separator 122. The separator 122 has a
      discharge lip 130 which has an acceleration ramp 131 attached thereto.
PAR  It will be noted that material is fed between separators 120, 121 and 122
      while maintaining the material in its separated (or partially separated)
      state from the discharge edge of one separator to the back wall of the
      next separator. The discharge edges of the separators are progressively
      offset by a distance O (FIG. 22). Intermediate separator 121 and finish
      separator 122 have a normal separator configuration (as described
      previously), but preliminary separator 120 must have a different
      configuration to compensate for the fact that material feed to separator
      120 is received only at one spot as represented by arrow a + b + c + d
      while separators 121 and 122 receive material along the length of their
      back walls. As the material progresses longitudinally over separator 120,
      portions of the material are discharged over discharge lip 124 as
      represented by individual arrows a, b, c and d. Thus, it will be seen that
      separator 120 must have a progressively wider cross section than the
      separators 121 or 122 in order to accommodate the progressively larger
      quantity of flow on the upstream end of the separator.
PAR  Separators 120, 121 and 122 are vibrated in a direction as indicated by
      arrow 133 in FIG. 23. Ramps 125 and 128 are inclined to the horizontal by
      an angle 134 which is the same as the vibration angle. A stop 135 is
      spaced outward from the lowermost end of ramp 125 and extends the length
      of back wall 126 to force material which has rolled or slid down the ramp
      to fall upon the top of the pile of material on separator 121 and thereby
      be fully processed (i.e., recirculated) by that separator. Such a stop is
      important when density separations are being made. When only sizing
      separations are performed, it may be advantageous to omit the stop, as
      indicated on the lower separator 122, to allow large particles to follow
      path x (FIG. 23) and fall near the toe of the pile where discharge from
      the pile will be made easier while smaller particles follow path y and
      fall closer to the top of the pile where their containment within the pile
      will be made easier.
PAR  A modified form of the invention illustrated in FIG. 24 provides for
      separation in four stages. A pair of separators 140 and 142 are vibrated
      in a direction as indicated by an arrow 145, while a complementary pair of
      separators 141 and 143 are vibrated in a direction as indicated by an
      arrow 146. Material being separated flows downwardly onto separator 140,
      then progressively to separators 141, 142 and 143. The four stage
      separating action is somewhat more refined than that obtained by the three
      stage separators shown in FIGS. 22 and 23, and the complementary
      arrangement of the separators minimizes spatial requirements.
PAR  From the foregoing description it will be apparent that a mixture of
      particles which vary in one or more physical characteristics can be
      effectively assorted into groups of particles having similar
      characteristics. When particles vary only in size, they are separated at
      locations along discharge lip 47 corresponding to their relative particle
      size. Should the particles vary in another physical characteristic, such
      as density, a further separation of particles can be made after leaving
      the discharge lip based upon their trajectory of fall to a plurality of
      compartments in a collecting receptacle. The apparatus is inexpensive to
      manufacture, simple to operate, and adaptable for continuous operation.
PAR  Although the best modes contemplated for carrying out the present invention
      have been herein shown and described, it will be apparent that
      modification and variation may be made without departing from what is
      regarded to be the subject matter of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for continuously assorting particles by the physical
      characteristics thereof, said apparatus comprising a surface for
      supporting a stream of particles; a wall connected to one side of said
      surface and projecting upwardly therefrom to support one side of the
      particle stream; means for vibrating said surface to impart impulses to
      the particles thereon for driving said particles toward the wall; said
      surface having a width that decreases proportionally with the length of
      the wall to gradually reduce the transverse section of the particle
      stream; a plurality of collecting compartments aligned transversely of the
      particle stream and in alignment with the edge of said surface opposite
      from that defined by said wall whereby said compartments receive particles
      from the surface in an order of classification with particles having
      similar physical characteristics being collected in the same compartment;
      an acceleration ramp positioned below said surface on the opposite side
      thereof from said wall, said ramp being downwardly inclined from said
      surface for a distance sufficient to enable particles gravitating down the
      ramp to accelerate to their maximum terminal velocity in a direction
      having a desired horizontal component; and said plurality of collecting
      compartments aligned transversely of the particle stream further including
      a plurality of collecting compartments aligned in the direction of
      particle flow from the acceleration ramp whereby particles are further
      separated in accordance with their size and density by their trajectories
      of fall from the acceleration ramp to the collecting compartments.
NUM  2.
PAR  2. The apparatus described in claim 1 which further includes means
      providing a fluid passage beneath said acceleration ramp to receive
      particles discharged from said ramp with said plurality of collecting
      compartments being located at the bottom of the fluid passage, said fluid
      passage extending transversely to said acceleration ramp, and means for
      providing a fluid current in said fluid passage whereby said particles are
      further separated in accordance with their size and density by their
      trajectories of fall from the acceleration ramp through said fluid current
      to the collecting receptacles.
NUM  3.
PAR  3. The apparatus described in claim 1 which further includes means
      providing a fluid passage beneath said surface and extending transversely
      to said acceleration ramp to receive particles discharged from said
      acceleration ramp; means for providing a fluid current in said fluid
      passage opposed to the horizontal component of particle velocity developed
      by the gravitation of the particles down the acceleration ramp.
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ABST
PAL  An improved process for the purification of effluent is disclosed in which
      oxygenated effluent is introduced into a treatment zone in which a part of
      the total amount of biologically activated sludge used in the process is
      fixed on immersed bacterial beds or discs which are mobile and a further
      part of said sludge is in suspension in effluent undergoing treatment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process and to an installation for the
      purification of effluent or liquid-based waste. It relates more
      particularly to the purification of effluent with the aid of pure oxygen
      or enriched air.
PAR  In known purification installations, effluent is contained in a tank
      through the bottom of which oxygen or oxygen-enriched air is injected, the
      tank being covered so as to permit recovery and recycling of the gaseous
      phase which accumulates above the surface of the effluent. These
      installations have the disadvantage that they result in an accumulation of
      nitrogen (supplied by the enriched air) and of carbon dioxide (resulting
      from the respiration of microorganisms present in the tank) in the gaseous
      phase which is recycled; this disadvantage results either in a diminution
      in the efficiency of purification or in the necessity of providing
      installations for monitoring the component concentration in the recycled
      gas, the result therefore being an increase in the cost price of the
      installation.
PAR  Furthermore, in known installations, it is necessary to manipulate large
      volumes of sludge which makes necessary the presence of large-volume
      decanting or settling equipment and the presence of recycling instruments
      which consume a large quantity of energy.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved process and
      installation permitting palliation of the disadvantages of the known
      processes and installations described above. It is a further object to
      make it possible to prevent the pure oxygen or oxygen-enriched air from
      being constantly enriched with nitrogen and/or carbon dioxide and to
      dispense with constant monitoring of the component content of the recycled
      gas and therewith the necessity of appropriately adapting the flow rate of
      the recycled gas and/or the feed rate of the pure oxygen or
      oxygen-enriched air. It is a further object of the invention to provide a
      process such that there is attained achievement of a considerable degree
      of economy both with regard to the capital assets required to construct
      the purification installation and with regard to the oxygen consumption
      (due to the lower oxygen losses) and the amount of energy required (it
      being possible to diminish the supply of energy required for mixing and
      for recirculation of the sludge in comparison with conventional
      installations). Accordingly, the present invention provides a process for
      the purification of effluent using an oxygen-rich gas in which the
      effluent is mixed with a biologically activated sludge, wherein the
      effluent/sludge mixture thus obtained is oxygenated and then is introduced
      into a treatment zone in which a quantity of activated sludge is fixed on
      vertically-disposed, mobile discs immersed within the treatment zone and a
      further quantity of activated sludge is in suspension in the effluent
      undergoing treatment.
PAR  The expression "oxygenated gas" is used herein for purposes of
      simplification and means both pure oxygen and oxygen-enriched air.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In one embodiment of the invention, the waste waters/ biological sludge
      mixture obtained is charged with oxygen by mixing the effluent and the
      oxygenated gas in cocurrent flow in a preliminary or oxygenation zone. The
      oxygenating gas is advantageously injected so that it imparts lift to the
      effluent/sludge mixture so as to achieve circulation thereof. Preferably,
      the mixture thus obtained contains a pre-determined proportion of the
      effluent/sludge mixture fed back, e.g. via an overflow, from the treatment
      zone.
PAR  In a further embodiment of the invention, there is employed an oxygenation
      zone which itself comprises at least two portions the effluent/sludge
      mixture in which portions has mutually different directions of
      circulation, e.g. an ascending zone and a descending zone, the descending
      zone debouching into the treatment zone. Passage of the mixture from the
      ascending zone to the descending zone may be effected due to overflow. The
      oxygenation zone preferably includes a free space at the upper portion
      thereof for accumulating non-dissolved gas. This space is preferably
      provided with a first conduit for placing the free space into
      communication with the atmosphere and a second conduit for recycling the
      non-dissolved gas.
PAR  The injection of oxygenating gas is preferably effected through the lower
      portion of part of the oxygenation zone, in which the direction of mass
      flow is upwards. In this way, the oxygenating gas which is injected acts
      as a "gaslift" which is utilized as a mechanical means for introducing the
      effluent/sludge mixture to the treatment zone.
PAR  Advantageously, the oxygenation zone includes a passage in which the
      direction of mass flow is downwards and which serves as an inlet passage
      for the treatment zone, the lower end of the passage being provided with
      means for accelerating the effluent/sludge mixture towards the base of the
      treatment zone. This passage may be constituted by the descending zone of
      the oxygenation zone already described.
PAR  Mixing of the suspension contained in the treatment zone is effected solely
      by recirculation of the mixture obtained from the oxygenation zone. The
      mixing effect produced by rotation of the bacterial discs or beds is not
      negligible and contributes to maintaining the state of suspension in the
      treatment zone.
PAR  The treatment zone will generally be associated with a clarifier in which
      the outflow from the treatment zone stratifies, the biologically active
      sludge which has settled in the clarifier being recycled to the
      oxygenation zone; the oxygenating gas injected therein may then be
      utilized as a mechanical means for recirculation of this settled sludge.
PAR  The oxygenating gas injected, for example, at the lower-most portion of the
      ascending zone of the oxygenation zone may consist of pre-determined
      proportions of pure oxygenated gas and non-dissolved gas which has
      accumulated in the free space at the upper portion of the oxygenation
      zone, the latter gas having been compressed. Advantageously the treatment
      zone is provided with means for controlling the oxygen requirement of the
      effluent, thereby providing for automatic regulation of the flow rates of
      pure oxygenated gas and of said non-dissolved gas which is recycled.
PAR  The present invention also relates to an installation for carrying into
      effect the process described hereinabove.
DRWD
PAR  Further objects and advantages of the invention will become apparent on
      reading the description given hereinbelow and on studying the accompanying
      drawing which is strictly non-limitative and illustrates an installation
      by means of which a presently preferred embodiment of the process
      according to the invention may be carried out.
DETD
PAR  Referring now to the drawing, the installation comprises a treatment tank
      the contents of which constitute the treatment zone and the capacity of
      which corresponds to the desired effluent treatment rate. The treatment
      tank contains vertically disposed, mobile bacterial beds or discs 2. These
      bacterial discs (which are well-known per se) are in the present case
      simple plane discs 1 cm. thick and spaced 2.5 cm. apart, and on which are
      maintained approximately 1.5 to 2 kg. of sludge/m.sup.3 of tank, whereof
      more than 1 kg comprises active, living material. The treatment zone is
      connected by an overflow to a clarifier 3 which is itself provided with an
      overflow 4 permitting recovery of purifed water and with a chamber 5 for
      recovery of settled sludge.
PAR  Upstream of the treatment tank 1 there is disposed an oxygenation zone 6.
      The oxygenation zone comprises an ascending zone 7, a descending zone 8
      debouching into the lower regions 9 of the treatment tank through
      intermediary of a passage 10 of regulatable diameter. The passage 10 may
      be constituted, for example, by a wall 111 adapted to approach or move
      away from the wall of the chamber with which it is associated. The means
      permitting displacement of the said wall 11 has not been shown, for
      purposes of simplification; by way of non-limitative example of such
      means, there may be mentioned rack elements associated with a release
      spring; any means which appeals to the person skilled in the art is
      suitable.
PAR  The upper portion 12 of the oxygenation zone is designed to act as a free
      space permitting the accumulation of nondissolved gas coming from the
      effluent with which oxygenating gas has been contacted. The upper portion
      12 is associated with a first conduit 13, and a valve 14, for air contact
      on the one hand, and, on the other hand, with a second conduit 15 for
      recycling the non-dissolved gas which is returned via a compressor 16 into
      a conduit 17 for introduction of oxygenating gas. The conduit 17 is
      associated with a conduit 18 and a valve 19 for introduction of oxygen or
      oxygen-enriched air.
PAR  The effluent to be processed is introduced through a conduit 20 into an
      inlet zone 21 at the bottom of which it debouches into the oxygenation
      zone 6 into which are provided means 22 for the injection of oxygenating
      gas. The biologically activated sludge recovered in the chamber 5 of the
      clarifier 3 is returned by a conduit 23 (not shown in full) into the zone
      7 where the oxygenated gas acts as a pump for returning and circulating
      the recycled sludge. A portion of the effluent/sludge liquor from the
      treatment tank 1 overflows into a recovery spout 26 from which it is
      returned to the inlet zone 21.
PAR  Means is provided for measuring the oxygen concentration of the effluent
      and for controlling the functioning of the installation (e.g. the opening
      and closing of valves); this is shown diagramatically at 24, and is
      associated with an oxygen probe 25 for determining the oxygen requirement
      of the effluent contained in the treatment tank 1. The parts 24 and 25
      trigger the opening and closure of valve 19 for inflow of pure oxygen or
      oxygen-enriched air, and control the compressor 16. They may, optionally,
      also control the displacement of the wall 11.
PAR  The mode of functioning of the installation shown in the drawing will now
      be described. The effluent to be processed is introduced through conduit
      20 and enters the inlet zone 21; a portion of the effluent/sludge liquor
      floating in the treatment tank 1, introduced by the spout 26, is also
      returned into the inlet zone 21. The mixture to be processed, introduced
      through conduit 20, and the portion of the effluent/sludge liquor
      introduced through the spout 26, to which is added settled sludge coming
      from the clarifier 3 and supplied via the conduit 23, passes into the
      ascending zone 7 of the oxygenation zone. Simultaneously, there are
      introduced into the zone 7 through the injector 22 the residual gaseous
      phase introduced through the conduit 15, after being drawn from the free
      space at 12 by the compressor 16, and pure oxygen or oxygen-enriched air
      supplied through the conduit 18 and the valve 19.
PAR  The gases injected by the injector 22 act as a mechanical means for
      effecting and maintaining the flow of (a) the raw effluent to be treated
      (supplied through the conduit 20); (b) the portion of liquor obtained from
      the treatment tank itself (through the spout 26); and (c) the settled
      sludge (supplied through the conduit 23) which consequently are recycled.
      The gas thus aids in the circulation throughout the installation. The
      liquid mixture obtained then flows into the zone 8, while the
      non-dissolved gas is recovered in the free space at the upper portion 12
      of the oxygenation zone 6. The mixture then enters the passage 10 and
      thence the treatment tank 1. The oxygen content of the supernatant gaseous
      phase in 12 is lower than 30% and the volume rejected by the conduit 13 is
      relatively small. The utilization efficiency of the oxygen is
      approximately 90%.
PAR  In this embodiment of the invention, the tank 1 must not be covered and
      problems involving fluid-tightness of the structure for ensuring isolation
      of a supernatant gaseous phase consequently do not arise; in fact, the
      non-dissolved gas is recovered in a separate area (the zone 12), involving
      only little cost for construction purposes, and this is to be added to the
      gain resulting from the reduction of the volume of the biological tanks
      derived from the utilisation of pure oxygen or enriched air.
PAR  A further advantage of this embodiment is that it prevents excessive
      accumulation of carbon dioxide in the non-dissolved gaseous phase. Carbon
      dioxide is formed in the treatment tank and is discharged therefrom
      directly to the atmosphere by natural equilibration of the gaseous partial
      pressures.
PAR  It is yet another advantage of the process of the invention (connected with
      the utilization of pure oxygen or enriched air) that there is a reduction
      in energy expenditure. There is obtained on the one hand a reduction in
      the quantity of energy needed to inject gas dependent upon the ratio of
      the oxygen concentration of the recycled or injected gas relative to that
      of air. Furthermore, contrary to other processes wherein pure oxygen or
      enriched air is employed and in which the gas flow is inadequate to
      provide for mixing and wherein it is necessary to effect mechanical mixing
      with the aid of a screw or a surface turbine, the process according to the
      present invention makes it possible to effect mixing due solely to the
      circulation of the mixture derived from the aeration system. It is found,
      in fact, that in order to maintain the sludge in suspension, a mean flow
      velocity in tank 1 of the order of a few meters per hour will suffice.
      Such a velocity is readily obtained by the injection of high concentration
      oxygenated gases in for example a "gas-lift", thereby guaranteeing a high
      circulation velocity for a small gas volume (to the extent that the
      lifting height remains at a small value).
PAR  It would be possible to increase the mass flow velocity by acting on the
      wall 11 so as to constrict the passage 10.
PAR  It is yet a further advantage of the present process that it permits
      recovery of non-dissolved gas in reduced volume. The volume of the gaseous
      phase is lower in volume than that necessary for the carbon dioxide
      produced at the permitted partial pressure for the said gas in the gaseous
      phase. Under these conditions, the supernatant gaseous phase is
      substantially more satisfactorily exhausted.
PAR  It is known that one of the problems involved in the large oxygen
      requirement on using atmospheric air is due to the fact that inadequate
      transfer results in utilization of considerable mechanical power
      (resulting in foaming or frothing, and in overflowing) and also in the
      destruction of the biological floc. Due to the present invention, aeration
      is effected externally of the treatment tank and, since the mean
      circulation velocity is low, it is possible to obviate the aforesaid
      disadvantages whilst at the same time readily satisfying an increase in
      oxygen demand.
PAR  The means permitting adjustment of oxygen demand may be: (a) enrichment
      with oxygen or oxygenated gas (due to opening the valve 19 controlled by
      the means shown diagramatically at 24, actuated by the probe 25); and (b)
      optionally, modification of the injection depth or the connection of
      auxiliary "gas lifts " (not shown in the drawing but readily carried into
      effect by the persons skilled in the art).
PAR  In the tank 1, the effluent is contacted with biologically activated sludge
      carried on the mobile bacterial beds or discs 2. It is thus possible to
      obtain considerable sludge concentrations in the tank 1.
PAR  The purifed water recovered therefrom is introduced into clarifier 3 where
      it is kept sufficiently long to ensure that the sludge which it contains
      is able to stratify by settling.
PAR  In fact, the dimensioning of the clarifier is not affected by maintainance
      of a high concentration of microorganisms in the treatment tank, since a
      portion of the said micro-organisms remains fixed in the tank.
PAR  Of course, the present invention is not limited to the embodiments
      specifically described and illustrated; it is capable of numerous
      variations which are within the scope and ability of the persons skilled
      in the art, without thereby departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the purification of a waste-containing liquid by
      oxygenation thereof with an oxygen-enriched gas in contact with a
      biologically activated sludge, comprising:
PA1  a. introducing raw waste-containing liquid and biologically activated
      sludge into an inlet zone, thereby forming a waste/sludge mixture in said
      inlet zone;
PA1  b. feeding the waste/sludge mixture, from the inlet zone, upwardly through
      a preliminary oxygenation zone and then downwardly through a descending
      passageway, connected to the top of the preliminary oxygenation zone, into
      a lower portion of a main treatment tank;
PA1  c. oxygenating the waste/sludge mixture passing through the preliminary
      oxygenation zone by injecting oxygen-enriched gas upwardly into the
      preliminary oxygenation zone;
PA1  d. recovering non-dissolved gas at the top of said preliminary oxygenation
      zone;
PA1  e. discharging a predetermined portion of the recovered gas to atmosphere
      and recycling the remainder thereof to step (c);
PA1  f. biologically treating the oxygenated waste in the treatment, entering
      from step (b);
PA1  g. discharging to atmosphere any gases released by said treating step (f)
      in the treatment tank; and
PA1  h. withdrawing a portion of the biologically activated sludge from the
      treatment tank and using said withdrawn sludge as at least a portion of
      the biologically activated sludge introduced in step (a).
NUM  2.
PAR  2. A process in accordance with claim 1 wherein, in said feeding step (b),
      the waste/sludge mixture overflows from said preliminary oxygenation zone
      into said descending passageway.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein said biologically treating
      step (f) is accomplished by contacting the oxygenated waste in the
      treatment tank with biologically activated sludge, a portion of which is
      fixed on a mobile support of the bacterial bed type totally submerged in
      the liquor within said main treatment tank.
NUM  4.
PAR  4. A process in accordance with claim 1, further including the step of
      adjusting the amount of oxygen in the main treatment tank to the oxygen
      requirement of the waste containing liquid by adjusting at least one of
      the parameters selected from the group consisting of (i) the injected feed
      rate of the oxygen-enriched gas, (ii) the level of the injection of the
      oxygen-enriched gas within the ascending flowpath preliminary oxygenation
      zone, (iii) the flowrate of the non-dissolved gas recycled in step (e),
      and (iv) the flowrate of the oxygenated waste/sludge mixture within said
      descending passageway.
NUM  5.
PAR  5. A process in accordance with claim 1 further including the steps of
      compressing the recycled non-dissolved gas of step (c) and admixing said
      compressed gas with said oxygen-enriched gas prior to being injected into
      the preliminary oxygenation zone in step (c).
NUM  6.
PAR  6. A process in accordance with claim 1, wherein said withdrawing step (h)
      comprises withdrawing from the treatment tank a portion of the liquor
      comprising a suspension of biologically activated sludge in
      waste-containing liquid and introducing the withdrawn portion into the
      inlet zone as at least a portion of the biologically activated sludge
      introduced in step (a).
NUM  7.
PAR  7. A process in accordance with claim 1 wherein said withdrawing step (h)
      comprises withdrawing from the treatment tank a portion of the liquor
      comprising a suspension of biologically activated sludge in
      waste-containing liquid; separating biologically activated sludge from
      said withdrawn liquor; and introducing at least a portion of the separated
      sludge into the inlet zone as at least a portion of the biologically
      activated sludge introduced in step (a).
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ABST
PAL  Considerable reduction in color of a kraft paper mill effluent has been
      found with the addition of barium ions (Ba.sup..sup.+2) to the effluent.
      Unlike the familiar lime decolorization process for kraft paper mill
      effluents, decolorization using barium is substantially independent of the
      pH of the effluent and the color removing mechanism is in the form of an
      occlusion of the color bodies from the effluent into the barium sulphate
      precipitate (BaSO.sub.4) which forms from the sulphate (SO.sub.4) already
      present in or added to the effluent. The amount of decolorization produced
      by the process of the present invention depends upon the amount of sulfate
      ions in the effluent, the amount of barium ion containing material added
      to the effluent and the relationship of the amount of barium to the amount
      of sulphate in the effluent. A slight excess of sulphate over the
      stoichiometric equivalent of barium is desired, and the total amount of
      barium ion containing material and sulphate that must be added to the
      effluent depends on the initial color of the effluent and the degree of
      decolorization desired.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  The present application is a continuation-in-part of applicant's copening
      application, Ser. No. 412,406, filed Nov. 2, 1973 for DECOLORIZING METHOD
      FOR WASTE KRAFT PAPER MILL EFFLUENTS, now abandoned.
BSUM
PAR  Those familiar with the kraft pulping process are aware of the
      contaminating effects of discharging the waste aqueous effluents from the
      process into local streams of water. The waste effluents contain
      substantial amounts of biologically degradable matter which absorbs the
      oxygen that would otherwise be available to plant and animal life in the
      streams, and also contain highly colored color bodies that contribute to
      unsightly conditions in the local receiving streams of water.
PAR  In the conventional kraft process, fibrous cellulosic material such as wood
      chips are heated in a digestion state with a white liquor which contains
      sodium sulfide and sodium hydroxide. The digestion stage serves to
      dissolve from the cellulosic material a substantial part of the
      hemicelluloses, the lignin and other extractible organic materials
      contained therein, and the fibrous pulp so produced is separated from the
      resultant black liquor. The black liquor is subsequently sent to a
      recovery stage, the separated pulp is washed, and if bleached pulp is
      desired, the pulp is conventionally sent to a bleaching stage or stages.
      At the bleaching stage, the pulp is washed with water and then partially
      bleached in a first bleaching step with an aqueous solution which normally
      contains chlorine. The partially bleached pulp is washed again with water
      and passed on to a caustic extraction state where it is mixed with a
      sodium hydroxide solution and heated to remove the colored organic
      impurities oxidized in the first bleaching step. The extracted pulp is
      finally washed again with water and passed to one or more further
      bleaching steps as desired to complete the bleaching using one or more
      bleaching agents such as additional chlorine, peroxides, chlorine dioxide,
      and hypochlorite. Of course, other variations in bleaching sequence and in
      the various chemicals used could be practiced, but nevertheless in all of
      the processes, large quantities of water are used in the pulping and
      bleaching of wood fibers resulting in the production of many highly
      colored effluent waste streams.
PAR  Some of the prior art decolorization processes have concentrated on the
      separation of these highly colored streams for individual decolorizing
      treatment while others have simply acted on the combined effluent. In U.S.
      Pat. Nos. 3,120,464 and 3,531,370, the bleach plant effluent is treated
      with line for the purpose of reducing the color of the effluent. However,
      as noted in U.S. Pat. No. 3,652,407, which employs a decolorizing
      treatment for the bleach plant effluent consisting of a macroreticular
      absorbent resin, the lime treatments referred to in the two previously
      noted patents have merit but require very large quantities of lime. In
      addition, U.S. Pat. No. 3,740,363 describes a decolorizing treatment for a
      paper mill effluent consisting of a color precipitating reagent in the
      form of a metal salt. However, in the same patent, barium chloride is
      mentioned as being one metal salt that does not produce a good effluent
      color. Furthermore, each of the different decolorizing treatments
      described in the aforementioned patents require addtional steps for the
      purpose of adjusting the pH of the effluent before the desired
      decolorizing step. Accordingly, each of the prior are decolorizing
      treatments obviously serve a useful purpose, however, none of the knoown
      prior art decolorizing treatments for pulp and paper mill effluents
      operate on the effluent at a neutral pH as in the present invention, and
      none of the known treatments provide a decolorizing mechanism
      substantially as described herein over a wide range of pH values.
PAC  SUMMARY OF INVENTION
PAR  The present invention relates generally to a process for the decolorization
      of the final total effluent of a typical bleached or unbleached kraft
      pulping and paper making process and more specifically to a process for
      removing color from the effluent that is substantially independent of the
      pH of the effluent. In addition, the invention herein removes the color
      from the effluent by a mechanism heretofore unknown in the art.
PAR  In the best known and most widely practiced prior art process, the color
      bodies from a highly colored waste effluent are precipitated with a
      massive dose of lime and the precipitate obtained in calcined to recover
      the lime and burn the color bodies. In at least one other process using
      lime, the effluent is treated with lime and filtered to produce a filter
      cake containing the color bodies. The filter cake is passed back through
      the causticizer where the color bodies become dissovled in the cooking
      liquor and subsequently pass through the digestion process. After
      digestion, the color bodies become a part of the black liquor and are
      ultimately burned in the recovery furnace. However, for each of the
      processes noted using lime to decolorize the effluent, the effectiveness
      of the reaction has been found to be very much pH dependent. Moreover, in
      the process utilizing a calcination of the lime sludge, problems have
      arisen with respect to the difficulty in dewatering the lime sludge prior
      to calcination.
PAR  Therefore, it is an object of the present invention to provide an improved
      process for the treatment of the effluent from a kraft paper making
      process that is as effective as the massive lime treatment processes that
      are currently being advocated by the paper making industry.
PAR  A still further object of the present invention is to provide a process for
      removing the color bodies from a typical kraft paper making effluent using
      a color body occlusion mechanism not heretofore disclosed in the prior
      art.
PAR  Yet another object of the present invention is to provide a process for
      decolorizing a typical combined kraft paper making effluent which is
      effective at or near a neutral pH and which is substantially independent
      of the pH of the effluent in contrast to the processes of many of the
      prior art patents. For the purpose of the present invention, the combined
      effluent is defined as the combination of the effluent streams from the
      pulping operaton, the bleach room chlorination and caustic extract
      filtrates and the paper making operation.
PAR  The above and other objects of the present invention are attained in
      accordance with the process disclosed by treating the combined effluent
      from the kraft paper making operation with a barium ion (Ba.sup..sup.+2)
      containing material whereby the color bodies in the effluent are removed
      through occlusion in the barium sulphate (BaSO.sub.4) precipitate which
      forms from the sulphate (SO.sub.4.sup..sup.-2) already present in the
      effluent. And, of course, unlike the familiar lime (Ca.sup..sup.+2)
      decolorization process, decolorization with barium can be achieved at a
      neutral pH. Thus it may be seen that the invention disclosed herein makes
      use of the sulphate in the effluent to form a barium sulphate precipitate.
      On the other hand, when effluents low in sulphate are to be treated,
      obviously the efficiency of the process can be improved by adding more
      sulphate to the effluent. Accordingly, the invention is preferably
      practiced by first measuring the initial color of the effluent. Then, the
      amount of sulphate in the effluent is determined and the amount of barium
      ion containing material and, if necessary additional sulphate ion
      containing material required to produce the desired degree of
      decolorization is determined. In the mixture of barium and sulphate a
      slight excess of sulphate over the stoichiometric ratio is preferred.
PAR  In an effort to characterize the mechanism of the color removal process
      using barium, the processes using lime as the decolorizing agent were
      studied. Based on information obtained from the studies, good evidence was
      shown for the presence of ionizable acidic, phenolic and enolic groups in
      the highly colored pulp mill effluent and primarily the bleaach room
      effluents consisting of the chlorination and caustic extract stages.
      Further study illustrated that with the above noted groups in solution,
      and at an alkaline pH in the presence of lime, the color bodies in
      solution would become insolubilized in the form of calcium salts as a
      precipitate. Other work showed that a very large part of the color would
      go back into solution when the pH was reduced. This work was supported by
      the description in U.S. Pat. No. 3,531,370 mentioned hereinbefore, wherein
      the decolorization process disclosed using lime was shown to require a pH
      of at least 11.3 in order to precipitate the color bodies with the lime.
      Thus, knowing the conditions for the decolorization reaction using lime,
      it was surprising to find that barium would decolorize the effluent
      substantially at or near a neutral pH. Of course, the importance of the
      discovery that barium ions would remove color from the effluent at a
      neutral pH was significant since waste disposal standards require that the
      normal effluent be substantially neutralized before being discharged into
      a local receiving stream. Thus any additional treatment to the effluent
      for the purpose of color removal which required a pH adjustment away from
      a substantially neutral pH was deemed undesirable. Moreover, it was also
      found that even at an alkaline pH, barium would also remove color bodies
      at least as effectively as lime on a molor concentration basis.
PAR  It was expected and later found from the experiments conducted in
      developing the present invention, that insoluble barium sulphate
      (BaSO.sub.4) would precipitate from the highly colored effluent upon the
      addition of a barium ion containing material to the effluent since it was
      known that the effluent contained sulphate ions (SO.sub.4.sup..sup.-2).
      The identity of the precipitate was confirmed with an infared spectra when
      nearly pure barium sulphate was identified after the precipitate was ashed
      to remove organic matter. It was also found that at neutral pH, only about
      the amount of barium necessary to combine with the sulphate in solution
      was precipitated from the effluent since the excess of barium added
      remained in solution. This information led to the conclusion that the
      color removal mechanism of barium was due to an occlusion of color bodies
      in the barium sulphate crystal. The results achieved were also surprising
      since no special precautions were taken to promote uniform crystal growth
      throughout the solution.
PAR  In another experiment it was found that if barium sulphate itself (blanc
      fixe) was added to the effluent, no decolorization occurred. Thus it was
      concluded that the physical absorption of color bodies onto the barium
      sulphate crystal was not responsible for the decolorization of the present
      process and the mechanism of occlusion of the color bodies in the barium
      sulphate crystal seemed to be a correct explanation.
DETD
PAC  DETAILED DESCRIPTION
PAR  Several highly colored combined kraft paper mill effluents were selected,
      based on their closely aligned beginning color readings, and treated with
      different decolorizing materials on an equimolor basis to demonstrate the
      effectiveness of tthe barium decolorization process and compare it with
      the other known decolorizing processes.
PAR  Both the initial and final color of the effluent samples was measured by
      the standard technique established by the National Council for Air and
      Stream Improvement (NCASI) using a spectrophotometer and a Platinum-Cobalt
      (Pt-Co.) calibration curve. The initial color number was determined after
      the sample was adjusted to a pH of about 7.6 by adding either acid or base
      as required followed by filtration through an 0.8 micron pore size
      membrane filter. Since each sample was a representative combined total
      effluent at or near a neutral pH to begin with, little adjustment was
      needed. A percent light transmittance was determined from the
      spectrophotometer at a wavelength of 465 millimicrons and this number was
      compared with a standard solution having an assigned color number. The
      Pt-Co. calibration curve was extended linearly in order that all colors
      could be measured without dilution. Similarly, the final color readings
      were taken after adjustment of the pH to about 7.6 as required by the
      NCASI standard technique.
PAR  Since it was known that the color bodies in a highly colored bleach
      effluent would precipitate out in the form of calcium salts in the
      presence of Ca.sup..sup.+2 ions at alkaline pH, the following Example was
      conducted using the aforementioned combined kraft paper mill effluents, to
      compare Ca.sup..sup.+2 and Ba.sup..sup.+2 in equimolar concentrations at
      both a neutral and alkaline pH.
PAC  EXAMPLE I
PAR  In the data shown in Table I, the decolorizing cations (Ca.sup..sup.+2 and
      Ba.sup..sup.+2) were added in equimolar quantities (milli-moles/liter) in
      finely divided solid form to the effluent samples. The treated samples
      were stired for approximately 15 minutes, despite the fact that the
      decolorizing reaction occurred substantially instantaneously, primarily to
      assure an intimate mixture of the materials. The pH of the samples after
      treatment was measured and after filtering the treated samples through an
      0.8 micron filter (as required by the NCASI standards) the pH was once
      again adjusted to about 7.6 for the final color measurement.
TBL                TABLE I                                                     
     ______________________________________                                    
     Equimolar Comparison of Decolorization Using                              
     Calcium and Barium ions at Two Treatment Levels                           
     Treatment Beginning pH after  Final  Color Units                          
     m mole/l. Color     Treatment Color  Removed per                          
               pH 7.6              pH 7.6 m mole/l.                            
     ______________________________________                                    
     1.54 BaCl.sub.2                                                           
               1450      7.20      1070   246                                  
     1.54 CaO  1500      9.1       1310   123                                  
     1.54 CaCl.sub.2                                                           
               1590      7.7       1590   --                                   
     7.7 Ba(OH).sub.2                                                          
               1500      11.6       109   180                                  
     7.7 BaCl.sub.2                                                            
               1450      6.85       467   127                                  
     7.7 CaO   1500      11.3       413   141                                  
     7.7 CaCl.sub.2                                                            
               1590      7.7       1480    14                                  
     ______________________________________                                    
PAR  The results in Table I show that the addition of BaCl.sub.2 and CaCl.sub.2
      at both levels (1.54 and 7.7 m mole/l.), did not appreciably affect the pH
      of the sample, however, the addition of CaO (lime) and Ba(OH).sub.2 at the
      same levels raised the pH substantially. In addition, the results show
      that the addition of barium ions to the effluent sample removes color
      under alkaline conditions at least as effectively as calcium ions. And, of
      course, it is also apparent from the results in Table I that the barium
      ions occulude a significant amount of the effluent color at or near a
      neutral pH while the calcium ions are substantially ineffective at the
      same pH. No attempt was made in the experiments shown in Table I to
      measure the amount of sulphate in the effluent nor was there any attempt
      made to achieve a stoichiometric mixture of barium ions and sulphate.
      However, the data in Table I does show that the final colors are generally
      reduced with increased concentrations of barium ion containing
      decolorizing material.
PAR  In order to further show the effective color reduction of the effluent
      using barium ions at a substantially neutral pH, addtional experiments
      were conducted substantially as set forth in Example I, but using several
      different effluent samples. The results are illustrated below in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Decolorization At Neutral pH With Barium Ions                             
     Treatment                                                                 
             Beginning pH after  Final  Color Units                            
     BaCl.sub.2                                                                
             Color     Treatment Color  Removed per                            
     m mole/l.                                                                 
             pH 7.6              pH 7.6 m mole/l.                              
     ______________________________________                                    
     1       647       7.45      359    288                                    
     5       647       7.45      102    109                                    
     1       730       7.0       456    274                                    
     5       730       6.75      180    110                                    
     1       800       7.2       504    296                                    
     5       800       7.1       184    123                                    
     1       860       6.95      720    140                                    
     5       860       6.90      188    134                                    
     1        1700     7.85       1260  440                                    
     5        1700     7.35      360    268                                    
     ______________________________________                                    
PAR  The results recorded in Table II show that for several different effluents
      ranging in initial color from about 647 color units to about 1700 color
      units and at substantially neutral pH, the addition of 1 m mole/l.
      BaCl.sub.2 produced color reductions ranging from about 140 to 440 color
      units per m mole/l. addition. Meanwhile, with the addition of 5 m mole/l.
      BaCl.sub.2, the color reductions ranged from about 109 to 268 color units
      per m mole/l. addition.
PAR  From this data it may be seen that the decolorization reaction with barium
      ions proceeds rapidly at first and then tends to taper off as additional
      decolorizing material is added. However, based on the final colors
      achieved with the effluents sampled in Table II, and in the absence of any
      Federal or State regulations setting standards for the final colors of
      effluents before they can be returned to receiving waste streams,
      apparently a final color in the range of from about 100 to 300 color units
      would be considered good when the dilution factor of the receiving stream
      was taken into consideration. Therefore, based on the data shown in Table
      II, clearly the decolorization process using barium ions produces a
      satisfactory final effluent at a substantially neutral pH, depending on
      the level of addition of barium ion containing material. Moreover, based
      on the limited data shown in Table II, obviously the more highly colored
      effluents will require larger doses of the barium ion containing
      decolorizing material than the less highly colored effluents to reach the
      desired satisfactory final color level.
PAR  Recalling, of course, that it was expected, and found from these
      experiments that insoluble barium sulphate (BaSO.sub.4) would precipitate
      from the effluent upon the addition of a barium ion containing material,
      the mechanism for the precipitation reaction was not immediately
      understood. Therefore, in order to substantiate the theory that the color
      bodies were removed from the effluent due to occulsion in the barium
      sulphate (BaSO.sub.4) crystal, the following experiment was conducted.
PAR  Three effluent samples were selected having known color values and the
      sulfate (SO.sub.4) content of each sample was determined gravimetrically
      by the addition of excess BaCl.sub.2 . 2H.sub.2 O (column 1 of Table III).
      Knowing the amount of sulfate in each sample, the amount of barium ions
      required to completely precipitate the sulphate was calculated (column 2
      of Table III), and an excess of Barium (1055 ppm BaCl.sub.2) was added to
      another sample of each effluent substantially as described in Example I.
      Later on, the amount of barium precipitated during the decolorization
      reaction was obtained by measuring the amount of barium remaining in the
      samples after decolorization, and subtracting those figures from the
      amount of barium added to each effluent sample (column 3 of Table III).
      The barium remaining in solution after the decolorization reaction was
      determined gravimetrically by the addition of ammonium sulphate
      (NH.sub.4)2SO.sub.4 to the filtrate to precipitate the barium out.
      Finally, the difference between the amount of barium ions actually
      precipitated out of solution (column 3) and the amount  of barium ions
      calculated (column 2), based on the sulphate in the solution was
      determined (column 4) and the % color reduction was calculated (column 5).
TBL                TABLE III                                                   
     ______________________________________                                    
     Barium Distribution in Decolorization at Neutral pH                       
     (Ba.sup.+.sup.2 1055 ppm addition)                                        
     (1)      (2)       (3)        (4)     (5)                                 
     SO.sub.4 Content                                                          
              Ba.sup.+.sup.2 Reqd.                                             
                        Ba.sup.+.sup.2 Precpt.Ba..sup.2 excess                 
                                   % Color                                     
     ppm      ppm       ppm        ppm     Reduc-                              
                                           tion                                
     ______________________________________                                    
     382      545       634        +89     67.8                                
     347      496       491        -5      77.0                                
     299      428       411        -19     84.2                                
     ______________________________________                                    
PAR  The results of the data reproduced in Table III show that only about the
      stoichiometric amount of barium necessary to combine with the molor
      quantity of sulphate in the effluent was precipitated from the effluent
      substantiating the conclusion that the mechanism for the color removal
      process using barium was due to the occlusion of color bodies in the
      barium sulphate crystal. Moreover, it should be understood that an even
      greater color reduction could have been obtained with the experiments
      shown in Table III if both more barium ion containing material and
      sulphate had been added to the effluents.
PAR  Another set of experiments were conducted to show the effectiveness of the
      effluent decolorization process using a barium ion containing material at
      various pH conditions. The work which led to the present invention was
      undertaken to investigate the decolorization reaction using lime or calcum
      ions. However, along the way, it was discovered that barium ions would
      also decolorize the effluent, and surprisingly, barium showed evidence of
      being effective at or near a neutral pH. Subsequently, however, it was
      learned that the barium decolorization process would perform well
      regardless of the pH of the effluent. These latter results are shown by
      the data set forth in Table IV for two different effluents. The conditions
      and experimental techniques used in obtaining the data in Table IV were
      the same as those used to obtain the data shown in Table I.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Decolorization with Barium Ions                                           
     Treat-  Begin-   pH                                                       
     ment    ning     before  Final  Color Units                               
                                              Color                            
     BaCl.sub.2                                                                
             Color    Treat-  Color  Removed per                               
                                              Reduc-                           
     m mole/l.                                                                 
             pH 7.6   ment    pH 7.6 m mole/l.                                 
                                              tion %                           
     ______________________________________                                    
     0        470     3       470    --       --                               
     1.54     470     3       310    103      34                               
     7.7      470     3       260     27      45                               
     1.54     470     7       260    136      45                               
     7.7      470     7       110     46      76                               
     1.54     470     11       60    266      87                               
     7.7      470     11       25     57      95                               
     0       1380     3       1380   --       --                               
     1.54    1380     3       780    389      44                               
     7.7     1380     3       400    127      71                               
     1.54    1380     7       840    350      39                               
     7.7     1380     7       230    149      83                               
     1.54    1380     11      300    701      78                               
     7.7     1380     11      190    154      86                               
     ______________________________________                                    
PAR  The experimental results recorded in Table IV demonstrate the combined
      effects of pH and the level of addition of decolorizing material on the
      decolorization of effluents using barium ions. As expected, with both
      effluents at a constant pH, increasing the level of addition of BaCl.sub.2
      produced a concurrent decrease in the final color of the effluents.
      Moreover, with the arbitrarily selected treatments of 1.54 m mole/l.
      BaCl.sub.2 and 7.7 m mole/1., BaCl.sub.2 the efficiency of the process
      increased with increasing pH. The only exception occurred in the treatment
      of the most highly colored effluent (initial color 1380 color units),
      where the efficiency of the process showed a drop from pH 3 to pH 7 at the
      1.54 m mole/l. BaCl.sub.2 level of addition. Moreover, for each effluent
      sample tested, a satisfactory final effluent (100 to 300 color units) was
      achieved at each pH level. Therefore, for the sake of the present
      invention, good decolorization may be defined as requiring the addition of
      sufficient barium ion containing material to produce a final effluent
      color of from about 100 to 300 color units at a neutral or higher pH. Of
      course, it should also be understood that the effluent must contain or be
      supplied with sufficient sulphate ions in order to insure that all of the
      barium ions added will precipitate out of the effluent to produce the
      desired decolorization.
PAR  In conclusion, it should be noted that the color removal step does not
      interfere with any of the other operations of the kraft papermaking
      process and the decolorization process would obviously be useful for color
      removal of other types of papermaking processes as long as the effluents
      contained or were supplied with sulphate. Moreover, even though the
      examples and results, described hereinbefore were obtained with laboratory
      experiment, it is believed that the invention would find equal success in
      an industrial application. For instance, in a full scale paper mill
      application the barium ions could be added to the sulphate containing
      total final effluent either in solution or in a finely divided solid form
      under mild agitation where an intimate mixture would be assured. Since the
      decolorization reaction occurs substantially simultaneously with the
      addition of the barium ions, the occluded color bodies would then be
      allowed to settle to the bottom of a conventional settling tank in the
      form of insoluble BaSO.sub.4 and the treated effluent could then be
      conveyed to the local receiving stream. The sludge obtained at the
      settling tank would later be collected for disposal, or alternatively the
      precipitated BaSO.sub.4 could be reconverted into soluble Ba.sup..sup.+2
      or used as a filler material or extender pigment in the papermaking
      process. In yet another potential paper mill application, the precipitated
      BaSO.sub.4 could be collected in a filtration step with the same possible
      reuse potential.
PAR  Thus, while only a preferred embodiment of the present invention has been
      described in detail, many modifications may occur to those skilled in the
      art, and it is desired that the invention herein be limited only by the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The process for decolorizing the combined total waste effluent of a pulp
      and paper mill at a neutral pH or higher wherein the waste effluent
      contains highly colored color bodies comprising the steps of:
PA1  a. measuring the original color of a combined total pulp and paper mill
      waste effluent containing color bodies and sulphate;
PA1  b. measuring the quantity of barium ion containing water soluble material
      required to produce at least about a 45% reduction in the color of the
      effluent;
PA1  c. adjusting the mole weight of sulphate in the waste effluent to equal or
      slightly exceed the mole weight of barium ion containing material
      determined in step (b);
PA1  d. introducing a barium ion containing water soluble material selected from
      the group consisting of BaCl.sub.2 and Ba(OH).sub.2 under mild agitation
      to the waste effluent to produce a barium sulphate precipitate with the
      color bodies from the effluent occluded therein;
PA1  e. separating the barium sulphate precipitate and occluded color bodies
      from the decolorized effluent; and,
PA1  f. discharging the decolorized effluent at a final color no greater than
      about 300 color units to a receiving stream.
NUM  2.
PAR  2. The process of claim 1 wherein the barium ion containing water soluble
      material is BaCl.sub.2.
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ABST
PAL  Methods and apparatus for treating a liquid with a gas wherein a liquid
      feed is introduced to the initial stage of a multi-stage device for
      dissolving the gas in the liquid. Efficient mass transfer is achieved by
      effecting a gas-liquid counter flow in serial stages of the dissolution
      device. The effluent from the dissolution device exhibits a relatively
      high dissolved gas concentration which gas is subsequently consumed by the
      liquid in a reaction tank. A liquid recycle line is provided for returning
      and combining treated liquid with the incoming feed thereby enabling
      further dissolution of the gas in the liquid. In the course of treating
      wastewater with ozone, a flotation clarifier may be provided with the
      initial stage of the dissolution device to enable the surface coagulation
      of impurities in the wastewater feed. The coagulants may be skimmed prior
      to introducing wastewater into subsequent stages of the dissolution
      device, thereby substantially reducing the ultimate ozone demand of the
      wastewater.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for treating a
      liquid with a gas, and more particularly, to methods and apparatus for
      efficiently treating wastewater with ozone.
PAR  In numerous applications it is necessary to treat a liquid with a gas in
      order to dissolve the gas in the liquid. Frequently, the liquid will
      exhibit a demand for a particular gas and by meeting such a demand,
      certain desired results may be achieved. For example, it is well known to
      disinfect water by dissolving ozone or chlorine therein for the purpose of
      providing potable water. Alternatively, it is practical to treat
      wastewater with ozone in order to aid in reducing the chemical oxygen
      demand (COD) of the wastewater in a purification process. Realization of
      the foregoing desired purposes, however, is subject to the implied
      prerequisite that such processes be conducted economically. Hence, ozone
      dissolution must be efficient, both in terms of the mechanical energy
      required and the utilization of supplied ozone.
PAR  In order to effectively treat wastewater with ozone, a substantial degree
      of contacting between ozone gas and wastewater must occur to cause the
      necessary chemical reaction therebetween. Maintenance of high
      concentrations of dissolved ozone is also required to effect desirable COD
      reductions. Previously, plural independent gas-liquid mixing devices have
      been utilized to obtain required levels of dissolved ozone notwithstanding
      complexities in controlling such devices in response to varying demands
      (COD) and flow rates of wastewater for ozone. In addition, as the space
      available for waste treatment apparatus as aforesaid is generally
      extremely limited, physically compact treatment systems are preferred.
      Similarly, the capital cost of such equipment must also be maintained
      within prescribed limits in order to avoid prohibitively expensive waste
      treatment systems.
PAR  In processes for treating wastewater with ozone, an ozone generator is
      commonly provided as a source of an ozone enriched feed gas. Overall ozone
      costs may be reduced by recycling an ozonating gas which has not been
      consumed by wastewater to the ozone generator.
PAR  This is particularly true in applications wherein oxygen is utilized as a
      carrier gas for ozone. As maximum ozone generation efficiencies are
      obtainable when oxygen is supplied as the primary starting material,
      recycling of the oxygen carrier  gas is required in view of the cost of
      producing oxygen. In other applications wherein air is utilized as a
      carrier gas, recompression and drying of the ozonating gas substantially
      destroys ozone therein. Generally, this ozonating gas is vented to the
      atmosphere subsequent to ozone destruction. However, notwithstanding the
      recycling of an oxygen carrier gas, previous ozone dissolution techniques
      have required independent control of each of a plurality of gas-liquid
      mixing devices, which controls are complex and expensive, in order to
      provide economical treatment processes. Thus, previous ozonation processes
      have not been efficient in matching the ozone demand of wastewater with
      the amount of ozone actually supplied to a dissolution device.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide methods and apparatus
      for efficiently dissolving a gas in a liquid.
PAR  It is a further object of the present invention to provide methods and
      apparatus for dissolving ozone in wastewater with a minimal expenditure of
      mechanical energy.
PAR  It is still another object of the present invention to maximize the
      utilization of ozone supplied in the course of treating wastewater
      therewith.
PAR  Yet another object of the present invention is to provide methods and
      apparatus for matching the demand of a liquid for a gas with the amount of
      gas supplied thereto.
PAR  It is still a further object of the present invention to provide methods
      and apparatus for efficiently dissolving ozone in wastewater
      notwithstanding substantial variations of influent wastewater flow rates
      and waste concentrations.
PAR  It is another object of the present invention to provide methods and
      apparatus for enabling the treatment of wastewater with ozone in equipment
      of reduced capital costs.
PAR  It is yet another object of the present invention to increase the
      efficiency of methods and apparatus for treating wastewater with ozone by
      effecting flotation clarification at the inlet of a dissolution device.
PAR  It is another object of the present invention to provide methods and
      apparatus for ozonating wastewater wherein capital costs of equipment are
      reduced by recycling wastewater from a reaction vessel to a dissolution
      device in accordance with the ozone demand of influent wastewater.
PAR  It is an additional object of the present invention to provide methods and
      apparatus for ozonating wastewater wherein the control of gas-liquid
      mixing devices, in response to varying ozone demands and flow rates of
      wastewater, is substantially simplified.
PAR  Other objects of the present invention will become apparent from the
      detailed description of an exemplary embodiment thereof which follows and
      the novel features of the present invention will be particularly pointed
      out in conjunction with the claims appended hereto.
PAC  SUMMARY
PAR  In accordance with the present invention, a method of treating a liquid
      exhibiting a demand for a gas by dissolution of the gas therein comprises
      the steps of: introducing said liquid into the initial stage of a
      multi-stage dissolution device; introducing a gas into the last stage of
      said device and establishing a liquid-gas counterflow thereby dissolving
      said gas in said liquid; passing effluent of the dissolution device to a
      reaction tank wherein dissolved gas is consumed by said liquid; recycling
      at least a portion of the liquid in said reaction tank to the initial
      stage of said dissolution device to enable further dissolution of said gas
      in said liquid; and discharging treated liquid from said reaction tank.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be more clearly understood by reference to the following
      detailed description of an exemplary embodiment thereof in conjunction
      with the following drawing in which:
PAR  FIG. 1 is a partial sectional elevational view of an exemplary apparatus
      for the dissolution of a gas in a liquid.
PAR  FIG. 2 is a partial sectional view of the dissolution device illustrated in
      FIG. 1 modified to enable flotation clarification of an influent liquid.
PAR  FIG. 3 is a partial sectional view of a further embodiment of a dissolution
      device utilized in the treatment of a liquid with a gas.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, and in particular to FIG. 1, illustrated
      therein is an exemplary embodiment of apparatus for treating a gas with a
      liquid. Apparatus 10 is preferably comprised of a multi-stage dissolution
      device 11, reaction tank 12 and a water recycle means 13. Dissolution
      device 11 preferably includes a plurality of gas-liquid mixing devices,
      each of which comprises a dissolution stage and one or more different
      types of mixing devices may be utilized. The first stage of dissolution
      device 11 is comprised of an enclosure 20, liquid inlet 21, mixing device
      22 and gas inlet and outlet conduits 39 and 40. Inlet 21 is disposed at a
      suitable location in enclosure 20 for receiving a liquid such as a
      wastewater feed. Additionally, water recycled from reaction tank 12, the
      purpose of which will be described in detail hereafter, is combined with
      the wastewater feed prior to the admittance thereof through inlet 21 of
      enclosure 20. A mixing device 22, which may take the form of a
      conventional sparger ring is preferably suitably disposed below the level
      of inlet 21 and beneath the surface of liquid within enclosure 20.
      However, mixing device 22 may be located slightly above inlet 21 as shown
      in FIG. 1. Mixing device 22 is effective in known manner to release a
      multitude of small, fine bubbles of gas supplied thereto through gas inlet
      39. As such gas bubbles rise through the liquid within enclosure 20, a
      mass transfer of gas into the liquid is effected. The gas, which
      preferably comprises ozone, is either dissolved in the liquid, such as
      wastewater, or is disentrained therefrom into the ullage space above the
      liquid within enclosure 20 and is subsequently exited through gas outlet
      40 as spent gas. In utilizing an air carrier, the spent gas may be dried
      to destroy ozone and vented to the atmosphere, although in using an oxygen
      carrier, it is preferable to return this gas through a conventional drier
      43 and compressor 44 to an ozone generator means 42 thereby recovering a
      substantial portion of the oxygen present in the spent gas.
PAR  The effluent from the first stage of dissolution device 11 is passed to the
      second stage thereof which preferably comprises the static, gas-liquid
      mixing device of the gravitational fall type. A detailed description of
      the gravitational fall type mixing device is provided in U.S. Pat. No.
      3,826,742 which is assigned to the assignee of the present invention. The
      second stage of device 11 is comprised of a top enclosure portion 24, a
      bottom portion 25, a substantially vertical side portion 26 and a baffle
      27 depending substantially vertically from top portion 24. A mixing zone
      28 is thereby defined between side portion 26 and baffle 27. A gas inlet
      38 is disposed to communicate with mixing zone 28 and to supply a gas,
      such as an ozone enriched gas thereto.  A gas outlet line 39 is disposed
      to receive disentrained gas from liquid within the second stage of
      dissolution device 11 and to return this gas to mixing device 22.
PAR  The effluent of the aforementioned second stage of dissolution device 11 is
      passed to a third stage which may take the form of a further gravitational
      fall type static mixing device. The third stage of device 11 is generally
      formed as an enclosure having a top portion 30, bottom portion 31, side
      portion 32 and a vertically disposed baffle 33 depending from top portion
      30. A gravitational fall zone 34 is defined between side portion 32 and
      baffle 33. A gas inlet line 37 is disposed to supply a gas to fall zone 34
      and a gas outlet line 38 is arranged in communication with the gas space
      above liquid retained in the third stage of device 11. Outlet line 38 is
      effective to supply gas disentrained from this liquid to gravitational
      fall zone 28 of the mixing device forming the second stage of dissolution
      device 11 as previously mentioned.
PAR  The fourth stage of dissolution device 11 is generally comprised of a
      chamber 35 adapted to receive the third stage effluent. A mixing device
      36, which may comprise a conventional sparger, is suitably disposed within
      chamber 35 and is connected to a gas supply by way of inlet line 41. Such
      a gas supply may form an ozone enriched feed gas received from ozone
      generator 42. A gas outlet line 37 is disposed in communication with the
      gas space above liquid within chamber 35 and is effective to collect gas
      disentrained from the liquid within chamber 35 and to supply this gas to
      the gravitational fall zone 34 of the third stage of dissolution device
      11.
PAR  A reaction tank 12 is disposed to receive the effluent from the fourth
      stage of dissolution device 11. Furthermore, reaction tank 12 is provided
      with a plurality of vertically disposed interior baffles which are
      positioned to define a plurality of stages. By causing liquid entering
      reaction tank 12 to flow sequentially through a plurality of stages
      therein, the length of time during which liquid is retained in tank 12 may
      be readily determined in light of the time necessary for gas previously
      dissolved in the liquid to be consumed thereby Reaction tank 12 is
      preferably covered to prevent the escape of any toxic gas, such as ozone,
      from the liquid flowing therethrough. A liquid, or water recycle line 14
      is disposed in communication with one stage of reaction tank 12 and, for
      example, may be adapted to recycle liquid from one stage of the reaction
      tank 12 as illustrated in FIG. 1. The rate at which water is recycled to
      inlet 21 of the initial stage of dissolution device 11 is readily
      controlled by regulating the operation of pump 15. Finally, the treated
      effluent from the third stage of reaction tank 12 is passed therefrom for
      subsequent use in any convenient manner and, for example, may be caused to
      flow over a weir 18 formed as a portion of reaction tank 12.
PAR  The operation of apparatus 10 will now be described. Dissolution device 11
      functions to dissolve a gas, such as ozone, in a liquid, such as
      wastewater, on the basis of a gas-liquid counterflow. Thus, wastewater is
      admitted to the initial stage of device 11 and sequentially flows
      therethrough to final stage while the gas to be dissolved therein is
      introduced into the final stage of device 11 and is caused to contact
      liquid in each stage thereof in reverse order. Accordingly, only a single
      gas source, such as an ozone generator 42, is required to supply gas to
      each of a plurality of mixing stages of dissolution device 11.
      Furthermore, the actual ozone content in the ozonating gas supplied to
      each stage decreases from the fourth stage to the first stage of device
      11. By supplying such decreasing concentrations of ozone to each stage of
      device 11, a minimal amount of ozone is eventually collected in outlet
      line 40 and returned as spent gas to an ozone generator 42.
PAR  As illustrated in FIG. 1, the ozone feed through line 41 to mixing device
      36, is emitted therefrom in the form of fine bubbles rising toward the
      surface of wastewater within chamber 35. As wastewater introduced into
      chamber 35 flows in a generally downwardly direction, frictional forces
      between bubbles of the ozonating gas and the liquid tend to increase the
      contact time between wastewater and the gas, thereby effecting a mass
      transfer of ozone into the wastewater. Similarly, other gases present in
      the wastewater are stripped therefrom and along with ozone enriched feed
      gas not dissolved in the wastewater are released into the vapor space
      within chamber 35. The disentrained gas is, however, still available for
      use as an "ozonating" gas and this gas is collected in line 37 and is
      supplied to the previous stage of dissolution device 11. Thus, the gas
      disentrained from wastewater within chamber 35 is supplied to the
      gravitational fall zone 34 of the third stage of dissolution device 11. As
      described in the aforementioned patent, a portion of the gas supplied to a
      fall zone is dissolved in the liquid flowing therethrough and the
      remainder is swept into a liquid accumulation space generally which may be
      considered as being defined by baffle 33 and the sidewall of chamber 35.
      The ozonating gas, along with other gases, is disentrained from the
      wastewater in this stage of device 11, is collected in outlet line 38 and
      is again available for use as an ozonating gas in another previous stage
      of dissolution device 11. It will be appreciated that as further amounts
      of ozone contained in the initial ozone enriched feed gas are dissolved in
      wastewater and as additional amounts of other gases are stripped from the
      wastewater, the actual ozone content of the ozonating gas decreases as the
      ozonating gas is supplied in a counterflow relation from one stage to
      another in dissolution device 11. It will be recognized that as the
      ozonating gas is supplied to each of four stages of the dissolution device
      sequentially, four separate opportunities for dissolution in wastewater
      are presented. Accordingly, only a relatively low amount of ozone is
      vented as spent gas through line 40.
PAR  Ozone contained in the ozonating gas supplied through line 38 to the
      gravitational fall zone 28 of the second stage of device 11 is both
      dissolved and entrained in wastewater flowing therethrough. Again, the
      portion of the ozonating gas disentrained from wastewater in the liquid
      accumulation space of this stage of device 11, and other gases stripped
      from this wastewater, are collected in line 39 and are supplied as an
      ozonating gas to mixing device 22 of the first stage of device 11. In a
      manner substantially identical to the operation of the fourth stage of
      device 11, ozone contained in the ozonating gas released by mixing device
      22 is both dissolved in and disentrained from wastewater introduced
      through inlet 21. Accordingly, the disentrained ozonating gas and waste
      gases stripped from the wastewater in enclosure 20 are collected in outlet
      line 40 and are returned as spent gas to ozone generator 42.
PAR  It will be appreciated that by utilizing an ozone-wastewater counterflow
      and returning ozone disentrained from wastewater in each stage of
      dissolution device 11 to a previous stage thereof, several opportunities
      for dissolution of ozone are presented and efficient use of the ozone feed
      supplied from generator 42 through line 41 to mixing device 36 is
      attained.
PAR  The effluent from chamber 35 of dissolution device 11 is caused to flow
      essentially the through stages of reaction tank 12. During this flow,
      ozone dissolved in wastewater will be consumed in the course of, for
      example, reducing wastewater COD or, disinfecting wastewater to render the
      same potable. However, as the ozone demand of wastewater is many times
      considerably greater than the amount of ozone which can be dissolved in a
      unit volume of wastewater passing through device 11, a water recycle line
      14 and pump 15 are provided to recycle water from reaction tank 12 to the
      inlet of the initial stage of dissolution device 11. The wastewater feed
      and recycled water may be mixed prior to the introduction of the mixed
      liquid into enclosure 20 or alternately, recycling water to mixing zone
      28. It will be appreciated that the ratio of the recycled water wastewater
      feed will be controlled in accordance with the wastewater ozone demand.
      Thus, wastewater exhibiting a relatively high ozone demand or a high COD
      will require a greater recycle feed ratio, which for example, may approach
      5:1. Alternatively, for wastewater to be disinfected, lower recycle feed
      ratios may be established. Preferably, the ozone enriched feed gas
      supplied by generator 42 to dissolution device 11 is controlled so as to
      maintain an ozone concentration of approximately 0.5 p.p.m. of dissolved
      ozone near the recycle take-off point in reaction tank 12. Accordingly,
      water recycled through line 14 to the inlet of device 11 is caused to
      exhibit a substantially constant ozone concentration such that variations
      in wastewater ozone demand can be met by merely adjusting the
      aforedescribed recycle ratio. Although ozone is generally known to
      withstand only limited compression pressures, the pressure of the ozone
      feed supplied through line 41 to mixing device 36 and the pressure of the
      ozonating gas supplied through line 39 to mixing device 22 must nontheless
      be sufficient to overcome the hydraulic back pressure of surrounding
      wastewater and the pressure losses of the particular mixing device
      (sparger) itself. Suitable compression, however, is generally available
      from compressor 44 and may be relied upon to provide sufficient pressures
      to enable operation of apparatus 10. Therefore, the mechanical energy
      (compression) costs of ozonating wastewater in accordance with the present
      invention are limited to economically acceptable values.
PAR  It will be realized that the gas counterflow through dissolution device 11
      is accomplished by buoyant forces and the liquid flow therethrough is
      caused by gravity. Accordingly, no internal pumps are required in order to
      effect the operation of dissolution device 11.
PAR  A further exemplary embodiment of the present invention is illustrated in
      FIG. 2. In this embodiment, the initial stage of dissolution device 11 is
      modified to permit flotation clarification of the influent wastewater
      feed. Structurally, the initial stage of device 11 is substantially
      similar to the corresponding stage illustrated in FIG. 1 and described
      heretofore. Accordingly, only the modifications thereto will be described
      below. Referring again to FIG. 2, enclosure 20 is provided with two liquid
      inlets in the form of wastewater feed 21 and water recycle inlet 21'.
      Inlet 21 is preferably provided on a sidewall of enclosure 20 at a level
      above the level of mixing device 22. The water recycle inlet 21' is
      preferably provided at a location in enclosure 20 remote from wastewater
      inlet 21. Thus, water recycle inlet 21' may be provided in the bottom wall
      of the enclosure 20 as illustrated in FIG. 2. In operation, wastewater
      introduced through inlet 21 into enclosure 20 is contacted by ozone
      supplied through mixing device 22 in close proximity to inlet 21 before
      substantial dilution or mixing of influent wastewater with the liquid
      contents of enclosure 20 is effected. Contact with the ozonating gas
      causes suspended solids and colloids present in the introduced wastewater
      feed to coagulate and rise to surface 17 of the liquid within enclosure
      20. A froth is thus developed at surface 17 and by utilizing conventional
      skimming apparatus such as a paddle-type skimmer 45, weir 46 and
      receptacle 47, suspended solids in the froth may be readily removed. The
      foregoing flotation clarification of wastewater introduced into the
      initial stage of dissolution device 11, is effective to substantially
      reduce the waste material which would otherwise demand ozone in subsequent
      stages. In this manner, the ozone demand of wastewater is significantly
      diminished.
PAR  The water recycled through conduit 14 (FIG. 1) is preferably introduced
      through inlet 21' to a portion of enclosure 20 physically remote from
      inlet 21 and mixing device 22. It will be appreciated that as recycled
      water is devoid of a substantial portion of the suspended solids and
      colloids present in the wastewater feed, the necessity of contacting
      recycled water with an ozonating gas for the purposes of flotation
      clarification is no longer present. Hence, it is preferable to expose a
      substantially undiluted wastewater feed to the ozonating gas emitted
      through mixing device 22 and to introduce recycled water in such a manner
      as to avoid significant dilution of the wastewater feed prior to the
      aforementioned gas contact. Thus, recycled water may be introduced into
      enclosure 20 as illustrated in FIG. 2 with this water essentially supplied
      to the inlet of the second stage of dissolution device 11.
PAR  It will be appreciated that although dissolution device 11 has been
      described as comprised of mixing devices in the form of two sparging
      stages and two gravitational fall stages for dissolving an ozonating gas
      in wastewater, the present invention may encompass a dissolution device 11
      comprised of other arrangements of individual gas dissolution stages. A
      further exemplary embodiment of dissolution device 11 utilizing a
      gas-liquid counterflow technique is illustrated in FIG. 3. In this
      exemplary form, dissolution device 11 is provided with a pair of sparging
      mixing devices and a novel configuration of three gravitational fall
      static mixing devices. As the structure and operation of sparging mixing
      devices provided with dissolution device 11 have been previously
      described, further description of such stages will be set forth only
      insofar as necessary to impart a clear understanding of the present
      invention and to describe the structure and operation of the novel
      gravitational fall static mixing device 50.
PAR  The gravitational fall static mixing device 50 illustrated in FIG. 3 is
      preferably comprised of a plurality of individual gravitational fall
      stages. It is recognized that although three of such stages are depicted
      in FIG. 3, the number of such stages may vary in accordance with the
      desired dissolution levels to be obtained thereby. Static mixing device 50
      is comprised of a housing 51 and suitable partitions and baffle members
      for forming gravitational fall zones 52, 58 and 63. More particularly, a
      first partition 53 is provided in the upper reaches of housing 51 and is
      preferably inclined at a relatively small angle to the horizontal.
      Oriented substantially vertically and spaced away from one extremity of
      partition 53 is a baffle 54 which, in conjunction with a sidewall of
      housing 51, is effective to define gravitational fall zone 52. A further
      partition 56 which preferably extends from the sidewall of housing 51 in
      an angulated manner is effective to define the lower boundary of fall zone
      52 and the bottom of liquid accumulation space 55. An upwardly extending
      portion of baffle 56 is also effective to confine liquid within space 55.
      Partition 56 is also provided with a lip portion 56' over which liquid
      within space 55 is permitted to flow as will be described in greater
      detail hereafter. By spacing the uppermost extremity of baffle 54 away
      from partition 53, an interconnection between the gas space formed above
      liquid space 55 and the upper reaches of fall zone 52 is established.
PAR  A baffle 57 is provided in a substantially vertical orientation within
      housing 51 and is spaced away from the upwardly extending portion of
      partition 56 and sidewall 59. The upper extremity of baffle 57 is also
      spaced away from the lip portion 56' of partition 56 with a gravitational
      fall zone being substantially defined by partition 57 and sidewall 59. The
      lower boundary of fall zone 58 is defined by partition 60 which preferably
      is rigidly, or integrally, formed with sidewall 59 and extends in an
      upwardly inclining manner therefrom. Accordingly, a liquid accumulation
      space 60 is formed above partition 61 and a gas space above liquid space
      60 is provided in communication with the upper reaches of gravitational
      fall zone 58 due to the spacing between the upwardly extending portion of
      partition 56 and baffle 57. In addition, the upper reaches of fall zone 58
      are provided in communication with the gas space above liquid accumulation
      space 55.
PAR  A baffle 62 is disposed in a substantially vertical manner and is spaced
      away from the sidewall of housing 51 with the uppermost extremity of this
      baffle being spaced away from partition 61. Accordingly, a gravitational
      fall zone 63 is defined substantially between baffle 62 and the sidewall
      of housing 51. A liquid accumulation space 64 is formed in the lower
      reaches of housing 51 and a gas space above liquid accumulation space 64
      is maintained in communication with the upper reaches of fall zone 63. A
      supply of gas to be dissolved in liquid flowing through device 50 is
      introduced into housing 51 through conduit 37. The pressure of the
      supplied gas is effective to depress liquid within the lower reaches of
      housing 51 thereby defining a liquid accumulation space 64 and a gas
      accumulation space thereabove. While the supply gas introduced into
      housing 51 may be obtained from a gas space within housing 35 of a
      sparging mixing device 36 supplied with a feed gas under suitable pressure
      from conduit 41, it will be realized that any suitable gas supply may be
      utilized to introduce gas into conduit 37.
PAR  The operation of the exemplary embodiment of apparatus for treating a
      liquid with a gas illustrated in FIG. 3 will now be described. Liquid in
      enclosure 20 which has been contacted with gas emitted from mixing device
      22 is caused to flow beneath partition 26' into gravitational fall static
      mixing device 50. Liquid flows along the upper surface of partition 53
      under the pressure head generated within enclosure 20 and is caused to
      undergo a gravitational fall at zone 52. The liquid flow, which is
      depicted by solid arrows, continues into liquid accumulation space 56 and
      subsequently undergoes a second gravitational fall through zone 58 upon
      passing over lip portion 56' of partition 56. Liquid is next accumulated
      in liquid accumulation space 60 and upon passing over an edge of partition
      61, the liquid undergoes a third gravitational fall through zone 63.
      Again, liquid is subsequently accumulated in liquid accumulation space 64
      and is then admitted into the final sparging stage of dissolution device
      11. In order to direct liquid admitted into chamber 35 above mixing device
      36 to assure the contacting of a feed gas emitted from device 36 with the
      liquid, an appropriately disposed baffle 65 is preferably provided. The
      effluent of this stage of dissolution device 11 is then admitted into
      reaction tank 12 in a manner similar to the operation of the apparatus
      illustrated in FIG. 1.
PAR  The gas for treating a liquid in accordance with the teachings of the
      present invention is preferably initially supplied through conduit 41 and
      by means of mixing device 36 such gas is caused to contact, and is
      dissolved in, the liquid within chamber 35. Gas disentrained from this
      liquid is collected in conduit 37 and is subsequently introduced into the
      lower reaches of static mixing device 50. It will be realized, however,
      that any suitable gas supply, such as an ozone enriched atmosphere, may be
      connected to conduit 37 provided that such gas is under a pressure
      sufficient to depress liquid within housing 51 to a predetermined level,
      such as the surface level of liquid accumulation space 64. The gas
      introduced into the gas space immediately above liquid accumulation space
      64 is permitted to enter the upper reaches of fall zone 63 by passing
      between baffle 62 and partition 61 and is swept downwardly by the liquid
      fall. As a result of the high degree of liquid turbulence in fall zone 63,
      the gas is dissolved in and is entrained by liquid flowing therethrough.
      Gas which is disentrained from liquid accumulation space 64 is also
      available for return to the upper reaches of fall zone 63 and, further
      dissolution in liquid flowing therethrough. Gas passing between partition
      61 and baffle 62 is effective to establish a gas space in the upper
      regions of fall zone 63 and above liquid accumulation space 60.
      Accordingly, the introduction of gas through conduit 37 into the space
      above liquid accumulation space 64 is effective to cause a gas flow, as
      indicated by broken arrows in FIG. 3, upwardly along the lower surface of
      partition 56 and between baffle 57 and the upwardly extending portion of
      baffle 56. Thus gas is provided in communication with the upper reaches of
      fall zone 58 and is consequently available for dissolution in a liquid
      flowing therethrough. In addition, the gas admitted to the upper regions
      of fall zone 58 is effective to establish a gas space in the upper reaches
      of fall zone 58 thereby depressing the liquid level above partition 56 so
      as to form a gas space above liquid accumulation space 55. In a manner
      similar to the foregoing, gas in the last mentioned gas space is supplied
      to the upper reaches of fall zone 52 and is available for dissolution in
      liquid flowing therethrough. Similarly, gas disentrained from liquid
      entering liquid accumulation space 60 and from liquid entering liquid
      accumulation space 55 is returned to the upper reaches of respective fall
      zones 58 and 52 and hence, is also available for dissolution in liquid
      flowing therethrough.
PAR  It will be noted that the liquid level in accumulation spaces 55 and 60 is
      determined by lip 56' and the left end or extremity of partition 61. In
      addition, gas recycled to a fall zone is available for dissolution in
      liquid flowing therethrough as well as passing in a net counterflow
      relation to the previous stage of mixing device 50.
PAR  The dissolution of gas in a liquid, such as the dissolution of ozone in
      wastewater flowing through fall zone 63 is effective to strip other gases
      from the wastewater. Accordingly, the content of the ozone to be dissolved
      in the wastewater is reduced as the ozone flows in a counterflow relation
      through each dissolution stage (fall zone) of static mixing device 50 to a
      previous stage. Thus, the ozone content of the ozonating gas decreases as
      the ozonating gas flows from fall zone 63, to zone 58 and subsequently to
      zone 52. Hence, the ozone content of the ozonating gas collected in
      conduit 39 and supplied to mixing device 22, is significantly lower than
      the ozone content of the ozone feed gas supplied to conduit 41. However,
      as the ozone demand of wastewater can be effectively satisfied by
      subjecting wastewater to multiple dissolution as heretofore described, the
      reduction in ozone content of ozonating gas is still satisfactory for the
      purpose of dissolving a predetermined amount of ozone in wastewater with
      minimal mechanical energy costs and a maximum utilization of a supplied
      ozone enriched feed gas.
PAR  It will be appreciated that dissolution device 11 and particularly, static
      mixing device 50 thereof may be utilized to dissolve other gases in
      various liquids. Thus, oxygen may be effectively dissolved in the "mixed
      liquor" in the secondary stage of an activated sludge waste treatment
      process. In addition, although a particular structural configuration of
      dissolution stages has been depicted in FIG. 3, other structural
      arrangements may be employed as well. Thus, for example, the gravitational
      fall zones 52, 58 and 63 may be provided in a pipe configuration, which is
      particularly advantageous where space is critically limited. In addition,
      the dissolution device 11 illustrated in FIGS. 1 and 3 may be readily
      affixed to a substantially larger reaction tank 12 at the inlet thereof.
PAR  It is also realized that in order to assure sufficient retention time in
      reaction tank 12 to permit the consumption of ozone by the water contained
      therein, the volume of tank 12 between individual stages thereof may be
      increased accordingly. Although such an increase in tank size will
      correspondingly increase the capital cost of apparatus 10, it will be
      appreciated that by recycling water as previously described, only a single
      reaction tank 12 and a single dissolution device 11 are required to
      satisfactorily dissolve ozone in wastewater.
PAR  It will be understood that should it be necessary to enhance the
      dissolution of ozone in wastewater, the reaction volume of device 11 may
      be increased by increasing the volume of the liquid accumulation space in
      each of the stages thereof depicted in FIG. 1.
PAR  In order to enable the aforedescribed system for ozonating wastewater to
      treat widely varying flow rates of wastewater, it may be desirable to
      provide a plurality of dissolution stages in parallel between the initial
      and final sparging stages. Suitable flow dividers and valving arrangements
      may be provided to enable wastewater to be selectively directed through
      one or more of the dissolution stages utilizing gravitational fall zones.
PAR  While the present invention has been particularly described in terms of
      specific embodiments thereof, it will be understood that numerous
      variations upon the invention are now enabled to those skilled in the art,
      which variations are yet within the scope of the instant teaching.
      Accordingly, the present invention is to be broadly construed and limited
      only by the scope and the spirit of the claims now appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of treating a liquid exhibiting a demand for a gas comprising
      the steps of introducing said liquid into the initial stage of a
      multistage dissolution device, passing said liquid by gravity generally
      downwardly from one stage to the next through all stages of the device,
      introducing said gas into the final stage of the device to thereby
      establish a gas-liquid counterflow through said stages and to dissolve at
      least a portion of said gas in said liquid, subjecting said liquid to a
      confined gravitational free fall through said gas in a fall zone in at
      least one of said stages to create a high liquid-gas turbulence in said
      zone thereby effecting a mass transfer of at least a portion of said gas
      into said liquid, disentraining undissolved gas from said liquid after
      passage thereof through said zone, and passing said disentrained gas from
      said space generally upwardly to a previous stage of said device by the
      buoyancy of said gas; conducting the effluent of said device to a reaction
      tank wherein dissolved gas is consumed in said liquid; recycling at least
      a portion of the liquid in said reaction tank to the initial stage of the
      dissolution device to enable further dissolution of said gas in said
      liquid; and discharging treated liquid from said reaction tank.
NUM  2.
PAR  2. A method as defined in claim 1 wherein said step of disentraining
      undissolved gas includes passing said liquid to a liquid accumulation
      space in said stage to enable a reduction in the velocity of said liquid
      exiting said zone and the disentrainment of undissolved gas from said
      liquid and collecting disentrained gas in a gas space overlying said
      liquid accumulation space.
NUM  3.
PAR  3. A method as defined in claim 1 wherein said step of introducing said gas
      to establish a gas-liquid counterflow through said device includes
      collecting said gas in the upper reaches of each of said stages but the
      initial stage of said device after contacting said gas with said liquid
      therein and passing said collected gas by buoyancy to the preceding stage
      for further dissolution of said gas in said liquid.
NUM  4.
PAR  4. A method as defined in claim 3 additionally comprising the step of
      collecting said gas in the upper reaches of the initial stage of said
      device and returning said collected gas to a source for producing said
      gas.
NUM  5.
PAR  5. A method as defined in claim 1 wherein said step of contacting said gas
      with said liquid includes sparging said gas into said liquid in
      predetermined ones of said stages and subjecting said liquid to a
      gravitational fall through said gas in each of the remaining ones of said
      stages.
NUM  6.
PAR  6. A method as defined in claim 5 wherein said gas is sparged into liquid
      in said first and final stages of said device and said liquid is subjected
      to said gravitational fall in said stages intermediate said initial and
      final stages of said dissolution device.
NUM  7.
PAR  7. A method as defined in claim 1 wherein said step of recycling includes
      controlling the flow rate of liquid recycled from said reaction tank in
      relation to the flow rate and dissolved gas demand of liquid introduced
      into said dissolution device.
NUM  8.
PAR  8. A method as defined in claim 1 additionally comprising the step of
      effecting a flotation clarification in the initial stage of said
      dissolution device thereby causing the coagulation of suspended solids and
      the flotation of said solids on the surface of liquid within said first
      stage of said dissolution device.
NUM  9.
PAR  9. A method as defined in claim 8 wherein a sparger is disposed below the
      surface of liquid in the initial stage of said dissolution device and
      wherein the step of introducing said liquid includes admitting said liquid
      into said initial stage at a point above said sparger such that gas
      emitted from said sparger contacts introduced liquid prior to substantial
      dilution of such introduced liquid in liquid within said initial stage of
      said dissolution device.
NUM  10.
PAR  10. A method as defined in claim 1 wherein said gas comprises an enriched
      ozone atmosphere and said liquid comprises wastewater to be ozonated.
NUM  11.
PAR  11. Apparatus for treating a liquid exhibiting a demand for a gas
      comprising: multistage dissolution means having a plurality of serially
      arranged dissolution stages each of which is at a greater elevation than
      the following stage such that a liquid is conducted downwardly and
      serially therethrough; inlet means for introducing said liquid into the
      initial stage of said dissolution means; means for establishing a
      gas-liquid counterflow through all stages of said dissolution means
      thereby dissolving at least a portion of said gas in the liquid in each of
      said stages at least one of which stages comprises means for subjecting
      said liquid to a gravitational fall through said gas to produce a high
      liquid-gas turbulence whereby a mass transfer of a portion of said gas
      into said liquid is effected, means for disentraining undissolved gas from
      said liquid upon passage thereof through said fall means; and means for
      passing said disentrained gas to the preceding stage of said dissolution
      means; a reaction tank adapted to receive liquid from the last stage of
      said dissolution means such that said dissolved gas is substantially
      consumed by said liquid in said reaction tank; and means for recycling
      liquid in said reaction tank to said initial stage of said dissolution
      means to enable further dissolution of said gas in said liquid.
NUM  12.
PAR  12. Apparatus as defined in claim 11 further comprising supply means for
      generating said gas and means for returning said gas disentrained from
      liquid in said initial stage of said dissolution means to said supply
      means.
NUM  13.
PAR  13. Apparatus as defined in claim 12, wherein one or more of said stages of
      said dissolution means includes means for sparging said gas into said
      liquid in each of said stages.
NUM  14.
PAR  14. Apparatus as defined in claim 12 wherein said dissolution means
      includes one or more stages intermediate said initial and final stages,
      each of said intermediate stages comprising a gravitational fall static
      mixing device and each of said initial and final stages comprising means
      for sparging said gas into said liquid.
NUM  15.
PAR  15. Apparatus as defined in claim 12 wherein said means for producing said
      gas comprise ozone generator and said liquid comprises wastewater.
NUM  16.
PAR  16. Apparatus as defined in claim 11 wherein said means for disentraining
      undissolved gas include liquid accumulation means for receiving said
      liquid from said fall means and for reducing the velocity of liquid
      leaving said fall to enable the disentrainment of undissolved gas and
      means for collecting said disentrained gas in a gas space overlying said
      liquid accumulation means.
NUM  17.
PAR  17. Apparatus for dissolving a gas in a liquid comprising a plurality of
      substantially overlying dissolution stages arranged to define a generally
      downward liquid flow path therethrough, each of said stages having a gas
      accumulation space therein and at least one of said stages comprising a
      static gas-liquid mixing device having a gravitational fall zone wherein
      said liquid is subjected to a free fall through said gas thereby promoting
      a high liquid-gas turbulence in said zone and the dissolution of at least
      a portion of said gas in said liquid, liquid accumulation means adapted to
      receive liquid passing through said fall zone and gas entrained in said
      liquid, gas accumulation means overlying said liquid accumulation means
      and interconnection means for recycling gas from said gas accumulation
      means to said fall zone with the uppermost portion of each fall zone
      disposed in communication with the gas accumulation space in the immediate
      overlying dissolution stage; and means for introducing said gas under
      pressure into the lowermost one of said stages such that said gas flows in
      counterflow relationship to said generally downward liquid flow through
      successive ones of said dissolution stages.
NUM  18.
PAR  18. Apparatus as defined in claim 17 additionally comprising enclosure
      means for receiving said liquid and adapted to pass said received liquid
      to said uppermost gravitational fall static mixing device; sparging means
      disposed in said enclosure means for contacting said liquid with said gas;
      and conduit means communicating between the upper reaches of the fall zone
      of said uppermost gravitational fall static mixing device and said
      sparging means for supplying said gas to said sparging means.
NUM  19.
PAR  19. Apparatus as defined in claim 18 wherein the lowermost of said stages
      includes means for receiving effluent from said lowermost gravitational
      fall static mixing device; sparging means disposed in said receiving means
      for contacting received liquid with a feed gas; means for collecting said
      gas disentrained from said liquid within said receiving means; and means
      for supplying said disentrained gas collection in the gas accumulation
      space of said further dissolution stage to said lowermost gravitational
      fall static mixing device.
NUM  20.
PAR  20. Apparatus as defined in claim 19 wherein the concentration of said gas,
      to be dissolved in said liquid, present in said feed gas is decreased as
      said gas is sequentially introduced into each of said dissolution stages
      in counterflow relationship to the flow of said liquid therethrough.
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PAL  Solid and/or liquid cyanide waste is destroyed under environmentally
      favorable conditions by adding water to the cyanide and heating the
      mixture at high temperature and with the use of pressure.
BSUM
PAR  The invention is directed to a process for the destruction of solid and/or
      liquid cyanide wastes under environmentally favorable, i.e., non-polluting
      conditions.
PAR  This process is of importance since the depositing of cyanide containing
      waste causes increasingly greater difficulties because of the
      extraordinarily poisonous nature of the material and the accompanying
      environmental danger.
PAR  To avoid the environmental dangers the cyanide must be made innocuous by
      chemical means. At present the destruction is accomplished by burning at
      above 1500.degree.C. or by catalytic oxidation at above 400.degree.C. In a
      wet process the cyanide is detoxicated by reaction with ferrous sulfate.
PAR  The first process has the disadvantages of possible formation of poisonous
      carbon monoxide and nitrous gases, apart from the short life span of the
      high temperature furnace. In the second process the sensitivity to
      poisoning of the catalysts is disadvantageous.
PAR  In the third process there are always eventually formed problem causing
      iron cyanide which likewise must be controllably deposited because of
      possible environmental pollution.
PAR  Because of the disadvantages mentioned the destruction of the cyanide is a
      financially very expensive process.
PAR  The object of the invention is the development of a cheap process which
      leads to non-toxic residues under mild conditions which does not cause any
      danger to the environment. It has long been known to destroy hydrocyanic
      acid with water to form ammonia and formic acid.
EQU  KCN + 2H.sub.2 O .fwdarw. NH.sub.3 + HCOOK                 (1)
PAR  this reaction, however, is extraordinarily slow and at normal pressure in a
      boiling water solution only takes place with a speed which is not
      sufficient for the destruction of cyanides on an industrial scale. For
      example, the complete conversion of 1 gram of KCN in 100 ml. of water
      takes several hours when carried out according to reaction (1).
PAR  The problem on which the invention is based is to permit reaction (1) to
      take place in an industrially productive manner. This problem has been
      solved in a surprisingly simple manner by adding water to cyanide, so far
      as it is not present in aqueous solution and the mixture or solution is
      heated to high temperatures while using pressure. Thus there can be used 1
      to 1000 parts of water per part of cyanide. The pressure should be from 5
      to 100 atmospheres above normal atmospheric pressure.
PAR  As the cyanide waste there can be used for example alkali metal cyanides,
      e.g., sodium cyanide, potassium cyanide and lithium cyanide, calcium
      cyanide, zinc cyanide and silver cyanide wastes or even hydrocyanic acid.
PAR  The reaction is usually carried out at a temperature of 120.degree. to
      200.degree.C., preferably at 140.degree. to 180.degree.C. While it is not
      essential to employ a catalyst preferably there are added salts of one or
      more transition metals, preferably iron, cobalt or nickel as catalysts.
      Examples of such salts are ferrous chloride, ferric chloride, ferrous
      bromide, ferric bromide, ferrous sulfate, ferric sulfate, ferrous nitrate,
      ferric nitrate, cobaltous chloride, cobaltic chloride, cobaltous bromide,
      cobaltous nitrate, cobaltous sulfate, nickelous bromide, nickelous
      chloride, nickelous nitrate and nickelous sulfate.
PAR  The catalyst is usually used in an amount of 0 to 5 parts per 100  parts of
      cyanide. It is also desirable to remove the ammonia formed in the reaction
      as a gas from the reaction zone.
PAR  Advantages of the process of the invention are:
PA1  1. The reaction is carried out under mild conditions.
PA1  2. The fact that the reaction is carried out in a homogenous liquid phase
      while at the same time the process can take place continuously in a simple
      manner in a pressure tube.
PA1  3. No poisonous waste products are formed which can contribute to the
      poisoning of the environment or which must be deposited by expensive modes
      of action.
PA1  4. The salts left behind accumulate in a highly concentrated form and
      therefore can be easily drawn off.
PA1  5. The energy costs are very low and the apparatus is inexpensive.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAR  The following example illustrates the invention but is not intended to
      limit it.
DETD
PAC  EXAMPLE 1
PAR  1 kilogram of sodium cyanide was heated to about 160.degree.C. with 1 liter
      of water in a pressure vessel in the presence of several grams of a cobalt
      salt, specifically cobalt chloride, bromide or sulfide. The pressure in
      the vessel at the start of the reaction was about 1 atmosphere. Inside of
      a few minutes after reaching the stated temperature reaction (1) occurred
      vigorously. The progress of the reaction was observed by the increase in
      pressure which indicated the setting free of ammonia. Within 1 hour
      99.9996% of the cyanide was destroyed.
PAR  By withdrawing the ammonia from the pressure vessel it is also possible to
      carry out the complete reaction with only a slight excess of water. The
      reaction residue, sodium formate, is a liquid at the temperatures
      employed, however, it solidified upon cooling.
PAR  Without the use of a catalyst the reaction is somewhat slower but is just
      as complete.
PAR  Thus it is possible to change the highly poisonous cyanide into ammonia and
      a salt of formic acid.
PAR  The procedure is carried out while the water is present as a liquid.
PAC  EXAMPLE 2
PAR  1 G of potassium cyanide in 1 l of water was heated in the pressure vessel
      to 200.degree. C. The reaction was followed by sampling and chemical
      analysis. Within ten minutes the cyanide content of the solution was below
      the limit of detection, i.e. below 0.1 mg / 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for destroying liquid or solid cyanide waste under
      environmentally favorable conditions consisting essentially of providing
      the cyanide with water in the presence of a salt of a transition metal as
      a catalyst and heating the aqueous mixture to a temperature of 120.degree.
      to 200.degree.C. at superatmospheric pressure to form ammonia and formic
      acid or a salt thereof.
NUM  2.
PAR  2. A process according to claim 1 wherein the cyanide waste comprises a
      cyanide salt.
NUM  3.
PAR  3. A process according to claim 2 wherein the salt is an alkali cyanide.
NUM  4.
PAR  4. A process according to claim 2 wherein the salt is sodium cyanide.
NUM  5.
PAR  5. A process according to claim 1 wherein the temperature is 140.degree. to
      180.degree.C.
NUM  6.
PAR  6. A process according to claim 1 wherein the metal is iron, cobalt or
      nickel.
NUM  7.
PAR  7. A process according to claim 1 wherein the ammonia formed in the
      reaction is removed from the reaction zone as a gas.
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ABST
PAL  An oil-water separating device utilizing the wall attachment effect for
       srating oil from an oil-water mixture in a continuous manner. The device
      is comprised of an oil-water mixture inlet nozzle delivering the mixture
      into a bounded region inside the separator to form a mixture jet which
      attaches to one wall creating a separation bubble in the bounded region.
      The bounded region is provided by a cavity formed by two or more plates
      joined together with an oil collecting chamber provided on top of the
      bounded region by an additional plate. The oil is captured in the bounded
      region by the separation bubble and flows into the oil collecting chamber
      through connecting holes. The oil in the collecting chamber is transferred
      by an oil outlet, either by siphoning or by means of a metering pump to an
      oil storage tank. A multiple stage oil-water separator can be provided by
      forming a plurality of series-connected, bounded regions between the two
      plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for oil-water
      separation and more particularly relates to oil-water separators which
      utilize centrifugation.
PAR  Current methods and apparatus for the separation of oil from an oil-water
      mixture are gravitation, coalescence, ultra filtration as well as
      centrifugation. Centrifugation is an accepted method for separating
      water-oil dispersions or emulsions. Commercial equipment for this purpose
      is available for a wide range of applications. Despite their
      effectiveness, the power requirement, cost and maintenance of such systems
      is high.
PAR  The gravitation method of separating oil from oil-water mixtures relies
      upon difference in densities of the two fluids. Such systems are normally
      slow and bulky. Coalescence has been used quite extensively for removing
      finely dispersed water droplets from fuels. The basic mechanism behind
      this separation technique is the formation of larger oil drops on the
      coalescing material. The resulting larger drops can then be separated by
      gravity. This method, however, suffers from fouling of the coalescing
      element, thus requiring frequent maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves many of these problems by utilizing a concept
      of an oil-water separator based upon the fluid dynamic phenomenon called
      wall attachment or Coanda effect, named after its discoverer, Henry
      Coanda. This effect can be described by considering a thin jet sheet
      (quasi-two-dimensional) flowing into a bounded region. The jet gets
      deflected toward an adjacent substantially perpendicular wall. When such
      wall is relatively close to the jet axis, the jet gets attached to and
      flows along the wall, enclosing a separation bubble, bounded in a region
      between the jet and the wall. The jet undergoes considerable curving along
      the wall during its attachment, thus generating a centrifugal field force
      on it. This results in a gradual negative pressure gradient between the
      jet axis and the center of the separation bubble. Further, for a jet
      composed of a mixture of two immiscible fluids, such as oil and water, a
      lighter fluid, say oil, flows on the separation bubble side of the jet,
      whereas water, being heavier, tends to flow away from the separation
      bubble created by the centrifugal force field. If an outlet is placed at
      the center of the separation bubble, the accumulated oil can then be
      tapped out at a rate somewhat smaller than the input oil flow rate. This
      is the principle of operation of the Coanda effect oil-water separator.
PAR  The Coanda effect oil-water separator is a low impedance device because the
      oil-water mixture is not forced through any porous media for separation
      nor does it form any strong vortices during its passage through the
      device. Hence, the power required to operate the device is relatively low.
      Also, absence of any porous elements eliminates any cleaning required for
      normal operation of the separator. Since the separator does not utilize
      any mechanical moving parts other than a mixture circulating an oil
      transferring pump, it requires less maintenance and has higher reliability
      than previous devices. Because of the simplicity of design, the
      maintenance of the system is relatively easy.
PAC  OBJECTS OF THE INVENTION
PAR  It is one object of the present invention to provide an oil-water
      separation device utilizing the wall attachment effect.
PAR  Another object of the present invention is to provide an oil-water
      separation device which has relatively low power requirements.
PAR  Yet another object of the present invention is to provide an oil-water
      separating device which minimizes cleaning and maintenance.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram illustrating the fluid dynamic phenomenon called the
      wall-attachment or Coanda-effect.
PAR  FIG. 2 is a top elevation illustrating the manner in which a single stage
      Coanda effect oil-water separator would be constructed.
PAR  FIG. 3 is a side elevation of the Coanda effect oil-water separator of FIG.
      2.
PAR  FIG. 4 is a top elevation of a multiple stage Coanda effect oil-water
      separator.
PAR  FIG. 5 illustrates the manner in which the Coanda effect oil-water
      separator would be utilized to clean up oil spills on the ocean.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The Coanda effect oil-water separator includes a jet for directing an
      oil-water mixture flow against an adjacent wall in such a manner as to
      create a flow curvature between the jet and the point where the wall
      attachment or Coanda effect occurs.
PAR  The flow curvature creates a centrifugal force resulting in a negative
      pressure gradient and the formation of a separation bubble. The oil, being
      the lighter fluid, flows toward the separation bubble, and can be tapped
      out at a controlled rate while the water flows along the wall toward a
      separate exit. The Coanda effect is a fluid dynamic phenomenon treated in
      depth by C. Bourque and B. G. Newman in an article entitled "Reattachment
      of a Two-Dimensional Incompressible Jet to an Adjacent Flat Plate," the
      Aeronautical Quarterly, Volume XI, August 1960, pages 201 to 232.
PAR  The Coanda effect phenomenon can be briefly demonstrated by referring to
      FIG. 1, which is a diagram illustrating the attachment of a fluid from a
      two-dimensional jet. Consider a thin jet sheet flowing through a
      quasi-two-dimensional nozzle 10, as indicated by the arrows into an
      unbounded region. The jet gets deflected towards an adjacent wall 12. When
      such wall 12 is relatively close to the jet axis, the jet gets attached to
      and flows along the wall enclosing a separation bubble 14. As is evident,
      the jet undergoes considerable curving during its attachment to wall 12 at
      attachment point 16, thus generating a centrifugal force field on it. This
      results in a lower pressure in the separation bubble 14.
PAR  Using the theory discussed by Bourque and Newman, the length of wall 12 and
      reattachment distance X can be determined for a given offset D of nozzle
      10. For a jet composed of a mixture composed of two fluids, which do not
      mix such as oil and water, the lighter fluid flowing along the wall 12
      seeks the separation bubble 14 and gets trapped by it. If an outlet is
      provided at the center of the separation bubble 14, the accumulated oil
      can be tapped out while the remaining mixture flows out of the device. An
      experimental model showed that for a nozzle 10 having an offset D of about
      four inches, the length of attachment wall 12 was determined to be
      approximately 12 inches. For these values, the attachment point 16
      occurred at a distance X of approximately 7 inches for a water flow of
      11/2 gallons per minute through a nozzle of approximately 3/8 of an inch.
      For much greater flow rates, the relative dimensions of the Coanda effect
      separator would, of course, have to be increased. However, for mixture
      flow rates through the separator of 20 - 100 gallons per minute, the
      relative size of the Coanda effect separator was found to be substantially
      less than parallel plate separators handling the same volume.
PAR  A single stage Coanda effect oil-water separator is shown in FIG. 2. The
      oil-water mixture enters the separator inlet 18 and flows through nozzle
      20 into a bounded region inside the separator to form a mixture jet. The
      jet attaches to the wall 22 at point 24 and forms a separation bubble 26.
      An oil collecting chamber 28 is provided on top of the separation bubble
      26 and is covered by a plate 30. Under controlled conditions, the oil
      captured by the separation bubble 26 flows into the chamber 28 through
      connecting holes 32. Finally, the oil collected in the chamber 28 is
      transferred either by siphoning or by means of a metering pump to an oil
      storage tank through an outlet 34. Tests conducted on the device show that
      a single stage separator is suitable for gross separation only.
PAR  A side view of the single stage separator of FIG. 2 is shown in FIG. 3. The
      bounded region is formed by three parallel plates 36, 38, and 40 having a
      cavity between them with inlet 18 being connected to the cavity. The plate
      36, 38 and 40 may be of clear plastic, metal, or any other suitable
      non-corrosive material. The oil collecting chamber 28 is formed between
      plate 30 and plate 40 with a plurality of holes 32 connecting the oil
      collecting chamber 28 with the bounded region. Oil collecting chamber 28
      is somewhat triangular in shape (FIG. 2) and oil is siphoned off from the
      chamber through an outlet 34.
PAR  To make the separator suitable for practical application, staging is
      desirable. This is shown in FIG. 4. The multistage separator has a first
      stage with an oil-water mixture inlet 18 and an oil collecting chamber 28
      as in the single stage device. To add a second stage, a nozzle is formed
      at 42 and a bounded region added with dimensions substantially the same as
      the first stage. The second stage has its oil collecting chamber 28' the
      same as the first stage and an oil outlet 34'. An outlet for the separated
      water is provided at 44. A two-stage separator is merely shown to
      illustrate the manner in which stages would be connected. However, the
      concept can be extended to any multi-stage separator based upon quality of
      effluent desired. Also, the stages do not necessarily have to be in line
      as shown in FIG. 4. They could be at right angles to one another with
      another third stage added at right angles to the second stage such that
      inlet 18 and water outlet 14 would be provided on the same side of the
      device.
PAR  The use of the Coanda effect separator in an oil-water separating system is
      schematically illustrated in FIG. 5. An oil spill would be picked up by a
      surface skimmer 46 and delivered to a Coanda effect separator by a pump
      48. A multi-stage Coanda effect separator 50 would extract the oil from
      the mixture and deliver it to an oil storage tank 52. The substantially
      oil-free water could be pumped back into the sea or could be pumped back
      to the input at the surface skimmer for recycling, if desired. Volume can
      be increased by increasing the size of the Coanda effect separator or by
      stacking a number of Coanda effect separators in parallel. The separator
      can provide a highly reliable system because it does not utilize any
      mechanical moving parts other than a mixture circulating and oil
      transferring pump which results in less maintenance requirements.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of partially separating oil and water from an oil-water mixture
      comprising:
PA1  a. pumping an oil-water mixture into a bounded region between flat plates
      in a low flow velocity stream which attaches to a wall in said bounded
      region to form a Coanda separation bubble within said region;
PA1  b. extracting partially separated oil from said separation bubble; and
PA1  c. extracting partially separated water from said bounded region.
NUM  2.
PAR  2. The method of claim 1 including the additional steps comprising:
PA1  a. connecting a plurality of bounded regions in series;
PA1  b. successively pumping said partially separated water through each bounded
      region, thereby creating a separation bubble in each bounded region; and
PA1  c. collecting the separated oil from each bubble.
NUM  3.
PAR  3. A device for partially separating oil and water from an oil-water
      mixture utilizing the Coanda effect comprising:
PA1  a. a bounded region having substantially straight adjacent walls which meet
      at an angle between flat plates to form an enclosed cavity;
PA1  b. means for injecting said oil-water mixture into said cavity parallel to
      and spaced from one of said walls in a low pressure, high volume flow to
      prevent emulsification of said oil-water mixture;
PA1  c. means for extracting partially separated oil from said bounded region of
      said enclosed cavity adjacent said angle formed by said walls;
PA1  d. means for extracting partially separated water from said bounded region
      of said enclosed cavity;
PA1  e. wherein said device operates essentially in two dimensions to form a
      separation bubble by attachment of said low pressure flow to one of said
      walls due to said Coanda effect, thereby causing oil to collect in said
      separation bubble and partially separate from said oil-water mixture.
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PAL  A rotary centrifugal machine, for example a centrifugal extractor for
      removing fluids from wet laundry loads, includes a basket rotatable within
      a casing. A load conveyor deposits material into the basket while the
      basket rotates at a relatively low speed. After loading, the speed of
      basket rotation is increased to subject material within the basket to
      centrifugal forces. Unloading of material from the basket is accomplished
      by lifting a movable wall from the bottom to the top of the basket during
      low speed rotation of the basket so that material lifted above the basket
      wall is centrifugally thrown outward from the basket. The casing and
      basket are suspended by pedestal assemblies and pneumatic biasing
      assemblies for damping and resisting lateral casing movement. A switch
      operated by casing movement senses load imbalance. Automatic
      redistribution of an unbalanced load is effected by unloading the material
      and reloading it in a distributed condition. Load discharge and load
      recycling are carried out by an arrangement of conveyors surrounding the
      basket.
BSUM
PAR  The present invention relates to improvements in rotating centrifugal
      machines and to improved unloading and automatic load balancing
      arrangements for such machines.
PAR  A rotating centrifugal machine includes a rotatable structure such as a
      basket or inner casing into which material is placed. Upon rotation of the
      basket, the material contained therein is subjected to centrifugal force.
      Machines of this character are of many types and are used for many
      purposes. Examples are centrifugal extractors wherein a perforated or
      fluid pervious basket is used and wherein fluids are extracted from
      material within the basket; centrifugal filters wherein a fluid to be
      filtered is driven by centrifugal force through a filtering medium; and
      centrifugal separators wherein relatively more dense and less dense
      materials are separated by centrifugal action. The illustrated embodiment
      of the present invention comprises a centrifugal extractor useful in
      commercial laundry operation, but features of the present invention are
      applicable to rotary centrifugal machines of many types.
PAR  One problem which arises in the use of centrifugal machines such as laundry
      extractors is that of unloading material from the extractor. In a typical
      arrangement, after an extraction cycle is completed, the rotating basket
      is stopped and the operator of the machine unloads material from the
      basket. This is obviously a laborious and time consuming process.
PAR  In order to overcome this problem, there have been developed centrifugal
      machines wherein all or part of the basket may be removed from the machine
      with the load contained therein so that the individual constituents of the
      load need not be handled separately. This approach has not been entirely
      satisfactory because after the basket and load are removed from the
      machine, it is still necessary to remove the load from the basket
      structure. Another disadvantage is that the load is delivered in a batch,
      rather than in a distributed array. The modern tendency in many fields
      including the commercial laundry field is to provide equipment making
      possible continuous rather than batch operations. Although rotary
      extraction requires the rotation of material is discrete batches,
      nevertheless it would be desirable to provide equipment wherein material
      is unloaded from the extractor in a distributed rather than in a bunched
      condition.
PAR  Another problem arising in connection with rotary centrifugal machines is
      that of load imbalance. Since the basket and load are typically rotated at
      substantial speeds in order to develop the desired centrifugal forces,
      when material is not uniformly distributed and balanced around the
      circumference of the basket, substantial eccentric forces can result.
      Although drive arrangements, suspension systems and bearings can be
      developed to withstand substantial eccentric forces, nevertheless in any
      given arrangement there comes a point where the imbalance is so severe
      that proper operation is prevented or damage results. In the past, when
      difficulties were encountered due to an unbalanced load, it was necessary
      to stop the rotating machine and to redistribute the load hopefully to
      overcome the inbalance problem. An important disadvantage of this approach
      is that it requires substantial operator attention and time during the
      extraction process.
PAR  Important objects of the present invention are to provide improvements in
      rotary centrifugal machines; to provide improvements in unloading
      arrangements for rotary centrifugal machines; to provide structure for
      automatically redistributing unbalanced loads in rotary centrifugal
      machines; to provide a rotary centrifugal machine well suited for use in
      continuous rather than batch processes; to provide a machine which is
      highly automatic in operation and thus requires minimal operator
      supervision; and to provide improvements in rotary centrifugal machines
      overcoming disadvantages of prior arrangements.
PAR  In brief, in accordance with the above and other objects of the present
      invention there is provided a rotary centrifugal machine including an
      inner casing or basket mounted for rotation about a rotational axis
      together with drive means for rotating the basket and speed control means
      for controlling the rotation of the basket at relatively high and
      relatively low speeds. A load conveyor is provided for depositing a load
      of material into the basket while the basket is rotating at relatively low
      speed thereby to provide initial load distribution around the
      circumference of the macine without manual load positioning.
PAR  In accordance with an important feature of the invention, there is provided
      a novel unloading arrangement for the machine. Located within the inner
      casing or basket is a wall member movable between a lower position and an
      upper position for raising material within the basket to a level above the
      basket. The wall member is movable during rotation of the machine so that
      the constituents of the load are centrifugally flung outwardly and thus
      are distributed around the machine. A collection arrangement including a
      number of conveyors transports the distributed load in distributed fashion
      from the machine.
PAR  In accordance with a further important feature of the present invention,
      there is provided a novel load redistribution arrangement. The basket or
      inner casing is supported for rotation within an outer casing or
      enclosure, the assembly of the inner and outer casings being suspended by
      means of a number of pedestal assemblies and pneumatic biasing structures.
      In response to predetermined lateral movement of the outer casing caused
      by load imbalance, a sensing device operates a control circuit to slow the
      basket structure, to operate the unloading arrangement, and to reload the
      unloaded material in distributed fashion back into the inner casing or
      basket.
DRWD
PAR  The invention together with the above and other objects and advantages
      thereof will be best understood from consideration of the embodiment of
      the invention illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a top plan view of rotary centrifugal machine constructed in
      accordance with the present invention;
PAR  FIG. 2 is a front view of the machine of FIG. 1;
PAR  FIG. 3 is a side view of the machine;
PAR  FIG. 4 is a sectional view on an enlarged scale, partly broken away, taken
      along the line 4--4 of FIG. 1;
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view on an enlarged scale taken along the line 6--6
      of FIG. 5;
PAR  FIG. 7 is a sectional view on an enlarged scale taken along the line 7--7
      of FIG. 6;
PAR  FIG. 8 is a simplified perspective view on a reduced scale illustrating the
      positions of certain components of the machine of FIG. 1;
PAR  FIG. 9 is a fragmentary top view of a portion of a modified version of the
      machine;
PAR  FIG. 10 is a partial side view of the machine of FIG. 9; and
PAR  FIG. 11 is a schematic diagram of portions of a control circuit for the
      machine of FIG. 1;
DETD
PAR  Having reference now to the drawings and initially to FIGS. 1-8, there is
      illustrated a rotary centrifugal machine constructed in accordance with
      the principles of the present invention and designated in its entirety by
      the reference numeral 20. In the illustrated arrangement, the machine 20
      comprises a centrifugal extractor useful for example in commercial laundry
      operations for extracting fluids from laundry material. It should be
      understood however that principles of the present invention are applicable
      to rotary centrifugal machines of many sorts.
PAR  In general the machine 20 includes a basket assembly generally designated
      as 22 into which a load is placed for rotation. In accordance with a
      feature of the invention, an unloading arrangement generally designated as
      24 is provided for unloading material from the basket assembly 22 in an
      automatic manner and in a distributed array. Associated with the basket
      assembly 22 and unloading assembly 24 the machine 20 includes an array of
      conveyors designated as a whole by the reference numeral 26 for
      discharging unloaded material from the machine and, in accordance with a
      feature of the invention, for acting in concert with the unloading
      assembly 24 to redistribute and reload an unbalanced load of material into
      the basket assembly 26.
PAR  Proceeding now to a more detailed description of the construction and
      operation of the machine 20, the basket assembly 22 includes an inner
      casing or basket 28 comprised of a perforated or liquid permeable
      generally cylindrical outer wall 30 and a lower or base wall 32. Basket 28
      is mounted for rotation and the base wall 32 includes an inner generally
      bell-shaped portion 34 terminating in a hub 35 carried on a rotatable
      spindle shaft or assembly 36.
PAR  Surrounding the basket 28, the assembly 22 further includes an outer casing
      or enclosure 38 having a generally cylindrical wall 40 surrounding the
      basket wall 30. A lower or base wall 42 of the casing 38 supports a
      bearing assembly 44 located within bell-shaped wall 34 of the basket 28
      and within which the spindle assembly 36 is rotatably mounted. Suitable
      drain structure (not shown) is provided for liquids extracted from
      material within the basket 28.
PAR  In order to rotate the basket 28 within the outer casing or enclosure 38, a
      drive motor 46 is carried by a motor bracket 48 in turn supported by the
      basket assembly 22. The drive motor 46 is drivingly coupled to the spindle
      assembly 36 and thus to the basket 28 by means of a number of drive belts
      50 and a brake assembly 52. A pneumatic actuator 54 is connected to the
      brake assembly 52 for releasing the brake assembly 52 and permitting
      rotation of the spindle assembly 36 upon pressurization of the actuator.
      In order to provide a signal indicating release of the brake assembly, a
      brake sensing switch 56 is located to be operated upon pressurization of
      the actuator 54.
PAR  Vibrations and lateral movement of the basket assembly 22 during rotation
      of the basket 28 are damped and resisted by a suspension mounting effected
      by a number of mounting pedestal assemblies 58 and a number of pneumatic
      biasing assemblies 60. With reference to FIGS. 4 and 5, in the illustrated
      arrangement three suspension pedestal assemblies 58 are positioned at
      regularly spaced positions around the rotational axis of the basket
      assembly 22. Each pedestal includes a housing portion 62 from which
      depends a rod 64 attached through the agency of resilient spacers 66 to
      arm members 68 radially extending from the outer casing 38.
PAR  With reference to FIGS. 5 and 7, additional stability and resistance to
      lateral movement of the basket assembly 22 is provided by three pneumatic
      biasing assemblies 60. These assemblies 60 are regularly or equiangularly
      spaced around the rotational axis of the basket assembly 22, two of the
      assemblies being associated with the outer casing wall 40 and one of the
      assemblies being associated with the motor bracket 48.
PAR  Each pneumatic biasing assembly 60 includes a support bracket structure 70
      firmly fixed to a supporting bed or floor or the like. An inflatable and
      expansible, tirelike pneumatic element 72 is interposed between each
      bracket structure 70 and a pressure member 73 constrained for reciprocal
      movement by means of a depending arm 74 slidably received in a slide track
      76. A pressure pad 78 is radially aligned with each pressure member 73 and
      is attached to the basket assembly 22. When the pneumatic elements are
      pressurized, the pressure members 72 are resiliently and yieldingly biased
      against the pressure pad 78 to stabilize the basket assembly 22 and resist
      undesirable excessive lateral movement thereof.
PAR  As indicated above, one important advantage of the machine 20 of the
      present invention is that it is well suited for continuous rather than
      batch processing of laundry material. In order to load wet laundry
      material into the basket assembly 22, the conveyor array 26 includes a
      loading conveyor 82 for transporting material from a convenient region
      near the floor to a raised position over the basket 28 from which it is
      deposited into the basket. Although conveyors of many types may be used
      depending upon the nature of the material to be loaded into the machine,
      in the illustrated centrifugal extractor 20, the conveyor 82 comprises a
      conventional belt type conveyor including an endless belt 84 supported and
      driven in conventional fashion by means of a support structure 86
      including frame members, drive and idler rollers, and the like.
PAR  In order to provide initial balancing or distribution of loaded material
      around the basket 28, the basket is rotated at a relatively slow speed
      during the loading operation. The speed control arrangement for carrying
      out this operation is described below in connection with a description of
      the operating circuit of the machine 20.
PAR  Material may be supplied to the load conveyor 82 manually or in any other
      desired fashion. It is contemplated that in a largely automated laundry
      treatment installation, additional conveyors or other material handling
      equipment may be provided for supplying material to the load conveyor 82
      during the loading operation.
PAR  One important feature of the present invention relates to the unloading
      assembly 24 provided for removing material from the basket 28. Referring
      now more specifically to FIGS. 3 and 4, in accordance with the invention
      the basket 28 is provided with a movable wall 88 capable of moving
      material contained within the basket 28 beyond the edge of the outer wall
      30. This movement is effected during low speed rotation of the basket 28,
      and results in centrifugal throwing or ejection of material in all radical
      directions outwardly from the basket 28 so that the load is not only
      positively removed in a simple fashion from the basket 28 but also is
      uniformly distributed into an area surrounding the basket assembly 22.
PAR  More specifically, the wall 88 is disposed within the outer wall 30 of the
      basket 28, and is generally similar in shape to the lower or base wall 32
      of the basket. In the normal position of the wall member 88 shown in full
      lines in FIG. 4, it closely overlies the lower wall 32 and includes an
      outer rim portion 90 resting upon a ledge or shelf 92 provided on the
      lower wall 32 for this purpose. A central portion 94 of the wall 88
      surrounds and extends beyond the bell-shaped portion 34 of the wall 32 and
      is connected to an actuator assembly generally designated as 96 serving to
      move the wall 88 between its normal position and an extended position
      shown in broken lines in FIG. 4.
PAR  Actuator assembly 96 is in the illustrated arrangement adapted to be fluid
      operated and includes a piston sleeve or tube 98 telescoped within a
      cylinder sleeve or tube 100. The piston tube is fixed to the outermost end
      of the bellshaped portion 34 of the basket wall 32 and the actuator
      assembly rotates together with the basket. More specifically, the tube 98
      is captured between an upper cap member 102 and a lower cap member 104
      attached to the wall portion 34. A piston support rod 106 holds the piston
      98 firmly in place and also serves to capture a seal member or gasket cap
      108 betweeen the upper cap member 102 and a gasket retainer 110.
PAR  The cylinder sleeve or tube 100 is slidably carried over the piston sleeve
      98 with its inner surface in slidable sealing relation with the cup or
      gasket 108. The upper end of the cylinder 100 is closed by a cylinder cap
      member 112 and defines an expansible sealed chamber 114. In order to
      provide for firmly guided sliding movement of the cylinder 100 and the
      movable wall 88, the lower end of the cylinder 100 carries a guide tube
      116 closely surrounding and slidable along the outer surface of the piston
      sleeve 98. The lowermost end of the guide tube 116 is attached to the
      outermost end of the center portion 94 of the movable wall 88.
PAR  In order to provide for pressurization of the chamber 114 thereby to effect
      outward unloading movement of the movable wall 88, a rotary union 118 is
      carried by the cylinder cap 112 and is in fluid communication with the
      chamber 114. A flexible conduit 120 permits the application of pressurized
      fluid to the actuator assembly 96 in the various positions of the rotary
      union 118.
PAR  One advantage of the unloading assembly 24 is that material unloaded from
      the basket assembly 22 is distributed rather than bunched upon unloading.
      In accordance with the invention, the conveyor array 26 includes conveyors
      effective to remove unloaded material from the machine 20 while
      maintaining it in a distributed condition.
PAR  More specifically, and referring now to FIGS. 1 and 8, the conveyor array
      26 includes a number of material collection conveyors 122, 124, 126, 128
      and 130 arranged in a closed pattern surrounding the basket assembly 22.
      In the illustrated arrangement of conveyors, the conveyor 130 serves also
      as a discharge conveyor for moving unloaded material from the machine 20
      either at the end of an extraction operation, or as described below,
      during a load recycle operation. Each of the conveyors 122-130 is of a
      conventional belt conveyor construction and includes an endless belt 132
      mounted on conventional supporting structure 134.
PAR  In order to retain and guide material centrifugally thrown from the
      rotating basket 28, the outer end of the cylindrical basket wall 30 is
      surrounded by a shelf or table member 136 extending from the basket
      periphery to the collection conveyors 122-130. Excessive outward movement
      of unloaded material is prevented by means of a retaining wall or stop
      structure 138 disposed above the collection conveyors 122-130 and
      supported by a suitable arrangement of frame members. If desired, the top
      of the machine 20 above and within the retaining wall or stop structure
      138 may be covered by a suitable grating or cover member (not shown) in
      order to prevent the possibility of inadvertent throwing of material
      beyond the machine 20 and also to serve as a guard structure limiting
      access to the interior of the machine.
PAR  As can best be seen in FIG. 8, conveyors 122 and 124 are similar to one
      another and are disposed above similar conveyors 126 and 128. In
      operation, the conveyors 122 and 124 move in opposite, diverging
      directions so that material unloaded unto these conveyors is moved to the
      sides and discharged onto conveyors 126 and 128 respectively. Conveyors
      126 and 128 move in the same direction and serve to move material onto the
      collection and discharge conveyor 130. In order to maintain distribution
      of unloaded material without causing undesirable bunching of the material,
      after operation of the unloading assembly 24, it is desirable that the
      collection and discharge conveyor 130 be operated first for a period of
      time prior to operation of the remaining collection conveyors. After
      conveyor 130 has been operated long enough to be emptied, the remaining
      collection conveyors 122 and 124 are operated so that the remaining
      material in distributed fashion is moved onto the conveyor 130 and is then
      moved from the machine 20.
PAR  At the end of an extraction operation, the conveyor 130 is operated in a
      direction to move unloaded material to a discharge region designated by
      the reference numeral 140. The discharge material may be received in a
      cart or the like for manual movement to subsequent equipment such as a
      laundry drying machine or the like. Alternatively, in an automated
      installation, additional conveyors or material handling mechanisms may be
      provided for transporting material for further treatment from the
      discharge region 140 of the machine 20.
PAR  In accordance with an important feature of the present invention, the
      machine 20 is provided with the capability of sensing a predetermined load
      imbalance and for automatically carrying out a sequence of operations to
      rebalance the load for the desired smooth operation of the machine. In
      accordance with the invention, this operation is initiated by an imbalance
      sensing switch 142. As indicated above, the suspension pedestal assemblies
      58 and the pneumatic biasing assemblies 60 provide resistance to lateral
      movement resulting from eccentric rotation of the basket 28 when the load
      is not in balance. However, when an imbalance greater than a predetermined
      limit is encountered, the lateral movement of the basket assembly 22
      becomes undesirably large and can be destructive. With reference to FIG.
      5, when a predetermined amount of lateral movement occurs, the imbalance
      sensing switch 42, carried on one of the pedestal assemblies 58, is
      operated by means of a switch operator assembly 144 carried on the wall 40
      of the outer casing or enclosure 38. As described below in connection with
      a description of the control circuit of the machine 20, operation of the
      switch 142 during an extraction operation initiates an automatic load
      distribution.
PAR  Redistribution of the load is effected by reducing the basket speed to a
      relatively low level and then by operating the unloading assembly 24 to
      eject material from the basket 28 to the collection conveyors 122-130. The
      discharge conveyor 130 is operated in a direction to move unloaded
      material while in a distributed array to a pair of recycle conveyors 146
      and 148. Each of these conveyors comprises a conventional belt conveyor
      including an endless belt 150 and conventional support structure 152.
PAR  As best seen with reference to FIG. 8, during a recycle operation, material
      from the conveyor 130 is deposited onto the upwardly inclined recycle
      conveyor 146 and then onto the upwardly inclined recycle conveyor 148.
      From the conveyor 148 material is deposted onto the loading conveyor 82
      which is operated to return the distributed load to the basket assembly
      22. This process of unloading material and recycling it for reloading into
      the basket assembly 22 causes the material to be widely distributed in a
      relatively random pattern and to be reloaded in a distributed condition so
      that imbalance conditions are overcome.
PAR  Rotary centrifugal machines may be designed to accommodate materials of
      many types, and the conveyor array 26 may be designed accordingly. For
      example, the conveyors of the array 26 may be provided with suitable
      guiding structure for preventing material from falling off of the
      conveyors. Thus, as illustrated in FIGS. 1-8, the loading conveyor 82 is
      provided at its inlet end with a guide member 154 so that material loaded
      onto the conveyor does not fall from the sides or end. With reference to
      FIGS. 9 and 10, the loading conveyor is provided with an enclosure
      structure 156 for maintaining material on the belt 84 and for guarding the
      conveyor mechanism. A fixed chute 158 is provided for guiding material
      from the discharge end of the loading conveyor 82 into the basket assembly
      22.
PAR  Before proceeding to a description of the control circuit for the machine
      20, it should be noted that the machine 20 is provided with additional
      control switches responsive to its operational condition. With reference
      to FIG. 3, it can be seen that a pair of switches 160 and 162 are
      associated with the actuator assembly 96 of the unloading assembly 24.
      More specifically, flexible conduit 120 is interconnected with rotary
      union 118 by means of a rigid coupling or segment 164. As appears in FIGS.
      1 and 4, segment 164 is captured between a pair of vertically extending
      guide rails 166. Switches 160 and 162 are carried by rails 166 in position
      to be operated respectively when the wall 88 is in its upper and lower
      positions.
PAR  A speed sensing assembly 168 is associated with the drive motor 46 and is
      best illustrated in FIGS. 2 and 5. The assembly is coupled for rotation at
      a speed proportional to drive motor rotation by means of a drive belt 170
      movable on pulleys 172 and 174. As will appear below, the speed sensing
      assembly 168 includes switch contacts adapted to be operated at
      predetermined rotational speeds of the drive motor 146 corresponding to
      predetermined basket rotation speeds. For example, the switch contacts may
      be operated by centrifugal force or in any other conventional fashion.
PAR  Having reference now to FIG. 11, there is illustrated in schematic and
      block diagram form a simplified control circuit for the machine 20, the
      circuit being designated in its entirety by the reference numeral 180. In
      general, the control circuit 180 includes a pair of power supply terminals
      182 and 184 adapted to be interconnected with a power source by way of
      suitable fuses, transformer, safety interlock switches and the like as
      will be well understood by those skilled in the art. The circuit 180
      controls the energization of the drive motor 26, the actuators 54 and 96,
      and the conveyors 82, 122-130, 146 and 148 in order to carry out loading
      operations, extraction operations, unloading operations, and load
      redistribution or recycling operations.
PAR  It should be appreciated with reference to FIG. 11, that in many respects
      the circuit 180 is shown in a simplified form for purposes of clarity. For
      example, in connection with motors, electrically operated valves and the
      like, isolation relays, motor and value windings, and components of
      pneumatic and hydraulic circuits are omitted. The design and use of these
      items is well within the capability of one skilled in the art, and
      complete disclosure thereof in the present application is not believed to
      be necessary to an understanding of the invention.
PAR  The circuit 180 is illustrated in a standby condition prior to carrying out
      an unloading and loading operation. In order to start up the machine, an
      on-off switch 186 is closed. A pressure operated switch 188 in series with
      switch 186 serves to prevent operation of the machine 20 when the
      pneumatic biasing assemblies 60 are not pressurized. Consequently, switch
      188 is controlled by a pressure sensing device in the pneumatic circuit
      supplying the assemblies 60, to the end that switch 188 is closed only
      when the biasing assemblies 60 are effective with the pressure members 73
      biased into contact with the pressure pads 78.
PAR  The speed sensing assembly 168 includes a pair of normally closed sets of
      switch contacts 190 and 192. Operated centrifugally or otherwise to open
      at predetermined motor speeds. Switch 190 is adjusted to open at a
      relatively low motor speed corresponding to, for example, perhaps 100
      revolutions per minute of the basket 28. Switch 192 is adjusted to open at
      a somewhat higher speed such as that corresponding, for example, to 150
      revolutions per minute of the basket 28.
PAR  In order to control the duration of a high speed extraction operation or
      cycle of the machine 20 in a manner described in more detail below, the
      control circuit 180 includes a timer comprising a timer motor 194 and a
      timer actuator 196 connected in controlling relation to a normally open
      set of timer contacts 198A and a normally closed set of timer contacts
      198B. The arrangement is such that upon energization of the timer actuator
      196, the contacts are operated from the illustrated condition to the
      alternate condition in order to initiate a time period of predetermined
      duration. During this time period, the timer motor 194 operates for a
      predetermined aggregate time, after which contacts 198A and 198B are
      returned to their original illustrated condition.
PAR  When switches 186 and 188 are closed, a circuit is completed through closed
      timer contacts 198B and the closed speed responsive switch 192 for
      energization of the winding of a relay 200 having normally closed contacts
      200A and 200B and normally open contacts 200C. Closure of contacts 200C
      completes a circuit for energization of a solenoid operated valve
      connected in controlling relation to the pneumatic actuator 54.
      Consequently, the actuator 54 is pressurized (FIG. 4) and the brake
      assembly 52 is released in order to permit rotation of the basket 28.
      Operation of the actuator 54 results in closure of the brake sensing
      switch 56.
PAR  Relay contacts 200A open in response to energization of relay 200 thereby
      preventing energization of the timer motor 194. In this manner it is
      assured that the duration of the timed extraction cycle is not shortened
      prior to initiation of the high speed extraction operation.
PAR  In view of the fact that the low rpm speed sensing switch 190 is closed at
      initiation of operation of the machine 20, a circuit is completed to the
      drive motor 26 through the switch 190 and through the closed brake sensing
      switch 56. Energization of the motor results in rotation of the basket 28,
      and the speed of the basket increases until it reaches a level sufficient
      to open the switch 190. The motor 26 is intermittently energized
      thereafter by opening and closing of the switch 190 in order to maintain
      the basket rotational speed at approximately the speed required for
      operation of the switch 190.
PAR  While the basket 28 continues to rotate at its relatively low speed, an
      unloading and loading sequence of operation of the machine 20 is carried
      out by the circuit 180. During this sequence, the unloading assembly 24 is
      operated to remove all material from the basket assembly 22. Thereafter
      the conveyor array 26 is operated to move all material from the collection
      conveyors 122-130 and from the machine 20. In addition, the loading
      conveyor 82 is operated to load material into the basket assembly 22 for a
      subsequent extraction operation.
PAR  More specifically, the speed sensing switch 192 remains closed during
      cycling operation of the switch 190 since switch 192 is set for opening at
      a higher speed. Consequently, a circuit is completed through a set of
      normally closed contacts 202A of a relay 202 for energization of an
      electrically operated valve connected in controlling operation to the
      actuator 96. As a result, the actuator 96 is pressurized by the
      application of pressurized fluid through the conduit 120 to the expansible
      chamber 114. Movable wall 88 rises to lift material present within the
      basket 28 beyond the cylindrical wall 30 for ejection from the basket
      assembly 22 and onto the conveyors 122-130.
PAR  When the wall 88 reaches its uppermost position, the upper position sensing
      switch 160 is operated from its normally open to its closed position, at
      which time the winding of relay 202 is energized. Contacts 202A of relay
      202 open to break the circuit to the valve controlling pressurization of
      the actuator 96, while a normally open set of contacts 202B close to
      maintain a circuit for energization of relay 202 in parallel with the
      switch 160. Closure of switch 160 also completes a circuit through a
      normally closed set of relay contacts 204A to energize a solenoid valve
      for depressurizing the actuator 96 so that wall 88 is permitted to descend
      to its normal operating position. It should be understood that the
      elements illustrated as separate valves for controlling actuator 96 may
      comprise a pair of solenoid windings associated with a conventional
      three-way valve.
PAR  Upon return of wall 88 to its normal position, the lower position sensing
      switch 162 is operated to close a normally open set of contacts 162A
      associated therewith. By virtue of energization of relay 202, normally
      open relay contacts 202C are closed and a circuit is completed for
      energization of a drive motor associated with the load conveyor 82 so that
      this conveyor is placed into operation. Material comprising the next load
      for the machine 20 can be placed on the coveyor 82 at this time.
PAR  Simultaneously the winding of relay 204 is energized. Normally closed
      contacts 204A are opened to open the circuit to the valve controlling
      depressurization of the actuator 96 and to return the actuator to a
      quiscent condition. Normally open contacts 204B close to complete a
      circuit in parallel with the switch contacts 162A for maintaining
      energization of the relay 204.
PAR  Operation of relay 204 also initiates operation of conveyors 122-130 for
      discharging material unloaded from the basket 28. More specifically, relay
      contacts 204C close to complete a circuit for energization of a drive
      motor connected to operate conveyor 130 in the discharge direction. As a
      result, material present on the conveyor 130 is moved to the discharge
      region 140.
PAR  Simultaneously with energization of the motor of conveyor 130, a time delay
      relay 206 is energized. After a time delay of sufficient duration to
      insure discharge of all material from conveyor 130, a normally open set of
      relay contacts 206A close to complete a circuit for energization of drive
      motors associated with the conveyors 122, 124, 126 and 128. Thus material
      unloaded onto these conveyors is advanced to the conveyor 130 and
      discharged from the machine.
PAR  Coincident with energization of the motors for conveyors 122-128 by closure
      of contacts 206A, the winding of a second time delay relay 208 is
      energized. The time delay period of relay 208 is chosen to assure complete
      discharge of all material from the collection conveyors 122-130. After
      this time delay period has elasped, a normally closed set of contacts 208A
      opens to prevent further energization of the motor associated with
      conveyor 130. Because contacts 208A also are in circuit with the winding
      of relay 206, the circuit for energization of the motors associated with
      conveyors 122-128 is opened at this time as well.
PAR  It will be recalled that relay 204 is energized upon closing of the lower
      position sensing switch contacts 162A simultaneously with energization of
      the motor of conveyor 82. Relay 204 includes a normally open set of relay
      contacts 204D in series with a time delay relay 210. The duration of time
      delay relay 210 is chosen to permit ample time for loading of material
      into the basket assembly 22 by the conveyor 82. After loading, relay 210
      operates and a normally open set of relay contacts 210A close to complete
      a circuit for energization of the timer actuator 196. This signals the
      beginning of a high speed extraction operation.
PAR  More specifically, upon energization of timer actuator 196, the timer
      controlled contacts 198A are operated to the closed condition while
      contacts 198B are operated to the open condition. The latter operation
      disconnects all circuits for energization of the motors associated with
      the conveyors of the conveyor array 26 and furthermore disconnects
      circuits for energization of the valves associated with actuator 96.
      Although the previously established circuit for energization of the valve
      for actuator 54 is opened by opening of contacts 198B, and alternate
      circuit for maintaining the brake assembly 52 disengaged is established at
      this time. This circuit is established through contacts 198A and normally
      closed contacts 200B.
PAR  It is important to assure that the basket 28 is not driven at high speeds
      while the wall 88 is not in its normal lower position. For this reason,
      the lower position sensing switch 162 includes normally open contacts 162B
      in circuit between the contacts 198A and the drive motor 26. Thus, if wall
      88 is not in its fully lowered position, the motor 26 cannot be energized.
      In addition, if contacts 162B are open at this time, actuator 54 cannot be
      pressurized and the brake assembly 52 cannot be released.
PAR  The relatively low rpm speed sensing switch 190 is bypassed by closing of
      the contacts 198A and the drive motor 26 is continuously energized to
      drive the basket 28 at a higher extraction speed. Both switches 190 and
      192 open in response to the higher speed, the opening of the switch 192
      assuring that an unloading operation cannot be commenced when the basket
      28 is revolving at a speed exceeding a predetermined desired maximum
      speed.
PAR  At the beginning of an extraction cycle when relay 200 is deenergized,
      contacts 200A return to their normally closed condition to connect the
      timer motor 194 in parallel with the drive motor 26. Consequently, the
      timer motor 194 is effective to time an extraction cycle of predetermined
      duration. During the extraction cycle, the basket 28 reaches a maximum
      speed determined by physical parameters such as motor size and the like.
      Fluids are extracted from material disposed within the basket 28 and are
      discharged from the casing 38.
PAR  Assuming that the load is properly balanced during the loading operation,
      the extraction operation continues uninterrupted throughout its
      predetermined duration. At the end of the extraction cycle, the timer
      motor 194 operates the contacts 198A and 198B to their original
      illustrated condition. Consequently, the circuit for energization of the
      drive motor 26 is interrupted. In view of the fact that the basket 28 is
      revolving at high speed at this time, both of the switches 190 and 192 are
      open. The circuit for energization of the valve associated with actuator
      54 is broken by opening of contacts 198A and no alternate circuit is
      established through the switch 190. Consequently, the actuator 54 is
      depressurized and the brake assembly 52 is operated to slow the basket 28.
      When the basket 28 slows to the predetermined speed chosen for operation
      of switch 192, switch 192 closes to reestablish a circuit for a subsequent
      unloading and loading sequence.
PAR  At this time relay 200 is reoperated in order to effect releasing of the
      brake assembly 52 in the manner described above and disconnecting the
      timer motor 194. The basket 28 slows further to the speed chosen for
      operation of the switch 190, and thereafter the switch 190 alternately
      energizes and deenergizes the drive motor 26 at its relatively low speed.
      Another load sequence identical to that described above takes place during
      which material within the basket 28 is unloaded by the unloading assembly
      24 and by the conveyor array 26 and during which a next load of material
      is loaded into the basket assembly 22 by the loading conveyor 82.
PAR  In accordance with the invention, if the material loaded into the basket
      assembly 22 is not initially balanced, the circuit 180 operates the
      machine 20 in order automatically to redistribute the load to bring about
      a balanced condition. This recycling operation is initiated by closing of
      the imbalance sensing switch 142 described above. In response to operation
      of switch 142, the operation of the timer motor 194 is temporarily
      discontinued while the basket 28 is slowed, the material in the basket 28
      is unloaded by the unloading assembly 24, and the unloaded material while
      in distributed condition is collected, recycled and reloaded into the
      basket 28. After distribution and reloading of the material, the
      rotational speed of the basket is once again increased and the timed high
      speed extraction cycle continues until completion.
PAR  More specifically, when the imbalance sensing switch 142 closes, a circuit
      is completed through closed timer contacts 198A for energization of a
      recycle relay 212. Normally open contacts 212A close to maintain relay 212
      in its energized condition following reopening of switch 142. Normally
      closed contacts 212B open to disconnect the circuit to the drive motor 26
      so that the motor begins to slow. In addition, opening of contacts 212B
      opens the circuit to the valve supplying the pneumatic actuator 54 to the
      end that the brake assembly 52 is applied to slow the rotating basket 28.
PAR  A normally open set of relay contacts 212C associated with the recycle
      relay 212 close at the beginning of a recycle operation to extend a
      circuit from closed contacts 198A through speed responsive switch 192 to
      the relay 200 and to the circuitry associated with the unloading assembly
      24 and the conveyor array 26. Consequently, when the basket 28 slows to
      the speed at which switch 192 closes, relay 200 is energized.
PAR  As a result of energization of relay 200, contacts 200A open to disconnect
      the timer motor 194 to the end that the timing of the high speed
      extraction operation is temporarily discontinued. Contacts 200B open and
      contacts 200C close at this time as well in order to provide a circuit for
      energization of the valve controlling the actuator 54 so that the brakes
      are released when a low speed is reached. As the speed decreases somewhat
      more, the speed responsive switch 190 closes and thereafter cycles between
      open and closed positions to maintain the basket 28 at a relatively low
      rotational speed.
PAR  Another result of closure of the speed responsive switch 192 is the
      completion of a circuit through normally closed relay contacts 202A for
      energizing the valve serving to pressurize the actuator 96 thereby
      effecting lifting of the wall 88 of the unloading assembly 24. When the
      actuator reaches its uppermost position, switch 160 closes to complete a
      circuit through normally closed relay contacts 204A for energization of
      the valve serving to depressurize the actuator 96 so that the actuator
      once again moves to its lower position. Raising of the wall 88 results in
      centrifugal unloading of the unbalanced material from basket 28 and onto
      the collection conveyors 122-130.
PAR  Relay 202 is also energized by closing of switch 160. Contacts 202A open to
      deenergize the valve pressurizing the actuator 96 and to permit its return
      movement to the original position. Contacts 202C close to prepare a
      circuit for energization of the motor associated with the conveyor 82.
      When the actuator 96 completes its downward movement, this circuit is
      energized by closing of switch contacts 162A so that the conveyor 82 is
      placed into operation.
PAR  Relay 204 is also energized at this time by closing of contacts 162A. Its
      contacts 204B close to maintain a circuit to relay 204 independent of
      switch contacts 162A. Relay contacts 204A open to disconnect the circuit
      for energizing the valve associated with actuator 96. Normally open
      contacts 204C close to complete a circuit for operating the conveyor 130
      and the recycled conveyors 146 and 148. More specifically, it should be
      noted that normally closed recycle relay contacts 212D open and normally
      open contacts 212E close in response to energization of relay 212 during a
      recycle operation. Consequently, the conveyor 130 is controlled during a
      recycle operation to move in the direction for conveying material to the
      recycle conveyor 146 rather than to the discharge area 140. Thus, upon
      closing of contacts 204C, conveyor 130 begins to operate and to move
      material to the operating conveyors 146 and 148 so that all material
      unloaded from the basket 28 onto conveyor 130 is reloaded into the basket
      28. Although separate motors are shown in block form for moving conveyor
      130 in its alternate directions, the same result may be achieved by using
      a single motor controlled to operate or to drive the conveyor in two
      directions.
PAR  Also in response to closing of contacts 204C, the time delay relay 206 is
      operated. As described above, this relay is characterized by a delay in
      operation sufficient to permit all material to be conveyed from the
      conveyor 130. After this time delay expires, relay contacts 206A close to
      complete a circuit for energization of the motors associated with the
      collection conveyors 122-128. Consequently, material unloaded onto these
      conveyors is moved to the conveyor 130 and thence by way of the recycle
      conveyors 146 and 148 to the loading conveyor 82 and is returned to the
      basket 28.
PAR  Coincident with operation of the collection conveyors 122-128, time delay
      relay 208 is operated. This relay exhibits a time delay sufficient for all
      material to be recycled to the basket 28 before its contacts are actuated.
      At the end of the time delay period of relay 208, all material has been
      recycled in a distributed array to the basket 28, and relay contacts 208B
      are operated from their normally closed to their normally open position.
      Consequently, the circuit for energization of the recycle relay 212 is
      opened and its contacts return to their original illustrated position. The
      effect of deenergization of relay 212 is to return the circuit 180 to its
      prior condition wherein a high speed extraction operation is carried out.
      More specifically, the drive motor 26 is once again operated independently
      of the speed responsive switch 190, while timer motor 194 is reenergized
      to continue the remaining duration of the timed cycle of operation.
PAR  Although the present invention has been described with reference to details
      of the illustrated embodiment thereof, it should be understood that such
      details are not intended to limit the scope of the invention as defined in
      the following claims.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A rotary centrifugal machine comprising in combination:
PA1  casing means mounted for rotation around a rotational axis;
PA1  drive means for rotating said casing means;
PA1  loading conveyor means for loading material into said casing means;
PA1  sensing means for sensing a predetermined load imbalance in said casing
      means;
PA1  unloading means for unloading material from said casing means;
PA1  collection conveyor means for accepting unloaded material from said
      unloading means;
PA1  discharge conveyor means for receiving material from said collection
      conveyor means and for delivering material to said load conveyor means;
PA1  and control means operative in response to operation of said sensing means
      for redistributing an imbalanced load by operating said unloading means,
      said collection and discharge conveyor means, and said load conveyor
      means.
NUM  2.
PAR  2. The machine of claim 1, said control means including speed regulating
      means connected to said drive means for rotating said casing means at a
      first relatively slow speed during operation of said load conveyor means
      and at a second higher speed after loading of material into casing
      structure; and means coupled between said sensing means and said speed
      regulating means for slowing said casing means to said first speed prior
      to operation of said unloading means.
NUM  3.
PAR  3. The machine of claim 2, said unloading means comprising means for moving
      material from said casing means in a direction generally parallel to the
      rotational axis for centrifugal ejection radially from said casing means,
      said collection and discharge conveyor means surrounding the periphery of
      said casing means.
NUM  4.
PAR  4. The machine of claim 3, said casing means including a generally
      cylindrical casing wall generally symmetrical about said axis of rotation,
      an end wall at one end of and connected to said cylindrical casing wall,
      said unloading means including an inner wall overlying said end wall
      within said cylindrical casing wall, and means mounting said inner wall
      for movement from a normal position adjacent said end wall and an
      unloading position adjacent the opposite end of said cylindrical casing
      wall.
NUM  5.
PAR  5. The machine of claim 1, said discharge conveyor means including a
      discharge conveyor movable in a first direction for directing material
      toward said load conveyor means and movable in a second direction for
      discharging material from the machine.
NUM  6.
PAR  6. The machine of claim 1, said casing means being fluid permeable, and an
      enclosure surrounding said casing means.
NUM  7.
PAR  7. A rotary centrifugal machine comprising a generally cylindrical
      enclosure, a generally cylindrical casing structure mounted for rotation
      within said enclosure around a generally vertical rotational axis; a
      plurality of flexible supports connected to said enclosure for supporting
      said enclosure and casing structure, drive means connected to said casing
      structure for rotating said casing structure; a plurality of suspension
      devices disposed at spaced positions around said enclosure for resisting
      lateral movement of said enclosure due to eccentric movement of said
      casing structure; a load conveyor extending over said casing structure for
      depositing material into said casing structure; said casing structure
      including a generally cylindrical casing wall and an unloading mechanism
      including a generally horizontal wall movable vertically within said
      casing wall for raising material within said casing structure above said
      casing wall; and speed control means for rotating said casing structure at
      a relatively slow first speed during operation of said load conveyor, and
      during operation of said unloading mechanism, and for rotating said casing
      structure at a relatively fast second speed following operation of said
      load conveyor, and sensing means responsive to predetermined lateral
      movement of said casing structure for operating said unloading mechanism.
NUM  8.
PAR  8. The machine of claim 7 further comprising material collection means
      surrounding said casing structure for collecting unloaded material.
NUM  9.
PAR  9. The machine of claim 8, said collection means comprising material
      conveying means.
NUM  10.
PAR  10. The machine of claim 9 further comprising recycle conveyor means for
      moving material from said material conveying means to said load conveyor.
NUM  11.
PAR  11. A method of balancing a load of material in a rotary centrifugal
      structure comprising the steps of:
PA1  rotating the structure;
PA1  sensing imbalance of a load in the structure during rotation;
PA1  releasing the material from within the structure and centrifugally ejecting
      the material from the structure in all radial directions in response to
      the sensed imbalance;
PA1  collecting the ejected material while substantially maintaining the
      material in distributed condition; and
PA1  loading the collected distributed material into the structure.
NUM  12.
PAR  12. The method of claim 11, said releasing step comprising moving the
      material in a direction generally parallel with the rotational axis.
NUM  13.
PAR  13. The method of claim 11, said sensing step comprising permitting lateral
      movement of the structure, and detecting lateral movement exceeding a
      predetermined limit.
NUM  14.
PAR  14. The method of claim 11 further comprising slowing the structure after
      said sensing step and prior to said releasing step.
NUM  15.
PAR  15. A rotary centrifugal machine comprising in combination:
PA1  a casing structure mounted for rotation around a rotational axis;
PA1  drive means coupled to said casing structure for rotating said casing
      structure;
PA1  first conveyor means for loading material into said casing structure;
PA1  sensing means for sensing a load imbalance in said casing structure;
PA1  means for unloading material from said casing structure;
PA1  second conveyor means for accepting unloaded material and reloading
      material into said casing structure; and
PA1  control means controlled by said sensing means for operating said unloading
      means and said second conveyor means.
NUM  16.
PAR  16. The machine of claim 1 further comprising speed control means for
      slowing said casing structure in response to operation of said sensing
      means.
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PAL  Installation for gassing highly emulsified fermentation liquids in which
      liquid recirculated to the reaction vessel is gassed in a centrifugal pump
      to improve the efficiency of the process.
BSUM
PAR  The invention concerns an installation for charging liquids with gas, and
      in particular, for the intensive charging with gas of strongly emulsifying
      fermentation liquids.
PAR  A type of installation is known, which consists of a reaction vessel, a
      centrifuge and a gas-charging device that are connected with each other by
      pipe lines, and which is used for carrying out a recirculating
      gas-charging process.
PAR  The liquid, which is charged with the gases generated in the reaction, is
      degassed in the centrifuge. The degassed liquid is pumped into the
      reactive vessel by means of the centrifuge via a water-jet pump, where it
      sucks in fresh air. The gas liberated in the centrifuge escapes into the
      atmosphere.
PAR  The application of this known type of plant on a large scale takes a great
      amount of apparatus, as in the recirculating gas-charging process large
      amounts of liquid of several hundred to several thousand cubic meters per
      hour must be pumped and known pump centrifuges have only small rated
      outputs.
PAR  The centrifuge ensures thorough degassing of the circulated liquid, but the
      power required to pump liquids is very large in comparison with
      centrifugal pumps.
PAR  In another known aeration apparatus, in which the liquid is pumped through
      an external cooling circuit by means of centrifugal pumps, a decanting
      vessel is arranged inside or outside the reactor. The centrifugal pumps
      draw off partially degassed liquid from the decanting vessel, whereby an
      improvement of the hydraulic efficiently is achieved. However, this known
      technical solution is not economically applicable for intensive
      gas-charging, as the advantage of the high volume-time yields in the
      active reaction chamber is cancelled by the large volume of the required
      decanting vessel.
PAR  In a further known recirculating gas-charging arrangement so-called well
      inflows, which make possible a multi-story arrangement of the reaction
      chambers, are used for generating highly turbulent, gas-containing liquid
      jets. However, due to the simple central opening provided for the
      admission of gas at the entrance to the well, the most favorable
      conditions do not exist for achieving a homogeneous jet with very fine gas
      dispersion at the well exit, as is required for optimum introduction of
      the gas. Moreover, with a multi-story arrangement of the reaction chambers
      the flow conditions in the lowest story are different from those in the
      reaction chambers on top of it. In the lower story, the circulated stream
      flows off from the bottom of the reactor, while the gas-charged medium
      flows off into the well inflows only from the surface in the upper
      stories, so that to the uplift motion due to the gas bubbles is further
      added an additional flow component, which leads to a shortening of the
      dwelling time of the gas bubbles in the liquid. The homogeneity and thus,
      the condition for optimal introduction of the gas, is worse in the upper
      stories than in the lowest story.
PAR  It is the purpose of the invention to eliminate the disadvantages found in
      the present state of the art and to make thereby possible high
      material-transfer velocities even in strongly emulsifying liquids with low
      energy consumption.
PAR  It is an object of the invention to create an installation for charging
      liquids with gas, and in particular, for the intensive charging with gas
      of strongly emulsifying liquids, which prior to the gas-charging largely
      degassed the circulating liquid with a minimum requirement as to energy
      and machinery and thereby optimally increases the driving force for the
      transfer of matter, improves the efficiency of the circulating pumps when
      pumping strongly emulsifying liquids, ensures intensive material exchange
      in the entire available reaction space, makes possible, if required,
      maximum utilization of the gas component to be entered from gas mixtures
      with a minimum expenditure of energy, as well as creates better conditions
      for homogeneous gas-charging with fine bubbles of the entire reaction
      space.
PAR  According to the invention, the problem is solved by the provision that the
      charging with gas of liquids, particularly of strongly emulsifying
      fermentation liquids, is performed in an installation consisting of a
      reaction vessel, known per se, of one or several stories, in whose lower
      part, centrally above a suction line starting at the bottom, gas separator
      with a foam exhaust line which is equipped with a throttling device and
      leads above the liquid surface of one of the stories of the reaction
      vessel, is arranged; one or several degassing centrifugal pumps, whose
      venting line leads to a liquid separator, at the lower part of which one
      or several liquid pumping members are arranged which are connected with
      the reaction vessel via a return line; as well as of vertically disposed
      gas-charging devices, known per se, which generate gas-liquid jets and end
      in the reaction vessel above the liquid surface.
PAR  Utilizing gravity, the larger gas bubbles contained in the circulating
      liquid are separated out in the gas separator. These gas bubbles are
      returned via the foam exhaust line. The throttling device in the foam
      exhaust line serves to adjust an optimal mode of operation of the gas
      separator. The predegassed liquid flows via the intake line to the
      degassing centrifugal pumps. Using the centrifugal forces occurring in the
      rotor, further degassing of the circulating liquid takes place in these
      centrifugal pumps. In this process, the smaller, already highly utilized
      gas bubbles, which inhibit the gas exchange process, are separated out in
      the vicinity of the hub in the channels of the centrifugal pump rotor.
PAR  The gas containing droplets of liquid is fed from the channels of the
      centrifugal pump rotor, via the gas exhaust line, to the liquid separator,
      which is provided with a gas exhaust line. The liquid precipitated in the
      liquid separator is pumped back into the fermentor via the return line by
      means of the pumping equipment following the separator. The liquid, which
      has now been degassed to a very high degree using gravity and the
      centrifugal forces in the rotors of the centrifugal pumps, is fed by the
      latter, via the pump line for charging the reactor contents with gas, to
      the gas charging devices, known per se, which generates gas-liquid jets.
      With this solution according to the invention is achieved that without
      additional consumption of energy, finely distributed gas, which is
      strongly depleted of components which are used up, for instance, in
      fermentation processes, and which is enriched heavily with the gas that is
      produced, for instance, in fermentation, is very largely removed from the
      liquid, so that the partial pressure difference for the transfer of matter
      is increased and the conditions for the absorption of very fine bubbles of
      fresh gas by the liquid is improved. Furthermore, the hydraulic efficiency
      is substantially improved in the degassing centrifugal pumps. The power
      required for the pump for recirculating the liquid produced in the liquid
      separator, which is very small in comparison with the main circulating
      pump, is negligible in view of the power savings due to the higher
      hydraulic efficiency of the main circulating pump.
PAR  The gas separator consists, according to the invention, of alternatingly
      arranged disc-shaped guidance devices and conical guidance devices
      provided with holes or slits, which are alternatingly connected inside and
      outside by cylindrical spacers. The liquid charged with gas in the reactor
      flows here through the interspaces of the guidance devices from the
      outside to the inside. The flow velocity is made here so that the larger
      gas bubbles separate from the gas-containing liquid upward due to the
      force of gravity. These gas bubbles flow through the conical guidance
      devices provided with holes or slits toward the foam exhaust line which
      adjoins the guidance devices centrally. The pre-degassed liquid flows over
      the disc-shaped guidance devices and through radially arranged collecting
      canals to a manifold which is centrally arranged in the reaction vessel
      and to which the intake line of the centrifugal pump is connected.
PAR  Another embodiment of the gas separator consists, according to the
      invention, of conical guidance devices composed of individual segments.
      The flow velocity between the guidance devices is likewise chosen so that
      the larger gas bubbles can separate from the gas-containing liquid upward
      due to gravity. The larger gas bubble separated from the gas-containing
      liquid flow radially in the upper part of the spaces formed by the
      guidance devices inward to the foam exhaust line which is connected
      centrally to the topmost conical guidance device. The pre-degassed liquid
      flows radially from the inside out against the entering-flow direction due
      to the conical guidance device and the force of gravity, is caught in
      collecting pockets and gets from there through openings into cavities
      formed by the individual segments of the guidance devices. From these
      cavities the pre-degassed liquid flows between the lowest conical guidance
      device and the bottom of the vessel to the intake line of the degassing
      centrifugal pump.
PAR  The liquid produced in the liquid separator is pumped back, according to
      the invention, into the reaction vessel, preferably by means of a
      water-jet pump, whose driving jet connection is connected via a connecting
      line with the output line of the degassing centrifugal pump. Thus, no
      additional drive with moving parts is necessary for the solution according
      to the invention.
PAR  According to the invention, a preliminary gas-charging device can be
      arranged in the output line after the degassing centrifugal pump. Through
      this gas-charging, the circulation volume is prepared for an intensive gas
      exchange process. Thus, fresh gas is continuously fed-in in the reaction
      vessel and in the circulating flow to all of the liquid, whereby maximum
      gas transfer is ensured. Feeding-in the gas after the degassing
      centrifugal pump furthermore reduces the pump pressure required, due to
      the decrease in the density of the circulating flow mass. Thereby, the
      energy required for circulating a given quantity of liquid becomes less.
      According to the invention, there can be arranged ahead of the preliminary
      gas-charging device a jet device, to whose driving jet input a driving gas
      line is connected and to whose suction connector a gas supply line is
      connected, whose pressure outlet is connected with the preliminary
      gas-charging device, so that the energy of a gas under high pressure can
      be utilized. A heat exchanger can be arranged in the pump line, according
      to the invention, for the removal of the often considerable amounts of
      reaction heat which is liberated in the gas-charging of liquids.
PAR  According to the invention, the exhaust gas line of the liquid separator
      can be connected with the central exhaust gas line of the reaction vessel.
PAR  If maximum utilization of the gas is desired, the central exhaust gas line
      of the reaction vessel is connected, according to the invention, with the
      fresh-gas supply line of the gas-charging device. It is thereby possible
      to use the gas escaping at the liquid surface in the reaction vessel or
      the gas coming from the gas separator again completely or partly by
      automatic suction through the gas-charging devices for charging the liquid
      in the reaction vessel with gas. In a further embodiment for high gas
      utilization, the central exhaust gas line of the reaction vessel is
      connected, according to the invention, with the fresh-gas supply line of
      the gas-charging device, the exhaust line of the liquid separator leading
      from the installation system separately. The gas discharged via the
      central exhaust gas line can be used over again completely or partly by
      automatic suction through the gas-charging device for charging the liquid
      in the reaction vessel with gas. Fresh gas is fed in here completely or
      partly in the preliminary gas-charging device or in the gas-charging
      device. Exhaust gas is discharged only from the degassing centrifugal
      pump. This exhaust gas is maximally utilized.
PAR  Well inflow devices are preferably used as the gas-charging devices. The
      well inflows consist of a preferably vertical well pipe and a well head.
      At the entrance to the well pipe an initial gas distribution device in the
      form of several circular, oval, tear-shaped or triangular gas supply ducts
      is arranged. These gas supply canals are uniformly distributed over the
      entire entrance cross section of the well pipe. The contact area between
      the liquid and the intake gas at the entrance of the well pipe can thereby
      be enlarged as much as desired. Therefore, the entire length of the well
      pipe is available over the entire cross section for the dispersion of the
      gas in the liquid and one has completely homogeneous gas-liquid jet at the
      exit from the well pipe. If the reaction spaces are arranged in several
      stores, the lower well inflows are equipped, according to the invention,
      with a cylindrical skirt for feeding-in the major part of the circulating
      liquid from the bottom of the reaction vessel and with an inlet funnel to
      let the foam flow off, as well as with means for adjusting the inlet cross
      sections. By feeding the major part of the circulating liquid from the
      bottom of the reaction vessel, the flow conditions in the upper stories
      are matched to the flow conditions in the lower story, where the liquid is
      drawn from the bottom of the basin by the degassing centrifugal pump.
      Thereby, better homogeneity in the reaction vessel is assured and the
      dwelling time of the gas bubbles in the liquid is also extended. The inlet
      funnel makes sure that the foam generated can be led off to the story
      below. By the means for adjusting the size of the inlet cross sections one
      can, on the one hand, control the amount of foam flowing off and, on the
      other hand, it is ensured that no spent gas located above the gas-charged
      liquid, is sucked in, but only gas via the fresh-gas supply from the well
      overflow is brought into the story below.
PAR  With the solution according to the invention it is possible to increase the
      mean partial pressure of the gas component to be introduced into the
      liquid substantially and thereby, the driving force for the gas transfer.
      In addition, the hydraulic efficiency of the centrifugal pumps is
      increased substantially. Moreover, the solution found by pre-charging the
      circulating flow with gas makes possible intensive utilization of the
      circulating volume. As the circulating volume of the loop can be as much
      as 25 percent of the volume of the reaction vessel, a substantial increase
      of the total gas charge results therefrom. On the other hand, the
      conditions for fine dispersion of the gas in the exit jet and for
      homogeneity in the entire working volume of multi-story reactors are
      substantially improved at the known well inflow devices by the measures
      according to the invention. Thereafter, the solution according to the
      invention makes possible overall to realize considerably higher specific
      gas transfer velocities as compared to the state of the art, with lower
      energy and investment costs for the gas transfer. The following comparison
      of specific performance characteristics of the more important circulating
      gas charging equipments, for instance, for use in carbohydrate yeast
      fermentation on a technical scale will illustrate this:
TBL  __________________________________________________________________________
     Gas-Charging                                                              
                 Volume-Time Specific Energy Re-                               
     Equipment   Yield in kg HTS/t h                                           
                             quirement in kWh/kg HT                            
     __________________________________________________________________________
     Rieche Revolving Vat                                                      
                 2    to                                                       
                        3      0.45                                            
                                   to                                          
                                     1.0                                       
     Waldholf Vat                                                              
                 1      1.8    0.8   2.3                                       
     Lafrancois Vat                                                            
                 2      3      0.45  0.8                                       
     Installation according                                                    
     to the invention                                                          
                 10     15     0.3   0.4                                       
     __________________________________________________________________________
PAR  In addition, high utilization of the gas, if desired, is possible simply
      and very economically by the circulating mode of operation of the gas to
      be charged.
DRWD
PAR  The invention will be explained in the following in further detail with
      reference to two examples of embodiments. In the attached drawings is
      shown, in
PAR  FIG. 1, a side view of an embodiment according to the invention,
PAR  FIG. 2, a side view of a further embodiment according to the invention, and
      in
PAR  FIG. 3, a cross section A--A as per FIG. 2.
DETD
PAR  In the embodiment of the invention shown in FIG. 1, the strongly emulsified
      liquid flows from the reaction vessel 1 to a gas separator 2 centrally
      located in the lower part above the bottom, where it is conducted from the
      outside to the inside through the interspaces of several conical and
      disc-shaped guidance devices 3 and 4, which are stacked on top of each
      other and are connected by cylindrical spacers 5 and 6. This strongly
      emulsified liquid is separated into an emulsion with a high gas content
      and into a pre-degassed liquid. The emulsion with a high gas content flows
      through the conical guidance devices 4, provided with holes, toward the
      foam exhaust line 7, which is equipped with a throttling device 8 at its
      upper end. The throttling device 8 may be provided with a setting device
      for changing the exit cross section. The emulsion with high gas content
      which leaves the throttling device 8 with overpressure caused by the
      difference in density in the reaction vessel 1 and the foam exhaust line
      7, strikes the surface of the gas-charged liquid in the reaction vessel 1
      at an angle. The turbulence thus additionally generated at the surface,
      together with the impact forces present, leads to the destruction of the
      foam at the surface of the gas-charged liquid.
PAR  The pre-degassed liquid flows to the degassing centrifugal pump 12 via
      radially disposed collecting canals 9, a manifold 10 centrally attached in
      the reaction vessel 1 and the intake line 11. The centrifugal pump 12
      pumps the liquid via the output line 13 and the heat exchanger 14 to the
      liquid-gas jet device 15. The circulated liquid is at the same time
      further degassed in the centrifugal pump 12, utilizing the centrifugal
      forces occurring in its rotor. The gas, which contains drops of liquid and
      which is separated out in the rotor of the centrifugal pump 12, is fed to
      a liquid separator 17 via the venting line 16, which begins in the canal
      near the hub of the centrifugal pump rotor. The liquid collected in the
      liquid separator 17 is pumped back by the water-jet pump 18, which is
      operated with liquid from the pump output line 13 via the connecting line
      19, into the reaction vessel 1 via the return line 20. The gas produced in
      the liquid separator 17 is discharged into the ambient atmosphere via the
      exhaust gas line 21 or into the central exhaust gas line 23 via the
      connecting line 22. The liquid in the circulation loop is charged with gas
      in the preliminary gas-charging device 24 disposed between the centrifugal
      pump 12 and the heat exchanger 14. This is accomplished by means of the
      jet device 25, which is operated with driving gas of high pressure via the
      driving-gas line 26 and draws in gas at low pressure via the gas supply
      line 27.
PAR  The charging of the liquid with gas in the reaction vessel 1 is
      accomplished by means of the liquid-gas jet device 15, which is arranged
      vertically in the upper part of the reaction vessel 1 and ends above the
      liquid surface in the reaction vessel 1. This liquid-gas jet device 15 is
      operated by means of the circulating liquid and draws in gas via the
      fresh-gas supply line 28 or, partly or completely, via the connecting line
      29 from the central exhaust gas line 23. The gas and the circulating
      liquid are intimately mixed in the liquid-gas device 15 and are
      transferred into the liquid to be charged with gas in the reaction vessel
      with great momentum as a homogeneous liquid-gas jet. The gas bubbles
      contained in the liquid jet are embedded here deep in the liquid in the
      reaction vessel 1 and must rise through the entire height of the liquid to
      the surface in the turbulence area caused by the jet. This leads to
      favorable conditions for the material transfer of gas to liquid.
PAR  The gas escaping at the liquid surface of the reaction vessel 1 and that
      escaping from the gas separator 2 via the foam discharge line 17 is
      discharged into the atmosphere via the central exhaust gas line 23.
      However, this gas can also be sucked in, partly or completely, by the
      liquid-gas jet device 15 via the connecting line 29 and used over again to
      gas-charge the liquid in the reaction vessel 1. The liquid to be charged
      with gas can be fed into the reaction vessel 1 continuously or
      intermittently. It is also possible to carry out the charging of the
      liquid with gas in the reaction vessel 1 under overpressure.
PAR  FIGS. 2 and 3 show a two-story reaction vessel 1 with well inflows 34, 39
      as the gas-charging device in another embodiment of the invention. The
      heavily emulsified liquid flows from the lower story of the reaction
      vessel 1 to a gas separator 2, radially from the outside, which is
      arranged as in the example of the embodiment as per FIG. 1. This strongly
      emulsified liquid is separated into an emulsion with high gas content and
      a pre-degassed liquid. The emulsion with high gas content flows from the
      outside toward the inside through the interspaces of the conical guidance
      devices 30, which consist of individual segments, toward the foam
      discharge line 7, which is arranged centrally in the reaction vessel 1 and
      ends above the liquid level of one of the stories of the reaction vessel
      1, and is equipped with a throttling device 8. The pre-degassed liquid
      flows, against the entrance direction, toward collecting pockets 31
      arranged on the outside of the conical guidance devices 30 and from there,
      through the openings 32, on to the cavities 33 which are provided between
      the individual segments of the conical guidance devices 30. The
      pre-degassed liquid runs from the cavities 33 via the suction line 11
      toward the degassing centrifugal pump 12 underneath the lowest conical
      guidance device 30. The centrifugal pump 12 pumps the liquid via the
      output line 13 and the heat exchanger 14 to the upper well inflow 34. At
      the same time, the liquid is further degassed in the centrifugal pump 12,
      utilizing the centrifugal forces in its rotor. The gas, which contains
      droplets of liquid and is separated in the rotor of the centrifugal pump
      12 is fed to a liquid separator 17 via the venting line 16. The liquid
      accumulating in the liquid separator 17 is pumped back to the reaction
      vessel 1 by the volumetrically small pump 35 via the return line 20.
PAR  The gas accumulating in the liquid separator 17 is removed into the central
      exhaust gas line 23 via the exhaust gas line 21. The exhaust gas produced
      in the two stories of the reaction vessel 1 is also discharged to the
      atmosphere via the central exhaust gas line 23.
PAR  The liquid in the upper story of the reaction vessel 1 is charged with gas
      by the upper well inflow 34. The circulated liquid enters the well head 36
      of the upper well inflow 34 via the pump line 13. From there, the liquid
      is plunged in free fall, without rotation, into the well pipe 37 and takes
      along in the process the gas, which is at atmospheric or higher pressure
      at the well head 36, via the gas input canals 38. The sucked-in gas and
      the circulated liquid are intimately mixed in the well pipe 37 and are
      transferred into the liquid of the upper story of the reaction vessel 1
      with great momentum as a homogeneous liquid-gas jet.
PAR  The liquid in the lower story of the reaction vessel 1 is charged with gas
      via the lower well inflow 39. The main part of the liquid flows from the
      basin bottom of the upper story of the reaction vessel 1 toward the inlet
      of the well pipe 37 between the well pipe and the cylindrical skirt 40.
      From there, the liquid plunges in free fall, without rotation, into the
      well pipe 37 and takes along, for one, fresh gas via the fresh-gas supply
      line 28 and the gas supply canals 38 and, on the other hand, foam via the
      inlet funnel 41. The inlet funnel 41 can be provided with means for
      adjusting the size of the inlet cross section. In the well pipe 37 the
      sucked-in gas and the liquid are intimately mixed and transferred into the
      liquid of the lower story of the reaction vessel 1 with great momentum as
      a homogeneous liquid-gas jet.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for gasing liquids comprising a reaction vessel for containing
      liquid to be gassed, a separator element located within and towards the
      bottom of said vessel, said separator element constituting gravity
      operated means effective to separate medium in the separator into a
      primarily gaseous phase and a primarily liquid phase, a first conduit
      leading from a region of said separator at which said gaseous phase
      accumulates upwardly to a region of said vessel above the level of liquid
      therein, throttling means at the upper end of said first conduit means,
      second conduit means leading from a region of said separator at which said
      primarily liquid phase accumulates to a centrifugal pump disposed outside
      said vessel, said centrifugal pump having a central outlet for gas from
      said primarily liquid phase, third conduit means leading from said gas
      outlet to a second separator, fourth conduit means returning liquid from
      said second separator to said vessel above the level of liquid therein,
      said centrifugal pump having a peripheral outlet for liquid from said
      primarily liquid phase, fifth conduit means leading from said peripheral
      outlet to means disposed above the level of liquid in said vessel for
      entraining a gas in said liquid and for injecting said liquid and
      entrained gas into liquid in said vessel.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said means for entraining a gas
      in said liquid comprises an ejector pump means, said fifth conduit means
      being connected to said ejector pump means at a motive fluid inlet and a
      gas supply being connected to said ejector pump means at a pumped fluid
      inlet thereof.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein said means for entraining a gas
      in said liquid is spaced from the surface of liquid in said vessel.
NUM  4.
PAR  4. Apparatus as claimed in claim 2 including a gas exhaust line leading
      from an upper region of said vessel, said exhaust line being connected to
      a gas inlet of said means for entraining a gas in said liquid.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said means for entraining a gas
      in said liquid is spaced from the surface of liquid in said vessel.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein said fourth conduit means
      includes an ejector pump means effective to draw liquid from said
      separator.
NUM  7.
PAR  7. Apparatus as claimed in claim 6 wherein said fifth conduit means
      includes a branch connected to deliver motor fluid to said ejector pump
      means.
NUM  8.
PAR  8. Apparatus as claimed in claim 1 wherein said fifth conduit means
      includes a pre-gas charging means between said centrifugal pump and said
      means for entraining a gas in said liquid.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, including a gas jet pump delivering gas
      to said pre-gas charging means.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein said fifth conduit means
      includes a heat exchanger.
NUM  11.
PAR  11. Apparatus as claimed in claim 1 wherein a gas outlet of said second
      separator is connected to a gas exhaust line leading from an upper part of
      said vessel.
NUM  12.
PAR  12. Apparatus as claimed in claim 1 including a gas exhaust line leading
      from an upper region of said vessel, said exhaust line being connected to
      a gas inlet of said means for entraining a gas in said liquid.
NUM  13.
PAR  13. Apparatus as claimed in claim 1 comprising a further reaction vessel,
      said vessels being disposed one above the other.
NUM  14.
PAR  14. Apparatus as claimed in claim 1 wherein said separator element
      comprises a stack of generally conical elements, means defining an upper
      and central region in said separator at which a primarily gaseous phase
      accumulates, said first conduit means communicating with said region at
      the uppermost one of said conical elements, a manifold for said primarily
      liquid phase, and generally radially extending passage means leading to
      said manifold.
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ABST
PAL  A modular filter assembly for cleaning and polishing of potable waters
      including a fabric turbidity removal module and an adsorptive taste and
      odor removal module. The modules are connected in series so as to have
      turbidity removal prior to taste and odor removal to extend the operating
      life of the taste and odor removal module. The turbidity removal module
      includes a porous, fabric material assembly which is of a rolled or
      wrapped construction which provides a large filtration area to prevent its
      clogging prior to the utilization of the adsorptive capabilities of the
      taste and odor removal module. The turbidity removal module includes a
      flow grid assembly having inner and outer flow grid to maximize the
      distribution of the fluid being filtered over the filtration area of the
      module and to assure lateral flow of the filtered fluid through the
      module. The modular construction enables the turbidity removal module to
      be utilized separately and renders the module self-cleaning when operated
      under certain flow conditions. The taste and odor removal module is
      provided with flow dispersion means which serves to reduce the flow
      velocity of the filtering fluid through the module to prevent channeling
      and maximize the adsorptive capacity of the absorptive material contained
      in the module.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to a filter construction, and more
      particularly, to a filter construction for use primarily in cleaning and
      polishing potable water, although it may be used for filtering other
      fluids, such as milk or the like.
PAR  In the past, it has been known that the absorptive capacity of the carbon
      material in prior filter devices has been only partially utilized when
      such filter devices have failed. It has also been known in filter devices
      which utilize adsorptive material, such as carbon granules, that turbidity
      removal has been known to cause the elimination of the surface area of the
      carbon granules which contribute to their adsorptive capacity. Elimination
      of this effective surface is primarily the result of coating and
      eventually results in bridging and channeling through the carbon granules,
      and ultimately in prohibitive pressure drops with complete non-performance
      of the filtering device.
PAR  Therefore, it has become desirable to design and manufacture a filter
      device in which turbidity removal will prevent a premature failure of the
      device prior to a substantial usage of the adsorptive capacity of the
      carbon material contained therein while still yielding a filtrate of the
      highest possible quality. More particularly, the filter device must be
      constructed so as to have an extremely large filtration area while being
      relatively small and compact in overall size. Still further, the
      filtration area must be large enough so as to enable the use of filter
      materials which have a pore size capable of yielding the high grade
      effluent desired without resulting in prohibitive pressure drops.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates providing an improved filter
      construction for cleaning and polishing of potable water. More
      particularly, the present invention provides a filter construction which
      is of a modular design, and which in one form, provides for the separation
      of the function of turbidity removal from the function of taste and odor
      removal. More specifically, the filter construction includes at least one
      module which is formed by the spiral-wrapping of a fabric filter material
      assembly so as to achieve a substantially greater filtration area when
      compared to prior filtration devices having a comparable size and flow
      rate. The fabric material assembly comprises an envelope-type construction
      which includes an outer fabric filter sheet which is formed or folded
      about an internal flow grid. The internal flow grid is formed by a pair of
      grid strips having a uniform, preselected pattern so as to prevent nesting
      thereof and to allow for lateral flow along the interval flow grid to
      maximize the filtration capability of the surrounding sheet of filter
      material. An exterior grid is disposed outwardly of the folded envelope
      and is wrapped with the envelope to provide a separation between the
      spiraling layers of the fabric material assembly as an entrance separation
      for the liquid being filtered resulting in a pressure-balanced flow
      through the filter module. The envelope utilizes a lap construction having
      a seam on one side and along which the external grid is laid during the
      wrapping process. The wrapping is performed so as to maintain the seam and
      the external grid on the outside to apply tension along the seam for
      retaining the outer lap of the envelope in tight sealing engagement with
      the inner lap to prevent leakage in the completely wrapped condition of
      the fabric material assembly. The entire fabric material assembly is
      wrapped about a hollow core which is connected in fluid communication with
      the interior grid so as to enable the filtrate from the filter module to
      pass to another filtration stage, when desired.
PAR  In the present invention, a secondary filtration state is provided in the
      form of a carbon granule filter module to provide taste, odor, and
      chlorine removal in the filtration process. In the carbon filter module,
      the carbon granules are separated by sets of layered discs which are
      adapted to distribute the flow through the carbon filter module and to
      prevent the escape of the carbon granules therefrom. More particularly, a
      set of discs is disposed at either end of the carbon filter, and one set
      is disposed generally intermediately therebetween. Each of the sets of
      discs includes 2 sheets of filter material having a relatively fine pore
      size so as to prevent the passage of the carbon granules therethrough, but
      capable of allowing the free flow of the filtering fluid, such as water,
      therethrough. The filter material forms a sandwich with one layer of a
      different filter material having a relatively larger pore size which
      functions primarily to distribute the flow over the entire transverse
      dimension of the carbon filter module, and thus, prevent channeling
      through the carbon granules by the filtering fluid flowing therethrough.
PAR  As can be seen, there is provided a filter assembly wherein turbidity
      removal has been separated from taste and odor removal such that the
      turbidity is prevented from prematurely terminating the operating life of
      the carbon filter module. More particularly, a spirally-wrapped filter
      module for turbidity removal is constructed so as to have an extremely
      large filtration area yet contains a filter material having an extremely
      small pore so as to yield an extremely high grade effluent. In such an
      arrangement, the turbidity filter module is capable of extremely long life
      and permits continued use of the entire filter assembly until such time
      that the adsorptive capacity of the carbon granules in the carbon filter
      module is substantially utilized. Still further, the entire assembly is of
      a compact construction resulting in a size comparable to other known
      filter devices of the same or lower flow rates.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partly cut away, showing one form of filter
      construction of the present invention.
PAR  FIG. 2 is a perspective assembly view of still another form of filter
      construction of the present invention.
PAR  FIGS. 3 to 5 show various stages of the formation of the turbidity filter
      module of the present invention.
PAR  FIG. 6 is a transverse sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a transverse sectional view taken along the line 7--7 of FIG. 5.
PAR  FIGS. 8 to 11 show various filtering stages to form the turbidity removal
      module of the present invention; and
PAR  FIG. 12 is a perspective assembly view of the filter module construction of
      the present invention with the carbon filter module shown partially cut
      away.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1 and 2, there is illustrated two or dual filter assemblies 1 and
      2 embodying the fabric filter module, designated generally at 3, of the
      present invention. The embodiment shown in FIG. 1 may be of the
      canister-type construction which would be used for filtering drinking
      water, milk or the like, and the filter assembly 2 is typical of a
      self-cleaning tank-type construction which includes a settling stage in
      the filtration process for filtering of liquids having larger and/or
      heavier suspended particles therein.
PAR  Referring now specifically to FIG. 1, the filter assembly 1 comprises a
      sealed canister 2 having a hollow, cylindrical body 5 which is open at one
      end, as at 7. A cap 8 is fitted over the open end and is secured to the
      body by clamp 9. An annular seal 6 is provided between the cap 8 and the
      body 5 to assure tight fitting engagement therebetween. The cap 8 includes
      an inlet fitting 10 for the entrance of contaminated fluid, such as water
      or the like, into the body and an outlet fitting 11 to enable the
      discharge of the filtrate from the body. The fittings 10 and 11 may be
      provided with threads on their exterior sides to enable connection with
      suitable exterior conduits as needed.
PAR  As shown, the filter assembly 1 is of a two or dual module construction
      having an adsorptive filter module 15, which contains an adsorptive
      material such as carbon granules or the like, which is connected in series
      with the fabric filter module 3 within the canister 2. Referring now to
      FIGS. 1 and 12, the filter module 15 is mounted adjacent the open end of
      the body 5 and includes an outlet fitting 17 at one end and an inlet
      fitting 18 at the opposite end with the outlet fitting 17 being connected
      in fluid communication with the fluid fitting 17. The filter module 3
      includes a hollow, cylindrical core 19 about which a porous, fabric
      material assembly 20 is wrapped such that the filtrate passing through the
      fabric material assembly 20 will flow into the core 19. One end of the
      core 18 is closed, such as by plug 21, while the opposite end 22 of the
      core 18 is open and defines an outlet fitting for connection to the inlet
      fitting 18 of the filter module 15 in fluid communication with the filter
      module 3. As shown, the filter modules 3 and 15 are spaced from the walls
      of the canister body forming an air chamber to allow for the passage of
      fluid and which acts as a shock absorber to reduce the shock of water
      hammer. By this arrangement, fluid to be filtered enters the canister 2
      through the fitting 10 and flows around the outside of the filter module
      15. The fluid is initially filtered through the fabric material assembly
      20, and the filtrate therefrom flows into the core 18. The filtrate then
      flows into the filter module 15 wherein it is again filtered with the
      resulting filtrate flowing outwardly through the fitting 17 and 11. In
      this process, the filter module 3 functions essentially for turbidity
      removal, whereas, the filter module 15 functions essentially for taste and
      odor removal. The wrapped spiral construction of the filter module 3
      provides a large filtration area, which will be discussed in greater
      detail hereinafter, which enables turbidity removal prior to the passage
      of the filtering fluid into contact with the carbon granules of the filter
      module 15 so as to enable a more effective and efficient use of the
      adsorptive ability of the carbon granules and extend the operating life of
      the filter module 15.
PAR  Referring now particularly to FIG. 12, the filter module 15 comprises an
      outer casing 24 having an open ended body 25 and an end cap 26 adapted to
      cover the open end. As shown, the casing 24 is of a generally cylindrical
      configuration having a maximum diameter which is less than the minimum
      diameter of the interior of the canister 2 so that the incoming fluid may
      flow around the exterior side of the casing 24 toward the filter module 3
      at the opposite end of the canister 2 at a preselected flow rate. It is to
      be understood, that the size of the various components of the filter
      assembly 1 can be dimensioned so as to achieve different flow rates.
      Although the filter assembly 1 has been primarily designed for use in
      cleansing and polishing potable waters, it will be understood by those
      skilled in the art that such could be applied for use in filtering other
      fluid mediums.
PAR  Preferably, the casing 24 is made of a non-biodegradable chemically-inert
      material, such as polypropylene or the like so as to minimize the chance
      of any chemical reaction between the filtering fluid and the components
      which make up the filter assembly 1. The outlet fitting 17 comprises a
      hollow tube which is centered at one end of the casing 24 and is made of
      the same material as the casing 24 being threaded externally for
      connection with threads formed internally of the outlet fitting 11. The
      inlet fitting 18 is shown as comprising a hub 16 disposed in the end cap
      26 so as to be axially aligned with the outlet fitting 17. As shown, the
      hub 16 includes an opening 13 which is formed fitting to receive the end
      22 of the core 18, such as by press fit or the like. More particularly,
      the hub 16 includes a key 14 formed integral therewith for slidable
      insertion into a keyway or slot 23 formed in the end 22 for locking the
      core 19 against rotation within the hub 16 and to facilitate a sealing
      connection between the core 9 and the cap 26.
PAR  As shown in FIG. 12, flow dispersion chambers are provided which are formed
      by three primary or inner screens 27, 28, and 29. The screens 27, 28, and
      29, in the form shown, are circular in configuration and are preferably
      made of polypropylene material, such as Vexar 40 PDS-89, which is a
      trademark designation for a product manufactured by DuPont. Screens 27 and
      29 are disposed at the opposite ends of the casing 25 while the other
      screen 28 is positioned intermediate the screens 27 and 29 at the
      longitudinal center of the casing 25. The screens 27, 28, and 29 have
      diameter substantially the same as the interior side of the casing 25 such
      that all of the fluid flowing through the casing 25 must pass through the
      screens 27, 28, and 29.
PAR  Carbon granules, as at 30 and 31, are disposed in the spaces between the
      screens 27, 28, and 29. Preferably, the carbon granules 30 and 31 are of
      an extremely hard type and have a high resistance to chafing, such as
      grade 718 manufactured by the WITCO Chemical Company.
PAR  To prevent the escape of the carbon particles 30 and 31 with the filtrate,
      secondary or outer screens 33 to 38 (FIG. 12) are disposed at opposite
      sides of the primary screens 27, 28, and 29. These secondary screens, as
      shown, also are circular in configuration, having a diameter which is
      substantially equal to the diameter of the primary screens 27, 28, and 29.
      Preferably, the secondary screens are made of a non-woven polypropylene
      material, such as Typar, which is a trademark designation for a product
      manufactured by DuPont. It has been found that Typar having a weight of 2
      ozs. per yard, effectively blocks the passage of carbon particles while
      allowing the filtering fluid, such as water, to pass freely therethrough.
PAR  The end cap 26 is joined to the main body 25, such as by a suitable
      polypropylene adhesive, to provide a completely sealed module. As shown,
      the end cap 26 and the opposite end of the main body 24 are formed with
      annular pressure rings 33 and 38 which are disposed radially outwardly of
      the fittings 17 and 18. The fittings 17 and 18 project axially inwardly of
      the casing into pressured contact with the adjacent screen to prevent the
      possibility of the escape of carbon particles around the outer periphery
      of the screens.
PAR  In FIGS. 3 to 11, there is shown one typical filter module 3 which, when
      made in a size so as to have an approximate length of 11 inches, and a
      diameter of 4 inches, will in the final assembled condition have a
      comparatively large filtration area capable of providing a high grade
      effluent having particles less than 0.045 microns, at a flow rate of 11/2
      gal. of water per minute. Again, the various components of the filter
      module 3 are preferably made of a non-biodegradable chemically-inert
      material, such as polypropylene or the like.
PAR  As previously stated, the fabric material assembly 20 is wrapped about the
      core 19 and may be made of Cycolac (T) which is a trade designation of an
      ABS product of food grade manufactured by Borg Warner. This material is
      used because of its rigidity, and because it is readily dissolvable in
      certain known solvents which enable some of it to be dissolved to a
      viscosity which is suitable for use as an adhesive in the construction of
      the filter, as will be described more fully hereinafter. In the size of
      the embodiment referred to above, the core 19 will preferably have a
      thickness of approximately 1/8 inch and an outside diameter of
      approximately 3/4 inch and an inside diameter of approximately 1/2 inch.
      The core 19 is cut to have a length of approximately 111/2 inches and is
      formed with a slot 23 (FIGS. 5 to 8) which may extend throughout its
      entire length and have a width of approximately 0.075 inch, being sized to
      fit the key 14 of the hub 16. In addition, the marginal edges of the core
      defining the slot 23 may be cut on a bias with respect to a plane
      extending coaxially outwardly from the longitudinal center of the core.
      The width of the slot is approximately 1/16 inch.
PAR  The fabric material assembly 20 comprises a plurality of layers of fabric
      materials which are rolled or wrapped in spiral relation about the core 19
      to provide a large filtration area, as for example 10 sq. ft., as referred
      to above. More particularly, a porous fabric sheet 51 of Tyvek No. 1085-D
      (FIG. 3), which is a trademark designation for a non-woven fabric
      manufactured by DuPont is used, being preferred over woven fabrics, in
      that known available woven fabrics do not offer as fine a pore size to
      yield the high grade effluent desired. The sheet 51 is initially formed in
      a rectangular shape having a width, such as the dimension B, of 24 inches,
      and a length, such as the dimension A, of 6 ft. 4 inches. Two folds are
      made of lengthwise direction of the sheet 51 inwardly from its lengthwise
      edges 52 and 53 to form an enveleope 54 (FIG. 4), having a back layer 55,
      and inner front lap layer 56 and an outer front lap layer 57. The folds
      are made in the sheet 51 along lines which are spaced, such as a distance
      C, of 63/4 inches inwardly from the edges 52 and 53 so that the outer
      front lap layer 57 overlaps the inner front lap layer 56 a distance, such
      as the dimension D (FIG. 5) of approximately 3 inches at the longitudinal
      center of the sheet 51, resulting in a width of 101/2 inches, such as
      dimension E, for the envelope 54.
PAR  An interior grid assembly 58 is provided for insertion within the envelope
      54. The interior grid assembly 58 includes a pair of grid members or
      strips 59 and 60 which are disposed in juxtaposed, face-to-face relation
      within the envelope 54. The strips 59 and 60 are preferably made of flat
      strips of fabric material known as Vexar 20-PDS, which is a trade
      designation for a product manufactured by DuPont. This material provides
      an open grid pattern which, when used in the proper manner, prevents
      nesting between the strips 59 and 60 so as to allow for the desired
      lateral flow of the filtering fluid between the back layer 55 and the
      front lap layers 56 and 57 of the envelope 54 (FIG. 5). More specifically,
      this material is formed so as to have a diamond-shaped pattern defined by
      one set of coplanar strands which extend diagonally, such as right to
      left, and an acute angle with respect to the lengthwise dimension of each
      strip and another set of coplanar strands which extend, such as left to
      right, at an equal acute angle to the lengthwise dimension of the strips.
      Thus, each strip 58 and 59 provides an individual grid strip which contain
      a definite pattern of uniform, downwardly extending high points on each
      side to allow unidirectional flow of fluid therethrough, as well as
      pinpoint support for the filter sheet 51 to discourage movement relative
      thereto. When the two strips 59 and 60 are laid one upon the other so as
      to have the same orientation, the confronting coplanar layers will extend
      transversely to one another to prevent nesting therebetween. In addition,
      when the two strips 59 and 60 are rolled, as a unit, into a spiral
      configuration, a curvilinear change will occur which offsets the
      respective high points of the confronting layers and the respective
      junctions of the strands of the coplanar layers of each strip so as to
      entirely eliminate any possibility of nesting between the two strips 59
      and 60. By this arrangement, the strips 59 and 60 form a structure which
      maintains a physical separation or spacing between the back layer 55 and
      the front lap layers 56 and 57 of the envelope 54 to assure lateral flow
      therebetween by preventing choking off of the flow of fluid through the
      interior grid as a result of the sagging and stretching of the sheet
      material 51 to conform to the outer high and low points of each of the
      strips resulting from flow pressures produced by the fluid flow through
      envelope 54.
PAR  In the form shown, the two grid strips 59 and 60 are cut to approximately
      the same width as the envelope 54 or to a size exactly 101/2 inches wide,
      and 6 ft. long, and are placed inside the envelope 54 such that a portion
      of the coinciding ends, such as at 62, off each of the strips extends
      approximately 1/4 inch beyond one edge, such as the inner edge 63, of the
      envelope 54. As best shown in FIGS. 5 and 6, one end of the fabric
      material 20 is inserted into one end of the slot 23 such that a portion of
      the lower edge 63 of the envelope 54 and the ends 62 of the strips 59 and
      60 extend into the cover 65 of the core 19. In the form shown, the
      combined transverse thickness of the fabric material assembly 20 within
      the slot 23 is greater than the transverse width of the slot 23, resulting
      in a compressive pinching action thereon. The core 19 is then slid
      relative to the filter fabric material 20 in a direction, such as
      indicated by the arrow 66, which is opposite to the direction of the fold
      of the outer front lap layer 57, so as to avoid interference therewith and
      while using the projecting ends 62 of the strips 59 and 60 as a depth
      guide. The core 19 is slid relative to the envelope 54 until its leading
      end 70 is flush with the folded edge 72 of the envelope 54 which leaves
      1/2 inch of the opposite end 22 of the core 19 extending beyond the
      opposite folded edge 79 of the envelope 54.
PAR  As best shown in FIG. 7, the plug 21 includes a head 80 which has a
      diameter approximately equal to the diameter of the core 19 and a shank 81
      which has a reduced diameter from that of the head, being adapted for
      interference fit within the cove 65 of the core 19. The shank 81 includes
      a diametrically extending slot 74 which forms spaced legs 86 and 87 which
      straddle the opposite sides of the end of the fabric material assembly 20
      extending into the cove 65 and adjacent the folded edge 72 of the envelope
      54. At this time, a suitable adhesive, such as dissolved Cycolac, as
      aforesaid, is applied to the junction of the exterior of the envelope 54
      along the slot 23, as at 84, to sealingly secure the fabric material 51,
      as thus, the envelope 54 within the slot 23. The plug 21 is also coated
      with the adhesive in the area of contact between the core 19 and the
      envelope 54 for sealingly securing the plug 21 to the end 70 of the core
      19.
PAR  In the form shown in FIG. 8, an external grid strip 85 is provided which is
      made of the same material as the grip strip 59 and sized so as to have
      approximately the same width as the grid strips 59 and 60 and also to have
      an initial length so as to match that of the envelope 54 from end-to-end.
      The external grid strip 85 is placed along the side of the assembled
      envelope 54 which has the seam 89 formed by the overlap of the lap layers
      56 and 57. The core 19 is then rotated, such as in the direction indicated
      by the arrow 90, so that the fabric material assembly 20 is wrapped in
      spiral relation about the core 19 and such that the seam 89 and the grid
      strip 85 are on the outside (see also FIG. 9). As shown, the external grid
      85 is disposed internally of the envelope 54 and wrapped with it to form a
      separation between the spirally-wrapped layers of the envelope 54. This
      arrangement results in a comparatively larger filtration area and the use
      of a much less permeable filtration material which gives a finer degree of
      filtration without sacrificing flow rate or pressure drop. An inherent
      benefit of the entire arrangement is an extended life for the entire unit
      before clogging occurs. The seam 19 is disposed on the outside, as
      aforesaid, so that the tension caused by the curvature of the lap layers
      56 and 57 upon wrapping will cause tight sealing engagement therebetween.
      When the fabric material assembly 20 is wrapped tightly in the core 19,
      the positioning of the seam 89 on the outer radius on the outside, as
      aforesaid, eliminates the need for a cement or sealant to be applied along
      the seam 89. During this stage of the assembly procedure, a wrinkling
      usually takes place on the inner curvature of the envelope 54, such as in
      the back layer 55, which must be controlled. More specifically, there will
      be a positional change or shift between the internal grid strips 59 and 60
      and the back layer 55 in the lengthwise direction of the envelope 54.
      Thus, when the rolling or wrapping stage is nearly complete, as in FIG. 9,
      the internal grid strip 59 and 60 should be cut so as to form an edge 91
      which is parallel to the outer marginal edge 92 of the envelope 54 and
      which is a distance F, such as approximately 4 inches, inwardly from the
      outer marginal edge 92 of the envelope 54. An angular fold is then made
      across each of the opposite corners of the envelope 54 adjacent the
      marginal edge 92, as at 93 and 94, and the excess sheet material 51 of the
      envelope 54 projecting beyond the cut edge 91 is folded over, as at 96,
      such that the seam 89 is disposed outwardly of such fold as shown in FIG.
      10. The wrapping procedure is continued until all of the material forming
      the fabric material assembly 20 is spirally wrapped on the core 19, and
      there is at least one complete layer of the external grid strip 85
      extending completely around the exterior of the cylindrical shape of the
      filter module 3, as is shown in FIG. 11. Any excess material forming the
      external grid strip 85 may be cut away, and a tie string 97, which may be
      made of any suitable inert material, is tightly tied about the completely
      assembled filter module 3 so as to insure that there will be no relaxing
      of the wrapped fabric material assembly 20 which could cause leakage in
      the end folds 92, 93, and 94 and along the center overlap seam 89 between
      the outer and inner front lap layers 56 and 57.
PAR  Referring now to FIG. 2, and as previously stated, the filter assembly 2
      has a tank-type construction being arranged to be self-cleaning. In the
      form shown, the filter assembly 2 employs only the spirally-wrapped filter
      module 3 described hereinbefore, and in the embodiment shown in FIG. 2
      employs four (4) such filter modules 3a, 3b, 3c, and 3d. It should be
      pointed out that the construction of the filter system 2 is arranged so as
      to remove a contaminant which has a specific gravity which is less than
      the specific gravity of the filtrate or liquid being filtered.
PAR  In the form shown, the filter assembly 2 includes a hollow, rectangular
      tank 101 which is open at the top. The open top of the tank 101 is covered
      by a top plate 102 which may be secured to the body in any suitable manner
      so as to form a tight seal therebetween. A baffle assembly 103 is mounted
      within the body 101 and includes an upright center plate 104 which divides
      the interior of the body into two filter chambers 105 and 106. The filter
      modules 3a to 3d are arranged such that two of the modules, such as 3a and
      3b are positioned within the filter chamber 105, while the other two
      filter modules 3c and 3d are positioned within the filter chamber 106. An
      intake manifold 109 is mounted on the top plate 102 and includes a
      three-way valve 110 which includes an inlet 111 adapted for connection to
      a source of contaminated fluid to be filtered. The valve 110 includes
      outlets 112 and 113 on its opposite sides which are connected in fluid
      communication to left and right branch conduits 115 and 116, respectively.
      The branch conduits 115 and 116 include inlets 117, 118, 119 and 120
      respectively for conveying the filtered fluid into the interior of the
      tank 101. Pressure gauges 121 and 122 are connected in the branch conduits
      115 and 116 for determining the operating pressure of the system so that
      the flow rate of the fluid into the tank 101 can be determined and
      controlled.
PAR  A discharge manifold 114 is also mounted on the top plate 102 and includes
      a T-shaped discharge fitting 125 having an outlet 126 adapted to discharge
      the filtrate from the system. The discharge manifold 104 includes filtrate
      discharge outlets 127, 128, 129 and 130 which are connected in fluid
      communication to the discharge fitting 125, such as by branch conduits 131
      and 132, and the respective filter modules 3a, 3b, 3c, and 3d. Each
      filtrate outlet, such as 127, includes a flow control valve, such as 135,
      so that the discharge from all of the filter modules 3a, 3b, 3c, and 3d
      will be the same. Still further, each discharge end, such as 22a, of each
      core, such as 19a, of each filter module, such as 3a, is connected in
      fluid communication to the filtrate outlet 127 by a connector 136. A feed
      chamber 137 is mounted in surrounding relation about the connected end of
      the filter modules, such as 3a, so as to extend outwardly beyond the
      associated inlet, such as 117, so that the incoming fluid is directed by
      the feed chamber into the end of the filter module 3a. The inlet valve 110
      is manually-controlled such that the incoming fluid can be fed to either
      the distribution conduit 115 or the distribution conduit 116, but not
      both. In this way, the flow path is manually-controlled so that the total
      feed can be directed to only two of the filter modules, such as through
      the branch conduit 115, into the filter modules 3a and 3b. As previously
      stated, the flow control valves, as at 135, on the filtrate outlets 127,
      can be adjusted such that the inlet feed rate exceeds the discharge rate
      to achieve a washing action of the filter modules 3a and 3b. More
      particularly, in any closed system, the total discharge rate must be equal
      to or greater than the inlet rate. In the present system, the inlet rate
      is manually-controlled so that the feed into the system is equal the total
      discharge. Further, the incoming fluid is initially fed into only two of
      the feed chambers 137 of the filter modules 3a and 3b. Since these two
      filter modules 3a and 3b can handle only half of the fluid being fed to
      them, the other portion of the incoming fluid must travel through the
      length of the filter modules 3a and 3b, as indicated by the arrows at 139,
      taking the path of least resistance along the exterior grid strips
      providing a washing action while feeding the other two filter modules 3c
      and 3d in the chamber 106 adjacent their feed chambers.
PAR  A baffle assembly 103 is provided to encourage the settling or floatation,
      as the case may be, of the filtered or foreign material being removed from
      the incoming fluid. More particularly, the baffle assembly 103 includes
      inclined walls as at 105 and 106, which are arranged to direct and
      concentrate the settling pollutants which form a sludge at the bottom of
      the compartments 105 and 106. Sludge outlet valves 140 and 141 are shown
      connecting the compartments 105 and 106 in fluid communication to a sludge
      discharge conduit 143 for removing the sludge from the interior of the
      tank 100. The valves 140 and 141 may be arranged to open and close
      automatically, as well known in the art, such as by a timer, so that the
      entire system is not only capable of self-cleaning of the filter modules,
      but can automatically dispose of the sludge collected in the compartments
      105 and 106.
CLMS
STM  We claim:
NUM  1.
PAR  1. A filter apparatus comprising:
PA1  a tank with a bottom, side walls, and an open top having a removable cover
      constructed and arranged to provide closure means for said open top;
PA1  valve means and manifold inlet means located on the upper surface of said
      cover and constructed and arranged to permit the introduction of fluid to
      be filtered through said cover at selective locations within said tank;
PA1  manifold outlet means located on the upper surface of said cover with each
      outlet in said cover being in fluid communication with the interior of
      said filter assembly located within said tank, each said filter assembly
      having a slotted, hollow elongate core with a closed lower end, the other
      end of said core being in communication with an outlet in said cover;
PA1  closed envelopes of fabric material disposed in spirally wrapped layers
      about the exterior of each of said cores and constructed and arranged to
      have interior of said envelopes in fluid communication with the slot of
      its respective hollow core;
PA1  baffle means connected to the bottom of said tank and extending upwardly
      therefrom with the upper edges thereof spaced apart from the cover of said
      tank and defining at least two compartments within said tank in fluid
      communication with each other; and,
PA1  outlet means in the bottom of each compartment defined by said baffle means
      whereby sediment collected in the bottom of each of said compartments may
      be removed therefrom.
NUM  2.
PAR  2. A filter apparatus in accordance with claim 1 wherein substantially all
      the component parts of said modular filter assembly are made of
      non-biodegradable, chemically-inert materials.
NUM  3.
PAR  3. A filter apparatus in accordance with claim 1 including a porous grid
      between said layers to enable said fluid to flow through and between said
      layers.
NUM  4.
PAR  4. A filter apparatus in accordance with claim 1 wherein
PA1  said tank includes at least two filter assemblies,
PA1  at least one filter module is disposed in each of said chambers; and
PA1  each of said outlet means includes a flow control means for limiting the
      total output flow from said tank to approximately the total input flow
      into said tank.
NUM  5.
PAR  5. A filter apparatus in accordance with claim 4 wherein
PA1  said flow control means includes means for equalizing the flow through each
      of said outlet conduits; and
PA1  selectively actuatable valve means for directing the incoming fluid into
      less than all said filter modules so that the input to any one module
      exceeds the output through its associated outlet conduit.
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PAL  In mechanical filters, structure is provided for mounting a string-like
      member in closely spaced relation to its moving filter medium. At least
      one pick mounted on a rotating shaft is provided for periodically plucking
      the string-like member so that the string-like member vibrates against the
      filter medium. A rod mounted perpendicular to the path of movement of the
      filter medium past the string-like member acts as a guide to prevent the
      pick from catching the string-like member and controls the vibration of
      the string-like member in a plane substantially perpendicular to the path
      of movement of the filter medium thereby to obtain the most effect of the
      impact. The vibration or slapping of the string-like member against the
      filter medium causes filter cake formed thereon to be detached therefrom
      or to be compacted. In a belt-type of drum filter, the string-like member
      is preferably located between the breaker and discharge rolls.
BSUM
PAR  The present invention relates to filters and more particularly to improved
      apparatus which may be employed for removing formed filter cake from the
      filter medium and which may be employed as a beater for compacting filter
      cake as it is formed on filter medium so as to prevent cake cracking.
PAR  The difficulty related to the discharge of cake from mechanical filters is
      the problem of complete filter cake discharge from the filter medium after
      filtration. Generally, in order to have complete cake discharge it has
      been found that the filter cakes formed on the filter medium must be thick
      enough to have sufficient weight or mass to fall off by gravity.
      Heretofore, it has not always been possible to form such thick filter
      cakes on the filter medium, particularly in the case of the filtration of
      products which were difficult to filter and consequently had slow filter
      rates.
PAR  Generally, belt-type drum filters are used in difficult filtering
      applications because the belt or cloth filter medium may be washed every
      revolution to prevent blinding. The terminology "blinding" of the filter
      medium is meant to describe the condition where a filter medium has its
      pores closed so that it no longer filters satisfactorily. Thin cakes
      formed on belt-type drum filters are now discharged by using a small
      diameter bar or roller to radically and quickly change the path of
      movement of the filter medium, thereby to cause cake formed on the filter
      belt to break free from the medium at a predetermined discharge point.
PAR  While the foregoing method of discharging cake from a filter medium works
      efficiently on some products, the condition of the filter cake must be
      just right in order for this method to work efficiently. For example, if
      the filter cake is not sufficiently dewatered, the cake remains plastic
      and does not always break free from the filter medium at the discharge
      point. Also, if the cake is not sufficiently thick, as particularly at the
      time when the filtration operation is completed, the filter cake often is
      not completely discharged from the filter medium and is not washed off by
      the sprays it accumulates on the rolls, thereafter causing the endless
      belt-type filter medium of a belt-type drum filter to have an unequal
      tracking length which may cause a malfunction of the belt guidance system.
      Therefore, the accumulation of filter cake on the rolls often requires
      shutdown of the filter, cleaning of the rolls supporting the filter belt
      or medium and another start-up of the filtration operation where the same
      difficulties may reoccur. Additionally, it has been found that the use of
      small diameter bars or rollers to radically and quickly change the path of
      movement of the filter medium poses a problem for the selection of the
      material used as the guide strips incorporated in the filter medium since
      the guide strips have to be hard enough to stand the pull of guide rollers
      yet flexible enough to bend around these small diameter bars or rollers.
PAR  Cake cracking is another difficulty related to mechanical filters. When the
      cake cracks in the dry zone, air short-circuits through the cracks so that
      the cake is not uniformly dewatered by air displacement resulting from the
      vacuum. Devices, such as rotary flappers, were thus developed for beating
      the filter cake as it was being formed in order to compact the filter cake
      and prevent cake cracking. A disadvantage, however, with such prior art
      beaters was that they were generally of such large dimension that they
      could not be spaced closely enough together to be effective. Additionally,
      such beaters were generally extremely noisy and very hard to maintain on
      drum filters having a width of greater than six feet.
PAR  It is, accordingly, an object of the present invention to provide an
      improved apparatus which may be employed for removing formed filter cake
      from the filter medium and also which may be employed as a beater for
      compacting filter cake as it is dewatered on the filter medium of a
      filter, which apparatus is characterized by being space-saving,
      dependable, and efficient in operation both for removing filter cake which
      is thin, sticky or not sufficiently dewatered and for compacting filter
      cake to prevent cracking.
PAR  It is, further, an object of the present invention to provide an improved
      apparatus as set forth which includes a string-like member which is
      vibrated against the filter cake or the filter media to transmit a
      slapping motion thereto, thereby to detach the formed cake after
      filtration therefrom or to compact the filter cake formed on the filter
      medium.
PAR  It is, additionally, an object of the present invention to provide an
      improved cake discharge apparatus as set forth which is easy and
      inexpensive to install and manufacture and is suitable for use in various
      other devices, such as, belt-type drum filters, standard drum filters and
      disc filters, for example.
PAR  It is, also, an object of the present invention to provide an improved
      filter cake discharging apparatus for belt-type drum filters which
      includes a vibrating string-like member in combination with discharge roll
      means.
PAR  In accomplishing these and other objects, there has been provided a
      belt-type drum filter, a standard drum filter and a disc filter with at
      least one bow string assembly according to the present invention
      incorporated in each of these mechanical filters. Each bow string assembly
      includes a string-like member or cord mounted in tension in a closely
      spaced relation to the moving filter medium of the filter with which it is
      associated along with actuating means in the form of a pick or other
      suitable means for plucking or vibrating the string-like member
      periodically or cyclically so as to vibrate the string-like member against
      a moving surface on the filter medium which may be the associated filter
      medium or the filter cake thereon. The vibrating string-like member
      transmits a slapping motion to the filter medium or filter cake and,
      depending on the location of the string-like member in the filtration
      cycle, either aids in discharging formed filter cake from the medium by
      detaching it therefrom, or compacts cake being formed on the filter medium
      to prevent cracking. Guide means, preferably in the form of a rod mounted
      at right angles to the path of movement of the moving filter medium, may
      be included in the bow string assembly to control the plane of vibration
      of the string-like member so that the string-like member strikes the
      filter medium or cake along a plane of motion substantially perpendicular
      to the filter medium. Additionally, an improved filter cake discharge
      apparatus according to the present invention is provided in the belt-type
      drum filter by the combination of the bow string assembly therein which is
      positioned to aid cake discharge along with the breaker and discharge
      rolls associated with the filter belt.
PAR  Thus, an improved apparatus is provided which may be employed in or as
      filter cake discharge apparatus for removing formed filter cake from a
      filter medium after filtration. Further, the improved apparatus may be
      employed as a beater for compacting filter cake as it is formed on the
      moving filter medium of a mechanical filter so as to prevent cake cracking
     .
DRWD
PAR  A better understanding of the present invention may be had from the
      following detailed description when read in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation view of a belt-type drum filter having apparatus
      according to the present invention for removing formed filter cake from
      the filter medium;
PAR  FIG. 2 is a side elevation view showing in detail the bow string assembly
      of the cake removal apparatus of FIG. 1;
PAR  FIG. 3 is a top plan view of the bow string assembly of FIG. 2;
PAR  FIG. 4 is a front elevation view of the bow string assembly of FIG. 2;
PAR  FIGS. 5a and 5b are each longitudinal views of one of the tubular
      connectors secured on the ends of the string-like member in the bow string
      assembly of FIG 2;
PAR  FIG. 6 is a side elevation view of a standard drum filter showing a
      plurality of bow string assemblies according to the present invention
      positioned to aid the formation of filter cake on the filter medium so as
      to prevent cake cracking;
PAR  FIG. 7 is a side elevation view of the drum filter of FIG. 6 showing a bow
      string assembly according to the present invention positioned to aid
      filter cake discharge from the filter medium; and
PAR  FIG. 8 is a side elevation of a portion of one disc of a disc filter
      assembly illustrating a bow string assembly according to the present
      invention positioned to aid filter cake discharge from the filter medium.
DETD
PAR  Referring to the drawings in more detail, there is shown in FIG. 1 a
      belt-type drum filter assembly generally designated by the numeral 1. The
      filter assembly 1 has a rotatable drum or rotor 2 which is rotated by
      conventional means (not shown) in the direction indicated by the
      directional arrow. The drum 2 is supported for rotation by support
      structure (not shown) in a tank 3 which holds the mixture 4 to be
      filtered. An endless filter belt 5 made of a conventional filter medium,
      such as a suitable cloth, is fitted around the outer periphery of the drum
      2 and is driven by the rotating drum 2 so as to pass from the rotating
      drum 2 sequentially past a dual spring roller mechanism 6, a breaker roll
      7, a discharge roll 8, a demooning roll or bar 9 and a return roll 10 back
      to the drum 2.
PAR  It is noted that the filter belt 5 passes in a substantially downwardly
      inclined straight line path from the drum 2 past the dual spring roller
      mechanism 6 which functions as a guide means for guiding guide strips
      incorporated in the filter belt 5 to the breaker roll 7. At the breaker
      roll 7, the path of the belt 5 is changed so that the belt 5 continues to
      follow a path away from the drum 2, but of even steeper incline, to the
      discharge roll 8. At the discharge roll 8, the path of the belt 5 is
      changed to an incline on the other side of vertical so that filter cake
      formed on the filter belt 5 is broken free from the belt 5 and discharges
      therefrom due to gravity. From the discharge roll 8, the path of the
      filter belt 5 is downward around the demooning roll 9 then upward to the
      return roll 10.
PAR  The demooning roll 9 is a V-shaped roll and functions to correct a
      condition called "center bias" of the filter belt. "Center bias" is caused
      by deflection in the rolls and imperfection in filter cloth fabric and is
      a change in the tracking length of the center of the belt, i.e., the
      tracking length of the filter belt center may be longer than its edges. As
      a result, the center of a filter belt tends to lag behind its edges so
      that a joint or joints in the belt take an upward curve called "mooning,"
      thereby making the belt narrower. The demooning roll straightens the belt
      out by being curved, i.e., having a pitch, to compensate for the "mooning"
      of the filter belt. The demooning roll 9 is located in a belt wash trough
      11 and serves as a wash roll as well as a demooning roll. It is noted that
      the upper exterior edge of the trough 11 is located interior of the outer
      boundary of the discharge roll 8 so that discharged filter cake does not
      fall from the belt 5 into the trough 11. Water or another suitable fluid
      to wash the belt 5 is sprayed on the filter belt 5 by sprays 12 located on
      each side of the path of the belt 5 from the roll 9 to the return roll 10.
      At the return roll 10, the filter belt 5 passes therearound and then
      downward therefrom around the outer periphery of the drum 2.
PAR  As shown in FIG. 1, a bow string assembly 15 is located adjacent the filter
      belt 5 between the breaker roll 7 and the discharge roll 8. The bow string
      assembly 15 is shown in more detail in FIGS. 2-4. The assembly 15 includes
      mounting structure in the form of brackets 16 positioned on each side of
      the filter belt 5 outboard of the path of movement of the belt 5. These
      brackets 16 are secured to support structure 17 of the filter assembly 1.
      Mounted on the outer ends of each of the brackets 16 is an adjustable lock
      nut mechanism 18. Each lock nut mechanism 18 has an interior head portion
      19 with a hole bored therein which provides a mounting arrangement for
      receiving the end of a conventional resilient means, such as a tension
      spring associated with at least one end of the string member. Hooked
      through these holes bored in the head portions 19 are the ends of
      resilient means preferably in the form of tension springs 20. It is
      additionally noted that the resilient means 20 could be provided by
      suitably arranged air cylinders or weights to develop cord tension.
      Tubular connectors 21 which are secured to the ends of a stringlike member
      or cord 22 are hooked on the inner ends of the tension springs 20.
      Thereby, the string-like member 22 is supported inside the filter belt 5
      in a closely spaced, and preferably parallel spaced, relation to the
      filter medium 5 so as to be strung in a manner similar to that of a bow
      string, i.e., under tension between spaced supports. It is noted that the
      string-like member 22 may be made of any suitable material, such as a
      cotton, nylon, rubber, neoprene or plastic cord of suitable diameter.
PAR  Referring to FIGS. 5a and 5b, the manner in which one of the tubular
      connectors 21 is secured on the end of the string-like member or cord 22
      and hooked to the tension spring 20 is there illustrated. As there shown,
      the tubular connector 21 is a longitudinal cylindrical member having a
      hollow interior. The connector 21 is made of suitable material, such as
      rigid metal, and has a pair of facing holes 30 bored laterally through the
      connector 21 approximately midway between the connector ends 31 and 32.
      The holes 30 are dimensioned for receiving a drive pin 33. A second pair
      of facing holes 34, which are larger in diameter than the holes 30, are
      bored laterally in the connector 21 at substantially the same longitudinal
      plane in the connector 21 whereat the holes 30 are located. The holes 34
      are preferably bored in the cylindrical periphery of the connector 21 at
      points spaced 90.degree. apart from the holes 30. Additionally, the tip of
      the cord 22 is coated with a plastic-like material, such as epoxy, so as
      to have a solid or hardened tip 35.
PAR  To secure the connector 21 on the end of the cord 22, the cord 22 is
      inserted into the end 31 of the connector 21 until its tip 30 is
      positioned just beyond the holes 30 and 34. The pointed end of the drive
      pin 33 is then inserted in one hole 30 and driven through the cord 22
      until a portion of the pin 33 protrudes from the other hole 30. The pin 33
      is then bent over on both its ends flush with the outer periphery of the
      connector 21. Thereby, the pin 33 driven through the connector tube 21
      acts as a holder against the epoxy sealed tip 35 of the cord 22 with
      material of the cord 22 bulging into the holes 34 to form an additional
      hold which locks the cord 22 in the connector 21. With the cord 22 thus
      secured in the connectors 21, the connectors 21 may be hooked on the ends
      of the tension springs 20. Longitudinal slots 36 are cut in the ends 32 of
      the connectors 21 and bolts 37 are mounted on the connector ends 32 to
      extend laterally thereacross substantially perpendicularly to the plane of
      the slots 36. Thereby, the connectors 21 may be hooked on the ends of the
      spring 20 by passing the spring ends through the slots 36 under and around
      the bolts 37.
PAR  Referring again to FIGS. 2-4, actuating means for the string member 22
      comprising a conventional motor unit or means is there shown mounted
      within one of the brackets 16 adjacent the cord 22. The motor unit
      includes a motor 40 and a gear reduction unit 41 which is driven by the
      motor 40. The motor 40 and gear reduction unit 41 are supported by support
      structure (not shown) and are positioned with relation to the cord 22 so
      that the output shaft 42 of the reduction unit 41 preferably extends
      substantially parallel with the cord 22 when the cord 22 is at rest.
      Mounted on the end of the shaft 42 and outboard of the filter belt 5 is
      string member engaging means in the form of an elongated member or pick 43
      which extends at right angles to the shaft 42 and is rotated by the shaft
      42 at preferably 36 revolutions per minute so as to cyclically pluck or
      strum the cord 22. Preferably, the elongated member 43 is secured at its
      center on the shaft 42 so that both ends of the member 43 pluck the cord
      22 as the shaft 42 rotates, thereby to pick the cord 22 72 times per
      minute. It is noted that the connector 21 adjacent the pick 43 is made of
      a sufficient length to fit around the area of the cord 22 where it is
      contacted by the pick 43 so as to provide a protective sleeve means fitted
      around that area of the cord 22 to protect the cord 22 from wear and has a
      smooth flared or bell connector end 31 which prevents the cord 22 from
      being abraded by its vibration relative to the connector 21.
PAR  In order to guide the vibration of the cord 22 and to prevent the cord 22
      from catching on the pick and winding around the output shaft 42 as the
      pick 43 is rotated, guide means in the form of a guide bar or rod 45 is
      mounted on support structure (not shown) adjacent the cord 22 between the
      cord 22 and the output shaft 42 of the gear unit 41. The guide rod 45 is
      preferably mounted to extend substantially at right angles to the path of
      movement of the filter belt 5 past the cord 22 so that the cord 22 when
      vibrating against the filter medium 5 strikes the medium 5 along a path of
      motion substantially perpendicular to its surface in a slapping or
      spanking form of motion. The path of vibration of the cord 22 is shown by
      broken lines in FIGS. 2 and 3. It is noted that the force with which the
      cord 22 strikes the filter medium 5 may be adjusted in several ways. One
      way to control the striking force of the cord 22 is to adjust its tension
      by appropriately setting the lock nut mechanisms 18. Another way of
      adjusting the cord's striking force is by selectively setting the pick
      means formed by the pick 43 and the motor means driving it so as to
      control the amount the cord 22 is drawn back by the pick 43 before it is
      released for vibration against the filter medium 5.
PAR  In operation of the belt-type filter apparatus 1, the filter belt or medium
      5 is rotated through the tank 3 by rotation of the drum 2 and vacuum is
      applied in a conventional manner so that filtrate is collected by the
      filter apparatus 1 and filter cake 50 is formed on the filter belt 5.
      Vacuum may be continuously applied to the filter cake on the belt 5 so as
      to remove as much filtrate as possible as long as the belt portion upon
      which the filter cake is formed contacts the drum 2. The belt 5 with the
      filter cake 50 formed thereon moves from the drum 2 across the dual spring
      roll mechanism 6 and the breaker roll 7. From the roll 7, the belt 5 with
      the formed cake 50 passes the bow string assembly 15 in which the cord 22
      is being picked seventy-two times a minute so as to vibrate against the
      filter medium 5 and detach the filter cake 50 therefrom by vibrating it
      loose. The filter belt 5 is then rotated over the discharge roll 8 where
      its direction is changed sufficiently to discharge the filter cake 50 so
      that the cake 50 falls, as shown in FIG. 2, outside of the exterior edge
      of the wash collecting trough 11. The belt 5 is next rotated around the
      demooning or wash roll 9 where it is washed by the sprays 12. From the
      roll 9, the belt 5 moves past sprays 12 to be spray washed and the cleaned
      belt 5 is guided by the return roll 10 back to the drum 2 for another
      rotation through the tank 2.
PAR  Thus, the belt-type filter apparatus 1 with its endless filter medium 5
      performs a continuous filtering operation wherein filter cake 50 is formed
      on the filter medium 5 and filtrate is removed from the filter cake 50
      during the rotation of the belt 5 around the rotating drum 2. The filter
      cake 50 after filtration is then discharged by rotating the belt 5
      sequentially across a breaker roll 7, past a cord 22 vibrating against the
      filter medium 5 and then around a discharge roll 8. From the discharge
      roll 8, the endless filter belt 5 is washed and guided back to the drum 2
      to continue the continuous filtration process.
PAR  It is here noted that instead of using a pick to strum and vibrate the cord
      22 that other suitable arrangements could be employed, such as large
      amplitude low frequency pneumatic or electric vibrators. Additionally, the
      pick or other suitable means for vibrating the cord 22 could be driven as
      a function of or by the motor means driving the filter 1 so that vibration
      rate of the cord 22 is variable and a function of the speed of the filter
      belt 5. Accordingly, it should be understood that the cord 22 may be
      vibrated at rates other than 72 vibrations per minute. For example,
      vibration rates in the range of 40 to 200 per minute may be used depending
      on operating conditions.
PAR  Referring now to FIGS. 6 and 7, there is shown a standard drum filter
      generally indicated by the numeral 60. The drum filter 60 rotates in a
      counterclockwise direction in FIGS. 6 and 7 as indicated by the
      directional arrows. The filter medium of the filter 60 is secured on the
      outer periphery of the rotating drum 61 in a conventional manner and a
      mixture 62 in a tank 63 is filtered in a conventional manner by rotating
      the drum 61 through the tank 63. In this filtration process, filter cake
      is formed on the filter medium as it is rotated in the tank 63. In order
      to prevent cracking of the filter cake on the filter medium in a dry zone
      a plurality of bow string assemblies 15 of the type before-described are
      shown positioned around the periphery of the drum 2 in FIG. 6 so that
      their vibrating cords 22 vibrate against the filter cake on the moving
      filter medium to compact the filter cake thereon and prevent cake
      cracking. It is noted that to perform this cake compacting operation the
      bow string assemblies 15 may be adjusted so that their cords 22 lightly
      strike the filter cake on the moving filter medium. The compacted cake
      after filtration is then removed from the filter medium by the scraper 64
      mounted on the tank 63. In order to aid the scraper 64, a bow string
      assembly 15 may be positioned as shown in FIG. 7 just ahead of the scraper
      blade 64. This bow string assembly 15 would be adjusted so that its
      vibrating cord 22 would strike the cake on the filter medium with
      sufficient force to loosen it therefrom, thereby to aid the scraper and
      air blow in removing filter cake. Thus, a standard drum filter has been
      provided in which vibrating cord or stringlike members are vibrated
      against filter cake on a moving filter medium both for the purpose of
      compacting the filter cake to prevent cake cracking and for the purpose of
      aiding in filter cake removal from the filter medium.
PAR  Referring to FIG. 8, there is shown a portion of a conventional disc filter
      assembly 70. As shown in FIG. 8, the disc 71 of the filter 70 is rotated
      about a horizontal extending axis 72 downward across scraper blades 73.
      The scraper blades 73 which are located adjacent both the front and rear
      surfaces of the disc 71 remove filter cake from the filter medium 74
      secured on the front and rear surfaces of the disc 71. In order to aid in
      filter cake removal from the filter medium 74, a bow string assembly 15,
      as before described, is shown mounted ahead of the front scraper blade 73
      so that its vibrating cord 22 strikes the cake on the filter medium 74 to
      loosen it therefrom. It is noted that an identical bow string assembly 15
      which is concealed is located adjacent the scraper blade 73 (also
      concealed) associated with the rear surface of the disc 71. Thus, a disc
      type filter assembly has been provided in which vibrating cords or
      string-like members are vibrated against filter cake on a moving filter
      medium to aid in filter cake removal.
PAR  Thus, an improved apparatus has been provided for use with mechanical
      filters which may be employed in or as a filter cake discharge apparatus
      for removing filter cake from a moving filter medium, or which may be
      employed as a beater for compacting filter cake as it is formed on a
      moving filter medium so as to prevent cake cracking. The apparatus
      provided includes a cord strung like a bow string adjacent a moving filter
      medium. Means are provided for picking the cord to vibrate it against the
      filter medium or the filter cake thereon and the striking force of the
      vibrating cord may be appropriately adjusted for either cake compacting or
      cake removal operations. A guide bar is provided for guiding the vibration
      of the cord against the surface of the filter medium. While preferably the
      vibration of the cord is guided to strike the medium or cake at
      substantially a right angle to its surface, the cord may be guided to
      strike the cake or medium at other suitable angles when a lesser impact
      effect is desired. Additionally, one or more vibrating cords may be used,
      as suitable, for a cake compacting or discharge operation since the cord
      and its associated mechanism are space-saving. It will be understood that
      on wider filters, 20 feet or more, it may be preferable to locate a pick
      at both ends of the string bow.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for removing formed filter cake from a moving filter medium,
      comprising:
PA1  at least one string-like member;
PA1  structure mounting said string-like member in tension adjacent said moving
      filter medium; and
PA1  actuating means for repetitively moving said string-like member into and
      out of engagement with a moving surface on said filter medium.
NUM  2.
PAR  2. The invention recited in claim 1 and wherein:
PA1  said actuating means for repetitively moving said string-like member is
      periodically operable to engage and further tension said string-like
      member by movement away from said moving surface and then release said
      string-like member to cause a return movement into forcible engagement
      with the moving surface.
NUM  3.
PAR  3. The invention recited in claim 2 and wherein:
PA1  said actuating means for repetitively moving said string-like member is
      operable to move said string-like member relative to the moving surface in
      a plane substantially perpendicular thereto.
NUM  4.
PAR  4. The invention recited in claim 1 and wherein said actuating means for
      vibrating said string-like member comprises:
PA1  string engaging means for intermittently engaging and moving said
      string-like member relative to said filter medium; and
PA1  motor means for rotating said string engaging means and causing periodic
      contacting between said string-like member and said string engaging means.
NUM  5.
PAR  5. The invention recited in claim 4 and wherein:
PA1  said string-like member is mounted by said structure in generally parallel
      and closely spaced relationship to the moving surface on said filter
      medium and including:
PA1  guide means to engage said string-like member as it is moved by string
      engaging means and guide said string-like member toward the moving surface
      in a plane substantially perpendicular to the moving surface.
NUM  6.
PAR  6. The invention recited in claim 5 including resilient means mounting at
      least one end of said string-like member on said structure.
NUM  7.
PAR  7. The invention recited in claim 5 and wherein:
PA1  said string-like member has at least one hardened end portion,
PA1  a tubular connector fitted around said end portion,
PA1  a pin driven laterally through the tubular connector to pass through said
      string-like member below its hardened end portion whereby said pin secures
      the hardened end portion of said string-like member in said tubular
      connector,
PA1  said tubular connector having openings therein adjacent said pin to
      accommodate the expansion of said string-like member caused by the passage
      of said pin therethrough so that the openings defined in said tubular
      connector cooperate with said pin to secure said tubular connector on the
      end of said string-like member,
PA1  resilient means connected to said tubular connector for attaching said
      tubular connector to said structure,
PA1  and said tubular connector providing protective sleeve means fitted around
      said string-like member at the region of contact with said string engaging
      means for protection from excessive wear.
NUM  8.
PAR  8. The invention recited in claim 5 wherein:
PA1  said string-like member has a substantially solid end portion,
PA1  a tubular connector fitted around said end portion,
PA1  a pin driven laterally through said tubular connector to pass through said
      string-like member below its solid end portion whereby said pin secures
      the solid end of said string-like member in said tubular connector,
PA1  said tubular connector having an opening therein adjacent said pin to
      accommodate the expansion of said string-like member caused by the passage
      of said pin therethrough so that the opening defined in said tubular
      connector cooperates with said pin to secure said tubular connector on the
      end of said string-like member,
PA1  resilient means connected to said tubular connector for attaching said
      tubular connector,
PA1  and said tubular connector being located at the area of engagement with
      said string engaging means for protection from excessive wear.
NUM  9.
PAR  9. The invention recited in claim 1 wherein:
PA1  said string-like member is mounted by said structure adjacent the side of
      said filter medium upon which filter cake is formed for movement relative
      to said side and against the filter cake formed thereon.
NUM  10.
PAR  10. The invention recited in claim 1 wherein filter cake is formed on one
      side of said filter medium and said string-like member is mounted by said
      structure adjacent the other side of said filter medium for movement
      relative to and against said other side to discharge filter cake from the
      one side of said filter medium.
NUM  11.
PAR  11. The invention recited in claim 1 including guide means mounted
      transversely to the path of movement of said filter medium to engage said
      string member to control the path of movement of said string-like member
      whereby to guide said string-like member so that it moves in a path
      substantially perpendicular to the moving surface of said filter medium.
NUM  12.
PAR  12. In filtration apparatus having a moving filter medium, at least one
      string-like member extending across a portion of said filter medium,
      support means for said string-like member holding said string-like member
      in tension and in closely spaced relation to said filter medium and
      actuating means for engaging and moving said string-like member relative
      to said filter medium, and being operable to cyclically contact said
      string-like member whereby to move said string-like member to an extended
      portion of increased tension so that upon release said string-like member
      repetitively forcibly moves toward and intermittently strikes a moving
      surface on said medium.
NUM  13.
PAR  13. The invention recited in claim 11 wherein:
PA1  said string-like member being supported in substantially parallel relation
      to the moving surface on said medium,
PA1  guide means for controlling the path of movement of said string-like
      member,
PA1  said guide means being mounted with relation to said moving surface and
      said string-like member so that said string-like member moves in a plane
      substantially perpendicular to said moving surface against which it
      vibrates and strikes in motions at substantially right angles to the path
      of movement of said moving surface.
NUM  14.
PAR  14. The invention recited in claim 13 wherein:
PA1  said guide means comprises at least one rod mounted adjacent said
      string-like member at substantially a right angle to the moving surface of
      said medium.
NUM  15.
PAR  15. The invention recited in claim 12 and having:
PA1  a plurality of said string-like members spaced apart one from the other
      along said moving surface.
NUM  16.
PAR  16. The invention recited in claim 12 and having:
PA1  at least one string actuating means for said string-like member located at
      each end of the string-like member.
NUM  17.
PAR  17. In a belt-type filter wherein filter cake is formed on an endless
      moving belt-like filter medium and discharged from the moving surface of
      said medium, the invention comprising:
PA1  at least one string-like member;
PA1  structure mounting said string-like member in tension adjacent said moving
      medium; and
PA1  actuating means for forcibly vibratably moving said string-like member
      against a moving surface on said moving medium whereby to detach attached
      filter cake therefrom.
NUM  18.
PAR  18. The invention recited in claim 17 wherein said endless belt-like filter
      medium is mounted on roller means for movement in a continuous filtration
      cycle, said roller means including:
PA1  a breaker roll to break cake formed on said medium as said medium is moved
      across said breaker roll; and
PA1  a discharge roll which changes the direction of movement of said medium
      sufficiently to discharge detached broken cake therefrom; and wherein:
PA1  said string-like member being mounted adjacent said medium between said
      breaker roll and said discharge roll.
NUM  19.
PAR  19. The invention recited in claim 18 including guide means for controlling
      the plane of movement of said string-like member,
PA1  said guide means being mounted with relation to said medium and said
      string-like member so that said string-like member moves in a plane
      substantially perpendicular to the moving surface on said medium against
      which it vibrates.
NUM  20.
PAR  20. In a drum filter wherein filter cake is formed on filter medium secured
      around the outer periphery of a rotating filter drum, the improvement of
      means for discharging filter cake therefrom or compacting said cake
      comprising:
PA1  at least one string-like member;
PA1  structure mounting said string-like member in tension adjacent said medium;
      and
PA1  at least one actuating means for vibrating said string-like member against
      the cake formed on said medium.
NUM  21.
PAR  21. In a disc filter wherein filter cake is formed on filter medium secured
      to the front and rear surfaces of a rotating filter disc, the improvement
      of means for discharging filter cake from the filter medium comprising:
PA1  at least one string-like member for the front and for the rear surfaces of
      said filter disc;
PA1  structure mounting each of said string-like member in tension adjacent the
      filter medium secured on the surface of said filter disc with which it is
      associated; and
PA1  actuating means for vibrating each of said string-like member against the
      cake formed on its associated filter medium.
NUM  22.
PAR  22. Apparatus for use in discharging formed filter cake on a moving filter
      medium, comprising:
PA1  a string-like member;
PA1  structure means for mounting said string-like member in tension adjacent
      the moving filter medium so that said string-like member may be vibrated
      thereagainst, and
PA1  actuating means for mechanically vibrating said string-like member into and
      out of engagement with a moving surface on the moving filter medium.
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ABST
PAL  A filter device particularly directed to the straining of materials for
      coating paper products which device is provided with a tapered baffle
      element to particularly aid in the back flushing of the filter to provide
      cleaning thereof and said baffle having a plurality of arcuately spaced
      fin members thereon for supporting of a filter element thereabout. This
      filter element is formed of a replaceable material having a plurality of
      apertures therethrough which material is normally non self supporting and
      which material gains its filtering support and positioning by the finned
      structure which will support the filtering element in both the normal
      filter operation and the back wash operation.
BSUM
PAR  Applicant is providing herein a filter device particularly directed to the
      straining and filtering of material utilized in coating of paper products
      or which may be likewise utilized in the filtering of other fluids in the
      paper making industry. In the coating of paper products, the sizing of
      material is of particular importance and the unit provided herein not only
      provides such control, but also provides a unit which allows for selective
      backwash of individual filter units arranged in a filter system.
PAR  With applicant's device, the unit includes a housing with the filter device
      removably insertable therein, which filter device provides a tapered
      baffled member generally centrally thereof, such that upon back wash of
      the filter device, a substantially constant pressure will be maintained
      along the longitudinal demension of the unit.
PAR  With applicant's device, a replaceable filter element is provided in spaced
      relationship to a tapered baffle member and is held in such position by a
      plurality of arcuately spaced fins such that the filter element which may
      be normally of flexible material will be positively held in proper
      filtering postion.
PAR  It is therefore an object of applicant's invention to provide a filter
      device for use within a filter housing which filter device incorporates a
      tapered baffle member to substantially insure continuity of fluid pressure
      along the entire length thereof for back washing a filter element
      surrounding the baffle.
PAR  It is a further object of applicant's invention to provide a filter device
      which incorporates a filter unit arranged within a filter housing which
      filter unit includes a generally longitudinally tapering baffle member, a
      plurality of radially extending fins arranged on the baffle member and a
      filter element arranged about the extending ends of said fins, for
      positioning of the same therearound and for support by the fins.
PAR  It is still a further object of applicant's invention to provide a filter
      device which includes a normally non self supporting filter element with
      means for supporting the filter element in spaced relation about a
      generally tapered baffle member by providing a plurality of radially
      extending fins on the baffle member which fins will provide a plurality of
      tapered filter compartments defined between adjacent fins, the baffle and
      the filter element.
PAR  It is still a further object of applicant's invention to provide a filter
      device removably inserted into a filter housing which filter device
      provides means for supporting a normally non self supporting filter
      element and supporting such filter element without regard to the direction
      of fluid flow therethrough.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description made in connection with the
      accompanying drawings in which the same numeral is used to designate the
      same or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a front elevation of a filter unit embodying the concepts of
      applicant's invention and illustrating the same mounted on a typical
      framework installation disclosing a plurality of such filter devices;
PAR  FIG. 2 is a vertical section taken substantially along line 2 of FIG. 1;
PAR  FIG. 3 is a perspective view taken of the filter device;
PAR  FIG. 4 is a vertical section taken substantially along line 4--4 of FIG. 3;
PAR  FIG. 5 is a partial perspective view illustrating the upper end of the
      filter device; and,
PAR  FIG. 6 is a horizontal section taken substantially along line 6--6 of FIG.
      2.
DETD
PAR  In accordance with the accompanying drawings a coating strainer unit which
      is typical of an installation embodying the concepts of applicant's
      invention is illustrated in FIG. 1 and is designated in its entirety by
      the numeral 10. A typical installation includes a support frame structure,
      having at least upright members 11, 12 and an upper cross member 13. In
      addition to these members other members such as a lower support member 14
      may be provided as called for by the individual installation.
PAR  The individual number of filter units will again depend upon the particular
      application and in the form shown, two filter units 15 are provided. In
      any installation the units are provided and connected for separate or
      composite operation but in each installation a plurality of manifolds are
      provided. The manifolds include an inlet manifold 17 to deliver the
      properly filtered fluid to the coating device a back wash inlet 18 and a
      drain manifold 19. This number of manifolds is provided to provide not
      only a filtering operation but to also provide a backwash system for
      selected and periodic cleaning of the filters. As will be shown
      hereinafter the arrangement utilized permits cleaning of any selected
      filter without requiring that the entire operation be shut down.
PAR  The lower, inlet manifold 16 and drain manifold are respectively connected
      to the lower end of the filter through a valve member 20 which valve
      member 20 is provided with a rotatable control member 21 having an
      L-shaped control passage formed therein, which passage is designated 22.
      The L-shaped passage permits selected communication between either of the
      manifolds 16-19 and the interior of the filter 15. A control arm 23
      extends outwardly from the valve member 21 to permit control of the
      rotatable member 21.
PAR  The filter member 15, in the from shown, includes a base plate 24 sealingly
      connected to the upper surface of the valve member 20 which plate is
      provided with a radially extending locating and locking flange 24a thereon
      such that a filter housing 25 may be positioned thereon and clamped
      thereto with a circumferential clamp device 26. The filter housing 25
      extends upwardly to an upper clamping arrangement consisting of an upper
      plate 27 secured to an upper valve member 28 with again a circumferential
      sealing and clamping device 29 provided for proper locking of the upper
      end of the filter housing 25 in fluid flow position.
PAR  The upper valve member 28 again includes a rotatable control member 30
      having an L-shaped passage therethrough to permit selective flow
      connection to either the outlet manifold 17 or the backwash inlet 18.
PAR  As with the lower valve member 20 the upper valve member 28 is provided
      with an outwardly extending operating handle 31 to control the position of
      the control portion 30 thereof. In the form shown a common link member 32
      may be utilized to provide simultaneous shifting of the upper 28 and lower
      20 valve members so they will both be in proper position for either the
      filter or the back wash cycle. With this common link structure it should
      be obvious that with the the inclusion of an actuating cylinder (not
      shown) to control this common link 32 the unit may be automatically and
      remotely controlled.  The operational statement following will show the
      operations of both an automated arrangement and a simplified version
      wherein the link is omitted.
PAR  It should be obvious thus far that with the manifolds and connected valves
      properly mounted on the frame structure that it is possible to remove the
      filter housings 25 from their illustrated positions by removing the
      circumferential clamp members 26, 29 and shifting the housings 25 with the
      provided handles 25a.
PAR  The important consideration of this entire unit lies in the actual filter
      element designated generally 35 which filter element is arranged within
      the filter housing 25 and extends longitudinally therein. The actual
      construction of the filter element 35 is best illustrated in the views 3,
      4, 5, and 6.
PAR  As particularly illustrated in these views, the filter element 35 consists
      of a first baffle member 36 which is frusto-conical in shape having a
      closed bottom portion 36a, with a downwardly depending flange 36b thereon,
      and a closed upper portion 36c, having an attachment bolt or the like 36d
      secured thereto and extending upwardly therefrom. A plurality of vane
      members 37 are arranged in arcuately spaced relation about the baffle
      sides and extend longitudinally therealong and again are tapered such that
      the exterior edges 37a thereof will be in substantially parallel relation.
      The radial dimension across the entire width of the vanes 37 is, as
      illustrated in FIG. 6, slightly less than the diameter of the housing
      member 25 such that fluid may flow therearound. As also illustrated in
      FIG. 6 the interior baffle member 36 may take a multisided configuration
      such as an octagon or the like or may be generally circular in
      configuration. The concept of the vanes 37 is to provide exterior
      supporting portions for the normally non self supporting filter element 38
      placed therearound.
PAR  The upper 37b and lower 37c edges of the vanes 37 are reduced in diameter
      such that a retainer ring 39 may be fit thereabout to entrap and hold the
      filter element 38 thereon.
PAR  As illustrated in these four views, this construction, when the filter
      element 38 is placed around the periphery of the vanes 37 will form a unit
      providing filter areas defined by the baffle member 36, a pair of spaced
      vanes 37 and the filter element 38. This filter compartment will be open
      at the upper surface thereof to permit normal passage of water into or out
      of the housing 25 and into or out of the upper valve member 30.
PAR  The filter element 38 is made of a material which is normally flexible such
      as cloth, plastic materials, or the like and which, due to its normal
      flexibility, requires support against water pressure for proper filtering
      of materials passing therethrough. This support is provided by the vanes
      37 and these vanes will hold this material in chord-like fashion about the
      tips 37a thereof whether the unit is being operated as a filter or whether
      the unit is being back washed.
PAR  In the normal filtering condition, water will enter the inlet 16 and will
      enter the area normally surrounding the filter material between itself and
      the housing 25, pass therethrough into the compartmented areas and will
      exit upwardly through the upper valve member into outlet 17. When the unit
      is operated in a back wash condition the valves 20 and 28 will be reversed
      and back wash fluid will be directed into the unit through a backwash
      inlet 18 and will pass through the filter washing the material from the
      exterior of the filter media 38 into the drain outlet 19.
PAR  Obviously means must be provided for positioning the filter unit 35 within
      the housing 25. A means for positioning this unit is illustrated in FIG. 2
      and such a means may include a first radially extending framed plate
      member 42 having an opening 42a therein for receiving the attachment
      member 36d therethrough for attaching such plate to the filter unit 35 and
      it should be obvious that in order to permit the flow of fluid through
      this plate 42 that a spider arm supporting configuration may be provided
      from the center thereof to the periphery 43 thereof. The periphery 43 may
      be provided with a downwardly extending ring 44 to engage with the
      retainer 39 on the upper end of the filter element such that the unit will
      be centered therein and therefore will require no lower support. This
      plate construction 42 is centered within the housing 25 by providing a
      sealing ring 45 about the periphery thereof and providing the housing with
      a locating radially onwardly directed ring 46 to abut with this sealing
      ring 45. In this manner then, it should be obvious that by releasing the
      circumferential clamps 26, 29, it will be possible to remove this entire
      filter unit for changing the filter element 38 if the same is required.
PAR  By utilizing the tapered baffle type construction, applicant has found
      certain advantages. These advantages are particularly true in the back
      wash of the unit in that a substantially constant pressure differential is
      maintained along the entire length of the unit for proper back washing of
      the material collected on the filter media 38 as fluid is directed
      downwardly through the interior of the filter compartments. Applicant has
      also found that the utilization of the vane structure properly supports
      this filter medium against fluid pressure in either a radially inwardly or
      radially outwardly directed flow.
PAR  By providing a plurality of these filter units in a parallel relationship
      on a framework and within a system, it is possible to remove any of the
      units or to back wash any of the units without disrupting other filtered
      service. By utilizing the link 32 to simultaneously control the valves 20,
      28, it should be obvious that back washing of the unit will simultaneously
      occur with the shifting of the valve structures. Obviously for removal of
      one unit from the system for replacement of the filter element 38 it is
      essential that there be no fluid available through either one of the
      inlets. Various means are available to control this situation and the
      normal operation is to place the valve into back wash position and to
      control the flow of water through the back wash inlet through other means.
      By utilizing a multiple filter operation then it should be obvious that
      one of the filter units can be completely removed and replaced if
      necessary without disrupting the normal filtering operation.
PAR  It should be obvious that applicant has provided a unique filter
      construction which incorporates a baffling system for maintance of
      pressure along the longitudinal length of a filter member and which filter
      member includes a filter device which is normally of a non self supporting
      material but which when included with the filter element becomes supported
      for proper filtering of a media passed therethrough and which filter
      element is easily replaced from not only the system but from the filter
      device itself.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A filter device including:
PA1  a. a longitudinally extending filter housing having an inlet and outlet;
PA1  b. means delivering fluid to be filtered to said inlet of said housing;
PA1  c. means receiving filtered fluid from said outlet of said housing;
PA1  d. a longitudinally extending filter member arranged within said housing,
      including:
PA2  1. a longitudinally extending, tapered baffle member;
PA2  2. a plurality of radially extending vane members spaced about said baffle
      and extending longitudinally thereof said vanes and the exterior of said
      baffle member providing flow channels open at one end and closed at the
      other end of said baffle;
PA2  3. said other end of said baffle being removably, fluidedly sealed within
      said housing to permit fluid flow to said fluid receiving means;
PA2  4. a normally non-self-supporting filter element arranged about the
      radially extending ends of said vanes for support thereof in spaced
      relation from said baffle, said filter element providing filtering flow
      therethrough into said flow channels.
NUM  2.
PAR  2. The structure set forth in claim 1 and the radially extending ends of
      said vane members being parallel to one another.
NUM  3.
PAR  3. The structure set forth in claim 2 and the longitudinal ends of said
      vanes being reduced in radial dimension, said filter element having its
      ends positioned over said reduced dimension area and retainer means
      encircling said ends for retaining said filter element about said vanes.
NUM  4.
PAR  4. The structure set forth in claim 2 and said baffle being multi-sided,
      said vanes being arranged at the junction of said sides.
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ABST
PAL  Integral, skinned and unskinned, microporous microfiltration and
      ultrafiltration, electrophoresis membranes having high void volumes (above
      50% void) composed of polycarbonates and copolymers of polycarbonates with
      polyalkylene oxides and the dry process for producing such membranes are
      disclosed.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 190,415, filed Oct. 18, 1971 entitled INTEGRAL (UNSKINNED) HIGH VOID
      VOLUME POLYCARBONATE MEMBRANES AND A DRY PROCESS FOR FORMING SAME now
      abandoned.
BSUM
PAR  This invention relates to polycarbonate resins and membranes and methods
      for producing same. More specifically, this invention relates to a highly
      specific molecular weight range of polycarbonate polymers and copolymers
      which have unique and unexpected properties, and to integral, microporous,
      high void volume membranes composed of such polymers and copolymers as
      well as to techniques and methods of manufacture of such membranes by a
      dry process.
PAC  DEFINITIONS
PAR  1. Integral -- Continuous uniform structure of small open-celled [0.1 to
      2.0 micrometer (.mu.m)] voids without occasional larger voids greater than
      about 5.0.mu.m.
PAR  2. Unskinned -- Not possessing a dense (nonporous) skin layer. Unskinned
      membranes have a matte finish on both top and bottom surfaces.
PAR  3. Skinned -- Skinned membranes possess one glossy and one matte surface.
PAR  4. High void volume -- Void volume (i.e., that portion of the membrane
      composed of voids or holes) above 50%, preferably above 65%, and optimally
      between 70 and 85%.
PAR  5. Dry process -- The method of preparing membranes, films, synthetic
      leathers, etc., that starts with a polymer solution which is cast and then
      allowed to evaporate completely (i.e., dry = complete evaporation). Dry
      processes employ dilute and therefore, relatively fluid (non-viscous)
      polymer solutions.
PAR  6. Wet process -- The method of preparing membranes, films, synthetic
      leathers, etc., which starts with a polymer solution that is cast and then
      only allowed to evaporate partially after which the solution is immersed
      in a nonsolvent gelation bath where the remainder of the solvent is
      exchanged for nonsolvent (i.e., wet = combined evaporation-diffusion). Wet
      processes employ concentrated and, therefore, relatively viscous polymer
      solutions.
PAR  7. Molecular weight MW = generally the weight of 1 molecule of a substance
      expressed as a multiple of the weight of a hydrogen atom which is taken as
      unity. MW ranges are an important part of this patent and are expressed in
      two ways in every instance. The first way is the intrinsic viscosity or
      [.eta.]. [.eta.] is easily determined by viscosity measurements and does
      not depend on the validity of the particular viscosity-molecular weight
      relationship. In this patent [.eta.] has the dimension of milliliters/gram
      (ml/g) rather than the units deciliters /gram (dl/g) which are more common
      in the American polymer literature. (Ml/g - 100 = dl/g).
      ##EQU1##
      VERSUS C WHERE
      ##EQU2##
      AND T = TIME REQUIRED FOR A DILUTE POLYMER SOLUTION TO FLOW THROUGH A
      CAPILARRY, T.sub.O = TIME REQUIRED FOR THE SOLVENT TO FLOW THROUGH THE
      SAME CAPILLARY, AND C = POLYMER CONCENTRATION IN G/ML. All values cited in
      this patent were determined at 25.degree.C in methylene chloride. The
      following viscosity MW relationship is used to get approximate MW values:
      [.eta.]=KM.sup..alpha. where K=1.11.times.10.sup.-.sup.2 and .alpha.=0.82
      from Ref. 8 on p. 185 of "Chemistry and Physics of Polycarbonates" by
      Hermann Schnell, Interscience, New York, 1964. [MW values are only
      approximate because the equation was derived for methylene chloride
      solutions at 20.degree.C (not 25.degree.C) and for bisphenol-A BPA
      polycarbonate homopolymers (not copolymers).]
PAR  8. Self supporting or unsupported -- The condition in which a membrane has
      sufficient strength of its own as not to need reinforcing by fibers
      imbedded in its matrix.
PAR  9. Polycarbonate resins -- Polymers and copolymers containing
      characteristic polycarbonate linkages between organic radicals of the type
      described and exemplified herein (and their chemical equivalents, i.e.
      substituted derivatives wherein the substituent(s) does not significantly
      alter the polymer forming characteristics of the radicals) and
      specifically includes both polycarbonate homopolymers and copolymers of
      the type described and exemplified herein.
PAR  10. Microfiltration -- the pressure driven membrane separation process
      which utilizes membranes whose pores are arbitrarily no smaller than about
      0.05 .mu.m in diameter.
PAR  11. Ultrafiltration -- the pressure driven membrane separation process
      which utilizes membranes whose pores are arbitrarily between about 30 A
      and about 0.05 .mu.m in diameter.
PAC  BACKGROUND
PAR  Early work on polycarbonates was done by Carrothers and Van Nata, III
      GLYCOL ESTERS OF CARBONIC ACID, Journal of the American Chemical Society,
      Vol. 52, 314-26 (1930), HIGH POLYMERS Vol. 1, Collected Papers of Wallace
      H. Carrothers on Polymerization, Interscience Publishers, Inc., 1940,
      29-42. It was not until about 1960, however, that polycarbonate resins
      became available in commercial quantities.
PAR  Polycarbonates are members of the larger class of polymers known as
      polyesters. Commercial polycarbonates are generally polymeric combinations
      of bisphenols (bi-functional phenols) linked together through carbonate
      linkages. They are manufactured by ester exchange between a diphenyl
      carbonate and a dihydroxy aromatic compound, or by phosgenation of a
      dihydroxy aromatics. The base polymer made from bisphenol A has the
      following structure:
      ##SPC1##
PAR  Industrial polycarbonates are produced in the United States by General
      Electric Company and sold under the trade name Lexan, by Mobay Chemical
      Company and sold under the trade name Merlon, in Germany by Farben
      Fabriken Bayer AG and sold under the trade name Makrolon, and in Japan by
      Mitsubishi Edogawa Chemical Company and sold under the trade name Jupilon,
      and by Idemitsu Kosan Company, Ltd. and Teijin Chemical Company, Ltd. and
      sold under the trade name Panlite. The common commercially available
      polycarbonates generally have molecular weight ranging up to about 35,000.
       Polycarbonate technology generally is quite well developed and reference
      may be made to texts and too the chemical literature generally for
      polycarbonate technology details.
PAR  Copolymers of polycarbonates and polyalkylene oxides have also been
      reported, see Eugene P. Goldberg, ELASTOMERIC POLYCARBONATE BLOCK
      COPOLYMERS, Journal of Polymer Science: Part C, No. 4, pp. 707-730 (1964)
      and French Pat. No. 1,198,715, Eugene Paul Goldberg, publication date Dec.
      9, 1959. Goldberg reported the formation of elastomeric polycarbonate
      block copolymers formed by copolymerization of bisphenol A with
      poly(oxyethylene), poly(oxyethylene-oxypropylene), poly(oxypropylene), and
      poly(oxybutylene) glycols. The copolymerization was carried out by the
      reaction of bisphenol A and the polyalkylene glycol with phosgene in
      pyridine solution.
PAR  Some of the propertiess of the polycarbonate copolymers are reported by
      Goldberg, but integral, microporous, high void volume membranes for
      microfiltration and ulrafiltraton, electrophoresis were not previously
      known and none are suggested by Goldberg.
PAR  Polycarbonate membranes, made by a wet process from commercially available
      polycarbonates, i.e., General Electric Lexan polycarbonates, have been
      described, Alan Sherman Michaels, South African Pat. No. 68/5860, U.S.
      Pat. No. 3,526,588.
PAR  Asymmetric (i.e., skinned) membranes of the copolycarbonates of bisphenol-A
      and polyethylene oxides prepared by a wet process were reported earlier by
      R. E. Kesting, the present inventor.
PAR  1. R. E. Kesting, paper presented at Cal Tech Symposium on Biomedical
      Polymers, July 8, 1969;
PAR  2. R. Kesting, J. Macromol Sci. (Chem.), A (3), 655, (1970); and
PAR  3. R. E. Kesting, Chapter in Biomedical Polymers, ed. by Rembaum and Shen,
      Marcel Dekker, Inc., New York, 1971 (for dialysis applications).
PAR  These membranes, however, were low void volume membranes, i.e. below 50%
      void volume, or weak, non-integral membranes. A good general reference on
      membranes is R. E. Kesting, SYNTHETIC POLYMERIC MEMBRANES, McGraw-Hill,
      1971, which is incorporated herein by reference.
PAR  It has been speculated that polycarbonates are suitable generally as
      membrane formers. For example, Murata (U.S. Pat. No. 3,450,650) and Seiner
      (U.S. Pat. No. 3,655,591) speculate that polycarbonates can be made into
      membranes. Murata, whose basic process is disclosed in U.S. Pat. No.
      3,031,328, makes a general speculation concerning many polymers including
      the polycarbonates. However, I have shown that commercially available
      polycarbonates are not of sufficiently high MW or solubility to be made
      into integral high void volume, membranes of great strength and
      uniformity. Using the procedure referred to by Murata, only non-integral
      (i.e., lacy) "membranes" with large irregularities, or at best membranes
      fraught with orange peel imperfections can be produced. Such "membranes"
      are not of commercial or other practical interest. Seiner's speculation is
      insufficient to permit evaluation.
PAR  As yet, neither skinned or skinned membranes of this type nor any dry
      process for forming any polycarbonate membranes has been reported, and,
      until the present invention, unsupported, integral microporous high void
      volume microfiltration, ultrafiltration and electrophoresis membranes
      manufactured by a dry (essentially complete evaporation) process and
      possessing the advantages of the physical and chemical properties of the
      polycarbonates and polycarbonate copolymers have eluded workers in this
      field. A principal feature of this advantage is that such integral high
      void volume membranes having great and unexpected advantages over other
      membranes can now be produced using the methods, techniques and materials
      of this invention as set forth hereinafter.
PAR  Polycarbonate membranes produced according to this invention are
      exceptionally tough. The membranes exhibit a heretofore unattainable
      degree of integrity with high void volumes, i.e., above 50% void,
      preferably over 65%, ideally 70-85%. The physical properties, such as
      strength, stability, etc. of the polycarbonates and polycarbonate
      copolymers combined with the temperature stability and chemical properties
      of polycarbonates result in membranes produced according to this invention
      which are far superior in most respects to membranes produced with other
      materials and using other techniques.
PAR  Among the features of the invention which distinguish it from the prior art
      is the high void volume attainable with the materials and techniques of
      this invention, coupled with membrane integrity.
PAR  The term "void volume" as used herein refers to that portion of the
      membranes which is occupied by space, i.e. the open or empty portions of
      the membrane. The term "high void volume" as used herein means membranes
      having void volumes of greater than 50%, ranging generally in the range of
      from about 65% to about 85% and preferably in the range of from about 70%
      to about 85% void volume. A membrane is regarded as an integral membrane,
      or one having a high integrity, when the membrane is self supporting in
      one piece with no macroscopically observable discontinuities and having a
      generally homogeneous structure along any plane taken parallel to the
      surface of the membrane. (See also under definitions)
PAR  Another characteristic which distinguishes some membranes of the present
      invention from those of the prior art is the absence of a skin. Unskinned
      membranes are recognizable by their matte finishes on both top and bottom
      surfaces. Both surfaces are matte because they have a high density of
      pores in the micrometer (.mu.m) size range. Such porous surfaces do not
      reflect light as efficiently as dense films or skinned membranes, both of
      which have a glossy finish.
PAR  The unskinned membranes, which are an important facet of the invention, are
      useful as microfiltration membranes, i.e. in separation processes in which
      pressure is employed as the driving force such that particulate matter
      larger than the size of the pores of the membrane cannot penetrate the
      membrane. Selective separation on the basis of particle size is
      accomplished using these microfiltration membranes.
PAR  The process of this inventon is also useful in making high quality, high
      void volume, microporous integral skinned membranes and, in its broader
      aspects, this invention contemplates and includes such membranes.
PAR  The membranes described herein are useful as microfiltration and
      ultrafiltration membranes and also as electrophoresis membranes, i.e.
      membranes used to contain charged (usually proteinaceous) materials in
      such a manner as to minimize thermal diffusion while the materials move
      along the membrane as a result of applied electromotive force and the
      passage of electrical current.
PAR  The membranes of this invention consist essentially of polycarbonate resins
      selected from the group consisting of
      ##EQU3##
      and
      ##EQU4##
      wherein n is an integer greater than about 180 and less than about 600, x
      is an integer greater than about 180 and less than 600, y approximates
      unity where z=80 and approximates 6 where z=13 (for the case where
      x+z=180), and the sum of x and y is an integer greater than about 180 and
      less than about 600, z is an integer of from about 13 to about 450, R is a
      radical selected from the group consisting of
EQU  H--, (CH.sub.3).sub.2 CH--
PAL  and
      ##SPC2##
PAL  R' is a radical from the group consisting of
      ##SPC3##
PAL  and
      ##EQU5##
      or substituted derivatives thereof and wherein R" is a radical selected
      from the group consisting of
      ##EQU6##
      and
      ##EQU7##
      wherein a and b are integers ranging from about 3 to about 10 and c is an
      integer ranging from about 20 to about 50.
PAR  Reference to the compound
      ##SPC4##
PAL  and
      ##EQU8##
      in this specification and in the claims includes substituted derivatives
      thereof, such as
      ##SPC5##
PAL  and
      ##EQU9##
      wherein one or more of the substituents R.sup.A may be hydrogen,
      substituted or unsubstituted lower (1-9 carbon) alkyl, aryl, lower (1-9
      carbon) aralkyl, halogen, nitro, alkoxy or other substituents which do not
      significantly alter the essential polymer forming and polymer-influencing
      characteristics of the radical.
PAR  The polymers are produced, preferably, by the reaction of bisphenol A or
      2,4 tetramethylcyclobutanediol or other appropriate equivalent bisphenols
      or diols with phosgene in pyridine solution to form homopolymers having
      molecular weights greater than about 46,000 ([.eta.]=75) or by reacting
      bisphenol A or 2,4 tetramethylcyclobutanediol and a selected polyalkylene
      glycol with phosgene in pyridine solution.
PAR  Common commercially available polycarbonates, which have molecular weights
      in the range up to about 35,000 are unsatisfactory and do not form the
      high void volume microporous integral membranes of this invention (when
      the dry process is used in their manufacture). Because the dry
      (essentially complete evaporation) process employs dilute solutions of
      polymer, polymer MW must be higher than for wet processes which employ
      concentrated solutions in order to ensure integrity. It is, accordingly,
      necessary to use polycarbonates and polycarbonate copolymers having
      molecular weights of at least about 46,000 ([.eta.]=75) and preferably in
      the range of from about 70,000 ([.eta.]=100) to 145,000 ([.eta.]=190),
      optimum molecular weight being in the range of from about 110,000
      [.eta.]=150 to about 130,000 [.eta.]=175.
PAR  The membranes formed according to this invention have many unique and
      highly advantageous properties, especially as compared with presently
      commercially available membranes. The membranes of this invention can be
      autoclaved at substantially higher temperatures than cellulosic membranes
      and heat sealed. These membranes are highly resistant to hydrolysis, (and
      can be made more so both by varying R'-R" and by utilizing thiophosgene
      instead of phosgene) and are very much stronger than known membranes and
      are non-friable. These membranes are flexible, both wet and dry, do not
      change dimensions significantly between the wet and dry conditions, and
      retain their flexibility over a broad range of temperatures. Indeed, the
      membranes are self supporting, flexible, and retain high strength even at
      liquid nitrogen temperatures. This broad range of high flexibility coupled
      with high dimensional stability, with little change from dry dimensions to
      wet dimensions, thereby obviates many of the difficult problems which have
      faced workers using ultra-filtration and electrophoresis membranes in the
      past.
PAR  These and other important features and advantages of the polymers, films,
      membranes, methods and techniques of this invention will be discussed and
      will be apparent from the detailed discussion which follows.
PAR  Currently available membranes are prepared from a number of different
      polymers, by far the most important of which are the nitrate and acetate
      esters of cellulose or blends of cellulose nitrate and cellulose acetate.
      These membranes are prepared by the phase inversion process, described in
      detail hereinafter.
PAR  The advantage of the cellulose nitrate and cellulose acetate membranes is
      that they can be prepared in a wide range of pore sizes with a narrow pore
      size distribution. Their disadvantages include the fact that they are
      prepared from a natural product starting material, cellulose, which varies
      rather significantly from batch to batch with the source, climatic
      conditions, impurities, handling, etc. In addition, the degree of
      substitution (which can vary from 0 for the unsubstituted cellulose to 3
      for the trisubstituted derivative) can likewise vary from batch to batch
      with observable effects upon processing and end use characteristics. A
      further disadvantage of the cellulosics for electrophoretic applications
      is the presence of charged groups such as sulfate or carboxyl. Such groups
      contribute to electroosmosis which can be a detrimental. Polycarbonates do
      not have such charged groups.
PAR  The polycarbonates, on the other hand, have outstanding physical properties
      such as tensile and structural strength. Because they are not friable, as
      are the cellulosics when in an ultrafiltration or electrophoresis membrane
      form, they are more "forgiving" during handling. Furthermore, their
      extreme toughness and lack of brittleness makes it possible to prepare
      useful continuous tapes or rolls of these materials and allows folding and
      creasing without cracking.
PAR  The polycarbonates are more resistant to hydrolysis than the cellulosics
      and can be made orders of magnitude more resistant to hydrolysis. They are
      much less biodegradable than the cellulosics and have less tendency to
      sorb proteins and, therefore, have less tendency to become blocked by
      proteinaceous slime. The polycarbonates are also heat sealable and
      autoclavable, retain their flexibility even at cryogenic temperatures and,
      because of their great strength, do not require reinforcement with fibers,
      etc., which make fabrication exceedingly difficult and significantly alter
      the characteristics of the end product membranes.
PAC  PROBLEMS ENCOUNTERED
PAR  Having decided to attempt to fabricate integral unskinned high void volume
      microfiltration, ultrafiltration and electrophoresis membranes from
      polycarbonates by a dry process, the first step was to test the
      suitability of commercially available polycarbonates, such as Lexan,
      Merlon, etc. After a great deal of experimentation, it was determined that
      the molecular weights of the commercially available polycarbonates were
      too low to produce microporous, unsupported, integral, high void volume
      microfiltration, ultrafiltraton and electrophoresis membranes by a dry
      process. The fact that the molecular weight of the polymer had to be very
      high, substantially higher than the molecular weight of available
      polycarbonates, before a microporous integral high void volume
      microfiltration, ultrafiltration or electrophoresis membrane could be
      prepared by a dry process was a new and quite unexpected discovery.
      Previous experience taught that once a membrane polymer was above a
      certain molecular weight, usually around 25,000 to 35,000 for cellulose
      acetate and cellulose nitrate, further increases in molecular weight are
      unimportant. In this case, polycarbonates of molecular weight 25,000 to
      35,000, the large volume commercial types such as Lexan, are completely
      unsuitable for the preparation of integral dry process high void volume
      microfiltraton, ultrafiltration and electrophoresis membranes by a dry
      process. It was discovered that the molecular weight of polycarbonates has
      to be in excess of about 46,000 [.eta.]=75 before such membranes can be
      made by a dry process. No such polycarbonates are currently available in
      this country although high molecular weight polycarbonate homopolymers
      have been produced on a limited basis in other countries. No such high
      molecular weight polycarbonate copolymers are available from any known
      source and, as previously pointed out, the importance of the molecular
      weight in the formation of high void volume membranes of the type under
      consideration was not previously recognized.
PAR  While membranes can be formed from high molecular weight polycarbonate
      homopolymers, such polycarbonates have such low solubility in
      multi-component casting solutions as to make membrane production
      exceedingly difficult.
PAR  Membranes produced from the high molecular weight polycarbonate
      homopolymers differ in structure from those found to be optimal as
      electrophoresis membranes. Such membranes, although less suitable for
      electrophoresis have a fibrous mat structure which is acceptable for
      microfiltration.
PAR  Block copolymers of two homopolymers are more soluble than either
      homopolymer in a solvent system which is capable of dissolving all three
      polymers individually. It was found that the addition of a small amount of
      polyethylene oxide in the polymer structure increased the polycarbonate
      solubility in casting solutions.
PAR  It was also thought desirable to match the hydrophilic/hydrophobic balance
      of cellulose acetate with a degree of substitution of about 2.5. The
      bisphenol A-polycarbonate homopolymer is considerably more hydrophobic
      than cellulose acetate and tends to dry out too quickly. Polyalkylene
      oxides, polyethylene oxide for example, are hydrophilic and the presence
      of the polyalkylene oxide in small quantities in the polymer structure
      makes the copolymer more hydrophilic than is the homopolymer.
PAR  Quite surprisingly, it was discovered that the presence of polyalkylene
      oxide blocks in the polymer made the attainment of the desired high
      molecular weight polymers much easier. It is believed that the high
      molecular weight polymers could be obtained because the copolymer which
      was formed was more soluble in the polymerization solution and tended
      therefore to remain in the polymerization solution in the dissolved state
      rather than as a gel or precipitate thereby permitting the polymerization
      process to continue for a longer period of time, which confirmed the
      unacceptably low molecular weight.
PAC  EXAMPLES
PAC  Example A (KPC-I)
PAR  A polycarbonate copolymer identified as KPC-I was prepared by reacting
      bisphenol A and a polyethylene oxide having a molecular weight of
      3,000-3,700 (Union Carbide Carbowax 4000) with phosgene in pyridine
      solution, according to the process described by Goldberg. Goldberg
      emphasized polymers containing greater than about 25% polyalkylene oxide,
      although some polymers having lower polyalkylene oxide content were
      prepared. The Goldberg polymers were rubberlike and highly
      hydrophilic--far too hydrophilic for the ultrafiltration and
      electrophoresis membranes of the present invention. (I have previously
      reported the preparation of such materials for use as dialysis membranes,
      J. Macromol Sci. - Chem., A4 (3), pp. 655-664, May 1970; R. E. Kesting,
      BIOMEDICAL POLYMERS, Part II. A. Rembaum and M. Shen, ed., Marcel Dekker,
      Inc., New York, 1971, p. 161.)
PAR  The KPC-I copolymers herein described are quite different, however, and the
      emphasis is on low percentages of polyalkylene oxides between 3 and 10,
      optimally between 4 and 6% and the unique and unexpected properties which
      result from the combination of low polyalkylene oxide percentages and high
      molecular weights. The KPC-I copolymers exhibit properties very similar to
      the polycarbonate homopolymer, except that the copolymers have greater
      solubility in casting solutions and result in ultrafiltration and
      electrophoresis membranes whose morphology is very similar to cellulose
      acetate and cellulose nitrate membranes.
PAL  Experimental
PAR  A jacketed three liter, 3-necked flask was equipped with a side neck
      containing a gas addition tube for phosgene, a Teflon (DuPont
      polytetrafluorethylene) bearing stirrer, a cold finger condenser to
      condense the unreacted phosgene was used to prepare the KPC-I polymer.
      237.5 grams of bisphenol A and 12.5 grams of Carbowax 4000 were dissolved
      in 190 ml. (2.36 moles) of pyridine, 1100 ml. methylene chloride and the
      mixture was added to the flask. The flask was maintained at
      25.degree.-30.degree.C by circulating tap water through the jacket. Dry
      ice and acetone were added to the cold finger. Liquid phosgene was added
      for 1.75 hours until the reaction was finished, as indicated by the
      condensation of phosgene on the cold finger.
PAR  The reaction was stopped by adding isopropyl alcohol to the flask (to cap
      the ends of the polycabonate and to remove excess phosgene). The viscous,
      partially precipitated mixture was precipitated with an excess of
      isopropyl alcohol and collected on a glass frit filter funnel. The polymer
      was chopped in a Waring blender and washed with isopropyl alcohol until
      completely free of pyridine and pyridinium hydrochloride. The yield was
      264 grams of KPC-I polymer [.eta.]=160; MW=120,000.
PAR  KPC-I was dissolved in a casting solution, as described hereinafter, and
      excellent quality ultrafiltration and electrophoresis membranes were
      prepared by the dry phase inversion process described hereinafter.
PAC  Example B(KPC-II)
PAR  KPC-II polymer was prepared in the same manner as in the preceding example,
      except that a polyethylene oxide, end-blocked polypropylene oxide, having
      a molecular weight of about 3,250 with polyethylene oxide blocks mounting
      to 10% of the toal weight of the copolymer (Wyandotte Pluronic LIOI,
      described in U.S. Pat. No. 2,674,619), was the alkylene oxide block
      monomer. Phosgene was added in two stages and a small amount of methylene
      chloride was added to the reaction solution. The solution was brought to
      high viscosity in the first stage, diluted with the additional solvent,
      and then run to completion in the second stage.
PAC  Example C(KPC-III)
PAR  A series of copolymers in which the polyethylene oxide blocks were
      completely eliminated was prepared according to the two stage process
      described in the preceding example except that the polyalkylene oxide was
      a straight polypropylene oxide. A polymer denominated "KPC-III-(30)" was
      prepared using a polypropylene oxideblock having a molecular weight of
      4000, and a polymer denominated KPC-III-(20) was prepared using a
      polypropylene oxide having a molecular weight of 2000.
PAR  Having prepared the KPC-I, KPC-II, and KPC-III polycarbonates and membranes
      (described subsequently) from these polycarbonates, it was assumed that a
      unique set of the polycarbonate formulations from which suitable membranes
      could be manufactured had been discovered, although at that time not all
      of the features which distinguish the KPC polymers from prior art polymers
      had not been recognized. It was then known that the prior art polymers
      were not suitable to produce membranes by the dry process and that the KPC
      polymers produced highly satisfactoy membranes with very high void
      volumes, high integrity and strength and possessing unexpectedly desirable
      properties.
PAR  Quite surprisingly, a batch of KPC-I polymer which had once been used to
      produce suitable membranes produced, instead, a discontinuous patchwork of
      friable pieces. This was quite disconcerting since at that time there was
      no known reason why some of these polycarbonates were satisfactory and
      others were not in the production of high void volume membranes
PAR  Subsequent examination of this batch of KPC-I polymer indicated that
      pyridine was present in the polymer and had apparently degraded the KPC-I
      polycarbonate to lower molecular weight species. The degraded KPC-I
      polycarbonate had a lower viscosity than the fresh KPC-I polycarbonate.
PAR  A comparison of the viscosity of the KPC-I polycarbonate with the viscosity
      of commercially available polycarbonates, e.g., Lexan, indicated that the
      degraded KPC-I polycarbonate was of approximately the same molecular
      weight as the Lexan polycarbonate.
PAR  Based upon this after-the-fact reexamination, it was postulated that, in
      spite of prior art teachings to the contrary, molecular weight was
      critically important in the formation of membranes by a dry process. This
      postulate was subsequently tested and it was discovered that there is a
      minimum molecular weight of about 46,000([.eta.]=75) below which
      polycarbonates cannot form satisfactory integral high void volume
      microfiltration, ultrafiltration an electrophoresis membranes by a dry
      process. The reason why molecular weight is critically important in the
      formation of polycarbonate high void volume membranes by a dry process and
      not in other membrane forming processes is believed to be due to the
      greater probability for intertwining of polymer chains with increasng MW.
      In all polycarbonate systems tested thus far, it has been found that
      polycarbonates having molecular weights of less than about 46,000
      ([.eta.]=75) cannot be used to form satisfactory high void volume
      membranes by a dry process.
PAR  Dry process solutions are dilute (3-10g of polymer per 100 ml. of solution)
      relative to wet process solutions which are concentrated (10-30g of
      polymer per 100 ml. of solution). Because there is much more space between
      polymer molecules in a dilute solution of the type employed in a dry
      process, polymer MW has to be very high so that sufficient chain
      entanglements will occur for integral (i.e., cohesive) membranes to
      result. Such a membrane, once formed, will have a higher void volume than
      a membrane prepared from a concentrated solution of the type employed on
      wet processes.
PAR  With this discovery in hand, commercial polycarbonates were reappraised but
      it was found that no polycarbonates produced within the United States were
      of sufficiently high molecular weight to permit the formation of high void
      volume ultrafiltration membranes.
PAR  One polycarbonate homopolymer was available from foreign sources which had
      sufficiently high molecular weight to form high void volume membranes.
      Such high molecular weight polycarbonate homopolymers are low volume
      specialty solution casting grades of polycarbonate polymers sold under the
      Makrolon trade name utilized in the production of dense films.
PAR  In addition to bisphenol A and 2,4 tetramethylcyclobutanediol, a large
      variety of diols may be reacted with phosgent or thiophosgene to form
      polycarbonate homopolymers and reacted with polyalkylene glycols to form
      polycarbonate block copolymers. Among the diols which are suitable for
      forming such polycarbonate are
      ##SPC6##
PAL  wherein one or more of R.sup.a, R.sup.b, R.sup.c and R.sup.d may be lower
      (1-9 carbon) alkyl, aryl or lower (1-a) aralkyl substituents. Among the
      polyalkylene glycols which are suitable for forming polycarbonate block
      copolymers are the poly(oxyethylene) glycols sold under the trade name
      Carbowax by Union Carbide. The Carbowaxes come in 600, 1,000, 4,000, 6,000
      and 20,000 molecular weights with very narrow molecular weight
      distributions. Poly(oxyethyleneoxypropylene) glycols sold under the trade
      name Pluronic by Wyandotte, made by blocking poly(oxyethylene) chains onto
      both ends of poly(oxypropylene) backbones are also quite satisfactory.
      Poly(oxypropylene) glycol sold by Dow Chemical Company as Dow P2000 and
      poly(oxybutylene) glycol sold as Dow P1000 are also quite satisfactory.
PAR  In general polyalkylene glycols having molecular weights in the range of
      from about 600 to about 20,000 are satisfactory in the formation of
      polycarbonate block copolymers, the preferred molecular weight range for
      the polyalkylene glycol block being from about 1,000 to about 4,000.
PAC  MEMBRANE FORMATION
PAR  Solvents will generally be chosen for their ability to form film-forming
      casting solutions with the polymer from which the membrane is prepared. A
      degree of solubility of at least about 4% by weight of the polymer in the
      solvent is usually required.
PAR  Solvent selection can be based upon generally known and accepted criteria,
      such as the chapters entitled "Solvents and Nonsolvents for Polymers" and
      "Solubility Parameter Values," POLYMER HANDBOOK, ed. Bradrup and Immergut,
      John Wiley & Sons, New York, 1966, and from this and other related works
      generally.
PAR  Methylene chloride and methylene chloride-methyl ethyl ketone mixtures are
      preferred solvents for the polycarbonate polymers and copolymers of this
      invention when a dry process is employed. Other suitable solvents include
      dioxane and tetrahydrofuran and bis-dichloroethylene, chloroform and other
      chlorinated hydrocarbons. Suitable solvents are not, however, limited to
      those specifically mentioned and solvent selection can be based upon the
      criteria set forth hereinbefore and known in the art.
PAR  Swelling agents (pore makers) which are suitable include mixtures of
      isopropyl alcohol and resorcinol, trifluoroethanol, hexafluoroisopropanol,
      cyclohexanol, the hemiacetal resulting from the reaction of
      hexafluoroacetone and methyl alcohol or maleic acid and, for the BPA
      polycarbonate homopolymer, resorcinol, etc., without isopropyl alcohol.
      Other compounds with strong hydrogen bonding capacity and equivalent
      solubility parameter also function as swelling agents.
PAR  Wetting agents suitable for use in the casting solutions include
      alkylphenoxy poly(ethyleneoxy) ethanol (Igepal DM-710 sold by GAF
      Corporation), nonyl phenoxy poly(ethyleneoxy) ethanol (GAF Igepal CO-610),
      octyl phenoxy polyethoxy ethanol (Rohm & Haas Triton X-100) and other
      nonionic surfactants.
PAR  Phase-inversion membranes are solvent-cast structures which owe their
      porosity to immobilization of the gel prior to complete solvent depletion.
      Such membranes possess a significantly higher void volume than dense
      membranes prepared from polymer solutions. This is due to the presence of
      voids, or vacuoles, which originate in the emulsoid nature of the
      solutions from which they are formed. Whereas the preparation of dense
      membranes from polymer solutions entails complete solvent evaporation,
      solutions which are to result in phase-inversion membranes are not allowed
      to evaporate to dryness before their structure is set. Instead partial
      solvent loss is effected so that the initially homogeneous solution
      separates into two interdispersed liquid phases known as a coacervate at
      some time prior to the actual transition from sol to gel. The coacervate
      can be considered as consisting of droplets of one liquid phase embedded
      in a matrix of the other. Inasmuch as these droplets represent the
      incipient voids, or vacuoles, within the finished membrane, it is obvious
      that they must be gelled and the gel stabilized before complete
      evaporation has led to their disappearance. Because both casting solution
      and environmental factors can be varied within wide limits to control gel
      structure, phase inversion represents one of the most versatile processes
      for the fabrication of semipermeable membranes. Although the preparation
      of semipermeable membranes by phase inversion has been in progress for
      more than a century, it was only recently that the sequence of events
      occurring within the polymer solution was sufficiently well understood to
      permit a general description of the process with reference to events
      occurring on the colloidal level both before and after the sol-gel
      transition. Th prerequisites for the formation of a phase inversion
      membrane are that (1) the polymer must be soluble in a solvent system
      consisting of one or more solvents together with other components with
      lesser affinity for the polymer than a true solvent, and (2) the polymer
      must have a minimum amount of polarity and hence surface activity. Surface
      activity helps not only evoke the separation of the solution into two
      interdispersed liquid phases but also to stabilize the droplets of the
      dispersed phase once they have formed.
PAR  After a polymer solution has been prepared, filtered, and cast with the aid
      of a doctor blade onto a suitable surface such as glass, it is allowed to
      desolvate by one of two procedures: complete evaporation (dry process) or
      partial evaporation (wet process) followed by immersion in a nonsolvent
      medium.
PAR  The complete-evaporation technique exemplifies the manner in which the
      sol-gel transition is accomplished gradually to produce a gel exhibiting
      homogeneity in a plane parallel to the surface (if not in depth). Final
      membrane thickness is only a fraction of the as-cast thickness owing to
      solvent loss and the resultant increase in the concentration of polymer
      per unit volume. However, because of the inclusion of voids, it is
      substantially greater than the thickness of a dense membrane containing an
      equivalent amount of polymer. The various macroscopically observable
      stages involved in the formation of membranes by the phase-inversion
      process are: (1) loss of volatile solvents; (2) gelation; (3) contraction
      of the gel sometimes accompanied by syneresis; (4) capillary depletion;
      and (5) loss of residual solvent. Gelation occurs between about 1 and 3
      min., during which time most of the volatile true solvent has evaporated.
      Sometime after gelation, the gel may contract in the process known as
      syneresis, in which a layer of liquid is exuded so as to cover the nascent
      membrane. The final step in the formation of the membrane is the
      evaporation of the residual solvent.
PAR  The sequence of events on the colloidal level which corresponds to the five
      macroscopically observable stages has been deduced from the nature of the
      gel network in the finished membranes. The polyhedral cell structure is
      considered to be a somewhat modified and immobilized version of the
      precursors to the structures which exist in the solution immediately
      before the transition from sol to gel. An analogy has been drawn between
      nascent membranes and Pickering emulsions. The latter are three-phase
      systems consisting of two immiscible liquid phases and a solid phase whose
      particles are located at the interface represented by the droplets of the
      dispersed liquid phase. Nascent membranes differ from Pickering emulsions,
      however, in that in the former all the liquid components of the solution
      are completely miscible. The appearance of the two interdispersed liquid
      phases must therefore be at least partially attributable to the presence
      of the polymer molecules. Inasmuch as only those polymeric species which
      exhibit some degree of polarity are capable of being fashioned into
      membranes by the phase-inversion process, it is a reasonable assumption
      that polarity and the related colloidal property of surface activity are
      partially responsible for the separation of the polymer solution into two
      phases and their subsequent stabilization. It need not be assumed,
      however, that the polymer is solely responsible for the phase inversion.
      For with the loss of volatile solvent, it appears likely that the less
      volatile and less strongly solvating components which remain may
      eventually become incompatible with the solvated polymer species, whose
      surface activity would then serve to reinforce the already existing
      tendency to undergo phase separation. The droplets of the dispersed liquid
      phase need not be present in the initial solution. If the solvent power of
      the solvent system is sufficient, phase inversion will not be effected
      until substantial solvent loss has occurred. If, on the other hand, a poor
      solvent is employed or a substantial amount of swelling agent(s) and/or
      nonsolvent(s) is present, two phases may be present initially. The ideal
      casting solution is based upon a fairly strong and volatile solvent, which
      has the advantage that phase inversion and gelation will not be unduly
      prolonged and tolerance for other casting solution components will be
      ample.
PAR  As solvent evaporation proceeds, a point is reached at which the decreased
      solvent power of the remaining substituents permits a spontaneous
      separation into droplets of one liquid phase interdispersed within a
      continuous second phase. If the concentration of swelling agent(s) and/or
      nonsolvent(s) initially present was high, phase separation will occur at
      an early stage in desolvation so that the droplets of the dispersed phase
      wll be numerous, small and (because of their large total surface area)
      covered by a comparatively thin coating of polymer. If the concentration
      of components other than solvent and polymer is low the solvent power of
      the solvent system will be correspondingly greater and desolvation will
      proceed to a greater extent before the droplets of the second liquid phase
      make their appearance. These droplets will consequently be relatively
      infrequent, large, and (because of their small total surface area) covered
      by a comparatively thick coating of polymer. The choice and concentration
      of swelling agent(s) and/or nonsolvent(s) will determine not only the
      precise moment of phase inversion but also droplet size and homogeneity.
      Swelling agents tend to promote decreased droplet size and increased
      homogeneity, whereas nonsolvents tend to increase droplet size and
      decrease homogeneity. Combinations of the two have intermediate effects.
PAR  In the event that the casting solution contains only polymer and a single
      solvent, two situations are possible: (1) phase separation may occur owing
      to poor initial solvent power and the separation of the solvated polymer
      from the poor solvent (the imbibition of atmospheric moisture can be an
      additional factor here), or (2) separation into two liquid phases will
      simply not occur at all prior to gelation.
PAR  The entire sequence of events which results in the finished membrane may
      now be described as follows. The initially homogeneous solution loses
      solvent and separates into two liquid phases. Most of the polymer
      molecules distribute themselves about the droplets which have been formed
      so that relatively few (0.5 percent) are left dispersed in the liquid
      matrix containing the droplets. The interior of the droplet can be
      considered as consisting of a liquid with a high concentration of the
      swelling agent and nonsolvent components of the casting solution. Inasmuch
      as solvent loss continues after phase inversion, the spherical droplets
      approach one another eventually making contact in the initial phase of
      gelation. As the gel network contracts, the droplets deform into polyhedra
      and the polymer molecules diffuse into the walls of neighboring droplets,
      causing an intermingling of polymer molecules at the interface. Finally,
      where the walls are sufficiently thin, e.g. when a high initial
      concentration of components other than the polymer and solvent causes the
      formation of numerous small droplets with a large total surface area,
      contraction causes a tearing of the walls, which then roll up and form the
      hoselike skeleton of which the gel network is composed. A similar
      phenomenon occurs during the bursting of soap bubbles and the formation of
      open-celled foams. It can happen, however, that droplets are covered with
      such a thick coating of polymer that rupturing of cell walls is somewhat
      hindered or even entirely inhibited. In such a case either mixed open- and
      closed-cell or closed-cell structures result. Finally, where no phase
      inversion occurs, complete desolvation will result in the formation of a
      dense membrane.
PAR  In the complete absence of swelling agent, phase inversion usually does not
      occur, so that a dense high-resistance membrane is formed. With low
      concentrations of swelling agent, structures possessing closed cells and
      exhibiting substantial resistance to material transport are encountered.
      At intermediate and high concentrations of swelling agent, closed cells
      are replaced by open cells with a correspondingly lower resistance to
      transport. A relatively sharp break in the curve of permeability vs.
      concentration of swelling agent occurs at that concentration at which
      closed cells give way to open cells.
PAR  Increasing the evaporation (drying) time prior to immersion in nonsolvent
      medium (as in the case of the wet method preparation of reverse-osmosis
      membranes for desalination) causes a decrease in cell size (as indicated
      by the decreasing turbidity of the membrane), a decrease in thickness and
      gravimetric swelling ratio (and hence increase in polymer density), and a
      decrease in permeability. Permselectivity first increases and then
      decreases (owing to structural changes in the skin or active layer of the
      asymmetric membrane).
PAR  Although environmental factors involving temperature, relative humidity,
      drying time, and the gelation bath have substantial effects upon the
      structure and function of phase-inversion membranes, these are largely
      second order in comparison with the profound effects which may be wrought
      by changes in the casting solution itself. The casting solution is
      composed of the polymer and a solvent system which includes all other
      components. The various components may be schematically represented as a
      continuum of species possessing various affinities for the polymeric
      substance, i.e., a polymer-solvent interaction spectrum.
PAR  The implications of this spectrum are of importance to an understanding of
      dense films and the preparation of phase-inversion membranes by the
      gradual desolvation of polymer solutions. At one end of the spectrum are
      the solvents (dispersing agents), whichcan interact with the polymer
      molecules to varying extents, thereby influencing both the extent of
      aggregation and the configuration of the individual macromolecules within
      the solution. At the opposite end are the non-solvents (precipitants),
      which are tolerated to a greater or lesser extent by both the dissolved
      polymer molecules and by the solvent itself. The stronger the nonsolvent,
      the less will be required to effect the precipitation of polymer from
      solution. In the middle of the spectrum are the swelling agents (weak
      precipitants, gelificants). Dense films imbibe swelling agents, thereby
      increasing their volume; they do not, however, dissolve in them. When
      nonvolatile swelling agents are present in a solution which is undergoing
      loss of a more volatile solvent, the strength of the solvent system
      decreases gradually rather than abruptly, which allows immobilization of
      the solution by means of homogeneous gelation. The polymer-solvent
      interaction spectrum should be considered in a dynamic and qualitative
      sense rather than a static and quantitative one. The position of any
      species on the spectrum will depend not only on the nature of the polymer
      (polarity, flexibility, molecular weight, and concentration) but also upon
      the temperature, its own concentration, and the types and concentrations
      of the other species present.
PAR  Combinations of strong solvents and nonsolvents can function as weak
      solvents, swelling agents, or nonsolvents, depending upon their relative
      concentrations. Use of a volatile strong solvent is advisable because of
      the greater tolerance usually exhibited by such solvents for substantial
      amounts of swelling agents and nonsolvents. Inclusion of the latter
      results in additional degrees of freedom with respect to controlling both
      void volume and pore size. The effects of variations in the casting
      solution upon the processing and end-use characteristics of
      phase-inversion membranes are summarized in Table 5.9, Summary of Effects
      of Variations in Casting upon Processing and End-use Characteristics of
      Phase-inversion Membranes, Kesting, SYNTHETIC POLYMERIC MEMBRANES, supra
      p. 131, which is incorporated herein by reference. See Chapter 5 of
      Kesting, SYNTHETIC POLYMERIC MEMBRANES, supra, for a more detailed
      discussion of Porous Phase-inversion Membranes.
PAR  Two means for physically increasing both the strength and the compressive
      yield point of primary gels have been devised: (1) the incorporation of
      fibers within the gel network by casting upon a fiber matrix and (2) the
      incorporation of incompressible particles within the casting solution.
      However, although such structural supports are effective, they do result
      in substantial decreases in permeability owing to the greater resistance
      of the included members compared with the porous gel structure which they
      displace. Scanning electron photomicrographs of commercially available
      membranes which have been reinforced by polyamide fibers clearly show the
      obstruction of normal permeation routes by these fibers. The incorporation
      of incompressible particles such as silica fillers reduces compressibility
      but has two disadvantages, viz. lowering the permeability and disrupting
      the surface layer. This disruption results in decreased permselectivity
      owing to the wicking action of the protruding filler particles.
PAR  Membranes are prepared according to the dry process by dissolving the
      polymer in the strongest solvent of the solvent system, after which the
      other components are added. The solution is then filtered and cast onto a
      suitable substrate, e.g., glass, polished stainless steel, Mylar (DuPont
      polyester film). The membrane is then dried to completion.
PAR  For any concentration of polymer in a given casting solution there is a MW
      of the polymer above which a skinned membrane will result. By the same
      token for a given MW polymer there is a concentration above which a
      skinned membrane will result. If the casting solution solvent system (all
      of the components but the polymer) is held constant, the critical
      concentration of polymer below which a matte finish (unskinned) membrane
      can be produced will decrease with increasing molecular weight. Thus for a
      given casting solution formulation one can speak of 5g polymers and 6g
      polymers. A 5g polymer is of higher molecular weight than a 6g polymer
      because an integral, microporous, membrane can be fabricated from a
      solution containing only 5g of polymer/formulation whereas 6g of the lower
      molecular weight polymer/formulation are required to yield an equivalent
      membrane.
PAR  It appears that a certain minimum casting solution viscosity is necessary
      if an integral membrane is to be formed. Polymer chain entanglements in
      the incipient gel must be sufficient to ensure integrity, a situation
      which can be achieved either by increasing polymer MW or by increasing
      polymer concentration. There are, however, limits beyond which it is not
      desirable to increase MW or concentration. Upper and lower limits can be
      assigned to both MW and concentration.
PAC  Molecular Weight
PAR  The lower limit for MW is the MW below which it is impossible to produce an
      integral (i.e. continuous defect-free) membrane by the dry process. The
      upper limit for MW is determined by both the tendency to form a skin and
      by the tendency to shrink excessively and tear during the drying of the
      casting solution. For the case of BPA polycarbonate homopolymer the
      minimum MW = 46,000, [.eta.] = 75 (no upper limit has been established).
      For the case of KPC-1 containing 5% carbowax 4000, minimum MW= about
      70,000, [.eta.] = 100 and maximum MW = about 145,000, [.eta.] = 190.
PAR  Below an [.eta.] of about 75 (i.e., a MW of about 46,000) it has not been
      found practicable to produce an integral microporous membrane from either
      homo- or copolymers by the dry process. Above an [.eta.] of about 190
      (i.e., a MW of about 145,000) considerable difficulties are also
      encountered since it is extremely difficult, if not impossible, to obtain
      a matte finish, and to prevent shrinkage. The matte finish indicates a
      high pore density, a factor of great importance to ultrafiltration
      membranes in the 0.05 .mu.m to 10 .mu.m range of pore size. Above the
      optimum molecular weight, excessive shrinkage occurs during drying,
      leading to both wrinkling and decreased void volume. A skinned membrane is
      found, but the membrane is not satisfactory for practical use.
PAR  Other means for hastening gelation will also aid in the formation of
      satisfactory membrane, thus increasing the concentrations of
      nonsolvent(s), swelling agent(s), and surfactant(s) (e.g., water,
      isopropanol, resorcinol, and Igepal DM-710) will help to form a membrane
      with a matte finish or with only a thin skin. Such manipulations are only
      practical within narrow limits, however, owing to the problem of forming
      incompatible (turbid) solutions which have a tendency to gel
      spontaneously. This is always a problem because dry process casting
      solutions are specifically designed to be near the level of
      incompatibility so that very little solvent loss will be required before
      phase separation and subsequent gelation occur. For such reasons the
      acceptable limits of polymer MW and concentration are very meaningful and
      are not likely to vary significantly from solvent system to solvent system
      insofar as a completely dry process is concerned. For wet process casting
      solutions (not the subject this patent), however, considerably lower
      polymer MW's and higher polymer concentrations are tolerable. It is,
      however, very difficult if not impossible with a wet process to obtain the
      extremely high void volumes (up to about 85%) achievable by a dry process.
      The reason for this is the greater tendency to undergo densification as
      evaporation proceeds, the higher the concentration of polymer in the
      casting solution. Other advantages of dry (relative to wet) processes are
      the greater simplicity and reproducibility of the former.
PAC  Concentration
PAR  The lower limit for concentration is the level below which integrity cannot
      be achieved. The upper limit is determined by the tendency to thick skin
      formation, the tendency for voids to collapse (i.e., membrane
      densification or loss of void volume), and by the tendency to adhere too
      strongly to the substrate upon which the solution is cast. The usable
      polymer concentration range for casting solutions like the above lies
      between about 3 and 10g, per 100 ml of solution (abbreviated as a
      "3-10g/formulation") formulation and generally between a 4g and a
      8g/formulation (most favorable either 5 or 6g/formulation). To cite some
      practical examples:
TBL  a)    KPC-1 copolymer casting solution.                                   
           For a casting solution consisting of (Parts by                      
           weight)                                                             
     methylene chloride                                                        
                     92                                                        
     isopropanol     21                                                        
     resorcinol      10.5                                                      
     Igepal DM-710   1.5                                                       
PAL  6g of KPC-1 polymer containing 5 wt % Carbowax 4000 with an intrinsic
      viscosity [.eta.] of 133-145 (corresponding roughly to a MW of between
      95,000 and 105,000) would be required for the formation of an integral
      unskinned high void volume membrane. For the same casting solution,
      however, only 5 g of a polymer with an [.eta.] of 150-167 (corresponding
      roughly to a MW of between 110,000 and 130,000) would be required.
TBL  ______________________________________                                    
     b)  BPA Polycarbonate Homopolymer Casting Solution                        
     Homopolymer with MW 46,000; [.eta.] = 75                                  
                              6       pts                                      
     methylene chloride       69      pts                                      
     methyl ethyl ketone      14      pts                                      
     resorcinol               8       pts                                      
     Igepal DM-710            1.5     pts                                      
     c)  BPA-Polyethylene oxide (5% Carbowax 4000) Casting                     
     Solution                                                                  
     copolymer [.eta.] 133-167, (MW = 95,000 -                                 
     130,000)                 5-6     pts                                      
     methylene chloride       92      pts                                      
     hexafluoroisopropanol                                                     
       (or trifluoroethanol)  16-20   pts                                      
     isopropanol              16-20   pts                                      
     Igepal DM-530 (GAF Alkylphenoxy-                                          
     (poly(ethyleneoxy) ethanol)                                               
                              0.5-1.5 pts                                      
     ______________________________________                                    
PAR  In general, a 100 ml formulation will contain from about 4 to about 8
      (preferably 5 to 6) grams of polymer or copolymer, from about 40 to about
      120 grams of methylene chloride (or about 30 to about 90 ml of other
      solvents), from about 5 to about 50 grams of a swelling agent, e.g.,
      resorcinol, isopropanol-resorcinol mixtures etc., and from about 0.1 to
      about 5 grams of an appropriate wetting agents, such as those of the type
      shown in the examples. Within these general proportions optimum ratios
      depend on the MW, type and concentration of the polymer or copolymer,
      solvating power of the solvent and swelling agent, etc., and are best
      determined, in accordance with the principles setforth herein, on an
      individual basis for particular system, materials and desired results.
PAR  Hexafluoroisopropanol, trifluoroethanol and the hemiacetal formed by the
      reaction of hexafluoroacetone with methyl alcohol, especially in
      combination isopropanol, have permitted less complicated production of
      high void volume membranes according to this invention which have superior
      qualities, more predictable and reliable characteristics, greater
      reproducibility and which require less handling and manipulation of
      process steps and variables than has been possible with other swelling
      agents or nonsolvents.
PAR  The principles, insofar as they are understood, of the present invention
      have been discussed in some detail. Minimum, maximum and optimum ranges
      for the variables, insofar as they are known or accurately predicatable
      from known data, have been given. Specific examples illustrative of the
      invention have been given. It is intended that these examples, as well as
      the specific solvents, etc. which are identified, illustrate, and not
      limit the invention, the scope of the protection sought being limited only
      by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As an article of manufacture, integral, high void volume polycarbonate
      resin membrane prepared by the dry phase inversion process being composed
      of polycarbonate polymer or polycarbonate-polyalkylene oxide copolymer
      having a molecular weight greater than about 46,000 (.eta. = 75), and
      having a void volume above 65%.
NUM  2.
PAR  2. The membranes as defined in claim 1 wherein the molecular weight is in
      the range of from about 46,000 [.eta. = 75) to about 145,000 (.eta. =
      190).
NUM  3.
PAR  3. The membranes as defined in claim 2 wherein the void volume is above 65%
      and the membrane is unskinned.
NUM  4.
PAR  4. The membranes as defined in claim 2 wherein the void volume is between
      about 70% and about 85%.
NUM  5.
PAR  5. The membranes as defined in claim 2 wherein the molecular weight is in
      the range of from about 70,000 (.eta. = 100) to about 145,000 (.eta. =
      190).
NUM  6.
PAR  6. The membranes as defined in claim 5 wherein the molecular weight is in
      the optimum range of from about 110,000 (.eta. = 150) to about 130,000
      [.eta. = 175).
NUM  7.
PAR  7. The membranes as defined in claim 6 wherein the membranes are unskinned
      and have a matte finish on both sides.
NUM  8.
PAR  8. The membranes as defined in claim 6 wherein the void volume is between
      about 70% and about 85%.
NUM  9.
PAR  9. The membranes as defined in claim 8 wherein the membranes are unskinned
      and have a matte finish on both sides.
NUM  10.
PAR  10. The membranes as defined in claim 5 wherein the void volume is between
      about 70% and about 85%.
NUM  11.
PAR  11. The membranes as defined in claim 10 wherein the membranes are
      unskinned and have a matte finish on both sides.
NUM  12.
PAR  12. Integral, microporous membranes having a void volume above 50%
      consisting essentially of polycarbonate resin having the structure
      ##EQU10##
      or the structure
      ##EQU11##
      wherein : n is an integer greater than about 180, x is an integer from
      about 180 to about 600, y is an integer from about 1 to about 6, z is an
      integer from about 13 to about 450, R is a radical selected from the group
      consisting of H--, (CH.sub.3).sub.2 CH--, and
      ##SPC7##
PAL  R' is a radical selected from the group consisting of
      ##SPC8##
PAL  and
      ##EQU12##
      and substituted derivatives thereof, and wherein R" is a radical selected
      from the group consisting of
      ##EQU13##
      and
      ##EQU14##
      wherein a and b are integers ranging from about 3 to about 10 and c is an
      integer ranging from about 20 to about 50.
NUM  13.
PAR  13. The membranes as defined in claim 12 wherein the void volume is above
      about 65%.
NUM  14.
PAR  14. The membranes as defined in claim 13 wherein the membranes are
      unskinned and have a matte finish on both sides.
NUM  15.
PAR  15. The membranes as defined in claim 13 wherein the void volume is between
      about 70% and about 85%.
NUM  16.
PAR  16. The membranes as defined in claim 15 wherein the membranes are
      unskinned and have a matte finish on both sides.
NUM  17.
PAR  17. The membranes as defined in claim 12 wherein the molecular weight of
      the polycarbonate resin is above 46,000 (.eta. = 75).
NUM  18.
PAR  18. The membranes as defined in claim 17 wherein the molecular weight of
      the polycarbonate resin is between about 70,000 (.eta. = 100) and about
      145,000 (.eta. = 190).
NUM  19.
PAR  19. The membranes as defined in claim 18 wherein the void volume is above
      about 65%.
NUM  20.
PAR  20. The membranes as defined in claim 19 wherein the membranes are
      unskinned and have a matte finish on both sides.
NUM  21.
PAR  21. The membranes as defined in claim 19 wherein the molecular weight to
      the polycarbonate resin is between about 110,000 (.eta. = 150) and about
      130,000 (.eta. = 175).
NUM  22.
PAR  22. The membranes as defined in claim 21 wherein the void volume is between
      about 70% and about 85%.
NUM  23.
PAR  23. The membranes as defined in claim 22 wherein the membranes are
      unskinned and have a matte finish on both sides.
PATN
WKU  039459276
SRC  5
APN  504748&
APT  1
ART  165
APD  19740910
TTL  Ion-exchange group bearing composite membranes
ISD  19760323
NCL  19
ECL  1
EXP  Esposito; Michael F.
INVT
NAM  Imai; Satoshi
CTY  Kobe
CNT  JA
INVT
NAM  Eguchi; Tamiyuki
CTY  Kobe
CNT  JA
INVT
NAM  Shimokawa; Masaaki
CTY  Kobe
CNT  JA
ASSG
NAM  Kanegafuchi Kagaku Kogyo Kabushiki Kaisha
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720605
APN  47-56266
PRIR
CNT  JA
APD  19730120
APN  48-9085
PRIR
CNT  JA
APD  19730914
APN  48-104252
RLAP
COD  72
APN  361557
APD  19730518
PSC  01
PNO  3912834
CLAS
OCL  210500M
XCL  260  21E
XCL  260  22R
XCL  210506
XCL  427243
XCL  427340
EDF  2
ICL  B01D 3916
ICL  B01D 3100
FSC  117
FSS  68;47 R;138.8 U;138.8 R;138.8 E;138.8 N;138.8 PV;138.8 F;143;76 F;161 UN
     ;166;63;47 A;161 UH
FSC  210
FSS  490;500 M;506
FSC  260
FSS  21 E;22 R
FSC  204
FSS  96
FSC  427
FSS  340;243
UREF
PNO  3342729
ISD  19670900
NAM  Strand
OCL  210 23
UREF
PNO  3549016
ISD  19701200
NAM  Rigopulos
OCL  210500
UREF
PNO  3556305
ISD  19710100
NAM  Shorr
OCL  210490
UREF
PNO  3648845
ISD  19720300
NAM  Riley
OCL  210490
UREF
PNO  3762566
ISD  19731000
NAM  Del Pico
OCL  210490
UREF
PNO  3799355
ISD  19740300
NAM  Salyer
OCL  210500M
UREF
PNO  3808305
ISD  19740400
NAM  Gregor
OCL  210490
LREP
FR2  Haight; James C.
ABST
PAL  Composite membranes bearing ion-exchange groups suitable for use in
      membrane separation processes are produced by providing a porous substrate
      which is physically semipermeable by itself, applying a coating
      composition consisting essentially of a filmforming polymeric material to
      which ion-exchange groups are introduceable and a liquid medium onto the
      surface of said substrate, removing said liquid medium to provide an
      ultrathin membrane of said material having a thickness less than 10
      microns, and treating said ultrathin membrane to provide said ion-exchange
      groups throughout said ultrathin membrane.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 361,557, filed May 18, 1973, now U.S. Pat. No. 3,912,834.
BSUM
PAR  This invention relates to supported semipermeable membranes having
      ion-exchange groups and to processes for making such membranes.
PAR  One important use of semipermeable membranes having ion-exchange groups is
      in electrodialysis. It has been known that major portions of electric
      power are consumed in te dialysis cell in the generation of Joule's heat
      caused by the electric resistance of the dialysis membrane and cell
      liquid. Consequently, consumption of electric power may be decreased with
      the use of electrically less resistant membranes. Since lower electric
      resistance of the membrane means faster permeance of ions through the
      membrane, the total length of dialyzing time can also be shortened with
      the use of such membranes.
PAR  As a means for decreasing the electric resistance of membranes, attempts
      were made to increase molarity of ion-exchange groups, namely the
      ion-exchange capacity of the membrane. Electric resistance can also be
      decreased by decreasing membrane thickness.
PAR  The former has a certain limit as it necessarily increases swelling
      pressure. The latter decreases the mechanical strength of membranes, but
      it may be strengthened by using suitable support means.
PAR  Another important application of membranes having ion-exchange groups is in
      dialysis. As a dialysis membrane, the thinner membrane results in faster
      permeance of ions through the membrane and a shorter period of dialyzing
      time. Still other applications of such membranes are in ultrafiltration
      and reverse osmosis separations. In such uses, the membrane must have a
      higher flux rate as well as good selectivity.
PAR  It has been known that total membrane thickness has substantially no effect
      on selectivity and a higher flux rate may be obtained without affecting
      the selectivity by decreasing the effective thickness of the membrane. It
      has been proposed to provide such membranes with an asymmetric structure
      thereby decreasing thickness of the portion of active layer of the
      membrane (see Industrial and Engineering Chemistry Vol.61, No.11, pages
      62-88, 1969).
PAR  However, the asymmetric structure may be formed only with limited types of
      membranes and the technique cannot be applied to membranes made of elastic
      polymers having a low glass transition temperature.
PAR  Further, it has been proposed to use membranes having ion-exchange groups
      in pressure dialysis processes (see U.S. Dept. of Interior, Office of
      Saline Water, R & D Progress Report No. 452, 1969). These processes
      utilize membranes having both cationic and anionic ion-exchange groups
      which permit the permeance of concentrated saline water when subjected to
      normal saline water under pressure.
PAR  Heretofore-available types of membranes have been proved unacceptable for
      such uses in practice, because the flux rates thereof are too small. It is
      believed that the flux rate can be increased by decreasing the thickness
      of the membrane while the mechanical strength is reinforced with the use
      of a suitable support.
PAR  Thus, membranes having ion-exchange groups may find a number of important
      uses if they are sufficiently thin to give a higher flux rate while
      possessing a sufficient degree of mechanical strength.
PAR  It is very difficult to obtain such membranes having a thickness less than
      10 microns by the prior art methods.
PAR  For example, Japanese Patent Publication No. 13,009 of 1960 discloses a
      membrane for use in electrodialysis incorporating a corrosion resistant
      core therein. The thickness of these membranes is about 150 to 300
      microns, whereas a thickness of about 300 to 600 microns is needed to
      impart sufficient mechanical strength if such a core is not employed.
PAR  These types of membranes are not suitable for use in other separation
      processes as reverse osmosis owing to their lower flux rates.
PAR  A method of preparation of thin membranes having ion-exchange groups used
      for reverse osmosis was published in Journal of
PAR  Applied Polymer Science Vol. 15, pp. 1665-1677, 1971. In this article, a
      low-density polyethylene film 15 microns thick is impregnated with an
      ion-exchange group introducible monomer and the impregnated film is
      subjected to graft polymerization.
PAR  Then ion-exchange groups are introduced into the resulting film.
PAR  Alternately, the polyethylene film is impregnated with a monomer having a
      dissociable group and the impregnated film is subjected to graft
      polymerization, thereby bonding te dissociable group to the film. Although
      effects of the treatment on the properties of the membrane sch as
      swelling, tensile strength or other mechanical strength have not been
      discussed in this article, it is believed that this membrane has also
      certain limits in its thickness and ion-exchange capacity as the membrane
      used for electrodialysis in the prior art wherein the ion-exchange groups
      are introduced uniformly throughout all directions of the film by graft
      polymerization. So it is difficult to obtain a membrane thinner than 10
      microns of thickness by this method. On the other hand, only a portion of
      the film may be graft-polymerized to introduce ion-exchange groups
      thereto.
PAR  In this case, other portions remain unchanged and will interfere with the
      desired permeance through the membrane. Thus the flux rate depends on the
      nature of this unchanged portion of the membrane and becomes small. It is
      an object of the present invention to provide selectively permeable
      membranes having ion-exchange groups supported on microporous backings and
      methods for making the same.
PAR  Another object is to provide such membranes having increased flux rates
      while retaining good mechanical strength.
PAR  According to the present invention, a composite membrane is produced by
      providing a microporous polymer membrane which is physically
      semipermeable, and forming a thin layer having ion-exchange groups
      adjacent the microporous polymer membrane.
PAR  The microporous polymer membrane used for the substrate of the composite
      membrane of the present invention is a selectively permeable film or layer
      of a film-forming polymer which is itself suitable for use in membrane
      separations such as ultra-filtration.
PAR  The substrate membrane must have a number of continuous micropores through
      which molecules or ions smaller than the pore size can selectively be
      permeated.
PAR  Such membranes and methods of making same have been well-known in the art.
      The composite membrane of the present invention may be produced by coating
      said substrate membrane with a layer of a coating composition comprising a
      solution or emulsion of a film-forming polymer having reactive sites or
      groups into which ion-exchange groups can be introduced, removing th
      solvent or dispersion medium of the coating to provide a ultrathin
      membrane of said polymer having a thickness less than 10 microns, and
      introducing said ion-exchange groups into the molecules of said polymer.
PAR  Coating with said film-forming, ion-exchange group introducible polymer may
      be carried out in any per se known manner such as dipping, casting or
      spraying.
PAR  Removal of solvent or dispersion medium for said coating solution or
      emulsion may be accomplished either by evaporation or by immersing the
      coating layer in a liquid which is miscible with said solvent or
      dispersion medium but is a nonsolvent for said polymer and the substrate.
      As the substrate membranes employed in the present invention consist
      essentially of a microporous polymer layer, the coating solution or
      emulsion may not cause plugging of the substrate membrane by dissolving or
      swelling thereof.
PAR  Therefore, a suitable solvent or dispersion medium relatively inert to the
      substrate membrane is preferably selected for the coating polymer.
PAR  It has been found that the resulting composite membrane has good adhesion
      characteristics between layers against stripping when such porous
      substrate and solvent or medium are used, whereas such adhesion has never
      been obtained with the use of the same coating solution or dispersion if
      the substrate is nonporous.
PAR  Further, it is surprising that although the substrate membrane, as will be
      fully described hereinafter, has too small a pore-size to allow permeance
      of the coating polymer therethrough, good adhesion characteristics have
      also resulted. As the substrate membrane which may be employed in
      practicing the present invention, any microporous membrane made of
      film-forming polymers may be used, provided they are not soluble nor
      swellable in the solvent or medium for coating polymers to be applied in
      the subsequent step and are not susceptible to chemical reactions with
      agents used during the step for introducing ion-exchange groups into the
      ultrathin polymer layer.
PAR  Polyvinyl chloride is most preferable for such purposes as it may easily
      form such a microporous structure and is resistant to a wide variety of
      chemicals.
PAR  As the present invention contemplates provision of a composite membrane
      whose layer having ion-exchange groups is as thin as possible and the
      substrate membrane merely plays a role of a support thereto, pores
      perforated through the substrate membrane must have a suitable average
      pore size and shape.
PAR  If the substrate membrane has a large pore size sufficient to allow
      permeance of coating polymers therethrough, the effective thickness of the
      membrane having ion-exchange groups will be substantially equal to total
      thickness of the resulting composite membrane.
PAR  On the other hand, if the pore size is too small, the permeance
      characteristics will depend upon the nature of the substrate membrane.
PAR  In order to decrease the effective or controlling thickness imparted to the
      layer having ion-exchange groups, the pore size of the substrate membrane
      is preferably sufficient to prevent permeance of the coating polymer while
      permitting substantially free passage of molecules or ions which have
      already passed through the layer having ion-exchange groups.
PAR  Methods for making such selectively permeable membranes and methods for
      controlling the pore-size have already been known in the art. As the
      method for making such membranes, wet processes are generally preferable.
PAR  For example, a method for making a selectively permeable composite membrane
      has been disclosed in a co-pending U.S. patent application Ser. No.
      361,557 filed May 18, 1973, now U.S. Pat. No. 3,912,837, by Satoshi Imai
      et al. to which reference is made. According to this method, a composite
      selectively permeable membrane is produced by impregnating a textile
      fabric such as commercial filter cloth prior to applying a film-forming
      polymer solution thereto with a nonsolvent for the film-forming polymer
      while the immediate surface of the fabric on which the polymer solution is
      applied is kept substantially dry, applying a solution of said
      film-forming polymer in a solvent onto the surface of the fabric to form a
      film, and diffusing the solvent for said film-forming polymer into a
      miscible nonsolvent for said polymer. Thus, an asymmeric microporous
      membrane is formed on the suport fabric. The resulting composite membrane
      can be used as the substrate of membranes for the present invention to
      give three layer composite membranes. Two layer composite membranes may be
      produced by the use of a single layer membrane having a microporous
      structure.
PAR  For example, polyvinyl chloride is dissolved in a suitable solvent. The
      solution is cast on a glass plate for form a layer and the layer is
      immersed into a bath filled with a medium which is miscible with the
      solvent of polyvinyl chloride used and is a nonsolvent for polyvinyl
      chloride.
PAR  The solvent diffuses into the bath to give the desired microporous membrane
      on the glass plate. Prevention from plugging the substrate membrane thus
      produced may also be accomplished by selecting a suitable molecular size
      of the polymer into which ion-exchange groups are introduced.
PAR  The substrate membrane is then coated with a solution or emulsion of a
      polymeric material which may be converted to an ion-exchange during
      subsequent chemical treatment.
PAR  Examples of reactive groups to which ion-exchange groups may be introduced
      are a benzene ring, double bond, halogen atom, nitrile group, hydroxyl
      group and the like.
PAR  Examples of polymers having such groups are styrene-butadiene copolymers,
      vinyl chloride-acrylonitrile copolymers, polyvinyl alcohol and the like.
      Solutions or emulsions of such polymers in a suitable solvent or
      dispersion medium may be applied in a conventional manner such as dipping,
      spreading by means of a doctor-knife or spraying. Dipping or spraying is
      preferred for coating liquids having a viscosity less the 100 centipoise
      and spreading is preferred for the liquids having a viscosity higher than
      300 centipoise.
PAR  As previously indicated, the solvent or dispersion medium for the coating
      polymer preferably has a low affinity to the material of the substrate
      membrane.
PAR  An ultrathin layer of said polymer is formed by removing the solvent or
      medium for the polymer from the film of the liquid after applying. This
      may be accomplished by air drying or by immersing the film in a bath
      filled with a liquid into which the solvent or medium may diffuse. The
      immersing liquid must be miscible with the solvent or medium and must be a
      nonsolvent for materials of any layer of the composite membrane. When hot
      air is used for air-drying, care should be taken not to raise the drying
      temperature higher than the softening point of the substrate membrane.
PAR  The thickness of the layer thus produced, which is substantially equal to
      that of the layer having ion-exchange groups of the final composite
      membrane, may be controlled by adjusting the amount of coating.
PAR  For example, desired amounts of coating may be obtained by adjusting the
      feed of coating liquid or the supply speed of substrate membrane using a
      spreading or spraying method. The thickness may also be controlled by
      adjusting concentration of the coating liquid in using a dipping or
      spraying method.
PAR  For instance, a microporous polyvinyl chloride membrane is coated with a
      2.5% by weight solution of sytrene-butadiene copolymer in cyclohexane by
      dipping. The resulting ultrathin layer has a thickness of about 1 micron.
      If the same membrane is coated with a four fold dilution of commercial
      latex of sytrene-butadiene copolymer (Dow Latex 612), the ultrathin layer
      formed has a thickness of about 5 microns.
PAR  Finally a suitable ion-exchange group is introduced into the ultrathin
      membrane thus formed.
PAR  Examples of such ion-exchange groups are, as is well-known, cation-exchange
      groups such as sulfonyl groups or carboxyl groups and anion exchange
      groups such as quaternary ammonium groups or tertiary amino groups.
PAR  Appropriate chemical treatment is carried out depending upon the nature of
      the layer material. Styrene-butadiene copolymers may be sulfonated with
      concentrated sufuric acid to introduce sulfonyl groups into the benzene
      ring. Vinyl chloride-acrylonitrile copolymers may be hydrolyzed with 70%
      sulfuric acid whereby nitrile groups are converted to carboxyl groups. If
      an amphoteric ion-exchange layer is desired, different types of
      ion-exchange groups may further be introduced into a membrane which has
      already been treated in the above manner.
PAR  For example, when vinyl chloride-acrylonitrile copolymer is treated in the
      above-mentioned manner to introduce carboxyl groups, and the resulting
      membrane is immersed in an aqueous solution of ethylenediamine, chlorine
      atoms may be exchanged by tertiary amino groups.
PAR  Generally, polymeric substances will become hydrophilic when ion-exchange
      groups are introduced thereto and show a strong swelling pressure in water
      or an aqueous solution.
PAR  Accordingly, the polymeric substances generally tend to dissolve or swell
      in water unless the polymer is reinforced by cross-linking. Further, it
      has been known that if strongly hydrophilic ion-exchange groups such as
      strong cation-exchange or strong anion-exchange groups are introduced to
      an extent higher than about 2 milliequivalents per one gram of polymer on
      the dry basis, the resulting polymer becomes very weak in strength even if
      the polymer has been cross-linked. It has been observed that an SBR
      membrane having a thickness of about 0.3 mm also became weak and easily
      burst on handling when the membrane was cross-linked and then treated to
      introduce about 2 milliequivalents of sulfonyl group per one gram of the
      polymer on the dry basis.
PAR  In accordance with the present invention, the ion-exchange layer of the
      composite membrane remains unchanged in its shape and size after the
      treatment for introducing ion-exchange groups even if the polymer has not
      been cross-linked. Furthermore the membrane has a sufficient strength
      against stripping between the layers and bursting. However, cross-linking
      may be carried out if still higher strength is desired.
PAR  Although is would be quite natural that the membrane becomes easily
      strippable after chemically denaturing thereof, no decrease of adhesion
      strength has in fact been observed in the membranes of the present
      invention.
PAR  For example, an ultrathin SBR membrane of about one micron thickness is
      coated onto a microporous polyvinyl chloride membrane in the
      above-described manner and the composite membrane is treated with a 95%
      concentration mixture of fuming sulfuric acid and concentrated sulfuric
      acid for 100 hours. No stripping was observed after this treatment. Thus
      advantages of the membrane of the present invention will be apparent to
      persons skilled in the art. Membranes produced in accordance with the
      method of the present invention have been proved to possess an effective
      thickness substantially equal to the thickness of the layer having
      ion-exchange groups.
PAR  When a photograph of the cross-section of the membrane was taken by
      electron microscope, it was found that the microporous substrate layer is
      not plugged and retains a number of continuous micropores of a suitable
      pore size which will not affect the permeance characteristics of the layer
      having ion-exchange groups. As already indicated, permeance
      characteristics of the membranes of the present invention substantially
      depend upon the thickness of the layer having ion-exchange groups rather
      than the total thickness, and this effective or controlling thickness can
      be decreased to less than 10 microns. When such membranes are used in
      various membrane separation processes, many remarkable advantages may be
      seen.
PAR  For example, they decrease electric power consumption when used for
      electrodialysis. Furthermore, a remarkable result may be observed when the
      membranes are used in reverse osmosis or pressure dialysis separations. A
      composite membrane comprising a microporous polyvinyl chloride substrate
      layer and a sulfonated SBR layer having a thickness of about 1 micron
      produced in the hereinafter described Example 1 was further treated with
      an aqueous solution of epichlorophydrin-pyridine mixture to introduce
      quaternary ammonium groups in the manner as described in Example 2.
PAR  A 3.5% sodium chloride solution was pressure-dialyzed through this membrane
      under a pressure of 50kg/cm.sup.2. The rejection rate decreased to 10% and
      the flux rate was about 15 gallon/ft.sup.2 /day.
PAR  A 5% sucrose aqueous solution was pressure-dialyzed through the same
      membrane under a pressure of 50 kg/cm.sup.2.
PAR  In this case, 80% of the sucrose was rejected and the flux rate was about
      11 gallon/ft.sup.2 /day. It is believed that membranes showing such good
      characteristics have never been obtained in the past and may find many new
      uses in pressure dialysis membrane separation.
PAR  For Example, if an aqueous solution containing lower molecular weight
      organic substances and inorganic salts is forced onto the membrane under
      pressure, concentration of the organic substances and desalting may
      simultaneously be accomplished. Since the selectivity of the membrane is
      independent of its thickness, other characteristics may be further
      increased by decreasing the thickness of the layer having ion-exchange
      groups below the values illustrated.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding decription, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitive of the
      remainder of the description in any way whatsoever. All parts and per
      cents therein are weight basis unless otherwise indiated.
PAC  EXAMPLE 1
PAR  12 parts of polyvinyl chloride (S1001, Kanegafuchi Kagaku Kogyo K.K. Osaka,
      Japan, polymerization degree 1,000) was dissolved in a 1 : 7 mixture of
      tetrahydrofuran and dimethylformamide.
PAR  Into this solution was dipped a glass cylinder having a sealed bottom (85mm
      outer diameter) and drawn up at a speed of 1.7cm/second.
PAR  The resulting layer was exposed to the atmosphere at 24.degree.C for 30
      seconds and a portion of solvent was allowed to evaporate.
PAR  The layer was then immersed into 80% aqueous methanol for 1 hour and the
      remaining solvent was removed. The resulting membrane showed complete
      rejection against an aqueous solution of proteins having a molecular
      weight greater than about 5,000 but showed no rejection against proteins
      having a molecular weight less then about 1,000. The resulting membrane
      formed on a glass cylinder was air-dried at 45.degree.C for 1 hour, dipped
      in a 2.5% solution of SBR(Solprene No.303, Japan Synthetic Rubber Co.,
      Ltd.) in cyclohexane for a few seconds and drawn up at a speed of
      1.1cm/second. The resulting thin film was dried at 45.degree.C for 1 hour.
      The glass cylinder bearing the resulting layers was immersed successively
      in 91% sulfuric acid for 1 hour and 95% sulfuric acid for 24 hours and the
      SBR layer was cross-linked and sulfonated.
PAR  The resulting membrane was washed successively with 60% sulfuric acid for 3
      minutes and water. The washed composite membrane was stripped off from the
      glass cylinder and stored in an aqueous solution of sodium chloride or
      sodium hydroxide.
PAR  After completion of the preceding steps, no change was observed on the
      nature of the porous polyvinyl chloride layer and the sulfonated SBR layer
      had not been stripped off during these steps. Ion-exchange capacity of the
      composite membrane was estimated by the following manner. An SBR film
      having a thickness of 0.3mm was sulfonated under the same conditions as
      above and the ion-exchange capacity was measured. From the result of this
      model test, the ion-exchange capacity of the resulting composite membrane
      was estimated as about 2.5 milliequivalent/g. on the dry basis.
PAR  A photograph of an enlarged cross-sectional view of the membrane was taken
      by an electron microscope and the thickness of the ion-exchange layer was
      measured.
PAR  The thickness measured was about one micron and plugging of the porous
      polyvinyl chloride layer with SBR was not observed.
PAR  A test piece 52mm in diameter was taken from the composite membrane and a
      0.78% sodium chloride aqueous solution was forced onto the surface of the
      ion-exchange layer of the test piece under a pressure of 50 kg/cm.sup.2.
      67% of the sodium chloride was rejected on this test with a flux rate of
      about 12 gallon/ft.sup.2 /day.
PAC  EXAMPLE 2
PAR  The composite membrane produced in Example 1 stored in an aqueous solution
      of sodium hydroxide was washed with water to remove excess sodium
      hydroxide. The membrane was immersed in a 50v/v % aqueous solution of a 1
      : 1 (molar basis) mixture of epichlorohydrin and pyridine for 2 hours at
      31.5.degree.C. By this treatment, amino groups were introduced to the
      sulfonated SBR layer to give an amphoteric ion-exchange layer.
PAR  After completion of this step, no change was observed in the nature of the
      porous chloride substrate layer and no stripping took place during the
      step. Although a detailed mechanism for the amination reaction is not
      fully made clear, it is postulated that hydroxyl groups, the presence of
      which in the sulfonated SBR layer has been confirmed by I R sectra and
      elemental analysis, react with epichlorohydrin and pyridine to form
      quaternized amino groups. The anion-exchange capacity of the resulting
      membrane was estimated in the same manner as described in Example 1 and
      was found to be 2 to 2.5 milliequivalent/g on the dry basis.
PAR  A test piece 52mm in diameter was taken from the resulting membrane and a
      3.5% sodium chloride aqueous solution at 30.degree.C was forced onto the
      test piece under a pressure of 50 kg/cm.sup.2.
PAR  10% of sodium chloride was rejected with a flux rate of about 15
      gallon/ft.sup.2 /day. When a 5% sucrose aqueous solution was forced onto
      the membrane at 30.degree.C under a pressure of 40 kg/cm.sup.2.
PAR  80% of the sucrose was rejected with a flux rate of about 11
      gallon/ft.sup.2 /day.
PAC  EXAMPLE 3
PAR  Vinyl chloride-acrylonitrile copolymer (Kanekaron resin, Kanegafuchi Kagaku
      Kogyo K.K. Osaka, Japan) was dissolved in a saturated ethanolic solution
      of zinc bromide to a concentration of 1 %. Into this solution was dipped
      the microporous polyvinyl chloride substrate membrane produced in Example
      1 while being mounted on a glass cylinder for 10 minutes, and drawn up at
      a speed of 1.1cm/second. The membrane was dried at 50.degree.C for 2 hours
      and washed with water for 30minutes to remove zinc bromide.
PAR  The resulting membrane was immersed into 26 N sulfuric acid at 50.degree.C
      for 2 hours to hydrolyze the nitrile groups into carboxyl groups.
PAR  The hydrolyzed membrane was then cross-linked using residual nitrile groups
      by treating a mixture of aqueous solution of formaldehyde (0.5 ml) and 26
      N sulfuric acid (100 ml) at 0.degree.C for 30 minutes. No change was
      observed in the nature of the porous polyvinyl chloride substrate layer
      after completion of the preceding steps and stripping did not take place
      during the operation. Ion-exchange capacity of the resulting membrane was
      estimated as 3 millequivalent/g. on the dry basis using the same technique
      as in Example 1.
PAC  EXAMPLE 4
PAR  The composite membrane produced in Example 3 was thoroughly washed with
      water. The membrane was immersed in a 20% aqueous solution of
      ethylenediamine at 50.degree.C for 3 hours, whereby chlorine atoms in said
      copolymer were substituted by ethylenediamine.
PAR  No change was observed in the nature of the porous polyvinyl chloride
      substrate layer and stripping of the membrane did not take place.
      Anion-exchange capacity of the resulting membrane was estimated as 1.6
      milliequivalent/g. on the dry basis using the same technique as in Example
      1. A cross-section of the resulting membrane was observed by electron
      microscope. The thickness of ultrathin ion-exchange layer was about 5,000
      A and pores in the porous substrate layer were scarcely plugged with said
      vinyl chloride-acrylonitrile resin layer. A 3.5% sodium chloride aqueous
      solution was forced onto a piece of the resulting composite membrane 52mm
      in diameter at 30.degree.C under a pressure of 50kg/cm.sup.2.
PAR  The rejection rate of sodium chloride was 18% and the flux rate was 5.5
      gallon/ft.sup.2 /day. When a 5% aqueous sucrose solution was forced onto
      the membrane, a rejection rate of 78% and a flux rate of 4.7
      gallon/ft.sup.2 /day were obtained respectively.
PAC  EXAMPLE 5
PAR  10 parts of polyvinyl chloride (S 1001, Kanegafuchi Kagaku Kogyo K.K.
      Osaka, Japan, polymerization degree 1,000) was dissolved in 90 parts of
      dimethylformamide. Into this solution was dipped a glass cylinder having a
      sealed bottom (85mm outer diameter).
PAR  The glass cylinder was drawn up at a speed of 1.2 cm/second and immediately
      immersed into water for 30 minutes to remove dimethylformamide. The
      resulting film was dried at 45.degree.C for 1 hour while being mounted on
      the glass cylinder and dipped in a 4 fold dilution of commercial
      styrene-butadiene copolymer latex (Dow Latex 612) for a few seconds. The
      resulting membrane was drawn up at a speed of 1.1 cm/second and dried at
      40.degree.C for 2 hours.
PAR  The dried membrane was then cross-linked and sulfonated by treating with
      90% sulfuric acid for 1.5 hours and 95% sulfuric acid for 24 hours
      successively.
PAR  The resulting membrane was washed successively with 60% sulfuric acid for 3
      minutes and with water. The washed composite membrane was stripped from
      the glass cylinder and stored in a dilute aqueous solution of sodium
      hydroxide or sodium chloride. An electron microscopic picture revealed
      that the thickness of the ultrathin ion-exchange layer is about 5 microns.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing a selectively permeable composite membrane having
      an ultrathin layer of ion exchange polymer film adhered to a polymeric
      microporous supporting substrate which is permeable to ions and molecules
      which pass through said ultrathin layer, which comprises:
PA1  a. coating said substrate with a composition consisting essentially of an
      inert diluent and a film-forming polymer which is substantially
      impermeable to said substrate and which contains at least on reactive site
      selected from the group consisting of benzene rings, double bonds, halogen
      atoms, hydroxyl groups or nitrile groups;
PA1  b. removing said inert diluent to form an ultrathin layer of said
      film-forming polymer having a dry thickness of less than 10 microns
      adhered to said substrate; and
PA1  c. converting said ultrathin layer into an ion exchange layer by chemically
      introducing ion exchange groups into said reactive sites.
NUM  2.
PAR  2. A method according to claim 1, wherein said ion exchange groups are at
      least one member selected from the group consisting of sulfonyl, carboxyl,
      quaternary ammonium and tertiary amino groups.
NUM  3.
PAR  3. A method according to claim 1, wherein said film-forming polymer is
      selected from the group consisting of a butadiene-styrene copolymer, a
      vinyl chloride-acrylonitrile copolymer and a polyvinyl alcohol.
NUM  4.
PAR  4. A method according to claim 1, wherein said substrate comprises
      polyvinylchloride.
NUM  5.
PAR  5. A method according to claim 4, wherein the film-forming polymer is a
      copolymer of butadiene and styrene.
NUM  6.
PAR  6. A method according to claim 5, wherein said ion exchange groups are
      introduced by sulfonating benzene ring reactive sites in said ultrathin
      layer.
NUM  7.
PAR  7. A method according to claim 6, further comprising reacting the resultant
      ion exchange layer with a mixture of epichlorohydrin and pyridine to
      introduce quaternary ammonium groups therein.
NUM  8.
PAR  8. A method according to claim 4, wherein said film-forming polymer is a
      copolymer of vinyl chloride and acrylonitrile.
NUM  9.
PAR  9. A method according to claim 8, wherein said ion exchange groups are
      introduced by substituting halogen atom reactive sites in said ultrathin
      layer with a tertiary amino group.
NUM  10.
PAR  10. A method according to claim 8, wherein said ion exchange groups are
      introduced by hydrolyzing nitrile group reactive sites in said ultrathin
      layer.
NUM  11.
PAR  11. A method according to claim 10, further comprising reacting the
      resultant ion exchange layer with ethylenediamine to introduce tertiary
      amino groups therein.
NUM  12.
PAR  12. A selectively permeable composite membrane prepared according to the
      process of claim 1.
NUM  13.
PAR  13. A selectively permeable composite membrane prepared according to the
      process of claim 2.
NUM  14.
PAR  14. A selectively permeable composite membrane prepared according to the
      process of claim 3.
NUM  15.
PAR  15. A selectively permeable composite membrane prepared according to the
      process of claim 4.
NUM  16.
PAR  16. A selectively permeable composite membrane prepared according to the
      process of claim 6.
NUM  17.
PAR  17. A selectively permeable composite membrane prepared according to the
      process of claim 7.
NUM  18.
PAR  18. A selectively permeable composite membrane prepared according to the
      process of claim 10.
NUM  19.
PAR  19. A selectively permeable composite membrane prepared according to the
      process of claim 11.
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PAL  An evacuated tube having both ends closed has a flap type valve fixedly
      disposed between the ends for dividing the tube into upper and lower
      chambers. The valve is formed and arranged to provide a passageway between
      the upper and lower chambers when subjected to centrifugal forces of
      proper intensity and direction. Upon cessation of the force, the valve
      closes to provide a separation between the upper and lower chambers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to separators and more particularly to a
      device for separating blood plasma from cellular material of the type
      disclosed in commonly assigned application Ser. No. 247,483 filed Apr. 25,
      1972, now U.S. Pat. No. 3,849,072.
PAR  2. Description of the Prior Art
PAR  With the development of modern pathology laboratories, it has become the
      common practice to send blood samples to a centralized laboratory facility
      for analysis. The normal procedure requires that the patient's blood
      sample be taken at a doctor's office or a clinic and thereafter mailed in
      a proper container to a centrally located laboratory to be tested. In many
      instances, it is desirable that the cellular material contained in a blood
      sample be separated from the blood plasma shortly after the sample is
      taken from the patient and prior to mailing. Centrifuging has become the
      accepted method for separation of the suspended cellular material from the
      blood plasma.
PAR  It is known to separate blood into its component parts by centrifugation,
      for example, the assembly disclosed in U.S. Pat. No. 2,460,641. However,
      this particular assembly does not employ a means for sealing the separated
      plasma or serum phase from the cellular phase.
PAR  It is also known to provide assemblies for manually separating the plasma
      or serum phase from the cellular phase, for example, as disclosed in U.S.
      Pat. Nos. 3,586,064; 3,661,265; 3,355,098; 3,481,477; 3,512,940 and
      3,693,804. In all of these devices the serum is collected in a blood
      collection container and means are provided for separating the plasma or
      serum phase from the cellular phase employing filters, valves, transfer
      tubes or the like.
PAR  It is also known to provide assemblies for the sealed separation of blood
      in which a piston is actuated by centrifugal force such as is disclosed in
      U.S. Pat. Nos. 3,508,653 and 3,779,383. These devices use either a
      distortable piston made of a resilient material or valve means associated
      with the piston to affect a sealed separation after centrifugation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates an evacuated tube having closed ends and
      a valve fixedly disposed between the ends to divide the tube into upper
      and lower chambers. The valve includes an elastomeric body having a
      centrally located circular opening with a flap valve closing the opening.
      The flap has a specific gravity greater than blood and when subjected to
      centrifugal forces will unseat to open the valve so that the chambers
      communicate.
PAR  In the disclosed embodiment, a tube is used having an opening at each end,
      said openings being closed with penetrable stoppers. The tube is evacuated
      through the stopper in the lower end so that the lower chamber is
      evacuated first. A pressure differential is developed across the valve
      which causes the flap valve to unseat. When the flap is unseated, the
      upper and lower chambers come into communication so that the upper chamber
      is also evacuated.
PAR  The tube is filled by puncturing the stopper disposed in an upper end of
      the tube and the vacuum in the upper chamber draws blood into the tube. As
      the upper chamber is filled with blood, a pressure differential is
      developed across the flap valve, the flap is unseated and the blood flows
      into the evacuated lower chamber. Thus, the entire container is filled
      with a blood sample.
PAR  Upon subsequent centrifuging the heavy flap is forced to unseat and a
      passage is formed connecting the upper and lower chambers so that the
      blood cells, being heavier, flow in a downward direction causing the
      lighter plasma to be displaced into the upper chamber of the tube in a
      manner well known in the art.
PAR  When centrifuging is discontinued, the flap valve again assumes a seated
      position so that a seal is provided between the cellular material and the
      plasma. The seal is closed, so the tube may be mailed to a laboratory
      without fear of the plasma being remixed with the cellular material.
PAR  The primary objective of the present invention is to provide an improved
      device that may be used to collect a blood sample from a patient, separate
      the blood sample into its light and heavy phases, and maintain the phases
      separate while the sample is mailed to a laboratory, all at a relatively
      reduced cost.
PAR  Another objective of the present invention is to provide an improved blood
      plasma separator that simplifies the procedure required for the separation
      and shipment of a blood sample.
PAR  The foregoing objectives and advantages of the invention will appear more
      fully hereinafter from a consideration of the detailed description which
      follows, taken together with the accompanying drawings. It is to be
      expressly understood, however, that the drawings are for illustrative
      purposes only and are not to be considered as defining the limits of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of a plasma separator of the present
      invention containing a blood sample with the flap valve in a closed
      position; and
PAR  FIG. 2 is a similar view with the valve open and the sample separated into
      its light and heavy phase as during centrifugation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a glass tube 10, having openings at
      each end which are closed by stoppers 12 and 14. Stoppers 12 and 14 are
      preferably resilient and penetrable by a cannula for purposes of
      evacuating and filling the tube. A centrifugal valve 18 is disposed within
      tube 10 and properly positioned to divide the tube into an upper chamber
      11 and a lower chamber 13.
PAR  It is to be understood that the valve could be positioned and secured in
      many ways well known in the art. In the disclosed embodiment of the
      present application, the fit between the valve and the inside diameter of
      the tube may be of sufficient tightness so that once the valve is forced
      into a particular position during assembly the frictional forces between
      the valve and the tube will retain the valve at the desired position
      during its life including periods of centrifuging.
PAR  The valve is positioned so that it is above an interface 17 that is formed
      between the plasma and the cellular material of the blood during
      centrifuging. This is essential so that the plasma remains free of
      cellular material during mailing or other handling of the sample.
PAR  Valve 18 is made of an elastomeric material such as an inert rubber or
      plastic material. A flap with one edge secured and the other edges free is
      formed of one of a variety of materials having a specific gravity greater
      than that of blood. The material from which the flap is manufactured must
      be chemically inert relative to blood and possess resiliency. A suitable
      elastomeric material may be employed for such purpose.
PAR  Valve 18 has a conical-shaped upper surface 22 forming a funnel that is in
      communication with a circular opening 24 formed in the center of the valve
      and extending therethrough. The upper periphery of surface 22 terminates
      in a feather edge which seals against the inner surface of tube 10 to
      facilitate unrestricted flow of cellular material through the valve during
      centrifuging and to prevent blood cells from being caught between the
      valve and the inner surface of the tube.
PAR  After the valve is inserted in tube 10, stoppers 12 and 14 are placed in
      their respective ends and the tube is evacuated through stopper 12 in a
      manner well known in the art. Evacuation of the lower chamber causes a
      pressure differential across flap 20 thereby causing the flap to flex
      downwardly opening the passageway to the upper chamber so that it too is
      evacuated.
PAR  When the tube is to be filled with a blood sample, stopper 14 is punctured
      with a cannula so that blood is drawn into the evacuated upper chamber. As
      the upper chamber fills with blood, a pressure differential is created
      across flap 20 causing it to be flexed downwardly and be unseated from
      surface 30. The unseating of flap 20 allows blood to flow into the lower
      chamber so that the entire tube is filled with the blood sample.
PAR  In order to separate the plasma from cellular material, the entire device
      is centrifuged so that centrifugal force is exerted in the direction of
      stopper 12. Since flap 20 has a specific gravity greater than blood, the
      flap is urged to flex in a downwardly direction so that a passage is
      formed between the upper and lower chambers. The heavier red blood cells
      flow in a downwardly direction displacing the plasma in the lower chamber
      so that it flows in an upwardly direction into the upper chamber until a
      plasma-cell interface 17 is established below valve 18. When interface 17
      is established, centrifuging is stopped and flap 20 is again seated
      against surface 30 thereby creating a permanent separation between the
      upper and lower chambers. The seal created by the flap 20 and surface 30
      is tight so that the tube may thereafter be shipped by mail to a
      laboratory without the cellular material being remixed with the plasma.
PAR  Minor modifications may be made to the above-described device that fall
      within the inventive concepts of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A separator device for separating mixed light phase and heavy phase
      constituents of blood and establishing a permanent barrier between said
      phases, including:
PA1  a tubular container closed at both ends and adapted to contain the blood to
      be separated;
PA1  elastomeric barrier means fixedly located intermediate the container ends
      attached to the inner side wall of the container and dividing the
      container into first and second chambers such that upon separation of the
      blood into the light phase and the heavy phase by the application of
      centrifugal force, the first chamber contains only the light phase;
PA1  a passageway through the barrier means connecting the first and second
      chambers, said barrier means further including a conical surface, adjacent
      the first chamber, which forms a funnel that is in communication with the
      passageway to facillitate the separation of the phases and the flow of the
      heavy phase into the second chamber;
PA1  a valve seat defined by a wall of the barrier means disposed about the
      passageway; and
PA1  a flexible flap valve means extending over the valve seat having one
      portion of the edge fixed to the barrier means and the other portions of
      the edge free, the flap means having a specific gravity greater than blood
      and normally sealing off the passageway to provide a barrier between first
      and second chambers, and when subjected to a predetermined centrifugal
      force, the flap means flexes away from the valve seat to open the
      passageway to provide communication between the chambers to permit the
      major portion of the light phase to travel to the first chamber and the
      heavy solid phase to travel to the second chamber, and upon cessation of
      the applied centrifugal force, the flap means returns to its normal
      position on the valve seat to seal off the passageway and provide a
      barrier between the first and second chambers.
NUM  2.
PAR  2. A separator device according to claim 1, wherein one of the container
      closed ends includes a stopper penetrable by a cannula to facilitate the
      introduction of blood into the container.
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PAL  Use of aminomethylated, water-soluble polymers to maintain or increase
      solution viscosity of polymer compositions useful in oil recovery
      processes.
BSUM
PAR  This invention relates to the recovery of petroleum from subterranean
      oil-bearing formations.
PAR  More particularly, this invention relates to a water-flooding process
      employing as the flooding medium an aqueous solution of an
      aminomethylated, water-soluble polymer in order to maintain and increase
      the solution viscosity of the polymer.
PAR  In the secondary and tertiary recovery of petroleum by water flooding, it
      has been proposed to employ aqueous media rendered more viscous than
      ordinary water or brine by the incorporation therein of water-soluble
      agents such as high molecular weight, water-soluble polymers. However,
      many polymers when in aqueous solutions undergo molecular weight breakdown
      or degradation. Diluted polymer solutions are more susceptible to
      degradation than solutions of higher concentration of the polymer. The
      degradation is particularly rapid when the solution is kept at an elevated
      temperature or a medium containing substantial amounts of oxygen. This
      degradation results in substantial reductions in the solution viscosity.
PAR  Various chemicals have heretofore been added to polymers in order to
      prevent their degradation. For example, U.S. Pat. No. 3,085,063 discloses
      the use of formaldehyde to minimize viscosity loss in polymeric
      waterflooding solutions, U.S. Pat. No. 3,343,601 discloses the use of
      sodium hydrosulfite and sodium sulfite to prevent polymer degradation,
      U.S. Pat. No. 3,747,676 discloses the use of formaldehyde to maintain the
      solution viscosity of unhydrolyzed polyacrylamide and U.S. Pat. No.
      3,753,939 discloses the use of thiosulfates to improve the stability of
      polymers against thermal and oxidative degradation.
PAR  Many of these known additives, however, have not been entirely satisfactory
      in stabilizing polymeric solutions. For example, in certain instances
      these additives adversely affect other properties of the polymers.
PAR  Accordingly, it is an object of this invention to provide an oil recovery
      process in which the effectiveness of the polymeric additive is maintained
      or enhanced under operating conditions.
PAR  It is a further object of this invention to provide an oil recovery process
      which increases the recovery of petroleum from a subterranean reservoir.
PAR  These and other objects of this invention are accomplished by the process
      of this invention in which aqueous solutions of an aminomethylated,
      water-soluble polymer are introduced through an injection well, or wells,
      into an oil-bearing formation. The displaced oil is then recovered at one
      or more producing wells spaced from the injection wells. Aqueous liquids
      that may be employed to prepare the injection fluids include fresh water,
      oil field brines, ocean water and, in general, any aqueous fluid which may
      be available at the oil field site for practice of the invention.
PAR  Water-soluble, polymeric mobility control agents often employed include the
      acrylic amide polymers such as high molecular weight homopolymers of
      unhydrolyzed acrylamide or partially hydrolyzed acrylamides having from
      about 1 percent to about 78 percent of the carboxyamide groups hydrolyzed
      to carboxyl groups. Also useful are copolymers of acrylamide or partially
      hydrolyzed acrylamide with other water-soluble monomers such as
      2-acrylamido methylpropane sulfonic acid, diacetone acrylamide, dimethyl
      diallyl ammonium chloride, (3-acrylamido-3-methyl) butyl trimethyl
      ammonium chloride, ethylene oxide and saccharides. The molecular weight of
      these polymers should be at least 200,000, preferably at least 500,000.
PAR  In carrying out the process of this invention, the aminomethylated polymers
      may be prepared in any convenient manner, as for example, in the manner
      taught by U.S. Pat. Nos. 2,328,901 or 3,539,535 or by coadding the
      reactants directly to the flooding medium and allowing the reaction to
      proceed in the reservoir by means of the elevated reservoir temperatures.
      In addition to formaldehyde, other suitable amines include secondary
      amines of the formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are each independently selected from alkyl
      groups having from 1 to 5 carbon atoms. The molar ratio of reactants used
      in the preparation of the aminomethylated polymers, i.e., moles of
      amine/moles of formaldehyde/moles of acrylamide is maintained within the
      range of (0.01/0.01/1) to (2/2/1). The polymer flooding medium can contain
      from about 0.0025 to about 0.5 percent by weight polymer, preferably from
      about 0.005 to about 0.15 percent by weight. Oxygen can be removed from
      the solution, if desired, by mechanical means such as vacuum deaeration or
      counter-current gas stripping or by chemical means such as the addition of
      an oxygen scavenger such as sodium sulfite or hydrazine.
PAR  The following examples illustrate the viscosity improving properties of the
      process of this invention.
DETD
PAC  EXAMPLE 1
PAR  Polymer solutions were prepared by dissolving 600 mg. of polymer in a liter
      of fresh water. After mixing, the viscosity of the polymer solutions was
      measured with a Brookfield Model LVT with U. L. Adapter at 3, 6, 12, 30
      and 60 rpm. A portion of the polymer solutions was capped in a bottle and
      placed in an oven at 205.degree.F., the sample cooled to room temperature
      and the viscosity measured.
PAR  The following tables set forth the viscosity data for a partially
      hydrolyzed (17%), high molecular weight polyacrylamide (Table I), a high
      molecular weight copolymer of 85 weight percent acrylamide and 15 weight
      percent 2-acrylamido methylpropane sulfonic acid (Table II) and a
      unhydrolyzed, high molecular weight polyacrylamide (Table III).
TBL                Table I                                                     
     ______________________________________                                    
     Polymer Solution - No Additive                                            
                        Aminomethylated Polymer                                
     ______________________________________                                    
            Not       Heated                                                   
     RPM    Heated    6 Days    Heated 2 Days                                  
     ______________________________________                                    
     3      8.8       8.4       14.2                                           
     6      8.1       7.7       12.6                                           
     12     7.5       7.2       11.15                                          
     30     6.34      6.48      9.10                                           
     60     5.61      5.86      7.67                                           
     ______________________________________                                    
TBL                Table II                                                    
     ______________________________________                                    
     Polymer Solution - No Additive                                            
                        Aminomethylated Polymer                                
     ______________________________________                                    
            Not       Heated                                                   
     RPM    Heated    3 Days    Heated 3 Days                                  
     ______________________________________                                    
     3      7.4       7.0       17.2                                           
     6      6.5       6.7       14.4                                           
     12     6.15      6.15      12.3                                           
     30     5.24      5.20      9.74                                           
     60     4.61      4.58      8.19                                           
     ______________________________________                                    
TBL                Table III                                                   
     ______________________________________                                    
     Aminomethylated Polymer                                                   
     ______________________________________                                    
                            Not Heated  Heated                                 
     RPM     Initial Solution                                                  
                            2 Days      2 Days                                 
     ______________________________________                                    
     3       6.0            5.3         9.2                                    
     6       5.4            5.0         8.2                                    
     12      5.0            4.65        7.15                                   
     30      4.42           4.14        6.32                                   
     60      4.02           3.80        5.61                                   
     ______________________________________                                    
PAR  The aminomethylated polymer solutions represented in Table I and Table II
      were prepared by dissolving polymer, dimethyl amine, and formaldehyde in
      that sequence such that the final concentrations were 600, 450, and 375
      mg/l, respectively, while the product represented in Table III was
      manufactured as an aminomethylated polymer and dissolved to a
      concentration of 600 mg/l.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the secondary or tertiary recovery of petroleum from
      subterranean formations penetrated by an injection well and a producing
      well which comprises introducing into said reservoir through said
      injection well a displacing medium to displace said petroleum from the
      reservoir, said displacing medium comprising water and an aminomethylated
      polymer having a molecular weight of at least 200,000, said polymer being
      selected from the group consisting of polyacrylamide, partially hydrolyzed
      polyacrylamide and copolymers of acrylamide and 2-acrylamido methyl
      propane sulfonic acid wherein the amino substituent of the polymer is
      prepared from amines of the formula:
      ##EQU2##
      wherein R.sub.1 and R.sub.2 are each independently selected from alkyl
      groups having from 1 to 5 carbon atoms in order to increase the solution
      viscosity of said displacing medium.
NUM  2.
PAR  2. A process as in claim 1 wherein the polymer is polyacrylamide.
NUM  3.
PAR  3. A process as in claim 2 wherein the polymer is a partially hydrolyzed
      polyacrylamide.
NUM  4.
PAR  4. A process as in claim 1 wherein the polymer is a copolymer of acrylamide
      and 2-acrylamido methyl propane sulfonic acid.
NUM  5.
PAR  5. A process as in claim 1 which further comprises maintaining the
      displacing medium in a substantially oxygen-free condition.
NUM  6.
PAR  6. A process as in claim 1 wherein the concentration of the polymer is at
      least 0.0025 weight percent.
NUM  7.
PAR  7. A process as in claim 1 wherein the aminomethylated polymer is prepared
      prior to injection.
NUM  8.
PAR  8. A process as in claim 1 wherein the aminomethylated polymer is prepared
      in the reservoir by coadding the reactants directly to the flooding
      medium.
PATN
WKU  039459306
SRC  5
APN  510193&
APT  1
ART  116
APD  19740930
TTL  Water-soluble metal working lubricants
ISD  19760323
NCL  6
ECL  1
EXA  Vaughn; I.
EXP  Gantz; Delbert E.
INVT
NAM  Sugiyama; Noboru
CTY  Shizuoka
CNT  JA
INVT
NAM  Suzuki; Masamichi
CTY  Shimizu
CNT  JA
INVT
NAM  Watanabe; Katami
CTY  Fuji
CNT  JA
INVT
NAM  Sugiyama; Keiichi
CTY  Fuji
CNT  JA
INVT
NAM  Tadenuma; Hachiro
CTY  Tokyo
CNT  JA
INVT
NAM  Kato; Takashi
CTY  Yokosuka
CNT  JA
INVT
NAM  Kaneda; Ryoji
CTY  Zushi
CNT  JA
INVT
NAM  Yoshino; Makoto
CTY  Yokohama
CNT  JA
ASSG
NAM  Toho Chemical Industry Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
ASSG
NAM  Nippon Light Metal Research Laboratory, Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730929
APN  48-108913
PRIR
CNT  JA
APD  19731113
APN  48-126756
CLAS
OCL  252 325
XCL   72 42
XCL  252 495
XCL  252 52A
XCL  252565
EDF  2
ICL  C10M  144
ICL  C10M  338
ICL  C10M  524
ICL  C10M  724
FSC   72
FSS  42
FSC  252
FSS  32.5;49.5;52 A;565
UREF
PNO  3788988
ISD  19740100
NAM  Dubourg
OCL  252 49.5
UREF
PNO  3857865
ISD  19741200
NAM  Sturwold et al.
OCL  252 49.5
UREF
PNO  3859218
ISD  19750100
NAM  Jervis et al.
OCL  252 32.5
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
ABST
PAL  A lubricating composition for metal working comprising
PAL  A. about 10 to 60% by weight of a water-soluble non-ionic surfactant
      component comprising at least one of
PA1  I. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (I)
EQU  r.sup.1 coo(r.sup.2 o).sub.n H                             (I)
PAL  or the general formula (II)
EQU  R.sup.1 COO(R.sup.2 O).sub.n OCR.sup.1                     (II)
PA1  ii. a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (III)
EQU  R.sup.3 O(R.sup.2 O).sub.n H                               (III)
PA1  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IV)
EQU  r.sup.3 o(r.sup.2 o).sub.n OCR.sup.1                       (IV)
PAL  and
PA1  Iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (V)
      ##EQU1##
      wherein R.sup.1 CO represents a saturated or unsaturated fatty acid acyl
      group having about 12 to 22 carbon atoms;
PA1  R.sup.1.sup.' co represents a saturated or unsaturated fatty acid acyl
      group having about 12 t0 22 carbon atoms and containing a hydroxy group;
PA1  R.sup.2 represents an ethylene group;
PA1  R.sup.3 represents an alkyl or alkenyl group having about 12 to 22 carbon
      atoms;
PA1  R.sup.4 represents a hydrogen atom or a R.sup.1 CO group;
PA1  n is an integer of about 10 to 20; and
PA1  p, q, r, each is an integer with the sum of p, q and r ranging from about
      25 to 40 when one or both of R.sup.4 is a hydrogen atom and from about 40
      to 60 when R.sup.4 is a R.sup.1 CO group;
PAL  B. about 10 to 40% by weight of an oil-soluble nonionic surfactant
      component comprising at least one of
PA1  I. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (VI)
EQU  R.sup.1 COO(R.sup.5 O).sub.m H                             (VI)
PAL  or the general formula (VII)
EQU  R.sup.1 COO(R.sup.5 O).sub.m OCR.sup.1                     (VII)
PA1  ii. a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (VIII)
EQU  R.sup.3 O(R.sup.5 O).sub.m H                               (VIII)
PA1  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IX)
EQU  R.sup.3 O(R.sup.5 O).sub.m OCR.sup.1                       (IX)
PAL  and
PA1  Iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (X)
      ##EQU2##
      wherein R.sup.1.sup.' CO, R.sup.2, R.sup.3 and R.sup.4 are as defined
      above;
PA1  R.sup.5 is an alkylene group having 2 to 4 carbon atoms
PA1  m is an integer of about 1 to 5; and
PA1  s, t and u each is an integer with the sum of s, t and
PA1  u ranging from about 3 to 20;
PAL  and
PAL  C. about 10 to 50% by weight of an anionic or nonionic surfactant component
      comprising at least one of
PA1  i. a phosphate ester and/or salt of a phosphate ester with the adduct of a
      polyoxyalkylene glycol, with an alcohol or an alkylphenol represented by
      the general formula (XI)
PAL  the general formula (XII)
      ##EQU3##
      or the general formula (XIII)
      ##EQU4##
      wherein
PA1  R.sup.2 is as defined above; R.sup.6 is an alkyl group, an alkenyl group or
      an alkaryl group having about 12 to 18 carbon atoms;
PA1  M is an alkali metal atom, an alkylamine group or an alkanolamine group;
PA1  a is an integer ranging from about 2 to 15;
PA1  b and c each is an integer with the sum of
PA1  b and c divided by 2 ranging from about 2 to 15; and c, d and e each is an
      integer with the sum of c, d and e divided by 3 ranging from about 3 to
      10; and
PA1  ii. an alkali metal salt, alkylamine salt and/or alkanolamine salt of a
      fatty acid represented by the general formula (XIV)
EQU  R.sup.1 COOM                                               (XIV)
PAL  wherein R.sup.1 CO and M are as above defined.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to lubricant compositions useful in the
      working of metals. More particularly, the present invention relates to
      lubricating fluids useful in plastic deformation processes such as
      rolling, forging and drawing to offer sufficient lubricity for the
      materials being worked and the tools being employed and also to provide
      the worked-products with a beautiful surface finish.
PAR  2. Description of the Prior Art
PAR  It is well-known that non-soluble oils such as straight mineral, i.e.,
      without an emulsifier, or fatty oils are not completely satisfactory for
      the working of metals from the standpoint of cooling ability. Thus,
      emulsion-type lubricants based on mineral or fatty oils have been used
      conventionally for plastic deformation processes in which a high cooling
      ability is required in, for example, the hot rolling of aluminium, the
      manufacturing of aluminium cans by a drawing and ironing process, the cold
      rolling of steel and so forth. These conventional emulsions contain as an
      emulsifier, anionic surfactants such as petroleum sulfonates, resin soaps,
      fatty acid soaps, etc., or nonionic surfactants such as sorbitan alkyl
      esters, polyoxyethylene sorbitan alkyl esters, etc., having a good cooling
      ability. However, emulsion-type lubricants have several inherent problems,
      such as, for example, emulsion stability: the oil droplet sizes of these
      emulsions tend to increase after some weeks of plant use, particularly in
      the case of the hot rolling of aluminium, resulting in poor performance,
      namely the prevalence of uneven lubrication, the removal of oil droplets
      by filters necessary to remove oxide particles and so forth. Sometimes, in
      order to obtain a better surface finish on rolled products, emulsion
      formulations are intentionally designed so that the emulsions are rather
      unstable. However, this tends to lead to an incidence of refusal at bite.
      This means that in the case of emulsion-type rolling lubricants, it is
      somewhat difficult to make a compromise between the surface finish of
      rolled products and the rollability. Conventional water-soluble
      lubricating compositions for metal working are disclosed in, for example,
      U.S. Pat. Nos. 3,492,232, 3,496,104, 3,634,245, etc. However, these prior
      art water-soluble lubricating compositions are still insufficient,
      particularly with respect to surface finish characteristics, when they are
      employed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention now provides water-soluble lubricating formulations
      overcoming the above-described drawbacks of straight oils or emulsion-type
      lubricants. The lubricants of the present invention comprise water-soluble
      nonionic surfactants as a solubilizer, oil-soluble nonionic surfactants as
      an oiliness agent and phosphate esters (and/or their salts) and/or fatty
      acid soaps as a "plating-out"* agent. The term "plating-out" as used
      herein designates the phenomenon where films of the oil-soluble
      surfactants deposited on the material and the tools are uniformly spread
      over their surfaces.
FNT  * The term "plating-out" is usually used to describe one of the
      characteristics of the emulsions for the cold rolling of steel. The
      emulsion applied to the rolls and the strips to be rolled is broken and
      the deposited oil film on the metals spreads over their surfaces. This
      breaking and spreading phenomenon is referred to as "plating-out".
PAR  This invention provides a lubricating composition for metal working
      comprising
PA0  A. about 10 to 60% by weight of a water-soluble non-ionic surfactant
      component comprising at least one of
PA1  i. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (I)
EQU  r.sup.1 coo(r.sup.2 o).sub.n H                             (I)
PAL  or the general formula (II)
EQU  r.sup.1 coo(r.sup.2 o).sub.n OCR.sup.1                     (II)
PA1  ii. a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (III)
EQU  r.sup.3 o(r.sup.2 o).sub.n H                               (III)
PA1  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IV)
EQU  r.sup.3 o(r.sup.2 o).sub.n OCR.sup.1                       (IV)
PAL  and
PA1  iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (V)
      ##EQU5##
      wherein R.sup.1 CO represents a saturated or unsaturated fatty acid acyl
      group having about 12 to 22 carbon atoms;
PA1  R.sup.1.sup.' co represents a saturated or unsaturated fatty acid acyl
      group having about 12 to 22 carbon atoms and containing a hydroxy group;
PA1  R.sup.2 represents an ethylene group;
PA1  R.sup.3 represents an alkyl or alkenyl group having about 12 to 22 carbon
      atoms;
PA1  R.sup.4 represents a hydrogen atom or a R.sup.1 CO group;
PA1  n is an integer of about 10 to 20; and
PA1  p, q, r, each is an integer with the sum of p, q and r ranging from about
      25 to 40 when one or both of R.sup.4 is a hydrogen atom and from about 40
      to 60 when R.sup.4 is a R.sup.1 CO group;
PA0  B. about 10 to 40% by weight of an oil-soluble nonionic surfactant
      component comprising at least one of
PA1  i. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (VI)
EQU  r.sup.1 coo(r.sup.5 o).sub.m H                             (VI)
PAL  or the general formula (VII)
EQU  r.sup.1 coo(r.sup.5 o).sub.m OCR.sup.1                     (VII)
PA1  ii. a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (VIII)
EQU  r.sup.3 o(r.sup.5 o).sub.m H                               (VIII)
PA1  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IX)
EQU  r.sup.3 o(r.sup.5 o).sub.m OCR.sup.1                       (IX)
PAL  and
PA1  iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (X)
      ##EQU6##
      wherein R.sup.1.sup.' CO, R.sup.2, R.sup.3 and R.sup.4 are as defined
      above;
PA1  R.sup.5 is an alkylene group having 2 to 4 carbon atoms
PA1  m is an integer of about 1 to 5; and
PA1  s, t and u each is an integer with the sum of s, t and
PA1  u ranging from about 3 to 20;
PAL  and
PA0  C. about 10 to 50% by weight of an anionic or nonionic surfactant component
      comprising at least one of
PA1  i. a phosphate ester and/or salt of a phosphate ester with the adduct of a
      polyoxyalkylene glycol with an alcohol or an alkylphenol represented by
      the general formula (XI)
      ##EQU7##
      the general formula (XII)
      ##EQU8##
      or the general formula (XIII)
      ##EQU9##
      wherein R.sup.2 is as defined above; R.sup.6 is an alkyl group, an alkenyl
      group or an alkaryl group having about 12 to 18 carbon atoms;
PA1  M is an alkali metal atom, an alkylamine group or an alkanolamine group;
PA1  a is an integer ranging from about 2 to 15;
PA1  b and c each is an integer with the sum of b and c divided by 2 ranging
      from about 2 to 15; and c, d and e each is an integer with the sum of c, d
      and e divided by 3 ranging from about 3 to 10;
PAL  and
PA1  ii. an alkali metal salt, alkylamine salt and/or alkanolamine salt of a
      fatty acid represented by the general formula (XIV)
EQU  r.sup.1 coom                                               (xiv)
PAL  wherein R.sup.1 CO and M are as above defined.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The oil-soluble nonionic surfactants employed in the water-soluble
      lubricant of the present invention function as a load-bearing additive.
      Since oil-soluble surfactants cannot be dissolved in water by themselves,
      water-soluble nonionic surfactants are indispensable as a solubilizer in
      order to obtain the water-soluble lubricant of the present invention.
      Since the phosphate esters (and/or their salts) and/or fatty acid soaps
      employed in the water-soluble lubricants of the present invention are
      highly surface-active and have a fairly strong affinity for oil-soluble
      surfactants, they function as a good plating-out agent.
PAR  The presence of the plating-out agent actually results in a more uniform
      lubrication during use and ultimately a better surface finish of the
      worked products.
PAR  The lubricants of the present invention are water-soluble and are used by
      dilution with water, forming transparent or semi-transparent solutions.
      Since the solutions are single-phase and highly surface-active, they show
      improved stability, improved cooling ability, excellent uniform
      lubrication and increased bite of the rolls. For example, solution-type
      lubricants used for the hot rolling of aluminium are free from the
      instability of emulsion-type lubricants and show consistent performance
      for a plant life of several months or longer and the surface finish of the
      rolled products is excellent.
PAR  The nonionic surfactants employed in the water-soluble lubricants of the
      present invention include polyoxyalkylene glycol esters of fatty acids,
      polyoxyalkylene glycol ethers of fatty alcohols, polyoxyalkylene glycol
      ethers of fatty alcohols esterified with fatty acids and polyoxyalkylene
      glycol condensates of glycerides esterified with fatty acids.
PAR  The alkylene oxides in the compounds employed in the present invention
      contain 2 to 4 carbon atoms in the oil-soluble surfactants and contain 2
      carbon atoms (ethylene oxide) in the water-soluble surfactants. The
      nonionic surfactants employed in the present invention are water-soluble
      or oil-soluble, depending upon the number of alkylene oxide molecules and
      also the number of carbon atoms of the alkylene group.
PAR  The nonionic surfactants employed in the present invention are explained in
      detail as follows:
PAR  The polyoxyalkylene glycol esters of fatty acids employed are mono or
      di-esters represented by the formulas (I), (II), (VI) or (VII)
EQU  r.sup.1 coo(r.sup.2 o).sub.n H                             (I)
EQU  r.sup.1 coo(r.sup.2 o).sub.n OCR.sup.1                     (II)
EQU  r.sup.1 coo(r.sup.5 o).sub.m H                             (VI)
EQU  r.sup.1 coo(r.sup.5 o).sub.m H                             (VII)
PAL  wherein R.sup.1 CO, R.sup.2, R.sup.5, n and m are as above defined.
PAR  The saturated or unsaturated fatty acid acyl groups for R.sup.1 CO are the
      residues of saturated and unsaturated fatty acids and mixtures thereof.
      Suitable saturated and unsaturated fatty acids include lauric, myristic,
      palmitic, stearic, arachidic, behenic, linderic, myristooleic,
      palmitooleic, oleic, gadoleic, erucic, linolenic, arachidonic, ricinoleic
      acids, etc. Mixtures are, i.e., the mixtures of fatty acids found in rape
      seed oil, soybean oil, rice bran oil, palm oil, cotton seed oil, peanut
      oil, sesame oil, corn oil, lard oil, tallow oil, train oil, etc. Suitable
      alkylene groups for R.sup.5 are ethylene, propylene and butylene.
PAR  Of the polyoxyethylene or polyoxyalkylene glycol esters of fatty acids of
      the formula (I), (II), (VI) or (VII), those having about 10 to 20
      molecules of ethylene oxide per fatty acid residue, i.e., an n of about 10
      to 20, are preferably employed as water-soluble esters, and those having
      about 1 to 5 molecules of an alkylene oxide, e.g., ethylene oxide, per
      fatty acid residue, i.e., an m of about 1 to 5, are preferably employed as
      oil-soluble esters.
PAR  The polyoxyalkylene glycol ethers of fatty alcohols employed in the present
      invention are those represented by the formulas (III) or (VIII).
EQU  r.sup.3 o(r.sup.2 o).sub.n H                               (III)
EQU  r.sup.3 o(r.sup.5 o).sub.m H                               (VIII)
PAL  wherein R.sup.2, R.sup.3, R.sup.5, n and m are as above defined.
PAR  The alkyl or alkenyl groups for R.sup.3 are residues of saturated and
      unsaturated fatty alcohols and mixtures thereof. Suitable saturated and
      unsaturated alcohols include lauryl, myristyl, palmytyl, stearyl,
      arachidyl, behenyl, linderyl, myristooleyl, palmitooleyl, oleyl, gadoleyl,
      erucyl, linolenyl, arachidonyl, ricinolyl alcohols, etc.
PAR  The relationship between the water solubility and oil solubility and the
      number of the ethylene oxide molecules for the ethers of the formula (III)
      and the alkylene oxide, e.g., ethylene oxide, for the ethers of the
      formula (VIII) is the same as in the case of the esters, of the formulas
      (I) and (VI) respectively, i.e., an n of about 10 to 20 and an m of about
      1 to 5.
PAR  The polyoxyalkylene glycol ethers of fatty alchols esterified with fatty
      acids are those represented by the formulas (IV) and (IX).
EQU  R.sup.3 O(R.sup.2 O).sub.n OCR.sup.1                       (IV)
EQU  r.sup.3 o(r.sup.5 o).sub.m OCR.sup.1                       (IX)
PAL  wherein R.sup.1 CO, R.sup.2, R.sup.3, R.sup.5, n and m are as above
      defined.
PAR  Suitable examples of saturated and unsaturated fatty acids and fatty
      alcohols for the compounds of formula (IV) and (IX) are as hereinbefore
      described for, e.g., the compounds of the formula (I) and (VI).
PAR  The relationship between the water solubility and the number of the
      ethylene oxide molecules for the ether-ester type compounds of the formula
      (III) and the alkylene oxide molecules for the ether-ester type compounds
      of the formula (IX) is the same as in the cases of the esters and the
      ethers, of the formulas (I) and (VI), respectively, i.e., an n of about 10
      to  20  and an m of about 1 to 5.
PAR  The polyoxyalkylene glycol condensates of glycerides esterified with fatty
      acids are those represented by the formula (V), and (X).
      ##EQU10##
      wherein R.sup.1.sup.' CO, R.sup.2, R.sup.4, R.sup.5, p, q, r, s, t and u
      are as above defined.
PAR  Suitable examples of saturated and unsaturated fatty acid acyl groups for
      R.sup.1.sup.' CO are the residues of 12-hydroxy stearic acid and
      ricinoleic acid, with ricinoleic acid being preferred. A suitable
      glyceride is a triglyceride of castor oil containing ricinoleic acid.
PAR  Of the condensates, mono- or di-ester compounds of the formula (V) having
      about 25 to 40 molecules of ethylene oxide (i.e., p + q + r = about 25 to
      40) and tri-ester compounds of the formula (V) having about 40 to 60
      molecules of ethylene oxide (i.e., p + q + r = about 40 to 60) are
      preferably employed as water-soluble surfactants, while condensates of the
      formula (X) having about 3 to 30 molecules of an alkylene oxide, e.g.,
      ethylene oxide (i.e., s + t + u = about 3 to 20) are preferably employed
      as oil-soluble surfactants.
PAR  The phosphate esters employed in the present invention are anionic
      surfactants represented by the formula (XI), (XII) and (XIII)
      ##EQU11##
      wherein R.sup.2, R.sup.6, a, b, c, d, e, and f are as above defined.
PAR  Suitable alkyl and alkenyl groups for R.sup.6 are the same as R.sup.3 as
      described for formula (III), e.g., lauryl, myristyl, palmityl, stearyl and
      oleyl groups. Suitable alkylaryl groups for R.sup.6 are nonylphenyl,
      octylphenyl, decylphenyl, and so forth.
PAR  Suitable examples for M of alkali metals are sodium and potassium, of
      alkylamines are mono-, di- and triamines having 1 to 4 carbon atoms in the
      alkyl moiety thereof such as methyl, ethyl, propyl and butyl, and of
      alkanol amines are mono-, di-, and trialkanolamines such as mono-, di- and
      triethanol amine.
PAR  The average number of ethylene oxide molecules in (VI) or (XII) preferably
      ranges from about 2 to 15 (i.e., in formula (XI) a = about 2 to 15, and in
      formula (XII) (b + c)/2 = about 2 to 15), and in formula (XIII) ranges
      from about 3 to 10 (i.e., (d + e + f)/3 = about 3 to 10). In the last
      case, if the total number exceeds 10, blending is difficult with the other
      ingredients.
PAR  The present invention provides a lubricating composition for metal working
      comprising (A), (B) and (C) class of compounds as described above.
PAR  The compositions can be considerably varied in proportion: about 10 to 60%
      by weight of water-soluble nonionic surfactants (A), about 10 to 40% by
      weight of water-insoluble (or oil-soluble) nonionic surfactants (B) and
      about 10 to 50% by weight of the phosphate esters or fatty acid salts (C).
PAR  When the water-soluble working lubricants of the present invention are
      diluted with water, e.g., to form a solution of a concentration of about 3
      to 20% by weight of the lubricating composition, the water-soluble
      nonionic surfactants dissolve in water, forming micelles. The micelles can
      solubilize oil-soluble nonionic surfactants which do not dissolve in water
      by themselves.
PAR  Since the water-soluble surfactants (A) and the oil-soluble surfactants (B)
      have similar hydrophillic structures to each other and also have similar
      oleophillic structures to each other, they have a strong affinity for each
      other. This affinity is essential for solubilizing the oil-soluble
      surfactants (B) by the water-soluble surfactants (A). Furthermore, the
      phosphate esters and/or the salts of phosphate esters and/or the salts of
      fatty acids (C) involved in the present invention function as a
      plating-out agent and cause the nonionic surfactants (A) and (B) to spread
      over the material and the tool surfaces to leave an appropriate amount of
      load-bearing oil film on the surfaces. By the combined action of the
      above-described factors, the metal working lubricants of the present
      invention provide improved stability, improved cooling ability, excellent
      uniform lubrication and excellent surface finish.
PAR  The metal working lubricants of the present invention comprise
      water-soluble nonionic surfactants (A), oil-soluble nonionic surfactants
      (B) and phosphate esters and/or salts of fatty acids (C) and are used by
      dilution with water. When diluted, the lubricants of the present invention
      can further be combined with water-soluble solvents, such as glycols,
      glycol ethers and so forth, e.g., in an amount of up to about 20% by
      weight based on the total weight of the composition. These solvents
      provide the lubricants with better solubility. Preferred solvents are
      ethylene glycol, polyethylene glycols having a molecular weight of less
      than about 600, alkylene glycols having less than about 6 carbon atoms,
      glycol ethers of lower alcohols having less than about 4 carbon atoms and
      lower alkanolamines. Additionally, mineral or fatty acids can be combined
      with the lubricants of the present invention to adjust lubricity, to the
      extent that the water-solubility is not lost, e.g., in an amount of up to
      about 20% by weight based on the total weight of the composition.
DETD
PAR  The following examples are given to illustrate the invention in greater
      detail. Unless otherwise indicated, in the Examples, all parts, percents,
      ratios and the like are by weight.
PAR  In the Examples given hereinafter the performance of the lubricant
      compositions of this invention and comparative lubricant compositions were
      tested in the following manner.
PAC  A. Hot Rolling Test
PAR  Hot rolling tests were conducted under the following conditions:
PA1  Rolling Mill: 2 high mill, 350 .sup.mmo .times. 575 .sup.mml
PA1  Rolling Stab: 99.7% Al, 56 .sup.mmt .times. 135 .sup.mmw .times. 355
      .sup.mml
PA1  Slab Temperature: 580.degree. - 550.degree.C - 310.degree. - 260.degree.C
      (initial.fwdarw.final)
PA1  Pass Schedule:
      56.fwdarw.46.fwdarw.37.fwdarw.26.fwdarw.17.fwdarw.10.fwdarw.6 .sup.mmt (6
      passes)
PA1  Solution Temperature: 60.degree.C
PA1  Rolling Speed: 20 - 30 m/min
PA1  Roll Surface Roughness: 1.0 - 1.5 .mu. Hmax
PAR  Rolling loads, strip surface roughness values and strip surface reflectance
      values were measured. The incidence of refusal at bite and strip surface
      appearance were also observed.
PAC  B. Cold Rolling Test
PAR  Cold rolling tests were conducted under the following conditions:
PA1  Rolling Mill: 2 high mill, 350 .sup.mmo  .times. 575 .sup.mml
PA1  Rolling Sheet: 2S-O, 1.0 .sup.mmt .times. 150 .sup.mmw .times. 930 .sup.mml
PA1  Reduction: 30%
PA1  Rolling Speed: 10 m/min
PA1  Roll Surface Roughness: 1.0 - 1.5 .mu. Hmax
PAR  The coefficients of friction were calculated by using Hill's equation.
PAC  C. Deep-Drawing Test
PAR  Deep-drawing tests were conducted under the following conditions:
PA1  Press: Swift cup-forming press
PA1  Punch Diameter: 51.0 mm
PA1  Die-Hole Diameter: 54 mm
PA1  Punch-Nose Profile Radius: 3.5 mm
PA1  Die-Entry Profile Radius: 10 mm
PA1  Blank Holder Pressure: 6 kg/cm.sup.2
PA1  Blank: 100 - 120 .sup.mmo .times. 1.0 .sup.mmt, 2S-O
PA1  Drawing Speed: 300 mm/min
PAR  The L.D.R. (limiting drawing ratio) was measured.
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     Oil-Soluble                                                               
     Nonionic                                                                  
     Surfactant (B)                                                            
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                                                --                             
     (g)      35                                                               
                35                                                             
                  35                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          35                                                   
                            35                                                 
                              35                                               
                                35                                             
                                  40                                           
                                    35                                         
                                      35                                       
                                        35                                     
                                          40                                   
                                            --                                 
                                              --                               
                                                15     --                      
                                                --                             
     (h)      --                                                               
                --                                                             
                  --                                                           
                    35                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              30                               
                                                --     --                      
                                                40                             
     (i)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      35                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
                                                --                             
     (j)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        35                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
                                                --                             
     __________________________________________________________________________
TBL  __________________________________________________________________________
     Composition                                                               
              Example                                                          
              1 2 3 4 5 6 7 8 9 10                                             
                                  11                                           
                                    12                                         
                                      13                                       
                                        14                                     
                                          15                                   
                                            16                                 
                                              17                               
                                                18                             
                                                  19                           
                                                    20                         
     __________________________________________________________________________
     Plating-Out                                                               
     Agent (C)                                                                 
     Phosphate                                                                 
     Ester or Salt                                                             
     (k)      20                                                               
                --                                                             
                  --                                                           
                    20                                                         
                      20                                                       
                        20                                                     
                          20                                                   
                            20                                                 
                              20                                               
                                20                                             
                                  50                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          20                                   
                                            --                                 
                                              15                               
                                                --     --                      
                                                --                             
     (l)      --                                                               
                20                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            20                                 
                                              --                               
                                                --     --                      
                                                --                             
     (m)      --                                                               
                --                                                             
                  20                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                15     --                      
                                                --                             
     Fatty Acid Soap                                                           
     (n)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      20                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
                                                --                             
     (o)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        20                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
                                                --                             
     (p)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    20                                         
                                      --                                       
                                        --                                     
                                          30                                   
                                            --                                 
                                              --                               
                                                --     15                      
                                                10                             
     Solvent & Others                                                          
     Solvent                                                                   
     (q)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                10     --                      
                                                10                             
     (r)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            10                                 
                                              --                               
                                                --     --                      
                                                --                             
     (s)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              10                               
                                                --     12                      
                                                --                             
     Others                                                                    
     (t)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              5 --     10                      
                                                --                             
     (u)      --                                                               
                --                                                             
                  --                                                           
                    --                                                         
                      --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
                                                10                             
     (v)      --                                                               
                --                                                             
                  --                                                           
                    ` --                                                       
                        --                                                     
                          --                                                   
                            --                                                 
                              --                                               
                                --                                             
                                  --                                           
                                    --                                         
                                      --                                       
                                        --                                     
                                          --                                   
                                            --                                 
                                              --                               
                                                --     --                      
     __________________________________________________________________________
PAR  a. Polyoxyethylene glycol di-ester of the acids of rape seed oil
EQU  R.sup.1 COO(C.sub.2 H.sub.4 O).sub.n OCR.sup.1
PA1  r.sup.1 co is the acyl group of the fatty acids of rape seed oil such as
      erucic (C.sub.22 H.sub.42 O.sub.2), linolenic (C.sub.18 H.sub.30 O.sub.2)
      and
PA1  n is 15
PAR  b. Polyoxyethylene glycol mono-oleyl ester etc.
EQU  R.sup.1 COO(C.sub.2 H.sub.4 O).sub.n H
PA1  r.sup.1 co is C.sub.17 H.sub.33 CO and
PA1  n is 10
PAR  c. Polyoxyethylene glycol lauryl ether
EQU  R.sup.3 O(C.sub.2 H.sub.4 O).sub.n H
PA1  r.sup.3 is C.sub.12 H.sub.25 - and
PA1  n is 20
PAR  d. Polyoxyethylene glycol lauryl ether esterified with the acids of rape
      seed oil
EQU  R.sup.3 O(C.sub.2 H.sub.4 O).sub.n OCR.sup.1
PA1  r.sup.3 is C.sub.12 H.sub.25,
PA1  R.sup.1 co is the acyl group of the acids of rape seed oil as described for
      (a) above, and
PA1  n is 25
PAR  e. Polyoxyethylene glycol condensate of castor oil esterified with oleic
      acid
      ##EQU12##
PAR  p + q + r = 60
PAR  f. Polyoxyethylene glycol mono-lauryl ester
EQU  R.sup.1 COO(C.sub.2 H.sub.4 O).sub.m H
EQU  R.sup.1 CO is C.sub.11 H.sub.33 CO and
EQU  m is 2
PAR  g. Polyoxyethylene glycol di-oleyl ester
EQU  R.sup.1 COO(C.sub.2 H.sub.4 O).sub.m OCR.sup.1
EQU  R.sup.1 CO is C.sub.17 H.sub.33 CO and
EQU  m is 2
PAR  h. Polyoxyethylene glycol lauryl ether
EQU  R.sup.3 O(C.sub.2 H.sub.4 O).sub.m H
EQU  R.sup.3 is C.sub.12 H.sub.25 - and
EQU  m is 2
PAR  i. Polyoxyethylene glycol oleyl ether esterified with the acids of soybean
      oil
EQU  R.sup.3 O(C.sub.2 H.sub.4 O).sub.m OCR.sup.1
EQU  R.sup.3 is C.sub.18 H.sub.33 -
PA1  r.sup.1 co is the acyl group of the acids of soybean oil such as linolenic
      (C.sub.18 H.sub.30 O.sub.2) and
PAR  m is 2
PAR  j. Polyoxyethylene glycol condensate of castor oil esterified with the
      acids of rape seed oil
      ##EQU13##
PAR  R.sup.1 CO is the acyl group of ricinoleic acid (CH.sub.3 (CH.sub.2).sub.5
      CH(OH)CH.sub.2. CH=CH.(CH.sub. 2).sub.7 COOH),
PAR  R.sup.1 CO is the acyl group of the acids of rape seed oil, as described in
      (a) above, and
PAR  s + t + u is 10
PAR  k. Mixtures of the triethanolamine salts of mono- and di-phosphate esters
      of the adduct of polyoxyethylene glycol with oleyl alcohol
      ##EQU14##
      R.sup.6 is C.sub.18 H.sub.33 -, and a or (b + c/2 = 4
PAR  l. Mixtures of the triethanolamine salts of mono- and di-phosphate esters
      of the adduct of polyoxyethylene glycol with nonylphenol
      ##EQU15##
      R.sup.6 is CH.sub.3 (CH.sub.2).sub.8 C.sub.6 H.sub.4 -, and a or (b + c)/2
      = 8
PAR  m. Tri-phosphate ester of the adduct of polyoxyethylene glycol with oleyl
      alcohol
      ##EQU16##
      R.sup.6 is C.sub.18 H.sub.33, and (d + e + f)/3 = 8
PAR  n. Potassium salt of acids of rape seed oil
PAC  R.sup.1 COOK
PA1  R.sup.1 co is the acyl group of the acids of rape seed oil, as described in
      (a) above
PAR  o. Dicyclohexylamine salt of oleic acid
PAC  C.sub.17 H.sub.33 COOH.NH.[ CH.sub.2 (CH.sub.2).sub.4 CH].sub.2
PAR  p. Tri-ethanolamine of oleic acid
PAC  C.sub.17 H.sub.33 COOH.N(C.sub. 2 H.sub.4 OH).sub.3
PA1  q. Ethylene glycol
PAC  HOCH.sub.2.CH.sub.2 OH
PAR  r. Hexylene glycol
PAC  HO(CH.sub.2).sub.6 OH
PAR  s. Butyl carbitol
PAC  CH.sub.3 (CH.sub.2).sub.3 O(C.sub.2 H.sub.4 O).sub.2 H
PAR  t. Lard oil
PAR  u. Rape seed oil
PAR  v. Mineral oil
PAC  EXAMPLE 1
PAR  A water-soluble lubricating composition was made up containing the
      components shown as Example 1 in Table 1. Five parts of this lubricant
      were diluted with 95 parts of water, forming a transparent solution. The
      solution was tested on a rolling mill as an aluminium hot and cold rolling
      fluid. The results obtained are shown in Table 2, together with, for
      comparison, those of a commercially available hot rolling emulsion,
      commercially available cold rolling lubricants and solutions of one or two
      of the three components employed in the present invention.
TBL                                    Table 2                                 
     __________________________________________________________________________
              Hot Rolling                         Cold Rolling                 
     Lubricant                                                                 
              Total Roughness                                                  
                          Reflectance of Rolled                                
                                       Bite Surface                            
                                                  Coefficient                  
              Rolling                                                          
                    of Rolled                                                  
                          Sheet, (%)   of   Appearance                         
                                                  of                           
              Load of                                                          
                    Sheet As Hot-                                              
                                As     the  of Anodiz-                         
                                                  Friction                     
              6 Passes                                                         
                    (Hmax)                                                     
                          Rolled                                               
                                Anodized                                       
                                       Rolls                                   
                                            ed Sheet                           
              (t)   (.mu.)                                                     
     __________________________________________________________________________
     5% Solution                                                               
              167   1.8   21.0  4.3    Good Excellent                          
                                                  0.15                         
     of Example 1                                                              
     5% Solution                                                               
              185   3.0   8.5   1.2    "    Heavy --*                          
     of (a)                                 pick-up                            
     5% Solution                                                               
              180   2.4   9.7   1.4    "    "     --                           
     of (l)                                                                    
     5% Solution                                                               
     of (b)+(l)                                                                
              186   1.9   13.1  3.1    "    Poor  0.25                         
     ( (b):(l)=1:1)                                                            
     5% Solution                                                               
     of (a)+(f)                                                                
              169   1.8   13.5  4.1    "    Patchy                             
                                                  --                           
     ( (a):(f)=1:1)                         Defects                            
     5% Emulsion                                                               
              186   2.4   12.6  2.5    Frequent                                
                                            Pick-up                            
                                                  --                           
                                       refusal                                 
     Mineral Seal                                                              
     Oil      --    --    --    --     --   --    0.23                         
     Mineral Seal                                                              
     Oil + 4% --    --    --    --     --   --    0.13                         
     __________________________________________________________________________
     Lauryl Alcohol                                                            
      *Not carried out                                                         
PAC  EXAMPLES 2 to 20
PAR  Water-soluble lubricating compositions were made up containing the
      components as shown for each of the examples in Table 1. Five parts of
      each of the lubricants were diluted with 95 parts of water, forming a
      transparent solution in each case. The solutions were tested on a rolling
      mill as either an aluminum hot or cold rolling fluid. The results obtained
      are shown in Table 3.
TBL                                    Table 3                                 
     __________________________________________________________________________
             Hot Rolling                       Cold Rolling                    
     Lubricant.sup.1)                                                          
             Total Roughness                                                   
                         Reflectance of Rolled                                 
                                      Bite                                     
                                         Surface                               
                                               Coefficient                     
     Example Rolling                                                           
                   of Rolled                                                   
                         Sheet (%)    of Appearance                            
                                               of                              
             Load of                                                           
                   Sheet As Hot-                                               
                               As     the                                      
                                         of Anodiz-                            
                                               Friction                        
             6 Passes                                                          
                   (Hmax)                                                      
                         Rolled                                                
                               Anodized                                        
                                      Rolls                                    
                                         ed Sheet                              
             (t)   (.mu.)                                                      
     __________________________________________________________________________
      2      170   2.1   20.9  4.0    Good                                     
                                         Excellent                             
                                               --                              
      3      --    --    --    --     -- --    0.15                            
      4      180   2.0   18.7  4.8    Good                                     
                                         Excellent                             
                                               --                              
      5      178   1.8   18.3  4.0    Good                                     
                                         Excellent                             
                                               --                              
      6      173   1.9   21.8  4.7    Good                                     
                                         Excellent                             
                                               --                              
      7      180   1.7   19.9  5.0    Good                                     
                                         Excellent                             
                                               --                              
      8      180   1.9   18.2  3.8    Good                                     
                                         Excellent                             
                                               --                              
      9      171   1.7   21.2  4.0    Good                                     
                                         Excellent                             
                                               --                              
     10      177   1.3   20.4  4.9    Good                                     
                                         Excellent                             
                                               0.12                            
     11      173   1.9   21.8  5.8    Good                                     
                                         Excellent                             
                                               --                              
     12      170   1.6   20.6  4.2    Good                                     
                                         Excellent                             
                                               --                              
     13      174   1.8   19.7  3.9    Good                                     
                                         Excellent                             
                                               --                              
     14      176   2.0   19.3  4.1    Good                                     
                                         Excellent                             
                                               --                              
     15      180   2.1   18.0  3.7    Good                                     
                                         Excellent                             
                                               --                              
     16      175   1.8   20.7  4.3    Good                                     
                                         Excellent                             
                                               --                              
     17      --    --    --    --     -- --    0.12                            
     18      160   2.0   18.1  4.2    Good                                     
                                         Excellent                             
                                               --                              
     19      160   1.8   28.7  5.8    Good                                     
                                         Excellent                             
                                               0.11                            
     20      164   1.4   18.2  3.8    Good                                     
                                         Excellent                             
                                               0.11                            
     __________________________________________________________________________
      .sup.1) 5% by weight solution of each lubricant composition in water     
PAR  In addition a deep-drawing test of the lubricating composition of Example
      11 (5% by weight solution) as shown in Table 1, of machine oil and of rape
      seed oil was conducted and the results obtained are shown in Table 4
      below.
TBL                Table 4                                                     
     ______________________________________                                    
             Lubricant  L.D.R.                                                 
     ______________________________________                                    
             5% Solution of                                                    
                        2.12                                                   
             Example 11                                                        
             Machine Oil                                                       
                        2.07                                                   
             Rape Seed Oil                                                     
                        2.10                                                   
     ______________________________________                                    
PAR  Similarly a deep-drawing test of the lubricating composition of Example 19
      (5% by weight solution), as shown in Table 1, was conducted and the LDR
      obtained was 2.14.
PAR  As can be seen from the above Tables 2,3 and 4 showing the rolling and
      deep-drawing test results of the water-soluble lubricants of the present
      invention, together with those of a conventional hot rolling emulsion,
      conventional cold rolling oils and solutions containing one or two of the
      three components employed in the present invention, the water-soluble
      lubricants of the present invention are all superior to any other
      lubricants in hot rolling performance, as demonstrated by the rolling
      load, the surface roughness of the rolled sheets, the reflectance of the
      rolled sheet, bite of the rolls and the surface appearance of the anodized
      sheet. In addition, the water-soluble lubricants of the present invention
      are all equal to or even superior to any conventional cold rolling or
      deep-drawing oils in lubricating properties, as demonstrated by the
      coefficient of friction or the Limiting Drawing Ratio. Also it is
      essential, in order to obtain excellent metal working performances, that
      all three components (A), (B) and (C) must be employed in the
      water-soluble lubricants of the present invention.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricating composition for metal working comprising
PA1  A. about 10 to 60% by weight of a water-soluble non-ionic surfactant
      component comprising at least one of
PA2  i. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (I)
EQU  r.sup.1 coo(r.sup.2 o).sub.n H                             (I)
PAL  or the general formula (II)
EQU  r.sup.1 coo(r.sup.2 o).sub.n OCR.sup.1                     (II)
PAL  (ii) a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (III)
EQU  r.sup.3 o(r.sup.2 o).sub.n H                               (III)
PA2  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IV)
EQU  r.sup.3 o(r.sup.2 o).sub.n OCR.sup.1                       (IV)
PAL  and
PA2  iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (V)
      ##EQU17##
      wherein R.sup.1 CO represents a saturated or unsaturated fatty acid acyl
      group having about 12 to 22 carbon atoms;
PA3  R.sup.1.sup.' co represents a saturated or unsaturated fatty acid acyl
      group having about 12 to 22 carbon atoms and containing a hydroxy group;
PA3  R.sup.2 represents an ethylene group;
PA3  R.sup.3 represents an alkyl or alkenyl group having about 12 to 22 carbon
      atoms;
PA3  R.sup.4 represents a hydrogen atom or a R.sup.1 CO group;
PA3  n is an integer of about 10 to 20; and
PA3  p, q, r, each is an integer with the sum of p, q and r ranging from about
      25 to 40 when one or both of R.sup.4 is a hydrogen atom and from about 40
      to 60 when R is a R.sup.1 CO group;
PA1  B. about 10 to 40% by weight of an oil-soluble nonionic surfactant
      component comprising at least one of
PA2  i. a polyoxyalkylene glycol ester of a fatty acid represented by the
      general formula (VI)
EQU  r.sup.1 coo(r.sup.5 o).sub.m H                             (VI)
PAL  or the general formula (VII)
EQU  r.sup.1 coo(r.sup.5 o).sub.m OCR.sup.1                     (VII)
PA2  ii. a polyoxyalkylene glycol ether of a fatty alcohol represented by the
      general formula (VIII)
EQU  r.sup.3 o(r.sup.5 o).sub.m H                               (VIII)
PA2  iii. a polyoxyalkylene glycol ether of a fatty alcohol esterified with a
      fatty acid represented by the general formula (IX)
EQU  r.sup.3 o(r.sup.5 o).sub.m OCR.sup.1                       (IX)
PAL  and
PA2  iv. a polyoxyalkylene glycol condensate of a glyceride esterified with a
      fatty acid represented by the general formula (X)
      ##EQU18##
      whereinR.sup.1 CO, R.sup.1.sup.' CO, R.sup.2, R.sup.3, and R.sup.4 are as
      defined above;
PA3  R.sup.5 is an alkylene group having 2 to 4 carbon atoms;
PAL  m is an integer of about 1 to 5; and
PA3  s, t and u each is an integer with the sum of s, t and u ranging from about
      3 to 20;
PAL  and
PA1  C. about 10 to 50% by weight of an anionic or nonionic surfactant component
      comprising at least one of
PA2  i. a phosphate ester and/or salt of a phosphate ester with the adduct of a
      polyoxyalkylene glycol with an alcohol or an alkylphenol represented by
      the general formula (XI)
      ##EQU19##
      the general formula (XII)
      ##EQU20##
      or the general formula (XIII)
      ##EQU21##
      wherein R.sup.2 is as defined above; R.sup.6 is an alkyl group, an alkenyl
      group or an alkaryl group having about 12 to 18 carbon atoms;
PA3  M is an alkali metal metal atom, an alkylamine group or an alkanolamine
      group;
PA3  a is an integer ranging from about 2 to 15; b and c each is an integer with
      the sum of b and c divided by 2 ranging from about 2 to 15; and
PA3  c, d and e each is an integer with the sum of c, d and e divided by 3
      ranging from about 3 to 10;
PA3  and (ii) an alkali metal salt, alkylamine salt and/or alkanolamine salt of
      a fatty acid represented by the general formula (XIV)
EQU  r.sup.1 coom                                               (xiv)
PAL  wherein R.sup.1 CO and M are as above defined.
NUM  2.
PAR  2. The lubricating composition of claim 1, wherein R.sup.1 CO is an acyl
      residue of lauric acid, myristic acid, palmitic acid, stearic acid,
      arachidic acid, behenic acid, linderic acid, myristooleic acid,
      palmitooleic acid, oleic acid, gadoleic acid, erucic acid, linolenic acid,
      arachidonic acid, ricinoleic acid, or a mixture thereof or a mixture of
      fatty acid residues of the fatty acids of rape seed oil, soybean oil, rice
      bran oil, palm oil, cotton seed oil, peanut oil, sesame oil, corn oil,
      lard oil, tallow oil or train oil.
NUM  3.
PAR  3. The lubricating composition of claim 1, wherein R is an alkyl or alkenyl
      group selected from the group consisting of a lauryl group, a myristyl
      group, a palmytyl group, a stearyl group, a arachidyl group, a behenyl
      group, a linderyl group, a myristooleyl group, a palmitooleyl group, an
      oleyl group, a gadoleyl group, an erucyl group, a linolenyl group, an
      arachidonyl group or a ricinolyl group, or mixtures thereof.
NUM  4.
PAR  4. The lubricating composition of claim 1, wherein the alkyl alkenyl group
      for R.sup.6 is a lauryl group, a myristyl group, a palmityl group, a
      stearyl group, or an oleyl group and the alkaryl group for R.sup.6 is a
      nonylphenyl group, an octylphenyl group or a dodecylphenyl group.
NUM  5.
PAR  5. The lubricating composition of claim 1, wherein R.sup.5 is an ethylene
      group.
NUM  6.
PAR  6. The lubricating composition of claim 1, wherein said composition
      additionally includes up to about 20% by weight based on the total weight
      of the lubricating composition of a water soluble solvent or up to about
      20% by weight based on the total weight of the lubricating composition of
      a mineral oil, a fatty oil or a mixture thereof.
PATN
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ABST
PAL  An aqueous fluid for the working of metals comprising an aqueous solution
      of at least one salt of an amido acid of the formula:
      ##EQU1##
      in which R is a hydrocarbon group, substituted or not by chlorine, and
      having between 9 and 25 carbon atoms; n and n' are whole numbers or zero,
      identical or not, whose sum (n + n') is equal to 1 or 2.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to products which are utilized in the working
      of metals in processes involving production of chips of material, such as
      cutting and milling, for example, or of deformation processes without
      production of chips such as rolling, stretching and drawing for example.
      The invention relates, more particularly, to chemical compositions which,
      in aqueous solution, constitute bases for the formulation of liquids for
      the working of metals. These bases can generally be utilized alone or
      after having been mixed with relatively small quantities of additives, to
      serve one or a plurality of particular functions of aqueous fluids.
PAC  PRIOR ART
PAR  It is known that aqueous fluids utilized for the working of metals should
      have a number of properties among which can be mentioned: anti-corrosion
      power, the property of biodegradability and for certain operations,
      lubrication capability. Some other properties which can also be cited are
      the absence of formation of foam at the time of utilization, non-toxicity
      and absence of odor. Finally, it is suitable if the products are
      inexpensive.
PAR  A number of fluids already exist in the market which possess these
      properties in various degrees, however many of these fluids are not
      aqueous solutions but are oil emulsions in water, but the characteristic
      principle of these fluids is that it is a matter of compositions of
      materials including a large number of very diverse materials each of which
      possess a particular property which it is desired to confer to the fluid.
      A certain number of these fluids, known in commerce under the name of
      "Synthetics for Mechanical Working" are aqueous solutions generally
      containing between 30 and 70% of a main constituent such as the
      condensates of alkylene oxides, soaps, corrosion inhibitors and foams,
      "high pressure" additives, etc. These products are generally now
      biodegradable and, additionally, impose on the manufacturer, complex
      operations to maintain their solubility and their particular properties.
      Additionally, they do not possess high pressure lubrication properties.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is the realization of new bases for the
      preparation of aqueous fluids destined for application to working metal,
      said bases being utilized in aqueous solution, as is, without additives or
      in the presence of additives and having the properties which have been
      mentioned above.
PAR  A further object of the present invention is the provision in the
      utilization in aqueous fluids for the working of metal, alkaline salts
      and/or amine salts and/or water soluble ammonium salts of the products of
      condensation of a fatty acid and a dicarboxylic amino acid.
PAR  Among the condensation products cited above, the amido acids of the general
      formula
      ##EQU2##
      are particularly suitable. In the formula, R is an open chain aliphatic
      hydrocarbon group, substituted or not by chlorine, having between 9 and 25
      carbon atoms; n and n' are whole numbers or zero, the same or not, the sum
      of n and n' being equal to 1 or 2.
PAR  A further object of the present invention is the production of new bases
      for aqueous fluids adapted to the working of metals, of mixtures of:
PAR  Alkali metal salts and/or amine salts and/or ammonium salts, soluble in
      water, of the condensation products of a fatty acid and a dicarboxylic
      amino acid such as defined above.
PAR  alkali metal salts and/or amine salts and/or ammonium salts, soluble in
      water, of orthophosphoric mono-and/or diesters of fatty alcohols and/or of
      fatty acid-alcohols, said esters comprising chlorine atoms in the carbon
      chain of their molecule.
PAR  The formula of the mono-and diesters are the following:
      ##EQU3##
PAR  wherein Z and Z' are identical or not; they are open chain aliphatic groups
      containing between 10 and 20 carbon atoms; the chlorine atoms are attached
      thereto.
PAR  These mono-and diesters are described in our copending application of even
      date and in Italian Application E.N. 30.279. A/73, filed Oct. 18, 1973.
      Therein it is disclosed that the fatty alcohols used in the synthesis of
      these esters can have the general formula Y-CH.sub.2 OH in which Y is a
      linear unsaturated chain having 9 to 19 carbon atoms; it can be
      practically pure such as oleic acid for which Y is 17 atoms of carbon and
      a double bond in 9 position or a mixtureof alcohols of the general formula
      Y-CH.sub.2 OH.
PAR  The alcohol can also have an acid function such as ricinoleic acid of the
      formula:
EQU  Ch.sub.3 -(CH.sub.2).sub.5 -CHOH-CH.sub.2 -CH=CH-(CH.sub.2).sub.7 -COOH
PAL  the method for the synthesis of these esters is described in the
      above-noted Applications.
PAR  The Applicants have found that the mixture of two types of products (salts
      of amido-acids and salts of phosphoric esters) are particularly desirable
      for obtaining aqueous fluids for use with working metals. For this
      particular application, the production of these mixtures is made in the
      same manner as that of the salts of te amido-acids taken alone and which
      will be described later; the two types can be mixed in all proportions,
      each of the two types possessing, individually, beneficial properties for
      this application as will be seen later for the amidoacid salts and as is
      explained in the aforementioned Application for the ester salts. Thus, the
      two types can be mixed in proportions varying from 0 to 100% by weight.
PAR  A still further object of the invention is constituted by a method of
      synthesizing the aqueous fluids described hereinabove. The method is
      characterized in that it comprises the following steps:
PAR  a. chloration, by addition, to the chain of a fatty acid having 10 to 26
      carbon atoms,
PAR  b. preparation of the chloride of the fatty acid whose chain has been
      saturated by chlorine,
PAR  c. condensation of the chloride of the fatty acid with an alkali metal salt
      and/or an amine salt, and/or an ammonium salt of a dicarboxylic amino
      acid;
PAR  d. Salification of the resulting amido acid with an alkaline base and/or an
      amine and/or ammonia.
PAR  The fatty acid of the general formula R'-COOH in which R' is straight and
      unsaturated and has 9 to 25 carbon atoms, can be substantially pure, such
      as oleic acid, stearic acid or it can be a mixture of fatty acids such as
      tall oil (which comprises about 75% of oleic acid) or resinic acids,
      oleins of fish oil and of general type animal and vegetable oleins, and
      natural and synthesized fatty acids.
PAR  The dicarboxylic amino-acid has the formula
      ##EQU4##
      in which n and n' are whole numbers or zero, the same or not, such that
      the sum of n and n' is equal to 1 or 2. The dicarboxylic amino-acid can be
      constituted of a single constituent such as aspartic acid (for which n=0
      and n'=1) or of a mixture of amino acids such as natural amino acids
      obtained by the hydrolysis of proteins.
PAR  A further object of the invention is constituted, as new industrial
      products, of the salts of the general formula
      ##EQU5##
      and aqueous solutions thereof, in which:
PAR  R' is a hydrocarbon group substituted by chlorine and having 9 to 25 carbon
      atoms
PAR  n and n' are whole numbers or zero, the same or not, such that the sum of n
      and n' is equal to 1 or 2.
PAR  M is selected from the group consisting of alkaline metals, the ammonium
      radical (NH.sub.4).sup.+ and substituted ammonium radicals derived from
      amines.
PAR  Finally, a last object of the invention is constituted, of new compositions
      and industrial products, in aqueous solution of:
PAR  Alkali metal salts and/or amine salts and/or ammonium salts soluble in
      water of the condensation products of a fatty acid and a dicarboxylic
      amino acid
PAR  in admixture in any proportion with:
PAR  alkali metal salts and/or amine salts and/or ammonium salts, soluble in
      water, of the orthophosphoric mono- and/or diesters of fatty alcohols
      and/or fatty acid-alcohols, said esters having chlorine atoms in the
      carbon chain of their molecule.
PAR  The Applicants have in fact established the utility for the utilization of
      the products or mixtures described above in the realization of aqueous
      fluids for the working of metals. To obtain the amido-acid salts of which
      it will be a question of the preparation hereafter, in the case where one
      starts with a fatty acid which is not substituted by chlorine, the alkali
      metal salts and the amine salts and/or the ammonium salt of the obtained
      amido acid have the excellent properties of water solubility and
      anti-corrosion. In the case where there is a chlorine substitution in the
      hydrocarbon chain of the fatty acid utilized, the salts finally obtained
      posess additionally the property of lubrication at high pressure.
PAR  The process for preparation of the two types of products, chlorinated or
      non-chlorinated, are identical as regards the three last steps. In the
      case where one desires to utilize a chlorinated fatty acid, it is simply
      necessary to add preliminarily to the three preceding steps, the step of
      chlorination. These four steps are described hereafter.
PAR  The preliminary step (in the case in which chlorinated fatty acids are
      desired) is the chloration of the fatty acid. This step is intended to
      effect the addition of a molecule of chlorine by double bond with a carbon
      atom in the molecule of the fatty acid. The conditons of this reaction are
      known: one operates on the product in non-diluted state, or in the
      presence of a solvent of the fatty acid (hexane, chloroform, for example)
      by bubbling gaseous chlorine therethrough at a suitable temperature
      according to the reactivity and the stability of the charge (generally
      close to ambient temperature). After the reaction, the excess chlorine can
      be removed, either by passage of a gas such as nitrogen or air in the
      solvent, or by washing with water. The fatty acid obtained comprises as
      many chlorine atoms as the number of ethylenic unsaturations initially
      contained in the acid.
PAR  After this preliminary step, necessary only in the case where it is desired
      to start with a chlorinated fatty acid, the following three steps are
      applicable to the case of chlorinated fatty acids and to those in which
      the fatty acids are not chlorinated.
PAR  The first main step of the process is the preparation of the chloride of
      the fatty acid, chlorinated or not. This preparation is also effected
      according to conventional techniques in the art, i.e. the acid is put into
      solution in a solvent (for example a saturated hydrocarbon), then it is
      put into contact with the penta- or trichloride of the fatty acid, such as
      thionyl chloride (SO Cl.sub.2); the mixture is reacted under reflux for
      about 2 hours. It is allowed to cool and the non-reacted excess is removed
      along with secondary reaction products by means suitable for the chlorine
      agent.
PAR  The second principal step of the process is the condensation of the
      chloride of the fatty acid, chlorinated or not, and the amino acid with
      elimination of hydrochloric acid. This is also a well known reaction. In
      practice, small quantities are reacted at one time, of an aqueous
      solution, with optional addition of acetone, with an amino-acid salt (such
      as the salt of sodium used by reason of its solubility in the fatty acid
      chloride (chlorated or not) in solution in ether, for example). The
      reaction is effected at ambient temperature, the freed acid is neutralized
      by the addition of sodium hydroxide such that the pH is maintained at
      about 10. The temperature can be raised at the end of the reaction. The
      amido acid is extracted by an appropriate solvent which is then evaporated
      or separated by other means such as filtration, centrifugation, etc.
PAR  The third principal step of the process of synthesis is constituted by the
      salification of the thus obtained amidoacid by means of an alkaline base
      such as sodium hydroxide, potassium hydroxide, lithia, or ammonia, or an
      amine such as triethanolamine or morpholine. In general the base or amine
      is utilized in excess, this excess being, without disadvantage, equal to
      more than two times stoichiometric.
PAR  For example, if the fatty acid is chlorinated oleic acid, the amino-acid is
      aspartic acid and sodium hydroxide is the alkaline base, the amido-acid
      salt has the following chemical formula:
      ##EQU6##
PAR  The products thus obtained or their mixtures with the salts of phosphoric
      esters, described above, can be sold for a suitable utilization in a 10 -
      70% aqueous solution and the buyer can make the final dilution at the
      concentration to be used, which in general is between 1 and 10%.
PAR  Additionally, in order to perfect the characteristics of te employed
      product, it is possible to add an additive thereof such as
PA1  - anti-foam agents
PA1  - bactericides
PA1  - anti-corrosive agents
PA1  - odor additives
PA1  - colorants
PA1  - agents to modify the physical characteristics.
PAR  The anti-foaming agents can be silicones, esters and special soaps.
PAR  Phenols, quatenary ammonium salts, nitrogen derivatives of alcohols,
      thiocarbonates, thiocarbamate, etc. which are known bactericides can be
      utilized herein.
PAR  The anti-corrosive agent can be alkaline nitrates, phosphates, borates,
      etc.
PAR  As odor control additives or colorants there can be used any of many
      conventional substances available in the marketplace.
PAR  Finally, the agents for the modifications of the physical properties of the
      product can be alcohols, glycols, etc. which have been used conventionally
      as viscosity additives which are useful in aqueous solution or as is.
PAR  The properties of these fluids can be determined by means of diverse
      methods. Applicant has determined the solubility in water by
      centrifugation of the aqueous solution and measuring the volume of the
      sediment; the anti-corrosive power by the IP 125 standard; the lubrication
      power in the case of chlorinated products by the standard of ASTM D
      2783-69 T; the biodegradability by the relation of the biological oxygen
      demand of an aqueous solution in a given time (ASTM D 2329 - 68 ), to the
      chemical oxygen demand (ASTM D 1252 - 67) which is a measure of the
      necessary quantity of oxygen for complete oxidation for the same quantity
      of aqueous solution.
PAR  The present invention is additionally illustrated by the following
      examples, which are given in non-limiting fashion.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAC  EXAMPLE I
PAR  In the following example, the fatty acid is tall oil, and the amino-acid is
      aspartic acid. 1. Chloration of the tall oil.
PAR  In a closed bulb, 282g of tall oil is dissolved in 800 g of chloroform and
      a current of chlorine is passed through for 4.5 hours, the temperature of
      the bulb being maintained at -10.degree.C. A flow of air is then passed
      through the mixture. The chloroform solution is then washed three times
      with 500 ml of water. The organic solution is dried on anhydrous sodium
      sulfate and then the chloroform is evaporated. There is then obtained 344
      g of chlorated tall oil corresponding to a yield of 95% with respect to
      the initial tall oil.
PAR  2. Preparation of the chloride of the chlorated fatty acid.
PAR  To 360 g of chlorated tall oil in solution in 2 liters of hexane, there is
      added 174 g of phosphorus trichloride. The mixture is reacted under light
      reflux for 2.5 hours. After cooling, the reaction mixture is poured slowly
      on ice to decompose the excess non-reacted PCl.sub.3. After washing in ice
      water, the organic solution is dried on anhydrous sodium sulfate. Then the
      hexane is evaporated. There is then obtained 359 g of the chloride of the
      acid, corresponding of a yield of 95% with respect to the initial
      chlorated tall oil.
PAR  3. Obtention of the amido-acid by condensation.
PAR  There is prepared in a first step, the sodium salt of aspartic acid by
      reacting aspartic acid with an excess of sodium hydroxide. Then to 177 g
      of the sodium salt of aspartic acid in solution in a 70-30 mixture of
      water and acetone, there is added dropwise 378 g of the chlorated tall oil
      chloride corresponding to the stoichiometric amount. The pH is maintained
      at a value of 10 during this addition by addition of necessary quantities
      of 2N sodium hydroxide. After two hours, the temperature is brought to
      60.degree.C. After cooling, the reaction mixture is diluted with 1,000 ml
      of water and acidified up to pH 1 with a solution of hydrochloric acid.
      The resulting amido-acid is then extracted by ether, dried on anhydrous
      sodium sulfate and filtered.
PAR  The ether is then evaporated. The yield of this condensation is 85% with
      respect to the sodium salt of the aspartic acid. There is recovered 435 g
      of the amido-acid at the end of the reaction.
PAR  4. Salification of the amido acid.
PAR  After measuring the acidity index according to ASTM D 974 - 64 (which leads
      to a value of 200 mg of potassium hydroxide per gram of pure amido-acid)
      there is added to the amido-acid a quantity of tiethanolamine 4 yimes
      greater than the stoichiometric amount necessary to obtain the salt. The
      quantity of neutralizing agent is not established in strict manner, it can
      vary within large limits, according to the properties that it is desired
      to confer on the product. For example, an excess of amine leads to an
      increase of the anti-corrosive power of the solutions.
PAR  There is shown at the end of Example III, the acidity index measured
      according to ASTM of the amido-acid; the amounts of chlorine and nitrogen
      effected on the amine salt of the pure amido-acid; the solubility in
      water, measured by the sedimented volume by centrifugation of an aqueous
      solution of the salt of the amido-acid at 5%; the minimum concentration of
      the salt of amido-acid in distilled water permitting the completion of the
      test for corrosion according to IP 125 (i.e. the obtention of the notation
      0/0 - 0 according to this standard), the aqueous solution at 1% of
      amido-acid salt which is a measure of the lubrication power; and the
      biodegradability of a dilute aqueous solution of the amido-acid salt
      expressed by the relation (BOD.sub.5 /COD) in which BOD.sub.5 represents
      the quantity of oxygen consumed biologically for 5 days and COD represents
      the quantity of oxygen necessary for complete oxidation of the solution.
PAC  EXAMPLE II
PAR  In this example, the fatty acid is oleic acid, the amino acid is a mixture
      of natural amino acids obtained by hydrolysis of proteins. The process of
      synthesis is identical to that which has been described in EXAMPLE I.
      Hereafter will be indicated the masses or the volumes of the reactants
      employed only when they are different from those of Example I.
PAR  1. Chloration of the oleic acid.
PAR  The chloration is effected with 282 g of oleic acid in solution in 800 g of
      chloroform. There is obtained at the end of the reaction 326 g of
      dichlorostearic acid which corresponds to a yield of 95%.
PAR  2. Preparation of the chloride of dichlorostearic acid.
PAR  The reaction is effected with 344 g of dichlorostearic acid in 2 liters of
      hexane. There is obtained at the end of the reaction 343 g of the chloride
      of dichlorostearic acid, corresponding to a yield of 95%.
PAR  3. Obtention of the amino acid by condensation.
PAR  There is prepared in a first step the sodium salt of the amino acid by
      reaction with an excess of sodium hydroxide. Then, to 125 g of the sodium
      salt of the amino acid in solution, in a mixture of water and acetone
      (70-30) are added dropwise 371 g of dichlorostearic acid chloride. There
      is recovered at the end of the reaction 395 g of amido-acid which
      corresponds to a yield of 85%.
PAR  4. Salification of the amido-acid.
PAR  The index of acidity of the pure amido-acid is equal to 80 mg of potassium
      hydroxide per gram of pure product. There is added a quantity of
      triethanolamine equal to four times the stoichiometric quantity necessary
      to obtain the salt.
PAC  EXAMPLE III
PAR  This example illustrates the synthesis of the amido acid salt starting from
      a non-chlorinated fatty acid. The fatty acid is oleic acid and the amino
      acid is aspartic acid.
PAR  1. Preparation of the chloride of the fatty acid.
PAR  282 g of oleic acid is reacted in two liters of hexane. At the end of the
      reaction there is obtained 285 g of the chloride of oleic acid which
      corresponds to a yield of 95%.
PAR  2. Obtention of the amido-acid by condensation.
PAR  There is prepared, in a first step, the sodium salt of aspartic acid. Then,
      to 177 g of the sodium salt of the amino acid in solution in a mixture of
      water and acetone (70-30) there is added, dropwise, 305 g of the chloride
      of the oleic acid. At the end of the reacton, there is recovered 278 g of
      amido-acid, which corresponds to a yield of 70%. 3. Salification of the
      amido-acid.
PAR  The index of acidity of the amido-acid is equal to 200 mg of potassium
      hydroxide per gram of product. A quantity of triethanolamine is added
      equal to four times the stoichiometric quantity necessary to obtain the
      salt.
PAR  There is shown in the table hereafter the results of the quantities and
      measurements of the properties of the amidoacid salts obtained in Examples
      I, II, and III. There is also shown by way of comparison, the results
      obtained with a commercial product "Cimcool S.4 Cincinnati".
TBL                                    TABLE I                                 
     __________________________________________________________________________
                                    Compari-                                   
                     Example                                                   
                          Example                                              
                               Example                                         
                                    son                                        
                     I    II   III  Product                                    
     __________________________________________________________________________
     Acidity index (before                                                     
                      200 100  200  2.5                                        
     salification mg KOH/g          (determined                                
     of amido acid                  on the pro-                                
                                    duct as is)                                
     Chlorine content                                                          
                     17.5 17.6 0.0  2.5                                        
     (g/100 of amido                (determined                                
     acid)                          on the pro-                                
                                    duct as is)                                
     Nitrogen content                                                          
                     1.90 3.10 2.45 0.32                                       
     (g/100 g of amido              (determined                                
     acid)                          on the pro-                                
                                    duct as is)                                
     Solubility in water;                                                      
                      0   3    0    0                                          
     % by volume of sedi-           (solution                                  
     ment                           at 5%)                                     
     Corrosion; minimum                                                        
                     0.3  0.5  0.3  2                                          
     concentration non-                                                        
     corrosive in g of amido acid/                                             
     100 g of solution (1)                                                     
     Lubrication Power of                                                      
                      200 200  160  126                                        
     the solution at 1%             (solution                                  
     (amount of sodium              at 5%)                                     
     hydroxide in kg) (2)                                                      
     Biodegradability =                                                        
                     15    12   10  6                                          
      BOD.sub.5                                                                
         .times. 100 (4)                                                       
     COD                                                                       
     __________________________________________________________________________
      (1) In this determination, there is employed an excess of amine of 7.5   
      times the stoichiometric quantity necessary for neutralization.          
      (2) Measurement is effected with an excess of amine (4 times the         
      stoichiometric quantity).                                                
      (3) The product as is contains about 45% of active material.             
      (4) The measurement is effected with the triethanolamine salt in a       
      quantity equal to two times stoichiometric.                              
PAC  EXAMPLE IV
PAR  This example is intended to illustrate the application for the obtaining of
      aqueous fluids for the working of metals from mixtures of salts of amido
      acids and salts of phosphoric esters of fatty alcohols or of fatty
      acid-alcohols such as described in copending Application of even date and
      in Italian application No. E.N. 30.279 A/73, filed October 18 in the name
      of the Applicants.
PAR  In the present example, the amido acid salt which is utilized is prepared
      from chlorated tall oil, N-dichlorostearoylaspartic acid and
      triethanolamine.
PAR  The salt of the phosphoric ester is the salt of triethanolamine and
      dichlororicinolphosphoric acid.
PAR  There is obtained from these two salts two mixtures A and B in water, which
      comprise (analyzed by functional criteria on the final obtained mixture):
TBL                Mixture A Mixture B                                         
                   (% by weight)                                               
                             (% by weight)                                     
     ______________________________________                                    
     N-dichlorostearoylaspartic                                                
                     3.9         3.9                                           
        acid                                                                   
     Dichlororicinophosphoric                                                  
                     6.4         12.8                                          
        acid                                                                   
     Triethanolamine 28.4        27.7                                          
     Chlorated Tall Oil                                                        
                     11.3        5.6                                           
     Water           49.0        49.0                                          
     Sodium Nitrite  1.0         1.0                                           
     ______________________________________                                    
PAR  There is shown in Table 2 the results of the quantities and the measures of
      certain properties of the mixtures obtained hereinabove, in comparison
      with the same control previously referred to (Cimcool S.4 Cincinnati).
TBL                TABLE II                                                    
     ______________________________________                                    
                 Solution                                                      
                         Solution  Control                                     
                 A       B                                                     
     ______________________________________                                    
                                       2.5                                     
     Amount of Chlorine                (determined                             
     (g/100 g of product)                                                      
                   5.0       4.5       on the pro-                             
                                       duct as is)                             
     Amount of Nitrogen                0.32                                    
     (g/100 g of product)                                                      
                    2.80      2.77     (determined                             
                                       on the pro-                             
                                       duct as is)                             
     Appearance of the                                                         
                   Limpid    Limpid    Limpid                                  
     aqueous solution                                                          
     Test 4 balls,                                                             
     standard ASTM D 2783                                                      
                   400       500       126                                     
     Quantity of sodium                                                        
     hydroxide in kg                                                           
     (solution at 5%)                                                          
     Biodegradability =                                                        
                    14        12       6                                       
     BOD.sub.5                                                                 
           .times. 100                                                         
     COD                                                                       
     Corrosion test                                                            
     standard IP 125                                                           
                   0/0-0     0/0-0     0/0-0                                   
     Solutions at 4%                                                           
     ______________________________________                                    
PAR  Through the assembled results in the table, it is concluded that the
      mixtures of the salts of amido acids and of the salts of phosphoric esters
      constitute a good basis for the realization of aqueous fluids for the
      working of metals.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous fluid for the working of metals comprising an aqueous
      solution of at least one salt of an amido acid of the formula:
      ##EQU7##
      in which R is a hydrocarbon group substituted or not by chlorine, and
      having between 9 and 25 carbon atoms; n and n' are whole numbers of zero,
      identical or not, whose sum (n + n') is equal to 1 or 2.
NUM  2.
PAR  2. An aqueous fluid as claimed in claim 1 further comprising in said
      solution, at least one salt of an ester selected from the group consisting
      of:
      ##EQU8##
      in which the groups Z and Z' are identical or not, and include between 10
      and 20 carbon atoms and including in addition a chlorine atom.
NUM  3.
PAR  3. An aqueous fluid as claimed in claim 1 wherein the concentration of the
      salt in the aqueous solution is between about 10 and 70%.
NUM  4.
PAR  4. An aqueous fluid as claimed in claim 1 wherein the concentration of the
      salt in the aqueous solution is between about 1 and 10%.
NUM  5.
PAR  5. An aqueous fluid as claimed in claim 1 further comprising an additive
      selected from the group consisting of an anti-foam agent, a bactericide,
      an anti-corrosive agent, a colorant, an odor additive, and an agent
      modifying the physical characteristics of the aqueous solution.
NUM  6.
PAR  6. An aqueous fluid as claimed in claim 1 wherein said salt is selected
      from the group consisting of an alkaline salt, an amine salt, an ammonium
      salt and mixtures thereof.
NUM  7.
PAR  7. A mixture of salts consisting of at least one of the salts of an amido
      acid of the general formula:
      ##EQU9##
      in which R' is hydrocarbon group substituted by chlorine and comprising
      nine to twenty-five carbon atoms,
PA1  -n and n' are whole numbers or zero, identical or not, in which the sum (n
      + n') is equal to 1 or 2.
PA1  -M is selected from the group consisting of alkali metals, the ammonium ion
      (NH.sub.4) and substituted ammonium radicals derived from amines,
PA1  and at least one salt of at least one orthophosphoric ester selected from
      the group consisting of:
      ##EQU10##
      in which the groups Z and Z' are identical or not, and include between 10
      and 20 carbon atoms and including in addition a chlorine atom.
PATN
WKU  039459322
SRC  5
APN  4806506
APT  1
ART  116
APD  19740619
TTL  Novel trichloromonofluoromethane-alcohol azeotropes
ISD  19760323
NCL  6
ECL  1
EXA  Metz; Andrew H.
EXP  Gantz; Delbert E.
INVT
NAM  Figiel; Francis J.
CTY  Boonton
STA  NJ
INVT
NAM  Tepper; Robert J.
CTY  Parsippany
STA  NJ
INVT
NAM  Dunn; Michael L.
CTY  Grand Island
STA  NY
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  252 54
XCL  134 40
XCL  252DIG009
XCL  252171
EDF  2
ICL  C10M  324
FSC  203
FSS  63
FSC  252
FSS  54;DIG. 9;171
FSC  134
FSS  40
UREF
PNO  3129182
ISD  19640400
NAM  McLean
OCL  252 54
UREF
PNO  3477952
ISD  19691100
NAM  Bauer et al.
OCL  252171
UREF
PNO  3664806
ISD  19720500
NAM  Victor
XCL  134 40
UREF
PNO  3723332
ISD  19730300
NAM  Barton
OCL  252171
OREF
PAL  Mellan-"Industrial solvents", 1950, Reinhold Publ. Co., 2nd Ed.
LREP
FR2  Friedenson; Jay P.
ABST
PAL  A composition which boils at a substantially constant temperature
      consisting essentially of trichloromonofluoromethane and an alcohol
      selected from ethanol, isopropanol or mixtures thereof and the process for
      using the composition in cleaning and lubricating applications.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in the art that fluorocarbon solvents, such as
      trichloromonofluoromethane, exhibit good stability when compared with
      chlorinated solvents such as methylchloroform, trichloroethylene,
      perchloroethylene or methylene chloride. In addition the fluorocarbon
      solvents are less toxic and are not classified as hazardous materials
      whereas the chlorinated solvents are considered hazardous, and contain
      inhibitors which may or may not evaporate faster than the solvent but are
      required to prevent the formation of toxic decomposition products.
PAR  It is known that fluorinated solvents perform well in cleaning and
      degreasing applications and these applications are even further broadened
      when the fluorocarbon solvent is mixed with a polar solvent such as an
      alcohol. Such mixtures exhibit greater solvency power, greater wettability
      of hydrophilic surfaces, better penetration into hydrophilic substrates
      and improved heat dissipation due to low surface tension and improved
      thermal conductivity. Although these advantages can be achieved by mixing
      fluorocarbon solvents with alcohols in any ratio, it would be preferable
      to have a mixture of the fluorocarbon solvents and alcohol which boils at
      a constant temperature in which the amount of alcohol is at a minimum in
      order to maintain the basic characteristics of the fluorocarbon, eliminate
      fire hazards due to the presence of the alcohol and to permit purification
      of the fluorocarbon alcohol mixture by distillation without fractionation.
      Unfortunately the existence of such constant boiling mixtures cannot be
      predicted.
PAR  Prior art azeotropic mixtures of fluorocarbon solvents with alcohols had an
      alcohol content, which increased the likelihood of flammability or at
      least had sufficient alcohol to adversely affect the basic characteristics
      of the fluorocarbon, e.g., to cause corrosion of a metallic substrate.
PAR  An example of such a prior art constant boiling mixture is disclosed in
      U.S. Pat. No. 3,477,952 which is a composition which boils at a
      substantially constant temperature consisting of 98 to 96.5 percent by
      weight trichlorofluoromethane and 2 percent to 3.5 percent by weight
      methanol. This prior art constant boiling mixture requires too much
      methanol in that the basic characteristics of the fluorocarbon are
      affected. For example the use of the trichlorofluoromethane-methanol
      constant boiling mixture to remove soldering fluxes from circuit boards is
      not satisfactory in that the high percentage of methanol will attack and
      dissolve photoresists on the surface of the circuit board. In addition the
      presence of methanol in a constant boiling mixture or any other mixture
      creates a toxicity hazard. Furthermore the presence of methanol in
      conjunction with a fluorinated hydrocarbon such as trichlorofluoromethane
      results in a composition which will react with certan metallic substrates,
      e.g. titanium.
PAR  A constant boiling composition between a fluorocarbon and alcohol is
      therefore desirable which contains less than 2 percent alcohol and which
      contains no methanol.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention a composition is provided which boils at
      a substantially constant temperature and consists essentially of
      trichlorofluoromethane and an alcohol selected from ethanol, isopropanol
      or mixtures thereof. The composition is useful for cleaning or lubricating
      a substrate by contacting the substrate with the composition.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention a composition which boils at a
      substantially constant temperature has been unexpectedly discovered which
      consists essentially or trichloromonofluoromethane and an alcohol selected
      from ethanol, isopropanol or mixtures thereof. The composition
      unexpectedly has an alcohol content below two weight percent which
      decreases the corrosiveness of the composition. When the alcohol is
      ethanol the composition will have a boiling point at 760 mm. of about
      23.5.degree.C. and will contain about 98.9 weight percent of
      trichloromonofluoromethane and about 1.1 weight percent ethanol. When the
      alcohol is isopropanol the composition will have a boiling point at 760
      mm. of mercury of about 24.8.degree.C. and the composition will comprise
      about 99.5 weight percent trichloromonofluoromethane and about 0.5 weight
      percent isopropanol. When mixtures of isopropanol and ethanol are used the
      composition will have a boiling point at 760 mm. of mercury of about
      24.5.degree.C. and will contain about 98.6 weight percent
      trifluoromonofluoromethane, about 0.7 weight percent ethanol and about 0.7
      weight percent isopropanol.
PAR  "Substantially constant temperature" as used herein means that over the
      entire boiling range of the composition the temperature will not vary more
      than 5.degree.C.
PAR  The above compositions have numerous utilities. For example the electronic
      industry uses predominantly organic resin fluxes for soldering purposes.
      Excesses of these organic compounds must be removed from electrical
      substrates after the soldering process. This is accomplished with organic
      solvents which are compatible with the substrates; that is, the solvent
      must not react chemically and will evaporate without leaving a residue.
      The resin fluxes are mixtures of both polar and non-polar compounds thus
      fluorinated hydrocarbons alone which are non-polar are not effective in
      removing the polar components of the resins. The compound of the invention
      containing a small percentage of alcohol can, however, remove both polar
      and non-polar components and is therefore an effective resin flux removal
      agent.
PAR  Another area where the compound of the invention has particular utility is
      in the removal of water from solid surfaces. The small percentage of
      alcohol in the trichloromonofluoromethane acts as a surfactant. The
      composition having the incorporated alcohol replaces the water with a
      solvent film that evaporates without leaving a residue on the substrate.
PAR  The novel trichloromonofluoromethane-alcohol constant boiling mixtures of
      this invention are also desirable systems for coolants and lubricants
      since the compositions have a low surface tension of about 20 dynes per
      cm., a low viscosity of about 0.44 centipoise at 21.degree.C., and a high
      density of about 1.4 grams per cc at 21.degree.C. The foregoing physical
      characteristics are those which are desirable in lubrication applications.
      For example the compositions in accordance with the invention are
      desirable when the mixture is used as a lubricant in metal machining such
      as drilling, routing, tapping, threading, turning or the like, where a
      residue-free surface is required.
PAR  The low surface tension of the composition of the invention makes the
      composition particularly suitable in cleaning capillary systems. It is
      known in the art that drainage of such systems, while using common
      cleaning agents, such as water-detergent cleaning agents, is a major
      problem, due to the high surface tension, i.e. about 80 dynes per cm. and
      the relatively high viscosity of the water-detergent system. The high
      wettability and density of mixtures of trichloromonofluoromethane with
      isopropanol, ethanol or mixtures thereof make these compositions superior
      cleaning agents for capillary systems.
PAR  The compositions of the invention also find utility in dry cleaning cycles
      since the compositions in accordance with the invention exhibit polar
      characteristics in addition to their predominant non-polar characteristics
      and therefore have a wider range of solvency power than either the
      fluorocarbon or alcohol alone.
PAR  Table I shows the Kauri-butanol value of trichloromonofluoromethane alone
      and in conjunction with ethanol, isopropanol or both ethanol and
      isopropanol according to ASTM test D 1133-61. The higher Kauri-butanol
      value indicates greater solvency.
TBL                TABLE I                                                     
     ______________________________________                                    
     COMPONENT TESTED         KAURI-BUTANOL VALUE                              
     ______________________________________                                    
     Trichloromonofluoromethane                                                
                              57                                               
     (CCl.sub.3 F) 100%                                                        
     CCl.sub.3 F     98.9%                                                     
     ethanol         1.1%     70                                               
     CCl.sub.3 F     99.5%                                                     
     isopropanol     0.5%     68                                               
     CCl.sub.3 F     98.6%    67                                               
     isopropanol     0.7%                                                      
     ethanol         0.7%                                                      
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition consisting essentially of about 98.9 weight percent
      trichloromonofluoromethane and about 1.1 weight percent ethanol which has
      a boiling point at 760 mm of mercury of about 23.5.degree.C.
NUM  2.
PAR  2. A composition consisting essentially of 99.5 weight percent
      trichloromonofluoromethane and about 0.5 weight percent isopropanol which
      has a boiling point at 760 mm of mercury of about 24.8.degree.C.
NUM  3.
PAR  3. A composition consisting essentially of about 98.6 weight percent
      trichloromonofluoromethane, about 0.7 weight percent ethanol and about 0.7
      weight percent isopropanol which has a boiling point at 760 mm of mercury
      of about 24.5.degree.C.
NUM  4.
PAR  4. A method for cleaning or lubricating a substrate by contacting the
      substrate with the composition of claim 1.
NUM  5.
PAR  5. A method for cleaning or lubricating a substrate by contacting the
      substrate with the composition of claim 2.
NUM  6.
PAR  6. A method for cleaning or lubricating a substrate by contacting the
      substrate with the composition of claim 3.
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ABST
PAL  Multiple metal complexes of nitrogen compounds are prepared by reacting in
      any desired order (1) an organic reactant, preferably an alkenylsuccinic
      acid or anhydride or a polyalkylphenol-aldehyde reaction mixture, or a
      halogenated polyolefin; (2) a polyamine, having one nitrogen atom reactive
      with the organic reactant and at least one additional nitrogen atom such
      as an ethylene polyamine and the imidazoline or imidazolidine derivative
      thereof; (3) and at least two metal compounds, one of which is a metal of
      Groups IB, IIB, IVA, IVB, VIB, VIIB or VIII of the Periodic Table, capable
      of both forming a coordinated complex of the Werner type with the
      polyamine and also forming a complex with the second metal compound, and
      the said metal compound of metals of the above groups plus alkali and
      alkaline earth metals. The reactants may be reacted in any order, such as
      the above order, or the amine reactant may be precomplexed. Lubricant,
      grease, fuel and aqueous compositions are provided detergency and
      anti-wear properties by the presence of these multiple complexes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  THIS INVENTION RELATES TO METAL COMPLEXES OF NITROGENOUS COMPOUNDS AND IN
      PARTICULAR TO NOVEL COMPLEXED REACTION PRODUCTS, THEIR METHOD OF
      PREPARATION AND THEIR USE IN INDUSTRIAL FLUIDS.
PAR  2. Description of the Prior Art
PAR  Single metal complexes of nitrogenous compounds have been described in U.S.
      Pat. Nos. 3,306,908, 3,624,115, 3,642,847, 3,649,659, 3,649,661 and
      3,755,167. 3,163,603 refers to succinamic metal salts; and 3,346,493
      describes single metal complexes. However, none of these references
      discloses forming a multiple (metal salt)-nitrogenous complex of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that a multiple metal salt complex of an organic
      substituted nitrogenous compound may be prepared by reacting an organic
      compound, an amine containing at least two nitrogen atoms and at least two
      metal compounds, at least one being a metal salt capable of forming a
      complex with the amine and also capable of forming a complex with the said
      second metal compound.
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  More specifically, at least four different reactants make up the formation
      of the multiple metal complexes of this invention: a high molecular weight
      organic compound, an amine and two or more metal compounds.
PAC  1. ORGANIC REACTANT
PAR  It is known that the presence of hydrocarbyl groups are desirable for use
      in industrial organic fluids, such as lubricating oils. Perhaps because of
      the solubility in such fluids of long chain hydrocarbyl molecules, polar
      groups attached thereto may attract and hold suspensoids in the fluid
      readily during use, such as in an engine, an important function of
      dispersants. However, the shorter chain organic compounds provide some
      dispersancy and rust preventive properties, even in aqueous systems.
PAR  The preferred organic reactants of this invention include an
      alkenylsuccinic acid or anhydride, a reaction mixture of an alkyl phenol
      and aldehyde or a halogenated polyolefin; all are reactive with the amine
      reactant. In fact, any organic compound or mixture of such compounds
      capable of such reaction with an amine is suitable for the purpose of this
      invention. Monocarboxylic acids, dicarboxylic acids, and the like having
      at least 8 carbon atoms may be used.
PAR  Of the preferred species, the alkenylsuccinic anhydride is prepared by
      known reactions between an olefin and maleic anhydride. This reaction may
      be carried out thermally or by means of chlorination or by other means.
      Preferred olefins contain at least 8 carbon atoms, and preferably from
      about 14 to about 500 carbon atoms. Such olefins as polypropylene,
      polybutylene, polyisobutylene, or mixtures thereof are the most suitable.
      The resulting anhydride may be reacted with the amine to form the
      monoamide or the imide by the removal of one or two moles of water of
      condensation, respectively.
PAR  The second preferred organic reactant is an alkyl phenol which, in
      combination with an aldehyde, reacts with an amine to produce a Mannich
      base. The mechanism of this reaction is described in U.S. Pat. No.
      3,368,972. Essentially, the phenol, amine and aldehyde are reacted
      together to form methylene bridges between amine and phenol, such as:
      ##SPC1##
PAL  Substituted phenols include octylphenol, decylphenol, dodecylphenol,
      hexadecylphenol, eicosylphenol, and the like. Preferably the alkyl
      substituent R is a polymer of a C.sub.3 to C.sub.5 olefin, such as
      polypropylene, polybutylene, polyamylene; however, R may be a polymer of
      olefins of up to about C.sub.16, including dimers, trimers and higher
      polymers of hexene, decene and dodecene. Also suitable are sulfur-bridged
      and oxygen-bridged phenols in which at least one aromatic ring contains
      the alkyl group, such as
      ##SPC2##
PAL  R being the alkyl group of 8 to about 500 carbon atoms. Other alkyl groups
      may be present on the phenol, regardless of chain length, but having
      preferably from 1 to 20 carbon atoms, providing that at least one
      extractable hydrogen atom be available for condensing with the aldehyde
      and amine. Naphthols are also suitable, both alpha and beta naphthols, the
      alkyl group R being attached to the ring by similar alkylating methods as
      with phenols. Hereinafter, unless specific compounds are referred to, the
      term "phenol" is understood to include naphthols and polyhydroxyaromatic
      compounds. Thus catechol, cresol, xylenol, hydroxydiphenyl, resorcinol and
      hydroquinone are considered "phenols" herein.
PAR  Alkylation methods are known (as in U.S. Pat. No. 3,368,982) and are not
      considered part of this invention. The useful aldehydes are the alkyl and
      aryl aldehydes of 1 to 30 carbon atoms, such as formaldehyde,
      acetaldehyde, propionaldehyde and benzaldehyde.
PAR  Halogenated polyolefins containing from 20 to 500 carbon atoms are also
      suitable reactants in this invention, particularly chlorinated
      polybutenes.
PAR  The most preferred reactants are those in which the alkenyl group of the
      succinic acid or anhydride and the alkyl group of the phenol are derived
      from polypropylene or polybutylene and have a molecular weight ranging
      from 200 to about 4000, more usually 500 to about 3000.
PAC  2. AMINE REACTANT
PAR  The amine reactant of this invention contains at least tow nitrogen atoms.
      Most preferred is an alkylene polyamine or a monocarboxylic acid or
      aldehyde derivative thereof. The alkylene polyamines have the generic
      formula H.sub.2 N(R'NH).sub.n -H wherein R' is an alkylene of 2 to 5
      carbon atoms and n is an integer of 1 to about 10. Typical amines of this
      structure are ethylenediamine, diethylenetriamine, triethylenetetramine,
      tetraethylenepentamine, propylene diamine, di(methylethylene)triamine,
      hexapropyleneheptamine, and the like. Reaction mixtures obtained from
      commercial reactions in the preparation of ethylene polyamines are also
      acceptable if the required number of nitrogen atoms are available for
      reaction herein.
PAR  Also suitable are phenylenediamine, naphthalenediamine, benzidine, tolidine
      and other arylene polyamines and piperazine.
PAR  The acid or aldehyde derivatives of the alkylene polyamines are well known.
      U.S. Pat. No. 3,445,386 describes succinimide-amides,
      succinimide-imidazolines and succinimide-imidazolidines. U.S. Pat. No.
      2,586,876 discloses the manner of preparing acid derivatives of
      polyamines. However, since the final products of this invention are
      understood to be double complexes, the initial alkylene polyamine should
      have sufficient --NH-- groups available for complexing. The following
      structures are understood to occur in reaction with monocarboxylic acids,
      R"COOH:
PA1  a. aminoamide
      ##EQU1##
      with the removal of one mole of water; and b. aminoimidazoline
      ##EQU2##
      with the removal of two moles of water, wherein R" is hydrogen or
      hydrocarbyl, i.e., alkyl, alkenyl, aryl, aralkyl or alkaryl of 1 to 30
      carbon atoms. The integer n must therefore be greater than 1 for the amide
      derivative, and greater than 2 for the imidazoline. Both amide and
      imidazoline may be present in the reaction mixture. In the reaction with
      the aldehyde R"CHO, the product is:
PA1  c. aminoimidazolidine
      ##EQU3##
      In this derivative, the imidazolidine ring contains an --NH-- group
      available for forming a metal complex, hence n may be 2 or more. Whether
      the polyamine, amino-amide, amino-imidazoline or amino-imidazolidine is
      used, the most desirable starting material is tetraethylene pentamine for
      reasons of supply and cost.
PAR  Desirable acids include formic, acetic, butyric, valeric, stearic, oleic,
      benzoic and the like. The aldehydes include formaldehyde,
      paraformaldehyde, acetaldehyde, butyraldehyde, capraldehyde, benzaldehyde
      and the like.
PAC  3. COORDINATED COMPLEX METAL REACTANT
PAR  This reactant may be the salt of any metal of Groups IB, IIB, IVA, IVB,
      VIB, VIIB or VIII of the Periodic Table. The salts are derived from any
      organic or inorganic or hydrocarbyl-substituted inorganic acids. Both mono
      and polycarboxylic acids are suitable in this invention.
PAR  The preferred salts are those of the following acids:
PA1  a. R"'(COOH).sub.n
PA1  b. Sulfuric or sulfurous
PA1  c. Nitric
PA1  d. Organosulfonic acids, R'"--SO.sub.3 H;
PA1  e. Organophosphoric acids, (R'"O).sub.2 --P--OH;
PA1  f. Organophosphinic or phosphonic acids;
      ##EQU4##
      wherein n is 1 or more; R'" is hydrogen alkyl, alkenyl, aryl, aralkyl,
      alkaryl and amino and hydroxy forms thereof; and X is R'", hydrogen or
      hydroxy having from 1 to about 300 carbon atoms.
PAR  Of greatest interest in this invention are salts of the organosulfonic
      acids, such as methane sulfonate, phenyl sulfonate, toluene sulfonate, and
      C.sub.12 +-alkyl-substituted phenylsulfonate, e.g. waxbenzene sulfonate,
      phenolsulfonate, and polyphenolsulfide sulfonate. Formic, acetic,
      propionic, butyric, valeric, caproic, caprylic, capric, benzoic and the
      like are also suitable. Dicarboxylic acids may be used, such as oxalic,
      malonic, succinic, glutaric, and the like. Also, alkylsuccinate,
      polyacrylic acid salts and styrene-maleic acid salts (wherein n can be up
      to 100) may be used.
PAR  The preferred metals are zirconium, cadmium, chromium, manganese, cobalt,
      nickel, copper, zinc, vanadium, tin, and iron; zinc being most preferred.
PAC  4. METAL REACTANT
PAR  The same metals set forth for reactant (3) may be used for metal reactant
      (4) and in addition alkali and alkaline earth metals. As used in this
      invention, for the sake of convenience, the term "metal reactant (4)" is
      intended to mean any of the metal salts of the acids used for reactant (3)
      and also metal oxide or hydroxide or halide. The acids most useful are
      monocarboxylic acids having from 1 to about 30 carbon atoms. Calcium,
      magnesium and zinc are the most preferred of the metals, and calcium
      acetate, magnesium acetate, magnesium hydroxide and zinc acetate are
      preferred complexing agents. Sodium, lithium and barium are other
      desirable metals; sodium hydroxide is of particular interest in this
      group.
PAR  One method of preparing the multiple complexes of this invention involves
      reacting the organic compound (1) with the amine reactant (2) first
      followed by reactions with metal reactants (3) and (4). Another route is
      to form an initial complex between the amine and metal reactant (3). In
      either case, reaction of the amine (or metal-amine complex) with
      alkenyl-succinic anhydride produces the succinamide upon removal of one
      mole of water of condensation per mole of anhydride; the removal of two
      moles leads to the succinimide. If an alkylene polyamine is used as the
      amine reactant, two moles of alkenylsuccinic anhydride per mole of amine
      could result in the formation of the bis(alkenylsuccinimide)
      ##EQU5##
PAR  Similarly, reaction with two moles of both alkylphenol and aldehyde and one
      of amine could lead to preparation of the Mannich base.
      ##SPC3##
PAL  wherein the dangling valences are the remainder of the aldehyde reactant
      and R, R' and n are as identified.
PAR  Mono-substituted forms of the above intermediate products are also useful
      herein:
      ##EQU6##
      ##SPC4##
      These mono-substituted products may also be formed with the amine
      derivatives, aminoamide, aminoimidazoline and aminoimidazolidine.
PAR  Reactions between the polyamine and either the monocarboxylic acid or its
      anhydride or the aldehyde to produce these derivatives may be carried at
      temperatures ranging from about 80.degree. to about 250.degree.C., and
      preferably 100.degree. to 200.degree.C. These temperature ranges are also
      used in the reaction between the amine reactant and the organic reactant.
PAR  For the sake of illustration, if the amine reactant and the organic
      reactant were initially reacted, the intermediate alkenylsuccinimide
      (either mono or bis) or alkenylsuccinimide-amide,
      alkenylsuccinimide-imidazoline or alkenylsuccinimide-imidazolidine or the
      corresponding Mannich base intermediate product is then reacted with metal
      reactant (3). The formation of the coordinated complex is carried out at a
      temperature of from 20.degree. to about 250.degree.C. using at least 0.25
      mole, and preferably 0.5 to 3 moles, of metal salt per unreacted nitrogen
      atom of amine reactant, and preferably up to one mole. Clearly, not all of
      the available nitrogen atoms need be complexed; however, if the presence
      of maximum metal content is of importance in the particular utility of the
      final product, higher proportions of metal:nitrogen atom may be employed.
      Excess metal salt (3) may even remain with the complex in the fluid
      medium, such as a lubricating oil or grease.
PAR  As discussed previously, reactant (3) is the preferred first complexing
      salt. Of these, the organosulfonic acid salts are most preferred. Metal
      salts of alkylsulfonates, alkylphenylsulfonates and other aromatic
      sulfonates may be used. Organophosphates and organophosphonates also may
      be used. This complexing reaction is then followed by reaction with
      reactant (4).
PAR  Reactant (4) is the metal salt of a carboxylic acid or metal oxide or
      hydroxide, or metal inorganic salt. The metal of reactant (4) may be the
      same as or different from that of reactant (3). Acetates are the preferred
      salts for this reaction. It is theorized that the complexing occurs at the
      site of reactant (3) rather than on the nitrogen atoms, although this
      invention is not limited to any particular reaction mechanism. These
      double complexes permit the final products to contain increased metal
      values.
PAR  As indicated previously, our more preferred reaction route involves
      preparing an initial metal-amine complex by reacting amine reactant (2)
      with metal reactant (3), preferably the metal organosulfonate. This
      reaction product is then reacted with reactant (1), preferably the
      alkenylsuccinic acid or anhydride, with sufficient heating to produce the
      corresponding product, e.g. the single-complexed succinimide. Finally,
      reactant (4) is reacted with that product to yield the final double
      complex. Another preferred route is to react both reactants (3) and (4)
      with amine reactant (2), followed finally with formation of the
      succinimide or Mannich base.
PAR  A further modification is to react a metal oxide or metal hydroxide with
      the alkenylsuccinic anhydride of reactant (1), in sufficient amounts to
      form a mono-metal succinate, for instance zinc alkenylsuccinate. This
      metal salt typifies a metal dicarboxylate reactant useful as reactant (3).
      It is reacted with amine reactant (2) providing a zinc succinamide of the
      polyamine. Thereafter, another metal reactant (4) may be reacted to form
      the final complex. It is theorized that the zinc of the succinate forms a
      complex with a nitrogen atom of the same molecule or a different molecule.
PAR  The products of this invention have utility as dispersants, detergents and
      neutralizing compounds for industrial fluids, such as lubricants, both
      lube oils, including mineral oils, synthetic oils, such as synthetic ester
      oils, polyphenyl ethers, polyglycol ethers, synthetic hydrocarbons and the
      like, and greases made therefrom, cutting fluids and hydraulic fluids,
      both oil and water-containing systems, such as fire-resistant hydraulic
      fluids, and in fuels, such as gasolines and fuel oils; also transmission
      fluids and heat exchange liquids may also require the presence of such
      additives. These complexes also provide anti-wear properties to
      lubricants.
DETD
PAR  This invention is better illustrated by the following working examples, in
      which the parts of materials are on a weight basis.
PAC  EXAMPLE 1
PAR  Alkyl (C.sub.15 --C.sub.20) benzene sulfonic acid (5120 parts) was placed
      in a reaction vessel and was degassed at room temperature by purging with
      nitrogen for 2 hours. Then 600 parts of water and 300 parts of zinc oxide
      were added over 1 hour at about 50.degree.C. The reaction temperature was
      raised to 100.degree.C. in about 1 hour while bubbling nitrogen in, during
      which time water was entrained and removed, and 1540 parts of a process
      oil was added. Stripping of water was continued until a temperature of
      150.degree.C. was reached (2 1/2 hours). Final stripping of water was
      accomplished at 150.degree.C. under a vacuum of 9 mm. of Hg. The product,
      filtered through Hyflo clay, had the following analysis:
TBL             % Calculated    % Found                                        
     Zinc       3.60            3.58                                           
     Sulfur     3.50            3.22                                           
PAR  The alkylbenzene is a mixture of 60% monoalkylbenzene and 40%
      dialkylbenzene derived from a mixture of C.sub.15 --C.sub.20 olefins. The
      process oil used in this and subsequent examples is a refinery process oil
      produced by the furfural extraction of a high paraffin feed stream. It has
      low aromatic and naphthenic contents and a very low percentage of sulfur.
      Its viscosity is such that the oil is suitable as a solvent in certain
      commercial operations.
PAC  EXAMPLE 2
PAR  The zinc alkylbenzene sulfonate of Example 1 (20.6 parts), 2.4 parts of an
      alkylene polyamine having an average composition of tetraethylenepentamine
      and 10.0 parts of process oil were placed in a suitable reaction vessel
      and reacted at 150.degree.C. for 2 hours. To the resulting product was
      added 47.52 parts of polybutenylsuccinic anhydride (made from maleic
      anhydride and polybutene having a molecular weight of 1350) in about 30
      minutes, followed by slowly applying vacuum to the vessel. The reaction
      was continued for 2 1/2 hours at 150.degree.C. at a vacuum of 15-25 mm. of
      Hg. The product was a clear, dark brown, viscous oil having 0.99% N
      (calculated 1.0%), 0.94% Zn (calculated 0.91%) and 1.03% S (calculated
      0.90%). It has a Total Base Number of 18.0 mg. KOH/gm., a Total Acid
      Number of 20.7 mg. KOH/gm. and a KV at 210.degree.F. of 551.
PAC  EXAMPLE 3
PAR  To 133 parts of the product of Example 2 was added 117 parts of process oil
      and the mixture was combined, with stirring, with a solution of 4.4 parts
      of zinc acetate dihydrate in 20 parts of water at 90.degree.C. for 1 hour.
      The water was removed by stripping at 150.degree.C. for one hour and the
      resulting product was filtered. The filtered product analysis was: 1.07%
      zinc found (calculated, 1.03%). This experiment shows that the
      sulfonate-acetate combination can be used successfully to form the double
      complex.
PAC  EXAMPLE 4
PAR  In a suitable reactor, 150 parts of the product of Example 2 was mixed with
      a solution of 5.7 parts of zinc acetate dihydrate in 24 parts of water.
      The mixture was heated at 90.degree.C. for one hour and then subject to
      stripping at 150.degree.C. for one hour to remove water. The product was
      filtered. The zinc content was 1.56% found (calculated, 1.72%).
PAC  EXAMPLE 5
PAR  Using the same procedure as in Example 4, 11.4 parts of zinc acetate
      dihydrate in 48 parts of water was used. The product analysis, after
      filtration, was: 1.62% zinc found (calculated, 2.74%).
PAC  EXAMPLE 6
PAR  Using the same procedure as in Example 4, 1.33 parts of calcium acetate
      monohydrate was mixed with 100 parts of the product of Example 2 and 5
      parts of water. The final product analysis was: 0.29% calcium found
      (calculated, 0.30%). When the same amount of calcium acetate was added to
      an oil solution containing a polybutenylsuccinimide of the polyamine
      without the sulfonate of Example 2 present, the amount of calcium acetate
      incorporated in the product was negligible.
PAC  EXAMPLE 7
PAR  Employing the same procedure and conditions as in Example 4, 3.2 parts of
      zinc oleate was mixed with 78.9 parts of the product of Example 2. After
      final filtration, the product had the following analysis:
TBL             % Calculated    % Found                                        
     Zinc       1.5             1.03                                           
     Sulfur     0.60            0.64                                           
     Nitrogen   0.54            0.48                                           
PAC  EXAMPLE 8
PAR  In a suitable reactor, 264 parts of the zinc alkylbenzene sulfonate of
      Example 1, 32 parts of zinc acetate dihydrate and 128 parts of water were
      mixed together in 468 parts of process oil at 90.degree.C. for 1 hour. To
      the resulting mixture was added 31 parts of an alkylene polyamine having
      an average composition of tetraethylene pentamine and this mixture was
      heated at 90.degree.C. for 1 hour. The polybutenylsuccinic anhydride of
      Example 2 (714 parts) was mixed into the reaction mass and the mass was
      heated to 150.degree.C. and held until the water added and formed by
      condensation was removed. The resulting mixture was held at 150.degree.C.
      for 2 hours at 3 mm. Hg. vacuum, then filtered. The product was a clear,
      dark viscous oil having the following analysis:
TBL             % Calculated    % Found                                        
     Zinc       1.26            1.22                                           
     Sulfur     0.59            0.76                                           
     Nitrogen   0.69            0.68                                           
PAL  This example shows that the two metal salts may be prereacted prior to
      reaction with amine.
PAC  EXAMPLE 9
PAR  A commercial zinc salt prepared from an alkenylsuccinic anhydride and an
      alkylene polyamine having an average composition of tetraethylene
      pentamine is used in this example. The salt may be prepared by a procedure
      generally described in U.S. Pat. No. 3,163,603. The salt contains 1.6%
      zinc and 0.7% nitrogen.
PAR  To 1500 parts of the zinc salt and about 2380 parts of a process mineral
      oil was added 80.6 parts of zinc acetate dihydrate in 160 parts of water
      at 90.degree.C. and the mixture held at that temperature for 1 hour. The
      water in the reaction mixture was removed by stripping at 150.degree.C.
      for 1 hour, and the resulting product was filtered. The product analysis
      was: 2.98% zinc found (calculated, 3.10%).
PAC  EXAMPLE 10
PAR  Following the same procedures as in Example 9, 6 parts of mineral oil was
      mixed with the commercial zinc salt and process mineral oil. To this
      mixture was added 38.3 parts of a solution of zinc methane sulfonate
      solution prepared by mixing 3 parts of zinc oxide, 10.3 parts of an
      aqueous solution of 70% by weight of methane sulfonic acid and 25 parts of
      water at 25.degree.C. The reaction mixture was heated at 150.degree.C. for
      1 hour and then filtered. The product had the following analysis: 3.07%
      zinc found (calculated, 2.9%) and 1.52% sulfur found (calculated, 1.4%).
PAC  EXAMPLE 11
PAR  a. Two thousand parts of polypropylphenol (made from phenol and
      polypropylene of 825 molecular weight), 92.5 parts of diethylenetriamine
      and 717 parts of process mineral oil were charged to a flask, and 90 parts
      of paraformaldehyde was added to the mixture over 1 1/2 hours at
      80.degree.C. This mixture was refluxed for 1 1/2 hours at about
      100.degree.-105.degree.C. The water was removed by purging with nitrogen
      for 30 minutes up to 150.degree.C, and then a vacuum of 5 mm of Hg was
      applied for 2 hours at 150.degree.C. The product had the following
      analysis:
TBL             % Calculated    % Found                                        
     Nitrogen   1.30            1.27                                           
PAR  Two thousand parts of the resulting product, 650 parts of the zinc
      alkylbenzene sulfonate of EXample 1 and 100 parts of distilled water were
      mixed and heated for 2 1/2 hours at 100.degree.-146.degree.C., during
      which time water was removed. This was followed by heating at
      150.degree.C. for 2 hours under 4 mm of Hg. The resulting intermediate
      complex product, containing about 31.2% oil, had the following analysis:
TBL             % Calculated    % Found                                        
     Nitrogen   1.00            0.96                                           
     Zinc       0.86            0.85                                           
PAR  Using the procedure of Example 4, 2650 parts of the above product, 78.5
      parts of zinc acetate dihydrate and 150 parts of water were reacted as in
      Example 4 to form the double complex.
PAR  b. The zinc acetate and water are added to the reaction mixture with the
      zinc alkylbenzene sulfonate, instead of producing the intermediate single
      complex product. The double complex is thereby prepared in a single step.
PAC  EXAMPLE 12
PAR  A commercial polybutylpolyamine, containing 4.15 percent by weight of
      nitrogen and a molecular weight of about 1539, prepared from a
      halobutylene polymer and an alkylene polyamine having an average
      composition of tetraethylene pentamine, according to procedures generally
      disclosed in U.S. Pat. No. 3,438,757, is used in this example.
PAR  In a suitable reactor, 170 parts of the polybutylpolyamine is dissolved in
      73 parts of process oil and treated with 183 parts of the zinc
      alkylbenzene sulfonate of Example 1, 22 parts of zinc acetate dihydrate
      and 100 parts of water at 90.degree.C for 1 hour. The mixture is heated to
      150.degree.C to strip off its water and held at this temperature for 2
      hours under 4 mm Hg vacuum. The product is filtered.
PAC  EXAMPLE 13
PAR  In a suitable reactor are added 714 parts of the alkenylsuccinic anhydride
      of Example 2, 264 parts of zinc alkylbenzene sulfonate of Example 1, 28
      parts of an alkylene polyamine having an average composition of
      tetraethylene pentamine, 32 parts of zinc acetate in 128 parts of water,
      and 1030 parts of process oil. The reaction mixture is held at
      90.degree.C. during the addition. Then, the mixture is heated to
      150.degree.C. and held for 1 hour. Water of addition and condensation is
      removed by stripping to 150.degree.C. at 3 mm. Hg. vacuum. The final
      product is filtered.
PAC  EXAMPLE 14
PAR  a. Into a suitable reaction vessel was placed 4.71 parts of an alkylene
      polyamine having an average composition of tetraethylene pentamine and 15
      parts of a solvent-refined paraffinic oil having an SUV of 100 seconds at
      100.degree.F. To this was added 1.52 parts of acetic anhydride with
      agitation. The mixture was held under a vacuum of about 35 mm Hg and
      heated at 150.degree.C for 30 minutes.
PAR  b. Alkyl (C.sub.13 --C.sub.20) benzene sulfonic acid (5,120 parts), having
      1.29 meq./g. total acidity, was degassed at room temperature for 2 hours
      by purging with nitrogen. 600 cc. of water was added to the mixture,
      followed by the addition in 1 hour at about 50.degree.C of 300 parts of
      zinc oxide. The reaction temperature was raised to 100.degree.C in about 1
      hour while bubbling in nitrogen. Some water was removed in this step.
      1,540 parts of Promor No. 5 process oil was added and stripping of water
      was continued until a temperature of 150.degree.C was reached (about 2 1/2
      hours). Heating and stripping was continued for 3 additional hours at
      150.degree.C under a vacuum of 9 mm Hg. The product, zinc alkyl (C.sub.13
      --C.sub.20) benzene sulfonate, filtered through Hyflo clay, had the
      following analysis:
TBL             % Calculated    % Found                                        
     Zinc       3.60            3.58                                           
     Sulfur     3.50            3.22                                           
PAR  c. One hundred and seven (107) parts of (a) product 700 parts of (b) and
      427 parts of process mineral oil were placed in a suitable reactor, heated
      to 150.degree.C and held there for 2 hours; then 1,875 parts of
      polypropenylsuccinic anhydride (prepared from maleic anhydride and
      polypropene having a molecular weight of 1,120) was added and this
      reaction mixture was heated for 3 hours under a vacuum of 5 mm of Hg and
      150.degree.C. A clear, dark brown product was produced having the
      following analysis:
TBL             % Calculated    % Found                                        
     Nitrogen   0.91            0.95                                           
     Zinc       0.77            0.78                                           
     Sulfur     0.77            0.75                                           
PAL  The alkylbenzene referred to in part (b) above is a mixture of 60 percent
      monoalkyl benzene and 40 percent dialkyl benzene derived from a mixture of
      C.sub.13 --C.sub.20 olefins.
PAR  d. A solution of 85 parts of zinc acetate dihydrate in 200 parts of water
      is mixed with 3109 parts of the product of part (c) and stirred at
      95.degree.C for 1 hour. The water is removed by stripping to 150.degree.C
      under vacuum.
PAC  EVALUATION OF PRODUCTS
PAR  A number of the products of this invention was subjected to evaluation as
      lubricant additives.
PAR  Two of the evaluation tests are (1) Sulfuric Acid and (2) Pyruvic Acid
      Tests. The procedures are as follows:
PAC  1. The Sulfuric Acid Neutralization Test
PAR  This test measures the ability of an oil additive to neutralize strong
      acids formed in the engine operating on sulfur containing fuels. Sulfuric
      acid is mixed with a heated blend of the additive and the oil in
      iso-octane. The solution is centrifuged to separate out insoluble
      material. The optical density of the clear solution is measured. From this
      value, the optical density of a blend of the additive applied to a
      corresponding amount with iso-octane is subtracted; the difference gives
      the optical density of dispersed sulfuric reaction products. The optical
      density of an acetone extraction of the iso-octane-oil solution is then
      determined. The average optical density of the iso-octane-oil solution is
      expressed as the optical density of the dispersed sulfuric acid reaction
      products. The average optical density of the acetone solution is expressed
      as the optical density of the non-dispersed sulfuric reaction products.
      The total of these values or either one alone is used in the evaluation of
      detergent additives. The lower the value of this test, the better the
      detergent.
PAC  2. Pyruvic Acid Dispersion Test
PAR  This test measures the dispersant value of an oil additive and indicates
      the detergent properties when used in lubricating engines operating on low
      sulfur compound fuels. The values of this test are taken with those of the
      sulfuric acid test to predict the performance of these additives. Pyruvic
      acid is mixed with a heated blend of the additive and oil. The mixture is
      diluted with benzene and centrifuged to separate the insoluble materials.
      The insolubles are dissolved in acetone. The optical density of the
      oil-benzene solution gives the total amount of color. From this value, the
      optical density of the initial additive blend diluted with benzene to a
      corresponding amount is subtracted. This corrected value is expressed as
      the optical density of the dispersed pyruvic acid polymer. The optical
      density of the acetone solution is expressed as the optical density of the
      non-dispersed pyruvic acid polymer. The higher the percentage of the
      pyruvic acid results, the better the additive.
PAR  The test samples for both procedures consist of a solvent-refined mineral
      oil of SAE 30 grade containing 3% by weight of active ingredient of the
      additive and 1% by weight of zinc dihexylphosphorodithioate. The results
      are as follows:
TBL  Product     Pyruvic        Sulfuric                                       
     (Example)   Acid Test      Acid Test                                      
     ______________________________________                                    
     None        58.6           0.102                                          
     3           99.2           0.04                                           
     5           99.3           0.005                                          
     8           99.7           0.010                                          
     ______________________________________                                    
PAR  3. In another evaluation of detergency, a lubricating oil containing the
      complex salt and other additives are tested in a Caterpillar engine. The
      lubricant composition consists of solvent-refined paraffinic neutral and
      bright oils blended to provide a 62 to 64 SUS with 2.7% by weight of the
      complex, 1% of a barium salt of phosphosulfurized polybutene, 1.2%
      zinc-isopropyl-ethylhexylphosphorodithioate and 1.3% of overbased
      magnesium alkylbenzene sulfonate having a total base number of 400.
PAR  The engine is a single-cylinder, 4-cycle engine operating under the
      following conditions:
TBL  Speed, rpm      =     1800                                                
     Oil Temp., .degree.F.                                                     
                     =     205                                                 
     Jacket Temp. .degree.F.                                                   
                     =     190                                                 
     Fuel            =     Diesel fuel containing                              
                           0.4% sulfur                                         
     Operating Time, hrs.                                                      
                     =     120                                                 
PAL  At the completion of the test, the piston is removed and examined for
      carbon and lacquer deposits. The following results were obtained:
TBL  Example of                         % Top                                  
     Complex   Piston Rating  Lacquer   Groove                                 
     Tested    (100=clean)    Demerits  Packing                                
     ______________________________________                                    
     None      43.5           39.0      84                                     
     2         82.3           10.5      62                                     
     3         82.8           10.5      55                                     
     4         84.4           10.2      29                                     
     6         84.3           8.7       67                                     
     ______________________________________                                    
PAL  The single complex of Example 2 provides very good detergency properties,
      products of Examples 4 and 6 had higher piston ratings and the Example 4
      product gave a top groove packing of 29%.
PAR  4. In a further test, an aluminum cylinder is heated by radiant energy in
      an enclosed vessel. The surface temperature of the cylinder is maintained
      at 575.degree.F. during the 70 minutes of the test. The cylinder rotates
      at 2 rpm. in an oil bath and the thin oil film forming on the cylinder
      comes into contact with a heated atmosphere (350.degree.F.) containing air
      causing oxidation of the film and oxidation deposits. The rating is based
      on the amount of deposits forming on the cylinder surface (100 is totally
      clean). The oil formulation is the same as that of Test (3).
PAR  The ratings are as follows:
TBL  Example of                                                                
     Complex Tested                                                            
                  Rating                                                       
     ______________________________________                                    
     2            76                                                           
     4            82                                                           
     6            93                                                           
     ______________________________________                                    
PAR  Again the result for the single complex product of Example 2 is fairly
      acceptable, but the products of Examples 4 and 6 provide even higher
      ratings.
PAC  EXAMPLE 15
PAR  a. In a suitable reactor were mixed 60 parts of polybutenylsuccinimide
      prepared from polybutenylsuccinic anhydride of 900 molecular weight and an
      amine having an average composition of tetraethylene pentamine was
      dissolved in 3.75 parts of a process oil. To the solution was added a
      solution of 3.6 parts of magnesium acetate tetrahydrate in 8 parts of
      water at 90.degree.C. for 1 hour. The water was removed by heating at
      150.degree.C. for 1 hour at 3 mm. Hg. vacuum and the product was filtered.
      The product contained 0.03% magnesium, indicating that magnesium acetate
      alone does not complex.
PAR  b. In a suitable reactor 55 parts of a coordinated complex formed from
      nickel methanesulfonate, tetraethylene pentamine and polybutenylsuccinic
      anhydride (derived from polybutene having a 1350 molecular weight) similar
      to that as prepared in Example 2, was mixed with 45 parts of process oil
      diluent and 6.7 parts of a 25% solution of magnesium acetate in water. The
      reaction mixture was treated as in (a) above. The resulting product after
      filtration contained 0.35% nickel and 0.1% magnesium, three times the
      amount of the (a) product.
PAR  c. In a suitable reactor 75 parts of the nickel alkylbenzene sulfonate
      complex of the polybutenylsuccinimide of Example 2, 61 parts of oil
      diluent and 8.6 parts of a 30% magnesium acetate solution in water were
      mixed and reacted as (b) above. The resulting product contained 0.79%
      nickel and 0.26% magnesium.
PAR  The pyruvic acid and sulfuric acid test results of products (b) and (c) are
      as follows:
TBL  Product  Pyruvic Acid Test                                                
                              Sulfuric Acid Test                               
     ______________________________________                                    
     (b)      98.1            0.002                                            
     (c)      99.7            0.002                                            
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  In a suitable vessel were mixed 94 parts of phosphorus pentoxide and a
      mixture of mono and diesters of phosphoric acid prepared from 2600 parts
      of polypropylphenol (prepared by alkylating phenol with a polypropylene
      having a molecular weight of about 825). A solution of zinc salts was
      prepared by mixing 2450 parts of the above mixture, 108 parts of zinc
      carbonate and 850 parts of process oil. The said solution (1500 parts) was
      then mixed with 54 parts an amine having the average composition of
      tetraethylene pentamine, 713 parts of polypropenylsuccinic anhydride
      (produced from maleic anhydride and polypropylene having a molecular
      weight of 1120) and 256 parts of process oil. The mixture was heated to
      produce the coordinate complex as in the previous examples.
PAR  To 100 parts of the above coordinate complex was added 44 parts of zinc
      acetate dihydrate and 10 parts of water and the mixture was reacted as in
      the previous examples to produce the double complex. The product contained
      1.82% zinc which corresponds to 1.89 moles of zinc acetate per mole of
      zinc polypropylphenol phosphate complex.
PAC  EXAMPLE 17
PAR  In a suitable reactor were mixed 3.7 parts of zinc methane sulfonate, 8.4
      parts of water, 2.7 parts of tetraethylenepentamine, 56.6 parts of
      polybutenylsuccinic anhydride similar to that used in Example 2 and 51.1
      parts of oil diluent. The mixture was reacted as in the previous examples
      and the product after filtering out insolubles contained 0.43% zinc and
      0.47% sulfur.
PAR  To 100 parts of the above product were added 4.3 parts of zinc acetate
      dihydrate in 10 parts of water. The mixture was treated as in the previous
      example and after filtering the product contained 1.58% zinc equivalent to
      2.8 moles of zinc salt added per mole of zinc complex in the starting
      material. The result of the oxidation deposit test (Evaluation Test 4),
      for this product was 97.
PAR  This invention has been described in narrow and broad terms and is
      understood to be susceptible of many minor modifications which may occur
      to those skilled in the art. Such modifications are deemed to be within
      the scope of our invention.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A fluid composition comprising a base fluid and a minor amount
      sufficient to provide detergent properties thereto of the reaction product
      formed at temperatures of from about 20.degree.C. to about 250.degree.C.
      of (1) an alkenylsuccinic anhydride, (2) an aliphatic polyamine, (3) a
      metal organosulfonate and (4) a metal carboxylate containing from 1 to 30
      carbon atoms.
NUM  2.
PAR  2. The composition of claim 1 wherein reactant (2) has the formula
EQU  H.sub.2 N--(R'NH).sub.n --H
PAL  wherein n is a number from 1 to 10 and R' is alkylene of 2 to 5 carbon
      atoms.
NUM  3.
PAR  3. The composition of claim 1 wherein reactant (1) has from 8 to 500 carbon
      atoms.
NUM  4.
PAR  4. The composition of claim 2 wherein reactant (2) is an ethylene polyamine
      having an average number of nitrogen atoms equivalent to tetraethylene
      pentamine.
NUM  5.
PAR  5. The composition of claim 1 wherein reactant (3) is a salt of a metal of
      Periodic Groups IB, IIB, IVA, IVB, VB, VIB, VIIB or VIII.
NUM  6.
PAR  6. The composition of claim 5 wherein reactant (3) is a zinc salt.
NUM  7.
PAR  7. The composition of claim 6 wherein reactant (3) is a zinc alkylbenzene
      sulfonate having at least 12 carbon atoms in the alkyl group.
NUM  8.
PAR  8. The composition of claim 1 wherein reactant (4) is selected from the
      group consisting of zinc, alkali metal and alkaline earth metal
      carboxylates.
NUM  9.
PAR  9. The composition of claim 1 wherein reactant (4) is zinc acetate.
NUM  10.
PAR  10. The composition of claim 1 wherein reactant (4) is provided by reacting
      the alkenylsuccinic anhydride of reactant (1) with a metal oxide of
      hydroxide.
NUM  11.
PAR  11. The composition of claim 1 wherein reactant (1) is an alkenylsuccinic
      anhydride having from 20 to 300 carbon atoms in the alkenyl group,
      reactant (2) is an ethylene polyamine, reactant (3) is zinc waxbenzene
      sulfonate and reactant (4) is zinc acetate.
NUM  12.
PAR  12. The composition of claim 11 wherein reactant (2) and reactant (3) are
      reacted together to form a zinc waxbenzene sulfonate complex of the said
      polyamine and the complexed intermediate is reacted with reactant (1) to
      form the corresponding complexed alkenylsuccinimide and the resulting
      product is reacted with reactant (4) to form a double zinc acetate-zinc
      waxbene sulfonate complex of the succinimide of tetraethylene pentamine.
NUM  13.
PAR  13. The composition of claim 11 wherein reactant (3) and reactant (4) are
      reacted to form a zinc acetate-zinc waxbenzene sulfonate complex, the said
      complex is then reacted with reactant (2) to form a complex of an ethylene
      polyamine and the resulting product is reacted with reactant (1).
NUM  14.
PAR  14. The composition of claim 1 wherein the base fluid is selected from the
      group consisting of lubricating mineral and synthetic oils, gasoline,
      greases, hydraulic fluids and cutting fluids.
NUM  15.
PAR  15. The composition of claim 14 wherein the base fluid is mineral
      lubricating oil.
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ABST
PAL  Raised Xerographic printing is produced by the use of thermally intumesced
      electroscopic powders for the development of the electrophotographic
      images. Intumescent electroscopic powders are blended with the powdered
      pigmented "ink" or "Toner" in the ink reservoir of a Xerographic copying
      machine. The image is formed and transferred to a paper carrier in the
      wellknown process of Carlson, U.S.P. at No. 2,297,691. The heat used in
      thermoadhesively attaching the "Toner" to the paper carrier also causes
      great intumescence of the intumescent powder, resulting in a raised image.
      The image is similar in appearance and texture to "engraving" or raised
      thermographic printing. It can be read by the sightless by tactile
      recognition. The intumescent powder used is made of
      vinylidene-chloride-acrylonitrile-isobutane as described by the inventor
      in his Disclosure Document No. 001,078 filed in the U.S. Patent Office on
      Dec. 22, 1969. Original Application was submitted in raised printing
      exemplifying this invention. It was produced by the normal copying
      operation of a Xerox 813 Copier without any mechanical changes using the
      intumescent "Toner" of the present invention.
PARN
PAC  SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 100,516,
      filed Dec. 21, 1970, now abandoned.
BSUM
PAR  The present invention relates to raised Xerographic printing, to
      compositions for the production thereof and to a process for producing
      raised Xerographic printing. The present invention also relates to raised
      printing from other electrophotographic processes and to compositions for
      use in the production thereof.
PAR  One object of the present invention is to open up the vast body of printed
      information to the blind by producing raised copies from any flat printed
      subject matter without any need for transcribing into Braille, and using
      only the cheap instantaneous copying machines such as the "Xerox" office
      copier. A further object is to produce engraved-type printing suitable for
      letterheads, business cards, and the like, and to reproduce flat written
      or printed matter as raised-printing copies. To produce this single sheet
      as raised printing would entail making an engraving or setting type, then
      either embossing or thermographic printing, at a cost of about 200 and
      after several hours of effort. However, this actual sheet with its raised
      printing was produced on a Xerox copier for five cents in 15 seconds,
      using the toner of the present invention. A further object is to produce
      raised printing plates for flexographic printing and for offset printing
      with grained surfaces for better inking. A further object is to produce
      raised characters on carriers suitable for contact character recognition
      to replace largely, optical character recognition used at present in data
      processing.
PAR  Another object is to produce a multi-component Xerographic toner having
      improved triboelectric properties which will reproduce the faintest mark
      very sharply yet leave the background clean and free from smudges and
      "scum". Yet another object is to produce a multi-component Xerographic
      toner which will attain great increase in volume when heated after
      xerograpic deposition on a carrier.
PAR  Another object is to produce a multi-component Xerographic toner which will
      release an organic material in the process of intumescence and during the
      heating cycle, thus achieving the disideratum of solvent fixing of an
      electrostatic image as taught in Carlson U.S. Pat. No. 2,776,907, but
      achieved in a different and cumbersome manner, in said patent.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  To achieve above mentioned and other objects, I merely add to 100 volumes
      of a commercially available Xerox Toner one-tenth of a volume and up to
      200 volumes or more of foamable microspheres. By using the appropriate
      toner for a particular Xerox model machine, and by simply therein adding
      the foamable microspheres I get raised copies immediately upon use,
      without any need to adjust the heat in the fusing section, the exposure
      time, the dwell time and other variables. Of course other compositions of
      intumescent toners are taught by this invention and these can be used at
      any intended temperature depending upon the thermal stability of the
      carrier sheet selected. These intumescent toners may or may not liberate a
      gas upon heating, but in every case they attain great expansion.
DETD
PAC  EXAMPLE 1
TBL  Toner, Xerox 813    100      volumes                                      
     Foamable microspheres                                                     
                         0.1      volume                                       
PAL  Foamable microspheres are made by the Dow Chemical Co. of Midland,
      Michigan. It is a powder composed of vinylidene
      chloride-acrylo-nitrile-isobutane having a particle size of about 1/2 to
      20 micron with an average of 8 microns. I found that this powder is
      electroscopic and hence used it as an admixture with the Xerox toner with
      the intention of reducing the overall cost of the Toner. However I noticed
      that the copies came out in a raised condition. The characters were very
      sharp and the background very clean. Magnified 25 times the characters
      imprinted showed a well packed raised structure having a grained
      appearance rather like many brown to black balloons closely compacted
      together instead of the usual Xerox characters which have a molten and
      solidified flowed lava like appearance with fissures, cracks, and dusting.
PAC  EXAMPLE 2
TBL  Toner, Xerox 813     100     volumes                                      
     Foamable microspheres                                                     
                          1       volume                                       
PAL  The copies came out from the Xerox 813 raised to 0.001 inch.
PAC  EXAMPLE 3
TBL  Toner, Xerox 813     100     volumes                                      
     Foamable microspheres                                                     
                          5       volumes                                      
PAR  The copies came out raised to 0.002 inch.
PAC  EXAMPLE 4
TBL  Toner, Xerox 813    100      volumes                                      
     Foamable Microspheres                                                     
                         7.5      volumes                                      
PAL  The copies came out raised to 0.0025 inch.
PAC  EXAMPLE 5
TBL  Toner, Xerox 813     100     volumes                                      
     Foamable microspheres                                                     
                          8       volumes                                      
PAL  The copies came out raised to 0.003 inch.
PAC  EXAMPLE 6
TBL  Toner, Xerox 813     100     volumes                                      
     Foamable microspheres                                                     
                          20      volumes                                      
PAL  The copies came out raised to 0.006 inch and are sufficient for reading by
      the blind by tactile means.
PAC  EXAMPLE 7
TBL  Toner, Xerox 813     100     volumes                                      
     Foamable microspheres                                                     
                          50      volumes                                      
PAL  The copies came out raised to 0.006 inch. The characters were fluffy and
      not well anchored due to the short time in the heating chamber of the
      machine as compared with the time probably needed to heat such a mass.
      Subsequent heating in an oven at 275 degrees F. caused further
      intumescence instantly upon exposure, to a height of 0.010 inch. The sheet
      with the high lettering on it was then sprayed with artists fixative
      labelled as clear acrylic spray. Upon drying the characters shrank down to
      0.008 inch due to solvent action from the sprayed fixative. Resulting
      sheet was suitable for use as a rubber stamp or for flexographic printing
      plate.
PAC  EXAMPLE 8
PAR  An intumescent toner was made without the use of the foamable microspheres,
      using thermally unstable gas-liberating material.
TBL  ______________________________________                                    
     Staybellite Ester 10 (Hercules)                                           
                             100    grams                                      
     Silica Aerogel (Cabosil)                                                  
                             5      grams                                      
     Carbon Black, Monarch No. 71                                              
                             5      grams                                      
     Gutta Percha            10     grams                                      
     Nitrosan (E.I.DuPont)   5      grams                                      
     ______________________________________                                    
PAL  Mix on a rubber mill all the items except the last at 60.degree.  C. Use a
      scraper blade on the back roll to take off the mass as it mixes and feed
      it back into the bite of the two rolls. Cool to 40.degree.C. Mix in the
      Nitrosan. Take off by first putting cool water into the rolls and using
      the back scraper blade. Cool and grind to &lt;200 mesh (74 microns). This
      toner is highly adhesive to the carrier sheet upon heating and intumesces
      about five to ten times in volume. The Gutta Percha develops high shear
      and adiabatic heat during mixing and is very brittle when cold, thus
      facilitating grinding. The toner after grinding should be dusted with
      Silica Aerogel to keep it free flowing and avoid caking. This Toner rises
      0.002 inch. "Nitrosan" is N,N.sup.1 -Dimethyl N,N.sup.1
      -dinitrosothalamide. It liberates Nitrogen Gas upon thermal decomposition
      at 80.degree. to 100.degree.C. Other thermally unstable compositions might
      be used. Azo compounds like Azodicarbonamide, Azoisobutyro dinitrile,
      Benzene Sulfohydrazide, Amine such as dinitrosopentamethylene tetramine,
      are all useful. The plastic material in which the gas liberating agent is
      incorporated, can be any thermoadhesive known to the art, which is dry and
      free-flowing at room temperatures, such as Vinyl resins, Styrene resins,
      Acrylic and acrylic co-polymer resins, Cellulose ester-resins, Polyamides,
      phenolic resins and co-polymers thereof, butadiene polymers, polyethylene
      and the polyolefins, natural resins, such as the asphaltum and Gilsonite
      of Carlson U.S. Pat. No. 2,297,691. The ratio of the thermally unstable
      component to the plastic material may be varied, and so may the selection
      of the species of either one component or both components to yield the
      intumesence toner of this example, and to vary the "rise" if desired.
PAC  EXAMPLE 9
PAR  An improved toner composition to replace the Xerox 813 toner should the
      latter be unavailable, is made as follows:
TBL  Poly n-Butyl Methacrylate                                                 
                             100    grams                                      
     Poly-iso-butyl Methacrylate                                               
                             100    grams                                      
     Tri-ortho-cresyl phosphate                                                
                             5      grams                                      
     Dibutyl Tin Dilaurate   2      grams                                      
     Butyl Stearate          2      grams                                      
     Foamable microspheres   5      grams                                      
     Irgacet oil-soluble black (Ciba)                                          
                             1      gram                                       
     Monarch 71 Carbon Black 10     grams                                      
     Alumina Hydrate         5      grams                                      
     Silica Aerogel (cabosil)                                                  
                             1      gram                                       
PAL  The above was mixed on a two roll rubber mill 6.times.12 inches heated to
      230.degree.F. The ingredients were added in the order given. The foamable
      microspheres foamed up and then melted with the heat thereby becoming a
      part of the composition with the exception of its isobutane content which
      was lost. The purpose for their inclusion is to create affinity for the
      foamable microspheres which will later be mixed in as a powder to the
      above milled and communited product. The above composition was sheeted out
      to 15 mils, and ground down to &lt;200 mesh (74 microns), and was used in
      place of the Xerox 813 toner. To 100 volumes of the above toner there was
      added 5 volumes of foamable microspheres. The copies were very sharp and
      raised 0.002 inch. The dye dyed the microspheres somewhat during foaming
      and improved the jetness of the raised printing.
PAR  The intumescent toner compositions described in Examples 1 through 9 are
      very stable and consistent in results. The toner of Example 3 was used
      daily for 8 hours a day for 6 months in the Xerox 813 machine, and the
      toner tank was routinely replenished when low. Raised printing copies
      always came out. Pre-heated, or pre-foamed microspheres used in Example 9,
      and containing predominantly air in partial replacement of the isobutane
      or other gas are useful outside of the particular Example 9. Thus
      air-containing microspheres may be used as in Examples 1 through 6 either
      as the sole microsphere component or as admixtures with the foamable
      microspheres. Their air content suffices to produce usable amounts of
      intumescence in the toner composition. Microspheres containing a gas other
      than air or isobutane are also useful in the practice of this invention.
      Nitrogen gas may be used, and microspheres containing Nitrogen, used as in
      Examples 1 through 9, excluding 6 and 7, produce usable amounts of
      intumescence in the xerographic print.
PAR  An unexpected and beneficial effect is obtained from the use of the
      intumescent toners of this invention in the Xerox copier, namely the
      protection of the soft amorphous selenium photoconductor drum from
      scratching caused by one of the ingredients of the triboelectric system
      used in the toner applicator. This ingredient is called commercially the
      "developer". The developer has no relationship to a photgraphic developer
      as used in photography and understood in photochemistry, since it consists
      of glass beads about 0.050 inch in diameter and coated with a resin which
      is stated to be polyvinyl butyral plus phenolformaldehyde soluble resin
      composition as described in U.S. Pat. No. 2,618,551. The "developer"
      remains in the toner applicator and is not consumed. It mixes with the
      toner and develops a charged attachment for the fine toner particles. As
      these coated developer beads with their incubus of charged particles of
      toner are cascaded across the surface of the Selenium drum they surrender
      their toner burden to the charged areas and continue to roll across the
      face of the drum ready to scavenge adhered black toner particles from the
      light-discharged areas which should be clean and free from stray toner.
      Scratched drums are a common service and replacement problem yet the glass
      beads are essential to good xerographic printing and must be tolerated
      even if they scratch the drum, which they do. The introduction of my
      foamable microsphere component in the present known two-component Xerox
      toner system, namely Toner plus Glass Bead "developer" seems to have
      affected the triboelectric system since the glass beads now come away
      cleanly from the drum, do not scratch, and indeed do an outstanding job in
      scavenging the uncharged areas of the selenium drum. We have had no
      scratching of the Selenium drum during the entire time we have used the
      foamable microsphere-containing intumescent toner. Thus a costly service
      problem on the soft selenium drum has been eliminated. The clean sharp
      raised printing and the cleanliness of the background are caused by and
      are the direct benefit of the triboelectric system created by the
      inclusion of microspheres in any form, but in one preferred embodiment as
      foamable microspheres, in unfoamed form first with their occluded
      material, then during their transition from unfoamed to foamed condition
      with simultaneous expansion or liberation of the material contained
      therewithin. The probable explanation of the triboelectric phenomenon,
      which is advanced as a theory and not as a limitation of the invention is
      that while the xerographically transferred toner is being subjected to
      heat sufficient to cause intumescence thereof and to adhere it to the
      carrier sheet or surface, the heat causes the microspheres to move
      relative to the other particles in the toner or relative to each other in
      a rubbing action. Triboelectricity is the electricity generated by rubbing
      surfaces of unlike electrical charges against each other. Thus when a
      plastic hair comb is stroked against a piece of fur the comb becomes
      triboelectrically charged and can pick up dust particles in the manner of
      a magnet picking up iron filings. Thus my toner particles by reason of
      triboelectricity generated by rubbing during the very last stage of the
      Xerographic process, act as magnets to pull in peripheral stray particles
      and generate a clean, tight, coherent deposit of toner.
PAR  The liberation of gas by a toner is a novel feature of my invention, since
      the gas is liberated only when needed, in the heating zone and during
      fixation of the thermoadhesive toner to the carrier sheet. This makes for
      quick fusion of the toner. The advantages of solvent fixing were perceived
      by Carlson in U.S. Pat. No. 2,776,907 and in Rheinfrank & Jones U.S. Pat.
      No. 2,788,288 column 5 lines 65-70. However all the prior art is
      cumbersome, teaching the use of solvent as a separate process and in
      cumbersome and in impractical manner. My invention achieves gas fixing
      simultaneously with intumescence and the creation of raised Xerographic
      printing. The foamable microspheres of this invention and in all the
      examples given are dry, free flowing electroscopic powders, and are in no
      way wet or soggy with solvent.
PAR  To standardize upon toner pick-up the Light-Dark setting of the 813 Xerox
      machine was set at the second lightest notch i.e. two notches down from
      "L" setting in the direction of the "D" setting.
PAC  EXAMPLE 10
TBL  Foamable Microspheres 100      volumes                                    
     Irgacet Black Oil soluble dye (Ciba)                                      
                           0.5      volumes in                                 
                                    100 vols                                   
                                    of Heptane.                                
PAL  Above was mixed, dried on trays at room temperature, then broken up into
      powder by ball milling. The dyed microspheres were used as the sole toner
      in the Xerox 813 copier. They behaved as a highly swellable ink or toner.
      They rose to 0.010 inch and adhered to the paper carrier by virtue of
      their iherent thermoadhesiveness since they are composed of
      vinylidene-chloride-acrylonitrile. Post-heating in an oven at
      300.degree.F. caused further momentary intumescence followed by a melting
      down with increase in attachment to the paper.
PAC  EXAMPLE 11
TBL  Foamable Microspheres 100 volumes                                         
PAL  The above was used as sole toner in the Xerox 813. Raised white lettering
      came out of the copier. The structure was like densely packed translucent
      hollow balloons thermoadhesively attached to the paper carrier and to the
      other swelled particles. A three mil (0.003 inch) clear Mylar film was
      used instead of the paper carrier. The copy came out as raised whitish
      translucent letters on a transparent plastic background. The legend could
      be read densitometrically or by electro-optical means, or used in
      photographic processes. Dense sections of the original gave copy areas
      with correspondingly more light scattering effects.
PAR  A direct-reading original was converted into direct reading copy as above
      on Mylar film in conventional fashion using conventional Xerox 813 Toner.
      This was then fed face down into the copier and a copy was made on 3 mil
      Mylar film using the composition of this example. The resulting copy was
      reverse-reading and was suitable for flexographic printing or for use as
      rubber-stamps. The chemical resistance of the vinylidene-chloride
      acrylonitrile and its resistance to solvents encountered in printing inks
      and rubber-stamp inks are both very great, and since this is the
      composition of the intumesced characters of my invention, the suitability
      for long-run printing using these patterned mylar printing plates is
      excellent. The solvent resistance of Xerox toners 813, 914, and the
      I.B.M.Xerographic toner are all very poor compared with the
      Vinylidene-Chloride-acrylonitrile deposited from my intumesecnt toner. In
      fact the simple addition of my toner to the poor-solvent-resistant toners
      mentioned serves to increase solvent resistance and thus improve
      resistance to printing-ink-caused deterioration of printing or offset
      masters.
PAR  A prime coat or an anchor coat is desirable upon the Mylar film since this
      would be cheaper than using the thermoadhesiveness of the intumesced
      microspheres. I use the following for the anchor coat:
TBL  Acryloid A-101 (40% solids) (Rohm & Haas,N.Y.)                            
                                 100    gm                                     
     Acryloid B-72 solid material                                              
                                 40     gm                                     
     Vinyl Chloride-Acetate copolymer (Bakelite VYHH)                          
                                 18     gm                                     
     Tin Mercaptide (RS 31 M&T Corp Rahway N.J.)                               
                                 2      gm                                     
     Methyl Ethyl Ketone         500    gm                                     
     Methyl Isobutyl Ketone      498    gm                                     
     Cyclohexanone               2      gm                                     
PAR  The above are dissolved together and coated on to the Mylar with a
      wire-wound rod (called a "Meyers" Rod). A No. 3 rod gave the least
      possible usable anchor coat while a No. 30 Meyers Rod gave the most with
      the above solution which was 10% solids. Spraying with Freon propellant by
      Aerosol was satisfactory for laying down the anchor. While Aerosol
      application is satisfactory for shop application it does not give the
      accuracy of the pre-coated Mylar done accurately as metered by the Meyers
      rods.
PAR  On such pre-coated Mylar film the anchorage of the raised Xerographic copy
      print is tenacious and serves for long press-runs for flexographic or
      offset printing.
PAC  EXAMPLE 12
PAR  Color reproduction was the objective. The foamable Microspheres were dyed
      as follows: in the colors Red, Yellow, Blue.
TBL  Foamable Microspheres                                                     
                          100    volumes                                       
     Heptane              100    volumes                                       
     Dye                  1      volume                                        
PAL  For Red we used Irgacet Red; for Yellow Irgacet Yellow; For Blue, Irgacet
      Blue; all made by Ciba Co. N.Y.C., N.Y. In each case the mixture was dried
      in air then pulverized into the original free-flowing powder consistency.
      We successively copied the blue separation with blue-dyed foamable
      microspheres, red separation with red dyed foamable microspheres, and
      yellow separation with yellow-dyed foamable microspheres, upon the same
      paper carrier in register.
PAR  The colors all are in raised printing with greater height achieved for
      deeper tones. A grid was used called the "Xerox document carrier" which is
      ruled grid-patterned clear plastic envelope or cover, the grid being
      placed over the separation as it entered the copier for reproduction. Due
      to the fact that intensity of color was copied as multi-level raised
      deposits, we obtain the advantages of "Frost imaging" as described in
      Dessauer and Clark Chapter XIII page 375. These plastic distortion
      patterns act as photographic negatives when viewed through transmitted
      light, especially if the carrier used was a transparent Mylar film coated
      with a thermoadhesive anchor coating as in Example 11.
PAR  The advantages of "Flushing" or merging of color boundary patterns can be
      achieved by hot-pressing the raised image against a smooth platen. The
      height of the color characters is thus converted into depth of color with
      pleasing melding of boundary lines of the separations. We used a one mil
      half-hard aluminum foil as the platen, placed the paper carrier with the
      high-to-low raised color printing against it and then fed the two pieces
      through the hot roller and the hot backing shoe of the hot copy machine
      made by the Minnesota Mining and Manufacturing Company and sold under the
      trade name of "CASUAL COPIER". The two pieces were heat-pressed together.
      Upon cooling, the aluminum foil was separated leaving a single-plane color
      impression on the paper carrier. Any method of heating and pressing can be
      used, not necessarily the Casual Copier. The aluminum foil comes with a
      coating of lubricant from the rolling mill and hence can be stripped
      readily from the vinylidene-chloride-acrylonitrile thermoadhesive
      composition of my intumesced-detumesced raised printing xerographic toner.
PAC  EXAMPLE 13
PAR  Silk-Screens are produced in this example by the use of the formula in
      Example 11 and following the technique of post pressing of formula
      according to Example 12.
PAR  A pattern was thus deposited on bolting cloth about 120 .times. 80 thread
      count. It came from the Xerox 813 copier with densely filled raised
      patterned areas having the appearance of dense white flocking.
      Hot-pressing according to Example 11 smoothed down the raised texture and
      caused gap-free bridging of the open mesh of the screen where the pattern
      had been xerographically deposited, thus a silk-screening squeegee could
      be used with free and smooth travel for the ink application.
PAC  EXAMPLE 14
TBL  Foamable Microspheres 100    volumes                                      
     Barium Ferrite &lt;200 mesh                                                  
                           100    volumes                                      
     Xerox 813 Toner       10     volumes                                      
PAL  The powders are mixed in a tumbler for 30 minutes, then used in the ink
      reservoir (toner tank) of the Xerox 813. The copies come out raised 0.001
      inch. Further heating for 30 seconds at 300.degree.F. raises and then
      partly collapses the raised legend due to melting down. The characters can
      be read magnetically, or by a beam of light above the plane of the paper
      carrier and in the same plane direction, or by electrical contact, or by
      mechanical contact as by a whisker of springy material.
PAC  EXAMPLE 15
PAR  The characters on the paper carrier as produced in Example 14 are
      magnetized and used as a magnetic printing master. A particulate ink is
      magnetically attracted to the magnetized lettering and then transferred to
      a paper carrier by contact and heating. Non-contacting transfer is
      possible by electrical means, whether electromagnetic or electrostatic.
      Particulate ink magnetically attractable to the magnetic printing master
      might be of the general formulation as follows:
TBL  Black Iron Oxide Fe.sub.3 O4--FeO (Pfizer-N.Y.C.)                         
                              100 volumes                                      
     Particulate thermoadhesive binder&lt;200 mesh                                
                              100 volumes                                      
PAR  (For example the Xerox 813 Toner)
PAL  For raised printing the particulate thermoadhesive binder is preferably
      unfoamed microspheres.
PAC  EXAMPLE 16
PAR  The phenomenon of converting unfoamed microspheres into dense white
      microballoons upon heating and then detumescing the foamed white
      multi-sphered layer by the application of further heat with consequent
      melting and transparentizing of said white layer, is usefully employed in
      the production of chart paper by xerographic techniques. The ink of
      example 11 is used as the sole toner in the Xerox 813 toner tank. The
      paper carrier is black in color. A grid design is fed in as an original to
      be copied. The grid emerges as a dense white flocked multi-sphered coating
      on the black chart paper, almost obscuring the black background except for
      ordinate and co-ordinate rulings. A hot stylus or a non-contacting source
      of heat will detumesce and transparentize the white raised xerographic
      printing, transparentizing it according to the pattern of the stylus
      travel. Thus chart paper for electrocardiographic recording machines can
      be produced easily and cheaply. The exposure of the black background is
      the inkless recording of the stylus pattern.
PAR  My process for producing raised or embossed copies from a Xerox 813 machine
      will also be operable on any other Xerox machine, any other xerographic
      copying machine and any other electrostatic copying machine.
PAR  If the photoconductor is a paper carrier with coating thereon my process
      will still work by electrophoretic deposition from a dispersion of
      foamable microspheres in non-polar liquid solvents. Deposit of the
      intumescent toner can also be from aerosol, either dry cloud or misty
      liquid. The embossed-looking products produced according to my invention
      can be de-bossed by pressing or melting down to the flat condition either
      overall as in the silk-screens of Example 13 or in selected areas only.
      Thus a raised-type Xerox copy with say, a letterhead on top of the paper
      carrier, can be pressed down in the area excluding the letterhead, thus
      creating a multi-textured copy having a raised letterhead and flat subject
      matter otherwise. Advertising material, direct mail pieces, labels, can be
      attention-getting by reason of the expensive look of raised printing
      coupled with selective de-bossing of areas to produce a multi-level
      textured design in the printed areas. Furthermore there is no restriction
      on the toner to "Xerox 813 Toner", but rather the designation "Xerox 813
      Toner" is meant to include any pigmented thermoadhesive particulate
      material having any desired melting point, any desired specific heat, and
      any desired specific adhesion, and these can readily be compounded by
      anyone akilled in the art. Wherever raised legend is required on whatever
      carrier, it is the spirit of my invention to produce it in the manner
      detailed above and to supply this part as part of any graphic arts process
      or electronic or optical or electrical or mechanical process or product
      and to include such utilization of this invention and its claims within
      the spirit and scope of such modifications and extensions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A xerographic toner composition comprising a stable, dry, free-flowing,
      self-contained intumescent electroscopic powder mixture including a
      thermoadhesive agent, a pigment and a dry intumescing agent incorporated
      therein, said intumescing agent being comprised of plastic microspheres
      containing occluded gas therewithin at ambient temperatures and being
      expandible in size upon being subjected to elevated temperature.
NUM  2.
PAR  2. A composition according to claim 1 in which said occluded gas is a
      hydrocarbon gas.
NUM  3.
PAR  3. A composition according to claim 2 in which said microspheres are of
      synthetic plastic.
NUM  4.
PAR  4. In the composition of claim 1, said microspheres being comprised of
      vinylidene chloride-acrylonitrile copolymers, having a diameter in the
      range of about 0.5 to 20 microns and the occluded gas being predominantly
      isobutane.
NUM  5.
PAR  5. In the composition of claim 4, said microspheres being comprised of
      vinylidene chloride-acrylonitrile copolymers, having an average diameter
      of about 8 microns and the occluded gas being predominantly isobutane.
NUM  6.
PAR  6. In the composition of claim 5, said intumescing agent being present in
      an amount of from about 0.1% to about 99.5% by volume based on the total
      composition.
NUM  7.
PAR  7. In the composition of claim 5, said microspheres comprising about 20% by
      volume of the total composition.
NUM  8.
PAR  8. A xerographic toner composition comprising a stable, dry, free-flowing,
      self-contained intumescent electroscopic powder mixture including a
      thermoadhesive agent, a pigment and a dry intumescing agent, comprised of
      microspheres containing releasably occluded gas, incorporated therein.
NUM  9.
PAR  9. In the composition of claim 8, said microspheres being of hollow
      configuration.
NUM  10.
PAR  10. The composition of claim 9 in which said occluded gas is air.
NUM  11.
PAR  11. The composition of claim 8 in which said occluded gas is nitrogen.
NUM  12.
PAR  12. The composition of claim 9 in which said occluded gas is nitrogen.
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ABST
PAL  Novel semiconductive tertiary and higher order type copper-Group V
      transition metal chalcogenides having useful broad-band photoconductive
      properties are characterized by containing fewer than 100 ppm of
      impurities as determined by electron microprobe analysis, excluding doping
      agents which may be present. These materials are made e.g. by chemical
      vapor transport methods using the powdered chalcogenide or mixtures of
      stoichiometric amounts of the elements of which it is composed, with a
      small amount of halogen or hydrogen halide and heating the mixture in
      vacuum in a temperature gradient in which the highest temperature is below
      about 1200.degree. C. Photoconducting devices can be made e.g. by
      supplying electrodes to a thin film of the material upon a dielectric
      substrate.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is a continuation-in-part of our prior copending application
      Ser. No. 707,245, filed Feb. 21, 1968 now abandoned.
BSUM
PAR  This invention is in the field of copper-Group V transition metal
      chalcogenides and processes for making compositions of high purity
      containing such chalcogenides.
PAR  Heretofore, the art has appreciated that a variety of inorganic crystalline
      materials display semiconductive and photoconductive activity. See, for
      example, the reference text by R. H. Bube entitled "Photoconductivity of
      Solids" (published in 1960 by John Wiley and Sons, Inc., New York). So far
      as is known, all prior art photoconductive materials display spectral
      sensitivity and response over narrow ranges of the electromagnetic
      spectrum, e.g. cadmium sulfide is sensitive only in the visible light
      spectrum from about 500 to 600 millimicrons, while lead sulfide has only
      infrared spectral sensitivity. For some purposes it is desirable to extend
      or spread these characteristically limited spectral sensitivities, and
      this can be accomplished to only a limited extent by heavily doping the
      prior art photoconductive materials. However, heavy doping has the serious
      disadvantage of interfering with, and sometimes even destroying
      photoconductive sensitivity in such materials, depending upon the type and
      amount of particular doping agent(s) used. There has been a longfelt need
      in the art for photoconductive materials which would display broad-band
      spectral response with high sensitivity.
PAR  Chalcogenides of the type Cu.sub.3 VS.sub.4, Cu.sub.3 NbSe.sub.4 and the
      like decompose or are degraded at temperatures of the order of that at
      which they sinter or melt, i.e. from about 600.degree. to 1200.degree. C.
      or higher. The decomposition process can take several forms depending upon
      reaction conditions, but the products are always good electrical
      conductors. Thus, for example, such decomposition or degradation can be
      caused by:
PA1  1. Melting Cu.sub.3 VS.sub.4 by heating to 1300.degree. C. under twenty
      atmospheres argon or sulfur pressure. The following reaction proceeds
      almost to completion: (equations not balanced)
EQU  Cu.sub.3 VS.sub.4 .fwdarw.CuS + CuV.sub.2 S.sub.4 + VS
PAL  X-ray analysis shows CuV.sub.2 S.sub.4 (spinel) + Cu and V sulfides to be
      present.
PA1  2. Heating Cu.sub.3 VS.sub.4 to 1200.degree. C. under one atmosphere of
      argon or nitrogen pressure, or thermogravimetric analysis of Cu.sub.3
      VS.sub.4 in vacuum at 650.degree. C.: (equations not balanced)
EQU  Cu.sub.3 VS.sub.4 .fwdarw. Cu.sub.2 S + VS + S
PAL  x-ray analysis shows a mixture of Cu and V sulfides to be present.
PA1  3. Sintering Cu.sub.3 NbS.sub.4 and Cu.sub.3 NbSe.sub.4 under carefully
      controlled conditions, whereupon after three grinding and sintering
      operations, as described in the prior art (650.degree.-850.degree. C.),
      X-ray pure material results. Microprobe analysis of a section of this
      material shows bery clearly that about 5-10 percent of foreign material is
      present, similar to 1. The compositions Cu.sub.2 S or CuS are definitely
      present, as are materials of spinel-type structure.
PAR  It should be noted that while X-ray analysis has been used to analyze for
      the predominant phase of a crystalline material, thus showing, in the
      prior art work, that the reactions employed were essentially complete in
      that starting materials were substantially absent, this method of analysis
      cannot detect the low levels of impurities required in the compounds of
      the invention. For these purposes, electron microprobe analysis must be
      employed.
PAR  While previous workers have described chemical compositions which contain
      compounds corresponding to the above chalcogenides (F Hulliger, Helv.
      Phys. Acta, 34, 379, 1961; A. E. Van Arkel and C. Crevecoeur, J.
      Less-Common Metals, 5, 177, 1963), none of these workers have obtained
      these chalcogenides in forms which were substantially free of electrically
      active impurities or in a form suitable for meaningful electrical studies.
      Because these prior art materials were sintered during the process for
      their preparation, they contain more stable binary compounds of copper and
      Group V chalcogenides, as well as a certain amount of spinel-type
      crystallites, which are electrically conductive, and the resulting
      materials do not have useful photoconductive properties. Thus, while the
      prior art products may have had certain electrical properties
      characteristic of heavily doped semiconductors, they were not
      significantly photoconductive, and the possibility of producing useful
      photoconductors or other electronic devices of this type was not
      recognized.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that certain tertiary and higher order copper
      transition-metal chalcogenides which are substantially free of
      electrically active impurities have surprisingly broad photoconductivity
      ranging from the ultraviolet, through the visible, to and into the
      infrared regions of the spectrum.
PAR  Included within the scope of the invention are methods for producing
      impurity-free chalcogenides in single-crystal or polycrystalline form, as
      well as methods for doping such impurity-free chalcogenides with any of a
      plurality of agents so as to produce semiconducting materials having new
      and enhanced properties.
PAR  The compositions of the invention are certain copperGroup V transition
      metal-chalcogenides of the formula
EQU  Cu.sub.3 MX.sub.4                                          ( 1)
PAL  wherein M is one stoichiometric equivalent containing from 1 to 3 elements
      selected from the group consisting of vanadium, niobium and tantalum; and
      X.sub.4 is four stoichiometric equivalents of one or more elements or
      combinations of elements selected from the group consisting of oxygen,
      sulfur, selenium and tellurium, which contain fewer than 100 parts per
      million of nondopant impurities as determined by electron microprobe
      analysis, containing as dopants halogen of the group consisting of
      chlorine, bromine and iodine in amount of zero to 100 parts per million
      and metals of the group consisting of arsenic and antimony in amount of
      zero to 300 parts per million. The compositions have electrical
      resistivity in unilluminated condition of more than 10.sup.5
      ohm-centimeters, and a light:dark conductivity ratio of not less than
      about 10:1.
PAR  The compounds of the invention have excellent stability toward high
      temperatures and toward atmospheric oxygen and nitrogen. Thus, even when
      heated as high as to 250.degree. C., or exposed to the atmosphere at
      ambient temperatures in the laboratory for two years, these materials
      exhibit excellent retention of their photoconductive properties. This is
      significantly better than the behavior of known photoconductors of the
      lead sulfide or cadmium sulfide or selenide type, which must be e.g.
      encapsulated to prevent atmospheric reaction with the surface, which
      reaction destroys photoconductivity.
PAR  One preferred class of chalcogenides of formula 1 is highly purified
      ternary compounds of the formula
EQU  Cu.sub.3 AX.sub.4                                          ( 2)
PAL  wherein A is vanadium, niobium or tantalum and X is sulfur, selenium or
      tellurium.
PAR  These ternary compounds, when in crystalline form and having impurities
      fewer than 100 ppm, are characterized by having broad-band
      photosensitivity and a negative temperature coefficient of resistance of
      at least about 5 percent.
PAR  The chalcogenides of the invention are further characterized by having
      light-to-dark conductivity ratios of at least 10:1 when measured using a
      1000 foot-candle tungsten light source with a color temperature of about
      2000.degree. K., and crystal structure of the cubic form having a T'.sub.d
      -P43m space group when measured using X-ray crystallography.
PAR  The compositions of the invention are also characterized by their
      photoresponse over a broad range of the spectrum from the ultraviolet to
      the infrared. This is illustrated in more detail in the accompanying
      drawing, which shows a spectral photoresponse curve for a typical compound
      of the invention, as compared with cadium sulfide-selenide and lead
      sulfide. The drawing is further described in Example 7 hereinafter.
PAR  The compositions of the invention also function as thermistors, in some
      instances having very high sensitivity, having a negative coefficient of
      resistance, at 25.degree. C., greater than 5 percent.
PAR  Electron microprobe analysis indicates that the claimed chalcogenides
      contain fewer than 100 ppm of impurities, including within the term
      "impurities" compounds of some or all of the chemical elements included
      within the formula but of different chemical composition or crystal form,
      but excluding the named dopant materials. They can optionally contain as
      dopants zero to 100 ppm of chlorine, bromine or iodine and/or zero to 300
      ppm of arsenic and antimony. All or any of these dopants can be present.
      The dopants are present in the crystal lattice as interstitial or
      substitutional components, rather than as a second phase. Preferably,
      dopant is present in amount of about 100 to 300 ppm. The resulting doped
      chalcogenide in each instance has at least the above-indicated
      light-to-dark conductivity ratio and the above-indicated crystal
      structure. The light-to-dark conductivity is usually greatly increased by
      the use of dopants.
PAR  When more than one element is present in the M component of formula 1,
      solid solution-type products are obtained. Examples of solid solution-type
      products of the invention include Cu.sub.3 (V.sub.1/2 Nb.sub.1/2)S.sub.4,
      Cu.sub.3 VS.sub.2 Se.sub.2, Cu.sub.3 (V.sub.1/3 Nb.sub.1/3
      Ta.sub.1/3)S.sub.2 Se.sub.2 and Cu.sub.3 NbSSE.sub.2 Te. The solid
      solution products of this invention display, in addition to the specified
      light-to-dark ratio and cubic crystal structure above-indicated, variable
      intrinsic semiconductive properties such as more linear broad-band
      photoconductivity compared to the corresponding undoped compound.
PAR  To prepare the novel metal chalcogenides of the present invention having
      specific purity and photoconductivity characteristics, either the elements
      themselves or binary compounds of these elements which function as
      precursors for the ternary products are used as starting materials.
      Alternatively, impure metal chalcogenides of formula 1 may be used as
      starting materials. Owing to the commercial unavailability in many
      instances of pure binary precursors, it is generally convenient and
      preferred to begin with the pure elements themselves in manufacturing the
      claimed products.
PAR  The preferred starting materials are finely divided elements of at least
      99.9 percent purity. These can be obtained from a number of commercial
      sources.
PAR  A plurality of methods can be used singly or in combination at various
      stages to prepare the claimed compounds, including chemical vapor
      transport (which typically yields a halide-doped material), flux growth,
      zone melting, sputtering and the like. These methods accomplish the
      requisite purification which produces products of the invention having the
      desired crystal structure and light-to-dark electrical conductivity ratio.
PAR  Chemical vapor transport with a halide (e.g. Cl, Br, I) is described by R.
      Nitsche et al, J. Phys. Chem. Solids, Vol. 21, No. 314, 199 (1961).
      Reactions of this type are based on the fact that transport of matter
      occurs in a chemical system consisting of solid and gaseous components in
      equilibrium when the equilibrium is made to vary locally by imposing a
      temperature gradient across the system.
PAR  For preparation of compositions of the invention, the transport of tertiary
      transition metal chalcogenide compounds is conveniently carried out by
      placing a sample of powdered feed material (which may be sintered compound
      of formula 1 or mixtures of stoichiometric amounts of elements) in one end
      of an outgassed vessel. After outgassing the sample, a small volume of
      halogen or hydrogen halide (usually 0.02 millimole of halogen or hydrogen
      halide per cubic centimeter of tube volume) is sublimed or condensed into
      the vessel and the vessel sealed off under high vacuum (10.sup.-.sup.7
      Torr). The vessel is then placed in a furnace providing a temperature
      gradient with the feed end of the vessel in the hotter zone. Such furnace
      may be an electrical resistance-heated carbon tube furnace having two
      adjacent zones or chambers which are separately controlled. An opening
      between the chambers permits the deposition end of the vessel to extend
      into the cooler chamber. The temperature gradient (.DELTA.T) between the
      furnace chambers depends upon the type of deposit desired (e.g.
      polycrystalline film or single crystals), the stability of the compound
      being transported, and the transport agent being used. The hotter end of
      the furnace ranges from 1000.degree. to 700 .degree. C., depending on the
      particular compound. In any event, the hotter end of the furnace is
      maintained at such temperature below about 1200.degree. C. as prevents
      decomposition of the particular starting materials used, to avoid
      resultant formation of undesirable contaminants, which may also be
      transported. A temperature gradient ranging from about 100.degree. to
      500.degree. C. between hotter and cooler zones is ordinarily sufficient to
      deposit a pure, photoconductive polycrystalline film of a compound one the
      inner surfaces of the cooler portion of the vessel.
PAR  For single crystal growth, there is usually required a more precise and
      much smaller temperature gradient which must be determined for each
      material, for example from 800.degree. C. at the feed end to 789.degree.
      C. at the deposition end of the vessel, for Cu.sub.3 VSe.sub.4. Reaction
      times for vapor transport of a film or crystal vary considerably,
      depending upon such variables as halide pressure, temperature gradient,
      vessel size and geometry, and product stability. Typical process times
      vary from about 1 to 14 days. The products of the above reactions are
      always doped with up to about 100 ppm of halide which has a beneficial
      effect on the photoconducting properties of the compounds. Typically pure
      single crystals or polycrystalline films prepared by chemical vapor
      transport are essentially free from conductive impurities (i.e. fewer than
      100 ppm) and have excellent photoconductive properties.
PAR  To prepare thin films of the materials described in this invention by
      sputtering, the following procedure is utilized: The selected starting
      materials, e.g. impure compositions of formula 1, are first hot pressed
      into dense pellets at about 500.degree. C. and using 5 to 20 kilobars
      pressure, then sectioned into thin wafers and incorporated into the target
      of a commercial sputtering apparatus. To permit useful DC sputtering
      rates, the pellets are required to have resistivity of the order of 1 to
      10.sup.-.sup.6 ohmcentimeters. The presence of small amounts of conductive
      impurities, as occurs when less pure starting materials are used, provides
      the requisite conductivity. The more pure (and therefore resistive)
      starting materials are purposely partially decomposed by increasing press
      temperature to about 1000.degree. C. during the hot pressing operation in
      order to form conductive targets required for sputtering.
PAR  Zone melting of compounds of formula 1 which exhibit congruent melting
      points is accomplished in the usual apparatus, in which e.g. a melting
      zone is moved through a cylinder of the chalcogenide. The impurities
      concentrate in the melt. A number of passes usually must be made to
      achieve the requisite purity.
PAR  Sputtered thin films are coated on suitable dielectric, e.g. glass,
      substrates at 2000 V. using an electrode spacing of 11/2 inches and 40.mu.
      argon atmosphere pressure. The substrate and the target are water cooled,
      and sputtering is continued for about two hours, a circular area about 1
      cm. in diameter being coated through a mask. Resistance measurements
      indicate that most of the films thus prepared are quite pure with
      thicknesses on the order of about 1000 A. Those films found to have low
      resistance when tested are discarded. Means for making electrical
      connection are provided by vapor deposition of silver or gold through
      appropriate masks. In this way, photocells suitable for light sensing
      devices are made.
PAR  Suitable thin films can also be prepared by the method of radio frequency
      sputtering where more resistive (higher purity) starting materials can be
      utilized.
PAL  Methods for making doped products
PAR  The formula 1 compounds can be doped during any one of the above processes.
      To dope the products of the invention by sintering, the desired amount of
      dopant element is added to the starting materials, which are then sintered
      at about 600.degree. to 750.degree. C. In most cases this doped sintered
      material can then be zone melted, sputtered or vapor transported to form a
      doped pellet, single crystal, etc.
PAR  In the case of chemical vapor transport, the formula 1 compounds are
      invariably doped with small amounts of halide, e.g. up to 100 ppm. When
      cation-doped sintered materials are vapor transported, the resulting film
      or crystal is doped with both cations and anions as long as the dopant
      cation forms a volatile halide. This type of co-activation has led to a
      marked improvement in photoconducting properties of the formula 1
      compounds. A possible mechanism for this co-activation enhanced
      photoconductivity as pertains to cadmium sulfide is described by R. H.
      Bube and S. M. Thomsen, J. Chem. Phys., 23, 15 (1955).
PAR  Many other state of the art techniques can be used to dope films, pellets
      or single crystals of the formula 1 compounds. For example, passing a
      suitable gas mixture over the heated materials, heat-treating the
      materials in powder previously doped by evaporation of a solution
      containing the dopant elements or compounds, sputtering or vapor coating
      the materials with suitable dopant elements or compounds followed by
      diffusion of these dopants into the materials in a subsequent heat
      treatment, etc., provides useful levels of doping and modifies the
      photoconductive properties of the compounds of the invention.
PAL  Photoconductive elements
PAR  the compositions of this invention, whether or not they contain dopants,
      are useful photoconductors and can be used as semiconductive,
      photoconductive elements either in the form of single crystals, or films
      of single crystals, or in the form of polycrystalline films. These
      products can also be dispersed in a binder and the like, without losing
      photoconductive properties. Electrodes are applied by methods known to the
      art, i.e. evaporation, sputtering and stenciling with air drying silver,
      platinum or gold paste or aqueous graphite suspensions. The resulting
      devices are used for light control, light detection, etc.
PAR  These elements can be used in making devices for controlling other
      equipment, e.g. for illumination control dependent upon ambient light
      conditions; or for measuring ambient light as in photographic exposure
      meters. The infrared-sensitive materials can be employed as components in
      bolometers, thermal imaging systems, spectrometers and the like. Other
      applications based on the broad-spectrum photosensitivity of these
      materials will be readily apparent to those skilled in the art.
PAR  The invention is further illustrated by reference to the following
      examples. In the specification and these examples all parts are by weight.
      Spark source mass spectrometry is used for analysis to determine e.g.
      dopant levels of halogen, arsenic or antimony at levels of from 1 ppm to
      100 ppm. Neutron activation analysis is used when analyses must be made at
      levels as low as 0.1 ppm. Electron microprobe analysis is used at levels
      of 100 ppm and above.
DETD
PAR  EXAMPLE 1
PAR  A dense photoconductive film of Cu.sub.3 VS.sub.4 is prepared as follows:
PAR  One gram of powdered Cu.sub.3 VS.sub.4 (prepared by sintering the elements
      at 750.degree. C.) is placed in one end of an HF etched, outgassed, quartz
      ampoule (about 15 cm. long, 10 cc. volume). After degassing this feed
      material at about 200.degree. C. for 12 hours at 10.sup.-.sup.7 Torr, 50
      mg. of iodine are sublimed into the ampoule from an evacuated iodine
      storage vessel, and the ampoule is sealed off under vacuum. The ampoule is
      then placed in a two-zone furnace controlled to .+-.1.degree.  having a
      temperature gradient from 900.degree. C. (feed end) to 600.degree. C.
      (depositing end). After 5 days, the ampoule is cooled slowly to ambient
      temperature and removed from the furnace. The vapor deposited product of
      this reaction on the inner wall of the ampoule is a polycrystalline film
      of Cu.sub.3 VS.sub.4 about 0.1 mm. thick, having an average grain size
      from 30 to 70 microns. Microprobe analysis shows &lt;100 ppm of impurities
      and about 100 ppm of iodine present. (By varying the amount of iodine
      added, from 1 to 200 ppm of iodine can be included in the final product.
      Chlorine, bromine, HCl or HBr can also be used, in place of iodine.) The
      film is removed by breaking the ampoule and gently tapping the quartz
      sections on which the film is deposited. Sections of this film about
      2/2/0.1 mm. are mounted on a glass substrate with an insulating adhesive
      (Duco cement), and electrodes are provided by means of colloidal graphite
      (Aquadag). Elements thus formed have the following photoconductive
      properties: dark resistivity (.rho..sub.D) .about. 10.sup.10 ohm-cm.,
      photoresponse (R.sub.D /R.sub.L) = 500, response time (.tau..sub.R) &lt;5 m
      sec., decay time (.tau..sub.F) = 20 m sec., at 30 V. bias and using 1000
      F.C. tungsten light. Qualitative spectral response is quite broad, peaking
      in the red portion of the visible region with useful response extending
      into the ultraviolet and infrared regions.
PAC  EXAMPLE 2
PAR  For comparison with the results obtained in Example 1, a sample of Cu.sub.3
      VS.sub.4 was prepared by heating stoichiometric quantities of pure finely
      divided copper, vanadium and sulfur in an evacuated sealed tube. The
      reactants were initially heated in an evacuated sealed tube at 750.degree.
      C. for 2 weeks. The tube was broken open, and the sintered mass was ground
      with an agate morter and pestle and pressed into a pellet. The pellet was
      then sealed into an evacuated tube, and the heating process was repeated
      for one week. Again, the tube was broken open, and X-ray analysis showed
      that the product was essentially Cu.sub.3 VS.sub.4 with a few weak lines
      attributed to CuS. This product was reground, pressed and sealed into an
      evacuated tube, and over a five hour period the temperature was raised
      from room temperature to 750.degree. C. and held at that temperature for
      12 hours. X-ray analysis of this product showed only lines attributable to
      Cu.sub.3 VS.sub.4 (very pure). However, emission spectroscopy showed the
      presence of molybdenum and silicon, each in amount of  100 ppm, as
      impurities. Electrical measurements on a sample of this X-ray material
      indicated (.rho..sub.D) to be about 10.sup.8 ohm-cm. and R.sub.D R.sub.L
      to be about 3.
PAC  EXAMPLE 3
PAR  Well-formed, cubic single crystals of Cu.sub.3 VSe.sub.4 are grown by
      chemical vapor transport using the techniques described in Example 1.
      Powdered Cu.sub.3 VSe.sub.4 feed (contaminated with .about.5 percent
      binary impurities and CuV.sub.2 Se.sub.4 from a previous sintering) is
      sealed under vacuum in a 10 cc. quartz ampoule with 50 mg. of iodine. The
      ampoule is placed in a 200.degree. C. temperature gradient
      (1000.degree.-800.degree. C.) for four days and then cooled slowly to
      ambient temperature. Under these conditions 1 mm. single crystal cubes of
      Cu.sub.3 VSe.sub.4 are formed on the wall of deposition end of the
      ampoule. The individual crystals are removed after breaking the ampoule,
      mounted on a glass substrate in Duco cement, and electrodes are provided
      on opposite sides of the crystal using airdrying silver paste. Under 1000
      F.C. tungsten light and 10 V. bias the following photoconductive
      properties are noted: (.rho..sub.D) = 7 .times. 10.sup.6 ohm-cm., R.sub.D
      /R.sub.L = 140, .tau..sub. R,F &lt;1 m sec. These crystals have appreciable
      spectral sensitivity from &lt;300 m.mu. to &gt;1400 82  (the limits of the
      monochromator used in the measurements). Microprobe analyses indicate
      there are less than 100 ppm of impurities in these crystals, and less than
      100 ppm of iodide which functions as a dopant. m.mu.
PAC  EXAMPLE 4
PAR  A mixture consisting of 10 percent Cu.sub.3 VS.sub.4 sintered feed and 90
      percent Cu.sub.3 AsS.sub.4 (total weight 13 g.) was intimately ground and
      mixed under N.sub.2 to a homogeneous powder. The Cu.sub.3 VS.sub.4 had
      been previously prepared from the elements via a two-step sintering
      reaction at 750.degree.-800.degree. C., and the cu.sub.3 AsS.sub.4 has
      been prepared by first sintering a mixture of the elements at 750.degree.
      C. followed by melting the compound at 900.degree. C. The mixed powder was
      placed in an out-gassed, etched quartz ampoule, out-gassed at 150.degree.
      C. and 10.sup.-.sup.6 Torr for five days and sealed off under vacuum. The
      ampoule was then placed at a 45.degree. angle to the horizontal in the
      center of a SiC lined furnace which could be controlled to .+-.1.degree..
      The sample was rapidly heated to 900.degree. C. and held at this
      temperature for two hours to melt the Cu.sub.3 AsS.sub.4 and dissolve the
      Cu.sub.3 VS.sub.4. A programmed slow cooling procedure was then carried
      out at 8.5.degree./hour from 900.degree. C. to 700.degree. C. (below the
      melting point of Cu.sub.3 AsS.sub.4) using a Data-Trak Controller to
      control furnace temperature and time. The furnace was then shut down and
      the ampoule removed at room temperature revealing a solidified melt of
      Cu.sub.3 AsS.sub.4 containing single crystals of Cu.sub.3 VS.sub.4. The
      Cu.sub.3 VS.sub.4 single crystals were recovered by leaching away the
      Cu.sub.3 AsS.sub.4 with hot aqueous NaOH, Na.sub.2 S, NaCN mixture. The
      crystals were shown to be pure Cu.sub.3 VS.sub.4 via X-ray and microprobe
      analyses, the impurity level being below 100 ppm. Photoconductance
      measurements on these crystals (standard electrodes and conditions)
      revealed broad-band photoconductivity with (.rho..sub.D) about 10.sup.8
      ohm-cm., and R.sub.D /R.sub.L = 10.sup.2 -10.sup.3.
PAC  EXAMPLE 5
PAL  Sputtered Thin Film cu.sub.3 VSe.sub.4.
PAR  A pellet of Cu.sub.3 VSe.sub.4 is first prepared as follows: About two
      grams of pure &gt;200 mesh Cu.sub.3 VSe.sub.4 are pre-pressed into a 1/4 inch
      diameter by 1/4inch high tetrafluoroethylene cylinder contained in a lava
      block, capped with a lava cap and sealed in a tantalum container. The
      sample and container are placed inside the piston-cylinder die assembly
      (equipped with an internal carbon sleeve heater) of a hot pressing
      apparatus, and slowly heated to 550.degree. C. while applying 17 kilobars
      pressure. After one-half hour the sample is removed from the die. The
      container is removed from the sample leaving a 1/4 inch diameter by 1/8
      inch high sintered pellet of theoretically dense, X-ray pure Cu.sub.3
      VSe.sub.4. This pellet is purposely heated above the decomposition point
      of Cu.sub.3 VSe.sub.4 (800.degree. C.) at 7 kilobars for one hour to
      render it electrically conductive. The pellet is made the target in a
      sputtering apparatus such as that described by G. K. Wehner, "Advances in
      Electronics and Electron Physics", Ed. by L. Marton, Academic Press, Vol.
      7, 239 (1955), and Cu.sub.3 VSe.sub.4 is sputtered onto a glass substrate
      adjacent to the target through a 1 cm. diameter mask at 2000 volts. After
      two hours it is found that the material has deposited as a coherent
      translucent film of 0.1 micron thickness. The film has resistance about
      10.sup.8 ohms when pressure contacts of indium foil are positioned 1/4
      inch apart. This construction is very sensitive to IR radiation out to 10
      microns. Qualitative tests showed the film to have about the same IR
      sensitivity as an indium antimonide crystal. Microprobe analysis showed
      stoichiometric Cu.sub.3 VSe.sub.4 was present with &lt;100 ppm of impurities.
PAC  EXAMPLE 6
PAR  Single crystals of Cu.sub.3 VS.sub.4 were grown by chemical vapor transport
      with HBr gas using a procedure similar to that described in Example 1.
      About 0.5 g. of sintered Cu.sub.3 VS.sub.4 feed was used and 10 cc. of HBr
      gas added after degassing the feed at 200.degree. C. After heating the
      ampoule in a temperature gradient from 1000.degree. C. (feed end) to
      600.degree. C. (depositing end) for 6 days, the sample was cooled slowly
      to ambient temperature. The vapor deposited product consisted of about 100
      shiny metallic-appearing single crystal platelets and needles .about.5 mm.
      .times. 0.3 mm. .times. 0.1 mm. X-ray and microprobe analysis showed less
      than 100 ppm impurities present. These bromine doped single crystals had
      (.rho..sub.D) = 10.sup.11 ohm-cm. and R.sub.D /R.sub.L = 5 .times.
      10.sup.4 at 1000 F.C. tungsten light and 10 to 100 V. bias when mounted as
      described in Example 3. The crystals have appreciable broad-band
      sensitivity peaking in the UV region of the spectrum (200 m.mu.  to 350
      m.mu. ). This region was examined qualitatively by exposing the crystals
      to radiation from a UV rich GE Marc 300/35 projection lamp with the
      wavelengths separated by a Jarrell-Ash 0.25 meter Ebert monochromator. It
      was found that R.sub.D R.sub.L for the crystals varied from 0.5 .times.
      10.sup.0 to 1 .times. 10.sup.3 for wavelengths from 350 m.mu.  to 200
      m.mu., exactly following the wavelength intensity distribution of the
      lamp.
PAC  EXAMPLE 7
PAR  Single crystals of the solid solution Cu.sub.3 (V,Nb,Ta)(S,Se).sub. 4 (i.e.
      approximately Cu.sub.3 V.sub.1/3 Nb.sub.1/3 Ta.sub.1/3 S.sub.2 Se.sub.2)
      were grown by chemical vapor transport with 4.4 mg. I.sub.2 /cc. as
      described in Example 3. The feed material was prepared from the elements
      in the stoichiometric proportions of the formula by sintering. After
      heating for 15 days in a 400.degree. C. temperature gradient as described
      in Example 6 and slow cooling to room temperature, several hundred small
      cubic crystals (.about.1 mm. sides) had formed on the substrate portion
      (cooler end) of the ampoule. These crystals were shown by X-ray and
      microprobe analysis to be pure cubic Cu.sub.3 (V.sub.1/3 Nb.sub.1/3
      Ta.sub.1/3)S.sub.2 Se.sub.2 with a lattice constant of 5.517 A. The
      crystals were qualitatively shown to be very broad-band photoconductors.
      When exposed to white light of 1000 F.C. from a tungsten bulb and 10-100
      V. bias, (.rho..sub.D) = 10.sup.11 ohm-cm. and R.sub.D /R.sub.L =
      10.sup.2 were found. Photoresponse versus wavelength studies were carried
      out by illuminating the mounted crystals with the output beam of a Bausch
      and Lomb 500 mm. monochromator. The source radiation was a tungsten ribbon
      filament incandescent lamp. The photoresponse versus wavelength data were
      corrected for the light intensity distribution of the lamp with a suitable
      computer program. In the wavelength region 300-1400 m.mu., the crystals
      were found by this method to have a minimum photoresponse of 50 percent,
      compared to the most intense peaks.
PAR  Referring to the drawing, the relative photoresponse curve of the material
      thus produced is shown over the range of 200 to 1200 millimicrons. The
      portion of the curve in the region extending from 200 to 400 millimicrons
      is qualitative because of limitations in the available apparatus which
      permitted accurate calibration only above 400 millimicrons. This portion
      of the curve is shown in dashed lines.
PAR  Photoresponse curves for cadmium sulfoselenide in a commercially available
      photocell of high quality, and lead sulfide, are superimposed on the curve
      for the copper (vanadium, niobium, tantalum) sulfoselenide. The portion of
      the curve for cadmium sulfoselenide in the region from 300 to 400
      millimicrons is also shown in dashed lines. The curve for lead sulfide is
      that described in the literature.
PAR  The photoresponse of the composition of the invention is thus seen to be
      significant over the entire spectral region from 200 to 1200 millimicrons,
      as contrasted with the relatively narrow spectral response of the cadmium
      sulfoselenide and the response of lead sulfide in the visible and near
      infrared only.
PAC  EXAMPLE 8
PAR  Large single crystal needles and platelets of arsenicand iodine-doped
      Cu.sub.3 VS.sub.4 were grown by chemical vapor transport utilizing a
      200.degree. C. temperature gradient and 50 mg. of iodine, continuing
      heating for five days, as described in Example 3. 3. The feed material
      consisted of a 1 to 1 mixture of sintered Cu.sub.3 VS.sub.4 and Cu.sub.3
      AsS.sub.4. The resultant crystals were shown by X-ray and microprobe
      analysis to be Cu.sub.3 VS.sub.4 uniformly doped with 300 ppm arsenic and
      1-100 ppm iodine. The photoresponse of these Cu.sub.3 VS.sub.4 (As,I)
      crystals, mounted as described in Example 3, was noted to have
      (.rho..sub.D) =10.sup.12 -10.sup.13 ohm-cm., R.sub.D /R.sub.L = 10.sup.5,
      a marked improvement as compared with Cu.sub.3 VS.sub.4 crystals grown in
      iodine. A photoresponse versus wavelength study of the crystals showed the
      samples to be responsive throughout the range tested (300-1400 m.mu. ).
      The photoresponse spectrum was very similar to that of Cu.sub.3 VS.sub.4.
PAC  EXAMPLE 9
PAR  The following representative compounds of the invention as set forth in
      Table I are made using the starting materials and methods of preparation,
      details of which are substantially the same as those described in Examples
      1 and 3-8. The properties of the resulting compounds are also shown.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Semiconductor-Photoconductor Properties of Cu.sub.3 MX.sub.4              
     __________________________________________________________________________
     Compounds                                                                 
                                           Semiconductive-Photoconductive      
                                             Properties and Remarks            
     Compounds Starting Materials                                              
                            Methods of Preparation                             
                                         (indium-mercury or silver paste       
                                         electrodes)                           
     __________________________________________________________________________
     Cu.sub.3 VO.sub.4                                                         
               3 Cu.sub.2 O + V.sub.2 O.sub.5                                  
                            Sinter at 720.degree. C.,                          
                                         .rho..sub.D.sup.e .about. 10.sup.8    
                                         ohm-cm., IR and Visible PC            
                            Sputter      Qualitatively Observed.               
     Cu.sub.3 VS.sub.4                                                         
               3 Cu + V + 4 S                                                  
                            CVT.sup.a, Sputter.sup.b,                          
                                         .rho..sub.D = 10.sup.8 -10.sup.12     
                                         ohm-cm., R.sub.D /R.sub.L.sup.f = 3   
                                         .times. 10.sup.4,                     
                            Flux Growth.sup.c                                  
                                         .tau..sub.R,D.sup.g &lt;100.mu. sec.,    
                                         -.alpha..sup.h = 10%,                 
                                         Broad-band Response.                  
     Cu.sub.3 VSe.sub.4                                                        
               3 Cu + V + 4 Se                                                 
                            CVT, Sputter .rho..sub.D = 10.sup.6 ohm-cm.,       
                                         R.sub.D /R.sub.L = 5                  
                                         .times. 10.sup.2,                     
                                         -.alpha. = 9%, Broad-band Response.   
     Cu.sub.3 VTe.sub.4                                                        
               3 Cu + V + 4 Te                                                 
                            Sputter, Zone Melt.sup.d                           
     Cu.sub.3 NbS.sub.4                                                        
               3 Cu + Nb + 4 S                                                 
                            CVT, Sputter .rho..sub.D = 10.sup.12 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10.sup.2,          
                                         High UV Sensitivity.                  
     Cu.sub.3 NbSe.sub.4                                                       
               3 Cu + Nb + 4 Se                                                
                            CVT, Sputter .rho..sub.D = 10.sup.11 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10.sup.4.          
                                         Broad-band Response.                  
     Cu.sub.3 NbTe.sub.4                                                       
               3 Cu + Nb + 4 Te                                                
                            Sputter, Zone Melt                                 
                                         .rho..sub.D = 10.sup.5 -10.sup.6      
                                         ohm-cm., High IR                      
                                         Sensitivity due to Thermal Effects.   
     Cu.sub.3 TaS.sub.4                                                        
               3 Cu + Ta + 4 S                                                 
                            CVT, Sputter .rho..sub.D = 10.sup.10 ohm-cm.,      
                                         R.sub.D /R.sub.L = 100, High          
                                         UV Sensitivity.                       
     Cu.sub.3 TaSe.sub.4                                                       
               3 Cu + Ta + 4 Se                                                
                            CVT, Sputter .rho..sub.D = 10.sup.10 ohm-cm.,      
                                         R.sub.D /R.sub.L = 2                  
                                         .times. 10.sup.2                      
     Cu.sub.3 TaTe.sub.4                                                       
               3 Cu + Ta + 4 Te                                                
                            Sputter, Zone Melt                                 
     Cu.sub.3 VS.sub.2 Se.sub.2                                                
               3 Cu + V + 2 S +                                                
                            CVT, Sputter .rho..sub.D = 10.sup.10 ohm-cm.,      
                                         R.sub.D /R.sub.L = 50, Broad          
               2 Se                      Band Response.                        
     Cu.sub.3 NbS.sub.2 Se.sub.2                                               
               3 Cu + Nb + 2 S +                                               
                            CVT, Sputter                                       
               2 Se                                                            
     Cu.sub.9 VNbTaS.sub.6 Se.sub.6                                            
               9 Cu + V + Nb +                                                 
                            CVT, Sputter .rho..sub.D = 10.sup.10 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10.sup.2, Very     
     (Cu.sub.3 V.sub.1/3 Nb.sub.1/3                                            
               Ta + 6 S + 6 Se           Broad-band Response.                  
      Ta.sub.1/3 S.sub.2 Se.sub.2)                                             
     Cu.sub.6 VNbS.sub.8                                                       
               6 Cu + V + Nb + 8 S                                             
                            CVT, Sputter .rho..sub.D = 10.sup.11 ohm-cm.,      
                                         R.sub. D /R.sub.L = 10.sup.2          
     (Cu.sub.3 V.sub.1/2 Nb.sub.1/2                                            
      S.sub.4)                                                                 
     Cu.sub.6 NbTaS.sub.8                                                      
               6 Cu + Nb + Ta + 8 S                                            
                            CVT, Sputter .rho..sub.D = 10.sup.11 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10                 
     (Cu.sub.3 Nb.sub.1/2                                                      
      Ta.sub.1/2 S.sub.4)                                                      
     Cu.sub.3 VS.sub.4 (As,I)                                                  
               Cu.sub.3 VS.sub.4 + As + I.sub.2                                
                            CVT, Zone Melt                                     
                                         .rho..sub.D = 10.sup.13 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10.sup.5           
     Cu.sub.3 VS.sub.4 (Sb,I)                                                  
               Cu.sub.3 VS.sub.4 + Sb + I.sub.2                                
                            CVT, Zone Melt                                     
                                         .rho..sub.D = 10.sup.10 ohm-cm.,      
                                         R.sub.D /R.sub.L = 10                 
     __________________________________________________________________________
      .sup.a chemical vapor transport, as in Example 1                         
      .sup.b deposited by sputtering, as in Example 5                          
      .sup.c flux growth, as in Example 4                                      
      .sup.d zone melting by conventional methods                              
      .sup.e .rho..sub.D - resistivity in dark after .about.1-2 minutes        
      .sup.f R.sub.D /R.sub.L - the dark-to-light resistance ratio (a measure o
      the photosensitivity for a given sample construction - ohmic contacts and
      1000 foot candle tungsten lamp used)                                     
      .sup.g .tau..sub.R,D - the time required for a sample to increase in     
      conductivity to 2/3 its maximum value when light is applied (.tau..sub.R)
      or to fall 2/3 when light is shut off (.tau..sub.D)                      
      .sup.h .alpha. - temperature coefficient of resistance (a measure of the 
      thermistor effect) .alpha. = .DELTA.R/Ro/.DELTA. T .times. 100           
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An inorganic single-phase composition characterized by having the
      formula unit
EQU  Cu.sub.3 MX.sub.4
PAL  wherein M is one stoichiometric equivalent containing from 1 to 3 elements
      selected from the group consisting of vanadium, niobium and tantalum, and
      X.sub.4 is four stoichiometric equivalents and consists of one or more
      elements of the group consisting of oxygen, sulfur, tellurium and
      selenium; said composition being further characterized by having cubic
      crystal structure as shown by X-ray crystallographs, by containing fewer
      than 100 parts per million of non-dopant impurities as determined by
      electron probe analysis and by containing as dopant halogen of the group
      consisting of chlorine, bromine and iodine in amount of 0 to 100 parts per
      million and metal of the group consisting of arsenic and antimony in
      amount of 0 to 300 parts per million, said dopant materials being
      incorporated into the crystal lattice; said compounds having electrical
      resistivity in unilluminated condition of more than 10.sup.5
      ohm-centimeters and having an illuminated:unilluminated conductivity ratio
      of not less than about 10:1 and having broad-band photoconductive
      properties.
NUM  2.
PAR  2. A composition according to claim 1, containing about 100 to 300 parts
      per million of dopant.
NUM  3.
PAR  3. A composition according to claim 1, containing a halogen as a dopant.
NUM  4.
PAR  4. A composition according to claim 1, containing about 1 to 100 parts per
      million of iodine.
NUM  5.
PAR  5. A composition according to claim 1, in which M is vanadium and X is
      sulfur.
NUM  6.
PAR  6. A composition according to claim 1, in which M is vanadium and X is
      selenium.
NUM  7.
PAR  7. a composition according to claim 1, in which M is vanadium and X is
      tellurium.
NUM  8.
PAR  8. The composition Cu.sub.3 V.sub.1/3 Nb.sub.1/3 Ta.sub.1/3 Se.sub.2
      S.sub.2, according to claim 1.
NUM  9.
PAR  9. A device adapted to the detection of radiation, comprising a crystalline
      composition according to claim 1, provided with electrical lead means.
NUM  10.
PAR  10. A radiation detector according to claim 9, in which the crystalline
      composition is Cu.sub.3 V.sub.1/3 Nb.sub.1/3 Ta.sub.1/3 Se.sub.2 S.sub.2.
NUM  11.
PAR  11. A composition according to claim 1, consisting of a thin continuous
      film upon a dielectric substrate.
NUM  12.
PAR  12. A radiation detector comprising a composition according to claim 11
      having electrical lead means attached thereto.
NUM  13.
PAR  13. a device according to claim 12, wherein the thin film consists
      essentially of Cu.sub.3 VSe.sub.4.
NUM  14.
PAR  14. A composition according to claim 1, having negative coefficient of
      resistance greater than 5 percent.
NUM  15.
PAR  15. A process for preparing an inorganic single-phase composition
      characterized by having the formula unit
EQU  Cu.sub.3 MX.sub.4
PAL  wherein M is one Stoichiometric equivalent containing from 1 to 3 elements
      selected from the group consisting of vanadium, niobium and tantalum, and
      X.sub.4 is four stoichiometric equivalents and consists of one or more
      elements of the group consisting of oxygen, sulfur, tellurium and
      selenium; said composition being further characterized by having cubic
      crystal structure as shown by X-ray crystallographs, by containing fewer
      than 100 parts per million of non-dopant impurities as determined by
      electron probe analysis and by containing as dopant halogen of the group
      consisting of chlorine, bromine and iodine in amount of 0 to 100 parts per
      million and metal of the group consisting of arsenic and antimony in
      amount of 0 to 300 parts per million, said dopant materials being
      incorporated into the crystal lattice; said compounds having electrical
      resistivity in unilluminated condition of more than 10.sup.5
      ohm-centimeters having an illuminated:unilluminated conductivity ratio of
      not less than about 10:1 and having broad-band photoconductive properties,
      which comprises electrically sputtering in vacuum a pellet of composition
      of said formula and causing the sputtered material to be deposited upon a
      solid substrate.
NUM  16.
PAR  16. A process according to claim 15, in which the substrate is a
      dielectric.
NUM  17.
PAR  17. A process according to claim 15, in which the composition is Cu.sub.3
      VSe.sub.4.
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ABST
PAL  A porous article releasably containing a dry, activated bleaching
      composition suitable for use in an automatic dryer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention encompasses an article designed to bleach fabrics in
      an automatic dryer. More specifically, the article herein comprises a
      porous receptacle releasably containing a solid, substantially dry,
      activated peroxygen bleach composition. The article releases the bleach
      composition in a controlled manner, and is especially adapted for use in
      an automatic dryer.
PAR  Fabric treating processes and compositions designed to provide desirable
      functional and aesthetic benefits to fabrics are conventionally employed
      in a washing machine. Thus, fabric sizings and softening agents, fabric
      bleaches and brighteners, and the like, are most commonly formulated and
      provided as compositions designed for use either in an aqueous laundering
      liquor or in an aqueous rinse bath. More recently, the treatment of
      fabrics in an automatic clothes dryer has been shown to be effective means
      for imparting desirable properties thereto. For example, it is becoming
      common to soften fabrics in an automatic clothes dryer rather than during
      the rinse cycle of a laundering operation.
PAR  The most familiar method for bleaching fabrics to remove stains, especially
      in the context of a home laundering operation, is to add an oxidizing
      bleach directly to the laundering liquor. Liquid hypochlorite solutions
      are most commonly employed, but solid peroxygen bleaches are also
      commercially available. Such bleaches are designed for addition to the
      laundering bath in conjunction with the detergent, and perform their
      desired bleaching action concurrently with fabric laundering.
PAR  The concurrently filed patent application of Diehl and Edwards, Ser. No.
      437,569, filed Jan. 29, 1974, incorporated herein by reference, discloses
      certain solid, dryer-added bleaches which provide substantial bleaching
      superiority over dry bleaching compositions employed in a laundering
      liquor. In use, it is preferred that dryer-added bleaches be quickly and
      evenly dispensed onto the damp fabrics being dried to insure that safe,
      even and effective bleaching is obtained. Accordingly, a convenient
      dispensing means to achieve even dispersion is desirable.
PAR  U.S. Pat. 3,701,202 discloses a dispensing article for use in an automatic
      clothes dryer and suggests that fabrics may be softened, bleached, and
      otherwise desirably treated in the dryer by means of such an article.
      However, this patent relates to dispensers designed for mounting on the
      dryer drum and does not suggest the article herein nor operable
      compositions which can be employed in such articles. See also, U.S. Pat.
      3,180,037.
PAR  It is an object of the present invention to provide an article designed to
      achieve through-the-dryer fabric bleaching.
PAR  It is another object herein to provide an article which provides controlled
      release of dryer-bleaching compositions especially adapted for use in
      conjunction with the limited amount of water available as a reaction
      medium in an automatic clothes dryer.
PAR  These and other objects are obtained herein as will be seen from the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention encompasses an article of manufacture especially
      adapted for bleaching fabrics in an automatic clothes dryer, comprising:
      (a) a water-insoluble, closed, flexible receptable, at least one wall of
      said receptacle comprising a material having a plurality of passages from
      inner to outer surfaces; and (b) an effective amount of a particulate,
      water-soluble fabric bleaching composition, said bleaching composition
      being releasably enclosed within the cavity of said receptacle.
PAR  In its most preferred embodiment, the article herein comprises a sealed,
      open pore polyurethane pouch containing a granular bleach composition
      which is dispensed through the walls of the pouch by the tumbling action
      of the dryer.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The bleaching article herein comprises a receptacle having a porous member
      in at least one of its walls, said receptacle being closed to contain a
      bleaching composition, all as described more fully hereinafter.
PAC  Receptacle
PAR  The article herein comprises a water-insoluble, closed receptacle
      containing within its cavity a bleaching composition. The receptacle has
      at least one opening in its walls through which the bleaching composition
      is released. Inasmuch as the receptacle is to be used in an automatic
      dryer, it is comprised of a heat resistant material, or a material which
      can be rendered heat resistant at dryer operating temperatures. Moreover,
      the receptacle is fashioned from a material which is resistant to
      oxidation by the bleaching composition contained therein, both at ambient
      and dryer operating temperatures. Since the article is designed for use in
      contact with damp clothing, it is made from a water-insoluble material.
      The receptacle herein can be made from open-weave cotton, polyester, and
      the like, cloth. The open-weave structure can be chosen to provide
      controlled release of the bleaching composition.
PAR  Preferred receptacles for use herein are fashioned from cellular foam
      materials having a plurality of passages from inner to outer surfaces.
      Such foams are known in the art as "open pore" or "open call" foams, and
      have a large proportion of cells which are interconnected, thereby
      providing passageways, or "pores", through the interconnecting cells. Open
      pore foams are distinguished from "closed pore" cellular foams in which
      the closed pore structure substantially isolates the individual cells.
PAR  Open pore foams can be made from polystyrene, polyurethane, polyethylene,
      poly-(vinyl chloride) cellulose acetate, phenol-formaldehyde and other
      foamed polymeric materials such as cellular rubber. Many of these foams
      and their method of manufacture are disclosed in standard references such
      as the Encyclopedia of Polymer Science and Technology, Interscience
      Publishers, John Wiley & Sons, Inc. (1965), incorporated herein by
      reference.
PAR  Preferred materials for preparing the receptacles herein are open pore
      polyurethane foams widely known in the art. The open pore polyurethanes
      are resistant to heat, oxidation and water, and can be prepared in a
      variety of pore "sizes". The preparation of many recently developed foams
      is described in the text, Cellular Plastics Recent Developments (1970),
      Johnson, Noyes Data Corporation and in the Encyclopedia of Polymer Science
      and Technology, supra. In general, urethane foams are prepared by
      polymerizing diisocyanates and hydroxyl-terminated polyethers or
      polyesters. Foaming is accomplished by including water and optional
      foaming agents in the reaction system, and the reaction between the
      isocyanate and water releases carbon dioxide gas which foams the polymer.
PAR  The foamed receptacles herein provide controlled release of the particulate
      bleaching composition during the drying cycle. The controlled release
      insures uniform and measured dispensing of the bleaching composition onto
      the surfaces of all fabrics within the dryer. More specifically, during
      the drying operation the bleaching composition sifts through the plurality
      of passages in the walls of the receptacles. This shifting action is
      facilitated by the tumbling action receptacles. the dryer.
PAR  Water is required to provide a reaction medium for the bleaching
      composition, and the porosity of the receptacle is selected so that the
      bleaching composition is substantially all released from the receptacle
      before all the water is evaporated from the fabrics. Moreover, it is
      preferred that the bleaching composition be released rapidly, but
      uniformly, during the early stages of the drying cycle when sufficient
      water is present on the fabrics to dissolve the bleaching composition. If
      the bleach is dispensed onto the substantially dried clothes late in the
      drying cycle, it is either lost by venting from the dryer, or can appear
      as undesirable dust on the dried fabrics.
PAR  The preferred receptacles herein release the particulate bleaching
      composition during the first one-quarter of the drying cycle, when the
      fabrics are still quite damp. In conventional home dryers, this preferred
      period comes within the first 10 minutes to 15 minutes of the drying
      cycle.
PAC  Bleaching Composition
PAR  The bleaching compositions employed herein can be any of a variety of
      solid, water-soluble materials known in the art to be safe and effective
      for removing stains from fabrics. The solid peroxygen bleaches are
      preferred for use over chlorine bleaches, inasmuch as peroxygen bleaches
      are less likely to damage fabric dyes. Mixtures of bleaches and
      bleach/activator mixtures can also be employed as the bleaching
      compositions herein.
PAR  Peroxygen bleaches useful herein include the common inorganic
      peroxy-compounds such as the alkali metal and ammonium perborates,
      percarbonates, monopersulfates and monoperphosphates. It is well-known
      that these inorganic peroxygen bleaches exist as various hydrates, but the
      degree of hydration is not important to the practice of the present
      invention. Examples of these peroxygen bleaches include the sodium and
      potassium perborates, the sodium and potassium percarbonates, and complex
      per-salts such as KHSO.sub.4.K.sub.2 SO.sub.4 .2KSO.sub.5, marketed under
      the tradename Oxone. The water-soluble perborates, especially in
      combination with an activator, are particularly preferred herein on the
      basis of bleaching performance, fabric safety and availability.
PAR  Solid, water-soluble organic peroxy acids, or the water-soluble, e.g.,
      alkali metal, salts thereof of the general formula
      ##EQU1##
      wherein R is a substituted or unsubstituted alkylene or arylene group and
      Y is
      ##EQU2##
      or any other group which yields an anionic group in aqueous solution are
      useful herein. These organic peroxy acids and their use in combination
      with activators as highly water-soluble, micellar bleaches are more fully
      described in U.S. Pat. 3,749,673, incorporated by reference.
PAR  The mixtures of organic peroxy acids and persulfate bleaches described in
      U.S. Pat. 3,773,673, incorporated herein by reference, are also highly
      water-soluble and useful in the present invention.
PAR  The above peroxygen bleaching compounds and mixtures can be used singly
      herein to bleach fabrics. However, various bleaching activators can be
      advantageously employed to enhance bleaching performance. The use of such
      activators is especially preferred when the inorganic peroxygen bleaches
      are employed in the bleaching compositions herein. While not intending to
      be limited by theory, the need for such activators arises due to the
      relatively short time available for effective bleaching in the automatic
      dryer. The bleaching compositions useful in an automatic dryer are
      designed to act while there is sufficient water remaining on the fabrics
      to provide a reaction medium in which the bleaching reaction can occur.
      Accordingly, any means whereby the bleaching composition is made more
      readily soluble and reactive in the limited amount of available water is
      of advantage in a through-the-dryer bleaching composition.
PAR  Inorganic peroxygen bleaches can be employed in combination with various
      solid activators and used as the bleaching compositions herein. Suitable
      activators for a wide variety of inorganic bleaches are set forth in U.S.
      Pat. 3,130,165, incorporated herein by reference. In particular, such
      activators include various esters of phenols or substituted phenols with
      alpha-chlorinated lower aliphatic carboxylic acids, such as chloracetic
      acid or alpha-chloropropionic acid, said esters containing no ester group
      of any acid other than alpha-chlorinated lower aliphatic carboxylic acids.
PAR  The alkali metal perborates, especially sodium perborate, and ammonium
      perborate constitute a preferred, safe and effective class of bleaches
      herein when used in combination with an activator. Many perborate
      bleaching activators are known in the art. Materials such as the
      acylphosphonic acid esters, N,N'-diarylsulphamides, carboxylic acid
      anhydrides, N-acylamides, N-acylated heterocycles, acylhydroxylamines and
      other like compounds which readily acylate the peroxy compounds are
      well-recognized perborate activators.
PAR  Included among such perborate activators are tetraacetyl methylenediamine,
      acetyl esters of sodium phenol sulfonate, chloroacetylsalicyclic acid,
      1-phenyl-3-acetyl hydantoin, tetraacetyl ethylenediamine,
      .alpha.-D-glucose pentaacetate, p-phenylene diacetate, tris-(acetyl)
      cyanuric acid, N-methyl-N-benzoyl-p-toluene sulfonamide, benzoyl chloride,
      and N-benzoyl imidazole. Other perborate activators are listed in U.S.
      Pat. Nos. 3,177,148 and 3,779,931, incorporated herein by reference.
PAR  A most highly preferred perborate activator herein is 1,3,4,6-tetra-acetyl
      glycouril, abbreviated TAGU. TAGU can be prepared in the manner set forth
      in Henkel Referate 1973 (8), 28-33.
PAR  It is to be recognized that other solid, water-soluble bleaching
      compositions suitable for use herein can be prepared by admixing inorganic
      and organic bleaches. Examples of such mixed bleaches include sodium
      perborate/p-methoxyperbenzoic acid, and the like. Such mixed bleaches can
      optionally be activated, for example, by TAGU.
PAR  The activated bleaching compositions herein can contain the activator in
      either catalytic amounts or in proportions of bleach:activator which are
      more nearly stoichiometric ratios. As noted above, many perborate
      activators appear to function by an acylation reaction and are not
      catalytic in the accepted sense of that term. In such instances, it is
      well-recognized that sufficient activator is employed to satisfy the
      stoichiometric requirements of the bleaching reaction.
PAR  A preferred bleaching composition for use herein comprises sodium perborate
      and TAGU at a weight ratio of perborate:TAGU of from about 1:3 to about
      30:1. A highly preferred bleach composition comprises from about 1 part to
      about 10 parts by weight of sodium perborate and from about 2 parts to
      about 1 part by weight of TAGU.
PAC  Optional Components
PAR  The fabric bleaching compositions herein can optionally contain minor
      proportions (i.e., 0.1% to about 15% by weight) of various ingredients
      which provide additional fabric conditioning benefits. Such optional
      ingredients include perfumes, anti-static agents, fumigants, bactericides,
      fungicides, optical brighteners, and the like. Specific examples of
      typical solid, water-soluble additives useful herein can be found in any
      current Year Book of the American Association of Textile Chemists and
      Colorists. Such additional components can be selected from those compounds
      which are known to be compatible with the bleaches and activators employed
      herein, or can be coated with water-soluble coatings such as solid soaps,
      and the like, and thereby rendered compatible.
PAR  Useful optional ingredients herein include C.sub. 8 -C.sub.20 amines,
      imidazolines, and quaternary ammonium salts widely recognized for use as
      fabric softening and anti-static agents. Specific examples of such
      materials include the mixed tallow-alkyl amines,
      di-tallowalkyldimethylammonium chloride, and the like.
PAR  The water-soluble silicate materials recognized in the art as corrosion
      inhibitors can be advantageously employed in the present compositions at
      levels of about 5% by weight.
PAR  The water-soluble, solid optical bleaches, especially
      bis-(styrylsulfonate)biphenyl, can advantageously be employed in the
      present compositions to provide an added brightening effect on the
      bleached fabrics.
PAR  It will be recognized that any of the foregoing types of optional
      components can be provided in a solid, particulate form which can be
      dispensed onto the damp fabrics concurrently with the bleaching
      composition herein to provide the desired additional fabric treatment
      benefits.
PAC  Preparation and Usage
PAR  The articles of the present invention are prepared by fashioning a
      receptacle of the type hereinabove described and enclosing therein an
      effective amount of the bleaching composition. By an "effective amount" of
      the bleaching composition herein is meant an amount sufficient to remove
      the stains from an average load of fabrics in an automatic dryer. Of
      course, the actual amount of the bleaching composition employed will
      depend on the fabric load, the amount of stain to be removed, and the
      bleaching composition selected for use in the article. For an average 5
      lbs. to 8 lbs. load of medium-to-heavily stained fabrics, from about 10
      grams to about 50 grams, preferably 20 grams to 30 grams, of any of the
      foregoing the bleaching compositions provide good stain removal.
PAR  When preparing the articles herein the rate of release of the bleaching
      composition from the receptacle is preferably optimized. The rate of
      release should not be so fast that the composition is deposited in an
      uneven manner on the fabrics. Conversely, the rate of release of the
      bleaching composition from the receptacle must not be too slow, since all,
      or substantially all, of the composition is preferably dispensed onto the
      fabrics while they are still damp. The rate of release of the bleaching
      composition depends on both the porosity of the receptacle and the
      particle size of the bleaching composition. Of course, the average
      diameter of the bleaching composition must be somewhat smaller than the
      average pore diameter of the porous openings in the receptacle to achieve
      release. Moreover, the bleaching compositions of the present invention are
      employed as fine powders or dusts which rapidly dissolve in the limited
      amount of water available in the damp fabrics. Bleaching compositions
      having an average particle diameter below about 200 microns (.mu.), and
      preferably falling in the range from about 25.mu. to about 175.mu., are
      rapidly dissolved in water and are preferred for use herein. Accordingly,
      receptacles having a pore diameter somewhat larger, ca. 5%-10% larger,
      than the particle diameter of the bleaching composition provide
      controlled, even release.
PAR  The polyurethane foams employed in the preferred receptacles herein can be
      defined in terms of average pore diameter, and polyurethane foams having
      rigorously controlled pore sizes are commercially available. However, such
      materials are quite expensive as compared with the common open pore
      polyurethanes having mixed pore diameters. The common open pore
      polyurethanes are more often characterized in terms of their density in
      lbs./cu.ft. The density of polyurethane foams depends almost wholly on the
      size of the void spaces therein, and these void spaces are fairly regular
      in size. Accordingly, by designating the density of the polyurethane
      foams, the pore sizes are necessarily defined. Open pore polyurethane
      foams have a density of from about 0.75 lbs./cu.ft. to about 1.5
      lbs./cu.ft. are useful herein.
PAR  In addition to the density of the polyurethane foam and the particle size
      of the bleaching compositions herein, the thickness of the polyurethane
      foam will have an effect on the dispensing rate. As noted hereinabove, it
      is preferred that the bleaching composition be substantially completely
      dispensed onto the fabrics within the first 10-15 minutes of the drying
      cycle. Polyurethane foams having a density from about 0.75 lbs./cu.ft. to
      about 1.5 lbs./cu.ft. and a thickness of from about 0.10 in. to about 0.50
      in. when used in combination with bleaching compositions having the
      above-described particle sizes provide this preferred rate of release.
PAR  The receptacle herein can be provided in a variety of sizes and shapes, and
      the particular configuration of the receptacle is not critical to the
      practice of this invention. For example, the receptacle herein can be
      provided wherein only one wall, or a portion of one wall, comprises a
      porous opening through which the bleaching composition is dispensed.
      Preferably the whole of the receptacle can comprise a porous material
      through which the bleaching composition sifts in a manner akin to a rosin
      bag.
PAR  In its simplest and preferred aspect, the receptacle herein is prepared in
      the form of a pouch. Preferred receptacles herein comprise an open pore
      polyurethane foam pouch containing the bleaching composition. The pouch is
      formed by folding the polyurethane sheet into the desired pouch or
      pouch-like configuration and sealing the edges, for example by
      heat-sealing, leaving an opening along one edge. The bleaching composition
      is added to the pouch opening, which is then sealed. The resulting pouch
      releases the bleaching composition through its porous walls upon
      agitation, e.g., by the tumbling action of an automatic dryer.
PAR  A highly preferred article herein comprises (a) a water-insoluble, closed,
      flexible, pouch, the walls of said pouch consisting of open pore
      polyurethane foam having a density of about 1.10 lbs./cu.ft. to about 1.30
      lbs./cu.ft. and a thickness of from about 0.15 in. to about 0.35 in. and
      (b) a bleaching amount of a particulate fabric bleaching composition
      consisting essentially of sodium perborate and 1,3,4,6-tetra-acetyl
      glycoluril, said bleaching composition having an average particle diameter
      below about 150.mu..
PAR  The articles herein are used in the following manner. Damp fabrics, usually
      containing from about 1 to 1.5 times their weight of water, are placed in
      the drum of an automatic clothes dryer. In practice, such damp fabrics are
      commonly obtained by laundering, rinsing and spin-drying in a standard
      washing machine. The bleaching article is simply placed in the dryer,
      which is then operated in standard fashion to dry the fabrics, usually at
      a temperature from about 50.degree.C. to about 80.degree.C for a period of
      from about 5 minutes to about 50 minutes, depending on the fabric load and
      type. The tumbling action of the revolving dryer drum commingles the
      bleaching article with the fabrics and evenly dispenses the bleaching
      composition on the fabric surfaces.
PAR  The following examples illustrate the present invention but are not
      intended to be limiting thereof.
PAC  EXAMPLE I
TBL                Bleaching Composition                                       
     ______________________________________                                    
     Ingredient            Wt. %                                               
     ______________________________________                                    
     Sodium perborate      66.67                                               
     TAGU*                 33.33                                               
     ______________________________________                                    
      *As defined hereinabove                                                  
PAR  The sodium perborate was screened through a 100 mesh screen (149.mu.) and
      the coarse particles which did not pass through the screen were discarded.
PAR  The bleaching composition was prepared by admixing 18.67 grams of the
      screened perborate and 9.33 grams of TAGU. The resulting bleaching
      composition had an average particle size below about 150.mu..
PAR  The bleaching composition prepared in the foregoing manner was placed in a
      polyurethane (density 1.2 lbs./cu. ft.) pouch formed from a piece of open
      pore polyurethane 7 in. .times. 5 in. The polyurethane was one-fourth in.
      thick. This bleaching article was employed in a through-the-dryer
      bleaching operation and compared with commercial bleaching compositions
      employed in a standard through-the-wash bleaching operation.
PAR  The testing procedure used to evaluate the bleaching process employing the
      pouch article of Example I was as follows. Five lbs. of terry wash cloths
      were placed in a Kenmore Washer, Model 110, together with eight uniform
      (5.0 in. .times. 5.0 in.) cotton cloth swatches stained with standardized
      tea, coffee and brown gravy stains. The stained swatches were intermingled
      with the terry wash cloths prior to washing to simulate the type of
      treatment that would be encountered in a standard washing procedure
      involving patches of heavy stain on clothing. In the test procedure, four
      swatches were stained with tea, two with coffee and two with brown gravy.
      The washer was operated under the manufacturer's suggested operating
      conditions using 17 gallons of wash water of 7 grain hardness at a
      temperature of about 125.degree.F in the wash cycle. 70 Grams of a
      standard commercial built anionic detergent composition were employed to
      launder the fabrics. Four separate washer runs, denoted as Runs A through
      D were made.
PAR  In Run A, a chlorine bleach was added to the rinse cycle through a bleach
      dispenser in the manner recommended by the manufacturer. The commercial
      bleach was employed at a concentration of 200 ppm of available chlorine.
PAR  In Run B, 103 grams of a commercial sodium perborate bleaching composition
      were added to the laundering liquor in accordance with the washer
      manufacturer's recommended procedure. This amount of bleaching composition
      was calculated to provide 55 ppm of available oxygen in the wash liquor.
PAR  Runs C and D involved only laundering, rinsing, and spin-drying the fabric
      bundle, without added bleach.
PAR  The fabric bundles of Runs A, B and C were dried in a standard commercial
      dryer using the manufacturer's recommended procedure.
PAR  The spun-dried, damp fabrics of Run D were placed in a commercial dryer
      together with the article of Example I. The fabrics were dried according
      to the manufacturer's operating instructions.
PAR  The standard stain swatches were separated from the terry towels and their
      degree of whiteness was evaluated using a Hunter Color and Color
      Difference Meter, in combination with a Roland, Robinson readout device
      (model AS/026), and the L, a and b values thereby obtained were
      substituted in the whiteness equation derived in a manner analogous to the
      whiteness equation in the article by F. Diehl, "A Single Number Expression
      for Whiteness Evaluation of Washed Fabrics", in Proceedings of the IV
      International Congress on Surface Active Substances, Brussels 7-12
      September, 1964, vol. III, section C of the Congress, incorporated herein
      by reference.
PAR  This whiteness equation,
EQU  W = 100 - ((100-L).sup.2 + 1.44 [(a-4.1).sup.2 + (b+8.0).sup.2 ] ) .sup.1/2
PAL  is especially adapted to modern fabrics with fluorescent whitening agents.
PAR  The bleaching results from the test are set forth in Table I. The higher
      the number in the table, the more efficient is the bleaching. Two units on
      the Diehl scale have been shown to be visually recognizable by the average
      observer.
TBL                TABLE I                                                     
     ______________________________________                                    
                       Brown           3 Stain                                 
                Coffee Gravy    Tea    Average                                 
     ______________________________________                                    
      Run A       9.0      6.9      18.9 11.6                                  
      Run B       3.5      1.4      2.9  2.6                                   
      Run C       0        0        0    0                                     
     (control)                                                                 
      Run D       8.6      2.5      9.7  7.0                                   
     (Dryer Bleach)                                                            
     ______________________________________                                    
PAR  As can be seen from Table I, Run D, involving the dryer added bleach
      employed in the manner of this invention, provides more effective stain
      removal than a commercial perborate bleach employed in an aqueous
      laundering liquor. Moreover, the bleach herein compared favorably with a
      commercial chlorine bleach used in an aqueous medium.
PAC  EXAMPLE II
TBL                Bleaching Composition                                       
     ______________________________________                                    
     Ingredient                Wt. %                                           
     ______________________________________                                    
     Sodium perborate          65                                              
     TAGU                      32.5                                            
     bis-(styrylsulfonate)biphenyl*                                            
                               0.7                                             
     Perfume                   1.7                                             
     ______________________________________                                    
      *Optical Brightener                                                      
PAR  The sodium perborate (as the commercial tetrahydrate) is screened through a
      100 mesh screen and the particles which are too large to pass through the
      screen are discarded. The TAGU, sodium perborate, optical brightener and
      perfume are dry-mixed and sieved through a second 100 mesh screen to
      provide a bleaching composition having an average particle diameter below
      about 150.mu..
PAR  Eight lbs. of damp fabrics containing a total of ca. 12 lbs. of water and
      stained with miscellaneous food stains are placed in an automatic dryer at
      ambient temperature. The fabrics are spread out uniformly on the bottom of
      the dryer drum. 25 Grams of the composition of Example II are placed in a
      pouch fashioned from open pore polyurethane having a density of 1.2
      lbs./cu.ft. and a wall thickness of one-fourth in. The pouch is sealed
      with a plastic clip and placed on top of the damp fabrics. The dryer is
      operated at an average temperature of 60.degree.C, with tumbling, for 60
      minutes. During this time, the bleaching composition sifts onto all fabric
      surfaces in a uniform manner. The fabrics are removed from the dryer and
      the food stains are found to be evenly and uniformly bleached.
PAR  The bleaching composition of Example II is replaced by an equivalent amount
      of ammonium perborate and TAGU at a 1:1 weight ratio; a 1:1:1 wt. mixture
      of sodium perborate, TAGU, and p-methoxyperbenzoic acid; a 1:1:1 wt.
      mixture of sodium perborate, Oxone, and TAGU; and chlorinated trisodium
      phosphate, respectively, and equivalent bleaching results are secured.
PAR  In the procedure of Example II the polyurethane foam pouch is replaced by a
      cotton bag woven to provide 200.mu. openings along one side of the bag.
      The bleach is evenly dispensed onto the fabrics and even, effective
      bleaching is secured.
PAR  In the foregoing procedure, the bleaching composition is replaced by
      average equivalent perborate/TAGU bleaches having particle diameters of
      50.mu., 100.mu. and 175.mu., respectively, and even, effective bleaching
      is secured.
PAR  As can be seen from the foregoing, the articles herein are fashioned to
      provide even, controlled release of the small particles of the fabric
      bleaching compositions. Fabrics which are laundered and spun dry in an
      automatic washer retain from 25% to 300% by weight of water, based on
      total fabric weight, and the small particles of bleach rapidly dissolve
      therein. The resulting concentration of bleach at the fabric surface,
      i.e., at the site of the stains, is quite high. For the peroxygen bleaches
      herein, from about 300 ppm to about 5000 ppm of available 0.sub.2 per gram
      of fabric are provided, and this high concentration of bleach effectively
      removes a wide variety of fabric stains.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An article of manufacture especially adapted for bleaching fabrics in an
      automatic clothes dryer, consisting essentially of:
PA1  a. a water-insoluble, closed, flexible pouch, at least one wall of said
      pouch consisting of an open pore polyurethane foam having a density of
      from about 0.75 lb./cu. ft. to about 1.50 lb./cu. ft.; and
PA1  b. an effective amount of a solid, particulate, water-soluble fabric
      bleaching composition consisting essentially of a peroxygen bleach, said
      bleaching composition being releasably enclosed within the pouch.
NUM  2.
PAR  2. An article according to claim 1 wherein the pouch is made of open pore
      polyurethane foam having a density of from about 1.1 lbs/cu. ft. to about
      1.3 lbs/cu. ft. and a thickness of from about 0.1 in. to about 0.5 in.
NUM  3.
PAR  3. An article according to claim 2 wherein the bleaching composition has an
      average particle diameter of from about 25.mu. to about 200.mu..
NUM  4.
PAR  4. An article according to claim 1 wherein the fabric bleaching composition
      consists essentially of a solid peroxygen bleach and a solid bleach
      activator.
NUM  5.
PAR  5. An article according to claim 4 wherein the peroxygen bleach is selected
      from the group consisting of alkali metal perborates and ammonium
      perborate.
NUM  6.
PAR  6. An article according to claim 5 wherein the bleach activator is
      1,3,4,6-tetra-acetyl glycouril.
NUM  7.
PAR  7. An article of manufacture according to claim 1 especially adapted for
      bleaching fabrics in an automatic dryer, consisting essentially of:
PA1  a. a water-insoluble, closed, flexible pouch, the walls of said pouch
      consisting of open pore polyurethane foam having a density of about 1.1
      lbs/cu. ft. to about 1.3 lbs/cu. ft. and a thickness of from about 0.15
      in. to about 0.35 in.; and
PA1  b. a bleaching amount of a particulate fabric bleaching composition
      consisting essentially of sodium perborate and 1,3,4,6-tetra-acetyl
      glycouril, said bleaching composition having an average particle diameter
      below about 150.mu..
NUM  8.
PAR  8. An article according to claim 7 in which the pouch releasably contains
      from about 20 grams to about 30 grams of the bleaching composition.
NUM  9.
PAR  9. An article according to claim 8 which includes as an additional
      component, an effective amount of a particulate optical brightener
      releasably contained within said pouch.
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ABST
PAL  The storage stability of detergent compositions comprising an inorganic
      peroxygen bleaching compound, such as sodium perborate, and, as an
      activator therefor, a substituted halotriazine compound, such as
      2,4-dichloro-6-bis(hydroxyethyl)amino-s-triazine, is markedly improved if
      the composition is prepared by spray-drying a water slurry of the
      detergent and the activator compound and then dry-blending said mixture
      with the inorganic peroxygen bleaching compound.
BSUM
PAR  This invention relates to improved detergent compositions comprising an
      inorganic peroxygen bleaching compound and, as an activator therefor, a
      substituted halotriazine compound. More particularly, the invention
      relates to a method for improving the stability of these detergent
      compositions toward loss of bleaching activity on storage.
PAR  The use of various compounds as peroxygen bleach activators has previously
      been disclosed. For example, see French Patent 1,583,330 (N-acyl
      derivatives of imidazoles, pyrazoles and triazoles), British Patent
      1,046,251 (N-acyl derivatives of pyridazine, triazoles and pyrazoles).
      Many peroxygen bleaching compositions containing such activators have
      proved unsatisfactory for one or more reasons, such as inadequate
      bleaching at 50.degree. to 70.degree.C., the typical working temperature
      range of modern laundry washing machines, or because the activators tended
      to lose their effectiveness in the time interval between manufacture and
      actual use of the bleaching compositions, due to storage for extended
      periods of time under varying conditions of humidity and temperature.
PAR  In a pending application of Frank F. Loffelman and Thomas E. Brady, Ser.
      No. 343,313, filed Mar. 21, 1973 and assigned to the same assignee as the
      instant application, there is disclosed a class of compounds which are
      highly effective activators for peroxygen bleaching compositions, viz.,
      substituted halotriazines represented by the formula:
      ##SPC1##
PAL  Wherein X represents halogen, preferably chlorine; R.sub.1 and R.sub.2
      individually represent halogen, hydroxy, mercapto, alkyl, alkenyl, alkoxy,
      alkylmercapto, aryl, aryloxy, arylmercapto, dialkoxyphosphinyl or
      ##EQU1##
      where R.sub.3 and R.sub.4 may be hydrogen, alkyl, cyanoalkyl,
      hydroxyalkyl, carboxyalkyl, chloroalkyl, alkoxyalkyl, sulfoalkyl, aryl,
      sulfoaryl, acylaminoaryl or carbamoylalkyl, or where R.sub.3 and R.sub.4
      taken together may be joined to complete a heterocyclic ring selected from
      morpholine, piperazine and piperidine rings. In each instance where alkyl,
      alkenyl or alkoxy is mentioned, the term is intended to designate lower
      (i.e., C.sub.1 -C.sub.5) alkyl, lower (i.e., C.sub.1 -C.sub.5) alkenyl or
      lower (i.e., C.sub.1 -C.sub.5) alkoxy.
PAR  Typical of the said class of substituted halotriazine compounds are the
      following:
PA1  2,4-dichloro-6-methoxy-s-triazine,
PA1  2,4-dichloro-6-di(cyanomethyl)amino-s-triazine,
PA1  2-chloro-4,6-bis(dicyanomethyl)amino-s-triazine,
PA1  2-chloro-4-methoxy-6-(dicyanomethyl)amino-s-triazine,
PA1  2-chloro-4-methoxy-6-phenoxy-s-triazine, and
PA1  2,4-dichloro-6-bis(hydroxyethyl)amino-s-triazine
PAR  Further examples of the substituted halotriazine compounds and their method
      of preparation are disclosed in the aforementioned pending application
      Ser. No. 343,313.
PAR  While bleaching compositions made with the said class of substituted
      halotriazine activator compounds exhibit good bleaching effectiveness at
      relatively low temperatures of 10.degree.C. to 70.degree.C., and possess
      relatively good storage stability, nevertheless, when used in detergent
      compositions containing inorganic peroxygen bleaching compounds, such as
      sodium perborate, they tend to lose more activity on storage under varying
      conditions of temperature and humidity than is desirable for optimally
      effective commercial use.
PAR  It is, therefore, an object of this invention to provide means for
      substantially improving the storage stability of detergent compositions
      containing inorganic peroxygen bleaching compounds and the substituted
      halotriazine bleach activators.
PAR  In accordance with the present invention, it has now been discovered that
      peroxygen bleaching compositions comprising an inorganic peroxygen
      compound and a substituted halotriazine activator compound are stabilized
      against loss of activity on exposure for extended periods of time to
      varying degrees of temperature and humidity by coating said activator
      particles with detergent component by a process of spraydrying, followed
      by blending of the peroxygen compound therewith. Thus, it has been found
      that when a water slurry of the detergent and the substituted halotraizine
      activator is spray-dried to provide a granular material in which the
      activator is coated with one or more of the components of the detergent,
      and subsequently dry blended with the inorganic peroxygen compound, the
      storage stability of the activated bleaching compositions is markedly
      improved. This finding was surprising because it was not believed possible
      to expose the activator compound to the elevated temperatures necessary
      for effective spray-drying without hydrolytic decomposition of the
      activator compound. Thus, heretofore, it was believed necessary to blend
      both the activator compound and the peroxygen compound into the finished
      detergent composition.
PAR  The inorganic peroxygen bleaching compounds useful in the present invention
      are alkali metal perborates, percarbonates, perphosphates, persulfates,
      monopersulfates, and the like. Mixtures of two or more bleaching compounds
      can, of course, be used in combination, if desired. Sodium perborate is
      the preferred peroxygen bleaching compound, for economic reasons, while
      sodium percarbonate may be preferred for ecological reasons.
PAR  The activated bleach compositions of the invention are useful for bleach
      applications for various substrates including fabrics, particularly when
      incorporated into detergent compositions for household or commercial
      laundering purposes. An important property of the compositions in this
      regard is their ability to remove stains including food stains, such as
      those from coffee, tea and wine, while maintaining the purity of white in
      uncolored textiles.
PAR  The detergent in which the activated bleach compositions are used may be
      any of the conventional types, such as anionic, cationic, honionic or
      amphoteric. Examples of anionic detergents include the alkali metal or
      alkaline earth metal salts or higher alkylbenzene sulfonates, olefin
      sulfonates, higher alkyl sulfates and higher fatty acid monoglyceride
      sulfates. Typical cationic detergents include tetraalkyl ammonium salts in
      which one of the alkyl groups contains approximately 12 to 18 carbon
      atoms, such as dodecyltrimethylammonium chloride or ethyl dimethyl
      octadecylammonium methosulfate. Typical nonionic detergents include
      polyglycol ethers of alkanolamides of higher fatty acids and also
      polyglycol ethers of higher alkanols and higher fatty acids. Amphoteric
      detergents include aminofatty acids such as dimethylaminopropionic acid
      and iminodi-fatty acids such as methyliminodilauric acid.
PAR  In the bleaching compositions of the invention, the proportion of the
      activator compound to the peroxygen compound may vary widely, the
      peroxygen compound usually being in at least a small excess. For practical
      purposes, a mole ratio of activator compound to peroxygen compound of from
      about 1:1 to about 1:10 is suitable, the preferred ratio being between
      about 1:1 to 1:3. Although higher amounts of the activator may be used,
      such use would be uneconomical since no advantage in terms of bleaching
      activity would be obtained thereby. In the spray drying of detergent
      slurry containing activator, the amount of activator incorporated will be
      such that after postblending with the peroxygen compound; the detergent
      will contain activator and peroxygen compound in the above defined ratio.
PAR  The compositions may also contain various additives which have no adverse
      effect on the bleaching action, such as brighteners, enzymes, etc; other
      components may also be present as are conventionally used in detergent
      compositions including so-called "builders", representatives of which are
      various sodium phosphate salts, carbonates, silicates, and the like as
      usually encountered in the art.
PAR  The invention is practiced using conventional counter-current spray-drying
      techniques, which are well known to those skilled in the art; see, for
      example, Masters, Spray Drying, CRC Press, Cleveland, Ohio, pp. 511-518.
PAR  A detergent composition, such as a heavy duty anionic detergent is prepared
      using precise weighing/metering of the ingredients, mixing, homogenizing
      and de-aeration before spray-drying. For the spray-drying, as high a
      solids content as possible in the water slurry is generally used (about
      50-65%) in order to give the highest powder bulk density. The spray-dryer
      feed ordinarily must be free of air and material that can clog the nozzle
      atomizer. The product is then dried in a counter-current flow drying tower
      at an inlet temperature of about 660.degree.-750.degree.F.
      (350.degree.-400.degree.C) and an outlet temperature of about
      195.degree.F.-230.degree.F. (90.degree.-110.degree.C.), and a nozzle
      atomizing pressure in the range of 30-60 atmospheres, to provide a
      composition with a moisture content in the range of about 8 to 13% and a
      bulk density in the range of about 0.30 to 0.35 gram/cm.sup.3. The dried
      powder leaves the base of the drying tower and is transported via a
      conveyor belt to an air lift. During passage on the conveyor belt, product
      dosing of products which would be damaged during spray-drying may be
      carried out. These include, for example, enzymes and the peroxygen
      compound, if desired.
PAR  The conditions for spray-drying will depend on the type of detergent used.
      Light duty detergents, for example, which are less used than heavy duty
      detergents (useful in dishwashers, etc.), may be spray-dried by
      counter-current or co-current air flow at lower temperatures. However, for
      the purposes of the present invention, spray drying of heavy duty
      detergents is of major importance.
DETD
PAR  The invention is illustrated by the following examples and tests.
PAC  EXAMPLE 1
PAR  Two detergent bleaching compositions (Compositions I and II) are prepared
      utilizing in each instance a heavy duty detergent of approximately the
      following composition.
TBL  ______________________________________                                    
                            Wgt. %                                             
     Linear Alkyl benzene sulfonate                                            
                            20.0                                               
     Sodium Metasilicate    8.0                                                
     Sodium Tripolyphosphate                                                   
                            50.0                                               
     Carboxymethyl Cellulose                                                   
                            1.5                                                
     Brightener             0.5                                                
     Sodium Sulfate         20.0                                               
                            100.0                                              
     ______________________________________                                    
PAR  I. To 50 parts water is added 47 parts of detergent. The slurry is stirred
      for 10 minutes at 70.degree.C. and 3 parts of
      2,4-dichloro-6-bis(hydroxyethyl)amino-s-triazine added. The slurry is
      again stirred for 10 minutes at 70.degree.C., de-aerated and spray-dried
      counter-currently under the following conditions:
TBL  Inlet air temperature,                                                    
                           350.degree.C.                                       
     Outlet air temperature,                                                   
                           100.degree.C.                                       
     Nozzle Atomizing Pressure,                                                
                            50 atm.                                            
PAR  To 85 parts of the spray-dried material, having a moisture content of about
      10% and a bulk density of about 0.35 gram/cc., there is then added 15
      parts sodium perborate tetrahydrate by dry-blending.
PAR  II. To 80.3 parts of detergent there is dryblended 15 parts of sodium
      perborate tetrahydrate and 4.7 parts of
      2,4-dichloro-6-bis(hydroxyethyl)amino-s-triazine (equivalent in active
      ingredients to Composition I above).
PAC  EVALUATION OF STORAGE STABILITY
PAR  Samples of Compositions I and II are subjected to accelerated aging by
      exposure thereof in open petri dishes for one week at 100.degree.F. and
      80% relative humidity.
PAR  The two aged compositions are then evaluated for their bleach activity by
      the following procedure.
PAC  BLEACH ACTIVITY TEST
PAR  Five-gram swatches of desired 80 .times. 80 cotton fabric are stained with
      tea as follows: Five tea bags are placed in a liter of water and boiled
      for five minutes. The swatches are then immersed in the tea and the
      boiling continued for an additional five minutes. The swatches are then
      removed from the tea, wrung out, dried at 200.degree.-215.degree.C.,
      rinsed in cold water and dried again.
PAR  Two of the tea-stained cotton swatches are placed in a stainless steel
      Terg-O-Tometer, a test washing machine manufactured by U.S. Testing
      Company and used in the detergent industry for evaluation purposes. Forty
      grams of unstained cotton fabric and one liter of distilled water at
      120.degree.F. are added so as to provide a typical household washing
      machine water to cloth ratio of 20/1. There is then added 1.25 g. of the
      aged detergent bleaching composition to be tested and the Terg-O-Tometer
      is operated at 100 cycles per minute for 15 minutes at a temperature of
      120.degree.F. The swatches are then removed, rinsed with cold water, and
      dried at room temperature. As control, a test is also made wherein 1 gram
      of detergent, 0.19 gram of sodium perborate tetrahydrate and 0.06 gram of
      2,4-dichloro-6-(hydroxyethyl)-s-triazine are added separately to the
      Terg-O-Tometer, in order to provide a measure of the bleaching
      effectiveness of the fresh (unaged) composition.
PAR  The test results show that Composition I is as effective in removing the
      stains as the unaged composition, whereas Composition II exhibits
      relatively poor stain-removing ability, thus illustrating the improving
      effect on the aging stability of the detergent bleach composition provided
      by the method of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the preparation of storage-stable detergent bleaching
      compositions containing an inorganic peroxygen bleach compound and, as an
      activator therefore, a substituted halotriazine compound represented by
      the formula:
      ##SPC2##
PAL  where X represents chlorine or bromine; and R.sub.1 and R.sub.2
      individually represent chlorine, bromine, hydroxy, mercapto, lower alkyl,
      lower alkoxy, phenoxy, dimethoxyphosphinyl, or
      ##EQU2##
      where R.sub.3 and R.sub.4 individually represent hydrogen, lower alkyl,
      lower cyanoalkyl, lower hydroxyalkyl or phenyl, or where R.sub.3 and
      R.sub.4 taken together complete a heterocyclic ring selected from
      morpholine, piperazine and piperidine rings; said method comprising
      forming an aqueous slurry of a detergent composition and said substituted
      halotriazine compound having a solids content in the range of about 50% to
      65%, de-aerating and spray-drying said slurry using a counter-current air
      flow at an inlet temperature of about 350.degree.C. to 400.degree.C., an
      outlet temperature of about 90.degree.C. to 110.degree.C. and a nozzle
      atomizing pressure in the range of 30 to 60 atmospheres, to provide a
      composition with a moisture content in the range of about 8 to 13% and a
      bulk density in the range of about 0.30 to 0.35 gram/cm.sup.3 ; dry
      blending said dried composition with said inorganic peroxygen bleach
      compound to provide in the storage-stable detergent composition a mole
      proportion of activator to peroxygen compound in the range of about 1:1 to
      1:10.
NUM  2.
PAR  2. The method of claim 1 wherein the substituted halotriazine compound is
      2,4-dichloro-6-bis(hydroxyethyl)amino-s-triazine.
NUM  3.
PAR  3. The method of claim 1 wherein the substituted halotriazine compound is
      2-chloro-4-methoxy-6-phenoxy-s-triazine.
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ABST
PAL  Antibacterial and germicidal detergent compositions containing biologically
      active S-(1,2-dialkoxycarbonylethyl)dialkyldithiocarbamates of the
      formula:
      ##EQU1##
      where R and R' represent lower alkyl groups. The compositions unexpectedly
      posssess effective skin substantivity so that soap and shampoo
      formulations, as well as cosmetic and toilet preparations retaining
      bacteriostatic and germicidal activity even after washing and rinsing of
      the skin are obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the use of certain
      S-(1,2-dialkoxycarbonylethyl) dialkyldithiocarbamates as bacteriostats and
      germicides and more particularly to their use as active ingredients in
      detergent compositions used for skin cleansing. The bacteriostatic
      detergent compositions find advantageous applicability in medicinal and
      germicidal bar and liquid soaps and shampoos as well as in other cosmetic
      and toilet preparations including cosmetic cleansing creams, shaving
      creams, hair treatment preparations and the like.
PAR  While numerous substances posses a degree of bacteriostatic effectiveness
      against specific bacteria or groups thereof, few produce the desired
      results necessary for a successful soap bacteriostat. In many cases, the
      bacteriostatic activity of known bactericides is reduced or inactivated in
      the presence of surface active agents such as soaps or detergents.
      Furthermore, even if its activity is not reduced in soap, a bactericide
      may nevertheless be ineffective in inhibiting skin microorganisms for any
      length of time due to a lack of effective skin substantivity, i.e., the
      property of remaining on the skin and retaining antibacterial and
      germicidal activity over a period of time after washing and rinsing of the
      skin. Besides antibacterial properties, other desirable properties are
      important for commercial application of a soap bacteriostat. After
      incorporation of the soap bacteriostat, the detergent composition such as
      bar, powder, paste, liquid, or aerosol must maintain the desired
      antimicrobial efficacy as well as retain the following properties: initial
      whiteness, odor stability color stability under aging and sunlight
      exposure, and absence of discoloration in the presence of copper.
PAR  2. Description of the Prior Art
PAR  S-(1,2-dialkoxycarbonylethyl) dialkyldithiocarbamates are known to possess
      fungicidal and herbicidal properties. See for example, U.S. Pat. No.
      2,786,866. British Pat. No. 824,196 discloses certain S-ethoxycarbonyl
      esters of N,N-dialkyldithiocarbamates which retain their bacteriostatic
      activity in the presence of soaps and waxes. That patent further states
      that the retention of such activity appears to be a property highly
      specific to compounds of the particular structure concerned since
      modification of the structure generally results in loss thereof. Moreover,
      the references give no indication that the bactericides possess skin
      substantivity, an important criteria for use as active ingredients in
      bacteriostatic toilet and cosmetic formulations.
PAR  Therefore, the prior art compounds may be considered as specific and
      unsuggestive of other compounds of the class possessing properties
      necessary for an effective skin substantive soap bacteriostat.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered according to this invention that certain
      S-(1,2-dialkoxycarbonylethyl) dialkyldithiocarbamate compounds possess
      specific antibacterial properties that are advantageously retained in the
      presence of detergents for prolonged periods of time and unexpectedly
      exhibit effective skin substantivity. Furthermore, those compounds meet
      other criteria desirable for an effective soap bacteriostat. For example,
      detergent compositions containing the compounds of the invention possess
      initial whiteness, stability of color and long shelf life with respect to
      the active ingredient.
PAR  The aforementioned advantages are obtained according to this invention by
      providing antibacterial and germicidal detergent compositions containing
      as active ingredients S-(1,2-dialkoxycarbonylethyl)
      dialkyldithiocarbamates of the general formula:
      ##EQU2##
      where R and R' represent, independent of each other, methyl and ethyl
      groups, provided that the total number of carbon atoms in the four alkyl
      groups is six or less.
PAR  Therefore, it is an object of this invention to provide microorganism
      inhibiting methods and detergent compositions displaying antibacterial and
      germicidal activity on the skin for a period of time after washing and
      rinsing of the skin.
PAR  The term "detergent" as used herein is intended to include natural and
      synthetic organic detergents such as soap as well as non-soap
      surface-active agents of the anionic, cationic, nonionic and amphoteric
      type. Furthermore, the term detergent is intended to cover all products in
      which soap and non-soap surface-active agents are major constituents, for
      example bar soap, liquid soaps, shaving creams, cosmetic cleansing creams,
      hair and scalp treatment preparations such as shampoos and similar
      formulations.
PAR  A further object of this invention is the provision of shampoo or detergent
      compositions containing S-(1,2-dialkoxycarbonylethyl)
      dialkyldithiocarbamate compounds of the invention that are substantive to
      the skin and that give prolonged effect in reducing the number of
      microorganisms on skin.
PAR  Other objects and advantages will become apparent from the detailed
      description which follows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds of this invention are prepared by general, known methods. For
      example, U.S. Pat. No. 2,786,866 describes the addition of a
      dithiocarbamic acid formed in situ to a compound having an activated
      carbon to carbon double bond to yield esters of dithiocarbamic acid. To
      further illustrate, S-(1,2-dimethoxycarbonylethyl) dimethyldithiocarbamte
      is prepared as follows:
PAR  A mixture of 100 g. methanol and 38 g. carbon disulfide is placed in a
      reaction vessel equipped with condenser and stirrer and cooled in an ice
      bath to 35.degree.C. While maintaining this temperature, 22.5 g. anhydrous
      dimethylamine is slowly added to the mixture, followed by the addition of
      72 g. dimethyl maleate. The reaction mixture is heated to
      45.degree.-50.degree.C and allowed to react for 11/2 hours. Methanol is
      stripped off under vacuum to yield 129.5 g. (99.5% of theory) of yellow,
      oil-insoluble liquid.
PAR  Relatively small amounts of the antibacterial agents in detergent
      compositions are sufficient to obtain the advantages of the invention.
      Satisfactory results are obtained when the weight of the antibacterial
      agent is from 0.1 to 5% based on the weight of the detergent composition,
      with the desired range being 1 to 3%. Greater amounts will be effective
      but further substantial advantages will be minimal or nonexistant. The
      effective amounts will vary for a given application and/or desired
      germicidal or biostatic effect and may be determined by those skilled in
      the art according to known practice.
PAR  The germicidal agents of this invention can be added to soap or other skin
      cleansing agent by any of the commonly employed methods which result in a
      uniform distribution of the anitbacterial agent throughout the entire
      mass. Shampoo and soap formulations can, of course, contain any of the
      usual additives such as coloring agents, perfume, thickeners, solvents,
      opacificers, suds builders, conditioning agents, preservatives, buffers,
      antioxidants and anti-static agents. The germicidal agents of the
      invention can be employed in conjunction with other bacteriostats, as for
      instances, phenols, carbanilides, salicylanilides or any other suitable
      bacteriostat or bactericide. The detergents may be soap as well as
      non-soap surface active agents of the anionic, cationic, nonionic and
      amphoteric type.
PAR  Anionic detergents include both the soap and non-soap detergents. Examples
      of suitable soaps are the sodium, potassium, ammonium and alkanolammonium
      salts of higher fatty acids (C.sub.10 -C.sub.20). Particularly useful are
      the sodium and potassium salts of the mixtures of fatty acids derived from
      coconut oil and tallow. Examples of anionic non-soap detergents are alkyl
      glyceryl ether sulfonates, alkyl sulfates, alkyl monoglyceride sulfates or
      sulfonates, alkyl polyethoxy ether sulfates, acyl sarcosinates, acyl
      esters of isethionates, acyl N-methyl taurides, alkyl benzene sulfonates,
      and alkyl phenol polyethoxy sulfonates. In these compounds the alkyl and
      acyl groups, respectively, contain 10 to 20 carbon atoms. They are used in
      the form of water-soluble salts, the sodium, potassium, ammonium and
      alkanolammonium salts, for example. Specific examples are sodium lauryl
      sulfate, potassium N-methyl lauroyl tauride; and triethanolamine dodecyl
      benzene sulfonate.
PAR  Suitably useful cationic detergents are quaternary ammonium salts as
      exemplified by dilauryldimethyl ammonium chloride, cetyl trimethyl
      ammonium bromide, N-cetylpyridinium bromide and benzethonium chloride.
PAR  Nonionic detergents include ethoxylated alkylphenols, ethoxylated aliphatic
      alcohols, carboxylic esters and carboxylic amides. Particularly useful are
      polyoxyethylene alkylphenols, polyoxyethylene fatty ethers,
      polyoxyethylene fatty acid esters and ethoxylated alkylolamides.
PAR  Representative examples of amphoteric detergents are alkyl
      beta-imino-dipropionates, and alkyl beta-amino-propionates, wherein the
      alkyl group contains 10 to 20 carbon atoms, and basic quaternary ammonium
      compounds derived from 2-alkyl-substituted imidazoline.
PAR  The specific procedures used to test the properties hereinbefore enumerated
      are described in the following examples with the results obtained set
      forth in the tables.
PAC  EXAMPLE 1
PAC  a. Soap Plug Test
PAR  Bacteriostatic activity per se was tested by milling into Ivory soap (made
      according to U.S. Pat. No. 2,295,594) 1% of the test material based on the
      weight of the soap and by compressing it into plugs. Plugs (0.5 inch in
      diameter and 0.25 inch thick) of each of the test soaps were placed on
      agar plates seeded with one of three representative test bacteria,
      Bacillus subtilis, Staphylococcus aureus, and Salmonella typhosa. After
      incubation at 37.degree.C. for 24 hrs., the clear zone of inhibition (lack
      of bacterial growth) was measured and reported as average diameter of zone
      inhibition (diameter of clear zone less the diameter of the soap plug),
      and tabulated in Table IA.
PAC  b. Hide Substantivity (soap)
PAR  For the test of substantivity or retention of bacteriostat by the skin
      after washing with the test soap, untanned calf-skin hide buttons were
      soaked in 100 ml. of 8% solution of the test soap containing 1% of the
      test material, rinsed four times with 100 ml. distilled water, placed on
      seeded agar plates and incubated for 24 hrs., at optimum temperature of
      the test bacteria, Bacillus subtilis, Staphylococcus aureus and Salmonella
      typhosa. The zones of inhibition were measured and reported as in the soap
      plug test, and tabulated in Table IA.
PAR  The test soap containing the active ingredient was aged for several months
      and the test was repeated.
TBL                                    TABLE IA                                
     __________________________________________________________________________
     BACTERIOSTATIC ACTIVITY AND SUBSTANTIVITY IN SOAP                         
                           Average Diameter of Inhibited Zone In mm            
     Active Ingredient                                                         
                    Aging Time                                                 
                           A) Activity In Soap                                 
                                            B) Hide Substantivity In Soap      
                           B. subtilis                                         
                                 S. aureus                                     
                                      S. typhosa                               
                                            B. subtilis                        
                                                  S. aureus                    
                                                       S. typhosa              
     __________________________________________________________________________
     S-(1,2-dimethoxycarbonyl-                                                 
                    24 hours                                                   
                           24    32   23    8     11    6                      
     ethyl) dimethyldithiocar-                                                 
                     1 month                                                   
                           --    --   --    8     10   11                      
     bamate          4 months                                                  
                           --    --   --    9     12    7                      
     S-(1,2-diethoxycarbonyl-                                                  
                    24 hours                                                   
                           18    27   22    4      2    1                      
     ethyl) dimethyldithiocar-                                                 
                     2 months                                                  
                           --    --   --    5     17    7                      
     bamate                                                                    
     S-(1,2-dimethoxycarbonyl-                                                 
                    24 hours                                                   
                           10    16   12    3      4    2                      
     ethyl) diethyldithiocar-                                                  
                     2 months                                                  
                           --    --   --    6      6    2                      
     bamate                                                                    
     __________________________________________________________________________
PAR  The results compiled in Table IA demonstrate the good microorganism
      inhibiting and skin substantive properties possessed by the compounds of
      this invention. As indicated by the aging tests, these desirable
      properties are retained in soap media over prolonged periods of time. The
      unexpected effectiveness of the S-(1,2-dialkoxycarbonylethyl)
      dialkyldithiocarbamates in the presence of detergents according to the
      invention is more evident in comparison with the virtual inactivity and
      ineffectiveness of the higher alkyl derivatives of the dithiocarbamate
      esters of the invention. The results tabulated in Table IB demonstrate a
      lack of substantial bacteriostatic activity and skin substantivity in soap
      for these analogous compounds and thus, the unexpected efficacy of the
      compounds in the compositions of the invention.
TBL                                    TABLE IB                                
     __________________________________________________________________________
     HIGHER ALKYL DERIVATIVE DITHIOCARBAMATES                                  
     WITHOUT SUBSTANTIAL BACTERIOSTATIC                                        
     ACTIVITY AND SUBSTANTIVITY IN SOAP                                        
                      Average Diameter of Inhibited Zone in mm                 
     Active Ingredient                                                         
                      A) Activity In Soap                                      
                                       B) Hide Substantivity In Soap           
                      B. subtilis                                              
                            S. aureus                                          
                                 S. typhosa                                    
                                       B. subtilis                             
                                             S. aureus                         
                                                  S. typhosa                   
     __________________________________________________________________________
     S-(1,2-dimethoxycarbonylethyl)                                            
                      0     0    0     0     0    0                            
     di-n-propyldithiocarbamate                                                
     S-(1,2-diethylcarbonylethyl)                                              
                      0     0    0     0     0    0                            
     dibutyldithiocarbamate                                                    
     S-(1,2-dioctylcarbonylethyl)                                              
                      0     4    0     0     0    0                            
     diethyldithiocarbamate                                                    
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  The skin substantivity test was repeated by using a shampoo formulation as
      follows:
TBL                           Percent                                          
     Ingredients              By Weight                                        
     ______________________________________                                    
     Sodium salt of sulfated coconut                                           
                              23.0                                             
     fatty alcohol                                                             
     Sodium stearate           8.7                                             
     Sodium sulfate            0.8                                             
     Trisodium phosphate       2.1                                             
     Perfume                   1.0                                             
     Active Ingredient: S-(1,2-dimethoxy-                                      
     carbonylethyl) dimethyldithiocarbamate                                    
                               2.0                                             
     Water, made up to 100%   --                                               
     pH                        7.7                                             
     ______________________________________                                    
PAR  Untanned calf-skin buttons were soaked in 100 ml. of 8% solution of the
      test shampoo containing 2% of the test material, rinsed four times with
      100 ml of distilled water, placed on seeded agar plates and incubated for
      24 hrs. at optimum growth temperature of the test bacteria, Bacillus
      subtilis, Staphylococcus aureus and Salmonella typhosa. The zones of
      inhibition were measured and reported as in the soap plug test and
      tabulated in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Hide Substantivity in Shampoo                                             
                      Average Diameter of Inhibited Zone                       
                      in mm                                                    
     Active Ingredient                                                         
                      B. subtilis                                              
                             S. aureus                                         
                                   S. typhosa                                  
     __________________________________________________________________________
     S-(1,2-dimethoxycarbonylethyl)                                            
                      10     18    8                                           
     dimethyldithiocarbamate                                                   
     S-(1,2-diethoxycarbonylethyl)                                             
                      12     10    7                                           
     dimethyldithiocarbamate                                                   
     S-(1,2-dimethoxycarbonylethyl)                                            
                       2      2    1                                           
     diethyldithiocarbamate                                                    
     __________________________________________________________________________
PAR  The test results demonstrate the bacteriostatic activity and skin
      substantive properties of the compound of this invention in a shampoo
      media.
PAC  EXAMPLE III
PAR  To test the color stability of detergent compositions, a soap plug
      containing S-(1,2-dimethoxycarbonylethyl) dimethyldithiocarbamate as
      active ingredient was cut in two, and one portion was exposed to sunlight
      for 40 hrs. Upon comparison to the unexposed portion of the soap, no color
      change was observed.
PAR  Thus, there have been disclosed S-(1,2 -dialkoxycarbonylethyl)
      dialkyldithiocarbamates which unexpectedly possess excellent germicidal
      and skin substantive properties which are retained in the presence of
      detergents after storage. These properties, as well as the color stability
      of the compounds indicate their applicability as active ingredients in
      germicidal or medicinal soaps, shampoos and other skin-cleansing and
      cosmetic compositions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bacteriostatic skin and scalp cleansing composition comprising
      detergent and a biostatically effective amount of a skin substantive
      compound of the general formula:
      ##EQU3##
      where R and R' represent, independent of each other, methyl and ethyl
      groups provided that the total number of carbon atoms in the four alkyl
      groups is six or less.
NUM  2.
PAR  2. A bacteriostatic skin and scalp cleansing composition as claimed in
      claim 1 where the biostatically effective amount is 0.1 to 5 percent by
      weight based on the total weight of the composition.
NUM  3.
PAR  3. A bacteriostatic skin and scalp cleansing composition as claimed in
      claim 1 where the detergent is shampoo.
NUM  4.
PAR  4. A biostatically active detergent composition comprising at least one
      synthetic organic detergent selected from the group consisting of anionic,
      nonionic, cationic and amphoteric detergents and fatty acid soaps and a
      biostatically effective amount of a skin substantive, biologically active
      agent selected from the group consisting of S-(1,2-dimethoxycarbonylethyl)
      dimethyldithiocarbamate, S-(1,2-diethoxycarbonylethyl)
      dimethyldithiocarbamate, S-(1,2-dimethoxycarbonylethyl)
      diethyldithiocarbamate, and combinations thereof.
NUM  5.
PAR  5. A method of inhibiting the growth of skin microorganisms by applying
      thereto a cleansing composition including at least one synthetic organic
      detergent selected from the group consisting of anionic, nonionic,
      cationic, and amphoteric detergents and fatty acid soaps and from 0.1 to 5
      percent by weight based on the total weight of the composition of a
      compound of the general formula:
      ##EQU4##
      where R and R' represent independent of each other methyl and ethyl groups
      provided that the total number of carbon atoms in the four alkyl groups is
      six or less.
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ABST
PAL  Mixtures of high molecular weight polyols and low molecular weight polyols
      such as mixtures of glycerine initiated polyoxypropylene glycols and mono-
      and diethylene glycols are rendered resistant to phase separation upon
      storage by the addition thereto of from about 0.2% to about 3.0% by weight
      of colloidal silica or an onium modified clay such as Bentone 27.
BSUM
PAR  The present invention relates to a stable mixture of low molecular weight
      polyols and high molecular weight polyols.
PAR  Mixtures of low molecular weight polyols and high molecular weight polyols
      are used in the preparation of polyurethane foams and elastomers as taught
      in U.S. Pat. 3,725,355 and application Ser. No. 361,689, filed May 18,
      1973, now U.S. Pat. No. 3,821,130
PAR  It has been discovered that mixtures of these low molecular weight polyols
      and high molecular weight polyols, particularly low molecular weight diols
      and high molecular weight triols, tend to separate into two distinct
      phases during prolonged storage and or shipment.
PAR  It has unexpectedly been discovered that the addition of an onium modified
      clay or colloidal silica to these unstable mixtures renders them suitably
      stable, i.e. either eliminates or reduces the tendency of such mixtures to
      phase separation.
PAR  The present invention therefore concerns a composition resistant to phase
      separation which comprises:
PA1  A. a mixture which is susceptible to phase separation which comprises:
PA2  1. from about 95% to about 50%, preferably from about 91% to about 74%, and
      most preferably from about 84% to about 78%, by weight of a relatively
      high molecular weight polyol having an average of from about 2 to about 4
      OH groups per molecule and an average OH equivalent weight of from about
      650 to about 3000, preferably from about 1000 to about 2000, or mixtures
      thereof, and
PA2  2. from about 5% to about 50%, preferably from about 9% to about 26%, and
      most preferably from about 16% to about 22%, be weight of a relatively low
      molecular weight polyol selected from the group consisting of ethylene
      glycol, diethylene glycol, tetraethylene gylcol, liquid polyoxyethylene
      glycols, 1,4-butane diol, glycerine and mixtures thereof; and
PA1  B. as a compatabilizer for Component A, a minor but effective quantity of
      colloidal silica, an onium modified clay, or mixtures thereof.
PAR  Suitable low molecular weight polyols which are incompatible with high
      molecular weight polyols and which are employed in the present invention
      include, for example, diethylene glycol, ethylene glycol, triethylene
      glycol, tetraethylene glycol, all liquid polyoxyethylene glycols,
      glycerine, 1,4-butane diol, mixtures thereof and the like.
PAR  Suitable high molecular weight polyols which can be employed in the present
      invention include, for example, polyether polyols such as polyoxyalkylene
      glycols wherein the majority of the oxyalkylene groups are other than
      oxyethylene groups and have from about 2 to about 4 hydroxyl groups per
      molecule and hydroxyl equivalent weights of from about 650 to about 3000,
      preferably from about 1000 to about 2000.
PAR  The mixtures of low molecular weight and high molecular weight polyols
      usually contain from about 5 to about 50, preferably from about 9 to about
      26, and most preferably from about 16 to about 22, percent by weight of
      the low molecular weight polyol based upon the combined weight of the
      polyols.
PAR  The preferred clays for use in this invention are such naturally occurring
      minerals as bentonites and montmorillonites containing inorganic cations
      which are rather easily replaced by substituted ammonium ions. The
      modified clays are prepared by reacting a sodium, potassium, magnesium or
      similar type of bentonite-like clay with a substituted ammonium base salt,
      such as dimethyl benzyl hydrogenated tallow ammonium chloride, whereby the
      dimethylbenzyl-hydrogenated tallow ammonium salt of the clay is formed.
      Alternatively, an acidic bentonite-like clay may be reacted with a
      substituted ammonium base such as decylamine to produce the organophilic
      ammonium cation-modified clay. These modified clays have a property of
      swelling several times their original volume in the presence of relatively
      polar organic solvents and are capable of thickening these relatively
      polar solvents.
PAR  In addition to ammonium cation-modified clays, various onium cation
      modified clays suitable for use in the present invention are described in
      U.S. Pat. No. 2,531,427 which was issued Nov. 28, 1950, to Ernst A. Hauser
      and U.S. Pat. No. 2,966,506 issued Dec. 27, 1960 to J. W. Jordan. Examples
      of such materials are montmorillonites, bentonites, zeolites,
      attapulgites, etc. Originally these clays were in the form of acidic or
      inorganic salts but have been converted into onium salts by reaction with
      an onium compound in which the onium radical is selected from the class
      consisting of ammonium, phosphonium, oxonium, sulfonium, seleneonium,
      stannonium, arsonium, stibonium, telluronium, and iodonium and has at
      least one alkyl substituent of at least 10 carbon atoms. The other onium
      cationic modified clays may be utilized in this invention in place of the
      ammonium cationic modified clays, although the latter are preferred.
PAR  Suitable modified clays include those commercially available as Bentone 38,
      Bentone 34, Bentone 27, Baragel 24, mixtures thereof and the like.
PAR  These compatabilizer substances are employed in quantities of from about
      0.2 to about 3, preferably from about 0.5 to about 1.5, and most
      preferably from about 0.5 to about 1 percent by weight based upon the
      weight of the polyol mixture.
PAR  The relatively stable mixtures are prepared by mixing the components in a
      high speed mixer, a colloid mill, a homogenizer, a roll mill or any
      suitable means to provide a homogeneous mixture of the components.
PAR  The stabilized compositions of the present invention may also contain
      catalysts for urethane formation, fire retardant agents, cell control
      agents, mold release agents and the like if desired.
DETD
PAR  The following examples are illustrative of the present invention.
PA0  Polyol a is an adduct of glycerine with propylene oxide subsequently
      end-capped with about 13-15% of ethylene oxide by weight, the resultant
      polyol having an OH equivalent weight of about 1650.
PA0  Polyol b is an adduct of glycerine with propylene oxide subsequently
      end-capped with about 10% of ethylene oxide by weight, the resultant
      polyol having an OH equivalent weight of about 1000.
PA0  Bentone 27 is a hectorite clay modified with dimethyl benzyl hydrogenated
      tallow ammonium chloride commercially available from N. L. Industries,
      Baroid Div.
PA0  Bentone 34 is a Wyoming Bentonite clay modified with dimethyl
      dihydrogenated tallow ammonium chloride commercially available from N. L.
      Industries, Baroid Div.
PA0  Bentone 38 is a hectorite clay modified with dimethyl dihydrogenated tallow
      ammonium chloride commercially available from N. L. Industries, Baroid
      Div.
PA0  Baragel 24 is a Wyoming Bentonite clay modified with dimethylbenzyl
      hydrogenated tallow ammonium chloride.
PAC  EXAMPLE 1
PAR  A mixture of 0.6 lb. (272.16 g) of Bentone 27, 9.43 lbs (4277.45 g) of
      diethylene glycol, 3.14 lbs (1424.3 g) of ethylene glycol, 48.37 lbs
      (21.94 kg) of Polyol A and 0.06 lb. (27.22 g) of lead octoate was charged
      to a 10 gal. kettle and blended for 30 minutes.
PAR  Acetone, 1.5 lbs (680.4 g), was then added and mixing was continued for one
      hour at ambient temperature. The temperature was then slowly raised to
      90.degree.C while slowly purging the kettle headspace with nitrogen. The
      residual acetone was removed under vacuum at 90.degree.C. This dispersion
      was cooled to 50.degree.C and passed through a Tri-Homo
      Disperser-Homogenizer (size 2 1/2, type L.A.) operating at 6000 rpm and
      rotor-stator clearance of 1.5 mils (0.00572 cm).
PAR  The above prepared mixture was stable to 15 minutes of centrifugation at
      2500 rpm (9-in. radius).
PAR  The above mixture of components without the Bentone 27 will form 2 distinct
      layers upon standing within about 16 hours.
PAC  EXAMPLE 2
PAR  A mixture of 12.4 g. of Bentone 27, 180 g. of diethylene glycol, 60 g. of
      ethylene glycol and 1000 g. of Polyol A was heated to 70.degree.C and
      evacuated to remove air bubbles and then was passed through the
      disperser-homogenizer employed in Example 1 at a rotor-stator clearance of
      3 mils (0.00762 cm.) operating at 6000 rpm. The stability was observed to
      be similar to that of Example 1.
PAC  EXAMPLE 3
PAR  Mixtures were prepared by mixing 20 grams of stabilizer in 300 grams of
      Polyol A heating to 150.degree.C while mixing by hand. To the resultant
      mixture was added 680 grams of Polyol A, 180 grams of diethylene glycol
      and 60 grams of monoethylene glycol. These mixtures were then passed
      through the disperser-homogenizer employed in Example 1 at a rotor-stator
      clearance of 1.5 mils (0.00381 cm) operating at 6000 rpm. This resulted in
      a modified clay concentration of about 1.61% by weight based upon the
      weight of the polyols plus the weight of stabilizer.
PAR  500 gram portions of the above mixtures were mixed with 403 grams of Polyol
      A, 72.75 grams of diethylene glycol and 24.25 grams of monoethylene glycol
      and passed through the disperser-homogenizer. This resulted in a modified
      clay concentration of about 0.8% by weight.
PAR  In some instances, a portion was further diluted with Polyol A, diethylene
      glycol and monoethylene glycol so that the concentration of the modified
      clay was about 0.4%.
PAR  These solutions were then centrifuged as in Example 1. The results are
      given in the following Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                              MINUTES OF                                       
                              CENTRIFUGATION                                   
                    STABILIZER                                                 
                              WITHOUT                                          
     STABILIZER TYPE                                                           
                    CONCENTRATION                                              
                              PHASE SEPARATION                                 
     __________________________________________________________________________
     CONTROL (NO STABILIZER)                                                   
                    0         &lt;5                                               
     COLLOIDAL SILICA*                                                         
                    1.61%     40                                               
     BENTONE 34     1.61%     10                                               
     BENTONE 27     1.61%     20                                               
     BENTONE 27     0.8%      10                                               
     BENTONE 27     0.4%      10                                               
     BARAGEL 24     1.61%     20                                               
     BARAGEL 24     0.8%      20                                               
     __________________________________________________________________________
      *Cab-O-Sil commercially available from Cabot Corp.                       
PAC  EXAMPLE 4
PAR  Modified clays were added to the following composition.
PA1  75 parts Polyol A
PA1  15 parts Polyol B
PA1  18 parts diethylene glycol
PA1  6 parts glycerine
PA1  0.194 parts 33% solution of triethylene diamine in dipropylene glycol
PA1  0.114 parts lead octoate (24% by weight lead).
PAR  10 g. of modified clay was mixed into 300 g. of the polyol mixture, then
      heated to 120.degree.C with hand stirring. This mixture was diluted to
      1000 g. total weight and then passed through the mill at 1.5 mil
      clearance. (1.01% modified clay based on polyol composition). A 500 g.
      portion was diluted with an equal wt. of polyol mixture and passed through
      the mill to give 1/2 wt.% modified clay concentration.
PAR  The concentration and results are given in the following Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
                              MINUTES OF CENTRI-                               
     STABILIZER STABILIZER    FUGATION WITHOUT                                 
     TYPE       CONCENTRATION PHASE SEPARATION                                 
     ______________________________________                                    
     CONTROL    0             &lt;5                                               
     BENTONE 27 1.01%         40                                               
     BENTONE 27 0.5%          40                                               
     BARAGEL 24 1.01%         40                                               
     BARAGEL 24 0.5%          40                                               
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition resistant to phase separation which comprises:
PA1  A. a mixture which is susceptible to phase separation which comprises:
PA2  1. from about 95% to about 50% by weight of a relatively high molecular
      weight polyol having an average of from about 2 to about 4 OH groups per
      molecule and an average OH equivalent weight of from about 650 to about
      3000 or mixtures thereof, and
PA2  2. from about 5% to about 50% by weight of a relatively low molecular
      weight polyol selected from the group consisting of ethylene glycol,
      diethylene glycol, tetraethylene glycol, liquid polyoxyethylene glycols,
      1,4-butane diol, glycerine and mixtures thereof; and
PA1  B. as a compatabilizer for Component A, a minor but effective quantity of
      colloidal silica, or an onium modified clay or mixtures thereof, present
      in an amount of from about 0.2% to about 3% by weight of component (A).
NUM  2.
PAR  2. The composition of claim 1 wherein Component (A-1) is present in an
      amount of from about 91% to about 74%; Component (A-2) is present in an
      amount of from about 9% to about 26%, and Component (B) is present in an
      amount of from about 0.2% to about 3% by weight of Component (A).
NUM  3.
PAR  3. The composition of claim 2 wherein Component (A-1) has an average
      functionality of from about 3 to about 4 and is present in an amount of
      from about 84% to about 78%; Component (A-2) is present in an amount of
      from about 16% to about 22% and Component (B) is present in an amount of
      from about 0.5% to about 2%.
NUM  4.
PAR  4. The composition of claim 3 wherein Component (A-1) has an average OH
      equivalent weight of from about 1000 to about 2000 and Component (B) is
      present in a quantity of from about 0.5% to about 1.5%.
NUM  5.
PAR  5. The composition of claim 4 wherein Component (B) is a montmorillonite
      clay modified with a quaternary ammonium halide and is present in
      quantities of from about 0.5% to about 1%.
NUM  6.
PAR  6. The composition of claim 5 wherein Component (A-1) is a glycerine
      initiated polyoxypropylene glycol and Component (A-2) is a mixture of
      diethylene glycol and ethylene glycol.
NUM  7.
PAR  7. The composition of claim 6 wherein Component (A-1) is end-capped with
      ethylene oxide.
NUM  8.
PAR  8. The composition of claim 6 wherein Component (A-1) is a glycerine
      initiated polyoxypropylene glycol and Component (A-2) is a mixture of
      diethylene glycol and glycerine.
NUM  9.
PAR  9. The composition of claim 8 wherein Component (A-1) is end-capped with
      ethylene oxide.
NUM  10.
PAR  10. The composition of claim 7 wherein Component (B) is colloidal silica or
      a clay selected from the group consisting of hectorite and bentonite
      modified with a member of the group selected from dimethyl benzyl
      hydrogenated tallow ammonium chloride and dimethyl dihydrogenated tallow
      ammonium chloride.
NUM  11.
PAR  11. The composition of claim 9 wherein Component (B) is colloidal silica or
      a clay selected from the group consisting of hectorite and bentonite
      modified with a member of the group selected from dimethyl benzyl
      hydrogenated tallow ammonium chloride and dimethyl dihydrogenated tallow
      ammonium chloride.
NUM  12.
PAR  12. The composition of claim 10 which additionally contains a catalyst for
      urethane formation.
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ABST
PAL  Improved organic aldehyde and ketone peroxide compositions useful for
      initiating the polymerization of polyesters formed from the concurrent
      reaction of a beta dione such as 2,4-pentanedione and a different
      (non-beta dione) ketone or aldehyde, for example methyl ethyl ketone, with
      aqueous hydrogen peroxide.
PARN
PAR  This is a continuation-in-part of copending patent application Ser. No.
      702,782, filed Feb. 5, 1968, which in turn is a continuation-in-part of
      Ser. No. 473,855, filed July 21, 1965, now abandoned.
BSUM
PAR  This invention relates to improved organic ketone and aldehyde peroxide
      compositions, to a method for their preparation, and to their use as
      polymerization initiators. In a preferred embodiment, a fire resistant
      organic ketone peroxide is provided that has advantages in catalyzing
      polyester resins.
PAR  The present invention departs from and improves upon earlier teachings
      through the use of a novel combination of peroxides formed concurrently
      from an aldehyde or ketone (other than a beta dione) such as methyl ethyl
      ketone and a beta dione such as 2,4-pentanedione. The beta dione and
      nonbeta dione ketone or aldehyde are co-reacted with hydrogen peroxide in
      conventional fashion to form a mixture of organic peroxides. The chemical
      structure of the end products found in the mixture is not known with
      certainty but is believed to be a variety of peroxide isomers and polymers
      in which both the methyl ethyl ketone or other ketone or aldehyde and
      2,4-pentanedione or other dione collectively participate. The terms
      "co-reaction product" and "mixture" are used herein to describe these new
      peroxides synthesized from the combination of the selected aldehyde or
      ketone and beta dione with hydrogen peroxide.
PAR  In the preferred embodiment, the new peroxide co-reaction product is made
      in combination with water and a mutual solvent or dispersant in accordance
      with copending patent application Ser. No. 584,608, filed Oct. 5, 1966,
      now U.S. Pat. No. 3,507,800, and is surprisingly stable and fire
      resistant. As a result, compositions containing about 35-60% of the
      organic peroxides by weight can be prepared and the desired fire
      resistance still obtained. Thus, a composition has been prepared in large
      quantities containing 52% of the co-reaction of 2,4-pentanedione and
      methyl ethyl ketone that is so flame resistant that it has been approved
      by the Bureau of Explosives as being not subject to classification as an
      oxidizing material under Interstate Commerce Commission regulations.
PAR  Perhaps the most significant advantages of the new compositions (whether
      made with sufficient water to be fire resistant or not) relate to their
      utility as catalysts for polyester resins. Over a broad spectrum of the
      various polyester resins utilized commercially the new materials have
      proved superior on the average in the important characteristics desired in
      an organic peroxide catalyst. The new compositions when used with
      polyester resins exhibit faster gel times, higher peak temperatures, and
      shorter times to reach the peak temperature than has been possible with
      previously available catalyst systems of the same type. The present
      invention therefore provides compositions of broad utility that will
      satisfy the needs of the vast majority of catalyst users and will avoid
      the necessity of choosing a special catalyst depending upon the particular
      resin system being utilized. The present materials will give excellent
      results in almost all cases at room temperature and in most instances will
      be superior to all competitive peroxide catalysts. Without intention of
      limiting the invention as claimed it is believed that the beta dione
      contributes the high peak temperatures while the other ketone or aldehyde
      contributes the fast gel times observed when using the new peroxide
      compositions.
PAR  The essential reactants for making the new compositions are hydrogen
      peroxide, a beta dione, and a different, i.e. a non-beta dione or an
      aldehyde. Any different ketone or aldehyde is contemplated if it will
      coreact with the selected beta dione in the presence of hydrogen peroxide
      to form an organic peroxide co-reaction product so long as it is not a
      beta dione. Preferably, the selected aldehyde or different ketone, or
      mixture thereof, is free from aliphatic unsaturation. Otherwise, virtually
      any organic compound containing one or more aldehyde or ketone carbonyl
      groups may be selected with excellent results. Thus, both alkyl and
      aromatic groups may be present in the aldehydes and ketones used and these
      groups may contain any desired substituents such as halogen atoms, other
      alkyl or aryl groups, and diverse functional groups. Preferably, the
      selected aldehyde or ketone contains only carbon, hydrogen and oxygen
      atoms (from hydroxyl, acid, ester and ether linkages as well as the
      carbonyl group) and is limited to not more than about 20 carbon atoms for
      practical purposes. Representative examples of this broad area available
      for selection will appear hereinafter in the specific examples that have
      been prepared and studied.
PAR  The beta dione component may also be selected from a large number of
      possibilities so long as the requisite beta dione structure is present in
      the molecule. By beta dione structure is meant a structure in which two
      keto groups are separated by one carbon atom, as for example in the
      following structure:
      ##EQU1##
      in which the carbonyl carbon atoms are bonded to other than hydrogen. The
      beta dione selected contains not more than about 20 carbon atoms for
      practical purposes. Preferably, R.sub.1 and R.sub.2 of the beta dione are
      the same or different alkyl, cycloalkyl, or aryl groups which may contain
      non-interfering substituents such as the halogens. The rings may contain
      substituents such as alkyl groups if desired. Typical examples of beta
      diones are: 2,4-pentanedione, 2,4-hexanedione, 3,5-heptanedione,
      7,9-octadecanedione, 5,7-decanedione-2,4-dimethyl, and the like. Typical
      beta diones containing cyclic groups are 1,3-butanedione-1-phenyl and
      1-cyclohexanone-2-acetyl.
PAR  In general, the end product is prepared by reacting the selected aldehyde
      or ketone such as methyl ethyl ketone and the beta dione such as
      2,4-pentanedione with aqueous hydrogen peroxide in a hydrophilic fluid
      media. Conveniently, the reaction is executed in a mutual solvent or
      dispersant and the hydrogen peroxide is added as an aqueous solution. The
      conversion of the ketones to the organic peroxides is conventional with
      sufficient aqueous hydrogen peroxide being added to form at least
      appreciable organic peroxides therewith. A stoichiometric excess of
      hydrogen peroxide is generally used to insure completeness of the
      reaction. In general, the desired reaction is accelerated by heating the
      mixture to about 25.degree.-45.degree. C., preferably about
      30.degree.-35.degree. C. Depending upon the quantities, the preparative
      equipment and other factors, the reaction will be completed within a
      number of hours.
PAR  The reaction is suitably catalyzed by the addition of an acid catalyst such
      as sulfuric acid but the catalyst preferably takes the form of an acidic
      ion exchange resin. The catalyst is suitably removed at the completion of
      the reaction. The reaction acidic conditions but this factor may be
      adequately met by the aqueous hydrogen peroxide which is acidic. The
      addition of acid or acidic ion exchange resin further promotes the
      reaction in most cases. An optimum product with respect to stability is
      obtained where the pH of the end reaction product is adjusted to about
      4.0-5.5, preferably 4.5. Organic amines such as the heterocyclic
      amineslike pyridine have been found to be advantageous for adjusting the
      pH.
PAR  The amounts of the various components of the final composition are subject
      to some variation. The water content should usually be at least about 18%
      in the final composition where fire resistance is sought but may be lower
      in some cases and may be as high as desired, consistent with practicality
      which demands a composition of sufficiently high peroxide content to
      render rapid catalysis of resin systems.
PAR  The proportion of the selected aldehyde or different ketone to beta dione
      is relatively critical. Best results are achieved where the selected
      aldehyde or different ketone is used in a ratio of 1 mole of beta dione to
      about 3-20 equivalent weights of the selected aldehyde or different ketone
      based upon the number of co-reactive carbonyl sites therein. About 3-5
      equivalent weights of the selected aldehyde or different ketone has given
      optimum results with the materials used to date.
PAR  "Equivalent weight" is used in the usual sense. For example, methyl ethyl
      ketone contains one coreactive carbonyl group and 3-5 moles should be used
      for each mole of a beta dione. In the case of a polyfunctional non-beta
      ketone such as 2,5-hexanedione having two coreactive carbonyl groups, only
      about 1.5-2.5 moles are needed for each mole of beta dione.
PAR  In general, only aldehyde and ketone carbonyl groups are coreactive with
      the beta dione and hydrogen peroxide in the present invention. One
      exception to this rule has been found in the carbonyl group of a beta keto
      ester. In this special case the carbonyl group from the carboxyl group has
      been found to function as an aldehyde or ketone carbonyl group in addition
      to its ketone carbonyl group for coreaction with a beta dione and hydrogen
      peroxide. Accordingly, acetoacetate esters are considered as having two
      coreactive carbonyl groups when determining the amount to be used in the
      present process. It should be understood that both carbonyl groups need
      not be reacted unless desired. If reaction of the keto carbonyl groups
      only is desired, the full molar quantity of about 3-5 moles of the
      acetoacetate ester is employed for each mole of 2,4-pentanedione and the
      ester is considered as having only one coreactive carbonyl group.
      Similarly, all carbonyl groups of other non-beta aldehydes and ketones
      need not be reacted by appropriately limiting the proportions of
      reactants.
PAR  In the preferred fire resistant compositions, sufficient mutual solvent or
      dispersant is added to the composition to achieve a homogeneous or
      non-separating composition. This will depend upon the proportion of the
      other ingredients and the type of materials used. In most cases the
      solvent or dispersant will constitute the balance of the composition in
      addition to the water and organic peroxides. Preferred proportions for the
      composition are about 18-20% water, about 30% solvent or dispersant and
      about 50-52% peroxides. In these ranges a composition having an active
      oxygen content of about 10-11% can be obtained.
PAR  The mutual solvents or dispersants include those described in said U.S.
      Pat. No. 3,507,800. In general, a preferred group of materials can be
      classified as water soluble aliphatic, preferably hydrocarbon, polyoxy
      alkanes and ester, although any mutual solvent or dispersant capable of
      forming a homogeneous composition with the water and the organic peroxide
      and which does not react therewith to destroy the peroxide-water nature of
      the composition may be used. It appears that the crucial aspect of the
      useable materials for purposes of homogenation is the presence of a
      plurality of oxygen atoms. Thus, polyalkylene glycols, such as
      polyethylene glycol, polypropylene glycol and other aliphatic polyhydroxy
      compounds which are liquid or soluble in water and which will dissolve or
      disperse both the peroxide and water or render them mutually miscible, are
      contemplated within the scope of the present invention. Other suitable
      polyoxy solvents and dispersants include water soluble polyethers,
      polyepoxies, polyaldehydes and polyketones since they all contain the
      requisite oxygen and are aliphatic in nature, provided of course that they
      are a mutual solvent or dispersant for the peroxide in water and are inert
      thereto.
PAR  As noted, the mutual solvent or dispersant may be a polyoxy alkane or a
      polyoxy ester. The ester group provides the requisite plural oxygen atoms
      and may be present alone or in addition to the other types of polyoxy
      linkages noted above. Thus, suitable solvents or dispersants include
      esters such as ethylene glycol monoethyl ether acetate, diethylene glycol
      monoethyl ether acetate, methoxy triglycol acetate, polypropylene
      carbonate, trimethyl phosphate, silicate esters and the like.
DETD
PAR  The following example will illustrate the general method of preparation of
      the new compositions:
PAC  EXAMPLE I
PAR  In a suitable glass round bottom flask, fitted with agitator, reflux
      condenser and thermometer were charged:
PA0  30 g. Polypropylene Glycol 425
PA0  24 g. Methyl Ethyl Ketone
PA0  6 g. 2,4-Pentanedione
PA0  9 g. Dowex 50 WX-8
PAL  The mixture was cooled to 12.0.degree.C. and 40 g. of 50% w H.sub.2 O.sub.2
      was added over a period of 45-50 minutes. The temperature was maintained
      at 30.degree.-35.degree. C. and the reaction continued for 16 hours. Upon
      completion of the reaction, the catalyst was removed by filtration and the
      pH of the resultant liquid peroxide formulation adjusted to 4.0 to 5.5,
      preferably 4.5 using pyridine and measuring apparent pH on a Leeds &
      Northrup pH meter. The resultant peroxide was then treated to remove
      excess water and concentrate the peroxide to an active oxygen content of
      10.50 to 10.55%. The composition was about
PA0  18% H.sub.2 O
PA0  30% polypropylene Glycol 425
PA0  52% Aliphatic hydrocarbon ketone peroxides
PAL  A large scale pilot plant run was conducted in the following manner:
PAC  EXAMPLE II
PAR  Into a 30 gallon glass lined pfaudler reactor, equipped with agitator,
      temperature probe and fume exhaust were charged:
PA0  40 lbs. 5 oz. Polypropylene Glycol 425
PA0  8 lbs. 1 oz. 2,4-Pentanedione
PA0  32 lbs. 4 oz. Methyl Ethyl Ketone
PA0  12 lbs. Dowex 50WX-8
PAL  The materials were mixed and, by use of a brine bath circulated through the
      jacket of the reactor, cooled to 15.degree. C. Then 58 lbs. 8 oz. of 50%w
      H.sub.2 O.sub.2 were charged over a period of 1.25 hours, maintaining the
      temperature at 33.degree.-35.degree. C. by jacket cooling. The reaction
      was continued for 21 hours, maintaining the temperature. Upon completion
      of the reaction, the reactants were filtered to remove catalyst. The
      peroxide solution of about 18 gallons in volume was adjusted to pH 4.5
      with 105 ml. of reagent grade pyridine. The partially dried finished
      product had the following composition:
TBL  Active Oxygen:             10.50%                                         
     Polypropylene Glycol 425:  30.00%                                         
     Aliphatic Hydrocarbon Ketone Peroxides:                                   
                                52.00%                                         
     Water:                     18.00%                                         
PAR  A sample of the material of Example II was forwarded to the Bureau of
      Explosives for testing. The Bureau of Explosives determined the flash
      point of the material to be above 100.degree. F. and to not detonate under
      blasting cap initiation. The Bureau also determined that the sample did
      not become ignited readily by external flame. When a porous wick was
      placed in a portion of the sample and ignited, the sample (which is a
      clear transparent water-white liquid) burned fairly steadily without
      noticeable acceleration until nearly exhausted when some flaming occurs.
      The Bureau of Explosives held the sample to not be subject to
      classification as an oxidizing material under Interstate Commerce
      Commission regulations.
PAR  To demonstrate the advantageous performance of the new compositions in
      catalyzing polyester resin systems, a series of experiments were
      performed. For comparison, a standard commercial grade of methyl ethyl
      ketone peroxide (MEKP) was employed together with a fire resistant methyl
      ethyl ketone peroxide (FR-MEKP) prepared in accordance with the teachings
      of the previously referenced U.S. Pat. No. 3,507,800. The material
      prepared in Example II was used as representative of the present
      invention.
PAR  The following Table lists catalyst performance with a series of
      commercially available polyester resins together with the promoters used
      where applicable and the amount of catalyst employed. The bath temperature
      is the temperature of the medium surrounding the vessel in which the
      polymerization reaction was executed. The Table shows the resin
      temperature at the commencement of the reaction, the peak temperature of
      the reaction, and the time to reach the peak temperature. As is well
      understood, a high peak temperature, especially where the reaction is run
      in a low temperature environment, and a short time to reach the peak
      temperature are the desired attributes of a good catalyst.
TBL                TABLE I                                                     
     ______________________________________                                    
     Resin: Hetron 92                                                          
     Promoter = 0.5%w Cobalt Naphthenate 6%                                    
     Catalyst = 1.0%w                                                          
     ______________________________________                                    
     A.  Bath Temperature = 9.0.degree. C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temperature                                                         
                     10.0.degree.C.                                            
                              10.0.degree.C.                                   
                                        10.0.degree.C.                         
     Peak Temperature                                                          
                    132.3.degree.C.                                            
                             130.0.degree.C.                                   
                                       136.8.degree.C.                         
     Peak Time       40'00"   43'00"    26'00"                                 
     B.  Bath Temperature = 25.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temperature                                                         
                     25.0.degree.C.                                            
                              25.0.degree.C.                                   
                                        25.0.degree.C.                         
     Peak Temperature                                                          
                    157.0.degree.C.                                            
                             154.0.degree.C.                                   
                                       157.8.degree.C.                         
     Peak Time       15'00"   15'00"    11'00"                                 
     Resin: Plaskon PE 258                                                     
     Catalyst = 1.0%                                                           
     A.  Bath Temperature = 7.0.degree.C.                                      
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     10.0     10.0      10.0                                   
     Peak Temp., .degree.C.                                                    
                    138.0    124.8     138.0                                   
     Peak Time      124'00"  100'00"    81'00"                                 
     B.  Bath Temperature = 9.0.degree.C.                                      
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     10.0     10.0      10.0                                   
     Peak Temp., .degree.C.                                                    
                    143.0    140.0     142.0                                   
     Peak Time      105'00"   79'00"    68'00"                                 
     C.  Bath Temperature = 13.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     14.5     14.5      14.5                                   
     Peak Temp., .degree.C.                                                    
                    147.4    133.8     147.0                                   
     Peak Time       77'00"   61'00"    52'00"                                 
     D.  Bath Temperature = 23.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     23.0     23.0      23.0                                   
     Peak Temp., .degree.C.                                                    
                    166.2    163.3     163.0                                   
     Peak Time       34'00"   32'00"    24'00"                                 
     Resin: Sherwin-Williams US9UA61                                           
     Catalyst = 1.0%w                                                          
     A.  Bath Temperature = 5.0.degree.C.                                      
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     8.2      8.3       8.7                                    
     Peak Temp., .degree.C.                                                    
                    10.3     12.5      46.2                                    
     Peak Time      Over 5   Over 5    2 hrs.                                  
                    hours    hours     45 mins.                                
     B.  Bath Temperature = 11.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                    14.8     14.8       14.8                                   
     Peak Temp., .degree.C.                                                    
                    15.2     18.0      144.8                                   
     Peak Time      Over 2   Over 2     70'00"                                 
                    hours    hours                                             
     C.  Bath Temperature = 13.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     19.0     19.0      19.0                                   
     Peak Temp., .degree.C.                                                    
                    152.9    137.5     158.0                                   
     Peak Time      111'00"   86'00"    43'00"                                 
     D.  Bath Temperature = 23.0.degree.C.                                     
     Catalyst       MEKP     FR-MEKP   EXAMPLE II                              
     Resin Temp., .degree.C.                                                   
                     24.0     24.0      24.0                                   
     Peak Temp., .degree.C.                                                    
                    163.0    167.8     171.3                                   
     Peak Time       62'00"   45'00"    26'00"                                 
     ______________________________________                                    
PAR  The following example illustrates the necessity for forming a co-reaction
      peroxide product of the selected aldehyde or different ketone such as
      methyl ethyl ketone and the beta dione such as 2,4-pentanedione. Thus,
      when 2,4-pentanedione is added to preformed methyl ethyl ketone peroxide,
      the catalyst performance is substantially inferior to a catalyst prepared
      in accordance with the present invention. In this experiment, four samples
      of ketone peroxides were prepared and are identified as follows:
PAC  EXAMPLE III
PA0  A. a portion of the material prepared in accordance with Example II (52%
      active peroxide).
PA0  B. a commercial methyl ethyl ketone peroxide (60% active peroxide).
PA0  C. a commercial methyl ethyl ketone peroxide to which has been added 1% by
      weight of 2,4-pentanedione (59% active peroxide).
PA0  D. a commercial methyl ethyl ketone peroxide to which has been added 5% by
      weight of 2,4-pentanedione (55% active peroxide).
PAR  The above four catalysts were then used for curing the referenced polyester
      resins. All materials were used on an equal weight basis. The figures
      given for gel time represent the time until a gel structure was formed
      from the starting polyester resin. The other notations are used as before.
TBL                                    TABLE II                                
     __________________________________________________________________________
     1.                                                                        
       Resin: Polylite 8224A                                                   
     Temperature = 25.0.degree.C.                                              
                        Catalyst = 0.5%w                                       
     Catalyst    A     B     C     D                                           
     Gel Time     7'30"                                                        
                        33'30"                                                 
                              39'45"                                           
                                    45'20"                                     
     Peak Time    16'00"                                                       
                        47'00"                                                 
                              53'00"                                           
                                    58'00"                                     
     Peak Temp., .degree.C.                                                    
                 155.0 153.0 152.8 156.0                                       
     2.                                                                        
       Resin: ADM 7531MT16                                                     
     Temperature = 25.0.degree.C.                                              
                        Catalyst = 0.5%w                                       
     Catalyst    A     B     C     D                                           
     Gel Time     18'00"                                                       
                        27'00"                                                 
                              26'00"                                           
                                    21'00"                                     
     Peak Time    38'30"                                                       
                        57'00"                                                 
                              52'00"                                           
                                    38'00"                                     
     Peak Temp., .degree.C.                                                    
                 143.0 135.0 136.5 145.0                                       
     3.                                                                        
       Resin: Co Rezyn 277W                                                    
     Temperature = 25.0.degree.C.                                              
                        Catalyst = 0.5%w                                       
     Catalyst    A     B     C     D                                           
     Gel Time     19'00"                                                       
                        25'00"                                                 
                              28'00"                                           
                                    36'00"                                     
     Peak Time    40'00"                                                       
                        48'00"                                                 
                              52'00"                                           
                                    57'00"                                     
     Peak Temp., .degree.C.                                                    
                 112.0 132.0 133.5 137.0                                       
     4.                                                                        
       Resin: Hetron 92                                                        
     Temperature = 25.0.degree.C.                                              
                        Catalyst = 0.5%w                                       
     Promoter - 0.5%w Cobalt Naphthenate 6%                                    
     Catalyst    A     B     C     D                                           
     Gel Time     7'00"                                                        
                        15'15"                                                 
                              15'00"                                           
                                    14'00"                                     
     Peak Time    17'00"                                                       
                        28'00"                                                 
                              27'00"                                           
                                    23'30"                                     
     Peak Temp., .degree.C                                                     
                 154.0 149.0 152.0 157.0                                       
     __________________________________________________________________________
PAR  The following experiments illustrate the advantageous properties of the
      present compositions as influenced by a variation in the ratio of the
      selected aldehyde or different ketone such as methyl ethyl ketone to beta
      dione such as 2,4-pentanedione in the preparation of them. The work
      demonstrates the significant advantage of a composition in which the
      aldehyde or different ketone (methyl ethyl ketone) is used in a proportion
      relative to the beta dione (2,4-pentanedione) in the preparation of the
      organic peroxide composition or close to the preferred ratio of about
      3-5:1.
PAC  EXAMPLE IV
PAR  Three fire resistant compositions were prepared in accordance with the
      method and techniques of Example II but utilizing the proportion of
      materials listed below. Composition A contains a 4:1 weight ratio (5.5:1
      molar ratio) of methyl ethyl ketone to 2,4-pentanedione with compositions
      B and B being variations thereof.
TBL  ______________________________________                                    
     A.  30.0 g.  Polypropylene Glycol 425 (5.5:1 molar ratio)                 
         6.0 g.   2,4-Pentanedione                                             
         24.0 g.  Methyl Ethyl Ketone                                          
         9.0 g.   Dowex 50WX8                                                  
         43.5 g.  H.sub.2 O.sub.2 50%w                                         
     B.  10% Increase of Difunctional Ketone (5.05:1                           
         molar ratio)                                                          
     30.0 g.   Polypropylene Glycol 425                                        
     6.6 g.    2,4-Pentanedione                                                
     24.0 g.   Methyl Ethyl Ketone                                             
     9.0 g.    Dowex 50WX8                                                     
     44.82 g.  H.sub.2 O.sub.2 50%w                                            
     C.  10% increase of Monofunctional Ketone (6.1:1                          
         molar ratio)                                                          
     30.0 g.   Polypropylene Glycol 425                                        
     6.0 g.    2,4-Pentanedione                                                
     26.4 g.   Methyl Ethyl Ketone                                             
     9.0 g.    Dowex 50WX8                                                     
     46.86 g.  H.sub.2 O.sub.2 50%w                                            
     ______________________________________                                    
PAR  The above three materials were treated as in Example I. The finished
      products were then compared in a polyester resin system with the following
      results. A conventional methyl ethyl ketone peroxide was employed for
      comparative purposes. All materials are used on an equal weight basis.
TBL  ______________________________________                                    
     Resin: Plaskon PE 258                                                     
     Temperature = 21.0.degree.C.                                              
     Catalyst  A         B         C       MEKP                                
     Gel Time  13'15"    13'45"    14'00"  15'45"                              
     Peak Time 27'00"    27'14"    27'45"  32'00"                              
     Peak Temp.,                                                               
     .degree.C.                                                                
               166.8     175.8     162.8   167.5                               
     ______________________________________                                    
PAR  The following Example again shows the criticality of the ratio of the
      selected aldehyde or different ketone to beta dione together with the
      unexpected advantages obtained by using the 3-5:1 ratio of the preferred
      embodiment. In addition, the Example illustrates the criticality of
      executing the co-reaction with hydrogen peroxide as distinguished from
      organic peroxides such as t-butyl hydroperoxide.
PAC  EXAMPLE V
PAR  A series of peroxide co-reaction products were made from the materials
      shown in Table III below. The process used is essentially that of Example
      I except that the quantities of the materials used here are half that of
      Example I. Also, in this Example, the mixture was stirred in a flask in a
      water bath set at 44.degree. C. for a period of 3 hours. The end product
      was adjusted to a pH of 5 with pyridine.
TBL                                    TABLE III                               
     __________________________________________________________________________
                         Molar Ratio of Methyl Ethyl                           
                         Ketone to 2,4-Pentanedione                            
     __________________________________________________________________________
     A.                                                                        
       15 gms Polypropylene Glycol                                             
                         --                                                    
       15 gms Methyl Ethyl Ketone                                              
       20 gms HOOH 50%                                                         
       4.5 gms Ion Exchange Resin                                              
         (Dowex 50WX-8)                                                        
     B.                                                                        
       15 gms Polypropylene Glycol                                             
       1 gm 2,4-Pentanedione                                                   
                         20:1                                                  
       14 gms Methyl Ethyl Ketone                                              
       20 gms HOOH 50%                                                         
       4.5 gms Dowex 50WX-8                                                    
     C.                                                                        
       15 gms Polypropylene Glycol                                             
       1.8 gms 2,4-pentanedione                                                
                         10:1                                                  
       13.2 gms Methyl Ethyl Ketone                                            
       20 gms HOOH 50%                                                         
       4.5 gms Dowex 50WX-8                                                    
     D.                                                                        
       15 gms Polypropylene Glycol                                             
       3.2 gms 2,4-pentanedione                                                
                         5:1                                                   
       11.8 gms Methyl Ethyl Ketone                                            
       20 gms HOOH 50%                                                         
       4.5 gms Dowex 50WX-8                                                    
       4.5 gms Dowex 50WX-8                                                    
     E.                                                                        
       15 gms Polypropylene Glycol                                             
       4.7 gms 2,4-pentanedione                                                
                         3:1                                                   
       10.3 gms Methyl Ethyl Ketone                                            
       20 gms HOOH 50%                                                         
       4.5 gms Dowex 50WX-8                                                    
     F.                                                                        
       15 gms Polypropylene Glycol                                             
       6.1 gms 2,4-pentanedione                                                
                         2:1                                                   
       8.9 gms Methyl Ethyl Ketone                                             
       20 gms HOOH 50%                                                         
       4.5 gms Dowex 50WX-8                                                    
     G.                                                                        
       15 gms Polypropylene Glycol                                             
       3.2 gms 2,4-pentanedione                                                
                         5:1                                                   
       11.8 gms Methyl Ethyl Ketone                                            
       20 gms Tert Butyl Hydroperoxide                                         
       4.5 gms Dowex 50WX-8                                                    
     __________________________________________________________________________
PAR  The above compositions were then checked for gel time and time-temperature
      performance with the polyester resin known as Hetron 92. 35 grams of
      Hetron resin was combined with 0.5%wt. of each of the peroxide
      compositions of Table III together with 0.5%wt. of cobalt octanoate (6%).
      The initiated resin in a 1 oz. container was maintained in a water bath at
      a temperature of 24.degree. C. Temperatures of the resin were taken every
      few minutes and the results plotted on a curve. The results are shown in
      FIG. 1 of the accompanying drawings. The curve labeled A utilized
      composition A of Table III. The letters on the other curves correspond to
      formulations having the same letter in Table III.
PAR  As will be seen from FIG. 1, curve A with its relatively low peak
      temperature resulted from the use of MEK peroxide that does not have the
      benefit of the co-reaction process of this invention. Curves B through E
      represent performance curves of compositions prepared in accordance with
      this invention. The proportions of co-reactants of D and E, i.e. 3-5:1
      represent the preferred embodiment. Curve F contains too little methyl
      ethyl ketone co-reactant and is outside the scope of this invention. While
      such a composition offers a high peak temperature, the shifting of the
      curve to the right, which indicates an increase in reaction time, is
      unacceptable because of the increased time. Curve G results from the use
      of an organic peroxide (t-butyl hydroperoxide) instead of hydrogen
      peroxide as required by the present invention. Such a composition is not
      suitable for the room temperature curing of polyesters and essentially
      fails to effect any cure at all. Hydrogen peroxide must be used in the
      present invention and organic peroxides cannot be substituted for it.
PAR  The following Examples illustrate the broad applicability of the invention
      to aldehydes and ketones in addition to the methyl ethyl ketone used in
      the preceding experimental work. Also illustrated is the use of other
      types of solvents and diluents in which to execute the preparative
      reaction and for storing and using the reaction product in combination
      therewith. By way of summary, the following types of aldehydes and ketones
      were prepared:
PAC  TABLE IV
PAC  Categories of Starting Materials For Co-reaction With Hydrogen Peroxide
PA0  1. Aliphatic Aldehyde and 2,4-Pentanedione
PA0  2. Aromatic Aldehyde and 2,4-Pentanedione
PA0  3. Methyl Ethyl Ketone and 2,4-Pentanedione prepared in an ester-type
      diluent
PA0  4. Keto-ester (other than beta keto ester) and 2,4-Pentanedione
PA0  5. Difunctional Ketone and 2,4-Pentanedione
PA0  6. Alkyl-aryl Ketone and 2,4-Pentanedione in an ester-type diluent
PA0  7. Beta keto ester and 2,4-Pentanedione
PA0  8. Alkyl - Branched chained alkyl ketone and 2,4-Pentanedione
PA0  9. Hydroxy substituted alkyl ketone and 2,4-Pentanedione
PA0  10. Methyl ethyl ketone in methyl carbitol solvent and 2,4-Pentanedione
PA0  11. Additional aliphatic ketone and 2,4-Pentanedione
PA0  12. Additional aliphatic ketone and 2,4-Pentanedione
PA0  13. Cyclic aliphatic ketone and 2,4-Pentanedione
PAR  Specific compositions illustrating each of the Table III categories were
      prepared in accordance with the procedure described in Example I using the
      materials listed in the following Example. The approximate composition of
      the end reaction product is also indicated.
PAC  EXAMPLE VI
TBL                        Weight   Mole                                       
     Reactants             Grams    Ratio                                      
     ______________________________________                                    
     1.  Methyl Carbitol           20                                          
         2-Ethyl Hexanal           21.3   5.54                                 
         2,4-Pentanedione          3      1.0                                  
         Dowex 50WX-12             4.5                                         
         HooH-50%                  15     excess                               
         Approximate Composition                                               
          Ketone Peroxides 54%                                                 
          Methyl Carbitol  34%                                                 
          H.sub.2 O        12%                                                 
     2.  Methyl Carbitol           12.3                                        
         Benzaldehyde              17.7   5.57                                 
         2,4-Pentanedione          3      1.0                                  
         Dowex 50WX-12     4.5                                                 
         Hooh-50%                  15     excess                               
         Approximate Composition                                               
          Ketone Peroxides 60%                                                 
          Methyl Carbitol  25%                                                 
          H.sub.2 O         5%                                                 
     3.  Dimethyl Phthalate        15                                          
         Methyl Ethyl Ketone       12     5.55                                 
         2,4-Pentanedione          3      1.0                                  
         H.sub.2 SO.sub.4          2                                           
         HooH-50%                  15     excess                               
         Approximate Composition                                               
          Ketone Peroxides 60%                                                 
          Dimethyl Phthalate                                                   
                           38%                                                 
          H.sub.2 O         2%                                                 
     4.  Methyl Carbitol           6                                           
         Ethyl Levulinate          24     5.56                                 
         2,4-Pentanedione          3      1.0                                  
         Dowex 50WX8               4.5                                         
         HooH-50%                  15     excess                               
         Approximate Composition                                               
          Ketone Peroxides 72%                                                 
          Methyl Carbitol  13%                                                 
          H.sub.2 O        15%                                                 
     5.  Methyl Carbitol           17.5                                        
         2,5-Hexanedione           9.5    5.56                                 
         2,4-Pentanedione          3      1.0                                  
         Dowex 50WX-12             4.5                                         
         HooH-50%                  15                                          
         Approximate Composition                                               
          Ketone Peroxides 44%                                                 
          Methyl Carbitol  39%                                                 
          H.sub.2 O        17%                                                 
     6.  Dimethyl Phthalate        7                                           
         Acetophenone              20     5.56                                 
         2,4-Pentanedione          3      1.0                                  
         H.sub.2 SO.sub.4          2                                           
         HooH-50%                  15     excess                               
         Appproximate Composition                                              
          Ketone Peroxides 65%                                                 
          Dimethyl Phthalate                                                   
                           30%                                                 
          H.sub.2 O                                                            
     ______________________________________                                    
PAR  Benzophenone can be substituted for the acetophenone in this example with
      equivalent results.
TBL  ______________________________________                                    
     7.  Methyl Carbitol           17                                          
         Methyl Acetoacetate       10      5.75                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HooH-50%                  15      excess                              
         Approximate Composition                                               
          Ketone Peroxides         46%                                         
          Methyl Carbitol          37%                                         
         H.sub.2 O                 17%                                         
     8.  Methyl Carbitol           12                                          
         Methyl Isobutyl Ketone    16      5.33                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15.0    excess                              
         Approximate Composition                                               
          Ketone Peroxides 58%                                                 
          Methyl Carbitol  26%                                                 
          H.sub.2 O        16%                                                 
     9.  Methyl Carbitol           10.5                                        
         Diacetone Alcohol         17.5    5.03                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15.0    excess                              
         Approximate Composition                                               
          Ketone Peroxide  60%                                                 
          Methyl Carbitol  23%                                                 
          H.sub.2 O        17%                                                 
     10. Methyl Carbitol           15                                          
         Methyl Ethyl Ketone       12      5.55                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15      excess                              
         Approximate Composition                                               
          Ketone Peroxides 50%                                                 
          Methyl Carbitol  34%                                                 
          H.sub.2 O        16%                                                 
     11. Methyl Carbitol           17                                          
         Methyl Propyl Ketone      14      5.42                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15      excess                              
         Approximate Composition                                               
          Ketone Peroxides 50%                                                 
          Methyl Carbitol  35%                                                 
          H.sub.2 O        15%                                                 
     12. Methyl Carbitol           17.3                                        
         Acetone                   9.7     5.57                                
         2,4-Pentanedione          3.0     1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15.0    excess                              
         Approximate Composition                                               
          Ketone Peroxides 45%                                                 
          Methyl Carbitol  38%                                                 
          H.sub.2 O        17%                                                 
     13. Methyl Carbitol           11                                          
         Cyclohexanone             16      5.44                                
         2,4-Pentanedione          3       1.0                                 
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15.0    excess                              
         Approximate Composition                                               
          Ketone Peroxides 59%                                                 
          Methyl Carbitol  24%                                                 
          H.sub.2 O        17%                                                 
     ______________________________________                                    
PAR  All of the above catalysts exhibit the advantageous properties noted with
      respect to the methyl ethyl ketone 2,4-pentanedione peroxide discussed in
      the preceding examples. As typical of their performance, each of the
      catalysts of Example VI was used to initiate the polymerization of Plaskon
      PE 258 and was added thereto in a 1% by weight concentration. Bath
      temperatures are indicated.
PAR  The following Table shows the observed results. For comparison a standard
      methyl ethyl ketone peroxide (MEKP) was used to polymerize the same resin
      system and its performances is also shown. Catalyst numbers refer to the
      same number sequence used in Example VI.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Bath Temperature = 21.degree. C.                                          
     __________________________________________________________________________
     Catalyst number                                                           
                  MEKP  1.    2.    3.    4.    5.    6.                       
     Resin temperature, .degree.C.                                             
                   21    21    21    21    21    21    21                      
     Peak temperature, .degree.C.                                              
                  169   164.3 160.1 173   156   173.1 169.7                    
     Peak time     35'30"                                                      
                         24'30"                                                
                               30'00"                                          
                                     30'30"                                    
                                           29'30"                              
                                                 30'30"                        
                                                       33'00"                  
     Bath Temperature = 5.degree. C.                                           
     __________________________________________________________________________
     Catalyst number                                                           
                  MEKP  7.    8.                                               
     Resin temperature, .degree.C.                                             
                   21.5  21.5  21.5                                            
     Peak temperature, .degree.C.                                              
                  166   172   166                                              
     Peak time     31'00"                                                      
                         18'30"                                                
                               29'00"                                          
     Bath Temperature = 23.degree. C.                                          
     __________________________________________________________________________
     Catalyst number                                                           
                  MEKP  9.    10.  11.                                         
     Resin temperature, .degree.C.                                             
                   23.0  23.0  23.0                                            
                                    23.0                                       
     Peak temperature, .degree.C.                                              
                  166   169   165  164                                         
     Peak time     37'30"                                                      
                         35'00"                                                
                               33'00"                                          
                                    33'30"                                     
     Bath Temperature = 21.degree. C.                                          
     __________________________________________________________________________
     Catalyst number                                                           
                  MEKP  12.   13.                                              
     Resin temperature, .degree.C.                                             
                   21.0  21.0  21.0                                            
     Peak temperature, .degree.C.                                              
                  168   164   174                                              
     Peak time     31'30"                                                      
                         29'30"                                                
                               20'30"                                          
     __________________________________________________________________________
PAR  The following example illustrates the applicability of the invention to
      beta diones in addition to the 2,4-pentanedione used in the preceding
      experimental work. The additional beta diones used are typical of the
      results obtainable with all of the others within the generic scope
      previously defined.
PAC  EXAMPLE VII
PAR  Two compositions were prepared in accordance with the procedure described
      in Example I using the materials tabulated below. The approximate
      composition of the end reaction product is also indicated.
TBL  ______________________________________                                    
                           Weight   Mole                                       
     Reactants             Grams    Ratio                                      
     ______________________________________                                    
     14. Methyl Carbitol           14.6                                        
         Methyl Ethyl Ketone       12     5.58                                 
         2,4-Hexanedione           3.4    1.0                                  
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15                                          
         Approximate Composition                                               
          Ketone Peroxides 51%                                                 
          Methyl Carbitol  32%                                                 
          H.sub.2 O        17%                                                 
     15. Methyl Carbitol           14.2                                        
         Methyl Ethyl Ketone       12     5.61                                 
         3,5-Heptanedione          3.8    1.0                                  
         Dowex 50WX-12             4.5                                         
         HOOH-50%                  15                                          
         Approximate Composition                                               
          Ketone Peroxide  58%                                                 
          Methyl Carbitol  40%                                                 
          H.sub.2 O         2%                                                 
     ______________________________________                                    
PAR  These catalysts exhibit the same advantageous properties noted with respect
      to the compositions containing 2,4-pentanedione in the preceding Examples.
      As typical of their performance, catalyst compositions 14 and 15 were used
      to initiate the polymerization of Plaskon PE 258 in a 1% by weight
      concentration at a bath temperature of 20.degree. C. The following results
      were observed. For comparison a standard methyl ethyl ketone peroxide
      (MEKP) and catalyst composition number 10 of Example VI were used under
      the same conditions with the same resin.
TBL  ______________________________________                                    
     Catalyst    MEKP     10       14      15                                  
     ______________________________________                                    
     Resin Temp., .degree.C.                                                   
                  20       20       20     20                                  
     Peak Temp., .degree.C.                                                    
                 169      172      167     167                                 
     Peak Time    38'00"   31'00"   32'00"  33'30"                             
     ______________________________________                                    
PAR  The following Example illustrates the criticality of co-reacting a beta
      dione with the selected other carbonyl compound in order to achieve the
      desired results.
PAC  EXAMPLE VIII
PAR  A series of co-reaction products were made in accordance with the procedure
      of Example I except that one-half the quantities of materials were used.
      The co-reaction was conducted in a 125 ml. flask in a constant temperature
      bath at 42.degree. C. for 2 hours. The final reaction product pH adjusted
      was then used to cure Hetron polyester resin. In all cases 35 grams of
      resin was catalyzed with 0.5% wt. peroxide composition to which 0.5% wt.
      of cobalt octanoate (6%) was added. Polymerization conditions were
      maintained at 22.degree.-23.degree. C. The reactions were monitored and
      the results plotted as may be seen in FIGS. 2, 3 and 4 of the drawings.
      The materials used in making the peroxide compositions are shown in Table
      VI.
TBL                TABLE VI                                                    
     ______________________________________                                    
                          Mole Ratio                                           
     ______________________________________                                    
     A.  15 gms Polypropylene Glycol 425                                       
         2.5 gms 2,5-Hexanedione                                               
                                10:1                                           
         12.5 gms Methyl Ethyl Ketone                                          
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     B.  15 gms Polypropylene Glycol 425                                       
         1.8 gms 2,4-Pentanedione                                              
                                10:1                                           
         13.2 gms Methyl Ethyl Ketone                                          
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     A.  15 gms Polypropylene Glycol 425                                       
         3.6 gms 2,5-Hexanedione                                               
                                5:1                                            
         11.4 gms Methyl Ethyl Ketone                                          
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     B.  15 gms Polypropylene Glycol 425                                       
         3.2 gms 2,4-Pentanedione                                              
                                5:1                                            
         11.8 gms Methyl Ethyl Ketone                                          
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     A.  15 gms Polypropylene Glycol 425                                       
         5.2 gms 2,5-Hexanedione                                               
                                3:1                                            
         9.8 gms Methyl Ethyl Ketone                                           
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     B.  15 gms Polypropylene Glycol 425                                       
         4.7 gms 2,4-Pentanedione                                              
                                3:1                                            
         10.3 gms Methyl Ethyl Ketone                                          
         20 gms HOOH 50%                                                       
         4.5 gms Dowex 50WX-8                                                  
     ______________________________________                                    
PAR  All of the compositions of Table VI designated as A contain a dione that is
      not a beta dione. All samples marked B contain the beta dione required by
      the present invention. Comparisons have been made at various ratios of the
      selected carbonyl compound (methyl ethyl ketone) relative to the dione. As
      may be seen from FIGS. 2-4, in all cases the compositions made with the
      requisite beta dione are vastly superior in performance as compared with
      the compositions which do not contain the beta dione.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      is understood that certain changes and modifications may be practiced
      within the spirit of the invention as limited only by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An organic peroxide especially suitable for the room temperature curing
      of polyester resins made by the process comprising: concurrently reacting
      a beta dione of up to about 20 carbon atoms of the structure:
      ##EQU2##
      in which R.sub.1 and R.sub.2 are individually selected from the group
      consisting of alkyl, cycloalkyl, and aryl with a different carbonyl
      compound selected from the group consisting of ketones and aldehydes of up
      to about 20 carbon atoms free from aliphatic unsaturation and containing
      only carbon, hydrogen, and oxygen in a ratio of 1 mole of beta dione to
      about 3-20 equivalent weights of said different carbonyl compound based
      upon the number of co-reactive carbonyl groups therein in an acidic
      hydrophilic fluid media containing sufficient aqueous hydrogen peroxide to
      form appreciable amounts of organic peroxides therewith.
NUM  2.
PAR  2. A product made in accordance with claim 1 wherein the ratio of beta
      dione to said different carbonyl compound is 1 mole of beta dione to about
      3-5 equivalent weights of said different carbonyl compound.
NUM  3.
PAR  3. A product made in accordance with claim 1 wherein an acidic ion exchange
      resin is added to said fluid media and is separated therefrom at the
      conclusion of the reaction.
NUM  4.
PAR  4. A product made in accordance with claim 1 and including the step of
      adjusting the pH of the reaction product to about 4.0-5.5.
NUM  5.
PAR  5. A product made in accordance with claim 1 and including the step of
      heating the reaction mixture to about 25.degree.-45.degree. C. to promote
      said concurrent reaction.
NUM  6.
PAR  6. A product made in accordance with claim 1 wherein the reaction mixture
      contains sufficient water to impart fire resistance to the fluid media
      containing the reaction product.
NUM  7.
PAR  7. A product made in accordance with claim 2 wherein said different
      carbonyl compound contains an aromatic group.
NUM  8.
PAR  8. A product made in accordance with claim 2 wherein said different
      carbonyl compound is aliphatic.
NUM  9.
PAR  9. A product made in accordance with claim 2 wherein said different
      carbonyl compound contains more than one carbonyl group for co-reaction so
      that its equivalent weight in said process is less than its molecular
      weight.
NUM  10.
PAR  10. A product made in accordance with claim 2 wherein said different
      carbonyl compound is a ketone.
NUM  11.
PAR  11. A product made in accordance with claim 2 wherein said different
      carbonyl compound is an aldehyde.
NUM  12.
PAR  12. A product made in accordance with claim 2 wherein said different
      carbonyl compound is methyl ethyl ketone.
NUM  13.
PAR  13. A product made in accordance with claim 2 wherein said different
      carbonyl compound is methyl acetoacetate.
NUM  14.
PAR  14. A product made in accordance with claim 2 wherein said different
      carbonyl compound is methyl isobutyl ketone.
NUM  15.
PAR  15. A product made in accordance with claim 2 wherein said different
      carbonyl compound is diacetone alcohol.
NUM  16.
PAR  16. A product made in accordance with claim 2 wherein said different
      carbonyl compound is methyl propyl ketone.
NUM  17.
PAR  17. A product made in accordance with claim 2 wherein said different
      carbonyl compound is acetone.
NUM  18.
PAR  18. A product made in accordance with claim 2 wherein said different
      carbonyl compound is cyclohexanone.
NUM  19.
PAR  19. A product made in accordance with claim 2 wherein said different
      carbonyl compound is 2-ethyl hexanal.
NUM  20.
PAR  20. A product made in accordance with claim 2 wherein said different
      carbonyl compound is benzaldehyde.
NUM  21.
PAR  21. A product made in accordance with claim 2 wherein said different
      carbonyl compound is ethyl levulinate.
NUM  22.
PAR  22. A product made in accordance with claim 2 wherein said different
      carbonyl compound is 2,5-hexanedione.
NUM  23.
PAR  23. A product made in accordance with claim 2 wherein said different
      carbonyl compound is acetophenone.
NUM  24.
PAR  24. A product made in accordance with claim 2 wherein R.sub.1 and R.sub.2
      are alkyl groups.
NUM  25.
PAR  25. A product made in accordance with claim 2 wherein said beta dione is
      selected from the group consisting of 2,4-pentanedione, 2,4-hexanedione,
      and 3,5-heptanedione.
NUM  26.
PAR  26. A product made in accordance with claim 2 wherein said beta dione is
      2,4-pentanedione and said different carbonyl compound is methyl ethyl
      ketone.
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ABST
PAL  A minor amount of a radical trap, that is, an organic compound readily
      reacting with an organic radical, when combined with a polyolefin having a
      melt index of from about 0.2 to about 10, can be associated with 70 per
      cent tertiary butyl hydroperoxide (containing about 30 per cent water). In
      the event of accidental conflagration of the combination, the combustion
      continues at a moderate rate, thereby avoiding the propensity toward
      troublesomely rapid burning of unmodified aqueous 70 per cent TBHP.
      Container liners should have a polyolefin thickness of 0.7 to 7 mm, the
      polyolefin containing such radical trap in a concentration of from about
      0.1 to about 5 per cent, generally 0.2 to 2 per cent. If particulate
      polyolefin is used, the radical trap concentration should be from about 10
      to about 100,000 parts per million parts of aqueous TBHP. A concentration
      of polyolefin particles from about 0.6 per cent to about 6 per cent by
      weight of the TBHP is suitable.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of our application Ser. No. 347,967, filed
      Apr. 4, 1973, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the inhibition of the troublesomely accelerated
      decomposition or rapid burning of an aqueous solution of an organic
      oxidant such as an organic hydroperoxide.
PAC  PRIOR ART
PAR  Heretofore the hazards of very rapid decomposition or combustion of organic
      oxidant materials has been sufficiently recognized that safety engineers
      have generally packaged such compositions in relatively small containers,
      such containers usually being polyethylene bottles. An aqueous solution
      containg about 30 percent by weight water and about 70 percent by weight
      of TBHP (tertiary butyl hydroperoxide) is a versatile material which has
      been used as a catalyst for various systems and which has also been used
      as an oxidant. Initially, customers were satisfied with shipment of
      TBHP-70 in pint bottles or other small containers. For a number of years,
      there has been a demand for shipment of 70 percent aqueous TBHP as a bulk
      shipment in tank cars. Being an organic oxidant, no bulk shipment could be
      made unless the freedom from hazards of troublesomely rapid decomposition
      or combustion was adequately established by appropriate proof. The
      knowledge that other peroxide compositions were dangerous under
      conflagration conditions was not only sufficient to restrict the packaging
      of 70 percent aqueous TBHP to small containers but also sufficient to
      guide interested parties to accept as permanent the classification of the
      significant hazards of the material.
PAR  Heretofore various oxidants have been shipped in combination with
      inhibitors adapted to minimize the danger of very rapid burning or
      decomposition, such hazard reductants being of the non-flammable, flame
      retardancy type adapted to retard the oxidizing propensities of the
      organic oxidant. Non-combustible solvents have also sometimes been
      employed to bring about the distribution of the organic oxidants
      throughout a sufficiently enlarged zone to inhibit unduly rapid
      decomposition or burning during any accident. Notwithstanding the
      abundance of research on fire retardants and the demand for better
      shipping containers for 70 percent aqueous TBHP, no satisfactory answer to
      the long-standing problem was developed.
PAR  Radical traps have heretofore been employed in inhibiting polymerization of
      monomers and in imparting a useful degree of resistance to sunlight in
      organic plastics.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the combustion hazards of an
      aqueous solution containing about 70 percent by weight TBHP (that is,
      tertiary butyl hydroperoxide) are significantly reduced by the use of a
      radical trap in a concentration from about 10 to about 100,000 parts of
      radical trap per million parts of TBHP, such radical trap being protected
      from pre-combustion inactivation by incorporation in a polyolefin.
      Examples of suitable radical traps include:
PA0  alkyl phenols
PA0  phenothiazines
PA0  substituted naphthyl amines
PA0  phenylene diamines
PA0  dibenzylamine
PA0  iminodibenzyl
PAL  Other radical traps having effectiveness in inhibiting sunlight damage,
      polymerization, etc. are effective but outside the desired group of
      compounds.
PAR  The present invention also features a system comprising the combination of
      an aqueous solution containing about 70 percent by weight TBHP (that is,
      tertiary butyl hydroperoxide) and a hazard reducing quantity of a
      polyolefin having a melt index from about 0.2 to about 10. Such can be
      employed as a system inhibited to resist troublesomely rapid combustion
      (sometimes conventiently designated as rapid decomposition). In the event
      that such composition accidentally burns, it can burn to extinction
      without troublesomely rapid decomposition or combustion. Polyolefins are
      combustible, and it is surprising that the addition of such combustible
      component should function as a hazard reductant effectivee enough to
      overcome obstacles to bulk shipments of 70 percent TBHP. If the polyolefin
      is employed as a liner, its thickness should be within a range from 0.7 to
      7 mm, or about 1/64 to about 1/4 inch. If particles of polyolefin are
      employed, they should constitute about 0.6 to 6 percent by weight of the
      composition.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The nature of the invention is further clarified by reference to a
      plurality of examples.
PAC  EXAMPLE 1
PAR  In a control test, a five-gallon steel pail was filled with about 4.5
      gallons of aqueous TBHP-70 (tertiary butyl hydroperoxide containing 30
      percent water) and placed on two 8-inch high cinderblocks for a combustion
      test. A lid having 4 holes of about 1/4inch diameter was loosely
      positioned on top of the pail. Kindling wood, soaked with kerosene was
      placed beneath and around the pail, so that in the combustion, the flames
      approached several surfaces of the shipping pail. After the kindling had
      been ignited, the TBHP-70 took fire and the contents of the pail burned
      with moderate intensity. The combustion of the aqueous TBHP-70 appeared to
      advance satisfactory for about 20 minutes. However, just prior to the end
      of the burning of the aqueous TBHP-70, there was an accelerated
      decomposition (conveniently designated as a very rapid combustion) whereby
      the bottomm and sides of the pail were distorted, the lid was expelled
      from the pail, the fire was extinguished, and a muffled noise was heard.
      This type of rapid decomposition or burning near the end of the combustion
      of an organic oxidant is a type of hazard which had previously been
      observed for and was generally expected from concentrated aqueous
      solutions of organic oxidants. The restrictions which safety experts have
      imposed upon the transportation and storage of organic oxidant materials
      are attributable to such propensities toward troublesomely rapid
      decomposition or combustion.
PAR  In an example of the invention, several pieces of polyethylene, shaped as
      curved saddles and designed as contact surfaces in solvent extraction or
      distillation apparatus and having dimensions of about 3 inches long and
      about 1.8 inches wide were employed and floated on or near the top of
      surface of the TBHP-70. The saddles had a surface area of 227 square
      inches. The weight ratio of the polyethylene to the aqueous TBHP-70 was
      0.0123 to 1; that is, the polyethylene constituted about 1.23 percent by
      weight of the TBHP-70. When the combination of the 4.5 gallons of aqueous
      TBHP-70 and 1.23 percent polyethylene was subjected to the standard
      combustion test using kerosene soaked kindling wood to heat the pail
      supported on 8-inch blocks, the material in the pail burned. There was no
      audible or visual indication of troublesomely rapid decomposition or
      combustion. Thus, it differed from the control in that the lid was not
      ejected and the sides of the pail were not distorted. The terminal portion
      of the burning of the organic oxidant was acceptable to safety standards
      because the presence of the polyethylene components so modified the total
      combustion that it could proceed smoothly until all of the combustible
      matter was consumed.
PAR  In another control, the 4.5 gallons of aqueous TBHP-70 were modified by the
      use of polyethylene saddles constituting 0.5 weight percent of the TBHP-70
      and the standard combustion test was conducted. The TBHP burned for about
      24 minutes at about which time the cover was blown from the pail by the
      intensity of the terminal stages of the combustion but there was no
      conspicuously loud explosive noise.
PAR  By a series of tests, it is established that when the polyethylene is in
      the form of particles, the concentration of the polyethylene should be at
      least 0.6 weight percent of the TBHP-70 and that little safety advantage
      is achieved by the use of more than 6.0 weight percent of the polyolefin.
      Such weight concentration limits are not relevant to lined containers, in
      which the thickness of the lining is the significant safety feature.
PAC  EXAMPLE 2
PAR  Polypropylene saddles, each saddle having a dimension of about 2 inches and
      marketed by the Norton Company as an "Intalox" brand of saddle are
      sometimes employed as packing in a distillation column. The addition of 30
      saddles to 4.5 gallons of TBHP-70 represented about 1.8 percent by weight
      of the aqueous organic oxidant. In the standard combusion test, such
      proportions of polypropylene saddles are effective in maintaining the
      generally normal combustion of the organic material in the pail until all
      of such organic material was burned, thus avoiding the propensities of the
      unmodified TBHP to burn with troublesome rapidity.
PAC  Example 3
PAR  A 5-gallon steel pail was modified by bonding a polyethylene liner thereto,
      the liner constituting 5.58 percent by weight of the 37 pounds
      (approximately 4.5 gallons) of TBHP-70. The combination was subjected to
      the previously described standard combustion test. Containers of organic
      oxidants must pass such standard test to meet the safety standards
      appropriate for transportation of merchandise. The contents of the
      polyethylene-lined pail burned for about 29 minutes with smooth combustion
      until the TBHP was completely burned in about 29 minutes. The lid was not
      ejected nor was there other evidence of troublesomely rapid decomposition
      or combustion. The polyethylene liner does effectively inhibit the
      propensities of the TBHP.
PAR  By a series of tests, it is established that the thickness of a polyolefin
      (e.g., polyethylene, polypropylene, etc.) liner should be from about 0.7
      to about 7 mm. (about 1/64 to about 1/4 inch) and that the melt index of
      the polyolefin must be within the range from 0.2 to 10 as measured by ASTM
      1238 Condition E procedure. It is important that the polyolefin be free
      from metallic contaminanta (e.g., residues from catalysts) scrap, and/or
      pigments which might alter its modifying role.
PAR  In a control procedure a sample of polyethylene having a melt index of 0.1
      (that is, half of the minimum requirement of the present invention) is
      subjected to a molding operation in an effort to provide a liner for a
      five-gallon bucket. Difficulties are encountered in the adhesion of the
      liner in the molding and in the cooling of the molded liner from molding
      temperature. The thus defined pail is subjected to the standard combustion
      test, during which the lid is expelled and a noise is heard indicative of
      troublesomely rapid combustion. Such adverse result is possibly
      attributable to a propensity of the difficulty meltable polyethylene to
      burn only at the interface of liquid and air instead of predominantly
      melting before combustion.
PAR  In a control procedure, a sample of polypropylene having a melt index of 15
      is employed in the form of short hollow tubes (such as is used as packing
      in liquid vapor contact towers) dispersed in aqueous 70 percent tertiary
      butyl hydroperoxide, the polypropylene constituting 0.7 percent by weight
      of the composition. In the combustion test, the lid is expelled and a
      noise indicates troublesomely rapid decomposition or burning. The
      polypropylene has a sufficiently low melting point that substantially all
      of the polypropylene is melted and burned during the early portions of the
      test, leaving no polypropylene for modifying the terminal phases of the
      combustion.
PAR  By a series of tests, it is established that the melt index for the
      polyolefin must be within a range from 0.2 to 10.
PAC  Example 4
PAR  In a control, a 55-gallon steel drum filled with 70 percent aqueous TBHP
      was subjected to the standard combustion test, and the steel drum was
      destroyed by the rapidity of the terminal stages of the burning.
PAR  A commercially available drum having a polyethylene liner was employed in
      the same test and shown to be a safe container. The flames continued for
      50 minutes without troublesomely rapid burning. The 2SL polyethylene liner
      had a melt index of 2.6 and a density within a range from 0.910 to 0.925
      and was about 3/16 inch thick.
PAR  As an example of the present invention, a semitrailer having a 2000 gallon
      steel tank is lined with polyethylene having a thickness of 5 mm., a
      density of about 0.92, and a melt index of about 2.0. The tank is
      partially filled with TBHP-70 and ignited. The combustion advances
      smoothly, and the composition burns without troublesomely rapid
      decomposition or combustion, by reason of the presence of the polyethylene
      liner in the tank.
PAR  With the aid of retrospect, it is believed that the combustion of the
      polyethylene or other thermoplastic polyolefin is initiated and advances
      concurrently with the combustion of the TBHP and that during the final
      stages of the combustion, when the oxidant concentration is high and the
      temperature is high, tending to promote troublesomely rapid decomposition
      or combustion, the combustion of the plastic consumes the oxidant at a
      rate sufficient to avoid the developement of such troublesomely rapid
      burning rates.
PAC  EXAMPLE 5
PAR  2-methyl,4,6-di-tertiarybutyl phenol (conveniently abbreviated as MDTBP) is
      a useful inhibitor for reducing the rate of reactions involving a free
      radical mechansim. Discoloration of organic liquids exposed to sunlight,
      polymerization of monomers, and thermal activation of hexaarylyl plumbanes
      are inhibited by MDTBP. Particles of MDTBP are encapsulated in
      polypropylene to provide a flowable powder of spheroids functioning as a
      microencapsulated form of MDTBP, the polypropylene skin constituting about
      25 percent of the weight of each spheroid. In a series of tests, in each
      of which a bucket containing about 35 pounds of TBHP is modified by the
      addition of a controlled amount of spheroids of encapsulated MDTBP and
      subjected to the standard combustion test, it is shown that the
      concentration of MDTPBP desirably should be between about 10 and about
      100,000 parts of MDTPB per 1,000,000 parts of aqueous TBHP. Concentrations
      greater than 10 ppm but less than 10,000 ppm are preferred.
PAR  By using 1,000 ppm, the microencapsulated phenol achieves a sufficiently
      reliable reduction of hazard during combustion to offer an attractive
      combination of advantages. The microencapsulated phenol is more costly per
      pound than polyolefin, but by using a smaller concentration of
      microencapsulated phenol, adequate reduction of hazard is attainable at a
      competitive price. For shipments involving costly freight costs and
      involving single usage of the modifier, encapsulated phenol spheroids
      offer an economic advantage even when more costly when comparing merely
      the expense of formulation.
PAR  In a series of tests of microencapsulated radical traps, it is shown that
      1,000 parts of radical trap per 1,000,000 parts of aqueous TBHP, it is
      shown that phenothiazines such as 4,6 dimethylphenothiazine, substituted
      naphthyl amines such as 3-4 dimethylalphanaphthyl amine, phenylenediamines
      such as 2,4 diaminotoluene, dibenzyl amines such as bis(s-ClC.sub.6
      H.sub.4 CH.sub.2).sub.2 NH, and iminodibenzyls such as p Me.sub.2 Nc.sub.6
      H.sub.4 C.sub.2 H.sub.4 C.sub.6 H.sub.4 NMe.sub.2, are effective agents
      for reducing the hazard in combustion of TBHP.
PAR  Another phenol found to be satisfactory is DTBMP or
      2,6,di-t-butyl,-4-methyl phenol. The trademark "IONOL" identifies one
      brand of such DTBMB.
PAR  Polyolefin manufacturers regularly employ controlled amounts of radical
      traps in all molded products. For example, some polyethylene saddles
      contain about 0.25 weight percent of IONOL brand of DTBMP (2,6
      di-t-butyl-4-methyl phenol). Low density polyethylene having a melt index
      of 1.1 and containing about 0.25 weight percent IONOL brand of DTBMP is
      manufactured as a flexible sheet about 4 mm. thick. The sheet is cut to
      provide about 194 g. of polyethylene as 18 rectangular ribbons about 51
      mm. by 25 mm. These ribbons are employed in the 35 pound of aqueous TBHP
      in the standard combustion test and found to be effective in preventing an
      excessive rate of terminal decomposition. Such test established the
      usefulness of 35 ppm of IONOL as a combustion modification agent.
PAC  EXAMPLE 6
PAR  Low density polyethylene having a melt index of 2.1 and containing 0.15
      percent IONOL was fabricated into saddles suitable as packing for
      treatment towers. Six saddles (188 g.) were employed in the standard
      combustion test. The concentration of IONOL in aqueous TBHP was about 18
      ppm and was sufficient to avoid the troublesomely excessive decomposition.
PAR  The need for the modification of the decomposition is only for the final
      minutes of the burning, and whatever modifier is employed must be
      preserved in a form having appropriate effectiveness after most of the
      TBHP has burned. The polyolefin might be interpreted as the significant
      modifier. The radical trap might be interpreted as the significant
      modifier. Regardless of theoretical interpretations of the results, the
      facts show that troubles are avoided by the use of polyolefin containing
      radical trap materials, thus providing a basis for claiming the process
      featuring the polyolefin as well as the process featuring the radical
      trap.
PAR  Various modifications of the invention are possible without departing from
      the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of inhibiting troublesomely rapid combustion of a body of
      aqueous tertiary butyl hydroperoxide suitable for bulk shipment in a tank
      which method consists essentially of associating bulk-shipment sized body
      of aqueous tertiary butyl hydroperoxide consisting essentially of 30
      percent water and 70 percent tertiary butyl hydroperoxide with a minor
      amount of polyolefin having a melt index within the range from 0.2 to 10,
      said polyolefin being selected from the group consisting of polyethylene
      and polypropylene, said method providing a metal container having said
      minor amount of polyolefin present as a liner having a thickness within
      the range from about 0.7 to 7 mm., and the aqueous tertiary butyl
      hydroperoxide being stored within such lined container.
NUM  2.
PAR  2. The method of inhibiting troublesomely rapid combustion of a body of
      aqueous tertiary butyl hydroperoxide suitable for bulk shipment which
      method consists essentially of associating bulk-shipment sized body of
      aqueous tertiary butyl hydroperoxide consisting essentially of 30 percent
      water and 70 percent tertiary butyl hydroperoxide with a minor amount of
      polyolefin having a melt index within the range from 0.2 to 10, said
      polyolefin being selected from the group consisting of polyethylene and
      polypropylene, said method providing particles of polyolefin admixed with
      said aqueous tertiary butyl hydroperoxide stored in a metal container,
      said polyolefin particles constituting from 0.6 to 6.0 weight percent of
      the composition in such container.
NUM  3.
PAR  3. The method of inhibiting troublesomely rapid decomposition during the
      terminal stages of combustion of a body of aqueous tertiary butyl
      hydroperoxide suitable for bulk shipment in a tank which method consists
      essentially of associating bulk-shipment sized body of aqueous tertiary
      butyl hydroperoxide consisting essentially of 30 percent water and 70 per
      cent tertiary butyl hydroperoxide with a minor amount of polyolefin having
      a melt index within the range from 0.2 to 10, said polyolefin being
      selected from the group consisting of polyethylene and polypropylene, said
      method providing a metal container having said minor amount of polyolefin
      present as a liner having a thickness within the range from about 0.7 to 7
      mm., and the aqueous tertiary butyl hydroperoxide being stored within such
      lined container, said polyolefin containing a hazard reducing quantity of
      radical trap of the group consisting of alkyl phenols, phenothiazines,
      substitute naphthyl amines, phenylene diamines, dibenzyl amine, and
      iminodibenzyl, the quantity of said radical trap constituting from about
      10 to about 100,000 parts per million parts of aqueous tertiary butyl
      hydroperoxide, whereby such combination burns safely to extinction without
      troublesomely rapid decomposition.
NUM  4.
PAR  4. The method of inhibiting troublesomely rapid combustion of a body of
      aqueous tertiary butyl hydroperoxide suitable for bulk shipment which
      method consists essentially of associating bulk-shipment sized body of
      aqueous tertiary butyl hydroperoxide consisting essentially of 30 percent
      water and 70 percent tertiary butyl hydroperoxide with a minor amount of
      polyolefin having a melt index within the range from 0.2 to 10, said
      polyolefin being selected from the group consisting of polyethylene and
      polypropylene, said method providing particles of polyolefin admixed with
      said aqueous tertiary butyl hydroperoxide stored in a metal container,
      said polyolefin particles containing a minor amount of radical trap
      selected from the group consisting of alkyl phenols, phenothiazines,
      substituted naphthyl amines, phenylene diamines, dibenzyl amine, and
      iminodibenzyl, the quantity of said radical trap constituting from about
      10 to about 100,000 parts per million parts of aqueous tertiary butyl
      hydroperoxide, whereby such combination burns safely to extinction without
      troublesomely rapid decomposition.
NUM  5.
PAR  5. The method of claim 4 in which said polyolefin particles constitute from
      0.6 to 6.0 weight percent of the composition in such container.
NUM  6.
PAR  6. The method of claim 5 in which the radical trap is an alkyl phenol in a
      concentration range less than 10,000 ppm.
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ABST
PAL  A partial oxidation burner and process for the manufacture of synthesis
      gas, reducing gas and other gas mixtures substantially comprising H.sub.2
      and CO. A hydrocarbon, oxygen-rich gas and, optionally, H.sub.2 O or some
      other temperature moderator are introduced into the reaction zone of a
      synthesis gas generator in which, by partial oxidation at an autogenous
      temperature in the range of about 1700.degree. to 3500.degree.F. and a
      pressure in the range of about 1 to 250 atmospheres, said synthesis, fuel,
      or reducing gas is produced. For example, a hydrocarbon is introduced into
      the reaction zone by way of the inner assembly of a novel multitube
      burner, and a mixture of oxygen-rich gas and steam is passed through a
      coaxial conduit disposed about the outside of said inner assembly. Said
      inner assembly comprises a central conduit of circular cross-section,
      having a plurality of parallel open-ended tubes extending downstream from
      the exit end of said central conduit and in communication therewith. The
      tubes terminate in a surrounding nozzle, which is the exit end of the
      coaxial outer conduit.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This is a division of application Ser. No. 186,207, filed Oct. 4, 1971 now
      U.S. Pat. No. 3,758,037.
BSUM
PAR  This invention relates to the manufacture of gaseous mixtures comprising
      H.sub.2 and CO, e.g., synthesis gas, fuel gas, and reducing gas. In one of
      its more specific aspects, the present invention relates to a burner for
      such gas manufacture.
PAR  2. Description of the Prior Art
PAR  The manufacture of synthesis, reducing, and fuel gas by introducing
      hydrocarbon fuels, oxygen and steam into the reaction zone of a synthesis
      gas generator by way of a simple annulus-type burner is known in the art.
      However, the combustion efficiency of such prior art burners, especially
      those operating at low pressure, leaves much to be desired. Also, the
      reducing ratio, i.e. the mole ratio (H.sub.2 + CO)/CO.sub.2 + H.sub.2 O)
      of the gas produced is comparatively low. By attempting to scale-up the
      size of prior art burners, it was found that the composition of the
      product gas changed and that the amount of unreacted particulate carbon
      increased. Further, it was often necessary and costly to maintain a high
      oxygen-to-hydrocarbon ratio in the feed to the generator in order to
      reduce the yield of unreacted particulate carbon to acceptable levels.
      This higher oxygen/hydrocarbon ratio produced excessively high
      temperatures in the reaction zone which shortened the life of the
      refractory lining.
PAC  SUMMARY OF THE INVENTION
PAR  More efficient partial oxidation of hydrocarbon fuels with oxygen and,
      optionally, with H.sub.2 O or some other temperature moderator is
      attainable by providing a burner comprising an inner assembly consisting
      of a central conduit of circular cross section having a plurality of
      smaller open-ended tubes extending downstream from the exit end of said
      central conduit and in communication therewith. The individual tubes are
      parallel to the burner axis and to each other. They terminate within a
      surrounding nozzle, which is the exit end of a coaxial outer conduit. The
      coaxial conduit is disposed about said central conduit providing an
      annular passage therebetween for the free passage of one feed stream.
      Thus, the other feed stream passing through the central conduit is split
      into a plurality of parallel streams with the first feed material flowing
      between and around these streams. Normal feed modes include oxygen, oil,
      or oil-steam mixtures in the tubes, and oil-steam mixture, oxygen-steam
      mixture, or oxygen, respectively in the annular passage. These reactant
      streams may also be reversed and passed, respectively, through
      interchanged passages. Further, in a double-annulus multitube embodiment,
      oil may be passed through the central tubes, oxygen or oxygen-steam
      mixtures may be passed through an inner annulus, and steam may be passed
      through an outer annulus. By this mode, the life of the burner may be
      substantially increased.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention involves a novel burner and the process for the
      manufacture of gas mixtures rich in hydrogen and carbon-monoxide, such as
      synthesis gas, fuel gas, and reducing gas, by the partial oxidation of a
      hydrocarbon with an oxygen-rich gas such as air, oxygen-enriched air or
      substantially pure oxygen and, optionally, with steam or another
      temperature moderator. The product gas mixture is produced in the reaction
      zone of a noncatalytic, refractory-lined, free-flow partial oxidation
      generator, such as described in co-assigned U.S. Pat. No. 2,809,104 issued
      to Dale M. Strasser et al.
PAR  In accordance with one embodiment of the present invention, the reactants
      are introduced into the reaction zone of the gas generator by means of a
      novel multitube burner. By means of said burner, a first stream of
      reactants flowing parallel to the burner axis is separated into a
      plurality of smaller streams also flowing parallel to the burner axis in a
      bundle of spaced parallel tubes. At least one additional stream of
      reactants is then interjected into the interstices between said bundle of
      tubes. Thus, a mixture of reactants is thereby produced which is
      discharged from the burner as a well distributed blend of reactant
      streams.
PAR  In further detail, a first reactant stream is passed through the inner
      assembly of said multitube burner. The burner inner assembly is made up of
      the central conduit having an open upstream end and a closed downstream
      end. A plurality of parallel open-ended tubes extend downstream from said
      closed end in a direction parallel to the axis of the central conduit. The
      individual tubes are in a spaced and symmetrical arrangement so that they
      do not touch each other. Further, each tube in the bundle is sealed into
      the closed end of the central conduit and is in communication therewith. A
      free passage is thereby produced for said first reactant stream through
      the central conduit and the bundle of tubes.
PAR  A second reactant stream is passed through a concentric coaxial open-ended
      conduit which is disposed lengthwise about the outside of said inner
      assembly. A tip section at the downstream end of said coaxial second
      conduit is provided for introducing said second reactant stream into the
      interstices between the parallel open-ended tubes and thence out through a
      nozzle at the end of this second conduit. Optionally, a concentric coaxial
      open-ended third conduit with a converging tip may be disposed lengthwise
      about said concentric coaxial open-ended second conduit. The tip section
      of said coaxial third conduit is provided for introducing a third fluid
      stream around said first and second fluid streams at or near the face of
      the burner.
DRWD
PAR  In order to illustrate the invention in greater detail, reference is made
      to several embodiments involving burner constructions as shown in figures
      of the drawing, wherein
PAR  FIG. 1 is a general illustration of a burner assembly;
PAR  FIG. 2 is a diagrammatic longitudinal cross-section through the downstream
      end of the burner, taken at line A--A of FIG. 1 and showing an embodiment
      of the burner;
PAR  FIG. 3 is an end view of the burner tip shown in FIG. 2, taken at line
      B--B.
PAR  FIG. 4 is a view of another example of coaxial conduit 10 in FIG. 2; and
PAR  FIG. 5 is a view similar to FIG. 2, but of another embodiment of the burner
      in which two coaxial concentric conduits are disposed longitudinally about
      the inner assembly.
DETD
PAR  Referring to the figures in the drawing, in FIG. 1 the burner assembly is
      indicated generally as 1. Face-cooling chamber 2 at the outermost tip of
      the burner is hollowed out for circulating cooling water, entering by way
      of inlet pipe 3 and leaving by way of coils 4 and outlet pipe 5. The axis
      of the burner is usually aligned along the central axis of the synthesis
      gas generator by means of mounting flange 6. Reactant streams pass into
      the burner by way of inlets 7 and 8.
PAR  In FIG. 2, the downstream end of burner 1 is shown in cross-section. This
      view is taken between A--A of FIG. 1 and comprises inner assembly 9 and
      concentric coaxial conduit 10 disposed longitudinally about the inner
      assembly, thereby providing a free annular passage in between elements 9
      and 10. A reactant stream enters burner 1 by way of inlet 7 of FIG. 1 and
      passes directly through inner assembly 9. A second stream enters burner 1
      by way of inlet 8 of FIG. 1 and passes directly into concentric coaxial
      conduit 10.
PAR  Inner assembly 9 comprises central conduit 11 of circular cross-section and
      a bundle of comparatively small diameter open-ended tubes 12. The bundle
      of tubes extends downstream from the exit end of the central conduit 11.
      The tubes are parallel to the burner axis and to each other. The plurality
      of tubes are in a spaced and symmetrical arrangement about the burner axis
      and do not touch each other. While these tubes preferably extend close to
      the burner face 13 as shown in the drawing, in other embodiments of the
      burner, such as shown in FIG. 5, they may be foreshortened. Central
      conduit 11 is open at the inlet end 14 and closed at exit 15. Tubes 12 are
      sealed into the exit end of conduit 11 and are in communication therewith.
      Thus, a reactant stream may be freely passed through inner assembly 9 by
      being passed first through central conduit 11 and then through a plurality
      of tubes in the bundle 12. The upstream portion 16 of concentric coaxial
      conduit 10 is open and forms an annular passage 17 with the central
      conduit 11 through which a reactant stream may be freely passed. The
      downstream end 18 of coaxial conduit 10 is disposed about the bundle of
      tubes 12. A converging nozzle 19 is at the tip of the downstream end of
      coaxial conduit 10 to facilitate intermixing the streams and to force a
      flat velocity profile across the interstitial stream. Suitable angles of
      convergence at the tip are in the range of 15.degree. to 90.degree..
      Optionally, cooling means may be provided to cool the burner tip, for
      example, face-cooling chamber 2 and cooling coils 4.
PAR  FIG. 3 is an end view of burner 1 in FIG. 2 taken along B--B. A suitable
      layout of seven parallel tubes in the bundle of tubes 12 is depicted, with
      tube 20 passing through the axis of the burner. Shaded cross-sectional
      area I.A. shows the interstices between the outside surfaces of the tubes.
      This represents the area available for introducing the reactant stream
      which passes freely through the passage between inner assembly 9 and
      coaxial conduit 10. Thus, there is provided thorough intermixing of the
      reactant streams from the separate burner passages at the face of the
      burner.
PAR  Typical combinations of reactant streams which may be introduced into the
      reaction zone of the synthesis gas generator by way of the multitube
      burner depicted in FIGS. 1 to 3 are shown in Table 1.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Stream Passing Through                                                    
                        Stream Passing Through                                 
     Inner Assembly 9   Concentric Conduit 10                                  
     __________________________________________________________________________
     (1)                                                                       
        oxygen rich gas liquid hydrocarbon fuel-H.sub. 2 O                     
     (2)                                                                       
        oxygen rich gas gaseous hydrocarbon fuel                               
     (3)                                                                       
        liquid hydrocarbon fuel-H.sub.2 O                                      
                        oxygen rich gas                                        
     (4)                                                                       
        gaseous hydrocarbon fuel                                               
                        oxygen rich gas                                        
     (5)                                                                       
        liquid hydrocarbon fuel                                                
                        oxygen rich gas-H.sub. 2 O                             
     (6)                                                                       
        liquid hydrocarbon fuel-H.sub.2 O                                      
                        oxygen rich gas-H.sub. 2 O                             
     __________________________________________________________________________
PAR  The term hydrocarbon, as used herein to describe various feed-stocks, is
      intended to include gaseous and liquid hydrocarbon fuels. Also included by
      definition are (1) pumpable slurries of solid carbonaceous fuels, such as
      coal, particulate carbon, and petroleum coke in a carrier or moderator
      such as water, or in a liquid hydrocarbon fuel, and mixtures thereof and
      (2) gas-solid suspensions, such as finely-ground solid carbonaceous fuels
      dispersed in either the moderator or a gaseous hydrocarbon.
PAR  The term liquid hydrocarbon fuel as used herein to describe liquid
      feedstock is intended to include various materials such as liquified
      petroleum gas; petroleum distilates and residues, gasoline, naphtha,
      kerosine, crude petroleum, asphalt, gas oil, residual oil, tar sand oil;
      aromatic hydrocarbons, such as benzene, toluene, xylene fractions, coal
      tar, cycle gas oil from fluid catalytic cracking operation; furfural
      extract of coker gas oil; and mixtures thereof. Gaseous hydrocarbon fuels
      as used herein to describe gaseous feedstocks, include methane, ethane,
      propane, butane, pentane, natural gas, water gas, coke oven gas, refining
      gas, acetylene tail gas, ethylene off-gas and mixtures thereof. Both
      gaseous and liquid feeds may be mixed and used simultaneously and may
      include paraffinic, olefinic and aromatic compounds in any proportion. The
      hydrocarbon feed may be at room temperature or may be preheated to a
      temperature up to as high as about 600.degree. to 1200.degree.F., but
      below its cracking temperature. The liquid hydrocarbon feed may be
      introduced into the burner in liquid phase or in a vaporized mixture with
      or without steam or other moderator.
PAR  The term oxygen-rich gas, as used herein, is intended to include air,
      oxygen-enriched air, i.e., greater than 21 mole % oxygen, and
      substantially pure oxygen, i.e. greater than 95 mole % oxygen. Oxygen-rich
      gas may be introduced into the burner at a temperature in the range of
      about ambient to 1800.degree.F. The ratio of free oxygen to carbon in the
      feedstock (O/C, atom/atom) is in the range of 0.7 to 1.5.
PAR  H.sub.2 O may be charged to the reaction zone in liquid or gaseous phase.
      It may be in the form of steam or atomized liquid water. Further, all of
      the H.sub.2 O may be mixed either with the hydrocarbon feedstock or with
      the oxygen-rich gas. Alternately, a portion of the steam may be intermixed
      with the oxygen stream in conduit 10 in an amount less than about 25
      weight percent of the oxygen and any remainder mixed with the hydrocarbon.
      The H.sub.2 O may be at a temperature in the range of ambient to
      1000.degree. F., or above. For example, the weight ratio of water to
      liquid hydrocarbon feed is in the range of about 0.05 to 6, and usually in
      the range of about 0.15 to 0.6 parts by weight of water per part by weight
      of hydrocarbon feed, according to the final use of the product gas.
PAR  H.sub.2 O serves to moderate the temperature in the reaction zone of the
      synthesis gas generator. It may also react with the other feedstreams in
      the generator. Other suitable temperature moderators which may be used in
      place of or in combination with H.sub.2 O include a cooled portion of the
      product gas, cooled off-gas from an integrated ore-reduction zone, e.g.
      blast furnace, carbon dioxide, various off gases from other processes, an
      inert gas, e.g. nitrogen, and mixtures thereof.
PAR  The use of a temperature moderator to moderate the temperature in the
      reaction zone is optional and depends in general on the carbon to hydrogen
      ratio of the feed stock. For example, a temperature moderator is generally
      not used with gaseous hydrocarbon fuels; however, generally it is used
      with liquid hydrocarbon fuels. As previously mentioned, the temperature
      moderator may be introduced as a component of either or both reactant
      streams. In addition, the temperature moderator may be introduced by
      itself via a separate outer conduit as will be described in connection
      with the embodiment shown in FIG. 5.
PAR  The feedstreams are reacted by partial oxidation without a catalyst in the
      reaction zone of a free-flow synthesis gas generator. The temperature is
      autogenously maintained within a range of about 1700.degree. to
      3500.degree.F. The pressure is in the range of about 1 to 250 atmospheres.
      The mixture of product gases may have the following composition (volume %
      - dry basis) assuming the inert gases are negligible: CO 33-52, H.sub.2
      62-42, CO.sub.2 1.5-8, CH.sub.4 0.02-2, H.sub.2 S nil - 2.0 and COS nil to
      0.1. Unreacted particulate carbon (basis carbon in the feed by weight) is
      about 0.2 to 10 weight percent from liquid feeds but is usually negligible
      from gaseous hydrocarbon feeds.
PAR  As previously described, by means of the subject burner a large volume of a
      first reactant stream flowing through the central circular conduit is
      split into a plurality of separate streams of reactant fluid flowing
      through a bundle of parallel tubes. This permits the introduction of a
      second stream of reactants into the the interstices surrounding the tubes.
      The greater the number of tubes, the better the distribution of one
      reactant within the other reactant. The mixing of the reactant streams
      which takes place downstream of the ends of the tubes is facilitated by
      this improved distribution. Such efficient mixing of the feedstreams
      facilitates a more uniform partial oxidation of the hydrocarbon to produce
      H.sub.2 and CO. The combustion efficiency of the process is thus
      increased.
PAR  By means of the subject invention, reactions are made to proceed in local
      regions where there is less opportunity for overheating the hydrocarbon
      with an insufficient supply of oxygen to result in the formation of soot.
      Thus, the amount of unconverter particulate carbon produced for a given
      oxygen to carbon atomic ratio in the feed may be substantially reduced.
      Further, "overburning" of the hydrocarbon to produce carbon dioxide is
      substantially reduced. It is recommended that the subject burner be made
      from heat and oxidation-resistant metal alloys.
PAR  In the case of liquid hydrocarbon as one of the feed streams, to improve
      the atomization of the effluent stream from the burner, a differential
      stream velocity is maintained. Thus, the reactant stream passing through
      exit nozzle 19 in FIG. 2 is accelerated to a suitable high velocity and a
      flat velocity profile across the interstitial cross-section is provided.
      Atomization of the liquid stream takes place at or near the face of the
      burner, producing a fine mist of hydrocarbon dispersed in the oxygen and
      the temperature moderator. For example, a liquid hydrocarbon may be passed
      through each tube in the bundle of tubes 12 at a velocity of about 5 to 50
      feet per second at the face of the burner, while a mixture of oxygen-rich
      gas and steam may be passed through annulus 17 and then accelerated in the
      surrounding nozzle 19 to a velocity of about 200 feet per second to sonic
      velocity at the face of the burner. In another example, an oxygen-rich
      gas, such as substantially pure oxygen is passed through each tube of the
      bundle of tubes 12 at a velocity of about 300 feet per second to sonic
      velocity while an atomized mixture of liquid hydrocarbon and steam is
      passed through annulus 17 so as to be accelerated by the surrounding
      nozzle to a velocity of about 150 feet per second to sonic velocity at the
      burner face.
PAR  The velocity of a gaseous hydrocarbon feedstock through the plurality of
      tubes or through the annulus is substantially the same as that previously
      given for the velocity of the oxygen containing stream i.e. 200 feet per
      second to sonic velocity.
PAR  The velocity of each reactant stream must be sufficient to keep the partial
      oxidation reaction downstream from the downstream end of the burner,
      thereby preventing flash-back of the flame with resultant damage to the
      burner tip.
PAR  The individual tubes in the bundle of tubes 12, shown in FIG. 2 should be
      long enough to permit the reactant stream flowing in annulus 17 to flow
      evenly into the interstices between the tubes, as shown in FIG. 3. For
      example, the following relationship shown in formula (1) is suggested as a
      minimum:
EQU  I.A./l. w. n. = 1/2                                        (1)
PAL  Where:
PA0  l = length of each tube
PA0  w = separation between adjactent tubes at narrowest gap, as shown in FIG. 3
PA0  n = number of tubes
PA0  I.A. = cross-sectional area of interstices -- see FIG. 3
PAR  Actually, the length of the tubes in the tube bundle may range from about
      1/2 inch to 12 inches or longer and preferably from about 2 to 5 inches,
      with greater lengths required as the number of tubes and the total size of
      the burner increases.
PAR  The number of tubes in the tube bundle and their typical sizes, i.e. inside
      diameter (I.D.) are shown in Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Internal                                                                  
            Number of Tubes   I.D. of Individual                               
     Stream in Tube Bundle    Tube-Inches                                      
     ______________________________________                                    
     Liquid 2 to about 200 or more                                             
                              1/16 to 1/4                                      
     Gaseous                                                                   
            2 to about 200 or more                                             
                              .090 to 1                                        
     ______________________________________                                    
PAR  Preferably, in order to obtain an equal flow distribution in all of the
      tubes 12, the inside diameters of the tubes should be equal and their
      lengths should be equal. The inside diameter of the tubes should be small
      compared to the diameter of central conduit 11 in order to force an
      appreciable pressure drop from the central conduit to discharge.
      Preferably, the ratio of length to inside diameter of the tubes should be
      at least 5.
PAR  Preferably, the downstream exit ends of the plurality of tubes 12 and the
      exit end of coaxial concentric conduit 10 terminate in the same plane
      perpendicular to the burner axis at the downstream end of the burner,
      which may be also referred to as the burner face. In another embodiment of
      the invention the plurality of tubes terminate in a plane perpendicular to
      the axis of said coaxial concentric conduit, and said plane is retracted
      upstream from the downstream end of the tip section of said coaxial
      concentric conduit in order to permit a limited degree of premixing but no
      burning, thereby preventing damage to the ends of the tubes and to the end
      of the tip section. In still another embodiment of the invention the exit
      ends of all of said plurality of tubes terminate in a plane perpendicular
      to the axis of said coaxial concentric conduit, and said plane is located
      downstream from the downstream end of the tip section of said coaxial
      concentric conduit; for example slightly downstream from the burner face.
PAR  Alignment pins, fins, locking lugs and other means may be used to
      symmetrically space the tubes and conduits with respect to each other.
PAR  Although developed for the partial oxidation reaction, this burner may be
      used advantageously for other types of combustion of a hydrocarbon by an
      oxidant stream e.g. heat release in a boiler, or for producing reducing
      gas within a blast furnace or other ore reduction unit.
PAR  FIG. 4 is another version of a coaxial concentric conduit 21 which may be
      used in place of conduit 10 as shown in FIG. 2. Note that tip 22 of
      conduit 21 is provided with a smooth ellipsoidal converging nozzle whose
      walls develop into a straight cylindrical portion which is coaxial with
      the burner axis near the outermost tip of the nozzle. For example, the
      American Society of Mechanical Engineers (A.S.M.E.) standard long-radius
      nozzle is suitable. A further description of said nozzle may be found in
      "Thermodynamics Fluid Flow and Heat Transmission" by Huber O. Croft, page
      155, First Edition, 1938 McGraw-Hill Book Company.
PAR  FIG. 5 is another embodiment of the burner and provides two coaxial
      concentric conduits, i.e., intermediate conduit 23 and outermost conduit
      24, disposed about inner assembly 25. Inner annulus passage 26 and outer
      annulus passage 27 are thereby provided for the free passage of separate
      feed streams. The purpose of the outer annulus is to provide a relatively
      non-reactive stream (moderator) separating the surrounding product
      synthesis gas from the feed stream in the interstitial area. This
      separation is particularly desirable when the interstitial fluid is the
      oxidant, which can react rapidly with synthesis gas close to the burner
      tip and cause burner tip deterioration. In other words, the third passage
      is useful primarily to provide greater burner durability rather than to
      promote higher combustion efficiency. The use of this protective sheath is
      not justified except in those cases which would otherwise result in
      unacceptably short burner life.
PAR  The construction of the several elements of FIG. 5 has been previously
      described in connection with FIGS. 1-4. Cooling the burner is optional.
      For example, if desired, face cooling plate 2 and cooling coil 4 may be
      added to the burner shown in FIG. 5. Further, note that the tubes in the
      tube bundle do not necessarily extend to the burner face. Optionally, the
      ends of the tubes may be flush with or extend beyond the burner face, i.e.
      the downstream end of the burner.
PAR  Typical combination of streams which may be introduced into the reaction
      zone of the synthesis gas generator by way of the double-annulus multitube
      burner depicted in FIG. 5 are shown in Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     Inner Assembly 25                                                         
                    Inner Annulus 26                                           
                                Outer Annulus 27                               
     __________________________________________________________________________
     (1)                                                                       
        hydrocarbon feed                                                       
                    oxygen rich gas-H.sub.2 O                                  
                                temp. moderating gas                           
     (2)                                                                       
        hydrocarbon feed                                                       
                    oxygen rich gas                                            
                                temp. moderating gas                           
     (3)                                                                       
        hydrocarbon feed-H.sub.2 O                                             
                    oxygen rich gas-H.sub.2 O                                  
                                temp. moderating gas                           
     (4)                                                                       
        hydrocarbon feed-H.sub.2 O                                             
                    oxygen rich gas                                            
                                temp. moderating gas                           
     __________________________________________________________________________
PAR  The velocity and thickness of the sheath of temperature moderating gas
      leaving the burner by way of the converging nozzle on the downstream end
      of outer annulus 27 is preferably such as to prevent the oxygen in the
      inner annulus 26 from contacting and reacting with recirculating synthesis
      gas that is close enough to the burner face to cause damage to the outer
      tip. For example, the exit velocity of the stream of temperature
      moderating gas in outer annulus 27 may be about one half that of the
      oxygen stream.
PAR  Thus, in all cases an annular jet of steam or other moderator in outer
      annulus 27 serves to protect the outer nozzle from damage resulting from
      combustion between oxygen and synthesis gas at the burner tip. In some
      modes, sufficient steam may be added to the other streams to facilitate
      atomization of the hydrocarbon feed or to prevent tip damage.
PAR  The burner size or scale is important in relating the required atomic ratio
      of oxygen in the oxygen-rich gas to carbon in the hydrocarbon feed needed
      to reach a given yield of unconverted particulate carbon in the product
      gas. The burner scale factor is (1) proportional to the interfacial
      perimeter available for mixing the reactant in the tubes with the reactant
      stream in the interstices between the tubes; (2) inversely proportional to
      the cross-section of the stream (in the tubes) to be mixed; (3) inversely
      proportional to the relative distance into the interstitial stream which
      must be traversed by elements (molecules or turbulent eddies) of the
      stream in the tubes during mixing; and (4) is a function of the Y ratio
      which is by definition the ratio of the interstitial area (I.A. of FIG. 3)
      to the total cross sectional area of tubes 12 based on the inside diameter
      of the tubes. For example, the burner scale factor as shown in formula (2)
      below has been derived as a measure of the relative size of a burner as
      shown in FIG. 2, when an oil containing stream is passed through the tubes
      of a burner having a Y ratio of 21.7.
EQU  P/SL = 48.2 n/D.sub.2.sup.2                                (2)
PAL  in which
PA0  P = sum of the perimeters of all tubes 12 (based on inside tube diam.)
PA0  S = sum of the cross sectional areas of all of the tubes 12 (based on
      inside tube diam.)
PA0  n = number of tubes
PA0  D.sub.2 = Inside diam. of downstream end of converging nozzle 19
      ##EQU1##
      Wherein D.sub.o = inside diameter of each tube 12.
PAR  It will be shown that as the burner scale factor increases, the percent
      unconverted carbon in the product gas for a given O/C, i.e., ratio of
      atoms of oxygen per atom of carbon in the feed decreases, and the reducing
      ratio in the product gas increases. Thus, one would preferably design for
      the highest practical burner scale factor to achieve minimum soot yield
      for a given O/C ratio. For example, with respect to the burner shown in
      FIG. 2, with a Y ratio of 21.7, the burner scale factor P/SL should not be
      less than a minimum value of 266 in order to yield 2 wt.% particulate
      carbon at about 1.04 O/C ratio.
PAC  EXAMPLES OF THE PREFERRED EMBODIMENT
PAR  The following examples are offered as proof of the efficacy of the present
      invention, but the invention is not to be construed as limited thereto.
PAC  EXAMPLE I
PAR  Reducing gas was produced in a reducing gas generator by the partial
      oxidation of heavy fuel oil having an API of 13.degree. and a gross
      heating value of 18,300 BTU per pound by reaction with substantially pure
      oxygen in the presence of steam. A 6 foot gas generator was used
      consisting of a refractory lined steel pressure vessel free from catalyst
      or any obstruction to the free-flow of materials therethrough. The
      combustion chamber volume was about 60 cubic feet.
PAR  The feedstreams were introduced into the reaction zone by way of a
      multitube burner mounted in an axial flanged port at the top of the gas
      generator. Thus, a stream of fuel oil at a temperature of about
      390.degree.F was passed through the central conduit and the bundle of
      seven tubes of the multitube burner, shown in FIGS. 1-3 of the drawing.
      The burner tubes extended freely about 0.62 inches beyond the end of the
      central conduit. They were 3/16 inches outside diameter (O.D.) and had a
      0.049 inch wall. With a Y ratio of 21.7 the burner scale factor P/SL was
      226. The velocity of the oil in the tubes was about 33 feet per second.
PAR  A mixture of substantially pure oxygen and steam at a temperature of about
      360.degree.F was passed through the annulus of the burner so that a
      velocity of about 850 feet per second was reached at the burner face.
      Pressure in the reaction zone was 30-31 psig and the weight ratio of steam
      to fuel oil was about 0.23.
PAR  When the atomic ratio of oxygen to carbon in the feed was 1.04, the
      "reducing ratio" was about 6.9. At this O/C ratio, the weight percent of
      unconverted carbon in the product gas (basis weight of carbon in the feed)
      was about 2.0 wt. percent. Also, the composition of the product gas in
      volume percent dry basis was Co 52.42, H.sub.2 43.91, CO.sub.2 3.17,
      H.sub.2 S 0.14, A 0.11 and N.sub.2 0.25.
PAR  In comparison, under substantially the same generator operating conditions
      a one-tube conventional burner, such as shown in FIG. 2 of the U.S. Pat.
      No. 2,928,460 issued to Du Bois Eastman et al., having a burner scale
      factor of 33 and a Y ratio of 14.3 yielded 3.6 weight percent unconverted
      particulate carbon for the same atomic ratio O/C of 1.04. Further, the
      reducing ratio decreased to 6.4.
PAC  EXAMPLE II
PAR  This example illustrates the effect of further increasing the number of
      tubes in the tip of the inner assembly, shown in FIGS. 2 and 3 of the
      drawing.
PAR  Twelve symmetrically spaced metal tubes 0.152 inches O.D. with 0.032 inches
      wall were used to replace the seven tubes extending from the central
      conduit in the burner described in Example I. With a Y ratio of 19.7, the
      burner scale factor P/SL was 291. With all other conditions remaining
      substantially the same, it was found that less oxygen was required with
      the 12 tube burner than with the seven tube burner to produce reducing gas
      having 2 weight percent of unconverted carbon. The O/C atomic ratio was
      about 1.025 for the burner with 12 tubes and 1.04 for the burner with
      seven tubes, versus 1.09 for the original burner having a single central
      nozzle. Thus, by increasing the number of tubes in the burner, oxygen
      consumption in the gas generator is reduced at a decided economic
      advantage. Further, reduced oxygen consumption contributes to lower
      temperatures in the reaction zone, which benefits the refractory lining.
      In other words, with a fixed O/C atomic ratio, i.e. 1.04, and all other
      operating conditions substantially the same, when a 7 tube burner is
      replaced by a 12 tube burner, the weight percent of unconverted carbon is
      reduced from 2 weight percent to about 1.4 weight percent. This result
      represents a 30% drop in the production of unconverted carbon, and also
      simplifies or eliminates any purification problems relating to the
      recovery of particulate carbon from the product gas. Further, the reducing
      ratio 6.4 with the 1-tube burner is increased to 6.9, with the 7 tube
      burner and to 7.2 with the 12 tube burner. Thus, the quality of the
      reducing gas may be improved by increasing the number of tubes. This
      permits the reduction in the volume of reducing gas necessary for a given
      operation thereby reducing costs. For example, by using mutitube burners,
      there is a reduction in the amount of reducing gas required to replace the
      metallurgical coke in an iron-ore blast furnace for the production of
      molten iron. This permits equipment and piping to be sized smaller in
      addition to cost savings for the reducing gas.
PAR  Although modifications and variations of the invention as set forth above
      may be made without departing from the spirit and scope thereof, only such
      limitations should be imposed as are indicated in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a continuous process for the manufacture of gas mixtures rich in
      hydrogen and carbon monoxide by the partial oxidation of a reactant stream
      selected from the group consisting of gaseous hydrocarbon fuel, liquid
      hydrocarbon fuel, and pumpable slurries of solid carbonaceous fuel with a
      reactant stream of oxygen-rich gas selected from the group consisting of
      air, oxygen-enriched air containing more than 21 mole % oxygen, and
      substantially pure oxygen containing more than 95 mole % oxygen in an
      amount providing a weight ratio of free oxygen to carbon in the feed stock
      in the range of 0.7 to 1.5, and in the presence of a temperature moderator
      selected from the group consisting of steam, atomized liquid water,
      CO.sub.2, cooled portion of product gas, cooled off-gas from an
      ore-reduction zone, inert gas such as nitrogen, and mixtures thereof; said
      partial oxidation reaction occurring in the reaction zone of a free flow
      gas generator at an autogenous temperature in the range of about
      1700.degree. to 3500.degree.F and at a pressure in the range of about 1 to
      250 atmospheres, the improvement which comprises (1) splitting one of said
      reactant streams optionally in admixture with a portion of said
      temperature moderator into a plurality of smaller streams flowing through
      tubes parallel to each other and without touching each other in a
      symmetrically spaced bunch; (2) simultaneously passing in the same
      direction as said streams of first reactant said other reactant stream
      optionally in admixture with a portion of said temperature moderator into
      the interstices between each of said plurality of parallel tubes; (3)
      mixing the reactant streams from (1) and (2) together to produce a well
      distributed blend; and (4) burning the mixture from (3) downstream in said
      reaction zone.
NUM  2.
PAR  2. The process as described in claim 1 wherein said hydrocarbon fuel and
      slurries of solid carbonaceous fuel are selected from the group consisting
      of liquified petroleum gas, petroleum distilates and residues, gasoline,
      naphta, kerosine, crude petroleum, asphalt, gas oil, residual oil, tar
      sand oil, benzene, toluene, xylene, coal tar, cycle gas oil from fluid
      catalytic cracking, furfural extract from coker gas oil, methane, ethane,
      propane, butane, pentane, natural gas, water gas, coke oven gas, refining
      gas, acetylene, ethylene; slurries of solid carbonaceous fuels such as
      coal, particulate carbon, and petroleum coke in water or in a liquid
      hydrocarbon fuel, suspension of finely ground carbonaceous fuels in
      gaseous hydrocarbon fuels; and mixtures thereof.
NUM  3.
PAR  3. The process of claim 1 wherein said parallel reactant streams in step
      (1) comprise liquid hydrocarbon fuel at a velocity in the range of about 5
      to 50 feet per second; and said other reactant stream being passed through
      the interstices of said plurality of parallel tubes in step (2) is a
      mixture of steam and oxygen-rich gas at a velocity in the range of about
      200 feet per second to sonic velocity.
NUM  4.
PAR  4. The process of claim 1 wherein said plurality of parallel reactant
      streams in step (1) comprises oxygen-rich gas at a velocity in the range
      of about 300 feet per second to sonic velocity; and said other reactant
      stream being passed through the interstices in step (2) comprises a
      mixture of steam and liquid hydrocarbon fuel at a velocity in the range of
      about 150 feet per second to sonic velocity.
NUM  5.
PAR  5. The process of claim 1 wherein said plurality of parallel streams in
      step (1) comprises liquid hydrocarbon fuel; said other reactant stream
      being passed through the interstices in step (2) comprises oxygen-rich
      gas; and with the additional step of simultaneously passing a gaseous
      sheath of said temperature moderator around said oxygen-rich gas.
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ABST
PAL  Improved combinations of zeolites and refractory inorganic oxides are
      formed from mixtures of the ammonium, stabilized hydrogen forms of
      crystalline zeolitic aluminosilicates and amorphous refractory inorganic
      oxides upon calcination under substantially dry conditions at temperatures
      of at least about 600.degree.F sufficient to convert the ammonium ions to
      hydrogen ions. The resultant compositions have a wide range of uses due to
      their improved ion exchange capacity, catalytic activity and tolerance to
      numerous environments.
PARN
PAC  BACKGROUND
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 191,123, filed Oct. 20, 1971 now abandoned.
BSUM
PAR  Crystalline aluminosilicates have found application in numerous areas due
      to their unique properties. The most significant of these qualities are
      ion exchange capacity, selective adsorbent capacity, and catalytic
      activity, particularly that involving acid catalyzed reactions such as
      hydrocarbon conversion by cracking, hydrocracking, hydrogenation,
      isomerization, denitrogenation, alkylation and the like.
PAR  Attempts to improve one zeolite property, e.g., thermal or hydrothermal
      stability, have resulted in the deterioration of other desirable quality.
      For example, zeolites employed as selective adsorbents or as components of
      hydrocarbon conversion catalysts are known to deactivate after extended
      use. One regeneration method involves heating the zeolite to an elevated
      temperature sufficient to either drive off adsorbed higher molecular
      weight materials or either rehydrate or dehydrate the material. Yet the
      effectiveness of these procedures is limited, at least to some extent, by
      the relative instability of zeolites to elevated temperatures. The degree
      of this instability is also a function of the environment in which the
      zeolite is regenerated.
PAR  One of the most significant shortcomings of high temperature regeneration
      has been decrepitation of the zeolite including loss of crystallinity,
      surface area, pore volume, acidity, exchange capacity and catalytic
      activity. This is particularly true with hydrocarbon conversion catalysts
      due to the extreme temperatures required. Similar effects have been noted
      as a result of prolonged exposure to chemical environments such as ammonia
      gas. Gradual loss of zeolite properties has been observed in hydrocarbon
      conversion systems in which ammonia is evolved upon the conversion of
      organonitrogen compounds. Rapid deterioration results upon the
      regeneration of many metal-containing zeolite catalysts in ammonia
      atmospheres. Ammonia regeneration is often the most expeditious way to
      effect redistribution of active metals, e.g., platinum and palladium, in
      zeolite pores.
PAR  Although the occurrence of these effects has received a great deal of
      attention due to the economic significance of hydrocarbon conversion
      systems, it is apparent that the loss of surface area, pore volume,
      acidity and ion exchange capacity upon regeneration, exposure to operating
      conditions, or treatment for any other purpose, is also detrimental in
      other uses of these materials.
PAR  One effort to improve zeolite qualities is discussed by Maher et al in U.S.
      Pat. No. 3,293,192. The authors discovered that a Y zeolite, such as that
      disclosed by Rabo et al in U.S. Pat. No. 3,130,007, could be treated in
      such a way as to dramatically improve thermal stability. In addition to
      improved tolerance to high temperatures, the resultant product also had a
      considerably reduced alkali metal content and a reduced cell constant
      (a.sub.O). However, as shown by the examples discussed hereinafter, the
      improvements in thermal stability were accompanied by reduced ion exchange
      capacity, acidity, activity and tolerance to certain process and
      regeneration conditions such as gaseous ammonia atmospheres. These
      consequences are illustrative of those often encountered in this field.
      Procedures effective for improving one zeolite quality are either not
      sufficient to improve other properties to the extent that can be realized
      by alternative procedures or actually cause a loss of one or more
      unrelated although desirable characteristics.
PAR  It is therefore one object of this invention to provide improved zeolite
      containing compositions. Another object is the provision of a
      zeolite-refractory oxide combination having improved thermal and ammonia
      stability and residual ion exchange capacity. Another object is the
      provision of improved hydrocarbon conversion catalysts. Still another
      object is the provision of improved catalysts and method for promoting
      acid catalyzed hydrocarbon conversions. Another object is the provision of
      improved hydrogenative hydrocarbon conversion methods and catalysts. Yet
      another object is the provision of a highly active hydrocracking catalyst
      and methods of using the same. Another object is a provision of a highly
      active hydrocracking catalyst with high selectivity to midbarrel fuels.
      Another object is the provision of an improved zeolite containing
      isomerization catalyst. Another object is the provision of an improved
      method for producing zeolite containing compositions. Another object is
      the provision of a method for producing zeolite containing compositions
      having high activity and stability.
PAR  In accordance with one embodiment a zeolite-refractory oxide combination is
      prepared by calcining the ammonium, stabilized hydrogen form of a
      crystalline zeolitic aluminosilicate intimately mixed with an amorphous
      refractory inorganic oxide at a temperature of at least about 600.degree.F
      sufficient to decompose the ammonium ion. In accordance with another
      embodiment the resultant aluminosilicate containing composition is
      employed to promote acid catalyzed hydrocarbon conversions by contacting a
      hydrocarbon feed at an elevated temperature sufficient to promote
      conversion of the feed in the presence of the catalyst. In another
      embodiment the composition is combined with one or more catalytically
      active metals or compounds thereof to produce a hydrocarbon conversion
      catalyst.
PAR  In accordance with another embodiment a zeoliterefractory oxide combination
      is prepared by (a) steaming an alkali metal aluminosilicate having at
      least 20 percent of its ion exchange capacity occupied by ammonium ions at
      a temperature of at least about 650.degree.F in the presence of at least
      0.5 psi water vapor pressure during at least the initial stage of thermal
      treatment, (b) re-exchanging the resultant composite with ammonium ion to
      a degree sufficient to occupy at least 20 percent of the residual ion
      exchange capacity of the zeolite with ammonium ions and reduce the
      exchangeable alkali metal content of the zeolite to less than 2 weight
      percent determined as the corresponding alkali metal oxide, (c) intimately
      mixing the resultant zeolite containing a steam stabilized hydrogen ion
      portion and an unstabilized ammonium ion portion with a refractory
      inorganic oxide, and (d) calcining the resultant combination at a
      temperature of at least about 600.degree.F.
PAR  Although the specific effects and interrelationships of all of these steps
      cannot be presently explained and are not now known with certainty, it has
      been established they are essential to the production of zeolite
      compositions having the superior properties discussed herein. Several of
      the observations on which these findings are based are described
      hereinafter. It is shown that calcining the zeolite in the first step
      under relatively anhydrous conditions results in the destruction of a
      substantial amount of the zeolite crystalline structure with a consequent
      loss in surface area, ion exchange capacity, thermal stability and
      activity. On the other hand, I have unexpectedly found that steaming the
      zeolite in the second calcination step in the presence of substantial
      amounts of water vapor as opposed to calcination under relatively
      anhydrous conditions renders the resultant composition less active for
      hydrocarbon conversion and less selective to midbarrel fuels. Accordingly,
      it is presently preferred to effect the thermal treatment in the presence
      of the refractory oxide in a relatively anhydrous atmosphere.
      Nevertheless, in its broadest sense, this invention includes compositions
      which are steamed in this step. I have also discovered that the zeolite
      compositions prepared by these methods demonstrate considerably higher
      activity, ion exchange capacity and stability in the presence of ammonia
      gas than is exhibited by compositions prepared by either steaming or
      calcining the re-exchanged zeolite before admixture with the refractory
      oxide.
PAR  The zeolites are crystalline aluminosilicates having ion exchange
      capacities sufficient to enable the incorporation of substantial amounts
      of ammonium ions by ion exchange. In addition, they must have sufficient
      structural stability to withstand the described calcination and steaming
      conditions. A number of natural and synthetic materials are known to meet
      these requirements.
PAR  Preferred zeolites for use herein include the synthetic zeolite and Y and
      zeolites T, L and SL, synthetic faujasites such as Zeolite Y having
      SiO.sub.2 /Al.sub.2 O.sub.3 ratios above about 3 being particularly
      preferred. The ion exchange capacity of both the natural and synthetic
      zeolites is usually originally occupied by alkali metal ions, particularly
      sodium and potassium ions.
PAR  If the compositions of this invention are to be produced from a naturally
      occurring aluminosilicate or a synthetic zeolite as produced that material
      is preferably first exchanged with ammonium ions in an amount sufficient
      to occupy at least 20 percent of the ion exchange capacity of the zeolite.
      A corresponding amount, i.e., 20 relative percent of the alkali metal
      originally present in the zeolite is replaced by ammonium ions. However,
      it is presently preferred that this first exchange step be sufficient to
      reduce the alkali metal content of the aluminosilicate to less than 3
      percent and preferably less than 2 percent alkali metal. This procedure is
      usually sufficient to introduce at least about 0.5 milliequivalents of
      ammonium ions per gram of zeolite.
PAR  Illustrative ammonium compounds suitable for either exchange step are the
      organic and inorganic ammonium salts such as ammonium halides, e.g.,
      chlorides, bromides, ammonium carbonates, ammonium thiocynate, ammonium
      hydroxide, ammonium molybdate, ammonium dithionate, ammonium nitrate,
      ammonium sulfate, ammonium formate, ammonium lactate, ammonium tarteate
      and the like. Other suitable exchange compounds include hydrocarbon and
      organic amines such as the class of organic nitrogen bases including
      pyridine, guanidine, and quinoline salts. Another class of organic
      compounds includes the complex polyhydrocarbyl ammonium slats, e.g., the
      tetraalkyl and tetraaryl salts such as tetramethylammonium hydroxide and
      tetraethylammonium hydroxide. However, it is presently preferred that the
      ammonium ion be introduced by ion exchange with an inorganic ammonium salt
      such as ammonium nitrate or ammonium sulfate.
PAR  It is essential that the zeolite be steamed following the first exchange,
      as opposed to calcination under anhydrous conditions. Accordingly, this
      thermal treatment is usually conducted in the presence of at least about
      0.2, usually at least about 0.5 psi water vapor pressure, and preferably
      about 2 to about 15 psi water vapor partial pressure. This objective can
      be realized by any procedures capable of maintaining a substantial amount
      of water vapor in the presence of the zeolite during at least the initial
      stages of the thermal treatment. For example, the exchanged zeolite can be
      introduced into a batch or continuous rotary furnace, a moving bed furnace
      or static bed calcination zone into which humidified air, or more
      preferably saturated air, is introduced either cocurrently or
      countercurrently. In the alternative, provision can be made to trap
      sufficient water vapor released during the initial stage of calcination to
      meet these conditions.
PAR  Steaming temperatures should be sufficient to thermally stabilize and
      convert the zeolite to the corresponding hydrogen or decationized form.
      These temperatures exceed 600.degree.F, are usually about 800.degree. to
      about 1650.degree.F, preferably between 1025.degree. and 1650.degree.F and
      most preferably about 1100.degree. to about 1400.degree.F. The zeolite is
      subjected to these temperatures for a period sufficient to convert the
      zeolite to the desired stabilized hydrogen or decationized form. The
      duration of this treatment is usually at least about 0.5 minutes,
      preferably about 10 minutes to about 4 hours at temperature. When the
      preferred faujasites are employed steaming temperature, duration and water
      partial pressure should be correlated to reduce the unit cell constant
      (a.sub.o) to a value between about 24.40 and about 24.64, preferably
      between 24.42 and 24.62A.
PAR  If desired, the resultant zeolite can be subject to further ion exchange
      and steaming to increase the hydrogen ion content and correspondingly
      reduce alkali metal content. However, I have found that the necessary
      degree of exchange can be efficiently accomplished by one
      exchange-steaming cycle.
PAR  The resultant steamed zeolite is then re-exchanged with ammonium ion under
      conditions sufficient to reduce the alkali metal content to less than 2
      percent, usually less than 1 percent and preferably less than 0.6 weight
      percent determined as the corresponding alkali metal oxide. These
      conditions are usually sufficient to produce a zeolite containing an
      amount of ammonium ion corresponding to at least about 5 relative percent
      of the original ion exchange capacity, which means that the initial
      ion-exchange treatment should not have been so severe as to remove more
      than about 95% of the original alkali metal content. The zeolite having
      this composition is then mixed with a refractory inorganic oxide prior to
      further thermal treatment. The refractory oxide can be selected from
      alumina, silica, magnesia, beryllia, zirconia, titania, thoria, chromia,
      combinations thereof such as silica-alumina, silica-magnesia,
      silica-alumina-beryllia, naturally occurring clays containing such
      refractory oxides or combinations thereof and the like. Silica-magnesia,
      alumina, and combinations of alumina with other oxides are presently
      preferred. The naturally occurring clays should be acid extracted prior to
      mixing with the zeolite. Such acid extraction is generally well known and
      is used to remove soluble constituents, generally heavy metal oxides.
PAR  The mixture of refractory oxide and zeolite usually contains at least about
      0.5, generally at least about 2, and preferably about 2 to about 90 weight
      percent zeolite based on the combined dry weight of zeolite and refractory
      oxide. The refractory oxide can be combined with the aluminosilicate
      either as a hydrous sol or gel or as a anhydrous or thermally activated
      gel. In addition, a hydrous sol or solution of the refractory oxide
      precursor such as an alkali metal silicate or aluminate can be
      precipitated to form a gel in the presence of the aluminosilicate.
PAR  The resultant combination is then subject to a second thermal treatment.
      However, the zeolite-refractory oxide combination can be further modified
      at this point when it is desired to produce an ultimate composition
      containing either stabilizing or catalytically active metals, metal ions
      or oxides. The metal, metal ion or compound can be incorporated into the
      zeolite either before or after addition of the refractory oxide. These
      metals, compounds and ions include those listed in periodic Groups IB, II,
      IV, V, VI, VII and VIII in addition to the actinide and lanthanide series.
      The Group VI and VIII metals are presently preferred. Particularly active
      catalysts contain Group VI metals or compounds thereof, particularly
      compounds of molybdenum and tungsten, the iron group metals, particularly
      nickel and cobalt, or noble metals such as platinum and palladium. The
      metals, compounds or ions can be added to the zeolite, the refractory
      oxide or the combination of both components.
PAR  Numerous methods of combining metals, metal compounds or metal ions with
      zeolites and/or refractory oxides are well known and need not be detailed.
      Exemplary procedures include ion exchange, comulling, coprecipitation, and
      the like.
PAR  Metal concentrations will vary considerably as indicated in other
      publications depending upon the metal or metal compound employed and the
      properties desired. For example, concentrations of the noble metals are
      usually relatively low. Metal or metal ion concentrations of less than
      about 2 percent based on the combined weight of the zeolite and refractory
      oxide are usually the rule. On the other hand, the iron group metals,
      notably nickel and cobalt, are usually incorporated in larger amounts of
      up to about 15 percent, usually about 0.5 to about 10 percent determined
      as the corresponding oxide. Even higher concentrations of the Group VI
      metals, e.g., molybdenum and tungsten, can be employed equivalent to about
      2 to about 40 weight percent of the corresponding metal oxide.
PAR  The combination of zeolite and refractory oxide either with or without
      added metal components is then subjected to a calcination step. This
      procedure is effected by subjecting the composition to a temperature of at
      least about 600.degree.F up to about 1500.degree.F, preferably about
      700.degree. to about 1000.degree.F. Maintenance of a relatively anhydrous
      environment during this thermal activation is presently preferred. The
      presence of substantial water vapor appears to result in less active
      products. Accordingly, this thermal treatment is preferably conducted in
      the presence of less than about 2, and preferably less than about 1 psi
      water vapor partial pressure.
PAR  The product can either be employed directly as a catalyst, ion exchange
      agent, etc. In the alternative, the calcined combination can be further
      modified by the incorporation of catalytically active components such as
      those previously discussed. Thus, stabilizing or catalytic components can
      be added before or after the last mentioned calcination step. The amounts
      of materials thus added after calcination and the manner in which they are
      incorporated with the calcined material include all of those previously
      mentioned which are compatible with the physical form of the product such
      as impregnation, ion exchange, comulling, and the like.
PAR  However, one characteristic of these compositions makes them more
      compatible with certain impregnation or exchange procedures. This matter
      involves the markedly improved stability of these compositions to basic
      environments such as ammoniacal solutions or ammonia atmospheres,
      particularly when the resultant composition is to be subsequently exposed
      to elevated temperatures. As a result of this quality it is possible to
      contact the zeoliterefractory oxide combination with either ammoniacal
      solutions of active components or active component precursors or ammonia
      atmospheres as might exist during impregnation, ion exchange or
      regeneration.
PAR  For example, previous investigators have observed that a greater degree of
      palladium or platinum dispersion in aluminosilicate containing catalysts
      can be achieved by contacting zeolites with an aqueous solution of an
      ammonium complex such as tetraaminepalladium chloride or the like.
      Similarly, it has also been observed that active metals such as platinum
      or palladium can be regenerated after use by contacting with ammonia at
      ambient or elevated temperatures. Such procedures are known to result in
      considerable loss of zeolite structural integrity, exchange capacity and
      catalytic activity in zeolites that are not stable to ammonia or ammonium
      hydroxide solutions. The illustrative examples discussed hereinafter
      demonstrate these effects and the high reammoniation stability of the
      compositions of this invention.
PAR  These compositions presently demonstrate the greatest advantage in the area
      of hydrocarbon conversion. A wide range of organic, particularly
      hydrocarbon, reactions are promoted by acid catalyzed or carbonium ion
      mechanisms both in the presence and absence of hydrogen. The most
      significant of these include dealkylation, isomerization, catalytic
      cracking, hydrogenation, alkylation, dehydrogenation, dehydrocyclization,
      reforming, desulfurization, denitrogenation and hydrocracking. A number of
      these can be classified as hydrogenative hydrocarbon conversions, e.g.,
      hydrocracking, denitrogenation, hydrogenation, and other forms of
      hydrocarbon conversion which are promoted in the presence of significant
      hydrogen partial pressure.
PAR  The term hydrogenative hydrocarbon conversion is intended to include all
      reactions such as those mentioned above in which hydrogen is reacted with
      conventional hydrocarbon feedstocks including all forms of hydrocarbons
      such as aliphatic, cycloaliphatic, olefinic, aromatic - including alkaryl
      and aralkyl aromatic compounds - in addition to organonitrogen and
      organosulfur compounds, particularly those found in conventional
      hydrocarbon feeds. Exemplary of the most common hydrocarbon feeds are the
      light and heavy naphthas and gas oils, vacuum gas oils, coker distillates,
      residua, cat-cracked distillates and cycle stocks and the like.
PAR  The mechanisms involved in these systems include the reaction of hydrogen
      with carbon-to-carbon single bonds, carbon-to-carbon double bonds,
      aromatic rings, nitrogen-to-carbon and sulfur-to-carbon bonds or, in some
      cases, the reaction of hydrogen with either or both substituents adjacent
      the bond either during or after bond cleavage. As demonstrated by the
      examples hereinafter detailed, the systems of this invention exhibit
      superior characteristics in the conduct of such hydrogenative conversions.
PAR  These hydrogenative conversion systems are generally characterized by the
      presence of substantial amounts of added hydrogen, superatmospheric
      hydrogen partial pressures and net hydrogen consumption. This class of
      reactions also includes hydrocracking in which sufficient carbon-to-carbon
      bond cracking and hydrogenation is effected to reduce a substantial
      proportion of the feed to lower boiling products.
PAR  Feedstocks having utility in this broad class of hydrogenative conversions
      boil above 100.degree.F, generally above about 200.degree.F and usually
      within the range of about 400.degree. to about 1300.degree.F. Of course,
      hydrocracking and catalytic cracking feedstocks usually comprise only
      higher boiling materials, e.g., those boiling between about 400.degree.
      and about 1300.degree.F, preferably between about 700.degree. and about
      1300.degree.F.
PAR  Reaction conditions vary substantially depending upon the desired reaction
      and the severity required to obtain the preferred result. Conditions
      necessary to effect the several processes mentioned are well known.
      Hydrogenative conversion conditions include reaction temperatures of at
      least about 400.degree.F usually at least about 600.degree.F and
      preferably about 650.degree. to 850.degree.F, pressures of at least 200
      psig, usually 500 to 5000 psig, and hydrogen addition rates of at least
      50, generally at least about 100, and preferably about 400 to about 20,000
      standard cubic feet per barrel. Reaction times should be at least about 1
      minute, preferably at least about 5 minutes, and usually correspond to
      liquid hourly space velocities (LHSV) in fixed bed catalyst systems in
      excess of about 0.1, generally about 0.4 to about 15.
PAR  The ranges within which hydrocracking, denitrogenation and desulfurization
      can be obtained overlap considerably and depend in large part on the
      reaction severity required to convert a significant part of the feed, the
      inhibiting effect of feed components such as organonitrogen compounds on
      cracking or hydrofining activity and the specific catalyst composition.
      However, the conditions required to obtain the desired result, e.g.,
      denitrogenation, hydrocracking, etc., with a specific catalyst, can be
      readily ascertained by testing the feed and catalyst at several sets of
      operating conditions and correlating the conversion results thus obtained.
PAR  Hydrocracking conditions should be sufficiently severe to convert at least
      20 and preferably at least 40 volume percent of the feed to products
      boiling below the initial feed boiling point. This generally corresponds
      to hydrogen consumptions of at least about 250 standard cubic feet per
      barrel of feed and the production of at least about 110 mols, preferably
      at least about 120 mols of product for each 100 mols of feed.
PAR  Hydrocracking feeds need not, and preferably do not, contain substantial
      amounts of organonitrogen or organosulfur compounds. Obviously,
      hydrofining feeds do contain significant amounts of one or both of these
      components, and usually contain up to about 5 weight percent sulfur as
      organosulfur compounds and as much as 3 weight percent nitrogen as
      organonitrogen compounds. Similarly, the feed to hydrogenation zones
      should contain substantial amounts of unsaturated compounds which,
      incidentally, can have considerably lower boiling points than the feeds
      conventionally employed for hydrocracking, denitrogenation and other
      hydrogenative conversions. Illustrative unsaturated hydrocarbons include
      olefins, such as ethylenes, butenes, cyclohexenes, aromatics and the like.
      In fact, these methods and catalysts are particularly useful for
      hydrocracking and hydrogenating aromatic feeds containing as little as 5
      and usually between about 10 and about 80 volume percent aromatics.
      Reaction conditions for hydrogenation should be correlated so as to
      increase the hydrogen/carbon ratio of the unsaturated components by a
      factor of at least about 5 percent on a molar basis. In other words, the
      ratio of hydrogen to carbon in the unsaturated feed fraction should be
      increased by at least about 5 percent, preferably at least about 10
      percent, although much higher conversion is often desirable.
PAR  Conditions involved in other conversions such as catalytic cracking,
      isomerization, and the like differ somewhat from those described above.
      For example, catalytic cracking conditions usually include temperatures
      between about 700.degree. and about 1200.degree.F, total system pressures
      ranging from subatmospheric to about 550 psig, and little or no added
      hydrogen. However, the use of minor amounts of hydrogen, e.g., 5 to about
      100 psi hydrogen partial pressure, are useful for reducing catalyst
      deactivation rates.
PAR  Isomerization usually involves the conversion of hydrocarbons having 4 or
      more carbon atoms, usually about 4 to about 20 carbon atoms. Reaction
      conditions include temperatures between about 400.degree. and about
      1000.degree.F, preferably about 500.degree. to about 900.degree.F.
      Dehydrogenation of paraffinic or alkyl aromatic hydrocarbons can be
      carried out at temperatures similar to those described for catalytic
      cracking in the absence of added hydrogen. Similar conditions can be used
      to effect dehydrocyclization of hydrocarbons which can be dehydrogenated
      and isomerized into cyclic products. These feeds usually comprise
      paraffinic hydrocarbons, preferably normal paraffins, having at least
      about 6 carbon atoms per molecule such as normal hexane, normal heptane,
      normal octane and the like which are converted primarily to benzene,
      toluene and xylenes.
PAR  Preferred isomerization and dehydrocyclization catalyst comprise zeolites
      containing Group IIa or IIB metals such as magnesium, calcium, stronium,
      zinc and the like. Manganese, iron, cobalt and nickel zeolites may also be
      employed, however.
PAR  Reforming is usually carried out at temperatures between about 800.degree.
      and about 1000.degree.F, hydrogen partial pressures between about 100 and
      about 400 psig and contact times corresponding to liquid hourly space
      velocities in fixed bed systems of about 0.5 to about 5. Catalytic
      dealkylation conditions usually include temperatures of 800  to about
      1100.degree.F, moderate hydrogen pressures between 300 and 1000 psig and
      space velocities of about 0.5 to about 5.
DETD
PAC  EXAMPLE 1
PAR  A comparison composition was prepared by exchanging 1000 grams of sodium
      Y-zeolite containing 50 percent non-volatile matter with a solution of 500
      grams of ammonium sulfate in 2000 milliliters of water at 200.degree.F for
      1 hours. The exchange was repeated with a fresh solution for 2 hours after
      which the zeolite was steamed at 1472.degree.F (800.degree.C) for 1 hour
      by heating in a covered container in a preheated furnace. The zeolite was
      then re-exchanged twice with ammonium sulfate as desribed above, dried at
      230.degree.F (110.degree.C) and calcined at 1472.degree.F for 1 hour. The
      product, having a sodium content of 0.3 weight percent, was mixed with
      sufficient alumina and water to produce an extrudable paste containing 20
      weight percent zeolite and 80 weight-percent alumina on a dry weight
      basis. This mixture was extruded. The extrudates were calcined at
      900.degree.F for 2 hours. Nickel and tungsten were added by impregnation
      with a solution containing nickel nitrate and ammonium metatungstate in
      amounts sufficient to introduce 3.9 weight percent NiO and 22.3 weight
      percent WO.sub.3. The pellets were then calcined at 900.degree.F for 1
      hour.
PAR  After sulfiding, the extrudates were employed to hydrocrack a gas-oil
      containing 0.082 percent nitrogen as organonitrogen compounds and 2.91
      percent sulfur as organosulfur compounds boiling between 580.degree. and
      990.degree.F in a single-pass fixed bed reactor. Operating conditions
      included a pressure 2000 psig, 1.5 LHSV and a hydrogen addition rate of
      10,000 scf/bbl of feed. A temperature of 731.degree.F was required to
      obtain 65 percent conversion to products boiling below 685.degree.F at a
      turbine fuel selectivity of 54.9 percent. Turbine fuel selectivity is the
      volume percentage of products boiling below 570.degree.F that boil above
      300.degree.F. A temperature increase of 23.degree.F was required to double
      conversion rate.
PAC  EXAMPLE 2
PAR  The sodium zeolite Y described in Example 1 was ammonium exchanged, steamed
      and re-exchanged as described in Example 1. The second calcination at
      1472.degree.F was omitted. The ammonium-steamed stabilized hydrogen
      zeolite was then mixed with sufficient alumina and water to form an
      extrudable paste containing 20 weight percent zeolite and 80 percent
      alumina on a dry weight basis. The paste was extruded and calcined,
      combined with ammonium metatungstate and nickel nitrate and recalcined as
      described in Example 1.
PAR  The product was sulfided to convert the feed described in Example 1 under
      identical conditions. A reaction temperature of 722.degree.F was required
      to obtain 65 percent conversion to products boiling below 685.degree.F
      with a turbine fuel selectivity of 66.8 percent. A temperature increase of
      10.degree.F was required to double conversion rate.
PAC  EXAMPLE 3
PAR  The operation of Example 2 was repeated at a temperature of 730.degree.F at
      which 83 percent conversion to products boiling below 685.degree.F was
      obtained.
PAC  EXAMPLE 4
PAR  The operation of Example 1 was repeated using a catalyst prepared as in
      Example 2. The product contained 4.1 percent NiO as 22.8 percent WO.sub.3.
      This composition was used to convert the feed described in Example 1 under
      identical conditions with the exception that reactor pressure was reduced
      to 1800 psig. Eighty percent (80%) conversion to products boiling below
      685.degree.F was obtained at a temperature of 735.degree.F.
PAC  EXAMPLE 5
PAR  The operation of Example 4 was repeated employing the catalyst described in
      Example 1. Under these conditions a conversion of 66.5 percent per pass to
      products boiling below 685.degree.F was obtained at 735.degree.F.
TBL  __________________________________________________________________________
     Ex. No.                                                                   
           Catalyst                                                            
                 Pressure                                                      
                      Temperature                                              
                             Conversion/Selectivity                            
     __________________________________________________________________________
     1     Comparison                                                          
                 2000 731    65    54.9                                        
     2     Inv.  2000 722    65    66.8                                        
     3     Inv.  2000 730    83    n.a.                                        
     4     Inv.  1800 735    80    n.a.                                        
     5     Comparison                                                          
                 1800 735    66.5  n.a.                                        
     __________________________________________________________________________
PAR  These results demonstrate that the compositions of this invention (Examples
      2 through 4) are both more active and more selective than the comparison
      (Examples 1 and 5). At the same conversion level (65% per pass) the
      inventive composition (Example 2) had a selectivity of 66.8 as opposed to
      54.9 for the comparison (Example 1). At a temperature of 731.degree.F the
      comparison (Example 1) produced a conversion of 65 percent per pass while
      the inventive composition (Example 3), at a slightly lower temperature
      (730.degree.F), produced a conversion of 83% per pass. This difference in
      activity is confirmed by comparison of Examples 4 and 5 (1800 psig)
      wherein the inventive composition (Example 4) produced 80% conversion as
      opposed to only 66.5% for the comparison (Example 5).
PAR  The superiority of the preferred compositions over otherwise identical
      catalysts containing rare earth exchanged zeolites is demonstrated by the
      following examples.
PAC  EXAMPLE 6
PAR  A composition of this invention was produced by exchanging, steaming and
      re-exchanging an alkali metal Y zeolite as described in Example 2. The
      steamed, re-exchanged zeolite was exchanged with sufficient tetraamine
      palladium chloride to introduce 0.5 weight percent palladium in the final
      catalyst including zeolite and alumina. The zeolite was then mixed with
      sufficient alumina to produce a composition containing 80 weight percent
      zeolite and 20 weight percent alumina on a dry weight basis. This material
      was then extruded, dried and calcined at 900.degree.F. The product was
      then reduced in flowing hydrogen and used to hydrocrack a hydrofined
      gas-oil boiling between 340.degree. and 800.degree.F having an API gravity
      of 35.8.degree. and containing 0.5 weight percent sulfur and 0.2 weight
      percent nitrogen added as thiophene and tertiary butylamine respectively.
      Reaction conditions included a pressure of 1450 psig, hydrogen addition
      rate of 8000 standard cubic feet per barrel of feed and a space velocity
      of 1.7 LHSV. A reaction temperature of 691.degree.F was required to
      maintain conversion to a 47.degree. API gravity product.
PAC  EXAMPLE 7
PAR  This composition was identical to that described in Example 6 with the
      exception that the steamed, re-exchanged zeolite was exchanged with
      sufficient rare-earth chlorides, primarily lanthanum and cerium chlorides,
      to introduce 0.5 weight percent rare earth metals into the zeolite
      determined as the corresponding oxides prior to exchanging, as described,
      with the tetraamine palladium chloride. The zeolite was then mixed with
      alumina, extruded, calcined and reduced as described in Example 6.
PAR  The resulting catalyst was used to convert the feed described in Example 6
      under identical conditions. A temperature 6 degrees higher, 697.degree.F,
      was required to maintain conversion to a 47.degree. API gravity product.
TBL  __________________________________________________________________________
                            Temperature for                                    
     Ex. No.                                                                   
           Composition      47.degree. API Product, .degree.F                  
     __________________________________________________________________________
     6     Invention, 0.5 Pd                                                   
                            691                                                
     7     Comparison, 0.5 Pd + 0.5 R.E.                                       
                            697                                                
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  A composition containing 0.5 weight percent palladium was prepared by the
      method described in Example 6. This catalyst was used to convert the
      hydrofined gas-oil described in Example 6 containing 0.5 weight percent
      added sulfur as thiophene. Nitrogen was not added in this operation.
      Reaction conditions were identical to those described in the Examples 6
      and 7. A temperature of 518.degree.F was required to maintain conversion
      to a 49.5.degree. API gravity product.
PAC  EXAMPLE 9
PAR  The operation of Example 8 was repeated under identical conditions and with
      an identical catalyst with the exception that the steamed, re-exchanged
      zeolite was exchanged with a mixture of rare earth chlorides under
      conditions sufficient to introduce 6.33 weight percent rare earths
      determined as the oxides. This composition was then exchanged with
      palladium, combined with alumina, extruded, calcined and reduced as
      described in the previous examples.
PAR  The finished product was employed to convert the feed described in Example
      8 under identical conditions. A temperature of 558.degree.F was required
      to maintain conversion to the 49.5.degree. API product.
PAC  EXAMPLE 10
PAR  A composition similar to that described in Example 9 was prepared by
      exchanging the steamed, re-exchanged zeolite with cerium oxide prior to
      addition of palladium under conditions sufficient to introduce 0.68 weight
      percent cerium determined as CeO.sub.2. The catalyst was finished as
      described in Example 8 and was then used to convert the same feed under
      identical conditions. A temperature of 544.degree.F was required to
      maintain conversion to the 49.5.degree. API product. The results of
      Examples 8 through 10 are summarized in the following table.
TBL  __________________________________________________________________________
                           Temperature for                                     
     Ex.No.                                                                    
          Composition      49.5.degree. API Product, .degree.F                 
     __________________________________________________________________________
     8    Invention, 0.5 Pd                                                    
                           518                                                 
     9    Comparison, 0.5 Pd + 6.33 RE                                         
                           558                                                 
     10   Comparison, 0.5 Pd + 0.68 CeO.sub.2                                  
                           544                                                 
     __________________________________________________________________________
PAR  These results demonstrate that the addition of significant amounts of rare
      earths by ion exchange to otherwise identical compositions of this
      invention significantly reduces the activity of those compositions.
      Temperature increases of 40.degree.F and 26.degree.F were required to
      maintain the same conversion in Examples 9 and 10, respectively. The only
      difference between these compositions and the catalyst of Example 8 was
      the presence of rare earth ions.
PAR  The superiority of these compositions for isomerization is illustrated by
      Examples 11 through 13.
PAC  EXAMPLE 11
PAR  A sodium Y zeolite, as prepared, was exchanged with an ammonium sulfate
      solution until the sodium content was reduced to approximately 2 weight
      percent determined as Na.sub.2 O. This material was then steamed in 100
      percent steam at 1292.degree.F and re-exchanged with ammonium sulfate to
      reduce the sodium level to approximately 0.2 weight percent determined as
      Na.sub.2 O, and introduce a corresponding amount of ammonium ion.
PAR  A portion of this zeolite was combined with sufficient alumina to provide a
      combination containing 50 weight percent alumina and 50 weight percent
      zeolite on a dry weight basis. The combination was extruded and calcined
      in flowing dry air at 900.degree.F. The xylene isomerization rate
      coefficients of the zeolitealumina combination was determined by passing
      xylene over a fixed bed of the calcined extrudates at atmospheric pressure
      and 500.degree.F. This material had a xylene isomerization rate
      coefficient of 65.
PAC  EXAMPLE 12
PAR  A comparison composition was prepared by treating a second portion of the
      zeolite described in Example 11 after the second exchange as follows.
      Prior to combination with alumina the zeolite was calcined in flowing dry
      air at 900.degree.F and as then combined with sufficient alumina to
      produce a composition containing 50 weight percent alumina and 50 weight
      percent zeolite on a dry weight basis. This combination was formed into
      extrudates and calcined in air at 900.degree.F. The finished material had
      a xylene isomerization rate coefficient of 35 determined as in Example 11.
PAC  EXAMPLE 13
PAR  A second comparison was prepared from the re-exchanged zeolite described in
      Example 11 as follows. Prior to combination with alumina, the zeolite was
      calcined at 1472.degree.F and was then mixed with sufficient alumina to
      produce a combination containing 50 weight percent alumina on a dry weight
      basis. This material was extruded and calcined as described in Examples 11
      and 12. The calcined extrudates had an isomerization rate coefficient of
      30 determined as described in Example 11, less than half that exhibited by
      the composition of Example 11.
PAR  The results of Examples 11 through 13 are summarized in the following
      table.
TBL  ______________________________________                                    
                               Xylene Isomerization                            
     Ex. No.                                                                   
                Composition    Rate Coefficient                                
     ______________________________________                                    
     11    Invention:                                                          
            zeolite mixed with 50% alumina                                     
                               65                                              
            then calcined at 900.degree.F                                      
     12    Comparison:                                                         
            zeolite calcined at 900.degree.F, com-                             
                               35                                              
            bined with 50% alumina and                                         
            calcined at 900.degree.F                                           
     13    Comparison:                                                         
            zeolite calcined at 1472.degree.F,                                 
                               30                                              
            combined with alumina and                                          
            calcined at 900.degree.F                                           
     ______________________________________                                    
PAR  These results illustrate that the invention composition (Example 11) was
      approximately twice as active as comparisons (Examples 12 and 13).
      Isomerization activity is known to reflect acidity and cracking activity.
      Thus, it is also apparent from these results that the inventive
      composition possessed substantially higher acidity and cracking activity
      than did the two comparisons.
PAR  The superior reammoniation stability of these compositions is illustrated
      by the following five preparations.
PAC  EXAMPLE 14
PAR  A composition of this invention was prepared as described in Example 2 by
      exchanging a sodium Y zeolite having an SiO.sub.2 /Al.sub.2 O.sub.3 ratio
      of 4.8 to a sodium level of 1.7 weight percent Na.sub.2 O with ammonium
      sulfate. The product was steamed at 1292.degree.F for 1 hour and
      re-exchanged with ammonium sulfate to a Na.sub.2 O level of 0.2 weight
      percent. This material was then exchanged with tetraamine palladium
      chloride to introduce 0.65 weight percent palladium. An extrudable paste
      of alumina and zeolite was formed containing 80 weight percent zeolite on
      a dry weight basis. The paste was extruded and calcined at 930.degree.F in
      the presence of flowing ambient air having a water vapor pressure of less
      than 0.5 psi.
PAR  The ammonia stability of this composition was determined by rehydrating the
      calcined product in saturated air at 70.degree.F for 16 hours. 100 percent
      ammonia gas was then passed upwardly through the zeolite contained in a
      packed column for 2 1/2 hours. Excess ammonia was removed by nitrogen
      purging and the material was calcined in flowing dry air at 900.degree.F
      for 1 hour. Surface area and crystallinity were determined by nitrogen
      sorption and X-ray diffraction before and after ammonia treatment.
PAC  EXAMPLE 15
PAR  A zeolite characterized as "ultra-stable" zeolite in U.S. Pat. No.
      3,293,192 was prepared in accordance with procedure A discussed by
      McDaniel and Maher in their publication "New Ultra-Stable Form of
      Faujasite," Society of Chemical Industry, London, 1968, read at the
      conference held at the School of Pharmacy (University of London) Apr. 4-6,
      1967. A sodium Y zeolite is first exchanged with an aqueous solution of
      ammonium sulfate at 212.degree.F for 15 minutes. The solids are recovered
      by filtration and exchanged one additional time to reduce the sodium
      content to about 3 weight percent Na.sub.2 O. This material is then water
      washed and calcined at 1004.degree.F for 3 hours. The calcined zeolite is
      then exchanged twice with ammonium sulfate solution as described above for
      periods of 1 and 2 hours, respectively. The exchanged zeolite is recovered
      by filtration and calcined at 1562.degree.F for 3 hours. Ammonia stability
      was determined as described in Example 14.
PAC  EXAMPLE 26
PAR  Another composition of this invention containing 0.5 weight percent
      palladium was prepared and tested for ammonia stability as described in
      Example 14.
PAC  EXAMPLE 17
PAR  A portion of the zeolite of Example 15 was exchanged with tetraamine
      palladium chloride to incorporate 0.65 weight percent palladium. This
      material was combined with alumina, extruded and calcined at 920.degree.F
      for 1 hour. The extrudates, containing 80 weight percent zeolite, was
      tested for reammoniation stability as described in Example 14.
PAC  EXAMPLE 18
PAR  A commercial sample of the "ultra stable" zeolite precursor described in
      U.S. Pat. No. 3,449,070 obtained from Davison Chemical Division of W. R.
      Grace, Inc., was evaluated by the reammoniation stability test described
      in Example 14. The original zeolite had a crystallinity of 76 percent
      (compared to a laboratory standard), a unit cell constant of 24.592 and a
      sodium content of 3.65 weight percent Na.sub.2 O. This material was first
      rehydrated in saturated air at 70.degree.F for 16 hours and then calcined
      at 900.degree.F for 1 hour. Calcination resulted in no loss in
      crystallinity. The calcined material was then subjected to the
      reammoniation test described in Example 14. Essentially complete collapse
      of crystalline structure resulted as illustrated in the following table.
TBL  ______________________________________                                    
              Original  Final       Relative                                   
     Ex. No.                                                                   
            Zeolite Cryst.  M.sup.2 /g                                         
                                  Cryst.                                       
                                        M.sup.2 /g                             
                                              Cryst. Loss                      
     ______________________________________                                    
     14     A       61      715   57    696   6.6                              
     15     B       85       n.a. 25     n.a. 71                               
     16     A       55      683   45    663   18                               
     17     B       46       n.a. 12     n.a. 74                               
     18     B       76      733    8    298   90                               
     ______________________________________                                    
      A - Invention                                                            
      B - Comparison                                                           
PAR  The two compositions of this invention, Examples 14 and 16, lost only 6.6
      and 18 percent of their original crystallinity, respectively. In contrast,
      the comparison compositions of Examples 15, 17 and 18 lost 71, 74 and 90
      percent of their crystallinity, respectively, after ammoniation and
      recalcination. Thus, the compositions of this invention are far more
      stable to reammoniation and recalcination.
PAR  These compositions also retain a higher degree of residual ion exchange
      capacity as illustrated by the following examples.
PAC  EXAMPLE 19
PAR  A composition of this invention was prepared by exchanging a sodium Y
      zeolite to a sodium content of 2.7 weight percent sodium metal with
      ammonium sulfate, steamed for 1 hour at 1472.degree.F and re-exchanged
      with ammonium sulfate to a sodium level of 0.25 percent. The zeolite was
      then combined with alumina and water, extruded and calcined at
      900.degree.F for 1 hour in flowing dry air. The product, a 50/50 mixture
      of zeolite and alumina, had a residual sodium ion exchange capacity of
      0.79 weight percent.
PAR  Residual exchange capacity was determined by sequentially exchanging the
      zeolite-alumina combination three times with excess 10 percent sodium
      nitrate solution for 2 hours and determining the amount of sodium
      exchanged into the zeolite.
PAC  EXAMPLE 20
PAR  A comparison composition was prepared by treating the hydrogen-ammonium
      zeolite prepared as described in Example 19 taken prior to combination
      with the alumina, in the following manner. The re-exchanged zeolite was
      calcined at 1472.degree.F for 1 hour. This material contained 0.25 weight
      percent sodium. The zeolite was then combined with sufficient alumina to
      produce a composition containing 50 weight percent alumina on a dry weight
      basis, extruded and calcined at 900.degree.F for 1 hour in flowing dry air
      as described in Example 19. The finished extrudate had a residual exchange
      capacity of 0.25 weight percent determined as described in Example 19.
TBL  ______________________________________                                    
                              Exchange Capacity                                
     Ex. No.     Composition  Wt.% Na                                          
     ______________________________________                                    
     19          Invention    0.79                                             
     20          Comparison   0.25                                             
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  This example demonstrates the hydrogenation activity of the compositions of
      this invention. The catalyst was prepared as described in Example 6 with
      the exception that hexamine platinum chloride and the extruded combination
      of zeolite, platinum and alumina containing 80 weight percent zeolite and
      20 weight percent alumina on a dry weight basis was calcined in flowing
      dry air at 1200.degree.F. The finished composition contained 0.39 weight
      percent platinum.
PAR  Following reduction with hydrogen this material was employed to hydrogenate
      a light hydrocrackate boiling between 120.degree. and 185.degree.F
      containing 4 volume percent benzene in a fixed bed reactor. Reaction
      conditions included a space velocity of 8 LHSV, 280 psig total pressure
      and 2600 SCF added hydrogen per barrel of feed. A product containing 99
      ppm benzene was obtained at a reduction temperature of 360.degree.F.
      Increasing the reaction temperature 60.degree. to 420.degree.F produced a
      product containing only 6 ppm benzene.
PAC  EXAMPLE 22
PAR  This example demonstrates the hydrofining -- desulfurization and
      denitrogenation -- activity of these compositions. A nickel-tungsten
      composition illustrative of this invention was prepared as described in
      Example 2. The catalyst support contained 5% zeolite and 95% alumina. The
      finished composition contained 4.2 weight percent nickel determined as NiO
      and 20.5 weight percent tungsten determined as WO.sub.3.
PAR  This catalyst was used in a fixed bed reactor to hydrotreat a naphtha
      boiling between 285.degree. and 450.degree.F having an API gravity of
      36.4.degree. and containing 6015 ppm sulfur and 396 ppm total nitrogen.
      Reaction conditions included a pressure of 200 psig, a hydrogen addition
      range of 1500 SCF per barrel of feed, and a space velocity of 6.0 LHSV. At
      a reaction temperature of 600.degree.F residual sulfur had been reduced to
      55 ppm and basic nitrogen had been reduced to 251 ppm. At 650.degree.F the
      hydrotreated product contained only 167 ppm basic nitrogen.
PAC  EXAMPLE 23
PAR  This example illustrates the preparation and use of catalysts containing a
      zeolite, silica-magnesia and alumina. The zeolite was prepared as
      described in Example 2 and combined with amounts of silica, magnesia and
      alumina sufficient to produce a composition containing 5 weight percent
      zeolite, 15 weight percent alumina and 80 percent silica-magnesia on a dry
      weight basis. This material was extruded and calcined at 900.degree.F for
      2 hours. The extrudates were then impregnated with nickel nitrate
      hexahydrate and ammonium tungstate as described in Example 1 in amounts
      sufficient to incorporate 5.7 weight percent nickel determined as NiO and
      18.1 weight percent tungsten determined as WO.sub.3. The impregnated
      extrudates were then calcined for 1 hour at 900.degree.F.
PAR  This composition was then employed in a fixed bed downflow reactor to
      hydrocrack the gas-oil described in Example 1 at the same pressure, space
      velocity and hydrogen addition rate. A reaction temperature of
      728.degree.F was sufficient to obtain 65 percent conversion to products
      boiling below 685.degree.F with a turbine fuel selectivity of 71.2
      percent. A temperature increase of 22.degree.F was required to double the
      rate of conversion to products boiling below 570.degree.F.
PAC  EXAMPLE 24
PAR  A catalyst support containing 5 weight percent zeolite, 85 weight percent
      silica-magnesia and 10 weight percent alumina was prepared as described in
      Example 22. After calcination the extrudates were impregnated with an
      aqueous solution of ammonium heptamolybdate, nickel nitrate hexahydrate
      and orthophosphoric acid at a pH of about 1.1 under conditions sufficient
      to produce a composition containing 4 weight percent NiO and 16 weight
      percent WO.sub.3. This material was then calcined at 900.degree.F for 1
      hour.
PAR  After sulfiding this catalyst was used to hydrocrack the feed described in
      Example 1 under these same conditions. A reaction temperature of
      742.degree.F was required to obtain 65 percent conversion to products
      boiling below 685.degree.F with a turbine fuel selectivity of 72.2
      percent. A temperature increase of 21.degree.F was required to double the
      rate of conversion to products boiling below 570.degree.F.
PAC  EXAMPLE 25
PAR  This example illustrates the preparation and use of compositions containing
      silica-alumina cogels. A catalyst having a support containing 20 weight
      percent zeolite and 80 weight percent of a silica-alumina cogel containing
      26 weight percent silica on a dry weight basis was prepared as described
      in Example 2. The extrudates were impregnated with nickel nitrate
      hexahydrate and ammonium tungstate as described in Example 1. The finished
      composition containing 4.6 weight percent NiO and 26.4 weight percent
      WO.sub.3 was finally calcined at 900.degree.F for 1 hour.
PAR  After sulfiding the catalyst was employed to hydrocrack the gas-oil
      described in Example 1 under identical conditions with the exception that
      reactor pressure was reduced to 1800 psig. A reaction temperature of
      756.degree.F was required to obtain 65 percent conversion to products
      boiling below 685.degree.F with a turbine fuel selectivity of 47.9
      percent.
PAR  Numerous variations and modifications of the concept of this invention will
      be apparent in view of the aforegoing disclosure and the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydrocarbon conversion catalyst comprising a particle-form aggregate
      of about 2-90% by weight of a stabilized, rare earth metal-free
      crystalline aluminosilicate zeolite component and about 10-98% by weight
      of an amorphous refractory inorganic oxide component selected from the
      class consisting of alumina, silica, magnesia, beryllia, zirconia,
      titania, thoria, chromia, and combinations thereof, said catalyst having
      been prepared by:
PA1  a. ion exchanging a crystalline alkali metal aluminosilicate zeolite having
      a SiO.sub.2 /Al.sub.2 O.sub.3 ratio above 3 with ammonium ions under
      exchange conditions adjusted to reduce the alkali metal content of said
      zeolite to less than about 3 weight percent determined as the metal and
      replace between about 20% and 95% of the original alkali metal content of
      said zeolite with ammonium ions;
PA1  b. steaming the resultant exchanged zeolite at a temperature of about
      800.degree. to about 1650.degree.F in the presence of at least about 0.5
      psi water vapor partial pressure for at least about 10 minutes, sufficient
      to convert said exchanged zeolite to the corresponding hydrogen form and
      stabilize said zeolite, said steaming being carried our prior to any
      calcination of said exchanged zeolite under anhydrous conditions and prior
      to the addition of said amorphous refractory inorganic oxide component;
PA1  c. re-exchanging the resultant stabilized zeolite with ammonium ions under
      conditions sufficient to further reduce said alkali metal content to less
      than about 2 weight percent determined as the corresponding oxide and to
      introduce into said zeolite an amount of ammonium ions corresponding to at
      least about 5 percent of the original ion exchange capacity of said
      zeolite; and
PA1  d. forming the re-exchanged zeolite into a particle-form aggregate
      containing said refractory oxide intimately admixed therein, and calcining
      said aggregate at a temperature of at least about 600.degree.F.
NUM  2.
PAR  2. The catalyst of claim 1 wherein step (d) is carried out under
      substantially dry conditions.
NUM  3.
PAR  3. The catalyst of claim 1 wherein said amorphous refractory inorganic
      oxide component is essentially silicamagnesia.
NUM  4.
PAR  4. The catalyst of claim 1 wherein said amorphous refractory inorganic
      oxide component is essentially alumina.
NUM  5.
PAR  5. The catalyst of claim 1 wherein said zeolite is zeolite Y, said steaming
      of step (b) is conducted in the presence of about 2 to about 15 psi water
      vapor pressure for about 10 minutes to 4 hours, said reexchanging of step
      (c) is conducted under conditions sufficient to reduce said alkali metal
      content to less than about 1 percent determined as the corresponding
      alkali metal oxide, and said amorphous refractory inorganic oxide
      component is essentially alumina.
NUM  6.
PAR  6. The catalyst of claim 5 including in intimate admixture therewith a
      catalytic amount of a hydrogenation active component selected from
      molybdenum, tungsten, nickel, cobalt and the Periodic Group VIII noble
      metals and compounds thereof, and the resultant combination is formed into
      a particle-form aggregate and calcined at a temperature between about
      600.degree. and about 900.degree.F.
NUM  7.
PAR  7. The catalyst of claim 6 wherein said hydrogenation component is
      palladium.
NUM  8.
PAR  8. The catalyst of claim 6 wherein said hydrogenation component comprises
      nickel and molybdenum.
NUM  9.
PAR  9. The catalyst of claim 1 wherein said zeolite is zeolite Y, said steaming
      of step (b) is conducted in the presence of about 2 to about 15 psi water
      vapor pressure for about 10 minutes to about 4 hours, said re-exchanging
      of step (c) is conducted under conditions sufficient to reduce said alkali
      metal content to less than about 1 percent determined as the corresponding
      alkali metal oxide, and said amorphous refractory inorganic oxide
      component is essentially silica-magnesia.
NUM  10.
PAR  10. The catalyst of claim 9 including in intimate admixture therewith a
      catalytic amount of a hydrogenation active component selected from
      molybdenum, tungsten, nickel, cobalt and the Periodic Group VIII noble
      metals and compounds thereof, and the resultant combination is formed into
      a particleform aggregate and calcined at a temperature between about
      600.degree. and about 900.degree.F.
NUM  11.
PAR  11. The catalyst of claim 10 wherein said hydrogenation component is
      palladium.
NUM  12.
PAR  12. The catalyst of claim 10 wherein said hydrogenation component comprises
      nickel and molybdenum.
NUM  13.
PAR  13. The method of producing the catalyst of claim 1 comprising carrying out
      steps (a), (b), (c) and (d) of claim 1 in the recited sequence.
NUM  14.
PAR  14. The method of claim 13 wherein said amorphous refractory inorganic
      oxide component is essentially silicamagnesia.
NUM  15.
PAR  15. The method of claim 13 wherein said amorphous refractory inorganic
      oxide component is essentially alumina.
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ABST
PAL  A cobalt promoted nickel catalyst supported on refractory material and a
      process employing said catalyst for the production of hydrogen-containing
      gases, such as synthesis gas, reducing gas or town's gas, or for the
      production of methane-enriched gases, such as pipe-line gas.
PARN
PAR  This application is a continuation-in-part of pending application Ser. No.
      203,847, filed Dec. 1, 1971, now abandoned.
BSUM
PAR  In the production of hydrogen and methane-containing gases by steam
      reforming of hydrocarbon feeds a catalyst comprised of nickel on a
      refractory support is generally used commercially. When methane is the
      feed material, there is a certain tendency of carbon being deposited on
      the catalyst, and when reforming feedstocks containing higher paraffins
      and/or unsaturated hydrocarbons such as olefins and aromatics, such a
      deposition of carbon takes place more markedly. The deposition of carbon
      deactivates the catalyst and/or disintegrates the catalyst and moreover
      causes an undesirable pressure drop in the reactor. As a result the unit
      must frequently be shutdown in order to steam off the carbon, and in case
      of severe carbon deposition the catalyst must be replaced. One method for
      minimizing the deposition of carbon is to use a considerable excess of
      steam, but this procedure renders the process more expensive. The prior
      art, e.g. British Pat. No. 1,182,829, has also suggested the alternate use
      of catalyst comprised of cobalt on refractory support for the
      steam-reforming of hydrocarbons, the cobalt catalyst being taken as
      equivalent in performance to the above-mentioned nickel catalyst. To
      provide a method for operating at economically feasible levels of steam, a
      nickel or cobalt catalyst promoted with an alkali compound, such as a
      potassium compound, can be used, e.g., of the type disclosed in British
      Patent No. 1,095,997 or in U.S. Pat. No. 3,417,029. However, under
      relatively high operating temperatures alkali-promoted catalysts suffer
      loss of the alkali through vaporization. Not only does such a loss cause
      the catalyst to lose its ability to reduce carbon deposition, but also it
      causes the alkali to be deposited in equipment downstream of the reactor
      such as in heat exchangers or waste heat boilers, resulting in severe
      fouling of the equipment and in loss of heat exchange efficiency. U.S.
      Pat. No. 3,432,443 discloses a method for increasing the porosity and
      activity of a cobalt-containing steam-reforming catalyst by subjecting it
      to a lengthy heat treatment at temperatures above 600.degree.C
      (1112.degree.F) in a non-reducing atmosphere prior to reduction. However,
      such heat treatment is shown not to reduce the tendency of carbon laydown
      and in order to enable trouble-free operations under steam-reforming
      conditions the catalyst must be promoted with alkali, which limits its use
      to relativelymild operating conditions for the reasons discussed above.
      The patent also discloses that a lengthy heat treatment of a nickel
      containing catalyst at temperatures above 600.degree.C rarely if ever
      increases activity. Another catalyst for operation at relatively low
      steam-to-carbon ratios, disclosed in U.S. Pat. No. 3,385,670 is a cobalt
      catalyst on a zirconia support, which has a surface area of less than one
      square meter per gram. This catalyst has a disadvantage in that zirconia
      is a rather expensive supporting material. The same disadvantage is had
      with the nickel-zirconia or cobalt-zirconia catalyst disclosed in U.S.
      Pat. No. 3,650,713.
PAR  It is, therefore, an object of the present invention to provide a new and
      improved catalyst for the production of hydrogen-rich or methane-rich
      gases, which catalyst is capable of providing operation at relatively low
      steam-to-carbon ratios without deleterious carbon deposition on the
      catalyst, has a long life at high operating temperatures and is economical
      to manufacture.
PAR  Another object of this invention is to provide an improved catalyst which
      is active at low operating temperatures.
PAR  Another object is to provide an improved catalyst for the conversion of
      feeds selected from methyl fuel or a hydrocarbon mixture comprising
      paraffins, naphthenes, olefins and aromatics to a hydrogen or methane-rich
      product gas at steam requirements which are significantly lower than those
      required by employing a standard catalyst.
PAR  Still another object is to provide a catalyst and process for the
      production of methane-enriched gas, such as pipeline gas.
PAR  A further object of this invention is to provide a process for the
      production of hydrogen-containing gaseous product, such as synthesis gas,
      reducing gas or town's gas employing the said catalyst.
PAR  Various other objects and advantages of this invention will become apparent
      from the accompanying description and disclosure.
PAR  According to this invention, a new and improved catalyst is provided, which
      comprises a member of the group consisting of elemental cobalt, a
      reducible compound of cobalt and mixtures thereof, a member of the group
      consisting of elemental nickel, a reducible compound of nickel and
      mixtures thereof, and a refractory material comprised of at least one
      member taken from the group consisting of oxides of aluminum, silicon,
      magnesium, calcium, titanium and compounds thereof, said catalyst being
      substantially free of alkali. The cobalt content of this catalyst should
      be at least about 0.5 weight percent calculated as the metal, preferably
      between about 2 and about 20 weight percent. The nickel content can range
      from about 5 to about 70 weight percent calculated as the metal,
      preferably between about 15 and about 60 weight percent. In all cases the
      ranges above refer to the respective contents after calcination of the
      catalyst at 1000.degree.F.
PAR  The remainder of the catalyst is comprised of a refractory support
      containing one or more of the oxides of aluminum, calcium, silicon,
      magnesium or titanium or compounds thereof. It can also contain a
      naturally occurring material, such as kaolin or bauxite. The preferred
      refractory support is aluminum oxide or a mixture of aluminum oxide and
      calcium oxide. The surface area of the refractory should be at least one
      square meter per gram and preferably lie in the range from about 20 to
      about 200 square meters per gram. A lubricating or binding agent such as
      graphite or stearic acid may be included to facilitate the forming of
      catalyst powder into desired shapes.
PAR  The catalyst of the invention can be prepared in a number of ways. One
      method of preparation is by impregnating a high surface area refractory
      support with a solution of cobalt and nickel salts, such as nitrates,
      which salts upon subsequent heat treatment at temperatures of
      1100.degree.F and below will decompose to the corresponding oxides. After
      impregnation, the composite is dried at temperatures at about
      250.degree.F. and above and heat treated at a temperature of 1100.degree.F
      and below under substantially non-reducing conditions, preferably in the
      range from about 800.degree.F to 1050.degree.F. The high surface area of a
      refractory support is usually decreased by severe heat treatment, hence it
      is essential to maintain the heat treatment at the aforementioned
      relatively low temperature level. An alternate impregnation technique is
      to impregnate a commercial nickel containing high surface area catalyst
      with a solution of cobalt salt followed by the above-mentioned drying and
      heat treatment. Another method of preparation is the coprecipitation
      technique, which is generally conducted by mixing together aqueous
      alkaline solutions of one or more of the compounds including aluminate,
      silicate and titanate, and aqueous acid solutions of nickel and cobalt
      and, if desired, of other acid-soluble compounds such as calcium or
      magnesium. When the acidic salt solution is mixed with the alkali
      solution, all the components are precipitated as their hydroxides,
      provided that there is sufficient alkali to neutralize the acid salt
      solution. A small excess of alkali is desirable to ensure complete
      precipitation. The precipitate is filtered, washed substantially free of
      alkali and heat treated in one or more steps at temperatures from about
      250.degree.F to 1100.degree.F under substantially non-reducing conditions.
      This heating drives off the water, converts the hydroxides to oxides, and
      produces mainly hydraulic bonds. A modification of the coprecipitation
      technique is to add a cobalt and nickel salt solution to an aqueous slurry
      of the supporting material, then sufficient amount of alkali, such as
      sodium or potassium hydroxide or carbonate, is added to precipitate the
      cobalt and nickel in hydroxide or carbonate form, both of which are
      converted to the corresponding oxides upon heating. The catalyst may also
      be prepared by mixing the components in the form of fine powders without
      departing from the scope of this invention. Regardless of the manner of
      producing the catalyst, the cobalt portion thereof is never subjected to
      heat treatment above 1100.degree.F in a non-reducing atmosphere prior to
      reduction.
PAR  The catalyst can be shaped into a variety of common shapes and sizes, such
      as cylindrical rings or pellets of various sizes.
PAR  Prior to use, the catalyst can subsequently be subjected to a reduction
      treatment at elevated temperatures, e.g., at the process temperature, in
      the presence of a reducing medium such as hydrogen or a mixture of
      hydrogen and steam. This treatment is conveniently carried out in the
      reactor prior to the introduction of feed thereto. In the case of steam
      reforming of a feed containing predominatly methane the catalyst can be
      reduced during the reforming operation and the separate reduction step is
      omitted.
PAR  Heretofore it has been understood by skilled workers in the art that in the
      reforming of hydrocarbons with steam and/or other oxygen containing gases,
      nickel is equivalent to cobalt in carbon deposition characteristics. The
      present invention teaches that a catalyst containing a combination of
      cobalt and nickel supported on high surface area refractory material gives
      superior and synergistic performance in minimizing carbon deposition. The
      specific advantages of the catalyst of the invention is that the catalyst
      simultaneously exhibits the following qualities: 1) it has a long life,
      i.e., it maintains acceptable activity for a long period of time, 2) it is
      active at low temperatures such as at 600.degree.F and below, 3) it is
      capable of operations at low steam-to-carbon ratios without imposing
      limitations on maximum operating temperature, and 4) it is inexpensive to
      produce.
PAR  In accordance with the present invention there is also provided a process
      for the production of gaseous products taken from the group consisting of
      hydrogen-rich and methane-rich gases, which comprises contacting a member
      of the group consisting of hydrogen, methyl fuel and hydrocarbon and
      mixtures thereof with an oxygen-containing gas taken from the group
      consisting of steam, air, oxygen, oxides of carbon and mixtures thereof
      over a catalyst which comprises a member of the group consisting of
      elemental cobalt, a reducible compound of cobalt and mixtures thereof, a
      member of the group consisting of elemental nickel, a reducible compound
      of nickel and mixtures thereof, and a refractory material comprised of at
      least one member taken from the group consisting of oxides of aluminum,
      silicon, magnesium, calcium, titanium and compounds thereof, said catalyst
      being substantially free of alkali. Particular applications of the process
      is in the steam reforming of one or more hydrocarbons to hydrogen or
      methane-rich gases and in the methanation of hydrogen and carbon
      oxides-containing gases to produce methane-enriched gas.
PAR  The process of this invention can be carried out over a wide range of
      operating conditions including temperatures between about 400.degree. and
      about 2200.degree.F., pressures from about 0 to about 1500 psig. and
      steam-to-carbon ratios from about 0 to about 5.0. The levels of these
      conditions are dictated by the desired product gas composition and the
      equilibrium gas composition as well as the temperature and pressure levels
      of any subsequent process step and the overall economics of the process.
      Generally, for the production of hydrogen-rich gas, the operation is
      carried out at high temperature and low to medium pressure, whereas for
      the production of methane-rich gas the process is effected at low
      temperature and relatively high pressure.
PAR  In carrying out the process of the invention the oxygen-containing gas can
      be taken from the group consisting of steam, air, oxygen, oxides of carbon
      and mixtures thereof. In the case of steam reforming of a hydrocarbon feed
      steam and/or carbon dioxide can be used, with steam being the preferred
      gas. However, other members of the above-mentioned group can be used for
      certain specific applications of the steam-reforming, for example, a
      mixture of steam and air is used when the product is an ammonia synthesis
      gas. In the case of methanation the oxygen-containing gas is a carbon
      oxide, usually a mixture of carbon monoxide and carbon dioxide, which is
      reacted with hydrogen feed to form methane.
PAR  The catalytic steam reforming process of this invention is applicable to
      methyl fuel and a great variety of hydrocarbon feedstocks including
      paraffins, naphthenes, olefins and aromatics, said feeds ranging from one
      to forty carbon atoms per molecule. The hydrocarbon feedstocks can be a
      single hydrocarbon such as methane, ethane, ethylene, propane, propylene,
      butane, etc., or mixtures thereof including natural gas and its
      condensate, petroleum refinery and petrochemical streams such as refinery
      gases, by-products from ethylene plants, etc., and various petroleum
      fractions such as light naphtha, heavy naphtha, gas oil, etc. The term
      "methyl fuel" is defined as crude methanol made from natural gas to
      facilitate shipping.
PAR  For the steam reforming process of the present invention, the relative
      amount of steam and hydrocarbon reactants is expressed as the
      steam-to-carbon ratio, which is the number of moles steam per atom of
      carbon in the hydrocarbon charged to the reactor. For example, a reactor
      charge of six moles of steam per mole of ethane corresponds to a
      steam-to-carbon ratio of 3.0. Minimum steam-to-carbon ratio is the ratio
      below which the rate of carbon deposition is sufficiently rapid to cause a
      significant rise in pressure drop across the catalyst bed. To those
      skilled in the art, it is known that the minimum steam-to-carbon ratio
      varies with the hydrocarbon feed. Among paraffins, olefins and aromatics
      having the same number of carbon atoms, the minimum steam-to-carbon ratio
      increases with increasing degree of unsaturation in the hydrocarbon, i.e.,
      paraffins need the lowest ratio and aromatics the highest ratio. Within
      the same group of hydrocarbons the minimum steam-to-carbon ratio increases
      with increasing molecular weight. The steam-to-carbon ratio required to
      provide a reasonable period of carbon-free operation in a commercial unit
      is usually higher than the minimum steam to carbon ratio. For economical
      and reaction-equilibrium considerations the steam-to-carbon ratio is
      preferred to be about 5.0 or less.
PAR  In order to put the variety of hydrocarbon feeds on the same space velocity
      basis, the space velocity is expressed herein as standard volume of
      C.sub.1 hydrocarbon equivalent fed per hour per volume of catalyst. For
      example, when feeding two gram moles of hexane per hour over one liter of
      catalyst the equivalent C.sub.1 space velocity is (2) (6) (22.4) = 268.8
      lit./hr./lit. Space velocity in the catalytic reforming process of this
      invention ranges broadly between about 100 and about 20,000 v/hr./v.
PAR  A detailed discussion is given below covering the preferred steam reforming
      conditions for three commercial gas products, namely, reducing gas,
      synthesis and town's gas.
PAR  In the production of reducing gas used, for example, in the direct
      reduction of iron ore, it is necessary for economic reasons to keep the
      steam-to-carbon ratio extremely low in order to produce a gas product,
      which does not require drying prior to its introduction to the reducing
      zone. Generally, the reducing gas should contain at least 88 mole percent
      of hydrogen and carbon monoxide on a wet basis. The process is carried out
      at the high end of the temperature range and low end of the pressure
      range, for example, at reactor outlet temperatures of between about
      1800.degree.F and about 2200.degree.F and at pressures from about 0 to
      about 150 psig. The steam-to-carbon ratio ranges from about 1.0 to about
      1.3 and the C.sub.1 equivalent space velocity is maintained between about
      100  to about 2000 v/hr/v. The feed to the process is usually a low
      molecular weight hydrocarbon such as natural gas. The catalyst of this
      invention is particularly useful in producing this type of reducing gas
      because of its capability to function well at extremely low
      steam-to-carbon ratios, i.e., close to stoichiometric requirements,
      without encountering carbon deposition.
PAR  When employing the catalyst of the invention to produce synthesis gas for
      the manufacture of ammonia or methanol, a variety of hydrocarbon feeds can
      be used ranging from normally gaseous feeds such as natural gas to
      normally liquid feeds such as naphtha or higher boiling petroleum
      fractions. The preferred operaing conditions include reactor outlet
      temperatures between about 1300.degree.F and about 1800.degree.F,
      pressures from about 50 to about 1000 psig., steam-to-carbon ratios in the
      range between about 1.5  and about 5.0 and C.sub.1 equivalent space
      velocity generally up to about 4000 v/hr/v. With heavier feedstocks the
      space velocity is maintained at relatively low values while with lighter
      feeds it is possible to operate at higher values. For instance, space
      velocities of 3000 and higher can be employed when reforming natural gas
      over the catalyst of the invention.
PAR  When the catalyst of the present invention is employed to convert
      hydrocarbons other than methane to methane-rich town-3 s gas with
      moderately high heating value such as about 500 B.T.U. per standard cubic
      foot (high heating value), the conditions are preferably maintained at
      about 700.degree. to about 1200.degree.F, between about 300 to about 800
      psig, from about 1.0 to about 5.0 steam-to-carbon ratio and at a high
      space velocity, such as between about 1000 and about 20,000 C.sub.1
      equivalent velocity.
PAR  The production of methane-enriched gas such as pipeline gas containing
      about 90 mole percent of methane or more can be carried out by first
      producing a methane-rich gas under conditions suitable for town's gas
      production, followed by a methanation reaction promoted by the catalyst of
      the invention to convert hydrogen and carbon oxides produced in the first
      reaction into methane. Water and carbon dioxide are subsequently removed
      from the methanation product. In the methanation reaction two major
      reactions occur:
EQU  CO + 3H.sub.2 .revreaction. CH.sub.4 + H.sub.2 O
EQU  co.sub.2 + 4h.sub.2 .revreaction. ch.sub.4 + 2h.sub.2 o
PAL  both reactions are exothermic and are favored by low temperature. Although
      the overall reaction is favored by low partial pressure of steam, it is
      not necessary to remove steam from the feed to the methanation zone, i.e.,
      the effluent from the reforming zone. Since the reforming reaction is
      endothermic and the methanation reaction is exothermic and the latter is
      favored by a lower temperature than the former, it is advantageous to
      effect the process in two or more stages, which may be contained in a
      single vessel or a multiple of vessels. The multiple stage system
      possesses the advantage in that external means can be provided for cooling
      between stages resulting in high thermal efficiency of the process. Since
      water is one of the products of the methanation reactions, water can be
      removed between stages so as to drive the reactions towards completion. An
      almost pure methane product can be produced after removal of carbon
      dioxide by conventional means. The methanation step is preferably carried
      out between about 400.degree. and about 800.degree.F, from about 300 to
      about 800 psig, from about 1000 to about 10,000 C.sub.1 equivalent space
      velocity and at steam-to-carbon ratios from about 0 to about 1.5. For the
      methanation step steam-to-carbon ratio and C.sub.1 equivalent space
      velocity are based on the total carbon atoms including carbon oxides
      present in the feed.
PAR  It is to be understood that the scope of the present invention as it
      pertains to the production of methane-enriched gas also includes the
      methanation of hydrogen and carbon oxide-containing gaseous mixtures other
      than reformer effluents. Also, the carbon dioxide removal step may be
      omitted, if desired.
DETD
PAR  The following examples are offered to illustrate the present invention:
PAC  CATALYST A
PAR  This catalyst is a commercial steam reforming catalyst, Chemetron
      Corporation G-56B, having the following analysis on a weight basis after
      calcination at 1000.degree.F: 1.9% nickel oxide which corresponds to 25%
      nickel metal, 60.5% Al.sub.2 O.sub.3, .% CaO, 0.15% SiO.sub.2 and 0.22%
      Fe.sub.2 O.sub.3. G-56B is further characterized by having a surface area
      of 58 square meters per gram. After crushing and sizing the catalyst to 12
      to 20 mesh, it is designated as Catalyst A.
PAC  CATALYST B
PAR  A500 gram aliquot of Catalyst A is impregnated with a solution of cobalt
      nitrate in an amount sufficient to yield 5 weight percent cobalt
      calculated as the metal in the catalyst. The solution is prepared by
      dissolving 129.6 grams of cobaltous nitrate hexahydrate in 150 cc. of
      distilled water. The impregnated mixture is mixed thoroughly, dried at
      250.degree.F, then calcined at 1000.degree.F for 2 hours.
PAC  CATALYST C
PAR  A100 gram aliquot of Catalyst A is impregnated with a solution of sodium
      carbonate in an amount sufficient to yield 3.5 weight percent sodium
      calculated as the metal in the catalyst. The solution is prepared by
      dissolving 8.4 grams of sodium carbonate in 60 cc. of distilled water. The
      impregnated mixture is mixed thoroughly, dried at 250.degree.F, then
      calcined at 1,000.degree.l F for 2 hours.
PAR  Experiments are made in a tubular reactor fitted with an internal
      thermowell. The reactor, which is heated in an electrical furnace, is
      connected with an instrument for measuring the pressure drop across the
      catalyst bed. The catalyst is charged to the reactor and a layer of
      Alundum chips is placed above the catalyst to serve as a preheating zone.
      Water is metered though a calibrated flow meter and vaporized. The gaseous
      feed is metered separately, preheated and mixed with steam at the reactor
      inlet. In the experiment with liquid feedstock, the feed is metered, then
      mixed and vaporized together with the water and introduced to the reactor.
      When reduction with hydrogen is carried out, the hydrogen is metered,
      preheated and admitted to the reactor. After 2 hours the hydrogen flow is
      stopped, and the feed and steam are introduced. During operation the
      catalyst temperature is measured, and the pressure drop across the
      catalyst bed is monitored in the experiments conducted at atmospheric
      pressure to give an indication whether or not carbon is forming and
      plugging the bed. The product gas is cooled to remove the unreacted water
      and any liquid hydrocarbon. The cooled product gas is measured and a
      sample is taken for analysis.
PAC  EXPERIMENTS 1, 2 and 3
PAR  These comparative experiments are conducted employing a laboratory test
      designed for evaluating the carbon deposition characteristics of the steam
      reforming catalyst. The minimum steam-to-carbon ratios of Catalyst A,
      Catalyst B and Catalyst C are determined under synthesis gas operating
      conditions. The feed in all three experiments is a 1:1 mixture of ethylene
      and ethane on a volume basis. The operating temperature, pressure space
      velocity are kept at the same levels in these three experiments, while the
      steam-to-carbon ratios are gradually decreased during experimentation. The
      operating conditions are set forth in Table I. The commercial Catalyst A
      shows tendencies of severe carbon laydown at a steam-to-carbon ratio of
      4.0 as indicated by the pressure drop increase of 2 inches H.sub.2 O/hr.,
      and thus the minimum steam-to-carbon ratio is 4.0. Catalyst B, a cobalt
      promoted nickel catalyst, however, does not show an increase in pressure
      drop across the catalyst bed at a steam-to-carbon ratio of 1.5 reached at
      the end of the experiment, and Catalyst B thus has a minimum
      steam-to-carbon ratio of less than 1.5. The advantage of the cobalt
      promoter of the invention in greatly improving the carbon deposition
      characteristic of the nickel catalyst is clearly demonstrated.
PAR  Catalyst C, an alkali-promoted nickel catalyst, does not show any increase
      in pressure drop across the catalyst bed at a steam-to-carbon ratio of
      1.5. Experiments 2 and 3 indicate that the cobalt promoter is as effective
      as the alkali promoter, which has been recognized for its efficiency in
      minimizing the deposition of carbon on the catalyst.
PAC  EXPERIMENT 4
PAR  In this experiment methane is fed to the reactor, which is maintained at
      conditions suitable to produce a reducing gas, and which is charged with
      Catalyst B. The operating conditions and results are shown in Table I.
      Operation at extremely low steam-to-carbon ratio of 1.2 is possible with
      the catalyst of the invention to produce a reducing gas containing 95.3
      mole percent (wet basis) of hydrogen and carbon monoxide.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     PRODUCTION OF HYDROGEN-RICH GAS                                           
     __________________________________________________________________________
     EXPERIMENT NO.     1      2      3      4                                 
     Catalyst Designation                                                      
                        A      B      C      D                                 
     Added Promoter, wt. %                                                     
                        0      5% Co  3.5% Na                                  
                                             5%Co                              
                        ethylene:                                              
                               ethylene:                                       
                                      ethylene:                                
     Feed               ethane ethane ethane methane                           
     Operating Conditions:                                                     
     __________________________________________________________________________
     Catalyst Volume, cc.                                                      
                        25     25     25     25                                
     Hydrogen Reduction No     No     No     No                                
     Reactor Outlet Temperature, .degree.F.                                    
                        1400   1400   1400   1850                              
     Reactor Pressure, psig.                                                   
                        0      0      0      0                                 
     Space velocity     120    120    120    500                               
     cc. C.sub.1 equiv./hr./cc. Cat.                                           
     Steam-to-carbon ratio                                                     
                        4.0    1.5    1.5    1.2                               
     Pressure drop increase,                                                   
                        2      0      0      0                                 
      inches H.sub.2 O/hr.                                                     
     Product Gas Analysis, mole %                                              
     H.sub.2            73.4   70.5   72.0   71.8                              
     CO                 12.9   25.2   23.6   23.5                              
     CO.sub.2           13.7   4.3    4.4    0.3                               
     CH.sub.4           0      0      0      0                                 
     C.sub.2            0      0      0      0                                 
     H.sub.2 O          /1/    /1/    /1/    4.4                               
     __________________________________________________________________________
      /1/Gas composition reported on dry basis.                                
PAC  EXPERIMENT 5
PAR  The suitability of the catalyst of the invention for production of town's
      gas is demonstrated by this example, the operating conditions and results
      being shown in Table II. A light naphtha feed having an end point of about
      300.degree.F. and containing on the average 6 carbon atoms per molecule of
      naphtha is treated over Catalyst B under conditions suitable to produce
      town's gas. The product gas has a heating value of 631 BTU/SCF on a dry
      basis.
PAC  EXPERIMENT 6
PAR  This experiment is carried out to demonstrate the excellent capability of
      the catalyst of the invention as an active methanation catalyst under the
      relatively low temperature conditions required for the reaction. The feed
      in this experiment is mixed to simulate the composition of the wet product
      gas from Experiment 5, i.e., a gas mixture is first prepared having the
      composition of the dry product gas in Table II and to this mixture steam
      is added in a proportion of 0.75 moles steam per mole of dry gas. The
      operating conditions and results are shown in Table II. An excellent
      pipeline gas is produced having a heating value of 741 BTU/SCF including
      CO.sub.2. After CO.sub.2 removal the heating value is 964 BTU/SCF.
TBL                TABLE II                                                    
     ______________________________________                                    
     PRODUCTION OF METHANE-RICH GAS                                            
     Experiment No.     5          6                                           
     ______________________________________                                    
     Catalyst Designation                                                      
                        B          B                                           
     Added Cobalt, wt. % Co                                                    
                        5          5                                           
                        Light      Reformer                                    
     Feed               Naphtha    Effluent                                    
     Operating Conditions:                                                     
     Catalyst Volume, cc.                                                      
                        25         25                                          
     Hydrogen Reduction, .degree.F                                             
                        1000       600                                         
     Reactor Outlet Temp. .degree.F.                                           
                        1000       600                                         
     Reactor Pressure, psig.                                                   
                        400        400                                         
     Space Velocity,    1000       1000                                        
     cc. C.sub.1 equiv./hr./cc.Cat                                             
     Steam-to-carbon ratio                                                     
                        1.5        0.93                                        
     Product Gas Analysis, mole%                                               
     (dry basis)                                                               
     H.sub.2            19.3       3.5                                         
     CO                 0.8        trace                                       
     CO.sub.2           22.9       23.1                                        
     CH.sub.4           57.0       73.4                                        
     C.sub.2 and higher 0          0                                           
     BTU/SCF including CO.sub.2                                                
                        631        741                                         
     BTU/SCF excluding CO.sub.2    964                                         
     ______________________________________                                    
PAC  EXPERIMENT 7 and 8
PAR  These two comparative experiments are carried out with Catalysts A and B
      employing conditions which are similar to those of Experiment 5, designed
      for the production of town's gas. However, a very high space velocity is
      used in these experiments to effect an incomplete conversion of the feed
      in order to enable comparisons of catalyst activity and stability within
      short periods of time. The operating conditions are maintained at the same
      levels in both Experiments, which use n-hexane as feed. At intervals,
      samples are taken of the product gas and analyzed and each experiment is
      allowed to proceed until a definite change in conversion is observed. The
      conversion of n-hexane is calculated from the carbon balance, i.e. it is
      100 times the ratio of the number of carbon atoms in the product gas to
      the number of carbon atoms in the n-hexane charged to the reactor. The
      data are summarized in Table III and the pertinent results are graphed in
      FIG. 1. As shown, the addition of cobalt to a nickel catalyst dramatically
      decreases the rate of catalyst deactivation, hence a much longer catalyst
      life is expected.
TBL                TABLE III                                                   
     ______________________________________                                    
     DEACTIVATION OF STEAM REFORMING                                           
     CATALYST                                                                  
     Experiment No.     7          8                                           
     ______________________________________                                    
     Catalyst Designation                                                      
                        A          B                                           
     Added Cobalt, wt. % Co                                                    
                        0          5                                           
     Feed               n-hexane   n-hexane                                    
     Operating Conditions                                                      
     Catalyst Volume, cc.                                                      
                        3          3                                           
     Hydrogen Reduction, .degree.F                                             
                        932        932                                         
     Reactor Outlet Temp. .degree.F                                            
                        932        932                                         
     Reactor Pressure, psig.                                                   
                        294        294                                         
     Space Velocity     20000      20000                                       
     cc. C.sub.1 equiv./hr./cc/ Cat.                                           
     Steam-to-carbon ratio                                                     
                        5.0        5.0                                         
     % Conversion versus      %             %                                  
     operating Time   Hour    Conv.   Hour  Conv.                              
                      4.5     18.3     8.1  31.8                               
                      5.5     15.7    10.1  35.6                               
                      6.5     13.7    12.1  29.9                               
                                      13.1  29.3                               
                                      15.1  26.8                               
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substantially alkali-free, heat treated catalyst composition for the
      production of gases rich in hydrogen or methane with decreased carbon
      lay-down prepared by a method which comprises:
PA1  supporting on a refractory material having a surface area of at least one
      square meter per gram and selected from oxides of aluminum, silicon,
      magnesium, calcium, titanium or mixtures thereof
PA2  a. between about 5 and about 70 weight percent basis the total catalyst
      weight and calculated as the metal of a nickel compound selected from
      elemental nickel, a reducible compound of nickel or mixtures thereof;
PA2  b. at least 0.5 weight percent basis the total catalyst weight and
      calculated as the metal of a cobalt compound selected from elemental
      cobalt, a reducible compound of cobalt or mixtures thereof;
PAL  after support of the cobalt compound on the refractory, heat treating the
      catalyst composition under non-reducing conditions at a temperature of at
      most 1100.degree.F.
NUM  2.
PAR  2. The catalyst composition of claim 1, in which the heat treatment is
      carried out at a temperature in the range from about 800.degree.F to about
      1050.degree.F.
NUM  3.
PAR  3. The catalyst composition of claim 1, in which the surface area of the
      refractory material ranges between about 20 and about 200 square meters
      per gram.
NUM  4.
PAR  4. The catalyst composition of claim 1 which the cobalt content of the
      catalyst is between about 2 and about 20 weight percent calculated as the
      metal.
NUM  5.
PAR  5. The catalyst composition of claim 1 in which the nickel content of the
      catalyst is between about 15 and about 60 weight percent calculated as the
      metal.
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ABST
PAL  High surface area alumina bodies for use as catalysts, catalyst carriers,
      and sorbents are made by controlled mixing of fine particle size platy
      boehmite alumina aggregates with a monobasic acid to produce non-pasty
      free-flowing particulate mass of aggregates of boehmite. This mass can
      then be formed by pressure into selected shapes such as rings, saddles,
      cylinders, solid, or hollow, or pellets, dried and fired to produce bodies
      of boehmite, gamma alumina, delta alumina, theta alumina or alpha alumina
      ranging in surface area of from 10 square meters per gram to greater than
      300 square meters per gram. Catalytic metal can be included in the bodies
      by impregnation, before or after firing, or can be incorporated by
      inclusion in the aqueous acid treating solution.
PARN
PAR  This application is a continuation-in-part of our copending U.S.
      application Ser. No. 142,004, filed May 10, 1971 and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to self-bonded monolithic alumina bodies of high
      surface area and high purity for use as catalysts, catalyst carriers,
      sorbents, and other applications, and to methods of making such bodies.
PAC  BACKGROUND OF THE INVENTION
PAR  Alumina bodies produced by conventional ceramic techniques have long been
      used as catalysts, catalyst supports, sorbents, and heat exchangers. Until
      the present invention however, it has been impractical to produce high
      purity alumina hollow bodies or bodies having concave surfaces or surfaces
      of complex shape, having high internal surface areas, because of the
      weakness of such bodies produced by normal ceramic processing techniques.
      In particular we refer to such bodies having wall thickness less than 1/16
      inch and a radius of curvature greater than 1/8 inch.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a new high purity alumina body, of high surface
      area and which may be produced in complex or hollow shape, having
      sufficient strength for applications in chemical processing such as packed
      towers.
PAR  The superiority of the present invention is seen in the strength and purity
      of various shapes: i.e., pellets, saddles and rings of gamma alumina. The
      surface area of these bodies can be controlled over a wide range. The
      ranges of primary interest run from 10 to 100 and to 300 square meters per
      gram. Surface areas of this magnitude can be induced in bodies having
      physical strength and chemical purity greater than any other alumina
      product known to us with equivalent surface area. The ability to fabricate
      products having exceptional strength combined with high surface area and
      excellent purity allows us to make superior catalysts in the classical
      form of pellets. We can also make useful catalysts in the shape of saddles
      such as described in U.S. Pat. No. 2,639,909 which have heretofore been
      unavailable.
PAR  The use of high surface area alumina as a catalyst support of catalyst
      component is well documented in the technical literature and the patent
      literature. Ordinarily, metal salts are deposited on the extended surface
      of alumina. Such deposition can be done by impregnation, by precipitation
      and by spraying solutions of the metal salts onto the alumina particles.
      Ordinarily, such metal salt additions are made on gamma or eta alumina.
      The vast majority of commercial alumina catalysts are made on gamma
      alumina. The metal salts are subsequently broken down to yield metals or
      metal oxides. A common example of such a preparation is the impregnation
      of gamma alumina with nickel nitrate. The alumina is immersed in an
      aqueous solution of nickel nitrate; then removed and dried. The
      impregnated carrier is then heated to elevated temperatures to produce
      nickel oxide and NO.sub.2 gas. Very often the nickel oxide is then reduced
      with hydrogen to nickel metal. The catalytic activity of metal alumina
      combinations of this type is dependent on the surface area and the metal
      content of the finished catalyst.
PAR  A second common catalytic composition involves the deposition of precious
      metals on high surface area gamma alumina. There are numerous patents
      describing the deposition of small amounts of platinum and palladium on
      high surface area alumina carriers. Catalysts containing from .01% to 2%
      platinum and palladium on gamma alumina are widely used in the petroleum
      and chemical industries.
PAR  An advantage of the present invention is that for a given surface area and
      chemical purity catalysts of exceptional strength can be produced. The
      bonding procedure we have invented also allows the manufacture of
      co-formed catalysts. The proper metal salts can be added to the alumina
      and a catalyst body formed by extrusion or other means. When such a body
      is fired, it maintains the high strength seen without metal salt
      additions. Catalysts have been made by this co-forming technique that have
      superior surface area and catalytic activity when compared to impregnated
      catalysts of equal metal content.
PAR  The starting material in the present invention, hereinafter referred to as
      microcrystalline boehmite is a boehmite having an agglomerate size less
      than 90 microns, average diameter, and crystallites less than about 750
      angstroms in diameter, preferably less than 100 angstroms. The molar ratio
      of chemically combined water to alumina (as Al.sub.2 O.sub.3) should be
      between 1.16 and 2.0, preferably between 1.2 and 1.6.
PAR  Suitable boehmites (i.e. microcrystalline boehmites) are further
      characterized by their ability to be dispersed by certain monobasic acids.
      The dispersability of any given sample of boehmite, and thus its active
      microcrystallinity, can be determined by treating the sample with dilute
      nitric acid, centrifuging the sample to separate the coarser crystals and
      agglomerates from the liquid, and measuring the light transmittance of the
      liquid. By the specific test described below the transmittance for active
      microcrystalline boehmite is less than 50 percent and preferably less than
      20 percent.
PAR  The method for determining the transmittance is as follows:
PAR  1. Weigh a 3.0 gram sample into a 150 ml. beaker, add 25 ml. of 0.5 normal
      HNO.sub.3, add a stirring bar and cover with a watch glass.
PAR  2. Place the beaker on a magnetic stirrer and stir for 10 minutes at a
      speed of 900 to 1100 rpm.
PAR  3. Transfer the contents of the beaker to a centrifuge bottle and dilute
      with distilled water to bring the volume to 90 ml.
PAR  4. Centrifuge the sample in a 97/8 inch radius centrifuge at 1000 rpm for
      20 minutes.
PAR  5. Measure the transmittance of the supernatent liquid in a 10 mm. test
      cell at a wavelength of 450 millimicrons, as a percent of the
      transmittance of distilled water.
PAR  Microcrystalline boehmites, conforming to the above specifications are
      available from various commercial sources and can be produced by the
      hydrolysis of aluminum alcoholates or by controlled crystallization of
      sodium aluminate solution in accordance with U.S. Pat. No. 3,268,295.
PAR  We have found that small quantities of various acids can be used to
      activate this alumina for formation into bodies with satisfactory green
      strength. Firing of these green bodies between 200.degree. and above
      results in strong pure catalyst carriers useful in commerce. Of particular
      interest are firing temperatures between 200.degree. and 1000.degree.
      which produce carriers with surface areas between 10 and 300 square meters
      per gram. Products fired in this temperature range are primarily delta,
      theta, gamma alumina or boehmite or mixtures thereof. Firing to higher
      temperatures results in products with reduced surface areas and increasing
      amounts of alpha alumina. The following table lists acids that have proved
      to be useful bonding agents and those that are less useful.
TBL  ______________________________________                                    
     Useful Bonding Agents                                                     
                         Poor Bonding Agents                                   
     ______________________________________                                    
     Hydrochloric Acid   Sulfuric Acid                                         
     Formic Acid         Phosphoric Acid                                       
     Acetic Acid                                                               
     Propanoic Acid                                                            
     Nitric Acid                                                               
     ______________________________________                                    
PAL  Useful bonding agents are monobasic acids having an anion no larger than
      that of propanoic acid.
PAR  Subsequent examples will show that Catapal "S" or other commercially
      available microcrystalline boehmite can be bonded with small quantities of
      these useful bonding agents. While phosphoric acid is well known in the
      art to be a useful bonding agent for alumina, it is a surprising
      development that it is a poor bond for microcrystalline boehmite. We have
      also found that crushing some of the dried green alumina produced by acid
      bonding and including small percentages of this crushed dried product in
      the original mixture increases the strength of the final fired product.
PAR  An important feature of the mixing process in this invention is that the
      liquid and alumina be combined to produce a free-flowing particulate, not
      pasty or doughy, mix as indicated in the following examples. It is
      postulated that the individual platelets of boehmite in the particles are
      partially dispersed by the action of the acid, at any rate, dispersion of
      the platelets is promoted by acids of the preferred types.
PAR  The useful range of acid concentration for the invention is from 1 to 15
      weight percent acid (acid/acid plus water). The useful range of water
      addition (including the water in the dilute acid) is from 20 to 100 parts
      for each 100 parts of as received alumina.
DETD
PAC  EXAMPLE 1
PAR  100 parts of Catapal S were added to a high intensity mixer (Hobart). To
      this was added 1 part of a cellulosic binder. In a separate vessel 2 parts
      of 90% formic acid and 60 parts water were mixed. The dilute acidic
      solution was then added to the dry ingredients in the mixer. Mixing was
      continued for about 30 seconds.
PAR  This short mixing time produced a free-flowing mixture, containing no
      separate liquid phase, of small spheroidal particles that were relatively
      dry to the touch. This mixture was then extruded and formed into 1/2 inch
      saddles. These saddles were air dried overnight; then placed in a furnace
      and heated to 700.degree.C. The average crushing strength of the saddles
      in an inverted "U" position was 10 lbs.
PAC  EXAMPLE 2
PAR  A mixture as in Example 1 was made except that the mixing was carried on
      for several minutes until a pasty, moist dough was obtained. Attempts were
      made to extrude this dough without success.
PAR  When overmixed doughs are extruded by using special conditions, the
      resulting pellets or extrudates are badly laminated and easily crack along
      these laminations. Thus, overmixing to a doughy or pasty consistency is
      objectionable both from the standpoint of ease of forming and the fact
      that an inferior product is produced.
PAR  We visualize that the effect of the acid is to reduce the attraction
      between the platelets in the original alumina particles. In the case of
      Catapal S, these original particles range in size from about one micron to
      40 microns in diameter with the average being between 15 and 25 microns.
PAR  Electron scanning micrographs show these particles to be agglomerates of
      small boehmite platelets. The effect of acid on these particles or
      agglomerates is to reduce the attraction between the platelets so that
      they are easily aligned by compaction. In this invention, a short
      intensive mixing step is required so that the realignment of the platelets
      occurs as the mix is compacted in the forming operation rather than during
      the mixing step. Extensive working in the mixer aligns and compacts these
      platelets into a dough that is hard to extrude and produces inferior
      product. In all the following examples, the mixing was conducted to
      produce a mix like that described in Example 1.
PAC  EXAMPLE 3
PAR  200 pounds of Catapal S were placed in a large high intensity mixer (Abbe).
      A mixture of 90% formic acid and water was sprayed into this mixture over
      a period of about 30 minutes. The amount of acid and water was such that 5
      parts of 90% formic acid and 65 parts of water were added per 100 parts of
      Catapal S.
PAR  The resulting mixture was relatively dry and freeflowing and composed of
      small (approximately 1/8 inch) agglomerates of the original alumina
      particles. Some of these agglomerates were aggregated together and the
      lumps ranged from 1/2 to 5 inches in diameter. These larger aggregates
      were dry and could be broken up by hand into the smaller (approximately
      1/8 inch) agglomerates.
PAR  Particular care was taken not to mix to a pasty or wet dough consistency.
      This mixture was extruded into 1/8 inch pellets. The pellets were dried
      overnight at room temperature; then fired to 500.degree.C. The resulting
      product had an average flat plate crushing strength of 39 lbs.
PAC  EXAMPLE 4
PAR  A mixture of 100 parts Catapal S alumina and 10 parts cellulosic binder was
      placed in a high intensity mixer. 25 parts Cu(NO.sub.3).sub.2.3 H.sub.2 O,
      2 parts of concentrated formic acid and 70 parts water were mixed in a
      separate vessel to form an acidic copper nitrate solution. This solution
      was added to the alumina and mixed as in Example 1.
PAR  The resulting mixture was extruded and formed into 1/2 inch saddles. The
      resulting saddles were air dried; then fired to 500.degree.C. The average
      crushing strength of these saddles was 16 lbs. with a surface area of 210
      square meters per gram. Note the excellent strength of these catalyst
      pieces compared to the alumina pieces without added copper.
PAC  EXAMPLE 5
PAR  A mixture of 100 parts Catapal S alumina and 10 parts cellulosic binder was
      placed in a high intensity mixer. In a separate vessel, 2 parts
      concentrated nitric acid were mixed with 70 parts water. The acidic
      solution was mixed with the alumina as in Example 1. The resulting mixture
      was extruded and formed into 1/2 inch saddles. These saddles were air
      dried and fired to 500.degree.C. The fired saddles were then impregnated
      with a solution of copper nitrate to a final copper content equal to that
      in Example 6 and refired to 500.degree.C. Their final average crushing
      strength was 6 lbs. with a surface area of around 160 square meters per
      gram. Note that this catalyst made by impregnation is inferior both in
      crushing strength and surface area to a similar catalyst made by the
      co-forming technique described in Example 4.
PAC  EXAMPLE 6
PAR  A mixture of 100 parts Catapal S and 5 parts cellulosic binder was placed
      in a high intensity mixture. 75 parts Ni(NO.sub.3).sub.2.6 H.sub.2 O and
      two parts concentrated nitric acid were mixed with 65 parts water. This
      acidic nickel nitrate solution was mixed with the dry ingredients as in
      Example 1.
PAR  The resulting mixture was extruded, air dried and fired in air at
      500.degree.C and then fired in hydrogen at 300.degree.C. The average
      crushing strength of the final product was 12 lbs. with a surface area of
      about 200 square meters per gram.
PAC  EXAMPLE 7
PAR  A mixture of 100 parts Catapal S and 5 parts cellulosic binder was placed
      in a high intensity mixer. In a separate vessel 2 parts concentrated
      nitric acid was mixed with 65 parts water. This acidic solution was then
      mixed with the dry ingredients as in Example 1. The resulting mixture was
      extruded and formed into 1/2 inch saddles.
PAR  The saddles were air dried; then fired at 500.degree.C. Next they were
      dipped into a solution of nickel nitrate to an identical pickup as
      obtained in the previous example, and refired to 500.degree.C in air and
      300.degree.C in hydrogen. The final average crushing strength of these
      impregnated saddles was about 2 lbs. with a surface area of about 160
      square meters per gram. In this example and the previous one, we again see
      the superiority of adding the catalytic components to the mixture before
      extrusion over the common impregnation method.
PAC  EXAMPLE 8
PAR  A mixture of 75 parts Catapal S, 25 parts Kaiser KCSA-M alumina and 2 parts
      cellulosic binder was placed in a high intensity mixer. In a separate
      vessel 2 parts 90% formic acid were combined with 75 parts water. This
      acidic solution was added to the dry ingredients as in Example 1. To this
      mix 2 parts of grease were added as an extrusion aid.
PAR  The resulting mixture was extruded and formed into 1/2 inch saddles. The
      saddles were air dried; then fired at 537.degree.C. The resulting surface
      area was 221 square meters per gram with an average flat plate crushing
      strength of 12 lbs.
PAC  EXAMPLE 9
PAR  A mixture of 75 parts Catapal S and 25 parts KCSA-M a boehmite available
      from Kaiser Chemical Company was added to a high intensity mixer. In a
      separate vessel a solution of 4 parts concentrated nitric acid, 15.85
      parts copper nitrate, 8.02 parts chromium oxide and 62.5 parts water was
      prepared. This solution was added to the dry ingredients and mixed as in
      Example 1.
PAR  The resulting mixture was then extruded into 1/2 inch saddles that were air
      dried and fired at 500.degree.C. Their surface area was 206 square meters
      per gram with an average flat plate crushing strength of 21 lbs.
PAC  EXAMPLE 10
PAR  100 parts KCSA-M alumina were placed in a high intensity mixer. In a
      separate vessel a solution of 2 parts 90% formic acid was combined with 90
      parts water. This acidic solution was then added to the dry ingredients as
      in Example 1. From this mixture 1/4 .times. 1/4 pellets were extruded.
      These pellets were air dried and fired at 500.degree.C. Surface area was
      274 square meters per gram with an average flat plate crushing strength of
      66.5 lbs.
PAC  EXAMPLE 11
PAR  A mixture of 100 parts Catapal S and 12 parts cellulosic binder was placed
      in a high intensity mixer. In a separate vessel, 2 parts 90% formic acid
      were combined with 58 parts water. This solution was then added to the dry
      ingredients as in Example 1. To the resulting mixture one part grease was
      added and mixing continued for an additional 15 seconds to disperse the
      grease.
PAR  The resulting mixture was then extruded into 1/4 .times. 1/4 pellets. These
      pellets were air dried; then oven dried at 105.degree.F. They were then
      fired at 500.degree.C. The resulting surface area was 247 square meters
      per gram with a flat plate crushing strength of 26 lbs.
PAC  EXAMPLE 12
PAR  A mixture of 70 parts Catapal S boehmite and 32 parts KCSA-M boehmite was
      placed in a high intensity mixer. In a separate vessel, a solution of 8
      parts concentrated nitric acid and 80 parts water was prepared. This
      acidic solution was then added to the dry ingredients as in Example 1.
PAR  The resulting mixture was extruded into 1/4 .times. 1/4 pellets. These
      pellets were air dried and oven dried at 105.degree.F. They were they
      calcined at 500.degree.C. The resulting surface area was 217 square meters
      per gram with a flat plate crushing strength of 125 lbs.
PAC  EXAMPLE 13
PAR  A mixture of 70 parts Catapal S and 32 parts KCSA-M was placed in a high
      intensity mixer. In a separate vessel, a solution of 4 parts concentrated
      nitric acid and 80 parts water was prepared. This acidic solution was then
      added to the dry ingredients as in Example 1.
PAR  The resulting mixture was extruded into 1/4 .times. 1/4 pellets. These
      pellets were air dried and oven dried at 105.degree.F. They were then
      calcined at 500.degree.C. The resulting surface area was 216 square meters
      per gram with a flat plate crushing strength of 99 lbs.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for bonding platy particulate boehmite to produce monolithic
      bodies having a surface area between 10 and 300 square meters per gram for
      use as catalysts, catalyst carriers and adsorbents comprising:
PA1  mixing microcrystalline boehmite with a dilute aqueous solution of
      monobasic acid in which the anion has a ionic size no larger than that of
      propanoic acid to promote the dispersion of the boehmite into platelets
      and to form a free flowing mixture consisting of spheroidal aggregates and
      being relatively dry and uncompacted; and
PA1  forming bodies by compaction prior to any significant rebonding of said
      dispersed platelets and drying and firing said compacted bodies.
NUM  2.
PAR  2. A method as in claim 1 in which the acid is formic acid or nitric acid.
NUM  3.
PAR  3. A self-bonded strong monolithic polycrystalline curved shape having
      concave surface, having a surface area from 10 to 300 square meters per
      gram and having a wall thickness of less than 1/16 inch combined with a
      wall radius of curvature of greater than 1/8 inch, produced by mixing a
      powder consisting of aggregates of platy micro-crystalline boehmite
      alumina crystals having an aggregate size of under 100 microns, with a
      dilute aqueous monobasic acid; continuing mixing until a free-flowing mass
      of spheroidal catalyst-impregnated spherules of micro-crystalline boehmite
      is produced; forming said mix by pressure into discrete shaped bodies; and
      drying and firing said shaped bodies.
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ABST
PAL  Catalysts having good high temperature stability which are particularly
      useful for selected high temperature reactions are disclosed as are
      methods for their preparation and use. The catalytically-active materials
      include platinum group metal deposited on a catalytic slip or composite
      which contains a mixture of alumina and a mixture of IVB and selected VIB
      metal oxides. The slips or carrier compositions are calcined at a
      temperature of at least 850.degree.C. before deposition of platinum group
      metal and characterized by having a surface area of at least 20 m.sup.2 /g
      after calcination at a temperature of 1200.degree.C. for two hours.
BSUM
PAR  The present invention relates to catalyst compositions and methods for
      their preparation and use. In particular, this invention relates to
      catalyst compositions characterized by high stability thereby maintaining
      good catalytic activity.
PAR  Catalyst compositions exhibit a relatively high surface area per unit
      weight to allow the largest amount of reactants to contact the catalyst.
      Additionally, high surface area is important when the catalyst composition
      contains a precious metal such as platinum because of the cost of the
      metal and because of the dispersion required to prevent undue metal
      crystallite growth. It is desirable to retain this high surface area for
      long periods of use under severe conditions which might include reaction
      temperatures of 1200.degree. C. or higher.
PAR  Alumina is an excellent and relatively economical carrier or support for
      many catalysts. Many crystalline forms of alumina, for example, chi,
      kappa, gamma, delta, eta, and theta, exhibit a very high surface area in
      relation to their weight. A serious drawback of alumina as a catalyst
      carrier, however, is its transition temperature of about
      1000.degree.-1200.degree. C. to the alpha form which results in a
      substantial reduction of the surface area. It is thus extremely desirable
      to stabilize alumina-containing catalyst compositions based on high
      surface area aluminas to substantially prevent the transition to the low
      surface alpha form with a consequent loss in activity.
PAR  It is therefore an object of this invention to provide catalyst
      compositions, as well as methods for their preparation and use, which
      exhibit high temperature stability. Other objects and advantages will
      appear as the description proceeds.
PAR  Broadly, the catalyst composition of this invention includes a
      catalytically-active, calcined composite characterized by a surface area
      of at least 20 square meters per gram (m.sup.2 /g) after calcination for
      two hours at a temperature of 1200.degree. C., said composite comprising
      or being a composite of alumina and a mixture of two metal oxide
      components wherein the first metal oxide component is selected from the
      group consisting of chromium, tungsten, and mixtures thereof and the
      second metal oxide component is selected from the group consisting of
      Group IVB metals and mixtures thereof. In preparing the catalyst
      compositions, the composite is first calcined at a temperature of at least
      850.degree. C., and then a catalytically-effective amount of a platinum
      group metal is added to the composite. A catalyst composition prepared in
      accordance with this invention exhibits high temperature stability and
      therefore catalytic activity in a number of high temperature reactions,
      particularly high temperature combustion reactions.
PAR  The composite is formed by the calcination of an intimate admixture of an
      aluminum compound and two metal oxide components wherein the first
      component is selected from the group consisting of chromium, tungsten, and
      mixtures thereof and the second component is selected from the group
      consisting of Group IVB metals and mixtures thereof. Preferably, for
      certain methods of preparation, the aluminum compound is alumina. These
      compounds, as indicated, if not already in oxide form must be capable of
      forming or yielding their respective oxides upon calcination of air
      (oxygen) at a temperature of at least 850.degree. C. The metal oxide or
      oxides mixture may be considered as a high temperature stabilizing
      component for the alumina.
PAR  The relative amounts of alumina to the metal oxide stabilizing component
      are governed largely by empirical criteria. While it is not desired that
      this invention be limited by the following theory, a brief statement may
      provide a helpful framework to further elucidate the invention. It is
      thought that the addition of the stabilizing component to the alumina or
      alumina precursor and calcination of the mixture at a temperature of at
      least 850.degree. C. converts any of the non-oxide compounds to oxides and
      allows the stabilizing component oxides to enter the alumina lattice and
      prevent or substantially reduce subsequent transition to alpha alumina.
PAR  All surface areas throughout the specification and the appended claims are
      measured by the B.E.T. or equivalent method. The terminology used to
      describe the metals herein, that is, the Group IVB metals, is the
      terminology used in association with the common long form of the Periodic
      Table of Elements. Thus the Group IVB metals are titanium, zirconium,
      hafnium, and thorium.
PAR  The catalyst composition may also contain a minor amount of other
      ingredients, up to about 5 percent by weight of the composite, which may
      serve as promoters, activators, or other purposes, for oxidation or
      reduction reactions. Such ingredients may include, for example, manganese,
      vanadium, copper, iron cobalt, and nickel usually as the metal oxide or
      sulfide.
PAR  The calcined composite may be formed to any desired shape such as a powder,
      beads, or pellets. This shaping or fabricating is accomplished before
      calcination to promote particle adhesion. After calcination, a platinum
      group metal is added to the composite. Additionally, the composite can be
      applied or deposited on a relatively inert support or substrate and the
      platinum group metal then added, or the catalyst composition can be
      applied or deposited onto the inert support.
PAR  For compositions made in accordance with this invention, the composite
      generally comprises about 80 to 95 weight percent alumina. The Group IVB
      metal oxide, may be present in about 2 to 15 weight percent of the
      composite, preferably about 5 to 15 weight percent. The chromium and/or
      tungsten oxide may be present in about 2 to 15 weight percent, preferably
      about 5 to 15 weight percent of the composite. The mixture of Group IVB
      metal oxides and chromium and/or tungsten oxides may be present in about 5
      to 20 weight percent, preferably about 5 to 15 weight percent of the
      composite. If the amount of alumina is too low, the resulting composite
      will not provide enough surface area to provide catalytic activity. If
      more alumina is present than stated, it may not be stabilized sufficiently
      and will lose surface area in the transition to the alpha form.
PAR  Generally, to provide the advantages of this invention, it is necessary for
      the stabilizing component to be in intimate association with the alumina
      during pre-calcining. An intimate admixture may be achieved, for example,
      by forming a slurry of alumina with water soluble compounds of the
      stabilizing components. Where desired, hydrated alumina, such as aluminum
      trihydrate is admixed with aqueous solutions of the mixture of the metal
      salts of this invention to permit sorption of the stabilizing components
      by the alumina. The solids are then recovered from the slurry and calcined
      to provide the mixed oxide composite. The particular alumina is preferably
      is finely divided or colloidal form to provide maximum sorption area. For
      example, finely divided freshly precipitated aluminum trihydrate having a
      particle size of 70 percent to 90 percent smaller than 325 mesh is useful.
      When large particle size aluminia is used, the sorption of the stabilizing
      components from solution and subsequent calcination will provide at least
      a stabilized outer portion of the alumina.
PAR  Another method of preparing intimate admixture of alumina and stabilizing
      components is to coprecipitate all of the components, including the
      aluminia, from aqueous solutions. Various methods of coprecipitation are
      suitable. Such methods include, for example, surface adsorption where one
      or more components in ionic form are sorbed on the surface of a
      precipitating solid; and inclusion, in which the coprecipitated compound
      or compounds have dimensions and a chemical composition which will fit
      into the crystal structure of a precipitating solid without causing
      appreciable distortion.
PAR  In coprecipitation, a suitable precipitant, usually a base, is added to an
      aqueous solution of the compounds. This can also be done by concurrent
      addition of both the precipitant and the compound solution to a vessel
      containing water. Preferably the precipitant is selected such that
      undesirable or unnecessary compounds are volatilizable and decomposable
      upon calcination at 850.degree. C. or above, or removable by washing or
      extraction. The precipitant is capable of initiating and completing
      essentially simultaneous coprecipitation of the components. Suitable
      precipitants are ammonium compounds such as ammonium hydroxide or ammonium
      carbonate as well as other hydroxides and carbonates of the alkali metals.
PAR  The precipitant may be in dilute or concentrated aqueous solution. The
      rapidity of addition of the precipitant and the degree of agitation used
      will vary depending upon the precipitate desired. Dilute precipitant
      solutions, slow addition, and vigorous agitation generally favor a coarser
      precipitate. The temperature during the addition of precipitant may be
      from about 0.degree. to 90.degree. C. Higher temperatures generally
      produce a coarser precipitate. The precipitant is added until a pH of
      about 5 to 9.0 is reached. At this time the coprecipitated mixture is
      recovered from the slurry, washed if desired, and digested or
      recrystallized if desired.
PAR  The intimate admixture of alumina and stabilizing components are calcined
      at a temperature of at least about 850.degree. C., preferably about
      900.degree. to 1200.degree. C., but not at such a high temperature or for
      such a long period of time to unduly sinter the composite. The conditions
      of the calcination are such as to provide a catalytically-active composite
      having a relatively high surface area of at least about 25 square meters
      per gram, and preferably at least about 75. Calcination is preferably
      conducted while the admixture is unsupported and in free-flowing
      condition. This is preferable for economic reasons and to prevent undue
      sintering.
PAR  Calcination in air to form the composite, and prior to the addition of a
      platinum group metal, in an integral part of the subject invention. It is
      found that an intimate admixture of the stabilizing components and the
      alumina is stable when calcined at such temperatures before any further
      preparative steps are performed. Since both the alumina and the
      stabilizing components are intimately admixed, the concurrent heating in
      close association substantially reduces any undesirable alumina
      transitions. Additionally, calcination before deposit on an inert
      substrate promotes adhesion of the calcined composite to the substrate
      thus allowing the use of higher space velocities with the finished
      catalyst composition with less chance of erosion. Further, calcination
      substantially reduces the possibility of reaction of the stabilizing
      component and alumina component with the substrate. Any such reactions
      between the alumina and the substrate promotes the formation of inactive
      forms of alumina thereby reducing its surface area and activity. If the
      stabilizing component were to react with the substrate, it would reduce
      the effective amount of this component available for stabilization. A
      further advantage of such calcination is economic because less heat in
      smaller furnaces is required to calcine the resulting powder composite
      before it is placed on an inert support. Further, it is essential that the
      calcination is conducted before the addition of a platinum group metal
      component to prevent loss of such component by occlusion.
PAR  Suitable aluminum-containing compounds are alumina, the gamma, eta, kappa,
      delta, and theta forms of alumina and for coprecipitation, the water
      soluble aluminum compounds such as salts, for example, the aluminum
      halides, aluminum nitrates, aluminum acetate, and aluminum sulfate.
PAR  The Group IVB metal oxides, i.e., the oxides of titanium, zirconium,
      thorium and hafnium, are added to the alumina in the form of their water
      soluble precursors. Thus, for example, water soluble IVB metal salts such
      as the nitrates, acetates, halides, and sulfates and the like might be
      employed. Suitable water soluble compounds are Zr(NO.sub.3).sub.4,
      ZrCl.sub.4, Zr(SO.sub.4).sub.2, ZrOCl.sub.2, Ti.sub.2 (C.sub.2
      O.sub.4).sub.3, and HfOCl.sub.2.
PAR  Water soluble compounds of chromium and tungsten which can be used are, for
      example, chromium acetate, chromium nitrate, chromium halides, chromium
      oxide (chromic acid), chromium oxalate, and complexes of chromium such as
      chloropentamine chromium chloride, tungsten halides, tungsten oxy-salts,
      such as tungsten dioxydichloride, ammonium tungstate, and the like.
PAR  A platinum group metal is added to the calcined composite to form the
      catalyst compositions of this invention, which are found to be effective
      for long time high temperature reactions. Such metals are usually added or
      incorporated in amounts sufficient to provide significant activity. The
      platinum group metals useful are platinum, ruthenium, palladium, iridium,
      and rhodium. The choice of metal, metal combinations or alloys is governed
      largely by activity, specificity, volatility, deactivation by specific
      components included with the reactants, and economics.
PAR  The quantity of platinum group metal added to the calcined composite
      depends first on design requirements such as activity and life and second
      on economics. Theoretically, the maximum amount of such metal is enough to
      cover the maximum amount of surface available without causing undue metal
      crystallite growth and loss of activity during use. Two major competing
      phenomena are involved in such surface treatment. It is desirable to
      completely cover the substrate surface to provide the greatest amount of
      platinum group metal coverage, thereby obtaining-maximum activity, but if
      the surface were to be completely covered, such coverage would promote
      growth between adjacent crystallites, which growth would then decrease the
      surface area and greatly reduce activity. A balance of maximum coverage
      coupled with proper dispersion thus must be achieved to formulate a
      practical catalyst. An ancillary consideration in relation to the amount
      of platinum group metal is the allowable size of the catalyst housing. If
      the size is small, the amount of platinum group metal component used is
      preferably increased within the above-described limits. For example, for
      automobile exhaust treatment, the allowable size is relatively small,
      especially if unitary honeycomb type supports are used and a higher
      loading may be desirable. Economics, of course, dictates the use of the
      least amount of platinum group metal component possible while
      accomplishing the main objective of promoting the reaction. Generally, the
      amount of platinum group metal used is a minor portion of the catalyst
      composite and typically does not exceed about 20 weight percent of the
      calcined composite. The amount may be about 0.1 to 2.0 percent and is
      preferably about 0.2 to 10 percent to economically maintain good activity
      with prolonged use. These percentages are based on the weight of the
      calcined composite. If the composite is used on an inert substrate, the
      composite may be, for example, about 10 percent of the weight of the
      substrate and the percent weight of platinum group metal in relation to
      the total weight of substrate and composite will be correspondingly less.
PAR  During preparation of the catalyst composition, various compounds and/or
      complexes as well as elemental dispersions of any of the platinum group
      metals may be used to achieve deposition of the metal on the composite.
      Water soluble platinum group metal compounds or complexes may be used. The
      platinum group metal may be precipitated from solution, for example, as a
      sulfide by contact with hydrogen sulfide. The only limitation on the
      carrier liquids is that the liquids should not react with the platinum
      group metal compound and be removable by volatilization or decomposition
      upon subsequent heating and/or vacuum, which may be accomplished as part
      of the preparation or in the use of the completed catalyst composition.
      Suitable platinum group metal compounds are, for example, chloroplatinic
      acid, potassium platinum chloride, ammonium platinum thiocyanate, platinum
      tetrammine hydroxide, platinum group metal chlorides, oxides, sulfides,
      and nitrates, platinum tetrammine chloride palladium tetrammine chloride,
      sodium palladium chloride, hexammine rhodium chloride, and hexammine
      iridium chloride. If a mixture of platinum and palladium is desired, the
      platinum and palladium may be in water soluble form, for example, as amine
      hydroxides or they may be present as chloroplatinic acid and palladium
      nitrate when used in preparing the catalyst of the present invention. The
      platinum group metal may be present in the catalyst composition in
      elemental or combined forms, e.g., as an oxide or sulfide. During
      subsequent treatment such as by calcining or upon use, essentially all of
      the platinum group metal is converted to the elemental form.
PAR  While these catalyst compositions are useful in many reactions, they are
      not necessarily equivalent in all processes nor are those which are useful
      in the same process necessarily exactly equivalent to each other.
PAR  While it is not essential, the catalyst compositions of this invention
      preferably have a relatively catalytically-inert support or substrate. The
      supports which can be employed in this invention are preferably unitary,
      skeletal structures of relatively large size, e.g., honeycombs. However,
      smaller particle forms may be used, e.g., pellets or spheres. The size of
      these pellets can be altered depending upon the system, its design and
      operating parameters in which they are to be used, but may range from
      about 1/64  to 1/2 inch, preferably 1/32  to 1/4 inch, in diameter; and
      their lengths are about 1/64  to 1 inch, preferably about 1/32  to 1/4
      inch.
PAR  When a support is used, the calcined composite is generally present in a
      minor amount of the total catalyst composition, which is usually about 2
      to 30 weight percent preferably about 5 to 20 weight percent, based on the
      total weight of the composite and support. The amount used depends on
      economics, size limitations, and design characteristics.
PAR  These supports whether of the unitary-skeletal type or pellets are
      preferably constructed of a substantially inert, rigid material capable of
      maintaining its shape and strength at high temperatures, for example, up
      to about 1800.degree. C. The support typically has a low thermal
      coefficient of expansion, good thermal shock resistance, and low thermal
      conductivity. While a support having a porous surface is preferred, the
      surface may be relatively non-porous, but in such event it is desirable to
      roughen the surface to improve adhesion of deposited compositions.
PAR  The support may be metallic or ceramic in nature or a combination thereof.
      The preferred supports, whether in skeletal or other form, are composed
      primarily of refractory metal oxide including combined oxide forms, e.g.,
      aluminosilicates. Suitable support materials include cordierite,
      cordierite-alpha alumina, silicon nitride, silicon carbide,
      zircon-mullite, spodumene, alumina-silica-magnesia, and zirconium
      silicate. Examples of other suitable refractory ceramic materials are
      sillimanite, magnesium silicates, zircon, petalite, alpha-alumina, and
      aluminosilicates. Although the support may be a glass ceramic, it is
      preferably unglazed and may be essentially entirely crystalline in form
      and marked by the absence of any significant amount of glassy or amorphous
      matrices. Further, the structure may have considerably accessible
      porosity, preferably having a water pore volume of at least about 10
      percent. Such supports are described in U.S. Pat. No. 3,565,830, herein
      incorporated by references.
PAR  The geometric, superficial, or apparent surface area of the skeletal or
      honeycomb type supports, including the walls of the gas flow channels is
      generally about 0.5 to 6, and preferably 1 to 5, square meters per liter
      of support. This surface area is sufficient for deposition of a
      satisfactory quantity of the composite or the finished catalyst
      composition. The plurality of channels, about 100 to 2500, preferably 150
      to 500 per square inch of cross-sectional area, may be distributed across
      the entire face of the structure and frequently they define an open area
      in excess of 60 percent of the total area of the support. The walls must
      be thick enough to provide rigidity and integrity to the structure while
      maintaining good apparent surface area. The wall thickness is thus in the
      range of about 2 to 25 mils. The flow channels can be of any shape and
      size consistent with the desired superficial surface area and should be
      large enough to permit relatively free passage of the gaseous reaction
      mixture; preferably the length of the channels is at least about 0.1 inch
      to insure sufficient contact or residence time to cause the desired
      reaction. Although the channels are generally parallel, they may be
      multi-directional and may communicate with one or more adjacent channels.
PAR  In one manner of preparing structures provided with catalyst compositions
      of this invention, an aqueous slurry of the essentially water insoluble
      calcined composite of alumina and stabilizing component is contacted with
      the support. The solid content of the slurry forms an adherent deposit on
      the support, and the resulting supported composite is dried or calcined
      for a second time at a temperature which provides a relatively
      catalytically-active product. The second drying or calcination takes place
      at a temperature low enough to prevent undue sintering of the mixture.
      Suitable calcination temperatures are generally about
      300.degree.-700.degree. C. to insure catalytic activity without undue
      sintering, preferably about 400.degree.-600.degree. C. After this second
      calcination the coating on the support has a surface area of at least
      about 75 s.m.p.g. Lower temperatures can be employed to dry the composite
      if the second calcination is not performed.
PAR  After the coated support is dried or calcined, a platinum group metal
      component is added to enhance the catalytic activity of the composite. The
      platinum group metal may be added to the coated support in the manner
      previously described. Preferably, this addition is made from an aqueous or
      other solution to impregnate or deposit the platinum group metal component
      on the coated support.
PAR  After addition of the platinum group metal, the resulting structure is
      dried and may be calcined for a third time under conditions which provide
      a composition having characteristics that enhance selected reactions. This
      final calcination stabilizes the completed catalyst composition so that
      during the initial stages of use, the activity of the catalyt is not
      materially altered. The temperature of this final calcination must be low
      enough to prevent substantial sintering of the underlying coating which
      would cause substantial occlusion of the platinum group metal component.
      Thus the calcination may be conducted at temperatures of about
      300.degree.-700.degree. C., preferably about 400.degree.-600.degree. C.
PAR  An alternative method of making the catalyst compositions of this invention
      if a relatively inert support is used involves adding the platinum group
      metal component to the calcined composite before the composite is
      deposited on the support. For example, an aqueous slurry of the calcined
      composite can be prepared and the platinum group metal component added to
      the slurry and mixed intimately therewith. The platinum group metal
      component can be in the form already described and may be precipitated as
      previously described. The final mixture containing the platinum group
      metal may then be dried or calcined to provide a catalytically-active
      composition in a form suitable for deposition on a support or for use
      without such deposition as a finished catalyst in either finely divided or
      macrosize forms. Subsequent calcinations or drying may be conducted as
      described above. The calcined material generally has a surface area of at
      least about 25 s.m.p.g., preferably at least about 75 s.m.p.g.
DETD
PAR  The following are examples of the general method of preparation of some
      representative stabilized catalytic composites and compositions of this
      invention. All percentages, parts, and proportions herein and in the
      appended claims are by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  A stabilized Cr.sub.2 O.sub.3, ZrO.sub.2, and Al.sub.2 O.sub.3 composite
      slip is prepared by dissolving 3.95 grams of CrO.sub.3 and 12.24 grams of
      zirconyl nitrate (49.03% as ZrO.sub.2) in water and diluted to a total
      volume of 80.3 ml. 51 grams of activated Al.sub.2 O.sub.3 powder is
      stirred into the solution with constant agitation for 10 minutes. The
      total solution is then evaporated to dryness under heat and with
      agitation, transferred to a drying oven at 120.degree. C., and dried
      overnight. Five grams of the composite containing 5% chromia, 10%
      zirconia, and 85% alumina is then tested for retention of surface area by
      calcining at 1200.degree. C. for 4 hours. It is found that the surface
      area after such calcination is 35.3 m.sup.2 /g.
PAC  EXAMPLE II
PAR  A 2 kilogram batch of the composite of EXAMPLE I is prepared in the same
      manner except Cr(NO.sub.3).sub.3.sup.. 9H.sub.2 O is used in place of
      CrO.sub.3. The dried solids are calcined for 4 hours at 1000.degree. C.
      186 grams of the calcined powder thus prepared are mixed with 286 ml.
      H.sub.2 O and 13.9 ml. conc. HNO.sub.3, and ball-milled for 19 hours at 68
      RPM in a U.S. Stoneware 1-gallon mill jar. 330 ml. of the resulting slip
      having a density of 1.46 g/cc and a pH of 3.57 are diluted with 1% nitric
      acid to a viscosity of about 8 cps. A 1 .times. 3 inch zircon mullite
      honeycomb having about 86 corrugations per square inch of cross-sectional
      area is dipped into the agitated, diluted slip, drained, blown with air,
      dried at 120.degree. C. for 21/2 hours, and calcined at 500.degree. C. for
      2 hours. The adherent composite makes up approximately 14.6 weight percent
      of the coated honeycomb.
PAC  EXAMPLE III
PAR  A honeycomb, coated with the chromia-zirconia-alumina composite slip of
      EXAMPLE I is prepared as in EXAMPLE II. The coated honeycomb is then
      dipped into a solution containing 18.00 grams of Na.sub.2 PdCl.sub.4
      (35.10% Pd) dissolved in 51 cc water. After standing for 30 minutes with
      intermittent raising and lowering of the honeycomb into the solution, the
      honeycomb is withdrawn from the solution, drained, and excess solution
      blown off. The honeycomb is then treated with 2% NaHCO.sub.3 for one hour,
      heated in this solution to 95.degree. C. for 15 minutes to accomplish
      hydrolysis. The coated honeycomb is then transferred to a sodium formate
      solution and heated in this solution for reduction of the metal. The
      cylinder is removed from the sodium formate, the excess solution blown off
      and the cylinder is let stand overnight. The cylinder is then washed
      chloridefree using deionized water. The resulting impregnated honeycomb is
      drained, dried overnight at 110.degree. C. The finished catalyst contains
      about 0.54 weight percent Pd.
PAC  EXAMPLE IV
PAR  A composite is prepared by coprecipitation. The composition is the same as
      that in EXAMPLE I, i.e., 10 percent zirconia, 5 percent chromia, and 85
      percent alumina. 187.7 grams of aluminum nitrate, 6.1 grams of zirconyl
      nitrate (49.03% as ZrO.sub.2) and 7.9 grams of chromium nitrate are
      dissolved in one liter of water and the solution is transferred to a
      dropping funnel. A second solution containing 400 ml of (28.3% NH.sub.3)
      ammonium hydroxide and 1600 ml water was prepared in a dropping funnel.
      2500 ml of water is added to a 6 liter beaker with vigorous mechanical
      stirring. The mixed nitrate solution is then added at room temperature to
      the water in the beaker over a period of about 30 minutes. The ammonia
      solution is dried concurrently with the nitrate solution at such a rate as
      to keep the pH of the slurry in the beaker at 9.0. Stirring is continued
      for 15 minutes after the coprecipitation is complete. The slurry is
      allowed to stand overnight, filtered, and reslurried in 2 liters of water.
      The second slurry is filtered, excess water removed, and dried at room
      temperature. The filter cake is ground to a powder, dried for 1 day at
      room temperature, and overnight at 110.degree.  C. The surface area of the
      composite is good after calcination at 1200.degree. C. for 2 hours. Other
      oxide combinations of aluminum together with mixtures of Cr, W, and IVB
      metal oxides will be found to retain good surface area after calcination
      at 1200.degree. C. for 2 hours.
PAR  In the practice of this invention the catalytic compositions are
      particularly useful when employed with the high temperature oxidation of
      carbonanceous fuels. For example, they may be used advantageously in a
      method employing a catalytically-supported thermal combustion of
      carbonaceous fuel, as more fully described in co-pending application Ser.
      No. 358,411, filed May 8, 1973, of W. C. Pfefferle, assigned to the
      assignee hereof and which application is incorporated by reference herein.
      This method includes the essentially adiabatic combustion of at least a
      portion of a carbonaceous fuel admixed with air in the presence of a
      catalytic composition of this invention at an operating temperature
      substantially above the instantaneous autoignition temperature of the
      fuel-air admixture but below a temperature that would result in any
      substantial formation of oxides of nitrogen.
PAR  Flammable mixtures of most fuels with air are normally such as to burn at
      relatively high temperatures, i.e., about 3300.degree. F. and above, which
      inherently results in the formation of substantial amounts of nitrogen
      oxides or NO.sub.x. However, little or no NO.sub.x is formed in a system
      which burns the fuel catalytically at relatively low temperatures.
PAR  For a true catalytic oxidation reaction, one can plot temperature against
      rate of reaction. For any given catalyst and set of reaction conditions,
      as the temperature is initially increased, the reaction rate is also
      increased. This rate of increase is exponential with temperature. As the
      temperature is raised further, the reaction rate then passes through a
      transition zone where the limiting parameters determining reaction rate
      shift from catalytic to mass transfer. When the catalytic rate increases
      to such an extent that the reactants cannot be transferred to the
      catalytic surface fast enough to keep up with the catalytic reaction rate,
      the reaction shifts to mass transfer control, and the observed reaction
      rate changes much less with further temperature increases. The reaction is
      then said to be mass transfer limited. In mass transfer controlled
      catalytic reactions, one cannot distinguish between a more active catalyst
      and a less active catalyst because the intrinsic catalyst activity is not
      determinative of the rate of reaction. Regardless of any increase in
      catalytic activity above that required for mass transfer control, a
      greater catalytic conversion rate cannot be achieved for the same set of
      conditions.
PAR  It has been discovered that it is possible to achieve essentially adiabatic
      combustion in the presence of a catalyst at a reaction rate many times
      greater than the mass transfer limited rate. That is,
      catalytically-supported, thermal combustion surmounts the mass transfer
      limitation. If the operating temperature of the catalyst is increased
      substantially into the mass transfer limited region, the reaction rate
      again begins to increase exponentially with temperature. This is an
      apparent contradiction of catalytic technology and the laws of mass
      transfer kinetics. The phenomena may be explained by the fact that the
      catalyst surface and the gas layer near the catalyst surface are above a
      temperature at which thermal combustion occurs at a rate higher than the
      catalytic rate, and the temperature of the catalyst surface is above the
      instantaneous auto-ignition temperature of the fuel-air admixture (defined
      hereinbelow). The fuel molecules entering this layer spontaneously burn
      without transport to the catalyst surface. As combustion progresses, it is
      believed that the layer becomes deeper. The total gas is ultimately raised
      to a temperature at which thermal reactions occur in the entire gas stream
      rather than only near the surface of the catalyst. At this point, the
      thermal reactions continue even without further contact of the gas with
      the catalyst as the gas passes through the combustion zone.
PAR  The term "instantaneous auto-ignition temperature" for a fuel-air admixture
      is used herein and in the appended claims is defined to mean that the
      ignition leg of the fuelair mixture entering the catalyst is negligible
      relative to the residence time in the combustion zone of the mixture
      undergoing combustion.
PAR  This method can employ an amount of fuel equivalent in heating value of
      about 300-1000 pounds of propane per hour per cubic foot of catalyst.
      There is no necessity of maintaining fuel-to-air ratios in the flammable
      range, and consequently loss of combustion (flame-out) due to variations
      in the fuel-to-air is not as serious a problem as it is in conventional
      combustors.
PAR  The adiabatic flame temperature of fuel-air admixtures at any set of
      conditions (e.g., initial temperature and, to a lesser extent, pressure)
      is established by the ratio of fuel to air. The admixtures utilized are
      generally within the inflammable range or are fuel-lean outside of the
      inflammable range, but there may be instances of a fuelair admixture
      having no clearly defined inflammable range but nevertheless having a
      theoretical adiabatic flame temperature within the operating conditions of
      the invention. The proportions of the fuel and air charged to the
      combustion zone are typically such that there is a stoichiometric excess
      of oxygen based on complete conversion of the fuel to carbon dioxide and
      water. Preferably, the free oxygen content is at least about 1.5 times the
      stoichiometric amount needed for complete combustion of the fuel. Although
      the method is described with particularity to air as the non-fuel
      component, it is well understood that oxygen is the required element to
      support proper combustion. Where desired, the oxygen content of the
      nonfuel component can be varied and the term "air" as used herein refers
      to the non-fuel components of the admixtures. The fuel-air admixture fed
      to the combustion zone may have as low as 10 percent free oxygen by volume
      or less, which may occur, for example, upon utilization as a source of
      oxygen of a waste stream wherein a portion of this oxygen has been
      reacted. In turbine operations, the weight ratio of air to fuel charged to
      the combustion system is often above about 30:1 and some turbines are
      designed for air-to-fuel ratios of up about 200 or more:1.
PAR  The carbonaceous fuels may be gaseous or liquid at normal temperature and
      pressure. Suitable hydrocarbon fuels may include, for example, low
      molecular weight aliphatic hydrocarbons such as methane, ethane, propane,
      butane, pentane; gasoline; aromatic hydrocarbons such as benzene, toluene,
      ethylbenzene, xylene; naphtha; diesel fuel; jet fuel; other middle
      distillate fuels; hydrotreated heavier fuels; and the like. Among the
      other useful carbonaceous fuels are alcohols such as methanol, ethanol,
      isopropanol; ethers such as diethylether and aromatic ethers such as
      ethylphenyl ether; and carbon monoxide. In burning diluted fuels
      containing inerts, for example, low BTU coal gas, fuel-air admixtures with
      adiabatic flame temperatures within the range specified herein may be
      either fuel rich or fuel lean. Where fuel rich mixtures are utilized,
      additional air or fuel-air admixture may be added to the catalyst zone
      effluent to provide an overall excess of air for complete combination of
      fuel components to carbon dioxide and water. As stated previously, thermal
      reactions continue beyond the catalyst zone, provided the effluent
      temperature is substantially above the instantaneous auto-ignition
      temperature.
PAR  The fuel-air admixture is generally passed to the catalyst in the
      combustion zone at a gas velocity prior to or at the inlet to the catalyst
      in excess of the maximum flame propagating velocity. This may be
      accomplished by increasing the air flow or by proper design of the inlet
      to a combustion chamber, e.g., restricting the size of the orifice. This
      avoids flashback that causes the formation of NO.sub.x. Preferably, this
      velocity is maintained adjacent to the catalyst inlet. Suitable linear gas
      velocities are usually above about three feet per second, but it should be
      understood that considerably higher velocities may be required depending
      upon such factors as temperature, pressure, and composition. At least a
      significant portion of the combustion occurs in the catalytic zone and may
      be essentially flameless.
PAR  The carbonaceous fuel, which when burned with a stoichiometric amount of
      air (atmospheric composition) at the combustion inlet temperature usually
      has an adiabatic flame temperature of at least about 3300.degree. F., is
      combusted essentially adiabatically in the catalyst zone. Although the
      instantaneous auto-ignition temperature of a typical fuel may be below
      about 2000.degree. F., stable, adiabatic combustion of the fuel below
      about 3300.degree. F. is extremely difficult to achieve in practical
      primary combustion systems. It is for this reason that even with gas
      turbines limited to operating temperatures of 2000.degree. F., the primary
      combustion is typically at temperatures in excess of 4000.degree. F. As
      stated above, combustion in this method is characterized by using a
      fuel-air admixture, having an adiabatic flame temperature substantially
      above the instantaneous autoignition temperature of the admixture but
      below a temperature that would result in any substantial formation of
      NO.sub.x. The limits of this adiabatic flame temperature are governed
      largely by residence time and pressure. Generally adiabatic flame
      temperatures of the admixtures are in the range of about 1700.degree. F.
      to 3200.degree. F., and preferably are about 2000.degree. F. to
      3000.degree. F. Operating at a temperature much in excess of 3200.degree.
      F. results in the significant formation of NO.sub.x even at short contact
      times; this derogates from the advantages of this invention vis-a-vis a
      conventional thermal system. A higher temperature within the defined range
      is desirable, however, because the system will require less catalyst and
      thermal reactions are an order of magnitude or more faster, but the
      adiabatic flame temperature employed can depend on such factors as the
      desired composition of the effluent and the overall design of the system.
      It thus will be observed that a fuel which would ordinarily burn at such a
      high temperature as to form NO.sub.x is successfully combusted within the
      defined temperature range without significant formation of NO.sub.x.
PAR  The catalyst used in this method generally operates at a temperature
      approximating the theoretical adiabatic flame temperature of the fuel-air
      admixture charged to the combustion zone. The entire catalyst may not be
      at three temperatures, but preferably a major portion, or essentially all,
      of the catalyst surface is at such operating temperatures. These
      temperatures are usually in the range of about 1700.degree.-3200.degree.
      F., preferably about 2000.degree. F. to about 3000.degree. F. The
      temperature of the catalyst zone is controlled by controlling the
      combustion of the fuel-air admixture, i.e., adiabatic flame temperature,
      as well as the uniformity of the mixture. Relatively higher energy fuels
      may be admixed with larger amounts of air in order to maintain the desired
      temperature in a combustion zone. At the higher end of the temperature
      range, shorter residence times of the gas in the combustion zone appear to
      be desirable in order to lessen the chance of forming NO.sub.x.
PAR  The residence time is governed largely by temperature, pressure, and space
      throughput; and generally is measured in milliseconds. The residence time
      of the gases in the catalytic combustion zone and any subsequent thermal
      combustion zone may be below about 0.1 second, preferably below about 0.05
      second. The gas space velocity may often be, for example, in the range of
      about 0.5 to 10 or more million cubic feet of total gas (standard
      temperature and pressure) per cubic foot of total combustion zone per
      hour. For a stationary turbine burning diesel fuel, typical residence
      times could be about 30 milliseconds or less; whereas in an automotive
      tubine engine burning gasoline, the typical residence time may be about 5
      milliseconds or less. The total residence time in the combustion system
      should be sufficient to provide essentially complete combustion of the
      fuel, but not so long as to result in the formation of NO.sub.x.
PAR  A method employing the catalysts of the present invention is exemplified in
      a test in which the fuel is essentially completely combusted, and a low
      emissions. effluent is produced. The combustion system comprises a source
      of preheated air supplied under pressure. A portion of the air is passed
      through a pipe to the combustion zone, and the remainder is used to cool
      and dilute the combustion effluent. Unleaded gasoline fuel is atomized
      into the air passing to the combustion zone countercurrent to the air flow
      to insure intimate mixing. emissions
PAR  The catalyst is of the monolithic, honeycomb-type having a nominal 6-inch
      diameter and is disposed within a metal housing as two separate pieces
      each having parallel flow channels 21/4 inches in length extending
      therethrough. There is a small space of about 1/4 inch between these
      pieces. Both pieces of catalyst have approximately 100 flow channels per
      square inch of cross-section with the walls of the channels having a
      thickness of 10 mils. The catalysts have similar compositions and are
      composed of a zircon mullite honeycomb support which carries a composite
      coating of alumina, chromia, and zirconia containing palladium.
PAR  The catalyst for these runs is made by slurrying 3655 grams of activated
      alumina powder, less than 40 mesh in size, in a mixer with a solution
      prepared by dissolving 1131 grams Cr(NO.sub.3).sub.3.sup.. 9H.sub.2 O and
      877 grams zirconyl nitrate (49.03% as ZrO.sub.2) in 1500 ml. H.sub.2 O.
      The mixture is dried at 120.degree. C. over a weekend. The dried solids
      are crushed and screened to less than 40 mesh, and the powder is calcined
      for four hours at 1000.degree. C. to form the composite of this invention.
      3000 grams of the composite is charged to a 31/2 gallon ball mill along
      with 3000 ml. H.sub.2 O and 145.4 grams of palladium nitrate. The mill is
      rolled for 17 hours at 54 RPM. 1600 grams of the as-recovered slurry are
      diluted with about 200 ml. of a 1 percent nitric acid solution. The zircon
      mullite honeycomb is dipped in the diluted slurry and held for one minute,
      and then withdrawn from the slip and blown with air to remove the excess.
      The coated honeycomb is dried for 16 hours at 110.degree. C. and then
      calcined for 2 hours at 500.degree. C.
PAR  The upstream or initial catalyst in the housing has a catalytic coating
      which comprises about 14 weight percent of the catalyst. This coating is
      85 weight percent alumina, 5 weight percent Cr.sub.2 O.sub.3 and 10 weight
      percent ZrO.sub.2 based on these components. The catalyst also contains
      about 0.23 weight percent palladium (calculated) disposed in the
      composite. The subsequent-in-line catalyst has a similar coating of
      alumina, zirconia, and chromia which is about 11.0 weight percent of the
      catalyst. The catalyst also contains about .16 weight percent palladium
      (calculated) disposed in the coating.
PAR  Provision is made for contacting the fuel mixed with a portion of the total
      air stream with the catalyst. That portion of the total air stream not
      mixed with the fuel is added to the combustion effluent immediately upon
      its exit from the catalyst zone. This dilution or secondary air cools the
      combustion effluent and samples of the mixture are taken for analysis.
      Thermocouples are located adjacent the initial catalyst inlet and at the
      sampling position to detect the temperatures of these locations.
PAR  The catalysts are brought to reaction temperature by contact with preheated
      air, and subsequent contact with the air-fuel mixture which causes
      combustion and raised the catalyst temperature further. The results
      obtained using this system during operation in accordance with the
      combustion method of the present invention are found to result in low
      emission of pollutants.
PAR  The catalysts of this invention can also be used for selected oxidation
      reactions at lower temperatures. In a typical oxidation they can be
      employed to promote the reaction of various chemical feedstocks by
      contacting the feedstock or compound with the catalyst in the presence of
      free oxygen preferably molecular oxygen. Although some oxidation reactions
      may occur at relatively low temperatures, many are conducted at elevated
      temperatures of about 150.degree. C. to 900.degree. C., and generally,
      these reactions occur with the feedstock in the vapor phase. The feeds
      generally are materials which are subject to oxidation and contain carbon,
      and may, therefore, be termed carbonaceous, whether they are organic or
      inorganic in character. The catalysts of this invention are particularly
      useful in promoting the oxidation of hydrocarbons, oxygen-containing
      organic components, for example, aldehydes, organic acids, and other
      intermediate products of combustion, such as carbon monoxide, and the
      like. These materials are frequently present in exhaust gases from the
      combustion of carbonaceous fuels, and thus the catalysts of the present
      invention are particularly useful in promoting the oxidation of such
      materials thereby purifying the exhaust gases. Such oxidation can be
      accomplished by contacting the gas stream with the catalyst and molecular
      or free oxygen. The oxygen may be present in the gas stream as part of the
      effluent, or may be added as air or in some other desired form having a
      greater or lesser oxygen concentration. The products from such oxidation
      contain a greater weight ratio of oxygen to carbon than in the material
      subjected to oxidation and in the case of exhaust purification these final
      oxidation products are much less harmful than the partially oxidized
      materials. Many such reaction systems are known in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A catalyst composition characterized by a surface area of at least 20
      m.sup.2 /g after calcination for two hours at 1200.degree. C. consisting
      essentially of (a) a catalytically-active, calcined composite consisting
      essentially of alumina, and a mixture of two metal components wherein the
      first component is selected from the group consisting of an oxide of
      chromium, tungsten, and mixtures thereof and the second component is
      selected from the group consisting of an oxide of a Group IVB metal, and
      mixtures thereof, and (b) a catalytically-effective amount of platinum
      group metal added thereto after calcination of said composite at a
      temperature of at least 850.degree. C.
NUM  2.
PAR  2. A composition as defined in claim 1 wherein said composite contains
      about 80 to 95 weight percent of said alumina, about 2 to 15 weight
      percent of said first component oxide and about 2 to 15 weight percent of
      said second component oxide.
NUM  3.
PAR  3. A composition as defined in claim 2 wherein said first component oxide
      is predominantly chromia and wherein said second component oxide is
      predominantly zirconia.
NUM  4.
PAR  4. A composition as defined in claim 1 wherein said platinum group metal is
      present in an amount of about 0.1 to 20 percent by weight of said
      composite and is selected from the group consisting of platinum,
      palladium, platinum-palladium alloys, and mixtures thereof.
NUM  5.
PAR  5. A composition as defined in claim 1 wherein said composite is pellets.
NUM  6.
PAR  6. A catalyst composition consisting essentially of (a) an inert support,
      (b) a catalytically-active calcined composite deposited on said support,
      said composite consisting essentially of alumina, and a mixture of two
      metal oxide components wherein the first component is selected from the
      group consisting of an oxide of chromium, tungsten, and mixtures thereof
      and the second component is selected from the group consisting of an oxide
      of a Group IVB metal, and mixtures thereof, said composite having been
      calcined at a temperature of at least 850.degree. C before deposition on
      said support and characterized by a surface area of at least 20 m.sup.2 /g
      after calcination for two hours at 1200.degree. C. and (c) a
      catalytically-effective amount of a platinum group metal incorporated in
      said composite.
NUM  7.
PAR  7. A catalyst composition as defined in claim 6 wherein said support is
      pellets.
NUM  8.
PAR  8. A catalyst composition as defined in claim 6 wherein said support is a
      ceramic honeycomb.
NUM  9.
PAR  9. A catalyst composition as defined in claim 6 wherein said platinum group
      metal is present in an amount of about 0.2 to 10 percent by weight of said
      composite and wherein said platinum group metal is selected from the group
      consisting of platinum, palladium, platinum-palladium alloys, and mixtures
      thereof.
NUM  10.
PAR  10. A catalyst composition as defined in claim 6 wherein said composite
      contains about 80 to 95 weight percent of said alumina, about 2 to 15
      weight percent of said first component oxide, and about 2 to 15 weight
      percent of second second component oxide.
NUM  11.
PAR  11. A catalyst composition as defined in claim 6 wherein said first
      component oxide is predominantly chromia and wherein said second component
      oxide is predominantly zirconia.
NUM  12.
PAR  12. A method for the preparation of a catalyst composition including the
      steps of (a) forming an intimate admixture consisting essentially of an
      alumina-producing aluminum compound and a mixture of two metal compound
      components which upon calcining yield the corresponding oxide wherein the
      first of said metal compound components is selected from the group
      consisting of a compound of chromium, tungsten, and mixtures thereof and
      the second of said metal compounds components is selected from the group
      consisting of a compound of a Group IVB metal and mixtures thereof, (b)
      calcining said intimate admixture at a temperature of at least 850.degree.
      C to form a catalytically-active composite thereof characterized by a
      surface area of at least 20 m.sup.2 /g after calcination for two hours at
      1200.degree. C, and (c) incorporating a catalytically-effective amount of
      a platinum group metal with said calcined admixture.
NUM  13.
PAR  13. A method as claimed in claim 12 wherein said aluminum compound is
      alumina.
NUM  14.
PAR  14. A method as defined in claim 12 further including the steps of
      depositing said composite on a relatively inert substrate to form a
      coating thereon prior to step (c).
NUM  15.
PAR  15. A method as defined in claim 12 further including the step of forming
      said intimate admixture into pellets before calcining.
NUM  16.
PAR  16. A method as defined in claim 12 further including the step of
      depositing said catalyst composition on a relatively inert substrate to
      form a coating thereon after step (c).
NUM  17.
PAR  17. A method as defined in claim 12 wherein said metal of said first metal
      compound component is chromium and said metal of said second metal
      compound component is zirconium.
NUM  18.
PAR  18. A method as defined in claim 12 wherein said intimate admixture is
      formed by coprecipitation of said compounds from an essentially aqueous
      solution itself.
NUM  19.
PAR  19. A method as defined in claim 18 wherein said coprecipitation is
      accomplished by adding an effective amount of a water soluble base to said
      aqueous solution.
NUM  20.
PAR  20. A method as defined in claim 18 further including the step of
      depositing said composite on a relatively inert substrate to form a
      coating thereon prior to step (c).
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ABST
PAL  A multi-component catalyst composition prepared by combining (A) noble
      metal catalyst elements effective for oxidizing carbon monoxide and
      hydrocarbons with (B) catalyst elements effective for the same purpose but
      containing no noble metal. The multi-component catalyst composition is
      effective in purifying exhaust gases containing nitrogen oxides, carbon
      monoxide and hydrocarbons by converting these harmful components into
      harmless components.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The oxide catalyst component preferably consists of 5 to 10 parts by weight
      of Mn.sub.2 O.sub.3, 10 to 20 parts by weight of CuO, 5 to 10 parts by
      weight of Fe.sub.2 O.sub.3, 60 to 80 parts by weight of .gamma.-Al.sub.2
      O.sub.3 and 1 to 5 parts by weight of MgO. Further at least one of those
      oxides of Mn.sub.2 O.sub.3, CuO and Fe.sub.2 O.sub.3 can be plated with 1
      to 5 percent by weight of Cu, relative to said oxide.
PAR  The inventors have found the fact that, at the time of oxidizing carbon
      monoxide and hydrocarbons contained in exhaust gases arising from internal
      combustion engines such as automobile engines and various combustion
      apparatuses, the use of catalyst elements containing some noble metal or
      metals, for instance, platinum catalyst elements, in combination with
      catalyst elements not containing any noble metal, for instance, base metal
      oxide catalyst elements, gives rise to an unexpected effect, namely,
      decomposition of nitrogen oxide, which is not an inherent property of the
      individual catalyst elements. The present invention relates to a catalyst
      accomplished on the basis of this finding. The term `catalyst elements`
      herein means molded catalysts or unitary objects containing catalyst and
      carrier, which may take various shapes such as pellet-shape, globe-shape,
      cylinder-shape, plate-shape, etc.
PAR  2. Description of the Prior Art
PAR  As is well known, for the purpose of making exhaust gases innocuous, the
      use of different catalysts for treating the respective components of the
      exhaust gas, that is, oxidizing catalysts for treating carbon monoxide and
      hydrocarbons and reducing catalysts for treating nitrogen oxides, has
      hitherto been popular. Accordingly, in order to make harmless the nitrogen
      oxides, carbon monoxide and hydrocarbons, inclusive, in exhaust gases
      there has been employed a two-stage purification method comprising, first,
      decomposing nitrogen oxides so as to make same harmless by means of
      reducing catalysts without blowing air therein and, second, oxidizing
      carbon monoxide and hydrocarbons so as to make them harmless by means of
      oxidizing catalysts in the presence of secondary air blown therein.
      However, as a matter of fact, the decomposition ratio of nitrogen oxides
      even by this method has been usually very low, say ranging from several
      per cent to 30 or 40 per cent at the utmost, and there are instances in
      which the oxidizing power of said oxidizing catalysts brings about an
      increase of the nitrogen oxides content, contrary to what is desired.
PAR  Accordingly, it has so far been considered extremely difficult to
      simultaneously convert carbon monoxide, hydrocarbons and nitrogen oxides,
      inclusive, to make them harmless, and even the attempt to combine reducing
      catalysts with oxidizing catalysts in various ways has been abandoned
      without being given serious consideration. Such being the case, nobody has
      ever discovered the idea of composing a catalyst bed effective for the
      decomposition of nitrogen oxides by combining fellow oxidizing catalyst
      elements which do not show any decomposing effect on nitrogen oxides when
      used individually.
PAC  SUMMARY OF THE INVENTION
PAR  As a result of series of researches, the inventors have succeeded in
      composing a catalyst bed by combining catalyst elements comprising noble
      metal (such as platinum) with other catalyst elements not containing noble
      metal (such as base metal oxide catalyst elements), both elements
      possessing the property of promoting the oxidation of carbon monoxide and
      hydrocarbons. The resulting multi-component catalyst is effective in
      performing a quite different action of converting nitrogen oxides
      simultaneously with converting carbon monoxide and hydrocarbons into
      harmless gases, when the exhaust gas is passed through the catalyst bed in
      the presence of some air blown therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The noble metal catalysts to be employed in the present invention comprise
      catalysts prepared by making alumina, silica or other appropriate carrier
      carry at least one platinum group metal such as Pd, Pt, etc. The amount of
      noble metal to be thus carried in this case is not particularly different
      from that employed in general noble metal catalysts, and it is usually
      less than 1% or thereabout in terms of noble metal relative to the total
      amount of catalyst including the carrier, although it may exceed that
      limit on rare occasions. The catalysts not containing noble metal to be
      employed in the present invention are catalysts not containing platinum
      group metals, and as typical examples thereof, there are catalysts
      comprising one or more members of the group consisting of oxides of
      transition metals coming within the 4th Period of the Periodic Table, such
      as Ti, V, Cr, Mn, Fe, Co, Ni, Cu and Zn (hereinafter generically referred
      to oxide catalysts). These oxide catalysts are also often made to contain
      the so-called carrier components, such as alumina, silica, magnesia, etc.
      for the purpose of, say, imparting strength thereto. The ratio of noble
      metal catalyst elements to catalyst elements not containing noble metal
      for effective combination is in the range of from 1 : 9 to 1 : 1 or
      thereabout by volume. The way of combining them is not subject to any
      particular restriction: it will do either to combine them by placing one
      catalyst on the inlet side and the other on the outlet side, or to combine
      them by mingling. The appropriate amount of excess oxygen within the gas
      to be passed through the catalyst bed for converting only carbon monoxide
      and hydrocarbons is generally said to be about 3 to 4 times as much as the
      theoretical amount of oxygen, but, in the case of the catalyst according
      to the present invention, it is to be about 1.5 to 2 times as much as said
      theoretical amount.
PAR  The characteristic feature of the present invention does not lie in the
      attainment of a high degree of exhaust gas purification efficiency merely
      as the sum of the efficiencies of the noble metal catalyst and that of the
      catalyst not containing noble metal, by combining both catalysts. Rather,
      it lies in the fact that quite a novel, extraneous effect, namely, a high
      degree of decomposability of nitrogen oxides, which effect cannot be
      expected from a catalyst bed consisting of any single one of the above
      catalysts, can be displayed by the catalyst bed as a whole made by
      combining said catalysts as above.
PAR  The reason why said nitrogen oxides decomposability, which does not occur
      as a result of the separate use of the above catalysts, can be achieved by
      combining the above catalysts is yet to be theoretically clarified, but at
      present, it is presumed that, by virtue of the composite effect of the
      functions of both catalysts, oxidation of carbon monoxide and hydrocarbons
      may effectively take place in the presence of a relatively small amount of
      excess air and, at the same time, because the amount of excess air is
      relatively small, nitrogen oxides may be also catalytically decomposed by
      carbon monoxide and hydrocarbons.
PAR  Hereunder will be given some examples illustrative of the present
      invention, but it will be understood that the scope of the present
      invention is not limited thereby.
PAC  EXAMPLE 1
PAR  Composite catalysts according to the present invention were composed,
      shaped and arranged as shown in Table 1 below. Various comparative
      (control) catalysts of noble metal catalysts alone, oxide catalysts alone
      and mixtures thereof outside the scope of the present invention also were
      prepared. The catalysts were used under the following conditions for 200
      hours. Subsequently, by utilizing the respective catalysts after 200
      hours' use as sample, the conversion ratios of NO.sub.x, CO and HC were
      investigated under the same conditions as mentioned above. The results
      were as shown in Table 1.
TBL  ______________________________________                                    
     Conditions for use of catalyst                                            
     engine employed:                                                          
                     a 1,600 cc-engine dynamometer                             
     location of catalyst                                                      
     bed:            a place at a distance of 1 to                             
                     1.7 m from the outlet of ex-                              
                     haust manifold of said engine.                            
     speed                                                                     
     of the engine:  2,000 r.p.m.                                              
     boost pressure: -100 mmHg                                                 
     CO concentration                                                          
     of the exhaust gas                                                        
     at the inlet of                                                           
     catalyst bed:   1.8 to 2.3%                                               
     ratio of excess                                                           
     oxygen:         160% to 180%)                                             
     space velocity of                                                         
     exhaust gas passing                                                       
     through the composite cata-                                               
     lyst bed under the                                                        
     present invention:                                                        
                     30,000 to 50,000 hr.sup.-.sup.1                           
     ______________________________________                                    
TBL                                    Table 1                                 
     __________________________________________________________________________
                     concrete structure     at initial  after 200              
                     of catalyst bed        stage       hrs' use               
     No. No. kind of                                                           
     of  of  catalyst                                                          
                     noble metal base metal oxide                              
                                            conversion  conversion             
     test                                                                      
         cata-       catalyst element                                          
                                 catalyst element                              
                                            ratio       ratio                  
     lyst                                   %   %   % %     %   %              
                                            CO  HC  NO.sub.x                   
                                                      CO    HC  NO.sub.x       
     __________________________________________________________________________
                     composition                                               
                     Pt   0.5 wt.%                                             
                                 Al.sub.2 O.sub.3                              
                                      70 wt.%                                  
                     Al.sub.2 O.sub.3                                          
                          99.5                                                 
                              "  Mn.sub.2 O.sub.3                              
                                      10 "                                     
                                 Fe.sub.2 O.sub.3                              
                                      5  "                                     
                                 CuO  10 "                                     
                                 Cr.sub.2 O.sub.3                              
                                      5  "                                     
             composite                                                         
                     shape                                                     
             catalyst                                                          
                     pellet-shaped                                             
                                 plate-shaped                                  
                     arrangement                                               
                     disposed on the                                           
                                 disposed on the                               
                     inlet side  outlet side                                   
         (1)  (a)    combination ratio                                         
             (comparative                                                      
     I       catalyst)                                                         
                     0.5 part by vol.                                          
                                 6.5 parts by vol.                             
                                            96  73  65  86  62  63             
              (b)                                                              
             (present                                                          
                     1 part by vol.                                            
                                 6 parts by vol.                               
                                            97  74  70  87  63  69             
             catalyst)                                                         
              (c)                                                              
             (comparative                                                      
                     4 parts by vol.                                           
                                 3 parts by vol.                               
                                            98  75  48  80  67  41             
             catalyst)                                                         
             noble metal                                                       
                     same as (1) in com-                                       
         (2) catalyst only                                                     
                     position, shape and    98  73  10  78  57   5             
             (comparative                                                      
                     amount employed                                           
             catalyst)                                                         
                     (7 parts by vol.)                                         
             base metal          same as (1) in                                
             oxide catalyst      composition,                                  
         (3) only                shape and amount                              
                                            97  72  62  84  62  60             
             (comparative        employed                                      
             catalyst)           (7 parts by vol.)                             
     __________________________________________________________________________
                     composition                                               
                     Pt   0.1 wt.%                                             
                                 Al.sub.2 O.sub.3                              
                                      60 wt.%                                  
                     Al.sub.2 O.sub.3                                          
                          99.9                                                 
                              "  Mn.sub.2 O.sub.4                              
                                      20 "                                     
                     catalyst after 200                                        
                                 Fe.sub.2 O.sub.3                              
                                      10 "                                     
             composite                                                         
                     hrs' use under the                                        
                                 CuO  10 "                                     
             catalyst                                                          
                     foregoing condition                                       
                     of          use                                           
                     shape                                                     
                     pellet-shaped                                             
                                 pellet-shaped                                 
         (4)         arrangement                                               
     II              nobel metal catalyst was interposed                       
                     between base metal oxide catalysts                        
              (a)    combination ratio                                         
             (comparative                                                      
             catalyst)                                                         
                     0.5 part by vol.                                          
                                 8.5 parts by vol.                             
                                            97  78  63  89  73  60             
              (b)                                                              
             (present                                                          
                     1 part by vol.                                            
                                 8 parts by vol.                               
                                            97  77  68  95  75  65             
             catalyst)                                                         
              (c)                                                              
             (comparative                                                      
                     5 parts by vol.                                           
                                 4 parts by vol.                               
                                            90  70  43  85  68  43             
             catalyst)                                                         
             noble metal                                                       
                     same as (4) in com-                                       
             catalyst only                                                     
                     position, shape and                                       
         (5) (comparative                                                      
                     amount employed        80  62   3                         
             catalyst)                                                         
                     (9 parts by vol.)                                         
             base metal          same as (4) in                                
             oxide catalyst      composition,                                  
         (6) only                shape and amount                              
                                            97  78  43  83  56  42             
             (comparative        employed                                      
             catalyst)           (9 parts by vol.)                             
     __________________________________________________________________________
                     composition                                               
                     Pt   1.5 wt.%                                             
                                 Al.sub.2 O.sub.3                              
                                      55 wt.%                                  
                     Al.sub.2 O.sub.3                                          
                          98.5                                                 
                              "  Mn.sub.2 O.sub.3                              
                                      30 "                                     
                                 Fe.sub.2 O.sub.3                              
                                      5  "                                     
                                 MgO  2  "                                     
                                 CuO  8  "                                     
             composite                                                         
                     shape                                                     
             catalyst                                                          
                     pellet-shaped                                             
                                 pellet-shaped                                 
                     arrangement                                               
                     both elements were packed upon mixing                     
                     together                                                  
              (a)    combination ratio                                         
             (comparative                                                      
         (7) catalyst)                                                         
                     0.5 part by vol.                                          
                                 6.5 parts by vol.                             
                                            96  69  65  90  60  63             
              (b)                                                              
             (present                                                          
                     2 parts by vol.                                           
                                 5 parts by vol.                               
                                            96  71  68  92  63  68             
     III     catalyst)                                                         
              (c)                                                              
             (present                                                          
                     3 parts by vol.                                           
                                 4 parts by vol.                               
                                            96  73  66  91  64  64             
             catalyst)                                                         
             noble metal                                                       
                     same as (7) in com-                                       
         (8) catalyst only                                                     
                     position, shape and                                       
             (comparative                                                      
                     amount employed        96  74  18  69  55  11             
             catalyst)                                                         
                     (7 parts by vol.)                                         
             base metal          same as (7) in                                
             oxide catalyst      composition,                                  
         (9) only                shape and amount                              
                                            96  68  50  80  59  48             
             (comparative        employed                                      
             catalyst            (7 parts by vol.)                             
     __________________________________________________________________________
                     composition                                               
                     Pd   0.5 wt.%                                             
                                 Al.sub.2 O.sub.3                              
                                      68 wt.%                                  
                     Al.sub.2 O.sub.3                                          
                          99.5                                                 
                              "  Mn.sub.2 O.sub.3                              
                                      8  "                                     
                                 Fe.sub.2 O.sub.3                              
                                      8  "                                     
                                 CuO  13 "                                     
             composite           MgO  2  "                                     
             catalyst            Cu   1  "*                                    
                     shape                                                     
         (10)        plate-shaped                                              
                                 plate-shaped                                  
                     arrangement                                               
     IV              disposed on the                                           
                                 disposed on the                               
                     inlet side  outlet side                                   
              (a)    combination ratio                                         
             (comparative                                                      
             catalyst)                                                         
                     0.5 part by vol.                                          
                                 9.5 parts by vol.                             
                                            98  65  65  86  58  63             
              (b)                                                              
             (present                                                          
                     4 parts by vol.                                           
                                 6 parts by vol.                               
                                            98  65  69  93  59  65             
             catalyst)                                                         
              (c)                                                              
             (comparative                                                      
                     6 parts by vol.                                           
                                 4 parts by vol.                               
                                            98  61  25  85  55  22             
             catalyst)                                                         
             noble metal                                                       
                     same as (10) in com-                                      
         (11)                                                                  
             catalyst only                                                     
                     position, shape and                                       
                     amount employed        98  62  22  78  50   8             
                     (10 parts by vol.)                                        
             base metal          same as (10) in                               
             oxide catalyst      composition,                                  
         (12)                                                                  
             only                shape and amount                              
                                            98  62  64  80  55  58             
                                 employed                                      
                                 (10 parts by vol.)                            
                     * Cu which was electroless-plated on                      
                     the particles of Mn.sub.2 O.sub.3, Fe.sub.2 O.sub.3 and   
                     CuO                                                       
     __________________________________________________________________________
      (Remarks)                                                                
      (1) The total volume of catalyst employed for each of Test No. 1 through 
      No. IV was the same.                                                     
      (2) HC: hydrocarbons in n-hexane equivalent                              
PAC  EXAMPLE 2
PAR  Conversion ratio was measured by employing catalyst No. (10) (b), test No.
      IV in Example 1 and applying the same conditions as in Example 1 except
      for modifying the ratio of excess oxygen to be 330 to 370%. Table 2 below
      shows the resulting data as compared with the data in the case of the
      ratio of excess oxygen being 160 to 180% as shown in Table 1 above. As is
      evident from this table, when a catalyst under the present invention is
      applied and the ratio of excess oxygen is in the range of 160 to 180%, the
      CO and HC conversion ratio does not decrease much while the NO.sub.x
      conversion ratio increases remarkably as compared with the case of the
      ratio of excess oxygen being in the range of 330 to 370%.
TBL                                    Table 2                                 
     __________________________________________________________________________
             ratio of                                                          
                    conversion ratio                                           
                              conversion ratio                                 
             excess at initial stage                                           
                              after 200 hrs' use                               
     catalyst                                                                  
             oxygen (%)       (%)                                              
             (%)    CO HC NO.sub.x                                             
                              CO HC  NO.sub.x                                  
     __________________________________________________________________________
     catalyst No.                                                              
     (10) (b) for                                                              
     Test No. IV                                                               
             160 to 180                                                        
                    98 65 69  93 59  65                                        
     in Example 1                                                              
     "       330 to 360                                                        
                    99 80 40  95 70  36                                        
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A single catalyst bed for purifying exhaust gases from combustion
      operations by transforming CO, hydrocarbons and nitrogen oxides into
      harmless substances, consisting essentially of two catalyst components A
      and B, wherein
PA1  component A consists essentially of at least one metal selected from the
      group consisting of Pd and Pt, said metal being supported on an inert
      catalyst carrier, and component B consists essentially of 5 to 10 parts by
      weight of Mn.sub.2 O.sub.3, 10 to 20 parts by weight of CuO, 5 to 10 parts
      by weight of Fe.sub.2 O.sub.3, 60 to 80 parts by weight of gamma aluminum
      oxide and 1 to 5 parts by weight of MgO.
NUM  2.
PAR  2. A single catalyst bed as claimed in claim 1 in which the volumetric
      ratio of component A: component B is in the range of 1:9 to 1:1.
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ABST
PAL  This invention relates to catalysts for use in the control of atmospheric
      pollution. The catalysts of the present invention are especially useful in
      the purification of exhaust gases from internal combustion engines and
      comprise oxidised ruthenium or ruthenium dioxide and a base metal oxide
      which forms a stable mixed metal oxide with ruthenium dioxide. The base
      metal may be selected from Groups IV and V of the Periodic Table.
BSUM
PAR  This invention relates to catalysts for use in the control of atmospheric
      pollution. The catalysts of the present invention are particularly useful
      as reduction catalysts in the purification of the exhaust gases from
      internal combustion engines.
PAR  Unburned hydrocarbons, partially oxidised hydrocarbons, oxides of nitrogen
      and carbon monoxide contained in the exhaust gases from internal
      combustion engines, in addition to a wide variety of other organic
      compounds produced by well-established processes in the chemical industry,
      present serious problems of atmospheric contamination. For example, the
      oxide of nitrogen which is present in diesel exhaust gases is mainly
      nitric oxide. This is produced during the combustion of diesel fuel by the
      combination of nitrogen and oxygen at high temperatures and at pressures
      present in a combustion chamber. The presence of nitric oxide in exhaust
      gases is particularly hazardous when the engine is used in a confined
      space or when such engines are used in large numbers in geographical
      locations having special combinations of climatic conditions.
PAR  The use of catalytic purification of exhaust gases is well-established but
      there is a tendency at the stage in which oxides of nitrogen are reduced
      to nitrogen and water for further reduction to take place producing
      ammonia. We have previously proposed a solution to this problem involving
      the use of a catalyst comprising a supported alloy of platinum, ruthenium
      and optionally base metel.
PAR  Under certain circumstances, however, it does appear that at the
      temperature of operation of automobile exhaust catalysts certain alloys of
      ruthenium do not exhibit the necessary degree of stability. This is
      probably a result of ruthenium oxidation on volatilization. Accordingly,
      it is one object of the present invention to provide automobile exhaust
      catalyst compositions containing catalytically active ruthenium which is
      stable over longer periods at high temperatures. Another object ofthe
      present invention is to provide catalysts containing ruthenium for use in
      heterogeneous gas phase reactions which are stable at high temperatures.
PAR  A further object of the present invention is to decrease the loss of
      ruthenium as a result of the gas flow transport which occurs in most
      ceramic or metallic honeycombs which are catalyst supports in automobile
      exhaust purification.
PAR  According to one aspect of the present invention a catalyst for use in the
      control of atmospheric pollution, e.g. the oxidation or reduction of
      automobile exhaust fumes, comprises oxidised ruthenium or ruthenium
      dioxide and a metal oxide which forms a stable mixed oxide with ruthenium
      dioxide. According to a second aspect of the present invention the
      catalyst comprises a compound formed by oxidised ruthenium or ruthenium
      dioxide and a metal oxide in which the metal is selected from Groups IV
      and V of the Periodic Table. Preferably, the metals of Groups IV and V are
      titanium, zirconium, hafnium, niobium and bismuth and, of these, we
      particularly prefer titanium, zirconium and hafnium. The ratio of
      ruthenium to base metal in the mixed oxide composition may conveniently
      vary from 5% ruthenium: 95% base metal to 95% ruthenium: 5% base metal
      (the percentage figures being by weight of element present in the mixed
      oxide). If a ruthenium rich composition is used, a smaller quantity of
      composition is coated onto the substrate when compared with the case where
      only a low ruthenium ratio is used in the oxide composition.
PAR  The total amount of composition should be such that the quantity of
      ruthenium present is preferably within the range of from 0.05 to 10 weight
      % and more preferably from 0.5 to 2 weight % of the total supported
      catalyst structure. Concentrations found to be satisfactory are 0.9% w/w
      and 1.8% w/w.
PAR  The following stable compositions are formed as mixed oxides with RuO.sub.2
     .
EQU  ruO.sub.2 x TiO.sub.2
EQU  RuO.sub.2 x ZrO.sub.2
EQU  RuO.sub.2 x HfO.sub.2
EQU  RuO.sub.2 x Nb.sub.2 O5
PAL  and
EQU  RuO.sub.2 x Bi.sub.2 O.sub.3.
PAL  the factor x may be fractional but is preferably greater than 1 and
      suitably ranges from 5-50.
PAR  The metal oxide/ruthenium containing composition may be deposited by any
      known method upon, for example, a high surface area intermediate
      refractory metal oxide coating deposited upon an ultimate support such as
      a pelleted ceramic, a corrugated metallic substrate or a porous or a
      non-porous ceramic honeycomb structure.
PAR  Preferably, the ultimate support has applied thereto, as a first coating, a
      high surface area catalytically active refractory metal oxide and, to the
      first coating there is applied impregnation or otherwise, the ruthenium or
      ruthenium dioxide/ metal oxide containing composition. Alternatively the
      material forming the first coating, layer or deposit may be pre-coated or
      pre-impregnated with the said ruthenium containing composition prior to
      the application thereof to the insert material which forms the ultimate
      support.
DETD
PAC  EXAMPLE
PAR  The pH of a solution containing 10% by weight of ruthenium and 90% by
      weight of titanium -- both metals present as the chloride -- was increased
      in order to precipitate the ruthenium and titanium as hydrated oxide. The
      hydrated oxide was then dried and ignited at 600.degree.C. In order to
      convert the ignited precipitate to mixed oxide i.e. RuO.sub.2 .times.
      TiO.sub.2 the product was further heated at 1,000.degree.C for two hours.
      The factor x may be fractional or greater than 1 depending upon the
      relative proportions of ruthenium and titanium used, in this case x = 20.
PAR  Three grams of the mixed oxide was then placed in a one inch diameter tube
      and kept at 800.degree.C for 40 hours during which air was passed over the
      product at a rate of 1,000 ml per min. After allowing to cool, the final
      product was reweighed and analysed. It was found that during the forty
      hour period only two mgm of ruthenium had volatilized from the product.
      This is very much less than would have volatilized had ruthenium oxide
      been used alone. In the latter case a figure of 2 mgm. in one hour is
      obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A catalyst consisting essentially of a mixed oxide obtained by
      coprecipitating ruthenium and a base metal as hydrated oxides from a
      solution of ruthenium salt and salt of a base metal selected from the
      group consisting of titanium, zirconium, hafnium, niobium and bismuth
      drying and calcining to form said mixed oxide.
NUM  2.
PAR  2. A catalyst according to claim 1 wherein the ratio of ruthenium to base
      metal is within the range 5% ruthenium to 95% base metal and 95% ruthenium
      to 5% base metal, the percentages being by weight of the respective
      elements in the mixed oxide.
NUM  3.
PAR  3. A catalyst according to claim 1 wherein the catalyst is deposited on a
      high surface area intermediate refractory metal oxide and an ultimate
      support of pelleted ceramic, a corrugated metallic substrate or ceramic
      honeycomb structure.
NUM  4.
PAR  4. A catalyst according to claim 1 wherein the inert material has applied
      thereto as a first coating, a layer or deposit of a refractory oxide and
      on this first coating there is deposited said mixed oxide containing
      ruthenium and said metal.
NUM  5.
PAR  5. A process for preparing the catalyst of claim 8 which comprises forming
      a solution of ruthenium and base metal halides, precipitating the
      ruthenium and base metal as hydrated oxide, drying and calcining to form a
      mixed oxide of the ruthenium and base metal.
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ABST
PAL  For the introduction of an alkali metal vapour into an electric discharge
      tube, in particular for the vapour deposition of surfaces for
      photo-emission or secondary electron emission in such a tube, generators
      are used which comprise a filling which consists of at least one alkali
      metal alloyed with gold and/or silver, and/or copper alloyed with gold or
      silver.
BSUM
PAR  The invention relates to an alkali metal vapour generator comprising a
      material which mainly consists of one or more alkali metals and a metal
      having a lower vapour pressure than that of the alkali metal.
PAR  The invention furthermore relates to an electric discharge tube comprising
      at least one surface for photoemission or secondary electron emission
      obtained by means of such a generator.
PAR  The use of alkali metal vapour generators as mentioned above has so far
      been mainly restricted to the maintenance of a particularly low residual
      gas pressure in an evacuated space. In British Patent Specification
      151611, for example, a process is described in which an alloy of an alkali
      or alkaline earth metal and a more noble metal having a smaller vapour
      pressure is used for the introduction of an alkali or alkaline earth metal
      vapour in an electric discharge tube. The alkali or alkaline earth metal
      evaporated in the tube has for its object to getter, after evacuation of
      the tube, any residual gases present therein.
PAR  The usefulness of an alloy from which an alkali or alkaline earth metal can
      be evaporated by heating depends to a great extent upon the measure in
      which said metal is released from the alloy in a reproducible manner. The
      requirements which for that purpose are imposed upon said alloys are that
      prior to, during or after the evaporation of the alkali metal no or
      substantially no water vapour, contaminating gases or particles of solid
      are released therefrom.
PAR  In this respect, the requirements in the manufacture of surfaces for
      photo-emission or secondary electron emission are particularly high. Such
      surfaces are used in camera tubes in television, photomultiplier tubes,
      image intensifier tubes and other types of vacuum tubes. Said surfaces
      usually consist of one or more layers of the alkali metals sodium,
      potassium and caesium vapour deposited on a substratum of antimony or
      bismuth. The known generators to obtain an alkali metal vapour usually
      consist of a metal holder which contains a mixture of a chromate or
      bichromate of the relevant alkali metal and a reducing agent for said
      chromate or bichromate. Such generators are described, for example, in the
      U.S. Pat. No. 3,667,513.
PAR  A drawback of chromate-metal mixture is that they are difficult to maintain
      reproducible when stored in air. Another drawback is that when the alkali
      metal vapour is released, water vapour and contaminating gases are also
      released. Said gases can react with the alkali metal and have an adverse
      influence on the emission properties of the vapour-deposited surfaces. The
      high temperature of approximately 900.degree.C which is necessary to
      release a sufficient quantity of alkali metal vapour per unit of time from
      such a generator moreover contributes to said release of gas being
      considerable. Still another drawback is that, when the exothermally
      occurring reactions between the components of the said chromate-metal
      mixtures have started, the temperature and the reaction rate occurring are
      difficult to control.
PAR  It will be obvious that the said drawbacks constitute an impedance for the
      provision in a reproducible manner of surfaces for photo-emission or
      secondary electron emission. A result of this is that the reject
      percentage of tubes having surfaces thus obtained may be undesirably high.
PAR  It is an object of the invention to provide an alkali metal vapour
      generator of the type described in the preamble which does not show the
      said drawbacks and which is particularly suitable for use during the
      manufacture of surfaces for photo-emission or secondary electron emission.
PAR  According to the invention, in an alkali metal vapour generator which
      contains a material which mainly consists of one or more alkali metals and
      a metal having a lower vapour pressure than that of the alkali metals, the
      material contains mainly gold and/or silver and/or copper alloyed with
      gold or silver as a metal having a lower vapour pressure.
PAR  It is to be noted that in the above-mentioned British Patent Specification
      151,611 an explanation is given for the expression "more noble metal", in
      relation to the electropositivity of the metals. Exclusively with
      reference to said relation, gold and platinum are mentioned as examples of
      those metals which have the lowest electropositivity. It is not suggested
      at all with the given explanation that alloys of an alkali metal and gold
      or platinum would be suitable for the introduction of an alkali metal
      vapour into an electric discharge tube. This is proved once again by the
      fact that as an example of such an alloy is mentioned only a tin-calcium
      alloy.
PAR  The filling material of the metal vapour generator according to the
      invention is preferably single-phase or substantially single-phase. This
      means that the material consists preferably of one single or substantially
      one single compound of an alkali metal and a metal having a lower vapour
      pressure as mentioned above, while said compound is moreover present in
      the filling material in a monocrystalline structure. As a result of this,
      corrosion as it occurs during the formation of local elements is avoided.
PAR  The filling material of the generator according to the invention has
      important advantages over the known fillings which contain a chromate or
      bichromate. The gas release of the generator according to the invention is
      particularly low also due to the fact that sufficient alkali metal vapour
      is released from the generator at a comparatively low temperature which is
      approximately 600.degree.C dependent upon the composition of the filling
      material of the generator. The advantage of this is that the generator
      according to the invention can be brought to and maintained at the desired
      operating temperature with an accordingly low power. By controlling the
      power supplied to the generator, the evaporation process of the alkali
      metal can be controlled in a simpler and more accurate manner than when
      using an alkali metal chromate or bichromate due to the lack of an
      exothermal reaction.
PAR  The filling material of the metal vapour generator according to the
      invention is resistant to attack by moist air to such an extent that it
      can be introduced into the production process without taking special
      measures.
PAR  A few non-restricting examples of alloys which are preferably used in the
      generator according to the invention are Au.sub.2 Na, Au.sub.5 Na,
      Au.sub.2 K, Au.sub.5 K and caesium alloys which are rich in gold.
PAR  The said alloys are excellently suitable for use in the manufacture of
      surfaces for photo-emission or secondary electron emission, as they are
      used in camera tubes for television, photo-multiplier tubes, image
      intensifier tubes and other types of vacuum tubes.
PAR  It is possible in such alloys to fully or partly replace the gold by silver
      or an alloy of copper and gold or silver. However, the extent of
      resistance of the alloy to attack by moist air decreases according as the
      content of gold therein is lower or according as therein more gold is
      replaced by silver or the said copper alloy.
PAR  Various methods are known for the vapour deposition of surfaces for
      photo-emission or secondary electron emission. One of these methods
      consists in that the alkali metal vapour generator remains mounted in the
      tube also after the alkali metal has been evaporated therefrom. According
      to another method, the alkali metal vapour generator is mounted in an
      appendix of the tube and after use of the generator the appendix is sealed
      off from the tube. According to still another method, the electrodes for
      photo-emission or secondary electron emission are vapour-deposited in a
      separate vacuum space and then mounted in an electric discharge tube. For
      the generator according to the invention it is irrelevant which method is
      used in manufacturing the said electrodes.
PAR  It is also possible to simultaneously evaporate sodium and potassium from
      one alkali metal source. For that purpose, the alkali metal vapour
      generator according to the invention comprises a mixture of the potassium
      and sodium alloys suitable according to the invention. The simultaneous
      vapour deposition of sodium and potassium is also possible if the
      generator according to the invention comprises a tarnary or multicomponent
      alloy of sodium, potassium and gold and/or silver and/or copper alloyed
      with gold or silver.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing, in which
PAR  FIG. 1 is a perspective view partly broken away of an embodiment of an
      alkali metal vapour generator according to the invention, and
PAR  FIG. 2 shows an image intensifier tube in which at least one alkali metal
      vapour generator according to the invention is mounted.
DETD
PAR  The alkali metal vapour generator shown in FIG. 1 is a sodium vapour
      generator. The generator is manufactured from a chromium-nickel-steel
      strip of 80 .mu.m thickness. In the first instance said strip is bent
      about its longitudinal axis in such manner that a channel having an
      approximately U-shaped cross-section is obtained. Said channel is then
      filled with Au.sub.2 Na in powder form, after which the upright walls of
      the channel are moved towards each other by means of a drawing-rolling
      operation in such manner that they overlap each other partly as is denoted
      at 5. During this operation the Au.sub.2 Na present as a fine powder is
      compressed in such manner that prior to, during and after the evaporation
      of the sodium no particles of solid are released from the generator. Tubes
      having a length of 21 mm are obtained from the resulting cylindrical tube
      which has a diameter of 1 mm by means of a severing operation such as
      cutting or chopping. In the Figure a tube 1 thus obtained is closed at
      either end by means of a welded chromium-nickel-steel cap 2. A metal strip
      3 is welded to each cap 2 through which the electric power is supplied to
      the generator. An electric current of approximately 4 Amp. is sufficient
      to bring the Au.sub.2 Na powder 4 present in the generator at a
      temperature of approximately 600.degree.C. At this temperature the sodium
      evaporates from the alloy to a sufficient extent and then leaves the
      generator via the chink 6 formed at the overlapping 5 throughout the
      length of the tube 1.
PAR  FIG. 2 is a diagrammatic axial sectional view of an image intensifier tube.
      The tube comprises a light-pervious window 11 which forms part of a glass
      envelope 12 of the tube. In the tube, a trialkali photo-cathode 13 is
      vapour-deposited which emits electrons when photons impinge upon it. The
      electrons released from the photocathode are accelerated by means of an
      anode 14 and can reach a second window 16 via an aperture 15 provided
      therein. On the inside of the window 16 is a luminescent layer 17 which
      emits photons when electrons impinge upon it. In this manner an image of
      an article intensified as regards luminance can be observed via the window
      16. Electric leadthroughs and connection pins via which the electrodes are
      set up at a correct potential are not shown so as to avoid complexity of
      the drawing.
PAR  The photocathode is constructed from sodium, potassium and caesium. These
      metals are vapour-deposited on the inside of a curved, light-pervious
      support 20 which, in order to reduce the transverse resistance, comprises
      a conductive layer 24 of tin oxide. Three alkali metal vapour generators
      according to the invention are mounted on a few lead-through pins 23. A
      sodium vapour generator 18 filled with Au.sub.5 Na power 21 and a
      potassium vapour generator 19 filled with Au.sub.5 K powder 22 are shown
      in cross-section in the Figure. A third generator not shown in the Figure
      and filled with a caesium alloy which is rich in gold as well as the
      generators 18 and 19, are arranged in the tube approximately circularly
      symmetrically with the cylindrical anode 14. The plate where the
      generators are mounted in the tube is chosen to be so that the generator
      cannot exert any disturbing influence on the electron optical reproduction
      in the tube.
PAR  The vapour deposition of the photocathode 13 is carried out after having
      degassed the tube at a temperature of approximately 450.degree.C for some
      time. During said degassing no noteworthy quantities of alkali metal
      vapour emerge from the generators.
PAR  By alternately bringing the generators at their operating temperature via
      the electric lead-throughs 23 by means of an electric current of
      approximately 4 Amp. the various alkali metals are provided on their
      substratum. Generally known measures are taken to ensure that the alkali
      metal vapours released from the generators deposit only on the support 20
      destined for this purpose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alkali metal vapour generator comprising a material which consists
      essentially of at least one alkali metal and a further metal having a
      lower vapour pressure than said alkali metal, said further metal
      consisting essentially of at least one element selected from the group
      consisting of gold, silver and copper, with the proviso that said further
      metal include at least one of gold and silver.
NUM  2.
PAR  2. An alkali metal vapour generator as in claim 1, wherein said material is
      single-phase.
NUM  3.
PAR  3. An alkali metal vapour generator as in claim 1, wherein said material
      consists essentially of at least one of the alloys Au.sub.2 Na, Au.sub.5
      Na, Au.sub.2 K, Au.sub.5 K and a caesium alloy which is rich in gold.
NUM  4.
PAR  4. An alkali metal vapour generator as in claim 1, wherein said material is
      a multicomponent alloy consisting essentially of at least one of sodium
      and potassium, and said further metal.
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ABST
PAL  Solid compositions of matter containing perfumery composites will also
      contain a mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol
      whereby the evaporation of the perfumery composite may be regulated to a
      constant value.
BSUM
PAR  This invention relates to solid support blocks which contain an aromatic or
      perfumery composite. More specifically, the invention is concerned with
      the inclusion of certain compounds of the type hereinafter set forth
      whereby the evaporation of the composite which provides a pleasant odor
      may be controlled and regulated.
PAR  Solid support blocks for aromatic or pleasant smelling composites have, in
      the past, been found to be erratic in the evaporation of the olfactory
      components of the block. As will hereinafter be shown in greater detail,
      it has now been discovered that, by including certain compounds, it is
      possible to regulate the evaporation of the olfactory component of the
      composition of matter whereby said evaporation will occur at a controlled
      and regular rate.
PAR  It is therefore an object of this invention to provide a novel support
      block for perfumery composites.
PAR  A further object of this invention is to provide a support block for
      perfumery composites, said support block containing certain compounds
      whereby the evaporation of the olfactory portion of the block is
      controlled.
PAR  In one aspect an embodiment of this invention resides in a solid perfumed
      composition of matter comprising a mixture of a gelling agent, inert
      liquids, an aromatic composite and a mono(C.sub.1 to C.sub.4 alkyl) ether
      of diethylene glycol.
PAR  A specific embodiment of this invention is found in a solid perfumed
      composition of matter comprising a mixture of from about 2% to about 10%
      by weight of a gelling agent, from about 2% to about 40% by weight of an
      aromatic composite, from about 10% to about 20% by weight of inert
      liquids, and from about 45% to about 86% by weight of a mono(C.sub.1 to
      C.sub.4 alkyl) ether of diethylene glycol.
PAR  Other objects and embodiments will be found in the following further
      detailed description of the present invention.
PAR  As hereinbefore set forth, it has now been discovered that, by adding a
      monoalkyl ether of diethylene glycol, and preferably a monoalkyl ether of
      diethylene glycol in which the alkyl portion of the ether contains from 1
      to 4 carbon atoms, said ether being referred to as a mono(C.sub.1 to
      C.sub.4 alkyl) ether of diethylene glycol, to a support block for a
      perfumery composite, it is possible to regulate the evaporation of the
      perfumery or olfactory composite. The support blocks containing a pleasant
      smelling composite are utilized for air fresheners, some examples of these
      air fresheners being sold under the tradenames Air-wick, Freshness, Fresh
      Hours, etc. During the use of these solid perfumery composites as air
      fresheners, the perfumery composite present in the final composition of
      matter will, due to the volatility thereof, evaporate. However, the
      evaporation of the aromatic compounds or materials has, in the past, been
      erratic and not regular in nature, the weight loss of the blocks tending
      to be greater when first used and then tending to flatten out upon further
      use thereof. However, by utilizing the compounds of the present invention,
      it is possible to regulate the evaporation of the aromatic materials in
      the solid composition of matter at such a rate so that the effective
      perfumery composite will be present in a much longer period of time. This
      is due in part to the fact that the mono(C.sub.1 to C.sub.4 alkyl) ethers
      of diethylene glycol which are utilized possess a volatility which is
      similar in nature to that of the aromatic materials which are used to
      impart the pleasant fragrances in the perfumery composite.
PAR  Heretofore, the support blocks which were utilized in commerce were
      compounded by admixing a gelling agent and a mixture of inert liquids
      along with the perfumery composite. The inert liquids which have been used
      in commercial support blocks usually consisted of water, alcohols such as
      methyl alcohol, ethyl alcohol, n-propyl alcohol, etc.; glycols such as
      methylene glycol, ethylene glycol, propylene glycol or derivatives
      thereof. However, as hereinbefore set forth, either the volatility of the
      organic liquids differed from the volatility of the aromatic materials
      present in the perfumery composite and therefore contributed to the uneven
      evaporation of the aforesaid aromatic materials, such is the case for
      water and low molecular weight alkanols, or the organic liquids were
      hygroscopic and poor solvents for perfumery composites, specific examples
      of these organic liquids being ethylene glycol, propylene glycol, etc. In
      contradistinction to this, it has now been discovered that, by utilizing a
      mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol in an amount so
      that said ether is present as a major portion of the composite, it is
      possible to obtain support blocks containing perfumery composites which
      permit the evaporation of the aromatic materials in a regular fashion.
PAR  The solid perfumed compositions of matter of the present invention will,
      therefore, comprise a mixture of a gelling agent such as, for example, a
      fatty acid soap containing from 10 to about 22 carbon atoms in length,
      said soaps including the alkali metal salts such as the sodium, potassium,
      lithium, etc., salts of capric acid, undecylic acid, lauric acid,
      tridecoic acid, myristic acid, pentadecanoic acid, palmitic acid, margaric
      acid, stearic acid, nondecylic acid, arachidic acid, behenic acid, etc.,
      said gelling agent being present in an amount in the range of from about
      2% to about 10% by weight of the finished composition of matter; an inert
      liquid or mixture of inert liquids including water, ethylene glycol,
      propylene glycol, butylene glycol, etc., said inert liquids being present
      in the range of from about 10% to about 20% by weight of the finished
      composition of matter; an aromatic composite consisting of a mixture of
      aromatic materials which may be present in any proportion necessary to
      give said composite a pleasant fragrance, said aromatic materials
      including alcohols, aldehydes, ketones, etc., said aromatic composite
      being present in an amount in the range of from about 2% to about 40% by
      weight of the finished composition of matter; and a mono(C.sub.1 to
      C.sub.4 alkyl) ether of diethylene glycol such as the monomethyl ether of
      diethylene glycol, the monoethyl ether of diethylene glycol, the
      monopropyl ether of diethylene glycol, the monobutyl ether of diethylene
      glycol, etc., said mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene
      glycol being present in an amount in the range of from about 45% to about
      86% by weight of the finished composition of matter. It is to be noted
      from the above proportions of compounds that the mono(C.sub.1 to C.sub.4
      alkyl) ethers of diethylene glycol are present in a major amount, that is
      over 50% of all of the volatile components which are present in the
      mixture. It is to be understood that the aforementioned mono(C.sub.1 to
      C.sub.4 alkyl) ethers of diethylene glycols are only given as
      representative examples and that the present invention is not necessarily
      limited thereto.
PAR  The solid perfumed composition of matter may be prepared in any suitable
      manner. For example, one method of preparing the desired composition of
      matter is to admix the fatty acid with the mono(C.sub.1 to C.sub.4 alkyl)
      ether of diethylene glycol. After the fatty acid, such as stearic acid,
      has dissolved in the mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene
      glycol, such as the monoethyl ether of diethylene glycol, the inert
      liquids comprising, for example, an aqueous solution of an alkali metal
      hydroxide, and, if so desired, ethylene glycol, are then admixed with the
      previously prepared mixture, said admixing being effected at an elevated
      temperature in the range of from about 70.degree. to about 80.degree. C.
      By this method, the gelling agent (an alkali metal salt of a fatty acid)
      is prepared in situ. It is also contemplated within the scope of this
      invention that the gelling agent comprising the alkali metal salt of a
      fatty acid can be prepared prior to addition to the inert liquids and
      thereafter dissolved therein. After thoroughly admixing the inert liquids,
      the fatty acid and the mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene
      glycol for a period of from about 10 seconds to about 1 minute, the
      aromatic composite is added, the mixture is then agitated for an
      additional period of 10 seconds to 1 minute and the composition of matter
      is then placed in a desired mold. The composition of matter is allowed to
      cool to room temperature whereby it forms a solid, following which it is
      removed and utilized for the purpose hereinbefore set forth in greater
      detail.
PAR  The perfumery composites which will form one component of the solid
      perfumed composition of matter of the present invention may, as
      hereinbefore set forth, comprise a mixture of various organic compounds,
      either naturally occurring or synthetic, comprising alcohols, aldehydes,
      ketones, esters, etc., the specific combination of these compounds
      resulting in a composite which may be utilized in the present invention
      would possess the following recipe:
TBL  Ingredient             Parts by Weight                                    
     ______________________________________                                    
     N-octanal              0.5                                                
     Capraldehyde           0.5                                                
     Resin benzoin          3.0                                                
     Resin labdanum         1.5                                                
     Lavandin               15.5                                               
     Polyalkylated acetyl tetralin                                             
                            1.5                                                
     Neroyl                 15.0                                               
     Citral diethyl acetate 30.0                                               
     Orange sweet           5.0                                                
     Rosemary               3.0                                                
     ______________________________________                                    
PAL  Likewise, another example of a perfumery composite which may be used and
      which will possess a fragrance of rose will comprise the following
      ingredients or components:
TBL  Ingredient             Parts by Weight                                    
     ______________________________________                                    
     Citronellol            45                                                 
     Citronellyl acetate    6                                                  
     Benzophenone           5                                                  
     Nerol                  10                                                 
     Linalool               5                                                  
     Hydroxycitronellal     10                                                 
     Phenylethyl alcohol    3                                                  
     Phenylethyl dimethyl acrylate                                             
                            3                                                  
     Oil bois de rose       8                                                  
     Isoeugenol             0.5                                                
     Oil caraway            0.5                                                
     n-Decanal              0.5                                                
     Isomenthol             1.5                                                
     ______________________________________                                    
PAL  It is to be understood that these composites are given merely for the
      purposes of illustration and that any other composite which possesses a
      pleasant fragrance such as those of flowers, herbs, etc., may be used as
      one of the components of the final composition of matter of the present
      invention.
PAR  The following examples are given to illustrate the novel solid compositions
      of matter of the present invention and the ability of these compositions
      of matter to evaporate in a controlled manner over a longer period of time
      than those which do not possess a mono(C.sub.1 to C.sub.4 alkyl) ether of
      diethylene glycol. It is to be understood that these examples are not
      intended to limit the generally broad scope of the present invention in
      strict accordance therewith.
PAC  EXAMPLE I
PAR  In this example a solid perfumed block was prepared by dissolving 8.5 grams
      of stearic acid in 54.0 grams of the monoethyl ether of diethylene glycol,
      said admixture being accomplished while maintaining the temperature of
      said mixture in a range of from about 70.degree. to about 80.degree. C. In
      like manner, 1.2 grams of anhydrous sodium hydroxide was dissolved in 4
      grams of distilled water and 12.3 grams of ethylene glycol was added
      thereto, the temperature of this solution being also maintained in a range
      of from 70.degree. to 80.degree. C. After the sodium hydroxide was
      dissolved in one solution and the stearic acid was dissolved in the other
      solution, the two solutions were then thoroughly admixed for a period of
      10 to 20 seconds. At the end of this time, 20 grams of a perfumery
      composite was added, the resulting solution being thoroughly admixed and
      placed into a mold. The mold was allowed to return to room temperature
      whereupon the mixture solidified and was then removed.
PAC  EXAMPLE II
PAR  In this example, a second solid block was prepared in a manner similar to
      that set forth in Example I above. However, the ethylene glycol was
      omitted from the formulation. The block was prepared by dissolving 8.5
      grams of stearic acid in 76.3 grams of the monoethyl ether of diethylene
      glycol, the stearic acid being dissolved at a temperature of about
      80.degree. C. In like manner, 1.2 grams of sodium hydroxide was dissolved
      in 4 grams of distilled water at a temperature of 80.degree. C. and the
      two solutions were then thoroughly admixed for a period of 10 to 20
      seconds. Following this, 10 grams of a perfumery composite was then added,
      the resulting solution was admixed for an additional period of 10 to 20
      seconds and the resulting solution was charged to a mold. The mold was
      allowed to cool to room temperature where the solution solidified to form
      a solid perfumed composition of matter of the present invention.
PAC  EXAMPLE III
PAR  In this example 8.5 grams of stearic acid is dissolved in 60 grams of the
      monomethyl ether of diethylene glycol, said dissolution being accomplished
      at a temperature of 80.degree. C. In like manner, 1.2 grams of sodium
      hydroxide is dissolved in 4 grams of distilled water at a temperature of
      80.degree. C. following which 12.3 grams of propylene glycol is added to
      the alkali solution. The alkali solution of inert liquids and the stearic
      acid dissolved in the monomethyl ether of diethylene glycol are admixed
      with constant agitation during a period of 10 to 20 seconds. At the end of
      this time, a perfumery composite in the amount of 14 grams is added to the
      solution which is thereafter again admixed with constant agitation and
      poured into a mold. The mold and contents thereof are allowed to cool to
      room temperature and the resulting solid perfumed composition of matter is
      recovered from the mold.
PAC  EXAMPLE IV
PAR  In this example 8.5 grams of stearic acid is dissolved in 64 grams of the
      monopropyl ether of diethylene glycol at a temperature of 80.degree. C. In
      a second reaction vessel, 1.2 grams of anhydrous sodium hydroxide is
      dissolved in 4 grams of distilled water at a temperature of 80.degree. C.
      and 12.3 grams of ethylene glycol is added to the solution. The alkali
      solution of inert liquids is then added to the solution of the monopropyl
      ether of diethylene glycol containing the dissolved stearic acid, the
      addition being accomplished at a temperature of 80.degree. C. After
      thoroughly admixing the two portions 10 grams of a perfumery composite is
      added and the resulting solution is poured into a mold. Upon cooling to
      room temperature, the resulting solid perfumed composition of matter is
      removed therefrom.
PAC  EXAMPLE V
PAR  To illustrate the ability of the solid perfumed compositions of matter of
      the present invention to evaporate at a more controlled rate for a longer
      period of time, a comparison was made in which a block prepared according
      to Example I above and which contained 10% of a perfume known in the trade
      as Fichtennadel was allowed to evaporate at room temperature. The starting
      block weighed 49 grams. The evaporation of the block is charted in Table I
      below:
TBL                TABLE I                                                     
     ______________________________________                                    
     Weight                                                                    
     in Grams              Days                                                
     ______________________________________                                    
     43                    10                                                  
     39                    20                                                  
     34                    30                                                  
     31                    40                                                  
     28                    50                                                  
     24                    60                                                  
     22                    70                                                  
      19.5                 80                                                  
     18                    90                                                  
     ______________________________________                                    
PAR  In contradistinction to this, an air freshener block sold by a major
      European company also was allowed to evaporate at room temperature. The
      results of this evaporation are set forth in Table II below. The initial
      weight of this block was 73 grams.
TBL                TABLE II                                                    
     ______________________________________                                    
     Weight                                                                    
     in Grams              Days                                                
     ______________________________________                                    
     38                    10                                                  
     30                    20                                                  
     26                    30                                                  
     24                    40                                                  
     21                    50                                                  
     19                    60                                                  
     18                    70                                                  
     ______________________________________                                    
PAR  It is therefore readily apparent from a comparison of the above two tables
      that the solid block which contained a mono(C.sub.1 to C.sub.4 alkyl)
      ether of diethylene glycol, namely, the monoethyl ether of diethylene
      glycol, exhibited an evaporation rate which was more controlled and
      regular and, in addition, lasted for a longer period of time. For example,
      a comparison of the two blocks after a 10-day period of evaporation showed
      that over one-half of the total weight of the block which did not contain
      the monoethyl ether of diethylene glycol was lost by evaporation in
      contrast to the rate of evaporation of the block of the present invention
      which showed only a 10% loss of weight by evaporation during the first 10
      days. At the 20-day period, it is to be noted that the block of the
      present invention only exhibited a 25% loss in weight by evaporation as
      contrasted to the block which did not contain all of the ingredients
      necessary for the controlled evaporation, the latter block exhibiting an
      over 50% loss in weight. To carry out the comparison for a longer period
      of time, it is to be noted that at 90 days, the block prepared according
      to the process of the present invention still maintained a weight
      approximately 36% of the original weight of the block as contrasted to the
      block which is in commercial use which possessed only 22% of its original
      weight after a period of 70 days.
PAR  It is therefore readily apparent from the above comparison that by
      utilizing a mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol as
      one component in the formulation of a solid composition of matter, it is
      possible to form said composition of matter so that the evaporation with
      concurrent loss of the pleasant fragrance will be controlled and will
      permit the block to be used for a relatively longer period of time than is
      possible when utilizing solid perfumed compositions of matter which do not
      contain all of the components of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A solid perfumed composition of matter comprising a mixture of a gelling
      agent, inert liquids, an aromatic composite and a mono(C.sub.1 to C.sub.4
      alkyl) ether of diethylene glycol, said aromatic composite and said ether
      being of similar volatility and said ether being present in the solid
      composition in greater amount than said aromatic composite.
NUM  2.
PAR  2. The composition of matter as set forth in claim 1 in which said gelling
      agent is present in an amount of from about 2% to about 10% by weight,
      said aromatic composite is present in an amount of from about 2% to about
      20% by weight, said inert liquids are present in an amount of from about
      10% to about 20% by weight and said mono(C.sub.1 to C.sub.4 alkyl) ether
      of diethylene glycol is present in an amount of from about 45% to about
      86% by weight of the solid composition of matter.
NUM  3.
PAR  3. The composition of matter as set forth in claim 1 in which said
      mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol is the
      monomethyl ether of diethylene glycol.
NUM  4.
PAR  4. The composition of matter as set forth in claim 1 in which said
      mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol is the monoether
      ether of diethylene glycol.
NUM  5.
PAR  5. The composition of matter as set forth in claim 1 in which said
      mono(C.sub.1 to C.sub.4 alkyl) ether of diethylene glycol is the
      monopropyl ether of diethylene glycol.
NUM  6.
PAR  6. The composition of matter as set forth in claim 1 in which said gelling
      agent is the sodium salt of stearic acid.
NUM  7.
PAR  7. The composition of matter as set forth in claim 1 in which said inert
      liquid is water.
NUM  8.
PAR  8. The composition of matter as set forth in claim 1 in which said inert
      liquids comprise a mixture of water and ethylene glycol.
NUM  9.
PAR  9. The composition of matter as set forth in claim 1 in which said inert
      liquids comprise a mixture of water and propylene glycol.
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ABST
PAL  A detergent composition containing a non-coloring antioxidant to reduce
      yellowing of clothes. A detergent composition containing 0.001 to 5
      percent by weight of a non-coloring antioxidant and 1 to 35 percent by
      weight of a metal-deactivating agent to reduce yellowing of clothes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a detergent composition capable of minimizing
      yellowing of clothes.
PAR  2. Description of the Prior Art
PAR  When worn, clothes become contaminated with soils and stains such as sebum
      soils secreted from bodies, particles of dirt or dust, oil stains and the
      like. Detergents have been employed to remove physicochemically these
      soils or stains adhering on clothes, to restore the cleanliness of the
      clothes. However, as is well known in the art, none of the conventional
      detergents can remove such soils and stains completely and portions of the
      soils and stains remain in clothes after washing.
PAR  Various attempts have been made to obtain more complete removal of soils
      and stains. For instance, the physicochemical activities of detergents
      represented by surface active agents were at first utilized, and the
      biochemical activities of enzymes and the chemical activities of
      detergents represented by bleaching agents have been utilized. However, in
      spite of these efforts, complete removal of soils and stains has not yet
      been attained. Thus, small quantities of soils and stains are left on
      clothes and, as is well-known, these soils and stains accumulate by
      repetition of wearing and washing.
PAR  In view of the foregoing, it may be considered that in the detergent art it
      is desired to solve the important problem of attaining a complete removal
      of soils and stains. However, there is another important problem to be
      solved, i.e, the problem of preventing yellowing of fibrous clothes. The
      yellowing phenomenon is caused mainly by autoxidation of soils and stains
      left unremoved by washing, especially residual sebum soils.
PAR  A significant portion of the soil or dirt that adheres on clothes is sebum
      soil, about 50 percent by weight of which is unsaturated hydrocarbons and
      unsaturated aliphatic derivatives represented by squalene, triolein and
      oleic acid. It is confirmed that significant amounts of such unsaturated
      compounds are present in the soil or dirt that remains on clothes after
      washing. These unsaturated compounds undergo autoxidation and cause
      rancidity and give an offensive smell on wearing. Further, they cause
      yellowing even after washing. It is also known that yellowing by
      dye-stuffs and self-yellowing of fibers are due to autoxidation.
PAR  Various attempts have been made to provide detergent compositions capable
      of preventing or masking yellowing. For instance, redeposition preventing
      agents such as carboxymethyl cellulose and various fluorescent whitening
      agents are incorporated in detergents. However, the problem has not
      completely been solved as yet.
PAR  It is therefore a primary object of this invention to provide a detergent
      composition which can prevent or at least substantially reduce coloration
      and yellowing in clothes and generation of offensive smells.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a detergent composition containing (1) a
      non-coloring antioxidant, or (2) a non-coloring antioxidant and a
      metal-deactivating agent in combination.
PAR  It is well known that antioxidants are incorporated in oils, fats and
      macromolecular compounds. These antioxidants do not react with oxygen, but
      rather react with radical residues or peroxides to deactivate them, cut
      the reaction chains of autoxidation and thus prevent degradation by
      oxidation. In order for the antioxidant to exert an oxidation-preventive
      effect sufficiently, it is necessary that it should be located in the
      vicinity of the radical residues or peroxides being formed, for reaction
      therewith. Accordingly, it is generally required that the antioxidants
      should have an excellent oxidation-preventive effect and should also have
      a good solubility in the oils, fats or macromolecular substances into
      which they are to be incorporated, so that they can be uniformly mixed
      therein. Additional requirements are imposed on antioxidants depending on
      the intended uses of the oils, fats or macromolecular substances.
PAR  When an antioxidant is to be incorporated as one component in a detergent
      composition, the required properties of the antioxidant should be
      considered from quite a different and unique viewpoint. More specifically,
      antioxidants that are to be incorporated in detergent compositions should
      satisfy all of the following requirements. The antioxidant must be able to
      be dispersed uniformly in an aqueous detergent solution. It must be
      adsorbed on fibrous articles selectively and effectively during the
      washing operation. It should possess a good compatibility with residual
      soil or dirt adhered on fibrous articles. When the antioxidant is exerting
      its oxidation-preventive effect in the washing solution, it should not
      itself color the fabric or undergo yellowing due to oxidation thereof.
      When it has completed exerting its oxidation-preventive effect and is
      transformed to a compound free of an oxidation-preventive effect, it
      should be promptly absorbed in the washing liquor without adversely
      affecting the fibrous articles. Since generation of offensive smells is
      caused not only by rancidity of soil or dirt during wearing, but also by
      microbial decomposition of sebum, it is desired that the antioxidant have
      a bacteriostatic activity.
PAR  Many antioxidants known to be useful for oils, fats and polymers cannot be
      used effectively in detergent compositions because they do not meet one or
      more of the foregoing special requirements. We have discovered a limited
      class of antioxidants which satisfy the foregoing requirements. These
      antioxidants are as follows: (1) Thiobisphenols having the following
      general formula (1):
      ##SPC1##
PAL  wherein n is 0 or 1, R.sub.1 is an aliphatic hydrocarbon radical having 8
      to 14 carbon atoms, especially alkyls of 8 to 14 carbon atoms, or a
      tert.-butyl radical, and R.sub.2 and R.sub.3 are hydrogen, or alkyl or
      hydroxyalkyl having 1 to 2 carbon atoms, with the proviso that at least
      one of R.sub.2 and R.sub.3 is said alkyl or hydroxyalkyl group.
PAR  Typical antioxidants encompassed by the above general formula
PAR  1. include 4,4' -thiobis(6-tert.-butyl-3-methylphenol),
      4,4'-thiobis(6-tert.-butyl-2-methyl-phenol), bis(2-methyl-4-hydroxy-5
      -octylbenzyl) thio ether, etc.
PAR  Antioxidants belonging to this group are bifunctional antioxidants
      containing in one molecule both the phenol group which acts as a radical
      chain propagation inhibitor and the sulfur atom which acts as a
      peroxide-decomposing agent. They have excellent oxidation-preventive and
      non-coloring properties. Further, they show an excellent adsorbability on
      fibers because of the presence of the benzene ring and the long chain
      alkyl group. Moreover, we have found that the antioxidants belonging to
      this group have a bacteriostatic property as shown in Table 1.
TBL                                    Table 1*                                
     __________________________________________________________________________
             Gram Positive Bacteria                                            
                                   Gram Negative Bacteria                      
             Staphylococcus                                                    
                        Bacillus   Escherichia                                 
             aureus     subtilis   coli                                        
             Concentration                                                     
                        Concentration                                          
                                   Concentration                               
             500 ppm                                                           
                   50 ppm                                                      
                        500 ppm                                                
                              50 ppm                                           
                                   500 ppm                                     
                                         50 ppm                                
     __________________________________________________________________________
     4,4'-thiobis                                                              
     (6-tert.-                                                                 
             -     -    -     -    +     +                                     
     butyl-3-                                                                  
     methylphenol)                                                             
     __________________________________________________________________________
      *according to agar streak test method; " - " indicates inhibition of     
      growth of bacteria; " + " indicates growth of bacteria                   
PAR  2. Radical chain propagation inhibiting agents:
PA1  4,4'-butylidene-bis(6-tert.-butyl-3-methylphenol)
PA1  2,2'-butylidene-bis(6-tert.-butyl-4-methylphenol)
PA1  mono- or di-styrenated cresol
PA1  mono- or di-styrenated phenol
PA1  1,1 -bis(4-hydroxyphenyl)-cyclohexane
PA1  2,2'-methylene-bis(4-ethyl-6-tert.-butylphenol)
PA1  zinc salt of mercaptobenzimidazol
PA1  dimer or trimer of 2,2,4-trimethyl-1,2-dihydroquinoline
PA1  In contrast, other known antioxidants including dibutylhydroxytoluene
      (BHT), dibutylhydroxyanisole (BHA),
      2,2'-methylene-bis(6-tert.-butyl-4-methylphenol) and
      2,6-di-tert.-butyl-4-methylphenol are not suitable for the purposes of
      this invention, because they have no yellowing-preventive effect and they
      have a high coloring property.
PAR  3. peroxide decomposing agents:
PA1  di-alkyl-3,3'-thiodipropionates (the alkyl group having 16 to 18 carbon
      atoms)
PA1  tris-alkyl-phenol phosphites (the alkyl group having 8 to 14 carbon atoms)
PAR  According to the invention, these non-coloring antioxidants are
      incorporated in conventional clothes washing detergent compositions in an
      amount of from about 0.001 to about 5 percent by weight, preferably 0.01
      to 1 percent, based on the total weight of the detergent composition. In
      case the amount of the antioxidant is lower than about 0.001 percent by
      weight, the intended effect cannot be obtained. When the amount of the
      antioxidant exceeds about 5.0 percent by weight, the antioxidant itself
      becomes yellowed and incorporation of the antioxidant is ineffective.
PAR  These antioxidants have either no coloring property or an insignificant
      coloring property. They are excellent in their adsorbability on fibers and
      compatibility with residual soil or dirt. Accordingly, utilization of
      these antioxidants gives detergent compositions having an excellent
      yellowing-preventive effect. Thus, according to a first embodiment of the
      invention, the above-named antioxidants as used alone in detergent
      compositions to impart thereto an anti-yellowing property.
PAR  This yellowing-preventive effect is hindered to some extent by the presence
      of ions of metals such as calcium and magnesium which are contained in
      ordinary aqueous detergent washing solutions. According to a second
      embodiment of the invention these metal ions are deactivated.
PAR  Thus, the invention also provides a second type of detergent composition in
      which an especially excellent yellowing-preventive effect is attained by
      the synergistic activity of said non-coloring antioxidant as described
      above, used in combination with a metal-deactivating agent.
PAR  As the metal-deactivating agent to be used in the second type of detergent
      composition of this invention, there can be mentioned, for example, sodium
      nitrilotriacetate, sodium ethylenediaminetetraacetate, sodium citrate,
      sodium gluconate, tartaric acid, phytic acid, succinic acid, sodium
      polymaleate, copolymers or polymaleic acid with other copolymerizable
      vinyl monomers, sodium polyacrylate and the like.
PAR  The metal-deactivating agent is used in an amount of about 1 to about 35
      percent by weight, preferably 15 to 30 percent, based on the total weight
      of the detergent composition.
PAR  The detergent composition of this invention comprises, as a base, a
      conventional clothes washing detergent composition containing as an active
      washing agent an anionic surfactant such as straight or branched chain
      alkylbenzene sulfonates, alkyl sulfates, .alpha.-olefin-sulfonates, alkyl
      sulfonates or an alkyl- or alkylphenolpolyoxyethylene ether sulfates, or a
      non-ionic surfactant such as polyoxyethylene alkyl ethers or
      polyoxyethylene alkylphenyl ethers, or mixtures of said anionic and
      non-ionic surfactants. There can also be present various conventional
      adjuncts including a builder component such as a condensed phosphoric acid
      salt, a carboxylic acid salt, a silicic acid salt or a boric acid salt,
      carboxymethyl cellulose or polyethylene glycol and as optional components
      an optical brightening agent and a perfume. The non-coloring antioxidant
      or the non-coloring antioxidant and the metal-deactivating agent are
      incorporated, as by mixing, in said basic detergent composition.
PAR  The basic clothes washing detergent compositions that can be used in the
      invention can be any of those suitable for clothes washing purposes. Since
      the basic detergent composition is not our invention, further description
      thereof is believed to be unnecessary.
PAR  Since the water-solubility of the antioxidant is relatively low, in order
      to disperse it sufficiently in the detergent solution, it is possible to
      employ the antioxidant in the form of granules formed by the use of
      polyethylene glycol, carboxymethyl cellulose or starch and Glauber's salt.
PAR  This invention will now be further described by reference to the following
      illustrative examples.
DETD
PAC  EXAMPLE 1
PAR  A yellowing-preventive detergent of the following recipe is prepared
      according to the conventional spray-drying method:
     Components             percent by weight                                  
     ______________________________________                                    
     sodium alkylbenzene sulfonate                                             
                            15                                                 
     nonylphenol octaoxyethylene ether                                         
                            4                                                  
     sodium tripolyphosphate                                                   
                            25                                                 
     sodium silicate        7                                                  
     sodium carbonate       2                                                  
     sodium sulfate         34                                                 
     carboxymethyl cellulose                                                   
                            1                                                  
     fluorescent dye        0.4                                                
     antioxidant (various -- See Table 2)                                      
                            1                                                  
     perfume                as desired                                         
     water                  balance                                            
     total                  100                                                
     ______________________________________                                    
PAR  The following test was conducted on each composition to determine the
      yellowing-preventive effect thereof.
PAR  An oily soil composed of a mixture of equal amounts of squalene, triolein
      and oleic acid was applied to a cloth of polyester:cotton (65:35) mixed
      spun fibers in an amount of 0.04 g per g of the cloth to form an
      oil-contaminated cloth. This cloth contaminated with the oily soil
      composed of the above unsaturated compounds was washed under the
      conditions indicated below. After the washing treatment, the washed cloth
      was allowed to stand still at a temperature of 40.degree.C. and at a
      relative humidity of 80 percent for 20 days. The degree of yellowing was
      determined by measuring the b value by means of a color meter.
TBL  ______________________________________                                    
     Washing Conditions:                                                       
     ______________________________________                                    
     detergent concentration:                                                  
                      0.1 percent by weight                                    
     hardness of washing water:                                                
                      4.degree. DH                                             
     washing temperature:                                                      
                      20.degree.C.                                             
     bath ratio:      3 clothes (10 cm .times. 10 cm)                          
                      /500 g of detergent solution                             
     washing machine: Terg-O-Tometer                                           
     ______________________________________                                    
PAR  The results are shown in Table 2. When detergent compositions containing
      antioxidant were employed it was confirmed even by naked eye observation
      that a definite yellowing-preventive effect is attained except in the case
      of 2,2'-methylene-bis(6-tert.-butyl-4-methylphenol) and
      2,6-di-tert.-butyl-p-cresol, as compared with the case where the washing
      was effected with the use of a detergent composition free of an
      antioxidant.
TBL                Table 2                                                     
     ______________________________________                                    
      Antioxidant            b Value                                           
     not added (control)     2.01                                              
     2,2-methylene-bis(6-tert.-butyl-                                          
     4-methylphenol) (control)                                                 
                             13.54                                             
     4,4'-butylidene-bis(6-tert.-butyl-                                        
     3-methylphenol)         -0.85                                             
     2,6-di-tert.-butyl-p-cresol (control                                      
                             1.85                                              
     1,1-bis(4-hydroxyphenyl)-cyclohexane                                      
                             -1.01                                             
     styrenated phenol       -1.20                                             
     tris-nonylphenyl phosphite                                                
                             -0.56                                             
     distearyl-3,3'-thio-dipropionate                                          
                             0.16                                              
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  The following composition A was prepared by a conventional spray-drying
      method, and the following composition B was prepared by granulation. A
      detergent composition comprising 98 parts of the composition A and 2 parts
      of the composition B was prepared.
TBL  ______________________________________                                    
     Composition A        percent by weight                                    
     sodium alkylbenzenesulfonate                                              
                          18                                                   
     sodium tripolyphosphate                                                   
                          25                                                   
     sodium carbonate     4                                                    
     sodium silicate      10                                                   
     sodium sulfate       31                                                   
     carboxymethyl cellulose                                                   
                          1                                                    
     fluorescent dye      0.5                                                  
     perfume              as needed                                            
     water                balance                                              
     total                100                                                  
     Composition B        percent by weight                                    
     polyethylene glycol (MW = 6000)                                           
                          11                                                   
     starch               45                                                   
     carboxymethyl cellulose                                                   
                          14                                                   
     antioxidant (See Table 3)                                                 
                          20                                                   
     Glauber's salt       10                                                   
     ______________________________________                                    
PAR  Each of the above compositions was subjected to a long-time wear test, and
      the yellowing-preventive effect was determined. Two cotton knit underwears
      were worn alternately by an adult man each for one day and then washed.
      This procedure was continued for one month. One of the underwears was
      washed with the above detergent composition and the other was washed with
      a comparative detergent composition, i.e., the same composition except
      that it contained no antioxidant. The test was conducted on 10 adult men.
      The washing was performed by a washing machine under the following
      conditions; washing water=city water maintained at 20.degree.C., detergent
      concentration=0.167 percent by weight, bath ratio=1 Kg/30l. . The
      yellowing degree was determined by measuring the b value immediately after
      the month's test was completed and also after the test underwear had been
      allowed to stand still at a temperature of 20.degree.C. and a relative
      humidity of 60 percent for 2 months from the termination of the one
      month's test. The results are shown in Table 3. From these results, it is
      seen that the oxidation-preventive effect was attained in the case of the
      compositions of this invention. This effect was apparent even by naked eye
      observation.
TBL                Table 3                                                     
     ______________________________________                                    
     Antioxidant b Value                                                       
                            after                                              
               just after   2 months'                                          
               wear test    standing                                           
     ______________________________________                                    
     not added   -1.2           1.4                                            
     tris-nonylphenyl                                                          
                 -4.8           -4.0                                           
     phosphite                                                                 
     1,1-bis(4-hydroxy-                                                        
     phenyl)-cyclohexane                                                       
                 -4.2           -3.3                                           
     ______________________________________                                    
      *the b value of the cotton knit underwears was -6.2 before the wear test.
PAC  EXAMPLE 3
PAR  The following composition C was prepared by a conventional spray-drying
      method, and the following composition D was prepared by granulation. A
      detergent composition was prepared by mixing 99 parts of the composition C
      with 1 part of the composition D.
TBL  ______________________________________                                    
     Composition C         percent by weight                                   
     ______________________________________                                    
     sodium straight-alkylbenzenesulfonate                                     
                           18                                                  
     sodium tripolyphosphate                                                   
                           25                                                  
     sodium silicate       5                                                   
     sodium carbonate      1                                                   
     carboxymethyl cellulose                                                   
                           1                                                   
     sodium sulfate        39.5                                                
     fluorescent dye       0.5                                                 
     water                 10                                                  
     total                 100                                                 
     Composition D                                                             
     4,4'-thiobis(6-tert.-butyl-                                               
     3-methylphenol)       10                                                  
     carboxymethyl cellulose                                                   
                           10                                                  
     polyethylene glycol (MW = 6000)                                           
                           10                                                  
     starch                45                                                  
     sodium sulfate        25                                                  
     total                 100                                                 
     ______________________________________                                    
PAR  In order to examine the yellowing-preventive effect of this detergent
      composition, the following test was conducted.
PAR  An oily soil composed of a mixture of equal amounts of squalene, triolein
      and oleic acid was applied on a cloth of polyester:cotton (65:35) mixed
      spun fibers in an amount of 50 mg per g of the cloth. The thus- formed
      contaminated cloth was washed under the conditions indicated below, and
      the washed cloth was allowed to stand still at a temperature of
      40.degree.C. and a relative humidity of 80 percent for 20 days. Then, the
      degree of yellowing was determined by measuring the b value by means of a
      color meter.
TBL  ______________________________________                                    
     Washing Conditions:                                                       
     ______________________________________                                    
     detergent concentration:                                                  
                      0.1 percent by weight                                    
     Hardness of water used:                                                   
                      4.degree. DH                                             
     temperature:     20.degree.C.                                             
     bath ratio:      three cloths (10 cm .times. 10 cm)                       
                      /500 cc of detergent solution                            
     washing machine: Terg-O-Tometer                                           
     Results obtained are shown in Table 4.                                    
     ______________________________________                                    
TBL                Table 4                                                     
     ______________________________________                                    
     Detergent Composition                                                     
                          b Value                                              
     ______________________________________                                    
     above detergent composition (I)                                           
     of this invention    -3.8                                                 
     comparative detergent composition                                         
     (II) (composition (I) but not                                             
                          1.5                                                  
     containing antioxidant)                                                   
     ______________________________________                                    
      *the b value of the starting cloth subjected to the test was -4.2        
PAR  The composition (I) of this invention exhibited an extremely high
      yellowing-preventive effect, and the difference of the
      yellowing-preventive effect between the composition of this invention and
      the comparative composition could be definitely confirmed by naked eye
      observation.
PAC  EXAMPLE 4
PAR  The deodorizing effect on socks was examined with respect to the detergent
      compositions (I) and (II) described in Example 3. Cotton socks were worn
      by 10 adult men. The sock washed with the detergent composition (I) was
      put on the left foot and the sock washed with the detergent composition
      (II) was put on the right foot. The socks were worn for 1 day and after
      every wearing, they were washed with city water containing 0.1 percent by
      weight of the detergent composition and maintained at 30.degree.C. After
      washing, the pairs of socks were compared with each other with respect to
      their offensive smell by a panel consisting of 5 men and 5 women. This
      test was repeated 6 times. The same tests were conducted by using nylon
      socks. The results are shown in Table 5, from which it is seen that the
      detergent composition of this invention had a deodorizing activity.
TBL                Table 5                                                     
     ______________________________________                                    
     Repetition Frequency                                                      
             1       2       3     4     5     6                               
     socks                                                                     
     ______________________________________                                    
     nylon   8       7       10    17    16    19                              
     cotton  0       3       18    10    13    12                              
     ______________________________________                                    
PAR  Evaluation of the deodorizing effect by each examiner was made on the
      following scale; the points of 10 examiners were totalized to evaluate the
      deodorizing effect.
TBL  ______________________________________                                    
     Points  Judgment                                                          
     ______________________________________                                    
     2       IIS* is more smelly than IS*                                      
     1       IIS is a little more smelly than IS                               
     0       no difference between IS and IIS                                  
     -1      IS is a little more smelly than IIS                               
     -2      IS is more smelly than IIS                                        
     ______________________________________                                    
      *IS and IIS indicate socks washed with detergent composition (I) and sock
      washed with detergent composition (II), respectively.                    
PAR  Accordingly, a positive larger value in Table 5 shows a greater deodorizing
      activity of the detergent composition (I) of the present invention and a
      zero value shows no deodorizing effect.
PAC  EXAMPLE 5
PAR  In this example, the following recipe was used to prepare detergents E, F
      and G.
TBL  ______________________________________                                    
     Ingredient          percent by weight                                     
     ______________________________________                                    
     sodium dodecybenzenesulfonate                                             
                         25                                                    
     sodium tripolyphosphate                                                   
                         X                                                     
     sodium silicate     5                                                     
     sodium carbonate    1                                                     
     carboxymethyl cellulose                                                   
                         1                                                     
     sodium citrate      Y                                                     
     4,4'-thiobis(6-tert.-butyl-3-                                             
     methylphenol)       Z                                                     
     sodium sulfate      balance                                               
     total               100                                                   
     ______________________________________                                    
PAR  The values of X, Y and Z for detergents E, F and G were as follows:
TBL  Detergent E    Detergent F  Detergent G                                   
     ______________________________________                                    
     X     20           15           20                                        
     Y     0            5            0                                         
     Z      0.1          0.1         0                                         
     ______________________________________                                    
PAR  The above three compositions were formed into slurrys, with the use of
      water, and they were spray-dried to form granular detergents. Using these
      three detergent samples, the following yellowing test was conducted.
PAR  An oily soil composed of a mixture of equal amounts of squalene, triolein
      and oleic acid was applied on a cloth of polyester:cotton (65:35) mixed
      spun fibers in an amount of 50 mg per g of the cloth. This unsaturated
      oil-contaminated cloth was washed under the following conditions and
      allowed to stand still at a temperature of 40.degree.C. and a relative
      humidity of 80 percent for 20 days. The degree of yellowing was determined
      by measuring the b value by means of a color meter.
TBL  ______________________________________                                    
     Washing Conditions:                                                       
     ______________________________________                                    
     detergent concentration:                                                  
                    0.1 percent by weight                                      
     water used:    ion-exchanged water or water of hardness                   
                    of 4.degree. DH                                            
     temperature:   20.degree.C.                                               
     bath ratio:    three contaminated cloths (10 cm .times. 10                
                    cm) /500 cc of detergent solution                          
     washing machine:                                                          
                    Terg-O-Tometer                                             
     ______________________________________                                    
PAR  Results are shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
                    b Value                                                    
     Detergent                                                                 
                    Washing Water                                              
     ______________________________________                                    
                    ion-exchanged                                              
                                water of hard-                                 
                    water       ness 4.degree. DH                              
     detergent E    -2.7        -2.5                                           
     detergent F    -3.1        -3.5                                           
     detergent G (control)                                                     
                    -1.1        0.5                                            
     ______________________________________                                    
PAR  From the results of Table 6, it is seen that the detergent E containing the
      antioxidant had a yellowing preventive effect as compared with the
      detergent G (free of the antioxidant) and the detergent F containing both
      the antioxidant and sodium citrate (metal-deactivating agent) exhibited a
      highly enhanced yellowing-preventive effect.
PAC  EXAMPLE 6
PAR  The following composition H was prepared by a conventional spray-drying
      method, and the composition I was prepared by granulation.
PAR  A detergent composition was prepared by mixing 99 parts of the composition
      H with 1 part of the composition I.
TBL  ______________________________________                                    
     Composition H         percent by weight                                   
     ______________________________________                                    
     sodium salt of higher oxoalcohol                                          
     sulfuric acid ester   21                                                  
     metal-deactivating agent (sodium                                          
     nitrilotriacetate or sodium citrate)                                      
                           20                                                  
     sodium silicate       6                                                   
     sodium carbonate      2                                                   
     carboxymethyl cellulose                                                   
                           1                                                   
     fluorescent dye       0.5                                                 
     sodium sulfate        39.5                                                
     water                 10                                                  
     total                 100                                                 
     Composition I         percent by weight                                   
     4,4'-thiobis(6-tert.-butyl-2-                                             
     methylphenol)         5                                                   
     polyethylene glycol (MW = 6000)                                           
                           10                                                  
     water-soluble starch  45                                                  
     carboxymethyl cellulose                                                   
                           15                                                  
     sodium sulfate        25                                                  
     total                 100                                                 
     ______________________________________                                    
PAR  In order to examine the yellowing-preventive effect of this detergent
      composition, the following test was conducted.
PAR  Two cotton knit underwears were worn alternately by an adult man each for 1
      day and then washed. This procedure was repeated for 1 month. One of the
      underwears was washed with the above detergent composition and the other
      underwear was washed with the comparative detergent composition (the same
      composition, except that it did not contain the antioxidant). The test was
      conducted by a panel consisting of 10 adult men.
PAR  The washing was carried out by using a washing machine under the following
      conditions: washing liquor = city water maintained at 20.degree.C.,
      detergent concentration = 0.167 percent by weight, bath ratio = 1 Kg/30l.
      After one month's wearing test, the sample underwears were allowed to
      stand still at a temperature of 20.degree.C. and a relative humidity of 60
      percent for 2 months. The degree of yellowing was determined by measuring
      the b valve by means of a color meter.
PAR  The results are shown in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
     Metal-Deactivating Agent                                                  
                     b Value                                                   
                   just after                                                  
                            after standing                                     
                   wearing test                                                
                            still for 2 months                                 
     ______________________________________                                    
     neither antioxidant nor                                                   
     metal-deactivating agent                                                  
                      0.8        2.5                                           
     was added (sodium tripoly-                                                
     phosphate used                                                            
     instead) (control)                                                        
     sodium citrate  -3.1       -2.5                                           
     sodium nitrilotriacetate                                                  
                     -3.9       -3.0                                           
     ______________________________________                                    
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A clothes washing detergent composition having incorporated therein from
      0.001 to 5 percent by weight of a compound of the formula
      ##SPC2##
PAL  wherein n is 0 or 1, R.sub.1 is an aliphatic hydrocarbon having 8 to 14
      carbon atoms or tert.-butyl, and R.sub.2 and R.sub.3 are H, alkyl or
      hydroxyalkyl having 1 to 2 carbon atoms, with the proviso that at least
      one of R.sub.2 and R.sub.3 is said alkyl or hydroxyalkyl.
NUM  2.
PAR  2. A composition according to claim 1, also containing from 1 to 35 percent
      by weight of a compound selected from the group consisting of sodium
      nitrilotriacetate, sodium ethylenediamine tetraacetate, sodium citrate,
      sodium gluconate, tartaric acid, phytic acid, succinic acid, sodium
      polymaleate, copolymers of polymaleic acid and other copolymerizable vinyl
      monomer, and sodium polyacrylate.
NUM  3.
PAR  3. The detergent composition as claimed in claim 1, wherein the amount of
      the additive is from 0.01 to 1 percent by weight.
NUM  4.
PAR  4. The detergent composition as claimed in claim 2, wherein the amount of
      the second additive is from 15 to 30 percent by weight.
NUM  5.
PAR  5. The detergent composition as claimed in claim 1, in which said substance
      is selected from the group consisting of
      4,4'-thiobis(6-tert.-butyl-3-methyl-phenol),
      4,4'-thiobis(6-tert.-butyl-2-methyl-phenol) and
      bis(2-methyl-4-hydroxy-5-octyl-benzyl) thio ether.
NUM  6.
PAR  6. A clothes washing detergent composition as claimed in claim 1 containing
      as the active washing agent an anionic clothes washing surfactant selected
      from the group consisting of straight or branched chain alkylbenzene
      sulfonates, alkyl sulfonates, .alpha.-olefin sulfonates, alkyl sulfonates
      and alkyl-and alkylphenyl-ether sulfates.
NUM  7.
PAR  7. A clothes washing detergent composition as claimed in claim 1 containing
      as the active washing agent a mixture of an anionic clothes washing
      surfactant selected from the group consisting of straight or branched
      chain alkylbenzene sulfonates, alkyl sulfates, .alpha.-olefin sulfonates,
      alkyl sulfonates and alkyl-and alkylphenyl-ether sulfates, and a nonionic
      clothes washing surfactant selected from the group consisting of
      polyoxyethylene alkyl ethers and polyoxyethylene alkylphenyl ethers.
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ABST
PAL  A method for preparing a novel compound, i.e. a resinous material,
      characterized in that an epoxy compound is allowed to react with ammonium
      salt or a metal salt (for example, lithium salt, sodium salt, potassium
      salt, magnesium salt, etc.) of polyglutamic acid. The resulting reaction
      product is useful in a method for treating shaped materials especially
      polyester textiles. In this method the shaped materials are treated with
      the novel resinous material to improve the appearance and handling
      characteristics thereof. A process for providing a wooly finish on
      polyester textiles is characterized by treating textiles (including
      polyester knittings and mixed spun fabrics or knittings or mixed woven
      fabrics or knittings) in a bath of an emulsified mixed solution of an
      epoxy compound and a metal salt of polyglutamic acid containing a
      catalyst, and carrying out a heat-treatment of the resulted textiles after
      pre-drying.
BSUM
PAR  The present invention relates to a method for preparing a novel resinous
      material which is a reaction product obtained by allowing an epoxy
      compound to react with a water soluble salt of polyglutamic acid such as
      ammonium salt and metal salts thereof (including lithium, sodium,
      potassium, magnesium salts and the like.) (The salts of polyglutamic acid
      will be hereinafter referred to as PGS.) The structure of the novel
      reaction product or compound obtained by allowing an epoxy compound to
      react with PGS has not yet been clarified in detail. However, it has been
      found that this product has quite different properties from those of both
      of the starting materials.
PAR  In accordance with the present invention the PGS used is soluble in water.
      On the other hand, most of epoxy compounds are insoluble in water. When a
      water soluble epoxy compound is employed, the compound is dissolved in
      water. When a water insoluble epoxy compound is employed, the compound is
      dissolved in a small amount of a hydrophobic organic solvent or in an
      amount of a hydrophilic organic solvent several times greater than the
      amount of the epoxy compound, and then a suitable surfactant is added to
      the thus obtained solution. Either solution of the epoxy compound prepared
      as noted above is added to an aqueous solution of PGS to obtain an
      emulsion. A conventional catalyst for curing an epoxy resin such as an
      amine (which will be hereinafter referred to simply as a catalyst) is
      added to the emulsion and then the emulsion is subjected to reaction, if
      necessary with heating up to about 80.degree.C, to partially convert the
      emulsion into a polymer having a low degree of polymerization, that is, a
      prepolymer. Suitable reaction time is several minutes, i.e. about 3
      minutes to about 24 hours, but preferably within the pot life time of the
      epoxy compound, i.e. about 12 hours. Immediately after the reaction is
      completed, the mixture is quickly concentrated to dryness at 80.degree.C
      or less. The resulted product is heated, if necessary, at 70.degree.C to
      90.degree.C for several minutes for pre-drying and then heated for 1 to 10
      minutes. The thus obtained white or pale yellow resinous material, which
      absorbs water and exhibits much swelling is found to be a quite novel
      compound or reaction product which is insoluble in water and common
      organic solvents.
PAR  Further, it has been found that the novel compound of the present invention
      can be utilized widely, for example, for treating or processing paper,
      natural leather, textiles including natural, artificial and synthetic
      fabrics, knitted good, thread, yarn, fiber and unwoven cloth, etc. to
      provide the materials with excellent touch and feel. For example, in the
      case wherein the novel compound is applied to a fabric as a treating
      agent, feel of the fabric is much improved. More particularly, the fabric
      is steeped in an emulsion containing a surfactant, an epoxy compound, PGS
      and a catalyst and, after the emulsion is swished off, the fabric is
      subjected to pre-drying at 70.degree.C - 90.degree.C and thereafter to
      baking at 150.degree.C for several minutes. The obtained fabric is
      subjected to soaping sufficiently with 0.5 % aqueous solution of Marseille
      soap, washed with water thoroughly and ironed after swishing water off and
      air-drying. The thus treated fabric is found to be remarkably improved in
      feel or handle when compared with a non-treated one.
PAR  Thus it will be appreciated that many attempts have been made to develop a
      method for processing polyester fabrics to have a soft, warm and
      voluminous feeling possessed by pure wool fabrics in order to apply
      polyester fabrics for outergarments which have been manufactured
      exclusively of wool. The present invention can provide textiles with a
      feel and a resistance to wrinkling equivalent or superior to those of wool
      fabrics by treating the textiles with the novel compound, i.e. one formed
      by the reaction of an epoxy compound and a metal salt of polyglutamic
      acid. As heretofore noted, the chemical structure of the novel compound
      has been still unknown. However, a metal salt of polyglutamic acid, for
      example, sodium salt of polyglutamic acid, can be considered appropriate
      as a material for wooly finish, because the polypeptide structure of its
      main chain resembles the structure of wool itself, as shown by the general
      formula:
      ##EQU1##
      (wherein n is a positive integer of from 15 to 3,500)
PAR  The reaction of sodium salt of polyglutamic acid and an epoxy compound in
      the presence of a catalyst is considered to be a cross-linking reaction in
      which opening of epoxy rings takes part, and therefore the reaction
      product provides textiles with an elastic resilience, softness, a
      resistance to washing and a resistance to dry cleaning.
PAR  By the following procedure, it is confirmed that other reactions than the
      above-mentioned reaction do not occur on the treated fabric. The similar
      operations as in the present invention, in which the combination of PGS,
      epoxy compound, surfactant and catalyst is employed, are carried out while
      using the five combinations of:
PAR  1.
PA1  surfactant,
PA1  epoxy compound, and
PA1  catalyst
PAR  2.
PA1  Pgs and
PA1  catalyst
PAR  3.
PA1  catalyst
PAR  4.
PA1  Pgs
PA1  surfactant, and
PA1  catalyst
PAR  5.
PA1  sodium glutamate
PA1  epoxy compound
PA1  surfactant, and
PA1  catalyst
PAL  The obtained products are investigated on properties and chemical
      structures by the infra-red absorption spectrum analysis and the like. As
      a result, the novel compound which swells in water is found to be produced
      only when a combination of PGS, epoxy compound, surfactant and catalyst is
      used. Further, the similar fabrics as mentioned above are steeped in the
      above-mentioned five kinds of reaction solutions and subjected to drying,
      baking, soaping, washing and final drying, and then the treated fabrics
      are examined for feel or handle. As a result, it is found that those
      fabrics are harder in touch or remarkably inferior in feel when compared
      with the fabrics treated with the solution consisting of PGS, epoxy
      compound, surfactant and catalyst.
PAR  The water soluble ammonium or metal salts of polyglutamic acid above
      described and employed in the present invention may be either optically
      active or inactive.
PAR  Usually, such a salt is obtained by saponifying poly-.gamma.-alkylglutamate
      with alcohol, aqueous alcohol or the like containing lithium hydroxide,
      potassium hydroxide, sodium hydroxide or the like and, if necessary the
      resultant product is converted to a desired form of salt such as ammonium
      salt, lithium salt, sodium salt, potassium salt, magnesium salt or the
      like by a suitable method. Alternatively, polyglutamic acid is produced by
      polymerizing directly glutamic acid by heating or by polymerizing glutamic
      N-carboxylic anhydride obtained by reacting glutamic acid with phosgene in
      an organic solvent, and the polyglutamic acid is converted into ammonium
      salt or a metal salt (lithium salt, sodium salt, potassium salt, magnesium
      salt, etc.) In general, the polymer, i.e. the polyglutamic acid has a
      molecular weight of from 2,000 to 500,000.
PAR  As an epoxy compound used in the present invention, any compounds having at
      least one vicinal epoxy group in the molecule are usable. The condensates
      of alcohol-compounds or phenol-compounds with epichlorohydrin or
      .beta.-methyl epichlorohydrin are the examples of those commonly on the
      market, for example:
PAR  1. A compound having the general formula (I):
      ##SPC1##
PAL  wherein n is an integer of 0 to 15.
PAR  2. A compound of halogenated bisphenol type having the general formula
      (II):
      ##SPC2##
PAL  wherein X represents a halogen atom.
PAR  3. A compound of resorcin type having the formula (III):
      ##SPC3##
PAR  4. A compound of bisphenol F type having the formula (IV):
      ##SPC4##
PAR  5. A compound of tetrahydrophenylethane type having the formula (V):
      ##SPC5##
PAR  6. A compound of novolac type having the formula (VI):
      ##SPC6##
PAL  wherein n is an integer of 0 to 2.
PAR  7. A compound of oxyalkylene glycol type having the formula (VII):
      ##EQU2##
      wherein R represents a hydrogen atom or an alkyl group (containing from 1
      to 20 carbon atoms), and n is an integer of 1 to 20.
PAR  8. A compound of glycerin-triether type,
      1,2,3-tris(2,3-epoxy-propoxy)propane, having the formula (VIII):
      ##EQU3##
PAR  9. A compound of poly olefin type having the formula (IX):
      ##EQU4##
      wherein R represents a hydrogen atom or an alkyl group of from 1 to 20
      carbon atoms.
PAR  Further, soybean oil epoxide or alicyclic type compound such as vinyl
      cyclohexene dioxide, etc. may be also used as an epoxy compound.
PAR  As to process of treating textiles, it has been found that particularly
      effective results are obtained when the epoxy compound is a condensate of
      a phenolic compound or alcoholic compound with epichlorohydrin or
      .beta.-methyl-epichloro-hydrin.
PAR  The epoxy compound used in preparation of a treating solution for textiles
      is substantially insoluble in water and required to be emulsified in an
      aqueous solution to use in the present invention. For this purpose, a
      solvent capable of readily dissolving the epoxy compound and an emulsifier
      is used. Usually, aromatic hydrocarbons such as benzene, toluene, xylene,
      etc., and ketones such as acetone, methylisobutylketone, methyl ethyl
      ketone, etc. are used. Appropriate emulsifiers used in this aspect of the
      present invention are surfactants, preferably non-ionic or cationic
      surfactants.
PAR  As the catalyst, any conventional catalysts employed in the production of
      an epoxy resin, for example, mono- or di-amines such as dibutylamine,
      propylamine, isopropylamine, n-butylamine, isobutylamine, modified
      polyamine compounds [for example, Epomate F-100 (trade name) produced by
      Ajinomoto Co.] and ammonium salts such as ammonium borofluoride (NH.sub.4
      BF.sub.4) and ammonium sulfamate; metal salts such as zinc borofluoride
      [Zn(BF.sub.4).sub.2 ], sodium thiosulfate (Na.sub.2 S.sub.2 O.sub.3) and
      potassium thiocyanate (KSCN); amine salts such as C.sub.2 H.sub.5 NH.sub.3
      .sup.+BF.sub.4.sup.-  and C.sub.6 H.sub.11 NH.sub.3 .sup.+BF.sub.4 .sup.-;
      organic acids or anhydrides thereof, etc. may be used. For the process of
      treating polyester textiles those catalysts having active hydrogen groups
      such as amines are preferred.
PAR  An epoxy compound, a material of the present invention is substantially
      insoluble or hardly soluble in water. Therefore, the compound is
      necessarily emulsified in an aqueous solution of PGS. The organic solvents
      to be employed are preferably those hydrophobic and capable of easily
      dissolving epoxy compounds and surfactants. Usually, aromatic hydrocarbons
      such as benzene, toluene, xylene, etc. and ketones such as acetone,
      methylisobutylketone, methylethylketone are used.
PAR  As for the surfactant used in the present process, there is no particular
      limitation. Any surfactants usually used for emulsifying an epoxy compound
      may be employed. Examples of these surfactants are cationic surfactants
      such as poly-oxyethylene alkyl amine type surfactants (for example,
      polyethylene lauryl amine) and quaternary ammonium salt type surfactants
      (for example, lauryltrimethyl ammonium chloride); and non-ionic
      surfactants such as polyoxyethylene alkylether type surfactants (for
      example, polyoxyethylene laurylether and polyoxyethylene oleylether),
      polyoxyethylene alkylphenol ether type surfactants (for example,
      octylphenol ether), polyoxyethylene acylether type surfactants (for
      example, polyethylene glycol monolaurate) and sorbitan fatty acid ester
      (for example, sorbitan monolaurate). When an epoxy compound is allowed to
      react with the solution of PGS without using a surfactant, the reaction
      does not proceed well.
PAR  It has been found that when a textile mainly consisting of polyester fibers
      is treated with the novel compound of the present invention, touch of the
      textile is remarkably improved as that of wool and further when other
      textiles are treated as above, they show respectively characteristic
      improved feel or handle.
PAR  In the present process, non-volatile matters (epoxy compound, PGS and
      catalyst) are usually used in a total amount up to 0.5 - 20 % by weight of
      the emulsion. The mixing ratio of the epoxy compound and PGS is not
      particularly limited, but usually from about 1 - 100 parts by weight of
      the epoxy compound is reacted with from about 1 - 100 parts by weight of
      the PGS. The surfactant is usually used in an amount of 1 - 20 % by weight
      based on the weight of the solution of the epoxy compound. The catalyst is
      used in an amount of 0.1 - 100 % by weight based on the weight of the
      epoxy compound.
PAR  The present invention is illustrated by the following Examples but not
      limited thereby.
DETD
PAC  EXAMPLE 1
PAR  2.4 g of sodium salt of poly-L-glutamic acid [which will be hereinafter
      referred to as PSLG, and has a molecular weight of 35,000 and a reduced
      viscosity of 1.2 (which is measured at 20.degree.C. after dissolving the
      PSLG in a 0.2 mol aqueous solution of sodium chloride, and the viscosities
      mentioned hereinafter are measured in the same manner as above.)] is
      dissolved in 320 ml of water. To said aqueous solution, the solution
      prepared by dissolving 2.4 g of Epikote 812, an epoxy compound (trade
      name, produced by Shell Chemical Co., U.S.A., a glycerin triether type
      epoxy compound having a mean molecular weight of about 306) and 0.4 g of
      Emulgen-420, a surfactant (trade name, produced by Kao Soap Co., Ltd.,
      polyoxyethylene oleyl ether) in 5.2 g of o-xylene is added with stirring
      to obtain a white emulsion. To the resultant emulsion, 40 g of an aqueous
      solution prepared by diluting a 45% aqueous solution of zinc borofluoride
      by 50 times with water is added dropwise for several minutes. The obtained
      solution is further diluted with water up to the total volume of 400 ml
      and thereafter divided into two portions.
PAR  One part of the solution is quickly evaporated to dryness in a rotary
      evaporator at a temperature below 50.degree.C. to obtain 3.4 g of a
      milk-white solid. The solid is placed on a Petri dish and heated for
      pre-drying at 80.degree.C. for about five minutes and then subjected to
      curing at 150.degree.C. for three minutes, whereby 2.9 g of a milk-white
      solid is obtained. 200 ml of water is added to the obtained solid. The
      mixture is stirred for 30 minutes at room temperature. The insoluble is
      separated by filtration to obtain 1.2 g (weight in the dry state) of white
      water-insoluble flakes having a smooth surface and a water-swelling
      property. The white flakes which are insoluble but swell in water show an
      infra-red spectrum different from any of the infra-red spectra of the
      starting materials, therefore are assumed to be a novel compound
      consisting of PSLG and the epoxy compound. The resulting novel product is
      substantially insoluble in solvents such as water, alcohol, acetone,
      N,N-dimethylformamide, dimethylsulphoxide and chloroform. Thus, the
      product is different in such a character from the starting materials.
      Further, the product is insoluble also in toluene, xylene, etc.
PAR  From the filtrate, 1.2 g of white powders as well as a transparent oil is
      obtained by distilling off water in a rotary evaporator.
PAR  On the other hand, a test piece of each of: (1) rayon taffeta, (2) nylon
      taffeta, (3) acetate taffeta, (4) acryl knit, (5) combed-wool fabric, (6)
      polyester-wool fabric (4:6), (7) polyester-rayon fabric (4:6) and (8)
      polyester-cotton fabric (4:6) [the ratios in the parentheses are mixing
      ratios of the materials] is steeped in another portion of the emulsion for
      several minutes and, after the emulsion is lightly swished off, subjected
      to pre-drying at about 80.degree.C. for 5 minutes. The thus treated test
      piece is subjected to curing at about 150.degree.C. for 3 minutes after
      air-drying. Then the piece is subjected to soaping in 0.5% aqueous
      solution of Marseille soap and, after the solution is swished off, washed
      thoroughly with water, and finally air-dried and then ironed. All of the
      thus treated fabrics have more excellent touch and feel when compared with
      the non-treated ones or those treated with the treating agent on the
      market.
PAR  FIG. 1 shows an infra-red absorption spectrum of the novel compound
      obtained in Example 1 measured by the KBr tablet method.
PAC  EXAMPLE 2
PAR  A reaction is carried out in the same manner as in Example 1 using 2.7 g of
      potassium salt of poly-D-glutamic acid (having a reduced viscosity of 1.1)
      in place of PSLG employed in Example 1, 2.4 g of Epikote 812, 5.2 g of
      o-xylene, 0.4 g of Emulgen 420 and 33.6 g of 1% solution of triethylene
      tetramine in place of zinc borofluoride, whereby is obtained 1.0 g of the
      same water insoluble compound as in Example 1.
PAR  Further, the same treatment as in Example 1 is carried out on the fabrics
      to obtain those having good feel.
PAC  EXAMPLE 3
PAR  Procedures of Example 1 are repeated using ammonium sulfamate in place of
      zinc borofluoride. 1.2 g of a similar novel compound is obtained. The
      fabrics treated in the same manner show a touch of good feel.
PAC  EXAMPLE 4
PAR  2.4 g of lithium salt of poly-L-glutamic acid (which will be hereinafter
      referred to as PLLG, and has a reduced viscosity of 1.1), 2.4 g of Epikote
      828, an epoxy compound (trade name, produced by Shell Chemical Co.,
      U.S.A., a condensate of epichlorohydrin and bisphenol A and having a mean
      molecular weight of about 380), 5.2 g of o-xylene, 0.4 g of Emulgen-420
      and 33.6 g of 1% solution of triethylenetetramine are mixed, and divided
      into two portions. One portion is subjected to curing at 160.degree.C. for
      about 6 minutes, whereby 0.8 g of a water insoluble novel compound is
      obtained.
PAR  Test pieces of the fabrics are steeped in the other portion of the mixture
      and treated in the same manner as in Example 1 to obtain the fabrics
      having good feel.
PAC  EXAMPLE 5
PAR  Procedures of Example 4 are repeated by using ammonium or magnesium salt of
      polyglutamic acid in place of PLLG, and zinc borofluoride or ammonium
      sulfamate as a catalyst, whereby the similar results are obtained.
PAC  EXAMPLE 6
PAR  2.4 g of PSLG, 0.4 g of Emulgen-420, 5.2 g of o-xylene and 40 g of the
      dilute solution obtained by diluting 45% aqueous solution of zinc
      borofluoride 50 times with water are mixed (no epoxy compound is
      employed). The mixture is divided into two portions. One portion of the
      mixture is subjected to a reaction and the dried-up reaction product is
      further subjected to curing by heating. The resultant final product is
      easily soluble in water. Further, the fabrics treated in the similar
      manner as in Example 1 using the other portion of the mixture are hard in
      touch and accordingly remarkably inferior to the fabrics obtained in
      Example 1.
PAC  EXAMPLE 7
PAR  The same reaction as in Example 1 is carried out except PSLG is excluded,
      and the final product obtained after heat curing, is water soluble,
      transparent and heavily syrupy, different from the product in Example 1.
PAR  Further, the fabrics treated with the emulsion are remarkably inferior in
      feel to those of Example 1.
PAC  EXAMPLE 8
PAR  The same reaction as in Example 1 is carried out except 2.4 g of sodium
      L-glutamate is used in place of PSLG, Different from the case in Example
      1, a water soluble solid and a transparent heavy syrup are obtained as the
      final products after heat curing.
PAR  Further, the fabrics are treated in the same manner as in Example 1 with a
      half of the emulsion obtained according to the above, but the thus
      obtained fabrics are inferior in feel to those of Example 1.
PAC  EXAMPLE 9
PAR  An emulsion is produced using PSLG, Epikote 812, Emulgen-420 and zinc
      borofluoride in the same manner as in Example 1. Test pieces of the
      fabrics, i.e. (1) all polyester filament fabric, (2) spun polyester-rayon
      fabric (6:4), (3) polyester-wool (6:4), (4) spun polyester fabric and (5)
      polyester-cotton fabric (7:3) are steeped in the obtained emulsion and
      treated in the same manner as in Example 1. All of the thus treated
      fabrics are found to be provided with such touch and feel as those of
      woolen fabrics and to be more excellent in said properties than the
      non-treated fabrics.
PAC  EXAMPLE 10
PAR  Test pieces of various polyester fabrics of Example 9 are treated with the
      emulsions of Examples 2 and 3 to obtain the fabrics having excellent touch
      and feel. The thus treated fabrics are superior to the non-treated ones.
PAC  EXAMPLE 11
PAR  Test pieces of various polyester fabrics of Example 9 are treated with the
      emulsion of Example 4. Thereby, are obtained the fabrics having much more
      excellent feel than the non-treated ones.
PAC  EXAMPLE 12
PAR  Test pieces of various polyester fabrics of Example 9 are treated with the
      emulsion of Example 4 except ammonium salt of polyglutamic acid or
      magnesium salt of polyglutamic acid is used in place of PLLG, and zinc
      borofluoride or ammonium sulfamate is used as a catalyst. The fabrics
      excellent in feel are obtained as in Example 11.
PAC  EXAMPLE 13
PAR  Various polyester fabrics of Example 9 are treated with the emulsion of
      Example 6. The thus treated fabrics are hard in touch and remarkably
      inferior in feel to the fabrics of Example 9.
PAC  EXAMPLE 14
PAR  Various polyester fabrics of Example 9 are treated with the emulsion of
      Example 7. The thus treated fabrics are remarkably inferior in feel to the
      fabrics of Example 9.
PAC  EXAMPLE 15
PAR  Various polyester fabrics of Example 9 are treated with the emulsion of
      Example 8. The thus treated fabrics are inferior in feel to the fabrics of
      Example 9.
PAC  EXAMPLE 16
PAR  Procedures of each of Examples 1 and 9 are repeated using Ameet 105 (trade
      name, produced by Kao Soap Co. Ltd., chemical name: polyoxyethylene
      alkylamine) in place of Emulgen-420, a surfactant. Similar results are
      obtained.
PAC  EXAMPLE 17
PAR  Procedures of each of Examples 1 and 9 are repeated using Emunone 1112
      (trade name, produced by Kao Soap Co. Ltd., chemical name: polyethylene
      glycol monolaurate) in place of Emulgen-420, a surfactant. Similar results
      are obtained.
PAC  EXAMPLE 18
PAR  Procedures of each of Examples 1 and 9 are repeated using Emel A (trade
      name, produced by Kao Soap Co., Ltd., chemical name: ammonium salt of
      lauryl sulphate) is used in place of Emulgen-420, a surfactant. Similar
      results are obtained.
PAC  EXAMPLE 19
PAR  Sodium salt of polyglutamic acid (intrinsic viscosity: 1.01, molecular
      weight: about 48,000, measured in 0.2M aqueous solution of sodium chloride
      at 25.degree.C.), epoxy compound [Epikote 828 (phenolic epoxy compound)
      made by Shell Chemical Co.] and catalysts of (a) diamine (Epomate F-100,
      made by Ajinomoto Co.), (b) 45% aqueous solution of zinc borofluoride
      (made by Hashimoto Kasei Co.) and (c) ammonium sulfamate (made by Nitto
      Kagaku Kogyo Co.) are prepared. Epikote 828 is used in the form of a
      solution of a self-emulsifiable resin which is prepared as below.
PAR  Preparation of a solution of self-emulsifiable Epikote 828:
PAR  30 g of Epikote 828 is weighed out, and dissolved in 65 g of xylene.
      Further, 5 g of an emulsifier is added thereto. Emulgen 420 (made by Kao
      Soap Co.) is used as the emulsifier.
PAR  The respective reagents prepared above are mixed in the proportions as
      shown in Table 1, and finally their total amount is made up of 1 liter
      with water. Thus, treating solutions are obtained.
TBL                Table 1                                                     
     ______________________________________                                    
     Preparation of Treating Solutions                                         
                 Test Run  No. 1    No. 2  No. 3                               
     Treating agents                                                           
     ______________________________________                                    
     polyglutamate     3 g      3 g      3 g                                   
     epoxy compound    20 g     20 g     20 g                                  
     diamine (Epomate F-100)                                                   
                       4 g                                                     
     zinc borofluoride (45%)    4 g                                            
     ammonium sulfamate                  4 g                                   
     ______________________________________                                    
PAR  Of course, the respective water-soluble reagents (for example, glutamate,
      diamine, etc.) may be allowed to be aqueous solutions in advance and
      thereafter mixed according to the composition ratios as shown in Table 1.
PAR  The treating solutions as prepared above are placed in treating bath-tubs.
      Polyester fabrics scoured and dried in advance are treated under the
      conditions of a bath temperature of 15 - 30.degree.C., pH 4.5 - 10, a
      squeezing ratio of 50 - 80%, a pre-drying temperature of 80.degree.C., a
      heat-treating temperature of 150.degree.C. and a heat-treating time of 30
      - 180 seconds.
PAR  The test results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     Resistance to Wrinkling                                                   
                          Warp   Weft                                          
     ______________________________________                                    
     Untreated cloth        87.8%    87.2%                                     
     Treated cloth (Test Run No. 1)                                            
                            90.1%    89.5%                                     
     ""(Test Run No. 2)     89.5%    88.4%                                     
     ""(Test Run No. 3)     90.5%    89.5%                                     
     ______________________________________                                    
PAR  The softness obtained in Test Run No. 3 is the highest and that in Test Run
      No. 2 is low. In Test Run No. 3, the reaction proceeds rather slowly.
      Therefore, practically the treating method of Test Run No. 1 is the best.
PAC  EXAMPLE 20
PAR  Similar procedures as Example 19 are repeated except using sodium salt of
      polyglutamic acid having an intrinsic viscosity of 1.4 and a molecular
      weight of about 74,000 and Epikote 812 (glycerin triether type epoxy
      compound, made by Shell Chemical Co.). Results as shown in Table 4 are
      obtained. The softness is increased, as compared with the case where
      Epikote 828 is used. The tendency of the resistance to wrinkling is the
      same as in Example 19. The treating solutions are prepared according to
      Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
     Preparation of Treating Solution                                          
                 Test Run  No. 4    No. 5  No. 6                               
     Treating agents                                                           
     ______________________________________                                    
     polyglutamate     3 g       3 g     3 g                                   
     epoxy compound (Epikote 812)                                              
                       20 g     20 g     20 g                                  
     diamine (Epomate F-100)                                                   
                       4 g                                                     
     zinc borofluoride (45%)    4 g                                            
     ammonium sulfamate                  4 g                                   
     ______________________________________                                    
TBL                Table 4                                                     
     ______________________________________                                    
     Resistance to Wrinkling                                                   
                          Warp   Weft                                          
     ______________________________________                                    
     Untreated cloth        87.8%    87.2%                                     
     Treated cloth (Test Run No. 4)                                            
                            90.5%    90.0%                                     
     ""(Test Run No. 5)     89.8%    88.5%                                     
     ""(Test Run No. 6)     90.8%    90.0%                                     
     ______________________________________                                    
PAC  EXAMPLE 21
PAR  Similar procedures as in Examples 19 and 20 are repeated using potassium
      salt (reduced viscosity: 1.20), lithium salt (reduced viscosity: 1.12) or
      magnesium salt (reduced viscosity: 1.05) in place of sodium salt of
      polyglutamic acid. The thus treated polyester fabrics have the almost same
      wooly feel as those in Examples 19 and 20.
PAC  EXAMPLE 22
PAR  Procedures of Example 1 are repeated using 2.4 g of PSLG having an
      intrinsic viscosity of 0.3 and 2.4 g of PSLG having an intrinsic viscosity
      of 2.5 in place of the PSLG of Example 1, whereby the similar results are
      obtained.
PAC  EXAMPLE 23
PAR  The treating solution which has the same composition as that of Test Run
      No. 1 of Example 19 but the five times higher concentration, is prepared.
      The same treatment as in Example 19 is repeated using the thus prepared
      solution under the same conditions except that the squeezing ratio is 15 -
      20%. Thus, the same result is obtained.
PAR  While the novel principles of the invention have been described, it will be
      understood that various omissions, modifications and changes in these
      principles may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A novel resinous material which is obtained by reacting an epoxy
      compound which has at least two 1,2-epoxy groups with a salt selected from
      the group consisting of ammonium, lithium, sodium, potassium and magnesium
      salts of polyglutamic acid, said salt being water-soluble and having a
      molecular weight of 2,000 to 500,000.
NUM  2.
PAR  2. The resinous material of claim 1, wherein said epoxy compound is
      selected from the group consisting of glycidyl ethers of bisphenol A,
      resorcinol, bisphenol F, fetrakis-(hydroxyphenyl)ethane type, novolacs,
      oxyalkylene glycols, glycerol or a, polyolefin and alicyclic epoxy
      compounds and soybean oil epoxides, said epoxy compound consisting of
      carbon, hydrogen and oxygen.
NUM  3.
PAR  3. The resinous material of claim 1, wherein said epoxy compound is a
      glycidyl ether of a halogenated bisphenol consisting of carbon, hydrogen,
      oxygen and halogen.
NUM  4.
PAR  4. The resinous material of claim 1, wherein said epoxy compound is
      selected from the group consisting of:
      ##SPC7##
PAL  wherein n is an integer of 0 to 15;
      ##SPC8##
PAL  wherein X represents a halogen atom;
      ##SPC9##
      ##SPC10##
PAL  wherein n is an integer of 0 to 2;
      ##EQU5##
      wherein R represents a hydrogen atom or an alkyl having 1 to 20 carbon
      atoms, and n is an integer of 1 to 20;
      ##EQU6##
      wherein R represents a hydrogen atom or an alkyl having 1 to 20 carbon
      atoms;
PA1  soybean oil epoxides; and vinyl cyclohexene dioxide.
NUM  5.
PAR  5. A novel resinous material which is obtained by a method comprising the
      steps of:
PA1  forming a solution of an epoxy compound having at least two 1,2-epoxy
      groups containing a surfactant, mixing said solution with an aqueous
      solution of a salt selected from the group consisting of ammonium,
      lithium, sodium, potassium and magnesium salts of polyglutamic acid which
      is water-soluble and has a molecular weight of 2,000 to 500,000 to obtain
      an emulsion, adding a catalyst for curing epoxy resin selected from the
      group consisting of amines, ammonium salts, amine salts, metal salts, and
      organic acids or their anhydrides to said emulsion, reacting said epoxy
      compound with said water-soluble salt of polyglutamic acid to form a
      resinous reaction product in said emulsion, and recovering said reaction
      product from said emulsion.
NUM  6.
PAR  6. The resinous material of claim 5, wherein from about 1 to 100 parts by
      weight of the epoxy compound are reacted with from about 1 to 100 parts by
      weight of said water soluble salt of polyglutamic acid.
NUM  7.
PAR  7. The resinous material of claim 5, wherein said solution of epoxy
      compound contains from about 1 to 20% by weight of said surfactant.
NUM  8.
PAR  8. The resinous material of claim 5, wherein about 0.1 to 100% by weight of
      said catalyst based on the weight of the epoxy compound is admixed with
      said emulsion.
NUM  9.
PAR  9. The resinous material of claim 5, wherein said emulsion contains 0.5 to
      20% by weight of non-volatile matter.
NUM  10.
PAR  10. The resinous material of claim 5, wherein said solution of epoxy
      compound is prepared by dissolving the epoxy compound in water.
NUM  11.
PAR  11. The resinous material of claim 5, wherein the solution of epoxy
      compound is obtained by dissolving the epoxy compound in a hydrophobic
      solvent selected from the group consisting of benzene, toluene and xylene.
NUM  12.
PAR  12. The resinous material of claim 5, wherein the epoxy solution is
      prepared by dissolving the epoxy compound in a hydrophilic organic solvent
      selected from the group consisting of acetone, methyl ethyl ketone and
      methyl isobutyl ketone.
NUM  13.
PAR  13. The resinous material of claim 5, wherein said epoxy compound is a
      compound capable of forming an epoxy resin in the presence of said
      catalyst.
NUM  14.
PAR  14. The resinous material of claim 5, wherein said catalyst has active
      hydrogen groups.
NUM  15.
PAR  15. The resinous material of claim 5, wherein said catalyst is selected
      from the group consisting of dibutylamine, propylamine, isopropylamine,
      n-butylamine, isobutylamine, modified polyamine compounds, C.sub.2 H.sub.5
      NH.sub.3 .sup.+BF.sub.4 .sup.- and C.sub.6 H.sub.11 NH.sub.3
      .sup.+BF.sub.4 .sup.-.
NUM  16.
PAR  16. The resinous material of claim 5, wherein said surfactant includes
      those surfactants capable of emulsifying said epoxy compound in an aqueous
      system.
NUM  17.
PAR  17. The resinous material of claim 5, wherein said catalyst is selected
      from the group consisting of ammonium borofluoride, ammonium sulfamate,
      zinc borofluoride and potassium thiocyanate.
NUM  18.
PAR  18. The resinous material of claim 5, wherein said epoxy compound is
      selected from the group consisting of glycidyl ethers of bisphenol A,
      resorcinol, bisphenol F, tetrakis-(hydroxyphenyl)ethane novolacs,
      oxyalkylene glycols glycerol or a polyolefin and alicyclic epoxy compounds
      and soybean oil epoxides, said epoxy compound consisting of carbon,
      hydrogen and oxygen.
NUM  19.
PAR  19. The resinous material of claim 5, wherein said epoxy compound is
      glycidyl ether or a halogenated bisphenol consisting of carbon, hydrogen,
      oxygen and halogen.
NUM  20.
PAR  20. The resinous material of claim 5, wherein said epoxy compound is
      selected from the group consisting of
      ##SPC11##
PAL  wherein n is an integer of 0 to 15;
      ##SPC12##
PAL  wherein X represents a halogen atom;
      ##SPC13##
      ##SPC14##
PAL  wherein n is an integer of 9 to 2;
      ##EQU7##
      wherein R represents a hydrogen atom or an alkyl having 1 to 20 carbon
      atoms, and n is an integer of 1 to 20;
      ##EQU8##
      wherein R represents a hydrogen atom or an alkyl having 1 to 20 carbon
      atoms;
PA1  soybean oil epoxides; and vinyl cyclohexene dioxide.
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PAL  .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-alkanes of the
      general formula
      ##SPC1##
PAL  Wherein n is a number from 2 to 6, are prepared by hydrogenating, a
      .omega.,.omega.'-bis-[4-amino-3-cyano-1,2,5,6-tetrahydro-pyridyl-(1)]-alka
     ne at temperatures from 20.degree. to 280.degree.C. These polyamines are
      valuable hardeners for epoxide resins. They are also of interest as
      intermediates for organic syntheses.
PARN
PAR  This is a Division of application Ser. No. 348,797, filed on Apr. 6, 1973,
      now abandoned.
BSUM
PAR  The present invention provides new
      .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-alkanes of the
      general formula
      ##SPC2##
PAL  Wherein n represents a number from 2 to 6. The following new substances are
      concerned, depending on which particular number n represents:
      .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-ethane,
      -propane, -butane, -pentane and hexane.
PAR  The .omega.,.omega.'bis-[4-amino-3-aminomethyl-piperidyl-(1)]-alkanes of
      the formula I are manufactured according to the invention by hydrogenating
      a
      .omega.,.omega.'-bis-[4-amino-3-cyano-1,2,5,6-tetrahydropyridyl-(1)]-alkan
     e of the general formula
      ##SPC3##
PAL  At temperatures of 20.degree. to 280.degree. C. A hydrogenation at
      temperatures between about 150.degree. and 250.degree. C constitutes a
      preferred embodiment of the invention.
PAR  The hydrogenation takes place in the presence of a catalyst. Raney nickel
      or Raney cobalt are particularly effective hydrogenation catalysts. It is
      also possible to use a cobalt trioxide catalyst on a suitable carrier
      which is reduced in a flow of hydrogen to a cobalt metal catalyst.
PAR  Suitable hydrogenation catalysts are also catalysts on the basis of
      platinum or palladium, which can be used as colloidal platinum or
      palladium, or as platinum or palladium oxide or hydroxide catalysts.
      Suitable carriers for such catalysts are the customary materials such as
      asbestos, pumice, diatomaceous earth, silica gel, silicic acid, activated
      charcoal, the sulphates, carbonates or oxides of the metals of the IInd.
      to VIIIth. group of the Periodic System, in particular of magnesium,
      calcium, barium, zinc, aluminium, iron, chromium, and zirconium.
PAR  Preferably, very finely divided nickel or cobalt (Raney nickel or Raney
      cobalt) or Raney nickel with a small content of palladium is used.
PAR  The hydrogenation can be carried out by the conventional methods used in
      the laboratory and in industry both without pressure, e.g. in a vibrating
      apparatus, or under pressure in an autoclave.
PAR  As solvents in the hydrogenation it is possible to use the organic solvents
      which are customarily used with the above cited catalyst types, in
      particular alcohols or ethers, such as methanol, ethanol, dioxan. The
      presence of gaseous ammonia during nitrile hydrogenation produces a
      favourable result.
PAR  As a rule, the catalytic reduction is carried out by mixing the suspension
      or solution of the respective
      .omega.,.omega.'-bis-[4-amino-3-cyano-1,2,5,6-tetrahydropyridyl-(1)]-alkan
     e with the catalyst and passing hydrogen gas into the reaction mixture. In
      principle, the hydrogenation can be carried out at atmospheric pressure,
      but elevated pressures of 50 atmospheres and over are preferred. The
      hydrogenation is continued until no more hydrogen is absorbed. Upon
      completion of the hydrogenation, the catalyst is isolated e.g. by
      filtration and the solvent is distilled off.
PAR  It is also possible to carry out the hydrogenation by other known methods,
      for example by treatment with alkali metals, such as metallic sodium,
      dissolved in alcohol.
PAR  The following
      .omega.,.omega.'-bis[4-amino-3-cyano-1,2,5,6-tetrahydro-pyridyl-(1)]-alkan
     es of the formula II are suitable starting materials for the process
      according to the invention:
      .omega.,.omega.'-bis-[amino-3-cyano-1,2,5,6-tetrahydropyridyl-(1)]-ethane,
      propane, -butane, -pentane and -hexane.
PAR  The
      .omega.,.omega.'-bis-[4-amino-3-cyano-1,2,5,6-tetrahydropyridyl-(1)]-alkan
     es of the formula II can be manufactured in accordance with the description
      of German Offenlegungsschrift 1 445 734 (page 3) by cyclisation of
      N,N,N',N'-tetrakiscyanoethyl-alkylenediamines. The diamines just mentioned
      which contain 4 cyanoethyl radicals are also known and their manufacture
      is described for example in U.S. Pat. No. 3.020.310 (Example IV).
PAR  The .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-alkanes of
      the formula I according to the invention are valuable hardeners for
      epoxide resins. Compared with known hardeners for epoxide resins, the
      substances according to the invention possess the advantage that
      ultimately plastics are obtained with superior dimensional stability under
      heat. Moreover, the hardeners according to the invention are to be viewed
      very favourably with respect to toxicity.
PAR  The present invention therefore also provides curable mixtures which are
      suitable for the manufacture of moulded articles, impregnations, coatings,
      and bonds, which contain
PAR  a. one polyepoxide compound with on average more than one epoxide group in
      the molecule, and
PAR  b. a .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-alkane of
      the formula I as hardener.
PAR  For each equivalent of epoxide groups of the polyepoxide compound (a) it is
      practical to use 0.5  1.3 equivalents, preferably about 1 equivalent, of
      active hydrogen atoms bonded to nitrogen of the
      .omega.,.omega.'-bis[4-amino-3-amino-methylpiperidyl-(1)]-alkane of the
      formula I.
PAR  Suitable polyepoxide compounds (a) are chiefly those which contain on
      average more than one glycidyl, .beta.-methylglycidyl, or
      2,3-epoxycyclopentyl group bonded to a heteroatom (e.g. sulphur,
      preferably oxygen or nitrogen). In particular there may be mentioned:
      bis-(2,3-epoxycyclopentyl) ether; di- or polyglycidyl ethers of polyhydric
      aliphatic alcohols, such as 1,4-butane diol, or polyalkylene glycols, such
      as polypropylene glycols; di- or polyglycidyl ethers of cycloaliphatic
      polyols, such as 2,2-bis-(4-hydroxycyclohexyl)-propane; di- or
      polyglycidyl ethers of polyvalent phenols, such as resorcinol,
      bis-(p-hydroxyphenyl)methane, 2,2-bis-(p-hydroxyphenyl)-propane
      (=diomethane), 2,2-bis(4'-hydroxy-3',5'-dibromophenyl)propane,
      1,1,2,2-tetrakis-(p-hydroxyphenol)-ethane, or of condensation products of
      phenols with formaldehyde which are obtained under acid conditions, such
      as phenol-novolaks and cresol-novolaks; di- or
      poly-(.beta.-methylglycidyl)ethers of the above cited polyhydric alcohols
      or polyvalent phenols; N-glycidyl derivatives of amines, amides, and
      heterocyclic nitrogen bases, such as N,N-diglycidyl-aniline,
      N,N-diglycidyl toluidine,
      N,N,N',N'-tetraglycidyl-bis(p-aminophenyl)-methane; triglycidyl
      isocyanurate; N,N'-diglycidylethylene urea; N,N'-diglycidyl-5,5-dimethyl
      hydantoin, N,N'diglycidyl-5-isopropyl-hydantoin;
      N,N'-diglycidyl-5,5-dimethyl-6-isopropyl-5,6-dihydro-uracil.
PAR  If desired, the viscosity can be lowered by adding to the polyepoxides
      active diluents, for example styrene oxide, butylglycidyl ether,
      isooctylglycidyl ether, phenylglycidyl ether, cresylglycidyl ether,
      glycidyl esters of synthetic, highly branched, principally tertiary
      aliphatic monocarboxylic acids (CARDURA E).
PAR  The curing of the hardenable mixtures to give moulded articles and the like
      is carried out advantageously in the temperature range from 20.degree.C to
      160.degree.C. It is possible to carry out the curing in known manner in
      two or more steps, the first curing step being carried out at low
      temperature and the post cure at more elevated temperature.
PAR  If desired, the curing can also be carried out in 2 steps in such a way
      that the curing reaction is initially discontinued prematurely, or the
      first step is carried out at room temperature or only slightly elevated
      temperature, in the process of which a still fusible and soluble, curable
      precondensate (so-called "B-step") is obtained from the epoxide component
      (a) and the amine hardener (b). Such a precondensate can be used for
      example for the manufacture of pre-pregs, moulding compositions or, in
      particular, sinter powders.
PAR  To shorten the gel and curing times it is possible to add known
      accelerators for the amine curing, e.g. mono- or polyphenols, such as
      phenol or diomethane, salicyclic acid, tertiary amines, or salts of
      thiocyanic acid, such as NH.sub.4 SCN.
PAR  The term "curing" as used herein means the conversion of the soluble,
      either liquid or frusible polyepoxides into solid, insoluble and
      infusible, three dimensional crossed-linked products or materials, as a
      rule accompanied by simultaneous forming to moulded articles, such as
      castings, moulded articles, laminates and the like, or to sheet or
      film-like structures, such as coatings, films of lacquer, or bonds.
PAR  The curable mixtures from polyepoxide compounds (a) and
      .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl-(1)]alkanes of the
      formula I as hardeners can further be treated before the curing at any
      phase with conventional modifiers, such as extenders, fillers and
      reinforcing agents, pigments, dyes, organic solvents, plasticisers, flow
      control agents, thixotropic agents, flame retardant materials, and mould
      release agents.
PAR  As examples of extenders, reinforcing agents, fillers, and pigments which
      can be used in the curable mixtures according to the invention there may
      be cited: bituminous coal tar, bitumen, textile fibres, glass fibres,
      asbestos fibres, boron fibres, carbon fibres, cellulose, polyethylene
      powder, polypropylene powder, quartz powder, mineral silicates, such as
      mica, asbestos powder, powdered slate, China clay, aluminium oxide
      trihydrate, powdered chalk, gypsum, antimony trioxide, bentonite, silicic
      acid aerogel (AEROSIL), lithopone, barites, titanium dioxide, carbon
      black, graphite, oxide colours, such as iron oxide, or metal powders, such
      as aluminium or iron powder.
PAR  Examples of suitable solvents for the modification of the curable mixtures
      are toluene, xylene, n-propanol, butyl acetate, acetone, methyl ethyl
      ketone, diacetone alcohol, ethylene glycol monomethyl, monoethyl, and
      monobutyl ether.
PAR  Examples of plasticisers which can be used for the modification of the
      curable mixtures are dibutyl, dioctyl and dinonyl phthalate, tricresyl
      phosphonate, trixylenyl phosphate, also polypropylene glycols.
PAR  As flow control agents in using the curable mixtures particularly in
      surface protection it is possible to add e.g. silicones, cellulose
      acetobutyrate, polyvinyl butyral, waxes, stearates etc. (which to some
      extent can also be used as mould release agents).
PAR  Particularly for application in the paint and varnish field, the
      polyepoxide compounds can be partially esterified in known manner with
      carboxylic acids, in particular higher unsaturated fatty acids. It is
      further possible to add other curable synthetic resins, e.g. phenolic
      plastics or aminoplasts, to such coating resin formulations.
PAR  The manufacture of the curable mixtures according to the invention can be
      effected in the conventional manner with the aid of known mixing devices
      (stirrers, kneaders, roll mills etc.).
PAR  The curable epoxide resin mixtures according to the invention find
      application primarily in the fields of electrical engineering, laminating,
      and in the building trade. In a formulation adapted to the respective
      particular purpose they can be used in the unfilled or filled state,
      optionally in the form of solutions or emulsions, as paints, lacquers,
      sinter powders, moulding compositions, injection moulding formulations,
      dipping resins, casting resins, impregnating resins, binders and
      adhesives, as mould resins, laminating resins, sealing compounds and
      fillers, floor covering compositions, and binders for mineral aggregates.
PAR  The following epoxide resins were used for the manufacture of curable
      mixtures described in the Examples:
PAC  Epoxide resin A
PAR  Polyglycidyl ether resin (industrial product), liquid at room temperature,
      manufactured by condensation of diomethane
      (2,2-bis(p-hydroxyphenyl)-propane) with a stoichiometric excess of
      epichlorohydrin in the presence of alkali, and consisting in the main of
      diomethane diglycidyl ether of the formula
      ##SPC4##
PAL  and with the following constants:
PAR  epoxide content: 5.1 - 5.5 epoxide equivalents/kg. viscosity (Hoeppler) at
      25.degree.C: 9000 - 13,000 cP.
PAC  Epoxide resin B
PAR  Diglycidyl ether resin (industrial resin), liquid at room temperature,
      manufactured by condensation of hydrogenated diomethane
      (2,2-bis(p-hydroxycyclohexyl)-propane) with a stoichiometric express of
      epichlorohydrin in the presence of alkyli, and consisting in the main of
      hydrogenated diomethane diglycidyl ether of the formula
      ##SPC5##
PAL  and with an epoxide content of 4.46 epoxide equivalents/kg.
PAR  A. Manufacturing Examples
PAC  EXAMPLE 1
PAC  a. 1,2-bis-[4-amino-3-cyano-1,2,5,6-tetrahydro-pyridyl-(1)]-ethane
PAR  To a solution of 10 g of sodium in 2000 ml of tert. butanol are added 1027
      g of N,N'-tetracyanoethyl-ethylenediamine and the emulsion is then kept
      under reflux for 10 hours with stirring. The solid product is filtered off
      with suction after cooling. The filtrate is boiled once more with 1500 ml
      of ethanol and after filtering with suction, washing and drying for 12
      hours at 100.degree.C in vacuo there are obtained 943 g (91.8%) of crude
      product, which sinters from 230.degree.C. The product is further purified
      by stirring it for 2 hours in 1500 ml of water, filtering with suction and
      drying in vacuo at 100.degree.C. Yield: 882 g (85.8% of theory); melting
      point 250.degree.C.
PAR  The analysis was effected by recrystallising 150 mg from 10 ml of
      cyclohexanone, washing the crystals with ethanol and drying them in vacuo
      at 120.degree.C for 12 hours.
PAR  Yield: 90 mg; m.p. 254.degree.C. Analysis: C.sub.14 H.sub.20 N.sub.6 (M =
      272.36). calculated: C 61.74 H 7.40. found: C 62.10 H 7.43.
PAR  The mass spectrum shows the molecular peak at m/e 272 and the primary
      fragment at m/e 136.
PAC  b. 1,2-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-ethane (curer K)
PAR  In the presence of 50 g of Raney nickel, 680 g of the product obtained
      according to Example 1a are hydrogenated in an autoclave in 2500 ml of
      ethanol and 600 g of gaseous ammonia at 170.degree.-175.degree.C and an
      initial pressure of 100 atmospheres absolute pressure over the course of
      10 hours. The catalyst is filtered off with suction, the filtrate is
      concentrated in a rotary evaporator, and volatile constituents are removed
      at an oil bath temperature of 100.degree.C and a pressure of 0.2 mm Hg, to
      leave as residue 641 g of crude amine in the form of a brown, viscous
      substance.
PAR  A sample for analysis (pure amine) was obtained by fractional distillation
      over a short packed column.
PAR  Boiling point: 186.degree.-190.degree.C at 0.03 mm Hg. Analysis: C.sub.14
      H.sub.23 N.sub.6 (M = 284.44). calculated: C 59.11 H 11.34. found: C 59.23
      H 11.41.
PAC  EXAMPLE 2
PAC  a. 1,6-bis-[4-amino-3-cyano-1,2,5,6-tetrahydro-pyridyl-(1)]-hexane
PAR  To a solution of 500 mg of sodium in 100 ml of tert. butanol are added 27.6
      g of N,N'-tetracyanoethyl-hexamethylenediamine and the emulsion is boiled
      for 30 minutes under reflux. After cooling, the solid product is filtered
      off with suction, washed with ethanol and dried at 60.degree.C in vacuo.
      Yield: 23.1 g (83.7%); melting point 179.degree.-181.degree.C.
PAR  The product was analysed by recrystallising 1.6 g from 25 ml of
      chlorobenzene and drying the crystals for 12 hours in vacuo at
      100.degree.C.
PAR  Yield: 0.82 g melting at 179.degree.-181.degree.C. Analysis: C.sub.18
      H.sub.28 N.sub.6 (M = 328.45). calculated: C 65.82 H 8.59 N 25.59. found:
      C 65.68 H 8.39 N 25.00.
PAR  The IR spectrum shows absorption at 3410, 3320 cm.sup.-.sup.1 (NH.sub.2);
      2160 cm.sup.-.sup.1 (conjugated CN); 1680 cm.sup.-.sup.1 (c=C); 1615
      cm.sup.-.sup.1 (NH.sub.2).
PAC  b. 1,6-bis-[4-amino-3-aminomethyl-piperidyl-(1)]-hexane (hardener L)
PAR  In the presence of 25 g of Raney nickel, 349 g of the product obtained
      according to Example 2a are hydrogenated in 800 ml of ethanol and 200 g of
      gaseous ammonia at 170.degree.-175.degree.C and an initial pressure of 100
      atmospheres absolute pressure. The catalyst is filtered off with suction,
      the filtrate concentrated in a rotary evaporator, and volatile
      constituents are removed at an oil bath temperature of 100.degree.C and a
      pressure of 0.2 mm Hg, to leave as residue 305.5 g (84.3%) of dark crude
      amine which cannot be purified by distillation.
PAC  B. Application Examples
PAR  The test specimens were manufactured by mixing the hardeners (amines) with
      the corresponding epoxides in the equivalent ration 1:1, gassing the
      mixtures briefly in vacuo, and then casting them to sheets measuring 200
      .times. 200 .times. 4 mm. The curing was carried initially for 4 hours at
      80.degree.C and subsequently for 12 hours at 140.degree.C.
PAR  The superiority of the thermomechanical properties of the resins obtained
      with, in particular, bisphenol-A-diglycidyl ether as epoxide component
      compared with those which were manufactured by using ordinary commercially
      obtainable amines such as ethylene diamine, isophorondiamine and the
      somewhat toxic bis-(p-aminophenyl)-methane, is apparent from the Table.
      The compositions of the curable mixtures and the respective values of the
      dimensional stability under heat (DIN 53461) are indicated in this Table.
TBL                                    TABLE                                   
     __________________________________________________________________________
          Epoxide resin                                                        
                      Hardener                                                 
     Example                           Dimensional stabili-                    
     Type    Parts by weight                                                   
                       Type   Parts by weight                                  
                                       ty under heat                           
     __________________________________________________________________________
     I    A  112       K      20,7     165.degree.C                            
                      (pure amine)                                             
     II   A  140       K      25,9     161.degree.C                            
                      (crude amine)                                            
     III  B  150       K      23,7     100.degree.C                            
                      (pure amine)                                             
     IV   A  135       L      30,0     148.degree.C                            
                      (crude amine)                                            
     V    B  150       K  (crude)                                              
                              23,7     100.degree.C                            
     __________________________________________________________________________
     Comparative Example                                                       
     __________________________________________________________________________
     VI   A  150      ethylen-                                                 
                              11,8     117.degree.C                            
                      diamine                                                  
     VII  A  135      isophoron-                                               
                              30,0     105.degree.C                            
                      diamine                                                  
     VIII A  130      bis-(p-ami-                                              
                              33,7     152.degree.C                            
                      nophenyl)-                                               
                      methane                                                  
     IX   B  165      ethylendi-                                               
                              11,0      63.degree.C                            
                      amine                                                    
     X    B  145      isophoron-                                               
                              27,4      93.degree.C                            
                      diamine                                                  
     XI   B  140      bis-(p- 30,8      98.degree.C                            
                      amino-                                                   
                      phenyl)-                                                 
                      methane                                                  
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A curable mixture which is suitable for the manufacture of moulded
      articles, impregnations, coatings and bonds, which contains
PA1  a. one polyepoxide compound with on average more than one 1,2-epoxide group
      in the molecule, and
PA1  b. as hardener a
      .omega.,.omega.'-bis[4-amino-3-aminomethyl-piperidyl-(1)]-alkane of the
      general formula
      ##SPC6##
PAL  wherein n is a number from 2 to 6.
NUM  2.
PAR  2. A mixture according to claim 1, which contains for each equivalent of
      1,2epoxide groups of the polyepoxide compound (a) 0.5 to 1.3 equivalents,
      preferably about 1 equivalent, of active hydrogen atoms bonded to nitrogen
      of the respective
      .omega.,.omega.'-bis-[4-amino-3-aminomethyl-piperidyl)-(1)]-alkane (b).
NUM  3.
PAR  3. A mixture according to claim 1, which contains one polyepoxide compound
      (a) with on average more than one glycidyl, .beta.-methylglycidyl or
      2,3-epoxy-cyclopentyl group bonded to a heteroatom, in the molecule.
NUM  4.
PAR  4. A mixture according to claim 1, which contains as polyepoxide compound
      (a) a polyglycidyl ether of a cycloaliphatic polyol.
NUM  5.
PAR  5. Mixtures according to claim 4, which contain as polyepoxide compound the
      diglycidyl ether of 2,2-bis-(4'-hydroxycyclohexyl) -propane.
NUM  6.
PAR  6. A mixture according to claim 1, which contains as polyepoxide compound
      (a) a polyglycidyl ether of a polyvalent phenol.
NUM  7.
PAR  7. A mixture according to claim 6, which contains as polyepoxide compound
      (a) a polyglycidyl ether of 2,2-bis-(p-hydroxyphenyl)-propane.
NUM  8.
PAR  8. A mixture according to claim 1, which contains as polyepoxide compound a
      N-glycidyl derivative of a heterocyclic nitrogen base.
NUM  9.
PAR  9. A process for the manufacture of cured moulded articles, wherein a
      curable mixture according to claim 2 is cured at temperatures from
      20.degree.C to 160.degree.C and moulded.
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ABST
PAL  Polymeric halogenated organophosphorus diols are obtained by reacting
      chlorine or bromine with spirocyclic phosphites and thereafter reacting
      the halogenated product with a diol, in the presence of an acid acceptor.
      These novel viscous polymers react with polyisocyantes to produce
      polyurethanes. Polyurethanes so made are characterized by improved flame
      retardant properties compared with conventional polyurethanes. Such
      polyurethanes are preferably in the form of foams, especially flexible
      foams.
PARN
PAR  This is a division of application Ser. No. 432,703 filed Jan. 11, 1974, now
      U.S. Pat. No. 3,882,199.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to polymeric halogenated organophosphorus diols. More
      particularly, the invention relates to processes for preparing these novel
      polymeric materials and utilizing the same along with other polyols, as
      co-reactants in the production of polyurethanes. Polyurethanes containing
      these novel polymeric materials have superior flame retardant properties
      when compared to conventional polyurethanes.
PAR  Organophosphorus compounds containing halogens are well known in the art.
      Many compositions of this broad class of materials have been claimed as
      flame retardants for a variety of polymers, including polyurethanes. A
      substantial portion of such materials are of the additive type. That is,
      these materials are not chemically bound to the polymer backbone. Such
      additive flame retardants are described, for example, in the U.S. Pat. No.
      3,192,242. The organophosphorus materials disclosed in this patent have
      the general formula:
      ##EQU1##
      wherein X is a halogen such as bromine or chlorine and Y is a haloalkoxy
      group.
PAR  Reactive type flame retardants usually possess at least two reactive sites
      through which they are chemically bound to the polymer backbone. These
      retardants are superior to the additive type retardants, because not only
      will they not evaporate, sublime or leach out of the polymer substrate
      during use or processing but they also form an integral part of the
      polymer structure.
PAR  Reactive type flame retardants such as chlorine containing phosphate
      polyols have been employed to improve polyurethane resins. These reactive
      flame retardants are typified in U.S. Pat. No. 3,423,486.
PAR  While various known reactive type flame retardants are useful in rigid type
      polyurethane foam, they may not be employed advantageously in the
      production of flexible type foam. For example, the above mentioned
      phosphate polyols are tetrafunctional monomers, that is they possess large
      OH Numbers, and this characteristic makes them unsuitable as correactants
      in a flexible foam formulation which requires polyols having a
      functionality in the range from 2 to 2.5, as well as an OH number of 100
      of preferably less.
PAR  The polymeric halogenated organophosphorus diols of the invention are
      prepared by chlorinating or brominating a spirocyclic phosphite at
      temperatures from about -50.degree.C. to +50.degree.C, and condensing
      halogenated reaction product with a diol in the presence of an acid
      acceptor. These novel diols possess hydroxyl groups capable of forming
      urethane linkages with isocyanates. Although the diols of the invention
      may be used alone with polyisocyanates to form polyurethane-type polymers
      they may also be employed in admixture with other suitable polyols.
PAR  The novel compositions of this invention are especially useful in the
      production of flexible urethane foams. It was found that these polymeric
      diols can be incorporated into the foam in amounts sufficient to render
      the foam flame-resistant without significantly affecting physical
      properties of the polymer substrate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Polymeric halogenated organophosphorus diols of the invention are
      represented by general formula I
      ##SPC1##
PAL  wherein R may be:
PA1  a. hydrogen, chlorine or bromine;
PA1  b. an alkyl, haloalkyl or alkoxy radical having from one to six carbon
      atoms;
PAL  wherein n may vary from 1 to 3;
PAL  wherein R' may be:
PA1  c. a branched or linear alkylene, alkenylene, alkynylene or alkoxyalkylene
      radical containing from two to ten carbon atoms; optionally containing
      bromine or chlorine substituents.
PAL  wherein X may be chlorine or bromine; and
PAL  wherein y typically has a value of from 1 to 5 but not more than 7.
PAR  Those skilled in the art will appreciate that y denotes an average value
      and that particularly within polymers having a broad molecular weight
      distribution species having y values somewhat greater than 5, e.g., as
      high as 7, are possible. The diols of general formula I are prepared from
      spirocyclic compounds of general formula
      ##SPC2##
PAL  The above compounds may be prepared according to U.S. Pat. No. 2,847,443.
PAR  While any of the spirocyclic phosphites containing aryl type substituents
      in the 3,9 position may be used, the preferred spirocyclic phosphites in
      the context of this invention are
      3,9-bis(phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5] undecane and
      3,9-bis(p-bromo-phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5]
      undecane.
PAR  Chlorine or bromine is added to the spirocyclic phosphite of structure II
      at atmospheric pressure to produce a halogen-containing Arbuzov type
      rearrangement product characterized by the phosphorohalidate of structure
      III.
      ##SPC3##
PAL  wherein R, X and n have the meanings shown above. This reaction requires
      external cooling during the stepwise addition of the halogen in order to
      maintain temperatures preferably, from about -20.degree.C. to
      +20.degree.C; however, -50.degree.C. to +50.degree.C. is operable. The
      intermediate phosphorohalidate is substantially free of by-products and is
      conveniently prepared in situ before the subsequent reaction with a diol.
PAR  The addition of the phosphorohalidate of structure III to the appropriate
      diol in the presence of an acid acceptor such as a tertiary amine produces
      the polymeric halogenated organophosphorus diols of structure I. This
      reaction is preferably carried out in the presence of an acid acceptor
      such as a tertiary amine, for instance triethylamine, tripropylamine,
      pyridine, diethylaniline and others, in order to tie up hydrogen halide
      liberated during the reaction, by forming the respective amine hydrohalide
      salt.
PAR  The amine salt by-product of the reaction is removed by filtration and the
      filtrate is extracted with water to remove any residual amine salt. The
      organic phase is then concentrated under reduced pressure to remove any
      unreacted amines and diols. The polymeric halogenated phosphate ester diol
      product remains as a pot residue.
PAR  A wide variety of inert organic solvents can be used advantageously in this
      reaction. It is preferable, but not essential, to select a solvent in
      which all reactants are soluble; especially the more insoluble diols. For
      example, benzene can be employed with triethylene glycol; chloroform with
      1,2-propanediol or dipropylene glycol; and acetonitrile with ethylene
      glycol which is insoluble in the above-mentioned solvents.
PAR  Molar ratios of the diols per mole of the phosphite can vary from 1.5 moles
      to 2.0 moles of diol per mole of phosphite. The preferred ratio is 2:1.
      However, when a large excess of a diol is used, the unreacted portion of
      the diol may be removed by distillation, generally under reduced pressure.
PAR  A great variety of diols can be employed in the preparation of the novel
      compositions of this invention. Preferred are diols including ethylene
      glycol, diethylene glycol, triethylene glycol, 1,2- or 1,3 propylene
      glycol, dipropylene glycol and tripropylene glycol. Other diols useful for
      the production of compounds of this invention include aliphatic diols
      containing from three to about ten carbon atoms. These diols may be linear
      or branched and may bear either all primary or all secondary OH groups or
      a mixture of primary and secondary OH groups. The polyols may also contain
      unsaturation or halogen substituents. Exemplary are diols such as
      2-butenediol-1,4, 2-butynediol-1,4, 2,3-dibromo-1,4-butanediol,
      2,3-dichloro-1,4-butanediol, 2,3-dibromo-2-butenediol-1,4,
      3-bromo-1,2-propanediol,
      3-chloro-1,2-propanediol,2,2-bis(bromomethyl)-1,3-propanediol, and
      2,2-bis(chloromethyl)-1,3-propanediol, and the like. Higher molecular
      weight diols, such as, polyethylene ether glycols and polypropylene ether
      glycols may also be used in the invention.
PAR  There is no advantage in employing high functionality polyols such as
      triols, tetrols, hexols and the like because the products derived from
      such polyols will possess high viscosity, functionality greater than two
      and large OH Numbers. These properties will render the products unsuitable
      as coreactants in a flexible urethane foam formulation where low
      viscosity, and functionality between 2 and 2.5 as well as OH Numbers of
      100 or less are sought.
PAR  The polymeric halogenated organophosphorus diols according to the invention
      are oily materials which are neutral to moist litmus. These polymers are
      soluble in polyether polyols normally employed in polyurethane production
      as well as most common organic solvents. Good solubility renders the
      polymers of this invention especially useful in polyurethane foams where
      homogeneity and low viscosity of the polyol components are important.
PAR  The invention will now be described by reference to specific examples;
      however, in no way should these specific examples be interpreted as
      limiting the scope of the present invention.
PAC  EXAMPLE 1
PAR  Chlorine gas is passed through a solution of
      3,9-bis(phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5] undecane (150
      g., 0.42 moles) in benzene (500 ml.), for a period of five hours. During
      the addition the temperature of the solution is kept below 25.degree.C by
      means of an ice-water bath. Following addition, the pale yellow colored
      solution is concentrated to about one-half volume under aspirator pressure
      and then added dropwise with stirring to a benzene solution (800 ml.) of
      triethylene glycol (180 g., 1.20 moles) and triethylamine (83.0 g., 0.79
      moles); thereby causing a slow temperature rise to about 50.degree. to
      60.degree.C. The resulting mixture is refluxed for four hours and kept
      overnight. Thereafter the amine salt is separated by filtration and the
      filtrate is first concentrated under an aspirator pressure and then under
      about 0.3 mm pressure of Hg at 125 to 135.degree.C pot temperature to
      remove the excess glycol. The resulting polymeric diol is a brown oil,
      which is neutral to moist litmus.
PAR  Analysis: OH Number 108; 8.43%P; 9.11%Cl; y = 1.9 (average)
PAC  EXAMPLE 2
PAR  A solution of bromine (85.0 g, 0.53 mole) in chloroform (100 ml.) is added
      dropwise with stirring to a solution of
      3,9-bis(phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5] undecane (100
      g., 0.26 moles) in chloroform (200 ml.). During the addition the
      temperature of the reaction solution is kept at about 5.degree. to
      10.degree.C. by means of an ice-water bath. Upon completion of the
      addition reaction the solution acquired a permanent brownish color.
PAR  This brownish colored solution is added dropwise with stirring to a
      solution of ethylene glycol (76.0 g., 1.23 moles) and triethylamine (128
      g., 1.22 moles) in acetonitrile (400 ml.); thereby causing a slow
      temperature rise. The resulting solution is kept under reflux for one hour
      and then concentrated under an aspirator pressure.
PAR  The residue is diluted with chloroform (800 ml.) and then washed with two
      300 ml. portions of water prior to drying over anhydrous sodium sulfate.
PAR  The chloroform solution is then concentrated under an aspirator pressure
      and finally under about 0.5 mm pressure of Hg at 50.degree. to 70.degree.C
      pot temperature. The polymeric diol obtained is a dark tan oil which is
      neutral to moist litmus.
PAR  Analysis: OH Number 67; 7.62P; 25.87% Br; y = 2.7 (average)
PAC  EXAMPLE 3
PAR  A solution of 3,9-bis(phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5]
      undecane (100 g., 0.26 mole) in chloroform (200 ml) is treated with
      bromine as in Example 2. The resulting brownish solution is added dropwise
      with stirring to a solution of triethylene glycol (239 g., 1.59 moles) and
      triethylamine (111 g., 106 moles) in chloroform (400 ml.); thereby causing
      a slow temperature rise to 40.degree.C. The resulting solution is kept
      under reflux for three hours and then allowed to stand overnight. Then,
      the reaction solution is diluted with chloroform (300 ml.); washed with
      diluted hydrochloric acid; washed with sodium carbonate solution; and
      finally washed with water. The chloroform phase is dried over anhydrous
      sodium sulfate and then concentrated under aspirator pressure and then
      under about 0.5 mm pressure of Hg at 50.degree. to 70.degree.C. pot
      temperature.
PAR  The polymeric diol obtained is a light tan oil.
PAR  Analysis: OH Number 89; 7.97%P; 19.86% Br; y = 1.6 (average)
PAC  EXAMPLE 4
PAR  A solution of
      3,9-bis(p-bromophenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5] undecane
      (114.0 g., 0.21 mole) in chloroform (250 ml.) is treated with bromine as
      in Example 2. The resulting colored solution is added dropwise with
      stirring to a solution of 1,2-propanediol (32.0 g., 0.42 mole) and
      triethylamine (43.0 g., 0.42 mole) in chloroform (300 ml.); thereby
      causing a mild exotherm.
PAR  The resulting solution is refluxed for two hours; washed with two 250 ml.
      portions of water; and dried over anhydrous sodium sulfate. Then, the
      solution is concentrated, first under aspirator pressure and finally under
      about 0.1 mm. pressure of Hg at about 100.degree.C. pot temperature.
PAR  The polymeric diol obtained is a viscous tan oil (131.0 g.) which is
      neutral to moist litmus.
PAR  Analysis: OH number 44; 7.02%P; 40.42% Br. y = 4(average)
PAC  EXAMPLE 5
PAR  A solution of 3,9-bis(phenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro [5.5]
      undecane (280.0 g., 0.74 mole) in chloroform (600 ml.) is treated with
      bromine as in Example 2. The resulting brownish solution is concentrated
      under an aspirator pressure to about 450 ml. and added dropwise with
      stirring to a solution of dipropylene glycol (200.0 g., 1.48 moles) and
      triethylamine (152.0 g., 1.51 moles) in chloroform (800 ml.); thereby
      causing a gradual rise in temperature to about 55.degree.C.
PAR  The resulting solution is refluxed for two hours; washed with two 250 ml.
      portions of water and dried over anhydrous sodium sulfate. Then, the
      solution is first concentrated under an aspirator pressure and finally
      under about 0.1 to 0.3 mm. pressure of Hg at about 100.degree.C pot
      temperature.
PAR  The polymeric diol produced (498 g.) is a tan oil which is neutral to moist
      litmus.
PAR  Analysis: OH Number 58; 8.75%P; 20.39%Br; y =2.6(average)
PAR  It will be obvious that in the products made according to the foregoing
      specific examples the group R' has the structure indicated below:
     Example(s)                                                                
            R'(diol residue)                                                   
     __________________________________________________________________________
     1 and 3                                                                   
            --CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2 --O--CH.sub.2 CH.sub.2  
            --                                                                 
     2      --CH.sub.2 CH.sub.2 --                                             
            H                                                                  
            .vertline.                                                         
     4      --CH.sub.2 C--                                                     
            .vertline.                                                         
            CH.sub.3                                                           
     5      --CHCH.sub.2 --O--CH.sub.2 CH--                                    
            .vertline..vertline.                                               
            CH.sub.3 CH.sub.3                                                  
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  This example illustrates the utility of the polymeric polyol compositions
      in the production of flame-retardant polyurethane foams.
PAR  Stannous octoate (0.3 g.; M&T, T-9 (trademark)) an amine type catalyst (0.3
      g.; Houdry, Dabco 33-LV (trademark)), a silicone surfactant (4.0 g.; Union
      Carbide, L-520 (trademark)), and water (6.4 g.) are combined with a
      solution of a polyether polyol having an OH number of 48.5 and a molecular
      weight of about 3500 (158 g.; Union Carbide, 1446 Polyol (trademark)), and
      the phosphate ester diol having an OH Number of 58.1 (42 g.; prepared as
      in Example 5).
PAR  The above ingredients are thoroughly mixed and combined with toluene
      diisocyanate (76.2 g., an 80:20 mixture of 2,4-and 2,6-isomers). The
      resulting foam is subjected to a 10 minute post cure cycle at
      100.degree.C. A foam having fine open cells and excellent resilience is
      obtained.
PAR  The foam thus produced is rated as self-extinguishing utilizing the ASTM
      D-1692 flammability test.
PAR  A comparison foam prepared as described above but using the conventional
      polyether polyol instead of the polymeric diol of Example 5 was tested and
      rated as burning by the same test.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame retardant polyurethane material resulting from the interaction
      of an organic polyisocyanate and a polyol material comprising a polymeric
      organophosphorus ester diol having the structure
      ##SPC4##
PAL  wherein R may be:
PA1  a. hydrogen, chlorine, or bromine;
PA1  b. an alkyl, haloalkyl, or alkoxy radical having from one to six carbon
      atoms;
PAL  wherein n may vary from 1 to 3; wherein R.sub.1 may be: a branched or
      linear alkylene, alkenylene, alkynylene or alkoxyalkylene radical
      containing from two to ten carbon atoms, optionally containing bromine or
      chlorine substituents; wherein X may be chlorine or bromine; and wherein y
      has a value of from 1 to 7.
NUM  2.
PAR  2. A flame retardant polyurethane material as set forth in claim 1, said
      polyurethane material being a foam.
NUM  3.
PAR  3. A flame retardant polyurethane material as set forth in claim 1, said
      polyurethane material being a flexible foam.
PATN
WKU  039459551
SRC  5
APN  5331579
APT  1
ART  142
APD  19741216
TTL  Plasticized polyvinyl chloride compositions containing silicone frothing
      agents
ISD  19760323
NCL  14
ECL  1
EXP  Turer; Richard B.
INVT
NAM  Ihde, Jr.; Frederick J.
CTY  Mountain Lakes
STA  NJ
ASSG
NAM  Diamond Shamrock Corporation
CTY  Cleveland
STA  OH
COD  02
CLAS
OCL  260  25P
XCL  260 23XA
XCL  260 291SB
XCL  260 306SB
XCL  260 308R
XCL  260 318S
EDF  2
ICL  C08J  900
FSC  260
FSS  2.5 P
UREF
PNO  3061558
ISD  19621000
NAM  Alter
OCL  260  2.5P
UREF
PNO  3790510
ISD  19740200
NAM  Flannigan
OCL  260  2.5P
LREP
FR2  Nunn; Leslie G.
ABST
PAL  Polyvinylchloride foam compositions are prepared by frothing. To prepare
      the compositions for frothing, the silicone surfactant frothing agents
      present in the composition are extended with oleophilic frothing aids
      which do not significantly detract from the hydrophobic and flame
      retardant properties of the foam. Further, the frothing aids may be used
      to control froth viscosity. From about 5.0 phr to about 10.0 phr of
      frothing aid is added to from about 2.0 phr to about 4.0 phr of frothing
      agent present in the composition. Stable, homogeneous mixtures of simple
      and complex oleophilic organic metallic compounds such as overbased
      alkaline earth alkyl phenates, lead hexoate, magnesium petroleum
      sulfonate, metal organophosphonates and metal organothiophosphonates with
      free acids of simple and complex organic phosphate and phosphite esters;
      organic nitrogen compounds such as amines and amine salts of sulfonic
      acids; simple and complex organic borate esters such as 2-ethylhexyl
      borate, trihexylene glycol biborate, and tricresyl borate are useful as
      frothing aids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to vinyl chloride homopolymer and vinyl chloride
      copolymer foam compositions prepared by frothing. These compositions
      contain silicone surfactant frothing agents and oleophilic frothing aids.
PAR  2. Description of the Prior Art:
PAR  Techniques for the preparation of vinyl chloride homopolymer and vinyl
      chloride copolymer foam compositions from plastisols are well known in the
      polymer art. Also the literature on polyvinylchloride and actate modified
      polyvinylchloride resin plastisol preparation is quite extensive.
      Reference may be made to the following publications:
PA0  Boehm and Dietz, "Vinyl Froth Foams Via the Oakes Continuous Mixer,"
      Diamond Shamrock Chemical Company Technical Service Information Report No.
      3-71, Apr. 30, 1971.
PA0  Boehm and Dietz, "The `Ulok` PVC Carpet Backing System," Diamond Shamrock
      Chemical Company Technical Service Information Report No. 4-71, May 5,
      1971.
PA0  Simoneau, "Silicone Surfactants in Mechanically Frothed Vinyl Plastisol
      Foams," Rubber World, p. 49, August, 1970.
PA0  Renshaw and Garlick, "How to Back Carpets with PVC," SPE Journal, Vol. 28,
      p. 21 (1972).
PA0  Keil and Webb, "Mechnically Frothed Vinyl Plastisol Foams," Journal of
      Cellular Plastics, Vol. 6, No. 4, p. 3, July/August, 1970.
PAR  Polyvinylchloride (PVC) foam for use as carpet and rug backing and in other
      markets has certain inherent advantages over other foamed polymers. PVC
      foams for rug and carpet backing have high tensile and tear strengths;
      they are more resistant to scuffing, and they have stronger tuff-lock.
      Also, of significant importance, PVC foams are more fire retardant than
      other foam polymers.
PAR  There are three general methods for producing foam from plastisols . . .
      compressed gas, chemical blowing agents, and frothing (mechanical
      whipping). In the frothing method, the most widely used method for
      producing fine open cell foam, PVC foam is produced by mechanical whipping
      of the plastisol to incorporate air into the plastisol and then fusing the
      foam at a relatively low temperature of about 270.degree. to about
      290.degree.F. About the only disadvantage of this relatively simple
      frothing method is the high cost of the silicone surfactant frothing
      agent.
PAR  Additional information on preparation of PVC foam compositions by frothing
      may be found in U.S. Pat. No. 3,511,788 - Keil - issued May 12, 1970 and
      U.S. Pat. No. 3,814,706 - Simoneau et al issued June 4, 1974. These
      patents described preparation of froths using silicone surfactant frothing
      agents and use of these froths in various applications including the
      coating of substrates such as rugs and carpets. The teachings of these
      patents as they apply to the preparation of froths and their use are
      incorporated by reference herein.
PAC  SUMMARY OF THE INVENTION
PAR  Polyvinylchloride compositions for frothing contain
PA1  1. a foamable plastisol which is a mixture of
PA2  a. a particulate resin such as a vinyl chloride homopolymer or a vinyl
      chloride copolymer containing a major portion of vinyl chloride and a
      minor portion of a copolymerizable dissimilar vinyl comonomer,
PA2  b. one or more high boiling organic liquid plasticizers which is
      substantially a non-solvent for the particulate resin at room temperature
      but is capable to dissolving the particulate resin at an elevated
      temperature to form a single phase material which upon cooling to room
      temperature is a solid material,
PA1  2. from about 1 to about 5 phr of one or a mixture of silicone frothing
      agents, and
PA1  3. from about 5 to about 10 phr of a stable homogeneous frothing aid which
      is a mixture of a simple or complex oleophilic organic metallic compound
      such as a metal phenate, metal soap, metal organosulfonate, metal
      organophosphonate or metal organothiophosphonate with a free acid of a
      phosphate ester, a free acid of a phosphite ester, borate ester, organic
      nitrogen compound such as an amine or amine salt of sulfonic acid.
PAR  These compositions are prepared by mixing the plasticol, frothing agent and
      frothing aid. The compositions are prepared using foamable
      polyvinylchloride homopolymer and copolymer resin plastisols. The frothing
      agents are silicone surfactants. Suitable frothing aids include mixtures
      of simple or complex organic-metallic compounds such as overbased alkaline
      earth alkyl phenate (metal alkyl phenate), lead hexoate (metal soap),
      magnesium petroleum sulfonate (metal organosulfonate) as well as (metal
      organophonates) and (metal organothiophosphonates) derived from
      polyolefins and inorganic phosphorous reagents with free acids of simple
      or complex organic phosphate esters and phosphite esters; organic nitrogen
      compounds such as amines and amine salts of sulfonic acids; simple and
      complex organic borate esters such as 2-ethylhexyl borate, tri-hexylene
      glycol biborate, and tricresyl borates. These foam compositions are
      mechanically whipped to produce foams or froths, which are used in a
      variety of applications including coatings for substrates such as carpets
      and rugs. The frothing aids are also used to control froth vicosity.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The polyvinylchloride (PVC) foam compositions disclosed in this invention
      are mixtures of a foamable plastisol, a frothing agent and a frothing aid.
      These compositions may also contain fillers, pigments and vinyl resin
      stabilizers. The terms polyvinylchloride and PVC are used herein to
      characterize vinyl chloride homopolymers and vinyl chloride copolymers
      containing a dissimilar vinyl chloride comonomer. These terms are used
      commercially to describe the above homopolymers and copolymers as well as
      PVC - type and PVC modified polymers. See page 305 of Volume 14 of the
      Encyclopedia of Polymer Science and Technology. The plastisol is a
      dispersion of finely divided vinyl resin in a plasticizer.
PAR  Polyvinylchloride homopolymers and copolymers for plastisols are
      specifically designed vinyl resins for this purpose. With molecular
      weights in the 50,000 - 120,000 range, they have the particle size
      distribution and surface characteristics to form fluid plastisols with
      plasticizers. Normally they are called paste or dispersion resins.
PAR  The most commonly used copolymers contain 80 to 98% by weight
      polyvinylchloride and 2 to 20% by weight polyvinyl acetate.
PAR  Other useful PVC copolymers contain the indicated quantities of the
      following copolymerizable unsaturated monomers:
PA1  4 - 40% vinylidene chloride
PA1  5 - 20% acrylic ester such as methyl acrylate, octyl acrylate
PA1  5 - 40% vinyl esthers such as n-butyl vinyl ether, cetyl vinyl ether
PA1  5 - 20% maleic and fumaric esters such as diethyl maleate, di-2-ethylhexyl
      fumarate
PA1  5 - 40% acrylonitrile
PA1  3 - 8% ethylene
PA1  3 - 15% propylene
PAL  The vinyl resin may be selected from one or more of the following groups:
PA1  1. PVC homopolymer dispersion grade resins
PA1  2. PVC-PVA copolymer dispersion grade resins
PA1  3. PVC homopolymer extender grade resins
PA1  4. PVC-PVA copolymer extender grade resins.
PA1  Both PVC homopolymer and PVC-PVA copolymer dispersion grade resins can be
      used in PVC compositions for foam carpet backings. PVC-PVA copolymer
      dispersion grade resins are often used in carpet backings because these
      resins produce foams which fuse at lower temperatures and have better
      tensile strengths and percent elongations than foams produced from PVC
      homopolymer dispersion grade resins.
PAR  Often PVC homopolymer of PVC-PVA copolymer extender grade resins are
      blended with PVC homopolymer or PVC-PVA copolymer dispersion grade resins
      to reduce the cost of the plastisol. Extender grade resins are also used
      to control viscosity of the plastisol as well as modify other physical
      properties. A ratio of 60-70 parts by weight of dispersion grade resin to
      30-40 parts by weight of extender resin is suggested as the starting ratio
      in formulating PVC foam compositions.
PAR  Individual plasticizers or blends of plasticizers are used in foamable PVC
      compositions to impart flexibility to the finished foam. Plasticizers
      affect other physical properties of the foam as well as viscosity
      stability and low temperature fusing characteristics of the plastisol.
      Plasticizers are classified as either primary or secondary plasticizers
      depending on their effects on the resin base. For PVC foam it is important
      that the plasticizer produce a plastisol with the desired rheological
      properties. Depending on the density and quality of foam required, the
      plasticizer level may vary from 40 to 125 phr to vary the plastisol
      properties. A volatile diluent may be added to form an organosol which can
      aid in the cellular structure formation. Liquid plasticizers which are
      well known in the art and which are used in producing mechanically whipped
      or frothed foams, are classified according to the following combination of
      chemical composition and end use:
PA1  1. Phthalate plasticizers
PA1  2. Phosphate plasticizers
PA1  3. Low temperature plasticizers
PA1  4. High molecular weight plasticizers
PA1  5. Miscellaneous plasticizers
PAR  Phthalate plasticizers are monomeric, general purpose primary plasticizers.
      They are probably the most widely used group of plasticizers and are used
      in most applications except in those applications where low temperature or
      flame resistance properties are required. Useful phthalate plasticizers
      include di-2-ethylhexyl phthalate, diisooctyl phthalate, dialphanol
      (C.sub.7 -C.sub.9) phthalate, butylbenzyl phthalate, diisodecyl phthalate,
      dibutyl phthalate. Phosphate plasticizers are used in applications where
      flame retardance is important. Useful phosphate plasticizers include
      tritolyl phosphate, trixylyl phosphate, cresyl diphenyl phosphate,
      triisopropylated phenol phosphate, tributoxyethyl phosphate. Low
      temperature plasticizers include sebacates, adipates and azelates. These
      esters of aliphatic dibasic acids include di-2-ethylhexyl sebacate,
      di-butoxyethyl adipate, benzyloctyl adipate, dibenzyl sebacate, tetrabutyl
      thiodisuccinate. Other esters include polyesters such as poly (propylene
      sebacate), alochol modified, acid modified, ADMEX 433, DRAPEX 7.7 (Argus
      Chem.), Elastex 37-R (Allied Chem.), Flexol R2H (Carbide), Kodaflex
      polyesters (Eastman Kodak), Paraplex G-25 (Rohm & Haas). High molecular
      weight plasticizers are primarily polymeric materials such as Kodaflex
      NP-10 (Eastman Chem.), Morflex X-1080 (Chas. Pfizer), Plastolein 3702
      (Emery). They are used in foam formulations where high temperature
      stability and solvent resistance are required. Epoxidized oils, even
      though they are not polymeric, are included in this group. Useful
      epoxidized oils include octyl epoxy stearate, epoxidized soybean oil,
      Harflex 2020 (Harchem), Monoplex S-70 (Rohm & Haas), Nuodex V-50 epoxy
      tall oil ester. These oils have the high molecular weights required for
      high temperature stability and have better low temperature properties than
      polymerics. Miscellaneous plasticizers include chlorinated paraffins,
      dipropylene glycol dibenzoate, long chain hydrocarbons, ethylene glycol
      monobutyl ether laurate, tricyclohexyl citrate, diisooctyl monoisodecyl
      trimellitate. This group also includes plasticizer blends which are
      prepared for specific applications by combining the properties of several
      plasticizers.
PAR  Non-solvating plasticizers tend to lower viscosity of the plastisol,
      whereas solvating plasticizers lower the fusion temperature of the
      plastisol. A starting ratio of about 60 parts by weight of a non-solvating
      plasticizer to about 20 parts by weight of a solvating plasticizer is
      suggested. The ultimate ratio will depend on the plasticizers selected.
PAR  Since the plasticizer is the continuous phase in the plastisol compound, it
      is of primary concern in the selection of the silicone surfactant frothing
      agent.
PAR  Selection of the silicone surfactant frothing agent depends on the resin as
      well as the plasticizer in the plastisol. Often efficiency of the silicone
      surfactant can be improved by using a blend of solvating and non-solvating
      plasticizers in the plastisol. These frothing agents are well known in the
      art. Exemplary of the silicone surfactant frothing agents are copolymers
      prepared by the cohydrolysis of (CH.sub.3).sub.3 SiX and/or
      Q(CH.sub.3).sub.2 SiX with SiX.sub.4, wherein X is a hydrolyzable radical
      such as a halogen (chlorine, fluorine, bromine) or any alkoxy (methoxy,
      ethoxy, propoxy, butoxy, etc.) radical, employing, of course, such
      proportions as are necessary to obtain the desired SiO.sub.2 to total
      (CH.sub.3).sub.3 Si and Q(CH.sub.3).sub.2 Si ratio of 1:0.6 to 1:1.2.
      Alternatively, copolymers can be prepared, for example, by reacting
      (CH.sub.3).sub.3 SiCL, (CH.sub.3).sub.3 --SiOC.sub.2 H.sub.5  or
      (CH.sub.3).sub.3 SiOSi(CH.sub.3).sub.3 with an acidic silica sol. This
      method is fully described in U.S. Pat. 2,676,182, the disclosure of said
      patent being incorporated herein by reference.
PAR  A particularly useful means for preparing modified copolymers containing
      both (CH.sub.3).sub.3 SiO.sub.1/2 and Q(CH.sub.3).sub.2 SiO.sub.1/2 units
      involves cohydrolyzing a mixture of (CH.sub.3).sub.3 SiX and
      H(CH.sub.3).sub.2 SiX with SiX.sub.4 and then coupling the desired
      solubilizing group "Q" to the copolymer by reacting the hydrogen on the
      silicon atom with the unsaturated group of a compound which also contains
      the desired solubilizing group. This type of reaction is well known to
      those skilled in the art. The purpose of the solubilizing group in the
      radical Q is to make the copolymer compatible with plastisols which it
      might not be compatible with otherwise. Any solubilizing group can be
      present in the copolymers of this invention, the particular plastisol in
      which the copolymer is being used determines the choice of solubilizing
      group. Examples of solubilizing groups which can be present in the Q
      radical include carboxyl, ester, amide, amino, mercapto, halohydrocarbon,
      nitrile, nitro, carbonyl and higher hydrocarbon groups.
PAR  Another silicone resin is a silicone resin having R.sub.3 SiO.sub.1/2
      monofunctional units and SiO.sub.2 tetrafunctional units with the ratio of
      the monofunctional units to the tetrafunctional units being from 0.25 to
      0.75 with 3.0 to 5.0% by weight of hydroxyl groups and a silicone resin
      having R.sup.1.sub.3 SiO.sub.1/2 monofunctional units and SiO.sub.2
      tetrafunctional units and R.sup.2.sub.2 SiO difunctional units with the
      ratio of monofunctional units to tetrafunctional units to difunctional
      units being from 0.25 - 0.75 to 1 to 0.05-0.1 with 3.0 to 5.0% by weight
      of hydroxyl groups and wherein R, R.sup.1, R.sup.2 are monofunctional
      hydrocarbon radicals.
PAR  The essential characteristics of the silicone surfactants defined above are
      the siloxane units present in the copolymer surfactant, the ratio of these
      units and the compatibility of the surfactant with the plastisol. By being
      "compatible", it is meant that the surfactant is partially soluble and/or
      dispersible in the plastisol. Compatibility of the surfactant in the
      plastisol can be controlled in several ways. For example, one can choose a
      surfactant having the desired compatibility. Compatibility can be
      controlled by altering the Q radical. Still another alternative is to
      select a plasticizer for use in the plastisol which gives the desired
      degree of compatibility. It can be seen from the foregoing illustrations
      that silicone surfactants provide a maximum amount of flexibility which
      permits tailoring the surfactants and foamable compositions produced with
      the surfactants to meet specific specifications rather than vice versa.
PAR  The amount of surfactant used need only be sufficient to produce the
      desired foam density and will vary depending on the application. The
      amount of surfactant can vary from about 1 to about 5 phr of resin but
      this amount will depend on the resin and plasticizer selection as well as
      the desired foam density.
PAR  Since PVC polymers change color and harden on prolonged exposure to heat
      and light, conventional PVC heat and light stabilizers are used in
      foamable PVC compositions. From about 1 to about 5 phr of one or more of
      these PVC stabilizers may be added to the PVC foam composition. Chelated
      and unchelated metallic (barium, calcium, cadmium, zinc, magnesium) soaps
      and phenates, basic lead carbonate, tribasic lead sulfate, dibasic lead
      phosphites, organotins, may be used as stabilizers.
PAR  Fillers and pigments may also be used in PVC foam compositions. Fillers are
      used to reduce cost and pigments are used to add color to vinyl plastisol
      foams. The quantity of fillers may vary from about 10 to about 50 phr.
      When used, the quantity of pigments may vary from about 1 to about 2 phr.
PAR  Useful fillers include the most frequently used natural and precipitated
      calcium carbonates. Also calcined clays, talcs, barytes, aluminum oxides,
      calcium silicates, asbestos, diatomaceous earth, water ground mica, carbon
      and graphite, titanium dioxide may be used. PVC foam for furniture,
      automobiles, trains, planes, textiles, floorings, and carpet backing may
      be white, black, or colored. To obtain various colors, pigments such as
      benzidine yellow, chrome oxide green, Watchung Red (Pigment Red 48),
      phthalocyanine blue (Pigment Blue 15) may be used.
PAR  For the purpose of this invention, the term "frothing agent" is used to
      describe those silicone surfactants which actually foam the plastisol
      under mechanical agitation. The term "frothing aid" is used to describe
      those products which, although not being effective frothing agents by
      themselves, do incresae the frothing activity of the silicone surfactants.
PAR  The frothing aid is used to extend the silicone surfactant frothing agent.
      From about 5.0 phr to about 10 phr of frothing aid is added to the foam
      composition. Useful oleophilic frothing aids include a mixture of the free
      acids of simple and complex organic phosphate mono and diesters and
      phosphite mono and diesters, organic nitrogen compounds such as amines,
      aminoamides, alkanolamides, imidazolines, quaternaries, and
      nitrogen-sulfur compounds, simple and complex organic borate esters such
      as 2-ethyl-hexyl borate, tri-hexylene glycol biborate, and tricresyl
      borates in combination with simple and complex olephilic organic metallic
      compounds such as a metal phenate, metal soap or metal organosulfonate.
      Phosphate esters include those surfactants described in Krupin, "Phosphate
      Ester Surfactants - Newer Uses"; Soap & Chemical Specialties, p. 86, May,
      1969, which is incorporated by reference herein, may be used.
PAR  Examples of frothing aids include:
PAR  1. Free acids of simple and complex organic phosphate mono and diesters -
      ##EQU1##
      R = C.sub.8 - C.sub.20, or alkylphenyl or other aromatic. R may be
      alkoxylated (ethoxy, propoxy, butoxy).
PAR  Dicaprylacid phosphate, monolaurylacid phosphate, di (ethoxylated nonyl
      phenyl) phosphate, dioleyl acid phosphate, distearyl acid phosphate,
      chlorphenol acid phosphate, flurocarbon and fluorohydrocarbon acid
      phosphates (e.g., from pentadecafluorooctyl alcohol).
PAR  2. Phosphites - Free acids of organic acid phosphites such as didecyl
      hydrogen phosphite, dilauryl hydrogen phosphite, dioleyl hydrogen
      phosphite, di (2-ethylhexyl) hydrogen phosphite, diphenyl hydrogen
      phosphite, dioctadecyl hydrogen phosphite, decylphenyl hydrogen phosphite,
      lauryl dihydrogen phosphite, pentaerythritol hydrogen phosphite, bisphenol
      A hydrogen phosphite, thiophenol dihydrogen phosphite, dilauryldithio
      hydrogen phosphite, dinonylphenyl hydrogen phosphite, diallyl hydrogen
      phosphite, bromophenol hydrogen phosphite.
PAR  3. Amines - Primary, secondary, and tertiary amines. RNH.sub.2, R.sub.2 NH,
      R.sub.3 N. R may be aliphatic (saturated or unsaturated), alicyclic,
      aromatic, or heterocyclic. Caprylamine, laurylamine, stearylamine,
      oleylamine, dilaurylamine, (cyclohexylmethyl) amine, aniline,
      2-ethylhexylamine, t-alkyl primary amines (t-C.sub.12 H.sub.25 NH.sub.2),
      trioctylamine, rosin amine, aminophenol, benzylamine, alkoxylated amines,
      N-alkyl trimethylene diamines from oleic or adipic acids, hydrogenated
      tallow amine, di-soya amine, N-coco morpholine, N-lauroyl ethylenediamine,
      benzylidenecylohexylamine, N-aliphatic polyamines, perfluorocylohexyl
      (C.sub.6 F.sub.11) perfluorocyclohexyl
PAR  4. Amine salts of sulfonic acid - Lubrizol L 40209 (an amine neutralized
      petroleum sulfonate - 2.8% sulfur, 1.2% nitrogen), Conco AAS special -
      Triethanolamine neutralized dodecylbenzenesulfonate, benzenedisulfonamide,
      dialkylaminoalkyl mercaptan R.sub.2 N(CH.sub.2).sub.n SH.
PAR  5. Simple and complex organic borate esters-2-ethylhexyl borate,
      trihexylene glycol biborate, tri-m,p-cresyl borate,
      2-(betadimethylaminoethoxy)-4-methyl-1, 3, 2-dioxaborinane, tri-n-butyl
      borate, triisopropanolamine borate, 2,
      6-di-tert-butyl-4-methylphenyl-di-n-butyl borate, lithium hexylene glycol
      monoborate, borate of N-hydroxyethyl-N- sec octadecylpiperazine, complexes
      such as of tetraphenylborate iridium, borate esters from polyols and boron
      trihalides, glycerine borate, brominated borate esters, fluroinated borate
      esters from fluorohydrocarbon alcohols.
PAR  6. Simple and complex metal phenates-barium thiophenate, overbased barium
      phenate, overbased calcium nonyl phenate, metal alkyl phenates, metal
      salts of long chain alkyl substituted salicylates.
PAR  7. Simple and complex metal soaps-strontium 2-ethylhexoate, stannous
      octoate, lead hexoate.
PAR  8. Simple and complex metal organosulfonates-magnesium petroleum sulfonate,
      calcium petroleum sulfonate, barium alkylbenzenesulfonate.
PAR  9. Simple and complex metal phosphonates and thiophosphonates.
PAR  Although organic nitrogen compounds increase frothing activity of silicone
      frothing agents in polyvinylchloride plastisols, they have a tendency at
      times to produce yellowish discoloration in cured and/or aged PVC foam.
      This discoloration does not detract from the exceptional properties of
      these PVC foams, but it is objectionable for certain uses where white or
      near white foam is desired.
PAR  It was found that this discoloration, which results primarily from use of
      primary and secondary fatty amines, can be eliminated or at least
      substantially reduced by replacing all or a substantial part of the
      organic nitrogen compounds with oil soluble, or at least oil dispersible,
      metallic salts and complexes.
PAR  Preparation of the metallic salts and complexes mentioned in (3) above is
      well known in the art and is not part of this invention, except insofar as
      they are further reacted with oil soluble or oil dispersible organic
      phosphates and/or borates. These metallic salts and complexes are
      described in the art as neutral, basic, or superbased metallic compounds
      of phenates, petroleum sulfonates carboxylates, organophosphonates,
      organothiophosphonates or combinations thereof. There are numerous patents
      disclosing their preparation, mainly for use in the petroleum and
      lubricant additives field. There are numerous literature references
      including the following:
PA0  "Lubricant Additives" by Dr. M. W. Ranney. Published by Noyes Data Corp.,
      Park Ridge, N. J. 1973.
PA0  "gear and Transmission Lubricants" by C. J. Boner. Published by Reinhold
      Publishing Corp. 1964.
PA0  "Lubricant Additives" by. C. V. Smalheer and R. Kennedy Smith. Published by
      Lezius-Hiles Co., Cleveland, Ohio 1967.
PA0  "Lubrication and Lubricants" by Eric R. Braithwaite. Published by Elsevier
      Publishing Co. 1967.
PA0  "Manufacture of a Highly Basic Engine Oil Detergent Additive" American
      Chemical Society, Division of Petroleum Chemistry - General
PAR  Papers presented at Atlantic City Meeting, Sept. 13-18, 1959, pages 45-50,
      by C. R. Dawson, H. Ratner, and L. R. Roberts. "Status of Lubricants,
      Friction, and Wear" by R. C. Bowers and C. M. Murphy. NRL Report 6466.
      Naval Research Laboratories, Washington, D.C., pages 57-89.
PAR  Typical patents include U.S. Pat. Nos. 2,361,476; 2,426,540; 2,451,346;
      2,501,731; 2,501,732; 3,036,971; 3,350,308; 3,351,552; 3,367,430;
      3,388,063; 3,376,222 disclosing the use of alkaline earth, magnesium,
      lithium, and other basic and superbasic compounds and complexes.
PAR  The normal salt of an acid contains the stoichiometric amount of metal
      required to neutralize the acidic constituents. A basic salt contains more
      (usually twice) metal than is required to neutralize the acidic
      constituents. A superbasic salts contains a large excess (sometimes 3 to
      15 times the amount) of metal above that required for stoichiometric
      neutralization; significant amounts of the excess metal being collodially
      dispersed as usually the carbonate, sometimes the oxide or hydroxide.
PAR  The metallic compounds and complexes of this invention are not effective
      frothing aids by themselves but are when used in combination with silicone
      frothing agents. They must be blended or reacted with oil soluble or oil
      dispersible organic phosphorus, boron, and/or nitrogen compounds. When
      reacted with the acidic organic phosphates, the carbonated superbased
      metallic compounds, with Base Numbers of approximately 40 to 300 or
      higher, liberate carbon dioxide. Also, normal, basic, and superbased
      metallic compounds and complexes, which do not have sufficient solubility
      in organic solvents such as plasticizers, can be solubilized by reaction
      with or blending with the organic phosphorus, boron and/or nitrogen
      compounds.
PAR  In addition to reducing or eliminating discoloration of PVC foam caused by
      certain organic nitrogen compounds, these metallic compounds and complexes
      are also useful in controlling viscosity of wet PVC froths.
PAR  Among the compounds and complexes which may be useful in increasing
      frothing activity of silicone surfactant frothing agents in combination
      with organic phosphorus, boron, and nitrogen compounds, there may be
      mentioned:
PAR  The normal, basic, and super basic metal salts of alkylphenols, alkylphenol
      sulfides, and alkylphenol-aldehyde condensation products.
PAR  The normal, basic and superbasic metal salts of petroleum sulfonic
      (commonly called "mahogany") acids and alkyl substituted benzene and
      naphthalene sulfonic acids.
PAR  The normal, basic and superbasic metal salts of phosphonic and
      thiophosphonic acids for the reaction of polyolefins (e.g. polyisobutenes)
      with inorganic phosphorus reagents (e.g. phosphorus pentasulfide).
PAR  The normal, basic, and superbasic metal salts (carboxylate and
      carboxylate-phenate salts) of long chain alkyl substituted salicylic
      acids.
PAR  The preferred metallic constituents for the preparation of the frothing
      aids include barium, calcium, and lead. However, other alkaline earth
      constituents, cesium, magnesium, lithium, and tin, among others, are also
      of value. It is realized that not all metallic constituents form basic
      and/or superbasic compounds and complexes readily and that additives, such
      as catalysts, solvents, and the like, may be required to produce these
      compounds.
PAR  Among the acidic constituents used to prepare the normal, basic, and
      superbasic metallic compounds and complexes may be listed alkyl phenols
      such as octyl phenol and dinonyl phenol, alkylphenol-aldehyde condensation
      products such as that from tertiary amylphenol and formaldehyde,
      alkylphenol sulfides such as tertiary octylphenol sulfide, alkyl or
      alkenyl substituted cyclopentanoic acids, alkylated benzene sulfonic acid
      (molecular weight 450), alkylsubstituted salicylic acids such as
      dissopropyl or isooctyl salicylic acids, abietic acid, betaphenylpropionic
      acid, chlorophenylstearic acid, dichlorostearic acid, diisobutyl phenol,
      dimer and trimer acids, diphenylphosphinodithioic acid, dodecanedioic
      acid, dodecenyl succinic anhydride, hexachloroendomethylene
      tetrahydrophthalic acid, linoleic acid, Nadic methyl anhydride, naphthenic
      acid, neo-decanoic acid, oleic acid, paratertiary butylbenzoic acid,
      phenanthrene butyric acid, polyisobutylenesuccinic acid anhydride, rosin
      and rosin acids, tall oil and tall oil acids, triglycerides, Versatic
      Acid, metallic complexes such as those of the succinamide of
      polyisobutenylsuccinic anhydride and diethylene triamine.
PAR  These normal, basic, and superbasic metallic compounds and complexes may be
      prepared in volatile and/or non-volatile organic solvents. The solvents
      may be benzene, toluene, xylene, mineral oil, kerosene, plasticizers
      previously discussed in this invention, as well as other solvents well
      known in the art. These solvents may be used alone or in combination with
      catalysts, superbasing additives, etc.
PAR  The frothing aids of this invention are easily prepared by simple blending
      of the organic phosphorus, boron, and nitrogen constituents and components
      with the metallic compounds and complexes and then heating with agitation
      to 90.degree.C to 100.degree.C. They may be heated higher, for example to
      150.degree.C, but not significant advantage is obtained except in those
      cases where water of reaction decreases the shelf-life of the frothing
      aids. Where superbased metallic compounds and/or complexes are reacted
      with organic acid phosphates, care should be taken because the liberated
      carbon dioxide produces considerable foam. Advantage can be taken of this
      carbon dioxide liberation by reacting the superbased metallic compound or
      complex with the organic acid phosphate in the plastisol which will be
      used to produce the PVC foam.
PAR  The metallic compounds and complexes may be used at about 10 to 75% by
      weight of the frothing aid composition with the preferred amount being
      about 20 to 30% by weight. The metallic compounds and complexes may be
      blended with silicone frothing agent before being blended with other
      frothing aid constituents and components. However, no significant
      advantage has been obtained in frothing activity at this stage of the art
      by doing this. Neither has any significant advantage been found in adding
      various constituents and components individually to the plasticizer or
      plastisol before foaming the froth except, as previously mentioned, where
      carbon dioxide is liberated. Those skilled in the art of producing
      mechanical PVC foam generally study modes of addition of frothing agents
      and frothing aids to produce the most economical foam with exceptional
      properties.
PAR  Useful frothing aid mixtures includes a mixture of an overbased calcium
      phenate, a free acid of tridecyl alcohol phosphate ester and a
      trihexyleneglycol biborate; a mixture of an overbased calcium phenate, a
      free acid of an oleyl alcohol ethoxylate phosphate ester and a
      2-ethylhexyl borate; a mixture of an overbased calcium
      alkylbenzenesulfonate, a free acid of oleyl alcohol ethoxylate phosphate
      ester, and a 2-ethylhexyl borate; a mixture of an overbased calcium
      phenate, and a free acid of C.sub.8 - C.sub.10 alcohol phosphate ester; a
      mixture of an overbased calcium phenate, a lead ethylhexoate, and a
      2-ehtylhexyl borate; a mixture of an overbased calcium phenate, an alkyd
      resin and a 2-ethylhexyl borate; a mixture of an overbased barium phenate,
      a free acid of tridecyl alcohol phosphate ester, a trihexyleneglycol
      biborate, and a tertiary (C.sub.12 - C.sub.14) primary amine; a mixture of
      an overbased calcium phenate, and a free acid of diphenyl phosphite ester,
      a trihexyleneglycol biborate, and a dicocoamine.
PAR  A simple screening test may be used to determine whether or not a given
      mixture of compounds will foam a vinyl resin plastiscol. If a compound
      does not foam the plasticizer, it will not foam a plastisol prepared with
      the plasticizer. Since other plastisol compounds such as the vinyl resins,
      other plasticizers, stabilizers, fillers and pigments present in the foam
      composition will also influence the foaming ability of frothing agents and
      frothing aids, it is possible that a mixture of compounds which passes a
      simple plasticizer foaming screening test (which may be as simple as
      shaking 2.5 g of potential frothing agent or frothing aid in 50 g of
      plasticizer for 10 sec in a bottle) may fail in the actual plastisol
      frothing test. However, this simple plasticizer screening test does make
      it possible to discover that certain organic phosphorus, boron, nitrogen
      compounds and mixtures of these compounds will increase the foaming
      activity of the silicone frothing agents with the result that less
      silicone frothing agent is required to produce the same froth and fused
      foam densities.
PAR  The following plastisol formulation may be used to evaluate the frothing
      aids of this invention:
TBL  Vinyl resin, dispersion grade                                             
                         60.0       parts                                      
     Fast fusing homopolymer                                                   
     extender PVC resin  40.0       parts                                      
     No. 10 Whiting      20.0       parts                                      
     Plasticizer         75.0-85.0  parts*                                     
     Silicone frothing agent                                                   
                         2.0-4.0    parts                                      
     Vinyl resin stabilizer                                                    
                         1.0        parts                                      
     Frothing aid        5.0-10.0   parts                                      
      *Normally in this typical carpet backing plastisol formulation for PVC   
      foam production, 85.0 parts of plasticizer is used. However, when a      
      frothing aid is used, the plasticizer content can be reduced by an amount
      equal to the amount of frothing aid added.                               
PAR  In evaluation of the frothing aid, approximately 624 g of plastisol
      containing the frothing agent and frothing aid is whipped for 5 minutes
      using a Model N-50 Hobart Mixer with wire whip, at Speed No. 2 (the most
      effective speed for lowest density froth and fused foam) to froth the
      plastisol. Froth density is determined using 9 oz paper cups. A Brookfield
      Synchron-Lectric Viscometer, Model LVF, Spindle No. 4, Speed 12, is used
      to measure froth viscosity. The resulting vinyl resin plastisol froths are
      then fused in aluminum trays at 280.degree.F in a forced air oven for 10
      minutes to obtain approximately 6 .times. 23/4 .times. 1/4 inch PVC fused
      foams. Foams are weighed and densities calculated. Surface
      characteristics, cell structure, odor, and color are also noted.
PAR  Mixing equipment commonly used to froth or foam vinyl plastisols
      mechanically include the Oakes foamer (E. T. Oakes Corporation, Islip,
      N.Y.) and the Texacote foamer (Textile Rubber and Chemical Company,
      Dalton, Ga.). Foam can be produced continuously by feeding the foam
      composition into the mixing chamber of the Oakes foamer at a constant rate
      using a positive displacement variable speed pump. The mixing chamber
      employs sets of teeth or pins both on the rotating and stationary meshing
      units. The small clearance between the two units produces a high rate of
      shear which facilitates dispersion of an air stream into the foam
      composition.
PAR  The resulting foams are heated at about 250.degree.F to about 320.degree.F
      to fuse the foam. Some foams expand during the fusion steps in these tests
      when frothing aids are used in combination with silicone surfactants. This
      is an important feature because more foam can be produced from an equal
      weight of plastisol.
PAR  For a fuller understanding of the nature and objects of this invention,
      reference may be made to the following examples. These examples are given
      merely to illustrate the invention and are not to be construed in a
      limiting sense. All parts, proportions and quantities are by weight unless
      otherwise indicated. The terms g, l, .degree.C, .degree.F, lb, ft.sup.3,
      phr, cps are used to indicate grams, liters, degrees Centrigrade, degrees
      Fahrenheit, pounds, cubic feet, parts per hundred parts resin, centipoises
      respectively, in these examples.
DETD
PAC  EXAMPLE 1
PAR  The various compounds shown in Table I are evaluated as frothing aids to
      extend the silicone surfactant frothing agent in the following foamable
      plastisol formulation:
TBL          Component    Concentration                                        
                          phr                                                  
     ______________________________________                                    
     Vinyl resin, dispersion grade                                             
                          60.0                                                 
     Fast fusing homopolymer extender                                          
     PVC resin            40.0                                                 
     No. 10 Whiting       20.0                                                 
     Plasticizer          75.0-85.0                                            
     Silicone frothing agent                                                   
                          2.0-4.0                                              
     Vinyl resin stabilizer                                                    
                          1.0                                                  
     Frothing aid          5.0-10.0                                            
     ______________________________________                                    
PAL  The plasticizer is Eastman CB-A (a blend of butyl benzyl phthalate,
      isobutyrate viscosity depressant and butyl octyl phthalate). Normally in
      this typical carpet backing plastisol formulation for PVC foam production,
      85.0 phr of plasticizer is used. However, when a frothing aid or a mixture
      of frothing aids is used, plasticizer content may be reduced by an amount
      equal to the amount of the frothing aid added. The silicone surfactant
      frothing agent used in these tests is General Electric SS4255, a 50%
      solvent solution of silicone surfactant.
PAR  The quantities of the compounds shown in Table I are mixed to obtain
      frothing aid mixtures as clear, stable, viscous liquids. Exothermic
      reactions may occur when certain compounds such as the Phosphorous
      Compounds, e.g., organic phosphate esters are mixed with Nitrogen
      Compounds and reaction temperatures as high as 85.degree.C may be obtained
      during mixing. Reactions also occur with liberation of carbon dioxide when
      overbased alkaline earth phenates are mixed with acid organic phosphates.
      When Boron Compounds, e.g., borate esters are added to these mixtures, the
      resulting mixtures are heated to 95.degree. to 100.degree.C. All mixtures
      are heated to 95.degree. to 100.degree.C.
PAR  Each frothing aid mixture is evaluated by mechanically whipping
      approximately 624 g of plastisol containing silicone surfactant and
      frothing aid for 5 minutes using a Model N-50 Hobart Mixer with wire whip,
      at Speed No. 2 (the most effective speed for lowest density froth and
      fused foam). Froth density is measured in a 9 oz paper cup. A Brookfield
      Synchro-Lectric Viscometer, Model LVF, Spindle No. 4, Speed 12, is used to
      measure froth viscosity. The resulting foamed vinyl resin plastisol is
      fused in an aluminum tray at 280.degree.F in a forced air oven for ten
      minutes to obtain approximately 6 .times. 23/4 .times. 1/4 inch sample of
      PVC fused foam. Each fused foam sample is weighed and its density
      calculated. Surface characteristics, cell structure, odor, and the color
      of each foam sample are noted.
PAR  Controls used for determining effectiveness of frothing aiads are the froth
      densities and fused foam densities obtained with 4.0, 3.0 and 2.0 phr
      silicone frothing agent in the plastisol formulation without a frothing
      aid. Any frothing aid or mixture of frothing aids, which produces lower
      froth densities and fused foam densities than those obtained with 2.0 phr
      frothing agent in the controls, is considered to be an improved product of
      this invention.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MECHANICAL FOAM TESTS WITH PLASTISOL CONTAINING 2 phr SILICONE            
     SURFACTANT                                                                
              Composition of Frothing Aid                                      
     Foam                                                                      
         phr  %      %              Froth   Froth                              
                                                 Fused Foam                    
     Test                                                                      
         Frothing                                                              
              Phosphorus                                                       
                     Boron                                                     
                             %      Brookfield                                 
                                            Density                            
                                                 Density                       
     Number                                                                    
         Aid  Compound                                                         
                     Compound                                                  
                          Other Compounds                                      
                                    Viscosity cps                              
                                            g/l  lb/ft.sup.3                   
     __________________________________________________________________________
     1   8.0  25 CROD N3                                                       
                     50 Q 25 Ca Ph  13500   600  25.2                          
     2   8.0  --     50 Q 25 Ca Ph                                             
                          25 LEAD-HEX                                          
                                    24250   530  25.3                          
     3   10.0 25 CROD N3                                                       
                     50 Q 25 Ca Sulf 4.8                                       
                                    17750   575  26.2                          
     4   10.0 --     50 Q 25 Ca Ph                                             
                          25 TRITON B1956                                      
                                    13500   590  26.5                          
     5   4.0  --     50 Q 25 Ca Ph                                             
                          25 LEAD-HEX                                          
                                    19000   590  26.6                          
     6   10.0 --     50 Q 25 Ca Ph                                             
                          25 LEAD-HEX                                          
                                    18500   560  27.0                          
     7   8.0  25 CROD N3                                                       
                     50 Q 25 Ca Sulf 3.2                                       
                                    17750   575  27.6                          
     8   2.0  25 CROD N3                                                       
                     50 Q 25 Ca Ph  17500   590  27.6                          
     9   4.0  25 CROD N3                                                       
                     50 Q 25 Ca Ph  17250   600  27.8                          
     10  6.0  --     --   50 Ca Ph                                             
                          50 Am Sulf 2.85                                      
                                    23250   600  27.8                          
     11  8.0  50 W   --   50 Ca Ph  20750   530  27.9                          
     12  2.0  --     50 Q 25 Ca Ph                                             
                          25 TRITON B1956                                      
                                    20250   600  28.2                          
     13  10.0 --     --   50 Ca Ph  20250   600  28.5                          
                          50 Am Sulf 2.85                                      
     14  4.0  --     50 Q 25 Ca Ph                                             
                          25 LEAD-HEX                                          
                                    23250   580  28.6                          
     15  4.0  --     --   50 Ca Ph                                             
                          50 Am Sulf 2.85                                      
                                    25500   600  28.9                          
     16  6.0  --     50 Q 25 Ca Ph                                             
                          25 TRITON B1956                                      
                                    17500   610  29.0                          
     17  6.0  25 CROD N3                                                       
                     50 Q 25 Ca Sulf 3.2                                       
                                    20750   590  29.1                          
     18  10.0 25 CROD N3                                                       
                     50 Q 25 Ca Sulf 3.2                                       
                                    15000   560  29.2                          
     19  8.0  --     50 Q 25 Ca Ph                                             
                          25 TRITON B1956                                      
                                    14500   595  29.5                          
     20  6.0  25 RA600                                                         
                     50 Q 25 Ca Ph  22000   595  29.6                          
     21  4.0  50 W   --   50 Ca Ph  26000   600  30.9                          
     22  CONTROL 2.0 phr GENERAL ELECTRIC SS4255                               
                                    23500   620  32.1                          
     __________________________________________________________________________
PAC  EXAMPLE II
PAR  The procedure of Example I is repeated with the exceptions that the
      silicone surfactant frothing agent used in the plastisol formulation is
      Dow Corning 1250, a 50% xylene solution of silicone surfactant and the
      plasticizer is butyl ethylhexl phthalate. Results of these tests are shown
      in Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     MECHANICAL FOAM TESTS WITH PLASTISOL CONTAINING 2 phr SILICONE            
     SURFACTANT                                                                
               Composition of Frothing Aid                                     
     Foam phr    %   %              Froth   Froth                              
                                                 Fused Foam                    
     Test Frothing                                                             
               Phosphorus                                                      
                     Boron                                                     
                             %      Brookfield                                 
                                            Density                            
                                                 Density                       
     Number                                                                    
          Aid  Compound                                                        
                     Compound                                                  
                          Other Compounds                                      
                                    Viscosity cps                              
                                            g/l  lb/ft.sup.3                   
     __________________________________________________________________________
     23   10.0 50 ACT T                                                        
                     25 B7                                                     
                          25 Ca Ph 7.2                                         
                                    19400   505  22.8                          
     24   7.5  25 ACT T                                                        
                     25 B7                                                     
                          25 Ba Ph  17000   540  25.6                          
                          25 81R                                               
     25   5.0  25 ACT T                                                        
                     25 B7                                                     
                          25 Ca Ph  23500   565  27.0                          
                          25 81R                                               
     26   10.0 25 ACT T                                                        
                     --   25 Ca Ph  23000   575  27.2                          
               25 W       25 2C                                                
     27   10.0 25 ACT T                                                        
                     25 B7                                                     
                          25 Ba Ph  16500   535  27.8                          
                          25 81R                                               
     28   5.0  25 DPP                                                          
                     25 B7                                                     
                          25 Ca Ph  20500   570  28.3                          
                          25 JMT                                               
     29   10.0 25 DPP                                                          
                     25 B7                                                     
                          25 Ca Ph  20750   585  28.3                          
                          25 2C                                                
     30   5.0  25 ACT T                                                        
                     25 B7                                                     
                          25 Ba Ph  18000   560  28.5                          
                          25 81R                                               
     31   5.0  25 DPP                                                          
                     25 B7                                                     
                          25 Ca Ph  22500   560  28.9                          
                          25 81R                                               
     32   10.0 25 ACT T                                                        
                     25 B7                                                     
                          25 Ca Ph  22750   550  29.2                          
                          25 81R                                               
     33   5.0  25 DPP                                                          
                     25 B7                                                     
                          25 Ca Ph  18000   595  29.3                          
                          25 2C                                                
     34   7.5  25 ACT T                                                        
                     25 B7                                                     
                          25 Ca Ph  23500   560  29.7                          
                          25 81R                                               
     35   CONTROL 2.0 phr DOW CORNING 1250                                     
                                    22000   580  30.8                          
     __________________________________________________________________________
     KEY TO TABLES I AND II                                                    
     ACT T   ARTHUR C. TRASK CO., ACTROFOS T, acid form tridecyl               
             alcohol phosphate ester                                           
     Am Sulf 2.85                                                              
             LUBRIZOL CORP. L40209 experimental amine neutralized              
             petroleum sulfonate                                               
     B7      U.S. BORAX BORESTER 7, trihexyleneglycol biborate                 
     Ba Ph   LUBRIZOL CORP. LUBRIZOL 2103 overbased liquid barium              
             complex, 23.5% barium                                             
     2C      ARMOUR ARMEEN 2C, dicocoamine                                     
     Ca Ph   LUBRIZOL CORP. 24697L overbased calcium nonylphenate              
             4.7% calcium                                                      
     Ca Ph 7.2                                                                 
             LUBRIZOL CORP. LUBRIZOL 2105 overbased calcium nonyl-             
             phenate 7.2% calcium                                              
     Ca Sulf 3.2                                                               
             LUBRIZOL CORP. OS40208 calcium alkylbenzene sulfonate             
             3.2% calcium, 2.9% sulfur, base no. 40                            
     Ca Sulf 4.8                                                               
             LUBRIZOL CORP. OS13463 calcium alkylbenzene sulfonate             
             4.8% calcium, 3.0% sulfur, base no. 85                            
     CROD N3 CRODA INC. CRODAFOS N3, acid form phosphated oleyl                
             ether                                                             
     DPP     EASTMAN diphenyl phosphite                                        
     JMT     Rohm and Haas PRIMENE JM-T, Tert (C.sub.18 --C.sub.22) primary    
             amine                                                             
     LEAD HEX                                                                  
             MOONEY CHEMICALS INC. Lead 2-ethylhexoate 24% lead                
     Q       2-ethylhexyl borate                                               
     RA 600  GAF GAFAC RA600 acid organic phosphate                            
     TRITON B1956                                                              
             ROHM and HAAS modified phthalic glycerol alkyd                    
             resin                                                             
     W       Free acid phosphate ester C.sub.8 --C.sub.10 alcohols             
     81R     Rohm and Haas PRIMENE 81R, tert (C.sub.12 --C.sub.14) primary     
             amine                                                             
PAR  While the invention has been described with reference to certain specific
      embodiments thereof, it is understood that it is not to be so limited
      since alterations and changes may be made therein which are within the
      full intended scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for producing a foam by mechanically whipping comprising:
PA1  a. a plastisol which is a mixture of
PA2  1. a particulate resin selected from the group consisting of a vinyl
      chloride homopolymer and a vinyl chloride copolymer of a major portion of
      a vinyl chloride monomer and a minor portion of a copolymerizable
      dissimilar vinyl comonomer, and
PA2  2. a high boiling organic liquid plasticizer which is substantially a
      non-solvent for the particulate resin at room temperature but is capable
      of dissolving the particulate resin at elevated temperature to form a
      single phase material which upon cooling to room temperature is a solid
      material,
PA1  b. from about 1 to about 5 phr of a silicone frothing agent, and
PA1  c. from about 5 to about 10 phr of an oleophilic frothing aid which is a
      stable, homogeneous mixture of
PA2  1. at least one member selected from the group consisting of a metal
      phenate, a metal soap, a metal organosulfonate, a metal organophosphonate
      and a metal organothiophosphonate wherein the metal is selected from the
      group consisting of sodium, potassium, lithium, barium, calcium,
      strontium, cesium, magnesium, lead and tin, the member being oleophilic or
      forming an oleophilic reaction product with another component present in
      the composition, and
PA2  2. at least one member selected from the group consisting of a free acid of
      a phosphate ester, a free acid of a phosphite ester, a borate ester, an
      amine, an amine salt of a sulfonic acid and an alkyd resin wherein the
      ester moiety in the phosphate ester, phosphite ester and borate ester is
      alkyl, alkenyl, aryl, substituted alkyl, substituted alkenyl, substituted
      aryl or an alkoxylate thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein the silicone frothing agent is a
      copolymer of SiO.sub.2 units and units selected from the group consisting
      of (CH.sub.3).sub.3 SiO.sub.1/2 and Q(CH.sub.3).sub.2 SiO.sub.1/2 units,
      wherein Q is a radical containing a solubilizing group that makes the
      copolymer compatible with said plastisol and the ratio of SiO.sub.2 units
      to the total (CH.sub.3).sub.3 Si and Q(CH.sub.3).sub.2 Si unit is in the
      range of 1:0.6 to 1:1.2.
NUM  3.
PAR  3. The composition of claim 1 wherein the resin is selected from the group
      consisting of
PA1  1. homopolymers of vinyl chloride, and
PA1  2. copolymers of vinyl chloride containing in an amount up to about 40% by
      weight of said copolymer of at least one ethylenically unsaturated monomer
      copolymerizable therewith selected from the group consisting of vinyl
      acetate, vinylidene chloride, esters of acrylic acid, vinyl ethers, esters
      of maleic acid, esters of fumaric acid, acrylonitrile, ethylene and
      propylene.
NUM  4.
PAR  4. The composition of claim 1 wherein the member of (c) (1) is selected
      from the group consisting of metal alkyl phenate, metal soap, and metal
      organosulfonate.
NUM  5.
PAR  5. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate,
PA1  b. a free acid of an oleyl alcohol ethoxylate phosphate ester, and
PA1  c. a 2-ethylhexyl borate.
NUM  6.
PAR  6. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium alkylbenzenesulfonate,
PA1  b. a free acid of oleyl alcohol ethoxylate phosphate ester, and
PA1  c. a 2-ethylhexyl borate.
NUM  7.
PAR  7. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate, and
PA1  b. a free acid of C.sub.8 - C.sub.10 alcohol phosphate ester.
NUM  8.
PAR  8. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate,
PA1  b. a lead ethylhexoate, and
PA1  c. a 2-ethylhexyl borate.
NUM  9.
PAR  9. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate,
PA1  b. an alkyd resin, and
PA1  c. a 2-ethylhexyl borate.
NUM  10.
PAR  10. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased barium phenate,
PA1  b. a free acid of tridecyl alcohol phosphate ester,
PA1  c. a trihexyleneglycol biborate, and
PA1  d. a tertiary (C.sub.12 - C.sub.14) primary amine.
NUM  11.
PAR  11. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate,
PA1  b. a free acid of diphenyl phosphite ester,
PA1  c. a trihexyleneglycol biborate, and
PA1  d. a dicocoamine.
NUM  12.
PAR  12. The composition of claim 1 wherein the frothing aid is a mixture of
PA1  a. an overbased calcium phenate,
PA1  b. a free acid of tridecyl alcohol phosphate ester, and
PA1  c. a trihexyleneglycol biborate.
NUM  13.
PAR  13. A process for producing a foam which comprises mechanically whipping
      the composition of claim 1 to obtain a froth and then heating the froth to
      obtain a fused, open-celled foamed composition.
NUM  14.
PAR  14. A substrate coated with the cured, open-celled, foamed composition
      produced by the process of claim 13.
PATN
WKU  039459560
SRC  5
APN  5893232
APT  1
ART  142
APD  19750623
TTL  Polymerization of styrene acrylonitrile expandable microspheres
ISD  19760323
NCL  3
ECL  1
EXP  Foelak; Morton
INVT
NAM  Garner; Joseph L.
CTY  Sanford
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  260  25B
XCL  260 855HC
EDF  2
ICL  C08J  918
ICL  C08J  916
FSC  260
FSS  2.5 B
UREF
PNO  3615972
ISD  19711000
NAM  Morehouse, Jr.
OCL  260  2.5B
UREF
PNO  3740359
ISD  19730600
NAM  Garner
OCL  260  2.5B
LREP
FR2  Ingraham; Robert B.
ABST
PAL  Expandable styrene-acrylonitrile microspheres are prepared by polymerizing
      a mixture of styrene and acrylonitrile with a volatile liquid blowing
      agent in an encapsulating system to provide expandable microspheres with a
      styrene-acrylonitrile polymer shell and a single drop of liquid blowing
      agent encapsulated symmetrically therein. Expandable microspheres of
      larger size, narrower size distribution and improved expansion
      characteristics are obtained using an alcohol in the polymerization
      system.
BSUM
PAR  Expandable synthetic resinous microspheres provide a convenient source of
      hollow, gas-filled synthetic resinous particles and are beneficially
      employed as fillers in synthetic resinous castings, as bulking agents in
      textiles and paper, as thin insulating coatings and the like. Such
      expandable particles are well known and are set forth in U.S. Pat. Nos.
      3,293,114; 3,401,475; 3,479,811; 3,488,714; 3,615,972; Canadian Patent
      890,501 and British Patent 1,044,680. Expandable microspheres generally
      have diameters within the range of 1 to 50 microns and consist essentially
      of a synthetic resinous thermoplastic shell encapsulating therein a single
      droplet of a liquid expanding agent such as a low boiling hydrocarbon or
      other volatile material which is generally a nonsolvent for the polymer.
      On heating the expandable microspheres to a temperature sufficient to
      cause heat plastification of the shell, the microspheres expand to form a
      hollow gas or vapor filled polymeric shell several times the diameter of
      the unexpanded microspheres. Such microspheres are prepared in an aqueous
      polymerization system and oftentimes dried and expanded.
      Styrene-acrylonitrile copolymer expandable microspheres are particularly
      desirable for many applications because of their solvent resistance and
      relatively high heat distortion temperature when compared to vinylidene
      chloride copolymer expandable microspheres. It is oftentimes desirable to
      provide expandable styrene-acrylonitrile copolymer microspheres which show
      desirable particle size uniformity which aids in rapid and complete
      expansion as well as uniformity of texture where expandable microspheres
      or expanded microspheres are employed in coatings, moldings and the like.
      Oftentimes when expandable styrene-acrylonitrile microspheres are
      prepared, the microspheres are undesirably small, have an undesirably
      broad particle size distribution and oftentimes expand to a less than
      desired bulk density.
PAR  It would be desirable if there were available an improved method for the
      preparation of styrene-acrylonitrile expandable microspheres.
PAR  It would also be desirable if there were available an improved method of
      preparation of styrene-acrylonitrile expandable microspheres of larger
      particle size.
PAR  It would also be desirable if there were available an improved expandable
      thermoplastic styrene-acrylonitrile microsphere having increased particle
      diameter and a relatively narrow particle size distribution.
PAR  These benefits and other advantages in accordance with the present
      invention are achieved in a method for the preparation of expandable
      styrene-acrylonitrile microspheres, wherein the styrene-acrylonitrile
      microspheres comprise a generally hollow spherical shell of a copolymer of
      from about 50-80 parts by weight styrene and from about 50-20 parts by
      weight of acrylonitrile, from 10-50 parts by weight of a volatile liquid
      blowing agent which on heating, boils under atmospheric pressure at a
      temperature below the glass temperature of the polymer shell wherein
      styrene, acrylonitrile, volatile fluid foaming agent, a free radical
      polymerization initiating catalyst, a suspending agent suitable for an
      encapsulating polymerization system and an aqueous suspending medium are
      admixed to provide a dispersion of droplets containing styrene,
      acrylonitrile and volatile fluid foaming agent are dispersed within the
      aqueous suspending medium, causing free radical polymerization of the
      styrene and acrylonitrile to form expandable styrene-acrylonitrile
      microspheres, the improvement which comprises employing from about
      one-half to about 10 parts by weight per 100 parts by weight of water, in
      the suspending medium, of a hydroxyl containing compound of the formula:
EQU  R -- (OH).sub.n
PAL  wherein R is an alkyl radical containing up to about 6 carbon atoms and n
      is an integer of from 1-4 inclusive.
PAR  Encapsulating polymerization systems are well known and are set forth in
      U.S. Pat. No. 3,615,972, the teachings of which are herewith incorporated
      by reference thereto. The present invention is readily employed with any
      polymerizing encapsulating system which provides sytrene-acrylonitrile
      expandable microspheres.
PAR  Hydroxyl containing compounds suitable for use in the practice of the
      present invention include those compounds having the formula:
EQU  R -- (OH).sub.n
PAL  wherein R is an alkyl radical containing from one to six carbon atoms and n
      is an integer from 1-4 inclusive. Such compounds include methanol,
      ethanol, propanol, butanol, pentanol, hexanol and isomers thereof. Also
      desirably employed in the practice of the present invention are dihydric
      alcohols such as ethylene glycol; 1,2-propylene glycol; 1,3-propylene
      glycol; 1,2-butanediol; 1,4-butanediol; 1,3-butanediol and all
      pentanediols are eminently satisfactory as are the hexanediols. Trihydroxy
      compounds are also suitable for the practice of the present invention and
      include glycerine; 1,2,4-trihydroxy butane; 1,2,5-trihydroxy pentane and
      all isomers of trihydroxy propane. Partial esters of polyhydroxy compounds
      are also suitable such as 1-hydroxy, 2-methoxy propane; 1,2-hydroxy,
      3-methoxy propane and the like.
PAR  A wide variety of blowing or raising agents may be incorporated within the
      polymerization system. They can be volatile fluid-forming agents such as
      aliphatic hydrocarbons including ethane, ethylene, propane, propene,
      butene, isobutene, neopentane, acetylene, hexane, heptane, or mixtures of
      one or more such aliphatic hydrocarbons having a molecular weight of at
      least 26 and a boiling point below the range of the softening point of the
      styrene-acrylonitrile polymer when saturated with the particular blowing
      agent utilized.
PAR  Other suitable fluid-forming agents are the chlorofluorocarbons such as:
      ##EQU1##
      and tetraalkyl silanes such as tetramethyl silane, trimethylethyl silane,
      trimethylisopropyl silane and trimethyl n-propyl silane. The boiling point
      of such foaming agents at atmospheric pressure should be about the same
      temperature range or lower than the softening point of the
      styrene-acrylonitrile polymer.
PAR  Suitable suspending agents and methods for determining the suitability of
      suspending agents for encapsulating polymerization are set forth in U.S.
      Pat. No. 3,615,972.
PAR  Generally, in the practice of the present invention, the greater diameter
      of the expandable microsphere and the narrower particle size range
      desired, the greater the amount of hydroxyl containing compound will be
      employed. Usually when the hydroxyl containing compound is added to any
      particular styrene-acrylonitile encapsulating polymerizing system, the
      total range of particle diameter will decrease and the number average
      particle size will increase. As additional hydroxyl containing compound is
      added, the diameter of the resultant particles increases and the percent
      of particle diameter spread decreases.
DETD
PAR  The following examples are illustrative and should not be considered as
      limiting:
PAC  EXAMPLE 1
PAR  A container is charged with 100 parts by weight of deionized water, 12
      parts by weight of a 30 weight percent colloidal silica dispersion in
      water; the colloidal silica dispersion is a 30 weight percent solvent and
      is commercially available under the trade name Ludox HS. To this mixture
      is added 0.6 parts by weight of a 10 weight percent aqueous solution of a
      copolymer prepared from diethylamine and adipic acid. Diethylamine and
      adipic acid are employed in equal portions and a condensation reaction is
      carried out to provide a product having a viscosity of about 100
      centipoise at a temperature of 25.degree.C. 0.1 part by weight of
      potassium dichromate is added to the aqueous phase as a water phase
      polymerization inhibitor. Two parts by weight of sodium chloride are also
      included within the water phase, the pH of the aqueous solution is
      adjusted to 4 employing hydrochloric acid. An oil phase mixture is
      prepared by admixing 30 parts by weight styrene, 20 parts by weight
      acrylonitrile and 0.043 part by weight of a mixture of diethylbenzene and
      divinylbenzene which contains 55 weight percent of divinylbenzene, 12.5
      parts by weight isobutane and 0.15 parts by weight of secondary butyl
      peroxydicarbonate. The oil phase mixture is added to the water phase with
      violent agitation supplied by a blade rotating at a speed of about 10,000
      r.p.m. in the container of a household blender. A major portion of the
      resultant suspension is added to a citrate bottle which is immediately
      capped. A sample of the reaction mixture is determined to have a particle
      size of from about 3-15 microns. The citrate bottle containing the
      reaction mixture is tumbled in a water bath at a temperature of
      50.degree.C. for a period of 24 hours. At the end of 24 hours, the bottle
      is cooled, opened and the solid reaction product partially separated from
      the suspending medium by filtration. The product is then air dried in a
      circulating air oven at a temperature of 35.degree.C. A portion of the dry
      microspheres is examined under a light microscope and the particle size
      determined. While under the microscope, the sample is heated by the means
      of a hot stage and the proportion of the microsphere expanding is
      estimated and the range of expanded particle size determined. The particle
      size of the unexpanded particles ranges from about 6 to about 16 microns.
      On heating, about one-half of the particles expanded. Employing the
      foregoing procedure with the exception that two parts by weight of
      methanol were added, the resultant expandable particles had diameters
      ranging from 9-11 microns and on heating; all particles expanded.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is repeated with the exception that 5 parts by
      weight of methanol are employed, the resultant particles have diameters
      ranging from about 24 to about 27 microns. When heated, all of the
      particles expanded.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is repeated with the exception that in place of
      methanol, 2 parts by weight of normal butanol are employed. The particle
      size of the expandable microspheres is 10-12 microns and on heating, all
      particles expanded.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is repeated with the exception that 2 parts by
      weight of normal propanol are employed in place of methanol. The particle
      size range of the expandable microspheres is 19-23 microns and on heating,
      all particles expanded.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is repeated employing 2 parts by weight of
      methanol and 20 parts by weight of neopentane in place of the isobutane.
      On heating, the microspheres expanded to an apparent true density of 2.4
      pounds per cubic foot. For purposes of comparison, the procedure is
      repeated without methanol. The particles expanded to provide a product
      having an apparent true density of 8.3 pounds per cubic foot.
PAR  In a similar manner, other styrene-acrylonitrile expandable microspheres
      are randomly prepared employing the hereinbefore delineated
      sytrene-acrylonitrile composition range with the blowing agents set forth
      and hydroxyl containing additives hereinbefore delineated.
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being
      restrictive or otherwise limiting of the present invention, excepting as
      it is set forth and defined in the hereto-appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for the preparation of expandable styrene-acrylonitrile
      microspheres, wherein the styrene-acrylonitrile microspheres comprise a
      generally hollow spherical shell of a copolymer of from about 50-80 parts
      by weight styrene and from about 50-20 parts by weight of acrylonitrile,
      from 10-50 parts by weight of a volatile liquid blowing agent which on
      heating, boils under atmospheric pressure at a temperature below the glass
      temperature of the polymer shell wherein styrene, acrylonitrile, volatile
      fluid foaming agent, a free radical polymerization initiating catalyst, a
      suspending agent suitable for an encapsulating polymerization system and
      an aqueous suspending medium are admixed to provide a dispersion of
      droplets containing styrene, acrylonitrile and volatile fluid foaming
      agent are dispersed within the aqueous suspending medium, causing free
      radical polymerization of the styrene and acrylonitrile to form expandable
      styrene-acrylonitrile microspheres, the improvement which comprises
      employing from about one-half to about 10 parts by weight per 100 parts by
      weight of water, in the suspending medium, of a hydroxyl containing
      compound of the formula:
EQU  R -- (OH).sub.n
PAL  wherein R is an alkyl radical containing up to about 6 carbon atoms and n
      is an integer of from 1-4 inclusive.
NUM  2.
PAR  2. The method of claim 1 wherein the hydroxyl containing compound is
      methanol.
NUM  3.
PAR  3. The method of claim 1 wherein the hydroxyl containing compound is
      butanol.
PATN
WKU  039459578
SRC  5
APN  5160855
APT  1
ART  141
APD  19741018
TTL  Dry planographic printing ink composition
ISD  19760323
NCL  18
ECL  1
EXP  Griffin; Ronald W.
INVT
NAM  Noshiro; Atsumi
CTY  Tsurumi
CNT  JA
INVT
NAM  Inoue; Yoshio
CTY  Annaka
CNT  JA
ASSG
NAM  Dai Nippon Printing Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19731026
APN  48-119834
CLAS
OCL  260  33
XCL   96 33
XCL  101450
XCL  260  9
XCL  260 16
XCL  260 22S
XCL  260 22CQ
XCL  260 336A
XCL  260 336SB
EDF  2
ICL  B41M  100
ICL  C09D 1110
ICL  G03F  702
FSC  260
FSS  22 S;3.3;16;9
FSC   96
FSS  33
FSC  101
FSS  450
UREF
PNO  3015637
ISD  19620100
NAM  Rauner et al.
OCL  260 22S
UREF
PNO  3511178
ISD  19700500
NAM  Curtin
OCL   96 33
UREF
PNO  3632375
ISD  19720100
NAM  Gipe
OCL   96 33
UREF
PNO  3677178
ISD  19720700
NAM  Gipe
OCL   96 33
UREF
PNO  3775115
ISD  19731100
NAM  Sorkin et al.
OCL   96 33
FREF
PNO  263,604
ISD  19640600
CNT  AU
OCL   96 33
FREF
PNO  1,063,558
ISD  19670300
CNT  UK
OCL   96 33
FREF
PNO  45-9606
ISD  19700700
CNT  JA
OCL   96 33
LREP
FRM  Stewart and Kolasch, Ltd.
ABST
PAL  A dry planographic printing ink composition which comprises a vehicle for
      an ink, a pigment and a solvent, characterized by using as a portion of
      the vehicle 1 to 40% by weight of silicone modified alkyd resin containing
      5 to 50% by weight of organopolysiloxanes represented by the average
      composition formula:
      ##EQU1##
      WHEREIN R.sup.1 stands for a mono-valent unsubstituted hydrocarbon group
      containing 1 to 4 carbon atoms, R.sup.2 stands for a hydrogen atom or
      mono-valent hydrocarbon group containing 1 to 4 carbon atoms, n is an
      integer of 1.0 to 2.0, m is an integer of 0.1 to 2.5, but n + m is less
      than 4. The ink composition is a very favorable dry planographic printing
      ink composition having a practicable printing adaptability.
BSUM
PAR  The present invention relates to a planographic printing ink composition.
PAR  The planographic printing which has been mostly used at present has been
      carried out by means of the following operation by using a plate which has
      on the surface no clear high and low parts such as in a relief printing
      plate or intaglio printing plate and consists of an oleophilic image area
      and a hydrophilic non-image area apparently in the same plane.
PAR  That is to say, it is carried out by an operation of dampening water on the
      above-mentioned hydrophilic non-image area and an ink on the
      above-mentioned oleophilic image area due to the repulsion of the water
      and the ink from each other and then transferring the ink deposited on the
      above-mentioned image area to a matter to be printed to obtain the
      objective printed matter.
PAR  However, in such a planographic printing process, the control of the water,
      that is the dampening water which can prevent the deposition of the ink
      onto the non-image area, is very difficult and has caused various
      problems.
PAR  There are great defects that, for example, the transfer of the dampening
      water onto the ink roller emulsifies the ink on the ink roller and as a
      result a scumming or tinting is formed, the transfer of the dampening
      water to the matter to be printed varies the dimension of the matter, and
      the printed image, particularly in a multicolor printing, is unclear.
PAR  Further, in this planographic printing process, in order to obtain a
      printed matter which has a fixed color tone, it is necessary to maintain
      the amount of the dampening water and the amount of the ink at a fixed
      balance. However, it is so difficult to maintain the amounts of both at a
      fixed balance that there is a defect that the color tone of the printed
      matter fluctuates.
PAR  Therefore, in the planographic printing procedure, a dry planographic
      printing process has been attempted by using a planographic printing plate
      requiring no dampening water causing the abovementioned various problems
      and various dry planographic printing processes have been so far developed
      and proposed.
PAR  For example, as the newest practical process among these dry planographic
      printing processes, there is known a planographic printing process wherein
      the printing is carried out by using a planographic printing plate
      provided with a nonadhesive thin layer of silicone rubber on the non-image
      area. It is reported that, in such case, the printing can be carried out
      with a general oil ink without the dampening water. (See for example, U.S.
      Pat. No. 3,511,178)
PAR  However, in this dry planographic printing process, in fact, there is a
      fatal defect that when the printing is carried out by using a conventional
      oil ink, a scumming or tinting will be generated due to the printing
      property. It is undesirable.
PAR  In order to improve this process for example, it has been attempted to
      enlarge the tack value of ink by increasing the coagulating force of the
      ink, but there is the resultant defect that the piles of dust are so
      severe that no practicable printing can be carried out.
PAR  Further, the printing has been attempted by using various ink compositions
      but no suitable composition has yet been discovered, and the dry
      planographic printing process has not yet become practical in fact.
PAR  As a result of making various researches on the ink side in the relation of
      the ink and plate for an ink composition suitable for the above-mentioned
      dry planographic printing process, the present invention has been
      completed by discovering a very favorable dry planographic printing ink
      composition having a practicable printing adaptability.
PAR  The object of the present invention is to provide a dry planographic
      printing ink composition which has no defects as in the prior ink
      compositions for use in a dry planographic printing process and which
      contains 1 to 40% by weight of silicone modified alkyd resin in which 5 to
      50% by weight of organopolysiloxane is contained therein.
PAR  According to the present invention, therefore, there is provided a dry
      planographic printing ink composition which comprises a vehicle for an
      ink, a pigment and a solvent, characterized by using as a portion of the
      vehicle 1 to 40% by weight of silicone modified alkyd resin containing 5
      to 50% by weight of organopolysiloxanes represented by the average
      composition formulas:
      ##EQU2##
      wherein R.sup.1 stands for a mono-valent unsubstituted hydrocarbon group
      containing 1 to 4 carbon atoms, R.sup.2 stands for a hydrogen atom or
      monovalent hydrocarbon group containing 1 to 4 carbon atoms, n is an
      integer of 1.0 to 2.0, m is an integer of 0.1 to 2.5, but n + m is less
      than 4.
PAR  The present invention shall be explained more particularly in the
      following.
PAR  The silicone modified alkyd resin which may be used in the present
      invention shall now be explained. For such silicone modified alkyd resin,
      there can be used various resins which are produced, for example, by the
      following processes.
PAR  In the first one, a vegetable oil and polyhydric alcohol are premixed at a
      temperature of 200.degree. to 250.degree.C for about one hour, the
      obtained mixture is then cooled at a temperature of 160.degree. to
      200.degree.C, the mixture is mixed with a polybasic acid and
      organopolysiloxane compound for about one hour and is then heated at a
      temperature 250.degree. to 300.degree.C to react for several hours.
PAR  In the second process, a vegetable oil, polhydric alcohol and polybasic
      acid are previously reacted together to synthesize an alkyd resin having a
      high acid value or a high OH value, then the reaction product is added to
      an organopolysiloxane compound and a reaction is effected at a temperature
      of 140.degree. to 180.degree.C with dehydration.
PAR  The reaction of the organopolysiloxane and alkyd is considered to be a
      dehydration or dealcoholization reaction between the OH or COOH group in
      the alkyd and OH or alkoxy group in the silicone.
PAR  As the polyhydric alcohols, it is possible to use polyhydric alcohols which
      are known as a raw material for the synthesis of prior art alkyd resins,
      for example dihydric alcohols such as ethylene glycol, diethylene glycol,
      triethylene glycol, propylene glycol, trimethylene glycol and
      tetramethylene glycol; trihydric alcohols such as glycerine and
      trimethylol propane;polyhydric alcohols such as diglycerine, triglycerine,
      pentaerythritol, dipentaerythritol, mannitol and sorbitol.
PAR  As the polybasic acids, it is possible to use polybasic acids which are
      known as a raw material for the synthesis of prior art alkyd resins, for
      example saturated polybasic acids such as phthalic anhydride and
      terephthalic, succinic, adipic and sebacic acids; unsaturated polybasic
      acids such as maleic acid, maleic anhydride and fumaric, itaconic and
      citraconic acids and polybasic acids which are obtained by the Diels-Alder
      reaction such as cyclopentadiene-maleic anhydride addition product,
      terpenemaleic anhydride addition product and rosin-maleic anhydride
      addition product.
PAR  As the vegetable oils, it is possible to use linseed, perilla, tung,
      sesame, rape seed and soya-bean oils.
PAR  As the organopolysiloxane compound, the organopolysiloxane containing a
      silanol group or alkoxy group in its molecule is effective. The
      organopolysiloxane containing a silanol group or alkoxy group is
      represented by the average composition formula:
      ##EQU3##
      wherein R.sup.1 stands for a mono-valent unsubstituted hydrocarbon group
      containing 1 to 4 carbon atoms and a phenyl group, R.sup.2 stands for a
      monovalent hydrocarbon group containing 1 to 4 carbon atoms or a hydrogen
      atom, n is an integer of 1.0 to 2.0, m is an integer of 0.1 to 2.5, but n
      + m is less than 4.
PAR  In the above formula (1), R.sup.1 may be a mono-valent hydrocarbon group
      containing 1 to 4 carbon atoms such as methyl, ethyl, propyl, butyl and
      vinyl groups or a phenyl radical, R.sup.2 may be a hydrogen atom and a
      mono-valent hydrocarbon group containing 1 to 4 carbon atoms such as
      methyl, ethyl, propyl, butyl and vinyl groups, n is an integer of 0.1 to
      2.0, m is an integer of 0.1 to 2.5, but n + m is less than 4.
PAR  As the organopolysiloxane, the following compounds are illustratively
      mentioned and these compounds may be in the form of a straight chain,
      branched chain or cyclic structure.
      ##EQU4##
PAR  When the modifying content of silicone is less than 3% in the silicone
      modified alkyd resin, the effect for an adhesion reducing agent will be
      low. When the modifying content of silicone is 60%, the reaction will be
      effected only with difficulty. It is desirable that the modifying content
      of silicone in the silicone modified alkyd resin be preferably 5 to 50%.
PAR  The dry planographic printing ink composition containing 1 to 40% of a
      silicone modified alkyd resin shall now be explained. For such ink
      composition, there can be used, for example, an ink composition prepared
      by adding 1 to 40% by weight of the above mentioned silicone modified
      alkyd resin to a vehicle for an ordinary ink composition, further adding
      thereto a coloring agent and if necessary any other auxiliary agent and
      mixing or kneading the mixture together with a solvent or diluent.
PAR  As the vehicle for the ink composition, it is possible to use any of the
      well known vehicles, for example drying oil and synthetic drying oil;
      natural or modified resins such as rosin, copal, dammer, shellac, hardened
      rosin and rosin esters; synthetic resins such as phenol resin, rosin
      modified phenol resin, 100% phenol resin, maleic acid resin, alkyd resin,
      petroleum resin, vinyl resin, acrylic resin, polyamide resin, epoxy resin,
      aminoalkyd resin, polyurethane resin and aminoplastic resin; cellulose
      derivatives such as nitrocellulose and ethyl cellulose; rubber derivatives
      such as chlorinated rubber, cyclized rubber; and others such as glue,
      casein, dextrin and zein.
PAR  The amount of the vehicle employed for the ink composition is preferably 20
      to 80% by weight based upon the total weight of the ink composition.
PAR  As the coloring agent in the ink composition, for example, it is possible
      to use any coloring agents such as inorganic or organic pigments which
      have been used for prior ink compositions.
PAR  As the inorganic and organic pigments, it is possible to use inorganic
      pigments such as chrome yellow, chrome vermillion, prussian blue, red
      oxide, cadmium yellow, cadminium red, titanium white, carbon black,
      alumina white, barium sulfate, calcium carbonate and white lead; and
      organic pigments such as insoluble azo pigment, azo lake pigment, polyazo
      pigment, phthalocyanine pigment, authraquinone pigment, thioindigo
      pigment, perylene pigment, perynone pigment, quinacridone pigment,
      dioxazine pigment and ilgazine pigment.
PAR  The amount of the pigment used is preferably 3 to 40% by weight based upon
      the total weight of the ink composition.
PAR  As the solvent, it is possible to use, hydrocarbon solvents such as solvent
      naphtha having a high boiling point, spindle oil and machine oil.
PAR  As the auxiliary agent in the ink composition, it is possible to use any
      well known auxiliary agents such as for example wax, grease, plasticizer,
      stabilizing agent, dryer, assistant dryer, thickener, dispersing agent,
      filler and others.
PAR  The amount of the auxiliary agent used is preferably 5 to 15% by weight
      based upon the total weight of the ink composition.
PAR  As the mixing or kneading methods in the production of the ink composition,
      for example, it is possible to use conventional methods such as the roll
      milling, ball milling, attritor and sand milling methods.
PAR  When the content of the silicone modified alkyd resin in the ink
      composition is less than 0.5% by weight, the peelability of an ink from a
      plate surface in the dry planographic printing is poor. When the content
      of the silicone modified alkyd resin in the ink composition is more than
      50% by weight, there are present disadvantages as in the problems of the
      roller stability, fluidity and wetting with the pigment in the ink.
      Therefore, it is desirable that the content of the silicone modified alkyd
      resin in the printing ink compositioin be preferably 1 to 40%.
PAR  As is evident from the above description, the printing ink composition
      according to the present invention is an ink composition suitable for a
      dry planographic printing process characterized by containing a silicone
      modified alkyd resin.
PAR  The present invention has been developed by discovering the facts that when
      the adhesion of an ink to a nonadhesive layer forming the non-image area
      of a plate in a dry planographic printing process is reduced, a printed
      matter producing no scumming or tinting will be obtained and on the other
      hand when the coagulating force of the ink itself is reduced, a scumming
      or tinting will occur in the non-image area and thereby taking into
      account the facts that the coagulating force of the ink is not to be
      particularly limited and the reduction of the adhering energy of the ink
      is an important point.
PAR  As different from any ordinary ink composition, the present invention
      utilizes an adhering energy reducing agent to prevent the non-image area
      consisting of a nonadhesive layer from being contaminated by the adhesion
      of the ink and therefore it is possible to obtain an ink composition
      wherein particularly the effect of reducing the adhering energy is
      stabilized by chemically combining a silicone with an ink vehicle.
PAR  It has been suggested to reduce the adhering energy of an ink with an ink
      composition wherein an organopolysiloxane compound chemically uncombined
      but merely physically mixed with an ink vehicle is added into an ink.
      However, with such an ink composition, there occur problems such as the
      poor dispersion of the organopolysiloxane compound in the ink composition,
      the separation of the organopolysiloxane compound on the ink surface, the
      increase of the viscosity of the ink, the deterioration of the dispersion
      of the ink pigment and the slip of the ink on the kneading roll and there
      are further problems in the increase of the amount of addition, the
      stability on the machine and the continuous printing adaptability. Thus,
      it is substantially impossible in practice.
PAR  On the other hand, the ink composition of the present invention containing
      a silicone modified alkyd resin in which an alkyd resin portion and
      silicone portion are chemically combined together is very stable and has
      no contamination by the adhesion of the ink to a non-image area consisting
      of a nonadhesive layer in a dry phanographic printing process because of
      the adhering energy of the vehicle itself in the ink composition, can be
      stably used in printing, has no separation of the organopolysiloxane
      compound on the ink surface, no increase of the ink viscosity, no
      deterioration of the dispersion of the pigment and no slip of the ink on
      the kneading roll and is very high in the stability on the roll of the
      printing machine and in a continuous printing process.
DETD
PAR  The present invention is illustrated by the following examples in which
      parts are by weight.
PAC  EXAMPLE 1
PAR  When the following ink composition A in which a silicone modified alkyd
      resin was contained and the following ink composition B in which the same
      amount of organopolysiloxane was contained were used in printing by using
      a printing plate which had a nonadhesive layer and which was made by the
      Minnesota Mining and Manufacturing Company without a dampening water in a
      Heidelberg KOR-D planographic printing machine, the ink A in which the
      silicone modified alkyd resin was used was favorable in the transfer and
      produced no scumming or tinting even when more than 30,000 sheets were
      continuously printed, but on the other hand the ink B in which the
      organopolysiloxane wax used became poor in the transfer when 5,000 sheets
      were printed and could not give printed matters on a practicable level.
TBL  ______________________________________                                    
     Composition of the ink A which was produced                               
     by using silicone modified alkyd resin                                    
     ______________________________________                                    
     Carbon black for printing ink                                             
                                 17.0 parts                                    
     Phthalocyanine blue         8.0  "                                        
     Rosin modified phenol resin varnish A                                     
                                 60.0  "                                       
     Wax compound                7.0  "                                        
     Cobalt naphthenate (metal concentration: 7.5%)                            
                                 1.0  "                                        
     Manganese naphthenate (metal concentration: 6.5%)                         
                                 1.0  "                                        
     Spindle oil                 6.0  "                                        
     ______________________________________                                    
     Total:                     100.0 parts                                    
     ______________________________________                                    
PAR  The above mentioned mixture was kneaded by using three rolls to obtain an
      ink for a dry planographic printing of Inkometer tack of 11.0(400 r.p.m.,
      32.degree.C, 1 minute).
TBL  ______________________________________                                    
     Composition of the rosin modified                                         
     phenol resin varnish A                                                    
     ______________________________________                                    
     Rosin modified alkyl phenol resin                                         
                              40.0 parts                                       
     Silicone modified alkyd resin A                                           
                              10.0  "                                          
     Dehydrated castor oil    10.0  "                                          
     Spindle oil              38.0  "                                          
     Aluminum octate          2.0  "                                           
     Total                   100.0 parts                                       
     ______________________________________                                    
PAR  The above-mentioned composition was heated at 180.degree.C for 6 hours to
      obtain the rosin modified phenol resin varnish A.
TBL  __________________________________________________________________________
     Composition for the production of                                         
     the silicone modified alkyd resin A                                       
     __________________________________________________________________________
     Alkyd resin (acid value: 5.7; OH value: 105.2)                            
                                   70.0 parts                                  
     CH.sub.3 C.sub.6 H.sub.5                                                  
     .vertline..vertline.                                                      
     Si--OCH.sub.3 --Si--O.sub.2 3Si--OC.sub.6 H.sub.5 --Si--O.sub.2           
                                   30.0  "                                     
     .vertline..vertline.                                                      
     CH.sub.3 C.sub.6 H.sub.5                                                  
     15614                                                                     
     Content of OH radical: 4.2% by weight                                     
     __________________________________________________________________________
     Total:                       100.0 parts                                  
     __________________________________________________________________________
PAR  The mixture having the above composition was reacted at 150.degree.C for 5
      hours to obtain a yellow transparent viscous silicone modified alkyd
      resin.
TBL  ______________________________________                                    
     Composition of the ink B which was produced                               
     by adding silicone oil                                                    
     ______________________________________                                    
     Carbon black for printing ink                                             
                                 17.0 parts                                    
     Phthalocyanine Blue         8.0  "                                        
     Rosin modified phenol resin varnish B                                     
                                 60.0  "                                       
     Wax compound                7.0  "                                        
     Cobalt naphthenate (metal concentration: 7.5%)                            
                                 1.0  "                                        
     Manganese naphthenate (metal concentration: 6.5%)                         
                                 1.0  "                                        
     Organopolysiloxane compound used in the ink                               
                                 1.8  "                                        
     Spindle oil                 4.2  "                                        
     ______________________________________                                    
     Total:                     100.0 parts                                    
     ______________________________________                                    
PAR  The above-mentioned mixture was kneaded by using three rolls to obtain an
      ink of Inkometer tack of 11.0 (400 r.p.m., 32.degree.C, 1 minute).
TBL  ______________________________________                                    
     Composition of the rosin modified                                         
     phenol resin gel varnish B                                                
     ______________________________________                                    
     Rosin modified alkyl phenol resin                                         
                              40.0 parts                                       
     Alkyd resin              10.0  "                                          
     Dehydrated castor oil    10.0  "                                          
     Spindle oil              38.0  "                                          
     Aluminum octate          2.0  "                                           
     ______________________________________                                    
     Total:                  100.0 parts                                       
     ______________________________________                                    
PAR  Even when other pigments, for example disazo Yellow Carmine 6B,
      Quinacridone Red, and carbon black were used in the ink A, it was possible
      to produce an ink and the printing adaptability was favorable as a result.
PAC  EXAMPLE 2
PAR  70.0 parts of linseed oil were mixed with 10.0 parts of pentaerythritol and
      the mixture was heated and agitated at 220.degree.C for one hour. Then the
      mixture was cooled to 200.degree.C and the following compounds were added
      thereto:
TBL  Isophthalic acid        10.0 parts                                        
     Tetrahydrophthalic acid 10.0  "                                           
     C.sub.6 H.sub.5 CH.sub.3                                                  
     CH.sub.3 O Si--OSi--O CH.sub.3                                            
                             50.0  "                                           
     C.sub.6 H.sub.5 CH.sub.3                                                  
     22                                                                        
     Calcium naphthenate     0.5  "                                            
PAR  After one hour of mixing, the temperature of the mixture was raised to
      280.degree.C to effect a reaction for 5 hours. As a result a yellow
      transparent viscous silicone modified alkyd resin was obtained.
PAR  Using the above silicone modified alkyd resin, an ink was prepared
      according to the composition of the ink A of example 1. The prepared ink
      was used in a printing plate which had a nonadhesive layer and which was
      made by the Minnesota Mining and Manufacturing Company without a dampening
      water in a Heidelberg KOR-D planographic printing machine. The ink was
      favorable in the transfer and produced no scumming or tinting even when
      more than 30,000 sheets were continuously printed.
PAR  The production of the ink was possible even when any kind of pigment was
      used, and the printing adaptability was favorable as a result.
PAC  EXAMPLE 3
PAR  When the following ink C in which a silicone modified alkyd resin of
      Inkometer tack of 9.0 (400 r.p.m., 32.degree.C, 1 minute) was used in the
      case where the coagulating force of the ink was reduced and the following
      ink D in which silicone oil was used to print in a practical manner, the
      ink C was able to continuously print 30,000 sheets and in that case no
      scumming or tinting occurred, and on the other hand the ink D was able to
      continuously print only 2,000 sheets and in that case the ink was piled on
      the roll and a poor transfer occurred and printed matters on a practicable
      level could not be obtained.
TBL  ______________________________________                                    
     Composition of the ink C which was produced                               
     by using silicone modified alkyd resin                                    
     ______________________________________                                    
     Carbon black for printing ink                                             
                                 17.0 parts                                    
     Phthalocyanine Blue         8.0  "                                        
     Rosin modified phenol resin gel varnish C                                 
                                 57.0  "                                       
     Wax compound                7.0  "                                        
     Cobalt naphthenate (metal concentration: 7.5%)                            
                                 1.0  "                                        
     Manganese naphthenate (metal concentration: 6.5%)                         
                                 1.0  "                                        
     Spindle oil                 9.0  "                                        
     ______________________________________                                    
     Total:                     100.0 parts                                    
     ______________________________________                                    
PAR  The above-mentioned mixture was kneaded by using three rolls to obtain an
      ink for a dry planographic printing of Inkometer tack of 9.0 (400 r.p.m.,
      32.degree.C, 1 minute).
TBL  ______________________________________                                    
     Composition of rosin modified                                             
     resin gel varnish C                                                       
     ______________________________________                                    
     Rosin modified alkyl phenol resin                                         
                              40.0 parts                                       
     Silicone modified alkyd resin B                                           
                              20.0  "                                          
     Spindle oil              38.0  "                                          
     Aluminum octate          2.0  "                                           
     ______________________________________                                    
     Total:                  100.0 parts                                       
     ______________________________________                                    
PAR  The above-mentioned mixture was heated and agitated at 180.degree.C for 5
      hours to obtain rosin modified phenol resin gel varnish C.
TBL  ______________________________________                                    
     Composition for the production of                                         
     silicone modified alkyd resin B                                           
     ______________________________________                                    
     Alkyd resin (acid value: 50.2, OH value: 85.3)                            
                                 50.0 parts                                    
     CH.sub.3                                                                  
     .vertline.                                                                
     CH.sub.3 O Si--O CH.sub.3   50.0  "                                       
     .vertline.                                                                
     CH.sub.3                                                                  
     Paratoluenesulfonic acid    0.5  "                                        
     ______________________________________                                    
     Total:                     100.5 parts                                    
     ______________________________________                                    
PAR  The above-mentioned mixture was reacted together at 150.degree.C for 4
      hours to obtain a yellow transparent viscous silicone modified alkyd
      resin.
TBL  ______________________________________                                    
     Composition of the ink D which was                                        
     produced by adding silicone oil                                           
     ______________________________________                                    
     Carbon black for printing ink                                             
                                 17.0 parts                                    
     Phthalocyanine Blue         8.0  "                                        
     Rosin modified phenol resin gel varnish B                                 
     which was used in example 1                                               
                                 57.0  "                                       
     Wax compound                7.0  "                                        
     Cobalt naphthenate (metal concentration: 7.5%)                            
                                 10.0  "                                       
     Manganese naphthenate (metal concentration: 6.5%)                         
                                 10.0  "                                       
     Organopolysiloxane which was used in the ink C                            
                                 5.7  "                                        
     Spindle oil                 3.3  "                                        
     ______________________________________                                    
     Total:                     100.0 parts                                    
     ______________________________________                                    
PAR  The above-mentioned mixture was kneaded by using three rolls to obtain an
      ink D of Inkometer tack of 9.0 (400 r.p.m., 32.degree.C, 1 minute),
PAC  EXAMPLES 4 to 7
PAR  Inks were respectively prepared by the same manner as in Example 1 using
      such materials as described in the following Table 1. The respectively
      prepared inks were used in the printing the same as in Example 1 by using
      a printing plate which had a non-adhesive and which was made by the
      Minnesota Minning and Manufacturing Company without a dampening water in a
      Heidelberg KOR-D planographic printing machine. As a result, the transfer
      was favorable and no scumming or tinting was produced when more than
      30,000 sheets were continuously printed.
TBL                                    Table 1                                 
     __________________________________________________________________________
                    Silicone modified alkyd resin                              
                    Organo-                                                    
     Example        poly-  Alkyd resin         Auxiliary                       
     No.   Vehicle  siloxane           Pigment agent  Solvent                  
     __________________________________________________________________________
          Petroleum Same as in                                                 
                           Alkyd resin Prussian blue                           
                                               Same as in                      
                                                      Spindle oil              
     4    resin: 31 parts                                                      
                    Example 1                                                  
                           acid value: 8       Example 1                       
          Alkyd            OH value: 95                                        
          resin: 7 parts                                                       
                    0.5 parts                                                  
                           2.5 parts   20 parts                                
                                               9 parts                         
                                                      30 parts                 
                    Same as in                                                 
                           Alkyd resin Carbon black                            
                                               Same as in                      
                                                      Spindle oil              
     5    Maleic acid                                                          
                    Example 3                                                  
                           acid value: 40.5    Example 1                       
          resin: 20 parts  OH value: 153                                       
                    18 parts                                                   
                           20 parts    18 parts                                
                                               9 parts                         
                                                      15 parts                 
          Rosin                                                                
     6    ester: 12 parts                                                      
                    Same as in                                                 
                           Alkyd resin Phthalocyanine                          
                                               Same as in                      
                                                      Alkylbenzene             
          Rosin modified                                                       
                    Example 1                                                  
                           acid value: 68.5                                    
                                       green   Example 1                       
          phenol resin:    OH value: 40.2                                      
           18 parts                                                            
          Tung oil: 5 parts                                                    
                           5 parts     14 parts                                
                                               9 parts                         
                                                      20 parts                 
           17 parts                                                            
          Maleic acid                                                          
     7    resin: 5 parts                                                       
                    Same as in                                                 
                           Alkyd resin Dioxazine                               
                                               Same as in                      
                                                      Solvent                  
          Polyurethane:                                                        
                    Example 1                                                  
                           acid value: 5.7                                     
                                       violet  Example 1                       
                                                      naphtha                  
           5 parts         OH value: 105.2                                     
          Linseed oil:                                                         
                    7 parts                                                    
                           7 parts     13 parts                                
                                               9 parts                         
                                                      20 parts                 
           34 parts                                                            
     __________________________________________________________________________
PAC  EXAMPLES 8 to 10
PAR  Inks were respectively prepared by the same manner as in Example 2 using
      such materials as described in the following Table 2. The respectively
      prepared inks were used in the printing the same as in Example 2 by using
      a printing plate which had a nonadhesive and which was made by the
      Minnesota Minning and Manufacturing Company without a dampening water in a
      Heidelberg KOR-D planographic printing machine. As a result, the transfer
      was favorable and no scumming or tinting was produced when more than
      30,000 sheets were continuously printed.
TBL                                    Table 2                                 
     __________________________________________________________________________
                    Silicone modified alkyd resin                              
                    Organo-                                                    
     Example        poly-                   Auxiliary                          
     No.   Vehicle  siloxane                                                   
                            Alkyd resin                                        
                                     Pigment                                   
                                            agent  Solvent                     
     __________________________________________________________________________
          Alkyd resin:     Ethylene glycol:                                    
     8     10.5 parts                                                          
                    Same as in                                                 
                            1 part   Carbon black                              
                                            Same as in                         
                                                   Solvent                     
                    Example 1                                                  
                           Maleic anhydride:                                   
                                            Example 1                          
                                                   naptha                      
          Rosin ester:                                                         
                    5 parts                                                    
                            0.5 parts                                          
                                     20 parts                                  
                                            9 parts                            
                                                   30.5 parts                  
           20 parts        Tung oil:                                           
                            13.5 parts                                         
          Maleic acid      Glycerine:                                          
     9    resin: 30 parts                                                      
                    Same as in                                                 
                            1.2 parts                                          
                                     Benzidine                                 
                                            Same as in                         
                                                   Machine oil                 
                    Example 2                                                  
                           Fumaric acid:                                       
                                     yellow Example 1                          
          Linseed oil:                                                         
                    3 parts                                                    
                            0.8 parts                                          
                                     10 parts                                  
                                            9 parts                            
                                                   17 parts                    
           24 parts        Castor oil: 6 parts                                 
                           Sorbitol: 0.5 parts                                 
     10   Petroleum Same as in                                                 
                           Terephthalic acid:                                  
                                     Cadmium red                               
                                            Same as in                         
                                                   Spindle oil                 
          resin: 50 parts                                                      
                    Example 3                                                  
                            0.5 parts       Example 1                          
                    1 part Perrila oil:                                        
                                     10 parts                                  
                                            9 parts                            
                                                   25.7 parts                  
                            4 parts                                            
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A dry planographic printing ink composition which comprises a vehicle
      for an ink, a pigment and a solvent, characterized by using as a portion
      of the vehicle 1 to 40% by weight of a silicone modified alkyd resin
      containing 5 to 50% by weight of an organopolysiloxane represented by the
      average composition formula:
      ##EQU5##
      wherein R.sup.1 is a monovalent unsubstituted hydrocarbon group having 1
      to 4 carbon atoms, R.sup.2 is a hydrogen atom or a monovalent hydrocarbon
      group having 1 to 4 carbon atoms, n is an integer of 1.0 to 2.0, and m is
      an integer of 0.1 to 2.5, n+m being less than 4, said vehicle being
      selected from the group consisting of drying oil, synthetic drying oil,
      rosin, copal, dammer, shellac, hardened rosin, rosin esters, phenolic
      resins, rosin-modified phenolic resins, maleic acid resins, alkyd resins,
      petroleum resins, vinyl resins, polyamide resins, epoxy resins, aminoalkyd
      resins, polyurethane resins, aminoplast resins, nitrocellulose, ethyl
      cellulose, chlorinated rubber, cyclized rubber, glue, casein, dextrin and
      zein.
NUM  2.
PAR  2. A dry planographic printing ink composition as claimed in claim 1
      wherein the composition consists of 20 to 80% by weight of the vehicle for
      an ink, 1 to 40% by weight of the silicone modified alkyd resin and 3 to
      40% by weight of the pigment based upon the total weight of the
      composition and the solvent.
NUM  3.
PAR  3. A dry planographic printing ink composition as claimed in claim 1
      wherein in said organopolysiloxane, R.sup.1 is selected from the group
      consisting of methyl, ethyl, butyl, vinyl and phenyl and R.sup.2 is
      selected from the group consisting of hydrogen, methyl, ethyl, propyl,
      butyl and vinyl.
NUM  4.
PAR  4. A dry planographic printing ink composition as claimed in claim 1
      wherein the pigment is an inorganic pigment selected from the group
      consisting of chrome yellow, chrome vermillion, prussian blue, red oxide,
      cadmium yellow, cadmium red, titanium white, carbon black, alumina white,
      barium sulfate, calcium carbonate and white lead.
NUM  5.
PAR  5. A dry planographic printing ink composition as claimed in claim 1
      wherein the pigment is an organic pigment selected from the group
      consisting of an insoluble azo pigment, azo lake pigment, polyazo pigment,
      phthalocyanine pigment, anthraquinone pigment, thioindigo pigment,
      perylene pigment, perynone pigment, quinacridone pigment, dioxazine
      pigment and ilgazine pigment.
NUM  6.
PAR  6. A dry planographic printing ink composition as claimed in claim 1
      wherein the solvent is a hydrocarbon.
NUM  7.
PAR  7. A dry planographic printing ink composition as claimed in claim 6
      wherein said solvent is selected from the group consisting of solvent
      naphtha having a high boiling point, alkylbenzene, spindle oil and machine
      oil.
NUM  8.
PAR  8. A dry planographic printing ink composition as claimed in claim 1
      wherein the composition contains the vehicle for an ink, the silicone
      modified alkyd resin, the pigment, the solvent and an auxiliary agent
      selected from the group consisting of wax, grease, plasticizer,
      stabilizing agent, dryer, assistant dryer, thickener, dispersing agent and
      filler.
NUM  9.
PAR  9. A dry planographic printing ink composition as claimed in claim 8
      wherein the auxiliary agent is used in a quantity of 5 to 15% by weight
      based upon the total weight of the composition.
NUM  10.
PAR  10. A dry planographic printing ink composition as claimed in claim 1,
      wherein the vinyl resin is an acrylic resin.
NUM  11.
PAR  11. A dry planographic printing ink composition as claimed in claim 1
      wherein said silicone modified alkyd resin is a product which is obtained
      by premixing a vegetable oil with a polyhydric alcohol at a temperature of
      200.degree. to 250.degree.C. for about one hour, cooling the obtained
      mixture to a temperature of 160.degree. to 200.degree.C., mixing the
      mixture with a polybasic acid and an organopolysiloxane for about one hour
      and then heating the resultant mixture to a temperature of 250.degree. to
      300.degree.C. for several hours.
NUM  12.
PAR  12. A dry planographic printing ink composition as claimed in claim 11
      wherein the vegetable oil is linseed, perilla, tung, sesame, rape seed or
      soya-bean oil.
NUM  13.
PAR  13. A dry planographic printing ink composition as claimed in claim 11
      wherein the polyhydric alcohol is selected from the group consisting of
      ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol,
      trimethylene glycol, tetramethylene glycol, glycerine, trimethylol
      propane, diglycerine, triglycerine, pentaerythritol, dipentaerythritol,
      mannitol and sorbitol.
NUM  14.
PAR  14. A dry planographic printing ink composition as claimed in claim 11
      wherein the polybasic acid is selected from the group consisting of
      phthalic anhydride, terephthalic acid, succinic acid, adipic acid, sebacic
      acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid,
      citraconic acid, cyclopentadienemaleic anhydride addition product,
      terpene-maleic anhydride addition product and rosin-maleic anhydride
      addition product.
NUM  15.
PAR  15. A dry planographic printing ink composition as claimed in claim 1
      wherein said silicone modified alkyd resin is a product which is obtained
      by previously reacting together a vegetable oil, a polyhydric alcohol and
      a polybasic acid to synthesize an alkyd resin having a high acid value or
      a high OH value, adding said alkyd resin to an organopolysiloxane and
      effecting a reaction at a temperature of 140.degree. to 180.degree.C. with
      dehydration.
NUM  16.
PAR  16. A dry planographic printing ink composition as claimed in claim 15
      wherein the vegetable oil is linseed, perilla, tung, sesame, rape seed or
      soya-bean oil.
NUM  17.
PAR  17. A dry planographic printing ink composition as claimed in claim 15
      wherein the polyhydric alcohol is selected from the group consisting of
      ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol,
      trimethylene glycol, tetramethylene glycol, glycerine, trimethylol
      propane, diglycerine, triglycerine, pentaerythritol, dipentaerythritol,
      mannitol and sorbitol.
NUM  18.
PAR  18. A dry planographic printing ink composition as claimed in claim 15
      wherein the polybasic acid is selected from the group consisting of
      phthalic anhydride, terephthalic acid, succinic acid, adipic acid, sebacic
      acid, maleic acid, maleic anhydride, fumaric acid, itaconic acid,
      citraconic acid, cyclopentadienemaleic anhydride addition product,
      terpene-maleic anhydride addition product and rosin-maleic anhydride
      addition product.
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ABST
PAL  When vinyl chloride or a mixture of monomers containing vinyl chloride as
      its main component is subjected to suspension-polymerization, in the
      presence of a polymerization initiator, employing as a suspending agent an
      aqueous medium consisting of two kinds of water-soluble cellulose ethers,
      the 2% aqueous solution of one of which has a viscosity of at most 100 cps
      at 20.degree.C, and that of the other has a viscosity of at least 400 cps
      at 20.degree.C, the product obtained will be a porous polymer superior not
      only in uniformity of particle size, and absorptivity of plasticizers and
      liquid heat-stabilizers but also in processability.
PARN
PAR  This application is a continuation of U.S. application Ser. No. 258,446,
      now abandoned, filed May 31, 1972 and which claims priority of Japanese
      application No. 70701/71, filed Sept. 11, 1971.
BSUM
PAR  This invention relates to an improved method for suspension-polymerizing
      vinyl chloride or a mixture of monomers containing vinyl chloride as its
      main component.
PAR  It is well known that when polyvinyl chloride is to be prepared, the
      material monomer (vinyl chloride) is suspension-polymerized in an aqueous
      medium containing (i) a suspending agent consisting of one or more kinds
      of water-soluble polymer substances such as polyvinyl alcohol,
      water-soluble cellulose ether, vinyl acetate-maleic anhydride copolymer or
      partially saponified polyalkyl acrylate or gelatine, and (ii) a
      polymerization initiator. Further, the polyvinyl chloride thus prepared is
      porous and corpuscular and gives molded products superior not only in
      chemical properties such as chemical resistance but also in mechanical
      properties, so that a large quantity of such polyvinyl chloride is
      consumed as a material resin for making various molded products.
PAR  In choosing the method for suspension-polymerizing vinyl chloride, the
      greatest importance is attached to obtaining polyvinyl chloride which can
      be molded (extrusion or injection molding) with ease and which gives
      molded products of fine quality. Therefore, various studies have been
      conducted for the purpose of obtaining polyvinyl chloride which is uniform
      in particle distribution and superior in absorptivity of plasticizers
      (with regard to the amount of plasticizers absorbed and to the absorbing
      velocity), and in gelling velocity when molded. But those which have been
      reported upon so far are not very useful in that some are characterized by
      the use of an extremely specific suspending agent or additives, and with
      others, the selection and the combination of the suspending agents are
      very complicated. None, therefore, have met the requirements for an
      improvement of the properties as discussed.
PAR  An object of this invention is to provide a method for
      suspension-polymerizing vinly chloride or a mixture of monomers containing
      vinyl chloride as its main component by employing a specified suspending
      agent, whereby a superior polyvinyl chloride or a copolymer containing
      vinyl chloride as its main component is prepared.
PAR  Another object of this invention is to provide a method for preparing
      porous polyvinyl chloride or a copolymer containing vinyl chloride as its
      main component, which is superior in uniformity of particle size, in
      absorptivity of plasticizers, and in processability.
PAR  Still another object of this invention is to provide a method for preparing
      porous polymer which is functional, even if the polymerization temperature
      is higher than the softening temperature of the product to be prepared.
      The product is thereby superior in uniformity of particle size, in
      absorptivity of plasticizers and liquid heat-stabilizers, as well as in
      processability.
PAR  The present invention is characterized by employing, as a suspending agent,
      two kinds of water-soluble cellulose ether, with a 2% aqueous solution of
      one of them having a viscosity of no more than 100 cps at 20.degree.C, and
      the other having a viscosity of at least 400 cps at 20.degree.C, in an
      aqueous medium containing a polymerization initiator and a suspending
      agent and vinyl chloride or a mixture of monomers containing vinyl
      chloride as its main component.
PAR  To give a more detailed description of the method of the invention, when
      suspension-polymerizing vinyl chloride, if, as a suspending agent, only a
      water-soluble cellulose ether of a low polymerization degree is employed,
      it will disperse the monomer into the water very effectively, but will not
      be able to keep the monomer particles in a dispersed state, so that the
      polymer particles formed in the early stage of the polymerization are apt
      to be locally agglomerated, until at last various particle sizes ranging,
      for example, from 1,000.mu. to 10.mu. are formed, resulting in
      irregularity in polymer particle distribution. On the other hand, if, as a
      suspending agent, only a cellulose ether of a high polymerization degree
      is employed, the monomer particles will be kept stable in the dispersed
      state, but such a suspending agent will not be able to disperse the
      monomer uniformly into the water in the reactor. Therefore, the polymer
      prepared is apt to be in large glassy, globe-shaped grains, of the sizes
      of for example from 500.mu. to 1,000.mu., instead of being of porous
      substance. Such a polymer is extremely inferior in absorptivity of
      plasticizers and in gelling property at the time of molding. Thus it is
      clear that no polymer of superior quality can be obtained in either case.
PAR  Taking these technical problems into consideration, various studies were
      conducted and a conclusion has been arrived at that in a
      suspension-polymerizing vinyl chloride or a mixture of monomers containing
      vinyl chloride as its main component, if two kinds of cellulose ether, one
      being of a low polymerization degree, a 2% aqueous solution of which has a
      viscosity of no more than 100 cps at 20.degree.C, and the other being of a
      comparatively high polymerization degree, a 2% aqueous solution of which
      has a viscosity of at least 400 cps, are employed, the following
      remarkable effects (i) and (ii) result:
PA1  i. Unfavorable phenomenon such as the agglomeration of the polymer prepared
      in the early stage of polymerization or the formation of glassy globular
      polymer, will be prevented. Additionally, the synergistic action of the
      two kinds of cellulose ethers make it possible to industrially produce in
      a good yield a porous polymer, uniform in particle size and superior in
      absorptivity of plasticizers.
PA1  ii. Even when the copolymerization is higher than the softening
      termperature of the polymer to be prepared, as in the suspension
      copolymerization of vinyl chloride with vinyl acetate or propylene, the
      fusion or agglomeration, which is apt to take place in the course of
      polymerization, of the copolymer prepared will be successfully prevented,
      and the product obtained will prove to be a porous polymer superior in
      particle-size uniformity in absorptivity of plasticizers and heat
      stabilizers, as well as in processability. Such findings of ours have led
      us to the present invention.
PAR  The two kinds of cellulose ether, one of a low polymerization degree, and
      the other of a high polymerization degree, employed in practicing the
      present invention, are exemplified by water-soluble cellulose ether such
      as methylcellulose, ethylcellulose, hydroxyethyl cellulose, hydroxypropyl
      cellulose, hydroxyethyl methylcellulose and hydroxypropyl methylcellulose.
PAR  The ratio of the amount by weight of the cellulose ether of a low
      polymerization degree, having a viscosity of no more than 100 cps to the
      cellulose ether of a high polymerization degree, having a viscosity of at
      least 400 cps had better be from 1:4 to 4:1 in order to have them exhibit
      the synergistic effect to the best advantage.
PAR  If the amounts employed are too small, neither the uniform distribution of
      the monomer particles nor the stabilization of the dispersed particles can
      be expected to take place, and if they are too large, the particles of the
      polymer prepared will become too fine or the polymer will be inferior in
      porosity, so that the total amount should be from 0.01 to 0.5% by weight
      based on the weight of the monomer charged.
PAR  The present invention is applicable not only to the
      suspension-polymerization of vinyl chloride alone but also to that of a
      mixture of monomers containing vinyl chloride as its main component. The
      comonomers copolymerizable with vinyl chloride are exemplified by vinyl
      esters such as vinyl acetate, vinyl ethers such as stearyl vinyl ether,
      cetyl vinyl ether, and lauryl vinyl ether, .alpha.-monoolefins such as
      ethylene, propylene and butylene, acrylic and methacrylic alkyl ester,
      maleic anhydride, maleic alky ester, fumaric alkyl ester, vinylidene
      halide, vinyl halides excepting vinyl chloride, aromatic vinyl compounds
      such as styrene and .alpha.- methylstyrene, acrylonitrile, and
      methacrylonitrile.
PAR  The polymerizing catalyst for practicing the method of the present
      invention is exemplified by organic peroxides such as benzoylperoxide,
      lauroylperoxide, diisopropylperoxydicarbonate,
      dicyclohexylperoxydicarbonate, tertiary butylperoxypivalate, acetyl
      cyclohexylsulfonylperoxide, and azo compounds such as
      azobisisobutyranitrile and azobis-2,4-dimethylvaleronitrile, used either
      singly or in combination.
PAR  Besides employing, as a suspending agent, the above-given two kinds of
      water-soluble cellulose ether, the present invention may be practiced in
      accordance with the known suspensionpolymerization methods, with regard to
      charging the monomer(s) (successive charging), stirring the polymerization
      system, and the length of the polymerization time. Any known dispersing
      agents pH controllers (alkaline substances), and polymerization
      controllers such as organic solvents, may be used, in small quantities
      together with the two kinds of cellulose ether.
DETD
PAR  In the following examples, all the parts are parts by weight. The viscosity
      of the cellulose ether is that of a 2% solution of it at 20.degree.C and
      the physical properties of the polymers were measured by the methods
      described below.
PAR  Absorption by the polymer of a plastizer:
PAR  To a prescribed quantity of a polymer was added double the quantity of
      di-2-ethylhexyl phthalate (DOP), and after being let to stand at room
      temperature for 1 hour, the mixture was put in a tube equipped at the
      bottom with a thin tube packed with glass fiber, and employing a
      centrifugal separator for laboratory use, it was subjected to
      centrifugation at a velocity of 3,000 r.p.m. for an hour. The amount (%)
      of DOP absorbed by the polymer as measured at the end of the
      centrifugation, was employed to show the absorptivity by the polymer of
      the plasticizer.
PAR  Absorption velocity by the polymer of a plasticizer:
PAR  A mixer having an inner capacity of 500 cc and equipped with a sigma-type
      stirrer was set to a brabender plastograph, and after the jacket of the
      mixer was heated to 80.degree.C, 300 g of the polymer was put in it and
      the mixture was stirred at 30 r.p.m. for 2 minutes, when 50 g of DOP were
      added to it. The stirring was continued as ever, and the time elapsed from
      the addition of DOP till the torque of stirring gave the maximum value was
      employed to show the velocity at which the plasticizer was absorbed by the
      polymer.
PAR  Gelling velocity:
PAR  A mixer having an inner capacity of 50 cc and equipped with a roller-type
      stirrer was set to a plastograph, and after the jacket of the mixer was
      heated to 185.degree.C, 65 g of a composition consisting of:
     Polymer                100 parts                                          
     Tribasic lead sulfate  2.0 parts                                          
     Lead stearate          1.5 parts                                          
     Barium stearate        0.7 part                                           
     Titanium oxide         0.5 part                                           
PAL  were put in it, and the composition was stirred at 30 r.p.m. The time
      elapsed from the beginning of the stirring until the torque of stirring
      gave the maximum value was employed to show the gelling velocity of the
      polymer.
PAR  Dry flow:
PAR  100 parts of the polymer, 3 parts of dibutylin dilaurate and 0.5 part of
      barium stearate were stirred with a high speed mixer, while they were
      heated from room temperature up to 140.degree.C, and then the mixture was
      cooled down once more to room temperature and let to flow from the hopper
      through an 8 mm .phi. outlet. The time required for a prescribed amount of
      the mixture to flow out was employed to denote the dry flow of the
      polymer.
PAR  The following examples are illustrative only and not meant to be limiting
      in any way:
PAC  EXAMPLE 1
PAR  In a 1,000 liter stainless steel reactor were put:
     Methylcellulose           0.15 part                                       
     Water                     200 parts                                       
     .alpha.,.alpha.'azobisdimethylvaleronitrile                               
                               0.025 part                                      
     Vinyl chloride            100 parts                                       
PAR  As a suspending agent, two kinds of methylcelluloses were used, MC-A,
      having a viscosity of 15 cps, and containing 28.5% by weight of methoxy
      radical, and MC-B, having a viscosity of 1,000 cps and containing 28% by
      weight of methoxy radical, in the ratio set forth in Table 1. The
      polymerization was carried out at 57.degree.C for 9 hours, whereby a
      polymer having the physical properties set forth in Table 1 was obtained.
PAR  It was determined from the results that with the method of the invention a
      polymer which is extremely superior in particle size distribution,
      plasticizer absorptivity and gelling property when molded is obtained as
      compared with those obtained in the controls.
PAR  When a similar experiment was conducted, employing as a suspending agent a
      partially saponified polyvinyl acetate (saponification value: 80 mole %,
      and average polymerization degree: 1,750) instead of the two kinds of
      methylcelluloses (MC-A and MC-B), the polymer obtained (quantity of the
      plasticizer absorbed (%): 18.5%, plasticizer absorption velocity: 20
      minutes, and gelling velocity: 20 minutes) proved to be considerably
      inferior to the one obtained by the method of the invention.
TBL                                    Table 1                                 
     __________________________________________________________________________
                    Control   Present invention                                
     Exp. No.       1    2    3    4    5                                      
     __________________________________________________________________________
     MC-A/          100/ 0/   75/  50/  25/                                    
         MC-B         0   100   25   50   75                                   
     __________________________________________________________________________
     Par-   60 mesh thru                                                       
                    56.5 42.3 100  100  100                                    
     ticle  80 mesh thru                                                       
                    53.6 30.0 89.1 80.0 79.9                                   
     size  100 mesh thru                                                       
                    50.1 21.5 60.5 45.6 45.9                                   
     distri-                                                                   
           115 mesh thru                                                       
                    48.6 10.5 29.9 20.1 21.3                                   
     bution                                                                    
           150 mesh thru                                                       
                    32.2 6.3  12.3 9.3  8.0                                    
     (%)   200 mesh thru                                                       
                    28.5 0.1  1.2  0.4  0.2                                    
     __________________________________________________________________________
     Quantity of plasti-                                                       
     cizer absorbed (%)                                                        
                    18.5 12.3 31.9 30.0 29.8                                   
     Plasticizer absorp-                                                       
     tion velocity (min)                                                       
                    20   21   10   10   12                                     
     Gelling velocity (min)                                                    
                    20   21   16   15   17                                     
     __________________________________________________________________________
PAC  EXAMPLE 2.
PAR  An experiment similar to the one described in Example 1 (Experiments 1-5)
      was conducted in which, instead of the two kinds of methyl cellulose, MC-A
      and MC-B, HPMC-A (hydroxypropyl methylcellulose having a viscosity of 50
      cps and containing 9.8% by weight of hydroxypropyl radical and methoxy
      radical content: 29% by weight) and HPMC-B (hydroxypropylmethyl cellulose,
      having a viscosity of 1,500 cps and containing 7% by weight of
      hydroxypropyl radical) were employed. The polymer obtained proved to have
      the physical properties given in Table 2.
PAR  In Exp. 9, HPMC-B was replaced by hydroxypropyl methylcellulose (viscosity:
      200 cps, hydroxypropyl radical content: 7% by weight and methoxy radical
      content: 30% by weight). The polymer obtained was extremely varied in
      particle size (60 mesh thru: 43.2%, and 200 mesh thru: 11.5%).
TBL                                    Table 2                                 
     __________________________________________________________________________
                   Control     Present invention                               
     Exp. No.      6    7      8    9    10                                    
     __________________________________________________________________________
     HPMC-A/       100/ 0/     75/  50/  25/                                   
         HPMC-B      0   100     25   50   75                                  
     __________________________________________________________________________
     Par-  60 mesh thru                                                        
                   66.2 21.3   100  100  100                                   
     ticle                                                                     
           80 mesh thru                                                        
                   60.3 15.1   80.1 79.5 79.0                                  
     size 100 mesh thru                                                        
                   52.5 3.8    69.7 48.6 40.3                                  
     distri-                                                                   
          115 mesh thru                                                        
                   50.3 1.8    38.5 21.1 20.0                                  
     bution                                                                    
          150 mesh thru                                                        
                   41.1 0.2    11.8 9.7  8.8                                   
     (%)  200 mesh thru                                                        
                   39.0 0.1    1.5  0.7  0.2                                   
     __________________________________________________________________________
     Quantity of plasti-                                                       
     cizer absorbed (%)                                                        
                   20.3 10.5   30.5 30.0 29.3                                  
     Plasticizer absorp-                                                       
     tion velocity (min)                                                       
                   19   20 or more                                             
                               9    10   10                                    
     Gelling velocity (min)                                                    
                   20   25 or more                                             
                               14   16   16                                    
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  An experiment similar to the one described in Example 2 (Exp 8) was
      conducted in which the only difference was that HPMC-B was replaced by
      HEMC-B (hydroxyethyl methylcellulose, having a viscosity of 1,000 cps and
      containing 5% of hydroxethyl radical, 29% by weight of methoxy radical),
      and the polymer obtained proved to have the physical properties given in
      Table 3 (Exp. 12).
TBL                Table 3                                                     
     ______________________________________                                    
                       Control   Present invention                             
     Exp. No.          11        12                                            
     ______________________________________                                    
     HPMC-A/           0/        75/                                           
         HEMC-B         100        25                                          
     ______________________________________                                    
     Par-     60 mesh thru 31.3      100                                       
     ticle    80 mesh thru 20.5      83.5                                      
     size    100 mesh thru 15.6      55.0                                      
     distri- 115 mesh thru 4.5       31.2                                      
     bution  150 mesh thru 2.1       15.6                                      
     (%)     200 mesh thru 0.8       2.0                                       
     ______________________________________                                    
     Quantity of plasti-                                                       
     cizer absorbed (%)                                                        
                       17.0      34.9                                          
     Plasticizer absorp-                                                       
     tion velocity (min)                                                       
                       20 or more                                              
                                 7                                             
     Gelling velocity (min)                                                    
                       24        17                                            
     ______________________________________                                    
PAC  EXAMPLE 4.
PAR  In a reactor were put:
TBL  Methylcellulose         0.5 part                                          
     Water                   200 parts                                         
     Diisopropylperoxydicarbonate                                              
                             0.02 part                                         
     Vinyl chloride          85 parts                                          
     Vinyl acetate           15 parts                                          
     Trichloroethylene       3 parts                                           
PAL  and with an addition of MC-A (methylcellulose, like the one employed in
      Example 1) and MC-B' (methylcellulose having a viscosity of 4,000 cps and
      containing 29% by weight of methoxy radical) in the ratio given in Table
      4. The mixture was polymerized at 57.degree. C for 15 hours, obtaining the
      copolymer which had the physical properties given in Table 4.
PAR  The compositions obtained in Exp. 13 and 14 were inferior in dry flow, the
      former very sticky and the latter utterly unable to flow out from the
      hopper, proving that the copolymers prepared were extremely inferior in
      the absorption of liquid stabilizers such as dibutyltin dilaurate.
PAR  It was observed that the compositions obtained in Exp. 15, 16 and 17 had a
      softening point of 51.degree.C (when measured by means of the Clash-Berg
      softening point measuring method), proving that by the method of the
      invention, hardly any agglomeration of the polymer particles will take
      place, even if the polymerization temperature should be above the
      softening point of the polymer to be prepared, so that the polymer
      obtained will be superior in uniformity of particle size and in absorption
      of plasticizers.
TBL  __________________________________________________________________________
                     Control   Present Invention                               
     Exp. No.        13   14   15    16    17                                  
     __________________________________________________________________________
     MC-A/           100/ 0/   75/   50/   25/                                 
        MC-B'          0   100   25    50    75                                
     __________________________________________________________________________
     Par-    60 mesh thru                                                      
                     88.0 65.0 100   100   100                                 
     ticle   80 mesh thru                                                      
                     72.2 42.1 90.6  89.2  80.9                                
     size   100 mesh thru                                                      
                     66.1 21.2 66.2  62.8  50.1                                
     distri-                                                                   
            115 mesh thru                                                      
                     60.1 12.8 50.8  51.8  25.8                                
     bution 150 mesh thru                                                      
                     58.1 8.4  22.1  18.4  14.1                                
     (%)    200 mesh thru                                                      
                     56.6 0.2  4.2   2.2   1.0                                 
     __________________________________________________________________________
     Quantity of plasti-                                                       
     cizer absorbed (%)                                                        
                     10.1 5.6  22.0  21.5  19.3                                
     Dry flow (sec)  No flow                                                   
                          28   12    10    9                                   
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  An experiment similar to the one described in Example 4 (Exp. 16) was
      conducted in which the only difference was that MC-B' was replaced by
      HPC-B (hydroxypropyl cellulose having a viscosity of 8,000 cps and
      containing 45% by weight of hydroxypropyl radical). The polymer obtained
      proved to have the physical properties given in Table 5 (Exp. 19).
TBL  ______________________________________                                    
                       Control   Present invention                             
     Exp. No.          18        19                                            
     ______________________________________                                    
     MC-A/             0/        50/                                           
        HPC-B           100        50                                          
     ______________________________________                                    
     Particle                                                                  
              60 mesh thru 51.2      100                                       
     size                                                                      
     distri- 100 mesh thru 43.5      90.3                                      
     bution                                                                    
     (%)     200 mesh thru 38.0      3.8                                       
     ______________________________________                                    
     Quantity of plasti-                                                       
     cizer absorbed (%)                                                        
                       4.9       18.6                                          
     Dry flow (sec)    30        13                                            
     ______________________________________                                    
PAC  EXAMPLE 6.
PAR  In a reactor were put and subjected to polymerization at 60.degree. for 20
      hours:
TBL  Hydroxypropyl methylcellulose                                             
                                0.4 part                                       
     Water                      300 parts                                      
     Lauroyl peroxide           0.1 part                                       
     Vinyl chloride             70 parts                                       
     Vinyl acetate              30 parts                                       
PAL  where the hydroxypropyl methylcellulose (HPMC) as shown in Table 6 was two
      kinds of HPMC's (1:1, ratio by weight) differing in viscosity but
      invariably containing 8% by weight of hydroxypropyl radical and 29% by
      weight of methoxy radical. When the copolymer obtained was filtered off
      and dried, the product proved to have the physical properties given in
      Table 6. The softening temperature of the copolymer was found to be about
      47.degree.C in every case.
TBL                                    Table 6                                 
     __________________________________________________________________________
                                                               Con-            
            Control   Present invention                        trol            
     __________________________________________________________________________
     Exp. No.                                                                  
            20   21   22    23    24    25    26    27    28   29              
     __________________________________________________________________________
     HPMC                                                                      
     CPS    15   15   15    15    15    15    15    15    15   1500            
     CPS    50   100  400   800   1000  1500  4000  8000  15000                
                                                               8000            
     __________________________________________________________________________
     Mean                                                                      
     polymeri-                                                                 
            600  620  600   660   600   610   600   600   600  600             
     zation                                                                    
     degree                                                                    
     Chlorine                                                                  
     content                                                                   
            40.80                                                              
                 40.00                                                         
                      41.00 40.50 40.72 40.88 40.20 40.25 40.66                
                                                               40.99           
     (%)                                                                       
     __________________________________________________________________________
     Gelling                                                                   
     velocity                                                                  
            2.3  2.5  2.5   2.4   2.3   2.0   2.0   2.2   2.5  8.2             
     (min) *                                                                   
     Dry flow                                                                  
     (sec)  None None 40    38    18    8     5     13    13   32              
     __________________________________________________________________________
     Par-                                                                      
        60  69.2 72.8 100   100   100   100   100   100   100  21.3            
     ti-                                                                       
        mesh                                                                   
     cle                                                                       
        thru                                                                   
        80  68.3 72.0 75.0  73.2  86.6  89.2  85.4  80.1  88.1 15.1            
        mesh                                                                   
     size                                                                      
        thru                                                                   
        100 61.5 70.8 71.2  66.1  80.1  80.1  71.5  69.7  62.3 3.8             
     dis-                                                                      
        mesh                                                                   
     tri-                                                                      
        thru                                                                   
     bu-                                                                       
        115 69.8 66.8 65.8  53.2  75.1  62.3  61.9  38.5  35.5 1.8             
     tion                                                                      
        mesh                                                                   
        thru                                                                   
        150 60.9 59.2 39.8  40.0  41.8  34.6  21.8  11.8  10.5 0.2             
     (%)                                                                       
        mesh                                                                   
        thru                                                                   
        200 52.3 53.8 23.0  20.2  21.0  11.2  8.2   5.4   4.8  0.1             
        mesh                                                                   
        thru                                                                   
     __________________________________________________________________________
      * The temperature of the mixer jacket was kept at 130.degree.C.          
PAC  EXAMPLE 7
PAR  In a reactor were put and subjected to polymerization at 55.degree.C for 30
      hours:
TBL  Cellulose ether        0.2 part                                           
     Water                  300 parts                                          
     Isopropylperoxydicarbonate                                                
                            0.05 part                                          
     Vinyl chloride         93 parts                                           
     Propylene              7 parts                                            
PAR  As cellulose ether, two kinds of cellulose ethers of various viscosities
      (1:1, ratio by weight) selected from the group consisting of methyl
      cellulose (MC) containing 28% by weight of methoxy radical, hydroxypropyl
      cellulose (HPC) containing 45% by weight of hydroxypropyl radical, and
      hydroxypropyl methylcellulose (HPMC), containing 8% of hydroxypropyl
      radical and 29% by weight of methoxy radical were employed. When the
      copolymer obtained was filtered off and dried, the product proved to have
      the physical properties given in Table 7. The softening temperature of the
      copolymer was found to be about 53.degree.C in every case.
TBL                                    Table 7                                 
     __________________________________________________________________________
              Control        Present invention                                 
     Exp. No. 30     31      32     33                                         
     __________________________________________________________________________
     Cellulose ether                                                           
               MC (100)                                                        
                      MC (4000)                                                
                             MC (100)                                          
                                     MC (100)                                  
     (CPS)    HPC (100)                                                        
                     HPMC (4000)                                               
                             HPC (8000)                                        
                                    HPMC (8000)                                
     __________________________________________________________________________
     Polymerization                                                            
     degree   700    700     710    700                                        
     Chlorine content                                                          
              53.30  53.33   53.28  53.28                                      
     (%)                                                                       
     __________________________________________________________________________
     Gelling velocity                                                          
              17     12      10     10                                         
     (min)                                                                     
     Dry flow (sec)                                                            
              None   28      9      12                                         
     __________________________________________________________________________
     Par-                                                                      
        60 mesh                                                                
              83.3   10.1    100     100                                       
     ti-                                                                       
        thru                                                                   
     cle                                                                       
        80 mesh                                                                
              69.3   8.5     99.8   90.8                                       
        thru                                                                   
     size                                                                      
        100 mesh                                                               
              60.8   2.1     90.3   72.5                                       
        thru                                                                   
     dis-                                                                      
     tri-                                                                      
        115 mesh                                                               
              52.2   0.3     52.2   40.8                                       
     bu-                                                                       
        thru                                                                   
     tion                                                                      
        150 mesh                                                               
              41.1   0.1     21.0   18.5                                       
     (%)                                                                       
        thru                                                                   
        200 mesh                                                               
              38.0   0.1     3.8    2.1                                        
        thru                                                                   
     __________________________________________________________________________
PAC  EXAMPLE 8.
PAR  In a reactor were put and subjected to polymerization at 57.degree.C for 15
      hours:
TBL  Methylcellulose     0.5       part                                        
     Water               200       parts                                       
     Diisopropyl peroxydicarbonate                                             
                         0.02      part                                        
     Vinyl chloride      85        parts                                       
     Stearyl vinyl ether 15        parts                                       
     Trichloroethylene   3         parts                                       
PAR  As methyl cellulose, two kinds of methyl celluloses (MC-A and MC-B') like
      those employed in Example 4, [as given in Table 8] were used. The
      copolymer obtained proved to have the physical properties given in Table
      8, and its softening temperature was found to be about 45.degree.C in
      every case.
TBL                Table 8                                                     
     ______________________________________                                    
                               Present                                         
                   Control     invention                                       
     Exp. No.        34       35       36                                      
     MC-A/           100/     0/       50/                                     
        MC-B'          0       100       50                                    
     ______________________________________                                    
     Particle                                                                  
             60 mesh thru                                                      
                         85.0     64.0   100                                   
     size    80 mesh thru                                                      
                         70.5     42.5   90.1                                  
     distri-                                                                   
            100 mesh thru                                                      
                         64.0     20.8   65.2                                  
     bution 115 mesh thru                                                      
                         54.6     13.1   53.1                                  
     (%)    150 mesh thru                                                      
                         46.7     7.6    18.2                                  
            200 mesh thru                                                      
                         30.0     0.3    2.0                                   
     ______________________________________                                    
     Plasticizer     10.0     5.3      21.6                                    
     absorption (%)                                                            
     Dry flow (sec)  None     29       9                                       
     ______________________________________                                    
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a method for suspension-polymerizing, in an aqueous medium containing
      a polymerization initiator and a suspending agent, vinyl chloride or a
      mixture of monomers containing vinyl chloride as a main component, the
      improvement in which the suspending agent comprises a mixture of two water
      soluble cellulose ethers wherein the first water soluble cellulose ether
      has a viscosity of no more than 100 cps at 20.degree.C and the second
      water soluble cellulose ether has a viscosity of at least 400 cps at
      20.degree.C, the viscosities being of a 2% aqueous solution, said ethers
      being present in the ratio of about 1:4 to 4:1 by weight, and in a total
      amount of 0.01 to 0.05% by weight based on the weight of monomer charged
      and said water soluble cellulose ethers being selected from the group
      consisting of methylcellulose, ethylcellulose, hydroxypropylcellulose,
      hydroxyethyl methylcellulose, and hydroxypropyl methylcellulose.
NUM  2.
PAR  2. The method as recited in claim 1 wherein the mixture contains from 50 to
      99 parts by weight of vinyl chloride and 50 to 1 part by weight of
      copolymerizable monomer.
NUM  3.
PAR  3. The method as recited in claim 2 wherein the suspension polymerization
      is conducted at a temperature higher than the softening temperature of a
      copolymer prepared from the mixture.
NUM  4.
PAR  4. The method as recited by claim 2 wherein the copolymerizable monomer is
      selected from the group consisting of vinyl esters, vinyl ethers,
      .alpha.-monooleofins, and aromatic vinyl compounds.
NUM  5.
PAR  5. The method as recited in claim 2 wherein the copolymerizable monomer is
      selected from the group consisting of vinyl acetate, stearyl vinyl ether,
      cetyl vinyl ether, lauryl vinyl ether, ethylene, propylene, butylene,
      methyl acrylate, methyl methacrylate, vinylidene halide, vinyl halides
      except vinyl chloride, styrene, .alpha.-methylstyrene, acrylonitrile, and
      methacrylonitrile.
NUM  6.
PAR  6. The method as recited in claim 1, wherein the polymerization initiator
      is selected from the group consisting of benzoylperoxide, lauroylperoxide,
      diisopropylperoxydicarbonate, dicylohexylperoxydicarbonate, tertiary
      butylperoxypivalate, acetylcyclohexysulfonyl peroxide,
      azobisisobutylbutyronitrile and azobis-2, 4-dimethylvaleronitrile.
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ABST
PAL  This invention relates to oil modified imidized polyester resins containing
      isocyanurates of the formula
      ##EQU1##
      where A is alkylene and preferably ethylene (THIC); and to electrical
      insulating compositions derived therefrom, particularly those electrical
      varnishes containing oil soluble resins, such as phenol-aldehyde resins,
      which possess improved thermal stability.
BSUM
PAR  In U.S. Pat. No. 3,312,645 issued Apr. 4, 1967 there is described and
      claimed oil modified polyester resins containing THIC; and electrical
      insulating varnishes derived therefrom, particularly those electrical
      varnishes containing oil soluble resins such as phenol-aldehyde resins.
PAR  I have now discovered that oil modified imidized polyester resins
      containing THIC and electrical insulating compositions derived therefrom,
      particularly those electrical varnishes containing oil soluble resins such
      as phenol-aldehyde resins, are superior to the corresponding oil modified
      polyester resins containing THIC and electrical insulating varnishes
      derived therefrom, particularly as to high temperature stability.
PAR  In general, the oil modified imidized polyester resins are prepared in the
      manner of U.S. Pat. No. 3,312,645 except that tricarboxylic acids and
      polyamines are employed in the preparation thereof so as to impart imide
      groups to the final resin in addition to polyester groups. Thus, any of
      the procedures and formulations of U.S. Pat. No. 3,312,645 can be employed
      provided tricarboxylic acid and polyamines are employed in the
      preparation. In general, the tricarboxylic acid and polyamine comprises
      about 50% equivalent or less of the resin, such as 50% to 2.5% equivalent,
      for example about 40% to 10% equivalent, with an optimum of about 15%.
PAR  Although alcoholic compounds such as glycols and polyols may be employed in
      addition to THIC, in the preferred embodiment no glycols or polyols apart
      from that derived from the oil is employed. Stated another way, in the
      preferred embodiment THIC is the sole alcoholic moiety.
PAR  In the preferred embodiment, the oil modified polyester formulation of U.S.
      Pat. No. 3,312,645 can be converted to the oil modified polyester resins
      of the present invention by about a 15% equivalent imide modification in
      the basic oil modified polyester resin. Stated another way, by replacing
      about 15% equivalent of the dicarboxylic acid employed with about 10%
      equivalent of the tricarboxylic acid and 5% equivalent of the diamine so
      that about 15% equivalent of said reactants yield the following idealized
      imidized structure
      ##SPC1##
PAL  Which replaces about 10% equivalent dicarboxylic acid and about 5%
      equivalent THIC.
PAR  As a rule of thumb, without changing the oil length, the formulations
      described in U.S. Pat. No. 3,312,645 can be imidified by replacing about
      15% equivalent of the dicarboxylic with about 10% equivalent of the
      tricarboxylic acid and replacing 5% equivalent of THIC with 5% equivalent
      of the diamine.
PAR  In the preferred embodiment, the % equivalent ratio of TMA to Diamine is
      preferably about 2 to 1. Where excess Diamine is used, amido groups as
      well as imido groups are also formed.
PAR  The term "imidized" as employed herein means containing an imido structure
      idealized as
      ##SPC2##
PAL  where   is the moiety of the tricarboxylic acid or anhydride, preferably an
      aromatic gorup such as a phenyl group, and R is the moiety of the diamine,
      preferably where R is an aromatic moiety such as a phenyl group such as
      ##SPC3##
PAL  preferably where R is phenyl. In the idealized presentation the structure
      is
      ##SPC4##
PAL  where R' is defined herein in relation to the diamine. This is prepared by
      reacting 2 molar ratios of TMA with 1 molar ratio of the diamine.
PAR  Although the imide structure is idealized, the term imidized does not
      preclude the presence of amido groups formed by reaction of the carboxylic
      acid groups with the diamine. Stated another way, although imidized
      relates primarily to the formation of imide groups by reaction of diamine
      with the tricarboxylic acid anhydride, the presence of excess diamine can
      also yield amido groups, for example
      ##SPC5##
PAR  The organic diamines usable in this invention are those having the
      structural formula H.sub.2 N--R'--NH.sub.2, wherein R', a divalent radical
      containing at least 2 carbon atoms, may be aromatic, aliphatic,
      cycloaliphatic, a combination of aromatic and aliphatic or substituted
      groups thereof, etc. The most useful diamines are the primary diamines
      which, upon reaction with the trifunctional acids may provide imido
      groups. The preferred R' groups in these diamines are those containing at
      least six carbon atoms and characterized by benzenoid unsaturation. More
      specifically these groups are:
      ##SPC6##
PAL  and the like, where R" is a carbon-, nitrogen-, oxygen-, silicon-,
      phosphorus-, or sulphur containing group.
PAR  Amone the diamines which are suitable for use in the present invention are:
PA0  4,4'-diamino-diphenyl propane;
PA0  4,4'-diamino-diphenyl methane;
PA0  3,3'-dichloro-benzidine;
PA0  4,4'-diamino-diphenyl ketone;
PA0  3,3'-diamino-diphenyl ketone;
PA0  4,4'-diamino-diphenyl sulfide;
PA0  3,3'-diamino-diphenyl sulfone;
PA0  4,4'-diamino-diphenyl sulfone;
PA0  4,4'-diamino-diphenyl ether;
PA0  1,5-diamino-naphthalene;
PA0  meta-phenylenediamine;
PA0  para-phenylene-diamine;
PA0  3,3'-dimethyl-4,4'-biphenyl diamine;
PA0  3,3'-dimethoxy benzidine;
PAR  bis(beta-amino-t-butyl) toluene;
PA0  bis-(para-beta-amino-t-phenyl) ether;
PA0  bis-(para-beta-methyl-delta-amino-pentyl) benzene;
PA0  bis-para-(1,1-dimethyl-5-amino-pentyl) benzene;
PA0  1-isopropyl-2,4-metaphenylene diamine;
PA0  m-xylylene diamine;
PA0  p-xylylene diamine;
PA0  di(para-amino-cyclohexyl) methane;
PA0  hexamethylene diamine;
PA0  heptamethylene diamine;
PA0  octamethylene diamine;
PA0  nonamethylene diamine;
PA0  decamethylene diamine;
PA0  diamino-propyl tetrametylene diamine;
PA0  3-methylheptamethylene diamine;
PA0  4,4-dimethylheptamethylene diamine;
PA0  2,11-diaminododecane;
PA0  1,2-bis-(3-amino-propoxy) ethane;
PA0  2,2-dimethylpropylene diamine;
PA0  3-methoxy-hexamethylene diamine;
PA0  2,5-dimethylhexamethylene diamine;
PA0  2,5-dimethylheptamethylenediamine;
PA0  3-methylheptamethylene diamine;
PA0  5-methylnonamethylenediamine;
PA0  2,11-diamino-dodecane;
PA0  2,17-diamino-eicosadecane;
PA0  1,4-diamino-cyclohexane;
PA0  1,10-diamino-1,10-dimethyl decane;
PA0  1,12-diamino-octadecane;
PA0  H.sub.2 n(ch.sub.2).sub.3 o(ch.sub.2).sub.2 o(ch.sub.2).sub.2 nh.sub.2 ;
PA0  h.sub.2 n(ch.sub.2).sub.3 s(ch.sub.2).sub.3 nh.sub.2 ;
PA0  h.sub.2 n(ch.sub.2).sub.3 n(ch.sub.3)(ch.sub.2).sub.3 nh.sub.2 ;
PAL  piperazine. A plurality of the above polyamines can also be employed, for
      example 2,3,4 or more of these amines, in preparing the resin.
PAR  The tricarboxylic acid is characterized by the formula
      ##EQU2##
      where at least two acid groups are capable of imidization and where R is a
      moiety of the acid.
PAR  Although trimellitic acid or its anhydride (TMA) is the preferred
      embodiment, other suitable tricarboxylic acids or anhydrides can also be
      employed, for example:
      ##SPC7##
PAL  or isomers thereof,
      ##SPC8##
PAL  and the like.
PAR  Aromatic tricarboxylic acids are preferred.
PAR  Representative fatty oils which may be used in the present invention
      include the non-drying, semi-drying, and drying fatty oils, including
      vegetable oils and animal oils, marine oils and treated marine oils, such
      as soya, cottonseed, hydrogenated cottonseed, linseed, castor,
      hydrogenated castor, dehydrated castor, cocoanut, tung, oiticica,
      menhaden, hempseed, grapeseed, corn, cod-liver, candlenut, walnut,
      perilla, poppyseed, safflower, conjugated safflower, sunflower, rapeseed,
      China-wood, tristearin, whale, sardine, herring, etc., oils. Instead of
      using these oils, it should be understood that for the purposes of the
      present invention fatty acids or mixtures of fatty acids which make up the
      fatty oils or their equivalents can be employed.
PAR  Representative monocarboxylic acids, including fatty acids may be
      illustrated by the following: abietic acid, benzoic acid, caproic acid,
      caprylic acid, castor fatty acid, cocoanut fatty acid, cottonseed fatty
      acid, crotonic acid, DCO FA, i.e. primarily
EQU  CH.sub.3 (CH.sub.2).sub.5 CH = CH -- CH = CH --(CH.sub.2).sub.7 COOH
PAL  2-ethyl hexoic acid, lauric acid, linoleic acid, linolenic acid, linseed
      FA, oleic acid, pelargonic acid, rosin acid (A.N. 165), soya FA, tall oil
      FA (A.N. 195, A.N. 192), etc.
PAR  Percentage oil length normally refers to the oil portion of the resin
      expressed as a percentage of the total weight of the finished resin. It is
      equal to the weight of any fatty acid in the resin taken together with the
      weight of a polyol needed to completely esterify this fatty acid (minus
      weight of evolved water of esterification) expressed as a percentage of
      the total solids content of the finished resin.
PAR  Thus, where a fatty acid is present in the formulation, its oil length is
      calculated as a fully esterified ester of the polyol. For example, where
      THIC, a fatty acid, such as tall oil FA, and a polycarboxylic acid, such
      as a phthalic acid, are the sole reactants, the oil length of the
      formulation is as follows:
      ##EQU3##
      where R represents the tall oil FA moiety.
PAR  Where an oil is employed, the oil length is calculated as follows:
      ##EQU4##
PAR  Where less than a full glyceride is employed, for example a mono- or a
      di-glyceride, the oil length is calculated as the full glyceride produced
      during esterification.
PAR  Thus, in the preferred embodiment where in addition to tricarboxylic acid
      and the polyamine the sole reactants are THIC, a fatty acid, and a
      polycarboxylic acid (i.e. the formulation contains no glycol or
      glycerine), the oil length is calculated as the full ester of the fatty
      acid and THIC
      ##EQU5##
PAR  The remaining THIC in the formulation which is not part of the fatty acid
      ester is calculated as the polyester of THIC and the polycarboxylic acid.
PAR  Thus, for purposes of this invention an oil modified imidized polyester
      includes imidized polyesters modified with fatty acids as well as oils.
      The preferred embodiment of this invention is an imidized polyester resin
      prepared from a fatty acid, i.e. a polyester containing no glycol or
      glycerine. The oil-modified imidized polyesters may be of long, medium or
      short oil content, but is preferably of long oil content; where a fatty
      acid is employed, it may also be long, medium or short, i.e. having
      proportionate ranges of fatty acids calculated as glycerides and/or
      isocyanurates as compared to the oils. These terms have the following
      meanings: Short oil 30-45%; medium oil 45-55%; long oil 55-78%, weight of
      oil based on total weight of the imidized polyester formulation including
      the oil. Lesser amounts of oil such as 25% or lower, or greater amounts of
      oil, such as 75-80% or greater, may also be employed in certain instances.
PAR  The oil modified imidized polyester resins of this invention can be further
      modified by employing various resins in conjunction therewith.
PAR  Included among such resins are phenol-aldehyde resins, phenol-sulfur
      resins, phenol-acetylene resins, including resins produced from phenol and
      substituted phenols, including difunctional, trifunctional and
      tetrafunctional phenols, naphthols, bisphenols, salicylic acid and
      salicylates, etc., modified phenolic resins, including phenol-terpene
      resins, phenol-terpene-aldehyde resins, phenol-naphthalene-aldehyde
      resins, phenol-urea-formaldehyde resins, phenol-aniline-formaldehyde
      resins, phenol-glycerol resins, etc., non-phenolic resins having the
      necessary labile or reactive hydrogen including urea and substituted
      urea-aldehyde resins, sulfonamide-aldehyde resins, melamine-aldehyde
      resins, polycarboxy-polyamine resins, resins derived by ring hydrogenation
      of phenolic resins, and the like.
PAR  Suitable resins can be prepared from difunctional phenols and aldehydes.
      For the preparation of such resins, suitable phenols include: Para- and
      ortho-cresols; para- and ortho-ethyl-phenol; 3-methyl-4-ethyl-phenol;
      3-methyl-4-propyl-phenol; 2-ethyl-3-methyl-phenol;
      2-propyl-3-methyl-phenol; para- and ortho-propyl-phenol;
      para-tertiary-butylphenol; para-secondary-butylphenol;
      para-tertiary-amyl-phenol; para-secondary amyl-phenol;
      para-tertiary-hexyl-phenol; paraisooctyl-phenol; ortho-phenyl-phenol;
      para-phenyl-phenol; thymol; ortho-benzyl-phenol; para-benzyl-phenol;
      para-cyclohexyl-phenol; para-tertiary-decyl-phenol; para-dodecyl-phenol;
      para-tetradecyl-phenol; para-octadecyl-phenol; para-nonylphenyl;
      para-methyl-phenol; para-eicosanyl-phenol; paradocosanyl-phenol;
      para-tetracosanyl-phenol; para-betanaphthyl-phenol;
      para-alpha-naphthyl-phenol; parapentadecyl-phenol; that of the formula
      ##SPC9##
PAL  para-tertiary-alkyl-phenols of the formula
      ##SPC10##
PAL  in which R is C.sub.9 H.sub.19 to C.sub.13 H.sub.27 ; para- and
      ortho-cetyl-phenols; para-cumyl-phenol; phenols of the formula
      ##SPC11##
PAL  in which R.sub.1 represents a straight chain hydrocarbon radical containing
      at least 7 carbon atoms and R.sub.2 and R.sub.3 represent hydrocarbon
      radicals the total number of carbon atoms attached to the tertiary carbon
      being at least 11; and phenols of the formula
      ##SPC12##
PAL  in which R.sub.1 represents an alkyl hydrocarbon radical containing at
      least 7 carbon atoms in a straight chain and R.sub.2 represents an alkyl
      hydrocarbon radical containing at least 2 carbon atoms, the total number
      of carbon atoms in R.sub.1 and R.sub.2 being at least 11; and the
      corresponding ortho-para substituted metal-cresols, and 3,5-xylenols; the
      alkyl salicylates, including methyl salicylate, butyl salicylate, amyl
      salicylate, octyl salicylate, nonyl salicylate, dodecyl salicylate; benzyl
      salicylate; cyclohexyl salicylate; oleyl salicylate; styryl salicylate;
      phenoxy ethyl salicylate; p-hydroxy-ethyl-benzoate; salicylic acid;
      n-chlorophenol; o-chlorophenol; o- and p-dimethylaminomethyl-phenol;
      p-pentenyl-phenol; guaiacol; catechol; p-phenoxyphenol;
      p-hydroxybenzophenone; hydroxyphenylheptadecyl ketone;
      hydroxyphenylheptadecenyl ketone; hydroxyphenylundecyl ketone;
      beta-naphthol; methyl naphthol; and carvacrol.
PAR  For the production of aldehyde-linked resins, including not only those
      derived from difunctional phenols, but also those derived from
      trifunctional and tetrafunctional phenols (e.g. bis-phenols) and modified
      phenolic resins involving aldehyde-derived bridges, any aldehyde capable
      of forming a methylol or a substituted methylol group and having not more
      than 8 carbon atoms is satisfactory, so long as it does not possess some
      other functional group or structure which will conflict with the
      resinification reaction but the use of formaldehyde, in its cheapest form
      of an aqueous solution, for the production of the resins is particularly
      advantageous.
PAR  Useful aldehydes, in addition to formaldehyde, are acetaldehyde,
      propionaldehyde, butyraldehyde, 2-ethylhexanal, ethylbutyraldehyde,
      heptaldehyde, and benzaldehyde, furfural and glyoxal.
PAR  The compositions of this invention can be employed to prepare insulating
      varnishes and in particular varnishes yielding electrical conductor
      coatings have improved properties. These varnishes are particularly
      valuable for impregnating armature and field coils of motors and for both
      power and distribution transformers of either the oil or dry type where
      long life at high operating temperatures is required. These varnishes
      provide maximum penetration in the tightest wound coils. They are
      particularly suitable for impregnating motor stators, rotors and other
      electrical equipment.
PAR  In preparing the insulating varnishes of the present invention, in addition
      to the oil modified imidized polyester resins there is normally used an
      oil-soluble phenol-aldehyde resin. The phenol-aldehyde resin gives the
      varnish heat reactivity, improves electrical properties, aids in the cure
      and lends hardness and abrasion resistance to the product. Among the
      oil-soluble phenol-aldehyde resins which can be used are p-tertiary
      amylphenol-formaldehyde, p-tertiary butylphenol-formaldehyde, p-tertiary
      octylphenolformaldehyde, p-phenylphenol-formaldehyde,
      2,2-bias(p-hydroxyphenyl) propane-formaldehyde and o-tertiary
      butylphenol-formaldehyde. Other suitable phenol-formaldehyde resins are
      shown in Honel U.S. Pat. No. 1,800,296. Substituted phenols alone or in
      conjunction with phenols can be used in forming the oil-soluble phenolic
      resin. While the phenolic resin can be prepared using an acid catalyst,
      they are generally prepared using alkaline catalysts as is well known in
      the art. Thus, the p-tertiary butylphenolformaldehyde resin employed may
      be prepared by the alkaline (NaOH) catalyzed reaction of 1 mol of the
      phenol with 1.5 mols of formaldehyde. A typical example of a mixed
      phenolic resin which can be used is the alkaline (NaOH) catalyzed reaction
      product of 0.75 mol of p-tertiary butylphenol and 0.25 mol of bisphenol A
      with 1.5 mols of formaldehyde. The oil-soluble phenol-formaldehyde resins
      are of the heat-reactive type. The oil-soluble phenol-formaldehyde resin
      is usually employed in an amount of 10% to 80% by weight of the total of
      the oil modified polyester and phenolic resin, such as 15-40%, but
      preferably 20-30%. Increasing the amount of phenolic resin speeds the cure
      but also sacrifices ageing characteristics. Hence, the amount of phenolic
      resin is preferably kept at about 20% by weight. It is also possible to
      eliminate the phenolic resin from the varnish with resulting loss of the
      advantages from having the phenolic resin present. It is also possible to
      replace part of the phenolic resin with other heat-reactive resins, e.g.,
      furane resins, triazine resins, urea-formaldehyde, melamine-formaldehyde
      and epoxy resins, e.g., bisphenol A-epichlorohydrin resin, although the
      preferred heat-reactive resins are the phenolic resin since they impart
      the best combination of improved properties, all things considered.
      Rosin-modified phenolics are also advantageously employed.
PAR  In addition to the resin components, the insulating varnish also includes
      one or more solvents, such as xylene, mineral spirits, isophorone,
      maphtha, toluene, etc., including the Los Angeles "Rule 66" type solvents,
      and other non-polluting solvents.
PAR  The insulating varnishes of the instant invention have properties which
      warrant their use at class H temperatures. They can withstand temperatures
      in excess of 180.degree.C. for the normal life of a motor or transformer
      in which they are utilized. The cured varnishes are highly resistant to
      oil, chemicals and moisture.
PAR  The varnishes in accelerated ageing tests have retained their toughness,
      flexibility, excellent bonding strength and high dielectric properties
      after heat ageing for as long as 20,000 hours at over 200.degree.C., based
      on extrapolated values. The varnishes can be applied by vacuum
      impregnation or free dip system. They cure readily under infra-red heat or
      in forced air ovens. Baking is normally done at 375.degree.F. to
      400.degree.F., although lower temperatures can be used.
PAR  A typical insulating varnish is prepared by formulating the imidized
      polyester of this invention with a phenolic resin, usually in a dilute
      solution for example from about 25-75% solids, but preferably as a 50%
      solution. Other conventional additives can be employed, for example a
      drier or curing agent may be employed, for example manganese, zinc, lead,
      titanium, cadmium, boron, thorium, etc., salts, such as the naphthenates,
      octoates, tolates, etc., thereof, for example in ratios of 1-10 parts or
      more of drier per 1000 parts by weight of imidized polyester resin.
DETD
PAR  The following examples are presented by way of illustration and not of
      limitation.
PAC  EXAMPLE 1
PAR  The following composition was prepared according to the process of Example
      4 of U.S. Pat. No. 3,312,645 as a typical oil modified polyester resin
      except that all reactants were added as the initial charge.
TBL  ______________________________________                                    
     Tall Oil Fatty Acid                                                       
                      =     21.3 equivalents                                   
     THIC             =     51.1 equivalents                                   
     Isophthalic Acid =     27.6 equivalents                                   
     ______________________________________                                    
PAL  Temperature of reaction 490.degree.-500.degree.F. Final Viscosity
      Gardner-Holdt T-U (50% mineral spirits). Final Acid No. &gt; 10.
PAC  EXAMPLE 1A
PAR  The product of Example 1 was mixed with phenolic resin in the following
      ratio:
TBL                     Parts by weight                                        
     ______________________________________                                    
     Oil Modified Polyester resin Ex. 1                                        
                          1000                                                 
     Phenolic Resin       183                                                  
     ______________________________________                                    
PAR  The above is employed as a 50% solution containing the above solids.
PAR  The phenolic resin employed herein was prepared in the conventional manner
      from the following:
                         Moles  Parts by                                       
                                Weight                                         
     ______________________________________                                    
     p-Tertiary butyl phenol                                                   
                           6.75     1,012.5                                    
     Phenol                2.00     188.0                                      
     Paraformaldehyde      1.625    488.00                                     
     Water                          650.00                                     
     NaOH (50% aqueous solution)    124.00                                     
     30% HCl to neutralize after reaction                                      
                                    161.00                                     
     ______________________________________                                    
PAR  p-Tertiary butyl phenol, phenol, paraformaldehyde, water and NaOH are
      heated to 212.degree.-220.degree.F. and held for 1/2 hour. This product
      neutralized to a pH of 4.5-5.5 with the HCl is then dehydrated. It has a
      viscosity of A-D (Gardner-Holdt) as a 50% xylol solution.
PAC  EXAMPLE 2
PAR  The imidized version of example 1 was prepared according to the following
      formula to yield an oil modified imidized polyester resin.
TBL  ______________________________________                                    
     Tall Oil Fatty Acids                                                      
                         21.0%   equivalents                                   
     THIC                48.0%   equivalents                                   
     Isophthalic Acid    16.0%   equivalents                                   
     Methylene dianiline (MDA)                                                 
                         5.0%    equivalents                                   
     Trimellitic Anhydride (TMA)                                               
                         10.0%   equivalents                                   
     ______________________________________                                    
PAR  The procedure was that of Example 1 except that the formulation was
      modified as shown to employ trimellitic anhydride and methylene dianiline.
      the formulation wzs modified as shown to employ trimellitic anhydride and
      methylene dianiline. MDA + TMA were included with the initial charge.
      Viscosity Gardner-Holdt T-U (50% mineral spirits) Final Acid No. &lt; 10.
PAC  EXAMPLE 2A
PAR  The procedure of example 1A was followed except that the imidized polyester
      of example 2 was employed, employing the same phenolic resin and thinned
      with the same solvent to the same solids content.
PAR  Weight losses for the varnishes at high temperature were run by comparing
      the varnish of example 1A (polyester base) with the varnish of example 2A
      (imidized polyester base). The procedure was as follows:
PAR  Ten grams of each varnish were weighed into weighed aluminum cups, baked at
      420.degree.C. over a period of 7 hours and reweighed each hour over a
      period of seven hours to give the following results reported as the
      percent of solids remaining:
TBL  Oil Modified   Oil Modified                                               
     Polyester Base (Ex. 1A)                                                   
                    Imidized Polyester Base (Ex. 2A)                           
     Varnish        Varnish                                                    
     ______________________________________                                    
     91.6 up to 1 hr.  94.8 up to 1 hr.                                        
     69.8 after 1 hr.  88.0 after 1 hr.                                        
     61.4 after 2 hrs. 83.4 after 2 hrs.                                       
     49.2 after 3 hrs. 79.8 after 3 hrs.                                       
     41.8 after 4 hrs. 76.6 after 4 hrs.                                       
     39.4 after 5 hrs. 74.0 after 5 hrs.                                       
     36.6 after 6 hrs. 71.8 after 6 hrs.                                       
     33.6 after 7 hrs. 70.4 after 7 hrs.                                       
     ______________________________________                                    
PAR  From the above tests, the thermal stability of the oil modified imidized
      polyester varnish was more stable than the corresponding polyester varnish
      by a factor of greater than 2.
PAR  The oil modified imidized polyester can also be employed as wire enamels.
PAR  The ratio of reactants can vary widely, for example:
TBL                                    Intermediate                            
                                              Preferred                        
                              Broad Range                                      
                                       Range %                                 
                                              Range %                          
     Reactant                 % Equivalents                                    
                                       Equivalents                             
                                              Equivalents                      
     __________________________________________________________________________
     Oil, preferably                                                           
     Fatty Acids               5-40    15-30  20-25                            
     Dicarboxylic acid,                                                        
     preferably iso- or                                                        
     tere-phthalic acid        5-30    10-25  15-20                            
     Polyol,                                                                   
     preferably THIC          30-65    40-55  45-50                            
     Tricarboxylic acid,                                                       
     preferably TMA           1.3-34    4-16   9-11                            
     Diamine                                                                   
     Preferably                                                                
                              .65-17   2-8    4.5-5.5                          
     R as defined herein                                                       
     __________________________________________________________________________
PAR  In summary, the present invention relates to the oil modified polyesters of
      U.S. Pat. No. 3,312,645 where the dicarboxylic acid and polyol, such as
      phthalic acid and THIC, have been replaced in part by the imidizing
      groups, i.e., tricarboxylic acid and diamine, such as TMA and
      ##SPC13##
PAL  such as with 5-50% and preferably about 10-25% equivalent with an optimum
      of about 15% of the imidizing groups. The percent equivalents ratio of TMA
      to Diamine is preferably about 2 to 1.
PAR  U.S. Pat. No. 3,312,645 is by reference incorporated into this application
      as if part hereof, with the clear understanding that the teachings and
      formulations disclosed therein can be imidized in accord with the above
      teachings. The imidized oil modified polyester resins of the present
      invention can be employed in all the applications of U.S. Pat. No.
      3,312,645, except that they possess greater heat stability.
PAR  Although the utility of the oil modified imidized polyester resins of this
      invention has been described principally in terms of electrical
      applications, it should be understood that these resins may be used in all
      of the other applications suitable for synthetic resins. Thus, these
      resins can be employed in protective coating applications by applying the
      resin in a suitable solvent to a surface by brushing or spraying with
      subsequent curing. When used as a protective coating, these resins have
      outstanding resistance to weathering and do not discolor after extended
      exposure to elevated temperatures. These resins can also be employed in
      protective coating applications by applying the resin in a suitable
      solvent to a surface by brushing or spraying with subsequent curing. These
      resins can also be employed in varnish and paint formulations. These
      resins can also be used in molding powder formulations by mixing them with
      various fillers such as wood flour, diatomaceous earth, carbon, silica,
      etc. These resins are also useful as impregnants and as bonding materials
      for metallic and fibrous laminates. They are useful as coatings for tapes,
      glass cloth, fabrics, paper, as mica binders, as asbestos binders, as
      electrical tubing and sleaving varnishes, as a laminating varnish, etc.
PAR  In addition to the use of phenol-aldehyde resins the resins of the present
      invention may be mixed and cured with other resins such as
      melamine-formaldehyde resins, epoxide resins such as the reaction product
      of epichlorohydrin and bis-phenol-A, aniline-formaldehyde resins,
      urea-formaldehyde resins, cellulose acetate resins, polyamide resins,
      vinyl resins, ethylene resins, styrene resins, butadiene-styrene resins,
      etc., or any of the other resins specified herein.
CLMS
STM  I claim:
NUM  1.
PAR  1. An oil-modified imidized polyester resin of polyester of
PA1  I. an isocyanate of the formula
      ##EQU6##
      II. a phthalic acid, III. a member selected from the group consisting of
      (1) fatty acids, (2) fatty oils, (3) mono- and di-glycerides of the fatty
      acis and (4) mixtures thereof, and
PA1  Iv. an aromatic tricarboxylic acid and a diamine capable of reacting with
      each other to form an imide,
PA2  the isocyanurate being the sole polyol component present in the polyester
      apart from that occurring in the component (III), there being no other
      polymer forming components in the said resin other than those selected
      from the above named components.
NUM  2.
PAR  2. The resin of claim 1 where the isocyanurate is tris(hydroxyethyl)
      isocyanurate.
NUM  3.
PAR  3. The resin of claim 2 where the phthalic acid is isophthalic,
      terephthalic acid or mixtures thereof.
NUM  4.
PAR  4. The resin of claim 3 where tris(hydroxyethyl) isocyanurate is the sole
      alcoholic moiety employed.
NUM  5.
PAR  5. The resin of claim 4 where the component III is a fatty acid.
NUM  6.
PAR  6. The resin of claim 1 where the component IV of the resin is trimellitic
      acid or trimellitic anhydride and an aromatic diamine.
NUM  7.
PAR  7. The resin of claim 2 where the component IV of the resin is trimellitic
      acid or trimellitic anhydride and an aromatic diamine.
NUM  8.
PAR  8. The resin of claim 3 where the component IV of the resin is trimellitic
      acid or trimellitic anhydride and an aromatic diamine.
NUM  9.
PAR  9. The resin of claim 4 where the component IV of the resin is trimellitic
      acid or trimellitic anhydride and an aromatic diamine.
NUM  10.
PAR  10. The resin of claim 5 where the component IV of the resin is trimellitic
      acid or trimellitic anhydride and an aromatic diamine.
NUM  11.
PAR  11. A composition comprising the resin of claim 1 with a phenol-aldehyde
      resin.
NUM  12.
PAR  12. A composition comprising the resin of claim 2 with a phenol-aldehyde
      resin.
NUM  13.
PAR  13. A composition comprising the resin of claim 3 with a phenol-aldehyde
      resin.
NUM  14.
PAR  14. A composition comprising the resin of claim 4 with a phenol-aldehyde
      resin.
NUM  15.
PAR  15. A composition comprising the resin of claim 5 with a phenol-aldehyde
      resin.
NUM  16.
PAR  16. A composition comprising the resin of claim 6 with a phenol-aldehyde
      resin.
NUM  17.
PAR  17. A composition comprising the resin of claim 7 with a phenol-aldehyde
      resin.
NUM  18.
PAR  18. A composition comprising the resin of claim 8 with a phenol-aldehyde
      resin.
NUM  19.
PAR  19. A composition comprising the resin of claim 9 with a phenol-aldehyde
      resin.
NUM  20.
PAR  20. A composition comprising the resin of claim 10 with a phenol-aldehyde
      resin.
NUM  21.
PAR  21. An electrical conductor insulated with the composition of claim 1.
NUM  22.
PAR  22. An electrical conductor insulated with the composition of claim 2.
NUM  23.
PAR  23. An electrical conductor insulated with the composition of claim 3.
NUM  24.
PAR  24. An electrical conductor insulated with the composition of claim 4.
NUM  25.
PAR  25. An electrical conductor insulated with the composition of claim 5.
NUM  26.
PAR  26. An electrical conductor insulated with the composition of claim 6.
NUM  27.
PAR  27. An electrical conductor insulated with the composition of claim 7.
NUM  28.
PAR  28. An electrical conductor insulated with the composition of claim 8.
NUM  29.
PAR  29. An electrical conductor insulated with the composition of claim 9.
NUM  30.
PAR  30. An electrical conductor insulated with the composition of claim 10.
NUM  31.
PAR  31. An electrical conductor insulated with the composition of claim 11.
NUM  32.
PAR  32. An electrical conductor insulated with the composition of claim 12.
NUM  33.
PAR  33. An electrical conductor insulated with the composition of claim 13.
NUM  34.
PAR  34. An electrical conductor insulated with the composition of claim 14.
NUM  35.
PAR  35. An electrical conductor insulated with the composition of claim 15.
NUM  36.
PAR  36. An electrical conductor insulated with the composition of claim 16.
NUM  37.
PAR  37. An electrical conductor insulated with the composition of claim 17.
NUM  38.
PAR  38. An electrical conductor insulated with the composition of claim 18.
NUM  39.
PAR  39. An electrical conductor insulated with the composition of claim 19.
NUM  40.
PAR  40. An electrical conductor insulated with the composition of claim 20.
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ABST
PAL  Anti-inflammatory and analgesic agents of the formula I:
      ##SPC1##
PAL  wherein
PA1  n is 2 to 7,
PA1  R.degree. is lower alkyl,
PA1  m is 0, 1 or 2,
PA1  R is lower alkyl, alkenyl, cycloalkyl, cycloalkylalkyl or phenyl,
PA1  R' is a radical of the formula
      ##SPC2##
PAL  In which Y and Y' are the same or different and represent hydrogen, lower
      alkyl, lower alkoxy, halo of atomic weight of 19 to 36 or one of Y and Y'
      is trifluoromethyl while the other is hydrogen, or a radical of the
      formula
      ##SPC3##
PAL  In which Y" is hydrogen, fluorine, chlorine or alkyl of 1 to 3 carbon
      atoms, are prepared by cyclizing a compound of the formula II
      ##SPC4##
PAL  in which R, R', R.degree., m and n are as defined above, with, for example,
      phosgene.
BSUM
PAR  This invention relates to C.sub.7 -C.sub.12
      -cycloalkano-pyrimidin-2(1H)-one derivatives, to their preparation and
      intermediates useful in their preparation, and to pharmaceutical
      compositions and methods utilizing the pharmacological properties of said
      compounds.
PAR  The compounds of this invention have the formula I:
      ##SPC5##
PAL  wherein
PA1  n is 2 to 7,
PA1  R.degree. is alkyl of 1 to 3 carbon atoms,
PA1  m is 0, 1 or 2,
PA1  R is lower alkyl, preferably containing 1 to 5 carbon atoms, e.g., methyl,
      ethyl, isopropyl, butyl and isobutyl, alkenyl of 3 to 6 carbon atoms,
      cycloalkyl of 3 to 8 carbon atoms, cycloalkylalkyl of 4 to 10 carbon atoms
      in which the alkyl is of 1 to 3 carbon atoms and the cycloalkyl is of 3 to
      8 carbon atoms, phenyl or substituted phenyl of the formula
      ##SPC6##
PAL  In which Z and Z' which may be the same or different, represent hydrogen,
      halo of atomic weight of from 19 to 36, alkyl of 1 to 3 carbon atoms,
      alkoxy of 1 to 3 carbon atoms or trifluoromethyl,
PA1  R' is a radical of the formula
      ##SPC7##
PAL  In which Y and Y' are the same or different and represent hydrogen, halo of
      atomic weight of 19 to 36, lower alkyl, preferably containing from 1 to 2
      carbon atoms, e.g., methyl or ethyl, lower alkoxy, preferably containing
      from 1 to 2 carbon atoms, e.g., methoxy or ethoxy, or one of Y and Y' is
      trifluoromethyl while the other is hydrogen, or a radical of the formula
      ##SPC8##
PAL  In which Y" is hydrogen, fluorine, chlorine or alkyl of 1 to 3 carbon
      atoms.
PAR  The compounds of the formula I may be prepared by:
PAR  A. PREPARING A COMPOUND OF THE FORMULA I, above, by cyclizing a compound of
      formula II
      ##SPC9##
PAL  in which R, R', R.degree., m and n are as defined above, with phosgene,
PAR  B. PREPARING A COMPOUND OF THE FORMULA Ia
      ##SPC10##
PAL  In which R', R.degree., m and n are as defined above, and R" has the same
      significance as R, defined above, except that it may not signify a
      tertiary alkyl group in which the tertiary carbon atom is directly
      attached to the ring nitrogen atom, by cyclizing a compound of formula IIa
      ##SPC11##
PAL  Wherein R.degree., R', R" , m and n are as defined above with a carbonic
      acid derivative selected from the group of
PA1  I. a C.sub.1-2 alkyl chlorocarbonate and
PA1  Ii. a 1,1'-carbonyldiimidazole.
PAR  Process (a) is suitably carried out at a temperature of from -30.degree.C.
      to +50.degree.C., preferably -5.degree.C. to 30.degree.C. The reaction may
      be carried out in an organic solvent which is inert under the reaction
      conditions, suitably an aromatic hydrocarbon, e.g., benzene, toluene or
      xylene, preferably toluene. Other suitable solvents include dioxane. The
      mole ratio of the phosgene to the compound of formula II is not
      particularly critical, but a substantial excess of the phosgene is
      preferably employed. The process may optionally be carried out in the
      presence of an acid-binding agent such as an inorganic base, e.g., a
      trialkylamine or pyridine, preferably triethylamine. The reaction time may
      range for 1/2 to 10 hours, more usually 1 to 4 hours.
PAR  Process (b) (i) is suitably carried out at a temperature of from
      -30.degree.C. to 100.degree.C., preferably 0.degree.C. to +30.degree.C.
      The reaction may be carried out in an organic solvent which is inert under
      the reaction conditions, suitably an aromatic hydrocarbon, e.g., benzene,
      toluene or xylene, preferably toluene. Other suitable solvents include
      dioxane or the alkyl chlorocarbonate. The mole ratio of the
      chlorocarbonate to the compound of formula IIa is not particularly
      critical, but a substantial excess of the alkyl chlorocarbonate is
      preferably employed. The process may optionally be carried out in the
      presence of an acid-binding agent such as an inorganic base, e.g., a
      trialkylamine or pyridine, preferably triethylamine. The reaction time may
      range for 1/2 to 10 hours, more usually 1 to 4 hours.
PAR  Process b) (ii) is suitably carried out at a temperature of from
      0.degree.C. to 120.degree.C., preferably 40.degree.C. to 90.degree.C. The
      reaction is preferably carried out in an organic solvent which is inert
      under the reaction conditions, suitably an aromatic hydrocarbon, e.g.,
      benzene, toluene or xylene, especially benzene. An excess of
      1,1'-carbonyldiimidazole is preferably employed.
PAR  The compounds of the formula I and Ia can be isolated from the reaction
      mixtures by working up by conventional procedures.
PAR  The compounds of formula II above can be prepared by reacting a compound of
      formula III
      ##SPC12##
PAL  in which R, R.degree., m and n are as defined above with a suitable strong
      base and a compound of formula IV
EQU  R'-C.tbd.N                                                 IV
PAR  in which R' is as defined above, in an inert solvent to form a solution of
      the Salt A
      ##SPC13##
PAR  in which R, R.degree., R', m and n are as defined above, and X is a metal,
      preferably lithium or magnesium, and quenching the solution with water.
PAR  Suitable strong bases are those which are capable of removing a hydrogen
      atom from the methylene group in the cycloalkane ring adjacent to the
      amine function of compound III to provide the desired anion for reaction
      with the compound of formula IV. They include the alkali metal salts,
      especially the lithium salt, of secondary amines such as diethylamine,
      dimethylamine and diisopropylamine, as well as other bases such as methyl
      magnesium iodide. Lithium diisopropylamide, because of its relatively
      large size, may be advantageous where there is an R.degree. group in the
      3- position of the compound of formula III since the formation of
      positional isomers may be alleviated. One mol of the strong base and up to
      about 1.2 mols can be used per mol of the compound of formula III,
      preferably equimolar amounts are used. The temperature of the reaction
      mixture is maintained at about 20.degree.C. to 80.degree.C.
PAR  Generally, the compound of formula III in a suitable solvent such as
      benzene, is added to a solution of the base in a suitable solvent and
      allowed to react to 20.degree.C. to 150.degree.C. The compound of formula
      IV, neat or in a suitable inert solvent, is then added to the reaction
      mixture of the base and compound III and reacted at 20.degree.C. to
      150.degree.C. The compounds III and IV and the strong base may, however,
      be brought together simultaneously.
PAR  The resulting reaction mixture containing the salt of formula A can, at
      this point, be treated by process (a) or (b) above to yield directly the
      compound of formula I. Suitable temperature control should be exercised,
      as this reaction is more exothermic than when compound II is employed.
      However, the salt solution is advantageously quenched with water to obtain
      the compound of formula II, which can be reacted in situ according to
      process (a) or (b) to form compound I, but is preferably extracted and
      washed first using conventional methods.
PAR  The compounds of formula III can be prepared by reacting a compound of
      formula V
      ##SPC14##
PAL  wherein R.degree., m and n are as defined above, with a compound of formula
      VI
EQU  R-NH.sub.2                                                 VI
PAR  wherein R is as defined above, in a known manner to eliminate one molecule
      of water, conveniently in the presence of a molecular sieve or a
      dehydrating agent, such as alumina, calcium chloride, phosphorus pentoxide
      or mixtures thereof. This reaction can be carried out at temperatures from
      0.degree. to about 80.degree.C., conveniently 20.degree. to 30.degree.C.
      In cases where the compound of formula VI is volatile, an excess is
      generally mixed with the compound of formula V and the unreacted portion
      removed by vacuum distillation after removal of the dehydrating agent.
      When the compound of formula VI is non-volatile, equimolar proportions of
      compounds of formulae V and VI are mixed in suitable solvent such as
      benzene, the solvent then being removed in vacuo after completion of the
      reaction and after filtration of the dehydrating agent.
PAR  The compounds of formula V are known or can be produced in a known manner.
PAR  The compounds of formula I are useful because they possess pharmaceutical
      activity in animals. In particular, the compounds I are useful as
      anti-inflammatory agents as indicated by the Carrageenan-induced edema
      test in rates (15-150 mg./kg. p.o.). For the above-mentioned use, the
      dosage administered will, of course, vary depending upon known factors
      such as the particular compound used and mode of administration. However,
      in general, satisfactory results are obtained when administered orally at
      a daily dosage of from about 1.5 milligrams to about 200 milligrams per
      kilogram of body weight, preferably given in divided doses 2 to 4 times a
      day, or in sustained release form. For most mammals the administration of
      from about 120 milligrams to about 2000 milligrams of the compound per day
      provides satisfactory results and dosage forms suitable for internal
      administration comprise from about 30 milligrams to about 1000 milligrams
      of the compound in admixture with a solid or liquid pharmaceutical carrier
      or diluent.
PAR  The compounds of the formula I are also useful as analgesics as indicated
      by application of pressure to yeast-inflammed foot of the rat (15-150
      mg./kg. p.o.). For such use, the compound may be administered to obtain
      satisfactory results in modes and forms similar to those employed in the
      treatment of inflammation and at dosages indicated above as applicable for
      the use of the compound in the treatment of inflammation.
PAR  For the above usage, oral administration with pharmaceutically acceptable
      carriers may take place in such conventional forms as tablets, dispersible
      powders, granules, capsules, syrups and elixirs. Such compositions may be
      prepared according to any method known in the art for the manufacture of
      pharmaceutical compositions, and such compositions may contain one or more
      conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents, and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium carbonate, sodium carbonate, lactose and talc,
      granulating and disintegrating agents, e.g., starch and alginic acid,
      binding agents, e.g. magnesium stearate, stearic acid and talc. The
      tablets may be uncoated or coated by known techniques to delay
      disintegration and adsorption in the gastro-intestinal tract and thereby
      provide a sustained action over a longer period. Similarly, suspensions,
      syrups and elixiers may contain the active ingredient in admixture with
      any of the conventional excipients utilized for the preparation of such
      compositions, e.g. suspending agents (methylcellulose, tragacanth and
      sodium alginate), wetting agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxybenzoate). Capsules may contain the active ingredient
      alone or admixed with an inert solid diluent, e.g., calcium carbonate,
      calcium phosphate and kaolin. The preferred pharmaceutical compositions
      from the standpoint of preparation and ease of administration are solid
      compositions, particularly hard-filled capsules and tablets.
PAR  A representative formulation is a capsule prepared by conventional
      techniques and containing the following ingredients:
     Ingredient              Parts by Weight                                   
     ______________________________________                                    
     Compound of formula I, e.g. 1-isopropyl-                                  
     4-phenyl-6,7,8,9-tetrahydro-5H-cyclo-                                     
     hepta[d]pyrimidin-2(1H)-one                                               
                             50                                                
     Inert solid diluent, e.g., kaolin                                         
                             200                                               
     ______________________________________                                    
PAR  Preferred compounds of formula I, from the point of view of pharmacological
      activity, are those in which R signifies an isopropyl radical.
DETD
PAC  EXAMPLE 1
PAR  1-Isopropyl-4-Phenyl-5,6,7,8,9,10,11,12,13,14-decahydro-cyclododeca[d]pyrim
     idin-2(1H) -one.
      ##SPC15##
PAR  STEP A: Preparation of N-isopropylcyclododecylimine.
PAR  A mixture of 182 g. of cyclododecanone, 140 g. of isopropylamine, 5 g. of
      alumina, 5 g. of calcium chloride and 100 g. Linde Type 3A molecular
      sieves is allowed to stand for 4 days at room temperature, after which the
      solids are removed by filtration and the excess of isopropylamine is
      removed in vacuo at room temperature to obtain
      N-isopropylcyclododecylimine.
PAR  STEP B: 2-isopropylamino-.alpha.-phenyl-1-cyclododecene-1-methylenimine.
PAR  To n-butyl lithium (188 ml. of a 15% solution in hexane) is added a
      solution of 30 g. of diisopropylamine in 300 ml. benzene. After 15 minutes
      67 g. of N-isopropylcyclododecylimine is added while stirring. After a
      further 45 minutes, 30 g. benzonitrile added dropwise and the mixture
      stirred for 45 minutes, producing a solution of the lithium salt of
      2-isopropylamino-.alpha.-phenyl-1-cyclododecene-1-methylenimine. The
      reaction mixture is then treated with 20 ml. of water to obtain a solution
      of 2-isopropylamino-.alpha. -phenyl-1-cyclododecene-1-methyleneimine.
PAR  STEP C:
      1-Isopropyl-4-phenyl-5,6,7,8,9,10,11,12,13,14-decahydrocyclododeca[d]pyrim
     idin-2(1H)-one.
PAR  To the solution of
      2-isopropylamino-.alpha.-phenyl-1-cyclodecene-1-methylenimine obtained in
      Step B, above, at 0.degree.C. is added 240 ml. of a 12.5% solution of
      phosgene in benzene. The reaction mixture is then flooded with water, the
      organic layer separated, dried and evaporated to an oil which is
      crystallized from diethyl ether/petroleum ether to obtain
      1-isopropyl-4-phenyl-5,6,7,8,9,10,11,12,13,14-decahydro-cyclododeca[d]pyri
     midine-2(1H)-one, m.p. 173.degree.-176.degree.C.
PAC  EXAMPLE 2
PAR  Following the procedure of Example 1 the following additional compounds of
      the invention are prepared:
PA1  A.
      1-allyl-4-(4'-fluorophenyl)-5,6,7,8,9,10,11,12-octahydro-cyclodeca[d]pyrim
     idin-2(1H)-one.
PA1  B.
      1-isopropyl-4-(2-thienyl)-5,6,7,8,9,10,11,12-octahydrocyclodeca[d]pyrimidi
     n-2(1H)-one.
PA1  C.
      1-isopropyl-4-(3',4'-dimethoxyphenyl)-5,6,7,8,9,10,11,12-octahydro-cyclode
     ca[d]pyrimidin-2(1H)-one.
PA1  D.
      1-(3',4'-dimethoxylphenyl)-4-phenyl-5,6,7,8,9,10,11,12-octahydro-cyclodeca
     [d]pyrimidin-2(1H)-one.
PA1  E.
      1-cyclopropylmethyl-4-phenyl-5,6,7,8,9,10,11,12-octahydrocyclodeca[d]pyrim
     idin-2(1H)-one.
PA1  F.
      1-isopropyl-4-phenyl-5,6,7,8,9,10,11,12-octahydrocyclodeca[d]pyrimidin-2(1
     H)-one.
PA1  G.
      1-isopropyl-4-phenyl-5,6,7,8,9,10,11,12-octahydro-cyclodeca[d]pyrimidin-2(
     1H)-one.
PA1  H.
      1-cyclohexyl-4-phenyl-5,6,7,8,9,10,11,12-octahydrocyclodeca[d]pyrimidin-2(
     1H)-one.
PA1  I.
      1-isopropyl-4-(4'-trifluoromethylphenyl)-5,6,7,8,9,10,11,12-octahydro-cycl
     odeca[d]pyrimidin-2(1H)-one.
PA1  J.
      1-isopropyl-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1H)-on
     e, m.p. 155.degree.-157.degree.C.
PA1  K.
      1-cyclooctyl-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1H)-o
     ne, m.p. 78.degree.-80.degree.C.
PA1  L.
      1-isopropyl-4-phenyl-5,6,7,8,9,10-tetrahydrocycloocta[d]pyrimidin-2(1H)-on
     e.
PA1  M.
      1-isopropyl-4-phenyl-6,7,8,9,10,11-hexahydro-5H-cyclonona[d]pyrimidin-2(1H
     )-one.
PA1  M.
      1-isopropyl-4-phenyl-6,7,8,9,10,11,12,13-octahydro-5H-cycloundeca[d]pyrimi
     din-2(1H)-one.
PA1  O. 1-cyclopropylmethyl-4-phenyl-5,6,7,8,9,10,11,12,13,
      14-decahydro-cyclododeca[d]pyrimidin-2(1H)-one.
PA1  P.
      1-isopropyl-4-(4'-fluorophenyl)-5,6,7,8,9,10,11,12,13,14-decahydro-cyclodo
     deca[d]pyrimidin-2(1H)-one.
PA1  Q.
      1,4-diphenyl-5,6,7,8,9,10,11,12,13,14-decahydrocyclododeca[d]pyrimidin-2(1
     H)-one.
PA1  R. 1-(3',
      4'-dichlorophenyl)-4-phenyl-5,6,7,8,9,10,11,12,13,14-decahydro-cyclododeca
     [d]pyrimidin-2(1H)-one.
PA1  S. 1-isopropyl-8-methyl-
      4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1H)-one.
PA1  T.
      1-methallyl-8-methyl-4-phenyl-6,7,8,9-tetrahydra-5H-cyclohepta[d]pyrimidin
     -2(1H)-one.
PA1  U.
      1-cyclopropylmethyl-8-methyl-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]p
     yrimidin-2(1H)-one.
PA1  V.
      1-cyclopropyl-8-methyl-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimid
     in-2(1H)-one.
PA1  W. 1
      -(3',4'-dichlorophenyl)-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimi
     din-2(1H)-one.
PA1  X.
      1-(4'-methylphenyl)-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-
     2(1H)-one.
PA1  Y.
      1-isopropyl-4-(2-thienyl)-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1
     H)-one.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC16##
PAL  wherein
PA1  n is 2 to 7,
PA1  R.degree.  is alkyl of 1 to 3 carbon atoms,
PA1  m is 0, 1 or 2.
PA1  R is alkyl of 1 to 5 carbon atoms, cycloalkyl of 3 to 8 carbon atoms or
      cycloalkylalakyl of 4 to 10 carbon atoms in which the alkyl is of 1 to 3
      carbon atoms and the cycloalkyl of 3 to 8 carbon atoms, and
PA1  R' is a radical of the formula:
      ##SPC17##
PAL  in which Y and Y' are independently hydrogen, fluoro, chloro, alkyl of 1 or
      2 carbon atoms, alkoxy of 1 to 2 carbon atoms or one of Y and Y' is
      trifluoromethyl while the other is hydrogen, or a radical of the formula:
      ##SPC18##
PAL  in which Y' is hydrogen, fluoro, chloro or alkyl of 1 to 3 carbon atoms.
NUM  2.
PAR  2. A compound of claim 1 in which n is 2.
NUM  3.
PAR  3. A compound of claim 1 in which n is 3.
NUM  4.
PAR  4. A compound of claim 1 in which n is 4.
NUM  5.
PAR  5. A compound of claim 1 in which n is 5.
NUM  6.
PAR  6. A compound of claim 1 in which n is 6.
NUM  7.
PAR  7. A compound of claim 1 in which n is 7.
NUM  8.
PAR  8. The compound of claim 7 which is
      1-isopropyl-4-phenyl-5,6,7,8,9,10,11,12,13,14-decahydro-cyclododeca[d]pyri
     midin-2(1H)-one.
NUM  9.
PAR  9. The compound of claim 2 which is
      1-isopropyl-4-phenyl-6,7,8,9,-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1H)-o
     ne.
NUM  10.
PAR  10. The compound of claim 2 which is
      1-cyclooctyl-4-phenyl-6,7,8,9-tetrahydro-5H-cyclohepta[d]pyrimidin-2(1H)-o
     ne.
NUM  11.
PAR  11. A compound of claim 1 in which R' is phenyl or substituted phenyl.
NUM  12.
PAR  12. A compound of claim 1 in which R is isopropyl.
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ABST
PAL  This disclosure relates to certain cross-linking agents comprising
      condensation products prepared by heat reacting certain substantially
      water-insoluble, substantially fully etherified, substantially fully
      methylolated guanamines, or substantially fully etherified, substantially
      fully methylolated melamine compounds with certain alkylated phenolic
      compounds. The disclosure also relates to a composition for electrocoating
      metals comprising an aqueous dispersion of a mixture of certain resinous
      reaction products of certain guanamine or malamine derivatives that have
      been reacted with certain hydroxy alkylated phenolic compounds blended
      with certain water-dispersible, non-gelled polymeric materials carrying an
      anionic charge which polymeric materials are heat reactive with said
      resinous reaction products.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 418,139, filed Nov.
      21, 1973, now U.S. Pat. No. 3,894,993, which application in turn was a
      continuation of my earlier application having the United States S.N.
      302,957 filed November 1, 1972, now abandoned, which application in turn
      was a continuation of my earlier application having the United States S.N.
      130,531 filed on April 1, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the past, the most frequently used methods in painting metallic articles
      having irregularly shaped surfaces have included hand or automatic spray
      painting, electrostatic painting, brushing, or dipping. Electrophoretic
      techniques have been utilized in coating articles having a relatively
      small surface area, but these techniques have been restricted to the
      application of special coating materials. The present methods of applying
      a surface coating on large metallic articles have resulted in the waste of
      relatively large amounts of the coating due to overspraying or due to the
      accumulation of excess paint material along certain surfaces of the coated
      articles. Additionally, these coating techniques have usually resulted in
      a relatively poor surface finish to the article being coated due to uneven
      distribution of paint or due to surface blemishes. Additionally, prior
      methods for applying a coating onto comparatively large metal articles has
      been the fact that it is rather difficult to obtain a relatively uniform
      film of paint over the entire surface of the metal articles. Also,
      generally many of the metal surfaces are not readily accessible to the
      application of the coating material which results in an unsatisfactory or
      spotty coating. Recessed areas such as the rocker panels of automobiles
      have only been coated by the prior art techniques at considerable expense
      because of the requirements of special coating techniques or special hand
      labor operations in order to obtain at least a minimum measure of
      protective coating against corrosion. The technique of dipping the
      metallic article in a paint bath to obtain a coating on recessed surfaces
      of a metallic article has not proven satisfactory since the evaporation of
      solvents from the paint film has resulted in the washing off of a portion
      of the adhered paint coating.
PAR  It has been found that a resinous reaction product of a substantially
      water-insoluble, substantially fully etherified tetramethylol guanamine or
      a substantially fully etherified hexamethylol melamine reacted with a
      hydroxy alkylated phenol can be used as a cross-linking agent in an
      aqueous dispersion of a mixture of said resinous reaction product with a
      water-dispersible, non-gelled polymeric material carrying an anionic
      charge, namely, either cationic or anionic charges, which polymeric
      material is heat reactive with said cross-linking agent, namely the
      resinous hydroxyl alkylated phenol modified etherified tetramethylol
      guanamine or hexamethylol melamine compound and such dispersions can be
      applied to metals by use of an electrodeposition technique.
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of electrodeposition of coating compositions
      on conductive metal surfaces in which cross-linking agents are used in
      order to convert a thermosetting composition to the thermoset state by the
      application of heat. The particular cross-linking agents are used in the
      present invention are the novel resinous reaction products of
      substantially water-insoluble, substantially fully etherified
      tetramethylol guanamines, with certain hydroxy alkylated phenols or the
      resinous reaction product of substantially fully etherified hexamethylol
      melamines with a hydroxy alkylated phenol. These cross-linking agents are
      used with certain water-dispersible, non-gelled polymeric materials
      carrying an ionic charge namely either cationic or anionic charges which
      polymeric materials are heat reactive with the resinous cross-linking
      agents of the present invention.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Attention is directed to the U.S. Pat. Nos. 3,449,228 and 3,502,557. In the
      former U.S. patent there is disclosed the reaction of certain amino
      aldehyde condensation products and a phenol compound or a polyol compound.
      Unfortunately, the latter reaction will yield good alkali and detergent
      resistant products, but the resultant coated films discolor badly during
      the baking or curing process. Similarly, the use of a polyol yields good
      colour during baking, but poor alkali resistance. In the U.S. Pat. No.
      3,502,557, there is shown a reaction of an amino aldehyde condensation
      product with a hydroxy-containing carboxylic acid product. Acids with
      phenolic hydroxy groups disclosed therein again discolor badly during the
      curing or baking of the finished coated product.
PAR  Reference is also made to the U.S. Pat. No. 3,471,388 and to the literature
      article entitled "Electrodeposition: Theory and Practice," by Glover et
      al. in the Official Digest, February 1965, pages 113-128, inclusive.
      Attention is also directed to the British Pat. No. 933,175 published on
      Aug. 8, 1963, entitled "Improvements in an Electrophoretic Coating
      Process." The following additional references were used in the instant
      applicant's earlier application: U.S. Pat. Nos. 3,502,557, 3,635,867 and
      3,661,819. Each of these patents and literature references are
      incorporated herein by reference.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to certain movel cross-linking agents comprising the
      heat reaction product of from about 90% to about 30% of a substantially
      water-insoluble, substantially fully etherified, substantially fully
      methylolated guanamine or substantially fully etherified, substantially
      fully methylolated melamine and from about 10% to about 70% of an
      alkylated phenolic compound having the formula:
EQU  R--O--C.sub.n H.sub.2n -- O--C.sub.n H.sub.2n-- m OH
PAL  wherein R is an aryl radical, m is an integer from 0 to 3, and n is an
      integer from 2 to 4. This invention also relates to the use of these novel
      cross-linking agents in certain electrodeposition coating compositions.
      These electrodeposition coating compositions can be used effectively in
      the coating of metallic articles by use of an electrophoretic technique
      which will provide a substantially uniform coating on all surfaces being
      treated. Furthermore, the novel electrodeposition compositions of the
      present invention can be heat cured to the thermoset state by virtue of
      the presence of the novel cross-linking agents. The coating are resistant
      to color changes, are resistant to detergent attack and also exhibit an
      excellent resistance to salt sprays, a problem which has been plaguing the
      automotive industry for years.
PAR  In the electrodeposition compositions of the present invention, there is
      blended a resinous phenolic compound modified alkylated, substantially
      water-insoluble, substantially fully etherified tetramethylol guanamines
      or hexamethylol melamines, and a water dispersible, non-gelled polymeric
      material carrying an ionic charge which is heat reactive with said
      guanamine or melamine compounds. The two principal components are blended
      in an aqueous solvent. This dispersion medium may consist of water alone
      or may contain additional solvents but, generally, water should be the
      preponderant member of the dispersion medium and, for economic reasons,
      the other possible solvents that could be used with water are omitted
      unless they are designed to serve some special function.
PAR  The first component is a resinous reaction product of from about 10% to
      about 70% of certain hydroxy alkylated phenols and correspondingly from
      about 90% to about 30% of a water-insoluble, substantially fully
      etherified polymethylol guanamine or substantially fully etherified
      hexamethylol melamine, said product being produced by a
      transetherification process in the presence of hydrogen ion derived from
      any acid source at an elevated temperature which process is more fully
      described hereinbelow.
PAR  The guanamine or melamine reactant may be represented by the formula:
      ##EQU1##
      wherein R, R.sup.1, R.sup.2 and R.sup.3 are the same or different alkyl
      radicals of 1-8 carbon atoms, inclusive, and Z is hydrogen, an alkyl
      radical of 1-8 carbon atoms, inclusive, an aryl radical, or the radical:
      ##EQU2##
      and wherein R.sup.4 and R.sup.5 are the same or different alkyl radicals
      of from 1 to 8 carbon atoms. Exemplary of the latter are:
      di(methoxymethyl)di(ethoxymethyl)benzoguanamine,
      tetra(methoxymethyl)-methyl guanamine,
      di(butoxymethyl)tetra(ethoxymethyl)melamine, hexa(butoxymethyl)melamine,
      and the like.
PAR  The alkylated phenolic reactant useful herein may be represented by the
      formula:
EQU  R.sup.6 --O--C.sub.n H.sub.2n --O--C.sub.n H.sub.2n--m OH  (II)
PAL  where R.sup.6 is an aryl radical, m is 0 to 3 and n is 2 to 4.
PAR  Illustrative of the alkylated phenols are: phenoxyethanol,
      2-(o-ethylphenoxy)ethanol, 2-(o-nonylphenoxy)ethanol,
      2-(p-nonylphenoxy)ethanol, (phenoxydiethoxy)ethanol, 2-(o-octyl
      phenoxy)ethanol, 3-(p-octylphenoxy)propanol, 4-(o-n-butylphenoxy)butanol,
      4-(o-octylphenoxy)butanol, and equivalents thereof. Where desired,
      mixtures of such phenols may be used. The alkylated phenolic reactant can
      be prepared by reacting equimoles of a suitable alkylene oxide and a
      phenol under conditions well known in the art.
PAR  Resinous reaction product, Component A, may thus be prepared by reacting a
      molar excess of (I) above with (II) above in the presence of an acidic
      medium in which hydrogen ion is supplied from any suitable source, such as
      inorganic acids or organic acids, as sulfuric or nitric acid, as p-toluene
      sulfonic acid or maleic acid for at least two hours at temperatures of at
      least 100.degree.C. Resultant resinified product is of relatively low
      molecular weight usually between about 500 and 5,000 and ranges from a
      highly viscous liquid to a sticky solid.
PAR  The amount of the phenol modified resinous, substantially water-insoluble,
      substantially fully etherified tetramethylol guanamines or phenol modified
      etherified hexamethylol melamine used in the composition of the present
      invention will vary between about 5% and about 40%, by weight, based on
      the total weight of said etherified tetramethylol guanamines or
      hexamethylol melamines and the ionic, water dispersible, non-gelled
      polymeric material which is heat reactive with said guanamine compounds
      mixture. Correspondingly, in the composition, there will be from about 95%
      to about 60%, by weight, of the ionic, water dispersible, non-gelled
      polymeric material which is heat reactive with said etherified
      tetramethylol guanamines or melamines, based on the total weight of said
      ionic, polymeric material and said mixture of the etherified tetramethylol
      guanamines or hexamethylol melamines. It should be apparent that all of
      the above percentages, by weight, will total 100%, by weight, and are
      based on the total weight of the guanamine or melamine compounds and said
      ionic, polymeric material. It is preferred to use between about 10% and
      about 30%, by weight, of the guanamine or melamine compounds and
      correspondingly from about 90% and 70%, by weight, of the said ionic,
      polymeric material, same basis.
PAR  The process for making a representative resinous, substantially
      water-insoluble, substantially fully etherified tetramethylol guanamines
      or substantially fully etherified hexamethylol melamines, is set forth
      hereinbelow. This example is set forth primarily for the purpose of
      illustration and no specific enumeration of detail contained therein
      should be interpreted as a limitation on the claims except as is indicated
      in the appended claims. All parts are parts, by weight, unless otherwise
      indicated.
DETD
PAC  PREPARATION OF A RESINOUS, ALKYLATED PHENOLIC, ETHERS OF TETRAMETHYLOL
      BENZOGUANAMINE
PAC  EXAMPLE 1
PAR  To a reactor fitted with a stirrer, thermometer, and condenser were added
      400 parts of a di(methoxymethyl)di(ethoxymethyl)benzoguanamine, 260 parts
      of 2-(o-nonylphenoxy)ethanol and 5 parts of maleic anhydride. The mixture
      was heated slowly to 125.degree.C. The alcoholic reaction is distilled off
      at 125.degree.C. Heating was increased to 145.degree.C. and held for 4
      hours. After a total reaction time of 7 hours, the contents in the reactor
      were cooled to room temperature and removed.
PAR  Resulting pale yellow resin is characterized as having a viscosity of 990
      poises at 25.degree.C. at a solids content of 97.5%.
PAR  Alternatively, in the above procedure, the nonylphenoxyethanol recactant
      employed is a commercial mixture in which the nonyl group is ortho as well
      as para to the phenolic oxygen. Resultant resin has similar properties as
      the resin prepared above.
PAC  EXAMPLE 2
PAR  The procedure in Example 1 is repeated in every material respect except
      that the 2-(o-nonylphenoxy)ethanol compound is replaced with 140 parts of
      phenoxyethanol. Resultant resinous product is slightly yellow and a sticky
      solid.
PAC  EXAMPLE 3
PAR  In a suitable reaction vessel are blended 640 parts of
      hexa(butoxymethyl)melamine and 240 parts of 4-(phenoxy)butanol with 5
      parts of maleic anhydride and heated to 135.degree.c.- 145.degree.C. at
      about 125.degree.C. n-butanol distills over. Heating is continued until 75
      parts of n-butanol have been collected. The finished product has a
      viscosity of 200 poises at 96.5% solids.
PAR  The second component in the electrodeposition compositions of the present
      invention is a water dispersible, non-gelled, polymeric material carrying
      an ionic charge, or more precisely, either an anionic or cationic charge.
      These two classes of ionically charged materials will be discussed
      hereinbelow.
PAR  It will be observed that it is not sufficient for the ionic, water
      dispersible, non-gelled, polymeric material to be only cationic or
      anionic. This non-gelled polymeric material must, in addition to the
      aforementioned charge characteristic, also contain one or more reactive
      sites selected from the group consisting of carboxyl groups, alcoholic
      hydroxyl groups and amido groups in order to cross-link with the guanamine
      or melamine materials used in the present invention. If the non-gelled,
      polymeric material contains carboxyl groups, it will be anionic but it
      will be capable of being converted to a cationic material by amination or
      by use of a cationic surfactant, which material will inherently be
      carrying with it the cross-linking sites for the guanamine compound. On
      the other hand, if the non-gelled, polymeric material is devoid of any
      carboxyl groups, but does contain alcoholic hydroxyl groups and/or amido
      groups, said polymeric material will be non-ionic but can be converted to
      an anionic material by carboxylating the polymeric material or by
      dispersing said polymeric material in water with an anionic surfactant. By
      the same token, if a non-gelled, water dispersible, polymeric material
      devoid of any carboxyl groups but containing alcoholic hydroxyl groups
      and/or amido groups were to be prepared, such material again, as before
      would contain the necessary cross-linking sites but would, nevertheless be
      non-ionic polymeric material. If desired, such a non-ionic polymeric
      material may be converted to a cationic polymeric material by amination of
      the polymeric material with, for example, a primary or tertiary amine
      compound, a quaternary ammonium compound and the like or it could be
      dispersed in water with a cationic surfactant. The purpose for having the
      electric charge on the water dispersible, non-gelled, polymeric material
      is so that it will migrate to the anode in an electrophoretic system if an
      anionic material is present and will migrate toward the cathode if a
      cationic polymeric material is present. It will be apparent from the
      illustrative examples of the present invention that these charged
      polymeric materials move to their respective poles along with the
      guanamine or melamine materials and become deposited thereon. After the
      deposition of the mixed polymeric material has been accomplished on the
      metal, the coated metal is then cured by heat treatment, preferably by
      baking, in order to accomplish the cross-linking between the guanamine or
      melamine materials and the polymeric material containing the cross-linking
      sites that are heat reactive with the guanamine or melamine materials. As
      used in an electrodeposition process, the bath of the aqueous compositions
      of the present invention should have a pH varying between about 1 and 11
      and, preferably, between about 4 and 9. For the anionic compositions, the
      pH is controlled between about 6 and 11 and, preferably, between about 7
      and 9 whereas that cationic material has a pH between about 1 to 8 and,
      preferably, between about 4 and 7. Hereinbelow, there is set forth a
      further discussion of these two classes of polymeric materials, namely,
      the anionic, water dispersible, non-gelled, polymeric materials which are
      heat reactive with the guanamine compounds and the cationic, water
      dispersible, non-gelled, polymeric mateials that are heat reactive with
      the guanamine compounds.
PAR  The anionic, water dispersible, non-gelled, polymeric material used in the
      electrodeposition composition of the present invention may be any one of
      the plurality of polymeric materials which have reactive sites that are
      heat reactive with the etherified guanamine compounds. These reactive
      sites may be carboxyl groups and/or alcoholic hydroxyl groups and/or amido
      groups, which polymeric materials are the result of vinyl polymerization,
      epoxy polymerization etc. or are polyester compositions, or maleinized
      oils and the like. These polymeric materials may be completely water
      soluble or they may be substantially water insoluble but capable of being
      dispersed in water. Sometimes it may be necessary to use appropriate
      surfactants to disperse these polymeric materials. The term "water
      dispersible," therefore, is intended to encompass both the aqueous
      solutions as well as dispersions in which the polymeric material may be
      suspended in the aqueous medium. These anionic polymeric materials may
      contain, as the sole reactive sites, carboxyl groups or alcoholic hydroxyl
      groups or amide groups, or they may, in fact, contain all three.
PAR  When polyester resins are used, they can be prepared by reacting a
      polycarboxylic acid including dicarboxylic acids with a polyhydric
      alcohol, including the glycols. The polycarboxylic acids may be either
      saturated, i.e., free of nonbenzenoid unsaturation, or they may be
      .alpha.,.beta.-ethylenically unsaturated.
PAR  If the polyester resins used contain perponderant amounts of the
      polycarboxylic acid, such polyester should be reacted until an acid number
      of not less than about 35-40 is reached and, preferably, to an acid number
      of between about 50.150 . If the polyester resin is prepared by using a
      preponderance of alcoholic hydroxyl groups, the ingredients forming the
      polyester should not be permitted to react until a hydroxyl number of not
      less than about 35-40 is reached and, preferably, between about 50 and
      150.
PAR  When the anionic polymeric materials are prepared and dispersed in water,
      they may be rendered alkaline by adjusting the pH to a point above 4 to
      about 11 and, preferably, to a pH above 7.1 to about 9. This adjustment of
      the pH is accomplished on the anionic polymeric material before the
      modified etherified tetramethylol guanamine or melamine compounds are
      added and then, if necessary, the pH is readjusted to a point within the
      ranges set forth hereinabove.
PAR  The maleinized oils which may be used are water soluble or water
      dispersible and are generally prepared by reacting unsaturated glyceride
      oils with an acid or anhydride dienophile such as maleic anhydride. Other
      aicds or anhydride dienophile have also been used and these include
      acrylic acid, crotonic acid, and the like. These water solubilized oils
      were discussed by J. J. Hopwood at the Sixth Australian Convention,
      Warburton, 16-19, July 1964, and a paper has been published entitled
      "Water soluble Thermosetting Organic Polymers": in the Journal of the Oil
      and Colour Chemists Association, February 1965, pages 157-171, inclusive,
      which reference is incorporated herein by reference.
PAR  All of these anionic, water dispersible, non-gelled polymeric materials
      having carboxyl groups and/or alcoholic hydroxyl groups and/or amide
      groups have water sensitive sites, obviously, by virtue of the presence of
      these groups, and these water sensitive sites should all be tied up by
      interreaction with the etherified tetramethylol guanamine or melamine
      materials in a cross-linking mechanism.
PAR  The anionic, polymeric materials prepared by vinyl polymerization may be
      prepared in either an aqueous solution, an organic solvent, or in an
      aqueous emulsion system. All of these procedures are thoroughly well-known
      in the art and it is not deemed necessary to elaborate on such procedures
      here.
PAR  The vinyl polymers may be prepared by polymerizing polymerizable monomers
      such as acrylic acid, methacrylic acid, crotonic acid, cinnamic acid,
      .beta.-benzoyl acrylic acid, and polycarboxylic acids of the .alpha.,
      .beta.-ethylenically unsaturated class such as maleic, fumaric, itaconic,
      mesaconic, aconitic, or the halogenated acids such as halogenated maleic
      or, more specifically, chloromaleic acid, and the like. These acidic
      materials may be copolymerized or polymerized with other monomers which
      contain no carboxyl groups such as methyl acrylate, ethyl acrylate, propyl
      acrylate, butyl acrylate, octyl acrylate, decyl acrylate, lauryl acrylate,
      methyl methacrylate, ethyl methacrylate, butyl methacrylate, heptyl
      methacrylate, decyl methacrylate, propyl crotonate, butyl crotonate, nonyl
      crotonate, and the like. Still further, one could use such copolymerizable
      compounds as styrene, ortho-, meta- or para-alkyl styrenes such as o-, m-
      or p-methyl, ethyl, propyl and butyl styrenes, 2,4-dimethyl styrene,
      2,3-dimethyl styrene, 2,5-dimethyl styrene, vinyl naphthenate,
      acrylonitrile, methacrylonitrile, halo ring or side chain styrenes such as
      .alpha.-chloro styrene, ortho-, meta- or para-chloro styrenes,
      2,4-dichloro styrene, 2,3-dichloro styrene 2,5-dichloro styrene or the
      alkyl side chain styrenes such as .alpha.-methyl styrene, .alpha.-ethyl
      styrene, and the like. Additionally, one can make use of such
      polymerizable vinyl monomers as acrylamide, methacrylamide, ethacrylamide,
      ethylenebisacrylamide, N-tertiary-butylacrylamide, and the like.
PAR  The anionic polymeric materials containing alcoholic hydroxyl groups may be
      prepared by using a polymerizable vinyl monomer which contains an
      alcoholic hydroxyl group such as the hydroxy alkyl esters of .alpha.,
      .beta.-unsaturated monocarboxylic acids e.g. the hydroxy alkyl esters of
      acrylic acid, methacrylic, ethacrylic and chloro as well as the other
      chloro substituted acrylic acids. These esters may either have a primary
      or a secondary hydroxyl group. Illustrative of the types of compounds that
      are used to make the copolymers in the anionic, polymeric material are
      2-hydroxy-ethyl acrylate, 2-hydroxypropyl acrylate, 3-hydroxy-propyl
      acrylate, 2-hydroxy-butyl acrylate, 3-hydroxy-butyl acrylate,
      4-hydroxy-butyl acrylate, 8-hydroxy-octyl acrylate, 2-hydroxy-ethyl
      methacrylate, 5-hydroxy-hexylmethacrylate, 6-hydroxy-octylmethacrylate,
      8-hydroxy-octylmethacrylate, 10-hydroxy-decylmethacrylate,
      3-hydroxy-propyl crotonate, 4-hydroxy-amyl crotonate, 5-hydroxyamyl
      crotonate, 6-hydroxy-hexyl crotonate, 7-hydroxy-heptyl crotonate,
      10-hydroxy-decyl crotonate, and the like. These hydroxy esters may be used
      either singly, in combination with one another or with other polymerizable
      vinyl monomers devoid of any alcoholic hydroxyl group including those set
      forth hereinabove in the discussion of the carboxyl group-containing
      monomers. Additionally, one can make use of other hydroxyl-containing
      polymerizable vinyl monomers such as methylolacrylamide,
      methlolmethacrylamide, and the like.
PAR  Among the amide group-containing monomers which may be used in the
      preparation of the anionic, water dispersible, polymeric material used in
      the present invention are acrylamide, methacrylamide, ethacrylamide, and
      the like. These polymerizable acrylamides may be used to prepare anionic
      copolymeric materials useful in the present invention with any of the
      carboxyl group-containing monomers of the hydroxyl group-containing
      monomers or with any of the copolymerizable monomers set forth
      hereinabove.
PAR  Additionally, one can make use of polyester resin compositions which are
      water dispersible, non-gelled, anionic polymeric materials. Water soluble
      alkyd resins or water dispersible alkyd resins, whether oil free or
      glyceride oil-containing may be used and a plurality of these materials
      are commercially available and are also well known in the art. As a
      consequence, it is not deemed necessary to make any prolonged recitation
      of such materials since they are fundamentally prepared by reacting a
      polyhydric alcohol with a polycarboxylic acid or with anhydrides such as
      phthalic anhydride, maleic anhydride, and the like.
PAR  Additionally, one can make use of epoxy esters as the anionic polymeric
      material in which the epoxy resins, which contain a plurality of hydroxyl
      groups, are reacted with glyceride oil fatty acids and then further
      reacted with maleic anhydride to yield a dispersion in an alkaline medium.
      Still further, one can make use of polyamides which are prepared by
      reacting alkylene polyamides with excess dicarboxylic acids to produce
      water soluble and water dispersible, anionic, polymeric materials.
PAR  A variety of emulsion anionic polymers may be used in the composition of
      the present invention, wherein the utilization of a variety of anionic
      surfactants or emulsifiers such as soaps and alkyl sulfonates are used to
      impart a charge characteristic to the emulsion particles which will result
      in the migration of such particles in electric fields. These same
      surfactants and in combination with a variety of nonionic surfactants can
      be used to post-emulsify a variety of epoxy esters, saturated and
      unsaturated alkyd resins and acrylic resins to prepare charged emulsion
      particles.
PAR  In order to illustrate the preparation of an anionic carboxyl
      group-containing polymer, the following example is set forth in which all
      parts are parts, by weight, unless otherwise indicated.
PAC  EXAMPLE 4
PAC  Preparation of Water-Soluble Polyester Resin
PAR  A maleinized tall oil-styrene-allyl alcohol copolymer was prepared by
      charging 1600 parts of a styrene-allyl-alcohol copolymer sold as "RJ-100"
      by the Monsanto Company, 1430 parts of a low rosin tall oil fatty acid and
      150 parts xylene into a suitable reactor and heating the mixture slowly to
      250.degree.C. Remove water by azeotropic distillation with xylene. The
      reaction vessel is held at 250.degree.C. until the acid number decreases
      to 10. The reaction mixture is cooled to 150.degree.C. Thereafter, there
      are charged 190 parts of maleic anhydride and heated to 230.degree.C. for
      2 1/2 hours. The reaction is cooled and diluted with 2-butoxy ethanol to
      80% solids.
PAC  EXAMPLE 5
PAC  Carboxyl Group-Containing Polymer
PAR  Into a suitable reaction vessel equipped with stirrer, thermometer and
      reflux condenser, there are introduced 100 parts of dioxane. The charge is
      heated gradually to the reflux temperature by heating on an oil bath.
      After the dioxane has reached reflux, a mixture of 750 parts of butyl
      acrylate, 150 parts of acrylic acid and 100 parts of a 1% solution of
      butyl mercaptan in butyl acrylate is introduced in relatively small
      increments over a 2 hour period. Concurrently but separately, over the
      same period of time, there are added 12.2 parts of cumene hydroperoxide.
      After the addition is completed, reflux is continued for about 5 hours.
      200 Parts of the copolymer thus prepared are dissolved in 220 parts of a
      mixture of 1 part of concentrated ammonia (29% NH.sub.3) to 4 parts of
      water. An additional 80 parts of water are added to give an aqueous
      solution of 36% solids concentration of the copolymer. The solvent dioxane
      is used in the present example in an amount approximately 10% of the total
      charge. At the end of the polymerization reaction, this solvent may be
      stripped off under vacuum but it is preferred to leave said solvent in
      since its removal is not economically justifiable and since this solvent
      is completely water miscible.
PAC  EXAMPLE 6
PAC  An Alcoholic Hydroxyl Group-Containing Emulsion Anionic Polymer
PAR  Into a suitable reaction vessel equipped with a thermometer, stirrer,
      condenser, and two addition funnels, there are added 440 parts of
      deionized water, 3.4 parts of sodium bicarbonate, and 2.0 parts of sodium
      lauryl sulfate. The mixture is heated to about 90.degree.C. whereupon a
      catalyst solution containing 2.25 parts of ammonium persulfate dissolved
      in 110 parts of deionized water is prepared and 12 parts of this solution
      are added to the reaction vessel. This is followed by the addition of 90
      parts of said catalyst solution uniformly over a two hour period in
      comparatively small increments to the reaction vessel. Concurrently, but
      separately, a monomer mixture of 170 parts of styrene, 235.6 parts of
      ethyl acrylate, 4.5 parts of acrylic acid and 32 parts of hydroxyethyl
      methacrylate is added uniformly over the same two hour period through a
      separate funnel. The remainder of the catalyst solution is then added to
      the reaction vessel and the mixture is heated to 90.degree.C. for an
      additional one hour period. The reaction mixture thus prepared was
      analyzed and was shown to have a polymer solids of 48%.
PAC  EXAMPLE 7
PAC  Amide-Containing Emulsion Anionic Polymer
PAR  Into a suitable reaction vessel equipped with a thermometer, stirrer,
      condenser, and two addition funnels, there are introduced 348 parts of
      deionized water, 1.85 parts of sodium lauryl sulfate, and 4.08 parts of
      sodium bicarbonate. The reaction mixture is heated to 90.degree.C.
      whereupon a catalyst solution containing 2.7 parts of ammonium persulfate
      in 115 parts of deionized water is prepared and 12 parts of this catalyst
      solution are introduced into the reaction vessel. Thereupon, 90 parts of
      said catalyst solution are added uniformly in comparatively small
      increments over a 2 hour period to the reaction vessel. Concurrently
      during said 2 hour period, but separately, there is added a monomer
      mixture of 212 parts of styrene, 293 parts of ethyl acrylate, 5.3 parts of
      acrylic acid, 21 parts of acrylamide, 0.75 part of sodium lauryl sulfate
      and 348 parts of deionized water over this same two hour period. The
      remainder of the catalyst solution is then added to the reaction vessel
      and the mixture is heated to 90.degree.C. for an additional one hour
      period. The reaction mixture thus prepared was analyzed and revealed a
      polymer solids of 37.6%.
PAR  The cationic water dispersible non-gelled polymeric materials used in the
      composition of the present invention may be any one of a plurality of
      polymeric materials which have reactive sites that are heat reactive with
      the guanamine compounds used in the composition of the present invention.
      As in the anionic materials, these reactive sites may be either carboxyl
      groups and/or alcoholic hydroxyl groups and/or amide groups, which
      polymeric materials may be the result of vinyl polymerization. Therefore,
      all of the polymerizable monomers in each of these three principal classes
      may be used to prepare the cationic polymeric materials used in the
      present invention. Still further, these polymerizable monomers may be used
      with other polymerizable monomers such as the esters, styrenes, nitriles,
      and the like, all of which have been set forth hereinabove, in significant
      detail in the discussion of the constitution of the anionic polymeric
      materials. The guanamine compounds used in the composition of the present
      invention exhibit good migration characteristics with a wide variety of
      cationic polymeric materials. These cationic polymeric materials can be
      broadly described as being selected from any one of the following classes:
      acrylic polymers, of which a substantial variety are vinyl and acrylic
      monomers and can be copolymerized with amino acrylates and methacrylates
      such ad dimethylaminoethyl methacrylate, diethylaminoethyl methacrylate
      and diethylaminoethyl acrylate, and the like. These polymers can be
      dissolved or dispersed in water with the addition of a water dispersible
      acid such as hydrochloric acid, acetic acid, and the like. It must be kept
      in mind that these polymers should also contain some --OH and/or --COOH
      and/or
      ##EQU3##
      groups which can be obtained by copolymerizing vinyl monomers with
      comparatively small amounts of such polymerizable monomers as hydroxyethyl
      methacrylate and/or acrylic acid or acrylamide. In this same broad
      classification, the amino methacrylates may be replaced by methylvinyl
      pyridine, and the like. Polymers containing this type of amino monomer can
      also be water dispersed by the addition of such water dispersible acids
      such as hydrochloric and acetic acids. The formation of the quaternary
      amine salt results in the water solubility or water dispersibility.
PAR  Another illustrative class of water dispersible, non-gelled polymeric
      materials carrying a cationic charge, which material is heat reactive with
      the guanamine compounds, are the reaction products of polyfunctional epoxy
      compounds (such as the reaction product of isopropylidine-4,4'-bis-phenol
      with epichlorohydrin) which are then reacted with a polyfunctional amine
      such as diethylenetriamine, ethylene diamine, iminobispropylamine and the
      like to yield cationic polymers which can be water dispersed or dissolved
      upon addition of various water dispersible acids such as hydrochloric or
      acetic acids. The adjustment of the charged mole ratio of amino to epoxy
      compound will control the amount of hydroxy groups that will be available
      for cross-linking with the guanamine compound will control the amount of
      hydroxy groups that will be available for cross-linking with the guanamine
      compounds.
PAR  Another class of water dispersible, non-gelled polymeric material carrying
      cationic charges which are heat reactive with the guanamine or melamine
      compounds used in the present invention are those prepared by reacting
      dibasic or tribasic organic acids with polyfunctional amines and with
      polyols which result in cationic polymers if sufficient polyfunctional
      amine is used in the initial charge. These polymers will be water soluble
      or dispersible with the addition of the aforementioned water dispersible
      acids and the formation of quaternary salts. These cationic polymers will
      also contain some free hydroxyl and/or carboxyl groups depending on the
      initial charge. A plurality of such water dispersible acidified polymers
      are prepared by the condensation of dimer acids with polyfunctional amines
      wherein the dimer acids are prepared by dimerizing a long chain fatty acid
      containing ethylenic unsaturation thereby providing a substance which
      results in the formation of a bridged long chain fatty dicarboxylic acid.
PAR  Another class of water dispersible, non-gelled polymeric materials which
      carry a cationic charge and which are heat reactive with the guanamine or
      melamine compounds used in the present invention are the cationic
      urea-formaldehyde resins. These condensation products are prepared by
      reacting urea and formaldehyde with polyfunctional amines to produce
      cationic resins which are water dispersible upon the addition of a water
      dispersible acid such as hydrochloric acid or acetic acid. These polymers
      are cationic and will move to the cathode in an electric field. Still
      further, these cationic polymers will have free methylol groups available
      for said reactive cross-linking with the guanamine compounds used in the
      composition of the present invention.
PAR  A further category of water dispersible, non-gelled, polymeric materials
      which carry a cationic charge and which materials are heat reactive with
      the guanamine compounds of the present invention are the
      polyethyleneimines. These polymeric materials are classical cationic
      polymers when treated with water dispersible acids in an aqueous system.
      This category of cationic polymers can be provided with reactive alcoholic
      hydroxyl groups simply by reacting with polyethyleneimine with controlled
      amounts of ethylene oxide. This modified cationic polymers will then move
      in the electric field and can be heat reacted with the guanamine compound
      during the curing reaction.
PAR  The following example illustrates a process for preparing a water soluble,
      cationic, epoxy amine resin.
PAC  EXAMPLE 8
PAC  Water-Soluble Cationic Epoxy Amine Resin
PAR  A mixture of 400 parts of a resinous reaction product prepared by reacting
      4,4'-dihydroxydiphenyldimethylmethane with epichlorohydrin (having an
      epoxide average equivalency of 487) and 156 parts of tetraethylene
      pentamine are introduced into 400 parts of toluene at room temperature and
      then heated to reflux. After refluxing for 1 hour, the toluene and the
      unreacted tetraethylene pentamine are removed by distillation under
      reduced pressure finishing at about 175.degree.C. and 3.5 mm./mercury
      pressure. An aqueous solution containing 30% of this resin is obtained by
      neutralizing the resin with an equivalent amount of dilute acetic acid and
      has a viscosity of 0.5 poise (Gardner-Holdt) at 25.degree.C.
PAR  In the water dispersible, non-gelled, polymeric material carrying either a
      cationic or anionic charge, the amount of carboxyl groups and/or alcoholic
      hydroxyl groups and/or amide groups should be at least about 3%, by
      weight, based on the total weight of the polymeric material and not
      greater than about 30%, by weight, based on the total weight of the
      polymeric material. Preferably, one would use between about 5% to about
      20%, by weight, based on the total weight of the polymeric material of the
      carboxyl-containing monomer and/or the alcoholic hydroxy-containing
      monomer or the amide-containing monomer. These percentages, by weight,
      prevail whether the individual monomer-containing carboxyl groups,
      alcoholic hydroxyl groups or amide groups are the sole reactive groups
      present or whether they are present in any of the above combinations.
PAR  It is also within the scope of the present invention to incorporate various
      additives into our novel compositions. For example, various dyes or
      pigments, such as TiO.sub.2 or Fe.sub.2 O.sub.3, can be added so that the
      coating which results from the electrodeposition process will be colored.
PAR  As before, these examples are set forth primarily for the purpose of
      illustration and any specific enumeration of detail contained therein
      should not be interpreted as a limitation on the case except as is
      indicated in the appended claims. All parts and percentages are by weight
      unless otherwise indicated.
PAC  EXAMPLE 9
PAR  77 Parts of 75% solution of water soluble polyester resin as prepared in
      Example 4 above, comprising a maleinized tall oil-styrene-allyl alcohol
      copolymer with an acid number of 70, dissolved in 2-butoxyethanol, 19
      parts of a cross-linking agent as prepared in Example 1 above, 2.6 parts
      diethylamine and 23 parts of titanium dioxide rutile pigment were blended
      and ground on a three roll mill and emulsified in 870 parts of deionized
      water.
PAR  A film was electrodeposited at ambient temperatures at a potential
      difference of 100 volts for 1 minute on a zinc-phosphated cold rolled
      steel substrate and after rinsing with water, baked at 400.degree.F. for
      20 minutes. After exposure to a 1% detergent solution at 165.degree.F. for
      150 hours, the film prepared was virtually unaffected. Its color also
      remains unchanged for a period of six months, while the di(methoxymethyl)
      di(ethoxymethyl)benzoguanamine-containing films were strongly blistered
      and lost intercoat adhesion.
PAC  COMPARATIVE EXAMPLE 10
PAR  The procedure of Example 9 is repeated in every detail except that the
      unreacted, unresinified benzoguanamine compound, namely, the
      di(methoxymethyl)di(ethoxymethyl)benzoguanamine was used. The resultant
      film strongly blistered and lost intercoat adhesion.
PAC  EXAMPLE 11
PAR  The procedure of Example 9 is repeated in every detail except that the
      resinified cross-linking agent as prepared in Example 2 above is employed.
      The film so prepared is unaffected by the detergent treatment and further
      shows little discoloration during baking.
PAC  COMPARATIVE EXAMPLE 12
PAR  Example 9 is repeated in every detail except the cross-linking agent used
      was the condensation product of hexakismethoxymethyl melamine and
      resorcinol prepared in accordance with the disclosure of U.S. Pat. No.
      3,449,228 . Baked films gave hard films with excellent detergent
      resistance, but were yellow in color.
PAC  EXAMPLE 13
PAR  390 Parts of hexa(methoxymethyl) melamine, 150 parts of 2-phenoxy propanol
      and 2 parts of p-toluenesulfonic acid are slowly heated to 150.degree.C.
      The reaction is stopped after 40 parts of distillate have been collected.
      The pale yellow product has a viscosity of 350 poises at a 95.8% solids.
PAC  EXAMPLE 14
PAR  67 Parts of an 75% acrylic resin solution prepared by the copolymerization
      of 275 parts of butylacrylate, 133 parts of styrene, 75 parts of acrylic
      acid in n-hexyl cellosolve is blended with 21.5 parts of the cross-linking
      agent in Example 13, 28.5 part of titanium dioxide rutile and 4.1 parts of
      diisopropanolamine. The resulting blend is ground on a three roll mill and
      emulsified in 880 parts of deionized water.
PAR  Resultant paint is electrodeposited at a voltage of 250-300 volts for 1
      minute on zinc phosphated steel and baked for 20 minutes at 400.degree.F.
      The prepared panels are white and pass 72 hour test in a detergent bath
      (ASTM-D2248).
PAR  Comparative panels prepared with hexa(methoxymethyl) melamine, are white in
      color but fail in the detergent test after 24 hours. Similarly,
      comparative panels prepared by using as the cross-linking agent, the
      reaction product of hexakismethoxymethyl melamine and resorcinol as
      prepared in accordance with U.S. Pat. No. 3,449,228, exhibit highly yellow
      films which pass a 72 hour detergent test (ASTM-D2248).
PAR  When the compositions of the present invention are used to deposit
      electrically the coatings of the present invention on electroconductive
      metallic articles, the compositions may be diluted with water to
      concentrations varying between about 3% and 30% and, preferably, between
      about 7% and 15% total resins solids.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electrophoretic coating composition comprising, in aqueous
      dispersion, a mixture of from about 5% to about 40%, by weight, of (A) an
      aminoplast condensation product and, correspondingly, from about 95% to
      about 60%, by weight, of (B) a water-dispersible, non-gelled, polymeric
      material carrying an ionic charge, which polymeric material contains at
      least one class of reactive groups selected from the group consisting of
      carboxyl groups, alcoholic hydroxy groups and amide groups, said ionic
      charge is derived from the polymeric material containing said reactive
      groups wherein the amount of said groups is at least about 3%, by weight,
      and not more than about 30%, by weight, based on the total weight of said
      polymeric material, wherein said groups are heat reactive with (A), and
      wherein said percentages of (A) and (B), by weight, total 100% and are
      based on the total solids weight of (A) and (B); the improvement
      comprising, as said condensation product, the heat reaction product
      prepared by reacting at a temperature of at least 100.degree.C in an
      acidic medium from about 90% to about 30% of a substantially
      water-insoluble, substantially fully etherified, substantially fully
      methylolated guanamine or substantially fully etherified, substantially
      fully methylolated melamine and from about 10% to about 70% of alkylated
      phenolic compound having the formula:
EQU  R--O--C.sub.n H.sub.2n --O--C.sub.n H.sub.2n--m OH
PAL  wherein R is an aryl radical, m is an integer from 0 to 3, and n is an
      integer from 2 to 4.
NUM  2.
PAR  2. In an electrophoretic coating composition according to claim 1 wherein
      the fully etherified tetramethylol guanamine is di(methoxymethyl)
      di-(ethoxymethyl)benzoquanamine and the alkylated phenol is
      2-(nonylphenoxy) ethanol.
NUM  3.
PAR  3. In an electrocoating composition according to claim 1, wherein the fully
      etherified hexamethylol melamine is hexa(butoxymethyl) melamine and the
      alkylated phenol is 2-(nonylphenoxy) ethanol.
NUM  4.
PAR  4. The composition according to claim 1 in which the composition as an
      aqueous dispersion is alkaline and in which the water dispersible,
      non-gelled, polymeric material carries an anionic charge.
NUM  5.
PAR  5. The composition according to claim 4 in which said anionic, polymeric
      material contains carboxyl groups.
NUM  6.
PAR  6. The composition according to claim 4 in which said anionic, polymeric
      material contains hydroxyl groups.
NUM  7.
PAR  7. The composition according to claim 4 in which said anionic, polymeric
      material contains amide groups.
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ABST
PAL  A water base, hardenable coating composition is disclosed for use on the
      inner or air conducting surfaces of fibrous glass thermal insulation
      employed in heating, cooling or ventilating conduits. The coating
      comprises, by weight: 70% to 90% of aluminum or magnesium hydrate; 5 to
      20% of a binder such as vinyl acrylic latex or polyethylene vinyl acetate
      latex; and 1 to 10% of a flame retardant such as a sodium borate or boric
      acid.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 862,040 filed Sept. 29, 1969 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conduits and ducts either composed of or lined with fibrous glass
      insulation media such as batts, mats, boards or the like are commonly used
      in heating, cooling and ventilating systems. The construction and method
      of making these conduits is described in U.S. Pat. Nos. 3,092,529;
      3,212,529 and 3,394,737. A protective coating or film is generally applied
      to the inner air directing surfaces of these ducts to insure a smooth, low
      friction producing surface being presented to air flowing through and
      being directed by the duct.
PAR  The properties commonly required of these coating include a smooth surface
      when dried or hardened, water or moisture resistance, ability to be
      applied by dipping, brushing, spraying or the like and low flame spread
      and smoke characteristics. Flexibility of the coating without cracking or
      breaking away from the fibrous glass surface after it is hardened is also
      highly desirable when the coating is applied to flexible ducts.
PAC  SUMMARY OF THE INVENTION
PAR  This invention discloses a hardenable, water base coating composition. The
      coating is particularly useful when applied to the inner or air conducting
      surfaces of fibrous glass insulating materials used in rigid or flexible
      heating, cooling or ventilating ducts. The inventive coating comprises, by
      weight, 70 to 90% of a flame retardant filler such as aluminum or
      magnesium hydrate; 5 to 20% of a binder such as vinyl acrylic latex, or
      polyethylene vinyl acetate latex; and 1 to 10% of a fire retardant sodium
      borate or boric acid.
PAC  DESCRIPTION OF THE INVENTION
PAR  The coating composition of this invention may be represented by the
      following general formulation:
TBL  Ingredient             Parts*                                             
     ______________________________________                                    
     Fire retardant filler  70 to 90                                           
     Binder                  5 to 20                                           
     Fire retardant borate   1 to 10                                           
     ______________________________________                                    
      *The terms "percent" (%) and "parts" are used herein and in the appended 
      claims to refer to percent and parts by weight of coating solids, unless 
      otherwise indicated.                                                     
FNT  The terms "percent" (%) and "parts" are used herein and in the appended
      claims to refer to percent and parts by weight of coating solids, unless
      otherwise indicated.
PAL  A preferred composition is:
     Ingredient             Parts                                              
     ______________________________________                                    
     Fire retardant filler  80 to 85                                           
     Binder                 10 to 15                                           
     Fire retardant borate  2 to 4                                             
     ______________________________________                                    
PAL  The combination of the following ingredients in the stated broad and
      preferred proportions results in a hardenable yet flexible protective
      coating when applied to fibrous glass duct insulation as an aqueous
      dispersion or emulsion:
TBL                    Parts                                                   
     Ingredient          Broad      Preferred                                  
     ______________________________________                                    
     Aluminum hydrate or                                                       
      magnesium hydrate or                                                     
      combination thereof                                                      
                         70 to 90   80 to 85                                   
     Vinyl acrylic latex,                                                      
      polyethylene vinyl acetate                                               
      latex or combination thereof                                             
                          5 to 20   10 to 15                                   
     Sodium borate, boric acid                                                 
      or combination thereof                                                   
                          1 to 10   2 to 4                                     
     ______________________________________                                    
PAR  It has been found that aluminum hydrate (Al.sub.2 O.sub.3 . 3H.sub.2 O or
      Al (OH).sub.3) or magnesium hydrate (Mg(OH).sub.2) are particularly suited
      as fire retardant fillers for use in this coating. In addition to serving
      as low cost fillers or bulking agents, the water of hydration held by both
      of these compounds is useful as a flame and smoke depressant or retardant.
      Aluminum hydrate, for example, consists of about 35% by weight of water.
      At temperatures of approximately 575.degree.F. or above, this water of
      hydration is liberated and aids in flame quenching. To attain the proper
      mixture of this filler ingredient in an aqueous or water base solution, it
      has been found that the aluminum hydrate or magnesium hydrate preferably
      should have a particle size such that, on a dry basis, at least 70% of the
      material will pass through a 325 mesh screen.
PAR  The binder component of the coating composition holds together or binds the
      other stated ingredients (and other minor additives) after the coating has
      dried to a hardened, yet flexible, state on the fibrous glass insulation.
      The binder also bonds the coating to the fibrous glass. In terms of cost,
      availability and performance vinyl acrylic latex or polyethylene vinyl
      acetate latex are believed to be the most satisfactory binders. Each of
      these can be easily obtained, handled mixed and applied in the form of a
      stable aqueous emulsion or dispersion. These binders also impart the
      desired degree of flexibility to the coating after it has dried or
      hardened on the fibrous glass insulation surface. Flexibility is, of
      course, a key factor when the coating is used on flexible ducts of the
      type described in the previously mention U.S. Pat. No. 3,394,737.
PAR  The term "vinyl acrylic" as used herein refers to copolymers having a vinyl
      component, e.g. vinyl acetate, and an acrylic or acrylate component, e.g.
      butyl acrylate. Suitable vinyl acrylic copolymers contain 20-25% of an
      acrylic component and about 75-80% of a vinyl component.
PAR  The term "polyethylene vinyl acetate" as used herein refers to copolymer of
      vinyl acetate and ethylene. Suitable polyethylene vinyl acetate copolymers
      would have about 10-15% ethylene and 85-90% vinyl acetate.
PAR  The fire retardant borate which completes the coating formulation may be
      chosen from any available form of sodium borate. Boric acid may also be
      used. Any common form of a sodium borate may be used, including sodium
      meta-borate (NaBO.sub.2 ; NaBO.sub.2 . 2H.sub.2 O), sodium tetraborate
      (Na.sub.2 B.sub.4 O.sub.7 ; Na.sub.2 B.sub.4 O.sub.7. 5H.sub.2 O) and
      borax (Na.sub.2 B.sub.4 O.sub.7 . 10H.sub.2 O).
PAR  Each of the above disclosed fillers, binders and borates may be used
      individually or in combination, within the stated proportions, to produce
      coatings possessing comparable properties.
PAR  In addition to the above components, other additives may be used in minor
      amounts to tailor the coating to fit specific needs. A thickening agent
      may be added in amounts necessary to thicken the coating for brush or
      roller application, as opposed to spray applications where a thinner
      consistency is required. Although the amount of thickening agent used will
      depend upon the application consistency desired, satisfactory results have
      been obtained using 0.1 to 2% of a non-ionic water soluble thickener.
      Excellent results have been obtained with cellulosic thickeners such as
      hydroxy methyl cellulose and hydroxy ethyl cellulose. Other thickeners
      which may be used include water dispersible gums, starches and resins.
      Mineral agents such as bentonite clay or other inorganic thickeners could
      also be employed.
PAR  Fungicides or fungistats, generally in amounts of 0.1 to 2%, may be used in
      cases where the air conducting duct will be exposed to humid, damp or
      other atmospheric conditions conducive to fungus growth.
PAR  Additions of sodium tripolyphosphate have been found effective in aiding
      dispersion of the aluminum or magnesium hydrate; generally less than 1 to
      2% is required.
PAR  From 0.1 to 2% additions of wetting agents have been found helpful if
      difficulty is experienced in dispersing or emulsifying the ingredients;
      similar additions of anti-foaming agents can be employed if excess foaming
      is experienced during mixing.
DETD
PAR  Examples or representative coatings which may be formulated in accordance
      with the principles of the invention follow:
PAC  EXAMPLE 1
TBL  Ingredient             Amount                                             
     ______________________________________                                    
     Water                   175 gallons                                       
     Aluminum hydrate       3750 pounds                                        
     Vinyl acrylic latex (55% solids)                                          
                            1150 pounds                                        
     Sodium borate           120 pounds                                        
     ______________________________________                                    
PAL  After all the ingredients are added to and mixed in a mixing tank, high
      speed mixing of from 10 to 15 minutes is sufficient to disperse all the
      ingredients. The coating may then be applied to fibrous glass insulation
      by spraying, brushing or the like.
PAC  EXAMPLE 2
TBL  Ingredient             Amount                                             
     ______________________________________                                    
     Water                  175 gallons                                        
     Aluminum hydrate       3750 pounds                                        
     Vinyl acrylic latex (55% solids)                                          
                            1150 pounds                                        
     Sodium borate          120 pounds                                         
     Sodium tripolyphosphate                                                   
                            14 pounds                                          
     Fungicide              2 pounds                                           
     Thickening agent       28 pounds                                          
     Anti-foaming agent     10 pounds                                          
     Wetting agent          5 pounds                                           
     ______________________________________                                    
PAR  In the above examples, the ingredients used were:
PA0  a. aluminum hydrate (Al.sub.2 O.sub.3 . 2H.sub.2 O or Al(OH).sub.3);
      available from Aluminum Company of America, under "C-31 Fine" trade
      designation;
PA0  b. vinyl acrylic latex: 55% solids, aqueous latex of a copolymer comprising
      about 80% vinyl acetate and about 20% butyl acrylate;
PA0  c. sodium borate: available from United States Borax & Chemical
      Corporation, under "FR-28" trade designation;
PA0  d. sodium tripolyphosphate, Na.sub.5 P.sub.3 O.sub.10 (anhydrous);
      available from Stauffer Chemical Company; under trade designation "STPP"
      or "TSPP";
PA0  e. fungicide: 2,3,5,6-tetrachloro-4-(methyl sulfonyl) pyridine, available
      from Dow Chemical Company under "Dowicil S-13" trade designation;
PA0  f. thickening agent: hydroxy ethyl cellulose available from Union Carbide,
      under "Cellosize WP-40" trade designation;
PA0  g. anti-foaming agent: hydrophobic silica type defoamer of the kind
      described in U.S. Pat. Nos. 3,076,768 and 3,207,698;
PA0  h. wetting agent: octylphenoxypolyethoxyethanol; available from Rohm &
      Haas, under "Triton X100" trade designation.
PAR  The Example 2 coating after application to and drying on a fibrous glass
      batt and a fibrous glass board, in an amount equal to approximately 10
      pounds per 400 square feet, was subjected to the ASTM E-84 tunnel fire
      hazard classification. This test showed flame spreads of 20 and 15 for the
      batt and board, respectively. In comparison to flame spread readings of 20
      or more for costlier coating compositions employing neoprene, for example,
      as a principal ingredient, the formulation of this invention performed
      favorably. The Example 2 coating received a smoke rating of zero; this
      also compares favorably with a neoprene based coating which can have smoke
      ratings as high as 20.
PAR  The above described compositions after application to and drying on fibrous
      glass insulation form a hardened, yet flexible, smooth surface which is
      highly efficient in minimizing air flow friction which may be caused by
      the insulating media of which a duct is either composed or lined. These
      coatings have been found to be extremely resistant to moisture penetration
      under humid conditions. After dry heat soaking at 250.degree.F. for one
      week flexibility characteristics are unchanged with no evidence of
      cracking.
PAR  The above-described coating compositions have been disclosed as being most
      suitable for use as coating on fibrous glass thermal insulation. They may
      also be used as coatings or paints on any surface where a hardened yet
      flexible coating is required along with low flame and smoke
      characteristics.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coating composition for use on fibrous glass thermal insulation
      comprising an aqueous dispersion of coating solids, said solids, by
      weight, consisting essentially of:
PA1  a. 70 to 90% of a flame retardant filler selected from the group consisting
      of aluminum hydrate or magnesium hydrate or a combination thereof;
PA1  b. 5 to 20% of a binder selected from the group consisting of a latex of a
      copolymer of vinyl acetate and butyl acrylate, a copolymer of vinyl
      acetate and ethylene or a combination thereof; and
PA1  c. 1 to 10% of a water soluble fire retardant borate selected from the
      group consisting of sodium borate or boric acid or a combination thereof.
NUM  2.
PAR  2. The coating of claim 1 wherein said filler has a particle size such
      that, on a dry basis, at least 70% of said filler will pass through a 325
      mesh screen.
NUM  3.
PAR  3. The coating of claim 1 wherein said composition further comprises 0.1 to
      2% of a non-ionic water soluble thickening agent and 0.1 to 2% of
      2,3,5,6-tetrachloro-4-(methyl sulfonyl) pyridine.
NUM  4.
PAR  4. A coating composition for use on fibrous glass thermal insulation
      comprising an aqueous dispersion of coating solids, said solids, by
      weight, consisting essentially of:
PA1  a. 80 to 85% of a flame retardant filler selected from the group consisting
      of aluminum hydrate or magnesium hydrate or a combination thereof;
PA1  b. 10 to 15% of a binder selected from the group consisting of a latex of a
      copolymer of vinyl acetate and butyl acrylate, a copolymer of vinyl
      acetate and ethylene or a combination thereof; and
PA1  c. 2 to 4% of a water soluble fire retardant borate selected from the group
      consisting of sodium borate or boric acid or a combination thereof.
NUM  5.
PAR  5. The coating of claim 4 wherein said filler has a particle size such
      that, on a dry basis, at least 70% of said filler will pass through a 325
      mesh screen.
NUM  6.
PAR  6. A coating composition for use on fibrous glass thermal insulation, the
      insulation being used as the inner air conducting surface of a heating,
      cooling or ventilating duct;
PA1  said coating being capable of being applied to the insulation as an aqueous
      dispersion; and
PA1  said coating being capable of drying to a flexible layer bonded to said
      insulation;
PA1  said coating, by weight, consisting essentially of:
PA2  a. 70 to 90% of a flame retardant filler selected from the group consisting
      of aluminum hydrate or magnesium hydrate or a combination thereof;
PA2  b. 5 to 20% of a binder selected from the group consisting of a latex of a
      copolymer of vinyl acetate and butyl acrylate, a copolymer of vinyl
      acetate and ethylene or a combination thereof; and
PA2  c. 1 to 10% of a water soluble fire retardant borate selected from the
      group consisting of sodium borate or boric acid or a combination thereof.
NUM  7.
PAR  7. The coating of claim 6 wherein said filler comprises 80 to 85% of said
      coating, said binder comprises 10 to 15% of said coating and said sodium
      borate comprises 2 to 4 % of said coating.
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ABST
PAL  A coating composition comprising an emulsion of a partially-solubilized
      polymeric binder in water; wherein the polymeric binder comprises:
PA0  A. from about 25 to about 75 percent by weight of an acrylic interpolymer
      derived from an alkyl acrylate or methacrylate ester, an ethylenically
      unsaturated carboxylic acid and, optionally, at least one other
      copolymerizable ethylenically-unsaturated monomer, wherein at least part
      of the acid carboxylic groups have been iminated with an alkylenimine; and
PA0  B. from about 25 to about 75 percent by weight of polymer solids of an
      epoxy resin.
PAL  These compositions, depending on their precise formulation, can be used as
      protective coatings, primers, primer-surfacers, and sealer compositions
      for metallic substrates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates broadly to water-based coating compositions and in
      particular to polymer binder emulsions for use in water-based coating
      compositions. More particularly, this invention relates to polymer binder
      emulsions for use in formulating protective coatings, primer, primer
      surfacer, and sealer compositions for metallic substrates.
PAR  2. Description of the Prior Art
PAR  Acrylic polymer lacquers, i.e., a liquid coating composition consisting of
      film-forming polymers such as alkyl acrylates and alkyl methacrylates
      dissolved in a solvent, are well known in the art and have been
      extensively utilized as exterior coatings for automobiles and trucks. In
      particular, lacquers of methyl methacrylate as shown in Johnson, U.S. Pat.
      Nos. 2,783,131 and 2,782,132, both issued Feb. 19, 1957; Crissiy, U.S.
      Pat. No. 2,934,509, issued Apr. 26, 1960 and Parker, U.S. Pat. No.
      3,477,969, issued Nov. 11, 1969, have been utilized for that purpose.
      However, such lacquers in general lack the necessary adhesion properties
      and corrosion and rust resistance to enable them to be applied directly to
      the base metal substrate. It is therefore necessary to apply a primer
      composition to the metal substrate to achieve the necessary corrosion and
      rust resistance properties and to provide a surface to which the acrylic
      lacquer coatings will adhere. Moreover, where the primer composition is
      based on alkyd resins to which acrylic lacquers do not adhere well, an
      intermediate coat or sealer is commonly applied over the primer to provide
      a surface to which the acrylic lacquers will firmly adhere.
PAR  Primer and sealer compositions based upon epoxy-acrylic polymeric binders
      are known in the art. Thus, Rohrbacher, U.S. Pat. No. 3,509,086, issued
      Apr. 28, 1970, discloses a sealer composition comprising a polymeric
      binder of an acrylic polymer and a high molecular weight epoxy resin
      dissolved in an organic solvent and Walus, U.S. Pat. No. 3,707,516
      discloses a coating composition useful as a primer, sealerless primer, or
      sealer comprising an acrylic-epoxy graft copolymer dissolved in a solvent.
      The epoxy-acrylic compositions disclosed in the aforementioned patents
      have a number of properties which make them attractive as primer and
      sealer compositions. For example, the compositions disclosed therein
      exhibit excellent chip and mar resistance, good adhesion to metal and
      improved corrosion resistance properties. However, these prior art sealer
      and primer compositions possess several serious disadvantages. In
      particular, these prior art compositions have the serious disadvantage of
      being solvent based compositions. Thus, these solvent-based compositions
      possess the serious disadvantage of emitting solvents to the atmosphere
      when they are dried thereby contributing to environmental pollution
      problems. Moreover, the solvents employed in such compositions are
      generally quite expensive and solvent reclamation is therefore desirable.
      However, present solvent reclamation techniques are quite complex and
      expensive. In view of the increased emphasis on environmental pollution
      control and the recently proposed legislation directed to the elimination
      of photochemically reactive solvents, these are serious disadvantages
      indeed.
PAR  It is accordingly a principal object of the present invention to provide
      water-based coating compositions for use as primer and sealer compositions
      to overcome the problem of solvent emissions. It is a further, more
      specific object of the present invention to provide water-based
      epoxy-acrylic compositions which retain most of the advantages of the
      prior art epoxy acrylic solvent-based compositions without their
      disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  A coating composition comprising an emulsion of a partially solubilized
      polymeric binder in water, wherein the polymeric binder comprises:
PA0  A. from about 25 to about 75 percent by weight of total polymer solids of
      an acrylic interpolymer derived from an alkyl acrylate or methacrylate
      ester, an ethylenically-unsaturated carboxylic acid and, optionally, at
      least one other copolymerizable ethylenically-unsaturated monomer, wherein
      at least part of the acid carboxylic groups have been iminated with an
      alkylenimine; and
PA0  B. from about 25 to about 75 percent by weight of total polymer solids of
      an epoxy resin.
PAR  In preparing the compositions of the present invention, a high acid
      containing acrylic interpolymer is partially solubilized in such a manner
      as to encapsulate the epoxy resin to thereby provide aqueous emulsions of
      these materials. The precise method of preparing these compositions will
      vary depending upon the molecular weight and epoxy functionality of the
      epoxy resin employed in the composition. Methods of preparing the
      compositions of this invention are discussed in detail in the following
      section.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated above, in preparing the compositions of the present invention,
      a high acid acrylic interpolymer is employed. The term "high acid acrylic
      interpolymer" as used in the context of the present invention is defined
      herein to mean an acid-containing acrylic interpolymer having an acid
      number of from about 20 to about 100. while acrylic polymers or
      interpolymers having an acid number of 20 are very useful in the
      compositions of this invention, the preferred acrylic interpolymers are
      those having an acid number of from about 40 to about 100 since polymers
      of this type are more readily solubilized than polymers having a lower
      acid number. The use of the high acid acrylic interpolymer as defined
      herein is essential in achieving the stable emulsions of the present
      invention.
PAR  The preferred high acid acrylic interpolymers which can be used in the
      compositions of the present invention are the acrylic interpolymers
      derived from an alkyl acrylate or alkyl methacrylate ester, an
      ethylenically unsaturated carboxylic acid, and optionally at least one
      other copolymerizable ethylenically-unsaturated monomer, wherein at least
      part of the acid carboxylic groups have been iminated with an
      alkylenimine.
PAR  Useful alkyl acrylate and methacrylate esters include the ethyl, methyl,
      propyl, butyl, hexyl, ethylhexyl, and lauryl acrylates and methacrylates
      as well as similar esters having from about 1 to about 20 carbon atoms in
      the alkyl group. A preferred group of alkyl acrylate and methacrylate
      esters are those esters having from 1 to 12 carbon atoms in the alkyl
      group.
PAR  Ethylenically unsaturated carboxylic acids which may suitably be employed
      include, for example, acrylic, methacrylic, crotonic, 3-butenoic, angelic,
      tiglic and the like.
PAR  The other ethylenically unsaturated monomer may be selected from the
      following classes: monoolefinic and diolefinic hydrocarbons, halogenated
      monoolefinic and diolefinic hydrocarbons, unsaturated esters of organic
      and inorganic acids, esters of unsaturated acids, organic nitriles,
      organic amides, and the like. Examples of such monomers include styrene,
      1,3-butadiene, 2-chlorobutene, alpha-methyl styrene, alpha-chlorostyrene,
      2-chloro-1,3-butadiene, 1,1-dichloroethylene, vinyl butyrate, vinyl
      acetate, allyl chloride, dimethyl maleate, divinyl benzene,
      diallylitaconate, triallyl cyanurate, acrylonitrile, methacrylonitrile,
      acrylamide, diacetone acrylamide, methacrylamide, n-butoxymethyl
      acrylamide, and the like.
PAR  A wide variety of alkylenimines, including substituted alkylenimines, can
      be employed in the preferred acrylic interpolymers of the present
      invention. Thus, alkylenimines such as 1,2-propylenimine,
      1,3-propylenimine, ethylenimine, N-tolyl ethylenimine, N-hydroxyethyl
      ethylenimine are suitable.
PAR  Comonomers which are particularly preferred for use in preparing the high
      acid acrylic polymers of the present invention are methyl methacrylate,
      ethyl acrylate, styrene, vinyl toluene, acrylonitrile, methacrylonitrile,
      methacrylic acid, acrylic acid, 2-ethylhexyl acrylate, butyl acrylate,
      butyl methacrylate, and lauryl methacrylate. The preferred alkylenimines
      are ethylenimine, hydroxyethyl ethylenimine, and propylenimine.
PAR  It should be noted here that the specific amounts of the monomeric
      components employed in the above-described acrylic interpolymers can be
      varied considerably, depending on desired results and the selection of
      suitable amounts of such monomers is considered to be well within the
      skill of the art. As is readily apparent, in formulating the the high acid
      acrylic interpolymer, a sufficient quantity of ethylenically unsaturated
      carboxylic acid will be used to provide an interpolymer having an acid
      number within the above-stated range.
PAR  The amounts of high acid acrylic interpolymer employed in the polymeric
      binder of this invention may range from about 25 percent to about 75
      percent by weight of total polymer solids in the composition. However, a
      preferred range of acrylic interpolymer is from about 50 percent to about
      70 percent by weight of the total polymer solids with 50 percent by weight
      being especially preferred.
PAR  Acrylic interpolymers of the above general type and their method of
      preparation are well known in the art, for example, see U.S. Pat. No.
      3,290,417, incorporated herein by reference.
PAR  As indicated above, the polymeric binder of the present invention, in
      addition to the high acid acrylic interpolymer, contains an epoxy resin.
      While virtually any epoxy resin can be used in the binder, epoxy resins
      which are especially preferred are the so-called high molecular weight
      epoxy resins. These high molecular weight epoxy resins are preferred
      because they are more readily processable to form polymeric binder
      emulsion, provide for better physical properties in the finished coating
      composition, and are readily formulated with pigment and other adjuvants
      to produce compositions having utility as primers, primer-surfacers, and
      sealers for metallic substrates. The term "high molecular weight epoxy
      resin" as employed herein means an epoxy resin having a molecular weight
      of at least about 20,000. However, epoxy resins having molecular weights
      of from about 20,000 to about 200,000 or even higher can be advantageously
      employed and are preferred. Epoxy resins having a molecular weight of from
      40,000 to about 60,000 are especially preferred.
PAR  In view of the high molecular weights of these epoxy resins, the percentage
      by weight of the epoxy groups which terminate the molecule is very low.
      Accordingly, these high molecular weight epoxy resins can in general be
      represented by the structural formula:
      ##EQU1##
      wherein n is an integer sufficient to provide the epoxy resin with a
      molecular weight of at least 20,000, R.sub.1 is a divalent aromatic
      radical selected from the group consisting of bisphenol A, substituted
      bisphenol A, bisphenol F and substituted bisphenol F; R.sub.2 is a C.sub.1
      -C.sub.5 alkyl; and R.sub.3, R.sub.4, and R.sub.5 are individually
      selected from the group consisting of hydrogen and C.sub.1 -C.sub.5
      alkyls. R.sub.1, as shown above, can be a bisphenol A or a bisphenol F,
      both of which can be substituted. Suitable substituents include C.sub.1
      -C.sub.5 alkyls, halogens such as chlorine, bromine and fluorine, and
      C.sub.1 -C.sub.5 alkoxy groups.
PAR  Preferred high molecular weight epoxy resins are those derived from
      epichlorohydrin-bisphenol A and epichlorohydrin-bisphenol F. High
      molecular weight epoxy resins of the above type are commercially
      available.
PAR  Low molecular weight epoxy resins, i.e., epoxy resins having a molecular
      weight below 20,000 (i.e., from about 400 to about 19,000) can also be
      employed in the polymeric binder emulsions of the present invention.
      However, these resins (referred to hereinafter as relatively low molecular
      weight epoxy resins) are not as well favored as the high molecular weight
      epoxy resins described above because they are more difficult to process in
      forming emulsions and compositions containing these resins are slightly
      deficient in physical properties (e.g., adhesion) and lack the versatility
      of those containing the high molecular weight epoxies. Thus, compositions
      based on relatively low molecular weight epoxy resins are principally
      useful as protective coatings.
PAR  Relatively low molecular weight epoxy resins which are suitable for use in
      the polymeric binder emulsions of the present invention are the
      polyepoxide resins. Useful polyepoxides are those having an epoxy
      functionality greater than 1.0, i.e., the average number of oxirane groups
      ##EQU2##
      per molecule is greater than 1. These polyepoxides comprise a relatively
      large class of materials and have been described in numerous patents,
      e.g., U.S. Pat. Nos. 2,467,171; 2,615,007; 2,716,123; 3,030,336;
      3,053,855; and 3,075,999.
PAR  Among the relatively low molecular weight polyepoxides which may be used
      herein are the polyglycidyl ethers of polyphenols, such as Bisphenol A.
      These may be obtained, for example, by esterification of a polyphenol with
      epichlorohydrin or dichlorohydrin in the presence of an alkali. In
      addition to Bisphenol A, phenolic compounds such as
      bis(4-hydroxyphenyl)2,2-propane, 4,4'-dihydrobenzophenone,
      bis(4-hydroxyphenyl)1,1-ethane, bis(4-hydroxyphenyl)1,1-isobutane,
      bis(4-hydroxytertiarybutylphenyl)2,2-propane,
      bis(2-hydroxynaphthyl)methane, 1,5-dihydroxynaphthalene, or the like can
      be used. The polyphenol can also be a novolak resin or a similar
      polyphenol resin.
PAR  Such polyglycidyl ethers of polyphenols correspond to the average formula:
      ##EQU3##
      in which X represents an aromatic radical, and z represents a whole or
      fractional small number. Similarly, suitable polyglycidyl ethers of
      polyhydric alcohols are those which may be derived from such aliphatic
      polyhydric alcohols as ethylene glycol, diethylene glycol, triethylene
      glycol, 1,2-propylene glycol, 1,4-butylene glycol, 1,5-pentanediol,
      2,4,6-hexanetriol, glycerol, and the like.
PAR  Other relatively low molecular weight epoxy resins which are suitable are
      the polyglycidyl esters of polycarboxylic acids, which are produced by the
      reaction of epichlorohydrin or a similar epoxy compound with an aliphatic
      or aromatic polycarboxylic acid, such as oxalic acid, succinic acid,
      glutaric acid, adipic acid, azelaic acid, phthalic acid, isophthalic acid,
      dicarboxylic acid, dimerized linolenic acid and the like. Examples are
      diglycidyl adipate and diglycidyl phthalate, and similar esters which
      correspond to the formula:
      ##EQU4##
      in which X represents a hydrocarbon radical, such as a phenyl or other
      aromatic radical, or aliphatic radical, and Z represents a whole or
      fractional small number.
PAR  There may also be employed relatively low molecular weight polyepoxides
      derived from the epoxidation of an olefinically unsaturated alicyclic
      compound. Included are diepoxides and higher epoxides, as well as mixtures
      of epoxides comprising, in part, one or more monoepoxides. These
      polyepoxides are non-phenolic and are obtained by epoxidation of alicyclic
      olefins, for example, by oxygen and selected metal catalysts by perbenzoic
      acid, by acetaldehyde monoperacetate or by peracetic acid. Amounts of the
      high molecular weight or relatively low molecular weight epoxy resins
      employed in the polymer binder emulsion of the present invention may range
      from about 25 to about 75 percent by weight of polymer solids. A preferred
      amount is from about 30 to about 50 percent by weight of polymer solids,
      with 50 percent by weight being especially preferred.
PAR  As indicated above, the method of preparing the stable polymeric binder
      emulsions of the present invention varies somewhat depending on the type
      epoxy resin used in preparing the binder. Where the epoxy resin employed
      is the preferred high molecular weight epoxy resin described above, the
      following general procedure is employed:
PAR  The high acid acrylic interpolymer is first prepared in known manner using
      conventional procedures by copolymerizing the desired monomers in well
      known polymerization solvents to form the acrylic interpolymer in
      solution. The polymerization procedure is carried forward under reflux
      conditions at temperatures ranging from about 130.degree.C. to about
      200.degree.C. and standard polymerization catalysts are employed. For a
      detailed description of such acrylic interpolymers see U.S. Pat. No.
      3,290,417. The resultant acrylic interpolymer solution is then admixed
      with the high molecular weight epoxy resin in the presence of a dispersing
      agent such as sodium oleate, dioctyl sodium sulfosuccinate, lauryl
      ammonium acetate, octadecyl ammonium chloride, glyceryl monolaurage, oleic
      acid, recinoleic acid, lecithin, zinc naphthenate, monyl
      phenolpoly(ethyleneoxy)phosphate ester, octyl polyethoxyethanol, mixtures
      of the alkylphenyl ether of polyethylene glycol in ethylene glycol and
      acetylenic glycol-2,4,7,9-tetramethyl-5-decyne-4,7-diols. The preferred
      dispersing agents are the mixtures of the alkyl phenyl ether of
      polyethylene glycol in ethylene glycol and acetylenic
      glycol-2,4,7,9-tetramethyl-5-decyne-4,7-diol. The amount of the dispersing
      agent may vary somewhat but generally an amount of from about 3 to about 5
      percent by weight based on the solids content of the acrylic polymer and
      epoxy resin is sufficient.
PAR  As indicated above, the high acid acrylic interpolymer and high molecular
      weight epoxy resin are first mixed in the presence of a dispersing agent
      such as those described above. This mixture is then partially solubilized
      by first adding in undiluted form from about 40 percent to about 85
      percent by weight of a solubilizing agent based upon the total weight of
      the solubilizing agent to be employed in the binder. The precise amount of
      undiluted solubilizing agent employed at this stage of the procedure is in
      general an amount sufficient to raise the pH of the mixture to at least
      about 7.5.
PAR  After mixing for about one to 4 hours, the remaining portion of the
      solubilizing agent in a water solution is added to form the stable
      polymeric binder emulsions of this invention. Enough water is usually
      added to provide a composition having a total solids content of from about
      15 to about 30 percent, preferably about 25 percent, however compositions
      having a solids content of 5 percent or less, as well as those having a
      solids content of 80 percent or more may be employed in some instances.
PAR  The total amount of the solubilizing agent necessary to provide the
      emulsions herein may vary somewhat depending on the acidity of the acrylic
      interpolymer, but generally from about 5 to about 7 percent by weight
      based on the solids content of the acrylic polymer and the high molecular
      weight epoxy resin is sufficient. Also, it is desirable to have the
      solubilizing agent present in such an amount as to provide a finished
      composition having a pH in the range of from about 10.2 to 10.5, but
      compositions having a pH of 9 or less or 11 or more may likewise be
      employed.
PAR  The solubilizing agent that can be employed herein includes any basic,
      primary, secondary, or tertiary amine, for example, alkyl amines, such as
      methylamine, ethylamine, propylamine, butylamine, amylamine,
      dimethylamine, diethylamine, dipropylamine, dibutylamine,
      N-methylbutylamine, trimethylamine, triethylamine and tributylamine;
      cycloalkyl amines, such as cyclohexylamine; unsaturated amines such as
      allyl amine, 1,2-dimethylpentylamine and pyrrole; arylamines, such as
      aniline; aralkylamines, such as benzylamine and phenthylamine;
      alkarylamines, such as m-toluidine; cyclic amines, such as morpholine,
      pyrrolidine, pyridine and piperidine; diamines, such as hydrazine, methyl
      hydrazine, 2,3-toluenediamine, ethylenediamine, 1,2-naphthylene diamine
      and piperazine; and substituted amines, such as histamine, hydroxylamine,
      ethanolamine, diethanolamine, dimethyl ehtanolamine and triethanolamine.
      The preferred solubilizing agents are dimethylethanolamine and
      triethylamine.
PAR  The procedure employed to form polymeric binder emulsions wherein a
      relatively low molecular weight epoxy resin as defiend above is to be used
      in the binder is in general quite similar to the above-described
      procedure. However, in view of the higher epoxy group functionality of
      these resins, and consequently, their much greater reactivity, these
      resins require the exercise of greater care in handling and the use of
      additional materials to further defunctionalize the epoxy groups in order
      to achieve stable emulsions. For example, these relatively low molecular
      weight epoxy resins generally require the addition of esterification
      catalysts to semi-esterify the epoxy resin as a means of defunctionalizing
      the epoxy groups. These esterification catalysts are normally added along
      with the epoxy resin to the acrylic interpolymer and admixed for about
      25-45 minutes prior to the addition of the dispersing agent.
      Esterification catalysts which are suitable for the above purpose include,
      for example, metallic soaps such as zinc naphthenate, lead naphthenate,
      cobalt naphthenate, sodium naphthenate, and the like. Zinc naphthenate is
      the preferred esterification catalyst. The amount of esterification
      catalyst employed in the composition will vary somewhat and is dependent
      upon the functionality of the specific epoxy resin employed and thus the
      amount cannot be stated with precision. In general, the amount of
      esterification catalyst may range from approximately 0.5 to 5.0 percent by
      weight, or even higher, based upon the weight and type of epoxy resin
      used. In addition to the esterification catalysts, other materials to
      defunctionalize the epoxy groups can advantageously be employed. Thus,
      materials such as fatty acids, fatty acid amines and organic phosphates
      are suitable for that purpose. For example, fatty acids such as oleic,
      linoleic, ricinoleic and the like and organic phosphates such as isooctyl
      phosphate are suitable. A fatty acid amine such as Sipanol CY-2 available
      from Alcolac Chemical Company is especially suitable. The amounts of these
      additional materials employed to defunctionalize the epoxy resins are also
      dependent upon the functionality of the precise epoxy resin used. In
      general, the amounts of these materials are sufficient that when combined
      with the esterification catalyst, the epoxy groups of the relatively low
      molecular weight epoxy resins are substantially completely
      defunctionalized.
PAR  As mentioned above, coating compositions containing polymeric binders based
      on high acid acrylic interpolymers and relatively low molecular weight
      epoxy resins are slightly deficient in physical properties. Accordingly,
      compositions containing the low molecular weight epoxy resins are
      primarily useful as protective coatings.
PAR  Coating compositions of the present invention in addition to the polymeric
      binder may also contain pigments and adjuvants which are well known in the
      coating art. Thus, pigments such as, for example, titanium dioxide, talc,
      barytes, carbon black, strontium chromate, barium chromate, cadmium
      yellow, cadmium red, toluidine red, cobalt blue, calcium plumbate,
      ultramarine violet strontium chromate, basic silicate of white lead and
      the like are suitable. Typical adjuvants may include thickening agents,
      anti-foaming agents, adhesion additives, coalescing aids, and the like.
      The amounts of pigment and adjuvants employed in the coating compositions
      of this invention are dependent upon the specific properties in the
      particular water-based coating composition and the determination of such
      amounts is well within the skill of the art. As noted previously, coating
      compositions of this invention when based upon the preferred polymeric
      binder (i.e., high acid acrylic interpolymer high molecular weight epoxy
      resin) may be formulated with pigments and adjuvants to produce finished
      compositions having utility as primers, primer surfacers, and sealers for
      metallic substrates.
DETD
PAR  The following examples are submitted to further illustrate the nature of
      the present invention and should not be regarded as a limitation on the
      scope thereof. All parts and percentages in the Examples and throughout
      the specification are by weight unless otherwise specified.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of an acrylic interpolymer having
      an acid number of about 40.
PAR  A reaction vessel equipped with a heating mantle, condenser, stirrer, and
      thermometer was charged with 249.7 parts of ethyl Cellosolve (ethylene
      glycol monoethyl ether) and heated to reflux at 130.degree.C. Over a
      period of 2 hours, 229.7 parts of methyl methacrylate, 20.0 parts
      methacrylic acid, 1.0 part azobisisobutyronitrile and 0.5 part t-dodecyl
      mercaptan were added. Then an additional 1.1 parts of
      azobisisobutyronitrile and 132.8 parts of ethyl cellosolve were added over
      a 3-hour period. After an additional mixing period of one hour, 200.2
      parts of ethyl cellosolve were again added to the reaction mixture. The
      mixture was then cooled to 66.degree.C. and 3.6 parts of ethylenimine were
      added. After mixing for one hour, the mixture was removed and filtered.
PAR  The resultant acrylic interpolymer solution contained 30-31 percent solids
      and had a Gardner-Holdt viscosity of Z-6 at 25.degree.C. The acrylic
      interpolymer had an acid number of 39-40.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of an acrylic interpolymer having
      an acid number of about 84.
PAR  A reaction vessel equipped with a heating mantle, condenser, stirrer, and
      thermometer was charged with 1400 grams of ethyl cellosolve, 145 grams of
      cumene hydroperoxide, 455 grams of ethyl acrylate, and 62 grams of
      methacrylic acid. The mixture was then heated to reflux at 108.degree.C.
      Over a period of 5 hours, an additional 1364 grams of ethyl acrylate and
      186 grams of methacrylic acid were added. The mixture was then held for 1
      hour, removed and filtered.
PAR  The resultant acrylic interpolymer solution had a solids content of 57.3
      percent and a Gardner-Holdt viscosity of L at 25.degree.c. The acrylic
      interpolymer had an acid number of 83-84.
PAC  EXAMPLE III
PAR  This example illustrates the preparation of an emulsion of a polymeric
      binder in water wherein the epoxy resin component of the binder is a high
      molecular weight epoxy resin.
PAR  To a steam jacketed mixer is charged 258.0 parts of the acrylic
      interpolymer of Example I and 193.5 parts of 684 EK-40 epoxy resin (an
      epichlorohydrin-bisphenol A type epoxy resin having a molecular weight of
      about 40,000, available from Dow Chemical Corporation). These ingredients
      are mixed for 20 minutes after which is added 25.55 parts of dispersing
      agents consisting of 10.05 parts of octyl polyethoxyethanol and 15.5 parts
      of a mixture of the alkyl phenyl ether of polyethylene glycol in ethylene
      glycol and acetylenic glycol-2,4,7,9-tetramethyl-5-decyne-4,7-diol.
PAR  The batch is then mixed and heated to 180.degree.F. with rapid agitation
      and held at a temperature of 180.degree.-190.degree.F. for 4 hours.
      Thereafter, the batch is allowed to cool to 100.degree.-120.degree.F.,
      followed by the addition of 16.3 parts of dimethyl ethanolamine. The batch
      is further mixed for one hour with rapid agitation following which 341.4
      parts of an amine-water solution consisting of 5.40 parts of triethylamine
      and 336 parts of deionized water is added to the reaction mixture along
      with 1.54 parts of an anti-foaming agent (i.e., Foamacure 142 -- an
      antifoaming agent available from Rohm and Haas Co.). The pH of the mixture
      is then adjusted to 10.2 with dimethyl ethanolamine to produce a stable
      polymeric binder emulsion.
PAC  EXAMPLE IV
PAR  Example III was repeated except that the acrylic interpolymer of Example II
      was substituted for the acrylic interpolymer used in Example III and an
      epichlorohydrin-bisphenol A type epoxy resin having a molecular weight of
      approximately 45,000 was substituted for the epoxy resin used in Example
      III. A polymeric binder emulsion is also achieved in this example.
PAC  EXAMPLE V
PAR  This example illustrates the preparation of a water-based sealer
      composition utilizing the polymeric binder of Example III.
PAR  The sealer composition was prepared by first premixing a pigment paste,
      grinding the paste, and then admixing the paste with a polymeric binder,
      water and other adjuvants to produce the finished compositions. The
      pigment paste had the following formulation (designated Formula I):
TBL                Formula 1                                                   
     ______________________________________                                    
                          Parts by Weight                                      
     ______________________________________                                    
     Pigment Paste:                                                            
     Titanium dioxide       17.20                                              
     Barytes                65.00                                              
     Carbon black (Condectex SC)                                               
                            5.25                                               
     Dimethyldioctadecyl ammonium bentonite                                    
                            3.50                                               
     Triethylamine          0.02                                               
     Polymeric binder of Example III                                           
                            2.50                                               
     Deionized water        2.50                                               
     Total                  95.97                                              
     ______________________________________                                    
PAR  The above pigment paste was premixed and then ground in known manner by
      passing through a sand mill. The ground paste was the admixed with the
      following ingredients to form the finished composition:
TBL                Formula 2                                                   
     ______________________________________                                    
                          Parts by Weight                                      
     ______________________________________                                    
     Formula 1 (ground)     95.97                                              
     Polymeric binder of Example III                                           
                            56.60                                              
     Deionized water        41.90                                              
     Thickener (amine-polyacrylate or                                          
       polyacrylate acid    8.43                                               
     Total                  202.90                                             
     ______________________________________                                    
PAR  The above sealer composition was applied to a steel panel previously coated
      with a standard automotive high bake alkyd resin primer by spraying with a
      conventional air gun apparatus. The applied sealer composition was
      permitted to air dry and subsequently was topcoated with a conventional
      acrylic topcoat (i.e., a polymethyl methacrylate type). The adhesion of
      the acrylic lacquer topcoat to the sealer composition was evaluated in a
      known manner using a standard tape adhesion test and found to be
      excellent. The composite coatings exhibited good resistance to weathering
      and corrosion.
PAC  EXAMPLE VI
PAR  This example illustrates the preparation of a flash primer composition
      utilizing the polymeric binder of Example III.
PAR  The composition was prepared in substantially the same general manner as
      employed in Example V. Thus, a pigment paste was first prepared having the
      following formulation:
TBL                Formula 3                                                   
     ______________________________________                                    
                          Parts by Weight                                      
     ______________________________________                                    
     Pigment Paste                                                             
     Titanium dioxide       17.00                                              
     Barytes                65.00                                              
     Carbon black           5.00                                               
     Dimethyl dioctyldecyl ammonium bentonite                                  
                            3.50                                               
     Triethylamine          1.52                                               
     Polymeric binder of Example III                                           
                            57.19                                              
     Deionized water        24.99                                              
     Total                  174.20                                             
     ______________________________________                                    
PAL  The ground paste was then admixed with the following ingredients to form
      the finished flash primer composition.
TBL                Formula 4                                                   
     ______________________________________                                    
     Formula 3 (ground)     174.20                                             
     Polymeric binder of Example III                                           
                            433.61                                             
     Phenolic resin solution*                                                  
                            34.90                                              
     Thickener (amine-polyacrylate or                                          
     polyacrylate acid)     97.00                                              
     Deionized water        344.59                                             
     Total                  1084.30                                            
     ______________________________________                                    
      *A 55% solution of a phenolic resin designated methylon 108 (available   
      from General Electric Company) in ethyl cellosolve.                      
PAL  The above-prepared flash primer composition was tested for adhesion in the
      manner described in Example V. The composition showed excellent adhesion
      to a standard acrylate lacquer topcoat and the composition coatings
      exhibited good resistance to weathering and corrosion.
PAC  EXAMPLE VII
PAR  This example illustrates the preparation of a polymeric binder emulsion
      based on a high acid acrylic interpolymer and a relatively low molecular
      weight epoxy resin (i.e., a molecular weight of approximately 400).
PAR  To a reaction vessel equipped with heating mantle, condenser, stirrer, and
      thermometer is charged 19.37 parts of butyl cellosolve, 2.00 parts of
      cumene hydroperoxide, 2.86 parts of styrene, 0.86 part methacrylic acid,
      and 3.43 parts of ethyl acrylate. The above ingredients were then heated
      to reflux at 180.degree.C. in one hour. Over a period of 5 hours, 8.29
      parts of styrene, 2.57 parts of methacrylic acid, and 10.29 parts of ethyl
      acrylate were then added. The mixture was then held for 11/2  hours at
      180.degree.-185.degree.C. and subsequently cooled to 50.degree.C. After
      cooling, 6.25 parts of an epichlorohydrin-bisphenol A type epoxy resin
      (i.e., molecular weight of approximately 400, epoxy equivalent of 185-192,
      and viscosity at 25.degree.C. of 100-160 poises), 4.38 parts of ricinoleic
      acid, and 1.25 parts of an 8 percent solution of zinc naphthenate were
      added. After mixing for 30 minutes, 3.12 parts of octyl polyethoxy ethanol
      and 3.12 parts of octyl phenoxy polyethoxy ethanol were then added. The
      mixture was then heated to 80.degree.-83.degree.C. and held for 4 hours,
      then cooled to 50.degree.C. After cooling, 5.0 parts of dimethyl
      ethanolamine were added, followed by one hour of mixing. Then 38.75 parts
      of an amine-water solution consisting of 1.25 parts of ethethylamine and
      37.50 parts of deionized water were added to produce a polymeric binder
      emulsion in water. The resultant polymeric binder emulsion can be applied
      to a substrate in conventional manner and air-dried or baked to produce a
      protective coating having good adhesion to the substrate and good
      resistance to weathering and corrosion.
PAC  EXAMPLE VIII
PAR  This example illustrates the preparation of a polymeric binder emulsion
      wherein the epoxy resin used is an epoxy resin having a molecular weight
      of approximately 100.
PAR  To a reaction vessel equipped with heating mantle, condenser, stirrer, and
      thermometer is charged 19.6 parts of ethyl Cellosolve, 1.40 parts of
      cumene hydroperoxide, 6.37 parts of ethyl acrylate, and 0.87 part of
      methacrylic acid. The above ingredients were heated to reflux at
      108.degree.C. in 1 hour. Over a period of 4 hours, 19.10 parts of ethyl
      acrylate and 2.60 parts of methacrylic acid are added. The mixture is held
      for 1 hour and then cooled to 30.degree.C. After cooling, 13.4 parts of a
      solid epichlorohydrin-Bisphenol A type epoxy resin (i.e., molecular weight
      about 1,000, epoxy equivalent 450-550, Gardner-Holdt viscosity at
      25.degree.C. of D-G, and melting point 65.degree.-75.degree.C.) and 6.6
      parts of ethyl cellosolve were added. After the epoxy resin dissolved,
      3.12 parts of octyl polyethoxyethanol, 3.12 parts of octyl phenoxy
      polyethoxy ethanol and 1.25 parts of an 8 percent solution of zinc
      naphthenate were added followed by mixing for 30 minutes. The mixture was
      then heated to 80.degree.-83.degree.C. and held for 4 hours after which
      6.25 parts of dimethyl ethanolamine were added. After mixing for one hour,
      38.75 parts of an amine-water solution consisting of 1.25 parts of
      triethylamine and 37.5 parts of deionized water were added.
PAR  The resultant composition is a polymeric binder emulsion in water. The
      polymeric binder emulsion can be applied to a substrate in conventional
      manner and air-dried or baked to form a protective coating which exhibits
      good adhesion to the substrate and good resistance to weathering and
      corrosion.
PAR  According to the provisions of the Patent Statutes, there are described
      above the invention and what are now considered its best embodiments.
      However, within the scope of the appended claims, it is to be understood
      that the invention can be practiced otherwise than as specifically
      described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A coating composition comprising an emulsion of a partially-solubilized
      polymeric binder in water, wherein the polymeric binder comprises:
PA1  A. from about 25 to about 75 percent by weight of polymer solids of an
      acrylic interpolymer derived from an alkyl acrylate or methacrylate ester,
      an ethylenically unsaturated carboxylic acid and, optionally, at least one
      other copolymerizable ethylenically-unsaturated monomer, wherein at least
      part of the acid carboxylic groups have been iminated with an
      alkylenimine, wherein said interpolymer is partially solubilized with a
      solubilizing agent, and wherein said acrylic interpolymer prior to partial
      solubilization with said solubilizing agent has an acid number of from
      about 20 to about 100; and
PA1  B. from about 25 to about 75 percent by weight of polymer solids of a high
      molecular weight epoxy resin having the structure:
      ##EQU5##
      wherein n is an integer sufficient to provide the resin with a molecular
      weight of at least about 20,000; R.sub.1 is a divalent aromatic radical
      selected from the group consisting of bisphenol A, substituted bisphenol
      A, bisphenol F, and substituted bisphenol F; R.sub.2 is a C.sub.1 to
      C.sub.5 alkyl; and R.sub.3, R.sub.4 and R.sub.5 are individually selected
      from the group consisting of hydrogen and a C.sub.1 to C.sub.5 alkyl.
NUM  2.
PAR  2. The composition as recited in claim 1 wherein the polymeric binder
      comprises from about 50 to about 70 percent by weight of polymer solids of
      the acrylic interpolymer and from about 30 to about 50 percent by weight
      of polymer solids of the epoxy resin.
NUM  3.
PAR  3. The composition as recited in claim 1 wherein the polymeric binder
      comprises 50 percent by weight of polymer solids of the acrylic
      interpolymer and 50 percent by weight of polymer solids of the epoxy
      resin.
NUM  4.
PAR  4. The composition as recited in claim 1 wherein the alkyl acrylate is
      selected from the group consisting of ethyl, methyl, propyl, butyl, hexyl,
      ethylhexyl and lauryl acrylate.
NUM  5.
PAR  5. The composition as recited in claim 1 wherein the alkyl methacrylate is
      selected from the group consisting of ethyl, methyl, propyl, butyl, hexyl,
      ethylhexyl, and lauryl methacrylate.
NUM  6.
PAR  6. The composition as recited in claim 1 wherein the ethylenically
      unsaturated carboxylic acid is selected from the group consisting of
      acrylic, methacrylic, crotonic, 3-butenoic, angelic, and tiglic acid.
NUM  7.
PAR  7. The composition as recited in claim 1 wherein the other ethylenically
      unsaturated monomer is selected from the group consisting of monoolefinic
      and diolefinic hydrocarbons, halogenated monoolefinic and diolefinic
      hydrocarbons, unsaturated esters of organic and inorganic acids, esters of
      unsaturated acids, organic nitriles, and organic amides.
NUM  8.
PAR  8. The composition as recited in claim 1 wherein the other ethylenically
      unsaturated monomer is selected from the group consisting of styrene,
      vinyl toluene, acrylonitrile and methacrylonitrile.
NUM  9.
PAR  9. The composition as recited in claim 1 wherein the alkylenimine is
      selected from the group consisting of ethylenimine, hydroxyethyl
      ethylenimine, and propylenimine.
NUM  10.
PAR  10. The composition as recited in claim 1 wherein the epoxy resin has a
      molecular weight of from about 40,000 to about 60,000.
NUM  11.
PAR  11. A water-based sealer composition comprising:
PA1  A. an emulsion of a partially-solubilized polymeric binder in water,
      wherein the polymeric binder comprises:
PA2  1. from about 25 to about 75 percent by weight of polymer solids of an
      acrylic interpolymer derived from an alkyl acrylate or methacrylate ester,
      an ethylenically unsaturated carboxylic acid, and, optionally, at least
      one other copolymerizable ethylenically unsaturated monomer, wherein at
      least part of the acid carboxylic groups have been iminated with an
      alkylenimine, wherein said interpolymer is partially solubilized with a
      solubilizing agent, and wherein said acrylic interpolymer prior to partial
      solubilization with said solubilizing agent has an acid number of from
      about 25 to about 100; and
PA2  2. from about 25 to about 75 percent by weight of polymer solids of a high
      molecular weight epoxy resin having the structure:
      ##EQU6##
       wherein n is an integer sufficient to provide the resin with a molecular
      weight of at least about 20,000; R.sub.1 is a divalent aromatic radical
      selected from the group consisting of bisphenol A, substituted bisphenol
      A, bis-phenol F, and substituted bisphenol F; R.sub.2 is a C.sub.1 to
      C.sub.5 alkyl; and R.sub.3, R.sub.4, and R.sub.5 are individually selected
      from the group consisting of hydrogen and a C.sub.1 to C.sub.5 alkyl.
NUM  12.
PAR  12. The sealer compostion as recited in claim 11 wherein the polymeric
      binder comprises from about 50 to about 70 percent by weight of polymer
      solids of the acrylic interpolymer and from about 30 to about 50 percent
      by weight of polymer solids of the epoxy resin.
NUM  13.
PAR  13. The sealer composition as recited in claim 11 wherein the alkyl
      acrylate is selected from the group consisting of ethyl, methyl, propyl,
      butyl, hexyl, ethylhexyl, and lauryl acrylate.
NUM  14.
PAR  14. The sealer composition as recited in claim 11 wherein the alkyl
      methacrylate is selected from the group consisting of ethyl, methyl,
      propyl, butyl, hexyl, ethylhexyl, and lauryl methacrylate.
NUM  15.
PAR  15. The sealer composition as recited in claim 11 wherein the ethylenically
      unsaturated carboxylic acid is selected from the group consisting of
      acrylic, methacrylic, crotonic, 3-butenoic, angelic, and tiglic acid.
NUM  16.
PAR  16. The sealer composition as recited in claim 11 wherein the other
      ethylenically unsaturated monomer is selected from the group consisting of
      monoolefinic and diolefinic hydrocarbons, halogenated monoolefinic and
      diolefinic hydrocarbons, unsaturated esters of organic and inorganic
      acids, esters of unsaturated acids, organic nitriles, and organic amides.
NUM  17.
PAR  17. The sealer composition as recited in claim 11 wherein the other
      ethylenically unsaturated monomer is selected from the group consisting of
      styrene, vinyl toluene, acrylonitrile and methacrylonitrile.
NUM  18.
PAR  18. The sealer composition as recited in claim 11 wherein the alkylenimine
      is selected from the group consisting of ethylenimine, N-hydroxyethyl
      ethylenimine and propylenimine.
NUM  19.
PAR  19. The sealer composition as recited in claim 11 wherein the epoxy resin
      has a molecular weight of from about 40,000 to about 60,000.
PATN
WKU  039459640
SRC  5
APN  4686578
APT  1
ART  142
APD  19740510
TTL  Aqueous epoxy emulsions
ISD  19760323
NCL  6
ECL  1
EXA  Koeckert; Arthur H.
EXP  Tillman; Murray
INVT
NAM  Hastings; Garth Winton
STR  23 Belair Ave.
CTY  Carringbah
CNT  AU
INVT
NAM  Wyatt; Wade Arthur
STR  173 High St.
CTY  Willoughby
CNT  AU
PRIR
CNT  AU
APD  19710319
APN  4365/71
PRIR
CNT  AU
APD  19711015
APN  6668/71
RLAP
COD  72
APN  400518
APD  19730925
PSC  03
RLAP
COD  81
APN  234639
APD  19720314
PSC  03
CLAS
OCL  260 296NR
XCL  204181
XCL  260  25EP
XCL  260 18EP
XCL  260 292EP
XCL  260 37EP
EDF  2
ICL  C08J  306
ICL  C08J  928
FSC  260
FSS  29.2 EP;2.5 EP;29.6 NR
UREF
PNO  2811495
ISD  19571000
NAM  Wittcoff et al.
OCL  260 29.2EP
UREF
PNO  2872428
ISD  19590200
NAM  Schroeder
OCL  260 29.2EP
UREF
PNO  2933409
ISD  19600400
NAM  Binkley et al.
OCL  260 29.2EP
UREF
PNO  3049449
ISD  19620800
NAM  Lundgren et al.
OCL  260 29.2EP
UREF
PNO  3168488
ISD  19650200
NAM  Sommer
OCL  260 29.2EP
UREF
PNO  3316195
ISD  19670400
NAM  Grosner et al.
OCL  260 29.2EP
UREF
PNO  3335105
ISD  19670800
NAM  Burnthall et al.
OCL  260 29.2EP
UREF
PNO  3376245
ISD  19680400
NAM  Sample et al.
OCL  260 29.2EP
UREF
PNO  3497556
ISD  19700200
NAM  Lanner et al.
OCL  260 29.2EP
UREF
PNO  3634305
ISD  19720100
NAM  Johnson et al.
OCL  260 29.2EP
UREF
PNO  3661267
ISD  19720500
NAM  Markley
OCL  260  2.5EP
UREF
PNO  3669911
ISD  19720600
NAM  Najvar
OCL  260  2.5EP
LREP
FR2  Striker; Michael J.
ABST
PAL  Stable aqueous emulsions of epoxy resins containing as an emulsifying agent
      between 2 and 10% by weight relative to the weight of the epoxy resin of
      ethylene oxidepropylene oxide block polymers having the formulae
EQU  R--O--CH(CH.sub.3 CH--O ].sub.X [CH.sub.2 CH.sub.2 --O ].sub.Y H
PAC  and
EQU  R--O--CH.sub.2 CH.sub.2 (CH.sub.3)--O ].sub.X [CH.sub.2 CH.sub.2 --O
      ].sub.Y H
PAL  in which X is an integer of at least 8 and at most 22, Y is an integer from
      at least 25 and at most 40, and R is a radical of the group consisting of
      alkenyl, aralkyl, cycloalkyl, aralkenyl and cycloalkenyl radicals.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation in part of our application Ser. No.
      400,518, filed Sept. 25, 1973, which, in turn, is a continuation of our
      application Ser. No. 234,639, filed Mar. 14, 1972, both of which are now
      abandoned.
BSUM
PAR  This invention relates to a stable aqueous emulsion of an epoxy resin.
PAR  Throughout this specification the term epoxy resin is used to refer
      collectively to oxirane group containing compounds and polymers and
      mixtures of these with other materials. An extensive series of epoxy
      resins are well known in the art and include compounds which may be
      subdivided into a number of classes as follows:
PA1  A. The Diglycidyl ethers of Bisphenol A. These are often referred to as
      "bisphenol A epoxy resins", they may be low molecular weight liquids or
      higher molecular weight solids or very high molecular weight resins
      usually supplied in solution of an organic solvent.
PA1  B. Brominated resins. These resins differ from the normal bisphenol A resin
      in that they contain chemically bound bromine atoms. The bromine acts as a
      flame retardant. A typical resin would be the diglycidyl ether of
      tetrabromo-bisphenol A and higher molecular weight species.
PA1  C. Epoxy phenol novolac and epoxy cresol novolac resins. These resins are
      prepared by adding oxirane functional groups to phenol novolac and cresol
      novolac resins. The resulting resins may be liquid or solid and when cured
      with suitable hardeners are claimed to have better heat resistance,
      chemical resistance and electrical properties than Bisphenol A epoxy
      resins.
PA1  D. Cycloaliphatic resins. In these resins, the oxirane functional group is
      attached to or is part of a cycloaliphatic group. These resins are said to
      have better weather resistance than Bisphenol A epoxy resins. A typical
      resin would be
      ##SPC1##
PAL  Further examples of epoxy resins are described in "Hand Book of Epoxy
      resins", by Lee and Neville 1967 edition published by McGraw-Hill Inc.
PAR  Epoxy resins are commonly used as thermoplastic surface coatings. A
      solution of the epoxy resin is applied to a suitable substrate and the
      solvent allowed to evaporate to leave a dry film. The lower molecular
      weight epoxy resins are normally mixed with a curing agent prior to the
      formation of the coating; the curing agent cross-links the epoxy resin
      molecules to form a hard infusible mass. This reaction is exploited not
      only in the preparation of epoxy surface coatings but also in the
      production of laminates, castings, adhesives, and in other applications.
PAR  The curing agent may be any one of the wide range of chemicals known to be
      useful for this purpose, however the curing agent is preferably an
      aliphatic amine, aromatic amine, polymide or amido-amine, or acid
      anhydride.
PAR  In coating applications it is often necessary to add organic solvents to
      the mixture of the epoxy resins and the curing agent to reduce the
      viscosity of the mixture and to facilitate the application of the coating.
      While these organic solvents allow for ease of application and good film
      properties they do present serious problems. The solvents are expensive
      and are usually toxic or flammable. The problems of solvent pollution
      occur during manufacture storage, transportation and final application.
      Exhaust solvent fumes, waste solvents for cleansing equipment, and general
      spillage all present pollution problems, the solution of which is often
      difficult and expensive. These disadvantages seriously restrict the use of
      the prior art epoxy surface coatings, particularly in establishments
      connected with food handling or preparation. Furthermore cleaning of
      equipment that has been in contact with these coatings is notoriously
      difficult.
PAR  These disadvantages are overcome in the present invention which provides a
      stable aqueous epoxy resin emulsion having reduced viscosity and which do
      not need to be blended with organic solvents. The reduced viscosity
      increases the ease of handling and gives better brushing and levelling
      properties when used as a paint or other type of surface coating.
PAR  Absence of organic solvents removes the problems caused by odour, toxicity
      and flammability and all equipment contacted by the epoxy resins of the
      present invention can be cleaned by washing in water.
PAR  The emulsion of the present invention may also be blended with other
      water-based emulsions to alter the properties of these emulsions and
      improve water resistance, film-forming properties adhesion and resistance
      to heat and "creep".
PAR  The emulsion described herein may be combined with reinforcement materials
      including glass fibre, carbon fibre and ceramic fibres. The chemical
      resistance of the water-emulsifiable epoxy resin is combined with the
      mechanical properties of the reinforcement to give materials attractive
      for use as surgical implants and prostheses, lightweight corrosion
      resistant materials, laminates for structural applications and printed
      circuit boards.
PAR  The invention consists of a stable equeous emulsion of an epoxy resin, said
      emulsion containing as an emulsifying agent, an effective amount of an
      ethylene oxide propylene oxide block copolymer having the formula:
      ##EQU1##
PAR  Where X has a value of from 8 to 22, Y has a value of from 25 to 40 and R
      is a radical selected from the group comprising alkenyl, aralkyl,
      cycloalkyl, aralkenyl, and cycloalkenyl.
PAR  It is preferred that R be an alkylphenyl radical having 3 to 18 carbon
      atoms in the alkyl group and particularly preferred that R be an
      octylphenyl, nonylphenyl, or decylphenyl radical.
PAR  The curing agent used for curing the epoxy resins contained in the
      emulsions according to this invention may be water soluble, oil soluble or
      both. If water soluble curing agents such as polyamides are used, these
      may be dissolved in water and when required mixed with the epoxy resin
      emulsion before use. Some water soluble curing agents such as
      urea-formaldehyde and melamineformaldehyde resins only react with epoxy
      resins at elevated temperatures. One component heat curing epoxy resin
      systems can be prepared using such curing agents. The preferred curing
      agents however, are aromatic amines, aromatic amine adducts and mixtures
      thereof or mixtures of these with a polyamide curing agent. Aromatic
      amines and aromatic amine adducts are curing agents of the oil soluble
      type and they may be emulsified by dispersing them in aqueous emulsions of
      such thermoplastic polymers as vinyl homopolymers, vinyl copolymers,
      acrylic polymers, acrylic copolymers, or mixtures thereof. Curing agents
      containing aqueous polymer emulsions of the type described in the
      preceding paragraph are stable indefinitely, preferably contain about 60%
      by weight of solids, and preferably comprise about 20% by weight of the
      curing agent. Immediately prior to use, the epoxy resin emulsion and the
      curing agent polymer emulsion are mixed and stirred well.
PAR  The "pot life" of water-emulsifiable epoxy resins/curing agent mixtures
      prepared by the above method is several hours compared with the 1/2 to 1
      hour pot life of the prior art epoxy resins/curing agent mixtures. Applied
      as a surface coating, the water emulsifiable epoxy resins/curing agent
      mixtures of the present invention present a surface free from "tack"
      remarkably rapidly, in from 1/2 to 1 hour after mixing the resin with the
      curing agent depending on the ambient conditions obtained at the time.
      Complete hardening is reached in from 24 to 36 hours, and the curing
      coating is hard, smooth, highly glossy and outstandingly resistant to
      mechanical abrasion and chemical attack. The cured coating is also
      completely safe for uses connected with food preparation and handling.
DETD
PAR  In order that the invention may be better understood, the following are
      given as examples only and should not be construed as being in any way
      limiting.
PAC  EXAMPLE 1
PAR  A general composition using a solvent to reduce the viscosity of the resin
      and to dissolve the emulsifier.
TBL  ______________________________________                                    
     Epoxy Resin Emulsion                                                      
                         Parts by Weight                                       
     ______________________________________                                    
     Epoxy resin (Epon 828 manufactured                                        
     by Shell Chemicals) 100                                                   
     Butyl triglycol ether                                                     
                         60 to 40                                              
     Emulsifier (Teric 200 manufactured                                        
     by I.C.I. of Australia and New                                            
     Zealand)            10 to  2                                              
     Curing Agent Solution                                                     
     Polyamide (Versamid 115)                                                  
     (Manufactured by General                                                  
     Mills)              100                                                   
     Butyl triglycol ether                                                     
                         100                                                   
     ______________________________________                                    
PAL  The two components are mixed together and them emulsified by the slow
      addition of up to 150 mls. of water. The epoxy resin/curing agent emulsion
      thus formed has a wide application and is capable of further dilution with
      water.
PAC  EXAMPLES 2
PAR  Where a less viscous polyamide is used, such as VERSAMID 140, a solvent is
      dispensed with and a typical composition is given by:
TBL                    Parts by Weight                                         
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Polyamide (Versamid 140)                                                  
                       60                                                      
     Emulsifier (Teric 200)                                                    
                       2                                                       
     Water             300                                                     
PAL  The resin is heated to 90.degree.C and the emulsifier dissolved in it. The
      polyamide curing agent is then added with stirring. Water is added over
      about a 10 minute period with vigorous stirring to produce an epoxy
      resin/curing agent emulsion.
PAC  EXAMPLE 3
PAR  A primer for surface coating application is given by:
TBL                    Parts by Weight                                         
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       2 to 8                                                  
     Red iron oxide    100                                                     
     Polyamide (Versamid 140)                                                  
                        60                                                     
     Water             300                                                     
PAC  EXAMPLE 4
PAR  A top coat for surface coating application.
TBL  ______________________________________                                    
                     Parts by Weight                                           
     ______________________________________                                    
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       2 to 8                                                  
     Titanium dioxide  50                                                      
     Barytes           80                                                      
     Polyamide (Versamid 140)                                                  
                       60                                                      
     Water             300                                                     
     ______________________________________                                    
PAL  In the preparation of these emulsions it does not matter whether the
      organic components are first blended and water subsequently added, or
      whether the epoxy resin is made into an emulsion and then mixed with the
      curing agent, as is done in Example 5.
PAC  EXAMPLE 5
TBL  Epoxy Resin Emulsion                                                      
                       Parts by Weight                                         
     ______________________________________                                    
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       5                                                       
     Water             50                                                      
     Curing Agent Solution                                                     
     Aromatic amine adduct                                                     
                       50                                                      
     (HY850 manufactured by CIBA                                               
     GEIGY LIMITED)                                                            
     Water             180                                                     
     ______________________________________                                    
PAL  Equal parts of the epoxy resin emulsion and the curing agent solution are
      mixed when required for use.
PAC  EXAMPLE 6
PAR  A two-component system for use as a surface coating.
TBL  ______________________________________                                    
     Epoxy Resin Emulsion                                                      
                       Parts by Weight                                         
     ______________________________________                                    
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       5                                                       
     Titanium dioxide  50                                                      
     Barytes           50                                                      
     Water             50                                                      
     Curing Agent Solution                                                     
     Polyamide (Versamid 140)                                                  
                       60                                                      
     Water             180                                                     
     ______________________________________                                    
PAL  The epoxy resin emulsion and the curing agent solution are mixed in the
      ratio of 25 parts by 24 parts.
PAC  EXAMPLE 7
PAR  An alternative curing agent for the surface coating of Example 6.
TBL  ______________________________________                                    
                     Parts by Weight                                           
     ______________________________________                                    
     Polyamide (Versamid 140)                                                  
                        20                                                     
     HY850 curing agent                                                        
                       25                                                      
     Water             193                                                     
     ______________________________________                                    
PAL  This composition gives the optimum result, although it is possible to use
      compositions in the range:
TBL                    Parts by Weight                                         
     Polyamid          20 to 30                                                
     Aromatic amine                                                            
     OR adduct         10 to 50                                                
     Water              6 to 200                                               
PAL  When the curing agent solution, as in Example 7, is mixed with the epoxy
      resin emulsion in the same ratio as shown for Example 6, a low viscosity
      emulsion is obtained which cures in 24 hours to give a hard, smooth,
      semi-gloss film having excellent adhesion to metal and showing no brush
      marks. The stability of the curing agent solution can be improved by the
      addition of fillers as in Example 8:
PAC  EXAMPLE 8
PAR  An improved curing agent is given by:
TBL                      Parts by Weight                                       
     Polyamide (Versamid 140)                                                  
                         20                                                    
     HY931 curing agent  35                                                    
     Titanium dioxide    25                                                    
     Superfine whiting   25                                                    
     Stearate-coated                                                           
     calcium carbonate   10                                                    
     (Winnofil S supplied by ICI of                                            
     Australia and New Zealand)                                                
     Water               15                                                    
PAL  The curing agent may be carried between 25 and 35 parts by weight and the
      water between 15-20. This is stable up to 40.degree.C.
PAR  Mixing 2 parts of the epoxy resin emulsion (Example 6) with 1 part 30 of
      the curing agent solution (Example 8) gives an emulsion containing 81% by
      weight of solids. This may be further reduced by additions of water down
      to 50% by weight of solids for roller or brush application.
PAC  EXAMPLE 9
PAR  A composition suitable for surface coating by electrode-position techniques
      is given by:
TBL                    Parts by Weight                                         
     Epoxy resin (Epan 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       5                                                       
     Polyamide (Versamid 140)                                                  
                       50                                                      
     Water             1485                                                    
PAL  This formulation gives a 10% by weight solids emulsion. The pH of the
      medium is adjusted, by addition of 5N acetic acid, to the range 5.0 to 7.0
      although it is still effective at 8.0. Lower pH values tend to cause
      corrosion. The applied voltage was 24.5V. The resultant film, of 20 to 25
      microns thickness, was cured at 50.degree.C to give a hard, homogeneous
      film within 6 hours.
PAC  EXAMPLE 10
PAR  The water emulsifiable epoxy resin of the present invention can also take
      the form of water-filled foams. These water-filled foams compositions can
      be cast in suitable moulds to provide hard, lightweight structural
      materials having many of the properties of timber and which can be worked
      with woodworking tools:
TBL                    Parts by Weight                                         
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       4                                                       
     Polyamide (Versamid 140)                                                  
                       60                                                      
PAL  After thorough mixing 50 parts by weight of water are added with rapid
      stirring to form an emulsion. Hardening in a suitable mould occurs within
      24 hours and the foam is hard enough to work with a wood chisel after 5
      days.
PAC  EXAMPLE 11
PAR  A harder water-filled foam is given by the formulations:
TBL                    Parts by Weight                                         
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       4                                                       
     Polyamide (Versamid 140)                                                  
                       60                                                      
     Whiting           150                                                     
     Water             50                                                      
PAC  EXAMPLE 12
PAR  A fast curing water-filled foam is given by:
TBL  Epoxy Resin Emulsion                                                      
                       Parts by Weight                                         
     ______________________________________                                    
     Epoxy resin (Epon 828)                                                    
                       100                                                     
     Emulsifier (Teric 200)                                                    
                       4                                                       
     Whiting           150                                                     
     Curing Agent Solution                                                     
     Polyamide (Versamid 140)                                                  
                       50                                                      
     HY837 curing agent                                                        
                       50                                                      
     Water             100                                                     
     ______________________________________                                    
PAL  The epoxy resin emulsion and the curing agent are mixed in the proportions
      100 parts by weight of epoxy resin emulsion to 20-30 parts by weight of
      curing agent solution and emulsified with the water. Curing to a hard
      product occurs in 24 hours at 25.degree.C. Properties are comparable to a
      timber of Oregon type. There is no shrinking during cure at
      25.degree.-50.degree.C but a weight loss from water evaporation is
      observed.
PAC  EXAMPLE 13
PAR  The most preferred embodiment of the present invention is an epoxy resin
      given by the following formulation:
TBL  Epoxy Resin Emulsion                                                      
                       Parts by Weight                                         
     ______________________________________                                    
     Epoxy resin (Epon 828)                                                    
                       95                                                      
     Emulsifier (Teric 200)                                                    
                       5                                                       
     Water             50                                                      
     Curing Agent Emulsion                                                     
     HY850 curing agent                                                        
                       30                                                      
     HY830 curing agent                                                        
                       30                                                      
     Polyco 11785 ( a polyvinyl                                                
     acetage emulsion produced by                                              
     BORDN Chemical Co.)                                                       
                       24                                                      
     Water             16                                                      
     ______________________________________                                    
PAL  The curing agent emulsion is prepared by slowly adding the curing agents to
      the polyvinyl acetate emulsion while high speed stirring is maintained.
      The water is then added to reduce viscosity to the desired value.
PAR  The example outlined above may also be used in formulation of adhesive
      systems. As an illustration, Example 13 is ideally suited as a new-to-old
      concrete adhesive and it can also be used to upgrade existing
      thermoplastic emulsion adhesives such as polyvinyl acetate adhesives. Such
      adhesives have the usual advantages associated with polyvinyl acetate
      adhesives, plus increased resistance to heat, water and creep.
PAR  The emulsifier Teric 200 referred to in the examples is an ethyleneoxide --
      propylene oxide block copolymer of the type according to this invention in
      which R is nonylphenyl X is from 8 to 22 and Y is from 25 to 40.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stable aqueous emulsion of an epoxy resin, said emulsion containing,
      as an emulsifying agent, between 2 and 10% by weight relative to the
      weight of the epoxy resin, of an ethylene oxide-propylene oxide block
      copolymer having the formulae:
EQU  R--O--CH(CH.sub.3)CH--O].sub.X [CH.sub.2 CH.sub.2 --O].sub.Y H
PAC  and
EQU  R--O--CH.sub.2 CH.sub.2 (CH.sub.3)--O].sub.X [CH.sub.2 CH.sub.2 --O].sub.Y
      H
PAL  in which formulae X is an integer of at least 8 and at most 22, Y is an
      integer of at least 25 and at most 40, and R is a radical selected from
      the group consisting of alkenyl, aralkyl, cycloalkyl, aralkenyl and
      cycloalkenyl radicals.
NUM  2.
PAR  2. A stable aqueous emulsion as claimed in claim 1 in which R is an
      alkylphenyl radical having from 3 to 18 carbon atoms in the alkyl group.
NUM  3.
PAR  3. A stable aqueous emulsion as claimed in claim 2 in which R is an octyl
      phenyl, nonylphenyl or decylphenyl radical.
NUM  4.
PAR  4. A stable aqueous emulsion as claimed in claim 1 in which the emulsion
      also contains a curing agent or hardener for the epoxy resin.
NUM  5.
PAR  5. A stable aqueous emulsion as claimed in claim 4 in which the epoxy resin
      emulsion is blended with an emulsion of a thermoplastic polymer, the
      curing agent being dispersed in the thermoplastic polymer emulsion.
NUM  6.
PAR  6. A stable aqueous emulsion as claimed in claim 1 in which the emulsion
      contains a reinforcing material selected from the group comprising glass
      fibres, carbon fibres and ceramic fibres.
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ABST
PAL  An improved opacified aqueous latex paint containing film-forming latex
      binder having the major weight portion of latex polymer particles not
      smaller than about 1000 A, and opacifying pigment wherein at least about
      1% by weight of the opacifying pigment is porous synthetic magnesium
      silicate. The porous magnesium silicate has an average particle size of
      about 5 to 20 microns and porosity comprising a plurality of pores between
      0.03 microns to 0.9 microns.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved opacified latex emulsion paints. Latex
      paints are very popular due to their coating effectiveness, opacifying
      properties, and their ease of application. For example, SPRED SATIN, a
      trademark of SCM Corporation, identifies a typical latex emulsion paint.
      Conventionally opacified latex emulsion paints generally include in an
      aqueous dispersion: water, opacifying pigment, filler pigment, aqueous
      compounded film-forming latex, usually bodying agents, and dispersing
      assistants. Other conventional latex paint ingredients can include, for
      example, pesticides, odorants, flow control agents, bubble breakers,
      defoamers, plasticizers, adhesion promoters, coalescing solvents, tinting
      agents, anti-freeze agents, and pH buffers. Numerous specialty latex
      paints are known, such as disclosed in Ramig application Ser. No. 345,301
      filed Mar. 27, 1973, now abandoned; U.S. Pat. No. 3,280,030; U.S. Pat. No.
      3,447,940; British Pat. No. 811,425, and the same are incorporated herein
      by reference.
PAR  Most conventional opacified latex emulsion paints rely primarily on
      titanium dioxide as an opacifying pigment. It now has been found that
      substantial opacification is achieved by the inclusion of porous synthetic
      magnesium silicate as an opacifying pigment whereby excellent
      opacification can be achieved without conventional TiO.sub.2 opacifying
      pigment. The opacification achieved in the latex paint of this invention
      by the inclusion of the porous magnesium silicate is particularly
      surprising since standard non-porous magnesium silicates have little or no
      opacifying properties when used in conventional oil-based paints typically
      referred to as alkyd paints.
PAR  Accordingly, it is a primary object of this invention to provide an
      improved opacified emulsion latex paint containing porous synthetic
      magnesium silicate as an opacifying pigment whereby TiO.sub.2 can be
      partially or completely eliminated. Improved opacity can be achieved
      without diminishing other physical properties of paint films.
PAR  These and other advantages of this invention will become more apparent by
      referring to the Detailed Description of the Invention.
PAC  SUMMARY OF THE INVENTION
PAR  The improved aqueous latex emulsion paint comprises a film-forming latex
      binder having a preponderance of film-forming latex polymer particles not
      smaller than about 1000 A in diameter and opacifying pigment. The latex
      paint contains between about 30 to 75 weight percent solids wherein the
      paint contains between about 4 to 25 weight percent of porous magnesium
      silicate. On a dry solids volume basis, the paint consists essentially of
      20% to 80% film-forming binder, 5% to 50% opacifying pigment wherein about
      1% to 30% is porous synthetic magnesium silicate.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The latex emulsion paint of this invention comprises film-forming latex
      binder and opacifying pigment. About 1% to 10% of opacifying pigment is
      synthetic magnesium silicate. The paint dries to an improved opacified
      paint film wherein the film-forming latex binder will coalesce into a
      matrix and the other components remain dispersed therein.
PAR  Aqueous compounded latices are emulsions of a very broad class of synthetic
      resins suitable for compounding into latex paints and are often called
      paint latices. The film-forming latices are a film-forming latex polymer
      binder having the major weight portion of the latex polymer particles not
      smaller than about 1000 A. Polymer particle diameter can be determined in
      accordance with the procedure described by S. H. Maron, "Journal of
      Applied Physics," Vol. 23, p. 900 (August, 1952). Suitable film-forming
      latex binders when compounded with plasticizers, solvents, and the like,
      have a glass transition temperature suitable for coalescence into a film
      under the curing conditions. Glass transition can be measured in
      accordance with the test set forth in 41 Journal of Paint Technology,
      pages 167-178 (1969). Thus, when air drying paints at ordinary
      temperatures of about 25.degree.C the film-forming latex binder will have
      a glass transition temperature not above about 20.degree.C. Preferably the
      glass transition temperature is about 10.degree.C whereby the film-forming
      latex binder will coalesce and form a film upon exposure to air at ambient
      room temperature. Similarly, where the paint film is to be force dried,
      such as by heating in an oven, the glass transition temperature for the
      film-forming latex binder can be substantially higher, that is, about
      30.degree.C to about 190.degree.C, or even as high as 220.degree.C,
      provided that the latex binder will form a continuous film and coalesce
      under the force drying conditions.
PAR  Typical polymeric film-forming binders suitable for the emulsion paint of
      this invention and adapted to be applied at room temperature or oven
      temperatures (force dry) include a wide variety of polymers and copolymers
      such as, for example, those polymers and copolymers containing units of
      vinyl acetate, acrylates, methacrylates, isoprene, butadiene, styrene,
      alkylated styrene and/or dibutyl maleate. Other film-forming binders
      useful for air dry or force drying are polymers which include units of
      vinyl chloride, tetrafluoroethylene, ethylene, and acrylonitrile. Acrylic
      film-forming binders useful in this invention include polymers of
      methacrylic acid, acrylic acid, and mixtures thereof; copolymers and
      terpolymers of acrylic and/or methacrylic acid esters with styrene and/or
      vinyl acetate and copolymers or terpolymers of methacrylic acid esters
      and/or acrylic acid esters with acrylonitrile. Suitable film-forming latex
      binders include, therefore, those which are vinyl and vinylidene polymers
      and contain units such as vinyl acetate, vinyl chloride, vinylidene
      chloride, and the like; those which are hydrocarbon polymers and contain
      ethylene or propylene units and halogenated or oxygenated derivatives of
      ether, butadiene-vinyl toluene, isopropenestyrene, and the like; those
      which are acrylic and contain units of acrylic acid and methacrylic acid,
      their esters, and acrylonitrile; those polymers containing hydrocarbon,
      vinyl and/or acrylic unit reaction products of vinylic hydrocarbon
      monomers with unsaturated materials such as the reaction products of
      maleic acid with styrene; and broadly various resinous and elastomeric
      products obtainable in stable aqueous latex and capable of coalescing into
      a film-forming binder upon application as more particularly set forth in
      copending application Ser. No. 345,301 filed Mar. 27, 1973, and the same
      is incorporated herein by reference.
PAR  In accordance with this invention, porous synthetic magnesium silicates
      useful as an opacifying pigment are white, finely divided free-flowing
      powders consisting essentially of amorphous hydrous magnesium silicate.
      The amorphous structure of such silicates provides a large surface area to
      achieve a high surface-to-volume ratio. The surface area of the particles
      of the synthetic magnesium silicate may range from about 80 to 300 square
      meters per gram sample. The magnesium silicate is highly porous silicate
      having an average particle size between about 5 to 20 microns and having
      porosity of about 30% to 80% by volume. Porosity can be measured by
      mercury intrusion porosimetry using an American Instruments Co. prosimeter
      (Aminco Model 5-7121B). The pore diameters are not greater than about 1.5
      microns and preferably between about 0.03 microns to 0.9 microns.
      Typically, the mol ratio of magnesium oxide (MgO) to silicon dioxide
      (SiO.sub.2) in the magnesium silicate is about 1 mol MgO to about 2.5 to 3
      moles SiO.sub.2. The absorpitivity of the porous magnesium silicate may be
      as high as 200 milligrams KOH per gram magnesium silicate and the pH
      thereof is generally basic. Porous magnesium silicates are commercially
      available and a typical synthetic magnesium silicate is BriteSorb, a
      trademark of Philadelphia Quartz Company. Preferably, the paint contains
      at least about 4 to 25 weight percent of magnesium silicate whereby the
      latex paint contains between about 1% to 30% porous synthetic magnesium
      silicate on a dry solids volume basis. Although greater amounts of porous
      magnesium silicate imparts greater opacity, levels above about 30% (dry
      solid volume) render the film cheezy with considerable loss of integrity
      to the paint film. Accordingly, porous magnesium silicate is preferably
      combined with a conventional opacifying pigment such as titanium dioxide
      to obtain both improved opacity as well as good film integrity.
PAR  Preferably, other opacifying pigments are combined with the synthetic
      porous magnesium silicate and typically can include: rutile titanium
      dioxide, anatase titanium dioxide, lithopone, zinc sulfide, lead titanate,
      antimony oxide, zirconium oxide, titanium calcium, white lead, titanium
      barium, zinc oxide, leaded zinc oxide, and like white opacifying pigments
      and mixtures thereof. A desirable white inorganic pigment is rutile
      titanium dioxide having a weight average particle size between about 0.2
      to 0.4 microns. Titanium dioxide can comprise a major portion of the
      opacifying pigments provided that at least about 1% by weight of the
      opacifying pigment is porous magnesium silicate in accordance with this
      invention. Other opacifying pigments, such as titanium yellows, and the
      like, may be utilized for opacification. Opacifying pigments for purposes
      of this invention have a refractive index of at least about 1.8 and
      comprise 5% to 50% of a latex paint on a dry solids volume basis of the
      paint. Preferably the opacifying pigments comprise major amounts of porous
      magnesium silicates and minor amounts of titanium dioxide.
PAR  Tinctorial pigments can be included in the paint composition for imparting
      a specific hue to the resulting latex emulsion paint. Tinctorial pigments
      are pigmentary materials and generally include, for example, ferrite
      yellow oxide, ferric oxide, "brown" iron oxide, tan oxide of iron, raw
      sienna and burnt sienna, raw and burnt umber, chromium oxide green,
      phthalocyanine green, ultramarine blue, carbon black, lampblack, toluidine
      red, parachlor red, cadmium reds and yellows, carmine red, chrome yellow,
      chrome orange, and azo complexes such as shown in U.S. Pat. No. 2,396,327.
      Tinctorial pigments comprise 0% to 20% of the latex paint on a dry solids
      volume basis.
PAR  Other conventional specialty pigmentary additives such as fluorescent,
      pearlescent, and opalescent materials can be broadly classified as
      tinctorial pigments since they impart special optical effects. Such
      specialty pigmentary additives can be added to impart specialty
      properties.
PAR  Fillers or extender pigments are often called inerts and include, for
      example, clays, silica, talc, mica, wollastonite, barytes, slate flour,
      calcium carbonate, and other conventional filler pigments which generally
      have low refractive indices. All pigments, including filler pigments,
      should not have a particle size greater than 44 microns and preferably are
      about 25 microns. Filler pigments can comprise about 0% to 60% of the
      latex on a dry solids volume basis.
PAR  While not intending to be bound by theory, the opacity of the dry paint
      film of this invention is thought to be due primarily to the microvoid
      structure in the porous synthetic magnesium silicate whereby air or other
      gas is entrapped in the microvoid structure. The microvoid structure in
      the paint film is maintained by controlling the diameter of the latex
      polymer particles of the latex binder and particularly by maintaining such
      particles greater than about 1000 A and between about 1000 A to 10,000 A.
      The pore diameter within the porous synthetic magnesium silicate is
      believed to be not penetrated by the film-forming latex binder thereby
      maintaining a microvoid structure in the dried paint film. It is quite
      surprising to find the substantially improved opacity is achieved by the
      porous magnesium silicate in combination with the latex film-forming
      binder. In contrast, porous magnesium silicate dispersed in oil-based
      binders or alkyd-type binders do not cause this phenomenon. Increased
      opacity in latex binder systems is substantially enhanced by the inclusion
      of other opacifying pigments such as TiO.sub.2 which are dispersed
      adjacent to the microvoid structure of the porous magnesium silicate. It
      is believed that good dispersion of TiO.sub.2 is achieved whereby
      TiO.sub.2 pigment is adjacently disposed or juxtopositioned to the
      microvoids created by the porous magnesium silicate whereby scattering of
      light by the combination of TiO.sub.2 and microvoids is substantially
      improved. Very little film-forming latex binder coalesces within the
      microvoid structure when the preponderance of the film-forming latex
      polymer particles are larger than about 1000 A and thus, enhances the
      interaction of the opacifying TiO.sub.2 and the porous magnesium silicate.
PAR  The latex paint of this invention can be dispersed by conventional means
      for producing conventional latex paints. For example, a Cowles dissolver,
      sand mill, pebble mill, roller mill, or ball mill can be used to disperse
      the ingredients to form a uniform latex paint mixture.
DETD
PAR  The following examples illustrate ways in which the invention can be
      practiced, but shall not be construed as limiting.
PAC  EXAMPLE 1
PAR  High quality pigmented latex emulsion paints were prepared by dispersing
      the following indicated ingredients in a pebble mill for 24 hours to
      produce a latex paint.
TBL  ______________________________________                                    
                     PRIOR ART                                                 
                     CONTROL    PAINT A  PAINT B                               
     MATERIAL        (pounds)   (pounds) (pounds)                              
     ______________________________________                                    
     Water           363.9      363.8    364.0                                 
     hydroxyethyl cellulose                                                    
                     4.5        4.5      4.5                                   
     15% water solution of                                                     
                     5.0        5.1      4.8                                   
     sodium salt of poly-                                                      
     methacrylic acid                                                          
     anti-foam agent 2.0        2.0      2.0                                   
     non-ionic surfactant of                                                   
                     2.0        2.0      2.0                                   
     iso-octyl phenoxy poly-                                                   
     ethoxy ethanol containing                                                 
     9-10 units of ethylene                                                    
     oxide per mole of phenol                                                  
     30% mixture of phenyl                                                     
                     1.0        1.0      1.0                                   
     mercury acetate                                                           
     rutile TiO.sub.2                                                          
                     164.0      130.0    95.4                                  
     calcined clay   68.9       68.9     68.9                                  
     calcium carbonate                                                         
                     222.4      221.9    221.9                                 
     synthetic porous magnesium                                                
                     0          6.7      13.4                                  
     silicate having an average                                                
     particle size of 5 microns,                                               
     a total porosity (by Hg                                                   
     penetration) of about 69%,                                                
     and pore diameter ranging                                                 
     from 0.03 microns to                                                      
     0.9 microns                                                               
     2,2,4-trimethyl-1,3-                                                      
     pentanediol monoisobutyrate                                               
                     13.3       13.3     13.3                                  
     copolymer latex of 85%                                                    
                     310.5      310.5    310.5                                 
     vinyl acetate and 15%                                                     
     2 ethyl hexyl acrylate,                                                   
     having an average polymer                                                 
     particle size of 3480 A                                                   
     and a Tg = 9.degree.C                                                     
     ______________________________________                                    
     Pigment-volume-concentra-                                                 
                     52         52       52                                    
     tion                                                                      
     (PVC)                                                                     
     ______________________________________                                    
PAR  The foregoing paints were tested for paint film properties and are reported
      in Table 1. Scattering is defined as "S" = Kubelka-Munk Scattering
      Coefficient and units are reciprocal mils (mil.sup..sup.-1). Contrast
      ratio is reported as the dry film thickness required to give a contrast
      ratio of 0.98 wherein X(0.98) = dry film thickness which gives a contrast
      ratio over Lenata Form 3B opacity chart of 0.98. See Reflectance
      Spectroscopy, p. 106 et. seq., (Springs-Verlog, N.Y., 1969) wherein
      opacity is determined with Kubelka-Munk solution for multiple light
      scattering. Enamel holdout is tested by applying 3 mils wet film on a
      Lenata 3B opacity chart and air dried for 16 hours, whereupon 1.5 wet mils
      of alkyd (poor holdout properties) is applied and dried for 24 hours. A
      sealed panel is similarly coated with 1.5 wet mils of the same alkyd.
      Enamel holdout is reported as the ratio (percent) of gloss of test paint
      panel over the gloss over the sealed substrate panel.
TBL                TABLE 1                                                     
     ______________________________________                                    
                     PRIOR ART                                                 
     TEST             CONTROL   PAINT A  PAINT B                               
     ______________________________________                                    
     Scattering "S"  3.1 m.sup..sup.-1                                         
                                4.3 m.sup..sup.-1                              
                                         3.8 m.sup..sup.-1                     
     Contrast Ratio "X(0.98)"                                                  
                     3.0        2.1      2.6                                   
     Enamel holdout  69.7%      63.3%    64.4%                                 
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Intermediate quality pigmented latex emulsion paints at high pigment
      loading are prepared by dispersing the following indicated ingredients in
      a pebble mill for 24 hours to produce a latex paint.
TBL  ______________________________________                                    
                     Prior Art                                                 
                     Control Paint                                             
                                Paint A  Paint B                               
     Material        (pounds)   (pounds) (pounds)                              
     ______________________________________                                    
     H.sub.2 O       270.2      271.6    272.0                                 
     3% aqueous solution of                                                    
                     150.0      150.0    150.0                                 
     hydroxy ethyl cellulose                                                   
     15% water solution of                                                     
                     7.1        7.1      7.1                                   
     sodium salt of polymeth-                                                  
     acrylic acid                                                              
     Anti-foaming agent                                                        
                     2.0        2.0      2.0                                   
     (Nopco 2219 A)                                                            
     Non-ionic surfactant of iso-                                              
                     2.0        2.0      2.0                                   
     octyl phenoxy polyethoxy                                                  
     ethanol containing 9-10                                                   
     units ethylene oxide per                                                  
     mole of phenol (Triton                                                    
     X-100)                                                                    
     30% mixture of phenyl                                                     
                     1.0        1.0      1.0                                   
     mercury acetate                                                           
     Rutile TiO.sub.2                                                          
                     214.8      180.1    145.4                                 
     Calcined clay   90.2       90.2     90.2                                  
     Calcium carbonate                                                         
                     290.7      290.7    290.7                                 
     Synthetic porous magnesium                                                
                     0          6.7      13.3                                  
     silicate (Britesorb)                                                      
     2,2,4-trimethyl-1,3-                                                      
                     9.0        9.0      9.0                                   
     pentanediol monoisobutyrate                                               
     Copolymer latex of 85% vinyl                                              
                     207.0      207.0    207.0                                 
     acetate and 15% 2 ethyl                                                   
     hexyl acrylate                                                            
     ______________________________________                                    
PAR  The foregoing paints were tested for paint film properties in the manner
      set forth in Example 1, and the results are listed in the following Table
      2.
TBL                TABLE 2                                                     
     ______________________________________                                    
                     Prior Art                                                 
     Test             Control   Paint A  Paint B                               
     ______________________________________                                    
     Scattering "S"  5.3 m.sup..sup.-1                                         
                                5.8 m.sup..sup.-1                              
                                         5.7 m.sup..sup.-1                     
     Contrast Ratio "X(0.98)"                                                  
                     1.85 mils  1.7 mils 1.7 mils                              
     Enamel holdout  3.8%       4.0%     4.0%                                  
     ______________________________________                                    
PAR  The foregoing description and examples indicate that improved pigmented
      opacified latex paint can be formulated by the inclusion of porous
      magnesium silicate particles for at least a portion of the opacifying
      pigment contained in latex paint composition. The porous structure of the
      magnesiumm silicate in combination with TiO.sub.2 (for example)
      substantially reduces the TiO.sub.2 requirements as well as substantially
      improving hiding and opacity of the paint films. The foregoing description
      and examples are illustrative only and not intended to be limiting, except
      by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an opacified aqueous dispersion paint composition having film-forming
      latex binder and between about 5% and 50% opacifying pigment on a dry
      solid volume basis, the improvement comprising:
PA1  said opacifying pigment comprising titanium dioxide and porous synthetic
      magnesium silicate wherein said paint contains between about 1% to 30% of
      said porous synthetic magnesium silicate on a dry solid volume basis, said
      porous synthetic magnesium silicate having a porosity of between about 30%
      and 80% by volume and pore diameters between about 0.03 microns and 0.9
      microns, said porous magnesium silicate having an average particle size
      between about 5 to 20 microns; and
PA1  said film-forming latex binder particles being between about 1000 A and
      10,000 A.
NUM  2.
PAR  2. The paint in claim 1 wherein the porous magnesium silicate has a surface
      area between about 80 to 300 square meters per gram.
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ABST
PAL  The properties of fluoroalkoxyphosphazene polymers are improved by
      compounding the polymers with certain fillers some of which may be
      reactive, a class of polyfunctional coagents, a vulcanizing agent and
      possibly other additives and thereafter vulcanizing the resulting
      compositions. The resulting vulcanizates have improved properties and
      extend the utility of the phosphazene polymers for use as mechanical
      goods, seals, O-rings and gaskets for extreme service environments.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract with the Department of the Navy.
BSUM
PAR  This invention relates to polyphosphazenes which consist essentially of
      chains of alternating P and N atoms, the P atoms having attached thereto
      two substituent groups represented as (OR) in which the substituents may
      be either the same or may be different and the substituent groups may be
      more numerous than 2.
PAR  More specifically, it relates to the improved polymers which are obtained
      by compounding and vulcanizing such polyphosphazenes.
PAR  The invention is particularly applicable to fluoroalkoxyphosphazene
      polymers and will be described with reference to such polymers, but it is
      to be understood that it is applicable to other polyphosphazenes.
PAR  The polyphosphazenes which the present invention seeks to improve are those
      described in U.S. Pat. Nos. 3,515,688 issued June 2, 1970; 3,702,833
      issued Nov. 14, 1972 and elsewhere.
PAR  The polymers described in U.S. Pat. No. 3,515,688 are high molecular
      weight, elastomeric, chemically and thermally stable, phosphazene polymers
      with low glass transition temperatures. U.S. Pat. No. 3,702,833 describes
      improved phosphazene copolymers wherein a terpolymer is generated with the
      ter-radical being an especially reactive moiety, as an unsaturated
      monovalent radical.
PAR  The principal object of this invention is to provide compositions based on
      said polymers and with greatly enhanced properties.
PAR  Another object of the invention is to provide compositions suitable for
      vulcanization and to produce useful crosslinked materials.
PAR  It is a further object of this invention to define the use of suitable
      coagents and vulcanization modifiers to improve the physical and
      mechanical properties of the polyphosphazene polymers and to improve the
      modulus and compression set properties of said vulcanized polymers.
PAR  It is a further object of this invention to define vulcanizable
      compositions comprising poly(fluoroalkoxyphosphazene) polymers, silane
      treated inorganic fillers, vulcanizing agents, and cure modifiers which
      produce useful novel vulcanizates with valuable properties of low
      temperature flexibility, fluid, lubricant and oil resistance; improved
      high temperature compression set and thermal stability; and resistance to
      high relative humidity.
PAR  It is known that phosphonitrile fluoroesters can be compounded and
      vulcanized, e.g., as described in U.S. Pat. No. 3,271,330 issued Sept. 6,
      1966.
PAR  Various methods can be used to vulcanize polyphosphazenes to produce
      crosslinked materials, These include the use of various peroxides and
      metal oxides such as magnesium oxide. However, heretofore known procedures
      do not produce the best properties desirable for useful and practical
      products and items of commerce. The present invention describes preferred
      compositions which, when vulcanized, exhibit useful properties of tensile
      strength and low compression set at use temperatures after exposures to or
      in the presence of fluids, high relative humidity, lubricants, oils and
      fuels.
PAR  Briefly stated, the invention resides in the compounding of such
      polyphosphazenes with fillers and curing agents and other additives
      selected to provide the improved properties and to provide for their
      retention.
PAR  The polyphosphazenes exhibit low tensile strengths, and high elongations as
      raw gums. By the practice of this invention compounded stocks are obtained
      which exhibit tensile strengths of 1100 to 2200 psi and elongations of 50
      to 300 percent, and which retain these properties under fluid aging,
      thermal aging in air and extended exposure to high humidity environments
      and to ASTM test fuels and are therefore useful as gaskets, seals and
      O-rings.
PAR  Cured polymers and copolymers prepared in accordance with the present
      invention have shown some thermal stability after prolonged aging at
      350.degree.F and substantial property retention even at 392.degree.F. In
      the presence of synthetic hydraulic fluids and petroleum and synthetic
      oils at temperatures of 300.degree.F and 350.degree.F, physical property
      values have been retained at near original values on extended aging even
      though the fluids and oils themselves were subject to decomposition.
      Vulcanizates retained high tensile strength and elongation after 888 hours
      in water at 212.degree.F (100.degree.C) and 100 percent relative humidity.
      After aging 300 hours in JP-4 jet fuel, only minor change in physical
      properties was observed. After 3000 hours in ASTM fuels at room
      temperature, little change in hardness or volume of the vulcanizates was
      observed. These results establish the utility of compounded
      poly(fluoroalkoxyphosphazenes) for use as O-rings and gaskets/seals in
      extreme service environments.
DETD
PAR  The invention will be further apparent from the description which follows
      in which specific examples of the invention and its practice are set
      forth.
PAC  1. ELASTOMER
PAR  The elastomeric polyphosphazenes to which the present invention is
      applicable are those described in U.S. Pat. Nos. 3,515,688 and 3,702,833,
      noted above, and elsewhere in the literature. These polyphosphazenes may
      be represented as consisting of randomly distributed repeating units
      having the following formulae:
      ##EQU1##
      in which for homopolymers both the OR and OR' groups are identical, for
      copolymers OR and OR' are different from each other and for other colymers
      there may be three or more different groups attached to the phosphorus
      atoms in the polyphosphazene chain. Suitable groups are described in the
      above noted patents.
PAR  Particularly preferred groups are fluoroalkoxy groups represented by the
      following formula, Z(CF.sub.2).sub.n CH.sub.2 O-- in which Z represents H
      or F and n is an integer from between 2 and 9.
PAR  Other suitable OR groups include aryloxy, e.g.: cresyloxy, guaiacoxy and
      hesperetoxy.
PAR  For purposes of illustration, the invention is described in the Examples
      which follow in reference to improvements in the properties of a specific
      copolymer identified by the formula:
EQU  [(CF.sub.3 CH.sub.2 O).sub.2 PN--(HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2
      O).sub.2 PN].sub.n
PAL  in which the two substituents were present in approximately equimolar
      proportions.
PAR  This copolymer was prepared by the following procedure:
PAR  The fluoroalkoxides were prepared in dry tetrahydrofuran by sequential
      addition of CF.sub.3 CH.sub.2 OH (25 mole % of excess over polymer) and
      HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2 OH (25 mole % excess over polymer to
      sodium--5 mole % excess over polymer). Higher or lower excesses of
      reactants can be employed. The CF.sub.3 CH.sub.2 OH was added at reflux,
      the mixture was cooled, and HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2 OH was
      added and reacted taking care that the temperature did not exceed
      25.degree.C. Both fluoroalcohols may be added together if care is taken to
      keep the temperature below 25.degree.C. Purified hexachlorophosphazene was
      polymerized in bulk and [Cl.sub.2 PN].sub.n polymer dissolved in dry
      benzene (approximately 10 weight % solution). The [Cl.sub.2 PN].sub.n
      polymer solution was added over a period of several hours to the solution
      of the fluoroalkoxides maintained at 35.degree.C or below. The reaction
      mixture was stirred overnight at room temperature and was washed with
      isopropanol/benzene (1v/2v) to remove soluble materials. The copolymer was
      freed of chloride ion by exhaustively washing with isopropanol (1v/2v),
      until AgNO.sub.3 gave a negative test.
PAR  Terpolymers may be prepared in similar fashion. The termonomer component is
      added as the appropriate alcohol along with the fluoroalcohols or in
      separate addition to the suspension of sodium in tetrahydrofuran. The
      [Cl.sub.2 PN].sub.n polymer solution is added and the product is purified
      as described above.
PAC  2. COMPOUNDING
PAR  Compounding of the polymer was effected by incorporating one or more of the
      following classes of additives into the elastomer:
PA1  a. Fillers;
PA1  b. Stabilizers;
PA1  c. Vulcanizers; and
PA1  d. Coagents.
PAR  The procedure for preparation of the various compositions of vulcanized
      polymer was as follows: Polymer and various solids (i.e., fillers,
      activators, etc.) were dried when possible with heat under vacuum for 24
      hours to remove entrained solvent and/or water which may have been
      present. A masterbatch was formulated by simple mixing of the selected
      dried additives. The polymer was reduced to small chunks and blended
      (mixed) with the master batched fillers and metal oxides, extruded from
      the mixer and placed on a rubber mill to remove entrained air and to
      achieve further mixing. The composition was bin aged one day and the
      vulcanizing agents were blended into the mix on the rubber mill and the
      stock was sheeted. In certain cases, processing was accomplished as soon
      possible. Additional bin aging of peroxide stocks merely required a
      subsequent freshening on the mill before sheeting and molding. Bin aging
      or stocks in excess of 40 days has had no deleterious effect on physical
      properties. A precut shape was introduced into a preheated mold. The usual
      mold release agents, such as silicone or Teflon types, were useful to
      promote release of the vulcanizate from the mold. However, such mold
      release agents are not essential to the formation of good moldings. Post
      cure was accomplished in a circulating air oven.
PAR  The poly(fluoroalkoxyphosphazene) elastomers appear to have an ability to
      accept large proportions of fillers and mill blend readily with such large
      quantities not commonly exhibited by other extreme service polymers.
PAR  a. Fillers
PAR  Fillers are added to the polyphosphazene elastomers to reinforce them, or
      to increase the hardness of the polyphosphazenes, or merely to decrease
      the cost of the final product. Fillers which have been successfully
      incorporated in the poly(fluoroalkoxyphosphazene) include carbon blacks,
      silicas, aluminum silicates and microcrystalline quartz.
PAR  Of these fillers, the organosilane modified aluminum silicates are
      preferred because they appear to provide the best balance of vulcanizate
      physical properties. The organosilane treatment is believed to enhance the
      phosphazene elastomerfiller bonding with subsequent improvement in
      mechanical properties. Also, retention of vulcanizate mechanical
      properties on thermal aging appears to vary depending on the particular
      silane used in the filler treatment.
PAR  b. Stabilizers
PAR  Like many other known synthetic resins, the poly(fluoroalkoxyphosphazenes)
      utilized in the present invention are subject ot degradation when exposed
      to heat, light, and various active chemicals. In order to scavenge the
      halogen or halogen compounds or other acidic materials which may be
      released during vulcanization, it has been found desirable to include a
      base such as MgO, ZnO, ZrO.sub.2 or other metal oxides, such as
      BaZrO.sub.3 as acid acceptors.
PAR  c. Vulcanizers
PAR  Preferred materials which have been added to accomplish vulcanization
      include peroxy compounds such as:
PA1  dicumyl peroxide;
PA1  benzoyl peroxide;
PA1  2,5-bis(t-butylperoxy)2,5-dimethylhexane;
PA1  2,5-dimethyl-2,5-bis(t-butylperoxy)hexyne-3; and
PA1  1,1-bis(t-butylperoxy)3,3,5-trimethylcyclohexane.
PAR  These materials are included in the composition, usually as an active
      material on an "inert" solid carrier such as aluminum silicates, clays or
      metal carbonates. Other peroxides or mixtures of peroxides may be used.
PAR  d. Coagents
PAR  Finally, and of particular significance, in the compositions of this
      invention, are coagents, unsaturated organic compounds which contain
      vinyl, allyl, propenyl, acrylate or methacrylate or other unsaturation on
      aliphatic, aromatic or heterocyclic nuclei. Two particularly preferred
      coagents are triallylcyanurate or trimethylol propane trimethacrylate.
      These compounds appear to aid the crosslink reaction for
      poly(fluoroalkoxyphosphazene) polymers and thereby produce vulcanizates
      with enhanced physical properties and with superior stability as compared
      with the properties exhibited by otherwise identical products, except that
      the coagents have not been included. While not wishing to be bound by any
      specific explanation, it would appear that the multifunctionality of the
      coagent permits generation of a network of greater crosslink density per
      unit of polymer chain.
PAR  e. Other agents
PAR  Other agents may be added to provide some plasticizing or other effects
      desired in the vulcanizate.
PAC  3. Proportions
PAR  In general, the proportions of the above noted additives may vary over a
      considerable range depending on the presence or absence of others of the
      additives in the composition and depending on the intended final use of
      the composition.
PAR  Table I sets forth ranges found to be satisfactory for seal materials,
      gaskets, and O-rings; in parts by weight per 100 parts of
      poly(fluoroalkoxyphosphazene).
TBL                Table I                                                     
     ______________________________________                                    
     Additive     Range        Preferred Range                                 
     ______________________________________                                    
     Fillers       20 to 150    30 to 110                                      
     Vulcanizers  0.1 to 10    1.5 to 3                                        
     (as active mat'l)                                                         
     Coagents     0.1 to 20    1.5 to 6                                        
     Antioxidants 0.01 to 10   3 to 6                                          
     Stabilizers  0.01 to 10   3 to 6                                          
     ______________________________________                                    
PAR  The curing and post curing properties of the vulcanizates are improved by
      curing at temperatures between about 225.degree.F and 350.degree.F for up
      to 30 minutes, and by post curing at between 150.degree.F and 300.degree.F
      for between about one hour and 48 hours or longer.
PAR  The invention will be more clearly understood from the examples which
      follow in Table II and set forth by way of illustration of the practice of
      this invention and which are not intended to limit the invention.
PAR  In Table II and the tables which follow various additives are indicated by
      either chemical names or by tradenames. The tradenames are intended to
      designate the following:
PA0  Burgess KE is an anhydrous aluminum silicate treated with
      vinyltris(2-methoxyethoxy)silane.
PA0  Nulock 321SP is an anhydrous aluminum silicate treated with
      gamma-aminopropyltriethoxysilane.
PA0  Optiwhite P is a calcined aluminum silicate.
PA0  Elastomag 170 is a high activity magnesium oxide.
PA0  Silanox 101 is a hydrophobic fumed silica.
PA0  Chemlink 30 is a trimethylol propane trimethacrylate coagent.
PA0  Dicup 40KE and Luperox 500/40KE are both 40% active dicumyl peroxide on
      Burgess KE.
PA0  Lucidol 78 is benzoyl peroxide wet with water.
PA0  Aerosil 200 is a hydrophillic fumed silica.
TBL                                    Table II                                
     __________________________________________________________________________
                      I   II  III IV  V   VI  VII VIII                         
                                                      IX  X                    
     __________________________________________________________________________
     Copolymer        100 100 100 100 100 100 100 100 100 100                  
     Burgess KE       100 --  --  --  --  --  50  40  30  --                   
     Nulok 321 SP     --  --  100 --  --  --  --  --  --  40                   
     Silanox 101      --  30  --  --  --  --  --  --  --  --                   
     Aerosil 200      --  --  --  14.2                                         
                                      14.2                                     
                                          14.2                                 
                                              --  --  --  --                   
     Elastomag 170    6   6   6   6   6   6   6   --  6   --                   
     Chemlink 30      1.5 --  --  --  --  5   --  --  --  1.5                  
     Triallyl cyanurate                                                        
                      --  --  1.5 --  --  --  1.5 3   5   --                   
     Dicup 40 KE      6   6   6   --  --  --  --  6   --  6                    
     Benzoyl Peroxide --  --  --  3   --  3   3   --  6   --                   
     SAF Black        --  --  --  --  --  --  --  --  --  5                    
     Bin Age (days)   1   1   1   2   &lt;1  &lt;1  3   1   39  &lt;1                   
     CURE                                                                      
     Min/.degree.F    15/320                                                   
                          15/320                                               
                              15/320                                           
                                  15/250                                       
                                      15/320                                   
                                          15/250                               
                                              15/250                           
                                                  15/320                       
                                                      30/290                   
                                                          15/320               
     Hrs/.degree.F    24/212                                                   
                          24/212                                               
                              24/212                                           
                                  24/212                                       
                                      24/212                                   
                                          24/212                               
                                              24/212                           
                                                  24/212                       
                                                      24/212                   
                                                          24/212               
     Physical Properties                                                       
     100% Modulus (psi)                                                        
                      --  250 --  230 500 636 1350                             
                                                  1440                         
                                                      1695                     
                                                          1100                 
     200% Modulus (psi)                                                        
                      --  1050                                                 
                              --  --  --  --  --  --  --  --                   
     Tensile Strength (psi)                                                    
                      1725                                                     
                          2145                                                 
                              1660                                             
                                  770 960 1053                                 
                                              1350                             
                                                  1760                         
                                                      1995                     
                                                          1825                 
     Elongation (%)   75  305 80  180 150 141 100 110 130 160                  
     Microhardness (IRHD)                                                      
                      65  39  70  37  41  58  48  30  31  35                   
     Hardness (Shore A-plied)                                                  
                      77  55  --  56  --  73  --  --  --  60                   
     Compression Set 22 hrs/302.degree.F                                       
                      --  --  39  --  --  26  26  26  26  40                   
     Thermally Aged: 24 hrs/350.degree.F                                       
     100% Modulus (psi)   325                             900                  
     200% Modulus (psi)   935                                                  
     Tensile Strength (psi)                                                    
                      750 1540                            1100                 
     Elongation (%)   90  300                             120                  
     __________________________________________________________________________
PAR  Table III presents data on retention of physical properties after extended
      exposure to Jet Fuel.
TBL                Table III                                                   
     ______________________________________                                    
     JP-4 Fuel Immersion of a [(CF.sub.3 CH.sub.2 O).sub.2 PN-(HCF.sub.2       
     C.sub.3 F.sub.6 CH.sub.2 O).sub.2 PN].sub.n                               
     Vulcanizate at 239.degree.F (115.degree.C)                                
     ______________________________________                                    
                  0 Hrs.                                                       
                        24 Hrs. 120 Hrs. 312 Hrs.                              
     ______________________________________                                    
     Tensile Strength (psi)                                                    
                    1660    1522    1365   1153                                
     Tensile Retention (%)                                                     
                    --      92      82     70                                  
     Elongation (%) 80      75      75     75                                  
     Microhardness (IRHD)                                                      
                    70      63      60     56                                  
     ______________________________________                                    
PAR  The vulcanizates filled with silane-treated alumina silicates exhibited
      excellent retention of tensile strength after extended aging as shown by
      the results in Table IV.
TBL                Table IV                                                    
     ______________________________________                                    
     High Humidity Aging of a [(CF.sub.3 CH.sub.2 O).sub.2 PN-(HCF.sub.2       
     C.sub.3 F.sub.6 CH.sub.2 O).sub.2 PN].sub.n                               
     Vulcanizate at 100% Relative Humidity, 212.degree.F (100.degree.C)        
     ______________________________________                                    
     Copolymer       100                                                       
     Burgess KE      40                                                        
     Elastomag 170   6                                                         
     Triallylcyanurate                                                         
                     3                                                         
     Barium zirconate                                                          
                     3                                                         
     Dicup 50 KE     6                                                         
     Cure:                                                                     
     Press, 15 min/320.degree.F                                                
     Oven, 24 hrs/212.degree.F                                                 
     HOURS:         0       24     168   384   888                             
     ______________________________________                                    
     Tensile Strength (psi)                                                    
                    1750    --     1770  1680  1460                            
     Elongation (%) 115     --     135   135   145                             
     100% Modulus (psi)                                                        
                    1460    --     1240  1280  885                             
     Hardness (IRHD)                                                           
                    34      32     52    53    53                              
     ______________________________________                                    
PAR  Table V presents compositions reflecting the influence of vulcanizate
      properties when a reactive termonomer which is an unsaturated monovalent
      radical is added to the polymer backbone.
TBL                Table V                                                     
     ______________________________________                                    
     Terpolymer Vulcanizates                                                   
     (CF.sub.3 CH.sub.2 O)                                                     
                 :(HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2 O)                       
                               :Isoeugenol Ratio                               
                 50:49.5:.5                                                    
     ______________________________________                                    
     Terpolymer         100     100      100                                   
     Burgess KE         100     --       --                                    
     Nulock 321SP       --      --       40                                    
     Optiwhite P        --      --       10                                    
     Silanox 101        --      30       5                                     
     Elastomag 170      6       6        6                                     
     Chemlink 30        1.5     1.5      --                                    
     Triallylcyanurate  --      --       1                                     
     Luperox 500/40KE   6       6        1                                     
     Cure:                                                                     
     Press, 15 Min/320.degree.F                                                
     Oven, 24 Hrs/212.degree.F                                                 
     Original Physical Properties:                                             
     100% Modulus (psi) --      --       1810                                  
     Tensile Strength (psi)                                                    
                        1630    1660     2190                                  
     Elongation (%)     30      55       120                                   
     Microhardness (IRHD)                                                      
                        70      81       38                                    
     Compression Set (%)                                                       
     22 Hrs/302.degree.F                                                       
                        29      44       57                                    
     (CF.sub.3 CH.sub.2 O)                                                     
                 :(HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2 O)                       
                               :Hesperetol Ratio                               
                 49.5:49.5:1                                                   
     ______________________________________                                    
     Terpolymer         100    100    100  100                                 
     Burgess KE         100    --     --   --                                  
     Nulock 321SP       --     --     40   40                                  
     SAF Carbon Black (N110)                                                   
                        --     --     --   10                                  
     Silanox 101        --     30     10   --                                  
     Elastomag 170      6      6      6    6                                   
     Triallylcyanurate  --     --     3    3                                   
     Chemlink 30        1.5    1.5    --   --                                  
     Luperox 500/40KE   3      3      --   5                                   
     Lucidol 78         --     --     2    --                                  
     Cure:                                                                     
     Press, 15 Min/.degree.F                                                   
                        320    320    230  320                                 
     Oven, 24 Hrs/212.degree.F                                                 
     Original Physical Properties:                                             
     100% Modulus (psi) --     1500   1600 1300                                
     Tensile Strength (psi)                                                    
                        1750   2200   2150 2400                                
     Elongation (%)     90     185    160  210                                 
     Microhardness (IRHD)                                                      
                        71     76     63   68                                  
     Compression Set (%)                                                       
     22 Hrs/302.degree.F                                                       
                        26     39     29   27                                  
     (CF.sub.3 CH.sub.2 O)                                                     
                 :(HCF.sub.2 C.sub.3 F.sub.6 CH.sub.2 O)                       
                               :Isoeugenol Ratio                               
                 30:67:3                                                       
     ______________________________________                                    
     Terpolymer         100     100      100                                   
     Burgess KE         100     --       --                                    
     Nulock 321SP       --      --       40                                    
     Silanox 101        --      30       10                                    
     Elastomag 170      6       6        6                                     
     Chemlink 30        1.5     1.5      --                                    
     Triallylcyanurate  --      --       3                                     
     Luperox 500/4oKE   1.5     1.5      --                                    
     Lucidol 78         --      --       1                                     
     Cure:                                                                     
     Press, 15 Min/.degree.F                                                   
                        320     320      230                                   
     Oven, 24 Hrs/212.degree.F                                                 
     100% Modulus (psi) --      1450     1830                                  
     Tensile Strength (psi)                                                    
                        1700    1920     1950                                  
     Elongation (%)     85      165      120                                   
     Microhardness (IRHD)                                                      
                        73      70       69                                    
     Compression Set (%)                                                       
     22 Hrs/302.degree.F                                                       
                        22      40       24                                    
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of thermally stable, fluid resistant
      vulcanized polyphosphazene copolymers, terpolymers and mixtures thereof
      which comprises mixing 100 parts by weight of unvulcanized elastomeric
      polyphosphazene polymer represented as consisting of randomly distributed
      repeating units having the following formulae
      ##EQU2##
      in which OR and OR' are selected from the group consisting of fluoroalkoxy
      groups represented by the formula Z(CF.sub.2).sub.n CH.sub.2 O-- wherein Z
      represents H or F and n is an integer between 2 and 9 and aryloxy groups
      with:
PAR  0. 1 to 20 parts by weight of a coagent which is at least trifunctional and
      taken from the class of compounds which contain allyl, vinyl, propenyl,
      acrylate, or methacrylate moieties on aliphatic or aromatic or
      heterocyclic nuclei;
PA1  20 to 150 parts by weight of a reactive silane treated clay or aluminum
      silicate filler;
PA1  up to 10 parts by weight or metal oxide selected from the group consisting
      of MgO, ZnO, ZrO.sub.2, or BaZrO.sub.3 ;
PA1  up to 10 parts by weight of a vulcanizing agent selected from the group
      consisting of benzoyl peroxide, dicumyl peroxide, and
      2,5-bis(t-butylperoxy)2,5-dimethylhexane;
PA1  and thereafter vulcanizing the resulting composition.
NUM  2.
PAR  2. The process of claim 1 including in addition curing said vulcanizate at
      a temperature between 225.degree.F and 350.degree.F for up to 30 minutes.
NUM  3.
PAR  3. The process of claim 2 including in addition post-curing the cured
      vulcanizate at a temperature between 150.degree.F and 300.degree.F for up
      to 24 hours.
NUM  4.
PAR  4. The product of the process of claim 1.
NUM  5.
PAR  5. The product of the process of claim 2.
NUM  6.
PAR  6. The product of the process of claim 3.
NUM  7.
PAR  7. A vulcanizable composition suitable for the production of thermally
      stable, fluid resistant articles comprising:
PA1  between about 0.1 to 20 parts by weight of a coagent which is at least
      trifunctional and taken from the class of compounds which contain allyl,
      vinyl, propenyl, acrylate, or methacrylate moieties on aliphatic or
      aromatic or heterocyclic nuclei;
PA1  20 to 150 parts by weight of a reactive silane treated clay or aluminum
      silicate filler;
PA1  up to 10 parts be weight of metal oxide selected from the group consisting
      of MgO, ZnO, ZrO.sub.2 or BaZrO.sub.3 ;
PA1  up to 10 parts by weight of a vulcanizing agent selected from the group
      consisting of benzoyl peroxide, dicumyl peroxide and
      2,5-bis(t-butylperoxy)2,5-dimethylhexane; and
PA1  100parts by weight of unvulcanized elastomeric polyphosphazene polymer
      represented as consisting of randomly distributed repeating units having
      the following formulae
      ##EQU3##
      in which OR and OR' are selected from the group consisting of fluoroalkoxy
      groups represented by the formula Z(CF.sub.2).sub.n CH.sub.2 O-- wherein Z
      represents H or F and n is an integer between 2 and 9 and aryloxy groups.
NUM  8.
PAR  8. The composition of claim 7 in which the coagent is triallylcyanurate,
      and the amount of coagent is 1 to 5 parts by weight per hundred parts of
      polyphosphazene polymer.
NUM  9.
PAR  9. The composition of claim 7 in which the coagent is trimethylol propane
      trimethacrylate and the amount of coagent is 1 to 5 parts by weight per
      hundred parts of polyphosphazene polymer.
NUM  10.
PAR  10. The composition of claim 7 in which the reinforcing filler is treated
      with gamma aminopropyltriethoxysilane from 0.01 to 5 weight percent on the
      reinforcing filler.
NUM  11.
PAR  11. The composition of claim 7 in which the reinforcing filler is clay
      which has been treated with vinyltrismethoxyethoxysilane.
NUM  12.
PAR  12. The composition of claim 7 in which the polyphosphazene contains the
      moieties CF.sub.3 CH.sub.2 O--:HCF.sub.2 CF.sub.2 CF.sub.2 CF.sub.2
      CH.sub.2 O--: isoeugenol in the ratio of ranges defined by the area
      bounded by the ternary coordinates, respectively, 67:28:5; 28:67:5;
      49.99:49.99:0.02.
NUM  13.
PAR  13. The compositional range of claim 12 where the isoeugenol is replaced by
      a monovalent aryloxy radical taken from the group consisting of aryloxy
      radicals substituted with a substitutent selected from allyl, vinyl and
      propenyl substituents in the ortho, meta or para positions on said aryloxy
      groups.
NUM  14.
PAR  14. The composition of claim 7 wherein the polyphosphazene material
      comprises poly(fluoroalkoxyphosphazene).
NUM  15.
PAR  15. The composition of claim 14 wherein the polyphosphazene is a copolymer
      represented by the formula
      ##EQU4##
      in which OR and OR' are randomly distributed and in which OR represents
      OCH.sub.2 CF.sub.3 and OR' represents OCH.sub.2 CF.sub.2 CF.sub.2 CF.sub.2
      CF.sub.2.
NUM  16.
PAR  16. The product of claim 4 in the form of a gasket or seal.
NUM  17.
PAR  17. The product of claim 4 in the form of an O-ring.
NUM  18.
PAR  18. The product of claim 5 in the form of a gasket or seal.
NUM  19.
PAR  19. The product of claim 5 in the form of an O-ring.
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ABST
PAL  A thermally stable polycarbonate composition comprising in admixture, an
      aromatic carbonate polymer and a stabilizing amount of an additive which
      is a combination of an epoxy compound prepared from an epichlorodydrin and
      the reaction product of an alkyl phosphite and the chlorine containing
      contaminant in said epoxy compound.
BSUM
PAR  This invention is directed to a thermally stable polycarbonate composition
      comprising in admixture, an aromatic carbonate polymer and a stabilizing
      amount of an additive which is the combination of an epoxy compound
      prepared from an epichlorodydrin and the reaction product of an alkyl
      phosphite and the chlorine containing contaminant in said epoxy compound.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to incorporate various phosphites with polymers as disclosed in
      U.S. Pat. No. 3,305,520 and phosphites with tetraaryl tin as shown in
      Canadian Pat. No. 727,700. However, these references deal solely with
      phosphites such as triaryl and trialkyl phosphites. Due to increased
      molding temperatures and use temperatures of molded shapes of
      polycarbonates, it is increasingly more important to prepare
      polycarbonates having increased stability to thermal degradation or
      discoloration due to elevated temperatures.
PAR  Epoxy compounds have been known to provide stabilization for polycarbonates
      as disclosed in an application of C. A. Bialous et al. entitled "A
      Hydrolytically Stable Polycarbonte Composition", Ser. No. 427,832 filed
      Dec. 26, 1973 now U.S. Pat. No. 3,839,247, issued Oct. 1, 1974 and
      assigned to the same assignee as the present invention.
PAR  However, it has been found that the epoxy compounds prepared from
      epichlorodydrin described in the C. A. Bialous et al. application normally
      contain significant amounts of chlorine as an impurity which results in
      poor molded color of polycarbonate compositions containing these
      particular epoxy compounds.
PAR  These polycarbonate compositions are suitable for producing bottles which
      are free of the drawbacks of hazing and brittleness of clear polycarbonate
      bottles when subjected to water or moisture under elevated temperatures.
PAR  In the art, there are several patents directed to using epoxies with
      polycarbonates. One such patent is U.S. Pat. No. 3,489,716, which
      specifically discloses employing with a polycarbonate a cycloaliphatic
      epoxy containing 1-2-cycloaliphatic rings. Another patent is U.S. Pat. No.
      3,634,312, which discloses the use of a great host of epoxies that can be
      used with a copolycarbonate and specifically
      poly(bisphenol-A-carbonate-co-phosphite).
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been surprisingly discovered that a thermally stable polycarbonate
      composition having excellent molded color results by admixing an aromatic
      carbonate polymer and an additive which is the combination of an epoxy
      compound prepared from an epichlorohydrin and the reaction product of an
      alkyl phosphite and the chlorine contaminant in said epoxy compound.
PAR  The epoxides that may be employed in the practice of this invention are
      those prepared from epichlorohydrin and are either aromatic epoxy or
      aliphatic epoxy compounds represented by the following formula:
      ##EQU1##
      WHEREIN R is selected from the group consisting of alkyl radicals of 1 to
      24 carbonatoms, aryl radicals containing 1 to 3 aromatic rings and n is an
      integer of from 1 to about 10.
PAR  Specifically, the epoxies that can be employed herein are bisphenol-A
      diglycidyl ether, tetrabromo bisphenol-A diglycidyl ether, phloroglucinol
      tri-clycidyl ether, hydroquinone diglycidyl ether bromoresorcinol
      diglycidyl ether, tetrahydroxybiphenyl tetraglycidyl ether. Preferably,
      the epoxy compound employed herein the practice of this invention is
      bisphenol-A diglycidyl ether.
PAR  The alkyl phosphite is represented by the following formula:
EQU  P(OR.sub.1).sub.3
PAL  wherein R.sub.1 is an alkyl radical of from 1 to about 10 carbon atoms.
      These alkyl phosphites are such that they are volatile and thus easily
      removed by mild heating.
PAR  The epoxy compound prepared from epichlorohydrin contains chlorine as an
      impurity. This impure epoxy compound is reacted with an alkyl phosphite
      according to the following equation, taking triethyl phosphite as an
      example of the phosphite:
      ##EQU2##
      wherein R is defined as above. This reaction is the Arbuzov reaction and
      is well known to those skilled in the art. As seen from the above
      equation, chlorine is removed as the volatile ethyl chloride.
PAR  The amount of additive combination employed is a stabilizing amount and can
      vary from 0.01 to about 0.50 weight percent based on the weight of the
      polycarbonate.
PAR  The aromatic carbonate polymers employed in the practice of this invention
      are homopolymers and copolymers that are prepared by reacting a dihydric
      phenol with a carbonate precursor.
PAR  The dihydric phenols that can be employed are bisphenols such as
      bis(4-hydroxyphenyl) methane, 2,2-bis(4-hydroxyphenyl) propane
      (hereinafter referred to as bisphenol-A),
      2,2-bis(4-hydroxy-3-methylphenyl) propane, 4,4-bis(4-hydroxyphenyl)
      heptane, 2-2-bis (4-hydroxy-3,5-dichlorophenyl) propane,
      2,2-bis(4-hydroxy-3,5-dibromophenyl) propane, etc., dihydric phenol ethers
      such as bis(4-hydroxyphenyl) ether, bis(3,5-dichloro-4-hydroxyphenyl)
      ether, etc.: dihydroxydiphenyls such as p,p'-dihydroxydiphenyl,
      3,3'-dichloro-4,4'-dihydroxydiphenyl, etc.; dihydroxyaryl sulfones such as
      bis(4-hydroxyphenyl) sulfone, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone,
      etc., dihydroxy benzenes, resorcinol, hydroquinone, halo- and
      alkyl-substituted dihydroxy benzenes such as
      1,4-dihydroxy-2,5-dichlorobenzene, 1,4-dihydroxy-3-methylbenzene, etc.,
      and dihydroxy diphenyl sulfoxides such as bis(4-hydroxyphenyl) sulfoxide,
      etc. A variety of additional dihydric phenols are also available to
      provide carbonate polymers and are disclosed in U.S. Pat. Nos. 2,999,835;
      3,028,365, and 3,153,008. Also suitable for preparing the aromatic
      carbonate polymers are copolymers prepared from any of the above
      copolymerized with halogen-containing dihydric phenols such as
      2,2-bis(3,5-dichloro-4-hydroxyphenyl) propane, 2,2-bis(
      3,5-dibromo-4-hydroxyphenyl) propane, etc. It is of course possible to
      employ two or more different dihydric phenols or a copolymer of a dihydric
      phenol with a gylcol or with hydroxy or acid terminated polyester, or with
      a dibasic acid in the event a carbonate copolymer or interpolymer rather
      than a homopolymer is desired for use in the preparation of the aromatic
      carbonate polymers of this invention. Also employed in the practice of
      this invention may be blends of any of the above materials to provide the
      aromatic carbonate polymer.
PAR  The carbonate precursor may be either a carbonyl halide, a carbonate ester
      or a haloformate. The carbonyl halides which can be employed herein are
      carbonyl bromide, carbonyl chloride and mixtures thereof. Typical of the
      carbonate esters which may be employed herein are diphenyl carbonate,
      di-(halophenyl)carbonates such as di-chlorophenyl) carbonate,
      di-(bromophenyl) carbonate, di-(trichlorophenyl) carbonate,
      di-(tribromophenyl) carbonate, etc., di-(alkylphenyl) carbonate such as
      di-(tolyl) carbonate, etc., di-(naphthyl) carbonate, di-(chloronaphthyl)
      carbonate, phenyl tolyl carbonate, chlorophenyl chloronaphthyl carbonate,
      etc., or mixtures thereof. The haloformates suitable for use herein
      include bishaloformates of dihydric phenols (bischloroformates of
      hydroquinone, etc.) or glycols (bishaloformates of ethylene glycol,
      neopentyl glycol, polyethylene glycol, etc.). While other carbonate
      precursors will occur to those skilled in the art, carbonyl chloride also
      known as phosgene is preferred.
PAR  Also included are the polymeric materials of a dihydric phenol, a
      dicarboxylic acid and carbonic acid. These are disclosed in U.S. Pat. No.
      3,169,121 which is incorporated herein by reference.
PAR  The aromatic carbonate polymers of this invention are prepared by employing
      a molecular weight regulator, an acid acceptor and a catalyst. The
      molecular weight regulators which may be employed in carrying out the
      process of this invention include phenol, cyclohexanol, methanol,
      para-tertiarybutylphenol, parabromophenol, etc. Preferably phenol is
      employed as the molecular weight regulator.
PAR  A suitable acid acceptor may be either an organic or an inorganic acid
      acceptor. A suitable organic acid acceptor is a tertiary amine and
      includes such materials as pyridine, triethylamine, dimethylaniline,
      tributylamine, etc. The organic acid acceptor may be one which can be
      either a hydroxide, a carbonate, a bicarbonate, or a phosphate or an
      alkali or alkali earth metal.
PAR  Obviously other materials can also be employed with the aromatic carbonate
      polymer of this invention and include such materials as anti-static
      agents, pigments, mold release agents, thermal stabilizers, ultraviolet
      light stabilizers, reinforcing fillers and the like.
PAR  The composition of this invention is prepared by admixing the aromatic
      carbonate polymer with the additives of the instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following examples are set forth to illustrate more clearly the
      principle and practice of this invention to those skilled in art. Unless
      otherwise specified, where parts or percents are mentioned, they are parts
      or percents by weight.
PAC  EXAMPLE I
PAR  To a reactor fitted with a reflux condenser and mechanical agitator charge
      100 parts of methylene chloride, 150 parts of
      2,2-bis(4-hydroxyphenyl)propane, 150 parts of calcium hydroxide, 3 parts
      of phenol and 0.018 parts of triethylamine. The slurry is stirred and
      phosgene is added at a rate of about 90 parts per hour. After 50 minutes,
      the phosgene addition is terminated. The polycarbonate in solid form is
      recovered by filtering and removal of any residual solvent. The product is
      dried over night at 125.degree.C. The product is then fed to the extruder
      which is at a temperature of about 525.degree.F and pelletized.
PAC  EXAMPLE II
PAR  To the polymer prepared in Example I before pellitizing, 0.1 weight percent
      of bisphenol-A diglycidyl ether is blended therewith and the blend is then
      pelletized as in Example I.
PAC  EXAMPLE III
PAR  To the polymer prepared in Example I before pelletizing, 0.1 weight percent
      of bisphenol-A diglycidyl ether which has been treated with
      triethylphosphite, is blended therewith and the blend is then pelletized
      as in Example I.
PAC  PROCEDURE A
PAR  The treated bisphenol-A diglycidyl ether of Example III is prepared by
      taking 50 parts of bisphenol-A diglycidyl ester and heating it with 1 part
      of triethylphosphite.
PAR  Each of the polymer compositions of Examples I-III are injection molded
      into test samples of about 3 inches by 2 inches by 1/8 inch thick at about
      650.degree.F. The samples are subjected to ASTM test method D1003 for
      determining light transmission on the samples before and after steam
      autoclaving for 16 hours at 260.degree.F. The higher the percent light
      transmitted, the better is the clarity of the sample. Also, the samples
      are subjected to ASTM Yellowness Index Test 1925-63T. The lower the value,
      the better is the clarity of the sample.
PAR  The results are as follows:
TBL                TABLE                                                       
     ______________________________________                                    
                                    % Light                                    
           Yellowness                                                          
                     % Light Transmission                                      
                                    Transmission                               
     Sample                                                                    
           Index     Before Autoclaving                                        
                                    After Autoclaving                          
     ______________________________________                                    
     I     5.4       86.2           54.1                                       
     II    27.1      77.1           74.3                                       
     III   2.1       86.6           83.1                                       
     ______________________________________                                    
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained, and
      since certain changes may be made in carrying out the above process and in
      the composition set forth without departing from the scope of this
      invention, it is intended that all matters contained in the above
      description shall be interpreted as illustrative and not in a limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermally stable polycarbonate composition comprising in admixture, an
      aromatic carbonate polymer and a stabilizing amount of an additive which
      is a combination of an epoxy compound prepared from an epichlorohydrin and
      represented by the following formula:
      ##EQU3##
      wherein R is selected from the group consisting of alkyl radicals of 1 to
      24 carbon atoms, aryl radicals containing 1 to 3 aromatic rings and n is
      an integer of from 1 to about 10, and the reaction product of the chlorine
      containing contaminant in said epoxy compound and an alkyl phosphite
      represented by the following formula:
EQU  P(OR.sub.1).sub.3
PAL  wherein R.sub.1 is an alkyl radical of from 1 to about 10 carbon atoms; the
      reactants being employed in such proportions as to form the volatile alkyl
      chloride derivative from said contaminant and the alkyl radical of the
      phosphite.
NUM  2.
PAR  2. The composition of claim 1 wherein the epoxy compound is bisphenol-A
      diglycidyl ether.
NUM  3.
PAR  3. The composition of claim 1 wherein the phosphite is triethylphosphite.
NUM  4.
PAR  4. The composition of claim 1 where the aromatic carbonate polymer is the
      reaction product of a dihydric phenol and a carbonate precursor.
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PAL  Polyurethanes are rendered resistant to heat and oxidation by addition, as
      stabiliser, of a hydroxylic spiro-bis-indane of the formula:
      ##SPC1##
PAL  In which each of the R.sub.1 radicals which may be identical or different;
      represents a methyl or ethyl radical, and each of Z.sub.1, Z.sub.2,
      Z.sub.3, Z.sub.4, Z.sub.5 and Z.sub.6, which may be identical or
      different, represents a hydrogen atom, a hydroxyl group an alkyl radical,
      an alkoxy radical or a halogen atom.
BSUM
PAR  The present invention relates to a process for rendering polyurethanes
      heat-resistant and resistant to oxidation.
PAR  It is known that it is important to introduce stabilisers into various
      plastics materials in order to retain their mechanical properties and/or
      their appearance during use. The nature of these stabilisers varies
      depending on the chemical constitution of the plastics material and on the
      type of agent which induces ageing or deterioration, for example heat,
      ultra-violet light or combustion.
PAR  Thus, it has been proposed to render polyurethanes resistant to heat by
      means of blocked polyphenols such as the compound of the formula:
      ##SPC2##
PAR  A process for rendering polyurethanes heat-resistant and resistant to
      oxidation has now been found, according to the present invention, which
      process comprises incorporating a hydroxylic spiro-bis-indane compound of
      the formula (I)
      ##SPC3##
PAL  in which each of the R.sub.1 radicals, which may be identical or different,
      represents a methyl or ethyl radical, and each of Z.sub.1, Z.sub.2,
      Z.sub.3, Z.sub.4, Z.sub.5 and Z.sub.6, which may be identical or
      different, represents a hydrogen atom, a hydroxyl group, an alkyl radical,
      an alkoxy radical or a halogen atom.
PAR  The hydroxylic spiro-bis-indane compounds of formula (I) result from the
      condensation of a ketone and phenolic compounds. These compounds are
      described in the literature in the following publications: J. Chem. Soc.
      415 (R. F. CURTIS) 1962, J. Chem. Soc. 1,678 (W. BAKER) 1934, Chemical
      Abstracts 27, 1873 (SUKODS) 1933, J. Chem. Soc. 1,421 (W. BAKER) 1939, J.
      Chem. Soc. 195 (W. BAKER) 1939, Tetrahedron letters 34, 3,707 (J.
      POSPISIL) 1968 and U.S. Pat. No. 3,126,380.
PAR  Amongst the compounds of the formula (I) those in which the radicals
      Z.sub.1, Z.sub.2, Z.sub.3, Z.sub.4, Z.sub.5 and Z.sub.6 have the following
      meanings: a hydrogen atom, a hydroxyl group, a straight or branched alkyl
      radical with up to 4 carbon atoms, an alkoxy radical with 1 to 4 carbon
      atoms, a chlorine atom or a bromine atom, are preferred.
PAR  The 1,1'-spiro-bis-indane derivatives which possess at least two hydroxyl
      groups on each benzene ring and, optionally, additional hydroxyl groups or
      alkyl or alkoxy groups or chlorine or bromine atoms are particularly
      suitable.
PAR  By way of illustration, the following compounds may be mentioned:
PAL  6,6'-dihydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane,
PAL  6,6'-dihydroxy-3,3,3',3'-tetraethyl-1,1'-spiro-bis-indane,
PAL  6,6'-dihydroxy-3,3,3',3',5,5'-Hexamethyl-1,1'-spiro-bis-indane,
PAL  6,6'-dihydroxy-5,5'-dimethoxy-3,3'-diethyl-2,3,3'-trimethyl-1,1'-spiro-bis-
     indane,
PAL  5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane,
PAL  5,5',6,6'-tetrahydroxy-3,3,3',3'-tetraethyl-1,1'-spiro-bis-indane,
PAL  5,5',6,6'-tetrahydroxy-3,3,'-diethyl-2,3,3'-trimethyl-1,1'-spiro-bis-indane
PAL  5,5',6,6'-tetrahydroxy-3,3,3',3'-tetraethyl-2,2'-dimethyl-1,1'-spiro-bis-in
     dane,
PAL  6,6',7,7'-tetrahydroxy-3,3,3',3'-tetramethyl-5,5'-di-(tertiary
      butyl)-1,1'-spiro-bis-indane,
PAL  5,5',6,6',7,7'-hexahydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane,
PAL  5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-tetrabromo-1,1'-spir
     o-bis-indane and
PAL  5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-tetrachloro-1,1'-spi
     ro-bis-indane.
PAR  Particularly preferred are
      5,5',6,6'tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane, which
      can be obtained in excellent yields from pyrocatechol and acetone [see R.
      F. Curtis, J. Chem. Soc. 415 (1962)], and
      5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-tetrabromo-1,1'-spi
     ro-bis-indane and its tetrachloro homologue, both of which are described in
      U.S. Pat. No. 3,126,380.
PAR  The stabilisers used in the present invention exert their beneficial effect
      on any type of polyurethane, no matter what it is to be used for.
PAR  The reactants for producing polyurethanes which can be rendered
      heat-resistant by means of the compounds of formula (I) can be selected,
      depending on the application envisaged, from the known polyisocyanates and
      the polyols. It is thus possible to use any simple aromatic, aliphatic or
      cycloaliphatic polyisocyanate possessing 2 or more --NCO groups, such as
      hexamethylene diisocyanate, butylene diisocyanate, toluylene 2,4- or
      2,6-diisocyanate, p-phenylene diisocyanate, cyclohexylene
      1,4-diisocyanate, 4,4'-bis-isocyanato-dicylohexylmethane,
      4,4'-bis-isocyanato-diphenyl ether and polyarylene polyisocyanates which
      possess more than 2 functional groups and which are prepared from
      aniline/formaldehyde condensation products. It is also possible to employ
      modified polyisocyanates prepared by reacting a diisocyanate, present in
      excess, with a polyol of low molecular weight such as glycerol or
      trimethylolpropane. It is also possible to use a polyurethane prepolymer
      possessing terminal isocyanate groups prepared beforehand by reacting an
      excess of polyisocyanate with a polyol. It is also possible, in some
      cases, to add small amounts of a monoisocyanate.
PAR  It is possible to employ any type of polyol, the use of which is well known
      to those skilled in the polyurethane art. The polyols can be linear or
      branched and can possess 2 or more --OH groups. The choice of polyol is
      obviously a function of the desired use of the polyurethane. Thus, in
      order to prepare elastomeric products or flexible foams, linear long-chain
      polyols or polyols with only a low degree of branching, that is to say
      polyols with relatively long chains between hydroxyl groups are suitably
      used. When it is desired to prepare hard moulded products or rigid foams,
      highly branched polyols of relatively low molecular weight are generally
      used. Intermediate these extremes, semi-rigid foams or semi-flexible foams
      can be obtained depending on the molecular weight or on the degree of
      branching of the polyol. It is also possible to modify the properties of
      the products by adding small amounts of a monofunctional hydroxylic
      compound.
PAR  Suitable polyols include polyhydroxylic polyethers such as simple
      polyalkylene glycols like diethylene glycol, dipropylene glycol and
      polyethylene glycols and polypropylene glycols and copolymers of ethylene
      glycol or propylene glycol. It is also possible to use polyhydroxylic
      polyethers prepared by adding alkylene oxides to simple polyfunctional
      compounds possessing hydroxyl, amino and carboxylic acid groups, such as
      ethylene glycol, propylene glycol, glycerol, trimethylolpropane,
      hexane-1,2,6-triol, butanediol, sucrose, glucose, sorbitol,
      pentaerythritol, mannitol, dulcitol, triethanolamine,
      N-methyldimethanolamine, tartaric acid, malic acid and ricinoleic acid. It
      is also possible to employ polythioethers such as those prepared from
      thioglycol.
PAR  Polyhydroxylic polyesters are polyols which are much used. They can be
      prepared by reacting one or more polycarboxylic acids with a suitable
      molar excess of one or more simple polyols. Amongst the polyacids, there
      may be mentioned aliphatic acids such as succinic acid, glutaric acid,
      adipic acid, pimelic acid, suberic acid and sebacic acid, cycloaliphatic
      acids such as cyclohexane-1,4-dicarboxylic acid, and aromatic acids such
      as ortho-, meta- and para-phthalic acids. As examples of polyols which may
      be used, there may be mentioned ethane-1,2-diol, propane-1,2- and
      -1,3-diols, butane-1,2-, -1,3- and -1,4-diols, hexane-1,6-diol,
      decane-1,10-diol, glycerol, hexane-1,2,6-triol, trimethylolpropane and
      pentaerythritol.
PAR  It is also possible to use .alpha.,.omega.-dihydroxylic polyester-amides,
      .alpha.,.omega.-dihydroxylic polyurethanes and
      .alpha.,.omega.-dihydroxylic hydrocarbons such as
      .alpha.,.omega.-dihydroxylic polybutadienes or butadiene/isobutylene
      copolymers; it is also possible to use optionally modified castor oil and
      the products resulting from the etherification of silanols or siloxanes by
      means of polyhydroxylic polyethers or polyhydroxylic polyesters.
PAR  The relative weight proportions of the polyol and the polyisocyanate are
      not critical. They depend on the application envisaged. The ratio is
      usually approximately 1 and it is possible to prepare polyurethanes in
      which the terminal groups can be isocyanate groups or hydroxyl groups.
      When a prepolymer is prepared, the ratio of the number of isocyanate
      groups to the number of hydroxyl groups is generally greater than 1,
      suitably from 1.05 to 3.
PAR  The stabilisers are generally introduced in an amount from 0.1 to 10%,
      preferably 0.2 to 5%, by weight relative to the weight of dry polymer. The
      stabiliser can be introduced at the same time as the reagents for the
      urethanisation reaction or after this reaction is complete. The stabiliser
      is generally mixed homogeneously with the polyol. Concentrated solutions
      of stabilisers in ketones such as acetone or in polar solvents such as
      dimethylformamide are advantageously employed. Such a solvent, which makes
      it possible to introduce the stabiliser homogeneously, can optionally be
      removed thereafter.
PAR  The stabilisers used in the present invention are compatible with the
      catalysts for the urethanisation reaction, such as those described in, for
      example, J. H. SAUNDERS and K. C. FRISCH: Polyurethane Chemistry and
      Technology, part I, Chemistry. Amongst the catalysts which may be used,
      there may be mentioned tertiary amines, heavy metal derivatives, acids and
      acid chlorides. Depending on the application envisaged, it can be
      desirable to introduce, in addition to the essential constitutents
      mentioned above, various additives such as agents for imparting resistance
      to combustion and to ultra-violet radiation, surface-active agents,
      pore-forming agents, dyestuffs, pigments and fillers. Generally these
      various additives are compatible with the hydroxylic-spiro-bis-indane
      compounds of formula (I).
PAR  The polyurethanes stabilised according to the process of this invention can
      be exposed for long periods (for example several hundred hours) to
      temperatures above 100.degree.C without observing any substantial
      deterioration in their mechanical properties. Such a property can
      advantageously be exploited in the preparation of articles by coating as
      in, for example, car fittings, as well as in the preparation of foams. The
      following Examples further illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAR  A polyurethane prepolymer possessing terminal isocyanate groups is prepared
      by heating a mixture consisting of 1,000 g of
      4,4'-diisocyanato-diphenylmethane and 2,000 g of an
      .alpha.,.omega.-dihydroxylic polyester [polyadipate of hexane-1,6-diol and
      ethylene glycol, 66/34; molecular weight: 2,000] for 1 hour at
      100.degree.C.
PAR  The polyurethane prepolymer is dissolved in 3,050 g of methyl ethyl ketone
      and another solution containing 270 g of butane-1,4-diol, 3,050 g of
      dimethylformamide and 3 g of dibutyl-tin dilaurate is run into the above
      solution. A 35% strength polyurethane solution is thus obtained to which a
      stabiliser is sometimes added in an amount of 1% by weight relative to the
      weight of the polymer. Thin films (5/100 mm) are prepared from this
      solution, in accordance with the usual techniques. These films are placed
      in a ventilated oven at 120.degree.C, and degradation is followed by
      measuring the load at break (initial value 475 kg/cm.sup.2). The results
      are given in the Table which follows.
TBL  __________________________________________________________________________
                Variations in the load at break as a % of the initial value    
                for                                                            
                periods of exposure of: -                                      
                0 hrs.                                                         
                    32 hrs.                                                    
                          58 hrs.                                              
                                82 hrs.                                        
                                      108 hrs.                                 
                                            136 hrs.                           
     __________________________________________________________________________
     Without a stabiliser                                                      
                0   -15   -41         -58   -63.4                              
     Stabiliser A*                                                             
                0   -1.5  -4.5  -5.4  -6    -12                                
     Stabiliser B**                                                            
                0   -6    -35.3 -52.4 -54.4 -63.4                              
     __________________________________________________________________________
      *Stabiliser A:                                                           
      5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane       
      **Stabiliser B:?                                                         
TBL  C----CH.sub.2 --O--CO--CH.sub.2 --CH.sub.2                                
            4                                                                  
PAR  It can be seen from the Table that the mechanical properties of the
      polyurethane stabilised according to the process of this invention have
      not decreased substantially after 100 hours of exposure at 100.degree.C.
PAC  EXAMPLE 2
PAR  A polyester-urethane solution is prepared by heating a mixture consisting
      of:
TBL  4,4'-diisocyanato-diphenylmethane                                         
                               1,000 g                                         
     .alpha.,.omega.-dihydroxylic polyester                                    
                               2,000 g                                         
     [The polyester is a polyadipate of hexane-                                
     1,6-diol and ethylene glycol; molar ratio of                              
     hexanediol to ethylene glycol: 66/34; mole-                               
     cular weight: 2,000.]                                                     
     butane-1,4-diol           270 g                                           
     dibutyl-tin dilaurate     3 g                                             
     dimethylformamide         6,100 g                                         
     for 2 hours 30 minutes at 80.degree.C.                                    
PAR  A spiro-bis-indane stabiliser is added to this polyester-urethane solution
      in an amount of 1% by weight relative to the weight of polymer, and thin
      films (thickness 5/100 mm) are prepared in accordance with the usual
      techniques. These films are placed in a ventilated oven at 120.degree.C.
      The variation in the value of the load at break (initial value: 525
      kg/cm.sup.2) is measured after heating for 96 hours. The results are given
      in the Table which follows:
TBL                                    EXAMPLE NO. 2.                          
     __________________________________________________________________________
     Nature of the stabiliser      Variations in the load at break             
                                   as a % of the initial value for             
                                   96 hrs. of exposure                         
     __________________________________________________________________________
     Control experiment, no stabiliser                                         
                                  -41.5                                        
     5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-                        
     spiro-bis-indane             + 1.6                                        
     5,5',6,6'-tetrahydroxy-3,3'-dimethyl-3,3'-diethyl-                        
     1,1'-spiro-bis-indane        + 4.9                                        
     5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-                   
     tetrabromo-1,1'-spiro-bis-indane                                          
                                  + 2.5                                        
     6,6'-dihydroxy-3,3,3',3'5,5'-hexamethyl-1,1'-spiro-                       
     bis-indane                   - 35.1                                       
     6,6'-dihydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis                       
     indane                       -37.1                                        
     6,6'-dihydroxy-3,3,3',3'-tetramethyl-5,5'-dimethoxy-                      
     1,1'-spiro-bis-indane        -36.3                                        
     5,5',6,6',7,7'-hexahydroxy-3,3,3',3'-tetramethyl-                         
     1,1'-spiro-bis-indane        -25.8                                        
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  A polyether-urethane prepolymer possessing terminal isocyanate groups is
      prepared by heating a mixture consisting of:
TBL  4,4'-diisocyanato-diphenylmethane:                                        
                                1,035 g                                        
     .alpha.,.omega.-dihydroxylic polyether:                                   
                                2,700 g                                        
     (polypropylene glycol; molecular weight 1,800)                            
     trimethylolpropane:        20.1 g                                         
     for 1 hour at 100.degree.C.                                               
PAR  The polyurethane prepolymer is dissolved in 3,250 g of methyl ethyl ketone,
      and this solution is run into another solution containing 150 g of
      ethylene glycol, 3,250 g of dimethylformamide and 3.7 g of dibutyltin
      dilaurate.
PAR  A spiro-bis-indane stabiliser is added to the polyether-urethane solution
      in an amount of 1% by weight relative to the weight of the polymer, and
      thin films (5/100 mm) are prepared in accordance with the usual
      techniques. These films are placed in a ventilated oven at 120.degree.C
      and the variation in the value of the load at break (initial value 115
      kg/cm.sup.2) is measured after heating for 96 hours. The results are given
      in the Table which follows:
TBL                                    EXAMPLE NO. 3                           
     __________________________________________________________________________
     Nature of the stabiliser      Variations in the load at break             
                                   as a % of the initial value for             
                                   96 hrs. of exposure                         
     __________________________________________________________________________
     Control experiment, no stabiliser                                         
                                   -60.1                                       
     5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-                        
     spiro-bis indane              + 8.3                                       
     5,5',6,6'-tetrahydroxy-3,3'-dimethyl-3,3'-diethyl-                        
     1,1'-spiro-bis-indane         -22.4                                       
     5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-                   
     tetrabromo-1,1'-spiro-bis-indane                                          
                                   - 2.7                                       
     5,5',6,6',7,7'-hexahydroxy-3,3,3',3'-tetramethyl-1,1'-                    
     spiro-bis-indane              - 0.5                                       
     __________________________________________________________________________
CLMS
STM  I claim:
NUM  1.
PAR  1. A polyurethane composition which comprises, as stabiliser, a hydroxylic
      spiro-bis-indane compound of the formula:
      ##SPC4##
PAL  in which each of the R.sub.1 radicals which may be identical or different;
      represents a methyl or ethyl radical, and each of Z.sub.1, Z.sub.2,
      Z.sub.3, Z.sub.4, Z.sub.5 and Z.sub.6, which may be identical or
      different; represents a hydrogen atom, a hydroxyl group, an alkyl radical,
      an alkoxy radical or a halogen atom, said compound possessing at least two
      hydroxyl groups on each benzene ring.
NUM  2.
PAR  2. A composition according to claim 1, in which at least one of Z.sub.1,
      Z.sub.2, Z.sub.3, Z.sub.4, Z.sub.5 and Z.sub.6 represents a hydrogen atom,
      a hydroxyl group, a straight or branched alkyl radical with up to 4 carbon
      atoms, an alkoxy radical with 1 to 4 carbon atoms, a chlorine atom or a
      bromine atom.
NUM  3.
PAR  3. A composition according to claim 1, in which the hydroxylic
      spiro-bis-indane is
      5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-1,1'-spiro-bis-indane.
NUM  4.
PAR  4. A composition according to claim 1, in which the hydroxylic
      spiro-bis-indane is
      5,5',6,6'-tetrahydroxy-3,3,3',3'-tetramethyl-4,4',7,7'-tetrabromo (or
      chloro) -1,1'-spiro-bis-indane.
NUM  5.
PAR  5. A composition according to claim 1, in which the hydroxylic
      spiro-bis-indane derivative is present in an amount from 0.1 to 10% by
      weight relative to the weight of the dry polymer.
NUM  6.
PAR  6. A composition according to claim 5, in which the hydroxylic
      spiro-bis-indane is present in an amount from 0.2 to 5% by weight relative
      to the dry weight of the polymer.
NUM  7.
PAR  7. A composition according to claim 1, in which the polyurethane is one
      prepared from a polyhydroxylic polyester or a polyhydroxylic polyether.
NUM  8.
PAR  8. Process for preparing a polyurethane composition as defined in claim 1
      which comprises incorporating the hydroxylic spiro-bis-indane into the
      polyurethane or a polyurethane precursor.
NUM  9.
PAR  9. Process according to claim 8, in which the bis-indane is introduced with
      the reagents for the polyurethane.
NUM  10.
PAR  10. Process according to claim 9, in which the bis-indane is introduced as
      a homogeneous mixture with the polyol.
NUM  11.
PAR  11. Process according to claim 8, in which the bis-indane is incorporated
      after the polyurethane has been produced.
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ABST
PAL  High molecular weight linear polycarbonates are prepared by continuous
      condensation of organic dihydroxy compounds and phosgene in two reaction
      zones, a mixture of an aqueous-alkaline solution of the organic dihydroxy
      compound and an aqueous catalyst solution being introduced at the rate of
      from 1 to 50 meters per second and the phosgene at the rate of from 30 to
      300 meters per second into the first reaction zone and condensed, an
      organic solvent being incorporated into the resultant reaction mixture
      containing oligomer and polycarbonate and the condensation of the
      aqueous-organic reaction mixture carried to completion in the second
      reaction zone by the two-phase interfacial method.
BSUM
PAR  The invention relates to a process for the production of high molecular
      weight linear polycarbonates from organic dihydroxy compounds and phosgene
      in reaction zones in which the reactants are introduced at high speed
      through a first mixing and reaction zone, condensed in a predominantly
      aqueous solution, the reaction mixture containing oligomers and
      polycarbonates are mixed with an organic solvent and the condensation of
      the aqueous organic reaction mixture is carried to completion by the
      two-phase interfacial method in a second reaction zone.
PAR  It is known that high molecular weight linear polycarbonates can be
      prepared by reaction of aromatic dihydroxy compounds or mixtures of
      aromatic and cycloaliphatic or aliphatic dihydroxy compounds in the
      presence of organic monohydroxy compounds as chain stoppers in
      aqueous-alkaline solution with phosgene and/or esters of bischlorocarbonic
      acid in inert organic solution by the two-phase interfacial method with
      the addition of tertiary amines or salts thereof as catalysts. This
      method, which is not entirely satisfactory industrially, gives
      polycarbonates which tend to discolor in thermoplastic processing and
      whose properties are subject to variation.
PAR  The continuous production of polycarbonates from the said starting
      compounds in a plurality of successive reactors, for example a cascade of
      stirred vessels, is also not new. Although the process gives products of
      consistent quality, it has the disadvantage of unsatisfactory space-time
      yields due to residence times of from twenty minutes to four hours and the
      fairly high expenditure for apparatus necessary for removing the heat of
      reaction which is evolved. Furthermore alkali metal hydroxide has to be
      supplied continuously to the reaction mixture because the condensation
      only takes place satisfactorily in a very narrow pH range.
PAR  It has also been proposed to prepare polycarbonate oligomers and high
      molecular weight polycarbonates in a packed column. Since it is difficult
      to remove the heat of reaction in this method it is not possible to set up
      a stationary equilibrium in the column. The result of this is that the
      starting materials are not reacted quantitatively and the polycondensates
      can only be reproduced with difficulty. Furthermore the end products
      contain hydrolyzable chlorine.
PAR  Production of high molecular weight polycarbonates in a reaction tube
      having a succession of dwell zones of greater tube width and mixing zones
      of smaller tube width, the mixing zones ensuring Reynolds' numbers of more
      than 100, is also known. The process has the disadvantage that monomeric
      starting materials cannot be used for the production of the
      polycarbonates, but only oligomeric polycarbonates.
PAR  The invention has for its object to prepare high molecular weight
      practically chlorine-free linear polycarbonates reproducibly by means of a
      simple method in high space-time yields.
PAR  This object is achieved by a process for the production of high molecular
      weight linear polycarbonates by reaction of an organic dihydroxy compound
      with phosgene in the presence of an amine or a salt thereof which consists
      in carrying out the reaction in a plurality of reaction zones, a mixture
      of an aqueous-alkaline solution of the organic dihydroxy compound and an
      aqueous solution of the amine or amine salt being introduced and condensed
      at the rate of from 1 to 50 meters per second and the phosgene at the rate
      of from 30 to 300 meters per second through a first mixing and reaction
      zone, an organic solvent being incorporated into the mainly aqueous
      reaction solution containing polycarbonate oligomers and polycarbonate at
      another point in the first mixing and reaction zone and the condensation
      of the aqueous-organic reaction mixture being carried to completion in a
      second reaction zone by the two-phase interfacial method.
PAR  The new process has the advantage that in the case of complete conversion
      of the starting materials at residence times of from a fraction of a
      second to a few minutes, for example from 0.1 second to 5 minutes,
      practically chlorine-free high molecular weight polycarbonates can be
      obtained in high space-time yields.
PAR  Conventional dihydroxy compounds, for example those specified in German
      Patent 1,300,266 may be used for the production of polycarbonates by the
      process of the invention.
PAR  Suitable dihydroxy compounds have the formula HO--R--OH in which R is for
      example a divalent aromatic radical consisting of one or more than one
      aromatic nucleus of from six to eighteen carbon atoms which may be united
      direct or optionally by way of divalent bridging members such as --S--,
      --SO.sub.2 --, --O--, --CO--, --CH.sub.2 --,
      ##EQU1##
      ##SPC1##
      The dihydroxy compounds may be used singly or as mixtures.
PAR  Examples of such aromatic compounds are:
PAR  hydroquinone, resorcinol, pyrocatechol, 1,2-dihydroxynaphthalene,
      1,4-dihydroxynaphthalene, 1,5-dihydroxynaphthalene,
      4,4'-dihydroxydiphenyl, 2,2'-dihydroxydiphenyl, 4,4'-dihydroxydiphenyl
      sulfide, 4,4'dihydroxydiphenyl sulfoxide, 2,2'-dihydroxydiphenylsulfone,
      4,4'-dihydroxydiphenylsulfone, 4,4'-dihydroxydiphenyl ether,
      4,4'-dihydroxybenzophenone, 1,1-(4,4'-dihydroxydiphenyl)-1-phenylethane
      and 1,1-(4,4'-dihydroxydiphenyl)-cyclohexane. It is preferred however to
      use 4,4'-dihydroxydiphenylmethane or 2,2-(4,4'-dihydroxydiphenyl)-propane.
PAR  The other starting material is phosgene. Gaseous phosgene may be used as
      such or diluted with inert gas such as nitrogen, helium or carbon
      monoxide. It is also possible to use crude phosgene containing carbon
      monoxide.
PAR  Alkali metal hydroxides and preferably sodium hydroxide or potassium
      hydroxide are suitable as inorganic bases.
PAR  Aliphatic hydrocarbons of one to three carbon atoms and containing chlorine
      such as methylene chloride chloroform, ethylene chloride and propylene
      chloride and unsubstituted or substituted aromatic hydrocarbons of six to
      eight carbon atoms such as benzene, toluene, xylene and chlorobenzene have
      proved to be suitable as inert organic solvents. The solvents may be used
      alone or mixed together. The amount of solvent is conveniently such that
      (a) the volumetric ratio of the liquid aqueous reaction solution to the
      organic solvent is from 1:0.3 to 1:2, preferably from 1:0.4 to 1:1 and
      particularly about 1:0.5 and (b) the reaction mixture has a solids content
      of from 3 to 30% by weight and preferably from 15 to 25% by weight based
      on the total weight of the reaction mixture.
PAR  Amines are suitable as catalysts. Examples of suitable amines are tertiary
      amines such as trimethylamine, triethylamine, tripropylamine,
      tributylamine, N,N-dimethylcyclohexylamine, N,N-diethylcyclohexylamine,
      N,N-dimethylaniline, pyridine, picoline, quinoline, N-alkylmorpholines or
      salts of the same.
PAR  The reaction is conveniently carried out at temperatures of from 25.degree.
      to 90.degree. C and preferably at from 35.degree. to 50.degree. C and at a
      pH of the reaction solution of from 8 to 13.5 and preferably of from 8.5
      to 10.5.
PAR  The starting material (i.e. the mixture of the aqueous-alkaline solution of
      the organic dihydroxy compound and the aqueous solution of the amine or
      amine salt and the gaseous phosgene) is introduced into the reaction zone
      through a multicomponent nozzle at high speed and at a pressure of from
      1.1 to 13 bar and preferably of from 1.5 to 4.5 bar in the pipeline, so
      that according to the laws of jet blending a very rapid and intense mixing
      of phosgene and the aqueous mixture is achieved. To achieve optimal
      reaction rates it is essential that the mixture of the components
      dissolved in water should have a speed of from 1 meter per second to 50
      meters per second and preferably from 3 to 30 meters per second and the
      phosgene should have a speed of from 30 to 300 meters per second and
      preferably from 50 to 200 meters per second. The first mixing and reaction
      zone has a mean diameter which is from three to thirty times and
      preferably from 10 to 25 times the means diameter of the entering stream
      of starting material. The mean diameter of the stream is the diameter of a
      circle of equal area which is determined from the cross-sectional area of
      the inlet openings, for example annular or slot nozzles, of the mixing
      zone. The first reaction zone may have a cross-section which is constant
      or which varies in the direction of flow. The mixing and reaction zone may
      be of different shapes, the shape conveniently being adapted to the type
      of nozzle used. Generally conic sections or preferably cylindrical tubes
      are used. When the first mixing and reaction zone is formed as a
      cylindrical tube its length should be from once to 20 times and preferably
      from 1.5 to five times its diameter. When the first mixing and reaction
      zone is not circular or does not have a constant cross-section throughout
      its length its length should be from once to 20 times and preferably from
      1.5 to five times the hydraulic diameter. The hydraulic diameter is the
      diameter of a cylindrical tube which exhibits the same pressure loss as
      the reaction zone for the same amount passed through it and for the same
      length.
PAR  An organic solvent is incorporated into the mainly aqueous reaction
      solution containing polycarbonate oligomers and polycarbonates at any
      point of the first mixing and reaction zone. The inlet orifice for the
      organic solvent is conveniently located in the half of the first mixing
      and reaction zone further removed from the multicomponent nozzle or
      immediately prior to the point of transition into the second reaction
      zone. In this way it is ensured that condensation between the organic
      dihydroxy compound and phosgene takes place in the presence of the amine
      or amine salt mainly in aqueous alkaline solution and backmixing of
      organic solvent containing polycarbonate oligomers or polycarbonate with
      the aqueous-alkaline solution takes place only to a trivial extent if at
      all, depending on the shape of the first mixing and reaction zone.
PAR  Since there is practically no dilution of the aqueous-alkaline reaction
      medium in the first mixing and reaction zone with the organic solvent it
      is possible to prepare high molecular weight linear polycarbonates at
      elevated reaction temperatures in concentrated aqueous solutions in a
      manner which can be easily reproduced. Some of the organic solvent is
      evaporated at the interface between aqueous reaction solution and organic
      solvent by the high reaction temperatures so that excess pressure is set
      up in the first reaction zone and this additionally increases the reaction
      speed and consequently the space-time yield.
PAR  The first mixing and reaction zone is followed by a second reaction zone
      which in the simplest case consists of a cylindrical tube. The ratio of
      length to diameter in the second reaction zone is from 5:1 to 40:1 and
      preferably from 10:1 to 30:1. Moreover the second reaction zone exhibits a
      dissipation density of from 10 to 3 .times. 10.sup.4 KW/m.sup.3 and
      preferably of from 10.sup.2 to 10.sup.4 KW/m.sup.3. The condensation of
      the aqueous-organic reaction mixture according to the two-phase
      interfacial method is carried to completion in this reaction zone.
PAR  The reaction mixture containing polycarbonate prepared by this method and
      which has a solids content of up to 30% by weight based on the total
      weight of reaction mixture and a reaction temperature of preferably more
      than 35.degree. C is then cooled if necessary to a temperature of from
      20.degree. to 35.degree. C and processed by conventional purification
      methods.
PAR  Purification may be carried out for example in a reactor containing tower
      packing, for example a packed column. The reaction mixture containing
      polycarbonate and hydrogen chloride are supplied, if desired diluted with
      inert gas, conveniently to the top end of a packed column in such an
      amount that the excess alkali hydroxide and the alkali metal carbonate
      and/or bicarbonate formed are converted into alkali metal chloride while
      flowing through the packing. The aqueous solution containing electrolyte
      and the organic polycarbonate solution are then separated by means of
      separating means, for example a liquid centrifuge. The organic
      polycarbonate solution is washed free from electrolyte, for example with
      water of condensation, and isolated again in one or more further
      separators.
PAR  Specifically the linear high molecular weight polycarbonates are
      conveniently prepared by condensing 1 mole of the organic dihydroxy
      compound dissolved in 1900 to 2200 g and preferably 1980 to 2100 g of from
      1.2 to 2.0 M and preferably from 1.4 to 1.8 M aqueous alkali metal
      hydroxide solution with from 0.9 to 1.5 M and preferably from 1 to 1.3 M
      and particularly from 1.1 to 1.2 M of phosgene in the presence of from
      0.001 to 0.3 mole and preferably from 0.05 to 0.2 mole of a tertiary amine
      or salt thereof in aqueous solution, then incorporating into the aqueous
      reaction solution containing carbonate oligomers and polycarbonate such an
      amount of an organic solvent that the ratio by volume of the liquid
      aqueous phase to the liquid organic phase is from 1:0.3 to 1:2, preferably
      from 1:0.4 to 1:1 and particularly about 1:0.5  and carrying the
      condensation of the aqueous-organic reaction mixture to completion by the
      two-phase interfacial method.
DRWD
PAR  A preferred embodiment of the process of the invention will now be
      descirbed with reference to the drawing. In the drawing:
PAR  I is the first mixing zone and reaction zone;
PAR  II is the second reaction zone;
PAR  1 is the feedpipe for phosgene;
PAR  2 is the feedpipe for the aqueous-alkaline solution of the organic
      dihydroxy compound;
PAR  3 is the feedpipe for the aqueous solution of the amine or amine salt;
PAR  4 is the feedpipe for the mixture from 2 and 3;
PAR  5 is the feedpipe for organic solvent;
PAR  6 is the discharge pipe for the reaction product;
PAR  7 is a two-component nozzle;
PAR  8 is the reaction vessel; and
PAR  9 is the reaction tube.
DETD
PAR  Phosgene is supplied through feedpipe 1 to reaction vessel 8 through
      two-component nozzle 7. The aqueous-alkaline solution of the organic
      dihydroxy compound and the aqueous solution of the amine or amine salt are
      supplied through lines 2, 3 and 4 and the mixture of the said starting
      components through the two-component nozzle 7 into the same reaction
      vessel 8. The starting materials are mixed intensely in the mixing and
      reaction zone I and condensed in mainly aqueous-alkaline solution. An
      organic solvent in which the polycondensates are soluble is supplied
      through line 5 to the aqueous-alkaline reaction solution containing
      polycarbonate oligomers and polycarbonate and the aqueous-organic reaction
      mixture is transferred to reaction tube 2. The condensation is here
      carried to completion in the second reaction zone II by the two-phase
      interfacial method. The reaction mixture containing polycarbonate is
      removed through discharge pipe 6 from the reaction tube.
PAR  Polycarbonates prepared by the process according to the invention have K
      values of from 49 to 60 (measured in methylene chloride at 0.5% by weight
      strength at 25.degree. C) and contain practically no hydrolyzable
      chlorine.
PAR  The polycarbonates are suitable for the production of valuable moldings or
      coatings; they may be shaped under pressure, extruded or processed by
      injection molding or flame spraying methods. Film, sheeting and fibers may
      be prepared from the products and these may be oriented by stretching. The
      strength of the products is greatly improved by stretching. The
      polycarbonates may be processed into moldings with plasticizers or fillers
      such as glass fibers.
PAR  The process is illustrated in greater detail by the following Example. The
      K values given have been determined by the method of H. Fikentscher
      (Cellulosechemie, 13 (1932), 58). The parts specified in the Example are
      parts by weight. Parts by volume bear the same relation to parts by weight
      as the liter to the kilogram.
PAC  EXAMPLE
PAR  The reaction is carried out in a glass apparatus consisting of a
      two-component nozzle, a tubular reactor having an internal diameter of 20
      mm and a length of 50 mm and a reaction tube having an internal diameter
      of 4 mm and a length of 100 mm. At one end of the tubular reactor phosgene
      and the mixture of the alkaline-aqueous solution of the organic dihydroxy
      compound and the aqueous solution of the amine or amine salt are
      introduced by means of a two-component nozzle consisting of the phosgene
      nozzle having an internal diameter of 1 mm and a wall thickness of 0.35 mm
      and a liquid annular nozzle surrounding the phosgene nozzle coaxially and
      having an internal diameter of 2.5 mm. 35 mm from the nozzle opening there
      is located on the wall of the tubular reactor the feed for the organic
      solvent. At the other end of the tubular reactor the reaction tube is
      coaxially located and this opens into the outlet for the reaction mixture
      containing polycarbonate. The internal diameter of the inlet and outlet
      pipes is 10 mm.
PAR  The tubular reactor 8 has supplied to it by way of line 1 through the
      phosgene nozzle at the rate of 100 meters per second 1,679 kg of gaseous
      phosgene (380,000 ml) per hour at a pressure of 1.95 bar. A mixture of
      28,000 ml of an aqueous alkaline 2,2-(4,4'-dihydroxydiphenyl)-propane
      solution (consisting of 10,960 parts of
      2,2-(4,4'-dihydroxydiphenyl)-propane, 10.96 parts of sodium sulfite and
      89,200 parts by volume of 1.6 M aqueous sodium hydroxide solution and 2000
      ml of 8.6% by weight aqueous triethylamine solution per hour at the rate
      of 3 meters per second and at a temperature of 5.degree. C is metered into
      the tubular reactor 8 through lines 2 and 3 or 4 through the liquid
      annular nozzle. The pressure in line 2 is 2.3 bar and in line 3 is 2 bar.
      The reaction temperature in the tubular reactor 8 is 45.degree. C. 14,000
      ml of methylene chloride is incorporated per hour into the aqueous
      reaction solution at atmospheric pressure in the tubular reactor 8 through
      line 5. Condensation of the aqueous-organic reaction mixture is carried to
      completion at a temperature of 44.degree. C in the second reaction zone in
      the reaction tube. The polycarbonate-containing reaction mixture (having a
      solids content of 21.5% by weight) is cooled to 28.degree. C by means of a
      Liebig condenser, neutralized with dilute hydrochloric acid, the organic
      phase is separated from the aqueous phase, the organic phase is washed
      with water until devoid of electrolyte and the solvent is distilled off.
PAR  A polycarbonate having a K value of 59 (measured 0.5% by weight in
      methylene chloride) is obtained; it does not contain any hydrolyzable
      chlorine. The conversion is 100% based on
      2,2-(4,4'-dihydroxydiphenyl)-propane.
PAR  Test specimens prepared by injection molding have a notched impact strength
      according to German Industrial Standard DIN 53,453 of more than 30.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the continuous production of a high molecular weight
      polycarbonate by reaction of an organic dihydroxy compound selected from
      the group consisting of hydroquinone, resorcinol, pyrocatechol,
      1,2-dihydroxynaphthalene, 1,4-dihydroxynaphthalene,
      1,5-dihydroxynaphthalene, 4,4'-dihydroxydiphenyl, 2,2'-dihydroxydiphenyl,
      4,4'-dihydroxydiphenyl sulfide, 4,4'-dihydroxydiphenyl sulfoxide,
      2,2'-dihydroxydiphenylsulfone, 4,4'-dihydroxydiphenyl-sulfone,
      4,4'-dihydroxydiphenyl ether, 4,4'-dihydroxybenzophenone,
      1,1-(4,4'-dihydroxydiphenyl)-1-phenylethane,
      1,1-(4,4'-dihydroxydiphenyl)-cyclohexane, 4,4'-dihydroxydiphenylmethane
      and 2,2-(4,4'-dihydroxydiphenyl)-propane with phosgene in the presence of
      an amine or a salt of the same wherein the reaction is carried out in a
      plurality of reaction zones, a mixture of an aqueous-alkaline solution (a)
      of the organic compound and an aqueous solution of the amine or amine salt
      being introduced at the rate of from 1 to 50 meters per second and the
      phosgene (b) at the rate of from 30 to 300 meters per second in a first
      mixing and reaction zone, and condensed in said first mixing and reaction
      zone in a mainly aqueous alkaline solution to polycarbonate oligomers or
      polycarbonate, an organic solvent being introduced into said first mixing
      and reaction zone and incorporated into the mainly aqueous solution
      containing polycarbonate oligomers and polycarbonate at a point located in
      half removed from the inlet orifice for the aqueous-alkaline solution (a)
      and phosgene (b) or adjacent to the point of transition into the second
      reaction zone in such a way that back-mixing of the organic solvent
      containing polycarbonate oligomers or polycarbonate with the aqueous
      solution does not take place or only takes place to a trivial extent, and
      the condensation of the aqueous organic reaction mixture being carried to
      completion in a second reaction zone by the two-phase interfacial method.
NUM  2.
PAR  2. A process for the continuous production of a high molecular weight
      polycarbonate as claimed in claim 1 wherein the first mixing and reaction
      zone has an internal diameter which is from three to thirty times the
      means internal diameter of the stream of reactants supplied and the length
      of the mixing and reaction zone is from once to 20 times its diameter.
NUM  3.
PAR  3. A process for the continuous production of high molecular weight
      polycarbonates as claimed in claim 1 wherein the second reaction zone has
      a dissipation density of from 10 to 3 .times. 10.sup.4 KW/m.sup.3 and the
      ratio of the length to the diameter in the second reaction zone is from
      5:1 to 40:1.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the organic dihydroxy compound
      used is 4,4'-dihydroxydiphenylmethane or
      2,2-(4,4'-dihydroxydiphenyl)-propane.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the amount of solvent is such
      that the volumetric ratio of liquid aqueous reaction solution to organic
      solvent is from 1:0.3 to 1:2 and the reaction mixture thereafter has a
      solids content of from 3 to 20% by weight based on the total weight of the
      reaction mixture.
NUM  6.
PAR  6. A process as claimed in claim 5 wherein the said ratio is from 1:0.4 to
      1:1.
NUM  7.
PAR  7. A process as claimed in claim 5 wherein the said ratio is about 1:0.5.
NUM  8.
PAR  8. A process as claimed in claim 5 wherein the solids content is from 15 to
      25% by weight.
NUM  9.
PAR  9. A process as claimed in claim 1 carried out at a temperature of from
      25.degree. to 90.degree. C.
NUM  10.
PAR  10. A process as claimed in claim 1 carried out at a temperature of from
      35.degree. to 50.degree.C.
NUM  11.
PAR  11. A process as claimed in claim 1 carried out at a pH of the reaction
      solution of from 8 to 13.5.
NUM  12.
PAR  12. A process as claimed in claim 1 carried out at a pH of the reaction
      solution of from 8.5 to 10.5.
NUM  13.
PAR  13. A process as claimed in claim 1 wherein the reaction solution is
      introduced at a speed of from 3 to 30 meters per second.
NUM  14.
PAR  14. A process as claimed in claim 1 wherein the phosgene is introduced at a
      speed of from 5 to 200 meters per second.
NUM  15.
PAR  15. A process as claimed in claim 1 wherein the first mixing and reaction
      zone has a mean internal diameter which is from 10 to 25 times the mean
      internal diameter of the stream of reactants supplied.
NUM  16.
PAR  16. A process as claimed in claim 1 wherein the length of the mixing and
      reaction zone is from one and one half to five times its diameter.
NUM  17.
PAR  17. A process as claimed in claim 1 wherein the first mixing and reaction
      zone is not circular and/or does not have constant cross-section
      throughout and its length is from once to 20 times its hydraulic diameter,
      as herein defined.
NUM  18.
PAR  18. A process as claimed in claim 17 wherein the length of the first mixing
      and reaction zone is from one and one half to five times its hydraulic
      diameter.
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ABST
PAL  An improved process for the preparation of methacrylamides from primary
      amines, methacrylic esters, and base catalysts such as alkoxides and
      amides. Some products are obtained in the form useful as comonomers in the
      preparation of elastomers.
BSUM
PAR  This invention relates to methacrylamides, to a process for their
      preparation and to a process for their use as a comonomer in
      polymerization of elastomers. More particularly, this invention relates to
      a process for obtaining methacrylamides in good yield and in a form pure
      enough to be useful as a comonomer in the preparation of elastomers.
PAR  Methacrylamides produced by the process of this invention are useful as
      antioxidant compositions that may be joined to polymeric materials and act
      as antioxidants not susceptible to normal extraction or volatilization.
PAR  Prior methods of preparation of these methacrylamides have involved
      potentially toxic materials such as acryloyl chlorides and produced
      undesirable by-products such as hydrochloric acid and sulfur dioxide.
      Preparations not involving acryloyl chlorides produced methacrylamides in
      yields and purities that did not lend themselves to commercial
      applications. It is therefore an object of the present invention to
      provide an improved process for the production of methacrylamides. Other
      objects will become apparent to those skilled in this art as the
      description proceeds.
PAR  The process of this invention is carried out by placing a primary amine in
      a solvent having a boiling point above 100.degree. C., adding a base
      selected from the group consisting of alkoxides, amides, hydrides,
      hydroxides and alkali or alkaline earth metals to the solution containing
      the primary amine, adding a methacylic ester to this mixture and carrying
      out the reaction at elevated temperatures. The product of the reaction is
      an intermediate metal salt which is hydrolyzed in an aqueous/acidic media
      to form the methacrylamide.
PAR  Reaction temperature can vary between 50.degree. C. and 250.degree. C. but
      the normal temperature range is from 65.degree. C. to 200.degree. C.
      Preferably, temperatures are from 80.degree. C. to 180.degree.C. The time
      of reaction varies directly with the temperature. Reaction time ranges
      from 30 minutes to 20  hours but usually ranges from one hour to 16 hours.
      The preferred reaction time is from 2 hours to 6 hours.
PAR  Esters useful in the practice of the present invention are methacrylic
      esters having the general formula
      ##EQU1##
      wherein R.sup.1 is a radical selected from the group consisting of alkyl
      radicals having from 1 to 10 carbon atoms, aryl radicals having from 6 to
      12 carbon atoms and cycloalkyl radicals having from 5 to 12 carbon atoms.
PAR  Amines useful in the present invention are primary, aliphatic or aromatic
      amines having the general formula
      ##SPC1##
PAL  Wherein X is selected from the group consisting of R.sup.2 -NH
PAL  and OH, R.sup.2 is selected from the group consisting of alkyl radicals
      having from 1 to 20 carbon atoms, cycloalkyl radicals having from 5 to 12
      carbon atoms, aryl radicals having from 6 to 12 carbon atoms and aralkyl
      radicals having from 7 to 13 carbon atoms, R.sup.3 and R.sup.4 are the
      same or different radicals selected from the group consisting of hydrogen
      and tert.alkyl radicals having from 4 to 8 carbon atoms.
PAR  Bases useful in the practice of the present invention are those of
      sufficient strength to abstract a hydrogen from the amine and initiate the
      formation of an intermediate metallic salt of the structure
      ##SPC2##
PAL  wherein R.sup.3, R.sup.4 and X are the same radicals as described above and
      M is a metal selected from the group consisting of lithium, sodium,
      potassium, and cesium. The bases containing these metals can be
      hydroxides, alkoxides, hydrides, borohydrides or the metals themselves.
      The alkoxide bases have the general formula MOR.sup.5, wherein R.sup.5 is
      the alkyl radical containing from 1 to 5 carbon atoms.
PAR  Other useful alkoxy metal halide bases include those of the general formula
      R.sup.5 OZX, wherein R.sup.5 is an alkyl radical, Z is an alkaline earth
      metal selected from the group consisting of magnesium and calcium, and X
      is a halide selected from the group consisting of chlorine and bromine.
PAR  The intermediate metallic salt is hydrolyzed with acid to form
      methacrylamide having the general structure
      ##SPC3##
PAL  wherein R.sup.1, R.sup.3 and R.sup.4 are the same radicals as described
      above.
PAR  Representative examples of R.sup.1, R.sup.3 and R.sup.4 radicals useful in
      the structures are alkyl radicals such as methyl, ethyl, t-butyl, octyl,
      nonadecyl, decyl, tetradecyl and eicodecyl; of aryl radicals are phenyl,
      benzyl, tolyl, and t-butyl phenyl; of cycloalkyl radicals are cyclopentyl,
      dicyclohexyl, cyclooctyl and cyclodecyl; and of aralkyl radicals are
      methyl benzyl, heptyl benzyl, heptyl phenyl, and ethyl phenyl.
PAR  Solvents useful in the practice of the present invention are those having a
      boiling point above 100.degree. C. and not detrimental to the reaction
      system. Representative examples of such solvents are xylene, isopropyl
      benzene, chlorobenzene, dichlorobenzene, diisopropyl benzene, naphthalene,
      anthracene, decalin, kerosene and p-cymene.
PAR  Representative examples of bases useful in the practice of the present
      invention are sodium methoxide, sodium ethoxide, sodium isopropoxide,
      sodium t-butoxide, potassium methoxide, potassium ethoxide, cesium
      methoxide, potassium amide, lithium amide, lithium hydroxide, lithium
      aluminum hydride, methoxy magnesium chloride, ethoxy calcium bromide,
      n-butoxy magnesium chloride, iso-propoxy calcium bromide, sec-pentoxy
      calcium chloride, potassium isopropoxide, potassium t-butoxide, lithium
      methoxide, lithium ethoxide, sodium amide, sodium, potassium, cesium,
      calcium and magnesium.
PAR  Representative examples of esters that can be used in the practice of the
      present invention are methyl methacrylate, ethyl methacrylate, phenyl
      methacrylate, t-butyl methacrylate and cyclopentyl methacrylate.
PAR  Representative examples of primary amines useful in the practice of the
      present invention are p-aminodiphenylamine,
      N-isopropyl-p-phenylenediamine, 2,6-di-t-butyl-4-aminophenol,
      N-hexyl-p-phenylaminediamine, p-amino-4'-methyl-diphenylamine,
      p-amino-4'-ethoxy-diphenylamine, p-amino-4'-isopropyl diphenylamine and
      N-cyclohexyl-p-phenylenediamine.
PAR  The synthesis described in this invention comprises mixing approximately
      equivalent molar amounts of the primary amine and base in a suitable
      organic solvent. Excess amounts of either amine or base have little effect
      on the reaction since only 1:1 molar reactions take place. Molar ratios of
      ester:base:amine are normally from 3:3:1 to 1:1:3 respectively, although
      molar ratios of ester:base:amine of 1:1:1 respectively are preferred. Any
      unreacted material is either reused or discarded. The ester is then added
      slowly. The solution is refluxed, forming an intermediate metallic salt
      and volatile by-products. The distillate is then discarded. The reaction
      mixture is cooled and the intermediate metallic salt is removed from
      solution and washed with an organic solvent such as toluene or xylene
      until the washed solution is clear. The salt is dried and hydrolyzed in
      dilute acid to form a solid product. The solid product is then removed
      from solution and dried at room temperature.
PAR  These compounds are useful as antioxidants in elastomers. Simple
      incorporation into the elastomer by the conventional techniques well known
      to those of ordinary skill in this art such as by addition to polymer
      latices or by addition to solid polymers in a Banbury mixer or on a mill
      can be used. In addition, these compounds, which are made from unsaturated
      esters, can be copolymerized with conventional monomers used in the
      preparation of synthetic elastomers. When so copolymerized the products of
      this process are nonvolatile and not easily extracted.
DETD
PAR  The invention is more concretely described with reference to the examples
      below, wherein all parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  A 1000 cubic centimeter three-necked flask was charged with 500 cubic
      centimeters of para-xylene. The para-xylene was warmed slightly and
      agitated. The system was purged with nitrogen to exclude air. Ninety-two
      grams (0.5 mole) of para-aminodiphenylamine was added to the solvent. The
      solution was heated to 120.degree. C. with stirring to dissolve the amine.
      While heating 30 grams (0.52 mole) of sodium methoxide was added. The
      system was closed by placing a dropping funnel into the third neck of the
      1000 milliliter flask. One neck was fitted with a stirring rod and the
      other formed a take-off for methyl alcohol formed by the abstraction of
      hydrogen from the amine which recombines with the methoxide and other
      by-products during reaction. The dropping funnel was charged with 55 cubic
      centimeters (0.52 mole) of methyl methacrylate. While the solvent was
      being heated and stirred, the ester was added dropwise slowly until the
      entire amount was introduced into the system. The methanol product was
      driven off after being formed along with minor amounts of ester and
      solvent. The reaction was allowed to run four hours, during which time an
      intermediate metallic salt formed. The entire system was then cooled to
      between 60.degree. C. to 65.degree. C. The salt was filtered from the
      solvent. Washing with 1500 cubic centimeters of para-xylene was necessary
      to remove unreacted amine. The washings were followed by washings of
      hexane to expel most of the para-xylene solvent, forming a partially dry
      salt. The salt was then placed into 1000 cubic centimeters of distilled
      water and diluted hydrochloric acid was added (50 cubic centimeters
      concentrated hydrochloric acid and 200 cubic centimeters of water) to
      reduce the pH to the acid side of 7. The product was then filtered and
      washed several times with water followed by hexane. The product was dried
      in a vacuum oven at 65.degree. C. overnight. The N-4-anilinophenyl
      methacrylamide product yield was 82 grams (65%) having a melting point
      between 101.degree. C. and 103.degree. C.
PAC  EXAMPLES 2 - 7
PAR  Examples 2-7 were run in the same manner as shown and described in Example
      1. The molar ratio of all reactants was 1.0 mole of amine to 1.1 mole of
      base to 1.1 mole of ester. The amine in all cases was
      para-aminodiphenylamine. The base in all cases was sodium methoxide. The
      ester in all cases was methyl methacrylate. The volume of the various
      solvents used was 500 cubic centimeters. Benzene is included as a
      comparative example of a low boiling solvent. The results are shown in
      Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Effect of Solvent on the Yield of                                         
     N-4-Anilinophenyl Methacrylamide                                          
          Solvent     Reaction  Conversion                                     
                                        Purity                                 
                                              Yield                            
     Ex.  (b.p. in .degree.C)                                                  
                      Time (hrs)                                               
                                Mole %  Wt %  Mole %                           
     ______________________________________                                    
     2    benzene (80)                                                         
                      12.0      61      95    58                               
     3    toluene (110)                                                        
                      4.5       61      93    57                               
     4    p-xylene (138)                                                       
                      4.0       65      92    60                               
     5    p-cymene (176)                                                       
                      3.0       80      85    68                               
     6    kerosene    1.5       77      80    62                               
          (150-80)                                                             
     7    decalin (195)                                                        
                      3.0       87      72    63                               
     8    diisopropyl 3.0       76      88    67                               
          benzene (210)                                                        
     ______________________________________                                    
PAR  Table I shows that by the use of higher boiling point solvents the yield
      can be improved by as much as 20 percent and the time of reaction reduced
      by as much as 95 percent.
PAR  In order to avoid loss of expensive starting materials, a system of
      recycling the unreacted amine was devised. A 0.5 molar charge of
      p-aminodiphenylamine was made in p-xylene and reacted with equal molar
      quantities of methyl methacrylate and sodium methoxide. The materials were
      reacted four hours after which time a sodium salt having the structure (A)
      ##SPC4##
PAL  was removed from the solution. The solvent containing unreacted
      p-aminodiphenylamine was recharged with an additional .35 mole of
      p-aminodiphenylamine to replace that which had reacted. Equal molar
      amounts of ester and base were added. The mixture was reacted for an
      additional four hours. Again, a sodium salt having structure (A) was
      filtered off. This sequence was repeated twice. Table II shows the results
      of the recycling of the unreacted p-aminodiphenylamine.
TBL                Table II                                                    
     ______________________________________                                    
              Moles of Amine                                                   
                            Percent   (based only on                           
     Run No.  Charged       Yield     amine charged)                           
     ______________________________________                                    
     1        .5            65                                                 
     2        .35           88                                                 
     3        .35           99                                                 
     ______________________________________                                    
PAR  As each run concluded, only the reacted amine was replaced. A 65 percent
      reaction rate per run was assumed, based on the original reaction. Actual
      yields calculated at the conclusion of the experiments disclosed that more
      product was obtained than could be produced using only the freshly added
      amine. The results indicate that some unreacted amine from previous runs
      remains dissolved in the solvent and subsequently reacted while
      concentrations of the product were low.
PAR  Increasing the reaction temperature increases yields and decreases reaction
      time. Increasing the reaction temperature is accomplished by using
      solvents having higher boiling points. Solvents containing unreacted
      primary amines can be recycled and further utilization of the amine can be
      realized to minimize the loss of expensive reactant.
PAR  The salt formed during the reaction can be copolymerized into elastomers
      without first hydrolyzing. An "in situ" hydrolysis occurs forming a
      built-in antioxidant but eliminating the hydrolysis and subsequent
      separation from solution. The salt can also be washed with water to remove
      the base from the salt, starting the hydrolysis to the methacrylamide
      before the copolymerization. The "in situ" hydrolysis is completed in the
      polymerization reaction which forms the polymer containing the bound
      antioxidant.
PAR  A sample of N-4-anilinophenyl-methacrylamide prepared as described in
      Example 1 was polymerized according to the following recipe and compared
      to a sample which was polymerized using the sodium salt of
      N-4-anilinophenylmethacrylamide. Both samples were polymerized for 16
      hours at 15.degree. C. The reaction was shortstopped with sodium dimethyl
      dithio carbamate. The reaction mixture was poured into excess agitated
      isopropyl alcohol to coagulate the polymer. Percent conversion to the
      polymer form was calculated for all samples, based on the weight of the
      unreacted butadiene.
TBL  ______________________________________                                    
     Butadiene          67.00     67.00                                        
     Acrylonitrile      33.00     33.00                                        
     Water              190.00    190.00                                       
     Soap               2.5       2.5                                          
     Na.sub.3 PO.sub.4  .20       .20                                          
     Versene Fe.sub.3   .0568     .0568                                        
     Fe.sub.3 SO.sub.4 .sup.. 7H.sub.2 O                                       
                        .0144     .0144                                        
     Sodium formaldehyde sulfoxylate                                           
                        .0412     .0412                                        
     Sulfate            .5        .5                                           
     Cumene hydroperoxide                                                      
                        .06       .06                                          
     N-4-anilinophenyl methacrylamide                                          
                        1.6       --                                           
     Sodium salt of N-4-anilinophenyl                                          
      methacrylamide    --        1.6                                          
     ______________________________________                                    
PAR  Antioxidant studies were then made on the polymer formed. The polymers
      containing the antioxidant were extracted for 48 hours in methanol to
      remove any non-bound stabilizer. The oxygen absorptions were carried out
      by dissolving the extracted antioxidant-containing polymer in benzene to
      form a cement. The cements were poured onto aluminum foil and dried to
      form a thin film. The weight of each sample was determined. The aluminum
      foil with the adhering rubber sample was placed in the oxygen absorption
      apparatus and the time required to absorb one percent oxygen by weight was
      recorded. The testing procedure is fully detailed in Industrial and
      Engineering Chemistry, 43, page 456 (1951) and Industrial and Engineering
      Chemistry, 45, page 392 (1953). A control sample containing no
      methacrylamide absorbed one percent oxygen in less than 10 hours. The
      results are shown in Table III.
TBL                Table III                                                   
     ______________________________________                                    
                          A         B                                          
     Percent conversion to polymer                                             
                           85        86                                        
     Parts of amide built into rubber                                          
                          .97       .94                                        
     Hours to absorb 1% O.sub.2 at 100.degree. C.                              
                          487       411                                        
     ______________________________________                                    
      A - N-4-anilinophenyl methacrylamide                                     
      B - Sodium salt of N-4-anilinophenyl methacrylamide                      
PAR  The ionic salt of the amine antioxidant was thus utilized in
      copolymerization without subsequent hydrolysis eliminating a procedural
      step. This method was effective both when unreacted base has been removed
      by water washing, during which an "in situ" hydrolysis occurs, and when
      the base is present with the salt during copolymerization. The salt was
      collected and washed after the reaction. It was then added to water to
      reduce the sodium methoxide to sodium hydroxide base and methanol. The
      base and methanol were removed with the water from the salt by filtration.
      The salt was dried in a vacuum oven.
PAR  The salt need not be entirely dry before use as a comonomer. The salt may
      be damp but excessive wetness should be avoided.
PAR  Two samples of metallic salts prepared as described in Example 1 can be
      copolymerized using the same recipe and reaction conditions described
      above. One sample is washed using p-xylene and then water washed and
      hydrolyzed. The second sample is not water washed after the p-xylene wash
      and is used in the polymerization along with any remaining base. Percent
      conversion to polymer is calculated based on the weight of butadiene
      remaining. The polymerization containing the washed sample will show about
      86 percent conversion to polymer. The polymerization containing the
      unwashed sample will also show about 86 percent conversion to polymer.
      Complete removal of the base is not necessary to effect polymerization.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of a polymer containing a bound
      methacrylamide antioxidant comprising (a) reacting a methacrylic ester
      with an amine in an organic solvent having a boiling point above
      100.degree. C. in the presence of a basic metallic catalyst to yield an
      intermediate metallic salt, (b) removing the salt from solution, (c)
      washing the salt with an organic solvent, (d) at least partially drying
      the salt, and (e) adding the salt as a comonomer to an aqueous
      polymerization system wherein an in situ hydrolysis occurs during the
      polymerization reaction and wherein the methacrylic ester has the general
      structure (I)
      ##EQU2##
      the amine has the general structure (II)
      ##SPC5##
PAL  and the basic metallic catalyst is selected from the group consisting of
      alkoxy metal halide bases having the formula R.sup.5 OZX, alkali metals,
      alkaline earth metals and amides, hydrides, hydroxides and alkoxides of
      alkali metals and alkaline earth metals, and wherein R.sup.1 is a radical
      selected from the group consisting of alkyl radicals having from 1 to 10
      carbon atoms, aryl radicals having from 6 to 12 carbon atoms, cycloalkyl
      radicals having from 5 to 12 carbon atoms, A is selected from the group
      consisting of HO-- and R.sup.2 NH wherein R.sup.2 is selected from the
      group consisting of hydrogen, alkyl radicals having from 1 to 20 carbon
      atoms, cycloalkyl radicals having from 5 to 12 carbon atoms, aryl radicals
      having from 6 to 12 carbon atoms, aralkyl radicals having from 7 to 13
      carbon atoms and wherein R.sup.3 and R.sup.4 are the same or different
      radicals selected from the group consisting of hydrogen and tert. alkyl
      radicals having from 4 to 8 carbon atoms and wherein R.sup.5 is an alkyl
      radical, Z is an alkaline earth metal selected from the group consisting
      of magnesium and calcium, and X is a halide selected from the group
      consisting of chlorine and bromine.
NUM  2.
PAR  2. A process as described in claim 1 wherein the methacrylic ester starting
      materials are selected from the group consisting of methyl methacrylate,
      ethyl methacrylate, t-butyl methacrylate and phenyl methacrylate.
NUM  3.
PAR  3. A process as described in claim 1 wherein the amine is selected from the
      group consisting of p-aminodiphenylamine, 2,6-di-t-butyl-4-aminophenol,
      N-cyclohexyl-p-phenylenediamine, p-amino-4'-methyldiphenylamine,
      p-amino-4'-ethoxydiphenylamine, N-isopropyl-p-phenylenediamine and
      methoxydiphenylamine.
NUM  4.
PAR  4. A process as described in claim 1 wherein the ester/amine reaction takes
      place in the presence of a basic catalyst selected from the group
      consisting of sodium methoxide, potassium methoxide, potassium
      tert.butoxide, lithium methoxide and cesium methoxide.
NUM  5.
PAR  5. A process as described in claim 1 wherein the ester/amine reaction is
      carried out in an organic solvent selected from the group consisting of
      xylene, decalin, isopropyl benzene, chloro benzene, dichloro benzene,
      diisopropyl benzene, anthracene, naphthalene and kerosene.
NUM  6.
PAR  6. A process as described in claim 1 wherein the basic metallic catalyst is
      an alkali metal amide selected from the group consisting of sodium amide,
      potassium amide and lithium amide.
NUM  7.
PAR  7. A process as described in claim 1 wherein the basic metallic catalyst is
      an alkali metal selected from the group consisting of lithium, sodium,
      potassium and cesium.
NUM  8.
PAR  8. A process as described in claim 1 wherein the basic metallic catalyst is
      a borohydride selected from the group consisting of lithium borohydride,
      sodium borohydride and potassium borohydride.
NUM  9.
PAR  9. A process as described in claim 1 wherein the basic metallic catalyst is
      a hydroxide selected from the group consisting of potassium hydroxide,
      sodium hydroxide, lithium hydroxide and cesium hydroxide.
NUM  10.
PAR  10. A process as described in claim 1 wherein the basic metallic catalyst
      is an alkaline earth metal selected from the group consisting of calcium
      and magnesium.
NUM  11.
PAR  11. A process as described in claim 1 wherein the basic metallic catalyst
      is an aluminum hydride selected from the group consisting of lithium
      aluminum hydride, sodium aluminum hydride, potassium aluminum hydride and
      cesium aluminum hydride.
NUM  12.
PAR  12. A process as described in claim 1 wherein the basic metallic catalyst
      is an alkoxy metal halide of the general formula R.sup.5 OZX, wherein
      R.sup.5 is an alkyl radical having from 1 to 5 carbon atoms, Z is an
      alkaline earth metal selected from the group consisting of magnesium and
      calcium, and X is a halide selected from the group consisting of chlorine
      and bromine.
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ABST
PAL  A process for preparing cured epoxy resins, the cured epoxy products, and
      the curing composition employed, are disclosed. The process comprises
      contacting an epoxy resin with the curing composition, i.e., a polyamine
      curing agent and a phenyl urea accelerator. Also disclosed are cured epoxy
      resin compositions useful in adhesives, coatings, floorings, laminates and
      civil engineering applications.
BSUM
PAR  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for curing epoxy resins. More
      particularly, this invention relates to the low temperature curing of
      epoxy resins with polyamine curing agents. Specifically, the invention
      provides for a process to cure epoxy resins which comprises contacting the
      epoxy resin with a polyamine curing agent in the presence of a phenyl urea
      accelerator.
PAC  THE PRIOR ART
PAR  Epoxy resins, also called polyepoxides, are a broad class of organic
      compounds containing the oxirane structure
      ##EQU1##
      Epoxy resins are widely used as adhesives, castings, surface coatings,
      electrical insulation and the like. However, the pure epoxy resin is not
      thermosetting and must be reacted with a curing agent and/or accelerator
      to convert the epoxy resin into a resinified, cross-linked, polymeric,
      thermoset plastic.
PAR  When considering the curing process, there are essentially two classes of
      curing agents -- low temperature curing agents and high temperature curing
      agents. The high temperature curing agents require the application of heat
      to complete the cross-linking within a reasonable time. Representative of
      high temperature curing agents are polycarboxylic acids and their
      anhydrides, polycarboxylic acid polyhydrazides, polyhydric phenols and
      dicyandiamide. With the other class of curing agents -- low temperature
      curing agents -- application of heat is usually unnecessary. Among the
      common low temperature curing agents are polyamines such as polymers of
      alkyleneamines.
PAR  In order to increase the rate of curing of epoxy resins, compounds called
      accelerators are employed. For example, May et al., U.S. Pat. No.
      3,420,794, teaches that dicyandiamide may be employed as an accelerator
      when curing a polyepoxide with a polyamine. Pratt, U.S. Pat. No.
      3,294,749, employs certain substituted urea derivatives as accelerator in
      the high temperature curing of polyepoxides. Other accelerators include
      guanyl urea and ethylene thiourea as taught in U.S. Pat. No. 3,420,794,
      and N-(di)alkyl-N.sup.1 -(substituted) phenyl urea as taught in British
      Pat. No. 1,192,790. The accelerators typically used in the low temperature
      curing of epoxy resins are phenols such as hydroxybenzene and cresols.
      Phenol accelerators have the advantage of dissolving readily at ambient
      temperatures in a large number of liquid amino curing agents, and in
      liquid epoxy resins, and also have good accelerating activity. However,
      the typical phenol accelerators impart odor and toxicity to the resin,
      which prevent their use in certain applications. It has now been found
      that certain urea derivatives are particularly suitable accelerators for
      the polyamine curing of epoxy resins.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a process for preparing cured epoxy resins
      comprising contacting at relatively low temperatures an epoxy resin having
      an epoxy equivalency greater than 1.0 with a polyamine curing agent having
      more than one non-tertiary amino group per molecule in the presence of a
      phenyl urea accelerator. The invention also contemplates the curing
      composition of polyamine curing agent and phenyl urea accelerator as well
      as the cured product obtained by contacting the epoxy resin and the curing
      composition.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the present invention, epoxy resins having an epoxy
      equivalency greater than 1.0 are cured at relatively low temperatures by
      contacting the epoxy resin with a polyamine curing agent having more than
      one non-tertiary amino group per molecule in the presence of an
      accelerator of the general formula:
      ##EQU2##
      wherein R is
      ##SPC1##
PA1  R.sub.2 is selected from the group consisting of an alkyl group containing
      from 1 to 4 carbon atoms, chlorine and bromine,
PA1  n is 0, 1 or 2, and
PA1  R.sub.1 is selected from the group consisting of R and H.
PAR  The epoxy resins to be cured according to the present invention are either
      liquid or solid at ambient temperature and have an epoxy equivalency
      greater than 1.0. Epoxy equivalency is defined as the number of epoxy
      groups per epoxy resin molecule based on an average or effective molecular
      weight.
PAR  Epoxy resins which are solid at ambient temperature are combined with a
      solvent before curing. Suitable solvents for such resins include ketones,
      such as acetone and methyl isobutyl ketone; esters, such as ethyl acetate
      and ethylene glycol acetate; ethers such as ethylene glycol
      mono-n-butylethers; and aromatics, such as xylene or toluene.
PAR  Preferably the epoxy resins are liquid at ambient temperature. Such epoxy
      resins are saturated or unsaturated, aliphatic, cycloaliphatic, aromatic
      or heterocyclic and are substituted, if desired, with substituents, such
      as halogen atoms, hydroxy groups or ether groups. Acceptable epoxy resins
      are both monomeric and/or polymeric. Preferred liquid epoxy resins are the
      polyglycidyl ethers of polyhydric phenols and polyhydric alcohols.
      Particularly preferred are the diglycidyl ethers of
      2,2-bis(4-hydroxyphenyl)propane or bis-(4-hydroxyphenyl)methane which are
      prepared by reacting epichlorohydrin with the appropriate phenol in the
      presence of alkali. Preferably the liquid epoxy resin has an epoxide
      equivalent weight of from about 155 grams to about 250 grams. Epoxide
      equivalent weight is defined as follows:
      ##EQU3##
PAR  Some liquid epoxy resins have high viscosities and it is often advantageous
      to employ viscosity modifiers to improve the ease of handling of the
      resin. The viscosity modifiers employed are reactive or nonreactive.
      Suitable viscosity modifiers include liquid mono-or diglycidyl ethers of
      alcohols or phenols, such as butanol, monoethylene glycol or cresol;
      liquid monoglycidyl esters of monocarboxylic acids such as Versatic Acid;
      esters, such as ethyl acetate, butyl acetate, ethylene glycol monomethyl
      ether acetate, ethylene glycol monoethyl ether acetate; ethers such as
      methyl-, ethyl-, or butyl ethers of ethylene glycol or diethylene glycol;
      aromatic hydrocarbons such as benzene, toluene or xylene; alcohols such as
      methanol, ethanol, isopropyl alcohol or n-butyl alcohol; and mixtures
      thereof. When a viscosity modifier is employed, the weight ratio of
      viscosity modifier to epoxy resin is typically between about 0.01:1 to
      about 0.2:1. The viscosity of the liquid epoxy resin or of the liquid
      epoxy resin modified with a viscosity modifier is preferably less than
      about 160 poise at 25.degree.C, more preferably less than about 100 poise
      at 25.degree.C.
PAR  The polyamine curing agents employed have more than one nontertiary amino
      group per molecule, the amino group being a primary and/or a secondary
      amino group, and are solid or liquid at ambient temperatures, with the
      latter being preferred. Suitable liquid polyamine curing agents include
      aromatic polyamines, e.g. ortho, meta, or para xylylene diamines;
      aliphatic polyamines, e.g. ethylene diamine, diethylene triamine and
      trimethylhexamethylene diamine; cycloaliphatic polyamines, e.g.
      1-amino-3-amino methyl-3,5,5-trimethylcyclocohexane (isophorone diamine),
      3,3.sup.1 -diemthyl-4,4.sup.1 -diaminodicyclohexylmethane, 4,4.sup.1
      -diaminodicyclohexylmethane and N-cyclohexyl n-propylene diamine
      (cyclohexylpropylene diamine) and ortho, meta or para
      bis(aminomethyl)cyclohexane; and polyamides. Preferred liquid polyamine
      curing agents are cycloaliphatic polyamines, in particular those having
      two primary amino groups, such as isophorone diamine. If desired, liquid
      polyamine curing agents are diluted with diluents, such as benzyl alcohol,
      dibutylphthalate, furfuryl alcohol or pine oil.
PAR  The amount of polyamine curing agent used in the present invention depends
      on the nature of the polyamine and the epoxy resin to be cured. Generally,
      the weight ratio of polyamine curing agent to epoxy resin is from about
      0.05:1 to about 1.5:1, preferably about 0.1:1 to about 1:1.
PAR  The accelerators, as defined above, accelerate the epoxy resin/polyamine
      curing agent reaction but are not capable alone of curing epoxy resins to
      any substantial degree at ambient temperatures.
PAR  In general from about 0.005 to about 0.1, preferably about 0.02 to about
      0.07 moles of the accelerator are used per 100 parts of the epoxy resin to
      be cured. Suitable accelerators include, for example,
      m-ethylisopropylphenyl urea, ethylphenyl urea, isobutylphenyl urea,
      chlorophenyl urea, bromophenyl urea, and N-phenyl-N.sup.1 -ethylphenyl
      urea. Preferred accelerators are phenyl urea and 1,3-diphenyl urea. The
      accelerator is added to the epoxy resin and/or polyamine curing agent
      before the epoxy resin and polyamine curing agent are reacted.
      Alternatively, the accelerator is added separately to the reaction
      mixture. In general, it is desirable to add the accelerator to the
      polyamine curing agent, the advantage being that the above accelerators
      are soluble in most of the polyamine curing agents which are liquid at
      ambient temperatures.
PAR  According to another aspect of the invention a curing composition suitable
      for use in the above process comprises a solution of an accelerator of the
      general formula:
      ##EQU4##
      wherein R is
      ##SPC2##
PA1  R.sub.2 is selected from the group consisting of an alkyl group containing
      from 1 to 4 carbon atoms, chlorine and bromine,
PA1  n is 0, 1 or 2, and
PA1  R.sub.1 is selected from the group consisting of R and H,
PAL  and a polyamine curing agent having more than one non-tertiary amine group
      per molecule. The amount of accelerator in the curing composition is from
      about 0.005 moles per 100 parts epoxy resin to about 0.07 moles per 100
      parts epoxy resin.
PAR  The polyamine curing agent in the presence of the accelerator is capable of
      curing the epoxy resin at relatively low temperatures. Curing must
      obviously take place within a period of time acceptable to those persons
      preparing cured epoxy resins. Such an acceptable period of time depends on
      the bulk of the system being handled, the thickness of the layer of system
      being applied and the temperature of the system and substrate but is
      usually from about 15 minutes to about 6 hours for gellation and from
      about 1 to about 2 weeks for development of satisfactory methanical
      properties. Useful temperatures vary considerably, and are typically
      between about 0.degree. and about 50.degree.C. However, preferred
      temperatures are usually between about 5.degree. and about 35.degree.C.
PAR  Other types of materials such as fillers, stabilizers, plasticizers,
      insecticides, fungicides, extenders, pigments, and the like, are also
      included in the cured epoxy resin composition. Examples of fillers include
      aluminum powder, asbestos, powdered mica, and zinc dust, while examples of
      extenders include alkylated phenols and petroleum distillates.
PAR  The process according to the present invention is particularly useful for
      preparing insoluble and infusible cured epoxy resins for use in adhesives,
      coatings, floorings, laminates, and civil engineering applications.
PAR  The present invention has a number of advantages over the accelerators
      typically employed in the art; one advantage being that the present
      accelerators allow the cure to be carried out at low temperatures, notably
      between about 0.degree. and about 15.degree.C, in which situation cure
      without an accelerator is unacceptably slow and cure with known
      accelerators is not desired. Another advantage of the present accelerators
      is that they do not impart odor or toxicity to the cured epoxy resin as do
      the typical phenol accelerators. In addition, as shown in the following
      Illustrative Embodiments, the present accelerators have greater
      accelerating activity than do many of the known accelerators.
DETD
PAR  The invention is further illustrated by means of the following Illustrative
      Embodiments. Note that the embodiments are for the purpose of illustration
      only and that the invention is not to be regarded as limited to any of the
      specific conditions or reactants recited therein.
PAR  Various expressions in the Embodiments have the following meaning:
PAR  Tecam gel time: determined according to British Standard 2782 method 111 D
      except that the test was carried out in a constant temperature room
      instead of in an oil bath. Gel times were determined on 100 ml samples in
      unlagged containers.
PAR  Polyepoxide B: a liquid polyglycidyl ether of
      2,2-bis-(4-hydroxyphenyl)-propane diluted with 15 weight per cent of a
      mixture of glycidyl esters of saturated aliphatic monocarboxylic acids in
      which the carboxyl group is attached to a tertiary or quaternary carbon
      atom; viscosity 15 poise at 25.degree.C, epoxy equivalent weight 200.
PAR  Polyepoxide C: a liquid polyglycidyl ether of
      2,2-bis-(4-hydroxyphenyl)-propane, diluted with 10 weight per cent of
      cresyl glycidyl ether; epoxy equivalent weight 200.
PAR  Curing Agent A: cyclohexyl propylene diamine.
PAR  Curing Agent B: liquid mixture of cycloaliphatic polyamines.
PAR  Curing Agent C: Synolide 960 (a commercial polyamino amide of dimerized
      unsaturated fatty acids).
PAC  ILLUSTRATIVE EMBODIMENT I
PAR  The Tecam gel times at 2.degree. and 23.degree.C of the following
      formulations were determined:
TBL  Polyepoxyde B       100 g                                                 
     isophorone diamine  24 g                                                  
     accelerator         0.05 mole.                                            
PAR  The accelerators were dissolved in the isophorone diamine. Polyepoxide and
      curing agent mixture were conditioned at the test temperature before
      mixing.
PAR  The results for different accelerators are given in Table 1.
TBL                TABLE I                                                     
     ______________________________________                                    
                    Tecam gel time, minutes                                    
     Accelerator      2.degree.C  23.degree.C                                  
     ______________________________________                                    
     (1) None         710         130                                          
     (2) Urea         200         40                                           
     (3) 1,3-Dimethyl urea                                                     
                      385         65                                           
     (4) 1,1-Dimethyl urea                                                     
                      370         50                                           
     (5) 1-Methyl urea                                                         
                      300         50                                           
     (6) 1-Phenyl urea                                                         
                       95         16                                           
     (7) 1,3-Diphenyl urea                                                     
                       80         16                                           
     (8) Cresylic acid                                                         
                      340         40                                           
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT 2
PAR  The Tecam gel times at 23.degree.C of the following formulations with
      various curing agents, with and without accelerators, were determined:
TBL  Polyepoxide B        100 g                                                
     Curing agent (and amount)                                                 
                         see Table 2                                           
     Accelerator         0.05 mole.                                            
PAL  The accelerators were dissolved in the liquid curing agent prior to the
      curing process. Polyepoxide and curing agent mixture were conditioned at
      the test temperature before mixing.
PAR  Further details of formulations and the results are given in Table 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
             Accelerator                                                       
                      None    Phenol  1-Phenyl urea                            
                      Tecam   Tecam   Tecam                                    
     Curing agent,g   (min.)  (min.)  (min.)                                   
     ______________________________________                                    
     A         26         180      42   16                                     
     B         40         165      55   26                                     
     C         80         407     200   58                                     
     ______________________________________                                    
PAC  ILLUSTRATIVE EMBODIMENT 3
PAR  Illustrative Embodiment 3 reveals the cure characteristics at low
      temperature of various accelerated epoxy resin/amine systems. Mod-Epox and
      salicylic acid are conventional accelerators for epoxy resin/amine cure.
      The compositions of the formulations and the evaluations are presented in
      Table 3. Note that the values for tensile strength in Table 3 are the
      averages of a series of determinations. In Table 3, "*" indicates a very
      brittle composition while "B" indicates that the sample was too brittle to
      test.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
            Polyepoxide C       100 100 100                                    
     Composition,                                                              
            Curing agent B       40  40  40                                    
     parts by                                                                  
            Mod-Epox             5  --  --                                     
     weight Salicyclic acid     --  3.5 --                                     
            Phenyl urea         --  --  3.4                                    
     Tensile                                                                   
             7 days cure at 23.degree.C. Tested at 23.degree.C                 
                                52  46  53                                     
     strength                                                                  
             7 days cure at 10.degree.C. Tested at 10.degree.C                 
                                 7* B   22                                     
     at break,                                                                 
            14 days cure at 10.degree.C. Tested at 10.degree.C                 
                                14  B   27                                     
     MN/m.sup.2                                                                
            14 days cure at 10.degree.C.                                       
            +7 days cure at 23.degree.C. Tested at 23.degree.C                 
                                44  B   56                                     
     __________________________________________________________________________
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In the process for preparing cured epoxy resins which comprises
      contacting an epoxy resin of the oxirane structure and having an oxirane
      epoxy equivalency greater than 1.0 with a polyamine curing agent having
      more than one non-tertiary amino group per molecule, the improvement which
      comprises conducting said contacting in the presence of from about 0.005
      to about 0.1 moles per 100 parts of the epoxy resin of an accelerator of
      the general formula:
      ##EQU5##
      wherein R is
      ##SPC3##
PA1  R.sub.2 is selected from the group consisting of an alkyl group containing
      from 1 to 4 carbon atoms, chlorine and bromine,
PA1  n is 0, 1 or 2, and
PA1  R.sub.1 is selected from the group consisting of R and H.
NUM  2.
PAR  2. A process as in claim 1 wherein said epoxy resin is liquid at the
      temperature of said contacting.
NUM  3.
PAR  3. A process as in claim 2 wherein said epoxy resin is a diglycidyl ether
      of 2,2-bis(4-hydroxyphenyl)propane.
NUM  4.
PAR  4. A process as in claim 1 wherein the polyamine curing agent is a liquid
      cycloaliphatic polyamine.
NUM  5.
PAR  5. A process as in claim 4 wherein the polyamine curing agent is isophorone
      diamine.
NUM  6.
PAR  6. A process as in claim 1 wherein the accelerator is phenyl urea.
NUM  7.
PAR  7. A process as in claim 1 wherein the accelerator is 1,3-diphenyl urea.
NUM  8.
PAR  8. An insoluble and infusible cured epoxy resin composition which comprises
      the reaction product of an epoxy resin of the oxirane structure and having
      an oxirane epoxy equivalency greater than 1.0, from about 0.05 to about
      1.5 parts by weight per part of the epoxy resin of a polyamine curing
      agent having more than one non-tertiary amino group per molecule and
      selected from the group consisting of aromatic polyamines, aliphatic
      polyamines, and cycloaliphatic polyamines, and from about 0.005 to about
      0.1 mole per 100 parts of the epoxy resin of an accelerator of the general
      formula:
      ##EQU6##
      wherein R is
      ##SPC4##
PA1  R.sub.2 is selected from the group consisting of an alkyl group containing
      from 1 to 4 carbon atoms, chlorine and bromine,
PA1  n is 0, 1 or 2, and
PA1  R.sub.1 is selected from the group consisting of R and H.
NUM  9.
PAR  9. A composition as in claim 8 wherein the epoxy resin is a diglycidyl
      ether of 2,2-bis(4-hydroxyphenyl)propane.
NUM  10.
PAR  10. A composition as in claim 8 wherein the polyamine curing agent is
      isophrone diamine.
NUM  11.
PAR  11. A composition as in claim 8 wherein the accelerator is phenyl urea.
NUM  12.
PAR  12. A composition as in claim 8 wherein the accelerator is 1,3-diphenyl
      urea.
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PAL  A curable epoxy resin composition comprising an epoxy resin and a reactive
      diluent, at least 60% by weight of the total amount of said reactive
      diluent consisting of a specific etherified polyepichlohydrin monoglycidyl
      ether and/or etherified polymethylepichlorohydrin monoglycidyl ether. The
      above etherified product is prepared by addition-polymerizing 2 to 10 mols
      of a compound selected from the group consisting of epichlorohydrin and
      methylepichlorohydrin with a monohydric phenol or alcohol and treating the
      resulting addition polymer with an alkaline substance.
BSUM
PAR  This invention relates to a curable epoxy resin composition which has an
      excellent diluting effect, is not likely to generate a noxious or
      combustible or ignitable vapor, exhibits excellent compatibility between
      the epoxy resin and the curing agent, and which can give cured products
      having improved properties, for example reduced occurrence of thermal
      strain, good flexibility and markedly improved water resistance.
PAR  More specifically, the invention relates to a curable epoxy resin
      composition comprising an epoxy resin and a reactive diluent, at least 60%
      by weight of the total amount of said reactive diluent consisting of a
      compound expressed by the following general formula (1)
      ##EQU1##
      WHEREIN R is a member selected from the group consisting of straight-chain
      alkyl groups containing 1 to 7 carbon atoms, branched-chain alkyl groups
      containing 1 to 7 carbon atoms, alkenyl groups containing 2 to 7 carbon
      atoms, cycloalkyl groups containing 5 to 6 carbon atoms,
      methyl-substituted cycloalkyl groups containing 6 to 7 carbon atoms, a
      phenyl group, a cresyl group and a benzyl group, R' is a hydrogen atom or
      a methyl group, a plurality of R' groups may be the same or different, and
      n is a positive integer of 1 to 9;
PAL  And to a process for preparing this epoxy resin composition.
PAR  Curable epoxy resin compositions comprising epoxy resins and reactive
      diluents and as optional components, curing agents, fillers, reinforcing
      materials, pigments or other additives have been known in the art. Known
      reactive diluents include, for example, glycidyl ethers of monohydric
      alcohols such as butyl glycidyl ether or allyl glycidyl ether, glycidyl
      ethers of monohydric phenols such as phenyl glycidyl ether, glycidyl
      ethers of polyhydric alcohols such as glycerol, butanediol, hexanediol,
      ethylene glycol, propylene glycol, polyethylene glycol, polypropylene
      glycol, trimethylol propane or neopentyl glycol, epoxide compounds such as
      epichlorohydrin, propylene oxide, octylene oxide or styrene oxide, epoxy
      compounds of amines such as glycidyl aniline, and glycidyl methacrylate.
      These compounds, however, are not sufficient to impart good properties as
      well as handling characteristics to cured articles, although they are
      suitable for giving certain properties to epoxy resin compositions. For
      example, butyl glycidyl ether, allyl glycidyl ether and phenyl glycidyl
      ether have good diluting effects and can improve the handling properties
      of epoxy resin compositions. However, their compatibility with the resins
      are unsatisfactory. Furthermore, they have high volatility, and low
      ignition points, which defects are detrimental to casting operations or
      result in vapors which exert adverse effects on the working personnel. On
      the other hand, the glycidyl ethers of polyhydric alcohols give epoxy
      resin cured products having poor water resistance, and their high water
      absorption considerably limit their end uses.
PAR  Japanese Pat. No. 19348/66 (corresponding to French Pat. No. 1,383,358)
      discloses an epoxy resin composition which contains as a reactive diluent
      a higher fatty acid glycidyl ether of the following formula (A)
      ##EQU2##
      wherein R.sub.1 is a straight-chain or branched-chain aliphatic group
      (alkyl group and alkylene group) containing 8 to 24 carbon atoms,
PAL  such as octyl glycidyl ether, octylene glycidyl ether, decyl glycidyl
      ether, 2-dodecylene glycidyl ether or octadecyl glycidyl ether. In this
      prior art, the formula (A) above is a basic formula, and in the synthesis
      of the compounds of formula (A), dimers or trimers of the higher fatty
      acid glycidyl ethers that can be expressed by the following formula (A')
      also occur as by-products.
      ##EQU3##
      wherein R.sub.1 is the same as defined above, and m is 1 or 2. Thus, the
      above patent discloses that not only the higher fatty acid glycidyl ethers
      or formula (A) alone, but also mixtures of them with the dimers or trimers
      of formula (A') can be used. However, the patent discloses no actual
      example of using such mixtures. Furthermore, the patent does not disclose
      or suggest the use of these by-product dimers or trimers either alone or
      as an admixture which contains them in a major amount far exceeding their
      amount as by-products. The patent only states that a mixture of the
      glycidyl ethers of formula (A) with the by-product dimers or trimers as
      obtained can be used, and does not at all disclose or suggest that the use
      of such a mixture would bring about any improving effect as compared with
      the use of the higher fatty acid glycidyl ether of formula (A) alone.
PAR  The above-suggested reactive diluents have the advantage of low volatility
      and reduced occurrence of thermal stress at the time of curing. However,
      they exhibit unsatisfactory compatibility with resins, and curing agents,
      etc., and frequently render the resulting resin composition cloudy or
      become separated from it to cause problems with regard to processability
      and uniformity in reactivity and obtaining cured products.
PAR  Extensive work has been done by the inventors of the present invention with
      a view to providing curable epoxy resin compositions which have an
      excellent diluting effect, are not likely to generate a noxious or
      combustible or ignitable vapor, exhibit excellent compatibility between
      the epoxy resins and the curing agents, and which can give cured products
      having improved properties, such as reduced occurrence of thermal strain,
      good flexibility and markedly improved water resistance. As a result, they
      found that etherified polyepichlorohydrin monoglycidyl ethers and/or
      etherified polymethylepichlorohydrin monoglycidyl ethers of the above
      formula (1) [to be often referred to hereinbelow as monoglycidyl ether of
      formula (1)] can be easily prepared, and that reactive diluents containing
      at least 60% by weight, based on the total weight of the reactive
      diluents, of the monoglycidyl ether of formula (1) are extremely useful
      for achieving the above-described improvements.
PAR  As illustrated hereinabove, some of compounds of the formula 1 wherein
      least is 0 have already been known as reactive diluents for epoxy resins,
      and therefore, the preparation of these diluents are also known (for
      example, U.S. Pat. No. 3,058,921). They can be prepared, for example, by
      subjecting epichlorohydrin and a monohydric or polyhydric alcohol to
      addition-reaction in the presence of an acid catalyst, for example, one
      containing BF.sub.3 to form a chlorohydrin ether, and then cyclizing it
      with alkali. We have found that the monoglycidyl ethers of formula (1) can
      be selectively produced by subjecting 1 mol of ROH wherein R is the same
      as defined with respect to the formula (1) and about 2 to 10 mols of
      epichlorohydrin or methylepichlorohydrin to addition-reaction in the
      presence of an anhydrous acid catalyst, for example, one containing
      BF.sub.3, and cyclizing the resulting addition polymer with alkali. This
      means that the monoglycidyl ether of formula (1) which may have been
      formed as a by-product in a very minor amount in the preparation of
      compounds of formula (1) wherein n is 0 can now be obtained in a major
      proportion. It has also been found that the monoglycidyl ethers of the
      formula (1) or compounds composed mainly of these exhibit extremely good
      properties as compared with the conventional compounds of formula (1)
      wherein n is 0, in respect, for example, of volatility, ignitability,
      compatibility, or water resistance.
PAR  Accordingly, it is an object of this invention to provide a curable epoxy
      resin composition which has an excellent diluting effect, is not likely to
      generate a noxious or combustible or ignitable vapor, exhibits excellent
      compatibility between the epoxy resin and the curing agent, and which can
      give cured products having improved properties, for example, reduced
      occurrence of thermal strain, good flexibility and markedly improved water
      resistance; and also a process for preparing this curable epoxy resin
      composition.
PAR  Other objects of this invention along with its advantages will become
      apparent from the following description.
PAR  The reactive diluent used in the composition of this invention is a
      compound expressed by the following formula
      ##EQU4##
      wherein R is a member selected from the group consisting of straight-chain
      alkyl groups containing 1 to 7 carbon atoms, branched-chain alkyl groups
      containing 1 to 7 carbon atoms, preferably alkyl groups having 1 to 5
      carbon atoms, alkenyl groups containing 2 to 7 carbon atoms, preferably an
      alkenyl group containing 3 carbon atoms, cycloalkyl groups containing 5 to
      6 carbon atoms, methylsubstituted cycloalkyl groups containing 6 to 7
      carbon atoms, a phenyl group, a cresyl group and a benzyl group, R' is a
      hydrogen atom or a methyl group, a plurality of R' groups being the same
      or different, and n is a positive integer of 1 to 9.
PAL  The above compounds account for at least 60% by weight, preferably at least
      70% by weight, more preferably at least 80% by weight, and especially
      preferably at least 90% by weight, of the total amount of reactive diluent
      to be incorporated into the epoxy resin.
PAR  Examples of the C.sub.1 to C.sub.7 alkyl groups that may be branched are
      methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, tu-butyl,
      n-amyl, i-amyl, sec-amyl, diethylcarbyl, t-amyl, n-hexyl, methylamyl,
      2-ethylbutyl, and n-heptyl. Examples of the C.sub.2-7 alkenyl groups
      include allyl, propenyl, and dimethyl-2-butenyl groups. Examples of the
      C.sub.5-7 cycloalkyl groups are cyclopentyl, cyclohexyl, methylcyclopentyl
      and methylcyclohexyl groups.
PAR  If the group R in the monoglycidyl ether of the formula (1) contains more
      carbon atoms than the above-specified limit, the resulting reactive
      diluent of the formula (1) has reduced compatibility with the epoxy resin
      and a curing agent therefor, making it impossible to produce the desired
      diluting effect.
PAR  Examples of suitable monoglycidyl ethers of formula (1) that can be used in
      this invention include:
PA1  methylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  ethylpolyepichlorohydrin monoglycidyl ethers (=1-9),
PA1  n-butylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  i-propylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  i-butylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  sec-butylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  t-butylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  n-amylpolyepichlorohydrin monoglycidyl ethers (n =1-9),
PA1  i-amylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  sec-amylpolyepichlorohydrin monoglycidal ethers (n=1-9),
PA1  diethylcarbylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  t-amylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  n-hexylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  methylamylpolyepichlorohydrin monoglycidyl ethers (n=1-9 ),
PA1  2-ethylbutylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  n-heptylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  allylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  propenylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  dimethyl-2-butylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  cyclopentylpolyepichlorohydrin monoglycidyl ethers (n-1-9),
PA1  cyclohexylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  methylcyclohexylpolyepichlorohydrin monoglycidyl ethers (n-1-9),
PA1  phenylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  m-cresylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  p-cresylpolyepichlorohydrin monoglycidyl ethers (n=1-9),
PA1  benzylpolyepichlorohydrin monoglycidyl ethers (n=1-9), and
PA1  polymethylepichlorohydrin derivatives of the above compounds.
PAR  The monoglycidyl ethers of the formula (1) may be a mixture of the
      monoglycidyl ethers of different positive integers n. The reactive diluent
      may contain another known reactive diluent in an amount of not more than
      40%, preferably not more than 30%, more preferably not more than 20%, and
      especially preferably not more than 10%, based on the total amount of the
      reactive diluent of formula (1).
PAR  The other known diluent may be a compound of the above formula (1) in which
      n is 0 or a positive integer exceeding 9, or may be those expressed by
      different formulae from the formula (1). Or it may be a suitable mixture
      of these.
PAR  The monoglycidyl ether of the formula (1) used in the composition of this
      invention has a higher molecular weight than the conventional monoglycidyl
      ethers. It has one epoxy group only at one end of its molecule and a
      chlorine atom at the side chain of its polyether chain portion. The
      presence of this chlorine atom in the polyether portion increases the
      compatibility of the monoglycidyl ether with epoxy resins and curing
      agents and serves to impart water repellency to the cured product.
      Furthermore, since the monoglycidyl ether of formula (1) has a higher
      epoxy equivalent than the conventional polyglycidyl ethers, there is a
      tendency that the reaction between the epoxy resin and the curing agent is
      controlled when curing the composition in the presence of a curing agent,
      and as a result, the release or generation of heat caused by a curing
      reaction is reduced. This in turn contributes to the reduction of charring
      or thermal stress of the resin. Furthermore, since the monoglycidyl ether
      of formula (1) has low volatility, the weight loss of the resin
      composition at the time of curing can be reduced, and there is no danger
      of the generation of a noxious and/or ignitable or combustible vapor at
      the time of operation.
PAR  The effective dilution of an epoxy resin by adding the monoglycidyl ether
      of the formula (1) in accordance with this invention reduces maximum heat
      generation, prevents the degradation of the cured product, imparts
      flexibility to the cured product, brings about a better penetrability and
      an improvement in operability in paints, and gives rise to a better
      wetting ability in lamination or adhesion. In addition, the effective
      decrease in viscosity of the epoxy resin permits the incorporation of
      larger amounts of fillers, reinforcing substances or other additives while
      maintaining the viscosity of the epoxy resin at sufficiently low operable
      levels.
PAR  The amount of the monoglycidyl ether of the formula (1) in the composition
      of this invention can be varied properly according to the R, R', and n in
      the formula (1), and the end use of the epoxy resin composition, etc.
      Generally, the amount to be incorporated is about 1 to about 150 parts by
      weight per 100 parts by weight of the epoxy resin. Preferably, the amount
      is about 5 to about 100 parts by weight per 100 parts by weight of the
      epoxy resin.
PAR  In addition to the epoxy resin and the reactive diluent, the composition of
      this invention may contain various conventional additives for curable
      epoxy resin compositions. Examples of such additives are fillers,
      reinforcing materials, pigments, colorants, curing agents, plasticizers,
      and fire retardants. Specific examples of the reinforcing materials and
      the pigments are aluminum oxide, silicon dioxide, aluminum silicate,
      calcium silicate, magnesium silicate, magnesium oxide, titanium oxide,
      magnesium silicate, iron oxide, barium sulfate, barium carbonate, calcium
      carbonate, magngesium carbonate, calcium sulfate, carbon, aluminum powder,
      zinc powder, copper powder, and glass fibers. There is no particular
      restriction on the amounts of these conventional additives to be used.
      Usually, such additives are incorporated in an amount of up to about 200
      parts by weight per 100 parts by weight of the epoxy resin composition.
PAR  Examples of the curing agents includes polyamines such as diethylene
      triamine, triethylene tetramine, tetraethylene pentamine,
      diethylaminopropylamine, bis-aminopropylaminotetraoxaspiroundecane,
      piperidine, N-aminoethyl piperazine, phenylene diamine,
      diaminodiphenylmethane, diaminodiphenyl sulfone, xylylene diamine, benzyl
      dimethylamine, tris-dimethylaminomethyl phenol, 2-ethyl-4-methyl imidazole
      or methyl imidazole, polyamine adducts obtained by adding an epoxy
      compound such as ethylene, oxide, propylene oxide, butyl glycidyl ether,
      phenyl glycidyl ether, and an aliphatic carboxylic acid glycidyl ester,
      epoxy resins or acrylonitrile, and polyaminepolyamides obtained by the
      addition reaction of some of the active hydrogens of the above polyamines
      with carboxylic acids such as dimeric acid. There can also be used, for
      example, carboxylic anhydrides such as maleic anhydride, pthalic
      anhydride, trimellitic anhydride, benzophenone tetracarboxylic anhydride,
      hexahydro- or tetrahydrophthalic anhydride, methylnagic anhydride,
      chlorendic anhydride or polyazelaic anhydride, BF.sub.3 complex compounds
      such as BF.sub.3 -monoethanolamine or BF.sub.3 -piperidine complexes,
      dicyandimide, polysulfide resins, phenol resins, alkyd resins, and
      melamine resins.
PAR  Generally, the curing agent is used in an amount of 50 to 150% of the
      stoichiometrical amount, but it is sufficient that the tertiary amines and
      BF.sub.3 complexes are used in catalytic amounts. Usually, these curing
      agents are used in an amount of about 0.5 to about 150 parts per 100 parts
      by weight of the epoxy resin composition at room temperature or at an
      elevated temperature ranging from 50.degree. to 200.degree.C.
PAR  Examples of the plasticizers are coal tar, pine oil, white tar, mobilsol,
      dibutyl phthalate, and tricresyl phosphate. The amount of the plasticizer
      is usually up to about 200% by weight per 100 parts by weight of the epoxy
      resin composition.
PAR  Examples of the fire retardants are antimony trioxide, tris-chloroethyl)
      phosphate, tris(cyclopropyl) phosphate, and tris(dibromopropyl) phosphate.
      Usually, the amount of the fire retardant is up to about 50 parts per 100
      parts by weight of the epoxy resin composition.
PAR  There is no particular restriction on the epoxy resin used in the
      composition of this invention, but a wide range of epoxy resins containing
      at least two epoxy groups in the molecule can be used. The epoxy resins
      are well known, and we shall cite only some examples below.
PAR  Bisphenol A.glycidyl ether type epoxy resins (generally having a molecular
      weight of about 300-7,000) derived from bisphenol A and epichlorohydrin
      expressed by the following formula
      ##SPC1##
PAL  Phenol novolac polyglycidyl ether type epoxy resins of the following
      formula
      ##SPC2##
PAL  cresol novolac polyglycidyl ether type epoxy resins of the following
      formula
      ##SPC3##
PAL  brominated bisphenol A.diglycidyl ether type epoxy resins of the following
      formula
      ##SPC4##
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PAL  hydrogenated bisphenol A.diglycidyl ether type epoxy resins of the
      following formula
      ##SPC5##
PAL  diglycidyl ether type epoxy resins derived from alkylene oxideadded
      bisphenol A and epichlorohydrin and containing an alkylene ether (for
      example, propylene ether) in the side chain, which are expressed by the
      following formula
      ##SPC6##
PAL  ether type epoxy resins such as resorcinol.diglycidyl ether type epoxy
      resins expressed by the formula
      ##SPC7##
PAL  phthalic acid diglycidyl ester type epoxy resins derived from phthalic acid
      and epichlorohydrin expressed by the general formula
      ##SPC8##
PAL  and bisphenol A.methylepichlorohydrin type epoxy resins derived from
      bisphenol A and methylepichlorohydrin expressed by the general formula
      ##SPC9##
PA0  wherein n is 0 to 10.
PAR  The monoglycidyl ether of formula (1) to be used in this invention as a
      reactive diluent can be easily prepared by addition-polymerizing a
      monohydric alcohol or phenol of the following formula (2)
EQU  ROH                                                        (2)
PA0  wherein R is a member selected from the group consisting of straight-chain
      alkyl groups containing 1 to 7 carbon atoms, branched-chain alkyl groups
      containing 1 to 7 carbon atoms, alkenyl groups containing 2 to 7 carbon
      atoms, cycloalkyl groups containing 5 or 6 carbon atoms,
      methyl-substituted cycloalkyl groups containing 6 or 7 carbon atoms, a
      phenyl group, a cresyl group, and a benzyl group,
PAL  with about 2 to about 10 mols of epichlorohydrin and/or
      methylepichlorohydrin in the presence, as a catalyst, of an anhydrous acid
      catalyst, and treating the addition polymer with an alkaline substance.
PAR  Specific examples of the compound of formula (2) above are monohydric
      alcohols such as methyl alcohol, ethyl alcohol, propyl alcohol, butyl
      alcohol, pentyl alcohol, hexyl alcohol, heptyl alcohol, cyclohexyl
      alcohol, methylcyclohexyl alcohol, benzyl alcohol and allyl alcohol, and
      monohydric phenols such as phenol or cresols.
PAR  The acid catalyst used in the above reaction may, for example, be a complex
      salt of boron trifluoride, or tin tetrachloride. The amount of the
      catalyst used can be properly chosen, and for example, it is about 0.001
      to about 0.1 mol, preferably about 0.03 to about 0.005 mol per mol of the
      compound of the formula (2).
PAR  The addition polymerization is carried out by contacting the monohydric
      alcohol and/or phenol of the formula (2) with the epichlorohydrin and/or
      methylepichlorohydrin in the presence of the anhydrous acid catalyst in
      the presence or absence of a solvent. Preferably, the reaction is carried
      out at elevated temperatures, but it can also be performed at room
      temperature. Usually, the reaction temperature employed in this invention
      is not more than 150.degree.C., for example, about 30.degree. to about
      110.degree.C.
PAR  The solvent used for the above reaction includes, for example, halogenated
      hydrocarbons such as methylene chloride, ethylene dichloride, chloroform,
      methylchloroform and carbon tetrachloride, ethers such as diethyl ether
      and diisopropyl ether, aliphatic hydrocarbons such as cyclohexane or
      n-hexane, and aromatic hydrocarbons such as benzene or toluene.
PAR  In the above-described polymerization reaction for preparing the
      monoglycidyl ether reactive diluent of formula (1), the epichlorohydrin
      and/or methylepichlorohydrin is polymerized in an amount of about 2 to
      about 10 mols per mol of the monohydric alcohol or phenol. If the amount
      of the former exceeds about 10 mols, the compound of formula (1) cannot be
      prepared selectively. Amounts less than about 2 mols are undesirable since
      the use of such minor amounts tend to cause the starting alcohol to remain
      unreacted and may result in side-reactions with the resulting product.
PAR  The degree of polymerization of the monoglycidyl ether can be varied by
      changing the molar proportion of the epichlorohydrin and/or
      methylepichlorohydrin within the abovespecified range, whereby it is
      possible to obtain etherified polyether epichlorohydrin or etherified
      polyether methylepichhlorohydrin polymer corresponding to the compound of
      formula (1) wherein n is any desired integer within the range of 1 to 9,
      almost quantitatively and selectively.
PAR  By treating the resulting etherified polyether epichlorohydrin or
      etherified polyether methylepichlorohydrin polymer with an alkaline
      substance in the presence or absence of a solvent, the corresponding
      etherified polyepichlorohydrin monoglycidyl ether or etherified
      polymethylepichlorohydrin monoglycidyl ether of the formula (1) can be
      easily obtained.
PAR  Examples of preferred alkaline substances used in this cyclization reaction
      are hydroxides, carbonates, or bicarbonates of alkali metals, such as
      sodium hydroxide, potassium hydroxide, sodium carbonate, potassium
      carbonate, sodium bicarbonate, and potassium bicarbonate. Other alkaline
      substances, such as calcium hydroxide, barium hydroxide, iron hydroxide,
      aluminum hydroxide, oxides of the metals in these compounds, and sodium
      aluminate, can also be used.
PAR  The reaction can be performed at a temperature of 25.degree. to
      70.degree.C., preferably 35.degree. to 55.degree.C. Where a solvent is
      used, those solvents which can be used in the above
      addition-polymerization reaction can be utilized. The monoglycidyl ether
      polymers of formula (1) obtained in accordance with this invention are
      liquids of relatively low molecular weight which are easily soluble in
      organic solvents in general.
PAR  The curable epoxy resin composition of this invention can be used in a wide
      variety of applications, such as paints, adhesives, laminating material,
      embedding material, casting material, molding material, floor material,
      anti-corrosive linings, or construction and building materials.
DETD
PAR  The following Examples and Comparative Examples further illustrate the
      present invention.
PAR  In the following examples, the diluting effects, ignitability, volatility,
      water resistance, exothermic property, hardness and compatibility were
      those determined by the following test methods.
PAC  1. Diluting effect
PAR  450 G of a mixture consisting of an epoxy resin (Epikote 828, a bisphenol A
      type diglycidyl ether having an epoxy equivalent of 190, a product of
      Shell Kagaku Kabushiki Kaisha) and 25 or 50% by weight, based on the
      entire mixture, of a reactive diluent is placed in a broad-mouthed glass
      bottle having a capacity of 500 cc, and the glass bottle is placed in a
      constant temperature vessel kept at 25.degree.C. When the mixture has
      attained the constant temperature of 25.degree.C., the viscosity of the
      mixture is measured using a BM type viscometer, and the viscosity value is
      expressed by poises at 25.degree.C. smaller figures show higher diluting
      effects. The viscosity of the epoxy resin (Epikote 828) used here is 121
      poises/25.degree.C.
PAC  2. Ignitability
PAR  The ignition point (.degree.C.) of a reactive diluent is measured in
      accordance with the methods stipulated in Japanese Industrial Standards
      (designation, JIS K 2803-68 and JIS K 2810-68). For samples having an
      ignition point of not more than 80.degree.C., the latter method is used,
      and for other samples, the former method is used. Those having an ignition
      point of not more than 80.degree.C. are undesirable from the viewpoint of
      fire prevention during handling of the epoxy resin composition and the
      curing operation.
PAC  3. VOLATIBILITY
PAR  5 G of a reactive diluent is placed in a Petri dish having an inside
      diameter of 65 mm and a depth of 8 mm and made of tin plate. The Petri
      dish is allowed to stand in an air bath kept constantly at 100.degree.C.
      One hour later, the Petri dish is withdrawn from the bath, and
      immediately, accommodated in a desiccator. The temperature is decreased to
      room temperature, and the amount of the reactive diluent lost is measured.
      The volatility is expressed by percentage (weight) of the loss based on
      the initial amount (5 g) of the diluent. Larger Figures show higher
      volatility, and thus are undesirable from the viewpoint of operational
      safety and the properties of the resulting product.
PAC  4. WATER RESISTANCE
PAR  This will be specifically described with regard to Example 1 shown in Table
      2. The same method will be followed in other Examples.
PAC  a. Water resistance A
PAR  This refers to a cured product cured with a polyamine-type curing agent.
PAR  395 G of a curing agent (EPOMATE B002, tradename for a butyl glycidyl ether
      adduct of bis-aminopropylaminotetraoxospiroundecane having an active
      hydrogen equivalent of 95, a product of Ajinomoto Kabushiki Kaisha) is
      incorporated in a uniform mixture of 50 g of EPIKOTE 828 (an epoxy resin)
      and 50 g of the reactive diluent (Preparation Example No. 1) to form a
      sample composition. The sample composition is cast into a circle plate,
      and cured to form a cast cured product having a diameter of 57 mm and a
      thickness of 3 mm. The curing is effected for 4 days at room temperature,
      and then for 24 hours at 80.degree.C. The resulting cured product is
      immersed for 1 day in a water bath at 70.degree.C. and for 30 days in a
      water bath at room temperature. Then, it is withdrawn from the bath, the
      adhering water is wiped off, and the weight of the cured product is
      measured. The difference (amount of water absorption) between the weight
      of the cured product before the immersion treatment and that after the
      treatment is measured, and the the weight of water absorbed is expressed
      by weight percent based on the weight of the cured product before the
      treatment (water absorption).
PAC  b. Water Resistance B
PAR  This test refers to Example 2 shown in Table 2, and shows resistance to
      saline solution.
PAR  50 G of EPIKOTE 834 (a bisphenol type diglycidyl ether having an epoxy
      equivalent of 250) is well mixed with 50 g of the reactive diluent
      (Preparation Example No. 2), and then 30.5 g of EPOMATE B002 as a curing
      agent is added. Then, the entire mixture is well stirred, and thoroughly
      defoamed. The resulting mixture is coated to a thickness of about 0.2 mm
      on a cold rolled steel plate (JIS G3141) having a length of 150 mm and a
      width of 70 mm of which surface has been abraded with an abrasive paper
      No. 280, thoroughly washed with trichloroethane, and dried. The coating is
      allowed to cure for 4 days at room temperature and further for 24 hours at
      80.degree.C. The coated steel plate is immersed lengthwise to a depth of
      about a half of its length in a salt containing bath obtained by
      dissolving 50 g of common salt, 10 ml. of glacial acetic acid and 5 g of
      30% aqueous hydrogen peroxide in 1 liter of water, and adjusting the pH of
      the aqueous solution to 3 with an aqueous solution of sodium hydroxide.
      The temperature of the bath is maintained at 60.degree.C., and the state
      of the coated film is observed every 1 hour over 8 hours. Samples which do
      not show any appreciable change at the end of this 8-hour period are
      observed for their changes every day until the end of one week starting at
      the end of 24 hours. The results of observation are evaluated on a scale
      of grade 1 to grade 10 as follows:
PA1  Grade 1 (excellent):
PA2  No appreciable change at the end of 8 hours
PA1  Grade 2 (very good):
PA2  No appreciable change at the end of 2 days; during the period from the 4th
      to the 7th day, slight swelling occurs partly
PA1  Grade 3 (good):
PA2  No appreciable change at the end of 24 hours, but at the end of two days,
      the occurrence of swelling is observed
PA1  Grade 4:
PA2  No appreciable change at the end of 8 hours, but swelling occurs at the end
      of 24 hours
PA1  Grade 5:
PA2  The coating is peeled off at the end of 8 hours
PA1  Grade 6:
PA2  The coating is peeled off at the end of 7 hours
PA1  Grade 7:
PA2  The coating is peeled off at the end of 6 hours
PA1  Grade 8:
PA2  The coating is peeled off at the end of 5 hours
PA1  Grade 9:
PA2  The coating is peeled off at the end of 4 hours
PA1  Grade 10:
PA2  The coating is peeled off within 4 hours
PAC  5. EXOTHERMIC PROPERTY
PAR  This refers to Example 4 of Table 2. The same method will be followed in
      other Examples.
PAR  25 G of the reactive diluent is uniformly mixed with 75 g of EPIKOTE 828,
      and 10.6 g (84% of theory) of tetraethylenepentamine (active hydrogen
      equivalent 27.1) as a curing agent is incorporated into the mixture to
      form a sample composition. The sample composition is placed in a
      wax-coated paper cup having a capacity of 190 ml. in a test chamber
      conditioned to a relative humidity of 50% and a temperature of
      25.degree.C., and thoroughly stirred. Using a thermometer, the maximum
      temperature attained (.degree.C.) is measured.
PAC  6. HARDNESS
PAR  This refers to Example 8 of Table 2. The same method will be followed in
      other Examples.
PAR  25 G of the reactive diluent is uniformly mixed with 75 g of EPIKOTE 828,
      and 42.6 g of EPOMATE B002 as a curing agent is incorporated into the
      mixture to form a sample composition. The sample composition is post-cured
      at 80.degree.C. for 10 hours, and then its hardness is measured using a
      Barcol Impressor (ASTM D 2583-67) in a test chamber conditioned to a
      relative humidity of 50% and a temperature of 25.degree.C.
PAC  7. COMPATIBILITY
PAR  The compatibility between the epoxy resin and the curing agent is one of
      the important factors in operability, reactivity, and the uniformity of
      the cured product, and the following test was conducted using a typical
      epoxy resin and most common polyamine and polyamide.
PAC  a. Compatibility with the epoxy resin A
PAR  i. 30 G of a diluent is added to 70 g of EPIKOTE 828 at 25.degree.C., and
      the mixture is stirred for 15 minutes. After allowing the mixture to stand
      for 30 minutes, the compatibility of the diluent with the epoxy resin is
      evaluated on the following scale.
PA1  1: mutually dissolved to form a clear solution
PA1  2: insoluble matter present to cause turbidity
PA1  3: oil droplets separated slightly
PA1  4: less than 1% of an oily layer separated
PA1  5: less than 3% of an oily layer separated
PA1  6: less than 5% of an oily layer separated
PA1  7: more than 5% of an oily layer separated
PAR  ii. The mixture obtained in (i) above is allowed to stand for 1 week at
      5.degree.C., and the compatibility is evaluated in the same way as in (i)
      above.
PAC  b. Compatibility with an amine curing agent B
PAR  i. 10 g of triethylene pentamine is added to 200 g of a reactive diluent at
      25.degree.C., and the mixture is vigorously stirred for 5 minutes. The
      mixture is defoamed for 15 minutes at about 200 mmHg. The compatibility is
      evaluated in the same way as in (a) above.
PAR  ii. The same procedure as in (b), (i) above is repeated except that the
      temperature is changed to 5.degree.C.
PAC  c. Compatibility with an amide curing agent C
PAR  i. 20 G of polyamide (Versamide 125, a product of Daiichi General Kabushiki
      Kaisha, with an amine value of 340) is added to 30 g of a reactive diluent
      at 25.degree.C., and the compatibility is evaluated in the same way as in
      (b), (i) above.
PAR  ii. The same procedure as in (c), (i) above is repeated except that the
      temperature is changed to 5.degree.C.
PAC  EXAMPLES OF PREPARING THE REACTIVE DILUENT OF THIS INVENTION
PAC  Preparation Example 1
PAR  A reaction vessel was charged with 74.1 g of n-butyl alcohol and 1.4 g of
      boron trifluoride-etherate, and with good stirring, the temperature was
      maintained at 50.degree. to 60.degree.C., and 277.5 g of epichlorohydrin
      was added dropwise over the course of 4.5 hours. The mixture was further
      stirred for 1 hour at this temperature to complete an addition
      polymerization reaction. At this point, a part of the addition polymer was
      withdrawn, and analysis of it showed no presence of epichlorohydrin. 500
      ml. of toluene was added to the reaction product, and the mixture was well
      stirred. While maintaining the temperature at 40.degree. to 50.degree.C.,
      48 g of flaky sodium hydroxide was added over the course of 1 hour. The
      mixture was further stirred at this temperature for 1 hour, and then
      cooled to about 30.degree.C. 250 ml. of water was added, and the mixture
      stirred to dissolve the resulting sodium chloride. After standing, the
      mixture was separated into an aqueous phase and a toluene phase. The
      toluene phase was evaporated at reduced pressure to remove the toluene.
      The residue was filtered to afford 306 g of n-butylpolyepichlorohydrin
      monoglycidyl ether as a transparent light yellow liquid in a yield of 97%.
PAC  Preparation Examples 2 to 7, 12 and 13
PAR  Preparation Example 1 was repeated except that the type of the monohydric
      alcohol, the amount of epichlorohydrin, the type and amount of the
      catalyst, and the reaction conditions were changed as indicated in Table 1
      to form monoglycidyl ethers of this invention.
PAC  Preparation Example 8
PAR  A reaction vessel was charged with 94.1 g (1 mol) of phenol, 1.5 g of boron
      trifluoride-etherate and 100 ml. of toluene, and with good stirring, the
      temperature was maintainined at 55.degree. to 65.degree.C., and 277.5 g (3
      mols) of epichlorohydrin was added dropwise over the course of 3 hours and
      20 minutes. The mixture was further stirred for 1 hour at this temperature
      to complete an addition polymerization reaction of these monomers. At this
      point, a part of the addition polymer was withdrawn, and analysis of it
      showed no presence of epichlorohydrin. 400 ml. of toluene was added to the
      reaction mixture, and the mixture stirred thoroughly. While maintaining
      the inside temperature of the reactor at 40.degree. to 45.degree.C., 67.3
      g (1.2 mols) of solid sodium hydroxide was added over the course of 1
      hour. The mixture was further stirred at this temperature for 1 hour, and
      then cooled to about 30.degree.C. 440 ml. of water was added to remove the
      resulting potassium chloride. The organic layer was further washed with
      150 ml. of water, and the toluene was evaporated off at reduced pressure.
      The residue was filtered to afford phenylpolyepichlorohydrin monoglycidyl
      ether as a transparent light yellow liquid.
PAC  Preparation Examples 9 to 13
PAR  Example 8 was repeated except that the type of the monohydric phenol, the
      amount of epichlorohydrin used, and the type and amount of the catalyst
      were changed as indicated in Table 1 to prepare monoglycidyl ethers of
      this invention.
PAR  The yield and properties of the monoglycidyl ethers obtained in these
      Preparation Examples 1 to 13 are shown in Table 1. For comparison, the
      data of known reactive diluents are also shown (Comparative Example 1 and
      2).
TBL                                    Table 1                                 
     __________________________________________________________________________
                                                   Reaction                    
              Reactants                            condition                   
              Amount of                                                        
                    ROH             Catalyst       Tempera-                    
     Preparation                                                               
              epichloro-      Amount           Amount                          
                                                   ture  Time                  
     Examples Nos.                                                             
              hydrin (g)                                                       
                       Name   (g)     Name     (g) (.degree.C.)                
                                                         (hr.)                 
     __________________________________________________________________________
     1        277.5 Butyl alcohol                                              
                              74.1  BF.sub.3.etherate                          
                                               1.4 50 - 60                     
                                                         5.5                   
     2        370.0    "      74.1    "        1.4 52 - 60                     
                                                         5.5                   
     3        555.0    "      74.1  BF.sub.3.butyletherate                     
                                               3.5 45 - 60                     
                                                         6.0                   
     4        277.5 Cyclohexyl alcohol                                         
                              100.2 SnCl.sub.4 3.4 55 - 63                     
                                                         3.5                   
     5        370.0    "      100.2 BF.sub.3.etherate                          
                                               2.0 54 - 65                     
                                                         4.5                   
     6        370.0 Propyl alcohol                                             
                              60.1  SnCl.sub.4 2.6 50 - 65                     
                                                         5.5                   
     7        277.5 Benzyl alcohol                                             
                              108.1 BF.sub.3.etherate                          
                                               1.8 56 - 70                     
                                                         4.5                   
     8        277.5 Phenol    94.1    "        1.5 55 - 65                     
                                                         4.3                   
     9        277.5  "        94.1  SnCl.sub.4 2.6 55 - 65                     
                                                         4.3                   
     10       370.0  "        94.1  BF.sub.3.etherate                          
                                               2.9 55 - 65                     
                                                         4.3                   
     11       277.5 p-Cresol  108.1   "        1.5 55 - 65                     
                                                         4.3                   
     12       277.5 i-Amyl alcohol                                             
                              88.0  BF.sub.3.butyletherate                     
                                               1.3 45 - 55                     
                                                         3.5                   
     13       370.0 Allyl alcohol                                              
                              58.0  SnCl.sub.4 2.2 45 - 55                     
                                                         4.0                   
     Comparative                                                               
     Example 1                                                                 
     Comparative                                                               
     Example 2                                                                 
     __________________________________________________________________________
              Reaction Products                                                
                                            Viscosity                          
                                                    Igni-                      
                                                         Vola-                 
     Preparation                                                               
              Name                    Epoxy (Centi- tability                   
                                                         tility                
     Examples Nos.                                                             
              (average value of n in formula)                                  
                               Yield (%)                                       
                                      equivalent                               
                                             poises, 25.degree.C)              
                                                    (.degree.C)                
                                                         (%)                   
     __________________________________________________________________________
     1        Butylpolyepichlorohydrin                                         
              monoglycidyl ether (3)                                           
                               306 (97%)                                       
                                      328   22      115  2.9                   
     2           "(4)          400 (98%)                                       
                                      412   66      162  0.8                   
     3           "(6)          584 (99%)                                       
                                      605   198     171  0.5                   
     4        Cyclohexylpolyepichlorohydrin                                    
              monoglycidyl ether (3)                                           
                               334 (98%)                                       
                                      350   67      152  1.4                   
     5           "(4)          427 (98%)                                       
                                      452   113     167  0.7                   
     6        Propylpolyepichlorohydrin                                        
              monoglycidyl ether (4)                                           
                               378 (96%)                                       
                                      388   54      134  1.9                   
     7        Benzylpolyepichlorohydrin                                        
              monoglycidyl ether (3)                                           
                               342 (98%)                                       
                                      367   104     160  0.6                   
     8        Phenylpolyepichlorohydrin                                        
              monoglycidyl ether (3)                                           
                               322 (96%)                                       
                                      463   513     175  0.3                   
     9           "(3)          825 (97%)                                       
                                      468   542     165  0.4                   
     10          "(4)          410 (96%)                                       
                                      535   615     177  0.2                   
     11       p-tolylpolyepichlorohydrin                                       
              monoglycidyl ether (3)                                           
                               339 (97%)                                       
                                      438   480     148  0.2                   
     12       i-Amylpolyepichlorohydrin                                        
              monoglycidyl ether (3)                                           
                               277 (98%)                                       
                                      346   55      161  0.5                   
     13       Allylpolyepichlorohydrin                                         
              monoglycidyl ether (4)                                           
                               380 (97%)                                       
                                      397   65      153  0.3                   
     Comparative                                                               
     Example 1                                                                 
              Butyl glycidyl ether    145   1        65  99.3                  
     Comparative                                                               
     Example 2                                                                 
              Phenyl glycidyl ether   155   6        79  11.0                  
     __________________________________________________________________________
PAC  EXAMPLES OF EPOXY RESIN COMPOSITIONS
PAC  Examples 1 to 16 and Comparative Examples 1 to 15
PAR  Epoxy resin compositions were prepared from EPIKOTE 828 or 834 (a bisphenol
      A.glycidyl ether type epoxy resin, a product of Shell Kagaku Kabushiki
      Kaisha) and the reactive diluents shown in Table 2. The various properties
      of the resin compositions are shown in Table 2.
PAR  The pot life shown in the table is the time (minutes) required for the same
      sample composition as used in the exothermic property test to gell and
      become solid.
PAR  The volume resistivity is measured in accordance with Japanese Industrial
      Standards JIS K6911 ( .sup.-.sup.cm, 120.degree.C.) on a test piece which
      has been prepared by adding 90% (based on the theoretical equivalent) of
      methylnadic anhydride and 1.5 parts by weight of tris(dimethylaminomethyl)
      phenol to a uniform mixture of 90 parts by weight of the epoxy resin and
      10 parts by weight of the reactive dilvent, casting the resulting
      composition into a disc form having a diameter of 10 cm and a thickness of
      3, mm, and curing it at 130.degree.C. for 5 hours. Larger numerical values
      show better resistivity.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Examples                  Diluting effect                                 
     (Ex.) &                   Amount of the          Water                    
     Comparative               diluent in the                                  
                                             Igni-                             
                                                  Vola-                        
                                                      resistance               
     Examples                  composition                                     
                                       Poises                                  
                                             tability                          
                                                  tility                       
                                                      A  B                     
     (Comp.)                                                                   
            Reaction diluents  (wt. %) at 25.degree.C.                         
                                             (.degree.C)                       
                                                  (%) (%)                      
                                                         (grade)               
     __________________________________________________________________________
     Ex. 1  n-Butylpolyepichlorohydrin                                         
                               25      10.0                                    
                                             115  2.9 2.8                      
                                                         2                     
            monoglycidyl ether (Prep. Ex.1)                                    
                               50      1.9                                     
     Ex. 2     "(Prep. Ex.2)   25      17.0                                    
                                             162  0.8 2.6                      
                                                         2                     
                               50      4.3                                     
     Ex. 3     "(Prep. Ex.2)   25      24.8  171  0.5                          
     Ex. 4  Cyclohexylpolyepichlorohydrin                                      
                               25      20.5                                    
                                             152  1.4 2.8                      
                                                         1                     
            monoglycidyl ether (Prep. Ex.4)                                    
                               50      5.5                                     
     Ex. 5     "(Prep. Ex.5)   25      23.2  167  0.7 1.7                      
                                                         1                     
     Ex. 6  isopropylpolyepichlorohydrin                                       
                               25      15.5                                    
                                             134  1.9 2.9                      
                                                         2                     
            monoglycidyl ether (Prep. Ex.6)                                    
                               50      4.8                                     
     Ex. 7  Benzylpolyepichlorohydrin                                          
                                             160  0.6 2.7                      
                                                         1                     
            monoglycidylether (Prep. Ex.7)                                     
                               25      22.3                                    
     Ex. 8  Phenylpolyepichlorohydrin                                          
                               25      47.5                                    
                                             175  0.3 2.5                      
                                                         1                     
            monoglycidyl ether (Prep. Ex.8)                                    
                               50      21.5                                    
     Ex. 9     "(Prep. Ex.9)           --    165  0.4 2.1                      
                                                         1                     
     Ex. 10    "(Prep. Ex.10)  25      48.2  177  0.2 2.6                      
                                                         1                     
     Ex. 11 p-tolylpolyepichlorohydrin                                         
                                             148  0.2 2.7                      
                                                         1                     
            monoglycidyl ether (Prep. Ex.11)                                   
                               25      38.0                                    
     Ex. 12 iso-amylepichlorohydrin                                            
            monoglycidyl ether (Prep.Ex.12)                                    
                               25      15.6  161  1.3 2.6                      
                                                         1                     
     Ex. 13 Allylepichlorohydrin                                               
            monoglycidyl ether (Prep.Ex.13)                                    
                               25      16.4  153  0.9 2.7                      
                                                         1                     
     Comp. 1                                                                   
            n-Butyl glycidyl ether     --     65  99.3                         
                                                      -- 6                     
     Comp. 2                                                                   
            Phenyl glycidyl ether      --     79  11.0                         
                                                      2.6                      
                                                         3                     
     Comp. 3                                                                   
            1,4-Butanediol diglycidyl ether                                    
                                       --    --   2.5 7.6                      
                                                         10                    
     Comp. 4                                                                   
            1,6-hexanediol diglycidyl ether                                    
                                       --    --   1.5 6.5                      
                                                         10                    
     Comp. 5                                                                   
            Polypropylene glycol (425)                                         
            diglycidyl ether           --    --   0.9 9.7                      
                                                         7                     
     Comp. 6                                                                   
            Ethylene glycol diglycidyl ether                                   
                                       --    --   3.7 5.6                      
                                                         6                     
     Comp. 7                                                                   
            Glycerine glycidyl ether   --    152  0.2 4.1                      
                                                         9                     
     Comp. 8                                                                   
            Epikote 828 alone   0      121.0 --   --  2.5                      
                                                         1                     
     Ex. 14 Mixture consisting of 85% of the                                   
            monoglycidyl ether of Ex. 2 and                                    
            15% of n-butyl glycidyl ether                                      
                               25      16.2  119  13.1                         
                                                      2.5                      
                                                         2                     
     Comp. 9                                                                   
            Mixture consisting of 85% of                                       
            n-butyl glycidyl ether and 15%                                     
            of the monoglycidyl ether of                                       
            Example 2          35      7.5    65  82.2                         
                                                      3.1                      
                                                         6                     
     Comp. 10                                                                  
            Mixture consisting of 50% of                                       
            n-butyl glycidyl ether and 50%                                     
            of the monoglycidyl ether of                                       
            Example 1          25      6.5    68  35.1                         
                                                      3.0                      
                                                         4                     
     Ex. 15 Mixture consisting of 85% of the                                   
            monoglycidyl ether of Example 4                                    
            and 15% of cyclohexyl glycidyl                                     
            ether              25      18.5  124  7.8 2.7                      
                                                         1                     
     Comp. 11                                                                  
            Mixture consisting of 80% of                                       
            cyclohexyl glycidyl ether and 20%                                  
            of the monoglycidyl ether of                                       
            Example 4          25      8.8    72  37.1                         
                                                      3.0                      
                                                         4                     
     Ex. 16 Mixture consisting of 80% of the                                   
            monoglycidyl ether of Example 8                                    
            and 20% of phenyl glycidyl ether                                   
                               25      41.1  13.8 2.0 2.8                      
                                                         1                     
     Comp. 12                                                                  
            Mixture consisting of 85% of                                       
            phenyl glycidyl ether and 15% of                                   
            the monoglycidyl ether of                                          
            Example 8          25      9.2    80  9.1 3.1                      
                                                         3                     
     Comp. 13                                                                  
            Octyl glycidyl ether                                               
            (free from inactive chlorine)                                      
                               --      --    --   --  -- --                    
     Comp. 14                                                                  
            Octyl glycidyl ether (containing                                   
            1.6% of inactive chlorine)                                         
                               --      --    --   --  -- --                    
     Comp. 15                                                                  
            Octadecyl glycidyl ether                                           
                               --      --    --   --  -- --                    
     __________________________________________________________________________
     Examples     Barcol hardness           Compatibility                      
     (Ex.) &      Amount of the             (A)   (B) Tri-                     
                                                        (C)                    
     Comparative                                                               
            Maximum                                                            
                  diluent in the                                               
                          Hard-    Volume   Epikote                            
                                                  ethylene                     
                                                        Versamide              
     Examples                                                                  
            exothermic                                                         
                  composition                                                  
                          ness                                                 
                              Pot life                                         
                                   resistivity                                 
                                            828   tetramine                    
                                                        125                    
     (Comp.)                                                                   
            heat  (wt. %) value                                                
                              (minutes)                                        
                                   (.OMEGA..sup.-.sup.cm, 120.degree.C)        
                                            I  II I  II I  II                  
     __________________________________________________________________________
     Ex. 1  150   25      83  60   1.2 .times. 10.sup.13                       
                                            1  1  1  1  1  2                   
                  50      34                                                   
     Ex. 2  148   25      81  58   3.0 .times. 10.sup.13                       
                                            1  1  1  1  1  1                   
                  50      48                                                   
     Ex. 3        25      65                1  1  1  1  1  1                   
     Ex. 4  149   25      83  59   2.5 .times. 10.sup.13                       
                                            1  1  1  1  1  1                   
                  50      66                                                   
     Ex. 5  145   25      72  71   2.1 .times. 10.sup.13                       
                                            1  1  1  1  1  1                   
     Ex. 6  161   25      70  64   --       1  1  1  1  1  2                   
     Ex. 7  148   25      76  63   5.9 .times. 10.sup.13                       
                                            1  1  1  1  1  1                   
     Ex. 8  146   25      75  55   6.9 .times. 10.sup.13                       
                                            1  1  1  1  1  1                   
                  50      83                                                   
     Ex. 9  --    --      --  --   --       1  1  1  1  1  1                   
     Ex. 10 --    --      --  --   --       1  1  1  1  1  1                   
     Ex. 11 --    25      82  --   --       1  1  1  1  1  2                   
     Ex. 12 151   25      79  62   3.3 .times. 10.sup.13                       
                                            1  2  1  2  1  2                   
     Ex. 13 157   25      82  57            1  1  1  1  1  1                   
     Comp. 1                                                                   
            169   25      82  38   2.1 .times. 10.sup.12                       
                                            1   5*                             
                                                  1  2  1  1                   
     Comp. 2                                                                   
            167   25      86  40   2.3 .times. 10.sup.13                       
     Comp. 3                                                                   
            173   25      79  36   6.9 .times. 10.sup.11                       
     Comp. 4                                                                   
            157   25      76  65   2.5 .times. 10.sup.11                       
                                            1  1  1  2  7  7                   
     Comp. 5                                                                   
            149   25      72  72   7.7 .times. 10.sup.11                       
                                            1  1  4  5  7  7                   
     Comp. 6                                                                   
            --            --  --   5.8 .times. 10.sup.11                       
                                            1  1  2  3  7  7                   
     Comp. 7                                                                   
            --    25      81  30   1.8 .times. 10.sup.13                       
                                            1  1  1  1  7  7                   
     Comp. 8                                                                   
            172           88  35   5.5 .times. 10.sup.14                       
     Ex. 14 150           83  54   2.6 .times. 10.sup.13                       
     Comp. 9                                                                   
            162           85  43   4.6 .times. 10.sup.12                       
     Comp. 10                                                                  
            154           81  48   8.3 .times. 10.sup.12                       
     Ex. 15 141           84  56   9.8 .times. 10.sup.12                       
     Comp. 11                                                                  
            163           88  41   3.5 .times. 10.sup.12                       
     Ex. 16 148           82  52   4.7 .times. 10.sup. 13                      
     Comp. 12                                                                  
            170           88  41   8.4 .times. 10.sup.12                       
     Comp. 13                                                                  
            --    --          --   --       2  3  2  4  4  5                   
     Comp. 14                                                                  
            --    --          --   --       2  3  2  4  4  5                   
     Comp. 15                                                                  
            --    --          --   --       5  7  4  6  4  6                   
     __________________________________________________________________________
      *Crystals precipitated                                                   
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A curable epoxy resin composition comprising an epoxy resin having at
      least two epoxy groups selected from glycidyl and methylglycidyl in the
      molecule and a reactive diluent, at least 60% by weight of the total
      amount of said reactive diluent consisting of a compound expressed by the
      following formula (I)
      ##EQU5##
      wherein R is a member selected from the group consisting of straight-chain
      alkyl containing 1 to 7 carbon atoms, branched-chain alkyl containing 1 to
      7 carbon atoms, alkenyl containing 2 to 7 carbon atoms, cycloalkyl
      containing 5 to 6 carbon atoms, methyl-substituted cycloalkyl containing 6
      to 7 carbon atoms, phenyl cresyl and benzyl R' is a hydrogen atom or
      methyl, a plurality of R' groups may be the same or different, and n is a
      positive integer of 1 to 9.
NUM  2.
PAR  2. The epoxy resin composition of claim 1 wherein the amount of said
      reactive diluent is 1 to 150 parts by weight per 100 parts by weight of
      said epoxy resin.
NUM  3.
PAR  3. The epoxy resin composition of claim 1 wherein said epoxy resin is a
      bisphenol A. glycidyl ether type epoxy resin derived from bisphenol A and
      epichlorohydrin.
NUM  4.
PAR  4. The curable epoxy resin composition of claim 1 wherein at lease 80% by
      weight of the total amount of said reactive diluent consists of the
      compound expressed by formula (I).
NUM  5.
PAR  5. The curable epoxy resin composition of claim 1 wherein said epoxy resin
      is selected from the group consisting of: Bisphenol A.glycidyl ether epoxy
      resins; phenol novolac polyglycidyl ether epoxy resins; cresol novolac
      polyglycidyl ether epoxy resins; brominated bisphenol A.diglycidyl ether
      epoxy resins; hydrogenated bisphenol A.diglycidyl ether epoxy resins;
      diglycidyl ether epoxy resins derived from alkylene oxide-added bisphenol
      A and epichlorohydrin and containing an alkylene ether in the side chain;
      resorcinol.diglycidyl ether epoxy resins; phthalic acid diglycidyl ester
      epoxy resins; and bisphenol A.methylepichlorohydrin epoxy resins.
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ABST
PAL  N,N'-diglycidyl-N,N'-dialkyl aryl disulfonamides are prepared having an
      epoxy equivalent weight range from about 234 to about 1100. These
      polyepoxides are useful to make coated articles having superior solvent
      resistance and impact resistance when cured with conventional epoxy curing
      agents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a N,N'-diglycidyl-N,N'-dialkyl aryl
      disulfonamide, a thermosettable composition comprising the polyepoxides
      and thermoset compositions comprising the polyepoxides.
PAR  It is known from U.S. Pat. No. 2,671,771 that epichlorohydrin and
      disulfonamides can be reacted to produce a thermosetting resin having very
      little epoxy groups if they are reacted at a 3:1 maximum molar ratio i.e.
      three moles of epi to one mole of disulfonamide in the presence of a
      strong base.
PAR  It is known from Ser. No. 363,204, filed May 23, 1973, that epichlorohydrin
      can be condensed with di-primary sulfonamides to produce polyepoxides.
      However, these polyepoxides, when cured, tend to be stiff, brittle, and
      unsuitable for coatings.
PAC  SUMMARY OF THE INVENTION
PAR  The products of this invention are represented by the formulae
      ##EQU1##
      wherein Q is a divalent aromatic disulfonyl group selected from
      ##SPC1##
PAL  Where A is a divalent hydrocarbon group having from 1 to 6 carbon atoms,
      ##EQU2##
      m is 0 or 1
      ##SPC2##
PAL  Where X is oxygen or sulfur and
      ##SPC3##
PAL  Wherein R.sub.1 is an alkyl group having 1-6 carbons; R.sub.2 is
      independently hydrogen, an aliphatic hydrocarbon group having 1-6 carbons,
      chlorine, bromine or --OR.sub.3 where R.sub.3 is an acyl group having 1-6
      carbons; n is a whole number in the range 0-5.
PAR  The process of this invention comprises reacting a mole of a disecondary
      sulfonamide with 6 to 20 moles and preferably 10 to 20 moles of an
      epihalohydrin at a temperature in the range from about 70.degree.C to the
      reflux temperature of the mixture and in the presence of a catalytic
      amount, preferably 0.5 to 5% by weight, of a quaternary ammonium salt
      until the reaction is complete and generally from 1 to 4 hours.
PAR  The resulting mixture is heated with a stoichiometric excess of a basic
      inorganic material such as an alkali metal hydroxide, carbonate or oxide
      or an alkaline earth metal hydroxide, carbonate, or oxide at a temperature
      in the range from 70.degree.C to the reflux temperature for 1 to 2 hours
      and the polyepoxide is recovered by isolation of the organic layer, 2
      water washings, and removal of excess epichlorohydrin from the polyepoxide
      by distillation.
PAR  The monomeric polyepoxides having an E.E.W. from about 234 to about 275 are
      then reacted with 2 to 5 moles of dimethyl diphenyloxide disulfonamide
      along with 0.1 to 1.0% of a tertiary amine or a phosphonium salt type
      catalyst at about 150.degree.C for 1-3 hours. The reaction can be run in
      the presence of air, under N.sub.2, or under vacuum to produce an epoxy
      resin polymer having an E.E.W. of about 600 to about 1100 and preferably
      from about 700 to about 900.
PAR  The polyepoxides of this invention can be mixed with conventional epoxy
      hardeners and cured on metal substrates to produce films having superior
      solvent resistance and superior adhesion as shown by reverse impact tests.
DETD
PAC  DETAILED DESCRIPTION
PAR  Suitable disulfonamides which are employed to produce the novel
      polyepoxides of the present invention include those represented by the
      general formulae:
      ##SPC4##
PAL  wherein A, R.sub.1, R.sub.2, X and m are the same as above.
PAR  N,N'-Dialkyl disulfonamides such as represented by the above formulae V
      through VIII include, for example,
      N,N'-dimethyl-diphenylether-4,4'-disulfonamide;
      N,N'-dimethyldi(bromophenyl) ether-4,4'-disulfonamide; N,N'
      -dimethyldi(methylphenyl)ether-4,4'-disulfonamide; N,N'-dimethyl
      di(butylphenyl)ether-4,4'-disulfonamide;
      N,N'-dimethyldi(propylphenyl)ether-4,4'-disulfonamide;
      N,N'-dimethyldi(chlorophenyl)ether-4,4'-disulfonamide;
      N,N'-dimethylnaphthalene-1,5-disulfonamide;
      N,N'-dimethyl-methylnaphthalene-1,5-disulfonamide;
      N,N'-dimethyldipropylnaphthalene-1,5-disulfonamide;
      N,N'-dimethyl-chloronaphthalene-1,5-disulfonamide;
      N,N'-dimethyl-bromonaphthalene-1,5-disulfonamide;
      N,N'-dimethyl-dibromonaphthalene-1,5-disulfonamide; N,N'-dimethylmeta- and
      para-phenylene disulfonamides; N,N'-dimethyl dibenzofuran disulfonamide;
      N,N'-dimethyl dibenzothiophene disulfonamide; mixtures thereof, and the
      higher dialkyl derivatives such as N,N'-diethyl, propyl butyl, pentyl, and
      hexyl.
PAR  Suitable quaternary ammonium salt catalysts useful in this invention to
      prepare the monomeric polyepoxides are benzyl trimethylammonium sulfate,
      benzyl trimethylammonium nitrate, benzyl trimethylammonium thiocyanate,
      diphenyldimethyl ammonium chloride, diphenyldimethyl ammonium nitrate,
      benzyl trimethyl ammonium chloride and the like and mixtures thereof.
PAR  Suitable epihalohydrins which are employed in the process of the present
      invention include epichlorohydrin, epibromohydrin, epiiodohydrin, and
      mixtures thereof.
PAR  Suitable alkali and alkaline earth metal hydroxides include sodium
      hydroxide, potassium hydroxide, calcium hydroxide, barium hydroxide,
      mixtures thereof and the like.
PAR  Suitable alkali and alkaline earth metal carbonates include sodium
      carbonate, potassium carbonate, barium carbonate, calcium carbonate,
      magnesium carbonate, mixtures thereof and the like.
PAR  Suitable alkaline earth metal oxides include barium oxide, calcium oxide,
      magnesium oxide, mixtures thereof and the like.
PAR  The unreacted epihalohydrin is conveniently removed by any of the well
      known methods such as for example, flashing at elevated temperature and
      reduced pressure, extraction with liquid aliphatic hydrocarbons, e.g.,
      pentane or hexane, combinations thereof and the like.
PAR  The polyepoxide product is conveniently recovered by any of the well known
      methods for recovery such as, for example, solvent extraction, with
      subsequent evaporation of the solvent, water washing, combinations thereof
      and the like.
PAR  Suitable catalysts for epoxy chain lengthening include any tertiary amines
      such as: 2-methyl-imidazole, benzyl dimethyl amine, triethylene, diamine,
      N-methyl morpholine. Phosphonium salts such as tetrabutyl phosphonium
      chloride, and tetrabutyl phosphonium acetate can also be used when air is
      present.
PAR  If desired, the chain extending reaction with N,N'-dimethyl diphenyl ether
      disulfonamide can be conducted in the presence of an inert polar high
      boiling solvent such as nitromethane, chlorobenzene ethylene glycol ethyl
      ether, ethylene glycol methyl ether, propylene glycol ethyl ether,
      propylene glycol methyl ether, and the like, In such cases, it is
      necessary to use ammonium catalysts such as benzyl trimethyl ammonium
      chloride, benzyl triethyl ammonium bromide, diphenyl dimethyl ammonium
      chloride, benzyl trimethyl ammonium sulfate, diphenyl dimethyl ammonium
      nitrate, and the like.
PAR  The N,N'-disubstituted sulfonamide starting materials are conveniently
      prepared by chlorosulfonating the desired aromatic compound with at least
      a stoichiometric quantity of a suitable chlorosulfonation agent such as,
      for example, chlorosulfonic acid at a temperature of from about
      50.degree.C to reflux for from about 2 to about 6 hours or longer. The
      resultant disulfonyl chloride after removal of any excess
      chlorosulfonation agent is then reacted with primary alkyl amines at
      reflux temperature for about 1 to about 24 hours. if desired, the
      disulfonyl chloride can be reacted with primary alkyl amines under
      autogeneous pressure at 100.degree.C in less than one hour. The resultant
      N,N'-dialkyl sulfonamide which precipitates is filtered, and the product
      is finally recovered by slurrying the precipitate in hot water and again
      filtering.
PAR  The compositions of the present invention are believed to be mixtures of
      polyepoxides and in as much as the particular position of the sulfonamide
      groups or a substituent on the aromatic ring is not believed to be of any
      particular concern, no attempts have been made to determine such
      positions. What is important, is that the polyepoxides of the present
      invention have more than one epoxy group per molecule. However, the
      sulfonamide groups are usually in the 4,4'-positions when a diphenyl ether
      is employed and the 1,5-positions when a naphthalene is employed.
PAR  Suitable catalysts and curing agents which are employed to cure the
      polyepoxides of the present invention include the well known epoxy
      catalysts and curing agents such as primary, secondary and tertiary
      amines, polybasic acids and anhydrides, polyamides, Lewis acids, mixtures
      thereof and the like.
PAR  The type and quantity of catalyst and/or curing agent employed depends upon
      the physical properties desired of the cured product.
PAR  Inert fillers, fire retardant agents, accelerators, extenders, pigments and
      other modifiers may be added to the compositions of the present invention
      to modify the properties thereof.
PAR  The following examples are illustrative of the present invention and are
      not to be construed as to limiting the scope thereof in any manner.
PAC  EXAMPLE 1
PAR  A solution of 88.8 grams (0.25 mole) of N,N'-dimethyldiphenyl ether
      disulfonamide dissolved in 200 grams (2.2 moles) of epichlorohydrin was
      added dropwise over a two-hour period to a hot (105.degree.C) solution of
      260.6 grams (2.8 moles) of epichlorohydrin and 1.6 grams (0.005 mole) of
      benzyl trimethyl ammonium chloride. The reaction mixture was kept at
      105.degree.C for an additional hour after the addition was complete.
PAR  The next step was the dropwise addition of 52.8 grams of a 50% aqueous
      sodium hydroxide solution over a one-hour period with temperature of the
      reactants at 95.degree.C. The reaction mixture was then cooled to
      25.degree.C, washed twice with water and the excess epichlorohydrin,
      removed by a vacuum distillation to give 125.0 grams of a viscous liquid
      polyepoxide. The polyepoxide had a epoxy equivalent weight of 265. The
      theoretical E.E.W. value for this polyepoxide is 234.
PAR  Example 1 was repeated twenty times yielding polyepoxide having E.E.W.'s
      ranging from 260-275.
PAC  EXAMPLE 2
PAR  In a reaction flask was placed 20.0 grams (0.044 mole) of the polyepoxide
      of Example 1, 5.4 grams (0.016 mole) of N,N'-dimethyl diphenylether
      disulfonamide, 0.20 grams of benzyl trimethyl ammonium chloride, and 40
      grams of ethylene glycol methyl ether. This mixture was refluxed for 61/2
      hours at 115.degree.C. After cooling the reaction flask, 200 cc of water
      was added to precipitate the resin. The mixture was filtered to yield 23.3
      grams of an off-white solid resin having an E.E.W. of 425 and a softening
      point range from 65.degree. to 67.degree.C.
PAC  EXAMPLE 3
PAR  In a 500 cc reaction flask was placed 53.2 grams (0.2 equiv.) of a
      polyepoxide prepared by the procedure of Example 1 having a E.E.W. = 266,
      17.8 grams (0.05 mole) of N,N'-dimethyl diphenylether disulfonamide, and
      0.36 grams of 2-methyl imidazole. The system was purged with nitrogen for
      10 minutes and then the mass was heated to 150.degree.C in one hour under
      nitrogen. It was held at 150.degree.C for 35 minutes and then cooled
      yielding 79.8 grams or 89.4% of a light tan solid softening and melting at
      90.degree.-110.degree.C. The E.E.W. was 700 and the molecular weight 1470.
PAC  EXAMPLE 4
PAR  Example 3 was repeated several times allowing a small amount of air (about
      10 cc) to be introduced into the reactor each time. This resulted in
      similar materials to Example 3 but having an E.E.W. range of 850-1150 and
      molecular weights range of 1450-1700 depending on the length of reaction
      (35-45 minutes at 150.degree.C).
PAC  EXAMPLE 5
PAR  A mixture of 2.0 grams of the polyepoxide of Example 1 and 1.0 grams of
      D.E.H. 14 (a semisolid polyamide sold by the Dow Chemical Company having a
      viscosity of about 200-600 cps at 40.degree.C) was allowed to stand at
      25.degree.C for 4 hours.
PAR  This mixture was then coated on a test panel of Bonderite 37 treated cold
      rolled steel to give a 1/2 mil coating. The coated panel was then cured
      for 20 minutes at 150.degree.C in an oven. The cured coating showed no
      change after 10 minutes exposure to methyl ethyl ketone and the panel had
      a reverse impact resistance of about 160 in. lbs.
PAC  EXAMPLE 6
PAR  A mixture of 4.9 grams (0.007 equiv.) of the polyepoxide of Example 3, 0.57
      grams (0.007 equiv.) of diphenylether disulfonamide, and 0.11 grams of
      2-methylimidazole in 5.6 grams of ethyleneglycol monomethyl ether was made
      up and coated onto a 4 .times. 9 inch piece of Bonderite 37 treated steel
      panel. The coating was cured for 20 minutes at 175.degree.C resulting in a
      cured coating which had a reverse impact resistance 160 inch pounds and
      was not effected by 10 minutes exposure to methyl ethyl ketone.
PAC  EXAMPLE 7
PAR  Example 6 was repeated with the resins of Example 4 with comparable
      results.
PAC  EXAMPLE 8
PAR  To 5.0 grams of the polyepoxide of Example 3 was added 0.63 grams of
      trimellitic anhydride, 0.06 grams of benzyl dimethylamine and 5.7 grams of
      ethyleneglycol monomethyl ether. The resulting solution was coated onto a
      4 .times. 9 inch aluminum panel and cured 20 minutes at 175.degree.C. The
      cured coating had a reverse impact resistance greater than the aluminum
      (50-60 inch pounds) and was not effected by exposure to methyl ethyl
      ketone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A polyepoxide represented by the formulae:
      ##EQU3##
      wherein Q is a divalent aromatic disulfonyl group selected from
      ##SPC5##
PAL  where A is a divalent hydrocarbon group having from 1 to 6 carbon atoms,
      ##EQU4##
      m is 0 or 1
      ##SPC6##
PAL  where X is oxygen or sulfur and
      ##SPC7##
PAL  wherein R.sub.1 is an alkyl group having 1-6 carbons; R.sub.2 is
      independently hydrogen, an aliphatic hydrocarbon group having 1-6 carbons,
      chlorine, bromine or --OR.sub.3 where R.sub.3 is an acyl group having 1-6
      carbons; n is a whole number in the range 0-5.
NUM  2.
PAR  2. A polyepoxide as set forth in claim 1 wherein the polyepoxide has the
      formula I and has an epoxy equivalent weight range from about 234 to about
      275.
NUM  3.
PAR  3. A polyepoxide as set forth in claim 1 wherein the polyepoxide has the
      formula I and has an epoxy equivalent weight range from about 600 to about
      1100.
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ABST
PAL  Zinc is added to a halogen-containing plastic composition with or without a
      flame retardant additive to serve as a smoke suppressant during combustion
      of the plastic.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Plastic materials including plastic sheeting, synthetic fibers and the like
      are generally considered to be hazardous materials from the standpoint of
      flammability; and in many cases it is the practice to add various flame
      retardants to the plastic materials to reduce flammability during
      combustion. Recently, however, the propensity of plastics to create large
      volumes of smoke, when combusted, has come to be regarded as at least as
      hazardous, if not more so, than its flammability. Increasing concern with
      consumer safety and several tragic accidents have contributed to the
      recognition of smoke evolution as a significant hazard. In many instances
      of fire, the resulting fatalities have been due to smoke which has
      prevented safe evacuation of a building due to lack of visibility; or to
      the toxic gases generated during combustion of the plastic.
PAR  As mentioned above, extensive studies have been made in the area of
      flame-retardant additives for halogen-containing plastic compositions
      examples of which are antimony trioxide; antimony pentaoxide,
      antimony-silico oxide see U.S. Pat. No. 3,740,245 and other organic and
      said antimony-silco oxide comprising amorphous materials prepared by
      reacting antimony trioxide (Sb.sub.2 O.sub.3) with hydrous silica or
      hydrous alkali or alkaline earth metal silicates in weight ratio range 1:4
      to 1:1 at temperatures in the range 400.degree.- 550.degree.C in an oxygen
      containing atmosphere; the specific gravity of the antimony-silico
      compounds being in the range 2.4 - 3.6 and having an index of refraction
      of from 1.5 to 1.7, inorganic compositions of antimony. Zinc borate has
      been used also as a flame retardant but so far as is known never as a
      smoke suppressant and always at relatively high levels as for example from
      3 to 8 parts per 100 parts resin since lesser amounts are ineffective as a
      flame retardant. Moreover, the concept of suppressing smoke as well as
      retarding flammability is disclosed in U.S. Pat. No. 3,723,139 Larkin et
      al who disclose the addition of antimony oxide in combination with sodium
      antimonate to polyvinyl chloride plastics both to minimize flammability
      and to suppress smoking.
PAR  It is desirable, however, to provide a smoke suppressant for
      halogen-containing polymer compositions which may be used alone and
      preferably in combination with flame retardants and which are more
      effective than smoke suppressants heretofore known and used.
PAC  SUMMARY OF INVENTION
PAR  The present invention is the discovery that zinc in substantially any form
      which can generate zinc oxide during the combustion of the polymer, i.e.
      zinc dust, and inorganic or organic compounds of zinc, and in amounts at
      extremely low levels as for example in the range of about 0.5 to 1.00
      parts per hundred parts resin, as zinc oxide, is a superior smoke
      suppressant for many halogen-containing polymer compositions including
      polyvinyl chloride, ABS and halogenated unsaturated polyesters and the
      like; and that the zinc is effective whether added alone or in combination
      with a flame retardant additive. The zinc additives which have been found
      to be effective as smoke suppressants when incorporated in
      halogen-containing polymer compositions and in particular plasticized
      polyvinyl chloride include zinc dust, zinc oxide, zinc carbonate, normal
      zinc trimellitate, acid zinc trimellitate, zinc borate, zinc benzoate,
      zinc caprate, zinc fumarate, tribasic zinc phosphite, tribasic zinc
      sulfate-silicate, pentabasic zinc sulfate, tribasic zinc phosphate,
      dibasic zinc phosphate, pentadecabasic zinc sulfate, tetrabasic zinc
      sulfate-silicate, tribasic zinc trimellitate, heptabasic zinc trimellitate
      and decabasic zinc trimellitate.
PAR  The zinc dust and all of the foregoing zinc compounds were tested for smoke
      suppression effect in halogen-containing polymer compositions, the smoke
      suppression evaluation being made using the National Bureau of Standards
      Smoke Test hereinafter described.
PAR  The incorporation of the zinc or zinc compounds into the halogen-containing
      plastic compositions is effected by blending the zinc or zinc compounds
      with the components used in formulating the plastic compositions.
DETD
PAC  PREFERRED EMBODIMENT OF INVENTION
PAR  The instant invention comprehends the addition of zinc or a zinc compound
      to a halogen-containing polymer composition. While it has been discovered
      that zinc or any zinc compound is an effective smoke suppressant in
      halogen containing polymer compositions the degree of smoke suppression is
      not always the same, some zinc materials being more effective than others.
      In addition to the smoke suppresant effectiveness of these zinc materials
      they may have other effects in polymer compositions which effects are
      known to the art as for example some zinc compounds may have an adverse
      effect on heat stability, some zinc compounds are hygroscopic,
      deliquescent, unstable or corrosive and some may have a beneficial effect
      on flame retardancy. Therefore, in selecting a preferred zinc compound to
      be used in a specific polymer composition besides the smoke suppressant
      efficiency of the zinc other considerations such as cost and those
      mentioned above must be taken into account. In light of these
      considerations the preferred zinc compound used in a specific polymer
      composition may not necessarily be the most effective smoke suppresant but
      one combining smoke suppressancy with minimum degradation, maximum flame
      retardancy, minimum cost etc. As an example, those zinc compounds which
      exhibit optimum smoke suppression in plasticized PVC are zinc oxide, zinc
      benzoate, zinc caprate, zinc metaborate and tribasic zinc phosphite.
      However, these have an adverse effect on heat stability and hence require
      the addition of heat stabilizers which is an added expense in the total
      cost of the polymer composition. Examples of zinc additives which require
      little or no heat stabilizer additives and for this reason are preferred
      over the foresaid zinc compounds, even though somewhat less effective as
      smoke suppressants, are zinc carbonate, zinc dust, acid zinc trimellitate,
      normal zinc trimellitate, zinc fumarate, dibasic zinc fumarate, and zinc
      peroxide.
PAR  It will be understood, however, that the zinc compounds listed above are
      not restrictive but that other zinc compounds, inorganic, organic or
      organo-metallic which can generate zinc oxide during combustion in
      intimate mixture with halogen containing polymer compositions are
      contemplated within the scope of this invention.
PAR  The instant invention is thus concerned with halogen-containing polymer
      compositions containing zinc or a compound of zinc as a smoke suppressant,
      and preferably with a flame retardant, the invention being directed
      particularly to plasticized polyvinyl chloride in the form of flexible
      sheeting, wire insulation, powders, massive forms and the like which
      contain antimony-base flame retardant additives.
PAR  Preparation of these halogen-containing polymer compositions is effected by
      standard methods and standard equipment in the art, the amount of zinc
      added, being in the range of from 0.5 to 1.0 parts per 100 parts resin
      expressed in ZnO.
PAR  A typical polyvinyl chloride formulation containing zinc as a smoke
      suppressant is as follows:
     PVC resin -- Geon 102 EPF5 (B.F. Goodrich                                 
                               -- 100 parts                                    
      Co.)                                                                     
     Clarite NS-2 (modified dibutyltin maleate                                 
                               -- 1.5 parts                                    
      stabilizer)                                                              
     Dioctyl phthalate         --  50 parts                                    
     Antimony trioxide (flame retardant)                                       
                               -- 3.0 parts                                    
     Zinc Additive (expressed as ZnO)   0.5                                    
                               -- 1.0 parts                                    
PAC  SMOKE TEST
PAR  The smoke suppressant capabilities of the zinc or zinc compounds used in
      test specimens of plasticized halogen-containing polymer compositions was
      tested using the National Bureau of Standards (NBS) Smoke Density Chamber
      a detailed description of which is given in a paper entitled "Method for
      Measuring Smoke from Burning Material" by D. Gross, J. J. Loftus and A. F.
      Robinsion -- in Symposium on Fire Test Methods -- Restraint of Smoke 1966
      ASTM STP422. American Society Testing Materials 1967 p. 166.
PAR  According to the NBS method smoke is measured by optical means wherein a
      collimated vertical light beam passes through the chamber and the
      variation intensity of the light beam, resulting from the density of the
      smoke in the chamer, is measured by a photometer. A comparison between the
      smoke behavior of two samples, of identical dimensions, is based on the
      corrected (for soot deposition) maximum specific smoke density Dm the term
      Dm being used in the sense defined by NBS. The specimen producing the
      lowest Dm will be the superior specimen.
PAR  The following examples will further illustrate the novel aspects of the
      instant invention.
PAC  EXAMPLES 1- 10
PAR  Eleven test specimens were prepared in which zinc and various compounds of
      zinc were added at a constant level of 0.5 PHR (as ZnO) to a plasticized
      polyvinyl chloride formulation having the composition given above. Each
      test specimen was prepared from a 40 mil sheet of flexible PVC and was
      tested under nonflaming conditions in the NBS Smoke Chamber. The DM values
      are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     ZINC COMPOUNDS AS SMOKE SUPPRESSANTS                                      
     IN FLEXIBLE PVC INCLUDING ANTIMONY                                        
     TRIOXIDE FLAME RETARDANT                                                  
                 Concentration                                                 
                       Additive Zinc(as ZnO)                                   
                                          Dm                                   
     Example                                                                   
            Additive   PHR      PHR                                            
     ______________________________________                                    
     1      None                          461                                  
     2      ZnO        0.5      0.5       336                                  
     3      Zn dust    0.4      0.5       407                                  
     4      Zn Carbon- 0.69     0.5       411                                  
            ate                                                                
     5      Normal Zn                                                          
            TriMT*     1.51     0.5       375                                  
     6      Acid Zn                                                            
            TriMT*     2.02     0.5       445                                  
     7      Zn Borate  1.31     0.5       349                                  
     8      Zn Benzo-  1.92     0.5       327                                  
            ate                                                                
     9      Zn Caprate 2.55               378                                  
     10     Zn Fuma-   1.13     0.5       432                                  
            rate                                                               
     ______________________________________                                    
      *Trimellitate                                                            
PAR  As shown in the data in Table I above, a polyvinyl chloride plastic
      material containing no zinc had a maximum specific smoke density Dm of
      461. In contradistinction all of those tested specimens which contained
      zinc or zinc dust, or inorganic or organic zinc compounds, had Dm values
      which were significantly lower than the test specimen containing no zinc.
PAC  EXAMPLES 11- 31
PAR  Additional test specimens were prepared using the procedure described above
      in which the zinc additive was, in all instances, at a concentration of
      0.75 PHR (as ZnO). The identity of the zinc additives and the
      corresponding Dm values are shown in the Table below.
TBL                TABLE II                                                    
     ______________________________________                                    
     ZINC COMPOUNDS AS SMOKE SUPPRESSANTS                                      
     IN FLEXIBLE PVC INCLUDING ANTIMONY                                        
     TRIOXIDE FLAME RETARDANT                                                  
                      Concentration                                            
                            Additive Zinc(as Dm                                
     Example                                                                   
            Additive        PHR      ZnO) PHR                                  
     ______________________________________                                    
     11     None            --       --      454                               
     12     Zinc Oxide      0.75     0.75    286                               
     13     Tribasic zinc   1.12     0.75    327                               
             phosphite                                                         
     14     Tribasic zinc   2.10     0.75    306                               
             sulfate-sili-                                                     
             cate                                                              
     15     Pentabasic zinc 1.09     0.75    316                               
             sulfate                                                           
     16     Tribasic zinc   1.12     0.75    361                               
             phosphate                                                         
     17     Decabasic zinc  1.02     0.75    280                               
             sulfate                                                           
     18     Pentadecabasic  0.99     0.75    336                               
             zinc sulfate                                                      
     19     Tetrabasic zinc 2.06     0.75    276                               
             sulfate-sili-                                                     
             cate                                                              
     20     Acid zinc tri-  3.04     0.75    406                               
             mellitate                                                         
     21     Normal zinc tri-                                                   
                            2.27     0.75    295                               
             mellitate                                                         
     22     Tribasic zinc   1.83     0.75    300                               
             trimellitate                                                      
     23     Heptabasic zinc 1.49     0.75    288                               
             trimellitate                                                      
     24     Decabasic zinc  1.39     0.75    285                               
             trimellitate                                                      
     25     Zinc fumarate   1.66     0.75    376                               
     26     Zinc carbonate  1.04     0.75    324                               
     27     3/2 Tetrabasic Zinc                                                
                            1.01     0.75    311                               
            Sulfate/Tribasic                                                   
             Zinc Phosphite                                                    
     28     1/1 Tetrabasic Zinc                                                
                            1.01     0.75    295                               
            Sulfate/Tribasic                                                   
             Zinc Phosphite                                                    
     29     3/2 Tribasic Zinc                                                  
                            1.00     0.75    330                               
            Phosphite/Tetrabasic                                               
            Zinc Sulfate                                                       
     30     Dibasic Zinc Sulfate                                               
                            1.01     0.75    297                               
     31     Zinc Peroxide   0.85     0.75    325                               
     ______________________________________                                    
PAR  As will be seen from the data in Table II, in every instance, the test
      specimens containing zinc had Dm values well below the test specimen
      containing no zinc.
PAC  EXAMPLES 32-38
PAR  Another series of tests were conducted using the same polyvinyl chloride
      formulation identified above except that the flame retardant compound was
      an antimony-silico composition (A-S) instead of antimony trioxide. The
      test specimens were again prepared from 40 mil sheeting. In this series of
      tests a comparison was made between the effect of zinc oxide and zinc
      borate, either alone or in combination with the (A-S) flame retardant the
      zinc concentration being constant at 0.75 PHR as zinc oxide for each
      specimen. The results of the tests are shown in Table III below.
TBL                                    TABLE III                               
     __________________________________________________________________________
     ZINC COMPOUNDS AS SMOKE SUPPRESSANTS                                      
     IN FLEXIBLE PVC WITH OR WITHOUT (A-S)                                     
     FLAME RETARDANT                                                           
                  Concentration                                                
                  Additive                                                     
                       Zinc(as ZnO)                                            
                                   Oxygen                                      
     Example                                                                   
          Additive                                                             
                  PHR  PHR     Dm  Index (O.I)                                 
     __________________________________________________________________________
     32   None    --   --      460 24.9                                        
     33   (A-S)   6.0  --      412 28.6                                        
     34   ZnO      0.75                                                        
                       0.75    235 25.4                                        
     35   Zinc borate                                                          
                   2.01                                                        
                       0.75    225 26.4                                        
          (37.3% ZnO,                                                          
          48.1% B.sup.2 O.sub.3)                                               
     36   (A-S) + ZnO                                                          
                  6/0.75                                                       
                       0.75    215 28.3                                        
     37   A-S-Z   6    0.75    230 26.2                                        
     38   (A-S) + Zinc                                                         
                  6/2.01                                                       
                       0.75    258 28.1                                        
          borate                                                               
     __________________________________________________________________________
PAR  Reference to Table III will show that a polyvinyl chloride plastic material
      containing neither a flame retardant nor a smoke suppressant had a smoke
      density Dm of 460 which is equivalent to saying that the test material,
      when burning, evolved considerable smoke. By adding the (A-S) flame
      retardant the Dm value of the plastic was reduced somewhat (412); but when
      a zinc compound was added, i.e. zinc oxide at 0.75 parts per 100 parts
      resin the Dm value of the plastic dropped to 285. Similarly when zinc
      borate was used in an amount 0.75 PHR, as ZnO, and when either zinc oxide
      or zinc borate was used in combination with the (A-S) flame retardant Dm
      values were extremely low. Further, it has been found that zinc compounds
      are equally effective as smoke suppressants when the smoke suppressant,
      i.e. zinc compound and the flame retardant is a simple mechanical mixture,
      such as A-S+ZnO or A-S + zinc borate (Examples 36 and 38); or when the
      zinc is added in the form of a complex calcined compound (A-S-Z) as in 37.
      In this connection, tests have shown that although uncalcined zinc is a
      highly effective smoke suppressant it has an adverse effect on the heat
      stability of the polymer composition; but that, in general, calcination
      tends to decrease this adverse effect. In all instances, the Dm values
      were extremely low indicating that the smoking characteristics of the
      burning plastic had been considerably reduced.
PAC  EXAMPLES 39-45
PAR  In order to illustrate the superior smoke suppressant properties of PVC
      formulations containing zinc as compared to PVC formulations containing
      prior art smoke suppressant, as described, for example, in U.S. Pat. No.
      3,723,139 issued Mar. 27, 1973 a series of tests were made using PVC test
      strips prepared according to the formulation given above except that
      compounds other than zinc were added as smoke suppressants. The Dm value
      of the test strips are shown in Table IV below.
TBL                TABLE IV                                                    
     ______________________________________                                    
     COMPARISON BETWEEN PVC POLYMER                                            
     CONTAINING SMOKE SUPPRESSANT OF                                           
     PRIOR ART AND ZINC                                                        
                     Concentration                                             
                           Additive Zinc(as ZnO)                               
     Example                                                                   
            Additive       PHR      PHR      Dm                                
     ______________________________________                                    
     39     (none)         --       --       462                               
     40     Sodium anti-   1.13     --       440                               
             monate + MgO                                                      
     41     Magnesium Oxide                                                    
                           0.38     --       411                               
     42     Antimony-silico-                                                   
             zinc complex (A-S-Z)                                              
                           6        0.75     314                               
     43     Aluminum hydroxide                                                 
                           9.2      --       392                               
     44     Aluminum hydroxide                                                 
                           9.95     0.75     246                               
             plus ZnO                                                          
     45     Zinc oxide     0.75     0.75     285                               
     ______________________________________                                    
PAR  From the foregoing tests it is clear that sodium antimonate plus magnesium
      oxide alone and aluminum hydroxide alone are relatively poor smoke
      suppressants as compared to the zinc compounds. It is interesting to note
      also that aluminum hydroxide alone is a poor smoke suppressant -- but when
      combined with zinc oxide the resulting complex has a lower Dm value than
      either component alone -- which suggests a synergistic effect on smoke
      suppression.
PAC  EXAMPLES 46-52
PAR  Seven additional test specimens were made using the same polyvinyl chloride
      formulation and the same size test strips as described in Examples 1-10
      above except that (A-S) was substituted for antimony trioxide, and the
      amount of zinc oxide used, with or without (A-S) as flame retardant, was
      varied - the mixture of zinc oxide and flame retardant being uncalcined.
TBL                TABLE V                                                     
     ______________________________________                                    
     SMOKING CHARACTERISTICS OF PVC                                            
     COMPOSITIONS CONTAINING ZINC                                              
     OXIDE AND (A-S)                                                           
            Concentration                                                      
            Additive                                                           
     Examples (A-S)       Zinc Oxide  Dm                                       
              PHR         PHR                                                  
     ______________________________________                                    
     46       (None)      (None)      455                                      
     47       6           0           412                                      
     48       6           0.25        302                                      
     49       6           0.50        286                                      
     50       6           0.75        215                                      
     51       6           0.90        256                                      
     52       0           0.75        235                                      
     ______________________________________                                    
PAR  The data in the foregoing Table shows clearly that a polyvinyl chloride
      plastic material containing neither a flame retardant nor smoke
      suppressant (Example 46) had a relatively high maximum specific smoke
      density (DM); that when the (A-S) flame retardant was used alone in an
      amount of 6 PHR the Dm value of the plastic material was slightly reduced.
      However, when zinc was added, as zinc oxide, in amounts ranging from 0.25
      to 0.90 parts per 100 parts resin, the Dm values of the polyvinyl chloride
      test strips were significantly lowered again showing that zinc is a
      powerful smoke suppressant in polyvinyl chloride formulations at the
      indicated low concentration levels.
PAC  EXAMPLES 53-54
PAR  Additional test strips were made to show the effectiveness of zinc as smoke
      suppressant in rigid PVC, i.e. no plasticizer present. The basic
      formulation, as given above, was modified by eliminating DOP and antimony
      oxide. A lubricant, 0.25 PHR stearic acid, was added. As shown in Table VI
      below, the zinc oxide addition acted as an effective smoke suppressant in
      the rigid PVC test strips.
TBL                TABLE VI                                                    
     ______________________________________                                    
     ZINC OXIDE AS SMOKE SUPPRESSANT IN RIGID PVC                              
     Example  Additive    Concentration (PHR)                                  
                                          Dm                                   
     ______________________________________                                    
     53       none        --              100                                  
     54       Zinc Oxide  0.75             87                                  
     ______________________________________                                    
PAC  EXAMPLES 55-62
PAR  In order to show the effectiveness of zinc or zinc compounds as smoke
      suppressant in polymers other than PVC, a series of test strips were
      prepared from ABS, chlorinated polyethylene and polyester using the
      formulations set out below the test strips of ABS and chlorinated
      polyethylene having a thickness of 40 mils and those of the polyester
      having a thickness of 125 mils the latter being cured with methyl ethyl
      ketone peroxide at 82.degree.C for 2 hours.
TBL  ______________________________________                                    
     ABS FORMULATION                                                           
     ______________________________________                                    
     Acrylonitrile-Butadiene-Styrene Polymer                                   
                               100     parts                                   
     Calcium Stearate           1      "                                       
     Bromine-Chlorine (fire retardant)                                         
                               10      "                                       
     Pentabromophenyl alkyl ether                                              
                               10      "                                       
     Zinc additive     (as indicated)                                          
     CHLORINATED POLYETHYLENE                                                  
     ______________________________________                                    
     Chlorinated Polyethylene (42% chlorine)                                   
                              100      parts                                   
     Calcium Stearate         1        "                                       
     Clarite NS-2 (modified dibutyltin                                         
            maleate stabilizer)                                                
                              1.5      parts                                   
     Zinc additive     (as indicated)                                          
     POLYESTER                                                                 
     ______________________________________                                    
     Halogenated polyester     50      parts                                   
     Non-halogenated polyester 50      "                                       
     Additive        (as indicated)                                            
     ______________________________________                                    
PAR  The results are shown in the Table below:
TBL                TABLE VII                                                   
     ______________________________________                                    
     ZINC COMPOUNDS AS SMOKE SUPPRESSANTS IN ABS,                              
     CHLORINATED POLYETHYLENE (CPE) AND POLYESTER                              
                         Additive   Zn(as ZnO)                                 
     Example  Additive   Concentrate                                           
                                    PHR      Dm                                
                         PHR                                                   
     ______________________________________                                    
     ABS                                                                       
     55       none        --        --       311                               
     56       A-S-Z       10        1.25     273                               
     CPE                                                                       
     57       none        --        --       275                               
     58       ZnO         0.75      0.75     259                               
     POLYESTER                                                                 
     59       none        --        --       668                               
     60       A-S-Z       12        1.50     636                               
     61       Sb.sub.2 O.sub.3                                                 
                          6         --       742                               
     62       Sb.sub.2 O.sub.3.sub.+ A-S-Z                                     
                          8         0.5      686                               
     ______________________________________                                    
PAR  In each instance the addition of zinc to the halogen-containing polymer
      effected a significant reduction in smoke evolution.
PAR  The above data demonstrate clearly the superior smoke suppression
      properties of zinc or zinc compounds either alone or in admixture with an
      antimony-type flame retardant such as used in halogen-containing polymer
      compositions and in particular polyvinyl chloride -- as compared to
      polyvinyl chloride formulations containing only an antimony-type flame
      retardant or a combination of antimony oxide and sodium antimonate. And
      further, that certain zinc additions and in particular, acid, normal and
      basic zinc trimellitates, zinc dust, zinc carbonate, and normal and basic
      zinc fumarates, combine good smoke suppresant properties with minimum
      effect on degradation of the plastic.
PAR  The invention may be carried out in other specific ways than those herein
      set forth without departing from the spirit and essential characteristics
      of the invention, and the present embodiments are therefore to be
      considered in all respects as illustrative and not restrictive, and all
      changes coming within the meaning and equivalency range of the appended
      claims are intended to be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for forming a smoke suppressing combustible polyvinyl chloride
      composition comprising a polyvinyl chloride resin, a stabilizer, and zinc
      oxide comprising the steps of adding zinc oxide to the components of said
      polyvinyl chloride composition during formulation thereof, said zinc oxide
      added in amounts in the range of from about 0.2 to no more than about 1.0
      part per 100 parts polymer resin.
NUM  2.
PAR  2. Method for forming a smoke suppressing combustible polyvinyl chloride
      composition comprising adding finely divided zinc metal to the components
      of said polyvinyl chloride composition during formulation thereof said
      finely divided zinc metal added in amounts in the ranges of from about 0.2
      to no more than about 1.0 part calculated as zinc oxide per 100 parts
      plymer resin.
NUM  3.
PAR  3. Method for forming a smoke suppressing combustible polyvinyl chloride
      composition comprising a polyvinyl chloride resin, a stabilizer, a
      plasticizer, a flame retardant and zinc oxide comprising the steps of
      adding zinc oxide to the components of said polyvinyl chloride composition
      during formulation thereof said zinc oxide added in amounts in the range
      of from about 0.2 to no more than about 1.0 part per 100 parts polymer
      resin.
NUM  4.
PAR  4. Method according to claim 3 wherein said flame retardant is a compound
      of antimony.
NUM  5.
PAR  5. Method according to claim 4 wherein said compound of antimony comprises
      antimony trioxide.
NUM  6.
PAR  6. Method according to claim 4 wherein said compound of antimony is an
      antimony-silico compound.
NUM  7.
PAR  7. Method according to claim 4 wherein said compound of antimony is a
      calcined complex of an antimony-silico compound and zinc.
NUM  8.
PAR  8. Method for forming a smoke suppressing combustible polyvinyl chloride
      composition comprising adding powdered zinc metal in combination with a
      flame retardant to the components of said polyvinyl chloride composition
      during formulation thereof said zinc metal added in amounts in the range
      of from about 0.2 to no more than about 1.0 part calculated as zinc oxide
      per 100 parts polymer resin.
NUM  9.
PAR  9. A smoke suppressing combustible polyvinyl chloride composition
      comprising a vinyl chloride polymer, a stabilizer, and a smoke suppressant
      said smoke suppressant comprising zinc oxide in an amount in the range of
      from about 0.2 to no more than about 1.0 part per 100 parts polymer resin.
NUM  10.
PAR  10. A smoke suppressing combustible polyvinyl chloride composition
      according to claim 9 wherein said polymer composition includes a
      plastitizer and a flame retardant additive said additive comprising a
      compound of antimony.
NUM  11.
PAR  11. A smoke suppressing combustible polyvinyl chloride composition
      according to claim 10 wherein said compound of antimony is antimony
      trioxide.
NUM  12.
PAR  12. A smoke suppressing combustible polyvinyl chloride composition
      according to claim 10 wherein said compound of antimony is an
      antimony-silico compound.
NUM  13.
PAR  13. A smoke suppressing combustible polyvinyl chloride composition
      comprising a vinyl chloride polymer having a smoke suppressant
      incorporated therein said smoke suppressant comprising zinc dust added in
      amounts in the range from about 0.2 to no more than about 1.0 part,
      calculated as zinc oxide, per 100 parts polymer resin.
NUM  14.
PAR  14. A smoke suppressing combustible polyvinyl chloride composition
      according to claim 13 wherein said compound of antimony is an
      antimony-silico compound.
NUM  15.
PAR  15. Method for forming a smoke suppressing combustible
      acrylonitrile-butadiene-styrene polymer containing an organic halide flame
      retardant comprising: adding zinc oxide to the components of said polymer
      during formulation thereof said zinc oxide added in amounts in the range
      of from about 0.2 to no more than about 1.0 part per 100 parts polymer
      resin.
NUM  16.
PAR  16. Method for forming a smoke suppressing combustible polyester containing
      an organic halide flame retardant comprising: adding zinc oxide to the
      components of said polyester during formulation thereof said zinc oxide
      added in amounts in the range of from about 0.2 to no more than about 1.0
      part per 100 parts resin.
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ABST
PAL  New sealing adhesive bed compositions for glazing are form retaining and
      comprise elastomeric material initially mixed with plasticizers of low
      volatility and finely divided solids which either are of fibrous form or
      produce thixotropic mixtures with the plasticizers. A ratio range of from
      3/4 to 21/2 parts non-volatile plasticizers to one part elastomeric
      material, and from 0.3 to 21/2 parts such finely divided solids to one
      part elastomeric material is present. Other kinds of finely divided solids
      and other ingredients may be present. The glazing strand is formed by
      extrusion, and the formed strand is not cured after extrusion. The tapes
      permanently deform under pressure when the glass is installed, have low
      spring back and exhibit little or no creep or cold flow in service.
PARN
PAR  This application is a continuation-in-part of my applications Ser. No.
      551,878, now abandoned, filed May 23, 1966 for GLAZING COMPOSITIONS; Ser.
      No. 611,129 filed Jan. 23 1967, for MOUNTING UNIT EMPLOYING DUAL GASKET
      CONSTRUCTION now U.S. Pat. No. 3,478,475; Ser. No. 607,022 filed Jan. 3,
      1967 for SELF SUPPORTING, NON-LOAD BEARING RESILIENT TAPE SEALANT now U.S.
      Pat. No. 3,500,603,  and Ser. No. 738,548, now abandoned, filed June 20,
      1968 for ADHESIVE SEALING GLAZING COMPOSITION, and the disclosures of such
      applications are incorporated herein by reference.
BSUM
PAR  This invention relates to sealing adhesive bed strands and compositions
      therefor to be employed for adhesively attaching together two members, for
      example, automobile windshield lights and back lights.
PAR  It has been proposed to seal the windshield glass and back light in an
      automobile by means of a composition applied to form a sealing adhesive
      bed upon which the glass is installed. Compositions heretofore proposed
      for such purpose were compounded with certain elastomer materials,
      plasticizers and certain particulate solids. Fully cured elastomers cannot
      be extruded to form strands. It has been proposed to include a curing
      agent in the strand forming composition together with curable elastomers,
      and effect curing after the tape is formed - either before or after
      installation. Curing however changes the properties of the strand to such
      extent as to cause failures in service. Both cured and uncured tape
      compositions have been proposed, but heretofore have not been
      satisfactory.
PAR  The problems involved and the solution of the problems by the invention are
      explained in detail in connection with the installation of an automobile
      windshield by way of example. The flange in the automobile body
      surrounding the windshield glass opening on the inside (operator's side)
      is called the pinch weld flange, and it provides the back stop for the
      windshield glass. The sealing adhesive composition is applied in a layer
      against the pinch weld flange either by applying the sealing adhesive
      material as a preformed tape, or strand (usually mounted on a removable
      low adherence backing of paper or other inexpensive material, which is
      provided to facilitate handling and which is readily separated from the
      tape before installation of the glass), or by applying a curable sealing
      adhesive material through a nozzle under sufficient pressure to form a
      layer or bed in the frame or on the glass or on both at the installation
      site. The windshield light is then pressed into place against the sealing
      adhesive composition so that the sealing adhesive composition adheres both
      to the pinch weld flange and windshield glass. The joint between the glass
      and frame is then covered by an ornamental moulding. When a curable
      composition is used it is then cured before or after applying the
      moulding. In some instances a primer is applied adjacent the edge of the
      windshield light prior to insertion to promote adhesion between the
      sealing adhesive composition and glass and is also applied to the pinch
      weld flange to promote adhesion between the sealing adhesive composition
      and flange. It is generally required that the glass be held in place
      entirely by the sealing adhesive composition, and the glass is not
      permitted to contact any metal parts. Performance requirements after
      installation is completed do not greatly differ, regardless of the method
      of applying the adhesive sealing material.
PAR  It is not feasible to provide the frames and curved glass lights for
      automobile windshields so accurately formed that the flange in the frame
      is uniformly spaced from the surface of the glass. Nor is it feasible to
      avoid irregularities in the flange. Thus, to insure sealing contact of the
      sealing adhesive composition with the irregular flange surface and the
      glass the sealing adhesive composition is applied as a layer of
      substantial thickness. It is required the composition should adhere to the
      glass and metal surfaces, and cold flow under pressure exerted by the
      glass at installation so as to flow into and seal irregularities and make
      intimate contact with the glass. After installation, and in operation of
      the automobile it is required that the sealing adhesive composition shall
      not cold flow to any substantial extent, and shall maintain an air tight
      and water tight seal between the glass and frame through an accelerated
      life test generally equivalent to the life expectancy of the automobile.
PAR  In operation, the frame is subject to vibration and torsion and the glass
      is subject to variable wind pressures. There is also a wide variation in
      ambient weather conditions and temperatures to which the sealing adhesive
      composition is exposed in the operation of the automobile. The adhesive
      sealing compositions also must withstand heating in connection with the
      enamel finishing of the body, yet the composition should hold the glass
      against shifting.
PAR  It is required if the sealing adhesive composition is applied as a
      preformed tape, that in addition to having good adherence to glass and
      painted metal frame, the tape should be initially easily deformable to
      compress to the desired thickness, but after such initial deformation, it
      should become resistant to cold flow and exhibit limited rebound. These
      are antithetical properties because absence of rebound is generally
      accompanied by cold flow, and deformability under pressure is a
      characteristic of cold flow. Too resilient a composition may allow the
      glass to vibrate to such extent as to crack the glass and breakage or
      noise may be caused by contact with the metal moulding. Too rigid a
      composition or too little coherence may result in failure at the glass or
      metal interfaces or splitting of the composition.
PAR  The bedding compositions heretofore proposed have not met these
      requirements in a satisfactory manner, and auxiliary devices and
      supplementary treatments have been employed in attempts to overcome their
      deficiencies. For example, to limit or direct cold flow, dams have been
      proposed and space blocks have been proposed to limit the compressive
      forces applied to the composition after glass installation. However, in
      general, bedding compositions heretofore proposed which will deform as
      necessary at installation have been deficient, either by having too much
      rebound, or by exhibiting cold flow. Other failures have occurred at the
      interfaces of the compositions with the glass or metal or by lack of
      cohesiveness of the compositions.
PAR  The compositions of the present invention are form retaining and comprise
      an intimate mixture of elastomeric material, a plasticizer of low
      volatility and finely divided solids which either are of fibrous character
      or produce thixotropic mixtures with the plasticizers employed. In
      addition the compositions may contain other ingredients known in the art
      for compounding into sealing adhesive elastomeric compositions. The
      compositions are generally preformed into a tape or strand of suitable
      shape and dimensions and the strand is uncured. The tape may be mounted on
      a suitable low adherence backing, and is used in this form for glazing.
      The tape may be heat treated to relieve internal strain and further reduce
      cold flow, but such heat treatment does not effect curing because no
      active curing agent is present in the tape.
PAR  In general, such properties as resistance to oils, to oxidation, aging,
      ozone, ultra violet radiation, weathering and the like, are
      characteristics of the elastomeric materials, although additives may be
      incorporated for promoting or improving such and other properties.
      Accordingly, the invention contemplates the use in the compositions of
      elastomeric material, which may be selected on the basis of such
      properties, relative cost, and other desirable qualities. Among the
      elastomeric materials which are suitable and may be selected for use alone
      or in mixtures are the butyl rubbers, halogenated butyl rubbers, cross
      linked butyl rubbers, polyisobutylene rubbers, ethylene-propylene rubbers,
      ethylene-propylene terpolymers, thioplasts, chlorosulphonated
      polyethylene, butadiene-styrene rubbers, butadiene nitrile rubbers,
      polychloroprenes, polyisoprenes, and the like. Commercial examples of
      polychloroprenes are Neoprene WRT, Neoprene KNR, Neoprene FC; of
      ethylene-propylene rubber is Enjay EPR404; of ethylene-propylene
      terpolymer is Enjay EPT 3509. The elastomers are employed preferably in
      dry form as distinguished from latices. A blend of Neoprene WRT with
      Neoprene KNR or Neoprene FC produces a composition having a lower rebound
      than if Neoprene NRT only is present as the elastomer.
PAR  The preferred elastomers are the uncured polybutylene based elastomers, as
      these have desirable properties such as resistance to aging, weathering,
      ozone and radiation, and retain elasticity over a wide temperature range.
      Examples of suitable polybutylene based elastomers are halogenated butyl
      rubbers as described in U.S. Patent No. 2,944,578; (commercial examples of
      which are Enjay Butyl HT 10-66 and HT 10-67); butyl rubbers described in
      Taylor U.S. Patent No. 2,356,128, which are copolymers of about 70 to
      99.5% weight of isoolefins and about 30 to 0.5% of a diolefin (commercial
      examples of which are Enjay butyl 365, Enjay butyl 218 and Polysar 301);
      cross linked butyl rubbers such as copolymers of isobutylene and divinyl
      aromatic compound with or without a small amount of a diolefin as
      exemplified by British Patent Nos. 642,050 and 682,771 (a commercial
      example of which is Polysar butyl XPRDA 925) and isobutylene rubbers,
      commercial examples being Vistanex MML80; (mol. wt. 64,000 to 81,000);
      MML100 (mol. wt. 81,000 to 99,000); MML120 (mol. wt. 99,000 to 117,000)
      and MML140 (mol. wt. 117,000 to 135,000).
PAR  If desired, polybutylene based rubbers which have been heat treated with
      carbon black with or without promoters in known manner may be employed,
      but use of such partially cross linked rubbers is not essential in this
      invention. Master batches commercially available may be employed, such as
      cold black or cold-oil-black master batches, in which case the amount of
      plasticizer added takes into account the amount in the master batch. Such
      materials are commercially available. In using partially cured or cross
      linked elastomer the cure should not be carried out to the extent where
      the elastomer cannot be mixed with the other ingredients or where the
      mixture cannot be extruded satisfactorily. Solubility in cyclohexane is a
      measure of the absence of cure or degree of uncure. The terms cure and
      cross linking are generally used synonomously in the art.
PAR  Rebound or springback after deformation is a characteristic of elastomeric
      materials and frequently such materials also exhibit cold flow. That is,
      they slowly spread out under pressure or permanently conform to surfaces
      with which they are in contact. It is known that plasticizers reduce the
      rebound characteristics and increase cold flow of elastomers to an extent
      which depends on the nature of the plasticizer and the nature and
      proportion of elastomeric material employed. The non-volatile plasticizers
      do not evaporate over the expected life of the compositions, but when
      employing large amounts of plasticizers to reduce spring back, the
      additional problems arise of retaining the plasticizer against exudation
      and preventing cold flow.
PAR  The copolymers of isobutylene and a divinyl aromatic compound of the type
      referred to herein generally exhibit more resilience or spring back then
      the other polybutylene based elastomers, but as they retain larger amounts
      of plasticizers of the less expensive oil types withoug exudation or
      bleeding they can be compounded to substantially eliminate spring back if
      desired. It is generally desirable to use two or more elastomers in
      compounding the sealing adhesive compositions so as to provide a broader
      range of useful properties, and in this way a desired average Mooney
      number for an elastomer may be obtained. Rubbers which do not extend well
      with oil, such as butadieneacrylonitrile polymers, are used only in minor
      amounts in admixture.
PAR  The finely divided solids which are an ingredient of the compositions
      should be selected to exhibit resistance to deterioration by weather,
      aging, rot, radiation and other conditions encountered in service. Not all
      solids which fulfill these requirements will limit cold flow to the
      required extent. For such purpose, according to the invention, the finely
      divided solids should be either of fibrous form, or should produce
      thixotropic mixtures with the plasticizers employed. In some instances
      these two characters are combined in fibrous solids which produce such
      thixotropic mixtures. Furthermore, in the case of fibrous solids the fiber
      lengths should be quite short so that the fibers do not "ball up" in the
      mixing operation. "Balling up" of the fibers produces a non uniform
      composition lacking in strength and smoothness of surface. Examples of
      suitable finely divided bulk fibrous solids which may be used include
      fibrous mineral solids, such as asbestos, fibrous talc, wollastonite and
      bulk glass fibers; synthetic materials such as nylon and the like.
      Examples of thixotropic forming solids include "Bentone" and very finely
      divided colloidal size silicas. Commercially available examples of such
      materials are: of asbestos, Carey 7RF10; of fibrous talc, International
      Fiber No. 1; of wollastonite, International Wollastonite Pl; and of
      silica, "Cab-O-Sil". The less expensive materials are preferred, other
      conditions being equal.
PAR  Among the available finely divided fibrous mineral solids, bulk asbestos is
      outstanding in its ability to limit cold flow and retain large amounts of
      viscous liquid, and is the finely divided fibrous material of choice. Bulk
      asbestos fiber is commercially available in various degrees of fiber
      length or fineness and in various types, and generally is graded for fiber
      length by the Quebec screen test of the Quebec Asbestos Producers
      Association (abbreviated Q.A.P.A.). (Encyclopedia of Chemical Technology,
      1st ed. asbestos p. 138.) In general the fiber length in the No. 7 milled
      grades is satisfactory, and the R type is preferred. The milled grades
      numerically above 7 and alphabetically above R, (which are finer and have
      shorter fiber lengths) can be employed. Fibers of other materials which
      correspond in fineness to the grades of asbestos above stated are
      suitable. Longer fibers tend to ball and do not mix uniformly into the
      compositions. In general, there is employed a ratio range of from about
      0.3 to 21/2  parts finely divided bulk solids by weight of the kinds
      herein stated to one part elastomeric material in making preformed tapes,
      the preferred range being from about 0.5 to 11/2 parts.
PAR  The mechanism by which the apparently antithetical properties in the
      compositions of the invention are obtained are not fully understood at
      present. Possibly, the selected finely divided solids, in conjunction with
      the non-volatile plasticizer liquid introduces thixotropic properties so
      that the compositions permanently deform under the pressure employed in
      installing the glass, and thereafter the thixotropic action inhibits
      spring back and further deformation under the forces encountered in
      service.
PAR  The presence of finely divided fibrous solids results in a rough surface
      when the composition is extruded as a tape or rope, or is rolled into a
      sheet, although the finer grades of fibrous solids result in smoother
      surfaces. The smoothness upon extrusion or rolling is improved by the
      presence, in addition to fibrous solids, of carbon black, hydrated silica
      and/or platy talc. The total amount of finely divided solids in the
      compositions should be at least about 93 parts per hundred parts of
      elastomer, the upper limit being determined by the desired properties and
      characteristics of the tape, and thus can be varied widely. For example,
      an upper limit of 250 to 300 parts total finely divided solids per hundred
      parts elastomer may be used.
PAR  The low volatile plasticizers referred to above do not volatilize to any
      significant extent over the life of the compositions, and are regarded as
      permanent plasticizers. They should be compatible with the elastomers
      present, and may be selected from the relatively large groups commercially
      available, including processing oils, liquid polyolefins, ester
      plasticizers, and chlorinated polyhydrocarbons, low melting resins and
      broken down rubbers. The liquid grades of polyolefins, especially polymers
      of the C.sub.3 to C.sub.4 olefins, such as, for examples, polybutenes,
      (for example liquid polybutene having Gardiner Holdt viscosity Z4+ at
      77.degree. F.) polyisobutylenes, propylene polymers are suitable. Also
      suitable are viscous liquids generally regarded as plasticizers in the
      elastomer art, such as polychlorinated polyphenyls known under the
      commercial names "Aroclor 1254" and "Aroclor 1268" and the ester
      plasticizers for example, dioctyl phthalate, dioctyl sebacate, butyl
      oleate, and liquid wood rosins.
PAR  One of the functions of the low-volatile plasticizer in the compositions
      and tapes of this invention is to permanently soften the composition so as
      to reduce spring back or rebound and allow permanent deformation under
      reduced load, and the plasticizer cooperates with the selected finely
      divided solids to prevent cold flow. The amount of plasticizer required to
      produce a predetermined degree of softening varies with the particular
      elastomer employed, and the plasticizer selected, and with the amount and
      kind of finely divided fibrous solids present, but in general for making
      preformed tapes the total amount by weight of the low-volatile plasticizer
      or mixture of low-volatile plasticizers in the composition should be from
      about 3/4 to 21/2 times the weight of elastomeric material in the
      composition, the preferred ratio range being about 1.2 to 1.75 times the
      weight of the elastomeric material.
PAR  There are many oils, generally called processing oils, which are
      commercially available at low cost, and can be used as non-volatile
      plasticizers in the compositions. Many of these are generally of
      paraffinic and napthenic origin, of low volatility, and are commercially
      available under trade names of the suppliers. Aromatic processing oils
      also are available, a commercial example being Sundex 53, and can be used
      with some elastomers. The paraffinic and napthenic processing oils are
      generally sold as pale or red engine oils free of additives. The preferred
      hydrocarbon oil plasticizers are those having a viscosity range at
      100.degree.F. of about 100 to 4,000 Saybolt Universal Seconds (abbreviated
      SUS). Examples of such oils by trade names are Necton 60, Famax 58, Coray
      80, Sun Oil 2280 and "Circo Light". Examples of suitable fluid polyolefin
      plasticizers by commercial names which may be used with or instead of
      processing oils are: of polyisobutylene, "Vistanex LM-MS" (mol. wt.
      8700-10,000): of propylene polymers, "polypropene C-175" from Amoco
      Chemicals Corp.; of polybutenes, "Oronite 128",  and "Polybutene H 1900".
PAR  The compositions may contain other ingredients known in the art such as
      tackifiers, wetting agent, other extrusion smoothing ingredients than
      those above stated, preservatives, and the like. Carbon black is a
      desirable ingredient in some of the compositions where it improves the
      cohesiveness or tensile strength of the composition and imparts other
      desirable properties. Titanium dioxide may be present. Calcium oxide or
      equivalent materials may be added to bind water, and calcium carbonates
      may be present as part of the total quantity of finely divided solids.
PAR  A number of substances are known in the art as ingredients of elastomer
      tapes to produce tackiness, and these may be included for such purpose.
      Examples of suitable tackifiers are chlorinated biphenyls illustrated by
      "Aroclor 1254" and "Aroclor 1260", non-reactive and heat reactive
      polymethylol phenol resins (commercially available under the names Amberol
      ST 137X; Catalin 8318, BRL 2741 from Union Carbide Corp.; and SP 1047 of
      Schenectady Varnish Co.), rosins, hydrogenated rosins, and esterified
      rosins (exemplified by the commercial products Pantalyn H, Staybelite
      resin, Staybelite ester 3) and ethyleneglycol monobutyl ether pelargonate.
      Adhesion to glass and metal can be increased by incorporating known
      adhesion promoters, for example, gamma-amino propyltriethyloxy silane (for
      example, Silane A 1100 of Union Carbide Corp.), rosins, rosin esters and
      the like. Adhesion of the compositions to glass and to painted metal
      surfaces may be improved by coating the surfaces with a primer composition
      known in the art for this purpose. Suitable primers include gamma-amino
      propyltriethyloxy silane, and known butyl rubber primers.
PAR  Compressibility of the tape, that is, in thickness of the tape under
      pressure, is a quality useful mainly upon installation of the glass.
      Accordingly, the compositions may contain a small amount of a compatible
      volatile plasticizer to temporarily increase compressibility, this being
      claimed and described in my application Ser. No. 841,727 filed July 15,
      1969, for Form Retaining Hardenable Sealing Strands and Compositions.
PAR  The composition may be extruded into strands of various forms as desired
      for use as glazing tapes. Generally, the strands are mounted on a pliable
      strip of suitable adhesion repellant material, such as paper, which has
      been treated with polyethylene, or with a silicone or other material to
      reduce adhesion of the strand thereto. Such strips are known in the art
      for mounting glazing tapes.
PAR  The strand should be soft enough to deform to about half thickness under
      the pressure applied to position the windshield. In machine installation
      of windshields higher installation pressures are usable, so that a stiffer
      strand may be employed than for manual installations. Generally, the tape
      is applied to the frame, the backing strip is removed, and the glass then
      is inserted. However, in a two tape system, one tape is applied to the
      periphery of the glass, and the other is applied to the frame, (the
      backing strips being removed) and these merge when the glass is positioned
      in the frame. In such two tape system the tapes may be of like or unlike
      shape, and may be of like or unlike composition. A combination of a flat
      tape or ribbon with a triangular tape of like or unlike composition may be
      employed. Such tape forms are described in said application for patent
      Ser. No. 611,129, issued as U.S. Pat. No. 3,478,475.
PAR  A tape for automotive glazing should have an elongation well over 100%, as
      for example, 400 to 1000%, low modulus of elasticity, should compress to
      one-half thickness under a force of 80 to 120 pounds on a six inch length,
      (or approximately 25 to 46 pounds per square inch), have a rebound 1 hour
      after compression under a weight of 11/2 pounds in the range of about 21/2
      to 121/2% of original thickness, flow after 24 hours at 190.degree.F.
      under a weight of 11/2 pounds in the range of zero to 0.02 inch, measured
      as reduction in height, have a tensile yield strength of about 6 to 15
      pounds per square inch, and have good adhesion under vibration to glass
      and metal. In a destructive tension test with the composition adhering to
      opposed plates, cohesive failure rather than adhesive failure should
      occur. The preferred rebound range is 21/2 to 71/2 percent.
PAR  A severe test is to compress the strand (two three in. lengths) to half
      thickness between a glass and a metal plate, release compression, then
      subject the sample to 190.degree.F. for two weeks in an oven, then cool
      the sample to room temperature and subject it to a destructive tension
      test at room temperature. Failure should occur entirely in cohesion. For
      this test a suitable primer known in the art may be used to increase
      adhesion of the test sample to the plates.
DRWD
PAR  In the accompanying drawing are shown several forms of glazing tapes
      illustrating preferred shapes. In the drawing:
PAR  FIG. 1 shows in cross section an I-beam form of tape mounted on a
      supporting strip.
PAR  FIG. 2 shows in cross section a triangular tape and
PAR  FIG. 3 illustrates a compressibility-recovery test assembly.
DETD
PAR  In FIG. 1, the dimensions A and B for a typical tape may be 0.4 inch,
      dimension C is about 0.32 inch and dimension D is a fillet of about 0.03
      inch radius.
PAR  In FIG. 2 the triangle is truncated and may have an altitude of about
      one-fourth inch.
PAR  In FIG. 3, numerals 1 and 2 designate polished glass plates and numeral 3
      represents two lengths of tape, each three inches long, interposed and
      positioned for a compressibility recovery test.
PAR  The invention is illustrated by the following examples of preferred
      embodiments of the invention.
TBL  ______________________________________                                    
                    Parts by Weight                                            
     Ingredient       Example I  Example II                                    
     ______________________________________                                    
     (a) Chlorinated butyl rubber                                              
                      200        200                                           
     (b) Isobutylene-divinylaro-                                               
       matic copolymer                                                         
                      200        200                                           
     Hydrogenated wood rosin                                                   
                      44         44                                            
     Tall oil fatty acid                                                       
                      8          8                                             
     Carbon black (140 parts)                                                  
                      82.3       82.3                                          
     Oil in carbon black                                                       
                      57.7       57.7                                          
     Asbestos powder  320        320                                           
     Processing oil   475        475                                           
     Platy talc       320        320                                           
     Lime (calcium oxide)                                                      
                      46         46                                            
     (c) Heat reactive phenol-                                                 
       formaldehyde condensate                                                 
       (in 95% water solution)   40                                            
     ______________________________________                                    
PAR  a. A copolymer of 98 to 98.5% isobutylene with 1.5 to 2% isoprene
      chlorinated to 1.1 to 1.3% chlorine content, having about 1 to 2%
      unsaturation, an average viscosity molecular weight about 350,000 to
      400,000 and a Mooney viscosity value of 50 to 60. A commercial example is
      "Enjay" butyl HT 10-66.
PAR  b. A copolymer of about 98 to 98.5% isobutylene, 1.5 to 2% isoprene and
      about 0.5% divinylbenzene. It has a Mooney value about 70. A commercial
      example is Polysar butyl XPRDA925. (Also called herein cross linked butyl
      rubber).
PAR  c. A commercial example of the heat reactive phenol-formaldehyde condensate
      is BRL 2741. This ingredient reacts with aminosilane primers to promote
      adhesion.
PAR  The hydrogenated wood rosin increases tackiness. An example of commercial
      hydrogenated wood rosin is "Staybelite" resin, which has an acid number of
      about 165, a saponification number of about 167 and an ASTM ring and ball
      softening point of 68.degree.C. The tall oil fatty acid acts as a wetting
      agent for the particulate materials. An example of commercial tall oil
      fatty acid is Acintol FA2 from Arizona Chemical Co. A commercial example
      of carbon black in oil is Statex M70 from Columbian Carbon Company, which
      contains about 100 parts by weight carbon to 70 parts by weight oil. In
      140 parts this amounts to 82.3 parts black and 57.7 parts oil. A
      commercial example of processing oil is Sun Oil 2280. Commercial examples
      of asbestos powder, hydrated silica powder and platy talc are
      respectively: 7RF10 from Philip Carey Mfg. Company, Hi-Sil 233 from
      Columbia-Southern Chemical Corp., and Mistron vapor from Sierra Talc and
      Clay Co. The lime binds any water present and is useful where the
      composition must withstand temperatures above 212.degree.F., as for
      example, in testing. Total finely divided solids is about 1.9 times the
      elastomeric material and the asbestos is about 0.8 times the elastomeric
      material.
PAR  Mixing Procedure.
PAR  The elastomers are charged into a jacketed rotary arm mixer and then the
      hydrogenated wood rosin is added and mixed in to a homogeneous mass, the
      mixing being carried out at about 160.degree.F. Then the carbon black is
      added and mixed in to a smooth consistency. Then the asbestos and about
      one-fourth of the processing oil is added and mixed in. Now the hydrated
      silica, another fourth of the processing oil, and the talc and lime are
      mixed in. The balance of the processing oil now is mixed in and the
      mixture is cooled and discharged from the mixer. The composition is
      extruded through a die to form a tape which is mounted on a pliable
      release backing, for example, a silicone coated kraft release paper. The
      mounted tape is then heat treated in an oven at about 175.degree.F. for 24
      hours to relieve internal strains. Alternatively, if desired, the heat
      treatment may be at 210.degree.F. for 80 minutes. The heat treatment
      reduces cold flow and increases rebound. The presence of cross linked
      butyl rubber is preferred to retard exudation of oil.
TBL  ______________________________________                                    
                    Parts by Weight                                            
     Ingredient       Example III Example IV                                   
     ______________________________________                                    
     Butyl rubber     100         400                                          
     Chlorinated butyl rubber                                                  
                      200         --                                           
     Isobutylene divinyl aromatic                                              
      copolymer       100         --                                           
     Hydrogenated wood rosin                                                   
                      44          44                                           
     Tall oil fatty acid                                                       
                      8           8                                            
     Carbon black (140 parts)                                                  
                      82.3        82.3                                         
     Oil in carbon black                                                       
                      57.7        57.7                                         
     Asbestos powder  400         400                                          
     Processing oil   515         515                                          
     Hydrated silica powder                                                    
                      120         120                                          
     Platy talc       320         320                                          
     Calcium oxide    46          46                                           
     ______________________________________                                    
PAR  In the above example a commercial sample of the butyl rubber is Polysar
      butyl 301, which is a copolymer of about 98 to 98.5% isobutylene and 1.5
      to 2% isoprene containing about 1.6 mol unsaturation and has a Mooney
      value about 60. Commercial examples of the other ingredients are given
      under Example I. The mixing and heat treating procedure are like Example
      I.
PAR  The compositions of Example III and IV were formed into tapes of I-beam
      cross section, and equal sections of each were tested by the following
      procedure.
PAR  Compressibility and recovery test.
PAR  Two three-inch lengths of tape are placed in parallel spaced relation
      between two flat polished glass plates three inches by three inches by
      one-fourth inch thick. The plates are compressed at the rate of two inches
      per minute until the tapes are compressed to 0.2 inches and the load,
      which is the maximum, is maintained for fifteen seconds and released. The
      combined thickness of the glass and tape is measured. Then after one hour
      the combined thickness is again measured, the difference in measurement
      being the rebound.
TBL                TEST DATA                                                   
     ______________________________________                                    
                        Example III                                            
                                Example IV                                     
     ______________________________________                                    
     initial thickness (inch)                                                  
                          .4        .4                                         
     rebound thickness at 1 hour (inch)                                        
                          .220      .230                                       
     flow at 24 hrs. at 190.degree.F. (inch)                                   
                          .019      .010                                       
     residual height at 24 hrs. (inch)                                         
                          .201      .220                                       
     compressive load (pounds)                                                 
                          96        110                                        
     yield strength (P.S.I.)                                                   
                          8         8                                          
     Shore A hardness     10        12                                         
     ______________________________________                                    
TBL  __________________________________________________________________________
     Examples V, VI and VII                                                    
     __________________________________________________________________________
                        Parts by Weight                                        
                        Examples                                               
     Ingredient         V     VI    VII                                        
     __________________________________________________________________________
     chlorinated butyl rubber                                                  
                        200   200   200                                        
     isobutylene-divinyl aromatic polymer                                      
                        100   100   100                                        
     butyl rubber       100   100   100                                        
     hydrogenated wood rosin                                                   
                        44    44    44                                         
     tall oil fatty acid                                                       
                        8     8     8                                          
     carbon black in oil (140 parts)                                           
                        82.3  82.3  82.3                                       
     carbon black oil   57.7  57.7  57.7                                       
     processing oil     515   515   515                                        
     hydrated silica    120   120   120                                        
     platy talc         320   320   320                                        
     calcium oxide      46    46    46                                         
     "Bentone 34"       --    --    400                                        
     colloidal silica   --    400   --                                         
     bulk asbestos (fine)                                                      
                        400   --    --                                         
     __________________________________________________________________________
PAR  In the above examples "Bentone 34" is believed to be dimethyldioctadecyl
      ammonium bentonite. A commercial example of colloidal silica is
      "Cab-O-Sil" which is a submicroscopic particulate silica sold by Godfrey
      L. Cabot, Inc. The asbestos in example V is a finer particle size
      designated resin grade by Union Carbide and Carbon Co. In making the
      products of these examples the mixing procedure of examples I and II is
      carried out.
TBL  __________________________________________________________________________
     Compressibility-Recovery Test                                             
     __________________________________________________________________________
                        Example V                                              
                               Example VI                                      
                                      Example VII                              
     __________________________________________________________________________
     initial thickness (inch)                                                  
                        .4     .4     .4                                       
     rebound thickness at 1 hour (inch)                                        
                        .227   .214   .210                                     
     flow at 24 hours at 190.degree.F. (inch)                                  
                        .003   .000   .001                                     
     residual height at 24 hours (inch)                                        
                        .224   .214   .209                                     
     compressive load (pounds)                                                 
                        110    110    100                                      
     yield strength (P.S.I.)                                                   
                        8      11     15                                       
     Shore A hardness   13     16     18                                       
     __________________________________________________________________________
TBL  ______________________________________                                    
     Examples VIII and IX                                                      
                       Parts by Weight                                         
                       Examples                                                
     Ingredient          VIII       IX                                         
     ______________________________________                                    
     chlorinated butyl rubber                                                  
                         200        200                                        
     isobutylene-divinyl aromatic                                              
      polymer            100        100                                        
     butyl rubber        100        100                                        
     hydrogenated wood rosin                                                   
                         44         44                                         
     tall oil fatty acid 8          8                                          
     carbon black (140 parts) black                                            
                         82.3       82.3                                       
     oil in carbon black 57.7       57.7                                       
     fibrous talc        400        --                                         
     Wollastonite Pl     --         400                                        
     Sun oil 2280 (processing oil)                                             
                         515        515                                        
     hydrated silica     120        120                                        
     platy talc          320        320                                        
     calcium oxide       46         46                                         
     ______________________________________                                    
PAL  The compressibility and recovery test data for the compositions in Examples
      VIII and IX are here stated.
TBL                TEST DATA                                                   
     ______________________________________                                    
                       Examples                                                
                       VIII     IX                                             
     ______________________________________                                    
     initial thickness (inch)                                                  
                         .4         .4                                         
     rebound at 1 hour (inch                                                   
                         .238       .235                                       
     flow at 24 hours at 190.degree.F. (inch                                   
                         .008       .001                                       
     residual height at 24 hours                                               
                         .230       .234                                       
     max. compressive load (lbs.)                                              
                         80         80                                         
     yield strength (P.S.I.)                                                   
                         8          7                                          
     Shore A hardness    8          7                                          
     ______________________________________                                    
PAR  Following is a tabulation of the percent rebound, and flow (measured as
      reduction in height) at 190.degree. after 24 hours, of the tapes made from
      the foregoing specific example compositions. The percent rebound is
      obtained by compressing the tape to half its original thickness, allowing
      it to remain unloaded for one hour, then measuring the recovery, and
      dividing the recovery amount by the original thickness multiplied by one
      hundred.
TBL  ______________________________________                                    
                          Inch                                                 
     Examples    % rebound      Flow at 24 hours                               
     ______________________________________                                    
     III         5              .019                                           
     IV          71/2           .010                                           
     V           63/4           .003                                           
     VI          31/2           .000                                           
     VIII        91/2           .008                                           
     IX          83/4           .001                                           
     ______________________________________                                    
CLMS
STM  I claim:
NUM  1.
PAR  1. An adhesive and sealing bedding composition adapted for adhesively
      attaching a glass panel to a flange about an opening in an automotive
      vehicle, said composition comprising an intimate mixture of:
PA1  a. an elastomer in uncured state, said elastomer comprising a mixture of
      elastomers, one elastomer comprising a copolymer of a isobutylene and a
      divinyl aromatic compound, and there is also present a different
      polybutylene based elastomer;
PA1  b. a plasticizing liquid for said elastomer of low volatility in the
      proportion of about 3/4 to 21/2 times the weight of elastomer, and
PA1  c. finely divided solids in the ratio of about 0.93 to about 2.5 times the
      weight of elastomer, of which solids from 0.3 to 2.5 times the weight of
      elastomer comprises solids which limit cold flow in service in said
      automotive vehicle to the required extent selected from the groups:
PA2   1. fibrous solids or
PA1   2. solids which form thixotropic mixtures with the plasticizing liquid,
PAL  said plasticizing liquid acting to permanently soften the composition so as
      to reduce spring back or rebound and allow permanent deformation under
      reduced load, said composition being extrudable into strand form and in
      said form being non-curing, soft and form retaining, and when measured as
      a rectangular strand about 0.4 inch on a side, having the properties of
      tensile yield strength above about 6 pounds per square inch, and being
      compressible to half thickness by a maximum force in the range about 25 to
      46 pounds per square inch, having rebound after compression in the range
      of 21/2 to 121/2% of original thickness, flow in said service as measured
      by flow at 24 hours at 190.degree.F. about zero to 0.02 inch and in
      destructive tension test between metal and glass surfaces failing entirely
      in coherence.
NUM  2.
PAR  2. A composition as specified in claim 1 wherein the copolymer includes a
      small amount of a diolefin, copolymerized therein.
NUM  3.
PAR  3. A composition as specified in claim 1 wherein the different polybutylene
      based elastomer is a butyl rubber.
NUM  4.
PAR  4. A composition as specified in claim 1 wherein the different polybutylene
      based elastomer is a chlorinated butyl rubber.
NUM  5.
PAR  5. An adhesive and sealing bedding composition adapted for adhesively
      attaching a glass panel to a flange about an opening in an automotive
      vehicle, said composition comprising an intimate mixture of:
PA1  a. an elastomer in uncured state, said elastomer comprising a mixture of
      butyl rubber, chlorinated butyl rubber and isobutylene divinyl aromatic
      copolymer;
PA1  b. a plasticizing liquid for said elastomer of low volatility in the
      proportion of at least 1.4 to 21/2 times the weight of elastomer, and
PA1  c. finely divided solids in the ratio of about 2.4 to about 2.5 times the
      weight of elastomer, of which solids from 1.2 to 2.5 times the weight of
      elastomer comprises solids which limit cold flow in service in said
      automotive vehicle to the required extent selected from the groups:
PA2   1. fibrous solids or
PA2   2. solids which form thixotropic mixtures with the plasticizing liquid,
      said plasticizing liquid acting to permanently soften the composition so
      as to reduce spring back or rebound and allow permanent deformation under
      reduced load, said composition being extrudable into strand form and in
      said form being non-curing, soft and form retaining, and when measured as
      a rectangular strand about 0.4 inch on a side, having the properties of
      tensile yield strength above about 6 pounds per square inch, and being
      compressible to half thickness by a maximum force in the range about 25 to
      46 pounds per square inch, having rebound after compression in the range
      of 21/2 to 121/2% of original thickness, flow in said service as measured
      by flow at 24 hours at 190.degree.F. about zero to 0.02 inch and in
      destructive tension test between metal and glass surfaces failing entirely
      in coherence.
NUM  6.
PAR  6. A composition as specified in claim 1 wherein the different polybutene
      based elastomer is a halogenated butyl rubber.
NUM  7.
PAR  7. An adhesive and sealing bedding composition adapted for adhesively
      attaching a glass panel to a flange about an opening in an automotive
      vehicle, said composition comprising an intimate mixture of:
PA1  a. an elastomer in uncured state, said elastomer comprising a mixture
      including halogenated butyl rubber and an elastomeric copolymer of
      isobutylene, a diolefin and divinyl aromatic compound;
PA1  b. a plasticizing liquid for said elastomer of low volatility in the
      proportion of about 3/4 to 21/2 times the weight of elastomer, and
PA1  c. finely divided solids in the ratio of about 0.93 to about 2.5 times the
      weight of elastomer, of which solids from 0.3 to 2.5 times the weight of
      elastomer comprises solids which limit cold flow in service in said
      automotive vehicle to the required extent selected from the groups:
PA2   1. fibrous solids or
PA2   2. solids which form thixotropic mixtures with the plasticizing liquid,
PAL  said plasticizing liquid acting to permanently soften the composition so as
      to reduce spring back or rebound and allow permanent deformation under
      reduced load, said composition being extrudable into strand form and in
      said form being noncuring, soft and form retaining, and when measured as a
      rectangular strand about 0.4 inch on a side, having the properties of
      tensile yield strength above about 6 pounds per square inch, and being
      compressible to half thickness by a maximum force in the range about 25 to
      46 pounds per square inch, having rebound after compression in the range
      of 21/2 to 121/2% of original thickness, flow in said service as measured
      by flow at 24 hours at 190.degree.F. about zero to 0.02 inch and in
      destructive tension test between metal and glass surfaces failing entirely
      in coherence.
NUM  8.
PAR  8. An adhesive and sealing bedding strand adapted for adhesively attaching
      a glass panel to a flange about an opening in an automotive vehicle, said
      strand being uncured after formation thereof and being free of reactive
      curing agents, the strand composition comprising:
PA1  a. an elastomeric material comprising a mixture of butyl rubber,
      chlorinated butyl rubber and isobutylene divinyl aromatic copolymer, said
      elastomeric material being intimately mixed with
PA1  b. a plasticizing liquid for said elastomeric material of low volatility,
      in the proportion of at least 1.4 to about 21/2 times the weight of
      elastomeric material, and
PA1  c. finely divided solids in the ratio of at least 2.4 times to about 21/2
      times the weight of elastomeric material, of which finely divided solids,
      an amount at least 1 up to about 2.5 times the weight of elastomeric
      material comprises solids which limit cold flow to the required extent in
      service in said automotive vehicle, and are selected from the groups:
PA2   1. fibrous solids or
PA2   2. solids which form thixotropic mixtures with the plasticizing liquids,
      said elastomeric material being in sufficiently uncured state so that the
      composition is extrudable to form the strand which is soft and form
      retaining, said plasticizing liquid permanently softening the strand so as
      to reduce spring back or rebound and allow permanent deformation under
      reduced load, and when measured as a generally rectangular strand about
      0.4 inch on a side, having the properties of tensile yield strength above
      about 6 pounds per square inch, and being compressible to half thickness
      by a force in the range of about 25 to 46 pounds per square inch, having a
      rebound one hour after compression in the range of 21/2 to 121/2% of
      original thickness, flow in said service as measured by flow at 24 hours
      at 190.degree.F. about zero to 0.02 inch and in destructive tension test
      between metal and glass surfaces failing entirely in coherence.
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ABST
PAL  Our invention concerns a continuous process for producing an impact
      resistant polymer wherein a vinyl aromatic compound and rubber are mass
      polymerized under increasing temperature conditions. The reacting mass
      flows through multiple reactors providing distinct reaction zones wherein
      specific reaction conditions are maintained.
PARN
PAR  This is a division of application Ser. No. 165,335, filed July 22, 1971,
      now abandoned, which is a division of application Ser. No. 763,537, filed
      Sept. 30, 1968, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Impact resistant polymers can be produced by polymerizing a major amount of
      vinyl aromatic compounds with a minor amount of rubber. Many different
      types of vinyl aromatic compounds and rubbers may be used, and are well
      known to those skilled in the art. In a polymerizing mixture, some of the
      vinyl aromatic compound polymerizes to form homopolymer, while the rubber
      may react with either such homopolymer or with monomer to form grafted
      copolymer. Impact resistant polymers appear to comprise a mixture of
      homopolymer and copolymer wherein the copolymer is distributed throughout
      the mass. Generally, only a small amount of rubber is used, for example,
      about 10 percent by weight or less, but this is sufficient to impart
      impact strength to the total polymer mass.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  We have discovered an improved process for making impact resistant polymers
      from a feed free of inert solvent for the rubber and vinyl aromatic
      reactants. Although it is desirable to add a small amount of an internal
      lubricant and an antioxidant to the feed, we have found that the feed need
      not be diluted with an inert solvent for the rubber and vinyl aromatic
      reactants. Hitherto it was considered that heat transfer problems were so
      great in a polymerizing vinyl aromatic monomer and rubber mixture that
      addition of a diluting solvent was necessary.
PAR  In our process, polymerization is conducted in multiple separate reactors,
      preferably three, in order to facilitate reaction control. The feed may be
      fed into the first reactor from two or more different points. This can aid
      in control of temperatures in the first reactor where a runaway reaction
      is most likely to occur. The temperature in the first reactor is desirably
      maintained in the range of from 200.degree. to 260.degree.F., preferably
      from 220.degree. to 255.degree.F.; the temperature in the second reactor
      is from 240.degree. to 285.degree.F., preferably from 245.degree. to
      270.degree.F.; and the temperature in the third reactor is from
      280.degree. to 480.degree.F., preferably in the range of from 310.degree.
      to 445.degree.F. The third reactor preferably has two separate temperature
      regions, the first region being within the range of from 280.degree. to
      395.degree.F., preferably from 320.degree. to 355.degree.F., and the
      second region being within the range of from 375.degree. to 480.degree.F.,
      preferably from 400.degree. to 445.degree.F.
PAR  The reacting mass is slowly stirred as it moves through the reactors to
      establish a substantially uniform temperature throughout the mass.
      Depending on the properties desired in the polymer, such as the degree of
      distribution of components and molecular weight variations which are
      dependent on temperature control, it is sometimes desirable to decrease
      the stirring rate as the reacting mass moves into high temperature zones.
PAR  Flow through the reactors is controlled, for example, in the range of 2 to
      4 pounds fluid reaction mass per hour per cubic foot of reactor volume, so
      that effluent from the first reactor comprises from 10 to 35 weight
      percent polymer in solution with unreacted vinyl aromatic compound,
      effluent from the second reactor comprises from 35 to 60 weight percent
      polymer, and effluent from the third reactor comprises more than 95 weight
      percent polymer. The small amount of vinyl aromatic monomer in the polymer
      product withdrawn from the third reactor is removed by devolatilization.
      This improves the impact strength and other physical properties of the
      polymer product. Flow through the reactors is also controlled so that each
      increment of the reacting mass is subjected, for about the same time, to
      about the same temperature conditions. In other words, plug flow should be
      maintained throughout the reactors.
PAR  Although the composition of the feed may vary, we prefer a feed comprising
      a major amount of styrene monomer, preferably at least 85 parts by weight,
      and a minor amount of polybutadiene or styrene-butadiene rubber,
      preferably not more than 15 parts by weight. The feed may also contain
      minor amounts of an internal lubricant such as mineral oil and an
      antioxidant such as 2,6,di-(t-butyl)-4-methylphenol; 4-(t-butyl)-catechol;
      an admixture of tri-nonylphenyl phosphite, tri-dinonylphenyl phosphite,
      and tri-isopropanol amine; or mixtures thereof. We have found that small
      amounts, generally no more than 5 percent by weight, of these and other
      additives well known in the art may be added to the feed to improve flow,
      color, clarity, stability, etc. However, the bulk of the feed should
      consist essentially of the vinyl aromatic monomer and the rubber, and
      should be free of any inert solvent for the monomer and rubber.
PAR  The devolatilized polymer recovered from our process contains less than
      0.5% uncombined vinyl aromatic compound, vinyl aromatic-rubber copolymer
      particles having a particle size greater than 1 micron but no greater than
      20 microns, and is characterized by the following additional properties:
PA0  a. melt index greater than 1 gram/10 minutes, but no greater than 10
      grams/10 minutes (ASTM D-1238),
PA0  b. Izod impact strength (unannealed) greater than 0.9 ft-lb/in (ASTM
      D-256),
PA0  c. heat distortion temperature greater than 155.degree.F. (ASTM D-648),
PA0  d. percent elongation greater than 25 percent (ASTM D-638).
PAL  the percent uncombined vinyl aromatic compound is determined by
      conventional chromatographic techniques, and the distribution of the
      rubber-containing component is determined by conventional microscopic
      techniques.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Our invention is described below in greater detail with reference to the
      accompanying drawing in which the FIGURE is a schematic flow diagram
      illustrating our novel process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the FIGURE, a feed is first prepared by mixing, at
      95.degree.F. in dissolver 10, styrene monomer, quarter-inch cubes of
      poly-1,3-butadiene rubber, mineral oil, and antioxidant. Mixer 20 inside
      dissolver 10 aids in dissolving the polybutadiene rubber and blends it
      with the other ingredients. After the feed is prepared, which takes about
      8 hours, pump 21 moves it from dissolver 10 via conduit 11 to storage tank
      22.
PAR  Polymerization of the feed is carried out in three, similarly constructed,
      carbon steel reactors 1, 2, and 3, having about the same volume capacity.
      Reactors 1, 2, and 3 comprise, respectively, cooling jackets 26, 26a, and
      26b; stirring apparatus 28, 28a, and 28b inside the jackets; and internal
      cooling elements 30, 30a, and 30b disposed in a generally vertical plane
      transverse to the flow of the reacting mass. Cooling elements 30, 30a, and
      30b may be any suitable configuration which provides spacings therein that
      allow free flow of the reacting mass through reactors 1, 2, and 3. We
      prefer to use internal cooling elements since these inhibit channeling of
      the reacting mass as it flows through reactors 1, 2, and 3.
PAR  Stirring apparatus 28, 28a, and 28b have, respectively, power shafts 32,
      32a, and 32b coinciding with the central horizontal axes of the reactors
      and passing through openings (not shown) in cooling elements 30, 30a, and
      30b. A plurality of impeller blades 36, 36a, and 36b are mounted
      respectively, on shafts 32, 32a, and 32b, and motors 38, 38a, and 38b
      drive these shafts, causing the blades to rotate thereby maintaining plug
      flow. Pumps 51, 60, 70 move the reacting mass through reactors 1, 2, and 3
      in a generally horizontal direction.
PAR  As polymerization occurs inside reactors 1, 2, and 3, cooling fluid is
      pumped via inlet lines 42 into cooling jackets 26, 26a, and 26b, through
      cooling elements 30, 30a, and 30b, and out exit lines 44 into return line
      46. Thermostats 48, disposed along inlet lines 42 and responding to the
      temperature of the reacting mass inside the reactors 1, 2, and 3, monitor
      the temperature inside the reactors and control the flow of cooling fluid
      such that the temperatures in the reactors are maintained within
      predetermined ranges. In reactor 1 the temperature ranges from 200.degree.
      to 260.degree.F.; and in reactor 2 it ranges from 240.degree. to
      285.degree.F.; and in reactor 3 at forward end 50, it ranges from
      280.degree. to 375.degree.F. and, at rear end 52, it ranges from
      375.degree. to 480.degree.F. Pressures inside reactors 1, 2, and 3 range
      between 0 to 100 psig.
PAR  For startup, pump 51 initially moves the feed via conduit 49 through a
      filter 53 into reactor 1 at infeed station 54, filling up this reactor.
      Additional infeed stations 62 and 64, shown in dotted lines, can be used
      to introduce the feed into reactor 1. By pumping the feed into reactor 1
      through a plurality of infeed station 54, 62 and 64, the temperature
      inside reactor 1 may sometimes be more readily controlled, depending on
      the temperature desired.
PAR  Polymerization now begins, and as polymer forms, motor 38 drives power
      shaft 32 at a rate of about 7 rpms. As the reacting mass moves from
      forward end 56 of reactor 1 to rear end 58 of reactor 1, from 10 to 35
      weight percent of the mass is converted into polymer. The effluent of
      reactor 1 is pumped by pump 60 via conduit 59 into reactor 2. In reactor 2
      motor 38a drives power shaft 32a at the rate of about 4 rpms. As the
      reacting mass moves from forward end 66 of reactor 2 to rear end 68 of
      reactor 2, the rate of polymerization increases, forming more polymer. The
      reacting mass withdrawn from rear end 68 comprises 35 to 60 weight percent
      polymer. A pump 70 feeds effluent from reactor 2 into reactor 3 via
      conduit 71. In reactor 3 motor 38b drives power shaft 32b at the rate of
      about 2 rpms. The effluent withdrawn from reactor 3 comprises more than 95
      weight percent of the polymer product.
PAR  Pump 76 feeds effluent from reactor 3 into devolatilizer 78 via conduit 77.
      Devolatilizer 78 is maintained at a pressure of 7 millimeters of mercury
      and a temperature of 429.degree.F. Any unreacted styrene vaporizes in
      devolatilizer 78, and the vapors pass into condenser 80 for recovery and
      recycle. Pump 81 withdraws devolatilized product from devolatilizer 78 and
      moves it through finishing zone 82 where it is converted into pellets 84.
PAR  The process of our invention has the dual advantages of being continuous
      and easy to control. Once reactors 1, 2, and 3 are filled to capacity and
      polymerization begins, they are kept full by continuously adding feed. The
      chemical composition of the pellets 84 remains virtually constant so long
      as reaction conditions and the feed's composition stays the same. Of
      course, the physical properties and chemical composition of pellets 84 can
      be easily altered by simply changing either the feed's composition or
      reaction conditions or both. Since these changes may readily be made, our
      process is highly versatile. On the other hand, since reaction
      conditions--once established--may be rigidly maintained, the product of
      the process can be of uniform quality.
PAR  The following table presents examples illustrating the versatility of our
      process:
TBL  FEED                                                                      
     (% by Wt.)                                                                
               EX. I   EX. II  EX. III EX. IV                                  
     __________________________________________________________________________
     Styrene   89.1    89.1    89.1    90.1                                    
     Polybutadiene                                                             
               6.5     6.5     6.5     6.5                                     
     Mineral Oil                                                               
               4.0     4.0     4.0     3.0                                     
     Antioxidant                                                               
               0.4     0.4     0.4     0.4                                     
     FLOW RATE:                                                                
     lbs/hr    3,234   3,234   3,234   3,234                                   
     lbs/hr/ft.sup.3                                                           
               2.73    2.73    2.73    2.73                                    
     REACTOR 1:                                                                
     Temp., .degree.F.                                                         
               220     219     214     216                                     
     % Conversion                                                              
               22      14      11      12                                      
     Stirrer, rpm                                                              
               7       7       7       7                                       
     REACTOR 2:                                                                
     Temp., .degree.F.                                                         
               244     262     262     262                                     
     % Conversion                                                              
               46      55      53      53                                      
     Stirrer, rpm                                                              
               4       4       8       8                                       
     REACTOR 3                                                                 
     (Forward End):                                                            
     Temp., .degree.F.                                                         
               325     325     325     325                                     
     % Conversion                                                              
               82      82      86      77                                      
     Stirrer, rpm                                                              
               2       2       2       2                                       
     REACTOR 3                                                                 
     (Rear End):                                                               
     Temp., .degree.F.                                                         
               446     446     446     446                                     
     % Conversion                                                              
               97      97      97      97                                      
     Stirrer, rpm                                                              
               2       2       2       2                                       
     DEVOLATILIZER:                                                            
     Pres. mm Hg                                                               
               25      25      25      25                                      
     Temp., .degree.F.                                                         
               437     437     437     437                                     
     PROPERTIES:                                                               
     Melt Index                                                                
               3.7     2.9     4.2     2.5                                     
      (gm/10 min.)                                                             
     Izod Impact                                                               
               1.4     1.7     1.3     1.7                                     
      (ft-lb/in)                                                               
     Elongation %                                                              
               32      34      35      31                                      
     Heat Dist.                                                                
     Temp., .degree.F.                                                         
               160     160     161     173                                     
     % Uncombined                                                              
      Stryene  0.2     0.2     0.2     0.2                                     
     __________________________________________________________________________
PAR  The above examples have been presented merely to illustrate preferred
      embodiments of this invention. In similar fashion, different types of
      vinyl aromatic compounds and rubbers, well known in the art, can be used
      to prepare the feed, and reaction conditions can be varied in accordance
      with the properties desired in the final product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A continuous process for producing impact resistant styrene polymer
      comprising:
PA1  a. forming a solution consisting essentially of an effective amount of not
      more than 15 parts by weight of polybutadiene or styrene-butadiene rubber,
      from 0 to about 5 parts of internal lubricant and antioxidant, and at
      least 85 parts of styrene monomer;
PA1  b. pumping the solution into a first reactor comprising a horizontal
      cylindrical vessel surrounded by a cooling jacket and containing a
      plurality of internal cooling elements disposed in a general vertical
      plane transverse to the central horizontal axis of the reactor, a
      plurality of impeller blades interspaced between the cooling elements and
      mounted on and extending outward from a shaft positioned along the central
      horizontal axis of the reactor, and a means to rotate the shaft;
PA1  c. forming a first reacting mass in the first reactor by initiating
      polymerization in the solution;
PA1  d. establishing a first temperature zone within the first reactor of from
      200.degree. to 260.degree.F. while slowly stirring the first reactor mass
      by the impeller blades such that a substantially homogeneous temperature
      is maintained throughout the reacting mass;
PA1  e. continuously passing the first reacting mass through the first reactor,
      in a general horizontal direction while maintaining plug flow, at a rate
      such that an effluent comprising a 10 to 35 weight percent of polymer
      solution is withdrawn continuously from the first reactor;
PA1  f. transferring the effluent from the first reactor into a second reactor
      of similar configuration to the first reactor to form a second reacting
      mass;
PA1  g. establishing a second temperature zone within the second reactor of from
      240.degree. to 285.degree.F. while slowly stirring the second reacting
      mass by the impeller blades such that a substantially homogeneous
      temperature is maintained throughout the reacting mass;
PA1  h. continuously passing the second reacting mass through the second
      reactor, in a general horizontal direction while maintaining plug flow, at
      a rate such that an effluent comprising a 35 to 60 weight percent solution
      of polymer is withdrawn continuously from the second reactor;
PA1  i. transferring the effluent from the second reactor into a third reactor
      of similar configuration to the first and second reactors to form a third
      reacting mass;
PA1  j. establishing a third temperature zone within the third reactor of from
      250.degree. to 480.degree.F. while slowly stirring the third reacting mass
      by the impeller blades such that a substantially homogeneous temperature
      is maintained throughout the reacting mass;
PA1  k. continuously passing the third reacting mass through the third reactor,
      in a general horizontal direction while maintaining plug flow, at a rate
      such that an effluent comprising more than 95 weight percent of polymer is
      withdrawn continuously from the third reactor; and
PA1  l. devolatilizing the styrene polymer withdrawn from the third reactor to
      remove unreacted styrene monomer,
PAL  whereby the devolatilized styrene polymer contains less than 0.5 weight
      percent of uncombined styrene monomer, has a heat distortion temperature
      greater than 155.degree.F., an Izod impact strength (unannealed) greater
      than 0.9 ft-lb/in, a melt index between 1 and 10 grams/10 minutes, and an
      elongation greater than 25 percent, and contains styrene-rubber copolymer
      particles having a particle size between 1 and 10 microns.
NUM  2.
PAR  2. The process defined in claim 1 wherein said third zone has two separate
      temperature regions of from 280.degree. to 375.degree.F. and from
      375.degree. to 480.degree.F., said third mass initially moving through
      said first region and then directly into said second region as said third
      mass flows through said zone.
NUM  3.
PAR  3. The process defined in claim 2 wherein all three zones have about the
      same volume and the reacting masses flow through said zones at a constant
      rate ranging between 2 and 4 pounds of reacting mass per hour per cubic
      foot of zone volume.
NUM  4.
PAR  4. The process defined in claim 3 wherein said reacting mass is stirred at
      a slower rate as it flows through said zones.
NUM  5.
PAR  5. The process defined in claim 3 wherein said first mass is fed into said
      first zone from at least two points.
NUM  6.
PAR  6. The process defined in claim 5 wherein the lubricant is mineral oil and
      the antioxidant is selected from the group consisting of 2,6,
      ditertbutyl-4-methylphenol; 4-tert-butylcatechol; an admixture of
      trimonononylphenyl phosphite, tri-dinonylphenyl phosphite and
      tri-isopropanol amine; or mixtures thereof.
PATN
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OREF
PAL  Morton -- Rubber Technology (2nd ed.) (Van Nostrand) (N.Y.) (1973), pp.
      515-533.
ABST
PAL  A vulcanizable composition is provided which comprises a butadiene-styrene
      A-B block copolymer having from 30 to 50 weight percent block polystyrene,
      40 to 100 php of an extender oil and 20 to 100 php of carbon black.
BSUM
PAR  This invention relates to hard, vulcanizable compositions.
PAR  Mechanical rubber goods, otherwise known as hard rubber goods, are
      generally manufactured from the least expensive grade or rubber consistent
      with the intended use of the vulcanized product. In an effort to conserve
      rubber, manufacturers generally incorporate inexpensive fillers or
      extenders into the vulcanizable compositions. However, rubbers cannot be
      extended indefinitely; there exists some point at which the incorporation
      of further amounts of filler or extender into the vulcanizable
      compositions is no longer economically feasible. Such further amounts
      result in little or no additional gain in desired properties or in a
      disproportionate decrease in desired properties in the vulcanizate. It has
      been estimated, for example, that the rate of softening of rubber
      compounds by the addition of an extender oil is 1 point in Shore A
      hardness per the addition of about 2.1 parts oil per 100 parts of rubber.
PAR  It is an object of this invention to provide a vulcanizable composition
      characterized by a high extender oil level.
PAR  It is another object to provide a hard vulcanizate characterized by a high
      extender oil level.
PAR  Other objects, aspects and advantages of the invention will become apparent
      to those skilled in the art upon consideration of the accompanying
      disclosure.
PAR  In accordance with the present invention there is provided a vulcanizable
      composition characterized by a high extender oil level which comprises: a
      butadiene-styrene block copolymer having the configuration A-B wherein A
      is an essentially homopolymer block of styrene and B is selected from the
      group consisting of an essentially homopolymer block of butadiene and a
      random copolymer block of butadiene and styrene, wherein the styrene
      content of the block copolymer is in the range of 30 to 75 weight percent,
      block A comprises 30 to 50 weight percent of the block copolymer and the
      molecular weight of the copolymer is in the approximate range of 50,000 to
      700,000; from 40 to 100 php (parts by weight per 100 parts by weight of
      copolymer) of an extender oil; and from 20 to 100 php of carbon black.
PAR  In another embodiment of this invention there is provided a hard
      vulcanizate characterized by a high extender oil level which is prepared
      by vulcanizing the vulcanizable composition described above. The term
      "hard" is intended to cover materials having a Shore A hardness of at
      least about 60.
PAR  The present invention is predicated on the discovery that a vulcanizable
      composition comprising carbon black and particular block copolymers of
      butadiene and styrene can be extended using high levels of extender oils
      without disproportionate loss in Shore A hardness of the vulcanizate.
PAR  The block copolymers useful in the practice of this invention have the
      configuration A-B, as hereinbefore defined, and contain from 30 to 75
      weight percent styrene, the remainder being 1,3-butadiene, wherein from 30
      to 50 weight percent of the block copolymer is an essentially homopolymer
      block formed from styrene. Such copolymers can be prepared by processes
      such as are described in U.S. Pat. Nos. 2,975,160, 3,030,346 and
      3,449,306, in which butadiene and styrene are contacted in a hydrocarbon
      solvent with an organolithium initiator such as n-butyllithium, in the
      presence or absence of polymerization modifiers, such as tetrahydrofuran.
      An essential for the success of this invention is that the A portion of
      the block copolymer be an essentially homopolymer block of styrene, as
      determined by the oxidative degradation method described in the Journal of
      Polymer Science, volume 1, page 429 (1946).
PAR  The extender oils which can be used in the compositions of the present
      invention include those commonly used petroleum oils which are compatible
      with natural or synthetic rubbers. These oils can be aromatic, aliphatic,
      naphthenic, or mixtures of these. They can be classified as staining or
      nonstaining and, generally, will have a viscosity in the range of 30-200
      SUS at 210.degree. F. Many such extender oils are known and commercially
      available, thus they need no further description.
PAR  The carbon blacks which can be used in the present invention include any
      carbon black having reinforcing properties when associated with synthetic
      or natural rubber. A large number of suitable carbon blacks are
      commercially available. Particularly suitable are furnace blacks having
      particle sizes in the range of 18 to about 60 millimicrons. Such carbon
      blacks are identified by the prefix numbers N1 through N7, according to
      the nomenclature system set forth in ASTM D-2516-66T.
PAR  The vulcanizable compositions of the present invention are compounded using
      conventional rubber compounding techniques and equipment. Any suitable
      procedure or apparatus, such as a roll mill or Banbury mixer, which will
      intimately mix the ingredients can be used. Mixing is carried out at a
      temperature for a time sufficient to intimately mix the ingredients
      without producing significant vulcanization. In general, mixing is done at
      a temperature higher than about 150.degree. F. for a time in excess of one
      minute.
PAR  The compounding recipe for the vulcanizable compositions of the present
      invention will generally be as follows:
TBL                 Broad       Preferred                                      
     ______________________________________                                    
     Copolymer     100 parts by weight                                         
     Extender Oil  40-100 php*      50-90                                      
     Carbon Black  20-100 php       40-75                                      
     Vulcanizing Agent                                                         
                   0.5-2.0 php      0.75-1.75                                  
     Other Additives                                                           
                   1-20 php          5-10                                      
     ______________________________________                                    
      * parts per 100 copolymer, by weight                                     
PAR  The vulcanizing agent is generally sulfur or a sulfur-containing compound.
      Other additives include accelerators, antioxidants, processing aids and
      the like.
PAR  The vulcanizable compositions of the present invention are vulcanized by
      conventional means. Mechanical rubber goods are formed using suitable
      forming means, such as injection molding, compression molding and the
      like, after which the formed compositions are heated at a temperature for
      a time sufficient to effect vulcanization of the composition. In general,
      vulcanization is carried out at a temperature in the approximate range of
      250.degree. to 450.degree. F., for a time ranging from 0.01 to 1 hour.
PAR  The compositions of the present invention are useful in preparing brush
      bases, mats, bumpers, sanding pads, shoe soles and the like.
PAR  The following examples illustrate the invention.
DETD
PAC  EXAMPLE I
PAR  The copolymers used in the following examples were prepared by a solution
      polymerization process using sufficient n-butyllithium initiator to
      provide the desired molecular weight and varying amounts of
      tetrahydrofuran polymerization modifier to provide the desired level of
      polystyrene block. With one exception, copolymer E, the copolymers are
      linear. Copolymer E was coupled with tin tetrachloride at the completion
      of the polymerization period to produce a branched copolymer. The other
      copolymers were shortstopped with a fatty acid. Copolymer B was prepared
      as an oil masterbatch copolymer by incorporating 37.5 php of a naphthenic
      extender oil into the copolymer before recovery of the copolymer. A
      detailed description of these copolymers is shown in Table I below:
TBL                Table I                                                     
     ______________________________________                                    
     Copolymer Description                                                     
              Rubber                                                           
              A      B        C       D      E                                 
     ______________________________________                                    
     Weight Percent:                                                           
     1,3-Butadiene                                                             
                52       52       75    52     75                              
     Styrene    48       48       25    48     25                              
     Block poly-                                                               
     styrene    34       33       17    10      0                              
     Mw .times. 10.sup..sup.-3 *                                               
                101      446      83    110    348                             
     Mooney, ML-4                                                              
     at 212.degree. F.                                                         
                49       39       52    48     59                              
     ______________________________________                                    
      *Weight average molecular weight                                         
PAC  EXAMPLE II
PAR  Each of the copolymers A-E was compounded into sulfur-curable compositions
      according to the recipes shown in Table II below:
TBL                Table II                                                    
     ______________________________________                                    
     Compounding Recipes (parts by weight)                                     
                   Composition                                                 
                   A,C,D,E            B                                        
     ______________________________________                                    
     Copolymer       100                  137.5                                
     N330 carbon black                                                         
                     50                   70                                   
     Extender oil.sup.(2)       various                                        
     Zinc oxide                 3                                              
     Stearic acid               2                                              
     Flexamine.sup.(1)          1                                              
     Sulfur                     1                                              
     2,2-Dibenzothiazyl         0.6                                            
      disulfide                                                                
     4,4-Dithiodimorpho-        2.1                                            
      line                                                                     
     ______________________________________                                    
      .sup.(1) A physical mixture of a complex diarylamine-ketone reaction     
      product (65%) and N,N'-diphenyl-p-phenylenediamine (35%).                
      .sup.(2) Highly aromatic commercial extender oil, 170 SUS at 210.degree. 
      F.                                                                       
PAR  Blending and compounding of each composition were carried out in a
      conventional Banbury mixer at dump temperatures of about 300.degree. F. at
      mixing times ranging from about 3 to about 8 minutes.
PAR  Test specimens were prepared from the above compositions by curing
      compression molded samples at 307.degree. F. for 30 minutes. Shore A
      hardness tests were carried out on these specimens with results as shown
      in Table III below. Vulcanizate designations are the same as for the
      copolymer compounded therein.
TBL                                    Table III                               
     __________________________________________________________________________
     Shore A Hardness                                                          
               Hardness                                                        
               10 phr                                                          
                    20 phr                                                     
                         40 phr                                                
                              70 phr                                           
                                   Hard-                                       
     Vulcan-                                                                   
          Block                                                                
               total                                                           
                    total                                                      
                         total                                                 
                              total                                            
                                   ness                                        
     izate                                                                     
          PS, %                                                                
               oil  oil  oil  oil  Slope.sup.(3)                               
     __________________________________________________________________________
     A    34   87   --    78.5                                                 
                              --   0.3                                         
     B.sup.(4)                                                                 
          33   --   --   84   74   0.3                                         
     C    17   73   67   --   --   0.6                                         
     D    10   76   --   54   --   0.7                                         
     E     0   59   53   --   --   0.6                                         
     __________________________________________________________________________
      .sup.(3) Slope is total change in hardness units divided by total change 
      in oil level (e.g. for polymer A, 8.5 .div. 30 = 0.3).                   
      .sup.(4) For this oil masterbatch copolymer, the total oil includes 37.5 
      phr naphthenic extender oil initially present in addition to the highly  
      aromatic oil added during compounding.                                   
PAR  The above data illustrate that the presence of relatively large amounts of
      extender oil in vulcanizates A and B containing copolymers having at least
      30 weight percent block polystyrene results in less loss in hardness with
      increasing extender oil level, i.e., lower hardness slope, than in
      vulcanizates C-E, which contain less than 30 weight percent block
      polystyrene. The values for hardness slope show that more extender oil can
      be added to a composition comprising a butadiene-styrene copolymer
      containing more than 30 weight percent block polystyrene for any given
      decrease in Shore A hardness than can be added to composition comprising
      such copolymers having less than 30 weight percent block polystyrene.
PAC  EXAMPLE III
PAR  Copolymers A, B and D were compounded in a manner similar to that of
      Example II according to the recipes given in Table IV below:
TBL                Table IV                                                    
     ______________________________________                                    
     Compounding Recipes (parts by weight)                                     
                       Composition                                             
                       A,D            B                                        
     ______________________________________                                    
     Copolymer           100              137.5                                
     N220 carbon black   --               70                                   
     N330 carbon black   50               --                                   
     Highly aromatic extender oil                                              
                                 various                                       
     Zinc oxide                  3                                             
     Stearic acid                2                                             
     Flexamine.sup.(1)    1               --                                   
     Diaryl-p-phenylenediamine                                                 
                         --               1                                    
     6-Ethoxy-1,2-dihydro-2,2,4-                                               
      trimethylquinoline --               2                                    
     Paraffinic wax      --               2                                    
     Sulfur                      1                                             
     2,2'-Dibenzothiazyl disulfide                                             
                                 0.6                                           
     Dipentamethylenethiuram                                                   
      hexasulfide                1.8                                           
     ______________________________________                                    
      .sup.(1) As given above.                                                 
PAR  Blending, compounding and preparation of the test specimens were carried
      out according to the procedure given in Example II. Results of the Shore A
      hardness tests are given in Table V below:
TBL                                    Table V                                 
     __________________________________________________________________________
     Shore A Hardness Tests                                                    
               Hardness                   Hard-                                
     Vulcan-                                                                   
          Block                                                                
               Total Oil Level (phr)      ness                                 
     izate                                                                     
          PS, %                                                                
               10 20 30 40 50 60 70 80 90 Slope                                
     __________________________________________________________________________
     A    34   -- -- -- 84 82 -- -- -- -- 0.2                                  
     B    33   -- -- -- 93 83 82 82 81 78 0.3                                  
     D    10   79 72 67 60 --             0.6                                  
     __________________________________________________________________________
PAR  The above data obtained with still another compounding recipe, further
      illustrate vulcanizates prepared from block copolymers having block
      polystyrene contents of at least 30 percent show an unexpected tolerance
      for high oil level loading. That is, the decrease in hardness with
      increasing oil level (hardness slope) is relatively low for invention
      vulcanizates A and B in comparison to control vulcanizate D which was
      prepared from a similar copolymer having only 10 percent block
      polystyrene.
PAR  It will be evident to those skilled in the art that various modifications
      of this invention can be made, or followed, in the light of the foregoing
      disclosure and discussion, without departing from the scope or spirit
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vulcanizable composition characterized by a high extender oil level
      comprising:
PA1  a. a butadiene-styrene block copolymer having the configuration A-B wherein
      A is an essentially homopolymer block of styrene and B is selected from
      the group consisting of an essentially homopolymer block of butadiene and
      a random copolymer block of butadiene and styrene, wherein said block
      copolymer contains from 30 to 75 weight percent styrene, said block A
      comprises 30 to 50 weight percent of said block copolymer and the
      molecular weight of said block copolymer is in the approximate range of
      50,000 to 700,000;
PA1  b. from 40 to 100 parts by weight of an extender oil selected from the
      group consisting of aromatic oils, aliphatic oils, naphthenic oils and
      mixtures thereof, per 100 parts by weight of said block copolymer; and
PA1  c. from 20 to 100 parts by weight of carbon black per 100 parts by weight
      of said block copolymer.
NUM  2.
PAR  2. The composition of claim 1 wherein said extender oil is present in an
      amount ranging from 50 to 90 php and said carbon black is present in an
      amount ranging from 40 to 75 php.
NUM  3.
PAR  3. The composition of claim 2 wherein said block copolymer contains 52
      weight percent 1,3-butadiene, 48 weight percent styrene and has a
      polystyrene block content of 34 percent.
NUM  4.
PAR  4. The composition of claim 2 wherein said block copolymer contains 52
      weight percent 1,3-butadiene, 48 weight percent styrene and has a
      polystyrene block content of 33 percent.
NUM  5.
PAR  5. The vulcanized composition of claim 1.
NUM  6.
PAR  6. The vulcanizate of claim 5 wherein the Shore A hardness is greater than
      60 and the decrease in hardness is not greater than 0.3 Shore A hardness
      units for each additional part of oil.
NUM  7.
PAR  7. The vulcanizate of claim 6 wherein said block copolymer contains 52
      weight percent 1,3-butadiene, 48 weight percent styrene and has a
      polystyrene block content of 34 percent.
NUM  8.
PAR  8. The vulcanizate of claim 6 wherein said block copolymer contains 52
      weight percent 1,3-butadiene, 48 weight percent styrene and has a
      polystyrene block content of 33 percent.
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ABST
PAL  A process for the manufacture of a pourable, pulverulent rubber-filler
      mixture containing plasticiser oil, by combining a filler containing
      plasticiser oil with an aqueous emulsion of a rubber solution, and
      precipitating and drying the mixture, wherein the plasticiser oil is
      adsorptively bound on the finely divided active filler in an amount of
      from 1 to 100 parts by weight, relative to 100 parts by weight of the
      filler, the premix thus obtained, which continues to be free-flowing and
      pulverulent, and consists of filler charged with plasticiser oil, is
      dispersed in water in the presence of an emulsifier, the resulting
      dispersion is intimately mixed with an aqueous emulsion of a synthetic
      rubber solution, this mixture is introduced into an aqueous precipitation
      bath which is at a temperature of from 40 to 95.degree.C and contains
      waterglass or an acid and waterglass, and from the mixture treated in this
      way the rubber-filler mixture, containing plasticiser oil, is precipitated
      with simultaneous stripping-off of the rubber solvent, and is separated
      from the water and dried.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of discrete, pourable, finely
      divided, tack-free plasticized filler particles and a method for the
      preparation thereof. More particularly, this invention relates to the use
      of such particles as fillers in the preparation of pourable, pulverulent
      rubber compounds having such characteristic properties.
PAR  The processing of rubbers is normally a multistage procedure. In contrast
      to the manufacture of molded components from thermoplastic synthetic
      resins, it is absolutely necessary, prior to the final shaping step, to
      conduct a generally complicated mixing process to obtain homogeneous
      incorporation of diverse additives prior to the cross-linking reaction.
      The high viscosity of the raw materials and their handling in bale form
      makes it necessary to utilize heavy machines, e.g. rolling mills or
      internal mixers, which perforce require a high energy consumption. The
      inherent considerable costs of such energy and equipment greatly impair
      the economy of the production of elastomeric materials.
PAR  Therefore, many efforts are now being directed toward adapting rubber
      technology to the principles of thermoplastic processing. An ideal
      starting point to attain this objective is rubbers in pulverulent form.
      Starting with the advantageous possibilities afforded in transportation
      and storage, the provision of automated feeding and conveying devices
      promises considerable savings in the feeding of mixing-and-deformation
      units. In order to incorporate additional ingredients, powder mixing
      plants can be utilized, which operate under very much more economical
      conditions. Thus, a continuous processing technique employing a high
      degree of automation has moved into the realm of possibility for the
      rubber industry.
PAR  In order to put the above-described ideas into practice, several methods
      which appeared suitable for the production of corresponding pulverulent
      rubber substances have been developed. Thus, German Unexamined Laid-Open
      Application DOS No. 2,135,266 and corresponding U.S. Pat. No. 3,846,365,
      the contents of which are incorporated by reference herein, disclose a
      process according to which discrete, finely divided, tack-free pourable
      elastomer particles are prepared from a filler-containing aqueous
      elastomer emulsion containing an aqueous emulsion of an elastomer
      dissolved in a volatile inert organic solvent having an emulsifying amount
      of quaternary ammonium salt cationic surfactant and an aqueous suspension
      or dispersion of a solid, finely divided elastomer filler, which process
      comprises gradually introducing the filler-containing aqueous elastomer
      emulsion into an aqueous alkali silicate solution while maintaining the
      solution at a pH greater than 2 and simultaneously evaporating the organic
      solvent to form discrete, finely divided, tack-free elastomer particles.
      The process can be applied to solid elastomers or to post-polymerization
      elastomer solutions, and is particularly suitable for preparing pourable
      carbon black-containing elastomer particles to be directly formed into
      shaped objects by molding, extrusion, etc.
PAR  It has furthermore been suggested in German Pat. Application No. P 22 14
      121.5 and corresponding U.S. Pat. No. 3,895,035, the contents of which are
      incorporated by reference herein, to produce pourable, pulverulent rubber
      mixtures by emulsifying rubber solutions, optionally containing mineral
      oil plasticizers, in water in the presence of alkylamine oxyalkylates;
      introducing into these emulsions suspensions of solid fillers, preferably
      carbon blacks, optionally containing emulsifiers; continuously introducing
      the filler-containing, aqueous emulsions of the rubber solutions into hot
      aqueous alkali silicate solution, wherein the pH during the entire
      precipitation step ranges between 0.1 and 7, preferably between 1.0 and
      3.5; simultaneously and continuously distilling off the rubber solvent;
      separating the thus-obtained, finely divided filler-containing rubber
      mixture from the water; and drying the product.
PAR  Another process for preparing pourable, filler-containing elastomer
      particles is described in U.S. Pat. application Ser. No. 421,819 filed
      Dec. 5, 1973, the contents of which are also incorporated by reference
      herein, wherein an admixture of a rubber solution and filler is
      flash-evaporated. As with the above and other processes, pourable,
      filler-containing elastomer particles amenable to thermoplastic processing
      techniques are obtained. Expecially valuable elastomers for use in such
      processes are the stereo block homopolymers of butadiene prepared
      according to the adiabatic polymerization process with lithium catalysts
      according to the techniques of U.S. Pat. No. 3,829,409, the contents of
      which are also incorporated by reference herein.
PAR  The primary objective of these processes is to obtain pourable, pulverulent
      rubber-filler mixtures wherein the customary homogenization of rubbers
      with fillers during the course of the processing operation is entirely
      eliminated. For certain important sectors of the rubber industry,
      especially tire manufacturing, it is advantageous if the rubber mixtures
      to be processed already contain the plasticizer provided as a further
      rubber constituent. In accordance with the above-described processes, the
      plasticizer can be immediately incorporated, to obtain pulverulent,
      pourable rubber mixtures. However, the pourable, pulverulent rubber-filler
      mixtures, containing plasticizer oil prepared according to this method
      exhibit a tendency toward adhesion with increasing additions of
      plasticizer oil, caused by the low-molecular weight hydrocarbon mineral
      oil plasticizer component. This leads to a clearly visible impairment of
      the pourability, as compared to otherwise identical rubber mixtures which
      are free of plasticizer oil. This phenomenon can become a very serious
      problem at high plasticizer oil dosages (40 parts by weight and
      thereabove, based on the rubber) during the handling of such pulverulent
      rubber mixtures. Thus, when dispensing the rubber mixtures from storage
      vessels or ensilage tanks, an irregular flow is observed, which can
      manifest itself in a surge-type discharge. This behavior is due, inter
      alia, to the fact that the pulverulent rubber mixtures containing
      plasticizer oil form a well during their discharge from the funnel-shaped
      vessels and then break off in chunks. Also, the notorious bridge
      formations within the storage tanks result in a nonuniform pouring of the
      rubber mixtures. These phenomena often lead to serious difficulties in the
      charging of processing machines.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a general object of this invention to provide a process
      for circumventing the aforementioned disadvantages in a maximally simple
      and economical manner.
PAR  Another object of this invention is to provide a process for the
      preparation of constantly pourable, pulverulent rubber-filler mixtures of
      an improved quality.
PAR  A further object of this invention to provide a process for preparing
      discrete, finely divided, pourable and tack-free filler particles
      containing mineral oil plasticizer which exhibit the same rheological
      properties as the filler alone, and the particles thus-produced.
PAR  An additional object of this invention is to provide an improved process
      for preparing discrete, finely divided, tack-free and pourable elastomer
      particles containing a filler and mineral oil plasticizer.
PAR  A more particular object of this invention is to provide such elastomer
      particles which exhibit improved storage and rheological properties.
PAR  Other objects and advantages of this invention will become apparent to
      those skilled in the art upon further study of the specification and
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the above and other objects are attained in one aspect of this
      invention by providing a process for preparing pourable, pulverulent
      rubber-filler mixtures containing a plasticizer oil, by combining fillers
      containing plasticizer oil with aqueous emulsions of rubber solutions,
      precipitation, and drying of the mixtures, characterized in that the
      plasticizer oil is absorptively bound to the finely divided active
      fillers, preferably carbon blacks, in amounts of 1-100 parts by weight
      based on 100 parts by weight of the filler, preferably under fluidization;
      the thus-obtained, still pourable and pulverulent premix of
      plasticizer-oil-laden fillers is dispersed in water in the presence of
      emulsifiers; these dispersions are intimately mixed with aqueous emulsions
      of elastomer solutions; this mixture is introduced into an aqueous
      precipitant bath, containing sodium silicate at temperatures of between
      40.degree. and 95.degree.C.; the plasticizer-oil-containing rubber-filler
      mixture is precipitated from this thus-treated mixture while
      simultaneously removing the rubber solvent; and the mixture is separated
      from the water and dried.
DETD
PAC  DETAILED DISCUSSION
PAR  It has now been found possible to obtain pourable, pulverulent
      rubber-filler mixtures containing plasticizer oil by combining fillers
      which contain plasticizer oil with aqueous emulsions of rubber solutions,
      precipitation and drying of the mixtures employing the combination of
      features critical to the process as set foth herein.
PAR  Preferred fillers within the scope of the process of this invention are the
      carbon blacks customary in the rubber industry, wherein carbon blacks of
      all activity stages can be utilized. Suitable carbon blacks include but
      are not limited to SAF (super abrasion furnace), ISAF (intermediate super
      abrasion furnace), HAF (high abrasion furnace), FEF (fast extruding
      furnace) and MT (medium thermal) carbon blacks. In place of or addition
      thereto, light-colored fillers can also be used, e.g. highly active
      silicic acid, kaolin, ground slate, etc. The amount of carbon black to be
      employed is 40-500% by weight, preferably 50-150% by weight, based on the
      solid rubber. The amount of light-colored fillers ranges between 20 and
      500% by weight, preferably between 40 and 150% by weight, based on the
      solid rubber. Combinations of carbon black with light-colored fillers,
      preferably silicic acid, are also possible.
PAR  Suitable mineral oil plasticizers are the refinery products usually
      employed for this purpose which, depending on their application, can
      comprise chiefly aromatic, naphthenic, and/or paraffinic hydrocarbons. The
      amount of plasticizer oil to be used ranges between 1 and 100% by weight,
      preferably between 30 and 60% by weight, based on the filler.
PAR  According to the present invention, the plasticizer oil is first bound by
      adsorption to the finely divided active fillers in order to prepare a
      homogeneous premix, e.g. by fluidizing and intermixing both components
      suitably in a fluidized bed, e.g. such as is produced by a powder mixer
      (optionally of the Henschel type). During this process, the filler is
      first provided and, after initiating the rotor and attaining a high speed
      of more than 1,000 r.p.m., the plasticizer oil, preheated to achieve the
      desired viscosity, is added dropwise within a few minutes. Coagulations
      temporarily produced upon contact of the plasticizer oil droplets with
      carbon black are immediately broken up. In accordance with a particularly
      advantageous embodiment, the plasticizer oil is introduced in finely
      divided form into the charged filler by means of a special nozzle from the
      topside of the vessel; alternatively, the oil can be added to the filler
      by atomization with an inert gas through such nozzle.
PAR  After the total amount of mineral oil plasticizer has been added, the rotor
      of the mixer is advantageously allowed to run at full speed for a short
      period of time. The premix of fillers, preferably carbon blacks, laden
      with plasticizer oil surprisingly appears to be entirely unchanged in its
      external phase and still exhibits genuine powder properties in the
      distribution inherently characteristic of the carbon black, which ranges
      to dust-fine, without an adverse effect on pourability and without any
      tendency toward adhesion and caking.
PAR  The fillers laden in this way with plasticizer oil, especially carbon
      blacks, are then dispersed in water in the presence of emulsifiers.
PAR  Suitable dispersing devices are, for example, special agitators, mills,
      ultrasonic appliances and mixing nozzles. The emulsification step takes
      place in most cases at room temperature. However, it may be advantageous
      in certain instances to operate at temperatures of up to 200.degree.C. and
      under a pressure above atmospheric pressure, which is recommended
      particularly when using highly viscous solutions, as they are obtained,
      for example, in the adiabatic Li-polymerization of butadiene described in
      the aforementioned U.S. Pat. No. 3,829,409.
PAR  Suitable emulsifiers within the scope of the process of this invention are
      surface-active amine derivatives. Preferably, alkylamine oxyethylates of
      the general formula below are utilized:
      ##EQU1##
      wherein R.sub.1 represents alkyl and alkenyl groups of 1-30 carbon atoms,
      preferably 10-20 carbon atoms, and
PA1  n and m are integers between 1 and 80, preferably between 6 and 20.
PAR  Suitable compounds are, for example, lauryl-, myristyl-, cetyl-, stearyl-,
      and oleylamine oxyethylates. These emulsifiers are generally used in an
      alkaline aqueous solution at pH values of 7-14, preferably 10-13, in
      quantities of 0.05 - 2% by weight, preferably 0.1 - 1% by weight, based on
      the rubber solution.
PAR  The filler particles absorbed with a mineral oil plasticizer can be
      employed for all purposes requiring the use of filler and plasticizer,
      e.g. the preparation of masterbatches in elastomer processing. The
      particles are especially valuable for use in the elastomer precipitation
      process of U.S. Pat. No. 3,846,365.
PAR  Suitable rubber materials within the scope of the elastomer precipitation
      process of this invention are preferably elastomeric polymers produced by
      solution polymerization, e.g. the polymers obtained by the
      homopolymerization of butadiene or the copolymerization of butadiene with
      styrene in the presence of lithium catalysts, wherein the butadiene
      proportion in the polybutadiene has a 1,2-vinyl content of 8-50%.
      Furthermore suitable are all EMP (ethylene-propylene monomer) and EPDM
      (ethylene-propylene diene monomer) polymers.
PAR  In accordance with a particularly advantageous embodiment of the present
      process, rubbers are utilized which are obtained by the adiabatic
      polymerization of butadiene in the presence of a solvent and a catalyst
      system of organolithium compounds on the one hand, and Lewis bases on the
      other hand, and which comprise polybutadiene having vinyl group
      proportions of between 25 and 50%.
PAR  In order to obtain the rubber-filler mixtures containing plasticizer oil,
      the aqueous dispersions of the premixes of fillers laden with plasticizer
      oil are intimately mixed with aqueous emulsions of the rubber solutions in
      the desired quantitative ratio. This mixture is then introduced into an
      aqueous precipitant bath of sodium silicate solution and/or a mixture of
      sodium silicate solution and acid at temperatures of between 40.degree.
      and 95.degree.C. The residence time of the precipiated rubber-filler
      mixture containing plasticizer oil in the precipitation stage ranges,
      depending on the mode of operation, between 5 seconds and 60 minutes. The
      precipitation step is conducted, for example, by introducing the mixture
      into an agitator-equipped vessel wherein the aqueous precipitant liquid --
      depending on the emulsifier system either 0.25-6 moles of sodium silicate
      per mole of emulsifier, or dilute sulfuric acid in amounts of 1-20 moles,
      especially 2-10 moles per mole of emulsifier -- is provided in combination
      with sodium silicate in amounts of 0.25 - 6 moles of SiO.sub.2, preferably
      1-4 moles of SiO.sub.2 per mole of emulsifier.
PAR  The aqueous precipitant liquid is maintained at temperatures of
      40.degree.-95.degree.C., preferably 50.degree.-65.degree.C., wherein
      pressures are ambient of 0.5 - 3 atmospheres absolute, preferably 0.7 -
      1.2 atmospheres absolute. While the rubber-filler mixture containing
      plasticizer oil is obtained in a very finely divided form, the particle
      diameters being between 10 and 2,000.mu., the evaporating solvent-water
      mixture flows off through a vapor outlet and is condensed in a heat
      exchanger. With this mode of operation, the residence time of the
      precipitated mixture in the precipitant bath is generally up to 60
      minutes.
PAR  At temperatures of up to 95.degree.C. and residence times of up tp 60
      minutes, the plasticizer oils have a tendency to diffuse from the filler
      (especially the carbon blacks), into the ruber solution and/or into the
      rubber, thereby impairing the good pourability properties of the
      pulverulent rubber-filler mixtures containing plasticizer oil. Therefore,
      novel processing methods had to be developed.
PAR  In accordance with an improved mode of operation for reducing the residence
      times of the precipitated rubber-filler mixture in the precipitant bath
      and for avoiding the diffusion of the plasticizer oil from the filler into
      the rubber, the process of this invention is executed, in practice,
      advantageously in a hollow cylindrical vessel without internal parts in a
      continuous operation. Around the inlet nozzle for the dispersion mixture
      to be precipitated, several nozzles are arranged on the bottom of the
      container for the heating steam and the aqueous solutions of the
      precipitants. The aqueous solution of the precipitants charged into the
      vessle is first heated to temperatures of 40.degree.-95.degree.C.,
      preferably 50.degree.-65.degree.C. The steam current produced upon the
      entrance of the dispersion mixtures into the vessel due to the evaporation
      of the solvent effects, while supported by the hot-steam stream, a liquid
      flow which rises in the axis of the vessel. Consequently, a circulating
      flow is produced in the vessel on the principle of a mammoth pump, wherein
      the liquid flows downwardly along the vessel wall. Since the fine
      particles of the precipitated rubber-filler mixtures containing
      plasticizer oil which are formed within the upwardly oriented liquid
      current, flow down along the vessel wall together with the liquid due to
      their greater density as compared to the aqueous solution, these particles
      can be discharged at the outer rim of the container bottom. In order to
      keep the precipitant concentration in the precipitant bath at a constant
      level, hot precipitant liquid is introduced in metered amounts through
      nozzles arranged around the inlet nozzle for the dispersion mixtures.
      According to this mode of operation, the precipitation takes place
      preferably at temperatures of 40.degree.-65.degree.C. and under pressures
      of 0.5 - 1.2 atmospheres absolute. The time period necessary for the
      evaporation of the solvent is determined chiefly by the level of liquid in
      the precipitation vessel; this period generally ranges between 5 and 6
      seconds. The residence times of the rubber-filler mixtures containing
      plasticizer oil in the aqueous precipitant bath generally range from 2 to
      5 minutes. The vapors simultaneously formed during the precipitation and
      simultaneous evaporation are conducted to a condenser via an outlet vent
      at the vessel lid.
PAR  In a further embodiment of the process for producing pourable rubber-filler
      mixtures containing plasticizer oil according to this invention, the
      mixture of the aqueous plasticizer oil - carbon black dispersion and the
      aqueous emulsion of the rubber solution is introduced, together with hot
      aqueous precipitant liquid, into a duct preferably having a rectangular or
      semicircular cross section. while the precipitated finely divided mixture
      flows through the duct, the evaporating solvent-water mixtures rises into
      a hood arranged above the duct and is removed therefrom to a condenser.
      The length of the duct can be varied as desired in this simple
      arrangement. However, this length must be dimensioned so that a residence
      time of the mixture to be precipitated is provided as required for the
      evaporation of the solvent; this residence time ranges between 5 and 60
      seconds at temperatures of 40.degree.-65.degree.C. and pressures of 0.5 -
      1.2 atmospheres absolute. After the dewatering and drying of the
      precipitated product, a pourable, pulverulent plasticized rubber - carbon
      black mixture is obtained.
PAR  The precipitated rubber-filler mixtures are freed of the main amount of
      water, for example, by filtration or decanting in accordance with
      conventional methods, e.g. on screens, rotary cellular filters, vacuum
      filters or centrifuges, and are dried according to conventional processes,
      e.g. in belt dryers, sieve-drum dryers, fluidized-bed or spray drying
      plants, as well as plate dryers, preferably under constant motion.
PAR  The rubber adjuvants additionally required besides the heretofore described
      components, such as antiaging substances, zinc oxide, stearic acid, as
      well as vulcanizing agents such as sulfur and vulcanization accelerators,
      can be dispersed in water together with the carbon black containing the
      plasticizer oil.
PAR  The pulverulent rubber-filler mixtures, containing plasticizer oil,
      according to this invention show markedly improved pouring characteristics
      in analytical tests. The pourability of the pulverulent rubber-filler
      mixtures is determined in accordance with the "efflux time" method, e.g.
      as described in ASTM Standards D 1895-69 and 1755-66. In this method, the
      time is determined wherein a certain mass of the powder flows out of a
      funnel having an opening angle of 40.degree. and a lower aperture diameter
      of 10, 15, and 25 mm. The rubber-filler mixtures of this invention have
      the property of uniform flow, i.e., identical amounts of product result in
      reproducible flowing speeds under identical test conditions. In contrast
      thereto, the heretofore known pulverulent rubber-filler mixtures
      containing plasticizer oil have the property of very nonuniform and
      surge-like flow without the use of special auxiliary devices, whereby the
      efflux times are perforce increased and cannot be determined with
      accuracy. Precisely this nonuniform flow behavior occurring in free fall
      without special feeding devices can lead to difficulties in continuous and
      automated production employing a processing machine. With respect to this
      point, the pulverulent rubber-filler mixtures produced according to the
      process of this invention lead to a significant advance in the art.
PAR  The pourable, pulverulent rubber-filler mixtures containing plasticizer oil
      obtained according to the process of the present invention, especially the
      rubber - carbon black mixtures, are of great practical importance in the
      production of molded rubber articles of a great variety of types by the
      direct charging of the pulverulent, plasticizer-oil-containing mixtures in
      the extruder, in calenders, in transfer molding, as well as in automatic
      injection-molding machines. If auxiliary agents are to be admixed to these
      pulverulent rubber mixtures in the rubber processing plant, such mixing
      can be executed using maximally simple agitator systems, e.g. the
      "Loedige," "Papenmeier," or "Henschel" mixers. The pulverulent rubber
      mixtures which optionally contain various fillers and/or additives can now
      be utilized, in a surprisingly simple and economical manner, directly in
      the final stage of the usual rubber processing operation, i.e., in the
      molding or shaping process, while eliminating heretofore necessary heavy
      mechanical devices for the various mixing steps. The pulverulent,
      plasticizer-oil-containing rubber-filler mixtures are especially
      advantageous in the manufacture of tire treads. In this connection, the
      pulverulent mixtures of this invention offer advantageous conditions for
      the use of automatic conveying, metering and mixing devices, thus making
      it possible to change over from discontinuously operating large-scale
      plants to a continuous processing operation with reduced initial
      investment, energy, and personnel costs.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAC  EXAMPLE 1
PAR  a. A Henschel mixer having a volume of 30 liters is filled at
      20.degree.-50.degree.C. wall temperature with a 3,000 g. of HAF carbon
      black ("Corax 9"). After the rotor has been started up to a speed of 1600
      r.p.m., 1764 g. of plasticizer oil ("Naftolen-MV"), preheated to
      60.degree.-80.degree.C., is injected within 3 minutes in finely divided
      form through an inlet port provided with fine bores. After the addition of
      plasticizer oil is terminated, the rotor is allowed to operate for another
      2 minutes in order to complete the distribution. After a total mixing time
      of 5 minutes, the carbon black - plasticizer oil mixture is obtained in
      the dustfine distribution inherently characteristic of the carbon black,
      without impairment of fluidity or pourability and without any tendency
      toward coalescing.
PAR  b. 4.05 kg. of this premix of carbon black and plasticizer oil is dispersed
      in 16.2 l. of water with the aid of an "Ultra-Turrax" emulsifying device
      in the presence of 121.5 g. of laurylamine oxyethylate (n + m = 12 in the
      general formula). The thus-obtained carbon black dispersion containing
      plasticizer oil is mixed with 60 kg. of an aqueous rubber-solution
      emulsion which is prepared according to the following process: 30 kg. of a
      10% solution of a polybutadiene having a vinyl group content of 35% and a
      Mooney viscosity of 93, obtained by the adiabatic solution polymerization
      of butadiene with the aid of n-butyllithium as the catalyst with the
      addition of 1,2-dimethoxyethane in hexane, is emulsified in 29.82 l. of
      water with the aid of "Supraton" emulsifying device in the presence of 180
      g. of laurylamine oxyethylate. The pH is set to 11.5 during the
      emulsifying step with 10% sodium hydroxide solution. The mixture of the
      aqueous carbon black - plasticizer oil dispersion prepared according to
      1(a) and of the aqueous emulsion of the rubber solution is fed at a rate
      of 29 kg./h. into a cylindrical vessel having a volume of 150 l.,
      containing a mixture of 29 l. of water, 24.3 g. of 26% aqueous sodium
      silicate and 102. g. of 10% strength sulfuric acid. The pH ranges between
      1.5 and 2.0. The charged precipitant liquid had been preheated by
      saturated steam with a pressure of 1.5 atm. abs. to a temperature of
      65.degree.C.
PAR  Simultaneously with the mixture to be precipitated, saturated steam is
      supplied to the reaction mixture so that, under a pressure of 1.0 atm.
      abs., the temperature of the liquid phase is 61.degree.C. The feeding of a
      mixture of 10% sulfuric acid, heated to 65.degree.C., and sodium silicate
      solution is controlled so that the pH of the precipitant bath is
      constantly between 1.5 and 2.  This corresponds to a use of 4 moles of
      sulfuric acid and 4 moles of SiO.sub.2 as sodium silicate per mole of
      total emulsifier. The vaporous hexane-water mixture is conducted through a
      discharge nipple at the vessel lid to the condenser. The precipitated,
      finely divided rubber-filler mixture, containing plasticizer oil, is
      withdrawn via outlet nipples at the bottom of the vessel so that the level
      of the liquid in the precipitating vessel remains constant. The residence
      time of the finely divided mixture in the hot aqueous phase is 3-5
      minutes. The finely divided rubber-filler mixture is vacuum-filtered and
      dried, thus obtaining a pourable rubber-filler powder.
PAC  EXAMPLE 2
PAR  50.4 kg. of HAF carbon black ("Corax 9") prepared according to Example 1
      and containing plasticizer oil ("Naftolen-MV") is dispersed in 200.5 kg.
      of water containing 1.5 kg. of laurylamine oxyethylate and 1 kg. of 10%
      sodium hydroxide solution, with the aid of an "Ultra-Turrax-38
      emulsifying device within 30 minutes. The resultant product is 253.4 kg.
      of a 20% carbon black - plasticizer oil dispersion, pH 12.7.
PAR  The carbon black - plasticizer oil dispersion is mixed with 745 kg. of an
      alkaline aqueous emulsion of the rubber solution obtained in the following
      manner: 372.5 kg. of a 10% solution of a polybutadiene with a vinyl group
      content 25% and a Mooney viscosity of 88, obtained by solution
      polymerization of butadiene with the aid of butyllithium in hexane, is
      emulsified with 370 l. of water with the aid of "Supraton" emulsifying
      device in the presence of 2.235 kg. of laurylamine oxyethylate. During the
      emulsification, 10% sodium hydroxide solution is pumped into the vessel
      until the pH is 12.0 to 12.5.
PAR  The admixture of the aqueous carbon black - plasticizer oil dispersion and
      the aqueous emulsion of the rubber solution is introduced at a rate of 29
      kg./h. at the bottom of the inlet of a duct having the following
      construction:
PAR  The precipitating vessel comprises a duct having a rectangular
      cross-section, a width of the duct bottom of 15 cm., a height of 1 m., and
      a length of 5 m. Into this duct are charged 520 l. of water and sufficient
      sulfuric acid to adjust the pH of the aqueous phase to 2. By means of
      saturated steam of 1.5 atm. abs., the precipitant bath is preheated to a
      temperature of 65.degree.C. The steam is introduced into the precipitant
      liquid via nozzles uniformly disposed over the length of the duct along
      the bottom thereof.
PAR  At the duct inlet, the hot precipitant bath is supplied, in addition to the
      mixture of carbon black - plasticizer oil dispersion and the aqueous
      emulsion of the rubber solution, with sufficient hot, dilute sulfuric acid
      to maintain the pH between 1.5 and 2 during the precipitation process. The
      steam supply is controlled so that the temperature in the liquid phase is
      61.degree.C. at a pressure of 1 atm. abs. The vapor-phase hexane-water
      mixture flows into a hood placed over the duct and is conducted from there
      into a condenser, via an outlet line. The thus-precipitated, finely
      divided rubber-filler mixture containing plasticizer oil flows through an
      outlet opening at the bottom of the duct end so that the liquid level in
      the duct remains constant. The residence time of the precipitated mixure
      in the hot aqueous phase is about 2.5 minutes. After filtering and drying
      the precipitated mixture, a well pourable, pulverulent rubber mixture is
      obtained.
PAC  EXAMPLE 3
PAC  (Comparative Example)
PAR  600 g. of plasticizer oil having a high aromatic content (commercial
      designation "Naftolen-MV") is stirred into 15 kg. of a 10% solution of a
      polybutadiene having a vinyl group content of 35% and a Mooney viscosity
      of 93, obtained by solution polymerization of butadiene with the aid of
      butyllithium and 1,2-dimethoxyethane in hexane. The rubber solution
      containing the plasticizer oil is emulsified with 15.5 l. of water with
      the aid of an "Ultra-Turrax" emulsifying device in the presence of 93.5 g.
      of laurylamine oxyethylate. At a pH of 8.9, 25.5 kg. of a 5% aqueous
      suspension of ISAF carbon black (commercial name "Corax 6") is stirred
      into the thus-obtained emulsion. This mixture is introduced under
      agitation into a vessel having a volume of 250 l., which had previously
      been charged with a mixture, heated to 90.degree.-95.degree.C., of 40.5 l.
      of water, 192 g. of 26% aqueous sodium silicate solution and 543 g. of 10%
      sulfuric acid, pH 2.0. The rubber mixture is precipitated in very finely
      divided form, while simultaneously the solvent hexane is distilled off.
      The pH of the precipitant bath rises from 1.8 to 2.3. After the hexane has
      been completely exhausted, the precipitated, finely divided mixture
      containing the plasticizer oil is vacuum-filtered and, after drying under
      vacuum at 75.degree.C., is obtained as a pourable, non-tacky powder.
PAC  EXAMPLE 4
PAR  The rubber-filler mixtures, containing plasticizer oil, as produced in
      accordance with Examples 1,2, and 3 are tested with respect to their
      pourability according to the efflux time method corresponding to ASTM - D
      1895-69. The efflux times are measured, in seconds, of respectively 50 g.
      of powder from standardized funnels having an opening angle of 40.degree.
      and a lower opening diameter of 10 mm., 15 mm., and 25 mm.
TBL                TABLE                                                       
     ______________________________________                                    
     Rubber-                                                                   
     Filler          Efflux Times in Seconds                                   
     Mixture Test    With an Opening Diameter of                               
     of      No.     10 mm.     15 mm.   25 mm.                                
     ______________________________________                                    
     Example 1       18.0       4.8      1.6                                   
     1       2       18.4       5.2      1.7                                   
             3       17.9       4.9      1.8                                   
             4       18.1       4.9      1.8                                   
     Example 1       19.5       5.3      2.1                                   
     1       2       18.7       4.9      1.9                                   
             3       18.9       5.2      1.8                                   
             4       19.2       5.1      2.0                                   
     Example 1       Nonuniform, surge-type discharge.                         
     3       2       No exact measuring values can be                          
             3       determined with any of the efflux                         
             4       times.                                                    
     ______________________________________                                    
PAR  It can clearly be seen from the table that the mixtures produced according
      to the present invention, as disclosed in Examples 1 and 2, show a
      uniformly reproducible pourability characteristic. The pourability
      characteristic of the comparison product of Example 3 is strongly
      nonuniform and cannot be accurately detected by measuring procedures. As
      far as measured values can at all be obtained, these are far longer than
      efflux times of the products of this invention.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the preparation of discrete, finely divided, tack-free,
      pourable, powdery filler-containing elastomer particles containing a
      plasticizing amount of a mineral oil plasticizer from an admixture of
PA1  a. an aqueous emulsion of a vulcanizable elastomer consisting essentially
      of (i) a solution of a vulcanizable elastomer dissolved in a volatile,
      inert organic solvent, (ii) an elastomer-emulsifying amount of a cationic
      amine surfactant, and (iii) water, and
PA1  b. an aqueous dispersion consisting essentially of a filler emulsifying
      amount of a cationic amine surfactant and 20 -500% by weight, based on the
      weight of said elastomer, of a solid, finely divided elastomer filler,
      which process includes introducing said admixture into an aqueous alkali
      silicate precipitation bath and simultaneously evaporating said elastomer
      solvent to form said filler-containing elastomer particles, the
      improvement which comprises:
PA2  employing as the filler of said component (b) a free-flowing, pulverulent
      premix consisting essentially of 1-100 parts by weight, per 100 parts by
      weight of said filler, of a mineral oil plasticizer absorptively bound
      thereto.
NUM  2.
PAR  2. A process according to claim 1, wherein the amount of adsorbed
      plasticizing oil is 30-60 parts by weight per 100 parts by weight of
      filler.
NUM  3.
PAR  3. A process according to claim 1, wherein the vulcanizable elastomer is
      selected from the group consisting of polybutadienes, copolymers of
      butadiene and styrene, ethylene-propylene copolymers and EPDM copolymers.
NUM  4.
PAR  4. A process according to claim 3, wherein the vulcanizable elastomer is a
      homopolymer of butadiene having a vinyl content of 25-50%.
NUM  5.
PAR  5. A process according to claim 3, wherein the filler is carbon black.
NUM  6.
PAR  6. A process according to claim 3, wherein the filler is active silicic
      acid.
NUM  7.
PAR  7. A process according to claim 3, wherein the plasticizing oil is chiefly
      an aromatic hydrocarbon.
NUM  8.
PAR  8. A process according to claim 3, wherein the filler is carbon black
      having 30-60 parts by weight of an aromatic plasticizing oil adsorbed
      thereon per 100 parts by weight of filler.
NUM  9.
PAR  9. A process according to claim 1, wherein the admixture is precipitated by
      reaction at a temperature of about 40.degree.-90.degree.C with an aqueous
      sodium silicate solution containing 0.25-6 moles of SiO.sub.2 per mole of
      emulsifiers.
NUM  10.
PAR  10. A process according to claim 1, wherein the cationic amine is an
      alkylamineoxyethylate of the formula
      ##EQU2##
      wherein R.sub. 1 is alkyl or alkenyl of 10-20 carbon atoms and n and m are
      each integers of 6 to 20 inclusive.
NUM  11.
PAR  11. A process according to claim 10, wherein the emulsifier is employed in
      an amount of 0.05-2.0 wt. % based on the weight of elastomer in solution
      and 0.1-6.0 wt. % based on the weight of the plasticizer-adsorbed filler.
NUM  12.
PAR  12. A process according to claim 11, wherein the molar ratio of Na.sub.2
      :SiO.sub.2 in the sodium silicate precipitant is about 2:1 to 4:1.
NUM  13.
PAR  13. A process according to claim 12, wherein the precipitant bath further
      comprises 1-20 moles of sulfuric acid per mole of emulsifier.
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ABST
PAL  Compositions comprising a polycarbonate resin and a mixture of
      anthraquinone series colorants have excellent transparency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to polycarbonate resin compositions
      comprising a polycarbonate resin, and at least two colorants with thermal
      resistance and satisfactory blueing effect.
PAR  B. Description of the Prior Art
PAR  At present, polycarbonates are manufactured by reacting phosgene and a
      dihydroxy compound, or by an ester exchange method using a
      diphenylcarbonate and a dihydroxy compound. As the dihydroxy compound in
      these reactions, an aromatic dihydroxy compound is commonly used.
PAR  A colorless transparent polycarbonate using such an aromatic dihydroxy
      compound as a raw material is tinged with yellow. Therefore, when said
      polycarbonate is applied to a use requiring transparency, such as the
      treatment called blueing, the method of coloring with an extremely thin
      blue-purple color, has been accomplished.
PAR  Heretofore, an organic dye of a single color has been used conventionally
      as a colorant in this treatment. But it cannot resist molding temperatures
      used with polycarbonate resins (i.e., 260.degree.-320.degree.C.), and its
      color fades at the time of molding. Such being the case, this colorant
      could not attain the desired purpose in most cases.
PAR  It is an object of the present invention to obtain a polycarbonate resin
      having remarkably improved transparency by means of adding colorants to a
      polycarbonate resin.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there are provided polycarbonate
      resin compositions comprising a polycarbonate resin and mixed colorants.
      As the colorants, one is 1,8-bis-p-methylphenylamino anthraquinone
      (.lambda. max = 585 m.mu., 630 m.mu.) and another is
      2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquinone
      (.lambda. max = 556 m.mu.) or
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinone (.lambda.
      max = 556 m.mu.). Mixtures containing all three dyes can also be used.
PAR  Each of the colorants is sufficiently resistant to heat and its color does
      not fade even at the molding temperature for a polycarbonate resin. And
      mixtures of said colorants give a satisfactory blueing effect. In
      addition, such effect can be obtained by adding a small amount of the
      mixed colorant to a polycarbonate resin.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to polycarbonate resin compositions
      comprising a polycarbonate resin, 1,8-bis-p-methylphenylamino
      anthraquinone and 2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl
      anthraquinone or 2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl
      anthraquinone.
PAR  Mixing of the polycarbonate and colorants is accomplished according to
      conventional methods such as dry color method, liquid color method, master
      batch method and the like.
PAR  1,8-BIS-P-METHYLPHENYLAMINO ANTHRAQUINONE HAS .lambda. MAX AT 585 M.mu. AND
      630 M.mu., AND HAS A RED-PURPLE COLOR.
      2,3-BIS-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquinone and
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinone have
      .lambda. max at 556 m.mu. and have a blue color.
PAR  The above colorants are preferably mixed in a weight ratio of the former
      ("1,8" compound) : the latter ("2,3" compound) of 1.5-1:1, which provides
      a .lambda. max of the resulting mixture of about 578 m.mu.. Thus, the
      expected blueing effect can be obtained satisfactorily.
PAR  Polycarbonate products obtained from compositions in which a colorant
      mixture is added in a weight ratio of the former to the latter of more
      than 6/4, for example 1.7, is stained red-purple. And the product is
      stained blue when it is obtained from compositions in which the colorant
      mixture is added in a weight ratio of the former to the latter of less
      than 1.
PAR  The colorants used in the present invention are sufficiently stable at
      temperatures employed for molding polycarbonate resins.
PAR  The heat-resisting ability of said colorants is compared with that of a
      conventional colorant, and the results are shown in Table I.
TBL                Table I                                                     
     ______________________________________                                    
                      Temperature Temperature                                  
     Colorant         I*          II**                                         
     ______________________________________                                    
     1,8-bis-p-methyl-                                                         
     phenylamino anthraquinone                                                 
                      155.degree.C.                                            
                                  &gt;352.degree.C.                               
     2,3-bis-N-methyl-N-p-                                                     
     methylphenylamino-6,7-di-                                                 
     methyl anthraquinone                                                      
                      221.degree.C.                                            
                                  342.degree.C.                                
     2,3-bis-N-methyl-N-propyl-                                                
     phenylamino-6,7-dimethyl                                                  
     anthraquinone    215.degree.C.                                            
                                  340.degree.C.                                
     1-p-methylphenylamino-                                                    
     4-hydroxy anthraquinone                                                   
                      197.degree.C.                                            
                                  297.degree.C.                                
     ______________________________________                                    
       *Temperature I: Temperature at which the weight of the colorant begins t
      decrease.                                                                
      **Temperature II: Temperature at which the weight of the colorant        
      decreases by 5 percent.                                                  
PAR  According to the present invention, polycarbonate resin moldings with
      improved transparency (i.e., improved Yellowness Index) can be obtained by
      adding thereto a small amount of the above mixed colorant, preferably in
      the range of 0.5 to 2.0 parts per million (ppm) to the polycarbonate
      resin.
PAR  The present invention is further illustrated by the following example.
PAC  EXAMPLE 1
PAR  To a polycarbonate resin powder obtained by condensation polymerization of
      bisphenol A and phosgene (viscometric average molecular weight Mv =
      31,700), the predetermined amount of the mixed dye of the present
      invention was added. The mixture was pelletized with a screw extruding
      machine and the thus obtained pellet was formed to a plate of 3 .times. 3
      .times. 1/8 inches by injection molding.
PAR  For the purposes of comparison, a sample containing a conventional dye of
      single color as a colorant and another sample containing no colorant were
      used.
PAR  A yellowness index determination was made for each plate according to the
      method of ASTM D1925-63T. Results are shown in Tables 2 and 3.
PAR  A plate obtained by the method of this invention was not stained with
      yellow or blue color.
PAR  Mixed dye A is a mixture of 1,8-bis-p-methylphenylamino anthraquinone
      (American Aniline, commercial name: Amaplast Violet PT) and
      2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquinone
      (Sumitomo Chemical Co., Ltd., commercial name: Sumiplast Blue H2R) in a
      weight ratio of 5:5, and mixed dye B is a mixture of
      1,8-bis-p-methylphenylamino anthraquinone (American Aniline, commercial
      name: Amaplast Violet PT) and
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinone (Bayer,
      chemical name: Macrolex Blue 2R) in a weight ratio of 5:5.
PAR  Single dye C is a blue-purple anthraquinone series dye
      (1-p-methylphenylamino-4-hydroxy anthraquinone) and single dye D is a
      blue-purple anthraquinone series dye (1-p-methylphenylamino-4-hydroxy
      anthraquinone).
TBL                Table 2                                                     
     ______________________________________                                    
                                  Injection                                    
                                           Yellow-                             
               Added   Extrusion  molding  ness                                
               amount  temperature                                             
                                  temperature                                  
                                           index of                            
     Sample    (ppm)   (.degree.C.)                                            
                                  (.degree.C.)                                 
                                           sample                              
     ______________________________________                                    
     Mixed dye A                                                               
               1       320        320      3.8                                 
     Mixed dye B                                                               
               1       320        320      3.9                                 
     Single dye C                                                              
               1       320        320      5.1                                 
     Single dye D                                                              
               1       320        320      5.5                                 
     Non-colored                                                               
               --      320        320      6.0                                 
     Mixed dye A                                                               
               1       280        320      3.9                                 
     Mixed dye B                                                               
               1       280        320      4.0                                 
     Non-colored                                                               
               --      280        320      6.0                                 
     ______________________________________                                    
TBL                Table 3                                                     
     ______________________________________                                    
                                  Injection                                    
                                           Yellow-                             
               Added   Extrusion  molding  ness                                
               amount  temperature                                             
                                  temperature                                  
                                           index of                            
     Sample    (ppm)   (.degree.C.)                                            
                                  (.degree.C.)                                 
                                           sample                              
     ______________________________________                                    
     Mixed dye A                                                               
               2       320        320      2.4                                 
     Mixed dye B                                                               
               2       320        320      2.6                                 
     Single dye C                                                              
               2       320        320      4.9                                 
     Single dye D                                                              
               2       320        320      5.2                                 
     Non-colored                                                               
               --      320        320      6.0                                 
     ______________________________________                                    
PAR  Polycarbonate resin compositions of the present invention can be readily
      applied to the manufacturing of various kinds of molding or construction
      materials, for example plastic, glass, bottle, case, etc. requiring
      excellent transparency.
PAR  Further, the compositions of the present invention are widely usable as
      daily necessaries (eye dropper bottle, nursing bottle, cosmetic bottle,
      etc.), electric and electronic parts (switch, switch cover, etc.), machine
      parts (fan, hose joint, etc.), construction materials (instrument housing,
      helmet, camera body, etc.) and film sheets (film for wrapping food, floor
      tile, etc.).
PAC  Preparation method of polycarbonate which is used in the Example
PAR  An aqueous solution of 1.65N NaOH (15 liters) was placed in a 30 liter
      glass-lined stirring vessel with a cooling jacket and a thermometer, and
      2,630 g of bisphenol A was dissolved in the solution. To this solution, 7
      liters of methylene chloride were added and then phosgene was introduced
      with the flow rate of 1.1 kg per hour while stirring. During the
      proceeding reaction, the vessel was cooled by flowing water through the
      jacket in order that reaction temperature would not exceed 30.degree.C.
      After 90 minuted pH of the reaction mixture became 11.0 and at this stage,
      introduction of phosgene and stirring were terminated and subsequently,
      the reaction mixture was separated into two phases by standing.
      Polycarbonate oligomer in methylene chloride was obtained by removing
      aqueous upper phase. Then the oligomer solution was diluted with 9 liters
      of methylene chloride, and subsequently stirring was re-initiated after
      adding 15 g of p-t-butylphenol, 4.5 liters of 1.7N NaOH containing
      bis-phenol A (785 g) and trimethylbenzyl ammonium chloride (1.5 g) and
      400ml of aqueous 48% NaOH in this order. The reaction temperature was kept
      at 30.degree.C by flowing cooling water through the jacket. After 90
      minutes, the reaction mixture became a viscous emulsion. The emulsion was
      diluted with methylene chloride to make polymer concentration of 6% and
      then it was thoroughly washed with water to remove inorganic salts. Powder
      polycarbonate (3.5 kg) was obtained by precipitating the polymer in
      methanol and collecting it with centrifugation and subsequently by drying.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Polycarbonate resin composition which comprises a polycarbonate resin
      and a colorant mixture in an amount sufficient to improve the transparency
      of said polycarbonate resin, said colorant mixture comprising
      1,8-bis-p-methylphenylamino anthraquinone and
      2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquinone or
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinon, wherein
      the weight ratio of 1,8-bis-p-methylphenylamino anthraquinone to
      2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquinone or
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinone is from
      about 1.5:1 to about 1:1.
NUM  2.
PAR  2. The composition of claim 1, containing from about 0.5 to about 2.0 parts
      per million of said anthraquinones.
NUM  3.
PAR  3. The composition of claim 1, containing a mixture of
      1,8-bis-p-methylphenylamino anthraquinone and
      2,3-bis-N-methyl-N-p-methylphenylamino-6,7-dimethyl anthraquionone.
NUM  4.
PAR  4. The composition of claim 1, containing a mixture of
      1,8-bis-p-methylphenylamino anthraquinone and
      2,3-bis-N-methyl-N-propylphenylamino-6,7-dimethyl anthraquinone.
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PAL  A process for preparing a suspension of a finely divided hardened resin
      which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5-10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100-50% by weight of benzoguanamine and
      0-50% by weight of melamine with formaldehyde in a ratio of 1 mole of the
      former to 1.2-3.5 moles of the latter to prepare an aqueous liquid of a
      soluble and fusible resin having a degree of modified water tolerance of
      0-150%, introducing this aqueous liquid to an aqueous solution of
      protective colloid with stirring to prepare an emulsion of a soluble and
      fusible resin, adding a curing catalyst to said emulsion, followed by
      holding same for at least one hour at a temperature in the range of
      40.degree.-60.degree.C., and thereafter heating the emulsion at a
      temperature in the range of 60.degree.-200.degree.C. under normal
      atmospheric or superatmospheric pressure to effect the hardening of the
      resin.
BSUM
PAR  This invention relates to a process for producing a finely divided hardened
      resin derived from the benzoguanamine type resin.
PAR  Processes for producing finely divided hardened resins by adding a curing
      catalyst such as sulfuric acid to an aqueous solution of an amino resin
      obtained by reacting either melamine or urea with formaldehyde and then
      curing the resin with stirring have been known in the past. However, these
      known processes possessed a number of shortcomings, since the amino resins
      would rapidly harden in the presence of the curing catalyst to become
      insoluble and infusible. For instance, in these processes it is necessary
      to conduct the hardening operation under strictly controlled conditions
      for obtaining a finely divided hardened resin having a uniform particle
      size. And even though the operation is carried out under such conditions,
      it still is difficult to make the particle size uniform. Further, when it
      is intended to produce colored finely divided hardened resins, there are
      imposed such restrictions as to the class of dye that can be used and the
      time of its use in the case of the conventional processes, it being
      possible to obtain colored finely divided hardened resins only by a
      procedure consisting of adding a water-soluble dyestuff when the amino
      resin is in an aqueous solution state and then hardening the resin.
      Moreover, when the dye is one which exhibits acidity, the hardening of the
      resin is accelerated by the addition of such a dye to form an insoluble
      and infusible hardened resin, with the consequence that the dyeing becomes
      unsatisfactory.
PAR  It is therefore an object of the present invention to provide a process by
      which colored or uncolored finely divided hardened amino resins of an
      uniform particle size can be produced without the accompaniment of the
      shortcomings such as seen in the case of the conventional processes. Other
      objects and advantages of the invention will become apparent from the
      following description.
PAR  According to this invention, a suspension of the intended finely divided
      hardened resin can be obtained by the following procedure. Formaldehyde
      and either benzoguanamine or a mixture of 100 - 50 weight % of
      benzoguanamine and 0 - 50 weight % of melamine, at a ratio of 1.2 - 3.5
      moles, and preferably 1.8 - 3.0 moles, of the formaldehyde per mole of the
      benzoguanamine or said mixture, are reacted preferably at a temperature of
      50.degree. - 100.degree.C. and a pH in the range of 5 - 10, using water as
      the reaction medium to prepare an aqueous liquid of a soluble and fusible
      resin whose degree of modified water tolerance is 0 - 150 %. The so
      obtained aqueous liquid is introduced to an aqueous solution of protective
      colloid with stirring to prepare an emulsion. After adding a curing
      catalyst to this emulsion and holding it for at least one hour at a
      temperature in the range of 40.degree. - 60.degree.C., it is heated at a
      temperature in the range of 60.degree. - 200.degree.C. at normal
      atmospheric or superatmospheric pressure to effect the hardening,
      whereupon is obtained a suspension of the intended finely divided hardened
      resin. A powder of the finely divided hardened resin can be obtained from
      this suspension by separating the hardened resin therefrom, followed by
      washing, drying and crushing of the aggregated product.
PAR  The expression "degree of modified water tolerance" (x), as used herein, is
      a measure which indicates the affinity for water of the foregoing soluble
      and fusible resin and can be determined in the following manner. In a test
      which comprises adding dropwise water to a solution in 5 grams of methanol
      of 2 grams of an aqueous reaction product of formaldehyde and either
      benzoguanamine or a mixture of benzoguanamine and melamine, while holding
      the temperature of the solution at 25.degree.C., the amount of water (W
      grams) required for causing the solution to become turbid is measured, and
      the degree of modified water tolerance (x) is then calculated as follows:
PAR  Degree of modified water tolerance
      ##EQU1##
PAR  The foregoing aqueous liquid of a soluble and fusible resin is one in which
      the resin which has been rendered hydrophobic is present in a state close
      to that of a water-in-oil emulsion. A soluble and fusible resin of this
      kind is soluble in such organic solvents as acetone, dioxane and methanol
      but is substantially insoluble in water. Further, this soluble and fusible
      resin possesses a strong affinity for dyestuffs and can be readily dyed,
      using any of the dyes regardless of whether the dye is one which is
      water-soluble or oil-soluble. For instance, this resin can be dyed with
      various dyestuffs, including such as the water-soluble monoazo dyes,
      water-soluble polyazo dyes, metal-containing azo dyes, disperse azo dyes,
      anthraquinone acid dyes, anthraquinone vat dyes, alizarine dyes, disperse
      anthraquinone dyes, indigo dyes, sulfide dyes, phthalocyanine dyes,
      diphenylmethane dyes, triphenylmethane dyes, nitro dyes, nitroso dyes,
      thiazole dyes, xanthene dyes, acridine dyes, azine dyes, oxazine dyes,
      thiazine dyes, benzoquinone dyes, naphthoquinone dyes and cyanine dyes.
PAR  In preparing the aforementioned soluble and fusible resin, the formaldehyde
      to be used may be any that produces formaldehyde, such as formalin,
      trioxane and paraformaldehyde. And of these, formalin is especially used
      with effectiveness. Again, the melamine must be used in an amount within
      the above-indicated range. When the amount used of the melamine exceeds
      the foregoing range, the affinity of the resulting resin for dyestuffs,
      and especially the oil-soluble dyestuffs, is greatly reduced. Further, the
      condensation reaction proceeds rapidly to make it impossible to obtain a
      soluble and fusible resin. Hence, the use of the melamine in excess is
      undesirable. Again, as regards the range of the pH, when the pH is less
      than 5 or exceeds 10, difficulty is experienced in controlling the
      reaction since the reaction speed is too fast. Further, as regards the
      degree of modified water tolerance, this also must be within the range
      specified. A degree of modified water tolerance in excess of 150 % is not
      suitable, because the affinity for water is too great, with the
      consequence that when the resin is to be emulsified by introduction into
      the aqueous solution of protective colloid with stirring, the resin is
      plasticized and softened by means of water to cause coagulation being set
      up between the individual emulsified particles. On the other hand, a
      degree of modified water tolerance of less than 0, i.e., a resin that does
      not dissolve at all in methanol, is also unsuitable, since in this case
      solubility of dyestuffs in the resin is poor and hence only the surface of
      the resin is dyed. In addition, the viscosity of the resinous liquid
      itself is too high to cause difficulty in carrying out the emulsification
      operation.
PAR  The dyeing of the soluble and fusible resin with dyestuffs can be readily
      carried out by various methods. For instance, by introducing an aqueous
      liquid of the soluble and fusible resin and the desired dye concurrently
      but separately to an aqueous solution of protective colloid with stirring,
      it is possible to not only obtain an emulsion of said resin but dye the
      resin as well. Again, it is also possible to obtain an emulsion of the
      soluble and fusible resin as well as to dye the resin at the same time,
      say, by a procedure consisting of introducing with stirring an aqueous
      liquid of the soluble and fusible resin to either an aqueous solution
      containing a protective colloid and a water-soluble dye or an aqueous
      liquid containing a protective colloid and an oil-soluble dye. Further, it
      is also possible to dye the soluble and fusible resin, say, by adding
      either a water-soluble or an oil-soluble dye to the emulsion of said resin
      followed by thorough stirring. In the case where the dyeing is carried out
      by using an oil-soluble dye, good results are obtained by a procedure of
      introducing the soluble and fusible resin to an aqueous liquid containing
      a protective colloid and an oil-soluble dye. In the case where the dyeing
      is carried out by a procedure consisting of adding the dye to the emulsion
      of the soluble and fusible resin in that substantially all of the dye
      migrates to said resin to achieve perfect dyeing of the resin. That a
      water-soluble dye or an oil-soluble dye preferentially migrates in this
      manner to the resin dispersed in the emulsion to provide good results is
      truly surprising. Thus, according to this method, it becomes possible to
      keep the emulsion of the soluble and fusible resin in storage and carrying
      out the dyeing of the resin by adding a dye, as required. The emulsion of
      the soluble and fusible resin of this invention is obtained by introducing
      an aqueous liquid of the soluble and fusible resin, such as hereinbefore
      described, to an aqueous solution of protective colloid held in a state of
      agitation, using an agitator that can provide a strong shearing force to
      the liquid, such, for example, as a colloid mill or a high speed agitator,
      followed by thorough stirring. It is a stable oil-in-water emulsion
      containing dispersed therein a resin of uniform particle size. A
      satisfactory emulsion cannot be obtained in this case by the introduction
      of the aqueous solution of protective colloid to the aqueous liquid of the
      soluble and fusible resin of relatively high temperature, the condition in
      which this liquid is during its preparation or immediately subsequent to
      its preparation. While the reason therefor is not entirely clear, it is
      believed that the protective colloid loses its activity due to its
      becoming dissolved in the resin.
PAR  As the protective colloid to be used, mention can be made of such as
      polyvinyl alcohol, carboxymethyl cellulose, sodium alginate, polyacrylic
      acid and water-soluble polyacrylates, of which conveniently used is poly
      vinyl alcohol in view of the stability of the emulsion obtained. Good
      results are obtained regardless of whether the polyvinyl alcohol is one
      which is completely or partially saponified or regardless of its degree of
      polymerization. The protective colloid is used in an amount of 0.5 - 30
      parts by weight, and preferably 1 - 5 parts by weight, per 100 parts by
      weight of the soluble and fusible resin. There is a tendency to the
      particle size of the resulting fine particles becoming smaller as the
      amount used of the protective colloid is increased. The protective colloid
      is used as an aqueous solution by dissolving it in water in advance of its
      use. Further, if necessary, it is possible to use a part of the total
      amount of the protection colloid to be used by dissolving a part of it in
      advance in water and using it as an aqueous solution and then using the
      rest by adding it along with an aqueous liquid of the soluble and fusible
      resin.
PAR  In the present invention the step of introducing the aqueous liquid of the
      soluble and fusible resin into the aqueous solution of protective colloid
      with stirring to render said resin into a stable emulsion is
      indispensable, and the feature of the present invention resides in
      submitting this stable emulsified resin to various treatments. It is in
      this point that the present invention differs fundamentally from the
      conventional processes which use the melamine or urea resin. For instance,
      in accordance with the present invention, the soluble and fusible resin
      stably emulsified in an aqueous liquid can be readily dyed with the
      dyestuffs. Again, even in the case of the oil soluble dyestuffs which are
      insoluble in water, the dyeing with these dyes can be readily accomplished
      when they are first dispersed in water and then added to the emulsion with
      stirring. Further, according to this invention, the dyeing of the soluble
      and fusible resin can be carried out by introducing an aqueous liquid of
      said resin into an aqueous solution of protective colloid in which either
      a water-soluble dye has been dissolved or an oil-soluble dye has been
      dispersed and suspended. A further surprising fact is that, in this
      invention, even in the case where such insoluble azo pigments as Benzidine
      Yellow, Hansa Yellow and Toluidine Red or the lake type pigments such as
      Lake Red C and Carmine 6B have been used, these pigments dissolve in the
      soluble and fusible resin to form colored, stable emulsions of the
      aforesaid resin. Needless to say, it is possible to dye the soluble and
      fusible resin before it is emulsified by adding the dye or pigment to the
      resin before its emulsification.
PAR  In contrast, when finely divided hardened resins are to be produced from,
      say, a melamine-formaldehyde resin in accordance with the conventional
      process, gelling inevitably arises when the reaction is carried out until
      the resin in the water-soluble stage is rendered hydrophobic as in the
      present invention, with the consequence that it becomes substantially
      difficult to effect the emulsification even though a protective colloid is
      used. Hence, it becomes necessary to carry the hardening reaction
      straightway from the water-soluble resin stage to the insoluble, infusible
      stage by the action of the catalyst. Thus, in accordance with the
      conventional process, it is not possible, as in the present invention, to
      go through the emulsion state of the soluble and fusible resin and, in
      consequence, as hereinbefore noted, a number of serious shortcomings are
      brought about. Again, in the case of a water-soluble resin predominantly
      of either melamine or urea, since the hardening reaction is completed
      within a very short time to immediately form an insoluble and infusible
      resin, its treatment can only be performed during the water-soluble stage
      of the resin. Hence, for instance, if this resin is to be dyed, the
      dyestuffs that can be used will be limited to the water-soluble dyes, and
      thus a variegated application of this finely divided hardened resin cannot
      be expected.
PAR  The soluble and fusible resin in an emulsified state can be converted to a
      finely divided hardened resin by adding a curing catalyst to the resinous
      emulsion followed by holding the emulsion in the presence of the catalyst
      at a temperature in the range of 40.degree. - 60.degree.C. for a period of
      at least one hour and preferably 2 - 10 hours, and thereafter effecting
      the hardening by raising the temperature to that in the range of
      60.degree. - 200.degree.C., and preferably 60.degree. - 160.degree.C. This
      finely divided hardened resin is obtained in the form of an aqueous
      suspension. When in this case the hardening of the resin is carried out
      without performing this pretreatment or by raising the temperature to
      above 60.degree.C. in a short time of less than one hour, partial or total
      aggregation of the soluble and fusible resin is set up to result in the
      formation of large particles or lumps in addition to the finely divided
      particles. Again, no proportionate enhancement in effects can be expected
      even though the resin is held for periods longer than 10 hours at the
      foregoing temperatures. Further, while a higher temperature is desirable
      for carrying out the hardening adequately, a temperature in excess of
      200.degree.C. is objectionable, since the resin is degraded to result in a
      decline in the properties of the hardened resin. When the hardening is
      carried out at a temperature in the range of 100.degree. - 200.degree.C.,
      the hardening is carried out under superatmospheric pressure. On the other
      hand, when the hardening is carried out at a relatively low temperature of
      the order ranging 60.degree. - 80.degree.C., for completing the curing
      reaction a procedure consisting of drying the hardened resin after its
      separation from the suspension and thereafter heating the resin at a
      temperature in the range of 100.degree. - 200.degree.C. is also effective.
PAR  As the curing catalyst, usable are the mineral acids such as hydrochloric,
      sulfuric and phosphoric acids, the ammonium salts of these mineral acids,
      the sulfonic acids such as benzenesulfonic, toluenesulfonic and
      dodecylbenzenesulfonic acids, the organic acids such as phthalic and
      benzoic acids, and sulfamic acid. These curing catalysts are effectively
      used in an amount in the range of 0.01 - 8 parts per 100 parts of the
      soluble and fusible resin.
PAR  By adding to a suspension of a finely divided hardened resin obtained as
      hereinabove described a strong acid such as a mineral acid or a sulfonic
      acid in a suitable amount, if necessary, to aggregate the particles of
      said resin, followed by separation by filtration, water-washing and drying
      the aggregates of the resin either under reduced pressure or atmospheric
      pressure with or without heating at a temperature ranging from room
      temperature to about 200.degree.C. and thereafter crushing the aggregates
      that have been formed by means of a secondary aggregative force, with a
      very slight force, say, a slight force of the order of that of lightly
      pressing the aggregates with the fingers, the finely divided hardened
      resin powder of the present invention can be obtained. As the method of
      heating to be used in this case, any of the heating methods including that
      of transferring the heat by means of conduction, radiation or convection,
      or a combination of these methods can be employed. However, preferred is
      the method of heat transfer using hot air in view of the excellence of the
      drying speed and uniformity of drying. By submitting the finely divided
      hardened resin, after its drying, to a heat treatment at a temperature in
      the range of 100.degree. - 200.degree.C., the thermal resistance, water
      resistance and resistance to chemicals of the intended resin can be
      enhanced. Hence, the resin is preferably submitted to such a heat
      treatment, as required. However, when the drying is carried out at a
      relatively high temperature, the drying and the heat treatment are
      concurrently performed. Hence, in such a case an additional heat treatment
      is not required. Needless to say, the finely divided hardened resin powder
      of the present invention demonstrates excellent properties regardless of
      whether or not a heat treatment is given.
PAR  A specific process for producing the finely divided hardened resins of this
      invention is carried out in the following manner. As one mode, either
      benzoguanamine or a mixture of benzoguanamine and melamine is added to
      formalin, the pH is adjusted to come within the range of 5 - 10, and
      thereafter the reaction is carried out at a temperature ranging between
      50.degree. and 100.degree.C. From the stage that the whole of the reaction
      system becomes a homogeneous solution, the reaction proceeds to result in
      the reaction system becoming turbid. When an aqueous resinous liquid whose
      degree of modified water tolerance ranges from 0 to 150 % is formed, this
      aqueous liquid is introduced with stirring to an aqueous solution
      containing a protective colloid in an amount in the range of 1 - 30 parts
      by weight based on the resin, thus obtaining an emulsion of a soluble and
      fusible resin. To this emulsion is then added a curing catalyst in an
      amount of 0.01 - 8 parts by weight per 100 parts by weight of the resin,
      following which the emulsion is held for at least one hour at a
      temperature of 40.degree. - 60.degree.C., and thereafter the hardening of
      the resin is carried out by raising the temperature to that ranging
      between 60.degree. and 200.degree.C. under normal atmospheric or
      superatmospheric pressure. Thus is obtained a suspension of a finely
      divided hardened resin. A suitable acid is added to this suspension to
      form aggregates of the resin by aggregation of the dispersed resin, if
      necessary. Then the aggregates of hardened resin are obtained by
      filtration, water-washed and thoroughly dried to remove the water. If
      necessary, the dried aggregates are than submitted to a heat treatment for
      0.5 - 10 hours at a temperature in the range of 100.degree. -
      200.degree.C. Now, by crushing the aggregates by application of a slight
      force, a finely divided hardened resins can be obtained.
PAR  Various modifications of the foregoing invention process, without deviating
      from the scope thereof, can be mentioned. For instance, the aqueous liquid
      of the soluble and fusible resin and either a water-soluble or an
      oil-soluble dyestuff in an amount of 0.01 - 30 parts by weight per 100
      parts by weight of the resin are concurrently but separately introduced
      with stirring to an aqueous solution of protective colloid to obtain an
      emulsion of the soluble and fusible resin. This is followed by the
      addition of a curing catalyst and thereafter holding this emulsion for at
      least 1 hour at a temperature in the range of 40.degree. - 60.degree.C.,
      followed by hardening the resin by raising the temperature to that in the
      range of 60.degree. - 200.degree.C. By operating thus, a suspension of a
      dyed, finely divided hardened resin can be obtained. Again, a suspension
      of a dyed, finely divided hardened resin can also be prepared by a
      procedure consisting of introducing the aqueous liquid of the soluble and
      fusible resin with stirring to either an aqueous solution containing a
      protective colloid and a water-soluble dyestuff or an aqueous liquid
      containing a protective colloid and an oil-soluble dyestuff to obtain an
      emulsion of the soluble and fusible resin, followed by adding a curing
      catalyst and holding the emulsion for at least 1 hour at a temperature in
      the range of 40.degree. - 60.degree.C., and thereafter hardening the resin
      by raising the temperature to that in the range of 60.degree. -
      200.degree.C. under normal atmospheric or superatmospheric pressure. As
      another procedure, a suspension of a dyed, finely divided hardened resin
      can also be prepared by adding either a water-soluble or an oil-soluble
      dyestuff and a curing catalyst to the emulsion of the soluble and fusible
      resin, followed by holding the emulsion for at least one hour at a
      temperature in the range of 40.degree. - 60.degree.C. and thereafter
      hardening the resin by raising the temperature to that in the range of
      60.degree. - 200.degree.C. under normal atmospheric or superatmospheric
      pressure. By adding to the suspension of a dyed, finely divided hardened
      resin obtained by these methods a suitable acid, if necessary, to
      aggregate the dispersed resin into aggregates, followed by obtaining the
      aggregates by filtration, water-washing, removing the water by thorough
      drying and, if necessary, heat treating the dried aggregates for 0.5 - 10
      hours at a temperature of 100.degree. - 200.degree.C., and thereafter
      crushing the aggregates, a dyed, finely divided hardened resin can be
      obtained.
PAR  The finely divided hardened resin of the present invention obtained as
      hereinbefore described, being a spheroidal hardened resin of particle size
      of the order ranging from 0.1 - 10 microns, retains with no impairment at
      all the various excellent properties that are essentially possessed by the
      benzoguanamine type resins, such, for example, as superior thermal
      resistance, water resistance, resistance to solvents and resistance to
      attack by chemicals as well as an excellent affinity for the various other
      resins. Hence, the finely divided hardened resin of this invention can be
      used for various purposes. For instance, the undyed, finely divided
      hardened resin can be effectively used as obtained along with a
      fluorescent brightener as a white, lightweight filler of the various
      thermoplastic or thermosetting resins or rubber. Further, it can be
      effectively used as a white pigment in such fields as the thermoplastic
      resin, thermosetting resin, rubber, paint, printing ink, textile printing
      and coated paper fields. On the other hand, the dyed, finely divided
      hardened resin can be effectively used as a pigment in such fields as the
      plastics, rubber, paint, printing ink, textile printing and coated paper
      fields. This resin is suitable for use in the case of especially the
      coloration of those thermoplastic resins which involve heating at elevated
      temperatures of 200.degree.  - 300.degree.C. during their molding, since
      the this resin excels in thermal resistance and resistance to bleeding.
PAR  The finely divided hardened resin obtained in accordance with the invention
      process by hardening of the emulsion of the soluble and fusible resin
      after addition thereto of an ultraviolet absorbent is readily managed as a
      master batch of an ultraviolet absorbent and can be effectively used in
      such fields as the plastics, rubber, paint and printing ink fields.
DETD
PAR  The following examples will be given for more fully illustrating the
      invention. Unless otherwise noted, the parts in the example are on a
      weight basis.
PAC  EXAMPLE 1
PAR  A 4-necked flask equipped with a stirrer, a reflux condenser and a
      thermometer was charged with 150 parts of benzoguanamine, 130 parts of
      formalin (formaldehyde content 37 %) and 0.52 part of a 10 % aqueous
      solution of sodium carbonate. The pH of the mixture was 8.0. While
      agitating this mixture, its temperature was raised to 95.degree.C., and
      its reaction was carried out for 5 hours to obtain an aqueous liquid of a
      soluble and fusible resin having a degree of modified water tolerance of
      60 %.
PAR  Separately, an aqueous protective colloid solution was prepared by
      dissolving in 750 parts of water 8 parts of Kuraray Poval 205 [a partially
      (87 - 89 mol %) saponified product of polyvinyl acetate (degree of
      polymerization 500) produced by Kuraray Co., Ltd., Japan]. After raising
      the temperature of this aqueous solution to 90.degree.C., it was stirred
      at 7,000 rpm with a high speed agitator (Homomixer, Model HV-M
      manufactured by Tokushu Kikako Co., Ltd., Japan). While this aqueous
      solution of protective colloid was being stirred, the foregoing aqueous
      liquid of a soluble and fusible resin having a degree of modified water
      tolerance of 60 % was introduced to the aqueous solution of protective
      colloid to obtain a white emulsion. After cooling the so obtained emulsion
      to 40.degree.C., 2 parts of dodecylbenzenesulfonic acid was added, after
      which the emulsion was held for 2 hours at a temperature of 40.degree.C.
      while it was being gently stirred with a horseshoe type agitator, followed
      by stirring the emulsion for 2 hours each at the several temperatures of
      50.degree., 60.degree. and 90.degree.C. thereby hardening the resin and
      obtaining a suspension of a finely divided hardened resin.
PAR  The finely divided hardened resin was then separated from the suspension by
      filtration and water-washed, following which the filter cake was heated
      for 5 hours at 150.degree.C. to obtain 178 parts of aggregate of a finely
      divided hardened resin. When these aggregates were crushed by the
      application of a weak force of the order of that of pressing lightly with
      the fingers, a white, finely divided hardened resin was obtained.
PAR  When the so obtained finely divided hardened resin was examined with a
      scanning type electron microscope, the particles were found to be
      spheroidal and of an average particle size of 0.8 micron in diameter.
      Further, the compatibility of this finely divided hardened resin with the
      various organic solvents such as methanol, ethanol, isopropyl alcohol,
      butanol, ethyl acetate, butyl acetate, methyl cellosolve, ethyl
      cellosolve, acetone, methyl ethyl ketone, toluene and xylene was extremely
      good. Moreover, this finely divided hardened resin was not swelled or
      dissolved at all by these organic solvents. In addition, even though this
      finely divided harded resin was heated at a temperature in excess of
      250.degree.C., such phenomena as fusion or melting were not noted.
PAR  Further, for confirming that the resin having a degree of modified water
      tolerance of 60 % obtained in this example is a soluble and fusible resin,
      the following experiment was conducted.
PAR  Three parts of paratoluenesulfonic acid was added to 1000 parts of the
      foregoing emulsion, following which a cotton linter paper of 6 mils was
      impregnated with the emulsion. The impregnated paper was then dried for 8
      hours in 100 C. hot air to obtain an impregnated paper whose resinous
      content was 52% and volatile content was 5.3 %. Eight sheets of the
      impregnated paper were piled one on top of the other and hot pressed for
      10 minutes under the conditions of a pressure of 30 kg/cm.sup.2 and a
      temperature of 150.degree.C. to obtain a 1.5-mm-thick laminated sheet.
      This laminated sheet was then measured for its resistance in accordance
      with the procedure described in the JIS K-6911, with the results shown
      below.
TBL  ______________________________________                                    
     Normal state        3.8 .times. 10.sup.11 .OMEGA.                         
     After boiling for 2 hours                                                 
                         5.5 .times. 10.sup.9 .OMEGA.                          
     ______________________________________                                    
PAC  CONTROL 1
PAR  To a four-necked flask of the same kind as that used in Example 1 were
      charged 150 parts of benzoguanamine, 130 parts of formalin (formaldehyde
      content 37%) and 0.52 part of a 10 % aqueous solution of sodium carbonate.
      The pH of the mixture was 8.0. While stirring this mixture, it was reacted
      for 3 hours at a temperature of 95.degree.C. to obtain an aqueous liquid
      of a resin having a degree of modified water tolerance of 200 %. When this
      resin was used and an emulsion was prepared by following the procedure
      described in Example 1, lumps were formed in a part of the emulsion even
      while it was being stirred, and while the emulsion was being cooled to
      40.degree.C., a major portion of the emulsion was coagulated in the
      meanwhile.
PAC  CONTROL 2
PAR  When to an emulsion of a soluble and fusible resin prepared by operating as
      in Example 1 was added dodecylbenzenesulfonic acid in like manner followed
      by heating the emulsion for 2 hours at a temperature of 70.degree.C., the
      particles became large and in part of the emulsion were formed aggregates
      which adhered to the wall of the vessel.
PAC  EXAMPLE 2
PAR  A 4-necked flask of the same kind as that used in Example 1 was charged
      with 120 parts of benzoguanamine, 30 parts of melamine, 162 parts of
      formalin (formaldehyde content 37 %) and 0.65 part of a 10 % aqueous
      solution of sodium carbonate. The pH of the mixture was 8.0. While
      stirring this mixture, its temperature was raised to 95.degree.C. and its
      reaction was carried out for 4.5 hours to obtain an aqueous liquid of a
      soluble and fusible resin having a degree of modified water tolerance of
      95 %.
PAR  Separately, an aqueous solution of protective colloid was prepared by
      dissolving in 600 parts of water 8.5 parts of Kuraray Poval 117 [a
      completely saponified product of polyvinyl acetate (degree of
      polymerization 1700) produced by Kuraray Company]. After raising the
      temperature of this aqueous solution to 80.degree.C., it was stirred at
      about 5000 rpm with Homomixer. To this aqueous solution of protective
      colloid was then introduced the foregoing aqueous liquid of a soluble and
      fusible resin having a degree of modified water tolerance of 95 % to
      obtain a white emulsion. After cooling this emulsion to 40.degree.C. and
      adding 3 parts of paratoluenesulfonic acid thereto, it was held for 1.5
      hours at 50.degree.C. while gently being stirred with a horseshoe type
      agitator, followed by holding the emulsion for 2 hours each at the several
      temperatures of 60.degree., 70.degree. and 90.degree.C. to effect the
      hardening of the resin thereby obtaining a suspension of a finely divided
      hardened resin.
PAR  The finely divided hardened resin was separated from the suspension by
      filtration and water-washed, after which the filter cake was dried for 2
      hours with 80.degree.C. hot air. This was followed by heating the resin
      for 3 hours at a temperature of 140.degree.C. to obtain 193 parts of
      aggregates of a finely divided hardened resin. The aggregates were crushed
      by the application of a weak force of the order of that of lightly
      pressing with the fingers to obtain a white resin powder.
PAR  When this powder was examined with a scanning type electron microscope, it
      was found that the particles were spheroidal and of an average particle
      size of 0.65 micron in diameter. Further, the compatibility of this powder
      with the various organic solvents such as methanol, ethanol, isopropyl
      alcohol, butanol, ethyl acetate, butyl acetate, methyl cellosolve, ethyl
      cellosolve, acetone, methyl ethyl ketone, toluene or xylene was extremely
      good. Moreover, this powder was not swelled or dissolved at all by these
      organic solvents. In addition, even though this powder was heated at a
      temperature in excess of 250.degree.C., such phenomena as fusion or
      melting were not noted.
PAC  EXAMPLE 3
PAR  To 100 parts of the emulsion of a soluble and fusible resin obtained as in
      Example 1 was added 0.04 part of a fluorescent brightening agent (Kayaphor
      C conc., Color Index = Fluorescent Brightening Agent 168, produced by
      Nippon Kayaku Co., Ltd., Japan), after which the experiment was operated
      as in Example 1 to obtain a white resin powder.
PAR  On examination of the so obtained product with a scanning type electron
      microscope, it was found to be a powder having an average particle size of
      0.8 micron in diameter.
PAC  EXAMPLE 4
PAR  An emulsion of a soluble and fusible resin obtained as in Example 2 was
      dyed by adding to 900 parts thereof 2 parts of Rhodamine B (Color Index =
      45170) and 2 parts of Rhodamine 6GCP (Color Index = 45160), after which
      the subsequent operations were carried out as in Example 2 to obtain 194
      parts of a resin powder having a pink daylight fluorescent color.
PAR  The average particle size of this rsein powder was 0.65 in diameter.
PAC  EXAMPLE 5
PAR  To 280 parts of an emulsion and fusible resin obtained as in Example 1 was
      added one part of 2-(2'-hydroxy-5'-methyl-phenyl)benzotriazole as an
      ultraviolet absorbent and, after its dissolution in the emulsion, the
      experiment was carried out as in Example 1 to obtain 178.5 parts of a
      white, finely divided hardened resin containing an ultraviolet absorbent.
PAC  EXAMPLE 6
PAR  A 4-necked flask such as used in Example 1 was charged with 150 parts of
      benzoguanamine, 162 parts of formalin (formaldehyde content 37 %) and 6.4
      parts of a 10 % aqueous solution of sodium carbonate. The pH of the
      mixture was 8.0. While stirring this mixture, its temperature was raised
      to 92.degree.C. and its reaction was carried out for 4 hours to obtain an
      aqueous liquid of a soluble and fusible resin having a degree of modified
      water tolerance of 78 %.
PAR  Separately, 10 parts of Gohsenol NL05 [a completely (98.5 - 100 mol %)
      saponified product of polyvinyl acetate, degree of polymerization below
      1000, produced by Nippon Synthetic Chemical Co., Ltd., Japan] was
      dissolved in 800 parts of water, followed by the addition of 30 parts of
      Styrene Yellow G (an oil-soluble dye produced by Badische Anilin- &
      Soda-Fabrik Aktiengesellschaft) and thereafter stirring and dispersing the
      dye with Homomixer. To this dispersion was then introduced with stirring
      the foregoing aqueous liquid of a soluble and fusible resin having a
      degree of modified water tolerance of 78 % to obtain a yellow emulsion by
      stirring at 8000 rpm with Homomixer. After cooling this emulsion to
      40.degree.C., 4 parts of dodecylbenzenesulfonic acid was added, followed
      by heating the emulsion for 2 hours each at the several temperatures of
      40.degree., 50.degree., 60.degree., 70.degree. and 90.degree.C. while
      stirring the emulsion with a horseshoe type agitator, thus obtaining a
      suspension of a finely divided hardened resin.
PAR  The finely divided hardened resin was then separated by filtration and
      water-washed, after which the filter cake was dried for 1 hour with
      90.degree.C. hot air and then heated for 4 hours at a temperature of
      150.degree.C. to obtain 203 parts of aggregates of a finely divided
      hardened resin. When these aggregates were crushed by the application of a
      weak force of the order of that of lightly pressing with the fingers, a
      yellow resin powder was obtained.
PAR  When this yellow powder was examined with a scanning type electron
      microscope, it was found to be composed of speroidal particles having an
      average particle diameter of 0.92 micron.
PAR  This yellow powder was added to polypropylene (produced by Sumitomo
      Chemical Co., Ltd., Japan) at the rate of 0.2 part of the former per 100
      parts of the latter to impart coloring by the dry coloring technique,
      after which the colored polypropylene was injection molded with an
      injection machine under the conditions of cylinder temperatures of
      respectively 250.degree. and 300.degree.C. to obtain 3-mm-thick test
      specimens each having the dimensions of 43 .times. 77 mm. On comparison of
      the color of these specimens, no difference could be noted. That is to
      say, a change in the color due to the temperature of the cylinder could
      not be discerned.
PAR  The specimens and a white sheet of soft polyvinyl chloride were placed one
      on top of the other and left to stand for 3 days at a temperature of
      30.degree.C. with a 500-gram load placed atop the superposed sheets, after
      which the soft polyvinyl chloride sheet was examined. No transfer of color
      was noted. Further, the specimens were exposed for 400 hours to a
      fade-o-meter, but no fading was noted.
PAR  Again, by way of comparison, test specimens prepared in similar manner by
      injection molding, except that chrome yellow was used instead of the
      yellow, finely divided hardened resin, were compared with the test
      specimens obtained in accordance with the present invention. This
      comparison showed that the yellow, finely divided hardened resin was
      superior to chrome yellow pigment in tinting strength.
PAC  EXAMPLE 7
PAR  Example 6 was repeated, except that, instead of the Styrene Yellow G, Aizen
      Spilon Yellow GRH (a product of Hodogaya Chemical Co., Ltd., Japan, Color
      Index= Solvent Yellow 61) was used to obtain a yellow, finely divided
      hardened resin.
PAC  EXAMPLE 8
PAR  A paste obtained by mixing 20 parts of Sumiplast HL2R (an oil-soluble dye
      produced by Sumitomo Chemical Co., Ltd., Japan), one part of Emulgen 930
      (Polyoxyethylene nonyl phenol ether, a nonionic surfactant produced by Kao
      Atlas Co., Ltd., Japan) and 50 parts of water was mixed with an emulsion
      of a soluble and fusible resin obtained as in Example 1,  following which
      the mixture was stirred for 1 hour at 50.degree.C. to effect the solution
      of the oil-soluble dye in the resin side by its migration thereto. The
      subsequent operations were carried out as in Example 1 to obtain a yellow
      powder.
PAR  Test specimens were prepared with this yellow powder following the
      procedure described in Example 6. When the bleeding test with the white
      polyvinyl chloride sheet was carried out on these specimens, there was no
      bleeding at all.
PAC  EXAMPLE 9
PAR  A 4-necked flask such as used in Example 1 was charged with 150 parts of
      benzoguanamine, 162 parts of formalin (formaldehyde content 37 %) and 0.65
      part of a 10 % aqueous solution of sodium carbonate. The pH of the mixture
      was 8.0. While stirring this mixture, it was reacted for 5 hours at
      93.degree.C. to obtain an aqueous liquid of a soluble and fusible resin
      having a degree of modified water tolerance of 50 %.
PAR  Separately, 30 parts of Styrene Yellow G and 4 parts of Kuraray Poval 205
      were added to 176 parts of water to obtain a dye suspension.
PAR  Further, there also was prepared separately an aqueous solution of
      protective colloid by preparing a solution in 700 parts of water of
      Kuraray Poval 205, followed by raising the temperature of this aqueous
      solution to 80.degree.C. and stirring same at 7000 rpm with Homomixer.
PAR  The aforesaid aqueous liquid of a soluble and fusible resin having a degree
      of modified water tolerance of 50 % and the dye suspension were then
      introduced concurrently but separately to the foregoing aqueous solution
      of protective colloid with stirring to obtain a colored emulsion. After
      cooling this emulsion to 40.degree.C. and adding 6 parts of
      dodecylbenzenesulfonic acid thereto, it was heated for 2 hours each at the
      several temperatures of 40.degree., 50.degree. and 70.degree.C. while
      being gently stirred to obtain a suspension of a finely divided hardened
      resin.
PAR  The finely divided hardened resin was separated by filtration and
      water-washed, after which the filter cake was dried for 4 hours with
      80.degree.C. hot air and then heated for 4 hours at 150.degree.C. to
      obtain 212 parts of aggregates of a yellow, finely divided hardened resin.
      These aggregates were readily crushed by a slight pressure to provide
      powder.
PAR  When this powder was examined with a scanning type electron microscope, it
      was found to be composed of spheroidal particles whose average diameter
      was 0.85 micron.
PAC  EXAMPLE 10
PAR  By operating as in Example 9  an aqueous liquid of a soluble and fusible
      resin having a degree of modified water tolerance of 50 % was prepared.
PAR  Separately, an aqueous solution was prepared by dissolving 6.8 parts of
      Kuraray Poval 205 in 610 parts of water, after which the temperature of
      this aqueous solution was raised to 80.degree.C. followed by stirring it
      at 7,000 rpm with Homomixer to prepare an aqueous solution of protective
      colloid. The foregoing soluble and fusible resin having a degree of
      modified water tolerance of 50 % was then introduced to this aqueous
      solution of protective colloid with stirring to obtain a white emulsion.
PAR  After cooling the emulsion to 30.degree.C., 16.8 parts of Aminyl Yellow
      E-GNL (an acid dye produced by Sumitomo Chemical Co., Ltd., Color Index =
      Acid Yellow 19) was added and disssolved therein, following which
      dissolved parts of 1 normal hydrochloric acid and 9 parts of
      paratoluenesulfonic acid were added. The emulsion was then heated for 2
      hours each at the several temperatures of 40.degree., 50.degree.,
      70.degree. and 90.degree.C. while being gently stirred to effect the
      hardening of the resin, thus obtaining a suspension of a finely divided
      hardened resin.
PAR  The finely divided hardened resin was separated by filtration and
      water-washed, after which the filter cake was dried for 3 hours with
      80.degree.C. hot air and thereafter heated for 3 hours at 150.degree.C. to
      obtain 191 parts of aggregates of a yellow, finely divided hardened resin.
      These aggregates were readily crushed by a slight pressure to provide a
      yellow powder.
PAR  When this powder was examined with a scanning type electron microscope, it
      was found to be composed of spheroidal particles having an average
      diameter of 0.65 micron.
PAC  EXAMPLE 11
PAR  A 4-necked flask such as used in Example 1 was charged with 150 parts of
      benzoguanamine, 130 parts of formalin (formaldehyde content 37 %) and 0.52
      part of a 10 % aqueous solution of sodium carbonate, and a mixture having
      a pH of 8.0 was obtained. While stirring this mixture, its temperature was
      raised to 95.degree.C., and its reaction was carried out for 4 hours to
      obtain a soluble and fusible resin having a degree of modified water
      tolerance of 60 %.
PAR  Separately, 4 parts of Kuraray Poval 205 was dissolved in 690 parts of
      water, after which the temperature of this aqueous solution was raised to
      90.degree.C. This aqueous solution was then stirred at 7000 rpm with
      Homomixer. This was followed by introducing the foregoing soluble and
      fusible resin having a degree of modified water tolerance of 60 % to the
      aqueous Kuraray Poval 205 solution with stirring to obtain a white
      emulsion. This emulsion was cooled to 35.degree.C. Next, a homogeneous
      dispersion of 10 parts of Dianix Fast Brilliant Yellow 5GM/D (a product of
      Mitsubishi Chemical Co., Ltd., Japan, Color Index = Disperse Yellow 71) in
      120 parts of water was introduced to the white emulsion, followed by the
      addition of 20 parts of 1normal hydrochloric acid with stirring. The
      temperature of the emulsion was then raised to 40.degree.C. while gently
      stirring same with a horseshoe type agitator, at which temperature the
      emulsion was then held for 2 hours. This was followed by maintaining the
      temperature of the emulsion for 2 hours each at both the temperatures of
      50.degree. and 70.degree.C. followed by raising the temperature to
      90.degree.C., at which latter temperature the emulsion was held for 3
      hours to obtain a suspension of a finely divided hardened resin.
PAR  The colored finely divided hardened resin was separated from the so
      obtained suspension by filtration and water-washed, after which the filter
      cake was dried for 2 hours at 80.degree.C. followed by heating for 4.5
      hours at a temperature of 150.degree.C. to obtain 191 parts of aggregates
      of a yellow, finely divided hardened resin. It was possible to crush these
      aggregates with a weak force of the order of that of lightly pressing with
      the fingers to obtain a yellow powder.
PAR  When this powder was examined with a scanning type electron microscope, it
      was found to be composed of spheroidal particles of an average diameter of
      0.65 micron.
PAC  EXAMPLE 12
PAR  Except that, as the dye, Sumikaron Red 3G (a product of Sumitomo Chemical
      Co., Ltd., Color Index = Disperse Red 43) was used instead of Dianix Fast
      Brilliant Yellow 5GM/D, the experiment was otherwise carried out as in
      Example 11 to obtain a red, finely divided hardened resin.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a suspension of a finely divided hardened resin
      which comprises, in combination, the steps of reacting in an aqueous
      medium at pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150 %, introducing said aqueous liquid to an aqueous solution of
      protective colloid with stirring to prepare an emulsion of a soluble and
      fusible resin, adding a curing catalyst to said emulsion, followed by
      holding same for at least 1 hour at a temperature in the range of
      40.degree. - 60.degree.C., and thereafter heating the emulsion at a
      temperature in the range of 60.degree. - 200.degree.C. under normal
      atmospheric or superatmospheric pressure to effect the hardening of the
      resin.
NUM  2.
PAR  2. A process for preparing a suspension of a dyed, finely divided hardened
      resin which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150%, introducing said aqueous liquid and a dyestuff selected from
      the group consisting of water-soluble or oil-soluble dyes concurrently but
      separately to an aqueous solution of protective colloid with stirring to
      prepare an emulsion of a dyed soluble and fusible resin, adding a curing
      catalyst to said emulsion, followed by holding same for at least 1 hour at
      a temperature in the range of 40.degree. - 60.degree.C., and thereafter
      heating the emulsion at a temperature in the range of 60.degree. -
      200.degree.C. under normal atmospheric or superatmospheric pressure to
      effect the hardening of the resin.
NUM  3.
PAR  3. A process for preparing a suspension of a dyed, finely divided hardened
      resin which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150 %, introducing said aqueous liquid with stirring to an aqueous
      solution selected from the group consisting of an aqueous solution
      containing a protective colloid and a water-soluble dye and an aqueous
      solution containing a protective colloid and an oil-soluble dye to prepare
      an emulsion of a dyed soluble and fusible resin, adding a curing catalyst
      to said emulsion, followed by holding same for at least one hour at a
      temperature in the range of 40.degree. - 60.degree.C., and thereafter
      heating the emulsion at a temperature in the range of 60.degree. -
      200.degree.C. under normal atmospheric or superatmospheric pressure to
      effect the hardening of the resin.
NUM  4.
PAR  4. A process for preparing a suspension of a dyed finely divided hardened
      resin which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150%, introducing said aqueous liquid to an aqueous solution of
      protective colloid with stirring to prepare an emulsion of a soluble and
      fusible resin, adding a dyestuff selected from the group consisting of
      water-soluble or oil-soluble dyes to said emulsion, and adding a curing
      catalyst, followed by holding same for at least one hour at a temperature
      in the range of 40.degree. - 60.degree.C., and thereafter heating the
      emulsion at a temperature in the range of 60.degree. - 200.degree.C. under
      normal atmospheric or superatmospheric pressure to effect the hardening of
      the resin.
NUM  5.
PAR  5. A process for producing a finely divided hardened resin powder which
      comprises, in combination, the steps of reacting in an aqueous medium at a
      pH of 5 - 10 a member selected from the group consisting of benzoguanamine
      and a mixture of 100 - 50% by weight of benzoguanamine and 0 - 50 % by
      weight of melamine with formaldehyde in a ratio of 1 mole of the former to
      1.2 - 3.5 moles of the latter to prepare an aqueous liquid of a soluble
      and fusible resin having a degree of modified water tolerance of 0 - 150
      %, introducing said aqueous liquid to an aqueous solution of protective
      colloid with stirring to prepare an emulsion of a soluble and fusible
      resin, adding a curing catalyst to said emulsion, followed by holding same
      for at least one hour at a temperature in the range of 40.degree. -
      60.degree.C., then heating the emulsion at a temperature ranging between
      60.degree. and 200.degree.C. to harden the resin thereby forming a
      suspension of a finely divided hardened resin, separating the hardened
      resin from the suspension, waterwashing and drying the resin, and
      thereafter crushing same into finely divided particles.
NUM  6.
PAR  6. A process for producing a dyed, finely divided hardened resin powder
      which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150 %, introducing said aqueous liquid and a dyestuff selected from
      the group consisting of water-soluble or oil-soluble dyes concurrently but
      separately to an aqueous solution of protective colloid with stirring to
      prepare an emulsion of a dyed soluble and fusible resin, adding a curing
      catalyst to said emulsion, followed by holding same for at least one hour
      at a temperature in the range of 40.degree. - 60.degree.C., then heating
      the emulsion at a temperature ranging between 60.degree. and 200.degree.C.
      to harden the resin thereby forming a suspension of a dyed, finely divided
      hardened resin, separating the hardened resin from the suspension,
      water-washing and drying the resin, and thereafter crushing same into
      finely divided particles.
NUM  7.
PAR  7. A process for producing a dyed, finely divided hardened resin powder
      which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50 % by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150 %, introducing said aqueous liquid with stirring to an aqueous
      solution selected from the group consisting of an aqueous solution
      containing a protective colloid and a water-soluble dye and an aqueous
      solution containing a protective colloid and an oil-soluble dye to prepare
      an emulsion of a dyed soluble and fusible resin, adding a curing catalyst
      to said emulsion, followed by holding same for at least one hour at a
      temperature in the range of 40.degree. - 60.degree.C., then heating the
      emulsion at a temperature ranging between 60.degree. and 200.degree.C. to
      harden the resin thereby forming a suspension of a dyed finely divided
      hardened resin, separating the hardened resin from the suspension,
      water-washing and drying the resin, and thereafter crushing same into
      finely divided particles.
NUM  8.
PAR  8. A process for producing a dyed, finely divided hardened resin powder
      which comprises, in combination, the steps of reacting in an aqueous
      medium at a pH of 5 - 10 a member selected from the group consisting of
      benzoguanamine and a mixture of 100 - 50 % by weight of benzoguanamine and
      0 - 50% by weight of melamine with formaldehyde in a ratio of 1 mole of
      the former to 1.2 - 3.5 moles of the latter to prepare an aqueous liquid
      of a soluble and fusible resin having a degree of modified water tolerance
      of 0 - 150 %, introducing said aqueous liquid to an aqueous solution of
      protective colloid with stirring to prepare an emulsion of a soluble and
      fusible resin, adding a dyestuff selected from the group consisting of
      water-soluble or oil-soluble dyes to said emulsion, and adding a curing
      catalyst, followed by holding same for at least one hour at a temperature
      in the range of 40.degree. - 60.degree.C., then heating the emulsion at a
      temperature ranging between 60.degree. and 200.degree.C. to harden the
      resin thereby forming a suspension of a dyed finely divided hardened
      resin, separating the hardened resin from the suspension, water-washing
      and drying the resin, and thereafter crushing same into finely divided
      particles.
NUM  9.
PAR  9. A finely divided hardened resin powder produced by a process of claim 5.
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ABST
PAL  A light stable polyurethane elastomer is prepared in the absence of solvent
      from a polyol, a chain extender and an aliphatic polyisocyanate using a
      thio tin organic compound, containing sulfur directly attached to the tin,
      as a heat activated catalyst. E.g., a solventless liquid composition
      comprising an hydroxy-terminated polyester, a chain extender, and
      hydrogenated MDI, containing dibutyltin S,S-bis(isooctyl mercaptoacetate)
      as a catalyst, has a pot life in excess of 25 minutes at room temperature
      but upon heating 1 minute at 375.degree.F. gels to a solid state. Because
      of this combination of long pot life and rapid cure, the composition is
      suitable for such applications as making coated fabrics and films, and in
      other liquid processing techniques, e.g., rotational casting, liquid
      injection molding, and the like.
BSUM
PAR  This invention relates to a polyurethane elastomer composition and to a
      method of making shaped articles therefrom.
PAR  It is desirable to have a liquid polyurethane system which would have long
      pot life at ambient temperature but yet could be activated by heating to
      produce a rapid cure when desired. Phenyl mercury propionate is a catalyst
      which, in a liquid polyurethane formulation based on the aromatic
      isocyanate MDI [methylene bis(4-phenylisocyanate)] gives a prolonged pot
      life of approximately 30 minutes at room temperature yet gives a rapid
      cure of one minute at 375.degree.F. Unfortunately, this desirable long pot
      life/short cure time combination is not obtained when such mercury
      catalysts are used with the aliphatic isocyanates that are necessary for
      light stable polyurethanes.
PAR  Urethane coated fabrics are generally produced from either solvent based or
      100% reactive non-light stable polyurethane compositions using aromatic
      polyisocyanates. These systems give rise to discoloration in use caused by
      the interaction of the aromatic polyisocyanate with light. Light stable
      systems based on wholly reacted polymers from aliphatic polyisocyanates
      are available as solvent solutions. The attendant problem with solvents,
      cost, pollution, safety, solvent recovery, all make such systems
      undesirable. Consequently there is a need for a solvent-free light stable
      liquid polyurethane system. It is desirable that such solventless liquid
      system be utilizable on conventional vinyl casting or coating apparatus.
      This requires a catalyst which provides both long pot life (to prevent
      gelation during coating, allow for equipment slow down, and easy clean up)
      and a rapid cure at conventional vinyl temperatures (e.g., 1 min. at
      300.degree.-400.degree.F.) to minimize the oven length needed.
PAR  Unfortunately, the mercury catalysts useful with aromatic isocyanates are
      ineffective with aliphatic isocyanates, producing very weak improperly
      cured films. Furthermore mercury catalysts are a health hazard and are
      restricted in use by Federal and state laws. Delayed action amine
      catalysts have also been found to be ineffective. On the other hand,
      conventional tin catalysts such as dibutyl tin dilaurate and stannous
      octoate produce good quality polyurethane elastomers from the aliphatic
      isocyanate hydrogenated MDI. The reaction is very rapid however, giving a
      pot life of less than 15 minutes which is unacceptable for factory
      processing by normal practical techniques.
PAR  The present invention is based on the surprising discovery that, in a light
      stable solvent free urethane elastomer composition based on aliphatic
      isocyanate, a thio-tin organic compound containing sulfur directly
      attached to tin serves as a heat activated catalyst which gives long pot
      life at ambient temperature, in combination with rapid cure at elevated
      temperature, to produce a film, coating, casting, or the like having
      excellent physical properties. This is particularly unexpected in view of
      the fact that these same thio tin organic compounds containing sulfur
      directly attached to tin do not give a long pot life with urethane
      compositions based on aromatic isocyanates, such as MDI and TDI. With
      aromatic isocyanates the instant catalysts merely act in the same way as
      conventional tin catalysts such as dibutyl tin dilaurate, that is, the pot
      life is too short for practical factory processing. The critical nature of
      the presently employed catalyst is emphasized by the fact that various
      organo tin compounds containing sulfur in the organic structure but not
      directly attached to the tin do not catalyze the present urethane system
      at all, i.e., it could not be cured after 3 minutes in a 350.degree.F.
      oven.
PAR  U.S. Pat. No. 3,392,128, Hostettler et al., July 9, 1968, discloses
      catalysts for polyurethane compositions which are organo tin compounds
      having at least one carbon to tin bond, preferably with intensifying bonds
      from tin to halogen, hydrogen, oxygen, sulfur, nitrogen or phosphorus
      atoms. Among the numerous compounds listed by Hostettler et al. is
      dibutyltin bis(octyl thioglycolate) [also called dibutyltin bis(octyl
      mercaptoacetate)]. Rapid cure under ambient conditions is emphasized by
      Hostettler et al. (which is of course contrary to the present invention).
PAR  U.S. Pat. No. 3,391,091, Considine et al., July 2, 1968, utilizes various
      organo tin compounds including mercaptides as gel catalysts in a
      polyurethane foam composition which gels in 70-130 seconds under ambient
      conditions, in contrast to the long pot life of the instant composition.
PAR  U.S. Pat. No. 3,351,573, Skreckoski, Nov. 7, 1967, discloses a catalyzed
      storage-stable quick drying coating composition which is a solvent
      solution of a polyurethane-polyisocyanate film-forming material (ratio of
      NCO to OH between 1.5 and 2.2). Organo tin catalysts disclosed include
      dibutyl tin dilaurylmercaptide [also called dibutyl tin S,S-bis(dodecyl
      mercaptide)]. The Skreckoski polyurethane is a solution of a
      moisture-curing isocyanate-terminated prepolymer made with a large excess
      of isocyanate and becomes thermoset (cross-linked) during cure, whereas
      the present composition, made with approximately equivalent amounts of
      polyol and isocyanate, is a one-shot formulation which typically becomes
      chain extended to a non-crosslinked thermoplastic state during the curing
      step.
PAR  Additional prior practices are disclosed in U.S. Pat. Nos. 2,951,060,
      2,991,183, 3,198,757, 3,300,417, 3,342,758, 3,539,424, 3,645,927 and
      3,723,367.
PAR  The heat activated catalysts employed in the invention to provide a liquid
      polyurethane composition which has a pot life of at least 25 minutes at
      room temperature but which cures rapidly at elevated temperature are thio
      tin organic compounds, containing sulfur attached to tin, which may be
      represented by the formula
EQU  (R-).sub.a Sn [-S(R.sup.1).sub.x ] .sub.b
PAL  wherein:
PAR  R is an organic radical, especially a hydrocarbon radical, preferably an
      alkyl radical (having for example 3 to 10 carbon atoms);
PAR  R.sup.1 is an organic radical, whether a hydrocarbon radical such as alkyl
      having 4 to 20 carbon atoms or a non-hydrocarbon radical such as --R.sup.2
      COOR.sup.3 wherein R.sup.2 is for example (CH.sub.2).sub.n (n being from 1
      to 5) and R.sup.3 is for example alkyl having 4 to 18 carbon atoms;
PAR  x is 0 or 1, a is 2 or 3, and b is 1 or 2.
PAR  Examples of such catalysts are dibutyltin S,S-bis(isooctyl thioglycolate)
      [also called dibutyltin S,S-bis(isooctyl mercaptoacetate)], dibutyltin
      S,S-bis (dodecyl mercaptide), di(n-octyl)tin S,S-bis(isooctyl
      thioglycolate), dibutyltin sulfide, and the like, as represented by such
      commercially available preparations as Thermolite 31, Thermolite 20,
      Thermolite 831, Thermolite 66 (trademarks), etc.
PAR  Ordinarily the polyurethane formulation employed in the invention comprises
      a macropolyol (frequently a macroglycol), a low molecular weight polyol
      chain extender, and an aliphatic polyisocyanate, especially a
      cycloaliphatic polyisocyanate, combined to form a one-shot liquid reaction
      mixture along with the catalyst. The macropolyol employed may be any
      conventional macropolyol suitable for preparing thermoplastic
      polyurethanes, whether of the polyether type, or polyester type (including
      combinations thereof).
PAR  The macropolyol usually has an equivalent weight of 100 to 3000, preferably
      in the 500-2000 range. Frequently the macropolyol has an hydroxyl number
      of 20-600, preferably 30-120 (particularly for polyurethanes useful for
      coating fabrics).
PAR  The polyether types of macropolyols include, as is well known to those
      skilled in the art, poly(oxyalkylene)glycols [e.g.,
      poly(oxyethylene)glycol, poly(oxypropylene) glycol,
      poly(oxytetramethylene) glycol, etc.] and higher polyether polyols, such
      as triols [e.g. poly(oxypropylene)triol], including polyether polyols of
      higher functionality than three [e.g., poly(oxypropylene adducts of
      pentaerythritols), poly(oxypropylene adducts of sorbitol)]. The
      above-mentioned polyether glycols are preferred. Mention may be made of
      such liquid polyether polyols as
      poly(oxypropylene)-poly(oxyethylene)glycol, poly(oxypropylene) adducts of
      trimethylol propane, poly (oxypropylene)-poly(oxyethylene) adduct of
      trimethylolpropane, poly(oxypropylene) adducts of 1,2,6-hexanetriol, and
      poly(oxypropylene) adducts of glycerin.
PAR  The polyester types of macropolyols are likewise well known in the art and
      require no detailed description here. It will be understood that they
      include chain extended polyesters made from a glycol (e.g., ethylene
      and/or propylene glylol) and a saturated dicarboxylic acid (e.g., adipic
      acid). By way of non-limiting example there may be mentioned poly(ethylene
      adipate) glycol, poly(propylene adipate)glycol, poly(butylene adipate)
      glycol, poly(caprolactone) glycol, poly(ethylene adipatephthalate) glycol,
      poly(neopentyl sebacate) glycol, etc. Small amounts of tri-alcohols such
      as trimethylolpropane or trimethylolethane may be included in the liquid
      polyester preparation. Polyester polyols with functionalities of three or
      more [e.g., glycerides of 12-hydroxystearic acid] may be used. Suitable
      polyester polyols include those obtainable by reacting any of the
      compounds mentioned hereinbelow under chain extenders with such
      dicarboxylic acids as adipic acid, succinic acid, glutaric acid, azelaic
      acid, sebacic acid, malonic acid, maleic acid, fumaric acid, phthalic
      acid, isophthalic acid, terephthalic acid, tetrachlorophthalic acid, and
      chlorendic acid; the acid anhydrides and acid halides of these acids may
      also be used; blends of acids may be used.
PAR  With respect to the polyisocyanates employed in the invention, the term
      "aliphatic polyisocyanate" is intended to include open chain,
      cycloaliphatic and araliphatic polyisocyanates. Examples of aliphatic
      polyisocyanates which may be used are tetramethylene-1,4-diisocyanate,
      hexamethylene-1,6-diisocyanate, 1-methyl-2,4- and
      1-methyl-2,6-diisocyanatocyclohexane and mixtures thereof, p-xylylene
      diisocyanate and m-xylylene diisocyanate (XDI) and mixtures thereof,
      4,4'-diisocyanato-dicyclohexyl-methane[hydrogenated MDI, also called HMDI
      or methylene bis(4-cyclohexylisocyanate)], isophorone diisocyanate, 2,2,4-
      and 2,4,4-trimethylhexamethylene diisocyanate or any other aliphatic
      polyisocyanates which are conventionally employed in the polyurethane art.
      Preferred are HMDI, isophorone diisocyanate and mixtures of para-xylene
      and meta-xylene diisocyanate.
PAR  As indicated, a chain extender is also employed in the polyurethane
      formulation. Any chain extender conventionally employed for this purpose
      may be used in the invention. Thus, suitable chain extenders include the
      low molecular weight polyols (as distinguished from the macropolyols
      described above), especially diols or triols, as represented by
      1,4-butanediol, hydroquinone bis(2-hydroxyethyl) ether, ethylene glycol,
      diethylene glycol, triethylene glycol, propylene glycol, dipropylene
      glycol, hexylene glycol, 2-methyl-2-ethyl-1,3-propanediol,
      2-ethyl-1,3-hexanediol, 1,5-pentanediol, thiodiglycol, 1,3-propanediol,
      1,3-butanediol, 2,3-butanediol, neopentyl glycol,
      1,2-dimethyl-1,2-cyclopentanediol, trimethylol propane, trimethylol
      ethane, 1,2,4-butane triol, 1,2,6-hexanetriol, pentaerythritol,
      dipentaerythritol, tripentaerythritol, anhydroaneaheptitol, mannitol,
      sorbitol, methylglucoside, and the like. Preferred chain extenders are the
      alkane diols having 3 to 6 carbon atoms.
PAR  The polyols and polyisocyanate are employed is such proportions as to
      provide an overall NCO/OH ratio in the range of from 0.90/1 to 1.1/1,
      preferably 1/1. The equivalence ratio of chain extender to macropolyol
      falls in the range of from 1/1 to 3/1.
PAR  The thio-tin organic compound is employed in the invention in amount
      effective to catalyze the gelling and cure (chain extension) of the
      mixture as described. Frequently from about 0.1 to 0.5 part of thio tin
      organic compound, per 0.1 equivalent of macropolyol, is suitable for this
      purpose, although other amounts may also be used.
PAR  The polyurethane formulation of the invention as initially prepared is thus
      a liquid composition which can be handled and processed using procedures
      and equipment of the kind conventionally used with vinyl plastisols, for
      example. Since the composition is stable at ambient temperature for at
      least 25  minutes, the material can be processed without troublesome
      premature gelation or solidification, which would cause fouling of the
      equipment and interfere with proper shaping operations such as casting,
      spreading, coating or injection. Even longer pot life, for example up to
      three hours at room temperature, is possible with compositions of the
      invention, especially those using higher molecular weight polyols and
      higher molecular weight diols such as 1,6-hexandiol as the chain extender.
PAR  A particularly valuable embodiment of the invention is concerned with the
      manufacture of urethane coated fabric. Thus, in a typical polyurethane
      coated fabric manufacturing process of the invention the solvent-free
      liquid polyurethane coating composition is applied to the release side of
      a release paper carrier, and then exposed to sufficient heat to result in
      partial gelation of the polyurethane layer, to the point where it is tacky
      to the touch. At that point the fabric to be coated is brought into
      contact with the tacky surface, using only sufficient pressure to insure
      complete contact between the two. Upon further heating the polyurethane
      coating reacts further to become sufficiently hardened to be able to be
      handled without damage. Usually a coating which can be handled is obtained
      upon heating for 30 seconds to 3 minutes at 375.degree. to 300.degree.F.
      Thereafter the composite is cooled to room temperature and the coated
      fabric is stripped from the release paper. The coating, even though it may
      be quite thin in comparison to conventional vinyl coatings, is essentially
      on the surface of the fabric rather than being embedded in the fabric to
      any significant extent. The finally cured product has the properties of a
      good quality polyurethane elastomer, having high tensile strength, good
      elongation and modulus, and high tear strength. It resists cracking even
      at low temperature. The product is light stable and does not undergo
      discoloration or embrittlement even after long periods of exposure in the
      Weather-ometer fadeometer and under ambient conditions. Although the
      product is described as cured it is normally thermoplastic (chain
      extended) and is not cross-linked in the sense that a thermosetting
      isocyanate-terminated polyurethane would be cross-linked by the action of
      moisture or other bi-functional curing agent. If some cross-linking is
      desired an agent such as trimethylol propane, or other material having a
      functionality greater than two, may be included. The composition contains
      no solvents but consists essentially 100% of solid-forming one-shot
      urethane components. The composition is of course unlike urethane foam
      compositions which are required to gel quickly after mixing so as to
      entrap the gas released in the foaming step.
PAR  In addition to being useful for making coated fabrics, the present
      composition may be used for such purposes as making unsupported cast films
      or cast objects of other desired shapes, for example by rotational casting
      procedures, as well as liquid injection molding procedures, and the like.
      The long pot life of the composition avoids premature gelation during the
      spreading or shaping operations, allowing sufficient time for adjusting
      equipment, handling molds, etc., and permitting easy clean up of excess or
      residual materials such as deposits of material on equipment surfaces.
DETD
PAR  The following examples will serve to illustrate the practice of the
      invention in more detail.
PAC  Example 1
PAR  The following ingredients are mixed together intimately:
TBL                   Parts (by weight)                                        
     Polyester polyol   124.4                                                  
     1,4-Butanediol     13.5                                                   
     Silicone surfactant                                                       
                        2.0                                                    
     Catalyst           0.2                                                    
     HMDI               54.0                                                   
PAR  The polyester polyol is a copolyester of adipic and isophthalic acids with
      1,4-butane glycol, having an hydroxyl number of 47. The silicone
      surfactant may be siloxane - oxyalkylene block copolymer as described in
      U.S. Pat. No. 3,377,296, Dwyer et al., Apr. 9, 1968, col. 6, 11. 29-37, as
      represented by such commercially available materials as DC 190
      (trademark). The catalyst is dibutyltin S,S -bis(isooctyl mercaptoacetate)
      commercially available as Thermolite 31 (trademark). The HMDI is
      hydrogenated MDI, i.e., methylenebis (4-cyclohexyl-isocyanate),
      commercially available as Hylene W (trademark). The overall equivalency
      ratio of NCO to OH is 1.04/1; the equivalency ratio of low molecular
      weight diol to polyester polyol is 3/1. The resulting liquid mixture has a
      pot life of 60 minutes at ambient temperature (e.g., about 22.degree.C.).
      The mixture is spread on a casting surface to make a film 6 mil thick
      which gels upon heating at 375.degree.F. (190.degree.C.) for 1 minute,
      after which it can be handled without damaging it. After aging for 1 week
      at room termperature typical properties of the solid elastomeric film are
      as follows:
TBL  Tensile strength, psi 7,080                                               
     Elongation at break, %                                                    
                           390                                                 
     Cold Crack (-40.degree.F.[-40.degree.C])                                  
                           no cracks                                           
     Modulus at 100% elongation, psi                                           
                           1,253                                               
     500 hr. Weatherometer - no discoloration or                               
     embrittlement                                                             
     500 hr. Fadeometer - no discoloration or em-                              
     brittlement                                                               
PAC  Example 2
PAR  This example illustrates the preparation of a coated fabric in accordance
      with the invention. In this case a polyether system, based on a poly
      tetramethylene ether glycol having a molecular weight of approximately
      1,000, is used.
TBL  ______________________________________                                    
     PTMG 1000           50.0                                                  
     1,4-Butane Diol     6.75                                                  
     Silicone Surfactant 2.0                                                   
     Thermolite 31       0.2                                                   
     Hylene W            32.75                                                 
     ______________________________________                                    
PAR  The ingredients are intimately blended and applied by a conventional knife
      over roll coater as a thin film (0.004 inch) onto a release paper. The
      release paper with the coating thereon is then passed through an oven at
      300.degree.F with a total time of 30 seconds in the oven. A napped fabric
      is applied (napped side down) to the tacky, partially cured polyurethane
      coating by means of suitable laminating equipment. The composite product
      is then passed through a second oven at a temperature of 350.degree.F with
      a total time of 30 seconds in this second oven. After cooling to room
      temperature (72.degree.F for example by passing over cooling drums) the
      polyurethane coated fabric is stripped continuously from the release paper
      and wound up into a roll.
PAR  The polyurethane coating described in this example had the following
      typical properties.
TBL  ______________________________________                                    
     Tensile Strength    4,800 psi                                             
     Elongation          350%                                                  
     Modulus at 100% Elongation                                                
                         1050 psi                                              
     Cold Crack (-40.degree.F)                                                 
                         No cracks                                             
     500 Hr. Fadeometer  No discoloration                                      
                         or embrittlement                                      
     ______________________________________                                    
PAR  The pot life (time to reach a viscosity of 50,000 cps) was 50 minutes.
PAC  Example 3
PAR  A series of mixtures are prepared according to the following formulation
TBL                   Parts                                                    
     Polyester Polyol   86.5                                                   
     1,6-Hexanediol     7.4                                                    
     Silicone surfactant                                                       
                        3.0                                                    
     Hylene W           29.5                                                   
     Catalyst           0.2                                                    
PAR  The polyester polyol was 1,6-hexanediol adipate/isophthalic ester having an
      OH value of 65.  Various compounds were added, including catalysts within
      the invention and compounds outside the invention (0.2 part) as follows:
PAR  i. Thio tin catalysts of the invention:
EQU  A. Thermolite 31 (trademark), dibutyltin S,S-bis (isooctyl
      mercaptoacetate).
EQU  B. Thermolite 66 (trademark) dibutyl tin mercapto ester.
EQU  C. Thermolite 831 (trademark), di-n-octyltin S,S-bis (isooctyl
      mercaptoacetate).
PAR  ii. Non-sulfur tin compounds outside the invention:
EQU  D. Thermolite 1 (trademark), dibutyltin diacetate.
EQU  E. Thermolite 12 (trademark), dibutyltin dilaurate.
EQU  F. Thermolite 26 (trademark), dibutyltin bis(monobutyl maleate).
PAR  iii. Tributyltin compounds with sulfur on the chain but not directly
      attached to tin (outside the invention):
EQU  G. (n--C.sub.4 H.sub.9).sub.3 Sn--CH.sub.2 CH.sub.2 CH.sub.2 --SCH.sub.2
TBL  (h)     (n--C.sub.4 H.sub.9).sub.3 Sn--CH.sub.2 --S                       
     (I)     Sn(n--C.sub.4 H.sub.9).sub.3                                      
     (J)     (n--C.sub.4 H.sub.9).sub.3 Sn--CH.sub.2 CH.sub.2 --SO.sub.2       
EQU  K. [(n--C.sub.4 H.sub.9).sub.3 SnCH.sub.2 CH.sub.2 --].sub.2 SO
TBL  (l)     (n--C.sub.4 H.sub.9).sub.3 Sn--OS                                 
     .dwnarw.                                                                  
PAR  Compounds of type (iii), namely compounds G, H, I, J, K and L failed to
      catalyze the system at all, i.e., the mixture did not cure after 3 minutes
      in a 350.degree.F. (177.degree.C.) oven.
PAR  Mixtures containing type (ii) compounds, namely, D, E and F, and mixtures
      containing type (i) catalysts of the invention, namely, A, B and C, were
      blended and the viscosities of the mixtures were measured periodically to
      prepare graphs of the viscosity as a function of time. The viscosities of
      mixtures containing compounds D, E and F increased rapidly right from the
      start, reaching a value of 50,000 cps within about 10 minutes or less,
      indicating early gelation, i.e., short pot life that renders the mixtures
      unsuitable for normal factory processing operations. In contrast, the
      mixtures containing the A, B and C catalysts of the invention displayed
      substantially constant viscosities during the first 20 minutes or so and
      had increased only very slightly after 30 minutes. The viscosities began
      to increase more rapidly after 30 minutes, reaching a value of 50,000 cps
      after about 50-80 minutes (about 93 minutes at 75.degree.F.
      [23.9.degree.C.]) in the case of catalyst A). This demonstrates the long
      induction time (pot life) of the catalysts of the invention, in contrast
      to the type (ii) compounds which proceeded to cure substantially
      immediately (no appreciable pot life). At  100.degree.F (38.degree.C), the
      mixture containing catalyst A exhibited substantially no increase in
      viscosity until after about 25 minutes; thereafter the viscosity began to
      rise at an increasing rate, attaining a value of about 50,000 cps by about
      50 minutes at 100.RTM.F.
CLMS
STM  I claim:
NUM  1.
PAR  1. A curable solvent-free liquid polyurethane composition having a pot life
      of at least 25 minutes at room temperature consisting essentially of a
      mixture of a polyol and a monomeric hydrocarbon-containing aliphatic
      polyisocyanate containing, as a heat-activatable catalyst, a thio tin
      organic compound having sulfur directly attached to the tin, in an amount
      effective to catalyze the cure of the composition, the said catalyst
      having the formula
EQU  (R-).sub.a Sn [-S(R.sup.1)x].sub.b
PAL  wherein:
PA1  R is an alkyl radical having 3 to 10 carbon atoms:
PA1  R.sup.1 is an alkyl radical having 4 to 20 carbon atoms or a radical of the
      formula --R.sup.2 COOR.sup.3 where R.sup.2 is (CH.sub.2)n, n being from 1
      to 5, and R.sup.3 is an alkyl radical having 4 to 18 carbon atoms;
PA1  x is zero or 1, a is 2 or 3, and b is 1 or 2; the equivalence ratio or
      isocyanate groups to hydroxyl groups in said composition being from 0.90:1
      to 1.1:1, and the said composition being capable of curing in from 30
      seconds to 3 minutes at corresponding temperatures of from 375.degree. to
      300.degree.F to form a solid, chain extended lightstable polyurethane
      elastomer.
NUM  2.
PAR  2. A composition as in claim 1 in which the said polyisocyanate is selected
      from the group consisting of methylene bis(4-cyclohexylisocyanate),
      isophorone diisocyanate and mixtures of para-xylene and meta-xylene
      diisocyanate.
NUM  3.
PAR  3. A curable solvent-free liquid polyurethane composition as in claim 1
      consisting essentially of a mixture of a macropolyol, a monomeric
      hydrocarbon-containing cycloaliphatic diisocyanate, and, as a chain
      extender, a low molecular weight diol.
NUM  4.
PAR  4. A composition as in claim 3 in which the said macropolyol is a polyester
      glycol or a polyether glycol.
NUM  5.
PAR  5. A composition as in claim 3 in which the said chain extender is an
      alkane diol having 3 to 6 carbon atoms.
NUM  6.
PAR  6. A composition as in claim 3 in which the said diisocyanate is methylene
      bis(4-cyclohexylisocyanate).
NUM  7.
PAR  7. A curable solvent-free liquid composition consisting essentially of a
      mixture of a macropolyol which is a polyester or polyether glycol having a
      molecular weight of from 500 to 2000, a monomeric hydrocarbon-containing
      aliphatic diisocyanate, and, as a chain extender, an alkane diol having
      from 3 to 6 carbon atoms, the equivalence ratio of isocyanate groups to
      hydroxyl groups in the said composition being from 0.90:1 to 1.1.:1 and
      the equivalence ratio of said macropolyol to said chain extender being
      from 1:1 to 1:3, the said mixture containing, in amount effective to
      catalyze the cure of the mixture, a thio tin organic compound of the
      formula
EQU  (R-).sub.a Sn [-S(R.sup.1).sub.x ].sub.b
PAL  wherein:
PA1  R is an alkyl radical having 3 to 10 carbon atoms;
PA1  R.sup.1 is an alkyl radical having 4 to 20 carbon atoms or a radical of the
      formula --R.sup.2 COOR.sup.3 where R.sup.2 is (CH.sub.2).sub.n, n being
      from 1 to 5, and R.sup.3 is an alkyl radical having 4 to 18 carbon atoms;
PA1  x is zero or 1, a is 2 or 3, and b is 1 or 2,
PA1  the said composition have a pot life of at least 25 minutes at room
      temperature and being capable of curing in from 30 seconds to 3 minutes at
      corresponding temperatures of from 375.degree. to 300.degree.F. to form a
      solid, chain extended light-stable polyurethane elastomer.
NUM  8.
PAR  8. A composition as in claim 7 in which the said diisocyanate is methylene
      bis(4-cyclohexylisocyanate.
NUM  9.
PAR  9. A composition as in claim 7 in which the said diisocyanate is isophorone
      diisocyanate.
NUM  10.
PAR  10. A composition as in claim 7 in which the said diisocyanate is a mixture
      of para-xylene and metaxylene diisocyanate.
NUM  11.
PAR  11. A composition as in claim 7 in which the said catalyst is dibutyltin
      S,S-bis(isooctyl thioglycolate).
NUM  12.
PAR  12. A composition as in claim 7 in which the said catalyst is dibutyltin
      S,S-bis(dodecyl mercaptide).
NUM  13.
PAR  13. A composition as in claim 7 in which the said catalyst is
      di(n-octyl)tin S,S-bis(isooctyl thioglycolate).
NUM  14.
PAR  14. A composition as in claim 7 in which the said catalyst is dibutyltin
      sulfide.
NUM  15.
PAR  15. A composition as in claim 7 in which the said chain extender is
      1,4-butanediol.
NUM  16.
PAR  16. A composition as in claim 7 in which the said chain extender is
      1,6-hexanediol.
NUM  17.
PAR  17. A cured composition as in claim 1 which is a solid, light-stable, chain
      extended polyurethane elastomer.
NUM  18.
PAR  18. A shaped object which is a composition as in claim 7 cured to a solid,
      light-stable, chain extended polyurethane elastomer.
NUM  19.
PAR  19. In a method of making a shaped object by reacting a composition
      consisting essentially of a mixture of a macroglycol, a monomeric
      hydrocarbon-containing aliphatic polyisocyanate, a bifunctional chain
      extender, and a catalyst effective to cure the mixture to form a solid
      chain extended light-stable polyurethane elastomer, wherein the
      composition is mixed in liquid form and is thereafter shaped and cured in
      the desired shape, the improvement comprising effecting the reaction in
      the presence of an effective amount of a thio tin organic compound having
      sulfur directly attached to the tin, the said organic compound having the
      formula:
EQU  (R-).sub.a SN[-S(R.sup.1).sub.x ].sub.b
PAL  wherein:
PA1  R is an alkyl radical having 3 to 10 carbon atoms;
PA1  R.sup.1 is an alkyl radical having 4 to 20 carbon atoms or a radical of the
      formula --R.sup.2 COOR.sup.3 where R.sup.2 is (CH.sub.2).sub.n, n being
      from 1 to 5, and R.sup.3 is an alkyl radical having 4 to 18 carbon atoms;
PA1  x is zero or 1, a is 2 or 3, and b is 1 or 2; the equivalence ratio or
      isocyanate groups to hydroxyl groups in said composition being from 0.9:1
      to 1.1:1, whereby the composition has a pot life of at least 25 minutes at
      room temperature but cures rapidly at corresponding temperatures of from
      300.degree. to 375.degree.F.
NUM  20.
PAR  20. A method as in claim 19 wherein the said shaped object is a coating of
      the said composition on a fabric.
NUM  21.
PAR  21. In a method of making a solid polyurethane article by reacting a
      curable liquid composition consisting essentially of a polyester or
      polyether glycol, a monomeric hydrocarbon-containing cycloaliphatic
      diisocyanate, a chain extender which is an alkane diol having 3 to 6
      carbon atoms, and an effective amount of a heat activatable catalyst for
      the cure of the composition, wherein the said liquid is first shaped at
      ambient temperature and thereafter heated to an elevated temperature to
      cure the composition in a desired shape, the improvement comprising
      effecting the reaction in the presence of, as the catalyst, an organo tin
      compound of the formula
EQU  (R-).sub.a Sn[-S(R.sup.1).sub.x ].sub.b
PAL  wherein:
PA1  R is an alkyl radical having 3 to 10 carbon atoms;
PA1  R.sup.1 is an alkyl radical having 4 to 20 carbon atoms or a radical of the
      formula --R.sup.2 COOR.sup.3 where R.sup.2 is (CH.sub.2).sub.n, n being
      from 1 to 5, and R.sup.3 is an alkyl radical having 4 to 18 carbon atoms;
PA1  x is zero or 1, a is 2 or 3, and b is 1 or 2; the equivalence ratio of
      isocyanate groups to hydroxyl groups in the said mixture being from 0.90:1
      to 1.1:1 whereby the said liquid has a pot life of at least 25 minutes at
      22.degree.C. but cures rapidly at a temperature of from 300.degree. to
      375.degree.F. to form a solid, chain extended light-stable polyurethane
      elastomer.
NUM  22.
PAR  22. A method of making a light-stable polyurethane coated fabric comprising
      providing a solvent-free liquid mixture of a macropolyol selected from the
      group consisting essentially of polyester and polyether glycols having a
      molecular weight of from 500 to 2000, a monomeric hydrocarbon-containing
      aliphatic diisocyanate, a chain extender which is an alkane diol having 3
      to 6 carbon atoms, and a catalyst in amount effective to catalyze the cure
      of the said mixture at a curing temperature of from 300.degree. to
      375.degree.F. the said catalyst being an organotin compound of the formula
EQU  (R-).sub.a Sn[-S(R.sup.1).sub.x ].sub.b
PAL  wherein:
PA1  R is an alkyl radical having 3 to 10 carbon atoms;
PA1  R.sup.1 is an alkyl radical having 4 to 20 carbon atoms or a radical of the
      formula --R.sup.2 COOR.sup.3 where R.sup.2 is (CH.sub.2).sub.n, n being
      from 1 to 5, and R is an alkyl radical having 4 to 18 carbon atoms;
PA1  x is zero or 1, a is 2 or 3, and b is 1 or 2, the equivalence ratio of
      isocyanate groups to hydroxyl groups in the said mixture being from 0.90:1
      to 1.1:1 and the equivalence ratio of said macropolyol to said alkane diol
      being from 1:1 to 1:3, the said mixture being characterized by a pot life
      of at least 25 minutes at 22.degree.C., thereafter applying the said
      liquid mixture to a fabric, and heating the resulting assembly to curing
      temperature to cure the applied mixture to a solid elastomeric state.
NUM  23.
PAR  23. A method as in claim 22 in which the liquid mixture is first spread as
      a coating on a release paper, then heated to gel the liquid to a state in
      which it is tacky to the touch, the fabric to be coated is applied to the
      surface of the liquid, the assembly is then heated to cure the liquid to a
      solid state, and the thus-coated fabric is thereafter cooled to room
      temperature and separated from the release paper.
NUM  24.
PAR  24. A method as in claim 22 in which the said macropolyol is a polyester
      glycol.
NUM  25.
PAR  25. A method as in claim 22 in which the said macropolyol is a polyether
      glycol.
NUM  26.
PAR  26. A method as in claim 22 in which the said diisocyanate is a
      cycloaliphatic diisocyanate.
NUM  27.
PAR  27. A method as in claim 22 in which the said diisocyanate is
      methylenebis(4-cyclohexylisocyanate).
NUM  28.
PAR  28. A method as in claim 22 in which the said diisocyanate is isophorone
      diisocyanate.
NUM  29.
PAR  29. A method as in claim 22 in which the said diisocyanate is a mixture of
      para-xylene and meta-xylene diisocyanate.
NUM  30.
PAR  30. A method as in claim 22 in which the said catalyst is dibutyltin
      S,S-bis(isooctyl thioglycolate).
NUM  31.
PAR  31. A method as in claim 22 in which the said catalyst is dibutyltin
      S,S-bis(dodecyl mercaptide).
NUM  32.
PAR  32. A method as in claim 22 in which the said catalyst is di(n-octyl) tin
      S,S-bis(isooctyl thioglycolate).
NUM  33.
PAR  33. A method as in claim 22 in which the said catalyst is dibutyltin
      sulfide.
NUM  34.
PAR  34. A method as in claim 22 in which the said chain extender is
      1,4-butanediol.
NUM  35.
PAR  35. A method as in claim 22 in which the said chain extender is
      1,6-hexanediol.
NUM  36.
PAR  36. A method as in claim 22 in which the said macropolyol is a polyester
      glycol, the said diisocyanate is methylene bis(4-cyclohexylisocyanate),
      the said chain extender is 1,4-butanediol, and the said catalyst is
      dibutyltin S,S-bis(isooctyl thioglycolate).
NUM  37.
PAR  37. A method as in claim 22 in which the said macropolyol is a polyether
      glycol, the said diisocyanate is methylene bis(4-cyclohexylisocyanate),
      the said chain extender is 1,4-butanediol, and the said catalyst is
      dibutyltin S,S-bis(isooctyl thioglycolate).
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ABST
PAL  A curable composition comprising compatible polyene and polythiol in which
      both the components are derived from a hydrantoin glycol. The polyene is
      typically a reaction product of N,N'-bis(2-hydroxyethyl)
      dimethylhydantoin, a diisocyanate and an unsaturated alcohol, e.g., allyl
      alcohol. The polythiol is typically a reaction product of
      N,N-'-bis(2-hydroxyethyl) dimethylhydantoin and a mercapto carboxylic
      acid, e.g., .beta.-mercaptopropionic acid. Upon exposure to a free radical
      generator, e.g., actinic radiation, this polyene-polythiol composition
      cures to solid, insoluble, chemically resistant, crosslinked polythioether
      products.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a curable polymer composition. More particularly,
      this invention relates to a solvent soluble polyene-polythiol curable
      composition, method of preparing the same, as well as curing the
      polyene-polythiol composition in the presence of a free radical generator
      to solid, cross-linked solvent-insoluble materials.
PAR  It is known that polyenes are curable by polythiols in the presence of free
      radical generators such as actinic radiation to solid polythioether
      containing resinous or elastomeric products. The commercially available
      polythiols, e.g., mercaptocarboxylate esters of polyols used in curing
      afford cured polythioether products having a low percent elongation on
      failure. However there are several end uses wherein a coating must have a
      relatively high elongation in order to be operable. For example it is
      necessary that a coating on a bottle cap have a relatively high elongation
      since after it is applied and cured on the metal blank, the blank is
      subsequently formed by extrusion or otherwise into cap form which
      necessitates that the coating have sufficient elongation to follow the
      contours of the thus formed cap without rupture. Additionally in bottle
      coating it is necessary that the cured coating have high elongation to
      prevent glass shattering. Thus a curable coating having a high elongation
      after curing is desirous.
PAR  In accordance with this invention, a curable polymer composition can be
      prepared from compatible polyene and polythiol components derived from a
      hydantoin glycol. This polyene and polythiol mixture is a highly reactive
      composition which is capable of being photocured when exposed to actinic
      radiation in the presence of a UV sensitizer to insoluble polythioether
      containing materials which exhibit excellent physical and chemical
      properties. For example, wire coatings formed from the cured polyene and
      polythiol composition are capable of withstanding severe temperature
      environments for extended periods. The subject cured materials resist
      strongly acid etching solutions or high alkaline conditions. Additionally
      the cured polythioether product from the polyenes and polythiols herein
      has remarkable flexibility and high elongation at failure as will be shown
      in an example hereinafter. The desirable characteristics of the cured
      materials make the hydantoin glycol derived polyene-polythiol curable
      composition particularly useful as coatings on wire and formable metals.
PAR  Generally speaking, the novel curable composition is comprised of a polyene
      component containing at least 2 reactive carbon to carbon unsaturated
      bonds per molecule which is a reaction product of N,N'-bis(2-hydroxyethyl)
      dimethylhydantoin and at least one unsaturated organic compound such as
      ene-acid or ene-isocyanate; and a polythiol component containing at least
      two thiol groups, which is the reaction product of
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin and a mercaptocarboxylic acid.
PAR  The formation of such polyenes may be schematically represented by the
      following nonlimiting equation, wherein the unsaturated organic compound
      reactant is an ene-isocyanate having reactive allylic end groups as
      illustrated by a reaction product of one mole of 2,4-toluene diisocyanate
      with one mole of allyl alchohol:
      ##SPC1##
PAR  Similarly, the formation of the polythiol may be represented by the
      nonlimiting equation illustrating .beta.-mercaptopropionic acid as the
      mercaptocarboxylic reactant:
      ##EQU1##
PAR  Furthermore, the hydantoin glycols are generally commercially available
      materials. The operable hydantoin glycols include not only
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin, but also polyethoxylated
      derivatives thereof. These polyethoxylated derivatives are formed by the
      addition of the desired number of moles of ethylene oxide to the
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin, i.e., by a conventional
      epoxide ring-opening addition reaction.
PAR  The aforedescribed hydantoin glycols are operable starting materials for
      the formation of both the polyene and polythiol.
PAR  In the curable polyene-polythiol containing compositions, the hydantoin
      glycols backbone may be either identical or different for both the polyene
      and polythiol components.
PAR  One group of operable polyenes containing hydantoin glycol backbones are
      unsaturated urethane derivatives. These polyenes, i.e., unsaturated
      urethane derivatives of hydantoin glycol may be represented by the general
      formula:
      ##EQU2##
      wherein Q is the hydantoin glycol moiety remaining after the two hydroxyl
      groups of the hydantoin glycol have reacted to form two urethane, i.e.,
      ##EQU3##
      linkages; A and B are polyvalent organic radical members free of reactive
      carbon to carbon unsaturation and containing group members such as aryl,
      substituted aryl, aralkyl, substituted aralkyl, cycloalkyl, substituted
      cylcoalkyl, alkyl and substituted alkyl containing 1 to 36 carbon atoms
      and mixtures thereof. These group members can be connected by a chemically
      compatible linkage such as --O--, --S--, carboxylate, carbonate, carbonyl,
      urethane and substituted urethane, urea and substituted urea, amide and
      substituted amide, amine and substituted amine and hydrocarbon. Z is a
      divalent chemically compatible linkage such as
      ##EQU4##
      --O-- and --S--, preferably
      ##EQU5##
PAR  Preferred examples of operable aryl members are either phenyl or naphthyl,
      and of operable cycloalkyl members which have from 3 to 8 carbon atoms.
      Likewise, preferred substituents on the substituted members may be such
      groups as chloro, bromo, nitro, acetoxy, acetamido, phenyl, benzyl, alkyl
      and alkoxy of 1 to 9 carbon atoms, and cycloalkyl of 3 to 8 carbon atoms.
PAR  X is a member selected from the group consisting of:
PA1  a. --(CH.sub.2).sub.d --CR'=CHR
PA1  b. --O(CH.sub.2).sub.d --CR'=CHR
PA1  c. --S--(CH.sub.2).sub.d --CR'=CHR
PA1  d. --(CH.sub.2).sub.d --C.tbd.CR
PA1  e. --O--(CH.sub.2).sub.d --C.tbd.CR
PA1  f. --S--(CH.sub.2).sub.d --C.tbd.CR
PAL  and mixtures thereof; and R and R' each are independently either a hydrogen
      or methyl radical, preferably a hydrogen radical; and d, p and q each are
      integers from 0 to 1; y is an integer from 1 to 10, preferably 1 to 5; r
      is an integer of at least 1, preferably from 1 to 4, and more particularly
      from 1 to 2.
PAR  As used herein, polyenes and polyynes refer to simple or complex species of
      alkenes or alkynes having a multiplicity of pendant or terminally reactive
      carbon to carbon unsaturated functional groups per average molecule. For
      example, a diene is a polyene that has two reactive carbon to carbon
      double bonds per average molecule, while a diyne is a polyyne that
      contains two reactive carbon to carbon triple bonds per average molecule;
      a solid polyene which is a reaction product of a styrene-allyl alcohol
      copolymer having about 8 hydroxyl groups per average molecule and a
      reactive unsaturated monoisocyanate having one terminal reactive carbon to
      carbon double bond per average molecule is a complex polyene which
      contains in its structure 8 reactive carbon to carbon double bonds per
      average molecule. For purposes of brevity, all these classes of compounds
      will be referred to hereafter as polyenes.
PAR  In defining the position of the reactive functional carbon to carbon
      unsaturation, the term terminal is intended to mean that functional
      unsaturation is at an end of the main chain in the molecule. The term
      pendant means that the reactive carbon to carbon unsaturation is located
      terminal in a branch of the main chain as contrasted to a position at or
      near the ends of the main chain. For purposes of brevity, all of these
      positions are referred to herein generally as terminal unsaturation.
PAR  functionality as used herein refers to the average number of ene or thiol
      groups per molecule in the polyene or polythiol, respectively. For
      example, a triene is a polyene with an average of three reactive carbon to
      carbon unsaturated groups per molecule, and thus has a functionality (f)
      of three. A dithiol is a polythiol with an average of two thiol groups per
      molecule and thus has a functionality (f) of two.
PAR  The term reactive unsaturated carbon to carbon groups means groups which
      will react under proper conditions as set forth herein with thiol groups
      to yield the thioether linkage
      ##EQU6##
      as contrasted to the term unreactive carbon to carbon unsaturation which
      means
      ##EQU7##
      groups found in aromatic nuclei (cyclic structures exemplified by benzene,
      pyridine, anthracene, and the like) which do not under the same conditions
      react with thiols to give thioether linkages. For purposes of brevity,
      this term will hereinafter be referred to generally as reactive
      unsaturation or a reactive unsaturated compound.
PAR  As used herein, the term polyvalent means having a valence of two or
      greater.
PAR  A general method of forming the urethane-containing hydantoin glycol based
      polyene is to react the hydantoin glycol material represented by a general
      formula Q--(OH).sub.2, in which Q is as hereinbefore set forth; with at
      least one reactive unsaturated isocyanate of the general formula
      NCO--A--[Z.sub.p -(X).sub.y ].sub.r in which the members A, Z, B, X and
      the integers p, q, y and r are as hereinbefore set forth.
PAR  The term reactive unsaturated isocyanate will hereinafter be referred to as
      an ene-isocyanate or an yne-isocyanate.
PAR  The reaction is carried out in a moisture free atmosphere at atmospheric
      pressure at a temperature in the range from about 30.degree. to
      100.degree.C, preferably from about 40.degree. to 80.degree.C, for a
      period of about 10 minutes to about 24 hours. The reaction is preferably a
      one step reaction wherein all the reactants are charged together. The
      ene-isocyanate or yne-isocyanate is added in a stoichiometric amount
      necessary to react with the hydroxy groups in the hydantoin glycol. The
      reaction, if desired, may be carried out in the presence of a catalyst and
      inert solvent. Operable non-limiting catalysts include tin catalysts such
      as dibutyl tin diluarate, stannous octoate; tertiary amines such as
      triethylene diamine or N,N,N',N'-tetramethyl-1,3-butanediamine, etc.
      Useful inert solvents include aromatic hydrocarbons, halogenated saturated
      aliphatic or aromatic hydrocarbons and mixtures thereof. Representative
      non-limiting examples include benzene, chlorobenzene, chloroform,
      1,1,1-trichloroethane, 1,2-dichloroethane and the like.
PAR  Operable ene- or yne- isocyanates having the above defined general formula
      include, but are not limited to, simple monoeneisocyanates such as allyl
      isocyanate, 2-methallyl isocyanate, crotyl isocyanate, etc.
PAR  The aforementioned reactive unsaturated isocyanates are a group of
      compounds having the above general formula of operable ene- or
      yne-isocyanates wherein the integers p and q are 0 and r is 1. Thus, the
      urethane hydantoin glycol based polyenes formed from these reactive
      unsaturated isocyanates may be represented by simplifying the general
      formula for the polyenes to the following specific formula:
      ##EQU8##
      wherein preferably y is 1 and the other members being as hereinbefore set
      forth.
PAR  Other operable ene- or yne-isocyanates are those prepared by reacting a
      polyisocyanate of the general formula A--(NCO).sub.x, in which x is at
      least 2 and A is as hereinbefore set forth; with a reactive unsaturated
      alcohol of the general formula [(x)--B--]--OH in which B, X and y are as
      hereinbefore set forth.
PAR  The above polyisocyanate and alcohol reactants are added in such
      stoichiometric amounts that x-1 isocyanate groups react to give x-1
      urethane linkages.
PAR  Operable non-limiting examples of starting polyisocyanate reactants include
      hexamethylenediisocyanate, tolylene diisocyanate, xylylene diisocyanate,
      methylenebis(phenyl isocyanate, 4,4'-methylene(cyclohexyl isocyanate),
      1-methoxy-2,4,6-benzenetrisocyanate, 2,4,4'-triisocyanatodiphenylether,
      diphenylmethane tetraisocyanates, polyisocyanates having various
      functional groups such as N,N',N"-tris(isocyanatohexyl)-biuret or adducts
      of polyalcohols and diisocyanates which have at least 2 free isocyanate
      groups. Adduct of trimethylolpropane and 3 moles of toluene diisocyanate,
      is suitable.
PAR  Illustrative of the operable reactive unsaturated alcohols which may react
      with the polyisocyanates to give the desired ene-isocyanate include but
      are not limited to allyl and methallyl alcohol, crotyl alcohol, crotyl
      alcohol, .omega.-undecylenyl alcohol, 2-vinyloxyethanol, vinylhydroxyethyl
      sulfide, propargyl alcohol, 1-allylcyclopentanol, 2-methyl-3-butene-2-ol.
      Reactive unsaturated derivatives of polyhydric alcohols such as glycols,
      triols, tetraols, etc., are also suitable. Representative examples include
      trimethylolpropane or trimethylolethane diallyl ethers, pentaerythritol
      triallyl ether and the like. Mixtures of various reactive unsaturated
      dalcohols are operable as well. A suitable ene-isocyanate prepared by
      treating one mole of trimethylbenzene triisocyanate with two moles of
      trimethylolpropane diallyl ether. The resulting urethane containing
      ene-isocyanate is a polyene having four reactive allyl ether groups per
      molecule. Mixtures of various ene- or yne-isocyanates are operable as
      well.
PAR  Another class of polyenes operable in forming the curable polyene-polythiol
      system of the subject invention are esters of hydantoin glycol. Similarly,
      these polyenes may be represented by the general formula:
      ##EQU9##
      wherein Q is the hydantoin glycol moiety remaining after removal of the 2
      hydroxyl groups from the said hydantoin glycol thereby forming an ester
      linkage; the members A, B and X and integers p, q, y and r are as
      hereinbefore set forth in the urethane containing hydantoin glycol based
      polyene and k is an integer from 0 to 1.
PAR  A general method of forming these esters is to react the hydantoin glycol
      represented by the aforedefined general formula Q--(OH).sub.2 ; with at
      least one reactive unsaturated monocarboxylic acid of the general formula:
      ##EQU10##
      in which the members A, B and X, and the integers k, p, q, y and r are as
      hereinbefore set forth. The term reactive unsaturated carboxylic acid will
      hereinafter be referred to as an ene- and/or an yne-acid.
PAR  The esterification reaction may be carried out in a conventional manner in
      the presence of an acid catalyst, the water formed during the reaction
      being removed as an azeotrope.
PAR  Operable ene- or yen-acids include but are not limited to simple
      monoene-acids such as acrylic acid, methacrylic acid, vinylacetic acid,
      5-hexenoic acid, 6-heptynoic acid, propiolic acid and the like.
PAR  These aforementioned reactive unsaturated acids are a group of acids having
      the above general formula of operable ene- or yne-acids wherein the
      integers p and q are 0, and r is 1. Thus the ester containing hydantoin
      glycol based polyenes formed from these reactive unsaturated acids may be
      represented by simplfiying the general formula for the polyenes to the
      following specific formula:
      ##EQU11##
      which, preferably y is 1 and the other members being as hereinbefore set
      forth.
PAR  Other operable acids are those containing more than one terminally reactive
      unsaturated group in the molecule. These may be prepared by reacting a
      polycarboxylic acid of the general formula A--(COOH).sub.x, in which x is
      at least 2 and A is as hereinbefore set forth, with a reactive unsaturated
      alcohol of the general formula [(X).sub.y -B]-OH, in which B, X and y are
      as hereinbefore set forth.
PAR  The above polycarboxylic acid and alcohol reactants are added in such
      stoichiometric amounts that x- 1 carboxylic groups react to give x- 1
      ester linkages.
PAR  Operable polycarboxylic acids include but are not limited to dicarboxylic
      acids such as adipic, tartaric, succinic, terephthalic, etc.
PAR  Operable reactive unsaturated alcohol components are the same as described
      above as being suitablel in forming ene-isocyanates. As an example, a
      suitable ene-acid can be prepared by reacting one mole of
      trimethylolpropane diallyl ether with one mole of succinic anhydride in
      the presence of pyridine as a solvent. The resulting succinate product
      contains a free carboxylic group as well as two reactive allyl ether
      groups.
PAR  The polythiol component of the curable composition is mercaptoester having
      two thiol groups per molecule. The polythiol is a reaction product of
      hydantoin glycol and at least one mercaptocarboxylic acid. The polythiols
      may be represented by the following general formula:
      ##EQU12##
      and E is the hydantoin glycol moiety remaining after removal of the 2
      hydroxyl groups from the hydantoin glycol thereby forming 2 ester
      linkages; R.sub.3 is a polyvalent organic radical member free of reactive
      carbon to carbon unsaturation and contains group members such as aryl,
      substituted aryl, aralkyl, substituted aralkyl, cycloalkyl, substituted
      cycloalkyl, alkyl and substituted alkyl groups containing 1 to 16 carbon
      atoms.
PAR  Preferred examples of operable aryl members are either phenyl or naphthyl,
      and of operable cycloalkyl members which have from 3 to 8 carbon atoms.
      Likewise, preferred substitutents on the substituted members may be such
      groups as chloro, bromo, nitro, acetoxy, acetamido, phenyl, benzyl, alkyl
      and alkoxy of 1 to 9 carbon atoms, and cycloalkyl of 3 to 8 carbon atoms.
PAR  Operable hydantoin glycols are those of the formula:
      ##EQU13##
      wherein m + n are 2 to 22 and m and n are each at least 1.
PAR  Operable mercaptocarboxylic acids include but are not limited to
      thioglycollic acid (mercaptoacetic acid), .alpha.-mercaptopropionic acid,
      .beta.-mercaptopropionic acid, 4-mercaptobutyric acid, mercaptovaleric
      acids, mercaptoundecyclic acid, mercaptostearic acid, and o- and
      p-mercaptobenzoic acids. Preferably, thioglycollic or
      .beta.-mercaptopropionic acid is employed. Mixtures of various
      mercaptocarboxylic acids are operable as well.
PAR  The polythiol esters are prepared by the esterification of the hydantoin
      glycol with mercaptocarboxylic acid in the presence of an acid catalyst,
      the water formed during the reaction being removed as an azeotrope in a
      suitable solvent.
PAR  The reaction is carried out at atmospheric pressure at a temperature in the
      range of from 60.degree. to about 150.degree.C, preferably from 60.degree.
      to 110.degree.C. for a period of 30 minutes to about 24 hours.
PAR  Suitable acid catalysts include but are not limited to p-toluenesulfonic
      acid, sulfuric acid, hydrochloric acid and the like. Useful inert solvents
      include but are not limited to saturated aliphatic hydrocarbons, aromatic
      hydrocarbons, chlorinated hydrocarbons, ethers, ketones, etc.
      Representative non-limiting examples of solvents include toluene, benzene,
      xylene, chloroform, 1,2-dichloroethane, etc.
PAR  In summary, by admixing the novel hydantoin glycol based polyenes and
      polythiols and thereafter exposing the mixture at ambient conditions to a
      free radical generator, a solid, cured insoluble polythioether product
      having a high percent elongation is obtained.
PAR  Prior to curing, the polyene and polythiol components are admixed in a
      suitable manner so as to form a homogeneous solid curable mixture. Thus,
      the polyene and polythiol reactants can be admixed without the necessity
      of using a solvent at room temperature or slightly elevated temperatures
      up to about 80.degree.C when one of the components is a solid or, if
      desired, the reactants may be dissolved in a suitable solvent and
      thereafter the solvent can be removed by suitable means such as
      evaporation.
PAR  To obtain the maximum strength, solvent resistance, creep resistance, heat
      resistance and freedom from tackiness, the reactive components consisting
      of the polyenes and polythiols are formulated in such a manner as to give
      solid, crosslinked, three dimensional network polythioether polymer
      systems on curing. In order to achieve such infinite network formation,
      the individual polyenes and polythiols must each have a functionality of
      at least 2 and the sum of the functionalities of the polyene and polythiol
      components must always be greater than 4. Blends and mixtures of various
      polyenes and various polythiols containing said functionality are also
      operable herein.
PAR  The compositions to be cured in accord with the present invention may, if
      desired, include such additives as antioxidants, accelerators, dyes,
      inhibitors, activators, fillers, thickeners, pigments, anti-static agents,
      flame-retardant agents, surface-active agents, extending oils,
      plasticizers and the like within the scope of this invention. Such
      additives are usually pre-blended with the polyene or polythiol prior to
      or during the compounding step. The aforesaid additives may be present in
      quantities up to 500 or more parts based on 100 parts by weight of the
      polyene-polythiol curable compositions and preferably 0.005-300 parts on
      the same basis.
PAR  The polythioether-forming components and compositions, prior to curing may
      be admixed with or blended with other monomeric and polymeric materials
      such as thermoplastic resins, elastomers or thermosetting resin monomeric
      or polymeric compositions. The resulting blend may be subjected to
      conditions for curing or co-curing of the various components of the blend
      to give cured products having unusual physical properties.
PAR  Although the mechanism of the curing reaction is not completely understood,
      it appears most likely that the curing reaction may be initiated by most
      any free radical generating source which dissociates or abstracts a
      hydrogen atom from an SH group, or accomplishes the equivalent thereof.
      Generally, the rate of the curing reaction may be increased by increasing
      the temperature of the composition at the time of initiation of cure. In
      most applications, however, the curing is accomplished conveniently and
      economically by operating at ordinary room temperature conditions.
PAR  Operable curing initiators or accelerators include radiation such as
      actinic radiation, e.g., ultraviolet light, lasers; ionizing radiation
      such as gamma radiation, x-rays, corona discharge, etc.; as well as
      chemical free radical generating compounds such as azo, peroxidic, etc.,
      compounds.
PAR  Azo or peroxidic compounds (with or without amine accelerators) which
      decompose at ambient conditions are operable as free radical generating
      agents capable of accelerating the curing reaction include benzoyl
      peroxide, di-t-butyl peroxide, cyclohexanone peroxide with dimethyl
      aniline or cobalt naphthenate as an accelerator; hydroperoxides such as
      hydrogen peroxide, cumene hydroperoxide, t-butyl hydroperoxides; peracid
      compounds such as t-butylperbenzoate, peracetic acid; persulfates, e.g.,
      ammonium persulfate; azo compounds such as azobis-isobutyronitrile and the
      like.
PAR  These free radical generating agents are usually added in amounts ranging
      from about 0.001 to 10 percent by weight of the curable solid
      polyene-polythiol composition, preferably .01 to 5 percent.
PAR  The curing period may be retarded or accelerated from less than 1 minute to
      30 days or more.
PAR  Conventional curing inhibitors or retarders which may be used in order to
      stabilize the components or curable compositions so as to prevent
      premature onset of curing may include hydroquinone; p-tert-butyl catechol;
      2,6-di tert-butyl-p-methylphenol; phenothiazine; N-phenyl-2-naphthylamine;
      phosphorous acid; pyrogallol and the like.
PAR  The preferred free radical generator for the curing reaction is actinic
      radiation, suitably in the wavelength of about 2000 to 7500A, preferably
      for 2000 to 4000A.
PAR  A class of actinic light useful herein is ultraviolet light, and other
      forms of actinic radiation which are normally found in radiation emitted
      from the sun or from artificial sources such as Type RS Sunlamps, carbon
      arc lamps, xenon are lamps, mercury vapor lamps, tungsten halide lamps and
      the like. Ultraviolet radiation may be used most efficiently if the
      photocurable polyene/polythiol composition contains a suitable photocuring
      rate accelerator. Curing periods may be adjusted to be very short and
      hence commercially economical by proper choice of ultraviolet source,
      photocuring rate accelerator and concentration thereof, temperature and
      molecular weight, and reactive group functionality of the polyene and
      polythiol. Curing periods of less than about 1 second duration are
      possible, especially in thin film applications such as desired, for
      example, in coatings, adhesives and photoimaged surfaces.
PAR  Various photosensitizers, i.e., photocuring rate accelerators are operable
      and well known to those skilled in the art. Examples of photosensitizers
      include, but are not limited to, benzophenone o-methoxybenzophenone,
      acetophenone, o-methoxyacetophenone, acenaphthene-quinone, methyl ethyl
      ketone, valerophenone, hexanophenone, .gamma.-phenylbutyrophenone,
      p-morpholinopropiophenone, dibenzosuberone, 4-morpholinobenzophenone,
      benzoin, benzoin methyl ether, 4'-morpholinodeoxybenzoin,
      p-diacetylbenzene, 4-aminobenzophenone, 4'-methoxyacetophenone,
      benzaldehyde, o-methoxybenzaldehyde, .alpha.-tetralone,
      9-acetylphenanthrene, 2-acetylphenanthrene, 10-thioxanthenone,
      3-acetylphenanthrene, 3-acetylindole, 9-fluorenone, 1-indanone,
      1,3,5-triacetylbenzene, thioxanthen-9-one, xanthene-9-one,
      7-H-benz[de]anthracen-7-one, 1-naphthaldehyde,
      4,4'-bis(dimethylamino)benzophenone, fluorene-9-one, 1'-acetonaphthone,
      2'-acetonaphthone, triphenylphosphine, tri-o-tolylphosphine,
      acetonaphthone and 2,3-butanedione, benz[a]anthracene 7,12 dione, etc.,
      which serve to give greatly reduced exposure times and thereby when used
      in conjunction with various forms of energetic radiation yield very rapid,
      commercially practical time cycles by the practice of the instant
      invention.
PAR  These photocuring rate accelerators may range from about 0.005 to 50
      percent by weight of the photocurable polyene-polythiol composition,
      preferably 0.05 to 25 percent.
PAR  The mole ratio of the ene/thiol groups for preparing the curable
      composition is from about 0.2/1.0 to about 8/1.0, and preferably from
      0.5/1.0 to about 2/1.0 group ratio.
PAR  The curable hydantoin glycol derived polyene and polythiol compositions are
      used in preparing solid, cured crosslinked insoluble polythioether
      polymeric products having many and varied uses, examples of which include,
      but are not limited to, coatings; adhesives; films; molded articles;
      imaged surfaces, e.g., solid photoresists; solid printing plates; e.g.,
      offset, lithographic, letterpress, gravures, etc., silverless photographic
      materials and the like.
PAR  Since the cured materials formed from the polyene-polythiol composition
      posses various desirable properties such as resistance to severe chemical
      and physical environments and have a high percent elongation, they are
      particularly useful for preparing coatings.
PAR  A general method for preparing coatings, comprises coating the curable
      composition on a solid surface of a substrate such as plastic, rubber,
      glass, ceramic, metal, paper and the like; exposing directly to radiation,
      e.g., U.V. light until the curable composition cures and crosslinks in the
      exposed areas. The resulting products are cured coatings on suitable
      substrates or supports.
PAR  In forming the composition comprised of the polythiol and the polyene, it
      is desirable that the photocurable composition contain a photocuring rate
      accelerator from about 0.005 to 50 parts by weight based on 100 parts by
      weight of the aforementioned polyene and polythiol.
PAR  It is to be understood, however, that when energy sources, e.g, ionizing
      radiation, other than visible or ultraviolet light, are used to initiate
      the curing reaction, photocuring rate accelerators (i.e, photosensitizers,
      etc.) generally are not required in the formulation.
PAR  When U.V. radiation is used for the curing reaction, a dose of 0.0004 to
      6.0 watts/cm.sup.2 is usually employed.
DETD
PAR  The following examples will aid in explaining, but should not be deemed
      limiting, the instant invention. In all cases unless otherwise noted, all
      parts and percentages are by weight.
PAC  EXAMPLE I
PAR  To a 3,000 ml. resin kettle equipped with stirrer, thermometer, nitrogen
      inlet and outlet and vented addition funnel was charged under a nitrogen
      blanket 959.4 grams of commercially available trimethylolpropane diallyl
      ether and 0.98 grams of stannous octoate catalyst. 1,000 grams of
      commercially available isophorone diisocyanate was charged to the addition
      funnel and added dropwise to the kettle with stirring over a 41/2 hour
      period while maintaining the temperature below 70.degree.C. After the
      isophorone diisocyanate was completely added, the temperature was allowed
      to drop to room temperature (24.degree.C), the nitrogen blanket
      discontinued and the reaction was stirred for 48 hours.
PAR  To a separate 1,000 ml. resin kettle equipped with stirrer, thermometer,
      nitrogen inlet and outlet and vented addition funnel was charged 535 grams
      of the reaction product from above along with 16 drops of stannous
      octoate. 301.3 grams of commercially available pentaethoxylated
      N,N'-bis(2-hydroxyethyl) dimethylhydanotin was charged to the addition
      funnel and thereafter added dropwise to the resin kettle with stirring
      while maintaining the temperature below 70.degree.C. The resultant polyene
      product of the formula:
      ##SPC2##
PAL  wherein m + n equals 7 and the polyene product had a carbon to carbon
      unsaturation content of 2.9 mmoles/g.
PAR  This polyene will be referred to hereinafter as Polyene A.
PAC  EXAMPLE II
PAR  To a 3,000 ml. resin kettle equipped with stirrer, thermometer, nitrogen
      inlet and outlet and vented addition funnel was charged under a nitrogen
      blanket 261 grams of commercially available tolylene diisocyanate. 87
      grams of commerically available allyl alcohol was added to the addition
      funnel and thereafter added dropwise to the resin kettle with stirring
      while maintaining the temperature below 85.degree.C. After 11/2 hours the
      addition was complete and the reaction was stirred for an additional 11/2
      hours at which time the isocyanate was analyzed and was found to be 4.26
      meq./g.
PAR  325 grams of the reaction product was transferred to a 200 ml. resin kettle
      similarly equipped as above and containing 400 ml. chloroform and 0.25
      gram stannous octoate. 151.3 grams of commercially available
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin was added to the resin kettle
      and a definite exotherm was noted. The NCO band in the IR was followed
      until disappearance. The material was transferred to a blender and
      petroleum ether was added to precipitate the product as a fine white
      powder. The powder was filtered and dried in vacuo. It contained a
      carbon-to-carbon unsaturation of 2.7 mmoles/g. This resulting polyene has
      the formula:
      ##SPC3##
PAR  This polyene will hereinafter be referred to as Polyene B.
PAC  EXAMPLE III
PAR  To a 1,000 ml. resin kettle equipped with stirrer, thermometer, nitrogen
      inlet and outlet and vented addition funnel was charged 294.8 grams of
      commercially available tolylene diisocyanate. 365.2 grams of
      trimethylolpropane diallyl ether was charged to the addition funnel and
      thereafter added dropwise to the resin kettle under a nitrogen atmosphere
      while maintaining the temperature below 28.degree.C. After the addition
      was complete the material was stirred for about 4 hours. The material had
      a NCO content of 2.47 meq./g.
PAR  To another 1,000 ml. resin kettle equipped with stirrer, thermometer,
      nitrogen inlet and outlet and an addition funnel was charged 200 grams of
      commercially available pentadecaethoxylated N,N'-bis(2-hydroxyethyl)
      dimethylhydantoin having an OH content of 1.95 meq./g. along with 3 drops
      of stannous octoate. 157.2 grams of the reaction product of the tolylene
      diisocyanate and the trimethylolpropane diallyl ether reaction supra was
      charged to the addition funnel and thereafter added dropwise to the resin
      kettle. The temperature was maintained below 58.degree.C. during the 41/2
      hours of addition. The reaction was stirred for an additional 21 hours
      during which time the NCO content was monitored by IR scans. The resultant
      polyene had a carbon to carbon unsaturation of 2.35 mmoles/g. and had the
      formula:
      ##SPC4##
PAL  wherein m + n is 17.
PAR  This polyene will hereinafter be referred to as Polyene C.
PAC  EXAMPLE IV
PAR  Example III was repeated except that 226 grams of the reaction product of
      tolylene diisocyanate and trimethylolpropane diallyl ether was added to
      200 grams of commercially available decaethoxylated
      N,N'-bis(2-hydroxyethyl)dimethylhydantoin. The resultant polyene had a C=C
      content of 2.72 meq./g. and had the formula:
      ##SPC5##
PAL  wherein m + n is 12.
PAR  This polyene will hereinafter be referred to as Polyene D.
PAC  EXAMPLE V
PAR  Example III was repeated except that 326 grams of the reaction product of
      tolylene diisocyanate and trimethylolpropane diallyl ether eas added to
      200 grams of commercially available pentaethoxylated
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin. The resultant polyene had a
      carbon to carbon unsaturation of 3.17 mmoles/g. and had the formula:
      ##SPC6##
PAL  wherein m + n is 7.
PAR  This polyene will hereinafter be referred to as Polyene E.
PAC  EXAMPLE VI
PAR  To a 3,000 ml. resin kettle equipped with stirrer, thermometer, nitrogen
      inlet and outlet and addition funnel was charged under a nitrogen blanket
      250 grams of commercially available tolylene diisocyanate along with 0.28
      grams of stannous octoate catalyst. 323.14 grams of diallyl malate was
      charged to the addition funnel and thereafter added dropwise to the resin
      kettle with stirring while maintaining the temperature below 58.degree.C.
      The reaction was continued for 4 hours. 529 grams of the reaction product
      was transferred to a dropping funnel and thereafter added dropwise to a
      2,000 ml. resin kettle containing 147.4 grams of commercially available
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin and 0.39 grams stannous
      octoate. The reaction thickened as addition continued and the temperature
      was allowed to rise to about 100.degree.C to permit stripping. An
      additional 0.39 grams of stannous octoate was added to the reaction and
      the reaction was continued for 51 hours at which time the IR scan showed
      zero NCO. The resultant polyene had a C=C content of 4.06 mmoles/g. and
      was of the formula:
      ##SPC7##
PAR  This polyene will hereinafter be referred to as Polyene F.
PAR  The following examples show the preparation of a polythiol derived from a
      hydantoin glycol.
PAC  EXAMPLE VII
PAR  To a 2,000 ml. 3-necked flask equipped for distillation with stirrer and
      nitrogen inlet was charged 432 grams (2 moles) of commercially available
      N,N'-bis(2-hydroxyethyl) dimethylhydantoin, 445 grams of mercaptopropionic
      acid and 17.5 grams p-toluenesulfonic acid. 100 ml. of ethylene dichloride
      was added to the flask. The mixture was heated with stirring for 8 hours
      and the evolved water was continuously removed by azeotropic distillation
      at 71.degree.-75.degree.C, returning the ethylene dichloride to the
      reaction flask. The solution in the flask was then washed once with about
      1,000 ml. water, twice with about 1,000 ml. of 5 percent sodium
      bicarbonate and finally with about 1,000 ml. of water. The solution was
      dried over anhydrous magnesium sulfate, mixed with 10 g. of decolorizing
      carbon and filtered. The solvent was removed by vacuum distillation,
      affording 672 g. of product or an 86 percent yield of the following
      polythiol:
      ##EQU14##
PAR  This polythiol will be referred to hereinafter as Polythiol Z.
PAC  EXAMPLE VIII
PAR  To a 2 liter, 3-necked, round-bottom flask equipped with stirrer,
      thermometer, Dean-Stark trap and reflux condenser was charged 216 grams of
      comercially available N,N'-bis(2-hydroxyethyl) dimethylhydantoin, 193.2
      grams of thioglycollic acid, 8.18 grams of p-toluenesulfonic acid and 500
      ml. of benzene. The mixture was heated to reflux temperature with
      stirring. The amount of water collected in the Dean-Stark trap was
      periodically determined and the reaction was stopped when 39.5 ml. water
      was collected. The mixture was cooled to room temperature, washed with 500
      ml. water then twice washed with 500 ml. of a 5 percent NaHCO.sub.3
      solution followed by an additional 500 ml. water wash. The benzene layer
      was removed and dried over 60 grams anhydrous MgSO.sub.4. 2.5 grams
      decolorizing carbon was then added to the mixture and it was filtered
      through a fritted filter with the aid of a vacuum. The benzene was
      stripped off under high vacuum in a flash evaporator to give the polythiol
      in the amount of 293 grams (80.5 percent yield). On analysis the product
      had an SH content of 4.96 meq. SH/g., a COOH content of 0.02 meq. COOH/g.
      and an ester content of 6.07 meq. ester/g. The polythiol had the formula:
      ##EQU15##
PAR  The following examples show the ability of the polyenes and polythiols
      herein to form cured polythioethers on exposure to actinic radiation. The
      polyenes and polythiols herein when cured together result in cured
      materials having a high percent of elongation on failure as compared to
      other commercially available polyenes and polythiols.
PAC  EXAMPLE IX
PAR  The following formulations were prepared in 200 ml. brown sample bottles.
      In all cases accurately weighed amounts of the polyene, stabilizers,
      photosensitizer and polythiol were added to the bottle and admixed until
      homogeneous before use. When Polyene A (a solid at room temperature
      25.degree.C) was used in the formulation, it was heated to 80.degree.C in
      order to facilitate weighing and handling.
TBL  ______________________________________                                    
     Formulation A                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     71.4    Polyene E                                                         
     28.6    pentaerythritol tetrakis (mercaptopropionate) -                   
             a polythiol commercially available from Cincinnati                
             Milacron Chemicals, Inc., under the tradename "Q-43"              
     2.0     benzophenone (photosensitizer)                                    
     0.05    H.sub.3 PO.sub.3 (stabilizer)                                     
     0.2     octadecyl-.beta.-(4-hydroxy-3,5-di-t-butyl phenyl)                
             propionate - commercially available from Geigy-Ciba               
             under the tradename "IRGANOX 1076" (stabilizer)                   
     0.1     2,6-di-tert-butyl-4-methyl phenol commercially                    
             available under the tradename "Ionol" from Shell                  
             Chemical Company (stabilizer)                                     
     Formulation B                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     72.3    Polyene E                                                         
     27.7    ethylene glycol bis (mercaptopropionate) - a polythiol            
             commercially available under the tradename "E-23"                 
             from Cincinnati Milacron Chemicals, Inc.                          
     2.0     benzophenone                                                      
     0.05    H.sub.3 PO.sub.3                                                  
     0.2     "IRGANOX 1076"                                                    
     0.1     "Ionol"                                                           
     Formulation C                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     69.2    Polyene E                                                         
     30.8    trimethylpropane tris (mercaptopropionate) a poly-                
             thiol commercially available from Cincinnati Milacron             
             Chemicals, Inc., under the tradename "P-33"                       
     2.0     benzophenone                                                      
     0.05    H.sub.3 PO.sub.3                                                  
     0.2     "IRGANOX 1076"                                                    
     0.1     "Ionol"                                                           
     Formulation D                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     60.75   Polyene E                                                         
     39.25   Polythiol X from Example VII                                      
     2.0     benzophenone                                                      
     0.05    H.sub.3 PO.sub.3                                                  
     0.2     "IRGANOX 1076"                                                    
     0.1     "Ionol"                                                           
     Formulation E                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     79.5    Polyene A from Example I                                          
     30.0    "Q-43"                                                            
     2.19    benzophenone                                                      
     0.054   H.sub.3 PO.sub.3                                                  
     0.219   "IRGANOX 1076"                                                    
     0.109   "Ionol"                                                           
     Formulation F                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     65.2    Polyene A                                                         
     22.5    "E-23"                                                            
     1.95    benzophenone                                                      
     0.048   H.sub.3 PO.sub.3                                                  
     0.195   "IRGANOX 1076"                                                    
     0.097   "Ionol"                                                           
     Formulation G                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     71.3    Polyene A                                                         
     30.0    "P-33"                                                            
     2.02    benzophenone                                                      
     0.050   H.sub.3 PO.sub.3                                                  
     0.202   "IRGANOX 1076"                                                    
     0.101   "Ionol"                                                           
     Formulation H                                                             
     Weight (g.)                                                               
             Component                                                         
     ______________________________________                                    
     49.2    Polyene A                                                         
     30.0    Polythiol Z                                                       
     1.58    benzophenone                                                      
     0.039   H.sub.3 PO.sub.4                                                  
     0.158   "IRGANOX 1076"                                                    
     0.079   "Ionol"                                                           
     ______________________________________                                    
PAR  Each formulation was poured on a glass plate and drawn down to a 20 mil
      thick film. The film on the plate was exposed to UV radiation for 2
      minutes under a UV Ferro lamp at a surface intensity of 7,000
      microwatts/cm.sup.2. The cured samples were measured for percent
      elongation at failure. The results are shown in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
     Formulation      % Elongation at Failure                                  
     ______________________________________                                    
     A                76                                                       
     B                84                                                       
     C                66                                                       
     D                154                                                      
     E                90                                                       
     F                75                                                       
     G                63                                                       
     H                133                                                      
     ______________________________________                                    
PAR  As can be seen from the results, formulations D and H, consisting of the
      polyene and polythiol in which both components are derived from a
      hydantoin glycol, resulted in cured polythioethers having very high
      percent elongations as compared to the polyenes herein used with
      commercially available mercaptate esters.
PAR  The molecular weight of the polyenes and polythiols of the present
      invention may be measured by various conventional methods including
      solution viscosity, osmotic pressure and gel permeation chromatography.
      Additionally, the molecular weight may be calculated from the known
      molecular weight of the reactants.
PAR  As can be seen from the above detailed description, the subject curable and
      particularly photocurable compositions comprised of compatible polyenes
      and polythiols derived from hydantoin glycol exhibit extremely
      satisfactory chemical and physical properties and are versatile curable
      polymeric systems.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that many variations may be made therein without
      departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A curable composition useful for obtaining a solid cross-linked
      polythioether consisting essentially of:
PA1  1. A polyene of the formula:
      ##EQU16##
      wherein A and B are polyvalent organic radical members free of reactive
      carbon to carbon unsaturation and are independently selected from the
      group consisting of aryl, substituted aryl, aralkyl, substituted aralkyl,
      cycloalkyl, substituted cycloalkyl, alkyl and substituted alkyl containing
      1 to 36 carbon atoms and mixtures thereof, said group members can be
      connected by a chemically compatible linkage selected from the group
      consisting of --O--, --S--, carboxylate, carbonate, carbonyl, urethane and
      substituted urethane, urea and substituted urea, amide and substituted
      amide, amine and substituted amine and hydrocarbon; Z is a divalent
      chemically compatible linkage selected from the group consisting of
      ##EQU17##
      --O-- and --S--; X is a member selected from the group consisting of (a)
      --(CH.sub.2).sub.d --CR'=CHR, (b) --O--(CH.sub.2).sub.d --CR'=CHR, (c)
      --S--(CH.sub.2).sub.d --CR'=CHR, (d) --(CH.sub.2).sub.d --C.tbd.CR, (e)
      --O--(CH.sub.2).sub.d --C.tbd.CR, (f) --S--(CH.sub.2).sub.d --C.tbd.CR;
      and mixtures thereof; where R and R' each are independently selected from
      the group consisting of hydrogen and methyl radicals; d, p and q are each
      integers from 0 to 1; m and n are each integers of at least 1; with m + n
      from 2 to 22 and r at least 1, and y from 1 to 10; and
PA1  (2.) A polythiol of the formula:
      ##EQU18##
      wherein m and n are each at least 1 and m + n is 2 and 22 and R.sub.3 is a
      polyvalent organic radical member free of reactive carbon-to-carbon
      unsaturation and is selected from the group consisting of aryl,
      substituted aryl, aralkyl, substituted aralkyl, cylcoalkyl, substituted
      cylcoalkyl, alkyl and substituted alkyl groups containing 1 to 16 carbon
      atoms and mixtures thereof, the total combined functionality of (a) the
      reactive carbon-to-carbon bonds per molecule in the polyene and (b) the
      thiol groups per molecule in the polythiol being greater than 4.
NUM  2.
PAR  2. A shaped, molded article cast from the composition of claim 1.
NUM  3.
PAR  3. A process of forming a solid crosslinked polythioether which comprises
      admixing
PA1  1. A polyene of the formula:
      ##EQU19##
      wherein A and B are polyvalent organic radical members free of reactive
      carbon to carbon unsaturation and are independently selected from the
      group consisting of aryl, substituted aryl, aralkyl, substituted aralkyl,
      cycloalkyl, substituted cycloalkyl, alkyl and substituted alkyl containing
      1 to 36 carbon atoms and mixtures thereof, said group members can be
      connected by a chemically compatible linkage selected from the group
      consisting of --O--, --S--, carboxylate, carbonate, carbonyl, urethane and
      substituted urethane, urea and substituted urea, amide and substituted
      amide, amine and substituted amine and hydrocarbon; Z is a divalent
      chemically compatible linkage selected from the group consisting of
      ##EQU20##
      --O-- and --S--; X is a member selected from the group consisting of (a)
      --(CH.sub.2).sub.d --CR'=CHR, (b) --O--(CH.sub.2).sub.d --CR'=CHR, (c)
      --S--(CH.sub.2).sub.d --CR'=CHR, (d) --(CH.sub.2).sub.d --C.tbd.CR, (e)
      --O--(CH.sub.2).sub.d --C.tbd.CR, (f) --S--(CH.sub.2).sub.d --C.tbd.CR;
      and mixtures thereof; where R and R' each are independently selected from
      the group consisting of hydrogen and methyl radicals; d, p and q are each
      integers from 0 to 1; m and n are each integers of at least 1; with m + n
      from 2 to 22 and r at least 1, and y from 1 to 10; and
PAR  2. A polythiol of the formula:
      ##EQU21##
      wherein m and n are each at least 1 and m + n is 2 to 22 and R.sub.3 is a
      polyvalent organic radical member free of reactive carbon-to-carbon
      unsaturation and is selected from the group consisting of aryl,
      substituted aryl, aralkyl, substituted aralkyl, cylcoalkyl, substituted
      cylcoalkyl, alkyl and substituted alkyl groups containing 1 to 16 carbon
      atoms and mixtures thereof, the total combined functionality of (a) the
      reactive unsaturated carbon to carbon bonds per molecule in the polyene
      and (b) the thiol groups per molecule in the polythiol being greater than
      4 and thereafter exposing the mixture to ambient conditions in the
      presence of a free radical generator.
NUM  4.
PAR  4. A process according to claim 3 wherein (1) said polyene is a member of
      the group consisting of:
      ##SPC8##
PAL  and (2) said polythiol is a member of the group consisting of:
      ##EQU22##
      wherein each of the aforesaid group members m and n are integers of at
      least 1 and m + n is 2-22.
NUM  5.
PAR  5. The solid product prepared by the process of Claim 3.
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ABST
PAL  A process for the production of an anchoring agent of copolyamide resin by
      condensing certain amounts of polyalkylene polyamines, dicarboxylic acids
      and at least one member of the group consisting of diamine,
      .epsilon.-caprolactam and amino caproic acid, and then reacting the
      secondary amino groups of said copolyamide partially with epichlorhydrin
      for crosslinking.
BSUM
PAC  PRIOR ART
PAR  This invention relates to a process for the production of a water-soluble,
      thermo-setting anchoring agent of copolyamide resin by condensing a
      monomer mixture containing polyalkylene polyamines, dicarboxylic acids and
      diamines and crosslinking said copolyamide with epichlorhydrin, for
      anchoring polyvinylidene halide copolymers to sheet structures of
      cellulose compounds.
PAR  Synthetic resins of this kind are known per se from the literature,
      although to some extent these known synthetic resins are used for
      different purposes.
PAR  Thus, U.S. Pat. No. 2,926,154 describes a synthetic resin which is used to
      increase the wet strength of paper. To prepare this synthetic resin, a
      polyalkylene polyamine is polycondensed with a saturated, aliphatic
      dicarboxylic acid and the reactive amino groups in the resulting
      polycondensate are subsequently crosslinked with epichlorhydrin.
      Unfortunately, this synthetic resin product is not stable in storage with
      the result that this aqueous synthetic resin solution undergoes a rapid
      increase in viscosity and gels completely after only 2 days. Even a
      corresponding sythetic resin solution acidified to improve stability gels
      after only 7 days and can no longer be used. It was also found that an
      anchoring agent as defined above on account of the limited adhesion of the
      product to other materials could not be achieved.
PAR  The product disclosed in U.S. Pat. No. 3,250,664 which was reproduced for
      comparison purposes resulted in equally poor results. Neither its
      stability in storage nor its anchoring strength was satisfactory (cf.
      Comparison Example V 1b).
PAR  German published application (DOS) No. 1,696,181 recommends a chemically
      related product for improving the bursting pressure of hoses. A
      water-soluble epichlorhydrin-polyamide reaction product is also preferred
      in this case, the molar ratio of epichlorhydrin to secondary amino groups
      in the polyamide amounting to about 1.0-1.5 mol. Although results from
      tests based on this Patent Specification are not yet available in
      sufficient numbers for forming an average value, it can be said on the
      evidence currently available that the stability in storage of the
      water-soluble product does not exceed a period of 6 days, whilst its
      ability to anchor various products in the sense defined above is very
      little (cf. Comparison Example V 1c).
PAR  German published application (DOS) 1,696,248 relates to a modification of
      the processes for producing water-soluble synthetic resins of this kind
      disclosed in the Patent Specification referred to above insofar as it
      describes the use of glycerin-dichlorhydrin as a preliminary stage of
      epichlorhydrin, rather than epichlorhydrin itself, for reaction with the
      secondary amino groups of the polyamide resin produced from polyalkylene
      polyamines giving a commerical and economic advantage. However,
      reproduction of the process for producing the product disclosed in DOS No.
      1,696,248, has shown that the stability of this product in storage is even
      poorer than that of the other known products referred to above and that
      the adhesion of polyvinylidene halide copolymer lacquers to sheet
      structures of cellulose compounds is also totally unsatisfactory (cf.
      Comparison Example V 1d).
PAR  In addition, the teaching of DOS 1,696,248 would not seem to be readily
      applicable, even where this water-soluble synthetic resin is used merely
      for improving the wet strength of cellulose substances which is reflected
      in better dimensional stability in the case of cellulose-containing
      tubular food casings, because epichlorhydrin is again used instead of the
      glycerin-dichlorhydrin in the later Patent Application DOS No. 1,719,297.
      Since the teaching of this application on the composition of this
      water-soluble synthetic resin is confined to the statement that the
      products in question were already commercially available at the beginning
      of 1967, this statement can only be interpreted to relate to resins of the
      kind which show poor stability in storage and whose anchoring strengths
      between polyvinylidene halide copolymer lacquers on the one hand and
      cellulose substances on the other hand is unsatisfactory.
PAR  In order to overcome this troublesome deficiency which still exists in
      spite of the considerable demand for sheet structures of high wet
      strength, the most recent publication, German published application (DOS)
      1,906,561, discloses a water-soluble, thermo-setting synthetic resin
      having a considerably improved stability in storage obtained by
      co-condensation of .epsilon.-caprolactam.
PAR  Unfortunately, considerable difficulties are involved in using such a
      product as an agent for anchoring a lacquer of polyvinylidene halide
      copolymers to cellulose-containing tubular casings. The known
      water-soluble thermo-setting synthetic resin is unable to wet uniformly an
      optionally fibre-containing cellulose regenerate casing so that the
      aqueous resin solution runs off the unwetted areas and forms droplets
      which do not completely harden during the subsequent drying process.
      Accordingly, the tubular film is unevenly coated with the anchoring agent.
      Therefore, it can also be subsequently coated unevenly with a
      polyvinylidene halide lacquer during the following lacquering operation.
      This means that the permeability of the material to water vapour is only
      slightly improved and a tube of this kind can no longer be used as a
      sausage casing. Since adhesion of the lacquer is only moderate at the
      preferred molar ratio of secondary amino groups to epichlorhydrin of 1.0
      to 1.5 according to the aforementioned DOS, polyvinylidene halide lacquer
      fractions temporarily adhering to sausage-filled casing are detached
      during boiling. Accordingly, the sausage which is hung up after boiling
      loses water very quickly which is undesirable for reasons of taste alone
      and also on account of the appearance of the sausage. The high
      permeability of the sausage casing to oxygen, which is another result of
      defective lacquering, quickly deprives the sausage of its preservation
      properties, depending upon the composition of the sausage.
PAR  Moreover, the recommendation of the known publication to use epichlorhydrin
      in a stoichiometric excess, involves the danger that after the synthetic
      resin has been applied to the surface of the cellulose-containing casing,
      the epichlorhydrin phase separates from the aqueous solution of the
      polyalkylene polyamide on account of the insolubility of the
      epichlorhydrin in water. Also, the glycerin generally used as plasticiser
      for cellulose-containing tubular films is dissolved out of the film by the
      free epichlorhydrin. If even the water-soluble synthetic resin of
      polyalkylene polyamides and epichlorhydrin is not used in the production
      of food casings, but in the production of other sheet structures, for
      example those used for packaging purposes, it is not possible to produce
      satisfactory coatings of polyvinylidene halide copolymer lacquers on
      cellulose-containing sheet structures.
PAR  In view of the considerable, ever increasing demand for sheet structures of
      this kind, the absence of a suitable water-soluble, thermo-setting,
      polycondensed synthetic resin cross-linked with epichlorhydrin as an
      anchoring agent is proving to be a serious fault and a genuine bottleneck
      in production.
PAC  OBJECT OF THE INVENTION
PAR  It is therefore an object of the invention to provide a suitable process
      for the production of a copolyamide resin which not only improves the wet
      strength of cellulose-containing materials, i.e. strengthens the
      cellulose-cellulose bond, but which also bonds synthetic polymer
      substances, such as polyvinylidene halide copolymers, more effectively to
      the cellulose-containing substance.
PAC  THE INVENTION
PAR  Accordingly this invention relates to a process for the production of
      water-soluble copolyamides with improved storage stability and good
      ability to anchore polyvinylidene halide copolymers to
      cellulose-containing substances, obtained by condensing 35-45 % by weight
      of polyalkylene polyamines, 45-60 % by weight of dicarboxylic acids
      hahving 3-10 carbon atoms and 5-20 % by weight of at least one member of
      the group, consisting of diamine, .epsilon.-caprolactam and amino caproic
      acid, wherein 1 mol equivalent of each of the secondary amino groups of
      said copolyamide is reacted with from 0.1-0.4 mol of epichlorhydrin for
      crosslinking.
PAR  Surprisingly this copolyamides crosslinked with a certain inadequacy of
      epichlorhydrin are resins with improved adhesion and anchorage properties
      and have additionally a greatly improved storage stability, namely an
      improvement from the original figure of 11 days to more than 300 days in
      acid medium. Another surprising factor was that the improved anchoring
      effect occurred not only between two cellulose products, but also between
      cellulose products on the one hand and polyvinylidene halide copolymer
      products on the other hand.
PAR  It can be assumed from the higher amine number found in the product
      according to the invention that the secondary amino groups still
      predominantly present in the anchoring product react during drying with
      the functional groups in the cellulose on the one hand and in the
      polyvinylidene halide copolymer product on the other hand to produce a
      crosslinking effect. Another major advantage of the invented product is
      that the aqueous solution of the anchoring product can immediately be
      spread without difficulty over the surface of the cellulose-containing
      sheet structures without causing either bead formation or wave-like
      deformation of the cellulose-containing sheet structure. Accordingly, the
      layer of lacquer is also able to develop without interruption over the
      entire surface. Thus considerably reducing the permeability of the sheet
      structure to oxygen. In the special application of the inventive product
      in th production of cellulose-containing tubular sausage casing lacquered
      with polyvinylidene halide copolymers, none of the disadvantages referred
      to earlier occurred during storage of the sausage. By virtue of the high
      stability in storage of the water-soluble, thermo-setting inventive
      product, it is also possible to use larger quantities of water which is
      beneficial for long periods of use, and also for storing sausage products
      much more easily.
PAR  Especially suitable polyalkylene polyamines are diethylene triamine,
      triethylene tetramine, tetraethylene pentamine.
PAR  Particularly suitable dicarboxylic acids are those having the formula
EQU  COOH -- Y -- COOH
PAL  in which Y represents:
PAL  a. a residue of terephthalic acid or an isomer of the formula
      ##SPC1##
PAL  or
PAL  b. a residue of an aliphatic dicarboxylic acid of the formula
EQU  -- (CH.sub.2).sub.n --
PAL  wherein n is an iteger of at least 3-10, or a mixture of (a) and (b).
PAR  Eminently suitable are adipic acid, azelaic acid, sebacic acid,
      terephthalic acid and itaconic acid.
PAR  Preferred diamine starting components to be polycondensed have the formula
EQU  NH.sub.2 -- R -- NH.sub.2
PAL  in which R represents
PAL  a. a mixture of the two isomers of trimethyl hexamethylene diamine of the
      formula
      ##EQU1##
      or b. an aliphatic diamine of the formula
EQU  -- (CH.sub.2).sub.m --
PAL  wherein m is an integer of 2-6, or a mixture of (a) and (b). Though
      hexamethylene diamine or the said mixture of the isomers of 2,2,4- and
      2,4,4-trimethylhexamethylene diamines are preferred, it is also possible
      to use the mixture of both diamines or other aliphatic diamines within the
      range of 2-6 carbon atoms.
PAR  With reference to the said epichlorhydrin, it is preferred for crosslinking
      that 1 mol equivalent of each of the secondary amino groups in the
      copolyamide polycondensed from the monomer mixture is reacted with 0.4
      mols of epichlorhydrin.
PAR  In other respects, the product according to the invention is also superior
      in its use as described above to other commercially available anchoring
      agents based on melamine-formaldehyde resins, such as for example
      "Madurit" (a product of Messrs. Cassella Farbwerke Mainkur AG,
      Frankfurt-Fechenheim/Main). Although the wetting of Madurit on the
      cellulose-containing substrate was good, the anchoring effect between the
      cellulose-containing substrate on the one hand and the polyvinylidene
      halide copolymer lacquer on the other hand was considerably poorer. Beside
      melamine-formaldehyde resins can only be used in low concentrations under
      the new food laws which do not affect the product according to the
      invention, which may be defined as water-soluble copolyamide with improved
      storage stability and good ability to anchore polyvinylidene halide
      copolymers to cellulose-containing substances, produced by process
      according to the invention.
PAR  The production, properties and use of the water-soluble, thermo-setting
      synthetic inventive resins are described in the following Examples.
      Various other resins are also described for the purpose of comparison.
PAR  The essential data of these Examples are summarized in the form of a Table
      at the end of the description.
PAR  So far as the properties specified in this Table are concerned, the molar
      ratios, the solids content of the aqueous synthetic resin solutions in
      percentages by weight, the amine number after crosslinking in mg of KOH/g
      of synthetic resin and the pH-value, were all determined by conventional
      methods known to the expert. The storage stability values were obtained by
      storing the aqueous solutions on the one hand and the aqueous hydrochloric
      acid solutions adjusted to pH 5.5 on the other hand at a constant
      temperature of 20.degree.C. In order to determine the lacquer adhesion
      values, 1 % by weight solutions were prepared from all 6 products produced
      in accordance with the invention and from all 6 of the comparison products
      produced in accordance with the Comparison Examples, through which an
      air-inflated tube of cellulose hydrate film was guided. After the excess
      synthetic resin solution had been stripped off by means of an air brush
      arranged over the bath (air pressure 350 mm WC), the treated tube was
      dried in a following tunnel at a ttemperautre of approximately
      100.degree.C. In the next operation, the inflated tube was guided through
      an aqueous polyvinylidene chloride-copolymer dispersion containing
      approximately 70 % by weight of water and, after the excess dispersion had
      been stripped off, the tube was dried in another drying tunnel at
      200.degree.C and subsequently wound up. The product AE 17 (produced by
      Messrs. Wolff Walsrode AG) was used as the polyvinylidene chloride
      copolymer dispersion, being polymerised from a monomer mixture having a
      vinylidene chloride-content of 90 %.
PAR  The lacquer adhesion test performed on the lacquered product was carried
      out as follows: a total of six 10 cm long test specimens per example were
      removed from sheet structures based on the 12 products produced in
      accordance with the 12 Examples, completely immersed in a bath containing
      500 ml of boiling water (A = at pH 7.0; B = 3 % aqueous citric acid
      solution) and then removed again after a residence time of 30, 60 or 180
      minutes in order to carry out the lacquer abrasion test. The lacquer
      abrasion test was carried out in the usual way simply by placing the test
      specimen between the thumb and index finger and then gently rubbing the
      test specimen between the thumb and index finger.
DETD
PAR  Further illustrations are given in the following special Examples.
PAC  EXAMPLE 1 ACCORDING TO THE INVENTION
PAR  1588.8 G (15.4 mols) of diethylene triamine, 2046 G (14 mols) of adipic
      acid and 633.5 G (2.8 mols) of hexamethylene diammonium adipate salt were
      introduced into a steel autoclave equipped with a contact thermometer, a
      stirring mechanism and a distillation attachment. After the reaction
      vessel had been closed, heating was commenced. 430 Ml of water of
      condensation (85 % of the theoretical amount) were distilled off before
      the reaction temperature of 170.degree.C had been reached. This was
      accelerated by the additional through-flow of nitrogen. The
      post-condensation reaction, during which nitrogen was again passed
      continuously through the contents of the reaction vessel, was carried out
      over the next 2 hours at 170.degree.C. After cooling to 130.degree.C, the
      co-polyaminoamide formed was adjusted with water to a solids content of
      approximately 25 % by weight. This product had a pH-value of 10.4 and an
      amine number of 275 (mg of KOH/g of polyamide).
PAR  342 G (3.7 mols) of epichlorhydrin were then added to this aqueous
      polycondensate solution having a solids content of 25 % by weight. The
      following crosslinking reaction was carried out over a period of 1 hour at
      50.degree.C. Thereafter, the completed synthetic resin solution was
      diluted with water to 10 % by weight, after which it had a pH-value of 8.5
      and an amine number of 196 (cf. Table).
PAR  The aqueous sythetic resin solution showed excellent stability in storage,
      being stable, completely serviceable and ungelled after 30 days in a
      normal aqueous solution and after 300 days in a hydrochloric acid aqueous
      solution. The storage tests were then terminated. According to the
      aforementioned Standard Use Example, the wetting of the product applied
      was good and complete. The lacquer adhesion tests were all satisfactory.
PAC  EXAMPLE 2 ACCORDING TO THE INVENTION
PAR  1588.8 G (15.4 mols) of diethylene triamine, 2046 G (14 mols) of adipic
      acid and 319.7 G (2.8 mols) of .epsilon.-caprolactam were introduced into
      a steel autoclave of the kind used in Example 1. The reaction was carried
      out as described in Example 1. The polycondensate solution subsequently
      diluted to 25 % by weight had a pH-value of 10.7 and an amine number of
      300.
PAR  The aforementioned aqueous solution was then reacted with 342 g (3.7 mols)
      of epichlorhydrin by the crosslinking reaction carried out as described in
      Example 1. The synthetic resin solution diluted with water to 10 % by
      weight had a pH-value of 8.6 and an amine number of 218 (mg of KOH/g of
      polyamide).
PAR  The stability of the solution in storage was as high as that of the
      solution obtained in accordance with Example 1, the tests being terminated
      after 30 and 300 days. Wetting was again good and complete whilst the
      lacquer adhesion tests all gave good results.
PAC  EXAMPLE 3 ACCORDING TO THE INVENTION
PAR  1588.8 G (15.4 mols) of diethylene triamine and 2046 g (14 mols) of adipic
      acid were introduced into a steel autoclave of the kind used in Example 1,
      and the temperature in the subsequently closed autoclave was continuously
      increased. The water of reaction liberated began to distill off at
      125.degree.C, a total of 430 ml being collected before 319.7 g (2.8 mols)
      of caprolactam were added to the reaction mixture, and polycondensation
      was continued for the next 2 hours at 170.degree.C. As already described,
      the product was diluted with water to 25 % by weight after cooling. It
      then had a pH-value of 10.7 and an amine number of 293.
PAR  342 G (3.7 mols) of epichlorhydrin were then added to this aqueous
      polycondensate solution and the reaction was carried out for 1 hour at a
      temperature of 50.degree.C. The solution resin obtained was then diluted
      with water to 10 % by weight. It had a pH-value of 8.7 and an amine number
      of 210 (mg of KOH/g of polyamide).
PAR  This solution was also stable after storage for 30 and 300 days in the same
      way as the other products produced in accordance with the preceding
      Examples according to the invention. The wetting and lacquer adhesion
      values were determined in the same way as in the preceding Examples
      according to the invention and were all good.
PAC  EXAMPLE 4 ACCORDING TO THE INVENTION
PAR  1588.8 G (15.4 mols) of diethylene triamine, 2046 g (14 mols) of adipic
      acid and 319.7 g (2.8 mols) of caprolactam were introduced into a steel
      autoclave of the kind used in Example 1. The polycondensation reaction is
      carried out as described in Example 1. This was followed by dilution of
      the concentrated polycondensate solution with water to 25 % by weight. A
      solution diluted in this way had a pH-value of 10.8 and an amine number of
      303.
PAR  Thereafter, 178 g (1.93 mols) of epichlorhydrin were added to this aqueous
      solution and the crosslinking reaction was carried out in the same way as
      described in Example 1. The completed resin solution diluted with water to
      10 % by weight had a pH-value of 9.5 and an amine number of 252.
PAR  The solution was still stable and did not gel after 30  and 300 days (tests
      terminated). The wetting of a cellulose-containing substrate with the
      product according to the invention produced a coherent coating layer over
      its entire surface. Despite the relatively small quantity of
      eqichlorhydrin used for crosslinking, lacquer adhesion was good in every
      case, and it was only in the more rigorous test carried out in 3 % aqueous
      citric acid solution that some signs of wear appeared after 180 minutes.
PAC  EXAMPLE 5 ACCORDING TO THE INVENTION
PAR  In contrast to the preceding Example, which was intended to demonstrate
      that it was still possible to obtain extremely good values even with a
      very small quantity of epichlorhydrin, this Example in which a relatively
      large quantity of epichlorhydrin was added demonstrates that, even with
      quantities as large as these, it is still possible to obtain satisfactory
      wetting without bead formation and, in addition, extremely good adhesion
      properties.
PAR  1588.8 G (15.4 mols) of diethylene triamine, 2046 g (14 mols) of adipic
      acid and 319.7 g (2.8 mols) of caprolactam were introduced into a steel
      autoclave of the kind used in Example 1. The reaction was carried out in
      the same way as described in Example 1. After the resulting polycondensate
      solution had been diluted with water to 25 % by weight, the solution
      formed had a pH-value of 10.7 and an amine number of 299. Following the
      addition of 571 g (6.18 mols) of epichlorhydrin to this aqueous solution,
      the crosslinking reaction was carried out in the same way as described in
      Example 1, and the solution obtained was subsequently diluted with water
      to 10 % by weight. The synthetic resin solution obtained had a pH-value of
      8.2 and an amine number of 140. This solution was also stable and had not
      gelled after storage periods of 30 and 300 days. The lacquer adhesion
      values were all good.
PAC  EXAMPLE 6 ACCORDING TO THE INVENTION
PAR  This Example demonstrates that the properties of the product according to
      the invention are not adversely affected where terephthalic acid, sebacic
      acid, trimethyl hexamethylene diamine, triethylene tetramine, triethylene
      pentamine and .epsilon.-caprolactam are polycondensed instead of
      diethylene triamine, adipic acid and the other monomers mentioned in
      Examples 1 to 3, and this copolyamide subsequently reacted with
      epichlorhydrin.
PAR  1049 G (6.32 mols) of terephthalic acid, 1557 g (7.68 mols) of sebacic
      acid, 538 g (3.4 mols) of an isomer mixture of 2,2,4- and 2,4,4-trimethyl
      hexamethylene diamine, 1239 g (12 mols) of a mixture of triethylene
      tetramine and triethylene pentamine (molar ratio 1 : 1) and 319.7 g (2.8
      mols) of .epsilon.-caprolactam were introduced into a steel autoclave of
      the kind used in Example 1 and the polycondensation reaction was carried
      out as described in that Example.
PAR  On completion of the reaction, the solution was diluted with water to 25 %
      by weight as in the preceding Examples. The resulting solution had a
      pH-value of 10.5 and an amine number of 295 (mg of KOH/g of polyamide).
PAR  342 G (3.7 mols) of epichlorhydrin were then added to this aqueous
      solution. The crosslinking reaction was carried out in the same way as
      described in Example 1 according to the invention and the resulting
      product was diluted with water to 10 % by weight. The completed synthetic
      resin solution had a pH-value of 8.8 and an amine number of 203 (mg of
      KOG/g of polyamide).
PAR  This solution of the product according to the invention was also stable and
      had not gelled after storage periods of from 30 and 300 days at room
      temperature. The product also produced satisfactory wetting of a
      cellulose-containing substrate, forming a homogenous continuous film over
      its entire surface. A lacquer applied thereto in the usual way by
      dispersion showed good adhesion values in every case (cf. Table, Example 6
      according to the invention).
PAC  COMPARISON EXAMPLE 1A
PAC  (according to U.S. Pat. No. 2,926,154)
PAR  226.8 G (2.2 mols) of diethylene triamine, 100 g of water and 286.2 g (2.0
      mols) of adipic acid were introduced into a steel autoclave equipped with
      a contact thermometer, a stirring mechanism and a distillation attachment.
      This monomer mixture was then polycondensed for 5 hours at a temperature
      of 180 to 185.degree.C. Water was distilled off during the initial
      increase in temperature. Water was added to the resulting reaction product
      in such a quantity that a 50 % by weight solution of the polyamide was
      formed. Thereafter, 85.2 g (0.2 mols) of the 50 % by weight aqueous
      polyamide solution and 120 g of water were introduced into a flask,
      followed by the dropwise addition of 27.8 g (0.30 mols) of epichlorhydrin
      over a period of 30 minutes at 50.degree.C. The solution was subsequently
      stirred for 2 hours at 50.degree.C and then cooled.
PAR  The end product had a solids content of 30 %, a pH-value of 8.0 and an
      amine number of 85 (mg of KOH/g of polyamide).
PAR  The resulting resin solution was not stable in storage, but instead had
      completely gelled after 2 days at a storage temperature of 20.degree.C and
      was no longer soluble in water. A sample of the solution removed before
      the beginning of the storage test was adjusted with hydrochloric acid to a
      pH-value of 5.5. In spite of the known stabilising effect of the
      hydrochloric acid aqueous solution, this solution had also gelled after
      only 7 days and could no longer be used.
PAR  Determination of the lacquer adhesion values described at the beginning of
      the Examples was also similarly applied to products obtained in accordance
      with these Comparison Exmaples. It was only the samples that had been
      boiled for 30 minutes in a neutral, aqueous solution which still showed
      satisfactory lacquer adhesion. After boiling for 60 minutes, there was a
      progressive decrease in lacquer adhesion until, after 180 minutes, it was
      totally inadequate. The values were considerably poorer in 3 % cirtric
      acid aqueous solution (cf. Table, test V 1a).
PAC  COMPARISON EXAMPLE 1 B
PAC  (according to U.S. Pat. No. 3,250,664)
PAR  93 G (0.9 mols) of diethylene triamine, 20 g (0.136 mols) of triethylene
      tetramine and 50 g of water were weighed into a steel autoclave equipped
      with a contact thermometer, a stirring mechanism and a distillation
      attachment. 20 G (0.177 mol) of caprolactam and 145 g (1 mol) of adipic
      acid were added to this solution. This monomer mixture was heated until
      the theoretical quantity of water had been distilled off, after which the
      reaction was continued for a period of 3.5 hours at 195.degree. to
      210.degree.C. In the final phase of the reaction, a vacuum was applied for
      30 minutes at a temperature of 180.degree. to 190.degree.C by means of a
      rotary slide valve pump. After cooling, 385 g of water were added, 91 g of
      the resulting solution were mixed with another 263 g of water and the
      resulting mixutre was heated to 50.degree.C. 16 g of epichlorhydrin were
      then added dropwise and the crosslinking temperature increased to
      65.degree.C until the specified viscosity had been reached. The solution
      was finally diluted with 150 g of water and cooled to room temperature.
PAR  The end product had a solids content of 9.5 % by weight, a pH-value of 6
      and an amine number of 28 (mg of KOH/g of polyamide).
PAR  The product thus reproduced had a stability in storage of only 3 and 8
      days, respectively, after which time the product gelled and could no
      longer be processed. The wetting test produced irregular wetting
      accompanied by bead formation. In the lacquer adhesion test, it was only
      the samples that had been boiled for up to 30 minutes in neutral water
      which showed satisfactory adhesion values. After boiling for 60 minutes,
      the adhesion values had deteriorated considerably whilst, after boiling
      for 180 minutes they were totally inadequate. The intensified test carried
      out in the presence of a 3 % citric acid aqueous solution showed that the
      lacquer no longer adhered to the substrate after only 30 min.. An aqueous
      polyvinylidene chloride copolymer dispersion was applied as the lacquer,
      corresponding exactly in quantity and composition to the dispersions used
      in all the other Examples.
PAC  COMPARISON EXAMPLE 1 C
PAC  (according to DOS No. 1,696,181)
PAR  Since the production of a water-soluble epichlorhydrinpolyamide reaction
      product is not described in this DOS, the standard commercial product
      "Kymene 557" which it describes was also investigated with the results set
      out in the Table under Example No. V 1c. A comparable completed solution
      showed irregular wetting with a tendency towards bead formation. Lacquer
      adhesion was only satisfactory after boiling for 30 minutes in neutral
      water, but deteriorated progressively with increasing boiling time. An
      intensified test carried out with a boiling hot 3 % citric acid aqueous
      solution showed that lacquer adhesion was totally inadequate after only 30
      minutes.
PAC  COMPARISON EXAMPLE 1 D
PAC  (according to DOS No. 1,696,248)
PAR  802 G (5.5 mols) of adipic acid were added with stirring over a period of 2
      hours in a stream of nitrogen to 566 g (5.5 mols) of diethylene triamine
      in a steel autoclave equipped with a contact thermometer, a stirring
      mechanism and a distillation attachment. During the addition the
      temperature was kept at 80.degree.C. During the following polycondensation
      reaction, the mixture was heated to 154.degree.-170.degree.C, 140 g of
      water of reaction distilling over through a column. 70 g of additional
      distillate were then recovered in a water jet vacuum at a reaction vessel
      temperature of 170.degree.C. After subsequent cooling, a total of 500 ml
      of water was added in portions to the polycondensate at a temperature
      falling from 110.degree.C, and the product dissolved therein. The
      resulting solution had a solids content of 72.1 % by weight and an amine
      number of 402.
PAR  To react the polycondensate with glycerin dichlorohydrin, 150 g of the
      polyamide resin dissolved in water were mixed with 356 g of water and 64.2
      g of glycerin dichlorhydrin, and the reaction was carried out with
      stirring for a period of 2 hours at 60.degree.C. Thereafter, the solution
      was stabilised by acidification with hydrochloric acid to a pH-value of
      from 3 to 4 and then cooled. After crosslinking, the solution had an amine
      number of 40 (mg of KOH/g of polyamide).
PAR  The stability of the product in storage at 20.degree.C amounted to 3 days
      in aqueous solution and to 7 days in corresponding acid solution at
      pH-5.5, after which time the solution had gelled and could no longer be
      used. Wetting was poor (bead formation), whilst lacquer adhesion was only
      satisfactory after boiling for 30 minutes in neutral water, deteriorating
      considerably thereafter. Total removal of the lacquer occurred after 180
      minutes in neutral aqueous solution and after boiling for only 60 minutes
      in 3 % aqueous citric acid solution. Accordingly, the product could not be
      used as an agent for anchoring a polyvinylidene halide copolymer lacquer
      to a cellulose-containing substrate.
PAC  COMPARISON EXAMPLE 1 E
PAC  (according to DOS No. 1,906,561)
PAR  226.8 G (2.2 mols) of diethylene trimaine, 100 g of water and 286.2 g (2.0
      mols) of adipic acid were introduced into a steel autoclave equipped with
      a contact thermometer, a stirring mechanism and a distillation attachment,
      and the reaction temperature was initially increased slowly, with water of
      reaction distilling off, and finally to 175.degree.C accompanied by the
      addition of a total of 45.2 g (0.4 mols) of .epsilon.-caprolactam. The
      temperature of 175.degree.C was maintained for a reaction time of 2 hours
      and water was subsequently added to the reaction product formed until a 50
      % by weight aqueous solution of the copolyamide was obtained, having a
      pH-value of 10.8 and an amine number of 290 (mg of KOH/g of copolyamide).
      25.5 g (0.1 mol) of this 50 % aqueous solution of the copolyamide were
      removed from the steel autoclave and introduced into another autoclave
      together with water and 13.9 g (0.15 mol) of epichlorhydrin. The
      subsequent crosslinking reaction was carried out for 2 hours at a
      temperature of 50.degree.C, resulting in the formation of an aqueous
      solution of the correspondingly crosslinked synthetic resin having a
      solids content of approximately 30 % by weight, a pH-value of 7.1 and an
      amine number of 40 (mg of KOH/g of polyamide. Tests carried out with this
      reproduced product solution showed that its stability in storage was not
      30 days as stated, but only 5 days in neutral aqueous medium and 11 days
      in hydrochloric acid medium at pH-5.5, after which the solution gelled and
      could no longer be used. The product did not produce satisfactory wetting
      of corresponding substrates (bead formation), in addition to which its
      anchoring strength determined by the usual lacquer adhesion test) was only
      satisfactory for the first 30 minutes in boiling, neutral aqueous
      solution, deteriorating drastically after only 60 minutes and resulting in
      total removal of the lacquer after 180 minutes. As expected, the
      intensified test carried out in 3 % aqueous citric acid solution produced
      even poorer results so that the reproduced product could not be used as an
      agent for anchoring polyvinylidene halide copolymers to
      cellulose-containing substrates.
PAC  COMPARISON EXAMPLE 1 F
PAC  ("Madurit" -- test)
PAR  In order to demonstrate the superiority of the anchoring agent according to
      the invention to other standard commerical anchoring agents which are not
      produced on a polyamideepichlorhydrin basis, a melamine-formaldehyde resin
      of the type known as "Madurit" (a product of Messrs. Cassella Farbwerke
      Mainkur AG, Frankfurt-Fechenheim/M) was used as an anchoring agent in
      comparable concentration (10 % by weight solids content of the aqueous
      synthetic resin solution) and the wetting and lacquer-adhesion test
      carried out in the usual way following the application of "Madurit" to a
      regenerated cellulose hydrate tube, followed by coating with a comparable
      polyvinylidene halide copolymer dispersion. Although Madurit produced
      satisfactory wetting of the tube, the lacquer adhesion test showed that at
      as an anchoring agent even "Madurit" gave only moderate to unsatisfactory
      results (cf. Table, column V 1d).
PAR  In the interests of clarity, all the essential data from the 12 preceding
      Examples are summarised in the following Table, in which V = comparison
      Example, E = Example according to the invention whilst the term "poor" in
      the column entitled "wetting of the product applied" means bead formation
      through uneven distribution of the anchoring agent. In the column entitled
      "lacquer adhesion test", the term "good" means no removal of the lacquer,
      the term "moderate" means appreciable removal of the lacquer whilst the
      term "poor" means complete removal of the lacquer.
TBL  __________________________________________________________________________
     Water-soluble anchoring agents of synthetic resin                         
     Ex.                                                                       
        Product Molar                                                          
                     Solids content                                            
                             Amine                                             
                                 pH-                                           
                                    Storage                                    
                                          Wetting                              
                                               Lacquer adhesion test in        
                                               aqueous                         
     No.                                                                       
        according                                                              
                ratio of                                                       
                     of the aqueous                                            
                             No. val-                                          
                                    stability                                  
                                          of the                               
                                               solution at 100.degree.C        
        to      sec.amino                                                      
                     synthetic resin                                           
                             mg of                                             
                                 ue in aqueous                                 
                                          substrate                            
                                               A=pure water; B=3% citric acid  
                groups of                                                      
                     solution in %                                             
                             KOH/g  solution   solution                        
                epichlor-                                                      
                     by weight                                                 
                             of     pH         30     60     180               
                hydrin       poly-  7.0                                        
                                       5.5                                     
                             amide             A  B   A   B  A  B              
     __________________________________________________________________________
     E 1                                                                       
        Example 1                                                              
                1.0:0.25                                                       
                     10      196 8.5                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                good           
     E 2                                                                       
        Example 2                                                              
                1.0:0.25                                                       
                     10      218 8.6                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                good           
     E 3                                                                       
        Example 3                                                              
                1.0:0.25                                                       
                     10      210 8.7                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                good           
     E 4                                                                       
        Example 4                                                              
                1.0:0.125                                                      
                     10      252 9.5                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                moder-         
                                                                ate            
     E 5                                                                       
        Example 5                                                              
                1.0:0.40                                                       
                     10      140 8.2                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                good           
     E 6                                                                       
        Example 6                                                              
                1.0:0.25                                                       
                     10      203 8.8                                           
                                    30 300                                     
                                          good good                            
                                                  good                         
                                                      good                     
                                                          good                 
                                                             good              
                                                                good           
     V1a                                                                       
        US 2,926,154                                                           
                1.0:1.5                                                        
                     10       85 8.0                                           
                                    2  7  poor good                            
                                                  mode-                        
                                                      mode-                    
                                                          poor                 
                                                             poor              
                                                                poor           
                                                  rate                         
                                                      rate                     
     V1b                                                                       
        US 3,250,664                                                           
                1.0:1.2                                                        
                     10       28 6.0                                           
                                    3  8  poor good                            
                                                  poor                         
                                                      mode-                    
                                                          poor                 
                                                             poor              
                                                                poor           
                                                      rate                     
     V1c                                                                       
        DOS 1,696,181                                                          
                1.0:1.5                                                        
                     10                   poor good                            
                                                  poor                         
                                                      mode-                    
                                                          poor                 
                                                             poor              
                                                                poor           
                                                      rate                     
     V1c                                                                       
        DOS 1,696,248                                                          
                1.0:1.0                                                        
                     10       40 3.5                                           
                                    3  7  poor good                            
                                                  mode-                        
                                                      mode-                    
                                                          poor                 
                                                             poor              
                                                                poor           
                                                  rate                         
                                                      rate                     
     V1e                                                                       
        DOS 1,906,561                                                          
                1.0:1.5                                                        
                     10       40 7.1                                           
                                    5  11 poor good                            
                                                  mode-                        
                                                      mode-                    
                                                          poor                 
                                                             poor              
                                                                poor           
                                                  rate                         
                                                      rate                     
     V1f                                                                       
        " Madurit" (R)                                                         
                  -- 10      --  4  -- -- good -- mode-                        
                                                      --  poor                 
                                                             -- poor           
                                                  rate                         
     __________________________________________________________________________
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Water-soluble resinous copolyamide with improved storage stability and
      good ability to anchor polyvinylidene halide copolymers to
      cellulose-containing substances, consisting essentially of resinous
      condensation product of 35-45% by weight of polyalkylene polyamine, 45-60%
      by weight of dicarboxylic acid selected from the group consisting of
      adipic acid, azelaic acid, sebacic acid and terephthalic acid; and 5-20%
      by weight of at least one member of the group consisting of saturated
      aliphatic diamine, .epsilon.-caprolactam and amino caproic acid; wherein 1
      mol equivalent of each of the secondary amino groups of said copolyamide
      is reacted with from 0.1-0.4 mol of epichlorohydrin for crosslinking;
      wherein the percent by weight of reactants is based on the total weight of
      reactants before reaction with epichlorohydrin.
NUM  2.
PAR  2. The water-soluble resinous copolyamide of claim 1 wherein the said
      diamine is
EQU  NH.sub.2 -- R -- NH.sub.2
PAL  in which R is
PA1  a. a mixture of
      ##EQU2##
      or
EQU  -- (CH.sub.2).sub.m --                                     (b)
PAL  wherein m is an integer of 2-6; or a mixture of (a) and (b).
NUM  3.
PAR  3. The water-soluble resinous copolyamide of claim 1 wherein the said
      diamine to be polycondensed is hexamethylene diamine.
NUM  4.
PAR  4. The water-soluble resinous copolyamide of claim 1 wherein a copolyamide
      obtained by condensation of a diethylene triamine, adipic acid and
      .epsilon.-caprolactam is reacted with epichlorohydrin for crosslinking.
NUM  5.
PAR  5. The water-soluble resinous copolyamide of claim 1 wherein said
      polyalkylene polyamine is diethylene triamine, triethylene tetramine or
      tetraethylene pentamine.
NUM  6.
PAR  6. The water-soluble resinous copolyamide of claim 1 wherein said
      polyalkylene polyamine is diethylene triamine.
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ABST
PAL  A method of preparing polyamides by anionic polymerization of cyclic
      lactams which comprises polymerizing at least one such lactam in the
      presence of at least one co-catalyst selected from the group consisting of
      N-substituted 1,3-oxazines, 1,3-thiazines, trioxopipendines and
      thioxopiperidines.
PARN
PAC  CROSS-REFERENCE to RELATED APPLICATION
PAR  This is a divisional application of Ser. No. 275,155, filed July 26, 1972,
      now U.S. Pat. No. 3,843,608, granted Oct. 22, 1974.
BSUM
PAR  The invention relates to a method of preparing polyamides by anionic
      polymerization and copolymerization of lactams with from 3 to 12 carbon
      atoms in their rings. The present invention is related to copending U.S.
      application Ser. No. 275,156, now abandoned filed on even date herewith,
      based upon Czechoslovak Application Nos. PV 5479 and PV 5480, filed July
      27, 1971 to which reference can be made. In the present application there
      is utilized as co-catalysts, six-membered heterocyclic compounds selected
      from the group consisting of N-substituted 1,3-oxazines, 1,3-thiazines,
      trioxopiperidines and thiodioxopiperidines of the general formulae
      ##SPC1##
PAL  Wherein
PA1  R is an alkyl or alkenyl with from one to 18 carbon atoms, or an aralkyl
      derived from a lower alkyl,
PA1  R.sub.1 is either R or an aryl, or a dialkylaminoaryl or an alkoxyaryl, the
      alkyls being lower alkyls,
PA1  R.sub.2 is an alkenyl with from 2 to 10 carbon atoms.
PAR  Anionic polymerization of lactams as e.g. epsilon-caprolactam, is catalyzed
      by strong bases such as alkali metal salts of the lactam. The rate of
      polymerization is, however, sufficiently high only at comparatively high
      temperatures of about 250.degree.C, thus above the melting point of the
      polyamide. The rate of polymerization can be substantially increased by
      adding co-catalysts with acylating or carbamoylating activity such as
      diacylamines, 3-ketoacylamides or isocyanates, so that the polymerization
      can be carried out without melting the polyamide. In this way, large
      castings may be manufactured by direct polymerization in the mold, bubbles
      and cavitites caused by solidification of the melt being avoided. Said
      co-catalysts possess, however, also some shortcomings. The co-catalysts
      containing imide groups are sensitive to bases, undergoing side-reactions
      by which the co-catalyst is consumed. The polymer-monomer equilibrium may
      be therefore reached only within a narrow range of reaction conditions.
      This shortcoming may be partly removed by using more-than-bicomponent
      catalytic systems, e.g. according to the Czechoslovak Pat. Specification
      No. 138,160, such systems are, however, more complex than bi-component
      ones. Activators of the type of amides of 3-oxocarboxylic acids (see U.S.
      Pat. No. 3,600,360) have longer life, their co-catalytic activity is,
      however, very high so that the rate of polymerization is considerable e.g.
      at 150.degree.C, similarly as in the case of isocyanates. Thereby the time
      for filling the molds is restricted and the maintaining of adiabatic
      course of polymerization in large castings is difficult, especially with
      rapidly polymerizing lactams such as caprylolactam or laurolactam.
      Polyisocyanates, often used for manufacturing tough castings, have a
      serious disadvantage in their cancerogenity.
PAR  The present invention defined above removes said shortcomings. The
      polymerization with co-catalysts of the invention is slower at
      comparatively low temperatures (about 150.degree. to 180.degree.C) than
      with imides, isocyanates or 3-oxamides (see U.S. Pat. No. 3,600,360).
      Thereby the pot-life, i.e. the time between the initiation of the monomer
      and filling the mold, is extended and the manufacture of high quality
      castings is made easier. Another advantage is that polyisocyanates, used
      hitherto for obtaining high degree of polymerization and toughness, may be
      replaced by innocuous substances. The process of the invention is,
      however, not limited to preparing polyamides with very high molecular
      weight. The degree of polymerization and thus the viscosity of the melt
      may be controlled in known manner, using carboxamides or sulfonamides.
      Therefore, the process of the invention is applicable also for other
      purposes than making large castings, e.g. also for continuous extrusion
      according to U.S. Pat. No. 3,200,045 corres. Czech. 97,332. As the
      co-catalysts of the invention possess a considerable life in the
      polymerizing system, they may be used also for the two-step polymerization
      where the polymerizate is shaped at lower conversion and the
      polymerization is then finished in the shaped article (see e.g.
      Czechoslovak Pat. Specification No. 113,971 corresponding to the U.S.
      application Ser. No. 365,507).
PAR  Co-catalysts of this invention are suitable for most method of
      manufacturing polyamides by anionic polymerization of lactams. This
      versatility is important in industrial practice.
PAR  The co-catalysts defined above may be easily prepared e.g. by reacting
      dichlorides of malonic acid with amides and thioamids (see the U.S. Pat.
      No. 3,373,159 and the paper of Martin, James C. et al: J.Org. Chem. 31,
      2966 /1966/, or also Ziegler E. et al: Monatsh. Chem, 95, 1318 /1964/, and
      ibidem, 96, 1347 /1965/), or also by reacting acylisocyanates with ketenes
      (U.S. Pat. No. 3,394,132). Other co-catalysts mentioned below have been
      prepared analogically.
PAR  The method of the invention is illustrated by following non-limitative
      Examples. All parts and percentages are meant by weight if not stated
      otherwise.
DETD
PAC  EXAMPLE 1
PAR  0.319 mol % of dihydro-2-isopropylidene-3,5,5-trimethyl-4H-1,3-oxazine-4,6
      (5H)-dione were dissolved at 90.degree.C in molten caprolactam containing
      0.314 mol % of its sodium salt. The solution was kept at 152.degree.C
      under inert gas. It solidified within 17 minutes. The polymerizate
      contained 95.5 % of polycapronamide, average degree of polymerization
      about 900.
PAR  When using 0.262 mol % of the same co-catalyst and 0.353 mol % of the
      sodium salt of caprolactam and increasing the temperature to 175.degree.C,
      the melt solidified within about 4 minutes and contained after 30 minutes
      96.5 % of polycaprolactam, intrinsic viscosity in cresol [.nu.] = 5.07.
PAC  EXAMPLE 2
PAR  Polymerization mixture, prepared by gradual dissolving 0.321 mol % of
      sodium hydride and 0.317 mol % of
      dihydro-2-isopropylidene-3-ethyl-5,5-dimethyl-4H-1,3-oxazine-4,6
      /5H/-dione in caprolactam was heated 5 minutes to 210.degree.C and then
      after polymerized at 175.degree.C for 25 minutes. The polymerizate
      contained 95.4 % of polyamide with average degree of polymerization 850.
      When using acetylcaprolactam as co-catalyst, the conversion attained, at
      the same conditions, only 89-90 %.
PAC  EXAMPLE 3
PAR  Polymerization of caprolactam was carried out with 0.305 mol % of sodium
      salt of caprolactam and 0.9 mol % of the co-catalyst of the Example 1. The
      polymerization temperature was 210.degree.C, time 30 minutes. The yield of
      the polyamide amounted to 91 %, intrinsic viscosity to 2.14, corresponding
      to an average degree of polymerization 282.
PAC  EXAMPLE 4
PAR  The polymerization of caprolactam was carried out like in Example 1, at
      175.degree.C, except that 0.5 mol % of N-ethyl benzamide was added as
      modifier of molecular weight. At the conversion of 96 % the average degree
      of polymerization was only 400, in comparison with 900 reached without
      modifier.
PAC  EXAMPLE 5
PAR  The polymerization batch contained 80 % of caprolactam and 20 % of
      gamma-methyl caprolactam, 0.3 mol % of sodium salt of caprolactam and 0.3
      mol % of
      dihydro-2-isopropylidene-3-octadecyl-5,5-dimethyl-4H-1,3-oxazine-4,6-/5H/-
     dione. It was heated for 60 minutes to 175.degree.C. The polymerizate thus
      obtained contained equilibrium amount of copolyamide and monomers. Similar
      results were obtained if gamma-methyl caprolactam was replaced by
      caprylolactam or laurolactam.
PAC  EXAMPLE 6 - 12
PAR  Polymerizates with equilibrium or almost equilibrium amounts of the
      polyamide were prepared by polymerizing caprolactam at 155.degree.C and
      175.degree.C for 60 minutes in presence of 0.3 mol % of sodium salt of
      caprolactam and 0.3 mol % of a co-catalyst of the general formula
      ##SPC2##
      wherein the substituents had the meaning stated in the following Table:
     Example                                                                   
          R       R.sub.1                                                      
                      R.sub.2                                                  
                          R.sub.3                                              
                                R.sub.4                                        
                                      [.eta.]                                  
     __________________________________________________________________________
     6    C.sub.6 H.sub.5                                                      
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.25                                     
     7    CH.sub.3                                                             
                  CH.sub.3                                                     
                      C.sub.2 H.sub.5                                          
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      5.93                                     
     8    C.sub.6 H.sub.11                                                     
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.31                                     
     9    C.sub.2 H.sub.5                                                      
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          C.sub.6 H.sub.5 CH.sub.2                             
                                C.sub.6 H.sub.5 CH.sub.2                       
                                      6.20                                     
     10   p-CH.sub.3 O.C.sub.6 H.sub.4                                         
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          C.sub.2 H.sub.5                                      
                                C.sub.18 H.sub.37                              
                                      6.38                                     
     11   (CH.sub.3).sub.2 N.C.sub.6 H.sub.4                                   
                  CH.sub.3                                                     
                      CH.sub.3                                                 
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      5.67                                     
     12   C.sub.18 H.sub.37                                                    
                  CH.sub.3                                                     
                      C.sub.3 H.sub.7                                          
                          CH.sub.3                                             
                                CH.sub.3                                       
                                      6.01                                     
     __________________________________________________________________________
PAC  EXAMPLE 13
PAR  0.3 mol % of sodium salt of caprolactam was dissolved at 100.degree.C in
      molten caprolactam, whereafter 0.2 mol % of
      1-ethyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione was added and the
      solution kept at 175.degree.C for 30 minutes. The melt solidified after
      about 5 minutes. After 30 minutes the polymerizate contained 97 % of very
      light-colored polymer having intrinsic viscosity 5.77 (in cresol), which
      corresponds to an average degree of polymerization 1068. If the same
      experiment was repeated with the same amount of
      N,N'-di-(2,2,4-trimethyl-3-oxovaleroyl)-hexamethylendiamine, which is a
      known co-catalyst of the 3-oxoamide type, the average degree of
      polymerization attained but 731.
PAC  EXAMPLE 14
PAR  A caprolactam batch, containing 0.3 mol % of sodium hydride and 0.3 mol %
      of dihydro-2-isopropylidene-3-phenyl-5,5-dimethyl-1,3-thiazine-4,6-dione,
      was polymerized at 175.degree.C according to Example 1. The yield of the
      polyamide amounted to 95.6 %. Similar results were obtained if the above
      co-catalyst was replaced by the same amount of
      dihydro-2-isopropylidene-3-ethyl-5,5-dibenzyl-1,3-thiazine-4,6-dione or
      dihydro-2-isopropylidene-3,5,5-triethyl-1,3-thiazine-4,6-dione.
PAC  EXAMPLE 15
PAR  1 mol % of sodium hydride and 1 mol % of
      dihydro-2-isopropylidene-3-ethyl-5,5-dimethyl-1,3-oxazine-4,6-dione were
      dissolved at 80.degree.C in 8.5 g of pyrrolidone. At 30.degree.C about 25
      % of polypyrrolidone was formed during 24 hours, whereas without the
      co-catalyst the polymerization practically did not take place.
PAC  EXAMPLE 16
PAR  0.3 mol % of sodium hydride and 0.3 mol % of the co-catalyst according to
      the Example 15 were dissolved in molten laurolactam. After 120 minutes at
      160.degree.C the polymerizate contained almost the equilibrium amount of
      the polyamide. Similar result was obtained with caprylolactam.
PAC  EXAMPLE 17
PAR  0.3 mol % of the adduct of pyrrolidone with .alpha.,.alpha.-dimethyl
      malonyl chloride (prepared according to J.Org. Chem. 31, 2996, 1966) was
      added to molten caprolactam, containing 0.5 mol % of its sodium salt.
      After one hour at 170.degree.C a yield of 96 % of polycapronamide was
      attained.
PAC  EXAMPLE 18
PAR  0.3 mol % of the co-catalyst mentioned in Example 1 was dissolved in a 5 %
      solution of 3,4-trimethylene-2-azetidinone in anhydrous dimethylsulfoxide.
      0.3 mol % of butyl lithium in heptane solution was added and the solution
      kept at 30.degree.C for 30 minutes. The polyamide was precipitated with
      ether in a yield of almost 100 %.
PAC  EXAMPLE 19
PAR  The experiment described in Example 13 was repeated, using 0.324 mol % of
      the sodium salt and 0.332 mol % of the same co-catalyst. The batch was
      heated 5 minutes to 210.degree.C and 25 minutes to 175.degree.C. Then the
      polymerizate contained 95.6 % of an almost white polyamide, degree of
      polymerization 872.
PAC  EXAMPLE 20
PAR  Polymerization mixture containing 0.29 mol % of sodium and 0.304 mol % of
      the co-catalyst mentioned in Example 13  was polymerized at 152.degree.C.
      Within 16 to 17 minutes the solution solidified and after 60 minutes at
      the same temperature contained 97.5 % of a highly white polycapronamide
      having the intrinsic viscosity 6.03.
PAC  EXAMPLE 21
PAR  A solution containing 0.305 mol % sodium and 0.9 mol % of the co-catalyst
      as in Example 13 in caprolactam was kept at 210.degree.C for 30 minutes.
      Thereafter the polymerizate contained 91 % of polycapronamide, intrinsic
      viscosity 2.14.
PAC  EXAMPLE 22
PAR  Analogical results as in Examples 13, 19, 20 and 21 were obtained if the
      co-catalyst was replaced by the same amount of 1-phenyl- or 1-(p-methoxy)-
      or also 1-(p-toluyl)-3,3,5,5-tetramethyl piperidinetrione.
PAC  EXAMPLE 23
PAR  A mixture of 15 % of gamma-methyl caprolactam and 75 % of caprolactam was
      polymerized at 175.degree.C in the presence of 0.3 mol % of sodium and 0.3
      mol % of 1-dodecyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione and 0.1 mol
      % of 1,3,5,5-tetramethyl-2,4,6-piperidinetrione. After 60 minutes the
      polymerizate contained almost equilibrium amount of the copolyamide.
PAC  EXAMPLE 24
PAR  In a melt, containing 75 % of caprolactam and 25 % of laurolactam there was
      gradually dissolved 0.29 mol % of sodium hydride and 0.3 mol % of
      1-octadecyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione and 0.1 mol % of
      1-phenyl-3,3-dimethyl-2,4,6-piperidinetrione. After 60 minutes keeping at
      160.degree.C a very light-colored polymerizate was obtained, containing
      almost theoretical equilibrium amount of the polymer.
PAC  EXAMPLE 25
PAR  0.3 mol % of sodium salt of caprolactam and 0.3 mol % of the co-catalyst of
      the Example 13 were dissolved in molten caprolactam. The mixture was
      heated to 160.degree. - 163.degree.C for 120 minutes. The polymerizate
      contained almost theoretical equilibrium amount of the polyamide. Similar
      result was obtained with laurolactam, using the same amount of
      1,3,5,5-tetramethyl-2,4,6-piperidine-trione at equal conditions of
      polymerization.
PAC  EXAMPLE 26
PAR  1 mol % of sodium salt of pyrrolidone, prepared from pyrrolidone and sodium
      hydride, and 1 mol % of 1,3-diethyl-5,5-dimethyl-2,4,6-piperidine-trione
      were dissolved at 80.degree.C in pyrrolidone. After 24 hours at
      30.degree.C about 15 % of polypyrrolidone was obtained, while without
      co-catalyst the polymerization practically did not take place (the
      conversion was lower than 1 %).
PAC  EXAMPLE 27
PAR  0.5 mol % of 1,3,3,5,5-pentamethyl-2,4,6-piperidine-trione and 0.5 mol % of
      butyl lithium were dissolved in a 5 % solution of trimethylenepropiolactam
      in anhydrous dimethyl sulfoxide. After 30 minutes at 30.degree.C the
      polymer was precipitated with ether and isolated in an almost theoretical
      yield.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. The method of preparing solid polyamides by anionic polymerization of
      cyclic lactams containing at least 4 atoms in a ring which comprises
      polymerizing at least one such lactam in the presence of a cocatalyst
      having the formula
      ##SPC3##
PAL  wherein R is C.sub.1-18 alkyl, C.sub.1-18 alkenyl, or arloweralkyl, R.sub.1
      is R, alryl or diloweralkylaminoaryl, lower alkoxyaryl and X is oxygen or
      sulfur.
NUM  2.
PAR  2. The method according to claim 1 wherein X is oxygen.
NUM  3.
PAR  3. The method according to claim 1 wherein X is sulfur.
NUM  4.
PAR  4. The method according to claim 1 wherein the cocatalyst is
      1-octadecyl-3,3,5,5-tetramethyl-2,4,6-piperidinetrione.
NUM  5.
PAR  5. The method according to claim 1 wherein the cocatalyst is
      1-phenyl-3,35,5-tetramethyl-2,4,6-piperidinetrione.
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PAL  Vinyl halide polymers, preferably polyvinyl chloride, which exhibit
      improved processing characteristics without sacrificing physical
      properties are prepared by partially polymerizing vinyl halide monomer at
      a first reaction temperature and then changing the reaction temperature
      and continuing the polymerization at a second temperature conducive to
      forming a polymer of an average molecular weight range different from that
      obtainable at the first reaction temperature. The product provides the
      physical characteristics of polymer blends but can be processed without
      formation of fish eyes.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 756,309, filed Aug. 8, 1968,
      and now abandoned.
BSUM
PAR  The present invention is directed to a method for preparing vinyl halide
      polymers which exhibit improved processing characteristics without
      sacrificing physical properties. Particularly, the present invention
      relates to a method for preparing vinyl halide polymers which have
      physical properties approximating polymer blends but which can be easily
      processed and provide final formed objects without fish eyes.
PAR  Vinyl halide polymers can be prepared in a wide variety of molecular
      weights, those of higher molecular weight generally having better physical
      properties such as toughness, than those of lower molecular weight.
      However, the higher the molecular weight of the polymer, the more
      difficult it is to process into final products. In milling and extruding,
      the higher molecular weight polymers require more shear force and/or
      higher temperature to flux the polymer as compared to lower molecular
      weight materials. The increased shear force and/or the increased
      temperature increases the internal temperature of the polymer. Since vinyl
      halide polymers are thermally unstable and degrade in the presence of
      heat, this increase in internal temperature of the polymer is
      disadvantageous. Also, the use of increased shear forces requires the
      input of additional work energy as compared to polymers of lower molecular
      weight and this additional work energy adds to the cost of processing the
      polymer. In an attempt to obtain easier fluxing of the lower average
      molecular material and the physical properties of the higher average
      molecular weight materials, vaious blends of these materials have been
      formulated. However, these attempts to blend the two types of materials
      have been frought with difficulty in that intimate admixtures cannot be
      obtained. During processing, the low average molecular weight material
      fluxes first and, due to the poor heat transfer characteristics of vinyl
      halide polymers, the higher average molecular weight material is only
      partially fluxed. Further, the shear forces applied during processing to
      affect flux are not applied to the higher average molecular weight
      materials as they are floating in the fluxed low average molecular weight
      material and are passed through the processing equipment without being
      fused. Products formed from such blends have noticeable imperfections
      called fish eyes, which are gel particles of unfused higher molecular
      weight polymer. These fish eyes are not only disadvantageous from an
      aesthetic point of view but also extremely weaken the product. Any product
      which must withstand some impact such as tubes, bottles and the like must
      be devoid of fish eyes. In as much as vinyl halide polymers are thermally
      degradable and become more unstable the longer they are worked under
      shear, it has been found impractical to subject such blends to high
      processing temperatures or extended processing or both to overcome the
      problem of fish eyes. Such extended working is also economically
      impractical.
PAR  It has now been found that vinyl halide polymers can be economically
      prepared, which provide the desired broad range of average molecular
      weight ranges of blends but which can be easily processed without forming
      fish eyes in the finally formed products. These products can also be
      characterized as polymers which exhibit improved processing
      characteristics without sacrificing physical properties.
PAR  In accordance with the present invention, there is provided a method for
      preparing vinyl halide polymers which exhibit improved processing
      characteristics which comprises initiating at a first reaction temperature
      the free radical polymerization of an ethylenically unsaturated monomer
      composition containing a predominant amount of vinyl halide monomer of the
      formula:
      ##EQU1##
      wherein Z is hydrogen or halogen and Hal means halogen and after partial
      polymerization is accomplished, changing the reaction temperature to a
      second and subsequent reaction temperatures and continuing the
      polymerization at the second and subsequent reaction temperatures, each
      reaction temperature being different from the immediately preceding
      reaction temperature, the second temperature being conducive to forming a
      polymer of an average molecular weight different from the average
      molecular weight obtainable at the first polymerization temperature.
      Surprisingly, polymers can be formed which are thermoplastic polymers of
      high average molecular weight which are characterized by physical
      properties commensurate with polymers of equal average molecular weight
      formulated by standard polymerization techniques with the additional
      advantage that the melt flow viscosity under shear of the polymers of the
      invention is decreased so as to provide improved processing
      characteristics. The decrease in melt flow viscosity under shear allows
      for the processing of the polymer under thermal conditions which are less
      conducive to degradation without the sacrifice of physical properties
      which the polymer is capable of providing. Further, these polymers provide
      products which approximate the physical properties of blends but can be
      processed without forming fish eyes.
PAR  The exact chemical nature of the polymer which is formed by the process of
      the present invention is not known. In theory, it is believed that an
      intimate blend of polymer chains having a broad distribution of molecular
      weights are formed within each polymer particle in the finally obtained
      product. The foregoing is theory and applicant is not intended to be bound
      thereby.
PAR  The vinyl halide monomers, included within the formula given above, that
      can be used in the present invention include, for example, vinyl fluoride,
      vinyl chloride, vinyl bromide, vinyl iodide, vinylidene fluoride,
      vinylidene chloride, vinylidene bromide, vinylidene iodide and the like,
      though vinyl chloride is preferred. The formula is intended to include all
      .alpha.-halo-substituted ethylenically unsaturated materials which are
      included within the limits of the formula and which are capable of
      entering into an addition polymerization reaction. The polymers of the
      present invention can be formed of the same or different monomer materials
      falling within the formula and, thus, the invention and the term vinyl
      halide as used in the claims is intended to include both homo and
      copolymers of compounds falling within the given formula. Illustrative of
      these copolymers is a copolymer of vinyl chloride and vinylidene chloride.
PAR  While it is preferred that the monomer composition be comprised totally of
      vinyl halide monomer, the present invention is also intended to include
      copolymers formed by the free-radical addition polymerization of a monomer
      composition containing a predominant amount, e.g., at least 50% of vinyl
      halide and a minor amount, e.g., up to 50% by weight of another
      ethylenically unsaturated comonomer material copolymerizable therewith.
      Preferably, the other ethylenically unsaturated comonomer material is used
      in amounts of less than 25% by weight and more preferably in amounts less
      than 10% by weight of the total monomer materials used in preparing the
      polymer. Suitable ethylenically unsaturated comonomer materials can be
      illustrated by such materials as ethylene and propylene, styrene and
      substituted derivatives, such as o-, m- or p-methyl or alphamethyl
      styrene; and halogenated styrenes such as alpha-chlorostyrene;
      monoolefinically unsaturated esters including vinyl esters, such as vinyl
      acetate; alkyl methacrylates, such as e.g., methyl and ethyl methacrylate;
      alkyl crotonates, e.g. octyl; alkyl acrylates, e.g., methyl and ethyl;
      vinyl esters of halogenated acids, e.g., vinyl alpha-chloroacetate; allyl
      and methallyl esters, e.g., allyl chloride, allyl cyanide; allyl
      chlorocarbonate, allyl nitrate, allyl formate and allyl acetate and the
      corresponding methallyl compounds; esters of alkenyl alcohols, e.g.,
      beta-ethyl allyl alcohol and beta-propyl allyl alcohol; halo-alkyl
      acrylates, e.g., methyl alpha-chloroacrylate; alkyl alpha-cyanoacrlates,
      e.g., methyl alpha-cyanoacrylate and ethyl alpha-cyanoacrylate; maleates,
      e.g., monomethyl maleate, diethyl maleate; and fumarates, e.g., monoethyl
      fumarate, dimethyl fumarate; monoolefinically unsaturated organic nitriles
      including, for example, acrylonitrile and methacrylonitrile;
      monoolefinically unsaturated carboxylic acids including, for example,
      acrylic acid, methacrylic acid, maleic, fumaric and itaconic acids, maleic
      anhydride and the like. Amides of these acids, such as acrylamide, are
      also useful. Vinyl alkyl ethers and vinyl ethers, e.g., vinyl methyl
      ether, vinyl ethyl ether, vinyl propyl ether, vinyl n-butyl ether; and
      di-olefinically unsaturated hydrocarbons containing two olefinic groups in
      conjugated relation and the halogen derivatives thereof, e.g.,
      butadiene-1,3; 2-methyl-butadiene-1,3; 2-chloro-butadiene-1,3; and the
      like. These are given as illustrative of the numerous comonomers which can
      be used in the present invention and in no way is applicant intended to be
      limited thereto.
PAR  Specific monomer compositions for forming copolymers can be illustrated by
      vinyl chloride and/or vinylidene chloride and vinyl acetate, vinyl
      chloride and/or vinylidene chloride and maleic or fumaric acid esters,
      vinyl chloride and/or vinylidene chloride and acrylate or methacrylate
      ester, vinyl chloride and/or vinylidene chloride and vinyl alkyl ether.
      These are given as illustrative of the numerous combinations of monomers
      possible for the formation of copolymers. The present invention is
      intended to cover all such combinations which fall within the scope of the
      present invention. While these combinations are intended to be included
      within the scope of the present invention, it is preferred that the
      polymer be formed from pure vinyl halide monomer and most preferably pure
      vinyl chloride.
PAR  The free-radical polymerization can, in accordance with the method of the
      present invention, be accomplished using the various conventional methods
      of polymerization, viz., bulk, or mass, or so-called oil-phase
      polymerization of vinyl halide; solution polymerization where the vinyl
      halide is dissolved in a solvent; suspension, or bead, or granular
      polymerization where the vinyl halide is suspended in the form of large
      droplets in an aqueous medium generally containing a non-emulsifying
      suspending agent such as hydroxy methyl cellulose or polyvinyl alcohol;
      and emulsion polymerization where the vinyl halide is emulsified in water
      by means of a surface-active emulsifying agent, though suspension
      polymerization is preferred. Details of these methods of polymerization
      generally are found in "Unit Processes in Organic Synthesis" by F. H.
      Groggins, third edition, pages 847-858 (published by McGraw-Hill Book
      Company, Inc., N.Y., 1947) and details of the methods of polymerizing
      vinyl halides are found in "Vinyl and Related Polymers" by C. E.
      Schildknecht, pages 392-398 (published by John Wiley and Sons, Inc., N.Y.,
      1952). Variations of the conditions of reaction as generally outlined in
      the art depending on the type of monomer composition, initiator system,
      and type of polymerization procedure selected are within the purview of
      the skilled artisan.
PAR  For use in suspension polymerization, various suspending agents such as
      gelatin, hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl
      cellulose, carboxymethyl cellulose, talc, clay, polyvinyl alcohol and the
      like can be used in the method of the present invention. Other suspending
      agents which are known to be useful in the suspension polymerization of
      vinyl halides can also be used. The type and amount of the suspending
      agent used has, as is known, some influence on the particle size of the
      finally obtained product. The exact amounts of suspending agent and type
      can be selected by the skilled artisan so as to provide the particle size
      of product desired. Various other additives, such as thermal stabilizers,
      and the like, which are normally utilized in the polymerization can also
      be included. Suspension polymerization techniques are generally preferred
      in that the polymerization is easier to conduct and the product obtained
      has a particle size which is more easily handled and used by polymer
      processors.
PAR  Various emulsifying agents which can be used in emulsion polymerization of
      vinyl halide are illustrated by sodium lauryl sulfate, potassium stearate,
      alkyl benzene sulfonate, and ammonium dialkyl sulfosuccinate and can be
      used in the practice of the present inventon. Other emulsifying agents
      which are also known to be useful in emulsion polymerization of vinyl
      halides can also be used. The exact amounts of the emulsifying agent and a
      type which is used are easily determined by the skilled artisan. In
      general, any of the additives such as catalysts and stabilizers, which are
      normally used in emulsion polymerization of vinyl halides can be utilized
      in the practice of the present invention. The product obtained from the
      emulsion polymerization which is in the form of a latex can be utilized
      per se or the latex can be coagulated to precipitate the polymer particles
      which can then be dried and processed into any desired form by polymer
      processor.
PAR  The solvents which are used in solution polymerization can be those in
      which only the monomer is soluble and those in which both the monomer and
      resulting polymer are soluble, the former solvents being preferred.
      Illustrative of the monomer soluble, polymer insoluble solvents which can
      be used in the performance of a solution polymerization of vinyl halides
      are: pentane, hexane, benzene, toluene and cyclohexane. Illustrative of
      monomer-polymer solvents which can be used in the solution polymerization
      of vinyl halides are: cyclohexanone, tetrahydrofuran, dimethyl sulfoxide,
      and dimethyl formamide. A mixture of solvents can also be used to reduce
      cost, e.g., as by the use of an expensive solvent diluted with an
      inexpensive non-solvent or weak solvent. Illustrative of solvent mixtures
      are: tetrahydrofuran and toluene or petroleum ether. The foregoing
      solvents and mixtures are given as illustrative and are in no way intended
      to be inclusive of all the possible solvents and mixtures thereof which
      can be utilized.
PAR  The polymerization reaction is initiated at a first reaction temperature
      which is conducive to forming a polymer of a selected average molecular
      weight, the average molecular weight varying inversely with temperature.
      Thus, if the selected average molecular weight is to be high, a low
      temperature is used and, conversely, if the selected average molecular
      weight is to be low, a higher temperature is used. Upon partial completion
      of the polymerization reaction, the reaction temperature is changed and
      the polymerization is continued at a reaction temperature either higher or
      lower than the first reaction temperature such that a polymer having an
      average molecular weight different from that obtained at the first
      reaction temperature is produced. The polymerization can and preferably
      is, completed at the second reaction temperature, though a third or fourth
      reaction temperature can be used if desired. The temperature can also be
      changed incrementally or continuously over the period of the
      polymerization reaction to provide the same effect. The present invention
      is intended to include not only substantially direct changes in
      temperature but also the use of incremental and continuous temperature
      changes.
PAR  The selection of the first and subsequent reaction temperatures and the
      period of time the polymerization is conducted at any selected
      temperature, is dependent on the properties desired in the final polymer
      product. In general, the properties of the final product are governed by
      the average molecular weight distribution or the amount of polymer chains
      having specific molecular weights contained in the polymer particle. In
      the product of the present invention, the molecular weight distribution in
      the final product is based on the additive quantity of all the polymer
      produced during the polymerization reaction. An approximate plot of
      molecular weight distribution can be formulated prior to polymerization by
      determining the molecular weight distribution curve of polymer formed
      under one set of reaction conditions and adding to that the corresponding
      molecular weight amounts that can be formed during subsequent
      polymerization conducted under different reaction conditions. The
      molecular weight distribution is influenced by reaction conditions such as
      temperature, time, and half-life of the initiator. For any one set of
      conditions, a specific molecular weight distribution is generally obtained
      and can be plotted (amount vs. molecular weight). A change in the reaction
      conditions brings about a change in the molecular weight distribution and
      hence a new curve can be plotted for the conditions. The additive total
      can be used to approximate the composition of the final product. Thus, by
      determining the molecular weight distributions obtainable under certain
      sets of conditions, it is now possible to program the polymerization
      reaction to provide polymer particles having numerous and diverse
      molecular weight distributions so as to provide polymers having diverse
      physical properties. This can easily be done by one skilled in the art.
PAR  Under any one set of conditions conducive to polymerization, polymer is
      formed, the amount being dependent upon the rate of polymerization and the
      time the polymerization is conducted under those conditions. In order to
      provide polymer products of the invention, the polymerization is
      preferably allowed to proceed to a minimum extent at each temperature.
      Such minimum extent is dependent on the number of temperature changes used
      as the final product is an additive total of all polymer produced during
      the process cycle inasmuch as some polymer of each specific molecular
      weight is generally produced at each temperature used. Generally, as the
      number of temperature changes increases, the minimum extent decreases. A
      convenient means for setting forth such extent and calculating the same is
      by the following expression:
     Minimum polymerization                                                    
     during any stage of                                                       
                       =       1/n % conversion of                             
                                  final product                                
     reaction                                                                  
PAL  wherein n is a number of at least 2 and equals the number of temperature
      changes. In a two stage process, the minimum extent of polymerization at
      any one temperature is 0.5%, in a 3-step process 0.33%, in a 4-step 0.25%,
      and so forth. As n approaches infinity, the conversion rate at any one
      temperature approaches zero and this is the limiting factor in a process
      wherein the temperature is continuously changed during the entire
      reaction. The maximum polymer formation for any one polymerization
      procedure step, based on total weight of the final product would be 100
      minus the minimums required for the remaining polymerization steps or
      ##EQU2##
      wherein n is as defined before. Preferably, the polymerization is carried
      to at least a 1% and more preferably to at least a 10% conversion point
      when using from 2 to 10 temperature changes and maximums are preferably
      within the range of 90% to 99% and more preferably 30% to 70%. Using a two
      temperature system, it is preferred to allow the first polymerization step
      to at least 30% but not more than 60% completion and more preferably to at
      least 45 but not more than 55%, the percentages being by weight based on
      the total weight of the final product.
PAR  The polymerization of the vinyl halide monomers is a free-radical
      polymerization reaction and is conducted in the presence of a free-radical
      initiator. Useful free-radical initiators are organic or inorganic
      peroxides, persulfates, ozonides, hydroperoxides, peracids and
      percarbonates, azo compounds, diazonium salts, diazotates,
      peroxysulfonates, trialkyl borane-oxygen systems, and amine oxides.
      Azobisisobutyronitrile is particularly useful in the present invention.
      The initiator is used in concentrations ranging from about 0.01 to about
      1.0% by weight based on the total weight of the monomers. For use in mass,
      suspension, and solution polymerization, the initiators which are soluble
      in the organic phase, such as benzoyl peroxide, diacetyl peroxide,
      azobisisobutyronitrile or diisopropyl peroxydicarbonate, azobis
      (.alpha.-methyl .gamma.-carboxybutyronitrile), caprylyl peroxide, lauroyl
      peroxide, azobisisobutyramidine hydrochloride, t-butyl peroxypivalate,
      2,3-dichlorobenzoyl peroxide, azobis (.alpha.
      -.gamma.-dimethylvaleronitrile) are generally used. For use in emulsion
      polymerization, water soluble initiators such as ammonium persulfate,
      hydrogen peroxide are used. Preferably, the initiator which is used is
      chosen from a group of initiators known in the prior art as the "hot
      catalysts" or those which have a high degree of free-radical initiating
      activity at lower temperatures as indicated by the short half-life of the
      compounds. Initiators with a lower degree of activity are less desirable
      in that they require longer polymerization times. Also, long
      polymerization times may cause preliminary product degradation evidenced
      by color problems, e.g., pinking. Other known free-radical initiators,
      such as light illumination or irradiation with gamma-ray can also be used.
      Initiators which tend to cause ionic or coordination polymerization such
      as the Ziegler-type initiators can be used in the present invention if
      organic solvents are used as the reaction medium. The selection of any
      initiator system is dependent on the temperature utilized in
      polymerization since the free-radical generating activity of initiators
      generally varies with temperature. Such selection can be made by anyone
      skilled in the art.
PAR  Free-radical polymerization is generally conducted in the presence of only
      one free-radical initiator. In one embodiment of the invention, two
      free-radical initiators can be used during polymerization, one of which
      has a different free-radical initiating activity or different half-life
      than the other. Preferably, one catalyst is used during the first portion
      of the polymerization at the first reaction temperature, and the second is
      used during the second portion at the second reaction temperature. More
      preferably, and where the first reaction temperature is higher than the
      second reaction temperature, the first catalyst has a longer half-life
      than the second. The use of the diverse catalysts in combination with the
      temperature changes provides a further method of modifying the molecular
      weight distribution curves of the products prepared under those specific
      conditions and of the molecular weight distribution curve of the final
      product. This further increases the range of products which can be
      prepared in accordance with the present invention. Of those catalysts
      presently known, those with half-lives of from 1200 minutes to about
      .lambda.minutes at 80.degree. C. can be used for the first part of the
      polymerization which is preferably conducted at temperatures of from about
      60.degree. C. to about 80.degree. C. These catalysts are illustrated by:
      azobisisobutyronitrile, azobis (.alpha.-methyl
      .gamma.-carboxybutyronitrile), acetyl peroxide, benzoyl peroxide, t-butyl
      peroxyisobutyrate and the like. Of those for the second part of the
      reaction, those with half-lives of from about 4 minutes to about 150
      minutes at 80.degree. C. can be used at the lower temperatures of
      polymerization which are preferably of from about 40.degree. C. to about
      60.degree. C. These are illustrated by: isopropyl percarbonate, azobis
      (.alpha.-.gamma.-dimethylvaleronitrile), 2,4-dichlorobenzoyl peroxide,
      t-butyl peroxypivolate, azobisisobutyramidine hydrochloride, lauryl
      peroxide, caprylyl peroxide, azobisisobutyronitrile, azobis
      (.alpha.-methyl-.gamma. carboxybutyronitrile), acetyl peroxide and the
      like.
PAR  In another form of the present invention, the polymerization reaction is
      initiated at a first reaction temperature which is conducive to forming a
      polymer of a high molecular weight. Upon partial completion of the
      polymerization reaction, e.g., from at least 1.0%, and preferably at least
      3.0%, but not more than 15%, the percentage being by weight based on the
      total weight of the final polymer product, the reaction temperature is
      changed and the polymerization is continued at a reaction temperature
      higher than the first reaction temperature. A polymer product is produced
      which has a molecular weight distribution similar to that obtained
      utilizing the higher temperature alone with the exception of the presence
      of additional high molecular weight polymer. The polymerization can and
      preferably is, completeted at the second reaction temperature, though a
      third or fourth reaction temperature can be used if desired. The
      temperature can also be changed incrementally or continuously over the
      period of the polymerization reaction to provide the same effect. The
      present invention is intended to include not only substantially direct
      changes in temperature but also the use of incremental and continuous
      temperature changes. In the alternative, and less preferred, embodiment of
      the invention the temperature sequence is reversed, i.e., high temperature
      first and low temperature at the completion of the polymerization.
PAR  In this embodiment of the invention, two free-radical initiators generally
      are used during polymerization, one of which has a different free-radical
      initiating activity or different half-life than the other. One initiator
      is used during the first portion of the polymerization at the first
      reaction temperature, and the second is used during the second portion at
      the second reaction temperature. Initiators having a half-life of 30
      minutes or less at 80.degree. C. are suitable for use during the first
      polymerization step at, preferably, a temperature within the range of from
      about 15.degree. C. to about 50.degree. C. Initiators with longer
      half-lives are used for the remainder of the polymerization. Those
      initiators with short half-lives are preferably, along with a low
      temperature of reaction, used for the first part of the polymerization
      which is usually conducted at temperatures of from about 15.degree. C. to
      about 50.degree. C. These initiators having half-lives less than 30
      minutes at 80.degree. C. can be azobis
      (.alpha.-.gamma.-dimethyl-.gamma.-methoxyvaleronitrile), azobis
      (.alpha.-.gamma.-dimethylvaleronitrile), 2,4-dichlorobenzoyl peroxide,
      t-butyl peroxypivolate, azobisisobutyramidine hydrochloride. Of those
      initiators for the second part of the reaction, those with half-lives of
      greater than 30 minutes at 80.degree. C. which can be used at the
      temperatures of polymerization of from about 50.degree. C. to about
      90.degree. C., the following are illustrative: lauryl peroxide, caprylyl
      peroxide, azobisisobutyronitrile, azobis
      (.alpha.-methyl-.gamma.-carboxybutyronitrile), acetyl peroxide, benzoyl
      peroxide, t-butyl peroxyisobutyrate and the like. The foregoing are given
      as illustrative and applicants are intended not to be bound thereby. Any
      combination of catalysts with diverse half-lives can be used and varied
      depending on reaction temperatures and products desired from the
      polymerization.
PAR  The polymerization is also preferably conducted in the presence of a
      polymer modifier. Included within the term polymer modifiers are chain
      transfer agents, grafting agents, etc. Preferably, the polymer modifiers
      are polymercaptan compounds having at least 2 and preferably 3 or more
      mercaptan groups per molecule. The remainder of the polymercaptan molecule
      can be aliphatic, aromatic or substituted derivatives thereof. Generally,
      these compounds can be depicted by the formula:
EQU  ( .tbd. C -- SH ).sub.n
PAL  wherein the free bonds of the carbon atom can be attached to aliphatic,
      aromatic or inorganic moieties and n is an integer of at least 2 and
      preferably above 3. Compounds of the preferred type are more fully
      described in U.S. Pat. No. 3,696,083 which was based on U.S. Ser. No.
      84,470, filed Oct. 27, 1970, which is a continuation of the now abandoned
      U.S. patent application Ser. No. 664,903 to Hwa, filed 9/1/67, the
      contents of which are incorporated herein by reference.
PAR  These modifiers are illustrated by: pentaerythritol
      tri-(3-mercaptopropionate), pentaerythritol tetra-(3-mercaptopropionate),
      and mixtures of these; trimethyloethane tri(3-mercaptopropionate),
      pentaerythritol tetrathioglycolate, trimethylolethane, trithioglycolate,
      trimethylolpropane tri(3-mercaptopropionate), trimethylolpropane
      trithioglycolate and the like.
PAR  The amount of polymercaptan compound used in the process of the present
      invention is based on the functional equivalency of the mercaptan groups
      per mole of monomer used in forming the final polymer. Polymers can be
      prepared in accordance with the present invention by utilizing quantities
      of a polymercaptan compound sufficient to provide an --SH equivalence of
      from about 0.00015 to about 0.05 equivalence --SH per mole of monomer used
      to form the final polymer. Equivalency is computed in accordance with the
      following formula:
      ##EQU3##
      The above formula can be used to directly compute the --SH equivalence of
      a single polymercaptan compound. The equivalence of admixtures of
      different polymercaptans are obtained by determining the equivalence for
      each polymercaptan using the above formula followed by adding the
      equivalence from each to obtain the total --SH equivalence of --SH groups
      present during the polymerization. Preferably, the --SH equivalence is
      maintained within the range of about 0.00015 to about 0.005, and more
      preferably within the range of about 0.0003 to about 0.002 --SH
      equivalence per mole of monomer.
PAR  Other polymer modifiers which can be used are the polybutadiene polymers
      which are disclosed in U.S. patent application Ser. No. 681,074 to Gelman,
      filed 11/7/67, now U.S. Pat. 3,562,358, issued 2/9/71, the
      mercapto-functional polybutadiene polymers disclosed in U.S. patent
      application Ser. No. 664,903 to Hwa, filed 9/1/67 (see third paragraph
      above for details. See also U.S. Pat. No. 3,546,323 to Hwa et al. issued
      12/8/70. Also, admixtures thereof can be utilized such as is disclosed in
      U.S. patent application Ser. No. 681,099, to Gelman, filed 11/7/67, now
      U.S. Pat. 3,562,359 issued 2/9/71. It is intended that all of the
      disclosures of the foregoing applications be incorporated herein by
      reference.
PAR  In any of the foregoing polymerization procedures, any other additives
      which are now commonly utilized can also be included within the
      polymerization mixture. Other procedures such as short-stopping the
      polymerization at a desired point can also be utilized in accordance with
      the present invention.
PAR  The polymerizaton products of the present invention can be admixed with
      various conventional inert additives such as fillers, dyes, and pigments.
      Also, the polymerization products can be admixed with impact modifiers,
      plasticizers, lubricants, additional thermal stabilizers, and ultra-violet
      light stabilizers as desired.
DETD
PAR  The invention is further illustrated in the examples which follow using as
      representative of the various polymerization systems, the preferred
      suspension polymerization system.
PAC  EXAMPLES
PAC  Suspension Polymerization Procedure
PAR  In the following examples, the following suspension polymerization
      procedure is utilized unless otherwise indicated.
PAR  The reaction mixture or charge is sealed in an autoclave equipped with an
      agitator and a temperature control apparatus. The reaction mixture is
      polymerized for a total of about 10 hours under agitation rotating at
      about 250 RPM. Conversion is generally above 95%. The constituents of the
      charge (given in parts by weight), the times and temperatures of
      polymerization and the relative viscosities of the final products as
      measured at 30.degree. C. using a solution of 1 gram of polymer dissolved
      in 100 grams of cyclohexanone in a Ubbelohde viscosimeter, are tabularized
      in Table I hereinafter along with representative values of polyvinyl
      chloride homopolymers prepared using standard suspension polymerization
      techniques. In Examples 1 through 8, the suspending agent is hydroxymethyl
      cellulose, the initiator is azobisisobutyronitrile, the modifier is a
      commercially available blend of polymercaptans containing:
PA1  35% pentaerythritol tetra(3-mercaptopropionate)
PA1  35% pentaerythritol tri(3-mercaptopropionate)
PA1  10% pentaerythritol di(3-mercaptopripionate)
PA1  10% pentaerythritol mono(3-mercaptopripionate)
PAL  and the short stop is,
PA1  2,6-di-tert-butyl-4-methylphenol.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Example     1     2     3     4     5     6     7     8                   
     __________________________________________________________________________
     Charge                                                                    
     Vinyl Chloride                                                            
                 108.9 108.9 108.9 108.9 108.9 108.9 108.9 108.9               
     Deionized                                                                 
     Water       276.7 276.7 276.7 276.7 276.7 276.7 276.7 276.7               
     Suspending                                                                
     Agent       0.11  0.11  0.11  0.11  0.11  .095  .095  .08                 
     Initiator   0.073 0.073 0.073 0.073 0.073 0.097 0.097 0.097               
     Modifier    0     0.1   0.1   0.11  0.145 0.145 0.145 0.145               
     Short Stop  0.11              0.11  0.11  0.11  0.11  0.11                
     Reaction Temp.                                                            
     (Initial)   72.degree.C                                                   
                       65.degree.C                                             
                             65.degree.C                                       
                                   65.degree.C                                 
                                         65.degree.C                           
                                               65.degree.C                     
                                                     65.degree.C               
                                                           65.degree.C         
     (.degree.C)                                                               
     Reaction Time                                                             
     (Initial Temp.)                                                           
                 2     3.5   2.5   3.5   3     3     3     3                   
     Reaction Temp.                                                            
     (Second)    52.degree.C                                                   
                       59.degree.C                                             
                             56.degree.C                                       
                                   55.degree.C                                 
                                         56.degree.C                           
                                               52.degree.C                     
                                                     56.degree.C               
                                                           52.degree.C         
     Reaction Time                                                             
     (hours)     6     4.75  9.0   6.5   7.25  7.75  7     7                   
     (Second Temp.)                                                            
     Relative                                                                  
     Viscosity   2.20  1.86  1.90  1.98  1.90  1.92  1.96  1.93                
     (Product)                                                                 
     __________________________________________________________________________
PAR  The polymerization procedure set forth above operates equally as well to
      provide the desired final product when other suspending agents, e.g.,
      gelatin, polyvinyl alcohol, hydroxypropyl cellulose, carboxymethyl
      cellulose, hydroxyethyl cellulose, talc and clay, are used in place of the
      hydroxymethyl cellulose. Similarly, the azobisisobutyronitrile initiator
      can be replaced by lauroyl peroxide, diisopropylperoxy dicarbonate, or
      t-butyl peroxypivalate initiators.
PAR  The approximation of actual processing conditons and the determination of
      the processability of a polymer can be done in a laboratory by means of a
      fusion torque rheometer. The polymer in powdered form is placed in the
      instrument and is fused under the influence of heat and shear. The
      instrument, which is basically a dynamometer, measures the torque force
      required to maintain mixer rotors revolving at a constant speed while the
      polymer is being fused. The torque generally rises from a low point when
      the sample of polymer is in powdered form to a high point at flux after
      which the torque subsides to an intermediate equilibrium point or
      equilibrium torque. The torque remains constant until the polymer degrades
      whereupon the torque increases due to polymer crosslinking. The
      equilibrium torque value determines the amount of work in meter-grams
      which must be applied to the polymer to process the same. The tests are
      conducted using a 60 cm.sup.3 sample bowl using Banbury type rotors
      adjusted to operate at 60 revolutions per minute at a temperature of
      180.degree. C. The test samples comprise 100 parts by weight of polymer, 3
      parts by weight of a stabilizer (Thermolite 31 which is a
      sulfur-containing organotin compound manufactured by Metal and Thermit
      Corporation, Rahway, N.J.) and 0.5 part by weight of a lubricant (calcium
      stearate). Values reported for fusion torque rheology are in meter-grams
      and are for equilibrium torque.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example 1   2   3   4   5   6   7   8                                     
     __________________________________________________________________________
     Relative                                                                  
     Viscosity                                                                 
             2.20                                                              
                 1.86                                                          
                     1.90                                                      
                         1.98                                                  
                             1.90                                              
                                 1.92                                          
                                     1.96                                      
                                         1.93                                  
     (Product)                                                                 
     Equilibrium                                                               
     Melt Viscos-                                                              
             2130                                                              
                 1515                                                          
                     1635                                                      
                         1740                                                  
                             1680                                              
                                 1650                                          
                                     1770                                      
                                         1620                                  
     ity (Meter-                                                               
      grams)                                                                   
     Type of Cat Non-                                                          
                     Cat Cat Cat Semi                                          
                                     Cat Semi                                  
     Degradation*                                                              
                 Cat     to                                                    
                         Semi                                                  
     Time    19' 34  30  32  33' 35' 33  34                                    
     __________________________________________________________________________
      *Based on rate of failure.                                               
      0-25 meter-grams per minute = non-catastrophic                           
      25-100 meter-grams per minute = semi-catastrophic                        
      100 and above meter-grams per minute = catastrophic                      
TBL  ______________________________________                                    
                                 Equilibrium                                   
     Conventional Polyvinyl                                                    
                      Relative   Melt Viscosity                                
     Chloride Homopolymer                                                      
                      Viscosity  (Meter-grams)                                 
     ______________________________________                                    
     1                2.12       2200                                          
     2                1.98       1800                                          
     ______________________________________                                    
PAR  The relative viscosity data in the Table is an indication of molecular
      weight. Generally, as the relative viscosity increases so does the
      molecular weight. The product of Example 1, as can be seen from the Table,
      has a higher relative viscosity and therefore a higher molecular weight
      than the first listed conventional polyvinyl chloride homopolymer. And,
      generally, as the relative viscosity increases so does the amount of work
      required to process the polymer. However, and as can be seen from the data
      in the Table, the amounts of work necessary to process the product of
      Example 1 and the first conventional polyvinyl chloride homopolymer are
      substantially equal even though the product of Example 1 has a higher
      relative viscosity than the homopolymer.
PAR  The invention is further illustrated in the examples which follow, using a
      two temperature system and the preferred suspension polymerization system.
PAC  EXAMPLES 9 - 14
PAC  Suspension Polymerization Procedure
PAR  In Examples 9 to 14, the following suspension polymerization procedure is
      used unless otherwise indicated. The reaction mixture or charge is sealed
      in a one quart soda bottle, the bottle is immersed in a temperature
      controlled water bath, and the polymerization is conducted for a total of
      approximately 121/2 hours; 41/2 hours at 43.degree. C. and 8 hours at
      65.degree. C. The bottles are rotated end over end at 41 revolutions per
      minute in the bath to provide agitation. Conversion is usually above 80%.
      The charge consists of the following materials in amounts given in
      approximate parts by weight:
TBL  Charge            Parts by Weight (Dry)                                   
     ______________________________________                                    
     Vinyl Chloride    100                                                     
     Deionized Water   300                                                     
     Suspending Agent .sup.(1)                                                 
                       0.5                                                     
     Initiator A .sup.(2)                                                      
                       See Table III                                           
     Initiator B .sup.(3)                                                      
                       See Table III                                           
     ______________________________________                                    
      .sup.(1) Hydroxymethylcellulose                                          
      .sup.(2) t-Butyl Peroxypivalate                                          
      .sup.(3) Azobisisobutyronitrile                                          
TBL                TABLE III                                                   
     ______________________________________                                    
                        Control Samples                                        
     Example  9       10      11    12    13    14                             
     ______________________________________                                    
     Initiator A                                                               
              0.065   0.130   0.130 --    0.065 0.130                          
     Initiator B                                                               
              0.065   0.033   0.065 0.065 --    --                             
       Total  0.130   0.163   0.195 0.065 0.065 0.130                          
     Percent Yield                                                             
              88%     81%     98%   84%   100%  99%                            
     ______________________________________                                    
PAL  The polymers of Examples 9 - 11 showed a decrease in the amount of torque
      required to process the polymers over the torques required for the
      comparable control samples.
PAR  The foregoing examples have illustrated the method of the present invention
      using vinyl chloride as the vinyl halide monomer. Other vinyl halide
      monomers such as vinyl bromide, vinyl iodide, vinylidene chloride,
      vinylidene bromide, vinylidene iodide and mixtures thereof can be
      substituted for the vinyl chloride with equal facility. Vinyl fluoride and
      vinylidene fluoride which have very low vapor pressures can also be used
      in high pressure polymerization vessels. As illustrative, 155 parts
      vinylidene chloride or 90 parts vinyl chloride/15.5 parts vinylidene
      chloride can be used in place of the 100 parts vinyl chloride with equal
      facility.
PAR  Various copolymers and terpolymers using non-vinyl halide type monomers in
      combination with the vinyl halide monomer can also be prepared with equal
      facility. As illustrative, 80 parts vinyl chloride/15.5 parts vinylidene
      chloride/27.5 parts deithyl fumarate, or 90 parts vinyl chloride/13.75
      parts vinyl acetate, or 80 parts vinyl chloride/41.5 parts monomethyl
      maleate, or 90 parts vinyl chloride/16 parts ethyl acrylate, or 90 parts
      vinyl chloride/8.5 parts acrylonitrile, or 90 parts vinyl chloride/11.5
      parts vinyl ethyl ether can be used in place of the 100 parts vinyl
      chloride in the preceding examples. Any other non-vinyl halide type
      monomers such as those listed hereinbefore can be susbstituted with equal
      facility to prepare copolymers and terpolymers.
PAR  The polymers prepared in accordance with the present invention can be used
      in applications such as the preparation of calendered film, blow molded
      bottles, extruded flat bed and blown film, extruded articles, tubing, in
      injection molding, fluidized bed coating, electrostatic powder spraying,
      rotational casting, additives to other polymers to increase toughness of
      the resulting blend or wherever polyvinyl chloride is presently used. It
      is understood that the polymers of the invention can be compounded with
      additives usually employed in the coating, impregnating and molding
      composition arts.
PAR  Thus, and in accordance with the present invention, there is provided a
      method for the preparation of a new class of vinyl halide polymers which
      exhibit improved processing characteristics, without sacrificing physical
      properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing vinyl halide polymers exhibiting improved
      processing characteristics without sacrificing physical properties
      comprising:
PA1  a. iniating the free radical suspension polymerization of a ethylenically
      unsaturated monomer composition containing at least 75%, by weight, of a
      vinyl halide of the formula:
      ##EQU4##
      wherein Z is hydrogen or halogen and Hal is halogen at a first reaction
      temperature; said polymerization being conducted in the presence of a
      first azo compound as a free radical initiator and of a polymer modifier
      comprising a polymercaptan chain transfer agent; and, after partial
      polymerization is accomplished;
PA1  b. changing the reaction temperature to at least one subsequent reaction
      temperature different from the immediately preceding reaction temperature,
      adding a second azo compound as a free radical initiator, and continuing
      said polymerization at said subsequent temperature, said subsequent
      temperature being conducive to forming a polymer of an average molecular
      weight different from the average molecular weight obtained during
      polymerization at said immediately preceding reaction temperature;
PAL  one of said azo compounds having a shorter half-life than the other at
      80.degree.C.
NUM  2.
PAR  2. A method as recited in claim 1 wherein said first reaction temperature
      is higher than said second reaction temperature and said second initiator
      has a half-life which is shorter than said first at 80.degree. C.
NUM  3.
PAR  3. A method as recited in claim 1 wherein said monomer composition consists
      of 100% vinyl chloride.
NUM  4.
PAR  4. A method as recited in claim 1 wherein said polymerization is initiated
      at a first reaction temperature which is lower than said second reaction
      temperature and which is within the range of from about 15.degree. C. to
      about 50.degree. C. and in the presence of an azo compound having a
      half-life of less than 30 minutes at 80.degree. C.
NUM  5.
PAR  5. A method as recited in claim 1 wherein said polymerization at said first
      reaction temperature is allowed to proceed to from at least 1.0%, by
      weight, but not more than about 15%, by weight, of the final weight of the
      polymer composition.
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ABST
PAL  There is disclosed a new process for ring-opening polymerization of
      cycloolefins by the use of a catalyst comprising (A) tungsten or
      molybdenum halides, (B) alkyl aluminum halides and (C) an alcohol which
      has a nitrile substituent. Also the catalyst is disclosed as useful in
      metathesis of olefins.
BSUM
PAR  This invention is directed to a process for the ring-opening polymerization
      of unsaturated alicyclic hydrocarbons. It is also directed to novel
      catalyst systems useful for this ring-opening polymerization process.
      These catalyst systems are further useful for the interconversion of
      acyclic olefins according to the method known as the olefin metathesis
      reaction (also called the olefin dismutation or olefin disproportination
      reaction).
PAR  The olefin metathesis reaction is a unique bond-reorganization process,
      whereby materials possessing carbon-to-carbon double bonds, undergo a
      redistribution of constituents as depicted in the following equation:
EQU  2R.sub.1 CH = CHR.sub.2 .revreaction. R.sub.1 CH = CHR.sub.1 + R.sub.2 CH =
      CHR.sub.2
PAR  the olefin metathesis reaction, being an equilibrium process, facilitates:
      (1) obtaining the olefins R.sub.1 CH = CHR.sub.1 and R.sub.2 CH =
      CHR.sub.2 starting from R.sub.1 CH=CHR.sub.2 ; or alternatively, (2)
      obtaining the olefin R.sub.1 CH = CHR.sub.2 by starting from a mixture of
      olefins R.sub.1 CH = CHR.sub.1 and R.sub.2 CH = CHR.sub.2.
PAR  Similarly, the ring-opening polymerization reaction of cycloolefins also
      involves the scission of the carbon-to-carbon double bonds in the
      cycloolefin ring. The alkylidene carbons are rejoined to other such
      carbons derived from other monomer units to form the linear unsaturated
      polymer chain. Thus, the ring-opening of cyclopentene, for instance,
      yields a repeat unit:
EQU  = CH--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH =
PAR  this repeat unit has also been expressed in the following equivalent forms:
EQU  -- CH=CH--CH.sub.2 --CH.sub.2 --CH.sub.2 --
PAL  and
EQU  -- CH.sub.2 --CH=CH--CH.sub.2 --CH.sub.2 --
PAR  more specifically, the novelty of the present invention relates to the use
      of nitrile-substituted hydroxy compounds employed as catalyst modifiers
      for transition-metal/aluminium-alkyl halide catalyzed ring-opening
      polymerizations. These modifiers can be used to produce catalyst systems
      which exhibit excellent activity as cycloolefin ring-opening
      polymerization catalysts. As a result, it is possible to use short
      reaction times and mild polymerization temperatures. Furthermore, very low
      catalyst concentrations may be used with excellent results. Thus, good
      yields of product can be obtained when the molar ratio of transition
      metal:monomer is as low as 1:20,000 or less.
PAR  The process of this invention comprises the ring-opening polymerization or
      copolymerization of at least one unsaturated alicyclic compound selected
      from the group consisting of (1) unsaturated alicyclic compounds
      containing four or five carbon atoms and one double bond in the ring, (2)
      non-conjugated, unsaturated alicyclic compounds containing at least seven
      carbon atoms in the ring and at least one double bond in the ring, and (3)
      polycyclic olefins and diolefins by subjecting said alicyclic compounds or
      mixture thereof to polymerization conditions in the presence of a catalyst
      system comprising (A) transition metal salt selected from the group
      consisting of tungsten halides and oxyhalides and molybdenum halides and
      oxyhalides, (B) at least one compound selected from the group consisting
      of dialkylaluminum halides, alkylaluminum sesquihalides and alkylaluminum
      dihalides and (C) at least one hydroxy compound of the general formula ROH
      wherein R is selected from the group consisting of alkyl and cycloalkyl
      and wherein R contains a nitrile-substitutent, wherein the molar ratio of
      A:B:C lies within the range of 1:05-10:0.5-3.
PAR  The desired polymerization of alicyclic olefins results in linear,
      unsaturated polymers having repeating units derived from the opening the
      ring of the unsaturated alicyclic compounds. It is known that the
      catalysts useful in this process facilitate the cleavage of
      carbon-to-carbon double bonds. The resulting halves of molecules,
      designated alkylidenes fragments, then recombine to give the new olefin
      products. The polymerization catalysts of this invention may be employed
      to prepare a wide variety of useful polymers having different properties
      depending upon the particular monomer or combination of monomers chosen to
      be polymerized, the particular catalyst combination employed and the
      particular polymerization conditions employed. The linear, unsaturated
      products resulting from the use of the polymerization catalysts of this
      invention can be employed in a variety of applications, for example, they
      may be employed to produce finished rubber articles such as pneumatic
      tires, molded goods and the like or these materials may be useful in
      coatings, in adhesives or in the manufacture of articles such as films and
      fibers.
PAR  Representative but not exhaustive of the unsaturated alicyclic monomers
      described in (1) above are cyclobutene, 3-methylcyclobutene, cyclopentene
      and 4-methylcyclopentene. Representative of the monomers described in (2)
      above are cyclopentene, cyclooctene, cyclodecene, cyclododecane,
      1,5-cyclooctadiene, 1,9-cyclohexadecadiene, 1,5,9-cyclododecatriene,
      3-methylcyclooctene, 3-phenylcyclooctene, 1-methyl-1,5-cyclooctadiene,
      1-chloro-1,5-cyclooctadiene, 1,2-dimethyl-1,5-cyclooctadiene and the like.
PAR  Representative polycyclic olefins and diolefins described in (3) above are
      3,3'-bicyclopentene,
      ##SPC1##
PAL  3,3'-bicyclooctene,
      ##SPC2##
PAL  bicyclo[4,3,0]nona-3,7diene,
      ##SPC3##
      dicyclopentadiene, norbornadiene, norbornene, 5-vinylnorbornene,
      5-alkylnorbornene and tricyclo[8,2,1,0.sup.2,9 ]trideca-5,11-diene.
      ##SPC4##
PAR  Representative of the organometallic catalyst components in (B) above are
      diethylaluminum chloride, diisobutyl aluminumchloride, diethylaluminium
      fluoride, dipropylaluminum bromide, ethylaluminum sesquichloride,
      methylaluminum sesquibromide, butylaluminum sesquichloride, ethylaluminum
      dichloride, propylaluminum dichloride, isobutylaluminum dibromide and the
      like. Of these, it is usually preferred to employ organolaluminum
      chlorides.
PAR  Representative of the compounds useful as the (C) catalyst component of the
      present invention include 2-hydroxypropionitrile (also known as
      hydracylonitrile), 2-hydroxy-1-methylpropionitrile,
      2-hydroxy-2-methylpropionitrile, 2-hydroxycyclopentyl-nitrile,
      2-hydroxycyclohexylnitrile, 3-chloro-2-hydroxypropionitrile and the like.
PAR  Generally, it is preferred to use a nitrile-substituted hydroxy compound
      wherein the nitrile group is situated on the carbon atoms adjacent to the
      carbon atoms bearing the hydroxy group, as in the representative examples
      given above. On the other hand, when the nitrile group is situated on that
      carbon atom which bears the hydroxy group, as in the cyanohydrins of
      aldehydes and ketones, or when the nitrile group is more remote from the
      hydroxy group, as in 3-hydroxybutyronitrile, 4-hydroxyvaleronitrile, and
      the like, the resulting catalyst combinations generally exhibit a lesser
      degree of activity for the ring-opening polymerization process, although
      many catalyst combinations involving modifiers such as these nevertheless
      exhibit a significant level of activity.
PAR  Representative of the transition metal salts described in (A) are tungsten
      hexachloride, tungsten hexabromide, tungsten oxytetrachloride, tungsten
      oxytetrabromide, tungsten oxytetrafluoride, tungsten oxytetraiodide and
      the like.
PAR  The catalyst systems set forth above are prepared by mixing the components
      by known techniques. Thus, the catalyst systems may be prepared by
      "preformed" or "in situ" techniques, or by a comination of these
      techniques. By the "preformed" method, the catalyst components are mixed
      together prior to exposure of any of these components to the alicyclic
      monomers to be polymerized. In the "in situ" method, the catalyst
      components are added individually to the alicyclic monomers. In the
      handling and transfer of the catalyst components, it is often convenient
      to utilize solutions of these components in suitable inert solvents such
      as benzene, toluene, chlorobenzene, hexane, pentane, cyclopentane and the
      like.
PAR  The order of addition of the catalyst components to each other is of
      interest in the practice of this invention.
PAR  When the "in situ" method is employed, solely, it is much preferred to add
      the B component last, but the particular addition of the A and C
      components is generally not critical. Combinations of "in situ" and
      "preformed"  methods can also be used effectively. In this case, it is
      generally preferred to employ the B component according to the "in situ"
      method, while component A may be preformed with component C.
PAR  It has been found that when the "preformed" technique is employed with the
      catalyst components A and C, some aging of the mixture of the components
      is desirable. During this aging period, color changes are usually
      observed. This aging period may require only a few minutes, or it may take
      several hours. The aging process can be carried out at ambient
      temperatures in the range of 20.degree.-25.degree.C, or it may be
      accelerated by the use of moderately elevated temperatures in the range of
      30.degree.-100.degree.C. It has also been found to be advantageous to
      remove some of the hydrogen chloride which is formed as a by product when
      the "preformed" method is used.
PAR  Known techniques may be used for removal of this hydrogen chloride. These
      techniques include the use of a stream of an inert gas which can be
      bubbled through the catalyst solution, or the use of a vacuum, to withdraw
      vapors of hydrogen chloride.
PAR  The amount of catalyst employed in the practice of this invention may range
      over a wide concentration range. Of course, a catalytic amount of the
      catalyst must be employed but the optimum amount depends upon a number of
      factors such as the temperature employed, the particular alicyclic
      monomers employed, the purity of the reaction conditions employed, the
      reaction time desired, and the like. Generally, it is preferred to use at
      least about 0.01 parts by weight of the A component per 100 parts by
      weight of the alicyclic monomer or mixture of monomers.
PAR  The operating conditions which are employed in the process of this
      invention may vary. The polymerization may be carried out in solution or
      in bulk. When solvents or diluents are employed, they should be chosen so
      as not to adversely affect the desired polymerization process.
      Representative examples of useful solvents are liquid aromatic
      hydrocarbons such as benzene, toluene and chlorobenzene, aliphatic
      saturated hydrocarbons such as pentane, hexane, petroleum ether and
      decane, and alicyclic saturated hydrocarbons such as cyclopentane,
      cyclohexane decalin and the like.
PAR  The amount of solvent is not critical and may vary from none up to a
      solvent/cycloolefin weight ratio of 50/1, but more convenient ratios are
      about 80/20 weight ratios.
PAR  Temperature at which the polymerization can be carried out can be varied
      over a wide range. It is generally preferred to conduct these
      polymerizations under relatively mild reaction conditions over the range
      of about -20.degree. to about 100.degree.C.
PAR  The polymerization times will vary and can range from less than a minute to
      24 hours or more depending upon the polymerization conditions and the
      extent of polymerization desired. Generally, however, a satisfactory
      polymerization product is obtained in a matter of only a few minutes or
      hours.
PAR  The polymerization reaction may be carried out as a batch or as a
      continuous process. In performing the polymerization of this invention,
      the introduction of the monomer, catalyst and solvent, when a solvent is
      employed, can each be made to the reaction zone intermittently and/or
      continuously.
DETD
PAR  The practice of this invention is further illustrated by reference to the
      following examples, which are intended to be representative rather than
      restrictive of the scope of this invention. All experiments were conducted
      in an atmosphere of dry nitrogen.
PAC  EXAMPLE I
PAR  The preformed technique was employed to prepare solutions of WCl.sub.6
      modified with the various hydroxy compounds designated in Table 1. The
      required amount of the hydroxy compound was added to an 0.5 molar solution
      of WCl.sub.6 in dry benzene and allowed to react for about 24 hours at
      about 23.degree.C. These solutions were then flushed with dry nitrogen to
      expel free HCl prior to being used. Ethylaluminum dichloride (EADC) or
      diethylaluminum chloride (DEAC) were employed as 0.20 molar solutions in
      benzene.
PAR  A series of ring-opening polymerizations were carried out using solutions
      of freshly-distilled cyclopentene (CP) in benzene. These premix solutions
      were further purified by being passed through a mixture of silica gel and
      alumina before being charged to reaction bottles. Polymerizations were
      conducted with 40 ml. of premix in 4-oz. glass bottles at 0.degree.C. All
      manipulations of changing premix and catalyst components were conducted
      under a nitrogen atmosphere. The order of catalyst addition to the
      polymerization bottles containing premix was tungsten-alcohol component,
      followed by the organoaluminum component.
PAR  In each of the experiments shown in Table 1, 0.40 ml of the solution of the
      tungsten-alcohol component was employed, which corresponded to a molar
      ratio of cyclopentene/tungsten of about 5000/1. Polymerizations were
      terminated with a small amount of isopropanol, and the resultant solutions
      were dried under vacuum. Inherent viscosities were determined in benzene
      at 30.degree.C. The percent trans values were determined by a method
      described in Journal of Polymer Science; Polymer Physics Edition; Volume
      11, page 529 (1973) published by John Wiley and Sons, Inc.
PAR  Experiments 10 and 11 are comparison tests which show that
      nitrile-substituted alcohols in which the nitrile is not situated on the
      carbon adjacent to that bearing the hydroxy group are much less effective
      as cocatalysts. Experiments 12 and 13 are comparison tests which show that
      when the nitrile-substituent is not substituted on the hydroxy compound,
      the effectiveness of the cocatalyst is not significantly increased.
TBL                                    Table 1                                 
     __________________________________________________________________________
                                             Polym                             
     Exp             Molar Ratio,                                              
                            EADC, DEAC, CP conc,                               
                                             Time,                             
                                                 Percent                       
                                                     Inh                       
                                                        Percent                
     No.                                                                       
        ROH          ROH/WCl.sub.6                                             
                            Moles.times.10.sup.5                               
                                  Moles.times.10.sup.5                         
                                        wt. %                                  
                                             Min.                              
                                                 Conv.                         
                                                     Visc.                     
                                                        Trans                  
                                                            Appearance         
     __________________________________________________________________________
     1  N.tbd.CCH.sub.2 CH.sub.2 OH                                            
                     1      6     --    18.0 60  63.0                          
                                                     5.47                      
                                                        91  rubbery solid      
     2  N.tbd.CCH.sub.2 CH.sub.2 OH                                            
                     2      3     --    18.0 60  54.1                          
                                                     8.51                      
                                                        --  "                  
     3  N.tbd.CCH.sub.2 CH.sub.2 OH                                            
                     2      4     --    18.0 60  75.6                          
                                                     5.02                      
                                                        92  "                  
     4  N.tbd.CCH.sub.2 CH.sub.2 OH                                            
                     3      8     --    18.0 60  77.0                          
                                                     3.51                      
                                                        --  "                  
     5  ClCH.sub.2 CH(OH)CH.sub.2 C.tbd.N                                      
                     2      8     --    19.9 100 76.0                          
                                                     3.42                      
                                                        --  "                  
     6  OH .sup.b    1      8     --    19.0 120 70.3                          
                                                     -- 86  "                  
     7  C.tbd.N      2      12    --    19.0 70  53.5                          
                                                     -- 86  "                  
     8  N.tbd.CCH.sub.2 CH.sub. 2 OH                                           
                     2      --    6     19.8 60  17.3                          
                                                     7.60                      
                                                        --  "                  
     9  --           0      6     --    18.0 60  1.3 -- --  --                 
     10 (CH.sub.3).sub.2 C(OH)C.tbd.N                                          
                     1      6     --    21.6 90  8.9 -- --  --                 
     11 N.tbd.C(CH.sub.2).sub.6 OH                                             
                     2      8     --    19.0 70  13.4                          
                                                     -- 76  --                 
     12 CH.sub.3 CH.sub.2 OH                                                   
                     2      8     --    21.1 120 19.9                          
                                                     -- --  --                 
     13.sup.a                                                                  
        CH.sub.3 CH.sub.2 OH                                                   
                     2      6     --    17.7 60  17.7                          
                                                     -- --  --                 
     __________________________________________________________________________
      .sup.a CH.sub.3 C.tbd.N was added to the WCl.sub.6 solution with the     
      CH.sub.3 CH.sub.2 OH during the preforming step; molar ratio CH.sub.3    
      C.tbd.N/WCl.sub.6 = 2/1.                                                 
      .sup.b 2-hydroxycyclopentanenitrile used in 6 and 7.                     
PAC  EXAMPLE II
PAR  Two polymerizations were carried out in order to illustrate the
      effectiveness of nitrile-substituted modifiers when very low amounts of
      catalyst are employed.
PAR  A polymerization was carried out similar to Experiment 2 in Example I,
      except that 0.20 ml of the tungsten catalyst solution was employed instead
      of 0.40 ml. The molar ratio of CP/W was about 9,200/1. A yield of 73.0
      percent was obtained of a strong rubber solid having an inherent viscosity
      of 4.69.
PAC  EXAMPLE III
PAR  A polymerization of CP was conducted similar to Experiment 3 of Example I
      except that the in situ technique was employed to modify the WCl.sub.6.
      Thus, 0.40 ml of an 0.05 molar solution of WCl.sub.6 in benzene was
      introduced into 40 ml of a 20.4 wt-% solution of CP in benzene containing
      4.times.10.sup.-.sup.5 moles of 2-hydroxypropanernitrile, followed by 0.40
      ml of a 0.20 molar solution of EADC. The yield was 81.2 percent of a
      rubber polymer having an inherent viscosity of 2.30.
PAC  EXAMPLE IV
PAR  In the absence of solvent, 25 ml of purified cyclopentene was polymerized
      at 23.degree.C by the addition of 1.0 ml of a preformed solution of
      WCl.sub.6 and .beta.-hydroxypropanenitrile prepared as described for
      Experiment 1 in Example I, followed by the addition of 0.60 ml of an 0.20
      molar solution of EADC. The reaction was terminated after 120 minutes. A
      yield of 91.5 percent was obtained of a rubbery solid having an inherent
      viscosity of 3.24.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cycloolefin metathesis process comprising polymerizing at least one
      unsaturated alicyclic compound selected from the group consisting of (1)
      unsaturated alicyclic compounds containing five carbon atoms in the ring
      and containing one double bond in the ring, (2) nonconjugated unsaturated
      alicyclic compounds containing at least seven carbon atoms in the ring and
      at least one double bond in the ring, and (3) polycyclic olefins and
      diolefins, by subjecting said alicyclic compounds or mixtures thereof to
      polymerization conditions in the presence of a catalyst system comprising
      (A) at least one transition metal salt selected from the group consisting
      of tungsten halides and tungsten oxyhalides, (B) at least one compound
      selected from the group consisting of alkylaluminum sesquihalides and
      alkylaluminum dihalides, and (C) at least one hydroxy compound of the
      general formula ROH wherein R is selected from the group consisting of
      alkyl and cycloalkyl and wherein R contains a nitrile substituent, wherein
      the molar ratio of A:B:C lies within the range of 1:0.5-10:0.5-3.
NUM  2.
PAR  2. A process of claim 1 wherein R contains a nitrile substituent situated
      on the carbon atom adjacent to that bearing the hydroxy group.
NUM  3.
PAR  3. A process according to claim 1 wherein (A) is selected from the group
      consisting of WCl.sub.6, WBr.sub.6 and WOCl.sub.4.
NUM  4.
PAR  4. A process according to claim 1 wherein (C) is 2-hydroxypropionitrile or
      2-hydroxy-1-methylpropionitrile.
NUM  5.
PAR  5. A process according to claim 2 wherein (A) is selected from the group
      consisting of WCl.sub.6, WBr.sub.6 and WOCl.sub.4 and (C) is
      2-hydroxypropionitrile or 2-hydroxy-1-methylpropionitrile.
NUM  6.
PAR  6. A process according to claim 1 wherein cyclopentene is polymerized.
NUM  7.
PAR  7. A process according to claim 5 wherein cyclopentene is polymerized.
NUM  8.
PAR  8. The method according to claim 7 in which (A) is WCl.sub.6.
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ABST
PAL  There is disclosed a method of forming a urea adduct complex by reacting an
      aluminum hydrogen phosphate complex which is normally unstable in solution
      at a pH greater than 2.5 with sufficient urea that no precipitation of
      alumina occurs on addition of ammonia, and adjusting the pH of the
      resultant urea adduct complex with ammonia to a value of from 2.5 to 10.
      The urea adduct complexes of the invention are fire retardants and fire
      quenching agents and are useful as agricultural adjuvants.
BSUM
PAR  This invention relates to new adducts of complex aluminum acid phosphates
      with urea and a neutralizing agent in particular proportions, which
      adducts are water soluble and convertible upon heating to a foamed flame
      resistant product, and to methods for making the same.
PAR  Complex aluminum acid phosphates are well known materials formed by
      reacting a concentrated solution of an acidic phosphate salt of aluminum
      and/or chromium in the presence of an excess of phosphoric acid with a
      compound having at least one --NHR.sub.2 group, the hydrogen atom attached
      to the nitrogen in this group being labile. These compounds can be
      dissolved in water to form a highly acidic solution but attempts to
      neutralize such solutions result in precipitates when the pH thereof is
      raised above about 2.6. A detailed summary of the earlier literature
      relating to aluminum amidopolyphosphates is found in U.S. Pat. Nos.
      3,414,374 and 3,667,903, the disclosures of which are incorporated hereby
      by reference.
PAR  U.S. Pat. No. 3,414,374 in particular discloses neutral water soluble ionic
      complexes containing phosphorus, oxygen, nitrogen, and aluminum and/or
      chromium in an anionic portion of the molecule which are soluble in or
      compatible with aqueous media having a pH above 2.5. The complexes are
      prepared by a process including a critical step of heating to a
      temperature above 180.degree.C which is required to convert the unstable
      aluminum acid phosphate with its cationic form of aluminum to the stable
      complexes containing the aluminum in the anion. The materials used to
      prepare the anionic complexes are aluminum acid phosphate and a compound
      having at least one --NHR.sub.2 group wherein R.sub.2 is hydrogen or an
      organic or phosphoro-oxygen radical as defined in the patent. Certain
      --NHR.sub.2 compounds including urea are defined as foaming --NHR.sub.2
      compounds. When these are used to prepare the complexes of the patent,
      foam is formed during the preparation. There is, however, no disclosure of
      any combination of aluminum acid phosphate, urea, and ammonia or other
      neutralizing agent that does not have the metal in the anion and which is
      stable at a pH above 2.6 and is capable of foaming upon being heated.
PAR  U.S. Pat. No. 3,667,903 discloses a process of preparing the anionic metal
      complexes of the earlier patent by a foam reaction technique under
      controlled conditions. The foaming reaction is applied to solutions of
      aluminum acid phosphate and urea with added phosphoric acid and water.
      Such solutions are highly acidic. There is no disclosure of any
      composition of aluminum acid phosphate, urea, and a neutralizing agent
      that is stable in aqueous solutions at a pH above 2.6 and can be
      subsequently foamed.
PAR  It is known that aluminum hydroxide dissolved in highly concentrated
      phosphoric acid yields aggregation polymer, resin-like compounds, in which
      the PO.sub.4 is held together by aluminum ions in the form of a three
      dimensional molecular complex or network; the stability and degree of
      polymerization is, however, largely dependent upon the pH. The degree of
      polymerization of such polymers may range from 2 to 20,000 according to
      concentration, pH and temperature. Such aggregation polymers have the
      tentative formula [NH.sub.4 H.Al(PO.sub.3 NH.sub.2.H.sub.2 O).sub.4
      ].sub.y and will be interchangeably referred to hereinafter as acid
      aluminum phosphates and aluminum amidopolyphosphate complexes and are
      considered similar to heteropoly acids and may represent a transition
      between heteropoly acids and metallosphosphoric acid complexes. These
      highly acid polyphosphate solutions have found many uses as binders in the
      manufacture of various products such as ceramics and adhesives. From their
      concentrated solutions, a rather tough film can be deposited on the
      surface of the substrate which renders flammable materials, e.g.,
      cellulose, wood, etc. flameproof. However, the solutions or the resulting
      dry film are not compatible with acid sensitive pigments or alkaline
      compounds, since these aggregation polymer solutions are stable only at
      very low pHs, below 2.6; when the pH is brought above 2.6, the complex
      decomposes or precipitates.
PAR  It is, therefore, apparent that an acid aluminum phosphate that could be
      useful in the ways suggested by the prior art and also be stable in
      aqueous solution having a pH above 2.6 would fill a long standing need.
PAR  It has now been found that concentrated solutions of acid aluminum
      phosphate can be neutralized with ammonia without precipitation when the
      viscous acid aluminum phosphate solution in water is mixed with
      substantially solid urea at a temperature not exceeding about 90.degree.C,
      to form a "clathrate". Thereafter addition and/or formation of ammonia by
      heating the adduct, the decomposition of urea takes place only at higher
      temperatures, increases the solubility of the acid ammonium phosphate in
      water; it seems that addition of urea causes a urea adduct to be formed in
      the solution which results in an increase in solubility, as has been found
      in many similar cases. Urea adduct complexes are widely used in many
      separation processes, for instance, in the petroleum industry for
      separation of straight chain paraffins from branched chain hydrocarbons.
PAR  It is known that urea forms complexes with many acids and salts; this
      complex building is not based, however, on a chemical reaction of the
      compound with urea, but on enclosure by the host molecule, i.e. urea, of
      the acid aluminum phosphate molecule which by its structure adapts itself
      to be enclosed within the urea molecule which then becomes a kind of
      "packaging" or cage. These complexes have, therefore, also given the name
      clathrate (from the latin name of clathri-birdcages). This term will be
      used in the following description alternately with urea adduct complexes
      and urea inclusion complexes. The formation of urea clathrates takes place
      in most cases almost immediately when a concentrated solution of the acid
      aluminum phosphate compound in an appropriate solvent is mixed with a
      concentrated solution of urea. The urea can be subsequently decomposed by
      heat to form the stable neutralized water soluble adduct. These complexes
      are also formed in solution which is mostly indicated by an increase in
      solubility of the acid aluminum phosphate when the urea is added to the
      solution.
PAR  The above-described adduct of acid aluminum phosphate is easily and
      economically produced by the method of the present invention wherein an
      aluminum phosphate solution in aqueous phosphoric acid is concentrated
      until a semi-plastic, highly viscous solution is obtained which contains
      between 10 to 12% water. It has been found that the content of the
      resulting aluminum phosphate is highly enriched in metal-phosphoric
      compounds at such higher concentration. This highly viscous fluid is then
      cooled to below 90.degree.C and in a second step, intimately mixed with
      solid urea to form a urea adduct complex. The semiplastic mass comprising
      the essential polymeric aluminum amidopolyphosphate complex becomes
      immediately fluid upon addition of urea. Urea is added until a sample does
      not undergo precipitation when treated with concentrated ammonia. The urea
      inclusion complex solution is very fluid and contains about 7% of water.
      Air drying for several days or drying, by heating for example at a
      temperature not exceeding 70.degree.C reduces the solution to a powder
      which is soluble in about 10% of its weight in water. The fluid solution
      can be neutralized by ammonia gas to the required pH, in the well known
      and conventional manner to form a mixture of the clathrate and ammonium
      phosphates.
PAR  The urea dissolves rapidly in the viscous aluminum hydrogen phosphate
      solution causing it to form a thin liquid. In accordance with the
      invention at least about 2 moles of urea for about each 3 moles of acid
      aluminum phosphate are required for the formation of the adduct before
      further neutralization of ammonia can properly proceed. The neutralized
      urea adduct solutions set after several days to form a solid or can be
      dried and dehydrated to a powder at a temperature below about 80.degree.C.
PAR  The buffered, acid solution of the above-described aluminum acid
      phosphate-urea clathrate and the neutralized admixture thereof with
      ammonium phosphates can be directly used for the impregnation of flammable
      materials as wood, paper, textiles, plastic foams, etc.
PAR  When the concentrated solution of the acid aluminum phosphate-urea
      clathrate is heated above a temperature of 150.degree.C, a voluminous foam
      is formed which expands to up to about 100 fold its volume. When a
      temperature of 200.degree.C is reached a hard cellular foam is formed
      which contains within its innumerable cells encapsulated carbon dioxide.
      Upon heating, the urea of the "host molecule" decomposes into carbon
      dioxide and ammonia, the latter reacting with the aluminum phosphate of
      the foam bubble skins, reinforcing and stabilizing the foam to such a
      degree that it resists bursting of the bubbles when the enclosed carbon
      dioxide increases in pressure, thus expanding the stabilized foam bubbles
      to extremely thin films and causing reactions, including dehydration to
      take place on the inner surface of the foam bubble films, almost at once.
      At 200.degree.C, a complex is finally formed which contains nitrogen
      substituted for part of the molecular water of the phosphate molecule, and
      the metal in the anionic part of the newly formed ionic complex. This
      complex is neutral, readily water soluble and compatible with ammonia,
      alkaline pigments and emulsions. It is used for compounding water based
      paints, alone or in combination with known pigments for fire retardant
      coatings as guanyl phosphate, dipentaerithritol, phosphatized melamine
      formaldehyde, chlorowax, etc. and stable binders for intumescent
      ingredients.
PAR  As raw materials for use in this process, especially when the use of crude
      materials are permissible, for example for fire retardant compositions for
      upholstery or impregnation of plastic foams for building materials, a
      variety of ores can be worked up, e.g. bauxite, Wavellite (aluminum
      phosphate ore), kaolin, and aluminum phosphate ores (beneficiated leach
      zone, North African ores containing up to 30% P.sub.2 O.sub.5 and 27%
      Al.sub.2 O.sub.3 and a great variety of metal oxides of di- and trivalent
      materials, i.e. Zn, Fe, Mn, Mg, Cr, Ti and the impurities contained in the
      wet acid process phosphoric acid. The water solubility of the clathrates
      can be modified by reacting the urea complex with formaldehyde and its
      derivatives as is known in the art.
PAR  It has further been found that the concentrated clathrate solution when
      heated above a temperature of about 150.degree.C, produces a voluminous
      foam which can be increased and stabilized when small percentages of heat
      resistant foaming agents are added to the solution before the heat
      treatment. Typically, there is employed the addition of surfactants from
      the series of fluorocarbons as disclosed in U.S. Pat. No. 3,667,903 such
      as the products available from MMM under the designations FC95 and FC98.
      They have been found to be effective in amounts of about 0.01% by weight,
      preferably about 0.01 to 0.1% for carrying out of the process called foam
      polymerization, in which the highly concentrated aluminum acid phosphate
      solution (about 80% solids), phosphoric acid, a blowing agent for instance
      urea and surface active agents are subjected to a temperature of about
      150.degree.C which blowing agent under the conditions of the reaction
      develops ammonia gas and carbon dioxide.
PAR  When the thermal reaction is performed under agitation, as by heating the
      clathrate solution containing the surfactant, between heated rollers or
      similar devices, a fine powder is obtained directly at about 200.degree.C
      but when the foam reaction takes place without agitation, as e.g. by
      heating the concentrated solution in a heated chamber or in a microwave
      oven, a cellular inorganic blanket is formed which retains the pressurized
      carbon dioxide firmly within its cells; when the heating is the result of
      flame exposure of a substrate impregnated with the "solution" an inorganic
      cellular blanket is formed directly on the impregnated substrate and
      within the cells or pores protecting the flammable substrate from further
      contact with air or oxygen, quenching any flame or fire by the
      intumescent, inorganic blanket which contains within its cells the
      encapsulated, pressurized carbon dioxide. It increases its efficiency when
      the temperature or activity of the flame increases and the intumescence of
      the cellular blanket becomes more pronounced.
PAR  Broadly speaking, the invention includes the provision of adducts of an
      aluminum amidophosphate complex with urea, the complex having been formed
      by reacting a concentrated solution of an acidic phosphate salt of
      aluminum preferably in the presence of an excess of phosphoric acid with a
      compound having at least one --NHR.sub.2 group wherein R.sub.2 is hydrogen
      or an organic or phosphoro-oxygen radical.
PAR  The aluminum amidophosphate complex is adducted by the addition of about 2
      moles of urea for each 3 moles of combined phosphoric acid prior to the
      neutralization thereof with ammonia. The addition of the urea is believed
      to result in the formation of a urea inclusion complex which serves as
      buffer for the acid solution and enables the neutralization step with
      ammonia to proceed without precipitation. The urea inclusion complex or
      adduct compound remains stable even when boiled in water. Upon heating to
      about 150.degree.C, the urea of the "host molecule"  is decomposed into
      carbon dioxide and ammonia which thereby causes the compound to foam. The
      volume and stabilization of the foam can, if desired, be greatly increased
      by the addition of small amounts of heat resistant foam surfactants
      thereto, preferably those of the fluoro-carbon group. Several reactions
      are believed to take place in foam phase; dehydration, expansion of the
      bubble skins, which are essentially composed of insoluble inorganic
      reaction products of the metal phosphates and ammonia developed by the
      decomposition of the urea. Eventually a complex is formed at about
      200.degree.C, when NH.sub.2 groups are substituted for the molecular water
      of the phosphate. An ionic polymer is formed as a fine powder, which is
      neutral, water soluble and contains the metal as part of the anion. The
      water solutions are compatible with ammonia, alkaline pigments and
      emulsions.
PAR  The foams may be produced by thermal treatment known in the art, such as by
      heating the complex prepolymer solution on hot rollers, etc. or by passing
      it through a microwave oven hot chamber or the like.
PAR  It has been found, that the solution is an excellent impregnating agent for
      flammable substances, which, upon being treated to high temperatures or
      exposed to a flame or fire, are rendered flame-retardant and fire
      quenching. When heated, these substances become protected by the formation
      of a heat formed inorganic cellular blanket, which retains within its
      cells encapsulated pressurized carbon dioxide. This fire retardant or
      flame retardant has applications in the impregnation of porous materials
      and plastic foam products.
PAR  As stated above, the amount of urea required is preferably at least about 2
      moles for about each 3 moles of combined phosphate acid. The amount of
      urea, however, can be as much as about 4 to 6 moles per mole of acid
      phosphate. Larger amounts contribute little additional advantage and are
      generally uneconomical. The amount of neutralizing agent will generally be
      based on the quantity necessary to adjust the pH to the desired value,
      typically about 1 to 20 moles per mole of phosphate. The final pH of the
      solution of the adducts of this invention will be higher than about 2.6
      and can range as high as about 10, a preferred range being about 3.5 to 8.
PAR  The preferred neutralizing agent is ammonia which can be supplied in the
      form of ammonia gas or an aqueous solution thereof. Additional
      neutralizing agents that can be used include ammonium carbonate, ammonium
      carbamate, ammonium bicarbonate, ammonium borate, ammonium
      sesquicarbonate, and the like as well as the ammonium salts of organic
      acids such as ammonium acetate, ammonium benzoate and the like. A general
      formula for the neutralizing agent is NH.sub.4 X wherein X is an anion of
      the kind specified above.
PAR  The adducts of the invention are believed to correspond to the general
      formula
TBL  Al   OP(O) (OH).sub.2                                                     
                          . (urea).sub.a . (NH.sub.3).sub.b . (NH.sub.4        
                          X).sub.c                                             
          OP(O) (OH).sub.2                                                     
          OP(O) (OH).sub.2                                                     
PAL  wherein a is an integer of about 2 to 9, b is an integer of about 1 to
      about 20 and c is an integer of about 1 to 20.
PAR  The process of preparing the aluminum amidophosphate has been described in
      detail in U.S. Pat. No. 3,414,374.
PAR  The method of preparing the foams has been described in U.S. Pat. No.
      3,667,903.
DETD
PAR  The following Examples which are not intended to limit the invention in any
      way are submitted only for the purpose of illustration without limiting
      the invention to the specific details thereof. The invention might be
      performed in a wide variety of ways. All parts, proportions and
      percentages, employed herein, as well as in the appended claims are by
      weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  160 g Of aluminum hydroxide was dissolved in small increments, with
      stirring, in 1080 g of 75% aqueous orthophosphoric acid. The heat
      liberated during the reaction was sufficient to bring the temperature of
      the reaction mixture almost to the boiling point. The heat necessary to
      bring the reaction mixture to boiling was supplied, and boiling and
      stirring continued with removal of water until the temperature was brought
      to 125.degree.C. To the hot solution containing aluminum hydroxide and
      phosphoric acid in the molar ratio of 1:4, was added 480 g of urea and
      then heated to form a liquid which contains about 80% solids to about 125;
      the solution becomes very viscous. The temperature is then reduced to
      below 90.degree.C and is hardly fluid. When a small quantity of aqueous
      ammonia is added to a sample of this liquid, an immediate precipitate
      forms until no further stirring is possible. Addition of a small amount of
      urea to another sample results in a liquifying of the material. The amount
      of urea necessary for forming an adduct can simply be determined by
      gradually adding urea until a sample treated with urea does not show
      precipitation upon addition of ammonia.
PAR  In this Example, to the indicated amount of concentrated acid aluminum
      phosphate solution, there is added 200 grams of urea powder which
      dissolves immediately in the viscous solution liquifying it to a fluid. In
      this liquid there is dissolved about 0.01% of a foaming heat resistant
      fluorocarbon surfactant (3M, FC 95 or 98 or ICI Atlas Monoflor) and the
      liquid is subsequently dried at low temperature (air dried or force dried
      below 70.degree.C) to powder. This compound will hereinafter be called
      Compound A and is soluble to about 20% of its weight in water and reacts
      as an acid. Due to its high content of urea adduct complex, it is highly
      buffered and can be applied to substrates which are not too sensitive to
      acids. When Compound A or its concentrated solution is applied for the
      impregnation of materials to render them fire resistant, the impregnation
      serves as an intumescent protection in case of fire as will be described
      in Example 4.
PAC  EXAMPLE 2
PAR  The urea adduct complex solution as described in Example 1 containing
      aluminum phosphate, aqueous phosphoric acid, urea and foaming agent
      surfactant in a proportion of 1 mole Al(H.sub.2 PO.sub.4).sub.3, 1 mole
      H.sub.3 PO.sub.4, 4 moles urea, 7 moles H.sub.2 O is poured evenly onto
      the top of the drums of a double-drum dryer, heated by oil or direct
      firing to a drum surface temperature of 220.degree.C. The heating of the
      drums is adjusted to compensate for heat losses due to evaporation of
      water so that a constant surface temperature of 200.degree.C can be
      maintained. The drum clearance is 0.8 so that at the process temperature,
      no liquid can pass between the drums, and the drum speed adjusted so that
      the drums are always covered with the heavy foam formed between the drums.
      When the liquid contacts the heated drums, it is carried away in hardened
      form through the clearning between the drums and scraped off by means of
      conventional knives. The whole reaction takes place under evaporation of
      water, decomposition of the host molecule, into carbon dioxide and
      ammonia, reaction of ammonia with the dehydrated solution of aluminum
      phosphate and eventually, substitution of the molecular water of the
      phosphate molecule by nitrogen and polymerization to an ionic complex of
      an aluminum amidophosphate which had earlier been characterized by the
      formula NH.sub.4 H-[Al(PO.sub.3 NH.sub.2 H.sub.2 O).sub.3 ].sub.n wherein
      the metal forms part of the anion. The polymer is soluble in water and
      ammonia and shows no reactions of cationic aluminum, is compatible with
      alkaline compounds, pigments and emulsions used in paint manufacturing as
      binders. In this Example the adduct has been converted into the complex
      with highly favorable properties.
PAC  EXAMPLE 3
PAR  The Compound A prepared according to Example 2 is intimately mixed with
      half its weight of powdered urea at a temperature below 70.degree.C. The
      mixture is heated for 1 hour at 95.degree.-100.degree.C to provide ammonia
      by the thermal decomposition of the urea to carbon dioxide and ammonia.
      Upon dissolving this mixture in 30% of water, a fluid urea inclusion
      complex is formed which is used as a flame retardant impregnation, or can
      be dried to a crystalline compound of well defined long needles which are
      easily soluble in water.
PAR  A dry mixture of 55% of the above urea adduct, 27% urea together and 18%
      sorbitol is prepared. This powdered mixture is dissolved in 30 parts water
      to 100 parts of adduct to form a very fluid solution. Porous flammable
      materials, paper, polyurethane sponge, wood, and the like are impregnated
      with this fluid solution which due to its low viscosity penetrates into
      the pores of the substrate, easily, but thickens within the pores and sets
      eventually to form a stiff gel. When the impregnated substrate is
      excessively heated by flame or fire, the clathrate gel impregnation forms
      an intumescent coating protecting the substrate from contact with air and
      quenching the fire, immediately. The performance of the compound with
      regard to modification of solubility in water and resistance to moisture,
      can be improved in the conventional manner, by for instance, adding
      formaldehyde to the solution water.
PAC  EXAMPLE 4
PAR  An aluminum phosphate urea adduct solution prepared according to Example 1,
      neutralized with ammonia is used for impregnating polyurethane sponges,
      and the sponges dried. The clathrate solution is plasticized by the
      addition of 15% liquid chlorinated paraffin. Upon exposing the impregnated
      sponges to a flame, the impregnation forms a solid, inorganic foam blanket
      with the encapsulating pressurized carbon dioxide inhibiting the
      propagation of fire.
PAC  EXAMPLE 5
PAR  100 Grams of bauxite (58% Al.sub.2 O.sub.3, 1.2% Fe.sub.2 O.sub.3, 6%
      SiO.sub.2, 2.2% TiO.sub.2) are added to 800 g 50% orthophosphoric acid and
      the mixture brought to the boiling point. The solution is separated from
      undissolved residue. The clear solution is heated to a temperature of
      125.degree.C and then thereafter cooled to 90.degree.C, as in Example 1,
      then mixed with 250 g of powdered urea, 20 g of boric acid and 20 g of
      zinc-oxide and also 0.1% of fluorocarbon foaming agent and worked up
      according to Example 1 or Example 3.
PAC  EXAMPLE 6
PAR  Aluminum phosphate ore analysis: Al.sub.2 O.sub.3 31%; P.sub.2 O.sub.5
      22.5%; Ca 0.9%; Fe.sub.2 O.sub.3 7%; SiO.sub.2 2.5%; TiO.sub.2 1.5%; water
      16%) 100 parts of this aluminum phosphate ore are heated and digested with
      250 parts of phosphoric acid and 55 parts of 98% sulfuric acid for 1 hour
      at 100.degree.C, the supernatant liquid separated after cooling to
      50.degree.C from any undissolved residues. The clear liquid is then heated
      to 125.degree.C and evaporated to a semi-plastic viscous mass. After
      cooling to 80.degree.C 200 grams of powdered urea are mixed into the
      liquid which becomes free flowing and finally very fluid and fairly
      transparent. This liquid can be added directly to other materials for
      forming fire fighting foams. The clathrate solution is converted by fire
      or flames to a lightweight cellular blanket which retains pressurized
      carbon dioxide encapsulated in its cells and floats to the surface of
      burning liquids (oil fires) extinguishing the fire immediately.
PAC  EXAMPLE 7
PAR  The aluminum phosphate urea inclusion solution prepared according to
      Examples 4 and 6 is placed on a metal band in a microwave oven where it
      blows immediately to form a heavy foam and is converted as in Example 2 to
      the nitrogen-containing polymer of nearly neutral reaction (pH 6-7) which
      shows the metal as part of the anion as in Example 2.
PAC  EXAMPLE 8
PAR  An adduct composition is prepared from 70 parts of polymer according to
      Examples 1, 2, 4 and 6, and 30 parts of urea in 45 parts of water. A
      uniform dispersion is formed which slowly thickens without separation of
      solids even on prolonged standing. The thickened solution can be diluted
      with water and applied most advantageously as a fertilizer. It is also
      possible to recover the adduct in dry form. In powder form it contains
      phosphorus pentoxide - 39.9%, nitrogen - 23.2% and aluminum oxide - 7%. It
      is slightly hygroscopic.
PAC  EXAMPLE 9
PAR  A composition is prepared according to Example 1, whereby a water soluble
      complex of the formula NH.sub.4 H[Al(PO.sub.3 NH.sub.2 H.sub.2 O).sub.3-4
      ].sub.n is obtained 100 grams of this aluminum amidophosphate polymer is
      mixed with 50 grams of urea. This composition when dissolved in 30 to 50
      parts of water forms upon standing for several hours a urea adduct of the
      polymer. A fluid solution is first formed, then a colloidal solution, a
      jelly and eventually a stiff gel. Depending on the amount of water to the
      amount of adduct the solution can be applied as a thin liquid to
      impregnate porous materials for improving their fire retardant properties.
PAC  EXAMPLE 10
PAR  In order to prepare a compound with high nitrogen content and high content
      of phosphoroxide which can be applied as fertilizer a compound was
      prepared mixing 100 grams of polyamidophosphate and 100 grams of urea, and
      dissolving the mixture in 2 and 1/2 parts of water. The colloidal solution
      penetrates into the soil where the colloidal particles adhere to the earth
      due to the highly adhesive characteristics of the solution.
PAC  EXAMPLE 11
PAR  A solution as described in Example 10 was prepared and diluted with water
      as needed. This solution can be used as flame retardant, adhesive for
      plywood, paper panels, paper coating, etc.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. An alkali stable water soluble adduct of an aluminum amido polyphosphate
      complex having the formula [NH.sub.4 H Al(PO.sub.3 NH.sub.2.H.sub.2
      O).sub.4 ].sub.y with urea.
NUM  2.
PAR  2. An adduct according to claim 1 wherein 2-6 moles of urea are present for
      every 3 moles of bound phosphoric acid.
NUM  3.
PAR  3. An adduct according to claim 1 wherein at least 2 moles of urea are
      present for every 3 moles of bound phosphoric acid.
NUM  4.
PAR  4. An adduct according to claim 1 having the following formula
     Al   OP(O) (OH).sub.2                                                     
                          . (urea).sub.a . (NH.sub.3).sub.b . (NH.sub.4        
                          X).sub.c                                             
          OP(O) (OH).sub.2                                                     
          OP(O) (OH).sub.2                                                     
PAL  wherein a is an integer of about 2 to 9, b is an integer of about 1 to 20
      and c is an integer of about 1 to 20 and X is a substance selected from
      the group consisting of "carbonate, carbamate, bicarbonate, borate,
      sesquicarbonate, acetate and benzoate."
NUM  5.
PAR  5. A method of preparing the adduct of claim 1 which comprises adding urea
      to a solution of an aluminum amidophosphate complex, wherein said urea is
      used in an amount of at least 2 moles for every 3 moles of phosphoric acid
      present in said phosphate.
NUM  6.
PAR  6. Method according to claim 5 wherein said urea is used in an amount of at
      least 2, up to 6 moles per mole of phosphoric acid present in said
      phosphate.
NUM  7.
PAR  7. Method according to claim 5 which comprises adjusting the pH of the
      resultant urea adduct complex with ammonia or an ammonia producing
      compound to a value of from 2.5 to 10.
NUM  8.
PAR  8. Method according to claim 7 which comprises adjusting the pH to a value
      of 3.5 to 8.0.
NUM  9.
PAR  9. Method according to claim 7 wherein ammonia is used in the form of a
      gas.
NUM  10.
PAR  10. Method according to claim 5 wherein the water content of said phosphate
      complex does not exceed about 10%.
NUM  11.
PAR  11. Method according to claim 7 which comprises adjusting the pH of the
      urea adduct complex by heating the same to a temperature above
      150.degree.C wherein a part of the urea present in said adduct is
      decomposed to ammonia and CO.sub.2 and said ammonia serves to neutralize
      said urea adduct.
NUM  12.
PAR  12. Method according to claim 11 wherein said heating is carried out in the
      presence of a fluorocarbon surfactant foaming agent and a foam is thereby
      formed.
NUM  13.
PAR  13. Method according to claim 12 wherein said surfactant is used in an
      amount of about 0.01 to 0.1%.
NUM  14.
PAR  14. A flame proofing composition comprising an adduct complex according to
      claim 1.
NUM  15.
PAR  15. A fertilizer composition comprising an adduct complex according to
      claim 1.
NUM  16.
PAR  16. A composition comprising a mixture of polymetalophosphamate prepared by
      heating acid metalohydrogen phosphate and urea to from
      180.degree.-200.degree.C to form amidopolyphosphate complex according to
      claim 1 with additional urea to compensate for the urea used up by the
      thermal decomposition during the preparation of the amidopolyphosphate
      complex so as to obtain an easily soluble compound containing from 10 to
      40% of nitrogen and eventually dissolving the mixture for use with 30 to
      50% of water to obtain a colloidal solution.
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ABST
PAL  A method for isolating insulin from the cultured seeds or fruit of
      Memordica charantia Linn in which the starting material is extracted with
      ethanol, water and sulfuric acid, adjusting the pH of the extract to 1.5
      to 2.0 and then precipitating the insulin by adding cold ethanol and
      diethyl ether. Zinc traces are added to precipitate the insulin as white
      crude crystals which are then purified to white needle-like crystals.
      Comparison of this product with standard insulin by chromatography showed
      that the present product is substantially the same as the standard
      insulin.
BSUM
PAR  Insulin has hitherto been extracted from the pancreas of animals but so far
      there is no report of its isolation from plant materials:
PAR  Isolation of Insulin from animal pancreas is open to objection due to the
      following reasons:
PA1  I. By killing 10,000 animals only 1 pound of pure insulin is obtained.
PA1  Ii. If the pancreas is infected by some diseases like cancers etc. there is
      always a probability of its being carried (if it is a virus along with the
      insulin).
PA1  Iii. Any amount of insulin can be obtained by cultivating plants and thus
      can be cheaper.
PAR  The object of the present invention is to isolate insulin from plant
      material to avoid the above mentioned drawbacks.
PAR  We have found:
PA1  I. That Memordica charantia fruits as well as the cultures when subjected
      to extraction with ethanol yields insulin;
PA1  Ii. The cultures established in vitro on revised MS medium and the fruits
      were used for extracting the insulin;
PA1  Iii. That the melting points of the isolated insulin, the mixed melting
      point of the isolated insulin and the standard sample, the paper and thin
      layer chromatographic studies of the hydrolyzates of the isolated and the
      standard samples, the infra red specctral studies of the isolated compound
      and the standard sample confirmed the presence of insulin in Memordica
      charantia.
PAR  According to the present invention, there is provided a process for the
      isolation of insulin by extraction of an organic material with a mixture
      of ethanol, water and sulfuric acid, adjusting the pH of the extract to
      1.5-2.0 eg., by adding ammonia or hydrochloric acid, precipitating the
      insulin by adding ethanol and diethyl ether, crystallizing with zinc
      traces purifying by tlc followed if desired by analysis, characterized in
      that, the organic material used for extraction consists of cultures raised
      from seed and also fruits of Memordica charantia Linn.
PAR  Fruits of M. charantia collected from the field in the months of April, May
      and June are preferably used.
PAR  The cultures raised on revised (Khanna, P. and Staba, E. J., Lloydia, 1968,
      31, 180) Murashige and Skoog's (Murashige, T. and Skoog, F., Physicl.
      Plantarum, 1962, 15, 470) medium (RT) supplemented with
      2,4-dichlorophenoxyacetic acid and 1% agar, the cultures are transferred
      to liquid RT medium, harvested for extraction of insulin.
PAR  The cultures raised on revised (RT: Khanna, P. and Staba, E. J. Lloydia,
      1968, 31, 180) Murashige and Skoog's (Murashige, T. and Skoog, F.,
      Physicl. Plantarum, 1968, 15, 470) medium supplemented with 1 ppm of
      2,4-dichlorophenoxyacetic acid (2,4-D) and 1% agar, these organised
      cultures are grown in 100 ml flasks containing 30 ml medium for a period
      of 36 months and then transferred to liquid medium supplemented with 0.1
      ppm of 2,4-D without agar, the liquid cultures are grown on reciprocal
      horizontal shakers with strokes of 60 rpm. All these cultures were grown
      at 26.degree..+-.1.degree.C in 1500-1800 lux incandescent light, after
      growing cultures in liquid RT medium for 4-6 months on frequent
      subculturings in fresh RT medium, are harvested for extraction of insulin.
      Fruits and cultures are separately extracted in ethanol and then mixed
      with cold ethanol and diethyl ether, needle-like crystals formed by adding
      zinc in traces after 18 hr. The fruits and cultures are separately
      crushed, homogenized in water, ethanol and concentrated sulfuric acid
      adjusting pH 1.5-2.0, filtered, filtrate adjusted to pH 3.0 with ammonia,
      mixed with cold ethanol, and diethyl ether, kept at 0.5.degree.C for 12
      hr. white flocculent precipitate collected, zinc in traces added, kept for
      18 hr. formed white crude crystals. The crude crystals are dissolved in
      25% ethanol buffered with ammonia and the insulin isolated in pure form by
      Thin Layer chromatography.
PAR  Thin glass plates (20 .times. 20 cm) coated (0.4 mm to 0.5 mm thick) with
      silica gel G are activated at 100.degree.C, the solution of insulin
      applied, the plates developed in n-butanol, water, acetic acid (12:5:2),
      dried, the single spot corresponding to standard insulin visualized by
      spraying ninhydrin (0.25% in acetone), isolated along with silica gel G
      from unsprayed plates, extracted in 25% ethanol buffered with ammonia, and
      then filtered, the filtrate dried, pure white needle-like crystals formed.
PAR  Fruits have 1 gm/100 gram fresh weight of insulin, cultures have 1.90
      gm/100 gram fresh weight of insulin.
PAR  The analysis is carried out, the isolated substance is hydrolyzed along
      with the standard insulin, applied on paper chromatograms, developed,
      yielding same amino acids the isolated substance also containing
      methionine.
PAR  The isolated substance and standard insulin are hydrolyzed separately by 6N
      HCl for 20 hr. dried, reconstituted in 50% ethanol, applied on Whatman No.
      1 filter paper strips, developed in n-butanol, acetic acid, water
      (60:20:20), strips developed, sprayed with 0.25% ninhydrin in acetone,
      amino acids same as of standard hydrolyzate.
PAR  The analysis is carried out, the fruits and cultures are extracted in
      ethanol yielding a product which has the same melting point
      (234.degree.C), infra red spectrum and number of amino acids of the
      standard insulin as shown in the accompanying graphic drawing.
DETD
PAC  EXAMPLE 1
PAR  The fruits of M. charantia were collected from the field during the months
      of April, May and June. The fresh fruits were crushed in a mortar and
      extracted for their insulin contents. Hundred grams of the crushed fruits
      were homogenised in a Waring Blendor with 10 ml distilled water, 45 ml 95%
      ethanol and 3.6 ml concentrated sulfuric acid for 10-15 min at low speed
      and 25.degree.-28.degree.C. To this mixture 60 ml distilled water and 250
      ml 95% ethanol were added and then homogenized for 15-20 min at low speed.
      Its pH was adjusted to 1.5-2.0 and the mixture was filtered in vacuo. The
      pH of the filtrate was adjusted to 3.0 with ammonium hydroxide (28%),
      mixed with 1.5 L cold absolute ethanol and 2 L diethyl ether and kept at
      0.5.degree. for 12 hr. A white white flocculent precipitate (ppt) was
      obtained after decanting off the supernatant liquid. The crude ppt was
      washed first with 90 ml acetone, then with 30 ml anhydrous ether and
      dissolved in 25% ethanol buffered with ammonium hydroxide. Traces of zinc
      were added to this solution which was then kept at room temperature for 18
      hr. Colorless needle-like crystals were formed along with traces of zinc
      and other impurities. The crude crystals were dissolved in 25% ethanol
      buffered with ammonium hydroxide for analysis by tlc.
PAR  Thin glass plates (20 .times. 20 cm) coated (0.4 mm to 0.5 mm thick) with
      silica gel G (Kioselgel G nach Stahl, E. Merck) were activated at
      100.degree.C for half an hour. The solution containing the isolated
      substance was applied 1 cm above the edge of the plates along with the
      standard (insulin) and the plates were run in an organic solvent mixture
      of n-butanol, water and acetic acid (12:5:2). The developed plates were
      dried at room temperature and sprayed with 0.25% ninhydrin in acetone. The
      ninhydrin positive spots (R.sub.F =  0.19 ) corresponding to insulin were
      isolated from about 200 unsprayed plates along with the silica gel G and
      extracted with 25% ethanol buffered with ammonia. The extract was filtered
      and dried in vacuo. Pure colorless crystals thus obtained were weighed (1
      g/100 gram fresh weight of fruit).
PAR  The melting point of the purified compound (232.degree.-235.degree.) as
      well as the mmp (234.degree.) were determined. The mp of the standard
      insulin was recorded as 233.degree..
PAR  The standard insulin as well as the isolated compound were hydrolyzed under
      reflux with 6N HCl for 20 hr separately. The hydrolyzates were filtered,
      dried, reconstituted separately in 50% ethanol and applied on strips of
      Whatman No. 1 paper. The paper strips were run in an organic solvent
      mixture of n-butanol, water and acetic acid (60 : 20 : 20). The
      hydrolyzates of both the isolated and the standard insulin were also
      applied separately along with the known amino acids (hydroxylysine,
      hydroxypreline, methionine and tryptophan). The various developed
      chromatograms were sprayed with 0.25% ninhydrin in acetone. The amino
      acids of the hydrolyzates of the standard coincided exactly with that of
      the hydrolyzate of the isolated compound except for the presence of
      methionine in the isolated compound. Hydroxylysine, hydroxypreline, and
      tryptophen were found to be absent from the hydrolyzate of the isolated
      compound as well as of the standard hydrolyzate which gave an indication
      that isolated compound is substantially identical with that of the
      standard insulin.
PAR  The IR spectrum (Perkin-Elmer 337 Grating, spectrophotometer using
      COl.sub.4) of the isolated compound was superimpossable with that of the
      standard.
PAR  The isolated insulin was dissolved (5 mg/ml in sterile distilled water) in
      sterile injection vials (2 ml) and sealed. The suspension thus formed was
      shaken well before it was administered to rabbits. The normal blood of the
      rabbits (each weighing 120-130 gm) was taken and kept in fluoride vials
      for analysing the level of blood sugar. The isolated insulin (1 ml) was
      injected intramuscularly to the test animals and blood (1 ml) was taken
      out after every hour for 3 hours.
PAR  The fall in the level of blood sugar was estimated to 20-25% in the first
      hour and 30-35% each in second and third hour when compared with the
      normal level of blood sugar of the test animals. Fifty such cases were
      examined and the mean values taken.
PAC  EXAMPLE 2
PAR  The seeds of M. charantia were notched with a scalpal at the micropylar
      end, sterilized with 5.25% sodium hypochlorite solution in sterile
      distilled water, shaken for 5-10 min and then, rinsed three times with
      sterile water.
PAR  The sterile seeds were inoculated in 100 ml flasks containing 30 ml of
      modified (MT; Khanna, P. and Staba, E. J. Lloydia, 1968, 31, 180)
      Murashige and Skoog's (Murashige, T. and Skoog, F. Physiol. Plantarum
      1962, 15, 470) medium supplemented with 1 ppm of 2,4-dichlorophenoxyacetic
      acid (2,4,-D) and 1% agar. The inoculated flasks were kept at
      26.degree..+-.1.degree.C in 1500-1800 lux from incandescent light. The
      seeds took 4-6 days for germination. The seedlings when transferred in
      fresh RT medium formed thick roots with extensive root hair formation.
      These organised cultures were maintained for a period of 36 months after
      frequent subculturings in fresh RT medium and then transferred to RT
      liquid medium supplemented with 0.1 ppm of 2,4-D with no agar. The liquid
      cultures were grown on reciprocal horizontal shakers with strokes of 60
      rpm and grown for 6 months after frequent subculturings of 4-6 weeks. The
      organised cultures were then harvested for extraction of insulin.
PAR  Hundred grams of the crushed tissues were homoganised in a Waring Belnder
      with 10 ml distilled water, 45 ml 95% ethanol and 3.6 ml concentrated
      sulfuric acid for 10-15 min at low speed and 25.degree.-29.degree.C. To
      this mixture 60 ml distilled water and 250 ml 95% ethanol were added and
      then homoganized for 15-20 min at low speed. Its pH was adjusted to
      1.5-2.0 and the mixture was filtered in vacuo. The pH of the filtrate was
      adjusted to 3.0 with ammonium hydroxide (28%), mixed with 1.5 L cold
      absolute ethanol and 2 L diethyl ether and kept at 0.5.degree. for 12 hr.
      A white flocculent precipitate (ppt) was obtained after decanting off the
      supernatant liquid. The crude ppt was washed first with 90 ml acetone,
      then with 30 ml anhydrous ether and dissolve in 25% ethanol buffered with
      ammonium hydroxide. Traces of zinc were added to this solution which was
      kept at room temperature for 18 hr. Colourless needlelike crystals were
      formed along with traces of zinc and other impurities. The crude crystals
      were dissolved in 25% ethanol buffered with ammonium hydroxide for
      analysis by tlc.
PAR  Thin glass plates (20 .times. 20 cm) coated (0.4 mm to 0.5 mm thick) with
      silica gel G (Kieselgel G nach Stahl; E. Merek) were activated at
      100.degree.C for half an hour. The solution containing the isolated
      substance was applied 1 cm above the edge of the plates along with the
      standard (insulin) and the plates were ran in an organic solvent mixture
      of n-butanol, water and acetic acid (125:2). The developed plates were
      dried at room temperature and sprayed with 0.25% ninhydrin in acetone. The
      ninhydrin possitive spots (R.sub.F =  0.19) corresponding to insulin were
      isolated from about 200 unsprayed plates along with the silica gel G and
      extracted with absolute ethanol and ammonia (1:2). The extract was
      filtered and dried in vacuo. Pure colorless crystals thus obtained were
      weighed (1.90 gm/100 gram fresh weight of tissue).
PAR  The melting point of the purified compound (232.degree.-235.degree.) as
      well as the mmp (234.degree.) were determined. The mp of the standard
      insulin was recorded as 233.degree..
PAR  The standard insulin as well as the isolated compound were hydrolyzed under
      reflux with 6N HCL for 20 hr separately. The hydrolyzates were filtered,
      dried, reconstituted separately in 50% ethanol and applied on strips of
      Whatman No. 1 paper. The paper strips were run in an organic solvent
      mixture of n-butanol, water and acetic acid (60:20:20 ). The hydrolyzates
      of both the isolated and the standard insulin were also applied separately
      along with the known amino acids (hydroxylasine, hydroxyproline,
      methionine and tryptophan). The various developed chromatograms were
      sprayed with 0.25% ninhydrin in acetone. The amino acids of the
      hydrolyzate of the standard coincided substantially exactly with that of
      the hydrolyzate of the isolated compound. Hydroxylsine, hydroxyproline,
      and tryptophan were found to be absent from the hydrolyzate of the
      isolated compound as well as the standard hydrolyzate which gave an
      indication that isolated compound is substantially identical with that of
      the insulin.
PAR  The IR spectram (Perkin-Elmer 37 Grating, spectrophotometer using
      COl.sub.4) of the isolated compound was superimposable with that of the
      standard.
PAR  The following are the advantages;
PA1  1. Animals will be saved from killing.
PA1  2. There will not be probability of any virus being carried along with
      insulin which may harm the human beings.
PA1  3. Any amount of insulin can be obtained by cultivating plants or cultures
      in vitro and thus it can be cheaper.
PA1  4. The antibodies will not be formed by administering plant insulin in
      human beings even if it is given in high doses.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for isolating insulin from Memordica charantia Linn comprising
      extracting an organic material selected from the group consisting of
      cultures raised from seeds of Memordica charantia Linn and the fruit of
      Memordica charantia Linn with a mixture of ethanol, water and sulfuric
      acid, separating the extract from remaining material, adjusting the pH of
      said extract to 1.5 to 2.0 with ammonia or hydrochloric acid, adding cold
      ethanol and diethyl ether to precipitate insulin therefrom, adding zinc
      traces to the precipitate to crystallize the insulin as white crude
      crystals, and finally purifying the white crude crystals to white
      needle-like crystals.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the fruit of Memordica charantia
      Linn is harvested during April, May or June.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the cultures raised from seeds
      of  Memordica charantia Linn are raised on revised Murashige and Skoog's
      medium (RT) supplemented with 2,4-dichlorophenoxyacetic acid and 1% agar.
NUM  4.
PAR  4. A process as claimed in claim 3 wherein the cultures are grown for a
      period of 36 months and are then transferred to revised medium (RT)
      supplemented only with 2,4-dichlorophenoxyacetic acid and grown on
      reciprocal horizontal shakers having strokes of 60 rpm. at a temperature
      of 26.degree. .+-. 1.degree. C. in 1500-1800 lux obtained from an
      incandescent lamp for 4-6 months on frequent subculturings in fresh
      revised medium (RT).
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the extract after adding the
      cold ethanol and diethyl ether is maintained at 0.5.degree. C. for 12
      hours to precipitate insulin as a white flocculent material.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the final purification step
      comprises dissolving the white crude crystals in 25% ethanol buffered with
      ammonium hydroxide, applying the solution to thin glass plates coated with
      activated silica gel G, developing the plates in n-butanol, water and
      acetic acid (12:5:2) drying the plates, extracting the insulin with 25%
      ethanol buffered with ammonium hydroxide, filtering the extract, and
      drying the filtrate to form white needle-like crystals.
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ABST
PAL  A water-insoluble disperse dyestuff of the heterocyclic azo series of the
      formula
      ##SPC1##
PAL  Wherein A may be further substituted and one of the free valencies carries
      a fluorinated triazinyl group of the formula
      ##EQU1##
      wherein X is chlorine or fluorine. The dyestuff give fast yellow, red and
      blue shades on polyamide fibers.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 52,984,
      filed July 7, 1970, now abandoned.
BSUM
PAR  The present invention provides water-insoluble dyestuffs which do not
      contain groups that confer solubility in water, and which contain at least
      one fibre-reactive radical Z of a nitrogen-containing heterocyclic
      compound, the radical Z being substituted by at least one fluorine atom,
      and the or each radical Z being bonded to an amino group. The radical Z is
      especially a s-triazine radical which is substituted by at least one
      fluorine atom. Dyestuffs of particular interest are those which contain at
      least one s-triazine radical of the general formula
      ##EQU2##
      wherein one X represents a fluorine atom and the other X represents an
      organic radical (for example a hydrocarbon, especially an alkyl or aryl,
      radical, an alkoxy or an alkylthio radical), a free or substituted amino
      group or a halogen atom. Preferably, one X represents a fluorine atom and
      the other X represents a chlorine atom or especially a fluorine atom.
PAR  A radical Z containing only one halogen atom is preferably the
      2-fluoro-4-amino-6-triazinyl, 2-fluoro-4-methylamino-6-triazinyl,
      2-fluoro-4-phenylamino-6-triazinyl, 2-fluoro-4-diethyl-amino-6-triazinyl,
      2-fluoro-4-methoxy-6-triazinyl,
      2-fluoro-4(.beta.-methoxyethoxy)-6-triazinyl,
      2-fluoro-4-phenoxy-6-triazinyl, 2-fluoro-4-ethoxy-6-triazinyl,
      2-fluoro-4-methylthio-6-triazinyl, 2-fluoro-4-phenyl-6-triazinyl,
      2-fluoro-4-(methyl-, .beta.-oxyethylmercapto-,
      phenylmercapto-)-6-triazinyl-, 2-fluoro-4-methyl-6-triazinyl or the
      2-fluoro-4-ethyl-6-triazinyl radical. Of these, the alkyl-, phenyl- and
      alkoxy-fluoro-triazinyl radicals are particularly preferred.
PAR  Dyestuffs which may contain the fibre-reactive radical Z according to the
      invention are, for example, azo, especially monoazo and disazo,
      anthraquinone, pyridone, perinone, quinophthalone, styryl and nitro
      dyestuffs.
PAC  Azo Dyestuffs
PAR  The suitable azo dyestuffs include the monoazo dyestuffs of the formula
EQU  D--N=N--A--NR.sub.1 R.sub.2
PAL  wherein D represents the radical of a diazo component, A represents an
      arylene radical, especially an optionally substituted 1,4-phenylene
      radical (which is preferably unsubstituted in the m-position to the azo
      group), and R.sub.1 and R.sub.2 each represent an optionally substituted
      alkyl group, at least one of the radicals D, A, R.sub.1 and R.sub.2
      containing, bonded to an amino group, a fibre-reactive radical Z, Z
      representing a fluorinated triazinyl radical as defined above. Preferably
      the radical represented by A carries, in an orthoposition to the azo
      group, a group of the formula --NR.sub.4 --Z, wherein R.sub.4 represents a
      hydrogen atom or an alkyl or aralkyl group and Z is as defined above. Of
      particular interest are the dyestuffs of the formula
EQU  D -- N = N -- B
PAL  wherein D is thiazole, benzothiazole, pyridine, pyrazole, imidazole,
      thiadiazole, isothiazole or benzisothiazole, which is unsubstituted or
      substituted by a member selected from the group consisting of nitro,
      cyano, methyl, methylsulfonyl, bromine, acetylamino, phenyl, chlorine,
      methoxy, ethoxy, thiocyano, and carbethoxy, and B is a member selected
      from the group consisting of
      ##SPC2##
PAL  wherein c and d each are hydrogen, C.sub.1 -C.sub.4 -alkyl, C.sub.1
      -C.sub.4 -alkoxy, phenylthio or phenoxy, and c in addition is chlorine,
      bromine, trifluoromethyl, --CONH.sub.2, C.sub.1 -C.sub.4
      -alkylcarbonylamino, benzoylamino, pyridine carbonylamino,
      thiophencarbonylamino, chloroacetyl-amino, methylsulfonylamino,
      ethylsulfonylamino, p-toluene-Sulfonylamino, C.sub.1 -C.sub.4
      -alkoxycarbonylamino or phenoxycarbonyl-amino, R.sub.1 and R.sub.2 each
      are unsubstituted C.sub.1 -C.sub.4 -alkyl or C.sub.1 -C.sub.4 -alkyl
      substituted by halogen, hydroxy, phenyl, cyano, cyano-ethyoxy, C.sub.1
      -C.sub.4 -alkoxy, C.sub.1 -C.sub.3 -alkoxycarbonyl, formylamino,
      acetyl-amino, C.sub.1 -C.sub.4 -alkylcarbonyloxy, C.sub.1 -C.sub.4
      -alkylcarbamoyloxy, C.sub.1 -C.sub.3 -alkyloxycarbonyloxy, benzoyloxy, the
      above unsubstituted or substituted C.sub.1 -C.sub.4 -aklyl groups being
      optionally interrupted by an oxygen; R.sub.4 is hydrogen or C.sub.1
      -C.sub.4 -alkyl; and X is a halogen atom or a C.sub.1 -C.sub.2
      -alkylamino, di-(C.sub.1 -C.sub.2 -alkyl) amino, phenylamino, C.sub.1
      -C.sub.2 -alkyl, C.sub.1 -C.sub.2 -alkoxy, phenoxy, methoxyethoxy, C.sub.1
      -C.sub.2 -alkyl-mercapto or phenylmercapto group.
PAR  The diazo radical represented by D is preferably derived from a monocyclic
      or bicyclic amine of the formula
EQU  D -- NH.sub.2
PAL  for example any desired deazotisable heterocyclic amine which does not
      contain any acid substituents which confer solubility in water, and is
      especially derived from an amine which comprises a heterocyclic
      five-membered ring containing 2 or 3 hetero-atoms, which five-membered
      ring preferably contains onee nitrogen atom and one or two other hetero
      atoms selected from sulphur, oxygen and nitrogen atoms, or from an
      aminobenzene, especially one of those of the general formula
      ##SPC3##
PAL  wherein a denotes a hydrogen or halogen atom or an alkyl or alkoxy,
      phenoxy, nitro, cyano, carbalkoxy or alkylsulphonyl group, b denotes a
      hydrogen or halogen atom, or an alkyl, cyano or trifluoromethyl group and
      c' denotes a nitro, cyano, carbolkoxy, sulphonic acid amide or
      alkylsulphonyl group.
PAR  The amine of the formula D--NH.sub.2 is, for example: 2-aminothiazole,
      2-amino-5-nitrothiazole, 2-amino-5-methyl-sulphonyl-thiazole,
      2-amino-5-cyanothiazole, 2-amino-4-methyl-5-nitrothiazole,
      2-amino-4-methylthiazole, 2-amino-4-phenylthiazole,
      2-amino-4-(4'-chloro)-phenylthizole), 2-amino-4-(4'-nitro)-phenylthiazole,
      3-aminopyridine, 3-amino-quinoline, 3-aminopyrazole,
      3-amino-1-phenylpyrazole, 3-aminoindazole, 3-amino-1,2,4-triazole,
      5-(methyl-, ethyl-, phenyl- or benzyl-)-1,2,4-triazole, 3-amino-1-(4'
      -methoxy-phenyl)-pyrazole, 2-aminobenzthiazole,
      2-amino-6-methylbenz-thiazole, 2-amino-6-methoxybenzthiazole,
      2-amino-6-chloro-benzthiazole, 2-amino-6-cyanobenzthiazole,
      2-amino-6-thio-cyanobenzthiazole, 2-amino-6-nitrobenzthiazole,
      2-amino-6-carbethoxybenzthiazole, 2-amino-(4- or
      6-)methylsulphonyl-benzthiazole, 2-amino-1,3,4-thiadiazole,
      2-amino-1,3,5-thia-diazole, 2-amino-4-phenyl- or
      -4-methyl-1,3,5-thiadiazole, 2-amino-5-phenyl-1,3,4-thiadiazole, 2-amino-3
      nitro-5-methylsulphonylthiophene,
      2-amino-3,5-bis-(methylsulphonyl)-thiophene, 5-amino-3-methyl-isothiazole,
      2-amino- 4-cyano-pyrazole, 2-(4'-nitrophenyl)-3-amino-4-cyanopyrazole, 3-
      or 4-aminophthalimide.
PAR  The aminobenzene is, for example: 1-amino-4-chlorobenzene,
      1-amino-4-bromobenzene, 1-amino-4-methylbenzene, 1-amino-4-nitrobenzene,
      1-amino-4-cyanobenzene, 1-amino-2,5-dicyano-benzene,
      1-amino-4-methylsulphonylbenzene, 1-amino-4-carbalkoxybenzene,
      1-amino-2,4-dichlorobenzene, 1-amino-2,4-dibromobenzene,
      1-amino-2-methyl-4-chlorobenzene, 1-amino
      2-trifluoromethyl-4-chlorobenzene, 1-amino-2-cyano-4-chloro-benzene,
      1-amino-2-carbomethoxy-4-chlorobenzene,
      1-amino-2-carbomethoxy-4-nitrobenzene, 1-amino-2-chloro-4-cyanobenzene,
      1-amino-2-chloro-4-nitrobenzene, 1-amino-2-bromo-4-nitro-benzene,
      1-amino-2-chloro-4-carbethoxybenzene,
      1-amino-2-chloro-4-methylsulphonylbenzene,
      1-amino-2-methylsulphonyl-4-chlorobenzene,
      1-amino-2-methylsulphonyl-4-nitrobenzene, 1-amino-2,4-dinitrobenzene,
      1-amino-2,4-dicyanobenzene, 1-amino-2-cyano-4-methylsulphonylbenzene,
      1-amino-2,6-dichloro-4-cyanobenzene, 1-amino-2,6-dichloro-4-nitrobenzene,
      1-amino-2,4-dicyano-6-chlorobenzene, 4-aminobenzoic acid cyclohexyl ester,
      1-amino-2,4-dinitro-6-chlorobenzene or especially 1-amino-2-cyano-4
      -nitrobenzene, a 1-aminobenzene-2-, -3-or 4-sulphonic acid amide, for
      example the N-methylamide or N,N-dimethylamide or N,N-diethylamide,
      N,.gamma.-isopropoxypropyl-2-amino-naphthalene-6-sulphonic acid amide,
      N,.gamma.-isoporpoxy-propyl-1-aminobenzene-2-, -3- or -4-sulphonic acid
      amide N-isopropyl-1-aminobenzene-2-, -3- or -4-sulphonic acid amide,
      N,.gamma.-methoxypropyl-1-aminobenzene-2-, -3- or -4-sulphonic acid amide,
      N,N-bis(.beta.-hydroxyethyl)-1-aminobenzene-2-, -3-or -4-sulphonic acid
      amide, 1-amino-4-chlorobenzene-2-sulphonic acid amide, or an N-substituted
      derivative, 2-3- or 4-aminophenylsulphamate, 2-amino-4-, -5- or
      -6-methyl-phenylsulphamate, 2-amino-5-methoxy-phenylsulphamate,
      3-amino-6-chlorophenylsulphamate, 3-amino-2,6-dichlorophenyl-sulphamate,
      4-amino-2- or -3-methoxyphenylsulphamate,
      N,N-dimethyl-2-aminophenylsulphamate,
      N,N-di-n-butyl-2-amino-phenylsulphamate,
      N,N-dimethyl-2-amino-4-chlorophenyl-sulphamate,
      N,n-propyl-2-aminophenylsulphamate,
      N,N-di-n-butyl-3-aminophenylsulphamate, 0(3-aminophenyl)-N-morpholine-N-su
     lphonate, 0(3-aminophenyl)-N-piperidine-sulphonate,
      N-cyclohexyl-0-(3-aminophenyl)-sulphamate,
      N(N-meethylaniline)-0-(3-aminophenyl)-sulphonate,
      N,N-diethyl-3-amino-6-methyl-phenyl-sulphamate,
      N-ethylemeimine-0-(4-aminophenyl)-sulphonate,
      N,N-dimethyl-4-aminophenylsulphamate,
      0(n-propyl)-0(3-aminophenyl)sulphonate, 0,
      .beta.-chlorethyl-0(2-aminophenyl)-sulphonate,
      0-benzyl-0(3-aminophenyl)-sulphonate and
      0-ethyl-0(4-amino-2,6-dimethyl-phenyl)sulphonate.
PAR  4-Aminoazobenzenes which can be used as diazo components are, for example,
      4-aminoazobenzene, 4-amino-2- nitroazobenzene,
      3,2'-dimethyl-4-aminoazobenzene, 2-methyl-5-methoxy-4-aminoazobenzene,
      2,5-dimethoxy-4-aminoazobenzen, 4'-methoxy-4-aminoazobenzene,
      2-methyl-4'-methoxy-4-aminoazo-benzene,
      3,6,4'-trimethoxy-4-aminoazobenzene, 4'-chlor-4-aminoazo-benzene, 2'- or
      3'-chlor-4-aminoazobenzene, 3-nitro-4-amino-2', 4'-dichlorazobenzene and
      4-aminoazobenzene-4'-sulphonic acid amide.
PAR  The radical represented by A is preferably a radical of formula
      ##SPC4##
PAL  wherein c and d are substituents selected from hydrogen atoms, lower alkyl,
      for example methyl or ethyl, radicals, lower alkoxy, for example methoxy
      or ethoxy, radicals, and phenylthio and phenoxy raidcals.
PAR  The group or atom represented by c is preferably bonded in the
      ortho-position to the azo group and in addition to the above-mentioned
      groups and atoms may be a chlorine or bromine atom, a trifluoromethyl
      group, a CONH.sub.2 group, the radical Z, an alkylsulphonyl, preferably a
      methylsulphonyl, group, or an acylamino group which is optionally
      alkylated, preferably methylated, at the nitrogen atom, and in which the
      acyl radical is the radical of an organic monocarboxylic acid, for example
      acetic, chloroacetic, butyric, benzoic, pyridinecarboxylic or
      thiophenecarboxylic acid, the radical of an organic monosulphonic acid,
      for example methane-, ethane- or p-toluene-monosulphonic acid, or the
      radical of a carbamic acid or of a carbonic acid monoester, for example
      phenoxycarbonyl, methoxycarbonyl or butoxycarbonyl radicals.
PAR  The symbols R.sub.1 and R.sub.2 may represent hydrogen atoms or lower alkyl
      groups, that is to say alkyl groups containing 1 to 4, preferably 2 to 4,
      carbon atoms, for example methyl, ethyl, n-propyl or n-butyl groups, which
      can be substituted in the customary manner or interrupted by hetero-atoms,
      preferably oxygen atoms. Examples of groups which R.sub.1 and R.sub.2 may
      represent are, for example, benzyl groups, .beta.-phenylethyl groups,
      halogenated alkyl groups, for example .beta.-chlorethyl, .beta., .beta.,
      .beta.-trifluorethyl or .beta., .gamma.-dichloropropyl groups,
      .beta.-cyano-ethyl groups, cyanoalkoxyalkyl groups, for example
      .beta.-cyano-ethoxy-ethyl groups, alkoxyalkyl groups, for example
      .beta.-ethoxyethyl, .delta.-methoxybutyl or .delta.-butoxybytyl groups,
      hydroxyalkyl groups, for example .beta.-hydroxyethyl or
      .beta.,.gamma.-dihydroxypropyl groups, nitro-alkyl groups, for example
      .beta.-nitroethyl groups, carbalkoxy groups, for example 62
      -carbo-(methoxy-, ethoxy- or porpoxy)-ethyl groups, (wherein the terminal
      alkyl group may carry cyano, carbalkoxy, acyloxy and amino groups in the
      .omega.-position) or .beta.- or .gamma.-carbo-(methoxy or ethoxy)-propyl
      groups, acylamino-alkyl groups, for example .beta.-(acetyl- or
      formyl)-aminoethyl groups, acyloxyalkyl groups, for example
      .beta.-acetoxyethyl, .beta.,.gamma.-diacetoxypropyl,
      .beta.-propionyloxyethyl or .beta.-butyryloxyethyl groups, .beta.-(alkyl-
      or aryl)-sulphonylalkyl groups, for example .beta.-methanesulphonylethyl,
      .beta.-ethanesulphonylethyl or .beta.-(p-chlorobenzenesulphonyl)-ethyl
      groups, alkyl- or aryl-carbamoylozyalkyl groups, for example
      .beta.-methyl-carbamyloxy-ethyl or .beta.-phenyl-carbamyloxyethyl groups,
      alkyloxycarbonyloxyalkyl groups, for example .beta.-(methoxy-, ethoxy- or
      isopropoxy)-carbonyloxyethyl groups, .gamma.-acetamido-propyl groups,
      .beta.-(p-nitrophenoxy)-ethyl groups, .beta.-(p-hydroxyphenoxy)-ethyl
      groups, .beta.-(.beta.'-acetylethoxycarbonyl)-ethyl groups,
      .beta.-[.beta.'-(cyano-, hydroxy-, methoxy- or
      acetoxy-)ethoxycarbonyl]-ethyl groups, .beta.-carboxyethyl groups,
      .beta.-acetylethyl groups, .beta.-cyanoacetoxyethyl groups, .beta.-benzoyl
      groups, and .beta.-(p-alkoxy-or phenoxy-benzoyl)-oxyethyl groups.
PAR  Preferably, R.sub.1 and/or R.sub.2 denote a radical of formula
EQU  --alkylene--NR.sub.4 --Z,
PAL  wherein Z is as defined above and R.sub.4 represents a hydrogen atom or an
      alkyl group which preferably contains at most 4 carbon atoms.
PAR  The groups represented by R.sub.1 and R.sub.2 generally should not contain
      more than 18 carbon atoms.
PAR  As disazo dyestuffs there may, for example, be mentioned those in which two
      identical or different molecules of monoazo dyestuffs of the general
      formula
EQU  D--N=N--A'
PAL  wherein D is an defined above and A' represents the radical of a coupling
      component, preferably a radical of the formula A--NR.sub.1 R.sub.2 are
      bonded to one another via their coupling components by a divalent bridge
      Z', which is devoid of any dyestuff character, with either one of the
      dyestuff radicals or the bridge Z' carrying a radical of formula
      --NR.sub.4 --Z.
PAC  Styryl Dyestuffs
PAR  Preferred styryl dyestuffs are those of the general formula
      ##EQU3##
      wherein A, R.sub.1 and R.sub.2 are as defined above and Y represents a
      cyano, carbonamido, carbalkoxy or arylsulphonyl group, for example a
      carbethoxy or an N-alkylcarbon-amido, N-arylcarbonamido, or
      N,N-dialkylcarbonamido or a phenyl-sulphonyl group, and wherein at least
      one of the radicals R.sub.1, R.sub.2 or Y must contain the radical
      --NR.sub.4 --Z.
PAR  Especially preferred are dyestuffs of the formulae
      ##SPC5##
PAL  wherein the radicals R.sub.1, R.sub.2, R.sub.4 and Z are as defined above.
PAR  Preferred bis-styryl dyestuffs are those in which two monostyryl dyestuff
      molecules of the formula
      ##EQU4##
      which may be identical or different, and wherein Y, R.sub.1, R.sub.2 and A
      are as defined above, are bonded to one another via the radical A or
      R.sub.1 by a divalent bridge Z', which is devoid of any dyestuff
      character, with at least one of the radicals R.sub.1, R.sub.2, A or Z'
      carrying a fibre-reactive radical Z.
PAC  Anthraquinonoid Dyestuffs
PAR  Dyestuffs of the anthraquinone series according to the invention are, for
      example, anthraquinone derivatives of the formula
      ##EQU5##
      wherein n is 2 or preferably 1, R.sub.4 and Z are as defined above, and A"
      denotes an anthraquinone radical having 3 or 5 condensed rings, which
      contains one or more other substituents selected from, for example,
      halogen atoms, for example fluorine, chlorine or bromine atoms, hydroxyl
      groups, alkoxy groups, amino groups, acylamino groups alkylamino groups
      containing 1 to 3 carbon atoms, acyloxy groups, for example
      aryl-sulphonyloxy groups, especially p-toluenesulphonyloxy groups,
      optionally substituted aryl radicals, optionally substituted heterocyclic
      radicals, arylamino groups, wherein the aryl radical is preferably a
      phenyl group which may be substituted by one or more halogen atoms, alkyl
      groups or alkoxy groups, alkyl- or optionally substituted phenyl-sulphonyl
      groups, alkyl- or optionally substituted phenyl-thioether radicals, nitro
      groups, cyano groups, carbonic acid ester groups and acetyl groups.
      Examples of tetracyclic anthraquinone radicals are 1,9-isothiazolanthrone,
      1,9-anthrapyrimidine and 1,9-pyrazolanthrone. The alkyl radicals
      preferably contain up to 6 carbon atoms.
PAR  The present invention also provides a process for the manufacture of the
      dyestuffs of the invention which comprises either a) reacting a dyestuff
      which contains at least one acylatable group of formula --NHR.sub.4,
      wherein R.sub.4 is as defined above, with at least one fibre-reactive
      acylating agent of the formula Z--F, or b) linking 2 components, at least
      one of which contains at least one group Z bonded to an amino group, by
      condensation or coupling to give a dyestuff which contains at least one
      group Z, wherein Z in each case is as defined above.
PAC  I. Process Variant (a)
PAR  A. Fibre-reactive Acylating Agents
PAR  The fibre-reactive acylating agents used to introduce the radical Z are
      fluorinated nitrogen-containing heterocyclic compounds, preferably
      triazines, for example trifluorotriazine, difluorochlorotriazine or a
      mixture of the two.
PAR  The difluorotriazines which still contain an alkyl, aryl, amino, alkoxy,
      aryloxy or thioether group are most conveniently obtained from the
      corresponding dichlorotriazines which are converted by means of a
      fluoride, for example potassium hydrogen fluoride, without or with a
      solvent, for example sulpholane or nitrobenzene, into the fluorine
      derivatives.
PAR  Suitable difluorotriazines are, for example, 2-ethyl-4,6-difluoro-triazine,
      2-ethoxy-4,6-difluorotriazine, 2-phenyl-4,6-difluorotriazine and
      2-ethylthio-4,6-difluoro-triazine.
PAC  B. Dyestuff Components:
PAR  The following dyestuffs are for example suitable for use as a reactive
      component:
PAR  1. Azo Dyestuffs
      ##SPC6##
      2. Anthraquinone Dyestuffs
PAR  1,4-Diaminoanthraquinone, 1-amino-4-hydroxyanthra-quinone,
      1,4-bis-(p-amino-anilino)-5-hydroxyanthraquinone,
      1,4-bis-(p-amino-anilino)-5,8-dihydroxyanthraquinone,
      1,4-bis-(p-amino-anilino)-2-methylanthraquinone,
      1,5-bis-(p-amino-anilino)-4,8-dihydroxyanthraquinone,
      1-hydroxy-4-(p-amino-anilino)-anthraquinone,
      5-amino-1,9-isothiazolanthrone, 4-amino-1,9-anthrapyrimidine,
      5-amino-1,9-anthrapyrimidine, 2- or 3-aminobenzanthrone and 5- or
      8-amino-1,9-pyrazolanthrone.
PAR  3. Nitro Dyestuffs
      ##SPC7##
PAR  4. Styryl Dyestuffs
      ##SPC8##
PAR  5. Quinophthanone Dyestuffs:
      ##SPC9##
PAR  6. Pyridone Dyestuffs:
      ##SPC10##
PAR  7. Perinone Dyestuffs:
PAR  Mixtures of the dyestuffs of formula
      ##SPC11##
PAL  or mixtures of the dyestuffs of formula
      ##SPC12##
PAL  wherein, in each case, one X represents a group of formula --NH.sub.2 and
      the other X represents a hydrogen atom.
PAC  C. Reaction Conditions
PAR  The reaction with the acylating agent is normally carried out by adding the
      acid halide to the amine to be acylated, the process in most cases being
      carried out in an organic solvent, for example methylene chloride,
      chloroform, carbon tetrachloride, benzene, a chlorinated benzene, a
      chlorinated higher aromatic hydrocarbon, diisopropyl ether, dioxane,
      acetonitrile, glacial acetic acid or 80 % strength acetic acid, or in an
      acid aqueous solution, or using a suspension of the dyestuff to be
      acylated.
PAC  II. Process Variant (b)
PAR  A. Azo Dyestuffs (coupling)
PAR  The azo dyestuffs according to the invention may, for example, be obtained
      by coupling a diazonium compound of an amine with a coupling component,
      with at least one of the components, preferably the coupling component,
      containing a fibre-reactive group Z.
PAR  The above-mentioned diazo components of the formula D--NH.sub.2 can be used
      as diazo components which do not contain a fibre-reactive group Z.
PAR  Suitable coupling components which contain a fibrereactive group Z may be
      obtained by reaction of one of the following components with an acid
      halide of formula Z-Hal:
      3-amino-N,N-bis-.beta.,.beta.-acetoxyethyl-aniline, 3-amino-N,N-bis.beta.,
      .beta.-cyanethyl-aniline, 3-amino-N,N-bis-methyl-aniline,
      N,.delta.-aminopropyl-N-ethyl-aniline and 3-amino-N,N-bis-ethyl-aniline.
PAR  The diazotisation of the diazo components mentioned can be carried out
      according to methods which are known per se, for example with the aid of a
      mineral acid and sodium nitrite or with a solution of nitrosyl-sulphuric
      acid in concentrated sulphuric acid.
PAR  The coupling can also be carried out according to methods which are known
      per se, for example in a neutral to acid medium, optionally in the
      presence of sodium acetate or a similar buffer substance or a catalyst
      which influences the coupling speed, for example dimethylformamide,
      pyridine or one of its salts.
PAR  The term "known per se" is to be understood as designating methods in
      actual use or described in the literature on the subject.
PAR  The coupling is advantageously carried out by combining the components in a
      mixing nozzle. By this there is to be understood a device in which the
      liquids to be mixed are combined with one another in a relatively small
      space, with at least one of the liquids, preferably under pressure, being
      passed through a nozzle. The mixing nozzle can, for example, be
      constructed and operated in accordance with the principle of the
      waterpump, the infeed of one liquid into the mixing nozzle corresponding
      to the water infeed into the waterpump and the infeed of the other liquid
      into the mixing nozzle corresponding to the connection of the waterpump to
      the vessel to be evacuated, this latter liquid infeed possibly also being
      under pressure.
PAC  III. Use
PAR  The water-insoluble dyestuffs according to the invention, their mixtures
      with one another and their mixtures with other azo dyestuffs are
      outstandingly suitable for dyeing and printing leather, wool, silk,
      cotton, regenerated cellulose and especially synthetic fibres, for example
      acrylic or acrylonitrile fibres, polyacrylonitrile fibres and fibres
      comprising copolymers of acrylonitrile and other vinyl compounds, for
      example acrylic esters, acrylamides, vinylpyridine, vinyl chloride or
      vinylidene chloride, copolymers of dicyanoethylene and vinyl acetate,
      acrylonitrile block copolymers poly-urethanes, basic-modified
      polyolefines, for example polypropylene, cellulose triacetate or cellulose
      21/2-acetate and especially fibres comprising polyamides, for example
      nylon-6, nylon-6.6 or nylon 12, aromatic polyesters, for example those
      from terephthalic acid and ethylene glycol or 1,4-dimethylcyclo-hexane, or
      copolymers of terephthalic and isophthalic acids and ethylene glycol.
PAR  For dyeing in aqueous liquors, the water-insoluble dyestuffs are
      appropriately used in a finely divided form and dyeing is preferably
      carried out with the addition of dispersing agents, for example sulphite
      cellulose waste lye or synthetic detergents, or of a combination of
      different wetting agents and dispersing agents. Generally it is advisable
      to convert the dyestuff to be used, before dyeing, into a dyeing
      preparation which contains a dispersing agent and a finely divided
      dyestuff in such a form that on dilution of the dyestuff preparation with
      water a fine dispersion results. Such dyestuff preparations can be
      obtained in a known manner, for example by grinding the dyestuff in a dry
      or wet form, with or without addition of dispersing agents during the
      grinding process.
PAR  The dyestuffs according to the invention dye fibres containing hydroxyl,
      amino and/or amide groups, especially polyamide fibres, in a weakly
      alkaline, neutral or weakly acid bath, for example in a bath containing
      acetic acid. It should be mentioned as a particular advantage of the
      dyestuffs according to the invention that they dye nylon fibres
      satisfactorily over a very broad pH range, from acid to alkaline
      pH-values. This is also true for wool.
PAR  The dyeings and prints obtained on polyamide fibres and wool with these
      dyestuffs show excellent wet fastness properties, especially good fastness
      to light, washing, perspiration, fulling and water.
PAR  In order to achieve strong dyeings on polyethylene terephthalate fibres it
      is preferably to add a swelling agent to the dyebath, or to carry out the
      dyeing process under pressure at a temperature above 100.degree.C, for
      example at 120.degree.C. Suitable swelling agents are aromatic carboxylic
      acids, for example salicylic acid, phenols, for example o- or
      p-hydroxy-diphenyl, aromatic halogen compounds, for example
      o-dichloro-benzene, or diphenyl.
PAR  For heat-fixing the dyestuff, the padded polyester fabric is heated,
      preferably after prior drying, for example in a warm stream of air, to a
      temperature above 100.degree.C, for example between 180.degree. and
      210.degree.C.
PAR  The dyeings obtained according to the present process can be subjected to
      an after-treatment, for example heating them with an aqueous solution of a
      non-ionic detergent.
PAR  Instead of by impregnation, the dyestuff indicated can, according to the
      present process, also be applied by printing. For this purpose a printing
      ink is used which, for example, contains, in addition to the finely
      dispersed dyestuff, auxiliary agents which are customary in the printing
      industry, for example wetting agents and thickeners.
PAR  Strong dyeings and prints having good fastness properties are obtained
      according to the present process.
PAR  Instead of aqueous dyeing liquors, organic dyeing liquors can also be used.
      For exhaustive dyeing, liquors of chlorinated aliphatic hydrocarbons, for
      example trichlor ethylene or tetrachlorethylene, can be used, and these
      may contain solubilising agents, for example dimethylformamide. For dyeing
      by padding, mixtures of chlorinated aliphatic hydrocarbons and
      solubilising agents can again be used. It is also possible to use
      emulsions which, for example, contain 1 to 10% of water and 99 to 90% of
      tetrachlorethylene.
PAR  The water-insoluble dyestuffs according to the invention can also be used
      for the spin dyeing of polyamides, polyesters and polyolefines. The
      polymer to be dyed is appropriately mixed, in the form of powder, granules
      or chips, as a ready-to-use spinning solution or in the fused state, with
      the dyestuff, which is introduced in the dry state or in the form of a
      dispersion or solution in an optionally volatile solvent. After the
      homogeneous distribution of the dyestuff in the solution or melt of the
      polymer, the mixture is processed in a known manner, by casting, pressing
      or extrusion, to give, for example, fibres, yarns, monofilaments or films.
PAR  The following Preparations and Examples illustrate the invention, the
      parts, unless otherwise stated, denoting parts by weight, and the
      percentages denoting percentages by weight.
PAC  Preparation I
PAC  N-Bis-.beta.-cyanoethyl-3-(.alpha.'.beta.'-dibromopropionyl)-amino-aniline
PAR  5.3 parts of N-bis-.beta.-cyanoethyl-3-amino-aniline are dissolved in
      acetone, reacted with a small excess of difluoro-chlorotriazine, and the
      mixture stirred fro some time. A product of the formula
      ##SPC13##
PAL  is obtained.
PAC  Preparation II
PAC  N-Bis-.beta.-acetoxyethyl-3-(.alpha.',
      .beta.'-dibromopropionyl)-amino-aniline
PAR  14 parts of N-bis-acetoxyethyl-3-amino-aniline are dissolved in acetone. A
      small excess of trifluorotriazine is added and the solution is stirred for
      some time. After determining the coupling titre, the product of the
      formula
      ##SPC14##
PAL  can be used without further purification.
PAR  The following coupling components may be manufactured analogously:
      ##SPC15##
      ##SPC16##
PAC  Preparation III
PAR  9.7 parts of N-.beta.-hydroxyethyl-N-.delta.-aminopropylaniline are
      dissolved in acetone. A slight excess of trifluorotriazine is added and
      the solution is stirred for some time. After determining the coupling
      titre, the product of the formula
      ##SPC17##
PAL  can be used without further purification. The following coupling components
      may be manufactured analogously:
      ##SPC18##
PAC  Preparation IV
PAR  24.8 parts of 5-nitro-isophthalic acid chloride are dissolved in
      chlorobenzene. A solution of 35.8 parts of
      N-ethyl-N-hydroxyethyl-m-toluidine in chlorobenzene is added dropwise
      thereto and the mixture is then stirred for some time at 100.degree.C. The
      hot solution is then poured into dilute sodium hydroxide solution. The
      precipitate is stirred for a short time and the chlorobenzene is then
      removed by steam distillation. The aqueous phase is separated off, whilst
      the sticky product is taken up in chloroform. The remaining water is
      separated off and the chloroform is distilled off. A product of the
      formula
      ##SPC19##
PAL  is obtained.
PAR  10.6 parts of the product obtained above are suspended in ethyl alcohol and
      hydrogenated using palladium-on-charcoal as a catalyst. Thereafter the
      alcohol is distilled off and the resulting oil is left to stand for a
      prolonged period at room temperature, whereupon it crystallises. A product
      of the formula
      ##SPC20##
PAL  is obtained.
PAR  11.9 parts of the amine obtained above are dissolved in acetone at room
      temperature. A slight excess of trifluorotriazine is then added and the
      mixture is stirred overnight at room temperature. After determining the
      coupling titre, the product of the formula
      ##SPC21##
PAL  can be used without further purification.
PAC  Preparation V
PAR  161 parts of p-nitrobenzoyl chloride (95.1% strength) are suspended in
      chlorobenzene and warmed to 80.degree.C. A solution of 147.4 parts of
      N-ethyl-N-.beta.-hydroxyethyl-m-toluidine in chlorobenzene is added
      dropwise thereto. Thereafter the reaction mixture is stirred for some time
      and then poured into a dilute sodium hydroxide solution and the mixture
      stirred for some time, in the course of which the initially strongly
      alkaline solution becomes acid. The mixture is adjusted to a pH-value of 7
      with sodium hydroxide solution, the chlorobenzene is removed by steam
      distillation and the aqueous residue is allowed to cool, whereupon the
      product crystallises out. The mixture is filtered and the residue well
      washed with water and dried. The resulting product is suspended in ethanol
      and hydrogenated using palladium-on-charcoal as a catalyst. Thereafter the
      suspension is heated to the boil and filtered hot, and the filtrate is
      concentrated. The product which precipitates is filtered off and washed
      with ethanol. After drying in vacuo, a product of the formula
      ##SPC22##
PAL  is obtained.
PAR  14.9 parts of this product are dissolved in acetone. A slight excess of
      trifluorotriazine is added thereto and the solution is stirred for some
      time. A product of the formula
      ##SPC23##
PAL  is obtained. After determination of the coupling titre, the product can be
      used directly.
PAR  The coupling component of the formula
      ##SPC24##
PAL  may be manufactured in a similar manner.
DETD
PAC  EXAMPLE 1
PAR  3.1 parts of 2-cyano-4-chloraniline are introduced into 20 parts by volume
      of 2 N hydrochloric acid. The mixture is diazotised with 4 N sodium
      nitrite solution at a temperature of 0.degree. to 5.degree.C and stirred
      for some time. Thereafter the excess nitrite is destroyed with urea.
PAR  This solution is added dropwise, at a temperature of at most 10.degree.C,
      to a solution of 7.9 parts of
      N-bis-.beta.-acetoxy-ethyl-3-(difluorotriazinyl)-amino-aniline in 125
      parts of acetone, the mixture is stirred overnight at 0.degree. to
      10.degree.C, and the dyestuff is precipitated by adding ice water. The
      mixture is filtered and the dyestuff is washed until neutral and dried in
      vacuo. A dyestuff of the formula
      ##SPC25##
PAL  which dyes nylon fibres yellowish-tinged red shades having excellent wash
      fastness, is obtained.
PAC  EXAMPLE 2
PAR  If, instead of the above-mentioned
      N-bis-.beta.-acetoxy-ethyl-3-(difluorotriazinyl)-amino-aniline, 6.6 parts
      of N-bis-.beta.-cyanoethyl-3-(difluorotriazinyl)-amino-aniline are used, a
      dyestuff of the formula
      ##SPC26##
PAL  which dyes wool fibres orange-red shades, is obtained.
PAR  If the diazo compounds of the amines mentioned in column I are coupled with
      the coupling component indicated in column II under the conditions
      described in Example 1, reactive dispersion dyestuffs are obtained which
      dye polyamide fibres the shade indicated in column III, unless a different
      type of fibre is indicated.
      ##SPC27##
PAC  EXAMPLE 3
PAR  4 parts of 1-hydroxy-4-(p-aminophenyl)-amino-anthraquinone are suspended in
      50 parts by volume of glacial acetic acid. A slight excess of
      trifluorotriazine is added thereto and the suspension is stirred for some
      time. Thereafter the mixture is poured into ice water and filtered, and
      the residue is well washed with water. After drying in vacuo, a dyestuff
      of the formula
      ##SPC28##
PAL  which dyes nylon fibres blue shades, is obtained.
PAR  The following products may be obtained analogously, starting from the
      appropriate aminoanthraquinones:
      ##SPC29##
PAC  EXAMPLE 4.
PAR  A slight excess of trifluorotriazine is added dropwise at room temperature
      to a suspension of 3.9 parts of
      4'-thiophenoxy-1,2-naphthoylene-4-amino-benzimidazole in 80 parts of
      glacial acetic acid; the mixture is stirred overnight and the dyestuff is
      precipitated by adding ice water. After filtration, the dyestuff is washed
      until neutral and dried in vacuo. A dyestuff of the formula
      ##SPC30##
PAL  is obtained, which dyes polyamide and polyester fibres golden yellow shades
      having good general fastness properties.
PAC  EXAMPLE 5.
PAR  11.4 parts of 4-amino-naphthoylene-benzimidazole are suspended in 160 parts
      of glacial acetic acid. A slight excess of trifluorotriazine is added
      dropwise at 25.degree.C, the mixture is warmed to 40.degree.-45.degree.C
      and stirred overnight, and the dyestuff is precipitated by adding ice
      water, filtered off, washed until neutral and dried in vacuo. A dyestuff
      of the formula
      ##SPC31##
PAL  is obtained, which dyes polyamide and polyester fibres greenish-tinged
      yellow shades.
PAC  EXAMPLE 6.
PAR  2.3 parts of 3-chloro-4-amino-phenylmethylsulphone (90.5%) are diazotised
      at 20.degree. to 25.degree.C with 100 parts by volume of 0.5 N
      nitrosylsulphuric acid, and the mixture is stirred for one hour and then
      diluted with 20 parts by volume of a mixture of glacial acetic
      acid/propionic acid (6:1). This diazo solution is added dropwise at
      0.degree. to 5.degree.C to a solution of 3.1 parts of the amine obtained
      in Preparation IV in 100 parts by volume of acetone. The coupling is
      complete after 3 hours. The dyestuff of the formula
      ##SPC32##
PAL  is precipitated by adding sodium acetate solution, filtered off, washed
      until neutral and dried. An orange-red product is obtained, which dyes
      nylon fibres red shades.
PAC  EXAMPLE 7.
PAR  4 parts of the compound of the formula
      ##SPC33##
PAL  are hydrogenated in acetonitrile using a catalyst of 10% palladium on
      charcoal, until the amount of hydrogen required for the reduction of the
      nitro group has been taken up. No further starting material is detectable
      by a thin layer chromatogram. The acetonitrile is distilled off and the
      residue is reacted in glacial acetic acid with a slight excess of
      trifluorotriazine. The dyestuff of the formula
      ##SPC34##
PAL  which dyes nylon fibres greenish-tinged yellow shades, is obtained.
PAR  The same dyestuff may also be obtained by acylating the compound of the
      formula
      ##SPC35##
PAL  with the acid chloride of the formula
      ##SPC36##
PAL  This acid chloride was obtained by acylation of p-aminobenzoic acid with
      trifluorotriazine and subsequent reaction with thionyl chloride.
PAR  The following dyestuffs, which all dye polyamides greenish-tinged yellow
      shades, may be obtained analogously.
      ##SPC37##
PAC  EXAMPLE 8.
PAR  Condensation of p-nitroaniline with cyanoacetic acid in toluene, with
      azeotropic removal of the resulting water, yields the derivative of the
      formula
      ##SPC38##
PAL  4.3 parts of this product in 50 parts by volume of methanol and 5 drops of
      piperidine are condensed with 5.9 parts of
      N,N-di-.beta.-acetoxyethyl-p-aminobenzaldehyde. The product of the formula
      ##SPC39##
PAL  is obtained in good yield. Catalytic reduction thereof with Raney nickel in
      dimethylformamide until the amount of hydrogen required for the reduction
      of the nitro group has been taken up yields the product of the formula
      ##SPC40##
PAL  2.25 parts of this product in 20 parts by volume of glacial acetic acid are
      mixed at 15.degree.-20.degree.C with a slight excess of trifluorotriazine
      and the mixture stirred for 20 hours at 15.degree.-20.degree.C. The
      dyestuff of the formula
      ##SPC41##
PAL  is filtered off, washed with methanol and dried. It dyes polyamide fibres
      vivid greenish-tinged yellow shades.
PAR  The dyestuff of the formula
      ##SPC42##
PAL  which dyes polyamide fibres greenish-tinged yellow shades, may be obtained
      analogously, by reaction with difluorochlorotriazine.
PAC  EXAMPLE 9.
PAR  19.55 parts of 3-amino-4-chlorobenzotrifluoride are diazotised in the
      customary manner and coupled with 19 parts of
      1-(3'-aminophenyl)-3-methyl-5 -pyrazolone. The resulting monoazo dyestuff
      is isolated and dried.
PAR  19.77 parts of the dyestuff are stirred with 200 parts of toluene and
      treated dropwise over the course of 20 minutes, at 60.degree.C, with a
      slight excess of trifluorotriazine in 20 parts of toluene. Thereafter the
      mixture is warmed to 60.degree.C and stirred for 6 hours. After cooling,
      the dyestuff of the formula
      ##SPC43##
PAL  is isolated, washed with petroleum ether and dried. It is a yellow powder
      which dyes polyamide fibres attractive yellow shades having very good
      fastness properties.
PAR  A dyestuff with the same good properties may be obtained if
      1-(4'-aminophenyl)-3-methyl-5 -pyrazolone is used as the coupling
      component.
PAR  The following dyestuffs, which dye polyamide fibres yellow shades and
      correspond to the formula
      ##SPC44##
PAL  wherein G is one of the radicals of the formulae
      ##SPC45##
PAL  were manufactured analogously, as were the dyestuffs of the formulae
      ##SPC46##
PAC  EXAMPLE 10.
PAR  33.6 parts of 4'-amino-3-nitro-diphenylamine-1-sulphonic acid N-ehtylamide
      are dissolved in glacial acetic acid and stirred with a slight excess of
      trifluorotriazine until the reaction is complete. The dyestuff is then
      precipitated by adding water and is isolated and dried in vacuo.
PAR  The dyestuff which is sparingly soluble in water but is soluble in organic
      solvents, of the formula
      ##SPC47##
PAL  is a yellow powder which dyes polyamide fibres yellow shades having very
      good wet fastness properties.
PAC  EXAMPLE 11.
PAR  20.55 parts of 4-amino-3-chlorophenyl-methylsulphone are diazotised and
      coupled at 0.degree.-5.degree.C with 37.3 parts of
      1-(difluorotriazinyl-)amino-7-hydroxynaphthalene in a weakly alkaline
      medium, to give a monoazo dyestuff.
PAR  The dyestuff which is insoluble in water but soluble in organic solvents;
      of the formula
      ##SPC48##
PAL  is isolated and dried in vacuo. It is a dark powder which dyes polyamide
      and wool fibres luminous scarlet-red shades having particularly good wet
      fastness properties.
PAC  EXAMPLE 12.
PAR  5.9 parts of 5-amino-1,9-pyrazolanthrone are suspended in chlorobenzene. A
      slight excess of trifluorotriazine is added dropwise at room temperature
      and the mixture is subsequently warmed to 80.degree.C and stirred for some
      time. It is then allowed to cool, and the product is filtered off and
      washed with cold chlorobenzene. After drying in vacuo, a dyestuff is
      obtained which dyes polyamide yellow shades.
PAC  EXAMPLE 13.
PAR  10 parts of nylon-6,6 tricot fabric ("Helanca") are introduced at
      30.degree.C into a dyebath which contains 8 parts of sodium bicarbonate
      and 2 parts of a 5% strength aqueous dispersion of the dyestuff obtained
      according to Example 1 in 400 parts by volume of water, and which has a
      pH-value of 7.9. The temperature is raised to the boil over the course of
      45 minutes and dyeing then carried out for 75 minutes at the boil.
      Thereafter the textile material is well rinsed with water and dried. A
      brilliant yellowish-tinged red dyeing, with a high proportion of
      non-extractable dyestuff, is obtained.
PAC  EXAMPLE 14.
PAR  The procedure of Example 13 is followed, but instead of the sodium
      bicarbonate 0.8 part of an adduct of 9 mols of ethylene oxide and 1 mol of
      nonylphenol is employed, with the pH-value of the dyebath being 7.0. A
      dyeing of similar brilliance to that in Example 13 is obtained.
PAC  EXAMPLE 15.
PAR  The procedure of Example 13 is followed but instead of the sodium
      bicarbonate 0.4 part of ammonium acetate is used and after 75 minutes 0.1
      part of 80% strength acetic acid is added. After the addition of the
      acetic acid the pH-value of the dyebath is 5.6. 10 parts of nylon-6 tricot
      fabric ("Perlon") are used as the textile material. A dyeing of similar
      brilliance to that in Example 13 is obtained.
PAC  EXAMPLE 16.
PAR  The procedure of Example 12 is followed, but 10 parts of bleached wool
      tricot fabric are used as the textile material. A dyeing of similar
      brilliance to that in Example 12 is obtained.
PAR  If the fabric is subsequently boiled with an alkaline soap solution or a
      soda solution, particularly fast dyeings are obtained.
PAC  EXAMPLE 17.
PAR  A dyeing on 10 parts of polyester tricot fabric (texturised polyester
      fabric "Crimplent") is started at 30.degree.C in a dyebath containing 0.8
      part of an adduct of 9 mols of ethylene oxide and 1 mol of nonylphenol and
      2 parts of a 5% strength dispersion of the dyestuff described in Example 1
      in 400 parts of water, in a high temperature dyeing apparatus. The
      pH-value of the liquor is 7.0. The temperature is raised to 120.degree.C
      in 15 minutes, whereby a pressure of about 2 atmospheres gauge is
      generated. Dyeing is then carried out for 45 minutes at 120.degree.C and
      thereafter the system is cooled to 65.degree.C over the course of 10
      minutes. The textile material is then rinsed cold and is dried. A
      brilliant orange dyeing which is fast to boiling and washing, but is
      extractable, is obtained.
PAC  EXAMPLE 18.
PAR  Dyeing is carried out as described in Example 19, but a polyacrylonitrile
      high bulk tricot fabric (high bulk "Orlon" tricot) is used. A brilliant
      orange dyeing which is fast to boiling and washing, but is extractable, is
      obtained.
PAR  The dyestuff dispersions used above are obtained by grinding 20 parts of
      dyestuff with 140 parts of water and 40 parts of sodium
      dinaphthylmethanedisulphonate.
PAC  EXAMPLE 19.
PAR  10 parts of nylon-6,6 tricot fabric ("Helanca") are introduced at
      30.degree.C into a dyebath which contains 0.2 part of 80% strength acetic
      acid and 2 parts of a 5% strength aqueous dispersion of the dyestuff
      obtained according to Example 1 in 400 parts by volume of water, and which
      has a pH-value of 4-5. The temperature is raised to the boil over the
      course of 45 minutes and dyeing is then carried out at the boil for 30
      minutes. Thereafter the bath is adjusted to a pH-value of 12 by adding
      sodium carbonate and boiled for a further 30 minutes. Hereupon the textile
      material is well rinsed with water and dried. A brilliant yellowish-tinged
      red dyeing with a high proportion of non-extractable dyestuff is obtained.
PAC  EXAMPLE 20.
PAR  10 parts of nylon-6,6 tricot fabric ("Helanca") are introduced at
      30.degree.C into a dyebath which contains 0.2 part of 80% strength acetic
      acid and 2 parts of a 5% strength aqueous dispersion of the dyestuff
      obtained according to Example 1 in 400 parts by volume of water, and which
      has a pH-value of 4-5. The temperature is raised to 70.degree.C over the
      course of 60 minutes and maintained thereat for 15 minutes, raised to the
      boil over the course of 30 minutes, and dyeing carried out at the boil for
      60 minutes. Thereafter the textile material is well rinsed with water and
      dried. A brilliant yellowish-tinged red dyeing with a high proportion of
      non-extractable dyestuff is obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. A monoazo dyestuff of the formula
EQU  D -- N = N -- B
PAL  wherein
PA1  D is thiazole, benzothiazole, pyridine, triazole, pyrazole, imidazole,
      thiadiazole, isothiazole or benzisothiazole, which is unsubstituted or
      substituted by a member selected from the group consisting of nitro cyano,
      methyl, methylsulphonyl, bromine, acetylamino, phenyl, chlorine, methoxy,
      ethoxy, thiocyano, and carbethoxy, and
PA1  B is a member selected from the group consisting of
      ##SPC49##
      and
      ##SPC50##
PAL  wherein
PA1  c and d each are hydrogen, C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4
      -alkoxy, phenylthio or phenoxy, and
PA1  c in addition is chlorine, bromine, trifluoromethyl, -CONH.sub.2, C.sub.1
      -C.sub.4 -alkylcarbonylamino, benzoylamino, pyridine carbonylamino,
      thiophencarbonylamino, chloroacetylamino, methylsulfonylamino,
      ethylsulfonylamino, p-toluenesulfonylamino, C.sub.1 -C.sub.4
      -alkoxy-carbonylamino or phenoxycarbonylamino,
PA1  R.sub.1 is unsubstituted C.sub.1 -C.sub.4 -alkyl or C.sub.1 -C.sub.4 -alkyl
      substituted by halogen, hydroxy, phenyl, cyanoethoxy, C.sub.1 -C.sub.4
      -alkoxy, C.sub.1 -C.sub.3 -alkoxy-carbonyl, formylamino, C.sub.1 -C.sub.4
      -alkylcarbonyloxy, C.sub.1 -C.sub.4 -alkylcarbamoyloxy,
      phenylcarbamoyloxy, C.sub.1 -C.sub.3 -alkyloxycarbonyloxy or benzoyloxy;
PA1  R.sub.4 is hydrogen or C.sub.1 -C.sub.4 alkyl and
PA1  X is chlorine or fluorine.
NUM  2.
PAR  2. A dyestuff as claimed in claim 1 wherein X is fluorine.
NUM  3.
PAR  3. A dyestuff as claimed in claim 1 wherein X is chlorine.
NUM  4.
PAR  4. A dyestuff according to claim 1 of the formula
      ##SPC51##
PATN
WKU  039459900
SRC  5
APN  4039750
APT  1
ART  117
APD  19731005
TTL  Disazo compounds containing an alkanolamine substituted triazine
      component
ISD  19760323
NCL  2
ECL  1
EXP  Warren; Charles F.
INVT
NAM  Ikeda; Takuo
CTY  Ibaraki
CNT  JA
INVT
NAM  Hadano; Takushige
CTY  Nishinomiya
CNT  JA
INVT
NAM  Nogi; Syunsuke
CTY  Toyonaka
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721016
APN  47-103778
CLAS
OCL  260153
XCL  260205
EDF  2
ICL  C09B 4316
FSC  260
FSS  153
UREF
PNO  2835663
ISD  19580500
NAM  Benz
OCL  260153
UREF
PNO  3072454
ISD  19630100
NAM  Long et al.
OCL  260153
UREF
PNO  3658783
ISD  19720400
NAM  Knobloch et al.
OCL  260153
FREF
PNO  33-7643
ISD  19580800
CNT  JA
OCL  260153
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  A compound of the formula, as a free acid,
      ##SPC1##
PAL  Wherein X is an alkanolamine residue, such as diethanolamine, which is
      useful for dyeing paper and pulp to give yellow dyeings with good light
      fastness.
BSUM
PAR  The present invention relates to a new yellow dye for dyeing cellulose,
      particularly paper and pulp.
PAR  Among the yellow dyes which have been used for dyeing paper and pulp, as a
      bright greenish yellow dye there are known dyes defined by C.I. Direct
      Yellow 8 (C.I. No. 13920) and C.I. Direct Yellow 27 (C.I. No. 13950), and
      as a reddish yellow dye there are known dyes defined by C.I. Direct Yellow
      50 (C.I. No. 29025) and C.I. Direct Yellow 12 (C.I. No. 24895), as
      follows.
      ##SPC2##
      ##SPC3##
PAR  Furthermore, as an neutral yellow dye between the two, a dye defined by
      C.I. Direct Yellow 44 (C.I. No. 29000) of the formula (A), and a dye of
      the formula (B) disclosed in Example 3 of Japanese Pat. No. 7643/1958 have
      widely been used.
      ##SPC4##
PAL  However, the dye (A) has disadvantageously a low storage stability of
      aqueous dye solution, and a low affinity to pulp thereby causing a problem
      of staining waste water. The dye (B) has a high affinity to pulp, however
      its solubility is low. In addition, the two dyes (A) and (B) have a
      disadvantage of changing their shades by an iron ion in water.
PAR  An object of the present invention is to provide a dye which is free from
      the effect of metal ion, and has a good affinity, solubility and in
      addition light fastness, by overcoming the disadvantages of the two dyes
      (A) and (B).
PAR  The object can be achieved by providing a new dye of the formula,
      ##SPC5##
PAL  Wherein X is an alkanolamine residue, and a method for preparing said new
      dye characterized by reacting 1 mole of cyanuric halogenide with 2 moles
      of 3-methoxy-4-aminoazobenzene-3'-sulfonic acid and 1 mole of an
      alkanolamine in an optional order.
PAR  The inventors have studied also on replacing the alkanolamine residue
      represented by X in the formula (I) by other amine residues, and found
      that, when X is the alkanolamine, for example, especially
      monoethanolamine, diethanolamine, monopropanolamine or dipropanolamine,
      most preferably diethanolamine, the dyes have a very high affinity to
      cellulose, particularly paper and pulp, and a high solubility.
PAR  The cyanuric halogenide employed for preparing the dye of the present
      invention include cyanuric bromide and generally cyanuric chloride.
      3-Methoxy-4-aminoazobenzene-3'-sulfonic acid is a known intermediate and
      can be prepared by a conventional method.
PAR  The reaction of a cyanuric halogenide with
      3-methoxy-4-aminoazobenzene-3'-sulfonic acid and an alkanolamine can be
      carried out in an aqueous medium, if necessary in the presence of an
      organic solvent, by a stepwise condensation reaction, the first being at
      from -10.degree. to 20.degree.C., the second being at from 20.degree. to
      60.degree.C. and the third being at from 60.degree. to 110.degree.C. The
      order of the reaction of the halogenide with the azobenzene and the
      alkanolamine can be altered optionally. In some cases, a surfactant may be
      added to allow the reaction to proceed smoothly. The aimed dyes can be
      separated as a metal salt thereof by conventional processes such as a
      salting out, or in a powder form directly by spray-drying of the reaction
      solution. The dyes can be applied to dyeing, in the form of powder, or if
      necessary, in the form of liquid formulation. Furthermore, the dyes can be
      obtained as an ammonium salt or organic amine salt thereof.
PAR  The dyes of the present invention are particularly suitable for dyeing
      paper and pulp. The dyes can be applied to them by a beater addition
      process in which the dye solution is added to a pulp liquor under stirring
      and then the pulp dyed is subjected to the manufacture of paper, or by a
      size press process in which sheet formed paper is dipped in the dye bath
      containing a size and press-dried. Furthermore, the dyes can also be used
      for dyeing cotton and rayon by a conventional exhaustion dyeing process or
      padding process, and particularly advantageously for dyeing
      polyester/cotton blended yarns by an one-bath high temperature dyeing
      process.
PAR  As mentioned above, the dyes of the present invention are suitable for
      dyeing natural and regenerated cellulosic fibers, paper and pulp, to give
      neutral yellow dyeings with an excellent lightfastness. The dyes have
      superior properties to the conventional dyes (A) and (B) as shown in the
      following Table.
TBL                Table                                                       
     ______________________________________                                    
               Dye                                                             
     Property    The present                                                   
                            Known dye  Known dye                               
                 dye (I)    (A)        (B)                                     
     ______________________________________                                    
     Solubi-                                                                   
            80.degree.C.                                                       
                     70         100      30                                    
     lity                                                                      
     (g/l.) 20.degree.C.                                                       
                     25         40       below 10                              
     Storage stabi-                                                            
                 50 g/l.    50 g/l.    30 g/l.                                 
     lity of dye No change  Gel-formation                                      
                                       Gel-formation                           
                 after      after 3 days                                       
                                       after 3 days                            
     liquor      3 days                                                        
     Degree of stain-                                                          
     ing of waste                                                              
                 Hardly     Considerably                                       
                                       Hardly                                  
     water on pulp-                                                            
                 stained    stained    stained                                 
     dyeing according                                                          
     to Example 3                                                              
     Effect of an                                                              
                 Become     Become very                                        
                                       Become very                             
                 slightly   reddish    reddish                                 
     iron ion.sup.(1)                                                          
                 reddish    and dark   and dark                                
     Light fastness.sup.(2)                                                    
     (non-size paper)                                                          
                 5          4          4 - 5                                   
     ______________________________________                                    
      Note:                                                                    
      .sup.(1) A pulp-dyeing test with an addition of ferric chloride          
      (FeCl.sub.3) corresponding to 10 p.p.m. of ferric ion.                   
      .sup.(2) Rated by the Grey Scale according to JIS L 1044, 8 denoting the 
      highest and 1 denoting the lowest.                                       
PAR  The present invention will be illustrated in more details with reference to
      the following examples, which are only given for the purpose of
      illustration and are not to be interpreted as limiting. In the examples,
      all parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  65.8 parts of sodium 3-methoxy-4-aminoazobenzene-3'-sulfonate were
      dissolved in 180 parts of water, and 18.5 parts of cyanuric chloride were
      added thereto at 5.degree.C. Then the solution was heated to from
      60.degree. to 65.degree.C. while adjusting the pH of the solution to from
      6 to 7 with sodium carbonate, and maintained at the same temperature for 2
      hours while stirring. 30 parts of diethanolamine were added to the
      solution which was then refluxed to complete the reaction. After salting
      out the solution with Common salt, the precipitates were filtered and
      dried to give 100 parts of a dye in the form of brown powder. The dye thus
      obtained of the following formula gives dyeings of a yellow shade on
      cellulosic fibers.
      ##SPC6##
PAC  EXAMPLE 2
PAR  A dye was prepared in the same manner as described in Example 1, except
      that 30 parts of diethanolamine were replaced by 18 parts of
      monoethanolamine. 100 parts of a dye in the form of brown powder were
      obtained. The dye showed the dyeing properties similar to that of the dye
      in Example 1.
PAC  EXAMPLE 3
PAR  A dye was prepared in the same manner as described in Example 1, except
      that 30 parts of diethanolamine were replaced by 40 parts of
      dipropanolamine. 103 parts of a dye in the form of brown powder giving
      dyeings of a yellow shade on cellulose were obtained.
PAC  EXAMPLE 4
PAR  0.05 part of the dye obtained in Example 1 was dissolved in 250 parts of
      water to make a dyeing bath. 5 parts of viscose rayon yarns were
      introduced into the dyeing bath which was then heated to 85.degree.C.
      After 10 minutes, 0.5 part of Glanber's salt anhydrous was added and
      dyeing was carried out for 35 minutes. After rinsing, bright yellow
      dyeings were obtained.
PAC  EXAMPLE 5
PAR  0.05 part of the dye obtained in Example 1, 0.1 part of Sumikaron Yellow
      SE-5G (a trade name for a disperse dye sold by Sumitomo Chemical Company,
      Limited), 0.25 part of Sumipon TF (a trade name for a surfactant sold by
      Sumitomo Chemical Company, Limited) and 0.5 part of Glanber's salt
      anhydrous were dissolved in 250 parts of water to make a dyeing bath. 5
      parts of polyester/rayon blended yarns were introduced into the dyeing
      bath which was then heated to 90.degree.C. over 20 minutes, and further to
      130.degree.C. over 40 minutes. Dyeing was carried out at the same
      temperature for 60 minutes. After dyeing, the bath was cooled to
      90.degree.C. gradually and maintained at the same temperature for 20
      minutes. Dyed materials were taken out, rinsed and dried to give dyeings
      of a bright yellow shade on both a polyester portion and a rayon portion.
PAC  EXAMPLE 6
PAR  0.1 part of the dye obtained in Example 1 was introduced into 500 parts of
      a pulp liquor containing 20 g. of L.B.K.P. (Laubholz Bleached Kraft Pulp)
      beaten to 500 C.F. (Canadian Freeness) of water leakiness per liter of
      water. After the liquor was thoroughly stirred for 10 minutes, 0.33 part
      of Size Pine E (a trade name for a size sold by Arakawa Rinsan Co., Ltd.)
      was added thereto and after 10 minutes 0.3 part of aluminum sulfate
      crystals was further added. Dyeing was carried out for 20 minutes while
      stirring. On sheet forming from the pulp liquor, bright yellow colored
      paper was obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula, as a free acid,
      ##SPC7##
PAL  wherein X is selected from the group consisting of monoethanolamine,
      diethanolamine, monopropanolamine and dipropanolamine.
NUM  2.
PAR  2. A compound of the formula,
      ##SPC8##
PATN
WKU  039459918
SRC  5
APN  4948033
APT  1
ART  117
APD  19740805
TTL  Heterocyclic azo compounds containing a quaternated hydrazide group
ISD  19760323
NCL  3
ECL  1
EXP  Warren; Charles F.
INVT
NAM  Ramanathan; Visvanathan
CTY  Basel
CNT  CH
INVT
NAM  Liechti; Hans Wilhelm
CTY  Oberwil
CNT  CH
ASSG
NAM  Ciba-Geigy AG
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19660624
APN  9189/66
RLAP
COD  74
APN  225274
APD  19720210
PSC  01
PNO  3843622
RLAP
COD  82
APN  17317
APD  19700306
PSC  03
RLAP
COD  82
APN  648204
APD  19670623
PSC  03
CLAS
OCL  260162
XCL  260146R
XCL  260147
XCL  260155
XCL  260156
XCL  260157
XCL  260158
XCL  260160
XCL  260163
EDF  2
ICL  C09B 2908
ICL  C09B 2926
ICL  C09B 2938
ICL  C09B 4300
FSC  260
FSS  146 R;147;152;155;156;157;158;160;161;162;163
UREF
PNO  2821526
ISD  19580100
NAM  Boyd
XCL  260156
UREF
PNO  3117960
ISD  19640100
NAM  Illy
OCL  260156
UREF
PNO  3148181
ISD  19640900
NAM  Wallace et al.
XCL  260158
UREF
PNO  3316240
ISD  19670400
NAM  Berrie et al.
XCL  260162
UREF
PNO  3341514
ISD  19670900
NAM  Entschel et al.
XCL  260156
UREF
PNO  3843622
ISD  19741000
NAM  Ramanathan et al.
OCL  260149
LREP
FR2  Kolodny; Joseph G.
FR2  Roberts; Edward McC.
FR2  Almaula; Prabodh I.
ABST
PAL  A water-soluble basic dyestuff which corresponds to the formula
EQU  (A-Q.sup.+) X.sup.-,
PAL  in which A represents the radical of a monoazo- or disazo dyestuff which
      may contain no other substituents than lower alkyl, trifluoromethyl, lower
      alkoxy, chlorine, bromine, cyano, nitro, phenylazo, lower alkoxycarbonyl,
      lower alkanecarbonyl, lower alkanesulfonyl, acylamino and sulfonic acid
      amide, or the radical of an amino- or hydroxyanthraquinone dyestuff which
      may contain no other substituents than lower alkyl, lower alkoxy,
      chlorine, bromine, cyano, nitro, lower alkoxycarbonyl, lower
      alkanecarbonyl, lower alkanesulfonyl, acylamino and sulfonic acid amide,
      or the radical of a styryl dyestuff which may contain no other
      substituents than lower alkyl, lower alkoxy, cyano and lower alkoxy
      carbonyl or the radical of a nitro dyestuff which may contain no other
      substituents than lower alkyl, lower alkoxy, chlorine, bromine, cyano,
      nitro, lower alkoxycarbonyl, lower alkanecarbonyl, lower alkanesulfonyl
      and sulfonic acid amide, Q represents a quaternated hydrazide group of the
      formula
      ##EQU1##
       wherein R.sub.1 represents lower alkyl or hydrogen, R.sub.2, R.sub.3 and
      R.sub.4 each represents lower alkyl and X represents an anion, and in
      which formula one of the symbols R.sub.2, R.sub.3 and R.sub.4 may
      represent a benzyl or a phenyl residue, and wherein "aryl" means
      unsubstituted phenyl or phenyl substituted by lower alkyl, lower alkoxy,
      chlorine or bromine and "lower" means containing up to 4 carbon atoms.
      They are valuable dyestuffs yielding on synthetic fibres dyeable by
      cationic dyestuffs, especially polyacrylonitrile fibres dyeings of good
      general fastnesses.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 225,274, filed on
      Feb. 10, 1972, now U.S. Pat. No. 3,843,622, issued on Oct. 22, 1974, which
      is a continuation-in-part of application Ser. No. 17,317, filed on Mar. 6,
      1970, now abandoned, which is a continuation-in-part of application Ser.
      No. 648,204, filed on June 23, 1967, now abandoned.
BSUM
PAR  The present invention provides new dyestuffs which are free from acidic
      groups imparting solubility in water, particularly sulphonc acid and
      carboxyl groups, and which contain at least one quaternary acid hydrazide
      radical, especially dyestuffs of the formula
      ##EQU2##
      in which A represents the radical of a dyestuff free from sulphonic acid
      and carboxylic acid groups, Y represents a bridging group of the formula
      --CO--,R.sub.1 represents a low-molecular alkyl residue or preferably a
      hydrogen atom, R.sub.2, R.sub.3 and R.sub.4 each represents a
      low-molecular alkyl residue, preferably a methyl residue, and one of the
      symbols R.sub.2, R.sub.3 and R.sub.4 may represent an aralkyl, for example
      benzyl, or an aryl residue and X represents an anion, in particular
      chlorine, bromine, iodine or the anion of trichlorozincic, sulfuric,
      nitric or phosphoric acid, of sulfuric acid semilower-alkyl ester, lower
      alkane carboxylic acid, lower alkane sulfonic acid, aryl carboxylic or
      aryl sulfonic acid, wherein lower means containing up to four carbon atoms
      and "aryl" means phenyl or phenyl substituted by lower alkyl, lower
      alkoxy, chlorine or bromine.
PAR  Dyestuffs which are specially useful are those of the formula
      ##EQU3##
      in which X has the meaning given above and A' represents an anthraquinone
      or azo dyestuff residue free from sulphonic acid and carboxylic acid
      groups which is bound either directly or through an alkylene, an oxygen or
      a nitrogen bridging group.
PAR  The now dyestuffs may be manufactured in accordance with the invention by
      quaternation, couping or condensation.
PAR  a. When manufacture is carried out by quaternation, the corresponding
      dyestuffs, which contain a non-quaternated hydrazide radical, are treated
      with quaternating agents, for example, dyestuffs of the formula
      ##EQU4##
      in which A, Y, R.sub.1, and R.sub.2 and R.sub.3 have the meanings given
      above, are reacted with compounds of the formula R.sub.4 X, in which X has
      the meaning given above and R.sub.4 represents an alkyl, aralkyl or a
      cycloalkyl residue.
PAR  For example, a non-quaternated hydrazide compound of the formula
      ##EQU5##
      may be quaternated with a compound of the formula R.sub.4 X, for example,
      with dimethyl sulphate, methyl chloride, methyl iodide, or a
      toluene-sulphonic acid methylester.
PAR  Compounds of the formula (4) may be advantageously manufactured, for
      example, by reacting a dyestuff carboxylic acid ester with
      N,N-dimethylhydrazine. In the manufacture of azo dyestuffs of the formula
      (4) it is also possible to treat a diazo and/or coupling component with a
      hydrazide and then combine the components by diazotization and coupling.
PAR  When manufacture is to be carried out by quaternation of hydrazides which
      do not contain a tertiary nitrogen atom, the hydrogen atom or atoms bound
      to the external nitrogen atom must be replaced, either prior to or
      simultaneously with quaternation in accordance with the invention by
      reaction with a compound which donates alkyl residues; advantageously,
      this is effected in a single operation simultaneously with quaternation
      and with the use of the same alkyl-donating compound.
PAR  The following are examples of suitable alkylating or quaternating agents:
      esters of strong mineral acids or organic sulphonic acids, for example,
      dimethyl sulphate, diethyl sulphate, alkyl halides, for example, methyl
      chloride, methyl bromide or methyl iodide, aralkyl halides, for example,
      benzyl chloride, esters of low-molecular-weight alkane sulphonic acids,
      for example, methyl esters of methane-sulphonic acid, ethane-sulphonic
      acid or butane-sulphonic acid, and esters of benzene-sulphonic acids,
      which may contain additional substituents, for example, methyl, ethyl,
      propyl or butyl esters of benzene-sulphonic acid, of 2- or
      4-methylbenzene-sulphonic acid, 4-chlorobenzene-sulphonic acid or 3- or
      4-nitrobenzene-sulphonic acid.
PAR  Alkylation is advantageously effected by heating in an inert organic
      solvent, for example, in an hydrocarbon, for example, benzene, toluene or
      xylene, in a halogenated hydrocarbon, for example, carbon tetrachloride,
      tetrachloroethane, chlorobenzene or ortho-dichlorobenzene, or in a
      nitrohydrocarbon, for example, nitromethane, nitrobenzene or a
      nitronaphthalene. It is also possible to use acid anhydrides, acid amides
      or nitriles, for example, acetic anhydride, dimethylformamide or
      acetonitrile, and also dimethylsulphoxide as solvents for the alkylation
      process. Instead of a solvent it is also possible to use a large excess of
      the alkylating agent. If this procedure be adopted, care must be taken to
      ensure that the mixture does not become excessively heated, because the
      reaction is highly oxothermic. However, in most cases it is generally
      necessary, especially in the presence of organic solvents, to apply
      external heat to the reaction mixture to initiate the reaction. In special
      cases, alkylation may also be carried out in an aqueous medium or with the
      use of an alcohol, if necessary, in the presence of a small amount of
      potassium iodide.
PAR  The acid hydrazides serving as starting materials in the manufacture by
      quaternation may be obtained by reacting the corresponding acids, or
      especially the derivatives of such acids, for example, anhydrides or acid
      chlorides, but preferably acid esters, for example, ethyl esters of
      dyestuff acids of the formula A--Y--OH or A'--COOH, with hydrazines.
      Replacement of the ester grouping by the hydrazine is advantageously
      effected at an elevated temperature and under superatmospheric pressure,
      if necessary, in the presence of an organic or aqueous solvent. The
      reaction may also be carried out under milder conditions if a suitable
      catalyst be used.
PAR  Dyestuff radicals represented by A or A' that may be mentioned are those
      belonging to the nitroso, nitro, styryl, stilbene, diarylmethane,
      triarylmethane, methine, polymethine, sulphur, anthraquinone,
      quinoneimine, azine, oxazine, thiazine, perinone, naphthoquinone, indigo,
      quinophthalone, pyrazolone, xanthene, acridine, quinoline, cyanine,
      phthalocyanine, azomethine series or especially to the mono-, dis- or
      poly-azo dyestuff series. Suitable anthraquinone dyestuff radicals are,
      for example, these of the formula
      ##SPC1##
PAL  in which R represents a low-molecular alkyl or an aryl residue, for
      example, a methylene or a phenylene residue, X.sub.1 represents an
      --NH.sub.2 group or an --OH group and X.sub.2 and X.sub.3 each represents
      a hydrogen atom or an --NH.sub.2, an --OH or an --NO.sub.2 group, or those
      anthraquinones which contain further substituents, for example, halogen
      atoms or alkyl or alkoxy groups, in ortho-position to one of the two
      groups X.sub.1 or --NH--R--.
PAR  Special mention may be made of the following starting materials belonging
      to the series of anthraquinone dyestuff acids whose derivatives may be
      reacted to form hydrazides and subsequently quaternated in accordance with
      method (a), the symbol Z in the following formulae representing --Y--OH or
      especially --COOH, as indicated above:
      ##SPC2##
      ##SPC3##
PAR  Starting materials belonging to the nitro dyestuff series, in which Z has
      the meaning mentioned above, that may be mentioned are as follows:
      ##SPC4##
PAR  Examples of styryl dyestuffs that may be mentioned, in which Z also has the
      same meaning, are as follows:
      ##SPC5##
      ##SPC6##
PAR  Suitable azo dyestuffs are those obtained by coupling diazotized amines,
      preferably amines of the aromatic or heterocyclic series, with any desired
      coupling components. Preferably they contain no other substituents than
      lower alkyl, trifluoromethyl, lower alkoxy, chlorine, bromine, cyano,
      nitro, phenylazo, lower alkoxycarbonyl, lower alkanecarbonyl, lower
      alkanesulfonyl, acylamino and sulfonic acid amide, which may be
      unsubstituted or substituted by lower alkyl, aryl lower alkyl or aryl.
      Examples of aryl groups are phenyl, toluyl, bromophenyl and chlorophenyl.
      The term "acylamino" encompasses lower alkanoylamino, aroylamino, lower
      alkylsulfonylamino, arylsulfonylamino, lower alkoxycarbonylamino, ureido
      and lower alkylureido. A list of diazo and coupling components that may be
      used is given below in the section dealing with manufacture by coupling.
PAR  Hydrazines that are suitable for use in the manufacture of the starting
      materials are principally those in which one of the two nitrogen atoms of
      the hydrazine grouping is present as a tertiary nitrogen atom bound to two
      carbon atoms, or the water-soluble salts thereof; the other nitrogen atom,
      however, is a primary atom or, at most, a secondary atom. In addition to
      one or more hydrazine groups, the hydrazines used may also contain
      substituents, for example, halogen atoms or nitro, alkoxy or hydroxyl
      groups. However, the preferred hydrazines are those containing only carbon
      and hydrogen atoms in addition to at least one group of the formula
      ##EQU6##
      for example, hydrazines containing at least one tertiary nitrogen atom
      which are substituted solely by non-aromatic hydrocarbon residues. Such
      hydrazines may correspond, for example, to the formula
      ##EQU7##
      in which R.sub.1 and R.sub.2 each represents an aliphatic hydrocarbon
      residue containing not more than 4 carbon atoms and R.sub.3 also
      represents a residue of the kind defined, a group of the formula
      ##EQU8##
      or preferably a hydrogen atom. The purely aliphatic hydrazines preferably
      correspond to the formula
      ##EQU9##
      in which m and n each represents an integer not greater than 4, preferably
      1, and p represents an integer not greater than 5, preferably 1. The
      aliphatic hydrocarbon residues in these hydrazine compounds may be
      branched, but they are preferably straight-chain residues.
PAR  It is also possible to use two or more hydrazines at the same time.
PAR  The water-soluble salts of the hydrazines, which, if desired, may be
      reacted instead of the free bases, are derived, for example, from the
      common inorganic or organic acids, for example, sulphuric, hydrochloric,
      phosphoric, acetic, formic, propionic, chloroacetic, oxalic or tartaric
      acid.
PAR  b. As has already been mentioned, the new dyestuffs may also be
      manufactured by coupling. In the coupling process, which is used in the
      case of azo dyestuffs, a diazo compound is coupled with a coupling
      component, of which at least one contains a quaternated hydrazine residue
      as described above, preferably the residue of the formula
      ##EQU10##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, Y and X have the meanings
      given above.
PAR  As examples of diazo compounds, there may be mentioned, in particular,
      aromatic compounds, for example, those belonging to the naphthalene series
      and especially to the benzene series and containing as substituents lower
      alkyl, trifluoromethyl, lower alkoxy, chlorine, bromine, cyano, nitro,
      phenylazo, lower alkoxycarbonyl, lower alkanecarbonyl, lower
      alkanesulfonyl, acylamino and sulfonic acid amide.
PAR  These correspond, for example, to the formula
      ##SPC7##
PAL  in which X.sub.S represents hydrogen, chlorine, bromine, cyano, lower
      alkoxy-carbonyl, lower alkanecarbonyl, lower alkanesulfonyl, sulfonamide,
      phenylazo or nitro, Y.sub.S represents hydrogen, chlorine, bromine, nitro,
      lower alkyl, lower alkoxy, trifluoromethyl, lower alkoxycarbonyl, lower
      alkanecarbonyl or cyano and Z.sub.S represents hydrogen, chlorine or
      bromine, and in which at least one of the residue X.sub.S and Y.sub.S
      represents chlorine, bromine, nitro, lower alkanecarbonyl, lower
      alkoxycarbonyl, cyano, lower alkanesulfonyl or sulfonamide.
PAR  Examples of diazo components of the benzene series that may be used are as
      follows:- aniline, 1-amino-3- or -4-chlorobenzene, 1-amino-4-bromobenzene,
      1-amino-2-, -3- or -4-methylbenzene, 1-amino-2-, -3- or -4-nitrobenzene,
      1-amino-4-cyanobenzene, 1-aminobenzene-3- or -4-methylsulphone, 1-amino-2
      -chlorobenzene-4-methylsulphone, 1-amino-2,5-dicyanobenzene,
      1-amino-4-carbethoxybenzene, 1-amino-2,4- or 2,5-dichlorobenzene,
      1-amino-2,4-dibromobenzene, 1-amino-2-methyl-4- or -6-chlorobenzene,
      1-amino-2-trifluoromethyl-4-chlorobenzene,
      1-amino-2-cyano-4-chlorobenzene, 1-amino-2-cyano-4nitrobenzene,
      1-amino-2-carbomethoxy-4-chlorobenzene,
      1-amino-2-methanesulphonyl-4-chlorobenzene,
      1-amino-2-carbomethoxy-4-nitrobenzene, 1-amino-2-phenoxy-4-nitrobenzene,
      1-amino-2-chloro-4-cyanobenzene, 1-amino-2-chloro-4-nitrobenzene,
      1-amino-2-methoxy-4-nitrobenzene, 1-amino-2-chloro-4-carbethoxybenzene,
      1-amino-2,4-dinitrobenzene, 1-amino-2,4-dicyanobenzene,
      1-amino-2,6-dichloro-4-cyanobenzene, 1-amino-2,6-dichloro-4-nitrobenzene,
      1-amino-2,5- or -2,6-dichlorobenzene-4-sulphonic acid dimethyl amide,
      1-amino-2-chlorobenzene-4-sulphonic acid dimethylamide,
      1-amino-2,6-dibromobenzene-4-sulphonic acid amide,
      1-amino-2,4-dinitro-6-chloro- or -6-bromobenzene,
      1-amino-2,4-dicyano-6-chlorobenzene, 1-amino-2,4,6-trichloro- or
      -tribromobenzene, 1-aminobenzene-3- or -4-sulphonic acid amide,
      1-aminobenzene-3- or -4-sulphonic acid-N-methyl- or diethyl amide,
      4-aminoazobenzene, 4-amino-2'-chloroazobenzene,
      4-amino-2',4'-dichloroazobenzene, 4-amino-3'-chloroazobenzene,
      4-amino-2'-nitroazobenzene, 1-amino-4 -nitrobenzene-2-methylsulphone,
      1-aminobenzene-4-carboxylic acid-.beta.-methoxyethyl ester,
      4-amino-3-nitroazobenzene, 4-amino-3'-nitroazobenzene,
      4-amino-2-methylazobenzene, 4-amino-4'-methoxyazobenzene,
      4-amino-3-nitro-2'-chloroazobenzene, 4-amino-3-nitro-4'-chloroazobenzene,
      4-amino-3-nitro-2',4'-dichloroazobenzene,
      4-amino-3-nitro-4'-methoxyazobenzene, 4-aminodiphenyl and 2- or
      4-aminodiphenyl ether.
PAR  The diazo component may also be any desired diazotizable heterocyclic amine
      which is free from acidic substituents imparting solubility in water, but
      especially an amine having a heterocyclic five-membered ring containing 2
      or 3 hetero atoms, especially a nitrogen atom and one or two sulphur,
      oxygen or nitrogen atoms.
PAR  Examples of heterocyclic diazo components that may be mentioned are as
      follows:- 2-aminothiazole, 2-amino-5-nitrothiazole,
      2-amino-5-methylsulphonylthiazole, 2-amino-5-cyanothiazole,
      2-amino-4-methyl-5-nitrothiazole, 2-amino-4-methylthiazole,
      2-amino-4-phenylthiazole, 2-amino-4-(4'-chloro)-phenylthiazole,
      2-amino-4-(4'-nitro)-phenylthiazole, 3-aminopyridine, 3-aminoquinoline,
      3-aminopyrazole, 3-amino-1-phenylpyrazole, 3-aminoindazole,
      3-amino-1,2,4-triazole, 3-amino-1-(4'-methoxyphenyl)-pyrazole,
      2-aminobenzthiazole, 2-amino-6-methylbenzthiazole,
      2-amino-6-methoxybenzthiazole, 2-amino-6-chlorobenzthiazole,
      2-amino-6-cyanobenzthiazole, 2-amino-6-nitrobenzthiazole,
      2-amino-6-carboethoxybenzthiazole, 2-amino-6-methylsulphonylbenthiazole,
      2-amino-1,3,4-thiadiazole, 2-amino-1,3,5-thiadiazole, 2-amino-4-phenyl- or
      -4-methyl-1,3,5-thiadiazole and 2-amino-5-phenyl-1,3,4-thiadiazole.
PAR  When using the above-mentioned diazo components, the hydrazide group must
      be present in the coupling component, provided it is not introduced
      subsequently by condensation. The coupling component may be phenyl or
      phenyl substituted by chlorine, bromine, lower alkyl, trifluoromethyl,
      lower alkoxy or acylamino, which phenyl radical further contains a residue
      of the formula
EQU  --CH.sub.2 --CH.sub.2 --Q.sup.+ X
PAL  bound in p-position to the azo group through a nitrogen atom, in which
      formula Q.sup.+ represents
      ##EQU11##
      wherein R.sub.1 is lower alkyl or hydrogen and R.sub.2, R.sub.3 and
      R.sub.4 each represents lower alkyl and X and "lower" have the meanings
      given above. The term "acylamino" encompasses lower alkanoylamino,
      aroylamino, lower alkylsulfonylamino, arylsulfonylamino, lower
      alkoxycarbonylamino, ureido and lower alkyl ureido groups, wherein "aryl"
      denotes in particular residues of the benzene series for example phenyl,
      chlorophenyl, bromophenyl, lower alkoxy- and lower alkylphenyl.
PAR  As such coupling components there may be mentioned, for example, the
      quaternated hydrazides of anthranilic acid, N,.beta.-carboxyethylaniline,
      N-ethyl-N-.beta.-carboxyethylaniline, N,.beta.-hydroxy- or
      -acetoxyethyl-N-.beta.-carboxyethylaniline, N-methyl- or
      N-ethyl-N-.beta.-carboxyethyl-meta-chloroaniline, N-methyl- or
      N-ethyl-N-.beta.-carboxyethylaniline,
      N-ethyl-N-.beta.-carboxyethyl-metatoluidine,
      N-.beta.-methoxyethyl-N-.beta.-carboxyethyl-meta-toluidine,
      N-.beta.-carboxyethyl-ortho-anisidine,
      N-.beta.-carboxyethyl-N-methylanisidine,
      N-.beta.-carboxyethyl-N-.beta.-cyanoethylanisidine,
      N-benzyl-N-.beta.-carboxyethylaniline,
      N-.beta.-cyanoethyl-N-.beta.-carboxyethylaniline,
      N-acetomethyl-N-.beta.-carboxyethyl-meta-chloro- or methylaniline,
      N-.beta.-cyanoethoxyethyl-N-.beta.-carboxyethyl-meta-toluidine,
      N-ethyl-N-carboxyethyl-meta-acetylaminoaniline, N-.beta.-acetoxy- or
      -cyanoethyl-N-carboxyethyl-meta-acetylaminoaniline, N-.beta.-carbethoxy-
      or -cyanoethyl-N-carboxyethyl-meta-chloroaniline,
      N-.beta.-aminocarbonylethyl-N-.beta.-carboxyethylaniline,
      N-.beta.-dimethylaminocarbonylethyl-N-.beta.-carboxyethylaniline,
      N-.beta.-phenthioethyl-N-.beta.-carboxyethylaniline and the corresponding
      N-carboxymethylanilines and, also, for example, compounds of the following
      formulae, in which the symbol Q represents a quaternated hydrazide group
      bound through a --CO-- bridging group:
      ##SPC8##
      and also, for example, 2-aminonaphthalene-3-carboxylic
      acid-N,N,N'-trimethylhydrazide, 2-aminonaphthalene-3-carboxylic
      acid-N,N,N'-triethylhydrazide and 1-phenyl-5-pyrazolone-3-carboxylic
      acid-N,N,N'-trimethylhydrazide.
PAR  When using coupling components which do not contain a quaternated hydrazide
      group, the group must be present in the diazo component, provided it is
      not introduced subsequently by condensation. Diazo components of the kind
      defined are, in particular, aminobenzenes of the formula
      ##EQU12##
      in which X, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the meanings
      ascribed to them in formula (1) and A represents a benzene nucleus which
      may carry substituents, for example, halogen atoms or nitro or low alkyl
      or alkoxy groups.
PAR  Examples that may be mentioned are the quaternated derivatives of the
      following aminobenzoic acid hydrazides: 4-aminobenzoic
      acid-N,N-dimethylhydrazide, 4-aminobenzoic acid-N,N,N'-triethylhydrazide,
      4-aminobenzoic acid-N-piperidine amide, 4-aminobenzoic
      acid-N,N,N'-trimethylhydrazide, 4-aminobenzoic
      acid-3-methoxy-N,N,N'-trimethylhydrazide, 4-aminobenzoic
      acid-3-chloro-N,N,N'-trimethylhydrazide, 4-aminobenzoic
      acid-3-bromo-N,N,N'-trimethylhydrazide, 4-aminobenzoic
      acid-2-chloro-N,N,N'-trimethylhydrazide, 4-aminobenzoic
      acid-2,5-dimethyl-N,N,N'-trimethylhydrazide, 3-aminobenzoic
      acid-N,N,N'-trimethylhydrazide and 4-aminobenzoic
      acid-N-ethyl-N-benzyl-N'-methylhydrazide.
PAR  Also suitable as diazo components containing a quaternated hydrazide group
      are those of the general formula
      ##SPC9##
PAL  in which V.sub.1 represents a nitro, an alkylsulphonyl or sulphonamide
      group, which may be substituted, W.sub.1 represents a divalent residue,
      for example, an --O-- or --S-- bridging component or a direct bond,
      Y.sub.1 represents an alkylene bridge or a direct bond and R.sub.1,
      R.sub.2, R.sub.3, R.sub.4 and X have the meanings ascribed to them in
      formula (1), and in which the benzene residue may contain further
      substituents. Diazo components of the kind defined which may be mentioned
      are, for example, the compounds of the formulae
      ##SPC10##
PAR  Other suitable diazo components which contain a quaternated hydrazide group
      are those of the general formula
      ##EQU13##
       in which W.sub.2 represents a divalent organic residue, for example, a
      bridging group of the formula --SO.sub.2 --, --SO.sub.2 NR.sub.5 --,
      --CONR.sub.5 -- or --COO--, Y.sub.2 represents an alkylene bridging group,
      R.sub.1, R.sub.2, R.sub.3, R.sub.4 and X have the meanings ascribed to
      them in formula (1) and R.sub.5 represents a hydrogen atom or an alkyl,
      cycloalkyl, aralkyl or aryl group. Such diazo components are, for example,
PAR  As diazo components of the benzene series there may also be mentioned the
      compounds of the formulae
      ##EQU14##
PAR  Suitable diazo components of the naphthalene series which contain a
      quaternated hydrazide group are, for example, quaternated hydrazides of
      2-aminonaphthalene-3-carboxylic acid.
PAR  Any desired coupling component may then be used for the coupling, for
      example, those belonging to the benzene or naphthalene series or those
      belonging to the series of heterocyclic coupling components. Apart from
      the phenols, for example, para-cresol, the coupling components of the
      benzene series that may be mentioned in particular are the aminobenzenes.
PAR  The coupling component may be further defined as the radical of
      1-phenyl-3-methyl-5-hydroxypyrazole bound to the azo group in 4-position,
      phenyl or phenyl substituted by chlorine, bromine, lower alkyl,
      trifluoromethyl, lower alkoxy or acylamino, which phenyl radical contains
      in para-position to the azo-group an amino group mono- or di-N-substituted
      by lower alkyl, aryl, cyano lower alkyl, lower alkoxy-lower alkyl, cyano
      lower alkoxy lower alkyl, aryl-lower alkyl, acyloxy-lower alkyl, lower
      alkoxy-carbonyl-lower alkyl or by the group
EQU  --CH.sub.2 CH.sub.2 --Q.sup.+.sub.1 X.sup.-,
PAL  wherein "sulfonic acid amide" means an unsubstituted sulfonic acid amide
      group or sulfonic acid amide substituted by lower alkyl, aryl-lower alkyl
      or aryl and Q.sub.1, X.sub.1 "lower", "aryl" and "acylamino" have the
      meanings given above and "acyloxy" means lower alkanoyloxy, aroyloxy, such
      as benzoyloxy lower alkylsulphonyloxy and aryl sulphonyloxy, for example
      benzenesulphonyloxy. Examples of coupling components of the aminobenzene
      series are: aniline, 3-methylaniline, 2-methoxy-5-methylaniline,
      3-acetylamino-1-aminobenzene, N-methylaniline,
      N-.beta.-hydroxyethylaniline, N,.beta.-methoxyethylaniline, N-.beta.
      -cyanoethylaniline, N-.beta.-chloroethylaniline, dimethylaniline,
      diethylaniline, N-methyl-N-benzylaniline,
      N-n-butyl-N-.beta.-chloroethylaniline,
      N-methyl-N-.beta.-cyanoethylaniline, N-methyl-N-.beta.-hydroxyethylaniline
     , N-ethyl-N-.beta.-chloroethylaniline,
      N-methyl-N-.beta.-acetoxyethylaniline,
      N-ethyl-N-.beta.-methoxyethylaniline,
      N-.beta.-cyanoethyl-N-.beta.-chloroethylaniline,
      N-cyanoethyl-N-acetoxyethylaniline, N,N-di-.alpha.-hydroxyethylaniline,
      N,N-di-.beta.-acetoxyethylaniline,
      N-ethyl-N,2-hydroxy-3-chloropropylaniline,
      N,N-di-.beta.-cyanoethylaniline, N,N-di-.beta.-cyanoethyl-3-methylaniline,
      N-.beta.'-cyanoethyl-N-.beta."-hydroxyethyl-3-chloroaniline,
      N,N-di-.beta.-cyanoethyl-3-methoxyaniline,
      N,N-dimethyl-3-acetylaminoaniline,
      N-ethyl-N-.beta.-cyanoethyl-3-acetylaminoaniline,
      N,N-di-.beta.-cyanoethyl-2-methoxy-5-acetylaminoaniline,
      M-methyl-N-phenacylanilines, N-.beta.-cyanoethyl-2-chloroaniline,
      N,N-diethyl-3-trifluoromethylaniline, N-ethyl-N-phenylaniline,
      diphenylamine, N-methyldiphenylamine, N-methyl-4-ethoxydiphenylamine or
      N-phenylmorpholine, and also, for example, amines of the formula
      ##SPC11##
PAL  in which R.sub.1 ' represents a hydrogen atom or an alkyl or alkoxy group,
      R.sub.2 ' represents a cyanoalkoxyalkyl group, R.sub.3 ' represents a
      hydrogen atom or a cyanoalkoxyalkyl or acyloxyalkyl group and R.sub.4 '
      represents a hydrogen atom or an alkyl, cycloalkyl or alkoxy group that
      may be substituted or a benzene residue, and especially those of the
      formula
      ##SPC12##
PAL  in which R.sub.1 ' and R.sub.4 ' have the meanings given above.
PAR  Specially valuable results may also be obtained with coupling components of
      the formula
      ##SPC13##
PAL  and
      ##SPC14##
PAL  in which R.sub.1 ' has the meaning given above and X.sub.2 represents an
      acylamino group, and in which "alkyl" represents, for example, a methyl,
      ethyl or propyl group.
PAR  The following coupling components are mentioned as examples:
      ##SPC15##
      ##SPC16##
PAR  Coupling components belonging to the naphthalene series that may be
      mentioned apart from the naphthols are, for example, 1- or
      2-naphthylamine, 2-phenylaminonaphthalene, 1-dimethylaminonaphthalene and
      2-ethylaminonaphthalene and also 2-aminonaphthalene-3-carboxylic acid
      amide, 2-aminonaphthalene-3-carboxylic acid anilide,
      2-aminonaphthalene-3-carboxylic acid-N-methylanilide,
      2-aminonaphthalene-3-carboxylic acid benzyl amide,
      2-aminonaphthalene-3-carboxylic acid methyl ester,
      2-aminonaphthalene-3-carboxylic acid butyl ester,
      2-aminonaphthalene-3-carboxylic acid-.beta.-hydroxyethyl ester and
      2-aminonaphthalene-3-carboxylic acid phenyl ester. Coupling components
      belonging to the heterocyclic series that may be mentioned are, for
      example, the indoles, for example, 2-methylindole, 2,5-dimethyldindole,
      2,4-dimethyl-7-methoxyindole, 2-phenyl- or 2-methyl-5-ethoxyindole,
      2-methyl-5- or -6-chloroindole, 1,2-dimethylindole,
      1-methyl-2-phenylindole, 2-methyl-5-nitroindole, 2-methyl-5-cyanoindole,
      2-methyl-7-chloroindole, 2-methyl5-fluoro- or -5-bromoindole,
      2-methyl-5,7-dichloroindole or 2-phenylindole,
      1-cyanoethyl-2,6-dimethylindole, and also pyrazoles, for example,
      1-phenyl- 5-aminopyrazole or 3-methylpyrazolone-5 or
      1-phenyl-3-methylpyrazolone-5,  1,3-dimethylpyrazolone-5,
      1-butyl-3-methylpyrazolone-5, 1-hydroxyethyl-3-methylpyrazolone-5,
      1-cyanoethyl-3-methylpyrazolone-5,
      1-(ortho-chlorophenyl)-3-methylpyrazolone-5, 3-carbomethoxypyrazolone-5,
      quinolines, for example, 1-methyl-4-hydroxyquinolone-2 or
      N-ethyl-3-hydroxy-7-methyl-1,2,3,4-tetrahydroquinoline, or pyrimidines,
      for exaple, barbituric acid, and also 1,3-indandione,
      1,8-naphthinedandione or dimedone.
PAR  Instead of a single diazo component, it is also possible to use a mixture
      of two or more of the diazo components of the invention, and, instead of a
      single coupling component, it is also possible to use a mixture of two or
      more coupling components of the invention.
PAR  Diazotization of the above-mentioned diazo components may be carried out in
      known manner, for example, with a mineral acid, especially hydrochloric
      acid, and sodium nitrite or, for example, with a solution of nitrosyl
      sulphuric acid in concentrated sulphuric acid.
PAR  Coupling may also be carried out in known manner, for example, in a neutral
      to acid medium, if necessary, in the presence of sodium acetate or a
      similar buffer which influences the rate of coupling, or a catalyst, for
      example, pyridine, or a salt thereof.
PAR  Manufacture of the diazo or coupling components containing a hydrazide
      group of the kind defined which are used as starting products may be
      carried out by reacting the corresponding coupling or diazo components
      containing an acid group or a derivative thereof, especially an acid ester
      group, with hydrazines in a manner analogous to that described above for
      the manufacture of dyestuff acid hydrazides, and subsequent quaternation.
      c. Finally, the new dyestuffs may also be manufactured by condensation. In
      manufacture by condensation, a compound of the formula
      ##EQU15##
      in which R.sub.1, R.sub.2, R.sub.3, X and Y have the meanings given above
      and Z' represents a reactive atom or a reactive group bound through a
      bridging component, for example, through an alkyl group, for example, a
      halogen atom or a sulphate, amino, carboxylic acid chloride or a sulphonic
      acid chloride group and the like, is reacted with a compound of the
      formula A'-Z", in which A' represents a dyestuff radical and Z" represents
      a reactive atom or a reactive group capable of reacting with Z'. For
      example, a dyestuff carboxylic acid or sulphonic acid chloride may be
      reacted with a compound containing a quaternated acid hydrazide group and
      an acylatable amino group, for example, with quaternated
      .gamma.-aminopropionic acid-N,N-dimethylhydrazide, or dyestuffs which
      contain an amino group may be reacted, for example, with compounds of the
      formula
EQU  ClCH.sub.2 CH.sub.2 CO--NH--N.sup.+(CH.sub.3).sub.3 Cl.sup.-
      ##EQU16##
      ##SPC17##
      Such reactions are advantageously performed in a neutral solvent, for
      example, in chlorobenzene, an alcohol or an aqueous alcohol mixture or
      dimethylformamide or in the absence of a solvent advantageously at an
      elevated temperature in an excess of the hydrazide compound and, if
      necessary, in the presence of a catalyst, for example, sodium iodide.
PAR  The dyestuff salts may be purified, if necessary, by dissolving them in
      water and filtering any unreacted starting dyestuff as an insoluble
      residue. The dyestuff may be precipitated from the aqueous solution by the
      addition of a water-soluble salt, for example, sodium chloride.
PAR  The quaternated dyestuffs obtained by the process of the invention
      preferably contain as anion the residue of a strong acid, for example,
      sulphuric acid, or a semi lower-alkyl-ester thereof, for example
      methylsulphate or ethylsulphate, or the residue of an arylsulphonic acid
      or a halogen ion. Important arylsulphonic acids are those of the benzene
      series, that are unsubstituted or substituted by lower akyl, lower alkoxy,
      chloro or bromo, such as benzene sulphonic acid, toluene-sulphonic acid or
      bromobenzene sulphonic acid. The said anions, which are introduced into
      the dyestuff molecule in accordance with the invention, may also be
      replaced by anions of other inorganic acids, for example, phosphoric,
      nitric or sulphuric acid, or by the anions of C.sub.1 -C.sub.4 alkane
      carboxylic or sulphonic acids or aromatic carboxylic acids of the benzene
      series, for example, formic, lactic, acetic, tartaric acid; benzoic,
      bromobenzoic, toluic or methanesulphonic acid. In some cases it is also
      possible to use the free bases. The dyestuff salts may also be in the from
      of double salts, for example, with halides of elements of Group II of the
      Periodic Table, especially zinc chloride or cadmium chloride.
PAR  The dyestuffs or dyestuff salts obtained by the process of the invention
      which contain a quaternated hydrazide group are suitable for dyeing and
      printing a very wide variety of synthetic fibres, for example, basic
      modified polyamide and polyurethane fibres, and also fibres made from
      basic modified polyesters of aromatic dicarboxylic acids, for example,
      polyethylene terephthalate fibres but especially polyacrylonitrile fibres
      or polyvinylidene cyanide fibres (Darvan). By polyacrylonitrile fibres is
      meant principally polymers containing more than 80 per cent of
      acrylonitrile, for example, 80 to 95 per cent; they may also contain 5 to
      20 per cent of vinyl acetate, vinylpyridine, vinyl chloride, vinylidene
      chloride, acrylic acid, an acrylic acid ester, methacrylic acid, a
      methacrylic acid ester and so forth. These products are sold under the
      following registered trademarks: "Acrilan 1956" (Chemstrand Corporation,
      Decatur, Ala., U.S.A.), "Acrilan 41" (Chemstrand Corporation), "Creslan"
      (American Cyanamid Company), "Orlon 44" (Du Pont), "Crylor HH" (Soc.
      Rhodiaceta SA, France), "Leacril N" (Applicazioni Chimice Societa per
      Azioni, Italy), "Dynel" (Union Carbide Chem. Corp.), "Exlan"  (Japan,
      Exlan Industry Co., Japan), "Vonnel" (Mitsubishi, Japan), "Verel"
      (Tennessee Eastman, U.S.A.), "Zefran" (Dow Chemical, U.S.A.) "Wolcrylon"
      (Filmfabrik Agfa, Wolfen), "Ssaniw" (U.S.S.R.) and also "Orlon 42"
      "Dralon", "Courtelle" and so forth.
PAR  The new dyestuffs produce on these fibres intense and level dyeings
      possessing a good fastness to light and good properties of general
      fastness, especially a good fastness to washing, perspiration,
      sublimation, crease-resist finishing, decatizing, hot-pressing, rubbing,
      carbonizing, water, sea water, dry cleaning, cross-dyeing and solvents.
      These fibres may also be dyed in admixture with one another. The new
      dyestuffs of the invention also display, inter alia, good stability in a
      wide pH range, good affinity in aqueous solutions of different pH values
      and a good fastness to kier boiling. Furthermore, the new dyestuffs
      reserve well on wool and other natural polyamide fibres.
PAR  The quaternated, water-soluble dyestuffs generally show little sensitivity
      to electrolytes, and some of them display exceptionally good solubility in
      water or polar solvents. Dyeing with the quaternated, water-soluble
      dyestuffs is generally carried out in an aqueous neutral or acid medium at
      the boil under atmospheric pressure or in a closed vessel at an elevated
      temperature and under superatmospheric pressure. The ordinary commercially
      available levelling agents have no deleterious effect when used, but they
      are not necessary.
PAR  The said dyestuffs are also highly suitable for three-colour dyeing.
      Furthermore, by virtue of their stability to hydrolysis, they may be used
      with advantage in high-temperature dyeing and for dyeing in the presence
      of wool. They may also be applied to the fibrous materials by printing
      processes. In this method of application, a printing paste is used which,
      in addition to the dyestuff, contains the usual printing adjuvants. The
      dyestuffs are also suitable for the bulk-colouration of acrylonitrile
      polymerization products and other plastic products and, if desired,
      solutions thereof, the colourations produced being fast to light and
      washing. They are also suitable for colouring oil paints and lacquers, and
      dyeing cotton, especially mordanted cotton, cellulose, regenerated
      cellulose and paper.
PAR  The dyestuffs may also be applied by printing processes. In this method of
      application the printing pastes contain, for example, the finely divided
      dyestuff, if necessary, in admixture with one of the above-mentioned
      cotton dyestuffs, the adjuvants normally used in printing, for example,
      wetting and thickening agents, and if necessary, urea and/or an agent
      capable of binding acid.
PAR  The processes described produce strong dyeings and prints possessing
      excellent properties of fastness, especially a good fastness to light,
      sublimation, decatizing, washing and chlorinated water. A further
      advantage offered by the dyestuffs to be used in accordance with the
      invention is that they reserve well on wool and cotton.
DETD
PAR  The following Examples illustrate the invention. Unless otherwise stated,
      the parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  22.1 Parts of .beta.-N-ethylanilinopropionic acid ethyl ester and 12 parts
      of N,N-dimethylhydrazine are heated for about 12 hours at 150.degree.C in
      a sealed tube. The reaction product is distilled at about 0.1 mm Hg until
      the unreacted starting products and any by-products have evaporated. The
      distillation residue, which is fairly homogeneous, is used again.
PAR  3.45 Parts of 2-chloro-4-nitroaniline are diazotized and then coupled at 0
      to 5.degree.C with a solution of 4.7 parts of the
      .beta.-N-ethylaninlinopropionic acid-N,N-dimethylhydrazide, obtained as
      described above, in 20 parts of alcohol. The coupling mixture is rendered
      neutral to Congo paper with sodium acetate solution. After some time, the
      dyestuff which precipitates is isolated by suction filtration, washed with
      water and dried.
PAR  4.18 Parts of the dried product are dissolved in 25 parts of warm
      chlorobenzene, and then a solution of 2.8 parts of paratoluenesulphonic
      acid methyl ester in 15 parts of chlorobenzene is added dropwise at about
      95.degree.C. The mixture is stirred for about 3 hours at 95.degree.C and
      then cooled. The product which precipitates is isolated by filtration,
      dissolved in hot water, clarified by filtration, and the dyestuff of the
      formula
      ##SPC18##
PAL  is salted out of the filtrate, isolated by filtration and dried. It dyes
      polyacrylonitrile fibres strong ruby tints possessing excellent properties
      of fastness.
PAC  EXAMPLE 2
PAR  25.2 Parts of chloroformic acid-(2-N-.beta.-cyanoethylanilino)ethyl ester
      are added in portions of 10.degree. to 20.degree.C to a solution of 18
      parts of N,N-dimethylhydrazine in 30 parts of dry benzene and the mixture
      is stirred for 24 hours. The suspension is filtered and the filtrate is
      evaporated in vacuo. The residue is used directly for coupling.
PAR  A diazo solution prepared from 17.2 parts of 2-chloro-4-nitroaniline is
      coupled at 0.degree. to 5.degree.C with a solution of 27.6 parts of the
      reaction product obtained as described above in 100 parts of alcohol. The
      coupling mixture is stirred for one hour at 0.degree. to 5.degree.C and
      the pH is then adjusted to 7 with sodium hydroxide solution. The dyestuff
      which precipitates is isolated by suction filtration, washed with water
      and dried.
PAR  13.8 Parts of the dried product are dissolved in 70 parts of warm
      chlorobenzene, and then a solution of 5.7 parts of dimethyl sulphate in 20
      parts of chlorobenzene is added dropwise at about 95.degree.C. The mixture
      is stirred for 3 hours at 95.degree.C and then cooled. The product which
      precipitates is isolated by filtration, dissolved in hot water, the
      solution is clarified by filtration, and the dyestuff of the formula
      ##SPC19##
PAL  is salted out of the filtrate, isolated by filtration and dried. It dyes
      polyacrylonitrile fibres strong red tints possessing very good properties
      of fastness.
PAC  EXAMPLE 3
PAR  21.3 Parts of 2,3-naphthoisatoic anhydride are reacted with 5.6 parts of
      N,N-dimethylhydrazine. The purified 2-aminonaphthalene-3-carboxylic
      acid-N,N-dimethylhydrazide melts at 233.degree.C.
PAR  26.2 Parts of 2,4-dinitro-6-bromoaniniline are diazotized in the usual
      manner and coupled with 22.9 parts of the above compound dissolved in
      acetic acid. The dyestuff, which precipitates completely, is isolated and
      recrystallized from dioxane. It melts at 208.degree. to 210.degree.C.
PAR  5 Parts of the dyestuff are dissolved at 95.degree.C in 100 parts of
      chlorobenzene and then 2 parts of dimethyl sulphate in 10 parts of
      chlorobenzene are added dropwise. The batch is then stirred for 3 hours at
      95.degree. to 100.degree.C. The solvent is evaporated in a rotary
      evaporator and the residue is recrystallized from water with the addition
      of formic acid and active carbon.
PAR  The water-soluble dyestuff of the formula
      ##SPC20##
PAL  is a dark powder which dyes polyacrylonitrile fibres attractive violet
      tints possessing very good properties of fastness.
PAC  EXAMPLE 4
PAR  92.8 Parts of para-nitrobenzoyl chloride are introduced in portions at
      0.degree. to 5.degree.C into a solution of 36 parts of
      N,N-dimethylhydrazine in 350 parts of dry pyridine, and the mixture is
      stirred for 18 hours at room temperature. The pyridine is distilled in
      vacuo and the pH of the residue is adjusted to 7 with sodium carbonate
      solution. The product which precipitates is isolated by suction
      filtration, washed with water and recrystallized from alcohol. The
      para-nitrobenzoic acid-N,N-dimethylhydrazide melts at 150.degree. to
      151.degree.C. Elementary analysis indicates the following composition:
PAR  C 51.4%; H 5.2%; N 20.2%,
PAL  as compared with the calculated values for the formula C.sub.9 H.sub.11
      N.sub.3 O.sub.3 :
PAR  C 51.7%; H 5.3%; N 20.1%.
PAR  62.7 Parts of para-nitrobenzoic acid-N,N-dimethylhydrazide are dissolved in
      600 parts of alcohol and then hydrogenated with Raney nickel as catalyst
      and hydrogen. After hydrogenation, the catalyst is removed by filtration
      and the solution is evaporated in vacuo.
PAR  5.37 Parts of para-aminobenzoic acid-N,N-dimethylhydrazide are dissolved in
      18 parts of concentrated hydrochloric acid and 60 parts of water, and then
      diazotized with 7.5 parts by volume of 4N sodium nitrite solution at
      0.degree. to 5.degree.C. The diazo solution is coupled with a solution of
      5.22 parts of N-ethyl-N-cyanoethylaniline in alcohol and the batch is
      stirred for 2 hours. The coupling mixture is rendered neutral to Congo
      paper with sodium acetate and stirred overnight. The pH of the mixture is
      then adjusted to 7 with sodium hydroxide solution. The product which
      precipitates is isolated by filtration, washed with water and dried.
PAR  9.1 Parts of the dried product are dissolved in 60 parts of warm
      nitrobenzene, and then a solution of 4.73 parts of dimethyl sulphate in 20
      parts of nitrobenzene is added dropwise at about 95.degree.C. The mixture
      is stirred for 3 hours at 95.degree.C and then cooled. The product which
      precipitates is isolated by filtration, dissolved in hot water, the
      solution is clarified by filtration, and the dyestuff of the formula
      ##SPC21##
PAL  is salted out of the filtrate, isolated by filtration and dried. It dyes
      polyacrylonitrile fibres brown tints possessing very good properties of
      fastness.
PAR  Table 1 below lists components for the manufacture of further dyestuffs.
      The dyestuffs are made by diazotizing the diazo component shown in Column
      I, coupling the diazo compound with the coupling component listed in
      Column II, and then quaternating with the alkylating agent shown in Column
      III. The tints produced on polyacrylonitrile fibres with the dyestuffs are
      indicated in Column IV.
      ##SPC22##
PAC  EXAMPLE 5
PAR  23.5 Parts of .beta.-N-ethylanilinopropionic acid-N,N-dimethylhydrazide are
      dissolved in 30 parts of warm chlorobenzene, and the 14 parts of dimethyl
      sulphate in 20 parts of chlorobenzene are added dropwise at about
      90.degree.C. The mixture is stirred for about 3 hours at 95.degree.C and
      then cooled. The product which precipitate is isolated, washed with
      petroleum ether and dried.
PAR  4.9 Parts of 2-amino-6-nitrobenzthiazole are diazotized and the diazo
      compound is coupled at 0 to 5.degree.C with a solution of 9 parts of the
      .beta.-N-ethylanilinopropionic acid-N,N,N-trimethylhydrazide-methosulphate
      obtained as described above in 50 parts alcohol. The coupling mixture is
      stirred for 2 hours and the product is salted out with ammonium sulphate.
      The product which precipitates is isolated by filtration, dissolved in hot
      water, the solution is clarified by filtration and the dyestuff of the
      formula
      ##SPC23##
      is salted out, isolated by filtration and dried. It dyes polyacrylonitrile
      fibres violet tints possessing excellent properties of fastness.
PAC  EXAMPLE 6
PAR  22.1 Parts of .beta.-N-ethylanilinopropionic acid ethyl ester and 8 parts
      of hydrazine hydrate are stirred for 8 hours at 100.degree.C. The mixture
      is cooled and diluted with chloroform. The solution is chloroform is
      washed with 10% sodium chloride solution and then evaporated.
PAR  20.7 Parts of the .beta.-N-ethylanilinopropionic acid hydrazide obtained in
      the manner described above are dispersed in 50 parts of water and then 30
      parts of sodium bicarbonate are added. 32 Parts by volume of dimethyl
      sulphate are added dropwise at 10 to 15.degree.C and the batch is stirred
      for 2 hours. The mixture is then heated to 50.degree. to 60.degree.C and
      stirred for a further 3 hours. The solution is ready for further use.
PAR  17.7 Parts of 5-amino-3-phenyl-1,2,4-thiadiazole are diazotized and coupled
      at 0.degree. to 5.degree.C with the solution of
      .beta.-N-ethylanilinopropionic acid-N,N,N-trimethylhydrazide-methosulphate
      obtained as described above. The coupling mixture is stirred for 5 hours
      at 0.degree. to 5.degree.C and the product is salted out with ammonium
      sulphate. The product which precipitates is isolated by filtration,
      dissolved in hot water, the solution is clarified by filtration and the
      dyestuff of the formula
      ##SPC24##
PAL  is salted out, isolated by filtration and dried. It dyes polyacrylonitrile
      fibres red tints possessing excellent properties of fastness.
PAR  Table 2 below lists components for the manufacture of further dyestuffs.
      The dyestuffs are obtained by diazotizing the diazo component shown in
      Column I and coupling the diazo compound so obtained with the coupling
      component listed in Column II. The tints obtained with the dyestuffs on
      polyacrylonitrile fibres are listed in Column III.
      ##SPC25##
PAC  EXAMPLE 7
PAR  16.5 Parts of 1-amino-4-nitroanthraquinone-2-carboxylic acid chloride are
      introduced in portions at 0.degree. to 10.degree.C into a solution of 3.6
      parts of N,N-dimethylhydrazine in 150 parts of pyridine and the batch is
      stirred for 24 hours. The pyridine is evaporated in vacuo, and the residue
      is neutralized with potassium carbonate solution. The hydrazide which
      precipitates is isolated by fltration, washed with water and dried.
PAR  7.1 Parts of 1-amino-4-nitroanthraquinone-2-carboxylic acid
      dimethylhydrazide thus obtained are dissolved in 250 parts of
      dimethylformamide and hydrogenated with Raney nickel as catalyst and
      hydrogen. The catalyst is removed by filtration and the dimethylformamide
      is distilled in vacuo. Water is added to the residue, the whole is
      stirred, filtered, and the filter residue is dried.
PAR  6.5 Parts of the dried product are dissolved in 85 parts of warm
      nitrobenzene, and then a solution of 3 parts of dimethyl sulphate in 10
      parts of nitrobenzene is added dropwise at about 90.degree.C. The mixture
      is stirred for 3 hours at 95.degree.C and then cooled. The product which
      precipitates is isolated by filtration, dissolved in hot water, the
      solution is clarified by filtration and the dyestuff of the formula
      ##SPC26##
PAL  is salted out, isolated by filtration and dried. It dyes polyacrylonitrile
      fibres blue tints possessing very good properties of fastness.
PAC  EXAMPLE 8
PAR  6.5 Parts of 1-hydroxy-4-carbomethoxyethylaminoanthraquinone are dissolved
      in 20 parts of pyridine. 2.1 Parts of hydrazine hydrate are added dropwise
      at 70.degree.C and the batch is stirred for 24 hours at 100.degree.C. The
      mixture is cooled and diluted with a 10% sodium chloride solution. The
      product which precipitates is isolated by filtration and dried.
PAR  4.9 Parts of the .beta.-4-hydroxy-1-anthraquinonylaminopropionic acid
      hydrazide obtained as described above are dissolved in 100 parts of warm
      nitrobenzene and then 4.5 parts of sodium bicarbonate and 4.8 parts by
      volume of dimethyl sulphate are added at room temperature. The reaction
      mixture is stirred for 3 hours at room temperature and then for 8 hours at
      55.degree.C. The batch is acidified with acetic acid, the nitrobenzene is
      removed by steam distillation, the residue is dissolved in boiling water
      and the solution is clarified by filtration. The dyestuff of the formula
      ##SPC27##
PAL  is salted out, isolated by filtration and dried. It dyes polyacrylonitrile
      fibres violet tints possessing excellent properties of fastness.
PAR  Table 3 below lists components for the manufacture of further dyestuffs.
      The dyestuffs are obtained by quaternating the dyestuff intermediate
      products listed in Column I with the alkylating agents listed in Column
      II. The tints produced with the dyestuffs on polyacrylonitrile fibres are
      indicated in Column III.
      ##SPC28##
PAC  EXAMPLE 9
PAR  9.3 Parts of
      4-N-ethyl-N-(2'-hydroxyethyl)-amino-2-methylbenzaldehydebenzoic acid
      ester, 4.2 parts of cyanoacetic acid dimethylhydrazide, 0.3 part of
      piperidine and 15 parts of methylalcohol are boiled for 4 hours under
      reflux. The reaction mixture is cooled, water is added and the product
      which precipitates is isolated by filtration, washed with water and dried.
PAR  8.4 Parts of the dried product are dissolved in 20 part of warm
      chlorobenzene, and then a solution of 3.7 parts of dimethyl sulphate in 10
      parts of chlorobenzene is added dropwise at 90.degree.C. The mixture is
      stirred for 3 hours at 95.degree.C and then cooled. The product which
      precipitates is isolated by filtration, dissolved in hot water, the
      solution is clarified by filtration and the dyestuff of the formula
      ##SPC29##
PAL  is salted out, isolated by filtration and dried. It dyes polyacrylonitrile
      fibres greenish yellow tints possessing good properties of fastness.
PAR  Table 4 below lists components for the manufacture of further dyestuffs.
      The dyestuffs are obtained by quaternating the dyestuff intermediate
      products listed in Column I with the alkylating agents listed in Column
      II. The tints produced with the dyestuffs on polyacrylonitrile fibres are
      indicated in Column III.
      ##SPC30##
PAC  EXAMPLE 10
PAR  25.6 Parts of 4-chloro-3-nitrobenzenesulphochloride, 18 parts of
      para-aminobenzoic acid dimethylhydrazide and 80 parts of acetone are
      stirred at about 40.degree.C. The hydrochloric acid that is liberated is
      neutralized by the addition of potassium bicarbonate. After condensation,
      the mixture is diluted with water and the product which precipitates is
      isolated by filtration. The filter cake, 10.2 parts of aniline, 10 parts
      of calcium carbonate and 200 parts of alcohol are boiled for 24 hours
      under reflux. The mixture is filtered while hot and the filter residue is
      washed with hot alcohol. The filtrate is concentrated until the product
      crystallizes out.
PAR  45.5 Parts of the product obtained as described above dissolved in
      nitrobenzene are quaternated with 14 parts of dimethyl sulphate for 3
      hours at 90.degree. to 95.degree.C. The mixture is then worked up in the
      manner described in Example 4. The dyestuff of the formula
      ##SPC31##
PAL  is obtained which dyes polyacrylonitrile fibres yellow tints possessing
      very good properties of fastness.
PAC  TABLE 5
PAR  Table 5 below lists components for the manufacture of further dyestuffs.
      The dyestuffs are obtained by quaternating the dyestuff intermediate
      products listed in Column I with the alkylating agents listed in Column
      II. The tints produced with the dyestuffs on polyacrylonitrile fibres are
      indicated in Column III.
CLMS
STM  We claim:
NUM  1.
PAR  1. A water-soluble basic dyestuff of the formula
      ##EQU17##
      in which A.sub.1 is thiazole, benzthiazole, pyrazole, indazole, triazole,
      thiadiazole, pyridine or quinoline; and is unsubstituted or substituted by
      lower alkyl, trifluoromethyl, lower alkoxy, chloro, bromo, cyano, nitro,
      phenylazo, loweralkoxycarbonyl, lower alkylcarbonyl, lower alkylsulfonyl,
      acylamino, sulfonic acid amide, phenyl, methoxyphenyl, chlorophenyl or
      nitrophenyl,
PA1  B is para-phenylene or para-phenylene substituted by chlorine, bromine,
      lower alkyl, trifluoromethyl, lower alkoxy, acylamino or amino,
PA1  R'.sub.2 is lower alkyl, cyanoloweralkyl, loweralkoxy-loweralkyl, lower
      alkanoyloxy-lower alkyl, lower alkylsulphonyloxylower alkyl,
      arylcarbonyloxy-lower alkyl, arylsulphonyloxy-lower alkyl, arylloweralkyl
      or a residue of the formula
EQU  --CH.sub.2 CH.sub.2 --Q.sup.+ X.sup.-,
PA1  Q is a quaternated hydrazide group of the formula
      ##EQU18##
      where R.sub.1 is lower alkyl or hydrogen,
PA1  R.sub.2, r.sub.3 and R.sub.4 each independently is lower alkyl or
PA1  R.sub.2 and R.sub.3 are lower alkyl and
PA1  R.sub.4 is phenyl or benzyl, and
PA1  X is an anion
PAL  and where
PA1  "acylamino" means lower alkanoylamino, aryl carbonylamino, lower alkyl
      sulfonylamino, arylsulfonylamino, lower alkoxy-carbonylamino, ureido and
      lower alkylureido;
PA1  "sulfonamide" means an unsubstituted sulfonic acid amide group or a
      sulfonic acid amide group substituted by lower alkyl, aryl-loweralkyl or
      aryl, and
PA1  "aryl" means unsubstituted phenyl or phenyl substituted by lower alkyl,
      lower alkoxy, chlorine or bromine and
PA1  "lower" means containing up to 4 carbon atoms.
NUM  2.
PAR  2. A water-soluble basic dyestuff of the formula
      ##EQU19##
      in which A.sub.2 is phenyl or phenyl substituted by lower alkyl,
      trifluoromethyl, lower alkoxy, chlorine, bromine, cyano, nitro, lower
      alkoxycarbonyl, lower alkylsulfonyl, acylamino or sulfonamide,
PA1  B.sub.2 is 1-phenyl-3-methyl-5-hydroxypyrazole or
      1-phenyl-3-methyl-5-aminopyrazole,
PA1  R.sub.1 is lower alkyl or hydrogen,
PA1  R.sub.2, r.sub.3 and R.sub.4 each independently is lower alkyl or
PA1  R.sub.2 and R.sub.3 are lower alkyl and
PA1  R.sub.4 is phenyl or benzyl and
PA1  X is an anion
PAL  and where
PA1  "acylamino" means lower alkanoylamino, aryl carbonylamino, lower alkyl
      sulfonylamino, arylsulfonylamino, lower alkoxy-carbonylamino, ureido and
      lower alkylureido;
PA1  "sulfonamide" means an unsubstituted sulfonic acid amide group or a
      sulfonic acid amide group substituted by lower alkyl, aryl-loweralkyl or
      aryl, and
PA1  "aryl" means unsubstituted phenyl or phenyl substituted by lower alkyl,
      lower alkoxy, chlorine or bromine and
PA1  "lower" means containing up to 4 carbon atoms.
NUM  3.
PAR  3. A dyestuff as claimed in claim 1, wherein R.sub.1 is hydrogen and
      R.sub.2, R.sub.3 and R.sub.4 each represents methyl.
PATN
WKU  039459926
SRC  5
APN  4452968
APT  1
ART  117
APD  19740222
TTL  Arylsulphonylaminosulphonylphenyl-azo-arylene-azo-phenyl dyestuff
ISD  19760323
NCL  5
ECL  1
EXP  Higel; Floyd D.
INVT
NAM  Sommer; Richard
CTY  Leverkusen
CNT  DT
INVT
NAM  Wolfrum; Gerhard
CTY  Bergisch-Neukirchen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730222
APN  2308723
CLAS
OCL  260174
XCL  260177
XCL  260184
XCL  260185
XCL  260186
XCL  260191
XCL  260196
XCL  260205
XCL  260206
XCL  260208
XCL  260556SN
EDF  2
ICL  C09B 4318
ICL  C09B 3106
ICL  D06P  324
FSC  260
FSS  174;186;191;177;184;185
UREF
PNO  2180246
ISD  19391100
NAM  Krebser
OCL  260191
UREF
PNO  2317387
ISD  19430400
NAM  Kvalnes et al.
OCL  260160
UREF
PNO  3134766
ISD  19640500
NAM  Merian et al.
OCL  260186
UREF
PNO  3267089
ISD  19660800
NAM  Feeman
OCL  260191
UREF
PNO  3310550
ISD  19670300
NAM  Liechti
OCL  260152
UREF
PNO  3485814
ISD  19691200
NAM  Speck
OCL  260186
UREF
PNO  3725384
ISD  19730400
NAM  Zickendraht et al.
OCL  260186
LREP
FRM  Plumley and Tyner
ABST
PAL  Dyestuffs of the formula
      ##SPC1##
PAL  In which
PA1  R.sub.1 represents an aromatic radical, an aliphatic radical with 1-4 C
      atoms or a dialkylamino radical in which the alkyl groups contain 1-4 C
      atoms,
PA1  R.sub.2 represents chlorine, bromine, an alkoxy group or an alkyl group,
PA1  R.sub.3 and R.sub.4 represent hydrogen, chlorine, bromine, an alkoxy group
      or an alkyl group,
PA1  R.sub.5 represents hydrogen, chlorine, bromine, fluorine, a phenyl group,
      an alkyl group with 1-4 C atoms or an alkoxy group with 1-4 C atoms,
PA1  R.sub.6 represents hydrogen, an alkyl group with 1-4 C atoms or an alkoxy
      group with 1-4 C atoms,
PA1  R.sub.7 represents an arylsulphonyl radical,
PA1  B represents a 1,4-phenylene, a 1,4-naphthylene or a
      tetrahydro-1,4-naphthylene radical and
PA1  m represents a number from 0 to 2,
PA1  Are suitable for dyeing synthetic fibre materials, especially polyamide
      fibre materials.
BSUM
PAR  The present invention relates to new, valuable disazo dyestuffs which in
      the form of the free acid correspond to the general formula
      ##SPC2##
PAL  And to their preparation and use for dyeing synthetic fibre materials,
      especially polyamide fibre materials.
PAL  In the general formula (I)
PAR  R.sub.1 represents an aromatic radical, an aliphatic radical with 1-4 C
      atoms or a dialkylamino radical in which the alkyl groups contain 1-4 C
      atoms,
PAR  R.sub.2 represents chlorine, bromine, an alkoxy group or an alkyl group,
PAR  R.sub.3 and R.sub.4 represent hydrogen, chlorine, bromine, an alkoxy group
      or an alkyl group,
PAR  R.sub.5 represents hydrogen, chlorine, bromine, fluorine, a phenyl group,
      an alkyl group with 1-4 C atoms or an alkoxy group with 1-4 C atoms,
PAR  R.sub.6 represents hydrogen, an alkyl group with 1-4 C atoms or an alkoxy
      group with 1-4 C atoms,
PAR  R.sub.7 represents an arylsulphonyl radical,
PAR  B represents a 1,4-phenylene, a 1,4-naphthylene or a
      tetrahydro-1,4-naphthylene radical and
PAR  M REPRESENTS A NUMBER FROM 0 TO 2.
PAR  Examples of suitable radicals B are radicals of the formulae
      ##SPC3##
PAL  Wherein
PAR  R.sub.3 and R.sub.4 have the abovementioned meaning.
PAR  Preferred alkyl groups are those with 1-4 C atoms. The alkyl and alkoxy
      groups can be substituted further, for example, by halogen, nitrile,
      hydroxyl or optionally substituted phenyl. Examples of suitable alkyl
      groups are --CH.sub.3, --C.sub.2 H.sub.5, --C.sub.3 H.sub.7, --C.sub.4
      H.sub.9, --C.sub.2 H.sub.4 CN, --CH.sub.2 --C.sub.6 H.sub.5  and CF.sub.3.
PAR  Preferred alkoxy groups are those with 1-4 C atoms. Suitable alkoxy groups
      are, for example, --OCH.sub.3, --OC.sub.2 H.sub.5, --OC.sub.3 H.sub.7,
      --OC.sub.4 H.sub.9, --OCH.sub.2 CH.sub.2 OH and --OCH.sub.2 C.sub.6
      H.sub.5.
PAR  Examples of suitable dialkylamino radicals R.sub.1 are dimethylamino,
      diethylamino and dibutylamino.
PAR  Suitable aromatic radicals R.sub.1 are, in particular, phenyl radicals. The
      phenyl radicals can contain further substituents, for example C.sub.1
      -C.sub.4 -alkyl groups, C.sub.1 -C.sub.4 -alkoxy groups, halogen, nitrile,
      nitro and the like. Phenyl and tolyl are preferred. Further suitable
      aromatic radicals R.sub.1 are 1- and 2-naphthyl radicals. The aliphatic
      radicals R.sub.1 are, in particular, alkyl radicals.
PAR  Examples of suitable arylsulphonyl radicals are phenylsulphonyl,
      naphthylsulphonyl or tetrahydronapthylsulphonyl radicals which can
      optionally be substituted further, for example by halogen, such as
      chlorine and bromine, or by methyl, ethyl, methoxy or nitro groups.
PAR  Examples of preferred arylsulphonyl radicals are phenylsulphonyl, o-, m-
      and p-tolylsulphonyl and o-, m- and p-chlorophenylsulphonyl.
PAR  The disulphimide group of the formula (I) is in the ortho-, meta- or
      para-position to the azo bridge and the radical OR.sub.7 is in the ortho-
      or para-position to the azo bridge.
PAR  Preferred dyestuffs are those of the formula
      ##SPC4##
PAL  wherein
PAR  R.sub.1 ' represents an aromatic radical or an aliphatic radical with 1-4
      carbon atoms,
PAR  R.sub.2 ' represents chlorine, bromine, a methoxy or ethoxy group or a
      methyl or ethyl group,
PAR  R.sub.3 ' represents hydrogen, chlorine, a methyl or methoxy group or an
      ethyl or ethoxy group,
PAR  R.sub.4 ' represents hydrogen, a methyl or methoxy group or an ethyl or
      ethoxy group,
PAR  R.sub.5 ' and R.sub.6 ' independently of one another represent hydrogen, an
      alkyl group with 1-4 C atoms or an alkoxy group with 1-4 C atoms,
PAR  R.sub.7 ' represents a phenylsulphonyl, o-, m- or p-tolylsulphonyl or o-,
      m- or p-chlorophenylsulphonyl group and
PAR  m represents a number from 0 to 2, as well as those of the formula
      ##SPC5##
PAL  wherein
PAR  R.sub.1 ', R.sub.2 ', R.sub.5 ', R.sub.6 ', R.sub.7 ' and m have the
      abovementioned meaning.
PAR  Further preferred dyestuffs are those of the formula
      ##SPC6##
PAL  wherein
PAR  R.sub.1 ', R.sub.2 ', R.sub.5 ', R.sub.6 ', R.sub.7 ' and m have the
      abovementioned meaning.
PAR  Particularly valuable dyestuffs are those of the formula
      ##SPC7##
PAL  wherein
PAR  R.sub.1 ', R.sub.2 ', R.sub.3 ', R.sub.4 ', R.sub.5 ' and R.sub.6 ' have
      the abovementioned meaning,
PAR  R.sub.7 " represents phenylsulphonyl or p-tolylsulphonyl and
PAR  m' represents 0 or 1 especially those of the formula
      ##SPC8##
PAL  wherein
PAR  R.sub.2 ', R.sub.3 ', R.sub.4 ', R.sub.5 ', R.sub.6 ', R.sub.7 " and m'
      have the abovementioned meaning and
PAR  R.sub.1 " represents an optionally substituted phenyl radical.
PAR  Further particularly valuable dyestuffs are those of the formula
      ##SPC9##
PAL  wherein
PAR  R.sub.1 ', R.sub.2 ', R.sub.5 ', R.sub.6 ', R.sub.7 " and m' have the
      abovementioned meaning, especially those of the formula
      ##SPC10##
PAL  wherein
PAR  R.sub.2 ', R.sub.5 ', R.sub.6 ', R.sub.7 " and m' have the abovementioned
      meaning and
PAR  R.sub.1 " represents an optionally substituted phenyl radical.
PAR  The dyestuffs of the formula (I) are prepared in a known manner, in which
      amines of the formula
      ##SPC11##
PAL  wherein
PAR  R.sub.1, R.sub.2 and m have the abovementioned meaning are diazotised and
      reacted with amines of the formula
      ##EQU1##
      wherein
PAR  R.sub.3, R.sub.4 and B have the abovementioned meaning and
PAR  Z represents H, --SO.sub.3 H or --CH.sub.2 SO.sub.3 H, to give monoazo
      dyestuffs of the formula
      ##SPC12##
PAL  the monoazo dyestuffs thus obtained are diazotised, after splitting off the
      group Z, where necessary, by alkaline or acid saponification, the
      diazotised compound is coupled with phenols which couple in the
      ortho-position or para-position to the OH group, of the formula
      ##SPC13##
PAL  wherein
PAR  R.sub.5 and R.sub.6 have the abovementioned meaning and thereafter the
      disazo dyestuffs of the formula
      ##SPC14##
PAL  are esterified with arylsulphonyl halides, preferably the chlorides.
PAR  As examples of suitable disulphimides of the formula (IX) there may be
      mentioned (3-amino-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-4-chloro-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-benzenesulphonyl)-methanesulphonamide,
      (3-amino-benzenesulphonyl)-propanesulphonamide,
      (3-amino-benzenesulphonyl)-butanesulphonamide,
      (3-amino-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-benzenesulphonyl)-o-toluenesulphonamide,
      (3-amino-4-chloro-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-4-chloro-benzenesulphonyl)-methanesulphonamide,
      (3-amino-4-chloro-benzenesulphonyl)-butanesulphonamide,
      (3-amino-4-chloro-benzenesulphonyl)-o-toluenesulphonamide,
      (3-amino-6-methyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-methyl-benzenesulphonyl)-butanesulphonamide,
      (3-amino-6-methyl-benzenesulphonyl)-methanesulphonamide,
      (3-amino-6-methyl-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-6-methyl-benzenesulphonyl)-o-toluenesulphonamide,
      (3-amino-4-methyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-4-methyl-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-4-methyl-benzenesulphonyl)-o-toluenesulphonamide,
      (3-amino-4-methyl-benzenesulphonyl)-methanesulfphonamide,
      (3-amino-4-methoxy-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-4-methoxy-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-4-methoxy-benzenesulphonyl)-methanesulphonamide,
      (3-amino-4-methoxy-benzenesulphonyl)-butanesulphomide,
      (3-amino-6-methoxy-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-methoxy-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-6-methoxy-benzenesulphonyl)-methanesulphonamide,
      (3-amino-6-methoxy-benzenesulphonyl)-butanesulphonamide,
      (2-amino-benzenesulphonyl)-benzenesulphonamide,
      (2-amino-benzenesulphonyl)-p-toluenesulphonamide,
      (2-amino-benzenesulphonyl)-o-toluenesulphonamide,
      (2-amino-benzenesulphonyl)-methanesulphonamide,
      (2-amino-benzenesulphonyl)-butanesulphonamide,
      (3-amino-6-ethyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-ethyl-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-6-ethyl-benzenesulphonyl)-methanesulphonamide,
      (3-amino-4-ethyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-ethoxy-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-ethoxy-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-6-chloro-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-6-chloro-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-6-chloro-benzenesulphonyl)-o-toluenesulphonamide,
      (4-amino-benzenesulphonyl)-p-toluenesulphonamide,
      (4-amino-benzenesulphonyl)-o-toluenesulphonamide,
      (4-amino-benzenesulphonyl)-methanesulphonamide,
      (4-amino-benzenesulphonyl)-butanesulphonamide,
      (3-amino-4-bromo-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-4-bromo-benzenesulphonyl)-p-toluenesulphonamide,
      (3-amino-4-bromo-benzenesulphonyl)-o-toluenesulphonamide,
      (3-amino-4-bromo-benzenesulphonyl)-methanesulphonamide,
      (3-amino-4-bromo-benzenesulphonyl)-butanesulphonamide,
      (2-amino-3-chloro-4-methyl-benzenesulphonyl)-benzenesulphonamide,
      (2-amino-3-chloro-  4-methyl-benzenesulphonyl)-benzenesulphonamide,
      (2-amino-3-chloro-4-methoxy-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-4-chloro-5-methyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-5-chloro-6-methyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-5-chloro-6-methyl-benzenesulphonyl)-methanesulphonamide,
      (4-amino-5-chloro-benzenesulphonyl)-benzenesulphonamide,
      (4-amino-3-chloro-benzenesulphonyl)-methanesulphonamide,
      (4-amino-5-methyl-benzenesulphonyl)-methanesulphonamide,
      (4-amino-5-methyl-benzenesulphonyl)-benzenesulphonamide,
      (3-amino-benzenesulphonyl)-1-napthylsulphonamide,
      (4-amino-benzenesulphonyl)-2-naphthylsulphonamide,
      (3-amino-benzenesulphonyl)-N,N-dimethylaminosulphonamide,
      (4-amino-benzenesulphonyl)-N,N-diethylaminosulphonamide and
      (3-amino-benzenesulphonyl)-N,N-dibutylaminosulphonamide.
PAR  Examples of suitable middle components of the formula (X) are: aniline,
      2-aminotoluene, 3-aminotoluene, 2-amino-ethylbenzene, 3amino-ethylbenzene,
      3-chloroaniline, 3-bromoaniline, 2-aminoanisole, 3-aminoanisole,
      2-amino-ethoxybenzene, 3-amino-ethoxybenzene, 1-amino-2,3-dimethylbenzene,
      1-amino-2,5-dimethylbenzene, 1-amino-3,5-dimethylbenzene,
      3-amino-4-methoxy-toluene, 2-amino-4-methoxy-toluene,
      2-amino-1,4-dimethoxybenzene, 2-amino-4-ethoxy-toluene,
      2-amino-1,4-diethoxybenzene, .alpha.-naphthylamine,
      5,6,7,8-tetrahydro-napthylamine-(1) and their N-sulphonic acids or their
      N-.omega.-methanesulphonic acids.
PAR  As examples of suitable end components of the formula (XII) there may be
      mentioned: phenol, o-cresol, m-cresol, p-cresol, 1-hydroxy-4-ethylbenzene,
      1-hydroxy-4-tertiary butylbenzene, 1-hydroxy-2-ethylbenzene,
      1-hydroxy-2-isopropylbenzene, 1-hydroxy-2-secondary butylbenzene,
      3-hydroxy-1,2-dimethylbenzene, 2-hydroxy-1,4-dimethylbenzene,
      4-hydroxy-1,2-dimethylbenzene, 2-hydroxy-1,3-diethylbenzene,
      1-hydroxy-2-methoxybenzene, 1-hydroxy-3-methoxybenzene,
      1-hydroxy-3-ethoxybenzene, 1-hydroxy-4-butoxybenzene and
      1-hydroxy-3-butoxybenzene.
PAR  As examples of suitable acylating agents there may be mentioned:
      benzenesulphonic acid chloride, o-, m- and p-chlorobenzenesulphonic acid
      chloride, 3,4-dichlorobenzenesulphonic acid chloride,
      2,5-dichlorobenzenesulphonic acid chloride, o-, m- and p-toluenesulphonic
      acid chloride, o-, m- and p-nitrobenzenesulphonic acid chloride,
      4-chloro-3-nitrobenzenesulphonic acid chloride,
      2-chloro-5-nitrobenzenesulphonic acid chloride,
      4-chloro-2-toluenesulphonic acid chloride, 2-chloro-4-toluenesulphonic
      acid chloride, 1,3-dimethyl-4-benzenesulphonic acid chloride,
      1,2,3,4-tetrahydronaphthalene-6-sulphonic acid chloride, 1- and
      2-naphthalenesulphonic acid chloride, o-, m- and p-methoxybenzenesulphonic
      acid chloride, o-, m- and p-ethoxybenzenesulphonic acid chloride and the
      corresponding arylsulphonic acid bromides.
PAR  The diazotisation of the amines of the formula (IX) is carried out
      according to methods which are themselves known, preferably in aqueous
      mineral acid solution, using sodium nitrite. The coupling of the diazonium
      compounds of the amines of the formula (IX) with the coupling components
      of the formula (X) can be effected according to processes which are in
      themselves known, for example in a neutral to strongly acid, but
      preferably in a weakly acid, pH range, in an aqueous or organic-aqueous
      medium.
PAR  The monoazo dyestuffs of the formula (XI) are isolated according to known
      methods, for example by filtration or by salting out with a salt which is
      soluble in aqueous solution, for example with NaCl or KCl, followed by
      filtration. If coupling components of the formula (X) with Z = SO.sub.3 H
      or --CH.sub.2 --SO.sub.3 H are employed, isolation of the monoazo
      dyestuffs is frequently only necessary after liberation of the amino group
      of the coupling component effected by alkaline or acid saponification. An
      intermediate isolation of the monoazo dyestuffs is however not always
      necessary -- they can also be diazotised further without being isolated.
PAR  The further diazotisation of the aminoazo dyestuffs (XI) with Z = H can be
      effected, for example, in an acid aqueous dispersion by means of sodium
      nitrite solution, and the diazotisation temperatures can be between
      0.degree. and 30.degree.C. Aminoazo dyestuffs of the formula (XI) with Z =
      H can furthermore also be diazotised indirectly by preparing an alkaline
      solution thereof, adding sodium nitrite solution and pouring the mixture
      into aqueous hydrochloric acid, or adding hydrochloric acid.
PAR  The coupling of the diazotised aminoazo dyestuffs (XI) with the end
      components (XII) to give the disazo dyestuffs (XIII) is also carried out
      in the usual manner, preferably in an aqueous-alkaline medium. The disazo
      dyestuffs of the formula (XIII) can be isolated by simply filtering them
      off, if necessary after addition of sodium chloride. If the dyestuffs are
      obtained in an impure form, they can be recrystallised in a known manner
      from hot water, if appropriate with addition of alkali.
PAR  The reaction of the disazo dyestuffs (XIII) with the arylsulphonic acid
      halides to give the dyestuffs (I) is effected in the usual manner, for
      example in an aqueousalkaline medium.
PAR  The more sparingly soluble dyestuffs (I) can be rendered readily
      water-soluble by mixing them with salts of strong bases and weak acids,
      for example trisodium phosphate, disodium hydrogen phosphate, sodium
      tetraborate, sodium metaphosphate, sodium metasilicate or sodium
      carbonate.
PAR  The new dyestuffs of the formula (I) can be isolated, or exist as, or be
      further used as, the free acid or as alkali metal salts or ammonium salts.
      Suitable alkali metal salts in which the hydrogen atom of the --NH group
      is thus replaced by an alkali metal cation, are, for example, the sodium
      salts, potassium salts or lithium salts.
PAR  The new dyestuffs are particularly suitable for dyeing and printing natural
      and synthetic fibre materials containing amide groups, for example fibre
      materials of wool, silk and polyamide, such as poly-.epsilon.-caprolactum
      or the reaction product of hexamethylenediamine with adipic acid. The
      resulting dyeings, particularly on polyamide materials, are distinguished
      by good fastness properties. The dyestuffs of the formula (I) are employed
      for dyeing either in the form of the free acid (&gt;NH) or as alkali metal
      salts or the ammonium salt.
DETD
PAR  In the examples which follow, parts denote parts by weight and percentages
      denote percentages by weight.
PAC  EXAMPLE 1:
PAR  31.2 parts of (3-amino-benzenesulphonyl)-benzenesulphonamide are dissolved
      in 200 parts of water with addition of 10% strength sodium hydroxide
      solution and 7.0 parts of sodium nitrite are added. The solution thus
      obtained is allowed to run into 200 parts of ice/H.sub.2 O and 35 parts of
      concentrated hydrochloric acid and is diazotised in 0.5 hour at
      0.degree.-5.degree.C; the excess of nitrous acid is then removed by means
      of amidosulphonic acid, the diazonium salt suspension is allowed to run
      into a solution of 20.5 parts of anilino-methanesulphonic acid and 9 parts
      of sodium bicarbonate in 100 parts of water at 0.degree.-5.degree.C and
      the pH is kept at between 5 and 7 by further addition of sodium
      bicarbonate. After completion of coupling, the product is salted out with
      sodium chloride, filtered off and washed with saturated sodium chloride
      solution. The moist dyestuff paste is stirred for 1 hour in 200 parts of
      7% strength sodium hydroxide solution at 80.degree.-90.degree.C. After
      completion of the splitting off of the sulphomethyl group, the dyestuff is
      precipitated by adding sodium chloride, filtered off and washed with
      saturated sodium chloride solution.
PAR  The aminoazo dyestuff thus obtained is dissolved in 500 parts of water, 7.0
      parts of sodium nitrite are added, the dyestuff is diazotised by pouring
      the mixture into 1,000 parts of water and 30 parts of concentrated
      hydrochloric acid at 10.degree.-20.degree.C over the course of 30 minutes,
      and the excess nitrous acid is then destroyed with amidosulphonic acid.
      The diazonium salt suspension thus obtained is stirred into a solution of
      9.5 parts of phenol and 4 parts of sodium hydroxide in 200 parts of water
      at 10.degree.-20.degree.C and the pH is kept at between 8 and 9 by adding
      10% strength sodium hydroxide solution. After completion of coupling, the
      disazo dyestuff is filtered off and dissolved in 500 ml of water at pH 10
      by adding concentrated sodium hydroxide solution, and 18.6 g of
      benzenesulphonyl chloride are added dropwise at 80.degree.. The pH value
      is kept at 10-10.5 by simultaneous dropwise addition of concentrated
      sodium hydroxide solution. The mixture is stirred for a further 30 minutes
      and the dyestuff which has precipitated is filtered off, washed with
      sodium chloride solution and dried in vacuo at 50.degree.C. In the form of
      the free acid, the dyestuff corresponds to the formula
      ##SPC15##
PAL  It dyes polyamide, from a weakly acid or neutral bath, in yellow shades of
      good fastness properties.
PAC  DYEING EXAMPLE
PAR  0.1 g of the dyestuff is dissolved in 100 ml of hot water, 5 ml of 10%
      strength ammonium acetate solution are added and the mixture is diluted to
      a volume of 500 ml with water. 10 g of polyamide fibres are introduced
      into the dye bath, the bath is brought to the boil over the course of 20
      minutes, 4 ml of 10% strength acetic acid are added and the temperature is
      maintained at the boil for one hour. The fibre material is then rinsed and
      dried at 70.degree.-80.degree.C.
PAR  If the procedure indicated in the preceding example is followed and the
      starting components, middle components and end components indicated in the
      table which follows are used, with benzenesulphonic acid chloride as the
      acylating agent, further disazo dyestuffs of the general formula (I) are
      obtained, which dye polyamide in yellow to scarlet shades.
TBL  Example                                                                   
           Starting component                                                  
                           Middle component                                    
                                           End component                       
     __________________________________________________________________________
     2     (3-amino-benzenesulphonyl)-                                         
                           aniline        o-cresol                             
           benzenesulphonamide                                                 
     3     "               "              m-cresol                             
     4     "               "              p-cresol                             
     5     "               3-amino-ethylbenzene                                
                                          phenol                               
     6     "               "              o-cresol                             
     7     "               "              p-cresol                             
     8     "               3-amino-4-methoxy-toluene                           
                                          phenol                               
     9     "               "              o-cresol                             
     10    "               "              4-tert.-butylphenol                  
     11    "               "              m-cresol                             
     12    "               "              3-methoxy-phenol                     
     13    "               "              3-ethoxy-phenol                      
     14    "               "              2-hydroxy-1,4-dimethylbenzene        
     15    "               "              3-hydroxy-1,2-dimethylbenzene        
     16    "               "              p-cresol                             
     17    "               3-amino-anizole                                     
                                          phenol                               
     18    "               "              o-cresol                             
     19    "               "              p-cresol                             
     20    (3-amino-benzenesulphonyl)-                                         
                           3-amino-3-anisole                                   
                                          m-cresol                             
           benzenesulphonamide                                                 
     21    "               "              4-tert.-butylphenol                  
     22    "               "              3-methoxy-phenol                     
     23    "               "              2-methoxy-phenol                     
     24    "               "              2-hydroxy-1,4-dimethylbenzene        
     25    "               2-amino-toluene                                     
                                          phenol                               
     26    "               "              o-cresol                             
     27    "               "              p-cresol                             
     28    "               "              4-ethyl-phenol                       
     29    "               "              4-hydroxy-1,2-dimethylbenzene        
     30    "               "              3-methoxy-phenyl                     
     31    "               "              2-isopropyl-phenol                   
     32    "               "              2-isopropyl-phenol                   
     33    "               "              2-hydroxy-1,3-diethylbenzene         
     34    "               2-amino-1,4-dimethoxybenzene                        
                                          phenol                               
     35    "               "              o-cresol                             
     36    "               "              p-cresol                             
     37    "               "              4-ethyl-phenol                       
     38    (3-amino-benzenesulphonyl)-                                         
                           2-amino-1,4-dimethoxybenzene                        
                                          4-hydroxy-1,2-dimethylbenzene        
           benzenesulphonamide                                                 
     39    "               1-amino-2,5-dimethylbenzene                         
                                          phenol                               
     40    "               "              m-cresol                             
     41    "               "              4-ethyl-phenol                       
     42    "               "              3-methoxy-phenol                     
     43    "               "              2-hydroxy-1,4-dimethyl-phenol        
     44    "               2-amino-4-ethoxy-toluene                            
                                          phenol                               
     45    "               "              m-cresol                             
     46    "               "              p-cresol                             
     47    "               "              3-ethoxy-phenol                      
     48    "               "              2-ethyl-phenol                       
     49    "               aniline        3-methoxy-phenol                     
     50    "                 "            1-hydroxy-2-ethylbenzene             
     51    "                 "            2-hydroxy-1,3-dimethylbenzene        
     52    "                 "            2-hydroxy-1,4-dimethylbenzene        
     53    "               3-amino-toluene                                     
                                          phenol                               
     54    "               "              o-cresol                             
     55    "               "              p-cresol                             
     56    (3-amino-benzenesulphonyl)-                                         
                           3-amino-toluene                                     
                                          1-hydroxy-4-ethylbenzene             
           benzenesulphonamide                                                 
     57    "               "              1-hydroxy-3-ethoxybenzene            
     58    "               "              4-hydroxy-1,2-dimethylbenzene        
     59    "               2-amino-1,4-diethoxybenzene                         
                                          phenol                               
     60    "               "              4-ethyl-phenol                       
     61    "               "              4-tert.-butylphenol                  
     62    "               .alpha.-naphthylamine                               
                                          p-cresol                             
     63    "               "              o-cresol                             
     64    "               "              phenol                               
     65    "               "              3-methoxy-phenol                     
     66    "               "              4-ethyl-phenol                       
     67    "               "              4-tert.-butylphenol                  
     68    "               "              2-hydroxy-1,4-dimethylbenzene        
     69    "               "              2-hydroxy-1,3-diethylbenzene         
     70    "               5,6,7,8-tetrahydro-                                 
                                          phenol                               
                           naphthylamine-(1)                                   
     71    "               "              o-cresol                             
     72    "               "              p-cresol                             
     73    (3-amino-benzenesulphonyl)-                                         
                           5,6,7,8-tetrahydro-                                 
                                          4-ethyl-phenol                       
           benzenesulphonamide                                                 
                           naphthylamine-(1)                                   
     74    "               "              3-methoxy-phenol                     
     75    "               3-amino-ethylbenzene                                
                                          4-hydroxy-1,2-dimethylbenzene        
     76    "               "              3-methoxy-phenol                     
     77    "               "              4-tert.-butylphenol                  
     78    "               2-amino-ethylbenzene                                
                                          phenol                               
     79    "               "              p-cresol                             
     80    "               "              o-cresol                             
     81    "               "              4-ethyl-phenol                       
     82    "               2-amino-anisole                                     
                                          phenol                               
     83    "               "              o-cresol                             
     84    "               "              p-cresol                             
     85    "               "              3-methoxy-phenol                     
     86    "               "              4-butoxy-phenol                      
     87    "               "              2-isopropyl-phenol                   
     88    "               3-bromo-aniline                                     
                                          phenol                               
     89    "               "              m-cresol                             
     90    "               "              4-ethyl-phenol                       
     91    (3-amino-benzenesulphonyl)-                                         
                           3-amino-ethoxybenzene                               
                                          phenol                               
           benzenesulphonamide                                                 
     92    "               "              o-cresol                             
     93    "               "              4-tert.-butylphenol                  
     94    "               "              3-methoxy-phenol                     
     95    "               "              2-methoxy-phenol                     
     96    "               3-chloro-aniline                                    
                                          phenol                               
     97    "               "              p-cresol                             
     98    "               "              2-secondary butylphenol              
     99    "               "              4-ethyl-phenol                       
     100   "               1-amino-2,3-dimethylbenzene                         
                                          phenol                               
     101   "               "              m-cresol                             
     102   "               "              p-cresol                             
     103   "               "              4-ethyl-phenol                       
     104   "               "              3-hydroxy-1,2-dimethylbenzene        
     105   "               2-amino-4-methoxy-toluene                           
                                          phenol                               
     106   "               "              o-cresol                             
     107   "               "              4-tert.-butylphenol                  
     108   "               "              3-methoxy-phenol                     
     Ex-   Starting component                                                  
                           Middle component                                    
                                           End component                       
                                                       Acylating agent         
     ample                                                                     
     __________________________________________________________________________
     109   (3-amino-benzenesulphonyl)-                                         
                           1-amino-2,3-dimethyl-                               
                                           o-cresol    o-toluenesulphonic      
           methanesulphonamide                                                 
                           benzene                     acid chloride           
     110   (3-amino-benzenesulphonyl)-                                         
                           2-amino-4-methoxy-                                  
                                           phenol      p-toluenesulphonic      
           propanesulphonic acid amide                                         
                           toluene                     acid chloride           
     111   (3-amino-benzenesulphonyl)-                                         
                           aniline         m-cresol    p-chlorobenzenesulph-   
           butanesulphonic acid amide                  onic acid chloride      
     112   (3-amino-benzenesulphonyl)-                                         
                           2-amino-ethylbenzene                                
                                           4-tert.-butylphenol                 
                                                       p-toluenesulphonic      
           p-toluenesulphonamide                       acid chloride           
     113   (3-amino-benzenesulphonyl)-                                         
                           2-amino-1,4-diethoxy-                               
                                           2-hydroxy-1,4-                      
                                                       benzenesulphonic acid   
           o-toluenesulphonamide                                               
                           benzene         dimethylbenzene                     
                                                       chloride                
     114   (3-amino-4-chlorobenzene-                                           
                           3-amino-ethoxybenzene                               
                                           phenol      o-chlorobenzenesulph-   
           sulphonyl)-p-toluene-                       onic acid chloride      
           sulphonic acid amide                                                
     115   (3-amino-6-methylbenzene-                                           
                           1-amino-naphthalene                                 
                                           3-methoxyphenol                     
                                                       p-toluenesulphonic      
           sulphonyl)-benzene-                         acid chloride           
           sulphonamide                                                        
     116   (3-amino-6-methylbenzene-                                           
                           3-amino-toluene phenol      benzenesulphonic acid   
           sulphonyl)-methane-                         chloride                
           sulphonic acid amide                                                
     117   (3-amino-4-methylbenzene-                                           
                           "               m-cresol    o-toluenesulphonic      
           sulphonyl)-o-toluene-                       acid chloride           
           sulphonamide                                                        
     118   (3-amino-4-methoxybenzene-                                          
                           2-amino-methoxybenzene                              
                                           o-cresol    p-toluenesulphonic      
           sulphonyl)-benzene-                         acid chloride           
           sulphonamide                                                        
     119   (3-amino-6-methoxybenzene-                                          
                           3-amino-ethoxybenzene                               
                                           o-cresol    benzenesulphonic acid   
           sulphonyl)-o-toluene-                       chloride                
           sulphonamide                                                        
     120   (2-amino-benzenesulphonyl)-                                         
                           "               p-cresol    o-toluenesulphonic      
           benzenesulphonamide                         acid chloride           
     121   (2-amino-benzenesulphonyl)-                                         
                           3-amino-methoxybenzene                              
                                           phenol      "                       
           methanesulphonamide                                                 
     122   (3-amino-6-ethylbenzene-                                            
                           3-amino-toluene o-cresol    p-toluenesulphonic      
           sulphonyl)-p-toluene-                       acid chloride           
           sulphonamide                                                        
     123   (3-amino-6-ethoxybenzene-                                           
                           aniline         m-cresol    m-toluenesulphonic      
           sulphonyl)-benzene-                         acid chloride           
           phonamide                                                           
     124   (3-amino-6-chlorobenzene-                                           
                           2-amino-4-methoxy-                                  
                                           4-hydroxy-1,2-                      
                                                       benzenesulphonic acid   
           sulphonyl)-o-toluene-                                               
                           toluene         dimethylbenzene                     
                                                       bromide                 
           sulphonamide                                                        
     125   (4-amino-benzenesulphonyl)-                                         
                           2-amino-1,4-dimethoxy-                              
                                           phenol      p-toluenesulphonic      
           p-toluenesulphonamide                                               
                           benzene                     acid chloride           
     126   (4-amino-benzenesulphonyl)-                                         
                           3-amino-toluene 2-ethylphenol                       
                                                       o-toluenesulphonic      
           o-toluenesulphonamide                       acid chloride           
     127   (4-amino-benzenesulphonyl)-                                         
                           "               phenol      benzenesulphonic acid   
           butanesulphonamide                          chloride                
     128   (3-amino-4-bromobenzene-                                            
                           2-amino-methoxybenzene                              
                                           o-cresol    "                       
           sulphonyl)-benzene-                                                 
           sulphonamide                                                        
     129   (3-amino-4-bromobenzene-                                            
                           3-amino-methoxybenzene                              
                                           p-cresol    p-toluenesulphonic      
           sulphonyl)-methane-                         acid chloride           
           sulphonamide                                                        
     130   (2-amino-3-chloro-4-methyl-                                         
                           "               m-cresol    benzenesulphonic acid   
           benzenesulphonyl)-benzene-                  chloride                
           sulphonamide                                                        
     131   (3-amino-4-chloro-5-methyl-                                         
                           aniline         o-cresol    benzenesulphonic acid   
           benzenesulphonyl)-benzene-                  chloride                
           phonamide                                                           
     132   (3-amino-5-chloro-6-methyl-                                         
                           3-amino-toluene m-cresol    p-toluenesulphonic      
           benzenesulphonyl)-methane-                  acid chloride           
           sulphonamide                                                        
     133   (4-amino-5-chlorobenzene-                                           
                           aniline         2-ethylphenol                       
                                                       "                       
           sulphonyl)-benzene-                                                 
           sulphonamide                                                        
     134   (4-amino-5-methylbenzene-                                           
                           3-amino-methoxybenzene                              
                                           p-cresol    p-chlorobenzene-        
           sulphonyl)-methane-                         sulphonic acid          
                                                       chloride                
           sulphonamide                                                        
     135   (3-amino-4-chlorobenzene-                                           
                           aniline         m-cresol    p-toluenesulphonic      
           sulphonyl)-6-toluene-                       acid chloride           
           sulphonamide                                                        
     136   (3-amino-4-chlorobenzene-                                           
                           3-amino-toluene o-cresol    "                       
           sulphonyl)-benzene-                                                 
           sulphonamide                                                        
     137   (3-amino-benzenesulphonyl)-                                         
                           "               m-cresol    benzenesulphonic acid   
           1-naphthylsulphonamide                      chloride                
     138   (3-amino-benzenesulphonyl)-                                         
                           aniline         phenol      o-toluenesulphonic      
                                                       acid                    
           2-naphthylsulphonamide                      chloride                
     139   (3-amino-benzenesulphonyl)-                                         
                           3-amino-methoxybenzene                              
                                           o-cresol    p-toluenesulphonic      
           N,N-dimethylaminosulphon-                   acid chloride           
           amide                                                               
     140   (3-amino-4-trifluoromethyl-                                         
                           2-amino-methoxybenzene                              
                                           phenol      "                       
           benzenesulphonyl)-benzene-                                          
           sulphonamide                                                        
     141   (3-amino-4-trifluoromethyl-                                         
                           aniline         o-cresol    benzenesulphonic acid   
           benzenesulphonyl)-p-toluene-                chloride                
           sulphonamide                                                        
     142   (4-amino-benzenesulphonyl)-                                         
                           "               o-cresol    benzenesulphonic acid   
           benzenesulphonamide                         chloride                
     143   (3-amino-benzenesulphonyl)-                                         
                           .alpha.-naphthylamine                               
                                           p-cresol    p-toluenesulphonic      
           benzenesulphonamide                         acid chloride           
     144   (3-amino-benzenesulphonyl)-                                         
                           2,5-dimethoxyaniline                                
                                           phenol      "                       
           benzenesulphonamide                                                 
     145   (3-amino-4-chlorobenzene-                                           
                           aniline          "          "                       
           sulphonyl)-benzene-                                                 
           sulphonamide                                                        
     146   (3-amino-benzenesulphonyl)-                                         
                           .alpha.-naphthylamine                               
                                           o-cresol    o-toluenesulphonic      
           benzenesulphonamide                         acid chloride           
     147   (3-amino-benzenesulphonyl)-                                         
                           "               phenol      p-chlorobenzene-        
           benzenesulphonamide                         sulphonic acid          
     __________________________________________________________________________
                                                       chloride                
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Disazo dyestuff which in the form of the free acid corresponds to the
      formula
      ##SPC16##
PAL  wherein
PA1  B is 1,4-phenylene, 5,6,7,8-tetrahydro-1,4-naphthylene or 1,4-naphthalene;
PA1  R.sub.1 is phenyl, 1-naphthyl, 2-naphthyl, C.sub.1 -C.sub.4 -alkyl,
      di-C.sub.1 -C.sub.4 -alkylamino, or phenyl substituted by C.sub.1 -C.sub.4
      -alkyl, C.sub.1 -C.sub.4 -alkoxy, halogen, cyano, or nitro;
PA1  R.sub.2 is chlorine, bromine, C.sub.1 -C.sub.4 -alkoxy, C.sub.1 -C.sub.4
      -alkyl, substituted C.sub.1 -C.sub.4 -alkoxy, or substituted C.sub.1
      -C.sub.4 -alkyl wherein the substituent is halogen, cyano, hydroxyl or
      phenyl;
PA1  R.sub.3 and R.sub.4 are hydrogen, chlorine, bromine, C.sub.1 -C.sub.4
      -alkyl, C.sub.1 -C.sub.4 -alkoxy, substituted C.sub.1 -C.sub.4 -alkyl, or
      substituted C.sub.1 -C.sub.4 -alkoxy wherein the substituent is halogen,
      cyano, hydroxyl or phenyl;
PA1  R.sub.5 is hydrogen, chlorine, bromine, fluorine, phenyl, C.sub.1 -C.sub.4
      -alkyl, or C.sub.1 -C.sub.4 -alkoxy;
PA1  R.sub.6 is hydrogen, C.sub.1 -C.sub.4 -alkyl, or C.sub.1 -C.sub.4 -alkoxy;
PA1  R.sub.7 is phenylsulphonyl, naphthylsulfonyl, tetrahydronaphthylsulfonyl or
      any of these three radicals further substituted on the carbocyclic nucleus
      by chlorine, bromine, methyl, ethyl, methoxy, or nitro; and
PA1  m is a number from 0 to 2.
NUM  2.
PAR  2. Disazo dyestuff which in the form of the free acid corrresponds to the
      formula
      ##SPC17##
PAL  wherein
PA1  R.sub.1 ' is phenyl, C.sub.1 -C.sub.4 -alkyl, or phenyl substituted by
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, halogen, cyano, or
      nitro;
PA1  R.sub.2 ' is chlorine, bromine, methoxy, ethoxy, methyl, or ethyl;
PA1  R.sub.3 ' is hydrogen, chlorine, methyl, methoxy, ethyl, or ethoxy;
PA1  R.sub.4 ' is hydrogen, methyl, methoxy, ethyl, or ethoxy;
PA1  R.sub.5 ' and R.sub.6 ' independently of one another, are hydrogen, C.sub.1
      -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy; and
PA1  R.sub.7 ' is phenylsulphonyl, o-, m- or p-tolylsulphonyl, or o-, m- or
      p-chlorophenylsulphonyl; and
PA1  m is a number from 0 to 2.
NUM  3.
PAR  3. Disazo dyestuff which in the form of the free acid corresponds to the
      formula
      ##SPC18##
PAL  wherein
PA1  R.sub.1 " is phenyl or tolyl;
PA1  R.sub.2 " is hydrogen, chlorine, bromine, methoxy, ethoxy, methyl, or
      ethyl;
PA1  R.sub.3 " is hydrogen, chlorine, methyl, methoxy, ethyl, or ethoxy;
PA1  R.sub.4 " is hydrogen, methyl, methoxy, ethyl, or ethoxy;
PA1  R.sub.5 " and R.sub.6 ", independently of one another, are hydrogen,
      C.sub.1 -C.sub.4 -alkyl, or C.sub.1 -C.sub.4 -alkoxy; and
PA1  R.sub.7 " is phenylsulphonyl or p-tolylsulphonyl.
NUM  4.
PAR  4. Disazo dyestuff which in the form of the free acid corresponds to the
      formula
      ##SPC19##
PAL  wherein
PA1  B' is 1,4-naphthylene, or 5,6,7,8-tetrahydro-1,4-naphthylene;
PA1  R.sub.1 ' is phenyl, C.sub.1 -C.sub.4 -alkyl, or phenyl substituted by
      C.sub.1 -C.sub.4 -alkyl, C.sub.1 -C.sub.4 -alkoxy, halogen, cyano, or
      nitro;
PA1  R.sub.2 ' is hydrogen, chlorine, bromine, methoxy, ethoxy, methyl, or
      ethyl;
PA1  R.sub.5 ' and R.sub.6 ' independently of one another, are hydrogen, C.sub.1
      -C.sub.4 -alkyl or C.sub.1 -C.sub.4 -alkoxy;
PA1  R.sub.7 ' is phenylsulphonyl, o-, m- or p-tolylsulphonyl, or o-, m- or
      p-chlorophenylsulphonyl; and
PA1  m is a number from 0 to 2.
NUM  5.
PAR  5. Disazo dyestuff which in the form of the free acid corresponds to the
      formula
      ##SPC20##
PAL  wherein
PA1  B' is 1,4-naphthylene or a 5,6,7,8-tetrahydro-1,4-naphthylene;
PA1  R.sub.1 " is phenyl or tolyl;
PA1  R.sub.2 " is hydrogen, chlorine, bromine, methoxy, ethoxy, methyl, or
      ethyl;
PA1  R.sub.5 " and R.sub.6 " independently of one another, are hydrogen, C.sub.1
      -C.sub.4 -alkyl or C.sub.1 -C.sub.4 -alkoxy group; and
PA1  R.sub.7 " is phenylsulphonyl or p-tolylsulphonyl.
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PAL  Derivatives of amphoteric polyene macrolide antibiotics which carry, on the
      lactone ring, a carboxyl group and an amino sugar characterized by a
      primary amine group, consist of (a) the methyl, ethyl or propyl ester
      formed by esterification of the carboxyl group, and (b) salts of such
      polyene esters constituted as acid addition salts formed with the amine
      group. The derivatives (a) and (b) have effective antimicrobial activity,
      e.g. antifungal potency, comparable to the base antibiotics, and the acid
      salts (b), produced by suitable acids, e.g. hydrochlorides, can be made to
      have good water solubility which is normally unattainable with the base
      compounds and is of special advantage in a compound which retains strong
      activity. Other addition salts are also of value, for example to provide
      lipid-soluble forms of these antifungal polyenes. Esterification of these
      chemically sensitive antibiotics is unusually successful using
      diazomethane, diazoethane or diazopropane with tetrahydrofurane as solvent
      to produce the ester dissolved therein, avoiding degradation of the base
      antibiotic or of its potency.
GOVT
PAR  The invention described herein was made in the course of work under a grant
      or award from the Department of Health, Education, and Welfare.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to derivatives of polyene macrolide antibiotics and
      more particularly is directed to the provision of new compounds of this
      class, having significant advantages or characteristics while exhibiting
      the antimicrobial or biological activity of the underlying or base
      substances.
PAR  The polyene macrolide antibiotics are a well recognized class of compounds,
      conventionally produced by cultivation of various suitable organisms and
      by extraction of the substance from the culture. They are primarily
      recognized as antifungal agents, although in one instance or another they
      may exhibit significantly useful activity against other micro-organisms.
      The compounds are basically and uniquely characterized by a large lactone
      ring which includes a chain of conjugated double bonds, specifically
      comprising 4, 5, 6 and 7 such linkages, whereby the compounds are
      correspondingly known as tetraenes, pentaenes, hexaenes and heptaenes and
      are collectively called polyenes. Thus the base antibiotics are high
      molecular weight (e.g. in the range of 700-1200) macrocyclic lactones,
      known as macrolides, and since they contain an amino sugar moiety, can be
      described as comprising an amino sugar glycoside of a macrolide nucleus
      that possesses a chromophore of 4 to 7 conjugated double bonds.
PAR  As a class, the molecular structure of the base compounds has been quite
      well defined, in that in all cases it primarily consists of a macrocyclic
      lactone nucleus which is a long chain of carbon atoms (e.g. in the range
      of 20 to 40) closed by a single lactone oxygen atom to constitute the
      macrolide ring and having a carbonyl oxygen on a carbon atom of the ring
      immediately adjacent to the lactone oxygen, as is characteristic of
      lactones. The carbon atoms are directly, successively linked to each other
      along the ring by single or double bonds, mostly single bonds, but in all
      cases with the important situation of the uninterrupted series of
      conjugated double bonds specified above. As stated, the compound also
      includes a single amino sugar, linked to the ring as a substituent and
      carrying a free primary amine group. There are also a plurality of --OH
      groups which are attached respectively to a plurality of carbon atoms of
      the ring (other than the double-bonded atoms) and finally, in those of the
      polyene macrolides to which the present invention is directed, there is a
      single carboxyl group, also linked to the ring as a substituent.
      Additional substitution is normally found, which varies among specific
      members of the class, but is not deemed to alter the basically unique
      molecular structure or indeed the fundamental characteristics of these
      compounds as antifungal agents. The additional substitution involves
      substituents of one or more types such as various alkyls, oxygen, epoxy,
      and in a number of cases, groups that may be designated as aryl amine
      moieties.
PAR  The compositions are further defined hereinbelow, including a number of
      specifically elucidated examples, but it will be understood that the base
      polyene antifungal antibiotics constitute a recognized class of
      substances, being macrolides critically distinguished by the above defined
      composition, including particularly the stated chain of conjugated double
      bonds, and thus specifically distinguished from other chemical compounds,
      including other macrocyclic lactones.
PAR  As will be apparent, the members of the class to which the present
      invention is directed, being characterized by a free carboxyl group, have
      been recognized as amphoteric, by reason of the presence of such group and
      also the free amino radical in the amino sugar. Indeed the amphoteric
      nature of these water-insoluble compounds has contributed, as will be
      apparent below, to past difficulty in trying to convert them to
      water-soluble form.
PAR  Examples of this specific class of amphoteric antifungal antibiotics
      include: amphotericin A, nystatin, pimaricin and rimocidin, all tetraenes;
      eurocidin, a pentaene; cryptocidin and mediocidin, hexaenes; and
      amphotericin B, candicidin, candidin, candimycin, hamycin, levorin and
      trichomycin, which are heptaenes.
PAR  Although the antibiotics of this class have been recognized as
      significantly active, chiefly against fungus organisms, and a number of
      such antibiotics have been extensively used and are commercially
      available, they have been generally limited in utility by lack of
      effective water solubility or equivalent dispersibility in water. In some
      instances so-called salts, such as sodium salts, have been produced by
      reaction of alkali with the carboxyl group, to yield a substance having
      some water solubility, but such products have only exhibited solubility at
      a relatively high pH and have suffered from deterioration of their
      stability. On the other hand, efforts to produce so-called acid salts by
      acid addition to the amino group have been either ineffectual or of little
      or no utility in that the water soluble properties are then only exhibited
      at undesirably low pH values and with considerable instability.
PAR  In U.S. Pat. No. 3,244,590, a class of N-acyl derivatives of the heptaene
      antibiotics is disclosed, which retain some anti-microbial activity and
      which are convertible into water soluble salts (by alkaline reaction with
      a carbonyl group) yielding some utility in water. If has been found,
      however, that in at least a number of cases, the biological activity is
      substantially reduced and thus while these water soluble, N-acyl
      derivatives have some utility, there has remained a considerable need for
      products useful with substantially high activity in aqueous media.
PAR  Another procedure for achieving a water dispersible composition has been
      exemplified by the preparation of a complex of amphotericin B with
      desoxycholic acid, which acts as a detergent. Complexes of this type,
      however, do not form true solutions; the substance appears merely to be
      dispersed as a colloid, and the field of utility is correspondingly
      limited.
PAR  In a more general sense the invention is concerned with improvement of the
      polyene antibiotics not only with respect to attainment of substantial
      water solubility, but also in relation to other possibilities of use. For
      example, although the base compounds are soluble in a number of organic
      solvents, difficulty is encountered in some circumstances of potential
      value, as for example where it may be desirable to carry the antibiotic in
      a lipid base, i.e., such as an ointment or cream having a significant fat
      content and desired to be substantially non-aqueous. In all of these
      respects, but most especially in regard to the provision of water soluble
      products, an important aim of the present invention, among other objects
      as will be apparent, is to provide new and unusually valuable derivatives
      of these antibiotics.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is primarily predicated on the discovery: that the stated
      polyene substances, as defined above, can be efficiently converted to an
      ester, specifically a methyl, ethyl or propyl ester, by reaction under
      appropriate conditions, which in preferred form embody novel features of
      procedure as explained below; that the resulting derivative, being the
      stated ester, can then be converted to a further derivative, being the
      acid addition salt, by reaction with the free amino group of the amino
      sugar; and that such products, most especially the acid salt derivatives,
      represent new compounds of extraordinary advantage.
PAR  Specifically, the defined esters are themselves characterized by retention
      of antimicrobial activity comparable to that of the parent or base
      compound, as has been abundantly demonstrated by tests. So far as can be
      ascertained, it does not appear that such an ester of a polyene antifungal
      antibiotic has in fact been prepared prior to the present invention, nor
      more importantly, that the substantial biological activity of such esters
      has been suggested or predictable prior to the invention. Although the
      ester itself, which remains essentially insoluble in water is conceivably
      of utility in the same manner as the parent substance, its chief
      usefulness is as an intermediate or starting material for preparation of
      the described acid salts, which can be made, for example, to have
      substantial water solubility at pH values at or near neutrality, i.e.
      greatly removed from substantial acid or alkaline conditions. As explained
      above, attempts to provide solubility by the route of acid addition to the
      parent compounds have been ineffectual, and offered no promise of success
      by such route, because the limited water solubility, if achieved, could in
      general only be exhibited at extremely low, i.e., acidic pH values, and
      even then with serious instability of the polyene itself.
PAR  Thus in a specific but unusually important sense the invention comprises a
      new class of compounds, being the water soluble, acid addition salts of a
      lower alkyl ester, specifically the methyl, ethyl or propyl ester, of the
      defined polyene macrolides. Such compounds have now been found to be
      characterized by substantial antimicrobial activity, comparable to the
      activity of the parent substance, and by true and substantial water
      solubility, e.g. at or near neutrality. In consequence the products are
      useful in a large variety of circumstances where the essentially
      water-soluble base antibiotics, known as potent antifungal substances,
      have been found inappropriate, as for example under conditions when the
      prevention or inhibition of the occurrence or growth of fungus and like
      organisms, or other attack on infection by them, requires an aqueous
      medium, and especially where efforts to carry the agent in a non-aqueous
      medium have had undesirable consequences.
PAR  In a more generic sense, the novel end products, defined as the acid
      addition salts of the stated esters, may be embodied to have other
      specific utility, for example in providing fat-soluble compositions, as
      distinguished from water-soluble compounds, that are especially
      appropriate for use in corresponding lipid-based media. This is of special
      advantage for various ointments, creams or the like designed for topical
      application, and also for other purposes, e.g. agricultural purposes as in
      treating fungus infections of plants, where it may be desirable to have
      preparations that will not be readily washed away and will have prolonged
      effectiveness in external surface contact.
PAR  A further, specific feature of the invention resides in certain novel
      procedure for preparing the ester, especially in view of the sensitivity
      of these polyene macrolides to many reagents. Thus ordinary esterification
      operations using hydrochloric acid or sulfuric acid and alcohol are highly
      undesirable, because the required concentration of such acids tends to
      destroy the antifungal activity. It has now been found that among numerous
      other possible reagents for esterification, compounds of the class
      consisting of diazomethane, diazoethane and diazopropane are highly
      effective, and unexpectedly selective for these antibiotics, i.e., in
      avoiding any adverse side reactions.
PAR  A very significant feature of the process resides in the discovery of
      unusual advantage in employing a specific solvent, namely
      tetrahydrofurane, to carry out the esterification of the antibiotic with
      diazomethane or other reagent of its group, and indeed to carry out the
      preceding preparation of such reagent. Whereas ethyl ether in which
      diazomethane or the like is normally made and used is relatively
      ineffectual because the base polyene antibiotics are essentially insoluble
      in it, tetrahydrofurane is sutable for both steps, especially because it
      is capable of sufficiently maintaining solution of these amphoteric
      antibiotics, initially dissolved in dimethyl sulfoxide, for the desired
      ester reaction, without appreciable effect on their biological activity.
      Indeed it appears that over a relatively short reaction time, the base
      antibiotic gradually goes into solution in the tetrahydrofurane, whereupon
      the ester is formed and collected in solution, and the completion of
      reaction is conveniently determinable, in effect, by the disappearance of
      undissolved antibiotic.
PAR  To produce the desired acid addition salt, the polyene macrolide ester is
      recovered from the above solution and is then treated, in water, at
      appropriate pH, for example not far from neutrality, with suitably dilute
      concentration of the selected acid, e.g. hydrochloric, sulfuric or other,
      as explained below.
PAR  The above procedure has been applied to a variety of base substances of the
      stated class, and the resulting esters have been converted to acid salts,
      i.e., by addition reaction with the free amino group of the amino sugar,
      yielding biologically active products having the improved characteristics
      and greatly extended utility outlined above. Thus for example, the
      hydrochloride salts of amphotericin B methyl ester, candicidin methyl
      ester, trichomycin methyl ester and various others have been prepared in a
      relatively high state of purity and have exhibited good water solubility.
      Tests of ester and salt products have clearly evidenced good antimicrobial
      activity of the nature of the base materials. Specific examples and
      additional detail and demonstration of the compounds and results are set
      forth hereinbelow, aided by illustrative information in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 are respectively structural molecular formulas, as
      presently understood, of three examples of products of the invention,
      namely the hydrochlorides of the methyl esters of amphotericin B, nystatin
      and pimaricin.
PAR  FIG. 4 is an ultra-violet spectrum of amphotericin B methyl ester.
PAR  FIG. 5 is a graph showing the ultra-violet spectrum of amphotericin B
      methyl ester hydrochloride in water solution and also the ultra-violet
      spectral line for the base amphotericin B as dispersed in water.
PAR  FIG. 6 is a graph showing the infra-red spectra of the base substance
      amphotericin B and its methyl ester, superposed on the same graph.
PAR  FIG. 7 is a similar graph showing the infra-red spectrum of amphotericin B
      ethyl ester, and for comparison, the spectrum of the same base
      amphotericin B.
PAR  FIGS. 8 to 12 inclusive are line drawings copied from photographs of thin
      layer chromatograms, respectively indicating the different chemical
      identities of the base antibiotics and their esters, the specific
      substances being as follows: in FIG. 8, amphotericin B and its methyl and
      ethyl esters; in FIG. 9, nystatin and pimaricin, respectively with their
      methyl esters; FIG. 10, mediocidin and methyl ester; FIG. 11, hamycin and
      methyl ester; and FIG. 12, trichomycin and methyl ester.
DETD
PAC  DETAILED DESCRIPTION
PAR  As indicated above, the invention relates to the stated esters of the
      defined class of polyene macrolides and most importantly to the acid
      addition salts of such esters, e.g. as prepared from base compounds such
      as amphotericin B, nystatin, trichomycin, mediocidin, candicin, pimaricin,
      candidin, hamycin and many others.
PAR  In all cases, the presently preferred procedure for making these products
      is essentially the same. The required reagent, e.g. diazomethane for
      producing the methyl ester, is first prepared, being obtained in solution
      in tetrahydrofurane. Thereafter the selected polyene macrolide, preferably
      in initial solution in dimethyl sulfoxide is established in admixture with
      the diazomethane solution, plus further tetrahydrofurane as desirable,
      whereupon the esterification is caused to occur, and the ultimate methyl
      ester is thereafter precipitated and recovered in appropriate manner.
      Finally, the methyl ester is treated with the selected acid, e.g.
      hydrochloric, to obtain the desired water-soluble acid salt, which is
      suitably recovered, for example by lyophilization, yielding a final
      product of high purity, i.e., of purity comparable to the preferably pure
      antibiotic which was subjected to esterification.
PAR  The presently preferred procedure is best explained in detail by an example
      of the above sequence of steps. As will be understood, it is highly
      desirable to prepare substances such as diazomethane, diazoethane and
      diazopropane in fresh condition for prompt use in the ester reaction. They
      are relatively unstable, and furthermore require care in handling because
      of toxicity; thus the preparation of such compounds should be performed
      with due safety precautions because of instability and of need to provide
      for removal and disposal of fumes.
PAR  The specific example, set forth in relation to the preparation of
      derivatives of amphotericin B is as follows:
PAR  Preparation of Diazomethane: 2 g. of potassium hydroxide were dissolved in
      1.5 ml. of water in a 100 ml. distillation flask equipped with a dropping
      funnel and an efficient condenser. The solution was diluted with 4 ml. of
      95 percent ethanol and 20 ml. of tetrahydrofurane (e.g. commercial grade,
      free of peroxides). The condenser was connected to a suitable receiver
      adapted and a 100 ml. flask as a receiver, all with appropriate provision
      for safe venting. The receiver flask was cooled in ice. After heating the
      contents of the distilling flask to slow boiling, there was introduced
      through the dropping funnel a solution containing 8.3 g. of
      p-tolysulfonylmethylnitrosamide (which is one of the known precursors or
      starting materials for diazomethane) in 30 ml. of tetrahydrofurane,
      adjusting the rate of addition so that it was about equal to the rate of
      distillation. The diazomethane which was produced in dissolved form in
      tetrahydrofurane distilled off with the latter and condensed as a yellow
      liquid in the receiver. After emptying the dropping funnel, a further
      quantity (10 ml.) of tetrahydrofurane was added in the same manner as
      before in order to remove the rest of the product from the reaction
      mixture. The distillation was considered complete when the distillate
      turned colorless. After first getting the reaction flask cooled down in
      ice, the chilled receiver was removed and was found to contain about 1.0 -
      1.2 g. of diazomethane in about 40 ml. of tetrahydrofurane. It was kept in
      ice until used. Indeed because of the instability of this reagent it
      should ordinarily be used the same day for esterification of a polyene
      macrolide such as amphotericin B.
PAR  Preparation of Amphotericin B Methyl Ester: 1.0 g. of amphotericin B
      (Squibb; high purity, assay 972 mcg./mg.) was dissolved in 10 ml. of
      dimethyl sulfoxide using a tissue grinder. The solution was transferred to
      a 100 ml. erlenmeyer flask with the help of 10 ml. of tetrahydrofurane,
      thus used for dilution. The flask was supplied with a magnetic bar for
      stirring by conventional external magnetic means, and was kept cooled to
      0.degree. C. in ice while stirring. A substantial proportion of the
      amphotericin B was precipitated during this process, and such
      precipitation was found (in repeated tests) to be normal. To the stirred
      and cooled (0.degree. C.) mixture, freshly prepared diazomethane solution
      in tetrahydrofurane (as above) was slowly added, using a total of 15 ml.
      in about a 10 minute period. During this time the amphotericin B dissolved
      in the esterification was effected and completed; if desired, completion
      of reaction can be checked by thin layer chromatography, performed as
      explained below.
PAR  The product is preferably isolated at once, to avoid side products. For
      such purpose the reaction mixture was diluted with 15 ml. of dry methyl
      alcohol, and poured slowly into 250 ml. of dry ethyl ether stirred with a
      magnetic stirrer. Stirring was continued for about 5 minutes, and the
      precipitate was then removed by centrifugation. The supernatant was
      discarded (although it can be treated to recover additional product if
      desired), and the precipitate was washed with 50 ml. of dry ether,
      followed by centrifugation again. This separation was advantageously
      repeated two times more, and the product was dried under vacuum. The yield
      was 850-900 mg. of a gold-yellow powder, determined to be the desired
      methyl ester of amphotericin B.
PAR  Preparation of Amphotericin B Methyl Ester Hydrochloride: A quantity, e.g.
      1.6 g., of amphotericin B methyl ester (produced by syntheses as described
      above) was suspended in 50 ml. of ice cold water using a tissue grinder.
      The suspension was transferred to a 100 ml. erlenmeyer flask equipped with
      a magnetic bar for stirring and was stirred in an ice bath to lower the
      temperature to about 0.degree. C. While stirring there was added slowly,
      from a dripping funnel, 0.1N hydrochloric acid in water in sufficient
      amount and at sufficient rate that the pH of the reaction mixture was kept
      between 6 and 5. The suspended methyl ester was found to go slowly into
      solution. When the mixture would not take more acid, i.e., when further
      slight addition of acid did not further diminish the apparent content of
      undissolved matter, the process was deemed to be finished. The pH
      preferably had a value of 6 at this point, and it was found that about 15
      ml. of the dilute acid solution was used. It was found inadvisable to
      allow the pH to drop below 5 at any time. Some undissolved solids remained
      and they were removed by centrifugation and discarded as impurities;
      indeed in this way any unreacted amphotericin B contaminating the methyl
      ester is removed, so that the procedure affords a further stage of
      purification. The supernatant solution containing the salt product was
      diluted to about 150 ml. with water, and was lyophilized, i.e., dried at
      low pressure under freezing conditions. The yield was 1.5 g. of a gold
      yellow product, consisting of the desired acid addition salt, i.e., the
      hydrochloride of amphotericin B methyl ester, as depicted in FIG. 1.
PAR  The properties of amphotericin B methyl ester, e.g. the derivative as
      prepared prior to formation of the acid salt, were found to be as follows:
PAR  The ester is soluble in methyl alcohol, ethyl alcohol, tetrahydrofurane,
      dimethyl formamide and dimethyl sulfoxide. It is slightly soluble in ethyl
      acetate and in water, and insoluble in petroleum ether and ethyl ether.
      The substance has no melting point and decomposes steadily upon heating,
      with decomposition becoming rapid above 175.degree. C. It exhibits the
      typical light absorption of heptaenes, as shown by its ultra-violet
      spectrum in FIG. 4, with major absorption maxima at 364, 383 and 406
      millimicrons. This spectrum was made and plotted in conventional manner,
      using amphotericin B methyl ester exactly as produced in the above
      example, in solution in methanol in concentration of 5 micrograms per
      milliliter. The specific extinction of such product (without further
      purification) determined in standard fashion as E.sub.1 cm..sup.1%, was
      1480, and in comparison with the value of 1680 for the base, pure
      amphotericin B showed that the product ester was 88 percent pure. As
      explained above, substantial further purification can be attained, for
      example, in making and recovering the acid addition salt.
PAR  The infra-red absorption spectrum, shown at "X" in FIG. 6, of the methyl
      ester product obtained in the above example when compared with a similar
      spectrum of the pure amphotericin B, shown at "Y" in the same graph,
      indicates clearly the conversion of the carbonyl group of amphotericin B
      into an ester group. The very characteristic band for an ionized carboxyl
      group COO- present in amphotericin B as anti-symmetrical vibrations at
      1540 cm..sup.-.sup.1 shown at YY of curve Y in FIG. 6 vanishes completely
      in the spectrum of the amphotericin B methyl ester, as apparent at XX of
      curve X. It will be understood that these infra-red spectra were made in
      conventional fashion, but are displayed in arbitrary vertical spacing in
      FIG. 6 so that although the configurations are recorded, the actual
      percent transmittance values are omitted to avoid confusion. It is also
      understood that the lack of some fine structure in the curve (X) for the
      ester are as attributable to its slightly impure state but does not affect
      the significance of demonstration of esterification.
PAR  The lack of a free carboxyl group in the esterification product was also
      confirmed by quantitative titration with sodium hydroxide solution at low
      temperature. Under similar conditions one mol. of amphotericin B consumed
      1 mol. of sodium hydroxide, whereas the methyl ester consumed none. As
      explained below, the amphotericin B methyl ester separates very well from
      amphotericin B by means of thin layer chromatography on silica gel; the
      ester moves distinctly faster than the base compound.
PAR  The ultimate hydrochloride is a solid product, exhibiting substantial water
      solubility, e.g. upwards of 75 mg. per ml., as contrasted with the base
      substance, amphotericin B, for which true water solution appears to occur
      to no more than the trace extent of 0.0017 mg. per ml. at best. Both the
      ester and its hydrochloride salt exhibit very substantial antimicrobial
      activity, essentially the same, i.e., quantitatively, as the base
      antibiotic. The activity was revealed by standard in vitro tests of each
      derivative and the base, against representative organisms such as
      Saccharomyces cerevisiae, Candida albicans and Aspergillus niger. These
      results are in part tabulated hereinbelow, along with a number of other
      products of the invention, thus indicating the utility of the substance.
PAR  By essentially identical procedure to that set forth in the above specific
      example, so that actual description of the operations need not be recited
      and reference to the substances alone will constitute corresponding
      examples, the following further derivatives have been prepared and found
      to have corresponding properties as set forth in separate tables
      hereinbelow: Nystatin methyl ester and its hydrochloride (tetraene);
      pimaricin methyl ester and its hydrochloride (tetraene); mediocidin methyl
      ester and its hydrochloride (heptaene); candicidin methyl ester and its
      hydrochloride (heptaene); trichomycin methyl ester and its hydrochloride
      (heptaene); candidin methyl ester and its hydrochloride (heptaene);
      hamycin methyl ester and its hydrochloride (heptaene); and as further
      mentioned below, amphotericin B ethyl ester and its hydrochloride
      (heptaene).
PAR  By way of further illustration of the new compounds, and indeed also of the
      molecular structure of the base antibiotics of this class as reported in
      the literature, FIGS. 1, 2 and 3 show the structural formulas for the
      hydrochlorides of methyl esters prepared respectively from amphotericin B,
      nystatin and pimarcin. It will be observed in each case that the polyene
      macrolide substance is characterized by the stated lactone ring, and that
      the substituent -COOH of the base substance has been esterified to convert
      this moiety into an ester group --COOCH.sub.3. Likewise the free amine
      --NH.sub.2 which characterized the amino sugar, e.g. mycosamine as linked
      to position 19 in FIG. 1, is now converted to the addition salt form, here
      for example --NH.sub.2.HCl. The presence of like ester and acid salt
      groups will be apparent from inspection of the other compounds depicted in
      FIGS. 2 and 3 respectively. As will also be noted, amphotericin B (FIG. 1)
      is a heptaene, while nystatin and pimaricin are tetraenes (FIGS. 2 and 3);
      the base formulas, of course, are as would appear wiithout the two
      modifications described.
PAR  The reagents for preparation of ethyl and propyl esters, namely diazoethane
      and diazopropane, are conveniently prepared in a manner identical to
      diazomethane, e.g. in solution in tetrahydrofurane, using respectively
      appropriate starting compounds as known for these agents. Correspondingly
      these alternative esters of the base polyene macrolides are produced in
      the same way as the methyl esters, e.g. starting with a solution of the
      antibiotic in dimethyl sulfoxide and then mixing such solution with the
      principal solvent tetrahydrofurane, carrying the specific reagent, i.e.,
      diazoethane or diazopropane. Finally the resulting ethyl or propyl ester
      of the macrolide is converted to the desired acid salt by operation
      identical with that for the methyl ester. Indeed, it is understood that
      the several reactions are fully analogous, and indeed identical in the
      case of the final salt forming operation.
PAR  By way of specific example amphotericin B ethyl ester and the hydrochloride
      salt of that derivative have been prepared in the described manner,
      yielding products which have properties extremely similar to the methyl
      ester and its salt. FIG. 7 shows the infra-red absorption spectrum of the
      ethyl ester (X') in comparison with the repeated spectrum of pure
      amphotericin B (Y'), in the same fashion as the methyl ester in FIG. 6.
      These again clearly demonstrate the conversion of the carboxyl group into
      an ester group, by disappearance at XX', of the band at YY' in the base
      curve.
PAR  Referring to further examples of methyl esters of other macrolides of the
      stated class, infra-red spectra of nystatin and pimaricin, both tetraenes,
      have been prepared for the base substance and the methyl ester, likewise
      of mediocidin, a hexaene, in the base and methyl ester forms and finally
      for hamycin and candicidin, and their methyl esters. In all cases, the
      same distinctions between the base compound and the ester were apparent,
      including disappearance of the bands that characterized the carboxyl group
      in each case, thus correspondingly establishing the fact of preparation of
      the ester.
PAR  Further demonstration of the formation of the new compounds, i.e., the
      esters, has been afforded by thin layer chromatography (often called
      T.L.C.) as shown in FIGS. 8 to 12 inclusive. As will be understood,
      chromatographic development by this method affords advance of each
      compound at a rate characteristic of its chemical composition, so that
      after a selected time, the spot representative of the compound will appear
      at a distance from the base line on the layered plate, which is different
      from that of another but different compound of even closely similar
      composition. In FIG. 8 the base amphotericin B and the derivatives, being
      the methyl ester and the ethyl ester, are respectively shown in columns 1,
      2 and 3. In FIG. 9, nystatin is indicated in column 1, its methyl ester in
      column 2, pimaricin in column 3 and its methyl ester in column 4. Columns
      1 and 2 of FIG. 10 show respectively mediocidin and its methyl ester; the
      appearance of three spots at the upper end of each column indicates that
      this macrolide is, as presently available, a complex, i.e., presumably
      involving three very slightly different compounds, e.g. such as slight
      differences in minor substituents on the macrolide ring. In FIG. 11,
      columns 1 and 2 respectively represent hamycin and its methyl ester, while
      in FIG. 12, at columns 1 and 2, trichomycin and trichomycin methyl ester
      are shown. In all cases, a substantial difference is apparent, again
      confirming the formation of the ester from the base substance.
PAR  The T.L.C. procedure used in these tests was essentially conventional,
      employing a thin layer of silica gel with appropriate binder, on a glass
      plate. The solvent employed for carrying the selected compounds up the
      layer of silica gel adsorbent was selected among systems known to be
      suitable, from experience, for polyene antibiotics. In each instance, the
      selected solvent system was initially prepared as a mixture, and after
      shaking, the mixture separated into two phases of which the lower was
      employed. In FIG. 8, an alkaline solvent system derived from chloroform,
      methanol and borate buffer to provide a pH of 8.3 was employed. For
      confirmation an acidic system, being chloroform, methanol and sodium
      acetic buffer at pH 5.0 was independently used, with identical results.
      For the test of FIG. 9, the solvent system was chloroform, ethanol and 10%
      acetic acid; for FIG. 10 the chloroform, methanol and borate buffer system
      was again employed, while for FIGS. 11 and 12, a chloroform ethanol,
      acetic acid system was used. In each instance, a spot of each tested
      compound was first applied near the lower edge of the plate, e.g. from
      solution in dimethyl sulfoxide, and after drying and insertion of the
      lower edge into the selected solvent phase, development was allowed to
      proceed for a selected length of time, with the results shown in the
      drawings and described above, the appropriately advanced spots of the
      several compounds being readily recognized in conventional manner.
PAR  Referring further to the esterification operation, it will be understood
      that the basic reaction of diazomethane for producing the methyl ester of
      a carboxylic acid is well known, and likewise various precursors for
      making diazomethane (CH.sub.2 N.sub.2) including the specific starting
      material mentioned above. For example, reference being made to a paper
      identified as Item 1 in the tabulation of source literature at the end of
      this specification. Although previous operations, as for making the
      reagent, have involved a conventional ether-alcohol solution (as in the
      cited literature), the novel operations describe herein, both for
      preparing the reagent and for its use in esterification, employing
      tetrahydrofurane as solvent, have significant advantages without
      interferring with the desired reactions in either stage. Although the
      solubility of the base macrolide antibiotics in this solvent is relatively
      limited, it is sufficient and indeed very appropriate for progressive
      esterifying reaction, yielding the ester which goes into complete solution
      as it is formed.
PAR  As also explained above, diazoethane and diazopropane are similarly made
      and are capable of effecting esterification, i.e., by basically known
      modes of reaction. For the present procedures, tetrahydrofurane is again
      used as the solvent in both stages, with the same effectiveness and
      advantages as in the case of diazomethane. It will be understood that
      appropriate starting reagents are employed for making diazoethane and
      diazopropane as explained in the literature; thus in the case of
      diazoethane the starting material is conveniently
      N-ethyl-N-nitroso-N-nitroguanidine. Underlying data on making and using
      diazoethane appears in Item 2 cited in the source literature below, and a
      further reference dealing with all three of the esterifying reagents is
      listed Item item 3.
PAR  The following is a list of polyene macrolide antibiotics, being all of
      basically antifungal potency, that are demonstrably appropriate for
      conversion to the novel derivative forms herein described, including the
      esters and the important acid addition salts of the latter. Indeed in each
      instance such has in fact been demonstrated by making the methyl ester and
      identifying the production of such compound by one or more of the modes of
      thin layer chromatography or infra-red spectrum. In each instance, indeed
      as confirmed by actual test in a considerable number of cases, the
      produced ester is capable of conversion into the acid addition salt (such
      as the hydrochloride or other salt as explained elsewhere herein), so that
      the described ester products of all members of this list of amphoteric
      compounds can be deemed examples of the invention.
TBL                TABLE I                                                     
     ______________________________________                                    
     Name          Type       Reference Item                                   
     ______________________________________                                    
     Nystatin      tetraene   4                                                
     Pimaricin     tetraene   5                                                
     Rimocidin     tetraene   6                                                
     Antibiotic PA-166                                                         
                   tetraene   7                                                
     Amphotericin A                                                            
                   tetraene   8                                                
     Chromin       tetraene   9                                                
     Eurocidin     pentaene   10                                               
     Mediocidin    hexaene    11                                               
     Cryptocidin   hexaene    12                                               
     Amphotericin B                                                            
                   heptaene   13                                               
     Levorin (antibiotic                                                       
      26/1)        heptaene   14                                               
     Ascosin       heptaene   15                                               
     Candicidin    heptaene   16                                               
     Candidin      heptaene   17                                               
     Candimycin    heptaene   18                                               
     Hamycin       heptaene   19                                               
     Trichomycin   heptaene   20                                               
     Aureofungin   heptaene   21                                               
     Ayfactin A & B                                                            
                   heptaene   31                                               
     Heptamycin    heptaene   32                                               
     ______________________________________                                    
PAR  Still further amphoteric polyene macrolides, to which the invention is
      deemed applicable, are the following:
TBL                TABLE II                                                    
     ______________________________________                                    
     Name           Type      Reference Item                                   
     ______________________________________                                    
     Protocidin     tetraene  22                                               
     Lucensomycin                                                              
      (Etruscomycin)                                                           
                    tetraene  23                                               
     Tetrin         tetraene  24                                               
     Antibiotic PA-153                                                         
                    pentaene  25                                               
     Antibiotic 2814-P                                                         
                    pentaene  26                                               
     Endomycin B    hexaene   27                                               
     Antibiotic PA-150                                                         
                    heptaene  28                                               
     Antibiotic F-17-C                                                         
                    heptaene  29                                               
     Mycoheptin     heptaene  30                                               
     ______________________________________                                    
PAR  The item numbers following the compounds in Tables I and II refer to items
      in the source literature list hereinbelow, respectively relating to at
      least one identifying description of the given antibiotic, it being
      nevertheless understood that all of these are known, and indeed in a
      number of cases reported by considerable other literature.
PAR  In all instances, the macrolide compounds from which the present
      derivatives are obtainable, are of a well defined general molecular
      structure, well exemplified by the formulas of the derivatives in FIGS. 1,
      2 and 3. The basic characterization of the molecule is a macrocyclic
      lactone nucleus which is a long chain of carbon atoms closed by a single
      lactone oxygen atom to constitute the macrolide ring. A further
      characteristic of a lactone is also present, namely a carbonyl oxygen atom
      attached to a carbon atom of the ring that is immediately adjacent to the
      lactone oxygen. The ring carbon atoms are directly successively linked to
      each other along the ring by single or double bonds, but a critical
      characteristic of the compound is the inclusion in the ring of an
      uninterrupted series of 4-7 conjugated double bonds, thereby linking an
      uninterrupted series, respectively, of 8 to 14 carbon atoms each having
      one double bond linkage.
PAR  The remaining carbon to carbon linkages in the ring are very predominantly
      single, saturated bonds (as are the intermediate linkages in the
      conjugated series), although in the case of some compounds other
      unsaturated bonds, i.e., double bonds may appear. For example in the case
      of nystatin, FIG. 2, two further double bond linkages exist, spaced from
      the characterizing polyene series, whereas in amphotericin B, FIG. 1, all
      of the remaining linkages are single bonds. The total number of carbon
      atoms is always more than twice the number of same in the conjugated
      series and is generally a number within the range of 25 to 40, being
      indicated for example to be 37 for amphotericin B, 37 for nystatin, and 25
      for pimaricin.
PAR  In every case of the polyenes here concerned, there are two significant
      substituents, respectively a carboxyl group (--COOH) and an amino sugar
      group, as apparent from the formulas given in FIGS. 1, 2 and 3. While most
      commonly, the amino sugar group, which in all cases is characterized by a
      free primary amine (--NH.sub.2), is mycosamine, other amino sugars have
      been noted in some compounds, without difference in effect so far as basic
      characteristics are concerned and particularly so far as might concern the
      present invention, which simply requires an amino sugar moiety having the
      specified free amine in correspondingly significant condition of
      alkalinity. Some polyene macrolides, of antifungal nature, such as
      filipin, fungimycin, and perimycin, do not have a carboxyl group, and they
      are therefore not members of the class to which the invention is directed.
PAR  As will be apparent the ring is variously characterized by other
      substitution, which is understood to account for differences among the
      various polyene macrolide antibiotics, but such variation in substituents
      does not alter the essential characteristics of the compounds, or their
      suitability for conversion to the novel derivatives herein described. For
      example, all of the compounds are characterized by hydroxyl (--OH)
      substituents at various localities along the ring, e.g. usually five or
      more as will be apparent from the drawings. In some instances another
      amino substituent is present, specifically capable of classification as an
      aryl amine, as indicated in the composition of trichomycin; more
      particularly the aryl amine in the case of trichomycin is specifically
      identified as a para amino phenyl group, being para amino acetophenone.
      Other aromatic amine moieties appear in other compounds; for example in
      hamycin, such substituent group is that of para amino phenyl ketone.
      Although it is conceivable that the acid salt formation in the present
      invention may extend to the amine group of such aromatic substituents,
      this is not understood to be of significance; the acid salt formation is
      primarily concerned with the more strongly alkaline amine, in the amino
      sugar.
PAR  Other substitution on the macrolide ring is deemed of essentially minor
      consequence, notably for the reactions and products herein involved, and
      essentially consists of one or more moieties selected from the class
      consisting of lower alkyl, hydroxylated lower alkyl, oxygen and epoxy, the
      term lower alkyl being understood to represent alkyl groups up to seven
      carbon atoms. Most commonly, the alkyl substitutions are simple methyl
      groups, usually at least several of them as in the case of FIGS. 1 and 2.
PAR  As will be noted in the figures, oxygen substitution may be simple, as in
      the nature of a ketone oxygen, or it may be present in bridging relation
      by linkage to two non-successive carbon atoms, thus in the case of
      amphotericin B and nystatin forming a closed, six-member configuration
      recognized as a hemi ketal. In other cases, there may be similar bridging
      by alkyl or hydroxylated alkyl substituents. As stated, an epoxy group
      appears in some compounds, for example in pimaricin (FIG. 3), as a
      substituent on the ring. There can be duplicate or multiple substituent
      groups of given types, as usually in the case of --OH and methyl
      (--CH.sub.3) groups, and indeed even for more complex groups, as with the
      presence of a second carboxyl group (which would then also be identically
      esterified), but in all cases there is no difference in the fundamental
      nature of the base compound as a member of the stated polyene macrolide
      class and no effect on the applicability of the present invention.
PAR  In general, of course, the otherwise unoccupied bonds of the carbon atoms
      of the ring are occupied by protons, i.e., hydrogen atoms. Indeed for the
      most part these are omitted from the structural drawings (FIGS. 1 to 3),
      it being readily apparent where they belong, i.e., at unfilled linkage
      lines at some places and on the ring carbons wherever unfilled bonds are
      evident. Of course, as is conventional for simplicity, actual designation
      of ring carbons is omitted, for example at positions 1 to 37 and in the
      sugar ring in FIG. 1. The latter figure is drawn to illustrate
      three-dimensional characteristics, but FIGS. 2 and 3, in simpler flat
      representation, are believed to be sufficiently complete in setting forth
      the formulas as presently understood.
PAR  Although for purposes of convenience and illustration the water soluble
      salts have been chiefly tested as hydrochlorides, any of a large number of
      other acids may be employed for making addition salts, with equally useful
      effect, the mechanism of forming an addition salt with a suitably alkaline
      amine being well known. Thus the following are some acids considered to be
      notably appropriate for this purpose, i.e., as examples among many that
      will be readily recognized as suitable for water soluble salts: Inorganic
      acids: hydrochloric, sulfuric, phosphoric, nitric, boric, hydroiodic,
      hydrofluoric, phosphotungstic. Organic acids: formic, acetic, thioacetic,
      acrylic, propionic, isobutyric, n-butyric, pyruvic, ethylmethylacetic,
      chloroacetic, dichloroacetic, methoxyacetic, alpha-bromo propionic,
      bromoacetic, lactic, malic, citric, malonic and glutaconic.
PAR  As also explained, some advantage is realized with insoluble acid salts,
      notably where a lipid-soluble compound is desired. Among others, examples
      of acids suitable for forming such acid salts are the following:
      n-caproic, n-heptoic, n-caprylic, capric, undecanoic, undecylenic, oleic,
      lauric, pimelic, mandelic, salicylic, stearic, palmitic, linoleic and
      linolenic. Special utility may be achieved by some of these acid salts as
      for instance where undecylenic acid is employed, in view of the known,
      highly potent antifungal properties of this acid and its salts.
PAR  The remarkably high water solubility of the soluble acid salt derivatives
      of the invention has been established by tests of representative
      compounds, in comparison with the base substances. While the solubilities
      of the acid salts of the esters were readily determinable by the so-called
      dry weight method (and were so measured for the table below), the true
      solubilities of the base polyene antibiotics are too low, i.e., less than
      0.1 milligram per milliliter, for accurate measurement by such method.
      Hence a more sensitive analytical method was adopted, involving ten fold
      dilution of the saturated water solution with an organic solvent (dimethyl
      sulfoxide), measurement of the ultra-violet spectrum then obtainable of
      the predominantly organic solution, and finally, calculation of the water
      solubility from the known dilution and the known (or separately
      determined) value of the extinction coefficient for the substance. The
      solubility determinations were as follows:
TBL                TABLE III                                                   
     ______________________________________                                    
     Antibiotics       Solubility in                                           
     and derivatives   water, mg./ml.                                          
     ______________________________________                                    
     Amphotericin B    0.0017                                                  
     Amphotericin B methyl                                                     
     ester hydrochloride                                                       
                       &gt; 75.0                                                  
     Amphotericin B ethyl                                                      
     ester hydrochloride                                                       
                       &gt; 75.0                                                  
     Candidin          0.116                                                   
     Candidin methyl                                                           
     ester hydrochloride                                                       
                       &gt; 50.0                                                  
     Nystatin          0.039                                                   
     Nystatin methyl                                                           
     ester hydrochloride                                                       
                       &gt; 80.0                                                  
     Pimaricin         0.052                                                   
     Pimaricin methyl                                                          
     ester hydrochloride                                                       
                       &gt; 80.0                                                  
     Mediocidin        0.072                                                   
     mediocidin methyl                                                         
     ester hydrochloride                                                       
                       &gt; 50.0                                                  
     Candicidin        0.032                                                   
     Candicidin methyl                                                         
     ester hydrochloride                                                       
                       &gt; 20.0                                                  
     Trichomycin       0.046                                                   
     Trichomycin methyl                                                        
     ester hydrochloride                                                       
                       &gt; 20.0                                                  
     Hamycin           0.032                                                   
     Hamycin methyl                                                            
     ester hydrochloride                                                       
                       &gt; 20.0                                                  
     ______________________________________                                    
PAL  Although the hydrochloride salts were used for the above tests, it will be
      understood that in these and other respects herein, comparable properties
      are obtainable with addition salts made from many other acids as mentioned
      above, e.g. sulfates, acetates, phosphates, nitrates, and the like.
PAR  The true solubility of the present derivatives is further illustrated by
      FIG. 5, where curve A is the ultraviolet spectrum for amphotericin B
      methyl ester hydrochloride in water, 7 micrograms per ml., and curve B is
      a like spectrum for the same concentration of the base amphotericin B in
      water. Curve A, having the same characteristic absorption peaks as the
      organic solvent solution of the base antibiotic and of the methyl ester in
      non-salt form (FIG. 4) is a true spectrum and therefore demonstrates a
      true solution in water, whereas curve B, lacking the characteristic
      configuration, shows that the base substance did not dissolve and was
      therefore a mere dispersion. It has previously been noted, by others, that
      the apparently solution-like dispersion of lyophilized amphotericin
      B-sodium desoxycholate in water affords only a spectral curve essentially
      like curve B, and this is in fact only a dispersion and is not at all a
      true solution.
PAR  As indicated, numerous tests have shown that the antimicrobial activity of
      the present derivatives, both in the immediate ester form of
      esterification and in the final water-soluble salt form, is substantially
      the same as that of the base antibiotics. Thus for example, the following
      table shows some of the in vitro measurements that have been made of the
      antifungal potency of a number of the bases and derivatives, utilizing
      standard methods and culture techniques, with Saccharomyces cerevisiae, an
      organism generally considered in the category of fungi and commonly used
      for a representative test of activity. In the table the numerical values
      represent minimum inhibitory concentration and thus the lower the value,
      the greater the activity in inhibiting growth of the organism.
TBL                TABLE IV                                                    
     ______________________________________                                    
                       Min. Inhibitory Conc.                                   
                       micrograms/ml.                                          
     Compounds         Saccharomyces cerevisiae                                
     ______________________________________                                    
     Nystatin          3.00                                                    
     Nystatin methyl ester                                                     
                       4.00                                                    
     Amphotericin B    0.25                                                    
     Amphotericin B methyl                                                     
     ester hydrochloride                                                       
                       0.25                                                    
     Pimaricin         3.50                                                    
     Pimaricin methyl ester                                                    
                       4.00                                                    
     Mediocidin        0.035                                                   
     Mediocidin methyl ester                                                   
                       0.030                                                   
     Candicidin        0.020                                                   
     Candicidin methyl                                                         
     ester hydrochloride                                                       
                       0.025                                                   
     Trichomycin       0.030                                                   
     Trichomycin methyl                                                        
     ester hydrochloride                                                       
                       0.030                                                   
     Candimycin        0.025                                                   
     Candimycin methyl ester                                                   
                       0.025                                                   
     ______________________________________                                    
PAR  In the case of amphotericin B this set of tests was extended to other
      microorganisms: the minimum inhibitory concentrations in micrograms per
      ml. for amphotericin B and its methyl ester hydrochloride respectively
      were 0.5 and 0.5 against Candida albicans, 0.5 and 0.5 against Mucor
      rouxii, and 0.20 and 0.25 against Aspergillus niger.
PAR  The utility of the new compounds has essentially been explained or should
      be self-evident in what has been said above, particularly in that they
      have the same biological activity as the base or parent substances and
      thus are in general useful for the same purposes. New utility of
      substantial character is apparent, as stated, by reason of special
      solubility characteristics. For example, use of the base antibiotics for
      preventing or attacking fungus infection or damage has often been
      unsuccessful because of lack of water solubility, e.g. with respect to
      inanimate articles, or to animate bodies whether plants (requiring
      water-base sprays) or bodies of animal nature (where the polyenes have
      functioned badly in internal use by reason of water insolubility); thus
      there has been a need for water-soluble agents, which is filled by the
      present invention. The water soluble derivatives have important further
      uses, for example in preventing or destroying fungus infection in tissue
      culture, where they can be employed in the same fashion and for
      cultivation of the same wide variety of living tissue materials,
      particularly including animal tissue, as explained in the above-mentioned
      U.S. Pat. No. 3,244,590, with superior effectiveness.
PAR  It is to be understood that the invention is not limited to the specific
      embodiments herein described but may be carried out in other ways without
      departure from its spirit.
PAR  The following is the list of literature sources to which references by item
      number have been made above. Items 13, 4 and 5 in this list also
      respectively include sources for the molecular formulas of the base
      antibiotics of the compounds in FIGS. 1, 2 and 3.
PAC  LITERATURE SOURCES
PA0  1. vogel, A. I., "A Textbook of Practical Organic Chemistry", Third
      Edition, Longmans, Green & Co., Ltd., London (1961), pp. 967-973.
PA0  2. Makino, K., A. Watanabe, and Y. Joh, (Jikei Univ. School of Med., Tokyo)
      Seikagaku, 32, 788-789 (1960).
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      1958, pp. 897-905.
PA0  8. Amphotericin A:
PA1  U.s. pat. No. 2,908,612; Gold, W., H. A. Stout, J. F. Pagano, and R.
      Donovick, In: Antibiotics Annual 1955-1956, New York, Medical
      Encyclopedia, Inc., 1956, pp. 579-586; and Vandeputte, J., J. L. Wachtel,
      and E. T. Stiller, ibid., pp. 587-591.
PA0  9. Chromin:
PA1  Wakaki, S., S. Akanabe, K. Hamada, and T. Asahina, J. Antibiotics (Japan),
      5, 677-681 (1952); ibid., 6A, 145-146 (1953); ibid., 6B, 247-250 (1953).
PA0  10. eurocidin:
PA1  Arai, T., Y. Morita, and Y. Takamizawa, J. Antibiotics (Japan), 7A, 169-173
      (1954); Nakazawa, K., J. Agr. Chem. Soc. Japan, 29, 650-652 (1955). [Chem.
      Abst., 50, 5830 (1956)]
PA0  11. Mediocidin:
PA1  Utahara, R., Y. Okami, S. Nakamura, and H. Umezawa, J. Antibiotics (Japan),
      7A, 120-124 (1954).
PA0  12. cryptocidin:
PA1  Sakamoto, J. M. J., J. Antibiotics (Japan), 12A, 21-23 (1959).
PA0  13. amphotericin B:
PA1  Mechlinski, W., C. P. Schaffner, P. Ganis, and G. Avitabile, Tetrahedron
      Letters, 3873-3876 (1970); U.S. Pat. No. 2,908,611; Gold, W., H. A. Stout,
      J. F. Pagano, and R. Donovick, In: Antibiotics Annual 1955-1956, New York,
      Medical Encyclopedia, Inc., 1956, pp. 579-586; and Vandeputte, J., J. L.
      Wachtel, and E. T. Stiller, ibid., pp. 587-591.
PA0  14. Levorin (Antibiotic 26/1):
PA1  Borowski, E., M. Malyshkina, S. Soloviev, and T. Ziminski, Chemotherapia,
      10, 176-194 (1965/66).
PA0  15. Ascosin:
PA1  Hickey, R. J., C. J. Corum, P. H. Hidy, I. R. Cohen, U. F. B. Nager, and E.
      Kropp, Antibiotics & Chemotherapy 2, 472-483 (1952).
PA0  16. Candicidin:
PA1  Waksman, S. A., H. A. Lechevalier, and C. P. Schaffner, Bull. World Health
      Org., 33, 219-226 (1965); and U.S. Pat. No. 2,992,162.
PA0  17. Candidin:
PA1  Taber, W. A., L. C. Vining, and S. A. Waksman, Antibiotics & Chemotherapy,
      4, 455-461 (1954).
PA0  18. Candimycin:
PA1  Shibata, M., M. Honjo, Y. Tokui, and K. Nakazawa, J. Antibiotics (Japan),
      7B, 168 (1954).
PA0  19. hamycin:
PA1  Bhate, D. S., G. R. Ambekar, K. K. Bhatnagar, and R. K. Hulyalkar,
      Hindustan Antibiotics Bull., 3, 139-143 (1961).
PA0  20. Trichomycin:
PA1  Hattori, K., J. Antibiotics (Japan), 15B, 37-43 (1962) [Chem. Abst., 58,
      5532 (1963)].
PA0  21. Aureofungin:
PA1  Thirumalachar, M. J., P. W. Rohalkar, R. S. Sukapure, and K. S.
      Gopalkrishnan, Hindustan Antibiotics Bull., 6, 108-111 (1964).
PA0  22. Protocidin:
PA1  Arima, N., J. Sakamoto, and E. Okamoto, Japanese Pat. No. 8648 (1960)
      [Chem. Abst., 55, 7758 (1961)].
PA0  23. Lucensomycin (Etruscomycin):
PA1  Gaudiano, G., P. Bravo, and A. Quilico, Tetrahedron Letters, 30, 3559-3571
      (1966).
PA0  24. Tetrin:
PA1  Gottlieb, D. L. and H. L. Pote, Phytopathology, 50, 817-822 (1960).
PA0  25. Antibiotic PA-153:
PA1  Koe, B. K., F. W. Tanner, Jr., K. V. Rao, B. A. Sobin, and W. D. Celmer,
      In: Antibiotics Annual 1957-1958, New York Medical Encyclopedia, Inc.,
      1958, pp. 897-905.
PA0  26. Antibiotic 2814-P:
PA1  Thrum, H., Naturwiss. 46, 87 (1959); and Planta Med., 8, 376 (1960).
PA0  27. Endomycin B:
PA1  Vining, L. C., and W. A. Taber, Can. J. Chem., 35, 1461-1466 (1957).
PA0  28. Antibiotic PA-150:
PA1  Koe, B. K., F. W. Tanner, Jr., K. V. Rao, B. A. Sobin, and W. D. Celmer,
      In: Antibiotics Annual 1957-1958, New York, Medical Encyclopedia, Inc.,
      1958, pp. 897-905.
PA0  29. Antibiotic F-17-C:
PA1  Craveri, R., O. L. Shotwell, R. G. Dworschack, T. G. Pridham, and R. W.
      Jackson, Antibiotics & Chemotherapy, 10, 430-439 (1960).
PA0  30. Mycoheptin:
PA1  Borowski, E., M. Malyshkina, T. Kotienko, and S. Soloviev, Chemotherapia,
      9, 359-369 (1964).
PA0  31. Ayfactin A & B:
PA1  Kaplan, M. A., B. Heinemann, I. Mydlinski, F. H. Buckwalter, J. Lein, and
      I. R. Hooper, Antibiotics & Chemotherapy, 8, 491-495 (1958); and British
      Patent No. 796,982 (1958).
PA0  32. Heptamycin:
PA1  Henis, Y., N. Grossozicz, and M. Aschner, Bull. Res. Counc. Israel, 6E, VII
      (1957); and British Patent No. 884,713.
CLMS
STM  We claim:
NUM  1.
PAR  1. Amphotericin B methyl ester hydrochloride.
NUM  2.
PAR  2. Candicidin methyl ester hydrochloride.
NUM  3.
PAR  3. Trichomycin methyl ester hydrochloride.
NUM  4.
PAR  4. Mediocidin methyl ester hydrochloride.
NUM  5.
PAR  5. Pimaricin methyl ester hydrochloride.
NUM  6.
PAR  6. An antimicrobially active product of the group consisting of the methyl,
      ethyl and propyl esters of amphotericin B and their acid addition salts.
NUM  7.
PAR  7. An antimicrobially active product of the group consisting of the methyl,
      ethyl and propyl esters of candicidin and their acid addition salts.
NUM  8.
PAR  8. An antimicrobially active product of the group consisting of the methyl,
      ethyl and propyl esters of trichomycin and their acid addition salts.
NUM  9.
PAR  9. An antimicrobially active product of the group consisting of the methyl,
      ethyl and propyl esters of mediocidin and their acid addition salts.
NUM  10.
PAR  10. An antimicrobially active product of the group consisting of the
      methyl, ethyl and propyl esters of pimaricin and their acid addition
      salts.
NUM  11.
PAR  11. An antimicrobially active, polyene macrolide antibiotic product which
      is selected from the class consisting of:
PA1  A. alkyl esters, wherein the alkyl group has one to three carbon atoms, of
      an amphoteric, polyene, macrolide antibiotic
PA2  a. which has a macrolide ring including an uninterrupted series of 4 to 7
      conjugated double bonds and
PA2  b. which has substituents on said ring that are respectively a carboxyl
      group, and an amino glycoside moiety in which the amino group is primary
      (--NH.sub.2) and which has the composition --(C.sub.6 H.sub.12 O.sub.4 N);
PA2  c. said carboxyl group being esterified to constitute said alkyl ester; and
PA1  B. acid addition salts of said esters.
NUM  12.
PAR  12. A polyene antibiotic product as defined in claim 11, which is an alkyl
      ester as recited in section (A) of said claim.
NUM  13.
PAR  13. A polyene antibiotic product as defined in claim 11, in which the said
      alkyl group is methyl.
NUM  14.
PAR  14. A polyene antibiotic product as defined in claim 11, which is an acid
      addition salt as defined in section (B) of said claim.
NUM  15.
PAR  15. A polyene antibiotic product as defined in claim 14, which is a
      water-soluble acid addition salt, and in which the alkyl group is methyl.
NUM  16.
PAR  16. An antimicrobially active product selected from the group consisting of
      the methyl, ethyl and propyl esters of the antibiotics amphotericin B,
      candicidin, trichomycin, mediocidin and pimaricin.
NUM  17.
PAR  17. An antimicrobially active product which is a water-soluble acid
      addition salt of a compound selected from the group consisting of the
      methyl, ethyl and propyl esters of the antibiotics amphotericin B,
      candicidin, trichomycin, mediocidin and pimaricin.
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ABST
PAL  Novel therapeutically useful and disinfecting penicillanic and
      cephalosporanic acid derivatives of the formula:
      ##SPC1##
PAL  Wherein W represents a penicillanic or cephalosporanic acid residue or
      derivatives thereof and wherein Y represents a carbonamido group
      N-substituted by a phosphorous or sulfur containing residue or Y
      represents a phosphorous or sulfur containing substituent, and
      pharmaceutical and disinfecting compositions containing them and their use
      and process for the preparation of the said compounds.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide novel cephalosporanic and
      penicillanic acid compounds of formula I.
PAR  It is another object of the invention to provide a novel process for the
      preparation of the products of the invention.
PAR  It is a further object of the invention to provide novel antibacterial
      compositions.
PAR  It is an additional object of the invention to provide a novel method of
      combatting bacterial infection in warm-blooded animals.
PAR  These and other objects and advantages of the invention will become obvious
      from the following detailed description.
PAC  THE INVENTION
PAR  The novel penicillanic and cephalosporanic acid derivatives of the
      invention have the formula
      ##SPC2##
PAL  Wherein W is a penicillanic or cephalosporanic acid residue of the formula:
      ##EQU1##
      wherein U is an imido group (such as saccharinyl, phthalimido,
      succinimido) or a group --OE, E is hydrogen, a salt-forming cation, an
      ester-forming group which may be easily removed (such as by hydrolysis, by
      hydrogenation or by a substitution reaction using basic or nucleophilic
      agents), or E is an ester-forming group known to improve the absoprtion
      characteristics of penicillanic or cephalosporanic acid compounds after
      oral administration to a human or animal, V is selected from the group
      consisting of hydrogen, halogen, an azido, hydroxy, an amino, a
      carbamoyloxy, cyano, (lower)alkanoyloxy group (preferably acetoxy), an
      optionally substituted mononuclear heterocyclic group containing a sulfur
      or nitrogen atom, and preferably having 5 to 6 atoms in the ring (e.g.
      lutidinyl, picolinyl, pyridyl) and --S-- Q (wherein Q is (lower)-alkenyl,
      benzyl, thienyl, furyl, diazolyl, triazolyl, tetrazolyl, thiazolyl,
      thiadiazolyl, thiatriazolyl, isoxazolyl, oxazolyl, oxadiazolyl,
      benzimidazolyl, imidazolyl, benzoxazolyl, triazolopyridyl or purinyl)
      optionally substituted with at most two lower alkyl or phenyl, Y is a
      substituent selected from the group consisting of
      ##EQU2##
      wherein X and R are individually taken from the group consisting of oxygen
      and sulfur, and Z.sup.1 and Z.sup.2 are individually selected from the
      group consisting of lower alkoxy, (lower)alkylthio, optionally substituted
      phenoxy, optionally substituted benzyloxy, optionally substituted amino
      group [e.g. mono(lower) alkylamino, mono-cycloalkylamino,
      di(lower)alkylamino, mono-phenylamino, mono(mono-nuclear
      heterocyclyl)amino, (lower) alkoxy-carbonyl-hydrazino, or
      (lower)acylhydrazino such as (lower)alkanoylhydrazino], optionally
      substituted(lower)alkyl, optionally substituted phenyl, hydroxy and OM,
      wherein M is a salt forming cation, or Z.sup.1 and Z.sup.2 form together
      with the phosphorous atom an optionally unsaturated 5 to 7 membered
      heterocyclic ring optionally substituted with at most four lower alkyl
      groups,
      ##EQU3##
      wherein Z.sup.3 is (lower)alkyl, (lower)alkoxy, di(lower)alkylamino,
      amino, phenyl or hydroxy, and Z.sup.4 is (lower)alkoxy, (lower) alkylthio,
      aryloxy, (e.g. phenoxy), or optionally substituted amino group [e.g.
      mono(lower)alkylamino, mono-cycloalkylamino, di(lower)alkylamino,
      mono-phenylamino, or mono-(mono-nuclear heterocyclyl)amino];
      ##EQU4##
      wherein Z.sup.5 is
      ##EQU5##
      wherein R.sup.1 is hydrogen or (lower)alkyl and R.sup.2 is hydrogen,
      (lower)alkyl optionally substituted with an optionally esterified carboxy
      [e.g. (lower)alkoxycarbonyl(lower)alkyl], phenyl, cycloalkyl or optionally
      substituted mono-nuclear heterocycle containing 5 to 7 atoms in the ring
      and containing hetero-atoms selected from oxygen, sulfur and nitrogen, an
      amino optionally substituted with (lower)alkyl, phenyl or
      (lower)alkoxycarbonyl, or R.sub.2 is aryl (e.g. phenyl) or mononuclear
      heterocycle having one or more hetero atoms selected from oxygen, nitrogen
      and sulfur and containing 5 or 6 atoms in the ring [e.g. oxazolyl,
      oxadiazolyl, isoxazolyl, isothiazolyl, thiadiazolyl, thiazolyl and pyridyl
      optionally carrying one or more substituents], or R.sup.1 and R.sup.2
      together with the nitrogen atom to which they are attached represent a
      mononuclear heterocyclic nucleus containing 5 or 6 atoms in the ring and
      having besides the nitrogen atom additional hetero atom(s) selected from
      oxygen, nitrogen and sulfur [e.g. morpholino, pyrrolidino, piperidino], or
      Z.sup.5 is X--R.sup.3 wherein X is as hereinbefore defined and R.sup.3 is
      lower alkyl, or Z.sup.5  is hydroxy or --OM wherein M is a salt-forming
      cation, e.g. an alkali metal atom, or
      ##EQU6##
      wherein Z.sup.6 is hydrogen, --CO--R.sup.4 in which R.sup.4 is
      (lower)alkoxy, aryloxy e.g. phenoxy, (lower) alkylthio or arylthio, an
      optionally substituted amino --NR.sup.1 R.sup.2, in which R.sup.1 and
      R.sup.2 are as hereinbefore defined, or
      ##EQU7##
      wherein R.sup.5 and R.sup.6 are the same or different and each is
      (lower)alkyl, phenyl or cycloalkyl or R.sup.5 or R.sup.6 together with
      R.sup.7 and the "--C--N--" group represented a mononuclear heterocycle
      containing 5,6 or 7 atoms in the ring, or R.sup.5 and R.sup.6 together
      with the nitrogen atom to which they are attached are mononuclear
      heterocycle containing 5 or 6 atoms in the ring, and R.sup.7 is hydrogen,
      (lower)alkyl, cycloalkyl or phenyl.
PAR  The term "lower" as applied herein to alkyl, alkoxy, alkylthio,
      alkoxycarbonyl, acyl and alkanoyl means that the group in question
      contains at most 6 carbon atoms. The term "cycloalkyl" indicates a
      carbocyclic ring of 5 to 8 carbon atoms. The substituents which may
      optionally be present on a phenyl nucleus or on a mononuclear heterocycle
      nucleus within the definition of Y are selected from halogen, nitro,
      cyano, di(lower)alkylamino, (lower) alkyl, (lower)alkoxy, optionally
      esterified carboxy, optionally substituted carbamoyl, (lower)acylamino
      [e.g. (lower)alkanoylamino] or (lower)alkoxycarbonylamino.
PAR  Ester groups, which may improve the physical absorption characteristics of
      the compounds of the formula I are selected from, for example, groups of
      the formula:
EQU  --CH.sub.2 --O--CO--R.sup.8                                XA
PAL  wherein R.sup.8 is straight or branched chain alkyl of 1 to 8 carbon atoms
      optionally substituted by one or more substituents selected from lower
      (alkoxy), (lower)alkylthio, halo(lower) alkyl or nitro and halogen.
PAR  The salt-forming cations as indicated within the definition of symbol E and
      OM are those which form non-toxic, pharmaceutically acceptable salts of
      the compounds of formula I, such as sodium, potassium or other alkali
      metals, calcium or other alkaline earth metals or amines (e.g.
      tri(lower)alkylamine, procaine or benzylamine) salts. Hydrates of salts,
      possibly internal salts or zwitterionic modifications, of the compounds of
      formula I are included within the scope of the invention.
PAR  Examples of groups within formula IV are
      di(lower)alkoxyphosphinylaminocarbonyl,
      di(lower)alkoxyphosphinothioylaminocarbonyl,
      diphenoxyphosphinylaminocarbonyl, diphenoxyphosphinothioylaminocarbonyl,
      di[di(lower)alkylamino]phosphinylaminocarbonyl,
      di[di(lower)alkylamino]phosphinothioylaminocarbonyl,
      di(lower)alkylthiophosphinothioylaminocarbonyl,
      diphenylphosphinylaminocarbonyl, diphenylphosphinothioylaminocarbonyl,
      di(lower)alkylphosphinylaminocarbonyl,
      di(lower)alkylphosphinothioylaminocarbonyl,
      di(anilino)phosphinylaminocarbonyl,
      anilino-(lower)alkoxy-phosphinylaminocarbonyl,
      hydroxy-(lower)-alkoxy-phosphinylaminocarbonyl,
      hydroxy-phenyl-phosphinylaminocarbonyl,
      hydroxy-(lower)alkylphosphinylaminocarbonyl,
      (lower)alkoxy-benzyloxyphosphinylaminocarbonyl,
      phenyl-benzyloxyphosphinylaminocarbonyl, lower
      alkyl-benzyloxyphosphinylcarbonyl, dibenzyloxy-phosphinylaminocarbonyl,
      dihydroxy-phosphinylaminocarbonyl, hydroxy-di(lower)alkylamino
      phosphinylaminocarbonyl, benzyloxy-di(lower)alkylamino
      phosphinylaminocarbonyl, di(lower)alkylthiophosphinylaminocarbonyl and
      (lower) alkoxycarbonylhydrazino(lower)alkoxy-phosphinylaminocarbonyl, the
      corresponding -phosphinyl (or phosphinothioyl) aminothiocarbonyl groups
      and the 3,4-dimethyl-1-oxo-3-phospholene-1-yl-aminocarbonyl group.
PAR  An example of a group within formula V is (lower)
      alkoxy-N'-phenylureido-phosphinyl.
PAR  Examples of groups within formula VI are
      (lower)-alkoxysulfonylaminocarbonyl, anilinosulfonylaminocarbonyl,
      di(lower)alkylaminosulfonylaminocarbonyl,
      mono(lower)alkylaminosulfonylaminocarbonyl,
      (lower)alkoxycarbonyl(lower)alkylaminosulfonylaminocarbonyl, pyridyl- or
      isoxazolyl-aminosulfonylaminocarbonyl optionally carrying one or more
      lower alkyl substituents on the heterocycle nucleus,
      benzylaminosulfonylaminocarbonyl, (5-methyl-1,2,4-oxadiazol-3-yl-methyl
      aminosulfonylaminocarbonyl, morpholinsulfonylaminocarbonyl,
      (lower)-alkoxycarbonylhydrazinosulfonylaminocarbonyl,
      aminosulfonylaminocarbonyl, and sulfoaminocarbonyl and alkali metal
      derivatives thereof.
PAR  Examples of groups within formula VII are aminosulfonyl,
      (lower)alkoxycarbonylaminosulfonyl, phenoxycarbonylaminosulfonyl.
PAR  Examples of groups within formula IX are
      di(lower)alkylamino-(lower)alkylidene-aminosulfonyl and
      1-(lower)alkylpyrrolidin-2-ylidene-aminosulfonyl.
PAR  A preferred class of compounds of formula I is that wherein W is a
      penicillanic or cephalosporanic acid group, E is hydrogen, sodium,
      potassium or ammonium ions or a pharmaceutically acceptable ester-residue
      of formula XA, V is acetoxy, 5-methyl-1,3,4-thiadiazol-2-yl thio,pyridyl
      or azido, and Y is --CO--NH--SO.sub.3 M' in which M' is hydrogen or a
      salt-forming, pharmaceutically acceptable cation such as an alkali metal
      (preferably sodium), or a group of --SO.sub.2 --NH.sub.2 or
      ##EQU8##
      which X is oxygen or sulfur, Z.sup.2 ' is hydroxy, OM.sup.1,
      (lower)alkoxy, phenoxy, di(lower)alkylamino, phenyl or (lower)alkyl group.
PAR  The compounds of formula I may be prepared by known methods for the
      preparation of structurally similar penicillins and cephalosporins using,
      for example, 6-(.alpha.-aminophenylacetamido) penicillanic acid [i.e.
      ampicillin], 7-(.alpha.-aminophenylacetamido) cephalosporanic acid [i.e.
      cephaloglycin], 7-(.alpha.-aminophenylacetamido) desacetoxycephalosporanic
      acid [i.e. cephalexin] and derivatives of these cephalosporins bearing
      otherwise substituted (3) methyl substituents as initial starting
      materials. Such starting materials have been known for a long time from a
      great variety of literature sources and are commercially available
      antibiotics. They may be prepared by many methods known in the art such as
      described in the U.S. Pat. Nos. 3,157,640; 3,140,282; 2,985,648;
      3,487,073; 3,520,876 and 3,576,855; British Pat. Nos. 1,082,427; 1,199,186
      and 1,270,633; German Offenlegensschriften Nos. 20,29,195; 19,45,607 and
      2163,279; South African Pat. Nos. 67/5627 and 60/07577, and Belgian Pat.
      Nos. 726568, 726765 and 777262.
PAR  Thus according to another feature of the invention, the compounds of
      formula I are prepared by the process which comprises reacting a compound
      of the formula:
      ##SPC3##
PAL  wherein .pi. is hydrogen, alkali metal, or a silyl such as a tri(lower
      alkyl)silyl or a tri(phenyl)silyl and W' is a group of the formula
      ##EQU9##
      wherein U' is an imido group or --OE', E' is an ester-forming protecting
      group, preferably one which can be easily removed after the reaction (e.g.
      by hydrolysis, hydrogenation or a substitution reaction using a basic or
      nucleophilic reagents) and which does not interfere with the reaction, and
      V' has the same significance as defined above for the symbol V with the
      proviso that groups within the definition of V which may react or may be
      influenced under the reaction conditions have been adequately protected
      (e.g. by esterification or acylation) with a compound
PAR  A1. of the formula:
      ##EQU10##
      wherein X, R, Z.sup.1 and Z.sup.2 are as defined above in an inert organic
      solvent at temperatures within the range of from -30.degree.C to
      30.degree.C, preferably under anhydrous conditions, optionally followed by
      removal of the protecting group E' and any other protecting group(s)
      present from the compound so obtained; or
PAR  B1. of the formula:
      ##EQU11##
      wherein Z.sup.3* has the same significance as Z.sup.3 as defined above or
      is a group which can be easily converted into a group Z.sup.3 and X is as
      defined above in an inert organic solent at temperatures below 0.degree.C,
      preferably between -40.degree.C and -80.degree.C, preferably under
      anhydrous conditions, followed by reacting a compound so obtained with a
      compound of the formula
EQU  Z.sup.4* -- H                                              XV
PAL  wherein Z.sup.4* has the same significance as Z.sup.4 or is a group which
      can be easily transformed into a group Z.sup.4 after the reaction at
      temperatures below 25.degree.C, and preferably between -40.degree.C and
      -80.degree.C, optionally in the presence of an acid-binding agent such as
      an organic base and preferably under anhydrous conditions, optionally
      followed by removal of any protecting group(s); or
PAR  C1. of the formula:
EQU  X = C = N-- SO.sub.2 -- Cl                                 XVI
PAL  wherein X is as defined above in an inert organic solvent at temperatures
      below 0.degree.C, preferably between -40.degree.C and -80.degree.C, and
      preferably under anhydrous conditions, followed by reacting the compound
      so obtained with a compound of the formula:
EQU  Z.sup.5* -- H                                              XVII
PAL  wherein Z.sup.5** has the same significance as Z.sup.5 as defined above or
      is a group which can easily be converted into a group Z.sup.5 after the
      reaction at temperatures below 25.degree.C and preferably between
      -40.degree.C and -80.degree.C, optionally in the presence of an
      acid-binding agent such as an organic base (e.g. pyridine) and preferably
      under anhydrous conditions, optionally followed by the removal of any
      protecting group(s) present in the resulting product; or
PAR  D1. of the formula:
      ##EQU12##
      wherein Z.sup.6 and Z.sup.3* have the same significances as defined above
      in an inert organic solvent at temperatures below 35.degree.C, preferably
      at about 0.degree. - 10.degree.C depending upon the character of the
      substituent Z.sup.3* , optionally in the presence of an acid-binding agent
      such as an organic base (e.g. pyridine) and preferably under anhydrous
      conditions, optionally followed by removal of any protecting group(s)
      present in the resulting product; or
PAR  E1. of the formula:
EQU  Cl--SO.sub.2 K                                             XX
PAL  wherein K is --NH--Z.sup.6 is as defined above or K is a group
      ##EQU13##
      wherein R.sup.5, R.sup.6 and R.sup.7 are as defined above in an inert
      organic solvent at temperatures below 35.degree.C, preferably at about
      0.degree. - 10.degree.C, optionally in the presence of an acid-binding
      agent such as an organic base (e.g. pyridine) and preferably under
      anhydrous conditions, optionally followed by removal of any protecting
      group(s) present in the resulting product.
PAR  The compounds of formula XVIII have been hitherto prepared by the
      conversion of a compound of the formula
      ##EQU14##
      by the reaction with water, thiols, alcohols, carboxylic acids, amines etc
      by methods known per se.
PAR  Compounds of formula XX have been hitherto prepared by the conversion of a
      compound of the formula:
EQU  Cl--SO.sub.2 --N = C = O                                   XXII
PAL  by reaction with water, thiols, alcohols, carboxylic acids, amines etc by
      methods known per se.
PAR  The reactions are carried out in an inert organic solvent such as
      dichloromethane, acetonitrile, ethyl acetate, benzene, toluene or mixtures
      thereof.
PAR  The starting materials of formula X having the carboxy group and optionally
      other reactive groups in the residues XI and XII suitably protected may be
      prepared by methods known per se.
PAR  For the protection of, for example, the carboxy group, preferably ester
      groups are used such as a silyl group having the formula (R").sub.3
      .tbd.Si.about.or (R").sub.2 &gt;Si&lt; wherein R" is (lower)alkyl,
      (lower)halosubstituted alkyl, aryl, aryl (lower)alkyl or lower alkoxy, an
      optionally substituted benzyl or benzhydryl, an optionally substituted
      (preferably halo-substituted) phenacyl, trichloroethyl, or a tert.-butyl.
      More preferably, silylesters of the residues of formulae XI and XII are
      used as starting materials, which are prepared by reacting compounds of
      formula X having a free carboxy group with, for example, N,O-bis
      (trimethylsilyl)acetamide, trimethylsilylacetamide, trimethylchlorosilane
      or dimethyldichlorosilane.
PAR  The starting compounds of the formulae XIII, XIV, XVIII, XIX and XX may be
      prepared by methods known per se, as described in, for example,
PA1  R. graf, Angew. Chem. 80, 179 (1968);
PA1  L. i. samarai et al., Zh. Obshch. Khim. 39, 1511 (1969);
PA1  M. kulka, Can. J. Chem. 37, 525 (1959);
PA1  J. michalski et al., Roczniki Chem. 31, 585 (1957);
PA1  G. i. derkach et al., Zh. Obshch. Khim. 38, 1784 (1968);
PA1  G. i. derkach et al., Zh. Obshch. Khim. 35, no. 12, p. 2220 (1965);
PA1  E. s. gubnitskaya et al., Zh. Obshch. Khim. 40, 1205 (1970);
PA1  L. i. samarai et al., Zh. Obshch. Khim. 39, 1712 (1969);
PA1  A. v. narbut et al., Zh. Obshch. Khim. 38, 1321 (1968);
PA1  G. tomaschewski et al., Arch. Pharm. 301, 520 (1968), and
PA1  G. i. derkach, Angew. Chem. 81, 407 (1969).
PAL  It will be appreciated that the optionally subsituted methyl on site 3 of
      the cephalosporanic acid nucleus may also be transformed into a more
      preferred substituted methyl in a subsequent reaction step after the above
      mentioned reactions with the amino group.
PAR  The new penicillanic and cephalosporanic acid derivatives of formula I have
      antibiotic properties which make them useful for human beings and animals,
      alone or mixed with other known medically active ingredients. Some of the
      new compounds of formula I have activities comparable with those of known
      .beta.-lactam antibiotics and are especially active against gram positive
      microorganisms such as Bacillus subtilis, Staphylococcus aureus,
      Strepococcus haemolyticus and faecalis, and Diplococcus pneumoniae. They
      have, moreover, a good activity against penicillin-resistant
      Staphylococci, especially the compounds in which Y represents .about.CS--
      ##EQU15##
PAR  They are also active against Gram-negative microorganisms, e.g. Brucella
      melitensis, Pasteurella multocida, Proteus rettgeri and Proteus mirabilis.
PAR  The compounds according to the invention are preferably employed for
      therapeutic purposes in the form of an ester or a non-toxic,
      pharmaceutically acceptable salt such as sodium, potassium or calcium
      salt. Other salts that may be used include the non-toxic, suitably
      crystallizing salts with organic bases such as amines, for example
      trialkylamines, procaine and dibenzylamine.
PAR  In the treatment of bacterial infections, the compounds of this invention
      can be administered topically, orally or parenterally in accordance with
      conventional procedures for administration of antibiotics. They are
      administered in dosage units containing an effective amount of the active
      ingredient in combination with suitable physiologically acceptable
      carriers or excipients. The dosage units can be in the form of liquid
      preparations such as solutions, suspensions, dispersions or emulsions, or
      in a solid form such as powders, tablets and capsules.
PAR  Accordingly, the invention includes within its scope antibiotic
      compositions comprising an effective amount of a compound of formula I, or
      a non-toxic, pharmaceutically acceptable salt thereof, in association with
      a physiologically-acceptable carrier or excipient. Such therapeutic
      compositions can also include one or more therapeutically active
      ingredients in addition to a compound of the invention. The term
      "effective amount" as used herein in relation to the described compounds
      means an amount which is sufficient to destroy or inhibit the growth of
      susceptible microorganisms when administered in the usual manner, in other
      words an amount which is sufficient to control the growth of bacteria. The
      magnitude of an effective amount can be easily determined by those skilled
      in the art through standard procedures for determining the relative
      activity of antibacterial agents when utilized against susceptible
      microorganisms via the various available routes of administration.
PAR  Suitable carriers and excipients may be any convenient
      physiologically-acceptable ingredient which serves to facilitate
      administration of the therapeutically active compound. Carriers may
      provide some auxcillary function such as that of a diluent, flavor-masking
      agent, binding agent, action delaying agent or stabilizer. Examples of
      carriers include water, which can contain gelatin, acacia, alginate,
      dextran, polyvinylpyrrolidone or sodium carboxymethyl cellulose, aqueous
      ethanol, syrup, isotonic saline, isotonic glucose, starch, lactose, or any
      other such material commonly used in pharmaceutical and veterinary
      antibacterial compositions.
PAR  Another aspect of the invention includes a method for inhibiting the growth
      of bacteria by applying to the habitat of the bacteria an effective amount
      of the antibacterial compounds described herein. For example, the method
      can be applied to the treatment of bacterial infections in animals by
      administering to the host an effective amount of an antibacterial compound
      of the invention. The usual daily dose is 5 to 100 mg/kg depending upon
      the specific compound and the method of administration.
PAR  The novel penicillanic acid and cephalosporanic acid derivatives according
      to the formula I may be also used as growth promoters for ruminant animals
      such as cattle. They are also useful in in vitro applications, such as for
      disinfecting compositions at a concentration of about 0.1 to 1% by weight
      dissolved or suspended in a suitable inert carrier for application by
      washing or spraying.
DETD
PAC  EXAMPLE 1
PAC  Sodium
      D-6-[.alpha.-{3-(diethoxyphosphinyl)-thioureido}benzylcarbonamido]-penicil
     lanate.
PAR  0.75 ml (about 3 mmol) of N,O-bis(trimethylsilyl) acetamide was added under
      anhydrous conditions, to a suspension of 1.05 g (3 mmol) of D(-)
      6-.alpha.-amino-benzylcarbonamidopenicillanic acid (anhydrous D(-)
      ampicillin) in 50 ml of dry dichloromethane and after 30 minutes stirring
      at about 20.degree.C, a clear solution was obtained. Then, a solution of
      0.6 g (3 mmol) of diethoxyphosphinylisothiocyanate [(C.sub.2 H.sub.5
      O).sub.2 P(O)NCS] in 10 ml of dichloromethane was added at
      0.degree.-5.degree.C over a period of 10 minutes and as the reaction did
      not cause a rise in temperature, the reaction mixture was further stirred
      at 5.degree.C for 150 minutes. A small amount of precipitate was formed
      and according to thin-layer chromatograms, ampicillin was no longer
      present in the reaction mixture. The reaction mixture was poured into 75
      ml of ice-water and the pH was brought to 7.0. The layers were separated
      and as the organic layer did contain part of the desired penicillin, the
      aqueous layer was extracted once with 75 ml of ethyl acetate at pH 7.0.
      The organic layers were combined, concentrated to some extent in vacuo in
      order to remove dichloromethane, and subsequently treated with n-hexane
      until a precipitate was formed, which was vacuum filtered off, washed with
      n-hexane and dried in vacuo to constant weight to obtain 0.5 g (30%) of
      D-6-[.alpha.-{3-diethoxyphosphinyl)-thioureido}benzylcarbonamido]-penicill
     anic acid.
PAR  The aqueous layer still containing part of the desired acid was acidified
      to pH 3.0 at 0.degree.C and was subsequently extracted three times with 25
      ml of ethyl acetate. The combined extracts were washed once with a small
      volume of icewater, dried over anhyrous magnesium sulfate, filtered,
      concentrated in vacuo to small volume and treated with a concentrated
      solution of sodium .alpha.-ethylcapronate. The resulting precipitate was
      vacuum filtered, washed with cold diethyl ether and dried in vacuo to
      obtain 0.3 g (17%) of the monohydrate of the sodium salt of the said acid.
      This part of the product was slightly impure as it contained a small
      amount of sodium .alpha.-ethylcapronate.
PAR  IR of the sodium salt (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-.
      3250, 1765, 1680, 1605, .+-. 1510, 1025 and 690.
PAR  PMR of the acid (CDCl.sub.3, 60 Mc, .delta.-values in ppm, TMS as
      reference): 1.35 (further split triplet, J.apprxeq.7 cps), 1.49 and 1.53
      together 12H, about 3.9 to 4.5 (multiplet) and 4.39 (s) together 5H, about
      5.4 to 5.75 (multiplet, J.sub.AB .apprxeq.4 cps, 2H), 5.97 (d,
      J.apprxeq.6.5 cps, 1H), 7.0 (d, J.apprxeq.8 cps, about 1H), 7.4 (5H), 7.8
      (broad d, about 0.8H), 8.5 (broad), 9.5 (J.apprxeq.6.5 cps, about 0.8H).
PAR  Using the same procedure, 17.3 mmol of redistilled
      diethoxyphosphinylisocyanate was reacted to obtain 7.7 g (78.5%) of sodium
      D-6-[.alpha.-{3-(diethoxyphosphinyl)-ureido}benzylcarbonamido]-penicillana
     te in the form of a colorless solid of at least 95% purity.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-. 3320, 1770, .+-.
      1690, .+-. 1670, .+-. 1605, .+-. 1230, 1025, 690.
PAR  PMR (d.sub.6 -DMSO, 60 Mc,.delta.-values in ppm,
      2,2-dimethylsilapentane-5-sulfonate (DSS) as reference): 1.2 (further
      split triplet, J.apprxeq.7 cps) and 1.45 and 1.56 together 12H, about 3.75
      to 4.3 (multiplet) and 4.05 (s) together 5H, about 5.25 to 5.7  (multiplet
      and together 3H), 7.35 (5H), 7.95 (d, J.apprxeq.8.5 cps, 0.8H), about 8.8
      (broad) and 9.1 (d, J.apprxeq.7 cps) together about 1.5H.
PAR  Using the same procedure, 11.4 mmol of redistilled diethoxyphosphinothioyl
      isothiocyanate [(C.sub.2 H.sub.5 O).sub.2 P (S)NCS] was used to obtain 5.5
      g (80%) of sodium
      D-6-[.alpha.-{3-(diethoxyphosphinothioyl)-thioureido}-benzylcarbonamido]-p
     enicillanate in the form of a colorless solid of at least 95% purity.
PAR  IR (ibidem): .+-. 3500, .+-. 3320, 1770, 1685, .+-. 1605, 1560, 1315, 1015.
PAR  PMR (ibidem): 1.25 (t, J.apprxeq.7.1 cps) and 1.42 and 1.53 together 12H,
      3.85 to 4.37 (octet, J.apprxeq.7.1 cps and J.sub.P-H .apprxeq.9.2 cps) and
      4.02 (s) together 5H, 5.1 to 5.55 (multiplet, 2H), 6.2 (d, J.apprxeq.7.5
      cps, 1H), 7.35 (5H), 9.1 to 9.35 (overlapping doublets, about 1.6H).
PAR  Using the same procedure, 18 mmol of redistilled diethoxyphosphinothioyl
      isocyanate [(C.sub.2 H.sub.5 O).sub.2 P (S)NCO] was used to obtain 4.2 g
      (about 40%) of sodium
      D-6-[.alpha.-{3-diethoxyphosphinothioyl)-ureido}-benzylcarbonamido]-penici
     llanate in the form of a colorless solid of about 85- 90% purity.
PAR  IR (ibidem): .+-. 3500, .+-. 3300, 3065 and 3035, 1765, 1670-1690, 1610,
      1560 and 1530, 1020.
PAR  PMR (ibidem): 1.20 (t, J.apprxeq.7.0 cps) and 1.23 (t, J.apprxeq.7.2 cps)
      and 1.45 and 1.57 together 12H, 3.75 to 4.3 (at least 15 lines, presumably
      2 octets) and 3.95 (s) together 5H, about 5.25 to 5.65 (m and d, 3H), 7.35
      (5H), 7.95 (d, J.apprxeq.8.5 cps, 0.8H), 9.15 (d, J.apprxeq.7.0 cps,
      0.8H).
PAC  EXAMPLE 2
PAC  Sodium
      D-6-[.alpha.-{3-(diphenoxyphosphinyl)-thioureido}-benzylcarbonamido]-penic
     illanate
PAR  Using the method described by G. W. Kenner et al. [J. Chem. Soc., 673
      (1953)], 2.35 g (30.9 mmol) of ammonium thiocyanate were added to a
      solution of 8.3 g (30.9 mmol) of diphenyloxyphosphinyl chloride [Cl--P(O)
      (OC.sub.6 H.sub.5).sub.2 ] in a mixture of 25 ml of dry benzene and 25 ml
      of dry acetone and a precipitate of ammmonium chloride was formed
      immediately. The mixture was stirred for 4 hours at room temperature, held
      overnight at -15.degree.C and then filtered under a nitrogen atmosphere.
      The solid obtained was washed with dry benzene and the washings were
      combined with the first filtrate.
PAR  30.9 mmol of anhydrous D(-) ampicillin suspended in dichloromethane were
      reacted with 30.9 mmol of N,O-bis(trimethysilyl)-acetamide using the
      procedure of Example 1. Subsequently, the solution of
      diphenyloxyphosphinyl isothiocyanate [(C.sub.6 H.sub.5 O).sub.2 P (O)NCS]
      in a mixture of 25 ml of acetone and 75 ml of benzene was added at room
      temperature and the resulting slightly turbid, but colorless solution was
      additionally stirred for 30 minutes at room temperature. According to
      thin-layer chromatograms, ampicillin was virtually no longer present in
      the reaction mixture which contained one major reaction product and a
      small amount of a by-product. The reaction mixture was poured into 400 ml
      of ice-water and the pH of the resulting emulsion was adjusted to 6.8.
      Ethyl acetate was added until a clear two-layer system was obtained. In
      order to remove the by-product, the pH of the ice-cold mixture was
      adjusted to 8.0 and the layers were separated and the organic layer
      containing the by-product and part of the desired product was discarded.
      The aqueous layer was adjusted to pH 3.0 and was extracted with ethyl
      acetate. This extract was washed with a cold saturated sodium chloride
      solution, dried over anhydrous magnesium sulfate, filtered and
      concentrated to small volume. The sodium salt of the penicillanic acid
      product was obtained by addng a concentrated solution of sodium
      .alpha.-ethylcapronate in ethyl acetate and dry diethyl ether and the
      final product weighed 15.3 g (about 65%) and contained approximately 1
      mole of ethyl acetate per mole of pencillin. .
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-. 3270, 1770, 1680,
      .+-. 1610, 1590, 1515, 1490, 1320, 1183 and 1158, 760 and 685.
PAR  PMR (d.sub.6 -DMSO, 60 Mc,.delta.-values in ppm, DSS as reference): 1.41
      and 1.55 (6H), 4.13 (s, 1H), 5.35 to 5.6 (multiplet, 2H), 6.20 (d,
      J.apprxeq.8 cps, 1H), about 7.05 to 7.5 (18H), 9.2 to 9.5 (overlapping
      doublets, about 1.6H).
PAR  Using the same procedure, 14.5 mmol of redistilled diphenoxyphosphinyl
      isocyanate was usd to obtain 8.9 g (92%) of sodium
      D-6-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nate in the form of a colorless solid of at least 95% purity.
PAR  IR (ibidem): .+-. 3500, .+-. 3320, 1770, .+-. 1680, .+-. 1610, 1590 and
      1490, 1525, 1185 and 1160, 685.
PAR  PMR (ibidem): 1.43 and 1.55 (6H), 4.06 (s, 1H), 5.25 to 5.75 m and d at
      .+-. 5.65 (3H), about 7.0 to 7.6 (18H), 8.0 d, J.apprxeq.8.5 cps, 0.8H),
      9.1 (d, J.apprxeq.7.5 cps, 0.8H).
PAR  Using the same procedure, 7.45 mmol of diphenoxyphosphinothioyl
      isothiocyanate [(C.sub.6 H.sub.5 O).sub.2 P (S)NCS] as a solution in a
      benzene-acetone mixture, prepared in situ from ammonium thiocyanate and
      (C.sub.6 H.sub.5 O).sub.2 P (S) Cl according to E. S. Levchenko and I. N.
      Zhmurova [Ukrain. Khim. Zhur. 22, 623 (1956)] were reacted to obtain 0.5 g
      (about 10%) of sodium
      D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-thioureido}-benzylcarbonamido]-
     penicillanate in the form of a slightly colored solid of about 80% purity
      (impurity: sodium .alpha.-ethylcapronate), but recovering 87.5% of
      (C.sub.6 H.sub.5 O).sub.2 P (S) Cl.
PA1  Ir (ibidem): .+-. 3500, .+-. 3330, 3380, 3060, 3030, 1765, 1675, .+-. 1610,
      1590, 1490, .+-.1510, .+-. 1315.
PAR  PMR: (1:1 CDCl.sub.3 and DMSO and some DCO.sub.2 D(N-H absorptions
      exchanged) 60 Mc,.delta.-values in ppm, TMS as reference): 1.45 and 1.57
      (about 6H), 4.29 (s, 1H), 5.35 to 5.60 (AB-q, J.apprxeq.4.1 cps, 2H), 6.18
      (s, 1H), about 6.95 to 7.65 (about 18 H).
PAR  Using the same procedure, a solution of 10 mmol of diphenoxyphosphinothioyl
      isocyanate [(C.sub.6 H.sub.5 O).sub.2 P (S) NCO] prepared in situ were
      reacted to obtain 5.4 g (79%) of sodium
      D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-ureido}-benzylcarbonamido]-peni
     cillanate in the form of a colorless solid of at least 95% purity.
PAR  KBr (ibidem): .+-. 3500, .+-. 3320, 3060, 3035, 1765, .+-. 1670, .+-. 1600,
      .+-. 1515, 1490, 1183, 1158.
PAR  PMR (d.sub.6 -DMSO, etc.): 1.44 and 1.56 (6H), 4.06 (s, 1H), 5.3 to 5.8 m
      and at 5.7 (d, J.apprxeq.7.0 cps, 3H), about 6.95 to 7.6 (18H), 7.95 (d,
      J.apprxeq.8.0 cps, 0.8H), 9.05 (d, J.apprxeq.7.0 cps, 0.8H).
PAC  EXAMPLE 3
PA1  Sodium
      D-6-[.alpha.-{3-(bisdimethylaminophosphinyl)-thioureido}-benzylcarbonamido
     ]-penicillanate
PAR  Using the method described by J. Michalski et al. [Roczniki Chem. 31, 879
      (1957)], 30 mmol of ammonium thiocyanate were reacted with 30 mmol of
      bisdimethylaminophosphinyl chloride (Cl-P(O)[N(CH.sub.3).sub.2 ].sub.2) in
      a mixture of acetone and acetonitrile and after completion of the
      reaction, ammonium chloride was vacuum filtered off. The volume of the
      filtrate was increased with 75 ml of dry benzene and the resulting
      solution of bis(dimethylamino)phosphinyl isothiocyanate (N(CH.sub.3).sub.2
      ].sub.2 -P(O)NCS) was conentrated in vacuo to about 30 ml.
PAR  Then, the solution, prepared as described above, was added over a period of
      5 minutes at 10.degree.-15.degree.C. to a solution prepared by the
      reaction of 10.5 g (30 mmol) of D(-) ampicillin and 30 mmol of
      N,O-bis(trimethylsilyl)-acetamide in 150 ml of dichloromethane as
      described before. The resulting reaction mixture was additionally stirred
      for 30 minutes at 15.degree.C and a rather good conversion was indicated
      by thin-layer chromatograms. The reaction mixture was poured into 400 ml
      of ice-water and the layers were separated at pH 7.4, after addition of
      ethyl acetate. The organic layer was twice extracted with cold water
      buffered to pH 8.0 and the organic layer was discarded. The combined
      aqueous layers were extracted once at pH 6.0 with ethyl acetate to remove
      a by-product and the desired product dissolved in ethyl acetate was
      obtained by extraction of the remaining aqueous layer at pH 3.0. The
      extract was washed with a saturated solution of sodium chloride in
      ice-water, dried over anhydrous magnesium sulfate after treatment with
      activated carbon, vacuum filtered, concentrated to small volume and
      treated with a concentrated solution of sodium .alpha.-ethylcapronate in
      ethyl acetate. The sodium salt of the penicillanic acid product was
      precipitated by addition of dry diethyl ether. The precipitate was
      collected by filtration, washed with diethyl ether and dried in vacuo to
      constant weight to obtain 4.3 g (about 29%) of the desired sodium salt in
      the form of a colorless solid of at least 95% purity.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-. 3230, 3060, 3032,
      1770, 1685, .+-. 1605, .+-. 1520, .+-. 1300, 990.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.42
      and 1.54 (6H), 2.49, 2.52, 2.67 and 2.70 (4 lines, presumably 2 d with
      J.sub.P.sub.-H = 10.8 cps and J.sub.P.sub.-H = 10.6 cps, 12H), 4.12 (s,
      1H), about 5.25 to 5.6 (multiplet, 2H), 6.23 (d, J.apprxeq.7.2 cps, 1H),
      about 7.35 (5H), 9.2 (d, J.apprxeq.7 cps), and about 9 (broad) together
      about 2H.
PAR  After addition of 1 droplet of DCO.sub.2 D the NH absorption was split in
      two relatively sharp doublets at about 10.2 and 9.3 ppm and a broad
      absorption at about 9 ppm.
PAR  Using the same procedure, 3.5 mmol of bis(dimethylamino)
      phosphinyl-isocyanate ([N(CH.sub.3).sub.2 ].sub.2 P(O)NCO), freshly
      prepared from N,N,N',N'-tetramethylphosphorotriamide and phosgene
      according to P. H. Terry and A. B. Borkovic [J. Med. Chem., 10, 118
      (1967)] were reacted to obtain 0.7 g (42%) of sodium
      D-6[.alpha.-{3-(bisdimethylaminophosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanate in the form of a colorless solid of about 95% purity.
PAR  IR (ibidem): .+-. 3500, .+-. 3300, 2815, 1770, .+-.1675, 1610, .+-. 1520,
      1300, 1190 and 990.
PAR  PMR (ibidem): 1.45 and 1.57 (6H), 2.49 and 2.66 (2 narrow doublets, 12H),
      3.96 (s, 1H), about 5.25 to 5.7 (multiplet 3H), about 7.35 (5H), about
      7.95 to 8.3 (2 d, about 1.8 H), 8.95 (d, 0.8H).
PAR  Usng the same procedure, 26.3 mmol of redistilled but impure
      bis(dimethylamino)phosphinothioyl isothiocyanate ([N (CH.sub.3).sub.2
      ].sub.2 P(S)NCS), prepared according to Houben Weyl 12.sup.1,2, 774,775
      were reacted to obtain 5.2 g (about 38%) of sodium
      D-6-[.alpha.-{3-(bisdimethylaminophosphinothioyl)-thioureido}-benzylcarbon
     amido]-penicillanate in the form of a slightly colored solid of 90-95%
      purity.
PAR  IR (ibidem): .+-.3500, .+-. 3185, about 3350, 2810, 1765, 1690, 1605, .+-.
      1515, .+-.1315, 985, 738 and 690.
PAR  PMR (ibidem): 1.42 and 1.54 (6H), and 2.50 and 2.71 (2 narrow d,
      .delta.,).apprxeq.1 cps, J.sub.P.sub.-H .apprxeq.12.3 cps, 12H), 3.95 (s,
      1H), 5.25 to 5.55 (multiplet, J.sub.5,6 .apprxeq.4.1 cps, 2H), 6.26 (d,
      J.apprxeq.7.7 cps, 1H), about 7.4 (5H), 9.15 (d, J.apprxeq.7.2 cps, 0.8H),
      9.55 (d, J.apprxeq.7.7 cps, 0.8H).
PAR  Using the same procedure, 10 mmol of crude
      bis(dimethylamino)phosphinothioyl isocyanate ([N(CH.sub.3).sub.22
      ]P(S)NCO) dissolved in a mixture of 15 ml toluene and 25 ml of
      dichloromethane were reacted to obtain 0.28 g (5%) of the practically pure
      sodium
      D-6-[.alpha.-{3-(bis(dimethylamino)phosphinothioyl)-ureido}-benzylcarbonam
     ido]-penicillanic acid and from the filtrate 1.3 g (about 20%) of the
      corresponding sodium salt of estimated 90-95% purity.
PAR  IR (ibidem): .+-.3500, .+-. 2550, .+-. 3240, .+-. 3350, 1780, .+-. 1730,
      .+-. 1705, .+-. 1680, .+-. 1655, .+-. 1520, 985, 740 and 700.
PAR  PMR (ibidem): 1.43 and 1.57 (6H), 2.45, 2.48, 2.66 and 2.69 (4 lines, 2 d
      with almost equal J.sub.P.sub.-H = 12.5 cps, 12H), 4.21 (s, 1H), 5.45
      (multiplet, J.sub.56 .apprxeq. 4.0 cps) and 5.56 (d, J.apprxeq.7.5 cps)
      together 3H, about 7.35 and 7.55 (d, J.apprxeq.7.5 cps) and 7.8 (d,
      J.apprxeq.9.0 cps) together 7 to 7.5 H.
PAC  EXAMPLE 4
PAC  Sodium
      D-6-[.alpha.-{3-(diphenylphosphinothioyl)-thioureido}-benzylcarbonamido]-p
     enicillanate
PAR  Using the method described by Boedeker [Z. Chem., 11, 463 (1971)], 2.52 g
      (10 mmol) of diphenylphosphinothioyl chloride [(C.sub.6 H.sub.5).sub.2
      P(S)Cl] and 0.76 g (10 mmol) of ammonium thiocyanate (NH.sub.4 CNS) in 10
      ml of acetone were heated for 10 minutes on a steam bath resulting in the
      precipitation of a white solid and the mixture was diluted with 25 ml of
      dichloromethane. The mixture was then added to a solution of 10 mmol of
      the trimethylsilyl ester of D(=) ampicillin [prepared as in Example 1] in
      25 ml of dichloromethane at 22.degree.C. After 2 hours additional stirring
      at room temperature, thin-layer chromatograms indicated a good conversion
      to one major reaction product and a small amount of a by-product. While
      maintaining the pH at 7.0 the reaction mixture was poured into ice-water
      and the dichloromethane was removed in vacuo. Diethyl ether was added and
      the layers were separated. The aqueous layer was once more purified by
      extraction with diethyl ether at pH 7.0 and subsequently acidified to pH
      3.5. A few extractions with ethyl acetate resulted in practically complete
      removal of the desired compound from the aqueous layer and the acid
      extracts were combined, washed with a saturated solution of sodium
      chloride in ice-water, dried over anhydrous magnesium sulfate, filtered,
      concentrated in vacuo to small volume and treated in the usual manner with
      sodium .alpha.-ethylcapronate and diethyl ether to give 5.35 g (about 80%)
      of the above-mentioned sodium salt in the form of a colorless, nearly pure
      solid.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-.3200, 3057, 1770,
      1685, 1610, 1590 and 1490, .+-. 1515, 1305, 1438, 718 and 685.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DDS as reference): 1.41
      and 1.52 (6H), 4.07 (s, 1H) about 5.25 to 5.65 (multiplet, 2H), 6.14 (d,
      J.apprxeq.6.8 cps, 1H), about 7.3 and from about 8.2 to about 7.2 together
      about 15H, 9.2 (d, J.apprxeq.7 cps) and 9.45 (d, J.apprxeq.8 cps) together
      about 1.8H.
PAR  Using the same procedure, 22.4 mmol of crude diphenylphosphinothioyl
      isocyanate [(C.sub.6 H.sub.5).sub.2 P(S)NCO] prepared according to L. I.
      Samarai et al [J. Gen. Chem. USSR, 39, 1678 (1969)] were reacted to obtain
      3.1 g (21%) of sodium
      D-6-[.alpha.-{3-(diphenylphosphinothioyl)-ureido}-benzylcarbonamido]-penic
     illanate in the form of a nearly pure, colorless solid.
PAR  IR (ibidem): .+-. 3500, 3200-3400, 3055, 1765, .+-. 1670, .+-. 1685, 1605,
      .+-. 1520, 1435, 720, 690.
PAR  PMR (ibidem): 1.44 and 1.57 (6H), 3.98 (s, 1H), about 5.25 to 5.7
      (multiplet, 3H), centre at 7.35 and from about 8.25 to about 7.3 together
      16-17 H,9.05 (d, J.cent.7 cps, 0.8H).
PAR  Using the same procedure, 18.9 mmol of redistilled diphenylphosphinyl
      isothiocyanate [(C.sub.6 H.sub.5).sub.2 P(O)NCS] were reacted to obtain
      9.0 g (about 70%) of sodium
      D-6-[.alpha.-{3-(diphenylphosphinyl)-thioureido}-benzylcarbonamido]-penici
     llanate in the form of a colorless solid of about 90% purity.
PAR  IR (ibidem): .+-.3500, .+-. 3380, .+-. 3260, 3050, 1765, 1680, 1605, .+-.
      1515, 1495, .+-. 1320.
PAR  PMR (ibidem): 1.43 and 1.54 (6H), 4.00 (s, 1H), about 5.2 to 5.6
      (multiplet, 2H), 6.15 (d, 1H), centre at about 7.3and from about 8.15
      upwards together about 15H, about 9.0 (broad) and 9.2 (d) together about
      1.5H, 9.8 (d, 0.7H).
PAR  Using the same procedure, 19 mmol of redistilled diphenylphosphinyl
      isocyanate [(C.sub.6 H.sub.5).sub.2 P(O)NCO] were reacted to obtain 9.0 g
      (75%) of sodium
      D-6-[.alpha.-{3-(diphenylphosphinyl)ureido}-benzylcarbonamido]-penicillana
     te in the form of a practically pure, colorless solid.
PAR  IR (ibidem): 3150 to 3550, 3060, 1765, 1675 and 1685, 1610, .+-. 1520,
      1495, 1438, .+-. 1185.
PAR  PMR (ibidem): 1.44 and 1.45 (6H), 3.99 (s, 1H), from about 5.25 to 5.7
      (multiplet, 3H), centre at about 7.35 and an extended multiplet, and about
      8.1 (d), together about 16.5H from about 8.25 to 7.1, 9.05 (d. J.apprxeq.7
      cps, 0.9H).
PAC  EXAMPLE 5
PAC  Sodium
      D-6-[.alpha.-{3-(dimethylphosphinothioyl)-thioureido}-benzylcarbonamido]-p
     enicillanate
PAR  Partially dissolved dimethylphosphinothioyl isothiocyanate
      [(CH.sub.3).sub.2 P(S)NCS] was prepared by the addition of a solution of
      2.57 g (20 mmol) of dimethylphosphinothioyl chloride [(CH.sub.3).sub.2
      P(S)Cl] in 10 ml of acetone to 1.52 g (20 mmol) of ammonium thiocyanate
      (NH.sub.4 CNS) partially dissolved in 5 ml of acetone which resulted
      directly in the formation of a precipitate. After refluxing for 10
      minutes, the contents of the flask were added all at once to a solution of
      the trimethylsilyl ester of D(-) ampicillin in 50 ml of dichloromethane
      prepared in the usual manner from 20 mmol of D(-) ampicillin and an
      equivalent amount of N,O-bis(trimethylsilyl)acetamide. A substantial rise
      in temperature was noticed and the reaction mixture was stirred
      additionally for 30 minutes and then was poured into ice-water of pH 7.0.
      After removal of low-boiling organic solvent in vacuo, diethyl ether was
      added and the resulting layers were separated. The aqueous layer was
      additionally purified by two extractions with a small volume of diethyl
      ether at pH 7.0, subsequently acidified to pH 4.0, and repeatedly
      extracted with diethyl ether. The combined acid ethereal extracts were
      washed once with a cold, saturated solution of sodium chloride in water,
      dried over anhydrous magnesium sulfate, filtered, and treated with a
      solution of sodium .alpha.-ethylcapronate in ethyl acetate. The isolated
      above named sodium salt weighed 8.3 g (76% yield).
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3480, .+-. 3300, 1770, .+-.
      1680, 1605, .+-. 1520, 1320.
PAR  PMR: (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.54 (6H), 2.02 and 2.25 (2 narrow doublets, J.sub.P.sub.-H = 14 cps,
      6H), 4.01 (s, 1H), about 5.25 to 5.6 (multiplet, 2H), 6.18 (d,
      J.apprxeq.6.5 cps, 1H), about 7.35 (5H), 9.15 (d, J.apprxeq.6.5 cps), 9.6
      (d, J.apprxeq.7 cps).
PAR  Using the same procedure, 28.5 mmol of crude, impure dimethylphosphinyl
      isocyanate [(CH.sub.3).sub.2 P(0)NCO] were reacted to obtain 75%
      D(-)ampicillin as its hydrochloride salt and 1 g of sodium
      D-6-[.alpha.-{3-(dimethylphosphinyl)-ureido}-benzylcarbonamido]-penicillan
     ate (7%) with a purity of at least 90%.
PAR  IR (ibidem): 3200-3600, 1765, .+-. 1670, 1605, .+-. 1525.
PAR  PMR (ibidem): 1.43 and 1.55 (6H), 2.03 and 1.79 (centres of 2 narrow
      doublets with .delta..nu.= 1.4 cps each, J.sub.P.sub.-H = 14.1 cps, 6H),
      4.00 (s, 1H), about 5.4 (centre of multiplet) and 5.60 d, J.apprxeq.8.2
      cps) together 3H, about 7.35 (5H), 7.75 (d, J.apprxeq.8.0 cps) and about
      8.0 (broad) together about 1.4H, 9.0 (d, J.apprxeq.7.5 cps, 0.8H).
PAR  Using the same procedure, 15 mmol of ampicillin and a solution of
      dimethylphosphinothioyl isocyanate [(CH.sub.3).sub.2 P(S)NCO] in a 1:1
      mixture of dichloromethane and chloroform were reacted and after the
      reaction, much ampicillin was still present. Yield of sodium
      D-6-[.alpha.-{3-(dimethylphosphinothioyl)-ureido}-benzylcarbonamido]-penic
     illanate was 0.8 g (about 10%) with a purity of about 85%.
PAR  IR (ibidem): 3200-3600, 1765, .+-. 1670, 1605, .+-. 1530.
PAR  Further possibly characteristic absorptions (also present in the compound
      of the preceding Example above) 1435, 1410, 1320, 1225, 1125, 955, 925,
      735 and 700.
PAR  PMR (ibidem): 1.45 and 1.56 (6H), 1.78 and 2.02 (centres of two narrow
      doublets with .delta..nu.= 1.0 cps each, J.sub.P.sub.-H = 14.1 cps, 6H),
      3.96 (s, 1H), about 5.4 (centre of multiplet) and 5.60 (d, J.apprxeq.8
      cps) together 3H, about 7.35 (5H), 8.0 (d, J.apprxeq.8 cps, 0.8H), 9.0 (d,
      J.apprxeq.8 cps) and about 8.8 (broad) together about 1.4H.
PAC  EXAMPLE 6
PAC  Sodium
      D-6-[.alpha.-{3-(ethoxysulfonyl)-ureido}-benzylcarbonamido]-penicillanate.
PAR  Employing anhydrous conditions, 2.45 ml (about 10 mmol) of
      N,O-bis(trimethylsilyl)acetamide were added to a suspension of 3.49 g (10
      mmol) of D(-) ampicillin in 75 ml of dry dichloromethane. After 30 minutes
      of additional stirring at room temperature, the temperature of the
      solution was lowered to about -60.degree.C followed by the dropwise
      introduction of a solution of 0.86 ml (10 mmol) of chlorosulfonyl
      isocyanate (ClSO.sub.2 NCO) in 10 ml of dichloromethane at -60.degree.C.
      The solution was additionally stirred for 30 minutes at -60.degree.C
      followed by the introduction of 1 g of pyridine (12.5 mmol). As soon as
      the well stirred solution had been recooled to -60.degree.C, 30 ml of
      anhydrous ethanol were added. The cooling bath was removed and the
      solution was stirred until the temperature had increased to 0.degree.C.
      The reaction mixture was poured into 100 ml of ice-water, while dilute
      sodium hydroxide was simultaneously added to keep the pH close to 7.0. The
      layers were separated and the organic layer discarded and the aqueous
      layer was washed twice with dichloromethane. The remaining aqueous layer
      was acidified to pH 5.3 and was extracted once with a 1:1 mixture of
      diethyl ether and ethyl acetate to remove a by-product. The desired
      product was extracted at pH 4.2 with ethyl acetate and the extract was
      washed with a small amount of ice-water, dried over anhydrous magnesium
      sulfate, filtered, concentrated to small volume and treated with a
      concentrated solution of sodium .alpha.-ethylcapronate in ethyl acetate,
      followed by the addition of diethyl ether. After drying, the isolated
      solid above named sodium salt weighed 1.05 g (19%) with a purity of about
      90%.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3475, 3350, 3060, 1775, .+-.
      1675, 1605, 1520, 1368 and 1170.
PAR  PMR (d.sub.6 -DMSO, 220 Mc, .delta.-values in ppm, DSS as reference): 1.43
      and 1.57 (6H), 1.18 (t, J = 7.1 cps, 3H), 3.97 (t, J = 7.1 cps (2H)), 4.11
      (s, 1H), .+-.5.29 (d, J = 4.0 cps, 1H), .+-. 5.45 (q, J = 4.0 cps and
      J'.apprxeq.8.0 cps) and 5.50 (d, J.apprxeq.7.5 cps) together 2H, about 7.3
      (multiplet, 5H), 8.48 (s), 9.00 (d, J.apprxeq.7.5 cps), 9.25 (d,
      J.apprxeq.8.0 cps).
PAC  EXAMPLE 7
PAC  Sodium
      D-6-[.alpha.-{3-(phenylaminosulfonyl)-ureido}-benzylcarbonamido]-penicilla
     nate
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was performed in the
      same way as in Example 6 up to the additional stirring period after the
      addition of chlorosulfonyl isocyanate which was reduced to 10 minutes.
      Subsequently, a solution of 3.5 ml (about 35 mmol) of redistilled aniline
      in 20 ml of dichloromethane was added as quickly as possible but
      continuously at about -60.degree.C. Immediately thereafter, the
      temperature was allowed to rise gradually to 0.degree. by removal of the
      cooling bath and with the simultaneous addition of dilute sodium
      hydroxide, the reaction mixture was poured into 100 ml of ice-water. The
      layers were separated at pH 7.0; the organic layer was discarded and the
      aqueous layer was washed once with dichloromethane and once with diethyl
      ether. The aqueous layer was extracted with a 1:1 mixture of diethyl ether
      and ethyl acetate at pH 5.2 to removal a by-product which caused the loss
      of a small part of the desired compound. The remaining aqueous layer was
      extracted at pH 4.5 with ethyl acetate and the extract was washed once
      with a small volume of ice-water, treated with activated carbon, dried
      over anhydrous magnesium sulfate, filtered, concentrated in vacuo to small
      volume and treated with a concentrated solution of sodium
      .alpha.-ethylcapronate in diethyl ether. After washings with cold diethyl
      ether and extensive drying, the final above named sodium salt weighed 3.72
      g (63%) with a purity of 90-95%.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-. 3350, 3065, 1765,
      .+-. 1675, .+-. 1600, .+-. 1515, 1495, 1320, 1160, 1128, 750 and 690. PMR
      (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44 and
      1.56 (6H), 4.02 (s, 1H), about 5.4 (multiplet) and 5.56 (d, J.apprxeq.8
      cps) together 3H, about 6.7 to 7.5 (intensive absorptions at 7.28 and
      7.15, 11-12H), 9.0 (d, J.apprxeq.6.5 cps, 0.7H), 9.35 (s, about 0.4H).
PAC  EXAMPLE 8
PAC  Sodium
      D-6-[.alpha.-{3-(diisopropylaminosulfonyl)-ureido}-benzylcarbonamido]-peni
     cillanate
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was carried out in
      the same way as in Example 7. An excess of diisopropylamine (35 mmol) was
      employed and after the reaction mixture had been poured into ice-water,
      the pH was 9.0 indicating that the excess of diisopropylamine could have
      been too large. After lowering the pH to 7.0, the layers were separated,
      the organic layer was discarded and the aqueous layer was purified by
      extractions with dichloromethane and diethyl ether. The desired product
      was obtained by extraction at pH 5.2 with a 1:1 mixture of diethyl ether
      and ethyl acetate to obtain 0.74 g (12%) of the practically pure,
      colorless above named sodium salt.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, .+-. 3350, 1770, 1680,
      .+-. 1610, .+-. 1520, 1330 and 1130.
PAR  PMR (d.sub.6 -DMSO, 60 Mc,.delta.-values in ppm, DSS as reference): 1.18
      (d, J = 6.6 cps, 12H), 1.43 and 1.54 (6H), 3.81 (centre of extended
      multiplet) and 3.96 (s) together 3l H, about 5.4 (multiplet) and 5.60 (d,
      J.apprxeq.8.0 cps) together 3H, about 7.35 (5H), 7.75 (d, J.apprxeq.8.0
      cps, 0.6H), 9.0 (d, J.apprxeq.6.5 cps, 0.6H).
PAC  EXAMPLE 9
PAC  Sodium
      D-6-[.alpha.-{3-(isopropylaminosulfonyl)-ureido}-benzylcarbonamido]-penici
     llanate.
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was carried out in
      the same way as in Example 7. The introduced amount of isopropylamine was
      22 mmol and the reaction mixture was additionally stirred for one hour at
      0.degree.C and was subsequently poured into 100 ml of ice-water at pH 7.0.
      To remove by-products, the aqueous layer was repeatedly washed at pH 7.0
      with dichloromethane and diethyl ether. The aqueous layer was finally
      extracted with ethyl acetate at pH 5.0 and this extract gave the above
      named penicillin salt contaminated with 10-15% of a by-product in a yield
      of 1.5 g (about 25%).
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, .+-. 3325, 1765, .+-.
      1675, 1605, .+-. 1520, .+-. 1320 and 1158.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.08
      (d, J = 6.5 cps, .+-.6H), 1.44 and 1.56  (6H), about 3.5 (multiplet, .+-.
      1H), 4.02 (s, 1H), about 5.4 (multiplet) and 5.61 (d, J.apprxeq.8.0 cps)
      together .+-. 3H), about 7.35 (5H), 7.65 (d, J.apprxeq.8.0 cps, 0.6H),
      9.05 (d, J.apprxeq.6.8 cps. 0.6H).
PAC  EXAMPLE 10
PAC  Sodium
      D-6-[.alpha.-{3-(ethoxycarbonylmethylaminosulfonyl)-ureido}-benzylcarbonam
     ido]-pencillanate
PAR  10 mmol of D(-) ampicillin were converted into its trimethylsilyl ester and
      subsquently reacted with chlorosulfonyl isocyanate as in Example 7. A
      solution of 1.4 g (10 mmol) of ethyl glycinate hydrocloride and 3.5 ml (20
      mmol) of triethylamine in about 50 ml of dry dichloromethane was added
      dropwise at -60.degree. to -65.degree.C and the manipulations thereafter
      were as usual. The desired product was extracted from water at pH 4.3 with
      a 1:1 mixture of diethyl ether and ethyl acetate and the combined extracts
      were washed with a small volume of ice-water, dried over anhydrous
      magnesium sulfate, concentrated to small volume, treated with a
      concentrated solution of sodium .alpha.-ethylcapronate etc to obtain 2.1 g
      (about 35%) of the colorless above named compound of about 95% purity.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, .+-. 3330, .+-. 1765,
      1740, 1680, 1610, .+-. 1520, 1220, 35  1325 and 1158.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .gamma.-values in ppm, DSS as reference): 1.19
      (t, J = 7.1 cps, 3H), 1.44 and 1.56 (6H), 3.71 (s, 2H), 4.05 (s) and 4.09
      (q, J = 7.1 cps) together 3H, about 5.4 (multiplet) and 3.58 (d,
      J.apprxeq.7.5 cps) together 3H, about 7.35 (centre, about 6H), 9.0 (d,
      J.apprxeq.7 cps, 0.8H).
PAC  EXAMPLE 11
PAC  Sodium
      D-6-[.alpha.-{3-(pyrid-3-ylaminosulfonyl)-ureido}-benzylcarbonamido]-penic
     illanic acid
PAR  10 mmol of D(-) ampicillin were converted into its trimethylsilyl ester in
      the usual manner and then was reacted with chlorosulfonyl isocyanate as in
      Example 7. A solution of 3 g (32 mmol) of 3-aminopyridine in 15 ml of
      dichloromethane was added dropwise over the course of 10 minutes at
      -60.degree.C and the reaction mixture was additionally stirred for 60
      minutes aat -60.degree.C and was subsequently poured into 100 ml of
      ice-water of pH 7.0. The layers were separated, the organic layer was
      discarded and the aqueous layer was extracted twice with dichloromethane
      and twice with diethyl ether. A solution of the desired penicillin was
      obtained by extraction of the remaining aqueous layer with a 1:1 mixture
      of ethyl acetate and diethyl ether at pH 4.5. This extract was washed with
      a small volume of ice-water, dried over anhydrous magnesium sulfate,
      filtered and concentrated in vacuo until a precipitate appeared. The
      precipitate was filtered using a suction pump, washed with cold diethyl
      ether and dried in vacuo to obtain 650 mg (about 10%) of the slightly
      colored above named acid slightly contaminated with diethyl ether and
      3-aminopyridine.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3350-3200, 3070,1780, .+-.
      1705, 1692 and 1670, .+-. 1520, 1160.
PAR  PMR (d.sub.6 -DMSO and about 10 vol % DCO.sub.2 D, 60 Mc, .gamma.-values in
      ppm, DSS as reference): 1.45 and 1.57 (6H), 4.27 (s, 1H), 5.45 (AB-q,
      J.apprxeq.4.0 cps) and 5.55 (s) together 3H, centre at 7.3 and from about
      7.1 to 7.8 (at least 7H), about 8.7 to 8.3 (about 2H).
PAR  In d.sub.6 -DMSO alone a doublet (J.apprxeq.7.0 cps) at about 9.2 and
      another doublet at about 8.3 ppm.
PAC  EXAMPLE 12
PAC  Sodium
      D-6-[.alpha.-{3-(5-methylisoxazol-3-yl-aminosulfonyl)-ureido}-benzylcarbon
     amido]-penicillanate.
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was carried out in
      the same way as in Example 7. The introduced amount of
      3-amino-5-methylisoxazole dissolved in dichloromethane was 35 mmol and the
      reaction mixture was treated in the usual way. The aqueous layer was
      repeatedly washed at pH 7.0 and the desired penicillin was obtained by
      extraction with a 1:1 mixture of ethyl acetate and diethyl ether at pH
      4.3. The crude above named sodium salt weighed 2.7 g and it was stirred
      with dry acetone, vacuum filtered, washed with diethyl ether and dried in
      vacuo to obtain 2.2 g (about 35%) of the colorless sodium salt slightly
      contaminated with 3-amino-5-methylisoxazole.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, 3350, 1770, .+-.0
      1690-1670, .+-. 1615, .+-. 1510, 1165.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.56  (6H), 2.3 (narrow d), 4.13 (s, 1H), about 5.45 (multiplet) and
      5.57 (d) together 3H, 6.0 (narrow q), about 7.35 (about 6H), 9.0 (d,
      J.apprxeq.7. cps, 0.8H).
PAC  EXAMPLE 13
PAC  Sodium
      D-6-[.alpha.-{3-(3,4-dimethylisoxazol-5-yl-aminosulfonyl)-ureido}-benzylca
     rbonamido]-penicillanate
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was carried out in
      the same way as in Example 7. The introduced amount of
      3,4-dimethyl-5-aminoisoxazole dissolved in dichloromethane was 35 mmol and
      the reaction mixture was treated in the usual way. The aqueous layer was
      repeatedly washed at pH 7.0 and the desired penicillin was incompletely
      extracted at pH 4.5 with a 1:1 mixture of ethyl acetate and diethyl ether.
      The sodium salt of the above penicillanic acid product was prepared in the
      usual manner to obtain 1.15 g (about 19%) of an almost pure solid.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, .+-. 3350, .+-. 3060,
      1765, .+-. 1670, .+-. 1600 to .+-. 1620 (very intensive), 1495, .+-. 1520,
      .+-. 1320 and 1165.
PAR  PMR: (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.45
      and 1.58 (6H), 1.67 and 1.98 (singlets, 6H), 4.00 (s, 1H), about 5.4
      (multiplet) and 5.62 (d, J.apprxeq.8 cps) together 3H, about 7.35 (centre
      of multiplet) and 7.65 (d, J.apprxeq.8 cps) together about 6H, 9.1 (d,
      J.apprxeq.7 cps, 0.8H).
PAC  EXAMPLE 14
PAC  Sodium
      D-6-[.alpha.-{3-(morpholino-4-yl-sulfonyl)-ureido}-benzylcarbonamido]-peni
     cillanate
PAR  Employing anhydrous conditions, 2.45 ml (about 10 mmol) of
      N,O-bis(trimethylsilyl) acetamide were added to a suspension of 3.49 g (10
      mmol) of D(-) ampicillin in 10 ml of dry dichloromethane. After 30 minutes
      stirring at room temperature, 20 ml of dry toluene were added and the
      reaction mixture was cooled to -65.degree.C. A solution of 0.86 ml (10
      mmol) of chlorosulfonyl isocyanate in 10 ml of toluene was introduced
      dropwise at -60.degree. to -65.degree.C, followed by 10 minutes additional
      stirring at -65.degree. to -70.degree.C. Subsequently, a solution of 2.7
      ml (30 mmol) of morpholine in 10 ml of toluene was added dropwise at
      -65.degree. .+-.5.degree.C, followed by 60 minutes additional stirring at
      -65.degree. to -70.degree.C. The reaction mixture was poured into
      ice-water with a pH of 7.5 and the layers were separated. The organic
      layer was discarded and the aqueous layer was repeatedly extracted with
      dichloromethane and diethyl ether at pH 7.5. The washings were discarded
      and the aqueous layer at pH 6.0 to 4.5 was extracted a number of times
      with ethyl acetate. These extracts were combined, washed with a small
      volume of ice-water, dried over anhydrous magnesium sulfate, etc. to
      obtain 1.9 g (about 30%) of the almost colorless above named sodium salt
      somewhat contaminated with morpholine.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, .+-. 3350, 3060,3035,
      1775, .+-. 1680, 1610, .+-. 1515, .+-. 1320, 1160 and 1112.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.45
      and 1.55 (6H), about 3.0 and about 3.6 (about 10H), 4.06 (s, 1H), about
      5.4 and 5.56 (d) together 3H, about 7.35 and about 7.6 (unsharp d,
      together about 6H), 9.0 (d, 0.8H), 9.35 (broad s).
PAC  EXAMPLE 15
PAC  Sodium
      D-6-[.alpha.-{3-(ethoxycarbonylhydrazino-sulfonyl)-ureido}-benzylcarbonami
     do]-penicillanate
PAR  Starting with 10 mmol of D(-) ampicillin, the reaction was carried out in
      the same way as in Example 7. After the addition of 35 mmol of
      ethoxycarbonylhydrazide, the solution was stirred for another 60 minutes
      at -65.degree. to -70.degree.C and then 2 ml of pyridine were added and
      the solution was poured into ice-water at pH 7. The layers were separated,
      the organic layer was discarded and the aqueous layer was repeatedly
      extracted a pH 7.0 with dichloromethane and thereafter with ethyl acetate
      to remove the excess of ethoxycarbonylhydrazide as completely as possible.
      Subsequently, the aqueous layer was extracted once with ethyl acetate at
      pH 4.7 and twice with a 1:1 mixture of ethyl acetate and diethyl ether at
      pH 3.8. These extracts were combined, washed with a small volume of
      ice-water, etc to obtain 2.23 g (37%) of the practically pure above named
      sodium salt.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3200 - 3600 (very intensive),
      .+-. 1770, .+-. 1730, .+-. 1680, .+-. 1660, .+-. 1610, .+-. 1500-1560
      (very intensive), 1170.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.17
      (t, J=7.0 cps, 3H), 1.44 and 1.56 (6H), 4.06 (s) and 4.04 (q, J=7.0 cps)
      together 3H, about 5.4 and 5.6 (d) together 3H, about 7.35 and about 7
      (broad) and about 7.5 together from about 6.8 to about 7.6 (about 7H),
      about 9.0 (d and s, 1.6H).
PAC  EXAMPLE 16
PAC  Sodium
      D-6-[.alpha.-{3-(aminosulfonyl)-ureido}-benzylcarbonamido]-penicillanate
PAR  10 mmol of D(-) ampicillin were successively reacted with equimolar amounts
      of N,O-bis(trimethylsilyl) acetamide and chlorosulfonyl isocyanate as in
      Example 7, followed by 10 minutes additional stirring at -60.degree.C. 1.6
      ml (20 mmol) of dry pyridine were added and the temperature was lowered to
      -70.degree.C. Subsequently, 36 ml of a 0.277N solution of ammonia in
      diethyl ether were introduced at a fast rate causing a temperature rise to
      -45.degree.C. The cooling bath was removed and the reaction mixture
      additionally stirred till it warmed up to 0.degree.C. The mixture was
      poured into ice-water at pH 7.0. The layers were separated, the organic
      layer was discarded and the aqueous layer was repeatedly washed with
      diethyl ether at pH 7.0 and once with a 1:1 mixture of diethyl ether and
      ethyl acetate at pH 5.0. From the remaining aqueous layer, the desired
      product was incompletely removed by two extractions with a 3.1 mixture of
      ethyl acetate and diethyl ether at pH 3.8. These extracts were combined,
      washed with a small volume of ice-water, dried over anhydrous magnesium
      sulfate, filtered, concentrated to a small volume and treated with a
      concentrated solution of sodium .alpha.-ethylcapronate in ethyl acetate.
      The precipitated, almost colorless above named sodium salt was vacuum
      filtered, repeatedly washed with cold ethyl acetate and dried in vacuo to
      constant weight of 0.43 g (about 8%) with an estimated purity of 85-90%.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3500, 3350-3400 (very
      intensive), 3060, 1765, 1665-1685, 1605, .+-. 1510, 1320 and 1155, 690.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.56 (6H), 4.00 and about 4.1* (together about 5H), 5.1* (somewhat
      broad s, about 0.4H), about 7.3 (about 5.5H), from about 5.25 to 5.7
      (unresolved splitting pattern, 3H), about 9.0* (about 0.9H).
FNT  *All these absorption areas disappeared by addition of about 10 vol % of
      DCO.sub.2 D.
PAC  EXAMPLE 17
PAC  Disodium D-6-[.alpha.-{3-(sulfo)-ureido}-benzylcarbonamido]-penicillanate
PAR  Employing anhydrous conditions, 15.0 ml (about 60 mmol) of
      N,O-bis(trimethylsilyl) acetamide were added to a suspension of 21 g (60
      mmol) of D(-) ampicillin in 100 ml of dry dichloromethane. After about 40
      minutes additional stirring at room temperature, the solution was cooled
      to -65.degree.C followed by the dropwise introduction over the course of
      about 10  minutes of a solution of 5.4  ml (about 64 mmol) of
      chlorosulfonyl isocyanate in 50 ml of dry dichloromethane at -65.degree.
      to -70.degree.C followed by 10 minutes additional stirring at the same
      temperature. Again at the same temperature, a solution of 30 ml of
      pyridine in 60 ml of dichloromethane was added and the stirring was
      continued for about 10 minutes. The cooling bath was replaced by a water
      bath and as soon as the temperature had risen to -5.degree.C, the contents
      of the vessel were poured into 200 ml of well stirred ice-water. By adding
      dilute sodium hydroxide, the pH of the mixture was adjusted to 7.0 and the
      two layer system was vigorously stirred at 0.degree.C for 90 minutes
      whereby the pH decreased not more than 0.5 unit. The pH was readjusted to
      7.0 and the layers were separated. The organic layer was discarded and the
      aqueous layer was repeatedly washed with dichloromethane. Subsequently,
      the aqueous layer was acidified to pH 30 and was extracted a few times
      with ethyl acetate. These extracts were combined, washed with a small
      volume of ice-water, dried over anhydrous magnesium sulfate, filtered,
      concentrated in vacuo in the cold to a small volume and treated with a
      concentrated solution of sodiumm .alpha.-ethylcapronate. The obtained
      precipitate was vacuum filtered, washed with cold ethyl acetate and cold
      acetone and dried in vacuo to constant weight to obtain 7.0 g (20%) of the
      above named disodium salt which contained approximately 2 moles of water
      and was virtually pure.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): about 3200-3600 (very intensive)
      1770, .+-. 1670, .+-. 1685, .+-. 1605, .+-. 1530, 1495, 1330 and 1170.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.55 (6H), 3.95 (s, 1H), about 5.2 to 5.7 (unresolved splitting
      pattern, 3H), about 7.3 (5H), NH absorptions at 5.0 (possibly, somewhat
      broad s, about 0.4H), at 6.4 (probably, broad, about 0.5H), and at about
      9.0 (broad, 0.8H).
PAR  After addition of about 10 vol % of DCO.sub.2 D, all NH absorptions
      disappeared.
PAC  EXAMPLE 18
PAC  Sodium D-6-[.alpha.-(aminosulfon ylamino)-benzylcarbomido]-penicillanate
PAR  A suspension of 3.5 g (10 mmol) of D(-) ampicillin in 50 ml of dry
      dichloromethane was reacted with 2.5 ml of N,O-bis(trimethylsilyl)
      acetamide followed by 30 minutes additional stirring at room temperature.
      The resulting solution was cooled to 3.degree.C whereupon 1 ml (about
      12mmol) of dry pyridine was added followed by the dropwise introduction of
      a solution of 1.25 g (10 mmol) of aminosulfonyl chloride (H.sub.2
      N--SO.sub.2 --Cl), prepared from chlorosulfonyl isocyanate and formic acid
      according to Appel et al. [Chem. Ber. 91, (1958) 1339] in 20 ml of dry
      dichloromethane. During the addition, the temperature was between
      3.degree. and 5.degree.C and at the same temperature, the solution was
      additionally stirred for 60 minutes. The reaction mixture was poured into
      ice-water of pH 7.0, etc. The desired penicillin was extracted from the
      aqueous layer at pH 4.0 with a 1:1 mixture of ethyl acetate and diethyl
      ether to obtain 1.0 g (21%) of the almost pure above named sodium salt.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3550, about 3380-3200
      (intensive), 3060, 1765, 1680, 1605, .+-. 1550, .+-. 1500, .+-. 1315,
      1157, 735 and 690.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.55 (6H), about 3.6, 3.93 (1H), about 5.4 and 5.22 (s) together 3H,
      about 6.7 (centre of broad absorption), about 7.35 (5H), 8.85 (d, about
      0.8H).
PAC  EXAMPLE 19
PAC  Sodium D-6-[.alpha.-(ethoxycarbonylaminosulfon
      ylamino)-benzylcarbonamido]-penicillanate
PAR  A suspension of 3.5 g (10 mmol) of D(-) ampicillin in 50 ml of dry
      dichloromethane was reacted with 2.5 ml of N,O-bis(trimethylsilyl)
      acetamide followed by 30 minutes of additional stirring at room
      temperature. The resulting solution was cooled to 5.degree.C whereupon 5
      ml of dry pyridine were added followed by the dropwise introduction of a
      solution of 2g (about 11.5 mmol) of ethoxycarbonylaminosulfonyl chloride
      (C.sub.2 H.sub.5 OCONHSO.sub.2 Cl, prepared from chlorosulfonyl isocyanate
      and ethanol according to Graf, German Patent No. 931,467) in 20 ml of
      dichloromethane at 5.degree.C. The reaction mixture was additionally
      stirred for 60 minutes at 5.degree.C and subsequently 90 minutes at room
      temperature. The reaction mixture was treated as usual. The desired
      penicillin was extracted at pH 4.0 with diethyl ether, and converted into
      its sodium salt obtain 0.65 g (about 12%) in the form of a colorless solid
      of about 90% purity.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, about 3200 to about
      3400, 1770, 1670, 1610, 1540, .+-. 1270, 1155.
PAR  PMR (d.sub.6 -DMSCO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.45
      and 1.57 (6H), 1.08 (t, J=7.0 cps, 3H), 3.84, (q, J=7.0 cps) and 4.09 (s)
      together 3H, 5.28 (slightly broad s) and about 5.4, together 3H, about 6.6
      (broad, about 0.7H), 7.35 (5H), about 8.9 (d, about 0.7H).
PAC  EXAMPLE 20
PAC  Sodium D-6-[.alpha.-(phenoxycarbonylaminosulfon
      ylamino)-benzylcarbonamido]-penicillanate
PAR  Starting with 10 mmol of D(-) ampicillin, the reactions were carried out in
      the same way as in Example 19, but with 10.6 mmol of
      phenoxycarbonylaminosulfonyl chloride while the addition of pyridine was
      omitted. The desired penicillin was extracted at pH 4.0 with ethyl acetate
      to obtain 1.62 g (about 26%) of the slightly colored above named sodium
      salt of 85-90% purity.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, about 3200 to about
      3400, 1770, .+-. 1660 - 1685, 1610, .+-. 1525 and .+-. 1545, .+-. 1300,
      1150, 1220.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.47
      and 1.57 (6H), 3.96 (s,1H), 5.22 (slightly broad s) and about 5.4 together
      3H, about 6.6 to 7.65 (extended multiplets, about 10H), low broad
      absorptions at about 6.3 and 8.6.
PAC  EXAMPLE 21
PAC  Sodium D-6-[.alpha.-{(1-dimethylamino)-ethylideneamino-sulfonamido}
      benzylcarbonamido]-penicillanate
PAR  2.5 ml of N,O-bis(trimethylsilyl) acetamide were added to a suspension of
      3.5 g (10 mmol) of D(-) ampicillin in 15 ml of dichloromethane and the
      mixture was stirred at room temperature until a clear solution was
      obtained. 9.8 ml of dry pyridine were added and the solution was cooled to
      about 3.degree.C with an ice-bath. A solution of 1.84 g (about 10 mmol) of
      N,N-dimethyl-N'-chlorosulfonylacetamidine (CH.sub.3).sub.2 N--C(CH.sub.3)
      =N--SO.sub.2 Cl, prepared from chlorosulfonyl isocyanate and N,N-dimethyl
      acetamide according to Graf et al. [Deutsches Auslegeschrift No. 1,144,718
      (1963)] in 10 ml of dichloromethane was added dropwise at
      0.degree.-5.degree.C. The resulting reaction was additionally stirred for
      60 minutes at about 0.degree.C and thereafter 60 minutes at room
      temperature. The reaction mixture was poured into ice-water at pH 7.0 and
      the layers were separated. The organic layer was discarded and the aqueous
      layer was twice washed at pH 7.0 with diethyl ether and the remaining
      aqueous layer was acidified to pH 3.5 and extracted once with a 1:1
      mixture of diethyl ether and ethyl acetate. Incomplete removal of the
      desired product necessitated further extraction of the aqueous layer at pH
      2.5 with the mixture of ethyl acetate and diethyl ether (once) and with
      ethyl acetate (3 times). The five extracts were combined, washed with cold
      water saturated with sodium chloride, dried over anhydrous magnesium
      sulfate, treated with activated carbon, etc. The resulting almost
      colorless solution was concentrated to some extent in vacuo and treated
      with sodium .alpha.-ethyl-capronate in the usual manner to obtain 3.0 g
      (55%) of the above named sodium salt in the form of a colorless,
      practically pure solid.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3550, .+-. 3300, 1770, 1675,
      1605, 1570, .+-. 1505, 1495, 1130.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.44
      and 1.56 (6H), 2.33 (s, 3H), 2.87 and 3.02 (.delta..nu.= 9.2 cps, 6H),
      3.93 (s, 1H) about 5.4 (multiplet, J.sub.5,6 .apprxeq.4.0 cps) and 5.22
      (d, J.apprxeq.9.5 cps) together 3H, about 7.4 (multiplet) and 7.05 (d,
      J.apprxeq.9.7 cps) together about 6H, 8.9 (d, J.apprxeq.7.5 cps, about
      0.9H).
PAC  EXAMPLE 22
PAC  Sodium
      D-6-[.alpha.-{3-(bis-ethylmercapto-phosphinyl)-ureido}-benzylcarbonamido]-
     penicillanic acid
PAR  Employing anhydrous conditions, a solution of 2.0 g (about 20 mmol) of
      phosgene in 30 ml of toluene was cooled to -70.degree.C followed by
      simultaneous and dropwise additions of a solution of 4 g of pyridine in 25
      ml of dry toluene and of a solution of 3.7 g (20 mmol) of
      bis-ethylmercapto-phosphinyl amide [(C.sub.2 H.sub.5 S).sub.2 P(O)NH.sub.2
      ] in 30 ml of dry dichloromethane at about -70.degree.C. After completion
      of the simultaneous additions, the internal temperature of the reaction
      mixture was gradually and slowly raised to about -10.degree.C whereupon
      the flask was placed in an ice-water bath and the stirring was continued
      for 90 minutes. The resulting solution, containing crude
      bis-ethylmercaptophosphinyl isocyanate (C.sub.2 H.sub.5 S).sub.2 P(O)NCO,
      was concentrated in vacuo to a volume of about 35 ml, and thereafter dry
      toluene was added to give a volume of about 50 ml. This solution was added
      dropwise at 10.degree.C to a solution prepared as usual from 3.5 g (10
      mmol) of D(-) ampicillin, 2.5 ml of N,O-bis(trimethylsilyl) acetamide and
      25 ml of dry dichloromethane. The resulting reaction mixture was
      additionally stirred for 30 minutes at 10.degree.C and subsequently was
      poured at pH 7.0 into a well stirred mixture of ethyl acetate and an
      ice-cold saturated solution of sodium chloride in water. The layers were
      separated, the organic layer was discarded, and the aqueous layer was
      repeatedly washed with ethyl acetate at pH 7.0. From the remaining aqueous
      layer, the desired product was completely and selectively removed by a
      number of consecutive extractions: diethyl ether at pH 4.5, a 9:1 mixture
      of diethyl ether and ethyl acetate at pH 4.0, a 1:1 mixture of the same
      solvents at pH 3.7, and finally ethyl acetate alone at pH 3.5. These
      extracts were combined, washed with a cold saturated solution of sodium
      chloride in water, dried over anhydrous magnesium sulfate, vacuum
      filtered, concentrated in vacuo to about 15 ml and diethyl ether was added
      with shaking until a precipitate appeared. This precipitate was vacuum
      filtered, washed with cold diethyl ether and dried in vacuo to obtain 1.5
      g (26.5%) of the pure and colorless above named acid. The filtrate and the
      washings were combined and in the usual manner treated with sodium
      .alpha.-ethylcapronate and the obtained sodium salt of the desired
      penicillin weighed 1.2 g (about 20 %).
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3500, .+-. 2600, .+-. 3220,
      .+-. 3270 to 3340, .+-. 1780, about 1650 to 1720 (very intensive
      absorption area), .+-. 1520 (very intensive), 1455, 1375, 1305, 1270, 1160
      - 1235, 1135, 1050, 900, 740 and 700. PMR (d.sub.6 -DMSO, 60 Mc,
      .delta.-values in ppm, DSS as reference): 1.3 (2 almost coinciding t,
      J=7.2 cps), 1.42 and 1.56 together 12H, from about 2.45 to 3.3 (extensive
      multiplets, 4H), 4.21 (s, 1H), about 5.45 (multiplet, J.sub.5,6
      .apprxeq.4.0 cps) and 5.25 (d) together 3H, about 7.3 and 7.5 (d) together
      about 6H, 9.15 (d, about 0.8H).
PAC  EXAMPLE 23
PAC  Sodium
      D-6-[.alpha.-{(1-methyl)-pyrrolidin-2-yl-ideneamino-sulfonamido}-benzylcar
     bonamido]-penicillanate
PAR  A solution prepared in the usual manner from 7 g (20 mmol) of D(-)
      ampicillin, 4.8 ml of N,O-bis-(trimethylsilyl) acetamide and 20 ml of
      dichloromethane at 0.degree.C was added dropwise to a red solution of 3.8
      g (19.4 mmol) of 1-methyl-2-chlorosulfonylimino-pyrrolidine [prepared from
      1-methylpyrrolidone (20 mmol) and chlorosulfonyl isocyanate (20 mmol)] in
      a mixture of 20 ml of pyridine and 20 ml of dichloromethane. During the
      addition, the color became deeper. After completion of the addition, the
      reaction mixture was additionally stirred for 30 minutes at 0.degree.C and
      60 minutes at room temperature. The mixture was poured into ice-water at
      pH 7.0 and the layers were separated. The organic layer was discarded and
      the aqueous layer was repeatedly washed with diethyl ether. The remaining
      aqueous layer was extracted 10 times with ethyl acetate at pH 3.6 and the
      combined extracts were washed once with a small volume of a saturated
      sodium chloride solution, treated with activated charcoal, dried over
      anhydrous magnesium sulfate, filtered and concentrated in vacuo to a
      volume of about 100 ml. A concentrated solution of sodium
      .alpha.-ethylcapronate was added and the resulting solid precipitate was
      collected by filtration, washed with cold ethyl acetate and dried in vacuo
      to obtain 9.09 g (about 73%) of the colorless above named sodium salt
      which contained about 1 mole of ethyl acetate per mole of penicillin. IR
      (KBr-disc, values in cm.sup.-.sup.1): about 3200 - 3600, 1770, 1675, .+-.
      1600 (very intensive), .+-. 1530, 1495, .+-. 1320 and 1150.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.43
      and 1.57 (6H), from about 1.75 to 2.2 (multiplet, 2H), 2.76 (s) and about
      2.9 (centre) together 5H, 3.4 (centre, 2H), 4.23 (s, 1H), .+-. 5.35
      (multiplet, J.sub.5,6 .apprxeq.4.0 cps) and 5.17 (d, J.apprxeq.10 cps)
      together 3H, 7.07 (d, J.apprxeq.10 cps) and 7.3 (centre of multiplet)
      together about 6H, 8.95 (d, J.apprxeq.7.0 cps, 0.9H).
PAC  EXAMPLE 24
PAC  Sodium
      D-6-[.alpha.-{3-(dianilino-phosphinyl)-ureido}-benzylcarbonamido]-penicill
     anate
PAR  A solution prepared as usual from 4.4 g (12.5 mmol) of D(-) ampicillin, 2.9
      ml of N,O-bis(trimethylsilyl) acetamide and 15 ml of dry dichloromethane
      was added dropwise to a solution of 2.0 g (12.5 mmol) of redistilled
      dichlorophosphinyl isocyanate (Cl.sub.2 P(O)NCO) in 15 ml of dry
      dichloromethane at -70.degree.C over the course of 30 minutes. The
      resulting solution was additionally stirred at the same temperature for 10
      minutes followed by the dropwise introduction over the course of 10
      minutes of a solution of 4.6 ml (about 50 mmol) of aniline in 5 ml of
      dichloromethane. The resulting solution was stirred for 60 minutes at
      -70.degree.C, another 39 minutes at temperatures gradually rising from
      -70.degree.C to room temperature and finally 1 hour at room temperature.
      The reaction mixture was poured into ice-water at pH 7.0 which caused a
      precipitate and acetone was added until a clear two-layer system was
      obtained followed by the removal of low-boiling solvents in vacuo. Diethyl
      ether was added and the resulting layers were separated at pH 7.0. The
      organic layer was discarded and the aqueous layer was repeatedly washed
      with diethyl ether. The aqueous layer was washed once more at pH 6.0 with
      ethyl acetate which resulted in the loss of part of the desired compound.
      Extraction at pH 4.3 with ethyl acetate resulted in incomplete removal of
      the desired compound. This extract was washed twice with ice-water
      buffered to pH 4.6 and once with ice-water. The virtually clear extract
      obtained in this manner was used to obtain the above named sodium salt of
      the desired penicillin in the usual manner. The yield was 0.45 g (about
      5%) of a slightly colored solid somewhat contaminated with sodium
      .alpha.-ethylcapronate.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3100 - 3600 (very intensive
      absorption), 1765, about 1660 - 1680, .+-. 1605, about 1530 - 1560, .+-.
      1505, 1415 (intensive), 1330, .+-. 1300, 1240, 960 - 980, 945, .+-. 760
      and .+-. 705.
PAR  PMR (d.sub.6 -DMSO containing about 5 vol % DCO.sub.2 D, 60 Mc,
      .delta.-values in ppm, DSS as reference): 1.45 and 1.57 (6H), 4.25 (s,
      1H), 5.45 (centre of AB-q, J.sub.5,6 .apprxeq.4.0 cps) and 5.65 together
      3H, 7.35 (centre) and extended multiplet together from about 6.7 to 7.65
      (about 15H).
PAC  EXAMPLE 25
PAC  Sodium
      D-6-[.alpha.-{3-(anilinoethoxyphosphinyl)-ureido}-benzylcarbonamido]-penic
     illanate
PAR  A solution prepared in the usual manner from 1.43 g (4.1 mmol) of D(-)
      ampicillin, 1.0 ml of N,O-bis(trimethylsilyl) acetamide and 25 ml of dry
      dichloromethane was added dropwise to a solution of 0.7 g (4.1 mmol) of
      redistilled chloro(ethoxy)phosphinyl isocyanate [C.sub.2 H.sub.5 O-P(O)
      (Cl)NCO, prepared according to A. V. Narbut and G.I. Derkach, Zh. obsl ch.
      Khim. 38, 1312 (1968)] in 10 ml of dichloromethane at -65.degree. to
      -70.degree.C over the course of 30 minutes. The solution was additionally
      stirred for 15 minutes at about -65.degree.C followed by the addition of a
      solution of 0.76 ml (about 8.3 mmol) of aniline in 10 ml of
      dichloromethane at -60.degree. to -70.degree.C. The addition was completed
      in 5 minutes, and the solution was additionally stirred for 1 hour at
      -60.degree.C, 30 minutes at -40.degree.C and finally 1 hour at 0.degree.C.
      The reaction mixture was poured into ice-water at pH 7.0 and thereafter
      dichloromethane was removed in vacuo followed by the addition of diethyl
      ether until a clear two-layer system was obtained. The layers were
      separated, the organic layer was discarded and the aqueous layer at pH 7.0
      was repeatedly washed with diethyl ether. To achieve selective extraction
      of the desired product, the remaining aqueous layer was repeatedly
      extracted at pH 4.7 - 4.8 with ethyl acetate. These extracts were
      combined, washed once with a small volume of ice-water saturated with
      sodium chloride, dried over anhydrous magnesium sulfate, filtered,
      concentrated in vacuo and treated with a concentrated solution of sodium
      .alpha.-ethylcapronate in ethyl acetate, followed by addition of diethyl
      ether. The almost colorless precipitate was vacuum filtered, washed with
      diethyl ether and dried in vacuo to obtain 0.7 g (25%) of the colorless,
      practically pure above named sodium salt.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3550, 3200 - 3400, 1770, .+-.
      1670, 1600, .+-. 1515, 1495, .+-. 1215, 1030.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.25
      (centre of 2 unequally intensive triplets, (.delta..nu.= 2.2 cps),
      J.apprxeq.7.0 cps) and 1.44 and 1.56 together 9H, 4.08 (s) and about 3.8
      to 4.35 (multiplet) together 3H, about 5.4 (centre of multiplet, J.sub.5,6
      .apprxeq.4.0 cps) and 5.60 (d, J.apprxeq.8 cps) together 3H, 7.35 (centre)
      and extended multiplet, together from about 6.65 to 7.55 (10H), 7.8
      (probably 2 close d, J.apprxeq.8-8.5 cps), 8.0 )J.apprxeq.8.5 -9 cps),
      about 8.65 (broad), 9.1 (d, J.apprxeq.7.0 cps).
PAC  EXAMPLE 26
PAC  Sodium
      D-6-[.alpha.-{3-(ethoxy-hydroxy-phosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanic acid
PAR  A solution prepared in the usual manner from 4.7 g (13.5 mmol) of D(-)
      ampicillin, 3.3 ml of N,O-bis-(trimethylsilyl) acetamide and 20 ml of
      dichloromethane was added at -65.degree. to -70.degree.C to a solution of
      2.3 g (13.5 mmol) of chloro(ethoxy) phosphinyl isocyanate [C.sub.2 H.sub.5
      O-P(O) (Cl)NCO] in 20 ml of dichloromethane. After completion of the
      addition, stirring was continued for 20 minutes at -65.degree.C and then
      the reaction mixture was poured slowly into ice-water while simultaneously
      dilute sodium hydroxide was added to maintain the pH at 7.0. Stirring and
      addition of base was continued until no further change of pH took place.
      The layers were separated, the organic layer was discarded and the aqueous
      layer was washed with ethyl acetate once at pH 7.0 and once at pH 4.5.
      These washings too were discarded and the remaining aqueous layer was
      extracted three times at pH 1.5 with an excess volume of ethyl acetate.
      These extracts were combined, quickly dried over anhydrous magnesium
      sulfate and immediately filtered since a precipitate appeared in the
      filtrate rather soon. The turbid filtrate was completely evaporated in
      vacuo and after extensive drying in vacuo, the residual, almost colorless
      above named sodium salt weighed 0.4 g (about 5.5%). The product was at
      least 90% pure.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3550, .+-. 2600, .+-. 3320
      and .+-. 3250, 1780, 1740 - 1710, 1640 - 1670, .+-. 1530 (intensive),
      1210, 1040, 700.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.2
      (t, J = 7.0 cps, 3H), 1.44 and 1.58 (6H), 3.95 (multiplet) and 4.24 (s)
      together 3H, about 5.5 (multiplet, J.sub.5,6 = 4.0 cps) and about 5.65 (d)
      together 3H, about 7.4 (5H), 7.7 (d, J.apprxeq.8.5 cps), 7.9 (d,
      J.apprxeq.7.5 cps), 9.15 (d, J.apprxeq.7.5 cps).
PAC  EXAMPLE 27
PAC  D-7-[.alpha.-{3-(diethoxyphosphinyl)-ureido}-benzylcarbonamido]desacetoxyce
     phalosporanic acid
PAR  Employing anhydrous conditions, 0.63 ml (about 2.7 mmol) of
      N,O-bis(trimethylsilyl) acetamide were added to a suspension of 0.8 g (2.3
      mmol) of D(-) 7-.alpha.-aminobenzylcarbonamido-desacetoxycephalosporanic
      acid (cephalexin) in 20 ml of dichloromethane. A clear solution was
      obtained by stirring the mixture for 2.5 hours at 30.degree.C and then a
      solution of 0.4 g (2.3 mmol) of redistilled diethoxy phosphinyl isocyanate
      [(C.sub.2 H.sub.5 O).sub.2 P(O)NCO] in 10 ml of dichloromethane was added
      at 0.degree.-5.degree.C. After completion of the dropwise addition, the
      ice-bath was removed and the reaction mixture was additionally stirred for
      about 10 minutes. The reaction mixture was then poured into a well stirred
      mixture of ice-water and ethyl acetate, resulting in the formation of a
      solid precipitate. The pH of the mixture was adjusted to about 3.8,
      whereupon the mixture was concentrated in vacuo in order to remove organic
      solvents. Subsequently, the precipitate was recovered by vacuum
      filtration, washed with water and diethyl ether and dried to constant
      weight in vacuo to obtain 1.1 g (90%) of the colorless, pure above named
      acid.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): 3420, 3270, .+-. 2250, 1780, .+-.
      1705, .+-. 1680 (sh), .+-. 1640, 1595, 1495, .+-. 1550, 1440, 1230 and
      .+-. 1040.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, .delta.-values in ppm, DSS as reference): 1.25
      (centre of 2 close triplets, .delta..nu. = 1.5 cps, J = 7.1 cps, 6H), 2.01
      (s, 3H), from about 3.75 to 4.3 (2 multiplets, 4H), 3.37 (AB-q, J.sub.AB
      .apprxeq. 18 cps, 2H), 4.95 (d, J = 4.7 cps, 1H) 5.53 (d) and 5.63 (q)
      together 2H, 7.35 and 7.52 (d, J.apprxeq.7.8 cps) together about 6H, 8.25
      (d, J.apprxeq.8.7 cps, about 1H), 9.3 (d, J.apprxeq.7.8 cps, about 1H).
PAR  Using the same procedure, 3.17 mmol of redistilled diethoxyphosphinothioyl
      isocyanate [(C.sub.2 H.sub.5 O).sub.2 P(S)NCO] was reacted under identical
      reaction conditions to obtain a quantitative yield of sodium
      D-7-[.alpha.-{3-(diethoxyphosphinothioyl)-ureido}-benzylcarbonamido]-desac
     etoxycephalosporanate. Isolation of product by extraction from water at pH
      3.0 with ethyl acetate, etc. followed by addition of sodium
      .alpha.-ethylcapronate resulted in 1.3 g (72%) of the sodium salt.
PAR  IR (ibidem): From about 3200 to 3600, 1760, .+-. 1660 to 1690, .+-. 1600,
      .+-. 1540, 1415, 1365, 1035, 980, 830 and 800.
PAR  PMR (ibidem): 1.2 (centre of 2 close triplets, .delta..nu. 1.8 cps, J = 7.1
      cps, 6H), 1.95 (s, 3H), 3.2 (centre of AB-q, J.apprxeq.17.5 cps, 2H), 3.6
      to 4.3 (2 multiplets, 4H), 4.85 (d, J = 4.6 cps, 1H), 5.5 (centre of
      multiplet, 2H), about 7.35 (about 6H), 7.7 (d, J.apprxeq.8 cps, about 1H),
      9.2 (d, J.apprxeq.8 cps, about 1H).
PAR  Using the same procedure, 2.7 mmol of redistilled diphenoxyphosphinyl
      isocyanate [(C.sub.6 H.sub.5 O).sub.2 P(O)NCO] was reacted. The solution
      of the isocyanate in dichloromethane was added at 0.degree.C within 5
      minutes. Immediately thereafter, the icebath was removed and the solution
      was additionally stirred during about 40 minutes. The reaction mixture was
      poured into iced water of pH 7.0 and the mixture was acidified in the cold
      to pH 2.5. Sodium chloride and acetone were added until a clear two-layer
      system was reached. The layers were separated, the water-layer was
      saturated with sodium chloride and again extracted with acetone. The
      organic extracts were combined whereupon the volume was doubled by adding
      ethyl acetate. The solution was concentrated in vacuo until the lower
      boiling solvents were virtually removed. The remaining solution was dried
      over anhydrous magnesium sulfate and filtered on a vaccum filter. A
      concentrated solution of about 2.6 mmol of sodium .alpha.-ethyl-capronate
      was added followed by the addition of dry diethyl ether. The precipitated
      salt was collected by filtration, was washed with cold diethyl ether and
      dried in vacuo to obtain 1.5 g (about 85%) of sodium
      D-7-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcarbonamido]-desacetox
     ycephalosporanate which appeared to be virtually pure according to
      thin-layer chromatograms, IR and PMR spectra.
PAR  IR (ibidem): .+-. 3500, 3260, 3060, 1760, .+-. 1680 (sh), 1650, .+-. 1590,
      1545, 1490, 1450, 1410, 1365, 1250, 1220, 1200, 1185, 1075, 1050, 1030,
      1010, 950-980, 910 (sh), 770, 755 (sh) PMR (ibidem): 1.95 (s, 3H); 3.2
      (centre of AB-q, J.apprxeq.18 cps, 2H); 4.85 (d, J.apprxeq.4.6 cps, 1H);
      5.55 (centre of multiplet, 2H); about 6.7 to 8.1 (multiplet, 16-17H); 9.25
      (d, J.apprxeq.8 cps, about 0.9H).
PAC  EXAMPLE 28
PAC  Sodium
      D-6-[.alpha.-{3-(ethoxycarbonylhydrazino-ethoxy-phosphinyl)-ureido}-benzyl
     carbonamido]-penicillanate
PAR  A solution prepared in the usual manner from 3.9 g (11 mmol) of D(-)
      ampicillin, 2.5 ml of N,O-bis-(trimethylsilyl) acetamide and 20 ml of
      dichloromethane was added dropwise at about -70.degree.C over the course
      of 15 minutes to a solution of 1.88 g (11 mmol) of redistilled
      chloro(ethoxy) phosphinyl isocyanate [C.sub.2 H.sub.5 O--P(O) (Cl)NCO] in
      25 ml of dichloromethane. The solution was stirred for another 15 minutes
      at about -70.degree.C and then 2 ml of pyridine and (again at about
      -70.degree.C) a solution of 1.2 g (11 mmol) of ethoxycarbonylhydrazide in
      10 ml of dichloromethane were added. The resulting solution was kept at
      about -60.degree.C for 2 hours and subsequently was poured into ice-water.
      The pH was adjusted to 7.0 and the two-layer system was concentrated in
      vacuo in order to remove dichloromethane. The remaining aqueous layer was
      repeatedly extracted at pH 7.0 with ethyl acetate in order to remove
      unreacted ethoxycarbonylhydrazide and a by-product. The remaining aqueous
      layer (about 100 ml) was saturated with sodium chloride, acidified to pH
      3.0 and extracted 8 times with 70 ml volumes of ethyl acetate at the same
      pH. These extracts were combined, washed twice with a small volume of
      ice-water saturated with sodium chloride, once with ice-water at pH 1.0
      and once with ice-water. The resulting organic solution was dried over
      anhydrous magnesium sulfate, vacuum filtered and the filtrate was
      concentrated in vacuo to small volume. The concentrated solution was
      treated in the usual manner with a concentrated solution of sodium
      .alpha.-ethylcapronate in ethyl acetate, etc to obtain 1.1 g (15%) of the
      colorless, almost pure above named sodium salt.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3280 (broad and intensive),
      1765, .+-. 1720, .+-. 1680, .+-. 1650, 1610, .+-. 1500-1530, 1195, 1030.
PAR  PMR (mixture of d.sub.6 -DMSO and about 5% DCO.sub.2 D, 60
      Mc,.delta.-values in ppm, DSS as reference): 1.18 (t) and about 1.27
      (centre of 2 close triplets) and 1.45 and 1.58, together about 12H, from
      about 3.85 to 4.4 (multiplets) and 4.25 (s) together 5H, 5.47 (AB-q, J =
      4.1 cps) and 5.60 (s) together 3H, about 7.4 (about 5H). The spectrum in
      d.sub.6 -DMSO alone revealed signals at 7.95 (d), 8.7 (broad s, possibly
      2H) and 8.9 (d), while one signal was probably hidden at about 7.4.
PAC  EXAMPLE 29
PAC  Sodium D-6-[.alpha.-{(ethoxy)
      (N'-phenylureido)-phosphinylamido}-benzylcarbonamido]-penicillanate
PAR  Following the description given by Narbut et al. [Derkach, Zh, Obshch.
      Khim., 38 (1968), 1321], a solution of 1.7 g (10 mmol) of
      chloro(ethoxy)phosphinyl isocyanate [C.sub.2 H.sub.5 OP(O) (Cl)NCO] in 20
      ml of dry diethyl ether was added dropwise at 0.degree.-5.degree.C to a
      solution of 0.93 g (10 mmol) of aniline in 25 ml of dry diethyl ether. A
      brownish oil precipitated and solvent was removed. The residue, crude
      ethoxy(phenylureido)phosphinyl chloride [C.sub.6 H.sub.5 NH--CO--NH--P(O)
      (Cl)OC.sub.2 H.sub.5 ] was dissolved in 35 ml of dry dichloromethane and
      this solution was added dropwise at 5.degree.-10.degree.C to a solution
      prepared in the usual manner from 3.5 g (10 mmol) of D(-) ampicillin, 2.5
      ml of N,O-bis(trimethylsilyl)-acetamide and 15 ml of dry dichloromethane
      to which 1 ml of pyridine was added after its preparation. After
      completion of the addition, the ice-bath was removed and stirring was
      continued for 2 hours at room temperature. The reaction mixture was then
      poured into icewater, the pH was adjusted to 7.0, diethyl ether and sodium
      chloride were added and the resulting layers were separated. The upper
      organic layer was discarded and the aqueous layer was purified by
      extractions with diethyl ether at pH 7.0 and 6.0. A solution of the
      desired penicillin was obtained by extraction of the aqueous layer at pH
      4.5 with ethyl acetate. This solution was washed with a small volume of
      ice-water, dried over anhydrous magnesium sulfate, etc to obtain the above
      named sodium salt prepared in the usual manner as a yield of 2.0 g (about
      30%) of an almost colorless solid.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): about 3250 (broad and intensive),
      1770, about 1680, .+-. 1605 (very intensive), .+-. 1550, 1500, 1460, 1400,
      1325, .+-. 1230 (broad), 1040, 765 and 700.
PAR  PMR (d.sub.6 -DMSO containing about 5% of DCO.sub.2 D, 60 Mc,
      .delta.-values in ppm, DSS as reference): 1.2 (sharp triplet, J = 7.1 cps,
      3H), 1.45 and 1.56 (6H), 4.0 (centre of multiplet) and 4.25 (s), together
      3H, 5.2 (d, J.sub.P-H = 10.5 cps) and 5.45 (AB-q, J.sub.AB = 4.2 cps)
      together about 3H, from about 7.1 to 7.7 (10H). The spectrum in DMSO alone
      revealed signals at 8.9 (possibly d), 9.3 (low broad) and about 10.15
      (possibly d) while the initial signal at 1.2 appeared as 2 triplets (
     (.delta..nu..apprxeq..+-. 3 cps).
PAC  EXAMPLE 30
PAC  D-7-[.alpha.-{3-hydroxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-desac
     etoxycephalosporanic acid
PAR  By reaction with about 7 mmol of N,O-bis(trimethylsilyl) acetamide, a
      solution of 2.1 g (6 mmol) of cephalexin in 20 ml of dichloromethane was
      prepared in the usual manner. Substantially following the method of
      Example 26, this solution was added over 30 minutes to a solution of 1.0 g
      (6mmol) of chloro(ethoxy)-phosphinyl isocyanate in 15 ml of
      dichloromethane and during the addition, the reaction temperature was kept
      below -70.degree.C. After 60 minutes additional stirring at -70.degree.C,
      the reaction mixture was gradually warmed up to 0.degree.C and
      subsequently was poured into crushed ice. The pH was increased to 4.0 and
      the resulting emulsion was clarified by the addition of an excess volume
      of ethyl acetate whereupon the layers were separated. The organic layer
      was discarded, ethyl acetate was mixed with water-layer and the pH lowered
      to 1.5. A solid precipitate was formed which was collected by filtration,
      was washed with ethyl acetate and dried in vacuo over phosphorus pentoxide
      to obtain 0.75  g (25%) of about 90% pure above named acid. The two layers
      of the filtrate were separated, the organic layer was discarded and the
      water-layer was concentrated in vacuo. The precipitated solid was
      separated by filtration and was washed with ethyl acetate. After drying,
      the second crop weighed 1.1g (36%). Thin-layer chromatograms and IR
      spectra of both crops were indistinguishable for a total yield of 1.85 g
      (61%).
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3550 and .+-. 2500, 3270,
      1770, .+-. 1710 (sh), 1640 (very intensive with shoulders at about 1660
      and 1680), 1545, 1450, .+-. 1370, 1320, 1220-1260, 1190, 1165, .+-. 1075,
      (sh), 1050, 970 and 700.  PMR (about 7:1 mixture of d.sub.6 -DMSO and
      DCO.sub.2 D, 60 Mc, DSS, .delta.-values in cm.sup..sup.-1): 1.2
      (triplet-like, J.apprxeq.7.0 cps, 3H); 2.0 (s, 3H); about 3.35 (centre of
      incompletely resolved AB-q, 2H); about 4.0 (centre of complex multiplet,
      2H); 4.95 (d, J.apprxeq.4.6 cps, 1H); about 5.55 (broadened s) and 5.65
      (d, J.apprxeq.4.6 cps) together 2H; 7.35 (5H).
PAR  Starting from 1.8 g (5 mmol) of cephalexin and 1.0 g (5 mmol) of
      chloro(isobutoxy) phosphinyl isocyanate [i-C.sub.4 H.sub.9
      O--P(O)(Cl)NCO], 1.5 g (about 55%) of D-7-[.alpha.-{3-hydroxy(isobutoxy)
      phosphinyl ureido}-benzylcarbonamido]-desacetoxycephalosporanic acid of
      about 90% purity was obtained.
PAR  IR (ibidem): .+-. 3500 and .+-. 2600, 3270, 3060, 2960, 1770, .+-. 1710
      (sh), 1640 (very intensive with shoulders at about 1660 and 1680), 1550,
      .+-. 1470, .+-. 1440, 1370, 1330, .+-. 1240, .+-. 1190, .+-. 1080 (sh),
      1050 and 700.
PAR  PMR (about 5:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc, DSS,
      .delta.-values in ppm): 0.86 (d, J 6.5 cps, 6H); 2.03 (s, 3H); about 1.7
      (multiplet, about 1H); about 3.35 and about 3.65 (multiplet) together 4H;
      4.95 (d, J.apprxeq.4.6 cps, 1H); about 5.55 (narrow doublet) and about
      5.65 (d, J.apprxeq.4.6 cps) together 2H; about 7.35 (5H). In the spectrum
      of a solution in d.sub.6 -DMSO alone, NH-absorptions appeared at about 6.0
      (d) and at about 9.25 (d, J.apprxeq.8.5 cps).
PAC  EXAMPLE 31
PAC  Pivaloyloxymethyl esters of N-substituted D(-) ampicillins
PAR  T-butylcarbonyloxymethyl esters, otherwise named pivaloyloxymethyl esters,
      of several N-substituted ampicillins prepared in proceeding examples, were
      obtained employing two different methods. In one method, the desired
      compounds were obtained by reaction of Pivampicillin (short name for the
      hydrochloric acid salt of the t-butylcarbonyloxymethyl ester of D(-)
      .alpha.-amino-benzylpenicillin) with the corresponding isocyanates (Method
      I) and in the other method, the desired esters were obtained by reaction
      of salts of N-substituted ampicillins with t-butylcarbonyloxymethyl
      chloride (Method II).
PAL  Method I
PAR  Pivaloyloxymethyl D-6
      [.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcarbonamido]-penicillanate
      (ester of compound of Example 2)
PAR  Under anhydrous conditions, 0.5 ml of triethylamine dissolved in 10 ml of
      dichloromethane and 1.0 g (3.6 mmol) of redistilled diphenoxyphosphinyl
      isocyanate (C.sub.6 H.sub.5 O).sub.2 P(O)NCO dissolved in 20 ml of
      dichloromethane were successively added dropwise to an icy-cold solution
      of 1.77 g (3.54 mmol) of Pivampicillin in 20 ml of dichloromethane. The
      reaction mixture was stirred for another 30 minutes whereupon 25 ml of a
      0.1 mol phosphate buffer of pH 7.5 were added. The layers were separated
      and the water-layer was additionally extracted two times with 50 ml
      volumes of dichloromethane. The waterlayer was discarded and the combined
      organic layers were twice washed with cold water, dried over anhydrous
      magnesium sulfate, vacuum filtered, treated with activated carbon,
      filtered employing filter-aid and concentrated in vacuum to small volume.
      n-hexane was added till a solid precipitate appeared whereupon the solvent
      was completely removed in vacuo. After drying in vacuo, 2.6 g (at about
      95%) of the above named ester was obtained. According to thin-layer
      chromatograms, IR-- and PMR spectra, the final product was virtually pure.
PAR  IR (KBr-disc, values in cm.sup..sup.-1): .+-. 3250, 3065, 2975, 2935 (sh),
      1790, 1760, 1720 (sh), 1670 (with shoulders), 1590, .+-. 1530, 1490, 1460
      (sh), 1370, 1290, .+-. 1250 (sh), .+-. 1215 (sh), 1195, 1165, 1120, 1055,
      1030, 1015, .+-. 970, 780 and 695.
PAR  PMR (CDCl.sub.3, 60 Mc, TMS, .delta.-values in ppm): 1.17 (s, 9H); 1.35 and
      1.40 (6H); 4.34 (s, 1H); a 5H absorption area from about 5.3 to about 5.9
      consisting of an AB-q at 5.76 (width 0.22, J.apprxeq.5.3 cps) and a
      multiplet, * an about 17H absorption area from about 6.95 to 7.9
      (including 2 NH doublets at about 7.6).
FNT  *upon addition of a small amount of DCO.sub.2 D the multiplet changed to a
      AB-q (J.apprxeq.4.2 cps) and a singlet.
PAR  Pivaloyloxymethyl D-6-[.alpha.-{3-(hydroxy(ethoxy) phosphinyl)
      ureido}-benzlcarbonamido]-penicillanate (ester of compound of Example 26)
PAR  Employing anhydrous conditions, a solution of 1.5 g (9 mmol) of Cl(C.sub.2
      H.sub.5 O)P(O)NCO in 30 ml of dichloromethane was added dropwise to a
      solution of 4.5 g (9 mmol) of Pivampicillin and 1 ml of pyridine in 30 ml
      of dichloromethane at -65.degree. to -70.degree.C. The reaction mixture
      was stirred for another 2 hours at -70.degree.C whereupon the cooling-bath
      was removed and stirring was continued until the temperature was about
      0.degree.C. The reaction mixture was poured out in iced water of pH 7.0
      and a small volume of ethyl acetate was added whereupon the mixture was
      concentrated in vacuo until the organic solvent was removed. Toluene and
      sodium bicarbonate were added until at pH 8.0 the product was dissolved in
      the aqueous-layer for the main part. The layers were separated, the
      organic layer was discarded and the remaining aqueous-layer was acidified
      to pH 1.0 in the cold. The desired product was subsequently incompletely
      extracted with ethyl acetate. The extracts were combined, treated with
      activated carbon, dried over anhydrous magnesium sulfate and concentrated
      in vacuo to a small volume. Addition of n-hexane resulted in the
      precipitation of a solid, which was collected by filtration, washed with
      hexane and dried in vacuo to obtain 1.0 g (18%) of the above named ester
      with an estimated 90% purity. The final product contained a small amount
      of water.
PAR  IR (ibidem): .+-. 3500, about 3300-3350, 2980, 1790, 1760, .+-. 1650 (with
      shoulders), about 1530-1555, 1490, 1460, 1370, 1280-1310, .+-. 1240, 1215,
      1170, 1120, 1055, 1040 (sh), .+-. 990, 780 and 705.
PAR  PMR (CDCl.sub.3 and a small amount of d.sub.6 -DMSO, 60 Mc, TMS,
      .delta.-values in ppm): about 1.2 (12H); 1.43 and 1.5 (6H); about 3.95
      (centre of multiplet, 2H); 4.40 (s, 1H); 5H absorption area from about
      5.25 to 6.0 (including AB-q) centered at 5.78 (width 0.23, J.apprxeq.5.3
      cps), at least 9H absorption area from about 6.9 to 8.7 (including a
      multiplet at about 7.25).
PAL  Method II
PAR  Pivaloyloxymethyl
      D-6-[.alpha.-(aminosulfonylamino)-benzylcarbonamido]penicillanate (ester
      of the compound of Example 18)
PAR  A partial solution of 1.7 g (3.65 mmol) of potassium
      D-6-.alpha.-(aminosulfonylamino) -benzylcarbonamido penicillanate, 0.6 g
      (4 mmol) of t-butylcarbonyloxymethyl choride and 0.85 g (5 mmol) of
      potassium iodide in 140 ml of dry acetone was refluxed for 5.5 hours. The
      main part of the solvent was removed in vacuo and the remaining reaction
      mixture was poured in an icy-cold mixture of 25 ml of water and 25 ml of
      ethyl acetate at pH 7.0. The layers were separated and the aqueous-layer
      was twice extracted with 10 ml of ethyl acetate. The aqueous-layer was
      discarded and the combined extracts were washed with a small volume of
      water, treated with activated carbon, dried over anhydrous magnesium
      sulfate and completely evaporated. The residual oil was triturated with
      cyclohexane until the oil solidified and the solid was collected by
      filtration, washed with cyclohexane and dried in vacuo to obtain 1.5 g
      (about 75%) of the above named ester with an estimated 90% purity
      (according to PMR and TLC).
PAR  IR (ibidem): about 3250-3340, 3050 (sh), 2960, 2920, .+-. 1775, .+-. 1750,
      1680, 1520, 1455, .+-. 1350, 1325, 1160, 1115, 1030, 985 and 700.
PAR  PMR (CDCl.sub.3, 60 Mc, TMS, .delta.-values in ppm): 1.19 (9H); 1.42 and
      1.50 (6H); 4.39 (1H); a 7H absorption area from about 5.0 to 5.9 to which
      participate a doublet at about 5.2 (J".apprxeq.7.2 cps), a doublet with
      centre at 5.41 (J.apprxeq.4.2 cps), a quartet with centre at 5.56
      (J.apprxeq.4.2 cps, J'.apprxeq.7 cps) and a AB-q with centre at 5.78
      (width 0.23 ppm, J.sub.AB .apprxeq.5.3 cps); 6.25 (d, J".apprxeq.7.2 cps,
      about 1H); about 7.3 (6H).
PAR  Pivaloyloxymethyl D-6-[.alpha.-{3-(sulfo)
      ureido}-benzylcarbonamido]penicillanate (ester of the compound of Example
      17)
PAR  A solution of 0.5 g of sodium D-6-[.alpha.{-3-(sulfo)
      ureido}benzylcarbonamido]-penicillanate and 0.6 g of
      t-butylcarbonyloxymethyl chloride in 10 ml of dry HMPA (hexamethyl
      phosphonyl triamide) was stirred for 10 hours at room temperature
      resulting in a virtually quantative conversion to the ester according to
      thin-layer chromatograms. The reaction mixture was poured into an icy-cold
      mixture of water and ethyl acetate at pH 6.0 and the layers were separated
      and the aqueous-layer was additionally extracted with ethyl acetate. The
      aqueous-layer was discarded and the combined organic extracts were
      repeatedly washed with small volumes of iced water at pH 8.3 to remove
      HMPA. The extract was treated with activated carbon, dried over anhydrous
      magnesium sulfate and evaporated in vacuo. The residual oil was triturated
      with light petroleum ether which effected solidification of the oil. The
      solid was collected by filtration and extensively dried in vacuo to obtain
      0.25 g (about 40%) of the above named ester which was essentially pure,
      but contained 1/3 mole of HMPA per mole of penicillin ester.
PA1  Ir (ibidem): .+-. 3550, 3300-3350, 2970, 2940, 1785, 1755, 1680-1695, .+-.
      1520,1370, 1135 (sh), 1120, 1035, 990 and 700.
PA1  Pmr (ibidem): 1.19 (s, 9H); .+-. 1.45 (narrow doublet, 6H); 4.41 (s, 1H); a
      5H absorption area from about 5.1 to 6.0, consisting of a doublet at 5.2
      (J.apprxeq.7.5 cps), a multiplet and an AB-q with centre at 5.78 (width
      0.22 ppm, J.sub.AB .apprxeq.5.5 cps); an about 8H absorption area from
      about 6.8 to 7.8; about 9.8 (broad, about 0.5H).
PAC  EXAMPLE 32
PAC  Sodium
      D-6-[.alpha.-{3-(benzylaminosulfonyl)-ureido}-benzylcarbonamido]-penicilla
     nate
PAR  A suspension of 7 g (20 mmol) of D(-) ampicillin in 60 ml of
      dichloromethane was reacted in the usual fashion with 4.8 ml (20 mmol) of
      BSA. The resulting solution was cooled down to -65.degree.C whereupon a
      solution of 2 ml (slightly more than 20 mmol) of chloro sulfonyl
      isocyanate in 20 ml of dichloromethane was added dropwise at -60.degree.
      to -65.degree.C. The solution was stirred for another 10 min. at
      -65.degree.C whereupon 7.5 ml (70 mmol) of benzylamine were added dropwise
      at -60.degree. to -65.degree.C followed by 1 hour additional stirring at
      -60.degree.C. The reaction mixture was poured into 250 ml of iced water of
      pH 7.0 and the mixture was concentrated in vacuo. The resulting solution
      in water was extracted with 30 ml of diethyl ether at pH 7.0 and the
      ethereal extract was discarded. The water-layer was acidified to pH 3.5
      and was repeatedly extracted with a 9:1 mixture of diethyl ether and ethyl
      acetate. The combined extracts were washed once with a small volume of
      iced water of pH 2.5 and once with neutral water. The extract was treated
      with activated carbon, dried over anhydrous magnesium sulfate, and
      concentrated in vacuo to small volume. Addition of sodium
      .alpha.-ethylcapronate gave the above named sodium salt in a yield of 5.2
      g (about 40%) of nearly pure product (according to PMR and TLC).
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): about 3200-3500 (broad and
      intensive), 3070, 3050, 2980, 2940, 1775, 1680-1700, 1615, 1520-1540,
      1500, 1340, 1260, 1170, 1140 and 710.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, DSS, .delta.-values in ppm): 1.42 and 1.54 (6H);
      4.0(s) and 4.05(s) together 3H; about 5.35 (multiplet) and 5.6 (d,
      J.apprxeq.7 cps) together 3H; from about 6.7 to 7.7 (12-13H); 8.8 (d,
      J.apprxeq.7 cps, 0.8H).
PAC  EXAMPLE 33
PAC  Sodium
      D-6-[.alpha.-{3-(5-methyl-1,2,4-oxadiazol-3-yl-methylaminosulfonyl)-ureido
     }-benzylcarbonamido]-penicillanate
PAR  Employing reaction conditions as in Example 32, a reaction was performed
      between 20 mmol of D(-) ampicillin, 20 mmol of BSA, about 20 mmol of
      chlorosulfonyl isocyanate and 50 mmol of
      5-methyl-1,2,4-oxadiazol-3-yl-methylamine. Under these conditions, the
      conversion of the intermediate with the 1,2,4-oxadiazol-methylamine to the
      desired pencillin did not progress further than about 40%. In the
      isolation procedure, the desired compound and part of the by-product were
      extracted together at pH 4.2 with a 1:1 mixture of diethyl ether and ethyl
      acetate and 5.5 g of a mixture of the sodium salts were obtained from this
      extract. This mixture was separated by chromatography through an ion
      exchange column (IRA-68 (chlorine form), pyridine/acetic acid of pH 4.8)
      and the by-product was eluted first. The fractions with the desired
      product were combined, evaporated in vacuo at 0.degree.C and the residue
      was dissolved in water. The solution in water was acidified to pH 3.2
      followed by extraction with ethyl acetate to isolate 1.8 g of the nearly
      pure above named sodium salt.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): 3200-3400, .+-. 3050, 2970, 2935,
      1770, .+-. 1680, 1590-1610 (very intensive), 1515-1540, 1495 (sh), 1460
      (sh), 1400, 1375 (sh), 1320-1340, 1270,1170, 1135. 920, 730 and 710.
PAR  PMR (about 5:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc, DSS,
      .delta.-values in ppm): 1.45 and 1.55 (6H); 2.51 (s, 3H); 4.25 (2 close
      singlets, 3H); 5.47 (centre of 0.23 ppm wide AB-q, J.apprxeq.4.2 cps) and
      5.57 (s) together 3H; 7.4 (5H).
PAC  EXAMPLE 34
PAC  Sodium
      D-6-[.alpha.-{3-(benzyloxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-p
     enicillanate
PAR  A solution of crude benzyloxy (ethyloxy)phosphinyl isocyanate [(C.sub.6
      H.sub.5 CH.sub.2 O) (C.sub.2 H.sub.5 O)P(O)-NCO] in 30 ml of dry
      dichloromethane was prepared by reaction of 30 mmol of crude
      benzyloxy(ethoxy) phosphinylamide [(C.sub.6 H.sub.5 CH.sub.2 O) (C.sub.2
      H.sub.5 0)P(O)--NH.sub.2 ] with phosgene in toluene in the presence of
      pyridine followed by in vacuo removal of solvents. According to an IR
      spectrum, the solution contained approximately 20 mmol of the isocyanate.
      In the mean time, a solution was prepared in the usual manner starting
      from 7.0 g (20 mmol) of D(-) ampicillin, 5.0 ml of BSA and 30 ml of
      dichloromethane. This solution was cooled down to 0.degree.C whereupon the
      solution of the isocyanate was added in 5 minutes and according to
      thin-layer chromatograms, ampicillin was about two thirds converted into
      the desired penicillin. The reaction mixture was poured in iced water of
      pH 7.0, followed by in vacuo removal of dichloromethane. Ethyl acetate was
      added and the pH lowered to 3.5. The layers were separated and extraction
      was continued until the greatest part of the penicillin was extracted. The
      combined extracts were washed with iced water, dried over anhydrous
      magnesium sulfate, concentrated in vacuo to small volume whereupon sodium
      .alpha.-ethylcapronate was added, etc to obtain 8.0 g (62%) of the above
      named sodium salt in good state of purity.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): .+-. 3470, 3300-3400, 3040-3070,
      2980, 2930, 1770, .+-. 1675, 1610, .+-. 1530 (with shoulders), 1460, 1400,
      1380 (sh), 1330, 1220-1260, 1170, 1140, 1030-1060, 990 (sh), 930, 780
      (sh), 745 and 710.
PAR  PMR (d.sub.6 -DMSO, 60 Mc, DSS, .delta.-values in ppm): 1.23 (centre of two
      close triplets, .delta..nu..apprxeq.0.8 cps, J.apprxeq.7.0 cps); 1.44 (s)
      and 1.55 (s) all together 9H; about 3.95 (centre of multiplet and 4.06 (s)
      together 3H; 5.02 (centre of two close doublets, .delta..nu..apprxeq.1
      cps, J.apprxeq.7.3 cps, 2H); about 5.35 (multiplet) and 5.60 (d,
      J.apprxeq. 8 cps) together 3H; about 7.35 (10); 7.85 (d, J.apprxeq.8 cps,
      about 0.8H); about 8.7 (broad) and 9.05 (d, J.apprxeq.7.5 cps) together
      1.5H).
PAR  Starting from 20 mmol of D(-) ampicillin and an about equivalent amount of
      crude (C.sub.6 H.sub.5 CH.sub.2 O) (C.sub.6 H.sub.5)P (O)NCO, the reaction
      was performed at 15.degree.-20.degree.C and about a 50% conversion of D(-)
      ampicillin was reached according to thin-layer chromatography. The desired
      penicillin was extracted from water at pH 3.7 by means of ethyl acetate to
      obtain 6.4 g (about 50%) of sodium
      D-6-[.alpha.-{3-(benzyloxy(phenyl)phosphinyl]-ureido}-benzylcarbonamido]-p
     enicillanate in good state of purity.
PAR  IR (ibidem): .+-. 3500, 3300-3400, 3060, 2975, 2940, 1770, .+-. 1670, 1610,
      1555(sh), 1530, 1460, 1445, 1405, 1380(sh), .+-. 1330, .+-. 1230, 1170
      (sh). 1140, 1060 (sh), 1045-1005, 975 (sh), 920, .+-. 750 and 705.
PAR  PMR (ibidem): 1.45 and 1.56 (6H); 4.10 (s, 1H); 5.05 (centre of 2 doublets,
      .delta..nu..apprxeq.2.8 cps, J.apprxeq.7.7 cps, 2H); about 5.35
      (multiplet) and 5.57 (d, J.apprxeq.8 cps) together 3H; fromm about 6.95 to
      8.1 (about 16H); about 8.8 (broad) and 9.05 (d, J.apprxeq.7 cps) together
      about 1.5H.
PAR  Starting from 70 mmol of D(-) ampicillin and an about equivalent amount of
      crude (C.sub.6 H.sub.5 CH.sub.2 O).sub.2 P(O)NCO, the reaction was
      performed at 0.degree.C. After hydrolyzation of the reaction product at pH
      7.0, the water-layer was first purified by extractions with ethyl acetate
      at pH 7.0. The desired penicillin was obtained by extractions at pH 3.7
      with ethyl acetate to effect 39.7 g (about 57%) of sodium
      D-6-[.alpha.-{3-(dibenzyloxy
      phosphinyl)-ureido}-benzylcarbonamido]-penicillanate. IR (ibidem): .+-.
      3500, .+-. 3380 (sh), 3300-3350, 3050, 2970, 1770, 1670 with shoulders at
      .+-. 1710, .+-. 1685 and 1655, .+-. 1610, 1550 (sh), 1520-1535, 1500 (sh),
      1460, 1400, 1315-1335, 1220-1265, 1165 (sh), 1140, 1095 (sh), 1055 (sh),
      1035, 1015 (sh), 980 (sh), 935, 740 and 705.
PAR  PMR (ibidem): 1.45 and 1.56 (6H); 4.01 (s, 1H); 5.06 (d, J.apprxeq.7.5 cps,
      4H); about 5.35 (multiplet) and 5.63 (d, J.apprxeq.8 cps) together 3H;
      about 7.3 (15H); 8.15 (d, J.apprxeq.8 cps, 0.8H); about 9.0 (broad s and d
      with J.apprxeq.7.5 cps; about 1.3H).
PAR  Starting from 25 mmol of D(-) ampicillin and an about equivalent amount of
      crude (C.sub.6 H.sub.5 CH.sub.2 O) (C.sub.2 H.sub.5)P(O)NCO, the reaction
      was performed at 0.degree.C and the desired penicillin was extracted from
      water at pH 4.2 with ethyl acetate. Before the preparation of the sodium
      salt, the combined extracts were washed first with acetic acid/acetate
      buffer of pH 4.62 to remove a degradation product. 4.4 g (about 22%) of
      sodium
      D-6-[.alpha.-{3-(benzyloxy(ethyl)phosphinyl)-ureido}-benzylcarbonamido]-pe
     nicillanate were isolated in a good state of purity (according to TLC and
      PMR).
PAR  IR (ibidem): .+-. 3500, 3200-3400, 3050, 2980, 2945 (sh), .+-. 1770,
      1655-1675 with shoulders at 1710 and 1695, 1610, 1510-1560, 1460, 1410,
      1365 (sh), .+-. 1330, 1260, 1185-1230, 1140, 1170(sh), 1095 (sh), 1060
      (sh), 1015, 920, 860, 840, 740 and 705.
PAR  PMR (ibidem): a very complicated, 11H absorption area from about 0.7 to 2.2
      including singlets at 1.43 and 1.55; 3.97 (s, 1H); 4.95 (centre of 2
      doublets, .delta..nu..apprxeq.4.3 cps, J.apprxeq.7.7 cps, 2H); about 5.25
      (multiplet) and 5.57 (d, J.apprxeq.7.5 cps) together 3H; about 7.3 (10H);
      about 7.95 (d, J.apprxeq.7.5 cps, about 0.8H); about 8.7 (broad) and 8.95
      (d, J.apprxeq.7 cps) together about 1.5H.
PAR  Starting from 20 mmol of D(-) ampicillin and an about equivalent amount of
      benzyloxy(diethylamino)phosphinyl isocyanate [(C.sub.6 H.sub.5 CH.sub.2 O)
      (C.sub.2 H.sub.5).sub.2 N P(O)NCO], the reaction was performed at
      0.degree.C and the desired penicillin was extracted from water at pH 3.5
      with ethyl acetate. 3.5 g (about 26%) of sodium
      D-6-[.alpha.-{3-(benzyloxy(diethylamino)phosphinyl-ureido}-benzylcarbonami
     do]-penicillanate of about 90% purity was isolated.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): 3200-3500, 3050, 2980, 2945, 2880,
      1770, 1560-1580, 1610, 1570 (sh), 1530, 1460, 1405, 1390, 1330, .+-. 1235,
      .+-. 1210, 1185 (sh), 1140, 1045, 1015 (sh), 970, 910, 740, and 705.
PAR  PMR (about 6:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc, DSS,
      .delta.-values in ppm): about 1.05 (2 close triplets, 6H); 1.44 and 1.58
      (6H); about 2.75 to 3.35 (extended multiplet, 4H); 4.27 (s, 1H); 4.97 (d,
      J.apprxeq.7.5 cps, 2H); 5.35 to 5.58 (AB-q, J.apprxeq.4.1 cps) and 5.60
      (s) together 3H; about 7.4 (10H). The spectrum of a solution in d.sub.6
      -DMSO alone showed NH doublets at about 7.85 and 9.05 and a broad NH
      absorption at about 8.7.
PAC  EXAMPLE 35
PAC  Disodium salt of
      D-6-[.alpha.-{3-hydroxy(ethoxy)phosphinyl-ureido}-benzylcarbonamido]-penic
     illananic acid
PAR  This penicillin was also prepared by the method in Example 26. According to
      another method, the compound is prepared directly as its disodium salt by
      a smooth reduction of the compound described in Example 34.
PAR  1.84 g (about 3 mmol) of sodium D-6-[.alpha.-{3-(benzyloxy
      (ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-penicillanate and 0.25 g (3
      mmol) of sodium bicarbonate were dissolved in a mixture of 30 ml of
      ethanol and 5 ml of water and to the magnetically stirred solution, 1.7 g
      of 10% palladized carbon were added whereupon hydrogen was passed over the
      surface of the solution (at atmospheric pressure) at room temperature. The
      mixture slowly disengaged carbon dioxide and the reduction was completed
      after 3 hours. The mixture was vacuum filtered with filter said and the
      filtrate was evaporated in vacuo. The oily residue, weighed 1.5 g and was
      dissolved in ethanol (96%), whereupon acetone was added resulting in the
      precipitation of a solid. In order to remove a small impurity, the solid
      was stirred with absolute ethanol in which the impurity did not dissolve.
      After the desired product had completely dissolved, undissolved material
      was removed by filtration and the filtrate was evaporated in vacuo. After
      extensive drying in vacuo, the colorless above named disodium salt weighed
      1.37 g (about 80%) and was at least 95% pure.
PAR  IR (KBr-disc, values in cm.sup.-.sup.1): 3300-3400, .+-. 3060, 2980, 2940
      (sh), 1775, .+-. 1660 with shoulders (very intensive), .+-. 1610, 1595
      (sh), .+-. 1540, 1460, 1400, 1380, 1310-1350, 1220-1250, 1175, 1140, 1090,
      1040, 965, 900, 860, 790, 740 and 710.
PAR  In this case, the conditions of the reduction were slightly changed in
      order to obtain the disodium salt as well as the mono sodium salt. 0.7 g
      (1.08 mmol) of the compound of Example 34 were dissolved in 25 ml of
      ethanol and 1 g of 10% palladized carbon were added whereupon hydrogen was
      introduced or 2 hours. The reaction product was filtered and the filtrate
      was evaporated in vacuo. The residue was triturated with ethyl acetate,
      filtered and dried in vacuo, Yield 0.57 g (about 90%) of the mono sodium
      salt of
      D-6-[.alpha.-{3-(hydroxy(phenyl)phosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanic acid of about 90% purity. The corresponding disodium salt was
      prepared by dissolution of the mono sodium salt in absolute ethanol
      whereupon the calculated amount of sodium .alpha.-ethylcapronate was added
      followed by the introduction of ethyl acetate.
PAR  IR of the disodium salt (ibidem): about 3350-3450, 3060, 2980, 2940 (sh),
      1770, .+-. 1690 (sh), 1660 (very intensive), 1640 (sh), 1610, .+-. 1530
      (with shoulders), .+-. 1500 (sh), .+-. 1470, 1445, 1410, 1380, 1320-1340,
      .+-. 1215, 1145, 1060, 1040 (sh), 1015 (sh), 900, .+-. 860, 760, 730 and
      710.
PAR  PMR of the mono sodium salt (d.sub.6 -DMSO, 60 Mc, DSS, .delta.-values in
      ppm): 1.43 and 1.57 (6H); 4.24 (s, 1H); 5.45 (centre of multiplet) and
      5.55 (d, J.apprxeq.7.5 cps) together 3H; about 6.9 to 8.0 (10H); 8.65 (d,
      J.apprxeq.7.5 cps, about 0.7H); 9.05 (d, J.apprxeq.7 cps, about 0.7H).
PAR  2.03 g (3 mmol) of the third compound prepared in Example 34 and 0.51 g (6
      mmol) of sodium bicarbonate were almost completely dissolved in a mixture
      of 50 ml of water and 10 ml of ethanol. 2 g of 10% palladized carbon were
      added whereupon a slow stream of hydrogen was passed over the surface of
      the suspension for 24 hours and during the reduction, the temperature was
      maintained at 0.degree.C. Thin-layer chromatography indicated a virtually
      quantitative and almost complete conversion to the desired compound. At
      the end of the reduction, the pH was 7.0 and the mixture was filtered with
      filter-aid. The filtrate was evaporated in vacuo and 40 ml of absolute
      ethanol were added to the moist oily residue. The resulting solid was
      collected by filtration, washed with absolute ethanol and dried in vacuo
      to obtain 1.7 g (more than 90) of practically pure trisodium salt of
      D-6-[.alpha.-{3-(dihydroxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nic acid.
PAR  IR (ibidem): about 3250-3450, 2970, 2935 (sh), 1770, 1680 (sh), 1655 (very
      intensive), 1590, 1545-1565, 1500, 1470 (sh), 1455, 1405, 1385 (sh), 1375
      (sh), 1325, 1290, 1255, 1220, 1135, 1095, 1040, 990, 900, 850, 795, 740
      and 700. PMR* (about 8:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc,
      DSS, .delta.-values in ppm): 1.44 and 1.57 (6H); 4.16 (s, 1H); about 5.4
      (centre of multiplet) and about 5.55 (doublet partially developed into
      singlet) together 3H; 7.35 (5H); about 7.8 (unexchanged residue of
      NH-doublet); about 9.0 (ibidem).
FNT  Dissolution of the compound in d.sub.6 -DMSO alone was insufficient.
PAR  6.8 g (11.4 mmol) of the fourth compound prepared in Example 34 was
      dissolved in a mixture of 50 ml of water and 125 ml of ethanol and 0.96
      (11.4 mmol) of sodium bicarbonate and 5 g of 10% palladized carbon were
      added to the solution whereupon for 5 hours, a slow stream of hydrogen was
      passed over the surface of the stirred suspension at room temperature. The
      reaction mixture was filtered through filter-aid and with the help of
      added benzene, the filtrate was evaporated in vacuo. The residue was
      partly dissolved by addition of absolute ethanol whereby the undissolved
      part solidified. The dissolved part was subsequently precipitated by the
      addition of dry acetone to obtain 5.85 g (more than 90%) of 90-95% pure
      disodium salt of
      D-6-[.alpha.-{3-(hydroxy(ethyl)phosphinyl)-ureido}-benzylcarbonamido}-peni
     cillanic acid.
PAR  IR (ibidem): 3200-3400, .+-. 3600 (sh), 2970, 2940 (sh), 1760, 1740-1765,
      1600, 1520-1545, .+-. 1495 (sh), 1445, 1400, 1370(sh), 1320-1340, .+-.
      1240, 1180, 1130 (sh), 1060, 890, 855, 730 and 700.
PAR  PMR* (about 6:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc, DSS,
      .delta.-values, in ppm): a very complicated 11H absorption area from about
      0.7 to 2.2 including singlets at 1.46, at 1.58; 4.23 (s, 1H); about 5.3 to
      5.7 (multiplet 3H); 7.35 (about 5H); about 8.1 (remainder of a
      NH-doublet).
FNT  Dissolution of the compound in d.sub.6 -DMSO alone was insufficient.
PAR  0.96 g (1.5 mmol) of the fifth compound prepared in Example 34 and 0.13 g
      (1.5 mmol) of sodium bicarbonate were dissolved in 25 ml of 96% ethanol
      and after 1.2 g of 10% palladized carbon were added, a slow stream of
      hydrogen was passed for 20 hours over the surface of the suspension.
      During the reduction, the temperature was maintained at 0.degree.C during
      the first 5 hours while room temperature was applied furtheron. Activated
      carbon was added and the reaction mixture was filtered through filter-aid.
      The filtrate was evaporated in vacuo and the residue was treated with dry
      acetone till the product solidified. Ethyl acetate was added and the solid
      was collected by filtration to obtain 0.69 g of the disodium salt of
      D-6-[60 -{3-(hydroxy
      diethylamino)-phosphinyl-ureido}-benzylcarbonamido]-penicillanic acid.
      Since the product was somewhat impure, it was stirred with 75 ml of
      absolute ethanol until most complete dissolution. After filtration, the
      filtrate was concentrated in vacuo to about 20 ml whereupon 30 ml of dry
      acetone was added. The precipitated solid was collected by filtration to
      obtain 0.22 g of at least 90% pure product.
PA1  Ir (kbr-disc, values in cm.sup.-.sup.1): 3200-3500, 3050, 2970, 2935 (sh),
      2870, 1665, 1680 (sh), 1600-1660, 1520-1540, 1495 (sh), 1440, 1370-1405,
      1325, 1220, 1135, 1070, 1040 (sh), 940, 890, 850, 740, 700.
PA1  Pmr (about 4:1 mixture of d.sub.6 -DMSO and DCO.sub.2 D, 60 Mc,
      .delta.-values in ppm, DSS): 1.0 (t, J 6.5 cps, 6H); 1.47 and 1.59 (6H);
      about 2.75 to 3.3 (extended multiplet, 4H); 4.25 (s, 1H); 5.36 to 5.58
      (AB-q, J.apprxeq.4.1 cps) and 5.6 (s) together 3H; about 7.35 (5H).
PAR  The compound did not dissolve sufficiently in d.sub.6 -DMSO alone.
PAC  EXAMPLE 36
PAC  Sodium
      D-6-[.alpha.-{3-(3,4-dimethyl-1-oxo-3-phospholene-1-yl)-ureido}-benzylcarb
     onamido]-penicillanate
PAR  Employing anhydrous conditions, the reaction of 0.7 g (2 mmol) of D(-)
      ampicillin with 0.48 ml of BSA in 10 ml of dichloromethane was performed
      in the usual manner. Earlier, 1.7 g (10 mmol) of
      3,4-dimethyl-1-oxo-1-chloro-3-phospholene were dissolved in a mixture of
      45 ml of benzene and 5 ml of acetonitrile and about 5 mg of
      1,2-dinitro-benzene and 1.3 g (20 mmol) of sodium cyanate were added to
      this solution. The resulting mixture was refluxed for 8 hours and the
      mixture was cooled down to room temperature followed by filtration in a
      nitrogen atmosphere. The filtrate was evaporated in vacuo and the residue
      was dissolved in 10 ml of dichloromethane. According to an IR spectrum,
      this solution contained about 3 mmol of the desired
      3,4-dimethyl-1-oxo-3-phospholene-1-yl-isocyanate. This solution was added
      at -70.degree.C to the solution of ampicillin. Immediately after the
      dropwise addition had been completed, the ice-bath was removed. After the
      reaction mixture had attained 0.degree.C, it was poured into iced water of
      pH 7.0. Dichloromethane was removed from the mixture by concentration in
      vacuo and the remaining solution in water was purified by extractions with
      ether at pH 7.0. Subsequently, the solution was saturated with sodium
      chloride and the pH was lowered to pH 3.0. The desired compound was
      extracted with ethyl acetate and the compound was isolated as its sodium
      salt in the usual manner to obtain 1.0 g (about 90%) of the practically
      pure above named sodium salt.
PA1  Ir (kbr-disc, values in cm.sup.-.sup.1): .+-.3200-3500 (very intensive),
      3050, 2970, 2915, 1760, 1660, 1600, .+-. 1530, 1470, 1400, 1320, 1240,
      1190, 1150 (sh), 1035, 910 and 700. PMR (d.sub.6 -DMSO, 60 Mc, DSS,
      .delta.-values in ppm): 1.44 (s); 1.54 (s) and 1.68 (slightly broad s)
      together 12H; from 2.2 to 2.85 (4H); 3.95 (s, 1H); about 5.35 (multiplet)
      and about 5.55 (doublet, J.apprxeq.8 cps) together 3H; 7.35 (5H); about
      8.25 (unsharp d, about 1H); 8.95 (unsharp q, about 1H) and about 9.45
      (broad s, about 0.7H).
PAC  EXAMPLES 37
PAR  Capsules containing as active ingredient, a penicillin or cephalosporin
      prepared in the foregoing examples, were prepared in the usual way. The
      components of these capsules are listed below:
TBL  Active compound  150 - 500 mg                                             
     Potassium bicarbonate                                                     
                      100 - 300 mg                                             
     Magnesium stearate                                                        
                       2 -  10 mg                                              
     Lactose          q.s. for 1 capsule                                       
PAL  These capsules may be used for oral administration.
PAC  EXAMPLE 38
PAR  Tablets containing as active ingredient, a penicillin or cephalosporin
      prepared in the foregoing examples, were prepared in the usual way. The
      compounds of the tablets are listed below:
TBL  Active compound 125 - 500 mg                                              
     Polyvinylpyrrolidone                                                      
                      5 -  30 mg                                               
     Amylum maidis   100 - 300 mg                                              
     Magnesium stearate                                                        
                      1 -  20 mg                                               
     Lactose         q.s. for 1 tablet                                         
PAL  These tablets may be used for oral administration
PAC  EXAMPLE 39
PAR  From the penicillins and cephalosporins prepared in the foregoing exampls,
      a dry powder for injection was prepared in the usual way. A quantity of
      100 to 200 mg of the sterile sodium salt of the concerning compound was
      aseptically introduced into a vial suitable for injectable compositions
      under a nitrogen atmosphere. The vials were closed with rubber plates
      which were fixed in their position by aluminum joint rings to eliminate
      the exchange of gases or the penetration of microorganisms. Before use,
      the powder is dissolved in a suitable amount of sterile and pyrogen-free
      water.
PAC  EXAMPLE 40
PAR  From the penicillins and cephalosporins prepared in the foregoing examples,
      syrups were prepared by mixing the following ingredients:
TBL  Active compound   1.5                                                     
                            6      g                                           
                            Sodium carboxymethylcellulose                      
                                   0.06                                        
                                   0.600 g                                     
                            Sodium saccharinate                                
                                   0.1                                         
                                   1 g                                         
                            Methyl p-hydroxybenzoate                           
                                   0.06   g                                    
                            Strawberry flavor                                  
                                   0.1                                         
                                   5 g                                         
                            Amaranth                                           
                                   0.010   g                                   
                            Saccharose                                         
                                   30   g                                      
                            Water added to a volume of                         
                                   60   ml                                     
PAR  These prepared syrups may be used for oral administration.
PAC  PHARMACOLOGICAL STUDY
PAR  Typical compounds of the invention are:
TBL  IA    D-6-[.alpha.-{3-(diethoxyphosphinyl)-thioureido}benzyl-             
           carbonamido]-penicillanic acid,                                     
     IB    D-6-[.alpha.-{3-(diethoxyphosphinyl)-ureido}-benzyl-                
           carbonamido]-penicillanic acid,                                     
     IC    D-6-[.alpha.-{3-(diethoxyphosphinothioyl)-thioureido}-              
           benzylcarbonamido]-penicillanic acid,                               
     ID    D-6-[.alpha.-{3-(diethoxyphosphinothioyl)-ureido}-benz-             
           ylcarbonamido]-penicillanic acid,                                   
     IIA   D-6-[.alpha.-{3-(diphenoxyphosphinyl)-thioureido}-ben-              
           zylcarbonamido]-penicillanic acid,                                  
     IIB   D-6-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzyl-               
           carbonamido]-penicillanic acid,                                     
     IIC   D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-thioureido}-             
           benzylcarbonamido]-penicillanic acid,                               
     IID   D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-ureido}-ben-             
           zylcarbonamido]-penicillanic acid,                                  
     IIIA  D-6-[.alpha.-{3-(bis(dimethylamino)phosphinyl)-thiou-               
           reido}-benzylcarbonamido]-penicillanic acid,                        
     IIIB  D-6-[.alpha.-{3-(bis(dimethylamino)phosphinyl)-ureido}-             
           benzylcarbonamido]-penicillanic acid,                               
     IIIC  D-6-[.alpha.-{3-(bis(dimethylamino)phosphinothioyl)-                
           thioureido}-benzylcarbonamido]-penicillanic acid,                   
     IIID  D-6-[.alpha.-{3-(bis(dimethylamino)phosphinothioyl)-                
           ureido}-benzylcarbonamido]-penicillanic acid,                       
     IVA   D-6-[.alpha.-{3-(diphenylphosphinothioyl)-thioureido}-              
           benzylcarbonamido]-penicillanic acid,                               
     IVB   D-6-[.alpha.-{3-(diphenylphosphinothioyl)-ureido}-benzy-            
           lcarbonamido]-penicillanic acid,                                    
     IVC   D-6-[.alpha.-{3-(diphenylphosphinyl)-thioureido}-benzyl-            
           carbonamido]-penicillanic acid,                                     
     IVD   D-6-[.alpha.-{3-(diphenylphosphinyl)-ureido}-benzylcar-             
           bonamido]-penicillanic acid,                                        
     VA    D-6-[.alpha.-{3-(diemthylphosphinothioyl)-thioureido}-              
           benzylcarbonamido]-penicillanic acid,                               
     VB    D-6-[.alpha.-{3-(dimethylphosphinyl)-ureido}-benzylcar-             
           bonamido]-penicillanic acid,                                        
     VC    D-6-[.alpha. -{3-(dimethylphosphinothioyl)-ureido}-benzyl-          
           carbonamido]-penicillanic acid,                                     
     VI    D-6-[.alpha.-{3-(ethoxysulfonyl)-ureido}-benzylcarbon-              
           amido]-penicillanic acid,                                           
     VII   D-6-[.alpha.-{3-(phenylaminosulfonyl)-ureido}-benzyl-               
           carbonamido]-penicillanic acid,                                     
     VIII  D-6-[.alpha.-{3-(diisopropylaminosulfonyl)-ureido}-ben-             
           zylcarbonamido]-penicillanic acid,                                  
     IX    D-6-[.alpha.-{3-(isopropylaminosulfonyl)-ureido}-benzyl-            
           carbonamido]-penicillanic acid,                                     
     X     D-6-[.alpha.-{3-(ethoxycarbonylmethylaminosulfonyl)-                
           ureido}-benzylcarbonamido]-penicillanic acid,                       
     XI    D-6-[.alpha.-{3-(pyrid-3-ylaminosulfonyl)-ureido}-benzy-            
           lcarbonamido]-penicillanic acid,                                    
     XII   D-6-[.alpha.-{3-(5-methylisoxazol-3-yl-aminosulfonyl)-              
           ureido}-benzylcarbonamido]-penicillanic acid,                       
     XIII  D-6-[.alpha.-{3-(3,4-dimethylisoxazol-5-yl-aminosulfonyl)           
     ureido}-benzylcarbonamido]-penicillanic acid,                             
     XIV   D-6-[.alpha.-{3-(morpholino-sulfonyl)-ureido}-benzyl-               
           carbonamido]-penicillanic acid,                                     
     XV    D-6-[.alpha.-{3-(ethoxycarbonylhydrazinosulfonyl)-ureido}           
     benzylcarbonamido]-penicillanic acid,                                     
     XVI   D-6-[.alpha.-{3-(aminosulfonyl)-ureido}-benzylcarbon-               
           amido]-penicillanic acid,                                           
     XVII  D-6-[.alpha.-{3-(sulfo)-ureido}-benzylcarbonamido]-peni-            
           cillanic acid,                                                      
     XVIII D-6-[.alpha.-(aminosulfonylamino)-benzylcarbonamido]-               
           penicillanic acid,                                                  
     XIX   D-6-[.alpha.-(ethoxycarbonylaminosulfonylamino)-benzyl-             
           carbonamido]-penicillanic acid,                                     
     XX    D-6-[.alpha.-(phenoxycarbonylaminosulfonylamino)-benzyl-            
           carbonamido]-penicillanic acid,                                     
     XXI   D-6-[.alpha.-{1-(dimethylamino)-ethylideneamino-sulfon-             
           amido}-benzylcarbonamido]-penicillanic acid,                        
     XXII  D-6-[.alpha.-{3-(diethylmercaptophosphinyl)-ureido}-ben-            
           zylcarbonamido]-penicillanic acid,                                  
     XXIII D-6-[.alpha.-{1-(methylpyrrolidin-2-ylidene)-amino-                 
           sulfonamido}-benzylcarbonamido] -penicillanic acid,                 
     XXIV  D-6-[.alpha.-{3-(dianilinophosphinyl)-ureido}-benzyl-               
           carbonamido]-penicillanic acid,                                     
     XXV   D-6-[.alpha.-{3-(anilinoethoxyphosphinyl)-ureido}-benzy-            
           lcarbonamido]-penicillanic acid,                                    
     XXVI  D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-ben-            
           zylcarbonamido]-penicillanic acid,                                  
     XXVIIA                                                                    
           D-7-[.alpha.-{3-(diethoxyphosphinyl)-ureido}-benzylcar-             
           bonamido]-desacetoxycephalosporanic acid,                           
     XXVIIB                                                                    
           D-7-[.alpha.-{3-(diethoxyphosphinothioyl)-ureido}-benzyl-           
           carbonamido]-desacetoxycephalosporanic acid,                        
     XXVIIC                                                                    
           D-7-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcar-            
           bonamido]-desacetoxycephalosporanic acid,                           
     XXVIII                                                                    
           D-6-[.alpha.-{3-(ethoxycarbonylhydrazino(ethoxy)phos-               
           phinyl)-ureido}-benzylcarbonamido]-penicillanic                     
           acid,                                                               
     XXIX  D-6-[.alpha.-{(ethoxy)(N'-phenylureido)-phosphinylamino}-           
           benzylcarbonamido]-penicillanic acid,                               
     XXXA  D-7-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-benzyl-         
           carbonamido]-desacetoxycephalosporanic acid,                        
     XXXB  D-7-[.alpha.-{3-(hydroxy(isobutoxy)phosphinyl)-ureido}-             
           benzylcarbonamido]-desacetoxycephalosporanic acid,                  
     XXXII D-6-[.alpha.-{3-(benzylaminosulfonyl)-ureido}-benzylcar-            
           bonamido]-penicillanic acid,                                        
     XXXIII                                                                    
           D-6-[.alpha.-{3-(5-methyl-1,2,4-oxadiazol-3-yl-methyl-              
           amino-sulfonyl)-ureido}-benzylcarbonamido]-peni-                    
           cillanic acid,                                                      
     XXXIVA                                                                    
           D-6-[.alpha.-{3-(benzyloxy(ethoxy)phosphinyl)-ureido}-              
           benzylcarbonamido]-penicillanic acid,                               
     XXXIVB                                                                    
           D-6-[.alpha.-{3-(benzyloxy(phenyl)phosphinyl)-ureido}-              
           benzylcarbonamido]-penicillanic acid,                               
     XXXIVC                                                                    
           D-6-[.alpha.-{3-(dibenzyloxyphosphinyl)-ureido}-benzyl-             
           carbonamido]-penicillanic acid,                                     
     XXXIVD                                                                    
           D-6-[.alpha.-{3-(benzyloxy(ethyl)phosphinyl)-ureido}-               
           benzylcarbonamido]-penicillanic acid,                               
     XXXIVE                                                                    
           D-6-[.alpha.-{3-(benzyloxy(diethylamino)phosphinyl)-                
           ureido}-benzylcarbonamido]  -penicillanic acid,                     
     XXXVA D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-                
           benzylcarbonamido]-penicillanic acid,                               
     XXXVB D-6-[.alpha.-{3-(hydroxy(phenyl)phsophinyl)-ureido}-                
           benzylcarbonamido]-penicillanic acid,                               
     XXXVC D-6-[.alpha.-{3-(dihydroxyphosphinyl)-ureido}-benzyl-               
           carbonamido]-penicillanic acid,                                     
     XXXVD D-6-[.alpha.-{3-(hydroxy(ethyl)phosphinyl)-ureido}-                 
           benzylcarbonamido]-penicillanic acid,                               
     XXXVE D-6-[.alpha.-{3-(hydroxy(diethylamino)-phosphinyl)-ureido           
           }-benzylcarbonamido]-penicillanic acid,                             
     XXXVI D-6-[.alpha.-{3-(3,4-dimethyl-1-oxo-3-phospholene-1-yl-)            
     ureido}-benzylcarbonamido]-penicillanic acid,                             
PAL  the corresponding cephalosporanic acid derivatives and/or salts (including
      those having one or more moles of water of crystallization) and
      pharmaceutically acceptable esters derived from these acids.
PAR  The antibiotic activity against Gram-positive and Gram-negative
      microorganisms of these penicillanic acid and cephalosporanic acid
      derivatives was determined by the following agar serial dilution test:
PAR  A stock solution of the compound at 2,000 ug/ml was prepared in a sterile
      suitable vehicle and twofold dilutions were made with sterile 1/20 mol
      phosphate buffer pH 6.5 (KH.sub.2 PO.sub.4 --NaOH) 1 ml quantities of each
      dilution were incorporated in 19 ml brain-heart infusion agar in sterile
      Petri dishes. The hardened surface was inoculated with test organisms and
      incubated for 24 hours at 37.degree.C. The minimal inhibitory
      concentration of the compound (MIC), i.e. the least concentration of
      antibiotic that completely inhibits the growth of the test organism, was
      expressed in .mu.g/ml. The MIC values of the compounds, identified by the
      numbers above are reported in the following tables.
PAR  The MIC values in the following tables between brackets have been
      determined by the micro serial dilution test, which was carried out as
      follows:
PAR  Two drops of a stock solution of a known concentration of the test compound
      (antibiotic) were brought into the first hole of a test plate with 9
      numbered holes by means of a sterile Pasteur pipette. After rinsing this
      pipette three times with a physiological NaCl-solution, two drops of a
      stock solution of the test organism in a culture medium, were brought in
      all the holes except the hole 8. In the first hole the solution of the
      test compound had been diluted to half the concentration, then, after
      stirring the liquid in the first hole and adding two drops of this mixture
      to the second hole and so on until hole 8, dilutions of the test compound
      solution were obtained in geometrical progression.
PAR  The hole 9 contained no antibiotic and served for checking the growth of
      the test organism in a blank medium. The test plate was incubed at
      30.degree.C or 37.degree.C for about 18 hours.
TBL                                    TABLE                                   
     __________________________________________________________________________
     MIC's in .mu.g/ml                               Strain                    
     IA  IB  IC  ID  IIA IIB IIC IID IIIA                                      
                                         IIIB                                  
                                             IIIC                              
                                                 IIID                          
                                                     Bacteria                  
     __________________________________________________________________________
                                                      Gram Pos.                
     0.25                                                                      
         0.5 3   0.25                                                          
                     0.25                                                      
                         0.06                                                  
                             0.5 0.25                                          
                                     1   1   1   0.12                          
                                                     Bacillus subtilis ATCC    
                                                        6633                   
     3   1.5 3   1   0.25                                                      
                         0.06                                                  
                             1.5 0.25                                          
                                     1.5 1   1   0.5 Staphylococcus aureus     
                                                        A 321                  
     100 12.5                                                                  
             &gt;100                                                              
                 25  25  6   12.5                                              
                                 25  12.5                                      
                                         25  25  3      A 355')                
     50  12.5                                                                  
             25  6   25  3   12.5                                              
                                 3   12.5                                      
                                         12.5                                  
                                             12.5                              
                                                 3      A 2000                 
     1.0 6   12.5                                                              
                 3   3   0.25                                                  
                             3   1   3   6   3   3      A 2001                 
     0.25                                                                      
         6   0.5 0.03                                                          
                     0.12                                                      
                         0.05                                                  
                             0.3 --  0.12                                      
                                         0.06                                  
                                             0.06                              
                                                 0.03                          
                                                     Streptococcus             
                                                     haemolyticus              
                                                     A 266                     
     100 12.5                                                                  
             50  3   50  0.25                                                  
                             25  1.5 12.5                                      
                                         6   12.5                              
                                                 1.5 Streptococcus faecalis L  
                                                     80                        
     0.5 0.5 3   0.3 0.5 0.06                                                  
                             --  0.25                                          
                                     0.5 1.5 --  0.12                          
                                                     Diplococcus pneumoniae L  
                                                     54                        
                                                     Gram neg.                 
     &gt;100                                                                      
         100 --  --  &gt;125                                                      
                         125 --  --  125 --  --  (8) Haemophilus influenzae    
                                                        A 1030                 
     125 90  6   0.5 0.25                                                      
                         0.03                                                  
                             1.5 --  1.0 0.12                                  
                                             1   0.5 Brucella meltitensis A    
                                                     488                       
     1   3   6   1.5 12.5                                                      
                         3   1.5 3   1.5 0.5 0.5 0.75                          
                                                     Pasteurella multocida A   
                                                     723                       
     0.5 1.0 &gt;100                                                              
                 25  100 25  100 12.5                                          
                                     --  100 50  25  Klebsiella pneumoniae A   
                                                     809                       
     &gt;100                                                                      
         --  &gt;100                                                              
                 12.5                                                          
                     12.5                                                      
                         25  100 12.5                                          
                                     25  12.5                                  
                                             50  6   Salmonella dublin P 43    
     --  --  &gt;100                                                              
                 25  100 50  100 50  50  50  50  25  Salmonella typhimurium R  
                                                     127                       
     6   25  &gt;100                                                              
                 50  100 50  100 25  50  50  50  25  Escherichia coli U 20     
     100 50  25  6   12.5                                                      
                         0.12                                                  
                             12.5                                              
                                 3   3   3   3   3   Shigella equirulis T 3    
     0.5 3   &gt;100                                                              
                 &gt;100                                                          
                     &gt;100                                                      
                         &gt;100                                                  
                             &gt;100                                              
                                 100 &gt;100                                      
                                         &gt;100                                  
                                             &gt;100                              
                                                 &gt;100                          
                                                     Pseudomonas aeruginosa H  
                                                     10                        
     &gt;100                                                                      
         50  &gt;100                                                              
                 100 100 50  &gt;100                                              
                                 25  25  50  100 50             2396           
     &gt;100                                                                      
         50  &gt;100                                                              
                 100 100 50  &gt;100                                              
                                 25  25  50  &gt;100                              
                                                 100        Wyeth A 1058       
     &gt;100                                                                      
         3   &gt;100                                                              
                 12.5                                                          
                     25  6   25  12.5                                          
                                     1.5 3   &gt;100                              
                                                 (0.6)                         
                                                     Proteus rettgeri A 821    
     50  25  &gt;100                                                              
                 12.5                                                          
                     25  12.5                                                  
                             50  12.5                                          
                                     12.5                                      
                                         25  &gt;100                              
                                                 12.5                          
                                                     Proteus mirabilis H 3     
     3   12.5                                                                  
             25  6   3   3   3   6   1.5 3   100 3            L 93             
     --  6   &gt;100                                                              
                 25  12.5                                                      
                         12.5                                                  
                             25  12.5                                          
                                     6   25  &gt;100                              
                                                 12.5                          
                                                              A 1200           
     25  6   &gt;100                                                              
                 100 &gt;100                                                      
                         50  &gt;100                                              
                                 25  100 100 &gt;100                              
                                                 25  Proteus morganii          
     __________________________________________________________________________
                                                     2241                      
     MIC's in .mu.g/ml                           Strain                        
     IVA IVB IVC IVD VA  VB  VC  VI  VII VIII                                  
                                             IX  Bacteria                      
     __________________________________________________________________________
                                                 Gram pos.                     
     0.5 0.1 0.5 0.3 0.12                                                      
                         0.25                                                  
                             3   0.25                                          
                                     1   1   1.5 Bacillus subtilis ATCC 6633   
     6   0.3 3   0.8 1   0.5 3   1.5 1   1   1.5 Staphylococcus aureus         
                                                    A 321                      
     50  6   50  6   3   3   1.5 50  25  12.5                                  
                                             25     A 355')                    
     12.5                                                                      
         3   12.5                                                              
                 3   3   3   1.5 12.5                                          
                                     12.5                                      
                                         12.5                                  
                                             25     A 2000                     
     25  3   12.5                                                              
                 1.5 1.5 1.5 1.5 6   3   6   12.5                              
                                                    A 2001                     
     0.25                                                                      
         18  0.1 0.03                                                          
                     0.06                                                      
                         0.03                                                  
                             0.03                                              
                                 0.25                                          
                                     1   0.25                                  
                                             0.75                              
                                                 Streptococcus haemolyticus A  
                                                 266                           
     50  1.5 12.5                                                              
                 3   1.5 1   1.5 25  25  6   25  Streptococcus faecalis L 80   
     0.5 &gt;100                                                                  
             0.5 &gt;100                                                          
                     &lt;1.5                                                      
                         0.25                                                  
                             &lt;1.5                                              
                                 6   1   1   12.5                              
                                                 Diplococcus pneumoniae L 54   
                                                 Gram neg.                     
     --  125 2   125 12.5                                                      
                         &gt;100                                                  
                             1.5 --  --  --  --  Haemophilus influenzae        
                                                    A 1030                     
     12.5                                                                      
         0.5 0.5 0.8 3   1.5 1   0.06                                          
                                     1   12.5                                  
                                             0.12                              
                                                 Brucella melitensis A 488     
     3   0.8 3   0.8 0.25                                                      
                         0.12                                                  
                             1.5 &gt;100                                          
                                     25  6   0.5 Pasteurella multocida A 723   
     &gt;100                                                                      
         50  &gt;100                                                              
                 50  100 50  50  &gt;100                                          
                                     25  25  100 Klebsiella pneumoniae A 809   
     &gt;100                                                                      
         12.5                                                                  
             50  6   100 25  6   6   12.5                                      
                                         25  12.5                              
                                                 Salmonella dublin P 43        
     &gt;100                                                                      
         50  100 25  100 25  25  25  25  100 50  Salmonella typhimurium R 127  
     &gt;100                                                                      
         25  25  12.5                                                          
                     50  25  12.5                                              
                                 12.5                                          
                                     12.5                                      
                                         25  25  Escherichia coli U 20         
     &gt;100                                                                      
         3   12.5                                                              
                 3   3   1.5 1.5 6   1   3   12.5                              
                                                 Shigella equirulis T 3        
     &gt;100                                                                      
         &gt;100                                                                  
             &gt;100                                                              
                 100 &gt;100                                                      
                         &gt;50 &gt;100                                              
                                 100 50  100 &gt;100                              
                                                 Pseudomonas aeruginosa H 10   
     &gt;100                                                                      
         50  &gt;100                                                              
                 50  100 25  25  25  25  50  &gt;100                              
                                                            2396               
     &gt;100                                                                      
         100 &gt;100                                                              
                 50  &gt;100                                                      
                         50  100 25  50  50  &gt;100                              
                                                        Wyeth A 1058           
     &gt;100                                                                      
         1.5 6   3   6   1.5 4   1.5 1.5 25  0.75                              
                                                 Proteus rettgeri A 821        
     &gt;100                                                                      
         12.5                                                                  
             50  12.5                                                          
                     25  25  12.5                                              
                                 12.5                                          
                                     3   100 12.5                              
                                                 Proteus mirabilis  H 3        
     &gt;100                                                                      
         3   6   6   3   1.5 1.5 1.5 1.5 12.5                                  
                                             0.75                              
                                                          L 93                 
     &gt;100                                                                      
         25  50  12.5                                                          
                     12.5                                                      
                         12.5                                                  
                             12.5                                              
                                 1.5 3   50  6            A 1200               
     &gt;100                                                                      
         50  &gt;100                                                              
                 &gt;100                                                          
                     100 100 25  &gt;100                                          
                                     25  100 100 Proteus morganii              
     __________________________________________________________________________
                                                 2241                          
     MIC's in .mu.g/ml                            Strain                       
     X   XI  XII XIII                                                          
                     XIV XV  XVI XVII                                          
                                     XVIII                                     
                                          XIX XX  Bacteria                     
     __________________________________________________________________________
                                                  Gram pos.                    
     1   0.25                                                                  
             1.5 0.5 1.5 1   0.5 0.5 0.5  1   0.12                             
                                                  Bacillus subtilis ATCC 6633  
     3   3   3   1   6   1.5 3   3   0.5  3   1   Staphylococcus aureus        
                                                     A 321                     
     25  12.5                                                                  
             25  25  25  12.5                                                  
                             25  12.5                                          
                                     12.5 50  25     A 355')                   
     12.5                                                                      
         12.5                                                                  
             25  12.5                                                          
                     25  12.5                                                  
                             25  12.5                                          
                                     6    12.5                                 
                                              12.5                             
                                                     A 2000                    
     12.5                                                                      
         12.5                                                                  
             12.5                                                              
                 3   12.5                                                      
                         6   6   12.5                                          
                                     3    6   3      A 2001                    
     0.25                                                                      
         0.12                                                                  
             1.5 0.12                                                          
                     3   0.5 0.12                                              
                                 0.12                                          
                                     0.06 0.25                                 
                                              0.06                             
                                                  Streptococcus haemolyticus A 
                                                  266                          
     25  6   25  12.5                                                          
                     25  25  6   25  1.5  25  6   Streptococcus faecalis L 80  
     1.5 0.25                                                                  
             --  1.5 --  9   --  0.25                                          
                                     --   3   0.25                             
                                                  Diplococcus pneumoniae L 54  
                                                  Gram neg.                    
     --  --  --  --  --  1.5 --  --  --   --  --  Haemophilus influenzae A     
                                                  1030                         
     0.5 6   1.5 --  1.0 0.5 0.12                                              
                                 0.25                                          
                                     0.12 1   0.5 Brucella melitensis A 488    
     0.25                                                                      
         0.5 1.5 0.12                                                          
                     0.25                                                      
                         0.25                                                  
                             0.5 0.12                                          
                                     0.5  0.5 0.5 Pasteurella multocida A 723  
     100 &gt;100                                                                  
             50  100 100 100 &gt;100                                              
                                 100 &gt;100 &gt;100                                 
                                              &gt;100                             
                                                  Klebsiella pneumoniae A 809  
                                                  1                            
     25  50  12.5                                                              
                 25  50  12.5                                                  
                             100 6   6    50  25  Salmonella dublin P 43       
     50  &gt;100                                                                  
             25  50  100 50  &gt;100                                              
                                 50  12.5 100 50  Salmonella typhimurium R     
                                                  127                          
     25  &gt;100                                                                  
             25  12.5                                                          
                     50  12.5                                                  
                             100 25  12.5 100 100 Escherichia coli U 20        
     15  12.5                                                                  
             1.5 1   3   3   6   1   3    3   3   Shigella equirulis T 3       
     &gt;100                                                                      
         &gt;100                                                                  
             100 100 100 &gt;100                                                  
                             &gt;100                                              
                                 50  &gt;100 &gt;100                                 
                                              &gt;100                             
                                                  Pseudomonas aeruginosa H 10  
     100 50  25  50  50  50  50  25  50   100 100            2396              
     25  50  25  25  100 100 50  25  &gt;100 50  100        Wyeth A 1058          
     &lt;0.75                                                                     
         3   6   3   1.5 1   25  &lt;0.75                                         
                                     1.5  3   1.5 Proteus rettgeri A 821       
     1.5 &lt;0.75                                                                 
             6   12.5                                                          
                     6   3   50  &lt;0.75                                         
                                     12.5 25  12.5                             
                                                  Proteus mirabilis H 3        
     &lt;0.75                                                                     
         3   1.5 0.75                                                          
                     &lt;0.75                                                     
                         --  6   &lt;0.75                                         
                                     1.5  3   1.5          L 93                
     3   12.5                                                                  
             1.5 6   3   1.5 25  3   6    25  6            A 1200              
     50  &gt;100                                                                  
             50  100 100 6   &gt;100                                              
                                 50  25   &gt;100                                 
                                              50  Proteus morganii             
     __________________________________________________________________________
                                                  2241                         
     MIC's in .mu.g/ml                                                         
     XXI XXII XXIII                                                            
                   XXIV                                                        
                       XXV  XXVI   XXVII A                                     
                                         XXVIIB                                
                                              XXVIIC                           
                                                   XXVIII                      
                                                        XXIX                   
                                                            XXX                
     __________________________________________________________________________
     0.12                                                                      
         0.25 0.12 0.12                                                        
                       1    1.5    6     12.5 6    0.5  0.5 25                 
     1.5 0.5  1    0.25                                                        
                       0.5  3      6     12.5 1.5  0.5  1.5 25                 
     12.5                                                                      
         6    6    3   6(11)                                                   
                            25(45) 12.5  12.5 3    6    6   100                
     12.5                                                                      
         6    6    3   3(15)                                                   
                            25(22.5)                                           
                                   12.5  12.5 1.5  6    6   50                 
     12.5                                                                      
         6    3    3   3(3.7)                                                  
                            12.5(22.5)                                         
                                   6     12.5 1.5  3    3   12.5               
     0.12                                                                      
         0.06 0.06 0.03                                                        
                       0.06 0.25   1.5   1    1    0.06 0.12                   
                                                            12.5               
     3   3    1.5  3   6    12.5   &gt;100  &gt;100 &gt;100 3    12.5                   
                                                            &gt;100               
     0.75                                                                      
         0.25 0.5  0.5 0.5  1.5    25    6    12.5 0.5  0.5 &gt;100               
     (1.8)                                                                     
         (.gtoreq.125)                                                         
              (125)                                                            
                   (12)                                                        
                       (93) (30)   (30)  (60) (30) &gt; 125                       
                                                        (4) (60)               
     1.5 0.5  0.5  0.5 1.5  1.5    12.5  100  25   0.5  3   25                 
     0.75                                                                      
         0.5  0.5  1.5 3    0.5    12.5  25   25   0.75 1.5 12.5               
     100 25   &gt;100 25  25   50     25    50   100  &gt;100 &gt;100                   
                                                            50                 
     25  3    50   12.5                                                        
                       12.5 6      100   50   100  6    50  50                 
     100 12.5 100  25  25   25     100   100  &gt;100 12.5 &gt;100                   
                                                            &gt;100               
     100 12.5 100  25  25   6      100   &gt;100 &gt;100 25   &gt;100                   
                                                            &gt;100               
     12.5                                                                      
         1.5  3    1.5 3    1      25    100  12.5 1.5  12.5                   
                                                            12.5               
     &gt;100                                                                      
         100  &gt;100 100 100  50     &gt;100  &gt;100 &gt;100 &gt;100 &gt;100                   
                                                            &gt;100               
     100 50   &gt;100 25  25   12.5   &gt;100  &gt;100 &gt;100 25   50  &gt;100               
     &gt;100                                                                      
         50   &gt;100 25  25   12.5   &gt;100  &gt;100 &gt;100 25   50  &gt;100               
     (0.6)                                                                     
         (0.3)                                                                 
              (0.9)                                                            
                   (0.3)                                                       
                       3    (0.06) 50    25   50   (0.9)                       
                                                        1.5 6                  
     50  6    50   12.5                                                        
                       25   (0.9)  &gt;100  &gt;100 &gt;100 6    50  25                 
     3   1.5  3    0.3 6    (0.12) 100   &gt;100 &gt;100 1.5  6   12.5               
     25  6    12.5 6   12.5 (0.45) &gt; 100 &gt;100 &gt;100 3    25  100                
     25  100  50   25  50   6      &gt;100  &gt;100 &gt;100 50   50  &gt;100               
     Strain                                                                    
     Bacteria                                                                  
     Gram pos.                                                                 
     Bacillus subtilis ATCC 6633                                               
     Staphylococcus aureus A321                                                
                A355')                                                         
                A2000                                                          
                A2001                                                          
     Streptococcus haemolyticus A266                                           
     Streptococcus faecalis L80                                                
     Diplococcus pneumoniae L54                                                
     Gram neg.                                                                 
     Haemophilus influenzae A1030                                              
     Brucella melitensis A488                                                  
     Pasteurella multocida A723                                                
     Klebsiella pneumoniae A809                                                
     Salmonella dublin P43                                                     
     Salmonella typhimurium R172                                               
     Escherichia coli U20                                                      
     Shigella equirulis T3                                                     
     Pseudomonas aeraginosa H10                                                
                2396                                                           
            Wyeth A1058                                                        
     Proteus rettgeri A821                                                     
     Proteus mirabilis H3                                                      
              L93                                                              
              A1200                                                            
     Proteus morganii 2241                                                     
     __________________________________________________________________________
     MIC's in .mu.g/ml                                                         
     XXX B                                                                     
          XXXI A                                                               
               XXXII                                                           
                    XXXIII                                                     
                          XXXIVA                                               
                               XXXIVB                                          
                                    XXXIVC                                     
                                          XXXIVD                               
                                               XXXVA XXXVB XXXVC               
                                                                XXXVI          
     __________________________________________________________________________
     12.5 100  0.5  0.75  0.25 0.5  0.25  0.12 0.5   0.5   0.5  0.25           
     12.5 100  1    6     0.5  0.75 0.75  0.75 3     0.75  3    0.75           
     50   &gt;100 6    12.5  6    3    6     6    25    25    50   6              
     25   &gt;100 6    12.5  6    3    6     3    25    6     50   6              
     12.5 &gt;100 6    12.5  6    3    1.5   1.5  12.5  6     50   6              
     3         0.25 0.5   0.06 0.06 0.25  0.25 0.5   0.25  0.75 0.12           
     &gt;100 &gt;100 12.5 25    6    3    12.5  3    12.5  12.5  12.5 6              
     12.5 50   50   12.5  0.25 0.12 0.5   0.25 1.5   0.5   6    0.25           
     (&gt;125)                                                                    
          (.gtoreq.125)                                                        
               (23) (30)  (0.6)                                                
                               (4)  (0.6) (125)                                
                                               (0.23)                          
                                                     (2.5) (1.2)               
                                                                (0.6)          
     50        1.5  3     1.5  1.5  1.5   0.5  1.5   1.5   1.5  1.5            
     12.5 &gt;100 0.5  3     0.5  1.5  0.5   1.5  0.25  0.25  0.75 0.75           
     25   &gt;100 12.5 50    25   25   25    25   100   25    100  25             
     50   &gt;100 6    12.5  3    12.5 12.5  12.5 3     6     0.75 6              
     100  &gt;100 25   25    12.5 25   25    25   12.5  25    12.5 25             
     100  &gt;100 6    6     12.5 25   6     25   6     12.5  3    12.5           
     6    &gt;100 3    12.5  6    3    3     3    3     1.5   1.5  1.5            
     &gt;100 &gt;100 100  100   50   50   50    &gt;100 50    50    12.5 100            
     &gt;100 &gt;100 25   50    25   25   25    100  25    25    6    50             
     &gt;100 &gt;100 12.5 12.5  50   25   50    50   25    50    1.5  50             
     3    &gt;100 (0.025)                                                         
                    (0.025)                                                    
                          (0.12)                                               
                               (0.4)                                           
                                    (0.023)                                    
                                          (0.45)                               
                                               (0.015)                         
                                                     (0.018)                   
                                                           (0.12)              
                                                                (0.45)         
     &gt;100 &gt;100 6    1.5   3    12.5 3     12.5 (0.45)                          
                                                     3     (0.9)               
                                                                12.5           
     25   &gt;100 (0.06)                                                          
                    (0.03)                                                     
                          (0.25)                                               
                               (0.23)                                          
                                    (0.09)                                     
                                          3    (0.045)                         
                                                     (0.03)                    
                                                           (0.3)               
                                                                1.5            
     &gt;100 &gt;100 3    1.5   1.5  6    3     12.5 (0.12)                          
                                                     3     (0.6)               
                                                                6              
     &gt;100 &gt;100 12.5 6     12.5 12.5 12.5  50   6     6     12.5 12.5           
     Strain                                                                    
     Bacteria                                                                  
     Gram pos.                                                                 
     Bacillus subtilis ATCC 6633                                               
     Staphylococcus aureus A321                                                
                A355')                                                         
                A2000                                                          
                A2001                                                          
     Streptococcus haemolyticus  A 1088                                        
     Streptococcus faecalis L80                                                
     Diplococcus pneumoniae L54                                                
     Gram neg.                                                                 
     Haemophilus influenzae A1030                                              
     Brucella suis A 1088                                                      
     Pasteurella multocida A723                                                
     Klebsiella pneumoniae A809                                                
     Salmonella dublin P43                                                     
     Salmonella typhimurium R172                                               
     Escherichia coli U20                                                      
     Shigella equirulis T3                                                     
     Pseudomonas aeruginosa H10                                                
                2396                                                           
            Wyeth A 1058                                                       
     Proteus rettgeri A821                                                     
     Proteus mirabilis H3                                                      
              L93                                                              
              A1200                                                            
     Proteus morganii 2241                                                     
     __________________________________________________________________________
     MIC's in .mu.g/ml              Strain                                     
              cepha-                                                           
                  cepha                                                        
                      ampicil                                                  
                           cepha                                               
                               carbe                                           
                                    Bacteria                                   
     A    B   zolin                                                            
                  cetril                                                       
                      lin  logly-                                              
                               nicil                                           
                           cin lin                                             
     __________________________________________________________________________
                                    Gram pos.                                  
     0.25 0.5 0.25                                                             
                  0.12                                                         
                      0.025                                                    
                           0.25                                                
                               0.06 Bacillus subtilis ATCC 6633                
     0.75 0.75                                                                 
              0.25                                                             
                  0.75                                                         
                      0.1  12.5                                                
                               0.75 Staphylococcus aureus A321                 
     12.5 12.5                                                                 
              1.5 1.5 1.5  12.5                                                
                               3               A355')                          
     6    12.5                                                                 
              0.75                                                             
                  1.5 1.5  12.5                                                
                               3               A2000                           
     6    3   0.5 0.5 0.75 12.5                                                
                               3               A2001                           
     0.12 0.25                                                                 
              0.12                                                             
                  0.5 --   0.25                                                
                               0.25 Streptococcus haemolyticus A1088           
     6    6   12.5                                                             
                  12.5                                                         
                      0.8  &gt;100                                                
                               25   Streptococcus faecalis L80                 
     0.25 0.5 0.25                                                             
                  0.5 0.05 6   0.5  Diplococcus pneumoniae L54                 
                                    Gram neg.                                  
     (0.45)                                                                    
          (23)                                                                 
              (15)                                                             
                  (30)     (125)                                               
                               (90) Haemophilus influenzae A1030               
     6    3   6   1.5 --   50  12.5 Brucella suis A2126                        
     0.75 6   1.5 6   0.2  50  0.25 Pasteurella multocida A723                 
     100  100 1.5 6   50   6   &gt;100 Klebsiella pneumoniae A809                 
     12.5 50  1.5 12.5                                                         
                      0.8  12.5                                                
                               1.5  Salmonella dublin P43                      
     25   100 3   12.5                                                         
                      3    12.5                                                
                               6    Salmonella typhimurium R172                
     12.5 100 1.5 6   3    1.5 1.5  Escherichia coli U20                       
     25   12.5                                                                 
              3   6   0.8  3   --   Shigella equirulis T3                      
     100  &gt;100                                                                 
              &gt;100                                                             
                  &gt;100                                                         
                      &gt;100 &gt;100                                                
                               100  Pseudomonas aeruginosa H10                 
     50   100 &gt;100                                                             
                  &gt;100                                                         
                      50   &gt;100                                                
                               25              2396                            
     100  &gt;100                                                                 
              &gt;100                                                             
                  &gt;100                                                         
                      &gt;100 &gt;100                                                
                               25          Wyeth A1058                         
     1.5  3   (1.2)                                                            
                  3   3    1.5 (0.12)                                          
                                    Proteus rettgeri A821                      
     12.5 100 6   12.5                                                         
                      3    25  (0.6)                                           
                                    Proteus mirabilis H3                       
     3    12.5                                                                 
              1.5 12.5                                                         
                      3    3   (0.3)                                           
                                             L93                               
     12.5 100 6   12.5                                                         
                      3    12.5                                                
                               (0.45)                                          
                                             A1200                             
     25   &gt;100                                                                 
              25  &gt;100                                                         
                      12.5 100 1.5  Proteus morganii 2241                      
     __________________________________________________________________________
      A represents:sodium D-6[.alpha.{3 (ethoxy(ethyl)phoshpinyl)ureido}       
      benzylcarbonamido] penicillanate                                         
      B represents:sodium D-6[.alpha.{-3 (ethoxy(ethyl)phosphinyl)amino}       
      benzylcarbonamido] penicillanate                                         
PAR  Various modification of the products and methods of the invention may be
      made without departing from the spirit or scope thereof and it is to be
      understood that the invention is to be limited only as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Penicillanic derivatives of the formula
      ##SPC4##
PAL  wherein W is a group of the formula
      ##EQU16##
      wherein U is --OE, E is select-d from the group consisting of hydrogen, a
      non-toxic, pharmaceutically acceptable salt-forming cation and a
      conventional, non-toxic, pharmaceutically acceptable ester-forming group
      which is known to improve the absorption characteristics of penicillanic
      acid derivatives after oral administration to warm-blooded animals and Y
      is a group of the formula
      ##EQU17##
      wherein X and R are the same or different and each is selected from the
      group consisting of oxygen and sulphur, and Z.sup.1 and Z.sup.2 are the
      same or different and each is selected from the group consistng of
      (lower)-alkoxy, (lower)alkylthio, optionally substituted phenoxy,
      optionally substituted benzyloxy, optionally substituted amino, optionally
      substituted (lower) alkyl, optionally substituted phenyl, hydroxy and OM,
      said substitutents being selected from the group consisting of halogen,
      nitro, cyano, lower alkyl, and lower alkoxy M is a non-toxic,
      pharmaceutically acceptable salt-forming cation, or Z.sup.1 and Z.sup.2
      together with the phosphorous atom form an optionally unsaturated, 5 to 7
      membered phosphorous and carbon heterocycle ring optionally substituted
      with at most four lower alkyl groups.
NUM  2.
PAR  2. Penicillanic acid derivatives of claim 1 wherein E is selected from the
      group consisting of hyrogen, sodium, potassium and ammonium ions and an
      ester residue of the formula
EQU  --CH.sub.2 --O--CO--R.sup.8
PAL  wherein R.sub.8 is straight or branched chain alkyl of 1 to 8 carbon atoms
      optionally substituted by at least one substituent selected from the group
      consisting of lower alkoxy, lower alkylthio, halo lower alkyl, nitro and
      halogen.
NUM  3.
PAR  3. Penicillanic acid derivatives of claim 1 wherein Y is selected from the
      group consisting of di(lower)alkoxyphosphinylaminocarbonyl,
      di(lower)alkoxyphosphinothioylaminocarbonyl,
      diphenoxyphosphinylaminocarbonyl, diphenoxyphosphinothioylaminocarbonyl,
      di(di(lower)alkylamino)phosphinylaminocarbonyl,
      di(di(lower)alkylamino)phosphinothioylaminocarbonyl,
      di(lower)alkylthiophosphinothioylaminocarbonyl,
      diphenylphosphinylaminocarbonyl, diphenylphosphinothioylaminocarbonyl,
      di(lower)alkylphosphinylaminocarbonyl,
      di(lower)alkylphosphinothioylaminocarbonyl,
      di(anilino)phosphinylaminocarbonyl,
      anilino-(lower)alkoxyphosphinylaminocarbonyl,
      hydroxy-(lower)-alkoxy-phosphinyl-aminocarbonyl,
      hydroxy-phenyl-phosphinylaminocarbonyl,
      hydroxy(lower)alkylphosphinylaminocarbonyl,
      (lower)alkoxy-benzyloxyphosphinylaminocarbonyl,
      phenyl-benzyloxyphosphinylaminocarbonyl, lower
      alkyl-benzyloxyphosphinylaminocarbonyl,
      dibenzyloxy-phosphinylaminocarbonyl, dihydroxy-phosphinylaminocarbonyl,
      hydroxy-di(lower)alkylaminophosphinylaminocarbonyl,
      benzyloxy-di(lower)alkylaminophosphinylaminocarbonyl,
      di(lower)alkylthiophosphinylaminocarbonyl and
      (lower)alkoxycarbonylhydrazino-(lower)alkoxy-phosphinylaminocarbonyl, the
      corresponding phosphinyl (or phosphinothioyl) aminothiocarbonyl and the
      3,4-dimethyl-1-oxo-3-phospholene-1-ylaminocarbonyl.
NUM  4.
PAR  4. Penicillanic acid derivatives of claim 1 selected from the group
      consisting of
PA1  D-6-[.alpha.-{3-(diethoxyphosphinyl)-thioureido}-benzylcarbonamido]-penicil
     lanic acid,
PA1  D-6-[.alpha.-{3-(diethoxyphosphinyl)-ureido}-benzylcarbonamido]penicillanic
      acid,
PA1  D-6-[.alpha.-{3-(diethoxyphosphinothioyl)-thioureido}-benzylcarbonamido]-pe
     nicillanic acid,
PA1  D-6-[.alpha.-{3-(diethoxyphosphinothioyl)-ureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6-[.alpha.-{3-(diphenoxyphosphinyl)-thioureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcarbonamido]-penicillan
     ic acid,
PA1  D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-thioureido}-benzylcarbonamido]-p
     enicillanic acid,
PA1  D-6-[.alpha.-{3-(diphenoxyphosphinothioyl)-ureido}-benzylcarbonamido]-penic
     illanic acid,
PA1  D-6-[.alpha.-{3-(bis-(dimethylamino)-phosphinyl)-thioureido}-benzylcarbonam
     ido]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(bis-(dimethylamino)-phosphinyl)-ureido}-benzylcarbonamido]
     -penicillanic acid,
PA1  D-6-[.alpha.-{3-(bis-(dimethylamino)-phosphinothioyl)-thioureido}-benzylcar
     bonamido]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(bis-(dimethylamino)-phosphinothioyl)-ureido}-benzylcarbona
     mido]-penicillanic acid,
PA1  D-6[.alpha.-{3-(diphenylphosphinothioyl)-thioureido}-benzylcarbonamido]-pen
     icillanic acid,
PA1  D-6-[.alpha.-{3-(diphenylphosphinothioyl)-ureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6[.alpha.-{3-(diphenylphosphinyl)-thioureido}-benzylcarbonamido]-penicill
     anic acid,
PA1  D-6-[.alpha.-{3-(diphenylphosphinyl)-ureido}-benzylcarbonamido]-penicillani
     c acid,
PA1  D-6-[.alpha.-{3-(dimethylphosphinothioyl)-thioureido}-benzylcarbonamido]-pe
     nicillanic acid,
PA1  D-6-[.alpha.-{3-(dimethylphosphinyl)-ureido}-benzylcarbonamido]-penicillani
     c acid,
PA1  D-6-[.alpha.-{3-(dimethylphosphinothioyl)-ureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6-[.alpha.-{3-(diethylmercaptophosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D-6-[.alpha.-{3-(dianilinophosphinyl)-ureido}-benzylcarbonamido]-penicillan
     ic acid,
PA1  D-6-[.alpha.-{3-(anilionethoxyphosphinyl)-ureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D-6-[.alpha.-{3-(ethoxycarbonylhydrazino(ethoxy)phosphinyl)-ureido}-benzylc
     arbonamido]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(benzyloxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-pe
     nicillanic acid,
PA1  D-6-[.alpha.-{3-(benzyloxy(phenyl)phosphinyl)-ureido}-benzylcarbonamido]-pe
     nicillanic acid,
PA1  D-6[.alpha.-{3-(dibenzyloxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nic acid,
PA1  D-6-[.alpha.-{3-(benzyloxy(ethyl)phosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanic acid,
PA1  D-6-[.alpha.-{3-(benzyloxy(diethylamino)phosphinyl)-ureido}-benzylcarbonami
     do]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(phenyl)phosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D-6-[.alpha.-{3-(dihydroxyphosphinyl)-ureido}-benzylcarbonamido]-penicillan
     ic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(ethyl)phosphinyl)-ureido}-benzylcarbonamido]-penic
     illanic acid,
PA1  D-6[.alpha.-{3-(hydroxy(diethylamino)phosphinyl)-ureido}-benzylcarbonamido]
     -penicillanic acid, and
PA1  D-6-[.alpha.-{3-(3,4-dimethyl-1-oxo-3-phospholene-1-yl)-ureido}-benzylcarbo
     namido]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(isobutoxy)phosphinyl)-ureido}-benzylcarbonamido]-p
     enicillanic acid, and
PAL  non-toxic, pharmaceutically acceptable salts and conventional non-toxic,
      pharmaceutically acceptable esters of said acids which are known to
      improve the absorption characteristics of penicillanic acid derivatives
      after oral administration to warm-blooded animals.
NUM  5.
PAR  5. Penicillanic acid derivatives of claim 4 selected from the group
      consisting of
      D-6-[.alpha.-{3-(diphenoxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nic acid,
PA1  D-6[.alpha.-{3-(diphenoxyphosphinothioyl)-ureido}-benzylcarbonamido]-penici
     llanic acid,
PA1  D-6[.alpha.-{3-bis(dimethylamino)phosphinothioyl)-ureido}-benzylcarbonamido
     ]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(diphenylphosphinyl)-ureido}-benzylcarbonamido]-penicillani
     c acid,
PA1  D-6[.alpha.-{3-(diphenylphosphinothioyl)-ureido}-benzylcarbonamido]-penicil
     lanic acid,
PA1  D-6-[.alpha.-{3-(dimethylphosphinyl)-ureido}-benzylcarbonamido]-penicillani
     c acid,
PA1  D-6[.alpha.-{3-(dimethylphosphinothioyl)-ureido}-benzylcarbonamido]-penicil
     lanic acid,
PA1  D-6-[.alpha.-{3-(dimethylphosphinothioyl)-thioureido}-benzylcarbonamido]-pe
     nicillanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D-6-[.alpha.-{3-(dihydroxyphosphinyl)-ureido}-benzylcarbonamido]-penicillan
     ic acid,
PA1  D-6-[.alpha.-{3-(phenyl(benzyl)phosphinyl)-ureido}-benzylcarbonamido]-penic
     illanic acid,
PA1  D-6[.alpha.-{3-(dibenzyloxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nic acid,
PA1  D-6[.alpha.-{3-(ethoxy(benzyloxy)phosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanic acid,
PA1  D-6[.alpha.-{3-(dianilinophosphinyl)-ureido}-benzylcarbonamido]-penicillani
     c acid,
PA1  D-6[.alpha.-{3-(3,4-dimethyl-1-oxo-3-phospholene-1-yl)-ureido}-benzylcarbon
     amido]-penicillanic acid,
PA1  D-6-[.alpha.-{3-(hydroxy(phenyl)phosphinyl)-ureido}-benzylcarbonamido]-peni
     cillanic acid,
PA1  D6[.alpha.-{3-(benzyloxy(ethoxy)phosphinyl)-ureido}benzylcarbonamido]-penic
     illanic acid
PA1  D-6-[.alpha.-{3-(ethoxycarbonylhydrazino(ethoxy)phosphinyl)-ureido}-benzylc
     arbonamido]-penicillanic acid,
PAL  and non-toxic, pharmaceutically acceptable salts and conventional,
      non-toxic, pharmaceutically acceptable esters thereof which are known to
      improve the absorption characteristics of penicillanic acid derivatives
      after oral administration to warm-blooded animals.
NUM  6.
PAR  6. A compound of claim 1 selected from the group consisting of
      D-6-[.alpha.-{3-(hydroxy(ethoxy)phosphinyl)-ureido}-benzylcarbonamido]-pen
     icillanic acid and non-toxic, pharmaceutically acceptable salts thereof.
NUM  7.
PAR  7. A compound of claim 1 selected from the group consisting of
      D-6-[.alpha.-{3-(dihydroxyphosphinyl)-ureido}-benzylcarbonamido]-penicilla
     nic acid and non-toxic, pharmaceutically acceptable salts thereof.
NUM  8.
PAR  8. A compound of claim 1 selected from the group consisting of
      D-6[.alpha.-{3-hydroxy(ethyl)phosphinyl)-ureido}-benzylcarbonamido]-penici
     llanic acid and the non-toxic, pharmaceutically acceptable salts thereof.
PATN
WKU  039459950
SRC  5
APN  4584171
APT  1
ART  126
APD  19740405
TTL  D-.alpha.-(4-hydroxypyridine-3-carbonamido)-p-hydroxyphenylacetamidopenic
     illanic acid
ISD  19760323
NCL  1
ECL  1
EXP  Schwartz; Gerald A.
INVT
NAM  Yamada; Hirotada
CTY  Nishinomiya
CNT  JA
INVT
NAM  Tobiki; Hisao
CTY  Toyonaka
CNT  JA
INVT
NAM  Nakatsuka; Iwao
CTY  Nishinomiya
CNT  JA
INVT
NAM  Tanno; Norithiko
CTY  Takarazuka
CNT  JA
INVT
NAM  Shimago; Kozo
CTY  Takarazuka
CNT  JA
INVT
NAM  Nakagome; Takenari
CTY  Nishinomiya
CNT  JA
ASSG
NAM  Sumitomo Chemical Company, Limited
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730405
APN  48-39358
CLAS
OCL  2602391
XCL  424271
EDF  2
ICL  C07D49944
FSC  260
FSS  239.1
UREF
PNO  3248387
ISD  19660400
NAM  Alburn et al.
OCL  260239.1
UREF
PNO  3433784
ISD  19690300
NAM  Long et al.
OCL  260239.1
UREF
PNO  3453264
ISD  19690700
NAM  Fosker et al.
OCL  260239.1
LREP
FRM  Stewart and Kolasch, Ltd.
ABST
PAL  Penicillins of the formula:
      ##SPC1##
PAL  Wherein R is an unsubstituted phenyl group or a substituted phenyl group
      having one or more hydroxyl groups or a cyclohexadienyl group and A
      represents a monocyclic or polycyclic nitrogen-containing heterocyclic
      aromatic ring, which are useful as antimicrobial agents having a broad
      antimicrobial spectrum against gram-positive and gram-negative bacteria
      including Pseudomonas and can be produced advantageously from the phenacyl
      ester of 6-aminopenicillanic acid through a series of steps.
BSUM
PAR  The present invention relates to penicillins and their preparation. More
      particularly, it relates to penicillins and their non-toxic,
      pharmaceutically acceptable salts, which are useful as antimicrobial
      agents having a broad antimicrobial spectrum including Pseudomonas, and
      their preparation.
PAR  It is well known that penicillin antibiotics generally inhibit the growth
      of various gram-positive and gram-negative bacteria and are effective in
      treatment of infections with these bacteria. However, most of them do not
      exert any appreciable antimicrobial activity against Pseudomonas. Thus,
      only a few show a broad antimicrobial spectrum against a variety of
      gram-positive and gram-negative bacteria including Pseudomonas. On the
      other hand, there is a tendency that the infections caused by Pseudomonas
      are increasing. Recently, some penicillin antibiotics effective in
      treatment of the infections with Pseudomonas such as "Carbenicillin" and
      "Sulfocillin" appeared on the market, but their anti-Pseudomonas activity
      is not sufficiently strong.
PAR  In U.S. Pat. No. 3,433,784, there are described some N-acyl derivatives of
      aminobenzylpenicillin (ampicillin) as showing a minimal inhibitory
      concentration of 125 to 250 .mu.g/ml against Pseudomonas pyocinea A or R
      59, when determined by the standard test method. The anti-Pseudomonas
      activity of the compounds as described in the working examples is,
      however, not so high and the antimicrobial activity against other
      gram-negative bacteria is considerably low. Thus, it may be said that the
      N-acyl derivatives of ampicillin are less valuable than ampicillin itself
      from the practical viewpoint.
PAR  As the result of the study seeking penicillins which have a broad
      antimicrobial spectrum and are highly active against gram-positive and
      gram-negative bacteria including Pseudomonas, it has been found that,
      among various compounds, the penicillins of the following formula
      characteristically show a noticeable antimicrobial activity against
      Pseudomonas and a broad antimicrobial spectrum without exerting any
      serious side effect:
      ##SPC2##
PAL  Wherein R is a phenyl group bearing or not one or more hydroxyl groups or a
      cyclohexadienyl group and A represents a monocyclic or polycyclic
      nitrogen-containing heterocyclic aromatic ring.
PAR  Accordingly, a main object of the present invention is to provide the
      penicillins (I) and their non-toxic salts which are useful as
      antimicrobial agents. Another object of this invention is to provide a
      process for preparing the penicillins (I) and their non-toxic salts. A
      further object of the invention is to provide a use of the penicillins (I)
      and their non-toxic salts as antimicrobial agents. These and other objects
      of the invention will be apparent to those conversant with the art from
      the foregoing and subsequent descriptions.
PAR  The penicillins (I) of the invention are characteristic in that the
      heterocyclic aromatic ring represented by the symbol A bears at least one
      hydroxyl group, preferably at the position adjacent to the carbon atom to
      which the 6-(.alpha.-aminoacylamido)penicillanic acid moiety of the
      formula:
      ##SPC3##
      wherein R is as defined is linked. In case of the hydroxyl group being
      capable of taking a tautomeric form such as a keto-enol form, it may be
      present in a keto form (O=C&lt;). The compounds wherein the said heterocyclic
      aromatic ring bears no such substituent are antimicrobially much less
      active than those bearing the substituent and exhibit only the same low
      antimicrobial activity as those disclosed in U.S. Pat. No. 3,433,784
      against Pseudomonas as well as other gram-negative bacteria.
PAR  The heterocyclic aromatic ring represented by the symbol A should include
      at least one six-membered ring unit. Examples of the heterocyclic aromatic
      ring are pyridine, pyrimidine, pyridazine, triazine, pyrazine, quinoline,
      isoquinoline, cinnoline, naphthyridine, quinoxaline, pyrazolopyridine,
      thiazolopyrimidine, pyridopyrimidine, etc.
PAR  The said heterocyclic aromatic ring may bear, in addition to at least one
      hydroxyl group as stated above, any other substituent(s), of which
      examples are as follows: lower alkyl, lower alkoxy, lower alkanoyl, lower
      alkoxycarbonyl, lower alkylthio, mercapto, lower alkoxymethyl, halogen,
      cyano, nitro, lower alkylsulfonyl, arylsulfonyl, sulfamoyl, carbamoyl,
      aryloxycarbonylamino, acetoacetylamino, lower alkylamino,
      di(lower)alkylamino, halo(lower)alkyl, lower alkenyl, aryl,
      cyclo(lower)alkyl, condensed cyclo(lower)alkylene, etc.
PAR  The non-toxic, pharmaceutically acceptable salts of the penicillins (I)
      are, for instance, the inorganic salts such as sodium, potassium,
      ammonium, calcium and magnesium salts and the organic salts such as
      diethylamine, triethylamine, N,N'-dibenzylethylenediamine, diethanolamine,
      pyrrolidine, morpholine and procaine salts.
PAR  According to the present invention, the penicillins (I) can be produced
      from the phenacyl ester of 6-aminopenicillanic acid through the steps as
      shown in the following scheme:
      ##SPC4##
PAL  wherein X is a phenacyl group which may optionally bear any substituent
      such as halogen, nitro or lower alkoxy on the benzene ring and R is as
      defined above.
PAR  That is, the phenacyl 6-aminopenicillanate (II), which may be in the free
      or salt form, is first reacted with a carboxylic acid of the formula:
      ##EQU1##
      wherein R' and R" are each a hydrogen atom or an amino protective group
      and R is as defined above or its reactive derivative to give a phenacyl
      6-(.alpha.-aminoacylamide)penicillanate of the formula:
      ##SPC5##
PAL  wherein R, R', R" and X are each as defined above.
PAR  The reaction can be carried out in a conventional coupling method and/or by
      the use of a conventional coupling reagent in the related art field, i.e.
      in the synthesis of peptides, penicillins, cephalosporins and the like.
PAR  Thus, the reaction is usually carried out in an inert solvent (e.g.
      dichloromethane, chloroform, acetone, dimethylformamide, tetrahydrofuran,
      dioxane, acetonitrile, methylisobutylketone, toluene). The reactive
      derivative of the carboxylic acid (V) may be any form being capable of
      acting as an acylating agent. Specific examples are the acid halide, acid
      azide, acid anhydride, mixed anhydride, active amide, active ester, active
      thioester, etc. When the carboxylic acid (V) is used in the free form, the
      reaction is normally effected in the presence of an enzyme, a carbodiimide
      agent (e.g. N,N'-dicyclohexylcarbodiimide), an isoxazolium salt (e.g.
      Woodward reagent) or the like.
PAR  In case of both R' and R" being hydrogen, the carboxylic acid (V) is
      favorably employed in the form of a salt (e.g. hydrochloride). As the
      amino protective group, there may be used any conventional one. When, for
      instance, R' is a hydrogen atom, R" may represent carbonylvinyl (Japanese
      Patent Publications Nos. 15947/1967, 28189/1970 and 41554/1971; Angewandte
      Chemie, 76, 342), o-nitrophenylthio (Japanese Patent Publications Nos.
      11073/1967 and 22589/1972, p-toluenesulfonylethoxycarbonyl (Japanese
      Patent Publication No. 17193/1968), carbobenzyloxy (Japanese Patent
      Publication No. 16277/1961) or the like. Further, R' and R" may form a
      Schiff base (Japanese Patent Publication No. 24780/1965).
PAR  When the thus produced phenacyl 6-(.alpha.-aminoacylamido)penicillanate
      (VI) includes an amino protective group, it may be treated by a per se
      conventional procedure for cleavage of such amino protective group to give
      the corresponding phenacyl 6-(.alpha.-aminoacylamido)penicillanate (III).
PAR  The phenacyl 6-(.alpha.-aminoacylamido)penicillanate (III) or its salt is
      then reacted with a carboxylic acid of the formula:
EQU  H--O--A--COOH                                              (VII)
PAL  wherein A is as defined above or its reactive derivative.
PAR  The reaction may be effected in substantially the same manner as that for
      the reaction between the phenacyl 6-aminopenicillanate (II) and the
      carboxylic acid (V). Thus, the reaction is ordinarily carried out in an
      inert solvent (e.g. dichloromethane, chloroform, acetone,
      dimethylformamide, tetrahydrofuran, dioxane, acetonitrile,
      methylisobutylketone, toluene). As the reactive derivative of the
      carboxylic acid (VII), there may be exemplified the acid halide, acid
      azide, acid anhydride, mixed anhydride, active amide, active ester, active
      thioester, etc.
PAR  When the mixed anhydride is prepared for the activation of the carboxylic
      acid, the following procedure may be recommended. Thus, the carboxylic
      acid (VII) (1 mol) is reacted with about a 2 molar amount of a lower
      alkoxycarbonyl halide (e.g. ethyl chloroformate, isobutyl chloroformate)
      or a lower alkanoyl halide (e.g. pivaloyl chloride) in the presence of
      about a 2 molar amount of a base to give a mixed anhydride of the formula:
EQU  Z--O--A--COOZ                                              (VIII)
PAL  wherein Z is an acyl group and A is as defined above.
PAR  The product in the amidation using such a mixed anhydride is the one
      representable by the formula:
      ##SPC6##
PAL  wherein A, R, X and Z are each as defined above, which may be treated with
      an organic or inorganic base (e.g. sodium carbonate, potassium carbonate,
      sodium hydroxide, ammonia water, triethylamine, dimethylamine, potassium
      2-ethylhexanoate) to give the corresponding penicillin phenacyl ester
      (IV).
PAR  Alternatively, the elimination of the group Z in the phenacyl
      6-(.alpha.-acylamidoacylamido)penicillanate (IX) may be accomplished
      simultaneously with the elimination of the phenacyl group in the
      subsequent step as hereinafter illustrated.
PAR  When the carboxylic acid (VII) is in the form of a keto-enol tautomer and
      the carboxyl group and the hydroxyl group are present at the positions
      adjacent to each other, it may be reacted with an equimolar amount of
      phosgene in the presence of about twice the molar amount of an acid
      eliminating agent to give an inner molecular acid anhydride of the
      formula:
      ##EQU2##
      wherein A is as defined above. The use of thionyl chloride, phosphorus
      trichloride or the like in place of phosgene affords the similar type of
      inner molecular acid anhydride. These inner molecular acid anhydrides can
      be subjected to amidation in the same manner as above.
PAR  The phenacyl 6-(.alpha.-acylamidoacylamido)penicillanate (IV) is then
      subjected to treatment for splitting off the phenacyl group. The treatment
      is usually carried out with a base in an inert solvent (e.g.
      dimethylformamide, dimethylacetamide, dimethylsulfoxide, sulfolane,
      hexamethyl phosphoric triamide, acetone, acetonitrile, dioxane,
      tetrahydrofuran, ethanol, isopropanol, water), preferably at room
      temperature or any lower temperature. As the base, there may be employed,
      for instance, sodium thiophenoxide, sodium thio-p-chlorophenoxide, sodium
      thiomethoxide, sodium thioethoxide, sodium thiopropoxide, sodium
      thioisopropoxide, sodium thiobutoxide, sodium thioisobutoxide, sodium
      thio-tert.-butoxide, sodium hydroxide, potassium hydroxide, sodium
      hydrogen sulfide, etc. Among them, the use of sodium thiophenoxide, sodium
      thio-p-chlorophenoxide or sodium thioalkoxide is favorable. The molar
      ratio of the phenacyl 6-(.alpha.-acylamidoacylamido)penicillanate (IV) and
      the base may be normally 1 : 1 - 3.
PAR  As the result, there is usually obtained the penicillin (I) in the form of
      a salt, which may be treated with an acid to convert it into a free form.
PAR  The starting phenacyl 6-aminopenicillanate (II) may be produced, for
      instance, by reacting benzylpenicillin phenacyl ester (prepared by the
      procedure as described in U.S. Pat. No. 2,650,218) with a phosphorus
      halide, reacting the resultant iminohalide with a lower alkanol and
      hydrolyzing the resulting iminoether. These conversions may be represented
      by the following formulae:
      ##SPC7##
PAL  wherein X' is a halogen atom, R'" is a lower alkoxy group and X is as
      defined above.
PAR  The reaction of the benzylpenicillin phenacyl ester (XI) with a phosphorus
      halide (e.g. phosphorus pentachloride, phosphorus pentabromide, phosphorus
      oxychloride, phosphorus trichloride) is carried out in the presence of an
      acid eliminating agent (e.g. N-methylmorpholine, pyridine,
      N,N-dimethylaniline, triethylamine) in an inert solvent (e.g. chloroform,
      dichloroethane, dichloromethane, trichloroethylene, toluene), preferably
      at a temperature from 0.degree. to -50.degree.C. The acid eliminating
      agent is usually employed in an amount of about 3 to 5 mol to 1 mol of the
      phosphorus halide.
PAR  The reaction of the resultant iminohalide with a lower alkanol is
      preferably carried out in the presence of an acid eliminating agent (e.g.
      N-methylmorpholine) at a temperature from 0.degree. to -50.degree.C. An
      alkaline earth metal carbonate may be added. Examples of the lower alkanol
      are methanol, ethanol, n-propanol, n-butanol, etc.
PAR  The hydrolysis of the resulting iminoether (XIII) is performed in the
      presence of a base. For instance, the iminoether (XIII) is admixed with
      water, preferably a dilute aqueous solution of alkali (e.g. sodium
      hydroxide, ammonia), the resultant mixture is adjusted to pH 4 to 7 and
      stirring is effected while cooling with ice. From the reaction mixture,
      the organic solvent layer is separated and dilute hydrochloric acid is
      added thereto, followed by stirring under cooling with ice to precipitate
      the hydrochloride of the phenacyl 6-aminopenicillanate (II).
      Alternatively, the organic solvent layer separated from the reaction
      mixture may be admixed with an acid such as p-toluenesulfonic acid to give
      the corresponding acid salt.
PAR  The thus prepared salt has a high purity and any further purification is
      usually not needed.
PAR  The process for preparation of the penicillins (I) according to the present
      invention as illustrated above is characteristic in the use of the
      phenacyl 6-aminopenicillanate (II) as the starting material. By the use of
      such phenacyl ester, the penicillins (I) can be advantageously produced in
      a good yield with a high purity by simple operations.
PAR  Throughout the specification, the term "lower alkyl" is intended to mean
      generally both straight and branched chain aliphatic hydrocarbon groups
      having not more than eight carbon atoms (preferably not more than five
      carbon atoms) such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
      amyl and isoamyl. Similarly where the term "lower" is used as a part of
      the description of any other group (e.g. lower alkoxy, lower alkylthio,
      halo(lower)alkyl, lower alkylamino, di(lower)alkylamino), it usually
      refers to the alkyl portion of such group. The halogen atom includes
      chloride, bromine, iodine and fluorine.
DETD
PAR  Practical and presently preferred embodiments of the invention are
      illustratively shown in the following Examples.
PAC  EXAMPLE A
PAC  Preparation of phenacyl 6-aminopenicillanate
PAR  To a mixture of benzylpenicillin phenacyl ester (18.1 g),
      N-methylmorpholine (8.96 ml) and dichloromethane (200 ml) cooled at
      -25.degree.C, phosphorus pentoxide (9.60 g) was portionwise added in 5
      minutes, and stirring was continued at -18.degree. to -10.degree.C for 30
      minutes. After cooling the resultant mixture to -25.degree.C, a mixture of
      methanol (320 ml) and N-methylmorpholine (8.96 ml) was dropwise added
      thereto over a period of 5 minutes, and stirring was continued at
      -17.degree. to -10.degree.C for 2 hours. The reaction mixture was cooled
      with ice and poured onto a saturated aqueous solution of sodium chloride
      (640 ml), and the resultant mixture was adjusted to pH 6.0 to 6.5 with N
      sodium hydroxide solution. The water layer was separated from the
      dichloromethane layer and extracted with ethyl acetate (500 ml). The ethyl
      acetate extract was combined with the dichloromethane layer, washed with
      sodium bicarbonate solution and a saturated aqueous solution of sodium
      chloride in order and dried over anhydrous magnesium sulfate. After
      cooling with ice, 2 N hydrochloric acid (20 ml) was added thereto whereby
      white crystals were precipitated. The precipitated crystals were collected
      by filtration, washed with ethyl acetate and ether in order and dried over
      anhydrous phosphorus pentoxide to give phenacyl 6-aminopenicillanate
      hydrochloride (7.84 g). M.P. 155.degree. to 157.degree.C (decomp.).
PAR  When a solution of p-toluenesulfonic acid monohydrate in acetone was added
      to the organic solvent layer as above mentioned, ether was added thereto
      until turbidity was produced and the resultant mixture was allowed to
      stand in a refrigerator overnight, there was produced phenacyl
      6-aminopenicillanate p-toluenesulfonate. M.P. 132.degree.C (decomp.).
PAC  EXAMPLE B
PAC  Preparation of p-bromophenacyl 6-aminopenicillanate
PAR  As in Example A, there was produced the objective compound in the form of
      the hydrochloride (2.1 g; M.P. 150.degree. to 156.degree.C (decomp.)) from
      benzylpenicillin p-bromophenacyl ester (5.31 g).
PAC  EXAMPLE C
PAC  Preparation of p-nitrophenacyl 6-aminopenicillanate
PAR  As in Example A, there was produced the objective compound in the form of
      the benzenesulfonate (2.9 g) from p-nitrophenacyl benzylpenicillin
      p-nitrophenacyl ester (4.97 g).
PAC  EXAMPLE D
PAC  Preparation of p-methoxyphenacyl 6-aminopenicillanate
PAR  As in Example A, there was produced the objective compound in the form of
      the benzenesulfonate (2.7 g) from benzylpenicillin p-methoxyphenacyl ester
      (4.80 g).
PAC  EXAMPLE E
PAC  1. Preparation of 4-hydroxy-1,5-naphthyridine-3-carbonyl chloride
      hydrochloride
PAR  To a mixture of dimethylformamide (0.73 g) and thionyl chloride (1.56 g) in
      benzene, there was added dropwise 4-hydroxy-1,5-naphthyridine-3-carboxylic
      acid (1.9 g) while stirring, and the reaction was carried out at
      40.degree. to 85.degree.C for 3 hours. The crystals were collected by
      filtration, washed with benzene and dried under reduced pressure to give
      the objective compound (2.37 g). Purity, 96.3%. M.P.&gt;350.degree.C.
PAC  2. Preparation of 4-hydroxy-1,5-naphthyridine-3-carboxylic acid
      N-succinimide ester
PAR  To a mixture of N-hydroxysuccinimide (22.2 g), triethylamine (35.5 g) and
      dimethylformamide (800 ml), the carbonyl chloride hydrochloride as
      prepared in (1) (43.2 g) was portionwise added, and the resultant mixture
      was gradually heated and stirred at 60.degree.C for 30 minutes. After the
      addition of triethylamine (1.77 g), stirring was continued at the same
      temperature as above for 1 hour. The reaction mixture was cooled to about
      30.degree.C, and the crystals were collected by filtration and washed with
      dichloromethane and acetone in order to give the objective compound (34.2
      g). M.P. 310 to 311.degree.C (decomp.).
PAC  EXAMPLE F
PAC  Preparation of p-nitrophenyl 3-hydroxypyridazine-4-carboxylate
PAR  3-Hydroxypyridazine-4-carboxylic acid (1.40 g) was dissolved in pyridine
      (20 ml) at 40.degree.C, and p-nitrophenyl trifluoroacetate (2.82 g) was
      dropwise added thereto. The resultant mixture was stirred at 40.degree. to
      50.degree.C for 1 hour and concentrated under reduced pressure to dryness.
      The residue was washed with chloroform and acetone in order and dried to
      give the objective compound (2.21 g). M.P. 233.degree.C (decomp.).
PAC  EXAMPLE 1
PAC  a. Preparation of 6-D-.alpha.-aminobenzylpenicillin phenacyl ester
PAR  To a suspension of phenacyl 6-aminopenicillanate hydrochloride prepared as
      in Example A (1.85 g) and D-phenylglycyl chloride hydrochloride (1.29 g)
      in dichloromethane (20 ml), sodium bicarbonate (1.05 g) was added, and the
      resultant mixture was stirred while cooling with ice for 6 hours. The
      reaction mixture was filtered to eliminate the by-produced sodium
      chloride. The filtrate was admixed with isopropanol and concentrated under
      reduced pressure by the aid of a rotary evaporator. After the evaportion
      of dichloromethane, the precipitate was collected by filtration to give
      the objective compound in the form of the hydrochloride (2.19 g). M.P.
      142.degree. to 148.degree.C (decomp.).
PAC  b. Preparation of
      D-.alpha.-(4-hydroxy-1,5-naphthyridine-3-carbonamido)benzylpenicillin
      ##SPC8##
PAR  To a solution of 6-D-.alpha.-aminobenzylpenicillin phenacyl ester
      (hydrochloride) (2.01 g) and triethylamine (0.808 g) in dimethylformamide
      (20 ml), 4-hydroxy-1,5-naphthyridine-3-carboxylic acid N-succinimide ester
      (M.P. 310.degree. to 311.degree.C (decomp.)) (1.15 g) was added while
      cooling with ice, and the resultant mixture was stirred for 1 hour.
      Stirring was further continued at room temperature for 2 hours. After
      cooling with ice, 1 % sodium bicarbonate solution (100 ml) was added
      thereto. The precipitated crystals were collected by filtration, washed
      with water and dried over phosphorus pentoxide to give
      D-(.alpha.-4-hydroxy-1,5-naphthyridine-3-carboxamido)benzylpenicillin
      phenacyl ester (2.17 g).
PAR  The above product was dissolved in dimethylformamide (65 ml), sodium
      thiophenoxide (0.89 g) was added thereto, and the resultant mixture was
      stirred at room temperature for 1 hour. To the resultant mixture, acetone
      (650 ml) was added, and the separated crystals were collected by
      filtration and washed with acetone and ether in order to give the
      objective compound in the form of the sodium salt (1.3 g).
PAR  In the above procedure, the use of 4-hydroxy-1,5-naphthyridine-3-carbonyl
      chloride in place of 4-hydroxy-1,5-naphthyridine-3-carboxylic acid
      N-succinimide ester can also afford the same objective compound as above.
      The use of sodium thio-n-propoxide in place of sodium thiophenoxide can
      also give the objective compound in the form of the sodium salt.
PAC  EXAMPLE 2
PAC  a. Preparation of phenacyl
      6-(D-.alpha.-amino-p-hydroxyphenylacetamido)penicillanate
PAR  To a suspension of pulverized sodium
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-amino-p-hydroxyphenylacetate
      (2.87 g) in ethyl acetate (40 ml), several drops of N-methylmorpholine
      were added, and the resulting mixture was cooled to -15.degree.C. Ethyl
      chloroformate (1.0 ml) was added thereto while stirring, and stirring was
      continued at -10.degree.C for 30 minutes. The resulting mixture was cooled
      to -25.degree.C, and the by-produced sodium chloride was eliminated by
      filtration. The filtrate was cooled to -10.degree.C, and a solution of
      phenacyl 6-aminopenicillanate (3.34 g) in ethyl acetate (20 ml) was
      dropwise added thereto. The resulting mixture was stirred for 10 minutes
      at the same temperature as above and then for 50 minutes at room
      temperature. The reaction mixture was washed with water, sodium
      bicarbonate solution and water in order. The ethyl acetate layer was
      stirred under cooling with ice, N hydrochloric acid (10 ml) was added
      thereto, and stirring was continued for 40 minutes. After the addition of
      petroleum ether (20 ml), the resultant mixture was allowed to stand. The
      water layer was separated from the organic solvent layer, the organic
      solvent layer was extracted with water, and the water extract was combined
      with the said water layer. The thus obained water solution was saturated
      with sodium chloride and the resulting yellowish organic layer was
      separated. The water layer was extracted with ethyl acetateisopropanol and
      the extract was combined with the said yellowish organic layer. The
      resulting mixture was dried over anhydrous magnesium sulfate and
      concentrated under reduced pressure. The precipitated crystals were
      collected by filtration and dried under reduced pressure to give the
      objective compound in the form of the hydrochloride (3.1 g). M.P.
      140.degree. to 165.degree.C (decomp.).
PAC  b. Preparation of
      D-.alpha.-(4-hydroxy-1,5-naphthyridine-3-carbonamido)-p-hydroxyphenylaceta
     midopenicillanic acid
      ##SPC9##
PAR  To a suspension of phenacyl
      6-D-(.alpha.-amino-p-hydroxyphenylacetamido)penicillanate hydrochloride
      (5.19 g) in dimethylformamide (50 ml), triethylamine (2.02 g) was added,
      and stirring was carried out while cooling with ice. After the addition of
      4-hydroxy-1,5-naphthyridine-3-carboxylic acid N-succinimide ester (M.P.
      310.degree. to 311.degree.C (decomp.)) (2.87 g) thereto, the resulting
      mixture was stirred while cooling with ice for 3 hours and then admixed
      with 2.5 % sodium bicarbonate solution (300 ml), and the precipitated
      crystals were collected by filtration, washed with water and dried over
      phosphorus pentoxide to give phenacyl
      6-D-.alpha.-(4-hydroxy-1,5-naphthyridine-3-carboxamido)-p-hydroxyphenylace
     tamidopenicillanate (6.0 g). This product was then treated as in Example 1
      to give the objective compound in the form of the sodium salt (4.0 g).
PAC  EXAMPLE 3
PAC  Preparation of D-.alpha.-(4-hydroxypyridine-3-carbonamido)benzylpenicillin
      ##SPC10##
PAR  A solution of 4-hydroxynicotinic acid (1.39 g) and triethylamine (3.03 g)
      in dichloromethane (30 ml) was cooled to -20.degree.C, a solution of
      isobutyl chloroformate (2.88 g) in dichloromethane (5 ml) was dropwise
      added thereto while stirring and the resultant mixture was stirred at the
      same temperature as above for 30 minutes. After the addition of
      6-D-.alpha.-aminobenzylpenicillin phenacyl ester hydrochloride (5.03 g)
      thereto, the resultant mixture was stirred at the same temperature as
      above for 2 hours. The reaction mixture was concentrated under reduced
      pressure, and the residue was suspended in 2.5 % sodium bicarbonate
      solution (30 ml). The crystals were collected by filtration, washed with
      water and dried over phosphorus pentoxide to give the phenacyl ester (5.1
      g). This product was then treated as in Example 1 to give the objective
      compound in the form of the sodium salt (3.2 g).
PAC  EXAMPLE 4
PAC  Preparation of D-.alpha.-(4-hydroxycinnoline-3-carbonamido)benzylpenicillin
      ##SPC11##
PAR  To a solution of 4-hydroxycinnoline-3-carboxylic acid (1.90 g) in
      dimethylformamide (60 ml), carbonyldiimidazole (1.78 g) was added at room
      temperature while stirring. After 30 minutes, a solution of
      6-D-.alpha.-aminobenzylpenicillin phenacyl ester (4.67 g) in
      dichloromethane (30 ml) was added thereto, and stirring was continued at
      the same temperature as above for 6 hours. The reaction mixture was
      admixed with 1 % sodium bicarbonate solution (100 ml), and the
      precipitated crystals were collected by filtration and dried over
      phosphorus pentoxide under reduced pressure to give the phenacyl ester
      (4.5 g). This product was treated with sodium thiophenoxide as in Example
      1 to give the objective compound in the form of the sodium salt.
PAC  EXAMPLE 5
PAC  Preparation of
      D-.alpha.-(3-hydroxypyridazine-4-carbonamido)benzylpenicillin
      ##SPC12##
PAR  To a suspension of 6-D-.alpha.-aminobenzylpenicillin phenacyl ester
      hydrochloride (5.03 g) in dichloromethane (60 ml), triethylamine (2.02 g)
      and p-nitrophenyl 3-hydroxypyridazine-4-carboxylate (M.P. 233.degree.C
      (decomp.)) (2.87 g) were added thereto at room temperature while stirring
      vigorously. After the addition of dimethylformamide (26 ml) thereto,
      stirring was continued for 4 hours. To the reaction mixture, 1 % sodium
      bicarbonate solution (200 ml) was added, and the precipitated crystals
      were collected by filtration, washed with water and dried over phosphorus
      pentoxide under reduced pressure. The resulting product was treated as in
      Example 1 to give the objective compound in the form of the sodium salt
      (3.9 g).
PAC  EXAMPLE 6
PAC  a. Preparation of phenacyl
      6-[D-2-amino-2-(1,4-cyclohexadienyl)acetamido]penicillanate
PAR  As in Example 2 (a), the objective compound in the form of the
      hydrochloride (3.3 g) was produced from sodium
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-amino-(1,4-cyclohexadienyl)a
     cetate (2.73 g). As in Example 1 (a), the objective compound in the form of
      the hydrochloride (4.19 g) was produced from
      D-.alpha.-(1,4-cyclohexadienyl)glycyl chloride hydrochloride (2.08 g).
PAC  b. Preparation of
      6-[D-2-(4-hydroxy-1,5-naphthyridine-3-carbonamido)-2-(1,4-cyclohexadienyl)
     acetamido]penicillanic acid
      ##SPC13##
PAR  To a mixture of phenacyl
      6-[D-2-amino-2-(1,4-cyclohexadienyl)acetamido]penicillanate hydrochloride
      (5.05 g), triethylamine (2.02 g) and dimethylformamide (50 ml),
      4-hydroxy-1,5-naphthyridine-3-carboxylic acid N-succinimide ester (3.10 g)
      was added, and the reaction was carried out for 5 hours. The reaction
      mixture was cooled with ice, 1 % sodium bicarbonate solution (200 ml) was
      added thereto, and the separated crystals were collected by filtration,
      washed with water and dried over phosphorus pentoxide. The resulting
      product was treated as in Example 1 to give the objective compound in the
      form of the sodium salt (4.6 g).
PAR  In the same manner as above, there are produced the compounds as shown in
      Table 1.  pg,22
      ##SPC14##
PAR  The antimicrobial activities of the compounds obtained in the above
      Examples determined by the standard test method (i.e. agar dilution
      method) as well as those of the following penicillins as disclosed in U.S.
      Pat. No. 3,433,784 are shown in Table 2:
      ##SPC15##
TBL                                    Table 2                                 
     __________________________________________________________________________
     Exam-                                                                     
         Minimal inhibitory concentration (.mu./ml)                            
     ple                                                                       
     No. Staphylo-                                                             
               Escheri-                                                        
                     Proteus                                                   
                           Proteus                                             
                                  Klebsie-                                     
                                         Psudo-                                
         coccus                                                                
               chia  miravilis                                                 
                           vulgaris                                            
                                  lla    monas                                 
         aureus                                                                
               coli  2425  HX19   pneumo-                                      
                                         aerugi-                               
         209P  NIHJ               niae   nosa                                  
                                  602    104                                   
     __________________________________________________________________________
     1   0.78  1.56  3.13  0.1    6.25   1.56                                  
     2   1.56  0.78  1.56  0.0125 6.25   0.78                                  
     3   0.39  25    6.25  0.1    25     3.13                                  
     4   0.78  12.5  12.5  0.78   12.5   12.5                                  
     5   0.39  12.5  6.25  0.05   6.25   3.13                                  
     6   0.39  1.56  3.13  &lt;0.05  3.13   1.56                                  
     7   0.39  12.5  6.25  0.05   25     3.13                                  
     8   0.39  25    12.5  0.05   100    3.13                                  
     9   0.2   6.25  3.13  0.2    1.56   6.25                                  
     10  0.2   6.25  25    0.2    25     6.25                                  
     11  0.39  12.5  25    0.2    25     6.25                                  
     12  0.78  12.5  6.25  (0.05) 6.25   12.5                                  
     13  0.39  12.5  12.5  0.2    25     12.5                                  
     14  3.13  1.56  1.56  0.1    3.13   3.13                                  
     15  0.39  3.13  3.13  0.2    1.56   3.13                                  
     16  1.56  6.25  12.5  0.2    6.25   6.25                                  
     17  0.78  12.5  3.13  (0.1)  3.13   6.25                                  
     18  1.56  12.5  25    0.2    200    3.13                                  
     19  1.56  6.25  25    0.39   12.5   12.5                                  
     20  0.78  3.13  3.13  0.1    6.25   6.25                                  
     21  0.2   6.25  25    0.78   12.5   1.56                                  
     22  0.78  6.25  6.25  0.2    25     6.25                                  
     23  0.78  12.5  12.5  0.78   25     12.5                                  
     24  0.78  6.25  3.13  0.2    25     6.25                                  
     25  1.56  3.13  3.13  0.05   25     3.13                                  
     26  0.78  1.56  1.56  0.05   12.5   1.56                                  
     27  0.78  3.13  3.13  0.05   12.5   3.13                                  
     28  0.78  1.56  1.56  0.05   6.25   3.13                                  
     Com-                                                                      
     pound                                                                     
         0.78  100   50    0.39   50     50                                    
      A                                                                        
     Com-                                                                      
     pound                                                                     
         0.39  50    100   12.5   25     100                                   
      B                                                                        
     Car-                                                                      
     beni-                                                                     
         0.78  12.5  0.78  0.78   &gt;200   50                                    
     cillin                                                                    
     __________________________________________________________________________
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ABST
PAL  A process for producing an addition product of an epoxy compound with a
      reaction product of .epsilon.-caprolactam and an N-alkylalkylene diamine,
      as well as the addition product produced by the process. The process of
      using these addition products is to prevent the growth of microorganisms
      in industrial water, by incorporating into said industrial water an
      antimicrobially effective amount of said addition product, and optionally
      incorporating into said industrial water a sequestering agent comprising a
      water-soluble phosphonic acid which forms a complex with a divalent metal,
      a water-soluble salt of the acid and the mixtures thereof, with the weight
      ratio of sequestering agent to addition product being 1:10 to 10:1.
BSUM
PAC  THE PRIOR ART
PAR  Alkylamines and N-alkylalkylenediamines having alkyl of about 8 to 18
      carbon atoms are well known in the literature as having antimicrobial
      activity. However, they possess detrimental dermatological and
      toxicological properties which prevent their practical use on a large
      scale. Moreover, they are unsuitable for technological use because they
      are highly toxic to fish.
PAR  A considerably better physicological compatibility is shown by the products
      of the reaction of .epsilon.-caprolactam with N-alkylalkylenediamines used
      in a molar ratio of amine: lactam of 1 : 1 to 1 : 10 and when the amines
      have an alkyl of 10 - 18 carbon atoms. The efficacy of such reaction
      products against gram-positive and gram-negative bacteria, fungi and algae
      is excellent. The preparation of these compounds and their special use for
      water conservation is disclosed in U.S. patent application Ser. No.
      352,981 filed Apr. 20, 1973 (Eckert et al), now U.S. Pat. No. 3,892,806,
      and Ser. No. 352,941 filed Apr. 20, 1973 (Koppensteiner et al), now U.S.
      Pat. No. 3,874,869. However, these compounds are difficulty soluble and
      are not always dispersible to a sufficient extent in special systems, so
      that great difficulties for certain uses can occasionally arise. Moreover,
      a need has existed for a very effective, physiologically unobjectionable
      antimicrobial agent which at the same time, is readily soluble in aqueous
      systems; and therefore can be incorporated into many different systems.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of the present invention to provide adducts of ethylene
      oxide, propylene oxide, or glycidol and products of the reaction of
      .epsilon.-caprolactam with N-alkylalkylenediamines, as well as a process
      of producing these adducts.
PAR  It is another object of the present invention to provide a composition and
      a process for using said adducts to prevent the growth of microorganisms,
      and preferably in industrial water.
PAR  These and further objects of the invention will become apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention concerns adducts of ethylene oxide, propylene oxide,
      or glycidol and products of the reaction of .epsilon.-caprolactam with
      N-alkylalkylenediamines, their preparation, and their use as antimicrobial
      agents.
PAR  It has now been found that the above objects of this invention are
      satisfied by adducts of ethylene oxide, propylene oxide, or glycidol and
      compounds which are obtained by the reaction of .epsilon.-caprolactam with
      N-alkylalkylenediamines having the formula
      ##EQU1##
      in which R designates a straight-chained or branch-chained, saturated or
      unsaturated, aliphatic hydrocarbon residue having 8 to 18 carbon atoms,
      R.sub.1, designates hydrogen or an aliphatic hydrocarbon residue having 1
      to 4 carbon atoms, n is an integer from 2 to 6 preferably 3, and the molar
      ratio of the reaction component N-alkylalkylenediamine: reaction component
      .epsilon.-caprolactam is 1 : 1 to 1 : 10, the reaction of said diamine
      with said lactam being carried out for 3 to 20 hours at temperatures above
      180.degree.C, preferably at about 250.degree.C, and the molar ratio of
      N-alkylalkylenediamine to the compound containing the epoxy group is 1 :
      0.5 to 3, preferably, 1 : 1 to 2.
PAR  More particularly, the present invention provides an addition product of an
      epoxy compound selected from the group consisting of ethylene oxide,
      propylene oxide and glycidol with a reaction product of
      .epsilon.-caprolactam with an N-alkylalkylene diamine of the formula
      ##EQU2##
      wherein R is selected from the group consisting of alkyl having 8 to 18
      carbon atoms, hydroxyalkyl having 8 to 18 carbon atoms, alkenyl having 8
      to 18 carbon atoms, hydroxyalkenyl having 8 to 18 carbon atoms, alkadienyl
      having 8 to 18 carbon atoms, alkatrienyl having 8 to 18 carbon atoms, and
      mixtures of alkyl derived from fatty acid mixtures having 8 to 18 carbon
      atoms, R.sub.1 is a member selected from the group consisting of hydrogen
      and alkyl of 1 to 4 carbon atoms, and n is an integer from 2 to 6, with
      the molar ratio of N-alkylalkylene diamine to .epsilon.-caprolactam
      ranging from 1:1 to 1:10, said reaction being carried out for 3 to 20
      hours in the liquid phase at temperatures above 180.degree.C to produce
      said reaction product, and then reacting said reaction product with said
      epoxy compound where the amount of epoxy compound is selected so that the
      molar ratio between the N-alkylalkylene diamine charged in said reaction
      product to said epoxy compound ranges from 1:0.5 to 3 at a temperature of
      between 50.degree.C to 150.degree.C for a time effective to product said
      addition product.
PAR  The present invention is also directed to the method of preparing the
      above-described addition product by first preparing the above-mentioned
      reaction product of .epsilon.-caprolactam with said N-alkylalkylene
      diamine, and then reacting said reaction product with an epoxy compound
      selected from the group consisting of ethylene oxide, propylene oxide and
      glycidol; and recovering said addition product.
PAR  The present invention is further directed to an antimicrobial and algicidal
      composition active against gram-positive bacteria, gram-negative bacteria,
      fungi and algae consisting of from 0.1 to 5% by weight based upon the
      total weight of the above-described addition product; and the remainder of
      an inert carrier.
PAR  The present invention also provides a process for the prevention of the
      growth of microorganisms selected from the group consisting of
      gram-positive bacteria, gram-negative bacteria, fungi and algae which
      consists essentially of contacting said microorganisms with an amount
      effective to prevent the growth of said microorganisms of the
      above-described addition product, and preferably in an industrial water or
      service water environment.
PAR  The preferred preparation of the products of the reaction of
      .epsilon.-caprolactam with N-alkylalkylenediamines, is carried out by
      heating a melted mixture of the reaction components as defined by the
      desired ratio and using a temperature above 180.degree.C, preferably a
      temperature of about 250.degree.C, and a reaction time of between 3 to 20
      hours. By this method, the reaction products are obtained was water-clear,
      thinly liquid melts which are preferably used immediately following their
      preparation. Without any further purification these reaction products are
      caused to react with compounds containing epoxy groups to form the new
      products according to the invention.
PAR  The N-alkylalkylene diamines used as starting materials represent products
      that are known in the literature. They can be obtained, for example, by
      selective alkylation of corresponding diamines or by the reaction of alkyl
      amines with acrylonitrile and subsequent hydrogenation (Houben-Weyl,
      Methoden der Organischen, Chemie, 4th ed. vol. 11/1 p. 564; French patent
      1,351,793). Of particular importance as starting amines are the
      N-alkyl-1,3-propylene diamines, since the reaction products with
      .epsilon.-caprolactam produced from them have particularly valuable
      properties, and these amines are, on the other hand, readily available.
      These readily available diamines are substantially those whose alkyl
      radicals are preferably straight-chained, saturated or unsaturated, and
      whose alkyl radicals originate from the corresponding fatty acids, for
      example alkanoic acids of 8 to 18 carbon atoms such as lauric acid,
      myristic acid, palmitic acid and stearic acid; for example hydroxyalkanoic
      acids of 8 to 18 carbon atoms such as hydroxystearic acid; alkenoic acids
      of 8 to 18 carbon atoms such as oleic acid and palmitoleic acid;
      hydroxyalkenoic acids of 8 to 18 carbon atoms such as ricinoleic acid;
      alkadienoic acids of 8 to 18 carbon atoms such as linoleic acid;
      alkatrienoic acids of 8 to 18 carbon atoms such as linolenic acid; and
      mixtures of fatty acids of 8 to 18 carbon atoms, as they are obtained, for
      example from coconut fatty acid, tallow fatty acid, soybean oil, linseed
      oil, palm oil, rape seed oil, colza oil, fish and whale oils, as well as
      their hydrogenation products.
PAR  As far as the antimicrobial action is concerned those addition reaction
      products which have proved particularly effective are those derived from
      N-alkylalkylene diamines of the above-mentioned formula, whose alkyl
      radical R contains 10 to 14 carbon atoms and wherein R.sub.1 is hydrogen.
      Furthermore it was found advantageous as far as the antimicrobial action
      is concerned, if the molar ratio of N-alkylalkylene diamine to
      .epsilon.-caprolactam in these reaction products is preferably 1:1 to 1:5,
      and especially 1:1 to 1:3. As mentioned above, those addition reaction
      products which are of particular importance are those derived from
      N-alkylalkylene diamines, where n = 3; that is, from N-alkyl-1,3-propylene
      diamines, having the formula
EQU  RHN--(CH.sub.2).sub.3 -- NH.sub.2
PAL  wherein R has the above-defined meanings.
PAR  Suitable examples of reaction products for the addition of ethylene oxide,
      propylene oxide or glycidol include the reaction products of
      .epsilon.-caprolactam with the following N-alkylalkylene diamines in the
      indicated molar ratio:
PA1  N-dodecyl-1,2-ethylene diamine 5:1,
PA1  N-coconut fatty alkyl-1,2-ethylene diamine 3:1,
PA1  N-dodecyl-N-ethyl-1,3-propylene diamine 3:1,
PA1  N-decyl-1,4-butylene diamine 2:1,
PA1  N-tallow fatty alkyl-1,4-butylene diamine 10:1,
PA1  N-dodecyl-1,5-pentylene diamine 5:1,
PA1  N-tetradecyl-1,6-hexylene diamine 3:1 and
PA1  N-hexadecyl-1,6-hexylene diamine 4:1.
PAR  Preferred are those with N-decyl-1,3-propylene diamine 3:1,
PA1  N-dodecyl-1,3-propylene diamine 1:1,
PA1  N-dodecyl-1,3-propylene diamine 2:1,
PA1  N-dodecyl-1,3-propylene diamine 4:1,
PA1  N-dodecyl-1,3-propylene diamine 5:1,
PA1  N-coconut fatty alkyl-1,3-propylene diamine 3:1,
PA1  N-coconut fatty alkyl-1,3-propylene diamine 1:1,
PA1  N-coconut fatty alkyl-1,3-propylene diamine 2:1,
PA1  N-tetradecyl-1,3-propylene diamine 3:1,
PA1  N-hexadecyl-1,3-propylene diamine 3:1,
PA1  N-octadecyl-1,3-propylene diamine 3:1,
PA1  N-tallow fatty alkyl-1,3-propylene diamine 3:1 and
PA1  N-hardened tallow fatty alkyl-1,3-propylene diamine 3:1.
PAR  The above-named products of the reaction of .epsilon.-caprolactam with
      N-alkylalkylenediamine are further reacted with ethylene oxide, propylene
      oxide, or glycidol in a known manner using elevated temperatures ranging
      from 50.degree. to 150.degree.C. For the economical preparation of the
      addition products according to the invention, it has been found
      advantageous to carry out the addition reaction immediately after the
      products of the reaction of .epsilon.-caprolactam with
      N-alkylalkylenediamine have been prepared and to use them without further
      purification. The ratio of quantities of the reaction components is so
      chosen that the molar ratio of N-alkylalkylenediamine in the reaction
      product to ethylene oxide, propylene oxide, or glycidol is 1 : 0.5 to 3,
      preferably 1 : 1 to 2.
PAR  The addition products prepared according to the invention are colorless,
      pasty to highly viscous masses, which are satisfactorily soluble in water
      and in organic solvents, such as, for example, in alcohols, ketones,
      esters, and/or chlorinated hydrocarbons.
PAR  When equimolar amounts of acids, such as inorganic acids, for example
      sulfuric acid or phosphoric acid or such as organic acids for example
      formic acid, acetic acid, lactic acid, tartaric acid or citric acid are
      added after the reaction, it is possible to prepare the corresponding acid
      addition salts of the epoxy addition products according to the invention.
      These acid addition salts possess good water-solubility.
PAR  The addition products according to the invention show very good
      microbiostatic and microbiocidal activity with respect to gram-positive
      bacteria, gram-negative bacteria, fungi, and also show a good inhibitory
      effect upon algae. These addition products are excellently suitable for
      solving various technical problems of disinfection and conservation
      because of their excellent dermal tolerance and their very low toxicity.
      Examples for such potential applications are the use as disinfectants in
      household cleaners, in industrial cleaners for foodstuff factories,
      dairies, breweries, in disinfectants for hospital areas; the use for
      disinfection in customary laundry processes and in dry-cleaning; the use
      as preservative for cosmetics and adhesives based on cellulose, starch,
      and animal protein; the use as preservative for dispersion dye-stuffs,
      metal-working oils, and service water for many different purposes, such as
      for example, in coolant circuits, swimming poools, scrubbers for air
      conditioning installations and another example is the use as a deodorant
      in deodorant soaps.
PAR  For use as antimicrobial agents, the epoxy addition products according to
      the invention can be incorporated into liquid, pasty, or solid
      preparations. For this application, the amount of these products used may
      vary from 0.1% to 5% by weight, preferably 0.5% to 3% by weight based on
      the total weight. For use in the preservation of industrial water, an
      amount is used such that 0.5 to 50 mgm, preferably 1 to 10 mgm, of an
      epoxy addition product according to the invention is charged per liter of
      the industrial water or service water to be treated. When the substances
      according to the invention are to be packaged for the various
      applications, they can be combined with other additives, such as
      surface-active agents, water softeners, rust preventatives,
      complex-formers, thickeners, bases, acids, perfumes, foam inhibitors,
      solvents and others.
PAR  The addition products according to the invention for the preservation of
      industrial water and service water are advantageously utilized in
      combination with phosphonic acids or their water-soluble salts serving as
      sequestering agents, or complex-forming materials.
PAR  Preferred are the phosphonic acids which form complexes with divalent
      metals, and having the following formulae:
      ##EQU3##
      in which R.sub.2 represents phenyl or alkyl of 1 to 5 carbon atoms;
      ##EQU4##
      in which R.sub.3 and R.sub.4 each represent hydrogen or alkyl of 1 to 4
      carbon atoms, R.sub.5 represents hydrogen, alkyl of 1 to 4 carbon atoms,
      or phenyl;
      ##EQU5##
      in which X and Y each represent hydrogen or an alkyl of 1 to 4 carbon
      atoms, R.sub.6 represents --PO.sub.3 H.sub.2 or a group of the formula:
      ##EQU6##
      in which X and Y each have the above-defined meaning; and
      ##EQU7##
      in which R.sub.7 represents hydrogen, methyl or --CH.sub.2 --CH.sub.2
      --COOH. 1,1
PAR  Suitable examples of 1-hydroxyalkane-1,1-diphosphonic acids of formula I
      which may be used are 1-hydroxyethane-1,1-diphosphonic acid,
      1-hydroxypropane-1, 1-diphosphonic acid, 1-hydroxybutane-1,1-diphosphonic
      acid, 1-hydroxypentane-1,1-diphosphonic acid,
      1-hydroxyhexane-1,1-diphosphonic acid, as well as
      1-hydroxy-1-phenylmethane-1,1-diphosphonic acid; and the
      1-hydroxyethane-1,1-diphosphonic acid is preferred. Suitable examples of
      1-aminoalkane-1,1 -diphosphonic acids of formula II are
      1-aminoethane-1,1-diphosphonic acid,
      1-amino-1-phenylmethane-1,1-diphosphonic acid,
      1-dimethylaminoethane-1,1-diphosphonic acid,
      1-dimethylaminobutane-1,1-diphosphonic acid,
      1-diethylaminomethane-1,1-diphosphonic acid,
      1-propyl-aminomethane-1,1-diphosphonic acid, and
      1-butyl-aminomethane-1,1-diphosphonic acid.
PAR  Suitable examples of aminopolymethylene phosphonic acids of the formula III
      include aminotrimethylenephosphonic acid,
      ethylenediaminotetramethylenephosphonic acid,
      diethylenetriaminopentamethylenephosphonic acid,
      aminotri(2-propylene-2-phosphonic acid).
PAR  Suitable examples of phosphono succinic acids of formula IV include
      phosphonosuccinic acid, 1-phosphono-1-methylsuccinic acid and
      2-phosphonobutane-1,2,4-tricarboxylic acid.
PAR  Instead of the phosphonic acids mentioned above, their water-soluble salts
      may also be used, such as alkali metal salts especially the sodium salt or
      potassium salt, as well as the ammonium salts, or the lower alkanolamine
      salts, for example triethanolamine salt. The phosphonic acids or their
      water-soluble salts may be used singly or in mixtures thereof.
      Particularly suitable is a mixture of 1-hydroxyethane-1,1-diphosphonic
      acid and aminotrimethylene phosphonic acid in a weight ratio of 4:1 to
      1:4.
PAR  The phosphonic acids or their water-soluble salts are added to the
      antimicrobial agents in such an amount that these agents contain per liter
      of the industrial water or service water to be treated from 0.2 mgm up to
      1.5 times the amount that is necessary for the complete sequestration of
      the hardness former ions found in the treated water.
PAR  It has been found that the above described combination of the phosphonic
      acid component with the biocide component has a number of advantages. The
      weight ratio between the phosphonic acid component and biocide component
      can vary between 1:10 and 10:1. Preferably, however, a weight ratio of 3:1
      to 1:3 is used. The water to be treated with the agents according to the
      invention should have a content of phosphonic acid between 0.2 and 20
      gm/m.sup.3 and a content of biocide between 0.5 and 50 gm/m.sup.3.
PAR  Suitable corrosion inhibitors include water-soluble orthophosphates, for
      example mono-, di- or trialkali metal orthophosphates. Furthermore
      water-soluble zinc salts, for example zinc sulfate or zinc nitrate can be
      used, which are added instead of the orthophosphates, but perferably
      simultaneously with the orthophosphates. Other inhibitors which can be
      added, if desired, are alkali metal nitrites, such as potassium nitrite or
      particularly sodium nitrite. An addition of alkali metal silicates, such
      as potassium silicate or sodium silicate is also possible. The inhibitors
      are added in amounts of from 0.5 to 200 mgm/liter, preferably 1 to 50
      mgm/liter. The individual additives can be processed into solid mixtures.
      But it is also possible to produce solutions therefrom which are then
      added to the water in the desired amount. It is also possible to regulate
      the pH of these products, either by adding an alkali metal hydroxide, such
      as sodium hydroxide, or by selecting a suitable mono-, di-, or tri-alkali
      metal orthophosphate, so that a certain pH range of the treated water can
      be achieved at the same time.
PAR  The unexpected advantages of the combination of the above described
      biocides with the phosphonic acid components consist among others in the
      increased synergistic attack of the biocide on the biological material and
      the microorganisms. This leads to a very rapid degradation of their
      growth. The dispersing action of the phosphonic acids as well as their
      corrosion and rust preventative effects are reciprocally enhanced by the
      biocide components. Due to the very low dosages both of the phosphonic
      acid component and of the biocide component, the outlet drain emits a
      minimum amount of these components. Due to the absorption of the biocide
      component by the biological material, the content of harmful substances
      discharged by the outlet drain is further decreased. In addition, the
      biocide component is biologically degradable after being discharged and
      correspondingly diluted.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE 1
PAR  For the tests of antimicrobial and algicidal activity a series of addition
      products according to the invention was prepared by the following process.
      A mixture of .epsilon.-caprolactam and N-alkyl-1,3-propanediamine in the
      intended mol ratio was heated to 250.degree.C and stirred vigorously under
      an atmosphere of dried nitrogen. The mixture was then left standing at
      this temperature for 3 to 20 hours. After the reaction had been completed,
      the resulting water-clear thinly liquid melt was cooled to 150.degree.C
      transferred to an autoclave, reacted with the intended amount of ethylene
      oxide or propylene oxide at 100.degree.C to 130.degree.C, and after
      further stirring for 2 to 3 hours at this temperature, the reaction
      mixture was allowed to cool.
PAR  In the case of reaction with glycidol, the melt was cooled to 80.degree.C
      reacted with the intended amount of glycidol within 30 to 60 minutes,
      while keeping the temperature from exceeding 85.degree.C. Then, stirring
      was continued at 80.degree.C for 2 hours, followed by cooling.
PAR  The addtion products thus prepared are colorless, pasty masses.
PAR  In the following Table I, the products thus prepared are characterized by
      their alkyl residue; the ratio of N-alkyl-1,3-propylenediamine to
      .epsilon.-caprolactam; the reaction time for the preparation of the
      reaction product; the number of mols of ethylene oxide (EO), propylene
      oxide (PO), or glycidol (G) per mol of N-alkylalkylenediamine; and the %
      nitrogen in the product.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                  N-Alkyl-1,3-  Mol Epoxy                                      
                  Propylenediamine                                             
                           Reaction                                            
                                Compound                                       
                  .epsilon.-Caprolactam                                        
                           Time per Mol                                        
                                       N.sub.Titr.                             
     Compound                                                                  
           Alkyl  Ratio    Hours                                               
                                Amine  %                                       
     __________________________________________________________________________
     A     Decyl  1:3      20   1 Mol EO                                       
                                       4.45                                    
     B     Dodecyl                                                             
                  1:1      5    1 Mol PO                                       
                                       6.55                                    
     C     Dodecyl                                                             
                   1:1.5   5    1 Mol G                                        
                                       5.50                                    
     D     Dodecyl                                                             
                  1:2      5    1 Mol EO                                       
                                       4.88                                    
     E     Dodecyl                                                             
                  1:2      5    2 Mol EO                                       
                                       4.63                                    
     F     Dodecyl                                                             
                  1:2      5    3 Mol EO                                       
                                       4.29                                    
     G     Dodecyl                                                             
                  1:2      5    1 Mol PO                                       
                                       4.61                                    
     H     Dodecyl                                                             
                  1:2      5    2 Mol PO                                       
                                       4.32                                    
     J     Dodecyl                                                             
                  1:2      5    3 Mol PO                                       
                                       3.94                                    
     K     Dodecyl                                                             
                  1:2      5    1 Mol G                                        
                                       4.40                                    
     L     Dodecyl                                                             
                  1:2      5    2 Mol G                                        
                                       3.68                                    
     M     Dodecyl                                                             
                  1:2      5    3 Mol G                                        
                                       3.30                                    
     N     Dodecyl                                                             
                  1:3      5    1 Mol EO                                       
                                       4.39                                    
     O     Dodecyl                                                             
                  1:3      5    2 Mol EO                                       
                                       4.10                                    
     P     Dodecyl                                                             
                  1:3      5    1 Mol PO                                       
                                       4.28                                    
     Q     Dodecyl                                                             
                  1:3      5    2 Mol PO                                       
                                       4.22                                    
     R     Dodecyl                                                             
                  1:3      5    3 Mol PO                                       
                                       4.06                                    
     S     Dodecyl                                                             
                  1:3      5    1 Mol G                                        
                                       4.10                                    
     T     Dodecyl                                                             
                  1:3      5    2 Mol G                                        
                                       3.79                                    
     U     Dodecyl                                                             
                  1:3      5    3 Mol G                                        
                                       3.39                                    
     V     Dodecyl                                                             
                  1:5      20   0.5 Mol EO                                     
                                       3.26                                    
     W     Coconut                                                             
           Fatty alkyl                                                         
                  1:3      20   1 Mol EO                                       
                                       4.19                                    
     X     Tetradecyl                                                          
                  1:3      20   1 Mol PO                                       
                                       4.20                                    
     Y     Tallow                                                              
           Fatty alkyl                                                         
                  1:3      20   1 Mol EO                                       
                                       3.41                                    
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  The antimicrobial activity of adducts of epoxy compounds and the reaction
      products of .epsilon.-caprolactam with N-alkyl-1,3-propylenediamines
      listed in Table I above was determined by measuring each product's
      inhibiting effect on the following test bacteria, fungi and organisms in
      contaminated industrial water;
PA1  1. Staphylococcus aureus 5 .times. 10.sup.7 organisms per ml
PA1  2. Escherichia coli 4 .times. 10.sup.7 organisms per ml
PA1  3. Pseudomonas aeruginosa 4 .times. 10.sup.7 organisms per ml
PA1  4. Candida albicans 2 .times. 10.sup.6 organisms per ml
PA1  5. Aspergillus niger 9 .times. 10.sup.5 organisms per ml
PA1  6. Aerobacter aerogenus 5 .times. 10.sup.7 organisms per ml
PA1  7. Fusarium spec. 2 .times. 10.sup.4 organisms per ml
PA1  8. Mixture of contaminated industrial water from 3 cooling towers
PA1  9. Mixture of contaminated industrial water from 3 wash towers of air
      conditioning installations.
PAR  The inhibiting concentrations of the individual substances were determined
      using the so-called dilution test for determining the microbiostatic
      effect as described in the method for testing chemical disinfectants by
      the German Society for Hygiene and Microbiology (1959), under the methods
      of preliminary evaluations of such materials, and can be used to advantage
      in different tests not utilizing the liquid nutrient media stated in the
      said directives. The advantage of solid nutrient media is obvious,
      particularly when testing the efficacy of substances with respect to
      fungi.
PAR  The tests were carried out in test tubes which were filled with Merck
      Standard I broth or with beer wort (8.degree. Be) in a dilution of 1:5
      with tap water. After adding the active substance, the nutrient solution
      volume in the test tube was 10 ml. Subsequently the tubes were inoculated
      with 0.1 ml of the test organism suspension. The inoculated tubes were
      incubated in the case of bacteria for 3 days at 37.degree.C and in the
      case of fungi for 6 days at 30.degree.C in the incubator. Subsequently it
      was determined which substance concentration added to the nutrient medium
      could just inhibit completely the growth of the germs. This value was
      called the minimum inhibiting concentration. The tests were carried out
      with the following concentration levels; and the results were compiled
      below in Table II as follows: 5,000 ppm, 2,500 ppm, 1,000 ppm, 750 ppm,
      500 ppm, 250 ppm, 100 ppm, 50 ppm, 25 ppm, 10 ppm, 7.5 ppm, 5 ppm, 2.5
      ppm, and 1 ppm.
TBL                                    TABLE II                                
     __________________________________________________________________________
           Inhibiting concentrations in ppm for Compound A to Y                
     Compound                                                                  
           Test organism or test product used                                  
     __________________________________________________________________________
           1  2  3  4  5  6  7  8  9                                           
     A     50 25 100                                                           
                    250                                                        
                       250                                                     
                          25 100                                               
                                25 25                                          
     B     10 10 25 50 50 10 10 5  5                                           
     C     10 10 25 100                                                        
                       -- 25 25 10 10                                          
     D     10 10 25 50 50 10 25 7.5                                            
                                   7.5                                         
     E     50 50 50 250                                                        
                       100                                                     
                          25 50 10 10                                          
     F     50 50 100                                                           
                    250                                                        
                       100                                                     
                          50 50 25 25                                          
     G     5  5  100                                                           
                    50 50 10 10 7.5                                            
                                   7.5                                         
     H     10 5  100                                                           
                    250                                                        
                       -- 10 25 10 10                                          
     J     50 50 250                                                           
                    500                                                        
                       -- 50 25 10 10                                          
     K     10 10 50 100                                                        
                       100                                                     
                          25 25 10 10                                          
     L     50 10 250                                                           
                    250                                                        
                       -- 100                                                  
                             50 25 25                                          
     M     100                                                                 
              50 500                                                           
                    250                                                        
                       -- 100                                                  
                             250                                               
                                50 50                                          
     N     50 10 50 50 100                                                     
                          50 50 10 10                                          
     O     50 50 100                                                           
                    100                                                        
                       250                                                     
                          100                                                  
                             50 25 25                                          
     P     10 10 100                                                           
                    100                                                        
                       100                                                     
                          50 25 10 10                                          
     Q     50 50 500                                                           
                    250                                                        
                       100                                                     
                          50 50 10 25                                          
     R     50 10 500                                                           
                    250                                                        
                       250                                                     
                          100                                                  
                             100                                               
                                25 25                                          
     S     10 10 50 100                                                        
                       250                                                     
                          100                                                  
                             50 10 10                                          
     T     50 50 250                                                           
                    250                                                        
                       -- 250                                                  
                             50 25 25                                          
     U     100                                                                 
              50 1000                                                          
                    250                                                        
                       -- 250                                                  
                             250                                               
                                50 50                                          
     V     10 25 100                                                           
                    500                                                        
                       -- 25 25 10 10                                          
     W     25 50 250                                                           
                    100                                                        
                       100                                                     
                          25 50 25 25                                          
     X     10 50 100                                                           
                    100                                                        
                       -- -- 50 50 50                                          
     Y     50 100                                                              
                 500                                                           
                    250                                                        
                       500                                                     
                          -- -- 100                                            
                                   100                                         
     __________________________________________________________________________
PAR  The "--" sign indicates that no tests were conducted.
PAR  This table shows the unexpectedly superior inhibiting effect of the active
      substances according to the invention on bacteria and fungi.
PAC  EXAMPLE 3
PAR  The microbiocidal activity of some of the addition products listed in
      Example 1 was determined by means of the suspension test. The procedure
      for this testing method is described in the method for the testing of
      chemical disinfectants published by the German Society for Hygiene and
      Microbiology (1959), under the methods of preliminary evaluations of such
      materials. According to these procedures 0.1 ml test organism suspension
      of the following bacteria and fungi were pipetted into test tubes at a
      temperature of 18.degree.C to 21.degree.C.
PA1  1. staphylococcus aureus 5 .times. 10.sup.7 organisms per ml
PA1  2. Escherichia coli 4 .times. 10.sup.7 organisms per ml
PA1  3. Pseudomonas aeruginosa 4 .times. 10.sup.7 organisms per ml
PAR  Each 0.1 ml portion of the above test organism suspensions was diluted to
      10 ml with tap water containing the products of the invention to be tested
      (16.degree. German hardness). The concentrations of the products according
      to the invention were 100 ppm, 250 ppm and 500 ppm in each case. After
      reaction times of 1, 2.5, 5, 10, 20, 30 and 60 minutes a dropper-full of
      material was taken from the test tubes and pipetted into 10 ml nutrient
      solution which contained 3% Tween 80 and 0.3% lecithin as de-inhibitors.
      The nutrient solutions inoculated with bacteria were incubated at
      37.degree.C while those inoculated with fungi were incubated at
      30.degree.C in an incubator. After 6 days the cultures were evaluated
      macroscopically for growth of the test organisms; and the sterilization
      times were then determined. The results are complied in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Sterilization times of the products according to the invention            
     with regard to the various test organisms, in minutes:                    
                 Concentration of the Products                                 
                 in Tap Water                                                  
     Compound Organism 100 ppm   250 ppm 500 ppm                               
     ______________________________________                                    
              1        5         2.5     2.5                                   
     D        2        --        --      --                                    
              3        40        40      10                                    
              1        2.5       2.5     2.5                                   
     G        2        5         5       2.5                                   
              3        10        5       2.5                                   
              1        2.5       2.5     2.5                                   
     K        2        20        5       5                                     
              3        10        5       5                                     
              1        5         2.5     2.5                                   
     N        2        60        10      5                                     
              3        &gt;120      40      10                                    
              1        2.5       2.5     2.5                                   
     P        2        2.5       2.5     2.5                                   
              3        10        5       5                                     
     ______________________________________                                    
PAR  The "--" indicates that no tests were conducted.
PAR  The foregoing table clearly indicates the unexpectedly superior
      sterilization activity of the addition products according to the invention
      with regard to gram-positive bacteria and gram-negative bacteria.
PAC  EXAMPLE 4
PAR  The inhibiting activity on algae was determined in cylindrical vessels
      under intensive aeration. Into the vessels were charged 100 ml of a
      nutrient solution mixed with increasing amounts of active substances and 4
      ml of a mixed suspension of Scenedesmus obliquus and Chlorella vulgaris.
PAR  The nutrient solution had the following composition:
TBL  ammonium chloride       0.1     gm                                        
     sodium nitrate          1.0     gm                                        
     dipotassium hydrogen phosphate                                            
                             0.25    gm                                        
     crystalline magnesium sulfate                                             
                             0.5     gm                                        
     calcium chloride        0.1     gm                                        
     ferric chloride         0.003   gm                                        
PAL  per 1,000 ml of distilled water. The pH of the nutrient solution was 7.2.
      The tests were carried out with the following concentration levels of
      active substance: 10 ppm, 5 ppm, 2.5 ppm, 2 ppm, 1.5 ppm, 1 ppm, 0.75 ppm,
      0.5 ppm and 0.25 ppm. The minimum inhibiting concentrations determined in
      the tests after 7 days were compiled in Table IV.
TBL                TABLE IV                                                    
     ______________________________________                                    
                Inhibition of the algae growth                                 
     Compound   Inhibiting concentration in ppm                                
     ______________________________________                                    
     B          0.75                                                           
     D          1                                                              
     E          1.5                                                            
     G          1                                                              
     K          2.5                                                            
     N          1.5                                                            
     P          1                                                              
     W          2.5                                                            
     X          5                                                              
     ______________________________________                                    
PAR  Thus Table IV indicates that the active substances according to the
      invention have an unexpectedly superior inhibiting activity on the growth
      of algae.
PAC  EXAMPLE 5
PAC  Inhibition of the growth of sulfate-reducing bacteria
PAR  The inhibiting concentrations were determined in 50 ml bottles provided
      with a screwcap. The bottles were charged with an optimum nutrient
      solution for the growth of sulfate-reducing bacteria of the following
      composition:
TBL  Sodium lactate         4.0 gm                                             
     Yeast extract          1.0 gm                                             
     Ascorbic acid          0.1 gm                                             
     Crystalline magnesium sulfate                                             
                            0.5 gm                                             
     Dipotassium hydrogen phosphate                                            
                            0.2 gm                                             
     Ammonium ferric alum   0.1 gm                                             
     Sodium chloride        2  gm                                              
PAL  per 1,000 ml of distilled water. The pH of the nutrient solution was 7.4.
      After adding the active substances to be tested in the various
      concentrations, the mixture was inoculated with 1 ml of a pure culture of
PAR  Desulfovibrio desulfuricans 6 .times. 10.sup.5 organisms per ml and then
      incubated for 4 weeks at 37.degree.C in an incubator. The tests were
      carried out with the following concentrations levels: 100 ppm, 50 ppm, 40
      ppm, 30 ppm, 20 ppm, 10 ppm, 5 ppm, 2.5 ppm and 1 ppm.
PAR  In this test the following minimum inhibiting concentrations were
      determined for the various addition products of the invention; and the
      results were compiled in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
     Inhibition of the growth of desulfovibrio                                 
     desulfuricans                                                             
     Compound   Inhibiting concentration in ppm                                
     ______________________________________                                    
     B          2.5                                                            
     D          5                                                              
     E          10                                                             
     G          2.5                                                            
     K          10                                                             
     N          10                                                             
     W          20                                                             
     ______________________________________                                    
PAR  This test indicates the unexpectedly superior activity of the substances
      according to the invention as regarding inhibiting the growth of
      sulfate-reducing bacteria.
PAC  EXAMPLE 6
PAR  The cooling cycle of a steam power plant with a volume of 6,000 m.sup.3 and
      an hourly supply of 150 m.sup.3, as well as a circulation of 11,000
      m.sup.3 /h having about 3-fold concentration was treated for 6 months with
      a mixture of 1-hydroxyethane-1,1-diphosphonic acid and aminotrimethylene
      phosphonic acid in a weight ratio of 1:1. The amount of the mixture added
      was 4 gm/m.sup.3. Despite a good anticorrosive action and the prevention
      of boiler scale calcium deposition, serious difficulties always occurred
      and resulted from the growth on the condenser of slime-forming bacteria.
      Consequently an additional dose of 5 gm/m.sup.3 of a product of the
      addition of 1 mol ethylene oxide to a product prepared by the reaction of
      N-dodecyl-1,3-propylenediamine with .epsilon.-caprolactam in a molar ratio
      of 1:2 (Product D). When this combination of an addition product of the
      invention and the phosphonic acids were added, the difficulties in the
      coolant circuit were completely removed by their combined activity. There
      was no increase in the degree of hardness of the coolant water, and there
      was no bacterial growth.
PAC  EXAMPLE 7
PAR  In order to demonstrate that the addition products according to the
      invention possess good physiological compatability as compared with
      N-alkylalkylenediamines, the toxicological properties of the following
      products were tested:
PA1  Prior art product: Dodecyl-1,3-propylenediamine
PA1  Product D in Table I: Product of addition of 1 mol ethylene oxide to 1 mol
      of a product prepared by the reaction of dodecyl-1,3-propylenediamine with
      .epsilon.-caprolactam in a mole ratio of 1:2.
PAR  The following details of the tests conducted are reported:
PA1  1. The dermal tolerance of the hairless mouse was determined by treatment
      with 1% preparations in olive oil. (10 animals).
PA1  2. The mucocutaneous tolerance of the eye of the rabbit was determined by
      treatment with 1% preparations in olive oil.
PA1  3. For determination of the fish toxicity LC.sub.o, "Goldorfen" (Idus idus
      melanotus Heck) was chosen.
PAR  The results obtained in these tests were reported in the following Table
      VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
     Results of the Toxicological Tests                                        
     __________________________________________________________________________
     Test No.                                                                  
             Prior Art Product                                                 
                              Product D                                        
     __________________________________________________________________________
     1     5 Treatments (once daily)                                           
                           10 Treatments (twice                                
           gave the following results:                                         
                           daily) gave the                                     
                           following results:                                  
           2 Skin spots, light irrita-                                         
           tions           All animals, no find-                               
           3 Skin spots, distinct irri-                                        
                           ings of skin irrita-                                
           tations         tion.                                               
           2 Skin spots with strong                                            
           weeping eczema                                                      
     2     Heavy conjunctival reaction                                         
                           Slight conjunctival                                 
           which even after 8 days had                                         
                           reaction after 2 hours,                             
           not entirely attenuated; me-                                        
                           was not detectable                                  
           dium strong irritations of                                          
                           after 6 hours.                                      
           cornea and iris.                                                    
     3     0.15 ppm        1.5 ppm                                             
     __________________________________________________________________________
PAR  The results in Table VI indicate the unexpectedly superior physiological
      compatability of the products according to the invention.
PAR  The following examples illustrate further utility for the addition products
      according to the invention without being deemed limitative in any manner
      thereof.
PAC  EXAMPLE 8
PAC  Preparation of a Packaged Addition Product
PAR  Under an inert nitrogen atmosphere, 242 gm (1 mol) of
      N-dodecyl-1,3-propylenediamine and 226 gm (2 mols) of
      .epsilon.-caprolactam were stirred at 230.degree.C - 250.degree.C for 5
      hours. Then, the melt which had been cooled to 150.degree.C was emptied
      into an autoclave; 44 gm (1 mol) of ethylene oxide were added at
      100.degree.C - 130.degree.C and stirring was continued at this temperature
      for additional 2 to 3 hours. After the melt had been cooled to
      100.degree.C it was drawn off and upon further cooling, a colorless, pasty
      mass resulted. Into 100 parts by weight of the melt which had been cooled
      to about 80.degree.C, 25 parts by weight of glacial acetic acid were
      stirred therein in such a manner that the temperature did not exceed
      100.degree.C. After the total amount of acetic acid had been added, 275
      parts of de-ionized water were added. The resulting pale-yellow solution
      was suitable as stock solution for incorporation into various products.
PAC  EXAMPLE 9
PAC  Prewashing Agent with Simultaneous Antimicrobial Activity
PAR  A preliminary washing agent having antimicrobial activity was prepared from
      the following recipe by known procedures:
PA1  8.0 parts by weight of olefinsulfonate,
PA1  4.0 parts by weight of soap,
PA1  0.3 parts by weight of foam inhibitor,
PA1  36.0 parts by weight of Na.sub.4 P.sub.2 O.sub.7,
PA1  7.5 parts by weight of NaOH,
PA1  10.2 parts by weight of Na.sub.2 SO.sub.4, and
PA1  4.0 parts by weight of Addition Product D.
PAC  EXAMPLE 10
PAC  Antimicrobial Detergent for Laundries
PAR  An antimicrobial detergent for laundries was prepared from the following
      recipe by known procedures:
PA1  25 parts by weight of fatty alcohol sulfate,
PA1  35 parts by weight of Na.sub.5 P.sub.3 O.sub.10,
PA1  7 parts by weight of Na.sub.2 CO.sub.3,
PA1  15 parts by weight of Na.sub.2 SO.sub.4,
PA1  5 parts by weight of Na.sub.2 O -- 3.3 SiO.sub.2,
PA1  1 part by weight of carboxymethyl cellulose,
PA1  2 parts by weight of Addition Product B, and
PA1  10 parts by weight of pentasodium aminotrimethylene phosphonate.
PAC  EXAMPLE 11
PAC  Antimicrobial Acidic Detergent for the Beverage Industry
PAR  An antimicrobial acidic detergent for the beverage industry was prepared
      from the following recipe by known procedures:
TBL  Phosphoric acid (80%)                                                     
                        50     parts by weight,                                
     Nonylphenol + 9 EO 4      parts by weight,                                
     1-Hydroxyethane-1,1-diphospho-                                            
                        5      parts by weight,                                
     nic Acid                                                                  
     Addition Product G 1      part by weight, and                             
     Water              40     parts by weight.                                
PAC  EXAMPLE 12
PAC  Antimicrobial Light Duty Detergent
PAR  An antimicrobial light duty detergent was prepared from the following
      recipe by known procedures:
TBL  Dodecylbenzene sulfonate                                                  
                       30.0     parts by weight,                               
     Toluene sulfonate 2.0      parts by weight,                               
     Sodium Coco-Fatty Alcohol                                                 
                       8.0      parts by weight,                               
      Sulfate                                                                  
     Sodium Sulfate    30.0     parts by weight,                               
     Sodium Carboxymethyl                                                      
                       1.0      parts by weight,                               
      Cellulose                                                                
     Addition Product K                                                        
                       4.0      parts by weight,                               
                                and                                            
     Water             25.0     parts by weight.                               
PAR  The addition products according to the invention can be also used as
      antimicrobial substances in dry-cleaning mixtures based on organic
      solvents having a small content of water. For the addition to the cleaning
      mixtures of the addition products A to Y, concentrations of 1 to 10
      gm/liter are used. Customarily, the activators of the cleaning power based
      on anionic or non-ionic surface-active agents are added in the form of
      concentrates which contain not only the surface-active agents but also
      contain solvents such as chlorinated hydrocarbons or mineral oil and, if
      necessary, dissolving intermediaries, such as, for example, isopropanol
      and water. The addition products of the invention can be incorporated into
      these concentrates and dosed together with the activator for the cleaning
      power. In dry-cleaning, so much water is added to the cleaning mixtures
      that during the cleaning process, the relative humidity in the steam space
      over the mixture amounts to at least 70%.
PAR  The addition products of the invention can be not only used in detergents
      to obtain antimicrobial activity of the detergents, but can also be
      utilized as preservatives for cosmetics, starch pastes, glues, dispersion
      dyestuffs, cutting and boring oils, and the like.
PAR  For this purpose, an addition of 0.1% to 2% by weight, based on the product
      to be preserved, is generally sufficient.
PAC  EXAMPLE 13
PAR  An important field of application for the addition products according to
      the invention is in the conservation of industrial water and process
      water. An additive suitable for this purpose has the following
      composition:
TBL  Stock solution of the acetate                                             
     of Product D                                                              
     prepared using a procedure analogous                                      
                          300 parts by weight,                                 
     to that described in Example 8                                            
     Sodium salt of 1-hydroxyethane                                            
                           15 parts by weight,                                 
     1,1-diphosphonic acid                                                     
     Sodium salt of aminotrimethyl-                                            
                           15 parts by weight,                                 
     lene phosphonic acid and                                                  
     De-ionized water                                                          
     was added to produce a total of 1000 parts by weight.                     
PAR  100 cm.sup.3 of this solution is used per m.sup.3 of the industrial water
      to be preserved, such as, for instance, the cooling water for cooling
      towers of air conditioners.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An addition product of an epoxy compound selected from the group
      consisting of ethylene oxide, propylene oxide and glycidol with a reaction
      product of .epsilon.-caprolactam with an N-alkylalkylenediamine of the
      formula
      ##EQU8##
      wherein R is selected from the group consisting of alkyl having 8 to 18
      carbon atoms, hydroxyalkyl having 8 to 18 carbon atoms, alkenyl having 8
      to 18 carbon atoms, hydroxyalkenyl having 8 to 18 carbon atoms, alkadienyl
      having 8 to 18 carbon atoms, alkatrienyl having 8 to 18 carbon atoms, and
      mixtures of alkyl derived from fatty acid mixtures having 8 to 18 carbon
      atoms, R.sub.1 is a member selected from the group consisting of hydrogen
      and alkyl of 1 to 4 carbon atoms, and n is the integer 3, with the molar
      ratio of N-alkylalkylenediamine to .epsilon.-caprolactam ranging from 1:1
      to 1:10, said reaction being carried out for 3 to 20 hours in the liquid
      phase at temperatures above 180.degree.C to produce said reaction product,
      and then reacting said reaction product with said epoxy compound where the
      amount of epoxy compound is selected so that the molar ratio between the
      N-alkylalkylene diamine charged in said reaction product to said epoxy
      compound ranges from 1:0.5 to 3 at a temperature of between 50.degree.C to
      150.degree.C for a time effective to produce said addition product.
NUM  2.
PAR  2. The addition product of claim 1, in which R is alkyl having 10 to 14
      carbon atoms, R.sub.1 is hydrogen; the molar ratio of
      N-alkylalkylenediamine to .epsilon.-caprolactam is from 1:1 to 1:5; said
      reaction is conducted at about 250.degree.C, and the molar ratio of
      N-alkylalkylenediamine to said epoxy compound is from 1:1 to 2.
NUM  3.
PAR  3. The addition product of claim 2, in which the molar ratio of
      N-alkylalkylenediamine to .epsilon.-caprolactam is from 1:1 to 1:3.
NUM  4.
PAR  4. An addition product of an epoxy compound selected from the group
      consisting of ethylene oxide, propylene oxide and glycidol with a reaction
      product of .epsilon.-caprolactam with N-alkyl-1,3-propylenediamines of the
      formula RHN -- (CH.sub.2).sub.3 -- NH.sub.2, wherein R is selected from
      the group consisting of alkyl having 8 to 18 carbon atoms, hydroxyalkyl
      having 8 to 18 carbon atoms, alkenyl having 8 to 18 carbon atoms,
      hydroxyalkenyl having 8 to 18 carbon atoms, alkadienyl having 8 to 18
      carbon atoms, alkatrienyl having 8 to 18 carbon atoms, and mixtures of
      alkyl derived from fatty acid mixtures having 8 to 18 carbon atoms; with
      the molar ratio of N-alkyl-1,3-propylenediamine to .epsilon.-caprolactam
      ranging from 1:1 to 1:5, and said reaction is carried out for 3 to 20
      hours in the liquid phase at a temperature above 180.degree.C to produce
      said reaction product; and then reacting said reaction product with said
      epoxy compound where the amount of epoxy compound is selected so that the
      molar ratio between the N-alkylalkylenediamine charged in said reaction
      product to said epoxy compound ranges from 1:0.5 to 3 at a temperature of
      between 50.degree.C to 150.degree.C for a time effective to produce said
      addition product.
NUM  5.
PAR  5. The addition product of claim 4, in which R is alkyl having 10 to 14
      carbon atoms, said molar ratio of N-alkyl1,3-propylenediamine to
      .epsilon.-caprolactam ranging from 1:1 to 1:3; and said reaction being
      carried out at about 250.degree.C.
NUM  6.
PAR  6. The addition product of claim 4, in which R is selected from the group
      consisting of decyl, dodecyl, coconut fatty alkyl, tetradecyl, hexadecyl,
      tallow fatty alkyl, hardened tallow fatty alkyl, and octadecyl.
NUM  7.
PAR  7. A method for the preparation of an addition product according to claim 1
      consisting essentially of reacting .epsilon.-caprolactam with an
      N-alkylalkylenediamine of the formula
      ##EQU9##
      wherein R is selected from the group consisting of alkyl having 8 to 18
      carbon atoms, hydroxyalkyl having 8 to 18 carbon atoms, alkenyl having 8
      to 18 carbon atoms, hydroxyalkenyl having 8 to 18 carbon atoms, alkadienyl
      having 8 to 18 carbon atoms, alkatrienyl having 8 to 18 carbon atoms, and
      mixtures of alkyl derived from fatty acid mixtures having 8 to 18 carbon
      atoms, R.sub.1 is a member selected from the group consisting of hydrogen
      and alkyl of 1 to 4 carbon atoms, and n is the integer 3 in a molar ratio
      of 1:1 to 1:10 for 3 to 20 hours in the liquid phase at a temperature
      above 180.degree.C to produce a reaction product; reacting said reaction
      product with an epoxy compound selected from the group consisting of
      ethylene oxide, propylene oxide and glycidol where the amount of epoxy
      compound is selected so that the molar ratio between the
      N-alkylalkylenediamine charge in said reaction product to said epoxy
      compound ranges from 1:0.5 to 3 at a temperature of between 50.degree.C to
      150.degree.C for a time effective to produce said addition product; and
      recovering said addition product.
NUM  8.
PAR  8. The method of claim 7, in which the reaction is effected in the melt at
      about 250.degree.C; in which the molar ratio of N-alkylalkylenediamine to
      .epsilon.-caprolactam is 1:1 to 1:5; in which the molar ratio of
      N-alkylalkylenediamine to epoxy compound is 1:1 to 2; and in which R is
      alkyl having 10 to 14 carbon atoms.
NUM  9.
PAR  9. The method of claim 7, in which said molar ratio of
      N-alkylalkylenediamine to .epsilon.-caprolactam ranges from 1:1 to 1:3.
NUM  10.
PAR  10. The method of claim 7, in which said N-alkylalkylenediamine has the
      formula RHN -- (CH.sub.2).sub.3 -- NH.sub.2 in which R has the above
      assigned meaning, with the molar ratio of said diamine to
      .epsilon.-caprolactam of 1:1 to 1:5.
NUM  11.
PAR  11. The method of claim 10, in which said molar ratio is 1:1 to 1:3; and in
      which said reaction is carried out at about 250.degree.C.
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ABST
PAL  Steroids having the structure
      ##SPC1##
PAL  Wherein P is hydrogen, methyl or chloro; Q is hydrogen, methyl or fluoro; X
      is hydrogen or halogen; Y is hydrogen and Y' is hydroxyl or together Y and
      Y' can be =O; and R can be hydrogen, alkyl or aryl; have useful
      anti-inflammatory activity.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Steroids having the structure
      ##SPC2##
PAL  Are useful anti-inflammatory agents. In formula I, and throughout the
      specification, the symbols are as defined below.
PA1  P can be hydrogen, methyl or chloro;
PA1  Q can be hydrogen, methyl or fluoro;
PA1  X can be hydrogen or halogen;
PA1  Y can be hydrogen and Y' can be hydroxyl, or together Y and Y' can be =O;
      and
PA1  R can be hydrogen, alkyl or aryl.
PAR  The dotted lines in the 1,2- and 6,7-positions of the steroids of this
      invention represent the optional presence of double bonds.
PAR  The term "alkyl" , as used throughout the specification, refers to both
      branched and straight chain alkyl groups having 1 to 8 carbon atoms. Alkyl
      groups of 1 to 4 carbon atoms are preferred, and methyl is the most
      preferred.
PAR  The term "aryl" , as used throughout the specification, refers to phenyl or
      phenyl substituted with one or more halogen, alkyl, and alkoxy groups.
      Phenyl and monosubstituted phenyl are the preferred aryl groups.
PAR  The term "halogen", as used throughout the specification, refers to
      fluorine, chlorine, bromine, and iodine.
PAR  The term "alkoxy", as used throughout the specification, refers to groups
      having the structure alkyl-O- wherein alkyl is a defined above. Alkoxy
      groups having 1 to 4 carbon atoms are preferred, and methoxy is the most
      preferred.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The steroids of formula I are physiologically active substances which
      possess glucocorticoid and anti-inflammatory activity and hence can be
      used in lieu of known glucocorticoids in the treatment of rheumatoid
      arthritis, for which purpose they can be administered in the same manner
      as hydrocortisone, for example, the dosage being adjusted for the relative
      potency of the particular steroid. In addition, the steroids of this
      invention can be used topically in lieu of known glucocorticoids in the
      treatment of skin conditions such as dermatitis, psoriasis, sunburn,
      neurodermatitis, eczema, and anogenital pruritus.
PAR  When given orally, the compounds of this invention may be used in a daily
      dosage range of 0.1 to 200 milligrams per 70 kilograms, preferably 0.3 to
      100 milligrams per 70 kilograms. If administered topically, the compounds
      of this invention may be used in the range of 0.01 to 5.0% by weight,
      preferably 0.05 to 2.0% by weight, in a conventional cream or lotion. The
      topical mode of administration is preferred.
PAR  The novel steroids of this invention can be prepared from steroidal
      [16.alpha., 17-b] dioxins having the structure
      ##SPC3##
PAL  A steroid of formula II can be reacted in a slurry or solution of an
      organic acid catalyst, e.g., p-toluenesulfonic acid, in an organic
      solvent, e.g., benzene, to yield the corresponding steroid of formula I.
      The reaction can be conducted under reflux conditions in an inert
      atmosphere for about 2 to 48 hours, preferably 4 to 24 hours.
PAR  Starting steroids of formula II are prepared by first reacting a
      cycloborate ester having the formula
      ##SPC4##
PAL  with a diazoalkene having the formula
      ##EQU1##
      The cycloborate esters of formula III can be prepared by reacting the
      corresponding 16.alpha. ,17-dihydroxy steroid with boric acid anhydride in
      an organic solvent at reflux temperature. The diazoalkenes of formula IV
      wherein R is hydrogen or alkyl are known; see, for example, the Journal of
      the American Chemical Society, 91, 711 (1969). The preparation of a
      diazoalkene of formula IV wherein R is aryl is described in the examples
      of this specification.
PAR  Reaction of a cycloborate ester of formula III with a diazoalkene of
      formula IV yields a steroid having the formula
      ##SPC5##
PAL  The reaction can be conducted in an organic solvent, preferably a lower
      alkanol such as methanol, at a temperature of about -10.degree.C to
      +40.degree.C for about 30 minutes to 4 hours, preferably at 0.degree.C to
      20.degree.C for 30 minutes to 1 hour. The steroid and the diazoalkene are
      reacted in at least a 1:4 molar ratio.
PAR  A steroid of formula V can be reacted with an acid anhydride or acid halide
      of the formula (R'CO).sub.2 O or
      ##EQU2##
      (wherein R' is alkyl or aryl) to give a protected steroid having the
      formula
      ##SPC6##
PAL  wherein Z is
      ##EQU3##
      The reaction can be conducted in organic solvent in the presence of a weak
      base, preferably in a solvent such as pyridine which also acts as the
      base.
PAR  Alternatively, a cycloborate ester having the formula
      ##SPC7##
PAL  can be reacted with a diazoalkene of formula IV to yield a steroid of
      formula VI.
PAR  A steroid of formula VI can be reacted with m-chloroperbenzoic acid to
      yield a steroid having the formula
      ##SPC8##
PAL  The reaction can be conducted in an organic solvent, preferably a
      halogenated hydrocarbon such as dichloromethane, at a temperature of from
      about 0.degree.C to 40.degree.C for about 1 hour to 96 hours, preferably
      at room temperature for about 2 hours to 72 hours. A steroid of formula VI
      and m-chloroperbenzoic acid are reacted in approximately a 1:1 molar
      ratio.
PAR  Reaction of a steroid of formula VIII when R is alkyl or aryl with a strong
      oxidizing agent, e.g., periodic acid, yields a steroid having the formula
      ##SPC9##
PAL  wherein R.sub.1 can be alkyl, or aryl. Reaction of a steroid of formula
      VIII when R is hydrogen with a strong oxidizing agent yields a cyclic
      lactol (formula X) which is in equilibrium with the corresponding aldehyde
      (formula Xa), i.e.,
      ##SPC10##
PAL  These oxidation reactions can be conducted in an organic solvent such as
      tetrahydrofuran mixed with water at a temperature of about 0.degree.C to
      40.degree.C, for about 1 hour to 8 hours, preferably at room temperature
      for 2 hours to 4 hours.
PAR  The steroids of formula IX and X can be reacted in a slurry or solution of
      an organic acid catalyst such as p-toluenesulfonic acid in an organic
      solvent such as benzene to yield steroidal 2' ,3'-dihydro[16.alpha.
      ,17-b]1,4-dioxins having the formula
      ##SPC11##
PAL  The reaction can be conducted under reflux conditions in an inert
      atmosphere for about 2 hours to 48 hours, preferably 4 hours to 24 hours.
PAR  Saponification of a steroidal 2' ,3'-dihydro[16.alpha. ,17-b]1,4-dioxin of
      formula XI, using conventional techniques, yields the corresponding
      21-hydroxy steroids of formula II.
PAR  Those steroids of formula I containing ethylenic unsaturation in the
      6,7-position can be prepared as described above with the additional step
      of selectively introducing a carbon-carbon double bond in the 6,7-position
      of either a steroid starting material of formula III or VII or a steroid
      product of formula I without effecting other functional groups of the
      steroid. Exemplary of the oxidizing agents which meet the above
      requirements is 2,3-dichloro-5,6-dicyano-1,4-benzoquinone when used in the
      presence of an acid. About one molar equivalent of the oxidizing agent is
      used per molar equivalent of steroid. The oxidation reaction can be
      conducted in an organic solvent such as benzene, toluene, dioxane, etc.;
      dioxane is preferred. The reaction can be carried out for about 1 hour to
      96 hours at a temperature of about 50.degree.C to 150.degree.C, preferably
      for about 4 to 24 hours at about 70.degree.C to 130.degree.C. Alternately
      a cycloborate containing unsaturation in the 6,7-position can be prepared
      from the corresponding, known 6,7-unsaturated 16,17-diols and boric
      anhydride.
PAR  Additional methods for the preparation of the compounds of this invention
      will be readily apparent to a person of ordinary skill in the steroid art.
DETD
PAR  The following examples are specific embodiments of this invention.
PAC  EXAMPLE 1
PAC  9-Fluoro-11.beta.-hydroxy-1'.alpha.-methylandrost-4-eno[17.beta.
      ,16.alpha.-e]-[2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione
PAC  A. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne
PAR  A solution of 2-methyl-3-diazo-1-propene in 250 ml of ether (prepared from
      0.2 mole of N-(2-methyl-2-propenyl)ethyl carbamate by the method of J. L.
      Brewbaker and H. Hart, J. Am. Chem. Soc., 91, 711 (1969) is diluted with
      300 ml of methanol and cooled to 0.degree.C. A total of 6.5 g of
      9-fluoro-11.beta. ,16.alpha. ,17,21-tetrahydroxypregn-4-ene-3,20-dione,
      16,17-cycloborate is added in portions until the initial red color fades
      and nitrogen evolution ceases. The solvent is evaporated in vacuo and the
      residue dissolved in chloroform and chromatographed on a 100 g - silica
      gel column. Elution with chloroform and chloroform-ethyl acetate gives TLC
      homogeneous material which crystallizes from acetone-hexane to give 3.73 g
      of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, melting point 213.degree.-215.degree.C, softening at
      198.degree.-200.degree.C.
PAC  B. 9-Fluoro-11.beta. ,17,21-trihydroxy-16.alpha.-[(
     2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dione, 21-acetate
PAR  A solution of 3 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne in 25 ml of pyridine is stirred for 2 hours with 4 ml of acetic
      anhydride. The solvent is removed in vacuo and the residue is dissolved in
      chloroform, washed with 5% hydrochloric acid solution, water, 5% sodium
      bicarbonate solution, and dried. Solvent removal in vacuo gives a solid
      which is recrystallized from acetone-hexane to give 2.82 g of material
      having a melting point of 230.degree.-231.degree.C. Recrystallization of
      0.6 g of this material from acetone-hexane gives 481 mg of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, 21-acetate, melting point 230.degree.-232.degree.C.
PAC  C. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-oxiranyl)methoxy]pregn-4-ene-3,20-d
     ione, 21-acetate
PAR  A slurry of 1.0 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, 21-acetate in 50 ml of dichloromethane is stirred with 500 mg of
      m-chloroperbenzoic acid at room temperature for 210 minutes. The resulting
      solution is washed with a mixture of 10% sodium carbonate solution and 10%
      sodium sulfite solution, dried, and evaporated to give 1.04 g of oil which
      solidifies. Recrystallization from acetone-hexane gives 793 mg of
      material, melting point 221.degree.-224.degree.C and 160 mg of material,
      melting point 219.degree.-224.degree.C. Recrystallization of a mixture of
      390 mg of crop 1 and 160 mg of crop 2 from acetone-hexane gives 298 mg of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-oxiranyl)methoxy]pregn-4-ene-3,20-d
     ione, 21-acetate, melting point 223.degree.-227.degree.C.
PAR  Anal. Calc'd for C.sub.27 H.sub.37 FO.sub.8 : C, 63.76; H, 7.33; F, 3.74.
      Found: C, 63.96; H, 7.10; F, 3.93.
PAR  The nmr spectrum of this material indicates it is a mixture of epimers (ca.
      2:1 ratio) at the quaternary epoxide carbon atom.
PAC  D. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-oxopropoxy)pregn-4-ene-3,20-dione,
      21-acetate
PAR  A solution of 1.54 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-methyl-oxiranyl)methoxy]pregn-4-ene-3,20-d
     ione, 21-acetate in 50 ml of tetrahydrofuran is stirred for 270 minutes
      with a solution of 2.6 g of periodic acid in 20 ml of water. The solution
      is poured into water and extracted with chloroform. The chloroform
      solution is washed with 10% sodium bicarbonate solution, dried, and
      evaporated in vacuo to give an oily residue. This is dissolved in
      chloroform and chromatographed on a 40 g-silica gel column. Elution with
      chloroform gives 400 mg of slightly impure product followed by 990 mg of
      TLC homogeneous solid. The 990 mg is recrystallized twice from
      acetone-hexane to give 328 mg of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-oxopropoxy)pregn-4-ene-3,20-dione,
      21-acetate, melting point 203.degree.-208.degree.C.
PAC  E. 9-Fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      21-acetate
PAR  A slurry of 100 mg of p-toluenesulfonic acid in 250 ml of benzene is
      refluxed with a Dean-Stark trap. The first 50 ml of benzene-water
      azeotrope is discarded and Linde type 4A molecular sieves are added to the
      trap. After 30 minutes at reflux, the solution is cooled and 1.0 g of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-oxopropoxy)pregn-4-ene-3,20-dione,
      21-acetate is added. The resulting slurry is refluxed for 5 hours under
      nitrogen, cooled, diluted with chloroform, washed with 5% sodium
      bicarbonate solution, water, dried and evaporated. The crude residue is
      dissolved in a small amount of chloroform and chromatographed on a 20 g -
      silica gel column. Elution with chloroform gives 805 mg of material which
      is recrystallized from -acetone-hexane to give 501 mg of 9-fluoro-2',3'
      -dihydro-11.beta. ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione, 21-acetate, melting point
      233.degree.-235.degree.C, dec.
PAC  F. 9-Fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione
PAR  A solution of 886 mg of 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      21-acetate in 270 ml of methanol is cooled to 0.degree.C and 27 ml of 10%
      potassium carbonate solution is added. After 15 minutes, 27 ml of acetic
      acid is added and the mixture is diluted with water and extracted with
      chloroform to give 775 mg of TLC pure 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione.
PAC  G. 9-Fluoro-11.beta.-hydroxy-1'.alpha.-methylandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione
PAR  A slurry of 150 mg of p-toleunesulfonic acid in 600 ml of benzene is
      refluxed with a Dean-Stark trap. The first 100 ml was discarded, Linde 4A
      molecular sieves are added to the trap, and the solution is refluxed for
      30 minutes. The solution is cooled and 755 mg of 9-fluoro-2'
      ,3'-dihydro-11.beta. ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione is added. The resulting slurry is refluxed
      for 1 hour and the benzene is evaporated in vacuo. The residue is
      dissolved in chloroform, washed with 5% sodium bicarbonate solution,
      water, dried and evaporated in vacuo. The residue is dissolved in
      chloroform and chromatographed on a 40 g - silica gel column. Elution with
      chloroform gives 580 mg of material that is recrystallized twice from
      -acetone-hexane to give 375 mg of
      9-fluoro-11.beta.-hydroxy-1'.alpha.-methylandroust-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4' -dione, melting point
      248.degree.-250.degree.C, dec.
PAR  Anal. Calc'd. for C.sub.24 H.sub.31 FO.sub.6 : C, 66.34; H, 7.19; F, 4.37.
      Found: C, 66.06; H, 7.18; F, 4.18.
PAC  EXAMPLE 2
PAC  9-Fluoro-11.beta.-hydroxy-1'.alpha.-phenylandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione
PAC  A. 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, 21-acetate
PA0  a. N-(2-phenyl-2-propenyl)phthalimide
PAR  A mixture of 60 g of potassium phthalimide and 66.4 g of
      .alpha.-bromomethyl styrene (prepared by the method of S. F. Reed, Jr., J.
      Org. Chem., 30, 3258 (1965)) in 150 ml of dimethylformamide is refluxed
      for 2 hours, cooled, and diluted with 400 ml of water. The resulting solid
      is filtered and dried in vacuo to give 83.4 g of
      N-(2-phenyl-2-propenyl)phthalimide. A small sample that is recrystallized
      from acetone-hexane has a melting point of 118.degree.-121.degree.C.
PA0  b. N-(2-phenyl-2-propenyl)ethyl carbamate
PAR  A solution of 83 g of N-(2-phenyl-2-propenyl)phthalimide and 30 g of 99%
      hydrazine-hydrate is refluxed for 270 minutes and cooled. The slurry is
      treated with 125 ml of conc. hydrochloric acid and filtered. The solid is
      washed with four 100 ml portions of water and the filtrate is evaporated
      in vacuo to a volume of 300 ml. This solution is cooled and mixed with a
      solution of 60 g of sodium hydroxide in 250 ml of cold water. The
      resulting solution is extracted with four 200 ml portions of ether and the
      ether solution is dried and evaporated in vacuo to give 30.7 g of oil. The
      oil is dissolved in 250 ml of ether, cooled to 0.degree.C, and 33 g of
      ethyl chloroformate is added. A solution of 12 g of sodium hydroxide in 30
      ml of water is added simultaneously with the second half of the ethyl
      chloroformate solution. After 1 hour at 10.degree.C, the ether layer is
      washed with 5% hydrochloric acid, dried, and evaporated in vacuo to give
      41.7 g of oil. Trituration with hexane and filtration gave 33 g of
      N-(2-phenyl-2-propenyl)ethyl carbamate, melting point
      41.degree.-42.5.degree.C.
PA0  c. N-Nitroso-N-(2-phenyl-2-propenyl)ethyl carbamate
PAR  A solution of 21 ml (29.4 g) of nitrosyl chloride in 60 ml of pyridine
      (prepared at -25.degree.C) is added over a period of 15 minutes to a
      solution of 57 g of N-(2-phenyl-2-propenyl)ethyl carbamate in 400 ml of
      pyridine at -5.degree.C. The solution is stirred for 15 minutes and poured
      into 4 liters of cold water. The oil which separates is extracted into
      ether (three 600 ml portions) and the ether extract is washed successively
      with 1 liter of 10% hydrochloric acid, water, 1 liter of 5% sodium
      bicarbonate solution, and dried. Solvent removal gives 63 g of red oil
      that shows only minor impurities on TLC.
PA0  d. 2-Phenyl-3-diazo-1-propene
PAR  A solution of 63 g of N-nitroso-n1(2-phenyl-2-propenyl)ethyl carbamate in
      300 N-nitroso-n-(ml of ether is added to 300 ml of 3M sodium methoxide in
      methanol at -1.degree. to -2.degree.C over a period of 30 minutes. The
      solution is stirred for a further hour and then poured into 2 liters of
      ice water and 100 ml each of ether and pentane. The organic layer is
      separated and kept at 0.degree.C while the aqueous layer is extracted with
      300 ml of ether. The combined organic layer is washed with two 1 liter
      portions of ice water, dried for 10 minutes at 0.degree.C over NaOH
      pellets, and filtered to give 700 ml of red solution.
PAC  e. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne
PAR  The solution of 2-phenyl-3-diazo-1-propene prepared as described above is
      diluted with 150 ml of cold methanol and stirred well at 0.degree.C as 13
      g of 9-fluoro-11.beta. ,16.alpha.
      ,17,21-tetrahydroxypregn-4-ene-3,20-dione, 16,17-cycloborate is added in
      portions. The slurry is stirred for 1 hour at 0.degree.C and filtered to
      give 9.6 g of the title compound. The filtrate is stirred at room
      temperature for 1 hour with 4 g of the cycloborate and the resulting
      solution is cooled to 0.degree.C and filtered to give 4.2 g of the title
      compound. The filtrate is evaporated in vacuo and the residue is dissolved
      in 400 ml of 3:1 ether-methanol and cooled to -10.degree.C to give a
      further 3.0 g of material. A small sample recrystallized from
      acetone-hexane has a melting point of 161.degree.-163.5.degree.C.
PAC  B.
      9-Fluoro-11.beta.,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pre
     gn-4-ene-3,20-dione, 21-acetate
PAR  A solution of 3.0 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne in 30 ml of pyridine is allowed to stand with 3 ml of acetic anhydride
      for 2 hours at room temperature. The solvent is removed in vacuo and the
      residue is dissolved in chloroform, washed with 5% hydrochloric acid,
      water, 5% sodium bicarbonate solution, and dried. Solvent removal gives an
      oil that crystallizes from acetone-hexane to give 2.3 g of material.
      Recrystallization of 600 mg from acetone-hexane gives 510 mg of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, 21-acetate, melting point 169.degree.-171.degree.C.
PAC  C. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyloxiranyl)methoxy]pregn-4-ene-3,20-di
     one 21-acetate
PAR  A solution of 555 mg of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-2-propenyl)oxy]pregn-4-ene-3,20-dio
     ne, 21-acetate in 25 ml of dichloromethane is stirred for 330 minutes with
      200 mg of m-chloroperbenzoic acid. The solution is washed with 50 ml each
      of 5% sodium sulfite solution and 5% potassium carbonate solution. The
      dichloromethane solution is dried and evaporated to give 582 mg of
      product. Recrystallization from acetone-hexane gives 360 mg of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyloxiranyl)methoxy]pregn-4-ene-3,20-di
     one, 21-acetate.
PAC  D. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-phenyl-2-oxoethoxy)pregn-4-ene-3,20-dione,
      21-acetate
PAR  A solution of 2.4 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-[(2-phenyl-oxiranyl)methoxy]pregn-4-ene-3,20-d
     ione, 21-acetate in 75 ml of tetrahydrofuran is stirred with a solution of
      5 g of periodic acid in 20 ml of water for 270 minutes. The resulting
      slurry is diluted with 150 ml of water and the solid is filtered and dried
      in vacuo to give 1.79 g of crude product. This material is chromatographed
      on a 40  g-silica gel column. Elution with chloroform gives 1.6 g of TLC
      pure solid that is recrystallized from acetone-hexane to give 1.42 g of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-phenyl-2-oxoethoxy)pregn-4-ene-3,20-dione,
      21-acetate, melting point 228.degree.-230.degree.C.
PAC  E. 9-Fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-phenylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      21-acetate
PAR  A slurry of 150 mg of p-toluenesulfonic acid in 300 ml of benzene is
      refluxed with a Dean-Stark trap. The first 50 ml of distillate is
      discarded, Linde 4A molecular sieves added, and the solution is refluxed
      for 30 minutes. The solution is cooled, 1.25 g of 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(2-phenyl-2-oxoethoxy)pregn-4-ene-3,20-dione,
      21-acetate added, and the solution refluxed for 5 hours under nitrogen.
      The resulting solution is cooled, washed with 5% sodium bicarbonate
      solution, dried, and evaporated in vacuo. The residue is chromatographed
      on a 20 g-silica gel column. Elution with 1:1 hexane-chloroform gives 825
      mg of crude product. This material is plate chromatographed on three 20
      .times. 20 cm-2mm silica gel plates. After 2 developments with 1:1
      chloroform-ethyl acetate the major UV-active band is excised and eluted
      with chloroform to give TLC pure material. Recrystallization from benzene
      gives 380 mg of 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-phenylpregm-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      21-acetate, melting point 145.degree.-147.degree.C.
PAC  F. 9-Fluoro-11.beta. ,21-dihydroxy-2'
      ,3'-dihydro-5'-phenylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione
PAR  A solution of 1.89 g of 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxy-5'-phenylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      21-acetate in 100 ml of methanol is cooled to 0.degree.C under nitrogen
      and 10 ml of 10% potassium carbonate solution is added. After 75 minutes,
      10 ml of glacial acetic acid is added and the solution is diluted with
      water and extracted with chloroform. The chloroform solution is dried and
      evaporated in vacuo to give 1.65 g of crude product. This is dissolved in
      chloroform and chromatographed on a 40 g-silica gel column. Elution with
      chloroform and then 1:1 chloroform-ethyl acetate gives 1.48 g of
      9-fluoro-11.beta. ,21-dihydroxy-2'
      ,3'-dihydro-5'-phenylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione.
PAC  G. 9-Fluoro-11.beta.-hydroxy-1'.alpha.-phenylandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[ 3.3.1]nonane-3,4'-dione
PAR  A slurry of 150 mg of p-toluenesulfonic acid in 300 ml of benzene is
      distilled to a volume of 250 ml, cooled and 1.48 g of 9-fluoro-11.beta.
      ,21-dihydroxy-2' ,3'-dihydro-5'-phenylpregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione is added. The resulting solution is refluxed
      for 2 hours under nitrogen, cooled, washed with 5% sodium bicarbonate
      solution, and dried. Solvent removal gives an oil which is dissolved in
      chloroform and chromatographed on a 40 g-silica gel column. Elution with
      chloroform gives 260 mg of slightly impure material which is
      plate-chromatographed on a 20 .times. 20 cm-2mm silica gel plate developed
      twice with 1:1 chloroform-ethyl acetate. The major UV-active band is
      excised and eluted with ethyl acetate to give 205 mg of material.
      Recrystallization from methanol gives 110 mg, melting point
      250.degree.-252.degree.C, dec. This material is combined with 88 mg of
      similar material from another run and purified further by the sequence of
      plate chromatography, crystallization from acetone-hexane, plate
      chromatography, and a final recrystallization from acetone-hexane to give
      80 mg of 9-fluoro-11.beta. -hydroxy-1'.alpha.-phenylandrost-4-eno]17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione, melting point
      238.degree.-240.degree.C.
PAR  Anal. Calc'd. for C.sub.29 H.sub.33 FO.sub.6 : C, 70.14; H, 6.70; F, 3.83;
      Found: C, 70.40; H, 6.78; F, 3.68
PAC  EXAMPLE 3
PAC  9-Fluoro-11.beta.-hydroxyandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione
PAC  A. 16.alpha.-Allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione
PAR  6.6 g of 9-fluoro-11.beta. ,16.alpha.
      ,17,21-tetrahydropregn-4-ene-3,20-dione, 16,17-cycloborate is added to a
      solution of vinyl diazomethane in 1:1 methanol-ether at 0.degree.C. After
      stirring for 1 hour, the solvent is evaporated and the residue dissolved
      in chloroform and chromatographed on a 150-g silica gel column. Elution
      with 5% ethyl acetate in chloroform gives 1.04 g of TLC (thin layer
      chromatography) pure material. Two recrystallizations from acetone-hexane
      give 0.5 g of 16.alpha.-allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione, melting point
      199.degree.-201.degree.C.
PAC  B. 16.alpha.-Allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione, 21-acetate
PAR  A solution of 2.5 g of 16.alpha.-allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione in 25 ml of pyridine is stirred
      for 2 hours with 2.5 ml of acetic anhydride and the solvent is then
      removed in vacuo. A solution of the residue is chloroform is washed with
      5% hydrochloric acid, water, 10% sodium bicarbonate solution, water, and
      dried. Solvent removal in vacuo gives an oil which crystallizes from
      acetone-hexane to yield 2.5 g of 16.alpha.-allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione, 21-acetate, melting point
      189.degree.-191.degree.C.
PAC  C. 9-Fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(oxiranyl-methoxy)-pregn-4-ene-3,20-dione,
      21-acetate
PAR  A solution of 6.44 g of 16.alpha.-allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione, 21-acetate in 150 ml of
      dichloromethane is stirred with 2.88 g of m-chloroperbenzoic acid for 19
      hours at room temperature. The resulting solution is washed with a mixture
      of 10% potassium carbonate solution and 10% sodium sulfite solution,
      dried, and evaporated in vacuo. The residue is dissolved in
      dichloromethane and chromatographed on a 125 g - silica gel column.
      Elution with chloroform and a chloroform-ethyl acetate mixture gives 3.5 g
      of unreacted starting material in fractions (100 ml) 25-37 and 1.7 g (25.6
      %) of TLC pure product in fractions 49-61.
PAR  The 1.7 g is recrystallized from acetone-hexane to give 991 mg of material
      having a melting point of 191.degree.-192.5.degree.C. A 500 mg portion of
      this material is recrystallized from the same solvent to give 430 mg of
      9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(oxiranyl-methoxy)pregn-4-ene-3,20-dione,
      21-acetate, melting point 191.degree.-192.5.degree.C.
PAC  D. 9-Fluoro-5'.xi. ,11.beta. ,21-trihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxane-3,20-dione, 21-acetate
PAR  A solution of 20.1 g of crude 9-fluoro-11.beta.
      ,17,21-trihydroxy-16.alpha.-(oxiranyl-methoxy)pregn-4-ene-3,20 -dione,
      21-acetate in 300 ml of tetrahydrofuran is stirred with a solution of 30 g
      of periodic acid in 75 ml of water for 6 3/4 hours. The solution is
      diluted with water and extracted with chloroform. The chloroform extract
      was washed with 5% sodium bicarbonate solution, dried, and evaporated in
      vacuo to give 18.2 g of crude product. This material is dissolved in 60 ml
      of dichloromethane and chromatographed on a 450  g-silica gel column.
      Fractions of 250 ml are collected as the column is eluted with 3 liters of
      dichloromethane, 3 liters of chloroform, and then 3 liters of 19:1
      chloroform-ethyl acetate. Fractions 17-21 are combined and evaporated in
      vacuo to give 4.4 g of 16.alpha.-allyloxy-9-fluoro-11.beta.
      ,17,21-trihydroxypregn-4-ene-3,20-dione, 21-acetate.
PAR  Fractions 23-31 are combined and evaporated in vacuo to give 8.1 g of
      slightly impure (53.2% based on recovered material) 9-fluoro-5'.xi.
      ,11.beta. ,21-trihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxane-3,20-dione, 21-acetate. A portion of this material is
      recrystallized from acetone-hexane and then from acetonitrile to give the
      analytical sample, melting point 205.degree.-208.degree.C.
PAC  E. 9-Fluoro-2' ,3'-dihydro-11.beta. ,21-dihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione, 21-acetate
PAR  A -fluoro-of 100 mg of p-toluenesulfonic acid in 250 ml of benzene is
      distilled to a volume of 200 ml and 1.0 g of 9-fluoro15'.xi. ,11.beta.
      ,21-trihydroxypregn-4-eno]16.alpha., ,17-b][1,4]dioxane-3,20-dione,
      21-acetate is added. The resulting solution is refluxed with a Dean-Stark
      trap filled with 4A molecular sieves for 24 hours under nitrogen. The
      solution is cooled, diluted with chloroform, washed with 5% sodium
      bicarbonate solution, and dried. The residue obtained on solvent removal
      in vacuo is chromatographed on a 20  g-silica gel column. Elution with 1:1
      dichloromethane-chloroform gives 510 mg of pure compound.
      Recrystallization from acetone-hexane gives 325 mg of TLC pure solid, in
      two crops. The mother liquor is purified by preparative thin layer
      chromatography on a 20 .times. 20 cm2 mm silica gel plate. After three
      developments with 9:1 chloroform-ethyl acetate, the major UV-active band
      is excised and eluted with chloroform-methanol. The residue obtained on
      solvent removal is crystallized from acetone-hexane to give 96 mg of pure
      material. This is combined with the 325 mg obtained above and
      recrystallized from acetone-hexane to give 312 mg of 9-fluoro-2'
      ,3'-dihydro-11.beta. ,21-dihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione, 21-acetate, melting point
      231.degree.-240.degree.C, dec.
PAC  F. 9-Fluoro-2' ,3'-dihydro-11.beta. ,21-dihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione
PAR  A solution of 700 mg of 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxypregn-4-eno[16.alpha. ,17-b][1,4]-dioxin-3,20-dione,
      21-acetate on 75 ml of methanol is cooled to 0.degree.C and 7 ml of 10%
      potassium carbonate solution is added. After 15  minutes, 20 ml of 20%
      aqueous acetic acid is added and the resulting solid is filtered and dried
      in vacuo to give 310 mg of 9-fluoro-2' ,3'-dihydro-11.beta.
      ,21-dihydroxypregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione, melting
      point 255.degree.-258.degree.C, dec.
PAC  G. 9-Fluoro-11.beta.-hydroxyandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione
PAR  Following the procedure of Example 1G, but substituting 9-fluoro-2'
      ,3'-dihydro-11.beta. ,21-dihydroxypregn-4-eno[16.alpha.
      ,17-b][1,4]dioxin-3,20-dione for 9-fluoro-2' ,b'-dihydro-11.beta.
      ,21-dihydroxy-5'-methylpregn-4-eno[16.alpha. ,17-b][1,4]dioxin-3,20-dione,
      the title compound is obtained.
PAC  EXAMPLES 4 - 6
PAR  Following the procedure of Example 1 but substituting the steroid listed in
      column I for 9-fluoro-11.beta. ,16.alpha.
      ,17,21-tetrahydroxypregn-4-ene-3,20-dione, 16,17-cycloborate, the steroid
      listed in column II is obtained.
TBL  ______________________________________                                    
     Column I         Column II                                                
     ______________________________________                                    
     4.  9-chloro-16.alpha.,17,21-                                             
                          9-chloro-1'.alpha.-methylandrost-4-                  
         trihydroxypregn-4-ene-                                                
                          eno[17.beta.,16.alpha.-e][2,7,9]trioxa-              
         3,11,20-trione, 16,17-                                                
                          bicyclo[3.3.1]nonane-3,4',-                          
         cycloborate      11-trione                                            
     5.  9-bromo-6.alpha.-methyl-11.beta.,-                                    
                          9-bromo-11.beta.-hydroxy-1'.alpha.,6.alpha.-         
         16.alpha.,17,21-tetrahydroxy-                                         
                          dimethylandrosta-1,4-dieno-                          
         pregna-1,4-diene-3,20-                                                
                          [17.beta.,16.alpha.-e][2,7,9]trioxabicyclo           
         dione,16,17-cycloborate                                               
                          [3.3.1]nonane-3,4'-dione                             
     6.  2.alpha.-methyl-11.beta.,16.alpha.,17,21-                             
                          11.beta.-hydroxy-1'.alpha.,2.alpha.-dimethyl-        
         tetrahydroxypregn-4-ene-                                              
                          androst-4-eno[17.beta.,16.alpha.-e]-                 
         3,20-dione,16,17-cyclo-                                               
                          [2,7,9]trioxabicyclo[3.3.1]-                         
         borate           nonane-3,4'-dione                                    
     ______________________________________                                    
PAC  EXAMPLES 7 - 9
PAR  Following the procedure of Example 2, but substituting the steroid listed
      in column I for 9-fluoro-11.beta. ,16.alpha.
      ,17,21-tetrahydroxypregn-4-ene-3,20-dione,16,17-cycloborate, the steroid
      listed in column II is obtained.
TBL  ______________________________________                                    
     Column I          Column II                                               
     ______________________________________                                    
     7.  2,9-dichloro-11.beta.,16.alpha.,17-                                   
                           2,9-dichloro-11.beta.-hydroxy-1'.alpha.-            
         21-tetrahydroxypregna-1,4-                                            
                           phenylandrosta-1,4-dieno[17.beta.,16                
         diene-3,20-dione-16,17-                                               
                           e][2,7,9]trioxabicyclo[3.3.1]-                      
         cycloborate       nonane-3,4'-dione                                   
     8.  6.alpha.,9-difluoro-11.beta.,16.alpha.,17,-                           
                           6.alpha.,9-difluoro-11.beta.-hydroxy-               
         21-tetrahydroxypregn-4-ene-                                           
                           1'.alpha.-phenylandrost-4-eno-                      
         3,20-dione,16,17-cyclo-                                               
                           [17.beta.,16.alpha.-e][2,7,9]trioxa-                
         borate            bicyclo[3.3.1]nonane-3,4'-dione                     
     9.  11.beta.,16.alpha.,17,21-tetrahydroxy-                                
                           11.beta.-hydroxy-1'.alpha.-phenylandrosta-          
         pregna-1,4-diene-3,20-dione,                                          
                           1,4-dieno[17.beta.,16.alpha.-e][2,7,9]trio          
         16,17-cycloborate bicyclo[3.3.1]nonane-3,4'-dione                     
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steroid having the formula
      ##SPC12##
PAL  wherein P is hydrogen, methyl or chloro; Q is hydrogen, methyl or fluoro; X
      is hydrogen or halogen; Y is hydrogen and Y' is hydroxyl, or together Y
      and Y' are =0; and R is hydrogen, alkyl or aryl.
NUM  2.
PAR  2. A steroid in accordance with claim 1 wherein R is hydrogen.
NUM  3.
PAR  3. A steroid in accordance with claim 1 wherein R is alkyl.
NUM  4.
PAR  4. A steroid in accordance with claim 3 wherein R is methyl.
NUM  5.
PAR  5. A steroid in accordance with claim 1 wherein R is aryl.
NUM  6.
PAR  6. A steroid in accordance with claim 5 wherein R is phenyl.
NUM  7.
PAR  7. A steroid in accordance with claim 1 wherein Y is hydrogen and Y' is
      hydroxyl.
NUM  8.
PAR  8. A steroid in accordance with claim 1 wherein X is halogen.
NUM  9.
PAR  9. A steroid in accordance with claim 8 wherein X is fluoro.
NUM  10.
PAR  10. A steroid in accordance with claim 1 wherein P and Q are each hydrogen.
NUM  11.
PAR  11. A steroid in accordance with claim 1 wherein P and Q are each hydrogen;
      Y is hydrogen and Y' is hydroxyl; and X is fluoro.
NUM  12.
PAR  12. The steroid in accordance with claim 11 having the name
      9-fluoro-11.beta.-hydroxy-1'.alpha.-methylandros-4-eno[17.beta.,16.alpha.-
     e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione.
NUM  13.
PAR  13. The steroid in accordance with claim 11 having the name
      9-fluoro-11.beta.-hydroxy-1'.alpha.-phenylandrost-4-eno[17.beta.
      ,16.alpha.-e][2,7,9]trioxabicyclo[3.3.1]nonane-3,4'-dione.
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ABST
PAL  Oxazoline derivatives of the formula
      ##EQU1##
      wherein R.sub.1 is optionally substituted alkyl, alkenyl, aryl, aralkyl,
      aralkenyl, alkaryl, or heterocyclic, R.sub.2 is alkyl and R.sub.3 is
      optionally substituted aralkyl, are useful as herbicides.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a novel class of oxazoline derivatives, to
      herbicidal compositions containing them, and to their use as herbicides.
PAR  2. Description of the Prior Art
PAR  A search of the prior art has not discovered any of the herbicidal
      oxazolines of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that certain novel oxazoline derivatives exhibit
      herbicidal activity enabling control of certain economically important
      weed species.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to oxazoline derivatives of the formula
      ##EQU2##
      wherein R.sub.1 is optionally substituted alkyl, alkenyl, aryl, aralkyl,
      aralkenyl, alkaryl, or heterocyclic, R.sub.2 is alkyl and R.sub.3 is
      optionally substituted aralkyl. Examples of suitable substituents in the
      optionally substituted groups include halogen, nitro, alkoxy or phenoxy.
PAR  Preferred derivatives of the above formula are those wherein R.sub.1 is
      alkyl of from 1 to 12 carbon atoms, or trifluoromethyl; alkenyl of up to 6
      carbon atoms; phenalkyl of up to 12 carbon atoms; phenyl; phenyl
      substituted by one or more of halogen, nitro, alkyl or alkoxy of from 1 to
      6 carbon atoms; benzyl; benzyloxy; 5- or 6-membered heterocyclic
      containing one nitrogen or oxygen atom; R.sub.2 is alkyl of 1-6 carbon
      atoms; R.sub.3 is benzyl, or benzyl substituted by one or more of halogen,
      nitro, alkyl of 1-6 carbon atoms, phenyl or phenoxy.
PAR  The oxazoline derivatives of this invention may be prepared by a process
      which comprises reacting a hydroxymethyl compound of the formula:
      ##EQU3##
      with a strong base and a halilde of formula:
EQU  R.sub.3 -- Hal
PAL  wherein Hal represents a halogen, suitable chlorine, atom and each of the
      symbols has the meaning already ascribed to it. The strong base is
      suitably an alkali metal hydride, for example sodium hydride and the
      reaction is conveniently carried out in an aromatic hydrocarbon, for
      example toluene, as solvent.
PAR  In certain cases the oxazoline derivatives are more conveniently prepared
      by an alternative process which comprises reacting a substituted
      aminopropanol of the formula:
      ##EQU4##
      with a carboxylic acid of the formula:
EQU  R.sub.1 COOH
PAL  the reaction is also conveniently carried out in an aromatic hydrocarbon,
      for example xylene, as solvent.
PAR  The oxazoline derivatives of the invention are of interest as herbicides.
      The invention includes therefore herbicidal compositions comprising a
      carrier and/or a surface-active agent together with, as active ingredient,
      at least one oxazoline derivative of the invention. Likewise the invention
      includes also a method of combatting undesired plant growth at a locus
      which comprises applying to the locus a herbicidally effective amount of
      an oxazoline derivative or composition of the invention.
PAR  The term " carrier" as used herein means solid or fluid material, which may
      be inorganic or organic and of synthetic or natural origin, with which the
      active compound is mixed or formulated to facilitate its application to
      the plant, seed, soil or other object to be treated, or its storage,
      transport or handling.
PAR  Suitable solid carriers are natural and synthetic clays and silicates for
      example natural silicas such as diatomaceous earths; magnesium silicates,
      for example, talcs; magnesium aluminum silicates, for example,
      attapulgites and vermiculites; aluminum silicates, for example kaolinites,
      montmorillonites and micas; calcium carbonates; calcium sulfate; synthetic
      hydrated silicon oxides and synthetic calcium or aluminum silicates;
      elements such as for example, carbon and sulfur; natural and synthetic
      resins such as, for example, coumarone resins, polyvinyl chloride and
      styrene polymers and copolymers; solid polychlorophenols; bitumen, waxes
      such as for example, beeswax, paraffin wax, and chlorinated mineral waxes;
      and solid fertilizers, for example superphosphates.
PAR  Examples of suitable fluid carriers are water, alcohols, such as for
      example, isopropanol, glycols; ketones such as for example, acetone,
      methyl ethyl ketone, methyl isobutyl ketone and cyclohexanone; ethers;
      aromatic hydrocarbons such as for example, benzene, toluene and xylene;
      petroleum fractions such as for example, kerosene, light mineral oils;
      chlorinated hyrocarbons, such as for example, carbon tetrachloride,
      perchloroethylene, trichloroethane, including liquified normally vaporous
      gaseous compounds. Mixtures of different liquids are often suitable.
PAR  The surface active agent may be an emulsifying agent or a dispersing agent
      or a wetting agent; it may be nonionic or ionic. Any of the surface-active
      agents usually applied in formulating herbicides or insecticides may be
      used. Examples of suitable surface-active agents are the sodium or calcium
      salts of polyacrylic acids and lignin sulfonic acids; the condensation
      products of fatty acids or aliphatic amines or amides containing at least
      12 carbon atoms in the molecule with ethylene oxide and/or propylene
      oxide; fatty acid esters of glycerol, sorbitan, sucrose or
      pentaerythritol; condensates of these with ethylene oxide and/or propylene
      oxide; condensation products of fatty alcohols or alkyl phenols for
      example p-octylphenol or p-octylcresol, with ethylene oxide and/or
      propylene oxide; sulfates or sulfonates of these condensation products,
      alkali or alkaline earth metal salts, preferably sodium salts, of sulfuric
      or sulfonic acid esters containing at least 10 carbon atoms in the
      molecule, for example, sodium lauryl sulfate, sodium secondary alkyl
      sulfates, sodium salts of sulfonated castor oil, and sodium alkylaryl
      sulfonates such as sodium dodecylbenzene sulfonate; and polymers of
      ethylene oxide and copolymers of ethylene oxide and propylene oxide.
PAR  The compositions of the invention may be formulated as wettable powders,
      dusts, granules, solutions, emulsifiable concentrates, emulsions,
      suspension concentrates and aerosols. Wettable powders are usually
      compounded to contain 25, 50 or 75% by weight of toxicant and usually
      contain in addition to solid carrier, 3-10% by weight of a dispersing
      agent and, where necessary, 0-10% by weight of stabilizer(s) and/or other
      additives such as penetrants or stickers. Dusts are usually formulated as
      a dust concentrate having a similar composition to that of a wettable
      powder but without a dispersant, and are diluted in the field with further
      solid carrier to give a composition usually containing 1/2-10% by weight
      of toxicant. Granules are usually prepared to have a size between 10 and
      100 BS mesh (1.676-0.152 mm), and may be manufactured by agglomeration or
      impregnation techniques. Generally granules will contain 1/2-25% by weight
      toxicant and 0-10% by weight of additives such as stabilizers, slow
      release modifiers and binding agents. Emulsifiable concentrates usually
      contain, in addition to the solvent and, when necessary, co-solvent,
      10-50% weight per volume toxicant, 2-20% weight per volume emulsifiers and
      0-20% weight per volume of appropriate additives such as stabilizers,
      penetrants and corrosion inhibitors. Suspension concentrates are
      compounded so as to obtain a stable, non-sedimenting, flowable product and
      usually contain 10-75% w toxicant, 0.5-15% w of dispersing agents, 0.1-10%
      w of suspending agents such as protective colloids and thixotropic agents,
      0-10% w of appropriate additives such as defoamers, corrosion inhibitors,
      stabilisers, penetrants and stickers, and as carrier, water or an organic
      liquid in which the toxicant is substantially insoluble; certain organic
      solids or inorganic salts may be dissolved in the carrier to assist in
      preventing sedimentation or as antifreeze agents for water.
PAR  Aqueous dispersions and emulsions, for example, compositions obtained by
      diluting a wettable powder or a concentrate according to the invention
      with water, also lie within the scope of the present invention. The said
      emulsions may be of the water-in-oil or of the oil-in-water type, and may
      have a thick `mayonnaise`-like consistency.
PAR  The composition of the invention may also contain other ingredients, for
      example, other compounds possessing pesticidal, especially insecticidal,
      acaricidal, herbicidal or fungicidal, properties.
DETD
PAR  The invention is further illustrated in the following examples. In each of
      these examples, the identify of the product was confirmed by analyses.
PAC  EXAMPLE 1
PAC  4-Benzyloxymethyl-4-methyl-2-phenyloxazoline (Compound 1)
PAR  A suspension of 4-hydroxymethyl-4-methyl-2-phenyloxazoline (19.1 grams,
      prepared by the method described in J. Amer, Chem. Soc. 1945, 67, 1069) in
      toluene (200 milliliters) was added slowly to a stirred suspension of
      sodium hydride (2.4 grams) in toluene (50 milliliters). Some warming was
      necessary to initiate the reaction. The mixture was then heated under
      reflux for 2 hours with stirring. Benzyl chloride (13.0 grams) was added
      to the mixture over a period of 10 minutes. The mixture was heated under
      reflux for a further 5 hours and then allowed to stand at room temperature
      for 16 hours. The mixture was washed with water (3 .times. 200
      milliliters), dried (MgSO.sub.4) and evaporated under reduced pressure.
      The residue was distilled in vacuo to give the desired product, boiling
      point 147.degree.-149.degree.C at 0.3 Torr.
PAC  EXAMPLE II
PAC  4-Benzyloxymethyl-4-methyl-2-(4-nitrophenyl)oxazoline (Compound 2)
PAL  a. Preparation of 2-amino-3-benzyloxy-2-methylpropanol
PAR  2,4-Dimethyl-4-benzyloxymethyloxazoline (80 grams, prepared by a similar
      method to that described in Example 1) and potassium hydroxide (100 grams)
      in aqueous ethanol were heated together under reflux for 4 days. The
      volume of the reaction mixture was reduced under reduced pressure and
      water (300 milliliters) was then added. The aqueous mixture was extracted
      with ether (3 .times. 250 milliliters) and the extracts dried and the
      solvent removed under reduced pressure. The residue was distilled under
      reduced pressure to give 2-amino-3-benzyloxy-2-methylpropanol as a
      colorless liquid, boiling point 128.degree.-129.degree.C at 1.1 Torr.
PAL  b. Preparation of 4-benzyloxymethyl-4-methyl-2-(4-nitrophenyl)oxazoline
PAR  2-Amino-3-benzyloxy-2-methylpropanol (13.5 grams) and 4-nitrobenzoic acid
      (11.7 grams) in dry xylene (100 milliliters) were heated together under
      reflux for 24 hours using a Dean-Stark trap for collection of the water
      formed during the reaction. The cooled solution was evaporated to dryness
      under reduced pressure and the residue was treated with ether and allowed
      to stand for 15 hours at 0.degree.C. The yellow solid formed was
      recrystallized from ethanol to yield the desired product, melting point
      65.degree.-66.degree.C.
PAC  EXAMPLE 3
PAR  Following procedures similar to those of examples 1 and 2 the following
      further compounds were prepared, covering the indicated physical
      characteristics.
TBL  ______________________________________                                    
     Compound                                                                  
     CH.sub.2 ----O                                                            
     .vertline..angle.C--R.sub.1                                               
     R.sub.2 --C------N                                                        
     .vertline.                                                                
     CH.sub.2 OR.sub.3                                                         
                                     Melting point .degree.C, or               
     No.   R.sub.1 R.sub.2  R.sub.3  boiling point, .degree.C/Torr.            
     ______________________________________                                    
     3    benzyl   methyl  benzyl    165 - 168/0.6                             
     4    methyl   methyl  benzyl    119 - 120/2.3                             
     5    4-meth-  methyl  benzyl    186 - 186/188/0.35                        
          oxyphenyl                                                            
     6    4-chloro-                                                            
          phenyl   methyl  benzyl    40 - 41                                   
     7    3-pyridyl                                                            
                   methyl  benzyl    174 - 175/0.75                            
     8    phenyl   methyl  2-chloro- 166 - 192/0.4                             
                           benzyl                                              
     9    phenyl   methyl  4-chloro- 55 - 57                                   
                           benzyl                                              
     10   phenyl   methyl  2,6-dichloro-                                       
                                     82 - 84                                   
                           benzyl                                              
     11   phenyl   methyl  4-methylbenzyl                                      
                                     190 - 194/1.0                             
     12   4-fluoro-                                                            
          phenyl   methyl  benzyl    oil                                       
     13   2-furyl  methyl  benzyl    oil                                       
     14   decyl    methyl  benzyl    180 - 186/0.25                            
     15   4-pyr-                                                               
          idyl     methyl  benzyl    174 - 178/0.75                            
     16   p-tolyl  methyl  benzyl    177 - 184/0.8                             
     17   styryl   methyl  benzyl    203 - 204/0.9                             
     18   2-pro-                                                               
          penyl    methyl  benzyl    113 - 119/1.0                             
     19   o-tolyl  methyl  benzyl    188 - 193/3.0                             
     20   tri-                                                                 
          fluoro-                                                              
          methyl   methyl  benzyl    119 - 132/0.3                             
     21   phenyl   methyl  3-methylbenzyl                                      
                                     177 - 188/2.3                             
     22   phenyl   methyl  4-nitrobenzyl                                       
                                     92 - 94                                   
     23   methyl   ethyl   benzyl    152 - 158/1.0                             
     24   phenyl   ethyl   benzyl    176 - 179/0.8                             
     25   2-chloro-                                                            
          benzyl   methyl  benzyl    202 - 204/2.0                             
     26   o-tolyl  ethyl   benzyl    196 - 198/2.5                             
     27   2-furyl  ethyl   benzyl    oil                                       
     28   2-meth-                                                              
          oxyphenyl                                                            
                   methyl  benzyl    oil                                       
     ______________________________________                                    
PAC  EXAMPLE 4
PAC  Herbicidal Activity
PAR  To evaluate their herbicidal activity, the compounds of the invention were
      tested using as a representative range of plants: maize, Zea mays (Mz);
      rice, Oryza sativa (R); barnyard grass, Echinchloa crus-galli (BG); pea,
      Pisum sativum (P); linseed, Linum usitatissium (L); mustard, Sinapis alba
      (M); and sugar beet, Beta vulgaris (SB).
PAR  The tests fall into two categories, pre-emergence and post-emergence. The
      pre-emergence tests involved spraying a liquid formulation of the compound
      onto the soil in which the seeds of the plant species mentioned above had
      recently been sown. The post-emergence tests involved two types of test,
      viz. soil drench and foliar spray tests. In the soil drench tests the soil
      in which seedling plants of the above species were growing, was drenched
      with a liquid formulation containing a compound of the invention, and in
      the foliar spray tests the seedling plants were sprayed with such a
      formulation.
PAR  The soil used in the tests was a steam-sterilised, modified John Innes
      Compost mixture in which half the peat, by loose bulk, had been replaced
      by vermiculite.
PAR  The formulations used in the tests were prepared by diluting with water
      solutions of the compounds in acetone containing 0.4% by weight of an
      alkylphenol/ethylene oxide condensate available under the trade mark
      Triton X-155. In the soil spray and foliar spray tests the acetone
      solutions were diluted with an equal volume of water and the resulting
      formulations applied at two dosage levels corresponding to 10 and 1
      kilograms of active material per hectare respectively in a volume
      equivalent to 400 liters per hectare. In the soil drench tests one volume
      of the acetone solution was diluted to 155 volumes with water and the
      resulting formulation applied at one dosage level equivalent to 10
      kilograms of active material per hectare in a volume equivalent to
      approximately 3,000 liters per hectare.
PAR  In the pre-emergence tests untreated sown soil and in the post-emergence
      tests untreated soil bearing seedling plants were used as controls.
PAR  The herbicidal effects of the compounds were assessed visually seven days
      after spraying the foliage and drenching the soil and eleven days after
      spraying the soil, and were recorded on a 0-9 scale. A rating 0 indicates
      no effect on the treated plants, a rating 2 indicates a reduction in fresh
      weight of stem and leaf of the plants of approximately 25%, a rating 5
      indicates a reduction of approximately 55%, a rating 9 indicates a
      reduction of 96% etc.
PAR  The results of the tests are set out in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
                    Post Emergence                  Pre-Emergence              
     Dosage         Soil Drench     Foliar Spray    Soil Spray                 
     Compound                                                                  
           Kilogram/hectare                                                    
                    Mz                                                         
                      R BG P L M SB Mz                                         
                                      R BG P L M SB Mz                         
                                                      R BG P L M SB            
     __________________________________________________________________________
     1     10       0 0 5  0 1 0 1  2 3 8  1 9 9 8  8 9 9  4 6 4 3             
           1                        0 0 0  0 1 1 0  0 0 9        0             
                                                                 2             
                                                                 0             
                                                                 0             
     2     10       0 0 0  0 0 0 0  0 0 7  0 6 4 0  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        --                                         
                                      --                                       
                                        0  --                                  
                                             0 0 -- --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     3     10       0 0 0  0 0 0 0  3 2 6  1 6 9 8  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 0 1 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     4     10       0 0 0  0 0 0 0  0 2 1  1 7 5 3  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        --                                         
                                      0 0  0 0 0 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     5     10       0 0 0  0 0 0 0  1 2 7  2 8 6 7  0 0 4        0             
                                                                 1             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 1 2 0  --                         
                                                      --                       
                                                        0        --            
                                                                 0             
                                                                 --            
                                                                 --            
     6     10       0 0 0  0 0 0 0  1 1 8  1 6 5 8  0 0 2        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 1  0 0 0 0  --                         
                                                      --                       
                                                        0        --            
                                                                 --            
                                                                 --            
                                                                 --            
     7     10       0 0 2  0 0 2 0  1 1 7  3 9 9 9  0 1 8        0             
                                                                 0             
                                                                 0             
                                                                 6             
           1                        0 0 0  0 2 6 6  --                         
                                                      0 0        --            
                                                                 --            
                                                                 --            
                                                                 0             
     8     10       --                                                         
                      --                                                       
                        -- --                                                  
                             --                                                
                               --                                              
                                 -- 5 1 9  2 8 8 4  0 0 8        0             
                                                                 2             
                                                                 0             
                                                                 2             
           1                        0 0 2  0 1 0 0  --                         
                                                      --                       
                                                        2        --            
                                                                 0             
                                                                 --            
                                                                 0             
     9     10       0 0 0  0 0 0 0  3 1 8  0 7 7 6  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 1  --                                  
                                             0 0 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     10    10       0 0 0  0 0 0 0  1 0 8  1 6 4 6  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 --                                       
                                        1  0 0 0 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     11    10       0 0 0  0 0 2 0  1 1 9  2 8 9 8  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 2  0 0 0 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     12    10       0 0 0  0 0 0 0  0 1 9  2 9 9 9  0 0 8        0             
                                                                 3             
                                                                 0             
                                                                 0             
           1                        --                                         
                                      0 7  --                                  
                                             3 2 0  --                         
                                                      --                       
                                                        0        --            
                                                                 0             
                                                                 --            
                                                                 --            
     13    10       6 5 7  2 3 0 0  2 2 8  3 9 9 9  5 9 9        9             
                                                                 8             
                                                                 7             
                                                                 7             
           1                        1 1 1  0 2 2 3  0 1 9        3             
                                                                 1             
                                                                 1             
                                                                 0             
     14    10       0 0 0  0 0 0 0  3 2 9  3 8 8 9  0 0 7        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 1  0 0 1 0  --                         
                                                      --                       
                                                        0        --            
                                                                 --            
                                                                 --            
                                                                 --            
     15    10       0 0 0  0 0 0 0  1 3 8  7 8 9 9  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 2 4 1  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     16    10       0 0 0  0 0 0 0  3 3 8  4 8 8 3  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 2  0 0 0 0  --                         
                                                      --                       
                                                        --       --            
                                                                 --            
                                                                 --            
                                                                 --            
     17    10       0 0 0  0 0 1 0  5 3 8  1 7 9 7  0 0 5        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 1 0  0 3 0 0  --                         
                                                      --                       
                                                        0        --            
                                                                 --            
                                                                 --            
                                                                 --            
     18    10       0 0 0  0 0 0 0  1 2 7  2 9 9 9  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 2 1 0  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
     19    10       6 3 8  0 0 0 0  7 3 9  2 8 8 7  2 2 9        0             
                                                                 7             
                                                                 1             
                                                                 0             
           1                        0 0 6  0 3 2 0  0 0 9        0             
                                                                 0             
                                                                 0             
                                                                 0             
     21    10       0 0 0  0 0 0 0  1 1 7  2 8 7 5  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 1 3 1  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
     23    10       0 0 0  0 0 0 0  1 1 6  2 9 9 5  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 0 1 0  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
     24    10       0 0 4  0 0 0 0  2 2 7  4 8 7 5  0 0 9        0             
                                                                 5             
                                                                 0             
                                                                 0             
           1                        0 0 0  0 2 3 1  0 0 0        0             
                                                                 0             
                                                                 0             
                                                                 0             
     25    10       --                                                         
                      --                                                       
                        -- --                                                  
                             --                                                
                               --                                              
                                 -- 3 3 7  3 8 8 8  4 3 9        0             
                                                                 5             
                                                                 0             
                                                                 1             
           1                        0 0 1  0 1 4 0  0 0 7        0             
                                                                 0             
                                                                 0             
                                                                 0             
     26    10       0 0 4  0 0 0 0  5 3 8  2 7 4 5  0 0 9        0             
                                                                 0             
                                                                 0             
                                                                 0             
           1                        0 0 4  1 5 4 0  0 0 5        0             
                                                                 0             
                                                                 0             
                                                                 0             
     27    10       4 4 6  0 0 0 0  4 7 7  2 8 9 7  4 7 9        0             
                                                                 2             
                                                                 2             
                                                                 2             
           1                        0 1 0  0 0 1 1  0 2 7        0             
                                                                 0             
                                                                 0             
                                                                 0             
     __________________________________________________________________________
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An oxazoline of the formula
      ##EQU5##
      wherein R.sub.2 represents methyl or ethyl, R.sub.3 represents benzyl, and
      R.sub.1 represents phenyl, 4-nitrophenyl, benzyl, methyl, 4-methoxphenyl,
      4-chlorophenyl, 3-pyridyl, 4-fluorophenyl, 2-furyl, decyl, 4-pyridyl,
      p-tolyl, styryl, 2-propenyl, o-tolyl, trifluoromethyl, 2-chlorobenzyl or
      2-methoxyphenyl, and when R.sub.1 represents phenyl R.sub.3 then
      additionally represents 2-chlorobenzyl, 4-chlorobenzyl,
      2,6-dichlorobenzyl, 4-methylbenzyl, 3-methylbenzyl or 4-nitrobenzyl.
NUM  2.
PAR  2. 4-Benzyloxymethyl-2-(2-furyl)-4-methyl-2-oxazoline.
NUM  3.
PAR  3. 4-Benzyloxymethyl-4-methyl-2-(3-pyridyl)-2-oxazoline.
NUM  4.
PAR  4. 4-Benzyloxymethyl-4-methyl-2-styryl-2-oxazoline.
NUM  5.
PAR  5. 4-Benzyloxymethyl-4-methyl-2-phenyl-2-oxazoline.
NUM  6.
PAR  6. 4-Benzyloxymethyl-4-methyl-2-(4-nitrophenyl)-2-oxazoline.
PATN
WKU  039459993
SRC  5
APN  4635922
APT  1
ART  117
APD  19740424
TTL  Process for preparing solid bis-(4-furfurylidenamino-phenyl)-methane
ISD  19760323
NCL  3
ECL  1
EXP  Curtis; Allen B.
INVT
NAM  Gruffaz; Max
CTY  La Multiere
CNT  FR
INVT
NAM  Rollet; Bernard
CTY  Lyon
CNT  FR
ASSG
NAM  Rhone-Poulenc, S.A.
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19730426
APN  73.15177
CLAS
OCL  260240G
XCL  260 725
XCL   96 564
EDF  2
ICL  C07D40710
ICL  C07D30728
FSC  260
FSS  240 G;347.7;72.5
UREF
PNO  2327773
ISD  19430800
NAM  Dickey et al.
OCL  260347.7
UREF
PNO  2388903
ISD  19451100
NAM  Cantrell et al.
OCL  260240G
UREF
PNO  2500111
ISD  19500300
NAM  Anish et al.
OCL  260240G
UREF
PNO  2572371
ISD  19511000
NAM  Mooney
OCL  260347.7
UREF
PNO  2892811
ISD  19590600
NAM  Irang
XCL  260 72.5
FREF
PNO  1,093,724
ISD  19671200
CNT  UK
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  Bis-(4-furfurylidenamino-phenyl)-methane, m.p. 90.degree.-91.degree.C., is
      made by reacting furfural with bis-(4-aminophenyl)-methane in diethyl
      ether. It is useful in photography.
BSUM
PAR  The present invention provides a new imine derived from 2-furaldehyde
      (furfural).
PAR  The reaction of furfural with amines has been known for a long time. Thus
      GRIGNARD (Treatise on Organic Chemistry -- volume XVIII) mentions the
      reactions of furfural with aniline, o-toluidine, p-toluidine,
      .beta.-naphthylamine, benzidine, p-phenetidine, 4-aminodiphenylamine and
      4-amino-phenol. Furfurylidenimines can be used in photographic mixtures,
      as described in Belgian Pat. No. 660,874. According to this patent,
      furfurylidenimines can be prepared in an organic solvent, at a temperature
      of the order of 80.degree. to 120.degree.C, the reaction being carried out
      in the presence of an acid catalyst. In the particular case wherein the
      amine used is bis-(4-amino-phenyl)-methane, the product obtained is a red
      oil. U.S. Pat. No. 2,892,811 also mentions that furfural reacts with
      diamino-diphenyl-methane to give a red liquid which changes into a black
      solid.
PAR  The present invention provides, as a new industrial product,
      bis-(4-furfurylidenaminophenyl)methane in the form of a crystalline solid,
      which is yellow in colour and has a melting point of
      90.degree.-91.degree.C under 760 mm of mercury.
PAR  This product, which has the formula:
      ##SPC1##
PAL  Can be prepared by contacting furfural and bis-(4-aminophenyl)-methane, in
      a diethyl ether medium, at a temperature below the boiling point of the
      ether and usually not below 0.degree.C. The reaction is generally carried
      out at ambient temperature (20.degree. to 25.degree.C) and under
      atmospheric pressure, with stirring of the mixture.
PAR  The reagents are usually employed in stoichiometric amounts, that is to say
      two mols of furfural are used per mol of the diamine. It is however
      possible to use an excess of furfural up to, for example, 6 mols per mol
      of diamine. The reaction mixture should preferably contain at least 20% by
      weight of diethyl ether, based on the combined weight of furfural, diamine
      and ether, but there is no advantage in using more than 95% of the ether.
      It is desirable to use anhydrous reagents and exclude water from the
      reaction mixture as the presence of water causes an impure product to be
      obtained.
PAR  The duration of the reaction is of the order of a few minutes to a few
      hours, depending on the temperature chosen.
PAR  The product can be isolated from the reaction mixture by filtration, and
      purified by the usual methods, though only washing, e.g. with hexane, and
      drying is necessary to give a product melting at 90.degree.-91.degree.C.
PAR  Bis-(4-furfurylidenamino-phenyl)-methane can be used in photographic
      mixtures as described in Belgian Pat. No. 660,874. It can also
      advantageously be used for the production of cellular materials, by
      reaction with maleic anhydride.
DETD
PAR  The following Example illustrates the invention.
PAC  EXAMPLE
PAR  19.8 g. of the bis-(4-amino-phenyl)-methane are added, over the course of 5
      minutes at ambient temperature, with stirring, to a solution of 19.8 g. of
      furfural in 100 cm.sup.3 of diethyl ether which has previously been dried
      over calcium chloride.
PAR  The whole is stirred for 4 hours at ambient temperature (25.degree.C) and
      the precipitate which has formed is then filtered off, washed with hexane
      and kept for 15 hours under reduced pressure (5 mm Hg.) at 50.degree.C. 22
      g. of a powder, m.p. 90.degree.-91.degree.C., are finally obtained.
PAR  Percentage analysis, measurement of the molecular weight and investigation
      by infra-red spectrography show that it is
      bis-(4-furfurylidenamino-phenyl)-methane.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the preparation of solid
      bis-(4-furfurylidenamino-phenyl)-methane, which comprises contacting
      furfural and bis-(4-amino-phenyl)-methane in a diethyl ether medium.
NUM  2.
PAR  2. Process according to claim 1, in which substantially two moles of
      furfural are used per mole of the said diamine.
NUM  3.
PAR  3. Process according to claim 1 in which the reaction is carried out at
      20.degree.-25.degree.C.
PATN
WKU  039460002
SRC  5
APN  4115597
APT  1
ART  122
APD  19731031
TTL  7-[.alpha.-(2-Aminomethyl-1-cyclohexenyl)-acetamido]-3-heterocyclic
      thiomethyl-3-cephem-4-carboxylic acids
ISD  19760323
NCL  51
ECL  1
EXP  Rizzo; Nicholas S.
DCD  19920923
INVT
NAM  Naito; Takayuki
CTY  Tokyo
CNT  JA
INVT
NAM  Okumura; Jun
CTY  Yokohama
CNT  JA
INVT
NAM  Kamachi; Hajime
CTY  Yokohama
CNT  JA
ASSG
NAM  Bristol-Myers Company
CTY  New York
STA  NY
COD  02
CLAS
OCL  260243C
XCL  260240G
XCL  424246
EDF  2
ICL  C07D50120
FSC  260
FSS  243 C
UREF
PNO  3485819
ISD  19691200
NAM  Weisenborn et al.
OCL  260243C
UREF
PNO  3673183
ISD  19720600
NAM  Erickson
OCL  260243C
UREF
PNO  3766175
ISD  19731000
NAM  Lemieux
OCL  260243C
UREF
PNO  3839329
ISD  19741000
NAM  Brever et al.
OCL  260243C
LREP
FR2  Taylor, Jr.; Herbert W.
ABST
PAL  7-[.alpha.-(2-Aminomethyl-1-cyclohexyl)-acetamido]-3-heterocyclic
      thiomethyl-3-cephem-4-carboxylic acids, and their nontoxic,
      pharmaceutically acceptable salts and their Schiff bases, as made by
      reaction of salicylaldehyde with the free amino group, are valuable as
      antibacterial agents and are particularly valuable as therapeutic agents
      in poultry and animals, including man, in the treatment of infectious
      diseases caused by many Gram-positive and Gram-negative bacteria.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The cephalosporins of the present invention possess the usual attributes of
      such compounds and are particularly useful in the treatment of bacterial
      infections by parenteral administration.
PAR  2. Description of the Prior Art
PAR  The cephalosporins are a well-known group of semisynthetic antibacterial
      agents made originally, for example, by acylation of the 7-amino group of
      the nucleus 7-aminocephalosporanic acid (7-ACA) and later by similar
      acylation of nuclei derived therefrom, as by modification of its
      substituent at the 3-position. Various reviews have appeared in the
      scientific literature (e.g. Cephalosporins and Penicllins - Chemistry and
      Biology, edited by Edwin H. Flynn, Academic Press, New York, 1972, and
      particularly pages 554-569) and in the patent literature, e.g. as in U.S.
      Pat. Nos. 3,687,948, 3,741,965, 3,759,904 and 3,759,905 (all U.S. Class
      260-243C).
PAR  Issued patents on 3-thiolated cephalosporins in which the 7-substituent is
PAR  A. .alpha.-Amino-.alpha.-phenylacetamido include U.S. Pat. Nos. 3,641,021,
      3,734,907, 3,687,948, 3,741,965, 3,757,015, 3,743,644, Japan 71/24400
      (Farmdoc 46374S), Belgium 776,222 (Farmdoc 38983T; U.K. 1,328,340 which
      includes various substituents on the benzene ring), Belgium 772,592
      (Farmdoc 19696T; U.S. Pat. Nos. 3,687,948, 3,734,907 and 3,757,012), West
      Germany 2,202,274 (Farmdoc 50428T) corresponding to U.S. Pat. No.
      3,759,904, Netherlands 7205644 (Farmdoc 76309T; U.S. Pat. No. 3,757,014);
      and
PAR  B. O-, M- OR P-AMINOETHOXYPHENYLACETAMIDO AS Netherlands 72/13968 (Farmdoc
      24740U) corresponding to U.S. Pat. No. 3,759,905 and
PAR  C. O-AMINOMETHYLPHENYLACETAMIDO AS Netherlands 72/06326 (Farmdoc 76374T)
      (which also reviews the older patent literature concerning substituted
      7-phenylacetamidocephalosporanic acids) corresponding to U.S. Pat. Nos.
      3,766,176 and 3,766,175; and
PAR  D. N-(phenylacetimidoyl)aminoacetamido as U.S. Pat. No. 3,692,779; and
PAR  E. .alpha.-AMINO-.alpha.-(1,4-CYCLOHEXADIENYL)ACETAMIDO AS IN Belgium
      776,222 (Farmdoc 38983T; U.K. 1,328,340).
PAR  Additional similar disclosures are found in U.S. Pat. No. 3,692,779
      (Belgium 771,189; Farmdoc 12,819T), Japan 72/05550 (Farmdoc 12,921T),
      Japan 72/05551 (Farmdoc 12,922T), U.S. Pat. No. 3,719,673 (Belgium
      759,570; Farmdoc 39819S), Belgium 793,311 (Farmdoc 39702U) and Belgium
      793,191 (Farmdoc 39684U).
PAR  Issued patents containing a partially hydrogenated benzene ring in the
      7-substituent but lacking a thiomethyl group at the 3-position include
      those in which the 7-substituent is
PAR  a. 2-(1,4-cyclohexadien-1-yl)acetamido as in U.S. Pat. No. 3,704,297
      (Farmdoc 78154T) and Belgium 759,326 (Farmdoc 38,172S); and
PAR  b. .alpha.-amino-.alpha.-(1,4-cyclohexadienyl)acetamido and related
      compounds as in U.S. Pat. No. 3,485,819; West Germany 2,152,745 (Farmdoc
      29606T); and
PAR  c. .alpha.-amino-.alpha.-(1,2-cyclohexenyl)acetamido as in Belgium 773,773
      (Farmdoc 25515T) and, with a fully unsaturated benzene ring.
PAR  d. p-(.alpha.-aminoalkyl)phenylacetamido as in U.S. Pat. No. 3,382,241; and
PAR  e. o-aminomethylphenylthioacetamido as in U.S. Pat. No. 3,657,232.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises the compounds of the formula
      ##SPC1##
PAL  wherein R is
      ##SPC2##
PAL  and their nontoxic, pharmaceutically acceptable salts and Schiff bases, as
      with salicylaldehyde.
PAR  In the preferred embodiments of the present invention R is
      ##SPC3##
PAL  and especially
      ##SPC4##
PAR  Such salts include carboxylic acid salts including nontoxic metallic salts
      such as sodium, potassium, calcium and aluminum, the ammonium salt and
      substituted ammonium salts, e.g. salts of such nontoxic amines as
      trialkylamines, including triethylamine, procaine, dibenzylamine,
      N-benzyl-beta-phenethylamine, 1-ephenamine, N,N'-dibenzylethylenediamine,
      dehydroabietylamine, N,N'-bis-dehydroabietylethylenediamine,
      N-(lower)-alkylpiperidine, e.g. N-ethylpiperidine, and other amines which
      have been used to form salts with benzylpenicillin; and in all cases the
      nontoxic, acid addition salts thereof (i.e., the amine salts) including
      the mineral acid addition salts such as the hydrochloride, hydrobromide,
      hydroiodide, sulfate, sulfamate and phosphate and the organic acid
      addition salts such as the maleate, acetate, citrate, oxalate, succinate,
      benzoate, tartrate, fumarate, malate, mandelate, ascorbate and the like.
PAR  The compounds of the present invention are prepared according to the
      present invention by coupling with a compound of the formula
      ##SPC5##
PAL  wherein R has the meaning set out above (or a salt or easily hydrolyzed
      ester thereof including those of U.S. Pat. 3,284,451 and U.K. 1,229,453
      and any of the silyl esters described in U.S. Pat. 3,249,622 for use with
      7-aminopenicillanic acid and used in Great Britain 1,073,530) a particular
      acid or its functional equivalent as an acylating agent for a primary
      amino group. After coupling, the blocking group is removed to give the
      desired product. Said acid has the formula
      ##SPC6##
PAL  wherein B represents a blocking group of the type used either in peptide
      syntheses or in any of the numerous syntheses of
      .alpha.-aminobenzylpenicillin from 2-phenylglycine. Particularly valuable
      blocking groups are a proton, as in the compound of the formula
      ##SPC7##
PAL  or a .beta.-diketone as in Great Britain 1,123,333, e.g. methyl
      acetoacetate, in which case the acid containing the blocked amino group is
      preferably converted to a mixed anhydride, as with ethyl chloroformate,
      before reaction with compound II or a salt thereof to form the desired
      product I after acid cleavage.
PAR  Further to the discussion above of blocking groups used on the free amino
      group of the sidechain acid during its coupling with compound II, the
      blocking group is then removed to form the products of the present
      invention, e.g., the t-butoxy-carbonyl group is removed by treatment with
      formic acid, the carbobenzyloxy group is removed by catalytic
      hydrogenation, the 2-hydroxy-1-naphthcarbonyl group is removed by acid
      hydrolysis and the trichloroethoxycarbonyl group by treatment with zinc
      dust in glacial acetic acid. Obviously, other functionally equivalent
      blocking groups for an amino group can be used and such groups are
      considered within the scope of this invention.
PAR  Thus, with respect to said acid to be used to couple with compound II,
      functional equivalents include the corresponding acid anhydrides,
      including mixed anhydrides and particularly the mixed anhydrides prepared
      from stronger acids such as the lower aliphatic monoesters of carbonic
      acid, or alkyl and aryl sulfonic acids and of more hindered acids such as
      diphenylacetic acid. In addition, an acid azide or an active ester of
      thioester (e.g., with p-nitrophenol, 2,4-dinitrophenol, thiophenol,
      thioacetic acid) may be used or the free acid itself may be coupled with
      compound II after first reacting said free acid with
      N,N'-dimethylchloroformiminium chloride [cf. Great Britain, 1,008,170 and
      Novak and Weichet, Experientia XXI, 6, 360 (1965)] or by the use of
      enzymes or of an N,N'-carbonyldiimidazole or an N,N'-carbonylditriazole
      [cf. South African patent specification 63/2684] or a carbodiimide reagent
      [especially N,N'-dicyclohexylcarbodiimide, N,N'-diisopropylcarbodiimide or
      N-cyclohexyl-N'-(2-morpholinoethyl)carbodiimide; cf. Sheehan and Hess, J.
      Amer. Chem. Soc., 77, 1067 (1955)] or of alkylamine reagent [cf. R. Buijle
      and H. G. Viehe, Angew Chem. International Edition 3, 582  (1964)], or of
      a ketenimine reagent [cf. C. L. Stevens and M. E. Mond, J. Amer. Chem.
      Soc., 80, (4065)]  or of an isoxazolium salt reagent [cf. R. B. Woodward,
      R. A. Olofson and H. Mayer, J. Amer. Chem. Soc. 83, 1010 (1961)]. Another
      equivalent of the acid chloride is a corresponding azolide, i.e., an amide
      of the corresponding acid whose amide nitrogen is a member of an
      quasiaromatic five-membered ring containing at least two nitrogen atoms,
      i.e., imidazole, pyrazole, the triazoles, benzimidazole, benzotriazole and
      their substituted derivatives. As an example of the general method for the
      preparation of an azolide, N,N'-carbonyldiimidazole is reacted with a
      carboxylic acid in equimolar proportions at room temperature in
      tetrahydrofuran, chloroform, dimethylformamide or a similar inert solvent
      to form the carboxylic acid imidazolide in practically quantitative yield
      with liberation of carbon dioxide and one mole of imidazole. Dicarboxylic
      acids yield dimidazolide. The byproduct, imidazole, precipitates and may
      be separated and the imidazolide isolated, but this is not essential. The
      methods for carrying out these reactions to produce a cephalosporin and
      the methods used to isolate the cephalosporin so produced are well known
      in the art.
PAR  In the treatment of bacterial infections in man, the compounds of this
      invention are administered parenterally, in accordance with conventional
      procedures for antibiotic administration, in an amount of from about 5 to
      200 mg./kg./day and preferably about 5 to 20 mg./kg./day in divided
      dosage, e.g., three to four times a day. They are administered in dosage
      units containing, for example, 125 or 250 or 500 mg. of active ingredient
      with suitable physiologically acceptable carriers or excipients. The
      dosage units are in the form of liquid preparations such as solutions or
      suspensions.
PAR  Certain 3-substituted
      7-[.alpha.-(2-aminomethylphenyl)acetamido]cephalosporanic acid derivatives
      (A; see Netherlands 72/06326, Farmdoc 76374T, corresponding to U.S. Ser.
      No. 142,337 filed May 11, 1971) provide a series of parenteral-use
      cephalosporins which are very effective derivatives with a broad spectrum
      of activity. Their limited water solubility (&lt;2 mg./ml.) has, however,
      caused crystalluria formation even when the antibiotics had been
      administered parenterally as a readily-dissociable soluble derivative. The
      object of the present invention was, therefore, to obtain equally active
      compounds which show higher water solubility as the zwitterion form.
      ##SPC8##
PAR  There is provided by the present invention certain
      7-[.alpha.-(2-aminomethyl-1-cyclohexenyl)acetamido]-cephalosporanic acids
      (B).
      ##SPC9##
PAR  Many of the new series were found to be more soluble than the corresponding
      phenyl derivatives and to have a solubility of more than 7 mg./ml.
      determined routinely in 0.1 M pH 7.0 phosphate buffer, as shown below
      compared with that of certain corresponding phenyl derivatives.
TBL  R=                  Solubility*         Solubility*                       
     __________________________________________________________________________
                Ex. 1    16.0-16.8  mg./ml.  4.4 mg./ml. (1)                   
                Ex. 2    3.0        mg./ml.  3.5 mg./ml. (2)                   
     N------N   Ex. 3    23-26      mg./ml.  1.9 mg./ml. (3)                   
     .parallel..parallel.                                                      
     --N                                                                       
     .angle.                                                                   
     .vertline.                                                                
     CH.sub.3                                                                  
     N------N   Ex. 4    4.3-4.6    mg./ml.  0.9 mg./ml. (4)                   
     .parallel..parallel.                                                      
     ----CH.sub.3                                                              
     .angle.                                                                   
     S                                                                         
                Ex. 5    8          mg./ml.  3.6 mg./ml.                       
     __________________________________________________________________________
      *Stirred at 25.degree. C. for 4 hours in 0.1 M pH 7.0 phosphate          
      buffer--filtered through Milipore filter (0.45 .mu.)--assayed            
      spectroscopically against its own standard.                              
      (1) This compound (also called BB-S150) is claimed in U.S.S.N. 285,764   
      filed August 31, 1972 and issued May 28, 1974 as U.S. 3,813,376.         
      (2) This compound (also called BB-S226) is claimed in U.S.S.N. 284,792   
      filed August 30, 1972 and issued June 4, 1974 as U.S. 3,814,755.         
      (3) This compound (also called MR-S94) is claimed in U.S.S.N. 142,337    
      filed May 11, 1971 (see Netherlands 72/06326; Farmdoc 76,374T) and issued
      October 16, 1973 as U.S. 3,766,175.                                      
      (4) This compound (also called MR-S96) is claimed in U.S.S.N. 142,337    
      filed May 11, 1971 (see Netherlands 72/06326; Farmdoc 76,374T) and issued
      October 16, 1973 as U.S. 3,766,175.                                      
PAC  Preparation of
      7-[.alpha.-(2-Aminomethyl-1-cyclohexenyl)acetamido]cephalosporanic acid
      derivatives
      ##SPC10##
      ##SPC11##
DETD
PAR  The following examples are given in illustration of, but not in limitation
      of, the present invention. All temperatures are given in degrees
      Centigrade. "Skellysolve B" is a petroleum ether fraction of B.P.
      60.degree.-68.degree. C. consisting essentially of n-hexane. IR-120 is
      also called Amberlite IR-120 and is a strong cation exchange resin
      containing sulfonic acid radicals. Amberlite IR-120 is a commercially
      available cation exchange resin of the polystyrene sulfonic acid type; it
      is thus a nuclear sulfonated polystyrene resin cross-linked with divinyl
      benzene obtained by the procedure given by Kunin, Ion Exchange Resins,
      2nd. Edition (1958), John Wiley and Sons, Inc. Therein see pages 84 and 87
      for example.
PAR  2,4-Dinitrophenol is represented as 2,4-DNP, N,N'-dicyclohexylcarbodiimide
      as DCC, trifuloroacetic acid as TFA, tetrahydrofuran as THF,
      t-butoxycarbonyl azide as t-BuCON.sub.3 and t-butoxycarbonyl as t-BOC.
PAC  Preparation of Starting Materials
PAC  .alpha.-(2-Aminomethyl-1,4-cyclohexadienyl)acetic acid
PAR  A solution of 16.5 g. (0.1 mole) of o-aminomethylphenylacetic acid in 1.5 l
      of liquid ammonia (which had been treated with 50 mg. of Li to remove a
      trace of moisture) was slowly diluted with 500 ml. of dry t-BuOH. To the
      solution was added in small portions 3.4 g. (0.5 atom) of Li over a period
      of 4 hours and the mixture was stirred for 16 hours at room temperature
      removing the liquid ammonia in a hood and finally evaporated to dryness
      below 40.degree. C. The residue was dissolved in 500 ml. of water and the
      solution was chromatographed on a column of IR-120 (H.sup.+ ,700 ml.)
      resin and eluted with 1% NH.sub.4 OH solution. Ninhydrin positive
      fractions of the eluate were combined and evaporated to dryness. The
      residue was washed with four 50 ml. portions of hot acetone and
      recrystallized from 500 ml. of ethanol-water (1:1) to give 11.2 g. (67%)
      of .alpha.-(2-aminomethyl- 1,4-cyclohexadienyl)acetic acid as colorless
      needles. M.p. 183.degree.C.
PAR  IR: .nu. .sub.max.sup.nuj 1630, 1520, 1380, 1356 cm.sup..sup.-1.
PAR  NMR: .delta. .sup.D.sbsp.2 O .sup.+ K.sbsp.2 CO.sbsp.3  2.72 (4H, s,
      H.sub.2 C&lt; .sup.=), 3.01 (2H, s, CH.sub.2 CO), 3.20 (2H, s, CH.sub.2 --N),
      5.78 (2H, s, .sup.H &gt;C=).
PAR  Anal. Calcd. for C.sub.9 H.sub.13 NO.sub.2 : C, 64.65; H, 7.84; N, 8.38.
      Found: C, 64.77; H, 8.06; N, 8.44.
PAC  Alternative Procedure for the Preparation of
      .alpha.-(2-aminomethyl-1,4-cyclohexadienyl)-acetic acid
      ##SPC12##
PAR  The procedure used by Welch, Dolfini and Giarrusso in U.S. Pat. 3,720,665
      (Example 1) to make D-2-amino-2-(1,4-cyclohexadienyl)acetic acid was
      adapted. A solution of 830 ml. of distilled liquid ammonia was dried with
      40 mg. of lithium under an argon atmosphere. To this stirred solution was
      added 11.0 g. (0.07 mole) of 2 -aminomethylphenylacetic acid and 340 ml.
      of tert. butyl alcohol. A total of 1.6 g. (0.225 mole) of lithium was
      added to the vigorously stirred solution over a period of 2 hours. The
      grey mixture was then treated with 35 g. (0.215 mole) of triethylamine
      (TEA) hydrochloride and stirred overnight at room temperature for 18
      hours. The tert. butyl alcohol was removed at 40.degree. (15 mm.) to yield
      a white residue which was dried in vacuo over P.sub.2 O.sub.5 overnight.
      The solid was dissolved in 30 ml. of 1:1 methanol-water and added with
      stirring to 3.5 l. of 1:1 chloroform-acetone at 5.degree.. the mixture was
      stirred for 20 min. and the amino acid
      .alpha.-(2-aminomethyl-1,4-cyclohexadienyl)acetic acid, was collected and
      dried for 16 hours in vacuo over P.sub.2 O.sub.5 to yield 6.3 g. (58%) of
      white crystals, m.p. 190.degree. decomp. The IR and NMR spectra were
      consistent for the structure.
PAC  .alpha.-[2-(t-Butoxycarbonylaminomethyl)-1,4-cyclohexadienyl]acetic acid
      (1)
PAR  To a stirred solution of 8.0 g. (0.048 mole) of
      .alpha.-(2-aminomethyl-1,4-cyclohexadienyl)acetic acid and 3.8 g. (0.096
      mole) of NaOH in 150 ml. of water was added a solution of 10.3 g. (0.072
      mole) of t-butoxycarbonylazide in 80 ml. of THF and the mixture was
      stirred for 18 hours at room temperature. The THF was removed under
      reduced pressure and the residual solution was washed with ether (2
      .times. 100 ml.), acidified with 6 N HCl and extracted with ether (3
      .times. 100 ml.). The combined extracts were washed with water (2 .times.
      100 ml.) and a saturated NaCl solution (100 ml.), dried with Na.sub.2
      SO.sub.4 and evaporated to dryness. The oily residue was triturated with
      n-hexane to give 10.5 g. (82%) of colorless powder 1 melting at
      113.degree. C.
PAR  IR:.nu. .sub.max.sup.nuj 3370, 1715, 1640, 1530, 1280, 1160 cm.sup..sup.-1.
PAR  NMR:.delta. .sub.ppm.sup.CDCl.sbsp.3  1.45 (9H, s, t-Bu-H), 2.73 (4H, s,
      H.sub.2 C&lt;.sup.C.sup.=C), 3.16 (2H, s, CH.sub.2 CO); 3.76 (2H, d, 6Hz,
      CH.sub.2 N) 4.90 (1H, m, NH), 5.66 (2H, s, .sup.H &gt;C=), 10.6 (1H, br-s,
      COOH).
PAR  Anal. Calcd. for C.sub.14 H.sub.21 NO.sub.4 : C, 62.90; H, 7.92; N, 5.24.
      Found: C, 63.13; H, 8.21; N, 5.26.
PAC  [2-N(N-t-Butoxycarbonylamino)methyl-1-cyclohexen-1-yl]acetic acid (2)
PAR  A solution of
      [2-(N-t-butoxycarbonylamino)methyl-1,4-cyclohexadien-1-yl]acetic acid (1),
      (1.33 g., 5 mmoles) in 3% ammonium hydroxide (10 ml.) was hydrogenated at
      40 psi with palladium on charcoal (10%, 0.2 g.). A theoretical amount of
      hydrogen was taken up in 3 hours. The catalyst was removed and the
      filtrate was acidified to pH 2 with dil. HCl and extracted with ethyl
      acetate (2 .times. 50 ml.). The combined extracts were washed with water
      (20 ml.), dried with Na.sub.2 SO.sub.4 and evaporated under reduced
      pressure to afford an oil (1.34 g.) which solidified on standing for
      several days. Recyrstallization from n-hexane - ethyl acetate gave 1.2 g.
      (90%) of 2 as colorless prisms melting at 118.degree.-119.degree. C.
PAR  IR:.nu..sub.max.sup.nujol 3450, 1730, 1660, 1510 cm.sup..sup.-1.
PAR  NMR:.delta..sub.ppm.sup.CDCl.sbsp.3  1.58 (9H, s, t-butyl-H), 1.50 - 1.90
      (4H, m, --CH.sub.2 --), 1.90 - 2.20 (4H, m, allylic methylene-H), 3.18
      (2H, s, CH.sub.2 --CO), 3.78 (2H, d, 6 Hz, CH.sub.2 --N), 5.00 (1H, br-s,
      NH), 8.98 (1H, br-s, COOH).
PAR  Anal. Calcd. for C.sub.14 H.sub.23 NO.sub.4 : C, 62.43; H, 8.61; N, 5.20.
      Found: C, 62.12; H, 8.77; N, 5.37.
PAC  7-Amino-3-(3-hydroxypyridazin-6-ylthiomethyl)-3-cephem-4-carboxylic acid
      (4a)
      ##SPC13##
PAC  3-Chloro-6-hydroxypyridazine
PAR  A mixture of 22.47 g. (0.15 mole) of 3,6-dichloropyridazine and 50 ml. of
      acetic acid was refluxed for two hours. The reaction mixture was cooled
      and diluted with 50 ml. of water and then concentrated to dryness under
      reduced pressure. The residue was crystallized from water to give 15.8 g.
      (80%) of 3-chloro-6-hydroxypyridazine as colorless prisms which melted at
      133.degree.-7.degree. C. (lit. 138.degree.-140.degree. C.). See N.
      Takabayashi, Yakugaku Zasshi, 75, 778 (1955).
PAC  3-Hydroxy-6-mercaptopyridazine
PAR  A mixture of 2.6 g. (0.02 mole) of 3-chloro-6-hydroxypyridazine and 5.0 g.
      (0.07 mole) of freshly prepared potassium hydrogen sulfide in 30 ml. of
      ethanol was heated at 130.degree.-140.degree. C. in a sealed tube for 6
      hours. The reaction mixture was cooled and diluted with 200 ml. of water.
      Almost all organic solvent was removed by distillation under reduced
      pressure. The residual aqueous solution was acidified with dilute
      hydrochloric acid to pH 3 and extracted with ethyl acetate (6 .times. 50
      ml.). The combined extracts were evaporated to dryness and the residue was
      reprecipitated from 30 ml. of ethanol-ligroin (1:1) to give 2.2 g. (87%)
      of amorphous 3-hydroxy-6-mercaptopyridazine. m.p. 158.degree. -
      159.degree. C. (lit. 157.degree.-158.degree. C.
PAR  See J. Druey et al., Helv. Chem. Acta. 37, 121 (1954).
PAC  3-Hydroxy-6-mercaptopyridazine
PAR  To a solution of 5.6 g. (0.05 mole) of 3,6-dihydroxypyridazine in 150 ml.
      of pyridine was added portion-wise 2.70 g. (0.012 mole) of phosphorus
      pentasulfide with vigorous stirring under refluxing. The refluxing was
      continued for one hour and then the reaction mixture was diluted with 200
      ml. of water and concentrated to remove the pyridine. The resulting oily
      residue was suspended in water and extracted with ethyl acetate. The
      organic extracts were combined and concentrated again to give oily
      material which was triturated with a small amount of water to give
      3-hydroxy-6-mercaptopyridazine as a yellow solid. Recrystallization from
      water afforded 0.62 g. (12%) of the product which was identical with that
      prepared above.
PAC  3,6-Dihydroxypyridazine
PAR  To a boiling solution of 315 g. (3 moles) of hydrazine dihydrochloride in 2
      L of water was added portionwise 295 g. (3 moles) of finely ground maleic
      anhydride with stirring. After the addition was completed the heating was
      continued for 4 hours and then allowed to stand overnight in a
      refrigerator to give 285 g. (85%) of 3,6-dihydroxypyridazine as massive
      pillars. m.p. &gt;  290.degree. C.
PAC  3,6-Dichloropyridazine
PAR  A mixture of 150 g. (1.33 moles) of 3,6-dihydroxypyridazine and 250 g. of
      phosphorus oxychloride was refluxed for 3 hours under protection from
      moisture. The excess of phosphorus oxychloride was removed under reduced
      pressure and the dark residue was poured into one Kg. of crushed ice. The
      resulting precipitate was collected by filtration. The second crop of the
      product was obtained from the mother liquor by extraction with five 300
      ml. portions of chloroform followed by treating with 1 g. of charcoal and
      evaporating the solvent. The first and second crops were combined,
      dissolved in 500 ml. of chloroform and treated again with one g. of
      charcoal and concentrated to give 165 g. (83%) of 3,6-dichloropyridazine
      as fine needles melting at 60.degree.-61.degree. C. (in a sealed tube).
PAC  6-Chloro-3-hydroxypyridazine
PAR  A suspension of 60 g. (0.4 mole) of 3,6-dichloropyridazine in 200 ml. of
      10% hydrochloric acid was refluxed for 2 hours until a clear solution was
      obtained. The clear solution was treated with ca. 1.5 g. of active carbon
      and filtered. The filtrate was concentrated under reduced pressure to give
      6-chloro-3-hydroxypyridazine as colorless needles. Yield 49.5 g. (98%).
      M.p. 137.degree.-139.degree. C.
PAC  3-Hydroxy-6-mercaptopyridazine
PAR  A mixture of 50 g. (0.38 mole) of 6-chloro-3-hydroxypyridazine, 60 g. (0.83
      mole) of potassium hydrogen sulfide in 250 ml. of ethanol was heated in a
      500 ml. autoclave at 140.degree.C. for 14 hours with magnetic stirring.
      The pressure reached to 15-20 Kg./cm.sup.2. The mixture was evaporated to
      dryness and the residue was dissolved in 300 ml. of water. The aqueous
      solution was acidified with dil. hydrochloric acid to pH 3 and extracted
      with ten 200 ml. portions of ethyl acetate. The combined extracts were
      concentrated to give 34.3 g. (70%) of amorphous
      3-hydroxy-6mercaptopyridazine. M.p. 151.degree.-152.degree. C.
PAC  7-Amino-3-(6-hydroxypyridazin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  A mixture of 0.60 g. (0.0047 mole) of 3-hydroxy-6-mercaptopyridazine, 1.27
      g. (0.0047 mole) of 7-aminocephalosporanic acid, 0.78 g. (0.0094 mole) of
      sodium bicarbonate in 25 ml. of 0.1 M phosphate buffer (pH 6.4) was heated
      at 60.degree. C. for 5 hours. The reaction mixture was filtered to remove
      a trace of insoluble material and the filtrate was adjusted to pH 5 with
      acetic acid to give brown precipitates, which were collected by
      filtration, washed with water and acetone successively and dried in vacuo
      to give
      7-amino-3-(6-hydroxypyridazin-3-ylthiomethyl)-3-cephem-4-carboxylic acid;
      1.03 g. (71%). M.p. 290.degree.-300.degree. C. (decomp.).
PAR  IR: .nu. .sub.max.sup.KBr 1805, 1680, 1650, 1580, 1415 cm .sup.-.sup.1.
PAR  UV: .lambda. .sub.max.sup.1% NaOH 249 nm (.epsilon. 19400). NMR: .delta.
      .sub.ppm.sup.D.sbsp.2O.sup.-K.sbsp.2CO.sbsp.3 3.22 (1H, d, 19Hz), 3.37
      (1H, d, 14 Hz), 3.65 (1H, d, 14 Hz), 3.72 (1H, d, 19 Hz), 4.90 (1H, d, 4
      Hz), 5.30 (1H, d, 4Hz), 6.75 (1H, d, 10 Hz), 7.30 (1H, d, 10 Hz).
PAR  Anal. Calcd. for C.sub.12 H.sub.12 N.sub.4 O.sub.4 S.sub.2.sup.. 1/2H.sub.2
      O: C, 41.25; H, 3.75; N, 16.04; S, 18.36.   Found: C, 41.45; H, 3.70; N,
      15.83; S, 18.03.
PAC  7-Amino-3-(3-hydroxypyridazine-6-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  A mixture of 141 g. (0.52 moles) of 7-ACA, 92 g. (1.1 moles) of sodium
      bicarbonate and 73 g. (0.57 moles) of 3-hydroxy-6-mercaptopyridazine in
      1.5 L of 0.1 M phosphate buffer (pH 6.4) was heated at
      60.degree.-65.degree. C. under nitrogen atmosphere for 4 hours. The hot
      mixture was treated with 2 g. of charcoal and filtered. The filtrate was
      cooled to room temperature and adjusted to pH 4.5 with glacial acetic acid
      to give the precipitate, which was collected by filtration, washed with
      one L of acetone and air-dried at room temperature to yield 125 g. (70%)
      of 7-amino-3-(3-hydroxypyridazine-6-ylthiomethyl)-3-cephem-4-carboxylic
      acid. M.p. 240.degree.-250.degree.  C. (dec.).
      7-Amino-3-(tetrazolo[1,5-b]pyridazin-6-ylthiomethyl-3-cephem-4-carboxylic
      acid (4b)
      ##SPC14##
PAC  Preparation of 6-Mercaptotetrazolo[4,5-b]pyridazine
      ##SPC15##
PAC  3,6-Dihydroxypyridazine (9)
PAR  To a boiling solution of 315 g. (3 moles) of hydrazine dihydrochloride in 2
      L of water was added portionwise 295 g. (3 moles) of finely ground maleic
      anhydride 8 with stirring. After the addition was completed the heating
      was continued for 4 hours and then allowed to stand overnight in a
      refrigerator to give 285 g. (85%) of 9 massive pillars. m.p. &gt; 290.degree.
      C.
PAC  3,6-Dichloropyridazine (10)
PAR  A mixture of 150 g. (1.33 moles) of 9 and 250 g. of phosphorus oxychloride
      was refluxed for 3 hours under protection from moisture. The excess of
      phosphorus oxychloride was removed under reduced pressure and the dark
      residue was poured into one Kg. of crushed ice. The resulting precipitate
      was collected by filtration. The second crop of the product was obtained
      from the mother liquor by the extraction with five 300 ml. portions of
      chloroform followed by treating with 1 g. of charcoal and evaporating the
      solvent. The first and second crops were combined, dissolved in 500 ml. of
      chloroform and treated again with one g. of charcoal and concentrated to
      give 165 g. (83%) of 10 as fine needles melting at 60.degree.-61.degree.
      C. (in a sealed tube).
PAC  3-Chloro-6-hydrazinopyridazine (11)
PAR  A mixture of 40 g. (0.27 mole) of 3,6-dichloropyridazine (10) and 40 ml. of
      80% hydrazine hydrate in 80 ml. of ethanol was refluxed for one hour. The
      reaction mixture was evaporated to dryness and the residue was
      recrystallized from benzene to give 39 g. (100%) of 11 melting at
      114.degree.-115.degree. C.
PAC  6-Chlorotetrazolo[4,5-b]pyridazine (12)
PAR  To a solution of 25.7 g. (0.174 mole) of 11 in 100 ml. of 15% acetic acid
      was added dropwise a solution of 13.8 g. (0.2 mole) of sodium nitrite in
      50 ml. of water with vigorous stirring at 5.degree.-10.degree. C. Stirring
      was continued for one hour at the same temperature. The precipitate which
      separated was filtered, washed with 20 ml. of water and air-dried to give
      17.02 g. of 12. Additional product was obtained by evaporation of the
      filtrate. Total yield 18.32 g. (64%). M.p. 104.degree.-105.degree. C.
PAC  6-Mercaptotetrazolo[4,5-b]pyridazine (13)
PAR  A mixture of 21.3 g. (0.137 mole) of 12 and 20 g. (0.25 mole) of potassium
      hydrosulfide in 200 ml. of ethanol was refluxed for 2 hours and evaporated
      to dryness. The residue was dissolved in 100 ml. of water and filtered to
      remove a small amount of insoluble material. The filtrate was acidified to
      pH 1 with dil. hydrochloric acid to precipitate 13 as colorless needles
      which were collected by filtration, washed with 20 ml. of water and dried.
      Yield 9.80 g. (47%). M.p. 140.degree.-141.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.KBr 2500, 1540, 1445, 1295, 840 cm.sup.-.sup.1.
PAR  NMR: .sigma. .sub.ppm.sup.D.sbsp.2O.sup.+K.sbsp.2CO.sbsp.3 7.44 (1H, d, 10
      Hz, pyridazine-H), 7.77 (1H, d, 10 Hz, pyridazine-H).
PAR  Anal. Calcd. for C.sub.4 H.sub.3 N.sub.5 S: C, 31.37; H, 1.97; N, 45.72; S,
      20.94. Found: C, 31.52; 31.66; H, 1.70, 1.69; N, 46.01; 46.01; S, 20.95.
PAC  Preparation of
      7-amino-3-(tetrazolo[4,5-b]pyridazin-6-ylthiomethyl)-3-cephem-4-carboxylic
      acid
      ##SPC16##
PAC  7-Amino-3-(tetrazolo[4,5-b]pyridazin-6-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4b)
PAR  i. To a hot solution (50.degree.-60.degree. C.) of 9.56 g. (0.062 mole) of
      13 and 10.42 g. (0.124 mole) of sodium bicarbonate in 300 ml. of water was
      added carefully 16.86 g. (0.062 mole) of 7-ACA and the mixture was heated
      at 80.degree.-85.degree. C. for 30 minutes. About 7 g. of sodium
      bicarbonate was added to the reaction mixture to dissolve insoluble
      material. The solution was treated with active carbon, filtered and the
      filtrate was acidified to pH 5 with dil. hydrochloric acid. The
      precipitate was collected by filtration, washed with water, air-dried and
      finally in vacuo on P.sub.2 O.sub.5 to give 14.47 g. (64%) of 4b. M.p.
      248.degree.-250.degree. C. (dec.).
PAR  ii. A stirred solution of 16.8 g. (0.11 mole) of 13 and 18.48 g. (0.22
      mole) of NaHCO.sub.3 in 1 L of 0.1 M phosphate buffer (pH 6.4) was heated
      at 50.degree. C. and to the solution was added portionwise 30 g. (0.11
      mole) of 7ACA. The mixture was heated at 80.degree. C. for 2.5 hours,
      during which period insoluble material still remained. The reaction
      mixture was cooled to room temperature and the precipitated 4b was
      collected by filtration, washed thoroughly with 200 ml. of water and
      air-dried.
PAR  Additional 4b was obtained from the filtrate and the washings by acidifying
      to pH 5 with dil. HCl. Total yield 32.9 g. (83%). M.p.
      245.degree.-250.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.KBr 1800, 1615, 1538, 1360 cm.sup.-.sup.1.
PAR  UV: .lambda. .sub.max.sup.1%NaHCO.sbsp.3 237 nm (.epsilon. 19500), 275 nm
      (.epsilon. 12000), 310 nm (sh) (.epsilon. 5700).
PAR  NMR: .delta. .sub.ppm.sup.D.sbsp.2O.sup.+K.sbsp.2CO.sbsp.3 3.35 (1H, d, 18
      Hz, 2-H), 3.76 (1H, d, 18 Hz, 2-H), 4.00 (1H, d, 10 Hz, 3-CH.sub.2), 4.48
      (1H, d, 10 Hz, 3-CH.sub.2), 4.93 (1H, d, 4 Hz, 6-H), 5.32 (1H, d, 4 Hz,
      7-H), 7.46 (1 H, d, 10 Hz, pyridazine-H), 8.18 (1H, d, 10 Hz,
      pyridazine-H).
PAR  Anal. Calcd. for C.sub.12 H.sub.11 N.sub.7 O.sub.3 S.sub.2 : C, 39.44; H,
      3.03; N, 26,83; S, 17.55. Found: C, 39.19; H, 2.71; N, 26.84; S, 17.35.
PAC  7-Amino-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4d)
      ##SPC17##
PAC  2-Mercapto-5-methyl-1,3,4-thiadiazole.
PAR  Lit. ref. U.S. Pat. 3,516,997 (1970); J. Antibiotics, 23, 131-36 (1970).
PAR  11.5 g. (0.1 mole) of 2-amino-5-methyl-1,3,4-thiadiazole was carefully
      ground together with 32 g. (0.45 mole) of sodium nitrite and slowly added
      to 160 ml. of 48% HBr containing 50 mg. of powdered copper at -10.degree.
      C. with stirring. After the addition was completed, the solution was
      stirred at -5.degree. C. for one hour and then at 20.degree. C. for one
      and a half hours. The pH was adjusted to 9.5 by addition of 50% KOH and
      the solution was heated to 60.degree. C. At 60.degree. C. the pH was
      readjusted to 9.5 by addition of 50% KOH. The solution was cooled and
      filtered. The precipitate was dissolved in ether and the filtrate was
      extracted with 2 .times. 200 ml. ether. The combined ether solutions were
      dried over sodium sulfate and evaporated to dryness. The product was
      recrystallized from benzene-"Skellysolve B". Yield 12 g., m.p.
      105.degree.-107.degree. C.
PAR  12 g. (.07 mole) of 2-bromo-5-methyl-1,3,4-thiadiazol and 5 g. (0.07 mole)
      of thiourea were dissolved in 40 ml. of 100% ethanol and refluxed for one
      and a half hours on a steam bath. This solution was added to 4.5 g. (.08
      mole) of KOH in 65 ml. H.sub.2 O and the mixture heated to boiling for
      five minutes. The ethanol was removed under vacuum and the pH of the
      aqueous solution adjusted to 3 by addition of 3 N HCl. The product
      crystallized out and after cooling at 0.degree. C. for one hour was
      collected by filtration, washed with cold water and recrystallized from
      100% ethanol. Yield 5 g., m.p. 186.degree.-187.degree. C.
PAR  Anal. Calcd. for C.sub.3 H.sub.4 N.sub.2 S.sub.2 : C, 27.25; H, 3.05; N,
      21.19; S, 48.51. Found: C, 27.20; H, 3.34; N, 21.18; S, 48.48.
PAC  7-Amino-3-(5-methyl-1,3,4-thiadiazol-2 -ylthiomethyl)-3-cephem-4-carboxylic
      acid.
PAR  To a stirred suspension of 2.72 g. (0.01 mole) of 7-ACA in 50 ml. of 0.1 M,
      pH 6.4 phosphate buffer, was added 1.68 g. (0.02 mole) of NaHCO.sub.3
      followed by 1.45 g. (0.011 mole) of 2-mercapto-5-methyl-1,3,4-thiadiazole
      and the mixture heated and stirred at 60.degree. C. for five hours. The
      resulting slurry was then allowed to cool to about 22.degree. C. over a
      one hour period. The crystalline precipitate was collected by filtration,
      washed with water and air dried. Yield 1.3 g., dec. pt. 206.degree. C.
      Scaling up the reaction 10X gave 18.0 g.
PAR  Anal. Calcd. for C.sub.11 H.sub.12 N.sub.4 O.sub.3 S.sub.3 : C, 38.37; H,
      3.52; S, 27.96. Found: C, 39.06; H, 3.91; S, 26.67.
PAC  7-Amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid (4c)
      ##SPC18##
PAR  The above preparation was repeated using 1-methyl-1,2,3,4-tetrazole-5-thiol
      instead of the thiadiazole. There was obtained 25 g. (76%) of
      7-amino-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-.DELTA..sup.3
      -cephem-4-carboxylic acid. The preparation of this same compound is also
      described in U.S. Pat. 3,516,997 in column 6 under the heading
      "Preparation 7".
PAC  7-Amino-3-(3-hydroxypyridazino[3,2-c]-s-triazol-6-ylthiomethyl)-3-cephem-4-
     carboxylic acid (4e).
      ##SPC19##
PAC  6-Mercapto-2,3-dihydro-s-triazolo[4,3-b]-pyridazin-3-one
PAR  A mixture of 6-chloro-2,3-dihydro-s-triazolo[4,3-b]-pyridazin-3-one [P.
      Francavilla and F. Lauria, J. Het. Chem., 8, 415 (1971) ] (1.70 g., 0.01
      mole) and potassium hydrosulfide (1.44 g., 0.02 mole) in ethanol (30 ml.)
      was heated in a sealed tube for 8 hours at 140.degree.. After cooling,
      water (50 ml.) was added to the reaction mixture and a small amount of
      insoluble material was removed by filtration. The filtrate being
      concentrated under reduced pressure, the concentrate was acidified to pH 2
      with dil. HCl to afford yellow precipitate of
      6-mercapto-2,3-dihydro-s-triazolo[4,3-b]pyridazin-3-one which was
      collected by filtration, washed with water (10 ml.) and dried in vacuo on
      P.sub.2 O.sub.5. Yield 1.43 g. (84%). M.p. &gt; 300.degree. C.
PAR  IR: .nu. .sub.max.sup.KBr 2500, 1710, 1495, 1350 cm.sup.-.sup.1.
PAR  UV: .lambda. .sub.max.sup.1%NaHCO.sbsp.3 261 nm (.epsilon. 9000), 320 nm
      (.epsilon. 2700)
PAR  NMR: .sigma. .sub.ppm.sup.D.sbsp.2O.sup.-K.sbsp.2CO.sbsp.3 6.96 (1 H, d, 10
      Hz, 7-H or 8-H). 7.12 (1 H, d, 10 Hz, 7-H or 8-H).
PAR  Anal. Calcd. for C.sub.5 H.sub.4 N.sub.4 OS: C, 35.71; H, 2.40; N, 33.31;
      S, 19.07. Found: C, 35.17; H, 2.28; N, 33.38; S, 19.76
PAC  7-Amino-3-[2,3-dihydro-s-triazolo[4,3-b]pyridazin-3-one-6-ylthiomethyl]-3-c
     ephem-4-carboxylic acid (4e)
PAR  7-ACA (1.36 g., 5 mmoles) was added at 50.degree. C. to a solution of
      6-mercapto-2,3-dihydro-s-triazolo[4,3-b]pyridazin-3-one (0.84 g., 5
      mmoles) and sodium bicarbonate (0.84 g., 10 mmoles) in 20 ml. of 0.1 M
      phosphate buffer solution (pH 6.4) and the mixture was heated for 2 hours
      at 70.degree. C. A small amount of insoluble material was removed by
      filtration and acidification of the filtrate to pH 5 with dil. HCl
      afforded the product 4e which was collected by filtration, washed with
      water (30 ml.) and dried in vacuo on P.sub.2 O.sub.5. Yield of
      7-amino-3-[2,3-dihydro-3-triazolo(4,3-b)pyridazin-3-one-6-ylthiomethyl]-3-
     cephem-4-carboxylic acid 1.25 g. (66%), M.p. &gt; 300.degree. C.
PAR  IR: .nu. .sub.max.sup.KBr 1805, 1720, 1620, 1550 cm.sup.-.sup.1.
PAR  UV .lambda. .sub.max.sup.1%NaHCO.sbsp.3 257 nm (.epsilon. 17700).
PAR  NMR: .sigma. .sub.ppm.sup.D.sbsp.2O.sup.-K.sbsp.2CO.sbsp.3 3.40 (1 H, d, 20
      Hz, 2-H), 3.78 (1 H, d, 20 Hz, 2-H), 4.00 (1 H, d, 13 Hz, 3-CH.sub.2),
      4.35 (1 H, d, 13 Hz, 3-CH.sub.2), 5.02 (1 H, d, 4 Hz, 6-H), 5.40 (1 H, d,
      4 Hz, 7-H), 6.70 (1 H, d, 9 Hz, pyridazine-H), 7.40 (1 H, d, 9 Hz,
      pyridazine-H).
PAR  Anal. Calcd. for C.sub.13 H.sub.12 N.sub.6 O.sub.4 S.sub.2. H.sub.2 O: C,
      39.19; H, 3.54; N, 21.09; S, 16.09. Found: C, 39.40; H, 3.39; N, 20.36; S,
      15.89.
PAC  7-Amino-3-(pyrido[2,1-c]-s-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4f)
      ##SPC20##
PAC  7-Amino-3-(s-triazolo[4,3-a]pyridin-3-ylthiomethyl-3-cephem-4-carboxylic
      acid (4f)
PAR  To a hot (60.degree.) solution of 3-mercapto-s-triazolo[4,3-a]pyridine [D.
      S. Tarhell et al., J. Am. Chem. Soc. 70, 1381 (1948)] (1.51 g., 10 mmole)
      and NaHCO.sub.3 (1.68 g., 20 mmole) in 0.1 M pH 7.4 phosphate buffer (50
      ml.) was added portionwise 7-ACA (2.72 g., 10 mmole) and the mixture was
      heated at 80.degree.-85.degree.  for 30 min. The reaction mixture being
      treated with carbon, the filtrate was acidified to pH 5 with dil. HCl to
      give
      7-amino-3-(s-triazolo[4,3-a]pyridin-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid which was collected by filtration, washed with water (10 ml.) and
      dried in vacuo on P.sub.2 O.sub.5. Yield 1.40 g. (39%). M.p.
      215.degree.-220.degree. (dec.).
PAR  IR: .nu. .sub.max.sup.KBr 1805, 1620, 1530, 1410, 1545 cm.sup.-.sup.1.
PAR  UV: .lambda. .sub.max.sup.1%NaHCO.sbsp.3 280 nm (.epsilon. 13200).
PAR  NMR: .delta. .sub.ppm.sup.D.sbsp.2O.sup.+K.sbsp.2CO.sbsp.3 3.25 (1 H, d, 18
      Hz, 2-H), 3.63 (1H, d, 13 Hz, 3-H), 3.68 (1 H, d, 18 Hz, 2-H), 4.18 (1 H,
      d, 13 Hz, 3-H), 4.7-5.3 (2 H, m, 6-H & 7-H).
PAR  Anal. Calcd. for C.sub.14 H.sub.13 N.sub.5 O.sub.3 S.sub.2 : C, 46.27; H,
      3.61; N, 19.27; S, 17.65. Found: C, 45.81; 45.74; H, 3.58, 3.69; N, 18.21,
      18.13; S, 17.08.
PAC  7-Amino-3-pyridazino[2,1-c]-s-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4g)
      ##SPC21##
PAC  3-Mercapto-s-triazolo[4,3-b]pyridazine
PAR  A mixture of 1.20 g. (8 mmole) of 3-chloro-s-triazolo[4,3-b]pyridazine [P.
      Francavilla and F. Lauvia, J. Het. Chem., 8, 415 (1971) and 120 g. (16
      mmole) of KSH in 20 ml. of ethanol was heated for 8 hours at 130.degree.
      in a sealed tube. After cooling the mixture was evaporated to dryness and
      the residue was dissolved in 100 ml. of water, treated with active carbon,
      acidified to pH 1 with dil. HCl to precipitate
      3-mercapto-s-triazolo[4,3-b]pyridazine which was collected, washed with 10
      ml. of water and dried in vacuo over P.sub.2 O.sub.5 to yield 0.75 g.
      (62%), m.p. 260.degree.-270.degree. (dec.).
PAR  IR: .nu. .sub.max.sup.KBr 3080, 2940, 2760, 1620, 1500, 1280, 1055
      cm.sup.-.sup.1.
PAR  NMR: .sigma. .sub.ppm.sup.DMSO.sup.-d.sbsp.6 6.99 (1 H, d-d, 4 & 10 Hz,
      7-H), 7.67 (1 H, d-d, 2 & 10 Hz, 8-H), 8.15 (1 H, d-d, 2 & 4 Hz, 6-H),
      12.3 (1 H, br-s, disappear by addition of D.sub.2 O).
PAR  Anal. Calcd. for C.sub.5 H.sub.4 N.sub.4 S.sup.. 1/2H.sub.2 O: C, 37.26; H,
      3.13; N, 34.76. Found: C, 37.35; H, 2.32; N, 34.81.
PAC  7-Amino-3-(s-triazolo[4,3-b]pyridazin-3-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4g)
PAR  7-ACA (1.36 g., 5 mmole) was added portionwise to a solution of 0.68 g.
      (4.5 mmole) of 3-mercapto-s-triazolo[4,3-b]pyridazine and 0.84 g. (10
      mmole) of NaHCO.sub.3 in 20 ml. of 0.1 M pH 7.4 phosphate buffer at
      40.degree.-50.degree. . The mixture was heated at 80.degree.-85.degree.
      for 40 min., treated with a small amount of active carbon and acidified
      with dil. HCl to pH 4 to precipitate
      7-amino-3-(s-triazolo[4,3-b]pyridazin-3-ylthiomethyl)-3-cephem-4-carboxyli
     c acid which was collected, washed with 20 ml. of water and dried in vacuo
      on P.sub.2 O.sub.5 to yield 0.81 g. (49%), M.p. &gt; 300.degree..
PAR  IR: .nu. .sub.max.sup.KBr 1705, 1620, 1540, 1415, 1350 cm.sup.-.sup.1.
PAR  UV: .lambda. .sub.max.sup.1%NaHCO.sbsp.3 275 nm (.crclbar. 13100)
PAR  NMR: .sigma. .sub.ppm.sup.D.sbsp.2O.sup.+K.sbsp.2CO.sbsp.3 3.35 (1 H, d, 18
      Hz, 2-H), 3.86 (1 H, d, 18 Hz, 2-H), 4.80 (1 H, d-d, 4 & 2 Hz, 6-H), 5.24
      (1 H, d, 4 Hz, 7-H), 7.1-8.6 (3 H, m, pyridazine-H).
PAR  Anal. Calcd. for C.sub.13 H.sub.12 N.sub.6 O.sub.3 S.sub.2.sup. . H.sub.2
      O: C, 40.83; H, 3.69; N, 21.96; S, 16.78. Found: C, 41.15; H, 3.24; N,
      20.37; S, 17.90.
PAC  7-Amino-3-(1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid (4h)
      ##SPC22##
PAC  Synthesis of potassium 1,2,3-triazole-5-thiolate
      ##SPC23##
PAR  The synthesis of the thiol was accomplished by a procedure essentially
      identical to that described in the literature [J. Goerdler and G. Gnad,
      Chem. Ber. 99, 1618 (1966)].
PAC  5-Benzamido-1,2,3-thiadiazole
PAR  To a stirred solution of benzoylisothiocyanate (50.6 g., 310 mmoles) in
      commercial anhydrous ether (400 ml.), maintained at 0.degree. and in a
      nitrogen atmosphere, was added dropwise with vigorous stirring, 0.685 N
      ethereal diazomethane (453 ml., 310 mmoles). When the addition was
      completed, the mixture was stirred for 1 hour at 0.degree., the solid was
      collected by filtration and dried in vacuo. The melting point of the crude
      material (23.3 g.) thus obtained was observed somewhere in the region
      232.degree. to 257.degree.. Goerdler reported M.p. 267.degree. for the
      pure material. A small second crop (2.1 g.) was obtained by evaporation of
      the mother liquor in vacuo. The total yield was therefore 40%.
PAC  1,2,3-Triazole-5-thiol
PAR  A solution of the above benzamido compound (8.2 g., 40 mmoles) in a 2 N
      sodium hydroxide (80 ml., 160 mmoles) was heated under reflux temperature
      in a nitrogen atmosphere for 24 hours. The solution was cooled to
      0.degree. in ice, and concentrated hydrochloric acid (26 ml.) was added,
      while a continuous stream of nitrogen was passed through the solution. The
      benzoic acid which precipitated was collected by filtration; the filtrate
      was saturated with sodium chloride and the additional benzoic acid which
      separated was removed by filtration. The filtration was immediately
      extracted with ethyl acetate, the extract was washed with saturated salt
      solution, dried over magnesium sulfate and then evaporated in vacuo. The
      viscous oil which remained was immediately evaporatively distilled in
      vacuo (70.degree.-75.degree./0.001 mm.) to give an oil (2.84 g., 70%)
      which solidified (m.p. 52.degree.-59.degree.; Goerdler reported m.p.
      60.degree.) spontaneously.
PAC  Potassium 1,2,3-Triazole-5-thiolate
PAR  To a solution of the above thiol (2.84 g., 28.1 mmoles) in absolute ethanol
      (28 ml.) was added 1.93 N alcoholic potassium hydroxide solution (14.5
      ml.). The solution was then diluted with anhydrous ether until
      crystallization of the salt was completed. The solid was collected by
      filtration, washed with ether, and dried in vacuo. The salt obtained in
      this manner (3.65 g., 93%) had m.p. 225.degree. with decomposition.
PAC  7-Amino-3-[S-(1,2,3-triazole-5-yl)-thiomethyl]3-cephem-4-carboxylic acid
      (4h)
PAR  Ten grams (0.075 mole) of 5-mercapto-1,2,3-triazole potassium salt was
      added to a stirred slurry of 19 g. (0.07 mole) of purified
      7-aminocephalosporanic acid and 5.9 g. (0.07 mole) of NaHCO.sub.3 in 350
      ml. of 0.1M phosphate buffer (pH 6.4) and the mixture heated and stirred
      at 55.degree. C. for 31/2 hours under a nitrogen atmosphere. The resulting
      solution was cooled to 22.degree. C. and the pH adjusted to 5.5 with 40%
      H.sub.3 PO.sub.4. The resulting precipitate was filtered off, washed with
      cold water (50 ml.) and air dried. The yield of
      7-amino-3-[S-(1,2,3-triazole-5-yl)thiomethyl]-3-cephem-4-carboxylic acid
      was 8 g., dec. pt. 230.degree. C. IR analysis showed some decomposition of
      the .beta.-lactam ring but it was used "as is" for the next step.
PAR  Anal. Calcd. for C.sub.10 H.sub.11 N.sub.5 O.sub.3 S.sub.2 : C, 38.39; H,
      3.54.   Found: C, 38.36; H, 3.78.
PAC  Purification of
      7-Amino-3-(1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid (4h)
PAR  Crude 7-amino-3-(1,2,3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      (16.1 g.) containing approximately 20 mole % of 7-aminocephalosporanic
      acid as an imputity, was brought into solution with 600 ml. of methanol
      and 40 ml. of conc. HCl. After carbon treatment, the solution was diluted
      with 1.5 l. of ice water and extracted once with ethyl acetate. The
      aqueous phase was concentrated at reduced pressure to remove methanol. The
      cold aqueous concentrate was then adjusted slowly to pH 4.0 with 20%
      sodium hydroxide causing the product to crystallize. The product was
      collected by filtration, washed with water and methanol and dried in vacuo
      over phosphorus pentoxide; 11.4 g. The NMR spectrum indicated that this
      product contained about 7 mole % of 7aminocephalosporanic acid as an
      impurity.
PAR  The above purification was repeated on 11.4 g. of the product using 425 ml.
      of methanol, 28 ml. of conc. HCl and 1 l. of ice water yielding 0.8 g. of
      product. The NMR spectrum was fully consistent for the desired product and
      indicated no trace of 7-aminocephalosporanic acid an an impurity.
PAR  Anal. Calcd. for C.sub.10 H.sub.15 N.sub.5 O.sub.3 S.sub.2 : C, 38.42; H,
      3.55; N, 22.40. Found: C, 39.06; 38.53; H, 3.56, 3.51; N, 22.05, 21.60;
      H.sub.2 O, 1.78.
PAC  7-Amino-3-[2-(1,3,4-thiadiazolyl)-thiomethyl]-3-cephem-4-carboxylic acid
      (4i)
      ##SPC24##
PAC  2-Mercapto-1,3,4-thiadiazole
PAR  The procedure of J. Goerdeler, J. Ohm and O. Tegtmeyer, Berichte 89, 1534
      (1956) was followed. To a solution of 160 ml. of 48% hydrobromic acid and
      100 mg. of powdered copper at -7.degree. was added slowly with alternation
      13.6 g. (0.1 mole) of 2-amino-1,3,4-thiadiazole (Eastman) and 32 g. of
      sodium nitrite in small portions over a period of one-half hour. The
      mixture was stirred for 1 1/2 hours at 0.degree. and for 1 hour at room
      temperature. The mixture was then neutralized with 50% potassium hydroxide
      to pH 9.5. The mixture was filtered and the filtrate was continuously
      extracted with ether for 6 hours. The ether was evaporated to 15 mm
      (25.degree.) to a solid which was dissolved in 40 ml. of ethyl alcohol and
      treated with 5 g. of thiourea. The solution was heated at reflux for 1 1/2
      hours. A solution of 4.5 g. of potassium hydroxide in 65 ml. of water was
      added and the mixture was heated at reflux for an additional 1 1/2 hours.
      The alcohol was evaporated at 15 mm. (32.degree.) and the aqueous residue
      was neutralized with concentrated hydrochloric acid to pH 3.5. After
      cooling for 2 hours in an ice bath 3.5 g. of 2-mercapto-1,3,4-thiadiazole
      as yellow crystals were collected and weighed 3.5 g. M.p.
      125.degree.-127.degree.. The IR and NMR spectra were consistent for the
      structure.
PAC  7-Amino-3-[2-(1,3,4-thiadiazolyl)-thiomethyl]-3-cephem-4-carboxylic acid
      (4i)
PAR  To a suspension of 8.1 g. (.03 mole) of 7-amino-cephalosporanic acid and
      3.5 g. (.03 mole) 2-mercapto-1,3,4-thiadiazole in 200 ml. of .1 M
      phosphate buffer (pH 6.5) was added with stirring 5.4 g. (.064 mole) of
      sodium bicarbonate. The mixture was stirred at 55.degree. under nitrogen
      and all of the solid dissolved. The stirring was continued for 3 hours and
      the solution was cooled to 5.degree. and adjusted to pH 5 with glacial
      acetic acid. The mixture was stored for 2 hours and the product,
      7-amino-3-[2-(1,3,4-thiadiazolyl)-thiomethyl]-3-cephem-4-carboxylic acid,
      was collected and weighed 9 g., M.p. &gt;140.degree. (slow decomp.). The IR
      and NMR spectra were consistent for the structure.
PAC  7-Amino-3-[2-(5-hydroxymethyl-1,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-car
     boxylic acid (4j)
      ##SPC25##
PAC  1-Hydroxyacetylthiosemicarbazide
PAR  A mixture of 18.2 g. (0.2 mole) of thiosemicarbazide and 30.4 g. (0.4 mole)
      of glycollic acid was heated together at 80.degree.-90.degree. for 2 hours
      with good stirring. The mixture was cooled at room temp. and washed with
      cold abs. alcohol. The solid was collected and air dried to weigh 40 g.
      The product was recrystallized from 100 ml. of boiling 50% alcohol to
      yield 23 g. of the crystalline 1-hydroxyacetylthiosemicarbazide. M.p.
      189.degree.-190.degree..
PAR  Anal. Calcd. for C.sub.3 H.sub.7 N.sub.3 OS, C, 24.18; H, 4.74; N, 28.21;
      S, 21.51. Found: C, 24.08; H, 4.50; N, 27.67; S, 21.35.
PAL  The IR and NMR spectra were consistent for the structure.
PAC  2-Acetoxymethyl-5-amino-1,3,4-thiadiazole
PAR  A mixture of 22.4 g. (0.15 mole) of 1-hydroxyacetylthiosemicarbazide and 60
      ml. of acetyl chloride was stirred at room temperature for 2 hours and
      then heated to 40.degree. until all the solid had dissolved (ca. 2 hours).
      The acetyl chloride was removed under reduced pressure 40.degree. (15
      min.) and the residue was stirred with 100 ml. of ice water. The mixture
      was adjusted to pH 9.2 with 10% KOH and the product was collected. The
      crude solid was recrystallized from absolute alcohol to yield after air
      drying 6 g. of crystalline 2-acetoxymethyl-5-amino-1,3,4-thiadiazole, M.p.
      191.degree.-192.degree. C.
PAR  Anal. Calcd. for C.sub.5 H.sub.7 N.sub.3 O.sub.2 S: C, 34.63; H, 4.07; N,
      24.26. Found: C, 35.16; H, 4.35; N, 24.38.
PAC  2-Hydroxymethyl-5-mercapto-1,3,4-thiadiazole
PAR  The procedure of Goerdler et al. was followed using 34.6 g. grams (0.2
      mole) of 2-acetoxymethyl-5-amino-1,3,4-thiadiazole and 64 grams (0.9 mole)
      of sodium nitrite in 320 ml. of 48% hydrobromic acid and 0.1 gram of
      powdered copper. The bromo compound was treated with 7.6 grams (0.1 mole)
      of thiourea and 11.2 grams of potassium hydroxide in 25 ml. of water. Upon
      acidification with 6 N hydrochloric acid the mercaptan was extracted in
      ethyl acetate and treated with 17 grams of potassium 2-ethylhexanoate. The
      potassium salt was collected, washed with ethyl acetate and dried to weigh
      12.2 grams. The salt was recrystallized from acetone-water to give 7.6
      grams of crystalline potassium
      2-hydroxymethyl-5-mercapto-1,3,4-thiadiazole, M.p. 130.degree.-131.degree.
      C.
PAR  Anal. Calcd. for C.sub.3 H.sub.3 KN.sub.2 S.sub.2 O.H.sub.2 O: C, 17.64; H,
      2.46; N, 13.70. Found: C, 17.81; H, 2.43; N, 13.66
PAR  The IR and NMR spectra were consistent for the structure.
PAC  7-Amino-3-[2-(5-hydroxymethyl-1,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-car
     boxylic acid (4j)
PAR  The procedure followed was the same as the procedure for the unsubstituted
      thiadiazole using 2.25 g. (0.012 mole) of mercaptan, 3.3 g. (0.012 mole)
      of 7-aminocephalosporanic acid and 1 g. (0.012 mole) of sodium bicarbonate
      in 100 ml., 1 M phosphate buffer to yield 3.15 g. of tan, solid
      7-amino-3-[2-(5-hydroxymethyl-1,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-ca
     rboxylic acid, M.p. 170.degree.-175.degree. C. decomp. The IR and NMR
      spectra were consistent for the structure.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
      ##SPC26##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(6-hy
     droxypryidazin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (5a)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the precipitated dicyclohexylurea which
      was washed with THF (10 ml.). The combined filtrate and washings were
      cooled at 5.degree. C. and poured in one portion into a cold solution of
      7-amino-3-(6-hydroxypyridazin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
      (1.02 g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles) in 50% aqueous
      THF (20 ml.). The mixture was stirred overnight at room temperature and
      washed with ether (2 .times. 50 ml.). The aqueous layer was acidified to
      pH 2 with dil. HCl to precipitate crude 5a which was dissolved in THF (100
      ml.) and filtered to remove insoluble material. The filtrate was treated
      with a small amount of carbon and dried over anhydrous sodium sulfate.
      Evaporation of the solvent under reduced pressure afforded 5a as an oily
      residue which was solidified by trituration in ether (100 ml.). Yield 0.84
      g. (47%). M.p. 185.degree.-195.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup.nuj 3250, 1780, 1660, 1580, 1530, 1370, 1250, 1160
      cm.sup..sup.-1.
PAR  NMR: .delta..sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.40 (9H, s, t-Bu-H), 5.13 (1H,
      d, 4Hz, 6-H), 5.70 (1H, d-d, 4 and 8 Hz, 7-H), 6.88 (1H, d, 10 Hz,
      pyridazine-H), 7.45 (1H, d, 10 Hz, pyridazine-H), 9.0 (1H, d, 8 Hz, CONH),
      13.2 (1H, br-s, --OH).
PAR  Anal. Calcd. for C.sub.26 H.sub.33 N.sub.5 O.sub.7 S.sub.2.1/2 H.sub.2 O:
      C, 51.98; H, 5.70; N, 11.65; S, 10.67. Found: C, 51.53; 51.56; H, 5.63,
      5.80; N, 11.28, 11.34; S, 11.48, 11.31.
PAC  7-[.alpha.-(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(6-hydroxypyridazin-3
     -ylthiomethyl)-3-cephem-4-carboxylic acid (6a)
PAR  To trifluoroacetic acid (1.5 ml.) was added 5a (0.80 g., 1.4 mmoles) and
      the mixture was stirred for 30 min. at room temperature and diluted with
      ether (50 ml.) to precipitate the trifluoroacetate of 6a which was
      collected by filtration and slurried in water (2 ml.). The mixture was
      adjusted at pH 6 with ammonium hydroxide and diluted with acetonitrile
      (200 ml.) to precipitate 6a. Yield 0.64 g. (93%). M.p. 200-208 (dec.).
PAR  IR: .nu..sub.max.sup.nuj 1780, 1680 - 1640, 1580 cm.sup..sup.-1.
PAR  UV: .lambda..sub.max.sup.1%K.sbsp.2CO.sbsp.3 255 nm (.epsilon., 14100).
PAR  Anal. Calcd. for C.sub.21 H.sub.25 N.sub.5 O.sub.5 S.sub.2.3 1/2 H.sub.2 O:
      C, 45.48; H, 5.82; N, 12.63; S, 11.56. Found: C, 45.73, 45.83; H, 4.50,
      4.47; N, 12.45, 12.59; S, 11.83, 12.06.
PAC  EXAMPLE 2
      ##SPC27##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(pyri
     dazino[2,3-d]tetrazol-6-ylthiomethyl)-3-cephem-4-carboxylic acid (5b)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the dicyclohexylurea which was washed
      with THF (10 ml.). The combined filtrate and washing were cooled at
      5.degree. C. and poured into a solution of
      7-amino-3-(pyridazino[2,3-d]tetrazol-6-ylthiomethyl)-3-cephem-4-carboxylic
      acid (4b) (1.08 g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles) in 50%
      aqueous THF (20 ml.) at 5.degree. C. The mixture was stirred overnight at
      room temperature and washed with ether (2 .times. 50 ml.). The aqueous
      layer was acidified to pH 2 with dil. HCl and extracted with ethyl acetate
      (3 .times. 50 ml.). The combined extracts were washed with water (50 ml.),
      treated with carbon and dried over anhydrous Na.sub.2 SO.sub.4. Removal of
      the solvent under reduced pressure gave 5b as an oil which was solidified
      by trituration with ether (50 ml.). The product was collected by
      filtration, washed with ether and dried. Yield 0.94 g. (51%). M.p.
      125.degree.-134.degree.C. (dec.).
PAR  IR: .nu..sub.max.sup.KBr 1780, 1680, 1520, 1370, 1250, 1160 cm.sup..sup.-1.
PAR  NMR: .delta..sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.40 (9H, s, t-Bu-H), 4.23 (1H,
      d, 14 Hz, 3-CH.sub.2 S), 4.70 (1H, d, 15 Hz, 3-CH.sub.2 S), 5.15 (1H, d, 4
      Hz, 6-H), 5.78 (1H, d-d, 4 and 8 Hz, 7-H), 7.88 (1H, d, 10 Hz,
      pyridazine-H), 8.75 (1H, d, 10 Hz, pyridazine-H), 9.0 (1H, d, 8 Hz,
      7-CONH).
PAR  Anal. Calcd. for C.sub.26 H.sub.32 N.sub.8 O.sub.6 S.sub.2 : C, 50.64; H,
      5.23; S, 10.40. Found: C, 50.36, 50.42; H, 5.11, 5.21; S, 9.60.
PAC  7-[.alpha.-(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(pyradazino[2,3-d]tet
     razol-6-ylthiomethyl)-3-cephem-4-carboxylic acid (6b)
PAR  To trifluoroacetic acid (1.5 ml.) was added 5b (0.90 g., 1.5 mmoles) at
      0.degree. C. and the mixture was stirred for 30 min. at room temperature.
      The mixture was diluted with ether (50 ml.) to precipitate the
      trifluoroacetate which was collected by filtration and suspended in water
      (2 ml.). The suspension was adjusted at pH 6 with ammonium hydroxide and
      diluted with acetonitrile (200 ml.) to precipitate 6b which was collected
      by filtration and dried. Yield 0.65 g. (83%). M.p. 184.degree.-188.degree.
      C. (dec.).
PAR  IR: .nu..sub. max.sup.nuj 1780, 1620, 1570 cm.sup..sup.-1.
PAR  UV: .lambda..sub.max.sup.1%K.sbsp.2CO.sbsp.3 245 nm (.epsilon., 18500), 255
      nm (sh) (.epsilon., 16300), 275 nm (sh) (.epsilon., 10700), 315 nm (sh)
      (.epsilon., 4700).
PAR  Anal. Calcd. for c.sub.21 H.sub.24 N.sub.8 O.sub.4 S.sub.2.1/2H.sub.2 O: C,
      47.99; H, 4.79; N, 21.32; S, 12.20. Found: C, 48.21, 47.90; H, 4.61, 4.67;
      N, 20.68, 20.63; S, 11.47.
PAC  EXAMPLE 3
      ##SPC28##
PAC  7-{2-[(N-t-Butoxycarbonylamino)methyl-1-cyclohexen-1-yl]acetamido}-3-(1-met
     hyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid (5c)
PAR  A mixture of 2 (1.30 g., 4.8 mmoles), 2,4-dinitrophenol (0.88 g., 4.8
      mmoles) and DCC (0.99 g., 4.8 mmoles) in THF (20 ml.) was stirred for 1
      hr. at room temperature to precipitate the dicyclohexylurea which was
      removed by filtration and the bed was washed with THF (5 ml.). The
      combined filtrate and washings were poured into a cold solution of
      7-amino-3-(1-methyltetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid
      (4c) (1.31 g., 4 mmoles) and triethylamine (1.01 g., 10 mmoles) in 50%
      aqueous THF with stirring at 5.degree. C. The mixture was stirred
      overnight at room temperature, evaporated under reduced pressure below
      40.degree. C. and washed well with ether (3 .times. 30 ml.). The aqueous
      layer was acidified to pH 2 with dil. HCl and extracted with ethyl acetate
      (4 .times. 50 ml.). The combined extracts were treated with a small amount
      of carbon and dried. Removal of the solvent below 40.degree. C. under
      reduced pressure afforded an oily residue which was solidified by
      trituration with ether (100 ml.) to give 1.33 g. of the product 5c. M.p.
      146.degree.-159.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup. nuj 1780, 1700 (sh), 1680, 1520, 1240, 1155
      cm.sup..sup.-1.
PAR  NMR: .delta..sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.42 (9H, s, t-butyl-H), 1.5 -
      1.7 (4H, m, aliphatic methylene-H), 1.8 - 3.3 (4H, m, allylic
      methylene-H), 4.12 (3H, s, N-CH.sub.3), 5.15 (1H, d, 5 Hz, 6-H), 5.80 (1H,
      d-d 5 and 8 Hz, 7-H), 6.85 (1H, br-s, NHBOC), 9.00 (1H, d, 8 Hz, CONH).
PAR  Anal. Calcd. for C.sub.24 H.sub.33 N.sub.7 O.sub.6 S.sub.2 : C, 49.73; H,
      5.74; N, 16.91; S, 11.06. Found: C, 49.46, 49.46; H, 5.53, 5.62; N, 16.00,
      15.97; S, 11.01.
PAC  7-[(2-aminomethyl-1-cyclohexen-1-yl)acetamido]-3-(1-methyltetrazol-5-ylthio
     methyl)-3-cephem-4-carboxylic acid (6c)
PAR  A mixture of trifluoroacetic acid (2 ml.) and 5c (1.30 g., 2.4 mmoles) was
      stirred magnetically for 30 min. at room temperature. The mixture was
      diluted with ether (50 ml.) to precipitate the trifluoroacetate of 6c. The
      trifluoroacetate was suspended in a small amount of water (2 ml.) and the
      suspension was adjusted at pH 6 with ammonium hydroxide and diluted with
      acetonitrile (200 ml.) to give 6c which was washed with acetonitrile (50
      ml.) and dried.
PAR  M.p. 194.degree.-207.degree. C. (dec.). Yield 0.80 g. (69%).
PAR  IR: .nu..sub.max.sup.nuj 1770, 1630, 1590, 1370 cm.sup..sup.-1.
PAR  UV: .lambda..sub.max.sup.1%K.sbsp.2CO.sbsp.3 270 nm (.epsilon., 10000).
PAR  Anal. Calcd. for C.sub.19 H.sub.25 N.sub.7 O.sub.4 S.sub.2.H.sub.2 O: C,
      45.86; H, 5.47; N, 19.70; S, 12.89. Found: C, 45.89, 46.18; H, 5.26, 5.28;
      N, 19.74, 19.82; S, 12.49.
PAC  EXAMPLE 4
      ##SPC29##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(5-me
     thyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid (5d)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the dicyclohexylurea which was washed
      with THF (10 ml.). The combined filtrate and washings were cooled at
      5.degree. C. and poured in one portion into a cold (5.degree. C.) solution
      of 7-amino-
      3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid
      (4d) (0.94 g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles) in 50%
      aqueous THF (20 ml.). The reaction mixture was stirred overnight at room
      temperature and washed with ether (2 .times. 50 ml.). The aqueous layer
      was acidified to pH 2 with dil. HCl and extracted with ethyl acetate (3
      .times. 50 ml.). The combined extracts were washed with water (50 ml.),
      treated with a small amount of carbon, dried with Na.sub.2 SO.sub.4 and
      evaporated under reduced pressure to give an oily residue which was
      solidified by trituration with ether - n-hexane (1:1, 100 ml.). The
      product 5d was collected by filtration, washed with n-hexane (50 ml.) and
      dried. Yield 1.29 g. (72%). M.p. 95.degree.-102.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup.nuj 1780, 1680, 1520, 1245, 1160 cm.sup..sup.-1.
PAR  NMR: .delta..sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.30 (9H, s, t-Bu-H), 2.58 (3H,
      s, CH.sub.3), 4.03 (1H, d, 14 Hz, 3-CH.sub.2 S), 4.38 (1H, d, 14 Hz,
      3-CH.sub.2 S), 4.88 (1H, d, 4 Hz, 6-H), 5.46 (1H, d-d, 4 and 8 Hz, 7-H),
      8.54 (1H, d, 8 Hz, CONH).
PAR  Anal. Calcd. for C.sub.25 H.sub.33 N.sub.5 O.sub.6 S.sub.3 : C, 50.40; H,
      5.58; N, 11.76. Found: C, 50.76, 50.98; H, 5.67, 5.67; N, 11.27, 11.28.
PAC  7-[.alpha.-(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(5-methyl-1,3,4-thiad
     iazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid (6d)
PAR  A mixture of trifluoroacetic acid (2 ml.) and 5d (1.20 g., 2 mmoles) was
      stirred for 30 min at room temperature and diluted with ether (50 ml.) to
      precipitate the trifluoroacetate of 6d. The trifluoroacetate was slurried
      in water (2 ml.), adjusted at pH 6 with ammonium hydroxide and diluted
      with acetonitrile (200 ml.) to precipitate 6d. Yield 0.75 g. (76%). M.p.
      215.degree. - 220.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup.nuj 1760, 1640, 1580 cm.sup..sup.-1.
PAR  UV: .lambda..sub.max.sup.1%K.sbsp.2CO.sbsp.3 276 nm (.epsilon., 13400).
PAR  Anal. Calcd. for C.sub.20 H.sub.25 N.sub.5 O.sub.4 S.sub.3.1/2H.sub.2 O: C,
      47.60; H, 5.19; N, 13.87; S, 19.06. Found: C, 47.14, 47.23; H, 4.96, 5.07;
      N, 13.61, 13.70; S, 18.66.
PAC  EXAMPLE 5
      ##SPC30##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(3-hy
     droxypyridazino-[3.2-c]-s-triazol-6-ylthiomethyl)-3-cephem-4-carboxylic
      acid (5e)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the precipitated dicyclohexylurea which
      was washed with THF (10 ml.). The combined filtrate and washings were
      cooled at 5.degree. C. and poured in one portion into a cold (5.degree.
      C.) solution of
      7-amino-3-(3-hydroxypyridazino[3,2-c]-s-triazol-6-ylthiomethyl)-3-cephem-4
     -carboxylic acid (1.14 g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles)
      in 50% aqueous THF (20 ml.). The mixture was stirred overnight at room
      temperature and washed with ether (2 .times. 50 ml.). The aqueous layer
      was acidified to pH 2 with dil. HCl. The precipitate was dissolved at
      50.degree. C. in THF (100 ml.), treated with a small amount of carbon and
      dried with anhydrous Na.sub.2 SO.sub.4. Evaporation of the solvent under
      reduced pressure afforded an oily residue which was solidified by
      trituration with ether (50 ml. to give 5 e. Yield 0.85 g. (45%). M.p.
      190.degree.-198.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup.KBr 1780, 1700, 1520, 1350, 1250, 1160 cm.sup..sup.-1.
PAR  NMR: .delta..sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.40 (9H, s, t-Bu-H), 5.20 (1H,
      d, 4 Hz, 6-H), 5.80 (1H, m, 7-H), 7.10 (1H, d, 10 Hz, pyridazin-H), 7.80
      (1H, d, 10 Hz, pyridazin-H).
PAR  Anal. Calcd. for C.sub.27 H.sub.33 N.sub.7 O.sub.7 S.sub.2.1/2H.sub.2 O: C,
      50.61; H, 5.35; S, 10.01. Found: C, 50.59, 50.68; H, 5.40, 5.59; S, 9.57,
      9.55.
PAC  7-[.alpha.-(2-Aminomethyl-1-cyclohexenyl)acetamido]-3-(3-hydroxypyridazino-
     [3,2-c]-3-triazol-6-ylthiomethyl)-3-cephem-4-carboxylic acid (6e)
PAR  A mixture of trifluoroacetic acid (2 ml.) and 5e (0.81 g., 1.3 mmoles) was
      stirred for 30 min. at room temperature and diluted with ether (50 ml.) to
      precipitate the trifluoroacetate of 6 e. The trifluoroacetate was slurried
      in water (2 ml.). The mixture was adjusted at pH 6 with ammonium hydroxide
      and diluted with acetonitrile (200 ml.) to give 6e. Yield 0.57 g. (82%).
      M.p. 225.degree.-234.degree. C. (dec.).
PAR  IR: .nu..sub.max.sup.nuj 1770, 1710, 1630, 1545, cm.sup..sup.-1.
PAR  IV: .lambda..sub.max.sup.1%K.sbsp.2CO.sbsp.3 260 nm (.epsilon., 18100), 305
      nm (sh) (.epsilon., 6300).
PAR  Anal. Calcd. for C.sub.22 H.sub.25 N.sub.7 O.sub.5 S.sub.2.3H.sub.2 O: C,
      45.12; H, 5.34; N, 16.74; S, 10.94. Found: C, 45.28, 45.44; H, 4.35, 4.45;
      N, 16.56, 16.66; S, 11.75.
PAC  EXAMPLE 6
      ##SPC31##
PAC  7-[(2-N-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(pyrido[2,1
     -c]-s-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid (5f)
PAR  DCC (740 mg., 3.6 mmoles) is added to a solution of 950 mg. (3.3 mmoles) of
      .alpha.-[2-(t-butoxycarbonylaminomethyl)-1-cyclohexenyl]acetic acid (2),
      and 660 mg. (3.6 mmoles) of 2,4-dinitrophenol in 30 ml. of THF and the
      mixture is stirred for one hour at room temperature and the urea filtered
      off. To the filtrate is added a solution of 1.1 g. (3 mmoles) of
      7-amino-3-(pyrido[2,1-c]-s-triazol-3-ylthiomethyl)-3-ylthiomethyl)-3-cephe
     m-4-carboxylic acid (4f) and 1.25 ml. (9 mmoles) of triethylamine in 30 ml.
      of water and the mixture is stirred for 18 hours at room temperature. The
      THF is removed under reduced pressure below 40.degree. C. and the residue
      is washed with ether (2 .times. 10 ml.), acidified with 6 N HCl and
      extracted with ethyl acetate (5 .times. 10 ml.). The combined extracts are
      washed with water (2 .times. 10 ml.) and a saturated NaCl solution (10
      ml.) and evaporated to dryness below 40.degree. C. Trituration of the
      residue with ether gives about 1.2 g. of solid 5f.
PAC  7-[(2-Aminomethyl-1-cyclohexenyl)acetamido]-3-(pyrido[2,1-c]-s-triazol-3-yl
     thiomethyl)-3-cephem-4-carboxylic acid (6f)
PAR  Trifluoroacetic acid (2.5 ml.) is added to the BOC-blocked cephalosporin 5f
      (1.1 g., 1.8 mmoles) with stirring for 1.5 hours under cooling and the
      mixture is diluted with 100 ml. of ether to separate the trifluoroacetate
      of 6 f which is dissolved in 5 ml. of water, adjusted to pH 6 with conc.
      NH.sub.4 OH and diluted with 100 ml. of acetonitrile. The resulting yellow
      precipitate is collected by filtration and washed with acetonitrile to
      give about 700 mg. (76%) of solid 6f.
PAC  EXAMPLE 7
      ##SPC32##
PAC  7-[(2-N-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-pyridazino[
     2,1-c]-s-triazol-3-ylthiomethyl)-3-cephem-4-carboxylic acid (5g)
PAR  To a solution of .alpha.-[2-(t-butoxycarbonylaminomethyl)-1
      -cyclohexenyl]acetic acid (2) (1.07 g., 4 mmoles) and 2,4-dinitrophenol
      (0.74 g., 4 mmoles) in dry THF (10 ml.) is added DCC (0.82 g., 4 mmoles)
      and the mixture is stirred for one hour at room temperature to precipitate
      the urea which is removed by filtration. To the filtrate is added in one
      portion a cold solution of
      7-amino-3-pyridazino[2,1-c]-s-triazol-3-ylthiomethyl)-3-cephem-4-carboxyli
     c acid (4g) (1.09 g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles) in
      50% aqueous THF (20 ml.) and the mixture is stirred for 20 hours at room
      temperature. The reaction mixture is washed with ether (2 .times. 50 ml.),
      acidified to pH 2 with diluted hydrochloric acid and extracted with ethyl
      acetate (6 .times. 50 ml.). The combined extracts are washed with water (2
      .times. 30 ml.), treated with carbon and dried on anhydrous sodium
      sulfate. Evaporation of the solvent under reduced pressure affords an oily
      residue which is solidified by trituration with ether (50 ml.) to give
      about 0.6 g. of solid 5g.
PAC  7-(2-Aminomethyl-1-cyclohexenylacetamido)-3-(pyridazino[2,1-c]-s-triazol-3-
     ylthiomethyl)-3-cephem-4-carboxylic acid (6g)
PAR  A mixture of 5 g (0.53 g., 0.86 mmole) in trifluoroacetic acid (1 ml.) is
      stirred for one hour at 0.degree. - 5.degree. C. and diluted with ether
      (30 ml.) to precipitate the trifluoroacetate of 6g which is collected by
      filtration and dissolved in water (4 ml.). The solution is adjusted to pH
      6 with ammonium hydroxide and diluted with acetonitrile (100 ml.) to
      precipitate 6g which is collected by filtration, washed with acetonitrile
      (30 ml.) and dried in vacuo over P.sub.2 O.sub.5 to yield about 0.3 g.
      solid 6g.
PAC  EXAMPLE 8
      ##SPC33##
PAC  7-[(2
      -tert.-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(1,3,4-thiadi
     azole-2-mercaptomethyl)-3-cephem-4-carboxylic acid (5i)
PAR  To a stirred solution of 1.10 g. (0.0041 mole) of 2 and 0.80 g. (0.0044
      mole) of 2,4-dinitrophenol in 40 ml. of ethyl acetate is added in one
      portion 0.90 g. (0.0044 mole) of N,N'-dicyclohexylcarbodiimide and the
      mixture is stirred for 3 hr. at 25.degree.. The dicyclohexylurea is
      collected and the filtrate is evaporated at 45.degree. (15 mm) to give the
      activated ester as an oil. The oil is dissolved in 30 ml. of THF. A
      solution of 1.22 g. (0.0037 mole) of
      7-amino-3-(1,3,4-thiadiazole-2-mercaptomethyl)-3-cephem-4-carboxylic acid
      and 1.03 ml. (0.0074 mole) of triethylamine in 20 ml. of 50% THF-water is
      added to the solution of the activated ester and stirred for 18 hr. at
      25.degree.. The THF is removed at 40.degree. (15 mm.) and the concentrate
      (10 ml.) is washed with ether (5 .times. 100 ml.) and acidified to pH 2
      with 40% phosphoric acid. The mixture is extracted with ethyl acetate (6
      .times. 100 ml.) and the combined extracts are washed with water and
      finally with a saturated sodium chloride solution. The ethyl acetate
      solution is evaporated at 40.degree. (15 mm.) to a volume of 20 ml. and
      diluted with 30 ml. of Skellysolve B to precipitate the solid product 5i
      which is collected and dried for 16 hr. in vacuo over P.sub.2 O.sub.5 at
      25.degree. to yield about 1.4 g.
PAC  7-[(2-Aminomethyl-1-cyclohexenyl)acetamido]-3-(1,3,4-thiadiazole-2-mercapto
     methyl)-3-cephem-4-carboxylic acid (6i)
PAR  A solution of 1.30 g. (0.00226 mole) of (5i) and 3.0 ml. trifluoroacetic
      acid is stirred for 1 hr. at 0.degree.. The solution is diluted with 200
      ml. of ether and the precipitate collected by filtration. The
      trifluoroacetate salt is suspended in 40 ml. of water and adjusted to pH
      6.0 with dilute ammonium hydroxide. The gummy residue is then triturated
      with 25 ml. of acetonitrile to give about 350 mg. of 6i as a white powder.
      The product is dried for 16 hr. in vacuo over P.sub.2 O.sub.5 at
      25.degree..
PAC  EXAMPLE 9
      ##SPC34##
PAC  7-[(2-Aminomethyl-1-cyclohexenyl)acetamido]-3-(5-hydroxymethyl-1,3,4-thiadi
     azole-2-mercaptomethyl)-3-cephem-4-carboxylic acid (6j)
PAR  The procedure is the same as that of Example 8, except that the product 6j
      is collected from the water to obtain about 340 mg. as a tan powder. A
      second fraction is obtained from the filtrate to give about 200 mg. of 6j
      as a yellow crystalline solid.
PAC  EXAMPLE 10
      ##SPC35##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]-3-(1H-1
     ,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid (5h)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the dicyclohexylurea which was washed
      with THF (10 ml.). The combined filtrate and washings were poured in one
      portion at 5.degree. C. into a solution of
      7-amino-3-(1H-1,2,3-triazol-4-ylthiomethyl)-3-cephem-4-carboxylic acid
      (4h) (1.24 g., 4 mmoles) and triethylamine (0.81 g., 8 mmoles) in 50%
      aqueous THF (20 ml.). The reaction mixture was stirred overnight at room
      temperature and washed with ether (2 .times. 50 ml.). The aqueous layer
      was acidified to pH 2 with dil. HCl and extracted with ethyl acetate (3
      .times. 50 ml.). The combined extracts were washed with water (50 ml.),
      treated with a small amount of carbon and dried over anhydrous Na.sub.2
      SO.sub.4. Removal of the solvent under reduced pressure afforded an oily
      residue which solidified by trituration with ether - n-hexane (1:1, 100
      ml.) to give 0.60 g. (26%) of 5h. M.p. 120.degree.-128.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.nuj 1780, 1720, 1680, 1520, 1250, 1160
      cm.sup..sup.-1.
PAR  NMR: .delta. .sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.38 (9H, s, t-Bu-H), 5.08
      (1H, d, 4 Hz, 6-H), 5.65 (1H, d-d, 4 and 8 Hz, 7-H), 8.00 (1H, s,
      triazol-H), 8.92 (1H, d, 8 Hz CONH).
PAR  Anal. Calcd. for C.sub.24 H.sub.32 N.sub.6 O.sub.6 S.sub.2.1/2H.sub.2 O: C,
      50.25; H, 5.80; N, 14.65; S, 11.18. Found: C, 50.51, 50.69; H, 5.73, 5.65;
      N, 14.57, 14.25; S, 10.05, 10.16.
PAC  7-[.alpha.-(2-Aminomethyl-1-cyclohexenyl)acetamido]-3-(1H-1,2,3-triazol-4-y
     lthiomethyl)-3-cephem-4-carboxylic acid (6h)
PAR  A mixture of trifluoroacetic acid (1 ml.) and 5h (0.55 g., 0.98 mmoles) was
      stirred for 30 min. at room temperature and diluted with ether (50 ml.) to
      give the precipitate which was collected by filtration and slurried in a
      small amount of water (2 ml.). The mixture was adjusted to pH 6 with
      ammonium hydroxide and diluted with acetonitrile (200 ml.) to precipitate
      6h which was washed with acetonitrile (50 ml.). Yield 0.36 g. (80%). M.p.
      203.degree. - 215.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.nuj 1760, 1630, 1570 cm.sup..sup.-1
PAR  UV: .lambda. .sub.max.sup.1%K.sbsp.2CO.sbsp.3 266 nm (.epsilon., 8000).
PAR  Anal. Calcd. for C.sub.19 H.sub.24 N.sub.6 O.sub.4 S.sub.2. 1 1/2 H.sub.2
      O: C, 46.42; H, 5.54; N, 17.10; S, 13.04. Found: C, 46.06, 46.16; H, 5.18,
      5.28; N, 18.06, 18.02; S, 12.37.
PAC  EXAMPLE 11
PAC  The salicylaldehyde adduct of
      7-[(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(3-hydroxypyridazino[3,2-c]-
     s-triazol-6-ylthiomethyl)-3-cephem-4-carboxylic acid (7c)
      ##SPC36##
PAR  To a stirred suspension of 6c (Example 3, 766 mg., 1.6 mmoles) and
      triethylamine (300 mg., 3 mmoles) in methanol (8 ml.) is added
      salicylaldehyde (370 mg., 3 mmoles) and the mixture is stirred for 30 min.
      at room temperature to make a clear dark yellow solution. The solution is
      treated with a small amount of carbon and KEH (2 ml., 1 M solution in
      ethyl acetate of potassium 2-ethylhexanoate) is added to the filtrate. The
      mixture is diluted with a large amount of ether (100 ml.) to precipitate
      the solid product 7c which is collected by filtration, washed with ether
      (30 ml.) and dried. Yield about 750 mgm.
PAC  EXAMPLE 12
PAC  The salicylaldehyde adduct of
      7-[(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(5-methyl-1,3,4-thiadiazol-2
     -ylthiomethyl)-3-cephem-4-carboxylic acid (7d)
      ##SPC37##
PAR  To a stirred mixture of 6d (Example 4, 778 mg., 1.6 mmoles) and
      triethylamine (300 mg., 3 mmoles) is added salicylaldehyde (370 mg., 3
      mmoles) and the suspension is stirred for 15 min. at room temperature to
      make a clear dark yellow solution which is treated with a small amount of
      carbon. KEH (2 ml., 1 M solution in ethyl acetate) is added to the
      filtrate. The mixture is diluted with a large amount of ether (100 ml.) to
      precipitate the product 7d which is collected by filtration, washed with
      ether (30 ml.) and dried. Yield about 850 mg.
PAC  EXAMPLE 13
PAC  The salicylaldehyde adduct of
      7-[(2-aminomethyl-1-cyclohexenyl)acetamido]-3-(
     3-hydroxypyridazino[3,2-c]-s-triazol-6 -ylthiomethyl)-3-cephem-4-carboxylic
      acid (7e)
      ##SPC38##
PAR  To a stirred suspension of 6e (Example 5, 754 mg., 1.42 mmoles) and
      triethylamine (300 mg., 3 mmoles) in N,N-dimethylformamide (7ml.) is added
      salicylaldehyde (370 mg., 3 mmoles) and the suspension is stirred for 1.5
      hr. at room temperature to be a clear dark yellow solution which is
      treated with a small amount of carbon. KFH (1.5 ml., 1 M solution in ethyl
      acetate) is added to the filtrate. The mixture is diluted with a large
      amount of ether (100 ml.) to precipitate the product 7e which is washed
      with ether (30 ml.) and dried. Yield about 900 mg.
PAC  EXAMPLE 14
PAR  The potassium salt of the compound of Example 3 is prepared by adding a
      solution of potassium 2-ethylhexanoate (KEH) in ethyl acetate to a
      solution of the cephalosporin (zwitterion) (6c) in DMSO to precipitate the
      desired potassium salt.
PAC  EXAMPLE 15
PAR  The sodium salt of the compound of Example 3 is prepared by pre-formation
      of its diethylammonium salt in methanol followed by addition of a solution
      of sodium 2-ethylhexanoate (SEH) in ethyl acetate and then dilution with
      isopropanol to precipitate the desired sodium salt which has a solubility
      in water greater than 250 mgm./ml.
PAC  EXAMPLE 16
      ##SPC39##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenylacetamido]cephalosp
     oranic acid (5w)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2,4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the dicyclohexylurea which was washed
      with THF (10 ml.). The combined filtrate and washings were poured in one
      portion at 5.degree. C. into a solution of 7-ACA (4w) (0.82 g., 3 mmoles)
      and triethylamine (0.81 g., 8 mmoles) in 50% aqueous THF (20 ml.). The
      reaction mixture was stirred overnight at room temperature and washed with
      ether (2 .times. 50 ml.). The aqueous layer was acidified to pH 2 with
      dil. HCl and extracted with ethyl acetate (3 .times. 50 ml.). The combined
      extracts were washed with water (50 ml.) and dried over anhydrous Na.sub.2
      SO.sub.4 . Evaporation of the solvent under reduced pressure afforded 5w
      as an oily residue which was solidified by trituration with ether-n-hexane
      (1:1, 100 ml.) and washed with n-hexane (50 ml.). Yield 1.24 g. (79%).
      M.p. 100.degree.-110.degree. C.
PAR  IR: .nu. .sub.max.sup.nuj 1780, 1730 - 1640, 1520, 1355, 1225
      cm.sup..sup.-1.
PAR  NMR: .delta. .sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.23 (9H, s, t-Bu-H), 1.96
      (3H, s, 3-OAc), 4.48 (1H, d, 13 Hz, 3-CH.sub.2), 4.83 (1H, d, 13 Hz,
      3-CH.sub.2), 4.89 (1H, d, 4 Hz, 6-H), 5.48 (1H, d-d, 4 and 8 Hz, 7-H), 8.5
      (1H, d, 8Hz, CONH).
PAR  Anal. Calcd. for C.sub.24 H.sub.33 N.sub.3 O.sub.8 S.1/2 H.sub.2 O: C,
      54.12; H, 6.43; N, 7.88; S, 6.02. Found: C, 54.16, 54.07; H, 6.19, 6.22;
      N, 8.36, 8.34; S, 5.61, 5.79.
PAC  7-[.alpha.-(2-Aminomethy-1-cyclohexenyl)acetamido]cephalosporanic acid (6w)
PAR  A mixture of trifluoroacetic acid (2 ml.) and 5w (1.20 g., 2.3 mmoles) was
      stirred for 30 min. at room temperature and diluted with ether (50 ml.) to
      precipitate the trifluoroacetate which was slurried in water (2 ml.). The
      mixture was adjusted to pH 6 with ammonium hydroxide and diluted with
      acetonitrile (200 ml.) to precipitate 6w. Yield 0.68 g. (69%). M.p.
      250.degree. - 260.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.nuj 1800, 1735, 1625, 1570, 1230 cm.sup..sup.-1.
PAR  UV: .lambda. .sub.max.sup.1%K.sbsp.2 CO.sbsp.3 255 nm (.epsilon., 7100).
PAR  Anal. Calcd. for C.sub.19 H.sub.25 N.sub.3 O.sub.6 S.1/2  H.sub.2 O: C,
      52.76; H, 6.05; N, 9.71; S, 7.41. Found: C, 52.36, 52.15; H, 6.09, 6.06;
      N, 9.74, 9.71; S, 7.71, 7.81.
PAR  The solubility was 5.4 (BA) and 5.3 (UV).
PAC  EXAMPLE 17
      ##SPC40##
PAC  7-[.alpha.-(2-t-Butoxycarbonylaminomethyl-1-cyclohexenyl)acetamido]desaceto
     xy-cephalosporanic acid (5x)
PAR  A mixture of 2 (1.08 g., 4 mmoles), 2.4-dinitrophenol (0.74 g., 4 mmoles)
      and DCC (0.82 g., 4 mmoles) in THF (20 ml.) was stirred for 1 hr. at room
      temperature and filtered to remove the precipitated dicyclohexylurea which
      was washed with THF (10 ml.). The combined filtrate and washings were
      poured in one portion at 5.degree. C. into a solution of 7-ACDA (4x) (0.64
      g., 3 mmoles) and triethylamine (0.81 g., 8 mmoles) in 50% aqueous THF (20
      ml.). The reaction mixture was stirred at room temperature for 18 hr. and
      washed with ether (2 .times. 50 ml.). The aqueous layer was acidified to
      pH 2 with dil. HCl and extracted with ethyl acetate (2 .times. 50 ml.).
      The combined extracts were washed with water (50 ml.), treated with a
      small amount of carbon and dried over anhydrous Na.sub.2 SO.sub.4.
      Evaporation of the solvent under reduced pressure afforded an oily residue
      which was solidified by trituration in ether-n-hexane (1:1, 100 ml.) to
      give 5x. Yield 0.88 g. (63%). M.p. 120.degree. - 127.degree. (dec.).
PAR  IR: .nu. .sub.max.sup.nuj 1780, 1680, 1520, 1250, 1160 cm.sup..sup.-1.
PAR  NRM: .delta. .sub.ppm.sup.DMSO.sup.-d.sbsp.6 1.35 (9H, s, t-Bu-H), 1.98
      (3H, s, 3-CH.sub.3), 4.86 (1H, d, 4 Hz, 6-H), 5.40 (1H, d-d, 4 and 8 Hz,
      7-H), 8.50 (1H, d, 8 Hz, CONH).
PAR  Anal. Calcd. for C.sub.22 H.sub.31 N.sub.3 O.sub.6 S: C, 56.76; H, 6.71; N,
      9.03; S, 6.89. Found: C, 56.21, 56.21; H, 6.65, 6.77; N, 8.98, 9.04; S,
      6.71; 7.00.
PAC  7-[.alpha.-(2-Aminomethyl-1-cyclohexenyl)acetamido]desacetoxycephalosporani
     c acid (6x)
PAR  To a cooled (0.degree. C.) trifluoroacetic acid (2 ml.) was added 5x (0.84
      g., 1.8 mmoles) and the mixture was stirred for one-half hr. at room
      temperature. The mixture was diluted with ether (50 ml.) to precipitate
      the trifluoroacetate which was slurried in water (2 ml.). The mixture was
      adjusted at pH 6 with ammonium hydroxide and diluted with acetonitrile
      (200 ml.) to give 6x which was washed with acetonitrile (20 ml.). Yield
      0.48 g. (73%). M.p. 240.degree. -245.degree. C. (dec.).
PAR  IR: .nu. .sub.max.sup.nuj 3580, 3300, 1750, 1640, 1525 cm.sup..sup.-1.
PAR  UV: .lambda. .sub.max.sup.1%K.sbsp.2CO.sbsp.3 260 nm (.epsilon., 6500).
PAR  Anal. Calcd. for C.sub.17 H.sub.23 N.sub.3 O.sub.4 S.H.sub.2 O: C, 53.24;
      H, 6.57; N, 10.95; S, 8.36. Found: C, 53.83, 53.87; H, 6.06, 6.23; N,
      11.08, 10.99 S, 8.75, 9.01.
PAR  The solubility was 4.1 (BA) and 3.3 (UV).
PAR  The corresponding compounds containing a 3-acetoxymethyl group and a
      3-methyl group were prepared and compared in vitro with the compound of
      Example 3 with the following results
      ##SPC41##
     M.I.C. (Mcg./ml.)                                                         
                                     N------N                                  
                                     .parallel..parallel.                      
                                     --S--N                                    
                                     .angle.                                   
                                     N                                         
                                     .vertline.                                
     Organism        R= --OCOCH.sub.3                                          
                            --H      CH.sub.3                                  
                     6w     6x        6c                                       
     __________________________________________________________________________
     S. aureus Smith.sup.+                                                     
                A9537                                                          
                     0.8    &gt; 3.1, 25                                          
                                     0.2-0.4                                   
     S. aureus Smith.sup.+                                                     
                A9537                                                          
                     3.1    &gt; 6.3, 25                                          
                                     0.8-1.6                                   
     + 50% serum                                                               
     S. aureus Russel                                                          
                     0.8-1.6                                                   
                             &gt;12.5, 12.5                                       
                                     0.4-0.8                                   
     S. aureus BX1633                                                          
                A9606                                                          
                     3.1    &gt;12.5, 25                                          
                                     1.6                                       
     Str. pyogenes*                                                            
                A9604                                                          
                      0.8-0.16                                                 
                             1.25-2.5                                          
                                     0.04-0.08                                 
     + 5% serum                                                                
     D. pneumoniae*                                                            
                A9585                                                          
                     0.16-0.31                                                 
                            &gt; 2.5, 10                                          
                                     0.04-0.08                                 
     + 5% serum                                                                
     Mycobacterium 607                                                         
                     &gt; 100  &gt;100     &gt;100                                      
     E. coli NIHJ    25-50  &gt;100     1.6-3.1                                   
     E. coli ATCC 8739                                                         
                     25     &gt;100     3.1-6.3                                   
     E. coli Juhl.sup.+                                                        
                A15119                                                         
                     25     &gt;100     3.1- 6.3                                  
     K. pneumoniae.sup.+                                                       
                A9977                                                          
                     12.5-25                                                   
                            &gt;100     0.8-3.1                                   
     K. pneumoniae.sup.+                                                       
                A15130                                                         
                     12.5-50                                                   
                            &gt;100     3.1-6.3                                   
     Pr. mirabilis.sup.+                                                       
                A9900                                                          
                     50     &gt;100      100                                      
     Pr. morganii.sup.+                                                        
                A15153                                                         
                     &gt; 100  &gt;100     &gt;100                                      
     Sal. enteritidis.sup.+                                                    
                A9531                                                          
                      12.5  &gt;100     1.6-3.1                                   
     Ser. marcescens.sup.+                                                     
                A20019                                                         
                     &gt; 100  &gt;100     &gt;100                                      
     Ps. aeruginosa.sup.+                                                      
                A9843                                                          
                     &gt; 100  &gt;100     &gt;100                                      
     __________________________________________________________________________
      *50% Nutrient Broth - 45% Antibiotic Assay Broth                         
      .sup.+at 10.sup.-.sup.4 dilution.                                        
PAR  The above samples after solution in Nutrient Broth were found to exhibit
      the indicated Minimum Inhibitory Concentrations (M.I.C.) in meg./ml.
      versus the indicated microorganisms as determined by overnight incubation
      at 37.degree. C. by Tube Dilution
PAR  The excellent in vivo activity of the preferred compound of the present
      invention (6c, BB-S336) was demonstrated by comparing it with results
      previously obtained by substantially the same procedure for MR-S94 in
      determinations (by subcutaneous administration of the drug to infected
      mice) of the minimum curative dose for 50% of the mice (CD.sub.50) in
      mgm./kg. versus lethal doses of the indicated microorganisms with the
      following results:
TBL  Challenge       CD.sub.50 in mgm./kg.                                     
     Organism        BB-S336      MR-S94                                       
     ______________________________________                                    
     S. aureus BX-1633                                                         
                     2.4          3.4                                          
     E coli Juhl     5.4          4.4                                          
     ______________________________________                                    
PA0  Determination of Solubilities
PAR  Solubilities of cephalosporin derivatives in 0.1 M pH 7.0 phosphate buffer
      are determined by bioassay and also by spectroscopic method (when the
      sample shows UV absorption) each with its own standard which has been
      completely solubilized. The test solution and the standard solution are
      prepared as described below.
PA0  Preparation of the test solution
PAR  About 10 mg. (1) of a sample is placed in a vial and mixed with 1 ml. of
      0.1 M phosphate buffer (pH 7.0). The vial is stoppered, sealed with a
      metal cap, placed on a rotary shaker and agitated at 160 rpm for 4 hr. at
      25.degree. C. The solution is filtered through a Millipore filter (HAWP
      01300, mean pore size 0.45 .mu.m). The filtrate is diluted to use for
      bioassay and UV assay as follows:
TBL  Filtrate (ca. 1 ml.)                                                      
                   0.5 ml..sup.(4)                                             
                   .dwnarw.dil. to 100 ml..sup.(4) with the                    
                   .dwnarw.buffer.sup.(2)                                      
                   100 ml.                                                     
     used for UV-assay    1 ml..sup.(4)                                        
                          .dwnarw.dil. to 20 ml..sup.(4)                       
                          20 ml.                                               
                           5 ml..sup.(4)                                       
                           .dwnarw.dil. to                                     
                           .dwnarw.20 ml..sup.(4)                              
                           20 ml.                                              
                     used for bioassay                                         
PA0  Preparation of the standard solution
PAR  About 2 mg. of the same sample is weighed precisely and dissolved in 4 ml.
      of 1% K.sub.2 CO.sub.3 solution.sup.(3) (usually within one minute). The
      solution is diluted exactly to 50 ml. in a flask with 0.1 M pH 7.0
      phosphate buffer and used for the preparation of the standard solutions
      for bioassay and UV-assay as follows:
TBL  50 ml.                                                                    
     for UV-assay          for Bioassay                                        
                           1 ml..sup.(4)                                       
     (40 mcg./ml.)                                                             
              10 ml..sup.(4)   .vertline.dil. to 20 ml..sup.(4)                
            .dwnarw.dil. to 20 ml..sup.(4)                                     
                           20 ml.                                              
            20 ml.                                                             
     (20 mcg./ml.)    (2 mcg./ml.)                                             
                                  5 ml..sup.(4)                                
                                  .dwnarw.dil. to                              
                                  .dwnarw.20 ml..sup.(4)                       
     used for UV-assay    20 ml.                                               
     as the standard solution                                                  
                          (0.5 mcg./ml.)                                       
                    used for bioassay                                          
                    as the standard solution                                   
PAR  (1) A 20 mg. or more sample is used when the sample is expected to be more
      soluble.
PAR  (2) 0.1 M pH 7.0 phosphate buffer is used as a diluent in the present test
      and also as a reference solution in UV-assay.
PAR  (3) It was previously confirmed that almost the same result is obtained
      when the sample is solubilized in DMSO (dimethylsulfoxide) and then
      diluted similarily with the buffer.
PAR  (4) Volume of the solution is measured precisely with an appropriate
      pipette or flask.
TBL  Solubilities (mg./ml.) in 0.1 M phosphate buffer (pH 7.0)                 
     __________________________________________________________________________
     7-sidechain                                                               
     R--NH--; R =                                                              
     3-sidechain                                                               
     --CH.sub.2 --S--R'; R'=                                                   
     N------N   MR-S94       BB-S336                                           
                                    (6c)                                       
     .parallel..parallel.                                                      
     -- N       BA    UV     BA     UV                                         
     .angle.    2.0   1.9    25.6   24.6                                       
     N                       23.0   26.0                                       
     .vertline.                                                                
     CH.sub.3                                                                  
     N------N   MR-S96       BB-S341                                           
                                    (6d)                                       
     .parallel..parallel.                                                      
                1.2   0.9    4.3    4.6                                        
     ----CH.sub.3                                                              
     .angle.                                                                   
                BB-S150      BB-S340                                           
                                    (6a)                                       
                4.4   4.4    16.8   16.0                                       
                BB-S226      BB-S338                                           
                                    (6b)                                       
                      2.5    3.0    3.0                                        
                      2.1                                                      
                3.8   3.5                                                      
                      2.2                                                      
                BB-S207      BB-S339                                           
                                    (6e)                                       
                BA    UV     BA     UV                                         
                4.2   3.9    8.0    8.1                                        
                      3.6                                                      
     __________________________________________________________________________
PAR  BA: Bioassay, UV: UV-assay Results given for the same compound on different
      lines were obtained using samples from different lots.
CLMS
STM  We claim:
NUM  1.
PAR  1. An acid having the formula
      ##SPC42##
PAL  wherein R is
      ##SPC43##
      ##SPC44##
PAL  or
      ##EQU1##
      or a nontoxic, pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. The acid of claim 1 having the formula
      ##SPC45##
NUM  3.
PAR  3. The sodium salt of the acid of claim 2.
NUM  4.
PAR  4. The potassium salt of the acid of claim 2.
NUM  5.
PAR  5. The zwitterion form of the acid of claim 2.
NUM  6.
PAR  6. A nontoxic, pharmaceutically acceptable salt of the acid of claim 2.
NUM  7.
PAR  7. The acid of claim 1 having the formula
      ##SPC46##
     .
NUM  8.
PAR  8. The sodium salt of the acid of claim 7.
NUM  9.
PAR  9. The potassium salt of the acid of claim 7.
NUM  10.
PAR  10. The zwitterion form of the acid of claim 7.
NUM  11.
PAR  11. A nontoxic, pharmaceutically acceptable salt of the acid of claim 7.
NUM  12.
PAR  12. The acid of claim 1 having the formula
      ##SPC47##
     .
NUM  13.
PAR  13. The sodium salt of the acid of claim 12.
NUM  14.
PAR  14. The potassium salt of the acid of claim 12.
NUM  15.
PAR  15. The zwitterion form of the acid of claim 12.
NUM  16.
PAR  16. A nontoxic, pharmaceutically acceptable salt of the acid of claim 12.
NUM  17.
PAR  17. The acid of claim 1 having the formula
      ##SPC48##
     .
NUM  18.
PAR  18. The sodium salt of the acid of claim 17.
NUM  19.
PAR  19. The potassium salt of the acid of claim 17.
NUM  20.
PAR  20. The zwitterion form of the acid of claim 17.
NUM  21.
PAR  21. A nontoxic, pharmaceutically acceptable salt of the acid of claim 17.
NUM  22.
PAR  22. The acid of claim 1 having the formula
      ##SPC49##
NUM  23.
NUM  24.
NUM  25.
NUM  26.
PAR  26. A nontoxic, pharmaceutically acceptable salt of the acid of claim 22.
NUM  27.
PAR  27. The acid of claim 1 having the formula
      ##SPC50##
NUM  28.
NUM  29.
NUM  30.
NUM  31.
PAR  31. A nontoxic, pharmaceutically acceptable salt of the acid of claim 27.
NUM  32.
PAR  32. The acid of claim 1 having the formula
      ##SPC51##
NUM  33.
NUM  34.
NUM  35.
NUM  36.
PAR  36. A nontoxic, pharmaceutically acceptable salt of the acid of claim 32.
NUM  37.
PAR  37. The acid of claim 1 having the formula
      ##SPC52##
NUM  38.
NUM  39.
NUM  40.
NUM  41.
PAR  41. A nontoxic, pharmaceutically acceptable salt of the acid of claim 37.
NUM  42.
PAR  42. The acid of claim 1 having the formula
      ##SPC53##
NUM  43.
NUM  44.
NUM  45.
NUM  46.
PAR  46. A nontoxic, pharmaceutically acceptable salt of the acid of claim 42.
NUM  47.
PAR  47. The acid of claim 1 having the formula
      ##SPC54##
NUM  48.
NUM  49.
NUM  50.
NUM  51.
PAR  51. A nontoxic, pharmaceutically acceptable salt of the acid of claim 47.
PATN
WKU  039460010
SRC  5
APN  4710800
APT  1
ART  122
APD  19740517
TTL  (Carbamoylthi oacetyl)cephalosporin derivatives
ISD  19760323
NCL  12
ECL  1,12
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CNT  DT
INVT
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ABST
PAL  (Carbamoylthioacetyl)cephalosporin derivatives of the general formula
      ##EQU1##
       wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, tri(lower
      alkyl)stannyl, tri(lower alkyl)silyl, a salt forming ion or the group
      ##EQU2##
      R.sub.1 is hydrogen, lower alkyl, phenyl, thienyl or furyl; R.sub.2 is
      lower alkyl, lower alkoxymethyl, phenyl or phenyl-lower alkyl; R.sub.3 is
      hydrogen, hydroxy or lower alkanoyloxy; and R.sub.4 is lower alkyl, phenyl
      or phenyl-lower alkyl; are useful as antibacterial agents.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new (carbamoylthioacetyl) cephalosporin
      derivatives of the formula
      ##EQU3##
PAR  R represents hydrogen, lower alkyl, phenyl-lower alkyl, tri(lower
      alkyl)stannyl, tri(lower alkyl)silyl, a salt forming ion or the group
      ##EQU4##
      R.sub.1 represents hydrogen, lower alkyl, phenyl, thienyl or furyl;
      R.sub.2 represents lower alkyl, lower alkoxymethyl, phenyl or phenyl-lower
      alkyl; R.sub.3 represents hydrogen, hydroxy or lower alkanoyloxy; and
      R.sub.4 represents lower alkyl, phenyl or phenyl-lower alkyl.
PAR  The preferred members within each group are as follows: R is hydrogen,
      alkali metal, trimethylsilyl, benzhydryl, or
      ##EQU5##
      especially hydrogen, pivaloyloxymethyl, sodium or potassium; R.sub.1 is
      hydrogen, lower alkyl or phenyl, especially hydrogen or phenyl; R.sub.2 is
      lower alkyl, especially methyl or ethyl, or lower alkoxymethyl, especially
      methoxymethyl; R.sub.3 is preferably hydrogen or acetoxy; and R.sub.4 is
      methyl or t-butyl.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The various groups represented by the symbols have the meanings defined
      below and these definitions are retained throughout this specification.
PAR  The lower alkyl groups are the straight and branched chain hydrocarbon
      groups in the series from methyl to heptyl, the C.sub.1 to C.sub.4 members
      and especially methyl and ethyl being preferred.
PAR  The lower alkanoyloxy groups represented by R.sub.3 include the acyl
      radicals of lower fatty acids containing alkyl radicals of the type
      described above, e.g., acetoxy, propionoxy, butyryloxy, etc., acetoxy
      being preferred.
PAR  The phenyl-lower alkyl radicals include a phenyl ring attached to a lower
      alkyl group of the kind described above as well as those containing two
      phenyl groups such as benzhydryl.
PAR  The salt forming ions represented by R are metal ions, e.g., alkali metal
      ions such as sodium or potassium, alkaline earth metal ions such as
      calcium or magnesium, or an amine salt ion, e.g., a (lower alkyl)amine
      like methylamine or triethylamine, etc.
PAR  The new (carbamoylthioacetyl)cephalosporin derivatives of this invention
      are produced by reacting a 7-aminocephalosporanic acid compound [which
      includes 7-aminocephalosporanic acid (7-ACA),
      7-amino-3-desacetoxycephalosporanic acid (7-ADCA) and other derivatives]
      of the formula
      ##EQU6##
      with a carbamoylacetic acid of the formula
      ##EQU7##
      or an activated derivative of the former (II).
PAR  The activated derivatives referred to include, for example, the reaction
      product with an anhydride forming reagent such as ethylchloroformate,
      benzoyl chloride, pivaloyl chloride, etc., or an activated ester like the
      benzhydryl ester, t-butyl ester, trimethylsilyl ester or trimethylstannyl
      ester or triethylamine salt. Dicyclohexylcarbodiimide can also be used to
      effect the reaction.
PAR  One preferred synthesis comprises reacting the acid of formula III with the
      benzhydryl ester of 7-ACA or 7-ADCA and then hydrolyzing the ester with
      trifluoroacetic acid and anisole to obtain the free carboxyl group in the
      4-position.
PAR  Another preferred synthesis comprises forming the 2,5-dioxo-1-pyrrolidinyl
      ester by reacting the acid of formula III with N-hydroxysuccinimide in the
      presence of dicyclohexylcarbodiimide, reacting the product with the
      benzhydryl ester of 7-ACA or 7-ADCA and hydrolyzing the product of that
      reaction with trifluoroacetic acid and anisole.
PAR  The reaction between the 7-aminocephalosporanic acid compound and the
      carbamoylacetic acid can be carried out, for example, by dissolving or
      suspending the acid in an inert organic solvent such as chloroform,
      tetrahydrofuran, methylene chloride, dioxane, benzene or the like, and
      adding, at a reduced temperature of about 0.degree.-5.degree.C, about an
      equimolar amount of the 7-ACA or 7-ADCA compound in the presence of an
      activating compound such as dicyclohexylcarbodiimide. The product of the
      reaction is then isolated by conventional procedures, e.g., by
      concentration or evaporation of the solvent. If a derivativve of the
      7-aminocephalosporanic acid compound, such as the benzhydryl ester is
      used, the free acid is obtained by hydrolysis, e.g., with trifluoroacetic
      acid or the like. Salts can then be derived from the free acid.
PAR  When R is the acyloxymethyl group
      ##EQU8##
      this group can be introduced into the 7-aminocephalosporanic acid moiety
      prior to the reaction with the carbamoylthioacetic acid or the activated
      derivative by treatment with one to two moles of a halomethyl ester of the
      formula (IV)
EQU  hal--CH.sub.2 OCOR.sub.4
PAL  wherein hal is halogen, preferably chlorine or bromine, in an inert organic
      solvent such as dimethylformamide, acetone, dioxane, benzene or the like,
      at about ambient temperature or below.
PAR  The carbamoylacetic acid of formula III is produced by reacting a
      mercaptoacetic acid of the formula
      ##EQU9##
      with a base, e.g., an alkylamine like triethylamine, and with an
      isocyanate R.sub.2 N=C=O, in an inert solvent like tetrahydrofuran, then
      acidifying, e.g., with hydrochloric acid or the like.
PAR  Alternatively the acid of formula V is converted to an ester like the
      benzhydryl ester by reaction with a diazomethane like
      diphenyldiazomethane, followed by reaction with the isocyanate and
      treatment with trifluoroacetic acid/anisole.
PAR  Further process details are also provided in the illustrative examples.
PAR  Certain of the compounds of this invention may exist in different optically
      active forms. The various stereoisomeric forms as well as the racemic
      mixtures are within the scope of the invention.
PAR  The compounds of this invention have a broad spectrum of antibacterial
      activity against both gram positive and gram negative organisms such as
      Staphylococcus aureus, Salmonella schottmuelleri, Pseudomonas aeruginosa,
      Proteus vulgaris, Escherichia coli and Streptococcus pyogenes. They are
      useful as antibacterial agents, e.g., to combat infections due to
      organisms such as those named above, and in general they can be utilized
      in a manner similar to cephradine and other cephalosporins. For example, a
      compound of formula I or a physiologically acceptable salt thereof can be
      used in various animal species affected by infections of such bacterial
      origin in an amount of about 1 to 75 mg/kg daily, orally or parenterally,
      in single or two to four divided doses.
PAR  Up to about 600 mg. of a compound of formula I or a physiologically
      acceptable salt thereof is administered by incorporating in an oral dosage
      form such as tablets, capsules or elixirs or in an injectable form in a
      sterile aqueous vehicle prepared according to conventional pharmaceutical
      practice.
PAR  The following examples are illustrative of the invention. All temperatures
      are in degrees celsius. Additional variations are produced in the same
      manner by appropriate substitution in the starting material.
PAC  EXAMPLE 1
PAC  DL-[(Methylcarbamoyl)thio]phenylacetic acid
PAR  10.08 g. (60 mM) of .alpha.-mercaptophenylacetic acid and 6.6 g. (60 mM) of
      triethylamine are dissolved in 50 ml. of tetrahydrofuran and 3.42 g. (60
      mM) of methylisocyanate dissolved in 20 ml. of tetrahydrofuran are added
      dropwise with stirring. After stirring for 2 hours, the solvent is drawn
      off in a vacuum and the oily residue is dissolved in water. The mixture is
      then acidified with 2N hydrochloric acid and extracted three times each
      with 20 ml. of ether. After drying off the ether, 10.5 g. of white
      crystalline DL-[(methylcarbamoyl)thio]phenylacetic acid are obtained,
      which is recrystallized from ether/petroleum ether, m.p.
      128.degree.-129.degree..
PAC  EXAMPLE 2
PAC  DL-[(Ethylcarbamoyl)thio]phenylacetic acid
PAR  By substituting ethylisocyanate for the methylisocyanate in the procedure
      of Example 1, white crystalline DL-[(ethylcarbamoyl)thio]phenylacetic acid
      is obtained and recrystallized from cyclohexane, m.p.
      115.degree.-117.degree. (dec.).
PAC  EXAMPLE 3
PAC  DL-.alpha.-[[[(Methoxymethyl)amino]carbonyl]thio]phenylacetic acid
PAR  By substituting methoxymethyl isocyanate for the methylisocyanate in the
      procedure of Example 1, white crystalline
      DL-.alpha.-[[[(methoxymethyl)amino]carbonyl]thio]phenylacetic acid is
      obtained and recrystallized from cyclohexane, m.p.
      111.degree.-112.degree..
PAC  EXAMPLE 4
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]phenylacety
     l]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid,
      diphenylmethyl ester
PAR  1 g. (5 mM) of dicyclohexylcarbodiimide is added to 1.1 g. (5 mM) of
      DL-[(methylcarbamoyl)thio]phenyl acetic acid in 50 ml. of tetrahydrofuran
      and stirred for 1 hour at -5.degree.. 2.1 g. (5 mM) of
      7-aminocephalosporanic acid, benzhydryl ester in 15 ml. of tetrahydrofuran
      are then added and the mixture is stirred for 5 hours at 0.degree. and for
      1 hour at room temperature. The precipitate of dicyclohexylurea is
      filtered off and the filtrate is evaporated. The oily residue is dissolved
      in 20 ml. of methylene chloride. Filtration over charcoal and
      precipitation with petroleum ether produces 1.3 g. of white
      DL-3-[(acetyloxy)methyl-7.beta.-[[[[(methylamino)-carbonyl]thio]phenyl]ace
     tyl]amino]-8-oxo-5-thia-1-azabicyclo-[4.2.0]oct-2-ene-carboxylic acid,
      diphenylmethyl ester which is reprecipitated from methylene
      chloride/carbon tetrachloride, m.p. 73.degree. (dec.).
PAC  EXAMPLE 5
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]-phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid
PAR  3 g. of the product of Example 4 are dissolved at 0.degree. in 25 ml. of
      trifluoroacetic acid/anisole and stirred for 15 minutes. After drawing off
      the trifluoroacetic acid in vacuum, an oily residue remains which is
      washed repeatedly with absolute ether until it becomes quite firm. The
      residue is dissolved in sodium bicarbonate solution, filtered and
      acidified with hydrochloric acid, with cooling, to a pH of 2.5. The
      solution is extracted three times each with 20 ml. of ethyl acetate. The
      organic phase is dried and evaporated. 0.9 g. of
      DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]phenylacet
     yl]-amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid is
      obtained as a light yellow powder m.p. 121.degree. (dec.) after
      reprecipitation from methylene chloride/petroleum ether.
PAC  EXAMPLE 6
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]-phenylacet
     yl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      potassium salt dihydrate
PAR  By freeze drying a molecular equivalent aqueous solution of the product of
      Example 5 in potassium bicarbonate,
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[(methylamino)carbonyl]thio]-phenylace
     tyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      potassium salt dihydrate is obtained as a beige powder, m.p. 152.degree..
PAC  EXAMPLE 7
PAC  Alternate method for producing the product of Example 5
PAR  4.5 g. (20 mM) of DL-[(methylcarbamoyl)thio]phenylacetic acid are dissolved
      in 50 ml. of tetrahydrofuran. 2 g. (20 mM) of triethylamine are added and
      while stirring at a temperature of 0.degree. 2.5 g. (20 mM) of ethyl
      chloroformate are added dropwise. After one hour, a solution of 5.4 g. (20
      mM) of 7-aminocephalosporanic acid, triethylamine salt in 200 ml. of
      methylene chloride are added and the whole mixture is stirred for 14 hours
      at 5.degree.. After filtering and drawing off the solvent, the oily
      residue is treated with water. The aqueous solution is extracted with
      ethyl acetate, filtered and acidified to pH 2.5. Repeated extraction with
      ethyl acetate and evaporation of the ethyl acetate solution in vacuum
      yields after recrystallization from methylene chloride/petroleum ether,
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[(methylamino)-carbonyl]thio]phenylace
     tyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-carboxylic acid as a
      light yellow powder, 2.5 g., m.p. 61.degree.. The product produced by this
      method is only 67% pure.
PAC  EXAMPLE 8
PAC  3-[(Acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)amino]carbonyl]-thio]phen
     ylacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid, diphenylmethyl ester
PAR  The procedure of Example 4 is followed using 4.2 g. (10 mM)
      7-ACA-benzhydryyl ester, 2.5 g. (10 mM) of
      DL-.alpha.-[[[(methoxymethyl)amino]carbonylthio]phenylacetic] acid and
      2.06 g. (10 mM) of dicyclohexylcarbodiimide in 50 ml. of tetrahydrofuran.
      After reprecipitation from methylene chloride/petroleum ether, 3.8 g. of
      3-[(acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)amino]carbonyl]thio]phen
     ylacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid, diphenylmethyl ester are obtained as a cream-colored powder, m.p.
      93.degree..
PAC  EXAMPLE 9
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)amino]carbonyl]-thio]p
     henyacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid
PAR  After treating the ester of Example 8 with trifluoracetic acid/anisole
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)-amino]carbonyl]thio]
     phenylacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid is obtained in the form of a beige powder, m.p. 121.degree. after
      reprecipitation from methylene chloride/carbon tetrachloride.
PAC  EXAMPLE 10
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)amino]carbonyl]-thio]p
     henylacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid, potassium salt
PAR  By the freeze drying a molecular equivalent solution of the product of
      Example 9 in aqueous potassium bicarbonate,
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[[(methoxymethyl)amino]carbonyl]-thio]
     phenylacetyl]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
      acid, potassium salt is obtained as a beige powder, m.p. 146.degree..
PAC  EXAMPLE 11
PAC  DL-3-[(Acetyloxy)methyl]-7.beta.-[[[[(ethylamino)carbonyl]thio]-phenylacety
     l]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      diphenylmethyl ester
PAR  4.8 g. (20 mM) of DL-[(ethylcarbamoyl)thio]phenylacetic acid are dissolved
      in 150 ml. of tetrahydrofuran and stirred with 8.4 g. (20 mM) of 7-ACA
      benzhydryl ester and 4.05 g. (20 mM) of dicyclohexylcarbodiimide for 8
      hours at 0.degree.. By evaporating the filtered solution, 9 g. of
      DL-3-[(acetyloxy)methyl]-7.beta.-[[[[(ethylamino)carbonyl]thio]phenylacety
     l]amino]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
      diphenylmethyl ester are obtained as a yellow powder, m.p. 75.degree.
      (dec.).
PAC  EXAMPLE 12
PAC  .alpha.-[[(Methylamino)carbonyl]thio]phenylacetic acid,
      2,5-dioxo-1-pyrrolidinyl ester
PAR  4.5 g. (20 mM) of DL-[(methylcarbamoyl)thio]phenylacetic acid are stirred
      with 2.3 g. (20 mM) of N-hydroxysuccinimide and 4.05 g. (20 mM) of
      dicyclohexylcarbodiimide in 150 ml. of tetrahydrofuran at 0.degree. for 18
      hours. Evaporation of the filtered solution and recrystallization from
      benzene yields 5.6 g. of .alpha.-[[(methylamino)carbonyl]thio]phenylacetic
      acid, 2,5-dioxo-1-pyrrolidinyl ester as light yellow crystals, m.p.
      153.degree.-156.degree..
PAR  The following additional products having the formula (c) in the table are
      obtained by the procedure of Example 4 by substituting for the
      7-aminocephalosporanic acid benzhydryl ester, the starting material (a),
      and for the [(methylcarbamoyl)thio]phenylacetic acid, the starting
      material (b) with the substituents indicated in the table:
TBL                                    TABLE                                   
     __________________________________________________________________________
                                  S                                            
                                  .angle.                                      
                                  R.sub.1 --CH--CO--NH----CH--CHCH.sub.2       
                        R.sub.1 --CH--COOH                                     
                                  .vertline..vertline..vertline..vertline.     
                        .vertline.                                             
                                  S--C--NH--R.sub.2                            
                                  .parallel.C----NC--CH.sub.2 --R.sub.3        
                        S--C--NH--R.sub.2                                      
                                  .parallel.                                   
                                  OO.angle.                                    
                        .parallel.                                             
                                  C                                            
                        O         .vertline.                                   
                                  C--OR                                        
                                  .parallel.                                   
                                  O                                            
     (a)                (b)       (c)                                          
     Example                                                                   
          R          R.sub.1                                                   
                           R.sub.2   R.sub.3                                   
     __________________________________________________________________________
     13   --CH.sub.3 H     --CH.sub.3                                          
                                     H                                         
     14   --C.sub.2 H.sub.5                                                    
                     --CH.sub.3                                                
                           --C.sub.2 H.sub.5                                   
                                     --OH                                      
     15              --C.sub.3 H.sub.7                                         
                           --C.sub.2 H.sub.5                                   
                                     --OCOCH.sub.3                             
          O                                                                    
          .parallel.                                                           
     16   --CH.sub.2 OC--CH(CH.sub.3).sub.2                                    
                     --CH.sub.2 OCH.sub.3                                      
                           --CH.sub.3                                          
                                     --OCOCH.sub.3                             
          O                                                                    
          .parallel.                                                           
     17   --CH.sub.2 OC--C.sub.6 H.sub.5                                       
                     C.sub.6 H.sub.5                                           
                           --CH.sub.3                                          
                                     --OCOCH.sub.3                             
     18              C.sub.6 H.sub.5 --                                        
                           --C.sub.2 H.sub.5                                   
                                     H                                         
     19   H                --C.sub.2 H.sub.5                                   
                                     --OCOCH.sub.3                             
     20   --Sn(CH.sub.3).sub.3                                                 
                           --CH.sub.3                                          
                                     --OH                                      
     21                    --CH.sub.3                                          
                                     --OCOCH.sub.3                             
     22   Si(CH.sub.3).sub.3                                                   
                     C.sub.6 H.sub.5                                           
                           n-butyl   --OH                                      
     23   H          C.sub.6 H.sub.5                                           
                           C.sub.3 H.sub.7                                     
                                     --OCOCH.sub.3                             
     24   Na               --C.sub.2 H.sub.5                                   
                                     H                                         
     25   K                --CH.sub.3                                          
                                     --OCOCH.sub.3                             
     26   H          H     --C.sub.2 H.sub.5                                   
                                     --OCOCH.sub.3                             
     27              H     --CH.sub.2 OC.sub.2 H.sub.5                         
                                     --OCOCH.sub.3                             
     28   H          C.sub.6 H.sub.5 --                                        
                           --CH.sub.2 OCH.sub.3                                
                                     H                                         
     29   H          C.sub.6 H.sub.5 --                                        
                           C.sub. 6 H.sub.5 --                                 
                                     --OCOCH.sub.3                             
     30   H          C.sub.6 H.sub.5 --                                        
                                     H                                         
     31   H          H     C.sub.6 H.sub.5                                     
                                     --OCOCH.sub.3                             
     32   H          H               --OCOCH.sub.3                             
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU10##
      wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, diphenyl-lower
      alkyl, tri(lower alkyl)stannyl, tri(lower alkyl)silyl,
      ##EQU11##
      alkali metal, alkaline earth metal, tri-lower alkylamine salt or (lower
      alkyl)amine salt; R.sub.1 is phenyl; R.sub.2 is lower alkyl, lower
      alkoxymethyl, phenyl or phenyl-lower alkyl; R.sub.3 is hydrogen, hydroxy
      or lower alkanoyloxy; and R.sub.4 is lower alkyl, phenyl or phenyl-lower
      alkyl; said lower alkyl and lower alkanoyloxy groups having up to seven
      carbon atoms.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub.2 is lower alkyl.
NUM  3.
PAR  3. A compound as in claim 1 wherein R is hydrogen and R.sub.2 is lower
      alkyl.
NUM  4.
PAR  4. A compound as in claim 1 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is lower alkanoyloxy.
NUM  5.
PAR  5. A compound as in claim 1 wherein R is alkali metal, R.sub.1 is phenyl,
      R.sub.2 is lower alkyl and R.sub.3 is lower alkanoyloxy.
NUM  6.
PAR  6. A compound as in claim 1 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkoxymethyl and R.sub.3 is hydrogen.
NUM  7.
PAR  7. A compound as in claim 4 wherein the lower alkyl group is methyl and the
      lower alkanoyloxy group is acetoxy.
NUM  8.
PAR  8. Alkali metal salt of the compound of claim 7.
NUM  9.
PAR  9. A compound as in claim 4 wherein the lower alkyl group is ethyl and the
      lower alkanoyloxy group is acetoxy.
NUM  10.
PAR  10. A compound as in claim 1 wherein R is hydrogen, R.sub.1 is phenyl,
      R.sub.2 is lower alkoxymethyl and R.sub.3 is lower alkanoyloxy.
NUM  11.
PAR  11. A compound as in claim 10 wherein R.sub.2 is methoxymethyl and R.sub.3
      is acetoxy.
NUM  12.
PAR  12. A compound of the formula
      ##EQU12##
      wherein R is hydrogen, lower alkyl, phenyl-lower alkyl, diphenyl-lower
      alkyl, tri(lower alkyl)stannyl, tri(lower alkyl)silyl,
      ##EQU13##
      alkali metal, alkaline earth metal, tri(lower alkyl)amine salt or (lower
      alkyl)amine salt; R.sub.1 is thienyl; R.sub.2 is lower alkyl, lower
      alkoxymethyl, phenyl or phenyl-lower alkyl; R.sub.3 is hydrogen, hydroxy
      or lower alkanoyloxy; and R.sub.4 is lower alkyl, phenyl or phenyl-lower
      alkyl; said lower alkyl and lower alkanoyloxy groups having up to seven
      carbon atoms.
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ABST
PAL  An improved process for preparing antibacterially active
      7-.alpha.-aminoacetamido cephalosporin-4-carboxylic acids in which a
      7-aminocephalosporin-4-carboxylic acid ester is reacted with an activated
      form of an .alpha.-aminoacetic acid, the amino group of which is protected
      by a .beta.-dicarbonyl group, this amino group being removed after the
      acylation in the presence of a sufficient amount of a hydrazine derivative
      to prevent re-reaction of the .beta.-dicarbonyl protecting agent with the
      cephalosporin.
BSUM
PAR  This invention relates to an improved process for preparing cephalosporin
      compounds and more particularly the invention provides an improved method
      for preparing cephalosporins having an .alpha.-aminoacetamido substituent
      in the 7-position of the cephalosporin nucleus.
PAR  Many cephalosporin antibiotics having an .alpha.-aminoacetamido substituent
      are known, see for example the specifications of United Kingdom Patent
      Nos. 985747, 1174335, 1265315, 1276314, 1283811, 1284227 and 1288282. The
      known compounds disclosed in these and many other patent specifications
      may be encompassed by the general formula:
      ##SPC1##
PAL  Where R.sup.1 is hydrogen, hydroxy, acyloxy, or a thio substituent such as
      a heterocyclic-thio group; R.sup.2 is hydrogen or a carboxylic acid
      protecting group; and R is the group
      ##EQU1##
      in which R.sup.3 is a partially or fully unsaturated cyclic hydrocarbyl or
      heterocyclic group. The foregoing compounds can be prepared by reaction of
      the corresponding compound of formula I in which R is hydrogen and R.sup.2
      is a carboxylic acid protecting group with an activated form of the acid
      ##EQU2##
      wherein R.sup.3 is as defined above and R.sup.4 is an amine protecting
      group, and thereafter removing the amine protecting group and if desired
      de-esterifying the resultant product to produce a compound of formula I in
      which R.sup.2 is hydrogen. One suitable amine protecting group R.sup.4 is
      the enamine formed by reaction with an appropriate .beta.-dicarbonyl
      compound but the usefulness of this protecting group may on occasions be
      impaired by problems associated with the isolation of the desired product
      following cleavage of the enamine. Thus, due to the reactivity of the
      .beta.-dicarbonyl compound regenerated by the cleavage reaction, it can
      re-react with the .alpha.-amino acetamido compound during subsequent
      purification and isolation steps causing loss of yield. This problem may
      be overcome by carrying out the enamine cleavage in such a manner that the
      free amino cephalosporin ester of formula I is precipitated from the
      reaction solvent, leaving the regenerated .beta.-dicarbonyl compound in
      the mother liquors, and is then de-esterified, purified and isolated.
      Whilst the latter process removes the initial problem mentioned above, it
      does not cure the loss of yield since the introduction of the additional
      step of isolation of the free amino ester of formula I itself causes an
      equal if not greater loss of yield.
PAR  It is therefore an object of the present invention to provide an improved
      method for preparing 7-.alpha.-aminoacetamido cephalosporin compounds in
      which the .alpha.-amino substituent has been protected by enamine
      formation during the acylation reaction.
PAR  According to the broadest aspect of the present invention therefore, there
      is provided a process for preparing a 7-.alpha.-aminoacetamido
      cephalosporin-4-carboxylic acid which comprises:
PA0  a. reacting a 7-aminocephalosporin-4-carboxylic acid ester with an
      activated form of an .alpha.-aminoacetic acid, the amino group of which is
      protected by reaction with a .beta.-dicarbonyl compound to form an
      enamine;
PA0  b. removing the amino protecting group from the resultant
      7-.alpha.-aminoacetamido cephalosporin compound;
PA0  c. adding to the reaction mixture an amount of hydrazine or a derivative
      thereof sufficient to prevent re-reaction of the .beta.-dicarbonyl
      compound with the 7-.alpha.-aminoacetamido cephalosporin compound produced
      in step (b); and
PA0  d. if necessary, de-esterifying the resultant cephalosporin ester to
      produce the desired 7-.alpha.-aminoacetamido cephalosporin-4-carboxylic
      acid.
PAR  In step (a), the acylation is preferably carried out in a dipolar aprotic
      solvent such as dimethylformamide or acetonitrile. The acylation is
      normally carried out at temperatures around 0.degree.C. or below, most
      advantageously in the range of -15.degree.C. to -50.degree.C.
PAR  The preferred 7-aminocephalosporin-4-carboxylic acid esters which may be
      acylated in accordance with the present invention are those of the
      formula:
      ##SPC2##
PAL  and salts thereof, such as the hydrochloride and tosylate salts, wherein
      R.sup.2 is as defined above and R.sup.5 is hydrogen, acetoxy or a
      heterocyclic thio group, especially a thiadiazolylthio or tetrazolylthio
      group.
PAR  R.sup.2 may be any of those groups commonly employed to protect the
      carboxylic acid function of the cephalosporin molecule. Illustrative of
      such groups are the benzyl, p-nitrobenzyl, p-methoxybenzyl,
      3,5-dimethoxybenzyl, diphenylmethyl, 2,2,2-trichloroethyl, t-butyl,
      phenacyl, benzyloxymethyl and tetrahydropyranyl groups. Most
      advantageously, the compound of formula II is p-nitrobenzyl
      7-aminodesacetoxycephalosporanate.
PAR  The protected .alpha.-aminoacetic acid used in step (a) is preferably one
      having the formula:
      ##EQU3##
      where R.sup.7 is C.sub.1-4 alkyl or C.sub.1-4 alkoxy, preferably methyl,
      ethyl, methoxy or ethoxy and R.sup.6 is a thienyl group, or a phenyl or
      cyclohexa-1,4-dienyl group optionally substituted by C.sub.1-4 alkyl,
      C.sub.1-4 alkoxy, halogen, hydroxy, amino, substituted amino, nitro or
      trifluoromethyl. The compounds of formula III are readily prepared by
      reaction of an acid of formula
      ##EQU4##
      or a salt thereof with a .beta.-dicarbonyl compound of the formula
      CH.sub.3 --CO--CH.sub.2 --CO--R.sup.7. Since the .alpha.-carbon atom of
      the acid of formula III is an asymmetric carbon, the acid can exist in two
      optically active isomeric forms, the D- and L-forms, as well as in the
      form of a racemic mixture. As will be appreciated, the configuration of
      the .alpha.-carbon of the acid of formula III is retained unchanged during
      the acylation reaction, and since the D-form of the end product
      cephalosporin is preferred, it is also preferred to use an acid of formula
      III which is in the D-form. Most advantageously, a D-acid of formula III,
      in which R.sup.6 is unsubstituted phenyl, cyclohexa-1,4-dienyl or thienyl
      and R.sup.7 is methoxy, is used.
PAR  As stated above, an activated form of the acid of formula III is used as
      the acylating agent in step (a). This activated form may be the acid
      chloride or anhydride but, preferably, is a mixed anhydride, for example
      one formed by reaction of a C.sub.1-4 alkyl chloroformate, especially
      methyl chloroformate, with a salt of the particular acid.
PAR  In step (b) above, the amino protecting group is removed in a manner well
      known in the art, for example by acid hydrolysis using dilute acetic acid
      or hydrochloric acid. Following the hydrolysis, the free
      7-.alpha.-aminoacetamido cephalosporin is obtained together with the
      regenerated .beta.-dicarbonyl compound originally used to protect the
      .alpha.-aminoacetic acid acylating agent. At this stage, step (c),
      sufficient hydrazine or a derivative thereof such as hydrazine hydrate or
      preferably semi-carbazide or its hydrochloride is added to the reaction
      mixture to prevent re-reaction of the .beta.-dicarbonyl compound with the
      .alpha.-amino group on the 7-acetamido cephalosporin. The hydrazine will
      normally be used in equimolar proportions with respect to the
      .beta.-dicarbonyl compound but, if desired, an excess of the hydrazine may
      be used.
PAR  Following this step, if necessary, the resultant cephalosporin ester is
      de-esterified in the usual manner, for example by treatment with aqueous
      acetic acid and zinc dust, treatment with anhydrous trifluoroacetic acid,
      treatment with zinc and aqueous mineral acid such as hydrochloric acid, or
      by any other convenient mild hydrolysis or hydrogenolysis reaction,
      depending on the ester group to be removed. It will therefore be seen
      that, in many cases, the acid hydrolysis or hydrogenolysis used to cleave
      the enamine protecting group in step (b) will also accomplish the desired
      de-esterification and it is a preferred feature of the present invention
      that the ester and enamine groups used to protect the reactants of
      formulae II and III respectively should be so chosen as to permit such
      simultaneous removal. For example, if R.sup.2 is p-nitrobenzyl and R.sup.7
      is methoxy, the use of zinc and hydrochloric acid in step (b) will
      simultaneously deblock the amino and carboxy functions to yield directly
      the desired 7-.alpha.-aminoacetamido cephalosporin-4-carboxylic acid
      which, following the addition of the hydrazine compound to the reaction
      mixture, may be purified and isolated in conventional manner.
PAR  A preferred use of the process of this invention is in the preparation of
      the cephalosporin antibiotic known as cephalexin, i.e. the compound of
      formula:
      ##SPC3##
PAR  In preparing cephalexin by the present process, the p-nitrobenzyl ester of
      7-aminodesacetoxycephalosporanic acid is reacted with a mixed anhydride of
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-phenylglycine in
      dimethylformamide, the resultant p-nitrobenzyl ester of
      7-[N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-aminophenylacetamido]desa
     cetoxycephalosporanic acid is reduced in an acidic medium to remove the
      amino and carboxy protecting groups, a hydrazine compound is added in
      sufficient amount to prevent re-reaction of the methylacetoacetate and
      cephalexin so produced, and the latter is then isolated in conventional
      manner to yield cephalexin of a high degree of purity. In particular, the
      resultant cephalexin is substantially free of the aromatic amine impurity
      which may be present in cephalexin produced by prior art processes
      involving the enamine protected phenylglycine acylation of the
      p-nitrobenzyl ester of 7-aminodesacetoxycephalosporanic acid. Although
      such prior art processes may produce cephalexin in high yield, the
      presence of the aforementioned aromatic amine impurity renders the
      cephalexin unusable without extensive additional purification steps which
      result in rapid overall loss of yield and substantial additional cost.
DETD
PAR  Whilst the foregoing description alone will teach those skilled in the art
      how to carry out the process of the present invention, the following
      Examples are given to illustrate the practical details involved in
      operating the improved process.
PAC  EXAMPLE 1
PAR  To a 1 liter flask containing dimethylformamide at 0.degree.C., was added
      24.8 g. sodium N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-phenylglycine
      (prepared from sodium D-.alpha.-phenylglycine and methyl acetoacetate).
      The mixture was cooled to -40.degree.C. and methyl chloroformate (7.5 ml.)
      and dimethylbenzylamine (0.26 ml.) added. After stirring for 25 minutes,
      p-nitrobenzyl 7-aminodesacetoxycephalosporanate (32.8 g.) in the form of
      its hydrochloride salt was added, followed by triethylamine (12.1 ml.) and
      dimethylformamide (140 ml.) over a period of 20 minutes. The reaction
      mixture was stirred for 2 hours at -25.degree. to -35.degree.C., then
      warmed to 0.degree.C. and water (32 ml.) added. To the resultant solution,
      hydrochloric acid (54 ml.) was added followed by zinc (21.8 g.) in
      portions over a period of 5 minutes, the temperature being maintained at 5
      to 10.degree.C. Further hydrochloric acid (35 ml.) was added and the
      solution stirred at 15.degree.  to 20.degree.C. for 7 hours.
PAR  The pH was adjusted to 3.3 with triethylamine and semicarbazide
      hydrochloride (9.5 g.) added. The mixture was brought back to pH 3 with
      further triethylamine, then stirred for 30 minutes at pH 3. The resultant
      mixture was adjusted slowly over 4 hours to pH 6.8 by addition of
      triethylamine, seeding being carried out when pH 4.5 was reached. The
      precipitated cephalexin was filtered off, washed with dimethylformamide
      (200 ml.) and the cephalexin recovered, yield 75 percent.
PAC  EXAMPLE 2
PAR  The foregoing process was repeated except that the step of addition of
      semicarbazide hydrochloride was omitted. The yield of cephalexin fell to
      48-52 percent, thus showing the value of the process of the present
      invention.
PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated except that hydrazine hydrate (4.26
      g.) was added instead of the semicarbazide hydrochloride. After the
      addition, the pH rose to 4.5 to 5.0, the reaction mixture was seeded and
      stirred for 30 minutes. The pH was then raised slowly to 6.8 as described
      in Example 1, the precipitated cephalexin filtered off, washed with
      dimethylformamide and recovered, yield 70-75 percent.
PAC  EXAMPLE 4
PAR  The process of Example 1 is repeated except that the sodium
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-phenylglycine is replaced by
      sodium
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-cyclohex-1,4-dienylglycine.
      An improved yield of cephradine is obtained as compared with that
      obtainable when the process is carried out in the absence of semicarbazide
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for preparing a 7-.alpha.-aminoacetamido cephalosporin in
      which (a) a 7-aminocephalosporin-4-carboxylic acid ester is reacted with
      an activated form of an .alpha.-aminoacetic acid, the amino group of which
      is protected by reaction with a .beta.-dicarbonyl compound of the formula
      ##EQU5##
      in which R.sup.7 is C.sub.1 -C.sub.4 alkyl or C.sub.1 -C.sub.4 alkoxy, to
      form an enamine; and (b) the amino protecting group is removed from the
      resulting protected 7-.alpha.-aminoacetamido cephalosporin compound; the
      step which comprises adding to the reaction mixture from step (b) an
      amount of a hydrazine or a semicarbazide sufficient to prevent re-reaction
      of the .beta.-dicarbonyl compound with the produced
      7-.alpha.-aminoacetamido cephalosporin.
NUM  2.
PAR  2. Process according to claim 1, wherein the
      7-aminocephalosporin-4-carboxylic acid ester has the formula:
      ##SPC4##
PAL  and acid addition salts thereof, wherein R.sup.2 is a carboxylic acid
      protecting group and wherein R.sup.5 is hydrogen, acetoxy or a
      heterocyclic thio group.
NUM  3.
PAR  3. Process according to claim 1, wherein the .alpha.-aminoacetic acid has
      the general formula:
      ##EQU6##
      where R.sup.7 is C.sub.1-4 alkyl or C.sub.1-4 alkoxy, and R.sup.6 is a
      thienyl group, or a phenyl or cyclohexa-1,4-dienyl group optionally
      substituted by C.sub.1-4 alkyl, C.sub.1-4 alkoxy, halogen, hydroxy, amino,
      substituted amino, nitro or trifluoromethyl.
NUM  4.
PAR  4. Process according to claim 3, wherein R.sup.6 is unsubstituted phenyl,
      cyclohex-1,4-dienyl or thienyl and R.sup.7 is methoxy.
NUM  5.
PAR  5. Process according to claim 1 for preparing cephalexin wherein the
      4-carboxylic acid ester is the p-nitrobenzyl ester of
      7-aminodesacetoxycephalosporanic acid and wherein the activated form of
      the .alpha.-aminoacetic acid is
      N-(2-methoxycarbonyl-1-methylvinyl)-D-.alpha.-phenylglycine.
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ABST
PAL  7-(4-Hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazolyl-5-thiomethyl)-3-ce
     phem-4-carboxylic acid,
      7-(4-hydroxyphenylglycylamido)-3-(5-methyl-1,3,4-thiadiazolyl-2-thiomethyl
     )-3-cephem-4-carboxylic acid, the corresponding 3-hydroxy isomers and the
      pharmaceutically acceptable, non-toxic salts thereof are orally effective
      antibiotics exhibiting high blood levels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to antibiotics of the cephalosporin class. In
      particular, it relates to 3,7-disubstituted cephalosporins wherein the
      3-position substituent is either the 1-methyl-1H-tetrazolyl-5-thiomethyl
      group or the 5-methyl-1,3,4-thiadiazolyl-2-thiomethyl group and the
      7-position substituent is the D-4-(or -3-)hydroxyphenylglycylamido group.
PAR  In U.S. Pat. No. 3,641,021, issued Feb. 8, 1972, to Ryan, certain
      7-mandelamido and 7-phenylglycylamido substituted cephalosporins having
      the above-described heterocyclic thiomethyl substituents are described as
      possessing stability to liver enzymes and cephalosporinase enzymes.
      Included among a number of substituents which may be present on the phenyl
      ring of the mandelamido or phenylglycylamido side chain is the hydroxy
      group. Ryan does not describe with any particularity any specific
      hydroxyphenylglycylamido substituted cephalosporin in contrast with the
      description provided for the phenylglycylamido and mandelamido 7-position
      side chains wherein the phenyl rings are unsubstituted.
PAC  SUMMARY
PAR  7-[4-(and
      3-)Hydroxyphenylglycylamido]-3-(1-methyl-1H-tetrazolyl-5-thiomethyl)-3-cep
     hem-4-carboxylic acid and 7-[4-(and
      3-)hydroxyphenylglycylamido]-3-(5-methyl-1,3,4-thiadiazolyl-2-thiomethyl)-
     3-cephem-4-carboxylic acid, the pharmaceutically acceptable non-toxic salts
      and certain biologically active esters hereof have been found to possess
      outstanding antibiotic activity against a broad spectrum of pathogenic
      microorganisms. The antibiotics in the zwitterionic, salt, or ester form
      are effective when administered orally and are highly absorbed as
      reflected by high blood levels obtained following administration. In
      addition, the blood levels are maintained over a longer period of time
      following the administration of a single dose than are the blood levels
      obtained with the unsubstituted phenylglycylamido cephalosporins described
      by U.S. Pat. No. 3,641,021. In this respect, the cephalosporin antibiotics
      of this invention are superior to those described in the aforementioned
      patent.
PAC  DETAILED DESCRIPTION
PAR  The cephalosporin antibiotics of this invention are represented by the
      following formula:
      ##SPC1##
PAL  Wherein R is the 1-methyl-1H-tetrazolyl group of the formula
      ##SPC2##
PAL  Or the 5-methyl-1,3,4-thiadiazolyl group of the formula
      ##SPC3##
PAL  R.sub.1 is hydrogen, or a biologically active ester forming group selected
      from the group consisting of an acyloxymethyl group of the formula
      ##EQU1##
      wherein A is C.sub.1 -C.sub.4 alkyl or phenyl; phthalidyl or indanyl; and
      the pharmaceutically acceptable non-toxic salts thereof.
PAR  The cephalosporins of the above formula are prepared but acylating the
      7-amino nucleus compounds represented by the formula
      ##SPC4##
PAL  with an amino-protected derivative of 3-, or 4-hydroxyphenylglycine
      represented by the formula
      ##SPC5##
PAL  In the above formulae, R has the same meanings as described previously and
      P represents an amino-protecting group such as one forming a urethane with
      the amino group, for example, trichloroethoxycarbonyl, t-butyloxycarbonyl,
      benzyloxycarbonyl, p-nitrobenzyloxycarbonyl and the like. Or P can be an
      enamine-protecting group such as that formed with methyl or ethyl
      acetoacetate or other suitable amino protecting group which can be readily
      removed following the acylation of the nucleus compound. The amino
      protecting group is attached to the amino group of the 3-, or
      4-hydroxyphenylglycine for the purpose of preventing undesirable acylation
      with the carboxyl group of another phenylglycine molecule during the
      desired acylation of the 7-aminocephalosporin nucleus with D-3-, or
      4-hydroxyphenylglycine.
PAR  The 7-amino-3-(1-methyl-1H-tetrazole-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid of the formula
      ##SPC6##
PAL  and
      7-amino-3-(5-methyl-1,3,4-thiadiazole-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid of the formula
      ##SPC7##
PAL  are prepared by methods well known in this art, for example, as described
      in U.S. Pat. Nos. 3,641,021 and 3,516,997. In general,
      7-aminocephalosporanic acid is reacted with 1-methyl-1H-tetrazole-5-thiol
      or with 5-methyl-1,3,4-thiadiazole-2-thiol in an inert solvent at a basic
      pH, for example, in aqueous acetone in the presence of sodium carbonate or
      bicarbonate to effect the nucleophilic displacement of the acetoxy group
      of 7-ACA to provide the 3-heterocyclic thiomethyl substituted nucleus
      compounds depicted above.
PAR  The acylation of the above 7-amino nucleus compounds can be carried out by
      following the general acylation procedures well known in the art. For
      example, the amino protected hydroxyphenylglycine can be reacted with the
      7-amino nucleus compound as the free acid in the presence of a condensing
      agent such as dicyclohexylcarbodiimide or it can be reacted with the
      nucleus in the form of an active derivative of the carboxylic acid
      function such as an acid halide, acid azide, or as a mixed anhydride.
PAR  In preparing the antibiotics of this invention, certain procedures are
      preferred in that best yields of higher quality products are obtained with
      their use. The preferred amino-protecting group, P, useful in the
      acylation of the nucleus is the enamine protecting group formed with
      methyl acetoacetate. The preferred acylation method employs the
      enamine-protected D-3- or 4-hydroxyphenylglycine as the mixed anhydride
      formed with methyl chloroformate. In an example of the preferred manner of
      synthesis, D-4-hydroxyphenylglycine is reacted under anhydrous conditions
      in methanol with sodium hydroxide to form an insoluble suspension of the
      sodium salt. Methyl acetoacetate is added to the suspension and the
      mixture is heated at the reflux temperature to provide the
      enamine-protected 4-hydroxyphenylglycine sodium salt represented by
      formula A.
      ##SPC8##
PAR  Alternatively, the sodium salt of 4-hydroxyphenylglycine can be solubilized
      via silylation of the 4-hydroxy group with a silylating agent such as
      mono- or bis-trimethylsilylacetamide prior to the reaction with methyl
      acetoacetate.
PAR  The enamine salt of 4-hydroxyphenylglycine is converted in dry acetonitrile
      to the soluble silylated derivative with trimethylsilylacetamide and is
      then converted to the mixed anhydride formed with methyl chloroformate.
      The formation of the mixed anhydride is carried out under dry conditions
      at temperatures below about -10.degree. to -15.degree.C. and preferably
      about -30.degree. to -35.degree.C. in an inert solvent, e.g.,
      acetonitrile. A catalytic amount of a tertiary amine is used to catalyze
      the mixed anhydride formation. Diethylaniline, triethylamine and other
      tertiary amines can be used. Dimethylbenzylamine is a preferred catalyst.
PAR  The enamine-protected mixed anhydride derivative represented by formula B
      below is kept cold and used without isolation to acylate the 7-amino
      nucleus compound.
      ##SPC9##
PAL  For example,
      7-amino-3-(5-methyl-1,3,4-thiadiazole-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid is suspended in dry acetonitrile and is converted to the soluble
      silylated derivative with MSA. The acylation is carried out by mixing the
      two solutions together under nitrogen at about 0.degree.C. or below. The
      intermediate, enamine-protected acylation product,
      7.beta.-[2-[2-(2-methoxycarbonyl-1-methylvinyl)amino]-2-(4-hydroxyphenyl)a
     cetamido]-3-(5-methyl-1,3,4-thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid is isolated as the crystalline sodium salt by treating the filtered
      acylation mixture with a solution of an equivalent amount of sodium
      2-ethylhexanoate in methanol.
PAR  The enamine-protecting group is removed from the intermediate acylation
      product and the free acid of the antibiotic compound obtained in the
      zwitterionic form by acidification of the salt of the intermediate. The
      acidification is carried out in a mixture of water and a water-miscible
      organic solvent, e.g., acetonitrile and water, with a mineral acid such as
      sulfuric acid, hydrochloric acid, or nitric acid. Nitric acid is
      preferred. The intermediate sodium salt is dissolved in the aqueous
      solvent mixture and the pH of the solution is adjusted to the isoelectric
      point to precipitate the zwitterionic form of the antibiotic product. The
      isoelectric point for the zwitterionic compounds of this invention occurs
      at about pH 4.5.
PAR  The above-described acylation and deblocking reactions used in the overall
      synthesis are illustrated in the following reaction scheme:
      ##SPC10##
PAR  By following the acylation, deblocking, and acidification methods described
      above, the crystalline zwitterionic form of
      7.beta.-(4-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthiometh
     yl)-3-cephem-4-carboxylic acid,
      7.beta.-(3-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthiometh
     yl)-3-cephem-4-carboxylic acid and
      7.beta.-(3-hydroxyphenylglycylamido)-3(5-methyl-1,3,4-thiadiazole-2-ylthio
     methyl-3-cephem-4-carboxylic acid are prepared.
PAR  The antibiotics of formula I wherein R is hydrogen can be converted to
      pharmaceutically acceptable salts with inorganic bases and amines. The
      sodium and potassium salts of the antibiotics can be prepared with sodium
      and potassium carbonate. Lithium carbonate forms the lithium salt when
      reacted with the acid form of the antibiotic. Salts formed with nontoxic,
      pharmaceutically acceptable amines are, for example, the dimethylammonium
      salt formed with dimethylamine, the dicyclohexylamine salt formed with
      dicyclohexylamine, the diethanolamine salt formed with diethanolamine, the
      salt formed with tris-(hydroxymethyl)aminomethane (tris-buffer) and like
      amine salts.
PAR  The compounds of formula I wherein R is an indanyl group of the formula
      ##SPC11##
PAL  the indanyl esters, are prepared by reacting 5-indanol in an inert solvent
      such as dioxane or tetrahydrofuran with the free acid form of the
      cephalosporin of formula I wherein R is hydrogen, in the presence of a
      condensing agent such as a diimide, for example, dicyclohexylcarbodiimide.
      The reaction is carried out in an inert solvent at about
      20.degree.-35.degree.C. for about 6 to 8 hours. The indanyl ester is
      recovered by first diluting the reaction mixture with water and filtering
      to remove the insoluble dicyclohexylurea side product. The ester is then
      extracted from the filtrate.
PAR  The phthalidyl esters of formula I wherein R is a phthalidyl group of the
      formula
      ##SPC12##
PAL  are obtained by reacting bromophthalide of the formula
      ##SPC13##
PAL  with a salt of a cephalosporin acid of formula I. The esterification can be
      carried out in dimethylformamide, dimethylacetamide, tetrahydrofuran, or
      dioxane by heating a mixture of equimolar amounts of the cephalosporin
      salt with bromophthalide. The sodium or potassium salt of the
      cephalosporin acid can be used in the reaction.
PAR  The cephalosporin antibiotics of the formula I wherein R is hydrogen are
      converted to the acyloxymethyl esters, wherein R is represented by the
      group
      ##EQU2##
      by reacting an alkali metal salt of the cephalosporin carboxylic acid, for
      example, the lithium, sodium, or potassium salt, with an acyloxymethyl
      halide of the formula
      ##EQU3##
      wherein X is chloro or bromo and A has the same meanings as previously
      defined. Acyloxymethyl halides which can be employed include chloromethyl
      acetate, bromomethyl acetate, bromomethyl propionate, chloromethyl
      pivaloate, and benzoyloxymethyl chloride.
PAR  The preferred forms of the cephalosporin antibiotics of this invention are
      the free acids, the pharmaceutically acceptable salts thereof, and the
      zwitterionic forms of the free acid form.
PAR  The preferred antibiotics are the 4-hydroxy substituted cephalosporins.
PAR  An especially preferred antibiotic of this invention is
      7.beta.-(D-4-hydroxyphenylglycylamido)-3-(5-methyl-1,3,4-thiadiazol-2-ylth
     iomethyl)-3-cephem-4-carboxylic acid.
PAR  The cephalosporin compounds of this invention (Formula I, R.sub.1 =H) are
      orally effective broad spectrum antibiotics which are useful in
      controlling infections caused by gram-positive and gram-negative bacteria.
      In addition to possessing the high activity usually exhibited by
      cephalosoporins against the gram-positive microorganisms, they also
      possess a high level of activity against a broad range of gram-negative
      bacteria. In Table I, below, the antibacterial activity of the compounds
      of formula I wherein R.sub.1 is hydrogen is illustrated. The bacteria are
      gram-negative bacteria and the activity is presented as minimum inhibitory
      concentrations in micrograms per milliliter (mcg./ml.). The activity was
      obtained by the Gradient-plate technique.
TBL                Table 1                                                     
     ______________________________________                                    
     Antibacterial Activity                                                    
     vs.                                                                       
     Gram-Negative Bacteria                                                    
                     Minimum Inhibitory                                        
                     Concentration                                             
                     (mcg./ml.)                                                
     Test Bacteria   Test Compound.sup.1                                       
     ______________________________________                                    
                     A         B        C                                      
     Shigella sp.    2.0       0.8      0.8                                    
     Escherichia coli                                                          
                     2.5       1.0      0.9                                    
     Klebsiella pneumoniae                                                     
                     1.0       1.0      0.6                                    
     Aerobacter aerogenes                                                      
                     1.0       0.7      0.9                                    
     Salmonella heidelberg                                                     
                     1.0       0.6      0.8                                    
     Pseudomonas                                                               
      aeruginosa     &gt;200      &gt;200     120                                    
     Serratia marcescens                                                       
                     47.5      12.5     5.0                                    
     ______________________________________                                    
      .sup.1                                                                   
      A=7.beta.-(D-4-hydroxyphenylglycylamido)-3-(5-methyl-1,3,4-thiadiazole-2-
     lthiomethyl)-3-cephem-4-carboxylic acid.                                  
      B=7.beta.-(D-4-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthi
     methyl)-3-cephem-4-carboxylic acid.                                       
      C=7.beta.-(D-4-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthi
     methyl)-3-cephem-4-carboxylic acid.                                       
PAR  The antibiotics of this invention in the free acid form also inhibit the
      growth of clinical isolates of the gram-negative bacteria, Enterobacter,
      for example, E. aerogenes and E. cloacae; Proteus, e.g., P. morganii, P.
      rettgeri, P. vulgaris, and P. mirabilis; Klebsiella, e.g., K. pneumoniae,
      and other species.
PAR  As previously mentioned, the hydroxyphenylglycylamido substituted
      cephalosporins described herein exhibit high blood levels when
      administered orally. Further, and of greater significance, the
      concentration of these antibiotics in the blood remains high over a long
      period of time following administration. These antibiotics have low
      ED.sub.50 values (Effective Dose) which, because of their high absorption
      and prolonged duration of blood levels, can be maintained for extensive
      periods.
PAR  In the tables which follow, a comparison of the ED.sub.50 values, peak
      blood levels, and the concentration of antibiotic in the blood measured
      with time, for antibiotics of this invention (formula I, R.sub.1 =H) and
      the 7-phenylglycylamido cephalosporins described in U.S. Pat. No.
      3,641,021 is presented.
PAR  In Table II, the respective effective doses (ED.sub.50) for these
      antibiotics is presented. The data were obtained in mice infected with the
      indicated microorganism following oral administration of the antibiotics
      at 1 and 5 hours post infection.
PAR  In the tables, R and R.sub.2 refer to the test compound represented by the
      formula
      ##SPC14##
PAL  wherein R is 5-methyl-1,3,4-thiadiazol-2-yl- or 1-methyl-1H-tetrazol-5-yl-
      and R.sub.2 is hydrogen or hydroxy. The compounds of this invention are
      represented when R.sub.2 is hydroxy and those described by Ryan in U.S.
      Pat. No. 3,641,021 are represented when R.sub.2 is hydrogen.
TBL                                    Table II                                
     __________________________________________________________________________
     Oral Therapy of Experimental Infections in Mice                           
     Effective Dose (ED.sub.50).sup.1                                          
     Test Cephalosporin.sup.2                                                  
                  Streptococcus                                                
                          Diplococcus                                          
                                     Proteus  Escherichia                      
     No.                                                                       
        R    R.sub.2                                                           
                  pyogenes C203                                                
                          pneumoniae Park I                                    
                                     mirabilis PR6                             
                                              coli EC14                        
     __________________________________________________________________________
     1  Hydroxy                                                                
             Tet 0.18     &lt;1.1       &lt;4.5     3.7                              
     2  Hydrogen                                                               
             Tet 4.05     ND.sup.3   ND       8.4                              
     3  Hydroxy                                                                
             Thiad                                                             
                 0.08     &lt;1.1       &lt;4.5     2.1                              
     4  Hydrogen                                                               
             Thiad                                                             
                 1.15     5.2        20.7     6.9                              
     __________________________________________________________________________
      .sup.1 mg./kg. .times. 2 oral doses (gavage) at 1 and 5 hours post       
      infection.                                                               
      .sup.2 Tet represents the 1-methyl-1H-tetrazol-5-yl-radical. Thiad       
      represents the 5-methyl-1,3,4-thiazole-2-yl-radical.                     
      .sup.3 Not determined.                                                   
PAR  As illustrated by the ED.sub.50 data in Table II obtained with compound
      Nos. 1 and 3, the cephalosporin antibiotics of this invention exhibit
      effective doses greatly superior to those exhibited by the antibiotics of
      the prior art (compound Nos. 2 and 4). For example, in the treatment of S.
      pyogenes infections in mice compound No. 3, a preferred compound of this
      invention, exhibits an ED.sub.50 value approximately 14 times lower than
      that exhibited by compound No. 4 (1.15/0.08) and approximately 50 times
      lower than that exhibited by compound No. 2 (4.05/0.08).
PAR  In the following Table III, the concentration of the antibiotic in the
      blood of mice at time intervals following a single oral dose of 20 mg./kg.
      is presented. The determinations were carried out in groups of 3 or 4 mice
      as indicated in the table and the results averaged. The average
      concentrations are reported in the table. At the indicated time intervals
      post administration, blood samples were withdrawn at the orbital sinus
      from each mouse in the test group and assayed for the concentration of
      antibiotic. The whole blood samples were assayed by the standard agar
      disc-plate method employing Sarcina lutea as the test micoorganism.
TBL                Table III                                                   
     ______________________________________                                    
     Duration of Antibiotic Blood Levels                                       
     Time (min.) Average Concentration                                         
     Post        (mcg./ml.)                                                    
     Administration.sup.a                                                      
                  Cephalosporin Antibiotic.sup.b                               
     ______________________________________                                    
               1.sup.c                                                         
                      2.sup.d  3.sup.c  4.sup.d                                
     ______________________________________                                    
     10          2.56     0.26     10.6   1.98                                 
     20          5.78     0.75     13.2   3.38                                 
     30          8.55     1.17     13.9   3.99                                 
     60          8.88     0.89     14.3   2.34                                 
     90          6.94     1.09      9.8   1.61                                 
     120         5.36     ND.sup.e  5.2   ND.sup.e                             
     ______________________________________                                    
      .sup.a 20 mg. orally administered to each mouse by gavage.               
      .sup.b Cephalosporin compound numbers refer to the same compounds so     
      numbered in Table II.                                                    
      .sup.c The value is the average of a group of 4 mice.                    
      .sup.d The value is the average of a group of 3 mice.                    
      .sup.e Not determined.                                                   
PAR  The data shown in Table II demonstrate that the 3-, and
      4-hydroxyphenylglycylamido cephalosporins of this invention exhibit blood
      levels superior to those exhibited by the non-hydroxylated
      phenylglycylamido cephalosporins of the prior art (compound Nos. 2 and 4).
      As shown in Table III, the 4-hydroxyphenylglycylamido cephalosporins of
      this invention (compound Nos. 1 and 3) the tetrazole (compound No. 1) and
      thiadiazole (compound No. 3) 3-substituted compounds give peak blood
      levels of about 8.9 mcg./ml. and about 14.3 mcg./ml., respectively. In
      contrast, the non-hydroxylated phenylglycylamido cephalosporins having the
      tetrazole (compound No. 2) and thiadiazole (compound No. 4) substituent in
      the 3-position have much lower peak blood levels of about 1.2 mcg./ml. and
      about 4.0 mcg./ml., respectively.
PAR  The cephalosporin antibiotics provided by this invention as the free acids
      and the pharmaceutically acceptable non-toxic salts thereof are highly
      effective antibiotics which are superior oral therapeutic agents. They can
      also be administered parenterally, for example, subcutaneously or by the
      intramuscular route.
PAR  The free acid forms of the antibiotics can be converted to pharmaceutically
      acceptable salt forms with suitable acids and bases. For example, the
      C.sub.4 carboxylic acid function can be neutralized with both organic
      amines and inorganic bases by methods well known in this art. Suitable
      inorganic bases include the alkali and alkaline earth metal carbonates,
      bicarbonates, and hydroxides such as lithium carbonate, sodium carbonate,
      potassium carbonate, sodium bicarbonate, calcium hydroxide, sodium
      hydroxide, and the like. Illustrative salts formed with these bases
      include the lithium, sodium, potassium and calcium salts.
PAR  Organic amines such as dicyclohexylamine, diethylamine, benzylamine,
      dibenzylamine, tris-hydroxymethylaminomethane (tris buffer),
      monoethanolamine, diethanolamine, and like amines can be used to form
      suitable salts. Ammonium hydroxide can be employed in the neutralization
      of the C.sub.4 carboxylic acid function to prepare the ammonium salt.
PAR  The term "pharmaceutically acceptable salts" also refers to the acid
      addition salts of the .alpha.-amino group in the 7-position side-chain.
      Acid addition salts formed with mineral acids such as hydrochloric acid,
      hydrobromic acid, and phosphoric acid can be used. Likewise, acid addition
      salts formed with organic sulfonic acids such as the lower alkylsulfonic
      acids, methanesulfonic acid, and ethanesulfonic acid; the aromatic
      sulfonic acids such as p-toluenesulfonic acid and the naphthalenesulfonic
      acids can be prepared.
PAR  The previously described acyloxymethyl, indanyl, and phthalidyl esters of
      the cephalosporin antibiotics provided herein are also useful in
      combatting infections when administered orally to the infected host.
      Representative "active esters" include the acetoxymethyl,
      pivaloyloxymethyl, benzoyloxymethyl, indanyl, and phthalidyl esters of
      both 4-hydroxyphenylglycylamido substituted cephalosporins.
DETD
PAR  This invention is further illustrated by the following examples.
PAC  EXAMPLE 1
PAR  To a suspension of 23.9 g. (.143 M) of D-4-hydroxyphenylglycine in 150 ml.
      of methanol were added 6 g. (ca. 0.145 M) of sodium hydroxide pellets. The
      mixture was heated at 60.degree.C. with stirring for about 15 minutes
      during which time the sodium salt of the acid formed a thick slurry. To
      the slurry were added 20.1 ml. (.186 M) of methyl acetoacetate and the
      mixture was heated at the reflux temperature of approximately 68.degree.C.
      for 90 minutes. After about 20 minutes at the reflux temperature, a clear
      solution was obtained and following 20 additional minutes, the product
      began to crystallize from the clear solution. With continued heating at
      the reflux temperature, 300 ml. of acetonitrile were added dropwise over a
      15 minute period. Thereafter, the solvent methanol was allowed to distill
      out of the mixture while another 300 ml. of acetonitrile was added
      dropwise over approvimately 75 minutes. The reaction mixture was allowed
      to cool to room temperature with continued stirring. The crystalline
      product precipitated at room temperature, was filtered and washed with
      approximately 200 ml. of acetonitrile. The product, the sodium salt of the
      methyl acetoacetate enamine of D-4-hydroxyphenylglycine, was dried to
      yield 40 g. of white, crystalline solid (97 percent yield).
PAR  To a 1 liter round-bottomed three-necked flask equipped with a mechanical
      stirrer, a thermometer, and a dry nitrogen purge were added 100 ml. of dry
      acetonitrile and 16.5 g. (113 mM) of trimethylsilylacetamide (MSA) which
      was washed in with an additional 50 ml. of dry acetonitrile. To this
      solution 35.0 g. (113 mM) of the dry sodium salt of the methyl
      acetoacetate enamine of D-4-hydroxyphenylglycine prepared as described
      above were added and rinsed in with a further 100 ml. of dry acetonitrile.
      The mixture was then stirred with warming to approximately 50.degree.C. to
      form a thick slurry. The slurry was cooled in an acetone dry ice bath to
      -35.degree.C. and 10 drops of dimethylbenzylamine were added, followed by
      the addition of 10.7 g. (113 mM) of methylchloroformate. As the
      methylchloroformate was added, the slurry initially thickened and then
      thinned considerably as the insoluble sodium salt of the enamine protected
      4-hydroxyphenylglycine was converted to the soluble mixed anhydride.
      During the above addition the temperature of the reaction mixture
      increased to approximately -30.degree.C. and was cooled following addition
      to -40.degree.C.
PAR  In the meantime, in a separate 300 ml. round-bottomed flask were added 100
      ml. of dry acetonitrile, 58.9 g. (450 mM) of trimethylsilylacetamide and
      35.9 g. (100 mM) of dry
      7-amino-3-(5-methyl-1,3,4-thiadiazole-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid. Approximately 50 ml. of dry acetonitrile were used to wash the
      reagents into the flask. The mixture, protected with a drying tube was
      stirred at room temperature until solution was complete. The solution was
      then cooled in an acetone-dry ice bath until crystallization was
      initiated. The cold solution of the silylated nucleus compound was then
      added under dry nitrogen to the cold solution of the mixed anhydride of
      the enamine-protected 4-hydroxyphenylglycine compound prepared as
      described above. During the addition the temperature of the mixture
      increased to approximately -30.degree.C. and following the addition was
      cooled again to -40.degree.C. Thereafter the reaction mixture was allowed
      to warm slowly to 0.degree.C. over a 90-minute period. Hyflo filter aid
      was added to the reaction mixture which was then filtered through a Hyflo
      filter pad. The filter was washed with dry acetonitrile and the washings
      were combined with the filtrate. The filtrate was warmed to room
      temperature and a solution of 16.6 g. (100 mM) of sodium 2-ethylhexanoate
      in 50 ml. of methanol was added to the filtrate with stirring.
      Crystallization of the product, the sodium salt of
      7.beta.-[2-(2-methoxycarbonyl-1-methylvinyl-amino)-2-(4-hydroxyphenyl)-ace
     tamido]-3-(5-methyl-1,3,4-thiadiazole-2ylthiomethyl)-3-cephem-4-carboxylic
      acid, began in a few minutes and the mixture was allowed to stand for 2
      hours at room temperature to complete the crystallization. The product was
      filtered and was washed with acetonitrile and then with anhydrous diethyl
      ether. The product was dried in a stream of dry nitrogen and finally in
      vacuo to yield 46.4 g. (75.7 percent yield).
PAR  UV (methanol) .lambda..sub.max 232 a.sub.m (16,500), .lambda..sub.max 283
      a.sub.m (33,400)
PAR  IR (mull) 1770 cm.sup..sup.-1 (.beta.-lactam carbonyl), 1675 (amide)
PAR  NMR 100 MHz (DMSOd.sub.6) 1.76 (3H, s), 2.65 (3H, s), 3.30 (1H, d, J=17
      hz), 3.4 (broad), 3.51 (1H, d, J=17 hz), 3.52 (3H, s), 4.35 (1H, d, J=12
      hz), 4.45 (1H, s), 4.50 (1H, d, J=12 hz), 4.88 (1H, d, J=5 hz), 5.37 (1H,
      d, J=8 hz), 5.53 (1H, d/d, J=5, 8 hz), 6.73 (2H, d, J=8.5 hz), 7.16 (2H,
      d, J=8.5 hz), 9.20 (1H, d, J=8 hz), 9.26 (1H, d, J=8 hz) delta.
PAR  To a 200 ml. Erlenmeyer flask containing 70 ml. of a mixture of
      acetonitrile and water (3:1), (v:v) were added with vigorous stirring,
      30.7 g. (50 mM) of the product obtained as described above. An additional
      30 ml. of the same solvent mixture was employed to wash the crystalline
      material into the flask. When solution was obtained, the pH of the
      solution was approximately 8.8. Concentrated nitric acid was added
      dropwise to the solution to adjust the pH to approximately pH 7. The
      solution was warmed to about 50.degree.C. and was seeded with crystalline
      7.beta.-(D-4-phenylglycylamido)-3-(5-methyl-1,3,4-thiadiazole-2-yl-thiomet
     hyl)-3-cephem-4-carboxylic acid while nitric acid addition was continued
      slowly. The pH of the solution was adjusted to pH 4.5 whereupon the
      product precipitated as the insoluble zwitterionic form. A total of 3.8
      ml. of nitric acid were employed in adjusting the pH. The mixture was
      allowed to cool to room temperature over about 2 hours and was then
      filtered. The filter cake was washed with 60 ml. of 3:1, v:v,
      acetonitrile:water in several portions, then with 60 ml. of acetonitrile
      in several portions and was then dried under nitrogen and finally dried in
      vacuo. The yield of the product was 50.8 g. (64 percent), 48 percent
      overall.
PAR  UV (methanol) .lambda..sub.max 232 a.sub.m (16,270), .lambda..sub.max 275
      a.sub.m (15,390)
PAR  IR (mull) 1790 cm.sup..sup.-1
PAR  100 MHz NMR (DMSOd.sub.6 + monodeutero-trifluoroacetic acid) 2.66 (3H, s),
      3.50 (1H, d, J=18 hz), 3.67 (1H, d, J=18 hz), 4.18 (1H, d, J=13.5 hz),
      4.47 (1H, d, J=13.5 hz), 4.90 (1H, broad), 5.05 (1H, d, J=4.5 hz), 5.76
      (1H, d/d, J=4.5, 8.5 hz), 6.78 (2H, d, J=8.5), 7.20 (2H, d, J=8.5), 8.62
      (broad), 9.43  (1H, d, J=8.5 hz) delta.
PAR  [.alpha.].sub.D .sup.25.sup..degree.  (4:1 DMSO 1N HCl) -63.degree.
PAR  Electrometric titration (6 percent DMF) pK.sub.a 4.4, 7.6 and 12.2.
      Apparent MW 506, Calc. MW 494.
PAC  EXAMPLE 2
PAR  By employing the procedures described by Example 1, the mixed anhydride
      formed with the enamine (methyl acetoacetate) protected
      4-hydroxyphenylglycine and methyl chloroformate is employed to acylate the
      silylated nucleus,
      7-amino-3-(1-methyl-1H-tetrazole-5-ylthiomethyl)-3-cephem-4-carboxylic
      acid, in acetonitrile to form the enamine-protected
      7.beta.-(4-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthiometh
     yl)-3-cephem-4-carboxylic acid. The enamine-protected acylation product is
      precipitated from the filtered acylation mixture as the insoluble sodium
      salt formed when a solution of sodium 2-ethylhexanoate is added to the
      mixture. The sodium salt of the enamine protected acylation product is
      filtered and washed and is then treated in acetonitrile and water with
      nitric acid to adjust the pH of the solution to the isoelectric point. The
      product,
      7.beta.-(4-hydroxyphenylglycylamido)-3-(1-methyl-1H-tetrazole-5-ylthiometh
     yl)-3-cephem-4-carboxylic acid, precipitates in the zwitterionic form and
      is recovered by filtration.
PAC  EXAMPLE 3
PAR  To a suspension of 3.29 g. of
      7-amino-3-(5-methyl-1,3,4-thiadiazole-2-ylthiomethyl)-3-cephem-4-carboxyli
     c acid in dry tetrahydrofuran was added excess mono-silylacetamide to form
      a solution of the soluble silylated derivative of the amine nucleus.
PAR  In the meantime, to a solution of 2.67 g. of
      N-(t-butyloxycarbonyl)-3-hydroxyphenylglycine in 200 ml. of dry
      tetrahydrofuran were added about 6 drops of N,N-dimethylbenzylamine. The
      solution was cooled to about -22.degree.C. and 1 ml. of triethylamine was
      then added. To the cold solution were added 1.4 g. of isobutyl
      chloroformate to form the mixed anhydride of the t-butyloxycarbonyl
      protected 3-hydroxyphenylglycine. The cold solution of the mixed anhydride
      was added to the previously prepared cold solution of the silylated
      nucleus and the mixture was stirred at about -22.degree.C. for 2 hours,
      and then at 0.degree.C. for one hour. The reaction mixture was filtered
      and 15 ml. of methanol were added to the filtrate. The methanol treated
      filtrate was filtered and evaporated under vacuum. An equal volume of a
      mixture of ethyl acetate and water was added to the residue and the pH was
      adjusted to pH 2. The reaction product was converted to the sodium salt
      with aqueous 1N sodium hydroxide, the pH readjusted to ph  2 with 1N
      hydrochloric acid and the product, as the free cephalsoporin carboxylic
      acid, was extracted with ethyl acetate. The extract was washed with water,
      dried, and evaporated under vacuum to yield 1.944 g. of the
      t-butyloxycarbonyl protected
      7.beta.-(D-3-hydroxyphenylglycylamido)-3-(5-methyl-1,3,4-thiadiazole-2-ylt
     hiomethyl)-3-cephem-4-carboxylic acid.
PAR  The product was reacted with excess trifluoroacetic acid to remove the
      t-butyloxycarbonyl protecting group and provide the product.
CLMS
STM  I claim:
NUM  1.
PAR  1. The cephalosporin compound of the formula
      ##SPC15##
PAL  wherein R is the 1-methyl-1H-tetrazol-5-yl group of the formula
      ##SPC16##
PAL  or the 5-methyl-1,3,4-thiadiazol-2-yl group of the formula
      ##SPC17##
PAL  and R.sub.1 is selected from the group consisting of 5-indanyl, phthalidyl,
      and an acyloxymethyl group of the formula
      ##EQU4##
      wherein A is C.sub.1 -C.sub.4 alkyl or phenyl.
NUM  2.
PAR  2. The compound of claim 1 wherein R is
      ##SPC18##
NUM  3.
PAR  3. The compound of claim 1 wherein R is
      ##SPC19##
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ABST
PAL  Novel amidine compounds selected from the group consisting of
      bis-pyrrolinyl derivatives of phenothiazines, phenoxazines and acridans
      are obtained by reacting a phenothiazine, phenoxazine or acridan with a
      pyrrolidinone in the presence of phosphorus oxychloride. The
      phenothiazine, phenoxazine, or acridan can also be alkylated with
      2-chloro-1-(1-pyrrolin-2-yl)-2-pyrroline to provide compounds of the
      invention. Typical examples of bis-pyrrolinyl derivatives are
      2-methoxy-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-pheno
     thiazine, 10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenoxazine, and
      9,9-dimethyl-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acr
     idan. The amidine compounds are useful as diuretics, smooth muscle
      relaxants and antithrombogenic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 336,845, filed Feb. 28, 1973, now abandoned which is a
      continuation-in-part of then copending application Ser. No. 147,667, filed
      May 27, 1971, now U.S. Pat. No. 3,719,671.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to heterocyclic carbon compounds which have drug
      and bio-affecting properties. The invention is particularly concerned with
      amidines of the group consisting of bis-pyrrolinyl phenothiazines,
      bis-pyrrolinyl acridan, and bis-pyrrolinyl phenoxazines. The compounds of
      the invention are of value as smooth muscle relaxant, antithrombogenic and
      as diuretyic agents. Other features of the invention are a therapeutic
      process for producing smooth muscle relaxent, antithrombogenic and
      diuretic effects in mammals by administration of the amidine compounds.
PAR  We have previously disclosed pyrrolinyl phenothiazine in our co-pending
      U.S. patent application Ser. No. 147,667 (U.S. Pat. No. 3,719,671) as
      being of interest for their intestinal relaxant and antithrombogenic
      activity. The phenothiazine compounds of the present application are
      bis-pyrrolinyl phenothiazines whereas the pyrrolinyl phenothiazines of the
      co-pending patent application are monomeric pyrrolinyl derivatives.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a group of amidines represented by Formula I and
      non-toxic pharmaceutically acceptable acid addition salts thereof.
      ##SPC1##
PAR  The substances of Formula I are more particularly characterized as
      bis-pyrrolinyl derivatives belonging to the group of amidines consisting
      of bis-pyrrolinyl phenothiazines, bis-pyrrolinyl acridans and
      bis-pyrrolinyl phenoxazines. Substances of Formula I are useful as smooth
      muscle relaxants, inhibitors of platelet aggregation, and as diuretic
      agents in mammals.
PAR  In Formula I, X is selected from the group consisting of sulfur, oxygen, or
      the divalent methylene radical --C(Z.sub.1 Z.sub.2)-- wherein Z.sub.1 and
      Z.sub.2 represent independently selected hydrogen or lower straight chain
      alkyl of 1 to 4 carbon atoms inclusive. When X is sulfur, the compounds
      are 10-bis-pyrrolinyl phenothiazine derivatives. When X is oxygen, the
      compounds are bis-pyrrolinyl phenoxazine derivatives. When X signifies the
      divalent radical --C(Z.sub.1 Z.sub.2)--, the compounds are bis-pyrrolinyl
      acridan derivatives. In the foregoing formulas, Y represents hydrogen,
      trifluoromethyl, halogen, lower alkyl, or lower alkoxy; R represents
      hydrogen or straight chain lower alkyl of 1 to 4 carbon atoms inclusive
      such as methyl, ethyl, propyl and n-butyl.
PAR  It is to be understood that by the term "halogen" as used throughout the
      instant disclosure and claims, it is intended to connote all four
      halogens; i.e., chlorine, bromine, iodine and fluorine. It is to be
      understood that by the terms "lower alkyl" and "lower alkoxy" as used
      throughout the instant disclosure and claims, it is intended that the
      carbon chain which comprises these groups include both straight and
      branched chain carbon radicals of 1 to 4 carbon atoms inclusive. Exemplary
      of these carbon chain radicals are methyl, ethyl, propyl, isopropyl,
      1-butyl, 1-methylpropyl, 2-methylpropyl, and tert.-butyl.
PAR  It will be apparent to those skilled in the art that compounds of Formula I
      can exist as stereoisomeric modifications when an asymmetric center is
      present. For example, in the case of a compound of Formula I wherein the
      "bis-pyrrolinyl moiety" contains an R-substituent other than hydrogen,
      such as
      2-methoxy-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenot
     hiazine, two asymmetric centers are present resulting in two racemic
      modifications. It is possible to separate the racemic modifications into
      individual (.+-.)-pairs on the basis of physico-chemical differences such
      as solubility. The (.+-.)-pairs can be resolved according to conventional
      procedures by using appropriate optically active acids. It is to be
      understood that all stereoisomeric forms of the compounds of Formula I are
      considered to be within the purview of this invention.
PAR  The amidine compounds of the present invention characterized by Formula I
      are obtained by:
PAR  Reacting a compound selected from the group consisting of a phenothiazine,
      acridan, or phenoxazine of the formula
      ##SPC2##
PAR  With a pyrrolidinone of the formula
      ##SPC3##
PAL  wherein R, X and Y have the same meaning as previously defined in the
      presence of phosphorus oxychloride in an inert solvent or reacting said
      phenothiazine, acridan, or phenoxazine with
      2-chloro-1-(1-pyrrolin-2-yl)-2-pyrroline hydrochloride in an inert solvent
      and thereafter, if desired, converting the amidine products in free base
      form into acid addition salts by reaction with inorganic or organic acids.
PAR  Illustrative of suitable phenothiazine reactants which may be employed are:
PA0  phenothiazine,
PA0  2-chlorophenothiazine,
PA0  4-chlorophenothiazine,
PA0  2-bromophenothiazine,
PA0  2-fluorophenothiazine,
PA0  2-iodophenothiazine,
PA0  2-trifluoromethylphenothiazine,
PA0  4-trifluoromethylphenothiazine
PA0  2-methoxyphenothiazine,
PA0  4-methoxyphenothiazine,
PA0  2-ethoxyphenothiazine,
PA0  2-n-propoxyphenothiazine,
PA0  2-isopropoxyphenothiazine,
PA0  2-n-butoxyphenothiazine,
PA0  2-isobutoxyphenothiazine,
PA0  2-sec.-butoxyphenothiazine,
PA0  4-n-butoxyphenothiazine,
PA0  2-methylphenothiazine,
PA0  4-methylphenothiazine,
PA0  2-isopropylphenothiazine,
PA0  2-methylphenothiazine,
PA0  2-n-butylphenothiazine,
PA0  4-methylphenothiazine,
PA0  4-isopropylphenothiazine.
PA0  Suitable acridan reactants are:
PA0  acridan,
PA0  2-methoxyacridan,
PA0  4-methoxyacridan,
PA0  2-chloroacridan,
PA0  4-chloroacridan,
PA0  2-trifluoromethylacridan,
PA0  4-trifluoromethylacridan,
PA0  9,9-dimethylacridan,
PA0  2-chloro-9,9-dimethylacridan,
PA0  2-trifluoromethyl-9,9-dimethylacridan,
PA0  4-methoxy-9,9-dimethylacridan,
PA0  2-methylacridan,
PA0  4-methylacridan,
PA0  4-n-butylacridan,
PA0  2-trifluoromethyl-9-methylacridan,
PA0  9-ethyl-9-methylacridan,
PA0  9,9-di-n-butylacridan.
PA0  Suitable phenoxazines are:
PA0  phenoxazine,
PA0  2-methoxyphenoxazine,
PA0  4-methoxyphenoxazine,
PA0  4-isopropoxyphenoxazine,
PA0  2-methylphenoxazine,
PA0  4-methylphenoxazine,
PA0  4-n-butylphenoxazine,
PA0  2-chlorphenoxazine,
PA0  3-chlorophenoxazine,
PA0  4-chlorophenoxazine,
PA0  2-trifluoromethylphenoxazine.
PA0  Suitable pyrrolidinones are:
PA0  2-pyrridinone,
PA0  5-methyl-2-pyrrolidinone,
PA0  5-ethyl-2-pyrrolidinone,
PA0  5-n-propyl-2-pyrrolidinone,
PA0  5-n-butyl-2-pyrrolidinone.
PAR  The compounds of Formula I are basic and generally crystalline compounds
      which are practically insoluble in water, but are readily soluble in most
      organic solvents and in aqueous solutions of organic or inorganic acids.
PAR  The compounds characterized by Formula I can be converted, if desired, to
      corresponding non-toxic pharmaceutically acceptable acid addition salts by
      admixture of the free base with a selected acid in an inert organic
      solvent such as ethanol, benzene, ethyl acetate, ether, halogenated
      hydrocarbons, and the like. A preferred method of salt preparation is to
      treat the base with substantially one chemical equivalent of an acid such
      as hydrogen chloride in ethanol solution. The salt precipitates from the
      ethanolic solution upon chilling or the addition of ether. It is to be
      understood that both the free base and salt forms of the products of
      Formula I are useful for the purpose of the invention althougn salts are,
      in some instances, particularly preferred because of their increased water
      solubility.
PAR  It is to be understood that the term "non-toxic pharmaceutically acceptable
      acid addition salt", as used throughout the instant disclosure and the
      claims, is construed to mean the salt form of amidine amidine base of the
      present invention and an inorganic or organic acid which exhibits no
      significant toxicity when administered at the effective dose for the
      purpose intneded. Some examples of inorganic or organic acids which may be
      employed to provide a non-toxic pharmaceutically acceptable acid addition
      salt of the compounds of Formula I are: sulfuric, phosphoric,
      hydrochloric, hydrobromic; hydroiodic, sulfamic, acetic, lactic, maleic,
      succinic, malic, fumaric, tartaric, citric, gluconic, glutaric, ascorbic,
      benzoic, cinnamic, isethionic, and related acids.
PAR  The free base compounds of Formula I can be prepared by neutralization of
      the acid addition salt in aqueous base. In a convenient procedure, the
      salt is mixed with excess sodium hydroxide in aqueous solution, after
      which the free base can be separated by extraction with a chlorinated
      hydrocarbon or ether solvent. The solvent can be removed by conventional
      methods such as evaporation or distillation and the free base compound can
      be purified by methods such as recrystallization or "short path"
      distillation at reduced pressures.
PAR  In carrying out the process of the invention for the preparation of the
      bis-pyrrolinyl compounds characterized by Formula I, a phenothiazine base,
      or an acridan base, or a phenoxazine base is reacted with the
      R-pyrrolidinone and phosphorus oxychloride in an inert aprotic solvent.
      Generally, ratios of from 1 to 2 moles of the pyrrolidinone reactant to 1
      mole of phosphorus oxychloride and 1 mole of the phenothiazine, acridan or
      phenoxazine base are employed. A preferred solvent for carrying out the
      process is 1,2-dichloroethane although other solvents are suitable such as
      benzene, chloroform, carbon tetrachloride, 1,1-dichloroethane, hexane,
      xylene, and the like. The process may be carried out at a temperature of
      about 0.degree. C. to 150.degree. C. but we generally prefer room
      temperature in the range of about 25.degree.-35.degree. C. In some
      instances, the reaction mixture is permitted to stand for several days but
      generally the reaction is essentially complete in about 15 hr.
PAR  Whenever compounds characterized by Formula I wherein R is limited to
      hydrogen are prepared, an alternate aspect of the process of the present
      invention comprises reaction of a phenothiazine, acridan, or phenoxazine
      base with the imidoyl chloride "2-chloro-1-(1-pyrrolin-2-yl)-2-pyrroline
      hydrochloride" in an inert solvent such as 1,2-dichloroethane. Alkylation
      of the phenothiazine, acridan, or phenoxazine base with
      2-chloro-1-(1-pyrrolin-2-yl)pyrroline hydrochloride is preferably carried
      out in 1,2-dichloroethane at reflux temperature.
PAR  According to the foregoing process wherein a phenothiazine, acridan, or
      phenoxazine base is reacted with a pyrrolidinone and phosphorus
      oxychloride, monomeric pyrrolinyl compounds described in our co-pending
      United States patent application Ser. No. 147,667 (U.S. Pat. No.
      3,719,671) are also obtained, in addition to the bis-pyrrolinyl compounds
      of Formula I. For example, reaction of phenothiazine, 2-pyrrolidinone, and
      phosphorus oxychloride in 1,2-dichloroethane provides the bis-pyrrolinyl
      phenothiazine compounds of the present invention,
      "10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine" and the monomeric
      pyrrolinyl derivative "10-[2-(1-pyrrolinyl)]phenothiazine" described in
      co-pending U.S. patent application Ser. No. (U.S. Pat. No. 3,719,671).
      Separation of the bis-pyrrolinyl derivatives of the present invention from
      the monomeric pyrrolinyl by-products is generally effected by washing with
      a solvent, preferably acetone, wherein the bis-pyrrolinyl derivatives of
      the present invention are relatively less soluble than the monomeric
      pyrrolinyl by-products or by distillation.
PAR  The bis-pyrrolinyl compounds of the present invention are new chemical
      substances which have useful pharmacological properties. More
      particularly, they exert an intestinal relaxant effect similar to that
      obtained with papaverine. Aside from the intestinal relaxant activity, the
      bis-pyrrolinyl compounds of Formula I have antithrombogenic properties as
      demonstrated by their ability to inhibit platelet aggregation caused by
      the addition of adenosine diphosphate to platelet rich plasma.
PAR  Intestinal relaxant activity of the bis-pyrrolinyl compounds of the present
      invention can be measured in standard and accepted in vitro and in vivo
      pharmacological tests. One such test is carried out essentially as
      follows. A segment or rabbit ileum is suspended in oxygenated Tyrode's
      solution and affixed to a tension transducer for electronic recording of
      isometric contractions. After control responses to a standard dose of a
      spasmogen such as barium chloride (0.25 mg./ml.) or acetylcholine chloride
      (1.0 mcg./ml.) are established, the bis-pyrrolinyl compound is added and
      the response to the spasmogen in the presence of the test compound, again
      determined. Test compound effect is measured as the percentage reduction
      in the response to the spasmogen in the presence of the test compound,
      from the mean control response. The data are expressed in log dose
      response curves obtained from a minimum of three trials at each of 2 to 5
      different concentrations of the test compound. Estimates are made
      therefrom of the EC.sub.50 or EC.sub.75 (concentration causing 50% to 75%
      reduction respectively in the response of the tissue to the spasmogen).
PAR  Papaverine, which is a well-known smooth muscle relaxant, has an EC.sub.50
      of 12.2 mcg./ml. in this test against barium chloride spasms. In general,
      the bis-pyrrolinyl substances of Formula I are more potent than
      papaverine. As might be expected, certain of the compounds are more active
      than others. In this respect, there can be mentioned by way of example
      9,9-dimethyl-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acr
     idan hydrochloride, 10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenoxazine and
      2-methoxy-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenot
     hiazine hydrochloride which are 7.6, 3.1 and 1.7 respectively times as
      potent as papaverine as particularly preferred bis-pyrrolinyl compounds of
      the present invention.
PAR  Apart from intestinal relaxant activity, a bis-pyrrolinyl compound of this
      invention present in an effective amount in the mammalian circulatory
      system has the added benefit of providing a protective antithrombogenic
      effect. Measurement of the antithrombogenic activity of the bis-pyrrolinyl
      compounds of Formula I can be carried out in a standard pharmacological
      test which essentially has been described by Born, Nature, 194, 927 (1962)
      and O'Brien, J. Clin. Path., 15, 446 (1962). This test is a nephelometric
      method in which the change in turbidity of a specimen of platelet rich
      blood plasma (generally human blood plasma) is measured on causation of
      platelet aggregation by addition of a thrombogenic inducing agent such as
      adenosine diphosphate or collagen. The compounds of the present invention
      are effective antithrombogenic agents according to this test at
      concentrations in the order of about 3 to 150 mcg./0.5 ml. human platelet
      rich plasma. The antithrombogenic effect is measured in the intact animal
      by applying the foregoing test to blood samples withdrawn prior to and
      after administration of a bis-pyrrolinyl compound of the present invention
      to the test animal.
PAR  While compounds of Formula I generally exhibit significant antithrombogenic
      activity, compounds which reduce the thrombogenic capacity of collagen or
      adenosine diphosphate induced platelet aggregation by 50% or more at
      concentrations of less that 15 mcg./0.5 ml. of platelet rich plasma are
      preferred and by way of example there can be mentioned:
PA0  9,9-dimethyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acridan;
PA0  9,9-dimethyl-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acri
     dan;
PA0  10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenothiazine;
PA0  2-methoxy-10-[5-methyl-1-(5-methyl-1-pyrrolin-2
      -yl)-2-pyrrolin-2-yl]phenothiazine;
PA0  10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenoxazine.
PAR  In addition to having intestinal relaxant and antithrombogenic properties,
      compounds of Formula I are effective diuretic agents as demonstrated by
      the method of W. L. Lipschitz, et al., J. Pharmacol. Expt. Therap., 79, 97
      (1943). In this method, groups of eight rats are fasted 18 hours prior to
      the experiment. A control group is hydrated orally with 25 ml. per
      kilogram of body weight of isotonic saline solution which is also the
      vehicle used for dosing the test compound. One control group received a
      dose of 960 mg./kg. of body weight of urea. Animals of other groups are
      treated with various doses of the test compound. Immediately after
      treatment, the animals are placed in a metabolism cages (two rats of the
      same group per cage) and maintained without food or water for 5 hrs. The
      volume of urine excreted by each pair is determined after this period and
      the pooled urine is analyzed for sodium, potassium, and chloride ions. The
      results for the test compounds are expressed as ratios of the volume of
      urine or total quantities of electrolytes (i.e. sodium, potassium, and
      chloride) excreted during the experimental period compared to the saline
      and/or urea control group. The test compounds are orally administered in
      doses ranging from 2.7 to 25 mg./kg. of body weight. In this test,
      ED.sub.100 values (dose providing a 100% increase in volume) for
      9,9-dimethyl-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acr
     idan and
      10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-2-(trifluoromet
     hyl)phenothiazine are 3.58 and 6.63 mg./kg. body weight respectively.
PAR  Bis-pyrrolinyl compounds of Formula I and non-toxic pharmaceutically
      acceptable salts thereof may be administered to mammals by either the
      parenteral or oral route. Pharmacological activity including diuretic,
      antithrombogenic, and intestinal relaxant effects are obtained at
      non-toxic effective doses of the compounds of Formula I ranging from about
      0.01 to 30 mg./kg. body weight. With respect to total daily dose, optimum
      intestinal relaxant and antithrombogenic effects are obtained by oral
      administration of the bis-pyrrolinyl compounds of Formula I in a non-toxic
      effective dose ranging from about 0.05 to 100 mg./kg. body weight. It is
      to be understood that the term "non-toxic effective dose" as used herein
      refers to the quantity of active ingredient necessary to produce the
      desired therapeutic effect without causing any significant harmful or
      deleterious side effects. The process of the present invention for
      exerting a pharmacological effect in a mammal comprises administering to
      said mammal a non-toxic effective dose from 0.01 to 30 mg./kg. body weight
      of a bis-pyrrolinyl compound of Formula I or a pharmaceutically acceptable
      acid addition salt thereof to produce an effect selected from the group
      consisting of diuretic, antithrombogenic and smooth muscle relaxant
      therein.
PAR  Oral toxicity values (ALD.sub.50) of the substances of Formula I in mice
      range from about 125 to greater than 1000 milligrams per kilogram of body
      weight. For instance, the ALD.sub.50 for
      10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenoxazine hydrochloride is
      250-500 mg./kg. body weight.
PAR  The compounds of the present invention can be formulated according to
      conventional pharmaceutical practice to provide pharmaceutical
      compositions of unit dosage form which may include, for example, tablets,
      pills, capsules, powders, granules, emulsions, suspensions, and the like.
      The solid preparations contain the active ingredient in admixture with
      non-toxic pharmaceutical excipients such as inert diluents, for example
      calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium
      phosphate; granulating and disintegrating agents, for example maize,
      starch or alginic acid; binding agents, for example starch, gelatin or
      acacia; and lubricating agents, for example magnesium stearate, stearic
      acid or talc. The tablets may be uncoated or they may be coated by known
      techniques so as to defy disintegration and absorption of the
      gastrointestinal tract and thereby provide a sustained action over a
      longer priod.
PAR  Liquid preparations suitable for parenteral administration include
      solutions, suspensions, or emulsions of the compounds of Formula I. The
      aqueous suspension of the pharmaceutical dosage forms of the compounds of
      Formula I contain the active ingredient in admixture with one or more
      non-toxic pharmaceutical excipients known to be suitable in the
      manufacture of aqueous suspensions. Suitable excipients are, for example,
      suspending agents such as sodium carboxymethylcellulose, methylcellulose,
      hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
      tragacanth and gum acacia. Suitable dispersing or wetting agents are
      naturally occurring phosphatides, for example lecithin, polyoxyethylene
      stearate.
PAR  Non-aqueous suspensions may be formulated by suspending the active
      ingredient in a vegetable oil, for example arachis oil, olive oil, sesame
      oil or coconut oil, or in a mineral oil, for example liquid paraffin. The
      suspensions may contain a thickening agent such as bees wax, hard paraffin
      or cetyl alcohol. Sweetening and flavoring agents generally used in
      pharmaceutical compositions may also be included such as saccharin, sodium
      cyclamate, sugar and caramel to provide a palatable oral preparation. The
      compositions may also contain other additional absorbing agents,
      stabilizing agents, weighing agents, and buffers.
DETD
PAR  The following examples further illustrate the present invention and will
      enable others skilled in the art to understand it more completely. It is
      to be understood, however, that the invention is not limited solely to the
      particular examples given below.
PAR  In regard to "NMR" data, the following notations are employed: s = singlet,
      d = doublet, dd = doublet of doublets, t = triplet, q = quintet, m =
      multiplet, nm = narrow multiplet, bs = broad singlet.
PAC  EXAMPLE 1
PAR  Phosphorus oxychloride (38.3 g., 0.25 mole) in 50 ml. of 1,2-dichloroethane
      is added in one portion to a stirred mixture of phenothiazine (49.8 g.,
      0.25 mole) and 2-pyrrolidinone (42.6 g., 0.5 mole) in 250 ml. of
      1,2-dichloroethane. The mixture is stirred for 4 hr. at room temperature,
      permitted to stand for a period of 15 hr. and then poured into a mixture
      of 200 ml. of 5N sodium hydroxide and 100 g. of crushed ice. The
      1,2-dichloroethane layer is separated and the aqueous layer extracted with
      100 ml. of additional 1,2-dichloroethane. The combined 1,2-dichloroethane
      fractions are sequentially extracted with 300 ml. of 1.5N hydrochloric
      acid and 200 ml. of water. The combined acid-water extracts are washed
      with ether, made basic with 5N sodium hydroxide and extracted repeatedly
      with chloroform. After drying over magnesium sulfate, the chloroform
      solution is concentrated and the residual material thus obtained stirred
      with 200 ml. of acetone to remove the acetone soluble
      10-[2-(1-pyrrolinyl)]-phenothiazine by-product and filtered. The filter
      cake is washed with additional acetone and dried providing 14.1 g. (17%
      yield) of 10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOTHIAZINE as the
      free base, m.p. 199.degree.-201.degree. C. The bis-pyrrolinyl
      phenothiazine free base suspended in 60 ml. of absolute ethanol, acidified
      with an equivalent of ethanolic hydrogen chloride, treated with
      decolorizing charcoal, filtered, and diluted with 200-250 ml. of anhydrous
      ether provides the hydrochloride salt. Crystallization of the
      hydrochloride salt from absolute ethanol-anhydrous ether affords
      analytically pure 10-[1-(1PYRROLIN-2-YL)-2-PYRROLIN-2-YL PHENOTHIAZINE]
      HYDROCHLORIDE solvated with 1/5 mole of ethanol as an off white solid,
      m.p. 237.degree.-239.degree. C. (corr.).
PAR  Analysis. Calcd. for C.sub.20 H.sub.19 N.sub.3 S.HCl 1/5 C.sub.2 H.sub.5 OH
      (percent): C, 64.63; H, 5.64; Cl, 9.35; N, 11.08. Found (percent): C,
      64.68; H, 5.61; Cl, 9.41; N, 11.18.
PAR  NMR delta (ppm) (D.sub.2 O, HDO reference): 1.75m, 2.96m, 3.41m, 4.23m,
      5.88nm, 7.0m.
PAC  EXAMPLE 2
PAR  A solution of 4-chlorophenothiazine (32.3 g., 0.134 mole) and
      2-pyrrolidinone (23 g., 0.27 mole) in 125 ml. of 1,2-dichloroethane is
      added dropwise to a solution of phosphorus oxychloride (20.5 g., 0.134
      mole) in 50 ml. of 1,2-dichloroethane in about 35 min. Isolation of the
      product from the reaction mixture according to the procedure of Example 1
      provides 7.5 g., (17.1% yield) of
      4-CHLORO-10-[1-(1-PYRROLIN-2YL)-2-PYRROLIN-2-YL]PHENOTHIAZINE free base,
      m.p. 195.degree.-197.degree. C. Analytically pure
      4-CHLORO-10-[1(1-PYRROLIN-2-YL)-2PYRROLIN-2-YL]PHENOTHIAZINE HYDROCHLORIDE
      obtained by crystallization from ethanol-ether has a melting point of
      232.degree.-234.degree. C. (corr.). Analysis. Calcd. for C.sub.20 H.sub.18
      ClN.sub.3 S.HCl (percent): C, 59.41; H, 4.74; N, 10.39; Cl, 17.53. Found
      (percent): C, 59.20; H, 4.74; N, 10.59; Cl, 17.46.
PAR  NMR delta (ppm) (D.sub.2 O, HDO reference): 1.77m, 2.97m, 3.43m, 4.14m,
      5.91nm, 6.9m.
PAC  EXAMPLE 3
PAR  Reaction of 2-methoxyphenothiazine, 2-pyrrolidinone and phosphorus
      oxychloride in 1,2-dichloroethane according to the procedure of Example 1
      affords 2-METHOXY-10-[1-(1-PYRROLIN-2-YL)-2PYRROLIN-2-YL]PHENOTHIAZINE
      free base, m.p. 151.degree.-153.degree. C. (corr.), from isopropyl
      alcohol.
PAR  Analysis. Calcd. for C.sub.21 H.sub.21 N.sub.3 OS (percent): C, 69.39; H,
      5.83; N, 11.56. Found (percent): C, 69.35; H, 5.87; N, 11.76.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 1.78q (7.0), 2.77m, 3.56t
      (7.1), 3.71s, 4.19dd (8.0, 9.8), 5.20t (2.8), 6.5m, 6.9m.
PAC  EXAMPLE 4
PAR  A mixture of 5-methyl-2-pyrrolidinone (6.0 g., 0.06 mole), phosphorus
      oxychloride (9.2 g., 0.06 mole) in 60 ml. of 1,2-dichloroethane is
      refluxed for 10 min. A solution of phenothiazine (6.0 g., 0.03 mole) in 20
      ml. of 1,2-dichloroethane is added at the end of the reflux period and the
      reaction mixture stirred and refluxed for 20 hr., and then poured onto 20
      ml. of 5N potassium hydroxide and 20 g. of crushed ice. The
      1,2-dichloroethane layer is separated and extracted with 30 ml. of 1.5N
      hydrochloric acid and 30 ml. of water removing water soluble by-product
      10-[2-(5-methyl-1-pyrrolinyl)]-phenothiazine hydrochloride. After drying
      the 1,2-dichloroethane solution over magnesium sulfate, the
      1,2-dichloroethane solution is concentrated and the solid thus obtained
      stirred with 40 ml. of acetone and filtered. Crystallization of the
      filtercake from ethanol-ether provides analytically pure
      10-[5-METHYL-1-(5-METHYL-1 -PYRROLIN-2-YL]PHENOTHIAZINE HYDROCHLORIDE in a
      yield of 17%, m.p. 257.degree.-264.degree. C. (corr.).
PAR  Analysis. Calcd. for C.sub.22 H.sub.23 N.sub.3 S.HCl (percent): C, 66.40;
      H, 6.08; N, 10.56; CL, 8.91. Found (percent): C, 66.51; H, 6.14; N, 10.52;
      Cl, 8.99.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 1.41d (6.4), 1.57d (6.2),
      1.7-3.5m, 4.05m, 5.62m, 5.86t (2.9), 7.0m, 11.75bs.
PAC  EXAMPLE 5
PAR  Reaction of 5-methyl-2-pyrrolidinone, 2-methoxyphenothiazine and phosphorus
      oxychloride in 1,2-dichloroethane according to the procedure of Example 4
      affords
      2-METHOXY-10-[5-METHYL-1-(5-METHYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOT
     HIAZINE HYDROCHLORIDE (8.6% yield), m.p. 236.5.degree.-238.5.degree. C.
      (corr.), from ethanol-ether.
PAR  Analysis. Calcd. for C.sub.23 H.sub.25 N.sub.3 OS.HCl (percent): C, 64.54;
      H, 6.12; N, 9.82; Cl, 8.29. Found (percent): C, 64.50; H, 6.15; N, 9.88;
      Cl, 8.33.
PAR  NMR delta (ppm) CDCl.sub. 3, TMS reference): 1.38 d (6.3), 1.54d adenosine
      6.4), 1.56d (6.4), 1.6-3.3m, 3.70s, 4.10m, 5.57m, 5.81t (3.0), 6.8m,
      11.93bs.
PAC  EXAMPLE 6
PAR  A mixture of 5-methyl-2-pyrrolidinone (2.0 g., 0.02 mole) and phosphorus
      oxychloride (3.0 g., 0.02 mole) in 15 ml. of 1,2-dichloroethane after
      standing 15 hr. at room temperature is combined with 9,9-dimethylacridan
      (2.1 g., 0.01 mole) after a 48 hr. period is added to 30 ml. of 5N
      potassium hydroxide and 30 g. of crushed ice. The 1,2-dichloroethane
      fraction is separated, extracted with 50 ml. of 1.5N hydrochloric acid and
      50 ml. of water and dried over magnesium sulfate. Concentration of the
      1,2-dichloroethane solution provides a residue which is stirred with 100
      ml. of ether and filtered. The filter cake containing crude hydrochloride
      salt of the product is stirred with sodium hydroxide solution affording
      the free base. Crystallization from n-heptane provides 1.3 g. (35% yield)
      of
      9,9-DIMETHYL-10-[5-METHYL-1-(5-METHYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACR
     IDAN, m.p. 135.degree.-139.degree. C. from which the hydrochloride salt is
      prepared according to the procedure of Example 1. Analytically pure
      9,9-DIMETHYL-10-[5-METHYL-1-(5-METHYL-1
      -PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACRIDAN HYDROCHLORIDE, from acetone-ether,
      has a melting point of 247.5.degree.-248.0.degree. C. (corr.).
PAR  Analysis. Calcd. for C.sub.25 H.sub.29 N.sub.3.HCl (percent): C, 73.60; H,
      7.41; N, 10.30; Cl, 8.69. Found (percent): C, 73.98; H, 7.40; N, 10.22;
      Cl, 8.67.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 1.40d (6.2), 1.45d (6.2),
      1.61s, 1.70d (6.2), 1.72s, 1.8-3.2m, 4.16m, 5.69m, 5.82t (2.9), 6.7m,
      7.3m, 11.82bs.
PAC  EXAMPLE 7
PAR  A mixture of acridan (3.6 g., 0.02 mole) and 2-chloro-1-(1-pyrrolin-2-yl)
      2-pyrroline hydrochloride (5.1 g., 0.025 mole), obtained according to the
      method of H. Brederick, et al., Chem. Ber., 94, 2292 (1961), in 50 ml. of
      1,2-dichloroethane is refluxed for a period of 15 hr. The mixture is
      sequentially extracted with 50 ml. of 1.5N hydrochloric acid and three 50
      ml. portions of water. The combined acid-water extracts are basified with
      5N potassium hydroxide, extracted with ether and the ethereal extract
      concentrated. Crystallization of the residue thus obtained from ethanol
      affords the free base 10-[1-(2-PYRROLIN-2YL)-2-PYRROLIN-2-YL]ACRIDAN, m.p.
      179.degree.-181.degree. C. which is converted according to the procedure
      of Example 1 to 10-[1-(2-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACIDAN
      HYDROCHLORIDE, m.p. 212.5.degree.-216.5.degree. C. (dec.) (corr.)., from
      ethanol-ether.
PAR  Analysis. Calcd. for C.sub.21 H.sub.21 N.sub.2.HCl (percent): C, 71.68; H,
      6.30; N, 11.94; Cl, 10.08. Found (percent): C, 71.43; H, 6.24; N, 11.90;
      Cl, 9.85.
PAR  NMR delta (ppm) (D.sub.2 O, HDO reference): 1.60m, 2.33m, 2.80m, 3.36m,
      3.69s, 4.11m, 5.49nm, 6.9m.
PAC  EXAMPLE 8
PAR  Reaction of 9,9-dimethylacridan, and
      2-chloro-1-(1-pyrrolin-2-yl)-2-pyrroline hydrochloride according to the
      procedure of Example 7 affords a 21% yield of the free base,
      9,9-DIMETHYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACRIDAN, m.p.
      166.degree.-168.degree. C. Acidification of the free base with ethanolic
      hydrogen chloride according to the procedure of Example 1 provides
      9,9-DIMETHYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACRIDAN
      HYDROCHLORIDE, m.p. 256.5.degree.-258.degree. C. (dec.) (corr.), from
      benzene-ether.
PAR  Analysis. Calcd. for C.sub.23 H.sub.25 N.sub.3.HCl (percent): C, 72.71; H,
      6.90; N, 11.06; Cl, 9.33. Found (percent): C, 72.46; H, 6.82; N, 10.88;
      Cl, 9.04.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 1.61s, 1.73s, 1.90m, 2.29m,
      3.07m, 3.72t (7.0), 4.80dd (8.0, 8.5), 5.88t (3.0), 6.7m, 7.3m.
PAC  EXAMPLE 9
PAR  Reaction of phenoxazine with 2-chloro-1-(1-pyrrolin-2-yl)pyrroline
      hydrochloride according to the procedure of Example 7 affords
      10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOXAZINE HYDROCHLORIDE, m.p.
      257.5.degree.-263.degree. C. (corr.), from ethanol-ether.
PAR  Analysis. Calcd. for C.sub.20 H.sub.19 N.sub.3 O.HCl (percent): C, 67.88;
      H, 5.70; N, 11.88; Cl, 10.02. Found (percent): C, 67.52; H, 5.82; N,
      11.83; Cl, 9.85.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.08m, 2.95m, 3.72t (7.1),
      4.65dd (8.0, 8.5), 5.86t (2.9), 6.4m, 6.8m.
PAC  EXAMPLE 10
PAR  Reaction of 2-chlorophenoxazine with 2-chloro-(1-pyrrolin-2-yl)pyrroline
      hydrochloride according to the procedure of Example 7 affords
      2-CHLORO-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-PHENOXAZINE
      HYDROCHLORIDE, m.p. 262.5.degree.-264.5.degree. C. (dec.) (corr.), from
      ethanol-ether.
PAR  Analysis. Calcd. for C.sub.20 H.sub.18 ClN.sub. 3 O.HCl (percent): C,
      61.86; H, 4.93; N, 10.82; Cl, 18.27. Found (percent): C, 61.65; H, 4.97;
      N, 10.79; Cl, 18.16.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.17m, 2.98m, 3.74t (7.0),
      4.68dd (8.0, 9.0), 5.88t (3.0), 6.4m, 6.8m, 12.0bs.
PAC  EXAMPLE 11
PAR  Reaction of 2-trifluoromethylphenoxazine with
      2-chloro-1-(1-pyrrolin-2-yl)pyrroline hydrochloride according to the
      procedure of Example 7 affords the free base,
      2-TRIFLUOROMETHYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOXAZINE,
      m.p. 140.degree.-142.degree. C., from n-hexane. Conversion of the free
      base affords
      2-TRIFLUOROMETHYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOXAZINE
      HYDROCHLORIDE HYDRATE, m.p. 222.5.degree.-229.degree. C. (dec.) (corr.).
PAR  Analysis. Calcd. for C.sub.12 H.sub.18 F.sub.3 N.sub.3.HCl.H.sub. 2 O
      (percent): C, 57.35; H, 4.81; N, 9.55; Cl, 8.06. Found (percent): C,
      57.42; H, 4.78; N, 9.43; Cl, 8.32.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.13m, 2.98m, 3.75t (7.0),
      4.67dd (9.0, 8.0), 5.90t (3.0), 6.5m, 6.8m, 11.63bs.
PAC  EXAMPLE 12
PAR  Reaction of 3-chlorophenoxazine with 2-chloro-(1-pyrrolin-2-yl)pyrroline
      hydrochloride according to the procedure of Example 7 affords
      3-CHLORO-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-PHENOXAZINE
      HYDROCHLORIDE, m.p. 262.5.degree.-270.degree. C. (dec.) (corr.), from
      ethanol-ether.
PAR  Analysis. Calcd. for C.sub.20 H.sub.18 ClN.sub. 3 O.HCl (percent): C,
      61.86; H, 4.93; N, 10.82; Cl, 18.27. Found (percent): C, 61.82; H, 4.99;
      N, 10.74; Cl, 18.03.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.12m, 2.97m, 3.73t (7.0),
      4.67dd (9.0, 8.0), 5.87t (3.0), 6.4m, 6.8m.
PAC  EXAMPLE 13
PAR  Reaction of 4-chlorophenoxazine with 2-chloro-(1-pyrrolin-2-yl)pyrroline
      hydrochloride according to the procedure of Example 7 affords
      4-CHLORO-10-[1-(1PYRROLIN-2-PYRROLIN-2YL]-PHENOXAZINE HYDROCHLORIDE, m.p.
      278.degree.-282.degree. C. (dec.), from ethanol-ether.
PAR  Analysis. Calcd. for C.sub.20 H.sub.18 ClN.sub. 3 O.HCl (percent): C,
      61.86; H, 4.93; N, 10.82; Cl, 18.27. Found (percent): C, 61.87; H, 4.99;
      N, 10.82; Cl, 18.16.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.11m, 2.97m, 3.74t (7.0),
      4.67dd (9.0, 8.0), 5.87t (3.0), 6.4m, 6.8m.
PAC  EXAMPLE 14
PAR  Reaction of the phenoxazines:
PA0  2-methoxyphenoxazine,
PA0  4-methoxyphenoxazine,
PA0  4-isopropoxyphenoxazine,
PA0  2-methylphenoxazine,
PA0  4-methylphenoxazine,
PA0  4-n-butylphenoxazine
PAL  with 2-chloro-1-(1-pyrrolin-2-yl)pyrroline hydrochloride according to the
      procedure of Example 7 provides the respective bis-pyrrolinyl
      phenoxazines:
PA0  2-METHOXY-10-[1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-PHENOXAZINE HYDROCHLORIDE,
      m.p. 201.5.degree.-206.5.degree. C. (dec.)(corr.). Analysis. Calcd. for
      C.sub.21 H.sub.21 N.sub.3 O.sub.2.HCl (percent): C, 65.70; H, 5.78; N,
      10.95; Cl 9.24. Found (percent): C, 64.98; H, 5.71; N, 11.04; Cl, 9.23.
      NMR delta (ppm) (CDCl.sub. 3, TMS reference): 2.10m, 3.01 m, 3.72t (7.1)
      3.71s, 4.63t (7.5), 5.9-6.9m.
PA0  4-METHOXY-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-PHENOXAZINE,
PA0  4-isopropoxy-10-[1-(1-pyrrolin-2-yl)-2-yl]-phenoxazine,
PA0  2-methyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenoxazine.
PA0  4methyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenoxazine,
PA0  4-n-BUTYL-10-[1-(1-PYRROLIN- 2YL)-2YL]-PHENOXAZINE.
PAC  EXAMPLE 15
PAR  Reaction of phenoxazine with 5-methyl-2-pyrrolidinone or
      5-n-butyl-2-pyrrolidinone according to the procedure of Example 4 provides
      the bis-pyrrolinyl phenoxazines:
PA0  10-[5-METHYL-1-(5-METHYL-1PYRROLIN- 2-YL)-2-PYRROLIN-2YL]-PHENOXAZINE,
PA0  10-[5-n-BUTYL-1-(5-n-BUTYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOXAZINE.
PAR  Reaction of 4-chlorophenoxazine with 5-methyl-2-pyrrolidinone according to
      the procedure of Example 4 provides
PA0  4-CHLORO-10-[5-METHYL-1-(5-METHYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOXAZ
     INE.
PAC  EXAMPLE 16
PAR  Reaction of the phenothiazines:
PA0  2-trifluorophenothiazine,
PA0  2-chlorophenothiazine,
PA0  3-chlorophenothiazine,
PA0  4-isopropoxyphenothiazine,
PA0  2-methylphenothiazine,
PA0  2-n-butylphenothiazine,
PA0  4-methylphenothiazine,
PA0  4-isopropylphenothiazine
PAL  with 2-chloro-1-(1-pyrrolin-2-yl)pyrroline hydrochloride according to the
      procedure of Example 7 provides the respective bis-pyrrolinyl
      phenothiazines:
PA0  2-TRIFLUOROMETHYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-PHENOTHIAZINE,
PA0  2chloro-10-[1-(1-pyrrolin-2yl)-2-pyrrolin2-yl]phenothiazine,
PA0  3-chloro10-[1(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine,
PA0  4-isopropoxy-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenothiazine,
PA0  2-methyl-10-[1-pyrrolin-2-yl)-2-pyrrolin-2-yl] phenothiazine,
PA0  2-n-BUTYL-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOTHIAZINE,
PA0  4-methyl-10-[1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine,
PA0  4-isopropyl-10-[1(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenothiazine.
PAC  example 17
PAR  reaction of phenothiazine with 5-n-butyl-2-pyrrolidinone according to the
      procedure of Example 4 provides
      10-[5-n-BUTYL-1-(5-n-BUTYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]PHENOTHIAZINE.
PAC  EXAMPLE 18
PAR  Reaction of the acridans:
PA0  2-chloroacridan,
PA0  4-methoxyacridan,
PA0  4-isopropoxyacridan,
PA0  4-trifluoromethylacridan,
PA0  2-methylacridan,
PA0  4-methylacridan,
PA0  4-n-butylacridan,
PA0  2-trifluoromethyl-9,9-dimethylacridan,
PA0  2-trifluoromethyl-9-methylacridan,
PA0  2-chloro-9,9-dimethylacridan,
PA0  9-ethyl-9-methylacridan,
PA0  9,9-di-n-butylacridan,
PAL  with 2-chloro-1-l1-pyrrolin-2-yl)pyrroline hydrochloride according to the
      procedure of Example 7 provides the respective bis-pyrrolinyl acridans:
PA0  2-CHLORO-10-[1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACRIDAN,
PA0  4-methoxy-10-[1-(1pyrrolin-2-yl)-2-pyrrolin-2-yl]acridan,
PA0  4-isopropoxy-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acridan,
PA0  4-trifluoromethyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-acridan,
PA0  2methyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acridan,
PA0  4-methyl-10-[1(1-pyrrolin-2yl)-2-pyrrolin-2-yl]acridan,
PA0  4-n-BUTYL-10-[1-(1PYRROLIN-2-YL)2-PYRROLIN-2-YL]ACRIDAN,
PA0  2-trifluoromethyl-9,9-dimethyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acri
     dan,
PA0  2trifluoromethyl-9-methyl-10-[1-(1-pyrrolin-2-yl)2-pyrrolin-2-yl]acridan,
PA0  2chloro-9,9-dimethyl-10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acridan,
PA0  9-ethyl-9-methyl-10-[1(1-pyrrolin-2-yl)-2-pyrrolin-2yl]-acridan,
PA0  9,9-di-n-BUTYL-10-]1-(1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]ACRIDAN.
PAC  EXAMPLE 19
PAR  Reaction of acridan and 2-chloroacridan with 5-methyl-2-pyrrolidinone and
      5-n-butyl-2pyrrolidinone respectively according to the procedure of
      Example 4 provides:
PA0  2CHLORO-10-[5-METHYL-1-(5-METHYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2YL]ACRIDAN,
PA0  10-[5-n-BUTYL-1-(5-n-BUTYL-1-PYRROLIN-2-YL)-2-PYRROLIN-2-YL]-ACRIDAN.
PAC  EXAMPLE 20
PAR  A solution of 5-methyl-2-pyrrolidinone (19.8 g., 0.2 mole) in 25 ml. of
      xylene is added drop-wise to a mixture of 2trifluoromethylphenothiazine
      (26.7 g., 0.1 mole) and phosphorus oxychloride (15.3 g., 0.1 mole) in 125
      ml. of refluxing xylene in a two hour period. When the addition is
      complete, refluxing is continued for an additional 1.5 hr., the reaction
      mixture poured into 75 ml. of 5 N sodium hydroxide and 75 g. of crushed
      ice, and, after mixing well, the xylene fraction is separated. The xylene
      fraction is sequentially extracted with 100 ml. of 1.5 HCl followed by 100
      ml. of water and then made basic by stirring with 5 N sodium hydroxide
      solution. Separation of the basified xylene fraction which is dried over
      magnesium sulfate and concentrated under reduced pressure provides a
      residue which is taken up in 50 ml. of benzene and the solution then
      concentrated. An additional 100 ml. portion of benzene is added to the
      residue tthus obtained and the solution partially concentrated until
      crystals begin to form. After cooling and standing, the mixture is
      filtered to remove recovered 2-trifluoromethylphenothiazine starting
      material. Concentration of the filtrate affords a residual material which
      is taken up in ether, extracted with 1.5 N hydrochloric acid and then with
      50 ml. of water. The combined acid-aqueous extracts are made basic with
      sodium hydroxide and the mixture extracted with ether. The ethereal
      extract is dried over magnesium sulfate, filtered, and concentrated.
      Distillation of the residual oil through a 6 cm. column provides
      10-[5-methyl-1-5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2yl]-2-(trifluoromethy
     l)phenothiazine free base, b.p. 175.degree.-185.degree. C./0.15 mm. Hg. The
      bis-pyrrolinyl phenothiazine free base is taken up in ethanol and
      acidified with ethanolic hydrogen chloride. Addition of ether provides the
      hydrochloride salt which crystallized from ethanol affords analytically
      pure
      10-[5-METHYL-1-(5-METHYL-1-PYRROLIN-2YL)-2-PYRROLIN-2-YL]-2-(TRIFLUOROMETH
     YL)PHENOTHIAZINE HYDROCHLORODE, m.p. 250.degree.-253.degree. C. (dec.)
      (corr.).
PAR  Analysis. Calcd. for C.sub.23 H.sub.22 F.sub.3 N.sub.3 S.HCl: C, 59.28; H,
      4.98; N, 9.02; Cl 7.61. Found: C, 59.18; H, 5.14; N, 9.05; Cl 7.39.
PAR  NMR delta (ppm) (CDCl.sub. 3, TMS reference): 1.49d (6.5), 1.55d (6.5),
      2.37m, 3.12m, 4.03m, 5.50m, 5.94m, 7.05m, 11.8bs.
PAC  EXAMPLE 21
PAR  Pharmaceutical Compositions
PAR  The bis-pyrrolinyl compounds of the present invention characterized by
      Formula I are compounded with pharmacologically acceptable carriers to
      provide compositions useful in the present invention. Typical of the
      pharmaceutical compositions are the following:
PAR  A Tablets. The bis-pyrrolinyl compounds of Formula I are compounded into
      tablets according to the following example:
TBL  Materials            Amount                                               
     ______________________________________                                    
     9,9-Dimethyl-10-[5-                                                       
     methyl-1-(5-methyl-1-                                                     
     pyrrolin-2-yl)-2-                                                         
     pyrrolin-2-yl]acridan                                                     
     hydrochloride        54.9 g.                                              
     Magnesium stearate   1.3 g.                                               
     Corn starch          12.4 g.                                              
     Corn starch,         1.3 g.                                               
     pregelatinized                                                            
     Lactose              181.0 g.                                             
     ______________________________________                                    
PAL  The foregoing materials are blended in a twin-shell blender and then
      granulated and pressed into tablets employing 250 mg. each. Each tablet
      contains about 50 mg. of active ingredient. The tablet may be scored and
      quartered so that unit dose of 12.5 mg. of active ingredient may be
      conveniently obtained.
PAR  B. Capsules.
PAR  The bis-pyrrolinyl compounds of Formula I are compounded into capsules
      according to the following example:
TBL  Materials            Amount                                               
     ______________________________________                                    
     Active ingredient    125.0 mg.                                            
     Lactose              146.0 mg.                                            
     Magnesium stearate   4.0 g.                                               
     ______________________________________                                    
PAL  The foregoing materials are blended in a twin-shell blender and then filled
      into No. 1 hard gelatin capsules. Each capsule contains 125 g. of active
      ingredient.
PAR  C. Solution for oral or parenteral administration.
PAR  A sterile aqueous solution having a concentration of 40 mg. per ml. of
      9,9-dimethyl-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]acr
     idan hydrochloride is prepared by dissolving 400 g. of the substance in 9
      liters of water for injection, U.S.P., adjusting the pH to 5.5 with dilute
      aqueous sodium hydroxide and dilution to 10 liters. This solution is then
      filtered sparkling clear and filled into 2 ml. glass ampoules and sealed.
PAR  While specific embodiments are disclosed in the foregoing specification, it
      will be appreciated that other modifications may be made without departing
      from the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      10-(bis-pyrrolinyl)phenothiazines[, 10-bis-pyrrolinyl)acridans and
      10-(bis-pyrrolinyl)phenoxazines]represented by [Formula 1]
      ##SPC4##
PAL  and non-toxic pharmaceutically acceptable acid addition salts thereof
      wherein
PA1  X is sulfur
PA1  Y represents hydrogen, trifluoromethyl, halogen, lower alkyl of from 1 to 4
      carbon atoms inclusive or lower alkoxy of 1 to 4 carbon atoms inclusive;
      and
PA1  R represents hydrogen or straight chain lower alkyl of 1 to 4 carbon atoms
      inclusive.
NUM  2.
PAR  2. A compound according to claim 1 being a member selected from the group
      consisting of 10-[1-(1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-phenothiazine or a
      pharmaceutically acceptable non-toxic acid addition salt thereof.
NUM  3.
PAR  3. A compound according to claim 1 being a member selected from the group
      consisting of 4-chloro-10-[1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine
      or a pharmaceutically acceptable non-toxic acid addition salt thereof.
NUM  4.
PAR  4. A compound according to claim 1 being a member selected from the group
      consisting of 2-methoxy-10-[1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine
      or pharmaceutically acceptable non-toxic acid addition salt thereof.
NUM  5.
PAR  5. A compound according to claim 1 being a member selected from the group
      consisting of
      10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenothiazine or
      a pharmaceutically acceptable non-toxic acid addition salt thereof.
NUM  6.
PAR  6. A compound according to claim 1 being a member selected from the group
      consisting of
      2-methoxy-10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]phenot
     hiazine or a pharmaceutically acceptable non-toxic acid addition salt
      thereof.
NUM  7.
PAR  7. A compound according to claim 1 being a member selected from the group
      consisting of
      10-[5-methyl-1-(5-methyl-1-pyrrolin-2-yl)-2-pyrrolin-2-yl]-2-(trifluoromet
     hyl)phenothiazine or a pharmaceutically acceptable non-toxic acid addition
      salt thereof.
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ABST
PAL  Cephalosporins containing a heterocyclicthiomethyl group at position 3 are
      prepared. The heterocyclic group is 5-oxo-.DELTA..sup.2
      -1,2,4-triazolinyl, 5-thiono-.DELTA..sup.2 -1,2,4-triazolinyl,
      5-oxo-.DELTA..sup.2 -1,2,4-thiadiazolinyl or 5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolinyl. The compounds have antibacterial activity.
PARN
PAR  This is a divisional of application Ser. No. 306,507 filed Nov. 14, 1972,
      now U.S. Pat. No. 3,868,369.
BSUM
PAR  This invention relates to novel cephalosporin compounds that have improved
      properties. These compounds have antibacterial activity.
PAR  The compounds within the scope of the invention are represented by the
      structural formula
      ##SPC1##
PAL  Where
PA1  X is H, CH.sub.2 OH, SH, or OR;
PA1  Y is NH.sub.2 or OH;
PA1  Z is NR or S;
PA1  A is O or S; and
PA1  R is hydrogen or C.sub.1 -C.sub.4 alkyl.
PAR  Preferred compounds are those having a phenylglycine or mandelic acid
      substituent at position 7, both of which may be unsubstituted or
      substituted with a p-hydroxy group. Preferred heterocyclic systems at
      position 3 are those where Z is nitrogen and A is oxygen, Z is nitrogen
      and A is sulfur, and Z and A are both sulfur.
PAR  Cephalosporins with many and varied substituents are known in the prior
      art. As related to this invention, cephalosporins that come within the
      following general formula are described in several patents
      ##SPC2##
PAR  In particular, U.S. Pat. No. 3,641,021 discloses compounds where Acyl is
      .alpha.-aminophenylacetyl or mandeloyl and Het is thiadiazolyl and
      tetrazolyl. In Belgian Patent 776,222, Acyl is .alpha.-aminophenylacetyl
      and mandeloyl and Het is 1,2,4-triazolyl or other heterocyclic systems.
      U.S. Pat. No. 3,687,948 and Belgian Pat. No. 778,207 claim compounds where
      Acyl is .alpha.-aminophenylacetyl and Het is oxazolyl or 1,2,3-triazolyl,
      respectively. Compounds where Acyl can be any of various
      heterocyclicacetyl systems and Het is 1,2,4-triazolyl, 1,3,4-thiadiazolyl
      or numerous other heterocyclic systems are disclosed in U.S. Pat. Nos.
      3,516,997 and 3,530,123. In all the above prior art, however, the oxo or
      thiono substituent is not present on any of the heterocyclic systems. U.S.
      Pat. No. 3,278,531 broadly discloses cephalosporins with many types of
      substituents at 7 and numerous sulfurcontaining groups, both cyclic and
      acylic, at 3. Within this patent is a mercaptohydantoin, a group that
      distinctly differs from the oxoheterocyclic systems of this invention and
      for which no distinct properties were claimed. Cyclic thioureas were
      stated not to be within the scope of the patent.
PAR  It has now been found that the compounds with these oxo or thiono
      substituents have greater stability than the prior art compounds that do
      not have these substituents. For example,
      7-(.alpha.-aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid is more stable
      in solution at neutral or basic pH than any prior art compounds that were
      tested. Also, the compound has greater stability to copper ion than tested
      prior art compounds.
PAR  Compounds of this invention are prepared from 7-aminocephalosporanic acid
      (7-ACA) by standard methods well known in the art. The acetoxy group of
      7-ACA is displaced with the appropriate heterocyclicthione compound and
      the 7-amino group is acylated with the phenylglycine or mandelic acid or
      an activated derivative thereof. The order of these two reactions is not
      critical although the usual sequence is displacement followed by
      acylation. With some compounds the reverse order may be preferred;
      however, this choice is well within the ability of one skilled in the art.
PAR  The displacement reaction is run in a water; acetone or similar solvent
      system at the reflux temperature of the solvent. The solution is
      maintained at a pH near neutrality. The product is isolated by standard
      methods.
PAR  Prior to the acylation, the .alpha.-hydroxy and amino groups of the
      mandelic acid or phenylglycine must be protected with an easily removable
      protecting group. Many protecting groups are known and used in the art,
      for example, dichloroacetyl, tetrahydropyranyl, or trimethylsilyl are used
      for hydroxy groups and t-butoxycarbonyl, benzyloxycarbonyl,
      trichloroethoxycarbonyl, or similar group commonly used in peptide
      synthesis are used for amino groups. In addition, prior to acylation, the
      carboxyl group is activated by its conversion to an activated derivative
      such as the acid chloride, mixed anhydride, or an activating ester. If the
      carboxyl group of the 7-aminocephalosporin is protected, the acylation may
      be effected using a coupling reagent such as dicyclohexylcarbodiimide.
      Following acylation, any protecting groups are removed in the usual
      manner.
PAR  Starting materials for the product compounds of this invention are
      commercially available, prepared by known methods, or described herein.
      The heterocyclic compounds used in the displacement reaction are prepared
      by published methods or by variations of known methods that would be
      apparent to one skilled in the art. The preparation of
      1,2,4-triazolidin-5-one-3-thione and its 4-alkyl derivatives is described
      in Chem. Ber., 56, 1370 (1923) and J. Org. Chem., 23, 618 (1958). The
      1-alkyl derivatives are prepared by sodium borohydride reduction of the
      appropriate thiosemicarbazone to give the 1-alkylthiosemicarbazide which
      is reacted with ethyl chloroformate and then a strong base. The synthesis
      of 1,2,4-triazolidin-3,5-dithione is reported in Ann., 426, 313 (1921).
      The 1,3,4-thiadiazolidin-5-one-2-thione is prepared analogously to known
      methods [Chem. Ber., 27, 2507 (1894)] while the dithione analog is
      commercially available.
PAR  Optical isomerism will exist in the side chain at position 7 due to the
      presence of the assymetrical carbon atom. While the D isomer is preferred,
      the L isomer and the racemic mixture are within the scope of this
      invention. In addition, it is recognized that the oxo and thiono
      substituents on the heterocyclic group may exist in other tautomeric
      forms, i.e. the hydroxy or mercapto. The compounds may exist exclusively
      as one tautomer or may be in equilibrium between the other forms; however,
      these are all included within the scope of this invention.
PAR  The compounds are antibacterial agents with activity against both
      Gram-positive and Gram-negative bacteria. Minimum inhibitory
      concentrations (MIC) ranged from 0.1 to greater than 200 .mu.g/ml. Table I
      shows the MIC's against a representative group of bacteria for
      7-(.alpha.-aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (I),
      7-(.alpha.-aminophenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (II),
      7-(.alpha.-aminophenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (III),
      7-(.alpha.-amino-p-hydroxyphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (IV),
      7-mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (V),
      7-mandelamido-3-(4-methyl-5-oxo.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (VI), and
      7-mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid (VII). Data
      for known cephalosporins, cephaloridine (SI) and cephalexin (SII), are
      included as representative standards. In vivo studies in Table 2, giving
      ED.sub.50 values for the same compounds when administered to infected mice
      subcutaneously, also show the high activity of these compounds. Compounds
      with the .alpha.-amino-p-hydroxyphenylacetamido group at position 7 have
      the special advantage of oral activity. Compound IV showed a ED.sub.50 of
      9.5 and 6.2 mg/kg against E. coli and Kleb. pneumonia, respectively, in
      infected mice when the compound was administered orally.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     MIC (.mu./ml)                                                             
     Bacteria        I  II  III IV   V  VI  VII S-I S-II                       
     __________________________________________________________________________
     S. aureus HH 127                                                          
                    1.6 6.3 3.1 6.3 0.8 1.6 0.8 0.4 3.1                        
     S. aureus SK 23390                                                        
                    1.6 3.1 3.1 6.3 0.4 0.4 0.4 0.1 1.6                        
     Strep. pyog. C203                                                         
                    0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1                        
     Strep. faecalis HH 34358                                                  
                    50  50  25  100 50  25  25  6.3 50                         
     E. coli SK 12140                                                          
                    3.1 12.5                                                   
                            12.5                                               
                                6.3 3.1 6.3 1.6 3.1 6.3                        
     E. coli HH 33779                                                          
                    6.3 25  12.5                                               
                                25  6.3 12.5                                   
                                            3.1 6.3 6.3                        
     Kleb. pneumo. SK 4200                                                     
                    3.1 6.3 6.3 6.3 3.1 3.1 1.6 3.1 6.3                        
     Kleb. pneumo. SK 1200                                                     
                    3.1 6.3 6.3 12.5                                           
                                    1.6 3.1 0.8 3.1 3.1                        
     Pseudomonas sp. HH 63                                                     
                    &gt;200                                                       
                        &gt;200                                                   
                            &gt;200                                               
                                &gt;200                                           
                                    &gt;200                                       
                                        &gt;200                                   
                                            &gt;200                               
                                                &gt;200                           
                                                    &gt;200                       
     Sal. paratyphi ATCC 12176                                                 
                    1.6 3.1 3.1 6.3 1.6 3.1 0.8 1.6 3.1                        
     Shig. paradys. HH 127                                                     
                    3.1 6.3 6.3 12.5                                           
                                    1.6 0.1 1.6 1.6 6.3                        
     Entero. aerogenes ATCC13048                                               
                    6.3 25  25  12.5                                           
                                    12.5                                       
                                        12.5                                   
                                            12.5                               
                                                &gt;200                           
                                                    12.5                       
     Entero. cloaca Pa.S.L.969                                                 
                    12.5                                                       
                        50  25   -- 12.5                                       
                                         --  -- &gt;200                           
                                                    6.3                        
     Serrantia marcescens                                                      
                    200 &gt;200                                                   
                            200 &gt;200                                           
                                    &gt;200                                       
                                        &gt;200                                   
                                            200 &gt;200                           
                                                    50                         
      ATCC 13880                                                               
     Staph.aureus villaluz                                                     
                    12.5                                                       
                        25  25  25  25  12.5                                   
                                            12.5                               
                                                12.5                           
                                                    50                         
     __________________________________________________________________________
TBL                TABLE 2                                                     
     ______________________________________                                    
     ED.sub.50 (mg/kg)                                                         
     Compound                                                                  
            E. coli SK 12140  Kleb. pneumo. SK 4200                            
     ______________________________________                                    
     I      2.9               7                                                
     II     12.5              11.5                                             
     III    29                92                                               
     IV     4                 2.8                                              
     V      4                 8.7                                              
     VI     9                 21                                               
     VII    21.5              64                                               
     S-I    6                 7.6                                              
     S-II   12                25                                               
     ______________________________________                                    
PAR  The compounds are administered for the treatment and prevention of
      bacterial infections by injection or oral methods. Methods of formulation
      and administration are the same as for other known cephalosporin compounds
      and are within the skill of the art.
PAR  Due to the presence of the acid and amino functions in these compounds,
      salts can be prepared by known methods. Methods to prepare the acid or
      base salts or to convert the salts to the free compound are well known and
      are obvious to one skilled in the art. The nontoxic pharmaceutically
      acceptable salts of the compounds are useful for the same purposes as the
      free compounds and are therefore within the scope of the invention.
DETD
PAR  The following examples are presented to illustrate the invention and are
      not to be considered limitative.
PAC  EXAMPLE 1
PAC  7-(.alpha.-Aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  In a mixture of water (40 ml) and acetone (10 ml) was dissolved 7-ACA (2.73
      g, 0.01 mol) and NaHCO.sub.3 (1.61 g, 0.02 mol) and then
      1,2,4-triazolidin-5-one-3-thione (1.76 g, 0.015 mol) in acetone (20 ml)
      was added. Solid NaHCO.sub.3 was added to adjust the mixture to pH 7 and
      give complete solution. The reaction was refluxed for 2 hours and then
      allowed to cool to room temperature. The solution was cooled with ice,
      adjusted to pH 3.5 with 3N HCl, and filtered. The collected solid was
      washed with water and acetone, and then the solid was dissolved in 3N HCl
      (15 ml). After filtering, the filtrate was treated with decolorizing
      carbon, filtered, and adjusted to pH 3.5. The solid was collected, washed
      with water and acetone, and dried to give the
      7-amino-3-(5-oxo-.DELTA..sup.2
      -1,2,3-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  To a solution of dry THF (92 ml) containing triethylamine (3.2 ml, 0.023
      ml) was added N-t-butoxycarbonylphenylglycine (5.8 g, 0.023 mol). After
      cooling to -10.degree., isobutylchloroformate (3.0 ml, 0.023 ml) was added
      and the reaction solution was stirred for 30 minutes. A solution of above
      7-aminonucleus (7.57 g, 0.023 mol) and triethylamine (4.2 ml) in 50%
      aqueous THF (84 ml) was added over a 25 minute period at -10.degree.. The
      reaction was stirred 20 minutes at -5.degree., 40 minutes at 5.degree.,
      and 30 minutes at room temperature and then the THF was removed in vacuo.
      The aqueous residue was diluted with water (140 ml) and extracted with
      ethyl acetate. The water phase was adjusted to pH 3.5 while being cooled,
      ethyl acetate was added and the mixture was acidified to pH 2.5. A gummy
      solid was collected and discarded. The aqueous phase of the filtrate was
      separated and extracted with ethyl acetate again. The combined extracts
      were washed with water, dried, and evaporated to a foam to which ether was
      added and a solid was collected. Acetone was added to the product and a
      solid precipitated from the solution after standing 45 minutes. The pure
      N-protected product was collected and dried.
PAR  The above product (5.0 g) was stirred with cold trifluoroacetic acid (50
      ml) for 45 minutes, the ice bath was removed, and the stirring was
      continued for 45 minutes. The trifluoroacetic acid was evaporated in
      vacuo, and the residue was triturated with ether to give a solid which was
      dissolved in water (50 ml). The aqueous solution was covered with methyl
      isobutyl ketone and adjusted to pH 1.9 with tributylamine. The pure title
      compound precipitated.
PAC  EXAMPLE 2
PAC  7-Mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  A solution of the 7-amino nucleus from Example 1 (7.0 g, 0.0213 mol) in a
      mixture 3% NaHCO.sub.3 (160 ml) and water (160 ml) was cooled to
      -15.degree. and then O-dichloroacetylmandeloyl chloride (12.0 g, 0.0426
      mol) was added over a 40 minute period during which time the pH was
      maintained at 5.5 using 10% NaOH. The reaction was allowed to warm to
      0.degree. over a 30 minute period and was stirred at 0.degree. for one
      hour. The solution was filtered, extracted with ether, covered with ethyl
      acetate, adjusted to pH 3, and extracted with ethyl acetate. The extracts
      were dried and evaporated to an oil which solidified when triturated with
      ether. The solid was dissolved in ethyl acetate and concentrated to a
      volume of 30 ml which was added dropwise with stirring to ether (300 ml)
      to give a solid which was collected and dried. A solution of the solid in
      methanol was adjusted to pH 9.6 with a 5% solution of sodium methoxide in
      methanol and stirred for 30 minutes. 2-Ethylhexanoic acid was added until
      pH 7 was reached. The reaction was filtered, diluted with ethyl acetate
      (150 ml) and filtered again. The filtrate was concentrated and diluted
      with more ethyl acetate to give the solid title compound.
PAC  EXAMPLE 3
PAC  7-(.alpha.-Aminophenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-ACA (27.23 g, 0.1 mol) was suspended in water (200 ml) and acetone (100
      ml) and then a solution of NaHCO.sub.3 (25.2 g, 0.3 mol) in water (200 ml)
      was added. After heating to 45.degree.,
      4-methyl-1,2,4-triazolidin-5-oxo-3-thione (19.67 g, 0.15 mol) was added
      along with additional acetone (200 ml). The reaction was refluxed for 4
      hours during which time the pH was maintained at ca. 7.2 by using 3N HCl
      as needed. The solution was cooled and adjusted to pH 3.5 which
      precipitated the product. The 7-amino-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid was collected,
      washed with water and acetone and dried.
PAR  This product was acylated with N-t-butoxycarbonylphenylglycine according to
      the procedure of Example 1 to give the t-butoxycarbonyl derivative of the
      title compound. This material was treated with cold trifluoroacetic acid
      for 15 minutes and concentrated in vacuo to a residue which was poured
      into ether. The solid trifluoroacetate salt was collected, dissolved in
      water and stirred with ion-exchange resin (Amberlite IR-45). After
      filtration, the aqueous solution was lyophilized to give the title
      compound.
PAC  EXAMPLE 4
PAC  7-Mandelamido-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  When 7-amino-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (6.87 g, 0.02
      mol) was reacted with 0-dichloroacetylmandeloyl chloride (12.02 g, 0.043
      mol) according to the procedure of Example 2, the title compound was
      obtained.
PAC  EXAMPLE 5
PAC  7-(.alpha.-Aminophenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of 7-ACA (21.78 g, 0.08 mol) in water (170 ml) and acetone
      (80 ml) was added a solution of NaHCO.sub.3 (20.16 g, 0.24 mol) in water
      (160 ml) followed by 4-ethyl-3-thiono-5-oxo-.DELTA..sup.2
      -1,2,4-triazoline (17.42 g, 0.12 mol) and acetone (160 ml). The reaction
      was refluxed for 4 hours during which time the pH was maintained at ca.
      7.2 by adding 3N HCl as needed. The solution was cooled and acidified to
      pH 3 which precipitated the product. The 7-aminocephalosporin nucleus was
      collected, washed with water and acetone, and dried.
PAR  The 7-aminocephalosporin nucleus (7.15 g, 0.02 mol) was acylated with
      N-t-butoxycarbonylphenylglycine (5.03 g, 0.02 mol) according to the
      procedure of Example 1 to give the N-protected derivative of the title
      compound. Using the method of Example 3 the protecting group was removed
      to give the title compound.
PAC  EXAMPLE 6
PAC  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  The 7-aminocephalosporin nucleus from Example 1 (3.62 g, 0.011 mol) was
      acylated with N-t-butoxycarbonyl-p-hydroxyphenylglycine (2.67 g, 0.01 mol)
      according to the procedure of Example 1. The N-protected product was
      chromatographed on silica gel using 90:10:3 chloroform: methanol: formic
      acid as eluent. The pure solid was treated with cold trifluoroacetic acid
      for 15 minutes and then was concentrated and the residue was poured into
      ether. The solid trifluoroacetate salt was collected, dissolved in water
      and stirred with ion exchange resin (Amberlite IR-45). The filtered
      aqueous solution was lyophilized to give the title compound.
PAC  EXAMPLE 7
PAC  7-Mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a suspension of 7-ACA (20.6 g, 0.075 mol) and
      1,3,4-thiadiazolidine-2,5-dithione in water (150 ml) and acetone (75 ml)
      was added a solution of NaHCO.sub.3 (24.2 g) in water (150 ml). Ether was
      added to control the foaming and was then distilled off when the addition
      was completed. The solution was refluxed for 2.75 hours, filtered, and
      concentrated to remove the acetone. The cooled solution was acidified to
      pH 3 and the solid product was collected, washed with water and acetone,
      and dried.
PAR  The above product was acylated with O-dichloroacetylmandeloyl chloride
      according to the procedure of Example 2 to give the desired product.
PAC  EXAMPLE 8
PAC  7-(.alpha.-Aminophenylacetamido)-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  To a stirred solution of 7-ACA (14.9 g, 0.055 mol) in a mixture of water
      (110 ml) and acetone (55 ml) is added NaHCO.sub.3 (12.27 g, 0.146 mol).
      The solution is warmed to 50.degree. and a suspension of
      1-ethyl-1,2,4-triazolidine-5-one-3-thione (11.9 g, 0.082 mol) in acetone
      (75 ml) was added slowly. The solution is adjusted to pH 7.5-8.0 and
      refluxed for 3.5 hours. The reaction is cooled and the solution adjusted
      to pH 3.5. The 7-aminocephalosporin nucleus is collected, washed with
      water and dried.
PAR  The 7-aminocephalosporin nucleus is acylated according to the procedure of
      Example 1 with N-t-butoxycarbonylphenylglycine to give the title compound.
PAC  EXAMPLE 9
PAC  7-Mandelamido-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  Acylation of the 7-aminocephalosporin nucleus from Example 8 with
      O-dichloroacetylmandeloyl chloride according to the procedure of Example 2
      gives the title compound.
PAC  EXAMPLE 10
PAR  When 1-methyl-1,2,4-triazolidin-5-one-3-thione,
      1,3,4-thiadiazolidin-5-one-2-thione, 1,2,4-triazolidin-2,5-dithione,
      4-methyl-1,2,4-triazolidin-3,5-dithione, or
      4-ethyl-1,2,4-triazolidin-3,5-dithione are substituted in the displacement
      reaction of Example 1 for 1,2,4-triazolidin-5-one-3-thione the following
      compounds are obtained:
PAR  7-Amino-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Amino-3-(4-ethyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 11
PAR  When the 7-aminocephalosporins of Examples 7 and 10 are acylated with
      N-t-butoxycarbonylphenylglycine according to the procedure of Example 1,
      the following products are obtained:
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Aminophenylacetamido)-3-(4-ethyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 12
PAR  Acylation of the 7-aminocephalosporins of Examples 5 and 10 with
      O-dichloroacetylmandeloyl chloride according to the procedure of Example 2
      gives the following products:
PAR  7-Mandelamido-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(4-methyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-Mandelamido-3-(4-ethyl-5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 13
PAR  The 7-aminocephalosporins of Examples 3,5,7,8, and 10 are acylated with
      N-t-butoxycarbonyl-p-hydroxyphenylglycine according to the procedure of
      Example 6 to give the following compounds:
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,3,4-thiadiazolin-2-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(1-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(1-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(5-thiono-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-methyl-5-thiono-.DELTA..sup
     .2 -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAR  7-(.alpha.-Amino-p-hydroxyphenylacetamido)-3-(4-ethyl-5-thiono-.DELTA..sup.
     2 -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid
PAC  EXAMPLE 14
PAR  A solution of p-hydroxymandelic acid (3.0 g, 0.018 mol) and
      N-trimethylsilylacetamide (5.31 g, 0.042 mol) in dry THF (60 ml) and
      triethylamine (3 ml) is refluxed in a nitrogen atmosphere for 2 hours,
      cooled to -10.degree. and then treated with isobutyl chloroformate and
      1,2,4-triazolidin-5-one-3-thione as in Example 1. The reaction solution is
      concentrated to a turbid aqueous mixture which is treated with 3%
      NaHCO.sub.3 until a clear solution is obtained. Water is added and the
      aqueous solution is washed with ether. The aqueous layer is cooled,
      covered with ethyl acetate and acidified to pH 1.5 with 6 N HCl. Phases
      are separated and the aqueous layer is reextracted with fresh ethyl
      acetate. The combined extracts are dried and concentrated to give
      7-(p-hydroxymandelamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  When any of the 7-aminocephalosporins in Examples 3, 5,7,8, and 10 are
      acylated with p-hydroxymandelic acid according to the above procedure the
      analogous products are obtained.
PAC  EXAMPLE 15
PAR  When the N-t-butoxycarbonyl derivative of p-methoxyphenylglycine,
      m-methoxyphenylglycine, o-methoxyphenylglycine, or
      p-methylthiophenylglycine is substituted N-t-butoxycarbonylphenylglycine
      N-t-butoxycarbonylphenyglycine in the procedure of Example 1 the
      corresponding 7-(.alpha.-amino-substituted
      phenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid is obtained.
PAC  EXAMPLE 16
PAR  Using the procedure of Example 2 with the dichloroacetyl derivative of
      p-methoxymandelic acid, m-methoxymandelic acid, o-methoxymandelic acid, or
      p-methylthiomandelic acid gives the appropriate 7-substituted
      mandelamido-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAC  EXAMPLE 17
PAR  An equilmolar amount of N-t-butoxycarbonyl-p-hydroxymethylphenylglycine,
      N-hydroxysuccinimide, and dicyclohexylcarbodiimide in dry THF is stirred
      at 0.degree. for 7 hours. The reaction is filtered and the filtrate is
      evaporated to give the activated ester.
PAR  To a cooled solution 7-amino-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid (7.57 g, 0.023
      mol) in pyridine (120 ml) containing triethylamine (5.5 ml) is added the
      activated ester (8.70 g, 0.023 mol). The reaction is stirred at room
      temperature for 5 hours and poured into water. The aqueous solution was
      adjusted to pH 2 and the t-butoxycarbonyl derivative is collected.
      Treatment with trifluoroacetic acid as in Example 1 gives
      7-(.alpha.-amino-p-hydroxymethylphenylacetamido)-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
PAR  Acylation of the other 7-aminocephalosporins of Examples 3, 5, 7, 8 and 10
      with p-hydroxymethylphenylglycine by the above procedure gives the
      corresponding products.
PAC  EXAMPLE 18
PAR  When esters of 7-ACA, such as 2,2,2-trichloroethyl, benzhydryl, t-butyl,
      p-nitrophenyl, p-methoxyphenyl, p-methoxybenzyl, or benzyloxymethyl, are
      reacted with the heterocyclicthione compounds according to the procedure
      of Example 1, the corresponding 7-amino-3-heterocyclicthiomethylcephem
      ester is obtained. The esters can be acylated in the same manner as is
      described above for the acids, followed by cleavage of the ester moiety by
      standard methods, to give the product compounds of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein
PA1  Z is NR;
PA1  A is O or S;
PA1  R is hydrogen or C.sub.1 -C.sub.4 alkyl; and
PA1  M is hydrogen, 2,2,2-trichloroethyl, benzhydryl, t-butyl, p-nitrophenyl,
      p-methoxyphenyl, p-methoxybenzyl, or benzyloxymethyl.
NUM  2.
PAR  2. A compound as claimed in claim 1 where Z is NR and A is O.
NUM  3.
PAR  3. A compound as claimed in claim 2 being the compound
      7-amino-3-(5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  4.
PAR  4. A compound as claimed in claim 2 being the compound
      7-amino-3-(4-methyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl)-3-cephem-4-carboxylic acid.
NUM  5.
PAR  5. A compound as claimed in claim 2 being the compound
      7-amino-3-(4-ethyl-5-oxo-.DELTA..sup.2
      -1,2,4-triazolin-3-ylthiomethyl-3-cephem-4-carboxylic acid.
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ABST
PAL  The invention relates to novel tetrahydro-2H-1,3,5-thiadiazine-2-thiones
      substituted at the 3 and 5 positions by R--O--A or R--O--benzyl, wherein R
      is alkyl and A is alkylene, having antimicrobial activity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to novel tetrahydro-2H-1,3,5-thiadiazine-2-thiones
      having antimicrobial activity.
PAR  2. Description of the Prior Art
PAR  Tetrahydro-2H-thiadiazine-2-thiones, substituted at the 3- and 5-positions
      by methyl, ethyl, propyl, butyl, phenyl, phenethyl, benzyl, etc., having
      antimicrobial properties, have been described in the literature [A. Rieche
      et al., Arch. Pharm. 293, 957-967 (1960); A. Rieche et al., Arch. Pharm.
      296, 770-784 (1963)]. However, these known compounds do not possess a
      balanced ratio of lipoid and water solubility which is prerequisite for
      optimal activity and industrial utility.
PAC  SUMMARY OF THE INVENTION
PAR  In a composition of matter aspect of the invention there are provided novel
      3,5-bis-(R--O--A)-tetrahydro-2H-1,3,5-thiadiazine-2-thiones having the
      formula
      ##SPC1##
PAL  Wherein A is alkylene having from 2 to 6 carbon atoms; and R is alkyl
      having from 1 to 3 carbon atoms.
PAR  In a second composition of matter aspect of the invention there are
      provided 3,5-bis-(R--O--benzyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thiones
      having the formula
      ##SPC2##
PAL  Wherein R is alkyl having from 1 to 3 carbon atoms.
PAR  The compounds of formulas I and II are useful as antimicrobial agents.
DETD
PAC  DETAILED DESCRIPTION INCLUSIVE OF THE PREFERRED EMBODIMENTS
PAR  The compounds of formulas I and II are prepared by initially reacting two
      moles of an alkoxyalkylamine of the formula R--O--A--NH.sub.2 or an
      alkoxybenzylamine of the formula R--O--C.sub.6 H.sub.4 CH.sub.2 NH.sub.2
      with carbon disulfide followed by reaction with two moles of formaldehyde
      (as paraformaldehyde). The product is then isolated and purified using
      standard procedures. The reaction is carried out in a suitable solvent,
      inert to the conditions of the reaction, e.g., an alkanol such as ethanol.
      During the initial reaction of the amine with carbon disulfide, the
      reaction temperature is maintained at about 20.degree. to 30.degree. C.
      and, after addition of the paraformaldehyde, the reaction temperature is
      maintained at about 50.degree. to 60.degree. C. The time required for the
      initial reaction is about 30 minutes, and for the complete reaction about
      one and one-half to two hours.
PAR  The alkoxyalkylamines and alkoxybenzylamines belong to a class of known
      compounds and are readily available or may be readily prepared by well
      known procedures.
PAR  As used in this specification the term alkylene, as represented by A in
      formula I, means a group containing from two to six carbon atoms having
      its two free valence bonds on different carbon atoms, for example
      --CH.sub.2 CH.sub.2 --, --CH(CH.sub.3)CH.sub.2 --, --CH.sub.2
      CH(CH.sub.3)--, --C(CH.sub.3).sub.2 CH.sub.2 --,--CH.sub.2 CH.sub.2
      CH.sub.2 --,--CH.sub.2 CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 CH(CH.sub.2
      CH.sub.2 CH.sub.3)--, and --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2 --; and the term alkyl, as represented by R in formulas I and II,
      means methyl, ethyl, propyl, and isopropyl.
PAR  In the compounds of formula II, the alkoxy substituent, represented by
      R--O, may occur at the 2,3, or 4 position of the benzyl radical.
PAR  A preferred species of formula I is the compound wherein A is alkylene
      having from 2 to 3 carbon atoms; and particularly preferred is the
      compound wherein R is methyl.
PAR  A preferred species of formula II is the compound wherein R is methyl.
PAR  The compounds of formulas I and II generally are obtained as clear oils and
      have excellent solubility in polar solvents and excellent lipoid
      solubility. For example, the compounds of the invention are infinitely
      soluble in triethylene glycol, butyl diglycol, 1,2,-propylene glycol and
      polyglycol 400. The compounds of the invention also have amost infinite
      solubility in nonpolar solvents such as benzene, toluene, xylene, carbon
      tetrachloride and chloroform.
PAR  The compounds of formulas I and II possess useful antimicrobial activity,
      thus indicating the use of these compounds as antimicrobial agents. As
      used in this specification the term antimicrobial means antibacterial and
      antifungal.
PAR  The compounds of formulas I and II can be utilized for disinfecting and/or
      preserving aqueous solutions and dispersions, emulsions, such as aqueous
      coating compositions and cutting oil emulsions, and inanimate surfaces. In
      utilizing the compounds of formulas I and II, they can be formulated by
      preparing a dilute solution in an aqueous medium or a solution, containing
      if desired a surfactant, conventional carriers and/or adjuvants, or
      alternatively in an organic medium in which the compounds are soluble. In
      utilizing the compounds of the invention for preserving aqueous solutions,
      dispersions or emulsions, they can be added to such liquids in effective
      preserving and disinfecting amounts without formulation or formulated as
      described hereinbefore. In utilizing the hereinbefore described
      formulations for disinfecting surfaces, they can be applied by
      conventional means such as spraying, swabbing and immersion. For this
      purpose, the compounds of the invention can be formulated as aerosol
      sprays and foams.
PAR  The bacteriological effectiveness of the compounds of the invention was
      determined with reference to minimal inhibiting concentrations, that is,
      the minimal concentration that will effect complete inhibition of germ
      growth (MIC). The test procedure is as follows:
PAR  A 1% suspension, botained by homogenizing 500 mg. of the test agent in 50
      ml. of 0.5% natrosol solution (natrosol 250 HRPS =
      hydroxymethylcellulose), is serially diluted with 0.5% natrosol solution
      to provide suspensions, in sterile test tubes, having concentrations of
      0.1, 0.05, 0.01 and 0.005 percent. To ensure accuracy in dilution, the
      suspensions are mixed with the aid of a mechanical mixer. The dilutions (6
      ml.) are added to sterile cups and immediately 10 filter discs (.phi.
      about 10 mm) are placed on the surface of the liquid in each cup. The
      filter discs, which slowly sink to the bottom on becoming saturated, are
      left in the solutions for one hour. 16-Hour old cultures of Escherichia
      coli, Staphylococcus aureus, Pyoceanus fluorescens and Proteus vulgaris
      are diluted at the ratio of 1:10 in glucose broth. 1-Week cultures of
      Penicillium glaucum, Aspergillus niger, Chaetomium globosum, Trichoderma
      viride, Humicola sp., Scopulariopsis brevicaulis, Pullularia pullulans,
      Sclerophoma pityophila, Saccharomyces cerevisiae and Candida albicans are
      harvested by rinsing and diluted 1:10 in nutrient broth.
PAR  Standard II nutrient agar plates, with an addition of lactose and
      bromothymol blue (BROLAC agar) for bacteria, and Sabouraud agar plates for
      yeasts and fungi, are dried and labeled (10 Sabouraud agar plates and 4
      nutrient agar plates were used per preparation). Of the diluted germ
      suspensions, 0.05 ml (1 drop) is inoculated onto each plate. Prior to
      further treatment, the plates are allowed to stand for one-half hour to
      absorb the germ suspension. Filter discs, corresponding to each of the
      five dilutions, are placed on the surface of each inoculated plate for
      each culture (step 1). The plates are examined for zones of inhibition
      after twenty-four hours incubation in the case of bacteria, and after
      three days incubation in the case of yeasts and fungi. Antimicrobial
      activity is indicated by occurance of a zone of inhibition. In the case of
      bacteria, the purity of the culture can be determined at the same time by
      lactose fermentation as indicated by color change in the nutrient medium.
      A visible inhibition ring is designated as negative growth an no
      inhibition ring as 3+ growth. If a test agent exhibits good growth
      inhibition associated with good capacity for diffusion, it can occur that
      that test agent, at the highest concentration tested, inhibits the growth
      on the entire surface of the nutrient medium, and therefore the MIC cannot
      be ascertained from that particular test. A new dilution series then is
      prepared, with only one, or at most two, filter discs being placed on the
      surface of each plate for each culture. Activity is then determined as
      described above.
PAR  The MIC values, expressed in percent concentration of the test agent, is
      presented in TAble 1 for compounds of the invention having formula I
      designated Example 1 (R--O--A = CH.sub.2 CH.sub.2 OCH.sub.3), Example 2
      (R--O--A = CH.sub.2 CH.sub.2 OCH.sub.3) and Example 4(R--O--A = CH.sub.2
      CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.3), and for two known compounds,
      designated A (3,5-dibenzyl-tetrahydro-2H-1,3,5-thiadiazine-2-thione) and
      B[3,5-bis(2-hydroxyethyl)-2H-1,3,5-thiadiazine-2-thione].
TBL                Table 1                                                     
     ______________________________________                                    
     MIC Valves (% conc.)                                                      
     ______________________________________                                    
             Compound                                                          
     Microorganism                                                             
               A     B       Ex. 1  Ex. 2   Ex. 4                              
     ______________________________________                                    
     S. aureus  1    0.05    0.05   0.07    0.05                               
     E. coli    1    1       0.1    0.1     0.1                                
     P. fluorescens                                                            
                1    0.1     0.1    0.1     0.1                                
     P. vulgaris                                                               
                1    1       0.1    0.1     0.05                               
     P. glaucum                                                                
               &gt;1    1       0.005  0.05    &lt;0.003                             
     A. niger  &gt;1    1       0.03   0.1     &lt;0.003                             
     C. globosum                                                               
               &gt;1    1       0.005  0.01                                       
     T. viride &gt;1    1       0.03   0.1                                        
     Humicola sp.                                                              
               &gt;1    0.1     0.01   &lt;0.005                                     
     S. brevicaulis                                                            
               &gt;1    0.1     0.005  &lt;0.005                                     
     P. pullulans                                                              
               &gt;1    0.01    0.005  0.05    &lt;0.003                             
     S. pityophila                                                             
               &gt;1    0.01    0.005  &lt;0.005  &lt;0.003                             
     S. cerevisiae                                                             
               &gt;1    0.1     0.05   0.01    &lt;0.003                             
     C. albicans                                                               
               &gt;1    1       0.05   0.05    0.01                               
     ______________________________________                                    
PAR  The invention is illustrated by the following examples without, however,
      being limited thereto.
PAC  EXAMPLE 1
PAC  3,5-Bis(3-methoxypropyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
PAR  35.6 g (0.4 mole) 3-methoxypropylamine in 200 ml ethanol, was treated
      dropwise, with stirring and cooling, with 15.2 g (0.2 mole) carbon
      disulfide, the temperature being maintained at about
      20.degree.-25.degree.C. After the addition was completed, stirring was
      continued for about an additional thirty minutes at room temperature. 12.5
      g (0.4 mole) paraformaldehyde was then added and stirring was continued
      for another two hours at 50.degree.-55.degree.C. The reaction solution was
      concentrated under reduced pressure and the residue obtained was filtered,
      to give 53.5 g of the title compound as a clear yellow oil. (Yield: 97% of
      theory). Anal. Calcd for C.sub.11 H.sub.22 N.sub.2 O.sub.2 S.sub.2 : N,
      10.06; S, 23.03. Found: N, 10.31; S, 22.90.
PAC  EXAMPLE 2
PAR  3,5-Bis(2-methoxyethyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
PAR  30 g (0.4 mole) 2-methoxyethylamine in 200 ml ethanol was treated dropwise,
      with stirring and cooling, with 15.2 g (0.2 mole) carbon disulfide.
      Stirring was continued for 20 minutes and then 12.5 g (0.4 mole)
      paraformaldehyde was added and stirring was continued an additional one
      hour at 50.degree.-55.degree.C. The reaction solution was concentrated
      under reduced pressure to give the title compound as a light yellow,
      lightly viscous liquid. (Yield: 93% of theory). Anal. Calcd for C.sub.9
      H.sub.18 N.sub.2 O.sub.2 S.sub.2 : N, 11.2; S, 25.6. Found: N, 10.6; S,
      25.2.
PAC  EXAMPLE 3
PAC  3,5-Bis(4-methoxybenzyl)-tetrahydro-2H-1,3,5-thiadazine-2-thione
PAR  54.8 g (0.4 mole) 4-methoxybenzylamine in 100 ml ethanol was treated
      dropwise, with stirring and cooling, with 15.2 g (0.2 mole) carbon
      disulfide while the temperature was maintained at about
      20.degree.-25.degree.C. After completion of the addition, stirring was
      continued for about thirty minutes, while the temperature was allowed to
      rise to 30.degree.C. 12.5 g (0.4 mole) paraformaldehyde then was added and
      stirring was continued for two hours at 50.degree.-55.degree.C. resulting
      in a clear solution. After two days, the reaction product crystallized
      from the reaction mixture, and was collected by filtration and
      recrystallized from ethanol to give 26.8 g of the title compound as a
      white crystalline product; m.p. 118.degree.-119.degree.C; (Yield 37% of
      theory). Anal. Calcd for C.sub.19 H.sub.22 N.sub.2 O.sub.2 S.sub.2 : N,
      7.5; S, 17.1 Found: N, 7.4; S, 16.6.
PAC  EXAMPLE 4
PAC  3,5-Bis(3-ethoxypropyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
PAR  41.2 g (0.4 mole) 4-ethoxypropylamine in 100 ml ethanol was treated
      dropwise, with stirring and cooling, with 15.2 g carbon disulfide, the
      temperature being maintained at about 20.degree. to 25.degree.C. After
      completion of the addition, stirring was continued for about thirty
      minutes at room temperature. 12.5 g (0.4 mole) paraformaldehyde was then
      added and stirring was continued for two hours at 50.degree. to
      60.degree.C. The reaction solution was concentrated and the residue
      filtered to give the title compound as a clear yellow oil. Anal. calcd for
      C.sub.13 H.sub.26 N.sub.2 O.sub.2 S.sub.2 : N, 9.1; S, 20.9. Found: N,
      9.2; S, 21.4.
CLMS
STM  We claim:
NUM  1.
PAR  1. 3,5-Bis(R--O--A)-tetrahydro-2H-1,3,5-thiadiazine-2-thione having the
      formula
      ##SPC3##
PAL  wherein A is alkylene having from 2 to 6 carbon atoms; and R is alkyl
      having from 1 to 3 carbon atoms.
NUM  2.
PAR  2. 3,5-Bis(R--O--A)-tetrahydro-2H-1,3,5-thiadiazine-2-thione according to
      claim 1 wherein A is alkylene having from 2 to 3 carbon atoms.
NUM  3.
PAR  3. 3,5-Bis(R--O--A)-tetrahydro-2H-1,3,5-thiadiazine-2-thione according to
      claim 2 wherein R is alkyl having from 1 to 2 carbon atoms.
NUM  4.
PAR  4. 3,5-Bis(3-methoxypropyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
      according to claim 3.
NUM  5.
PAR  5. 3,5-Bis(2-methoxyethyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
      according to claim 3.
NUM  6.
PAR  6. 3,5-Bis(3-ethoxypropyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
      according to claim 3.
NUM  7.
PAR  7. 3,5-Bis(R--O--benzyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione having
      the formula
      ##SPC4##
PAL  wherein R is alkyl having from 1 to 3 carbon atoms.
NUM  8.
PAR  8. 3,5-Bis(4-methoxybenzyl)-tetrahydro-2H-1,3,5-thiadiazine-2-thione
      according to claim 7.
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ABST
PAL  The compounds of the formula
      ##SPC1##
PAL  In which R is lower alkyl, lower alkoxy or halo, x is an integer from 0 to
      2, n is an integer from 0 to 3, Y is halo and R.sub.1 and R.sub.2
      independently are hydrogen, lower alkyl, phenyl or substituted phenyl, or,
      together with the nitrogen atom, form a heterocyclic ring also containing
      up to one oxygen atom in the heterocycle. The compounds in which x is 0
      are prepared by adding chlorine or bromine to a
      1-arylthiomethanesulfonamide in the presence of pyridine to form the
      1-arylthio-1, 1-dihalomethanesulfonamide. The compounds in which x is 1 or
      2 is prepared by adding sodium hypochlorite or sodium hypobromite to a
      1-(arylsulfinyl)methane-sulfonamide or a
      1-(arylsulfonyl)methanesulfonamide to form the
      1-(arylsulfinyl)-1,1-dihalomethanesulfonamide or
      1-(arylsulfonyl)-1,1-dihalomethanesulfonamide, respectively. The compounds
      are useful as antimicrobial agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 351,070, filed Apr. 13, 1973, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns 1-arylthio-1,1-dihalomethanesulfonamides and the
      corresponding sulfinyl and sulfonyl derivatives corresponding to the
      formula
      ##SPC2##
PAL  Wherein R represents hydrogen, lower alkyl, lower alkoxy or halo, x
      represents an integer from 0 to 2, n represents an integer from 0 to 3, Y
      represents halo and R.sub.1 and R.sub.2 independently represent hydrogen,
      lower alkyl, phenyl or substituted-phenyl, or, together with the nitrogen
      atom, form a heterocyclic ring also containing up to one oxygen atom in
      the heterocycle.
PAR  In the specification and claims, "lower alkyl" and "lower alkoxy" represent
      1, to 2, to 3, to 4, carbon atom straight chain alkyl groups, such as, for
      example, methyl, ethyl, n-propyl or n-butyl, or a corresponding alkoxy
      group, respectively; the term "halo" with reference to R represents
      fluoro, chloro or bromo and with reference to Y represents chloro or
      bromo; and the term "substituted-phenyl" represents phenyl having lower
      alkyl, lower alkoxy, chloro or bromo substitution.
PAR  The compounds are useful as antimicrobial agents.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The compounds are prepared in the following several ways. To prepare a
      1-arylthio-1,1-dihalomethanesulfonamide, a 1-(arylthio)methanesulfonamide
      is reacted with chlorine or bromine. The reaction is advantageously
      carried out in the presence of an appropriate organic solvent, i.e.,
      methylene chloride or carbon tetrachloride as reaction medium. The
      reaction is carried out at a temperature at which hydrogen halide product
      of reaction is formed, advantageously at a temperature between about
      20.degree.C. and 40.degree.C. The reaction consumes equimolar proportions
      of the starting materials and such proportions or a small excess of
      halogen are advantageously used. The reaction is carried out in the
      presence of pyridine as acid acceptor for the by-product hydrogen halide.
PAR  In carrying out the reaction, a solution of halogen in an inert organic
      solvent such as, for example, carbon tetrachloride, is added to the
      1-arylthio-methanesulfonamide and the acid acceptor in an inert solvent,
      advantageously substantially equimolar proportions of the primary
      reactants, and the reaction mixture is stirred until the reaction is
      substantially complete. The progress of the reaction can be monitored by
      examining the nuclear magnetic resonance spectrum of the reaction mixture.
      The dihalomethanesulfonamide product in solution in the reaction medium is
      separated from by-product pyridine hydrohalide salt, the filtrate cooled
      and the dihalomethanesulfonamide product crystallized therefrom. If
      necessary, it is recrystallized from an appropriate solvent such as
      methanol, ethanol or the like.
PAR  The corresponding 1-(arylsulfinyl)methanesulfonamide or
      1-(arysulfonyl)methanesulfonamide is halogenated with substantially two
      molar proportions of alkali metal hypohalite, advantageously formed in
      situ from halogen and aqueous alkali metal hydroxide. Such reaction is
      advantageously carried out by slurrying the 1-(arylsulfinyl)-or
      1-(arylsulfonyl)methanesulfonamide in aqueous alkali metal hydroxide and
      adding thereto bromine or chlorine, advantageously with stirring and
      cooling and an ice bath to control the exotherm, then maintaining the
      reaction until halogenation is substantially complete. It is sometimes
      advantageous to have dioxane present as co-solvent. The solid product is
      filtered off and recrystallized, advantageously from methanol or ethanol,
      to give the corresponding arylsulfinyl-or
      arylsulfonyl-dihalomethanesulfonamide product.
PAR  The following examples additionally describe representative specific
      embodiments and the best modes contemplated by the inventors of carrying
      out the invention. Temperature is given in Centigrade degrees. The
      compounds are identified by elemental analysis and by nuclear magnetic
      resonance spectroscopy.
PAC  EXAMPLE 1
PAC  1,1-Dibromo-N,N-dimethyl-1-(phenylthio)methanesulfonamide
PAR  To a solution of 1.0 g. (4.32 mmol) of
      N,N-dimethyl-1-(phenylthio)methanesulfonamide and 1.683 g. of dry pyridine
      in 15 ml. of carbon tetrachloride was added a solution of 3.38 g. (21.2
      mmol) of bromine in 15 ml. of carbon tetrachloride. After stirring for 19
      hours, a yield of 80% of the titular product was obtained; m.p.
      128.degree.-129.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.11 Br.sub.2 NO.sub.2 S.sub.2 : C, 27.78; H,
      2.85; Br, 41.07; N, 3.60; S, 16.48 Found: C, 27.52; H, 2.81; Br, 40.6 .+-.
      0.2; N, 3.65; S, 16.52.
PAC  EXAMPLE 2
PAC  1,1-Dibromo-N,N-dimethyl-1-(phenylsulfinyl)-methanesulfonamide
PAR  A slurry of 16.1 g. (65 mmol) of crude
      N,N-dimethyl-1-(phenylsulfinyl)methanesulfonamide (containing ca. 30%
      N,N-dimethyl-1-(phenylthio)methanesulfonamide as an impurity) in a
      solution of 8.0 g. (0.20 mol) of sodium hydroxide in 200 ml. of water was
      stirred and cooled in an ice bath. To this slurry, 32.0 g. (0.2 mol) of
      bromine was added and stirring continued for 18 hours. The solid which
      precipitated was filtered off, washed with water, and recrystallized from
      ethanol to give 13.5 g. (77% yield based on
      N,N-dimethyl-1-(phenylsulfinyl)methanesulfonamide) of the title compound
      as white platelets, m.p. 142.degree.-143.degree.C. (dec).
PAR  Anal. Calcd. for C.sub.9 H.sub.11 Br.sub.2 NO.sub.3 S.sub.2 : C, 26.68; H,
      2.74; Br, 39.45; N, 3.46; S, 15.83. Found: C, 26.3.; H, 2.59; Br, 40.9
      .+-. 0.2; N, 3.5; S, 15.43.
PAC  EXAMPLE 3
PAC  1,1-Dibromo-N,N-dimethyl-1-(phenylsulfonyl)-methanesulfonamide
PAR  A 150 ml. portion of a solution of 11 g. of sodium hydroxide in 250 ml. of
      water was added to 8.0 g. (0.304 mol) of
      N,N-dimethyl-1-(phenylsulfonyl)methtanesulfonamide. To the remainder of
      the sodium hydroxide solution was added 14.0 g. of bromide and this was
      added dropwise to the sulfone with stirring. The dibromosulfone product
      was filtered off after 30 minutes and recrystallized from ethanol to give
      12.0 g. (84% yield) of product as white crystals; m.p.
      144.degree.-145.degree.C.
PAR  Anal. Calcd. for C.sub.9 H.sub.11 Br.sub.2 NO.sub.4 S.sub.2 : C, 25.67; H,
      2.63; S, 15.23; N, 3.33; Br, 37.95. Found: C, 26.12, 26.03; H, 2.73, 2.60;
      S, 15.19, 15.12; N, 3.68, 3.78.
PAC  EXAMPLE 4
PAC  1,1-Dibromo-1-((p-bromophenyl)sulfonyl)methanesulfonamide
PAR  A solution of 1.71 g. (6.06 mmol) of
      1-((4-bromophenyl)thio)methanesulfonamide, 2 ml. of 30% aqueous hydrogen
      peroxide and 6 ml. of glacial acetic acid was heated to reflux for one
      hour and poured on ice. Filtration of the product gave 1.31 g. of crude
      sulfone (m.p. 162.degree.-165.degree.C.). This was dissolved in 50 ml. of
      aqueous 1% sodium hydroxide at 5.degree.C. and 2 g. of bromine added. A
      tacky precipitate formed which solidified on trituration with chloroform
      and was recrystallized from CHCl.sub.3 /CH.sub.3 OH/hexane to give 0.82 g.
      of white crystals; m.p. 192.degree.C.
PAR  Anal. Calcd. for C.sub.7 H.sub.6 Br.sub.3 NO.sub.4 S.sub.2 : Br, 50.79
      Found: Br, 51.1 .+-. 0.8.
PAC  EXAMPLE 5
PAC  1,1-Dichloro-((p-methoxyphenyl)sulfonyl)-N,N-dimethylmethanesulfonamide
PAR  A 15 ml. portion of aqueous 5% sodium hypochlorite solution was added to a
      solution of 0.5 g. (1.7 mmol) of
      1-((p-methoxyphenyl)sulfonyl)-N,N-dimethylmethanesulfonamide in 50 ml. of
      dioxane. After one hour, the reaction mixture was acidified with
      hydrochloric acid, and the dioxane removed in vacuo, leaving a white
      solid. The solid was slurried with water, filtered off, and recrystallized
      from absolute ethanol to give 0.37 g. of the title compound as white
      crystals, m.p. 145.degree.-147.degree.C.
PAR  Anal. Calcd. for C.sub.10 H.sub.13 Cl.sub.2 NO.sub.5 S.sub.2 : C, 33.15; H,
      3.62; Cl, 19.58; N, 3.86; S, 17.70. Found: C, 33.20; H, 3.50; Cl, 19.70;
      N, 4.00; S, 17.90.
PAC  EXAMPLE 6
PAC  1-(Arylsulfonyl)-1,1-dichloromethanesulfonamides
PAR  Pursuant to the procedure of Example 5, the following compounds were
      prepared:
TBL                                    TABLE I                                 
     __________________________________________________________________________
     1-(Arylsulfonyl)-1,1-dichloromethanesulfonamides                          
                                Analyses                                       
                                      Calcd.            Found                  
         R.sub.n                                                               
              NR.sub.1 R.sub.2                                                 
                          m.p.,.degree.C.                                      
                                C   H  Cl  N  S   C   H  Cl  N  S              
     __________________________________________________________________________
     a)                                                                        
       4-CH.sub.3                                                              
              NH.sub.2    181-183                                              
                                30.20                                          
                                    2.85                                       
                                       22.28                                   
                                           4.40                                
                                              20.15                            
                                                  30.40                        
                                                      2.80                     
                                                         22.30                 
                                                             4.43              
                                                                20.20          
     b)                                                                        
       4-Cl               163-165                                              
                                32.32                                          
                                    2.96                                       
                                       26.03                                   
                                           3.43                                
                                              15.69                            
                                                  32.30                        
                                                      2.99                     
                                                         25.90                 
                                                             3.52              
                                                                15.90          
     c)                                                                        
       H                  185-187                                              
                                48.21                                          
                                    4.27                                       
                                       15.82                                   
                                           3.12                                
                                              14.30                            
                                                  47.80                        
                                                      4.43                     
                                                         *   3.44              
                                                                14.20          
     d)                                                                        
       3,4-Cl.sub.2                                                            
              NH.sub.2    125-128                                              
                                22.54                                          
                                    1.35                                       
                                       38.03                                   
                                           3.75                                
                                              17.17                            
                                                  22.50                        
                                                      1.46                     
                                                         38.00                 
                                                             3.72              
                                                                17.20          
     e)                                                                        
       2,4,5-Cl.sub.3                                                          
              NH.sub.2    170-172                                              
                                20.63                                          
                                    0.99                                       
                                       43.50                                   
                                           3.44                                
                                              15.74                            
                                                  20.90                        
                                                      0.99                     
                                                         *   3.40              
                                                                15.90          
     __________________________________________________________________________
      *Not determined                                                          
PAR  The compounds of the invention are employed as antimicrobials for the
      control of bacteria, fungi and yeasts. For such uses, the compounds can be
      employed in an unmodified form or dispersed on a finely divided solid and
      employed as dusts. Such mixtures can also be dispersed in water with the
      aid of a surface-active agent and the resulting emulsions employed as
      sprays. In other procedures, the products can be employed as active
      constituents in solvent solutions, oil-in-water or water-in-oil emulsions.
      The augmented compositions are adapted to be formulated as concentrates
      and subsequently diluted with additional liquid or solid adjuvants to
      produce the ultimate treating compositions. Good results are obtained when
      employing compositions containing antimicrobial concentrations and usually
      from about 25 to 10,000 parts by weight of one or more of the compounds
      per million parts of such compositions.
PAR  In representative operations, compounds of the present invention were
      tested for their activity as antimicrobials using conventional agar
      dilution tests. The following Table presents results, expressed as percent
      growth inhibition (numerator) over concentration of toxicant in parts per
      million (denominator).
TBL                                    TABLE II                                
     __________________________________________________________________________
     Example                                                                   
          Sa  Ca  Ec  Pa  St  Mp  Tm  Bs  Cp  Aa  Pp  At  Rn                   
     __________________________________________________________________________
     1     50                 100 100  50         100 100                      
          100                 100 500 500         500 500                      
     2    100 100 100 100 100 100 100 100 100 100 100 100 100                  
          100 100 100 100 100 100 100 100 100 100 100 100 100                  
     3    100 100 100 100 100 100 100 100 100 100 100 100 100                  
          500 100 100 100 100 100 100 100 100 100 100 100 100                  
     4    100 100 100 100 100 100 100 100 100 100 100 100 100                  
          500 500 500 500 500 500 100 100 500 500 100 500 500                  
     6a   100              50 100 100 100          50                          
          500             500 100 500 100         500                          
     6b                       100 100 100  50                                  
                               10  10  10 100                                  
     6c                        50                                              
                              500                                              
     6d   100 100          50 100 100 100  50     100                          
          100 500         500  10 100  10 500     100                          
     6e   100 100          50 100 100 100 100     100                          
          100 500         500  10  10  10 500     100                          
     __________________________________________________________________________
     Sa = S. aureus                                                            
                   Ca = C. albicans                                            
                                   Ec = E. coli    Pa = P. aeruginosa          
     St = S. typhosa                                                           
                   Mp = M. phlei   Tm = T. mentagrophytes                      
     Bs = B. subtilis                                                          
                   Cp =  C. pelliculosa                                        
                                   Aa = A. aerogenes                           
                                                   Pp = P. pullulans           
     At = A. terreus                                                           
                   Rn = R. nigricans                                           
PAR  The process for making the starting materials herein which are
      1-(arylsulfinyl)methanesulfonamides and
      1-(arylsulfonyl)methanesulfonamides, is described in U.S. Pat. No.
      3,862,184, filed Mar. 5, 1973. The process for making
      1-(arylthio)methanesulfonamides is described in our copending U.S. Pat.
      application Ser. No. 314,793, filed Dec. 13, 1972.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound represented by the formula
      ##SPC3##
PAL  wherein R represents lower alkyl, lower alkoxy, fluoro, chloro or bromo, x
      represents an integer from 0 to 2, n represents an integer from 0 to 3, Y
      represents chloro or bromo and R.sub.1 and R.sub.2 independently represent
      hydrogen, lower alkyl, or, together with the nitrogen atom, form a
      morpholinyl, piperidinyl or phenylpiperidinyl heterocyclic ring.
NUM  2.
PAR  2. The compound of claim 1 which is
      1,1-dibromo-N,N-dimethyl-1-(phenylthio)methanesulfonamide.
NUM  3.
PAR  3. The compound of claim 1 which is
      1,1-dibromo-N,N-dimethyl-1-(phenylsulfinyl)methanesulfonamide.
NUM  4.
PAR  4. The compound of claim 1 which is
      1,1-dibromo-N,N-dimethyl-1-(phenylsulfonyl)methanesulfonamide.
NUM  5.
PAR  5. The compound of claim 1 which is
      1,1-dibromo-1-((p-bromophenyl)sulfonyl)methanesulfonamide.
NUM  6.
PAR  6. The compound of claim 1 which is
      1,1-dichloro-1-((p-methoxyphenyl)sulfonyl)-N,N-dimethylmethane
      sulfonamide.
NUM  7.
PAR  7. The compound of claim 1 which is
      1,1-dichloro-1-(p-tolysulfonyl)methanesulfonamide.
NUM  8.
PAR  8. The compound of claim 1 which is
      4-((dichloro((4-chlorophenyl)sulfonyl)methyl)sulfonyl)morpholine.
NUM  9.
PAR  9. The compound of claim 1 which is
      1-((dichloro(phenylsulfonyl)methyl)sulfonyl)-4-phenylpiperidine.
NUM  10.
PAR  10. The compound of claim 1 which is
      1,1-dichloro-1-((3,4-dichlorophenyl)sulfonyl)methanesulfonamide.
NUM  11.
PAR  11. The compound of claim 1 which is
      1,1-dichloro-1-((2,4,5-trichlorophenyl)sulfonyl)methanesulfonamide.
PATN
WKU  039460088
SRC  5
APN  5345022
APT  1
ART  127
APD  19741219
TTL  Substituted benzopyrano[3,4-c]pyridines
ISD  19760323
NCL  9
ECL  1
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INVT
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CTY  Hanover
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ABST
PAL  Substituted benzopyrano[3,4-c]pyridines having the following structural
      formula are disclosed:
      ##SPC1##
PAL  In the above formula, R.sub.1 and R.sub.2 are hydrogen, a hydroxyl group or
      a lower alkoxyl group of from 1 to 6 carbon atoms; and X is an oxygen
      atom, a sulfur atom, a methylene group or a nitrogen atom substituted by
      hydrogen, a lower alkyl group of from 1 to 6 carbon atoms or a lower
      alkanoyl group of from 1 to 6 carbon atoms. The compounds of this
      invention are prepared by reacting an R.sub.1, R.sub.2 -substituted phenol
      with a 3-carbethoxy-4-piperidone in the presence of an acid catalyst to
      give an intermediate R.sub.1, R.sub.2 -substituted
      benzopyrano[3,4-c]pyridine. N-aminoalkylbenzopyrano[3,4-c]pyridines are
      obtained by treating the benzopyrano[3,4-c]pyridine with an appropriately
      substituted alkyl halide. The compounds of this invention are useful as
      bronchodilators for the treatment of bronchial asthma.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      U.S. Ser. No. 343,613, filed Mar. 21, 1973, now abandoned, which in turn
      is a continuation-in-part of our application U.S. Ser. No. 122,498, filed
      Mar. 9, 1971.
BSUM
PAR  The present invention relates to a new class of benzopyrano[3,4-c]pyridines
      having the following structural formula:
      ##SPC2##
PAL  Wherein R.sub.1 and R.sub.2 are hydrogen, a hydroxyl group or a lower
      alkoxyl group of from 1 to 6 carbon atoms; and X is an oxygen atom, a
      sulfur atom, a methylene group or a nitrogen atom substituted by hydrogen,
      a lower alkyl group of from 1 to 6 carbon atoms or a lower alkanoyl group
      of from 1 to 6 carbon atoms.
PAR  The compounds of this invention are active as bronchodilators and as such
      protect the guinea pig against histamine, serotonin or acetylcholine
      induced bronchospasm for a duration of up to 4 hours at an oral dose of 10
      mg/kg. Thus, the aforementioned compounds are more effective than
      aminophylline, a valuable drug for the treatment of bronchial asthma and
      pulmonary edema, which protects the guinea pig against histamine,
      serotonin or acetylcholine induced bronchospasm for less than 2 hours at a
      dose of 100 mg/kg. In addition, the compounds disclosed in this invention
      reverse pilocarpine or histamine bronchoconstriction in the dog for a
      duration of up to 1 hour at an oral dose of 10 mg/kg. The bronchodilator
      activity exhibited by the N-substituted benzopyrano[3,4-c]pyridines
      described in this invention is the result of a direct smooth muscle
      relaxant effect on the bronchial tree as shown by in vitro experiments on
      guinea pig trachea. In these experiments, the N-substituted
      benzopyrano[3,4-c]pyridines are approximately 75 times more active than
      aminophylline in relaxing tracheal smooth muscle.
PAR  The compounds of this invention are useful for the treatment of bronchial
      asthma. Generally speaking, a dose of about 500 mg to 1,000 mg several
      times daily is recommended for mammals weighing about 70 kilograms. The
      compounds can be administered orally or by parenteral administration.
PAR  In order to use these compounds they are formulated with pharmaceutically
      acceptable excipients such as lactose, starch, powdered sugar and the
      dosage forms can be tablets, capsules and the like. The dosage regimen can
      be varied according to the condition being treated by methods well known
      to the healing arts.
PAR  According to the present invention, the compounds of this invention are
      prepared in accordance with the following reaction scheme:
      ##SPC3##
PAL  In the first step, an R.sub.1, R.sub.2 -substituted phenol is treated with
      3-carbethoxy-4-piperidone in the presence of an acid catalyst to give a
      benzopyrano[3,4-c]pyridine intermediate corresponding to structure IV
      above. The starting phenolic compound II, such as, for example,
      m-methoxyphenol, 3,4-dimethoxyphenol, 2,3-dimethoxylphenol,
      3,5-dimethoxyphenol, and so on, are known compounds and are available
      commercially such as from Aldrich Chemical Company.
PAR  Exemplary of the acid catalysts which can be employed in this reaction are
      sulfuric acid, phosphoric acid, phosphorous oxychloride, phosphorous
      pentoxide, polyphosphoric acid, boron fluoride and the like.
PAR  Conversion of intermediates of structure IV to the final products
      corresponding to structure VI is accomplished by treatment with the
      appropriate 2-aminoalkyl halide of structure V wherein X is an oxygen
      atom, a sulfur atom, a methylene group or a nitrogen atom substituted by
      hydrogen, a lower alkyl group of from 1 to 6 carbon atoms or a lower
      alkanoyl group of from 1 to 6 carbon atoms.
PAR  To prepare the N-aminoalkylbenzopyrano[3,4-c]pyridines of structure VI
      wherein R.sub.1 and R.sub.2 are ethoxy and X is as defined in the
      preceding paragraph, the corresponding dimethoxy analogs, compounds of
      structure VI wherein R.sub.1 and R.sub.2 are methoxy and X is as before,
      are demethylated with 48% hydrobromic acid to the dihydroxy derivatives of
      structure VI wherein R.sub.1 and R.sub.2 are hydroxyl groups followed by
      ethylation with diethylsulfate in the presence of a base such as potassium
      carbonate.
PAR  Although in the following examples only a representative number of
      compounds are illustrated, it is obvious to those skilled in the art that
      by employing appropriate starting materials, other compounds which fall
      within the scope of this invention can be prepared following the
      procedures described herein.
PAR  The following examples are included to further illustrate the practice of
      this invention. All degrees are given in the Centigrade scale.
DETD
PAC  EXAMPLE 1
      ##SPC4##
PAC  1,2,3,4-Tetrahydro-8-methoxy-5H-[1]benzopyrano-[3,4-c]pyridin-5-one
PAR  A mixture of 31.0 g of m-methoxyphenol (0.25 m) and 41.5 g 0f
      3-carbethoxy-4-piperidone hydrochloride (0.2 m) was cooled in an ice bath
      and treated with 50 ml of con. H.sub.2 SO.sub.4 in 20 min. with stirring
      and protection from moisture. After stirring for 20 hours at room
      temperature, the reaction was cooled and treated with ice water to 250 ml
      volume. Concentrated NH.sub.4 OH was added to pH 9 and the resulting
      precipitate was filtered, washed with water, and dried in vacuo affording
      41.0 g (88%) of crude product. Crystallization from ethanol afforded
      analytical, constant melting material, mp 171.degree.-80.degree. C.
PAR  Anal. Calcd for C.sub.13 H.sub.13 NO.sub.3 : C, 67.52; H, 5.67; N, 6.06.
      Found: C, 67.71; H, 5.72; N, 6.19.
PAR  HCl (1/4 C.sub.2 H.sub.5 OH), mp 248.degree.-50.degree. C.
PAR  Anal. Calcd for C.sub.13 H.sub.13 NO.sub.3 HCl 1/4 C.sub.2 H.sub.5 OH: C,
      57.86; H, 5.93; N, 5.00; Cl, 12.65. Found: C, 57.51; H, 5.66; N, 5.11; Cl,
      12.65.
PAC  EXAMPLE 2
      ##SPC5##
PAC  1,2,3,4-Tetrahydro-5H-[1]benzopyrano[3,4-c]pyridin-5-one
PAR  A mixture of 18.8 g (0.2 m) of phenol and 20.7 g (0.1 m) of
      3-carbethoxy-4-piperidone HCl was cooled in an ice bath and treated with
      75 cc of 73% v/v H.sub.2 SO.sub.4 in 1/2 hr. with stirring and protection
      from moisture. After stirring 4 days at room temperature the reaction was
      chilled and treated with an additional 10 g (0.106 m) of phenol. After 5
      days a second 10 g portion of phenol was added. After stirring 6 days the
      reaction was treated with 100 g of ice and conc. NH.sub.4 OH to pH 8-9.
      The resultant gum was stirred with 100 cc CHCl.sub.3 for 1/2 hr. and was
      filtered. The filtrate was evaporated and the resultant gum was triturated
      with pet ether followed by ethyl ether. The resultant solid was
      crystallized from 100 cc 3N HCl affording 2.3 g (10%) of product mp.
      330.degree.- 5.degree. C.
PAR  Anal. Calcd for C.sub.12 H.sub.11 NO.sub.2 HCl: C, 60.64; H, 5.09; N, 5.89;
      Cl, 14.92. Found: C, 60.87; H, 5.08; N, 5.78; Cl, 14.69.
PAC  EXAMPLE 3
      ##SPC6##
PAC  1,2,3,4-Tetrahydro-8,9-dimethoxy-5H-[1]benzopyrano-[3,4c]pyridin-5-one
      Hydrochloride
PAR  The title compound was prepared by the procedure described in example 2.
      From 46.0 g (0.3m) of 3,4-dimethoxyphenol, 41.7 g (0.2m) of
      3-carbethoxy-4-piperidone hydrochloride and 100 ml of 73% v/v sulfuric
      acid, there was obtained 33.4 g (63%) of the pyridin-5-one as the
      hydrochloride, mp 254.degree.-6.degree. C.
PAR  Anal. Calcd for C.sub.14 H.sub.15 NO.sub.4.HCl.1/2H.sub.2 O: C, 54.82; H,
      5.59; N, 4.57; Cl, 11.56. Found: C, 54.73; H, 5.91; N, 4.38; Cl, 11.64.
PAC  EXAMPLE 4
      ##SPC7##
PAC  1,2,3,4-Tetrahydro-8-methoxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3,4-c]
     pyridin-5-one
PAR  A mixture of 10 g (0.043 m) of
      1,2,3,4-tetrahydro-8-methoxy-5H-[1]benzopyrano [3,4-c]pyridin-5-one, 11.2
      g (0.06 m) of N-(2-chloroethyl)morpholine HCl and 14.2 g of triethylamine
      (0.14 m) in 170 ml of abs. EtOH was refluxed with stirring and protection
      from moisture for 4 hours. The reaction was filtered hot, cooled slightly
      and treated with dry HCl. The resulting precipitate was filtered and
      washed with EtOH, then ether; yield 14.6 g (81%). Crystallization from
      methanol afforded analytical material, mp 237.degree.-40.degree. C.
PAR  Anal. Calcd for C.sub.19 H.sub.24 N.sub.2 O.sub.4.2HCl: C, 54.68; H, 6.28;
      N, 6.71; Cl, 16.99. Found: C, 54.42; H, 6.47; N, 6.65; Cl, 17.09.
PAC  EXAMPLE 5
      ##SPC8##
PAC  1,2,3,4-Tetrahydro-8,9-dimethoxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano-[3
     ,4-c]pyridin-5-one
PAR  A mixture of 7.85 g (0.03 m) of
      1,2,3,4-tetrahydro-8,9-dimethoxy-5H-[1]benzopyrano [3,4-c]pyridin-5-one,
      6.15 g (0.033 m) of N-(2-chloroethyl) morpholine HCl and 7.08 g (0.07 m)
      of triethylamine in 250 cc of ethanol was refluxed for 6 hr. and filtered
      hot. Treatment of the hot reaction solution with excess HCl 6 hr. and
      cooling to room temperature afforded crude product. Crystallization from
      75% EtOH afforded analytical material mp. 238.degree.-40.degree. C.
PAR  Anal. Calcd for C.sub.20 H.sub.26 N.sub.2 O.sub.5.2HCl: C, 53.70; H, 6.31;
      N, 6.26; Cl, 15.85. Found: C, 53.60; H, 6.47; N, 6.35; Cl, 15.66.
PAC  EXAMPLE 6
      ##SPC9##
PAC  1,2,3,4-Tetrahydro-8,9-dimethoxy-3-(2-piperidinoethyl)-5H-[1]-benzopyrano[3
     ,4-c]pyridin-5-one
PAR  A solution of 14.4 g. (0.055 m) of 2.degree. amine, 11.18 g. (0.0605 m) of
      N-(2-chloroethyl)piperidine hydrochloride and 12.2 g. (0.121 m) of
      triethylamine in 500 ml. of abs. EtOH was refluxed for 17 1/2 hr. Hot
      filtration and immediate treatment with excess HCl gas afforded 19.5 g. of
      crude DiHCl salt. Dissolving in 1.4 l. of 95% EtOH, filtration, and
      boiling down to 400 cc afforded analytical material, m.p.
      233.degree.-239.degree. C.
PAR  Anal. Calcd for C.sub.21 H.sub.28 N.sub.2 O.sub.4.2HCl: C, 56.63; H, 6.79;
      N, 6.29; Cl, 15.92. Found: C, 56.37; H, 6.99; N, 6.24; Cl, 16.01.
PAC  EXAMPLE 7
      ##SPC10##
PAC  1,2,3,4-Tetrahydro-8,10-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one
PAR  In the same way as described in Example 5, 0.02 m of
      1,2,3,4-tetrahydro-8,10-dimethoxy-5H-[1]benzopyrano[3,4-c]pyridin-5-one
      was alkylated with N-(2-chloroethyl)-piperidine to give, after
      crystallization from MeOH, 3.0 g of product; mp 190.degree.-224.degree. C.
PAR  Anal. Calcd for C.sub.21 H.sub.28 N.sub.2 O.sub.4 2HCl: C, 56.63; H, 6.79;
      N, 6.29; Cl, 15.92. Found: C, 53.69; H, 6.30; N, 6.26; Cl, 14.74.
PAC  EXAMPLE 8
      ##SPC11##
PAC  1,2,3,4-Tetrahydro-7,8-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3,
     4-c]pyridin-5-one
PAR  In the same way as described in Example 5, 5.7 mmoles of
      1,2,3,4-tetrahydro-7,8-dimethoxy-5H-[1]benzopyrano[3,4-c]pryidin-5-one was
      alkylated with N-(2-chloroethyl)-piperidine to give, after
      recrystallization from MeOH, 0.5 g of product; mp 236.degree.-239.degree.
      C.
PAR  Anal. Calcd for C.sub.21 H.sub.28 N.sub.2 O.sub.4 2HCl: C, 56.63; H, 6.79;
      N, 6.29; Cl, 15.92. Found: C, 55.58; H, 6.77; N, 6.30; Cl, 15.68.
PAC  EXAMPLE 9
      ##SPC12##
PAC  1,2,3,4-Tetrahydro-8,9-dihydroxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3,
     4-c]pyridin-5-one
PAR  A solution of 4.7 g. of
      1,2,3,4-tetrahydro-8,9-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one in 70 cc of 48% HBr was refluxed for 17 hr and cooled.
      Precipitate was cryst from water affording 2.8 g of product; mp
      291.degree.-295.degree. C.
PAR  Anal. Calcd for C.sub.19 H.sub.24 N.sub.2 O.sub.4 2HBr: C, 45.08; H, 5.18;
      N, 5.53; Br, 31.57. Found: C, 45.06; H, 5.30; N, 5.38; Br, 31.39.
PAC  EXAMPLE 10
      ##SPC13##
PAC  1,2,3,4-Tetrahydro-8,9-dihydroxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3,
     4-c]pyridin-5-one.
PAR  A solution of 8.7 g 0f
      1,2,3,4-tetrahydro-8,9-dimethoxy-3-(2-morpholinoethyl)-5H[1]benzopyrano[3,
     4-c]pyridin-5-one in 60 cc of 48% HBr was refluxed for 17 hr then cooled.
      Crystallization of precipitate from water afforded 5.5 g of product; mp
      299.degree.-302.degree. C.
PAR  Anal. Calcd for C.sub.18 H.sub.22N.sub.2 O.sub.5 2HBr: C, 42.54; H, 4.76;
      N, 5.51; Br, 31.45. Found: C, 42.29; H, 4.72; N, 5.53; Br, 31.42.
PAC  EXAMPLE 11
      ##SPC14##
PAC  8,9-Diethoxy-1,2,3,4-tetrahydro-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3,4
     -c]pyridin-5-one.
PAR  A mixture of 0.01 m of
      1,2,3,4-tetrahydro-8,9-dihydroxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one, 0.022 m of diethylsulfate, and 0.1 m of K.sub.2
      CO.sub.3 in 500 ml of acetone was refluxed for 18 hr, filtered hot and
      evaporated. Residue was dissolved in CHCl.sub.3 and washed with 3% NaOH
      soln. CHCl.sub.3 soluble material was crystallized from MeOH containing an
      excess of HCl gas affording 1 g of product; mp 240.degree.-260.degree. C.
PAR  Anal. Calcd for C.sub.22 H.sub.30 N.sub.2 O.sub.5 2HCl: C, 55.58; H, 6.78;
      N, 5.89; Cl, 14.91. Found: C, 55.38; H, 6.86; N, 5.98; Cl, 14.89.
PAC  EXAMPLE 12
      ##SPC15##
PAC  8,9-Diethoxy-1,2,3,4-tetrahydro-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3,4
     -c]pyridin-5-one.
PAR  A mixture of 0.01 m of
      1,2,3,4-tetrahydro-8,9-dihydroxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one, 0.022 m of diethylsulfate and 0.1 m K.sub.2 CO.sub.3 in
      250 cc of acetone was refluxed for 20 hr and filtered hot. After
      evaporation, the residue was crystallized twice from EtOAc affording 0.6 g
      of product; mp 144.degree.-146.degree. C.
PAR  Anal. Calcd for C.sub.23 H.sub.32 N.sub.2 O.sub.4 : C, 68.97; H, 8.05; N,
      7.00. Found: C, 68.62; H, 8.07; N, 7.03.
PAC  EXAMPLE 13
      ##SPC16##
PAC  3-[2-(4-acetyl-1-piperazinyl)ethyl]-1,2,3,4-tetrahydro-8,9-dimethoxy-5H-[1]
     benzopyrano[3,4-c]pyridin-5-one.
PAR  In the same way as described in Example 5, 0.02 m of
      1,2,3,4-tetrahydro-8,9-dimethoxy-5H-[1]benzopyrano[3,4-c]pyridin-5-one was
      alkylated with N-acetyl-N'-(2-chloroethyl)piperazine to give, after
      recrystallization from MeOH, 5.8 g of product; mp 234.degree.-235.degree.
      C.
PAR  Anal. Calcd for C.sub.22 H.sub.29 N.sub.3 O.sub.5 2HCl: C, 54.10; H, 6.40;
      N, 8.60; Cl, 14.52. Found: C, 54.09; H, 6.42; N, 8.75; Cl, 14.50.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC17##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, a hydroxyl group or a lower
      alkoxyl group of from 1 to 6 carbon atoms; and X is an oxygen atom, a
      sulfur atom, a methylene group or a nitrogen atom substituted by hydrogen,
      a lower alkyl group of from 1 to 6 carbon atoms or a lower alkanoyl of 1
      to 6 carbon atoms.
NUM  2.
PAR  2. A compound according to claim 1 which is
      1,2,3,4-tetrahydro-8-methoxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3,
      4-c]pyridin-5-one.
NUM  3.
PAR  3. A compound according to claim 1 which is
      1,2,3,4-tetrahydro-8,9-dimethoxy-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one.
NUM  4.
PAR  4. A compound according to claim 1 which is
      8,9-diethoxy-1,2,3,4-tetrahydro-3-(2-morpholinoethyl)-5H-[1]benzopyrano[3,
     4-c]pyridin-5-one.
NUM  5.
PAR  5. A compound according to claim 1 which is
      1,2,3,4-tetrahydro-8,9-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one.
NUM  6.
PAR  6. A compound according to claim 1 which is
      1,2,3,4-tetrahydro-8,10-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[
     3,4-c]pyridin-5-one.
NUM  7.
PAR  7. A compound according to claim 1 which is
      1,2,3,4-tetrahydro-7,8-dimethoxy-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3
     ,4-c]pyridin-5-one.
NUM  8.
PAR  8. A compound according to claim 1 which is
      8,9-diethoxy-1,2,3,4-tetrahydro-3-(2-piperidinoethyl)-5H-[1]benzopyrano[3,
     4-c]pyridin-5-one.
NUM  9.
PAR  9. A compound according to claim 1 which is
      3-[2-(4-acetyl-1-piperazinyl)ethyl]-1,2,3,4-tetrahydro-8,9dimethoxy-5H-[1]
     benzopyrano[3,4-c]pyridin-5-one.
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ABST
PAL  2-(3-Substituted amino-2-hydroxypropoxy)-3-substituted pyrazine compounds
      optionally having substituents in the 5 and/or 6 positions, possessing
      .beta.-adrenergic blocking properties are described. The products are
      prepared by reaction of a 2-chloro(or hydroxy)pyrazine with a
      5-hydroxy-methyl(or sulfonyloxymethyl)oxazolidine followed by acid
      hydrolysis.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 341,421
      filed Mar. 15, 1973, now abandoned.
BSUM
PAR  This invention is concerned with 2-(3-substituted
      amino-2-hydroxypropoxy)-3-substituted pyrazine compounds which can
      optionally be substituted in the 5 and 6 positions and which exists either
      in the form of racemic mixtures or as optically active isomers thereof
      particularly the isomer in the sinister configuration which compounds
      exhibit .beta.-adrenergic blocking properties.
PAR  The novel pyrazine compounds of this invention have the structure
      ##SPC1##
PAL  As well as pharmacologically acceptable salts thereof wherein R represents
      C.sub.1-5 alkyl, phenyl, substituted phenyl wherein the substituent is
      C.sub.1-3 alkyl (preferably methyl), C.sub.1-3 alkoxy (preferably methoxy
      and ethoxy), amino, nitro, or halo (preferably chloro, bromo, or fluoro),
      phenyl-C.sub.1-3 alkyl, (preferably benzyl), hydroxyphenyl-C.sub.1-3 alkyl
      (advantageously hydroxybenzyl), C.sub.2-5 alkoxyalkyl, C.sub.5-7
      cycloalkyl, C.sub.1-3 alkoxy, phenoxy, or substituted phenoxy where the
      substituents are the same as those described above for attachment to the
      phenyl substituent, benzyloxy optionally having an alkyl, alkoxy, nitro,
      amino or halo substituent attached to the phenyl moiety of the type
      described above for attachment to the phenyl substituent, or a 5- to 7-
      membered N-containing heterocycle which optionally can contain as
      additional hetero atoms an oxygen, sulfur or one or two additional
      nitrogen atoms, said N-containing heterocycle advantageously being
      1-pyrrolidinyl, piperidino, hexahydroazepinyl, morpholino, thiomorpholino,
      imidazolyl, pyrazolyl, and triazolyl; R.sup.1 represents a straight or
      branched chain C.sub.3-6 alkyl, a straight or branched chain hydroxy
      substituted C.sub.3-6 alkyl, a straight or branched chain C.sub.3-6
      alkinyl, phenyl-C.sub.1-6 alkyl or indolyl-C.sub.1-6 alkyl; R.sup.2 and
      R.sup.3 can represent the same or different substituents and represents
      hydrogen, C.sub.1-3 alkyl, C.sub.5-7 cycloalkyl, C.sub.1-3 alkoxy,
      phenoxy, phenyl, substituted phenyl wherein the substituents are the same
      as identified for the phenyl substituents in the definition of variable
      radical R, amino, acylamino (preferably acetylamino), and a 5- to 7-
      membered N-containing heterocyclic substituent of the type and variety
      described in the definition of R substituent, supra.
PAR  Suitable pharmacologically acceptable salts of product I are acid addition
      salts derived from inorganic acids, for example, hydrochlorides,
      hydrobromides, phosphates, or sulfates or salts derived from organic
      acids, for example, oxalates, lactates, malates, maleates, formates,
      acetates, succinates, tartrates, salicylates, citrates, phenylacetates,
      benzoates, p-toluenesulfonates and other salts such as those that provide
      relatively insoluble products that afford a slow release of the active
      material, for example, a 1,1'-methylene-bis(2-hydroxy-3-naphthoate) and
      the like.
PAR  The novel products, I, as well as their intermediates which contain one
      asymmetric carbon in the propylene chain will be obtained either as a
      racemic mixture which can be separated into optically active isomers by
      known methods or the sinister isomer can be directly obtained by use of an
      appropriate optically active oxazolidine in its sinister configuration.
      One suitable method for separating the racemic mixture involved formation
      of salt thereof with an optically active acid, many of which are known to
      those skilled in the art, such as optically active tartaric, mandelic,
      cholic, 0,0-di-p-toluoyl tartaric, 0,0-di-benzoyl tartaric acids or other
      acids conventionally employed for this purpose. Spontaneous resolution can
      also be considered a means for separating the optically active isomers.
PAR  The potential of a product as a .beta.-adrenergic blocking agent
      conventionally is evaluated by the protocol which was employed to assess
      the .beta.-blocking properties of the novel compounds of this invention.
      The protocol employed comprises intravenous administration of graded doses
      of the selected compound to rats which then are challenged with a standard
      dose of isoproterenol, a product known to be a .beta.-stimulant.
PAR  The clinical application of .beta.-adrenergic blocking agents is well known
      to physicians. Uses for the novel products of this invention include
      treatment of angina pectoris, use in hypertension with or without other
      hypotensive drugs, control of tachycardia or cardiac arrhythmias due to
      excess catecholamines. In view of the considerable amount of literature
      that has accumulated concerning the use of .beta.-adrenergic blocking
      agents, physicians would employ the products of this invention in any of
      the known conditions where a .beta.-blocker is needed, such as in the
      management of angina pectoris.
PAR  The products can be prepared in pharmaceutical formulations suitable for
      oral or parenteral administration preferably in the form of tablets,
      solutions, suspensions or emulsions using well known techniques and
      excipients, diluents, lubricants, and the like. Dosage units of from about
      1 mg. to about 40 mgs. can be provided for the symptomatic adjustment of
      dosage by the physician depending upon the age and condition of the
      patient.
PAR  The novel pyrazine products, I, of this invention advantageously can be
      prepared by the synthesis schematically illustrated below:
      ##SPC2##
PAL  The pyrazine compound II is reacted with the oxazolidine, III, to give the
      oxazolidine adduct, IV, which when treated with mineral acid provides, the
      desired end product, I.
PAR  When R.sup.4 in the pyrazine, II, is chloro or bromo, this compound is
      reacted with an oxazolidine, III, wherein R.sup.5 is hydrogen. The
      reaction is carried out in the presence of a strong base and preferably at
      ambient temperature although the reaction mixture either can be heated up
      to reflux or cooled to 0.degree.C. A solvent for the reactants is
      desirable and any conventional solvent can be employed for this purpose,
      suitable ones being lower alkanols or polar aprotic solvents such as
      dimethylformamide (DMF), dimethyl sulfoxide (DMSO), tetrahydrofuran (THF),
      hexamethylphosphoramide (HMP), and the like. The readily available and
      relatively inexpensive tert-butanol has been found to be a quite suitable,
      general purpose solvent for these intermediates. Strong bases that are
      recommended for use in the reaction are alkali metal alkoxides or alkali
      metal hydroxides, preferably the sodium or potassium alkoxides or
      hydroxides or sodium hydride. When the S-isomer of the oxazolidine is
      employed in the reaction one obtains product I in its sinister
      configuration. When the oxazolidine employed is not optically active, then
      the end product is obtained as a racemic mixture which can be separated by
      any of the conventional methods employed for this purpose.
PAR  When R.sup.4 in the pyrazine starting material, II, represents a hydroxyl
      group then R.sup.5 in the oxazolidine is a sulfonyl group. These reagents
      are coupled advantageously by combining the reactants in the presence of a
      strong base and a solvent, such as those described above, to form the
      intermediate IV which upon treatment with mineral acid provides the
      desired product I. Heating the reaction mixture up to the reflux
      temperature can be employed if desired and any of the usual organic
      solvents can be used especially selected from those identified above. When
      the oxazolidine reagent, III, is the optically active compound in the
      sinister configuration then the end product I is obtained in its sinister
      configuration also. Racemic III provides the end product I in its racemic
      form also which can be separated, if desired, by any of the conventional
      methods employed for this purpose.
PAR  When end product I in the form of the free base is obtained as an oil,
      crystalline material can be prepared by forming a salt thereof by known
      methods. Suitable salts are those formed with mineral acids or organic
      acids such as, for example, the hydrochloride salt, the sulfate salt, the
      hydrogen maleate salt, or other desired mineral or organic acid salt.
PAC  PREPARATION OF THE OXAZOLIDINE STARTING SUBSTANCES, III
PAR  The oxazolidine reagent, III, either as a racemic mixture or as the
      S-isomer can be prepared by published procedures by reacting
      1,2-dihydroxy-3-substituted aminopropane or a
      1-sulfonyloxy-2-hydroxy-3-substituted aminopropane with an aldehyde,
      R.sup.6 CHO, to provide the oxazolidine of structure III. When the
      S-isomer of the aminoalkanols are employed in the preparation of the
      oxazolidine it is obtained in its sinister configuration whereas racemic
      starting materials give racemic oxazolidines which themselves can be
      resolved into their optically active components. The aldehyde used in the
      preparation of the oxazolidine is not critical as any aldehyde can be used
      in the formation of the cyclic structure which subsequently is cleaved by
      acid hydrolysis to remove the
      ##EQU1##
      grouping provided by the aldehyde. For practical purposes, any
      commercially available and inexpensive aldehyde can be employed and among
      these there can be mentioned aliphatic aldehydes, alicyclic, aromatic or
      heterocyclic aldehydes such as formaldehyde, lower alkyl aldehydes,
      benzaldehyde, phenyl-lower alkyl aldehydes, and the like, the phenyl
      moiety of either of the latter aldehydes optionally having one or more
      similar or dissimilar substituents selected from halogen, lower alkyl,
      haloalkyl, amino, acylamino, mono- or di-alkylamino, nitro, alkoxy,
      phenalkoxy, haloalkoxy, and hydroxy, a heterocyclic aldehyde optionally
      having substituents as halogen, lower alkyl, phenalkyl and the like. Among
      the many aldehydes that can be employed there can be mentioned
      formaldehyde, acetaldehyde, propionaldehyde, butyraldehyde,
      phenylacetaldehyde, anisaldehyde, benzaldehyde, mesitaldehyde,
      tolualdehyde, furfural and the like.
PAR  As mentioned above, R.sup.5 can be hydrogen or an alkyl-, aryl-, or
      aralkyl-sulfonate. Again the particular sulfonyl group is not critical as
      any sulfonyl substituent that replaces the hydrogen of the 1-hydroxyl
      group of the 1,2-dihydroxy-3-substituted aminopropane or that replaces the
      hydrogen of the 5-hydroxyl group of the 5-hydroxymethyloxazolidine will
      activate these former hydroxyl substituents. For practical purposes,
      commercially available and inexpensive sulfonyl halides would be employed
      for this purpose and these would fall into the class of alkylsulfonyl
      halides and benzenesulfonyl halides wherein the benzenes moiety can
      optionally be substituted with one or more similar or dissimilar
      substituents selected from lower alkyl, lower alkoxy, halo, amino, and
      nitro substituents. Among the commercially available sulfonyl halides that
      can be employed for this purpose there can be mentioned methanesulfonyl
      chloride, benzenesulfonyl chloride, nitrobenzenesulfonyl fluoride,
      trichlorobenzenesulfonyl chloride, tribromobenzenesulfonyl chloride,
      fluorobenzenesulfonyl chloride, 4-chloro-2-(or 3)-nitrobenzenesulfonyl
      chloride, hexadecanesulfonyl chloride, 2-mesitylenesulfonyl chloride,
      methoxybenzenesulfonyl chloride and the like.
PAR  While many oxazolidine compounds of structure III are known compounds, the
      following procedures provide illustrative methods that are representative
      of feasible means for making those compounds that are not readily
      available commercially or which may be novel members required to introduce
      the desired 3-amino-2-hydroxypropoxy substituent in the 2-position of end
      product I.
PAC  METHOD 1-A
PAC  Preparation of a 5-hydroxymethyl-2-R.sup.6 -3-R.sup.1 -oxazolidine
PAL  Preparation 1: S-3-(1-methyl-2-phenethyl)-5-hydroxymethyloxazolidine
PAR  Step A: S-1,2-dihydroxy-3-(1-methyl-2-phenethylamino)propane
PAR  A mixture of 1-methyl-2-phenethylamine (0.513 mole), methanol (150 ml.) and
      5% palladium-on-carbon (1.0 g.) is shaken in a hydrogenation bomb under
      three atomospheres hydrogen pressure. A solution of D-glyceraldehyde (15
      g.) in methanol (60 ml.) is added over a one hour period during
      hydrogenation. After the addition, the mixture is shaken for an additional
      15 hours. The catalyst is removed by filtration and the solvent evaporated
      in vacuo yielding S-1,2-dihydroxy-3-(1-methyl-2-phenethylamino)propane.
PAR  By replacing the 1-methyl-2-phenethylamine employed in Step A by an
      equivalent quantity of 1-methyl-2-(2-indolyl)ethylamine and following
      substantially the same procedure described in Step A, there is obtained
      S-1,2-dihydroxy-3-[1-methyl-2-(2-indolyl)ethylamino]propane.
PAR  Step B: S-3-(1-methyl-2-phenethyl)-5-hydroxymethyloxazolidine
PAR  A mixture of S-1,2-dihydroxy-3-(1-methyl-2-phenethylamino)propane (0.2
      mole), aqueous formaldehyde (20 ml. of 37% solution) and benzene (80 ml.)
      is heated under reflux with continuous removal of water for two hours. The
      solvent then is evaporated in vacuo (15 mm. pressure) providing
      S-3-(1-methyl-2-phenethyl)-5-hydroxymethyloxazolidine.
PAR  When an S-1-sulfonyloxy-2-hydroxy-3-(1-methyl-2-phenethylamino) propane is
      reacted with formaldehyde by the procedure described in Step B there is
      obtained S-3-(1-methyl-2-phenethyl)-5-hydroxymethyl-oxazolidine.
PAC  METHOD 1-B:
PAC  Preparation of a 5-sulfonyloxymethyl-2-R.sup.6 -3-R.sup.1 -oxazolidine
PAL  Preparation 2: Preparation of
      S-3-(1-methyl-2-phenethyl)-5-(benzenesulfonyloxymethyl)oxazolidine
PAR  To a solution of S-3-(1-methyl-2-phenethyl)-5-hydroxymethyloxazolidine (10
      mmole), prepared as described in Procedure 1, Steps A and B, in pyridine
      (3 ml.) there is added benzenesulfonyl chloride (10 mmole) and the mixture
      stirred for about 1 hour at 25.degree.C. Ether (20 ml.) is added whereupon
      S-3-(1-methyl-2-phenethyl)-5-(benzenesulfonyloxymethyl)oxazolidine
      hydrochloride is precipitated, removed by filtration and washed well with
      ether and dried in vacuo at 40.degree.C.
PAR  Any of the needed oxazolidine reactants, structure III, can be made by
      Preparations 1 and 2 by replacing the 1-methyl-2-phenethylamine in
      Procedure 1, Step A by a required amine to yield the --NHR.sup.1
      substituent and reacting the dihydroxy-propylamine thus formed with any
      aldehyde of structure R.sup.6 CHO to provide the 5-hydroxymethyl
      oxazolidine. This product then can conveniently be converted to the
      5-sulfonyloxymethyloxazolidine by reaction with any sulfonyl chloride as
      described in Preparation 2. Representative oxazolidines that can be made
      by these procedures are identified in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     R.sup.1 NH.sub.2 + D(orDL)glyceraldehyde + Preparation 1-A                
     conditions.fwdarw.                                                        
     OH                                                                        
     .vertline.                                                                
     S(orRS)--HO--CH.sub.2 --CH--CH.sub.2 --NHR.sup.1 + R.sup.6 CHO            
     + Preparation 1-B                conditions.fwdarw.                       
     HO--CH------CH.sub.2 + R.sup.5 ' SO.sub.2 Cl + Preparation 2              
     conditions.fwdarw.R.sup.5'       SO.sub.3 CH.sub.2 --CH------CH.sub.2     
     .vertline..vertline.             .vertline..vertline.                     
     ONR.sup.1                        ON--R.sup.1                              
     .angle.C.angle.                  .angle.C.angle.                          
     HR.sup.6                         HR.sup.6                                 
     Preparation No.                                                           
                 R.sup.1             R.sup.6                                   
                                           R.sup.5'                            
     __________________________________________________________________________
     3           1-methyl-2-(3-indolyl)ethyl                                   
                                     H     phenyl                              
     4           Tert.-butyl         phenyl                                    
                                           p-tolyl                             
     5           Tert.-butyl         H     p-tolyl                             
     6           Tert.-butyl         H     p-bromophenyl                       
     7           i-propyl            H     phenyl                              
     8           2,2-dimethylpropyl  H     methyl                              
     9           1,1-dimethyl-2-hydroxyethyl                                   
                                     H     p-chlorophenyl                      
      10         1,1-dimethyl-2-phenethyl                                      
                                     H     phenyl                              
      11         1,1-dimethyl-2-(2-indolyl)ethyl                               
                                     H     p-tolyl                             
      12         2,2-dimethyl-2-(3-indolyl)ethyl                               
                                     H     phenyl                              
     __________________________________________________________________________
PAC  Preparation of the Pyrazine Starting Substances, II
PAR  Many pyrazine starting substances of structure II have been described in
      the literature, any of which can be reacted with the appropriate
      oxazolidine (III) as discussed above to give the desired end product I.
      Some representative methods that can be employed for making any desired
      pyrazine that may not be readily available commercially are depicted below
      along with one or more examples to provide information concerning the
      working conditions suitable for carrying out each procedure.
PAC  METHOD 2
PAC  Preparation of 2-R.sup.4 -3-R-5-R.sup.3 -6-R.sup.2 -Pyrazines
PAC  ROUTE I
PAC  Particularly Suitable When
PA1  R is alkyl, phenyl, substituted phenyl, benzyl, substituted benzyl, or
      cycloalkyl
PA1  R.sup.3 is hydrogen, alkyl, cycloalkyl, phenyl, or substituted phenyl and
PA1  R.sup.2 is hydrogen, alkyl, cycloalkyl or phenyl
      ##SPC3##
PAR  The following reaction is typical for the above sequence:
PAL  Preparation 13: 2-Chloro-3-p-methoxyphenylpyrazine
PAR  Step A: 2-Hydroxy-3-p-methoxyphenylpyrazine
PAR  p-Methoxyphenyl glycinamide (0.10 mole) in 125 ml. methanol cooled to
      -30.degree.C is treated with a solution of 19.3 g. (0.10 ml.) of 30%
      glyoxal in 25 ml. methanol also precooled to -30.degree.C. The mixture is
      stirred and added dropwise during 15-30 minutes to 10 ml (0.125 mole) of
      12.5N aqueous sodium hydroxide, the temperature of the reaction mixture
      being held at -20.degree. to 15.degree.C during this addition. The mixture
      is refrigerated 1-2 hours at -10.degree.C, then 1 hour at -2.degree. to
      3.degree.C, whereupon there is added 12N HCl followed by 5 g. solid sodium
      bicarbonate to neutralize any excess acid. The solution then is evaporated
      to dryness and the residue extracted with chloroform. The extracts are
      evaporated and the product crystallized from a suitable solvent mixture,
      i.e. chloroform-methanol to give 2-hydroxy-3-p-methoxyphenylpyrazine.
PAR  Step B: 2-chloro-3-p-methoxyphenylpyrazine
PAR  The 2-hydroxy-3-p-methoxyphenylpyrazine is refluxed
      (120.degree.-130.degree.C) with excess phosphorus oxychloride under
      stirring for 3-5 hours. The solution is evaporated to dryness at
      50.degree.C in vacuo, cooled, ice is added, then treated with 10% sodium
      hydroxide solution, extracted with a suitable solvent such as diethyl
      ether, the ethereal solution washed with water and evaporated. The crude
      product is crystallized from a suitable solvent such as ethanol to give
      2-chloro-3-p-methoxyphenylpyrazine.
PAR  The following procedure provides a feasible method for making the
      glycinamide reactant should this starting substance not be readily
      available.
PAL  Preparation 14: 2-Chloro-3-p-methylphenypyrazine
PAR  Step A: p-Methylphenylglycinamide
PAR  p-Methylphenylglycine is dissolved in excess 6N HCl and evaporated to
      dryness. The residue in the cold is dissolved in excess thionyl chloride
      and after standing at 20.degree.C for 1-2 hours is evaporated to dryness
      and the acid chloride hydrochloride is treated with aqueous ammonia for
      several hours to give 3-p-methylphenylglycinamide which is crystallized
      from a suitable solvent such as ethanol.
PAR  Step B: 2-Hydroxy-3-p-methylphenylpyrazine
PAR  By replacing the p-methoxyphenyl glycinamide employed in Procedure 13, A by
      an equivalent quantity of p-methylphenylglycinamide and following
      substantially the same procedure as described in Procedure 13, A there is
      obtained 2-hydroxy-3-p-methylphenylpyrazine.
PAR  Step C: 2-chloro-3-p-methylphenylpyrazine
PAR  By replacing the 2-hydroxy-3-phenylpyrazine employed in Procedure 13, B by
      an equivalent quantity of 2-hydroxy-3-p-methylphenylpyrazine and following
      substantially the same procedure as described in Procedure 13, B there is
      obtained 2-chloro-3-p-methylphenylpyrazine.
PAL  Preparation 15: 2-Chloro-3-cyclopentylpyrazine
PAR  By replacing the p-methylphenylglycine employed in Procedure 14, Step A by
      an equivalent quantity of cyclopentylglycine, there is obtained
      cyclopentylglycinamide. Substituting this cyclopentylglycinamide for that
      employed in Procedure 13 and following the methods described in Steps A
      and B of Procedure 13, there is obtained in Step A
      2-hydroxy-3-cyclopentylpyrazine and in Step B
      2-chloro-3-cyclopentylpyrazine.
PAR  Similarly, by replacing the p-methylphenylglycine in Step A of Procedure 14
      by
PA1  16: p-nitrophenylglycine
PA1  17: p-aminophenylglycine
PAL  and in each instance following the methods described in Steps A-C of
      Procedure 14, there is obtained, respectively
PAL  Preparation 16:
PAR  Step B: 2-Hydroxy-3-p-nitrophenylpyrazine
PAR  Step C: 2-Chloro-3-p-nitrophenylpyrazine
PAL  Preparation 17:
PAR  Step B: 2-Hydroxy-3-p-aminophenylpyrazine
PAR  Step C: 2-Chloro-3-p-aminophenylpyrazine
PAR  Additional pyrazines (II) that are advantageously prepared by Route I are
      identified in Table II wherein the variable substituents R.sup.3, R.sup.2,
      and R in the glyoxal (or .alpha., .beta.-diketone), glycinamide and in the
      pyrazines A and B are the groups identified in the table.
TBL                TABLE II                                                    
     ______________________________________                                    
     Preparation                                                               
     No.      R.sup.3      R.sup.2   R                                         
     ______________________________________                                    
     18       methyl       H         methyl                                    
     19       methyl       methyl    methyl                                    
     20       phenyl       H         methyl                                    
              phenyl       methyl    propyl                                    
     21                                                                        
              methyl       phenyl    propyl                                    
     22       methyl       methyl    phenyl                                    
     23       H            H         p-hydroxyphenyl                           
     24       H            H         p-methoxyphenyl                           
     25       H            H         p-chlorophenyl                            
     26       methyl       H         p-hydroxbenzyl                            
     27       methyl       methyl    p-hydroxybenzyl                           
     28       H            H         cyclohexyl                                
     29       H            H         benzyl                                    
     30       phenyl       phenyl    benzyl                                    
     31       phenyl       H         benzyl                                    
     32       p-methylphenyl                                                   
                           H         phenyl                                    
     33       p-methoxyphenyl                                                  
                           H         phenyl                                    
     34       p-chlorophenyl                                                   
                           H         phenyl                                    
     35       p-nitrophenyl                                                    
                           H         phenyl                                    
     36       o-hydroxyphenyl                                                  
                           H         phenyl                                    
     37       m-hydroxyphenyl                                                  
                           H         phenyl                                    
     38       p-hydroxyphenyl                                                  
                           H         phenyl                                    
     39       cyclohexyl   H         benzyl                                    
     40       cyclopentyl  H         benzyl                                    
     41       cyclohexyl   cyclohexyl                                          
                                     phenyl                                    
     42       pyridyl      pyridyl   methyl                                    
     ______________________________________                                    
PAC  ROUTE II
PAC  Particularly Suitable When
PA1  R is alkoxy, phenoxy (or substituted), benzyloxy (or substituted), or
      N-heterocyclic
PA1  R.sup.2 is H or alkoxy and wherein
PA1  R.sup.2 = r.sup.3 = alkyl or phenyl
      ##SPC4##
PAR  The following reactions are typical for the above sequence:
PAL  Preparation 43: 2-Chloro-3-methoxypyrazine
PAR  A mixture of 0.1 mole of 2,3-dichloropyrazine and 2.3 g. (0.1 mole) of
      sodium in 160 ml. of anhydrous methanol is refluxed 5-10 hours, and poured
      into water. The product is extracted with ether or chloroform and
      recrystallized from a suitable solvent such as ethanol to give pure
      2-chloro-3-methoxypyrazine.
PAL  Preparation 44: 2-Chloro-3-phenoxypyrazine
PAR  A suspension of 0.1 mole of sodium phenoxide and 0.1 mole
      2,3-dichloropyrazine is refluxed 10-20 hours. The cooled mixture is
      extracted with diethyl ether, washed with cold 2N sodium hydroxide
      solution, dried, and evaporated to give 2-chloro-3-phenoxypyrazine.
PAL  Preparation 45: 2-Chloro-3-benzyloxypyrazine
PAR  Sodium hydride (0.10 mole) is added to 0.10 mole of benzyl alcohol in 100
      ml. dry benzene and the mixture is refluxed 1-2 hours. The cooled solution
      is treated with 0.10 mole of 2,3-dichloropyrazine in 100 ml. of benzene.
      The mixture is refluxed for 20-60 hours, cooled, washed with water, dried,
      and evaporated and the product distilled in vacuo to give
      2-chloro-3-benzyloxypyrazine.
PAL  Preparation 46: 2-Chloro-3-morpholinopyrazine
PAR  A mixture of 2,3-dichloropyrazine (5 g., 0.034 mmole), morpholine (5.8 g.,
      0.067 mmole), and 50 ml. of dimethylformamide are heated at
      90.degree.-120.degree. C. for 6-14 hours, in an atmosphere of nitrogen.
      The reaction mixture is cooled and evaporated to dryness at a water-bath
      temperature of 55.degree. C. A chloroform solution of the residue is
      extracted twice with 0.1M sodium hydroxide, dried over magnesium sulfate
      and evaporated to leave the product.
PAR  Other 2-chloro-3-(N-hetero)pyrazines that are advantageously prepared by
      Route II, Preparation 46 are identified in Table III wherein
      2,3-dichloropyrazine is reacted with the N-heterocycle identified in
      column 2 which displaces the 3-chloro by the radical identified in column
      3.
TBL                TABLE III                                                   
     ______________________________________                                    
     Preparation No.                                                           
                  N-heterocycle                                                
                                 R                                             
     ______________________________________                                    
     47           pyrrole      pyrrolidinyl                                    
     48           piperidine   piperidino                                      
     49           hexahydroazepine                                             
                               hexahydroazepinyl                               
     50           pyrazole     pyrazolyl                                       
     51           imidazole    imidazolyl                                      
     52           triazole     triazolyl                                       
     53           thiomorpholine                                               
                               thiomorpholino                                  
     ______________________________________                                    
PAR  By replacing the 2,3-dichloropyrazine employed in Preparation 46 by
PA1  54: 2,3-dichloro-5,6-dimethylpyrazine and
PA1  55: 2,3-dibromo(or dichloro)-5,6-diphenylpyrazine
PAL  there is obtained, respectively:
PAL  Preparation 54: 2-chloro-3-morpholino-5,6-dimethylpyrazine and
PAL  Preparation 55: 2-bromo(or chloro)-3-morpholino-5,6-diphenylpyrazine.
PAR  A 2-chloropyrazine described in the prior literature that is a useful
      intermediate is
PA1  2-Chloro-3-methoxymethyl-6-methoxypyrazine.
PAC  ROUTE III
PAC  Particularly Suitable When
PA1  R is alkyl or phenyl and
PA1  R.sup.3 is alkyl or phenyl (or substituted), cycloalkyl, N-heterocyclic
      ##SPC5##
PAR  The reaction conditions for preparing the 2-hydroxypyrazine A are provided
      in detail by Sharp et al in J. Chem. Soc., 1951, 932-934, which is
      incorporated herein by reference.
PAL  Preparation 56: 2-Chloro-3,5-dimethylpyrazine
PAR  These workers described the preparation of
PA1  2-hydroxy-3,5-dimethylpyrazine
PAL  which can be treated with phosphorus oxychloride by the method described in
      Preparation 13, Step B, to provide the desired
      2-chloro-3,5-dimethylpyrazine.
PAR  Sharp et al., supra, describe the preparation of
PA1  2-amino-3-methyl-5-ethylpyrazine 1-oxide,
PA1  2-amino-3-phenyl-5-methylpyrazine 1-oxide and
PA1  2-amino-3-methyl-5-phenylpyrazine 1-oxide
PAL  each of which can be converted by the methods described in the J. Chem.
      Soc. paper to the
PA1  2-hydroxy-3-methyl-5-ethylpyrazine,
PA1  2-hydroxy-3-phenyl-5-methylpyrazine, and
PA1  2-hydroxy-3-methyl-5-phenylpyrazine.
PAL  These compounds, in turn, can be reacted with phosphorus oxychloride by
      Preparation 13, Step B, method to give
PAR  Preparation 57: 2-chloro-3-methyl-5-ethylpyrazine
PAR  Preparation 58: 2-chloro-3-phenyl-5-methylpyrazine
PAR  Preparation 59: 2-chloro-3-methyl-5-phenylpyrazine.
PAR  Other pyrazines advantageously prepared by Route III are identified in
      Table IV wherein the variable substituents R and R.sup.3 in the oxime,
      nitrile, 2-aminopyrazine-1-oxide, 2-aminopyrazine and the pyrazines A and
      B are identified in the table.
TBL                TABLE IV                                                    
     ______________________________________                                    
     Preparation No.                                                           
                    R        R.sup.3                                           
     ______________________________________                                    
     60             methyl   phenyl                                            
     61             methyl   p-chlorophenyl                                    
     62             methyl   p-bromophenyl                                     
     63             methyl   methyl                                            
     64             phenyl   p-methoxy-phenyl                                  
     65             methyl   p-nitrophenyl                                     
     66             methyl   p-dimethylaminophenyl                             
     67             methyl   cyclohexyl                                        
     68             methyl   4-pyridyl                                         
     69             phenyl   3-pyridyl                                         
     ______________________________________                                    
PAC  ROUTE IV
PAC  Particularly Suitable When
PA1  R is alkyl, phenyl, or cycloalkyl
PA1  R.sup.2 is alkyl, phenyl, or cycloalkyl
      ##SPC6##
PAR  The procedural details for preparing 2-hydroxypyrazines (A) by this method
      are provided in a paper by Baxter et al., J. Chem. Soc., 1947, 370-372,
      which discussion is included herein by reference.
PAL  Preparation 70: 2-Chloro-3,6-dimethylpyrazine
PAR  The 2-hydroxy-3,6-dimethylpyrazine disclosed by Baxter et al can be reacted
      with phosphorus oxychloride by the method described in Preparation 13,
      Step B, to provide 2-chloro-3,6-dimethylpyrazine.
PAL  Preparation 71: 2-Chloro-3-phenyl-6-methylpyrazine
PAR  By employing .alpha.-bromo-.alpha.-phenylacetyl bromide (prepared by
      treating .alpha.-bromo-.alpha.-phenylacetic acid with PBr.sub.3) in place
      of the 2-bromopropionyl bromide used by Baxter et al, supra, and following
      his method as depicted above, there is obtained
      2-hydroxy-3-phenyl-6-methylpyrazine which when treated with phosphorus
      oxychloride by the method described in Example 13, Step B,
      2-chloro-3-phenyl-6-methylpyrazine is obtained.
PAR  Varying the R and R.sup.2 substituents in the starting materials other
      desired pyrazines A and B can be made particularly those identified in the
      heading of Route IV.
PAC  ROUTE V
PAC  Particularly Suitable When
PA1  R is alkoxy, phenoxy (or substituted), benzyloxy (or substituted) or
      N-heterocyclic
PA1  R.sup.3 is alkyl, alkoxy, phenyl
      ##SPC7##
PAR  The following reactions are typical for the above sequence:
PAL  Preparation 72: 2-Chloro-3-n-propoxy-5-methylpyrazine
PAR  Step A: 2-Amino-3-bromo-5-methylpyrazine
PAR  To acetic acid (1500 ml.), 2-amino-5-methylpyrazine (1 mole) and 326.5 g.
      sodium acetate trihydrate are slowly added 1.1 mole bromine in 180 ml.
      acetic acid at 2.degree. C. in the absence of light. The mixture is
      stirred about 15 hours at 20.degree. C., stripped of acetic acid in vacuo,
      poured into ice, made alkaline with sodium hydroxide, filtered, the
      residue extracted with ether, the extract stripped and the
      2-amino-3-bromo-5-methylpyrazine crystallized from a suitable solvent.
PAR  Step B: 2-Chloro-3-n-propoxy-5-methylpyrazine
PAR  By replacing the 2,3-dichloropyrazine and anhydrous methanol used in
      Preparation 43 by equivalent quantities of the product of Step A and
      n-propanol and following the method described in Preparation 43,
      2-amino-3-n-propoxy-5-methylpyrazine is obtained. The 2-amino group can be
      converted to the 2-hydroxy by the method described by Sharp et al, ibid.,
      (see Route III) which when treated with phosphorus oxychloride by the
      method of Preparation 13, Step B, provides
      2-chloro-3-n-propoxy-5-methylpyrazine.
PAL  Preparation 73: 2-Chloro-3-phenoxy-5-ethylpyrazine
PAR  2-Amino-5-ethylpyrazine is brominated as described in Preparation 72, Step
      A, to provide 2-amino-3-bromo-5-ethylpyrazine. By replacing the
      2,3-dichloropyrazine used in Preparation 44 by an equivalent quantity of
      2-amino-3-bromo-5-ethylpyrazine and following substantially the same
      method, there is obtained 2-amino-3-phenoxy-5-ethylpyrazine. The 2-amino
      group is converted to the 2-hydroxy by the method described by Sharp et
      al., ibid., (see Route III) which when treated with phosphorus oxychloride
      by Preparation 13, Step B method, there is obtained
      2-chloro-3-phenoxy-5-ethylpyrazine.
PAL  Preparation 74: 2-Chloro-3-benzyloxy-5,6-dimethylpyrazine
PAR  The known 2-amino-5,6-dimethylpyrazine can be brominated by Preparation 72,
      Step A method, and then reacted with benzyl alcohol by Preparation 45
      method to provide 2-amino-3-benzyloxy-5,6-dimethylpyrazine. The 2-amino
      group is converted to the 2-hydroxy by the method described by Sharp et
      al., ibid., (see Route III) which when treated with phosphorus oxychloride
      by Preparation 13, Step B method, there is obtained
      2-chloro-3-benzyloxy-5,6-dimethylpyrazine.
PAL  Preparation 75: 2-Chloro-3-morpholino-5-phenylpyrazine
PAR  2-Amino-5-phenylpyrazine is brominated as described in Preparation 72, Step
      A, to provide 2-amino-3-bromo-5-phenylpyrazine. By employing an equivalent
      quantity of this pyrazine for the 2,3-dichloropyrazine in Preparation 46
      and following substantially the method described therein,
      2-amino-3-morpholino-5-phenylpyrazine is obtained. The 2-amino group is
      converted to the 2-hydroxy by the method described by Sharp et al., ibid.,
      (see Route III) which when treated with phosphorus oxychloride by
      Preparation 13, Step B method, there is obtained
      2-chloro-3-morpholino-5-phenylpyrazine.
PAR  By following the procedure of Preparation 75 and employing a
      2-aminopyrazine having the 5-R.sup.3 substituent identified in column 2
      and the N-heterocycle in column 3 the pyrazines A and B having the R.sup.3
      and R substituents identified in Table V are obtained.
TBL                TABLE V                                                     
     ______________________________________                                    
     Preparation       Heterocyclic                                            
     No.      R.sup.3   Reactant      R                                        
     ______________________________________                                    
     76       methoxy  piperidine   piperidino                                 
     77       methyl   hexahydroazepine                                        
                                    hexahydroazepinyl                          
     78       phenyl   imidazole    imidazolyl                                 
     79       ethyl    thiomorpholine                                          
                                    thiomorpholino                             
     80       methyl   triazole     triazolyl                                  
     ______________________________________                                    
PAC  ROUTE VI
PAC  PARTICULARLY SUITABLE WHEN
PA1  R is alkoxy, phenoxy (or substituted), benzyloxy (or substituted or
      N-heterocyclic
      ##SPC8##
PAR  The following reactions are typical for this sequence:
PAL  Preparation 81: 2-Chloro-3-butoxy-6-methoxypyrazine
PAR  Step A: 2-Chloro-6-methoxypyrazine 4-oxide
PAR  Hydrogen peroxide (1.5 ml. of 30%) is added to a solution of 10 mmole of
      2-chloro-6-methoxypyrazine in 5 ml. acetic acid. The solution is heated at
      60.degree.-75.degree. C. for 10-15 hours. The solution is concentrated to
      quarter volume, diluted with water and extracted with chloroform, washed,
      dried and evaporated to give 2-chloro-6-methoxypyrazine 4-oxide which may
      be crystallized from a suitable solvent such as ethanol.
PAR  Step B: 2-Amino-6-methoxypyrazine 4-oxide
PAR  2-Chloro-6-methoxypyrazine 4-oxide is treated with an excess of ammonium
      hydroxide in an autoclave at 150.degree. C. for 14 hours. The reaction
      mixture is cooled and evaporated to dryness to give the crude product
      which may be used in the next step as is.
PAR  Step C: 2-Amino-3-chloro-6-methoxypyrazine
PAR  A suspension of 2-amino-6-methoxypyrazine 4-oxide in freshly distilled
      phosphorus oxychloride is refluxed for one hour. Thin layer chromatography
      indicates that the starting material is no longer present. The excess of
      phosphorus oxychloride is removed in vacuo and the residue is treated with
      crushed ice. After decomposition is complete the solution is made alkaline
      with 10% sodium hydroxide and extracted with chloroform. The chloroform
      extracts are washed with water, dried over sodium sulfate and evaporated
      to give the product which may be recrystallized from a suitable solvent
      such as ethanol.
PAR  Step D: 2-Amino-3-butoxy-6-methoxypyrazine
PAR  By replacing the pyrazine and methanol reactants in Preparation 43 by
      equivalent quantities of 2-amino-3-chloro-6-methoxypyrazine and butanol,
      respectively, and following substantially the same procedure there is
      obtained 2-amino-3-butoxy-6-methoxypyrazine.
PAR  Replacing the butanol in the above step by another alkanol as methanol,
      ethanol, propanol and the like, there is obtained the
      2-amino-3-R-6-methoxypyrazine wherein R is methoxy, ethoxy, propoxy and
      the like.
PAR  Step E: 2-Chloro-3-butoxy-6-methoxypyrazine
PAR  The 2-amino substituent in the product of Step D is converted to the
      2-hydroxy by reacting a solution of the product of Step D in 6M sulfuric
      acid at 0.degree.-5.degree. C. with a slight excess of sodium nitrite in
      water, adding the sodium nitrite solution at such a rate the temperature
      of the reaction mixture does not rise above about 5.degree. C. After
      standing about 45 minutes at 0.degree.-5.degree. C. a little urea is added
      to destroy excess nitrous acid and the mixture is treated with sodium
      hydroxide until strongly basic. The reaction mixture is warmed to
      60.degree. C. for an hour, then adjusted to pH 8.5, concentrated to a
      third of its original volume, and cooled in a refrigerator overnight. The
      product is separated by filtration, dried in vacuo, recrystallized from a
      suitable solvent yielding 2-hydroxy-3-butoxy-6-methoxypyrazine. Treatment
      of this compound with phosphorus oxychloride by the method of Preparation
      13, Step B, gives 2-chloro-3-butoxy-6-methoxypyrazine.
PAR  The other 2-amino-3-alkoxy-6-methoxypyrazines (described following Step D)
      when substituted in Step E procedure give  pg,25
PAR  Preparation 82: 2-chloro-3,6-dimethoxypyrazine
PAR  Preparation 83: 2-chloro-3-ethoxy-6-methoxypyrazine and
PAR  Preparation 84: 2-chloro-3-propoxy-6-methoxypyrazine.
PAL  Preparation 85: 2-Chloro-3-phenoxy-6-methoxypyrazine
PAR  Step A: 2-Amino-3-phenoxy-6-methoxypyrazine
PAR  By replacing the 2,3-dichloropyrazine in Preparation 44 by an equivalent
      amount of 2-amino-3-chloro-6-methoxypyrazine and following substantially
      the same procedure there is obtained 2-amino-3-phenoxy-6-methoxypyrazine.
PAR  Step B: 2-Chloro-3-phenoxy-6-methoxypyrazine
PAR  The 2-amino substituent of Step A product when treated with sodium nitrite
      as described in Step E of Preparation 81 is converted to the 2-hydroxy
      group. Treatment of the 2-hydroxy-3-phenoxy-6-methoxypyrazine with
      phosphorus oxychloride by the method of preparation 13, Step B, gives
      2-chloro-3-phenoxy-6-methoxypyrazine.
PAL  Preparation 86: 2-Chloro-3-morpholino-6-methoxypyrazine
PAR  Step A: 2-Amino-3-morpholino-6-methoxypyrazine
PAR  By replacing the 2,3-dichloropyrazine used in Preparation 46 by an
      equivalent quantity of 2-amino-3-chloro-6-methoxypyrazine and following
      substantially the same procedure there is obtained
      2-amino-3-morpholino-6-methoxypyrazine.
PAR  Step B: 2-Chloro-3-morpholino-6-methoxypyrazine
PAR  The 2-amino substituent of Step A product when treated with sodium nitrite
      as described in Step E of Preparation 81 is converted to the 2-hydroxy
      group. Treatment of the 2-hydroxy-3-morpholino-6-methoxypyrazine with
      phosphorus oxychloride by Preparation 13, Step B method, gives
      2-chloro-3-morpholino-6-methoxypyrazine.
PAR  Reaction of any of the other N-heterocycles with
      2-amino-3-chloro-6-methoxypyrazine by the method of Preparation 86, Step
      A, followed by the methods of Step B gives the corresponding
      2-chloro-3-(N-heterocyclic)-6-methoxypyrazine.
PAC  ROUTE VII
PAC  Particularly Suitable When
PA1  R is alkyl or phenyl and
PA1  R.sup.3 is alkoxy, phenoxy (or substituted), benzyloxy (or substituted) or
      N-heterocyclic
      ##SPC9##
PAR  The following reactions are typical for the above sepquence:
PAL  Preparation 87: 2-Bromo-3-methyl-5-methoxypyrazine
PAR  Step A: 2,5-Dibromo-3-methylpyrazine
PAR  A mixture of 2-hydroxy-3-methyl-5-bromopyrazine and phosphorus oxychloride
      is heated at about 175.degree. C. for several hours with constant
      stirring. After hydrolysis of the solution on ice the crude product is
      extracted with ether and distilled. The distillate is refluxed with
      phosphorus tribromide for several hours and, after cooling, the solution
      is hydrolyzed on ice and the product extracted with ether, the ether
      removed in vacuo to give 2,5-dibromo-3-methylpyrazine.
PAR  Step B: 2-Bromo-3-methyl-5-methoxypyrazine
PAR  By replacing the 2,3-dichloropyrazine used in Preparation 43 by an
      equivalent quantity of 2,5-dibromo-3-methylpyrazine and following
      substantially the same procedure, there is obtained a major quantity of
      2-bromo-3-methyl-5-methoxypyrazine and a small amount of
      2-methoxy-3-methyl-5-bromopyrazine, which products can be separated by
      column chromatography on silica gel.
PAL  Preparation 88: 2-Bromo-3-phenyl-5-phenoxypyrazine
PAR  Step A: 2,5-Dibromo-3-phenylpyrazine
PAR  By replacing the 2-hydroxy-3-methyl-5-bromopyrazine used in Step A of
      Preparation 87 by an equivalent quantity of
      2-hydroxy-3-phenyl-5-bromopyrazine and following substantially the same
      procedure there is obtained 2,5-dibromo-3-phenylpyrazine.
PAR  Step B: 2-Bromo-3-phenyl-5-phenoxypyrazine
PAR  By replacing the 2,3-dichloropyrazine in Preparation 44 by an equivalent
      quantity of 2,5-dibromo-3-phenylpyrazine and following substantially the
      same procedure, there is obtained a major quantity of
      2-bromo-3-phenyl-5-phenoxypyrazine and a smaller quantity of
      2-phenoxy-3-phenyl-5-bromopyrazine, the products being separable by column
      chromatography on silica gel.
PAL  Preparation 89: 2-Bromo-3-ethyl-5-benzyloxypyrazine
PAR  Step A: 2,5-Dibromo-3-ethylpyrazine
PAR  By replacing the 2-hydroxy-3-methyl-5-bromopyrazine used in Step A of
      Preparation 87 by an equivalent quantity of
      2-hydroxy-3-ethyl-5-bromopyrazine and following substantially the same
      procedure, there is obtained 2,5-dibromo-3-ethylpyrazine.
PAR  Step B: 2-Bromo-3-ethyl-5-benzyloxypyrazine
PAR  By replacing the 2,3-dichloropyrazine used in Preparation 45 by an
      equivalent quantity of 2,5-dibromo-3-ethylpyrazine and following
      substantially the same procedure, there is obtained a major quantity of
      2-bromo-3-ethyl-5-benzyloxypyrazine and a smaller quantity of
      2-benzyloxy-3-ethyl-5-bromopyrazine, which products can be separted by
      column chromatography on silica gel.
PAL  Preparation 90: 2-Bromo-3-isopropyl-5-morpholinopyrazine
PAR  Step A: 2,5-Dibromo-3-isopropylpyrazine
PAR  This compound is prepared by replacing the
      2-hydroxy-3-phenyl-5-bromopyrazine used in Step A of Preparation 87 by an
      equivalent quantity of 2-hydroxy-3-isopropyl-5-bromopyrazine.
PAR  Step B: 2-Bromo-3-isopropyl-5-morpholinopyrazine
PAR  By replacing the 2,3-dichloropyrazine used in Preparation 46 by an
      equivalent quantity of 2,5-dibromo-3-isopropylpyrazine and following
      substantially the same procedure there is obtained a major quantity of
      2-bromo-3-isopropyl-5-morpholinopyrazine and a small amount of
      2-morpholino-3-isopropyl-5-bromopyrazine, which products can be separated
      by column chromatography on silica gel.
PAR  By replacing the morpholine employed in Step B of Preparation 90 by an
      equivalent quantity of any of the other N-heterocycles, there is obtained
      2-bromo-3-isopropyl-5-(N-heterocycle)-pyrazine.
PAC  ROUTE VIII
PAC  Particularly Suitable When
PA1  R is alkoxy, phenoxy (or substituted), benzyloxy (or substituted), or
      N-heterocyclic
PA1  R.sup.3 is alkoxy, phenoxy (or substituted), benzyloxy (or substituted), or
      N-heterocyclic, amino or acylamino
      ##SPC10##
PAR  The following reactions are typical for the above sequence:
PAL  Preparation 91: 2-Chloro-3,5-dimethoxypyrazine
PAR  Step A: 2-Amino-3-methoxy-5-bromopyrazine
PAR  2-Amino-3,5-dibromopyrazine (7 g.) is boiled for about 9 hours with 0.65 g.
      sodium in 18.5 ml. methanol to give 2-amino-3-methoxy-5-bromopyrazine.
PAR  Step B: 2-Amino-3,5-dimethoxypyrazine
PAR  A mixture of 0.1 mole of 2-amino-3-methoxy-5-bromopyrazine and 0.1 mole of
      sodium in 160 ml. of anhydrous methanol is refluxed 5-10 hours and poured
      into water. The product is extracted with ether or chloroform and
      recrystallized from a suitable solvent such as ethanol to give
      2-amino-3,5-dimethoxypyrazine.
PAR  Step C: 2-Hydroxy-3,5-dimethoxypyrazine
PAR  A solution of 2-amino-3,5-dimethoxypyrazine (0.02 mole) in 300 ml. of 6M
      sulfuric acid at 0.degree.-5.degree. C. is treated with 0.022 mole sodium
      nitrite in 25 ml. of water at such a rate to insure that the termperature
      of the reaction mixture does not rise above 5.degree. C. After standing 45
      minutes at 0.degree.-5.degree.C., a little urea is added to destroy excess
      nitrous acid and the mixture then is treated with sodium hydroxide
      solution until strongly basic. The reaction mixture is warmed to
      60.degree. C. for 1 hour and then brought to pH 8.5. The mixture is
      concentrated to a third of the original volume and cooled in the
      refrigerator overnight. The product is separated by filtration and dried
      in vacuo, recrystallized from a suitable solvent to give
      2-hydroxy-3,5-dimethoxypyrazine.
PAR  Step D: 2-Chloro-3,5-dimethoxypyrazine
PAR  Treatment of the above-obtained 2-hydroxy-3,5-dimethoxypyrazine with
      phosphorus oxychloride by the method described in Preparation 13, Step B,
      gives 2-chloro-3,5-dimethoxypyrazine.
PAR  Replacement of the methanol employed in Steps A and B of Preparation 91
      with an equivalent quantity of ethanol, propanol, butanol or other lower
      alkanol and following substantially the same methods described in the
      preceding procedure there is obtained the corresponding
      2-chloro-5-(ethoxy, propoxy, butoxy)-5-methoxypyrazine.
PAL  Preparation 92: 2-Chloro-3,5-dimorpholinopyrazine
PAR  Step A: 2-Amino-3-morpholino-5-bromopyrazine
PAR  2-Amino-3,5-dibromopyrazine is reacted with morpholine at 130.degree. C.
      under pressure yielding 2-amino-3-morpholino-5-bromopyrazine.
PAR  Step B: 2-Amino-3,5-dimorpholinopyrazine
PAR  A mixture of the above-obtained 2-amino-3morpholino-5-bromopyrazine (0.04
      mmole), morpholine (0.07 mmole) and 50 ml. of dimethylformamide are heated
      at 100.degree.-140.degree. C. for about 3 to 5 days in an atmosphere of
      nitrogen. The reaction mixture is cooled and evaporated to dryness at a
      water bath temperature of 55.degree. C. A chloroform solution of the
      residue is extracted twice with 0.1M sodium hydroxide, dried over
      magnesium sulfate and evaporated to leave
      2-amino-3,5-dimorpholinopyrazine.
PAR  Step C: 2-Chloro-3,5-dimorpholinopyrazine
PAR  This product is obtained by treating the 2-amino-3,5-dimorpholinopyrazine
      with sodium nitrite by the method described in the preceding procedure,
      Step C, and then with phosphorus oxychloride by the method described in
      Preparation 13, Step B.
PAL  Preparation 93: 2-Chloro-3-morpholino-5-aminopyrazine
PAR  Step A: 2-Hydroxy-3-morpholino-5-bromopyrazine
PAR  2-Amino-3-morpholino-5-bromopyrazine (see Preparation 92, Step A) is
      treated with sodium nitrite by the method described in Preparation 91,
      Step C, to give 2hydroxy-3-morpholino-5-bromopyrazine.
PAR  Step B: 2-Hydroxy-3-morpholino-5-aminopyrazine
PAR  A mixture of 2-hydroxy-3-morpholino-5-bromopyrazine (1 g.) in 100 ml. of
      concentrated ammonium hydroxide is heated overnight at
      100.degree.-140.degree. C. in a sealed tube to give
      2-hydroxy-3-morpholino-5-aminopyrazine.
PAR  Step C: 2-Chloro-3-morpholino-5-aminopyrazine
PAR  Treatment of the 2-hydroxy-3-morpholino-5-aminopyrazine with phosphorus
      oxychloride by the method described in Preparation 13, Step B, gives the
      desired 2-chloro-3-morpholino-5-aminopyrazine.
PAL  Preparation 94: 2-Chloro-3-morpholino-5-phenoxypyrazine
PAR  Step A: 2-Amino-3-morpholino-5-phenoxypyrazine
PAR  A suspension of 0.1 mole of sodium phenoxide and 0.1 mole of
      2-amino-3-morpholino-5-bromopyrazine is refluxed 10-20 hours. The cooled
      mixture is extracted with diethyl ether, washed with cold 2N sodium
      hydroxide solution, dried and evaporated to give
      2-amino-3-morpholino-5-phenoxypyrazine.
PAR  Step B: 2-Chloro-3-morpholino-5-phenoxypyrazine
PAR  Upon treatment of the 2-amino-3-morpholino-5-phenoxypyrazine with nitrous
      acid by the method described in Preparation 91, Step C, there is obtained
      the corresponding 2-hydroxy- compound which when treated with phosphorus
      oxychloride by the method described in Preparation 13, Step B, gives the
      desired 2-chloro-3-morpholino-5-phenoxypyrazine.
PAL  Preparation 95: 2-Chloro-3-morpholino-5-benzyloxypyrazine
PAR  Step A: 2-Amino-3-morpholino-5-benzyloxypyrazine
PAR  Sodium hydride (0.1 mole) is added to benzyl 3-6 (0.1 mole) in 100 ml. dry
      3-6 and the mixture is refluxed 1 3-6 2 1-6The cooled solution 1-6treated
      with 0.1 mole of 2-amino-3-morpholino-5-bromopyrazine in 100 ml. of
      benzene and the resulting mixture refluxed for 20-60 hours whereupon it is
      cooled, washed with water, dried and evaporated to give
      2-amino-3-morpholino-5-benzyloxypyrazine.
PAR  Step B: 2-Chloro-3-morpholino-5-benzyloxypyrazine
PAR  Upon treatment of the 2-amino-3-morpholino-5-benzyloxypyrazine with nitrous
      acid by the method described in Preparation 91, Step C, there is obtained
      the corresponding 2-hydroxy- compound which upon treatment with phosphorus
      oxychloride by the method described in Preparation 13, Step B, gives
      2-chloro-3-morpholino-5-benzyloxypyrazine.
DETD
PAC  PREPARATION OF THE PYRAZINE END PRODUCTS, I
PAR  The following examples will illustrate representative products of this
      invention by the reaction of a 2-chloropyrazine with a
      5-hydroxymethyloxazolidine or by the reaction of a 2-hydroxypyrazine with
      a 5-sulfonyloxymethyloxazolidine compound. A representative example
      providing typical reaction conditions for each of these methods follows.
      While the table identifying representative end products shows their
      preparation by reacting a 2-chloropyrazine with a
      5-hydroxymethyloxazolidine, it is to be understood that the corresponding
      2-hydroxypyrazine (the preparation of which is also included in the
      preceding discussion) can as well be reacted with the
      5-sulfonyloxymethyloxazolidine to provide the same end product and
      preparation by this alternative method is to be understood as being
      included for each product identified.
PAC  EXAMPLE 1
PAC  S-(-)-2-(3-tert-butylamino-2-hydroxypropoxy)-3-phenylpyrazine hydrogen
      maleate
PAR  A mixture of S-2-phenyl-3-tert-butyl-5-hydroxymethyloxazolidine (540 mg., 2
      mmoles plus 15% excess), 2-chloro-3-phenylpyrazine (382 mg., 2 mmoles) and
      potassium tert-butoxide (224 mg., 2 mmoles) in tert-butanol (3 ml.) are
      permitted to stand 6 days at ambient temperature. The solution then is
      evaporated to dryness, the residue treated with N hydrochloric acid (4
      ml.) and stirred 75 minutes at 55.degree.-65.degree. C. The mixture is
      cooled, extracted with diethyl ether, and the aqueous layer treated with
      excess potassium carbonate until the solution is strongly basic. The
      mixture is extracted with diethyl ether and evaporation of the ether
      extracts gives 557 mg. of a light yellow oil. Thin layer chromatography
      (TLC) showed the presence of a single compound which gave an R.sub.f value
      that differed from that of starting material. The oil is dissolved in
      ethyl acetate (10 ml.) and treated with maleic acid (215 mg.) in ethyl
      acetate (9 ml.) to give 570 mg. of
      S-(-)-2-(3-tert-butylamino-2-hydroxypropoxy)-3-phenylpyrazine hydrogen
      maleate, m.p. 136.0-138.5.degree. C. Recrystallization from a mixture of
      methanol and ethyl acetate and drying in vacuo provides 485 mg. of
      product, m.p. 137.5.degree.-139.0.degree. C., [.alpha.].sub.D.sup.25
      -5.205 (C = 3%, CH.sub.3 OH).
PAR  Analysis calculated for C.sub.17 H.sub.22 O.sub.2 N.sub.3.sup.. C.sub.4
      H.sub.4 O.sub.4 :
PAR  C, 60.42; H, 6.52; N, 10.07.
PAR  Found: C, 60.10; H, 6.68; N, 10.25.
PAC  EXAMPLE 2
PAC  S-(-)-2-(3-tert-butylamino-2-hydroxypropoxy)- 3-n-propylpyrazine hydrogen
      maleate
PAR  S-3-tert-butyl-5-(p-toluenesulfonyloxymethyl) oxazolidine (Preparation 5)
      (10 mmole) are dissolved in benzene (12 ml.) and tetrahydrofuran (0.9
      ml.). The sodium salt of 2-hydroxy-3-n-propylpyrazine (10 mmole) is added
      and mixture refluxed for about 20 hours. The reaction mixture then is
      extracted with three 10-ml. portions of 1N hydrochloric acid and the
      aqueous layer then made alkaline with ammonia and extracted with three
      10-ml. portions of benzene. The combined benzene extracts are dried and
      evaporated to give
      S-(-)-2-(3-tert-butylamino-2-hydroxypropoxy)-3-n-propylpyrazine. This
      product is converted to the hydrogen maleate salt by treatment with maleic
      acid in tetrahydrofuran by substantially the same procedure described in
      Example 1.
PAR  Any other 5-R.sup.5 -oxymethyl-2-R.sup.6 -3-R.sup.1 -oxazolidine starting
      substance (III) can be substituted for the oxazolidines employed in
      Examples 1 and 2 for reaction with the desired pyrazine (II) to provide
      end product I. The following table identifies representative novel
      S-2-(3-R.sup.1 -amino-2-hydroxypropoxy)-3-R,5-R.sup.3 -6-R.sup.2 -pyrazine
      compounds falling within the scope of this invention which are prepared by
      the method of either Example 1 or 2.
      ##SPC11##
TBL  Ex.                                                                       
     No.  R.sup.3   R.sup.2  R        R.sup.1 R.sup.6                          
     ______________________________________                                    
      3   H         H       propyl  t-butyl   H                                
      4   H         H       methyl  t-butyl   i-pro-                           
                                              pyl                              
      5   H         H       ethyl   1-methyl-2-                                
                                              H                                
                                    phenethyl                                  
      6   H         H       i-propyl                                           
                                    1-methyl-2-(3-                             
                                              H                                
                                    indolyl)ethyl                              
      7   H         H       phenyl  t-butyl   H                                
      8   H         H       phenyl  i-propyl  phenyl                           
      9   H         H       methyl  3-(2,2-dimeth-                             
                                              phenyl                           
                                    yl)propyl                                  
     10   H         H       phenyl  1,1-dimethyl-                              
                                              phenyl                           
                                    2-hydroxyethyl                             
     11   H         H       ethyl   1,1-dimethyl-                              
                                              phenyl                           
                                    2-phenethyl                                
     12   H         H       ethyl   1,1-dimethyl-                              
                                              phenyl                           
                                    2-(3-indolyl)-                             
                                    ethyl                                      
     13   H         H       ethyl   2,2-dimethyl-                              
                                              phenyl                           
                                    2-(3-indolyl)-                             
                                    ethyl                                      
     14   H         H       p-methoxy-                                         
                                    t-butyl   phenyl                           
                            phenyl                                             
     15   H         H       p-methyl-                                          
                                    t-butyl   phenyl                           
                            phenyl                                             
     16   H         H       cyclo-  1,1-dimethyl-                              
                                              H                                
                            pentyl  propargyl                                  
     17   H         H       p-nitro-                                           
                                    t-butyl   phenyl                           
                            phenyl                                             
     18   H         H       p-amino-                                           
                                    t-butyl   phenyl                           
                            phenyl                                             
     19   methyl    H       methyl  t-butyl   phenyl                           
     20   methyl    methyl  methyl  t-butyl   phenyl                           
     21   phenyl    H       methyl  t-butyl   phenyl                           
     22   phenyl    methyl  propyl  t-butyl   phenyl                           
     23   methyl    phenyl  propyl  t-butyl   phenyl                           
     24   methyl    methyl  phenyl  t-butyl   phenyl                           
     25   H         H       p-hydroxy-                                         
                                    i-propyl  H                                
                            phenyl                                             
     26   H         H       p-methoxy-                                         
                                    2-hydroxyethyl                             
                                              H                                
                            phenyl                                             
     27   H         H       p-chloro-                                          
                                    t-butyl   H                                
                            phenyl                                             
     28   methyl    H       p-hydroxy-                                         
                                    t-butyl   H                                
                            phenyl                                             
     29   methyl    methyl  benzyl  t-butyl   H                                
     30   H         H       cyclohexyl                                         
                                    t-butyl   H                                
     31   H         H       benzyl  t-butyl   phenyl                           
     32   phenyl    phenyl  benzyl  t-butyl   phenyl                           
     33   phenyl    H       phenyl  t-butyl   phenyl                           
     34   p-methyl- H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     35   p-methoxy-                                                           
                    H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     36   p-chloro- H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     37   p-nitro-  H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     38   o-hydroxy-                                                           
                    H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     39   m-hydroxy-                                                           
                    H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     40   p-hydroxy-                                                           
                    H       phenyl  t-butyl   phenyl                           
          phenyl                                                               
     41   cyclohexyl                                                           
                    H       benzyl  2-hydroxyethyl                             
                                              H                                
     42   cyclopentyl                                                          
                    H       benzyl  2-hydroxyethyl                             
                                              H                                
     43   cyclohexyl                                                           
                    cyclo-  phenyl  t-butyl   H                                
                    hexyl                                                      
     44   pyridyl   pyridyl methyl  t-butyl   H                                
     45    H        H       methoxy t-butyl   phenyl                           
     46   H         H       phenoxy t-butyl   phenyl                           
     47   H         H       benzyloxy                                          
                                    t-butyl   phenyl                           
     48   H         H       morpholino                                         
                                    t-butyl   phenyl                           
     49   H         H       1-pyrroli-                                         
                                    t-butyl   phenyl                           
                            dinyl                                              
     50   H         H       piperidino                                         
                                    t-butyl   phenyl                           
     51   H         H       hexahydro-                                         
                                    t-butyl   phenyl                           
                            azepinyl                                           
     52   H         H       pyrazolyl                                          
                                    t-butyl   phenyl                           
     53   H         H       imidazolyl                                         
                                    t-butyl   phenyl                           
     54   H         H       triazolyl                                          
                                    t-butyl   phenyl                           
     55   H         H       thiomorph-                                         
                                    t-butyl   phenyl                           
                            olino                                              
     56   methyl    methyl  morpholino                                         
                                    t-butyl   phenyl                           
     57   phenyl    phenyl  morpholino                                         
                                    t-butyl   phenyl                           
     58   methyl    H       methyl  t-butyl   phenyl                           
     59   ethyl     H       methyl  t-butyl   phenyl                           
     60   methyl    H       phenyl  t-butyl   phenyl                           
     61   phenyl    H       methyl  t-butyl   phenyl                           
     62   p-chloro- H       methyl  t-butyl   phenyl                           
          phenyl                                                               
     63   p-bromo-  H       methyl  t-butyl   phenyl                           
          phenyl                                                               
     64   methyl    H       methyl  t-butyl   phenyl                           
     65   methoxy   H       phenyl  t-butyl   phenyl                           
     66   p-nitro-  H       methyl  t-butyl   phenyl                           
          phenyl                                                               
     67   p-dimeth- H       methyl  t-butyl   phenyl                           
          ylamino-                                                             
          phenyl                                                               
     68   cyclohexyl                                                           
                    H       methyl  t-butyl   phenyl                           
     69   4-pyridyl H       methyl  t-butyl   phenyl                           
     70   3-pyridyl H       phenyl  t-butyl   phenyl                           
     71   H         methyl  methyl  t-butyl   phenyl                           
     72   H         methyl  phenyl  t-butyl   phenyl                           
     73   methyl    H       propoxy t-butyl   phenyl                           
     74   ethyl     H       phenoxy t-butyl   phenyl                           
     75   methyl    methyl  benzyloxy                                          
                                    t-butyl   phenyl                           
     76   phenyl    H       morpholino                                         
                                    t-butyl   phenyl                           
     77   methoxy   H       piperidino                                         
                                    t-butyl   phenyl                           
     78   methyl    H       hexahydro-                                         
                                    t-butyl   phenyl                           
                            azepinyl                                           
     79   phenyl    H       imidazolyl                                         
                                    t-butyl   phenyl                           
     80   ethyl     H       thiomorph-                                         
                                    t-butyl   phenyl                           
                            olino                                              
     81   methyl    H       triazolyl                                          
                                    t-butyl   phenyl                           
     82   H         methoxy butoxy  t-butyl   phenyl                           
     83   H         methoxy methoxy t-butyl   phenyl                           
     84   H         methoxy ethoxy  t-butyl   phenyl                           
     85   H         methoxy propoxy t-butyl   phenyl                           
     86   H         methoxy phenoxy t-butyl   phenyl                           
     87   H         methoxy morpholino                                         
                                    t-butyl   phenyl                           
     88   methoxy   H       methyl  t-butyl   phenyl                           
     89   phenoxy   H       phenyl  t-butyl   phenyl                           
     90   benzyloxy H       ethyl   t-butyl   phenyl                           
     91   morpholino                                                           
                    H       i-propyl                                           
                                    t-butyl   phenyl                           
     92   methoxy   H       methoxy t-butyl   phenyl                           
     93   morpholino                                                           
                    H       morpholino                                         
                                    t-butyl   phenyl                           
     94   amino     H       morpholino                                         
                                    t-butyl   phenyl                           
     95   phenoxy   H       morpholino                                         
                                    t-butyl   phenyl                           
     96   benzyloxy H       morpholino                                         
                                    t-butyl   phenyl                           
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A pyrazine compound having the structure
      ##SPC12##
PAL  or a pharmacologically acceptable salt thereof wherein
PA1  R represents phenyl, substituted phenyl wherein the substituent is
      C.sub.1-3 alkyl, C.sub.1-3 alkoxy, amino, nitro or halo, phenyl-C.sub.1-3
      -alkyl, hydroxyphenyl-C.sub.1-3 -alkyl, phenoxy or substituted phenoxy
      wherein the substituent is C.sub.1-3 alkyl, C.sub.1-3 alkoxy, amino, nitro
      or halo;
PA1  R.sup.1 represents a straight or branched chain C.sub.3.notident. alkyl, a
      straight or branched chain hydroxy substituted C.sub.3.notident. alkyl, a
      straight or branched chain C.sub.3.notident. alkinyl,
      phenyl-C.sub.1.notident. -alkyl or indolyl-C.sub.1.notident. -alkyl;
PA1  R.sup.2 represents hydrogen, C.sub.1' alkyl, C.sub.5-7 cycloalkyl or an N-
      containing heterocycle selected from the group consisting of
      1-pyrrolidinyl, piperidino, hexahydroazepinyl, morpholino, thiomorpholino,
      imidazolyl, pyrazolyl and thiazolyl; and
PA1  R.sup.3 is N-containing heterocycle selected from the group consisting of
      1-pyrrolidinyl, piperidino, hexahydroazepinyl, morpholino, thiomorpholino,
      imidazolyl, pyrazolyl and thiazolyl.
NUM  2.
PAR  2. A pyrazine of claim 1 wherein R is phenyl.
NUM  3.
PAR  3. A pyrazine of claim 1 wherein R is benzyl.
NUM  4.
PAR  4. A pyrazine of claim 1 wherein R.sup.2 is hydrogen.
NUM  5.
PAR  5. A pyrazine of claim 1 wherein R is phenyl and R.sup.2 is hydrogen.
NUM  6.
PAR  6. A pyrazine of claim 1 wherein R is phenyl or benzyl, R.sup.2 is hydrogen
      and R.sup.1 is straight or branched chain C.sub.3-6 alkyl.
NUM  7.
PAR  7. A pyrazine of claim 1 wherein R is phenyl, R.sup.2 is hydrogen, R.sup.3
      is morpholino and R.sup.1 is tert-butyl.
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ABST
PAL  Compounds of the structure
      ##SPC1##
PAL  Are provided which are useful as anti-inflammatory agents.
PAR  Compounds having the structure
      ##SPC2##
PAL  Wherein R is lower alkyl, phenyl, or benzyl and X is hydrogen, halogen,
      nitro, trifluoromethyl, alkyl, alkoxy or alkylthio, are useful as
      anti-inflammatory agents.
PAR  The term "alkyl", as used throughout the specification, either by itself or
      as part of a larger group, refers to both straight and branched chain
      alkyl groups containing 1, 2, 3 or 4 carbon atoms.
PAR  The term "alkoxy", as used throughout the specification, refers to a group
      of the formula Y--O--, wherein Y is alkyl as defined above.
PAR  The term "halogen", as used throughout the specification, refers to
      fluorine, chlorine, bromine, and iodine.
PAR  Preferred are those compounds wherein R is alkyl and X is hydrogen or
      halogen; most preferred are those compounds wherein R is methyl and X is
      5-Cl.
PAR  The compounds of formula I are useful in the treatment of inflammatory
      conditions in mammalian speices, e.g., rats, dogs, cats, monkeys, etc. and
      can be used to provide relief for joint tenderness and stiffness in
      conditions such as rheumatoid arthritis. Such compounds are formulated for
      use as anti-inflammatory agents according to accepted pharmaceutical
      practice in oral dosage forms such as tablets, capsules, elixirs or
      powders, or in an injectable form in a sterile aqueous vehicle prepared
      according to conventional pharmaceutical practice and may be administered
      in amounts of 100mg/70kg/day to 2g/70kg/day, preferably 100mg/70kg/day to
      1g/70kg/day.
PAR  The novel compounds of this invention are prepared from compounds having
      the formula
      ##SPC3##
PAL  Wherein X and R are as defined above and R.sub.1 can be halogen (preferably
      bromine or chlorine), sulfhydryl, alkoxy, alkylthio, or phenyl-alkylthio.
      The compounds of formula II are known; see for example U.S. Pat. No.
      3,414,563 and Swiss Pat. No. 485,742.
PAR  Reaction of a benzodiazepine of formula II with hydrazine yields a compound
      of formula I. The above reaction is preferably carried out in an inert
      atmosphere at room temperature, although elevated temperatures may be
      employed to improve yields and reduce reaction times. .
PAR  It is to be understood that the compounds of formula I may be considered a
      tautomeric system of the two following possible forms:
      ##SPC4##
PAR  The compounds of formula I can be converted into pharmaceutically
      acceptable acid-addition salts using procedures well known in the art.
      Illustrative acid-addition salts are the hydrohalides, especially the
      hydrochloride and hydrobromide which are preferred, sulfate, nitrate,
      phosphate, tartrate, maleate, fumarate, citrate, succinate,
      methanesulfonate, benzenesulfonate, toluenesulfonate, and the like.
PAR  The following Examples represent preferred embodiments of the present
      invention. All temperatures are expressed in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAC  3-[5-Chloro-2-(methylamino)phenyl]-2,5-dihydro-as-triazin-6(1H)-one
PAR  5,7-Dichloro-1-methyl-1,4-benzodiazepinone-2 (6 g, 0.025 mol) is dissolved
      in 100 ml of anhydrous hydrazine and the mixture is stirred under an inert
      atmosphere at 25.degree.. A precipitate forms after a few minutes and
      after two hours it is filtered off (2 g). The filtrate is allowed to stand
      for four days yielding another 2 g of crystals. The two crops (67% yield)
      are combined and recrystallized from methanol, and then chloroform, to
      give slightly yellow plates which are dried at 80.degree. (5 mm) to yield
      the title compound, melting point 166.degree.-167.5.degree..
PAC  Examples 2-11
PAR  Following the procedure of Example 1, but substituting the compound listed
      in column I for 5,7-dichloro-1-methyl-1,4-benzodiazepinone- 2, the
      compound listed in column II is obtained.
TBL  __________________________________________________________________________
     Example                                                                   
          Column I       Column II                                             
     __________________________________________________________________________
     2.   5-chloro-1-benzyl-7-(tri-                                            
                         3-[2-(benzylamino)-5-                                 
          fluoromethyl)-1,4-benzo-                                             
                         (trifluoromethyl)phenyl]-                             
          diazepinone-2  2,5-dihydro-as-triazin-                               
                         6(1H)-one                                             
     3.   5-chloro-1-methyl-7-nitro-                                           
                         3-[2-(methylamino)-5-                                 
          1,4-benzodiazepinone-2                                               
                         nitrophenyl]-2,5-dihydro-                             
                         as-triazin-6(1H)-one                                  
     4.   5-chloro-7-(ethylthio)-1-                                            
                         3-[2-(methylamino)-5-                                 
          methyl-1,4-benzodiazepin-                                            
                         (ethylthio)phenyl]-2,5-                               
          one-2          dihydro-as-triazin-                                   
                         6(1H)-one                                             
     5.   5-chloro-1,7-dimethyl-                                               
                         3-[2-(methylamino)-5-                                 
          1,4-benzodiazepinone-2                                               
                         methylphenyl]-2,5-dihydro-                            
                         as-triazin-6(1H)-one                                  
     6.   5-chloro-1-methyl-7-                                                 
                         3-[2-(methylamino)-5-                                 
          (trifluoromethyl)-1,4-                                               
                         (trifluoromethyl)phenyl]-                             
          benzodiazepinone-2                                                   
                         2,5-dihydro-as-triazin-                               
                         6(1H)-one                                             
     7.   8-bromo-5-ethoxy-1-phenyl-                                           
                         3-[2-(phenylamino)-4-                                 
          1,4-benzodiazepinone-2                                               
                         bromophenyl]-2,5-dihydro-                             
                         as-triazin-6(1H)-one                                  
     8.   7-ethyl-1-benzyl-5-                                                  
                         3-[2-(benzylamino)-5-                                 
          (methylthio)-1,4-benzo-                                              
                         ethylphenyl]-2,5-dihydro-                             
          diazepinone-2  as-triazin-6(1H)-one                                  
     9.   1-benzyl-1,4-benzodiaze-                                             
                         3-[2-(benzylamino)phenyl]-                            
          pin-2-one-5-thione                                                   
                         2,5-dihydro-as-triazin-                               
                         6(1H)-one                                             
     10.  5-chloro-1-phenyl-7-                                                 
                         3-[2-(phenylamino)-5-                                 
          ethyl-1,4-benzodiazepin-                                             
                         ethylphenyl]-2,5-dihydro-                             
          one-2          as-triazin-6(1H)-one                                  
     11.  5-chloro-7-methoxy-1-                                                
                         3-[2-(methylamino)-5-                                 
          methyl-1,4-benzodia-                                                 
                         methoxyphenyl-2,5-dihydro-                            
          zepinone-2     as-triazin-6(1H)-one                                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the structure
      ##SPC5##
PAL  wherein R is selected from the group consisting of lower alkyl, phenyl and
      benzyl, and X is selected from the group consisting of hydrogen, halogen,
      nitro, cyano, trifluoromethyl, lower alkyl, lower alkoxy and lower
      alkylthio, tautomers thereof, and pharmaceutically acceptable
      acid-addition salts thereof.
NUM  2.
PAR  2. The compounds as defined in claim 1 wherein R is alkyl.
NUM  3.
PAR  3. The compound as defined in claim 1 wherein X is halogen, hydrogen or
      alkyl.
NUM  4.
PAR  4. The compound as defined in claim 1 wherein R is alkyl and X is halogen.
NUM  5.
PAR  5. The compound as defined in claim 4 having the name
      3-[5-chloro-2-(methylamino)phenyl]-2,5-dihydro-as-triazin-6(1H)-one.
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ABST
PAL  s-Triazine tetracarboxylic acids having the formula
      ##SPC1##
PAL  Wherein R is an organic blocking group; A is NH, O, or S; Z is the direct
      bond, O, S, SO.sub.2,
      ##EQU1##
      or CH.sub.2 ; and n is 0 or 1, can be prepared by reacting a dihalo
      triazine with a dicarboxylic acid substituted with an amino, hydroxy, or
      mercapto group. By dehydrating the acid a corresponding dianhydride is
      obtained. These compounds are useful in preparing various polymers, as,
      for example, polyimides.
BSUM
PAR  This invention relates to novel s-triazine tetracarboxylic acids and their
      anhydrides. The acids can be represented by the formula
      ##SPC2##
PAL  Wherein
PA1  R is hydrogen, alkyl, cycloalkyl, aryl, substituted aryl, aralkyl, amino,
      diarylamino, di(lower)alkylamino, alkylamino, anilino,
      N-(lower)-alkylanilino, aryloxy, alkoxy, thioalkoxy, mercapto,
      thiophenoxy, nitrogen heterocyclic, halo, hydroxyl, or carboxyl;
PA1  A is NH, O, or S, preferably NH;
PA1  Z is the direct bond, O, S, SO.sub.2,
      ##EQU2##
      or CH.sub.2, preferably O and
      ##EQU3##
      and N IS 0 OR 1, PREFERABLY 0.
PAR  More specifically, the blocking group R is selected from the following
      groups:
PAR  A. HYDROGEN, AMINO, ANILINO, HALO, ESPECIALLY CHLORO, HYDROXYL, MERCAPTO,
      AND CARBOXYL,
PAR  B. ALKYL WHICH IS A STRAIGHT OR BRANCHED CHAIN GROUP OF UP TO 8 CARBON
      ATOMS, E.G., METHYL, ETHYL, N-PROPYL, ISOPROPYL, N-BUTYL, TERT-BUTYL,
      N-HEXYL, AND N-OCTYL,
PAR  C. CYCLOALKYL OF 3 TO 6 CARBON ATOMS, I.E., CYCLOPROPYL, CYCLOBUTYL,
      CYCLOPENTYL, AND CYCLOHEXYL,
PAR  D. ARYL, SUCH AS PHENYL, NAPHTHYL, BIPHENYL, AND ANTHRACYL, ESPECIALLY
      PHENYL,
PAR  E. ARYL SUBSTITUTED WITH GROUPS SUCH AS NITRO, HALO, ESPECIALLY CHLORO AND
      BROMO, CARBOXYL, CYANO, LOWER ALKYL, HYDROXY, ARYL, OR LOWER ALKOXY OF UP
      TO 4 CARBON ATOMS. Illustrative examples of aryl substituted groups are
      carboxyphenyl, chlorophenyl, dichlorophenyl, bromophenyl, chloronaphthyl,
      methoxyphenyl, ethoxyphenyl, butoxyphenyl, tolyl, xylyl, ethylphenyl,
      diethylphenyl, butylphenyl and ethylnapthyl. By the "lower alkyl"
      mentioned above is meant straight or branched chain alkyl groups having up
      to 4 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
      secbutyl, or t-butyl.
PAR  F. ARALKYL, SUCH AS BENZYL, 1-PHENYLHEXYL AND 1-PHENYLETHYL,
PAR  G. DI(LOWER)ALKYL AMINO, SUCH AS DIMETHYLAMINO, DIETHYLAMINO,
      DI-N-PROPYLAMINO, DIISOPROPYLAMINO AND DI-N-BUTYLAMINO,
PAR  H. N-(lower)alkylanilino, such as N-methyl anilino, N-ethyl anilino, and
      N-butyl anilino,
PAR  I. DIARYLAMINO SUCH AS DINAPHTHYLAMINO AND N-aryl anilino, e.g.,
      diphenylamino and N-naphthyl anilino, especially diphenylamino,
PAR  J. ALKYLAMINO SUCH AS METHYLAMINO, N-PROPYLAMINO AND N-OCTYLAMINO
PAR  K. ALKOXY OF UP TO 8 CARBON ATOMS, THIOALKOXY OF UP TO 8 CARBON ATOMS,
      THIOPHENOXY AND ARYLOXY, ESPECIALLY PHENOXY, AND
PAR  L. NITROGEN HETEROCYCLIC, WHICH CONTAINS NITROGEN IN THE RING, SUCH AS
      MORPHOLINO, PYRROLIDINO, PIPERIDINO, A GROUP HAVING THE STRUCTURE
      ##SPC3##
PAL  Where X is a covalent bond (9-carbazolyl group), oxygen (10-phenoxazinyl
      group) and sulfur (10-phenothiazinyl group),
PAL  A 1-indolyl group having the structure
      ##SPC4##
PAL  A 2-isoindolyl group having the structure
      ##SPC5##
PAL  a 1-imidazolyl group having the structure
      ##SPC6##
PAL  and a 1-pyrroloyl group having the structure
      ##SPC7##
PAR  s-Triazine compounds of this invention wherein A is NH have the
      advantageous property that the NH positions in the molecule provide
      potential crosslinking sites. These s-triazine compounds are also
      characterized by a relatively easy method of preparation. The compounds of
      this invention wherein n is 0 are also distinguished by their relatively
      easy method of preparation.
PAR  The tetracarboxylic acids of the invention are prepared by reacting a
      dihalo triazine with a dicarboxylic acid of the formula
      ##SPC8##
PAL  wherein A, Z and n are as defined above. The tetracarboxylic acid can then
      be dehydrated to yield the corresponding dianhydride. The tetraacid is
      dehydrated by conventional methods such as, for example, refluxing in
      nitrobenzene, refluxing in acetic anhydride or heating the acid in the
      solid state and removing water by vacuum.
PAR  Both the dihalo triazines and the dicarboxylic acids used in this invention
      are either well known materials or are readily preparable from known
      materials by known methods from the literature.
PAR  Illustrative examples of the tetracarboxylic acid dianhydrides of the
      invention are the following:
PAR  2-phenyl-4,6-bis(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-anilino-4,6-bis(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-dimethylamino-4,6-bis-4'-(3',4'-dicarboxybenzenesulfonyl)-anilino-s-triaz
     ine dianhydride
PAR  2-cyclohexyl-4,6-bis-(3',4'-dicarboxythiophenoxy)-s-triazine dianhydride
PAR  2hydroxy-4,6-bis-{4'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  2-diphenylamino-4,6-bis-(3',4'-dicarboxythiophenoxy)-6-triazine dianhydride
PAR  2-chloro-4,6-bis-{4'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  2-carboxy-4,6-bis(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-mercapto-4,6-bis-4'-(3',4'-dicarboxybenzoyl)-anilino-s-triazine
      dianhydride
PAR  2-anilino-4,6-bis(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-isopropyl-4,6-bis-{3'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  2-piperidino-4,6-bis-{3'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  2-amino-4,6-bis(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-N-ethylanilino-4,6-bis( 3',4'-dicarboxyanilino)-s-triazine dianhydride
PAR  2-(1'-pyrrolidyl)-4,6-bis{4'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  2-chloro-4,6-bis-(3',4'-dicarboxythiophenoxyl)-s-triazine dianhydride
PAR  2-N-methylanilino-4,6-bis-4'-(3',4'-dicarboxybenzenesulfonyl)-anilino-s-tri
     azine dianhydride.
PAR  The s-triazine dianhydrides of this invention can be used in the same
      manner as prior art dianhydrides such as benzophenonetetracarboxylic
      dianhydride or pyromellitic dianhydride. Thus, the s-triazine dianhydride
      can be reacted with a diamino compound to give the polyamide acid which,
      upon curing, yields a polyimide. The preparation of polyimides employing
      the dianhydrides of this invention are described in greater detail in our
      application filed on the same day as the instant application Ser. No.
      489,227. The teachings of this copending application are incorporated
      herein by reference. The instant dianhydride will also undergo a
      condensation reaction with orthoaromatic tetraamines to yield
      polyimidazopyrrolones. By condensing the dianhydrides of this invention
      with bis-o-amino amides heterocyclic polymers known as
      polyisoendoquinozolenediones can be prepared. The s-triazine dianhydrides
      of this invention can also be used as epoxy curing agents.
DETD
PAR  To illustrate further the invention described above, the following examples
      are presented for illustrative purposes only.
PAC  EXAMPLE 1
PAC  2-Diphenylamino-4,6-bis-(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  A solution of 42.6 g (0.20 mole) of 3-nitrophthalic acid in 200 ml of
      dioxane was hydrogenated at 50 lbs. in the presence of 0.20 g of platinum
      oxide. The resulting dioxane solution of 3-aminophthalic acid was filtered
      to remove the catalyst. To the filtrate was added 31.7 g (0.10 mole) of
      2-diphenylamino-4,6-dichloro-s-triazine in 200 ml of dioxane followed by
      50.4 g (0.60 mole) of sodium bicarbonate. The mixture was refluxed
      overnight, cooled to room temperature and filtered. The residue was
      dissolved in water and acidified with conc. HC1. The resulting precipitate
      was filtered, washed with water and then acetone to give 34.1 g of the
      s-triazine tetraacid, m.p. 340.degree.-5.degree.. The tetraacid was
      suspended in 250 ml of nitrobenzene and heated to reflux. The water of
      dehydration was removed with a Dean Stark trap. After the water was
      removed, the solution was refluxed for an additional 30 minutes and
      filtered hot. On cooling, the desired dianhydride crystallized. It was
      filtered, washed with acetone and dried; 16.8 g, m.p.
      367.degree.-370.degree..
PAR  Analysis for C.sub.31 H.sub.18 N.sub.6 O.sub.6 :  Calculated: C, 65.20; H,
      3.18; N, 14.72;   Found: C, 64.92; H, 3.34; N, 14.48.
PAC  EXAMPLE 2
PAC  2-Diphenylamino-4,6-bis-(3',4'-dicarboxyanilino)-s-triazine dianhydride
PAR  To a solution of 54.3 g (0.30 mole) of 4-aminophthalic acid and 47.6 g
      (0.15 mole) of 2-diphenylamino-4,6-dichloro-s-triazine in 500 ml of
      N-methylpyrrolidone (NMP) was added 124.0 g (0.90 mole) of potassium
      carbonate. The mixture was heated at 100.degree. for 20 hours, cooled to
      room temperature and filtered. The residue was washed with acetone and
      then dissolved in one liter of water. The aqueous solution was acidified
      with conc. HCl and the resulting precipitate filtered and dried to give
      69.1 g of the tetraacid. The tetraacid was suspended in 500 ml of
      nitrobenzene and treated as described in Example 1 to give 25.0 g of the
      dianhydride, m.p. 350.degree.-356.degree.. Recrystallization from
      nitrobenzene gave 15.5 g, m.p. 352.degree.-56.degree..
PAR  Analysis for C.sub.31 H.sub.18 N.sub.6 O.sub.6 :  Calculated: C, 65.20; H,
      3.18; N, 14.72;   Found: C, 64.49; H, 3.44; N, 14.70.
PAC  EXAMPLE 3
PAC  2-Phenyl-4,6-bis-(2',3'-dicarboxyanilino)-s-triazine dianhydride
PAR  A dioxane solution of 0.20 mole of 3-aminophthalic acid was prepared as
      described in Example 1. To this solution was added 22.6 g (0.10 mole) of
      2-phenyl-4,6-dichloro-s-triazine in 150 ml of warm dioxane followed by
      50.4 g (0.60 mole) of sodium bicarbonate. The mixture was refluxed
      overnight. After cooling to room temperature the mixture was filtered. The
      residue was stirred in 500 ml of water and filtered. The filtrate was
      acidified with conc. HCl, and the resulting precipitate filtered, washed
      with acetone and dried to give 11.1 g of the tetraacid, m.p.
      304.degree.-305.degree.. Treating the tetraacid in 150 ml of refluxing
      nitrobenzene as described in Example 1 gave 4.1 g of the dianhydride, m.p.
      320.degree.-324.degree. .
PAR  Analysis for C.sub.25 H.sub.13 N.sub.5 O.sub.6 :  Calculated: C, 62.65; H,
      2.73; N, 14.62;   Found: C, 62.06; H, 2.64; N, 14.35.
PAC  EXAMPLE 4
PAC  2-Phenyl-4,6-bis-(3',4'-dicarboxyanilino)-s-triazine dianhydride
PAR  To a solution of 36.2 g (0.20 mole) of 4-aminophthalic acid and 22.6 g
      (0.10 mole) of 2-phenyl-4,6-dichloro-s-triazine in 300 ml of NMP was added
      82.9 g (0.60 mole) of potassium carbonate. The mixture was heated
      overnight at 100.degree., cooled to room temperature and filtered. The
      residue was dissolved in one liter of water and acidified with conc. HCl.
      The resulting precipitate was filtered, washed with water and then with
      acetonitrile, and dried to give 38.0 g of the tetraacid, m.p.
      315.degree.-330.degree.. Treating the tetraacid with 350 ml of
      nitrobenzene as described in Example 1 gave 3.7 g of the dianhydride, m.p.
      350.degree.-53.degree.. A recrystallization from nitrobenzene gave 2.8 g.,
      m.p. 359.degree.-61.degree..
PAR  Analysis for C.sub.25 H.sub.13 N.sub.5 O.sub.6 :  Calculated: C, 62.65; H,
      2.64; N, 14.35;   Found: C, 61.75; H, 3.10; N, 14.89.
PAC  EXAMPLE 5
PAC  2-Diphenylamino-4,6-bis-{4'-(3",4"dicarboxybenzoyl)-anilino}-s-triazine
      dianhydride
PAR  To a solution of 0.20 mole of 4-amino-3',4'-dicarboxybenzophenone and 0.10
      mole of 2-diphenylamino-4,6-dichloro-s-triazine in 300 ml of NMP is added
      0.60 mole of potassium carbonate. The reaction mixture is heated at
      100.degree.C for 24 hours and then treated essentially as in Example 1 to
      give
      2-diphenylamino-4,6-bis-{4'-(3",4"-dicarboxybenzoyl)-anilino}-s-triazine.
      The tetraacid is heated in refluxing nitrobenzene essentially as in
      Example 1 to yield the corresponding dianhydride.
PAC  EXAMPLE 6
PAC  2-Diphenylamino-4,6-bis-(3',4'-dicarboxyphenoxy)-s-triazine dianhydride
PAR  To a solution of 0.30 mole of 4-hydroxyphthalic acid and 0.15 mole of
      2-diphenylamino-4,6-dichloro-s-triazine in 500 ml of NMP is added 0.90
      mole of powdered sodium hydroxide. The mixture is heated at 100.degree.C
      for 24 hours and then worked up essentially as described in Example 1 to
      give the tetraacid. The tetraacid is heated in refluxing nitrobenzene
      essentially as in Example 1 to yield the corresponding dianhydride.
PAC  EXAMPLE 7
PAC  2-Phenyl-4,6-bis-(3',4'-dicarboxythiophenoxyl)-s-triazine dianhydride
PAR  To a solution of 0.20 mole of 4-mercaptophthalic acid and 0.10 mole of
      2-phenyl-4,6-dichloro-s-triazine in 300 ml of NMP is added 0.60 mole of
      powdered sodium hydroxide in 300 ml of NMP. The reaction is heated at
      100.degree.C for 24 hours and then worked up essentially as described in
      Example 1 to give the tetraacid. The tetraacid is heated in refluxing
      nitrobenzene essentially as in Example 1 to yield the corresponding
      dianhydride.
PAC  EXAMPLE 8
PAC  2-Diphenylamino-4,6-bis-{4'-(3",4"-dicarboxyphenoxy) anilino}-s-triazine
      dianhydride
PAR  To a solution of 0.20 mole of 4-amino-3',4'-dicarboxydiphenyl ether and
      0.10 mole of 2-diphenylamino-4,6-dichloro-s-triazine in 300 ml of NMP is
      added 0.60 mole of potassium carbonate. The mixture is heated at
      100.degree.C for 20 hours and then worked up essentially as in Example 1
      to give the expected tetraacid. The corresponding dianhydride is obtained
      by refluxing the tetraacid in nitrobenzene essentially as described in
      Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An s-triazine dianhydride having the formula
      ##SPC9##
PAL  wherein
PA1  R is hydrogen; alkyl of up to 8 carbon atoms; cycloalkyl of 3 to 6 carbon
      atoms; phenyl; naphthyl; biphenyl; anthracyl; phenyl or naphthyl
      substituted by nitro, halo, carboxyl, cyano, lower alkyl of up to 4 carbon
      atoms; hydroxy or lower alkoxy of up to 4 carbon atoms; benzyl;
      1-phenylhexyl; 1-phenylethyl; amino; dinaphthylamino; diphenylamino;
      N-naphthyl anilino; di(lower)alkylamino where each alkyl has up to 4
      carbon atoms; alkylamino of 1 to 8 carbon atoms; anilino; N-(lower)
      alkylanilino where the alkyl has up to 4 carbon atoms; phenoxy; alkoxy of
      up to 8 carbon atoms; thioalkoxy of up to 8 carbon atoms; thiophenoxy;
      mercapto; halo; hydroxyl; carboxyl; morpholino; pyrrolidino; piperidino; a
      group having the structure
      ##SPC10##
PAL  where X is a covalent bond (9-carbazolyl group), oxygen (10-phenoxazinyl
      group) and sulfur (10-phenothiazinyl group), a 1-indolyl group having the
      structure
      ##SPC11##
PAL  a 2-isoindolyl group having the structure
      ##SPC12##
PAL  a 1-imidazolyl group having the structure
      ##SPC13##
PAL  or a 1-pyrroloyl group having the structure
      ##SPC14##
PA1  A is NH, O, or S;
PA1  Z is the direct bond, O, S, SO.sub.2,
      ##EQU4##
      or CH.sub.2 ; and n is 0 or 1.
NUM  2.
PAR  2. The compound of claim 1 wherein R is phenyl or diphenylamino.
NUM  3.
PAR  3. The compound of claim 2 wherein A is NH and n is 0.
NUM  4.
PAR  4. An s-triazine tetracarboxylic acid having the formula
      ##SPC15##
PAL  wherein R, A, Z, and n are as defined in claim 1.
NUM  5.
PAR  5. The compound of claim 4 wherein R is phenyl or diphenylamino.
NUM  6.
PAR  6. The compound of claim 5 wherein A is NH and n is 0.
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ABST
PAL  Trioxopteridine derivatives of the formula
      ##SPC1##
PAL  , wherein R.sub.1 is a normal alkyl group having 0 to 6 hydroxyl groups and
      R.sub.2 is hydrogen or a normal lower alkyl group having 0 to 5 hydroxyl
      groups, are prepared by catalytically hydrogenating a
      6-substituted-5-nitro-2,4-dioxopyrimidine to give a
      6-substituted-5-amino-2,4-dioxopyrimidine, and then reacting the latter
      compound with a compound of the formula R.sub.2 --A--COOR.sub.3, wherein
      R.sub.3 is hydrogen, lower alkyl, an alkali metal or an alkaline earth
      metal and A is carbonyl or a group of the formula
      ##EQU1##
      wherein R.sub.4 is lower alkyl. The resulting trioxopteridine derivatives
      have analgesic and antiphlogistic properties and are therefore useful as
      pharmaceutical medicaments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel trioxopteridine derivatives and to
      processes for producing such compounds. More particularly, the invention
      relates to novel compounds having the following general formula:
      ##SPC2##
PAL   wherein R.sub.1 is a normal (straight chain) alkyl group having 0 to 6
      hydroxyl groups, and R.sub.2 is a hydrogen atom or a normal lower alkyl
      group having 0 to 5 hydroxyl groups.
PAR  The pharmaceutical industry is constantly striving to find and develop new
      compounds having various useful properties. In particular, such compounds
      must be safe and effective and without side effects. The present invention
      provides novel compounds having useful pharmaceutical properties.
PAR  One of the objects of the present invention is to provide novel
      trioxopteridine derivatives.
PAR  Another object of the invention is to provide an effective method for
      producing said compounds.
PAR  A further object of the invention is to provide novel compounds which are
      useful in combatting rheumatoid arthritis, arthralgia, frozen shoulders,
      chronic arthritis and like ailments.
PAR  These and other objects and advantages of the present invention will become
      apparent to those skilled in the art from a consideration of the following
      specification and claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the novel trioxopteridine
      derivatives (IV) are prepared by catalytically hydrogenating a
      6-substituted-5-nitro-2,4-dioxopyrimidine of the formula:
      ##SPC3##
PAL  To give a 6-substituted-5-amino-2,4-dioxopyrimidine having the formula:
      ##SPC4##
PAL   and then reacting said 6-substituted-5-amino-2,4-dioxopyrimidine with a
      compound of the formula:
EQU  R.sub.2 --A--COOR.sub.3                                    (III)
PAL  wherein R.sub.3 is a hydrogen atom, a straight- or branched-chain lower
      alkyl group, an alkali metal atom or an alkaline earth metal atom. A
      represents a carbonyl group or a group of the formula:
      ##EQU2##
      wherein R.sub.4 is a lower alkyl group. The term "lower alkyl" in the
      present application refers to alkyl groups having from 1 to 5 carbon
      atoms.
PAR  Hence, the reaction sequence employed in the present invention may be shown
      as follows (where I-a and II-a are the tautomers of I and II,
      respectively):
      ##SPC5##
PAR  More specifically, R.sub.1, R.sub.2, R.sub.3 and R.sub.4 in the above
      formulae represent, for example, the following groups.
PAR  R.sub.1 may be methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
      hydroxymethyl, 2-hydroxyethyl, 2,3-dihydroxypropyl, 3,4-dihydroxybutyl,
      2,3-dihydroxybutyl, 2,3,4-trihydroxybutyl, 2,3,4,5-tetrahydroxypentyl,
      2,3,4,5,6-pentahydroxyhexyl, 2,3,4,5,6,7-hexahydroxyheptyl and other
      straight chain alkyl groups of 1 to 7 carbon atoms. Some of these groups
      contain asymmetric atoms or otpical isomers, however, their isomers and
      mixtures thereof may be equally used effectively in the present invention.
PAR  R.sub.2 is hydrogen or methyl, ethyl, propyl, butyl, hydroxymethyl,
      dihydroxyethyl, 1-hydroxyethyl, 1,2-dihydroxypropyl, trihydroxypropyl,
      tetrahydroxybutyl, pentahydroxypentyl and other straight chain lower alkyl
      groups having 0 to 5 hydroxyl groups. Some of these groups include optical
      isomers, however, such isomers and mixtures thereof are equally used in
      this invention.
PAR  R.sub.3 represents, for example, methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl and other straight- or branched-chain lower alkyl groups; sodium,
      potassium and other alkali metal atoms; and calcium, barium and other
      alkaline earth metal atoms.
PAR  R.sub.4 is a straight or branched-chain lower alkyl such as methyl, ethyl,
      propyl or butyl.
PAR  Instead of using the compounds of formula (I) and formula (II), it is quite
      suitable and advantageous to use the tautomers represented by formula
      (I-a) and formula (II-a), respectively, in the reactions in the present
      invention. It is readily apparent that the quantity proportion of the
      mixture of tautomers to be employed depends on the specific reaction
      conditions, for example, the pH value of the solvent used in the reaction
      process, etc.
PAR  The hydrogenation of compound (I) is generally carried out under normal or
      increased pressure in the presence of a hydrogenation catalyst such as
      palladium, platinum oxide, Raney nickel or Raney cobalt. Water and/or an
      organic solvent, e.g., an alkanol, can be used in the reaction, and the
      reaction proceeds completely at room temperature even when water is
      employed.
PAR  The acid addition salts of compound (II) that are produced by the reaction
      of compound (I) with the inorganic or organic acid are quite stable. The
      compound (II) produced in the hydrogenation reaction sometimes includes
      some unstable products mixed therewith, however, even if only the catalyst
      is filtered therefrom, the solution can be reacted directly with compound
      (III) without separating the unstable products from the solution. It is
      desirable to carry out the filtration of the catalyst in an inert gas such
      as nitrogen, for example, under the pressure of nitrogen gas. In reacting
      compound (II) with compound (III), a liquid controller, for example, a
      weakly acidic alkali metal salt such as sodium acetate or potassium
      acetate, or ammonia is advantageously used for accelerating the velocity
      of the reaction. When a slightly unstable material such as
      5-amino-2,4-dioxo-6D-ribitylaminopyrimidine is involved in the reaction,
      the addition of an antioxidant such as an alkali metal salt, e.g.,
      potassium disulfite, to the reaction mixture affords good results in the
      reaction.
PAR  The reaction is preferably conducted at a temperature of from about
      0.degree. to 100.degree.C., and it is advantageous to start the reaction
      at a lower temperature and then to raise the temperature of reaction by
      heating during the course of the reaction process. In this way, the
      reaction proceeds selectively without destroying the configuration of the
      substituted radicals R.sub.1 and R.sub.2 because of the comparatively
      lower reaction temperature used at the beginning of the reaction.
PAR  Compound (IV) may be easily crystallized by methods well known in the art,
      such as concentration of the reaction solution under reduced pressure, or
      by the addition of crystallizing solvents to the reaction solution, and
      then purified by means of magnesium silicate column chromatography or
      anion exchange resin chromatograpahy.
PAR  The novel compound (IV) of the present invention possesses analgesic and
      antiphlogistic activity. Accordingly, this compound is particularly useful
      as a remedy for rheumatoid arthritis, arthralgia, frozen shoulders,
      chronic arthritis and like disorders.
PAR  The trioxopteridine derivatives of the present invention can be readily
      formulated into a pharmaceutical composition by means well known in the
      art. For example, unit dosages of the compound may be mixed with
      conventional pharmaceutically acceptable, inert diluents, carriers or
      adjuvants. In this manner the compounds can be formulated as a tablet,
      capsule, syrup, elixir or injectable solution, as desired. For instance,
      an excipient such as the sugar lactose may be used with the
      trioxopteridine derivative in sufficient quantity to form a capsule or to
      form a powder which can be added to an aqueous solution to form a syrup.
DETD
PAC  EXAMPLES OF THE INVENTION
PAR  The following Examples are given merely as illustrative of the present
      invention and are not to be considered as limiting.
PAC  EXAMPLE 1
PAR  4.0 g of 6-L-arabitylamino-5-nitro-2,4-dioxopyrimidine dissolved in 150 ml
      of water is hydrogenated in the presence of a palladium active-carbon
      catalyst at room temperature. After adding 30 ml of 1N hydrochloric acid
      thereto, an aqueous solution of
      5-amino-6-L-arabitylamino-2,4-dioxopyrimidine is obtained by the
      filtration of said catalyst from the resulting solution in a nitrogen
      atmosphere. Without isolation of the reaction product, the obtained
      solution is heated together with 2.0 g of ethyl pyruvate and 4.4 g of
      sodium acetate at 80.degree.C. for 20 minutes. After filtering out the
      crystals produced by cooling the solution in an ice bath, the crystals are
      dissolved in 100 ml of water at a pH of 9.0 by means of heating. Then,
      this solution is adjusted to a pH of 1.0  with 6N hydrochloric acid to
      obtain a crystalline product by filtration. By crystallization from 300 ml
      of water, 2.8 g of dried pale yellow needle crystals of
      8-L-arabityl-6-methyl-2,4,7-trioxopteridine is obtained.
PAR  Yield: 65.0%
PAR  M.P.: 289.0.degree. - 290.5.degree.C (with decomposition)
PAR  Analysis - calculated for C.sub.12 H.sub.16 N.sub.4 O.sub.7 :  Theory: C,
      43.90; H, 4.91; N, 17.07%;  Found: C, 44.29; H, 4.91; N, 16.90%
PAR  Specific rotary power: [.alpha.].sub.D.sup.20 +  12.60 (C=0.230, in pH 8.0
      buffer solution of phosphoric acid)
PAR  pKa value: 3.60 .+-. 0.02, 12.93 .+-. 0.02
PAC  EXAMPLE 2
PAR  1.0 g of 5-nitro-2,4-dioxo-6-D-xylytyl-aminopyrimidine is dissolved in 50
      ml of water and adjusted to a pH of 10 with 7.5N ammonia water. The
      resulting compound in this solution is reduced in a hydrogen atmosphere in
      the presence of palladium catalyst. After the reaction is completed, 15 ml
      of 1N hydrochloric acid is added to the resultant solution. Then, the
      catalyst in the solution is filtered off under pressurized nitrogen gas to
      obtain 5-amino-2,4-dioxo-6-D-xylytylaminopyrimidine and to this filtrate
      is added 0.75 g of ethylglyoxylate hemi-acetal. After adjustment to a pH
      of 5 with 2.2 g of sodium acetate, the precipitate is obtained by
      filtration. The precipitate is dissolved in 6 ml of 1N aqueous sodium
      hydrogen carbonate. The solution is concentrated to dryness under reduced
      pressure and is then dissolved in 3 ml of water by means of heating. The
      solution is kept under cold storage and is filtered to obtain in
      crystalline material. After the crystalline material is recrystallized
      from 90% ethanol (pH 1.5) and then from water, 0.46 g of crystals of
      2,4,7-trioxo-8-D-xylytylpteridine is obtained.
PAR  Yield: 44.8%
PAR  M.P.: 250.0.degree. - 251.5.degree.C
PAR  Analysis - calculated for C.sub.11 H.sub.14 N.sub.4 O.sub.7 :  Theory: C,
      42.04; H, 4.49; N, 17.83%;  Found: C, 41.93; H, 4.40; N, 17.42%
PAR  Specific rotary power: [.alpha.].sub.D.sup.20 +  16.40 (C=0.235, in pH 8.0
      buffer solution of phosphoric acid) [.alpha.].sub.D.sup.20  - 1.82
      (C=0.220, 0.1N-HCl)
PAR  pKa value: 3.18 .+-. 0.02, 12.45 .+-. 0.01
PAC  EXAMPLE 3
PAR  1.65 g of 6-D-lyxityl-5-nitro-2,4-dioxopyrimidine dissolved in 150 ml of
      water is reduced in the presence of palladium catalyst to obtain
      5-amino-6-D-lyxitylamino-2,4-dioxopyrimidine and is condensed with 0.8 g
      ethyl pyruvate under weak acidity. After heating with stirring for 1 1/2
      hours, the solution is concentrated to 50 ml and adjusted to a pH of 1.0 .
      200 ml of ethanol is added to the filtrate of this solution, and the
      solution is cooled. The resulting precipitate is recrystallized from
      water, and 0.85 g of pale yellow needle crystals of
      8-D-lyxityl-6-methyl-2,4,7-trioxopteridine is obtained.
PAR  Yield: 48.0%
PAR  M.P.: 267.0.degree. - 268.5.degree.C (with decomposition)
PAR  Analysis - calculated for C.sub.12 H.sub.16 N.sub.4 O.sub.7 :  Theory: C,
      43.90; H, 4.91; N, 17.07%;  Found: C, 44.01; H, 4.89; N, 16.97%
PAR  Optical rotation: [.alpha.].sub.D.sup.20 -  12.99.degree. (C=0.300, in pH
      8.0 buffer solution of phosphoric acid) [.alpha.].sub.D.sup.20 -
      4.23.degree. (C=0.260, 0.1N-HCl)
PAR  pKa value: 3.76 .+-. 0.01, 13.01 .+-. 0.02
PAC  EXAMPLE 4
PAR  5-nitro-2,4-dioxo-6 -.beta.-hydroxyethylaminopyrimidine is hydrogenated in
      the presence of Raney nickel, and the reaction product is purified to
      obtain 5-amino-2,4-dioxo-6-.beta.-hydroxyethylaminopyrimidine
      hydrochloride. 2 g of the obtained compound and 300 mg of potassium
      disulfite are dissolved in 80 ml of water and to this solution is added 2
      g of .alpha.-keto-D-calcium gluconate. Then the mixture is heated under
      reflux in a nitrogen atmosphere for one hour. After cooling, the filtrate
      is concentrated to 25 ml of solution. Thereafter, the solution is purified
      by means of magnesium silicate chromatography and strong base ion-exchange
      chromatography to obtain 1.0 g of
      6-(D-arabo)-tetrahydroxybutyl-8-.beta.-hydroxyethyl-2,4,7-trioxopteridine.
PAR  Yield: 32.4%
PAR  M.P.: 184.degree. - 185.degree.C (with decomposition)
PAR  Analysis - calculated for C.sub.12 H.sub.16 N.sub.4 O.sub.8 :  Theory: C,
      41.86; H, 4.68; N, 16.28%;  Found: C, 41.51; H, 4.39; N, 16.33%
PAR  Optical rotation: [.alpha.].sub.D.sup.20 -  40.8 (C=0.270, in pH 8.0 buffer
      solution of phosphoric acid) [.alpha.].sub.D.sup.20 - 47.7 (C=0.130,
      0.1N-HCl)
PAR  pKa value: 3.25 .+-. 0.05, 12.80 .+-. 0.02
PAC  EXAMPLE 5
PAR  2 g of 5-nitro-2,4-dioxo-6-D-ribitylaminopyrimidine dissolved in 160 ml of
      water is reduced in the presence of palladium catalyst. 200 ml of filtrate
      is obtained by removal of the catalyst after the addition of hydrochloric
      acid thereto. To this solution is added 1.0 g of potassium disulfite and 5
      g of .alpha.-keto-L-barium erythronate. The pH of the solution is then
      adjusted to pH 7.0 using sodium acetate . (3 hydrate). After refluxing in
      a nitrogen atmosphere for 2.5 hours, the insoluble product in the reaction
      solution is filtered out. The filtrate is adjusted to a pH of 1.5 and is
      purified by means of active carbon chromatography (extracted with 5% of
      pyridine solution) and magnesium silicate chromatography to obtain 0.72 l
      g of 6-L-dihydroxyethyl-2,4,7-trioxo-8-D-ribityl pteridine.
PAR  Yield: 29.2%
PAR  M.P.: 136.degree. - 139.degree.C (with decomposition)
PAR  Analysis - calculated for C.sub.13 H.sub.18 N.sub.4 O.sub.9 :  Theory: C,
      41.71; H, 4.85; N, 14.97%;  Found: C, 42.20; H, 4.59; N, 14.61%
PAR  Optical rotation: [.alpha.].sub.320.sup.22 -  5.72.degree. .times. 10.sup.4
      (C=3.86 .times. 10.sup.-.sup.3, pH 8.0 buffer solution of phosphoric acid)
      [.alpha.].sub.320.sup.22 +  4.41.degree. .times. 10.sup.4 (C=3.86 .times.
      10.sup.-.sup.3, 0.1N-HCl)
PAR  pKa value: 3.36 .+-. 0.03, 12.44 .+-. 0.02
CLMS
STM  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
NUM  1.
PAR  1. The compound 6-L-dihydroxyethyl-2,4,7-trioxo-8-D-ribityl pteridine.
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ABST
PAL  1,3-BIS(.beta.-ETHYLHEXYL)-5-AMINO-5-METHYLHEXAHYDROPYRIMIDINE
      PYRIDINE-3-CARBOXYLATE(HEXETIDINE NICOTINATE), WHICH HAS GREATER
      BACTERIOSTATIC ACTIVITY AND LOWER TOXICITY IN COMPARISON WITH HEXETIDINE
      OR OTHER SALTS OF HEXETIDINE, IS PREPARED BY REACTING HEXETIDINE OR AN
      ACID ADDITION SALT THEREOF WITH NICOTINIC ACID IN AN ORGANIC SOLVENT.
BSUM
PAR  The present invention pertains to a novel antibacterial compound, to a
      process for its preparation and to pharmaceutical compositions containing
      it. More particularly, this invention is concerned with
      1,3-bis(.beta.-ethylhexyl)-5-amino-5-methylhexahydropyrimidine
      pyridine-3-carboxylate, hereinafter referred to as "hexetidine
      nicotinate", a process for its preparation and pharmaceutical compositions
      containing it.
PAR  It is known from studies of Witold Saski and S. G. Shah (Journal of
      Pharmaceutical Science, 54, 277-280 (1965) that
      1,3-bis(.beta.-ethylhexyl)-5-amino-5-methylhexahydropyrimidine,
      hereinafter referred to as "hexetidine", has a remarkable antibacterial
      activity. F. A. Barkley, F. J. Turner, R. S. Pianotti, P. L. Carthage and
      B. S. Schwartz (in Antimicrobial Agents Annual 507-519 (1960/1961) report
      that the salt formation of hexetidine with organic acids sometimes
      enhances this activity.
PAR  Surprisingly it was now found that a hitherto unknown salt of hexetidine,
      namely 1,3-bis(.beta.-ethylhexyl)-5-amino-5-methylhexahydropyrimidine
      pyridine-3-carboxylate or "hexetidine nicotinate", shows a particularly
      favorable increase in antibacterial activity and is therefore specially
      suited as active compound in pharmaceutical compositions. Hexetidine
      nicotinate is represented by the structural formula:
      ##SPC1##
PAR  The chemical and physical data of this new compound are as follows:
TBL  Elemental analysis:  C.sub.27 H.sub.50 N.sub.4 O.sub.2                    
                  C         H        N      O                                  
     Calculated:  70.08     11.15    12.10  6.92                               
     Found:       69.31     10.78    11.92  7.87                               
     Molecular weight:   462.73                                                
     IR spectrum:                                                              
                3250 cm.sup.-.sup.1 (NH)                                       
                1630 cm.sup.-.sup.1 (amide I)                                  
PAR  The process of this invention for preparing this new compound relies on the
      fact that hexetidine nicotinate separates from solutions of hexetidine or
      its acid addition salts when adding nicotinic acid or a salt thereof.
PAR  The process for preparing hexetidine nicotinate is therefore characterized
      in that a solution of hexetidine or an acid addition salt thereof in an
      organic solvent is reacted with nicotinic acid or a salt thereof in a
      molar ratio of about 1 : 1,  the reaction mixture is cooled and the
      precipitated hexetidine nicotinate is recovered. If the hexetidine
      compound used as the starting material does not have the desired purity
      this salt formation reaction may also be employed for purifying crude
      hexetidine.
PAR  In the synthesis of hexetidine a number of by-products are formed,
      totalling about 20 percent by weight. Such compounds mainly comprise
      N.sub.1, N.sub.3 -bis(ethylhexyl)-2-methyl-1,2,3-propane triamine and
      2,6-bis(.beta.-ethylhexyl)-hexahydro-7.alpha.-methyl-1H-imidazo-(1,5-e)imi
     dazole as well as minor amounts of other impurities. These by-products have
      to be eliminated because they impair the use of hexetidine in
      pharmaceutical compositions. Removing these by-products by distillation
      involves practical difficulties because the most important ones have
      almost the same boiling point as hexetidine. When separating hexetidine
      nicotinate in the form of a salt of low solubility from solutions of
      hexetidine or acid addition salts thereof by adding nicotinic acid or a
      salt thereof, the undesired by-products, which under these conditions form
      more readily soluble salts, remain dissolved.
PAR  By adding hexetidine nicotinate to an aqueous solution of a base,
      hexetidine is set free and can be extracted into a water-immiscible
      organic solvent, the solvent being finally removed from the extract.
PAR  The free hexetidine base is obtained by adding hexetidine nicotinate to
      solutions of, e.g. aliphatic or aromatic amines or alkaline earth
      hydroxides. Aqueous buffer solutions having a higher basicity may also be
      used. Preferred bases include 0.1-1N sodium hydroxide, sodium carbonate,
      0.1-1N potassium hydroxide and aqueous ammonia. The free hexetidine base
      is extracted into a water-immiscible solvent. Preferred extraction agents
      include petroleum ether (40.degree.-80.degree.C), benzene and diethyl
      ether. In a special embodiment of the invention the solvent is removed
      under vacuum (5-10 mm Hg) at 40.degree.-50.degree.C, yielding hexetidine
      of more than 99% purity.
PAR  Pure hexetidine obtained in this manner serves as an excellent starting
      material for preparing the corresponding nicotinic acid salt, especially
      when using the latter as active compound in pharmaceutical compositions.
PAR  Suitable solvents include normally-liquid (i.e. liquid at room
      temperature), aliphatic, alicyclic and aromatic hydrocarbons, lower
      aliphatic alcohols having up to 6 carbon atoms or mixtures thereof with
      water, ketones having up to 6 carbon atoms, aliphatic and alicyclic ethers
      having up to 8 carbon atoms, acid amides, and sulfoxides. Preferred
      solvents include petroleum ether (40.degree.-80.degree.C), methanol,
      n-hexane, dimethyl formamide, isopropanol, benzene, and ethyl alcohol.
PAR  The reaction with nicotinic acid or a salt thereof is conveniently carried
      out at a temperature below the boiling point of the solvent, preferably at
      a temperature of about 40.degree. to 60.degree.C.
DETD
PAR  The following examples serve to illustrate the invention, without being
      construed as limiting the scope of protection.
PAC  EXAMPLE 1
PAR  Hexetidine (1 mole) was dissolved in 1,000 ml petroleum ether
      (40.degree.-80.degree.C) and nicotinic acid (1 mole) was added dropwise
      under stirring at 25.degree.C. The reaction mixture was refluxed for 2
      hours and cooled to room temperature under stirring to give a crystal
      slurry which was filtered under vacuum and dried at
      50.degree.-80.degree.C.
PAR  Hexetidine nicotinate yield: 60 percent (m.p. 108.degree.-1111.degree.C).
PAC  EXAMPLE 2
PAR  Hexetidine (1 mole) was dissolved in 1,000 ml methanol and heated to
      50.degree.C. To the solution nicotinic acid (1 mole) was added dropwise.
      After stirring for 1.5 hours at 50.degree.C, half of the solvent was
      distilled off under vacuum at 40.degree.C. The crystal slurry obtained at
      room temperature was filtered and recrystallized from acetic acid ethyl
      ester, yielding hexetidine nicotinate as white crystals.
PAR  Yield: 70 percent.
PAC  EXAMPLE 3
PAR  Hexetidine (0.1 mole) was dissolved in 40.0 ml n-hexane and heated to
      55.degree.C. Nicotinic acid (0.1 mole) was added under stirring.
      Hexetidine nicotinate precipitated after cooling to room temperature.
PAR  Yield: 70 percent.
PAC  EXAMPLE 4
PAR  Hexetidine (0.1 mole) was dissolved at 40.degree.C in dimethyl formamide,
      0.1 mole nicotinic acid was added and the solution was stirred for 0.5
      hours at 40.degree.C. After cooling, hexetidine nicotinate precipitated
      and was recovered.
PAR  Yield: 80 percent.
PAC  EXAMPLE 5
PAR  Hexetidine (0.1 mole) was dissolved in 30.0 ml isopropanol and heated to
      60.degree.C. After addition of 0.1 mole nicotinic acid, the solution was
      cooled to room temperature under stirring and the resultant crystal slurry
      of hexetidine nicotinate was filtered under vacuum.
PAR  Yield: 60-70 percent.
PAC  EXAMPLE 6
PAR  Hexetidine (0.1 mole) was dissolved in benzene at 40.degree.C and nicotinic
      acid was added dropwise. The solution was reacted for 2 hours and cooled
      under stirring to yield crystals of hexetidine nicotinate which were
      filtered and dried.
PAR  Yield: 60 percent
PAC  EXAMPLE 7
PAR  Nicotinic acid (0.1 mole) was dissolved in 45.0 ml ethanol and 0.1 mole
      hexetidine in 10.0 ml ethanol were added dropwise under stirring at
      50.degree.C. Stirring was continued at 50.degree.C for 2.5 hours and the
      solution was then cooled to room temperature. Hexetidine nicotinate
      precipitated and was separated under vacuum.
PAR  Yield: 65-70 percent
PAC  EXAMPLE 8
PAR  A. To obtain the free base, hexetidine nicotinate prepared from 1 mole
      crude hexetidine (80% purity) was added to 1,000 ml 1N sodium hydroxide
      solution. After the addition of petroleum ether (40.degree.-80.degree.C),
      the mixture was stirred until the salt was completely dissolved. The
      organic phase was separated, washed with water and dried. The solvent was
      removed under vacuum (about 5-10 mm Hg) at 40.degree.C.
PAR  Pure hexetidine yield: 50-60 percent.
PAR  B. To obtain the free base, hexetidine nicotinate prepared from 1 mole
      crude hexetidine (80% purity) was suspended in an excess of 1N aqueous
      potassium hydroxide solution, then 1,000 ml benzene were added. After the
      salt was completely dissolved the organic phase was separated, washed with
      water and dried over sodium sulfate. The solvent was removed under vacuum
      (5-10 mm Hg) at 50.degree.C.
PAR  Pure hexetidine yield: 60-70 percent.
PAR  C. Hexetidine nicotinate obtained from 1 mole crude hexetidine (80% purity)
      was mixed with an excess of 3% ammonia solution. The free hexetidine base
      was taken up in 50.0 ml diethyl ether. The organic phase was separated,
      washed with water and dried over sodium sulfate. The solvent was removed
      under vacuum (5-10 mm Hg) at 50.degree.C.
PAR  Pure hexetidine yield: 70 percent.
PAR  D. Hexetidine nicotinate obtained from 1 mole crude hexetidine (80% purity)
      was mixed with an excess of 1N sodium hydroxide solution and the free base
      was taken up in 60.0 ml petroleum ether (40.degree.-80.degree.C). The
      organic phase was dried over sodium sulfate and the solvent was removed
      under vacuum (5-10 mm Hg) at 50.degree.C.
PAR  Pure hexetidine yield: 80 percent.
PAR  E. Hexetidine nicotinate obtained from 1 mole crude hexetidine (80% purity)
      was treated with an excess of 5% aqueous sodium carbonate solution and
      taken up in petroleum ether (40.degree.-80.degree.C). The organic phase
      was separated and dried. The solvent was removed under vacuum (5-10 mm Hg)
      at 50.degree.C.
PAR  Pure hexetidine yield: about 60 percent.
PAR  F. Hexetidine nicotinate obtained from 1 mole crude hexetidine (80% purity)
      was mixed with 1N potassium hydroxide solution. After the addition of 40.0
      ml diethyl ether, the solution was stirred until the salt was completely
      dissolved. The organic phase was dried over sodium sulfate and the
      extracting agent removed under vacuum (5-10 mm Hg) at 40.degree.C.
PAR  Pure hexetidine yield: 60 percent.
PAR  G. Hexetidine nicotinate obtained from 1 mole crude hexetidine (80% purity)
      was mixed with an excess of 3% ammonia solution. The free hexetidine was
      taken up in 40.0 ml petroleum ether. The extracting agent was removed
      under vacuum (5-10 mm Hg) at 40.degree.C.
PAR  Pure hexetidine yield: 65 percent.
PAR  The purity of hexetidine obtained in (A) to (G) is 99.92 to 99.98 percent.
      Index of refraction of the pure product: [n[.sub.D.sup.20 = 1.4652.
PAR  Reaction of pure hexetidine with nicotinic acid or a salt thereof according
      to examples 1 to 7 gives the desired hexetidine nicotinate in high yields.
PAC  TOXICITY AND BACTERIOSTATIC ACTIVITY
PAR  When subjecting hexetidine, hexetidine oxalate, hexetidine cinnamate and
      hexetidine nicotinate to toxicological and microbiological comparative
      tests, hexetidine nicotinate was found to have particularly favorable
      properties. Thus the toxicity of hexetidine was substantially reduced by
      the salt formation reaction with nicotinic acid. Female NMRI mice having a
      body weight of 20-30 g were used as test animals. The observation period
      was 10 days. The hexetidine salts were suspended in commercial
      carboxymethyl cellulose and 10 ml/kg of the suspension were injected. The
      results were determined by the method of Litchfield and Wilcoxon (G. T.
      Litchfield and F. G. Wilcoxon in Pharmacol. exp. Therap. 96, 99 (1949)).
PAR  The following LD.sub.50 values were obtained:
TBL  Test Compound  Toxicity, LD.sub.50                                        
     ______________________________________                                    
                    p.o.          i.p.                                         
                    (mg/kg)       (mg/kg)                                      
     Hexetidine     960           33                                           
                    (519 - 1,776) (20 - 55)                                    
     Hexetidine oxalate                                                        
                    970           23                                           
                    (561 - 1,678) (19 - 29)                                    
     Hexetidine cinnamate                                                      
                    1,740         54                                           
                    (1,543 - 1,963)                                            
                                  (35 - 83)                                    
     Hexetidine nicotinate                                                     
                    1,830         63                                           
                    (1,331 - 2,516)                                            
                                  (46 - 86)                                    
     ______________________________________                                    
PAR  For a determination of bacteriostatic activity, solutions of hexetidine,
      hexetidine oxalate and hexetidine nicotinate having the following
      compositions were compared:
TBL  Hexetidine solution                                                       
                    100 mg hexetidine per 100 ml                               
     Hexetidine oxalate solution                                               
                    113.2 mg hexetidine oxalate                                
                    (corresponding to 100 mg hexe-                             
                    tidine) per 100 ml                                         
     Hexetidine nicotinate                                                     
                    136.2 mg hexetidine nicotinate                             
     solution       (corresponding to 100 mg hexe-                             
                    tidine) per 100 ml                                         
PAR  The inoculum suspension was obtained by inoculation of a sterile Petri dish
      containing nutrient agar (standard I) with a test culture of bacterial
      parent strains (Escherichia coli, Proteus vulgaris, Pseudomonas
      aeruginosa) and incubation at 30.degree.C for 24 hours. The suspension was
      either used immediately or stored at +4.degree.C. The organisms grown in
      the Petri dish were elutriated with 5 ml physiological brine solution and
      diluted 1:10 with the same solution to a volume of 50 ml. Then 250 ml
      double concentrated thioglycolate solution (60 g/l) were mixed with 100
      drops (about 5 ml) of the above 1:10 diluted primary culture of bacterial
      parent strains and shaken to obtain a uniform suspension. Serial dilutions
      were prepared for each of the above-mentioned compound solutions in the
      following concentrations, each comprising 10 test tubes of 100 ml:
PAR  hexetidine per ml: 1,000; 500; 250; 125; 62.5; about 31; about 16; about 8;
      about 4; about 2.
PAR  Next, 5 ml double concentrated thioglycolate nutrient solution inoculated
      with the test organisms were added to each test tube by means of a pipet.
      Each test tube thus contained 50% of the final concentration. The results
      were determined after incubation of the serial dilutions at 30.degree.C
      for 24 to 72 hours. Complete absence of cloudiness (growth) in a test tube
      after 72 hours incubation indicates the minimum inhibitory concentration
      (MIC).
PAR  The table shows the bacteriostatic activity in relation to concentration:
TBL          Hexetidine con-                                                   
                           Bacteriostatic activity after                       
     Solution                                                                  
             tained in 100 mg                                                  
     solution          1     2     3   4   5   6   days                        
     ______________________________________                                    
     Hexetidine 100 mg                   125.gamma.                            
     Hexetidine                                                                
     oxalate    100 mg     500.gamma.                                          
     Hexetidine                                                                
     nicotinate 100 mg               62.5.gamma.                               
     ______________________________________                                    
PAR  All samples were incubated at 30.degree.C for 6 days.
PAR  After 6 days hexetidine still showed a satisfactory activity at a
      concentration of 125.gamma.. Hexetidine oxalate showed no significant
      activity at a concentration of as high as 500.gamma., whereas hexetidine
      cinnamate could not be tested due to extreme insolubility. Hexetidine
      nicotinate still showed an activity at a concentration of 62.5.gamma..
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ABST
PAL  Cyclic nitrile carbonate group-containing chloroformate of the general
      formula:
      ##EQU1##
      is condensed with polyfunctional nucleophilic compound of the general
      formula:
EQU  HT-Y TH].sub.x ,
PAL  wherein R is an aliphatic hydrocarbon, T is O, S or NR', wherein R' is
      hydrogen or an essentially hydrocarbonaceous group, Y consists essentially
      of carbon and hydrogen, and x is 1 to 3, to yield hydrogen chloride as the
      elimination product and cyclic nitrile carbonate group-containing
      condensate of the general formula:
      ##EQU2##
      AS THE ADDITION PRODUCT. The addition product is useful as, inter alia, a
      precursor for a carbonate, urethane or thiocarbonate group-containing
      polyurethane, polyurea, or polythiourethane, these polymers being in turn
      useful in coating, molding, adhesive, and the like compositions.
PARN
PAR  This application is a continuation-in-part application of U.S. patent
      application Ser. No. 85,821, filed Oct. 30, 1970 now abandoned.
BSUM
PAR  The present invention relates to novel chemical compounds and their
      synthesis. More particularly, it is concerned with the discovery that
      certain cyclic nitrile carbonate group-containing chloroformates will
      undergo a chain-extending, condensation reaction with certain
      polyfunctional nucleophilic compounds to yield hydrogen chloride as the
      elimination product and a cyclic nitrile carbonate group-containing
      condensate as the addition product.
PAR  In U.S. Pat. No. 3,609,163, herein incorporated by reference, are
      disclosed, inter alia, cyclic nitrile carbonate group-containing
      chloroformates of the general formula:
      ##EQU3##
      wherein R is aliphatic hydrocarbon of 2 to 11 carbon atoms, at least 2
      carbon atoms of which separate the non-ring oxygen atom (the one
      identified by an asterisk in the above formula) from the nitrile carbon
      atom. These chloroformates are disclosed in the above-mentioned U.S.
      Patent as being useful as blowing agents for vinyl resins and the like
      and, as regards certain ones of the chloroformates, as being useful as
      precursors for ethylenically-unsaturated cyclic nitrile carbonate
      compounds. It has now been found that useful cyclic nitrile carbonate
      group-containing condensates can be prepared from the above-described
      chloroformates wherein R is a linear or branched chain saturated,
      ethylenically unsaturated or acetylenically unsaturated hydrocarbon
      radical by condensing the latter with polyfunctional nucleophilic
      compounds of the general formula:
EQU  HT-YTH.sub.x
PAL  wherein each T is O, S, or NR'; Y is an organic radical which is
      essentially hydrocarbonaceous; and x is 1 to 3, preferably 1 or 2. R' is
      hydrogen or an essentially hydrocarbonaceous organic radical which is
      either monovalent and bonded only to the nitrogen atom or is divalent and
      is additionally bonded either to Y (as, for example, in 3-aminopiperidine)
      or to another nitrogen atom of another T (as, for example, in piperazine).
      R' generally has up to 40 carbon atoms and often has 10 carbon atoms or
      less. By the reference to Y and R' being "essentially hydrocarbonaceous"
      is meant that those groups consist of carbon and hydrogen as essential
      components, thus recognizing that while elements other than carbon and
      hydrogen can be present, either in pendant moieties or in a main chain,
      they must not change the characteristic intended for Y and R', that is,
      that they be free of groups that would be reactive with the cyclic nitrile
      carbonate group-containing chloroformate, such as reactive
      hydrogen-containing groups as determined by the Zerewitinoff test. The
      products of the condensation reaction are hydrogen chloride and an
      addition product which contains carbonate, urethane or thiocarbonate
      linking groups. The reaction can be represented by the following equation,
      R, Y, T, and x being as defined above:
      ##EQU4##
      where, however, the T of a -TH group of the nucleophilic reactant is NR'
      and R' is hydrogen (i.e., the --TH group is an NH.sub.2 group), then T in
      the addition product of the condensation reaction can be either &gt;NH or
      ##EQU5##
      The latter moiety is provided where a molar equivalent of --NH.sub.2
      groups in the nucleophilic reactant is condensed with two moles of the
      chloroformate.
PAR  The novel addition products produced by the condensation reaction of the
      present invention are useful as, inter alia, precursors for carbonate,
      urethane or thiocarbonate group-containing polyurethanes, polyureas,
      polythiourethanes, and polymers of mixed urethane, urea, and/or
      thiourethane linkages. These polymers are, in turn, useful in coating,
      adhesive, fibre-forming, sealing, and molding compositions. Preparation of
      the polymers is disclosed, for example, in Belgian Pat. No. 706,181, as
      well as in U.S. Pat. Nos. 3,531,425 and 3,652,507, herein incorporated by
      reference. Briefly, the polymers can be prepared by condensing the cyclic
      nitrile carbonate groups of the addition products of this invention with a
      polyfunctional amine, alcohol, or mercaptan, such as the polyfunctional
      nucleophilic compound employed in the present invention. The condensation
      occurs at elevated temperatures and can be catalyzed by, for example, a
      catalytic combination of a first metal from Groups III-V of the Periodic
      Chart, e.g., tin, and a second metal from Groups I or II of the iron
      series of Group VIII, e.g., sodium. The condensation reaction which takes
      place between the groups can be understood from the following partial
      reaction equation which depicts ethylene glycol being condensed with two
      cyclic nitrile carbonate groups:
      ##EQU6##
PAR  A method for preparing the chloroformate starting material used in the
      reaction of the present invention is disclosed in the aforementioned U.S.
      Pat. No. 3,609,163. Briefly, the chloroformates can be prepared by
      phosgenating a hydroxyl group-containing monohydroxamic acid, for example
      as represented in the following equation:
      ##EQU7##
PAR  The hydroxyl group-containing hydroxamic acid can, in turn, be prepared by
      reacting a lactone with hydroxylamine, as represented in the following
      equation:
      ##EQU8##
PAR  Branched chain as well as unbranched, and saturated as well as unsaturated,
      chloroformates can be employed in the present invention. In the
      above-discussed method of preparing the chloroformates, however, it is
      generally preferred that the R group be unbranched rather than branched,
      and saturated rather than unsaturated. Accordingly, the chloroformate used
      in the present invention will most often be so composed; also, its R group
      will frequently contain from 2 to 5 carbon atoms.
PAR  Where the chlorocarbonyloxy group of the chloroformate is separated from
      the cyclic nitrile carbonate group by a paraffinic carbon-to-carbon chain
      of 2 carbon atoms, then the chloroformate is capable of partially
      decomposing to yield ethylenically-unsaturated cyclic nitrile carbonate
      compounds. As discussed in the aforementioned U.S. Pat. No. 3,609,163, the
      decomposition is catalyzed by organic tertiary amines which have pK values
      below about 5. As will be hereinafter discussed in greater detail, it can
      be advantageous to include a basic compound such as a tertiary amine in
      the condensation reaction mixture of the present invention. Where such is
      used, then it will be preferred that the chloroformate starting material
      have at least 3 carbon atoms of R separating the non-ring oxygen atom from
      the nitrile carbon atom, the purpose being to avoid the situation wherein
      an unsaturation-yielding partial decomposition reaction would compete with
      the desired condensation reaction of the present invention. Most
      preferably, in fact, the minimum 3 carbon atom separation is employed
      regardless of whether a basic compound is present in the condensation
      reaction mixture.
PAR  Most preferably, the chloroformate is soluble in one or more of the
      following solvents: water, chloroform, diethyl ether, benzene, and
      p-dioxane. This solubility permits the use of one or more of those
      solvents in the condensation reaction, which, as hereinafter discussed, is
      the preferred manner of conducting the reaction. As examples of preferred
      chloroformates can be mentioned, then
      5-(chlorocarbonyloxy)-pentane-1-nitrile carbonate,
      4-(chlorocarbonyloxy)butane-1-nitrile carbonate, and
      3-(chlorocarbonyloxy)propane-1-nitrile carbonate.
PAR  The polyfunctional nucleophilic compound generally has a molecular weight
      of up to about 10,000, most often of up to about 1,000 or about 5,000, of
      which Y generally amounts to up to about 9,900, most often up to about 900
      or about 4,900. The nucleophilic compound can be aromatic or non-aromatic
      (i.e., aliphatic or cycloaliphatic) and the nucleophilic groups (i.e.,
      those designated as --TH in the above formula) can be held either by
      non-aromatic carbon atoms or by aromatic carbon atoms (i.e., attached
      directly to an aromatic ring). Where the nucleophilic compound is
      non-aromatic, it can be saturated or ethylenically or acetylenically
      unsaturated. Where the nucleophilic groups are held by non-aromatic carbon
      atoms, they (the nucleophilic groups) can be primary, secondary, or
      tertiary. (To clarify, by a primary nucleophilic group is meant one which
      is held by a carbon atom which also holds 2 hydrogen atoms.) Where the
      nucleophilic compound is aromatic, it is often preferred that it contain
      either 1 or 2 benzene rings; and, if the latter, preferably non-fused
      rings. As examples of suitable nucleophilic compounds wherein Y is
      hydrocarbyl can be mentioned, then alkanediols, dithiols, and diamines
      such as ethylene glycol, 1,4-butanediol, 1,6-hexanediol, dihydroxylated
      polybutadiene, 1,2-ethanedithiol, 1,4-butanedithiol, hexamethylene
      diamine, and ethylene diamine; di(hydroxyalkyl)benzenes,
      di(mercaptoalkyl)benzenes, and di(aminoalkyl)benzenes such as
      1,4-di(hydroxymethyl)benzene, 1,3-di(mercaptopropyl)benzene, and
      1,4-bis(N-methylaminomethyl)-benzene; di(hydroxyphenyl)alkanes,
      di(mercaptophenyl)alkanes, and di(aminophenyl)alkanes such as
      2,2-bis-(4-hydroxyphenyl)-propane, bis(3-mercaptophenyl)methane, and
      1,2-bis(4-aminophenyl)ethane; alkane triols, trithiols, and triamines,
      such as glycerine, 1,3,6-trimercaptohexane and
      1-(N-ethylamino)-3,5-diaminopentane; and alkane tetraols, tetrathiols, and
      tetraamines such as pentaerythritol, 1,3,5,7-tetramercaptoheptane, and
      1,1,4,4-tetraaminobutane.
PAR  Also suitable as nucleophilic reactants in the process of the present
      invention are compounds containing any of the several possible
      combinations of the different suitable nucleophilic groups, such as, for
      example, aminoalcohols, mercaptoamines, hydroxymercaptans, etc.
PAR  As with the chloroformate, it is preferred that the nucleophilic reactant
      be soluble in one or more of the following solvents: water, chloroform,
      diethyl ether, benzene, and p-dioxane.
PAR  As stated above, Y in the formula for the nucleophilic compound can contain
      non-interfering atoms of elements other than carbon and hydrogen, e.g.,
      can contain carbonyl oxygen, thiocarbonyl sulfur, amido nitrogen, ether
      oxygen, thioether sulfur, etc. As examples of such compounds can be
      mentioned, for instance, nucleophilic group-containing amides, esters,
      thioesters, ethers, thioethers, and di-substituted amines.
PAR  A prime example of suitable nucleophilic group-containing esters is
      polyhydroxyl group-containing polyesters. Suitable such hydroxyl
      group-containing polyesters are the well known condensation products of
      polycarboxylic acids, for instance, of 5 to 15 carbon atoms, or their
      anhydrides, and polyhydric alcohols, such as those of about 2 to 15 carbon
      atoms. As suitable polycarboxylic acids may be mentioned, for example,
      aromatic acids such as benzene-1,3-dicarboxylic acid and
      benzene-1,2-dicarboxylic acid, and aliphatic acids, either saturated or
      unsaturated, such as adipic acid, azelaic acid, sebacic acid, adducts of
      maleic acid with fatty oils or fatty oil acids such as, for example, tall
      oil, linoleic acid, etc. Suitable polyhydric alcohols include those
      mentioned above as being suitable for use as the polyhydroxyl compound in
      this invention, for example, ethylene glycol, glycerine, pentaerythritol,
      etc. Preferably at least two of the polyester's hydroxyl groups are
      primary hydroxyl groups.
PAR  Prime examples of suitable nucleophilic group-containing ethers are
      polyhydric alkylene ethers, including poly-(alkylene ethers), having a
      molecular weight of up to about 3000, preferably up to about 1000.
      Suitable such polyhydric alkylene ethers may be derived, for example, by
      the polymerization of alkylene oxides such as ethylene oxide, propylene
      oxide, butylene oxide, and the like. They may also be prepared by the
      polymerization of the cyclic ethers such as, for example, dioxane,
      tetrahydrofuran, and the like, and by the condensation of an alkylene
      oxide with a polyol, e.g., a glycol such as ethylene glycol, propylene
      glycol, butylene glycol, and the like, or a triol such as
      trimethylolethane, trimethylolpropane, and the like. Often preferred are
      those poly(alkylene ether) glycols wherein the repeating alkylene group
      has from 2 to 4 carbon atoms.
PAR  As examples of suitable nucleophilic group-containing thioethers can be
      mentioned, for instance, the polymercapto alkylene thioether equivalents
      of the polyhydric alkylene ethers mentioned above. Thus, for example, the
      compound 1-hydroxy-2-(hydroxyethoxy)ethane exemplifies a suitable
      nucleophilic group-containing ether for use as the nucleophilic compound
      in the present invention; its polymercapto alkylene thioether equivalent
      is 1-mercapto-2-(mercaptoethylthio)ethane, which exemplifies a suitable
      nucleophilic group-containing thioether for use as the nucleophilic
      compound in the present invention.
PAR  The condensation reaction of the present invention can generally be
      conducted at a temperature above about -10.degree.C. but below that at
      which the cyclic nitrile carbonate ring reacts with the nucleophilic
      compound and below the point of decomposition (e.g., to an isocyanate) or
      the desired addition product, for example, in the range of -10.degree. to
      60.degree.C., preferably about 20.degree. to 40.degree. or 50.degree.C.
      Control of the temperature of the reaction, which is exothermic, can be
      achieved, for example, by effecting gradual addition of the nucleophilic
      reactant to the chloroformate, or by contacting the reaction mixture with
      a cooling medium, or by employing both means.
PAR  To insure a fast rate of reaction, it is preferred that the condensation be
      conducted while the reactants are in contact with a hydrogen chloride
      acceptor. Generally suitable hydrogen chloride acceptors are basic
      materials which are non-reactive with the reactants or the addition
      product but which are effective to neutralize the hydrogen chloride
      produced. Most preferably the amount of HCl acceptor employed will be at
      least that which is stoichiometrically required. Inorganic bases, such as
      the alkali metal hydroxides, carbonates, and bicarbonates, e.g., sodium
      hydroxide, carbonate, and bicarbonate, as well as organic bases, such as
      the nitrogenous bases, e.g., pyridine, tertiary amines such as
      N,N-dimethylaniline, etc., can be used as the HCl acceptor.
PAR  Bases, most especially organic bases, often tend to catalyze a reaction
      between reactive hydrogen-containing groups and cyclic nitrile carbonate
      groups. Therefore, when a basic HCl acceptor is employed in the present
      process, it is preferred that essentially no excess of the polyfunctional
      nucleophilic compound be employed. Thus, at least a stoichiometric amount
      of the chloroformate is preferably used in that circumstance.
PAR  The reaction is carried out with the reactants being homogeneously mixed
      together, either in the presence or absence of an inert solvent. The
      presence of a solvent for both reactants is preferred, however. Suitable
      solvents include, for example, p-dioxane, chloroform, diethyl ether, and
      benzene. Mixtures of solvents, even mutually immiscible solvents such as
      chloroform and water, or diethyl ether and water, can also be used if
      desired. It is preferred that the reaction mixture be agitated during the
      condensation reaction, especially when a mixture of immiscible solvents is
      employed, since in this case the condensation often takes place at the
      solvent interface.
PAR  Recovery of the addition product from the reaction mixture can be by any
      suitable means, such as, for example, by solvent extraction methods. Where
      a hydrogen chloride acceptor has been used, it is generally preferred to
      neutralize any unreacted amounts thereof which might be present in the
      crude mixture. This can conveniently be accomplished by washing the
      mixture with a dilute aqueous solution of an acid such as HCl.
DETD
PAR  The invention will be better understood by reference to the following
      examples.
PAC  EXAMPLE I
PAR  There are dissolved in 50 ml. of para-dioxane, at room temperature, 11.78
      g. (0.05 mole) of 5-(chlorocarbonyloxy)pentane-1-nitrile carbonate and
      2.25 g. (0.025  mole) of 1,4-butanediol. To that well-stirred solution is
      then added, over a period of 13 minutes, a solution of 3.95 g. (0.05 mole)
      of pyridine in 10 ml. of para-dioxane. The temperature of the reaction
      solution rises during the addition of about 29.degree.C., and the solution
      acquires a faint purple color which disappears by the end of the addition.
      After a total reaction time of 35 minutes, the solution is cooled to about
      20.degree.C. and 150 ml. of chloroform is added thereto. The resultant
      mixture is washed with slightly acidic water (e.g., an aqueous solution of
      HCl) and then with plain water to effect removal of the para-dioxane, the
      pyridine hydrochloride, and any unreacted pyridine. The chloroform layer
      is then dried over magnesium sulfate and then stripped under vacuum to
      give about 11 g. (representing a yield of about 90% of theoretical) of a
      thick oil which is identified by elemental, infrared, and nuclear magnetic
      resonance analyses as crude
      1,4-bis(5-(nitrilecarbonato)pentoxycarbonyloxy)butane, which can be
      represented by the structural formula:
      ##EQU9##
      containing some 5-chloropentane-1-nitrile carbonate as impurity.
PAC  EXAMPLE II
PAR  There are dissolved in 75 ml. of para-dioxane, at room temperature, 23.56
      g. (0.10 mole) of 5(chlorocarbonyloxy)-pentane-1-nitrile carbonate and
      5.91 g. (0.05 mole) of 1,6-hexanediol. To that well-stirred solution is
      then added, over a period of 33 minutes, a solution of 7.91 g. (0.10 mole)
      of pyridine in 25 ml. of para-dioxane. The temperature of the reaction
      solution is held to about 30.degree.C. and the solution is stirred for an
      additional hour after completion of the addition. The solution is then
      cooled to below 10.degree.C. and 300 ml. of chloroform is added thereto.
      The resultant mixture is washed with slightly acidic water (e.g., an
      aqueous solution of HCl) and then with plain water to remove the
      para-dioxane, the pyridine hydrochloride, and any unreacted pyridine. The
      chloroform layer is then dried over magnesium sulfate and then stripped
      under vacuum to give about 23.7 g. (representing a yield of about 92% of
      theoretical) of an oil which is identified by elemental, infrared, and
      nuclear magnetic resonance analyses as crude
      1,6-bis(5-nitrilecarbonato)pentoxycarbonyloxyl) hexane, which can be
      represented by the structural formula:
      ##EQU10##
PAC  EXAMPLE III
PAR  The procedure of Example II is repeated, but instead using a solution of
      25.39 g. (0.108 mole) of the chloroformate and 7.45 g. (0.054 mole) of
      1,4-di(hydroxymethyl)benzene in 110 ml. of para-dioxane and a solution of
      8.53 g. (0.108 mole) of pyridine in 25 ml. of para-dioxane. There is
      obtained 26.4 g. (representing a yield of 91% of theoretical) of an oil
      which is identified by elemental, infrared, nuclear magnetic resonance,
      and mass spectroscopy analyses as
      1,4-bis(5-(nitrilecarbonato)pentoxycarbonyloxymethyl)benzene, which can be
      represented by the structural formula:
      ##SPC1##
PAC  EXAMPLE IV
PAR  The procedure of Example II is repeated, but instead using a solution of
      47.12 g. (0.20 mole) of the chloroformate and 22.83 g. (0.10 mole) of
      2,2-bis(4-hydroxyphenyl)propane in 160 ml. of para-dioxane and a solution
      of 15.82 g. (0.20 mole) of pyridine in 50 ml. of para-dioxane. There is
      obtained 52.9 g. (representing a yield of 84.5% of theoretical) of an oil
      which is identified by infrared, nuclear magnetic resonance, and mass
      spectroscopy analyses as
      4,4'-bis(5-(nitrilecarbonato)pentoxycarbonyloxy)-2,2-diphenylpropane,
      which can be represented by the structural formula:
      ##SPC2##
PAC  EXAMPLE V
PAR  A solution of 5.81 g. (0.04 mole) hexamethylene diamine and 5.30 g. (0.05
      mole) sodium carbonate in 50 ml. water is added over a period of 45
      minutes to a well-stirred solution of 25.25 g. (0.105 mole) of
      -(chlorocarbonyloxy) pentane-1-nitrile carbonate in 150 ml. of
      methanol-free chloroform at 25.degree.C. The reaction mixture is stirred
      for another hour and the two layers are then separated after an additional
      amount of chloroform is added. The organic phase is washed with water,
      dried and evaporated to dryness under vacuum. The resulting white jelly is
      extracted twice with 250 ml. of diethyl ether at reflux for 0.52 hour. The
      product obtained is identified by infrared and nuclear magnetic resonance
      analyses as
      N,N'-bis(5-(nitrilecarbonato)pentoxycarbonyl)-1,6-diaminohexane, which can
      be represented by the structural formula:
      ##EQU11##
      It is obtained of 18.7 g., representing 73 percent of the theoretical
      yield.
PAC  EXAMPLE VI
PAR  A solution of 3.00 g. (0.05 mole) ethylenediamine and 5.30 g. (0.05 mole)
      sodium carbonate in 30 ml. water is added over a period of 25 minutes to a
      well-stirred solution of 25.25 g. (0.105 mole) of
      5-(chlorocarbonyloxy)pentane-1-nitrile carbonate in 150 ml. methanol-free
      chloroform at 25.degree.C. The reaction mixture is stirred for another
      hour and the chloroform layer is separated, washed with water, dried and
      evaporated to dryness. The jelly residue is extracted with 250 ml. diethyl
      ether at reflux for 0.5 hour. The white solid product obtained is
      N,N'-bis(5-(nitrilecarbonato)pentoxycarbonyl)-1,2-diaminoethane, which can
      be represented by the structural formula:
      ##EQU12##
      The product is obtained in an amount of 8.5 g., representing 37 percent of
      the theoretical yield.
PAC  EXAMPLE VII
PAR  In a manner similar to Example V, 4.30 g. (0.05 mole) of piperazine is
      reacted with 5-(chlorocarbonyloxy)pentane-1-nitrile carbonate to give 22.0
      g. (representing 91 percent of the theoretical yield) of white, solid,
      N,N'-bis(5-(nitrilecarbonato)pentoxycarbonyl) piperazine, which can be
      represented by the structural formula:
      ##EQU13##
PAC  EXAMPLE VIII
PAR  2.35 grams (0.025 mole) of 1,2-ethanedithiol and 3.95 g. (0.05 mole) of
      pyridine are dissolved in 15 ml. of 1,4-dioxane and the solution is added
      in 25 minutes to a well-stirred solution of 11.78 g. (0.05 mole) of
      5-(chlorocarbonyloxy)pentane-1-nitrile carbonate in 30 ml. of 1,4-dioxane.
      The temperature of the exothermic reaction is held with slight cooling at
      26.degree.-32.degree.C. During the course of the reaction pyridine
      hydrochloride precipitates as a white solid. After the addition is
      complete, stirring of the reaction mixture is continued for 1 hour. The
      product mixture is dissolved in 150 ml. of chloroform and that solution is
      washed twice with ice water. The washed solution is dried over "Drierite"
      and the solvent evaporated under vacuum. 11.8 Grams (96% yield) of an oily
      product is obtained which is identified by infrared and nuclear magnetic
      resonance analyses as
      1,2-bis(5-(nitrilecarbonato)pentoxycarbonylthio)ethane in 92.5 wt. %
      purity, which compound can be represented by the structural formula:
      ##EQU14##
      The main impurity is 5-chloropentane-1-nitrile carbonate.
PAC  EXAMPLE IX
PAR  3.056 Grams (0.025 mole) of 1,4-butanedithiol and 3.955 g. (0.05 mole) of
      pyridine are dissolved in 15 ml. of 1,4-dioxane and the solution is added
      in 20 minutes to a well-stirred solution of 11.78 g. (0.05 mole) of
      5-(chlorocarbonyloxy)pentane-1-nitrile carbonate in 30 ml. of 1,4-dioxane.
      The temperature of the reaction mixture is held during the addition at
      40.degree.C. After the addition is complete, stirring of the reaction
      mixture is continued for 45 minutes at 46.degree.C. and 50 minutes at
      53.degree.-55.degree.C. The product mixture is dissolved in 150 ml. of
      chloroform and that solution is washed three times with ice water. The
      washed solution is dried over "Drierite" and the solvent is evaporated
      therefrom under vacuum. 11.7 Grams (90.8% yield) of an oily product is
      obtained which is identified by infrared and nuclear magnetic resonance
      analyses as 1,4-bis(5-nitrilecarbonato)pentoxycarbonylthio)butane in 80%
      purity, which compound can be represented by the structural formula:
      ##EQU15##
      The main impurity is 5-chloropentane-1-nitrile carbonate.
PAC  EXAMPLE X
PAR  3.858 Grams (0.025 mole) of 1-mercapto-2-(mercaptoethylthio)ethane and
      3.955g. (0.05 mole) of pyridine are dissolved in 15 ml. of 1,4-dioxane and
      the solution is added in 20 minutes to a well-stirred solution of 11.78g.
      (0.05 mole) of 5-(chlorocarbonyloxy)pentane-1-nitrile carbonate in 30 ml.
      of 1,4-dioxane. The temperature of the reaction mixture during the
      addition is held at 40.degree.C. After the addition is complete, stirring
      of the reaction mixture is continued for 1 hour at 55.degree.-60.degree.C.
      The product mixture is dissolved in 150 ml. of chloroform and that
      solution is washed three times with ice water. The washed solution is
      dried over "Drierite" and the solvent is evaporated therefrom under
      vacuum. 13.3 Grams (96.4% yield) of an oily product is obtained which is
      identified by infrared and nuclear magnetic resonance analyses as
      .beta.,.beta.'-bis(5-(nitrilecarbonato)pentoxycarbonylthio)ethylthioethane
      in 87.5 wt. % purity, which compound can be represented by the structural
      formula:
      ##EQU16##
      The main impurity is 5-chloropentane-1-nitrile carbonate.
PAC  EXAMPLE XI
PAR  The procedure of Example I is repeated except that 0.05 mole of
      4-(chlorocarbonyloxy)-2-butene-1-nitrile carbonate is substituted for the
      5-(chlorocarbonyloxy)pentane-1-nitrile carbonate. A reaction product
      having the following structural formula is obtained:
      ##EQU17##
PAC  EXAMPLE XII
PAR  The procedure of Example I is repeated except that 0.05 mole of
      6(chlorocarbonyloxy)3 hexyne-1-nitrile carbonate is substituted for the
      5(chlorocarbonyloxy)pentane-1-nitrile carbonate. A reaction product having
      the following sructural formula is obtained:
      ##EQU18##
PAC  EXAMPLE XIII
PAR  The procedure of Example I is repeated except that 0.075 mole of
      5-(chlorocarbonyloxy)-pentane-1-nitrile carbonate is reacted with 0.025
      mole of polypropylene ether triol having a molecular weight of 3000 (sold
      by Union Carbide Co. under the trademark Niax Polyol LG56). A polymeric
      reaction product containing 3 nitrile carbonate groups per molecule of
      polypropylene ether is obtained.
PAC  EXAMPLE XIV
PAR  The procedure of Example I is repeated except that 0.0125 mole of
      N,N,N'N'-tetrakis(2-hydroxylpropyl)ethylene diamine (sold by Wyandotte
      Chemical Co., a subsidiary of BASF Co., under the trademark Quadrol) is
      substituted for the 1,4-butanediol. A product having the following
      structural formula is obtained:
      ##EQU19##
PAC  EXAMPLE XV
PAR  The procedure of Example I is repeated except that 0.022 mole of
      hydroxylated poly butadiene having an average of 2.3 hydroxyl groups per
      molecule and a molecular weight of 3000 is substituted for the 1,4-butane
      diol. A polymeric product containing about 2.3 nitrile carbonate groups
      per molecule of hydroxylated poly butadiene is obtained.
PAC  EXAMPLE XVI
PAR  The procedure of Example VI is repeated except that 0.05 mole of
      NN'bis(ethyl)ethylene diamine is substituted for the ethylenediamine. A
      product having the following structural formula is obtained:
      ##EQU20##
PAC  EXAMPLE XVII
PAR  The procedure of Example VII is repeated except that 0.05 mole of 3-amino
      piperidine is substituted for the piperazine. A reaction product having
      the following structural formula is obtained:
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclic nitrile carbonate group-containing compound of the formula:
PAL  wherein R is aliphatic hydrocarbon of 2 to 11 carbon atoms, at least 2
      carbon atoms of which separate the non-ring oxygen atom from the nitrile
      carbon atom, Y is an essentially hydrocarbonaceous organic radical free of
      groups that would be reactive with the nitrile carbonate groups and has a
      molecular weight of up to about 9,900, x is 1 to 3 and T is O, S, NR' or
      ##EQU22##
      R' being hydrogen or an essentially hydrocarbonaceous organic radical free
      of groups that would be reactive with the cyclic nitrile carbonate groups
      having up to 10 carbon atoms, which radical is either monovalent and
      bonded only to the nitrogen atom of T, or is divalent and either (a)
      bonded to Y as well as to the nitrogen atom of T or (b) bonded to another
      nitrogen atom of another T as well as to said first nitrogen atom of said
      first T.
NUM  2.
PAR  2. The compound of claim 1 wherein R has at least 3 carbon atoms and at
      least 3 carbon atoms thereof separate the non-ring oxygen atom from the
      nitrile carbon atom.
NUM  3.
PAR  3. The compound of claim 2 wherein R is pentamethylene.
NUM  4.
PAR  4. The compound of claim 2 wherein Y is tetramethylene and T is O or NH.
NUM  5.
PAR  5. The compound of claim 2 wherein Y is hexamethylene and T is O or NH.
NUM  6.
PAR  6. The compound of claim 2 wherein Y is dimethylene and T is S or NH.
NUM  7.
PAR  7. The compound of claim 2 wherein Y is --CH.sub.2 --CH.sub.2 --S--CH.sub.2
      --CH.sub.2 -- and T is S.
NUM  8.
PAR  8. The compound of claim 2 wherein Y is
      ##SPC3##
PAL  and T is O.
NUM  9.
PAR  9. The compound of claim 2 wherein Y is
      ##SPC4##
PAL  and T is O.
NUM  10.
PAR  10. The compound of claim 1 wherein x is 1 and T--Y--T is 3 amino
      piperidine.
NUM  11.
PAR  11. The compound of claim 1 wherein x is 1 and T--Y--T is piperazine.
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PAL  A process for the production of 6-(disubstituted
      amino)phenyl-1,2-dihydro-2-oxonicotinyl chloride hydrochlorides, which
      comprises exposing the dry, finely divided corresponding 6-(disubstituted
      amino)phenyl-1,2-dihydro-2-oxonicotinic acid or its hydrochloride to
      gaseous thionyl chloride utilizing reduced atmospheric pressures. The
      6-(disubstituted amino)phenyl-1,2-dihydro-2-oxonicotinyl chloride
      hydrochlorides are useful as intermediates in the preparation of useful
      semisynthetic antibiotics.
BSUM
PAC  SUMMARY AND DETAILED DESCRIPTION
PAR  The present invention relates to a process for the production of
      6-(disubstituted amino)phenyl- 1,2-dihydro-2-oxonicotinyl chloride
      hydrochlorides having the formula
      ##SPC1##
PAL  Wherein R is hydrogen or methyl; R.sub.1 and R.sub.2 are branched or
      straight chain lower alkyl groups of from one to six carbon atoms, or
      R.sub.1 R.sub.2 N taken together is 4-R.sub.3 -1-piperazino,
      4-methyl-1-homopiperazino, 1-pyrrolidino, morpholino, 1-piperidino,
      4-(1-pyrrolidino)piperidino or 4-(1-piperidino)-piperidino, wherein
      R.sub.3 is a branched or straight chain lower alkyl group of from one to
      six carbon atoms, cyclohexyl, benzyl, phenyl, halophenyl wherein halo
      represents chloro, fluoro, bromo, or iodo; which comprises reacting a
      compound of the formula
PAL  Wherein R, R.sub.1 and R.sub.2 are as previously defined or acid addition
      salts thereof with thionyl chloride wherein said thionyl chloride is in
      the gaseous phase.
PAR  The preferred embodiments of the process give rise to compounds wherein R
      is hydrogen; R.sub.1 R.sub.2 N taken together is 4-R.sub.3 -1-piperazino
      and R.sub.3 is a straight or branched lower alkyl group of from one to six
      carbon atoms or benzyl. The most preferred embodiments of this process are
      those wherein the R.sub.1 R.sub.2 N group is in the para position.
PAR  Typical acid addition salts are the hydrochloride, hydrobromide, sulfate or
      phosphate salts, with the preferred salt being the hydrochloride salt.
PAR  In the past, the useful starting materials of this invention were generally
      prepared by reacting a compound of formula II, which exhibit a low order
      of solubility in most organic solvents, or an acid addition salt thereof,
      with thionyl chloride in the liquid state. Thus, a compound of formula II
      or its acid addition salt was usually suspended in an organic solvent and
      the thionyl chloride was added to said suspension. The resulting compound
      of formula I was removed by filtration under nitrogen and taken on
      directly to the next step in the preparation of useful antimicrobials.
      Unfortunately, the foregoing precedure possesses a number of drawbacks.
      The products of the general formula I are very finely divided, resulting
      in very slow rates of filtration and a significant tendency to clog the
      filters. In addition, large excesses of thionyl chloride must be employed
      in this procedure, thus requiring additional recovery steps.
PAR  The procedure of this invention, which utilizes gaseous thionyl chloride,
      removes the undesirable filtration under nitrogen step completely. In
      addition, lesser quantities of thionyl chloride are employed and the
      unreacted thionyl chloride is recovered by simply trapping the material.
      The advantages are self evident when comparing this process to the
      previous approach which requires costly and time consuming distillation
      recovery steps.
PAR  The 6-[(substituted amino)phenyl]-1,2-dihydro-2-oxonicotinic acid compounds
      and their reactive derivatives which are required as starting materials in
      the foregoing process can be prepared according to any of a variety of
      methods as illustrated in greater detail hereinafter.
PAR  A compound of the formula
      ##SPC2##
PAL  is prepared by alkylating a compound of the formula
      ##SPC3##
PAL  with an alkylating agent, such as an alkyl iodide or dialkyl sulfate; or
      reacting a compound of the formula
      ##SPC4##
PAL  wherein the fluorine is in the ortho or para position, with an amine of the
      formula
      ##EQU1##
PAR  In order to obtain meta disubstituted aminoacetophenones, the procedure
      shown in Compt. rend. 235, 546 (1952), which is incorporated by reference,
      may be employed.
PAR  The compound of the formula
      ##SPC5##
PAL  is reacted with a lower alkyl formate, such as ethyl formate, in the
      presence of a strong base, such as sodium methoxide or sodium hydride, to
      give the sodium salt of the following dicarbonyl compound
      ##SPC6##
PAL  This compound in turn is reacted with 2-cyanoacetamide in the presence of
      piperidine acetate or a reagent which adjusts the pH to about 9 to give
      the following nitrile
      ##SPC7##
PAR  The above nitrile may also be prepared by reacting a compound of the
      formula
      ##SPC8##
PAL  wherein the fluorine is in the ortho or para position, with a compound of
      the formula
      ##EQU2##
PAR  If desired, the resulting nitrile may be methylated utilizing methyl
      iodide/possium hydroxide to give a compound of the formula
      ##SPC9##
PAR  Compounds of the formula
      ##SPC10##
PAL  wherein R, R.sub.1 and R.sub.2 are as previously defined, which are
      prepared by the above procedures, are converted to the desired
      6-[(substituted amino)phenyl]-1,2-dihydro-2-oxonicotinic acid by
      conversion of the cyano group to a carboxyl group utilizing an aqueous
      solution of a strong base. After neutralization of the free base, one
      obtains the free acid of formula II. The addition of excess acid gives
      rise to the acid addition salt of a compound of formula II. Typical acids
      that may be used for this purpose are hydrochloric acid, sulfuric acid,
      phosphoric acid, etc.
PAR  The compounds of the formula II and acid addition salts thereof are
      converted into compounds of the formula I by reaction with thionyl
      chloride in the gaseous phase. This is achieved by carrying out the
      reaction under slightly reduced pressure. The range of pressures employed
      are from about 0.1 atmospheres to about 0.5 atmospheres, preferably about
      0.2 atmospheres.
PAR  The higher the temperature at which the thionyl chloride (which is to be
      vaporized to supply gaseous thionyl chloride) is maintained, the lesser
      the reduction of pressure required for carrying out the reaction.
      Generally, the thionyl chloride to be vaporized is maintained at a
      temperature of from about 20.degree. to about 40.degree.C., preferably
      about 28.degree.C. While the reaction time is not critical, generally
      periods of from a few minutes to about 72 hours are utilized, preferably
      about 1 hour to 48 hours.
PAR  A compound of formula II, or an acid addition salt thereof, is generally
      employed utilizing material of an average particle size of less than 8
      microns in diameter to give maximum exposure to the gaseous thionyl
      chloride.
PAR  In order to further ensure complete exposure to the thionyl chloride, it is
      preferred that the compound of formula II, or an acid addition salt
      thereof, be mixed during exposure to the gaseous thionyl chloride.
DRWD
PAR  The invention can conveniently be carried out in the apparatus shown in the
      drawing, although various modifications and alterations of the apparatus
      will become apparent to those skilled in the art without departing from
      the scope and spirit of this invention. It should be understood that the
      process is not necessarily limited to one which need be carried out in the
      apparatus described in the drawing.
DETD
PAR  Referring now to the drawing, liquid thionyl chloride is placed in the
      distillation flask 1, which may optionally be heated by a source of heat
      5. A compound of the formula II 8 is placed in the tube 2 which is
      connected to the flask 1 containing liquid thionyl chloride 9, which is
      preferably separated by a sintered glass disc 6 disposed in the neck of
      the latter. The tube 2 is preferably connected to the trap 3 which
      generally is a form of a condenser which will liquify gaseous thionyl
      chloride. Preferably, a second sintered glass disc 7 is disposed between
      the trap 3 and the tube 2. The trap 3, in turn, is connected to a means
      for creating a vacuum 4, such as a vacuum pump. Ideally, the cylindrical
      portion of the apparatus is mechanically rotated during the reaction to
      maximize the exposure of the compound of the formula II to the gaseous
      thionyl chloride.
PAR  The intermediates prepared according to the process of this invention, when
      reacted with ampicillin (X), cephalexin (XI), or cephaloglycin (XII) or
      the acid salt or silylated derivative thereof give rise to a compound of
      the following structure
      ##SPC11##
PAL  wherein R, R.sub.1 and R.sub.2 are as previously defined and Z is
      ##EQU3##
PAR  The above described products, and salts thereof, which are the subject
      matter of co-pending U.S. Pat. application No. 434,763, filed Jan. 21,
      1974 which is incorporated by reference, are potent antimicrobial agents.
      More specifically, these compounds exhibit marked antimicrobial activity
      against Klebsiella pneumoniae, Serratia marcescens, Enterobacter aerogenes
      and Pseudomonas aeruginosa.
PAR  The invention is illustrated by the following example:
PAC  EXAMPLE:
PAR  An apparatus is constructed according to the drawing. Thus, a cylindrical
      tube (10 inch .times.  3/4  inch) is packed with 8-10 Gm. of
      1,2-dihydro-6-[p-(4-methyl-1-piperazinyl)-phenyl]-2-oxonicotinic acid,
      fitted with an adapter and placed on a distillation flask containing
      80-100 ml. of thionyl chloride. This assembly is then fitted on to the
      rotating head of a conventional rotating evaporator at a slight downward
      angle and the thionyl chloride evaporated under a vacuum over 16-18 hours
      (the vacuum applied is adjusted by using a nitrogen bleed valve in the
      system so as to allow complete evaporation in 16-18 hours). The solid
      tumbles in the rotating tube and slowly changes from a green-yellow to
      bright orange color. After all the thionyl chloride has evaporated, the
      product can be dried free of excess thionyl chloride by leaving the system
      under vacuum for 2-3 hours. The product is then collected from the tube
      and taken on to the next reaction step. The thionyl chloride vapor is
      condensed and reused.
PAR  According to the above procedure, upon substituting in place of
      1,2-dihydro-6-[p-(4-methyl-1-piperazinyl)-phenyl] -2-oxonicotinic acid any
      one of the following compounds:
PA0  6-[p-(4-Ethyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-[4-(m-Chlorophenyl)-1-piperazinyl]phenyl] -1,2-dihydro-2-oxonicotinic
      Acid.
PA0  6-[p-(4-Phenyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-[4-(1-Pyrrolidinyl)piperidino]phenyl]-1,2 -dihydro-2-oxonicotinic
      Acid.
PA0  6-[p-(Hexahydro-4-methyl-1H-1,4-diazepin-1-yl)phenyl]-1,2-dihydro-2-oxonico
     tinic Acid.
PA0  6-[p-(4-Methyl-1-piperazinyl)phenyl]-1,2-dihydro-1-methyl-2-oxonicotinic
      Acid.
PA0  6-[o-(4Methyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-(Dimethylamino)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[m-(Dimethylamino)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-(4-Propyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-(p-Piperidinophenyl)-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-(p-Morpholinophenyl)- 1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-(4-Piperidinopiperidino)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-(4-Cyclohexyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PA0  6-[p-(4-Benzyl-1-piperazinyl)phenyl]-1,2-dihydro-2-oxonicotinic Acid.
PAL  one obtains the corresponding acid chloride hydrochloride.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of a 6-(disubstituted
      amino)phenyl-1,2-dihydro-2-oxonicotinyl chloride hydrochloride having the
      formula
      ##SPC12##
PAL  which comprises reacting a compound of the formula
      ##SPC13##
PAL  or an acid addition salt thereof having a particle size of less than eight
      microns, wherein R is hydrogen or methyl; R.sub.1 and R.sub.2 are branched
      or straight chain lower alkyl groups of from one to six carbon atoms, or
      R.sub.1 R.sub.2 N taken together form 4-R.sub.3 -1-piperazino,
      4-methyl-1-homopiperazino, 1-pyrrolidino, morpholino, 1-piperidino,
      4-(1-pyrrolidino)piperidino or 4-(1-piperidino)piperidino, wherein R.sub.3
      is a lower alkyl group of from one to six carbon atoms, cyclohexyl,
      benzyl, phenyl, halophenyl wherein halo represents chloro, fluoro, bromo,
      or iodo, with thionyl chloride at a pressure of about 0.1 to about 0.5
      atmospheres and wherein said thionyl chloride is in the gaseous phase.
NUM  2.
PAR  2. The process of claim 1 wherein R is hydrogen and R.sub.1 R.sub.2 N taken
      together form 4-R.sub.3 -1-piperazino and R.sub.3 is a straight or
      branched lower alkyl group of from one to six carbon atoms or benzyl.
NUM  3.
PAR  3. The process of claim 1 wherein R is hydrogen and R.sub.1 R.sub.2 N taken
      together forms 4-R.sub.3 -1-piperazino and R.sub.3 is a straight or
      branched lower alkyl group of from one to six carbon atoms or benzyl.
NUM  4.
PAR  4. The process of claim 1 wherein R is hydrogen and R.sub.1 R.sub.2 N taken
      together forms 4-methyl-1-piperazinyl and the R.sub.1 R.sub.2 N group is
      in the para position.
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ABST
PAL  Fungicidally and bactericidally active compounds of the formula
      ##SPC1##
PAL  Where R is allyl, cyclohexyl, naphthyl and preferably,
      ##SPC2##
PAL  Where R.sub.1 is methoxy, ethoxy, methylthio, ethoxycarbonyl; R.sub.2 is H,
      methoxy, chloro, methyl, nitro; R.sub.3 is H, chloro. The compounds are
      used as fungistats and bacteriostats in soap and shampoo formulations and
      as preservatives in various industrial preparations. Certain di-8-quinolyl
      esters of arylenedicarbamic acid and poly(8-quinolyl esters) of carbanilic
      acid are found to possess activity against bacteria and fungi.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to 8-quinolyl carbanilates and particularly selected
      novel 8-quinolyl esters of carbanilic acid and di-8-quinolyl esters of
      arylenedicarbamic acid possessing activity against a broad spectrum of
      bacteria and fungi, as well as methods for the preparation thereof.
PAR  The compounds of this invention find advantageous biostatic utility as
      fungistats and bacteriostats in soap and shampoo formulations and as
      preservatives and/or disinfectants in various industrial and agricultural
      preparations.
PAR  2. Description of the Prior Art
PAR  Preparations containing certain 8-quinolyl and 8-quinaldyl carbamates and
      carbanilates as active ingredients for combatting pests have been
      described in U.S. Pat. NO. 3,538,099. The use of 0-(2-lower
      alkyl-8-quinolyl) N-methylcarbamate as an insecticide was suggested in
      U.S. Pat. No. 3,384,538. In addition the bactericidal and bacteriostatic
      properties of certain 8-hydroxyquinoline derivatives have been generally
      known.
PAR  Nevertheless, notwithstanding the known utility of certain compounds it
      remains impossible to predict the biological activity of a member of a
      chemical class such as 8-quinolyl or 8-quinaldyl carbamates and
      carbanilates from the performance of certain members of that class. Thus,
      U.S. Pat. No. 3,384,538 points out that the insecticidal and acaricidal
      properties of 0-(2-methyl-8-quinolyl) N-methylcarbamate are particularly
      surprising in view of the fact that the isomeric 2-methyl-5-quinolyl
      N-methylcarbamate fails to show such activities.
PAR  However, there exists an ever increasing need for compounds having
      fungicidal and bactericidal properties for use in various industrial,
      agricultural, medical and consumer applications. The need for developing a
      diversity of such compounds becomes particularly important when taking
      into consideration the necessity of evaluating as great a number as
      possible to ascertain those which will comply with requirements of safety,
      overall effectiveness, compatibility with environmental needs and the like
      while affording an alternative source of compounds for remedial
      preparations.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that antimicrobic and antifungal properties against gram
      positive and gram negative organisms and fungi are exhibited by compounds
      of the general formulae
      ##SPC3##
PAL  Where R is allyl, cyclohexyl, naphthyl and preferably
      ##SPC4##
PAL  Where R.sub.1 is methoxy, ethoxy, methylthio, ethoxycarbonyl; R.sub.2 is H,
      methoxy, chloro, methyl, nitro; R.sub.3 is H, chloro; Or
      ##SPC5##
PAL  where A is phenylene and phenylene substituted by alkyl groups.
PAR  In addition, poly(8-quinolyl esters) of carbanilic acid such as
      poly(8-quinolyl ester) of polymethylene polycarbanilic acid display
      fungicidal and bactericidal activity.
PAR  The compounds of the general Formula I and II can be prepared according to
      known methods of reacting 8-hydroxyquinoline with a selected isocyanate in
      the presence or absence of an organic amine catalyst, to yield the
      appropriate carbamate or carbanilate. Particularly useful as reactive
      intermediates herein are isocyanates of the formula R-N=C=O where R has
      the same meaning as in Formula I including the novel chlorinated alkoxy
      aromatic isocyanates disclosed in copending patent application Ser. No.
      317,006 filed Dec. 20, 1972, by J. V. Karabinos and John F. Cronan, for
      "Novel Isocyanates And Process For Preparing Same".
PAR  Thus it is an object of this invention to provide 8-quinolyl derivative
      compounds possessing fungicidal and bactericidal activity against a broad
      spectrum of bacteria and fungi.
PAR  Beneficially, it has been found that the compounds of this invention do not
      lose their bactericidal and fungicidal activity in the presence of
      detergents and, furthermore, possess effective skin substantivity, even
      after washing and rinsing. Hence, it is a further object of this invention
      to provide novel shampoo or soap cleansing agent compositions, and methods
      of use thereof, containing, as active agents, the compounds of this
      invention, that are substantive to the skin and are adapted to give
      prolonged effect in reducing the number of microorganisms on skin. These
      compositions can be formulated to include various detergents of the
      anionic, cationic, nonionic and amphoteric type.
PAR  Industrial products including adhesives, glue, organic binders, paints,
      paper, emulsions, polymers, dyeing and printing pastes, thickeners,
      organic products such as soya flour, wheat flour, and starch may be
      preserved and/or disinfected with the compounds of this invention. The
      compounds can also be used for protecting leather fibers and textiles as
      well as for slime control agents in various aqueous industrial systems and
      in paper manufacture. Another object of the invention, therefore, is the
      provision of preservatives and/or disinfectants, and methods of use
      thereof, for industrial and agricultural products subject to attack by
      gram positive and gram negative bacteria and fungi.
PAR  The compounds according to Formulae I and II may be advantageously used in
      formulations and preparations in areas where bactericidal and fungicidal
      activity is desired. Thus the compounds of the invention may be
      incorporated, in accordance with the methods known in the art, into a wide
      variety of forms exemplary of which are solid forms such as dusts,
      sprinkling agents and coated granules, dispersible concentrates including
      emulsions, pastes and wettable powders as well as solutions, aerosols and
      the like. Thus, the compounds may be readily included, as active agents,
      in consumer products including cleansing agents such as toilet soaps,
      shampoos, synthetic laundry detergents and aerosols. The amount of the
      active agent required will vary with the microbicidal, fungicidal or
      biostatic effect sought, the utility of the treated material and the type
      and dimensions of the material treated. Therefore, no rigid limits of the
      quantity required can be here set forth, it being understood that those
      skilled in the art will be able to determine, according to known practice,
      what the effective amount for any given application must be.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples are illustrative of embodiments of the invention.
PAC  EXAMPLE 1
PAR  8-Hydroxyquinoline (14.5g) was dissolved in 150g acetonitrile under
      moderate warming. After addition of 3 drops triethylamine, as a catalyst,
      11.9g phenyl isocyanate was added dropwise under stirring on an ice bath.
      The formed 8-quinolyl N-phenylcarbamate was recovered by filtration and
      washed with cold acetonitrile. The yield was 88.5% and the melting point
      164..degree.C.
PAC  EXAMPLE 2
PAR  To 14.5g of 8-hydroxyquinoline dissolved in 70ml acetone was added 18.35g
      4-chloro-2-methoxyphenyl isocyanate. The mixture was warmed until all
      solid isocyanate had dissolved. The reaction mixture was allowed to stand
      overnight. The quinolyl 4-chloro-2-methoxycarbanilate was collected by
      suction filtration, washed with 50:50 acetone-hexane solution and
      recrystallized from methanol. The melting point of the product was
      146.degree.-7.degree.C. A 75% yield was obtained.
PAR  The following compounds may be prepared in a similar manner:
      ##SPC6##
PA1  (19) R = --CH.sub.2 --CH=CH.sub.2 m.p. 107-9.degree.C.
PA1  (20) r = naphthyl m.p. 124-6.degree.C.
PA1  (21) r = cyclohexyl m.p. 135-7.degree.C. and compounds of the formula
      ##SPC7##
PAC  EXAMPLE 3
PAC  Microbicidal Activity
PAR  a. Agar Incorporation Technique
PAR  The fungistatic efficacy of the compounds of this invention when in contact
      with growing fungi in artificial media was determined as follows. Stock
      solutions were prepared by dissolving test compounds either in water or in
      acetone and added to agar medium at 45.degree.C. After hardening, agar was
      inoculated with spores of the fungus Aspergillus niger. The inoculated
      plates were incubated for 4 days at 28.degree.C. and 95% relative
      humidity. The results, reported as the lowest parts per million of the
      test compound showing no growth or sporulation, are listed in Table 1
      below.
PAR  b. Penicillin Button Assay
PAR  The antibacterial effect of the compounds of this invention was determined
      as follows. Penicillin buttons (13mm) were placed in test chemical
      solutions of various dilutions for 5 min., then removed and dried on paper
      towel. The buttons were placed on agar inoculated with Bacillus subtilis,
      Staphylococcus aureus, and Salmonella typhosa and incubated for 24 hrs. at
      37.degree.C. The results reported as lowest parts per million exhibiting
      the zone of inhibition, are listed in Table 1 below.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
                             Lowest Effective Concentration (ppm)              
     Active Substance        A. niger                                          
                                   B. subtilis                                 
                                          S. aureus                            
                                                S. typhosa                     
     __________________________________________________________________________
     8-Quinolyl carbanilate (control)                                          
                             100   100    100   100                            
     8-Quinolyl 4-chloro-2-methoxycarbanilate                                  
                             100   50     100   100                            
     8-Quinolyl 3-methylthiocarbanilate                                        
                             50    100    100   100                            
     8-Quinolyl 5-chloro-2,4-dimethoxycarbanilate                              
                             100   100    100   100                            
     8-Quinolyl p-methylthiocarbanilate                                        
                             50    50     50    50                             
     8-Quinolyl 5-chloro-2-methoxycarbanilate                                  
                             50    50     50    50                             
     8-Quinolyl 2-methoxycarbanilate                                           
                             50    20     20    20                             
     8-Quinolyl p-methoxycarbanilate                                           
                             50    20     50    50                             
     8-Quinolyl 2,4-dimethoxycarbanilate                                       
                             50    20     50    20                             
     8-Quinolyl 2-methoxy-5-methylcarbanilate                                  
                             50    20     50    50                             
     8-Quinolyl m-methoxycarbanilate                                           
                             50    50     100   50                             
     8-Quinolyl o-ethoxycarbanilate                                            
                             50    50     100   100                            
     8-Quinolyl m-ethoxycarbanilate                                            
                             50    20     50    100                            
     8-Quinolyl 2-methoxy-4-nitrocarbanilate                                   
                             100   50     100   100                            
     8-Quinolyl 2-methoxy-5-nitrocarbanilate                                   
                             100   50     50    100                            
     8-Quinolyl N-allylcarbamate                                               
                             100   50     100   50                             
     8-Quinolyl N-naphthylcarbamate                                            
                             50    20     50    50                             
     8-Quinolyl N-cyclohexylcarbamate                                          
                             100   100    300   100                            
     Di-8-quinolyl toluene-2,4-dicarbamate                                     
                             50    5      5     5                              
     Poly(8-quinolyl) polymethylene                                            
     polycarbanilic acid ester                                                 
                             100   300    300   300                            
     8-Quinolyl 2-chloro-4-methoxycarbanilate                                  
                             100   100    300   100                            
     __________________________________________________________________________
PAR  The results set forth in Table 1 demonstrate the good microbicidal effect
      against bacteria and fungi possessed by the compounds of this invention.
      Considering the unsubstituted 8-quinolyl carbanilate as a control
      exhibiting good microbicidal activity, since displaying the desired effect
      at concentrations as low as 100ppm, the compounds of this invention show
      similar or, in most instances, even greater effectiveness. The unexpected
      effectiveness of the compounds of this invention is even more apparent
      when the results set forth in Table 1 are compared with the results set
      forth in Table 2 for structurally similar compounds. In particular the
      activity of the 8-quinolyl 4-chloro-2-methoxycarbanilate is surprising
      considering the lack of effectiveness of either the corresponding
      8-quinaldyl derivative, 8-quinaldyl 4-chloro-2-methoxycarbanilate or the
      isomeric 5-isoquinolyl 4-chloro-2-methoxycarbanilate.
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     (NEGATIVE RESULTS)                                                        
                             Lowest Effective Concentration (ppm)              
     Test Substance          A. niger                                          
                                  B. subtilis                                  
                                         S. aureus                             
                                               S. typhosa                      
     __________________________________________________________________________
     8-Quinolyl N-dodecylcarbamate                                             
                              +1M.sup.1,2                                      
                                  +10M   +10M  +10M                            
     8-Quinolyl N-octadecylcarbamate                                           
                              +1M 500     1M    1M                             
     Di-8-quinolyl hexamethylenedicarbamate                                    
                              +1M 10M    10M   10M                             
     Di-8-quinolyl 4,4'-methylenebiscarbanilate                                
                              500 10M    10M   10M                             
     .sup.3 8-Quinaldyl 4-chloro-2-methoxycarbanilate                          
                              500 300    +10M  +10 M                           
     2-(8-Quinolyloxy)ethyl 4-methyl-3-                                        
     nitrocarbanilate         +1M +10M   +10M  +10M                            
     .sup.3 5-Isoquinoly 4-chloro-2-methoxycarbanilate                         
                               1M +10M   +10M  +10M                            
     __________________________________________________________________________
      .sup.1 +=No inhibition at highest level tested                           
      .sup.2 M=1000                                                            
      .sup.3 Compare compound No. 2, table 1                                   
PAC  EXAMPLE 4
PAC  Bacteriostatic Activity and Hide Substantivity in Soap
PAR  An experimental study was conducted on the bacteriostatic activity of
      compounds of this invention in a soap base and also their resulting skin
      substantivity. In the soap plug test for bacteriostatic activity, 1% test
      material based on the weight of soap, was milled into "Ivory" soap (made
      according to U.S. Pat. No. 2,295,594) and compressed into plugs. Plugs
      (0.5 inch in diameter and 0.25 inch thick) of each of the test soaps were
      placed on agar plates seeded with one of three representative test
      bacteria, Bacillus subtilis, Staphylococcus aureus, and Salmonella
      typhosa. After incubation at 37.degree.C. for 24 hrs., the clear zone of
      inhibition (lack of bacterial growth) was measured and reported as average
      diameter of zone inhibition (diameter of clear zone less the diameter of
      the soap plug). The results are tabulated in Table 3 below.
PAR  For the test of substantivity or retention of bacteriostat by the skin
      after washing with the test soap, untanned calf skin hide buttons were
      soaked in an 8% solution of the test soap containing 1% bacteriostat,
      rinsed four times with distilled water, placed on seeded agar plates and
      incubated for 24 hrs. at optimum temperature of the test bacteria,
      Bacillus subtilis, Staphylococcus aureus and Salmonella typhosa. The zones
      of inhibition were measured and reported as in the soap plug test. The
      results are tabulated in Table 3 below, also.
TBL                                    TABLE 3                                 
     __________________________________________________________________________
                           Average diameter of inhibited zone in mm            
                           Activity in Soap   Hide Substantivity               
     Active Ingredients    B. subtilis                                         
                                  S. aureus                                    
                                        S. typhosa                             
                                              B. subtilis                      
                                                     S. aureus                 
                                                           S.                  
     __________________________________________________________________________
                                                           typhosa             
     8-Quinolyl 4-chloro-2-methoxycarbanilate                                  
                           22     13    10    11     10    7                   
     8-Quinolyl 2-methoxycarbanilate                                           
                           23     21    16    12     10    10                  
     8-Quinolyl 2-methoxy-5-methylcarbanilate                                  
                           20     15    16     8     14     5                  
     8-Quinolyl 2-methoxy-4-nitrocarbanilate                                   
                           16     16    14    10     10     8                  
     8-Quinolyl N-allylcarbamate                                               
                           28     20    24    12     16    10                  
     8-Quinolyl N-naphthylcarbamate                                            
                           22     18    22    10     10    10                  
     8-Quinolyl N-cyclohexylcarbamate                                          
                           22     18    16    10     12     8                  
     Di-8-quinolyl toluene-2,4-dicarbamate                                     
                           24     12     8    10      6     8                  
     __________________________________________________________________________
PAR  The tabulated results indicate successful bacteriostatic activity in soap
      and retention of bacteriostat on the skin after washing with such soap.
      The skin substantivity test was repeated by using a shampoo base according
      to the procedure set forth above. The results were similar to those
      obtained with a soap base. For example, the average diameter of the zone
      inhibited by 8-quinolyl 4-chloro-2-methoxycarbanilate as the active
      ingredient in shampoo was 8, 9 and 14 mm for Bacillus subtilis,
      Staphylococcus aureus, and Salmonella typhosa.
PAC  EXAMPLE 5
PAC  Preservation of Adhesives
PAR  The toxicant compounds of this invention were added in varying percentages
      to an adhesive formulation containing casein and soya flour. 8-quinolyl
      3-methylthiocarbanilate and 8-quinolyl 2,4-dimethoxy-5-chlorocarbanilate
      in concentrations of 500 ppm showed excellent retarding properties with
      regard to formation of odor or spoilage, and consequently, inhibition of
      microorganism growth, for extended periods of time.
PAC  EXAMPLE 6
PAC  Inhibition of Slime Formation
PAR  As a slimicide test, penicillin assay filter paper discs were soaked in
      test solutions containing 50 ppm of compounds of this invention and placed
      on agar seeded with slime culture obtained from a cooling water system.
      The diameter of the zone inhibited by 50 ppm test sample is reported in
      Table 4, indicating excellent retardant properties.
TBL                TABLE 4                                                     
     ______________________________________                                    
                           Average Diameter of                                 
     Active Ingredient     Inhibited zone in mm                                
     ______________________________________                                    
     8-Quinolyl carbanilate (control)                                          
                           2                                                   
     8-Quinolyl 3-methylthiocarbanilate                                        
                           4                                                   
     8-Quinolyl 2,4-dimethoxy-5-                                               
     chlorocarbanilate     2                                                   
     ______________________________________                                    
PAR  Thus, there has been disclosed a group of substituted 8-quinolyl and
      poly(8-quinolyl esters) of carbanilic acid and di-8-quinolyl esters of
      arylenedicarbamic acid, and methods of preparation thereof, possessing
      biocidal and biostatic activity against a broad spectrum of bacteria and
      fungi encountered in industrial, agricultural, medicinal and consumer
      areas.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of a formula
      ##SPC8##
PAL  where x = 1, R is
      ##SPC9##
PAL  where R.sub.1 is selected from the group consisting of methoxy, ethoxy and
      methylthio; R.sub.2 is selected from the group consisting off H, methoxy,
      chloro, methyl or nitro; and R.sub.3 is selected from the group consisting
      of H or chloro.
NUM  2.
PAR  2. The compound, 8-Quinolyl-4-chloro-2-methoxycarbanilate.
PATN
WKU  039460177
SRC  5
APN  4360435
APT  1
ART  122
APD  19740124
TTL  Lactones of the benzaxanthere series and dye-forming components for use
      in duplication processes
ISD  19760323
NCL  6
ECL  1
EXA  Wheeler; David E.
EXP  Daus; Donald G.
INVT
NAM  Schefczik; Ernst
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Kast; Hellmut
CTY  Bobenheim-Roxheim
CNT  DT
ASSG
NAM  Badische Anilin- & Soda-Fabrik Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730125
APN  2303483
CLAS
OCL  260287C
XCL  260281G
XCL  260289K
XCL  260307A
XCL  260326A
XCL  260326R
XCL  260326N
XCL  260517
XCL    8  1D
XCL    8  7
XCL    8  25R
XCL    8 79
XCL  427144
EDF  2
ICL  C07D49122
FSC  260
FSS  287 R;287 C
UREF
PNO  3822270
ISD  19740700
NAM  Reynolds
OCL  260287R
OREF
PAL  Gove et al., "Chemistry of Natural and Synthetic Colouring Matters," 1962
      p. 22cf.
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Lactones of the benzazaxanthene series based on 4-dialkylaminobenzoic acid
      compounds and homophthalic acid imides. The new lactones are eminently
      suitable as dye-forming components in the red range for pressure-sensitive
      recording material.
BSUM
PAR  This invention relates to new lactones of the benzazaxanthene series having
      the formula I
      ##SPC1##
PAL  where
PA1  R.sup.1 and R.sup.2 denote hydrogen, alkyl, cyanoalkyl and hydroxyalkyl
      with 1 to 6 carbon atoms in the alkyl radical, alkoxyalkyl of 2 to 12
      carbon atoms, carbalkoxyalkyl of 4 to 11 carbon atoms, or phenylalkyl of 7
      to 12 carbon atoms, and R.sup.1 and R.sup.2 may together form a ring,
PA1  R.sup.3 denotes hydrogen or an unsubstituted or substituted aliphatic or
      aromatic radical, X and Y denote hydrogen, hydroxy, chlorine, bromine or
      alkyl of 1 to 3 carbon atoms, Z.sup.1 denotes hydrogen, chlorine, bromine,
      nitro, alkyl, hydroxyalkyl or haloalkyl with 1 to 3 carbon atoms in the
      alkyl radical, Z.sup.2 denotes hydrogen, chlorine, bromine, alkyl of 1 to
      4 carbon atoms, or phenyl, and m and n denote the integers 1, 2 or 3.
PAR  The lactones of the formula I are colorless compounds. Used as such or
      dissolved in non-polar or weakly polar solvents such as hydrocarbons,
      chlorohydrocarbons, esters or ketones, they react with acid substances,
      with cleavage of the lactone ring, to form the corresponding deeply
      colored dye salts. Since this reaction is caused even by substances such
      as china clay, zeolites, bentonites, silica and phenolic condensation
      products, which are suitable for coating, or incorporation in, paper, the
      lactones of this invention are outstandingly suitable as dye-forming
      components for pressure-sensitive recording materials, especially for the
      production of duplication papers. Most of the shades obtained are in the
      red range. The dye-forming reaction, on contacting the lactones with
      acidic substances, takes place instantaneously and completely, and the
      shade produced is distinguished by particularly high intensity and
      brilliance.
PAR  Apart from hydrogen, preferred examples of suitable radicals for the
      compounds of formula I are as follows:
PA1  R.sup.1 and R.sup.2 : methyl, ethyl, propyl, butyl, .beta.-hydroxyethyl,
      .beta.-hydroxypropyl, .beta.-carbomethoxyethyl, .beta.-carboethoxyethyl;
PA1  R.sup.3 : alkyl of 1 to 20 carbon atoms such as methyl, ethyl, n-propyl,
      i-propyl, n-butyl, i-butyl, s-butyl, tert-butyl, n-pentyl,
      1,4-dimethylpentyl, n-hexyl, 5-methylhexyl, 2-ethylhexyl, n-decyl,
      2-methylnonyl, n-dodecyl, n-tridecyl, stearyl, cyano- and hydroxyalkyl of
      1 to 6 carbon atoms such as 2-cyanoethyl, .omega.-cyanopentyl,
      .omega.-cyanohexyl, 2-hydroxyethyl, 2-hydroxypropyl, 2-hydroxypropyl,
      1-methyl-2-hydroxypropyl, 2-methyl-2-hydroxypentyl, .omega.-hydroxyhexyl,
      alkoxyalkyl of 2 to 12 carbon atoms such as 2-methoxyethyl, 2-ethoxyethyl,
      2-isopropyloxyethyl, 3-methoxypropyl, 3-ethoxypropyl,
      3-isopropyloxypropyl, 3-(2-ethylhexoxy)-propyl, mono- and
      dialkylaminoalkyl of 2 to 10 carbon atoms such as 2-dimethylaminoethyl,
      2-isopropylaminoethyl, 3-dimethylaminopropyl, 3-diethylaminopropyl,
      3-isopropylaminopropyl, 1-diethylaminopentyl(2), Acyloxyalkyl of 3 to 18
      carbon atoms such as 2-acetoxyethyl, 2-propionyloxyethyl, 3-acetoxypropyl,
      3-propionyloxypropyl, carbalkoxyalkyl of 2 to 11 carbon atoms such as
      methoxycarbonylethyl, ethoxycarbonylethyl, acylaminoalkyl of 3 to 9 carbon
      atoms such as dimethylaminocarbonylmethyl, dimethylaminocarbonylethyl,
      diethylaminocarbonylethyl, butylaminocarbonylethyl,
      2-ethylhexylaminocarbonylethyl, acetylaminoethyl, propionylaminoethyl,
      acetylaminopropyl, acetylaminobutyl, propionylaminobutyl,
      benzoylaminoalkyl of 9 to 13 carbon atoms such as benzoylaminoethyl,
      benzoylaminobutyl, phenylalkyl of 7 to 12 carbon atoms such as
      2-phenylethyl, 2-methyl-2-phenylethyl, cycloalkyl of 5 to 7 carbon atoms
      such as cyclopentyl, cyclohexyl, phenyl, naphthyl, phenyl or naphthyl
      substituted by chlorine, bromine, hydroxy, trifluoromethyl, alkyl and
      alkoxy having 1 to 4 carbon atoms in the alkyl radical such as
      2-phenylethyl, 2-methyl-2-phenylethyl, cyclopentyl, cyclohexyl,
      2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl,
      2-ethylphenyl, 4-ethylphenyl, 2-chlorophenyl, 3-chlorophenyl,
      4-chlorophenyl, 2-bromophenyl, 4-bromophenyl, 2-trifluoromethylphenyl,
      3-trifluoromethylphenyl, 2-methyl-4-chlorophenyl, 2-methoxyphenyl,
      3-methoxyphenyl, 4-methoxyphenyl, 4-ethoxyphenyl, 2,4-dimethoxyphenyl,
      3-chloro-4,6-dimethoxyphenyl, 4-hydroxyphenyl, tetrahydronaphthyl-(1),
      2-methoxynaphthyl-(1), 2-ethoxynaphthyl-(1), polyglycol radicals of 4 to 8
      carbon atoms which may be etherified by alkyl radicals of 1 to 4 carbon
      atoms or esterified by acyl radicals of 2 or 3 carbon atoms, such as
      .beta.-(.beta.'-hydroxyethoxy)-ethyl and
      .beta.-(.beta.'-acetyloxyethoxy)-ethyl, and the radicals of the formulae
      ##SPC2##
PA1  X: methyl, ethyl, propyl, chlorine,
PA1  Y: chlorine,
PA1  Z.sup.1 : methyl, ethyl, trifluoromethyl, nitro,
PA1  Z.sup.2 : methyl, ethyl, chlorine, bromine, phenyl.
PAR  The lactones of formula I in which R.sup.1 and R.sup.2 denote methyl and/or
      ethyl and X, Y, Z.sup.1 and Z.sup.2 denote hydrogen, and among them the
      compounds of the formulae
      ##SPC3##
PAL  and
      ##SPC4##
PAL  are of particular industrial importance as dye-forming components.
PAR  The benzazaxanthene lactones of formula I are prepared in a conventional
      manner by condensation of benzoylbenzoic acid of formula
      ##SPC5##
PAL  in which R denotes hydrogen or a lower alkyl or acyl radical with a
      homophthalimide of formula III
      ##SPC6##
PAR  The condensation is advantageously carried out in the presence of
      water-eliminating agents such as sulfuric acid, polyphosphoric acid,
      acetic anhydride or zinc chloride at elevated temperature, e.g. at from
      60.degree. to 160.degree.C, optionally in the presence of a high-boiling
      solvent such as trichlorobenzene. As a rule the reaction is over after 2
      to 6 hours. For the purpose of processing, the reaction product may be
      introduced, after it has been allowed to cool, into a dilute aqueous
      alkali or ammonium hydroxide solution, from which the insoluble reaction
      product can be separated; the product may then be purified, e.g. by
      reprecipitation or recrystallization. In many cases the reaction product
      crystallizes out from the condensation mixture; it may then be separated
      and purified by reprecipitation or recrystallization.
PAR  The lactones obtained may be used as dye-forming components for
      pressure-sensitive recording materials, e.g. in duplicating methods. They
      may for example be made into a paste, the latter is applied to paper, and
      the surface is provided with a protective layer. A particularly
      advantageous application consists in enclosing the dye-forming component
      dissolved in a non-volatile or sparingly volatile solvent, e.g.
      chloroparaffin, trichlorodiphenyl, and alkylbenzene bearing one or more
      substituents, in microcapsules and applying these to paper. Under the
      writing pressure the microcapsules are brought into contact with an acid
      receptive layer with the result that the characters appear. It is also
      possible for the acid component and the microcapsules to be present in a
      single layer.
PAR  The invention is illustrated by the following Examples, in which parts and
      percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 313 parts of 2-(4'-diethylamino-2'-hydroxybenzoyl)-benzoic
      acid, 265 parts of N-phenylethylhomophthalimide and 1100 parts of acetic
      anhydride is refluxed for 5 hours. The reaction mixture is allowed to
      cool, poured onto ice and neutralized with caustic soda solution. The
      precipitate is filtered off, washed with water and dried. The crude
      product is recrystallized from toluene; 453 parts of the compound of the
      formula
      ##SPC7##
PAL  is obtained (melting point 200.degree. to 202.degree.C).
PAR  A solution of this compound in dodecylbenzene is enclosed in microcapsules,
      which are applied to paper. During writing in the presence of an acid
      receptive layer the microcapsules are destroyed and their contents come
      into contact with the acid receptive layer; the characters thus obtained
      are bluish red.
PAR  The following starting compounds are treated as described in Example 1.
      There are obtained dye-forming components which give the shades indicated
      in the Table when contacted with acid substances during writing.
TBL  __________________________________________________________________________
     Example                                                                   
          Benzoylbenzoic acid                                                  
                      Homophthalimide                                          
                                  Shade                                        
                                      Melting point of                         
          component   component       dye-forming                              
                                      compound (.degree.C)                     
     __________________________________________________________________________
     2    2-(4'-diethylamino)-                                                 
                      N-ethylhomo-                                             
                                  bluish                                       
                                      284 to 286                               
          2'-hydroxybenzoyl-                                                   
                      phthalimide red                                          
          benzoic acid                                                         
     3    "           N-3-(2'-ethyl-                                           
                                  "   162 to 165                               
                      hexoxy)-propyl-                                          
                      homophthalimide                                          
     4    "           N-3-(2'-phenoxy-                                         
                                  "   154 to 157                               
                      ethoxy)-propyl-                                          
                      homophthalimide                                          
     5    "           N-2-ethylhexoxy-                                         
                                  "   198 to 200                               
                      homophthalimide                                          
     6    "           N-3-ethoxypropyl-                                        
                                  "   166 to 169                               
                      homophthalimide                                          
     7    "           N-butylhomo-                                             
                                  "   not measured                             
                      phthalimide                                              
     8    "           N-hexylhomo-                                             
                                  "   not measured                             
                      phthalimide                                              
     9    "           N-dodecylhomo-                                           
                                  "   "                                        
                      phthalimide                                              
     10   "           N-3-diethylamino-                                        
                                  "   "                                        
                      propylhomophthal-                                        
                      imide                                                    
     11   "           N-cyclohexyl-                                            
                                  "   "                                        
                      homophthalimide                                          
     12   "           N-2-methyl-2-                                            
                                  "   "                                        
                      phenylethyl-                                             
                      homophthalimide                                          
     13   "           N-o-tolylhomo-                                           
                                  red 221 to 224                               
                      phthalimide                                              
     14   "           N-p-tolylhomo-                                           
                                  red 270 to 273                               
                      phthalimide                                              
     15   2-(4'-dimethylamino)-                                                
                      N-phenylethyl-                                           
                                  red 276 to 278                               
          2'-hydroxybenzoyl-                                                   
                      homophthalimide                                          
          benzoic acid                                                         
     16   "           N-butylhomo-                                             
                                  red not measured                             
                      phthalimide                                              
     17   "           N-hexylhomo-                                             
                                  red not measured                             
                      phthalimide                                              
     18   2-(4'-dimethylamino)-                                                
                      N-dodecylhomo-                                           
                                  red not measured                             
          2'-hydroxybenzoyl-                                                   
                      phthalimide                                              
          benzoic acid                                                         
     19   "           N-stearylhomo-                                           
                                  "   not measured                             
                      phthalimide                                              
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  313 Parts of 2-(4'-diethylamine-2'-hydroxybenzoyl)-benzoic acid and 217
      parts of N-butylhomophthalimide are heated in 1500 parts of concentrated
      sulfuric acid at 80.degree.C for 5 hours. After cooling, the reaction
      mixture is poured onto ice and neutralized with caustic soda solution and
      the precipitate is filtered off. After recrystallization from ethanol 412
      parts of the compound having the formula
      ##SPC8##
PAL  is obtained (melting point 218.degree. to 220.degree.C).
PAC  EXAMPLE 21
PAR  A mixture of 313 parts of 2-(4'-diethylamino-2'-hydroxybenzoyl)-benzoic
      acid, 175 parts of N-methylhomophthalimide and 1100 parts of acetic
      anhydride is heated under reflux for 5 hours. After cooling, the
      precipitate is filtered off and washed, first with acetic acid and then
      with methanol. After drying at 60.degree.C, 390 parts of the compound
      having the formula
      ##SPC9##
PAL  is obtained (melting point 301.degree. to 303.degree.C).
CLMS
STM  We claim:
NUM  1.
PAR  1. A lactone of the benzazaxanthene series of the formula
      ##SPC10##
PAL  wherein
PA1  R.sup.1 and R.sup.2 denote methyl or ethyl, and
PA1  R.sup.3 denotes alkyl of from 1 to 20 carbon atoms, alkoxyalkyl of from 2
      to 12 carbon atoms, 3-diethylaminopropyl, 2-phenylethyl,
      2-methyl-2-phenylethyl, 3-(2'-phenoxyethoxy)-propyl, o-tolyl, p-tolyl or
      cyclohexyl.
NUM  2.
PAR  2. A lactone of the formula as claimed in claim 1 wherein R.sup.3 denotes
      alkyl of from 1 to 20 carbon atoms.
NUM  3.
PAR  3. A lactone of the formula as claimed in claim 1 wherein R.sup.3 denotes
      alkoxyalkyl of from 2 to 12 carbon atoms.
NUM  4.
PAR  4. The compound of the formula
      ##SPC11##
NUM  5.
PAR  5. The compound of the formula
      ##SPC12##
NUM  6.
PAR  6. A lactone of the formula
      ##SPC13##
PAL  wherein
PA1  R.sup.1 and R.sup.2 denote methyl or ethyl,
PA1  R.sup.3.sup.' denotes methyl, ethyl, butyl, hexyl, dodecyl, stearyl,
      3-(2-ethylhexoxy)-propyl, 2-hexoxyethyl, 3-ethoxypropyl,
      3-(2'-phenoxyethoxy)-propyl, 3-diethylaminopropyl, 2-phenylethyl,
      2-methyl-2-phenylethyl, o-tolyl or p-tolyl.
PATN
WKU  039460185
SRC  5
APN  4398238
APT  1
ART  122
APD  19740205
TTL  1,4-Dihydro-3 (2H)-isoquinolinone derivatives
ISD  19760323
NCL  3
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; R.
INVT
NAM  Deak; Gyula
CTY  Budapest
CNT  HU
INVT
NAM  Doda; Margit
CTY  Budapest
CNT  HU
INVT
NAM  Gyorgy; Lajos
CTY  Budapest
CNT  HU
INVT
NAM  Hazai; Laszlo
CTY  Budapest
CNT  HU
INVT
NAM  Pfeifer, deceased; Klara
CTY  LATE OF Budapest
CNT  HU
ITX  BY Gyorgy Mihaly, residuary legatee
ASSG
NAM  Egyt Gyogyszervegyeszeti Gyar
CTY  Budapest
CNT  HU
COD  03
PRIR
CNT  HU
APD  19730212
APN  EE 2093
PRIR
CNT  HU
APD  19731113
APN  EE 2093
CLAS
OCL  260287D
XCL  424258
EDF  2
ICL  C07D21724
FSC  260
FSS  287 D;287 K;287 CE;287 R
FREF
PNO  162,784
ISD  19741100
CNT  HU
OREF
PAL  Morimoto, "J. Pharm. Soc. Japan" 62, 446-452 (1952).
LREP
FRM  Young & Thompson
ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or a straight-chained or
      branched C.sub.1.sub.-3 alkyl group,
PA1  R stands for hydrogen or a straight-chained or branched C.sub.1.sub.-4
      alkyl group,
PA1  R.sub.3 stands for hydrogen or a straight-chained or branched
      C.sub.1.sub.-4 alkyl group.
PAL  The new compounds of formula (I) possess valuable pharmacological
      properties, and act, primarily, on the central nervous system. Thus they
      can be used in the therapy first of all as the active agents of
      anticonvulsive medicines.
BSUM
PAR  This invention relates to novel 1,4-dihydro-3(2H)-isoquinolinone
      derivatives.
PAR  The new compounds according to the invention correspond to the formula
      wherein
      ##SPC2##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or a straight-chained or
      branched C.sub.1-3 alkyl group,
PA1  R stands for hydrogen or a straight-chained or branched C.sub.1-4 alkyl
      group,
PA1  R.sub.3 stands for hydrogen or a straight-chained or branched C.sub.1-4
      alkyl group, and
PA1  R and R.sub.3 may form together with the adjacent nitrogen atom.
PAR  The compounds of formula (I) are of basic character, and form acid addition
      salts. These salts are also covered by the scope of the invention.
PAR  The new compounds of formula (I) possess valuable pharmacological
      properties, and act, primarily, on the central nervous system. These
      compounds block the spasm provoked by electric current or by
      pentamethylenetetrazole. On the basis of their pharmacological properties,
      the compounds of the general formula (I) can be used in the therapy
      primarily as the active agents of anticonvulsive medicines.
PAR  The pharmacological properties of the new compounds were tested on white
      mice of both sexes, weighing 16 to 24 g. The new compounds were
      administered orally through a metal stomach tube, in the form of a 5 per
      cent suspension in a medium containing Tween 80 as suspending agent.
PAR  The LD.sub.5o values of the compounds were determined on groups each
      consisting of 8 mice. The results were evaluated according to the method
      of Lichtfield and Wilcoxon (J. Pharmacol. exp. Therap. 96, 99 / 1949/).
PAR  The paralyzing effect of the compounds was tested on groups each consisting
      of 8 mice, by the rotarod test. The ED.sub.5o rotarod value corresponds to
      the dosis, which, one hour after the administration, causes 50 per cent of
      the test animals to fall down from the rotarod within 3 minutes. The
      neurotoxic activity was evaluated according to the method of Lichtfield
      and Wilcoxon.
PAR  The electroshock-inhibiting effect of the compounds was examined on groups
      each consisting of 10, individually caged mice. The anticonvulsive
      activity was tested by the "Maximum Electroshock Seizure Test" of
      Swinyard, et al. (Epilepsia 10, 107 /1969/), and the inhibition of the
      tonic extension of the hind limbs was evaluated. The ED.sub.5o ES value
      corresponds to the dosis which, 1 hour after the administration, has a
      protecting effect for 50 % of the animals. The results were evaluated
      according to the method of Lichtfield and Wilcoxon. The electroshock was
      provoked using corneal electrodes, under the following parameters: 50 Hz,
      0.3 sec. 3 msec; the current intensity varied between 28 and 34 mA (a
      current intensity was maintained that was sufficient to provoke spasm in
      each of the 10 animals).
PAR  The activities of the compounds with protecting effect against electroshock
      were compared by the so-called protective index, which was calculated by
      dividing the individual ED.sub.5o rotarod values with the corresponding
      ED.sub.5o ES values. The greater this ratio, the more remote the dosis
      protecting against electroshock is from the dosis causing muscle
      relaxation.
PAR  The inhibiting effect on pentamethylenetetrazoleprovoked spasm was tested
      on groups each consisting of 12 individually caged, randomized mice, by
      the method of Orloff (Proc. Soc. Exp. Biol. Med. N.Y., 70, 254 /1949/).
      The pentamethylenetetrazole spasm threshold was determined by the slow
      (0.05 ml./10 sec.) intravenous administration of a 0.5 %
      pentamethylenetetrazole solution, and the influence of the compounds on
      the spasm threshold was examined. In every case, the tonic extension of
      the hind limbs was regarded as spasm.
PAR  The results of these tests are listed in Table 1. For comparison various
      known and widely used pharmacons, namely phenobarbital
      (5-ethyl-5-phenylbarbituric acid), phenytoin (5,5-diphenylhydantoine) and
      trimethadion (3,5,5-trimethyl-2,4-oxazolidine-dione) were also tested
      under the same conditions. The results are also given in the Table.
PAR  The data listed in the Table show that the compounds of the invention are
      of low toxicity, and most of them have a protective index 1 to 2 orders of
      magnitude greater than the known reference substances.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Compound  LD.sub.50                                                       
                      ED.sub.50 rotarod                                        
                              ED.sub.50 ES                                     
                                         Protective                            
                                                   ED.sub.50                   
                                                   pentamethylenetetrazole     
     (Example No.)                                                             
               mg./kg.                                                         
                      3 h.,mg./kg.                                             
                              3 h., mg./kg.                                    
                                         Index     3 h., mg./kg.               
     __________________________________________________________________________
      5        cca 2000                                                        
                      490     21         24        50                          
      6        1600   435     32         13.6      100                         
      7        &gt;1600  340     22         15.4      50                          
      8        600 to 800                                                      
                      cca 50  cca 20     cca 2.5   50                          
      9        &gt;1600  520     10.2       51        50                          
     10        &gt;2000  760     &gt;300       cca 2     50                          
     11        cca 600                                                         
                      270     22         cca 12    50                          
     12        &gt;1000  270     10.5       26        100                         
                              (54.0 - 110.0)                                   
     13        &gt;2000  cca 800 25         cca 32    --                          
     14        &gt;2000  cca 1600                                                 
                              27.0       cca 59    --                          
                              (20.8 -  35.2)                                   
     15        &gt;1000  cca 300 29         cca 10    --                          
     16        cca 1600                                                        
                      cca 1300                                                 
                              cca 88     cca 15    --                          
     30        &gt;1000  cca 400 cca 50     cca 8     --                          
     5-ethyl-5-phe-                                                            
     nyl-barbitur-                                                             
     ic acid   180    38      15         2.5       15                          
     5,5-diphenyl-                                                             
     hidantoine                                                                
               300    10      10         1.0       25                          
     3,5,5-trimethyl-                                                          
     2,4-oxazolidine-                                                          
     dione     1750   340     440        0.77      62                          
     __________________________________________________________________________
PAR  The compounds of formula (I) are prepared as follows:
PAR  A 1-(4'-aminophenyl)-1,4-dihydro-3(2H)-isoquinolinone derivative of the
      formula
      ##SPC3##
PAL  wherein R.sub.1 and R.sub.2 each have the same meanings as defined above,
      is reacted with a carboxylic acid derivative of the formula
EQU  A -- (CH.sub.2).sub.m -- COR.sub.4                         (III)
PAL  wherein m is one, R.sub.4 stands for halogen or ethoxycarbonyloxy, and A
      stands for halogen or benzyloxycarbonylamino, to form a compound of the
      general formula (IV),
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 each have the same meanings as defined above,
      and m is one, and A' stands for halogen or benzyloxycarbonylamino, and the
      compound of formula (IV), wherein A' stands for ethoxy or halogen, is
      reacted with an amine of the formula
EQU  R.sub.3 -- NH -- R                                         (V)
PAL  wherein R and R.sub.3 each have the same meanings as defined above, or the
      compound of formula (IV), wherein A' stands for benzyloxycarbonylamino, is
      subjected to catalytic hydrogenation.
PAR  The compounds of formula (I) can be converted into their acid addition
      salts by reacting them with a pharmaceutically acceptable organic or
      mineral acid.
PAR  The compounds of formula (II), used as starting substances in the process
      of the invention, can be prepared as described in Hungarian Patent
      Specification No. 162,784. The starting compounds of formula (III) are
      known, mostly commercially available substance.
PAR  The acylamine intermediates of formula (IV) are new substances.
PAR  According to a preferred method a compound of formula (II) is reacted with
      a .omega.-chlorocarboxylic chloride of formula (III), wherein A and
      R.sub.4 each stand for chlorine, and the obtained acylamine of formula
      (IV), wherein A' stands for chlorine and m is one, is reacted with an
      amine of formula (V). This method leads to compounds of formula (I),
      wherein R and/or R.sub.3 represent a group other than hydrogen, and m is
      one.
PAR  According to a further preferred method a starting compound of formula (II)
      is reacted with an N-(benzyloxycarbonyl)-.omega.-aminoacid chloride of the
      general formula (III), wherein R.sub.4 stands for chlorine and A
      represents a benzyloxycarbonylamino group, or with a mixed anhydride of an
      N-(benzyloxycarbonyl)-.omega.-amino acid and ethylacarbonate corresponding
      to the general formula (III), wherein R.sub.4 stands for ethoxycarbonyloxy
      and A stands for benzyloxycarbonylamino; and the obtained intermediate of
      the general formula (IV), wherein A' represents benzyloxycarbonylamino, is
      subjected to hydrogenolysis. Thus compounds of formula (I) are obtained,
      wherein R and R.sub.3 each stand for hydrogen, and m is one.
PAR  The mixed anhydride of an N-(benzyloxycarbonyl)-.omega.-amino acid and
      ethylcarbonate, corresponding to the formula (III), is prepared by
      reacting a benzyloxycarbonyl-.omega.-amino acid with ethyl chloroformate.
      The obtained compound is preferably reacted with the starting substance of
      formula (II) directly in the reaction mixture, without isolation.
DETD
PAR  The invention is elucidated in detail by the aid of the following
      non-limiting examples.
PAC  EXAMPLE 1
PAC  1,4-Dihydro-1-(4'-/chloroacetyl/-amino-phenyl)-3-(2H)-isoquinolinone
PAR  32.9 g. (0.138 moles) of
      1-(4'-aminophenyl)-1,4-dihydro-3(2H)-isoquinolinone are dissolved in 250
      ml. of glacial acetic acid at room temperature, with stirring. 15.2 g.
      (0.15 moles) of triethylamine, and subsequently 16.95 g. (0.15 moles) of
      chloroacetyl chloride are added slowly, dropwise to the clear solution.
      During the addition the temperature of the mixture raises generally to
      40.degree. to 45.degree.C. After the addition the mixture is stirred at
      50.degree.C for 4 hours, then poured onto 2000 ml. of ice water. The
      separated precipitate is filtered off, washed well with water, dried, and
      recrystallized from butanol. 35.3 g. of the aimed product are obtained;
      m.p.: 241.degree.-242.degree.C.
PAR  Analysis: Calculated for C.sub.17 H.sub.15 N.sub.2 O.sub.2 Cl: C: 64.87 %,
      H: 4.80 %, N: 8.90 %, Cl: 11.26 %. Found: C: 64.82 %, H: 5.05 %, N: 8.99
      %, Cl: 11.27 %.
PAC  EXAMPLE 2
PAC  1,4-Dihydro-1-(4'-chloroacetylamino-phenyl)-4,4-dimethyl-3(2H)-isoquinolino
     ne
PAR  30.0 g. (0.1125 moles) of
      1-(4'-aminophenyl)-1,4-dihydro-4,4-dimethyl-3(2H)-isoquinolinone are
      reacted in 280 ml. of glacial acetic acid with 14.7 g. (0.13 moles) of
      chloroacetyl chloride, in the presence of 13.5 g. (0.13 moles) of
      triethylamine. The reaction conditions are the same as described in
      Example 1. The crude product is recrystallized from ethanol to yield 25.15
      g. of the title compound; m.p.: 218.degree.-219.degree.C.
PAR  Analysis: Calculated for C.sub.19 H.sub.19 N.sub.2 O.sub.2 Cl: C: 66.57 %,
      H: 5.59 %, N: 8.17 %, Cl: 10.34 %. Found: C: 66.46 %, H: 5.70 %, N: 8.39
      %, Cl: 10.38 %.
PAC  EXAMPLE 3
PAC  1,4-Dihydro-1-(4'-chloroacetylamino-phenyl)-4-methyl-3(2H)-isoquinolinone
PAR  9.75 g. (0.0386 moles) of
      1-(4'-aminophenyl)-1,4-dihydro-4-methyl-3(2H)-isoquinolinone are reacted,
      in 80 ml. of glacial acetic acid, with 5.64 g. (0.05 moles) of
      chloroacetyl chloride, in the presence of 5.06 g. (0.05 moles) of
      triethylamine. The reaction conditions are the same as described in
      Example 1. The crude product is recrystallized from butanol to yield 4.9
      g. of the title compound; m.p. 238.degree.-239.degree.C.
PAR  Analysis: Calculated for C.sub.18 H.sub.17 N.sub.2 O.sub.2 Cl: C: 65.75 %,
      H: 5.21 %, N: 8.52 %, Cl: 10.78 %. Found: C: 65.78 %, H: 5.60 %, N: 8.74
      %, Cl: 10.88 %.
PAC  EXAMPLE 4
PAC  1,4-Dihydro-4-isopropyl-1-(4'-chloroacetylaminophenyl)-3(2H)-isoquinolinone
PAR  10.0 g. (0.0357 moles) of
      1-(4'-aminophenyl)-1,4-dihydro-4-isopropyl-3(2H)-isoquinolinone are
      reacted, in 150 ml. of glacial acid, with 5.07 g. (0.045 moles) of
      chloroacetyl chloride in the presence of 4.55 g. (0.045 moles) of
      triethylamine. The reaction conditions are the same as given in Example 1.
      The crude product is recrystallized from butanol to yield 9.95 g. of the
      title compound; m.p.: 269.degree.-270.degree.C.
PAR  Analysis: Calculated for C.sub.20 H.sub.21 N.sub.2 O.sub.2 Cl: C: 67.31 %,
      H: 5.93 %, N: 7.85 %, Cl: 10.40 %. Found: C: 67.45 %, H: 6.20 %, N: 8.00
      %, Cl: 10.05 %.
PAC  EXAMPLE 5
PAC  1,4-Dihydro-1-(4'-/propylaminoacetyl/-amino-phenyl)-3(2H)-isoquinolinone
PAR  7.4 g. (0.0236 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolinone are
      boiled in 200 ml. of propylamine for 12 hours. Thereafter 300 ml. of water
      are added to the mixture, and the propylamine is removed by distillation.
      The separated precipitate is filtered off, washed with water, dried and
      recrystallized from a mixture of acetone, and petroleum ether. 5.7 g. of
      the title compound are obtained; m.p.: 142.degree.-144.degree.C.
PAR  Analysis: Calculated for C.sub.20 H.sub.23 N.sub.3 O.sub.2 : C: 71.17 %, H:
      6.87 %, N: 12.46 %. Found: C: 71.04 %, H: 7.19 %, N: 12.72 %.
PAC  EXAMPLE 6
PAC  1,4-Dihydro-4,4-dimethyl-1-(4'-/propylaminoacetyl/-amino-phenyl)3-(2H)-isoq
     uinolinone
PAR  1.75 g. (0.0051 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-4,4-dimethyl-3(2H)-isoquinolin
     one are reacted with 50 ml. of propylamine as described in Example 5. The
      crude product is recrystallized from a mixture of acetone and petroleum
      ether to yield 1.51 g. of the title compound; m.p.:
      107.degree.-108.degree.C.
PAR  Analysis: Calculated for C.sub.22 H.sub.27 N.sub.3 O.sub.2 : C: 72.30 %, H:
      7.45 %, N: 11.50 %. Found: C: 72.27 %, H: 7.59 %, N: 11.74 %.
PAC  EXAMPLE 7
PAC  1,4-Dihydro-4-methyl-1-(4'-/propylaminoacetyl/-aminophenyl)-3(2H)-isoquinol
     inone
PAR  11.9 g. (0.0362 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-4-methyl-3(2H)-isoquinolinone
      are reacted with 50 ml. of propylamine. The reaction is carried out as
      described in Example 5, with the difference that the oily residue obtained
      after removing the propylamine is triturated with aqueous acetone. The
      crude product is recrystallized from a mixture of acetone and petroleum
      ether to yield 6.6 g. of the title compound; m.p.: 89-91.degree.C.
PAR  Analysis: Calculated for C.sub.21 H.sub.25 N.sub.3 O.sub.2 : C: 71.78 %, H:
      7.17 %, N: 11.96 %. Found: C: 71.60 %, H: 7.49 %, N: 12.06 %.
PAC  EXAMPLE 8
PAC  1,4-Dihydro-4-isopropyl-1-(4'-/propylaminoacetyl/-amino-phenyl)-3(2H)-isoqu
     inolinone
PAR  9.95 g. (0.0279 moles) of
      1,4-dihydro-4-isopropyl-1-(4'-chloroacetylamino-phenyl)3-(2H)-isoquinolino
     ne are reacted with 75 ml. of propylamine. The reaction is carried out as
      described in Example 5, with the difference that the reaction mixture is
      poured onto 1500 ml. of ice water. The separated crude substance is
      recrystallized from ethyl acetate to yield 3.85 g. of the title compound;
      m.p.: 150-151 .degree.C.
PAR  Analysis: Calculated for C.sub.23 H.sub.29 N.sub.3 O.sub.2 : C: 72.80 %, H:
      7.70 %, N: 11.07 %. Found: C: 72.50 %, H: 7.74 %, N: 11.19 %.
PAC  EXAMPLE 9
PAC  1,4-Dihydro-1-(4'-/ethylaminoacetyl/-amino-phenyl)-3(2H)-isoquinolinone
PAR  A mixture of 9.43 g. (0.03 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolinone and 50
      ml. of dry ethylamine is heated at 50.degree.C in a sealed tube for 5
      hours. The mixture is cooled and poured onto 200 ml. of ice water. The
      separated precipitate is filtered off, washed with water, dried under an
      IR lamp, and recrystallized from a mixture of acetone and petroleum ether.
      7.1 g. of the title compound are obtained; m.p.: 183.degree.-184.degree.C.
PAR  Analysis: Calculated for C.sub.19 H.sub.21 N.sub.3 O.sub.2 : C: 70.56 %, H:
      6.55 %, N: 13.00 %. Found: C: 70.64 %, H: 6.72 %, N: 13.29 %.
PAC  EXAMPLE 10
PAC  1,4-Dihydro-1-(4'-/ethylaminoacetyl/-amino-phenyl)-4,4-dimethyl-3(2H)-isoqu
     inolinone
PAR  4.2 g. (0.01225 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-4,4-dimethyl-3(2H)-isoquinolin
     one are reacted with dry ethylamine as described in Example 9, with the
      difference that heating is conducted for 6 hours at 70.degree.C. The crude
      product is recrystallized from ethyl acetate to yield 3.24 g. of the title
      compound; m.p.: 151.degree.-152.degree.C.
PAR  Analysis: Calculated for C.sub.21 H.sub.25 N.sub.3 O.sub.2 : C: 71.78 %, H:
      7.17 %, N: 11.96 %. Found: C: 71.73 %, H: 7.27 %, N: 12.12 %.
PAC  EXAMPLE 11
PAC  1,4-Dihdryo-1-(4'-/methylaminoacetyl/-amino-phenyl)-3(2H)-isoquinolinone
      9.44 g. (0.03 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolinone are
      reacted with 60 ml. of dry methylamine as described in Example 9, with the
      difference that heating is conducted for 6 hours at 50.degree.C, and the
      reaction mixture is poured onto ice. The crude product is recrystallized
      from ethyl alcohol to yield 4.8 g. of the title compound; m.p.:
      204.degree.-205.degree.C.
PAR  Analysis: Calculated C: 69.88 %, H: 6.19 %, N: 13.58 %. Found: C: 70.00 %,
      H: 6.08 %, N: 13.47 %.
PAC  EXAMPLE 12
PAC  1,4-Dihydro-1-(4'-/isopropylaminoacetyl/-aminophenyl)-3(2H)-isoquinolinone
PAR  9.44 g. (0.03 moles) of
      1,4-dihydro-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolinone are
      reacted with 70 ml. of dry isopropylamine as described in Example 10. The
      major part of the product separates from the reaction mixture. The mother
      liquor is poured onto water, and the isopropylamine is removed by
      distillation, to yield an additional crop of the product. The crude
      product is recrystallized from ethanol to yield 6.85 g. of the title
      compound; m.p.: 178.degree.-179.degree.C.
PAR  Analysis: Calculated for C.sub.20 H.sub.23 N.sub.3 O.sub.2 : C: 71.20 %, H:
      6.87 %, N: 12.45 %. Found: C: 71.02 %, H: 7.18 %, N: 12.50 %.
PAC  EXAMPLE 13
PAC  1,4-Dihydro-4,4-dimethyl-1-(4'-/methylaminoacetyl/-amino-phenyl)-3(2H)-isoq
     uinolinone maleate 5.15 g. (0.015 moles) of
      1,4-dihydro-4,4-dimethyl-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolin
     one are reacted with 60 ml. of dry methylamine. The reaction is carried out
      as described in Example 9 with the difference, that heating is conducted
      for 7 hours at 60.degree.C. The obtained 4.7 g. of crude product is
      reacted with maleic acid in ethanol. The salt is recrystallized from
      ethanol to yield 4.4 g. of the title compound; m.p.: 205.degree.C (under
      decomposition). Analysis: Calculated for C.sub.24 H.sub.27 N.sub.3 O.sub.6
      : C: 63.58 %, H: 6.00 %, N: 9.26 %. Found: C: 63.61 %, H: 6.23 %, N: 9.13
      %.
PAC  EXAMPLE 14
PAR  1,4-Dihydro-4,4-dimethyl-1-(4'-/isopropylaminoacetyl/-amino-phenyl)-3(2H)-i
     soqinolinone
PAR  10.3 g. (0.03 moles) of
      1,4-dihydro-4,4-dimethyl-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolin
     one are reacted with 70 ml. of isopropylamine as described in Example 9,
      with the difference that heating is conducted for 6 hours at 70.degree. to
      80.degree.C. The crude product is recrystallized from ethanol to yield
      4.15 g. of the title compound; m.p.: 132.degree.-134.degree.C
PAR  Analysis: Calculated for C.sub.22 H.sub.27 N.sub.3 O.sub.2 : C: 72.30 %, H:
      7.45 %, N: 11.50 %. Found: C: 72.54 %, H: 7.65 %, N: 11.52 %.
PAC  EXAMPLE 15
PAC  1,4-Dihydro-1-(4'-/butylaminoacetyl/-amino-phenyl)-4,4-dimethyl-3(2H)-isoqu
     inolinone
PAR  10.3 g. (0.03 moles) of
      1,4-dihydro-4,4-dimethyl-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolin
     one are reacted with 50 ml. of butylamine as described in Example 5, with
      the difference that the reaction mixture is boiled for 16 hours, and then,
      in order to separate the product, the mixture is poured onto 500 ml. of
      ice water. The crude product is recrystallized from ethanol to yield 5.1
      g. of the title compound; m.p.: 133.degree.-134.degree.C.
PAR  Analysis: Calculated for C.sub.23 H.sub.29 N.sub.3 O.sub.2 : C: 72.80 %, H:
      7.70 %, N: 11.07 %. Found: C: 72.99 %, H: 7.86 %, N: 11.26 %.
PAC  EXAMPLE 16
PAR  1,4-Dihydro-1-(4'-/N,N-diethylaminoacetyl/-amino-phenyl)-4,4-dimethyl-3(2H)
     -isoquinolinone
PAR  10.3 g. (0.03 moles) of
      1,4-dihdyro-4,4-dimethyl-1-(4'-chloroacetylamino-phenyl)-3(2H)-isoquinolin
     one are reacted with 80 ml. of diethylamine as described in Example 5, with
      the difference that the reaction mixture is boiled for 14 hours and then,
      in order to separate the product, the mixture is poured onto 1000 ml. of
      water. The crude product is recrystallized from ethyl acetate to yield 8.0
      g. of the title compound; m.p.: 174.degree.-176.degree.C.
PAR  Analysis: Calculated for C.sub.23 H.sub.29 N.sub.3 O.sub.2 : C: 72.79 %, H:
      7.70 %, N: 11.08 %. Found: C: 72.54 %, H: 7.86 %, N: 11.24 %.
PAC  EXAMPLE 17
PAC  1,4-Dihydro-1-(4'-/ethylaminoacetyl/-amino-phenyl)-3(2H)-isoquinolinone
      maleate
PAR  0.6 g. (0.00186 moles) of
      1,4-dihydro-1-(4'-/ethylaminoacetyl/-amino-phenyl)-3(2H)-isoquinolinone,
      prepared as described in Example 9, are reacted with 0.22 g. (0.0019
      moles) of maleic acid in ethanol, under boiling. Upon cooling, 0.6 g. of
      the title compound separates from the reaction mixture; m.p.:
      193-195.degree.C (under decomposition).
PAR  Analysis: Calculated for C.sub.23 H.sub.25 N.sub.3 O.sub.6 : C: 62.85 %, H:
      5.73 %, N: 9.56 %. Found: C: 62.87 %, H: 5.77 %, N: 9.83 %.
PAC  EXAMPLE 18
PAC  1,4-Dihydro-1-(4'-/benzyloxycarbonylamino-acetyl/-amino-phenyl)-4,4-dimethy
     l-3(2H)-isoquinolinone
PAR  3.72 g. (0.014 moles) of
      1,4-dihydro-1-(4'-aminophenyl)-4,4-dimethyl-3(2H)-isoquinolinone are
      dissolved in 30 ml. of dry dimethylformamide. The solution is cooled to
      0.degree.C, and 1.47 g. (0.0145 moles) of triethylamine are added with
      stirring. Thereafter a 0.degree.C solution of 3.3 g. (0.0145 moles) of
      freshly prepared .alpha.-benzyloxycarbonylamino-acetylchloride in 20 ml.
      of dry dimethylformamide are added dropwise to the reaction mixture. The
      mixture is stirred at 0.degree. to -5.degree.C for 2 hours. During the
      reaction triehtylamine hydrochloride separates as a precipitate. The
      suspension is stirred at room temperature for 5 hours, thereafter poured
      onto 500 ml. of water. The separated oily substance is extracted with
      chloroform, the organic phase is washed with water, dried over sodium
      sulfate, and the solvent is removed by evaporation. The oily residue is
      triturated with water, the obtained solid substance is filtered off,
      washed well with water, and dried under an IR-lamp. The crude substance is
      recrystallized from ethanol to yield 1.4 g. of the title compound; m.p.:
      210-211.degree.C.
PAR  Analysis: Calculated for C.sub.27 H.sub.27 N.sub.3 O.sub.4 : C: 70.88 %, H:
      5.95 %, N: 9.19 % Found: C: 71.01 %, H: 6.08 %, N, 8.96 %.
PAC  EXAMPLE 19
PAC  1,4-Dihydro-1-(4'-/benzyloxycarbonylamino-acetyl/-amino-phenyl)-4,4-dimethy
     l-3(2H)-isoquinolinone
PAR  5.23 g. (0.025 moles) of .alpha.-benzyloxycarbonylaminoacetic acid are
      dissolved in 50 ml. of dry dimethylformamide, and 2.53 g. (0.025 moles) of
      triethylamine are added to the stirred solution. The solution is cooled to
      -10.degree.C, and 2.71 g. (0.025 moles) of ethyl chloroformate are added
      dropwise. The temperature rises to 0.degree.C, and triethylamine
      hydrochloride separates in the form of a white precipitate. The mixture is
      stirred for 20 minutes, thereafter a 0.degree.C solution of 6.65 g. (0.025
      moles) of 1,4-dihydro-1-(4'-aminophenyl)-4,4-dimethyl-3(2H)-isoquinolinone
      in 50 ml. of dry dimethylformamide is added dropwise. After the addition
      the mixture is stirred at 0.degree.C for 3 hours and at room temperature
      for 5 hours. The mixture is poured onto 1000 ml. of water, the separated
      substance is filtered off, washed well with water, and dried first in a
      vacuum desiccator over phosphorous pentoxide, and then under an IR-lamp.
      The crude product is recrystallized from ethanol to yield 6.0 g. of the
      title compound; m.p.: 211.degree.-212.degree.C.
PAR  Analysis: Calculated for C.sub.27 H.sub.27 N.sub.3 O.sub.4 : C: 70.88 %, H:
      5.95 %, N: 9.19 %. Found: C: 70.50 %, H: 6.13 %, N: 9.08 %.
PAC  EXAMPLE 20
PAC  1,4-Dihydro-1-(4'-/aminoacetyl/-amino-phenyl)-4,4-dimethyl-3(2H)-isoquinoli
     none maleate
PAR  4.8 g. (0.0105 moles) of
      1,4-dihydro-1-(4'-/benzyloxycarbonylamino-acetyl/-amino-phenyl)-4,4l
      -dimethyl-3(2H)-isoquinolinone are dissolved in 150 ml. of
      dimethylformamide, and 0.72 g. (0.012 moles) of glacial acetic acid are
      added. Thereafter 2 g. of palladium catalyst are added to the mixture, and
      gaseous hydrogen is led over the solution until carbon dioxide evolution
      can be observed. When the evolution of carbon dioxide ceases, the catalyst
      is removed by filtration, the filtrate is evaporated to dryness, and the
      residue is taken up in water. The aqueous solution is rendered alkaline.
      An oily substance separates, which reapidly solidifies. The solid
      substance is filtered off, washed with water until neutral, and dried
      first in a vacuum desiccator over phosphorus pentoxide, and then under an
      IR-lamp. The obtained 2.3 g. of crude product is reacted with maleic acid
      in ethanol. 1.8 g. of the title compound are obtained; m.p.:
      165.degree.-167.degree.C (under decomposition).
PAR  Analysis: Calculated for C.sub.23 H.sub.25 N.sub.3 O.sub.6 : C: 62.86 %, H:
      5.73 %, N: 9.56 %. Found: C: 63.02 %, H: 5.90 %, N: 9.83 %.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein
PA1  R.sub.1 and R.sub.2 each represent hydrogen or a straight-chained or
      branched C.sub.1-3 alkyl group,
PA1  R stands for hydrogen or a straight-chained or branched C.sub.1-4 alkyl
      group,
PA1  R.sub.3 stands for hydrogen or a straight-chained or branched C.sub.1-4
      alkyl group and
PA1  R and R.sub.3 may form together with the adjacent nitrogen atom
      pyrrolidino, piperidino or merphalino,
PA1  m is one,
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1, wherein R.sub.1 and R.sub.2 are the
      same and stand for hydrogen or methyl, R stands for hydrogen, R.sub.3
      stands for straight-chain or branched C.sub.1-3 alkyl, and m is 1, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  3.
PAR  3. 1,4-Dihydro-1-(4'-/ethylaminoacetyl/-aminophenyl)-3(2H)-isoquinolinone.
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ABST
PAL  Compounds of the formula:
      ##SPC1##
PAL  Wherein R represents hydrogen, halogen or alkoxy of 1 to 4 carbon atoms,
      and R.sub.1 represents hydrogen, alkyl of 1 to 4 carbon atoms substituted
      by (i) carboxy, (ii) alkoxycarbonyl in which the alkoxy moiety contains 1
      to 7 carbon atoms, or (iii) carbamoyl, or R.sub.1 represents phenylalkyl
      in which the alkyl moiety contains 1 to 4 carbon atoms and is substituted
      by (i) carboxy, (ii) alkoxycarbonyl in which the alkoxy moiety contains 1
      to 4 carbon atoms, or (iii) carbamoyl, or R.sub.1 represents alkanoyl of 1
      to 4 carbon atoms or benzoyl, are new compounds possessing
      chemotherapeutic properties and are particularly active as antibilharzial,
      anthelmintic and antimicrobial agents.
BSUM
PAR  This invention relates to new therapeutically useful 7H-indolizino[
      5,6,7-ij]isoquinoline derivatives, to processes for their preparation and
      to pharmaceutical compositions containing them.
PAR  The 7H-indolizino[ 5,6,7-ij]isoquinoline derivatives of the present
      invention are those compounds of the general formula:
      ##SPC2##
PAL  Wherein R represents a hydrogen or halogen (preferably chlorine) atom, or
      an alkoxy radical containing 1 to 4 carbon atoms, and R.sub.1 represents a
      hydrogen atom, an alkyl radical containing 1 to 4 carbon atoms substituted
      by (i) a carboxy radical, (ii) an alkoxycarbonyl radical in which the
      alkoxy moiety contains 1 to 7 carbon atoms, or (iii) a carbamoyl radical,
      or R.sub.1 represents a phenylalkyl radical in which the alkyl moiety
      contains 1 to 4 carbon atoms and is substituted by (i) a carboxy radical,
      (ii) an alkoxycarbonyl radical in which the alkoxy moiety contains 1 to 4
      carbon atoms or (iii) a carbamoyl radical, or R.sub.1 represents an
      alkanoyl radical containing 1 to 4 carbon atoms or a benzoyl radical, and
      salts of those compounds wherein R.sub.1 contains a carboxy radical.
PAR  According to a feature of the invention, the compounds of general formula
      I, wherein R is as hereinbefore defined and R.sub.1 represents a hydrogen
      atom, an alkyl radical containing 1 to 4 carbon atoms substituted by a
      carboxy radical, an alkoxycarbonyl radical in which the alkoxy moiety
      contains 1 to 7 carbon atoms or a carbamoyl radical, or R.sub.1 represents
      a phenylalkyl radical in which the alkyl moiety contains 1 to 4 carbon
      atoms and is substituted by a carboxy radical, an alkoxycarbonyl radical
      in which the alkoxy moiety contains 1 to 4 carbon atoms or a carbamoyl
      radical, are prepared by the process which comprises reacting a compound
      of the general formula:
EQU  H.sub.2 N - O - R.sub.1                                    II
PAL  (wherein R.sub.1 has the meaning just hereinbefore specified) with a
      7H-indolizino[ 5,6,7-ij] isoquinolin-7-one of the general formula:
      ##SPC3##
PAL  Wherein R is as hereinbefore defined. The reaction is generally carried out
      in an organic solvent, e.g. pyridine, optionally in the presence of other
      solvents such as alcohols, preferably ethanol, water or a mixture of said
      solvents, at the boiling point of the reaction mixture. It is particularly
      advantageous to use the compounds of general formula II in the form of an
      acid addition salt such as the hydrochloride.
PAR  According to another feature of the invention, the compounds of general
      formula I, wherein R is as hereinbefore defined and R.sub.1 represents an
      alkanoyl radical containing 1 to 4 carbon atoms or a benzoyl radical, are
      prepared by the process which comprises reacting an acid of the general
      formula:
EQU  R.sub.2 - COOH                                             IV
PAL  (wherein R.sub.2 represents a hydrogen atom, an alkyl radical containing 1
      to 3 carbon atoms, or the phenyl radical) or a reactive derivative
      thereof, for example a halide or the anhydride, with a compound of general
      formula I wherein R.sub.1 represents a hydrogen atom, viz. a compound of
      the general formula:
      ##SPC4##
PAL  wherein R is as hereinbefore defined. The reaction is generally carried out
      in an organic solvent, for example pyridine, at a temperature below
      15.degree. C. Preferably the anhydride of the acid of general formula IV
      is used.
PAR  According to another feature of the invention, the compounds of general
      formula I, wherein R is as hereinbefore defined and R.sub.1 represents an
      alkyl radical containing 1 to 4 carbon atoms substituted by a carboxy
      radical, an alkoxycarbonyl radical in which the alkoxy moiety contains 1
      to 7 carbon atoms or a carbamoyl radical, or R.sub.1 represents a
      phenylalkyl radical in which the alkyl moiety contains 1 to 4 carbon atoms
      and is substituted by a carboxy radical, an alkoxycarbonyl radical in
      which the alkoxy moiety contains 1 to 4 carbon atoms, or a carbamoyl
      radical, are prepared by the process which comprises reacting a compound
      of the general formula:
EQU  R.sub.3 - X                                                VI
PAL  (wherein R.sub.3 represents an alkyl radical containing 1 to 4 carbon atoms
      substituted by a carboxy radical, an alkoxycarbonyl radical in which the
      alkoxy moiety contains 1 to 7 carbon atoms, or a carbamoyl radical, or
      R.sub.3 represents a phenylalkyl radical in which the alkyl moiety
      contains 1 to 4 carbon atoms and is substituted by a carboxy radical, an
      alkoxycarbonyl radical in which the alkoxy moiety contains 1 to 4 carbon
      atoms, or a carbamoyl radical, and X represents the acid residue of a
      reactive ester such as a halogen atom) with a quaternary ammonium salt,
      for example the tetraethylammonium salt, of an oxime of general formula V.
PAR  The tetraethylammonium salt of the oxime of general formula V is generally
      prepared in situ by reacting tetraethylammonium hydroxide with the oxime
      of general formula V, the reaction being carried out in an organic solvent
      such as an alcohol, e.g. methanol or ethanol, or in an aqueous-alcoholic
      medium.
PAR  The condensation of the reactive ester of general formula VI with the
      quaternary ammonium salt, e.g. the tetraethylammonium salt, of the oxime
      of general formula V is carried out in an organic solvent such as an
      alcohol, e.g. ethanol or methanol, an ester, e.g. ethyl acetate, or an
      amide, e.g. dimethylformamide, and optionally in the presence of water, at
      a temperature of between 0.degree. and 30.degree. C.
PAR  According to the invention, the compounds of general formula I, wherein R
      is as hereinbefore defined and R.sub.1 represents an alkyl radical
      containing 1 to 4 carbon atoms substituted by an alkoxycarbonyl radical in
      which the alkoxy moiety contains 1 to 7 carbon atoms or a carbamoyl
      radical, or R.sub.1 represents a phenylalkyl radical in which the alkyl
      moiety contains 1 to 4 carbon atoms and is substituted by an
      alkoxycarbonyl radical in which the alkoxy moiety contains 1 to 4 carbon
      atoms or a carbamoyl radical, are prepared from a compound of general
      formula I wherein R.sub.1 represents an alkyl radical containing 1 to 4
      carbon atoms substituted by a carboxy radical, or a phenylalkyl radical in
      which the alkyl moiety contains 1 to 4 carbon atoms and is substituted by
      a carboxy radical, viz. a compound of the general formula:
      ##SPC5##
PAL  (wherein R is as hereinbefore defined and R.sub.4 represents an alkyl
      radical containing 1 to 4 carbon atoms substituted by a carboxy radical,
      or a phenylalkyl radical in which the alkyl moiety contains 1 to 4 carbon
      atoms and is substituted by a carboxy radical) by methods known per se for
      converting a carboxy radical to an alkoxycarbonyl or carbamoyl radical
      without affecting the rest of the molecule. By the term "methods known per
      se" as used in this specification is meant methods heretofore used or
      described in the chemical literature.
PAR  In order to convert the carboxy radical to an alkoxycarbonyl radical, it is
      particularly advantageous to carry out a direct esterification of the acid
      of formula VII by means of an alcohol of the general formula:
EQU  R.sub.5 OH                                                 VIII
PAL  wherein, when R.sub.4 represents an alkyl radical substituted by a carboxy
      radical, R.sub.5 represents an alkyl radical containing 1 to 7 carbon
      atoms or, when R.sub.4 represents a phenylalkyl radical in which the alkyl
      radical is substituted by a carboxy radical, R.sub.5 represents an alkyl
      radical containing 1 to 4 carbon atoms, or to react an alkyl halide of the
      general formula:
EQU  R.sub.5 Hal                                                IX
PAL  wherein R.sub.5 is as hereinbefore defined and Hal represents a halogen
      atom, with a salt of the acid of formula VII formed with an alkali metal
      or quaternary ammonium ion. In order to prepare methyl esters of the
      acids, it is also possible to react diazomethane with the acid
PAR  In order to convert the carboxy radical to a carbamoyl radical, it is
      particularly advantageous to react ammonia with the acid of formula VII
      dissolved in an organic solvent, for example dimethylformamide, in the
      presence of a condensation agent such as N,N'-carbonyldiimidazole.
PAR  According to a still further feature of the invention, the compounds of
      general formula I, wherein R is as hereinbefore defined and R.sub.1
      represents an alkyl radical containing 1 to 4 carbon atoms substituted by
      a carboxy radical, or a phenylalkyl radical in which the alkyl moiety
      contains 1 to 4 carbon atoms and is substituted by a carboxy radical, are
      prepared by the saponification of a compound of general formula I, wherein
      R is as hereinbefore defined and R.sub.1 represents an alkyl radical
      containing 1 to 4 carbon atoms substituted by an alkoxycarbonyl radical in
      which the alkoxy moiety contains 1 to 7 carbon atoms, or a phenylalkyl
      radical in which the alkyl moiety contains 1 to 4 carbon atoms and is
      substituted by an alkoxycarbonyl radical in which the alkoxy moiety
      contains 1 to 4 carbon atoms, viz. a compound of the general formula:
      ##SPC6##
PAL  wherein R is as hereinbefore defined and R.sub.6 represents an alkyl
      radical containing 1 to 4 carbon atoms substituted by an alkoxycarbonyl
      radical in which the alkoxy moiety contains 1 to 7 carbon atoms, or a
      phenylalkyl radical in which the alkyl moiety contains 1 to 4 carbon atoms
      and is substituted by an alkoxycarbonyl radical in which the alkoxy moiety
      contains 1 to 4 carbon atoms. The saponification is generally carried out
      in an alkaline medium in the presence of sodium hydroxide or potassium
      hydroxide, and at a temperature between 0.degree. and 30.degree. C.
PAR  The 7H-indolizino[ 5,6,7-ij] isoquinolin-7-ones of general formula III can
      be prepared by alkaline hydrolysis of an imine of the general formula:
      ##SPC7##
PAL  wherein R is as hereinbefore defined. The hydrolysis is generally carried
      out by heating the imine in an organic medium in the presence of aqueous
      sodium hydroxide.
PAR  The imines of general formula XI can be prepared by cyclisation of an
      isoquinoline derivative of the general formula:
      ##SPC8##
PAL  wherein R is as hereinbefore defined. Cyclisation of the isoquinoline
      derivative is generally carried out in an organic solvent, or a mixture of
      organic solvents, in the presence of a strong inorganic acid, for example
      hydrochloric acid, and at a temperature of about 0.degree. C.
PAR  The isoquinoline derivatives of general formula XII can be prepared from
      compounds of the general formula:
      ##SPC9##
PAL  wherein R is as hereinbefore defined. The reaction is generally carried out
      by stirring the compound of general formula XIII in an organic solvent,
      for example dimethylformamide, in the presence of an alkali metal hydride
      and at a temperature of about 20.degree. C.
PAR  The dihydroisoquinoline derivatives of general formula XIII can be prepared
      by reacting an alkali metal cyanide and toluene-p-sulphonyl chloride with
      an isoquinoline derivative of the general formula:
      ##SPC10##
PAL  wherein R is as hereinbefore defined.. The reaction is generally carried
      out in an aqueous-organic solvent medium, such as a mixture of water and
      methylene chloride, at a temperature of about 0.degree. C.
PAR  Thhe isoquinoline derivatives of general formula XIV can be prepared by
      reacting a tetrahydrofuran derivative of the general formula:
      ##SPC11##
     55/7
PAL  (wherein R.sub.7 represents a methyl or ethyl radical) with an
      8-aminoisoquinoline derivative of the general formula:
      ##SPC12##
PAL  wherein R is as hereinbefore defined. The reaction is generally carried out
      in an organic solvent, for example acetic acid, at the boiling point of
      the reaction mixture.
PAR   The isoquinolines of general formula XVI can be prepared either by the
      method of Y. Ahmad and D. J. Hey, J. Chem. Soc., 3882 (1961) or by the
      method of R. Manske and M. Kulka, Can. J. Research, 27 B, 169 (1949).
PAR  The compounds of general formula I prepared according to the processes of
      the present invention can optionally be purified by physical methods such
      as crystallisation or chromatography.
PAR  The compounds of general formula I, wherein R.sub.1 represents an alkyl
      radical substituted by a carboxy radical, or a phenylalkyl radical in
      which the alkyl moiety is substituted by a carboxy radical, can be
      converted into non-toxic metal salts or addition salts with nitrogenous
      bases by application of methods known per se. Thus, these salts can be
      prepared by the action of an alkali metal or alkaline earth metal base,
      ammonia or an amine, on an acid within general formula I in a suitable
      solvent such as an alcohol, an ether, a ketone or water; the salt formed
      is precipitated, if necessary after concentration of the solution, and is
      separated by filtration or decantation.
PAR  The new 7H-indolizino[5,6,7-ij]isoquinoline derivatives of general formula
      I and, when appropriate, salts thereof possess useful chemotherapeutic
      properties. They are particularly active as antibilharzial, anthelminthic
      and antimicrobial agents.
PAR  In mice infested with Schistosoma mansoni, the compounds have been found
      active at doses between 250 and 1,000 mg./kg. animal body weight per day
      administered orally, and between 125 and 250 mg./kg. animal body weight
      administered subcutaneously. In monkeys [Macaca mulatta (rhesus strain)]
      infested with Schistosoma mansoni, the activity of the compounds is
      particularly good at doses between 30 and 80 mg./kg. animal body weight
      administered orally.
PAR  The anthelminthic activity of compounds of general formula I is manifest
      particularly against Enterobii and Cestodes.
PAR  In vitro, the compounds of general formula I are active against
      Gram-positive microorganisms at concentrations between 10 and 100
      .mu.g./ml.
PAR  The 7H-indolizino[5,6,7-ij]isoquinoline derivatives of the general formula:
      ##SPC13##
PAL  wherein R.sub.1, represents an alkyl radical containing 1 to 4 carbon atoms
      substituted by a carboxy radical or an alkoxycarbonyl radical in which the
      alkoxy moiety contains 1 to 7 carbon atoms, and salts thereof, are of
      outstanding interest. Examples of such compounds are
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-carboxyethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-carboxypropoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-isopropoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(2-carboxyethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-methoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-propoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-pentyloxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-hexyloxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-heptyloxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-[(1- t-butoxycarbonyl-1-methylethoxy)imino]-7
      H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-ethoxycarbonylpropoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-ethoxycarbonylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-ethoxycarbonylbutoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-ethoxycarbonyl-1-methylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoli
     ne, 7-(1-carboxy-1-methylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      and 7-(1-carboxybutoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline. The
      preferred compounds are
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      7-(1-carboxyethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline,
      7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline and
      7-methoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
PAR  For use in human or veterinary therapy the compounds of general formula I
      can be used as such or, when appropriate, in the form of
      pharmaceutically-acceptable salts, i.e. salts which are non-toxic to the
      animal organism in therapeutic doses of the salts.
DETD
PAR  The following Examples illustrate the preparation of compounds of the
      present invention.
PAC  EXAMPLE 1
PAR  A solution of 7H-indolizino[5,6,7-ij]isoquinolin-7-one (28 g.) and
      hydroxylamine hydrochloride (28 g.) in pyridine (560 cc.) is maintained at
      the boiling point, with stirring. The brown solution thus obtained is
      poured into water (3.92 liters). After stirring for 3 hours, the mustard
      yellow crystals obtained are filtered off and then washed copiously with
      water. After drying, 7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (27.2 g.), melting at 254.degree. C. with decomposition, is obtained.
      After recrystallisation from a mixture of water and pyridine (6- 5 by
      volume), the pure product melts at 258.degree. C. with decomposition.
PAR  7H-Indolizino[5,6,7-ij]isoquinolin-7-one, used as starting material, can be
      prepared in the following way:
PAR  The 7-Imino-7H-indolizino[5,6,7-ij]isoquinoline (110 g.) and N sodium
      hydroxide solution (
      ##SPC14##
      cc.) in ethanol (4.4 liters) and water (4.4 liters) are heated under
      reflux for 4 hours. After cooling,
      7H-indolizino[5,6,7-ij]isoquinolin-7-one (108.1 g.) is obtained in the
      form of yellow needles melting at 264.degree. C.
PAR  7-Imino-7H-indolizino[5,6,7-ij]isoquinoline can be prepared in the
      following way:
PAR  A solution of 1-cyano-8-(pyrrol-1-yl)isoquinoline (279 g.) in diethyl ether
      (7 liters) and pure chloroform (7 liters) saturated with anhydrous
      hydrogen chloride is kept at a temperature of between 0.degree. and
      5.degree. C. for 72 hours. After extraction with ice-water (15 liters)
      followed by alkalinisation of the blood red acid solution thus obtained,
      7-imino-7H-indolizino[5,6,7-ij]isoquinoline (223.4 g.) is obtained in the
      form of green-yellow needles melting at 201.degree. C. with decomposition.
PAR  1-Cyano-8-(pyrrol-1-yl)isoquinoline can be prepared in the following way:
PAR  A mixture of 1-cyano-8-(pyrrol-1-yl)-2-toluene-
      p-sulphonyl-1,2-dihydroisoquinoline (446.2 g.) and sodium hydride (50%
      dispersion in mineral oil) (68.7 g.) in dimethylformamide (2,232 cc.) is
      kept at a temperature of about 20.degree. C. for 16 hours. Crude
      1-cyano-8-(pyrrol-1-yl)isoquinoline (261 g.), melting at 178.degree. C.,
      is thus obtained.
PAR  1-Cyano-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl- 1,2-dihydroisoquinoline can
      be prepared in the following way:
PAR  8-(Pyrrol-1-yl)isoquinoline (293 g.) and potassium cyanide (295 g.) are
      dissolved in a mixture of methylene chloride (880 cc.) and water (880 cc.)
      and the solution stirred at a temperature of between 0.degree. and
      5.degree. C. After adding a solution of toluene-p-sulphonyl chloride (575
      g.) in methylene chloride (880 cc.) over the course of 45 hours, decanting
      and then washing the organic solution with water, a solid brown residue is
      obtained. After recrystallisation from acetonitrile (750 cc.), this crude
      product yields
      1-cyano-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl-1,2-dihydroisoquinoline (407
      g.) melting at 160.degree. C.
PAR  After washing with sodium hydroxide solution, the mother liquors yield
      1-cyano-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl-1,2-dihydroisoquinoline (a
      further 39.3 g.) melting at 160.degree. C.
PAR  8-(Pyrrol-1-yl)isoquinoline can be prepared in the following way:
PAR  2,5-Diethoxytetrahydrofuran (300 g.) is added over the course of 6 minutes
      to a boiling solution of 8-aminoisoquinoline (245 g.) in acetic acid (1.25
      liters). After rendering the solution alkaline by means of sodium
      hydroxide solution (2.2 liters), a brown solid (327 g.), melting at
      90.degree. C., is obtained. This crude product is dissolved in a mixture
      of ethyl acetate (1.55 liters) and cyclohexane (1.55 liters). After
      filtering through a column containing alkaline alumina (3.3 kg.) and then
      evaporating the solvents, 8-(pyrrol-1-yl)isoquinoline (294 g.), melting at
      91.degree. C., is obtained.
PAR  8-Aminoisoquinoline can be prepared according to Y. Ahmad and D. J. Hey, J.
      Chem. Soc., 3882 (1961).
PAC  EXAMPLE 2
PAR  A solution of aminooxyacetic acid hemihydrochloride (60.0 g.) in water (180
      cc.) is added to a stirred boiling solution of 7H-indolizino
      5,6,7-ij]isoquinolin-7-one (60.0 g.) in ethanol (1,800 cc.) and pyridine
      (27.3 cc.). Boiling is maintained for 2 hours 30 minutes. After cooling,
      the yellow crystals obtained are filtered off, washed with 90% ethanol,
      then with absolute ethanol and finally with diethyl ether. After drying,
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (67.6 g.),
      melting at 212.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 3
PAR  A solution of 2-aminooxypropionic acid hydrochloride (15.0 g.) in water
      (37.5 cc.) is added to a stirred boiling solution of
      7H-indolizino[5,6,7-ij]isoquinolin- 7-one (15.0 g.) in ethanol (375 cc.)
      and pyridine (8.14 g.). Boiling is maintained for 2 hours 30 minutes.
      After cooling, the orange crystals are filtered off, washed with 90%
      ethanol, then with absolute ethanol and finally with diethyl ether. After
      drying, 7-(1-carboxyethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline (16.0
      g.), melting at 225.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 3 but starting with
      7H-indolizino[5,6,7isoquinolin-7-one (14.33 g.) dissolved in ethanol (430
      cc.) and pyridine (7.5cc.) and with 2-aminooxybutyric acid hydrochloride
      (14.33 g.) dissolved in water (43 cc.), 7-(1-carboxypropoxyimino
      -7H-indolizino[5,6,7-ij]isoquinoline (11.92 g.), melting at 180.degree. C.
      with decomposition, is obtained.
PAC  EXAMPLE 5
PAR  A solution of .alpha.-aminooxyphenylacetic acid hydrochloride (15.0 g.) in
      water (6.6 cc.) is added to a stirred boiling solution of
      7H-indolizino[5,6,7-ij]isoquinoline-7-one (15.0 g.) in ethanol (450 cc.)
      and pyridine (583 g.). Boiling is maintained for 2 hours 30 minutes. After
      cooling, the yellow crystals obtained are filtered off and then washed
      with 90% ethanol, then with absolute ethanol and finally with diethyl
      ether. After drying,
      7-(.alpha.-carboxybenzyloxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      (17.7 g.), melting at 200.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 6
PAR  A solution of ethyl aminooxyacetate hydrochloride (18.0 g.) in water (64
      cc.) is added to a stirred boiling solution of
      7H-indolizino[5,6,7-ij]isoquinolin-7-one (16.0 g.) in ethanol (320 cc.)
      and pyridine (9.1 g.). Boiling is maintained for 3 hours 30 minutes. After
      cooling, water (640 cc.) is added. The greenish yellow crystals thus
      obtained are filtered off and washed with 25% ethanol and then with water.
      After drying, crude 7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij
      isoquinoline (21.6 g.) is obtained and is recrystallised from a mixture of
      ethyl acetate (110 cc.) and cyclohexane (165 cc.).
      7-Ethoxycarbonylmethoxyimino- 7H-indolizino[5,6,7-ij]isoquinoline (13.1
      g.), melting at 134.degree. C., is thus obtained.
PAC  EXAMPLE 7
PAR  A solution of isopropyl aminooxyacetate hydrochloride (23.4 g.) in water
      (128 cc.) is added to a stirred boiling suspension of
      7H-indolizino[5,6,7-ij]isoquinolin-7-one (16.0 g.) in ethanol (320 cc.)
      and pyridine (11.05 g.). Boiling is maintained for 2 hours 45 minutes.
      After cooling to a temperature of about 20.degree. C., water (960 cc.) is
      added with stirring. After stirring for 16 hours, the brown amorphous
      product which has precipitated is filtered off, then washed with distilled
      water and dissolved in ethyl acetate (500 cc.). The resulting organic
      solution is washed with water (3 .times. 200 cc.) and then dried over
      calcined magnesium sulphate. After evaporation of the solvent under
      reduced pressure, crude
      7-isopropoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (18.1
      g.) is obtained and is recrystallised from a mixture of ethyl acetate (115
      cc.) and cyclohexane (460 cc.).
      7-Isopropoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline,
      solvated by ethyl acetate, (12.49 g.), melting at 70.degree. C., is thus
      obtained.
PAC  EXAMPLE 8
PAR  A solution of 3-aminooxypropionic acid hydrochloride (12 g.) in water (36
      cc.) is added to a stirred boiling solution of
      7H-indolizino[5,6,7-ij]isoquinolin-7-one (12 g.) in ethanol (360 cc.) and
      pyridine (6.64 g.). Boiling is maintained for 3 hours 10 minutes. After
      cooling, the yellow crystals obtained are filtered off and then washed
      with 90% ethanol, with absolute ethanol and finally with diethyl ether.
      After drying, 7-(2-carboxyethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      (12.59 g.), melting at 250.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 9
PAR  Following the procedure of Example 1 but starting with
      1-methoxy-7H-indolizino[5,6,7-ij]isoquinolin-7-one (40 g.) and
      hydroxylamine hydrochloride (40 g.) in pyridine (800 cc.),
      7-hydroxyimino-1-methoxy-7 H-indolizino[5,6,7-ij]isoquinoline (33.3 g.),
      melting at 264.degree. C. with decomposition, is obtained. After
      recrystallisation from a mixture of water and pyridine (2.7-1 by volume),
      the purified product melts at 226.degree. C. with decomposition.
PAR  1-Methoxy-7H-indolizino[5,6,7-ij]isoquinolin-7-one, which melts at
      217.degree. C. and was used as starting material, can be prepared in the
      same way as 7H-indolizino[5,6,7-ij]isoquinolin-7-one by forming the
      following compounds as intermediates:
PA0  7-imino-1-methoxy-7H-indolizino[5,6,7-ij]isoquinoline melting at
      172.degree. C.,
PA0  1-cyano-7-methoxy-8-(pyrrol-1-yl)isoquinoline melting at 246.degree. C.,
PA0  1-cyano-7-methoxy-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl-
      1,2-dihydroisoquinoline melting at 129.degree. C.,
PA0  7-methoxy-8-(pyrrol-1-yl)isoquinoline melting at 112.degree. C., and
PA0  8-amino-7-methoxyisoquinoline melting at 156.degree. C. [prepared in
      accordance with the method of Y. Ahmad and D. J. Hey, J. Chem. Soc., 3882
      (1961)].
PAC  EXAMPLE 10
PAR  Following the procedure of Example 2 but starting with
      1-methoxy-7H-indolizino[5,6,7-ij]isoquinolin-7-one (24 g.) and
      aminooxyacetic acid hemi-hydrochloride (24 g.),
      7-carboxymethoxyimino-1-methoxy-7H-indolizino[5,6,7-ij]-isoquinoline (11.9
      g.), melting at 162.degree. C. with decomposition, is prepared.
PAC  EXAMPLE 11
PAR  Following the procedure of Example 1 but starting with
      3-chloro-7H-indolizino[5,6,7-ij]isoquinolin-7-one (14.5 g.) and
      hydroxylamine hydrochloride (14.5 g.) in pyridine (480 cc.), crude
      3-chloro-7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (14.1 g.) is
      prepared. After recrystallisation from a mixture of dioxan and water (2-3
      by volume) (275 parts:v/w), the product is in the form of green-yellow
      crystals melting at 260.degree. C. with decomposition.
PAR  3-Chloro-7H-indolizino[5,6,7-ij]isoquinolin-7-one, which melts at
      315.degree. C. and was used as starting material can be prepared in the
      same way as 7H-indolizino[5,6,7-ij]isoquinolin-7-one by forming the
      following compounds as intermediates:
PA0  3-chloro-7-imino-7H-indolizino[5,6,7-ij]isoquinoline melting at 242.degree.
      C.,
PA0  5-chloro-1-cyano-8-(pyrrol-1-yl)isoquinoline melting at 151.degree. C.,
PA0  5-chloro-1-cyano-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl-
      1,2-dihydroisoquinoline melting at 142.degree. C.,
PA0  5-chloro-8-(pyrrol-1-yl)isoquinoline melting at 111.degree. C., and
PA0  8-amino-5-chloroisoquinoline melting at 205.degree. C. [prepared in
      accordance with the method of Y. Ahmad and D. J. Hey, J. Chem. Soc., 3882
      (1961)].
PAC  EXAMPLE 12
PAR  Following the procedure of Example 2 but starting with
      3-chloro-7H-indolizino[5,6,7-ij]isoquinolin-7-one (1.02 g.) and ethyl
      aminooxyacetate hydrochloride (0.89 g.),
      3-chloro-7-ethoxycarbonylmethoxyimino-7H-indolizino-[5,6,7-ij]isoquinoline
      (0.45 g.), melting at 175.degree. C., is obtained.
PAC  EXAMPLE 13
PAR  Following the procedure of Example 1 but starting with
      1-chloro-7H-indolizino[5,6,7-ij]isoquinolin-7-one (14.03 g.) and
      hydroxylamine hydrochloride (14.03 g.) in pyridine (285 cc.), crude
      1-chloro-7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (18.5 g.) is
      obtained. After recrystallisation from a mixture of pyridine and dioxan
      (8-5 by volume) (70 parts: v/w), the product is in the form of green-brown
      crystals melting at 272.degree. C. with decomposition.
PAR  1-Chloro-7H-indolizino[5,6,7-ij]isoquinolin-7-one, which melts at
      220.degree. C. and was used as starting material, can be prepared in the
      same way as 7H-indolizino[5,6,7-ij]isoquinolin-7-one by forming the
      following compounds as intermediates:
PA0  1-chloro-7-imino-7H-indolizino[5,6,7-ij]isoquinoline melting at 210.degree.
      C.,
PA0  7-chloro-1-cyano-8-(pyrrol-1-yl)isoquinoline melting at 176.degree. C.,
PA0  7-chloro-1-cyano-8-(pyrrol-1-yl)-2-toluene-p-sulphonyl-1,2-dihydroisoquinol
     ine melting at 155.degree. C.,
PA0  7-chloro-8-(pyrrol-1-yl)isoquinoline melting at 149.degree. C., and
PA0  8-amino-7-chloro-isoquinoline melting at 172.degree. C. [prepared in
      accordance with the method of R. Manske and M. Kulka, Can. J. Research, 27
      B, 161 (1949)].
PAC  EXAMPLE 14
PAR  Acetic anhydride (20 cc.) is added, over the course of 5 minutes, to a
      stirred suspension of 7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (10 g.) in pyridine (100 cc.) kept at between 8.degree. and 10.degree. C.
      A brown solution is thus obtained. After stirring for 5 minutes at
      10.degree. C., the acetic acid ester crystallises. The mixture is kept at
      ambient temperature for a further 2 hours and then water (600 cc.) is
      added. The ochre-yellow crystals thus obtained are filtered off and washed
      copiously with water. After drying,
      7-acetyloxyimino-7H-indolizino[5,6,7-ij]isoquinoline (11.0 g.), melting at
      177.degree.-179.degree. C. with decomposition, is obtained.
PAR  After recrystallisation from ethanol (40 parts:v/w), the pure product melts
      at 181.degree. C. with decomposition.
PAC  EXAMPLE 15
PAR  Following the procedure of Example 14 but starting with
      1-chloro-7-hydroxyimino-7H-indolizino-[5,6,7-ij]isoquinoline (18.13 g.),
      pyridine (181 cc.) and acetic anhydride (36.2 cc.), crude
      7-acetyloxyimino-1-chloro-7H-indolizino[5,6,7-ij]isoquinoline (19.9 g.),
      melting at about 180.degree. C. with decomposition, is obtained. After
      recrystallisation from methyl ethyl ketone (12.5 parts: v/w), the pure
      product melts at 186.degree. C. with decomposition.
PAC  EXAMPLE 16
PAR  Benzoic anhydride (30 cc.) is added to a stirred suspension of
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (15 g.) in pyridine
      (150 cc.) kept at between 8.degree. and 10.degree. C. After stirring for 5
      minutes at 10.degree. C., a brown solution is obtained in which crystals
      of the benzoic acid ester rapidly appear. The mixture is kept at ambient
      temperature for 6 hours and then water (900 cc.) is added. The
      green-yellow crystals thus obtained are filtered off and washed copiously
      with water. After drying, 7-benzoyloxyimino-7H-indolizino-[
      5,6,7-ij]isoquinoline (31.2 g.) is obtained. After recrystallisation from
      methyl ethyl ketone (10 parts: v/w), the pure product melts at 227.degree.
      C. with decomposition.
PAC  EXAMPLE 17
PAR  Following the procedure of Example 16 but starting with
      7-hydroxyimino-1-methoxy-7H-indolizino-[5,6,7-ij]isoquinoline (13.05 g.),
      pyridine (130.5 cc.) and benzoic anhydride (26.1 g.), crude
      7-benzoyloxyimino-1-methoxy-7H-indolizino[5,6,7-ij]isoquinoline (17.8 g.),
      melting at about 140.degree. C. with decomposition, is obtained. After
      recrystallisation from methyl ethyl ketone (50 parts: v/w), the pure
      product melts at 197.degree. C. with decomposition.
PAC  EXAMPLE 18
PAR  A 0.57M solution of diazomethane in diethyl ether (108 cc.) is added to a
      suspension of 7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (15 g.) in dimethylformamide (150 cc.) cooled to 0.degree. C. The mixture
      is kept at between 0.degree. and 5.degree. C. for 3 hours and is then
      allowed to return to a temperature of about 20.degree. C. Water (450 cc.)
      is then added, the mixture is cooled in an ice-water bath and the yellow
      crystals thus obtained are filtered off. After drying, the crude methyl
      ester (14.17 g.) is obtained. After recrystallisation from ethyl acetate
      (280 cc.), the
      7-methoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline obtained
      melts at 148 .degree. C. with decomposition.
PAC  EXAMPLE 19
PAR  A 0.55M solution of diazomethane in diethyl ether (151 cc.) is added to a
      solution of
      7-carboxymethoxyimino-1-chloro-7H-indolizino[5,6,7-ij]isoquinoline (21 g.)
      in dimethylformamide (255 cc.) cooled to 0.degree. C. The reaction mixture
      is kept at between 0.degree. and 5.degree. C. for 3 hours and is then
      allowed to return to a temperature of about 20.degree. C. The solvent is
      evaporated under reduced pressure; the resulting residue is taken up in
      water (1 litre) and then extracted with methylene chloride (2 .times. 1
      litre). The organic extracts are dried over calcined magnesium sulphate
      and treated with decolourising charcoal.
PAR  After filtration and evaporation of the solvent, the crystalline residue is
      taken up in boiling methanol (2,900 cc.) to which decolourising charcoal
      has been added. After effecting a hot filtration and then cooling, the
      crystals obtained are filtered off and dried under reduced pressure.
      7-Methoxycarbonylmethoxyimino-1-chloro-7H-indolizino[5,6,7-ij]isoquinoline
      (19.73 g.) is thus obtained in the form of yellow crystals melting at
      194.degree. C.
PAC  EXAMPLE 20
PAR  A 17.5% (w/v) aqueous solution of tetraethylammonium hydroxide (42.1 cc.)
      is added to a suspension of
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (14.7 g.) in
      ethanol (350 cc.). The ethanol is removed by evaporation at 40.degree. C.
      under reduced pressure and the oily brown concentrate is taken up in
      dimethylformamide (200 cc.). n-Propyl iodide (5.35 cc.) is added to the
      stirred brown solution and the mixture is kept at a temperature of about
      20.degree. C. for 3 days. Water (1,600 cc.) is then added and the gummy
      precipitate is extracted with methylene chloride (total 1 litre). The
      organic solution is washed with water (2 .times. 500 cc.), dried over
      magnesium sulphate and then treated with decolourising charcoal. After
      filtration, the solvent is evaporated under reduced pressure and a residue
      (16.8 g.) is obtained. After recrystallisation from ethyl acetate (85
      cc.), 7-propoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (11.15 g.), melting at 122.degree. C., is obtained.
PAC  EXAMPLE 21
PAR  A 17.5% (w/v) aqueous solution of tetraethylammonium hydroxide (42.1 cc.)
      is added to a suspension of
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (14.7 g.) in
      ethanol (350 cc.). The ethanol is removed by evaporation at 40.degree. C.
      under reduced pressure and the oily brown concentrate is taken up in
      dimethylformamide (200 cc.). 1-Bromopentane (8.3 g.) is added dropwise,
      with stirring, to the brown solution and the mixture kept at a temperature
      of about 20.degree. C. for 16 hours. Water (700 cc.) is then added slowly
      to start crystallisation. After stirring for 1 hour, the crystals are
      filtered off. After drying,
      7-pentyloxycarbonyl-methoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (16.16 g.), melting at 120.degree. C., is obtained. After
      recrystallisation from acetonitrile, the pure product melts at 124.degree.
      C.
PAC  EXAMPLE 22
PAR  Following the procedure of Example 21 but starting with
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (11 g.), ethanol
      (260 cc.), a 17.5% (w/v) aqueous solution of tetraethylammonium hydroxide
      (34.8 cc.) and then dimethylformamide (150 cc.) and 1-iodohexane (8.75
      g.), crude
      7-hexyloxy-carbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (13.6
      g.) is obtained. After recrystallisation from cyclohexane (136 cc.) and
      treatment with decolourising charcoal, the pure product melts at
      100.degree. C.
PAC  EXAMPLE 23
PAR  Following the procedure of Example 21 but starting with
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (11 g.) in
      ethanol (260 cc.) and a 17.5% (w/v) aqueous solution of tetraethylammonium
      hydroxide (34.8 cc.) and then dimethylformamide (150 cc.) and
      1-bromoheptane (7.4 g.), an oil is obtained after adding water (800 cc.),
      and this oil is extracted with diethyl ether (total 2 litres). The organic
      solution is washed with distilled water (total 300 cc.) and is then dried
      over anhydrous sodium sulphate. The solvent is evaporated under reduced
      pressure and
      7-heptyloxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (12.82
      g.) is obtained in the form of a red oil. After chromatography on a silica
      gel column, eluting with a mixture of methylene chloride and cyclohexane
      (1-1by volume), a product (9.67 g.) is obtained which has the appearance
      of a wax which crystallises and melts at 98.degree. C.
PAC  EXAMPLE 24
PAR  N,N'-carbonyldiimidazole (12.44 g.) is added to a stirred suspension of
      7-carboxymethoxyimino-7H-indolizino[5,6,7; -ij]isoquinoline (15.0 g.) in
      anhydrous dimethylformamide (150 cc.). The mixture is stirred at a
      temperature of about 20.degree. C. until the evolution of carbon dioxide
      ceases. After 5 to 10 minutes of contact, imidazolide crystals are
      deposited gradually from the resulting brown solution. After 2 hours of
      contact a stream of ammonia is bubbled through the reaction mixture. The
      temperature rises to 45.degree. C. and an abundant precipitate forms. The
      bubbling of ammonia is continued for 3 hours and then the mixture is left
      to stand for 16 hours at a temperatue of about 20.degree. C. The resulting
      suspension is poured into water (400 cc.) and then the yellow crystals of
      amide are filtered off, washed copiously with water and dried.
      7-Carbamoylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (14.17 g.),
      melting at 252.degree. C. with decomposition, is obtained.
PAR  After recrystallisation from a mixture of dimethylformamide and ethanol
      (2-1 by volume), the pure product is obtained in the form of green-yellow
      flakes melting at 270.degree. C. with decomposition.
PAC  EXAMPLE 25
PAR  A 40% (w/v) solution of benzyltrimethylammonium hydroxide ("Triton B") in
      methanol (0.960 g.) is added to a suspension of
      7-carboxymethoxyimino-7H-indolizino-[5,6,7-ij]isoquinoline (0.686 g.) in
      methanol (13.7 cc.). The mixture is heated to about 50.degree. C. in order
      to achieve complete dissolution, and then the methanol is evaporated under
      reduced pressure. The quaternary ammonium salt thus obtained is suspended
      in dimethylformamide (12 cc.). Ethyl iodide (0.360 g.) is added to this
      suspension, which is then heated to about 40.degree. C. in order to
      achieve complete dissolution. The solution is left to stand at a
      temperature of about 20.degree. C. for 16 hours. Water (30 cc.) is added,
      the ester formed is extracted with methylene chloride, and the organic
      extracts are washed with water and then dried over calcined magnesium
      sulphate. The solvent is evaporated under reduced pressure and the
      brown-yellow oil obtained is taken up in water (10 cc.). The yellow
      crystals of the ethyl ester so formed are filtered off and washed
      copiously with water. After drying,
      7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (0.580
      g.), melting at 134.degree. C., is obtained.
PAC  EXAMPLE 26
PAR  A 17.5% (w/v) aqueous solution of tetraethylammonium hydroxide (75.8 cc.)
      is added to a suspension of
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (20 g.) in ethanol (400
      cc.). The ethanol is removed by evaporation at 40.degree. C. under reduced
      pressure and the oily brown concentrate is taken up in dimethylformamide
      (240 cc.). Ethyl bromoacetate (15.03 g.) is added, over the course of 10
      minutes, to the brown solution which is stirred and cooled to about
      10.degree. C., and the mixture is then kept at a temperature of about
      20.degree. C. for 16 hours. Ice-water (1,440 cc.) is then added and the
      precipitate is extracted with ethyl acetate (total 1 liter). The organic
      solution is washed with distilled water (total 600 cc.) and is then dried
      over anhydrous magnesium sulphate. The solvent is evaporated under reduced
      pressure and crude
      7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (26.2 g.)
      is thus obtained in the form of a partially crystalline solid. After
      purification by chromatography on a column of silica gel,
      7-ethoxycarbonylmethoxyimino- 7H-indolizino[5,6,7-ij]isoquinoline (14.3
      g.), melting at 134.degree. C., is obtained.
PAC  EXAMPLE 27
PAR  Following the procedure of Example 26 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (23.5 g.), a 17.5%
      (w/v) aqueous solution of tetraethylammonium hydroxide (90 cc.) and
      t-butyl 2-bromoisobutyrate (23.4 g.) in dimethylformamide (500 cc.),
      7-[(1-t-butoxycarbonyl-1-methylethoxy)imino]-7H-indolizino[5,6,7-ij]isoqui
     noline (35 g.) is obtained. After recrystallisation from acetonitrile (50
      cc.), the product (28.9 g.) melts at 158.degree. C.
PAC  EXAMPLE 28
PAR  A 17.5% (w/v) aqueous solution of tetraethylammonium hydroxide (50.5 cc.)
      is added to a stirred suspension of
      3-chloro-7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (16.2 g.) in
      dimethylformamide (210 cc.). The resulting brown solution is cooled to
      about 10.degree. C. and then in one lot ethyl bromoacetate (23.16 g.) is
      added. The reaction mixture is left to stand at a temperature of about
      20.degree. C. for 4 hours and then distilled water (1.8 liters) is added.
      The resulting dark green precipitate is filtered off and washed copiously
      with water. The moist crude product is taken up in methylene chloride (2
      liters) and the solution obtained is dried over anhydrous magnesium
      sulphate. After removing the solvent under reduced pressure, crude
      3-chloro-7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (16 g.), melting at 172.degree. C., is obtained. After recrystallisation
      from ethyl acetate (720 cc.), the pure product (11.36 g.) melts at
      178.degree. C.
PAC  EXAMPLE 29
PAR  Following the procedure of Example 28 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (15 g.),
      dimethylformamide (180 cc.), a 17.5% (w/v) aqueous solution of
      tetraethylammonium hydroxide (55 cc.) and ethyl 2-bromobutyrate (12.7 g.),
      crude 7-(1-ethoxycarbonylpropoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      (17.7 g.), melting at 148.degree. C., is obtained.
PAR  After recrystallisation from ethyl acetate (20 parts: v/w), the pure
      product melts at 148.degree. C.
PAC  EXAMPLE 30
PAR  Following the procedure of Example 28 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (17 g.),
      dimethylformamide (170 cc.), a 17.5% (w/v) aqueous solution of
      tetraethylammonium hydroxide (63.8 cc.) and ethyl 2-bromopropionate (13.72
      g.), crude
      7-(1-ethoxycarbonylethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (17.55
      g.), melting at 150.degree. C., is obtained. After recrystallisation from
      a mixture of ethyl acetate and cyclohexane (1- 1 by volume) (28
      parts:v/w), the pure product melts at 155.degree. C.
PAC  EXAMPLE 31
PAR  Following the procedure of Example 28 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (20 g.),
      dimethylformamide (255 cc.), a 17.5% (w/v) aqueous solution of
      tetraethylammonium hydroxide (75.3 cc.) and ethyl
      2-bromo-3-phenylpropionate (23 g.), crude
      7-(1-ethoxycarbonyl-2-phenylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoli
     ne (13.37 g.), melting at 110.degree.C., is obtained.
PAR  After recrystallisation from a mixture of ethyl acetate and di-isopropyl
      ether (1- 1 by volume) (3 parts:v/w), the pure product melts at
      115.degree. C.
PAC  EXAMPLE 32
PAR  Following the procedure of Example 28 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (17 g.),
      dimethylformamide (170 cc.), a 17.5% (w/v) aqueous solution of
      tetraethylammonium hydroxide (63.8 cc.) and ethyl 2-bromovalerate (15.85
      g.), crude
      7-(1-ethoxycarbonylbutoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline (17.5
      g.), melting at 110.degree. C., is obtained. After recrystallisation from
      a mixture of di-isopropyl ether and ethyl acetate (9- 1 by volume) (4
      parts:v/w), the pure product melts at 110.degree. C.
PAC  EXAMPLE 33
PAR  Following the procedure of Example 28 but starting with
      7-hydroxyimino-7H-indolizino[5,6,7-ij]isoquinoline (15 g.),
      dimethylformamide (180 cc.), a 17.5% (w/v) aqueous solution of
      tetraethylammonium hydroxide (55 cc.) and ethyl 2-bromo-isobutyrate (12.7
      g.), crude
      7-(1-ethoxycarbonyl-1-methylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoli
     ne (18.77 g.), melting between 150.degree. and 155.degree. C., is obtained.
      After recrystallisation from a mixture of ethyl acetate and cyclohexane
      (1- 1 by volume), the pure product melts at 154.degree. C.
PAC  EXAMPLE 34
PAR  To a stirred suspension of
      3-chloro-7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (0.356 g.) in ethanol (15 cc.) there is added N sodium hydroxide solution
      (1 cc.) followed by distilled water (35 cc.). After stirring for 1 hour at
      a temperature of about 20.degree. C., a dark green solution is obtained
      which is neutralised by adding N hydrochloric acid (1 cc.). The resulting
      precipitate is filtered off, washed copiously with water and dried under
      reduced pressure.
      3-Chloro-7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline (0.28
      g.), melting at 202.degree. C. with decomposition, is thus obtained.
PAC  EXAMPLE 35
PAR  Following the procedure of Example 34 but starting with
      7-(1-ethoxycarbonylpropoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline (8.24
      g.), water (82.4 cc.) and N sodium hydroxide solution (25 cc.),
      7-(1-carboxypropoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline (6.72 g.),
      melting at 180.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 36
PAR  Following the procedure of Example 34 but starting with crude
      7-(1-ethoxycarbonyl-1-methylexthoxyimino)-7H-indolizino[5,6,7-ij]isoquinol
     ine (18.77 g.), ethanol (282 cc.) and N sodium hydroxide solution (55 cc.),
      the sodium salt of
      7-(1-carboxy-1-methylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      (14.07 g.), which crystallises from the hydrolysis medium, is obtained.
PAR  Ethanol (154 cc.) is added to a filtered solution of this sodium salt
      (15.43 g.) in distilled water (308 cc.), and then the mixture is acidified
      by adding N hydrochloric acid (44.9 cc.). The acid which precipitates is
      filtered off and washed successively with a mixture of ethanol and water
      (66- 34 by volume), absolute ethanol and diethyl ether. After drying under
      reduced pressure, pure
      7-(1-carboxy-1-methylethoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline
      (14.21 g.), melting at 220.degree. C. with decomposition, is obtained.
PAC  EXAMPLE 37
PAR  Following the procedure of Example 34 but starting with
      7-(1-ethoxycarbonylbutoxyimino)7H-indolizino[5,6,7-ij]isoquinoline (16.48
      g.), ethanol (330 cc.) and N sodium hydroxide solution (50 cc.), the
      sodium salt of 7-(1-carboxybutoxyimino-7H-indolizino[5,6,7-ij]isoquinoline
      (15.2 g.) is obtained.
PAR  Ethanol (152 cc.) is added to a filtered solution of this salt in distilled
      water (304 cc.), and then the mixture is acidified by adding N
      hydrochloric acid (42.5 cc.). The acid which precipitates is filtered off
      and washed successively with a mixture of ethanol and water (66-34 by
      volume), absolute ethanol and diethyl ether. After drying under reduced
      pressure, pure
      7-(1-carboxybutoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline (12.42 g.),
      melting at 219.degree. C. with decomposition, is obtained.
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise, as active ingredient, at least one
      7H-indolizino[5,6,7-ij]isoquinoline derivative of general formula I, or
      when appropriate a pharmaceutically-acceptable salt thereof, in
      association with a pharmaceutical carrier or coating. The invention
      includes especially such compositions made up for oral administration.
PAR  Solid compositions for oral administration include tablets, pills, powders
      or granules. In such solid compositions, the active compound is admixed
      with at least one inert diluent such as sucrose, lactose or starch. The
      compositions may also comprise, as is normal practice, additional
      substances other than inert diluents, e.g. lubricating agents such as
      magnesium stearate. Liquid compositions for oral administration include
      pharmaceutically-acceptable emulsions, solutions, suspensions, syrups and
      elixirs containing inert diluents commonly used in the art such as water
      or liquid paraffin. Besides inert diluents such compositions may also
      comprise adjuvants, such as wetting, emulsifying and suspending agents,
      and sweetening, flavouring and aromatizing agents. Compositions according
      to the invention for oral administration also include capsules of
      absorbable material such as gelatin containing the active substance with
      or without the addition of diluents or excipients.
PAR  The percentage of active ingredient in compositions of the invention may be
      varied, it being necessary that it should constitute a proportion such
      that a suitable dosage shall be obtained. In human therapy, the compounds
      of the invention are particularly suited to combat bilharzioses due to
      Schistosoma mansoni, Schistosoma haematobium and Schistosoma japonicum, at
      daily doses of between 10 and 15 mg./kg. body weight administered orally.
      These doses can be repeated at regular intervals of several days or
      several weeks in order to achieve complete elimination of the parasite.
PAR  In every case, the doctor will decide the most suitable posology, taking
      into account the age, weight, the degree of infestation and all other
      factors relating to the patient to be treated.
PAR  The following Examples illustrate pharmaceutical compositions according to
      the invention.
PAC  EXAMPLE 38
PAR  Tablets containing 500 mg. of active substance and having the following
      composition are prepared in accordance with the usual technique:
TBL  7-carboxymethoxyimino-7H-indolizino[5,6,7-                                
     ij]isoquinoline            500 mg.                                        
     wheat starch               150 mg.                                        
     colloidal silica           40 mg.                                         
     magnesium stearate         10 mg.                                         
PAC  EXAMPLE 39
PAR  Tablets containing 500 mg. of active substance and having the following
      composition are prepared in accordance with the usual technique:
TBL  7-ethoxycarbonylmethoxyimino-7H-indolizino-                               
     [5,6,7-ij]isoquinoline     500 mg.                                        
     wheat starch               150 mg.                                        
     colloidal silica           40 mg.                                         
     magnesium stearate         10 mg.                                         
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC15##
PAL  wherein R represents hydrogen, halogen, or alkoxy of 1 through 4 carbon
      atoms, and R.sub.1 represents hydrogen, or alkyl of 1 through 4 carbon
      atoms mono substituted by a member of the class consisting of carboxy,
      alkoxycarbonyl in which the alkoxy moiety has 1 through 7 carbon atoms,
      and carbamoyl, or R.sub.1 represents phenylalkyl in which the alkyl moiety
      has 1 through 4 carbon atoms and is mono substituted by a member of the
      class consisting of carboxy, alkoxycarbonyl in which the alkoxy moiety has
      1 through 4 carbon atoms, and carbamoyl, or R.sub.1 represents alkanoyl of
      1 through 4 carbon atoms or benzoyl, and pharmaceutically-acceptable salts
      of a said compound wherein R.sub.1 is substituted by carboxy.
NUM  2.
PAR  2. A compound according to claim 1 of the formula depicted in claim 1
      wherein R represents hydrogen, halogen, or alkoxy of 1 through 4 carbon
      atoms, and R.sub.1 represents hydrogen, or alkyl of 1 through 4 carbon
      atoms mono substituted by a member of the class consisting of carboxy,
      alkoxycarbonyl in which the alkoxy moiety has 1 through 4 carbon atoms,
      and carbamoyl, or R.sub.1 represents phenylalkyl in which the alkyl moiety
      has 1 through 4 carbon atoms and is mono substituted by a member of the
      class consisting of carboxy, alkoxycarbonyl in which the alkoxy moiety has
      1 through 4 carbon atoms, and carbamoyl, or R.sub.1 represents alkanoyl of
      1 through 4carbon atoms or benzoyl, and pharmaceutically-acceptable salts
      of a said compound wherein R.sub.1 is substituted by carboxy.
NUM  3.
PAR  3. A compound according to claim 1 of the formula:
      ##SPC16##
PAL  wherein R.sub.1, represents alkyl of 1 through 4 carbon atoms substituted
      by carboxy or alkoxycarbonyl in which the alkoxy moiety has 1 through 7
      carbon atoms, and pharmaceutically-acceptable salts thereof.
NUM  4.
PAR  4. A compound according to claim 1 which is
      7-carboxymethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline, and its
      pharmaceutically-acceptable salts.
NUM  5.
PAR  5. A compound according to claim 1 which is
      7-(1-carboxyethoxyimino)-7H-iodolizino[5,6,7-ij]isoquinoline, and its
      pharmaceutically-acceptable salts.
NUM  6.
PAR  6. A compound according to claim 1 which is
      7-ethoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline, and its
      pharmaceutically-acceptable salts.
NUM  7.
PAR  7. A compound according to claim 1 which is
      7-methoxycarbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline, and its
      pharmaceutically-acceptable salts.
NUM  8.
PAR  8. A compound according to claim 1 which is
      7-(1-carboxy-propoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline, and its
      pharmaceutically acceptable salts.
NUM  9.
PAR  9. A compound according to claim 1 which is
      7-propoxy-carbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline, and
      its pharmaceutically acceptable salts.
NUM  10.
PAR  10. A compound according to claim 1 which is
      7-hexyloxy-carbonylmethoxyimino-7H-indolizino[5,6,7-ij]isoquinoline, and
      its pharmaceutically acceptable salts.
NUM  11.
PAR  11. A compound according to claim 1 which is
      7-(1-ethoxy-carbonylbutoxyimino)-7H-indolizino[5,6,7-ij]isoquinoline, and
      its pharmaceutically acceptable salts.
PATN
WKU  039460207
SRC  5
APN  4950011
APT  1
ART  121
APD  19740805
TTL  Process for producing pyridine bases
ISD  19760323
NCL  5
ECL  1
EXP  Moatz; Harry I.
INVT
NAM  Minato; Yoshizo
CTY  Nishinomiya
CNT  JA
INVT
NAM  Nishikawa; Shikibu
CTY  Osaka
CNT  JA
ASSG
NAM  Koei Chemical Co., Ltd.
CTY  Osaka
CNT  JA
COD  03
PRIR
CNT  JA
APD  19701228
APN  46-130303
RLAP
COD  71
APN  211710
APD  19711223
PSC  03
CLAS
OCL  260290P
XCL  252449
XCL  252453
XCL  252454
XCL  252456
XCL  252457
EDF  2
ICL  C07D21308
ICL  C07D21310
ICL  C07D21312
FSC  260
FSS  290
UREF
PNO  3280040
ISD  19661000
NAM  Jaffe
OCL  252455R
UREF
PNO  3317438
ISD  19670500
NAM  Engebretson et al.
OCL  252455R
UREF
PNO  3375064
ISD  19680300
NAM  Miale et al.
OCL  252455R
UREF
PNO  3381011
ISD  19680400
NAM  Hall
OCL  260290
FREF
PNO  2,064,397
ISD  19710700
CNT  DT
OCL  260290
FREF
PNO  2,054,773
ISD  19710500
CNT  DT
OCL  260290
FREF
PNO  900,799
ISD  19620700
CNT  UK
OCL  260290
FREF
PNO  1,069,368
ISD  19670500
CNT  UK
OCL  260290
FREF
PNO  1,188,891
ISD  19700400
CNT  UK
OCL  260290
FREF
PNO  1,563,467
ISD  19690400
CNT  FR
OCL  260290
LREP
FRM  Ladas, Parry, Von Gehr, Goldsmith & Deschamps
ABST
PAL  Pyridine bases are produced in higher yield from at least one of aliphatic
      carbonyl compounds and ammonia by reaction at 350.degree. to 550.degree.C
      under the atmospheric pressure at a space velocity of 100 to 10,000
      hr.sup.-.sup.1 in the presence of a catalyst prepared by immersing
      silica-alumina or a silica-alumina mixture containing a promoter in an
      aqueous solution of ammonium halide such as ammonium chloride, ammonium
      iodide or ammonium bromide at a concentration of not more than 20% by
      weight at room temperature to 80.degree.C, washing the immersed
      silica-alumina or the mixture with water, and drying and calcining the
      same at 300.degree.C or higher. Regeneration of the catalyst after the
      reaction can be carried out for a much shortened time.
PARN
PAR  This is a continuation of application Ser. No. 211,710 filed Dec. 23, 1971,
      now abandoned.
BSUM
PAR  This invention relates to a process for producing pyridine bases, and more
      particularly to a process for producing pyridine bases from at least one
      of aliphatic carbonyl compounds and ammonia as main raw materials by using
      a novel catalyst.
PAR  Heretofore, silica-alumina has been usually used as a catalyst in the
      production of pyridine bases by a gas phase catalytic reacton of aldehydes
      and ammonia, but sometimes, several metallic oxides and fluorides have
      been used as a promoter (British patent specification No. 790,994,
      Japanese patent publication No. 89409/69). Further, there has been known a
      process for producing pyridine bases from an aliphatic ketone and ammonia
      by using calcium nickel phosphate as a catalyst (U.S. Pat. No. 3,412,096).
      However, the yields of the pyridine bases based on these catalysts are not
      satisfactory yet.
PAR  As a result of various studies on the catalysts, the present inventors have
      found that pyridine bases can be produced in higher yield from at least
      one of carbonyl compounds and ammonia as main raw materials by a gas phase
      catalytic reaction when a catalyst prepared by immersing silica-alumina or
      a silica-alumina mixture containing metallic oxides or fluorides as a
      promoter in a dilute aqueous solution of ammonium halide, washing the
      immersed silica-alumina or the silica-alumina mixture with water, and
      drying the same is used, than when a catalyst prepared without said
      immersion treatment is used. Furthermore, the present inventors have found
      that in reactivation of deactivated catalyst by supplying air to the
      catalyst and removing deposited carbon materials by burning after the
      reaction, that is, the so-called catalyst regeneration, the immersion
      treatment of the catalyst with the aqueous ammonium halide solution of the
      present invention is effective in reduction in the deposition of carbon
      materials onto the catalyst, and therefore, the regeneration times can be
      shortened and the efficiency of a reactor can be considerably improved in
      the present inventon.
PAR  An object of the present invention is to provide a process for preparing a
      novel catalyst for production of pyridine bases from at least one of
      aliphatic carbonyl compounds and ammonia as main raw materials, which
      comprises immersing silica-alumina or a silica-alumina mixture containing
      a metallic oxide such as thorium, lead, cadmium, or zinc, or a metallic
      fluoride such as manganese fluoride, bismuth fluoride or lead fluoride as
      a promoter, in an aqueous ammonium halide solution, washing the
      silica-slumina or the silica-alumina mixture with water, and drying and
      calcining the same.
PAR  Another object of the present invention is to provide a novel catalyst
      prepared according to the above-mentioned process.
PAR  Other object of the present invention is to provide a process for producing
      pyridine bases from at least one of aliphatic carbonyl compounds and
      ammonia as main raw materials by using a novel catalyst prepared according
      to the above-mentioned process
PAR  The ammonium halide compounds used herein include ammonium iodide, ammonium
      chloride and ammonium bromide. Preferable concentration of the aqueous
      ammonium halide solution for the present immersion treatment is not more
      than 20% by weight, particularly 0.3 to 10% by weight.
PAR  Temperature for the immersion treatment is not particularly restricted, but
      the immersion time can be shortened when the immersion treatment is
      carried out at room temperature to 80.degree.C. As the immersion time, 30
      minutes to 5 days are sufficient. The immersed catalyst is thoroughly
      washed with water, and then dried and calcined at 300.degree.C or higher.
      The thus prepared catalyst can be used in the reaction.
PAR  As the silica-alumina for the ammonium halide immersion treatment of the
      present invention, silica-alumina alone or a mixture of silica-alumina
      containing said metallic oxide or fluoride as a promoter can be used. Any
      process can be used to prepare the silica-alumina, for example, a process
      based on mixing of silica gel and alumina gel in a wet state, a process
      based on simultaneous gelation of silica and alumina from their aqueous
      solution and other various processes.
PAR  Further, there is no special restriction to a method for mixing the
      promoter. Preferable silica-alumina composition has a ratio of silica to
      alumina of 95-70 : 5-30 by weight. When a metallic oxide is mixed with the
      silica-alumina as a promoter, it is preferable to add not more than 10% by
      weight of the oxide to the silica-alumina based on the weight of the
      silica-alumina. In the case metallic fluoride, it is preferable to add 0.1
      to 30% by weight of the fluoride to the silica-alumina, based on the
      weight of the silica-alumina.
PAR  The aliphatic carbonyl compounds herein used include formaldehyde,
      acetaldehyde, propionaldehyde, acrolein, crotonaldehyde, acetone,
      diethylketone, methylethylketone, etc. In other words, any carbonyl
      compound can be used, so long as it can react with ammonia to form
      pyridine bases. Furthermore, para-aldehyde, para-formaldehyde, trioxane,
      methylal, diacetone alcohol, etc., which can be converted to an aldehyde
      or ketone by thermal decomposition or the like, can be also used.
PAR  It is preferable to use 0.2 to 5 moles of ammonia to one mole of total
      carbonyl compound.
PAR  Further, methanol or other third component can be used in addition to said
      main raw materials, the carbonyl compounds and ammonia. The reaction of
      the carbonyl compound with ammonia is carried out according to the
      ordinary gas phase catalytic reaction, and can be effected in a fixed bed,
      fluidized fed or moving bed. Preferable reaction temperature is
      350.degree. to 550.degree.C. Preferable reaction pressure is the
      atmospheric pressure, but the pressure can be reduced or increased up to 2
      kg/cm.sup.2. Preferable space velocity (SV) of the raw material gas
      mixture is 100 to 10,000 hr.sup..sup.-1. The space velocity is defined by
      the following formula:
      ##EQU1##
PAR  The volume of feed gas mixture is based on the normal conditions, i.e.
      0.degree.C, 1 atmosphere.
PAR  Such pyridine bases as pyridine, picoline, lutidine, collidine, etc. can be
      produced in the present invention. For example, when formaldehyde and
      acetaldehyde are used together with ammonia, pyridine and 3-picoline are
      obtained. When formaldehyde and propionaldehyde are used together with
      ammonia, 3,5-lutidine and a small amount of 3-picoline are obtained. When
      formaldehyde, acetaldehyde and propionaldehyde are used together with
      ammonia, pyridine, 3-picoline and 3,5-lutidine are obtained. Further, when
      formaldehyde and acetone are used together with ammonia, 2,6-lutidine is
      principally obtained. When diethylketone or methylethylketone is used
      together with ammonia, 2,6-diethyl-3-methylpyridine or
      2,3,6-trimethylpyridine is obtained.
DRWD
PAR  Now, the effect of the present invention is shown below, referring to
      examples and reference examples.
TBL  ______________________________________                                    
                Treated with                                                   
                aqueous                                                        
                ammonium                                                       
                halide solution   Not treated                                  
                (The process of   with aqueous                                 
                the present       ammonium                                     
                invention)        halide solution                              
     ______________________________________                                    
                      Total               Total                                
                      yield               yield                                
                             Catalyst          Catalyst                        
                      of                  of                                   
                             regenera-                                         
                                     Ref.      regenera-                       
     Raw materials                                                             
               Ex.    pyri-               pyri-                                
                             tion time                                         
                                     Ex.       tion time                       
                      dine                dine                                 
                             (hour)            (hour)                          
                      bases               bases                                
                      (%)                 (%)                                  
     ______________________________________                                    
     Acetaldehyde,                                                             
     formaldehyde,                                                             
               1      67.3   3       1    52.4 5                               
     ammonia                                                                   
     Acetaldehyde,                                                             
     formaldehyde,                                                             
     propion-  2      62.9   2       2    55.9 6                               
     aldehyde,                                                                 
     ammonia                                                                   
     Acetaldehyde,                                                             
     formaldehyde,                                                             
               4      62.6   2.5     3    59.4 3.5                             
     ammonia                                                                   
     ______________________________________                                    
     Note-1:                                                                   
               Amount of carbon                                                
               in pyridine bases                                               
     Yield =                     .times. 100                                   
               Amount of carbon in the raw                                     
               material carbonyl compounds                                     
      Note-2: Catalyst regeneration time -- time required by passing air over a
      catalyst untill the concentration of carbon dioxide gas in the effluent  
      gas becomes 1% by volume or less, while adjusting the amount of air so   
      that the temperature may not exceed 560.degree.C over the catalyst.      
PAR  As is clear from the foregoing table, the yield is 4.4 to 14.9% increased
      by carrying out the immersion treatment of the catalyst according to the
      present invention, and also that the catalyst regeneration time can be
      shortened by 1 to 4 hours. It is seen how distinguished the effect of the
      present invention is.
DETD
PAR  Now, the present invention will be explained in detail, referring to
      examples, but the present invention is not restricted to these examples.
PAC  EXAMPLE 1
PAR  An aqueous 6% aluminum nitrate solution containing 324 g of aluminum
      nitrate, Al(NO.sub.3).sub.3.9H.sub.2 O and an aqueous 15% sodium silicate
      solution containing 356 g of silicon oxide were mixed together to form a
      slurry of aluminum hydroxide and silicic acid gel. The resulting slurry
      mixture was washed with water until there was no soluble salt contained
      therein, and dried at 110.degree.C under aeration. 400 Grams of the thus
      obtained pellets having a ratio of silica to alumina of 89:11 by weight
      and having particle sizes of 3 mm was immersed in 800 g of an aqueous 5%
      ammonium iodide solution at room temperature, for example, 25.degree. to
      30.degree.C, for 4 days, then thoroughly washed with water to remove
      iodine ions, and dried at 120.degree.C. 500 ml of the thus prepared
      silica-alumina catalyst was filled in a tubular reactor, and a gas mixture
      consisting of 12 moles of formaldehyde, 12 moles of acetaldehyde and 26.4
      moles of ammonia preheated to 200.degree.C was passed through the tubular
      reactor for 3 hours (SV = 1,160 hr.sup..sup.-1), while keeping the tubular
      reactor at 420.degree.C. The reaction gas mixture passed through the
      catalyst layer was cooled, and subjected to condensation. The resulting
      condensate was dehydrated with caustic soda, and 492 g of the thus
      obtained oil was distilled and quantitatively determined by gas
      chromatograph. The yields of the thus obtained reaction products were
      38.1% pyridine (2.74 moles), 25.9% 3-picoline (1.55 moles) and 3.3%
      3,5-lutidine (0.17 mole) on the basis of the amount of carbon of the
      aldehyde used. After the completion of the reaction, the catalyst was
      regenerated by burning the carbons deposited on the catalyst with air at
      560.degree.C or less. The required regeneration time was 3 hours.
PAC  EXAMPLE 2
PAR   400 Grams of silica-alumina powders having a ratio of silica to alumina of
      87:13 by weight prepared in the same manner as in Example 1 was immersed
      in 800 g of an aqueous 1% ammonium chloride solution at room temperature
      for 2 hours, then thoroughly washed with water, dried at 120.degree.C and
      shaped by tableting. 500 ml of the thus prepared catalyst was packed in a
      tubular reactor, and a gas mixture consisting of 13 moles of formaldehyde,
      11 moles of acetaldehyde, 3 moles of propionaldehyde and 32 moles of
      ammonia preheated to 200.degree.C was passed through the reactor at
      440.degree.C for 3 hours (SV = 1,330 hr.sup..sup.-1). The resulting yields
      based on the amount of carbon of the aldehydes used were 20.9% pyridine
      (1.84 moles), 32.9% 3-picoline (2.41 moles) and 9.1% 3,5-lutidine (0.57
      mole). The time required for regenerating the catalyst with air at
      560.degree.C or less was about 2 hours.
PAC  EXAMPLE 3
PAR  320 g of pellets of silica-alumina having a ratio of silica to alumina of
      85:15 by weight and having diameters of 3 mm, which were prepared in the
      same manner as in Example 1, were immersed in 640 g of an aqueous 5%
      ammonium bromide solution at room temperature for 5 days, washed with
      water and dried at 120.degree.C. 500 ml of the thus prepared
      silica-alumina catalyst was packed in a tubular reactor, and a gas mixture
      consisting of a 3 moles of formaldehyde, 6 moles of propionaldehyde and 9
      moles of ammonia was passed through the reactor at 440.degree.C for 3
      hours (SV = 372 hr.sup..sup.-1). The resulting yields based on the amount
      of carbon of the aldehydes used were 8.1% 3-picoline (0.28 mole) and 54.7%
      3,5-lutidine (1.64 moles). The time required for regenerating the catalyst
      with air at 560.degree.C or less was 3 hours.
PAC  EXAMPLE 4
PAR  The silica-alumina slurry prepared in the same manner as in Example 1 was
      washed with water, and mixed with an aqueous solution containing 0.4 mole
      of potassium fluoride, and further a dilute nitric acid solution
      containing 0.06 mole of bismuth nitrate was added thereto dropwise over a
      period of 20 minutes. The resulting slurry was washed with water, then
      dried at 110.degree.C, shaped and calcined at 500.degree.C for 5 hours.
      400 Grams of the resulting three-component catalyst having a ratio of
      silica : alumina : bismuth fluoride of 89 : 11 : 8 was dipped in a
      solution mixture consisting of 450 g of an aqueous 0.3% ammonium iodide
      solution and 450 g of an aqueous 0.3% ammonium chloride solution at room
      temperature for 6 days. After the immersion, the catalyst was washed with
      water, dried at 120.degree.C and calcined. 550 ml of the thus obtained
      catalyst was filled in a tubular reactor, and a gas mixture consisting of
      8 moles of formaldehyde, 8 moles of acetaldehyde and 16 moles of ammonia
      was passed through the reactor at 450.degree.C for 2 hours (SV = 1,030
      hr.sup..sup.-1). The resulting yields based on the amount of carbons of
      the aldehydes used were 38.6 % pyridine (1.85 moles), 21.6% 3-picoline
      (0.87 mole) and 2.4% 3,5-lutidine (0.08 mole). The time required for
      regenerating the catalyst with air at 560.degree.C or less was 2.5 hours.
PAC  EXAMPLE 5
PAR  A hydrogel slurry mixture of silica-alumina prepared in the same manner as
      in Example 1 was washed with water, dried at 100.degree.C, shaped into
      pellets having diameters of 3 mm and calcined at 400.degree.C for 4 hours.
      400 Grams of the resulting catalyst having a ratio of SiO.sub.2 to
      Al.sub.2 O.sub.3 of 89:11 by weight was immersed in 800 cc of an aqueous
      2.5% ammonium iodide solution at room temperature for 2 days, then
      thoroughly washed with water, dried at 120.degree.C and calcined at
      500.degree.C for 3 hours. 550 ml of the thus prepared catalyst was filled
      in a tubular reactor, and a gas mixture consisting of 4 moles of
      formaldehyde, 8 moles of acetone and 12 moles of ammonia preheated to
      200.degree.C was passed through the reactor at 470.degree.C over a period
      of 2 hours (SV = 670 hr.sup..sup.-1). The resulting yield based on the
      amount of carbon of the raw material carbonyl compound used was 37.3%
      2,6-dimethylpyridine (1.49 moles).
PAR  70 Grams (1.20 moles) of unreacted acetone was separated and recovered from
      the reaction product solution by distillation. When the acetone recovery
      is taken into account, the yield will be 43.8%.
PAR  The time required for regenerating the catlayst with air at 560.degree.C or
      less was 1.5 hours.
PAC  EXAMPLE 6
PAR  400 Grams of pellets of silica-alumina having a ratio of silica to alumina
      of 91:9 by weight and having diameters of 3 mm, which were prepared in the
      same manner as in Example 1, were immersed in 800 g of an aqueous 10%
      ammonium bromide solution at room temperature for 4 days, washed with
      water, dried at 120.degree.C for 5 hours and calcined at 500.degree.C for
      5 hours. 550 cc of the thus prepared catalyst was filled in a tubular
      reactor, and a gas mixture consisting of 1.5 moles of formaldehyde, 3.0
      moles of acetaldehyde, 8.1 moles of ammonia, 67.2 l of air and 24 moles of
      steam was passed through the reactor at 420.degree.C over a period of 3
      hours (SV = 537 hr.sup..sup.-1). The resulting yields based on the amount
      of carbon of the aldehydes used were 57.0% pyridine (0.85 mole) and 2.8%
      3-picoline (0.035 mole). The time required for regenerating the catalyst
      with air at 560.degree.C or less was 2.5 hours.
PAC  EXAMPLE 7
PAR  400 Grams of pellets of silica-alumina prepared in the same manner as in
      Example 1 was immersed in 800 g of an aqueous 5% ammonium bromide solution
      at room temperature for 2 days, then washed with water, dried at
      120.degree.C and further immersed in 800 g of an aqueous 5% ammonium
      iodide solution at room temperature for 2 days. 550 ml of the thus
      prepared catalyst was filled in a tubular reactor, and a gas mixture
      consisting of 3.4 moles of acrolein, 18 moles of ammonia, 400 l of air and
      1,100 l of nitrogen was passed through the reactor at 420.degree.C for 2
      hours (SV = 1,800 hr.sup..sup.-1). The resulting yields based on the
      amount of carbon of the acrolein used were 52.2% pyridine (1.06 moles) and
      8.3% 3-picoline (0.14 mole). The time required for regenerating the
      catalyst with air at 560.degree.C or less was 3 hours.
PAC  EXAMPLE 8
PAR  616 Grams of a aqueous 6.5% sodium silicate solution and 675 g of an
      aqueous 10% aluminum nitrate solution were mixed together with stirring,
      and the resulting silica-alumina hydrogel was admixed with 250 g of an
      aqueous 30% zinc nitrate solution and 360 g of an aqueous 25% ammonia
      solution. The resulting mixture of having a ratio of silica : alumina :
      zinc oxide of 80.1 : 13.5 : 6.4 by weight was dried at 110.degree.C and
      shaped to pellets having diameters of 3 mm. The thus prepared pellets were
      immersed in 1,000 cc of an aqueous 4% ammonium chloride solution at
      60.degree.C for 6 hours, then washed with water, dried at 120.degree.C,
      then immersed further in 1,000 cc of an aqueous 1% ammonium iodide
      solution at 60.degree.C for 6 hours, washed with water, dried at
      120.degree.C and calcined at 450.degree.C for 3 hours.
PAR  550 ml of the thus prepared catalyst was filled in a tubular reactor, and a
      gas mixture having a molar ratio of acetaldehyde to ammonia of 1:1 was
      passed through the reactor at 450.degree.C over a period of 3 hours (SV =
      1,000 hr.sup..sup.-1). 540 g/hr of acetaldehyde was fed to the reactor.
      The resulting yields based on the amount of carbon of the acetaldehyde
      used were 35.7% 2-picoline (0.438 mole) and 27.4% 4-picoline (0.336 mole).
      The time required for regenerating the catalyst with air at 560.degree.C
      or less was 1.5 hours.
PAC  Reference Example 1
PAR  An aqueous solution containing 324 g of aluminum nitrate and an aqueous
      water-glass solution containing 356 g of silicon oxide were mixed together
      to prepare a slurry of silica-alumina. The resulting slurry was washed
      with water, dried at 110.degree.C, shaped and calcined at 500.degree.C for
      5 hours, whereby a catalyst having a ratio of SiO.sub.2 to Al.sub.2
      O.sub.3 of 89:11 was obtained.
PAR  550 ml of the thus obtained catalyst was filled in a tubular reactor, and a
      gas mixture consisting of 12 moles of formaldehyde, 12 moles of
      acetaldehyde and 26.4 moles of ammonia preheated to 200.degree.C was
      passed through the reactor at 450.degree.C over a period of 3 hours (SV =
      1,060 hr.sup..sup.-1). The resulting yields, based on the amount of carbon
      of the raw material aldehydes were 30.0% pyridine (2.16 moles), 20.6%
      3-picoline (1.24 moles) and 1.8% 3,5-lutidine (0.09 mole). After the
      reaction, carbon materials deposited on the catalyst were burned with air
      at 560.degree.C or less. The time required for regenerating the catalyst
      was 5 hours.
PAC  Reference Example 2
PAR  500 ml of the silica-alumina catalyst having a ratio of silica to alumina
      of 87:13 prepared in the same manner as in Reference Example 1 was filled
      in a tubular reactor, and a gas mixture consisting of 13 moles of
      formaldehyde, 11 moles of acetaldehyde, 3 moles of propionaldehyde and 32
      moles of ammonia, preheated to 200.degree.C was passed through the reactor
      at 440.degree.C over a period of 3 hours (SV = 1,330 hr.sup..sup.-1). The
      resulting yields, based on the amount of carbon of the aldehydes used were
      19.4% pyridine (1.71 moles), 28.5% 3-picoline (2.09 moles) and 8.0%
      3,5-lutidine (0.50 mole). The time required for regenerating the catalyst
      after the reaction with air at 560.degree.C or less was 6 hours.
PAC  Reference Example 3
PAR  The hydrogel slurry of silica-alumina obtained in the same manner as in
      Reference Example 1 was washed with water and admixed with an aqueous
      solution containing 0.4 mole of potassium fluoride, and further a dilute
      nitric acid solution containing 0.06 mole of bismuth nitrate was added
      thereto dropwise over a period of 20 minutes. The resulting slurry was
      washed with water, dried at 110.degree.C, shaped to pellets having
      diameters of 3 mm and calcined at 500.degree.C for 5 hours, whereby a
      catalyst having a ratio of SiO.sub.2 : Al.sub.2 O.sub.3 : BiF.sub.3 of 89
      : 11 : 8 was prepared.
PAR  550 ml of the thus prepared catalyst was filled in a tubular reactor, and a
      gas mixture consisting of 8 moles of formaldehyde, 8 moles of acetaldehyde
      and 16 moles of ammonia was passed through the reactor at 420.degree.C
      over a period of 2 hours (SV = 1,030 hr.sup..sup.-1). The resulting
      yields, based on the amount of carbon of the aldehydes used, were 36.7%
      pyridine (1.76 moles), 20.6% 3-picoline (0.825 mole) and 2.1% 3,5-lutidine
      (0.072 mole). The time required for regenerating the catalyst with air at
      560.degree.C or less was 3.5 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing pyridine bases, which comprises reacting at
      least one aliphatic carbonyl compound selected from the group consisting
      of formaldehyde, acetaldehyde, propionaldehyde, acrolein and acetone with
      0.2 to 5 moles of ammonia per mole of the total carbonyl compounds in a
      gas phase at 350.degree.C to 550.degree.C at atmospheric pressure at a
      space velocity of 100 to 10,000 hr.sup..sup.-1 in the presence of a
      catalyst consisting essentially of 95 to 70% by weight of silica and 5 to
      30% by weight of alumina obtained by immersing silica-alumina in an
      aqueous solution of ammonium chloride, ammonium bromide or ammonium iodine
      at 25 to 80.degree.C for 30 minutes to 5 days, washing with water, drying
      and calcining at 300.degree.C or higher.
NUM  2.
PAR  2. A process according to claim 1, wherein the said aliphatic carbonyl
      compound is a mixture of formaldehyde and acetaldehyde.
NUM  3.
PAR  3. A process according to claim 1, wherein the said aliphatic carbonyl
      compound is a mixture of formaldehyde, acetaldehyde and propionaldehyde.
NUM  4.
PAR  4. A process according to claim 1, wherein the said aliphatic carbonyl
      compound is acrolein.
NUM  5.
PAR  5. A process according to claim 1, wherein the said aliphatic carbonyl
      compound is a mixture of formaldehyde and acetone.
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ABST
PAL  The novel bis-basic ketones of carbazole of the present invention have
      antiviral activity when administered orally and parenterally. These
      compounds are represented by the following formula:
      ##SPC1##
PAL  Wherein Z is hydrogen or lower alkyl having from 1 to 4 carbon atoms; A is
      a straight or branched alkylene chain having from 1 to about 6 carbon
      atoms; and each Y is
PA1  A. the group
      ##EQU1##
      wherein R.sup.1 and R.sup.2 are individually hydrogen or lower alkyl
      having from 1 to about 4 carbon atoms; or
PA1  B. the group
      ##SPC2##
PAL  Wherein n is a whole integer of 4 or 5, and R.sup.3 is hydrogen or lower
      alkyl having from 1 to about 4 carbon atoms and can be linked to any one
      of the carbon atoms of the heterocyclic group; or
PA1  C. the group
      ##SPC3##
PAL  Wherein X is oxygen or NR.sup.4, and R.sup.4 is hydrogen or lower alkyl of
      from 1 to about 4 carbon atoms;
PAL  Or a pharmaceutically acceptable acid addition salt of said base.
PAL  These new compounds can be prepared by several different methods which are
      described.
PARN
PAR  This is a continuation of application Ser. No. 57,780 filed July 23, 1970,
      now abandoned.
BSUM
PAR  This invention relates to novel bis-basic ketones of carbazole, their
      method of preparation and use as antiviral agents. The compounds of this
      invention include both the base form and pharmaceutically acceptable acid
      addition salts of the base wherein the base form is represented by the
      general formula
      ##SPC4##
PAL  Wherein Z is hydrogen or straight or branched lower alkyl having from 1 to
      4 carbon atoms; each A is a straight or branched alkylene chain having
      from 1 to about 6 carbon atoms; and each Y is
PA1  A. the group
      ##EQU2##
      wherein R.sup.1 and R.sup.2 are individually hydrogen or lower alkyl
      having from 1 to about 4 carbon atoms; or
PA1  B. the group
      ##SPC5##
PAL  Wherein n is a whole integer of 4 or 5, and R.sup.3 is hydrogen or lower
      alkyl of from 1 to about 4 carbon atoms and can be linked to any one of
      the carbon atoms of the heterocyclic group; or
PA1  C. the group
      ##SPC6##
PAL  Wherein X is oxygen or NR.sup.4, and R.sup.4 is hydrogen or lower alkyl of
      from 1 to about 4 carbon atoms.
PAR  As can be seen from the above Formula I, the basic ketone groups that is,
      ##EQU3##
      can be linked to the tricyclic ring system of carbazole by replacement of
      any of the four hydrogens of the benzenoid ring to which such group is
      attached. Thus, one of the groups can be in any of the positions 1 through
      4 of the tricyclic ring system, and the other can be in any of the
      positions 5 through 8. Preferably one of the basic ketone groups is in the
      3-position and the other is in the 6-position of the tricyclic ring
      system.
PAR  It is apparent from the above Formula I and its description that the
      compounds can have structures wherein Y is the group
      ##EQU4##
      as more fully shown by the following general Formula II, or wherein Y is
      the group
      ##SPC7##
PAL  as more fully shown by the following general Formula III, or wherein Y is
      the group
      ##SPC8##
PAL  as more fully shown by the following general Formula IV below:
      ##SPC9##
PAL  In the general Formulas II, III and IV the various symbols Z, A, R.sup.1,
      R.sup.2, R.sup.3, X and n have the meanings defined hereinbefore.
PAR  In the compounds of the above Formulas I, II, III and IV, Z represents
      hydrogen or lower alkyl having from 1 to 4 carbon atoms. When Z represents
      lower alkyl having from 1 to 4 carbon atoms, such group may be attached to
      the tricyclic heterocyclic nitrogen atom through either the primary or
      secondary carbon atom of the lower alkyl group. Illustrative of lower
      alkyl groups as represented by Z there can be mentioned for example:
      methyl, ethyl, propyl, butyl and the like.
PAR  Each of the symbols A in the compounds of the above Formulas I, II, III and
      IV is an alkylene group having from 1 to about 6 carbon atoms which can be
      straight chain, that is, for example, --CH.sub.2 -(CH.sub.2).sub.m --
      wherein m is a whole integer from 0 to 5, or a branched chain. Each of the
      alkylene groups as represented by A can be the same or different.
      Preferably these groups are the same. Illustrative of alkylene groups as
      represented by A there can be mentioned for example: methylene,
      1,2-ethylene, 1,3-propylene, 1,4-butylene, 1,5-pentylene, 1,6-hexylene,
      2-methyl-1,4-butylene, 2-ethyl-1,4-butylene, 3-methyl-1,5-pentylene and
      the like.
PAR  Each amino group of the compounds of Formula II, that is,
      ##EQU5##
      can be a primary, a secondary or a tertiary amino group. Each R.sup.1 and
      R.sup.2 is individually hydrogen or lower alkyl having from 1 to about 4
      carbon atoms. Preferably each of the amino groups as represented by
      ##EQU6##
      is a tertiary amino group.
PAR  The term lower alkyl as used in reference to the compounds of Formula II
      relates to straight or branched alkyl chains having from 1 to about 4
      carbon atoms. Illustrative of lower alkyls as can be represented by each
      R.sup.1 or R.sup.2 in the compounds of Formula II there can be mentioned
      for example: methyl, ethyl, n-propyl, isopropyl, n-butyl and
      secondary-butyl.
PAR  Each heterocyclic group in the compounds of Formula III, that is
      ##SPC10##
PAL  can be a 5- or 6-membered ring, that is, n is 4 or 5. The R.sup.3 group can
      be hydrogen or a lower alkyl chain of from 1 to about 4 carbon atoms and
      can be attached to any one of the heterocyclic carbon atoms. Illustrative
      of heterocyclic groups as represented by each
      ##SPC11##
PAL  there can be mentioned for example: piperidino, pyrrolidino,
      4-methylpiperidino, 3-methylpiperidino, 4-propylpiperidino and the like.
PAR  Each heterocyclic group of Formula IV, that is,
      ##SPC12##
PAL  in addition to the one nitrogen atom, can contain a second hetero atom,
      that is, X is oxygen or N-R.sup.4. The R.sup.4 group can be hydrogen or a
      straight or branched lower alkyl chain of from 1 to about 4 carbon atoms.
      As examples of heterocyclic groups as represented by
      ##SPC13##
PAL  there can be mentioned for example: morpholino, piperazino,
      N-(lower)alkylpiperazino, such as, for example N-methyl- or
      N-ethylpiperazino and the like.
PAR  Illustrative of base compounds of this invention as represented by Formula
      I there can be mentioned for example:
      N-ethyl-3,6-bis-(4-piperidinobutyryl)carbazole,
      N-ethyl-3,6-bis(4-dimethylaminobutyryl)carbazole,
      3,6-bis(5-diethylaminovaleryl)-N-methylcarbazole,
      N-isopropyl-3,6-bis[4-(4-methylpiperidino)butyryl]carbazole,
      2,6-bis(4-diethylaminobutyryl)-N-methylcarbazole,
      N-ethyl-3,6-bis(3-pyrrolidinopropionyl)carbazole,
      3,6-bis(2-diethylaminoacetyl)-N-ethylcarbazole,
      3,6-bis(3-morpholinopropionyl)-N-methylcarbazole,
      2,6-bis[4-(N-methylpiperazino)butyryl]carbazole and the like.
PAR  Pharmaceutically acceptable acid addition salts of the base compounds of
      this invention are those of any suitable inorganic or organic acids.
      Suitable inorganic acids are, for example, hydrochloric, hydrobromic,
      sulfuric or phosphoric acids and the like. Suitable organic acids are, for
      example, carboxylic acids such as acetic, propionic, glycolic, lactic,
      pyruvic, malonic, succinic, fumaric, malic, tartaric, citric, ascorbic,
      maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
      salicylic, 2-phenoxybenzoic and the like, or sulfonic acids such as
      methane sulfonic, 2-hydroxyethane sulfonic acid and the like. Mono- or
      di-acid salts may be formed, and the salts can be hydrated or
      substantially anhydrous.
PAR  The compounds of the present invention can be administered to animals such
      as warm-blooded animals and particularly mammals to prevent or inhibit
      infections of: picornaviruses, for example, encephalomyocarditis;
      myxo-viruses, for example, Influenza A.sub.2 (Jap/305); arboviruses, for
      example, Semliki Forest; herpesvirus group, for example, herpes simplex;
      and poxviruses, for example Vaccinia IHD. When administered prior to
      infection, that is, prophylactically, it is preferred that the
      administration be within 0 to 96 hours prior to infection of the animal
      with pathogenic virus. When administered therapeutically to inhibit an
      infection, it is preferred that the administration be within about a day
      or two after infection with pathogenic virus.
PAR  The dosage administered will be dependent upon the virus for which
      treatment or prophylaxis is desired, the type of animal involved, its age,
      health, weight, extent of infection, kind of concurrent treatment, if any,
      frequency of treatment and the nature of the effect desired.
      Illustratively, dosage levels of the administered active ingredients can
      be: intravenous, 0.1 mg/kg; intraperitoneal, 0.1 to about 50 mg/kg;
      subcutaneous, 0.1 to about 250 mg/kg; oral, 0.1 to about 500 mg/kg and
      preferably about 1 to 250 mg/kg; intransal instillation, 0.1 to about 10
      mg/kg; and aerosol, 0.1 to about 10 mg/kg of animal body weight.
PAR  The compounds may be administered, dissolved or suspended, in any
      conventional non-toxic pharmaceutical carrier of the type that may be
      taken orally, applied topically, buccally or parenterally.
PAR  One of the methods used to prepare the compounds of this invention is
      illustrated by the following reaction scheme:
      ##SPC14##
PAL  In this reaction scheme Z, A and Y have the meaning defined hereinbefore,
      and each Hal is either chlorine, bromine or iodine.
PAR  The bis-(.omega.-haloalkanoyl)carbazole derivative, 1, in which the
      position of substitution is 3,6- can be prepared by a Friedel-Crafts
      acylation of carbazole. Of suitable acylating agents which may be used
      there can be mentioned for example: chloroacetyl chloride, bromoacetyl
      bromide, 3-chloropropionyl chloride, 4-chlorobutyryl chloride,
      5-chlorovaleryl chloride, 5-chloro-4-methylvaleryl chloride,
      5-chloro-3-methylvaleryl chloride and the like.
PAR  It is apparent that the acylation reaction may be carried out in a variety
      of solvents and under catalysis of a variety of Lewis acids. The
      temperature and duration of the reaction may be varied to allow for
      optimum reaction conditions. A preferred procedure is to combine one
      equivalent of carbazole with 2.5 equivalents of an acylating agent in
      methylene chloride followed by portionwise addition of aluminum chloride.
      The temperature of the reaction is maintained below zero degrees C with
      continuous stirring. After the additions are complete the temperature may
      be elevated to 25.degree.-40.degree.C for 12 to 36 hours. The reaction
      mixture is worked up in the usual manner by decomposing the complex with
      ice water/HCl. The product obtained is recrystallized from a suitable
      solvent, such as, methylene chloride, chloroform or the like. The
      procedure may be varied such that there is a reverse addition of acylating
      agent and Lewis acid, or a reverse addition of aromatic hydrocarbon and
      Lewis acid. The more reactive halogen derivative, that is, the bis(107
      -iodoalkanoyl)carbazole may be prepared from the corresponding
      bis-.omega.-chloro derivative using a halogen exchange reaction under the
      conditions generally employed in the Conant-Finkelstein reaction.
PAR  Of typical amines, 2, useful in the above reaction scheme there can be
      mentioned for example: ammonia, or a compound which is a potential source
      of ammonia such as, for example, hexamethylenetetramine and the like;
      primary amines such as ethylamine, propylamine and the like; and secondary
      amines such as diethylamine dibutylamine, piperidine, 4-methylpiperidine,
      morpholine, piperazine, N-ethylpiperazine and the like.
PAR  The amination of bis(.omega.-haloalkanoyl)carbazole, 1, may be carried out
      under a variety of conditions. For example, compound 1 may be heated
      together with a large excess of the amine, 2, the excess amine serving as
      the reaction medium and the hydrohalide acceptor. This method is
      particularly suitable for readily available amines, the excess of which
      can be easily removed from the reaction mixture by, for example,
      distillation at reduced pressure or by washing the product with water. Or,
      one equivalent of compound 1 and four equivalents of the amine, 2, may be
      heated together in one of a number of different types of solvents, for
      example, in aromatic solvents such as benzene, toluene, xylene, and the
      like; or ethers such as tetrahydrofuran, dioxane and the like; or ketones
      such as acetone, butanone and the like; or aprotic solvents such as
      N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide and the
      like; or mixtures of these solvents with water. The reaction between
      compound 1, wherein the halogen is chlorine, and the amine, 2, is
      frequently promoted by the addition of either sodium or potassium iodide,
      the iodide being used in either catalytic or stoichiometric amounts. In
      some cases, it may be advantageous to use only two equivalents of the
      amine, 2, for each equivalent of the bis(.omega.-haloalkanoyl)carbazole,
      1, an excess of an inorganic base such as powdered sodium or potassium
      carbonate being used as the hydrohalide acceptor. The reaction will
      proceed normally in 12 to 72 hours at temperatures of 20.degree. to
      150.degree.C. When volatile amines are employed, the reaction is best
      carried out under pressure in a suitable pressure reactor or autoclave.
PAR  Alternatively, the amination reaction may be carried out on a derivative of
      compound 1 such as the bis-ketal carbazole derivative, which may be
      prepared by allowing bis(.omega.-haloalkanoyl)carbazole and an excess of
      ethyl orthoformate to react in the presence of an acid catalyst such as
      hydrochloric acid for several days in a polar solvent such as ethanol,
      tetrahydrofuran and the like.
PAR  The compounds of Formula I wherein A is an alkylene chain of 3 to 6 carbon
      atoms may also be prepared by the reaction of a Grignard reagent with a
      dinitrile of carbazole as represented by the following reaction scheme:
      ##SPC15##
PAL  In the above reaction X is bromine or chlorine, p is 3 to 6, Z has the
      meaning defined hereinbefore, and Y may be any of the groups defined
      hereinbefore except those which contain a hydrogen attached to the
      nitrogen atom. When Z is hydrogen, an extra equivalent of the Grignard
      reagent, 4, must be added to the reaction mixture.
PAR  The reaction will proceed in from 1 to 24 hours at a temperature ranging
      from room temperature to about 80.degree.C. The Grignard reagent, 4, may
      be prepared by reacting magnesium and an aminoalkyl halide of the formula
EQU  X(CH.sub.2).sub.p Y
PAL  wherein X, p, and Y have the meaning defined hereinabove. The preferred
      solvent for this reaction is tetrahydrofuran.
PAR  The dicyanocarbazole derivative, 3, may be prepared from known
      carbazolediamines by a Sandmeyer reaction on the tetrazonium salts or from
      known carbazoledicarboxylic acids by dehydration of the corresponding
      amides by standard procedures.
PAR  Representative compounds of the present invention and several of the
      methods of preparing them, mentioned above, are illustrated in the
      following specific examples.
DETD
PAC  EXAMPLE 1
PAC  3,6-BIS(4-CHLOROBUTYRYL)-N-ETHYLCARBAZOLE
PAR  To a solution of 78.0g (0.4 mole) of N-ethylcarbazole and 141 g (1.0 mole)
      of 4-chlorobutyrylchloride in 1 l of methylene chloride, previously cooled
      to 0.degree.C, 127.0 g (0.95 mole) of aluminum chloride was added
      portionwise. The mixture was stirred at room temperature for 16 hours, and
      the resulting complex was decomposed with concentrated HCl/ice. The
      organic layer was separated, washed with water, dried over magnesium
      sulfate and treated with pentane to precipitate the desired product which
      was recrystallized from acetone and then acetone-methanol. M.P.
      106.degree.-108.degree.C, .lambda..sub.max.sup.EtOH 259, E.sub.1cm.sup.1%
      1030.
PAC  EXAMPLE 2
PAC  3,6-BIS(5-CHLOROVALERYL)-N-ETHYLCARBAZOLE
PAR  Following the procedure of Example 1 only substituting for
      4-chlorobutyrylchloride the appropriate molar equivalent amount of
      5-chlorovalerylchloride, the desired product was obtained. M.P.
      94-95.degree.C, .lambda..sub.max.sup.EtOH 261, E.sub.1cm.sup.1% 974.
PAC  EXAMPLE 3
PAC  3,6-BIS(4-CHLOROBUTYRYL)CARBAZOLE
PAR  Following the procedure of Example 1, only substituting for
      N-ethylcarbazole, the appropriate molar equivalent amount of carbazole,
      the desired product was obtained and recrystallized from
      acetone-chloroform. M.P. 195-198.degree.C.
PAC  EXAMPLE 4
PAC  3,6-BIS(5-CHLOROVALERYL)-N-METHYLCARBAZOLE
PAR  Following the procedure of Example 1, only substituting respectively for
      N-ethylcarbazole and 4-chlorobutyrylchloride, the appropriate molar
      equivalent amounts of N-methylcarbazole and 5-chlorovalerylchloride, the
      desired product is obtained.
PAC  EXAMPLE 5
PAC  3,6-BIS(4-CHLORO-2-METHYLBUTYRYL)-N-ETHYLCARBAZOLE
PAR  Following the procedure of Example 1, only substituting for
      4-chlorobutyrylchloride the appropriate molar equivalent amount of
      4-chloro-2-methylbutyrylchloride which is prepared by treating
      .alpha.-methyl-.gamma.-butyrolactone with thionyl chloride and anhydrous
      zinc chloride [O. Wheeler and E. de Rodriquez, J. Org. Chem. 29,
      1227(1964)] the desired product is obtained.
PAC  EXAMPLE 6
PAC  N-ETHYL-3,6-BIS(4-PIPERIDINOBUTYRYL)CARBAZOLE DIHYDROCHLORIDE HEMIHYDRATE
PAR  A mixture of 19.5 g (0.048 mole) of
      N-ethyl-3,6-bis(4-chlorobutyryl)carbazole, 34.0 g (0.4 mole) of piperidine
      and 2.0 g of potassium iodide in 250 ml of p-dioxane was heated at reflux
      for 68 hours with stirring, then filtered. Upon cooling the mixture was
      diluted with 500 ml of water, and the resulting semi-solid was dissolved
      in ether, washed repeatedly with water and dried over magnesium sulfate.
      The ethereal solution was treated with ethereal HCl to give the desired
      product which was recrystallized from methanol-ethyl acetate. M.P.
      138.degree.-142.degree.C, .lambda..sub.max.sup.EtOH 258, E.sub.1cm.sup.1%
      699.
PAC  EXAMPLE 7
PAC  3,6-BIS(4-DIMETHYLAMINOBUTYRYL)-N-ETHYLCARBAZOLE BIS ACID FUMARATE
PAR  A mixture of 15.8 g (0.039 mole) of
      3,6-bis(4-chlorobutyryl)-N-ethylcarbazole, 75 ml of 40% aqueous
      dimethylamine and 2 g of potassium iodide in 175 ml of p-dioxane was
      heated in a reaction bomb with stirring for 44 hours. The reaction mixture
      was concentrated to one-half its original volume in vacuo and diluted with
      500 ml of water. The semi-solid which separated was dissolved in ether and
      washed repeatedly with water and dried over magnesium sulfate to give the
      free base which was treated with fumaric acid and recrystallized from
      butanone to give the desired product. M.P. 94.degree.-98.degree.C,
      .lambda..sub.max.sup.EtOH 259, E.sub.1cm.sup.1% 611.
PAC  EXAMPLE 8
PAC  3,6-BIS(4-PIPERIDINOBUTYRYL)CARBAZOLE
PAR  A solution of 15.0 g (0.04 mole) of 3,6-bis(4-chlorobutyryl)carbazole, 85.0
      g (1.0 mole) of piperidine and 2.0 g of potassium iodide in 15 ml of
      tetrahydrofuran was heated at 110.degree.C in a reaction bomb for 24 hours
      with stirring. Upon cooling the reaction mixture was filtered and diluted
      with 700 ml of ice water. The resulting solid was washed with water, dried
      over magnesium sulfate and recrystallized from chloroformpetroleum ether
      (75.degree.-90.degree.C) and then from acetone to give the desired
      product. M.P. 171.degree.-173.degree.C, .lambda..sub.max.sup.EtOH 259,
      E.sub.1cm.sup.1% 894.
PAC  EXAMPLE 9
PAC  3,6-BIS(5-DIETHYLAMINOVALERYL)-N-METHYLCARBAZOLE
PAR  Following the procedure of Example 7, only substituting respectively for
      3,6-bis(4-chlorobutyryl)-N-ethylcarbazole and dimethylamine the
      appropriate molar equivalent amount of
      3,6-bis(5-chlorovaleryl)-N-methylcarbazole and an excess of diethylamine,
      the desired product is obtained.
PAC  EXAMPLE 10
PAC  2,6-BIS(4-DIETHYLAMINOBUTYRYL)-N-METHYLCARBAZOLE
PAR  To a solution of 2.5 equivalents of 3-diethylaminopropylmagnesium chloride
      and 3-diethylaminopropylchloride in tetrahydrofuran, is added dropwise a
      solution of 1-equivalent of 2,6-dicyano-N-methylcarbazole, which is
      prepared by converting 2,6-carbazoledicarboxamide to the corresponding
      N-methyl derivative by treatment with dimethylsulfate in the presence of
      sodium hydroxide and subsequently dehydrating the diamide by heating with
      phosphorous pentoxide, in tetrahydrofuran. When the addition is complete
      the reaction mixture is gently refluxed for 2 hours, then stirred at room
      temperature for several hours. The resulting complex is decomposed by
      treatment with saturated ammonium chloride, and the organic material is
      extracted with chloroform. The chloroform layer is treated with dilute HCl
      with warming. The aqueous solution is filtered, made alkaline and
      extracted with ether. The ether extract is dried over magnesium sulfate
      and evaporated to dryness to give the desired product.
PAC  EXAMPLE 11
PAC  3,6-BIS(4-AMINOBUTYRYL)CARBAZOLE DIHYDROCHLORIDE
PAR  An ethanolic solution of 1 equivalent of 3,6-bis(4-chlorobutyryl)carbazole
      and 2.4 equivalents of hexamethylenetetramine are reacted at reflux for 36
      hours. The solution is acidified with 3N HCl, digested for several hours
      and the solvent removed under reduced pressure to give the desired product
      which is recrystallized from methanol-ethyl acetate.
PAC  EXAMPLE 12
PAC  3,6-BIS(4-ETHYLAMINOBUTYRYL)CARBAZOLE DIHYDROCHLORIDE
PAR  By the procedure of Example 11, only substituting for
      hexamethylenetetramine, a hundred fold excess of ethylamine, the desired
      product is obtained.
PAC  EXAMPLE 13
PAC  N-ETHYL-3,6-BIS(4-PIPERIDINO-2-METHYLBUTYRYL)CARBAZOLE
PAR  Following the procedure of Example 6, only substituting for
      3,6-bis(4-chlorobutyryl)-N-ethylcarbazole the appropriate molar equivalent
      amount of 3,6-bis(4-chloro-2-methylbutyryl)-N-ethylcarbazole, the desired
      product is obtained.
PAC  EXAMPLE 14
PAR  Following the procedure of Example 6, only substituting for piperidine the
      appropriate molar equivalent amounts of morpholine and N-methylpiperazine,
      the following compounds are prepared:
      N-Ethyl-3,6-bis(4-morpholinobutyryl)carbazole
      N-Ethyl-3,6-bis[4-(N-methylpiperazino)butyryl]carbazole.
PAC  EXAMPLE 15
PAC  3,6-BIS(DIMETHYLAMINOACETYL)-N-ETHYLCARBAZOLE DIHYDROCHLORIDE DIHYDRATE
PAR  A mixture of 14.6 g (0.042 mole) of 3,6-bis(chloroacetyl)-N-ethylcarbazole,
      100 ml of 40% dimethylamine and 7.0 g of potassium iodide in 200 ml of
      butanone is placed in a Paar bomb and heated at 70.degree.-80.degree.C
      with stirring for 2 hours. The reaction mixture is cooled and poured into
      2.0 l of ice water. The solid which precipitates is filtered off,
      dissolved in chloroform and dried over magnesium sulfate to give the free
      base of the desired product which is subsequently converted to the
      dihydrochloride salt and recrystallized from methanol-acetone to give the
      desired product.
PAC  EXAMPLE 16
PAR  Following the procedure of Example 15, only substituting for dimethylaminie
      an excess amount of diethylamine and piperidine, the following compounds
      are prepared.
PAL  N-ethyl-3,6-bis(diethylaminoacetyl)carbazole dihydrochloride
PAL  N-ethyl-3,6-bis(piperidinoacetyl)carbazole dihydrochloride.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from a base of the formula
      ##SPC16##
PAL  wherein Z is a member selected from the group consisting of hydrogen or
      lower alkyl having from 1 to 4 carbon atoms; each A is a straight or
      branched alkylene chain having from 1 to 6 carbon atoms; and each Y is a
      member selected from the group consisting of
PA1  A. the group
      ##EQU7##
      wherein R.sup.1 and R.sup.2 are individually selected from the group
      consisting of hydrogen or lower alkyl having from 1 to 4 carbon atoms; of
PA1  B. the group
      ##SPC17##
PAL  wherein n is a whole integer of 4 or 5, and R.sup.3 is selected from the
      group consisting of hydrogen or lower alkyl having from 1 to 4 carbon
      atoms and can be linked to any one of the carbon atoms of the heterocyclic
      group; or
PA1  C. the group
      ##SPC18##
PAL  wherein X is oxygen or NR.sup.4, and R.sup.4 is selected from the group
      consisting of hydrogen or lower alkyl of from 1 to 4 carbon atoms; or a
      pharmaceutically acceptable acid addition salt of said base.
NUM  2.
PAR  2. A compound of claim 1 wherein each Y is the group
      ##EQU8##
      and one of said
      ##EQU9##
      groups is in the 2- or 3-position of the carbazole ring and the remaining
      ##EQU10##
      group is in the 6-position of the carbazole ring.
NUM  3.
PAR  3. A compound of claim 1 wherein each Y is the group
      ##SPC19##
PAL  and one of said
      ##EQU11##
      groups is in the 2- or 3-position of the carbazole ring and the remaining
      ##EQU12##
      group is in the 6-position of the carbazole ring.
NUM  4.
PAR  4. A compound of claim 3 wherein n is the integer 5.
NUM  5.
PAR  5. A compound of claim 1 wherein each Y is the group
      ##SPC20##
PAL  and one of said
      ##EQU13##
      groups is in the 2- or 3-position of the carbazole ring and the remaining
      ##EQU14##
      group is in the 6-position of the carbazole ring.
NUM  6.
PAR  6. A compound of claim 1 which is
      N-ethyl-3,6-bis(4-piperidinobutyryl)carbazole or a pharmaceutically
      acceptable acid addition salt of said base.
NUM  7.
PAR  7. A compound of claim 1 which is
      3,6-bis[4-(dimethylamino)butyryl]-N-ethylcarbazole or a pharmaceutically
      acceptable acid addition salt of said base.
NUM  8.
PAR  8. A compound of claim 1 which is 3,6-bis(4-piperidinobutyryl)carbazole or
      a pharmaceutically acceptable acid addition salt of said base.
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ABST
PAL  Compounds of the following general formula are useful as antihistamine
      agents, antiallergy agents and bronchodilators:
      ##SPC1##
PAL  Wherein R represents hydrogen or hydroxy; R.sup.1 represents hydrogen; or R
      and R.sup.1 taken together form a second bond between the carbon atoms
      bearing R and R.sup.1 ; n is the integer 4 or 5; Y represents
      ##EQU1##
      or
      ##EQU2##
      Z represents phenyl or a substituted phenyl ring wherein the substituent
      on the substituted phenyl ring is attached at the ortho, meta, or para
      position of the phenyl ring and is selected from halogen, a straight or
      branched alkyl group of from 1 to 6 carbon atoms, alkoxy of from 1 to 6
      carbon atoms, cycloalkyl of from 3 to 6 carbon atoms, di(lower)alkylamino,
      or a saturated monocyclic heterocyclic group selected from pyrrolidino,
      piperidino, morpholino or N-(lower)alkyl-piperazino; and pharmaceutically
      acceptable acid addition salts and individual optical isomers.
BSUM
PAC  Field of Invention
PAR  This invention relates to novel compounds and their use as antihistamine
      agents.
PAC  Background of Invention
PAR  Compounds which may be represented by the following formula are described
      as antihistamine agents, antiallergy agents and bronchodilators in Belgian
      Pat. Nos. 794,595, 794,596, 794,597 and 794,598 which correspond
      respectively to copending U.S. Application Ser. No. 221,823, filed Jan.
      28, 1972, now U.S. Pat. No. 3,806,526, 221,822 filed Jan. 28, 1972, now
      U.S. Pat. No. 3,829,433, 378,561 filed July 12, 1973 which is a
      continuation-in-part of U.S. application Ser. No. 221,821 filed Jan. 28,
      1972 now abandoned and 221,820 filed Jan. 28, 1972.
      ##SPC2##
PAL  Wherein R.sup.6 represents hydrogen or hydroxy; R.sup.7 represents
      hydrogen; or R.sup.6 and R.sup.7 taken together form a second bond between
      the carbon atoms bearing R.sup.6 and R.sup.7 ; p is an integer of from 1
      to 3; Y'  represents
      ##EQU3##
      Z' represents thienyl, phenyl or substituted phenyl wherein the
      substituent on the substituted phenyl may be attached at the ortho, meta,
      or para position of the phenyl ring and is selected from halogen, a
      straight or branched lower alkyl chain of from 1 to 4 carbon atoms, a
      lower alkoxy group of from 1 to 4 carbon atoms, di(lower) alkylamino, or a
      saturated monocyclic heterocyclic group such as pyrrolidino, piperidino,
      morpholino or N-(lower)alkylpiperazino; and pharmaceutically acceptable
      acid addition salts and individual optical isomers.
PAR  Additionally compounds of the above formula wherein Y' is
      ##EQU4##
      or
      ##EQU5##
      and Z' is naphthyl or substituted phenyl wherein the substituent on the
      substituted phenyl is straight or branched alkyl of 5 or 6 carbon atoms,
      alkoxy of 5 or 6 carbon atoms, or cycloalkyl of 3 to 6 carbon atoms
      attached at the orhto, meta, or para position of the phenyl ring are
      disclosed as antihistamine agents, antiallergy agents and bronchodilators
      in copending U.S. application Ser. No. 440,855, filed Feb. 8, 1974 and
      Ser. No. 440,856, filed Feb. 8, 1974.
PAR  The compounds of the present invention are distinguishable over the
      above-cited U.S. applications in that the alkylene chain between the
      piperidine ring and the functional group as represented by Y in the
      compounds of the present invention is longer, containing 4 or 5 carbon
      atoms, resulting in compounds with unexpected superior utility.
PAC  Summary of Invention
PAR  The novel substituted piperidine derivatives of this invention are useful
      as antihistamines, antiallergy agents and bronchodilators and are
      represented by the formula
      ##SPC3##
PAL  wherein R represents hydrogen or hydroxy; R.sup.1 represents hydrogen; or R
      and R.sup.1 taken together form a second bond between the carbon atoms
      bearing R and R.sup.1 ; n is the integer 4 or 5; Y represents
      ##EQU6##
      Z represents phenyl or a substituted phenyl ring wherein the substituent
      on the substituted phenyl ring is attached at the ortho, meta or para
      position of the phenyl ring and is selected from halogen, a straight or
      branched alkyl group of from 1 to 6 carbon atoms, an alkoxy group of from
      1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6 carbon atoms, a
      di(lower)alkylamino group, or a saturated monocyclic heterocyclic group
      selected from pyrrolidino, piperidino, morpholino, or
      N-(lower)alkylpiperazino. Pharmaceutically acceptable acid addition salts
      and individual optical isomers of compounds of Formula I are also included
      in the scope of this invention.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Compounds of this invention are 4-substituted-piperidinoalkanone
      derivatives, 4-substituted-piperidinoalkanone oxime derivatives, or
      4-substituted piperidinoalkanol derivatives as further represented by the
      following respective Formulas II to IV.
      ##SPC4##
PAL  In the above Formulas II to IV the substituent groups as represented by R,
      R.sup.1, n and Z have the meanings defined in Formula I.
PAR  The substituent on the substituted phenyl ring as represented by Z in
      Formulas I to IV may be attached at the ortho, meta, or para position of
      the phenyl ring and is selected from halogen, for example, chlorine,
      fluorine, bromine, iodine, preferably chlorine or fluorine; a straight or
      branched alkyl group of from 1 to 6 carbon atoms, for example, methyl,
      ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl,
      neopentyl, and n-hexyl; an alkoxy group of from 1 to 6 carbon atoms, for
      example, methoxy, ethoxy, propoxy, butoxy, pentoxy, and hexyloxy; a
      cycloalkyl group of from 3 to 6 carbon atoms, for example, cyclopropyl,
      cyclobutyl, cyclopentyl, and cyclohexyl; di(lower)alkylamaino wherein the
      (lower)alkyl contains from 1 to 4 carbon atoms and may be straight or
      branched, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl and
      tert-butyl; or a saturated monocyclic heterocyclic group such as
      pyrrolidino, pipereidino, morpholino or N-(lower)alkylpiperazino wherein
      the (lower)alkyl group contains from 1 to 4 carbon atoms and may be
      straight or branched, for example, methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, and tert-butyl.
PAR  Preferred compounds of this invention are those wherein Y is
      ##EQU7##
      and of these compounds those wherein R is hydroxy or R and R.sup.1 taken
      together form a second bond between the carbon atoms bearing R and R.sup.1
      are more preferred.
PAR  This invention also includes the pharmaceutically acceptable acid addition
      salts of the compounds of the hereinbefore set forth formulas, optical
      isomers and salts thereof. Pharmaceutically acceptable acid addition salts
      of the compounds of this invention are those of any suitable inorganic or
      organic acid. Illustrative examples of suitable inorganic acids are
      hydrochloric, hydrobromic, sulphuric, and phosphoric acids. Illustrative
      examples of suitable organic acids include carboxylic acids, such as,
      acetic, propionic, glycolic, lactic, pyruvic, malonic, succinic, fumaric,
      malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, and
      dihydroxymaleic, benzoic, phenylacetic, 4-aminobenzoic, 4-hydroxybenzoic,
      anthranilic, cinnamic, salicylic, 4-aminosalicylic, 2-phenoxybenzoic,
      2-acetoxybenzoic, and mandelic acid; and sulfonic acids, such as,
      methanesulfonic, ethanesulfonic, and .beta.-hydroxyethanesulfonic acid.
PAR  Illustrative examples of compounds of this invention are
      4-(.alpha.,.alpha.-diphenylmethyl)-.alpha.-(p-N-methylpiperazinophenyl)-1-
     piperidinehexanol,
      4-(.alpha.,.alpha.-diphenylmethylene)-.alpha.-(p-cyclobutylphenyl)-1-piper
     idinepentanol,
      4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-.alpha.-(p-ethoxyphenyl)-1-piperi
     dinepentanol,
      4-(.alpha.,.alpha.-diphenylmethyl)-.alpha.-(p-chlorophenyl)-1-piperidinehe
     xanol,
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-bromovaleropheno
     ne, 6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]caprophenone,
      5-[4-(.alpha.,.alpha.-diphenylmethyl)piperidino]-4'-morpholinovalerophenon
     e,
      4'-dimethylamino-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprop
     henone, 6-[4-(.alpha.,.alpha.-diphenylmethyl)piperidino]caprophenone oxime,
      5-[4-(.alpha.,
      .alpha.-diphenylmethylene)piperidino]-4'-isopropylvalerophenone oxime,
      4'-ethyl-6-[4-(.alpha.
      -hydroxy-.alpha.-phenylbenzyl)piperidino]caprophenone, 6-[4-(.alpha.
      -hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-neopentylcaprophenone,
      5-[4-(.alpha.,.alpha.-diphenylmethyl)piperidino]-4'-hexyloxyvalerophenone,
      and
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-piperidinovalero
     phenone.
PAR  The novel compounds of this invention are useful as antihistamines,
      antiallergy agents and bronchodilators, and are further characterized by
      minimal central nervous system stimulant and depressant effects which are
      commonly found in commercial antihistamines. The compounds may be
      administered alone or with suitable pharmaceutical carriers to warm
      blooded animals, mammals such as felines, canines, porcine, bovine,
      equine, and humans and can be in solid or liquid form such as, for example
      tablets, capsules, powders, solutions, suspensions, or emulsions.
PAR  The compounds of this invention can be administered orally, parenterally,
      for example, subcutaneously, intravenously, intramuscularly,
      intraperitoneally, by intranasal instillation or by application to mucous
      membranes such as that of the nose, throat, and bronchial tubes, for
      example, in an aerosol spray containing small particles of a compound of
      this invention in a spray or dry powder form.
PAR  The quantity of novel compounds administered will vary. Depending on the
      patient and the mode of administration, the quantity of novel compound
      administered may vary over a wide range to provide in a unit dosage of
      from about 0.01 to 15 milligrams per kilogram of body weight of the
      patient per dose to achieve the desired effect. For example the desired
      antihistamine, antiallergy and bronchodilator effects can be obtained by
      consumption of a unit dosage form such as, for example, a tablet
      containing 1 to 40 milligrams of a novel compound of this invention taken
      1 to 4 times daily.
PAR  The solid unit dosage forms can be of the conventional type. Thus, the
      solid form can be a capsule which can be of the ordinary gelatin type
      containing a novel compound of this invention and a carrier, for example,
      lubricant and inert fillers such as lactose, sucrose, corn starch, and the
      like. In another embodiment, the novel compounds are tabletted with
      conventional tablet bases such as lactose, sucrose, corn starch, and the
      like in combination with binders such as acacia, corn starch or gelatin,
      disintegrating agents such as corn starch, potato starch, or alginic acid,
      and a lubricant such as stearic acid, or magnesium stearate.
PAR  The novel compounds may also be administered as injectable dosages by
      solution or suspension of the compounds in a physiologically acceptable
      diluent with a pharmaceutical carrier which can be a sterile liquid such
      as water and/or oils, with or without the addition of a surfactant and
      other pharmaceutically acceptable adjuvants. Illustrative of oils there
      can be mentioned those of petroleum, animal, vegetable or synthetic
      origin, for example, peanut oil, soybean oil, mineral oil, and the like.
      Water, saline, aqueous dextrose, and related sugar solutions, ethanols and
      glycols such as propylene glycol or polyethylene glycol are illustrative
      of liquid carriers for injectable solutions.
PAR  For use as aerosols the novel compounds in solution or suspension may be
      packaged in a pressurized aerosol container together with a gaseous or
      liquified propellant, for example, dichlorodifluoromethane,
      dichlrodifluoromethane with dichlorodifluoroethane, carbon dioxide,
      nitrogen, propane, etc. with the usual adjuvants such as co-solvents, and
      wetting agents, as may be necessary or desirable. The compounds may also
      be administered in a non-pressurized form such as in a nebulizer or
      atomizer.
PAR  The compounds of this invention possess unexpected superior utility as
      antihistamine agents compared to the corresponding lower homologs. To
      illustrate the utility of the compounds of this invention the following
      tabulation indicates the amount of certain representative compounds of
      this invention required to reduce by 50% wheals induced by intradermal
      injection of 1.gamma. of histamine into guinea pigs as compared to the
      direct lower homolog. Each compound was orally administered one hour prior
      to the histamine injection.
     Compound of invention ED.sub.50 mg/kg                                     
     ______________________________________                                    
     4'-fluoro-5-[4-(.alpha.-hydroxy-                                          
     .alpha.-phenylbenzyl)piperidino]-                                         
     valerophenone hydrochloride                                               
                           0.8                                                 
     5-[4-(.alpha.-hydroxy-.alpha.-phenyl-                                     
     benzyl)piperidino]valero-                                                 
     phenone hydrochloride 0.7                                                 
     Lower homologs                                                            
     4'-fluoro-4-[4-(.alpha.-hydroxy-                                          
     .alpha.-phenylbenzyl)piperidino]-                                         
     butyrophenone hydrochloride                                               
                           3.5                                                 
     4-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-                              
     piperidino]butyrophenone hydro-                                           
     chloride              6.1                                                 
     ______________________________________                                    
PAR  The compounds of this invention may be prepared by several methods, and
      some of the compounds of this invention are used to prepare other
      compounds of the invention as will be apparent from the following.
PAR  The compounds of Formula I wherein Y represents
      ##EQU8##
      may be prepared by reacting a 4-substituted piperidine, compound 1, with
      an .omega.-haloalkyl aryl ketone, compound 2, as indicated by the
      following:
      ##SPC5##
PAL  In the above reaction halo represents a reactive halogen atom, and R,
      R.sup.1, n, and Z have the meanings defined in general Formula I.
PAR  The above reaction is carried out in alcoholic solvents, such as, methanol,
      ethanol, isopropyl alcohol, and n-butanol; in ketone solvents, such as,
      butanone, and methyl isobutyl ketone; in hydrocarbon solvents such as
      benzene and toluene; or in halogenated hydrocarbons, such as,
      chlorobenzene; in the presence of an inorganic base such as sodium
      bicarbonate or potassium carbonate, or in the presence of an organic base
      such as triethylamine, or an excess of compound 1. In some cases it may be
      desirable to add catalytic amounts of potassium iodide to the reaction
      mixture. The reaction time is usually about 48 hours, but may vary from
      about 4 to 175 hours at a temperature of from about 70.degree.C to the
      reflux temperature of the solvent.
PAR  The .omega.-haloalkyl aryl ketone derivatives, compound 2, may be prepared
      by reacting the appropriate .omega.-haloalkanoyl halide and an aromatic
      compound in the presence of aluminum choride. They may also be prepared by
      reacting a substituted phenyl Grignard reagent with an
      .omega.-haloalkanonitrile, followed by the usual work up.
PAR  The 4-diphenylmethylpiperidine and
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol starting materials as
      represented by compound 1 wherein R is hydrogen or hydroxy, and R.sup.1 is
      hydrogen are commercially available. 4-Diphenylmethylenepiperidine as
      represented by compound 1 wherein R and R.sup.1  form a second bond
      between the carbon atoms bearing R and R.sup.1 may be prepared by
      dehydration of .alpha.,.alpha.-diphenyl-4-piperidinemethanol by generally
      known procedures.
PAR  The compounds of Formula I wherein Y represents
      ##EQU9##
      may also be prepared by the reaction of an appropriately 4-substituted
      1-piperidinealkanonitrile with an organometallic compound such as in an
      aryl Grignard or an aryllithium compound in a solvent such as diethyl
      ether or tetrahydrofuran followed by isolation and purification of the
      aryl 4-substituted piperidinoalkyl ketone derivative by generally known
      procedures. The nitrile derivative is obtained by the reaction of an
      appropriately subsituted piperidine compound with a haloalkylnitrile.
PAR  The compounds of Formula I wherein Y represents
      ##EQU10##
      and Z represents a substituted phenyl wherein the substituent on the
      substituted phenyl is selected from a di(lower)alkylamino group or a
      saturated monocyclic heterocyclic group and is attached at the ortho or
      para position of the phenyl ring may also be prepared from the
      corresponding halogen substituted phenyl derivative, preferably a fluoro
      derivative, using an excess of the dialkylamine or the heterocyclic amine.
      When volatile amines are employed the amine may be bubbled through a
      solution of the halogen substituted phenyl derivative in dimethylsulfoxide
      at about 100.degree.C for about 4 to 8 hours. When higher boiling amines
      are employed such as, for example, piperidine, excess amounts of the amine
      are used as base, reactant, and solvent for the reaction which is carried
      out at the reflux temperature of the amine for about 4 to 24 hours.
PAR  The compounds of general Formula I wherein Y represents
      ##EQU11##
      may be prepared by the addition of a hydroxylamine salt to the
      corresponding aryl 4-substituted-piperidinoalkyl ketone, that is,
      compounds of general Formula I wherein Y represents
      ##EQU12##
      as represented by the following:
      ##SPC6##
PAL  In the above reaction R, R.sup.1, n and Z have the meanings defined in
      general Formula I, and NH.sub.2 OH.X represents an acid addition salt of
      hydroxylamine.
PAR  The above reaction may be carried out in lower alcoholic solvents or water,
      or a combination of a lower alcoholic solvent and water in the presence of
      a mineral base such as sodium hydroxide, potassium hydroxide, or sodium
      acetate, or an organic base such as pyridine. The reaction time varies
      from about 1 to 8 hours, and the reaction temperature varies up to
      100.degree.C. Depending on the amount of base used, the strength of the
      base used and/or the method employed to isolate the product as represented
      by Formula III, the product is obtained as the free base or the acid
      addition salt as is exemplified in the specific examples.
PAR  The compounds of general Formula I wherein Y represents
      ##EQU13##
      may be prepared by reducing the corresponding aryl
      4-substituted-piperidinoalkyl ketone, that is, compounds of general
      Formula I wherein Y represents
      ##EQU14##
      as illustrated below:
      ##SPC7##
PAL  In the above reaction R, R.sup.1, n and Z have the meanings defined in
      general Formula I.
PAR  Preferred reducing agents such as sodium borohydride may be employed in the
      above reaction using a lower alcohol solvent such as methanol, isopropyl
      alcohol, and tertbutanol. The reaction is carried out at temperatures
      ranging from about 0.degree.C to the reflux temperature of the solvent,
      and the reaction time varies from about 0.5 to about 8 hours. Other
      hydrides as reducing agents such as lithium aluminum hydride and diborane
      may also be used in an appropriate solvent such as diethyl ether.
PAR  This reaction may also be achieved by catalytic reduction using Raney
      nickel, palladium, platinum or rhodium catalysts in lower alcohol
      solvents, acetic acid, or their aqueous mixtures, or by aluminum
      isopropoxide in isopropanol.
PAR  The aryl 4-substituted-piperidinoalkyl ketone derivatives as represented by
      Formula II in the above two reactions may be prepared by methods described
      hereinbefore.
PAR  The optical isomers of the compounds of this invention may be separated by
      using a (+) or (-) binaphthylphosphoric acid derivative or a salt of said
      derivative and an assymetric base by the method described by R. Viterbo et
      al., in Tetrahedron Letters No. 48, pp. 4617-4620 (1971).
DETD
PAC  EXAMPLE 1
PAC  4'-tert-Butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerop
     henone hydrochloride
PAR  A mixture of 32.0 g (0.12 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 38.0 g (0.15 mole) of
      4'-tert-butyl-5-chlorovalerophenone, 27.8 g (0.2 mole) of potassium
      bicarbonate, and 200 mg of potassium iodide in about 500 ml of toluene is
      stirred and refluxed for 142 hours then filtered while hot. About 50 ml of
      ether is added to the filtrate which is then made acidic using ethereal
      HCl. The resulting precipitate is recrystallized from methanol-butanone to
      give
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride, M.P. 209.5.degree.-211.degree.C.
PAC  EXAMPLE 2
PAC  4'-Fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valeropheno
     ne hydrochloride
PAR  A mixture of 19.3 g (0.07 mole) of .alpha.,.alpha.
      -diphenyl-4-piperidinemethanol, 17.1 g (0.08 mole) of
      5-chloro-4'-fluorovalerophenone, 20.0 g (0.2 mole) of potassium
      bicarbonate, and 0.1 g of potassium iodide in 250 ml of toluene and 35 ml
      of water is stirred on a steam bath for 70 hours. The organic layer is
      separated and combined with two 50 ml toluene extracts of the aqueous
      layer. The combined organic material is washed with water and saturated
      sodium chloride solution, dried over magnesium sulfate and filtered. The
      filtrate is diluted with about 200 ml of ether then made acidic with
      ethereal HCl. The resulting precipitate is recrystallized from
      methanol-butanone to give
      4'-fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophen
     one hydrochloride, M.P. 177.degree.-179.degree.C.
PAC  EXAMPLE 3
PAC  5-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxyvalerophen
     one hydrochloride
PAR  A mixture of 41.5 g (0.15 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 38.6 g (0.17 mole) of
      5-chloro-4'-methoxyvalerophenone, 30 g of potassium bicarbonate, and 0.19
      g of potassium iodide in 500 ml of toluene and 70 ml of water is stirred
      and refluxed for 136 hours. The organic layer is separated and combined
      with toluene extracts of the aqueous layer. The combined organic material
      is washed with water and saturated sodium chloride solution, dried over
      magnesium sulfate and filtered. The filtrate is diluted with ether and
      made acidic with ethereal HCl. The resulting precipitate is recrystallized
      from methanol-butanone to give
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxyvalerophe
     none hydrochloride, M.P. 211.degree.-213.degree.C.
PAC  EXAMPLE 4
PAC  5-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]valerophenone
      hydrochloride
PAR  A mixture of 27.6 g (0.1 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 21.6 g (0.11 mole) of
      5-chlorovalerophenone, 20 g of potassium bicarbonate, and 0.1 g of
      potassium iodide in 300 ml of toluene and 25 ml of water is stirred and
      refluxed for 136 hours then worked up by the procedure described in
      Examples 2 and 3 to give
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophenone
      hydrochloride, M.P. 162.degree.-164.degree.C.
PAC  EXAMPLE 5
PAC  4'-tert-Butyl-6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]caproph
     enone hydrochloride
PAR  A mixture of 22.4 g (0.08 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 23.8 g (0.09 mole) of
      4'-tert-butyl-6-chlorocaprophenone, 20 g (0.2 mole) of potassium
      bicarbonate, 0.1 g of potassium iodide in 300 ml of toluene and 45 ml of
      water is stirred on a steam bath for about 96 hours after which the
      organic layer is separated and combined with toluene extracts of the
      aqueous layer. The combined organic material is washed with water and
      saturated sodium chloride solution, dried over magnesium sulfate, and
      filtered. The filtrate is diluted with ether and made acidic with ethereal
      HCl. The resulting precipitate is recrystallized from methanol-butanone to
      give
      4'-tert-butyl-6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]caprop
     henone hydrochloride.
PAC  EXAMPLE 6
PAC  4'-tert-Butyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]capropheno
     ne hydrochloride
PAR  A mixture of 20.0 g (0.08 mole) of
      4-(.alpha.,.alpha.-diphenylmethylene)piperidine, 23.8 g (0.09 mole) of
      4'-tert-butyl-6-chlorocaprophenone, 20 g of potassium carbonate, and 0.1 g
      of potassium iodide in 300 ml of toluene and 45 ml of water is stirred on
      a steam bath for about 96 hours and worked up by the procedure described
      in Example 5 to give
      4'-tert-butyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophen
     one hydrochloride.
PAC  EXAMPLE 7
PAC  6-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxycapropheno
     ne hydrochloride
PAR  A mixture of 27.6 g (0.1 mole) of
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol, 26.5 g (0.11 mole) of
      6-chloro-4'-methoxycaprophenone, 20 g of potassium bicarbonate, and 0.1 g
      of potassium iodide in 300 ml of toluene and 45 ml of water is stirred on
      a steam bath for about 82 hours then worked up by the procedure described
      in Example 5 to give
      6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxycaprophen
     one hydrochloride.
PAC  EXAMPLE 8
PAR  When in the procedure of Example 2 appropriate amounts of the 4-substituted
      piperidine and haloalkyl aryl ketone each listed below are substituted
      respectively for .alpha.,.alpha.-diphenyl-4-piperidinemethanol and
      5-chloro-4'-fluorovalerophenone, the respective products listed below are
      obtained.
TBL  __________________________________________________________________________
     4-Substituted piperidine                                                  
                         Alkyl aryl ketone    Product                          
     __________________________________________________________________________
     4-(.alpha.,.alpha.-diphenylmethyl)piperidine                              
                         5-chloro-4'-methylvalerophenone                       
                                              5-[4-(.alpha.,.alpha.-diphenylmet
                                              hyl)piperi-                      
                                              dino]-4'-methylvalerophenone     
                                              hydrochloride                    
     4-(.alpha.,.alpha.-diphenylmethyl)piperidine                              
                         6-chloro-4'-n-pentoxycapro-                           
                                              6-[4-(.alpha.,.alpha.-diphenylmet
                                              hyl)piperi-                      
                         phenone              dino]-4'-n-pentoxycaprophenone   
                                              hydrochloride                    
     4-(.alpha.,.alpha.-diphenylmethylene)-                                    
                         5-chloro-4'-dimethylaminoval-                         
                                              4'-dimethylamino-5-[4-(.alpha..al
                                              pha.-diphen-                     
     piperidine          erophenone           ylmethylene)piperidino]valerophen
                                              -                                
                                              one dihydrochloride              
     .alpha.,.alpha.-diphenyl-4-piperidine-                                    
                         6-chloro-4'-piperidinocapro-                          
                                              6-[4-(.alpha.-hydroxy-.alpha.-phe
                                              nylbenzyl)-                      
     methanol            phenone              piperidino]-4'-piperidinocapro-  
                                              phenone dihydrochloride          
     __________________________________________________________________________
PAC  EXAMPLE 9
PAC  .alpha.-(p-tert-Butylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-pip
     eridinepentanol
PAR  A. To 62.3 g (0.12 mole) of
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride dissolved in about 1200 ml of methanol is added
      methanolic potassium hydroxide until the solution is basic. The solution
      is cooled in an ice bath with stirring and 5 g (0.13 mole) of sodium
      borohydride is added portionwise. The mixture is stirred an additional
      half hour, allowed to warm to room temperature then heated on a steam bath
      for half an hour. The solvent is removed at reduced pressure and the
      remaining residue is washed with water and recrystallized from acetone to
      give
      .alpha.-(p-tert-butylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-pi
     peridine-pentanol.
PAR  B. The title compound may also be prepared by reducing the corresponding
      valerophenone derivative dissolved in methanol at 2 atmospheres of
      hydrogen pressure in the presence of rhodium on charcoal catalyst for
      about 3 hours. Following the reduction reaction the catalyst is removed by
      filtration, and the remaining material is concentrated to a solid which is
      purified by recrystallization to give
      .alpha.-(p-tert-butylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-pi
     peridinepentanol as the hydrochloride.
PAC  EXAMPLE 10
PAR  When in the procedure of Example 9 an appropriate amount of the compounds
      of Examples 2 through 8 is respectively substituted for
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride,
PAL  the following compounds are obtained.
PA1  .alpha.-(p-fluorophenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-piperid
     inepentanol,
PA1  .alpha.-(p-anisyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-piperidinepen
     tanol,
PA1  4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-piperidinepentanol,
PA1  .alpha.-(p-tert-butylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-pip
     eridinehexanol,
PA1  .alpha.-(p-tert-butylphenyl)-4-(.alpha.,.alpha.-diphenylmethylene)-1-piperi
     dinehexanol,
PA1  .alpha.-(p-anisyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-piperidinehex
     anol,
PA1  4-(.alpha.,.alpha.-diphenylmethyl)-.alpha.-(p-tolyl)-1-piperidinepentanol,
PA1  4-(.alpha.,.alpha.-diphenylmethyl).alpha.-(p-n-pentoxyphenyl)-1-piperidineh
     exanol,
PA1  .alpha.-(p-dimethylaminophenyl)-4-(.alpha.,.alpha.-diphenylmethylene)-1-pip
     eridinepentanol, and
PA1  4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-.alpha.-(p-piperidinophenyl)-1-pip
     eridinehexanol.
PAC  EXAMPLE 11
PAC  4'-tert-Butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerop
     henone oxime hydrochloride
PAR  A mixture of 15 g (0.028 mole) of
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride and 15 g of hydroxylamine hydrochloride in 120 ml of
      pyridine in heated on a steam bath for about 5 hours after which the
      pyridine is removed at reduced pressure. The remaining residue is
      dissolved in methanol and added to excess iced 10% HCl. The resulting
      solid is filtered, washed with water, and recrystallized from isopropyl
      alcohol to give
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone oxime hydrochloride.
PAC  EXAMPLE 12
PAC  4'-Fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valeropheno
     ne oxime
PAR  A mixture of 15 g (0.033 mole) of
      4'-fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophen
     one hydrochloride and 15 g of hydroxylamine hydrochloride in 120 ml of
      pyridine is stirred on a steam bath for about 4 hours then cooled to room
      temperature. The pyridine is removed at reduced pressure on a steam bath,
      and the residue is triturated with a dilute sodium hydroxide solution and
      extracted with chloroform. The chloroform extract is washed with water,
      dried over magnesium sulfate, filtered and concentrated to a residue which
      is triturated with hexane. The resulting solid is filtered off and
      recrystallized from ethanol to give
      4'-fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophen
     one oxime.
PAC  EXAMPLE 13
PAR  When in the procedure of Example 11 an appropriate amount of the compounds
      of Examples 3 to 8 is respectively substituted for
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride, the following compounds are obtained:
PA1  5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxyvalerophen
     one oxime hydrochloride,
PA1  5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophenone oxime
      hydrochloride,
PA1  4'-tert-butyl-6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]
      caprophenone oxime hydrochloride,
PA1  4'-tert-butyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]capropheno
     ne oxime hydrochloride,
PA1  6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxycapropheno
     ne oxime hydrochloride,
PA1  5-[4-(.alpha.,.alpha.-diphenylmethyl)piperidino]-4'-methylvalerophenone
      oxime hydrochloride,
PA1  6-[4-(.alpha.,.alpha.-diphenylmethyl)piperidino]-4'-n-penoxycaprophenone
      oxime hydrochloride,
PA1  4'-dimethylamino-5-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]valerop
     henone oxime dihydrochloride, and
PA1  6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-piperidinocaproph
     enone oxime dihydrochloride.
PAC  EXAMPLE 14
PAC  4'-Cyclopentyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophen
     one hydrochloride
PAR  When in the procedure of Example 2 appropriate amounts of
      4-(.alpha.,.alpha.-diphenylmethylene)piperidine and
      6-chloro-4'-cyclopentylcaprophenone are substituted resepctively for
      .alpha.,.alpha.-diphenyl-4-piperidinemethanol and
      5-chloro-4'-fluorovalerophenone,
      4'-cyclopentyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophe
     none hydrochloride is obtained.
PAC  EXAMPLE 15
PAC  .alpha.-(p-Cyclopentylphenyl)-4-(.alpha.,.alpha.-diphenylmethylene)-1-piper
     idinehexanol
PAR  When in the procedure of Example 9 (A) an appropriate amount of
      4'-cyclopentyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophe
     none hydrochloride is substituted for
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone hydrochloride, .alpha.-(p-cyclopentylphenyl)-4-(.alpha.
      ,.alpha.-diphenylmethylene)-1-piperidinehexanol is obtained.
PAC  EXAMPLE 16
PAC  5-[4-(.alpha.-Hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-piperidinovalerop
     henone
PAR  A mixture of 15.6 g (0.35 mole) of
      4'-fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophen
     one, the free base of the compound of Example 2, and a small amount of
      potassium iodide in 100 ml of piperidine is refluxed for about 22 hours.
      The unreacted piperidine is removed under vacuum, and the remaining
      residue is triturated with water. The water is decanted and the residue is
      dissolved in methanol and then added to a large amount of water. The
      resulting precipitate is dissolved in a large volume of ether, dried over
      magnesium sulfate, and filtered. The filtrate is concentrated and cooled
      yielding a product which is recrystallized from ether to give
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-piperidinovalero
     phenone.
PAC  EXAMPLE 17
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL  (a)    4'-tert-butyl-5-[4-(.alpha.-hydroxy-                               
            .alpha.-phenylbenzyl)piperidino]-                                  
            valerophenone hydrochloride                                        
                                   10 mg                                       
     (b)    talc                   5 mg                                        
     (c)    lactose                100 mg                                      
PAR  The formulation is prepared by passing the dry powders of (a) to (c)
      through a fine mesh screen and mixing them well. The powder is then filled
      into hard gelatin capsules at a net fill of 115 mg per capsule.
PAC  EXAMPLE 18
PAR  An illustrative composition for a tablet is as follows:
TBL  (a)    .alpha.-(p-tert-butylphenyl)-4-(.alpha.-                           
            hydroxy-.alpha.-phenylbenzyl)-1-                                   
            piperidinepentanol     5 mg                                        
     (b)    starch                 43 mg                                       
     (c)    lactose                60 mg                                       
     (d)    magnesium stearate     2 mg                                        
PAR  The granulation obtained upon mixing the lactose with the compound (a) and
      part of the starch and granulated with starch paste is dried, screened,
      and mixed with the magnesium stearate. The mixture is compressed into
      tablets weighing 110 mg each.
PAC  EXAMPLE 19
PAR  An illustrative composition for an aerosol solution is the following:
TBL                       Weight percent                                       
     (a)    4'-tert-butyl-5-[4-(.alpha.-                                       
            hydroxy-.alpha.-phenylbenzyl)-                                     
            piperidino]valerophenone                                           
            oxime hydrochloride 5.0                                            
     (b)    ethanol             35.0                                           
     (c)    dichlorodifluoromethane                                            
                                60.0                                           
PAL  The materials (a), (b) and (c) are packaged in 15 ml stainless steel
      containers equipped with a metering valve designed to meter 0.2 gram per
      dose, an equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 20
PAR  An illustrative composition for an aerosol suspension is the following:
TBL                       Weight percent                                       
     (a)   4'-fluoro-5-[4-(.alpha.-hydroxy-                                    
           .alpha.-phenylbenzyl)piperidino]-                                   
           valerophenone hydrochloride                                         
           (particle size &lt;10.mu.)                                             
                                20.0                                           
     (b)   sorbitan trioleate   0.5                                            
     (c)   dichlorodifluoromethane                                             
                                39.75                                          
     (d)   dichlorodifluoroethane                                              
                                39.75                                          
PAL  The materials (a) to (d) are packaged in 15 ml stainless steel containers
      equipped with a metering valve designed to meter 50 mg per dose, an
      equivalent of 10 mg of novel compound (a).
PAC  EXAMPLE 21
PAR  An illustrative composition for an injectable suspension is the following 1
      ml ampul for an intramuscular injection.
TBL  ______________________________________                                    
                          Weight percent                                       
     (a)   5-[4-(.alpha.-hydroxy-.alpha.-phenyl-                               
           benzyl)piperidino]valero-                                           
           phenone hydrochloride                                               
           (particle size &lt;10.mu.                                              
                                1.0                                            
     (b)   polyvinyl pyrrolidone                                               
           (M.W. 25000)         0.5                                            
     (c)   lecithin             0.25                                           
     (d)   water for injection to make                                         
                                100.0                                          
     ______________________________________                                    
PAL  The materials (a) to (d) are mixed, homogenized, and filled into 1 ml
      ampuls which are sealed and autoclaved 20 minutes at 121.degree.C. Each
      ampul contains 10 mg per ml of novel compound (a).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from a base of the formula
      ##SPC8##
PAL  wherein R is selected from hydrogen or hydroxy; R.sup.1 is hydrogen; or R
      and R.sup.1 taken together form a second bond between the carbon atoms
      bearing R and R.sup.1 ; n is the integer 4 or 5; Y is selected from
      ##EQU15##
      or
      ##EQU16##
      Z is selected from phenyl or a substituted phenyl ring wherein the
      substituent on the substituted phenyl ring is attached at the ortho, meta,
      or para position of the phenyl ring and is selected from halogen, a
      straight or branched alkyl group of from 1 to 6 carbon atoms, an alkoxy
      group of from 1 to 6 carbon atoms, a cycloalkyl group of from 3 to 6
      carbon atoms, a di(lower)alkylamino group, or a saturated monocyclic
      heterocyclic group selected from pyrrolidino, piperidino, morpholino, or
      N-(lower)alkylpiperazino; or a pharmaceutically acceptable acid addition
      salt thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein R is hydroxy.
NUM  3.
PAR  3. A compound of claim 2 wherein Y is
      ##EQU17##
NUM  4.
PAR  4. A compound of claim 3 which is
      4'-tert-butyl-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valero
     phenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound of claim 3 which is
      4'-fluoro-5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophen
     one or a pharmaceutically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound of claim 3 which is
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxyvalerophe
     none or a pharmaceutically acceptable acid addition salt thereof.
NUM  7.
PAR  7. A compound of claim 3 which is
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]valerophenone or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  8.
PAR  8. A compound of claim 3 which is
      4'-tert-butyl-6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]caprop
     henone or a pharmaceutically acceptable acid addition salt thereof.
NUM  9.
PAR  9. A compound of claim 3 which is
      6-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-methoxycaprophen
     one or a pharmaceutically acceptable acid addition salt thereof.
NUM  10.
PAR  10. A compound of claim 3 which is
      5-[4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)piperidino]-4'-piperidinovalero
     phenone or a pharmaceutically acceptable acid addition salt thereof.
NUM  11.
PAR  11. A compound of claim 2 wherein Y is
      ##EQU18##
NUM  12.
PAR  12. A compound of claim 11 which is
      .alpha.-(p-tertbutylphenyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-pip
     eridinepentanol or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  13.
PAR  13. A compound of claim 11 which is
      .alpha.-(p-anisyl)-4-(.alpha.-hydroxy-.alpha.-phenylbenzyl)-1-piperidinepe
     ntanol or a pharmaceutically acceptable acid addition salt thereof.
NUM  14.
PAR  14. A compound of claim 1 where R and R.sup.1 taken together form a second
      bond between the carbon atoms bearing R and R.sup.1.
NUM  15.
PAR  15. A compound of claim 14 wherein Y is
      ##EQU19##
NUM  16.
PAR  16. A compound of claim 15 which is
      4'-tert-butyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophen
     one or a pharmaceutically acceptable acid addition salt thereof.
NUM  17.
PAR  17. A compound of claim 15 which is
      4'-cyclopentyl-6-[4-(.alpha.,.alpha.-diphenylmethylene)piperidino]caprophe
     none or a pharmaceutically acceptable acid addition salt thereof.
NUM  18.
PAR  18. A compound of claim 14 wherein Y is
      ##EQU20##
NUM  19.
PAR  19. A compound of claim 18 which is
      .alpha.-(p-cyclopentylphenyl)-4-(.alpha.,.alpha.-diphenylmethylene)-1-pipe
     ridinehexanol or a pharmaceutically acceptable acid addition salt thereof.
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ABST
PAL  A 1,1'-dialkyl-4,4'-bipyridylium salt is prepared by reacting the
      corresponding 4,4'-bipyridyl with a diloweralkylsulphate in the presence
      of a mineral acid.
PARN
PAR  This is a continuation of application Ser. No. 357,655 filed May 7, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of 1,1'-dialkyl-4,4'-bipyridylium
      salts.
PAR  It is known that dialkylsulphates, for example dimethylsulphate, may be
      used as quaternising agents in the preparation of 4,4'-bipyridylium salts
      from 4,4'-bipyridyls. In the known reaction it is usual to employ at least
      the stoichiometric proportion of the dialkylsulphate for the formation of
      the alkylsulphate salt, for example in the formation of the
      dimethosulphate:
      ##SPC1##
PAL  From 4,4'-bipyridyl itself, at least 2 moles of dimethylsulphate are used
      per mole of 4,4'-bipyridyl.
PAR  The aforesaid reaction has the disadvantage that only up to half of the
      alkyl groups in the dialkylsulphate are utilised in the production of the
      1,1'-dialkyl-4,4'-bipyridylium cation.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to improve the efficiency of utilisation
      of the alkyl groups when a dialkyl sulphate is employed as quaternising
      agent. According to the present invention there is provided a method of
      preparing a 1,1'-dialkyl-4,4'-bipyridylium salt wherein a 4,4'-bipyridyl
      is treated with a dialkylsulphate in the presence of a mineral acid.
PAR  The use of a dialkylsulphate in the presence of a mineral acid leads to
      greater efficiency in the utilisation of the alkyl groups since a
      bipyridylium salt can be obtained without the wasteful incorporation of
      one alkyl group in the anion for each alkyl group introduced into the
      cation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is preferred to use sulphuric acid as the mineral acid but other mineral
      acids, for example hydrochloric acid, may be used either alone or together
      with sulphuric acid.
PAR  While it is an advantage of the process described herein that the molar
      ratio of dialkylsulphate to bipyridyl may be reduced to below the ratio of
      2/1 it will be understood that it is desirable to use at least 1 mole of
      dialkylsulphate per mole of bipyridyl (i.e. at least the stoichiometric
      proportion required for formation of the 1,1'-dialkyl-4,4'-bipyridylium
      ion). Similarly it is preferred that the total number of moles of
      dialkylsulphate and mineral acid is at least 2 moles per mole of
      bipyridyl.
PAR  If desired, the mineral acid may be introduced in the form of its salt with
      the bipyridyl.
PAR  The process is preferably carried out at a temperature of at least
      90.degree.C; it is especially preferred to use a temperature of at least
      125.degree.C, for example from 150.degree.C to 250.degree.C.
PAR  Depending upon such factors as the time and temperature of the reaction, at
      least part of the bipyridyl may be converted into a monoquaternary
      1-methyl-4-(4-pyridyl)-pyridinium salt instead of the diquaternary
      1,1'-dimethyl-4,4'-bipyridylium salt. The monoquaternary salt may be
      converted into a diquaternary salt by known methods or may be recycled to
      the quaternisation process described herein.
PAR  While the process is especially applicable to the quaternisation of
      4,4'-bipyridyl itself, quaternary salts of substituted 4,4'-bipyridyls may
      also be prepared by the process described herein, including salts of
      4,4'-bipyridyls substituted in one or both of the pyridine nuclei with one
      or more alkyl groups, especially one or more alkyl groups having 1 to 4
      carbon atoms (for example 2,2'-dimethyl-4,4'-bipyridyl and
      2,6'-dimethyl-4,4'-bipyridyl).
PAR  It is believed that at least some of the 1,1'-dialkyl-4,4'-bipyridylium
      cations in the product are associated with sulphate ions, but the nature
      of the anions may depend to some extent upon the conditions used in the
      quaternisation process, especially upon the acidity and/or the water
      content of the reaction medium.
PAR  If desired, the 1,1'-di-alkyl-4,4'-bipyridylium salt may be separated from
      the reaction products by known methods. In general, however, the
      bipyridylium salts are obtained in a form which requires little treatment
      before they are suitable for use as herbicides. Thus in many cases the
      product mixture may require no more than some dilution with water (and
      possibly adjustment of pH) before it is ready for application. Other
      ingredients, for example corrosion inhibitors and surface-active agents
      may also be incorporated in the solution if desired.
PAR  The invention is illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  A mixture of 4,4'-bipyridyl, concentrated sulphuric acid and
      dimethylsulphate, containing 1.0 mole of sulphuric acid and 1.0 mole of
      dimethylsulphate per mole of bipyridyl, was heated in a sealed tube at
      200.degree.C for 4 hours. After cooling, the product was dissolved in
      water and analysed colorimetrically and polarographically.
PAR  The conversion of 4,4'-bipyridyl into 1,1'-dimethyl-4,4'-bipyridylium ion
      was 77% and the conversion into 1-methyl-4-(4-pyridyl)-pyridinium ion was
      23%.
PAC  EXAMPLE 2
PAR  A mixture of 4,4'-bipyridyl (10.0g, 0.064 mole), dimethylsulphate (6.1 ml,
      8.1g, 0.064 mole), and concentrated hydrochloric acid (5.6 ml, 6.6g, 0.064
      mole) was heated under autogeneous pressure in a sealed tube at
      200.degree.C for 2 hours. At the end of the reaction the contents of the
      tube were washed out with a little water and analysed colorimetrically and
      polarographically.
PAR  The conversion of 4,4'-bipyridyl into 1,1'-dimethyl-4,4'-bipyridylium ion
      was 65% and the conversion into 1-methyl-4-(4-pyridyl)-pyridinium ion was
      31%.
PAC  EXAMPLE 3
PAR  A mixture of 4,4'-bipyridyl (5.0g, 0.032 mole), diemthylsulphate (3.05 ml,
      4.05g, 0.032 mole), concentrated hydrochloric acid (2.8 ml, 3.3g, 0.032
      mole), and water (5.0 ml) was heated under autogeneous pressure in a
      sealed tube at 200.degree.C for 2 hours. At the end of the reaction the
      contents of the tube were washed out with water and analysed
      colorimetrically.
PAR  The conversion of 4,4'-bipyridyl into 1,1'-dimethyl-4,4'-bipyridylium ion
      was 84%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing a 1,1'-diloweralkyl-4,4'-bipyridylium salt by
      reacting the corresponding 4,4'-bipyridyl with a diloweralkylsulphate, the
      improvement which comprises carrying out the said reaction in the presence
      of a mineral acid.
NUM  2.
PAR  2. A method according to claim 1 wherein the mineral acid is sulphuric
      acid.
NUM  3.
PAR  3. A method according to claim 1 wherein the reaction is carried out at a
      temperature in the range 90.degree.C to 250.degree.C.
NUM  4.
PAR  4. A method according to claim 1 wherein the 4,4'-bipyridyl is
      4,4'-bipyridyl itself.
NUM  5.
PAR  5. A method according to claim 1 wherein the total number of moles of
      diloweralkylsulphate and mineral acid is at least 2 moles per mole of the
      4,4'-bipyridyl.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein X is aliphatic, cycloaliphatic, aromatic, aralkyl, hetaryl,
      hetarylalkyl or hydrogen; Y is aliphatic, aromatic, aralkyl, --COOR.sub.1,
      --COR.sub.2,
      ##EQU1##
      --SO.sub.2 R.sub.2,
      ##EQU2##
      --CN, --NH.sub.2, --NO, --NO.sub.2 or hydrogen with the proviso that when
      Y is hydrogen, X is other than hydrogen; Z.sub.1 is cyano,
      ##EQU3##
      --NH--OR.sub.10,
      ##EQU4##
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12 and Z.sub.2 is chlorine,
      bromine, cyano, hydroxy, mercapto, --OR.sub.12, --SR.sub.12, --SO.sub.2
      R.sub.12,
      ##EQU5##
      --NH--OR.sub.10 or
      ##EQU6##
      R.sub.1 is aliphatic; R.sub.2 is aliphatic, cycloaliphatic, aromatic,
      aralkyl or heterocyclic; R.sub.3 and R.sub.4 when taken separately are
      hydrogen, aliphatic, cycloaliphatic, aromatic or aralkyl; R.sub.3 and
      R.sub.4 when taken together with the nitrogen atom to which they are
      attached form a heterocyclic moiety; R.sub.5 and R.sub.6 when taken
      separately are aliphatic, aromatic, aralkyl, heterocyclic or hydrogen;
      R.sub.5 and R.sub.6 when taken together with the nitrogen atom to which
      they are attached are heterocyclic; R.sub.7 is hydrogen, aliphatic or
      aromatic; R.sub.8 and R.sub.9 are aliphatic or aromatic, R.sub.10 is
      hydrogen, aliphatic or aralkyl, R.sub.11 is aliphatic and R.sub.12 is
      aliphatic, aromatic or aralkyl; R.sub.10 and R.sub.11 when taken together
      with the nitrogen atom to which they are attached are heterocyclic.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 372,024 filed June
      21, 1973.
BSUM
PAR  This invention relates to compounds of the formula
      ##SPC2##
PAL  Wherein X is alkyl having one to six carbon atoms, alkenyl having two to
      six carbon atoms, cycloalkyl having three to eight carbon atoms,
      heteroaryl having four to seven carbon atoms and containing one or two
      heteroatoms selected from the group of O, N and S, phenyl, benzyl,
      phenethyl, one of said radicals substituted as hereinafter defined or
      hydrogen; Y is alkyl having one to six carbon atoms, alkenyl having two to
      six carbon atoms, cycloalkyl having three to eight carbon atoms, phenyl,
      benzyl, phenethyl, one of said radicals substituted as hereinafter
      defined, --COOR.sub.1, --COR.sub.2,
      ##EQU7##
      --SO.sub.2 R.sub.2,
      ##EQU8##
      --CN, --NH.sub.2, --NO, --NO.sub.2 or hydrogen with the proviso that when
      Y is hydrogen, X is other than hydrogen; Z.sub.1 is cyano,
      ##EQU9##
      --NH--OR.sub.10,
      ##EQU10##
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12 and Z.sub.2 is chlorine,
      bromine, cyano, hydroxy, mercapto, --OR.sub.12, --SR.sub.12, --SO.sub.2
      R.sub.12,
      ##EQU11##
      --NH--OR.sub.10 or
      ##EQU12##
      R.sub.1 is alkyl having one to six carbon atoms, alkenyl having two to six
      carbon atoms or one of said radicals substituted as hereinafter defined;
      R.sub.2 is alkyl having one to six carbon atoms, alkenyl having two to six
      carbon atoms, cycloalkyl having three to eight carbon atoms, phenyl,
      benzyl, phenethyl, pyridyl, thiazolyl, benzothiazolyl, imidazolyl,
      benzimidazolyl, thienyl, furyl or pyrrolyl, one of said radicals
      substituted as hereinafter defined; R.sub.3 and R.sub.4, when taken
      separately, are alkyl having one to six carbon atoms, cycloalkyl having
      three to eight carbon atoms, phenyl, benzyl, phenethyl, one of said
      radicals substituted as hereinafter defined or hydrogen; R.sub.3 and
      R.sub.4, when taken together with the nitrogen atom to which they are
      attached, form a piperidino, piperazino, morpholino, or ethyleneimino
      radical; R.sub.5 and R.sub.6, when taken separately, are alkyl having one
      to six carbon atoms, cycloalkyl having three to eight carbon atoms, phenyl
      benzyl, phenethyl, pyridyl, thi-azolyl, benzothiazolyl, imidazolyl,
      bemzimidazolyl, pyrrolyl, one of said radicals substituted as hereinafter
      defined or hydrogen; R.sub.5 and R.sub.6 when taken together with the
      nitrogen atom to which they are attached, form a piperidino, piperazino,
      morpholino or ethyleneimino radical; R.sub.7 is hydrogen, alkyl having one
      to six carbon atoms, phenyl or phenyl substituted as hereinafter defined;
      R.sub.8 and R.sub.9 are alkyl having one to six carbon atoms, phenyl or
      phenyl substituted as hereinafter defined; R.sub.10 is alkyl having one to
      six carbon atoms, benzyl, phenethyl, one of said groups substituted as
      hereinafter defined or hydrogen; R.sub.11 is alkyl having one to six
      carbon atoms or said alkyl substituted as hereinafter defined; R.sub.12 is
      alkyl having one to six carbon atoms, alkenyl having two to six carbon
      atoms, cycloalkyl having three to eight carbon atoms, phenyl, benzyl,
      phenethyl or one of said radicals substituted as hereinafter defined; the
      substituents for substituted alkyl or alkenyl radicals specified
      hereinabove being selected from the group consisting of cyano, hydroxy,
      acetoxy, phenoxyacetoxy, alkoxy having one to two carbon atoms, phenoxy,
      monoalkylamino having one to four carbon atoms, dialkylamino having one to
      four carbon atoms in each alkyl moiety, N-ethylcarbamoyloxy,
      N-methylcarbamoyloxy, N-phenylcarbamoyloxy, acetylamino, benzoylamino,
      heteroaryl having four to seven carbon atoms and containing one or two
      heteroatoms selected from the group of O, N and S, and
      ##EQU13##
      wherein Z constitutes the atoms completing a morpholino, piperidino,
      piperazino, N-methyl-piperazino or cyclopentamethyleneimino group and the
      substituents for the substituted cycloalkyl, phenyl, benzyl, phenethyl and
      heterocyclic radicals specified hereinabove being selected from the group
      consisting of bromine, chlorine, cyano, alkyl having one to three carbon
      atoms and alkoxy having one to two carbon atoms. The above-mentioned
      heteroaryl residues having four to seven carbon atoms may be pyridyl,
      thiazolyl, benzthiazolyl, imidazolyl, benzimidazolyl, thienyl, furyl or
      pyrrolyl groups.
PAR  The starting materials for the preparation of the novel compounds of
      formula I are 2,6-dihydroxypyridine derivatives of the formula:
      ##SPC3##
PAL  wherein X and Y have the above-stated meaning. These starting compounds may
      be prepared in a known manner analogous to the method described by Bobbitt
      and Scola, Journ. of Org. Chem. 25, 560, by the condensation of
      correspondingly substituted acetic acid amides with correspondingly
      substituted .beta.-ketocarboxylic acid esters. They may also be prepared
      in accordance with various other processes, as described for example in
      the monograph "Heterocyclic Compounds Pyridine and its Derivatives Part.
      3" by Klingsberg. This monograph has appeared in the frame of the series
      published by Arnold Weissberger "The Chemistry of Heterocyclic
      Components," Interscience Publishers. The 2,6-dihydroxypyridine
      derivatives of formula II, according to Bobbitt and Scola, ibid., are
      converted by means of phosphoroxychloride or analogously by means of
      phosphoroxybromide at 180.degree.C. into the corresponding 2,6-dichloro or
      2,6-dibromopyridine derivatives of formula III:
      ##SPC4##
PAL  wherein X and Y have the above-stated meanings and Hal is bromine or
      preferably chlorine.
PAR  For the preparation of compounds of formula I, wherein Z.sub.2 stands for
      chlorine or bromine and to which formula Ia then pertains, a compound of
      formula III is reacted with a compound of formula IV in accordance with
      the reaction:
      ##SPC5##
PAL  Q in this instance is hydrogen or a metal, preferably an alkali metal such
      as sodium or potassium. In the event that Z.sub.1 stands for --SO.sub.2
      R.sub.12, zinc is especially preferred.
PAR  Reaction (1) is carried out in equimolar ratio at temperatures of
      20.degree.-100.degree.C. in a suitable inert solvent. The exchange of the
      chlorine or bromine atom in the 6-position is ascertained by analysis of
      the NMR absorption of the obtained compounds of formula Ia.
PAR  To the extent that in formula IV, Z.sub.1 stands for the radicals:
      ##EQU14##
      --NH--OR.sub.10 or
      ##EQU15##
      hydrogen is appropriately selected for Q, i.e., in the reaction equation
      (1) formula IV then stands for the compounds
      ##EQU16##
      H.sub.2 NOR.sub.10 or
      ##EQU17##
      In this instance, the reaction is carried out in accordance with reaction
      equation (1), preferably in the temperature range of 20.degree. to
      50.degree.C. and as suitable inert solvents, alkanols with a chain length
      of one to four carbon atoms are preferably used. In those instances where
      the physical properties are appropriate, an excess of one of the reaction
      constituents may also serve as the solvent.
PAR  To the extent that in formula IV, Z.sub.1 stands for cyano or for
      --SO.sub.2 R.sub.12, a metal is appropriately selected for Q, preferably
      an alkali metal such as sodium or potassium and in the event that Z.sub.1
      is SO.sub.2 R.sub.12, zinc is particularly preferred. In reaction equation
      (1), formula IV then stands for the compounds NaCN, KCN and Zn(SO.sub.2
      R.sub.12).sub.2. In this instance, the reaction in accordance with
      reaction equation (1) is carried out preferably in the temperature range
      of 60.degree.-80.degree.C. in a suitable organic solvent such as an
      alcohol, ether, ester, carboxylic acid amide, N-substituted carboxylic
      acid amide such as dimethylformamide, dialkylsulfoxide such as
      dimethylsulfoxide or dialkylsulfone, all of these preferably having not
      more than six carbon atoms. In the reaction of sulfinates, the addition of
      a copper-I-salt is advantageous.
PAR  To the extent that in formula IV, Z.sub.1 stands for the radicals
      --OR.sub.12 or --SR.sub.12, a metal atom is selected for Q, preferably an
      alkali metal atom such as sodium or potassium. In reaction equation (1),
      formula IV then stands for the compounds NaOR.sub.12, NaSR.sub.12,
      KOR.sub.12 and KSR.sub.12. In this instance, the reaction is conducted in
      accordance with reaction equation (1), preferably in the temperature range
      of 60.degree.-100.degree.C., in an inert organic solvent, e.g., an
      aromatic hydrocarbon such as benzene, toluene or xylene, or in an excess
      of the reaction constituent HOR.sub.12 or HSR.sub.12 as the solvent.
PAR  The compounds of formula Ia may be further reacted in accordance with the
      reaction:
      ##SPC6##
PAL  This reaction is carried out at temperatures of 20.degree.-200.degree.C. in
      a suitable solvent. The molar ratio of reactants is 1:1.
PAR  When Z.sub.2 is OH in the compound of formula V, there is used a suitable
      alkali metal hydroxide such as sodium hydroxide or potassium hydroxide in
      an aqueous or aqueous-alcoholic medium. However, sodium carbonate,
      potassium hydroxide or similar compounds which release hydroxyl ions in an
      aqueous medium may also be used. The solvents may be alkanols having one
      to four carbon atoms. The preferred temperature range is
      70.degree.-150.degree.C.
PAR  If Z.sub.2 is --SH in the compound of formula V, an alkali metal
      hydrosulfide, preferably NaSH or KSH, is used and the reaction is carried
      out in an aqueous medium, preferably at temperatures of
      100.degree.-150.degree.C.
PAR  In the event Z.sub.2 stands for --OR.sub.12 or --SR.sub.12, an alkali
      metal, preferably sodium or potassium, is selected for Q in formula V and
      the reaction constituents are reacted at temperatures of
      60.degree.-150.degree.C., preferably at 60.degree.-100.degree.C., in a
      suitable inert solvent, e.g., an aromatic hydrocarbon such as benzene,
      toluene or xylene, or in an excess of the reaction constituent HOR.sub.12
      or HSR.sub.12 as solvent.
PAR  In the event Z.sub.2 is cyano or --SO.sub.2 R.sub.12 in formula V, a metal
      is selected for Q, preferably an alkali metal such as sodium or potassium
      or when Z.sub.2 is --SO.sub.2 R.sub.12, zinc is also useful. The reaction
      between these compounds of formulae Ia and V is carried out in a suitable
      organic solvent at temperatures of 20.degree.-100.degree.C. and preferably
      60.degree.-80.degree.C. Suitable organic solvents, for example, include
      alcohols, ethers, esters, carboxylic acid amides, N-substituted carboxylic
      acid amides such as dimethylformamide, dialkylsulfoxides such as
      dimethylsulfoxide or dialkylsulfones, all having preferably not more than
      six carbon atoms. In the use of sulfinates, the addition of a
      copper-I-salt is advantageous.
PAR  In the event Z.sub.2 is
      ##EQU18##
      --NH--OR.sub.10 or
      ##EQU19##
      in formula V, hydrogen is selected for Q, and the constituents are reacted
      at 100.degree.-200.degree.C., preferably at 160.degree.-180.degree.C., in
      an inert solvent, preferably an alkanol having one to four carbon atoms
      or, in those instances where the physical properties are appropriate, an
      excess of one of the reaction constituents may be used as the solvent.
PAR  Novel compounds wherein Z.sub.2 has the same meaning as Z.sub.1 may be
      prepared in accordance with the reaction:
      ##SPC7##
PAL  wherein a compound of formula III is reacted with a compound of formula IV
      in a molar ratio of at least 1:2 in a suitable solvent at temperatures of
      20.degree. to 200.degree.C. When Z.sub.1 is
      ##EQU20##
      --NH--OR.sub.10 or
      ##EQU21##
      in formula IV, hydrogen is selected for Q, and when Z.sub.1 is --CN,
      --OR.sub.12, --SR.sub.12 or --SO.sub.2 R.sub.12, a metal is selected for
      Q, preferably in alkali metal such as sodium or potassium. Also when
      Z.sub.1 is --SO.sub.2 R.sub.12, zinc is suitable. Suitable solvents are
      alcohols, ethers, hydrocarbons, etc. The selection of the solvent may be
      the same as described for reaction (1).
PAR  Novel compounds when Z.sub.2 is --OH may also be prepared by the reaction
      of a 2-hydroxy-6-bromo- or 2-hydroxy-6-chloropyridine derivative of
      formula VI with a compound of formula IV in a molar ratio of 1:1 in
      accordance with reaction:
      ##SPC8##
PAL  The reaction is carried out in a suitable solvent at temperatures of
      20.degree. to 100.degree.C. The data respecting the solvents and the
      meaning and selection of Q set forth above for reaction equations (1) and
      (3), apply to reaction (4).
PAR  Compounds of formula VI may be prepared by the reaction of the
      corresponding 2,6-dihydroxypyridine compounds with phosphoroxychloride or
      phosphoroxybromide at 80.degree.-100.degree.C. in an inert organic solvent
      such as benzene, toluene or xylene.
PAR  If reactions (1) through (4) are carried out at temperatures which are
      above the boiling point of a reaction constituent or of the solvent used,
      then the utilization of excess pressure is required.
PAR  Compounds of formulae Ia, Ib and Ic are preferred groups of novel
      compounds. Further preferred compounds are those wherein in formula I:
PA1  X is alkyl having one to three carbon atoms, preferably methyl,
PA1  Y is cyano,
PA1  Z.sub.1 is cyano, alkoxy having one to two carbon atoms, alkylsulfonyl
      having one to two carbon atoms, amino, monoalkylamino having one to three
      carbon atoms or monoalkylamino having one to three carbon atoms and
      substituted by alkoxy having one to two carbon atoms and
PA1  Z.sub.2 is cyano, hydroxyl, alkoxy having one to two carbon atoms,
      alkylsulfonyl having one to two carbon atoms, amino, monoalkylamino having
      one to three carbon atoms or monoalkylamino having one to three carbon
      atoms and substituted by alkoxy having one to two carbon atoms.
PAL  Such preferred compounds are especially the pyridine compounds of the
      formulae:
      ##SPC9##
PAR  It is possible that the novel compounds of formula I in part exist in
      tautomeric forms. For example, the following tautomeric formulae are
      possible.
      ##SPC10##
PAR  As used herein, formula I is also understood to embrace such possible
      tautomers.
PAR  As the reaction constituents of formula III such as 2,6-dichloro or
      2,6-dibromo pyridine derivatives are suitable, for example, which in the X
      position contain hydrogen or a methyl, ethyl, n-propyl, isopropyl, vinyl,
      .alpha.-methylvinyl, n-butyl, isobutyl, sec.-butyl, n-amyl or isoamyl,
      n-hexyl, 2-dimethylaminoethyl, 2-diethylaminoethyl, 2-morpholinoethyl,
      2-piperidinoethyl, 2-pyrrolidinoethyl, N-methyl-N'-piperazinoethyl,
      2-cyanoethyl, 2-hydroxyethyl, 2-methoxyethyl, 2-acetoxyethyl,
      2-phenoxyacetoxyethyl, N-ethylcarbamoyloxyethyl,
      N-phenylcarbamoyloxyethyl, 2-phenoxyethyl, 3-methoxypropyl, cyclohexyl,
      benzyl, 3-methylbenzyl, phenyl, 2-methylphenyl, 4-methylphenyl,
      2,4-dimethylphenyl, 2-chloro-4-methylphenyl, 2-chlorophenyl,
      4-chlorophenyl, 2-methoxyphenyl, 4-methoxyphenyl,
      2,5-dimethyl-4-chlorophenyl or the following radicals:
      ##SPC11##
PAR  The compounds of formula III may, in the Y position, contain for example
      hydrogen, cyano, amino, nitroso, nitro, methyl, ethyl, 2-hydroxyethyl,
      2-cyanoethyl, 2-acetoxyethyl, 2-benzoyloxyethyl, 2-methoxyethyl,
      2-phenoxyethyl, 2-monoethylaminoethyl, 2-monomethylaminoethyl,
      2-dimethylaminoethyl, 2-diethylaminoethyl, 2-morpholinoethyl,
      2-piperidinoethyl, 2-pyrrolidinoethyl, n-propyl, isopropyl, vinyl,
      .alpha.-methylvinyl, n-butyl, isobutyl, sec.-butyl, n-amyl, isoamyl,
      n-hexyl, cyclohexyl, benzyl, phenyl, methoxycarbonyl, ethoxycarbonyl,
      n-propyloxycarbonyl, isopropyloxycarbonyl, n-butyloxycarbonyl,
      isobutyloxycarbonyl, sec.-butyloxycarbonyl, n-amyloxycarbonyl,
      n-isoamyloxycarbonyl, n-hexyloxycarbonyl, acetyl, acryloyl, propionyl,
      capronyl, capryl, hexahydrobenzoyl, phenacetyl, benzoyl, 4-methylbenzoyl,
      2,4-dimethylbenzoyl, 4-methoxybenzoyl, 4-chlorbenzoyl, aminocarbonyl,
      monomethylaminocarbonyl, dimethylaminocarbonyl, ethyleniminocarbonyl,
      monoethylaminocarbonyl, monoisopropylaminocarbonyl, diethylaminocarbonyl,
      monooxethylaminocarbonyl, mono-.gamma.-methoxypropylaminocarbonyl,
      morpholinocarbonyl, piperidinocarbonyl, cyclohexylaminocarbonyl,
      benzylaminocarbonyl, anilinocarbonyl, 4-methylanilinocarbonyl,
      N-methylanilinocarbonyl, methylsulfonyl, ethylsulfonyl, n-propylsulfonyl,
      isopropylsulfonyl, n-butylsulfonyl, isobutylsulfonyl, sec.-butylsulfonyl,
      n-amylsulfonyl, isoamylsulfonyl, n-hexylsulfonyl, benzylsulfonyl,
      phenylsulfonyl, 4-methylphenylsulfonyl, 2,4-dimethylphenylsulfonyl,
      4-methoxyphenylsulfonyl, 4-chlorphenylsulfonyl, aminosulfonyl,
      monomethylaminosulfonyl, dimethylaminosulfonyl, ethyleniminosulfonyl,
      monoethylaminosulfonyl, monoisopropylaminosulfonyl, diethylaminosulfonyl,
      monooxethylaminosulfonyl, mono-.gamma.-methoxypropylaminosulfonyl,
      morpholinosulfonyl, piperidinosulfonyl, cyclohexylaminosulfonyl,
      benzylaminosulfonyl, anilinosulfonyl, 4-methylanilinosulfonyl,
      N-methylanilinosulfonyl or the radicals
      ##SPC12##
      ##SPC13##
PAR  Of course, suitable starting compounds of formula III are also such
      2,6-dichloro or 2,6-dibromopyridine derivatives which are identically
      substituted in the X and Y position, the preferred substituents being
      those which were indicated above for the X position.
PAR  Suitable reaction constituents
      ##EQU22##
      of formulae IV and V include, for example, the following primary and
      secondary amines and diamines:
PAC  Primary Amines
PAR  Ammonia, methylamine, ethylamine, 2-hydroxyethylamine, 2-methoxyethylamine,
      3-phenoxyethylamine, 3-cyanoethylamine, n-propylamine, isopropylamine,
      3-hydroxypropylamine-(1), 3-methoxypropylamine-(1),
      3-isopropoxypropylamine-(1), 3-cyanopropylamine-(1), allylamine,
      1-methallylamine, 2-methallylamine, n-butylamine, isobutylamine,
      sec.-butylamine, tert.-butylamine, 2-amino-2-methylpropanol-(1),
      crotylamine, 3-aminopentane, n-amylamine, isoamylamine, n-hexylamine,
      cyclohexylamine, benzylamine, 2-phenylethylamine, aniline,
      4-methylaniline, 4-methoxyaniline, 2,4-dimethylaniline,
      1-aminonaphthaline, 2-aminonaphthaline,
      ##SPC14##
PAL  and
      ##SPC15##
PAC  Secondary Amines
PAR  Dimethylamine, diethylamine, N-(2-cyanoethyl)-N-(2-hydroxyethyl)-amine,
      N-di-(2-hydroxyethyl)-amine, N-di-(2-cyanoethyl)-amine,
      N-methyl-(2-hydroxyethyl)-amine, N-isopropyl-(2-hydroxyethyl)-amine,
      N-n-butyl-(2-hydroxyethyl)-amine, N-cyclohexyl-(2-hydroxyethyl)-amine,
      N-benzyl-(2-hydroxyethyl)-amine, di-n-propylamine, di-isopropylamine,
      di-n-butylamine, diisobutylamine, di-n-amylamine, di-n-hexylamine,
      morpholine pyrrolidine, piperidine, N-methylpiperazine,
      N-methylcyclohexylamine, N-ethylcyclohexylamine, N-methylbenzylamine,
      N-methyl-3-methylbenzylamine, N-methylaniline, N-ethylaniline,
      N-2-hydroxyethylaniline, N-benzylaniline, N-methyl-2-chloraniline and
      N-ethyl-2-chloraniline.
PAC  Diamines
PAR  N-methyl-N',N'-dimethylhydrazine, N,N-dimethylhydrazine,
      N,N-diethylhydrazine, N-methyl-N-phenylhydrazine, N-aminopyrrolidine,
      N-aminopiperidine, N-aminopiperazine, N-aminomorpholine,
      N,N-dimethylethylenediamine, N,N-diethylethylenediamine,
      N,N-dimethylpropylenediamine-(1,3), or N,N-diethylpropylenediamine-(1,3),
      2-morpholinoethylamine, 2-piperidinoethylamine, 2-pyrrolidinoethylamine
      and N-methyl-N'-3-amino-n-propylpiperazine of the formula:
      ##EQU23##
      Suitable reaction constituents H.sub.2 NOR.sub.10 or
      ##EQU24##
      according to the general formulae IV and V, for example, are:
PAC  Hydroxylamines
      ##SPC16##
PAR  As the hetarylamines for Z.sub.1 and Z.sub.2, the following may, for
      example, be used:
PA1  3-aminodiphenylene oxide
PA1  3-aminodiphenylene sulfide
PA1  3-aminodiphenylene sulfone
PA1  2-aminocarbazole
PA1  3-amino-N-methylcarbazole
PA1  3-amino-N-ethylcarbazole
PA1  3-amino-N-.beta.-hydroxyethylcarbazole
PA1  3-amino-N-.beta.-cyanoethylcarbazole
PA1  3-amino-N-n-propylcarbazole
PA1  3-amino-N-isopropylcarbazole
PA1  3-amino-N-(.beta.-dimethylaminoethyl)-carbazole
PA1  3-amino-N-(.beta.-diethylaminoethyl)-carbazole
PA1  3-amino-N-(.gamma.-dimethylaminopropyl)-carbazole
PA1  3-amino-N-(.alpha.-methyl-.beta.-dimethylaminoethyl)-carbazole
PAR  As the compounds HO--R.sub.12 or HS--R.sub.12, which after their conversion
      into the corresponding metal compounds, particularly the corresponding
      alkali metal compounds (especially the corresponding sodium and potassium
      compounds) are suitable as reaction constituents of formulae IV and V, the
      following alcohols, phenols or the corresponding mercaptans and
      thiophenols may be utilized: methanol, ethanol, 2-cyano-methanol-(1),
      ethylene glycol monomethyl ether, ethylene glycol monoethylether, ethylene
      glycol monoisopropyl ether, ethylene glycol mono-n-butylether, ethylene
      glycol monophenyl ether, ethylene glycol monoxylenyl ether, diethylene
      glycol monomethylether, diethylene glycol monoethylether, diethylene
      glycol mono-n-butylether, triethylene glycol monomethylether, triethylene
      glycol monoethylether, triethylene glycol mono-n-butylether, n-propanol,
      isopropanol, propene-(1)-ol-(3), 2-methylpropene-(1)-ol-(3), n-butanol,
      sec.-butanol, isobutanol, tert.-butanol, 3-methoxybutanol-(1),
      4-methoxybutanol-(1), butene-(1)-ol-(2), n-pentanol, isopentanol,
      n-hexanol, cyclohexanol, 4-methylcyclohexanol, 4-methoxycyclohexanol,
      phenylmethanol, (4-chlorophenyl)methanol, phenylethanol,
      (4-cyanophenyl)-ethanol, phenol, 2-methylphenol, 3-methylphenol,
      4-methylphenol, 2,3-dimethylphenol, 2,4-dimethylphenol,
      2,5-dimethylphenol, 2,6-dimethylphenol, 3,4-dimethylphenol,
      3,5-dimethylphenol, 2-methoxyphenol, 3-methoxyphenol, 4-methoxyphenol,
      2-methoxy-3-methylphenol, 2-methoxy-4-methylphenol,
      2-methoxy-5-methylphenol, 2-methoxy-6-methylphenol,
      3-methoxy-5-methylphenol, 3-methoxy-6-methylphenol,
      4-methoxy-5-methylphenol, 4-methoxy-6-methylphenol, 2,3-dimethoxyphenol,
      2,4 -dimethoxyphenol, 3,5-dimethoxyphenol, 2-chlorophenol, 3-chlorophenol,
      4-chlorophenol, 2-bromophenol, 3-bromophenol, 4-bromophenol,
      2-cyanophenol, 3-cyanophenol, 4-cyanophenol, 2,3-dichlorophenol,
      2,4-dichlorophenol, 2,5-dichlorophenol, 2,6-dichlorophenol,
      3,4-dichlorophenol, 3,5-dichlorophenol, 2,3-dibromophenol,
      2,4-dibromophenol, 2,5-dibromophenol, 2,6-dibromophenol,
      3,4-dibromophenol, 3,5-dibromophenol, 2-methyl-3-chlorophenol,
      2-methyl-4-chlorophenol, 2-methyl-5-chlorophenol, 2-methyl-6-chlorophenol,
      2-methyl-3-bromophenol, 2-methyl-4-bromophenol, 2-methyl-5-bromophenol,
      2-methyl-6-bromophenol, 3-methyl-2-chlorophenol, 3-methyl-4-chlorophenol,
      3-methyl-6-chlorophenol, 3-methyl-2-bromophenol, 3-methyl-4-bromophenol,
      3-methyl-6-bromophenol, 4-methyl-5-chlorophenol, 4-methyl-6-chlorophenol,
      4-methyl-5-bromophenol, 4-methyl-6-bromophenol,
      4-chloropyrocatechol-1-methylether, 5-chloropyrocatechol-1-methylether,
      4-bromopyrocatechol-1-methylether, 5-bromopyrocatechol-1-methylether,
      4-chlororescorcinol-1-methylether, 4-chlororesorcinol-3-methylether,
      4-bromoresorcinol-1-methylether, 4-bromoresorcinol-3-methylether,
      2-chlorohydroquinone-1-methylether, 2-chlorohydroquinone-2-methylether,
      5-chlororesorcinol-1-methylether, 1-naphthol, 2-naphthol,
      2-methyl-1-naphthol, 3-methyl-1-naphthol, 4-methyl-1-naphthol,
      7-methyl-1-naphthol, 3,6-dimethyl-1-naphthol, 3,7-dimethyl-1-naphthol,
      4,6-dimethyl-1-naphthol, 4,7-dimethyl-1-naphthol, 6,7-dimethyl-1-naphthol,
      4-methoxy-1-naphthol, 5-methoxy- 1-naphthol, 6-methoxy-1-naphthol,
      7-methoxy-1-naphthol, 8-methoxy-1-naphthol, 2-chloro-1-naphthol,
      3-chloro-1-naphthol, 4-chloro-1-naphthol, 5-chloro-1-naphthol,
      7-chloro-1-naphthol, 8-chloro-1-naphthol, 2,3-dichloro-1-naphthol,
      2,4-dichloro-1-naphthol, 5,7-dichloro-1-naphthol, 5,8-dichloro-1-naphthol,
      2-chloro-4-bromo-1-naphthol, 2-bromo-1-naphthol, 3-bromo-1-naphthol,
      4-bromo-1-naphthol, 5-bromo-1-naphthol, 6-bromo-1-naphthol,
      7-bromo-1-naphthol 8-bromo-1-naphthol, 2-ethyl-4-bromo-1-naphthol,
      2,4-dibromo-1-naphthol, 1-methyl-2-naphthol, 6-methyl-2-naphthol,
      1,4-dimethyl-2-naphthol, 3,6-dimethyl-2-naphthol, 3,7-dimethyl-2-naphthol,
      6,7-dimethyl-2-naphthol, 1-chloro-2-naphthol, 3-chloro-2-napthol,
      4-chloro-2-naphthol, 5-chloro-2-naphthol, 6-chloro-2-naphthol,
      7-chloro-2-naphthol, 8-chloro-2-naphthol, 1,3-dichloro-2-naphthol,
      1,4-dichloro-2-naphthol, 1-bromo-2-naphthol, 3-bromo-2-naphthol,
      4-bromo-2-naphthol, 5-bromo-2-naphthol, 6-bromo-2-naphthol,
      7-bromo-2-naphthol, 8-bromo-2-naphthol, 1-methyl-6-bromo-2-naphthol,
      1-ethyl-6-bromo-2-naphthol, 1,6-dibromo-2-naphthol,
      3,6-dibromo-2-naphthol, 3,7-dibromo-2-naphthol and 4,6-dibromo-2-naphthol.
PAR  For the preparation of the novel compounds of formula I, wherein the
      substituent Z.sub.1 and/or Z.sub.2 signifies a --SO.sub.2 --R.sub.12
      radical, sulfinates are employed, preferably zinc sulfinates of the
      formula Zn (SO.sub.2 --R.sub.12).sub.2. They allow the introduction of,
      for example, the following radicals: methylsulfonyl, chloromethylsulfonyl,
      ethylsulfonyl, 2-chloroethylsulfonyl, n-propylsulfonyl, isopropylsulfonyl,
      n-butylsulfonyl, isobutylsulfonyl, sec.-butylsulfonyl, n-amylsulfonyl,
      isoamylsulfonyl, n-hexylsulfonyl, cyclohexylsulfonyl, benzylsulfonyl,
      phenylsulfonyl, 2,4-dimethylphenylsulfonyl, 4-methylphenylsulfonyl,
      4-methoxyphenylsulfonyl, 4-chlorophenylsulfonyl,
      4-chloro-3-methylphenylsulfonyl and 4-bromophenylsulfonyl.
PAR  The compounds of the present invention are valuable intermediates, in
      particular for the preparation of dyestuffs, preferably of azo dyestuffs.
      As far as these azo dyes do not contain ionogenic groups, they may be
      employed as disperse dyes for dyeing and printing synthetic hydrophobic
      fiber material, whereas those azo dyes which do contain ionogenic groups
      are suited for dyeing and printing cotton, wool, silk, polyamide and
      modified polyacrylonitrile.
PAR  Moreover, the compounds of the present invention are valuable pest control
      agents -- in particular if they are employed as insectizides -- as well as
      valuable pharmaceuticals, above all if they are employed as analeptics,
      analgetics and diuretics.
PAR  Azo dyes containing the compounds of the present invention may be prepared,
      for instance, by diazotizing a diazotizable aromatic amine and coupling it
      with a compound of the present invention. The diazotization and the
      coupling are carried out in the usual manner. According to the respective
      initial products employed, this working method leads to the preparation,
      for instance, of disperse dyes, reactive dyes, cationic dyes or acid dyes.
      All of these azo dyes exhibit outstanding tinctorial properties, in
      particular a high coloring strength and a very good fastness to light,
      perspiration, water, sea water, alkalies and to washing. The disperse dyes
      distinguish themselves above all by an excellent fastness to dry-heat
      pleating and setting, ozone, water-gas fading and to rubbing, by a high
      resistance when subjected to various permanent press treatments and by a
      good covering power even when applied onto textured polyester materials.
      The reactive dyes distinguish themselves in particular by an even color
      depth obtained in the different setting processes. The azo dyes mentioned
      hereinbefore are suited for dyeing and printing textile materials
      according to various known processes. The preparation of the dyes as well
      as their application for dyeing and printing are described in Examples 15
      - 19.
DETD
PAR  In the following examples, "p.b.w." means parts by weight.
PAC  EXAMPLE 1
PAR  To a composition of 320 p.b.w. ethyl alcohol and 83.7 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine, which are placed in an autoclave,
      there are added 51.0 p.b.w. liquid ammonia and subsequently the reaction
      liquid is heated for 18 hours at 200.degree.C. After cooling, the ethyl
      alcohol is then distilled off, the residue agitated with 300 p.b.w. water,
      drawn off, washed with water and dried. The resulting
      2,6-diamino-3-cyano-4-methylpyridine having the formula
      ##SPC17##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.7 H.sub.8 N.sub.4 -- Calculated: 37.8% N Found: 37.4% N.
PAC  EXAMPLE 2
PAR  A solution of 400 p.b.w. ethyl alcohol, 93.0 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine and 274.0 p.b.w. diethylamine is
      agitated 24 hours at 50.degree.C. Upon cooling of the reaction solution,
      the resulting 2-chloro-3-cyano-4-methyl-6-diethylaminopyridine of the
      formula
      ##SPC18##
PAL  is crystallized out. The pyridine derivative is then drawn off and washed
      on the suction apparatus first with 100 p.b.w. ethyl alcohol and
      subsequently with 500 p.b.w. water. The substance is analytically pure.
      Its constitution, i.e., the exchange of the 6-position halogen atom in the
      2,6-dichloro-3-cyano-4-methylpyridine against the diethylamino group was
      assured by NMR absorption analysis.
PAR  Analysis: C.sub.11 H.sub.14 ClN.sub.3 -- Calculated: 18.8% N, 15.7% Cl.
      Found: 18.5%, 15.7% Cl.
PAC  EXAMPLE 3
PAR  The mixture of Example 2 is agitated in an autoclave for 12 hours at
      150.degree.C. Upon cooling, the ethyl alcohol is then distilled off and
      the residue agitated with 50 p.b.w. water and 245 p.b.w. soda lye,
      33.degree. Be. The resulting
      2,6-bis-(diethylamino)-3-cyano-4-methylpyridine of the formula
      ##SPC19##
PAL  is an oil which is isolated with ether. It may be purified by vacuum
      distillation.
PAR  Analysis: C.sub.15 H.sub.24 N.sub.4 -- Calculated: 21.5% N, Found: 21.5% N.
PAC  EXAMPLE 4
PAR  Introduced into 200 p.b.w. methyl alcohol while cooling were 3.7 p.b.w.
      sodium. Added to this sodium methyl solution then were 33.5 p.b.w.
      2-chloro-3-cyano-4-methyl-6-diethylaminopyridine and subsequently the
      reaction solution was heated to the point of boiling for 24 hours. Then
      the methyl alcohol was distilled off, the residue taken up with 100 p.b.w.
      water, drawn off, washed with water and dried. The resulting
      2-methoxy-3-cyano-4-methyl-6-diethylaminopyridine of the formula
      ##SPC20##
PAL  may be purified by recrystallization from methanol.
PAR  Analysis: C.sub.12 H.sub.17 N.sub.3 O -- Calculated: 19.2% N, 14.2%
      --OCH.sub.3. Found: 19.0% N, 13.8% --OCH.sub.3.
PAC  EXAMPLE 5
PAR  A composition consisting of 432 p.b.w. n-propylamine and 187 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine is agitated in an autoclave for 2
      hours at 100.degree.C. Upon cooling, the reaction liquor is decomposed in
      water, the resulting 2-chloro-3-cyano-4-methyl-6-n-propylaminopyridine
      having the formula
      ##SPC21##
PAL  is drawn off and washed with water. It may be purified by recrystallization
      from ethyl alcohol.
PAR  Analysis: C.sub.10 H.sub.12 ClN.sub.3 -- Calculated: 20.1% N, 16.7% Cl.
      Found: 20.3% N, 17.0% Cl.
PAC  EXAMPLE 6
PAR  A composition of 100 p.b.w. 3-dimethylaminopropylamine(1) and 41.8 p.b.w.
      2-chloro-3-cyano-4-methyl-6-n-propylaminopyridine are agitated for 2 hours
      at 140.degree.C. The reaction melt upon cooling is stirred with water, the
      residue is drawn off and washed with water. The resulting
      2-(3'-dimethylamino-n-propylamino)-3-cyano-4-methyl-6-n-propylaminopyridin
     e having the formula
      ##SPC22##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.15 H.sub.25 N.sub.5 -- Calculated: 25.4% N, Found: 25.2% N.
PAC  EXAMPLE 7
PAR  Introduced into a solution of 155 p.b.w. monomethylamine in 1000 p.b.w.
      isopropylalcohol are 187 p.b.w. 2,6-dichloro-3-cyano-4-methylpyridine.
      Subsequently, the reaction solution is heated in an autoclave for 5 hours
      at 200.degree.C. Upon cooling to room temperature, the resulting
      2,6-bis-(monomethylamino)-3-cyano-4-methylpyridine having the formula
      ##SPC23##
PAL  is drawn off, first washed with isopropyl alcohol, then with water and
      dried. It may be purified by crystallization from isopropyl alcohol.
PAR  Analysis: C.sub.9 H.sub.12 N.sub.4 -- Calculated: 31.8% N, Found: 32.0% N.
PAC  EXAMPLE 8
PAR  A composition of 200 p.b.w. ethyl alcohol, 83.7 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine and 180 p.b.w.
      3-methoxypropylamine-(1) is heated in an autoclave for 18 hours at
      180.degree.C. Upon cooling, the ethyl alcohol is distilled off, the
      residue is stirred with 100 p.b.w. water with the addition of 150 p.b.w.
      soda lye, 33.degree.Be, drawn off, washed with water and dried. The
      resulting 2,6-bis-(3'-methoxy-n-propylamino)-3-cyano-4-methylpyridine
      having the formula
      ##SPC24##
PAL  may be purified by vacuum distillation.
PAR  Analysis: C.sub.15 H.sub.24 N.sub.4 O.sub.2 -- Calculated: 19.2% N, Found:
      19.6% N.
PAC  EXAMPLE 9
PAR  A composition consisting of 100 p.b.w. morpholine and 37.4 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine is heated for 30 minutes at
      130.degree.C. The reaction melt is then decomposed on ice the residue is
      drawn off, washed with water, and dried. The resulting
      2,6-bis-(morpholino)-3-cyano-4-methylpyridine having the formula
      ##SPC25##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.15 H.sub.20 N.sub.4 O.sub.2 -- Calculated: 19.4% N, Found:
      19.7% N.
PAC  EXAMPLE 10
PAR  There are introduced 37.2 p.b.w. 2,6-dichloro-3-cyano-4-methylpyridine into
      150.0 p.b.w. aniline. This reaction solution is then heated for 24 hours
      at 150.degree.C. and subsequently decomposed in 1,000 p.b.w. ice with the
      addition of 350 p.b.w. crude hydrochloric acid (D = 1.153). The resulting
      2,6-bis-(anilino)-3-cyano-4-methylpyridine having the formula
      ##SPC26##
PAL  may be purified by crystallization from ethyl alcohol.
PAR  Analysis: C.sub.19 H.sub.16 N.sub.4 -- Calculated: 18.7% N, Found: 18.5% N
PAC  EXAMPLE 11
PAR  Introduced into 80 p.b.w. methyl alcohol are 7.6 p.b.w. sodium during
      cooling, then there are added 27.9 p.b.w.
      2,6-dichloro-3-cyano-4-methylpyridine to this sodium methylate solution
      and subsequently the reaction solution is heated to the point of boiling
      for 24 hours. Then the methyl alcohol is distilled off. The residue is
      taken up with 100 p.b.w. water, drawn off, washed with water and dried.
      The resulting 2,6-dimethoxy-3-cyano-4-methylpyridine having the formula
      ##SPC27##
PAL  may be purified by recrystallization from methyl alcohol.
PAR  Analysis: C.sub.9 H.sub.10 N.sub.2 O.sub.2 -- Calculated: 15.7% N, 34.8%
      --OCH.sub.3. Found: 15.5% N, 34.2% --OCH.sub.3
PAC  EXAMPLE 12
PAR  There are introduced 27.9 p.b.w. of 2,6-dichloro-3-cyano-4-methylpyridine
      into a sodium ethylate solution, which had been prepared from 80 p.b.w.
      ethyl alcohol and 3.8 p.b.w. sodium. Subsequently, the reaction solution
      is heated to the point of boiling for 24 hours. The ethyl alcohol is then
      distilled off, the residue is stirred with 100 p.b.w. water, and the
      resulting 2-chloro-3-cyano-4-methyl-4-ethoxypyridine having the formula
      ##SPC28##
PAL  is taken up with ether. It may be purified by vacuum distillation.
PAR  Analysis: C.sub.9 H.sub.9 ClN.sub.2 O -- Calculated: 14.3% N, 17.8% Cl.
      Found: 14.5% N, 17.6% Cl.
PAR  In the following table there are presented further pyridine compounds
      prepared in accordance with the herein described process:
      ##SPC29##
PAL  or tautomeric formulae.
TBL  __________________________________________________________________________
                                                Empirical                      
                                                       Cal'd.                  
                                                           Found               
     No.                                                                       
          Z.sub.1             Z.sub.2           Formula                        
                                                       N%  N%                  
     __________________________________________________________________________
     1. --NHCH.sub.2 CH.sub.3                                                  
                            --NHCH.sub.2 CH.sub.3                              
                                                C.sub.11 H.sub.16 N.sub.4      
                                                       27.5                    
                                                           27.5                
     2. --NHCH.sub.2 CH.sub.2 OH                                               
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.11 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       23.7                    
                                                           24.0                
     3. --NHCH.sub.2 CH.sub.2 OCH.sub.3                                        
                            --NHCH.sub.2 CH.sub.2 OCH.sub.3                    
                                                C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       21.2                    
                                                           21.0                
     4. --NHCH.sub.2 CH.sub.2 CN                                               
                            --NHCH.sub.2 CH.sub.2 CN                           
                                                C.sub.13 H.sub.14 N.sub.6      
                                                       33.1                    
                                                           33.5                
     5. --NHCH.sub.2 CH.sub.2 CH.sub.3                                         
                            --NHCH.sub.2 CH.sub.2 CH.sub.3                     
                                                C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.6                
        CH.sub.3            CH.sub.3                                           
     6. --NH--CH.angle.     --NH--CH.angle.     C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.4                
        CH.sub.3            CH.sub.3                                           
     7. --NH--(CH.sub.2).sub.2 CH.sub.2 OCH.sub.3                              
                            --NH--(CH.sub.2).sub.2 CH.sub.2 OCH.sub.           
                                                C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.2                        
                                                       19.2                    
                                                           19.0                
     8. --NHCH.sub.2 CH=CH.sub.2                                               
                            --NHCH.sub.2 CH=CH.sub.2                           
                                                C.sub.13 H.sub.16 N.sub.4      
                                                       24.6                    
                                                           24.2                
     9. --NH--C.sub.4 H.sub.9 (n)                                              
                            --NH--C.sub.4 H.sub.9 (n)                          
                                                C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           21.8                
     10.                                                                       
        --NH--C.sub.4 H.sub.9 (sec)                                            
                            --NH--C.sub.4 H.sub.9 (sec)                        
                                                C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           21.3                
        CH.sub.2 --CH.sub.3 CH.sub.2 --CH.sub.3                                
     11.                                                                       
        --NH--CH.angle.     --NH--CH.angle.     C.sub.17 H.sub.28 N.sub.4      
                                                       19.4                    
                                                           19.8                
        CH.sub.2 --CH.sub.3 CH.sub.2 --CH.sub.3                                
     12.                                                                       
        --NH--C.sub.5 H.sub.11 (iso)                                           
                            --NH--C.sub.5 H.sub.11 (iso)                       
                                                C.sub.17 H.sub.28 N.sub.4      
                                                       19.4                    
                                                           19.6                
     13.                                                                       
        --NH--C.sub.6 H.sub.13 (n)                                             
                            --NH--C.sub.6 H.sub.13 (n)                         
                                                C.sub.19 H.sub.34 N.sub.4      
                                                       17.7                    
                                                           18.1                
     14.                                        C.sub.19 H.sub.28 N.sub.4      
                                                       17.9                    
                                                           17.5                
     15.                                        C.sub.21 H.sub.20 N.sub.4      
                                                       17.1                    
                                                           17.5                
     16.                                        C.sub.23 H.sub.24 N.sub.4      
                                                       15.7                    
                                                           15.5                
     17.                                        C.sub.27 H.sub.20 N.sub.4      
                                                       14.0                    
                                                           14.3                
     18.                                                                       
        HC----CN            HC----CH            C.sub.17 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       18.2                    
                                                           18.5                
        .parallel..parallel.                                                   
                            .parallel..parallel.                               
        HCC--CH.sub.2 --NH--                                                   
                            HCC--CH.sub.2 --NH--                               
        .angle.             .angle.                                            
        O                   O                                                  
     19.                                        C.sub.19 H.sub.18 N.sub.6      
                                                       25.5                    
                                                           25.7                
     20.                                                                       
        H.sub.2 C----CH--NH--                                                  
                            H.sub.2 C----CH--NH--                              
                                                C.sub.15 H.sub.20 N.sub.4      
                                                O.sub.4 S.sub.2                
                                                       14.6                    
                                                           15.0                
        .vertline..vertline.                                                   
                            .vertline..vertline.                               
        H.sub.2 CCH.sub.2   H.sub.2 CCH.sub.2                                  
        .angle.             .angle.                                            
        S                   S                                                  
        O.sub.2             O.sub.2                                            
     21.                                        C.sub.25 H.sub.22 N.sub.6      
                                                       20.7                    
                                                           21.0                
        CH.sub.3            CH.sub.3                                           
     22.                                                                       
        --N.angle.          --N.angle.          C.sub.11 H.sub.16 N.sub.4      
                                                       27.5                    
                                                           27.2                
        CH.sub.3            CH.sub.3                                           
        CH.sub.2 CH.sub.2 CN                                                   
                            CH.sub.2 CH.sub.2 CN                               
     23.                                                                       
        --N.angle.          --N.angle.          C.sub.19 H.sub.20 N.sub.8      
                                                       31.1                    
                                                           36.7                
        CH.sub.2 CH.sub.2 CN                                                   
                            CH.sub.2 CH.sub.2 CN                               
        CH.sub.2 CH.sub.2 CN                                                   
                            CH.sub.2 CH.sub.2 CN                               
     24.                                                                       
        --N.angle.          --N.angle.          C.sub.17 H.sub.22 N.sub.6      
                                                O.sub.2                        
                                                       26.3                    
                                                           26.8                
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
        CH.sub.3            CH.sub.3                                           
     25.                                                                       
        --N.angle.          --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       21.2                    
                                                           21.6                
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
        C.sub.4 H.sub.9 (n) C.sub.4 H.sub.9 (n)                                
     26.                                                                       
        --N.angle.          --N.angle.          C.sub.19 H.sub.32 N.sub.4      
                                                O.sub.2                        
                                                       16.1                    
                                                           16.5                
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
     27.                                                                       
        --N                 --N                 C.sub.23 H.sub.36 N.sub.4      
                                                O.sub.2                        
                                                       14.0                    
                                                           14.6                
        .vertline.          .vertline.                                         
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
     28.                                                                       
        --N.angle.          --N.angle.                                         
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
                                                C.sub.25 H.sub.28 N.sub.4      
                                                O.sub.2                        
                                                       13.5                    
                                                           13.2                
        C.sub.3 H.sub.7 (n) C.sub.3 H.sub.7 (n)                                
     29.                                                                       
        --N.angle.          --N.angle.          C.sub.19 H.sub.32 N.sub.4      
                                                       17.7                    
                                                           18.2                
        C.sub.3 H.sub.7 (n) C.sub.3 H.sub.7 (n)                                
        C.sub.4 H.sub.9 (n) C.sub.4 H.sub.9 (n)                                
     30.                                                                       
        --N.angle.          --N.angle.          C.sub.23 H.sub.40 N.sub.4      
                                                       15.1                    
                                                           15.5                
        C.sub.4 H.sub.9 (n) C.sub.4 H.sub.9 (n)                                
        C.sub.6 H.sub.13 (n)                                                   
                            C.sub.6 H.sub.13 (n)                               
     31.                                                                       
        --N.angle.          --N.angle.          C.sub.31 H.sub.56 N.sub.4      
                                                       11.6                    
                                                           11.2                
        C.sub.6 H.sub.13 (n)                                                   
                            C.sub.6 H.sub.13 (n)                               
     32.                                        C.sub.15 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       19.4                    
                                                           19.6                
     33.                                        C.sub.17 H.sub.24 N.sub.4      
                                                       19.7                    
                                                           19.3                
     34.                                        C.sub.17 H.sub.26 N.sub.6      
                                                       26.8                    
                                                           26.2                
     35.                                        C.sub.19 H.sub.20 N.sub.6      
                                                       24.6                    
                                                           25.1                
     36.                                        C.sub.15 H.sub.20 N.sub.4      
                                                       21.8                    
                                                           22.2                
        CH.sub.3            CH.sub.3                                           
     37.                                                                       
        --NH--N.vertline.   --NH--N.vertline.   C.sub.21 H.sub.22 N.sub.6      
                                                       23.5                    
                                                           23.8                
        CH.sub.3            CH.sub.3                                           
     38.                                                                       
        --NH--N.angle.      --NH--N.angle.      C.sub.11 H.sub.18 N.sub.6      
                                                       35.9                    
                                                           35.6                
        CH.sub.3            CH.sub.3                                           
        CH.sub.3 CH.sub.3   CH.sub.3 CH.sub.3                                  
     39.                                                                       
        --N----N.angle.     --N----N.angle.     C.sub.13 H.sub.22 N.sub.6      
                                                       32.1                    
                                                           32.5                
        CH.sub.3            CH.sub.3                                           
        C.sub.2 H.sub.5      C.sub.2 H.sub.5                                   
     40.                                                                       
        --NH--N.angle.      --NH--N.angle.      C.sub.15 H.sub.26 N.sub.6      
                                                       29.0                    
                                                           22.4                
        C.sub.2 H.sub.5     C.sub.2 H.sub.5                                    
        C.sub.2 H.sub.5     C.sub.2 H.sub.5                                    
     41.                                                                       
        --NH--N.vertline.   --NH--N.vertline.   C.sub.23 H.sub.                
                                                       21.8.sub.6              
                                                           21.5                
     42.                                        C.sub.15 H.sub.22 N.sub.6      
                                                O.sub.2                        
                                                       26.4                    
                                                           26.2                
        CH.sub.3            C.sub.2 H.sub.5                                    
     43.                                                                       
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                            --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.17 H.sub.30 N.sub.6      
                                                       26.4                    
                                                           26.0                
        CH.sub.3            C.sub.2 H.sub.5                                    
        C.sub.2 H.sub.5     C.sub.2 H.sub.5                                    
     44.                                                                       
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                            --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.19 H.sub.34 N.sub.6      
                                                       24.3                    
                                                           24.5                
        C.sub.2 H.sub.5                                                        
        CH.sub.3            CH.sub.3                                           
     45.                                                                       
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                            --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.17 H.sub.30 N.sub.6      
                                                       26.4                    
                                                           26.1                
        CH.sub.3            CH.sub.3                                           
     46.                                        C.sub.21 H.sub.34 N.sub.6      
                                                O.sub.2                        
                                                       20.9                    
                                                           20.7                
     47.                                        C.sub.23 H.sub.38 N.sub.6      
                                                       21.1                    
                                                           21.5                
     48.                                                                       
        --NH--OH            --NH--OH            C.sub.7 H.sub.8 N.sub.4        
                                                O.sub.2                        
                                                       31.1                    
                                                           31.6                
        CH.sub.3             CH.sub.3                                          
     49.                                                                       
        --N.angle.          --N.angle.          C.sub.11 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       23.7                    
                                                           24.2                
        OCH.sub.3           OCH.sub.3                                          
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
     50.                                                                       
        --N.angle.          --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.4                        
                                                       18.9                    
                                                           19.3                
        OCH.sub.3           OCH.sub.3                                          
        CH.sub.2            CH.sub.2                                           
     51.                                                                       
        --N.angle.          --N.angle.          C.sub.23 H.sub.24 N.sub.4      
                                                O.sub.2                        
                                                       14.4                    
                                                           15.0                
        OCH.sub.3           OCH.sub.3                                          
        CH.sub.2 --CH.sub.3 CH.sub.2 --CH.sub.3                                
     52.                                                                       
        --N.angle.          --N.angle.          C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.2                        
                                                       19.2                    
                                                           19.6                
        O--CH.sub.2 --CH.sub.3                                                 
                            O--CH.sub.2 --CH.sub.3                             
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
     53.                                                                       
        --N.angle.          --N.angle.          C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.6                        
                                                       15.7                    
                                                           16.2                
        O--CH.sub.2 CH.sub.2 OH                                                
                            O--CH.sub.2 CH.sub.2 OH                            
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.2 CH.sub.2 OH                               
     54.                                                                       
        --N.angle.          --N.angle.          C.sub.25 H.sub.28 N.sub.4      
                                                O.sub.4                        
                                                       12.5                    
                                                           12.2                
        O--CH.sub.2         O--CH.sub.2                                        
     55.                                                                       
        H.sub.2 C----CH.sub.2                                                  
                            H.sub.2 C----CH.sub.2                              
                                                C.sub.13 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       21.5                    
                                                           21.2                
        .vertline..vertline.                                                   
                            .vertline..vertline.                               
        --NCH.sub.2         --N.angle.CH.sub.2                                 
        .angle.             .angle.                                            
        O                   O                                                  
        H.sub.2             H.sub.2                                            
        C                   C                                                  
        .angle.             .angle.-56.         H.sub.2 CCH.sub.2              
                                                       H.sub.2 CCH.sub.2       
                                                           C.sub.15 H.sub.20   
                                                           N.sub.4 O.sub.2     
                                                               19.4 19.8       
        .vertline..vertline.                                                   
                            .vertline..vertline.                               
        --NCH.sub.2         --N.angle.CH.sub.2                                 
        .angle.             .angle.                                            
        O                   O                                                  
     57.                                                                       
        --NH.sub.2          --Cl                C.sub.7 H.sub.6 ClN.sub.3      
                                                       25.1                    
                                                           25.4                
     58.                                                                       
        --NH.sub.2          --CN                C.sub.8 H.sub.6 N.sub.4        
                                                       35.7                    
                                                           35.5                
     59.                                                                       
        --NH.sub.2          --OH                C.sub.7 H.sub.7 N.sub.3        
                                                       28.2                    
                                                           28.6                
     60.                                                                       
        --NH                --OCH.sub.3         C.sub.8 H.sub.9 N.sub.3        
                                                       25.8                    
                                                           25.2                
     61.                                                                       
        -- NH.sub.2                             C.sub.13 H.sub.11 N.sub.3      
                                                       18.7                    
                                                           19.1                
     62.                                                                       
        --NH.sub.2          --SH                C.sub.7 H.sub.7 N.sub.3        
                                                       25.5                    
                                                           25.7                
     63.                                                                       
        --NH.sub.2          --SC.sub.2 H.sub.5  C.sub.9 H.sub.11 N.sub.3       
                                                       21.8                    
                                                           22.3                
     64.                                                                       
        --NH.sub.2          --SO.sub.2 --CH.sub.3                              
                                                C.sub.8 H.sub.9 N.sub.3        
                                                O.sub.2 S                      
                                                       19.9                    
                                                           20.5                
     65.                                                                       
        --NH.sub.2          --NH--CH.sub.3      C.sub.8 H.sub.10 N.sub.4       
                                                       34.6                    
                                                           34.2                
     66.                                                                       
        --NH.sub.2          --NH--C.sub.2 H.sub.5                              
                                                C.sub.9 H.sub.12 N.sub.4       
                                                       31.8                    
                                                           31.5                
     67.                                                                       
        --NH.sub.2          --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.11 H.sub.16 N.sub.4      
                                                       25.5                    
                                                           25.2                
     68.                                                                       
        --NH.sub.2                              C.sub.13 H.sub.12 N.sub.4      
                                                       25.0                    
                                                           25.5                
     69.                                                                       
        --NH.sub.2                              C.sub.14 H.sub.14 N.sub.4      
                                                       23.6                    
                                                           24.1                
     70.                                                                       
        --NH.sub.2                              C.sub.16 H.sub.14 N.sub.5      
                                                       25.4                    
                                                           25.0                
                            CH.sub.3                                           
     71.                                                                       
        --NH.sub.2          --N.angle.          C.sub.9 H.sub.12 N.sub.4       
                                                       31.8                    
                                                           31.6                
                            CH.sub.3                                           
                            CH.sub.3                                           
     72.                                                                       
        --NH.sub.2          --N.angle.          C.sub.10 H.sub.14 ON.sub.4     
                                                       27.2                    
                                                           27.7                
                            CH.sub.2 CH.sub.2 OH                               
                            CH.sub.2 CH.sub.2 OH                               
     73.                                                                       
        --NH.sub.2          --N.angle.          C.sub.11 H.sub.16 O.sub.2      
                                                N.sub.4                        
                                                       23.7                    
                                                           24.2                
                            CH.sub.2 CH.sub.2 OH                               
     74.                                                                       
        --NH.sub.2                              C.sub.11 H.sub.14 ON.sub.4     
                                                       25.7                    
                                                           26.2                
     75.                                                                       
        --NH.sub.2                              C.sub.12 H.sub.16 N.sub.4      
                                                       25.9                    
                                                           26.3                
                            CH.sub.3                                           
     76.                                                                       
        --NH.sub.2          --NH--N.angle.      C.sub.9 H.sub.13 N.sub.5       
                                                       36.6                    
                                                           36.1                
                            CH.sub.3                                           
                            C.sub.2 H.sub.5                                    
     77.                                                                       
        --NH.sub.2          --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.13 H.sub.21 N.sub.5      
                                                       28.3                    
                                                           28.1                
                            C.sub.2 H.sub.5                                    
                            CH.sub.2                                           
     78.                                                                       
        --NH.sub.2          --NHCH.sub.2 CH.sub.2 N.angle..vertline.           
                                                C.sub.11 H.sub.15 N.sub.5      
                                                       32.3                    
                                                           32.2                
                            CH.sub.2                                           
                            CH.sub.3                                           
     79.                                                                       
        --NH.sub.2          --N.angle.          C.sub.9 H.sub.12               
                                                       29.2ub.4                
                                                           29.0                
                            OCH.sub.3                                          
                            C.sub.3 H.sub.7 (iso)                              
     80.                                                                       
        --NH.sub.2          --N.angle.          C.sub.12 H.sub.18 ON.sub.4     
                                                       23.9                    
                                                           23.3                
                            O--C.sub.2 H.sub.5                                 
     81.                                                                       
        --NH--CH.sub.3      --Cl                C.sub.8 H.sub.8 N.sub.3        
                                                       23.2                    
                                                           23.5                
     82.                                                                       
        --NH--CH.sub.3      --CN                C.sub.9 H.sub.8 N.sub.4        
                                                       32.6                    
                                                           32.2                
     83.                                                                       
        --NH--CH.sub.3      --OH                C.sub.8 H.sub.9 ON.sub.3       
                                                       25.8                    
                                                           26.2                
     84 --NH--CH.sub.3      --OC.sub.2 H.sub.5  C.sub.10 H.sub.13 ON.sub.3     
                                                       22.0                    
                                                           22.5                
     85.                                                                       
        --NH--CH.sub.3      --SO.sub.2 --C.sub.2 H.sub.5                       
                                                C.sub.10 H.sub.13 N.sub.3      
                                                O.sub.2 S                      
                                                       17.6                    
                                                           17.5                
     86.                                                                       
        --NH--CH.sub.3      --NH--C.sub.3 H.sub.7 (n)                          
                                                C.sub.11 H.sub.16 N.sub.4      
                                                       27.5                    
                                                           27.1                
     87.                                                                       
        --NH--CH.sub.3      --NH--C.sub.5 H.sub.11 (iso)                       
                                                C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           23.5                
     88.                                                                       
        --NH--CH.sub.3                          C.sub.14 H.sub.20 N.sub.4      
                                                       23.0                    
                                                           22.5                
     89.                                                                       
        --NH--CH.sub.3                          C.sub.15 H.sub.16 N.sub.4      
                                                       22.2                    
                                                           22.0                
     90.                                                                       
        --NH--CH.sub.3                          C.sub.18 H.sub.16 N.sub.4      
                                                       19.4                    
                                                           19.0                
     91.                                                                       
        --NH--CH.sub.3      HC------CH          C.sub.13 H.sub.15 N.sub.4      
                                                       23.0                    
                                                           22.5                
                            .parallel..parallel.                               
                            HCCH--CH.sub.2 --NH--                              
                            .angle.                                            
                            O                                                  
                            C.sub.2 H.sub.5                                    
     92.                                                                       
        --NH--CH.sub.3      --N.angle.          C.sub.12 H.sub.18 N.sub.4      
                                                       25.7                    
                                                           26.1                
                            C.sub.2 H.sub.5                                    
                            CH.sub.2 CH.sub.2 CN                               
     93.                                                                       
        --NH--CH.sub.3      --N .angle.         C.sub.13 H.sub.17 N.sub.5      
                                                       27.0                    
                                                           26.5                
                            CH.sub.2 CH.sub.2 OH                               
     94.                                                                       
        --NH--CH.sub.3                          C.sub.12 H.sub.16 N.sub.4      
                                                       25.9                    
                                                           26.4                
     95.                                                                       
        --NH--CH.sub.3                          C.sub.13 H.sub.19 N.sub.5      
                                                       28.6                    
                                                           28.2                
                            C.sub.2 H.sub.5                                    
     96.                                                                       
        --NH--CH.sub.3      --NH--N.angle.      C.sub.12 H.sub.19 N.sub.5      
                                                       30.0                    
                                                           30.6                
                            C.sub.2 H.sub.5                                    
                            CH.sub.3                                           
     97.                                                                       
        --NH--CH.sub.3      --NHCH.sub.2 CH.sub.2 --N.angle.                   
                                                C.sub.12 H.sub.19 N.sub.5      
                                                       30.0                    
                                                           30.3                
                            CH.sub.3                                           
                            CH.sub.2 CH.sub.2 OH                               
     98.                                                                       
        --NH--CH.sub.3      --N.angle.          C.sub.12 H.sub.18 N.sub.4      
                                                O.sub.2                        
                                                       22.4                    
                                                           22.0                
                            O--C.sub.2 H.sub.5                                 
     99.                                                                       
        --NH--C.sub.2 H.sub.5                                                  
                            --Cl                C.sub.9 H.sub.10 ClN.sub.3     
                                                       21.5                    
                                                           21.3                
     100.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --CN                C.sub.10 H.sub.10 N.sub.4      
                                                       30.1                    
                                                           30.5                
     101.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --OH                C.sub.9 H.sub.11 N.sub.3       
                                                       23.7                    
                                                           23.2                
     102.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --OC.sub.3 H.sub.7 (n)                             
                                                C.sub.12 H.sub.17 N.sub.3      
                                                       19.2                    
                                                           19.0                
     103.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --SCH.sub.3         C.sub.10 H.sub.13 N.sub.3      
                                                       20.3                    
                                                           20.7                
     104.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --SO.sub.2 --C.sub.3 H.sub.7 (n)                   
                                                C.sub.12 H.sub.17 N.sub.3      
                                                O.sub.2 S                      
                                                       15.7                    
                                                           15.5                
     105.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --NH--CH.sub.3      C.sub.10 H.sub.14 N.sub.4      
                                                       29.5                    
                                                           29.0                
     106.                                                                      
        -- NH--C.sub.2 H.sub.5                                                 
                            --NH--CH.sub.2 --CH.sub.2 --OCH.sub.3              
                                                C.sub.12 H.sub.18 N.sub.4      
                                                       23.9                    
                                                           23.3                
     107.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --NH--C.sub.6 H.sub.13 (n)                         
                                                C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           21.0                
                            CH.sub.3                                           
     108.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --N.angle.          C.sub.11 H.sub.16 N.sub.4      
                                                       27.5                    
                                                           27.3                
                            CH.sub.3                                           
     109.                                                                      
        --NH--C.sub.2 H.sub.5                   C.sub.14 H.sub.20 N.sub.4      
                                                       23.0                    
                                                           22.5                
                            CH.sub.3                                           
     110.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --NH--N.angle.      C.sub.11 H.sub.17 N.sub.5      
                                                       32.0                    
                                                           31.6                
                            CH.sub.3                                           
                            s,153 C.sub.2 H.sub.5                              
     111.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.15 H.sub.25 N.sub.5      
                                                       25.5                    
                                                           26.0                
                            C.sub.2 H.sub.5                                    
                            CH.sub.2                                           
     112.                                                                      
        --NH--C.sub.2 H.sub.5                                                  
                            --N.angle.          C.sub.23 H.sub.24 N.sub.4      
                                                       15.1                    
                                                           15.5                
                            O--CH.sub.2                                        
     113.                                                                      
        --NH-- C.sub.3 H.sub.7 (n)                                             
                            --OH                C.sub.10 H.sub.13 N.sub.3      
                                                       22.0                    
                                                           22.4                
     114.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --O--C.sub.3 H.sub.7 (iso)                         
                                                C.sub.13 H.sub.19 N.sub.3      
                                                       18.0                    
                                                           18.5                
     115.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --SO.sub.2 --C.sub.5 H.sub.11 (iso)                
                                                C.sub.15 H.sub.23 N.sub.3      
                                                O.sub.2 S                      
                                                       13.6                    
                                                           13.3                
     116.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --NH--CH.sub.3      C.sub.11 H.sub.16 N.sub.4      
                                                       27.5                    
                                                           28.0                
     117.                                                                      
        --NH--C.sub.3; H.sub.7 (n)                                             
                            --NH--C.sub.3 H.sub.7 (iso)                        
                                                C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.5                
     118.                                                                      
        --NH--C.sub.3 H.sub.7 (n)               C.sub.16 H.sub.24 N.sub.4      
                                                       20.6                    
                                                           21.0                
     119.                                                                      
        --NH--C.sub.3 H.sub.7 (n)               C.sub.16 H.sub.18 N.sub.4      
                                                       21.1                    
                                                           21.5                
                            CH.sub.3                                           
     120.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --N.angle.          C.sub.12 H.sub.18 N.sub.4      
                                                       25.7                    
                                                           26.0                
                            CH.sub.3                                           
                            CH.sub.2                                           
     121.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --N.angle.          C.sub.19 H.sub.24 N.sub.4      
                                                       17.3                    
                                                           17.5                
                            CH.sub.2 --CH.sub.2 --OH                           
     122.                                                                      
        --NH--C.sub.3 H.sub.7 (n)               C.sub.14 H.sub.21 N.sub.5      
                                                       25.5                    
                                                           26.1                
                            CH.sub.3                                           
     123.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.14 H.sub.23 N.sub.5      
                                                       26.8                    
                                                           26.4                
                            CH.sub.3                                           
                            CH.sub.3                                           
     124.                                                                      
        --NH--C.sub.3 H.sub.7 (n)                                              
                            --N.angle.          C.sub.12 H.sub.18 N.sub.4      
                                                       23.9                    
                                                           23.2                
                            OCH.sub.3                                          
     125.                                                                      
        --NH--C.sub.3 H.sub.7 (iso)                                            
                            --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.14 H.sub.22 N.sub.4      
                                                       21.4                    
                                                           21.0                
                            C.sub.2 H.sub.5                                    
     126.                                                                      
        --NH--C.sub.3 H.sub.7 (iso)                                            
                            --N.angle.          C.sub.14 H.sub.22 N.sub.4      
                                                       22.8                    
                                                           23.0                
                            C.sub.2 H.sub.5                                    
     127.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                            --Cl                C.sub.11 H.sub.14 ClN.sub.3    
                                                       18.8                    
                                                           19.0                
     128.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                            --OH                C.sub.11 H.sub.15 N.sub.3      
                                                       20.5                    
                                                           21.0                
     129.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                            --O--C.sub.4 H.sub.9 (n)                           
                                                C.sub.15 H.sub.23 N.sub.3      
                                                       16.1                    
                                                           16.4                
     130.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                            --NH--CH.sub.3      C.sub.12 H.sub.18 N.sub.4      
                                                       25.7                    
                                                           25.0                
     131.                                                                      
        --NH--C.sub.4 H.sub.9 (n)                                              
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.13 H.sub.20 N.sub.4      
                                                       22.6                    
                                                           23.0                
                            CH.sub.3                                           
     132.                                                                      
        --NH--C.sub.4 H.sub.9 (iso)                                            
                            --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           23.8                
                            CH.sub.3                                           
     133.                                                                      
        --NH--C.sub.4 H.sub.9 (iso)             C.sub.16 H.sub.25 N.sub.5      
                                                       24.4                    
                                                           24.1                
                            C.sub.2 H.sub.5                                    
     134.                                                                      
        --NH--C.sub.4 H.sub.9 (sek)                                            
                            --N.angle.          C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           22.0                
                            C.sub.2 H.sub.5                                    
                            CH.sub.3                                           
     135.                                                                      
        --NH--C.sub.4 H.sub.9 (sek)                                            
                            --NH--N.angle.      C.sub.13 H.sub.21 N.sub.5      
                                                       28.3                    
                                                           28.5                
                            CH.sub.3                                           
                            CH.sub.2 CH.sub.2 OH                               
     136.                                                                      
        --NH--C.sub.4 H.sub.9 (sek)                                            
                            --N.angle.          C.sub.16 H.sub.26 N.sub.4      
                                                O.sub.2                        
                                                       18.3                    
                                                           18.7                
                            O--CH.sub.2 CH.sub.2 CH.sub.3                      
     137.                                                                      
        --NH--C.sub.4 H.sub.9 (tert)                                           
                            --NH--C.sub.2 H.sub.5                              
                                                C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.5                
     138.                                                                      
        --NH--C.sub.4 H.sub.9 (tert)                                           
                            --NH--CH.sub.2 --CH.sub.2 --CN                     
                                                C.sub.14 H.sub.19 N.sub.5      
                                                       27.2                    
                                                           27.5                
     139.                                                                      
        --NH--C.sub.5 H.sub.11 (n)                                             
                            --NH--CH.sub.3      C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.5                
                            CH.sub.3                                           
     140.                                                                      
        --NH--C.sub.5 H.sub.11 (n)                                             
                            --N.angle.          C.sub.14 H.sub.22 N.sub.4      
                                                       22.8                    
                                                           23.0                
                            CH.sub.3                                           
     141.                                                                      
        --NH--C.sub.5 H.sub.11 (n)              C.sub.18 H.sub.23 N.sub.5      
                                                       22.7                    
                                                           23.2                
                            CH.sub.3                                           
     142.                                                                      
        --NH--C.sub.5 H.sub.11 (iso)                                           
                            --NH--N.angle.      C.sub.14 H.sub.23 N.sub.5      
                                                       26.8                    
                                                           27.2                
                            CH.sub.3                                           
                            C.sub.2 H.sub.5                                    
     143.                                                                      
        --NH--C.sub.6 H.sub.13 (n)                                             
                            --N.angle.          C.sub.17 H.sub.28 N.sub.4      
                                                       19.4                    
                                                           19.0                
                            C.sub.2 H.sub.5                                    
     144.                                                                      
        --NH--C.sub.6 H.sub.13 (n)              C.sub.12 H.sub.26 N.sub.4      
                                                       18.5                    
                                                           18.9                
                            CH.sub.3                                           
     145.                                                                      
        --NH--C.sub.6 H.sub.13 (n)                                             
                            --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.17 H.sub.29 N.sub.5      
                                                       23.1                    
                                                           23.3                
                                                CH.sub.3                       
     146.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                                               
                            --NH--CH.sub.3      C.sub.10 H.sub.14 N.sub.4      
                                                       27.2                    
                                                           27.5                
     147.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                                               
                            --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.13 H.sub.20 N.sub.4      
                                                O.sub. 2                       
                                                       21.2                    
                                                           21.5                
                            CH.sub.3                                           
     148.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                                               
                            --N.angle.          C.sub.11 H.sub.16 N.sub.4      
                                                       25.5                    
                                                           26.0                
                            CH.sub.3                                           
     149.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                C.sub.13 H.sub.18 N.sub.4      
                                                O.sub.2                        
                                                       21.4                    
                                                           21.7                
     150.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                C.sub.14 H.sub.20 N.sub.4      
                                                       21.5                    
                                                           21.8                
                            CH.sub.2                                           
     151.                                                                      
        --NHCH.sub.2 CH.sub.2 OH                                               
                            --NHCH.sub.2 CH.sub.2 N.angle..vertline.           
                                                C.sub.13 H.sub.19 N.sub.5      
                                                       26.8                    
                                                           27.2                
                            CH.sub.2                                           
     152.                                                                      
        --NHCH.sub.2 CH.sub.2 OCH.sub.3                                        
                            --NH--CH.sub.3      C.sub.11 H.sub.16 N.sub.4      
                                                       25.5                    
                                                           25.8                
                            CH.sub.3                                           
     153.                                                                      
        --NHCH.sub.2 CH.sub.2 OCH.sub.2                                        
                            --N.angle.          C.sub.12 H.sub.18 N.sub.4      
                                                       23.9                    
                                                           24.3                
                            CH.sub.3                                           
                            C.sub.2 H.sub.5                                    
     154.                   --N.angle.          C.sub.19 H.sub.24 N.sub.4      
                                                       17.3                    
                                                           17.5                
                            C.sub.2 H.sub.5                                    
     155.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                            --NH--C.sub.2 H.sub.5                              
                                                C.sub.13 H.sub.17 N.sub.5      
                                                       28.8                    
                                                           28.2                
                            CH.sub.3                                           
     156.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                            --N.angle.          C.sub.14 H.sub.19 N.sub.5      
                                                       25.6                    
                                                           26.0                
                            CH.sub.2 CH.sub.2 OH                               
                            C.sub.2 H.sub.5                                    
     157.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                            --N.angle.          C.sub.15 H.sub.21 N.sub.5      
                                                       25.8                    
                                                           26.3                
                            C.sub.2 H.sub.5                                    
                            CH.sub.3                                           
     158.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 CN                                      
                            --NH--N.vertline.   C.sub.18 H.sub.20 N.sub.6      
                                                       26.2                    
                                                           27.0                
     159.                                       C.sub.27 H.sub.20 N.sub.4      
                                                       14.0                    
                                                           13.5                
     160.                                                                      
        --NH--C.sub.2 H.sub.5                   C.sub.15 H.sub.22 N.sub.4      
                                                       21.7                    
                                                           22.2                
     161.                                                                      
        --NH--C.sub.2 H.sub.5                   C.sub.17 H.sub.20 N.sub.4      
                                                       20.0                    
                                                           20.4                
     162.                                                                      
        --NH--C.sub.2 H.sub.5                   C.sub.16 H.sub.18 N.sub.4      
                                                       21.1                    
                                                           21.5                
     163.                                                                      
        --NH--C.sub.4 H.sub.9 (n)               C.sub.18 H.sub.22 N.sub.4      
                                                       18.1                    
                                                           18.6                
     164.                                       C.sub.20 H.sub.21 N.sub.5      
                                                       21.1                    
                                                           21.7                
     165.                                                                      
        "                   --NH.sub.2          C.sub.13 H.sub.18 N.sub.4      
                                                       24.3                    
                                                           24.5                
     166.                                                                      
        "                   --NH--CH.sub.3      C.sub.14 H.sub.20 N.sub.4      
                                                       23.0                    
                                                           23.5                
     167.                   --NH--CH.sub.2 --CH=CH.sub.2                       
                                                C.sub.16 H.sub.22 N.sub.4      
                                                       20.7                    
                                                           21.0                
     168.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.17 H.sub.26 N.sub.4      
                                                       19.2                    
                                                           19.5                
                            CH.sub.3                                           
     169.                                                                      
        "                   --N.angle.          C.sub.15 H.sub.22 N.sub.4      
                                                       21.7                    
                                                           22.2                
                            CH.sub.3                                           
     170.                                                                      
        "                                       C.sub.18 H.sub.28 N.sub.6      
                                                       25.6                    
                                                           26.0                
     171.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.19 H.sub.29 N.sub.5      
                                                       22.2                    
                                                           22.5                
                            CH.sub.3                                           
                            H.sub.2                                            
                            C                                                  
                            .angle.                                            
     172.                   H.sub.2 CCH.sub.2   C.sub.17 H.sub.24 N.sub.4      
                                                       18.7                    
                                                           19.1                
                            .vertline..vertline.                               
                            --NCH.sub.2                                        
                            .angle.                                            
     173.                   --NH.sub.2          C.sub.14 H.sub.14 N.sub.4      
                                                       23.5                    
                                                           24.0                
     174.                                                                      
        "                   --NH--C.sub.2 H.sub.5                              
                                                C.sub.16 H.sub.18 N.sub.4      
                                                       21.2                    
                                                           22.0                
                            C.sub.2 H.sub.5                                    
     175.                                                                      
        "                   --N.angle.          C.sub.18 H.sub.22 N.sub.4      
                                                       19.0                    
                                                           19.3                
                            C.sub.2 H.sub.5                                    
     176.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OCH.sub.3                    
                                                C.sub.17 H.sub.20 N.sub.4      
                                                       18.9                    
                                                           18.4                
                            C.sub.2 H.sub.5                                    
     177.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.20 H.sub.27 N.sub.5      
                                                       20.8                    
                                                           21.4                
                            C.sub.2 H.sub.5                                    
     178.                                       C.sub.21 H.sub.21 N.sub.5      
                                                       20.4                    
                                                           20.6                
                            CH.sub.2                                           
     179.                   --N.angle.          C.sub.22 H.sub.22 N.sub.4      
                                                       15.6                    
                                                           16.0                
                            OCH.sub.3                                          
     180.                   --NH--CH.sub.3      C.sub.18 H.sub.18 N.sub.4      
                                                       21.1                    
                                                           21.5                
                            CH.sub.3                                           
     181.                                                                      
        "                   --N.angle.          C.sub.17 H.sub.20              
                                                       20.0b.4                 
                                                           20.5                
                            CH.sub.3                                           
     182.                                                                      
        "                                       C.sub.17 H.sub.23 N.sub.4      
                                                       18.7                    
                                                           19.0                
     183.                   --NH.sub.2          C.sub.13 H.sub.12 N.sub.4      
                                                       25.0                    
                                                           24.7                
     184.                                                                      
        "                   --NH--CH.sub.3      C.sub.14 H.sub.14 N.sub.4      
                                                       23.6                    
                                                           24.2                
     185.                                                                      
        "                   --NH--C.sub.3 H.sub.7 (n)                          
                                                C.sub.16 H.sub.18 N.sub.4      
                                                       21.1                    
                                                           21.3                
     186.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.15 H.sub.16 N.sub.4      
                                                       20.9                    
                                                           21.5                
                            CH.sub.3                                           
     187.                   --N.angle.          C.sub.15 H.sub.16 N.sub.4      
                                                       22.2                    
                                                           22.0                
                            CH.sub.3                                           
                            CH.sub.2 CH.sub.2 CN                               
     188.                                                                      
        "                   --N.angle.          C.sub.19 H.sub.18 N.sub.6      
                                                       25.5                    
                                                           25.9                
                            CH.sub.2 CH.sub.2 CN                               
     189.                                       C.sub.17 H.sub.18 N.sub.4      
                                                       19.1                    
                                                           19.7                
                            C.sub.2 H.sub.5                                    
     190.                                                                      
        "                   --NH--N.angle.      C.sub.17 H.sub.21 N.sub.5      
                                                       23.7                    
                                                           24.3                
                            C.sub.2 H.sub.5                                    
                            CH.sub.3                                           
     191.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.18 H.sub.23 N.sub.5      
                                                       22.7                    
                                                           22.3                
                            CH.sub.3                                           
                            CH.sub.3                                           
     192.                                                                      
        "                   --N.angle.          C.sub.15 H.sub.16 N.sub.4      
                                                       20.9                    
                                                           21.4                
                            O--CH.sub.3                                        
     193.                   --NH--CH.sub.3      C.sub.14 H.sub.13 ClN.sub.4    
                                                       20.6                    
                                                           20.2                
     194.                   --NH--CH.sub.3      C.sub.15 H.sub.16 N.sub.4      
                                                       22.2                    
                                                           22.8                
                            CH.sub.3                                           
     195.                   --N.angle.          C.sub.17 H.sub.20 N.sub.4      
                                                       20.0                    
                                                           20.5                
                            CH.sub.3                                           
     196.                   "                   C.sub.16 H.sub.18 N.sub.4      
                                                       19.9                    
                                                           20.3                
     197.                                                                      
        HC------ CH         --NH--CH.sub.3      C.sub.13 H.sub.14 N.sub.4      
                                                       23.1                    
                                                           23.5                
        .parallel..parallel.                                                   
        --NH--CH.sub.2 --CCH                                                   
        .angle.                                                                
        O                                                                      
                            CH.sub.3                                           
     198.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.16 N.sub.4      
                                                       21.9                    
                                                           21.5                
                            CH.sub.3                                           
                            C.sub.2 H.sub.5                                    
     199.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.19 H.sub.27 N.sub.5      
                                                       20.5                    
                                                           20.9                
                            C.sub.2 H.sub.5                                    
     200.                   --NH--CH.sub.3      C.sub.14 H.sub.15 N.sub.5      
                                                       27.7                    
                                                           27.2                
     201.                   --NH--CH.sub.3      C.sub.14 H.sub.15 N.sub.5      
                                                       27.7                    
                                                           28.2                
     202.                   --NH--CH.sub.3      C.sub.15 H.sub.17 N.sub.5      
                                                       26.2                    
                                                           26.0                
     203.                   --NH--CH.sub.3      C.sub.15 H.sub.17 N.sub.5      
                                                       26.2                    
                                                           26.6                
     204.                                                                      
        --NH--HC----CH.sub.2                                                   
                            --NH--CH.sub.3      C.sub.12 H.sub.16 N.sub.4      
                                                O.sub.2 S                      
                                                       20.0                    
                                                           20.5                
        .vertline..vertline.                                                   
        H.sub.2 CCH.sub.2                                                      
        .angle.                                                                
        S                                                                      
        O.sub.2                                                                
                            CH.sub.3                                           
     205.                                                                      
        "                   --N.angle.          C.sub.13 H.sub.18 N.sub.4      
                                                O.sub.2 S                      
                                                       19.0                    
                                                           18.7                
                            CH.sub.3                                           
     206.                                                                      
        "                                       C.sub.15 H.sub.20 N.sub.4      
                                                O.sub.3 S                      
                                                       16.7                    
                                                           17.1                
                            CH.sub.3                                           
     207.                                                                      
        "                   --NH--N.angle.      C.sub.13 H.sub.19 N.sub.5      
                                                O.sub.2 S                      
                                                       22.7                    
                                                           22.2                
                            CH.sub.3                                           
     208.                   --NH--CH.sub.3      C.sub.17 H.sub.17 N.sub.5      
                                                       24.1                    
                                                           24.5                
                            CH.sub.3                                           
     209.                                                                      
        "                   --N.angle.          C.sub.18 H.sub.19 N.sub.5      
                                                       23.0                    
                                                           23.5                
                            CH.sub.3                                           
     210.                                                                      
        "                                       C.sub.20 H.sub.21 N.sub.5      
                                                       20.2                    
                                                           20.5                
     211.                   --Cl                C.sub.13 H.sub.16 ClN.sub.3    
                                                       16.9                    
                                                           16.5                
     212.                                                                      
        "                   --OH                C.sub.13 H.sub.17 N.sub.3      
                                                       18.2                    
                                                           18.6                
     213.                                                                      
        "                   --OCH.sub.3         C.sub.14 H.sub.19 N.sub.3      
                                                       17.1                    
                                                           17.6                
     214.                                                                      
        "                   --CN                C.sub.14 H.sub.16 N.sub.4      
                                                       25.0                    
                                                           25.3                
     215.                                                                      
        "                                       C.sub.20 H.sub.23 N.sub.3      
                                                O.sub.2 S                      
                                                       11.4                    
                                                           11.2                
     216.                   --Cl                C.sub.14 H.sub.12 ClN.sub.3    
                                                       16.3                    
                                                           16.0                
     217.                                                                      
        "                   --OH                C.sub.14 H.sub.13 N.sub.3      
                                                       17.6                    
                                                           18.0                
     218.                                                                      
        "                   --O--CH.sub.3       C.sub.15 H.sub. 15 N.sub.3     
                                                       16.6                    
                                                           16.0                
     219.                                                                      
        "                   --S--C.sub.4 H.sub.9 (n)                           
                                                C.sub.18 H.sub.21 N.sub.3      
                                                       21.5                    
                                                           21.8                
     220.                   --Cl                C.sub.13 H.sub.10 ClN.sub.3    
                                                       17.3                    
                                                           17.0                
     221.                   --CN                C.sub.14 H.sub.10 N.sub.4      
                                                       23.9                    
                                                           24.3                
     222.                                                                      
        "                   --OH                C.sub.13 H.sub.11 N.sub.3      
                                                       18.7                    
                                                           18.5                
     223.                                                                      
        "                   --OCH.sub.3         C.sub.14 H.sub.13 N.sub.3      
                                                       17.6                    
                                                           17.3                
     224.                                                                      
        "                   --SCH.sub.3         C.sub.14 H.sub.13 N.sub.3      
                                                       16.5                    
                                                           16.0                
        CH.sub.3                                                               
     225.                                                                      
        --N.angle.          --Cl                C.sub.9 H.sub.10 ClN.sub.3     
                                                       21.5                    
                                                           21.0                
        CH.sub.3                                                               
     226.                                                                      
        "                   --CN                C.sub.10 H.sub.10 N.sub.4      
                                                       30.1                    
                                                           30.5                
     227.                                                                      
        "                   --OH                C.sub.9 H.sub.11 N.sub.3       
                                                       23.7                    
                                                           23.4                
     228.                                                                      
        "                   --OCH.sub.3         C.sub.10 H.sub.13 N.sub.3      
                                                       22.0                    
                                                           22.3                
     229.                                                                      
        "                   --SO.sub.2 --C.sub.2 H.sub.5                       
                                                C.sub.11 H.sub.15 N.sub.3      
                                                O.sub.2 S                      
                                                       16.6.                   
                                                           17.0                
     230.                                                                      
        "                   --NH--CH.sub.3      C.sub.10 H.sub.14 N.sub.4      
                                                       29.5                    
                                                           29.1                
     231.                                                                      
        "                   --NH--C.sub.3 H.sub.7 (n)                          
                                                C.sub.12 H.sub.18 N.sub.4      
                                                       25.7                    
                                                           26.2                
     232.                                                                      
        "                   --NH--C.sub.6 H.sub.13 (n)                         
                                                C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           21.8                
        CH.sub.3                                                               
     233.                                                                      
        --N.angle.                              C.sub.15 H.sub.22 N.sub.4      
                                                       21.7                    
                                                           21.5                
        CH.sub.3                                                               
     234.                                                                      
        "                                       C.sub.16 H.sub.18 N.sub.4      
                                                       21.1                    
                                                           20.7                
     235.                                                                      
        "                                       C.sub.15 H.sub.16 N.sub.4      
                                                       22.2                    
                                                           22.6                
     236.                                                                      
        "                                       C.sub.19 H.sub.18 N.sub.4      
                                                       18.5                    
                                                           18.9                
     237.                                                                      
        "                   HC------CH          C.sub.14 H.sub.16 N.sub.4      
                                                       21.9                    
                                                           21.5                
                            .parallel..parallel.                               
                            HCC--CH.sub.2 --NH--                               
                            .angle.                                            
                            O                                                  
                            C.sub.2 H.sub.5                                    
     238.                                                                      
        "                   --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           23.8                
                            C.sub.2 H.sub.5                                    
        CH.sub.3            CH.sub.2 CH.sub.2 CN                               
     239.                                                                      
        -- N.angle.         --N.angle.          C.sub.14 H.sub.19 N.sub.5      
                                                       25.6                    
                                                           26.0                
        CH.sub.3            CH.sub.2 CH.sub.2 OH                               
     240.                                                                      
        "                                       C.sub.13 H.sub.18 N.sub.4      
                                                       24.3                    
                                                           24.5                
        CH.sub.3                                                               
     241.                                                                      
        --N.angle.                              C.sub.14 H.sub.21 N.sub.5      
                                                       27.0                    
                                                           27.4                
        CH.sub.3                                                               
                            C.sub.2 H.sub.5                                    
     242.                                                                      
        "                   --NH--N.angle.      C.sub.13 H.sub.21 N.sub.5      
                                                       28.3                    
                                                           27.9                
                            C.sub.2 H.sub.5                                    
                            CH.sub.3                                           
     243.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.14 H.sub.23 N.sub.5      
                                                       26.8                    
                                                           26.6                
                            CH.sub.3                                           
                            CH.sub.2 CH.sub.2 OH                               
     244.                                                                      
        "                   --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       21.2                    
                                                           21.6                
                            O--C.sub.2 H.sub.5                                 
        C.sub.2 H.sub.5                                                        
     245.                                                                      
        --N.angle.          --Cl                C.sub.11 H.sub.14 ClN.sub.3    
                                                       18.8                    
                                                           18.5                
        C.sub.2 H.sub.5                                                        
     246.                                                                      
        "                   --CN                C.sub.12 H.sub.14 N.sub.4      
                                                       26.2                    
                                                           26.6                
     247.                                                                      
        "                   --OH                C.sub.11 H.sub.15 N.sub.3      
                                                       20.5                    
                                                           21.0                
     248.                                                                      
        "                   --OCH.sub.3         C.sub.12 H.sub.17 N.sub.3      
                                                       19.2                    
                                                           19.0                
     249.                                                                      
        "                   --SC.sub.2 H.sub.5  C.sub.13 H.sub.19 N.sub.3      
                                                       16.8                    
                                                           17.2                
        C.sub.2 H.sub.5                                                        
     250.                                                                      
        --N.angle.          --SO.sub.2 --C.sub.4 H.sub.9 (n)                   
                                                C.sub.15 H.sub.23 N.sub.3      
                                                SO.sub.2                       
                                                       13.6                    
                                                           13.5                
        C.sub.2 H.sub.5                                                        
        C.sub.2 H.sub.5                                                        
     251.                                                                      
        --N.angle.          --NH--CH.sub.3      C.sub.12 H.sub.17 N.sub.4      
                                                       25.7                    
                                                           25.5                
        C.sub.2 H.sub.5                                                        
     252.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.15 H.sub.24 N.sub.4      
                                                       20.3                    
                                                           20.0                
     253.                                                                      
        "                                       C.sub.17 H.sub.25 N.sub.4      
                                                       19.6                    
                                                           19.5                
     254.                                                                      
        "                                       C.sub.18 H.sub.22 N.sub.4      
                                                       19.0                    
                                                           19.4                
     255.                                                                      
        "                                       C.sub.17 H.sub.20 N.sub.4      
                                                       20.0                    
                                                           20.2                
     256.                                                                      
        "                                       C.sub.16 H.sub.24 N.sub.4      
                                                       20.6                    
                                                           21.0                
                            CH.sub.3                                           
     257.                                                                      
        "                   --NH--N.angle.      C.sub.13 H.sub.21 N.sub.5      
                                                       28.3                    
                                                           28.0                
                            CH.sub.3                                           
                            CH.sub.3                                           
     258.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.            
                                                C.sub.16 H.sub.27 N.sub.5      
                                                       24.2                    
                                                           24.5                
                            CH.sub.3                                           
        C.sub.2 H.sub.5     CH.sub.3                                           
     259.                                                                      
        --N.angle.          --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                       22.6                    
                                                           22.2                
        C.sub.2 H.sub.5     OCH.sub.3                                          
        CH.sub.2 CH.sub.2 CN                                                   
     260.                                                                      
        --N.angle.          --OCH.sub.3         C.sub.13 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       21.5                    
                                                           21.3                
        CH.sub.2 CH.sub.2 OH                                                   
     261.                                                                      
        "                                       C.sub.16 H.sub.21 N.sub.5      
                                                O.sub.2                        
                                                       22.2                    
                                                           22.6                
        CH.sub.2 CH.sub.2 OH                                                   
     262.                                                                      
        --N.angle.          --NH.sub.2          C.sub.11 H.sub.16 N.sub.4      
                                                O.sub.2                        
                                                       23.7                    
                                                           23.4                
        CH.sub.2 CH.sub.2 OH                                                   
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.3                                           
     263.                                                                      
        --N.angle.          --N.angle.          C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       21.2                    
                                                           21.5                
         CH.sub.2 CH.sub.2 OH                                                  
                            CH.sub.3                                           
     264.                                                                      
        "                                       C.sub.17 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       17.9                    
                                                           18.2                
        CH.sub.2 CH.sub.2 CN                                                   
     265.                                                                      
        --N.angle.          --OCH.sub.3         C.sub.14 H.sub.15 N.sub.5      
                                                       26.0                    
                                                           26.3                
        CH.sub.2 CH.sub.2 CN                                                   
                            CH.sub.3                                           
     266.                                                                      
        "                   --N.angle.          C.sub.15 H.sub.18 N.sub.6      
                                                       29.8                    
                                                           29.5                
                            CH.sub.3                                           
        CH.sub.3                                                               
     267.                                                                      
        --N.angle.          --NH.sub.2          C.sub.10 H.sub.14 N.sub.4      
                                                       27.2                    
                                                           27.5                
        CH.sub.2 CH.sub.2 OH                                                   
     268.                                                                      
        "                   --NH--CH.sub.3      C.sub.11 H.sub.16 N.sub.4      
                                                       25.5                    
                                                           25.8                
     269.                                                                      
        "                                       C.sub.16 H.sub.24 N.sub.5      
                                                       23.2                    
                                                           23.7                
     270.                                                                      
        "                                       C.sub.16 H.sub.18 N.sub.4      
                                                       19.9                    
                                                           19.5                
                            CH.sub.3                                           
     271.                                                                      
        "                   --NH--N.angle.      C.sub.12 H.sub.19 N.sub.5      
                                                       28.1                    
                                                           27.8                
                            CH.sub.3                                           
        C.sub.3 H.sub.7 (iso)                                                  
     272.                                                                      
        --N.angle.          --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.16 H.sub.26 N.sub.4      
                                                O.sub.2                        
                                                       13.8                    
                                                           14.2                
        CH.sub.2 CH.sub.2 OH                                                   
        C.sub.4 H.sub.9 (n)                                                    
     273.                                                                      
        --N.angle.          --NH--CH.sub.3      C.sub.14 H.sub.22 N.sub.4      
                                                       21.4                    
                                                           21.0                
        CH.sub.2 CH.sub.2 OH                                                   
        C.sub.4 H.sub.9 (n)                                                    
     274.                                                                      
        --N.angle.                              C.sub.17 H.sub.26 N.sub.4      
                                                O.sub.2                        
                                                       17.6                    
                                                           18.0                
        CH.sub.2 CH.sub.2 OH                                                   
        C.sub.4 H.sub.9 (n) CH.sub.3                                           
     275.                                                                      
        --N.angle.          --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.17 H.sub.29 N.sub.5      
                                                       21.9                    
                                                           21.7                
        CH.sub.2 CH.sub.2 OH                                                   
                            CH.sub.3                                           
     276.                                                                      
        --N                 --NH--CH.sub.3      C.sub.16 H.sub.23 N.sub.4      
                                                       19.4                    
                                                           19.0                
        .vertline.                                                             
        CH.sub.2 CH.sub.2 OH                                                   
     277.                                                                      
        --N                                     C.sub.21 H.sub.32 N.sub.4      
                                                       15.7                    
                                                           16.3                
        .vertline.                                                             
        CH.sub.2 CH.sub.2 OH                                                   
     278.                                                                      
        --N                 --NH.sub.2          C.sub.16 H.sub.18 N.sub.4      
                                                       19.9                    
                                                           19.5                
        .vertline.                                                             
        CH.sub.2 CH.sub.2 OH                                                   
     279.                                                                      
        --N                 --NH--CH.sub.3      C.sub.17 H.sub.20 N.sub.4      
                                                       18.9                    
                                                           19.5                
        .vertline.                                                             
        CH.sub.2 CH.sub.2 OH                                                   
     280.                                                                      
        "                                       C.sub.23 H.sub.25 N.sub.5      
                                                       18.1                    
                                                           18.5                
        C.sub.3 H.sub.7 (n)                                                    
     281.                                                                      
        --N.angle.          --Cl                C.sub.13 H.sub.18 ClN.sub.3    
                                                       16.7                    
                                                           16.5                
        C.sub.3 H.sub.7 (n)                                                    
     282.                                                                      
        "                   --NH.sub.2          C.sub.13 H.sub.20 N.sub.4      
                                                       24.1                    
                                                           24.5                
     283.                                                                      
        "                   --CN                C.sub.14 H.sub.18 N.sub.4      
                                                       23.1                    
                                                           23.7                
        C.sub.3 H.sub.7 (n)                                                    
     284.                                                                      
        --N.angle.          --OH                C.sub.13 H.sub.19 N.sub.3      
                                                       18.0                    
                                                           18.4                
        C.sub.3 H.sub.7 (n)                                                    
     285.                                                                      
        "                   --OCH.sub.3         C.sub.14 H.sub.21 N.sub.3      
                                                       17.0                    
                                                           17.5                
     286.                                                                      
        "                   --SO.sub.2 --CH.sub.3                              
                                                C.sub.14 H.sub.21 N.sub.3      
                                                O.sub.2 S                      
                                                       14.2                    
                                                           13.8                
     287.                                                                      
        "                   --NH--CH.sub.3      C.sub.14 H.sub.22 N.sub.4      
                                                       22.8                    
                                                           23.2                
     288.                                                                      
        "                   --NH--C.sub.3 H.sub.7 (n)                          
                                                C.sub.16 H.sub.26 N.sub.4      
                                                       20.5                    
                                                           21.0                
     289.                                                                      
        "                                       C.sub.19 H.sub.30 N.sub.4      
                                                       17.8                    
                                                           17.5                
     290.                                                                      
        "                                       C.sub.19 H.sub.24 N.sub.4      
                                                       18.2                    
                                                           18.5                
                            CH.sub.3                                           
     291.                                                                      
        "                   --N.angle.          C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           20.8                
                            CH.sub.3                                           
     292.                                                                      
        "                                       C.sub.17 H.sub.27 N.sub.5      
                                                       22.1                    
                                                           22.5                
        C.sub.3 H.sub.7 (n) CH.sub.3                                           
     293.                                                                      
        --N.angle.          --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.17 H.sub.29 N.sub.5      
                                                       23.1                    
                                                           23.6                
        C.sub.3 H.sub.7 (n) CH.sub.3                                           
                            CH.sub.3                                           
     294.                                                                      
        "                   --N.angle.          C.sub.15 H.sub.23 N.sub.4      
                                                       20.3                    
                                                           20.0                
                            OCH.sub.3                                          
        C.sub.3 H.sub.7 (iso)                                                  
     295.                                                                      
        --N.angle.          --NH.sub.2          C.sub.13 H.sub.20 N.sub.4      
                                                       24.2                    
                                                           24.6                
        C.sub.3 H.sub.7 (iso)                                                  
     296.                                                                      
        "                   --OH                C.sub.13 H.sub.19 N.sub.3      
                                                       18.0                    
                                                           18.5                
        C.sub.3 H.sub.7 (iso)                                                  
     297.                                                                      
        --N.angle.          --NH--CH.sub.3      C.sub.14 H.sub.22 N.sub.4      
                                                       22.8                    
                                                           22.5                
        C.sub.3 H.sub.7 (iso)                                                  
     298.                                                                      
        "                                       C.sub.18 H.sub.28 N.sub.4      
                                                       18.7                    
                                                           19.1                
        C.sub.4 H.sub.9 (n) --Cl                C.sub.15 H.sub.22 ClN.sub.3    
                                                       15.0                    
                                                           15.4                
        C.sub.4 H.sub.9 (n)                                                    
     300.                                                                      
        "                   --CN                C.sub.16 H.sub.22 N.sub.4      
                                                       20.7                    
                                                           21.0                
        C.sub.4 H.sub.9 (n)                                                    
     301.                                                                      
        --N.angle.          --OH                C.sub.15 H.sub.23 N.sub.3      
                                                       16.1                    
                                                           16.5                
        C.sub.4 H.sub.9 (n)                                                    
     302.                                                                      
        "                   --OCH.sub.3         C.sub.16 H.sub.25 N.sub.3      
                                                       15.3                    
                                                           15.0                
     303.                                                                      
        "                   --NH--CH.sub.3      C.sub.16 H.sub.26 N.sub.4      
                                                       20.4                    
                                                           20.8                
     304.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.17 H.sub.28 N.sub.4      
                                                       18.4                    
                                                           18.1                
     305.                                                                      
        "                                       C.sub.21 H.sub.34 N.sub.4      
                                                       16.4                    
                                                           16.8                
     306.                                                                      
         "                                      C.sub.19 H.sub.30 N.sub.4      
                                                       17.0                    
                                                           17.3                
                            CH.sub.3                                           
     307.                                                                      
        "                   --NH--N.angle.      C.sub.17 H.sub.29 N.sub.5      
                                                       23.1                    
                                                           23.5                
                            CH.sub.3                                           
     308.                                                                      
        "                                       C.sub.19 H.sub.31 N.sub.5      
                                                       20.3                    
                                                           21.0                
        C.sub.4 H.sub.9 (iso)                                                  
     309.                                                                      
        --N.angle.          --NH.sub.2          C.sub.15 H.sub.24 N.sub.4      
                                                       21.5                    
                                                           21.9                
        C.sub.4 H.sub.9 (iso)                                                  
     310.                                                                      
        "                   --NH--CH.sub.3      C.sub.16 H.sub.26 N.sub.4      
                                                       20.4                    
                                                           20.6                
        C.sub.4 H.sub.9 (iso)                                                  
     311.                                                                      
        --N.angle.          --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.17 H.sub.28 N.sub.4      
                                                       18.4                    
                                                           18.5                
        C.sub.4 H.sub.9 (iso)                                                  
        C.sub.4 H.sub.9 (iso)                                                  
                            CH.sub.3                                           
     312.                                                                      
        --N.angle.          --NHCH.sub.2 CH.sub.2 N.angle.                     
                                                C.sub.19 H.sub.33 N.sub.5      
                                                       21.1                    
                                                           21.5                
        C.sub.4 H.sub.9 (iso)                                                  
                            CH.sub.3                                           
        C.sub.5 H.sub.11 (n)                                                   
     313.                                                                      
        --N.angle.          --NH.sub.2          C.sub.17 H.sub.28 N.sub.4      
                                                       19.4                    
                                                           20.0                
        C.sub. 5 H.sub.11 (n)                                                  
     314.                                                                      
        "                   --NH--CH.sub.3      C.sub.18 H.sub.30 N.sub.4      
                                                       18.5                    
                                                           18.2                
     315.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.19 H.sub.32 N.sub.4      
                                                       16.9                    
                                                           17.5                
        C.sub.6 H.sub.13 (n)                                                   
     316.                                                                      
        --N.angle.          --NH.sub.2          C.sub.19 H.sub.32 N.sub.4      
                                                       17.7                    
                                                           18.0                
        C.sub.6 H.sub.13 (n)                                                   
     317.                                                                      
        "                   --NH--CH.sub.3      C.sub.20 H.sub.34 N.sub.4      
                                                       17.0                    
                                                           16.7                
     318.                                                                      
        "                                       C.sub.25 H.sub.36 N.sub.4      
                                                       14.3                    
                                                           14.7                
     319.                   --NH.sub.2          C.sub.11 H.sub.14 N.sub.4      
                                                       25.7                    
                                                           26.2                
     320.                                                                      
        "                   --OH                C.sub.11 H.sub.13 N.sub.3      
                                                O.sub.2                        
                                                       19.2                    
                                                           19.5                
     321.                                                                      
        "                   --NH--CH.sub.3      C.sub.12 H.sub.16 N.sub.4      
                                                       24.1                    
                                                           24.5                
                            C.sub.2 H.sub.5                                    
     322.                   --N.angle.          C.sub.15 H.sub.22 N.sub.4      
                                                       20.4                    
                                                           21.0                
                            C.sub.2 H.sub.5                                    
     323.                   --NH.sub.2          C.sub.11 H.sub.14 N.sub.4      
                                                       27.7                    
                                                           28.0                
     324.                                                                      
        "                   --NH--CH.sub.3      C.sub.12 H.sub.16 N.sub.4      
                                                       25.9                    
                                                           25.7                
                            CH.sub.3                                           
     325.                                                                      
        "                   --N.angle.          C.sub.13 H.sub.18 N.sub.4      
                                                       24.3                    
                                                           25.0                
                            CH.sub.3                                           
     326.                   --OH                C.sub.12 H.sub.15 N.sub.3      
                                                       19.3                    
                                                           19.5                
     327.                                                                      
        "                   --NH.sub.2          C.sub.12 H.sub.16 N.sub.4      
                                                       25.9                    
                                                           25.5                
     328.                                                                      
        "                   --NH--CH.sub.3      C.sub.13 H.sub.18 N.sub.4      
                                                       24.3                    
                                                           24.7                
     329.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3           
                                                C.sub.16 H.sub.24 N.sub.4      
                                                       19.4                    
                                                           19.5                
                            CH.sub.3                                           
     330.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.20 N.sub.4      
                                                       22.9                    
                                                           23.0                
                            CH.sub.3                                           
     331.                                                                      
        "                                       C.sub.18 H.sub.26 N.sub.4      
                                                       18.8                    
                                                           18.5                
     332.                                       C.sub.18 H.sub.20 N.sub.4      
                                                       19.2                    
                                                           19.2                
     333.                   --NH.sub.2          C.sub.12 H.sub.17 N.sub.5      
                                                       30.4                    
                                                           30.6                
     334.                                                                      
        "                   --NH--CH.sub.3      C.sub.13 H.sub.19 N.sub.5      
                                                       28.5                    
                                                           28.7                
                            CH.sub. 3                                          
     335.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.21 N.sub.5      
                                                       27.0                    
                                                           27.5                
                            CH.sub.3                                           
     336.                   --NH--CH.sub.3      C.sub.14 H.sub.21 N.sub.5      
                                                       27.0                    
                                                           27.3                
        CH.sub.3 CH.sub.3                                                      
     337.                                                                      
        --N----N.angle.     --NH--CH.sub.3      C.sub.11 H.sub.17 N.sub.5      
                                                       32.0                    
                                                           32.3                
        CH.sub.3                                                               
     338.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.12 H.sub.19 N.sub.5      
                                                       28.1                    
                                                           28.0                
        CH.sub.3                                                               
     339.                                                                      
        --NH--N.angle.      --NH.sub.2          C.sub.9 H.sub.13 N.sub.5       
                                                       36.7                    
                                                           37.0                
        CH.sub.3                                                               
     340.                                                                      
        "                   --NH--CH.sub.3      C.sub.10 H.sub.15 N.sub.5      
                                                       34.1                    
                                                           34.5                
        C.sub.2 H.sub.5     CH.sub.3                                           
     341.                                                                      
        --NH--N.angle.      --N.angle.          C.sub.13 H.sub.21 N.sub.5      
                                                       28.4                    
                                                           29.0                
        C.sub.2 H.sub.5     CH.sub.3                                           
                            CH.sub.3                                           
     342.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.23 N.sub.5      
                                                       25.3                    
                                                           25.5                
                            CH.sub.2 CH.sub.2 OH                               
     343.                                                                      
        "                                       C.sub.17 H.sub.                
                                                       23.8.sub.5              
                                                           24.0                
        CH.sub.3                                                               
     344.                                                                      
        --NH--N.vertline.   --NH--CH.sub.3      C.sub.15 H.sub.17 N.sub.5      
                                                       26.2                    
                                                           26.6                
                            CH.sub.3                                           
     345.                                                                      
        "                   --N.angle.          C.sub.16 H.sub.19 N.sub.5      
                                                       24.9                    
                                                           25.5                
                            CH.sub.3                                           
     346.                   --NH--CH.sub.3      C.sub.13 H.sub.17 N.sub.5      
                                                       28.9                    
                                                           29.0                
                            CH.sub.3                                           
     347.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.19 N.sub.5      
                                                       27.3                    
                                                           27.5                
                            CH.sub.3                                           
     348.                   --NH.sub.2          C.sub.12 H.sub.17 N.sub.5      
                                                       30.3                    
                                                           31.6                
     349.                                                                      
        "                   --NH--CH.sub.3      C.sub.13 H.sub.19 N.sub.5      
                                                       28.6                    
                                                           29.0                
                            CH.sub.3                                           
     350.                                                                      
        "                   --N.angle.          C.sub.14 H.sub.21 N.sub.5      
                                                       27.1                    
                                                           26.8                
                            CH.sub.3                                           
     351.                   --NH--CH.sub.3      C.sub.12 H.sub.17 N.sub.5      
                                                       28.4                    
                                                           28.6                
                            CH.sub.3                                           
     352.                                                                      
        "                   --N.angle.          C.sub.13 H.sub.19 N.sub.5      
                                                       26.8                    
                                                           27.0                
                            CH.sub.3                                           
        CH.sub.3                                                               
     353.                                                                      
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                            --NH--CH.sub.3      C.sub.12 H.sub.19 N.sub.5      
                                                       30.1                    
                                                           29.5                
        CH.sub.3                                                               
        C.sub.2 H.sub.5                                                        
     354.                                                                      
        --NHCH.sub.2 CH.sub.2 N.angle.                                         
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.15 H.sub.25 N.sub.5      
                                                       24.1                    
                                                           24.6                
        C.sub.2 H.sub.5                                                        
        CH.sub.3                                                               
     355.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                            --NH--CH.sub.3      C.sub.13 H.sub.21 N.sub.5      
                                                       28.4                    
                                                           29.0                
        CH.sub.3                                                               
     356.                                                                      
        "                   --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.14 H.sub.23 N.sub.5      
                                                       25.3                    
                                                           25.5                
        C.sub.2 H.sub.5                                                        
     357.                                                                      
        --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.                                
                            --NH--CH.sub.3      C.sub.15 H.sub.25 N.sub.5      
                                                       25.5                    
                                                           26.0                
        C.sub.2 H.sub.5                                                        
     358.                   --NH--CH.sub.3      C.sub.15 H.sub.23 N.sub.5      
                                                       24.1                    
                                                           23.7                
     359.                   --NH--CH.sub.3      C.sub.16 H.sub.25 N.sub.5      
                                                       24.3                    
                                                           25.0                
     360.                   --NH--CH.sub.3      C.sub.15 H.sub.23 N.sub.5      
                                                       25.7                    
                                                           26.0                
     361.                   --NH--CH.sub.3      C.sub.16 H.sub.26 N.sub.6      
                                                       27.8                    
                                                           27.5                
     362.                                                                      
        --NH--OH            --NH--CH.sub.3      C.sub.8 H.sub.10 N.sub.4       
                                                       31.5                    
                                                           31.9                
        CH.sub.3                                                               
     363.                                                                      
        --N.angle.          --NH--CH.sub.3      C.sub.10 H.sub.14 N.sub.4      
                                                       27.2                    
                                                           27.7                
        OCH.sub.3                                                              
        CH.sub.2 CH.sub.2 OH                                                   
     364.                                                                      
        --N.angle.          --NH--CH.sub.3      C.sub.11 H.sub.16 N.sub.4      
                                                       25.5                    
                                                           25.1                
        OCH.sub.3                                                              
     365.                                                                      
        --N                 --NH--CH.sub.3      C.sub.16 H.sub.18 N.sub.4      
                                                       19.8                    
                                                           19.2                
        .vertline.                                                             
        OCH.sub.3                                                              
        CH.sub.3                                                               
     366.                                                                      
        CH.angle.           --NH--CH.sub.3      C.sub.13 H.sub.20 N.sub.4      
                                                       22.6                    
                                                           23.0                
        CH.sub.3                                                               
        --N.angle.                                                             
        OCH.sub.2 CH.sub.3                                                     
        H.sub.2 CCH.sub.2                                                      
        .vertline..vertline.                                                   
     367.                                                                      
        --NCH.sub.2         --NH--CH.sub.3      C.sub.11 H.sub.14 N.sub.4      
                                                       25.6                    
                                                           25.6                
        .vertline..vertline.                                                   
        O                                                                      
        H.sub.2 C-- --CH.sub.2                                                 
     368.                                                                      
        --N.angle..angle.CH.sub.2                                              
                            --NH--CH.sub.3      C.sub.12 H.sub.16 N.sub.4      
                                                       24.1                    
                                                           24.5                
        O----CH.sub.2                                                          
     369.                                                                      
        --CN                --Cl                C.sub.8 H.sub.4 ClN.sub.3      
                                                       23.7                    
                                                           24.2                
     370.                                                                      
        --CN                --CN                C.sub.9 H.sub.4 N.sub.4        
                                                       33.3                    
                                                           33.8                
     371.                                                                      
        --CN                --OH                C.sub.8 H.sub.5 N.sub.3        
                                                       26.4                    
                                                           27.0                
     372.                                                                      
        --CN                --OCH.sub.3         C.sub.9 H.sub.7 N.sub.3        
                                                       24.3                    
                                                           24.0                
     373.                                                                      
        --CN                --NH.sub.2          C.sub.8 H.sub.6 N.sub.4        
                                                       35.4                    
                                                           35.8                
     374.                                                                      
        --CN                --NH--CH.sub.3      C.sub.9 H.sub.8 N.sub.4        
                                                       32.6                    
                                                           33.0                
                            CH.sub.3                                           
     375.                                                                      
        --CN                --N.angle.          C.sub.10 H.sub.10 N.sub.4      
                                                       30.1                    
                                                           30.5                
                            CH.sub.3                                           
                            CH.sub.3                                           
     376.                                                                      
        --CN                --N.angle.          C.sub.11 H.sub.12 N.sub.4      
                                                       25.9                    
                                                           26.4                
                            CH.sub.2 CH.sub.2 OH                               
     377.                                                                      
        --CN                                    C.sub.13 H.sub.14 N.sub.4      
                                                       24.8                    
                                                           25.2                
                            CH.sub.3                                           
     378.                                                                      
        --CN                --NH--N.angle.      C.sub.10 H.sub.11              
                                                       34.8b.5                 
                                                           35.2                
                            CH.sub.3                                           
     379.                                                                      
        --CN                --NH--OCH.sub.3     C.sub.9 H.sub.8 N.sub.4        
                                                       29.8                    
                                                           29.5                
     380.                                                                      
        --OCH.sub.3         --Cl                C.sub.8 H.sub.7 ClN.sub.2      
                                                       15.4                    
                                                           15.0                
     381.                                                                      
        --OC.sub.2 H.sub.5  --Cl                C.sub.9 H.sub.9 ClN.sub.2      
                                                       14.3                    
                                                           14.7                
     382.                                                                      
        --OC.sub.4 H.sub.9 (n)                                                 
                            --Cl                C.sub.11 H.sub.13 ClN.sub.2    
                                                       12.5                    
                                                           12.8                
     383.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3                                         
                            --Cl                C.sub.10 H.sub.11 ClN.sub.2    
                                                       12.4                    
                                                           12.0                
     384.                                                                      
        --OCH.sub.3         --OCH.sub.3         C.sub.9 H.sub.10 N.sub.2       
                                                O.sub.2                        
                                                       15.7                    
                                                           16.0                
     385.                                                                      
        --OCH.sub.3         --OC.sub.2 H.sub.5  C.sub.10 H.sub.12 N.sub.2      
                                                O.sub.2                        
                                                       14.6                    
                                                           14.8                
     386.                                                                      
        --OC.sub.2 H.sub.5  --OC.sub.2 H.sub.5  C.sub.11 H.sub.14 N.sub.2      
                                                O.sub.2                        
                                                       13.6                    
                                                           13.9                
     387.                                                                      
        --OCH.sub.3         --OCH.sub.2 CH.sub.2 OCH.sub.3                     
                                                C.sub.11 H.sub.14 N.sub.2      
                                                O.sub.3                        
                                                       12.6                    
                                                           12.2                
     388.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3                                         
                            --OCH.sub.3         C.sub.11 H.sub.14 N.sub.2      
                                                O.sub.3                        
                                                       12.6                    
                                                           13.0                
     389.                                                                      
        --OCH.sub.3                             C.sub.14 H.sub.12 N.sub.2      
                                                O.sub.2                        
                                                       11.7                    
                                                           11.9                
     390.                                                                      
        --OCH.sub.3         --SC.sub.4 H.sub.9 (n)                             
                                                C.sub.12 H.sub.16 N.sub.2      
                                                       11.9                    
                                                           12.1                
     391.                                                                      
        --OC.sub.2 H.sub.5  --SC.sub.2 H.sub.5  C.sub.11 H.sub.16 N.sub.2      
                                                       12.6                    
                                                           13.0                
     392.                                                                      
        --OCH.sub.3                             C.sub.14 H.sub.12 N.sub.2      
                                                       10.9                    
                                                           12.1                
     393.                                                                      
        --OCH.sub.3                             C.sub.15 H.sub.14 N.sub.2      
                                                O.sub.2                        
                                                       11.0                    
                                                           11.5                
     394.                                                                      
        --OCH.sub.3         --NH--CH.sub.3      C.sub.9 H.sub.11 N.sub.3       
                                                       23.7                    
                                                           23.5                
     395.                                                                      
        --OCH.sub.3         --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.10 H.sub.13 N.sub.3      
                                                O.sub.2                        
                                                       20.8                    
                                                           21.2                
     396.                                                                      
        --OC.sub.2 H.sub.5  --NH--(CH.sub.2).sub.3 --OCH.sub.3                 
                                                C.sub.13 H.sub.19 N.sub.3      
                                                O.sub.2                        
                                                       16.9                    
                                                           17.3                
     397.                                                                      
        --OCH.sub.2 CH.sub.2 OCH.sub.3          C.sub.16 H.sub.17 N.sub.3      
                                                O.sub.2                        
                                                       14.8                    
                                                           15.0                
                            CH.sub.3                                           
     398.                                                                      
        --OC.sub.4 H.sub.9 (n)                                                 
                            --NH--(CH.sub.2).sub.3 --N.angle.                  
                                                C.sub.16 H.sub.26 N.sub.4      
                                                       19.3                    
                                                           19.5                
                            CH.sub.3                                           
                            CH.sub.3                                           
     399.                                                                      
        --OCH.sub.3         --N.angle.          C.sub.11 H.sub.15 N.sub.3      
                                                O.sub.2                        
                                                       19.0                    
                                                           19.3                
                            CH.sub.2 CH.sub.2 OH                               
     400.                                                                      
        --OC.sub.2 H.sub.5                      C.sub.13 H.sub.16 N.sub.3      
                                                O.sub.2                        
                                                       17.1                    
                                                           17.5                
     401.                                                                      
        --SCH.sub.3         --Cl                C.sub.8 H.sub.7 CIN.sub.2      
                                                       14.1                    
                                                           14.5                
     402.                                                                      
        --SC.sub.2 H.sub.5  --Cl                C.sub.9 H.sub.9 ClN.sub.2      
                                                       13.2                    
                                                           13.0                
     403.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --Cl                C.sub.11 H.sub.13 ClN.sub.2    
                                                       11.7                    
                                                           12.1                
     404.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --OCH.sub.3         C.sub.12 H.sub.16 N.sub.2      
                                                       11.9                    
                                                           12.3                
     405.                                                                      
        --SC.sub.2 H.sub.5                      C.sub.15 H.sub.14 N.sub.2      
                                                       10.4                    
                                                           11.0                
     406.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --SC.sub.4 H.sub.9 (n)                             
                                                C.sub.15 H.sub.22 N.sub.2      
                                                S.sub.2                        
                                                       9.5 10.0                
     407.                                                                      
        --SCH.sub.3         --NH--CH.sub.3      C.sub.9 H.sub.11 N.sub.3       
                                                       21.7                    
                                                           22.0                
     408.                                                                      
        --SC.sub.2 H.sub.5  --NH--(CH.sub.2).sub.3 .sub.[OCH.sub.3             
                                                C.sub.13 H.sub.19 N.sub.3      
                                                       15.8                    
                                                           16.0                
     409.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.13 H.sub.19 N.sub.3      
                                                       15.8                    
                                                           16.2                
     410.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --NH                C.sub.17 H.sub.19 N.sub.3      
                                                       14.1                    
                                                           14.5                
                            CH.sub.3                                           
     411.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --NH--(CH.sub.2).sub.3 --N.angle.                  
                                                C.sub.16 H.sub.26 N.sub.4      
                                                       18.3                    
                                                           18.5                
                            CH.sub.3                                           
                            CH.sub.3                                           
     412.                                                                      
        --SC.sub.4 H.sub.9 (n)                                                 
                            --N.angle.          C.sub.14 H.sub.21 N.sub.3      
                                                       15.0                    
                                                           15.5                
                            CH.sub.2 CH.sub.2 OH                               
     413.                                                                      
        --SC.sub.4 H.sub.9 (n)                  C.sub.15 H.sub.21 N.sub.3      
                                                       14.4                    
                                                           15.0                
     414.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --Cl                C.sub.10 H.sub.10 ClN.sub.3    
                                                O.sub.2 S                      
                                                       15.5                    
                                                           15.0                
     415.                                                                      
        --SO.sub.2 --C.sub.4 H.sub.9 (n)                                       
                            --Cl                C.sub.13 H.sub.16 ClN.sub.3    
                                                O.sub.2 S                      
                                                       13.4                    
                                                           13.8                
     416.                   --Cl                C.sub.15 H.sub.12 ClN.sub.3    
                                                O.sub.2 S                      
                                                       12.6                    
                                                           12.5                
     417.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --CN                C.sub.11 H.sub.10 N.sub.4      
                                                O.sub.2 S                      
                                                       21.4                    
                                                           21.0                
     418.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --OH                C.sub.10 H.sub.11 N.sub.3      
                                                O.sub.3 S                      
                                                       16.6                    
                                                           17.2                
     419.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --OCH.sub.3         C.sub.11 H.sub.13 N.sub.3      
                                                O.sub.3 S                      
                                                       15.7                    
                                                           15.3                
     420.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --SCH.sub.3         C.sub.11 H.sub.13 N.sub.3      
                                                O.sub.2 S.sub.2                
                                                       14.8                    
                                                           15.4                
     421.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --SO.sub.2 --CH.sub.3                              
                                                C.sub.11 H.sub.13 N.sub.3      
                                                O.sub.4 S.sub.2                
                                                       13.3                    
                                                           12.9                
     422.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --NH.sub.2          C.sub.10 H.sub.12 N.sub.4      
                                                O.sub.2 S                      
                                                       22.2                    
                                                           22.6                
                            CH.sub.3                                           
     423.                                                                      
        --SO.sub.2 --C.sub.2 H.sub.5                                           
                            --N.angle.          C.sub.13 H.sub.18 N.sub.4      
                                                O.sub.2 S                      
                                                       19.1                    
                                                           18.5                
                            CH.sub.3                                           
     424.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.13 H.sub.18 N.sub.4      
                                                O.sub.3 S                      
                                                       18.1                    
                                                           18.7                
                            CH.sub.3                                           
     425.                                                                      
        --SO.sub.2 --CH.sub.3                                                  
                            --N.angle.          C.sub.13 H.sub.18 N.sub.4      
                                                O.sub.3 S                      
                                                       18.1                    
                                                           18.3                
                            CH.sub.3                                           
     426.                                                                      
        --SO.sub.2 --CH.sub.3                   C.sub.14 H.sub.18 N.sub.4      
                                                O.sub.3 S                      
                                                       17.4                    
                                                           17.6                
                            CH.sub.3                                           
     427.                                                                      
        --SO.sub.2 --C.sub.2 H.sub.5                                           
                            --NH--(CH.sub.2).sub.2 --N.angle.                  
                                                C.sub.15 H.sub.23 N.sub.5      
                                                O.sub.2 S                      
                                                       20.8                    
                                                           20.1                
                            CH.sub.3                                           
     428.                                                                      
        --SO.sub.2 --C.sub.4 H.sub.9 (n)                                       
                            --NHCH.sub.2 CH.sub.2 OH                           
                                                C.sub.15 H.sub.22 N.sub.4      
                                                O.sub.2 S                      
                                                       17.4                    
                                                           17.8                
     429.                   --NH--CH.sub.3      C.sub.17 H.sub.18 N.sub.4      
                                                O.sub.2 S                      
                                                       16.4                    
                                                           16.0                
     430.                   --NH--CH.sub.3      C.sub.16 H.sub.16 N.sub.4      
                                                O.sub.2 S                      
                                                       17.1                    
                                                           17.8                
     431.                                       C.sub.33 H.sub.25 N.sub.7      
                                                       18.9                    
                                                           18.5                
     432.                   --Cl                C.sub.23 H.sub.20 ClN.sub.5    
                                                       17.5                    
                                                           17.9                
     433.                   --OCH.sub.3         C.sub.24 H.sub.23 N.sub.5      
                                                       17.6                    
                                                           17.0                
                            CH.sub.3                                           
     434.                   --N.angle.          C.sub.25 H.sub.26 N.sub.6      
                                                       20.5                    
                                                           21.2                
                            CH.sub.3                                           
     435.                                                                      
        "                                       C.sub.37 H.sub.33 N.sub.7      
                                                       17.0                    
                                                           17.2                
     436.                                       C.sub.39 H.sub.37 N.sub.7      
                                                       16.3                    
                                                           16.6                
     437.                   --OCH.sub.3         C.sub.26 H.sub.28 N.sub.6      
                                                       19.1                    
                                                           19.8                
     438.                                                                      
        "                   --NH--CH.sub.3      C.sub.26 H.sub.29 N.sub.7      
                                                       22.3                    
                                                           22.5                
     439.                                                                      
        "                                       C.sub.41 H.sub.43 N.sub.9      
                                                       19.1                    
                                                           19.8                
     440.                                       C.sub.33 H.sub.25 N.sub.7      
                                                       18.9                    
                                                           18.1                
     441.                   --Cl                C.sub.21 H.sub.15 ClN.sub.4    
                                                       15.0                    
                                                           15.4                
     442.                                                                      
        "                   --OC.sub.2 H.sub.5  C.sub.23 H.sub.20 N.sub.4      
                                                O.sub.2                        
                                                       14.5                    
                                                           15.0                
     443.                                                                      
        "                                       C.sub.33 H.sub.23 N.sub.5      
                                                O.sub.2                        
                                                       13.4                    
                                                           13.7                
     444.                                       C.sub.33 H.sub.23 N.sub.5      
                                                S.sub.2                        
                                                       12.7                    
                                                           12.5                
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the process of this invention:
      ##SPC30##
PAL  or tautomeric forms.
TBL  __________________________________________________________________________
                                                Empirical Cal'd.               
                                                               Found           
     No.  Y           Z.sub.1       Z.sub.2     Formula   N%   N%              
     __________________________________________________________________________
     445.                                                                      
         --H          --NH.sub.2    --Cl        C.sub.6 H.sub.7 N.sub.2        
                                                          20.1 20.7            
     446.                                                                      
         --H          --NH.sub.2    --NH.sub.2  C.sub.6 H.sub.9 N.sub.3        
                                                          34.1 33.6            
     447.                                                                      
         --H          --NH.sub.2    --OH        C.sub.6 H.sub.8 N.sub.2        
                                                          22.6 22.8            
     448.                                                                      
         --H          --NH.sub.2    --OCH.sub.3 C.sub.7 H.sub.10 N.sub.2       
                                                          20.3 20.1            
     449.                                                                      
         --H          --NH.sub.2    --SC.sub.2 H.sub.5                         
                                                C.sub.8 H.sub.12 N.sub.2       
                                                          16.6 17.1            
     450.                                                                      
         --H          --NH.sub.2    --SO.sub.2 --CH.sub.3                      
                                                C.sub.7 H.sub.10 N.sub.2       
                                                O.sub.2 S 15.0 15.2            
     451.                                                                      
         --H          --NH.sub.2    --NH--CH.sub.3                             
                                                C.sub.7 H.sub.11 N.sub.3       
                                                          30.6 31.0            
     452.                                                                      
         --H          --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.8 H.sub.13 N.sub.3       
                                                          27.8 28.2            
     453.                                                                      
         --H          --NHCH.sub.2 CH.sub.2 OH                                 
                                    --NHCH.sub.2 CH.sub.2 OH                   
                                                C.sub. 10 H.sub.17 N.sub.3     
                                                O.sub.2   19.9 20.2            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     454.                                                                      
         --H          --N.angle.    --N.angle.  C.sub.14 H.sub.25 N.sub.3      
                                                          17.9 17.3            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     455.                                                                      
         --H                                    C.sub.14 H.sub.21 N.sub.3      
                                                O.sub.2   16.0 16.3            
                                    CH.sub.3                                   
     456.                                                                      
         --H          --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                    --NHCH.sub.2 CH.sub.2 N.angle.             
                                                C.sub.13 H.sub.23 N.sub.4      
                                                          23.8 23.2            
                                    CH.sub.3                                   
     457.                                                                      
         --NH.sub.2   --NH.sub.2    --NH.sub.2  C.sub.6 H.sub.10 N.sub.4       
                                                          40.6 40.8            
     458.                                                                      
         --NH.sub.2   --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.8 H.sub.14 N.sub.4       
                                                          33.7 33.2            
                      CH.sub.3      CH.sub.3                                   
     459.                                                                      
         --NH.sub.2   --N.angle.    --N.angle.  C.sub.10 H.sub.18 N.sub.4      
                                                          28.9 28.7            
                      CH.sub.3      CH.sub.3                                   
     460.                                                                      
         --NH.sub.2   --NHCH.sub.2 CH.sub.2 OH                                 
                                    --NHCH.sub.2 CH.sub.2 OH                   
                                                C.sub.10 H.sub.18 N.sub.4      
                                                O.sub.2   24.8 25.1            
     461.                                                                      
         --NO         --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.8 H.sub.12 N.sub.4       
                                                          31.1 31.0            
                      CH.sub.3      CH.sub.3                                   
     462.                                                                      
         --NO         --N.angle.    --N.angle.  C.sub.10 H.sub.16 N.sub.4      
                                                          26.9 26.7            
                      CH.sub.3      CH.sub.3                                   
     463.                                                                      
         --NO                                   C.sub.14 H.sub.20 N.sub.4      
                                                O.sub.3   19.2 19.5            
     464.                                                                      
         --NO.sub.2   --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.8 H.sub.12 N.sub.4       
                                                O.sub.2   28.5 28.5            
                      CH.sub.3      CH.sub.3                                   
     465.                                                                      
         --NO.sub.2   --N.angle.    --N.angle.  C.sub.10 H.sub.16 N.sub.4      
                                                O.sub.2   25.0 25.3            
                      CH.sub.3      CH.sub.3                                   
     466.                                                                      
         --NO.sub.2                             C.sub.14 H.sub.20 N.sub.4      
                                                O.sub.4   18.2 18.5            
     467.                                                                      
         --CH.sub.3   --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.9 H.sub.15 N.sub.3       
                                                          25.4 26.0            
     468.                                                                      
         --CH.sub.2 --CH.sub.3                                                 
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.2 --CH.sub.3                  
                                                C.sub.11 H.sub.19 N.sub.3      
                                                          21.7 22.0            
     469.                                                                      
         --CH.sub.2 CH.sub.2 CN                                                
                      --NH.sub.2    --NH.sub.2  C.sub.9 H.sub.12 N.sub.4       
                                                          31.8 32.0            
     470.             --NH.sub.2    --NH.sub.2  C.sub.15 H.sub.17 N.sub.3      
                                                          16.5 17.0            
     471.                                                                      
         --CH.sub.2 CH.sub.2 N--C.sub.2 H.sub.5                                
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.19 H.sub.26 N.sub.4      
                                                          17.2 17.5            
         C.sub.2 H.sub.5                                                       
     472.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                      --NH--CH.sub.3                                           
                                    --OCH.sub.2 CH.sub.2 =CH.sub.2             
                                                C.sub.16 H.sub.27 N.sub.3      
                                                          15.2 15.3            
         C.sub.2 H.sub.5                                                       
     473.                                                                      
         --CH.sub.2 --CH=CH.sub.2                                              
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.11 H.sub.17 N.sub.3      
                                                          22.0 22.4            
         CH.sub.3                                                              
         .vertline.                                                            
     474.                                                                      
         --CH.sub.2 --C=CH.sub.2                                               
                      --NH--CH.sub.3                                           
                                    --SO.sub.2 CH.sub.2 CH=CH.sub.2            
                                                C.sub.14 H.sub.20 N.sub.2      
                                                O.sub.2 S 10.0 9.8             
     475.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                      --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                                C.sub.15 H.sub.27 N.sub.       
                                                          16.8 16.5            
     476.                                                                      
         --C.sub.4 H.sub.9 (n)                                                 
                      --NH--CH.sub.3            C.sub.17 H.sub.28 N.sub.2      
                                                          10.1 9.7             
     477.                                                                      
         --C.sub.4 H.sub.9 (iso)                                               
                      --NH--CH.sub.3            C.sub.18 H.sub.24 N.sub.2      
                                                          9.9  10.2            
     478.                                                                      
         --C.sub.6 H.sub.13 (n)                                                
                      --NH--CH.sub.3            C.sub.18 H.sub.24 N.sub.2      
                                                          9.9  10.4            
     479.             --NH--C.sub.3 H.sub.7 (iso)                              
                                    --OCH.sub.2 CH.sub.2 OCH.sub.3             
                                                C.sub.19 H.sub.32 N.sub.2      
                                                          9.4  9.5             
     480.             --NH--CH.sub.3                                           
                                    --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.    
                                                C.sub.19 H.sub.27 N.sub.4      
                                                          18.0 18.3            
                                    CH.sub.3                                   
                                    CH.sub.3                                   
                                    .vertline.                                 
     481.             --NH.sub.2    --O--CH.sub.2 --C=CH.sub.2                 
                                                C.sub.16 H.sub.18 N.sub.2      
                                                          11.0 10.5            
                                    CH.sub.3                                   
     482.             --NH.sub.2    --S--CH.angle.                             
                                                C.sub.16 H.sub.20 N.sub.2      
                                                          9.7  9.5             
                                    CH.sub.3                                   
     483.             --NH--CH.sub.3            C.sub.20 H.sub.19 ClN.sub.2    
                                                          7.9  8.3             
     484.             --NH--CH.sub.3            C.sub.21 H.sub.20 Cl.sub.2     
                                                N.sub.2 S 6.9  6.8             
     485.             --NH.sub.2    --NH.sub.2  C.sub.12 H.sub.20 N.sub.4      
                                                          23.7 23.9            
                      CH.sub.3      CH.sub.3                                   
     486.                                                                      
         "            --N.angle.    --N.angle.  C.sub.16 H.sub.28 N.sub.4      
                                                          19.2 19.7            
                      CH.sub.3      CH.sub.3                                   
     487.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.15 H.sub.26 N.sub.4      
                                                          21.4 21.6            
     488.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.14 H.sub.24 N.sub.4      
                                                          22.6 22.2            
     489.                                                                      
         --COOCH.sub.3                                                         
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.10 H.sub.15 N.sub.3      
                                                O.sub.2   20.1 20.3            
     490.                                                                      
         --COOC.sub.2 H.sub.5                                                  
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.11 H.sub.17 N.sub.3      
                                                O.sub.2   18.8 18.5            
                      C.sub. 2 H.sub.5                                         
                                    C.sub.2 H.sub.5                            
     491.                                                                      
         --COOC.sub.2 H.sub.5                                                  
                      --N.angle.    --N.angle.  C.sub.17 H.sub.29 N.sub.3      
                                                O.sub.2   13.7 14.0            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     492.                                                                      
         --COOC.sub.2 H.sub.5       --NH--CH.sub.3                             
                                                C.sub.14 H.sub.21 N.sub.3      
                                                O.sub.3   15.0 14.8            
     493.                                                                      
         --COOC.sub.4 H.sub.9 (n)                                              
                      --NHCH.sub.2 CH.sub.2 OH  C.sub.15 H.sub.25 N.sub.3      
                                                O.sub.4   13.5 13.8            
                                    CH.sub.3                                   
     494.                                                                      
         --COOC.sub.6 H.sub.13 (n)                                             
                      --NHCH.sub.2 CH.sub.2 CH.sub.3                           
                                    --NHCH.sub.2 CH.sub.2 N.angle.             
                                                C.sub.20 H.sub.36 N.sub.4      
                                                O.sub.2   15.4 15.0            
                                    CH.sub.3                                   
     495.                                                                      
         --COCH.sub.3 --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.10 H.sub.15 N.sub.3      
                                                          21.7 21.5            
     496.                                                                      
         --CO--CH=CH.sub.2                                                     
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.11 H.sub.15 N.sub.3      
                                                          20.5 20.7            
                                    CH.sub.3                                   
     497.                                                                      
         --CO--C.sub.6 H.sub.13 (n)                                            
                      --NH--CH.sub.3                                           
                                    --N.angle.  C.sub. 16 H.sub.27 N.sub.3     
                                                          15.2 15.3            
                                    CH.sub.3                                   
     498.             --NH--CH.sub.3                                           
                                    "           C.sub.16 H.sub.25 N.sub.3      
                                                          15.3 15.5            
     499.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.16 H.sub.19 N.sub.3      
                                                          15.6 15.8            
     500.             --NH.sub.2    --NH.sub.2  C.sub.13 H.sub.13 N.sub.3      
                                                          18.5 18.3            
     501.                                                                      
         "            --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.15 H.sub.17 N.sub.3      
                                                          16.5 16.7            
                      CH.sub.3      CH.sub.3                                   
     502.                                                                      
         "            --N.angle.    --N.angle.  C.sub.17 H.sub.21 N.sub.3      
                                                          14.8 14.6            
                      CH.sub.3      CH.sub.3                                   
     503.                                                                      
         "            --NH--CH.sub.3            C.sub.18 H.sub.21 N.sub.3      
                                                O.sub.2   13.5 13.2            
     504.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2    --Cl        C.sub.7 H.sub.8 ClN.sub.3      
                                                          22.6 22.8            
     505.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2    --NH.sub.2  C.sub.7 H.sub.10 N.sub.4       
                                                          33.8 34.2            
     506.                                                                      
         -- CO--NH.sub.2                                                       
                      --NH.sub.2    --OH        C.sub.7 H.sub.9 N.sub.3        
                                                O.sub.2   25.1 24.7            
     507.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2    --OC.sub.2 H.sub.5                         
                                                C.sub.9 H.sub.13 N.sub.3       
                                                O.sub.2   21.5 22.1            
     508.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2    --SC.sub.2 H.sub.5                         
                                                C.sub.9 H.sub.13 N.sub.3       
                                                          19.9 19.6            
     509.                                                                      
         --CO--NH.sub.2                                                        
                      --NH.sub.2    --SO.sub.2 C.sub.2 H.sub.5                 
                                                C.sub.9 H.sub.13 N.sub.3       
                                                O.sub.3 S 17.3 17.5            
     510.                                                                      
         --CO--NH.sub.2                                                        
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.9 H.sub.14 N.sub.4       
                                                          28.9 28.7            
     511.                                                                      
         --CO--NH.sub.2                                                        
                      --NHCH.sub.2 CH.sub.2 OCH.sub.3                          
                                                C.sub.13 H.sub.22 N.sub.4      
                                                O.sub.3   19.9 19.6            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     512.                                                                      
         --CO--NH.sub.2                                                        
                      --N.angle.    --N.angle.  C.sub.15 H.sub.26 N.sub.4      
                                                          20.1 20.5            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     513.                                                                      
         --CO--NH.sub.2                                                        
                      --NHCH.sub.2 CH.sub.3     C.sub.13 H.sub.20 N.sub.4      
                                                O.sub.2   21.2 21.4            
                                    CH.sub.3                                   
     514.                                                                      
         --CO--NH.sub.2                                                        
                      --NHCH.sub.2 CH.sub.3                                    
                                    --NHCH.sub.2 CH.sub.2 CH.sub.2 N.angle.    
                                                C.sub.14 H.sub.25 N.sub.5      
                                                          25.1 25.3            
                                    CH.sub.3                                   
     515.                                                                      
         --CO--NH--CH.sub.3                                                    
                      --NH.sub.2    --NH.sub.2  C.sub.8 H.sub.12 N.sub.4       
                                                          31.1 31.0            
     516.                                                                      
         --CONHCH.sub.2 CH.sub.2 OH                                            
                      --NH.sub.2    --S--CH.sub.2 --CH=CH.sub.2                
                                                C.sub.12 H.sub.17 N.sub.3      
                                                O.sub.3   16.7 17.0            
     517.                                                                      
         --CONHC.sub.4 H.sub.9 (n)                                             
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.13 H.sub.22 N.sub.4      
                                                          22.4 22.1            
         CH.sub.2                                                              
     518.                                                                      
         --CO--N.angle..vertline.                                              
                      --NHCH.sub.2 CH.sub.2 OCH.sub.3                          
                                    --NHCH.sub.2 CH.sub.2 OCH.sub.3            
                                                C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.3   18.2 18.6            
         CH.sub.2                                                              
         C.sub.2 H.sub.5                                                       
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     519.                                                                      
         --CO--N.angle.                                                        
                      --N.angle.    --N.angle.  C.sub.19 H.sub.34 N.sub.4      
                                                          16.8 17.1            
         C.sub.2 H.sub.5                                                       
                      C.sub.2 H.sub. 5                                         
                                    C.sub.2 H.sub.5                            
     520.             --NH--CH.sub.3                                           
                                    --NH--C.sub.3 H.sub.7 (iso)                
                                                C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.2   19.2 19.1            
     521.             --NH.sub.2    --NH.sub.2  C.sub.13 H.sub.14 N.sub.4      
                                                          23.2 23.6            
     522.                                                                      
         "            --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.15 H.sub.18 N.sub.4      
                                                          20.7 20.9            
     523.             --NHCH.sub.2 CH.sub.2 OH                                 
                                    --NHCH.sub.2 CH.sub.2 OH                   
                                                C.sub.19 H.sub.26 N.sub.4      
                                                O.sub.3   15.7 16.2            
         CH.sub.3                                                              
     524.                                                                      
         --CO--N.vertline.                                                     
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.16 H.sub.20 N.sub.4      
                                                          19.7 19.5            
     525.                                                                      
         --SO.sub.2 --CH.sub.2 --CH.sub.3                                      
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.2 --CH.sub.3                  
                                                C.sub.11 H.sub.19 N.sub.3      
                                                O.sub.3 S 15.4 15.2            
     526.                                                                      
         --SO.sub.2 --C.sub.3 H.sub.7 (n)                                      
                      --NH--C.sub.3 H.sub.7 (n) C.sub.15 H.sub.27 N.sub.3      
                                                O.sub.3 S 12.8 13.1            
     527.                                                                      
         --SO.sub.2 --C.sub.4 H.sub.9 (n)                                      
                      --NH.sub.2    --NH.sub.2  C.sub.10 H.sub.17 N.sub.3      
                                                O.sub.2 S 17.3 17.6            
     528.                                                                      
         --SO.sub.2 --C.sub.4 H.sub.9 (iso)                                    
                      --NH.sub.2    --NH.sub.2  C.sub.10 H.sub.17 N.sub.3      
                                                O.sub.2 S 17.3 17.4            
                                    CH.sub.3                                   
     529.                                                                      
         --SO.sub.2 --C.sub.5 H.sub.11 (iso)                                   
                      --NH--CH.sub.3                                           
                                    --N.angle.  C.sub.14 H.sub.25 N.sub.3      
                                                O.sub.2 S 14.0 14.3            
                                    CH.sub.3                                   
     530.             --NH--CH.sub.3                                           
                                    "           C.sub.15 H.sub.25 N.sub.3      
                                                O.sub.2 S 13.5 14.0            
     531.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.14 H.sub.17 N.sub.3      
                                                O.sub.2 S 14.4 14.2            
     532.             --NHCH.sub.2 CH.sub.2 OH                                 
                                    --NH--CH.sub.3                             
                                                C.sub.15 H.sub.18 ClN.sub.3    
                                                O.sub.3 S 11.8 12.2            
     533.                           --NH--CH.sub.3                             
                                                C.sub.19 H.sub.25 N.sub.3      
                                                O.sub.3 S 11.2 11.4            
     534.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NH.sub.2    --NH.sub.2  C.sub.6 H.sub.10 N.sub.4       
                                                O.sub.2 S 27.7 27.5            
     535.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NH.sub.2                C.sub.12 H.sub.13 N.sub.3      
                                                O.sub.4 S.sub.2                
                                                          12.8 13.2            
     536.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.8 H.sub.14 N.sub.4       
                                                O.sub.2 S 24.4 24.2            
     537.                                                                      
         --SO.sub.2 --NH.sub.2                                                 
                      --NHCH.sub.2 CH.sub.2 OH                                 
                                    --NHCH.sub.2 CH.sub.2 OH                   
                                                C.sub.10 H.sub.18 N.sub.4      
                                                O.sub.4 S 19.3 19.5            
         CH.sub.3                                                              
     538.                                                                      
         --SO.sub.2 --N.angle.                  C.sub.20 H.sub.22 N.sub.4      
                                                O.sub.2 S 14.7 15.2            
         CH.sub.3                                                              
     539.                                                                      
         --SO.sub.2 NHC.sub.2 H.sub.5                                          
                      --NH--CH.sub.3            C.sub.15 H.sub.25 N.sub.3      
                                                O.sub.2 S.sub.2                
                                                          12.2 12.4            
                                    CH.sub.3                                   
     540.                                                                      
         --SO.sub.2 NH(CH.sub.2).sub.3 OCH.sub.3                               
                      --NH.sub.2    --NH--N.angle.                             
                                                C.sub.12 H.sub.23 N.sub.5      
                                                O.sub.3 S 22.1 22.5            
                                    CH.sub.3                                   
     541.             --NH.sub.2    --NH.sub.2  C.sub.10 H.sub.16 N.sub.4      
                                                O.sub.3 S 20.6 21.1            
     542.                                                                      
         "            --NH--CH.sub.3            C.sub.15 H.sub.24 N.sub.4      
                                                O.sub.4 S 15.7 16.0            
                      C.sub.2 H.sub.5                                          
                                    C.sub.2 H.sub.5                            
     543.                                                                      
         "            --N.angle.    --N.angle.  C.sub.18 H.sub.32 N.sub.4      
                                                O.sub.3 S 14.6 14.8            
     544.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.13 H.sub.22 N.sub.4      
                                                O.sub.2 S 18.8 18.5            
     545.                                                                      
         "            --NH--CH.sub.3            C.sub.19 H.sub.25 N.sub.3      
                                                O.sub.2 S.sub.2                
                                                          10.7 11.2            
     546.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.12 H.sub.23 N.sub.5      
                                                O.sub.2 S 23.2 23.0            
     547.                           --NH--CH.sub.3                             
                                                C.sub.14 H.sub.24 N.sub.4      
                                                O.sub.2 S 17.9 18.2            
     548.                                                                      
         "            --NH--CH.sub.3            C.sub.19 H.sub.31 N.sub.3      
                                                O.sub.4 S.sub.2                
                                                          9.8  10.2            
     549.                           --NHCH.sub.2 CH.sub.2 OH                   
                                                C.sub.19 H.sub.26 N.sub.4      
                                                O.sub.4 S 13.8 13.5            
     550.             --NH.sub.2    --NH.sub.2  C.sub.12 H.sub.14 N.sub.4      
                                                O.sub.2 S 20.1 20.3            
     551.                                                                      
         "                                      C.sub.24 H.sub.34 N.sub.4      
                                                O.sub.2 S 12.7 12.5            
     552.                                                                      
         "                                      C.sub.26 H.sub.26 N.sub.4      
                                                O.sub.2 S 12.2 12.5            
     553.                                       C.sub.24 H.sub.22 N.sub.4      
                                                O.sub.2 S 13.0 13.2            
     554.                                                                      
         "                                      C.sub.32 H.sub.26 N.sub.4      
                                                O.sub.2 S 10.6 10.2            
                                    CH.sub.3                                   
                                    .vertline.                                 
     555.                                                                      
         HC------CH   --NH--CH.sub.3                                           
                                    --OCh.sub.2 C=CH.sub.2                     
                                                C.sub.16 H.sub.18 N.sub.2      
                                                O.sub.3   9.8  9.5             
         .parallel..parallel.                                                  
         --OC--CCH                                                             
         .angle.                                                               
         O                                                                     
                                    CH.sub.3                                   
     556.                                                                      
         "            --NH--CH.sub.3                                           
                                    --NH(CH.sub.2).sub.3 --N.angle.            
                                                C.sub.17 H.sub.24 N.sub.4      
                                                O.sub.2   17.8 18.2            
                                    CH.sub.3                                   
     557.                                                                      
         HC------CH   --NH--CH.sub.3            C.sub.19 H.sub.24 N.sub.2      
                                                O.sub.3   8.5  9.0             
         .parallel..parallel.                                                  
         --OC--OCH                                                             
         .angle.                                                               
         S                                                                     
     558.             --NH.sub.2    --NH.sub.2  C.sub.12 H.sub.12 N.sub.4      
                                                          24.5 25.0            
     559.                                                                      
         "            --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.14 H.sub.16 N.sub.4      
                                                          21.8 22.2            
                      CH.sub.3      CH.sub.3                                   
     560.                                                                      
         "            --N.angle.    --N.angle.  C.sub.16 H.sub.20 N.sub.4      
                                                          19.7 20.1            
                      CH.sub.3      CH.sub.3                                   
     561.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.16 H.sub.17 N.sub.5      
                                                          23.7 23.5            
                      CH.sub.3      CH.sub.3                                   
     562.                                                                      
         "            --N.angle.    --N.angle.  C.sub.18 H.sub.21 N.sub.5      
                                                          21.7 21.5            
                      CH.sub.3      CH.sub.3                                   
     563.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.16 H.sub.16 N.sub.4      
                                                          17.9 18.2            
                      CH.sub.3      CH.sub.3                                   
     564.             --N.angle.    --N.angle.  C.sub.19 H.sub.22 N.sub.4      
                                                O.sub.2 S 15.1 15.5            
                      CH.sub.3      CH.sub.3                                   
     565.                                                                      
         HC------C--CH.sub.3                                                   
                      --NH--CH.sub.3                                           
         .parallel..parallel.                                                  
         --OC--CCH                              C.sub.20 H.sub.19 ClN.sub.2    
                                                O.sub.2 S 7.3  7.0             
         .angle.                                                               
         S                                                                     
     566.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.14 H.sub.18 N.sub.4      
                                                          23.1 23.5            
     567.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.14 H.sub.18 N.sub.4      
                                                          23.1 23.3            
     568.             --NH--CH.sub.3                                           
                                    --NH--CH.sub.3                             
                                                C.sub.15 H.sub.20 N.sub.4      
                                                          21.9 21.7            
                                    CH.sub.3                                   
     569.                                                                      
         --C.sub.4 H.sub.9 (n)                                                 
                      --CN          --N.angle.  C.sub.13 H.sub.19 N.sub.3      
                                                          19.4 19.0            
                                    CH.sub.3                                   
     570.                                                                      
         --CO--NH.sub.2                                                        
                      --OCH.sub.3   --OCH.sub.3 C.sub.9 H.sub.12 N.sub.2       
                                                O.sub.3   14.3 14.7            
     571.                                                                      
         --CO--CH.sub.3                                                        
                      --OC.sub.2 H.sub.5                                       
                                    --OC.sub.2 H.sub.5                         
                                                C.sub.12 H.sub.17 NO.sub.3     
                                                          6.7  6.5             
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the method of this invention:
      ##SPC31##
PAL  or tautomeric forms.
TBL  __________________________________________________________________________
                                            Empirical                          
                                                   Cal'd                       
                                                        Found                  
     No. Y              Z.sub.1   Z.sub.2   Formula                            
                                                   N%   N%                     
     __________________________________________________________________________
     572.                                                                      
         --H            --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.8 H.sub.10 N.sub.4           
                                                   34.6 25.0                   
     573.                                                                      
         --H            --NH--CH.sub.2 --CH.sub.2 --OH                         
                                            C.sub.10 H.sub.14 N.sub.4 O.sub.2  
                                                   25.2 25.0                   
                        CH.sub.3                                               
     574.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                        --NHCH.sub.2 CH.sub.2 CH.sub.3 --NH(CH.sub.2).sub.3    
                        N.angle.            C.sub.17 H.sub.29 N.sub.5          
                                                   23.1 23.3                   
                        CH.sub.3                                               
                        CH.sub.3                                               
     575.                                                                      
         --C.sub.3 H.sub.7 (iso)                                               
                        --NHCH.sub.2 CH.sub.2 CH.sub.3 --NH(CH.sub.2).sub.3    
                        N.angle.            C.sub.17 H.sub.29 N.sub.5          
                                                   23.1 22.8                   
                        CH.sub.3                                               
     576.                                                                      
         --C.sub.6 H.sub.13 (n)                                                
                        --NHCH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3               
                                            C.sub.20 H.sub.34 N.sub.4 O.sub.2  
                                                   15.5 16.0                   
         CH.sub.3                                                              
     577.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.12 H.sub.19 N.sub.5          
                                                   30.0 30.3                   
         CH.sub.3                                                              
         CO--CH.sub.3                                                          
     578.                                                                      
         --CH.sub.2 CH.sub.2 N.angle.                                          
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.13 H.sub.19 N.sub.5 O        
                                                   26.8 27.0                   
         CH.sub.3                                                              
     579.               --NH.sub.2                                             
                                  --NH.sub.2                                   
                                            C.sub.12 N.sub.17 N.sub.5 O        
                                                   28.3 28.8                   
     580.               --NH.sub.2                                             
                                  --NH.sub.2                                   
                                            C.sub.12 H.sub.17 N.sub.5          
                                                   30.3 30.5                   
     581.                                                                      
         --CH.sub.2 CH.sub.2 OH                                                
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.10 H.sub.14 N.sub.4 O        
                                                   27.2 27.5                   
     582.                                                                      
         --CH.sub.2 CH.sub.2 O--COCH.sub.3                                     
                        --NHCH.sub.2 CH.sub.2 CH.sub.2 OH                      
                                            C.sub.16 H.sub.24 N.sub.4 O.sub.4  
                                                   16.7 17.0                   
     583.                                                                      
         --(CH.sub.2).sub.2 O--CONHC.sub.2 H.sub.5                             
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.13 H.sub.19                  
                                                   25.3b.5 O.sub.2             
                                                        25.1                   
     584.               --NH(CH.sub.2).sub.3 O--C.sub.3 H.sub.7 (iso)          
                                            C.sub.26 H.sub.38 N.sub.4 O.sub.3  
                                                   12.3 12.7                   
     585.               --NH.sub.2                                             
                                  --NH.sub.2                                   
                                            C.sub.12 H.sub.16 N.sub.4          
                                                   25.9 25.5                   
     586.               --NH.sub.2                                             
                                  --NH.sub.2                                   
                                            C.sub.13 H.sub.12 N.sub.4          
                                                   25.0 25.3                   
     587.                         --NH--CH.sub.3                               
                                            C.sub.17 H.sub.18 N.sub.4          
                                                   20.1 20.7                   
     588.               --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.14 H.sub.13 N.sub.4 Cl       
                                                   20.6 21.0                   
     589.               --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.16 H.sub.18 N.sub.4          
                                                   21.0 20.4                   
     590.                                                                      
         HC----CH       --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.12 H.sub.12 N.sub.4 O        
                                                   24.5 24.7                   
         .parallel..parallel.                                                  
         --CCH                                                                 
         .angle.                                                               
         O                                                                     
     591.                                                                      
         HC----CH       --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.12 H.sub.12 N.sub.4 S        
                                                   22.9 22.5                   
         .parallel..parallel.                                                  
         --CCH                                                                 
         .angle.                                                               
         N----CH                                                               
     592.                                                                      
         .parallel..parallel.                                                  
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.11 H.sub.11 N.sub.5 S        
                                                   28.6 28.5                   
         --CCH                                                                 
         .angle.                                                               
         S                                                                     
     593.               --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.14 H.sub.15 N.sub.5          
                                                   27.7 28.2                   
     594.               --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.13 H.sub.13 N.sub.5          
                                                   28.3 28.7                   
     595.               --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.15 H.sub.14 N.sub.6          
                                                   30.2 29.6                   
         N--CH                                                                 
     596.                                                                      
         --H.sub.2 C--C.angle..parallel.                                       
                        --NH--CH.sub.3                                         
                                  --NH--CH.sub.3                               
                                            C.sub.12 H.sub.13 N.sub.5 S        
                                                   27.0 27.3                   
         S--CH                                                                 
     597.               --NH--C.sub.2 H.sub.5                                  
                                  --NH--C.sub.2 H.sub.5                        
                                            C.sub.17 H.sub.18 N.sub.6          
                                                   27.5 27.7                   
                                  CH.sub.3                                     
     598.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                        --CN      --N.angle.                                   
                                            C.sub.12 H.sub.14 N.sub.4          
                                                   26.2 26.5                   
                                  CH.sub.3                                     
     599.                                                                      
         --C.sub.3 H.sub.7 (n)                                                 
                        --SCH.sub.3                                            
                                  --OCH.sub.3                                  
                                            C.sub.11 H.sub.14 N.sub.2 OS       
                                                   12.6 13.0                   
     __________________________________________________________________________
PAR  In the following table are presented further pyridine compounds prepared in
      accordance with the method of this invention:
      ##SPC32##
PAL  or tautomeric forms.
TBL  __________________________________________________________________________
                                                     Empirical                 
                                                            Cal'd.             
                                                                Found          
     No.                                                                       
        X          Y          Z.sub.1    Z.sub.2     Formula                   
                                                            N%  N%             
     __________________________________________________________________________
                                         CH.sub.3                              
     600.                                                                      
        --C.sub.3 H.sub.7 (n)                                                  
                   --C.sub.4 H.sub.9 (n)                                       
                              --CN       --N.angle.  C.sub.15 H.sub.23         
                                                            17.1b.3            
                                                                17.5           
                                         CH.sub.3                              
     601.                                                                      
        --C.sub.3 H.sub.7 (n)                                                  
                   --CN       --OCH.sub.3                                      
                                         "           C.sub.12 H.sub.17 N.sub.3 
                                                     O      18.7               
                                                                19.2           
     602.                                                                      
        --C.sub.3 H.sub.7 (n)                                                  
                   --C.sub.3 H.sub.7 (n)                                       
                              --SCH.sub.3                                      
                                         --SCH.sub.3 C.sub.13 H.sub.21         
                                                     NS.sub.2                  
                                                             5.5               
                                                                 5.8           
     603.                                                                      
        H          --CH.sub.3 --NH.sub.2 --NH.sub.2  C.sub.6 H.sub.9 N.sub.3   
                                                            34.1               
                                                                34.5           
     604.                                                                      
        H                     --NH--CH.sub.3                                   
                                         --NH--CH.sub.3                        
                                                     C.sub.13 H.sub.16         
                                                            24.5b.4            
                                                                24.2           
                              CH.sub.3   CH.sub.3                              
     605.                                                                      
        H          --CO--NH.sub.2                                              
                              --N.angle. --N.angle.  C.sub. 10 H.sub.16        
                                                     N.sub.4 O                 
                                                            26.9               
                                                                27.3           
                              CH.sub.3   CH.sub.3                              
                                         CH.sub.3                              
                                         .vertline.                            
     606.                                                                      
        --C.sub.2 H.sub.5                                                      
                   --NH.sub.2 --NH--CH.sub.3                                   
                                         --OCH.sub.2 C=CH.sub.2                
                                                     C.sub.12 H.sub.19 N.sub.3 
                                                     O      19.0               
                                                                19.2           
     607.                                                                      
        --C.sub.2 H.sub.5                                                      
                   --H        --NHCH.sub.2 CH.sub.2 OH                         
                                                     C.sub.13 H.sub.21 N.sub.3 
                                                     O      17.9               
                                                                18.2           
     608.                                                                      
        --C.sub.4 H.sub.9 (n)                                                  
                   --NO       --NH--CH.sub.3                                   
                                         --NH--CH.sub.3                        
                                                     C.sub.11 H.sub.18 N.sub.4 
                                                     O      25.2               
                                                                25.0           
     609.                                                                      
        --C.sub.4 H.sub.9 (n)                                                  
                   --NO.sub.2 --NH--CH.sub.3                                   
                                         --NH--CH.sub.3                        
                                                     C.sub.11 H.sub.18 N.sub.4 
                                                     O.sub.2                   
                                                            23.5               
                                                                23.2           
     610.                                                                      
        --C.sub.4 H.sub.9 (n)                                                  
                   --C.sub.4 H.sub.9 (n)                                       
                              --NH.sub.2             C.sub.20 H.sub.28 N.sub.2 
                                                     O.sub.2                   
                                                             8.5               
                                                                 8.2           
     611.                                                                      
        --C.sub.4 H.sub.9 (sec)                                                
                              --NH--C.sub.2 H.sub.5  C.sub.19 H.sub.28         
                                                            17.9b.4            
                                                                17.6           
                   N----CH    C.sub.2 H.sub.5                                  
                                         C.sub.2 H.sub.5                       
     612.                                                                      
        --C.sub.4 H.sub.9 (sec)                                                
                   .parallel..parallel.                                        
                              --N.angle. --N.angle.  C.sub.20 H.sub.32 N.sub.4 
                                                     S      15.5               
                                                                16.1           
                   --CCH      C.sub.2 H.sub.5                                  
                                         C.sub.2 H.sub.5                       
                   .angle.                                                     
                   S                                                           
     613.                                                                      
        --C.sub.4 H.sub.9 (iso)                                                
                              --NHCH.sub.2 CH.sub.2 OCH.sub.3                  
                                                     C.sub.21 H.sub.30 N.sub.4 
                                                     O.sub.3                   
                                                            14.5               
                                                                14.2           
     614.                                                                      
        --C.sub.4 H.sub.9 (tert)                                               
                   --CO--NH.sub.2                                              
                              --NH--CH.sub.3                                   
                                         --SO.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3
                                                     C.sub.14 H.sub.23 N.sub.3 
                                                     O.sub.4 S                 
                                                            12.8               
                                                                12.2           
     615.                                                                      
        --C.sub.5 H.sub.11 (iso)                                               
                   --CO--NH.sub.2                                              
                              --NH--CH.sub.3         C.sub.19 H.sub.22 N.sub.4 
                                                     O.sub.3 S                 
                                                            14.5               
                                                                14.3           
                                         CH.sub.3                              
     616.                                                                      
        --CH=CH.sub.2                                                          
                   --COOC.sub.2 H.sub.5  --N.angle.  C.sub.16 H.sub.23 N.sub.3 
                                                     O.sub.3                   
                                                            13.8               
                                                                14.2           
                                         CH.sub.3                              
     617.                                                                      
        --CH=CH--CH.sub.3                                                      
                   --SO.sub.2 --NH.sub.2             C.sub.20 H.sub.20 N.sub.4 
                                                     O.sub.2 S                 
                                                            14.7               
                                                                15.2           
        C.sub.2 H.sub.5                                                        
     618.                                                                      
        --CH.sub.2 CH.sub.2 N.angle.                                           
                   --CH.sub.3 --NH--CH.sub.3                                   
                                         --NH--CH.sub.3                        
                                                     C.sub.14 H.sub.26         
                                                            22.4b.4            
                                                                22.8           
        C.sub.2 H.sub.5                                                        
                   CH.sub.3                                                    
     619.                                                                      
        --CH.sub.2 CH.sub.2 CN                                                 
                   --CH.sub.2 CH.sub.2 N.angle.                                
                                         --NH--CH.sub.3                        
                                                     C.sub.17 H.sub.27 N.sub.5 
                                                     O      22.1               
                                                                22.5           
     620.                                                                      
        --CH.sub.2 CH.sub.2 OCH.sub.3                                          
                   --CO--CH.sub.3                                              
                              --NHCH.sub.2 CH.sub.2 CH.sub.3                   
                                         --SCH.sub.2 CH.sub.2 OCH.sub.3        
                                                     C.sub.16 H.sub.26 N.sub.2 
                                                     O.sub.3 S                 
                                                             8.6               
                                                                 8.9           
     621.          --H        --NH(CH.sub.2).sub.3 --OCH.sub.3                 
                                         --NH(CH.sub.2).sub.3 --OCH.sub.3      
                                                     C.sub.20 H.sub.36 N.sub.4 
                                                     O.sub.2                   
                                                            15.4               
                                                                15.6           
                                         C.sub.2 H.sub.5                       
     622.          --CO--NH.sub.2        --N.angle.  C.sub.21 H.sub. 37        
                                                     N.sub.5 O                 
                                                            18.7               
                                                                18.5           
                                         C.sub.2 H.sub.5                       
     623.          --CH.sub.2 --OCH.sub.3                                      
                              --NH.sub.2 --NH.sub.2  C.sub.13 H.sub.21 N.sub.3 
                                                     O      17.9               
                                                                17.6           
     624.          --H                               C.sub.23 H.sub.19         
                                                            12.5b.3            
                                                                12.7           
                              CH.sub.3                                         
     625.                                                                      
        "          --CO--NH.sub.2                                              
                              --N.angle.             C.sub.22 H.sub.23 N.sub.3 
                                                     O.sub.3 S                 
                                                            10.3               
                                                                10.7           
                              CH.sub.3                                         
     626.                                                                      
        "          --CO--CH.sub.3                                              
                              "                      C.sub.23 H.sub.21 N.sub.3 
                                                     O.sub.2 S                 
                                                            10.4               
                                                                10.6           
     627.          --H        --NH--CH.sub.3                                   
                                         --NH--CH.sub.3                        
                                                     C.sub.12 H.sub.14         
                                                            26.2b.4            
                                                                26.8           
                              CH.sub.3   CH.sub.3                              
     628.                                                                      
        "          --CO--NH.sub.2                                              
                              --N.angle. --N.angle.  C.sub.15 H.sub.19 N.sub.5 
                                                     O      24.6               
                                                                25.0           
                              CH.sub.3   CH.sub.3                              
     629.                                                                      
         N----CH   --CO--NH.sub.2                                              
                              --NHCH.sub.2 CH.sub.2 OCH.sub.3                  
                                                     C.sub.15 H.sub.21 N.sub.5 
                                                     O.sub.3 S                 
                                                            20.0               
                                                                20.3           
        .parallel..parallel.                                                   
        --CCH                                                                  
        .angle.                                                                
        S                                                                      
     630.          --CO--NH.sub.2                                              
                              --NH.sub.2 --OH        C.sub.13 H.sub.10 N.sub.4 
                                                     O.sub.2 S                 
                                                            19.6               
                                                                19.4           
     __________________________________________________________________________
PAR  In those instances in the foregoing tables where only one value is
      presented for Z.sub.1 and Z.sub.2, this means that Z.sub.1 and Z.sub.2 are
      equal.
PAC  EXAMPLE 13
PAR  There are allowed to run 100 p.b.w. 3-methoxypropylamine into a suspension
      of 93.0 p.b.w. of 2,6-dichloro-3-cyano-4-methylpyridine in 200 p.b.w.
      ethyl alcohol for 2 hours at 20.degree.C. This product is then agitated at
      room temperature for 18 hours. Then the resulting
      2-chloro-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine of the
      formula
      ##SPC33##
PAL  is drawn off, washed on the suction apparatus first with 120 p.b.w. ethyl
      alcohol and subsequently with water. The substance is analytically pure.
PAR  Analysis: C.sub.11 H.sub.14 ClN.sub.3 O -- Calculated: 17.6% N, 14.6% Cl.
      Found: 17.9% N, 14.4% Cl.
PAC  EXAMPLE 14
PAR  Introduced into 1000 parts by weight methyl alcohol during cooling are 25.3
      p.b.w. sodium. Added to this sodium methylate solution are 215 p.b.w.
      2-chloro-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine, and
      subsequently the reaction solution is heated to the point of boiling for
      24 hours under reflux. Then the methyl alcohol is distilled off and the
      residue stirred with water. The resulting
      2-methoxy-3-cyano-4-methyl-6-(3'-methoxypropylamino)-pyridine of the
      formula
      ##SPC34##
PAL  is an oil, which is isolated with ether. It may be purified by vacuum
      distillation.
PAR  Analysis: C.sub.12 H.sub.17 N.sub.3 O.sub.2 -- Calculated: 17.9% N, 26.4%
      --OCH.sub.3. Found: 18.1% N, 26.1% --OCH.sub.3.
PAC  EXAMPLE 15
PAR  a. 13.8 p.b.w. 4-nitraniline are diazotized at 0.degree. to +5.degree.C. in
      300 p.b.w. of water to which 36.0 p.b.w. hydrochloric acid of 30 % have
      been added, with a solution consisting of 7.7 p.b.w. sodium nitrite in 50
      p.b.w. of water. The filtered diazo solution is allowed to run into a
      solution of 500 p.b.w. of water, 25.0 p.b.w. hydrochloric acid of 30 % and
      32.2 p.b.w. 2.6-bis-(3'-methoxy-n.propylamino)-3-cyano-4-methyl-pyridine,
      whereby the reaction temperature is maintained during the coupling at
      0.degree. to +5.degree.C. by the addition of 500 parts of ice. The pH
      value of the batch is neutralized by the introduction of a solution of
      65.2 p.b.w. sodium acetate in 200 p.b.w. of water, whereupon the coupling
      is quickly completed. The dyestuff being formed is then sucked off, washed
      with water until neutral and dried.
PAR  b. 1.0 g. of the dyestuff thus obtained which has the following formula
      ##SPC35##
PAL  is finely dispersed and introduced while stirring into 2000 g. of water.
      This reaction mixture is adjusted to a pH value of 5 - 6 by the addition
      of acetic acid and then admixed with 4 g. ammonium sulfate and 2 g. of a
      commercial dispersing agent on the basis of a naphthalenesulfonic
      acid/formaldehyde condensation product. 100 g. of a polyester fabric on
      the basis of polyethylene glycolterephthalate are introduced into the dye
      liquor thus obtained and dyed for 1 1/2 hours at 130.degree.C. After
      subsequent rinsing, reductive aftertreatment with an alkaline sodium
      dithionite solution of 0.2 % during 15 minutes at 60.degree. -
      70.degree.C., rinsing and drying, one obtains a deep reddish orange dyeing
      which shows very good fastness properties.
PAC  EXAMPLE 16
PAR  a. 16.3 p.b.w. 2-cyano-4-nitraniline are diazotized at 15.degree.C. in 100
      p.b.w. glacial acetic acid, with 34.2 p.b.w. nitrosylsulfuric acid of 41.3
      %. The limpid diazo solution is then allowed to run into a suspension of
      25.8 p.b.w. 2-methoxy-3-cyano-4-methyl-6-(3'-methoxy-propylamino)-pyridine
      and 66.0 g. sodium acetate in 160 p.b.w. ethanol. During the coupling the
      reaction temperature is maintained at 0 to +5.degree.C. by cooling from
      the outside. When the coupling is completed, the dyestuff being formed is
      sucked off, washed first with ethanol, then with water and dried.
PAR  b. 30 p.b.w. of the dyestuff thus obtained (related to 1000 p.b.w. of the
      printing paste) which has the formula
      ##SPC36##
PAL  are incorporated in a finely dispersed form into a printing paste
      containing 45.0 p.b.w. carob bean meal, 6.0 p.b.w. 3-nitrobenzenesulfonic
      acid sodium and 3.0 p.b.w. citric acid. When this printing paste is
      applied onto a polyester fabric one obtains after printing, drying and
      setting on the thermosetting stenter during 45 seconds at 215.degree.C.,
      rinsing and working up as described in the above Example 15 (b), a full
      reddish orange print which has very good fastness properties.
PAR  The dyestuff yields when printed onto a triacete fabric and if it is
      employed in the form of the above printing paste and the printed fabric,
      after drying, is steamed for 10 minutes at a pressure of 2.5 atmospheres,
      rinsed, soaped, rinsed again and dried, a full reddish orange print having
      also very good fastness properties.
PAC  EXAMPLE 17
PAR  a. 29.7 g. 4-.beta.-sulfatoethylsulfonyl-aniline-2-sulfonic acid are pasted
      up with 400 c.c. water, admixed with 25 c.c. 10 normal hydrochloric acid
      and diazotized by the addition of 100 c.c. 4 normal sodium dithionite
      solution. The reaction temperature is maintained at 0.degree. to
      +3.degree.C. by the addition of about 400 g. ice. The excess sodium, if
      any, is destroyed with little amidosulfonic acid and the diazo compound is
      added to a suspension of 14.8 g. 2.6-diamino-3-cyano-4-methyl-pyridine in
      200 c.c. water to which 12.5 g. sodium bicarbonate have been added. The
      precipitated dyestuff is sucked off, and dried in vacuo. The reactive dye
      thus obtained has the following formula:
      ##SPC37##
PAR  b. A mixture of mercerized or alkalized cotton is printed with the
      following printing paste:
     50    g.    of the above dyestuff                                         
     100   g.    urea                                                          
     370   g.    hot water                                                     
     450   g.    alginate thickener                                            
     20    g.    sodium bicarbonate                                            
     10    g.    sodium salt of the m-nitrobenzenesulfonic acid                
     1000  g.                                                                  
PAR  The print may be fixed either by steaming at 103.degree. to 105.degree.C.
      or by dry heating. In both cases the fabric is subsequently rinsed and
      soaped. The full greenish yellow print thus obtained has very good
      fastness properties.
PAR  Cationic azo dyes suited for dyeing and printing polyacrylonitrile and
      modified polyester fibers may be prepared according to the following
      Example:
PAC  EXAMPLE 18
PAR  a. 4.57 p.b.w. 4'aminophenacyltrimethyl-ammonium chloride are dissolved in
      20 p.b.w. of water and 7 p.b.w. concentrated hydrochloric acid, and
      diazotized at 0.degree. - 5.degree.C. with 4 p.b.w. 5 normal sodium
      nitrite solution. When the diazotization is completed, 3.52 p.b.w.
      3-cyano-4-methyl-2.6-bis-methylamino-pyridine, dissolved in 10 p.b.w.
      glacial acetic acid, are added to the diazo solution and the reaction
      mixture is stirred at a pH value of 3 - 5 until the coupling is completed.
PAR  The dyestuff is precipitated by the addition of sodium chloride of 10 %,
      sucked off and dried. It has the following formula:
      ##SPC38##
PAR  b. 1 g. of this dyestuff is pasted up with 2.5 g. acetic acid of 50 % and
      dissolved in 6 l. of water. To this dye liquor 1 g. sodium acetate and 10
      g. sodium sulfate are added. Subsequently, 100 g. of a pre-washed
      polyacrylonitrile staple fiber yarn are introduced into the dye liquor
      which has a temperature of 60.degree.C. This temperature is slowly raised
      to 100.degree.C. and dyeing is carried out during 1 hour at boiling
      temperature. Subsequently, the temperature is lowered down to
      70.degree.C., the treated fabric is rinsed and dried. One obtains a clear
      deep orange dyeing with a very good fastness to light and to wetting, and
      a high absorption capacity.
PAR  c. 1 g. of the dyestuff is pasted up with 2 g. acetic acid of 50 % and
      dissolved in 5 l. of water which contains 1 g. sodium acetate, 100 g. of a
      pre-washed fabric of acid modified polyester fiber are then introduced at
      60.degree.C., the temperature is slowly raised and dyeing is carried out
      during 1 hour at 115.degree.C. The temperature is then lowered down to
      70.degree.C. and the fabric is rinsed and dried. Obtained is a deep orange
      dyeing having a very good fastness to light and wetting.
PAR  Acid azo dyes which are suited for dyeing wool, silk and polyamide may be
      prepared according to the following Example:
PAC  EXAMPLE 19
PAR  a. 27.7 p.b.w. 4'-amino-azobenzene-4-sulfonic acid are diazotized in the
      usual manner and coupled in a slightly acid pH range with 23.6 p.b.w.
      2.6-(.beta.-hydroxyethylamino)-3-cyano-4-methyl-pyridine. The dyestuff
      being formed is salted out by the addition of sodium chloride of 10 %,
      sucked off and dried at 60.degree.C. in vacuo. In the form of its free
      acid it corresponds to the following formula:
      ##SPC39##
PAR  b. 1 g. of the above dyestuff is pasted up with 25 g. cold distilled water
      and dissolved in 975 g. boiling distilled water. The dyestuff solution is
      admixed with 2 g. acetic acid of 50 % and the reaction temperature is
      maintained at 60.degree.C. At this temperature 100 g. of a pre-washed
      fabric of wool, silk or polyamide are introduced and the temperature is
      slowly raised to 100.degree.C. and then maintained for 1 hour at boiling
      temperature. Subsequently, the temperature is lowered down to 70.degree.C.
      and the fabric is rinsed and dried. Obtained is a deep yellowish red
      dyeing of high brilliancy and showing a very good fastness to light and to
      wetting.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC40##
PAL  wherein X is alkyl having one to six carbon atoms, alkenyl having two to
      six carbon atoms, cycloalkyl having three to eight carbon atoms, phenyl,
      benzyl or phenethyl; Z.sub.1 is
      ##EQU25##
      -NH-OR.sub.10 or
      ##EQU26##
      R.sub.5 and R.sub.6 are hydrogen, alkyl having one to six carbon atoms,
      hydroxyalkyl having one to six carbon atoms, cycloalkyl having three to
      eight carbon atoms, methoxyalkyl or ethoxyalkyl having one to six carbon
      atoms in the alkyl moiety, benzyl or phenethyl; R.sub.10 is alkyl having
      one to six carbon atoms, benzyl or phenethyl; R.sub.11 is alkyl having one
      to six carbon atoms and R.sub.12 is alkyl having one to six carbon atoms,
      alkenyl having two to six carbon atoms, cycloalkyl having three to eight
      carbon atoms, phenyl, benzyl or phenethyl.
NUM  2.
PAR  2. The compounds of claim 1 wherein X is methyl.
PATN
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SRC  5
APN  4564022
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ART  121
APD  19740329
TTL  Process for preparing 6H-pyrido[1,2-c][1,3,5]benzothiadiazepines and
      benzooxadiazepines and derivatives
ISD  19760323
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Exhibit central nervous system stimulating properties and act as muscle
      relaxants.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 347,938, filed
      Apr. 4, 1973, now U.S. Pat. No. 3,857,850.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide new compounds having
      central nervous system (CNS) stimulating activity. Another object is to
      provide new compounds having muscle relaxant properties. A further object
      is to provide intermediates for the preparation of the final compounds of
      the invention. Yet another object is to provide a method for the
      preparation of both the intermediate and the final compounds of the
      present invention. Still another object is to provide a method for the
      administration of the final compounds of the invention. A still further
      object is to provide pharmaceutical compositions containing as active
      ingredients the final compounds of the present invention. These and other
      objects of the present invention will be apparent from the following
      description.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds of the present invention have the following formula
      ##SPC2##
PAL  Wherein m may be 1 or 2
PAR  R may be the same or different and may be hydrogen, halogen (F, Cl, or Br),
      alkyl of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, alkylthio of
      from 1 to 4 carbons, benzyl, phenethyl, phenyl, phenoxy, phenylthio or
      mono-substituted phenyl wherein the substituent may be halogen (F, Cl, Br
      or I), alkyl of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, or
      trifluoromethyl; provided that when R is halogen, R occupies only the 3-
      or 5-position in the original 2-aminopyridine;
PAR  R' may be hydrogen, halogen (F, Cl, or Br), alkyl of from 1 to 4 carbons,
      phenyl, dialkylamidosulfonyl wherein each alkyl radical may have from 1 to
      4 carbons, trifluoromethyl;
PA1  n may be 0 or 1;
PA1  R" may be alkyl of from 1 to 4 carbons;
PA1  And Z may be S or SO.sub.2.
PAR  The foregoing compounds possess central nervous system stimulating
      properties and act as muscle relaxants.
PAC  DETAILED DESCRIPTION
PAR  The final compound I of the present invention may be prepared by reacting a
      2-aminopyridine II wherein R is as previously defined with an
      o-bromophenyl-Z-alkylene halide III wherein R" is as previously defined
      and X is chlorine or bromine. This reaction takes place in any solvent or
      solvent mixture in which the reactants can be dissolved and which has a
      boiling point of at least about 100.degree.C. Typical solvents are
      aromatic hydrocarbons, ethers, aliphatic alcohols or aryl-substituted
      aliphatic alcohols. Toluene and xylene are examples of suitable aromatic
      hydrocarbons. Monomethyl ether of diethylene glycol, dimethyl ether of
      diethylene glycol (diglyme), monomethyl ether of ethylene glycol or
      dimethyl ether of ethylene glycol (glyme) are examples of suitable ethers.
      n-Amyl alcohol is an example of a suitable aliphatic alcohol, while benzyl
      alcohol is an example of a suitable aryl-substituted aliphatic alcohol
      Heating compounds II and III in a solvent as described above, or a mixture
      thereof, at temperatures from about 50.degree.C to about 140.degree.C for
      a period of several hours, typically from about 3 to about 24 hours
      produces a pyridinium compound IV. The latter is converted to an imino
      compound V by treating with a water miscible alcohol and an alkali metal
      alkoxide of up to 3 carbon atoms, or with an alkali metal carbonate, e.g.,
      K.sub.2 CO.sub.3, Na.sub.2 CO.sub.3, RbCO.sub.3, etc. The reaction takes
      place at room temperature over a period of from about 1 to about 4 hours,
      or at from about 50.degree.C to about 80.degree.C in about 1 hour.
      Compound V may be converted to the final compound I by treating with a
      water miscible alcohol and an alkali metal alkoxide of up to 3 carbons in
      the presence of copper at a temperature of from about 60.degree.C to about
      120.degree.C for a period, typically from about 2 to about 80 hours.
      Alternatively, IV may be converted directly to I by heating at a
      temperature of from about 60.degree. C to about 120.degree.C for a period,
      typically from about 2 to about 48 hours, in the presence of potassium
      carbonate and copper in a solvent such as dimethylformamide,
      dimethylacetamide, dichlorobenzene, trichlorobenzene, or diethylbenzene.
      Alternatively, IV may be converted directly to I by heating at a
      temperature of from about 60.degree.C to about 120.degree.C for several
      hours, typically from about 1 to about 4 hours in the presence of an
      alkali metal hydroxide, alkali metal carbonate, tris-alkali metal
      phosphate, alkali metal metaborate or alkali metal tetraborate in an
      anhydrous alcohol solvent, e.g., ethanol, propanol, butanol, pentanol in
      the presence fo copper. Specific examples of suitable compounds include
      LiOH, NaOH, KOH, RbOH, CsOH, Na.sub.2 CO.sub.3, K.sub.2 CO.sub.3, Rb.sub.2
      CO.sub.3, Cs.sub.2 CO.sub.3, Na.sub.3 PO.sub.4, K.sub.3 PO.sub.4, Rb.sub.3
      PO.sub.4, Cs.sub.3 PO.sub.4, Na.sub.2 B.sub.2 O.sub.4, Na.sub.2 B.sub.4
      O.sub.7, K.sub.2 B.sub.2 O.sub.4, and K.sub.2 B.sub.4 O.sub.7.
      ##SPC3##
PAR  The intermediates of formula III wherein n is 0 and Z is S may be prepared
      by refluxing about equimolar amounts of a 1,1-dibromoalkane or a
      1-bromo-1-chloroalkane of 1 to 4 carbons VI with a saturated solution of
      Na.sub.2 SO.sub.3 for a period of from about 40 to about 120 hours. The
      resulting 1-bromoalkane-1-sodium sulfonate VII is then reacted by heating
      with about equimolar amounts of an o-bromothiophenol VIII in the presence
      of aqueous alkali to yield a sodium o-bromophenylthioalkylenesulfonate IX.
      Treatment of the latter with PCl.sub.5 or PBr.sub.5 at ambient temperature
      yields the corresponding o-bromophenylthioalkyl chloride or bromide X. The
      foregoing reaction sequence is illustrated by the following equations
      ##SPC4##
PAR  The intermediates of formula III wherein n is 1 and Z is S may be prepared
      by reacting a 1-bromo-2-chloroalkane of formula XI with about equimolar
      amounts of a compound of formula VIII in the presence of aqueous alkali.
      Alternatively, a compound of formula XII may be prepared by reacting an
      o-bromophenylthioalkanol XIII with PCl.sub.5 or PBr.sub.5. The foregoing
      reaction sequence is illustrated by the following equations
      ##SPC5##
PAR  Compounds of formula VIII wherein R' is H, halogen, alkyl of from 1 to 4
      carbons, phenyl, dialkylamidosulfonyl or trifluoromethyl may be prepared
      by reacting an R'-substituted aniline XIV with N-bromosuccinimide in
      CCl.sub.4 according to the procedure of Arcoria et al., Ann. Chim. (Rome),
      54 139-155 (1964) to yield an o-bromo-R'-substituted aniline XV. The
      latter is treated with NaNO.sub.2 in HCl and then with SO.sub.2 according
      to the procedure of Meerwein et al., J. prakt. Chem. 152, 237 (1939) to
      yield the corresponding sulfonyl chloride XVI. The latter is treated with
      Zn in H.sub.2 SO.sub.4 according to the procedure of Organic Syntheses,
      Collective Volume I, pp. 504-506 to yield the desired
      o-bromo-R'-substituted thiophenol VIII. The reaction sequence is as
      follows:
      ##SPC6##
PAR  Compounds of the formula III wherein Z is SO.sub.2 may be prepared by
      converting a compound of formula XV to the diazonium chloride XVII
      following the procedure of Meerwein, et al. supra, and converting the
      latter to the sulfonyl chloride XVI following the procedure of Meerwein et
      al., supra. The sulfonyl chloride is then converted to the sodium
      sulfinate XVIII by reduction with zinc following the procedure of Organic
      Syntheses, Coll. Vol. 1, pp. 492 (1941). Reacting the sodium sulfinate
      XVIII with a 1,1-dihaloalkane following the procedure of Michael et al.,
      J.A.C.S., 6, p. 253 (1884) gives the compound of formula III wherein Z is
      SO.sub.2 and n is 0. Reacting the sodium sulfinate XVIII with a
      1-bromo-2-chloroalkane following the procedure of Michael et al., supra,
      gives the compound of formula III wherein Z is SO.sub.2 and n is 1. The
      foregoing reaction sequence is illustrated by the following equations:
      ##SPC7##
PAR  Starting materials of formula II wherein R is phenyl, halo-substituted
      phenyl, alkyl-substituted phenyl, alkoxy-substituted phenyl or
      trifluoromethyl-substituted phenyl may be prepared by heating
      3-(N-acetamido-N-nitroso)pyridine XIX with benzene, halo-substituted
      benzene, alkyl-substituted benzene, alkoxy-substituted benzene or
      trifluoromethyl-substituted benzene according to the procedure of Haworth
      et al., J. Chem. Soc., 1940, 372, and J. Chem. Soc., 1954, 4516. The
      product XX is a 3-substituted pyridine wherein the N-acetamido-N-nitroso
      radical is replaced by a phenyl or substituted phenyl radical derived from
      the compound with which the 3-(N-acetamido-N-nitroso)pyridine is heated.
      The product of formula XX is treated with sodamide according to the
      procedure of Chichibabin et al., J. Russ, Phys, Chem. Soc. 46, 1216
      (1914), Chem. Zentr. II, 1064 (1915), to give the aminopyridines XXI and
      XXII.
      ##SPC8##
PAR  Compounds of formula II wherein R is F, or wherein one R is F and the other
      R is alkoxy, may be prepared by treating 3-aminopyridine XXIII or
      3-alkoxy-5-aminopyridine, with amyl nitrite and fluoroboric acid according
      to the procedure of Roe et al., JACS 69, 2443 (1947). The resulting
      3-fluoropyridine XXIV is then treated with sodamide according to the
      procedure of Chichibabin et al., J. Russ, Phys. Chem. Soc. 46, 1216
      (1914), Chem. Zentr, II, 1064 (1915) to yield a mixture of
      2-amino-3-fluoropyridine XXV and 2-amino-5-fluoro-pyridine XXVI which is
      separated by conventional procedures.
      ##SPC9##
PAR  Compounds of formula II wherein R is halophenyl may be prepared by reacting
      a halo-substituted N-nitrosoacetanilide XXVII with pyridine according to
      the procedure of Bachmann et al., Organic Reactions, Vol. II, pp. 224-261.
      The resulting halo-substituted phenylpyridine XXVIII is treated with
      sodamide according to the procedure of Chichibabin et. al., supra. to give
      the desired halophenylsubstituted 2-aminopyridine XXIX. The reaction
      sequence is as follows:
      ##SPC10##
PAR  The compounds of the present invention may be administered to mammalian
      species as central nervous system stimulants and as muscle relaxants. In
      the rat, responses to the stimulant activity of the compounds of the
      present invention include increased activity and body tremors. The muscle
      relaxant properties manifest themselves by responses that include
      decreased limb tone, decreased grip strength, and limb paralysis. In both
      the stimulant and muscle relaxant activites, the onset of activity is
      rapid, i.e., within about 15 minutes; the activity persists for about 2
      hours or longer. In the rat the dosage range varies from about 6.25 to
      about 50 mg/kg for both activities, while in humans the dosage range
      varies from about 40 to about 2000 mg. daily in about four divided doses
      for both activities.
PAR  In addition to serving as intermediates for the preparation of compounds of
      formula I, the pyridinium compounds of formula IV are themselves effective
      bactericides.
PAR  Microbial bioassays, as described in "The Microbial World," by R. Y.
      Stanier, M. Doudoroff and E. A. Adelberg, Prentice-Hall, Inc. Englewood
      Cliffs, N.J., 3rd Ed., p. 858, are employed to determine the bactericidal
      properties of the pyridinium compounds IV of this invention. The bacteria
      employed include Staphylococcus aureus, 1, Streptococcus pyogenes, 2,
      Salmonella schottmuelleri, 3, Salmonella gallinarum, 4, Pseudomonas
      aeruginosa, 5, Proteus vulgaris, 6, Escherichia coli, 7, Pasturella
      multocida, 8, and Mycobacterium tuberculosis, 9.
PAR  In the procedure, a sterile agar plate is seeded with the test organism,
      and then a number of glass cylinders are placed on its surface, forming a
      series of little cups. A known dilution of the compounds of this invention
      is added to each cup and the entire plate is then incubated until
      significant bacterial growth has occurred. The compounds of this invention
      diffuse out of the cup into the surrounding agar and produce a zone of
      inhibition. In this fashion it is possible to find the minimum inhibiting
      concentration (mic), of the compound that produces a recognizable zone of
      inhibition. The following summarizes the data.
TBL  ______________________________________                                    
     Micro- mic of Pyridinium Compound,                                        
     organism                                                                  
            Micrograms, (mcg)/ml                                               
     ______________________________________                                    
     Compound     Compound  Compound   Compound                                
     of Ex. 7     of Ex. 32 of Ex. 43  of Ex. 75                               
     ______________________________________                                    
     1      3.13      12.5      6.25     6.25                                  
     2      12.5      50.0      50.0     25.0                                  
     3      12.5      50.0      12.5     12.5                                  
     4      6.25      25.0      12.5     12.5                                  
     5      12.5      25.0      25.0     25.0                                  
     6      12.5      25.0      25.0     25.0                                  
     7      3.13      25.0      12.5     6.25                                  
     8      6.25      12.5      25.0     12.5                                  
     9      0.39      6.25      1.57     0.78                                  
     ______________________________________                                    
PAR  The compounds of the present invention in the described dosages may be
      administered orally; however, other routes such as intraperitoneally,
      subcutaneously, intramuscularly or intravenously may be employed.
PAR  The active compounds of the present invention are orally administered, for
      example, with an inert diluent or with an assimilable edible carrier, or
      they may be enclosed in hard or soft gelatin capsules, or they may be
      compressed into tablets, or they may be incorporated directly with the
      food of the diet. For oral therapeutic administration, the active
      compounds of this invention may be incorporated with excipients and used
      in the form of tablets, troches, capsules, elixirs, suspensions, syrups,
      wafers, chewing gum, and the like. The amount of active compound in such
      therapeutically useful compositions or preparations is such that a
      suitable dosage will be obtained.
PAR  The tablets, troches, pills, capsules and the like may also contain the
      following: a binder such as gum tragacanth, acacia, corn starch or
      gelatin; an excipient such as dicalcium phosphate; a disintegrating agent
      such as corn starch, potato starch, alginic acid and the like; a lubricant
      such as magnesium stearate; and a sweetening agent such as sucrose,
      lactose or saccharin may be added or a flavoring agent such as peppermint,
      oil of wintergreen, or cherry flavoring. When the dosage unit form is a
      capsule, it may contain in addition to materials of the above type a
      liquid carrier such as a fatty oil. Various other materials may be present
      as coatings or to otherwise modify the physical form of the dosage unit,
      for instance, tablets, pills or capsules may be coated with shellac,
      sugar, or both. A syrup or elixir may contain the active compounds,
      sucrose as a sweetening agent, methyl and propyl parabens as
      preservatives, a dye and a flavoring such as cherry or orange flavor. Of
      course, any material used in preparing any dosage unit form should be
      pharmaceutically pure and substantially non-toxic in the amounts employed.
PAR  As to the pharmaceutically acceptable salts, those coming within the
      purview of this invention include the pharmaceutically acceptable
      acid-addition salts. Acids useful for preparing these acid-addition salts
      include, inter alia, inorganic acids, such as the hydrohalic acids (e.g.,
      hydrochloric and hydrobromic acid), sulfuric acid, nitric acid, and
      phosphoric acid, and organic acids such as maleic, fumaric, tartaric,
      citric, acetic, benzoic, 2-acetoxybenzoic, salicylic, succinic acid,
      theophylline, 8-chlorotheophylline, p-aminobenzoic, p-acetamidobenzoic, or
      methanesulfonic.
PAR  The following examples illustrate the invention without, however, limiting
      the same thereto. All temperatures given are in degrees Centigrade.
DETD
PAC  EXAMPLE 1
PAC  [ (o-Bromophenyl)thio]methanesulfonic acid, sodium salt
PAR  To a solution of 40.0 g of o-bromobenzenethiol in aqueous sodium hydroxide
      (10.0 g of sodium hydroxide in 40 ml of water) is added 60.0 g of
      bromomethanesulfonic acid, sodium salt and the mixture is heated so that
      the water distills. To the dry residue is added a second portion of 40 ml
      of water and the distillation to dryness is repeated. The dry residue is
      heated for three hours, cooled, and dissolved in 600 ml of hot water. The
      pH is adjusted to 5.0 and cooled to give about 63.3 g of the named
      compound, mp&gt;310.degree..
PAC  EXAMPLE 2
PAC  o-Bromophenyl chloromethyl sulfide
PAR  A mixture of 60.4 g of [ (O-bromophenyl)thio]methanesulfonic acid, sodium
      salt and 98.0 g of phosphorus pentachloride is blended until liquified,
      diluted with 600 ml of ether, and then poured on 1.2 kg of crushed ice.
      The ether layer is separated, washed, dried, and concentrated to give
      about 43.7 g of the named compound, bp about 86.degree. (0.6 mm), mp about
      28.degree.-30.degree..
PAC  EXAMPLE 3
PAC  2-Amino-1-[[(o-bromophenyl)thio]methyl]pyridinium chloride
PAR  To a solution of 14.1 g of 2-aminopyridine in 180 ml of xylene is added a
      solution of 24.0 g of o-bromophenyl chloromethyl sulfide in 40 ml of
      xylene. The mixture is heated at 90.degree.-95.degree. for about fifteen
      hours to give about 27.3 g of the named compound, mp about
      199.degree.-201.degree..
PAC  EXAMPLE 4
PAC  [ (2-Bromo-4-chlorophenyl)thio]methanesulfonic acid, sodium salt
PAR  To a solution of 49.2 g of 2-bromo-4-chlorobenzenethiol in 40 ml of 25
      percent aqueous sodium hydroxide is added 60.0 g of bromomethanesulfonic
      acid, sodium salt, and the procedure of example 1 is reproduced. The yield
      of the named product, mp&gt;310.degree., is 69.2 g.
PAR  The 2-bromo-4-chlorobenzenethiol is prepared from 2-bromo-4-chloroaniline
      via the procedure described in Organic Syntheses, Collective Volume 3, pp.
      809-811.
PAC  EXAMPLE 5
PAC  [ (2-Bromo-4-tolyl)thio]methanesulfonic acid, sodium salt
PAR  When 44.7 g of 2-bromo-4-toluenethiol replaces the 2-bromobenzenethiol in
      Example 1, there is obtained about 65.7 g of the named product,
      mp&gt;300.degree..
PAR  The 2-bromo-4-toluenethiol is prepared from 2-bromo-p-toluidine by the
      procedure reported in Organic Syntheses (vide supra).
PAC  EXAMPLE 6
PAC  [ (2-Bromo-4-(.alpha.,.alpha.,
      .alpha.-trifluoro-p-tolyl)thio]methanesulfonic acid, sodium salt
PAR  A. To 161.0 g of p-aminobenzotrifluoride and 10.0 g of iron filings is
      added, dropwise, with agitation at 35.degree.-40.degree., 160.0 g of
      bromine, using a slow stream of nitrogen to sweep out the evolved hydrogen
      bromide. Subsequently, the mixture is agitated for an additional two hours
      and then distilled in vacuo to give 3-bromo-4-aminobenzotrifluoride.
PAR  B. The product from (A) is subjected to the procedure of Organic Syntheses
      (vide supra) to give 2-bromo-4-.alpha.,.alpha.,
      .alpha.-trifluoro-p-toluenethiol.
PAR  C. By substituting 56.6 g of
      2-bromo-4-.alpha.,.alpha.,.alpha.-trifluoro-p-toluenethiol for the
      o-bromobenzenethiol in example 1, there is obtained about 70.2 g of
      2-bromo-4-(.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)thio]methanesulfonic
      acid, sodium salt, mp&gt;300.degree..
PAC  EXAMPLE 7
PAC  6H-Pyrido[1,2-c][1,3,5]benzothiadiazepine
PAR  A mixture of 33.2 g of 2-amino-1-[[(o-bromophenyl)-thio]methyl]pyridinium
      chloride, 27.7 g of anhydrous potassium carbonate, 0.8 g of copper bronze,
      and 750 ml of n-propanol is heated and stirred, under reflux, for 7 days,
      filtered hot, and the filtrate concentrated to dryness in vacuo. The
      residue is dissolved in 600 ml of ether, and the ether solution is washed,
      dried, decolorized with Darco, and concentrated to give about 23.7 g of a
      yellow solid. Recrystallization from cyclohexane-benzene gives about 17.4
      g of the named compound, mp about 97.degree.-98.degree.. The hydrochloric
      acid-addition salt has an mp about 258.degree.-260.degree.C.
PAC  EXAMPLES 8 - 16
PAR  By employing the procedure described in Organic Syntheses, Collective
      Volume 3, pp. 809-811, the aniline derivatives in Column 1 are converted
      to the thiol derivatives in Column 2, and the latter derivatives,
      following the procedure of examples 1 and 2, give the chloromethyl
      sulfides in Column 3.
      ##SPC11##
PAC  EXAMPLES 17-25
PAR  By substituting an equivalent amount of the chloromethyl sulfides of Column
      3, examples 8 - 16, for the o-bromophenyl chloromethyl sulfide in example
      3, and an equivalent amount of the substituted aminopyridine in Column 2
      for the aminopyridine in example 3 and employing the procedure of that
      example, the pyridinium chlorides shown in Column 3 are obtained.
      ##SPC12##
PAC  EXAMPLE 26
PAC  [(2-Bromo-5-chlorophenyl)thio]methanesulfonic acid, sodium salt
PAR  By substituting 49.2 g of 2-bromo-5-chlorobenzenethiol for the
      2-bromo-4-chlorobenzenethiol in example 4, there is obtained 68.7 g of the
      named product, mp &gt;300.degree. .
PAC  EXAMPLE 27
PAC  2-Imino-1-[[o-bromophenyl)thio]methyl]pyridine
PAR  To a suspension of 13.8 g of anhydrous potassium carbonate in 150 ml of
      anhydrous n-propanol is added 33.1 g of
      2-amino-1-[[(o-bromophenyl)thio]methyl]pyridinium chloride, portionwise,
      under nitrogen, at room temperature, with stirring. Subsequently, the
      mixture is stirred and heated under reflux for 2 hours, filtered hot, and
      the filtrate concentrated in vacuo. The residue is partitioned between 200
      ml each of water and ether, the ether layer is separated, dried, and
      concentrated to give about 28.7 g of the named compound, mp about
      67.degree.-69.degree., after recrystallization from pentane.
PAC  EXAMPLE 28
PAC  6H-Pyrido[1,2-c][1,3,5]benzothiadiazepine Hydrochloride
PAR  A mixture of 14.8 g of 2-imino-1-[[(o-bromophenyl)-thio]methyl]pyridine,
      13.8 g of anhydrous potassium carbonate, 0.5 g of copper bronze, and 400
      ml of anhydrous n-propanol is stirred and heated under nitrogen for about
      eighty hours, filtered hot, and the filtrate concentrated to dryness in
      vacuo. The residue is distributed between 250 ml of water and ether, the
      ether layer is separated, dried and concentrated to give about 7.2 g of
      the base product. By the usual methods, the base gives a hydrochloride,
      which melts at about 258.degree.-260.degree. .
PAC  EXAMPLE 29
PAC  2-Bromo-4-chlorophenyl chloromethyl sulfide
PAR  A mixture of 68.2 g of the product from example 4 and 98.0 g of phosphorus
      pentachloride is blended until liquefaction occurs, diluted with 600 ml of
      ether and then poured on 1.3 kg of crushed ice. Workup of the ehter layer
      yields about 47.3 g of the named compound, bp about 98.degree. (0.5 mm.).
PAC  EXAMPLE 30
PAC  2-Amino-1-[[(2-bromo-4-chlorophenyl)thio]methyl]pyridinium chloride.
PAR  To a solution of 18.8 g of 2-aminopyridine in 180 ml of benzene is added
      54.6 g of the product from example 30, and the mixture stirred and heated
      under reflux for about twelve hours. The cooled mixture is filtered to
      give about 62.8 g of the named compound, mp about 240.degree.-242.degree.
      .
PAC  EXAMPLE 31
PAC  2-Chloro-6H-pyrido[1,2-c][1,3,5]benzothiadiazepine Hydrochloride H.sub.2 O
PAR  A mixture of 7.4 g of the product from example 31, 2.8 g of anhydrous
      potassium carbonate, 0.1 g of copper bronze, and 100 ml of anhydrous
      n-butanol is heated at 110.degree. for about 15 hours. Workup as in
      example 7  yields about 3.6 g of the named compound, mp about
      262.degree.-264.degree.C.
PAC  EXAMPLES 32 - 40
PAR  By substituting equivalent amounts of the pyridinium chlorides in column 2
      for the 2-amino-1-[[(o-bromophenyl)-thio]methyl]pyridinium chloride in
      example 7, the correspondingly substituted
      6H-pyrido[1,2-c][1,3,5]benzothiadiazepines shown in column 3 are obtained.
      ##SPC13##
PAC  EXAMPLE 41
PAC  6H-Pyrido[1,2-c][1,3,5]benzothiadiazepine, hydrochloride
PAR  To a solution of 1.0 g of 6H-pyrido[1,2-c][1,3,5]-benzothiadiazepine in 20
      ml of anhydrous 2-propanol is added about 5.0 ml of 4.2 N 2-propanolic
      hydrogen chloride. The clear solution that is formed is diluted with
      anhydrous ether until a turbidity persists and is then cooled to give the
      pale yellow crystalline product. Recrystallization from acetonitrile gives
      about 1.0 g of the named product, mp about 258.degree.-260.degree..
PAC  EXAMPLE 42
PAC  6,7-Dihydro-7-n-propylpyrido[1,2-d][1,4,6]benzothiadiazocine, hydrochloride
PAL  A. o-Bromophenyl 2-chloro-1-pentyl sulfide
PAR  To a solution of 23.0 g of sodium metal in 500 ml of absolute ethanol is
      added, in about 0.5 hour, a solution of 173.0 g of o-bromothiophenol in
      250 ml of absolute ethanol. The mixture is stirred and heated under reflux
      for about 0.5 hour, cooled to 0.degree., and treated, dropwise, with 185.5
      g of 1-bromo-2-chloropentane. The addition requires about 1 hour. The
      mixture is stirred for about 2 hours at 0.degree., warmed slowly to
      reflux, and then heated under reflux for two hours. The mixture is
      filtered and the filtrate concentrated in vacuo at 40.degree. to give
      about 255.7 g of o-bromophenyl 2-chloro-1-pentyl sulfide as a pale yellow
      oil.
PAL  B. 2-amino-1-[2'-(o-bromophenylthio-1-pentyl)]-pyridinium chloride
PAR  To a solution of 58.7 g of the product from A and 18.4 g of 2-aminopyridine
      in 200 ml of anhydrous toluene is heated under reflux for about 6 hours,
      cooled, and the crystalline product filtered to give about 67.2 g of the
      title compound as a pale yellow crystalline solid.
PAL  C. 1-[2'-(o-Bromophenylthio-1-pentyl)]-1,2-dihydro-2-iminopyridine
PAR  To a solution of 7.7 g of the product from B in 100 ml of 95 percent
      ethanol is added 2.8 g of potassium carbonate and the mixture is stirred
      at about 40.degree. for 1 hour, filtered and the filtrate concentrated in
      vacuo. The residue is recrystallized from cyclohexane to give 6.3 g of
      1-[2'-(o-bromophenylthio)-1-pentyl]-1,2-dihydro-2-iminopyridine as a pale
      yellow crystalline solid.
PAL  D. 6,7-dihydro-7-n-propylpyrido[1,2-d][1,4,6]-benzothiadiazocine,
      hydrochloride
PAR  The product from C, 15.4 g, 13.8 g of anhydrous micronized potassium
      carbonate, 0.5 g of copper bronze and 100 ml of anhydrous n-butanol are
      stirred and heated under reflux for about 48 hours, filtered, and the
      filtrate concentrated, in vacuo, to give the product as a deep
      yellow-colored viscous oil. The oil, 12.7 g, in 120 ml of anhydrous ether
      is cooled to 0.degree. and treated slowly, with stirring with 10 ml of 1.5
      N ethereal hydrogen chloride. The solid that separates is filtered, and
      recrystallization from 2-propanol to give the title compound, mp about
      210.degree.-212.degree., as a pale yellow crystalline product.
PAC  EXAMPLES 43 - 46
PAR  Following the procedures of examples 1 - 7 but substituting for
      o-bromobenzenethiol in example 1 the substituted o-bromobenzenethiol
      indicated in column I, there is obtained the correspondingly substituted
      compound of formula I
      ##SPC14##
PAL  wherein R' and the position it occupies are indicated in column II
TBL               I              II                                            
     ______________________________________                                    
     43.     2-bromo-6-fluorothiophenol                                        
                                   4-fluoro                                    
     44.     2-bromo-3-chlorothiophenol                                        
                                   1-chloro                                    
     45.     2,4-dibromothiophenol 2-bromo                                     
     46.     2-bromo-5-phenylaniline                                           
                                   3-phenyl                                    
     ______________________________________                                    
PAC  EXAMPLES 47 - 52
PAR  Following the procedure of examples 1 - 7 but substituting for
      o-bromobenzenethiol in example 1 the substituted o-bromobenzenethiol
      indicated in column I, and substituting for 2 aminopyridine in example 3
      the substituted pyridine indicated in column II, there is obtained the
      correspondingly substituted compound of formula I wherein the substituent
      R' and the position it occupies are indicated in column III and the
      substituent R and the position it occupies are indicated in column IV.
TBL  __________________________________________________________________________
            I          II     III   IV                                         
     __________________________________________________________________________
     47. 2-bromo-3-fluoro-                                                     
                    2-amino-4-(m-                                              
                            1-fluoro                                           
                                 10-(m-bromo-                                  
         benzenethiol                                                          
                    bromophenyl)-                                              
                                 phenyl)                                       
                    pyridine                                                   
     48. 2-bromo-4-fluoro-                                                     
                    2-amino-5-(p-                                              
                            2-fluoro                                           
                                 9-(p-fluoro-                                  
         benzenethiol                                                          
                    fluorophenyl)-                                             
                                 phenyl)                                       
                    pyridine                                                   
     49. 2-bromo-4-chloro-                                                     
                    2-amino-6-(m-                                              
                            2-chloro                                           
                                 8-(m-iodo-                                    
         benzenethiol                                                          
                    iodophenyl)- phenyl)                                       
                    pyridine                                                   
     50. 2,6-dibromo-                                                          
                    2-amino-3-(o-                                              
                            4-bromo                                            
                                 11-(o-tolyl)                                  
         benzenethiol                                                          
                    tolyl)pyridine                                             
     51. 2,3-dibromo-                                                          
                    2-amino-5-(p-                                              
                            1-bromo                                            
                                 9-(p-ethyl-                                   
         benzenethiol                                                          
                    ethylphenyl)-                                              
                                 phenyl)                                       
                    pyridine                                                   
     52. 2-bromo-6- 2-amino-3-(m-                                              
                            4-phenyl                                           
                                 11-(m-propoxy-                                
         phenylbenzene-                                                        
                    propoxyphenyl)-                                            
                                 phenyl)                                       
         thiol      pyridine                                                   
     __________________________________________________________________________
PAC  EXAMPLES 53 - 70
PAR  Following the procedure of example 43 but substituting for 2-aminopyridine
      in part B the substituted 2-aminopyridine indicated in column I, there is
      obtained the following compound of formula I wherein the substituent R and
      the position it occupies are indicated in column II
      ##SPC15##
TBL         I                 II                                               
     ______________________________________                                    
     53. 2-amino-5-(p-butoxyphenyl)-                                           
                              10-(p-butoxyphenyl)                              
         pyridine                                                              
     54. 2-amino-3-(p-trifluoromethyl-                                         
                              12-(p-trifluoro-                                 
         phenyl)pyridine      methylphenyl)                                    
     55. 2-amino-3-(methylmercapto)-                                           
                              12-(methylmercapto)                              
         pyridine                                                              
     56. 2-amino-6-(phenylmercapto)                                            
                              9-(phenylmercapto)                               
         pyridine                                                              
     57. 2-amino-4-(phenylmercapto)-                                           
                              11-(phenylmercapto)                              
         pyridine                                                              
     58. 2-amino-3-(phenylmercapto)-                                           
                              12-(phenylmercapto)                              
         pyridine                                                              
     59. 2-amino-6-(methylmercapto)-                                           
                              9-(methylmercapto)                               
         pyridine                                                              
     60. 2-amino-5-(butylmercapto)-                                            
                              10-(butylmercapto)                               
         pyridine                                                              
     61. 2-amino-5-(propylmercapto)-                                           
                              10-(propylmercapto)                              
         pyridine                                                              
     62. 2-amino-4-(methylmercapto)-                                           
                              11-(methylmercapto)                              
         pyridine                                                              
     63. 2-amino-4-(ethylmercapto)-                                            
                              11-(ethylmercapto)                               
         pyridine                                                              
     64. 2-amino-4-(ethylmercapto)-6-                                          
                              11-(ethylmercapto)-                              
         methylpyridine       9-methyl                                         
     65. 2-amino-3-(phenethyl)pyridine                                         
                              12-(phenethyl)                                   
     66. 2-amino-4-benzylpyridine                                              
                              11-benzyl                                        
     67. 2-amino-5-(phenethyl)pyridine                                         
                              10-(phenethyl)                                   
     68. 2-amino-6-benzylpyridine                                              
                              9-benzyl                                         
     69. 2-amino-6-phenoxypyridine                                             
                              9-phenoxy                                        
     70. 2-amino-4-phenoxypyridine                                             
                              11-phenoxy                                       
     ______________________________________                                    
PAC  EXAMPLES 71 - 73
PAR  Following the procedure of examples 1 - 7 but substituting for
      bromomethanesulfonic acid, sodium salt in example 1 the bromoalkylsulfonic
      acid, sodium salt listed in column I, there is obtained the compound of
      formula I
      ##SPC16##
PAL  wherein R" is the radical indicated in column II.
TBL  ______________________________________                                    
               I                II                                             
     ______________________________________                                    
     71.    1-bromoethane-1-sulfonic acid,                                     
                                  --CH.sub.3                                   
            sodium salt                                                        
     72.    1-bromobutane-1-sulfonic acid,                                     
                                  --CH.sub.2 CH.sub.2 CH.sub.3                 
            sodium salt                                                        
     73.    1-bromo-2-methylpropane-1-                                         
                                  --CH(CH.sub.3).sub.2                         
            sulfonic acid, sodium salt                                         
     ______________________________________                                    
PAC  EXAMPLE 74
PAC  2-Trifluoromethyl-6H-Pyrido[1,2-c][1,3,5]benzothiadiazepine-5,5-dioxide
PAL  A. .alpha.,.alpha.,.alpha.-trifluoro-p-acetoluidide
PA1  To a solution of 161.0 g of .alpha.,.alpha.,.alpha.-trifluoro-p-toluidine
      in 500 ml of 2N hydrochloric acid, at room temperature, with vigorous
      agitation, is added rapidly 102.0 g of acetic anhydride. An exothermic
      reaction occurs and the temperature is allowed to rise spontaneously to
      about 50.degree.. Subsequently, the mixture is allowed to cool to room
      temperature, and then cooled in ice. The crystalline solid is filtered to
      give 189.3 g of .alpha.,.alpha.,.alpha.-trifluoro-p-acetotoluidide.
PAL  B. .alpha.,.alpha.,.alpha.-trifluoro-p-N,N-diacetotoluidide
PAR  The product from A, 102.0 g, and 500 ml of acetic anhydride are heated
      under reflux for about 18 hours. The mixture is then concentrated in vacuo
      to remove the excess of acetic anhydride. The residual solid crystallizes
      and is recrystallized from heptane to give 136.7 g of
      .alpha.,.alpha.,.alpha.-trifluoro-p-N,N-diacetotoluidide.
PAL  C. 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-N,N-diacetotoluidide
PAR  To a solution of 50.6 g of the product from B in 120 ml of carbon
      tetrachloride is added 35.6 g of N-bromosuccinimide and the mixture is
      stirred and heated under reflux for about 0.25 hours. Workup according to
      the procedure of Arcoria and Scarlata [Ann. Chim. (Rome), 54, 139 (1964)]
      yields about 58.7 g of
      2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-N,N-diacetotoluidide.
PAL  D. 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluidine Hydrochloride
PAR  The product from C, 58.0 g, 250 ml of 95 percent ethanol, and 10.0 ml of
      concentrated hydrochloric acid are heated under reflux for about one hour
      and then concentrated to dryness in vacuo. The residue crystallizes on
      cooling to give about 45.3 g of
      2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluidine hydrochloride.
PAL  E. 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluenesulfonyl chloride
PAR  Following the procedure of Meerwein, et al, J. prakt. Chem., 152, 237
      (1939), 27.8 g of the product from D in 100 ml of 25 percent hydrochloric
      acid, at 0.degree., is treated dropwise, with a solution of 6.9 g of
      sodium nitrite in 14 ml of water. Subsequent to the addition, the mixture
      is stirred at 0.degree. for 0.5 hour, 0.5 g of cupric chloride is added
      and while kept at 0.degree., a rapid stream of sulfur dioxide is
      introduced into the reaction mixture for 0.5 hour. Subsequently, the
      mixture is slowly warmed to 50.degree. while the introduction of sulfur
      dioxide continues. Workup of the reaction mixture gives 25.6 g of
      2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluenesulfonyl chloride.
PAL  F. sodium 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluenesulfonate
PAR  Into a suspension of 15.6 g of zinc dust in 115 ml of water is introduced
      dry steam until the internal temperature reaches 70.degree.. The steam is
      shut off, and 32.4 g of the product from E is added in small portions
      during about ten minutes. Stirring is maintained throughout the addition
      and for about ten minutes afterwards. Steam is again introduced into the
      mixture, with stirring, until the internal temperature reaches 90.degree.
      at which time the steam is shut off and 10 ml of 12N aqueous sodium
      hydroxide is added followed by 2.0 g portions of solid sodium carbonate
      until the mixture is strongly alkaline. Following this, the procedure of
      Org. Syntheses, Coll. Vol 1, 492 (1941) is followed to give about 24.7 g
      of sodium 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-toluenesulfonate.
PAL  G. 2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl Bromomethyl Sulfone
PAR  A mixture of 31.1 g of the product from F, 34.8 g of 1,1-dibromomethane,
      500 ml of absolute ethanol, 13.8 g of anhydrous, micronized potassium
      carbonate, and 0.5 g of copper bronze is stirred and heated under reflux
      for about 9.5 hours. The hot solution is filtered and the filtrate
      concentrated to a volume of about 100 ml and cooled. The product that
      crystallizes is filtered to give about 30.6 g of
      2-bromo-.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl bromomethyl sulfone.
PAL  H. 2-trifluoromethyl-6H-pyrido[1,2-c][1,3,5]benzothiadiazepine-5,5-dioxide
PAR  Following the procedure of example 3 but substituting for o-bromophenyl
      chloromethyl sulfide an equivalent amount of the product from part G,
      there is obtained
      2-amino-1-[[(2-bromo-4-.alpha.,.alpha.,.alpha.-trifluoro-p-tolyl)sulfonyl]
     methyl]pyridinium bromide. Following the procedure of example 7 but
      substituting the above pyridinium bromide for
      2-amino-1-[[(o-bromophenyl)thio]methyl]pyridinium chloride, the title
      compound is obtained.
PAC  EXAMPLES 75 - 78
PAR  Following the procedure of example 75 but substituting for
      1,1-dibromomethane in part G the dihaloalkane listed below in column I,
      there is obtained the compound of formula I of the formula
      ##SPC17##
PAL  wherein R" and n are as indicated in columns II and III:
TBL          I             II         III                                      
     ______________________________________                                    
     75.   1-bromo-2-chloroethane                                              
                               H          1                                    
     76.   1,1-dibromoethane   --CH.sub.3 0                                    
     77.   1,1-dibromo-2-methylpropane                                         
                               --CH(CH.sub.3).sub.2                            
                                          0                                    
     78.   1-bromo-2-chloropentane                                             
                               --C.sub.3 H.sub.7                               
                                          1                                    
     ______________________________________                                    
PAC  EXAMPLE 79
PAC  Preparation of capsule formulation
TBL                          Milligrams                                        
     Ingredient              per Capsule                                       
     ______________________________________                                    
     6H-Pyrido[1,2-c][1,3,5]benzothia-                                         
      diazepine, hydrochloride                                                 
                             400                                               
     Starch                  80                                                
     Magnesium stearate      5                                                 
     ______________________________________                                    
PAR  The active ingredient, starch and magnesium stearate are blended together.
      The mixture is used to fill hard shell capsules of a suitable size at a
      fill weight of 485 milligrams per capsule.
PAC  EXAMPLE 80
PAC  Preparation of tablet formulation
TBL                          Milligrams                                        
     Ingredient              per Tablet                                        
     ______________________________________                                    
     6H-Pyrido[1,2-c][1,3,5]benzothia-                                         
      diazepine-5,5-dioxide  300                                               
     Lactose                 200                                               
     Corn starch (for mix)   50                                                
     Corn starch (for paste) 50                                                
     Magnesium stearate      6                                                 
     ______________________________________                                    
PAR  The active ingredient, lactose and corn starch (for mix) are blended
      together. The corn starch (for paste) is suspended in water at a ratio of
      10 grams of corn starch per 80 milliliters of water and heated with
      stirring to form a paste. This paste is then used to granulate the mixed
      powders. The wet granules are passed through a No. 8 screen and dried at
      120.degree.F. The dry granules are passed through a No. 16 screen. The
      mixture is lubricated with magnesium stearate and compressed into tablets
      in a suitable tableting machine. Each tablet contains 300 milligrams of
      active ingredient.
PAC  EXAMPLE 81
PAC  Preparation of oral syrup formulation
TBL  Ingredient                Amount                                          
     ______________________________________                                    
     6,7-Dihydro-7-n-propylpyrido-[1,2-d]-                                     
     [1,4,6]benzothiadiazocine, hydrochloride                                  
                               500 mg.                                         
     Sorbitol solution (70% N.F.)                                              
                               40 ml.                                          
     Sodium benzoate           150 mg.                                         
     Sucaryl                   90 mg.                                          
     Saccharin                 10 mg.                                          
     Red Dye (F.D. & Co. No. 2)                                                
                               10 mg.                                          
     Cherry flavor             50 mg.                                          
     Distilled water     qs to 100 ml.                                         
     ______________________________________                                    
PAR  The sorbitol solution is added to 40 milliliters of distilled water and the
      active ingredient is suspended therein. The sucaryl, saccharin, sodium
      benzoate, flavor and dye are added and dissolved in the above solution.
      The volume is adjusted to 100 milliliters with distilled water.
PAR  Other ingredients may replace those listed in-the above formulation. For
      example, a suspending agent such as bentonite magma, tragacanth,
      carboxymethylcellulose, or methylcellulose may be used. Phosphates,
      citrates or tartrates may be added as buffers. Preservatives may include
      the parabens, sorbic acid and the like and other flavors and dyes may be
      used in place of those listed above.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of preparing a compound of the formula
      ##SPC18##
PAL  wherein m is 1 or 2;
PA1  R is the same or different and is hydrogen, halogen (F, Cl, or Br), alkyl
      of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, alkylthio of from 1
      to 4 carbons, benzyl, phenethyl, phenyl, phenoxy, phenylthio or
      mono-substituted phenyl wherein the substituent may be halogen (F, Cl, Br
      or I), alkyl of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, or
      trifluoromethyl; provided that when R is halogen, R occupies only the 3-
      or 5-position in the original 2-aminopyridine;
PA1  R' is hydrogen, halogen (F, Cl or Br), alkyl of from 1 to 4 carbons,
      phenyl, dialkylamidosulfonyl wherein each alkyl radical is from 1 to 4
      carbons or trifluoromethyl;
PA1  n is 0 or 1;
PA1  R" is hydrogen or alkyl of from 1 to 4 carbons and Z is S or SO.sub.2,
      comprising treating a compound of the formula
      ##SPC19##
PAL  wherein R, m, R", Z and R' are as defined above with a water miscible
      alcohol and an alkali metal alkoxide of up to 3 carbon atoms in the
      presence of copper at a temperature of from about 60.degree.C to about
      120.degree.C.
NUM  2.
PAR  2. A method of preparing a compound of the formula
      ##SPC20##
PAL  wherein m is 1 or 2;
PA1  R is the same or different and is hydrogen, halogen (F, Cl, or Br), alkyl
      of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, alkylthio of from 1
      to 4 carbons, benzyl, phenethyl, phenyl, phenoxy, phenylthio or
      mono-substituted phenyl wherein the substituent may be halogen (F, Cl, Br
      or I), alkyl of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, or
      trifluoromethyl; provided that when R is halogen, R occupies only the 3-
      or 5-position in the original 2-aminopyridine;
PA1  R' is hydrogen, halogen (F, Cl or Br), alkyl of from 1 to 4 carbons,
      phenyl, dialkylamidosulfonyl wherein each alkyl radical is from 1 to 4
      carbons or trifluoromethyl;
PA1  n is 0 or 1;
PA1  R" is hydrogen or alkyl of from 1 to 4 carbons and Z is S or SO.sub.2,
PA1  comprising heating a compound of the formula
      ##SPC21##
PAL  wherein R, m, R", n, R' and Z are as defined above and X is Cl or Br at a
      temperature of from about 60.degree.C to about 120.degree.C in the
      presence of K.sub.2 CO.sub.3 and Cu.
NUM  3.
PAR  3. A method of preparing a compound of the formula
      ##SPC22##
PAL  wherein m is 1 or 2;
PA1  R is the same or different and is hydrogen, halogen (F, Cl, or Br), alkyl
      of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, alkylthio of from 1
      to 4 carbons, benzyl, phenethyl, phenyl, phenoxy, phenylthio or
      mono-substituted phenyl wherein the substituent may be halogen (F, Cl, Br
      or I), alkyl of from 1 to 4 carbons, alkoxy of from 1 to 4 carbons, or
      trifluoromethyl; provided that when R is halogen, R occupies only the 3-
      or 5-position in the original 2-aminopyridine;
PA1  R' is hydrogen, halogen (F, Cl or Br), alkyl of from 1 to 4 carbons,
      phenyl, dialkylamidosulfonyl wherein each alkyl radical is from 1 to 4
      carbons or trifluoromethyl;
PA1  n is 0 or 1;
PA1  R" is hydrogen or alkyl of from 1 to 4 carbons and Z is S or SO.sub.2,
PA1  comprising heating a compound of the formula
      ##SPC23##
PAL  wherein R, m, R", R', n and Z are as defined above and X is Cl or Br at a
      temperature of from about 60.degree.C to about 120.degree.C in the
      presence of an alkali metal hydroxide, carbonate, phosphate, metaborate or
      tetraborate in an anhydrous alcohol of from 1 to about 5 carbon atoms in
      the presence of copper.
PATN
WKU  039460266
SRC  5
APN  5156432
APT  1
ART  121
APD  19741017
TTL  2-Amino-1,4-dihydropyridine derivatives
ISD  19760323
NCL  4
ECL  1
EXP  Rotman; Alan L.
INVT
NAM  Meyer; Horst
CTY  Wuppertal
CNT  DT
INVT
NAM  Bossert; Friedrich
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Vater; Wulf
CTY  Opladen
CNT  DT
INVT
NAM  Stoepel; Kurt
CTY  Wuppertal
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720306
APN  2210674
RLAP
COD  74
APN  336639
APD  19730228
PSC  01
PNO  3867393
CLAS
OCL  2602955R
XCL  2602948F
XCL  2602948G
XCL  2602949
XCL  2602955A
EDF  2
ICL  C07D21355
FSC  260
FSS  295.5 A;295.5 R
UREF
PNO  3855231
ISD  19741200
NAM  Meyer et al.
OCL  260294.86
UREF
PNO  3860601
ISD  19750100
NAM  Meyer et al.
OCL  260295.5R
UREF
PNO  3862161
ISD  19750100
NAM  Bossert et al.
OCL  260295.5R
ABST
PAL  2-Amino-1,4-dihydropyridines bearing a carbonyl function in the 5-position
      and being optionally substituted by lower alkyl or phenyl in the
      6-position, and the corresponding
      2-amino-1,4,5,6,7,8-hexahydro-5-oxoquinolines, which derivatives are
      further substituted by a carbonyl group in the 3-position and optionally
      substituted in the 4-position by lower alkyl, phenyl, substituted phenyl
      or a heterocyclic group are anti-hypertensive agents and coronary vessel
      dilators. The compounds, of which
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3,5-diethyl ester is a representative embodiment, are prepared
      through condensation of an ylideneacetoacetic acid ester and an amidine.
PARN
PAR  This is a division of application Ser. No. 336,639 filed Feb. 28, 1973, now
      U.S. Pat. No. 3,867,393 issued Feb. 18, 1975.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention pertains to 2-amino-1,4-dihydro-pyridine derivatives,
      to processes for their production and use and to pharmaceutical
      compositions containing such compounds and useful as antihypertensive
      agents and coronary vessel dilators.
PAR  In particular, the present invention pertains to compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen; lower alkyl; lower alkenyl; lower alkynyl; phenyl;
      substituted phenyl in which the substituents are one to three members
      selected from the group consisting of lower alkyl, lower alkoxy, halogeno,
      nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkylsulfonyl, lower alkylsulfinyl, lower alkylthio or phenyl; naphthyl;
      or a heterocyclic ring selected from the group consisting of quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl and pyrryl, said
      heterocyclic ring being unsubstituted or substituted by one or two members
      selected from the group consisting of lower alkyl, lower alkoxy and
      halogeno;
PA1  R.sup.1, when taken independently, is hydrogen, lower alkyl, phenyl or
      pyridyl;
PA1  R.sup.2, when taken independently, is lower alkyl, lower alkoxy, lower
      alkoxy(lower alkoxy), lower alkenyloxy, lower alkynyloxy, amino, lower
      alkylamino or di(lower alkyl)amino,
PA1  R.sup.1 and R.sup.2 when taken together are alkylene of 2 to 4 carbon
      atoms; and
PA1  R.sup.3 is lower alkyl, lower alkoxy, lower alkoxy(lower alkoxy), lower
      alkenyloxy, lower alkynyloxy, amino, lower alkylamino or di(lower alkyl)
      amino.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms. Representative of
      such lower alkyl groups are thus methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl,
      tert.pentyl, hexyl, and the like.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal ethylenic
      unsaturation as, for example, vinyl, allyl, isopropenyl, 2-butenyl,
      3-methyl-2-butenyl, 2-pentenyl, 3-pentenyl, 2-hexenyl, 4-hexenyl, and the
      like.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and nonterminal acetylenic
      unsaturation as, for example, ethynyl, 2-propynyl, 4-pentynyl, and the
      like.
PAR  The term lower alkoxy denotes a straight or branched hydrocarbon chain
      bound to the remainder of the molecule through an ethereal oxygen atom as,
      for example, methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
      pentoxy acid, hydrobromic acid, hexoxy.
PAR  The term lower alkylthio denotes a branched or straight hydrocarbon chain
      bound to the remainder of the molecule through a divalent sulfur as, for
      example, methylthio, ethylthio, propylthio, isopropylthio, butylthio, and
      the like.
PAR  The term halogen denotes the substituents fluoro, chloro, bromo and iodo.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromi acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicylic acid, phthalic acid, embonic acid, enanthic acid,
      and the like.
PAR  According to the present invention, the foregoing compounds are prepared by
      reacting a dicarbonyl compound of the formula:
      ##EQU1##
      wherein R, R.sup.1 and R.sup.2 are as herein defined, with an amidine of
      the formula:
      ##EQU2##
      in which R.sup.3 is as herein defined. The condensation proceeds smoothly
      in good yields simply by heating the two components, generally in the
      presence of an inert organic solvent such as methanol, ethanol, propanol
      and similar alkanols, ethers such as dioxane and diethyl ether, glacial
      acetic acid, pyridine, dimethylformamide, dimethylsulfoxide, acetonitrile
      and the like. The reaction is conducted at temperatures of from 20.degree.
      to 250.degree.C, conveniently at the boiling point of the solvent, and
      while elevated pressure may be utilized, normal atmospheric pressure is
      generally satisfactory. The reactants are employed in substantially
      equimolar amounts. The amidine reactant can be employed as the free base
      or in the form of a salt such as the hydrohalide salts with the amidine
      being liberated from the salt through treatment with a basic agent such as
      an alkali metal alkoxide. The dicarbonyl reagent can be utilized as such
      or generated in situ by the reaction of an aldehyde of the formula RCHO
      and a .beta.-dicarbonyl compound of the formula R.sup.1 COCH.sub.2
      COR.sup.2.
PAR  It is rather surprising that the above described condensation produces the
      desired compounds in such good yields and with such high purity for while
      it is known that a benzylideneacetoacetic acid ester can be condensed with
      an amino crotonic acid ester to yield a 1,4-dihydropyridine (Knoevenagel,
      Ber. 31, 743, 1898), it would be expected from, for example, Silversmith,
      J. Org. Chem. 27, 4090 (1952) that the addition of an amidine to an
      .alpha.,.beta.-unsaturated keto compound would yield the dihydropyrimidine
      derivative rather than the dihydropyridine derivative.
PAR  Many of the dicarbonyl compounds utilized as one of the reactants are known
      to the art and the others can either be generated in situ as herein
      described or prepared according to methods well known to the art, see for
      example Org. Reaction XV, 204 et seq. (1967). Typical of this reactant are
      the following compounds:
PA1  benzylideneacetoacetic acid methyl ester,
PA1  ethylideneacetoacetic acid methyl ester,
PA1  isopropylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetoacetic acid methyl ester,
PA1  2-nitrobenzylideneacetylacetone,
PA1  benzylideneacetylacetone,
PA1  3-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  3-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  3-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetylacetone,
PA1  4-nitrobenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  4-nitrobenzylideneacetoacetic acid n-propyl ester,
PA1  3-nitro-6-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2-cyanobenzylidenepropionylacetic acid ethyl ester,
PA1  3-cyanobenzylideneacetoacetic acid methyl ester,
PA1  3-nitro-4-chlorobenzylideneacetylacetone,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3-nitro-4-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2-nitro-4-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2-cyano-4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-azidobenzylideneacetoacetic acid ethyl ester,
PA1  3-azidobenzylideneacetylacetone,
PA1  2-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA1  2-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  2-sulphonylbenzylidenemethylacetoacetic acid allyl ester,
PA1  4-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  naphth-1-ylideneacetoacetic acid methyl ester,
PA1  naphth-1-ylideneacetoacetic acid ethyl ester,
PA1  naphth-2-ylideneacetoacetic acid ethyl ester,
PA1  2-ethoxynaphth-1-ylideneacetoacetic acid methyl ester,
PA1  2-methoxynaphth-1-ylideneacetoacetic acid ethyl ester,
PA1  5-bromonaphth-1-ylideneacetoacetic acid methyl ester,
PA1  quinol-2-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  quinol-4-ylmethylideneacetoacetic acid ethyl ester,
PA1  quinol-8-ylmethylideneacetoacetic acid ethyl ester,
PA1  isoquinol-1-ylmethylideneacetoacetic acid methyl ester,
PA1  isoquinol-3-ylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4,6-dimethoxypyrimid-5-ylmethylideneacetoacetic acid ethyl ester,
PA1  then-2-ylmethylideneacetoacetic acid ethyl ester,
PA1  fur-2-ylmethylideneacetoacetic acid allyl ester,
PA1  pyrr-2-ylthylideneacetoacetic acid methyl ester,
PA1  nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  .alpha. -pyridylmethylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetylacetone,
PA1  2-, 3- or 4-methoxybenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-methoxybenzylideneacetylacetone,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methoxybenzylideneacetoacetic acid propargyl ester,
PA1  2-methoxybenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-butoxybenzylideneacetoacetic acid methyl ester,
PA1  3,4,5-trimethoxybenzylideneacetoacetic acid allyl ester,
PA1  2-methylbenzylidenepropionylacetic acid methyl ester,
PA1  2-, 3- or 4-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  2-methylbenzylideneacetylacetone,
PA1  3,4-dimethoxy-5-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4 -bromobenzylideneacetoacetic acid ethyl ester,
PA1  2-, 3- or 4-fluorobenzylideneacetoacetic acid ethyl ester,
PA1  2-fluorobenzylideneacetoacetic acid methyl ester,
PA1  3-chlorobenzylideneacetylacetone,
PA1  3-chlorobenzylidenepropionylacetic acid ethyl ester,
PA1  3-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2-chlorbenzylideneacetoacetic acid allyl ester,
PA1  2-, 3- or 4-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA1  3-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PA1  2-carbethoxybenzylideneacetoacetic acid ethyl ester,
PA1  3-carbomethoxybenzylideneacetoacetic acid methyl ester,
PA1  4-carboisopropoxybenzylideneacetoacetic acid isoporpyl ester,
PA1  4-carbomethoxybenzylideneacetoacetic acid allyl ester,
PA1  3-nitrobenzylidenecyclohexane-1,3-dione, and
PA1  3-nitrobenzylidenecycloheptane-1,3-dione.
PAR  The amidine reactants are similarly known or can be readily produced
      according to known methods, see for example McElvain et al., J.A.C.S., 73,
      2760 (1951). Typical of these reactants are the following:
PA1  amidinoacetic acid methyl ester,
PA1  amidinoacetic acid ethyl ester,
PA1  amidinoacetic acid n-propyl ester,
PA1  amidinoacetic acid isopropyl ester,
PA1  amidinoacetic acid cyclohexyl ester,
PA1  amidinoacetic acid .beta.-methoxyethyl ester,
PA1  amidinoacetic acid .alpha.-ethoxyethyl ester,
PA1  amidinoacetic acid .beta.-ethoxyethyl ester,
PA1  amidinoacetic acid propargyl ester, and
PA1  amidinoacetamide.
PAR  As noted above, the compounds of the present invention demonstrate the
      ability to reduce blood pressure and to effect a dilation of the coronary
      vessels. They can accordingly be used where either or both of these
      effects are desired. Thus upon parenteral, oral or sublingual
      administration, the compounds produce a distinct and long lasting dilation
      of the coronary vessels which is intensified by a simultaneous
      nitrite-like effect of reducing the load on the heart. The effect on heart
      metabolism is thus one of energy saving. In addition, the compounds lower
      the blood pressure of normotonic and hypertonic animals and can thus be
      used as antihypertensive agents. These properties can be conveniently
      observed in well known laboratory models. Thus for example the coronary
      vessel dilation effect can be observed by measuring the increase in oxygen
      saturation in the coronary sinus in the narcotized, heart catheterized
      dog, as shown in the following table:
TBL                I.V.     .DELTA.O.sub.2 %                                   
                                    Return to                                  
                   Dose     satur-  normal O.sub.2                             
     Compound      (mg/kg)  ation   values (hours)                             
     ______________________________________                                    
     2-amino-6-methyl-                                                         
                   0.02     33      2.5                                        
     4-(2-nitrophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarboxy-                                                       
     lic acid 3-ethyl-5-                                                       
     methyl ester                                                              
     2-amino-6-methyl-                                                         
                   0.03     32      3                                          
     4-(2-cyanophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarbox-                                                        
     ylic acid diethyl                                                         
     ester                                                                     
     2-amino-6-methyl-                                                         
                   0.01     23      2                                          
     4-(3-nitrophenyl)-                                                        
     1,4-dihydropyri-                                                          
     dine-3,5-dicarbox-                                                        
     ylic acid diethyl                                                         
     ester                                                                     
     ______________________________________                                    
PAR  The hypotensive activity of the present copounds can be observed by
      measuring the blood pressure of hypertensive rats following administration
      of the compounds. The following table demonstrates the dose which results
      in at least a 15 mm Hg reduction in blood pressure of such animals:
TBL  Compound                 Dose (mg/kg)                                     
     ______________________________________                                    
     2-amino-6-methyl-4-phenyl-1,4-                                            
                              1.0                                              
     dihydropyridine-3,5-dicarboxylic                                          
     acid diethyl ester                                                        
     2-amino-6-methyl-4-(2-nitrophenyl)-                                       
                              0.1                                              
     1,4-dihydropyridine-3,5-dicarboxylic                                      
     acid 3-ethyl ester 5-methyl ester                                         
     2-amino-6-methyl-4-(2-methoxyphenyl)-                                     
                              1.0                                              
     1,4-dihydropyridine-3,5-dicarboxylic                                      
     acid diethyl ester                                                        
     2-amino-6-methyl-4-(2-cyanophenyl)-1,4-                                   
                              1.0                                              
     dihydropyridine-3,5-dicarboxylic acid                                     
     diethyl ester                                                             
     2-amino-6-methyl-4-(2-trifluoromethyl-                                    
                              1.0                                              
     phenyl)-1,4-dihydropyridine-3,5-dicar-                                    
     boxylic acid diethyl ester                                                
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                              1.0                                              
     dihydropyridine-3,5-dicarboxylic acid                                     
     diethyl ester                                                             
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                              1.0                                              
     dihydropyridine-3,5-dicarboxylic acid                                     
     3-ethyl ester 5-methyl ester                                              
     2-amino-6-methyl-4-(3-nitrophenyl)-1,4-                                   
                              1.0                                              
     dihydropyridine-3,5-dicarboxylic acid                                     
     3-ethyl ester 5-.beta.-methoxyethyl ester                                 
     2-amino-5-acetyl-6-methyl-4-(3-nitro-                                     
                              3.1                                              
     phenyl)-1,4-dihydropyridine-3-carbox-                                     
     ylic acid ethyl ester                                                     
     2-amino-6-methyl-4-(3-nitro-6-chloro-                                     
                              1.0                                              
     phenyl)-1,4-dihydropyridine-3,5-dicarb-                                   
     oxylic acid 3-ethyl ester 5-methyl ester                                  
     ______________________________________                                    
PAR  The toxicity of the compounds is remarkably low. Thus for example the toxic
      dose of
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester in mice upon oral administration is greater than
      1000 mg/kg.
PAR  In addition to the effect on blood pressure and coronary vessels, the
      compounds also lower the excitability of the stimulus formation and
      excitation conduction system within the heart so that an antifibrillation
      action is observed at therapeutic doses. The tone of the smooth muscle of
      the vessels is also greatly reduced. This vascular-spasmolytic action can
      be observed in the entire vascular system as well as in more or less
      isolated and circumscribed vascular regions such as the central nervous
      system. In addition, a strong muscular-spasmolytic action is manifested in
      the smooth muscle of the stomach, the intestinal tract, the urogenital
      tract and the respiratory system. Finally, there is some evidence that the
      compounds influence the cholesterol level and lipid level of the blood.
      These effects complement one another and the compounds are thus highly
      desirable as pharmaceutical agents to be used in the treatment of
      hypertension and conditions characterized by a constriction of the
      coronary blood vessels.
PAR  Pharmaceutical compositions for effecting such treatment will contain a
      major or minor amount, e.g. from 95 to 0.5%, of at least one
      2-amino-1,4-dihydropyridine as herein defined in combination with a
      pharmaceutical carrier, the carrier comprising one or more solid,
      semi-solid or liquid diluent, filler and formulation adjuvant which is
      nontoxic, inert and pharmaceutically acceptable. Such pharmaceutical
      compositions are preferably in dosage unit form; i.e. physically discrete
      units containing a predetermined amount of the drug corresponding to a
      fraction or multiple of the dose which is calculated to produce the
      desired therapeutic response. The dosage units can contain one, two, three
      four or more single doses or, alternatively, one-half, third or fourth of
      a single dose. A single dose preferably contains an amount sufficient to
      produce the desired therapeutic effect upon administration at one
      application of one or more dosage units according to a predetermined
      dosage regimen, usually a whole, half, third or quarter of the daily
      dosage administered once, twice, three of four times a day. Other
      therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the daily dose will be from
      about 0.001 to about 2 mg/kg, preferably 0.005 to 1.0 mg/kg, when
      administered parenterally and from about 0.1 to about 20 mg/kg, preferably
      0.5 to 10 mg/kg, when administered orally. In some instances a sufficient
      therapeutic effect can be obtained at lower doses while in others, larger
      doses will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The midicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively a measured amount of
      the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
DETD
PAR  The following examples will serve to further typify the nature of the
      present invention through the presentation of specific embodiments. These
      examples should not be construed as a limitation on the scope of
      Applicants' invention since the subject matter regarded as the invention
      is set forth in the appended claims.
PAC  EXAMPLE 1
PAR  Upon boiling a solution of 21.8 g of benzylideneacetoacetic acid ethyl
      ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of ethanol
      for 2 hours,
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 164.degree.C (alcohol) is obtained.
PAR  Yield: 67% of theory.
PAC  EXAMPLE 2
PAR  Upon boiling a solution of 24.9 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 168.degree.C (alcohol)
      is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 3
PAR  Upon boiling a solution of 24.8 g of 2-methoxybenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 4
PAR  Upon boiling a solution of 23.2 g of 2-methylbenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-methylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 130.degree.C (ethanol) is obtained.
PAR  Yield: 71% of theory.
PAC  EXAMPLE 5
PAR  Upon boiling a solution of 24.3 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 208.degree.C (ethanol) is obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 6
PAR  Upon boiling a solution of 14.2 g of
      2-trifluoromethylbenzylideneacetoacetic acid ethyl ester and 6.5 g of
      amidinoacetic acid ethyl ester in 100 ml of ethanol for 1 hour,
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid diethyl ester of melting point 156.degree.C (ethanol) is
      obtained.
PAR  Yield: 76% of theory.
PAC  EXAMPLE 7
PAR  Upon boiling a solution of 12.6 g of 3-chlorobenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 157.degree. - 159.degree.C (ethanol)
      is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 8
PAR  Upon boiling a solution of 13.2 g of 4-methylmercaptobenzylideneacetoacetic
      acid ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(4-methylmercaptophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid diethyl ester of melting point 165.degree.C (ethyl
      acetate/petroleum ether) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 9
PAR  Upon boiling a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 13.0 g of amidinoacetic acid ethyl ester in 200 ml of
      ethanol for 1 hour, 2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine
      3,5-dicarboxylic acid diethyl ester of melting point 169.degree.C
      (ethanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 10
PAR  Upon boiling a solution of 24.9 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 13.0 g of amidinoacetic acid ethyl ester in 180 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C is
      obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 11
PAR  Upon heating a solution of 13.8 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl 5-isopropyl ester of melting point 206.degree. - 207.degree.C
      (alcohol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 12
PAR  Boiling a solution of 10.9 g of 3-nitrobenzylideneacetoacetic acid
      propargyl ester and 5.2 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-propargyl ester of melting point 181.degree.C
      (ethanol).
PAR  Yield: 59% of theory.
PAC  EXAMPLE 13
PAR  Heating a solution of 14.6 g of 3-nitrobenzylideneacetoacetic acid
      .beta.-methoxyethyl ester and 6.5 g of amidinoacetic acid ethyl ester in
      150 ml of ethanol for 1 hour yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-.beta.-methoxyethyl ester of melting point
      179.degree.C (ethyl acetate/petroleum ether).
PAR  Yield: 58% of theory.
PAC  EXAMPLE 14
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.0 g of
      acetylacetone and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 2 hours,
      2-amino-5-acetyl-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxyl
     ic acid ethyl ester of melting point 217.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 15
PAR  Upon boiling a solution of 14.2 g of 3-nitro-6-chlorobenzylideneacetoacetic
      acid methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(3-nitro-6-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl ester 5-methyl ester of melting point 124.degree.C
      (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 16
PAR  Upon boiling a solution of 10.4 g of 2-furfurylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      2 hours,
      2-amino-6-methyl-4-(fur-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 183.degree.C (isopropanol) is obtained.
PAR  Yield: 78% of theory.
PAC  EXAMPLE 17
PAR  Upon boiling a solution of 14.0 g of benzylidenebenzoylacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 150 ml of ethanol for
      2 hours, 2-amino-4,6-diphenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      ethyl ester of melting point 183.degree.C (ethanol) is obtained.
PAR  Yield: 48% of theory.
PAC  EXAMPLE 18
PAR  Upon heating a solution of 15.6 g of ethylideneacetoacetic acid ethyl ester
      and 13.0 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for 2
      hours, 2-amino-4,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 140.degree.C (isopropanol) is obtained.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 19
PAR  Upon boiling a solution of 2.8 g of acetaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-methyl-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3carboxylic acid
      ethyl ester of melting point 236.degree.C (ethanol) is obtained.
PAR  Yield: 53% of theory.
PAC  EXAMPLE 20
PAR  Upon boiling a solution of 7.6 g of 3-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester for 1
      hour,
      2-amino-4-(3-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point &gt;260.degree.C is obtained
      (alcohol/DMF).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 21
PAR  Upon boiling a solution of 7.1 g of 3-chlorobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(3-chlorophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyl
     ic acid ethyl ester of melting point 266.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 22
PAR  Upon boiling a solution of 5.3 g of pyridin-2-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of alcohol for 3 hours,
      2-amino-4-(.alpha.-pyridyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxy
     lic acid ethyl ester of melting point 260.degree.C is obtained (alcohol).
PAR  Yield: 46% of theory.
PAC  EXAMPLE 23
PAR  Upon heating a solution of 7.6 g of 2-nitrobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(2-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 212.degree.C (alcohol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 24
PAR  Upon heating a solution of 7.9 g of quinolin-4-aldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 3 hours,
      2-amino-4-(quinol-4yl)-1,4,5,6,7,8-hexahydro-5-oxoquinolinecarboxylic acid
      3-ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is obtained.
PAR  Yield: 81% of theory.
PAC  EXAMPLE 25
PAR  Upon boiling a solution of 5.7 g of 4,6-dimethoxypyrimidin-5-aldehyde, 3.8
      g of cyclohexane-1,3-dione and 4.4 g of amidinoacetic acid ethyl ester in
      80 ml of ethanol for 8 hours,
      2-amino-4-(4,6-dimethoxypyrimid-5-yl)-1,4,5,6,7,8-hexahydro-5oxoquinoline-
     3-carboxylic acid ethyl ester of melting point 273.degree.C (alcohol) is
      obtained.
PAR  Yield: 65% of theory.
PAC  EXAMPLE 26
PAR  Upon boiling a solution of 6.3 g of 1-naphthaldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 2 hours,
      2-amino-4-(naphth-1-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxylic
      acid ethyl ester of melting point 279.degree.C (ethanol/DMF) is obtained.
PAR  Yield: 64% of theory.
PAC  EXAMPLE 27
PAR  Upon heating a solution of 6.3 g of isoquinolin-1-aldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 2 hours,
      2-amino-4-(isoquinol-1-yl)-1,4,5,6,7,8-hexahydro-5oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 272.degree.C (ethanol) is obtained.
PAC  EXAMPLE 28
PAR  Upon heating a solution of 4.8 g of 6-methylpyridin-2-aldehyde, 4.5 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 120
      ml of ethanol for 8 hours,
      2-amino-4-(6-methylpyrid-2yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carbo
     xylic acid ethyl ester of melting point &gt;260.degree.C (ethanol/DMF) is
      obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 29
PAR  Upon boiling a solution of 13.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 5.1 g of amidinoacetamide in 150 ml of ethanol for 2
      hours, 2-amino-6-methyl-5-carbethoxy-4-(3-nitrophenyl)-1,4-dihydropyridine
     -3-carboxylic acid amide of melting point &gt;260.degree.C (alcohol) is
      obtained.
PAR  Yield: 52% of theory.
PAC  EXAMPLE 30
PAR  Upon heating a solution of 6.5 g of 2-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 5 hours,
      2-amino-4-(2-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 165.degree.C (ethanol) is obtained.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 31
PAR  Upon heating a solution of 26.3 g of 3-nitrobenzylideneacetoacetic acid
      ethyl ester and 14.4 g of amidinoacetic acid isopropyl ester in 250 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting point
      175.degree.-6.degree.C (ethanol) is obtained.
PAR  Yield: 77% of theory.
PAC  EXAMPLE 32
PAR  Heating a solution of 14.3 g of 2-trifluoromethylbenzylideneacetoacetic
      acid ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml
      of ethanol for 1 hour yields
      2-amino-6-methyl-4-(2-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicar
     boxylic acid 3-isopropyl ester 5-ethyl ester of melting point 106.degree.C.
PAR  Yield: 49% of theory.
PAC  EXAMPLE 33
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 180 ml
      of ethanol for 1 hour,
      2-amino-6-methyl-4-(3-niitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diisopropyl ester of melting point 122.degree.C (ether) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 34
PAR  Upon boiling a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 200 ml of
      ethanol for 1 hour,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      aciid 3-isopropyl ester 5-ethyl ester of melting point 200.degree.C
      (isopropanol) is obtained.
PAR  Yield: 58% of theory.
PAC  EXAMPLE 35
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 150 ml of
      ethanol for 2 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 167.degree.C
      (ethanol) is obtained.
PAR  Yield: 82% of theory.
PAC  EXAMPLE 36
PAR  Upon heating a solution of 11.0 g of 2-trifluoromethyl-4-nitrobenzaldehyde,
      5.6 g of cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester
      in 250 ml of ethanol of 2 hours,
      2-amino-4-(2-trifluoromethyl-4-nitrophenyl)-1,4,5,6,7,8-hexahydro-5-oxoqui
     noline-3-carboxylic acid ethyl ester of melting point 264.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 37
PAR  Heating a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid n-propyl ester in 200 ml of ethanol
      for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 168.degree.C
      (ethanol).
PAR  Yield: 79% of theory.
PAC  EXAMPLE 38
PAR  Boiling a solution of 8.5 g of 6-nitroveratraldehyde, 4.0 g of
      cyclohexane-1,3-dione and 5.2 g of amidinoacetic acid ethyl ester in 150
      ml of ethanol for 1 hour yields
      2-amino-4-(2-nitro-4,5-dimethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoli
     ne-3-carboxylic acid ethyl ester of melting point 261.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 39
PAR  Boiling a solution of 13.2 g of 3-nitrobenzylideneacetoacetic acid ethyl
      ester and 8.0 g of amidinoacetic acid .beta.-methoxyethyl ester in 200 ml
      of ethanol for 2 hours yields
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-(.beta.-methoxyethyl) ester 5-ethyl ester of melting point
      174.degree.C.
PAR  Yield: 59% of theory.
PAC  EXAMPLE 40
PAR  Upon heating a solution of 6.1 g of biphenyl-2-aldehyde, 3.8 g of
      cyclohexane-1,3-dione and 5.1 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 1 hour,
      2-amino-4-(biphenyl-2-yl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 248.degree.C (ethanol) is obtained.
PAR  Yield: 45% of theory.
PAC  EXAMPLE 41
PAR  Boiling a solution of 13.4 g of (1-naphthylidene)acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      8 hours yields
      2-amino-6-methyl-4-(1-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 174.degree.C (ethanol).
PAR  Yield: 62% of theory.
PAC  EXAMPLE 42
PAR  Upon heating a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 211.degree.C
      (ethanol) is obtained.
PAR  Yield: 72% of theory.
PAC  EXAMPLE 43
PAR  Upon boiling a solution of 11.5 g of 2-cyanobenzylideneacetoacetic acid
      methyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl ester 5-methyl ester of melting point 224.degree.C (ethanol)
      is obtained.
PAR  Yield: 66% of theory.
PAC  EXAMPLE 44
PAR  Upon boiling a solution of 14.8 g of 2-phenylbenzylideneacetoacetic acid
      ethyl ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(biphenyl-2-yl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid ethyl ester of melting point 182.degree.C (ethanol) is obtained.
PAR  Yield: 41% of theory.
PAC  EXAMPLE 45
PAR  Upon heating a solution of 12.5 g of 3-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-methyl ester of melting point 155.degree.C
      (ethanol) is obtained.
PAR  Yield: 69% of theory.
PAC  EXAMPLE 46
PAR  Upon heating a solution of 12.2 g of (2-thenylidene) acetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      4 hours,
      2-amino-6-methyl-4-(2-thenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester of melting point 170.degree.C (ethanol) is obtained.
PAR  Yield: 73% of theory.
PAC  EXAMPLE 47
PAR  Upon heating a solution of 10.9 g of benzylideneacetoacetic acid
      dimethylamide and 5.0 g of amidinoacetamide in 100 ml of ethanol for 8
      hours,
      2-amino-6-methyl-4-phenyl-5-(N,N-dimethylaminocarbonyl)-1,4-dihydropyridin
     e-3-carboxylic acid amide of melting point 236.degree.C (ethanol) is
      obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 48
PAR  Heating a solution of 10.9 g of benzylideneacetoacetic acid dimethylamide
      and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of methanol for 6
      hours yields
      2-amino-6-methyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-ethyl ester 5-(N,N-dimethylamide) of melting point 230.degree.C
      (alcohol).
PAR  Yield: 61% of theory.
PAC  EXAMPLE 49
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of ethanol
      for 6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-ethyl ester of melting pont 139.degree.C
      (isopropanol).
PAR  Yield: 39% of theory.
PAC  EXAMPLE 50
PAR  Boiling a solution of 13.2 g of 2-nitrobenzylideneacetoacetic acid ethyl
      ester and 6.5 g of amidinoacetic acid ethyl ester in 100 ml of ethanol for
      6 hours yields
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester of melting point 159.degree.C (ethanol).
PAR  Yield: 52% of theory.
PAC  EXAMPLE 51
PAR  Upon heating a solution of 12.5 g of 2-nitrobenzylideneacetoacetic acid
      methyl ester and 7.2 g of amidinoacetic acid isopropyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-isopropyl ester 5-methyl ester of melting point 203.degree.C
      (isopropanol) is obtained.
PAR  Yield: 50% of theory.
PAC  EXAMPLE 52
PAR  Upon heating a solution of 12.2 g of 2-cyanobenzylideneacetoacetic acid
      ethyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml of
      ethanol for 8 hours,
      2-amino-6-methyl-4-(2-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-ethyl ester of melting point 182.degree.C
      (ethanol) is obtained.
PAR  Yield: 62% of theory.
PAC  EXAMPLE 53
PAR  Upon heating a solution of 13.9 g of 3-nitrobenzylideneacetoacetic acid
      isopropyl ester and 7.2 g of amidinoacetic acid n-propyl ester in 100 ml
      of ethanol for 6 hours,
      2-amino-6-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-n-propyl ester 5-isopropyl ester of melting point 199.degree.C
      (isopropanol) is obtained.
PAR  Yield: 75% of theory.
PAC  EXAMPLE 54
PAR  Heating a solution of 6.5 g of 3-cyanobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours yields
      2-amino-4-(3-cyanophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 262.degree.C
      (ethanol/dimethylformamide).
PAR  Yield: 56% of theory.
PAC  EXAMPLE 55
PAR  Upon heating a solution of 9.3 g of 3-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 8 hours,
      2-amino-4-(3-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 255.degree.C (ethanol) is obtained.
PAR  Yield: 44% of theory.
PAC  EXAMPLE 56
PAR  Upon boiling a solution of 9.3 g of 2-bromobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 6 hours,
      2-amino-4-(2-bromophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 245.degree.C (ethanol) is obtained.
PAR  Yield: 46% of theory.
PAC  EXAMPLE 57
PAR  Upon heating a solution of 8.9 g of 3-carbethoxybenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4 hours,
      2-amino-4-(3-carbethoxyphenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carb
     oxylic acid ethyl ester of melting point 234.degree.C (ethanol) is
      obtained.
PAR  Yield: 54% of theory.
PAC  EXAMPLE 58
PAR  Upon heating a solution of 7.4 g of 2-azidobenzaldehyde, 5.6 g of
      cyclohexane-1,3-dione and 6.5 g of amidinoacetic acid ethyl ester in 100
      ml of ethanol for 4 hours,
      2-amino-4-(2-azidophenyl)-1,4,5,6,7,8-hexahydro-5-oxoquinoline-3-carboxyli
     c acid ethyl ester of melting point 209.degree.C (ethanol) is obtained.
PAR  Yield: 58% of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC2##
PAL  wherein
PA1  R is hydrogen, lower alkyl or alkynyl of 2 to 4 carbon atoms;
PA1  R.sup.1 is hydrogen, lower alkyl, phenyl or pyridyl;
PA1  R.sup.2 is lower alkoxy, lower alkoxy(lower alkoxy), alkenyloxy of 2 to 4
      carbon atoms, alkynyloxy of 2 to 4 carbon atoms, amino, lower alkylamino
      or di(lower alkyl)amino; and
PA1  R.sup.3 is lower alkoxy, lower alkoxy(lower alkoxy), alkenyloxy of 2 to 4
      carbon atoms, alkynyloxy of 2 to 4 carbon atoms, amino, lower alkylamino
      or di(lower alkyl)amino.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is lower alkyl or
      phenyl.
NUM  3.
PAR  3. A compound according to claim 2 wherein R is lower alkyl.
NUM  4.
PAR  4. The compound according to claim 3 which is
      2-amino-4,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester.
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ABST
PAL  1,4-Dihydropyridines bearing carboxy functions in the 3-, 5- and 6- or 2-,
      3-, 5- and 6-positions and being substituted in the 4-position by phenyl,
      substituted phenyl, naphthyl, phenylalkyl or a heterocyclic group are
      antihypertensive agents and coronary vessel dilators. The compounds, of
      which 2-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethylester is a representative embodiment, are prepared through
      condensation of an enamine with an ylidene acid ester, the latter being
      separately prepared or prepared in situ.
PARN
PAR  This is a division of application Ser. No. 399,850 filed Sept. 24, 1973,
      now U.S. Pat. No. 3,905,983 granted Sept. 16, 1975.
BSUM
PAR  The present invention relates to certain new dihydropyridine-polyester
      compounds, to a process for their production, and to their medicinal use,
      especially as coronary agents.
PAR  It is already known that 1,4-dihydropyridines possess interesting
      pharmacological properties. F. Bossert and W. Vater, Die
      Naturwissenschaften (1971), 58th year, issue 11, 578.
PAR  This invention provides compounds which are dihydropyridine-polyesters of
      the following general formula and their salts:
      ##SPC1##
PAL  In which
PAR  R is a hydrogen atom or a linear or branched, saturated or unsaturated
      aliphatic radical;
PAR  R.sup.1 is a hydrogen or a linear or branched alkyl radical or a -C.sub.n
      H.sub.2n COOR.sup.5 radical in which R.sup.5 is a hydrogen or alkyl
      radical and n is 0, 1, 2 or 3;
PAR  R.sup.2 and R.sup.3 are identical or different radicals consisting of a
      straight, branched or cyclic, saturated or unsaturated hydrocarbon chain
      optionally carrying 1 or 2 hydroxyl groups as substituents and optionally
      interrupted by 1 or 2  oxygen atoms in the chain;
PAR  R.sup.4 is a -C.sub.n H.sub.2n COOR.sup.5 radical in which R.sup.5 and n
      are as defined above; and
PAR  X is an aryl radical optionally carrying 1, 2 or 3 identical of different
      substituents selected from nitro, cyano, azido, alkyl, alkoxy, acyloxy,
      carbalkoxy, amino, acylamino, alkylamino, dialkylamino, -SO.sub.m alkyl
      where m = 0, 1 or 2, phenyl, trifluoromethyl and halogen radicals, or a
      benzyl, styryl, cycloalkyl or cycloalkenyl radical, or a quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl or pyrryl radical
      optionally carrying one or more substituents selected from alkyl, alkoxy,
      nitro and halogen radicals.
PAR  This invention also provides a process for the production of the new
      compounds defined above, in which:
PAR  A. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU1##
      is reacted with an ylidene derivative of the general formula:
      ##EQU2##
      or
PAR  B. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU3##
      is reacted with an ylidene derivative of the general formula:   or
PAR  a .beta.-ketocarboxylic acid ester of the general formula
EQU  R.sup.4 -CO-CH.sub.2 -COOR.sup.3                           (VI)
PAL  is reacted with an enamine of the general formula:
      ##EQU4##
      and an aldehyde of the general formula:
EQU  X-CHO                                                      (VII);
PAL  or
PAR  d. a .beta.-ketocarboxylic acid ester of the general formula:
EQU  R.sup.1 -CO-CH.sub.2 -COOR.sup.2                           (VIII)
PAL  is reacted with an enamine of the general formula:
      ##EQU5##
      and an aldehyde of the general formula:
EQU  X-CHO                                                      (VII)
PAL  or
PAR  e. for compounds in which R.sup.1 is identical to R.sup.4 and R.sup.2 is
PAL  identical to R.sup.3, two molar parts of a .beta.-ketocarboxylic acid ester
      of the general formula:
EQU  R.sup.4 -CO-CH.sub.2 -COOR.sup.3                           (VI)
PAL  are reacted with one molar part of an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof, and with one part of an aldehyde of the general formula:
EQU  X-CHO                                                      (VII)
PAR  the new free dihydropyridine polyesters of the general formula I and their
      salts can be interconverted in any suitable way; methods for such
      interconversion are known in the art.
PAR  The above five variations (a) to (e) of the process of the invention will
      hereinafter be referred to as Process Variants (a) to (e).
PAR  In Process Variant (a) the enamine of general formula II is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.1 -CO-CH.sub.2 -COOR.sup.2                           (VIII)
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof.
PAR  The enamine of general formula II can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula III,
      but is preferably reacted with the said ylidene derivative without
      intermediate isolation and, if desired, in situ.
PAR  In Process Variant (b) the enamine of general formula IV is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.4 -CO-CH.sub.2 -COOR.sup.3                           (VI)
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof.
PAR  The enamine of general formula IV can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula V, but
      is preferably reacted with the said ylidene derivative without
      intermediate isolation and, if desired, in situ.
PAR  In all the above general formulae II to IX, R, R.sup.1, R.sup.2, R.sup.3,
      R.sup.4 and X are as defined above. Preferred meanings for these symbols
      are given below.
PAR  Throughout the remainder of this Specification the expression "compounds of
      the invention" means both the dihydropyridine-polyesters of general
      formula I and their salts.
PAR  Surprisingly, the compounds according to the invention possess a very
      strong coronary action. They can easily be converted, by saponification,
      into the monocarboxylic acids or bicarboxylic acids, which are also active
      and are water-soluble in the form of salts, and because of their reactive
      ester or carboxyl groups they are also suitable for the preparation of
      further, pharmacologically interesting, preparations. The compounds
      according to the invention thus represent an enrichment of pharmacy. a. If
      for example 3-methoxybenzylidene-acetonedicarboxylic acid dimethyl ester,
      acetoacetic acid methyl ester and methylamine (or methylaminocrotonic acid
      methyl ester (II)) are used as starting compounds, the course of the
      reaction for Process Variant (a) can be represented by the following
      equation:
      ##SPC2##
PAL  b. If for example 2-chlorobenzylidene-acetoacetic acid ethyl ester,
      acetonedicarboxylic acid diethyl ester and ammonia, or
      .beta.-iminoglutaric acid ethyl ester (IV) are used as starting compounds,
      the course of the reaction for Process Variant (b) can be represented by
      the following equation:
      ##SPC3##
PAL  c. If for example 4-ethylmercaptobenzaldehyde, oxalacetic acid diethyl
      ester and .beta.-aminocrotonic acid propyl ester are used as starting
      compounds, the course of the reaction Process Variant (c) can be
      represented by the following equation:
      ##SPC4##
PAL  d. If for example 3-cyanobenzaldehyde, iminosuccinic acid ethyl ester and
      oxalacetic acid methyl ester are used as starting compounds, the course of
      the reaction for Process Variant (d) can be represented by the following
      equation:
      ##SPC5##
PAL  e. If for example 3-nitrobenzaldehyde, 2 parts of acetodicarboxylic acid
      diethyl ester and ammonia are used, the course of the reaction for Process
      Variant (e) can be represented by the following equation:
      ##EQU6##
      ##SPC6##
PAR  In the compounds of the invention, as represented by general formula I, and
      in the starting compounds of the process of the invention, as represented
      by the general formulae II to IX:
PAR  R preferably represents a hydrogen atom or an alkyl or alkenyl radical with
      up to 4 carbon atoms, especially with up to 3 carbon atoms;
PAR  R.sup.1 preferably represents a hydrogen atom or a straight-chain or
      branched alkyl radical with 1 to 4 carbon atoms (especially 1 to 2 carbon
      atoms) or a -(CH.sub.2).sub.n.CO.OR.sup.5 radical (in which R.sup.5
      represents a hydrogen atom or an alkyl radical with 1 to 4 carbon atoms
      and n represents 0, 1, 2 or 3);
PAR  R.sup.2 preferably represents a radical consisting of a saturated or
      ethylenically unsaturated aliphatic hydrocarbon chain with up to 6 carbon
      atoms, optionally carrying a hydroxyl group as substituent, and optionally
      interrupted by an oxygen atom in the chain;
PAR  R.sup.3 preferably represents a saturated or unsaturated hydrocarbon
      radical with up to 6 carbon atoms;
PAR  R.sup.4 preferably represents a -(CH.sub.2).sub.n.CO.OR.sup.5 radical (in
      which R.sup.5 represents a hydrogen atom or an alkyl radical with 1 to 4
      carbon atoms and n represents 0, 1, 2 or 3); and
PAR  X preferably represents a phenyl radical optionally carrying as
      substituents 1 to 2 nitro groups (especially 1 nitro group), a cyano
      group, an azido group, 1 or 2 trifluoromethyl groups (especially 1
      trifluoromethyl group), an -SO.sub.n Alkyl group (in which n represents 0
      or 2 and "Alkyl" contains 1 to 4 carbon atoms), 1 or 2 alkyl groups, 1, 2
      or 3 alkoxy groups, 1 or 2 acetoxy groups, 1 or 2 amino groups, 1 or 2
      acetylamino groups, 1 or 2 alkylamino or dialkylamino groups (each with 1
      to 4, especially 1 or 2, carbon atoms in the alkyl or alkoxy groups) or
      one or more chlorine, bromine, fluorine or phenyl radicals, the total
      number of these substituents being at most 3; or represents a pyridyl,
      pyrimidyl, naphthyl, quinolyl, isoquinolyl, thenyl, pyrryl or furyl
      radical optionally carrying as substituent an alkyl or alkoxy group (each
      with 1 to 4 carbon atoms, especially with 1 or 2 carbon atoms), a nitro
      group or a halogen atom (especially chlorine or bromine); or represents a
      benzyl or styryl radical or a cycloalkyl or cycloalkenyl radical with 5 to
      6 carbon atoms.
PAR  A particularly preferred group are compounds of the formula:
      ##SPC7##
PAL  wherein R is hydrogen, lower alkyl, lower alkenyl or lower alkynyl;
PA1  R.sup.1 is lower alkyl or
      ##EQU7##
      each of R.sup.2 and R.sup.3, taken independently of the other, is lower
      alkyl, hydroxy lower alkyl, lower alkoxy(lower alkyl), lower alkenyl or
      lower alkynyl;
PA1  R.sup.5 is hydrogen or lower alkyl; and
PA1  X is phenyl; substituted phenyl in which the substituents are one to three
      members selected from the group consisting of lower alkyl, lower alkoxy,
      halogeno, nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkanoyl, lower alkylsulfonyl, lower alkylsulfinyl, lower alkylthio and
      phenyl; naphthyl; phenyl (lower alkyl); or a heterocyclic ring selected
      from the group consisting of quinolyl, isoquinolyl, pyridyl, thenyl, furyl
      and pyrryl, said heterocyclic ring being unsubstituted or substituted by
      one or two members selected from the group consisting of lower alkyl,
      lower alkoxy and halogeno; and
PA1  n has a value of 0 to 5;
PAL  and the pharmaceutically acceptable salts thereof with bases.
PAR  Among the new dihydropyridine-polyester salts of the invention, those salts
      that are pharmaceutically acceptable are especially important and are
      preferred.
PAR  The .beta.-ketocarboxylic acid esters of general formula VIII which can be
      used as starting compounds in the process according to the invention are
      known or can be produced by known processes (Pohl, Schmidt, U.S. Pat. No.
      2,351,366).
PAR  As examples of such esters there may be mentioned:
PA1  formylacetic acid ethyl ester,
PA1  formylacetic acid butyl ester,
PA1  acetoacetic acid methyl ester,
PA1  acetoacetic acid ethyl ester,
PA1  acetoacetic acid propyl ester,
PA1  acetoacetic acid isopropyl ester,
PA1  acetoacetic acid butyl ester,
PA1  acetoacetic acid t-butyl ester,
PA1  acetoacetic acid (.alpha.- and .beta.-)-hydroxyethyl esters,
PA1  acetoacetic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PA1  acetoacetic acid (.alpha.- and .beta.-)-ethoxyethyl esters,
PA1  acetoacetic acid (.alpha.- and .beta.-)-n-propoxyethyl esters,
PA1  acetoacetic acid allyl ester,
PA1  acetoacetic acid propargyl ester,
PA1  acetoacetic acid cyclohexyl ester,
PA1  propionylacetic acid ethyl ester, butyrylacetic acid ethyl ester
PA1  isobutyrylacetic acid ethyl ester
PA1  oxalacetic acid dimethyl ester,
PA1  oxalacetic acid diethyl ester,
PA1  oxalacetic acid isopropyl ester,
PA1  acetonedicarboxylic acid dimethyl ester,
PA1  acetonedicarboxylic acid diethyl ester,
PA1  acetonedicarboxylic acid dibutyl ester and
PA1  .beta.-keto-adipic acid diethyl ester.
PAR  The amines of general formula IX which can be used as starting compounds
      according to the invention are already known.
PAR  As examples there may be mentioned: ammonia, methylamine, ethylamine,
      propylamine, butylamine, isopropylamine, isobutylamine and allylamine.
PAR  The enamine-.beta.-ketocarbonyl compounds of general formula II which can
      be used as starting compounds according to the invention are known or can
      be produced by known methods from the corresponding .beta.-diketo
      compounds (A.C. Cope, J.A.C.S. 67, 1,017 (1945)).
PAR  As examples of these compounds there may be mentioned:
PA1  .beta.-aminocrotonic acid methyl ester,
PA1  .beta.-aminocrotonic acid ethyl ester,
PA1  .beta.-aminocrotonic acid isopropyl ester,
PA1  .beta.-aminocrotonic acid butyl ester,
PA1  .beta.-aminocrotonic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PA1  .beta.-aminocrotonic acid .beta.-ethoxyethyl ester,
PA1  .beta.-aminocrotonic acid .beta.-propoxyethyl ester,
PA1  .beta.-aminocrotonic acid t-butyl ester,
PA1  .beta.-aminocrotonic acid cyclohexyl ester,
PA1  .beta.-amino-.beta.-ethylacrylic acid ethyl ester,
PA1  iminosuccinic acid dimethyl ester,
PA1  iminosuccinic acid diethyl ester,
PA1  iminosuccinic acid dipropyl ester,
PA1  iminosuccinic acid dibutyl ester,
PA1  .beta.-iminoglutaric acid dimethyl ester,
PA1  .beta.-iminoglutaric acid diethyl ester,
PA1  .beta.-iminoadipic acid dimethyl ester,
PA1  .beta.-iminoadipic acid diisopropyl ester,
PA1  .beta.-methyl-aminocrotonic acid methyl ester,
PA1  .beta.-ethylaminocrotonic acid ethyl ester and
PA1  .beta.-methyliminoglutaric acid diethyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula III which
      can be used as starting compounds according to the invention either are
      known or can be produced by known methods (Org. Reactions XV, 204 et seq.,
      (1967)).
PAR  As examples of these esters there may be mentioned:
PA1  benzylideneoxalacetic acid dimethyl ester,
PA1  2-nitrobenzylideneoxalacetic acid diethyl ester,
PA1  3-nitrobenzylideneoxalacetic acid diethyl ester,
PA1  2-cyanobenzylideneoxalacetic acid dipropyl ester,
PA1  3,4-dihydroxymethylbenzylideneoxalacetic acid dimethyl ester,
PA1  3,4,5-trimethoxybenzylideneoxalacetic acid diisopropyl ester,
PA1  2-methylmercaptobenzylideneoxalacetic acid dipropyl ester,
PA1  2-trifluoromethylbenzylideneoxalacetic acid diethyl ester,
PA1  3-trifluoromethylbenzylideneoxaldiacetic acid dimethyl ester,
PA1  2-chlorobenzylideneoxalacetic acid propyl ester,
PA1  3-chlorobenzylideneoxalacetic acid dibutyl ester,
PA1  3-ethoxybenzylideneoxalacetic acid methyl ester,
PA1  3-azidobenzylideneoxalacetic acid ethyl ester,
PA1  4-carboxyethylbenzylideneoxalacetic acid dimethyl ester,
PA1  2-furylmethylideneoxalacetic acid diethyl ester,
PA1  4-nitrobenzylidene-.beta.-ketoglutaric acid dimethyl ester and
PA1  4-methoxybenzylidene-.beta.-ketoglutaric acid diethyl ester.
PAR  The .beta.-ketocarboxylic acid esters of general formula VI and the
      enamino-.beta.-ketocarboxylic acid esters of general formula IV which can
      be used as starting compounds according to the invention, are already
      known or can, as mentioned in the case of the compounds of the general
      formulae VIII and II respectively, be manufactured according to known
      processes.
PAR  As examples there may be mentioned
PAR  .beta.-Dicarbonyl compounds of general formula VI:
PA1  Oxalacetic acid dimethyl ester,
PA1  oxalacetic acid diethyl ester,
PA1  oxalacetic acid isopropyl ester,
PA1  acetonedicarboxylic acid dimethyl ester,
PA1  acetonedicarboxylic acid diethyl ester,
PA1  acetonedicarboxylic acid dibutyl ester and
PA1  .beta.-ketoadipic acid diethyl ester.
PAR  Imino-dicarboxylic acid diesters of general formula IV:
PA1  Iminosuccinic acid dimethyl ester,
PA1  iminosuccinic acid diethyl ester,
PA1  iminosuccinic acid dipropyl ester,
PA1  iminosuccinic acid dibutyl ester,
PA1  .beta.-iminoglutaric acid dimethyl ester,
PA1  .beta.-iminoglutaric acid diethyl ester,
PA1  .beta.-iminoadipic acid dimethyl ester,
PA1  .beta.-iminoadipic acid diisopropyl ester
PA1  methyliminosuccinic acid diisopropyl ester,
PA1  ethyliminosuccinic acid diethyl ester and
PA1  .beta.-isopropyliminoglutaric acid dipropyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula V which
      can be used according to the invention either are known or can, as
      mentioned for compounds of the general formula III, be produced by known
      methods.
PAR  As examples of such ylidene-.beta.-ketocarboxylic acid esters there may be
      mentioned:
PA1  Benzylideneacetoacetic acid methyl ester,
PA1  2'-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  4'-nitrobenzylideneacetoacetic acid n-propyl ester,
PA1  3'-nitro-6'-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2'-cyanobenzylidenepropionylacetic acid ethyl ester,
PA1  3'-cyanobenzylideneacetoacetic acid methyl ester,
PA1  3'-nitro-4'-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3'-nitro-4'-chlorobenzylideneacetoacetic acid methyl ester,
PA1  2'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2'-cyano-4'-methylbenzylideneacetoacetic acid ethyl ester,
PA1  2'-azidobenzylideneacetoacetic acid ethyl ester,
PA1  2'-methylmercaptobenyzlideneacetoacetic acid methyl ester,
PA1  2'-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA1  2'-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  2'-sulphonylmethylacetoacetic acid allyl ester,
PA1  4-sulphonylmethylacetoacetic acid ethyl ester,
PA1  (1'-naphthylidene)-acetoacetic acid methyl ester,
PA1  (1'-naphthylidene)-acetoacetic acid ethyl ester,
PA1  (2'-naphthylidene)-acetoacetic acid ethyl ester,
PA1  (2'-ethoxy-1'-naphthylidene)-acetoacetic acid methyl ester,
PA1  (2'-methoxy-1'-naphthylidene)-acetoacetic acid ethyl ester,
PA1  5'-bromo-(1'-naphthylidene)-acetoacetic acid methyl ester,
PA1  (2'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA1  (3'-quinolyl)-methylideneacetoacetic acid methyl ester,
PA1  (4'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA1  (8'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA1  (1'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PA1  (3'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4',6'-dimethoxy-(5'-pyrimidyl)-methylideneacetoacetic acid ethyl ester,
PA1  (2'-thenyl)-methylideneacetoacetic acid ethyl ester,
PA1  (2'-furyl)-methylideneacetoacetic acid allyl ester,
PA1  (2'-pyrryl)-methylideneacetoacetic acid methyl ester,
PA1  3'-nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PA1  2'-, 3'- and 4'-methoxybenzylideneacetoacetic acid ethyl esters,
PA1  2'-methoxybenzylideneacetoacetic acid allyl ester,
PA1  2'-methoxybenzylideneacetoacetic acid propargyl ester,
PA1  2'-methoxybenzylidene-.beta.-methoxyethyl ester,
PA1  2'-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA1  3'-butoxybenzylideneacetoacetic acid methyl ester,
PA1  3',4',5'-trimethoxybenzylideneacetoacetic acid allyl ester,
PA1  2'-methylbenzylidenepropionylacetic acid methyl ester,
PA1  2'-, 3'- and 4'-methylbenzylideneacetoacetic acid ethyl esters,
PA1  2'-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA1  2'-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA1  3',4'-dimethoxy-5'-bromobenzylideneacetoacetic acid ethyl ester,
PA1  2'-, 3'- and 4'-chloro/bromo/fluorobenzylideneacetoacetic acid ethyl
      esters,
PA1  2'-fluorobenzylideneacetoacetic acid methyl ester,
PA1  3'-chlorobenzylidenepropionylacetic acid ethyl ester,
PA1  3'-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  2'-chlorobenzylideneacetoacetic acid allyl ester,
PA1  2'-, 3'- and 4'-trifluoromethylbenzylideneacetoacetic acid propyl ester,
PA1  2'-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA1  3'-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PA1  2'-carboethoxybenzylideneacetoacetic acid ethyl ester,
PA1  3'-carboxymethylbenuylideneacetoacetic acid methyl ester,
PA1  4-carboxyisopropylbenzylideneacetoacetic acid isopropyl ester and
PA1  4'-carboxymethylbenzylideneacetoacetic acid allyl ester.
PAR  The aldehydes of general formula VII which can be used according to the
      invention either are already known or can be produced by known methods (E.
      Mosettig, Org. Reactions, VIII, 218 et seq., (1954)).
PAR  As examples of these aldehydes there may be mentioned: Benzaldehyde,
PA1  2-, 3- and 4-methoxybenzaldehyde,
PA1  2-isopropoxybenzaldehyde,
PA1  3-butoxybenzaldehyde,
PA1  3,4-dihydroxymethylenebenzaldehyde,
PA1  3,4,5-trimethoxybenzaldehyde,
PA1  2-, 3- and 4-chloro/bromo/fluorobenzaldehyde,
PA1  2,4- and 2,6-dichlorobenzaldehyde,
PA1  2,4-dimethylbenzaldehyde,
PA1  3,5-diisopropyl-4-methoxybenzaldehyde,
PA1  2-, 3- and 4-nitrobenzaldehydes,
PA1  2,4- and 2,6-dinitrobenzaldehydes,
PA1  2-nitro-6-bromobenzaldehyde,
PA1  2-nitro-3-methoxy-6-chlorobenzaldehyde,
PA1  2-nitro-4-chlorobenzaldehyde,
PA1  2-nitro-4-methoxybenzaldehyde,
PA1  2-, 3- and 4-trifluoromethylbenzaldehydes,
PA1  2-, 3- and 4-dimethylaminobenzaldehydes,
PA1  4-dibutylaminobenzaldehyde,
PA1  4-acetoaminobenzaldehyde,
PA1  2-, 3- and 4-cyanobenzaldehydes,
PA1  2-nitro-4-cyanobenzaldehyde,
PA1  3-chloro-4-cyanobenzaldehyde,
PA1  2-, 3- and 4-methylmercaptobenzaldehydes,
PA1  2-methylmercapto-5-nitrobenzaldehyde,
PA1  2-butylmercaptobenzaldehyde,
PA1  2-, 3- and 4-methylsulphinylbenzaldehydes,
PA1  2-, 3- and 4-methylsulphonylbenzaldehydes,
PA1  benzaldehyde-2-carboxylic acid ethyl ester,
PA1  benzaldehyde-3-carboxylic acid isopropyl ester,
PA1  benzaldehyde-4-carboxylic acid butyl ester,
PA1  3-nitrobenzaldehyde-4-carboxylic acid ethyl ester,
PA1  cinnamaldehyde,
PA1  hydrocinnamaldehyde,
PA1  formylcyclohexane,
PA1  1-formylcyclohex-3-ene,
PA1  1-formylcyclohex-1,3-ine,
PA1  1-formylcyclopent-3-ene,
PA1  .alpha.-, .beta.- and .gamma.-pyridinaldehydes,
PA1  6-methylpyridin-2-aldehyde,
PA1  furan-2-aldehyde,
PA1  thiophen-2-aldehyde,
PA1  pyrrol-2-aldehyde,
PA1  2-, 3- and 4-azido-benzaldehydes,
PA1  pyrimidin-4-aldehyde,
PA1  5-nitro-6-methylpyridin-2-aldehyde,
PA1  1- and 2-naphthaldehydes,
PA1  5-bromo-1-naphthaldehyde,
PA1  quinolin-2-aldehyde,
PA1  7-methoxy-quinolin-4-aldehyde and
PA1  iso-quinolin-1-aldehyde.
PAR  Possible diluents are water and (in principle) all inert organic solvents.
      Preferred organic solvents include alcohols (such as ethanol, methanol and
      isopropanol), ethers (such as dioxane and diethyl ether), glacial acetic
      acid, dimethylformamide, dimethylsulphoxide, acetonitrile and pyridine.
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reaction is carried out between 20.degree. and 150.degree.C,
      preferably at the boiling point of the diluent.
PAR  The reaction can be carried out under normal pressure but also under
      elevated pressure. In general, normal pressure is used.
PAR  In carrying out the process according to the invention, the compounds
      participating in the reaction are generally each employed in approximately
      molar amounts, except for the amine or its salt, which is appropriately
      added in an excess of 1 to 2 mols.
PAR  The 1,4-dihydropyridine-monocarboxylic acids or -dicarboxylic acids (for
      example R.sup.5 = H) can be obtained by alkaline or acid hydrolysis of the
      corresponding esters.
PAR  Additionally to the compounds described in the Preparative Examples, the
      following may be mentioned individually as new active compounds of the
      invention:
PA1  1,2-dimethyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid tripropyl ester;
PA1  1-methyl-2-ethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxyli
     c acid 3-.beta.-ethoxyethyl ester-5,6-dimethyl ester;
PA1  1-propyl-4-(2'-nitro-5-thenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetraethyl ester;
PA1  2-propyl-4-(4-pyrimidyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-isopropyl ester-5,6-dimethyl ester;
PA1  4-styryl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid tetrapropyl
      ester;
PA1  2-isopropyl-4-(4'-quinolyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triisopropyl ester;
PA1  4-(2'-bromo-5-furyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrabutyl ester;
PA1  2-ethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-ethyl ester-5,6-dimethyl ester;
PA1  4-(naphthyl-1')-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester;
PA1  4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PA1  2-methyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-acetic acid ethyl ester;
PA1  1-methyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PA1  4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-2,6-diacetic acid diethyl ester;
PA1  4-(3'-nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrapropargyl ester;
PA1  4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-2,6-diacetic acid dimethyl ester; and
PA1  2-methyl-4-(2'-nitro-5'-trifluoromethyl)-1,4-dihydropyridine-3,5,6-tricarbo
     xylic acid 3-isopropyl ester-5,6-diethyl ester.
PAR  The new compounds can be used as drugs, especially to influence the
      circulation; those that are free acids form readily water-soluble salts
      with bases and then do not require a solubilising agent.
PAR  The compounds according to the invention have a broad and diverse
      pharmacological action spectrum.
PAR  In detail, the following main actions were demonstrable in animal
      experiments:
PAR  1. On parenteral, oral and perlingual admimistration the compounds produce
      a distinct and long-lasting dilation of the coronary vessels. This action
      on the coronary vessels is intensified by a simultaneous nitrite-like
      effect of reducing the load on the heart. The compounds of the invention
      influence or modify the heart metabolism in the sense of an energy saving.
      2. The compounds of the invention lower the blood pressure of normotonic
      and hypertonic animals and can thus be used as anti-hypertensive agents.
      3. The excitability of the stimulus formation and excitation conduction
      system within the heart is lowered, so that an anti-fibrillation action
      demonstrable at therapeutic doses results. 4. The tone of the smooth
      muscle of the vessels is greatly reduced under the action of the compounds
      of the invention. This vacular-spasmolytic action can take place in the
      entire vascular system or can manifest itself more or less isolated in
      circumscribed vascular regions (such as, for example, the central nervous
      system). 5. The compounds of the invention have strongly
      muscular-spasmolytic actions which manifest themselves on the smooth
      muscle of the stomach, the intestinal tract, the urogenital tract and the
      respiratory system. 6. The compounds of the invention influence the
      cholesterol level and lipid level of the blood.
PAR  As stated above, the invention also relates to the use in human and
      veterinary medicine of the compounds of the invention.
PAR  The present invention provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in admixture with a solid or
      liquefied gaseous diluent, or in admixture with a liquid diluent other
      than a solvent of a molecular weight less than 200 (preferably less than
      350) except in the presence of a surface active agent.
PAR  The invention further provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in the form of a sterile or
      isotonic aqueous solution.
PAR  The invention also provides a medicament in dosage unit form comprising a
      compound of the invention either alone or in admixture with a diluent.
PAR  The invention also provides a medicament in the form of tablets (including
      lozenges and granules), dragees, capsules, pills, ampoules or
      suppositories comprising a compound of the invention either alone or in
      admixture with the diluent.
PAR  "Medicament" as used in this Specification means physically discrete
      coherent portions suitable for medical administration. "Medicament in
      dosage unit form" as used in this Specification means physically discrete
      coherent portions suitable for medical administration each containing a
      daily dose or a multiple (up to four times) a sub-multiple (down to a
      fortieth) of a daily dose of the compound of the invention. Whether the
      medicament contains a daily dose or, for example, a half, a third, or a
      quarter of a daily dose will depend on whether the medicament is to be
      administered once or, for example, twice, three times or four times a day
      respectively.
PAR  The pharmaceutical compositions according to the invention may, for
      example, take the form of ointments, gels, pastes, creams, sprays
      (including aerosols), lotions, suspensions, solutions and emulsions of the
      active ingredient in aqueous or non-aqueous diluents, syrups, granules or
      powders.
PAR  The diluents to be used in pharmaceutical compositions (e.g. granulates)
      adapted to be formed into tablets, dragees, capsules and pills include the
      following:
PAR  (a) fillers and extenders, e.g. starch, sugars, mannitol, and silicic acid;
      (b) binding agents, e.g. carboxymethyl cellulose and other cellulose
      derivatives, alginates, gelatine and polyvinyl pyrrolidone; (c)
      moisturizing agents, e.g. glycerol; (d) disintegrating agents, e.g.
      agar-agar, calcium carbonate and sodium bicarbonate; (e) agents for
      retarding dissolution e.g. paraffin; (f) resorption accelerators, e.g.
      quaternary ammonium compounds; (g) surface active agents, e.g. cetyl
      alcohol, glycerol monostearate; (h) adsorptive carriers, e.g. kaolin and
      bentonite; (i) lubricants, e.g. talc, calcium and magnesium stearate and
      solid polyethylene glycols.
PAR  The tablets, dragees, capsules and pills formed from the pharmaceutical
      compositions of the invention can have the customary coatings, envelopes
      and protective matrices, which may contain opacifiers. They can be so
      constituted that they release the active ingredient only or preferably in
      a particular part of the intestinal tract, possibly over a period of time.
      The coatings, envelopes and protective matrices may be made, for example,
      of polymeric substances or waxes.
PAR  The ingredient can also be made up in microencapsulated form together with
      one or several of the above-mentioned diluents.
PAR  The diluents to be used in pharmaceutical compositions adapted to be formed
      into suppositories can, for example, be the usual water-soluble or
      water-insoluble diluents, such as polyethylene glycols and fats (e.g.
      cocoa oil and high esters [e.g. C.sub.14 -alcohol with C.sub.16 -fatty
      acid]) or mixtures of these diluents.
PAR  The pharmaceutical compositions which are ointments, pastes, creams and
      gels can, for example, contain the usual diluents, e.g. animal and
      vegetable fats, waxes, paraffins, starch, tragacanth, cellulose
      derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
      talc and zinc oxide or mixtures of these substances.
PAR  The pharmaceutical compositions which are powders and sprays can, for
      example, contain the usual diluents, e.g. lactose, talc, silicic acid,
      aluminium hydroxide, calcium silicate, and polyamide powder or mixtures of
      these substances. Aerosol sprays can, for example, contain the usual
      propellants, e.g. chlorofluorohydrocarbons.
PAR  The pharmaceutical compositions which are solutions and emulsions can, for
      example, contain the customary diluents (with, of course, the
      above-mentioned exclusion of solvents having a molecular weight below 200
      except in the presence of a surface-active agent), such as solvents,
      dissolving agents and emulsifiers; specific examples of such diluents are
      water, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
      benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
      dimethylformamide, oils [for example ground nut oil], glycerol,
      tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of
      sorbitol or mixtures thereof.
PAR  For parenteral administration, the solutions and emulsions should be
      sterile, and, if appropriate, blood-isotonic.
PAR  The pharmaceutical compositions which are suspensions can contain the usual
      diluents, such as liquid diluents, e.g. water, ethyl alcohol, propylene
      glycol, surface-active agents (e.g. ethoxylated isostearyl alcohols,
      polyoxyethylene sorbite and sorbitane esters), mircocrystalline cellulose,
      aluminium metahydroxide, bentonite, agar-agar and tragacanth or mixture
      thereof.
PAR  All the pharmaceutical compositions according to the invention can also
      contain colouring agents and preservatives as well as perfumes and
      flavouring additions (e.g. peppermint oil and eucalyptus oil) and
      sweetening agents (e.g. saccharin).
PAR  The pharmaceutical compositions according to the invention preferably
      contain about 0.5-90% of the active ingredient by weight of the total
      composition.
PAR  In addition to a compound of the invention, the pharmaceutical compositions
      and medicaments according to the invention can also contain other
      pharmaceutically active compounds. They may also contain a plurality of
      compounds of the invention.
PAR  Any diluent in the medicaments of the present invention may be any of those
      mentioned above in relation to the pharmaceutical compositions of the
      present invention. Such medicaments may include solvents of molecular
      weight less than 200 as sole diluent.
PAR  The discrete coherent portions constituting the medicament according to the
      invention (whether in dosage unit form or not) may be, for example, any of
      the following: tablets, (including lozenges and granules), pills, dragees,
      capsules (especially oral-release capsules), suppositories and ampoules.
      Some of these forms may be made up for delayed release of the active
      ingredient. Some, such as capsules, include a protective envelope which
      renders the portions of the medicament physically discrete and coherent.
PAR  The preferred daily dose for intravenous administration of the medicaments
      of the invention is 0.25-900 mg, especially 1-450 mg., of active
      ingredient; the preferred daily dose for peroral administration is 5 mg. -
      4.5 g., especially 50 mg. - 2.7 g. of active ingredient.
PAR  The production of the above-mentioned pharmaceutical compositions and
      medicaments is carried out by any method known in the art, for example, by
      mixing the active ingredient(s) with the diluent(s) to form a
      pharmaceutical composition (e.g. a granulate) and then forming the
      composition into the medicament (e.g. tablets).
PAR  This invention further provides a method of combating (including
      prevention, relief and cure of) the abovementioned diseases in human and
      non-human animals, which comprises administering to the animals a compound
      of the invention alone or in admixture with a diluent or in the form of a
      medicament according to the invention.
PAR  It is envisaged that these active compounds will be administered in the
      customary manner for coronary-active compounds, preferably perorally or
      parenterally, especially perlingually or intravenously. Preferred
      pharmaceutical compositions and medicaments are therefore those adapted
      for peroral (especially perlingual) and intravenous administration, such
      as tablets, oral-release capsules, and ampoules of injectable solution.
      Administration in the method of the invention is preferably peroral or
      intravenous.
PAR  In general it has proved advantageous, in the case of intravenous
      administration, to administer amounts of 0.005 to 10 mg/kg, preferably
      0.02 to 5 mg/kg, of body weight daily to achieve effective results, whilst
      in the case of oral administration the dosage is 0.1 to 50 mg/kg,
      preferably 1 to 30 mg/kg of body weight daily.
PAR  Nevertheless it can at times be necessary to deviate from the amounts
      mentioned and in particular to do so as a function of the body weight of
      the test animal or of the nature of the administration route, but also
      because of the type of animal and its individual behaviour towards the
      medicine or the nature of its formulation and the time or interval at
      which it is administered. Thus it may suffice, in some cases, to manage
      with less than the abovementioned minimum amount whilst in other cases the
      upper limit mentioned must be exceeded. Where major amounts are
      administered it can be advisable to divide these into several individual
      administrations over the course of the day. The same dosage range is
      envisaged for administration in human medicine.
PAR  The coronary action of the compounds according to the invention can be
      demonstrated in vivo, as for example in narcotised heart-catheterised
      mongrel dogs by measuring the rise in oxygen saturation in the coronary
      sinus, as shown in Table I. The dose quoted is the minimum intravenous
      dose required (expressed in mg. active compound per kg. body weight) to
      cause a clearly recognizable rise in the oxygen saturation in the coronary
      sinus.
TBL                Table I                                                     
     ______________________________________                                    
     Compound of                                                               
                Dose            Duration of effect                             
     Example No.:                                                              
                (mg/kg intravenous)                                            
                                (minutes)                                      
     ______________________________________                                    
     1          2               30                                             
     2          3               20                                             
     3          5               20                                             
     5          1               45                                             
     6          5               10                                             
     9          5               30                                             
     11         3               20                                             
     12         0.1             30                                             
     13         2               60                                             
     20         5               20                                             
     23         10              20                                             
     26         0.5             60                                             
     28         5               20                                             
     31         5               10                                             
     33         10              10                                             
     34a        5               20                                             
     36         5               3                                              
     37         10              20                                             
     38         10              20                                             
     41         2               20                                             
     43         3               10                                             
     ______________________________________                                    
DETD
PAC  EXAMPLE 1
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      dimethyl ester-6-acetic acid methyl ester
      ##SPC8##
PAR  a. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 11.6 g of
      acetoacetic acid methyl ester and 17.3 g of .beta.-iminoglutaric acid
      dimethyl ester in 50 ccs of ethanol under reflux for several hours and
      subsequent cooling, light grey crystals of melting point 165.degree.
      (ethanol) are obtained. Yield 60%.
PAR  b. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 17.4 g of
      acetonedicarboxylic acid dimethyl ester and 11.6 g of .beta.-aminocrotonic
      acid methyl ester in 50 ccs of ethanol for several hours, and cooling,
      light grey crystals of melting point 165.degree. are obtained. Yield 57%.
PAC  EXAMPLE 2
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-methyl ester-5,6-diethyl ester
      ##SPC9##
PAR  10.5 ccs of pyridin-2-aldehyde, 11.6 g of .beta.-aminocrotonic acid methyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated for several hours under reflux and cooled, and light yellow
      crystals of melting point 142.degree.-143.degree. (ethanol) are obtained.
      Yield 62%.
PAC  EXAMPLE 3
PAC  2-Methyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC10##
PAR  10.5 ccs of pyridin-3-aldehyde, 13 g of .beta.-amino-crotonic acid ethyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated to the boil overnight and cooled, and after filtration light yellow
      crystals of melting point 127.degree.-129.degree. (ethanol) are obtained.
      Yield 75%.
PAC  EXAMPLE 4
PAC  2-Methyl-4-(.gamma.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC11##
PAR  A solution of 10.5 ccs of pyridin-4-aldehyde, 13 g of .beta.-aminocrotonic
      acid ethyl ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of
      ethanol is heated to the boil for several hours and subsequently cooled,
      and the product is filtered off. Yellowish-orange crystals of melting
      point 135.degree.. Yield 50%.
PAC  EXAMPLE 5
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC12##
PAR  After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 13 g of
      .beta.-aminocrotonic acid ethyl ester and 19 g of oxalacetic acid diethyl
      ester in 60 ccs of ethanol under reflux for 8 hours, the mixture is cooled
      and the product is filtered off. Yellow crystals of melting point
      138.degree. (ethanol). Yield 75%.
PAC  EXAMPLE 6
PAC  4-(.alpha.-Pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester
      ##SPC13##
PAR  After heating a solution of 10.5 g of pyridin-2-aldehyde, 17.3 g of
      iminoglutaric acid diethyl ester and 17.4 g of acetonedicarboxylic acid
      diethyl ester in 60 ccs under reflux for several hours, and cooling, biege
      crystals of melting poing 134.degree. are obtained. Yield 35%.
PAC  EXAMPLE 7
PAC  4-(3'-Nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-1,6-diacetic acid dimethyl ester
      ##SPC14##
PAR  After heating a solution of 15 g of 3-nitrobenzaldehyde, 17.3 g of
      acetdicarboxylic acid dimethyl ester and iminosuccinic acid dimethyl ester
      in 60 ccs of ethanol under reflux for 6 hours, the mixture is evaporated.
      An oil is obtained.
PAC  EXAMPLE 8
PAC  4-(2'-Nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester
      ##SPC15##
PAR  A solution of 7.5 g of o-nitrobenzaldehyde, 9.5 g of oxalacetic acid
      diethyl ester and 9.4 g of iminosuccinic acid diethyl ester in 30 ccs of
      alcohol is heated under reflux overnight and subsequently cooled. After
      filtration, light yellow crystals of melting point 109.degree. (ethanol)
      are obtained. Yield 58%.
PAC  EXAMPLE 9
PAC  4-(2'-Trifluoromethylphenyl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid ethyl ester
      ##SPC16##
PAR  A solution of 8.7 g of 2-trifluoromethylbenzaldehyde, 9.4 g of
      iminosuccinic acid diethyl ester and 9.5 g of oxalacetic acid ethyl ester
      in 30 ccs of ethanol is heated to the boil overnight and cooled, and the
      product is filtered off and rinsed with alcohol. Yellow crystals of
      melting point 118.degree. (ethanol). Yield 55%.
PAC  EXAMPLE 10
PAC  4-(2'-Trifluoromethylphenyl)-1,4-dihydropyridine-2-methyl-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid.
      ##SPC17##
PAR  17.4 g of 2-trifluoromethylbenzaldehyde, 13 g of .beta.-aminocrotonic acid
      ethyl ester and 19 g of oxalacetic acid diethyl ester in 50 ccs of alcohol
      are heated to the boil for 6-8 hours, a solution of 2.3 g of sodium in 300
      ccs of alcohol is added and the mixture is heated under reflux for a
      further 5-8 hours. It is then evaporated in vacuo, the residue is taken up
      in hot water (animal charcoal) and after filtration the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree.-140.degree. from ether. Yield 55%.
PAC  EXAMPLE 11
PAC  4-(.beta.-Pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester.
      ##SPC18##
PAR  A solution of 5.2 ccs of pyridin-3-aldehyde, 10 g of .beta.-iminoglutaric
      acid diethyl ester and 10 g of acetonedicarboxylic acid diethyl ester in
      40 ccs of ethanol is heated to the boil for several hours and the crystals
      obtained after prolonged cooling are filtered off. Light beige crystals of
      melting point 129.degree.-130.degree. (benzene-ligroin). Yield 60%.
PAC  EXAMPLE 12
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC19##
PAR  15 g of 3-nitrobenzaldehyde, 13 g of .beta.-aminocrotonic acid ethyl ester
      and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight. The green-yellow crystals obtained, in 62% yield,
      after cooling, melt at 123.degree..
PAC  EXAMPLE 13
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC20##
PAR  43 g of the triester (Example 12), in a solution of 2.3 g of sodium in 500
      ccs of alcohol, are heated to the boil for several hours, the mixture is
      concentrated in vacuo, the residue is taken up in warm water and after
      filtration the product is precipitated with dilute sulphuric acid. Yellow
      crystals of melting poing 156.degree. from ethanol. Yield 90%.
PAC  EXAMPLE 14
PAC  1,2-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5,6-dicarboxylic acid diethyl ester.
      ##SPC21##
PAR  A solution of 12.5 g of 3-nitrobenzylidene-acetoacetic acid methyl ester
      and 10.5 g of oxalacetic acid diethyl ester and 4 g of methylamine
      hydrochloride in 40 ccs of pyridine is heated to 100.degree.-110.degree.
      (external temperature) for 5 hours and subsequently added to water. Beige
      crystals of melting point 133.degree., from ether. Yield 45%.
PAC  EXAMPLE 15
PAC  2-Methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC22##
PAR  After heating a solution of 15.6 g of 1-naphthaldehyde, 19 g of oxalacetic
      acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40
      ccs of ethanol under reflux for 6-8 hours, and cooling, light yellow
      crystals of melting point 112.degree. (ethanol) are obtained. Yield 65%.
PAC  EXAMPLE 16
PAC  2-Methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC23##
PAR  21.5 g of the triester (Example 15), in a solution of 2.15 g of sodium in
      250 ccs of ethanol, are heated to the boil for approx. 6 hours, the
      mixture is concentrated in vacuo and the residue is taken up in warm
      water. After filtration, the product is precipitated with dilute sulphuric
      acid. Yellow crystals of melting point 177.degree. (ether). Yield 85%.
PAC  EXAMPLE 17
PAC  2-Methyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5-carboxylic acid ethyl ester-6-carboxylic acid
      ##SPC24##
PAR  17.4 g of 2-trifluoromethylbenzaldehyde, 11.5 g of .beta.-aminocrotonic
      acid methyl ester and 19 g of oxalacetic acid diethyl ester in 40 ccs of
      ethanol are heated to the boil overnight, a solution of 2.3 g of sodium in
      250 ccs of ethanol is added and the mixture is heated under reflux for a
      further 5-8 hours. After working up, light yellow crystals of melting
      point 164.degree. (ether) are obtained. Yield 50%.
PAC  EXAMPLE 18
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxy
     lic acid triethyl ester
      ##SPC25##
PAR  11.8 g of 3,4,5-trimethoxybenzaldehyde, 14 g of oxalacetic acid diethyl
      ester and 7.8 g of .beta.-aminocrotonic acid ethyl ester in 30 ccs of
      ethanol are heated to the boil overnight and light yellow crystals of
      melting point 134.degree. are obtained. Yield 40%.
PAC  EXAMPLE 19
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid.
      ##SPC26##
PAR  23.8 g of the triester (Example 18), in a solution of 1.15 g of sodium in
      300 ccs of ethanol, are heated for several hours to the boil, and after
      working up yellow crystals of melting point 144.degree. (ether) are
      obtained. Yield 80%.
PAC  EXAMPLE 20
PAC  2-Methyl-4-(3'-fluoro-4'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarbox
     ylic acid triethyl ester.
      ##SPC27##
PAR  After heating a solution of 17 g of 3-fluoro-4-methoxybenzaldehyde, 20.9 g
      of oxalacetic acid diethyl ester and 14.3 g of .beta.-aminocrotonic acid
      ethyl ester in 80 ccs of ethanol under reflux, the mixture is evaporated
      in vacuo and the reaction product is obtained as a light yellow oil.
PAC  EXAMPLE 21
PAC  2-Methyl-4-(3'-fluoro-4'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid diethyl ester-6-carboxylic acid.
      ##SPC28##
PAR  43 g of the triester obtained according to Example 20, in a solution of 2.3
      g of sodium in 250 ccs of ethanol, are heated to the boil for 6-8 hours,
      the mixture is evaporated in vacuo, the residue is taken up in water and
      after filtration the product is precipitated with dilute sulphuric acid.
      Yellow crystals of melting point 106.degree. (ether).
PAC  EXAMPLE 22
PAC  2-Methyl-4-(3'-fluorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC29##
PAR  6.2 g of 3-fluorobenzaldehyde, 6.5 g of .beta.-aminocrotonic acid ethyl
      ester and 9.5 g of oxalacetic acid diethyl ester in 40 ccs of ethanol are
      heated to the boil overnight, the mixture is evaporated in vacuo and a
      light yellow oil is obtained.
PAC  EXAMPLE 23
PAC  2-Methyl-4-(3'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC30##
PAR  20 g of the triester obtained according to Example 22, in a solution of
      1.15 g of sodium in 120 ccs of ethanol, are heated under reflux for 4-6
      hours. Thereafter the monocarboxylic acid is precipitated with dilute
      sulphuric acid from the solution obtained after distilling off the alcohol
      and adding water. Yellow crystals of melting point 140.degree. from ether,
      yield 55%.
PAC  EXAMPLE 24
PAC  2-Methyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5,6-triethyl ester.
      ##SPC31##
PAR  A solution of 30.2 g of 4-nitrobenzaldehyde, 38 g of oxalacetic acid
      diethyl ester and 26 g of .beta.-aminocrotonic acid ethyl ester in 80 ccs
      of ethanol is heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil.
PAC  EXAMPLE 25
PAC  2-Methyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC32##
PAR  21.6 g of the triester (Example 24) in a solution of 1.15 g of sodium in
      150 ccs of ethanol are heated for 6-8 hours to the boil, the mixture is
      concentrated in vacuo, the residue is taken up in water and the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree. from ether, yield 45%.
PAC  EXAMPLE 26
PAC  2-Methyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC33##
PAR  14 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (orange). a. In the same way,
      2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester is prepared from 14 g of 2-chlorobenzaldehyde, 19 g of
      oxalacetic acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl
      ester in 60 ccs of ethanol.
PAC  EXAMPLE 27
PAC  2-Methyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC34##
PAR  21.5 g of the triester manufactured according to Example 26, in a solution
      of 1.15 g of sodium in 150 ccs of ethanol, are heated to the boil for 4-6
      hours. Thereafter the mixture is concentrated in vacuo, the residue is
      taken up in water and the product is precipitated with acid.
      Ochre-coloured crystals of melting point 137.degree., yield 35%. a. The
      2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid obtained in the same manner, as yellow
      crystals and in 55% yield, from the triester manufactured according to
      Example 26 a, has a melting point of ....
PAC  EXAMPLE 28
PAC  2-Methyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3,5,6-tricarboxyli
     c acid triethyl ester.
      ##SPC35##
PAR  A solution of 7.6 g of 4-methylmercaptobenzaldehyde, 9.5 g of oxalacetic
      acid diethyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in
      40 ccs of ethanol is heated to the boil overnight and evaporated in vacuo.
      Oil (orange). a. In the same way,
      2-methyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5,6-dicarboxylic acid diethyl ester is obtained from 7.6 g of
      4-methylmercaptobenzaldehyde, 9.5 g of oxalacetic acid diethyl ester and
      5.8 g of .beta.-aminocrotonic acid methyl ester.
PAC  EXAMPLE 29
PAC  2-methyl-4-(4'-mercaptophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC36##
PAR  21.7 g of the triester manufactured in Example 28 are heated overnight in a
      solution of 1.15 g of sodium in 180 ccs of ethanol, the mixture is
      subsequently concentrated in vacuo, the residue is taken up in water and
      orange-yellow crystals of melting point 131.degree. are precipitated with
      acid; yield 45%.
PAC  EXAMPLE 30
PAC  2-Methyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC37##
PAR  27.2 g of 3-methoxybenzaldehyde, 38 g of oxalacetic acid diethyl ester and
      26 g of .beta.-aminocrotonic acid ethyl ester in 120 ccs of ethanol are
      heated to the boil overnight and evaporated in vacuo. Oil (orange).
PAC  EXAMPLE 31
PAC  2-Methyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC38##
PAR  21 g of the triester manufactured according to Example 30, in a solution of
      1.15 g of sodium in 200 ccs of ethanol, are heated to the boil for approx.
      5 hours, the mixture is concentrated in vacuo, the residue is taken up in
      water and orange crystals of melting point 130.degree. are precipitated
      with acid; yield 60%.
PAC  EXAMPLE 32
PAC  2-Methyl-4-(2'-.alpha.-biphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester.
      ##SPC39##
PAR  19.2 g of diphenyl-2-aldehyde (95% pure, boiling point
      112.degree.-115.degree./0.3), 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are heated
      to the boil overnight and evaporated in vacuo. Oil (orange-yellow).
PAC  EXAMPLE 33
PAC  2-Methyl-4-(2'-.alpha.-diphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC40##
PAR  23 g of the triester manufactured according to Example 32, in a solution of
      1.15 g of sodium in 180 ccs of alcohol, are heated to the boil for 6-8
      hours, the mixture is concentrated, the residue is taken up in water and
      yellow crystals of melting point 111.degree. are precipitated with acid;
      yield 40%.
PAC  EXAMPLE 34
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5,6-tricar
     boxylic acid triethyl ester
      ##SPC41##
PAR  27 g of 2,4-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs
      of ethanol are heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil. a. In the same manner,
      2-methyl-4-(2',5'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5,6-trica
     rboxylic acid triethyl ester is obtained from 25.5 g of
      2,5-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic acid diethyl
      ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of
      ethanol.
PAC  EXAMPLE 35
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid diethyl ester-6-carboxylic acid.
      ##SPC42##
PAR  27 g of the triester manufactured according to Example 34, in a solution of
      1.15 g of sodium in 150 ccs of ethanol, are heated for several hours to
      the boil, the mixture is evaporated, the residue is taken up in water and
      the product is precipitated with acid. Light yellow crystals of melting
      point 182.degree. (ether), yield 60%. a. In the same manner,
      2-methyl-4-(2',5'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbo
     xylic acid diethyl ester-6-carboxylic acid, of melting point
      70.degree.-72.degree., is obtained in 35% yield from the triester obtained
      according to Example 34 a.
PAC  EXAMPLE 36
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
      ##SPC43##
PAR  13.6 g of 3-methoxybenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 50 ccs of ethanol are heated
      to the boil for several hours, and after evaporation a yellow oil is
      obtained.
PAC  EXAMPLE 37
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
      ##SPC44##
PAR  23.5 g of the tetracarboxylic acid ester manufactured according to Example
      36, in a solution of 2.3 g of sodium in 250 ccs of ethanol, are heated to
      the boil overnight. The mixture is subsequently concentrated in vacuo, the
      residue is taken up in water and the product is precipitated with acid.
      Yellow crystals of melting point 160.degree. (ether), yield 40%.
PAC  EXAMPLE 38
PAC  4-(3'-Chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
      ##SPC45##
PAR  14.1 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight and subsequently evaporated in vacuo. Yellow oil.
PAC  EXAMPLE 39
PAC  4-(3'-Chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
      ##SPC46##
PAR  24 g of the tetraester obtained according to Example 38, in a solution of
      2.3 g of sodium in 250 ccs of ethanol, are heated to the boil overnight,
      the mixture is concentrated in vacuo, the residue is taken up in water and
      yellow crystals of melting point 158.degree. (ether) are precipitated with
      acid; yield 50%.
PAC  EXAMPLE 40
PAC  2-Methyl-4-(2'-azidophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC47##
PAR  A solution of 14.7 g of 2-azidobenzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40 ccs
      of ethanol is heated to the boil overnight and evaporated in vacuo.
      Yellow-brown oil.
PAC  EXAMPLE 41
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC48##
PAR  7.5 g of 3-nitrobenzaldehyde, 9.5 g of oxalacetic acid diethyl ester and
      7.2 g of .beta.-ethyl-.beta.-aminoacrylic acid ethyl ester in 40 ccs of
      ethanol are heated to the boil for several hours, and after cooling,
      filtration and washing (ether/petroleum ether) yellow crystals of melting
      point 153.degree.C are obtained in 68% yield.
PAC  EXAMPLE 42
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid ethyl
      ester-6-carboxylic acid.
      ##SPC49##
PAR  22.3 g of the triester produced according to Example 41 are added to a
      solution of 1.15 g of sodium in 100 ml of ethanol, the mixture is heated
      to the boil overnight and concentrated in vacuo, the residue is taken up
      in water and the product is precipitated with acid. Canary-yellow crystals
      (ether/petroleum ether) of melting point 140.degree.C, yield 60%.
PAC  EXAMPLE 43
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid methyl
      ester-5-carboxylic acid ethyl ester-6-carboxylic acid
      ##SPC50##
PAR  15 g of 3-nitrobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 11.5
      g of .beta.-aminocrotonic acid methyl ester in 50 ccs of ethanol are
      heated to the boil under reflux for 8 hours and thereafter, following
      addition of a solution of 2.3 g of sodium in 100 ccs of ethanol, the whole
      is heated to the boil overnight and evaporated in vacuo, the residue is
      taken up in water and the product is precipitated with acid. Yellow-brown
      crystals of melting point 99.degree.-100.degree.C, yield 50%. a. In the
      same manner, 18.6 g of 3-nitro-6-chlorobenzaldehyde, 19 g of oxalacetic
      acid diethyl ester and 15 g of .beta.-aminocrotonic acid ethyl ester in 80
      ccs of ethanol give, after saponification,
      2-methyl-4-(3'-nitrophenyl-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid diethyl ester-6-carboxylic acid of melting point
      176.degree.-178.degree.C, in yellow crystals and in 50% yield.
PAC  EXAMPLE 44
PAC  2-Methyl-4-(.beta.-phenylethyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester.
      ##SPC51##
PAR  13.4 g of hydrocinnamaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 40 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (yelloworange). a) In the same manner, 13.2 g of cinnamaldehyde, 19 g of
      oxalacetic acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl
      ester in 40 ccs of ethanol yield
      2-methyl-4-styrryl1,4-dihydropyridine-3,5,6-tricarboxylic acid triethyl
      ester as an oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC52##
PAL  or a pharmaceutically acceptable non-toxic salt thereof, wherein
PA1  R is hydrogen, alkyl of up to 4 carbon atoms or alkenyl of up to 4 carbon
      atoms;
PA1  R.sup.1 is hydrogen or alkyl of up to 4 carbon atoms;  each of R.sup.2 and
      R.sup.3, taken independently of the other, is alkyl of up to 4 carbon
      atoms, hydroxy alkyl of up to 4 carbon atoms, alkoxy alkyl of up to 4
      carbon atoms, alkenyl of up to 4 carbon atoms or alkynyl of up to 4 carbon
      atoms;
PA1  R.sup.5 is hydrogen or alkyl of up to 4 carbon atoms; and
PA1  X is pyridyl unsubstituted or substituted by one or two members selected
      from the group consisting of alkyl of up to 4 carbon atoms, alkoxy of up
      to 4 carbon atoms, and halogeno; and
PA1  n has a value of 0 to 3.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.1 is alkyl of up to 4
      carbon atoms.
NUM  3.
PAR  3. A compound according to claim 2 wherein R is hydrogen, R.sup.2 and
      R.sup.3 are alkyl of up to 4 carbon atoms and R.sup.5 is hydrogen or alkyl
      of up to 4 carbon atoms.
NUM  4.
PAR  4. The compound according to claim 1 which is
      2-methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      dimethyl ester-6-acetic acid methyl ester.
NUM  5.
PAR  5. The compound according to claim 1 which is
      2-methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-methyl ester-5,6-diethyl ester.
NUM  6.
PAR  6. The compound according to claim 1 which is
      2-methyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
NUM  7.
PAR  7. The compound according to claim 1 which is
      2-methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
NUM  8.
PAR  8. The compound according to claim 1 which is
      2-methyl-4-(.gamma.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
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ABST
PAL  1,4-Dihydropyridines bearing carboxy functions in the 3-, 5- and 6- or 2-,
      3-, 5- and 6-positions and being substituted in the 4-position by phenyl,
      substituted phenyl, naphthyl, phenylalkyl or a heterocyclic group are
      antihypertensive agents and coronary vessel dilators. The compounds, of
      which 2-methyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethylester is a representative embodiment, are prepared through
      condensation of an enamine with an ylidene acid ester, the latter being
      separately prepared or prepared in situ.
PARN
PAR  This is a division of application Ser. No. 399,850 filed Sept. 24, 1973,
      now U.S. Pat. No. 3,905,983, granted Sept. 16, 1975.
BSUM
PAR  The present invention relates to certain new dihydropyridine-polyester
      compounds, to a process for their production, and to their medicinal use,
      especially as coronary agents.
PAR  It is already known that 1,4-dihydropyridines possess interesting
      pharmacological properties. F. Bossert and W. Vater, Die
      Naturwissenschaften (1971), 58th year, issue 11, 578.
PAR  This invention provides compounds which are dihydropyridine-polyesters of
      the following general formula and their salts:
      ##SPC1##
PAL  In which
PAR  R is a hydrogen atom or a linear or branched, saturated or unsaturated
      aliphatic radical;
PAR  R.sup.1 is hydrogen or a linear or branched alkyl radical or a --C.sub.n
      H.sub.2n COOR.sup.5 radical in which R.sup.5 is a hydrogen or alkyl
      radical and n is 0, 1, 2 or 3;
PAR  R.sup.2 and R.sup.3 are identical or different radicals consisting of a
      straight, branched or cyclic, saturated or unsaturated hydrocarbon chain
      optionally carrying 1 or 2 hydroxyl groups as substituents and optionally
      interrupted by 1 or 2   oxygen atoms in the chain;
PAR  R.sup.4 is a --C.sub.n H.sub.2n COOR.sup.5 radical in which R.sup.5 and n
      are as defined above; and
PAR  X is an aryl radical optionally carrying 1, 2 or 3 identical or different
      substituents selected from nitro, cyano, azido, alkyl, alkoxy, acyloxy,
      carbalkoxy, amino, acylamino, alkylamino, dialkylamino, --SO.sub.m alkyl
      where m =  0, 1 or 2, phenyl, trifluoromethyl and halogen radicals, or a
      benzyl, styryl, cycloalkyl or cycloalkenyl radical, or a quinolyl,
      isoquinolyl, pyridyl, pyrimidyl, thenyl, furyl or pyrryl radical
      optionally carrying one or more substituents selected from alkyl, alkoxy,
      nitro and halogen radicals.
PAR  This invention also provides a process for the production of the new
      compounds defined above, in which:
PAR  A. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU1##
      is reacted with an ylidene derivative of the general formula:
      ##EQU2##
      or
PAR  B. AN ENAMINE OF THE GENERAL FORMULA:
      ##EQU3##
      is reacted with an ylidene derivative of the general formula:
      ##EQU4##
      or
PAR  C. A .beta.-KETOCARBOXYLIC ACID ESTER OF THE GENERAL FORMULA
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        (VI)
PAL  is reacted with an enamine of the general formula:
      ##EQU5##
      and an aldehyde of the general formula:
EQU  X--CHO                                                     (VII);
PAL  or
PAR  d. a .beta.-ketocarboxylic acid ester of the general formula:
EQU  R.sup.1 --CO--CH.sub.2 --COOR.sup.2                        (VIII)
PAL  is reacted with an enamine of the general formula:
      ##EQU6##
      and an -pyridylmethylideneacetoacetic of the general
EQU  X---dimethoxy-(                                            (VII)
PAL  or
PAR  e. for compounds in which R.sup.1 is identical to R.sup.4 and R.sup.2 is
      identical to R.sup.3, two molar parts of a .beta.-ketocarboxylic acid
      ester of the general formula:
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        (VI)
PAL  are reacted with one molar part of an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof, and with one part of an aldehyde of the general formula:
EQU  X--CHO                                                     (VII)
PAR  the new free dihydropyridine polyesters of the general formula I and their
      salts can be interconverted in any suitable way; methods for such
      interconversion are known in the art.
PAR  The above five variations (a) to (e) of the process of the invention will
      hereinafter be referred to as Process Variants (a) to (e).
PAR  In Process Variant (a) the enamine of general formula II is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.1 --CO--CH.sub.2 --COOR.sup.2                        (VIII)
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof.
PAR  The enamine of general formula II can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula III,
      but is preferably reacted with the said ylidene derviative without
      intermediate isolation and, if desired, in situ.
PAR  In Process Variant (b) the enamine of general formula IV is preferably
      produced in a prior step by reacting a .beta.-ketocarboxylic acid ester of
      the general formula:
EQU  R.sup.4 --CO--CH.sub.2 --COOR.sup.3                        (VI)
PAL  with an amine of the general formula:
EQU  H.sub.2 NR                                                 (IX)
PAL  or a salt thereof.
PAR  The enamine of general formula IV can be isolated and optionally purified
      before being reacted with the ylidene derivative of general formula V, but
      is preferably reacted with the said ylidene derivative without
      intermediate isolation and, if desired, in situ.
PAR  In all the above general formulae II to IX, R, R.sup.1, R.sup.2, R.sup.3,
      R.sup.4 and X are as defined above. Preferred meanings for these symbols
      are given below.
PAR  Throughout the remainder of this Specification the expression "compounds of
      the invention" means both the dihydropyridine-polyesters of general
      formula I and their salts.
PAR  Surprisingly, the compounds according to the invention possess a very
      strong coronary action. They can easily be converted, by saponification,
      into the monocarboxylic acids or bicarboxylic acids, which are also active
      and are water-soluble in the form of salts, and because of their reactive
      ester or carboxyl groups they are also suitable for the preparation of
      further, pharmacologically interesting, preparations. The compounds
      according to the invention thus represent an enrichment of pharmacy.
PAR  a. If for example 3-methoxybenzylidene-acetonedicarboxylic acid dimethyl
      ester, acetoacetic acid methyl ester and methylamine (or
      methylaminocrotonic acid methyl ester (II)) are used as starting
      compounds, the course of the reaction for Process Variant (a) can be
      represented by the following equation:
      ##SPC2##
PAR  b. If for example 2-chlorobenzylidene-acetoacetic acid ethyl ester,
      acetonedicarboxylic acid diethyl ester and ammonia, or
      .beta.-iminoglutaric acid ethyl ester (IV) are used as starting compounds,
      the course of the reaction for Process Variant (b) can be represented by
      the following equation:
      ##SPC3##
PAR  c. If for example 4-ethylmercaptobenzaldehyde, oxalacetic acid diethyl
      ester and .beta.-aminocrotonic acid propyl ester are used as starting
      compounds, the course of the reaction Process Variant (c) can be
      represented by the following equation:
      ##SPC4##
PAR  d. If for example 3-cyanobenzaldehyde, iminosuccinic acid ethyl ester and
      oxalacetic acid methyl ester are used as starting compounds, the course of
      the reaction for Process Variant (d) can be represented by the following
      equation:
      ##SPC5##
PAR  e. If for example 3-nitrobenzaldehyde, 2 parts of acetodicarboxylic acid
      diethyl ester and ammonia are used, the course of the reaction for Process
      Variant (e) can be represented by the following equation:
      ##SPC6##
      ##SPC7##
PAR  In the compounds of the invention, as represented by general formula I, and
      in the starting compounds of the process of the invention, as represented
      by the general formulae II to IX:
PAR  R preferably represents a hydrogen atom or an alkyl or alkenyl radical with
      up to 4 carbon atoms, especially with up to 3 carbon atoms;
PAR  R.sup.1 preferably represents a hydrogen atom or a straightchain or
      branched alkyl radical with 1 to 4 carbon atoms (especially 1 to 2 carbon
      atoms) or a --(CH.sub.2).sub.n.CO.OR.sup. 5 radical (in which R.sup.5
      represents a hydrogen atom or an alkyl radical with 1 to 4 carbon atoms
      and n represents 0, 1, 2 or 3);
PAR  R.sup.2 preferably represents a radical consisting of a saturated or
      ethylenically unstaturated aliphatic hydrocarbon chain with up to 6 carbon
      atoms, optionally carrying a hydroxyl group as substituent, and optionally
      interrupted by an oxygen atom in the chain;
PAR  R.sup.3 preferably represents a saturated or unsaturated hydrocarbon
      radical with up to 6 carbon atoms;
PAR  R.sup.4 preferably represents a --(CH.sub.2).sub.n .CO.OR.sup.5 radical (in
      which R.sup.5 represents a hydrogen atom or an alkyl radical with 1 to 4
      carbon atoms and n represents 0, 1, 2 or 3); and
PAR  X preferably represents a phenyl radical optionally carrying as
      substituents 1 to 2 nitro groups (especially 1 nitro group), a cyano
      group, an azido group, 1 or 2 trifluoromethyl groups (especially 1
      trifluoromethyl group), an --SO.sub.n Alkyl group (in which n represents 0
      or 2 and "Alkyl" contains 1 to 4 carbon atoms), 1 or 2 alkyl groups, 1, 2
      or 3 alkoxy groups, 1 or 2 acetoxy groups, 1 or 2 amino groups, 1 or 2
      acetylamino groups, 1 or 2 alkylamino or dialkylamino groups (each with 1
      to 4, especially 2 or 2, carbon atoms in the alkyl or alkoxy groups) or
      one or more chlorine, bromine, flusine or phenyl radicals, the total
      number of these substituents being at most 3; or represents a pyridyl,
      pyrimidyl, naphthyl, quinolyl, isoquinolyl, thenyl, pyrryl or furyl
      radical optionally carrying as substituent an alkyl or alkoxy group (each
      with 1 to 4 carbon atoms, especially with 1 or 2 carbon atoms), a nitro
      group or a halogen atom (especially chlorine or bromine); or represents a
      benzyl or styryl radical or a cycloalkyl or cycloalkenyl radical with 5 to
      6 carbon atoms.
PAR  A particularly preferred group are compounds of the formula:
      ##SPC8##
PAL  wherein R is hydrogen, lower alkyl, lower alkenyl or lower alkynyl;
PA1  R.sup.1 is lower alkyl or
      ##EQU7##
      each of R.sup.2 and R.sup.3, taken independently of the other, is lower
      alkyl, hydroxy lower alkyl, lower alkoxy(lower alkyl), lower alkenyl or
      lower alkynyl;
PA1  R.sup.5 is hydrogen or lower alkyl; and
PA1  X is phenyl; substituted phenyl in which the substituents are one of three
      members selected from the group consisting of lower alkyl, lower alkoxy,
      halogeno, nitro, cyano, trifluoromethyl, azido, carbo(lower alkoxy), lower
      alkanoyl, lower alkylsulfonyl, lower alkylsulfinyl, lower alkylthio and
      phenyl; naphthyl; phenyl (lower alkyl); or a heterocyclic ring selected
      from the group consisting of quinolyl, isoquinolyl, pyridyl, thenyl, furyl
      and pyrryl, said heterocyclic ring being unsubstituted or substituted by
      one or two members selected from the group consisting of lower alkyl,
      lower alkoxy and halogeno; and
PA1  n has a value of 0 to 5;
PAL  and the pharmaceutically acceptable salts thereof with bases.
PAR  Among the new dihydropyridine-polyester salts of the invention, those salts
      that are pharmaceutically acceptable are especially important and are
      preferred.
PAR  The .beta.-ketocarboxylic acid esters of general formula VIII which can be
      used as starting compounds in the process according to the invention are
      known or can be produced by known processes (Pohl, Schmidt, U.S. Pat. No.
      2,351,366).
PAR  As examples of such esters there may be mentioned:
PA0  formylacetic acid ethyl ester,
PA0  formylacetic acid butyl ester,
PA0  acetoacetic acid methyl ester,
PA0  acetoacetic acid ethyl ester,
PA0  acetoacetic acid propyl ester,
PA0  acetoacetic acid isopropyl ester,
PA0  acetoacetic acid butyl ester,
PA0  acetoacetic acid t-butyl ester,
PA0  acetoacetic acid (.alpha.- and .beta.-)-hydroxyethyl esters,
PA0  acetoacetic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PA0  acetoacetic acid (.alpha.- and .beta.-)-ethoxyethyl esters,
PA0  acetoacetic acid (.alpha.- and .beta.-)-n-propoxyethyl esters,
PA0  acetoacetic acid allyl ester,
PA0  acetoacetic acid propargyl ester,
PA0  acetoacetic acid cyclohexyl ester,
PA0  propionylacetic acid ethyl ester,
PA0  butyrylacetic acid ethyl ester
PA0  isobutyrylacetic acid ethyl ester
PA0  oxalacetic acid dimethyl ester,
PA0  oxalacetic acid diethyl ester,
PA0  oxalacetic acid isopropyl ester,
PA0  acetonedicarboxylic acid dimethyl ester,
PA0  acetonedicarboxylic acid diethyl ester,
PA0  acetonedicarboxylic acid dibutyl ester and
PA0  .beta.-keto-adipic acid diethyl ester.
PAR  The amines of general formula IX which can be used as starting compounds
      according to the invention are already known.
PAR  As examples there may be mentioned: ammonia, methylamine, ethylamine,
      propylamine, butylamine, isopropylamine, isobutylamine and allylamine.
PAR  The enamine-.beta.-ketocarbonyl compounds of general formula II which can
      be used as starting compounds according to the invention are known or can
      be produced by known methods from the corresponding .beta.-diketo
      compounds (A.C. Cope, J.A.C.S. 67, 1,017 (1945)). (A. C.
PAR  As examples of these compounds there may be mentioned:
PA0  .beta.-aminocrotonic acide methyl ester,
PA0  .beta.-aminocrotonic acid ethyl ester,
PA0  .beta.-aminocrotonic acid isopropyl ester,
PA0  .beta.-aminocrotonic acid butyl ester,
PA0  .beta.-aminocrotonic acid (.alpha.- and .beta.-)-methoxyethyl esters,
PA0  .beta.-aminocrotonic acid .beta.-ethoxyethyl ester,
PA0  .beta.-aminocrotonic acid .beta.-propoxyethyl ester,
PA0  .beta.-aminocrotonic acid t-butyl ester,
PA0  .beta.-aminocrotonic acid cyclohexyl ester,
PA0  .beta.-amino-.beta.-ethylacrylic acid ethyl ester,
PA0  iminosuccinic acid dimethyl ester,
PA0  iminosuccinic acid diethyl ester,
PA0  iminosuccinic acid dipropyl ester,
PA0  iminosuccinic acid dibutyl ester,
PA0  .beta.-iminoglutaric acid dimethyl ester,
PA0  .beta.-iminoglutaric acid diethyl ester,
PA0  .beta.-iminoadipic acid dimethyl ester,
PA0  .beta.-iminoadipic acid diisopropyl ester,
PA0  .beta.-methyl-aminocrotonic acid methyl ester,
PA0  .beta.-ethylaminocrotonic acid ethyl ester and
PA0  .beta.-methyliminoglutaric acid diethyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula III which
      can be used as starting compounds according to the invention either are
      known or can be produced by known methods (Org. Reactions XV, 204 et seq.,
      (1967)).
PAR  As examples of these esters there may be mentioned:
PA0  benzylideneoxalacetic acid dimethyl ester,
PA0  2-nitrobenzylideneoxalacetic acid diethyl ester,
PA0  3-nitrobenzylideneoxalacetic acid diethyl ester,
PA0  2-cyanobenzylideneoxalacetic acid dipropyl ester,
PA0  3,4-dihydroxymethylbenzylideneoxalacetic acid dimethyl ester,
PA0  3,4,5-trimethoxybenzylideneoxalacetic acid diisopropyl ester,
PA0  2-methylmercaptobenzylideneoxalacetic acid dipropyl ester,
PA0  2-trifluoromethylbenzylideneoxalacetic acid diethyl ester,
PA0  3-trifluoromethylbenzylideneoxaldiacetic acid dimethyl ester,
PA0  2-chlorobenzylideneoxalacetic acid propyl ester,
PA0  3-chlorobenzylideneoxalacetic acid dibutyl ester,
PA0  3-ethoxybenzylideneoxalacetic acid methyl ester,
PA0  3-azidobenzylideneoxalacetic acid ethyl ester,
PA0  4-carboxyethylbenzylideneoxalacetic acid dimethyl ester,
PA0  2-furylmethylideneoxalacetic acid diethyl ester,
PA0  4-nitrobenzylidene-.beta. -ketoglutaric acid dimethyl ester and
PA0  4-methoxybenzylidene-.beta.-ketoglutaric acid diethyl ester.
PAR  The .beta.-ketocarboxylic acid esters of general formula VI and the
      enamino-.beta.-ketocarboxylic acid esters of general formula IV which can
      be used as starting compounds according to the invention, are already
      known or can, as mentioned in the case of the compounds of the general
      formulae VIII and II respectively, be manufactured according to known
      processes.
PAR  As examples there may be mentioned  .beta.-Dicarbonyl compounds of general
      formula VI:
PA0  Oxalacetic acid dimethyl ester,
PA0  oxalacetic acid diethyl ester,
PA0  oxalacetic acid isopropyl ester,
PA0  acetonedicarboxylic acid dimethyl ester,
PA0  acetonedicarboxylic acid diethyl ester,
PA0  acetonedicarboxylic acid dibutyl ester and
PA0  .beta.-ketoadipic acid diethyl ester.
PAR  Imino-dicarboxylic acid diesters of general formula IV:
PA0  Iminosuccinic acid dimethyl ester,
PA0  iminosuccinic acid diethyl ester,
PA0  iminosuccinic acid dipropyl ester,
PA0  iminosuccinic acid dibutyl ester,
PA0  .beta.-iminoglutaric acid dimethyl ester,
PA0  .beta.-iminoglutaric acid diethyl ester,
PA0  .beta.-iminoadipic acid dimethyl ester,
PA0  .beta.- iminoadipic acid diisopropyl ester
PA0  methyliminosuccinic acid diisopropyl ester,
PA0  ethyliminosuccinic acid diethyl ester and
PA0  .beta.-isopropyliminoglutaric acid dipropyl ester.
PAR  The ylidene-.beta.-ketocarboxylic acid esters of general formula V which
      can be used according to the invention either are known or can, as
      mentioned for compounds of the general formula III, be produced by known
      methods.
PAR  As examples of such ylidene-.beta.-ketocarboxylic acid esters there may be
      mentioned:
PA0  Benzylideneacetoacetic acid methyl ester,
PA0  2'-nitrobenzylideneacetoacetic acid methyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid propargyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid allyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA0  3'-nitrobenzylideneacetoacetic acid isopropyl ester,
PA0  4'-nitrobenzylideneacetoacetic acid n-propyl ester,
PA0  3'-nitro-6'-chlorobenzylideneacetoacetic acid methyl ester,
PA0  2'-cyanobenzylideneacetoacetic acid methyl ester,
PA0  2'-cyanobenzylideneacetoacetic acid ethyl ester,
PA0  2'-cyanobenzylidenepropionylacetic acid ethyl ester,
PA0  3'-cyanobenzylideneacetoacetic acid methyl ester,
PA0  3'-nitro-4'-chlorobenzylideneacetoacetic acid t-butyl ester,
PA0  3'-nitro-4'-chlorobenzylideneacetoacetic acid methyl ester,
PA0  2'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PA0  2'-cyano-4'-methylbenzylideneacetoacetic acid ethyl ester,
PA0  2'-azidobenzylideneacetoacetic acid ethyl ester,
PA0  2'-methylmercaptobenzylideneacetoacetic acid methyl ester,
PA0  2'-methylmercaptobenzylideneacetoacetic acid isopropyl ester,
PA0  2'-sulphinylmethylbenzylideneacetoacetic acid ethyl ester,
PA0  2'-sulphonylmethylacetoacetic acid allyl ester,
PA0  4-sulphonylmethylacetoacetic acid ethyl ester,
PA0  (1'-naphthylidene)-acetoacetic acid methyl ester,
PA0  (1'-naphthylidene)-acetoacetic acid ethyl ester,
PA0  (2'-naphthylidene)-acetoacetic acid ethyl ester,
PA0  (2'-ethoxy-1'-naphthylidene)-acetoacetic acid methyl ester,
PA0  (2'-methoxy-1'-naphthylidene)-acetoacetic acid ethyl ester,
PA0  5'-bromo-(1'-naphthylidene)-acetoacetic acid methyl ester,
PA0  (2'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA0  (3'-quinolyl)-methylideneacetoacetic acid methyl ester,
PA0  (4'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA0  (8'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA0  (1'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PA0  (3'-isoquinolyl)-methylideneacetoacetic acid methyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid allyl ester,
PA0  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA0  .beta.-pyridylmethylideneacetoacetic acid .beta.-methoxyethyl ester,
PA0  .gamma.-pyridylmethylideneacetoacetic acid methyl ester,
PA0  6-methyl-.alpha.-pridylmethylideneacetoacetic acid ethyl ester,
      4',6'-dimethyoxy-(5'-pyrimidyl)-methylideneacetoacetic acid ethyl ester,
PA0  (2'-thenyl)-methylideneacetoacetic acid ethyl ester,
PA0  (2'-furyl)-methylideneacetoacetic acid allyl ester,
PA0  (2'pyrryl)-methylideneacetoacetic acid methyl ester,
PA0  3'-nitrobenzylidenepropionylacetic acid ethyl ester,
PA0  .alpha.-pyridylmethylidenepropionylacetic acid methyl ester,
PA0  2'-, 3'- and 4'-methoxybenzylideneacetoacetic acid ethyl esters,
PA0  2'-methoxybenzylideneacetoacetic acid allyl ester,
PA0  2'-methoxybenzylideneacetoacetic acid propargyl ester,
PA0  2'-methoxybenzylidene-.beta.-methoxyethyl ester,
PA0  2'-isopropoxybenzylideneacetoacetic acid ethyl ester,
PA0  3'-butoxybenzylideneacetoacetic acid methyl ester,
PA0  3',4',5'-trimethoxybenzylideneacetoacetic acid allyl ester,
PA0  2'-methylbenzylidenepropionylacetic acid methyl ester,
PA0  2'-, 3'- and 4'-methylbenzylideneacetoacetic acid ethyl esters,
PA0  2'-methylbenzylideneacetoacetic acid .beta.-methoxyethyl ester,
PA0  2'-methylbenzylideneacetoacetic acid .beta.-propoxyethyl ester,
PA0  3' ,4'-dimethoxy-5'-bromobenzylideneacetoacetic acid ethyl ester,
PA0  2'-, 3'- and 4'-chloro/bromo/fluorobenzylideneacetoacetic acid ethyl
      esters,
PA0  2'-fluorobenzylideneacetoacetic acid methyl ester,
PA0  3'-chlorobenzylidenepropionylacetic acid ethyl ester,
PA0  3'-chlorobenzylideneacetoacetic acid ethyl ester,
PA0  2'-chlorobenzylideneacetoacetic acid allyl ester,
PA0  2'-, 3'- and 4'-trifluoromethylbenzylideneacetoacetic acid propyl ester,
PA0  2'-trifluoromethylbenzylideneacetoacetic acid isopropyl ester,
PA0  3'-trifluoromethylbenzylideneacetoacetic acid methyl ester,
PA0  2'-carboethoxybenzylideneacetoacetic acid ethyl ester,
PA0  3'-carboxymethylbenuylideneacetoacetic acid methyl ester,
PA0  4-carboxyisopropylbenzylideneacetoacetic acid isopropyl ester and
PA0  4'-carboxymethylbenzylideneacetoacetic acid allyl ester.
PAR  The aldehydes of general formula VII which can be used according to the
      invention either are already known or can be produced by known methods (E.
      Mosettig, Org. Reactions, VIII, 218 et seq., (1954)).
PAR  As examples of these aldehydes there may be mentioned:
PA0  Benzaldehyde,
PA0  2-, 3- and 4-methoxybenzaldehyde,
PA0  2-isopropoxybenzaldehyde,
PA0  3-butoxybenzaldehyde,
PA0  3,4-dihydroxymethylenebenzaldehyde,
PA0  3,4,5-trimethoxybenzaldehyde,
PA0  2-, 3- and 4-chloro/bromo/fluorobenzaldehyde,
PA0  2,4- and 2,6-dichlorobenzaldehyde,
PA0  2,4-dimethylbenzaldehyde,
PA0  3,5-diisopropyl-4-methoxybenzaldehyde,
PA0  2-, 3- and 4-nitrobenzaldehydes,
PA0  2,4- and 2,6-dinitrobenzaldehydes,
PA0  2-nitro-6-bromobenzaldehyde,
PA0  2-nitro-3-methoxy-6-chlorobenzaldehyde,
PA0  2-nitro-4-chlorobenzaldehyde,
PA0  2-nitro-4-methoxybenzaldehyde,
PA0  2-, 3- and 4-trifluoromethylbenzaldehydes,
PA0  2-, 3- and 4-dimethylaminobenzaldehydes,
PA0  4-dibutylaminobenzaldehyde,
PA0  4-acetoaminobenzaldehyde,
PA0  2-, 3- and 4-cyanobenzaldehydes,
PA0  2-nitro-4-cyanobenzaldehyde,
PA0  3-chloro-4-cyanobenzaldehyde,
PA0  2-, 3- and 4-methylmercaptobenzaldehydes,
PA0  2-methylmercapto-5-nitrobenzaldehyde,
PA0  2-butylmercaptobenzaldehyde,
PA0  2-, 3- and 4-methylsulphinylbenzaldehydes,
PA0  2-, 3- and 4-methylsulphonylbenzaldehydes,
PA0  benzaldehyde-2-carboxylic acid ethyl ester,
PA0  benzaldehyde-3-carboxylic acid isopropyl ester,
PA0  benzaldehyde-4-carboxylic acid butyl ester,
PA0  3-nitrobenzaldehyde-4-carboxylic acid ethyl ester,
PA0  cinnamaldehyde,
PA0  hydrocinnamaldehyde,
PA0  formylcyclohexane,
PA0  1-formylcyclohex-3-ene,
PA0  1-formylcyclohex-1,3-ine,
PA0  1-formylcyclopent-3-ene,
PA0  .alpha.-, .beta.- and .gamma.-pyridinaldehydes,
PA0  6-methylpyridin-2-aldehyde,
PA0  furan-2-aldehyde,
PA0  thiophen-2-aldehyde,
PA0  pyrrol-2-aldehyde,
PA0  2-, 3- and 4-azido-benzaldehydes,
PA0  pyrimidin-4-aldehyde,
PA0  5-nitro-6-methylpyridin-2-aldehyde,
PA0  1- and 2-naphthaldehydes,
PA0  5-bromo-1-naphthaldehyde,
PA0  quinolin-2-aldehyde,
PA0  7-methoxy-quinolin-4-aldehyde and
PA0  iso-quinolin-1-aldehyde.
PAR  Possible diluents are water and (in principle) all inert organic solvents.
      Preferred organic solvents include alcohols (such as ethanol, methanol and
      isopropanol), ethers (such as diozane and diethyl ether), glacial acetic
      acid, dimethylformamide, dimethylsulphoxide, acetonitrile and pyridine.
PAR  The reaction temperatures can be varied over a substantial range. In
      general, the reaction is carried out between 20.degree. and 150.degree.C,
      preferably at the boiling point of the diluent.
PAR  The reaction can be carried out under normal pressure but also under
      elevated pressure. In general, normal pressure is used.
PAR  In carrying out the process according to the invention, the compounds
      participating in the reaction are generally each employed in approximately
      molar amounts, except for the amine or its salt, which is appropriately
      added in an excess of 1 to 2 mols.
PAR  The 1,4-dihydropyridine-monocarboxylic acids or -dicarboxylic acids (for
      example R.sup.5 = H ) can be obtained by alkaline or acid hydrolysis of
      the corresponding esters.
PAR  Additionally to the compounds described in the Preparative Examples, the
      following may be mentioned individually as new active compounds of the
      invention:
PAR  1,2-dimethyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid tripropyl ester;
PAR  1-methyl-2-ethyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxyli
     c acid 3-.beta.-ethoxyethyl ester-5,6-dimethyl ester;
PAR  1-propyl-4-(2'-nitro-5-thenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetraethyl ester;
PAR  2-propyl-4-(4-pyrimidyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-isopropyl ester-5,6-dimethyl ester;
PAR  4-styryl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid tetrapropyl
      ester;
PAR  2-isopropyl-4-(4'-quinolyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triisopropyl ester;
PAR  4-(2'-bromo-5-furyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrabutyl ester;
PAR  2-ethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-ethyl ester-5,6-dimethyl ester;
PAR  4-(naphthyl-1')-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester;
PAR  4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PAR  2-methyl-4-(3'-trifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6 acetic acid ethyl ester;
PAR  1-methyl-4-(3'-cyanophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid tetramethyl ester;
PAR  4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-2,6-diacetic acid diethyl ester;
PAR  4-(3'-nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetrapropargyl ester;
PAR  4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-2,6-diacetic acid dimethyl ester; and
PAR  2-methyl-4-(2'-nitro-5'-trifluoromethyl)-1,4-dihydropyridine-3,5,6-tricarbo
     xylic acid 3-isopropyl ester-5,6-diethyl ester.
PAR  The new compounds can be used as drugs, especially to influence the
      circulation; those that are free acids form readily water-soluble salts
      with bases and then do not require a solubilising agent.
PAR  The compounds according to the invention have a broad and diverse
      pharmacological action spectrum.
PAR  In detail, the following main actions were demonstrable in animal
      experiments:
PAR  1. On parenteral, oral and perlingual administration the compounds produce
      a distinct and long-lasting dilation of the coronary vessels. This action
      on the coronary vessels is intensified by a simultaneous nitrite-like
      effect of reducing the load on the heart. The compounds of the invention
      influence or modify the heart metabolism in the sense of an energy saving.
PAR  2. The compounds of the invention lower the blood pressure of normotonic
      and hypertonic animals and can thus be used as anti-hypertensive agents.
PAR  3. The excitability of the stimulus formation and excitation conduction
      system within the heart is lowered, so that an anti-fibrillation action
      demonstrable at therapeutic doses results.
PAR  4. The tone of the smooth muscle of the vessels is greatly reduced under
      the action of the compounds of the invention. This vascular-spasmolytic
      action can take place in the entire vascular system or can manifest itself
      more or less isolated in circumscribed vascular regions (such as, for
      example, the central nervous system).
PAR  5. The compounds of the invention have strongly muscularspasmolytic actions
      which manifest themselves on the smooth muscle of the stomach, the
      intestinal tract, the urogenital tract and the respiratory system.
PAR  6. The compounds of the invention influence the cholesterol level and lipid
      level of the blood.
PAR  As stated above, the invention also relates to the use in human and
      veterinary medicine of the compounds of the invention.
PAR  The present invention provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in admixture with a solid or
      liquefied gaseous diluent, or in admixture with a liquid diluent other
      than a solvent of a molecular weight less than 200 (preferably less than
      350) except in the presence of a surface active agent.
PAR  The invention further provides a pharmaceutical composition containing as
      active ingredient a compound of the invention in the form of a sterile or
      isotonic aqueous solution.
PAR  The invention also provides a medicament in dosage unit form comprising a
      compound of the invention either alone or in admixture with a diluent.
PAR  The invention also provides a medicament in the form of tablets (including
      lozenges and granules), dragees, capsules, pills, ampoules or
      suppositories comprising a compound of the invention either alone or in
      admixture with the diluent.
PAR  "Medicament" as used in this Specification means physically discrete
      coherent portions suitable for medical administration. "Medicament in
      dosage unit form" as used in this Specification means physically discrete
      coherent portions suitable for medical administration each containing a
      daily dose or a multiple (up to four times) or sub-multiple (down to a
      fortieth) of a daily dose of the compound of the invention. Whether the
      medicament contains a daily dose or, for example, a half, a third, or a
      quarter of a daily dose will depend on whether the medicament is to be
      administered once or, for example, twice, three times or four times a day
      respectively.
PAR  The pharmaceutical compositions according to the invention may, for
      example, take the form of ointments, gels, pastes, creams, sprays
      (including aerosols), lotions, suspensions, solutions and emulsions of the
      active ingredient in aqueous or non-aqueous diluents, syrups, granules or
      powders.
PAR  The diluents to be used in pharmaceutical compositions (e.g. granulates)
      adapted to be formed into tablets, dragees, capsules and pills include the
      following:
PAL  (a) fillers and extenders, e.g. starch, sugars, mannitol, and silicic acid;
      (b) binding agents, e.g. carboxymethyl cellulose and other cellulose
      derivatives, alginates, gelatine and polyvinyl pyrrolidone; (c)
      moisturizing agents, e.g. glycerol; (d) disintegrating agents, e.g.
      agar-agar, calcium carbonate and sodium bicarbonate; (e) agents for
      retarding dissolution e.g. paraffin; (f) resorption accelerators, e.g.
      quaternary ammonium compounds; (g) surface active agents, e.g. cetyl
      alcohol, glycerol monostearate; (h) adsorptive carriers, e.g. kaolin and
      bentonite; (i) lubricants, e.g. talc, calcium and magnesium stearate and
      solid polyethylene glycols.
PAR  The tablets, dragees, capsules and pills formed from the pharmaceutical
      compositions of the invention can have the customary coatings, envelopes
      and protective matrices, which may contain opacifiers. They can be so
      constituted that they release the active ingredient only or perferably in
      a particular part of the intestinal tract, possibly over a period of time.
      The coatings, envelopes and protective matrices may be made, for example,
      of polymeric substances or waxes.
PAR  The ingredient can also be made up in microencapsulated form together with
      one or several of the above-mentioned diluents.
PAR  The diluents to be used in pharmaceutical compositions adapted to be formed
      into suppositories can, for example, be the usual water-soluble or
      water-insoluble diluents, such as polyethylene glycols and fats (e.g.
      cocoa oil and high esters [e.g. C.sub.14 -alcohol with C.sub.16 -fatty
      acid]) or mixtures of these diluents.
PAR  The pharmaceutical compositions which are ointments, pastes, creams and
      gels can, for example, contain the usual diluents, e.g. animal and
      vegetable fats, waxes, paraffins, starch, tragacanth, cellulose
      derivatives, polyethylene glycols, silicones, bentonites, silicic acid,
      talc and zinc oxide or mixtures of these substances.
PAR  The pharmaceutical compositions which are powders and sprays can, for
      example, contain the usual diluents e.g. lactose, talc, silicic acid,
      aluminium hydroxide, calcium silicate, and polyamide powder or mixtures of
      these substances. Aerosol sprays can, for example, contain the usual
      propellants, e.g. chlorofluorohydrocarbons.
PAR  The pharmaceutical compositions which are solutions and emulsions can, for
      example, contain the customary diluents (with, of course, the
      above-mentioned exclusion of solvents having a molecular weight below 200
      except in the presence of a surface-active agent), such as solvents,
      dissolving agents and emulsifiers; specific examples of such diluents are
      water, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
      benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
      dimethylformamide, oils [for example ground nut oil], glycerol,
      tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of
      sorbitol or mixtures thereof.
PAR  For parenteral administration, the solutions and emulsions should be
      sterile, and, if appropriate, blood-isotonic.
PAR  The pharmaceutical compositions which are suspensions can contain the usual
      diluents, such as liquid diluents, e.g. water, ethyl alcohol, propylene
      glycol, surface-active agents (e.g. ethoxylated isostearyl alcohols,
      polyoxyethylene sorbite and sorbitane esters), microcrystalline cellulose,
      aluminium metahydroxide, bentonite, agar-agar and tragacanth or mixture
      thereof.
PAR  All the pharmaceutical compositions according to the invention can also
      contain colouring agents and preservatives as well as perfumes and
      flavouring additions (e.g. peppermint oil and eucalyptus oil) and
      sweetening agents (e.g. saccharin).
PAR  The pharmaceutical compositions according to the invention preferably
      contain about 0.5-90% of the active ingredient by weight of the total
      composition.
PAR  In addition to a compound of the invention, the pharmaceutical compositions
      and medicaments according to the invention can also contain other
      pharmaceutically active compounds. They may also contain a plurality of
      compounds of the invention.
PAR  Any diluent in the medicaments of the present invention may be any of those
      mentioned above in relation to the pharmaceutical compositions of the
      present invention. Such medicaments may include solvents of molecular
      weight less than 200 as sole diluent.
PAR  The discrete coherent portions constituting the medicament according to the
      invention (whether in dosage unit form or not) may be, for example, any of
      the following: tablets, (including lozenges and granules), pills, dragees,
      capsules (especially oral-release capsules), suppositories and ampoules.
      Some of these forms may be made up for delayed release of the active
      ingredient. Some, such as capsules, include a protective envelope which
      renders the portions of the medicament physically discrete and coherent.
PAR  The preferred daily dose for intravenous administration of the medicaments
      of the invention is 0.25-900 mg, especially 1-450 mg., of active
      ingredients; the preferred daily dose for peroral administration is 5
      mg.-4.5 g., especially 50 mg.-2.7 g. of active ingredient.
PAR  The production of the above-mentioned pharmaceutical compositions and
      medicaments is carried out by any method known in the art, for example, by
      mixing the active ingredient(s) with the diluent(s) to form a
      pharmaceutical composition (e.g. a granulate) and then forming the
      composition into the medicament (e.g. tablets).
PAR  This invention further provides a method of combating (including
      prevention, relief and cure of) the above-mentioned diseases in human and
      non-human animals, which comprises administering to the animals a compound
      of the invention alone or in admixture with a diluent or in the form of a
      medicament according to the invention.
PAR  It is envisaged that these active compounds will be administered in the
      customary manner for coronary-active compounds, preferably perorally or
      parenterally, especially perlingually or intravenously. Preferred
      pharmaceutical compositions and medicaments are therefore those adapted
      for peroral (especially perlingual) and intravenous administration, such
      as tablets, oral-release capsules, and ampoules of injectable solution.
      Administration in the method of the invention is preferably peroral or
      intravenous.
PAR  In general it has proved advantageous, in the case of intravenous
      administration, to administer amounts of 0.005 to 10 mg/kg, preferably
      0.02 to 5 mg/kg, of body weight daily to achieve effective results, whilst
      in the case of oral administration the dosage is 0.1 to 50 mg/kg,
      preferably 1 to 30 mg/kg of body weight daily.
PAR  Nevertheless it can at times be necessary to deviate from the amounts
      mentioned and in particular to do so as a function of the body weight of
      the test animal or of the nature of the administration route, but also
      because of the type of animal and its individual behaviour towards the
      medicine or the nature of its formulation and the time or interval at
      which it is administered. Thus it may suffice, in some cases, to manage
      with less than the abovementioned minimum amount whilst in other cases the
      upper limit mentioned must be exceeded. Where major amounts are
      administered it can be advisable to divide these into several individual
      administrations over the course of the day. The same dosage range is
      envisaged for administration in human medicine.
PAR  The coronary action of the compounds according to the invention can be
      demonstrated in vivo, as for example in narcotised heart-catheterised
      mongrel dogs by measuring the rise in oxygen saturation in the coronary
      sinus, as shown in Table I. The dose quoted is the minimum intravenous
      dose required (expressed in mg. active compound per kg. body weight) to
      cause a clearly recognizable rise in the oxygen saturation in the coronary
      sinus.
TBL                Table I                                                     
     ______________________________________                                    
     Compound of                                                               
               Dose           Duration of effect                               
     Example No.:                                                              
               (mg/kg intravenous)                                             
                              (minutes)                                        
     ______________________________________                                    
      1        2              30                                               
      2        3              20                                               
      3        5              20                                               
      5        1              45                                               
      6        5              10                                               
      9        5              30                                               
     11        3              20                                               
     12        0.1            30                                               
     13        2              60                                               
     20        5              20                                               
     23        10             20                                               
     26        0.5            60                                               
     28        5              20                                               
     31        5              10                                               
     33        10             10                                               
      34a      5              20                                               
     36        5               3                                               
     37        10             20                                               
     38        10             20                                               
     41        2              20                                               
     43        3              10                                               
     ______________________________________                                    
DETD
PAC  EXAMPLE 1
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4 -dihydropyridine-3,5-dicarboxylic acid
      dimethyl ester-6-acetic acid methyl ester
      ##SPC9##
PAR  a. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 11.6 g of
      acetoacetic acid methyl ester and 17.3 g of .beta.-iminoglutaric acid
      dimethyl ester in 50 ccs of ethanol under reflux for several hours and
      subsequent cooling, light grey crystals of melting point 165.degree.
      (ethanol) are obtained. Yield 60%.
PAR  b. After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 17.4 g of
      acetonedicarboxylic acid dimethyl ester and 11.6 g of .beta.-aminocrotonic
      acid methyl ester in 50 ccs of ethanol for several hours, and cooling,
      light grey crystals of melting point 165.degree. are obtained. Yield 57%.
PAC  EXAMPLE 2
PAC  2-Methyl-[4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      3-methyl ester-5,6-diethyl ester
      ##SPC10##
PAR  10.5 ccs of pyridin-2-aldehyde, 11.6 g of .beta.-aminocrotonic acid methyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated for several hours under reflux and cooled, and light yellow
      crystals of melting point 142.degree.-143.degree. (ethanol) are obtained.
      Yield 62%.
PAC  EXAMPLE 3
PAC  2-Methyl-4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC11##
PAR  10.5 ccs of pyridin-3-aldehyde, 13 g of .beta.-amino-crotonic acid ethyl
      ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are
      heated to the boil overnight and cooled, and after filtration light yellow
      crystals of melting point 127.degree.-129.degree. (ethanol) are obtained.
      Yield 75%.
PAC  EXAMPLE 4
PAC  2-Methyl-4-(.gamma.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC12##
PAR  A solution of 10.5 ccs of pyridin-4-aldehyde, 13 g of .beta.-aminocrotonic
      acid ethyl ester and 19 g of oxalacetic acid diethyl ester in 60 ccs of
      ethanol is heated to the boil for several hours and subsequently cooled,
      and the product is filtered off. Yellowish-orange crystals of melting
      point 135.degree.. Yield 50%.
PAC  EXAMPLE 5
PAC  2-Methyl-4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester
      ##SPC13##
PAR  After heating a solution of 10.5 ccs of pyridin-2-aldehyde, 13 g of
      .beta.-aminocrotonic acid ethyl ester and 19 g of oxalacetic acid diethyl
      ester in 60 ccs of ethanol under reflux for 8 hours, the mixture is cooled
      and the product is filtered off. Yellow crystals of melting point
      138.degree. (ethanol). Yield 75%.
PAC  EXAMPLE 6
PAC  4-(.alpha.-Pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester
      ##SPC14##
PAR  After heating a solution of 10.5 g of pyridin-2-aldehyde, 17.3 g of
      iminoglutaric acid diethyl ester and 17.4 g of acetonedicarboxylic acid
      diethyl ester in 60 ccs under reflux for several hours, and cooling, biege
      crystals of melting poing 134.degree. are obtained. Yield 35%.
PAC  EXAMPLE 7
PAC  4-(3'-Nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid dimethyl
      ester-1,6-diacetic acid dimethyl ester
      ##SPC15##
PAR  After heating a solution of 15 g of 3-nitrobenzaldehyde, 17.3 g of
      acetdicarboxylic acid dimethyl ester and iminosuccinic acid dimethyl ester
      in 60 ccs of ethanol under reflux for 6 hours, the mixture is evaporated.
      An oil is obtained.
PAC  EXAMPLE 8
PAC  4-(2' -Nitrophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester
      ##SPC16##
PAR  A solution of 7.5 g of o-nitrobenzaldehyde, 9.5 g of oxalacetic acid
      diethyl ester and 9.4 g of iminosuccinic acid diethyl ester in 30 ccs of
      alcohol is heated under reflux overnight and subsequently cooled. After
      filtration, light yellow crystals of melting point 109.degree. (ethanol)
      are obtained. Yield 58%.
PAC  EXAMPLE 9
PAC  4-(2'-Trifluoromethylphenyl-1,4-dihydropyridine-2,3,5,6-tetracarboxylic
      acid ethyl ester
      ##SPC17##
PAR  A solution of 8.7 g of 2-trifluoromethylbenzaldehyde, 9.4 g of
      iminosuccinic acid diethyl ester and 9.5 g of oxalacetic acid ethyl ester
      in 30 ccs of ethanol is heated to the boil overnight and cooled, and the
      product is filtered off and rinsed with alcohol. Yellow crystals of
      melting point 118.degree. (ethanol). Yield 55%.
PAC  EXAMPLE 10
PAC  4-(2'-Trifluoromethylphenyl)-1,4-dihydropyridine-2-methyl- 3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid.
      ##SPC18##
PAR  17.4 g of 2-trifluoromethylbenzaldehyde, 13 g of .beta.-aminocrotonic acid
      ethyl ester and 19 g of oxalacetic acid diethyl ester in 50 ccs of alcohol
      are heated to the boil for 6-8 hours, a solution of 2.3 g of sodium in 300
      ccs of alcohol is added and the mixture is heated under reflux for a
      further 5-8 hours. It is then evaporated in vacuo, the residue is taken up
      in hot water (animal charcoal) and after filtration the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree.-140.degree. from ether. Yield 55%.
PAC  EXAMPLE 11
PAC  4-(.beta. -Pyridyl)-1,4-dihydropyridine-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-2,6-diacetic acid diethyl ester.
      ##SPC19##
PAR  A solution of 5.2 ccs of pyridin-3-aldehyde, 10 g of .beta.-iminoglutaric
      acid diethyl ester and 10 g of acetonedicarboxylic acid diethyl ester in
      40 ccs of ethanol is heated to the boil for several hours and the crystals
      obtained after prolonged cooling are filtered off. Light beige crystals of
      melting point 129.degree.-130.degree. (benzene-ligroin). Yield 60%.
PAC  EXAMPLE 12
PAC  2-Methyl- 4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC20##
PAR  15 g of 3-nitrobenzaldehyde, 13 g of .beta.-aminocrotonic acid ethyl ester
      and 19 g of oxalacetic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight. The green-yellow crystals obtained, in 62% yield,
      after cooling, melt at 123.degree..
PAC  EXAMPLE 13
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC21##
PAR  43 g of the triester (Example 12), in a solution of 2.3 g of sodium in 500
      ccs of alcohol, are heated to the boil for several hours, the mixture is
      concentrated in vacuo, the residue is taken up in warm water and after
      filtration the product is precipitated with dilute sulphuric acid. Yellow
      crystals of melting point 156.degree. from ethanol. Yield 90%.
PAC  EXAMPLE 14
PAC  1,2-Dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine- 3-carboxylic acid
      methyl ester-5,6-dicarboxylic acid diethyl ester.
      ##SPC22##
PAR  A solution of 12.5 g of 3-nitrobenzylidene-acetoacetic acid methyl ester
      and 10.5 g of oxalacetic acid diethyl ester and 4 g of methylamine
      hydrochloride in 40 ccs of pyridine is heated to 100.degree.-110.degree.
      (external temperature) for 5 hours and subsequently added to water. Beige
      crystals of melting point 133.degree., from ether. Yield 45%.
PAC  EXAMPLE 15
PAC  2-methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC23##
PAR  After heating a solution of 15.6 g of 1-naphthaldehyde, 19 g of oxalacetic
      acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40
      ccs of ethanol under reflux for 6-8 hours, and cooling, light yellow
      crystals of melting point 112.degree. (ethanol) are obtained. Yield 65%.
PAC  EXAMPLE 16
PAC  2-Methyl-4-(.alpha.-naphthyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC24##
PAR  21.5 g of the triester (Example 15), in a solution of 2.15 g of sodium in
      250 ccs of ethanol, are heated to the boil for approx. 6 hours, the
      mixture is concentrated in vacuo and the residue is taken up in warm
      water. After filtration, the product is precipitated with dilute sulphuric
      acid. Yellow crystals of melting point 177.degree. (ether). Yield 85%.
PAC  EXAMPLE 17
PAC  2-Methyl-4-(2'-trifluoromethylphenyl)-1,4-dihydropyridine-3-carboxylic acid
      methyl ester-5-carboxylic acid ethyl ester-6-carboxylic acid.
      ##SPC25##
PAR  17.4 g of 2-trifluoromethylbenzaldehyde, 11.5 g of .beta.-aminocrotonic
      acid methyl ester and 19 g of oxalacetic acid diethyl ester in 40 ccs of
      ethanol are heated to the boil overnight, a solution of 2.3 g of sodium in
      250 ccs of ethanol is added and the mixture is heated under reflux for a
      further 5-8 hours. After working up, light yellow crystals of melting
      point 164.degree. (ether) are obtained. Yield 50%.
PAC  EXAMPLE 18
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-
      3,5,6-tricarboxylic acid triethyl ester.
      ##SPC26##
PAR  11.8 g of 3,4,5-trimethoxybenzaldehyde, 14 g of oxalacetic acid diethyl
      ester and 7.8 g of .beta.-aminocrotonic acid ethyl ester in 30 ccs of
      ethanol are heated to the boil overnight and light yellow crystals of
      melting point 134.degree. are obtained. Yield 40%.
PAC  EXAMPLE 19
PAC  2-Methyl-4-(3',4',5'-trimethoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester- 6-carboxylic acid.
      ##SPC27##
PAR  23.8 g of the triester (Example 18), in a solution of 1.15 g of sodium in
      300 ccs of ethanol, are heated for several hours to the boil, and after
      working up yellow crystals of melting point 144.degree. (ether) are
      obtained. Yield 80%.
PAC  EXAMPLE 20
PAC  2Methyl-4-(3'-fluoro-4'-methoxyphenyl)-1,4-dihydropyridine-3,5,6-tricarboxy
     lic acid triethyl ester.
      ##SPC28##
PAR  After heating a solution of 17 g of 3-fluoro-4-methoxybenzaldehyde, 20.9 g
      of oxalacetic acid diethyl ester and 14.3 g of .beta.-aminocrotonic acid
      ethyl ester in 80 ccs of ethanol under reflux, the mixture is evaporated
      in vacuo and the reaction product is obtained as a light yellow oil.
PAC  EXAMPLE 21
PAC  2-Methyl-4-(3'-fluoro-b
      4'-methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-6-carboxylic acid.
      ##SPC29##
PAR  43 g of the triester obtained according to Example 20, in a solution of 2.3
      g of sodium in 250 ccs of ethanol, are heated to the boil for 6-8 hours,
      the mixture is evaporated in vacuo, the residue is taken up in water and
      after filtration the product is precipitated with dilute sulphuric acid.
      Yellow crystals of melting point 106.degree. (ether).
PAC  EXAMPLE 22
PAC  2-methyl-4-(3'-fluorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC30##
PAR  6.2 g of 3-fluorobenzaldehyde, 6.5 g of .beta.-aminocrotonic acid ethyl
      ester and 9.5 g of oxalacetic acid diethyl ester in 40 ccs of ethanol are
      heated to the boil overnight, the mixture is evaporated in vacuo and a
      light yellow oil is obtained.
PAC  EXAMPLE 23
PAC  2-Methyl-4-(3'-fluorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC31##
PAR  20 g of the triester obtained according to Example 22, in a solution of
      1.15 g of sodium in 120 ccs of ethanol, are heated under reflux for 4-6
      hours. Thereafter the monocarboxylic acid is precipitated with dilute
      sulphuric acid from the solution obtained after distilling off the alcohol
      and adding water. Yellow crystals of melting point 140.degree. from ether,
      yield 55%.
PAC  EXAMPLE 24
PAC  2-Methyl-4--(4'-nitrophenyl)-1,4-dihydropyridine-3,5,6-triethyl ester.
      ##SPC32##
PAR  A solution of 30.2 g of 4-nitrobenzaldehyde, 38 g of oxalacetic acid
      diethyl ester and 26 g of .beta.-aminocrotonic acid ethyl ester in 80 ccs
      of ethanol is heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil.
PAC  EXAMPLE 25 2-Methyl-4-(4'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid.
      ##SPC33##
PAR  21.6 g of the triester (Example 24) in a solution of 1.15 g of sodium in
      150 ccs of ethanol are heated for 6-8 hours to the boil, the mixture is
      concentrated in vacuo, the residue is taken up in water and the product is
      precipitated with dilute sulphuric acid. Yellow crystals of melting point
      138.degree. from ether, yield 45%.
PAC  EXAMPLE 26
PAC  2-Methyl-4-(3'-chlorophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC34##
PAR  14 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (orange).
PAR  a. In the same way, 2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine- 4-(
     3,5,6-tricarboxylic acid triethyl ester is prepared from 14 g of
      2-chlorobenzaldehye, 19 g of oxalacetic acid diethyl ester and 13 g of
      .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol.
PAC  EXAMPLE 27
PAC  2-Methyl-4p55p-((3'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC35##
PAR  21.5 g of the triester manufactured according to Example 26, in a solution
      of 1.15 g of sodium in 150 ccs of ethanol, are heated to the boil for 4-6
      hours. Thereafter the mixture is concentrated in vacuo, the residue is
      taken up in water and the product is precipitated with acid. Ochrecoloured
      crystals of melting point 137.degree., yield 35%.
PAR  a. The 2-methyl-4-(2'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid diethyl ester-6-carboxylic acid is obtained in the same manner, as
      yellow crystals and in 55% yield, from the triester manufactured according
      to Example 26 a.
PAC  EXAMPLE 28
PAC  2-Methyl-4-(4'-methylmercaptophenyl)-1,4-dihydropyridine-3,5,6
      -tricarboxylic acid triethyl ester.
      ##SPC36##
PAR  A solution of 7.6 g of 4methylmercaptobenzaldehyde, 9.5 g of oxalacetic
      acid diethyl ester and 6.5 g of .beta.-aminocrotonic acid ethyl ester in
      40 ccs of ethanol is heated to the boil overnight and evaporated in vacuo.
      Oil (orange).
PAR  a. In the same way,
      2-methyl-4-(4'-methylmercaptophenyl-1,4-dihydropyridine-3-carboxylic acid
      methyl ester 5,6dicarboxylic acid diethyl ester is obtained from 7.6 g of
      4-methylmercaptobenzaldehyde, 9.5 g of oxalacetic acid diethyl ester and
      5.8 g of .beta.-aminocrotonic acid methyl ester.
PAC  EXAMPLE 29
PAC  2-methyl-4(4'-mercaptophenyl)-1,4dihydropyridine-3,5 -dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC37##
PAR  21.7 g of the triester manufactured in Example 28 are heated overnight in a
      solution of 1.15 g of sodium in 180 ccs of ethanol, the mixture is
      subsequently concentrated in vacuo, the residue is taken up in water and
      orange-yellow crystals of melting point 131.degree. are precipitated with
      acid; yield 45%.
PAC  Example 30
PAC  2-Methyl-4-(3'-methoxyphenyl)-1,4-dihydropyridine-3,5,6 -tricarboxylic acid
      triethyl ester.
      ##SPC38##
PAR  27.2 g of 3-methoxybenzaldehyde, 38 g of oxalacetic acid diethyl ester and
      26 g of .beta. -aminocrotonic acid ethyl ester in 120 ccs of ethanol are
      heated to the boil overnight and evaporated in vacuo. Oil (orange).
PAC  EXAMPLE 31
PAC  2-Methyl-4-(3'-methoxyphenyl)- 1,4-dihydropyridine- 3,5-dicarboxylic acid
      diethyl ester-6-carboxylic acid.
      ##SPC39##
PAR  21 g of the triester manufactured according to Example 30, in a solution of
      1.15 g of sodium in 200 ccs of ethanol, are heated to the boil for approx.
      5 hours, the mixture is concentrated in vacuo, the residue is taken up in
      water and orange crystals of melting point 130.degree. are precipitated
      with acid; yield 60%.
PAC  EXAMPLE 32
PAC  2-Methyl-4-(2'-.alpha.-biphenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester.
      ##SPC40##
PAR  19.2 g of diphenyl-2- aldehyde (95% pure, boiling point
      112.degree.-115.degree. /0.3), 19 g of oxalacetic acid diethyl ester and
      13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs of ethanol are
      heated to the boil overnight and evaporated in vacuo. Oil (orange-yellow).
PAC  EXAMPLE 33
PAC  2- Methyl-4- (2'-.alpha.- diphenyl)-1,4- dihydropyridine-3,5- dicarboxylic
      acid diethyl ester-6- carboxylic acid.
      ##SPC41##
PAR  23 g of the triester manufactured according to Example 32, in a solution of
      1.15 g of sodium in 180 ccs of alcohol, are heated to the boil for 6-8
      hours, the mixture is concentrated, the residue is taken up in water and
      yellow crystals of melting point 111.degree. are precipitated with acid;
      yield 40%.
PAC  Example 34
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-
      3,5,6-tricarboxylic acid triethyl ester.
      ##SPC42##
PAR  27 g of 2,4-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60 ccs
      of ethanol are heated to the boil overnight and subsequently evaporated in
      vacuo. Light yellow oil.
PAR  a. In the same manner, 2-methyl-4-(2',5'-ditrifluoromethylphenyl)-
      1,4-dihydropyridine-3,5,6-tricarboxylic acid triethyl ester is obtained
      from 25.5 g of 2,5-di-(trifluoromethyl)-benzaldehyde, 19 g of oxalacetic
      acid diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 60
      ccs of ethanol.
PAC  EXAMPLE 35
PAC  2-Methyl-4-(2',4'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbox
     ylic acid diethyl ester-6-carboxylic acid.
      ##SPC43##
PAR  27 g of the triester manufactured according to Example 34, in a solution of
      1.15 g of sodium in 150 ccs of ethanol, are heated for several hours to
      the boil, the mixture is evaporated, the residue is taken up in water and
      the product is precipitated with acid. Light yellow crystals of melting
      point 182.degree. (ether); yield 60%.
PAR  a. In the same manner,
      2-methyl-4-(2',5'-ditrifluoromethylphenyl)-1,4-dihydropyridine-3,5-dicarbo
     xylic acid diethyl ester-6-carboxylic acid, of melting point
      70.degree.-72.degree., is obtained in 35% yield from the triester obtained
      according to Example 34 a.
PAC  EXAMPLE 36
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
      ##SPC44##
PAR  13.6 g of 3-methoxybenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 50 ccs of ethanol are heated
      to the boil for several hours, and after evaporation a yellow oil is
      obtained.
PAC  EXAMPLE 37
PAC  4-(3'-Methoxyphenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
      ##SPC45##
PAR  23.5 g of the tetracarboxylic acid ester manufactured according to Example
      36, in a solution of 2.3 g of sodium in 250 ccs of ethanol, are heated to
      the boil overnight. The mixture is subsequently concentrated in vacuo, the
      residue is taken up in water and the product is precipitated with acid.
      Yellow crystals of melting point 160.degree. (ether), yield 40%.
PAC  EXAMPLE 38
PAC  4-(3'-Chlorophenyl)-1,4-dihydropyridine-2,3,5,6-tetracarboxylic acid
      tetraethyl ester.
      ##SPC46##
PAR  14.1 g of 3-chlorobenzaldehyde, 19 g of oxalacetic acid diethyl ester and
      18.8 g of iminosuccinic acid diethyl ester in 60 ccs of ethanol are heated
      to the boil overnight and subsequently evaporated in vacuo. Yellow oil.
PAC  EXAMPLE 39
PAC  4-(3'-Chlorophenyl)-1,4--dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-dicarboxylic acid.
      ##SPC47##
PAR  24 g of the tetraester obtained according to Example 38, in a solution of
      2.3 g of sodium in 250 ccs of ethanol, are heated to the boil overnight,
      the mixture is concentrated in vacuo, the residue is taken up in water and
      yellow crystals of melting point 158.degree. (ether) are precipitated with
      acid; yield 50%.
PAC  EXAMPLE 40
PAC  2-Methyl-4-(2'-azidophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC48##
PAR  A solution of 14.7 g of 2-azidobenzaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40 ccs
      of ethanol is heated to the boil overnight and evaporated in vacuo.
      Yellow-brown oil.
PAC  EXAMPLE 41
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5,6-tricarboxylic acid
      triethyl ester.
      ##SPC49##
PAR  7.5 g of 3-nitrobenzaldehyde 9.5 g of oxalacetic acid diethyl ester and 7.2
      g of .beta.-ethyl-.beta.-aminoacrylic acid ethyl ester in 40 ccs of
      ethanol are heated to the boil for several hours, and after cooling,
      filtration and washing (ether/petroleum ether) yellow crystals of melting
      point 153.degree.C are obtained in 68% yield.
PAC  EXAMPLE 42
PAC  2-Ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid ethyl
      ester-6-carboxylic acid.
      ##SPC50##
PAR  22.3 g of the triester produced according to Example 41 are added to a
      solution of 1.15 g of sodium in 100 ml of ethanol, the mixture is heated
      to the boil overnight and concentrated in vacuo, the residue is taken up
      in water and the product is precipitated with acid. Canary-yellow crystals
      (ether/petroleum ether) of melting point 140.degree.C, yield 60%.
PAC  EXAMPLE 43
PAC  2-Methyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3-carboxylic acid methyl
      ester-5-carboxylic acid ethyl ester-6-carboxylic acid.
      ##SPC51##
PAR  15 g of 3-nitrobenzaldehyde, 19 g of oxalacetic acid diethyl ester and 11.5
      g of .beta.-aminocrotonic acid methyl ester in 50 ccs of ethanol are
      heated to the boil under reflux for 8 hours and thereafter, following
      addition of a solution of 2.3 g of sodium in 100 ccs of ethanol, the whole
      is heated to the boil overnight and evaporated in vacuo, the residue is
      taken up in water and the product is precipitated with acid. Yellow-brown
      crystals of melting point 99.degree.-100.degree.C, yield 50%.
PAR  a. In the same manner, 18.6 g of 3-nitro-6-chlorobenzaldehyde, 19 g of
      oxalacetic acid diethyl ester and 15 g of .beta.-aminocrotonic acid ethyl
      ester in 80 ccs of ethanol give, after saponification,
      2-methyl-4-(3'-nitrophenyl-6'-chlorophenyl)-
      1,4-dihydropyridine-3,4-dicarboxylic acid diethyl ester-6-carboxylic acid
      of melting point 176.degree.-178.degree.C, in yellow crystals and in 50%
      yield.
PAC  EXAMPLE 44
PAC  2-Methyl-4-(.beta.-phenylethyl)-1,4-dihydropyridine-3,5,6-tricarboxylic
      acid triethyl ester.
      ##SPC52##
PAR  13.4 g of hydrocinnamaldehyde, 19 g of oxalacetic acid diethyl ester and 13
      g of .beta.-aminocrotonic acid ethyl ester in 40 ccs of ethanol are heated
      to the boil for several hours and subsequently evaporated in vacuo. Oil
      (yellow-orange).
PAR  a. In the same manner, 13.2 g of cinnamaldehyde, 19 g of oxalacetic acid
      diethyl ester and 13 g of .beta.-aminocrotonic acid ethyl ester in 40 ccs
      of ethanol yield
      2-methyl-4-styrryl-1,4-dihydropyridine-3,5,6-tricarboxylic acid triethyl
      ester as an oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC53##
PAL  or a pharmaceutically acceptable nontoxic salt thereof, wherein
PA1  R is hydrogen, alkyl of up to 4 carbon atoms or alkenyl of up to 4 carbon
      atoms;
PA1  R.sup.2 is alkyl of up to 6 carbon atoms, alkenyl of up to 6 carbon atoms,
      said alkyl substituted by hydroxyl, said alkenyl substituted by hydroxyl,
      said alkyl interrupted by oxygen or said alkenyl interrupted by oxygen;
PA1  R.sup.3 is alkyl of up to 6 carbon atoms or alkenyl of up to 6 carbon
      atoms;
PA1  R.sup.5 is hydrogen or alkyl of 1 to 4 carbon atoms;
PA1  n is 0, 1, 2 or 3; and
PA1  X is pyridyl unsubstituted or substituted by one or two members selected
      from the group consisting of alkyl of up to 4 carbon atoms, alkoxy of up
      to 4 carbon atoms and halogeno.
NUM  2.
PAR  2. A compound according to claim 1 wherein R is hydrogen, and R.sup.2 and
      R.sup.3 are alkyl.
NUM  3.
PAR  3. The compound according to claim 1 which is
      4-(.alpha.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester.
NUM  4.
PAR  4. The compound according to claim 1, which is
      4-(.beta.-pyridyl)-1,4-dihydropyridine-3,5-dicarboxylic acid diethyl
      ester-2,6-diacetic acid diethyl ester.
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ABST
PAL  3-Indolyl pyridyl ketones of the general formula:
      ##SPC1##
PAL  And pharmaceutically acceptable acid addition salts thereof wherein R.sub.1
      represents
PA1  A straight- or branched-chain saturated or unsaturated alkyl group having
      not more than 6 carbon atoms, a benzyl group optionally substituted in the
      aromatic portion of a chlorine atom or a methoxy group
PA1  Or
      ##EQU1##
      wherein A represents an alkylene chain of from 2 to 6 carbon atoms and
      R.sub.4 and R.sub.5, which may be the same or different, are each an alkyl
      group having from 1 to 5 carbon atoms, or R.sub.4 and R.sub.5 are joined
      together to form with the nitrogen atom a piperidino, pyrrolidino or
      morpholino group,
PA1  R.sub.2 represents
PA1  A branched- or straight-chain alkyl group having from 1 to 4 carbon atoms,
      a phenyl group optionally substituted by a fluorine, chlorine, or bromine
      atom or a methoxy or cyclohexyl group; and
PA1  R.sub.3 represents
PA1  A 2-pyridyl, 3-pyridyl or 4-pyridyl group.
PAL  They are effective as fibrinolytic and anti-inflammatory agents.
BSUM
PAR  This invention relates to novel indole derivatives having pharmacological
      activity, to pharmaceutical and veterinary compositions containing them
      and to a method of preparing the said derivatives.
PAR  The indole derivatives with which the invention is concerned are
      represented by the general formula:
      ##SPC2##
PAL  Wherein R.sub.1 represents
PA1  A straight- or branched-chain saturated or unsaturated alkyl group having
      not more than 6 carbon atoms, a benzyl group optionally substituted in the
      aromatic portion by a chlorine atom or a methoxy group
      ##EQU2##
      wherein A represents an alkylene chain of from 2 to 6 carbon atoms and
      R.sub.4 and R.sub.5, which may be the same or different, are each an alkyl
      group having from 1 to 5 carbon atoms, or R.sub.4 and R.sub.5 are joined
      together to form with the nitrogen atom a piperidino, pyrrolidino or
      morpholino group,
PA1  R.sub.2 represents
PA1  A branched- or straight-chain alkyl group having from 1 to 4 carbon atoms,
      a phenyl group optionally substituted by a fluorine, chlorine, or bromine
      atom or a methoxy or cyclohexyl group; and
PA1  R.sub.3 represents
PA1  A 2-pyridyl, 3-pyridyl or 4-pyridyl group.
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      formula I are also included within the scope of the invention.
PAR  As demonstrated further on, it has been found that the compounds of the
      invention possess marked fibrinolytic activity and some of them a
      pronounced anti-inflammatory effect also.
PAR  Another object of the invention is therefore a method of inducing
      fibrionolysis or treating inflammation in a mammal by administering to
      said mammal at least one indole as defined hereabove.
PAR  The compounds of formula I may be prepared by condensing in an inert
      organic medium, for example dimethylformamide, hexamethylphosphoramide or
      toluene, an indole derivative of the general formula:
      ##SPC3##
PAL  Wherein R.sub.2 and R.sub.3 have the same meanings as in formula I and
      R.sub.6 represents an alkali metal, preferably sodium or potassium, with a
      halogenated compound of the general formula:
EQU  R.sub.1 -- X                                               III
PAL  wherein R.sub.1 has the same meaning as in formula I and X represents a
      chlorine, bromine or iodine atom, to form the required indole derivative
      of formula I which, if desired, may be reacted with an organic or
      inorganic acid to provide a pharmaceutically acceptable acid addition
      salt.
PAR  The compounds of formula II may be obtained by reacting an indole
      derivative of the formula:
      ##SPC4##
PAL  wherein R.sub.2 and R.sub.3 have the same meanings as in formula I, with an
      alkali metal amide or hydride, the alkali metal preferably being sodium or
      potassium.
PAR  The compounds of formula IV are either known compounds, having been
      described in British Patent No. 1,318,300, or may be prepared from the
      corresponding 2-substituted-indoles by the method described in the said
      British Patent.
PAR  The indole derivatives of the invention have been found to possess useful
      pharmacological properties in the animal body and in particular marked
      fibrinolytic activity. Certain compounds of the invention also possess a
      pronounced anti-inflammatory activity.
PAR  The fibrinolytic activity is likely to render these compounds valuable in
      the treatment of thrombo-embolic states. For the treatment of these
      conditions the technique at present employed is based upon
      anti-coagulants. This type of medication, although satisfactory to a
      certain degree, is not without danger. When writing of the treatment of
      cardio-vascular diseases, C. RABY in his book " Biologie des Hemorragies
      at des Thromboses " (Masson & Cie, 1966) emphasises this point. On the
      subject of anti-coagulants, he says: "When they are given in insufficient
      doses, they are without effect and protection is purely illusory. When
      they are given to excess they become dangerous and cause haemorrhagic
      complications which are sometimes fatal. When they are ill-chosen, they
      may be both useless and harmful". Further on, this same author recommends
      that in order to combat incipient or existing states of thrombosis, the
      most logical therapy would be to employ substances which are directly
      thrombolytic. It may thus be reasonably concluded that the search for an
      agent capable of combating thrombo-embolic states through the medium of
      fibrinolytic action is a matter of primary importance.
PAR  In this connection, it may be added that the fibrinolytic compounds of the
      invention exert a direct dissolving effect upon thrombi at the level of
      the vascular wall.
PAR  Compounds of a chemical structure similar to that of the compounds
      represented by formula I above, namely indoles having a pyridylcarbonyl
      group in the 3-position and possessing fibrinolytic properties, are
      already known, having been published in British Patent No. 1,318,300.
PAR  It has now been found, in accordance with the present invention, that it is
      possible to increase to a considerable degree the fibronolytic activity of
      the 2-substituted (3-indolyl) pyridyl ketones described in British Patent
      No. 1,318,300, by replacing the hydrogen of the indolic nitrogen with a
      R.sub.1 group as defined with reference to the above formula I. It has
      been found observed that the substitution of these 3-indolyl pyridyl
      ketones in the 1-position of the indolyl group renders the compounds so
      substituted as much as 15 times more fibrinolytic than the corresponding
      indoles which bear no substituent in the 1-position.
PAR  This unexpected and quite inexplicable discovery has made it possible to
      prepare a number of fibrinolytic compounds as defined by formula I above,
      which compounds constitute a valuable source of potentially powerful
      substances for the treatment of thrombo-embolic syndromes. Examples of
      such compounds are (1-methyl-2-isopropyl-3-indolyl) (4-pyridyl) ketone
      (1-.gamma.-piperidinopropyl-2-isopropyl-3-indolyl) (2-pyridyl) ketone, and
      [1-.beta.-dimethylaminoethyl-2-(4-methoxy-phenyl)-3-indolyl] (3-pyridyl)
      ketone as well as their pharmaceutically acceptable acid addition salts.
PAR  Certain compounds of the invention have been found to possess an
      anti-inflammatory activity which is much more intense than that of
      acetylsalicylic acid although inferior to that of indomethacin, one of the
      most potent anti-inflammatory agents known up to present. However, these
      compounds of the invention are considerably less toxic and have a much
      weaker ulcer-producing action than indomethacin. It may thus be possible,
      with the compounds of the invention, to increase the dosage of the active
      compound without any accompanying increase in irritant action or toxicity.
      As regards anti-inflammatory activity, the preferred compound of the
      invention is (1-methyl-2-isopropyl-3-indolyl) (3-pyridyl) ketone.
PAR  Pharmacological trials have been carried out with a view to determining the
      fibrinolytic activity of the compounds of the invention. The procedure
      followed was that of TODD (J.Pathol.Bacter. 78, 281, 1959) adapted to the
      vena cava inferior of the rat as described in Arzn. Forschung, 20, 1970.
PAR  In these trials, there was used one single dose of 10 mg/kg. of each
      compound in admixture with diluent or excipient, the dose being
      administered intraperitoneally.
PAR  Male rats weighing 150 to 200 g. and having fasted for 24 hours were
      divided into two groups. The animals of one group were given the
      above-indicated dose of the compound to be tested. The animals of the
      other group, which constituted the control group, were treated in exactly
      the same way as the test animals except that the active compound present
      in the dose administered to the test animals was replaced by an equivalent
      quantity of the diluent or excipient used in the dose. After 40 minutes,
      the treated animals were sacrificed simultaneously with the control
      animals, the veins immediately removed, rinsed with physiological salt
      solution, frozen and cut into pieces having a thickness of 20 microns. On
      each piece, a film, of fibrin was formed by the application of a bovine
      fibrinogenous solution, rich in plasminogen, and of a thrombin solution.
PAR  The preparations were all incubated at 37.degree.C. for 30 minutes, which
      preliminary trials had shown to be the most suitable incubation period.
      All the preparations were then fixed with a 10% solution of neutral
      formol, stained with haematoxylin of Harris and covered with gelatine.
      Microscopic examination revealed three degrees of reaction namely:
PA0  Value = 0 : The film of fibrin was intact.
PA0  Value = 1 : The lysis zones in the endothelium were disseminated.
PA0  Value = 2 : The lysis zones were larger and more or less joined.
PA0  Value = 3 : The fibrin in contact with the endothelium was almost
      completely decomposed.
PAR  The fibrinolytic index represents the average of the values of the
      reactions obtained for each incubation.
PAR  The following Table expresses in percent the average increase in
      fibrinolytic effect obtained with the compounds tested as compared with
      the results observed with the control animals.
TBL  __________________________________________________________________________
     R.sub.1      R.sub.2   R.sub.3                                            
                                 Fibrinolytic                                  
                                 index in %                                    
     __________________________________________________________________________
     methyl       isopropyl                                                    
                           2-pyridyl                                           
                                  + 105                                        
     .beta.-dimethylaminoethyl                                                 
                  isopropyl                                                    
                           2-pyridyl                                           
                                  + 21                                         
     .gamma.-piperidinopropyl                                                  
                  isopropyl                                                    
                           2-pyridyl                                           
                                  + 123                                        
     .beta.-piperidinoethyl                                                    
                  isopropyl                                                    
                           3-pyridyl                                           
                                  + 77                                         
     n-propyl     isopropyl                                                    
                           3-pyridyl                                           
                                  + 25                                         
     .beta.-dimethylaminoethyl                                                 
                  isopropyl                                                    
                           3-pyridyl                                           
                                  + 24                                         
     .gamma.-piperidonopropyl                                                  
                  isopropyl                                                    
                           3-pyridyl                                           
                                  + 18                                         
     methyl       isopropyl                                                    
                           4-pyridyl                                           
                                  + 165                                        
     .beta.-dimethylaminoethyl                                                 
                  isopropyl                                                    
                           4-pyridyl                                           
                                  + 44                                         
     .gamma.-dimethylaminopropyl                                               
                  isopropyl                                                    
                           4-pyridyl                                           
                                  + 30                                         
     .beta.-dimethylaminoethyl                                                 
                  n-propyl 2-pyridyl                                           
                                  + 50                                         
     .gamma.-dimethylaminopropyl                                               
                  n-propyl 2-pyridil                                           
                                  + 66                                         
     .beta.-dimethylaminoethyl                                                 
                  4-chloro-phenyl                                              
                           3-pyridyl                                           
                                  + 40                                         
     .beta.-dimethylaminoethyl                                                 
                  4-chloro-phenyl                                              
                           4-pyridyl                                           
                                  + 42                                         
     .beta.-piperidinoethyl                                                    
                  4-chloro-phenyl                                              
                           4-pyridyl                                           
                                  + 50                                         
     .beta.-dimethylaminoethyl                                                 
                  4-fluoro-phenyl                                              
                           4-pyridyl                                           
                                  + 50                                         
     .beta.-dimethylaminoethyl                                                 
                  4-fluoro-phenyl                                              
                           3-pyridyl                                           
                                  + 90                                         
     .gamma.-dimethylaminopropyl                                               
                  4-fluoro-phenyl                                              
                           3-pyridyl                                           
                                  + 75                                         
     .gamma.-dimethylaminopropyl                                               
                  phenyl   2-pyridyl                                           
                                  + 46                                         
     .gamma.-dimethylaminopropyl                                               
                  phenyl   3-pyridyl                                           
                                  + 46                                         
     .beta.-dimethylaminoethyl                                                 
                  phenyl   2-pyridyl                                           
                                  + 50                                         
     .beta.-dimethylaminoethyl                                                 
                  phenyl   3-pyridyl                                           
                                  + 96                                         
     .beta.-dimethylaminoethyl                                                 
                  4-methoxy-phenyl                                             
                           2-pyridyl                                           
                                  + 45                                         
     .beta.-dimethylaminoethyl                                                 
                  4-methoxy-phenyl                                             
                           3-pyridyl                                           
                                  + 133                                        
     .beta.-dimethylaminoethyl                                                 
                  4-methoxy-phenyl                                             
                           4-pyridyl                                           
                                  + 42                                         
     __________________________________________________________________________
PAR  The same test was performed with the two compounds
      (2-isopropyl-3-indolyl)(3-and 4-pyridyl) ketones at a dosage of 10mg/kg
      and fibrinolytic indices of + 5% and + 10 % respectively were obtained.
      Similarly a test undertaken with 100 mg/kg of
      (2-n-propyl-3-indolyl)(2-pyridyl) ketone and
      (2-phenyl-3-indolyl)(3-pyridyl) ketone revealed fibrinolytic indices of +
      2 % and + 20 % respectively.
PAR  Comparison of these results with those obtained with the corresponding
      N-substituted derivatives indicated in the above Table would suggest that
      the N-substituents employed play a useful role in intensifying the
      fibrinolytic effect.
PAR  The anti-inflammatory activity of the compounds of the invention was
      determined on the rat by means of the JANSSEN test involving the use of
      carragheenin as inflammatory agent.
PAR  Into the plantar aponeurosis of the back paws of a group of female rats
      0.05 ml. of a 1 % suspension of carragheenin was injected one hour after
      the compound to be tested had been administered by oral route. The size of
      the paw was measured by plethysmograph both before and three hours after
      administration of the carragheenin. The anti-inflammatory activity was
      calculated as the percentage of reduction of the resulting oedema as
      compared with control animals which had received the same dose of
      carragheenin without any anti-inflammatory agent. The AD.sub.50 was taken
      as the amount of compound required to ensure a 50% reduction of the
      oedema.
PAR  Trials carried out with (1-methyl-2-isopropyl-3-indolyl) (3-pyridyl) ketone
      (hereinafter referred to as Compound A) in comparison with indomethacin,
      phenylbutazone and acetylsalicyclic acid gave the following results:
TBL  Compound           AD.sub.50 (mg/kg)                                      
     ______________________________________                                    
     Compound A         15                                                     
     Indomethacin       4                                                      
     Phenylbutazone     22                                                     
     Acetylsalicylic acid                                                      
                        110                                                    
     ______________________________________                                    
PAR  These figures show that indomethacin is a more powerful anti-inflammatory
      agent than Compound A and that phenylbutazone and acetylsalicylic acid are
      less active than Compound A.
PAR  However, it has been found that Compound A is less toxic than both
      indomethacin and phenylbutazone. For example, the LD.sub.50 of
      indomethacin was found to be 22.5 mg/kg. in rats by intragastric route and
      that of phenylbutazone 750 mg/kg. As against these figures, it was found
      that the LD.sub.50 of Compound A, in the same conditions, was 2,400 mg/kg.
PAR  This means that Compound A can be administered in higher doses and over
      longer periods than either indomethacin or phenylbutazone without
      undesirable side-effects.
PAR  As another means of evaluating the utility of the compounds of the
      invention as anti-inflmmatory agents in comparison with the three
      substances indicated above, trials were carried out on fasting rats in
      order to determine the degree to which the compounds studied produced
      gastric ulcers in the animals so treated. These trials showed that
      indomethacin, as an ulcer-producing substance, was sixty times more
      irritant than Compound A, while phenylbutazone and acetylsalicylic acid
      were respectively twice and one-and-a-half times as irritant as Compound
      A. An index was also calculated by comparing the mean ulcer-producing dose
      expressed in mg/kg. with the AD.sub.50 in mg/kg. found in the JANSSEN
      test.
PAR  The index figures obtained for Compound A as well as for indomethacin,
      phenylbutazone and acetylsalicylic acid are given hereunder:
TBL  Compound           Index                                                  
     ______________________________________                                    
     Compound A         20                                                     
     Indomethacin       1.3                                                    
     Phenylbutazone     7                                                      
     Acetylsalicylic acid                                                      
                        2                                                      
     ______________________________________                                    
PAR  These figures show that the irritant dose is much farther removed from the
      anti-inflammatory dose in the case of Compound A than in the case of
      indomethacin, phenylbutazone or acetylsalicylic acid.
PAR  A certain number of toxicity tests were also carried out on rats and mice
      and in particular acute toxicity tests.
PAR  In the rat, it was found that the LD.sub.50 of Compound A administered by
      intraperitoneal route was 425 mg./kg. while the LD.sub.50 in the mouse was
      3,250 mg./kg. and 900 mg./kg. by intraperitoneal and intragastric routes
      respectively. These results were obtained after seven days of observation.
      Since the normal active pharmacological dose is in the region of 15
      mg/kg., it is seen that the toxic doses are far in excess of this amount
      which means that there is a very wide margin of safety.
PAR  Other toxicity tests undertaken with
      (1-.gamma.-dimethylaminopropyl-2-isopropyl-3-indolyl)(3-pyridyl) ketone
      show a LD.sub.50 superior to 2,000 mg/kg. by intragastric route in the
      rat.
PAR  It will appreciated that for therapeutic use the compounds of the invention
      will normally be administered in the form of a pharmaceutical or
      veterinary composition comprising as an essential active ingredient at
      least one compound of Formula I or a pharmaceutically acceptable acid
      addition salt thereof, in association with a pharmaceutical carrier
      therefor. The carrier may be a solid or liquid diluent or excipient of the
      kind normally employed in the production of medicaments ready for use, for
      example, distilled water, sodium chloride, lactose, talc, magnesium
      stearate, microcrystalline cellulose, colloidal silica, alginic acid,
      gelatine, polyvinylpyrrolidone, polyoxyethyleneglycol stearate,
      propyleneglycol, isopropyl palmitate or sodium carboxymethyl-cellulose.
      The composition may be made up in a form suitable for the desired mode of
      administration which may be by the oral, rectal or parenteral route, or by
      topical administration.
PAR  Advantageously for clinical use, the composition is made up in a dosage
      unit form adapted for the desired mode of administration. The dosage unit
      may be, for example a tablet, pill, packaged powder, capsule or
      suppository, or a discrete quantity of a syrup, cream, ointment,
      suspension or solution. The amount of active ingredient in each dosage
      unit will be such that one or more units are required for each therapeutic
      administration.
DETD
PAR  The following Examples illustrate the invention.
PAC  EXAMPLE 1
PAC  Preparation of (1-methyl-2-isopropyl-3-indolyl) (3-pyridyl) ketone
PAR  In a flask fitted with a mechanical stirrer, a vertical condenser, a
      dropping-funnel and a thermometer, were introduced 25 ml. of
      dimethylfornamide and 1.44 g. of a 50% suspension of sodium hydride in
      mineral oil. To this mixture was added drop-by-drop and at a temperature
      of 35.degree.C. a solution of 5.2 g. of (2-isopropyl-3-indolyl)
      (3-pyridyl) ketone in 35 ml. of dimethylformamide. The reaction medium was
      stirred at 35.degree.C. for one hour to complete the formation of the
      sodium derivative of (2-isopropyl-3-indolyl) (3-pyridyl) ketone and then
      4.25 g. of methyl iodide were added drop-by-drop. The stirring was
      continued for 20 hours at a temperature of 40.degree. C. after which the
      reaction medium was poured into water. The resulting mixture was extracted
      with dichlorethane, the solvent was evaporated off and the residue was
      recrystallised from heptane.
PAR  In this manner, 1.7 g. of (1-methyl-2-isopropyl-3-indolyl) (3-pyridyl)
      ketone was obtained, melting at 114.degree.C., which represents a yield of
      30.9 %. By following the same method as that described above but using the
      appropriate starting products, the compounds listed hereunder were
      prepared.
TBL  __________________________________________________________________________
     Compound           Melting Point .degree.C                                
     __________________________________________________________________________
     (1,2-dimethyl-3-indolyl)                                                  
     (3-pyridyl) ketone 90                                                     
     (1-ethyl-2-methyl-3-indolyl)                                              
     (3-pyridyl) ketone 98                                                     
     (1-methyl-2-isopropyl-3-indolyl)                                          
     (2-pyridyl) ketone 75                                                     
     (1-methyl-2-isopropyl-3-indolyl)                                          
     (4-pyridyl) ketone 106                                                    
     (1-ethyl-2-isopropyl-3-indolyl)                                           
     (3-pyridyl) ketone 80                                                     
     (1-ethyl-2-isopropyl-3-indolyl)                                           
     (2-pyridyl) ketone 125                                                    
     (1-ethyl-2-isopropyl-3-indolyl)                                           
     (4-pyridyl) ketone 98                                                     
     (1-n-propyl-2-isopropyl-3-indolyl)                                        
     (3-pyridyl) ketone 94                                                     
     (1-n-butyl-2-isopropyl-3-indolyl)                                         
     (3-pyridyl) ketone 63                                                     
     (1-n-hexyl-2-isopropyl-3-indolyl)                                         
     (3-pyridyl) ketone B.P. 190 - 195 (0.01 mm/Hg)                            
                        n.sub.D 20 = 1. 5997 -(1-methyl-2-n-propyl-3-indolyl)  
     (2-pyridyl) ketone hydrochloride                                          
                        130                                                    
     (1-methyl-2-n-propyl-3-indolyl)                                           
     (4-pyridyl) ketone 104                                                    
     (1-methyl-2-ethyl-3-indolyl)                                              
     (3-pyridyl) ketone 87                                                     
     (1-methyl-2-n-propyl-3-indolyl)                                           
     (3-pyridyl) ketone 104                                                    
     (1-methyl-2-isobutyl-3-indolyl)                                           
     (3-pyridyl) ketone 111 - 112                                              
     (1-methyl-2-isobutyl-3-indolyl)                                           
     (2-pyridyl) ketone 67                                                     
     (1-methyl-2-isobutyl-3-indolyl)                                           
     (4-pyridyl) ketone 123                                                    
     (1-methyl-2-cyclohexyl-3-indolyl)                                         
     (4-pyridyl) ketone 148                                                    
     __________________________________________________________________________
PAC  EXAMPLE 2
PAC  Preparation of (1-methyl-2-n-butyl-3-indolyl) (3-pyridyl) ketone
PAR  In a flask fitted with a mechanical stirrer, a vertical condenser, a
      dropping-funnel and a thermometer were introduced 40 ml. of dry toluene
      and 2.7 g. of a 50% suspension of sodium amide in toluene. To this mixture
      was added drop-by-drop a solution of 6.5 g. of (2-n-butyl-3-indolyl)
      (3-pyridyl) ketone in 40 ml. of dry toluene and 20 ml. of
      dimethylformamide. The reaction medium was heated to 100.degree.C. and
      this temperature was maintained until no more ammonia was given off. The
      mixture was cooled to 0.degree.C. and then 4.9 g. of methyl iodide were
      added drop-by-drop to the reaction medium. This mixture was brought up to
      room temperature and stirring was maintained for 20 hours. The reaction
      medium was then poured into water and extracted with dichlorethane. The
      solvent was evaporated off and the residue obtained was recrystallised
      from heptane.
PAR  In this manner, 4.8 g. of (1-methyl-2-n-butyl-3-indolyl)(3-pyridyl) ketone
      were obtained, melting at 89.degree.-90.degree.C. which represents a yield
      of 71.6%.
PAC  EXAMPLE 3
PAC  Preparation of
      (1-.gamma.-piperidinopropyl-2-isopropyl-3-indolyl)(3-pyridyl) ketone
      oxalate
PAR  In a flask fitted with a mechanical stirrer, a vertical condenser, a
      dropping-funnel and a thermometer were introduced 25 ml. of
      dimethylformamide and 1.25 g. of a 50% suspension of sodium hydride in
      mineral oil. To this mixture was added drop-by-drop and at a temperature
      of 35.degree.C. a solution of 6.6 g. of (2-isopropyl-3-indolyl)(3-pyridyl)
      ketone in 35 ml. of dimethylformamide. The reaction medium was stirred for
      one hour at 35.degree.C. to complete the formation of the sodium
      derivative of (2-isopropyl-3-indolyl)(3-pyridyl) ketone and then 4.8 g. of
      1-piperidino-4-chloro-propane were added drop-by-drop. Stirring was
      maintained for 15 hours at a temperature of 40.degree. C.; the reaction
      mixture was poured into water. The mixture was acidified with a diluted
      hydrochloric acid solution and extracted with dichloroethane. The aqueous
      phase was made alkaline and extracted with dichlorethane. The organic
      fractions were collected and then the solvent and the volatile fractions
      were evaporated under high vacuum. This residual oil was taken up in ether
      and the required oxalate was precipitated by adding an ethereal solution
      of oxalic acid. The precipitate was filtered off and recrystallised from
      absolute ethanol. In this manner, 8.4 g. of
      (1-.gamma.-piperidinopropyl-2-isopropyl-3-indolyl)(3-pyridyl) ketone
      oxalate were obtained, melting at 218.degree.C., which represents a yield
      of 70.5 %.
PAR  By following the same method as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared:
     Compound                 Melting Point .degree.C.                         
     __________________________________________________________________________
     (1-.beta.-dimethylaminoethyl-2-isopropyl-                                 
     3-indolyl) (4-pyridyl) ketone dioxalate                                   
                              176                                              
     (1-.beta.-dimethylaminoethyl-2-isopropyl-                                 
     3-indolyl) (3-pyridyl) ketone oxalate                                     
                              220                                              
     (1-.beta.-piperidinoethyl-2-isopropyl                                     
     3-indolyl) (3-pyridyl) ketone oxalate                                     
                              252                                              
     (1-.beta.-morpholinoethyl-2-isopropyl-                                    
     3-indolyl) (3-pyridyl) ketone oxalate                                     
                              250                                              
     (1-.gamma.-dimethylaminopropyl-2-isopropyl-                               
     3-indolyl) (3-pyridyl) ketone sesquioxalate                               
                              180                                              
     (1-.gamma.-dimethylaminopropyl-2-isopropyl-                               
     3-indolyl) (4-pyridyl) ketone oxalate                                     
                              232                                              
     (1-.gamma.-dimethylaminopropyl-2-isopropyl-                               
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              200                                              
     (1-.beta.-dimethylaminoethyl-2-isopropyl-                                 
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              230                                              
     (1-.gamma.-piperidinopropyl-2-isopropyl-                                  
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              215                                              
     (1-.gamma.-dimethylaminopropyl-2-n-propyl-                                
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              170                                              
     (1-.beta.-dimethylaminoethyl-2-n-propyl                                   
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              202                                              
     (1-.beta.-dimethylaminoethyl-2-phenyl-                                    
     3-indolyl) (2-pyridyl) ketone oxalate                                     
                              156                                              
     (1-.gamma.-dimethylaminopropyl-2-phenyl-                                  
     3-indolyl) (2-pyridyl) ketone                                             
                               88                                              
     (1-.beta.-dimethylaminoethyl-2-phenyl-                                    
     3-indolyl) (3-pyridyl) ketone oxalate                                     
                              232                                              
     (1-.gamma.-dimethylaminopropyl-2-phenyl-                                  
     3-indolyl) (3-pyridyl) ketone sesquioxalate                               
                              188                                              
     (1-.beta.-dimethylaminoethyl-2-phenyl-                                    
     3-indolyl) (4-pyridyl) ketone sesquioxalate                               
                              222                                              
     (1-.gamma.-dimethylaminopropyl-2-phenyl-                                  
     3-indolyl) (4-pyridyl) ketone sesquioxalate                               
                              198                                              
     [1-.beta.-dimethylaminoethyl-2-(4-fluoro-phenyl)-                         
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              188                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-fluoro-phenyl)-                       
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              142                                              
     [1-.beta.-dimethylaminoethyl-2-(4-fluoro-phenyl)-                         
     3-indolyl] (3-pyridyl) ketone susquioxalate                               
                              160                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-fluoro-phenyl)-                       
     3-indolyl] (3-pyridyl) ketone sesquioxalate                               
                              176                                              
     [1-.beta.-dimethylaminoethyl-2-(4-fluoro-phenyl)-                         
     3-indolyl] (4-pyridyl) ketone sesquioxalate                               
                              230                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-fluoro-phenyl)-                       
     3-indolyl] (4-pyridyl) ketone sesquioxalate                               
                              212                                              
     [1-.beta.-dimethylaminoethyl-2-(4-chloro-phenyl)-                         
     3-indolyl] (2-pyridyl) ketone sesquioxalate                               
                              175                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-chloro-phenyl)-                       
     3-indolyl] (2-pyridyl) ketone sesquioxalate                               
                              135                                              
     [1-.beta.-dimethylaminoethyl-2-(4-chloro-phenyl)-                         
     3-indolyl] (3-pyridyl) ketone                                             
                              135                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-chloro-phenyl)-                       
     3-indolyl] (3-pyridyl) ketone                                             
                              132                                              
     [1-.beta.-dimethylaminoethyl-2-(4-chloro-phenyl)-                         
     3-indolyl] (4-pyridyl) ketone dioxalate                                   
                              220                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-chloro-phenyl)-                       
     3-indolyl] (4-pyridyl) ketone oxalate                                     
                              206                                              
     [1-.beta.-piperidinoethyl-2-(4-chloro-phenyl)-                            
     3-indolyl] (4-pyridyl) ketone                                             
                              161                                              
     [1-.gamma.-piperidinopropyl-2-(4-chloro-phenyl)-                          
     3-indolyl] (4-pyridyl) ketone sesquioxalate                               
                              218                                              
     [1-.beta.-dimethylaminoethyl-2-(4-methoxy-phenyl)-                        
     3-indolyl] (2-pyridyl) ketone sesquioxalate                               
                              164                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-methoxy-phenyl)-                      
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              135                                              
     [1-.beta.-dimethylaminoethyl-2-(4-methoxy-phenyl)-                        
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              206                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-methoxy-phenyl)-                      
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              188                                              
     [1-.beta.-dimethylaminoethyl-2-(4-methoxy-phenyl)-                        
     3-indolyl] (4-pyridyl) ketone oxalate                                     
                              190                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-methoxy-phenyl)-                      
     3-indolyl] (4-pyridyl) ketone oxalate                                     
                              244                                              
     [1-.beta.-dimethylaminoethyl-2-(2-methoxy-phenyl)-                        
     3-indolyl] (4-pyridyl) ketone dioxalate                                   
                              210                                              
     [1-.gamma.-dimethylaminopropyl-2-(2-methoxy-phenyl)-                      
     3-indolyl] (4-pyridyl) ketone sesquioxalate                               
                              207                                              
     [1-.beta.-dimethylaminoethyl-2-(4-bromo-phenyl)-                          
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              203                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-bromo-phenyl)-                        
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              190                                              
     [1-.beta.-dimethylaminoethyl-2-(4-bromo-phenyl)-                          
     3-indolyl] (4-pyridyl) ketone dioxalate                                   
                              218                                              
     [1-.beta.-dimethylaminoethyl-2-(2-methoxy-phenyl)-                        
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              216                                              
     [1-.gamma.-dimethylaminopropyl-2-(2-methoxy-phenyl)-                      
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              210                                              
     [1-.beta.-dimethylaminoethyl-2-(2-methoxy-phenyl)-                        
     3-indolyl] (3-pyridyl) ketone                                             
     [1-.gamma.-dimethylaminopropyl-2-(2-methoxy-phenyl)-                      
     3-indolyl] (3-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(3-methoxy-phenyl)-                        
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              205                                              
     [1-.gamma.-dimethylaminopropyl-2-(3-methoxy-phenyl)-                      
     3-indolyl] (3-pyridyl) ketone dioxalate                                   
                              214                                              
     [1-.beta.-dimethylaminoethyl-2-(3-methoxy-phenyl)-                        
     3-indolyl] (4-pyridyl) ketone dioxalate                                   
                              209                                              
     [1-.gamma.-dimethylaminopropyl-2-(3-methoxy-phenyl)-                      
     3-indolyl] (4-pyridyl) ketone dioxalate                                   
                              132                                              
     [1-.beta.-dimethylaminoethyl-2-(3-methoxy-phenyl)-                        
     3-indolyl] (2-pyridyl) ketone                                             
     [1-.gamma.-dimethylaminopropyl-2-(3-methoxy-phenyl)-                      
     3-indolyl] (2-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(2-chloro-phenyl)-                         
     3-indolyl] (2-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(2-chloro-phenyl)-                         
     3-indolyl] (3-pyridyl) ketone oxalate                                     
                              169 - 171                                        
     [1-.beta.-dimethylaminoethyl-2-(2-chloro-phenyl)-                         
     3-indolyl] (4-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(3-chloro-phenyl)-                         
     3-indolyl] (2-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(3-chloro-phenyl)-                         
     3-indolyl] (3-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(3-chloro-phenyl)-                         
     3-indolyl] (4-pyridyl) ketone                                             
     [1-.gamma.-dimethylaminopropyl-2-(4-bromo-phenyl)-                        
     3-indolyl] (4-pyridyl) ketone                                             
     [1-.beta.-dimethylaminoethyl-2-(4-bromo-phenyl)-                          
     3-indolyl] (2-pyridyl) ketone oxalate                                     
                              214                                              
     [1-.gamma.-dimethylaminopropyl-2-(4-bromo-phenyl)-                        
     3-indolyl] (2-pyridyl) ketone                                             
     (1-.beta.-pyrrolidinoethyl-2-isopropyl-3-indolyl)                         
     (3-pyridyl) ketone oxalate                                                
                              248                                              
     (1-.beta.-pyrrolidinoethyl-2-isopropyl-3-indolyl)                         
     (2-pyridyl) ketone sesquioxalate                                          
                              155                                              
     __________________________________________________________________________
PAC  EXAMPLE 4
PAC  Preparation of [1-(4-methoxy-benzyl)-2-isopropyl-3-indolyl] (3-pyridyl)
      ketone
PAR  In a flask, fitted with a mechanical stirrer, a vertical condenser, a
      dropping-funnel and a thermometer were introduced 25 ml. of
      dimethylformamide and 1.44 g. of a 50% suspension of sodium hydride in
      mineral oil. To this mixture was added drop-by-drop at a temperature of
      35.degree.C. a solution of 5.2 g. of (2-isopropyl-3-indolyl) (3-pyridyl)
      ketone in 35 ml. of dimethylformamide. The reaction medium was stirred for
      one hour at 35.degree.C. to complete the formation of the sodium
      derivative of (2-isopropyl-3-indolyl) (3-pyridyl) ketone after which 4.7
      g. of p-methoxy-benzyl chloride were added drop-by-drop. Stirring was
      maintained for 15 hours at a temperature of 40.degree.C., and the mixture
      was then poured into water and extracted with dichlorethane. The solvent
      was evaporated off and the residue was recrystallised from heptane.
PAR  In this manner, 0.8 g. of [1-(4-methoxy-benzyl)-2-isopropyl
      -3-indolyl](3-pyridyl) ketone, melting at 190.degree.C., was obtained,
      which represents a yield of 10.5 %.
PAR  By following the same method as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared:
     Compound              Melting Point .degree.C.                            
     ______________________________________                                    
     (1-benzyl-2-isopropyl-3-indolyl)                                          
     (3-pyridyl) ketone    128                                                 
     [1-(4-chloro-benzyl-2-isopropyl-3-                                        
     indolyl] (3-pyridyl) ketone                                               
                           134                                                 
     [1-(2-chloro-benzyl)-2-isopropyl-3-                                       
     indolyl] (3-pyridyl) ketone                                               
                           129                                                 
     [1-(2-methoxy-benzyl)-2-isopropyl-3-                                      
     indolyl] (3-pyridyl) ketone                                               
                           120                                                 
     ______________________________________                                    
PAC  EXAMPLE 5
PAC  Preparation of (1-allyl-2-isopropyl-3-indolyl)(4-pyridyl)ketone
PAR  In a flask fitted with a mechanical stirrer and a thermometer were
      introduced 30 ml. of hexamethylphosphoramide and 10.6 g. (0.04 mole) of
      (2-isopropyl-3-indolyl)(4-pyridyl)ketone.
PAR  The reaction medium was stirred until the ketone had completely dissolved
      and was then cooled to 0.degree.C.
PAR  At this temperature 2.1 g. (0.044 mole) of a 50% suspension of sodium
      hydride in mineral oil was added. Stirring was maintained over 5 hours at
      room temperature to complete the formation of the sodium derivative of
      (2-isopropyl-3-indolyl)(4-pyridyl) ketone. The mixture was cooled to
      0.degree.C. and 4.8 g. (0.044 mole) of allyl bromide were quickly added.
      The resulting mixture was brought up to room temperature and stirring was
      maintained for 20 hours, after which it was poured into water and
      extracted with dichlorethane. The solvent was evaporated off and the
      residue distilled under vacuum.
PAR  In this manner, 9.3 g. of (1-allyl-2-isopropyl-3-indolyl) (4-pyridyl)
      ketone were obtained, boiling at 165.degree.-175.degree. C. under 0.001
      mm/Hg, which represents a yield of 76%.
PAR  By following the same method as that described above but using the
      appropriate starting-products, the compounds listed hereunder were
      prepared:
TBL  Compound                                                                  
     (1-allyl-2-isopropyl-3-indolyl)                                           
     (2-pyridyl) ketone     B.P. 180-190.degree.C                              
                            (0.005 mm/Hg)                                      
     (1-allyl-2-isopropyl-3-indolyl)                                           
     (3-pyridyl) ketone picrate                                                
                            M.P. 174.degree.C.                                 
PAC  EXAMPLE 6
PAR  Tablets were prepared by compressing ungranulated powders of the following
      ingredients in accordance with known pharmaceutical techniques:
TBL  Ingredient             mg                                                 
     ______________________________________                                    
     (1-methyl-2-iospropyl-3-indolyl)                                          
     (3-pyridyl) ketone     100                                                
     Lactose                142                                                
     Microcrystalline cellulose                                                
                            48                                                 
     Colloidal silica       1                                                  
     Alginic acid           6                                                  
     Magnesium stearate     3                                                  
                            300                                                
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Hard-gelatin capsules containing the following ingredients were prepared in
      accordance with known pharmaceutical techniques:
TBL  Ingredient             mg                                                 
     ______________________________________                                    
     (1-methyl-2-isopropyl-3-indolyl)                                          
     (3-pyridyl) ketone     100                                                
     Lactose                100                                                
     Colloidal silica       5                                                  
                            205                                                
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. An indole derivative of the formula:
      ##SPC5##
PAL  or a pharmaceutically acceptable acid addition salt thereof,
PAL  wherein R.sub.1 represents s
PA1  straight- or branched-chain saturated alkyl having not more than 6 carbon
      atoms, allyl, or benzyl optionally substituted in the aromatic portion by
      chlorine or methoxy,
PA1  R.sub.2 represents
PA1  branched- or straight-chain alkyl having from 1 to 4 carbon atoms,
      cyclohexyl, or phenyl optionally substituted by fluorine, chlorine,
      bromine or methoxy; and R.sub.3 represents 2-pyridyl, 3-pyridyl or
      4-pyridyl.
NUM  2.
PAR  2. (1-methyl-2-isopropyl-3-indolyl)(3-pyridyl) ketone and pharmaceutically
      acceptable acid addition salts thereof.
NUM  3.
PAR  3. (1-methyl-2-isopropyl-3-indolyl)(4-pyridyl) ketone and pharmaceutically
      accceptable acid addition salts thereof.
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ABST
PAL  An improved process for the production of 2-mercaptoarylthiazoles
      comprising reacting a primary aryl amine and sulfur with selected
      nitrogen-containing compounds including thiourea, urea, cyanamide, metal
      cyanamide salts, dicyanodiamide, ammonium thiocyanate, and the like, in
      the presence or absence of carbon disulfide.
BSUM
PAR  This invention relates to the production of 2-mercaptoarylthiazoles. In
      accordance with another aspect, this invention relates to the production
      of 2-mercaptoarylthiazoles by reacting a primary aryl amine and sulfur
      with at least one nitrogen-containing compound selected from thiourea,
      ammonium thiocyanate, cyanamide, or metal cyanamide salts. In accordance
      with still another aspect, this invention relates to the production of
      2-mercaptoarylthiazoles by reacting a primary aryl amine with sulfur and
      carbon disulfide in the presence of thiourea, urea, cyanamide, metal
      cyanamide salts, or ammonium thiocyanate.
PAR  Accordingly, an object of this invention is to provide an improved process
      for the production of 2-mercaptoarylthiazoles.
PAR  Another object of this invention is to provide reaction modifiers which
      will increase the yield of 2-mercaptoarylthiazoles.
PAR  A further object of this invention is to provide a commercially feasible
      process for the production of 2-mercaptoarylthiazoles.
PAR  Another object of this invention is to provide a process whereby increased
      yields of 2-mercaptoarylthiazoles are realized.
PAR  Other objects, aspects, and the several advantages of the invention will be
      apparent to those skilled in the art upon reading the specification and
      the appended claims.
PAR  In accordance with the invention, it has been found that selected
      nitrogen-containing compounds, such as urea, thiourea, cyanamide, metal
      cyanamide salts, and ammonium thiocyanate, promote the reaction of primary
      aryl amines with sulfur in obtaining increased yields of desired thiazole
      products.
PAR  In accordance with one embodiment of the invention, 2-mercaptoarylthiazoles
      are produced in increased yields by reacting at least one primary aryl
      amine with sulfur and carbon disulfide in the presence of at least one of
      thiourea, urea, cyanamide, metal cyanamide salts, and ammonium
      thiocyanate.
PAR  In accordance with another embodiment of the invention,
      2-mercaptoarylthiazoles are produced by reacting a primary aryl amine with
      sulfur and at least one of thiourea, cyanamide, metal cyanamide salts, and
      ammonium thiocyanate.
PAR  Primary aryl amines which are useful in the preparation of
      2-mercaptoarylthiazoles are those containing a replacable hydrogen on a
      carbon atom adjacent to the carbon atom to which the amino group is
      bonded. Presently preferred primary aryl amines include aniline and
      alkyl-substituted anilines, as well as .alpha.- and .beta.-naphthyl amines
      and alkyl-substituted .alpha.- and .beta.-naphthyl amines wherein said
      alkyl substituents contain from one to six carbon atoms per group, wherein
      from zero to four such alkyl substituents are present in the aniline
      compounds and from zero to six such alkyl substituents are present in the
      naphthyl amine compounds, and wherein a carbon atom adjacent to the carbon
      atom to which the amino group is bonded is unsubstituted. The primary aryl
      amines will generally contain from six to about 16 carbon atoms per
      molecule.
PAR  Examples of useful primary aryl amines include aniline, o-toluidine,
      2-ethylaniline, 4-isopropyl-2-methylaniline, o-hexylaniline,
      2,3,4,5-tetramethylaniline, .alpha.-naphthylamine, .beta.-naphthylamine,
      3-methyl-.alpha.-naphthylamine, 6 -isopropyl-.beta.-naphthylamine,
      7-hexyl-.beta.-naphthylamine, 3,4,5,6,7,8-hexamethyl-.beta.-naphthylamine,
      and the like.
PAR  Approximately stoichiometric amounts of aryl amine and sulfur are generally
      used (one mole of aryl amine per gram-atom of sulfur), although from 0.2
      to 5 moles aryl amine per gram-atom of sulfur can be used.
PAR  In the embodiments in which carbon disulfide is used, approximately 1.2
      mole carbon disulfide per mole of aryl amine is generally used although
      amounts ranging from 0.2 to 5 moles carbon disulfide per mole of aryl
      amine can be used.
PAR  In the embodiments in which urea, thiourea, cyanamide, metal cyanamide
      salts, or ammonium thiocyanate are used in conjunction with carbon
      disulfide, the amount of each of these additives generally used is
      half-molar with respect to aryl amine (0.5 mole of additive per mole of
      aryl amine) although quantities ranging from 0.01 to 5 moles of additive
      per mole of aryl amine can be employed if desired.
PAR  In the embodiments in which thiourea, cyanamide, metal cyanamide salts, or
      ammonium thiocyanate are used to react with the aryl amine and sulfur,
      these additives are generally used in the range 1.1 to 1.5 moles of
      additive per mole of aryl amine. However, within the scope of this
      invention are amounts ranging from 0.2 to 5 moles of additive per mole of
      aryl amine.
PAR  In view of the demonstrated operability of calcium cyanamide in this
      invention, it is concluded that the use of the chemically similar
      cyanamide itself, as well as other alkaline earth cyanamides and alkali
      metal cyanamides, should likewise be within the scope of this invention.
PAR  The selected nitrogen-containing additives or promoters of the invention
      can be generally described by the generic formulas
      ##EQU1##
      and
EQU  H.sub.2 N--C.tbd.X                                         (II)
PAL  wherein X = N; Y = O, S, or NH; and Z = OR, SR, NH.sub.2, NHR, or NR.sub.2
      ; wherein R is a hydrocarbyl radical selected from alkyl, aryl, or
      cycloalkyl radicals or combinations thereof such as aralkyl, alkaryl, and
      the like, said R groups containing from one to about eight carbon atoms
      per group. Compounds convertible to compounds of Formulas I and II under
      conditions of the invention are also within the scope of the invention.
PAR  Examples of compounds of Formula I useful in this invention include urea,
      thiourea, guanidine, methyl carbamate, 2-ethylhexyl carbamate, ethyl
      thionocarbamate, cyclohexyl thiolcarbamate, benzylurea, p-tolylurea,
      phenylthiourea, and the like. Cyanamide is a compound of Formula II which
      is useful in this invention. Compounds which are convertible to compounds
      of Formulas I or II under reaction conditions of the invention include
      calcium cyanamide, dicyanodiamide, and ammonium thiocyanate.
PAR  The above-described reactions are generally carried out at temperatures
      between 200.degree. and 350.degree.C. Higher temperatures usually result
      in extensive decomposition of product. The optimum temperature to be used
      is dependent upon the reactivity of the starting materials. The range
      225.degree. to 300.degree.C is presently preferred in this invention.
PAR  Reaction pressures are generally autogenous. The temperatures employed and
      the generation of hydrogen sulfide in the reaction can increase the
      pressure within the reactor to 1,200 psig or more. It may also be
      desirable at times to pressurize the reactor prior to attaining reaction
      conditions with hydrogen sulfide or with an inert gas, for example, to
      maintain a substantial proportion of the reactants in the liquid phase.
PAR  The reaction time is dependent, to a large extent, upon the desired degree
      of reaction, the reactivity of the reactants, and the temperature
      employed. Generally, times in the range from 1 to 5 hours are adequate to
      produce the desired results.
PAR  Any convenient means of isolating and purifying the desired product can be
      used. Currently preferred is the practice of contacting the reaction
      mixture with aqueous base to dissolve the mercaptoarylthiazole, filtering
      to remove unreacted insoluble starting materials and by-products, heating
      while bubbling air through solution to distill volatile starting materials
      (such as aryl amine) and by-products, and to decolorize product,
      acidifying the solution with mineral acid to precipitate desired product
      and isolating said product by filtration.
PAR  In accordance with the invention, 2-mercaptoarylthiazoles of the formula
      ##EQU2##
      which can be prepared by means of this invention include those in which Ar
      is an arylene or alkarylene divalent radical which is fused into a
      five-membered ring as shown in formula I. Ar is preferably phenylene or
      alkylphenylene as shown in formula Ia or naphthylene or alkylnaphthylene
      as shown in formula Ib wherein the R's are either alike or different and
      are alkyl groups containing one to six carbon atoms per group. The number
      of R groups in formula Ia is
      ##SPC1##
PAL  from 0 to 4 and in each of the formulas of Ib is from 0 to 6.  Compound Ia
      will generally contain from seven to 13 carbon atoms per molecule and each
      of the compounds of Ib will generally contain from 11 to 17 carbon atoms
      per molecule.
PAR  Examples of 2-mercaptoarylthiazoles which can be prepared by means of this
      invention are: 2-mercaptobenzothiazole, 2-mercapto-4-methylbenzothiazole,
      5-ethyl-2-mercaptobenzothiazole,
      6-isopropyl-2-mercapto-4-methylbenzothiazole,
      4-hexyl-2-mercaptobenzothiazole,
      2-mercapto-4,5,6,7-tetramethylbenzothiazole,
      2-mercaptonaphtho(1,2-d)-thiazole, 2-mercaptonaphtho(2,1-d)thiazole,
      2-mercaptonaphtho(2,3-d)-thiazole,
      2-mercapto-4-methylnaphtho(1,2-d)thiazole,
      7-isopropyl-2-mercaptonaphtho(2,3-d)thiazole,
      8-hexyl-2-mercaptonaphtho(2,1-d)thiazole,
      4,5,6,7,8,9-hexamethyl-2-mercaptonaphtho(2,1-d)thiazole, and the like.
PAR  It is recognized that compounds of formula I may exist partly or completely
      in the tautomeric form I' which
      ##EQU3##
      is the result of a proton shift from the mercapto group to the ring
      nitrogen. The tautomeric forms I or I', whether present wholly in one form
      or the other or as a mixture of the two, are within the scope of this
      invention.
PAR  2-Mercaptoarylthiazoles have been known in the art for many years as
      vulcanization accelerators. 2-Mercaptobenzothiazole, for example, has been
      commercially available for about 50 years for such an application.
DETD
PAC  EXAMPLE I
PAR  The following run (Run 1) illustrates the prior art process of preparing
      2-mercapto-4-methylbenzothiazole from o-toluidine, carbon disulfide, and
      sulfur.
PAR  Into a 500 ml reactor were charged o-toluidine (27 g), sulfur (8g), and
      carbon disulfide (22 g). Seventy minutes of electrically heating the
      system was required to elevate the temperature to 275.degree.C (240 psig
      original pressure at 275.degree.C). After 21/2 hours at 275.degree.C (the
      pressure leveled out at 470 psig in 90 minutes) the heat source was
      removed and the reactor was cooled. The reaction mixture was mixed with
      200 g water containing 16 g sodium hydroxide. Tar-like residue (18.5 g)
      was removed by decantation. Acidification of decantate with hydrochloric
      acid and filtration of the resulting mixture gave 21 g (46 percent yield)
      of crude 2-mercapto-4-methylbenzothiazole (m.p. 161.degree.-173.degree.C).
PAC  EXAMPLE II
PAR  The following invention run (Run 2) illustrates the benefits resulting from
      the use of thiourea with the prior art process described in Example I.
PAR  Into a 500 ml reactor were charged o-toluidine (54 g), sulfur (16 g),
      carbon disulfide (46 g), and thiourea (20 g). After 75 minutes of heating,
      272.degree.C and 280 psig were reached. During an additional 21/2 hours
      heating at about 275.degree.C the pressure rise leveled off at about
      910-960 psig after 90 minutes. The cooled product mixture was dissolved in
      400 g water containing 32 g sodium hydroxide. The very small amount of
      insoluble material was removed by filtration after which the filtrate was
      heated to boiling with a stream of air bubbling through it. Acidification
      of the cooled solution and filtration gave 72.8 g (79.6 percent yield) of
      dried yellow precipitate (m.p. 182.degree.-186.degree.C).
PAR  The use of thiourea gave nearly double the yield of
      2-mercapto-4-methylbenzothiazole than obtained in the art process of
      Example I (80 vs. 46 percent).
PAC  EXAMPLE III
PAR  The following invention run (Run 3) illustrates the advantages resulting
      from use of urea with the art process described in Example I.
PAR  Into a 500 ml reactor were charged o-toluidine (54 g), sulfur (16 g),
      carbon disulfide (46 g), and urea (15 g). Ninety-five minutes heating was
      required for the system to reach the desired temperature -- 272.degree.C
      (475 psig). After 95 minutes heating at about 275.degree.C the pressure
      rise leveled off at 1,110-1,130 psig. The system was heated at about
      275.degree.C for a total of 21/2 hours. The cooled reaction mixture was
      washed with 400 ml water after which the solid residue was dissolved in
      400 ml water containing 30 g sodium hydroxide. The alkaline solution was
      first extracted with 200 ml benzene and then heated to near boiling with
      an air stream bubbling through it. The cooled solution was then acidified
      with hydrochloric acid and the resultant precipitate was removed by
      filtration and dried. Crystals (56 g, 62 percent yield) were obtained
      which melted at 167.degree.-174.degree.C (softened at 163.degree.C).
      Elemental analysis of the product showed 1.25 weight percent oxygen
      (probably residual water).
PAR  The use of urea improved the yield of 2-mercapto-4-methylbenzothiazole from
      46 to 62 percent compared to the art process of Example I.
PAR  It should be noted that a duplicate run to Run 2 was made in which the
      alkaline solution was extracted with benzene at it was in Run 3. The
      resulting yield was 70 percent -- 10 percent less than Run 2. Hence,
      elimination of the benzene extraction step from Run 3 could possibly
      increase the yield another 10 percent.
PAC  EXAMPLE IV
PAR  The following invention run (Run 4) illustrates the advantage resulting
      from use of ammonium thiocyanate with the art process described in Example
      I.
PAR  Run 4 was carried out as described in Example II except that ammonium
      thiocyanate (19 g) was used instead of thiourea. Time, temperature,
      pressure, and workup were nearly comparable to Run 2. Product (62.2 g, 69
      percent yield) was obtained which melted at 168.degree.-177.degree.C.
PAR  The use of ammonium thiocyanate improved the yield of
      2-mercapto-4-methylbenzothiazole from 46 to 69 percent compared to the art
      process of Example I.
PAC  EXAMPLE V
PAR  The following invention run (Run 5) illustrates the advantage resulting
      from use of thiourea as a replacement for carbon disulfide in the art
      process described in Example I.
PAR  Run 5 was carried out as described in Example II except that 57 g thiourea
      and no carbon disulfide were used. Time, temperature, pressure, and workup
      were nearly comparable to Run 2. Product (40 g, 44 percent yield) melting
      at 166.degree.-175.degree.C was obtained.
PAR  The use of thiourea as a replacement for carbon disulfide in the art
      process of Example I gave a yield of 2-mercapto-4-methylbenzothiazole
      comparable to that obtained in Run 1 (44 vs. 46 percent). The advantage of
      this inventive process is the elimination of the extremely hazardous
      carbon disulfide.
PAC  EXAMPLE VI
PAR  The following invention run (Run 6) illustrates the advantage resulting
      from use of ammonium thiocyanate as a replacement for carbon disulfide in
      the art process described in Example I.
PAR  Run 6 was carried out as described in Example II except that 42 g ammonium
      thiocyanate, 4.1 g hydrogen sulfide, and no carbon disulfide were used.
      The reaction was carried out for 21/2 hours at 275.degree.C with maximum
      pressure of 1,045 psig. The crude product mixture was a thick syrup rather
      than the usual solid mass. Alkali-insoluble material (8 g) was removed by
      filtration. Workup as described in Example II gave product (44 g, 48
      percent yield) melting at 171.degree.-175.degree.C.
PAR  The use of ammonium thiocyanate as a replacement for carbon disulfide in
      the art process of Example I gave a yield of
      2-mercapto-4-methylbenzothiazole comparable to that obtained in Run 1 (48
      vs. 46 percent). The advantage of this inventive process is the
      elimination of the extremely hazardous carbon disulfide.
PAC  EXAMPLE VII
PAR  The following invention run (Run 7) illustrates the advantage resulting
      from use of calcium cyanamide with the art process described in Example I.
PAR  Run 7 was carried out as described in Example II except that calcium
      cyanamide (20 g) was used instead of thiourea. The system was heated at
      about 275.degree.C for a total of 2.5 hours during which a maximum
      pressure of 715 psig was observed. Treatment of the cooled reaction
      mixture with aqueous base as described in Example II gave a considerable
      portion of solid material which was removed by filtration. Treatment of
      the filtrate and isolation of the resultant solid as described in Example
      II gave 47.5 g (52.7 percent yield) of product. Treatment of the
      originally removed solid with aqueous acid, following with filtration,
      treatment of the remaining solid with aqueous base, reprecipitation with
      aqueous acid, filtration, and washing and drying the resultant solid gave
      an additional 3 gm of product. The combined product represented a 56
      percent yield of 2-mercapto-4-methylbenzothiazole melting at 164.degree.C
      to 177.degree.C.
PAR  The use of calcium cyanamide gave an improved yield of product compared to
      the art process of Example I (56 vs. 46 percent yield).
PAR  The data obtained in Runs 1 to 7 are tabulated in the following table.
TBL  ______________________________________                                    
                            Carbon                                             
     Run  o-Toluidine                                                          
                    Sulfur  Disulfide           Yield                          
     No.  mole      g-atom   mole  Additive                                    
                                           Mole %                              
     ______________________________________                                    
     1      0.25     0.25    0.29   none         46                            
     2      0.5      0.5     0.6   thiourea                                    
                                           0.25  80                            
     3      0.5      0.5     0.6   urea    0.25  62.sup.a                      
     4      0.5      0.5     0.6   ammonium                                    
                                   thiocyanate                                 
                                           0.25  69                            
     5      0.5      0.5     0     thiourea                                    
                                           0.75  44                            
     6      0.5      0.5     0     ammonium                                    
                                   thiocyanate                                 
                                           0.55  48                            
     7      0.5      0.5     0.6   calcium                                     
                                   cyanamide                                   
                                           0.25  56                            
     ______________________________________                                    
      .sup.a -Alkaline solution extracted with benzene probably reducing       
      recovered yield unnecessarily.                                           
PAR  It can be concluded that thiourea, urea, calcium cyanamide, and ammonium
      thiocyanate improve the yield of 2-mercapto-4-methylbenzothiazole when
      added to the process described in the art. It can further be concluded
      that the extremely hazardous carbon disulfide of the process described in
      the art can be replaced with either thiourea or ammonium thiocyanate with
      no sacrifice in yield of product.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of 2-mercaptoarylthiazoles which comprises
      reacting
PA1  a. at least one primary aryl amine having a replacable hydrogen on a carbon
      atom adjacent to the carbon atom to which the amino group is bonded
      selected from aniline, alkyl-substituted anilines, .alpha.- and
      .beta.-naphthyl amines, and alkyl-substituted .alpha.- and .beta.-naphthyl
      amines wherein the alkyl substituents contain from one to six carbon atoms
      per group and the primary aryl amine contains from six to 16 carbon atoms
      per molecule with
PA1  b. sulfur and
PA1  c. at least one nitrogen-containing compound having a formula selected from
      ##EQU4##
      and
EQU  H.sub.2 N--C.tbd.N                                         (II)
PAL  wherein Y = O, S, or NH; and Z = OR, SR, NH.sub.2, NHR, and NR.sub.2 ;
      where R is a hydrocarbyl radical selected from alkyl, aryl, and cycloalkyl
      radicals having up to eight, inclusive, carbon atoms, and compounds
      selected from the group consisting of alkaline earth cyanamides, alkali
      metal cyanamides, dicyanodiamide, and ammonium thiocyanate which are
      convertible to compounds of Formulas I and II, under reaction conditions
      of a temperature in the range of 200.degree.-350.degree.C and a pressure
      up to 1,200 psig and in the presence of from 0.01 to 5 moles of
      nitrogen-containing compound per mole of primary aryl amine which produce
      2-mercaptoarylthiazoles.
NUM  2.
PAR  2. A process according to claim 1 wherein said reaction conditions include
      a temperature in the range of 225.degree.-300.degree.C.
NUM  3.
PAR  3. A process according to claim 1 in which 2-mercaptoarylthiazoles are
      produced by reacting (a), (b), and (c) with (d) carbon disulfide wherein
      there is present from 0.2 to 5 moles aryl amine per gram-atom sulfur, from
      0.2 to 5 moles of carbon disulfide per mole of aryl amine, and from 0.01
      to 5 moles of nitrogen-containing compound per mole of primary aryl amine.
NUM  4.
PAR  4. A process according to claim 1 in which 2-mercaptoarylthiazoles are
      produced by reacting (a), (b), and (c) with 0.2 to 5 moles aryl amine per
      gram-atom sulfur, and 0.2 to 5 moles of nitrogen-containing compound per
      mole of aryl amine being present during said reacting.
NUM  5.
PAR  5. A process according to claim 23 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur,
      carbon disulfide, and thiourea.
NUM  6.
PAR  6. A process according to claim 3 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur,
      carbon disulfide, and urea.
NUM  7.
PAR  7. A process according to claim 3 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur,
      carbon disulfide, and ammonium thiocyanate.
NUM  8.
PAR  8. A process according to claim 4 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur
      and thiourea.
NUM  9.
PAR  9. A process according to claim 4 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur
      and ammonium thiocyanate.
NUM  10.
PAR  10. A process according to claim 3 for the production of
      2-mercaptobenzothiazole which comprises reacting o-toluidine with sulfur,
      carbon disulfide, and calcium cyanamide.
NUM  11.
PAR  11. A process according to claim 1 wherein said reaction conditions include
      autogenous pressure.
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ABST
PAL  Novel 2-substituted-1,2,4-thiadiazolo-[ 2,3-a]-benzimidazoles of the
      formula
      ##SPC1##
PAL  And the pharmaceutically acceptable salts thereof; and process for their
      preparation. These 2-substituted-1,2,4-thiadiazole-[2,3-a]-benzimidazoles
      are useful as fungistatic and fungicidal agents.
PARN
PAR  This is a division of application Ser. No. 403,474, filed Oct. 4, 1973, now
      U.S. Pat. No. 3,880,874, issued Apr. 29, 1975.
BSUM
PAR  This invention relates to novel
      2-substituted-1,2,4-thiadiazolo-[2,3-a]-benzimidazole compounds of the
      formula:
      ##SPC2##
PAL  Wherein R is
      ##SPC3##
PAL  Wherein
PA1  R.sub.1 and R.sub.2 are each hydrogen, lower alkoxy, halo, nitro, lower
      alkyl, lower alkylthio, lower alkylsulfinyl, or trifluoromethyl;
PA1  R.sub.3 is hydrogen, lower alkoxy, halo, nitro, or lower alkyl; and
PA1  R.sub.4 is hydrogen or lower alkyl; and
PAL  The pharmaceutically acceptable salts thereof, and processes for the
      preparation thereof.
PAR  The terms lower alkoxy, lower alkyl, lower alkylthio, and lower
      alkylsulfinyl as used above and in the claims are inclusive of moieties
      containing from one to four carbon atoms, for example, methyl, ethyl,
      propyl, isopropyl, butyl and tert.-butyl.
PAR  The term "halo" as used above and in the claims is inclusive of chloro,
      bromo, fluoro and iodo.
PAR  The compounds of Formula I are chemotherapeutic agents which possess
      fungistatic and fungicidal properties and thus are useful in combatting
      fungus infections.
PAR  Amongst the fungi against which the compounds of Formula I exhibit
      fungistatic and fungicidal activity are:
TBL  M. andounini        H. gramineum                                          
     E. floccusum        M. gypsum                                             
     T. mentagrophytes   M. canis                                              
     C. albicans         T. rubrum                                             
     Cr. neoformans      T. tonsurans                                          
     R. solani           T. Schoenleinii                                       
     A. solani                                                                 
PAR  Particularly preferred are those compounds of Formula I wherein R is
      phenyl, 4-chlorophenyl, 4-methoxyphenyl, 4-methylphenyl,
      4-methylthiophenyl, 4-methylsulfinylphenyl, 4-tert.-butylphenyl,
      4-trifluoromethylphenyl, 2-furyl, 3-furyl, 2-naphthyl, 2-thienyl,
      3-thienyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-methyl-4-thiazolyl,
      2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrazinyl, 3-isothiazolyl,
      4-isothiazolyl, 5-isothiazolyl, 1,2,3-thiadiazolyl, and
      1,2,5-thiadiazolyl.
PAR  The compounds of Formula I are prepared according to the following
      generalized reaction scheme:
      ##SPC4##
PAL  Wherein R is defined as above.
PAR  The carbonylamino compounds of Formula III are obtained by treating the
      2-aminobenzimidazole of Formula II with an acid chloride (RCOCl), acid
      ester (RCOOR.sub.5, wherein R.sub.5 is methyl or ethyl), or the mixed
      anhydride of a free acid (RCOOH) and trifluoroacetic acid.
PAR  The reaction of the compounds of Formula II with an acid chloride (RCOCl)
      to obtain the carbonylamino compounds of Formula III is carried out in the
      presence of an organic solvent, e.g., pyridine, acetone, tetrahydrofuran,
      and the like, at a temperature of from about -40.degree. to 35.degree.C.
      for from about 2 to 20 hours.
PAR  The reaction of the compound of Formula II with an acid ester (RCOOR.sub.5)
      to obtain the carbonylamino compounds of Formula III is carried out at a
      temperature of from about 100.degree. to 200.degree.C. for from about 1 to
      20 hours.
PAR  The reaction of the compound of Formula II with a mixed anhydride of a free
      acid (RCOOH) and trifluoroacetic acid, prepared from the free acid and
      trifluoroacetic acid anhydride, to obtain the carbonylamino compounds of
      Formula III is carried out in the presence of an inert organic solvent,
      e.g., tetrahydrofuran, acetone, and the like, and in the presence of a
      base, e.g., triethylamine, and the like, at a temperature of from about
      -20.degree. to 30.degree.C. for from about 1 to 20 hours.
PAR  The thus-obtained carbonylamino compounds of Formula III, obtained by
      reaction with an acid chloride, acid ester, or mixed anhydride, as
      described above, are then converted to the corresponding
      thionylcarbonylamino compounds of Formula IV by treatment with phosphorous
      pentasulfide (P.sub.2 S.sub.5), in an inert organic solvent, e.g.,
      pyridine, dioxane, and the like, at a temperature of from about 80.degree.
      to 120.degree.C., for from about 1 to 20 hours.
PAR  The 2-substituted 1,2,4-thiadiazolo-[2,3-a]-benzimidazole compounds of
      Formula I are obtained by treating the compounds of Formula IV with an
      oxidizing agent, e.g., m-chloroperbenzoic acid, bromine, chlorine,
      sulfuryl chloride, peracetic acid, hydrogen peroxide, and the like, at a
      temperature of from about -40.degree. to 40.degree.C., for from about 1/4
      to 6 hours, in an inert organic solvent, e.g., chloroform, and the like.
      When the reaction is carried but using bromine or chlorine it is preferred
      that the temperature be between about 0.degree. and 30.degree.C. In
      addition, when the oxidation reaction is carried out using bromine or
      chlorine, the compounds of Formula I can, if desired, be isolated as their
      pharmaceutically acceptable hydrobromide or hydrochloride salts, or
      treated with a base, e.g., ammonia, sodium or potassium bicarbonate and
      the like, to obtain the corresponding free bases.
PAR  When the oxidation reaction is carried out using other than bromine or
      chlorine, the thus-obtained free bases of Formula I can be converted to
      their pharmaceutically acceptable salts by reaction with pharmaceutically
      acceptable acids, for examaple, inorganic acids, e.g., halogen hydroacids
      (particularly hydrochloric and hydrobromic), nitric acid, phosphoric
      acids, sulphonic acids, mono- and dicarboxylic acids, and the like; and
      organic acids, e.g., acetic, maleic, succinic, tartaric, lactic, citric,
      sorbic, salicylic, and the like.
PAR  Alternatively, the
      2-(methylsulfinylphenyl)-1,2,4-thiadiazolo[2,3a]-benzimidazole compounds
      of Formula I are obtained by subjecting the corresponding
      2-(methylthiophenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole compounds to
      a further oxidation with an oxidizing agent, e.g., m-chloroperbenzoic
      acids, peracetic acid, and the like, in the presence of an inert organic
      solvent, e.g., chloroform, dichloromethane, and the like, at temperatures
      of from about -30.degree. to 30.degree.C. for from 1/2 to 24 hours. The
      thus-obtained
      2-(methylsulfinylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole compounds
      can then be converted to their pharmaceutically acceptable salts as
      previously described.
PAR  The compounds of Formula I, or the pharmaceutically acceptable salts
      thereof, can be formulated into solutions, creams and ointments, according
      to methods known to those skilled in the art, for topical administration.
      Preferably a concentration of from about 0.5 to 5 percent of the active
      ingredient is used.
PAR  It is to be understood that isolation of the compounds described herein can
      be effected by any suitable separation or purification procedure, such as,
      for example, extraction, filtration, evaporation, distillation,
      crystallization, thin-layer chromatography or column chromatography, or a
      combination of these procedures. Illustrations of suitable separation and
      isolation procedures can be had by reference to the examples described
      herein below. However, other equivalent separation or isolation procedures
      could, of course, also be used.
DETD
PAR  A further understanding of the invention can be had from the following
      non-limiting examples. Also, where necessary, examples are repeated to
      provide starting materials for subsequent examples.
PAC  EXAMPLE 1
PAR  A. A solution of 20 g. of 2-aminobenzimidazole (II) in 150 ml. of pyridine
      is cooled to -20.degree.C. and 20 g. of 3-furoyl chloride is added
      thereto. The thus-obtained reaction mixture is allowed to warm slowly to
      between 20.degree.-30.degree.C. (room temperature), and maintained at this
      temperature for 15 hours, diluted with water and filtered to give a
      residue which is recrystallized from acetic acid to yield
      2-(3-furylcarbonylamino)-benzimidazole [(III), R = 3-furyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of
PA1  benzoyl chloride,
PA1  4-chlorobenzoyl chloride,
PA1  4-methoxybenzoyl chloride,
PA1  4-methylbenzoyl chloride,
PA1  4-methylthiobenzoyl chloride,
PA1  4-methylsulfinylbenzoyl chloride,
PA1  4-tert.-butylbenzoyl chloride,
PA1  4-trifluoromethylbenzoyl chloride, 2-furoyl chloride,
PA1  2-naphthoyl chloride,
PA1  2-thenoyl chloride,
PA1  3-thenoyl chloride,
PA1  4-thiazoloyl chloride,
PA1  5-thiazoloyl chloride,
PA1  2-methyl-4-thiazoloyl chloride,
PA1  1,2,3-thiadiazol-4-oyl chloride, and
PA1  1,2,5-thiadiazol-3-oyl chloride,
PAL  for 3-furoyl chloride in the procedure of Example 1A is productive of
PA1  2-phenylcarbonylamino-benzimidazole
PA1  2-(4-chlorophenylcarbonylamino)-benzimidazole,
PA1  2-(4-methoxyphenylcarbonylamino)-benzimidazole,
PA1  2-(4-methylphenylcarbonylamino)-benzimidazole,
PA1  2-(4-methylthiophenylcarbonylamino)-benzimidazole,
PA1  2-(4-methylsulfinylphenylcarbonylamino)-benzimidazole,
PA1  2-(4-tert.-butylphenylcarbonylamino)-benzimidazole,
PA1  2-(4-trifluoromethylphenylcarbonylamino)-benzimidazole,
PA1  2-(2-furylcarbonylamino)-benzimidazole,
PA1  2-(2-naphthylcarbonylamino)-benzimidazole,
PA1  2-(2-thienylcarbonylamino)-benzimidazole,
PA1  2-(3-thienylcarbonylamino)-benzimidazole,
PA1  2-(4-thiazolylcarbonylamino)-benzimidazole,
PA1  2-(5-thiazolylcarbonylamino)-benzimidazole,
PA1  2-(2-methyl-4-thiazolylcarbonylamino)-benzimidazole,
PA1  2-(1,2,3-thiadiazol-4-ylcarbonylamino)-benzimidazole, and
PA1  2-(1,2,5-thiadiazol-3-ylcarbonylamino)-benzimidazole,
PAL  respectively.
PAR  B. A mixture of 9 g. of 2-aminobenzimidazole (II) and 10 g. of
      3-pyridinecarboxylic acid methyl ester (methyl nicotinate) is heated at
      150.degree.-160.degree.C. for about 10 hours. The reaction mixture is then
      triturated with 50 ml. of hot methanol, followed by filtration to yield a
      residue comprising 2-(3-pyridylcarbonylamino)-benzimidazole [(III), R =
      3-pyridyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of
PA1  2-thiazolecarboxylic acid methyl ester,
PA1  2-pyridinecarboxylic acid methyl ester, and
PA1  4-pyridinecarboxylic acid methyl ester
PAL  for 3-pyridinecarboxylic acid methyl ester in the procedure of Example 1B
      is productive of
PA1  2-(2-thiazolylcarbonylamino)-benzimidazole,
PA1  2-(2-pyridylcarbonylamino)-benzimidazole, and
PA1  2-(4-pyridylcarbonylamino)-benzimidazole,
PAL  respectively.
PAR  C. 3.7 G. of 2-pyrazinecarboxylic acid is suspended in 20 ml. of dry
      tetrahydrofuran and 6.3 g. of trifluoroacetic anhydride is added thereto.
      To the resulting solution, at 20.degree.-25.degree.C., there is added 8.5
      ml. of triethylamine and 4 g. of 2-aminobenzimidazole (II) and the
      thus-obtained reaction mixture is stirred at 20.degree.-25.degree.C. for
      about 5hours. 200 Ml. of water is then added, followed by filtration and
      the residue is recrystallized from aqueous acetic acid to yield
      2-(2-pyrazinylcarbonylamino)-benzimidazole [(III), R = 2-pyrazinyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of
PA1  3-isothiazolecarboxylic acid,
PA1  4-isothiazolecarboxylic acid, and
PA1  5-isothiazolecarboxylic acid,
PAL  for 2-pyrazinecarboxylic acid in the procedure of Example 1C is productive
      of
PA1  2-(3-isothiazolycarbonylamino)-benzimidazole,
PA1  2-(4-isothiazolycarbonylamino)-benzimidazole, and
PA1  2-(5-isothiazolycarbonylamino)-benzimidazole,
PAL  respectively.
PAC  EXAMPLE 2
PAR  Tc 10 g. of 2-(3-furylcarbonylamino)-benzimidazole [(III), R = 3-furyl] in
      200 ml. of pyridine is added 10 g. of phosphorous pentasulfide and the
      reaction mixture is heated to 100.degree.-110.degree.C. for 10 hours. The
      bulk of the pyridine is removed under vacuum and the residue is treated
      with 500 ml. of saturated potassium bicarbonate solution, filtered and
      recrystallized from methanol-chloroform to yield
      2-(3-furylthiocarbonylamino)-benzimidazole [(IV), R = 3-furyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of the other
      compounds obtained in Example 1A; the compounds obtained in Example 1B;
      and the compounds obtained in Example 1C; for
      2-(3-furylcarbonylamino)-benzimidazole, and following the procedure of
      Example 2 is productive of
PA1  2-phenylthiocarbonylamino-benzimidazole,
PA1  2-(4-chlorophenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methoxyphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylthiophenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylsulfinylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-tert.-butylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-trifluoromethylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(2-furylthiocarbonylamino)-benzimidazole,
PA1  2-(2-naphthylthiocarbonylamino)-benzimidazole,
PA1  2-(2-thienylthiocarbonylamino)-benzimidazole,
PA1  2-(3-thienylthiocarbonylamino)-benzimidazole,
PA1  2-(4-thiazolythiocarbonylamino)-benzimidazole,
PA1  2-(5-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(2-methyl-4-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(1,2,3-thiadiazol-4-ylthiocarbonylamino)-benzimidazole, and
PA1  2-(1,2,5-thiadiazol-3-ylthiocarbonylamino)-benzimidazole;
PA1  2-(3-pyridylthiocarbonylamino)-benzimidazole,
PA1  2-(2-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(2-pyridylthiocarbonylamino)-benzimidazole, and
PA1  2-(4-pyridylthiocarbonylamino)-benzimidazole;
PA1  2-(2-pyrazinylthiocarbonylamino)-benzimidazole,
PA1  2-(3-isothiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(4-isothiazolylthiocarbonylamino)-benzimidazole, and
PA1  2-(5-isothiazolylthiocarbonylamino)-benzimidazole,
PAL  respectively.
PAC  EXAMPLE 3
PAR  A. To 4.8 g. of 2-(3-furylthiocarbonylamino)-benzimidazole [(IV), R =
      3-furyl] in 200 ml. of chloroform at 20.degree.-30.degree.C. (room
      temperature) is added 1.1 ml. of bromine. After 1 hour, the reaction
      mixture is filtered and the residue (the hydrobromide salt) is treated
      with 500 ml. of chloroform and 50 ml. of aqueous ammonia. The chloroform
      layer is separated, dried over magnesium sulfate, and concentrated. The
      product is recrystallized from methanol-chloroform to yield
      2-(3-furyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole [(I), R = 3-furyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of other
      compounds obtained in Example 2,
PA1  2-phenylthiocarbonylamino-benzimidazole,
PA1  2-(4-chlorophenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methoxyphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylthiophenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-methylsulfinylthiocarbonylamino)-benzimidazole,
PA1  2-(4-tert.-butylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(4-trifluoromethylphenylthiocarbonylamino)-benzimidazole,
PA1  2-(2-furylthiocarbonylamino)-benzimidazole,
PA1  2-(2-naphthylthiocarbonylamino)-benzimidazole,
PA1  2-(2-thienylthiocarbonylamino)-benzimidazole,
PA1  2-(3-thienylthiocarbonylamino)-benzimidazole,
PA1  2-(2-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(4-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(5-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(2-methyl-4-thiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(3-pyridylthiocarbonylamino)-benzimidazole,
PA1  2-(4-pyridylthiocarbonylamino)-benzimidazole,
PA1  2-(3-isothiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(4-isothiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(5-isothiazolylthiocarbonylamino)-benzimidazole,
PA1  2-(1,2,3-thiadiazol-4-ylthiocarbonylamino)-benzimidazole, and
PA1  2-(1,2,5-thiadiazol-3-ylthiocarbonylamino)-benzimidazole,
PAL  for 2-(3-furylthiocarbonylamino)-benzimidazole in the procedure of Example
      3A is productive of
PA1  2-phenyl-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-chlorophenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-methoxyphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-methylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-methylthiophenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-methylsulfinylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-tert.-butylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-trifluoromethylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(2-furyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(2-naphthyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(2-thienyl)-1,2,4-thiadiazolol-[2,3-a]-benzimidazole,
PA1  2-(3-thienyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(2-thiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-thiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(5-thiazolyl)-1,2,4-thiadiazolo[2,3-a]-benzimidazole,
PA1  2-(2-methyl-4-thiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(3-pyridyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-pyridyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(3-isothiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(4-isothiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(5-isothiazolyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PA1  2-(1,2,3-thiadiazol-4-yl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole, and
PA1  2-(1,2,5-thiadiazol=3-yl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole,
PAL  respectively.
PAR  B. To 0.51 g. of 2-(2-pyrazinylthiocarbonylamino)-benzimidazole [(IV), R =
      2-pyrazinyl] in 200 ml. of chloroform at 20.degree.-30.degree.C. (room
      temperature) is added 0.5 g. of m-chloroperbenzoic acid. The reaction
      mixture is allowed to stand for 15 hours (overnight) and washed with 20
      ml. of potassium bicarbonate solution, 20 ml. of water and dried over
      magnesium sulphate. The chloroform is evaporated and the residue is
      recrystallized from methanol-chloroform to yield
      2-(2-pyrazinyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole [(I), R =
      2-pyrazinyl].
PAR  Similarly, substituting a stoichiometric equivalent amount of
      2-(2-pyridylthiocarbonylamino)-benzimidazole for
      2-(2-pyrazinylthiocarbonylamino)-benzimidazole in the procedure of Example
      3B is productive of 2-(2-pyridyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole.
PAR  C. To 0.28 g. 2-(4-methylthiophenyl)-1,2,4-thiadiazolo-benzimidazole [(I),
      R = 4-methylthiophenyl] in 250 ml. of chloroform and 5ml. of methanol at
      20.degree.C. is added 0.2 g. of m-chloroperbenzoic acid in 20 ml. of
      chloroform. The reaction mixture is allowed to stand at
      20.degree.-25.degree.C. for 5 hours, washed with 20 ml. of dilute sodium
      bicarbonate solution, 20 ml. of water and dried over magnesium sulfate.
      The chloroform solution is concentrated and the residue remaining is
      recrystallized from methanol-chloroform to yield
      2-(4-methylsulfinylphenyl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole.
PAR  In the Examples above, specific reaction sequences have been extended, in a
      general sense, to the preparation of other similar and related compounds.
      It should be understood, however, that with respect to any compound which
      has been prepared by the extension of a specific reaction sequence, it may
      be necessary or desirable to utilize solvents, reaction media,
      recrystallization media, reaction times or temperatures, etc., other than
      the ones given in the specific reaction sequence upon which such extension
      is based. Additionally, the specific reaction sequence or manner in which
      particular compounds are to be prepared will depend, inter alia, upon the
      availability of the necessary starting materials, or the ease in which the
      desired starting materials can be prepared, and the reactivity thereof.
      These variations are deemed to be within the skill of those working in
      this art and will be apparent from a consideration of the particular
      reactants utilized and/or particular compound desired to be produced.
PAR  While the present invention has been described with reference to specific
      embodiments thereof, it should be understood by those skilled in this art
      that various changes may be made and equivalents may be substituted
      without departing from the true spirit and scope of the invention. In
      addition, many modifications may be made to adapt a particular situation,
      material or composition of matter, process, process step or steps, or
      then-present objective to the spirit of this invention without departing
      from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound represented by the formula:
      ##SPC5##
PAL  wherein R is
      ##SPC6##
PAL  in which
PA1  R.sub.3 is hydrogen, lower alkoxy, halo, nitro, or lower alkyl;
PA1  R.sub.4 is hydrogen or lower alkyl; and
NUM  2.
PAR  2. A compound of claim 1 wherein R is 2-thiazolyl, 4-thiazolyl,
      5-thiazolyl, 2-methyl-4-thiazolyl, 3-isothiazolyl, 4-isothiazolyl,
NUM  3.
PAR  3. The compound of claim 2 wherein R is 2-thiazolyl,
NUM  4.
PAR  4. The compound of claim 2 wherein R is 4-thiazolyl,
NUM  5.
PAR  5. The compound of claim 2 wherein R is 5-thiazolyl,
NUM  6.
PAR  6. The compound of claim 2 wherein R is 2-methyl-4-thiazolyl,
NUM  7.
PAR  7. The compound of claim 2 wherein R is 3-isothiazolyl,
NUM  8.
PAR  8. The compound of claim 2 wherein R is 4-isothiazolyl,
NUM  9.
PAR  9. The compound of claim 2 wherein R is 5-isothiazolyl,
NUM  10.
PAR  10. The compound of claim 2 wherein R is 1,2,3-thiadiazol-4-yl,
NUM  11.
PAR  11. The compound of claim 2 wherein R is 1,2,5-thiadiazol-3-yl,
      2-(1,2,5-thiadiazol-3-yl)-1,2,4-thiadiazolo-[2,3-a]-benzimidazole.
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ABST
PAL  Compounds of the class of acetals of
      6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde and the
      5-oxides and pharmaceutically acceptable acid addition salts thereof have
      valuable pharmacological properties, in particular anticonvulsant
      effectiveness. Further, they show central depressant and muscle-relaxing
      activity and are active ingredients for therapeutic preparations. Specific
      embodiments are
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal,
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal and
      6-(o-fluorophenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carbo
     xaldehyde-diethylacetal.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of application Ser. No. 239,780, filed Mar. 30, 1972,
      now U.S. Pat. No. 3,867,536.
BSUM
PAC  DETAILED DESCRIPTION
PAR  The present invention relates to new diazepine derivatives, to processes
      for their production, to pharmaceutical compositions containing the new
      compounds, and to the use thereof.
PAR  The new diazepine derivatives correspond to the general formula I:
      ##SPC1##
PAL  wherein
PA1  R.sub.1 represents a hydrogen atom of an alkyl group having from 1 to 3
      carbon atoms, and either
PA1  Each of the symbols R.sub.2 represents an alkyl group having from 1 to 4
      carbon atoms, or
PA1  The symbols R.sub.2 together represent a bivalent, saturated aliphatic
      hydrocarbon radical having from 2 to 5 carbon atoms,
PAL  And wherein each of the rings A and B, independently of the other, may be
      substituted by one or more bromine, chlorine and/or fluorine atoms and/or
      trifluoromethyl groups, nitro groups, alkyl groups containing from 1 to 6
      carbon atoms and/or alkoxy groups containing from 1 to 6 carbon atoms.
PAR  The invention also relates to the 5-oxides of the compounds of the general
      formula I, and to the addition salts of the compounds of the general
      formula I with inorganic and organic acids.
PAR  As an alkyl group in the compounds of the general formula I, R.sub.1 is,
      e.g. the methyl, ethyl or propyl group. R.sub.2 as an alkyl group is, e.g.
      the propyl, isopropyl, butyl, isobutyl or sec.butyl group, and
      particularly the methyl or ethyl group; or --R.sub.2.R.sub.2 -- as a
      saturated aliphatic hydrocarbon radical having 2 to 5 carbon atoms is,
      e.g. the ethylene, propylene, ethyl-ethylene, trimethylene,
      tetramethylene, 2,2-dimethyl-trimethylene, or the 2-ethyl-trimethylene
      group.
PAR  Halogen atoms as substituents of the rings A and B are fluorine, chlorine
      or bromine atoms; whilst as alkyl groups or alkoxy groups having 1 to 6
      carbon atoms, the following are, for example, suitable: methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, tert.butyl, pentyl, isopentyl,
      2,2-dimethyl-propyl, hexyl or isohexyl groups, or methoxy, ethoxy,
      propoxy, isopropoxy, butoxy, isobutoxy, pentyloxy, isopentyloxy,
      2,2-dimethylpropoxy, hexyloxy or isohexyloxy groups. A substituent of ring
      A is, in particular, in the 8-position, and is preferably fluorine,
      bromine, the nitro group, the trifluoromethyl group and, in particular,
      chlorine. Ring B is preferably unsubstituted, or substituted by fluorine,
      chlorine or bromine in any desired position, especially, however, by
      fluorine or chlorine in the o-position.
PAR  The compounds of the general formula I, their 5-oxides and their addition
      salts with inorganic and organic acids possess valuable pharmacological
      properties. They exhibit, in particular, anticonvulsive and
      central-depressant activity and relax the muscular system. The
      anticonvulsive effectiveness can be determined, e.g. in the pentetrazole
      convulsion test on the mouse with oral doses from ca. 0.02 mg/kg, as well
      as in the strychnin convulsion test, in the electric shock test, and in
      the psychomotor electric shock test on the mouse after oral
      administration. The central-depressant activity is shown, for example,
      from the anaesthetic-potentiating effectiveness on the mouse after oral
      administration; this is, however, less pronounced compared with the
      anticonvulsive activity. The muscle-relaxing activity is reflected, for
      example, in the inhibition of polysynaptic reflexes on the rabbit after
      intravenous administration. The mentioned properties and others, which can
      be determined by selected standard tests [cp. W. Theobald and H. A. Kunz,
      Arzneimittelforsch. 13, 122 (1963), and W. Theobald et al.,
      Arzneimittelforsch. 17, 561 (1967)], characterise the compounds of the
      general formula I, their 5-oxides, as well as their physiologically
      tolerable addition salts with inorganic and organic acids, as active
      substances for tranquillisers, sedatives, muscle-relaxants and
      antiepileptics which are applicable, e.g. for the treatment of states of
      tension and agitation, for the lowering of the tension of the striated
      muscular system, as well as for the treatment of epilepsy.
PAR  Compounds of the general formula I which are of particular importance are
      those in which R.sub.1 represents hydrogen or the methyl group, and
      R.sub.2 the methyl or ethyl group, the ring A is unsubstituted or
      substituted by fluorine, chlorine, bromine, the nitro or trifluoromethyl
      group, and the ring B is either unsubstituted or carries at least one of
      the substituents metioned for ring A, especially fluorine, chlorine or
      bromine, with preferably at least one of the rings A and B being
      substituted. Particularly valuable compounds within this group are those
      having the general formula I a
      ##SPC2##
PAL  wherein
PA1  R.sub.1 represents a hydrogen atom or a methyl or ethyl group,
PA1  each of the symbols R.sub.2 represents a methyl or ethyl group, and
PA1  R.sub.3 and R.sub.4, independently of each other represent hydrogen, a
      chlorine, fluorine or bromine atom, or a nitro or trifluoro methyl group,
      at least one of the symbols R.sub.3 and R.sub.4 being other than hydrogen
PAL  Of the compounds of the general formula I a, those are most preferred
      wherein R.sub.1 is hydrogen, R.sub.2 is a methyl or ethyl group, R.sub.3
      is hydrogen or a chlorine atom and R.sub.4 is hydrogen or a fluorine or
      chlorine atom, at least one of the symbols R.sub.3 and R.sub.4 being other
      than hydrogen.
PAR  Mentioned as examples of highly effective compounds from this group are:
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal,
      6-(o-fluorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal,
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal, and
      6-(o-chloro-phenyl)-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehy
     de-diethylacetal, 5-Oxides of the compounds of the general formula I, and
      particularly of the preferred types, in addition to having valuable
      pharmacological properties themselves, are of importance also as
      intermediates for the production of further pharmacologically effective
      compounds.
PAR  The new compounds of the general formula I, their 5-oxides and their
      addition salts are produced with application of a first process according
      to the invention by the condensation of a compound of the general formula
      II:
      ##SPC3##
PAL  wherein
PA1  X represents a mercapto group, a lower alkoxy or alkylthio group optionally
      activated by a substituent, or an optionally mono- or disubstituted amino
      group,
PA1  R.sub.1 has the meaning given under formula I, and the rings A and B can be
      substituted as stated under formula I, with a compound of the general
      formula III:
      ##EQU1##
      wherein R.sub.2 or --R.sub.2.R.sub.2 -- has the meaning given under
      formula I; and, optionally, the oxidation of the obtained reaction product
      to its 5-oxide, or the conversion thereof into an addition salt with an
      inorganic or organic acid.
PAR  As lower alkylthio groups, X is preferably the methylthio or ethylthio
      group, and as alkoxy groups the methoxy or ethoxy group. These groups can
      be activated by a substituent. Such activated groups are, e.g. the o- or
      p-nitrobenzylthio group and the o- or p-nitrobenzyloxy group,
      respectively. As a mono-substituted amino group, X is, in particular, a
      lower alkylamino group such as the methylamino group, or an aralkylamino
      group such as the benzylamino group. As disubstituted amino group, X is,
      in particular, a lower dialkylamino group such as the dimethylamino group.
PAR  The reaction according to the invention is preferably performed at a
      reaction temperature of ca. 80.degree. to 160.degree.C in an inert
      solvent. Suitable inert solvents are, for example, hydrocarbons such as
      toluene or xylene, halogenated hydrocarbons such as chlorobenzene, a lower
      alkanol, preferably one agreeing with that of the acetal grouping, such
      as, e.g. ethanol or butanol, ethereal liquids such as diethylene glycol
      dimethyl ether, diethylene glycol diethyl ether, or dioxane and amides,
      especially N,N,N',N',N",N"-hexamethyl-phosphoric acid triamide, or
      sulphoxides such as dimethylsulphoxide. The reaction times are between ca.
      1 hour and 24 hours.
PAR  Starting substances embraced by the general formula II are described in the
      literature; see, amongst others, L. H. Sternbach and E. Reeder,
      J.Org.Chem. 26, 1111 (1961), S. C. Bell et al., J.Med.Chem. 5, 63 (1962),
      G. A. Archer and L. H. Sternbach, J.Org.Chem. 29, 231 (1964) and J. Farber
      et al., J.Med.Chem. 7, 235 (1964). Furthermore, compounds embraced by the
      general formula III have been described, such as, e.g. dimethoxyacetic
      acid hydrazide (cp. E. J. Browne and J. B. Polya, J.Chem.Soc. 1962, 5149).
      Further compounds of the general formulae II and III can be produced
      analogously to the procedure for the known compounds. For example, further
      starting materials of the general formula II having an optionally
      substituted amino group X can be obtained by reduction of the
      corresponding 4-oxides described in the literature.
PAR  Suitable oxidising agents for the subsequent conversion of compounds of the
      general formula I into their 5-oxides are preferably hydrogen peroxide or
      peroxy acids, at a temperature of ca. 0.degree. to 70.degree.C. Suitable
      peroxy acids are, e.g. peroxyacetic acid, or peroxybenzoic acids such as
      peroxybenzoic acid or, in particular, m-chloroperoxybenzoic acid. The
      oxidising agents are preferably used in a solvent, e.g. peroxyacetic acid
      in acetic acid, and peroxybenzoic acid in halogenated hydrocarbons such as
      methylene chloride or chloroform.
PAR  Compounds of the general formula I or their 5-oxides, as well as their
      addition salts with inorganic or organic acids, are produced with
      application of a second process according to the invention by the reaction
      of an aldehyde of the general formula IV:
      ##SPC4##
PAL  wherein R.sub.1 has the meaning given under formula I, and the rings A and
      B can be substituted as stated under formula I,
PAL  with a compound of the general formula V or VI:
      ##EQU2##
      wherein R.sub.2 or --R.sub.2.R.sub.2 -- has the meaning given under
      formula I; and, optionally the oxidation of the obtained reaction product
      to its 5-oxide, or the conversion of the said reaction product into an
      addition salt with an inorganic or organic acid.
PAR  The reaction according to the invention is preferably performed in a
      solvent, e.g. in an excess of the employed alkanol of the general formula
      V, or of an alkanediol of the general formula VI, in the presence of a
      catalyst. The catalyst used is, for example, a mineral acid, e.g.
      sulphuric acid or phosphoric acid, an aromatic sulphonic acid, e.g. the o-
      or p-toluenesulphonic acid, or a Lewis acid, e.g. boron trifluoride. The
      reaction is performed at a temperature of from ca. 20.degree. to
      170.degree.C, particularly at the boiling temperature of the employed
      solvent.
PAR  The starting materials of the general formula IV can be obtained, for
      example, as follows: The starting compounds are compounds of the
      previously defined general formula II; these are reacted with
      benzyloxyacetic acid hydrazide to give corresponding
      1-benzyloxymethyl-4H-s-triazolo[4,3-a][1,4]benzodiazepines, which are
      split with hydrobromic acid to corresponding
      4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-methanols; the obtained alcohols
      are subsequently oxidised with dimethylsulphoxide in the presence of
      dicyclohexylcarbodiimide and phosphoric acid.
PAR  The oxidation of the obtained compounds of the general formula I to their
      5-oxides was described in conjunction with the first process.
PAR  The compounds of the general formula I, their 5-oxides, and their addition
      salts with inorganic or organic acids are obtained with application of a
      third process according to the invention by the condensation of a compound
      of the general formula VII:
      ##SPC5##
PAL  wherein R.sub.1 has the meaning given under formula I, and the rings A and
      B can be substituted as stated therein, with a reactive ester of a
      compound of the general formula VIII:
      ##EQU3##
      wherein R.sub.2 or --R.sub.2.R.sub.2 -- has the meaning given under
      formula I; and, optionally, the oxidation of the obtained reaction product
      to its 5-oxide, or the conversion of the said reaction product into an
      addition salt with an inorganic or organic acid.
PAR  As reactive esters of a compound of the general formula VIII, it is
      possible to use, e.g. lower alkyl esters, particularly the methyl or ethyl
      ester.
PAR  The reaction according to the invention is preferably carried out at a
      reaction temperature of ca. 80.degree. to 160.degree.C in an inert
      solvent. Suitable inert solvents are, e.g. hydrocarbons such as toluene or
      xylene, halogenated hydrocarbons such as chlorobenzene, a lower alkanol,
      preferably one corresponding to the alkanol of the acetal grouping, such
      as, e.g. ethanol or butanol, ethereal liquids such as diethylene glycol
      methyl ether or dioxane, and amides, particularly
      N,N,N',N',N",N"-hexamethyl-phosphoric acid triamide. The reaction times
      are between ca. 1 hour and 24 hours.
PAR  Starting materials of the general formula VII are known, e.g.
      2-hydrazino-5-phenyl-7-chloro-3H-1,4-benzodiazepine (cp. Kanji Meguro and
      Yutaka Kuwada, Tetrahedron Letters 1970, 4039). Further compounds of this
      type can be produced analogously.
PAR  The oxidation of the obtained compounds of the general formula I to their
      5-oxides was described in conjunction with the first process.
PAR  The compounds of the general formula I obtained by the processes according
      to the invention are optionally subsequently converted, in the usual
      manner, into their addition salts with inorganic and organic acids. For
      example, the acid desired as the salt component is added to a solution of
      a compound of the general formula I in an organic solvent. The organic
      solvents preferred for the reaction are ones in which the formed salt is
      difficultly soluble, and can hence be separated by filtration. Such
      solvents are, e.g. methanol, ether, acetone, methyl ethyl ketone,
      acetone/ether, acetone/ethanol, methanol/ether or ethanol/ether.
PAR  For use as pharmaceutical compositions it is possible to use, instead of
      free bases, physiologically tolerable acid addition salts, i.e. salts with
      such acids of which the anions are not toxic in the dosage amounts
      concerned. Moreover, it is of advantage if the salts to be used as
      pharmaceutical compositions crystallise well, and are not, or only
      slightly, hygroscopic. For salt formation with compounds of the general
      formula I it is possible to use, e.g. hydrochloric acid, hydrobromic acid,
      sulphuric acid, phosphoric acid, methanesulphonic acid, ethanesulphonic
      acid, 2-hydroxyethanesulphonic acid, or perchloric acid.
PAR  The new active substances are administered orally, rectally or
      parenterally. The dosage depends on the manner of administration, on the
      age, and on the individual condition.
PAR  The daily dosages of the free bases, their 5-oxides, and of physiologically
      tolerable acid addition salts of the free bases vary between 0.02 and 4
      mg/kg for warm-blooded animals. Suitable dosage units, such as dragees,
      tablets or suppositories, preferably contain 0.5 - 25 mg of an active
      substance according to the invention.
PAR  Dosage units for oral administration contain as active substance preferably
      between 1 - 50% of a compound of the general formula I, of its 5-oxide or
      of a corresponding physiologically tolerable salt. They are produced by
      combining the active substance, e.g. with solid pulverulent carriers such
      as lactose, saccharose, sorbitol, mannitol; starches such as potato
      starch, maize starch or amylopectin, also laminaria powder or citrus pulp
      powder; cellulose derivatives or gelatine, optionally with the addition of
      lubricants such as magnesium or calcium stearate, or polyethylene glycols,
      to form tablets or dragee cores. The dragee cores are coated, e.g. with
      concentrated sugar solutions which may also contain, e.g. gum arabic,
      talcum and/or titanium dioxide; or with a lacquer dissolved in readily
      volatile organic solvents or mixtures of solvents. Dyestuffs can be added
      to these coatings, e.g. to distinguish between varying dosages of active
      substance.
PAR  Further dosage units suitable for oral administration are hard gelatine
      capsules, as well as soft closed capsules made from gelatine and a
      softener, such as glycerin. The hard capsules preferably contain the
      active substance as a granulate, e.g. in admixture with fillers such as
      maize starch, and/or lubricants such as talcum or magnesium stearate, and
      optionally stabilisers such as sodium metabisulphite (Na.sub.2 S.sub.2
      O.sub.5) or ascorbic acid. In soft capsules, the active substance is
      preferably dissolved or suspended in suitable liquids such as polyethylene
      glycols, whereby stabilisers may also be added.
PAR  Suitable dosage units for rectal administration are, e.g. suppositories
      consisting of a combination of an active substance with a suppository base
      material. Suitable suppository base materials are, e.g. natural or
      synthetic triglycerides, paraffin hydrocarbons, polyethylene glycols, or
      higher alkanols. Also suitable are gelatine rectal capsules consisting of
      a combination of the active substance with a base material. Suitable as a
      base material are, e.g. liquid triglycerides, polyethylene glycols, or
      paraffin hydrocarbons.
PAR  Ampoules for parenteral administration, especially intramuscular
      administration, preferably contain a water-soluble salt of an active
      substance in a concentration of preferably 0,1 - 1%, optionally together
      with suitable stabilisers and buffer substances, in aqueous solution.
PAR  The following prescriptions further illustrate the production of tablets,
      dragees, capsules, suppositories and ampoules:
PAR  a. 50 g of
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal are mixed with 175.8 g of lactose and 169.70 g of potato
      starch; the mixture is then moistened with an alcoholic solution of 10 g
      of stearic acid, and granulated through a sieve. After drying the
      granulate, 160 g of potato starch, 200 g of talcum, 2.50 g of magnesium
      stearate and 32 g of colloidal silicon dioxide are mixed in; the mixture
      is subsequently pressed into 10,000 tablets each weighing 80 mg and each
      containing 5 mg of active substance. The tablets can, if required, be
      provided with grooves for a more precise adjustment of the dosage amount.
PAR  b. A granulate is produced from 50 g of
      6-phenyl-8-chloro-4H-s-triazolo[4.3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal, 175.90 g of lactose, and the alcoholic solution of 10 g of
      stearic acid. After drying of the granulate, it is mixed with 56.60 g of
      colloidal silicon dioxide, 165 g of talcum, 20 g of potato starch and 2.50
      g of magnesium stearate; the mixture is then pressed into 10,000 dragee
      cores. These are subsequently coated with a concentrated syrup made from
      502.28 g of crystallised saccharose, 6 g shellac, 10 g of gum arabic, 0.22
      g of dyestuff and 1.5 g of titanium dioxide; they are then dried. The
      obtained dragees each weigh 100 mg and each contain 5 mg of active
      substance.
PAR  c. To produce 1000 capsules each containing 5 mg of active substance, 5 g
      of 6-phenyl-8-chloro-4H-s-triazolo[4,3a][1,4]benzodiazepine-1-carboxaldehy
     de-diethylacetal are mixed with 268.0 g of lactose; the mixture is evenly
      moistened with an aqueous solution of 2.0 g of gelatine, and then
      granulated through a suitable sieve (e.g. sieve III, Ph.Helv. V). The
      granulate is mixed with 10.0 g of dried maize starch and 15.0 g of talcum;
      the mixture is then evenly filled into 1000 hard gelatine capsules, size
      1.
PAR  d. A suppository base mixture is prepared from 1.0 g
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal and 169.0 g of adeps solidus; the mixture is then filled
      into 100 suppositories each containing 10 mg of active substance.
PAR  As active substances for the above described or other dosage units, e.g.
      the identical amounts of
      6-(o-fluorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal,
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal,
      6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyd
     e-diethylacetal or
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -dimethylacetal can be used as well.
PAR  The following examples further illustrate the production of the new
      compounds of the general formula I, as well as of starting materials not
      hitherto known; these examples, however, in no way limit the scope of the
      invention. Temperatures are given in degrees Centigrade. For elution
      chromatography, silica gel Merck (registered Trademark), 0.05 to 0.2 mm
      grain, is used. The petroleum ether employed is always one having a
      boiling range of 40.degree. to 65.degree. C.
DETD
PAC  EXAMPLE 1
PAR  A solution of 60.0 g of
      2-methylthio-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. G. A. Archer et
      al., J.Org.Chem. 29, 231 (1964)] and 38.8 g of diethoxyacetic acid
      hydrazide in 460 ml of abs. hexamethylphosphoric acid triamide is heated
      for 6 hours at 140.degree.. The solvent is then distilled off in vacuo,
      and the residue distributed between methylene chloride and water. The
      organic phase is separated, washed with saturated sodium chloride
      solution, dried over sodium sulphate, and concentrated by evaporation. The
      residue is recrystallised from ethyl acetate/ether/petroleum ether,
      whereupon pure 6-phenyl-8-chloro-4H-s-triazolo[
      4,3-a][1,4]benzodiazepine-1-carboxaldehyde-diethylacetal is obtained,
      which melts at 133.degree.-135.degree..
PAR  The diethoxyacetic acid hydrazide used as starting material is prepared as
      follows:
PAR  a. An amount of 81.0 g of diethoxyacetic acid methyl ester is dissolved in
      800 ml of abs. ethanol; an addition is made to the solution of 50.0 g of
      hydrazine hydrate, and the mixture allowed to stand for 20 hours at
      25.degree.. The reaction mixture is then filtered, the filtrate
      concentrated in vacuo, and the residue distilled. The obtained
      diethoxyacetic acid hydrazide boils at 120.degree.-150.degree./0.005 Torr,
      M.P. 30.degree.-40.degree..
PAC  EXAMPLE 2
PAR  A solution of 15.9 g of
      2-(methylthio)-5-(o-fluorophenyl)-7-chloro-3H-1,4-benzodiazepine and 9.7 g
      of diethoxyacetic acid hydrazide in 100 ml of hexamethylphosphoric acid
      triamide is heated for 10 hours at 140.degree.; processing is then carried
      out analogously to the procedure described in Example 1, and the residue
      recrystallised from ethyl acetate/petroleum ether to obtain
      6-(o-fluorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal, M.P. 120.degree.-121.degree..
PAR  The following are obtained in an analogous manner: with the use of 16.7 g
      of 2-(methylthio)-5-(o-chlorophenyl)-7-chloro-3H-benzodiazepine:-
      6-(o-chlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal, M.P. 120.degree.-121.5.degree. (from ethyl
      acetate/petroleum ether);
PAR  with the use of 14.0 g of
      2-(methylthio)-5-phenyl-7-methyl-3H-1,4-benzodiazepine:-
      6-phenyl-8-methyl-4H-s-triazolo-[4,3-a][1,4]benzodiazepine-1-carboxaldehyd
     e-diethylacetal;
PAR  with the use of 17.3 g of
      2-(methylthio)-5-phenyl-7-bromo-3H-1,4-benzodiazepine:-
      6-phenyl-8-bromo-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde-
     diethylacetal; and with the use of 16.5 g of
      2-(methylthio)-5-(o-methoxyphenyl)-7-chloro-3H-1,4-benzodiazepine:-
      6-(o-methoxyphenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal.
PAR  The substituted 2-(methylthio)-5-phenyl-3H-1,4-benzodiazepines required as
      starting materials for the aforementioned final materials are obtainable
      from the corresponding substituted
      1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thiones described in
      J.Org.Chem. 29, 231 (1964) analogously to the process described therein
      for 2-(methylthio)-5-phenyl-7-chloro-3H-1,4-benzodiazepine.
PAR  The following are moreover likewise obtained analogously to the above
      example:
PAR  from 15.7 g of
      2-(methylthio)-3-methyl-5-phenyl-7-chloro-3H-1,4-benzodiazepine:-
      3-methyl-6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carbo
     xaldehyde-diethylacetal, M.P. 151.degree.-153.degree. (from ethyl
      acetate/petroleum ether);
PAR  from 14.2 g of 2-(methylthio)-5-phenyl-7-fluoro-3H-1,4-benzodiazepine:-
      6-phenyl-8-fluoro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal;
PAR  from 15.7 g of 2-(methylthio)-5-(o-tolyl)-7-chloro-3H-1,4-benzodiazepine:-
      6-(o-tolyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldeh
     yde-diethylacetal; from 14.8 g of
      2-(methylthio)-5-phenyl-7-methoxy-3H-1,4-benzodiazepine:-
      6-phenyl-8-methoxy-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyd
     e-diethylacetal;
PAR  from 16.7 g of
      2-(methylthio)-5-phenyl-7-(trifluoromethyl)-3H-1,4-benzodiazepine:-
      6-phenyl-8-(trifluoromethyl)-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-car
     boxaldehyde-diethylacetal;
PAR  from 16.7 g of
      2-(methylthio)-5-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-3H-1,4-benzod
     iazepine:-
      6-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-4H-s-triazolo[4,3-a][1,4]ben
     zodiazepine-1-carboxaldehyde-diethylacetal;
PAR  from 20.1 g of
      2-(methylthio)-5-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-7-(trifluorom
     ethyl)-3H-1,4-benzodiazepine:-
      6-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-8-(trifluoromethyl)-4H-s-tri
     azolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde-diethylacetal, and
PAR  from 18.4 g of
      2(methylthio)-5-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-7-chloro-3H-1,
     4-benzodiazepine:-
      6-(.alpha.,.alpha.,.alpha.-trifluoro-o-tolyl)-8-chloro-4H-s-triazolo[4,3-a
     ][1,4]benzodiazepine-1-carboxaldehyde-diethylacetal.
PAR  The substituted 2-(methylthio)-5-phenyl-3H-1,4-benzodiazepines required as
      starting materials are obtained, starting with the correspondingly
      substituted 1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-ones, of which the
      compounds containing a trifluoromethyl group are described in the American
      Patent 3,341,392, and, in some cases, also in Helv.Chim. Acta 45, 2226
      (1962), and the remaining four compounds in J.Org.Chem. 27, 3788 (1962),
      by conversion into the corresponding 2-thiones, and reaction of these with
      dimethylsulphate in methanolic sodium hydroxide solution, analogously to
      the process described in J.Org.Chem. 29, 231 (1964).
PAC  EXAMPLE 3
PAR  A solution of 12.0 g of
      2-methylthio-5-phenyl-7-chloro-3H-1,4-benzodiazepine and 7.0 g of
      dimethoxyacetic acid hydrazide (cp. E. J. Browne and J. B. Polya,
      J.Chem.Soc. 1962, 5149-5152) in 100 ml of abs. hexamethylphosphoric acid
      triamide is heated for 9 hours at 140.degree.. The obtained
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -dimethylacetal melts at 166.degree.-172.degree..
PAC  EXAMPLE 4
PAR  By reaction of 15.0 g of
      2-(methylthio)-5-(o-chlorophenyl)-3H-1,4-benzodiazepine with 9.7 g of
      diethoxyacetic acid hydrazide in 100 ml of hexamethylphosphoric acid
      triamide, analogously to Example 1, and crystallisation of the crude
      product from ethyl acetate/petroleum ether,
      6-(o-chlorophenyl)-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyd
     e-diethylacetal, M.P. 145.degree.-146.degree., is obtained.
PAR  The 2-methylthio compound required as starting material is produced from
      the 1,3-dihydro-5-(o-chlorophenyl)-2H-1,4-benzodiazepin-2-one described by
      L. H. Sternbach et al., J.Med.Chem. 6, 261-265 (1963) by conversion into
      the corresponding 2-thione, and reaction of this with dimethylsulphate in
      methanolic sodium hydroxide solution, analogously to the process described
      in J.Org.Chem. 29, 231 (1964), M.P. 109.degree.-111.degree. (from ethyl
      acetate/petroleum ether).
PAC  EXAMPLE 5
PAR  A solution of 7.0 g of 7-chloro-2-mercapto-5-phenyl-3H-1,4-benzodiazepine
      [cp. G. A. Archer and L. H. Sternbach, J.Org.Chem. 29, 231 (1964)] and 5.7
      g of diethoxyacetic acid hydrazide in 50 ml of abs. ethanol is refluxed
      for 25 hours. The reaction mixture is concentrated in vacuo, and the
      obtained crude product is processed as described in Example 1, whereupon
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal, M.P. 133.degree.-135.degree., is obtained.
PAC  EXAMPLE 6
PAR  a. A solution of 200 mg of
      2-(dimethylamino)-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. J. Farber
      et al., J.Med. Chem. 7, 235 (1964)] and 150 mg of diethoxyacetic acid
      hydrazide in 3 ml of abs. hexamethylphosphoric acid triamide is heated for
      10 hours at 140.degree.. The reaction mixture is concentrated in vacuo,
      and the crude product processed as described under Example 1, whereupon
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal, M.P. 133.degree.-135.degree., is obtained.
PAR  b. The identical final material is obtained also by the use of the
      following starting materials, instead of
      2-(dimethylamino)-5-phenyl-7-chloro-3H-1,4-benzodiazepine:
PAR  180 mg of 2-amino-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. S. C. Bell
      et al., J.Med.Chem. 5, 63 (1962)], or
PAR  240 mg of 2-(benzylamino)-5-phenyl-7-chloro-3H-1,4-benzodiazepine
      (obtainable according to the British Patent 1,023,793, or from the 4-oxide
      described by S. C. Bell et al., loc.cit. analogously to L. H. Sternbach et
      al., loc.cit.), or
PAR  190 mg of 2-(methylamino)-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. L.
      H. Sternbach et al., J.Org.Chem. 26, 1111 (1961)].
PAR  The following are likewise obtained in an analogous manner:
PAR  with the use of 205 mg of
      2-amino-5-phenyl-7-(trifluoromethyl)-3H-1,4-benzodiazepine:-
      6-phenyl-8-(trifluoromethyl)-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-car
     boxaldehyde-diethylacetal;
PAR  with the use of 180 mg of
      2-amino-5-phenyl-7-methoxy-3H-1,4-benzodiazepine:- 6-phenyl-8-methoxy-4H-s
     -triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde-diethylacetal, and
PAR  with the use of 170 mg of 2-amino-5-phenyl-7-methyl-3H-1,4-benzodiazepine:-
      6-phenyl-8-methyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal.
PAR  The three aforementioned starting materials can be produced, for example,
      by the process of the German Offenlegungsschrift 1,933,986, Chemical
      Abstracts 72, 100772 h (1970), or analogously to the previously mentioned
      2-amino compound.
PAC  EXAMPLE 7
PAR  A mixture of 300 mg of
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-methanol, 0.57
      g of dicyclohexyl-carbodiimide, 45 mg of phosphoric acid and 3 ml of abs.
      dimethylsulphoxide is stirred for 6 days at 25.degree. and for a further 2
      days at 70.degree.-80.degree.. Methylene chloride is then added, the
      organic phase washed with water and saturated sodium chloride solution,
      dried over magnesium sulphate and concentrated by evarporation. Crude
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
      is obtained, which is dissolved in 5 ml of ethanol. An addition is made to
      the obtained solution of 100 mg of p-toluenesulphonic acid, and the
      mixture refluxed for 10 hours. The solution is concentrated in vacuo. The
      residue is taken up in methylene chloride, the organic phase washed with
      5% aqueous potassium carbonate solution and with saturated sodium chloride
      solution, dried over sodium sulphate, and concentrated by evaporation. The
      residue is recrystallised from ethyl acetate/ether/petroleum ether to
      obtain
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal, M.P. 133.degree.-135.degree..
PAR  The starting compound is produced as follows:
PAR  a. A solution of 30 g of
      2-methylthio-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp. G. A. Archer et
      al., J.Org.Chem. 29, 231 (1964)] and 19.8 g of benzyloxyacethydrazide [cp.
      Th. Curtius and N. Schwan, J.prakt. Chem. [2] 51, 353 (1895)] in 160 ml of
      hexamethylphosphoric acid triamide is heated for 8 hours at 140.degree..
      The solvent is then distilled off in vacuo, and the residue distributed
      between methylene chloride and water. The organic phase is separated,
      washed with saturated aqueous sodium chloride solution, dried over sodium
      sulphate and concentrated by evaporation.
      1-benzyloxymethyl-6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepin
     e crystallises out; it melts at 163.degree.-165.degree..
PAR  b. An amount of 25 g of the compound prepared according to (a) is dissolved
      in 200 ml of glacial acetic acid; an addition of 170 ml of 48% hydrobromic
      acid is then made to the above solution. The mixture is refluxed for 90
      minutes, cooled to 5.degree. and, whilst stirring is maintained, adjusted
      with sodium hydroxide solution to pH 6; water and methylene chloride are
      then added. The organic phase is separated, washed with saturated aqueous
      sodium chloride solution, dried over sodium sulphate, and concentrated by
      evaporation. The residue is dissolved in ethyl acetate/methanol (9:1), the
      solution filtered through a column of 150 g of silicagel Merck (registered
      trademark), 0.05-0.2 mm grain, and the column eluted with ethyl
      acetate-methanol (9:1) to (7:3). The eluate is concentrated by evaporation
      and the residue crystallised from ethyl acetate/ether to obtain
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-methanol, M.P.
      209.degree.-211.degree..
PAC  EXAMPLE 8
PAR  A solution of 2-hydrazino-5-phenyl-7-chloro-3H-1,4-benzodiazepine [cp.
      Kanji Meguro and Yutaka Kuwada, Tetrahedron Letters 1970, 4039 (1970)] and
      5 g of diethoxyacetic acid ethyl ester in 50 ml of
      N,N,N',N',N",N"-hexamethylphosphoric acid triamide is heated for 5 hours
      at 100.degree.. The reaction mixture is then concentrated in vacuo, and
      the residue distributed between methylene chloride and water. The organic
      phase is washed with water and saturated sodium chloride solution, dried
      over sodium sulphate, and concentrated by evaporation. The residue is
      recrystallised from ethyl acetate/ether/petroleum ether, whereupon the
      obtained pure 6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]
      benzodiazepine-1-carboxaldehyde-diethylacetal melts at 133.degree. -
      135.degree..
PAC  EXAMPLE 9
PAR  A solution of 7.64 g (0.024 mole) of m-chloro-peroxybenzoic acid in 140 ml
      of methylene chloride is added dropwise within 15 minutes at
      0.degree.-5.degree., with stirring, to a solution of 9.0 g (0.0126 mole)
      of 6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldeh
     yde-diethylacetal in 100 ml of methylene chloride. The reaction mixture is
      stirred in a melting ice bath for a further 16 hours; the mixture is
      subsequently concentrated in vacuo and ether added to the residue. The
      precipitated crystals are filtered under suction, and washed twice with
      hot ethyl acetate. The obtained
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal-5-oxide melts at 200.degree.-202.degree..
PAC  EXAMPLE 10
PAR  An amount of 0.13 g (0.0013 mole) of perchloric acid is added to a solution
      of 0.5 g (0.00126 mole) of 6-phenyl-8-chloro-4H-s-triazolo[4,3
      -a][1,4]benzodiazepine-1-carboxaldehyde-diethylacetal in 3 ml each of
      acetone and methanol. The salt crystallises out after the addition of 5 ml
      of petroleum ether. Filtration under suction is then performed and
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal-perchlorate obtained, which decomposes at
      250.degree.-265.degree..
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound having the formula I a,
      ##SPC6##
PAL  wherein
PA1  R.sub.1 represents a hydrogen atom or a methyl or ethyl group,
PA1  each of the symbols R.sub.2 represents a methyl or ethyl group, and
PA1  R.sub.3 and R.sub.4, independently of each other, represents hydrogen, a
      chlorine, fluorine or bromine atom, or a nitro or trifluoromethyl group,
      at least one of the symbols R.sub.3 and R.sub.4 being other than hydrogen,
PAL  as well as the 5-oxide thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 represents hydrogen and
      each of the symbols R.sub.2 and the symbols R.sub.3 and R.sub.4 have the
      meaning given in claim 1, and its 5-oxide.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sub.1 represents hydrogen,
      each of the symbols R.sub.2 has the meaning given in claim 1, R.sub.3
      represents hydrogen or a chlorine atom and R.sub.4 represents hydrogen or
      a chlorine or fluorine atom, at least one of the symbols R.sub.3 and
      R.sub.4 being other than hydrogen, and its 5-oxide.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.1 represents hydrogen,
      each of the symbols R.sub.2 has the meaning given in claim 1, R.sub.3
      represents hydrogen or a chlorine atom and R.sub.4 represents hydrogen or
      a chlorine or fluorine atom, at least one of the symbols R.sub.3 and
      R.sub.4 being other than hydrogen.
NUM  5.
PAR  5. A compound according to claim 1 which is
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -dimethylacetal.
NUM  6.
PAR  6. A compound according to claim 1 which is
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal.
NUM  7.
PAR  7. A compound according to claim 1 which is
      4-methyl-6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carbo
     xaldehyde-diethylacetal.
NUM  8.
PAR  8. A compound according to claim 1 which is
      6-(o-fluorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carb
     oxaldehyde-diethylacetal.
NUM  9.
PAR  9. A compound according to claim 1 which is
      6-(ochlorophenyl)-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carbo
     xaldehyde-diethylacetal.
NUM  10.
PAR  10. A compound according to claim 1 which is
      6-(o-chlorophenyl)-4H-s-triazolo[4,3][1,4]benzodiazepine-1-carboxaldehyde-
     diethylacetal.
NUM  11.
PAR  11. A compound according to claim 1 which is
      6-phenyl-8-chloro-4H-s-triazolo[4,3-a][1,4]benzodiazepine-1-carboxaldehyde
     -diethylacetal-5-oxide.
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ABST
PAL  Hydantoin derivatives are produced by reacting
PA1  1. a glycine derivative,
PA1  2. a primary amine, and
PA1  3. a diaryl carbonate
PAL  Thus, various kinds of hydantoin derivatives can be obtained without using
      an isocyanate.
BSUM
PAR  This invention relates to a novel process for the preparation of hydantoin
      derivatives.
PAR  More particularly, the invention relates to a novel process for the
      preparation of hydantoin derivatives which contain in their molecules at
      least one hydantoin ring (H) of the formula,
      ##EQU1##
      in which R.sub.1 is hydrogen atom or a monovalent organic radical.
PAR  It is known to produce various .alpha.-amino acids through the steps of
      condensing hydantoins with, for example, various aldehydes, and
      hydrolyzing the condensation products, this is conventionally referred to
      as the preparation of .alpha.-amino acids by hydantoin process and has
      been practiced on industrial scales. Various substituted hydantoins are
      also known to be useful as pesticides, medicines, or intermediate
      materials thereof.
PAR  Again, the hydantoin derivatives containing at least two reactive groups
      such as carboxyl, hydroxyl, and primary amino groups serve as the starting
      materials in the production of various hydantoin ring-containing polymers
      some of which are known for their high thermal stability.
PAR  The following are typical of the known processes for the preparation of
      hydantoin derivatives:
PAR  (I) A PROCESS WHEREIN AMINO ACID OR ESTERS THEREOF ARE REACTED WITH
      CYANATE. This process can be expressed by the equation (i) below, taking
      the example of glycine as the amino acid.
      ##EQU2##
      (in which E is hydrogen atom or a lower alkyl group, and M is an alkali
      metal).
PAR  (II) A PROCESS WHEREIN A CYANOHYDRIN OF ALDEHYDE OR KETONE IS HEATED WITH
      AMMONIUM CARBONATE. The process can be expressed, for example, by the
      reaction formula (ii) below:
      ##EQU3##
       (in which E is hydrogen atom or a lower alkyl group, and E' stands for a
      lower alkyl group).
PAR  (III) A PROCESS IN WHICH AN AMINO ACID OR A FUNCTIONAL DERIVATIVE THEREOF
      IS REACTED WITH AN ISOCYANATE OR A COMPOUND WHICH FORMS ISOCYANATE DURING
      THE REACTION, SUCH AS A PHENYLURETHANE. The process can be expressed, for
      example, by the reaction formula (iii) below:
      ##EQU4##
      (in which E, E", and E'" may be the same or different, and each denotes
      hydrogen atom or a lower hydrocarbon residue).
PAR  The foregoing processes, however, are severely limited in their industrial
      applications, because they use either very toxic cyanic acid or highly
      reactive and toxic isocyanates and consequently require cumbersome
      considerations for appropriate equipment. Furthermore, isocyanates are
      normally manufactured through the reaction of the corresponding amines
      with phosgene which is again highly toxic. Therefore the utilizable types
      of isocyanates are extremely limited.
PAR  In the attempts to make hydantoin derivatives containing, for example,
      carboxyl, or hydroxyl groups, by the above process (iii) using an
      isocyanate, the isocyanate would react with the named reactive groups
      unless the reactive groups are inactivated in advance by way of protective
      groups. After the hydantoin formation through the reaction with an
      isocyanate; the protective groups must be split off from the product. Thus
      the process becomes objectionably complex and industrially
      disadvantageous.
PAR  The object of the present invention, accordingly, is to provide a novel
      process for easy preparation of hydantoin derivatives through a single
      stage reaction, without using cyanic acid or isocyanates.
PAR  Another object of the present invention is to provide a novel process
      whereby hydantoin derivatives containing any desired number of reactive
      groups such as carboxyl, or hydroxyl groups can be directly formed without
      the preceding protection of such reactive groups.
PAR  A further object of the invention is to provide a process for synthesizing
      a wide variety of hydantoin derivatives containing versatile substituent
      groups, with high economical advantage.
PAR  Still many other objects and advantages of the invention will become
      apparent from the following detailed description.
PAR  The foregoing objects and advantages of the invention are achieved by
      mutually reacting
PA1  1. a glycine derivative (I) containing at least one glycine residue (G) of
      the formula,
      ##EQU5##
      in which R.sub.1 is hydrogen atom or a monovalent organic radical, and
PA2  X is selected from a moiety of the formula, --OA, --SA, --NHA, and
      --N(A).sub.2, (A being hydrogen atom or a monovalent organic radical),
PAL  with
PA1  2. an amine (II) containing at least one primary amino group of the
      formula,
EQU  --NH.sub.2,
PAL  and
PA1  3. a diaryl carbonate (III) of the formula (III) below,
      ##EQU6##
      in which .phi. and .phi.' may be same or different, and each denotes a
      monovalent aromatic group.
PAR  Upon reacting the above-specified three components, a hydantoin derivative
      (IV) containing in its molecule at least one hydantoin ring (H) of the
      formula,
      ##EQU7##
      in which R.sub.1 has the same definition as that previously given as to
      the formula (G) is formed.
PAR  The glycine derivatives (I) employed as one of the starting materials in
      the present invention may be any of such compounds containing in their
      molecules at least one glycine residue (G) of the formulae (G) as
      aforesaid, and which can retain the glycine skeleton (G.sub.1) of the
      formula
      ##EQU8##
      with stability, under the reaction conditions of the subject process.
PAR  Also the sole essential requirement for the primary amine (II) is that the
      compound must contain at least one primary amino group, (--NH.sub.2).
      Therefore, ammonia and any other primary organic amines can be
      satisfactorily used, and in this specification the term "amine" is used in
      the sense inclusive of ammonia. It is required for the amines that they
      can at least retain the --NH-- group with stability, under the reaction
      conditions of this invention. However, in case of using polyamines
      containing no less than two primary amino groups (--NH.sub.2), organic
      amines in which the two primary amino groups at the minimum are linked
      through two carbon atoms are apt to form cyclic compounds with
      aforementioned diaryl carbonate (III) alone, interfering with the
      hydantoin ring-forming reaction of the three reactants including the
      glycine derivatives (I). Therefore, use of such organic polyamines should
      be avoided.
PAR  In short, according to the invention the active sites indicated with the
      triangular marks below of the formula (I), --NH.sub.2, and the formula
      (III) mutually react to form a hydantoin ring, through the mechanism as
      illustrated by the formula (1) below, and therefore the experts in the art
      can easily select and determine the specific types and quantities of the
      glycine derivative (I), amine (II), and diaryl carbonate (III) to be
      employed.
      ##EQU9##
PAR  According to the invention, therefore, the glycine derivative (I) and amine
      (II) of the quantities as will make the glycine residue (G) in the former
      and primary amino group(s) in the latter substantially equimolar, and at
      least equimolar to the glycine residue (G) of diaryl carbonate (III), are
      used for the reaction of aforespecified three reactants, and upon the
      reaction the object hydantoin derivative (IV) is formed. Such reaction of
      the invention can progress in the absence of solvent or in the presence of
      an inert solvent, by heating the three starting materials (I), (II), and
      (III) together.
PAR  The heating temperature should be sufficient to allow the splitting off of
      the phenols of the formula .phi.OH or .phi.'OH, and water, alcohols,
      hydrogen sulfide, mercaptans, primary and secondary amines, and ammonia,
      etc., which can be covered by the formula XH.
PAR  Thus, according to the invention, for example, (1) a glycine derivative of
      the formula (I-1) or (I-2) below,
      ##EQU10##
      or
      ##EQU11##
      (in the above formulae, R.sub.1 and X have the same definitions as those
      given as to the formula G,
PA1  R.sub.2 and R.sub.3 may be same or different and each denotes hydrogen atom
      or a monovalent organic radical,
PA1  l is a positive integer of 1 to 5, and
PA1  R is hydrogen atom or an l-valent organic radical),
PAR  2. an amine of the formula (II-1),
EQU  W--NH.sub.2).sub.m                                         (II-1)
PAL  (in which m is a positive integer of 1 to 5, and W is hydrogen atom or an
      m-valent organic radical), and
PAR  3. a diaryl carbonate (III) of the formula (III),
      ##EQU12##
      (in which the definitions of .phi. and .phi.' are same to those already
      given)
PAL  are so selected that
PAR  4. either one or both of l and m should be 1, and mutually reacted to form
      any of the hydantoin derivatives of the formulae,
      ##EQU13##
      and
      ##EQU14##
      (in which above formulae, R.sub.1, R.sub.2, R.sub.3, R, W, l, and m have
      the same definitions as already given,
PA1  the formulae IV-1 and IV-2, and the formulae IV-3 and IV-4 being the same,
      respectively, when both l and m are 1,
PA1  when l is 2 - 5 and m equals 1, the product being expressed by the formula
      IV-1 or IV-3, and when l equals 1 and m is 2 to 5, the product being
      expressed by the formula IV-2 or IV-4).
PAR  As shown above, the glycine derivatives to be used in this invention can be
      classified into the typical two groups which are covered by the formulae
      I-1 and I-2. The structure of the formed hydantoin derivative (IV) thus
      differs depending on which group of the glycine derivative is employed,
      particularly when either l or m is no less than 2 (in that case, the other
      of l or m being 1).
PAR  In the above-described process, for example, if l is 2 and m is 1, or l is
      1 and m is 2, hydantoin derivatives containing two symmetric hydantoin
      rings (H) are obtained.
PAR  In preferred embodiments of the invention, glycine derivatives (I-1a or
      I-2a) of the formulae (I-1) or (I-2) in which the R-denotes the formulae
      (D) below:
EQU  (F.sub.1).sub.P R.sub.4 --                                 (D)
PAL  in which R.sub.4 is a (l+P) valent hydrocarbon residue or a hydrocarbon
      residue containing at least one member of the group consisting of oxygen,
      nitrogen, sulfur, phosphorus and silicon, the (l+P) valency bonding with
      the carbon atoms,
PA1  F.sub.1 is at least one element or radical selected from the group
      consisting of halogen atoms, nitro, nitrile, tertiary amino,
      ##EQU15##
       --OY, --SY, --COY, --OCOY, and --COOY radicals, Y and Y' being either the
      same or different and each denoting hydrogen atom or a monovalent organic
      radical, and
PA1  P is a positive integer of 0 to 10,
PAL  and/or, as the amines of previously given formula (II-1), the amines of
      formula (II-2) below,
EQU  (F.sub.2).sub.q W.sub.1 --NH.sub.2).sub.m                  (II-2)
PAL  in which
PA1  W.sub.1 is a (m + q) valent hydrocarbon residue, or a hydrocarbon residue
      containing at least one member of the group consisting of oxygen,
      nitrogen, sulfur, phosphorus and silicon, the (m + q) valency bonding with
      the carbon atoms,
PA1  F.sub.2 denotes at least one element or radical of the group consistitng of
      halogen atoms, nitro, nitrile, tertiary amino,
      ##EQU16##
       --OY, --SY, --COY, --OCOY, and --COOY radicals, Y and Y' being same or
      different and each standing for hydrogen atom or a monovalent organic
      radical,
PA1  q is a positive integer of 0 to 10, and
PA1  m has the same definition as already given,
PAL  are used to form hydantoin derivatives (IV-1, IV-2, IV-3, or IV-4)
      containing various substituents, particularly functional substituents.
PAR  In another preferred embodiment (A) of the present invention, (1) a glycine
      derivative of the formula (I-1b) or (I-2b)
      ##EQU17##
      in which (F.sub.3).sub.p.sub.' stands for a hydroxyl group (--OH) or one
      or two --COOY, in the last case the two --COOY's being linked with the two
      adjacent carbon atoms in R.sub.4, respectively, R.sub.1, R.sub.2, R.sub.4,
      X, and Y have the same definitions as already given, and p' represents a
      positive integer of 1 or 2,
PAL  or
      ##EQU18##
      in which (F.sub.3).sub.p stands for a hydroxyl group (--OH) or one or two
      --COOY, in the last case the two --COOY's being linked with the two
      adjacent carbon atoms in R.sub.4, respectively, and
PA1  p', R.sub.1, R.sub.3, R.sub.4, X, and Y have the same definitions as
      already given,
PA1  2. a primary amine of the formula (II-3),
EQU  (F.sub.4).sub.q W.sub.1 --NH.sub.2                         (II- 3)
PAL  in which
PA2  (F.sub.4).sub.q stands for a hydroxyl group (--OH) or one or two --COOY, in
      the last case the two --COOY's being linked with the two adjacent carbon
      atoms in W.sub.1, respectively, and
PA2  W.sub.1, and Y have the same definitions as already given, and q'
      represents a positive integer of 1 or 2, and
PA1  3. diaryl carbonate of the formula (III)
      ##EQU19##
      in which .phi. and .phi.' have the same definitions as already given, are
      mutually reacted to form a difunctional hydantoin derivative of the
      formulae (IV-5) or (IV-6),
      ##EQU20##
      or
      ##EQU21##
      in both of which R.sub.1, R.sub.2, R.sub.3, R.sub.4, W.sub.1,
      (F.sub.3).sub.p.sub.' and (F.sub.4).sub.q.sub.' have the same definitions
      as already given,
PAL  which contains two functional groups selected from the group consisting of
      hydroxyl group, carboxyl group, and ester groups thereof.
PAR  According to still another embodiment (B) of the present invention,
PA1  1. a glycine derivative of the formula (I-1b) or (I-2b),
      ##EQU22##
      in which R.sub.1 R.sub.2, R.sub.4, X, and (F.sub.3).sub.q have the same
      definitions as already given, or
      ##EQU23##
      in which R.sub.1, R.sub.3, R.sub.4, X, and (F.sub.3).sub.p.sub.' have the
      same definitions as already given,
PA1  2. a primary diamine of the formula (II-4) below,
EQU  H.sub.2 N -- W.sub.2 -- NH.sub.2                           (II- 4)
PAL  in which
PA2  W.sub.2 stands for a divalent organic radical, and
PA1  3. diaryl carbonate of the formula (III),
      ##EQU24##
      are reacted at such a quantitative ratio that substantially 2 mols of the
      glycine derivative of formula (I-1b) or (I-2b) is used per mol of the
      primary diamine, to form a difunctional hydantoin derivative of the
      formula (IV-7),
      ##EQU25##
      or of the formula (IV-8),
      ##EQU26##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, W.sub.2, and (F.sub.3).sub.p
      have the same definitions as already given,
PAL  which contains in its molecule two hydantoin rings and two functional
      groups selected from the group consisting of hydroxyl group, carboxyl
      group, and ester groups thereof.
PAR  Again according to the invention, difunctional hydantoin derivatives
      similar to the above can be formed by the below-specified embodiment (C),
      i.e., through the reaction of
PA1  1. a bis-glycine derivative of the formula (I-1c) or (I-2c) below,
      ##EQU27##
      in which R.sub.1, R.sub.2, and X have the same significations given as to
      the formula I-1, and R.sub.5 is a divalent organic radical,
PAL  or
      ##EQU28##
      in which R.sub.1, R.sub.2, and X have the same significations as those
      given as to the formula I-2, and
PA2  R.sub.5 is a divalent organic radical, with
PA1  2. a primary diamine of the formula (II-3),
EQU  (f.sub.4).sub.q.sub.' W.sub.1 -- NH.sub.2                  (II- 3)
PA2  in which (F.sub.4).sub.q.sub.' and W have the same significations as
      already given,
PAL  and
PA1  3. a diaryl carbonate of the formula (III)
      ##EQU29##
      in which .phi. and .phi.' each denotes a monovalent aromatic group, at
      such a quantitative ratio that substantially 2 mols of the primary diamine
      (II-3) is used per mol of the bis-glycine derivative (I-1c) or (I-2c), a
      compound of the formula (IV-9) or (IV-10) below is formed:
      ##EQU30##
      or
      ##EQU31##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.5, W.sub.1, and
      (F.sub.4).sub.q.sub.' have the same definitions as those already given.
PAR  The hydantoin derivative of the formula IV-9 or IV-10 also contains in its
      molecule two hydantoin rings and two functional groups selected from the
      group consisting of hydroxyl, carboxyl, and ester groups thereof at the
      two termini, similarly to the hydantoin derivatives of the previously
      given formulae IV-7 and IV-8.
PAR  Because the difunctional derivatives (IV-5, IV-6, IV-7, IV-8, IV-9, and
      IV-10) formed by the above-described embodiments (A), (B), and (C) possess
      two functional groups selected from the group consisting of hydroxyl group
      (--OH), carboxyl group (--COOH), and the ester groups thereof, they serve
      as the starting materials of substantially linear polymers, such as
      polyamide, polyester, polyamide-ester, polyimide, polyamide-imide,
      polycarbonate, polyamide-carbonate, and polyester-carbonate, etc.
PAR  It is also possible according to the invention to form polyfunctional
      hydantoin derivatives containing three or more of the functional groups
      specified in the foregoing, which can serve as the starting materials of
      similar polymers of reticulated structure.
PAR  The hydantoin derivatives containing two of the afore-specified functional
      groups formed according to the invention (IV-5, IV-6, IV-7, IV-8, IV-9,
      and IV-10) are particularly useful as the monomers for making, for
      example, heat-stable polymers.
PAR  It is indeed surprising that the hydantoin ring-forming reaction
      selectively takes place in the reaction according to the invention, and
      functional hydantoin derivatives are obtained with high yields, while many
      other reactions such as formation of urea linkage by the reaction of
      primary amino group with diaryl carbonate, formation of amide group by the
      reaction of above-formed urethane group with carboxyl group, formation of
      aryl ester or carbonate by the reaction of carboxyl group or hydroxyl
      group with diaryl carbonate, etc. would have been expected.
PAR  In the past attempts to synthesize such difunctional hydantoin derivatives
      as those of the formulae IV-5, IV-6, IV-9, and IV-10 by the method of
      forming hydantoin rings from iminoacetic acid derivatives and isocyanate,
      it is essential to first form a special compound of which carboxyl groups
      are protected with other radicals inert to isocyanate groups, and then
      effect the reaction of such a compound with isocyanate. Consequently, the
      protective radicals must be split off from the reaction product by an
      additional step after the reaction. Thus the method requires cumbersome
      procedures and is industrially very disadvantageous.
PAR  In contrast thereto, according to the process of this invention,
      industrially readily available and common aminocarboxylic acid can be
      used. Furthermore, the step for splitting off the protective radicals is
      unnecessary, but the object difunctional or polyfunctional hydantoin
      derivatives containing the specified functional groups can be obtained
      through a single stage reaction. According to the present invention,
      therefore, a wider varieties of novel difunctional or polyfunctional
      hydantoin derivatives can be formed with industrial advantage.
PAR  Hereinafter several examples of making difunctional hydantoin derivatives
      in accordance with the typical preferred embodiments of the invention will
      be given, taking the case of carboxyl group (--COOH) serving as the
      functional group.
      ##EQU32##
PAR  In the reaction formula of above example [4], the two carboxyl groups
      bonding with R.sub.4 are bonded with the two adjacent carbon atoms of
      R.sub.4, respectively.
PAR  According to the invention, by any of the embodiments (A), (B), and (C),
      particularly through the practices illustrated in the foregoing examplary
      reactions [1] through [4], difunctional hydantoin derivatives containing
      two esterified carboxyl groups (for example, alkoxycarbonyl or
      aryloxycarbonyl groups), or two hydroxyl groups (--OH), or a carboxyl
      group (or an esterified group thereof) and a hydroxyl group; or
      difunctional hydantoin derivatives containing four carboxyl groups or two
      anhydride groups thereof, in which each one carboxyl group is bonded with
      the adjacent two carbon atoms, are formed.
PAR  The diaryl carbonates (III) employed in the present invention, particularly
      diphenyl carbonates, have been industrially produced on large scales as
      the starting materials of polycarbonates. Because their refining and
      handling are extremely easier than those of isocyanate, they are
      advantageously used for the preparation of far wider varieties of
      polyfunctional hydantoin derivatives containing hydantoin rings, compared
      with the limited products of the conventional method.
PAR  Furthermore, according to our studies, when the diaryl carbonate (III) is
      used at a quantity exceeding a specific ratio, the carboxyl groups in the
      formed hydantoin derivatives containing two or more carboxyl groups react
      with the diaryl carbonate (III) to form an aryl ester. Thus according to
      the invention, aryl esters of polycarboxylic acids containing hydantoin
      rings can also be easily obtained.
PAR  For example, in the embodiment of example [1] previously given, a
      dicarboxylic acid diaryl ester containing a hydantoin ring, in which the
      two carboxyl groups are aryl-esterified can be obtained by using at least
      3 molar times the carboxyl-containing glycine derivative of a diaryl
      carbonate. Similar products containing hydantoin rings can be obtained by
      the embodiments of examples [2] and [3], by using at least 2 molar times
      and at least 4 molar times the glycine derivative, respectively, of a
      diaryl carbonate.
PAR  It is likewise possible to form polyaryl esters of polycarboxylic acids
      containing hydantoin rings, by suitably using excessive quantities of the
      diaryl carbonate.
PAR  The "carboxylate groups" serving as the functional groups of the
      difunctional hydantoin derivatives of the formulae IV-5, IV-6, IV-7, IV-8,
      IV-9, and IV-10 formed by the embodiments (A), (B), and (C) already
      described, therefore also covers the aryl-esterified carboxyl groups
      formed by the above-mentioned practice.
PAR  Generally speaking, the aryl carboxylate exhibits greater reactivity to
      hydroxyl or amino groups compared with carboxylic acid or alkyl
      carboxylate. Consequently the aryl esters of polycarboxylic acid
      containing hydantoin rings formed as above are advantageously utilizable
      as starting materials of polyester, polyamide, etc.
PAR  In the above-mentioned preparation of aryl esters of polycarboxylic acids
      containing hydantoin rings, the diaryl carbonate is utilized both for the
      hydantoin ring-forming reaction and aryl ester group-forming reaction with
      advantage.
PAR  In order to assist the readers' understanding, the reaction will be
      illustrated by the reaction formula [example 1a], taking the case of the
      embodiment of [example 1]:
PAC  [Example 1a]
      ##EQU33##
PAR  The reactions of the invention having been explained above, hereinafter the
      glycine derivatives (I), amine (II), and diaryl carbonate (III) to be used
      as the starting components of the reaction, as well as the solvent,
      catalyst, and reaction conditions employable for the reaction will be
      explained.
PAC  Glycine derivative (I)
PAR  The glycine derivatives (I) useful for the invention are the compounds
      containing at least one glycine residue of the formula G. The typical of
      such compounds are covered by the already given formulae (I-1) and (I-2).
PAR  Still more preferred glycine derivatives are those covered by the formula
      (I-1d) or (I-2d) below:
      ##EQU34##
      in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, F.sub.1 p, l, and X have the
      same significations as already defined.
PAR  As already mentioned, R.sub.1, R.sub.2, and R.sub.3 in the glycine residue
      constituting the glycine derivatives of the above formula (I-1d) or (I-2d)
      may be same or different, and each denotes hydrogen atom or a monovalent
      organic radical. Preferred examples of the monovalent organic radical
      include aliphatic radicals of 1 to 20 carbons such as methyl, ethyl,
      propyl, and butyl radicals; alicyclic radicals of 3 to 20 carbons such as
      cyclohexyl,
      ##SPC1##
     etc.; aromatic radicals of 6 to 20 carbons such as phenyl, benzyl, toluyl,
      and naphthyl radicals; and organic radicals each containing at least one
      hetero-element such as oxygen, nitrogen, sulfur, and the like, examples of
      which including:
      ##SPC2##
      ##EQU35##
      etc. Particularly preferred R.sub.1, R.sub.2, and R.sub.3 are hydrogen
      atom and methyl, ethyl, phenyl, and benzyl radicals.
PAR  The X in the above glycine residue stands for --OA, --SA, --NHA, or
      --N(A).sub.2 (in which A is hydrogen atom or an organic radical) as
      previously specified. Suitable organic radicals as A include, for example,
      aliphatic, alicyclic, and aromatic hydrocarbons, particularly methyl,
      ethyl, phenyl, and benzyl radicals. Also preferred specific examples of X
      are --OH, --OCH.sub.3, --OC.sub.2 H.sub.5, --SH,
      ##SPC3##
     --NH.sub.2, --NHCH.sub.3, and --N(CH.sub.3).sub.2, etc., particularly the
      radicals of the type --OA.
PAR  The R.sub.4 forming the glycine derivatives represented by the formula I-1d
      or I-2d is a (l + p) valent hydrocarbon residue which may contain at least
      one element selected from the group consisting of oxygen, nitrogen,
      sulfur, phosphorus and silicon, for example, a saturated or unsaturated
      hydrocarbon residue of 1 to 20 carbons, which may be aliphatic, alicyclic,
      aromatic, or heterocyclic. The l plus p bonding hands in the R.sub.4 are
      linked with the carbon atoms.
PAR  Specific examples of such hydrocarbon residues forming the R.sub.4 in their
      saturated forms include the following:
PAR  i. saturated or unsaturated aliphatic hydrocarbons such as CH.sub.4,
      CH.sub.3 CH.sub.3, CH.sub.2 = CH.sub.2, CH.sub.3.CH.sub.2.CH.sub.3,
      CH.sub.2 = CH-CH.sub.3, CH.sub.3 CH.sub.2 CH.sub.2 CH.sub.3, CH.sub.2 =
      CH-CH = CH.sub.2, and CH.sub.3 (CH.sub.2).sub.4 CH.sub.3 ;
PAR  ii. alicyclic hydrocarbons such as
      ##SPC4##
PAR  iii. aromatic hydrocarbons such as
      ##SPC5##
PAL  [in which M is a member of the group consisting of -O-, lower alkylenes of
      1 - 4 carbons, --NHCO--, --SO.sub. --, --CO--,
      ##EQU36##
      (K standing for a monovalent organic radical)];
PAR  iv. heterocyclic compounds such as
      ##SPC6##
      ##EQU37##
      ##SPC7##
     etc.
PAR  It should be obvious that the above specific examples are given only by way
      of illustration, and the scope of this invention is in no way thereby
      limited.
PAR  The hydrocarbon residue (R.sub.4) in the above-specified glycine
      derivatives may be substituted with p substituents (F.sub.1).
PAR  As already stated, such an F.sub.1 is selected from the group consisting
      of:
PA1  halogen atoms (chlorine, bromine, fluorine, iodine) nitro group
      (--NO.sub.2), nitrile group (--CN), tertiary amino group,
      ##EQU38##
      --OY, --SY, --COY, --OCOY, and --COOY (Y and Y' being either same or
      different, and each denoting hydrogen atom or a monovalent organic
      radical).
PAR  Examples of monovalent organic radicals which can serve as the Y or Y' in
      the above include aliphatic, alicyclic, or aromatic hydrocarbon residues
      of 1 to 20 carbon atoms, the residues optionally containing at least one
      hetero atom such as oxygen, nitrogen, sulfur, etc.
PAR  When R.sub.4 is thus substituted with F.sub.1, the suitable number of the
      substituent (p) is not greater than 10, preferably not greater than 5.
PAR  Hereinafter some of the specific examples of the glycine derivatives useful
      for the invention are given, which should never be construed as limitative
      of the scope of this invention.
PAR  a. Monoglycine derivatives:
PA1  (a-1) The compounds belonging to the formula (I-1)
     H.sub.2 N--CH.sub.2 --COOH (glycine)                                      
     H.sub.2 N--CH.sub.2 --COOCH.sub.3,                                        
                           H.sub.2 N--CH.sub.2 --COOC.sub.2 H.sub.5,           
     CH.sub.3              C.sub.2 H.sub.5                                     
     .vertline.            .vertline.                                          
     H.sub.2 N--C--COOC.sub.2 H.sub.5                                          
                           H.sub.2 N--C--COOC.sub.2 H.sub.5                    
     .vertline.            .vertline.                                          
     CH.sub.3              C.sub.2 H.sub.5                                     
     H.sub.2 N--CH--COOH,  H.sub.2 N--CH--COOC.sub.2 H.sub.5,                  
                           .vertline.                                          
                           CH.sub.2                                            
     H.sub.2 N--CH--COOC.sub.2 H.sub.5,                                        
                           H.sub.2 N--CH--COOC.sub.2 H.sub.5,                  
     .vertline.            .vertline.O                                         
     .vertline.            .vertline..parallel.                                
     CH                    CH.sub.2 COCH.sub.3                                 
     CH.sub.3 NHCH.sub.2 COOH,                                                 
                           C.sub.2 H.sub.5 NHCH.sub.2 COOC.sub.2 H.sub.5,      
     CH.sub.3 NHCH.sub.2 COS--                                                 
                           CH.sub.3 NHCH.sub.2 CONH.sub.2,                     
     CH.sub.3                                                                  
     CH.sub.3 NHCH.sub.2 CON.angle.,                                           
                           CH.sub.3 NHCH.sub.2 CONHCH.sub.3,                   
     CH.sub.3                                                                  
     -- NHCH.sub.2 COOC.sub.2 H.sub.5,                                         
                           --NHCH.sub.2 COOCH.sub.3,                           
     --NHCH.sub.2 COOC.sub.2 H.sub.5,                                          
                           --CH.sub.2 --NHCH.sub.2 COOC.sub.2 H.sub.5,         
     CH.sub.3                                                                  
     .vertline.                                                                
     --CH.sub.2 --NHC--COOC.sub.2 H.sub.5,                                     
                           --NHCH.sub.2 COOH,                                  
     .vertline.                                                                
     CH.sub.3                                                                  
     --CH.sub.2 NHCH.sub.2 COOCH.sub.3,                                        
                           --NHCH.sub.2 COOC.sub.2 H.sub.5,                    
                           H.sub.3 C                                           
     --CH.sub.2 NHCH.sub.2 COOH,                                               
                           .angle.N--C.sub.2 H.sub.4 --NHCH.sub.2 COOCH.sub.3, 
                           4                                                   
                           H.sub.3 C                                           
     --NHCH.sub.2 COOC.sub.2 H.sub.5,                                          
                           --NHCH.sub.2 COOC.sub.2 H.sub.5                     
     --CH.sub.2 --NHCH.sub.2 COOH,                                             
                           --NHCH.sub.2 COOCH.sub.3,                           
     --NHCH.sub.2 COOC.sub.2 H.sub.5                                           
                           --NHCH.sub.2 COOC.sub.2 H.sub.5                     
     --NHCH.sub.2 COOC.sub.2 H.sub.5                                           
                           --CH.sub.2 NHCH.sub.2 COOC.sub.2 H.sub.5            
     --NHCH.sub.2 COOC.sub.2 H.sub.5                                           
                           --NHCH.sub.2 COOC.sub.2 H.sub.5                     
     HO----CH.sub.2 NHCH.sub.2 COOH,                                           
                           --NH.sub.2 CH.sub.2 COOC.sub.2 H.sub.5,             
     HOOC----CH.sub.2).sub.2 NHCH.sub.2 COOH,                                  
                           HOOC----CH.sub.2).sub.5 NHCH.sub.2 COOC.sub.2       
                           H.sub.5,                                            
     CH.sub.3 OOC--NHCH.sub.2 COOH,                                            
                           --NHCH.sub.2 COOCC.sub.2 H.sub.5                    
     --NHCH                COO----NHCH.sub.2 COOC.sub.2 H.sub.5,               
     --NHCH.sub.2 COOCH.sub.3,                                                 
                           --NHCH.sub.2 COOCH.sub.3,                           
     CH.sub.2 =CH--CH.sub.2 --OOC----NH--CH.sub.2 --COOC.sub.2 H.sub.5         
PA1  (a-2) The compounds belonging to the formula (I-2)
      ##EQU39##
PAR  b. Polyglycine derivatives:
PA1  (b-1) The compounds belonging to the formula (I-1d)
EQU  HOOC-CH.sub.2 --NH--CH.sub.2).sub.6 NH--CH.sub.2 --COOH,
EQU  C.sub.2 H.sub.5 OOC--CH.sub.2 --NH-CH.sub.2).sub.6 NHCH.sub.2 COOC.sub.2
      H.sub.5,
      ##EQU40##
      (b-2) The compounds belonging to the formula (I-2d)
      ##EQU41##
PAC  Amines (II)
PAR  The amines (II) are the compounds containing at least one primary amino
      group (--NH.sub.2). As aforesaid, ammonia also is covered by this term.
PAR  The compounds can be expressed by the formula (II-1) given in the
      foregoing, which may also be denoted by the formula (II-2) below wherein
      the W is separated into the skeltal portion W.sub.1 and substituent
      (functional group) portion F.sub.2 for better understanding.
EQU  (F.sub.2).sub.q' W.sub.1 NH.sub.2).sub.m                   (II- 2)
PA1  in which W.sub.1, F.sub.2, m, and q' have the same significations as
      already defined.
PAR  As already stated, W.sub.1 is normally an (m + q) valent hydrocarbon
      residue, for example, a saturated or unsaturated hydrocarbon residue of 1
      to 20 carbons which may be aliphatic, alicyclic, aromatic or heterocyclic
      and optionally contains at least a member of the group consisting of
      oxygen, nitrogen, sulfur, phosphorus and silicon.
PAR  Specific examples of such W.sub.1 perfectly correspond with those of the
      R.sub.4 of the glycine derivatives (I).
PAR  Such W.sub.1 may be substituted with q' substituents (F.sub.2). Examples of
      F.sub.2 again perfectly correspond with those of F.sub.1.
PAR  In the selection of amine (II) according to the foregoing explanations, it
      is furthermore desirable to follow the conditions given below. To wit,
      when m + q.gtoreq. 2,
PA1  a compound in which the primary amino group (--NH.sub.2) and the carboxyl
      group expressed by the formulae --COOY,
      ##EQU42##
       etc. and/or the functional derivatives thereof are bonded with same
      carbon atom, i.e., a compound covered by the definition of glycine
      derivatives (I) already given, is outside the scope of amine (II).
PAR  Again, if the --NH.sub.2, --OY, or --SY radicals are bonded with each the
      carbon atom adjacent thereto, generally intramolecular ring closure
      through the reaction of such an amine with diaryl carbonate takes place
      before the hydantoin ring-forming reaction, to form cyclic compounds such
      as ethyleneureas, oxazolidone, or ethylene carbonates. Therefore, such
      amine compounds should be avoided.
PAR  Furthermore, even when the aforesaid radicals are bonded with the carbon
      atoms spaced by no less than 3 atoms, still the use of such an amine which
      is apt to form intramolecular cyclic compounds such as
      1,8-naphthylenediamine, is unsuitable for the purpose of this invention.
PAR  Hereinafter preferred examples of specific amines (II) will be given.
PAR  i. When m = 1 and q = 0:
TBL  NH.sub.3         Ammonia                                                  
     C.sub.2 H.sub.5 --NH.sub.2                                                
                      Ethylamine                                               
     C.sub.4 H.sub.9 --NH.sub.2                                                
                      Butylamine                                               
     CH=CH--CH.sub.2 --NH.sub.2                                                
                      Allylamine                                               
                      Cyclohexylamine                                          
                      Benzylamine                                              
                      Aniline                                                  
                      .alpha.-Naphthylamine                                    
                      3-Amino pyridine                                         
PAR  ii. When m .gtoreq. 2 and q = 0:
TBL  H.sub.2 N--CH.sub.2).sub.6 NH     Hexamethylenediamine                    
     H.sub.2 N--CH.sub.2).sub.12 NH.sub.2                                      
                                       Dodecamethylenediamine                  
     H.sub.2 N--CH.sub.2               1,4-Diamino-trans-butene (2)            
     .vertline.                                                                
     CH=CH                                                                     
     .vertline.                                                                
     CH.sub.2 NH.sub.2                                                         
                                       Cyclohexane-1,4-bis(methylene amine)    
                                       4,4'-Methylene-bis-cyclohexylamine      
     O--CH.sub.2 CH.sub.2 --O          3,9-bis(3-aminopropyl)-2,4,             
     H.sub.2 N--CH.sub.2).sub.3 CH.angle..angle.C.angle..angle.CH--CH.sub.2).su
     b.3 NH.sub.2                      8,10-tetraoxaspiro(5,5)                 
     O--CH.sub.2 CH.sub.2 --O          undecane                                
                                       m-Phenylenediamine                      
                                       p-Phenylenediamine                      
                                       2,4-toluylenediamine                    
                                       4,4'-Methylenedianiline                 
                                       4,4'-Oxydianiline                       
                                       3,3'-Sulfonyldianiline                  
                                       4,4'-Sulfonyldianiline                  
                                       4,4'-Diaminobenzophenone                
                                       4,4'-Diaminotetraphenylsilane           
                                       4,4'-Diaminotriphenylphosphineoxide     
                                       p-Xylylenediamine                       
                                       2,6-Diaminopyridine                     
                                       2,5-Diaminobenzothiazole                
                                       4,4'-Diaminobenzanilide                 
                                       Tris(4-aminophenyl)methane              
                                       Tris(4-aminophenyl)phosphine oxide      
                                       Tris(4-aminophenyl)phosphite            
                                       2,4,4'-Triaminodiphenylether            
PAR  iii. When m=1, and q.gtoreq. 1:
                      p-Chloroaniline                                          
                      p-Nitroaniline                                           
                      p-Cyanoaniline                                           
                      p-(Dimethylamino)aniline                                 
                      p-Aminobenzamide                                         
     HOOC--CH.sub.2).sub.5 NH.sub.2                                            
                      .epsilon.-Aminocaproic acid                              
                      p-Aminobenzoic acid                                      
                      4-Aminomethylcyclohexane carboxylic acid                 
                      m-Aminobenzoic acid                                      
                      Methyl p-aminobenzoate                                   
                      Ethyl m-aminobenzoate                                    
                      Allyl p-aminobenzoate                                    
                      p-Aminophenol                                            
                      m-Aminophenol                                            
                      5-Amino-.beta.-naphthol                                  
                      4-Amino-4'-hydroxy-diphenylether                         
                      4-Aminoanithol                                           
                      4-Aminophenyl acetate                                    
                      4-Amino acetophenone                                     
                      (4-Aminophenyl)-methylthioether                          
                      5-Aminoisophthalic acid                                  
                      O-Hgdroxy-p-aminobenzoic acid                            
                      3,5-Dihydroxyaniline                                     
     HO--CH.sub.2).sub.2 O--CH).sub.2 NH.sub.2                                 
                      Diglycolamine                                            
PAR  iv. When m.gtoreq. 2, and q.gtoreq. 1:
TBL                       3,5-Diaminobenzoic acid                              
                          4-(2,4-Diaminophenyloxy)benzoic acid                 
                          4-(2,4-Diaminophenyloxy)acetophenone                 
PAR  The above-described glycine derivatives (I) and amines (II) may be used in
      the reaction in the form of their ammonium salts, e.g., carbonate,
      hydrochloride, sulfate, phosphate, sulfonate, etc. In such a case,
      excepting, for example, carbonate which easily dissociates under heating,
      it is necessary to separately use an acid acceptor such as a tertiary
      amine to secure regeneration of amino groups at the time of the reaction.
PAR  Again, if the compounds (I) and (II) contain carboxyl groups and phenolic
      hydroxyl groups, a part or whole of such compounds may be used for the
      reaction in the form of carboxylate, phenolate, or the like, of tertiary
      amine salt, alkali metal salt, etc.
PAC  Diaryl carbonate (III)
PAR  In the diaryl carbonate (III) to be employed in the present invention,
      .phi. and .phi.' are same or different monovalent aromatic radicals. While
      they are subject to no other requirement, because the radicals become
      .phi.OH or .phi.'OH after the reaction and do not enter into the reaction
      product, preferably the compounds have low molecular weights, and are
      stable as diaryl carbonate, .phi.OH, or .phi.'OH. Generally the diaryl
      carbonates containing .phi. and .phi.' which are strongly acidic in the
      form of .phi.OH and .phi.'OH show higher reactivity. Utilizing this
      phenomenon it is possible to select diaryl carbonate of particularly high
      activity depending on the type of the compounds (I) and (II) to be used.
PAR  Generally the preferred diaryl carbonates include diphenyl carbonate,
      dicresyl carbonate, phenylcresyl carbonate, bis(nitrophenyl) carbonate,
      bis(chlorophenyl)carbonate, dinaphthyl carbonate, and dibiphenyl
      carbonate. Particularly diphenyl carbonate is cheap and normally used with
      the best preference.
PAR  According to the invention, the diaryl carbonate is primarily used in
      stoichiometric quantities or somewhat in excess with advantage. However,
      when the diaryl carbonate-decomposing reaction or other sidereactions are
      apt to occur depending on the specific reaction conditions, the diaryl
      carbonate is preferably used in the quantity as will off-set its expected
      loss through such side-reactions.
PAC  Solvent:
PAR  According to the subject process, under normal reaction conditions the
      diaryl carbonate is liquid, and consequently serves also as the solvent.
      Also, the phenols side-produced with the progress of the reaction are in
      most cases good solvents for the starting glycine derivative (I) amine
      (II), intermediate products and the other product (IV). Therefore in many
      cases the reaction can be performed without special addition of reaction
      solvent.
PAR  It is possible, however, to assist smoother progress of the reaction, by
      the addition of a reaction solvent.
PAR  A preferred solvent should be substantially inert to the reaction in
      accordance with the subject process, have a boiling point not lower than
      100.degree.C., more preferably not lower than 150.degree.C., and show high
      dissolving action of the starting materials as well as the intermediate
      products.
PAR  Specific examples of such solvents include aprotic polar solvents such as
      N-methylpyrrolidone, tetramethylenesulfone, dimethylacetamide,
      dimethylformamide, nitrobenzene, and the like. Phenolic solvents such as
      cresol, phenol, xylenol, etc., can also be used with favorable results.
PAR  The quantity of such a solvent to be added is not critical. It is not
      always necessary to use the solvent at a constant concentration throughout
      the reaction, but the concentration can be suitably adjusted by such
      procedures as condensing, dilution, etc.
PAC  Catalyst:
PAR  The reaction of the invention normally smoothly progresses to produce the
      object product, without the assistance of special catalyst. If necessary,
      however, suitable catalyst may be used for accelerating the reaction.
PAR  Examples of useful catalyst include oxides, hydroxides, alcoholates,
      chlorides, and organic compounds of such metals as alkali metals, alkaline
      earth metals, tin, titanium, antimony, and aluminium; tertiary amines, and
      quaternary ammonium base, etc. As more specific examples, calcium oxide,
      magnesium oxide, lithium hydroxide, sodium hydroxide, calcium hydroxide,
      sodium ethylate, triethylamine, triethylammonium hydroxide, butyl
      titanate, magnesium chloride, and dibutyltindi-laurate may be named. Such
      a catalyst is normally used within the range of approximately 0.05 - 2
      mol% to the starting materials.
PAC  Reaction conditions, separation and refining of the product;
PAR  Hereinafter the generally employable reaction conditions for the subject
      process will be explained.
PAR  The present invention is practiced by the reaction of already specified
      glycine derivative (I), amine (II), and diaryl carbonate (III), if
      necessary, in the presence of solvent and catalyst, under heating.
PAR  Suitable reaction temperatures are within the range of 100.degree. -
      300.degree.C., preferably from 130.degree. - 270.degree.C. The reaction
      time varies depending on other reaction conditions, but normally desirable
      range is from 0.5 to 30 hours. Obviously, this range is not critical, and
      shorter or longer reaction time may be employed. It is preferred, however,
      that the temperature should be gradually raised to inhibit undesirable
      sidereactions.
PAR  The reaction is normally effected under normal pressure, while distilling
      off the side-produced XH (for example, if X is --OH, water, if X is
      --OCH.sub.3, methanol, and when X is --OC.sub.2 H.sub.5, ethanol, etc.).
      If necessary, it is also possible to advance the reaction while distilling
      off the by-produced .phi.OH, .phi.'OH, or a part of the solvent.
      Furthermore, if necessary a reflux condenser may be connected with the
      reactor to effect the reaction while refluxing the solvent, .phi.OH,
      .phi.'OH, etc. In such a practice, the reflux condenser may be of a
      fractionation type to allow the removal by distillation of low
      temperature-boiling XH alone.
PAR  The reaction can be effected in air, but because the compounds generally
      sensitive to oxidation such as the glycine derivatives, amine, phenol,
      etc. are used as the reactants, it is preferred to use an inert atmosphere
      such as of nitrogen, argon, etc.
PAR  When ammonia or low temperature-boiling amines or glycine derivatives are
      used, the reaction is preferably performed in closed system to prevent the
      volatilization of such reactants. In the closed system, in certain cases
      the reaction system is placed under elevated pressures.
PAR  It is also permissible to use such low boiling point reactants in open
      system at normal pressure, by effecting the reaction by passing the low
      boiling point reactants in vapor form through the reaction system.
PAR  Thus formed hydantoin derivatives (IV) can be separated from the reaction
      mixture, for example, by solidification of the product after distilling
      off the side-products, solvent, etc., reprecipitation from a non-solvent
      of the product, or by combination of such means.
PAR  The object product so separated can be further refined by the means known
      per se, such as recrystallization, distillation or chromatography.
PAR  The structure of each hydantoin derivatives obtained according to the
      invention can be confirmed again by the means known per se, such as
      melting point measurement, infrared absorption spectrum, nuclear magnetic
      resonance, and elementary analysis. Also the purity of the product can be
      determined by various chromatographies.
PAR  As so far described in the foregoing, according to the invention very broad
      and versatile classes of hydantoin derivatives can be obtained without
      using isocyanates, through single-stage reaction with high yield. Because
      no isocyanate is used, it becomes unnecessary to convert amine to the
      isocyanate in each run, but the amine can be reacted as it is, with the
      relatively stable diaryl carbonate. Consequently, it is possible according
      to the invention to form a wide variety of hydantoin derivatives with
      relatively simple equipments compared with the process using isocyanates.
      Furthermore, hydantoin derivatives containing the functional groups easily
      reactable with isocyanate, such as carboxyl or hydroxyl radicals, can be
      directly produced without the cumbersome procedures of advance protection
      of such functional groups and later splitting off of the protective
      groups.
PAR  The hydantoin derivatives produced according to the invention are directly
      useful as pesticides, medicines, or as their intermediates. They may also
      be further processed, for example, reacted with various aldehydes and then
      hydrolyzed to form various -amino acids.
PAR  As already mentioned, the invention also allows easy preparation of
      hydantoin derivatives containing one or plural functional groups such as
      carboxyl, carboxylic acid anhydride or two carboxyl groups convertible
      thereto, esterified carboxyl, particularly aryl-esterified carboxyl groups
      of high reactivity and hydroxyl group (-OH). Therefore, using, for
      example, difunctional hydantoin derivatives among such products, various
      linear polymers can be prepared either directly or through reactions
      thereof with other diamines, aminocarboxylic acid, hydroxy carboxylic
      acid, dihydric alcohol, hydroxylamine, or other difunctional compounds
      such as diallyl carbonate, phosgene, etc. Again from trifunctional
      hydantoin derivatives, polymers of reticulated structure can be obtained
      by similar means.
DETD
PAC  EXAMPLE 1
PAR  14.0 Grams (0.1 mol) of glycine ethyl ester hydrochloride, 4.8 g (0.05 mol)
      of ammonium carbonate, and 21.4 g (0.1 mol) of diphenyl carbonate were
      added into 25 ml of N-methylpyrrolidone, and the system was gradually
      heated until its temperature reach 180.degree.C., in nitrogen current
      under stirring. The system was further heated for 2 hours at
      180.degree.C., then allowed to cool off to 120.degree.C., added with 9.3 g
      (0.1 mol) of aniline, and again reacted under heating at 180.degree.C. for
      6 hours. Thereafter the reaction mixture was filtered to be removed of the
      ammonium chloride formed. The filtrate was concentrated, and the residue
      was recrystallized from a minor amount of methanol to provide 13.2 g (75%
      yield) of white, needle-like crystal having the melting point at
      149.0.degree. - 149.5.degree.C. The infrared absorption spectrum of the
      product indicated the formation of 3-phenyl hydantoin, by NH stretching
      vibration at 2800 - 3500 cm.sup.-.sup.1 , and the absorptions
      characteristic to hydantoin at 1760 cm.sup.-.sup.1 and 1710
      cm.sup.-.sup.1. The elementary analysis values of the product were: C,
      61.12%; H, 4.73%; and N, 15.70%; which well corresponded to the
      theoretical values of C, 61.36%; H, 4.58%; and N, 15.90%.
PAC  EXAMPLE 2
PAR  8.95 Grams (0.05 mol) of N-phenylglycine ethyl ester, 10.7 g (0.05 mol) of
      diphenyl carbonate, and 3.7 g (0.05 mol) of n-butylamine were dissolved in
      30 ml of N-methylpyrrolidone, and the solution was gradually heated to
      190.degree.C. in nitrogen current under stirring. The system was allowed
      to further react at 190.degree.C. for 8 hours, and thereafter the
      side-produced ethanol, phenol, and N-methylpyrrolidone which served as the
      solvent, were distilled off from the reaction mixture. A minor amount of
      methanol was added to the distillation residue to effect recrystallization
      of the preoduct, and thus 9.0 g (78% yield) of white, platy crystal was
      obtained. The product had a melting point of 75.0.degree. -
      75.5.degree.C., and its infrared absorption spectrum indicated the
      formation of 1-phenyl-3-n-butylhydantoin by the absorptions characteristic
      to hydantoin at 1755 cm.sup.-.sup.1 and 1700 cm.sup.-.sup.1. The
      elementary analysis values were as follows:
TBL  Elementary analysis values:                                               
                    C        H        N                                        
     Found:         67.53%   6.72%    12.32%                                   
     Calculated:    67.22%   6.94%    12.06%                                   
PAC  EXAMPLE 3
PAR  19.3 Grams (0.1 mol) of phenylalanine, 21.4 g (0.1 mol) of diphenyl
      carbonate, and 9.3 g (0.1 mol) of aniline were dissolved in 50 ml of
      N-methylpyrrolidone, and the solution was gradually heated to
      190.degree.C. in nitrogen current under stirring. The system was further
      allowed to react at 190.degree.C. for 5 hours, and thereafter the
      by-produced ethanol, phenol, and N-methylpyrrolidone which served as the
      solvent were distilled off.
PAR  Dissolving the residue in a minor amount of methanol and cooling the
      solution, flaky crystal was precipitated. By recovering the crystal by
      filtration and drying the same, 18.3 g (70% yield) of 3-phenyl
      -5-benzylhydantoin was obtained. The infrared absorption spectrum of the
      product indicated the NH stretching vibration at 2800 - 3500
      cm.sup.-.sup.1, and absorptions characteristic to hydantoin at 1810
      cm.sup.-.sup.1, 1760 cm.sup.-.sup.1, and 1700 cm.sup.-.sup.1. The
      elementary analysis values were as follows:
     Elementary analysis values:                                               
                    C        H        N                                        
     Found:         72.10%   5.53%    10.38%                                   
     Calculated:    72.16%   5.30%    10.52%                                   
PAC  EXAMPLE 4
PAR  10.3 Grams (0.1 mol) of glycine ethyl ester, 21.4 g (0.1 mol) of diphenyl
      carbonate, and 6.8 g (0.4 mol) of ammonia were dissolved in 30 ml of
      N-methylpyrrolidone, and the system was gradually heated in an autoclave
      to 180.degree.C. The system was thus allowed to react at 180.degree.C. for
      8 hours, and thereafter the excessive ammonia, by-produced ethanol and
      phenol, and N-methylpyrrolidone were distilled off. Recrystallizing the
      residue from methanol, 8.2 g (82% yield) of needle-like crystal of
      hydantoin was obtained, which had a melting point of 219.degree.C., well
      corresponding to the known melting point of hydantoin which is
      220.degree.C.
PAC  EXAMPLES 5 - 23
PAR  Various hydantoin derivatives (IV) were formed, using various glycine
      derivatives (I), amines (II), and diaryl carbonates (III) of various
      quantities. The types and quantities of the starting materials, and the
      structures of the products (IV) were as given below. Also the reaction
      conditions, yields, melting points and elementary analysis values, as well
      as characteristic absorptions in infrared analysis, of the products are
      given in Table 1.
TBL                Example 5                                                   
     ______________________________________                                    
            CH.sub.3                                                           
            .vertline.                                                         
     (I)    NH.sub.2 --C----COC.sub.2 H.sub.5                                  
                              13.1 g (0.1 mol)                                 
            .vertline..vertline.                                               
            CH.sub.3 O                                                         
     (II)   NH.sub.3  (ammonia)                                                
                               3.4 g (0.2 mol)                                 
     (III)                    21.4 g (0.1 mol)                                 
            CH.sub.3 O                                                         
            .vertline.                                                         
     (IV)   CH.sub.3 --C----C.angle.                                           
            .vertline.                                                         
            NHNH                                                               
            .angle.                                                            
            C                                                                  
            .parallel.                                                         
            O                                                                  
     ______________________________________                                    
TBL                Example 6                                                   
     ______________________________________                                    
     (I)   CH.sub.3 NHCH.sub.2 COH                                             
                                4.45 g (0.05 mol)                              
           .parallel.                                                          
           O                                                                   
     (II)                       4.65 g (0.05 mol)                              
     (III)                     10.7 g (0.05 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                Example 7                                                   
     ______________________________________                                    
     (I)                       3.62 g (0.02 mol)                               
     (II)                      1.86 g (0.02 mol)                               
     (III)                     4.28 g (0.02 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                Example 8                                                   
     ______________________________________                                    
     (I)   CH.sub.3 NHCH.sub.2 CNHCH.sub.3                                     
                               2.04 g (0.02 mol)                               
           .parallel.                                                          
           O                                                                   
     (II)                      1.86 g (0.02 mol)                               
     (III)                     4.28 g (0.02 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                Example 9                                                   
     ______________________________________                                    
           CH.sub.3                                                            
     (I)   CH.sub.3 NHCH.sub.2 CN.angle.                                       
                               2.32 g (0.02 mol)                               
           .parallel.CH.sub.3                                                  
           O                                                                   
     (II)                      1.86 g (0.02 mol)                               
     (III)                     4.28 g (0.02 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                Example 10                                                  
     ______________________________________                                    
     (I)                        17.9 g (0.1 mol)                               
     (II)                        9.3 g (0.1 mol)                               
     (III)                      21.4 g (0.1 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                Example 11                                                  
     ______________________________________                                    
     (I)                        15.0 g (0.1 mol)                               
     (II)                        9.3 g (0.1 mol)                               
     (III)                      21.4 g (0.1 mol)                               
     (IV)                                                                      
     ______________________________________                                    
TBL                                    Example 12                              
     __________________________________________________________________________
     (I)                       5.37 g (0.03 mol)                               
     (II)                      4.05 g (0.03 mol)                               
     (III)                     6.42 g (0.03 mol)                               
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 13                              
     __________________________________________________________________________
     (I)                       1.8 g (0.01 mol)                                
     (II)                      1.2 g (0.01 mol)                                
     (III)                     2.2 g (0.01 mol)                                
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 14                              
     __________________________________________________________________________
     (1)                              2.5 g (0.01 mol)                         
     (II)                             0.93 g (0.01 mol)                        
     (III)                            2.14 g (0.01 mol)                        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 15                              
     __________________________________________________________________________
     (I)                            1.12 g (0.005 mol)                         
     (II)                           0.64 g (0.005 mol)                         
     (III)                          1.07 g (0.005 mol)                         
     (IV)                                                                      
     __________________________________________________________________________
TBL                Example 16                                                  
     ______________________________________                                    
     (I)  CH.sub.3 NHCH.sub.2 COH                                              
                                 4.5 g (0.05 mol)                              
          .parallel.                                                           
          O                                                                    
     (II) CH.sub.3 --CH.sub.2).sub.3 NH.sub.2                                  
                                 3.7 g (0.05 mol)                              
     (III)                      10.7 g (0.05 mol)                              
          O                                                                    
          .parallel.                                                           
          CH.sub.2 --C                                                         
     (IV) CH.sub.3 --N.angle..angle.N--CH.sub.2).sub.3 CH.sub.3                
          C                                                                    
          .parallel.                                                           
          O                                                                    
TBL                                    Example 17                              
     __________________________________________________________________________
     (I)                            2.98 g (0.01 mol)                          
     (II)                           0.93 g (0.01 mol)                          
     (III)                          2.14 g (0.01 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 18                              
     __________________________________________________________________________
     (I)                            2.98 g (0.01 mol)                          
     (II)                           0.93 g (0.01 mol)                          
     (III)                          2.14 g (0.01 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 19                              
     __________________________________________________________________________
     (I)                                    7.40 g (0.02 mol)                  
     (II)                                   6.0 g (0.04 mol)                   
     (III)                                  8.6 g (0.04 mol)                   
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 20                              
     __________________________________________________________________________
     (I)                          3.58 g (0.02 mol)                            
     (II)                         3.30 g (0.02 mol)                            
     (III)                        4.28 g (0.02 mol)                            
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 21                              
     __________________________________________________________________________
     (I)                                    3.70 g (0.01 mol)                  
     (II)                                   1.86 g (0.02 mol)                  
     (III)                                  4.28 g (0.02 mol)                  
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 22                              
     __________________________________________________________________________
     (I)                           4.46 g (0.02 mol)                           
     (II)                          2.76 g (0.02 mol)                           
     (III)                         4.28 g (0.02 mol)                           
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 23                              
     __________________________________________________________________________
     (I)                                    3.70 g (0.01 mol)                  
     (II)                                   2.76 g (0.02 mol)                  
     (III)                                  4.28 g (0.02 mol)                  
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 1                                 
     __________________________________________________________________________
              Reaction            Wavelengths of                               
     Ex.                                                                       
        Solvent                                                                
              Temp.                                                            
                   Reaction                                                    
                        Yield                                                  
                            Melting                                            
                                  Characteristics                              
                                                Elementary Analysis Values     
                                                (%)                            
     No.                                                                       
        (ml)       Time (%) Point Absorptions                                  
              (.degree.C./hr.)                                                 
                            (.degree.C.)                                       
                                  (cm.sup.-.sup.1)  C   H   N   S              
     __________________________________________________________________________
        N-methyl-                                                              
              180/8         174.5 2600 - 3500 (NH)                             
                                                Calcd.                         
      5 pyrrolidone                                                            
              (in autoclave)                                                   
                        13  -175.0                                             
                                  1765, 1720, 1690      --                     
        (30)                      (hydantoin)   Found                          
      6 Cresol                                                                 
              200/5     55  94-95 1810, 1780, 1720                             
                                                Calcd.                         
                                                    63.15                      
                                                        5.30                   
                                                            14.73              
                                                                --             
        (10)                      (hydantoin)   Found                          
                                                    63.43                      
                                                        5.15                   
                                                            14.95              
                                                                --             
      7 Cresol                                                                 
               170/15   89  94.5  do.           Calcd.  --                     
        (10)                -95                 Found                          
      8 Cresol                                                                 
               240/20   21  90-93 do.           Calcd.  --                     
        (10)                                    Found                          
      9 Cresol                                                                 
               240/20   26  90-93 do.           Calcd.  --                     
        (10)                                    Found                          
     10 Cresol                                                                 
              200/5     92  137.5 1765, 1715(hydantoin)                        
                                                Calcd.                         
                                                    71.41                      
                                                        4.80                   
                                                            11.11              
                                                                --             
        (100)               -138                Found                          
                                                    71.62                      
                                                        4.92                   
                                                            11.22              
                                                                --             
     11 Cresol                                                                 
               240/25   26  136-138                                            
                                  do.           Calcd.  --                     
        (100)                                   Found                          
     12 Cresol                                                                 
              200/7     77  273-274                                            
                                  1780, 1715 (hydantoin)                       
                                                Calcd.                         
                                                    69.40                      
                                                        4.80                   
                                                             9.52              
                                                                --             
        (10)                      1680 (ketone) Found                          
                                                    69.72                      
                                                        4.99                   
                                                             9.32              
                                                                --             
     13 Cresol                                                                 
              200/3     71  144-145                                            
                                  1770, 1710 (hydantoin)                       
                                                Calcd.                         
                                                    68.07                      
                                                        4.99                   
                                                             9.93              
                                                                --             
        (3)                       1240 (ether)  Found                          
                                                    67.76                      
                                                        4.68                   
                                                             9.68              
                                                                --             
     14 Cresol                                                                 
               180/10   63  191-192                                            
                                  1780, 1710 (hydantoin)                       
                                                Calcd.                         
                                                    66.65                      
                                                        4.97                   
                                                             8.64              
                                                                --             
        (10)                      1720 (.nu.C=O, ester)                        
                                                Found                          
                                                    66.73                      
                                                        4.96                   
                                                             8.32              
                                                                --             
     15 Cresol                                                                 
              200/3     25  300&lt;  2600-3500, 1680                              
                                                Calcd.                         
                                                    58.10                      
                                                        3.35                   
                                                             8.47              
                                                                10.72          
        (5)                       (COOH)        Found                          
                                                    58.32                      
                                                        3.15                   
                                                             8.76              
                                                                10.43          
                                  1780, 1720 (hydantoin)                       
                            boiling                                            
     16 Cresol                                                                 
               200/10   41  point 1770/1710 (hydantoin)                        
                                                Calcd.                         
                                                    56.45                      
                                                        8.29                   
                                                            16.46              
                                                                --             
        (10)                90.degree.C/lmmHg   Found                          
                                                    56.56                      
                                                        8.19                   
                                                            16.32              
                                                                --             
     17 Cresol                                                                 
               190/10   69  225-226                                            
                                  3300, 1655 (amide)                           
                                                Calcd.                         
                                                    71.15                      
                                                        4.61                   
                                                            11.32              
                                                                --             
        (10)                      1780, 1725 (hydantoin)                       
                                                Found                          
                                                    71.28                      
                                                        4.82                   
                                                            11.15              
                                                                --             
     18 Cresol                                                                 
               190/10   73  258-260                                            
                                  3340, 1650 (amide)                           
                                                Calcd.                         
                                                    71.15                      
                                                        4.61                   
                                                            11.32              
                                                                --             
        (10)                      1775, 1720 (hydantoin)                       
                                                Found                          
                                                    71.16                      
                                                        4.91                   
                                                            11.21              
                                                                --             
     19 Cresol                                                                 
              200/2     48  295   3300, 1660 (amide)                           
                                                Calcd.                         
                                                    66.65                      
                                                        4.80                   
                                                            13.33              
                                                                --             
        (30)                      1770, 1710 (hydantoin)                       
                                                Found                          
                                                    66.87                      
                                                        4.61                   
                                                            13.72              
                                                                --             
     20 Cresol                                                                 
              200/3     66  184-5 1780, 1710 (hydantoin)                       
                                                Calcd.                         
                                                    66.65                      
                                                        4.97                   
                                                             8.64              
                                                                --             
        (10)                      1720 (ester)  Found                          
                                                    66.82                      
                                                        4.63                   
                                                             8.92              
                                                                --             
     21 Cresol                                                                 
               160/25   53  225-6 1770, 1715 (hydantoin)                       
                                                Calcd.                         
                                                    72.08                      
                                                        4.68                   
                                                            10.85              
                                                                --             
        (15)                                    Found                          
                                                    72.23                      
                                                        4.76                   
                                                            10.87              
                                                                --             
     22 Cresol                                                                 
              200/7     45  245-6 2300-3700, 1700 (COOH)                       
                                                Calcd.                         
                                                    56.31                      
                                                        3.25                   
                                                            12.31              
                                                                --             
        (10)                      1780, 1730 (hydantoin)                       
                                                Found                          
                                                    56.58                      
                                                        3.58                   
                                                            12.37              
                                                                --             
     23 Cresol                                                                 
              220/5     74  135-6 1775, 1720 (hydantoin)                       
                                                Calcd.                         
                                                    61.38                      
                                                        3.66                   
                                                            13.86              
                                                                --             
        (10)                                    Found                          
                                                    61.45                      
                                                        3.32                   
                                                            13.79              
                                                                --             
     __________________________________________________________________________
                                                                1              
PAC  EXAMPLE 24
PAR  8.92 Grams (0.04 mol) of m-ethoxycarbonyl methylaminobenzoic acid, 3.96 g
      (0.02 mol) of 4,4'-diaminodiphenylmethane, and 8.56 g (0.04 mol) of
      diphenyl carbonate were added to 50 ml of N-methylpyrrolidone, and the
      formed solution was gradually heated under stirring in nitrogen current.
      The bath temperature reached 200.degree.C. after approximately 2 hours of
      the heating. The system was allowed to react at 200.degree.C. for the
      subsequent 5 hours. After the reaction, the phenol formed and
      N-methylpyrrolidone served as the solvent were distilled off under
      nitrogen current until a crystalline product started to precipitate, while
      the bath temperature was maintained at 200.degree.C. The remaining system
      was cooled off to room temperature, and allowed to stand until the
      crystalline product was precipitated and the system was solidified. The
      crystal was recovered by filtration, washed with methanol, and dried to
      provide 11.2 g (93% yield) of a crystal melting at 264.degree.C. The
      infrared spectrum of the product showed the absorption of carboxylic acid
      at 2500 -  3500 cm.sup..sup.-1, and also the absorptions characteristic to
      stretching vibration of hydantoin carbonyl at 1780 cm.sup..sup.-1 and 1720
      cm.sup..sup.-1. The absorption by carboxylic acid in the vicinity of 1770
      1700 .sup.-1 overlapped with that of the hydantoin at 1720 cm.sup..sup.-1
      and was recognizable as a shoulder.
PAR  The acid value of the product was 184 (theoretical value being 186), and
      the results of elementary analysis well corresponded with the theoretical
      values as below:
TBL  Elementary analysis values;                                               
                    C         H         N                                      
     Found:         65.42%    3.78%     9.12%                                  
     Calculated:    65.56%    4.00%     9.27%                                  
PAC  EXAMPLE 25
PAR  8.92 Grams (0.04 mol) of p-ethoxycarbonyl methylaminobenzoic acid, 3.96 g
      (0.02 mol) of 4,4'-diaminodiphenylmethane, and 9.68 g (0.04 mol) of
      dicresyl carbonate were added to 50 ml of N-methyl pyrrolidone, and the
      mixture was gradually heated under stirring in nitrogen gaseous current.
      The bath temperature reached 200.degree.C. after approximately 2 hours of
      the heating. The system was further allowed to react at 200.degree.C. for
      7 hours. Thereafter the formed cresol, and N-methylpyrrolidone served as
      the solvent were distilled off until a crystalline product started to
      precipitate, in nitrogen current, while the bath temperature was
      maintained at 200.degree.C. The system was allowed to cool off to room
      temperature and stand. Whereupon the crystalline product was precipitated,
      and the system was solidified. The crystal was recovered by filtration,
      washed with methanol, and dried to provide 9.8 g (81% yield) of the
      crystalline product which was not melted up to 300.degree.C. The infrared
      spectrum of the product showed the absorption of carboxylic acid at  2500
      - 3500 cm.sup..sup.-1, that of hydantoin at 1780 cm.sup..sup.-1 and 1730
      cm .sup.-.sup.1, and that of carboxyl group at 1690 cm.sup..sup.-1. The
      elementary analysis values well corresponded with the theoretical values
      as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         65.38%    4.13%     9.18%                                  
     Calculated:    65.56%    4.00%     9.27%                                  
PAC  EXAMPLE 26
PAR  11.1 Grams (0.03 mol) of ethyl diphenylmethane-4,4'-diiminoacetate, 8.22 g
      (0.06 mol) of m-aminobenzoic acid, and 12.8 g (0.06 mol) of diphenyl
      carbonate were added to 70 ml of N-methylpyrrolidone, and the system was
      gradually heated under stirring in the atmosphere of nitrogen current. The
      bath temperature reached 200.degree.C. after approximately 2 hours, and at
      said temperature the system was reacted for additional 7 hours. Then the
      phenol formed and N-methylpyrrolidone served as the solvent were distilled
      off in the nitrogen current until a crystalline precipitate started to be
      formed, while maintaining the bath temperature at 200.degree.C. The system
      was allowed to cool off to room temperature, and solidified during the
      subsequent standing. The crystal was recovered by filtration, washed with
      methanol, and dried to provide 14.0 g (78% yield) of a crystalline product
      which was not melted up to 300.degree.C. The infrared spectrum of the
      product showed the absorption by carboxylic acid at 2300 - 3500
      cm.sup..sup.-1, that of hydantoin bond at 1770 cm.sup..sup.-1 and 1720
      cm.sup..sup.-1, and that from the C=O stretching vibration of carboxylic
      acid at 1675 cm.sup..sup.-1. The found values of elementary analysis well
      corresponded to the theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         65.68%    3.96%     9.53%                                  
     Calculated:    65.56%    4.00%     9.27%                                  
PAC  EXAMPLE 27
PAR  8.40 Grams (0.03 mol) of ethyl m-phenylene-bis-iminoacetate, 8.20 g (0.06
      mol) of m-aminobenzoic acid, and 12.8 g (0.06 mol) of diphenyl carbonate
      were added to 50 ml of N-methylpyrrolidone, and the system was gradually
      heated in nitrogen gaseous current under stirring. The bath temperature
      reached 200.degree.C. after approximately 2 hours, and at said temperature
      the system was reacted for 8 hours.
PAR  Then the phenol formed and the N-methylpyrrolidone which served as the
      solvent were distilled off in nitrogen current until a crystalline product
      started to be precipitated, while maintaining the bath temperature at
      200.degree.C. Upon cooling the system off to room temperature, the system
      was solidified. The crystalline product was recovered by filtration,
      washed with methanol and dried to provide 12.6 g (82% yield) of the object
      product. The crystal was not melted up to 300.degree.C., and the infrared
      spectrum thereof showed the absorption of carboxyl group at 2300 - 3500
      cm.sup..sup.-1, that from hydantoin bond at 1770 cm.sup..sup.-1, 1760
      cm.sup..sup.-1, and 1715 cm.sup..sup.-1. Furthermore the characteristic
      absorption caused by the C=O stretching vibration of carboxyl group
      overlapped with that of the hydantoin at 1715 cm.sup..sup.-1, and was
      recognizable as the shoulder in the vicinity of 1700 cm.sup..sup.-1. The
      elementary analysis values of the product well corresponded to the
      theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         60.79%    3.62%     10.92%                                 
     Calculated:    60.70%    3.53%     10.89%                                 
PAC  EXAMPLE 28
PAR  6.7 g (0.03 mol) of m-ethoxycarbonylaminobenzoic acid, 4.1 g (0.03 mol) of
      m-aminobenzoic acid, and 6.4 g (0.03 mol) of diphenyl carbonate were added
      to 50 ml of N-methylpyrrolidone, and the system was gradually heated in
      nitrogen current under stirring. The bath temperature reached
      180.degree.C. after approximately 2 hours, and the system was reacted for
      12 hours at said temperature. Then the formed phenol and the
      N-methylpyrrolidone which served as the solvent were distilled off from
      the reaction mixture at 200.degree.C., until a crystalline precipitate
      began to form. The system was solidified as allowed to cool off and stand,
      and whereupon the crystal was recovered by filtration, washed with
      methanol and dried, to provide 7.8 g (77% yield) of the object product
      which was not melted up to 300.degree.C. The product's infrared spectrum
      showed the absorption by carboxylic acid at 2600 - 3500 cm.sup..sup.-1
      that of hydantoin at 1765 cm.sup..sup.-1, 1730 cm.sup..sup.-1, and 1715
      cm.sup..sup.-1, and also the absorption characteristic to C=O stretching
      vibration of carboxyl group at 1675 cm.sup..sup.-1. The elementary
      analysis values well corresponded to the theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         60.28%    3.72%     8.35%                                  
     Calculated:    60.00%    3.55%     8.23%                                  
PAC  EXAMPLE 29
PAR  16.0 Grams (0.06 mol) of ethyl 3,5-dicarboxyphenyliminoacetate, 8.2 g (0.03
      mol) of 3,9-bis(3-aminopropyl)-2,4,8,10-tetraoxaspiro(5,5) undecane, and
      12.8 g (0.06 mol) of diphenyl carbonate were dissolved in 70 ml of cresol,
      and the solution was slowly heated to 150.degree.C., consuming 3 hours.
      The system was allowed to react at 150.degree.C. for 2 hours, 2 hours at
      180.degree.C., and 5 hours at 200.degree.C. After the reaction the formed
      methanol and cresol were distilled off, and the residue was concentrated
      to be solidified. The solid was washed with methanol. The yield was 17.8 g
      (80%). The elementary analysis values well corresponded to the theoretical
      values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         53.21%    4.96%     7.32%                                  
     Calculated:    53.22%    4.87%     7.52%                                  
PAC  EXAMPLE 30
PAR  7.40 Grams (0.02 mol) of ethyl diphenylmethane-4,4'-diiminoacetate, 5.48 g
      (0.04 mol) of m-aminobenzoic acid, and 25.7 g (0.12 mol) of di-m-cresyl
      carbonate were added to 50 ml of m-cresol, and the system was gradually
      heated in nitrogen current to 200.degree.C., consuming an hour. After
      heating the system at 200.degree.C. for 5 hours, 1 g of dibutyltin
      dilaurate was added, and the system was further heated for 10 hours at
      240.degree.C. Upon distilling the solvent off after the reaction, a solid
      product was precipitated, which was washed first with alcohol and then
      with acetone, to provide 12.3 g (92% yield) of the object product (m.p.:
      125.degree.C.). The infrared spectrum of the product showed the
      characteristic absorption of hydantoin at 1770 cm.sup..sup.-1 and 1720
      cm.sup..sup.-1, and the C=O stretching vibration of nitrile ester
      overlapping with the hydantoin absorption at 1720 cm.sup..sup.-1. Whereas,
      the infrared spectrum of free bis-carboxylic acid corresponding to the
      product of this Example showed the characteristic absorption of carboxylic
      acid at 2300 cm.sup..sup.-1 - 3500 cm.sup..sup.-1 and 1675 cm.sup..sup.-1,
      which are absent in the spectrum of the present product. thus it was
      confirmed that the present product was esterified. The elementary analysis
      values well corresponded to the theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         83.50%    5.45%     8.02%                                  
     Calculated:    83.90%    5.39%     8.33%                                  
PAC  EXAMPLES 31 - 51
PAR  Polycarboxylic acids containing various hydantoin rings and aryl esters of
      such polycarboxylic acids were prepared in the manner similar to Examples
      24 - 30. The types and quantities of the starting glycine derivatives (I),
      primary amines (II), and diaryl carbonates (III), as well as the
      structures of the products (IV) were as given below. The reaction
      conditions, yields, and the melting points, elementary analysis values,
      and characteristic absorptions in infrared spectra of the products were as
      shown in Table 2.
TBL                                    Example 31                              
     __________________________________________________________________________
     (I)                               4.46 g (0.02 mol)                       
     (II)    NH.sub.2 --CH.sub.2).sub.6 NH.sub.2                               
                                       1.16 g (0.01 mol)                       
     (III)                             4.28 g (0.02 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 32                              
     __________________________________________________________________________
     (I)                               4.46 g (0.02 mol)                       
     (II)                              2.10 g (0.01 mol)                       
             (cis/trans = 30/70)                                               
     (III)                             4.28 g (0.02 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 33                              
     __________________________________________________________________________
     (I)                                    2.23 g (0.01 mol)                  
             O--CH.sub.2 CH.sub.2 --O                                          
     (II)    NH.sub.2 --CH.sub.2).sub.3 CH.angle..angle.C.angle..angle.CH--CH.s
             ub.2).sub.3 NH.sub.2                                              
             O--CH.sub.2 CH.sub.2 --O                                          
                                            1.37 g (0.005 mol)                 
     (III)                                  2.14 g (0.01 mol)                  
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 34                              
     __________________________________________________________________________
     (I)                          4.46 g (0.02 mol)                            
     (II)                         2.00 g (0.01 mol)                            
     (III)                        4.28 g (0.02 mol)                            
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 35                              
     __________________________________________________________________________
     (I)                               4.46 g (0.02 mol)                       
     (II)                              2.48 g (0.01 mol)                       
     (III)                             4.28 g (0.02 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 36                              
     __________________________________________________________________________
     (I)                                         2.23 g (0.01 mol)             
     (II)                                        2.08 g (0.005 mol)            
     (III)                                       2.14 g (0.01 mol)             
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 37                              
     __________________________________________________________________________
     (I)                               4.46 g (0.02 mol)                       
     (II)                              2.27 g (0.01 mol)                       
     (III)                             4.28 g (0.02 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 38                              
     __________________________________________________________________________
     (I)                               4.46 g (0.02 mol)                       
     (II)                              1.65 g (0.01 mol)                       
     (III)                             4.28 g (0.02 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 39                              
     __________________________________________________________________________
     (I)                             4.46 g (0.02 mol)                         
     (II)                            1.52 g (0.01 mol)                         
     (III)                           4.28 g (0.02 mol)                         
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 40                              
     __________________________________________________________________________
     (I)                      4.74 g (0.02 mol)                                
     (II)                     1.98 g (0.01 mol)                                
     (III)                    4.28 g (0.02 mol)                                
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 41                              
     __________________________________________________________________________
     (I)                                  4.74 g (0.02 mol)                    
     (II)                                 4.16 g (0.01 mol)                    
     (III)                                4.28 g (0.02 mol)                    
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 42                              
     __________________________________________________________________________
     (I)                              4.74 g (0.02 mol)                        
     (II)                             3.46 g (0.01 mol)                        
     (III)                            4.28 g (0.02 mol)                        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 43                              
     __________________________________________________________________________
     (I)                    4.74 g (0.02 mol)                                  
     (II)                   2.00 g (0.01 mol)                                  
     (III)                  4.28 g (0.02 mol)                                  
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 44                              
     __________________________________________________________________________
     (I)                                      3.70 g (0.01 mol)                
     (II)   NH.sub.2 ----CH.sub.2 ----.sub.5 COH                               
                                              2.62 g (0.02 mol)                
            .parallel.                                                         
            O                                                                  
     (III)                                    4.28 g (0.02 mol)                
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 45                              
     __________________________________________________________________________
            OO                                                                 
     (I)    .parallel..parallel.                                               
            C.sub.2 H.sub.5 OCCH.sub.2 NH----CH.sub.2  .sub.6 NHCH.sub.2       
            OOC.sub.2 H.sub.5               5.37 g (0.0186 mol)                
     (II)                                   5.11 g (0.0372 mol)                
     (III)                                  7.96 g (0.0972 mol)                
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 46                              
     __________________________________________________________________________
            OO                                                                 
     (I)    .parallel..parallel.                                               
            HOCCH.sub.2 NH----CH.sub.2 ----.sub.6 NHCH.sub.2 COH               
                                                4.64 g (0.02 mol)              
     (II)                                       5.48 g (0.04 mol)              
     (III)                                      4.28 g (0.04 mol)              
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 47                              
     __________________________________________________________________________
     (I)    HOC--CH.sub.2 --NH----CH.sub.2 ----.sub.6 NHCH.sub.2 COH           
                                                      4.64 g (0.02 mol)        
            .parallel..parallel.                                               
            OO                                                                 
     (II)   NH.sub.2 ----CH.sub.2 ----.sub.5 COH      5.24 g (0.04 mol)        
            .parallel.                                                         
            O                                                                  
     (III)                                            8.56 g (0.04 mol)        
            OO                                                                 
            .parallel..parallel.                                               
            C--CH.sub.2 CH.sub.2 --C                                           
     (IV)   HOC----CH.sub.2).sub.5 H.angle..angle.N--(CH.sub.2 ).sub.6         
            N.angle..angle.N--CH.sub.2).sub.5 COH                              
            .parallel. C C.parallel.                                           
            O.parallel..parallel.O                                             
            OO                                                                 
     __________________________________________________________________________
TBL                                    Example 48                              
     __________________________________________________________________________
     (I)                       0.378 g (0.0015 mol)                            
     (II)                      0.411 g (0.003 mol)                             
     (III)                     0.642 g (0.003 mol)                             
     (IV)                                                                      
     __________________________________________________________________________
TBL                Example 49                                                  
     ______________________________________                                    
     (I)                         2.23 g (0.01 mol)                             
     (II)  NH--CH.sub.2).sub.5  COH                                            
                                 1.31 g (0.01 mol)                             
           .parallel.                                                          
           O                                                                   
     (III)                       2.14 g (0.01 mol)                             
     (IV)                                                                      
     ______________________________________                                    
TBL                                    Example 50                              
     __________________________________________________________________________
     (I)                                      7.40 g                           
                                              (0.02 mol)                       
     (II)                                     5.48 g                           
                                              (0.04 mol)                       
     (III)                                    17.12 g                          
                                              (0.08 mol)                       
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 51                              
     __________________________________________________________________________
     (I)                        8.9 g (0.04 mol)                               
     (II)                       3.96 g (0.02 mol)                              
     (III)                     17.1 g (0.08 mol)                               
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
             Reaction                                                          
     Ex.                                                                       
        Solvent                                                                
              Temp. /Reaction                                                  
                        Yield                                                  
                            Melting                                            
                                   Wavelengths of Elementary Analysis Values   
                                                  (%)                          
     No.                                                                       
        (ml)      Time  (%) Point  Characteristic                              
                            (.degree.C.)                                       
                                   Absorptions                                 
               (.degree.C./hr.)    (cm.sup.-.sup.1)   C   H  N   S             
     __________________________________________________________________________
        Cresol                     2300 - 3500, 1680 (COOH)                    
                                                  Calcd.                       
                                                      59.53                    
                                                          5.38                 
                                                             10.68             
                                                                 --            
     31      200/8      90  295                                                
        (15)                       1770, 1715 (hydantoin)                      
                                                  Found                        
                                                      59.32                    
                                                          5.28                 
                                                             10.36             
                                                                 --            
        Cresol                     2300 - 3600, 1700 (COOH)                    
                                                  Calcd.                       
                                                      64.27                    
                                                          5.88                 
                                                             9.09              
                                                                 --            
     32      200/8      80  181 - 245                                          
        (15)                       1770, 1710 (hydantoin)                      
                                                  Found                        
                                                      64.53                    
                                                          5.76                 
                                                             9.23              
                                                                 --            
        Cresol                     1770, 1720 (hydantoin)                      
                                                  Calcd.                       
                                                      58.23                    
                                                          5.33                 
                                                             8.23              
                                                                 --            
     33      200/5      82  165 - 6                                            
        (5)                        2500 - 3600, 1710 (COOH)                    
                                                  Found                        
                                                      58.63                    
                                                          5.42                 
                                                             8.01              
                                                                 --            
        Cresol                     2200 -  3700, 1680 (COOH)                   
                                                  Calcd.                       
                                                      70.84                    
                                                          4.09                 
                                                             10.33             
                                                                 --            
     34      200/3      25  300&lt;                                               
        (20)                       1770, 1720 (hydantoin)                      
                                                  Found                        
                                                      70.92                    
                                                          4.23                 
                                                             10.58             
                                                                 --            
        Cresol                     2300 - 3700, 1680 (COOH)                    
                                                  Calcd.                       
                                                      58.71                    
                                                          3.39                 
                                                             8.56              
                                                                 4.90          
     35      200/4      35  286 - 7                                            
        (10)                       1780, 1725 (hydantoin)                      
                                                  Found                        
                                                      58.92                    
                                                          3.16                 
                                                             8.48              
                                                                 5.30          
                                   200 - 3700                                  
        Cresol                     (COOH, imidazole)                           
                                                  Calcd.                       
                                                      67.31                    
                                                          3.41                 
                                                             13.65             
                                                                 --            
     36      200/4      54  300&lt;                  Found                        
                                                      67.55                    
                                                          3.21                 
                                                             13.88             
                                                                 --            
        (13)                       1770, 1710 (hydantoin)                      
                                   2000 - 3700, 1690 (COOH)                    
        Cresol                                    Calcd.                       
                                                      62.56                    
                                                          3.66                 
                                                             11.06             
                                                                 --            
     37      200/4      71  300&lt;   1775, 1720 (hydantoin)                      
                                                  Found                        
                                                      62.83                    
                                                          3.83                 
                                                             11.07             
                                                                 --            
        (10)                                                                   
                                   3400, 1650 (amide)                          
                                   2000 - 3500, 1670 (COOH)                    
        Cresol                     1770, 1750, 1720                            
                                                  Calcd.                       
                                                      56.74                    
                                                          3.00                 
                                                             12.26             
                                                                 5.61          
     38      200/6      44  270    (hydantoin)    Found                        
                                                      56.83                    
                                                          3.35                 
                                                             12.31             
                                                                 6.03          
        (10)                       1590 (thiazole)                             
        Cresol                     2200 - 3700, 1690 (COOH)                    
                                                  Calcd.                       
                                                      58.07                    
                                                          3.25                 
                                                             10.03             
                                                                 --            
     39      200/5      66  300&lt;                                               
        (20)                       1775, 1730     Found                        
                                                      58.32                    
                                                          3.53                 
                                                             10.32             
                                                                 --            
        Cresol                     2500 - 3500, 1680 (COOH)                    
                                                  Calcd.                       
                                                      66.45                    
                                                          4.46                 
                                                             8.86              
                                                                 --            
     40      200/5      72  300&lt;                                               
        (20)                       1770, 1715 (hydantoin)                      
                                                  Found                        
                                                      66.46                    
                                                          4.95                 
                                                             8.93              
                                                                 --            
        Cresol                     2500 - 3500, 1695 (COOH)                    
                                                  Calcd.                       
                                                      67.92                    
                                                          3.80                 
                                                             13.20             
                                                                 --            
     41      200/5      83  300&lt;                                               
        (20)                       1770, 1715 (hydantoin)                      
                                                  Found                        
                                                      67.63                    
                                                          3.75                 
                                                             13.25             
                                                                 --            
                                   2500 - 3500, 1695 (COOH)                    
        Cresol                                    Calcd.                       
                                                      64.61                    
                                                          4.13                 
                                                             10.77             
                                                                 --            
     42      200/5      63  300&lt;   1770, 1715 (hydantoin)                      
                                                  Found                        
                                                      64.73                    
                                                          4.23                 
                                                             10.78             
                                                                 --            
        (20)                       1660 (amide)                                
        Cresol                     2500 - 3500, 1690 (COOH)                    
                                                  Calcd.                       
                                                      63.36                    
                                                          3.66                 
                                                             9.24              
                                                                 --            
     43      200/5      81  300&lt;                                               
        (20)                       1700, 1715 (hydantoin)                      
                                                  Found                        
                                                      63.43                    
                                                          3.73                 
                                                             9.53              
                                                                 --            
        Cresol                     2300 -  3600, 1700 (COOH)                   
                                                  Calcd.                       
                                                      62.82                    
                                                          6.12                 
                                                             9.45              
                                                                 --            
     44      200/6      68  210 - 211                                          
        (10)                       1770, 1700 (hydantoin)                      
                                                  Found                        
                                                      62.75                    
                                                          6.08                 
                                                             9.32              
                                                                 --            
        Cresol                     2000 - 3400, 1670 (COOH)                    
                                                  Calcd.                       
                                                      59.76                    
                                                          5.02                 
                                                             10.72             
     45      230/20     --  Amorphous                                          
        (20)                       1770, 1720 (hydantoin)                      
                                                  Found                        
                                                      59.68                    
                                                          5.34                 
                                                             10.38             
        Cresol                     2100 - 3600, 1690 (COOH)                    
                                                  Calcd.                       
                                                      59.76                    
                                                          5.02                 
                                                             10.72             
     46      230/30     --  Crude                                              
        (30)                       1770, 1710 (hydantoin)                      
                                                  Found                        
                                                      59.68                    
                                                          5.32                 
                                                             10.93             
        Cresol                     2500 - 3500, 1675 (COOH)                    
                                                  Calcd.                       
                                                      56.45                    
                                                          7.50                 
                                                             10.97             
     47      230/30     --  Crude                                              
        (30)                       1770, 1710 (hydantoin)                      
                                                  Found                        
                                                      56.63                    
                                                          7.62                 
                                                             10.83             
        Cresol                     2300 - 3500, 1680 (COOH)                    
                                                  Calcd.                       
                                                      61.99                    
                                                          4.09                 
                                                             10.33             
     48      220/13     38  300&lt;                                               
        ( 5)                       1770, 1720 (hydantoin)                      
                                                  Found                        
                                                      61.53                    
                                                          4.86                 
                                                             10.66             
        Cresol                     2300 - 3500, 1670 (COOH)                    
                                                  Calcd.                       
                                                      57.48                    
                                                          5.43                 
                                                             8.38              
     49      200/5      78  208 - 9                                            
        (10)                       1760, 1710 (hydantoin)                      
                                                  Found                        
                                                      57.32                    
                                                          5.16                 
                                                             8.15              
             200/3 (after addi-                                                
        Cresol                     1775, 1725 (hydantoin)                      
                                                  Calcd.                       
                                                      71.42                    
                                                          4.26                 
                                                             7.40              
     50      tion of 20 mg of                                                  
                        99  125 - 6               Found                        
                                                      71.72                    
                                                          4.53                 
                                                             7.31              
             LiOH)                                                             
        Cresol                     1775, 1725 (hydantoin)                      
                                                  Calcd.                       
                                                      71.42                    
                                                          4.26                 
                                                             7.40              
     51      do.        100 141 - 2                                            
        (20)                                      Found                        
                                                      71.72                    
                                                          4.53                 
                                                             7.14              
     __________________________________________________________________________
PAC  EXAMPLE 52
PAR  5.26 Grams (0.02 mol) of m-etho y carbonyl-methylaminobenzoic acid allyl
      ester, 1.98 g (0.01 mol) of 4,4'-diaminodiphenylmethane, and 4.28 g (0.02
      mol) of diphenyl carbonate were added to 10 ml of cresol, and the system
      was slowly heated in nitrogen current under stirring to 200.degree.C. The
      system was then reacted at 200.degree.C. for 5 hours, while distilling off
      the by-produced ethanol. After the reaction the solvent and byproduced
      phenol were distilled off, and the residual solid was washed with a minor
      amount of methanol. Thus 4.2 g (62% yield) of a hydantoin ring-containing
      dicarboxylic acid diallyl ester was obtained, which had a melting point of
      143.degree.C. The infrared spectrum of the product showed the
      characteristic absorptions based on the carbonyl stretching vibration of
      hydantoin at 1770 cm.sup..sup.-1 and 1715 cm.sup..sup.-1, and that based
      on the allyl radical at 1640 cm.sup..sup.-1. Also the carbonyl stretching
      vibration of allyl ester was observed at  1715 cm.sup..sup.-1, was
      superposed with the hydantoin absorption. The elementary analysis values
      measured well corresponded with the theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         68.51%    4.83%     8.02%                                  
     Calculated:    68.41%    4.71%     8.18%                                  
PAC  EXAMPLES 53 - 56
PAR  Polycarboxylic acid allyl esters containing various hydantoin rings were
      prepared in the manner similar to Example 52. The types and quantities of
      the starting glycine derivatives (I), primary amines (II), and diaryl
      carbonates (III), as well as the structures of the products were
      enumerated below. Also the reaction conditions, yields, and the melting
      points, elementary analysis values, and characteristic absorptions in
      infrared spectra of the products, were shown in Table 3.
TBL                                    Example 53                              
     __________________________________________________________________________
     (I)                              5.26 g (0.02 mol)                        
     (II)                             1.98 g (0.01 mol)                        
     (III)                            4.28 g (0.02 mol)                        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 54                              
     __________________________________________________________________________
     (I)                                              3.70 g (0.01 mol)        
     (II)                                             3.54 g (0.02 mol)        
     (III)                                            4.28 g (0.02 mol)        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 55                              
     __________________________________________________________________________
     (I)                              2.63 g (0.01 mol)                        
     (II)                             1.77 g (0.01 mol)                        
     (III)                            2.14 g (0.01 mol)                        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 56                              
     __________________________________________________________________________
     (I)                              2.80 g (0.01 mol)                        
     (II)                             3.54 g (0.02 mol)                        
     (III)                            4.28 g (0.02 mol)                        
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
             Reaction                                                          
     Ex.                                                                       
        Solvent                                                                
              Temp. /Reaction                                                  
                      Yield                                                    
                           Melting                                             
                                 Wavelengths of                                
                                               Elementary Analysis Values (%)  
        (ml)      Time                                                         
                      (%)  Point Characteristic                                
                           (.degree.C.)                                        
                                 Absorptions                                   
               (.degree.C./hr.)  (cm.sup.-.sup.1)   C     H     N              
     __________________________________________________________________________
        Cresol                   1765, 1715 (hydantoin)                        
                                               Calcd.                          
                                                    68.41 4.71 8.18            
     53      200/5    73    300&lt;                                               
        (10)                     1715 (ester)  Found                           
                                                    68.52 4.68 8.08            
                                 1640 (allyl)                                  
        Cresol                   1765, 1715 (hydantoin)                        
                                               Calcd.                          
                                                    68.41 4.71 8.18            
     54      200/5    76   167                                                 
        (20)                     1715 (ester)  Found                           
                                                    68.29 4.91 8.32            
                                 1640 (allyl)                                  
        Cresol                   1765, 1720 (hydantoin)                        
                                               Calcd.                          
                                                    65.78 4.80 6.66            
     55      200/5    45   112                                                 
        (10)                     1720 (ester)  Found                           
                                                    65.82 4.91 6.58            
                                 1640 (allyl)                                  
        Cresol                   1765, 1720 (hydantoin)                        
                                               Calcd.                          
                                                    64.64 4.41 9.42            
     56      200/5    62   197                                                 
        (10)                     1720 (ester)  Found                           
                                                    64.53 4.23 9.36            
                                 1640 (allyl)                                  
     __________________________________________________________________________
PAC  EXAMPLE 57
PAR  5.02 Grams (0.02 mol) of ethyl p-ethoxycarbonyl-methylaminobenzoate, 1.98 g
      (0.01 mol) of 4,4'-diaminodiphenylmethane, and 4.28 g (0.02 mol) of
      diphenyl carbonate were added to 20 ml of cresol, and the system was
      slowly heated in nitrogen current under stirring. After the bath
      temperature reached 200.degree.C., the system was reacted for subsequent 5
      hours at said temperature, while distilling off the by-produced ethanol.
      After completion of the reaction the solvent and by-produced phenol were
      distilled off. When the distillation fairly advanced, methanol was added
      and the system was continuously stirred at room temperature, to allow
      precipitation of white solid. The precipitate was recovered by filtration
      and washed to provide 5.0 g (75% yield) of a hydantoin ring-containing
      dicarboxylic acid ethyl ester which was melting at 252.degree. -
      6.degree.C. The infrared spectrum of the product showed the characteristic
      absorptions based on the carbonyl stretching vibration of hydantoin ring
      at 1780 cm.sup.-.sup.1 and 1720 cm.sup.-.sup.1. The elementary analysis
      values measured well corresponded to the theoretical values as follows:
     Elementary analysis values:                                               
                    C         H         N                                      
     Found:         67.52%    4.96%     8.23%                                  
     Calculated:    67.26%    4.88%     8.48%                                  
PAC  EXAMPLES 58 - 61
PAR  Various hydantoin ring-containing polycarboxylic acid esters were prepared
      in the manner similar to Example 57. The types and quantities of the
      starting glycine derivatives (I), primary amines (II), and diaryl
      carbonate (III), as well as the structure of the product (VI) of the
      Examples were as enumerated below. Also the reaction conditions, yields,
      and the melting points, elementary analysis values, and characteristic
      absorptions in the infrared spectra of the products, are given in Table 4.
TBL                                    Example 58                              
     __________________________________________________________________________
     (I)                       5.02 g (0.02 mol)                               
     (II)                      2.00 g (0.01 mol)                               
     (III)                     4.28 g (0.02 mol)                               
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 59                              
     __________________________________________________________________________
     (I)                        5.02 g (0.02 mol)                              
     (II)  NH.sub.2 (--CH.sub.2)--.sub.6 NH.sub.2                              
                                1.16 g (0.01 mol)                              
     (III)                      4.28 g (0.02 mol)                              
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 60                              
     __________________________________________________________________________
     (I)                                    3.70 g (0.01 mol)                  
     (II)  NH.sub.2 --(CH.sub.2)--.sub.5 COC.sub.2 H.sub.5                     
                                            3.18 g (0.02 mol)                  
     (III)                                  4.28 g (0.02 mol)                  
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 61                              
     __________________________________________________________________________
     (I)                            3.36 g (0.01 mol)                          
     (II)                           3.30 g (0.02 mol)                          
     (III)                          4.28 g (0.02 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
             Reaction                                                          
     Ex.                                                                       
        Solvent                                                                
              Temp./Reaction                                                   
                         Yield                                                 
                             Melting                                           
                                    Wavelengths of                             
                                                 Elementary Analysis Values    
                                                 (%)                           
     No.                                                                       
        (ml)      Time   (%) Point  Characteristic                             
                             (.degree.C.)                                      
                                    Absorptions                                
               (.degree.C./hr.)     (cm.sup.-.sup.1) C     H    N              
     __________________________________________________________________________
        Cresol                                   Calcd.                        
                                                     65.25 4.56 8.46           
     58      170/10      63  267 - 269                                         
                                    1780, 1720 (hydantoin)                     
        (20)                                     Found                         
                                                     65.43 4.43 8.52           
        Cresol                                   Calcd.                        
                                                     62.27 5.92 9.68           
     59      200/10      76  236 - 239                                         
                                    1780, 1725 (hydantoin)                     
        (20)                                     Found                         
                                                     62.31 6.01 9.72           
        Cresol                                   Calcd.                        
                                                     64.80 6.84 8.64           
     60      200/10      63  116    1775, 1715 (hydantoin)                     
        (20)                                     Found                         
                                                     64.92 6.96 8.42           
        Cresol                                   Calcd.                        
                                                     65.16 5.47 8.94           
     61      200/10      46  140    1775, 1715 (hydantoin)                     
        (15)                                     Found                         
                                                     65.28 5.51 8.73           
     __________________________________________________________________________
PAC  EXAMPLE 62
PAR  9.0 Grams (0.04 mol) of m-ethoxycarbonylmethylaminobenzoic acid, 4.36 g
      (0.04 mol) of m-aminophenol, and 8.56 g (0.04 mol) of diphenyl carbonate
      were added to 25 ml of cresol, and the system was gradually heated in
      nitrogen atmosphere under stirring. Then the system was allowed to react
      at 200.degree.C. for 4 hours. The by-produced ethanol was distilled off
      from the system as formed. After the reaction the solvent and by-produced
      phenol were distilled off. When the greatest part of the solvent and
      phenol was distilled off, methanol was added to the residue, and stirred
      continuously at room temperature. Thus a white precipitate was formed,
      which was recovered by filtration and washed with methanol to provide 7.8
      g (62% yield) of hydantoin ring-containing hydroxycarboxylic acid. The
      hydroxycarboxylic acid had the melting point at 259.degree. -
      260.degree.C., and its infrared spectrum showed the characteristic
      absorptions of carboxyl group at 2000 - 3500 cm.sup.-.sup.1 and at 1700
      cm.sup.-.sup.1, that of hydroxyl group at  3400 cm.sup.-.sup.1, and the
      characteristic absorptions based on hydantoin at 1760 cm.sup.-.sup.1 and
      1725 cm.sup.-.sup.1. Thus the formation of hydantoin ring-containing
      hydroxycarboxylic acid was confirmed. The elementary analysis of the acid
      gave the results well corresponding to the theoretical values as follows:
TBL  Elementary analysis values:                                               
                  C        H        N                                          
     Found:       61.23%   3.62%    8.53%                                      
     Calculated:  61.53%   3.87%    8.97%                                      
PAC  EXAMPLES 63 - 66
PAR  Various hydantoin ring-containing hydroxycarboxylic acids were formed in
      the manner similar to Example 62. The types and quantities of the starting
      glycine derivatives (I), primary amines (II), and diaryl carbonate (III)
      employed, as well as the structures of the products (IV) were as
      enumerated below. Also the reaction conditions, yields, and the melting
      points, elementary analysis values, and characteristic absorptions in the
      infrared spectra, of the products, are given in Table 5.
TBL                                    Example 63                              
     __________________________________________________________________________
     (I)                          1.1 g (0.005 mol)                            
     (II)                         0.55 g (0.005 mol)                           
     (III)                        1.1 g (0.005 mol)                            
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 64                              
     __________________________________________________________________________
     (I)                            6.69 g (0.03 mol)                          
     (II)                           3.27 g (0.03 mol)                          
     (III)                          6.42 g (0.03 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 65                              
     __________________________________________________________________________
     (I)                          0.22 g (0.001 mol)                           
     (II)                         0.11 g (0.001 mol)                           
     (III)                        0.22 g (0.001 mol)                           
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 66                              
     __________________________________________________________________________
     (I)                     4.46 g (0.02 mol)                                 
     (II)  HO--(CH.sub.2)--.sub.2 O--(CH.sub.2)--.sub.2 NH.sub.2               
                             2.10 g (0.02 mol)                                 
     (III)                   4.28 g (0.02 mol)                                 
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 5                                 
     __________________________________________________________________________
              Reaction/            Wavelenghts of                              
     Ex. Solvent                                                               
              Temp. /                                                          
                   Reaction                                                    
                        Yield                                                  
                             Melting                                           
                                   Characteristic                              
                                                Elementary Analysis Values     
                                                (%)                            
     No. (ml)      / Time                                                      
                        (%)  Point Absorptions                                 
              (.degree.C./Hr.)                                                 
                             (.degree.C.)                                      
                                   (cm.sup.-.sup.1)  C    H    N               
     __________________________________________________________________________
                                   2000-3500, 1700 (COOH)                      
     63  Cresol                                                                
              200/5     71   300&lt;  3400 (OH)    Calcd.                         
                                                     61.53                     
                                                          3.87 8.97            
         (3)                       1770, 1720 (hydantoin)                      
                                                Found                          
                                                     61.62                     
                                                          3.76 8.63            
                                   2000-3600, 1675 (COOH)                      
     64  Cresol                                                                
              200/4     81   300&lt;  3400 (OH)    Cald.                          
                                                     61.53                     
                                                          3.87 8.97            
         (20)                      1770, 1710 (hydantoin)                      
                                                Found                          
                                                     61.86                     
                                                          3.63 8.72            
                                   2300-3500, 1690 (COOH)                      
     65  Cresol                                                                
              200/5     62   260   3400 (OH)    Calcd.                         
                                                     61.53                     
                                                          3.87 8.97            
         (3)                       1770, 1720 (hydantoin)                      
                                                Found                          
                                                     60.96                     
                                                          3.75 8.81            
                                   2300-3700, 1710 (COOH)                      
     66  Cresol                                                                
              230/8     93   Amorphous                                         
                                   3350 (OH)    Calcd.                         
                                                     54.54                     
                                                          5.23 9.09            
         (20)                      1770, 1710 (hydantoin)                      
                                                Found                          
                                                     54.63                     
                                                          5.01 9.35            
     __________________________________________________________________________
PAC  EXAMPLE 67
PAR  22.2 g (0.06 mol) of ethyl diphenylmethane-4,4'-diiminoacetate, 13.1 g
      (0.12 mol) of m-aminophenol, and 25.7 g (0.12 mol) of diphenyl carbonate
      were added to 25 ml of cresol, and the system was gradually heated to
      200.degree.C. under stirring. At said temperature the system was allowed
      to react for 5 hours, while distilling off the by-produced ethanol. After
      the reaction the solvent and by-produced phenol were distilled off, and
      the residue was treated with a large excess of ether to be crystallized.
      The crystalline precipitate was recovered by filtration and washed to
      provide 23.3 g (71%) of hydantoin ring-containing diol having the melting
      point at 235.degree. - 237.degree.C. The infrared spectrum of the product
      showed the characteristic absorption of hydroxyl group at 3400
      cm.sup.-.sup.1, and that of hydantoin at 1770 cm.sup.-.sup.1 and 1715
      cm.sup.-.sup.1, confirming the formation of hydantoin ring-containing
      diol. The elementary analysis gave the results well corresponding to the
      theoretical values as follows:
TBL  Elementary analysis values:                                               
                    C         H         N                                      
     Found:         67.88%    4.43%     10.07%                                 
     Calculated:    67.87%    4.41%     10.21%                                 
PAC  EXAMPLES 68 - 70
PAR  Various hydantoin ring-containing diols were prepared in the manner similar
      to Example 67. The types and quantities of the starting glycine
      derivatives (I), primary amines (II), and diaryl carbonates (III)
      employed, as well as the structures of the products (IV) were as
      enumerated below. Also the reaction conditions, yields, and the melting
      points, elementary analysis values, and the characteristic absorptions in
      infrared spectra of the products, were as given in Table 6.
TBL                                    Example 68                              
     __________________________________________________________________________
     (I)                            5.60 g (0.02 mol)                          
     (II)                           4.36 g (0.04 mol)                          
     (III)                          8.56 g (0.04 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 69                              
     __________________________________________________________________________
     (I)                          0.574 g (0.002 mol)                          
     (II)                         0.402 g (0.002 mol)                          
     (III)                        0.428 g (0.002 mol)                          
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Example 70                              
     __________________________________________________________________________
     (I)                                  7.40 g (0.02 mol)                    
     (II)  HO--(CH.sub.2)--.sub.2 O--CH.sub.2)--.sub.2 NH.sub.2                
                                          4.20 g (0.04 mol)                    
     (III)                                8.56 g (0.04 mol)                    
     (IV)                                                                      
     __________________________________________________________________________
TBL                                    Table 6                                 
     __________________________________________________________________________
             Reaction/             Wavelengths of                              
     Ex.                                                                       
        Solvent                                                                
             Temp. /                                                           
                  Reaction                                                     
                       Yield                                                   
                           Melting Characteristic                              
                                                Elementary Analysis Values     
                                                (%)                            
     No.                                                                       
        (ml)      / Time                                                       
                       (%) Point   Absorptions                                 
             (.degree.C./Hr.)                                                  
                           (.degree.C.)                                        
                                   (cm.sup.-.sup.1)  C    H    N               
     __________________________________________________________________________
     68 Cresol                                                                 
             190/5     75  118-124 3400 (OH)    Calcd.                         
                                                     62.82                     
                                                          3.96 12.22           
        (25)                       1765, 1710 (hydantoin)                      
                                                Found                          
                                                     62.96                     
                                                          3.75 12.12           
     69 Cresol                                                                 
             190/8     83  232-235 3400 (OH)    Calcd.                         
                                                     69.22                     
                                                          4.30  5.98           
        (2.5)                      1775, 1705 (hydantoin)                      
                                                Found                          
                                                     69.15                     
                                                          4.52  5.96           
     70 Cresol                                                                 
             220/8     92  60 (sinter)                                         
                                   3350 (OH)    Calcd.                         
                                                     59.99                     
                                                          5.97 10.37           
        (20)               80 (flow)                                           
                                   1760, 1705 (hydantoin)                      
                                                Found                          
                                                     59.38                     
                                                          5.92 10.21           
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for making monomeric hydantoin derivatives containing in their
      molecules at least one hydantoin ring (H) of the formula (H) below:
      ##EQU43##
      selected from the group consisting of
      ##EQU44##
      and
      ##EQU45##
      wherein R.sub.1, R.sub.2 and R.sub.3 may be the same or different and each
      denotes a hydrogen atom or a monovalent organic group selected from
      aliphatic groups of 1 to 20 carbon atoms, alicyclic groups of 3 to 20
      carbon atoms and aromatic groups of 6 to 20 carbon atoms, said organic
      group optionally containing one or two hetero-elements selected from
      oxygen, nitrogen, and sulfur,
PA1  R.sub.4 denotes hydrogen atom or a (l+ p)valent saturated or unsaturated
      aliphatic, alicyclic, aromatic, or heterocyclic group of 1 to 20 carbon
      atoms, which may contain 1 to 4 hetero-elements selected from oxygen,
      nitrogen, sulfur, phosphorus, or silicon atoms, the (l+p) valency bonding
      with the carbon atoms,
PA1  W.sub.1 denotes hydrogen atom or a (m+q) valent saturated or unsaturated
      aliphatic, alicyclic, aromatic, or heterocyclic group of 1 to 20 carbon
      atoms, which may contain 1 to 4 hetero-elements selected from oxygen,
      nitrogen, sulfur, phosphorus, or silicon atoms, the (m+q) valency bonding
      with carbon atoms,
PA1  l is an integer of 1 to 5,
PA1  p is an integer of 0 to 5,
PA1  m is an integer of 1 to 5,
PA1  q is an integer of 0 to 5,
PA1  F.sub.1 and F.sub.2 may be the same or different and each denotes halogen
      atom, nitro group (--NO.sub.2), nitrile group (--CN), tertiary amino
      group,
      ##EQU46##
       --OY, --SY, --COY, --OCOY, and --COOY wherein Y and Y' may be the same or
      different, and each denotes hydrogen atom or a monovalent organic radical
      selected from aliphatic, alicyclic, and aromatic hydrocarbon residues of 1
      to 20 carbon atoms, which may contain 1 to 4 hetero atoms selected from
      oxygen, nitrogen, and sulfur,
PAL  which comprises reacting
PAR  1. a glycine derivative (I) of the formula (I-1) or (I-2) below:
      ##EQU47##
      in which F.sub.1, p, R.sub.1, R.sub.2, R.sub.3, R.sub.4, and l have the
      previously given meanings, and
PA3  X is selected from the group consisting of --OA, --SA, --NHA, and
      --N(A).sub.2 wherein A is a hydrogen atom or a monovalent hydrocarbon
      group selected from aliphatic, alicyclic and aromatic hydrocarbons of 1 to
      7 carbon atoms,
PA2  2.
NUM  2.
PAR  2. an amine (II) of the formula (II-1)
EQU  (f.sub.2 --.sub.q W.sub.1 --NH.sub.2).sub.m                (II- 1)
PA3  in which W.sub.1, F.sub.2, q, and m have the previously given meanings, and
PA2  3. a diaryl carbonate (III) of the formula
      ##EQU48##
      in which .phi. and .phi.' may be the same or different, and each stands
      for a monovalent aromatic radical
PAL  with the proviso that
PAR  4. the above three reactants are selected such that at least one of l and m
      is 1; whereby when l and m are each 1 the compounds of formulae (IV-1) and
      (IV-2) and the compounds of formulae (IV-3) and (IV-4) respectively become
      identical and when l is 2 to 5 and m is 1 a compound of formula (IV-1) or
      (IV-3) is obtained and when m is 2 to 5 and l is 1 a compound of formula
PAR   (IV-2) or (IV-4) is obtained. 2. The process for making monomeric
      hydantoin derivatives according to claim 1 wherein, the formulae (IV-1),
      (IV-2), (IV-3) and (IV-4),
PA1  l and m are each 1,
PAL  said monomeric hydantoin derivative having the formula
      ##EQU49##
PAR   which comprises reacting 1. a glycine derivative of the formula (I-1b) or
      (I-2b) below:
      ##EQU50##
      or
      ##EQU51##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, and X have the previously
      given meanings,
PA3  (F.sub.3 --.sub.p.sub.' is an hydroxyl group (--OH) or one or two --COOY
      radicals, provided that when (F.sub.3 --.sub.p.sub.' is two --COOY
      radicals, the two --COOY radicals are respectively linked with two
      adjacent carbon atoms in R.sub.4,
PA3  Y has the previously given meaning, and
PA3  p' is 1 or 2, with
PAR  2. a primary amine of formula (II-3)
EQU  (f.sub.4 --.sub.q.sub.' W.sub.1 -- NH.sub.2                (II- 3)
PA3  in which (F.sub.4 --.sub.q.sub.' is an hydroxy group (--OH) or one or two
      --COOY radicals, provided that when (F.sub.4)q' is two --COOY radicals,
      the two --COOY radicals are respectively linked with two adjacent carbon
      atoms in W.sub.1,
PA3  q' is a positive integer of 1 or 2, and
PA3  Y and W.sub.1 have the previously given meanings, and
PA2  3.
NUM  3.
PAR  3. said diaryl carbonate of formula (III). 3. The process for making
      monomeric hydantoin derivatives according to claim 1 which are
      difunctional, said difunctional monomeric hydantoin derivatives selected
      from the group consisting of compounds of formula (IV-7) or (IV-8)
      ##EQU52##
      or
      ##EQU53##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 have the previously given
      meanings,
PA1  (F.sub.3 --.sub.p.sub.' is an hydroxyl group (-OH) or one or two --COOY
      radicals, provided that when (F.sub.3 --.sub.p.sub.' stands for two --COOY
      radicals, the two --COOY radicals are respectively linked with two
      adjacent carbon atoms in R.sub.4,
PA1  p' is a positive integer of 1 or 2, and
PA1  W.sub.2 corresponds to the above-defined W.sub.1 when q=0 and m= 2, said
      process comprising reacting
PAR  1. a glycine derivative of the formula (I-1b) or (I-2b) below:
      ##EQU54##
      or
      ##EQU55##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, X and (F.sub.3 --.sub.p.sub.'
      have the previously given meanings, with
PAR  2. a primary diamine of formula (II-4)
EQU  h.sub.2 n -- w.sub.2 -- nh.sub.2                           (ii-4)
PA3  wherein W.sub.2 is as defined above and
PA2  3. said diaryl carbonate of formula (III) at a molar ratio of said glycine
      (1) to said primary diamine (2) of about 2 to 1.
NUM  4.
PAR  4. The process for making monomeric hydantoin derivatives according to
      claim 1 which are difunctional, said difunctional monomeric hydantoin
      derivative selected from the group consisting of compounds of formula
      (IV-9) or (IV-10)
      ##EQU56##
      or
      ##EQU57##
      in which R.sub.1, R.sub.2, R.sub.3 and W.sub.1 have the previously given
      meanings,
PA1  --F.sub.4).sub.q.sub.' is an hydroxyl group (--OH) or one or two --COOY
      radicals, provided that when (F.sub.4 --.sub.q.sub.' stands for two --COOY
      radicals, the two --COOY radicals are respectively linked with two
      adjacent carbon atoms in W.sub.1,
PA1  q' is 1 or 2, and
PA1  R.sub.5 corresponds to the above-defined R.sub.4 when p=0 and l=2, said
      process comprising reacting
PAR  1. a bis-glycine derivative of formula (I-1c) or (I-2c)
      ##EQU58##
      or
      ##EQU59##
      in which R.sub.1, R.sub.2, R.sub.5 and X have the previously given
      meanings, with
PAR  2. a primary diamine compound of formula (II-3)
EQU  (f.sub.4 --.sub.q.sub.' W.sub.1 --NH.sub.2                 (II- 3)
PA3  in which (F.sub.4 --.sub.q.sub.' and W.sub.1 have the previously given
      meanings, and
PA2  3. said diaryl carbonate of formula (III) at a molar ratio of said primary
      amine compound (2) of formula (II-3) to said bisglycine derivative (1) of
      about 2:1.
NUM  5.
PAR  5. The process for making monomeric hydantoin derivatives according to
      claim 1 wherein
PA1  R.sub.1, r.sub.2 and R.sub.3 may be the same or different and are selected
      from the group consisting of hydrogen, methyl, ethyl, propyl, butyl,
      cyclohexyl,
      ##SPC8##
     phenyl, benzyl, toluyl, naphthyl,
      ##SPC9##
      ##SPC10##
      ##EQU60##
      --CH.sub.2 CH.sub.2 SCH.sub.3 and
      ##EQU61##
      R.sub.4 and W.sub.1 may be the same or different and are hydrogen atom or
      the residue of a hydrocarbon selected from the group consisting of
      CH.sub.4, CH.sub.3 CH.sub.3, CH.sub.2 =CH.sub.2,
      CH.sub.3.CH.sub.2.CH.sub.3, CH.sub.2 =CH--CH.sub.3, CH.sub.3 CH.sub.2
      CH.sub.2 CH.sub.3, CH.sub.2 =CH-CH=CH.sub.2, CH.sub.3 (CH.sub.2).sub.4
      CH.sub.3, CH.sub.3 (CH.sub.2).sub.3 CH.sub.3,
      ##SPC11##
      ##EQU62##
      and .sup.S  wherein M is selected from the group consisting of --0--,
      lower alkylene of 1-4 carbon atoms, --NHCO--, --SO.sub.2 --, --CO--,
      ##EQU63##
      wherein K is a monovalent organic radical selected from the group
      consisting of CH.sub.3 - and
      ##SPC12##
PA1  Y and Y' may be the same or different and each represents a hydrogen atom
      or a residue of a hydrocarbon selected from the group consisting of
      CH.sub.4, CH.sub.3 (CH.sub.2).sub.3 CH.sub.3, CH.sub.2 =CH--CH.sub.3, and
      ##SPC13##
PAL  and
PA1  A is selected from the group consisting of hydrogen, methyl, ethyl, phenyl
      and benzyl.
NUM  6.
PAR  6. The process for making hydantoin derivatives according to claim 1,
      wherein the specified compounds (I), (II), and (III) are mutually reacted
      at such a quantitative ratio that the glycine residue (G) in the glycine
      derivative (I) is made substantially equimolar to the primary amino group
      in the amine (II), and also at least equimolar to the glycine residue (G)
      of diaryl carbonate (III).
NUM  7.
PAR  7. The process for making hydantoin derivatives according to claim 1,
      wherein the glycine derivative (I), amine (II), and the diaryl carbonate
      (III) are reacted under heating, in the absence of a solvent or in the
      presence of an inert solvent.
NUM  8.
PAR  8. The process of claim 1 wherein F.sub.3 --.sub.q.sub.' and F.sub.4
      --.sub.q.sub.' are each --COOY" wherein Y" is hydrogen or an alkyl of 1 to
      4 carbon atoms, further comprising employing an excess of said diaryl
      carbonate of formula (III), said diaryl carbonate being used in the
      formation of said hydantoin ring and the excess being used to form a
      diaryl ester of said hydantoin derivative of the formula
      ##EQU64##
      or
      ##EQU65##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, W.sub.1, .phi. and .phi.' have
      the previously given meanings.
NUM  9.
PAR  9. The process of claim 3 wherein (F.sub.3 --.sub.p.sub.' is --COOY"
      wherein Y" is hydrogen or alkyl of 1 to 4 carbon atoms, further comprising
      employing an excess of said diaryl carbonate of formula (III), said diaryl
      carbonate being used in the formation of said hydantoin ring and the
      excess being used to form a diaryl ester of said hydantoin derivative of
      the formula
      ##EQU66##
      or
      ##EQU67##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, W.sub.2, .phi. and .phi.' have
      the previously given meanings.
NUM  10.
PAR  10. The process of claim 4 wherein (F.sub.4 --.sub.q.sub.' is --COOY"
      wherein Y" is hydrogen or an alkyl of 1 to 4 carbon atoms, further
      comprising employing an excess of said diaryl carbonate of formula (III),
      said diaryl carbonate being used in the formation of said hydantoin ring
      and the excess being used to form a diaryl ester of said hydantoin
      derivative of the formula
      ##EQU68##
      or
      ##EQU69##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, W.sub.1, .phi. and .phi.' have
      the previously given meanings.
NUM  11.
PAR  11. The process for making hydantoin derivatives according to claim 1
      wherein the glycine derivative (I), amine (II) and diaryl carbonate (II)
      are reacted under heating in the presence of an inert solvent.
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PAL  Adducts of polyglycidyl compounds and cyclic ureides containing
      dialkoxyphosphonoalkyl groups, such as
      3-dialkoxyphosphonoalkyl-hydantoins. These adducts are used for the
      manufacture of flame-retardant epoxide resins.
BSUM
PAR  The invention relates to adducts of polyglycidyl compounds and cyclic
      ureides containing dialkoxyphosphonoalkyl groups, such as
      3-dialkoxyphosphonoalkyl-hydantoins or 3-dialkoxyphosphonoalkyl
      dihydrouracils and the use of the adducts for the manufacture of
      flame-retardant epoxide resins.
PAR  In order to manufacture flame-retardant plastics based on epoxide resin it
      was hitherto necessary either to add flame-retardant agents to the
      plastics, in which case the quantities required to achieve a good
      flame-retardant effect impair other properties of the plastics, or it was
      possible to use epoxide resins containing flame-retardant groups. However,
      where these were epoxide resins containing phosphorus, they could only be
      manufactured with difficulty since the addition of the phosphite to the
      epoxide compounds takes place incompletely (compare Swiss patent
      specification No. 456,949). The adducts according to the invention, the
      manufacture of which takes place with high yield, give plastics which in
      spite of containing relatively low amounts of phosphorus possess very good
      flame resistance. The latter is better than that of the products described
      in the cited Swiss patent specification.
PAR  These new adducts are reaction products, containing epoxide groups, of
      polyglycidyl compounds and compounds of the formula I
      ##EQU1##
      wherein Z is a nitrogen-free divalent radical required to complete a
      five-membered or six-membered ring, A is an alkylene group with 1 - 12
      carbon atoms which is optionally interrupted by oxygen atoms and R.sub.1
      and R.sub.2 each denote an alkyl or alkenyl group which can be
      substituted, for example by halogen, or together denote an alkylene group
      with 2 to 5 carbon atoms.
PAR  Z preferably represents a methylene group which can be substituted by alkyl
      groups with 1 to 6 carbon atoms, or a cycloalkylidene group, such as the
      methylene group or especially the propylidene-(2,2) group, and also the n-
      or iso-propylmethylene group, the cyclohexylidene or the cyclopentylidene
      group, or an ethylene group which is optionally substituted by alkyl
      groups of 1 to 4 carbon atoms, such as the ethylene 1,2-dimethylethylene,
      2,2-dimethylethylene or 1-methyl-2-isopropyl-ethylene group.
PAR  A preferably denotes an alkylene group with 2 to 6 carbon atoms, especially
      the ethylene group, or the radical of a diethyl ether.
PAR  R.sub.1 and R.sub.2 preferably each denote an alkyl or alkenyl group with
      up to 4 carbon atoms, especially the methyl or ethyl group, but also the
      propyl, butyl, allyl, butenyl or monochloroethyl group.
PAR  The compounds of the formula I are obtained when compounds of the formula
      II
      ##EQU2##
      in which X denotes chlorine or bromine, are reacted with a
      trialkylphosphite of the formula III
      ##EQU3##
      wherein R.sub.3 denotes an optionally substituted alkyl or alkenyl group.
PAR  To bring about the reaction, which corresponds to a Michaelis-Arbusow
      reaction, the mixture is usually warmed for several hours to above
      100.degree.C, preferably 120.degree.-160.degree.C, in the course of which
      R.sub.3 X distils off. R.sub.3 X is, for example, methyl chloride, ethyl
      chloride, butyl chloride or 1,2-dichloroethane.
PAR  The compounds of the formula II are obtained by reaction of the
      corresponding hydantoins or dihydrouracils, which are unsubstituted in the
      3-position, with a compound of the formula IV
EQU  X--A--X                                                    (IV)
PAL  in the presence of agents which split off hydrogen halide, such as alkalis
      or strongly basic salts, for example sodium carbonate. Examples of
      compounds of the formula IV are .beta.,.beta.'-dichloroethane or
      .beta.,.beta.'-dichlorodiethyl ether.
PAR  The compounds of the formula I are liquid to crystalline substances which
      are colourless in the pure state. They can be purified by
      recrystallisation or vacuum distillation.
PAR  The addition of the compounds of the formula I to the oxirane groups of the
      polyglycidyl compounds can be accelerated by customary catalysts such as
      alkalis, amines, ammonium salts or alkali metal salts. The amounts of the
      compounds of the formula I, relative to the polyglycidyl compounds, can
      vary within wide limits and be, for example, 0.05 to 0.5 molecule per
      epoxide group.
PAR  The addition of the polyglycidyl compounds to the compounds of the formula
      I in the first instance takes place exclusively at the nitrogen atom
      carrying an active hydrogen atom, in the 1-position of the cyclic ureide.
      The secondary hydroxyl groups, originating from the glycidyl groups, which
      are newly formed as a consequence of the addition reaction, also possess
      reactive hydrogen atoms, which at times subsequently also partly
      participate in the formation of the a adducts. Accordingly, the adducts
      are a mixture of chemical compounds which still possess free epoxide
      groups.
PAR  The phosphorus content of the adducts is preferably between 1 and 8% and
      the adducts are viscous to solid. After curing with customary curing
      agents, for example acid anhydrides or polyamines, the adducts give
      flame-resistant plastics having good mechanical properties.
PAR  Reaction products of the compounds of the formula I with polyglycidyl
      compounds of cyclic ureides have proved advantageous with regard to the
      flame resistance of the adducts.
DETD
PAR  The 3-(dimethyloxyphosphonoethyl)- and
      3-(diethoxyphosphonoethyl)-5,5-dimethyl-hydantoin used, in the examples
      which follow, for the manufacture of the adducts can be manufactured as
      follows:
PAC  a. Manufacture of 3-(.beta.-chloroethyl)-5,5-dimethyl-hydantoin
PAR  A mixture of 1,664 g of 5,5-dimethyl-hydantoin (13.0 mols), 897 g of
      anhydrous potassium carbonate (6.5 mols), 5,148 g of 1,2-dichloroethane
      (52 mols) and 1,458 ml of dimethylformamide is reacted for 18 hours and 20
      minutes at 90.degree.C to 100.degree.C internal temperature (external
      temperature 155.degree.C), whilst constantly removing the resulting water
      of reaction by azeotropic circulatory distillation. Water of reaction
      eliminated: 110 g (94.0% of theory). Thereafter the reaction mixture,
      whilst still hot, is separated by filtration from the potassium chloride
      produced, the filtrate is concentrated on a rotary evaporator at
      100.degree.C under a waterpump vacuum and the residue is dried to constant
      weight at 100.degree.C and 10.sup.-.sup.1 mm Hg.
PAR  2,385 g of a clear, brown, highly viscous substance (96.2% of theory) are
      obtained.
PAR  The crude product is distilled at 0.1 to 0.2 mm Hg and 146.degree.-
      149.degree.C: Yield of pure substance, 2,068.3 g (83.4% of theory). A
      sample recrystallised from methanol metls at 95.8.degree. to
      96.2.degree.C.
PAC  b. Manufacture of 3-(dimethoxyphosphonoethyl)-5,5-dimethyl-hydantoin
PAR  A mixture of 381.3 g of 3-(2'-chloroethyl)-5,5-dimethyl-hydantoin (2.0
      mols) and 322.6 g of trimethylphosphite (2.6 mols) is reacted at
      120.degree.C (bath temperature 180.degree.C). The methyl chloride produced
      in the reaction is condensed in a cold trap at -80.degree.C, for the
      purpose of following the course of the reaction. After 39 hours the
      reaction has ended, the internal temperature has at that point risen to
      190.degree.C, and 96.7 g of methyl chloride (95.7% of theory) are
      obtained. The reaction product is freed of readily volatile constituents
      in a waterpump vacuum at 110.degree.C and is then dried to constant weight
      at 10.sup.-.sup.1 mm Hg and 105.degree.C.
PAR  490 g of a yellowish, clear, highly viscous crude product (92.7% of theory)
      are obtained, showing the following analytical data: 9.80% of phosphorus
      and .ltoreq.0.2% of chlorine.
PAR  A crude product purified by distillation in a bulb tube (at 140.degree.-
      160.degree.C external temperature and 10.sup.-.sup.1 mm Hg) and subsequent
      crystallisation from ethyl acetate melts at 101.2.degree.- 102.6.degree.C.
PAC  c. Manufacture of 3-(diethoxyphosphonoethyl)-5,5-dimethyl-hydantoin
PAR  704.1 g of 3-(2'-chloroethyl)-5,5-dimethyl-hydantoin (3.0 mols) and 598.5 g
      of triethylphosphite are stirred at 162.degree. to 188.degree.C. The
      elimination of ethyl chloride is complete after 22 hours and 20 minutes
      and the reaction product is worked up analogously to Example 1. 859.8 g of
      a yellow, clear, viscous substance (98.0% of theory), containing 8.6% of
      phosphorus, are obtained.
PAC  EXAMPLE 1
PAR  200 g of an industrially manufactured triglycidyl compound from
      1,3-bis-(5,5-dimethyl-hydantoinyl-3)-propan-2-ol, having an epoxide
      content of 6.1 epoxide equivalents/kg, and 133.3 g of
      3-(dimethoxyphosphonoethyl)-5,5-dimethyl-hydantoin (0.505 mol) are stirred
      at 156.degree.-159.degree.C internal temperature (bath temperature
      180.degree.C). The reaction is followed by continuous determination of the
      epoxide content. After 35 minutes' reaction time, the epoxide content is
      3.0 epoxide equivalents/kg and after 90 minutes it is 2.58 epoxide
      equivalents/kg. The reaction is complete after 125 minutes and the
      reaction product is cooled to room temperature by pouring out onto a metal
      sheet. A brownish, brittle, somewhat tacky resin having an epoxide content
      of 2.26 epoxide equivalents/kg is obtained in practically quantitative
      yield (theory: 333.3 g). The phosphorus content is 3.98% P.
PAR  The IR spectrum shows, through the absence of the NH band and the presence
      of the OH band, that the reaction has taken place in the desired manner.
PAR  100 g of the epoxide resin adduct thus produced and 33.0 g of
      hexahydrophthalic anhydride are stirred together at 120.degree.C and the
      clear, yellowish mixture is poured into aluminium moulds of sizes
      120.times.120.times.4 mm and 120.times.15.times.10 mm, which have been
      prewarmed to 120.degree.C.
PAR  Curing is effected in 2 hours at 120.degree.C and 16 hours at 150.degree.C.
      The mouldings thus obtained have the following properties:
TBL  Phosphorus content:   3.0% P                                              
     Flexural strength (VSM 77,103):                                           
                           9.1-12.8 kg/mm.sup.2                                
     Deflection (VSM 77,103):                                                  
                           3.7-4.0 mm                                          
     Impact strength (VSM 77,105):                                             
                           9.0-15.5 cmkg/cm.sup.2                              
     Heat distortion point according                                           
     to Martens (DIN)      77.degree.C                                         
     Inflammability according to CTM 20*                                       
                           Level 1/1"                                          
      *CTM 20: Description of the test:                                        
PAR  A horizontally clamped DIN standard bar (120.times.15.times.10 mm) of the
      plastic which is to be tested is exposed for 1 minute to the flame of a
      Bunsen burner which is inclined at 45.degree. and fed with town gas
      (burner orifice: 9 mm, flame height with burner vertical: 10 cm), so that
      the 15 mm wide surface of the test specimen is 3 cm above the upper edge
      of the burner and the end face is at a horizontal distance of 1 cm from
      the lower edge of the burner.
PAC  EXAMPLE 2
PAR  A mixture of 200 g of industrially manufactured
      1,3-diglycidyl-5,5-dimethyl-hydantoin having an epoxide content of 7.85
      epoxide equivalents/kg, and 133.3 g of
      5-(dimethoxyphosphonoethyl)-5,5-dimethyl-hydantoin(0.505 mol) is reacted
      for 2 hours and 43 minutes at 149.degree.-160.degree.C. 330 g of a clear,
      firm, tacky resin (99.0% of theory) having an epoxide content of 2.82
      epoxide equivalents/kg are obtained. The resin contains 4.15% of
      phosphorus.
PAR  100 parts of this adduct and 41.3 g of hexahydrophthalic anhydride are
      stirred together at 120.degree.C to give a homogeneous mixture and the
      latter is processed and cured analogously to Example 1. Mouldings having
      the following properties are obtained:
TBL  Phosphorus content:      2.93% P                                          
     Heat distortion point according                                           
     to Martens (DIN)         85.degree.C                                      
     Inflammability according to CTM 20                                        
                              Level 1/1"                                       
PAC  EXAMPLE 3
PAR  A mixture of 200 g of commercially available
      3-(3,4-epoxycyclohexyl)-2,4-dioxaspiro-(5,5)-9,10-epoxyundecane having an
      epoxide content of 6.2 epoxide equivalents/kg, 133.3 g of
      3-(dimethoxyphosphonoethyl)-5,5-dimethyl-hydantoin (0.505 mol) and 0.5 ml
      of 40% strength tetramethylammonium chloride solution in methanol is
      reacted at 163.degree.-173.degree.C internal temperature (bath temperature
      180.degree.-186.degree.C). After a reaction time of 3.5 hours, 0.5 ml of
      50% strength aqueous sodium hydroxide solution is added. The course of the
      reaction is followed by titration, analogously to Example 1. The reaction
      is complete after 16 hours and 20 minutes, and 330 g of a clear,
      ochre-coloured, solid, tacky resin (99.0% of theory) having an epoxide
      content of 2.14 epoxide equivalents per kg are obtained. Phosphorus
      content: 4.06%.
PAR  A mixture of 100 parts of the adduct and 31.3 g of hexahydrophthalic
      anhydride is stirred at 120.degree.C, poured into aluminium moulds
      prewarmed to 120.degree.C, and cured, all as described in Example 1.
TBL  ______________________________________                                    
     Test results                                                              
     Phosphorus content:   3.09% P                                             
     Distortion point according to                                             
     Martens (DIN 5B461):  101.degree.C                                        
     Inflammability (CTM 20):                                                  
                           Level 1/10"-15".                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  24 g of an industrially manufactured bisphenol A diglycidyl ether with 5.3
      epoxide equivalents/kg and 11.3 g of
      3-(diethoxyphosphonoethyl)-5,5-dimethyl-hydantoin (0.089 mol) are stirred
      at 170.degree.C analogously to Example 1. After 1 hour and 20 minutes the
      reaction is complete and a yellow, clear, very highly viscous resin with
      2.46 epoxide equivalents/kg is obtained in practically quantitative yield
      (25.3 g). Phosphorus content: 3.21% P.
PAR  The resin can be processed in the same manner as that described in the
      preceding examples.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An adduct, containing epoxide groups, consisting essentially of the
      reaction product of a polyglycidyl compound selected from the group
      consisting of polyglycidyl compounds of cyclic ureides, polyglycidyl
      compounds of bisphenol A, and a cycloaliphatic polyglycidyl compound and a
      compound of the formula
      ##EQU4##
      wherein Z is methylene, methylene substituted by alkyl groups of 1-6
      carbon atoms, cyclopentylidene or cyclohexylidene; A is alkylene of 1-12
      carbon atoms, or --CH.sub.2 CH.sub.2 O CH.sub.2 CH.sub.2 --; and R.sub.1
      and R.sub.2 each is alkyl or alkenyl with up to 4 carbon atoms, or R.sub.1
      and R.sub.2 together are alkylene of 2-5 carbon atoms.
NUM  2.
PAR  2. An adduct according to claim 1 wherein Z is propylidene-(2,2).
NUM  3.
PAR  3. An adduct according to claim 1 wherein Z is cyclohexylidene.
NUM  4.
PAR  4. An adduct according to claim 1 wherein R.sub.1 and R.sub.2 each is alkyl
      or alkenyl with up to 4 carbon atoms.
NUM  5.
PAR  5. An adduct according to claim 1 wherein R.sub.1 and R.sub.2 is methyl, or
      ethyl.
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PAL  A polymer has on its macromolecular chains in the form of a lateral
      branching an anti-inflammator residue having a carboxylic acid function
      chemically linked to the macromolecular chains by an intermediate covalent
      function.
BSUM
PAR  The present invention relates to new polymers usefully employed in the
      field of pharmaceuticals, to a process for preparing these polymers and to
      a composition containing the same.
PAR  Heretofore it has been proposed to use, as a medicine, certain polymers
      having in their macromolecular chains, residues or moieties of a
      therapeutically active material, in an effort to obtain a delayed and
      prolonged action of this active material, i.e. to achieve a progressive
      liberation or absorption of the material in the body. Although many
      diverse types of polymers have been studied in a number of therapeutic
      areas, until now these studies have not, essentially, provided a truly
      commercially acceptable product. It has been observed, for instance, that
      certain of these polymers characterized by having the active material or
      residue in branched relationship to the polymer chain exhibit essentially
      no activity even over prolonged periods of time or exhibit an activity
      lower than that of the active material employed alone, i.e. not in
      combination with the polymer.
PAR  Accordingly these polymers, often called "anti-inflammatory polymers", i.e.
      polymers having in the form of a branching relative to the main polymer
      chain a known anti-inflammatory active material, have not until now proved
      to be of any sustantial therapeutic significance.
PAR  Among the numerous active anti-inflammatory materials currently known and
      used in the field of therapeutics, certain ones exhibit quite remarkable
      activity. However, their use is often accompanied by a number of
      disadvantages, which seriously limit their use.
PAR  This is particularly true with respect to such anti-inflammatory materials
      as 1-(p-chlorobenzoyl)-5-methoxy-2-methyl 3-indole acetic acid
      (indomethacine), 3'-trifluoromethyl-2-diphenylamine carboxylic acid
      (flufenamic acid), 2', 3'-dimethyl 2-diphenylamine caroxylic acid
      (mefenamic acid), 2-(10-methyl-2 phenothiazinyl) acetic acid or
      (methiazinic acid) and 3'-trifluoromethyl-2-phenylamino 3-pyridine
      carboxylic acid (niflamic acid) all of which, while exhibiting rapid
      anti-inflammatory activity after absorption by or topical application onto
      the body, nonetheless also exhibit relatively high toxicity
      characteristics. It has been observed that numerous ones of known active
      materials of this type are ulcerative and accordingly their use is not
      without certain risks. Consequently a great number of patients cannot be
      treated with strong anti-inflammatory agents and often there is no
      substitute which can be prescribed.
PAR  It has now been found, however, that it is possible to obtain a delayed and
      prolonged action of an active anti-inflammatory material and to reduce
      considerably its toxicity and the ulcertative action by using as the
      anti-inflammatory active compound certain polymers having in branched
      relationship to their main chain residues of certain known active
      anti-inflammatory materials.
PAR  Further, when taken orally by a human the activity of the anti-inflammatory
      polymers of this invention is, in most instances, greater than that of the
      anti-inflammatory material alone, i.e. not linked to a polymer.
PAR  When taken or administered topically to a human, the activity manifests
      itself in the same order of magnitude, and the polymers exhibit
      essentially no undesirable side effects, whereas the same
      anti-inflammatory material alone, when applied topically, has at times
      been found to produce a significant mortality rate in laboratory animals.
PAR  The present invention thus relates to a polymer having in its
      macromolecular chains in the form of a lateral branching, the residue of
      an anti-inflammatory material having a carboxylic acid function which
      residue is linked chemically to said macromolecular chains by an
      intermediate covalent function. The new polymers according to the
      invention have an average molecular weight between about 2,000 and
      1,000,000. The macromolecular chains of the polymers according to the
      present invention can be homopolymers, that is, they can result from the
      polymerization of but one monomer or they can be copolymers, such as
      bipolymers, terpolymers, etc. that is they can result from the
      polymerization of at least two ethylenically unsaturated monomers. In
      copolymers which are formed from at least two different monomers, only one
      of the monomeric units carries as a branched substituent the residue of
      the anti-inflammatory material.
PAR  The other monomer, or monomers, in this embodiment where the macromolecular
      chains are constituted from more than two monomers, is generally selected
      depending upon the desired use of the resulting polymer.
PAR  It is thus possible to impart to the polymers of this invention different
      properties which can depend only on the nature of the one or another of
      monomers constituting the macromolecular chains of these copolymers.
PAR  Representative monomers usefully employed in the present invention include:
PAR  vinyl esters of fatty acids having 8-18 carbon atoms, such as vinyl
      stearate, vinyl octanoate, vinyl dodecanoate and vinyl decanoate;
PAR  acrylates and methacrylates of fatty alcohols having 8-18 carbon atoms,
      such as octyl, dodecyl or octadecyl acrylate and methacrylate,
PAR  allylic and methallylic esters of an acid having 2-18 carbon atoms such as
      allyl and methallyl acetates, propionates, butyrates, hexanoates,
      octanoates, decanoates, dodecanoates, octadeconoates and eicosanoates,
PAR  the acrylates and methacrylates of N,N-dialkylaminoalkyls such as
      dimethylaminoethyl methacrylate or diethylaminoethyl methacrylate which
      can optionally be quaternized, and
PAR  vinyl heterocycles such as N-vinyl pyrrolidone and the N-acryloyl and
      methacryloyl D-glucosamines.
PAR  Certain of these monomers, such as N-vinyl pyrrolidone, increase the
      solubility of the resulting polymer in aqueous solutions while others of
      these monomers having fatty chains increase the solubility of the
      resulting polymer in an oil vehicle.
PAR  Thus it can be seen that by judiciously selecting one or more monomers, it
      is possible with the use of but one anti-inflammatory material to produce
      either an aqueous composition or in oily compositions, a feature which
      heretofore was not always possible with the anti-inflammatory materials
      alone, that is, not fixed on polymer chains.
PAR  As indicated above, the residue of the anti-inflammatory material is linked
      to the macromolecular chains of the polymer by an intermediate covalent
      function.
PAR  According to a first embodiment of the present invention, the polymers are
      homopolymers, that is they are constituted by repeating units selected
      from the group consisting of:
      ##EQU1##
      wherein: n is 1-10, preferably 1-3 inclusive,
PA1  R.sup.1 represents hydrogen or methyl,
PA1  r and r' represent alkyl having 1-3 carbon atoms,
PA1  Y represents chlorine or bromine, and
PA1  X represents aryl, alkaryl or aromatic heterocycle residue derived from an
      anti-inflammatory material.
PAR  According to a second embodiment of the present invention, the polymers are
      bipolymers having repeating units of the formula
      ##EQU2##
      wherein: R.sup.1 represents hydrogen or methyl,
PA1  R'.sub.7  is hydrogen or methyl
PA1  R.sub.1 represents a member selected from the group consisting of
PA1  a.
      ##EQU3##
      wherein R.sub.3 represents a saturated hydrocarbon chain having 8-18
      carbon atoms,
PA1  b.
      ##EQU4##
      wherein R.sub.4 represents either a saturated hydrocarbon chain having
      8-18 carbon atoms, or N,N'-dialkylaminoethyl wherein said alkyl moieties
      have 1-3 carbon atoms,
PA1  c.
      ##EQU5##
      wherein R.sub.5 is a saturated hydrocarbon having 2-18 carbon atoms,
      ##EQU6##
PAR  R.sub.2 represents a member selected from the group consisting of
      ##EQU7##
      wherein r and r' represent alkyl having 1-3 carbon atoms,
PA1  Y represents chlorine or bromine,
PA1  n is 1-10, preferably 1-3 and
PA1  X is aryl, alkaryl or aromatic heterocycle residue derived from an
      anti-inflammatory material.
PAR  In accordance with the present invention, the residue of anti-inflammatory
      material, X, which is fixed onto the macromolecular chains can be selected
      from the group consisting of:
      ##SPC1##
PAL  wherein R'.sub.1 , R'.sub.2 and R'.sub.3  each independently represent
      alkyl having 1-3 carbon atoms, Cl, Br, F or I,
      ##SPC2##
PAL  wherein each X.sub.1 independently represents Cl Br, F or I and said alkyl
      has 1-3 carbon atoms.
      ##SPC3##
      ##SPC4##
PAL  wherein each R'.sub.4  independently is selected from the group consisting
      of hydrogen, chlorine, methyl and methoxy and R'.sub.5  is selected from
      the group consisting of hydrogen, methyl, methoxy and trifluoromethyl,
      ##SPC5##
PAL  wherein Z.sub.1 is selected from the group consisting of hydrogen and
      methyl and
PAL  X.sub.2 is selected from the group consisting of hydrogen and methoxy,
      ##SPC6##
PAL  wherein Z.sub.1 is selected from the group consisting of hydrogen and
      methyl,
      ##SPC7##
PAL  wherein R'.sub.6  is selected from the group consisting of methoxy and
      --CF.sub.3 and is in the 5 or 6 position,
      ##SPC8##
PAL  where R'.sub.6  is selected from the group consisting of methoxy and
      CF.sub.3 and is in the 5 or 6 position and Ar is selected from the group
      consisting of phenyl and phenyl substituted with one or more halogens,
      ##SPC9##
PAL  wherein X' is selected from the group consisting of Cl, Br, I and F,
      ##SPC10##
PAR  In accordance with the present invention, the polymers have a content of
      unit substituted by an anti-inflammatory material generally between
      10-100% by weight relative to the total weight of the polymer. This
      content can vary in a sufficiently large measure, depending upon the
      desired use for the resulting polymer.
PAR  The present invention also relates to a process for preparing these
      anti-inflammatory polymers. Thus, the polymers can be prepared in
      accordance with two distinct processes.
PAR  1. The first process (process 1) consists in homopolymerizing or
      copolymerizing one or more comonomers having a reactive function which
      ultimately will permit the formation with an anti-inflammatory material
      having a carboxylic acid function, the covalent links of the type
      described above.
PAR  After homopolymerization of the monomer or the copolymerization of the
      comonomers, the resulting homopolymer or copolymer is then reacted with
      said anti-inflammatory material in amounts sufficient to produce the
      desired polymer.
PAR  2. The second process (process 2), which is preferred, consists in
      preparing, in a first stage, a monomer from an anti-inflammatory material,
      said monomer being an "anti-inflammatory monomer", which is then in a
      second stage homopolymerized or copolymerized with one or more other
      comonomers.
PAR  Representative "anti-inflammatory monomers" include those selected from the
      group consisting of
      ##EQU8##
      wherein n, R.sup.1 and X have the same meaning given above.
PAR  In these two processes, the polymerization reactions are the same and can
      be effected according to conventional polymerization methods, that is, in
      mass, in solution, in suspension or in emulsion and the polymerization
      reaction is generally carried out at a temperature between about
      50.degree. - 120.degree.C.
PAR  The polymerization initiators used are generally conventional free radical
      polymerization initiators, and the choice of any one particular initiator
      can depend principally on the different monomers used as well as on the
      nature of the reaction medium selected.
PAR  Representative usable initiators include the peroxides such as benzoyl
      peroxide, lauroyl peroxide, acetyl peroxide, tertiobutyl hydroperoxide and
      benzoyl hydroperoxide, a catalyst which, by decomposition, liberates an
      inert gas such as azobis-isobutyronitrile, an oxidation reduction catalyst
      such as sodium persulfate, sodium sulfite and H.sub.2 O.sub.2. The
      concentration of the initiator is generally between 0.2-35 percent,
      preferably between 0.5-20 percent, by weight relative to the total weight
      of monomer content.
PAR  The molecular weight of polymers according to the invention can be
      regulated by introducing during the course of the polymerization reaction
      small quantities (0.05 to 0.5 weight percent) of a chain regulated agent
      such as aldehydes, for instance, butyraldehyde or a halogenated substance
      such as chloroform, bromoform, carbon tetrachloride and the like.
PAR  At the end of the polymerization reaction, the polymer obtained can, if
      desired, be purified by for example, treating it with an ion exchange
      resin.
PAR  Within the framework of the first process defined above, the
      homopolymerization or the copolymerization of the monomer bearing the
      reactive function is then followed by esterification or quaternization,
      these reactions being effected in accordance with conventional methods.
PAR  The "anti-inflammatory monomers" of formula (VII) and (VIII) are prepared
      by reacting the sodium salt of the anti-inflammatory material having a
      carboxylic acid function with, on the one hand, a compound of the formula
      ##EQU9##
      and on the other hand, allyl or methallyl chloroacetate.
PAR  The "anti-inflammatory monomers" of formula (IX) and (X) are prepared in
      the same manner by reacting the sodium salt of the anti-inflammatory
      material having a carboxylic acid function with N-allyl chloroacetamide
      and N-(chloromethyl carbonylamino methyl) acrylamide.
PAR  The reaction between the sodium salt and the chlorinated compound is
      preferably carried out in the presence of a solvent such as
      dimethylformamide, at ambient or elevated temperature.
PAR  The quaternary ammonium units such as those of formula (V) are obtained by
      the quaternization reaction of esters of N,N'-dialkylaminoethyl of the
      anti-inflammatory material having a carboxylic acid function with a
      homopolymer or a copolymer having units of the formula
      ##EQU10##
PAR  The present invention relates to a new medicine comprising the above
      described polymers. Preferably, these anti-inflammatory polymers are
      combined with a pharmaceutically acceptable excipient as well as with
      pharmaceutical compositions.
PAR  Representative pharmaceutical excipients which can be used to provide the
      pharmaceutical compositions of this invention are those described in U.S.
      Pat. No. 2,888,380. The pharmaceutical compositions of this invention can
      be in a form suitable for oral administration, for example, in the form of
      tablets or pills, aqueous or oily suspensions, dispersible powders or
      granules, an emulsion, hard or soft capsules, syrups or elixirs.
PAR  Thus these orally administrable compositions can be prepared in accordance
      with any known practical process for the production of pharmaceutical
      compositions and such composition can contain one or more agents such as
      sweetening agents aromitizing agents, coloring agents and preservatives in
      order to provide a suitable pharmaceutical preparation having an agreeable
      taste.
PAR  The pharmaceutical compositions of this invention can also be provided in
      an appropriate form for topical application, for example, in the form of
      an ointment, lotion or even in the form of an aerosol.
PAR  The ointments and lotions produced with the anti-inflammatory polymers of
      this invention avoid a rapid migration of the anti-inflammatory material
      through the skin into the body thereby significantly reducing or
      minimizing undesirable side effects.
PAR  According to a particular embodiment of the present invention, the
      pharmaceutical compositions can also be provided in the form of an
      aerosol. In this embodiment, the anti-inflammatory polymer is packaged
      under pressure in aerosol bombs or containers in an aqueous alcoholic or
      hydroalcoholic solution, in admixture with a suitable gaseous propellant.
PAR  When topically applied to the portion of the body to be treated, there is
      formed a film which in certain cases can be totally water insoluble
      thereby permitting contact of the skin with water without interrupting the
      desired treatment.
PAR  The compositions according to the invention can also be provided in the
      form of wound dressings or in the form of suppositories.
PAR  When the pharmaceutical compositions of this invention is administered
      orally or rectally, the daily dose is about 100 mg to 5 g of
      anti-inflammatory polymer. However, these daily doses can be varied
      depending, for instance, on the weight and age of the person being
      treated.
PAR  For topically applied compositions i.e. those in the form of an ointment,
      lotion or an aerosol, the concentration of the anti-inflammatory polymer
      is generally between 0.1-10 percent relative to the total weight of the
      pharmaceutical composition.
PAR  Thus the pharmaceutical composition of the invention are effective in the
      treatment of essentially the same type of inflammations which heretofore
      were generally treated with the anti-inflammatory material alone.
PAR  Among the different symptoms of inflammation that can be treated with the
      anti-inflammation polymer of this invention are rheumatic disorders, for
      example articular rhumatism, osteoarthritis and other degenerating
      disorders of the joints, psoriatic arthritis, gout and rheumatic fever,
      rhumatism of soft tissue, for example, the tendinites, the periarthrites
      and the periostites, as well as muscular rhumatism aggravated by example
      sicatic and the like.
PAR  As indicated above, the anti-inflammatory copolymers of the present
      invention are particularly desirable when orally administered since their
      activity is not immediate but rather prolonged over a period of time
      thereby advantageously permitting the spacing of the number of doses to be
      administered while achieving uninterrupted treatment.
PAR  However, one of the most important characteristics of the polymers of this
      invention is their absence of toxicity while having excellent
      anti-inflammatory activity. Consequently, with the use of these polymers
      it is possible to administer relatively high doses so as to secure the
      desired efficacious results without fear of undesirable side effects.
PAR  Finally, contrary to certain known anti-inflammatory agents, the polymers
      of this invention have no influence on inhibiting the formation of
      prostaglandine and thus can be prescribed to pregnant women without fear
      of significant delay in their delivery.
PAR  The present invention also relates to a process for treating inflammations,
      this process consisting in administering orally or topically to the
      inflammed area, a pharmaceutical composition of the invention.
DETD
PAR  The following examples are given to illustrate the invention.
PAC  EXAMPLES OF PREPARING POLYMERS
PAC  Example 1
PAR  Preparation of a copolymer of N-vinylpyrrolidone/
      [1-(p-chlorobenzoyl)-2-methyl-5-methoxy] 3-indole vinyloxy carbonyl methyl
      acetate (process 1).
PAR  a. Preparation of copolymer of N-vinylpyrrolidonevinyl choroacetate.
PAR  Into a 1 liter flask provided with a condenser filled with solid carbon
      dioxide, a nitrogen inlet tube, a dropping funnel and a mechanical
      agitator, there are introduced 1 g of azobis-isobutyronitrile in solution
      in 100 g of absolute ethanol, 63.2 g of N-vinylpyrrolidone and 36.8 g of
      vinyl chloroacetate.
PAR  The solution is heated to 80.degree.C for 9 hours with agitation. After a
      period of one hour of the polymerization reaction, the reaction mixture
      thickens. There is then introduced through the dropping funnel 200 ml of
      absolute ethanol over a period of one hour.
PAR  The polymer is obtained in the form of a powder by pouring the ethanolic
      solution in sulfuric ether. Then the polymer is redissolved in ethanol and
      re-precipitated in sulfuric ether, filtered and dried at 40.degree.C under
      reduced pressure.
PAR  Yield -- 75% -- average molecular weight = 40,000 by osmometry in solution
      in dioxane.
PAR  Elementary analysis shows that the copolymer contains 34% vinyl
      chloroacetate and 66% N-vinylpyrrolidone.
PAR  b. Preparation of sodium salt of indomethacine.
PAR  Into a 1 liter flask provided with a condenser, a dropping funnel and a
      nitrogen lead in tube, there are introduced 8.4 g of sodium hydride (58%
      suspension in oil) and 200 ml of anhydrous dimethyl formamide. There is
      then slowly introduced, with agitation, a solution of 71.5 g of
      1-(p-chlorobenzoyl)-2-methyl-5-methoxy indole acetic acid (indomethacine)
      in 300 ml of dimethylformamide. At the end of the addition, the
      temperature is held at 50.degree.C for 1 hour on an oil bath, after which
      it is cooled. The solution is then left to stand at rest overnight.
PAR  c. Reaction of the sodium salt of indomethacine with the copolymer of
      N-vinylpyrrolidone-vinyl chloroacetate.
PAR  72 g of the copolymer prepared in accordance with paragraph (a) above are
      put into solution in 400 g of dimethylformamide. This solution is
      introduced into the flask containing the sodium salt of indomethacine. The
      resulting mixture is then heated on an oil bath to 50.degree.C for 24
      hours. The reaction product is then poured, little by little, into 5
      liters of water. The resulting white precipitate is filtered, dissolved in
      acetone and precipitated in sulfuric.
PAL  The polymer thus obtained is dried at 40.degree.C under reduced pressure.
PA1  Yield -- 80% (MW = 42,000 )
PA1   .lambda.  max 1  =  320 millimicrons
PA1  .lambda.  max 2  =  265-270 millimicrons
PAL  in solution in a 2:1 mixture of EtOH:CHCl.sub.3
TBL  Analysis found:                                                           
                 C        61.52 %                                              
                 H        5.97 %                                               
                 N        6.34 %                                               
                  Cl      4.95 %                                               
PAR  The analysis shows that 50% of the indomethacine is fixed on the copolymer
      which corresponds to 62% of anti-inflammatory monomer units present in the
      polymer.
PAR  The polymer can be purified by treating it with an ion exchange resin.
PAC  Example 2
PAR  Preparation of
      vinyloxy-carbonylmethyl-[1-(para-chlorobenzoyl)-2-methyl-5-methoxy]-3-indo
     le acetate of the formula
      ##SPC11##
PAR  17 g of 1-(p-chlorobenzoyl)-2-methyl-5-methoxy-3-indole acetic acid are
      dissolved in 50 ml of dimethylformamide and the resulting solution is
      introduced, little by little, under nitrogen and with agitation, in a
      suspension of 2.1 g of sodium hydride (58% suspension in oil) in 50 ml of
      dimethylformamide.
PAR  The reaction is exothermic and the temperature is maintained below
      50.degree.C. After having left stand for 24 hours the solution obtained at
      ambient temperature, there are then added 6 g of vinyl chloroacetate and
      the resulting mixture is left to stand for 24 hours at ambient
      temperature. This mixture is then poured into 2 liters of water and
      subsequently extracted with ether. The organic phase is then washed with
      N/10 sodium hydroxide and water and finally dried on anhydrous sodium
      sulfate. After evaporation of the ether under reduced pressure, the
      residue is dissolved hot in a 4:1 mixture of heptane:ethanol. After
      cooling, the desired compound precipitates in the form of crystals.
PAR  Weight obtained: 10.5 g; melting point: 93.degree.C.
TBL  ______________________________________                                    
     Analysis    Calculated     Found                                          
     ______________________________________                                    
     C           62.51          62.21                                          
     H           4.57           4.89                                           
     N           3.17           3.39                                           
      Cl         8.02           8.43                                           
     ______________________________________                                    
PAC  Example 3
PAR  Preparation of a copolymer of vinyl
      stearate-vinyloxy-carbonylmethyl-[1-(p-chlorobenzoyl)-2-methyl-5-methoxy]-
     3-indole acetate (Process 2).
PAR  1 g of
      vinyloxy-carbonylmethyl-[1-(p-chlorobenzoyl)-2-methyl-5-methoxy]-3-indole
      acetate obtained in accordance with Example 2, 1 g of vinyl stearate and
      0.2 g of bisazoisobutyronitrile are dissolved in 2 g of acetone. The
      solution is heated for 24 hours at 80.degree.C and then left to cool,
      thereafter the solution is diluted with 4 g of acetone and poured, little
      by little, into 1 liter of absolute ethanol. The polymer precipitates in
      the form of a powder and is isolated in a conventional manner, yielding
      0.8 g of pure polymer.
PAR  Analysis shows 55% of indomethacine is fixed on the copolymer which
      corresponds to 68% of anti-inflammatory monomer units present in the
      polymer.
TBL  ______________________________________                                    
     Analysis:        Found                                                    
     ______________________________________                                    
     C                67.72                                                    
     H                7.65                                                     
     N                2.18                                                     
      Cl              5.40                                                     
     ______________________________________                                    
PAC  Example 4
PAR  Preparation of acrylamideo methyl carbamoyl methyl ester of indomethacine
      according to the following reaction scheme:
      ##SPC12##
PAR  Into a flask there are introduced 40 ml of dimethylformamide and 4.2 g of
      sodium hydride (58% suspension in oil). The resulting mixture is cooled to
      0.degree.C and thereafter there is added, little by little, a solution of
      37.6 g of indomethacine in 30 g of dimethylformamide. The resulting
      mixture is then agitated for 60 hours at ambient temperature at which time
      there are introduced 17.5 g of N-(chloromethyl carbonyl aminoethyl)
      acrylamide in solution in 35 ml of dimethylformamide. The mixture is
      stirred overnight at ambient temperature.
PAR  The resulting solution is precipitated in 500 ml of water. The precipitate
      is taken up in chloroform and washed first with a N/10 NaOH solution and
      then with water until the wash waters are neutral, after which it is
      precipitated in lukewarm methanol.
PAR  Chromatography on a thin layer (CCM) of the product obtained on Silice LS
      254, Schleicher-Schull by using chloroform as the solvent, ethyl acetate
      as eluent and by developing with U.V and iodide vapors, shows that there
      is no free indomethacine. There results a 35% yield of the polymer.
PAC  Example 5
PAR  Preparation of a copolymer of stearyl methacrylate/acrylamidomethyl
      carbamoyl methyl ester of indomethacine (Process 2).
PAR  2 g of the acrylamido methyl carbamoyl methyl ester of indomethacine,
      produced in accordance with Example 4, are copolymerized with 2 g of
      stearyl methacrylate in the presence of 0.4 g of azobis-isobutyronitrile
      in solution in 5 ml of dimethylformamide, for 24 hours at 80.degree.C. The
      polymer is precipitated in a lukewarm mixture of acetone and methanol.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 318 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                73.18                                                    
     H                9.93                                                     
     N                1.89                                                     
      Cl              0.24                                                     
     ______________________________________                                    
PAR  Analysis shows that 8% of the indomethacine is fixed onto the copolymer
      which corresponds to 11 weight % anti-inflammatory monomer units in the
      polymer.
PAC  Example 6
PAR  Preparation of allyl carbamoyl methyl ester of indomethacine according to
      the following reaction scheme:
      ##SPC13##
PAR  2.1 g of sodium hydride (58% suspension in oil) are mixed with 5 g of
      dimethylformamide. Into this suspension there is introduced, little by
      little, a solution of 18 g of indomethacine in 70 g of dimethylformamide.
PAR  The resulting mixture is left to stand at rest for 24 hours at which time
      there are introduced 8.1 g of N-allyl chloroacetamide and the mixture is
      then heated for 8 hours at 50.degree.C.
PAR  The reaction mixture is poured into 500 ml of water, thereby forming a
      yellow colored oily deposit which crystallizes. After filtering this
      product, it is dissolved in ethyl acetate and the solution is initially
      washed with N/2 NaOH and then with water until the aqueous layers are
      neutral. The organic layers are dried and the ethyl acetate is then
      distilled off under reduced pressure. The solid residue is recrystallized
      in isopropanol, yielding 7.5 g of pure product having a melting point of
      108.degree.C.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 320 millimicrons
TBL  Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           63.35          63.30                                          
     H           5.11           5.31                                           
     N           6.16           6.22                                           
      Cl         7.79           8.10                                           
     ______________________________________                                    
PAC  Example 7
PAR  Preparation of a copolymer of vinyl stearate/allyl carbamoyl methyl ester
      of indomethacine (Process 2).
PAR  2 g of allyl carbamoyl methyl ester of indomethacine, prepared in
      accordance with Example 6, are copolymerized with 2 g of vinyl stearate in
      the presence of 0.4 g of azobis-isobutyronitrile in solution in 10 g of
      acetone.
PAR  The solution is heated to reflux for 24 hours at which time the mixture is
      filtered and the polymer precipitated in 400 ml of methanol, yielding 0.7
      g of pure product.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 317 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                71.46                                                    
     H                9.10                                                     
     N                2.24                                                     
      Cl              1.28                                                     
     ______________________________________                                    
PAR  Analysis shows that 16 percent of the indomethacine is fixed to the
      copolymer which corresponds to 20 percent anti-inflammatory monomer units
      in the polymer.
PAC  Example 8
PAR  Preparation of a copolymer of N-vinylpyrrolidone/vinyloxycarbonyl methyl
      flufenamate (Process 1).
PAR  a. Preparation of the sodium salt of flufenamic acid.
PAR  Into a 1 liter flask provided with a condenser, a dropping funnel and a
      nitrogen lead in tube, there are introduced 10.4 g of sodium hydride (58%
      suspension in oil) and 200 ml of anhydrous dimethylformamide. Then, there
      is slowly introduced, with agitation, a solution of 70.4 g of
      3'-trifluoromethyl-2-diphenylamine carboxylic acid (flufenamic acid) in
      solution in 300 ml of dimethylformamide. At the end of this addition the
      temperature is held at 50.degree.C for 1 hour using an oil bath at which
      time it is cooled and left to stand at rest overnight.
PAR  b. Reaction of the sodium salt of flufenamic acid with a copolymer of
      N-vinylpyrrolidone/vinyl chloroacetate.
PAR  110 g of the copolymer prepared in accordance with paragraph (a) of Example
      1 are put into solution in 400 g of dimethylformamide. This solution is
      introduced into the flask containing the solution of the sodium salt of
      flufenamic acid. The mixture is then heated on an oil bath at 50.degree.C
      for 24 hours. The reaction product is then poured, little by little, into
      5 liters of water and the precipitate which forms is filtered, dissolved
      in acetone and precipitated in sulfuric ether. The resulting polymer is
      dried at 40.degree.C under reduced pressure.
PAR  Yield: 80%
PAR  Viscosity: 2.34 cps
PAR  .lambda..sub.max.sup.EtOH = 288 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                60.80                                                    
     H                5.88                                                     
     N                7.36                                                     
     F                7.90                                                     
     ______________________________________                                    
PAR  Analysis shows that 39% of the flufenamic acid is fixed on the copolymer
      which corresponds to 50.5 percent of anti-inflammatory monomer units in
      the polymer. This polymer can be purified by treating it with an ion
      exchange resin.
PAC  Example 9
PAR  Preparation of vinyloxycarbonyl methyl flufenamate having the formula
      ##SPC14##
PAR  Into a solution of the sodium salt of flufenamic acid, as described in
      paragraph (a) of Example 8, there are slowly introduced 30 g of vinyl
      chloroacetate diluted with 100 ml of dimethylformamide. The solution is
      left to stand for 25 hours at ambient temperature with agitation at which
      time it is poured, little by little, into 2 liters of water.
PAR  The monomer is isolated in the form of a light yellow powder which is
      recovered and put into solution in sulfuric ether. The solution is washed
      with N/10 NaOH and then with water until the wash waters are neutral.
      After drying the ether extract on sodium sulfate, the ether is evaporated
      under reduced pressure, yielding 60 g of crystalline product which is
      recrystallized in heptane.
PAR  Yield: 66%
PAR  Melting Point = 61.degree.C
PAR  Hexane
PAR  .lambda.max 1 = 221 millimicrons
PAR  .lambda.max 2 = 285millimicrons
PAR  .lambda.max 3 = 350 millimicrons
TBL  Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           59.19          59.42                                          
     H           3.87           4.23                                           
     N           3.84           3.84                                           
     ______________________________________                                    
PAC  Example 10
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl
      flufenamate (Process 2).
PAR  1 g of vinyloxycarbonyl methyl flufenamate prepared in accordance with
      Example 9, 1 g of vinyl stearate and 0.2 g of azobis-isobutyronitrile are
      dissolved in 2 g of acetone. The resulting solution is heated for 24 hours
      at 80.degree.C, at which time it is cooled and diluted with 4 g of hexane.
      The resulting solution is then poured, little by little, into 1 liter of
      absolute ethanol when the polymer precipitates in the form of a powder
      which is then isolated in a conventional manner, yielding 1.5 g of pure
      polymer after drying at 40.degree.C under reduced pressure.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 288 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                67.60                                                    
     H                7.21                                                     
     N                2.13                                                     
     F                7.62                                                     
     ______________________________________                                    
PAR  Analysis shows that 40% of the flufenamic acid is fixed to the copolymer
      which corresponds to 52% anti-inflammatory monomer units in the polymer.
PAC  Example 11
PAR  Preparation of a homopolymer of vinyloxycarbonyl methyl flufenamate.
PAR  70 g of vinyloxycarbonyl methyl flufenamate, obtained in accordance with
      Example 9, and 3.5 g of azobis-isobutyronitrile are dissolved in 70 g of
      acetone. The solution is heated to 80.degree.C for 18 hours at which time
      there are introduced an additional 3.5 g of azobis-isobutyronitrile. The
      resulting solution is heated for an additional 24 hours at the same
      temperature. The solution is then diluted with 140 ml of acetone, filtered
      and poured into 2 liters of absolute ethanol. The polymer which
      precipitates is recovered in the form of a white powder which is then
      dissolved in 250 ml of dioxane. This solution is added to 2 liters of
      absolute ethanol previously held at a temperature of 50.degree.C. The
      polymer precipitates on cooling, is filtered and then dried under reduced
      pressure, yielding 58 g of pure product, having an average molecular
      weight of 18,500 (toluene).
PAC  Example 12
PAR  Preparation of acetyl-oxy-methyl-carbonyl-oxy-vinyl acetate flufenamate
      according to the following reaction:
      ##SPC15##
PAR  Into a mixture of 8.2 g of sodium hydride (58% suspension in oil) and 8 g
      of dimethylformamide, there is added, little by little, a solution of 15 g
      of glycolic acid in 60 g of dimethylformamide.
PAR  This mixture is heated with agitation at 50.degree.C for 24 hours. It is
      then cooled after which there are introduced 25 g of vinyl chloroacetate.
      The mixture is left to stand with agitation for 24 hours at ambient
      temperature at which time it is cooled with ice and then into which there
      are introduced 22.5 g of chloro acetyl chloride. This mixture is held for
      48 hours at ambient temperature.
PAR  The mixture is then poured into water and the precipitate which forms is
      taken up in ethanol and reprecipitated in water and then dissolved in
      ether. The organic layers are washed with water unti neutral at which time
      the ether is distilled off under reduced pressure.
PAR  4.5 g of a yellow solid are obtained and this product is put into solution
      in 10 g of dimethylformamide. The resulting solution is then poured,
      little by little, into a mixture of 0.82 g of sodium hydride (58%
      suspension in oil) with 26 g of dimethylformamide and 5.6 g of flufenamic
      acid, previously left at ambient temperature for 24 hours.
PAC  Example 13
PAR  Preparation of a copolymer of vinyl
      stearate/acetyl-oxy-methyl-carbonyl-oxy-vinyl acetate flufenamate (Process
      2).
PAR  1 g of acetyl-oxy-methyl-carbonyl-oxy-vinyl acetate flufenamate, prepared
      in accordance with Example 12, is copolymerized with 1 g of vinyl stearate
      in the presence of 0.2 g of azobis-isobutyronitrile in solution in 2 g of
      acetone by heating the same to reflux for 24 hours.
PAR  The solution is taken up with chloroform and the polymer is precipitated by
      pouring the solution into 500 ml of ethanol, yielding 0.8 g of pure
      polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 288 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                71.46                                                    
     H                9.62                                                     
     N                0.90                                                     
     ______________________________________                                    
PAR  Analysis shows that 18% of the flufenamic acid is fixed on the copolymer,
      which corresponds to 27 percent anti-inflammatory monomer units in the
      polymer.
PAC  Example 14
PAR  Acrylamido methyl carbamoyl methyl ester of flufenamic acid is prepared as
      follows:
      ##SPC16##
PAR  Into a flask containing 40 ml of dimethylformamide there are introduced 4.2
      g of sodium hydride (58% suspension in oil). The suspension is cooled to
      0.degree.C and there is added thereto, little by little, a solution of
      26.6 g of flufenamic acid in 30 g of dimethylformamide. The resulting
      mixture is held at 50.degree.C for 4 hours at which time there is
      introduced, little by little, a solution of 17.4 g of N-(chloromethyl
      carbonylamino methyl) acrylamide in solution in 60 g of dimethylformamide.
      This mixture is heated at 50.degree.C for 2 hours in the presence of
      hydroquinone at which time it is left to stand overnight with agitation at
      ambient temperature.
PAR  The product is precipitated in 500 ml of water, filtered, dissolved in hot
      ethyl acetate, washed with a N/10 NaOH solution and then with water until
      the aqueous layers are neutral. The ethyl acetate is then distilled off
      under reduced pressure and the product recrystallized in ethyl acetate,
      yielding 30 g of pure product, having a melting point of 205.degree.C.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3  = 287 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3  = 355 millimicrons
TBL  Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           56.99          59.96                                          
     H           4.31           4.78                                           
     N           9.97           9.80                                           
     F           13.52          11.96                                          
     ______________________________________                                    
PAC  Example 15
PAR  Preparation of a copolymer of stearyl methacrylate/acrylamido methyl
      carbamoyl methyl ester of flufenamic acid (Process 2).
PAR  2 g of acrylamido methyl carbamoyl methyl ester of flufenamic acid prepared
      in accordance with Example 14, are copolymerized with 2 g of stearyl
      methacrylate in the presence of 0.4 g of azo-isobutyronitrile in solution
      in 4 g of dimethylformamide. The reaction mixture is heated for 24 hours
      at 80.degree.C at which time the polymer is precipitated in lukewarm
      methanol, yielding 1.5 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 288 millimicrons
TBL  Analysis:        Found                                                    
     ______________________________________                                    
     C                70.01                                                    
     H                9.40                                                     
     N                3.61                                                     
     ______________________________________                                    
PAR  Analysis shows that 24.6% of the flufenamic acid is fixed to the copolymer,
      which corresponds to 36.6% anti-inflammatory monomer units in the polymer.
PAC  Example 16
PAR  Dimethylamino ethyl ester of flufenamic acid:
      ##SPC17##
PAR  Into a flask there are introduced 0.8 g of sodium hydride (58% suspension
      in oil), 4 g of dimethylformamide and 5.6 g of flufenamic acid in solution
      in 20 g of dimethylformamide.
PAR  The solution is left to stand with agitation for 4 hours at which time
      there are introduced 3 g of chloroethyl dimethylamine. The resulting
      mixture is heated with agitation for 3 hours at 50.degree.C at which time
      it is then left to stand overnight in the agitation at ambient
      temperature.
PAR  The mixture is poured into water and the oily layer formed is taken up in
      sulfuric ether. The organic layers are washed with an aqueous N/10 NaOH
      solution and then with water until neutral. The ether is distilled off
      under reduced pressure and the oily residue is distilled.
PAR  Boiling point: 0.01 mm Hg = 174.degree.C.
PAR  6.3 g of product are obtained and used as such.
PAR  Chromatography on a thin layer (CCM) on Silice SL 254 Schleicker-Schull
      with ethanol as solvent, sulfuric ether as eluent and developed with U.V
      and iodide vapors, show that the product contains no free flufenamic acid.
PAC  Example 17
PAR  Quaternization reaction between dimethyl amino ethyl ester of flufenamic
      acid and copolymer of vinyl chloroacetate/N-vinylpyrrolidone (Process 1).
PAR  0.89 g of dimethyl amino ethyl ester of flufenamic acid, prepared in
      accordance with Example 16, is quaternized with 0.375 g of the polymer
      prepared in accordance with Example 1a, in solution in 5 ml of
      glutaronitrile and heated for 24 hours at 80.degree.C. The polymer is
      precipitated by pouring the solution into benzene and then taking it up in
      glutaronitrile and re-precipitating it twice in benzene, yielding 0.4 g of
      pure polymer.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3 = 287 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3 = 355 millimicrons
TBL  Analysis found:  C       57.08                                            
                      H       6.00                                             
                      N       13.96                                            
                      F       3.20                                             
PAR  Analysis shows that 15.8% of the flufenamic acid is fixed onto the
      copolymer which corresponds to 26.5% of anti-inflammatory monomer units
      present in the polymer.
PAC  Example 18
PAR  Quaternization reaction between dimethyl amino ethyl ester of flufenamic
      acid and the copolymer of vinyl chloroacetate/N-vinylpyrrolidone (Process
      1).
PAR  0.85 g of dimethyl amino ethyl ester of flufenamic acid, prepared in
      accordance with Example 16, is quaternized with 0.375 g of the polymer
      prepared in accordance with Example 1a in solution in 5 ml of nitromethane
      and heated for 24 hours at 80.degree.C.
PAR  The polymer is precipated by pouring the solution into benzene and then
      taking it up in nitromethane and re-precipitating it two additional times
      in benzene, yielding 0.45 g of pure polymer.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3 = 287 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3 = millimicrons
TBL  Analysis found:  C       55.87                                            
                      H       5.97                                             
                      N       7.79                                             
                      F       4.10                                             
PAR  Analysis shows that 20% of flufenamic acid is fixed onto the copolymer
      which corresponds to 33.5% of anti-inflammatory monomer units present in
      the polymer.
PAC  Example 19
PAR  Methallyl oxy carbonyl methyl ester of flufenamic acid is prepared in
      accordance with the following reaction scheme:
      ##SPC18##
PAR  Into a flask there are introduced 40 ml of dimethylformamide and 4.2 g of
      sodium hydride (58% suspension in oil). The resulting mixture is cooled to
      0.degree.C at which time there are introduced, little by little, 28.6 g of
      flufenamic acid in solution in 30 g of dimethylformamide. The resulting
      reaction mixture is held at a temperature of 50.degree.C of 4 hours at
      which time it is then introduced, little by little, into a solution of
      14.8 g of methallyl chloroacetate in solution in 10 g of
      dimethylformamide.
PAR  The resulting mixture is then left to stand with agitation overnight at
      ambient temperature at which time it is then heated for 2 hours at
      50.degree.C.
PAR  After extraction with ethyl acetate and distillation of the latter under
      reduced pressure, the product is distilled, yielding one having a boiling
      point at 0.05 mm Hg of 200.degree.C. The distillation product is dissolved
      in chloroform, washed with an aqueous N/10 HaOH solution and then with
      water until the organic layers are neutral.
PAR  The chloroform is then distilled under reduced pressure and the product is
      recrystallized in methanol, yielding 25 g of pure product having a melting
      point of 42.degree.C.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3 = 287 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3 =  355 millimicrons
TBL  Analysis calculated    Found                                              
     ______________________________________                                    
     C           59.83          61.21                                          
     H           4.77           5.12                                           
     N           3.67           3.52                                           
     ______________________________________                                    
PAC  Example 20
PAR  Preparation of a copolymer of vinyl stearate/methallyl oxy carbonyl methyl
      ester of flufenamic acid (Process z).
PAR  2 g of methallyl oxy carbonyl methyl ester of flufenamic acid, prepared in
      accordance with Example 19, are copolymerized with 2 g of vinyl stearate
      in the presence of 0.4 g of azobis-isobutyronitrile in solution in 5 g of
      acetone by heating the same to reflux for 24 hours.
PAR  The polymer is precipitated by pouring the solution into ethanol, thus
      yielding 1.8 g of pure polymer.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3 = 287 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3 = 355 millimicrons
TBL  Analysis found:  C       69.92                                            
                      H       8.71                                             
                      N       1.62                                             
PAR  Analysis shows that 32% of flufenamic acid is fixed to the copolymer which
      corresponds to 49% of anti-inflammatory monomer units present in the
      polymer.
PAC  Example 21
PAR  Vinyloxy carbonyl methyl ester of 3'-trifluoromethyl
      thio-2-phenylamino-3-pyridine carboxylic acid is prepared in accordance
      with the following reaction scheme:
      ##SPC19##
PAR  Into a flask there are introduced 0.82 g of sodium hydride (58% suspension
      in oil) and 2 g of dimethylformamide. The resulting mixture is cooled to
      0.degree.C at which time there is introduced, little by little, a solution
      of 6.3 g of 3'-trifluoromethyl-2-phenylamino-3-pyridine carboxylic acid in
      20 g of dimethylformamide.
PAR  The resulting reaction mixture is left to stand with agitation for 24 hours
      at which time there are added 3 g of vinyl chloroacetate. The resulting
      mixture is left, with agitation, for 24 hours at ambient temperature. The
      desired product is then precipitated by pouring the said mixture in water
      and, after filtering the same, the product is taken up in sulfuric ether.
      The resulting solution is washed with N/2 NaOH and then with water until
      the was waters are neutral. After distillation of the ether there are
      obtained 7 g of crystalline residue which is then recrystallized in hexane
      yielding 4.3 g of pure product having a melting point of 97.degree.C.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 289 millimicrons
TBL  Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           51.25          51.51                                          
     H           3.30           3.71                                           
     N           7.03           7.00                                           
     S           8.05           7.87                                           
     F           14.31          15.26                                          
     ______________________________________                                    
PAC  Example 22
PAR  Preparation of a copolymer of N-vinylpyrrolidone/vinyloxycarbonyl methyl
      ester of 3'-trifluoro methyl thio-2-phenylamino-3-pyridine carboxylic acid
      (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of 3'-trifluoro methyl
      thio-2-phenylamino-3-pyridine carboxylic acid, prepared in accordance with
      Example 21, is copolymerized with 1 g of N-vinylpyrrolidone in the
      presence of 0.2 g of azobis-isobutyronitrile in solution of 4 g of ethanol
      at 80.degree.C for a period of 24 hours.
PAR  The resulting reaction mixture is diluted by the addition thereto of
      ethanol, filtered and the resulting polymer is precipitated by pouring the
      solution into 400 ml of sulfuric ether, yielding 1.2 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 288 millimicrons
TBL            Analysis found:                                                 
               C     54.65                                                     
               H     6.58                                                      
               N     10.23                                                     
               S     2.91                                                      
               F     4.95                                                      
PAR  Analysis shows that 37% of the 3'-trifluoromethyl
      thio-2-phenylamino-3-pyridine carboxylic acid is fixed to the copolymer
      which corresponds to 47% of anti-inflammatory monomer units present in the
      polymer.
PAC  Example 23
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl ester
      of 3'-trifluoro methyl thio-2-phenylamino-3-pyridine carboxylic acid
      (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of 3'-trifluoromethyl
      thio-2-phenylamino-3-pyridine carboxylic acid, prepared in accordance with
      Example 21, is copolymerized with 1 g of vinyl stearate in the presence of
      0.2 g of azobis-isobutyronitrile in solution in 4 g of acetone by heating
      the same to 80.degree.C for a period of 24 hours.
PAR  The polymer is precipitated by pouring the solution into 400 ml of absolute
      ethanol, thus yielding 0.9 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3 = 289 millimicrons
TBL            Analysis found:                                                 
               C     64.11                                                     
               H     7.3                                                       
               N     3.40                                                      
               S     3.12                                                      
               F     7.74                                                      
PAR  Analysis shows that 41% of the acid is fixed on the copolymer which
      corresponds to 52% of the anti-inflammatory monomer units present in the
      polymer.
PAC  Example 24
PAR  Vinyloxycarbonyl methyl ester of 3'-trifluoro methyl thio-2-phenylamino
      benzoic acid is prepared in accordance with the following reaction scheme:
      ##SPC20##
PAR  Into a flask there are introduced 0.82 g of sodium hydride (58% suspension
      in oil) and 2 g of dimethylforamide. The resulting suspension is cooled to
      0.degree.C at which time there is introduced, little by little, a solution
      of 6.3 g of 3.degree.-trifluoromethyl thio-2-phenylamino benzoic acid in
      20 g of dimethylformamide. The resulting reaction mixture is left to stand
      with agitation for a period of 24 hours at ambient temperature at which
      time there are introduced 3 g of vinylchloroacetate. The resulting mixture
      is left to stand for 24 hours with agitation at ambient temperature. This
      suspension is then poured into 400 ml of water and the resulting
      crystalline precipitate is filtered and then dissolved in sulfuric ether.
      This etherified solution is then washed with an aqueous solution of N/2
      NaOH and then with water until the aqueous layers are neutral.
PAR  After distillation of the ether under reduced pressure, there are obtained
      5 g of crystalline residue which is then recrystallized in 60 ml of a 95:5
      methanol:water mixture, yielding 4.5 g of pure product having a melting
      point of 42.degree.C.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  290 millimicrons
     Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           54.40          54.04                                          
     H           3.56           3.86                                           
     N           3.52           3.86                                           
     S           8.07           8.08                                           
     ______________________________________                                    
PAC  Example 25
PAR  Preparation of a copolymer of N-vinylpyrrolidone/ vinyloxycarbonyl methyl
      ester of 3'-trifluoro methyl thio-2- phenylamino benzoic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of 3'-trifluoro methyl
      thio-2-phenylamino benzoic acid, prepared in accordance with Example 4, is
      copolymerized with 1 g of N-vinylpyrrolidone in the presence of 0.2 g of
      azobis-isobutyronitrile in solution in 4 g of ethanol by heating the same
      for 24 hours to reflux.
PAR  The solution is diluted with ethanol, filtered and the polymer is
      precipitated by pouring the solution in 400 ml of sulfuric ether, thus
      yielding 0.8 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  291 millimicrons
TBL            Analysis found:                                                 
               C     59.31                                                     
               H     6.37                                                      
               N     9.54                                                      
               S     2.72                                                      
               F     4.42                                                      
PAR  Analysis shows that 32% of the 3'-trifluoro methyl thio-2-phenylamino
      benzoic acid is fixed onto the copolymer which corresponds to 40.5% of
      anti-inflammatory monomer units present in the polymer.
PAC  Example 26
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl ester
      of 3'-trifluoro methyl thio-2-phenylamino benzoic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of 3'-trifluoro methyl
      thio-2-phenylamino benzoic acid, prepared in accordance with Example 24,
      is copolymerized with 1 g of vinyl stearate in the presence of 0.2 g of
      azobis-isobutyronitrile in solution in 4 g of acetone by heating the same
      to reflux for a period of 24 hours.
PAR  The polymer is precipitated by pouring the solution into 400 ml of ethanol,
      thus yielding 0.9 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  290 millimicrons
TBL            Analysis found:                                                 
               C     66.36                                                     
               H     8.01                                                      
               N     1.92                                                      
               S     3.71                                                      
PAR  Analysis shows that 44% of the 3'-trifluoro methyl thio-2-phenylamino
      benzoic acid is fixed onto the copolymer which corresponds to 56%
      anti-inflammatory monomer units present in the polymer.
PAC  Example 27
PAR  Vinyloxycarbonyl methyl ester of 2-(4-chloro phenyl)-4-thiazole acetic acid
      (fenclozic acid) is prepared in accordance with the following reaction
      sheme:
      ##SPC21##
PAR  Into a flask containing 4.2 g of sodium hydride (58% suspension in oil) and
      40 ml of dimethylformamide, cooled to 0.degree.C, there are introduced,
      little by little, 2.53 g of fenclozic acid in solution in 30 ml of
      dimethylformamide. The resulting reaction mixture is left to stand with
      agitation for a period of 72 hours at ambient temperature at which time
      there are introduced 1.2 g of vinyl chloroacetate.
PAR  This mixture is left to stand at rest for 24 hours at which time it is
      poured into water. The resulting precipitate is taken up in ether and the
      solution is then washed with 0.2/N NaOH and then with water until the
      aqueous layers are neutral. The ether is then distilled off under reduced
      pressure and the product is crystallized in heptane, yielding 2 g of pure
      product having a melting point of 83.degree.C.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  297 millimicrons
     Analysis:   Calculated     Found                                          
     ______________________________________                                    
     C           53.49          53.5                                           
     H           3.30           3.87                                           
     N           4.16           3.96                                           
      Cl         18.53          10.04                                          
     S           9.52           9.41                                           
     ______________________________________                                    
PAC  Example 28
PAR  Preparation of a copolymer of stearyl methacrylate/ vinyloxycarbonyl methyl
      ester of fenclozic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of fenclozic acid, prepared in
      accordance with Example 27, is copolymerized with 1 g of stearyl
      methacrylate in the presence of 0.2 g of azobisisobutyronitrile in
      solution in 5 g of ethanol by heating the same for a period of 24 hours to
      reflux. The polymer is precipitated by pouring the solution into lukewarm
      methanol, thus yielding 0.75 g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  297 7 millimicrons
TBL            Analysis found:                                                 
               C     68.76                                                     
               H     8.03                                                      
               N     0.71                                                      
               Cl    1.68                                                      
               S     1.55                                                      
PAR  Analysis shows that 12.4 % of the fenclozic acid is fixed onto the
      copolymer which corresponds to 16.5 % anti-inflammatory monomer units
      present in the copolymer.
PAC  Example 29
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl ester
      of fenclozic acid (Process 2).
PAR  0.5 g of vinyloxycarbonyl methyl ester of fenclozic acid, prepared in
      accordance with Example 27, is copolymerized with 0.5 g of vinyl stearate
      in the presence of 0.1 g azobisisobutyronitrile in solution in 3 g of
      acetone by heating the same for 14 hours at reflux. After concentrating
      the solution, it is then poured into lukewarm methanol, thus yielding 0.6
      g of pure polymer.
PAR  .lambda..sub.max.sup.CHCl.sbsp.3  =  297 millimicrons
TBL            Analysis found:                                                 
               C     67.03                                                     
               H     7.92                                                      
               S     2.4                                                       
               N     1.1                                                       
                Cl   2.66                                                      
PAR  Analysis shows that 19.3% of the fenclozic acid is fixed onto the polymer
      which corresponds to 25.8% anti-inflammatory monomer units present in the
      copolymer.
PAC  Example 30
PAR  Vinyloxycarbonyl methyl ester of (2'-methyl-3'-chlorophenyl)
      -2-amino-3-pyridine carboxylic acid (clonixine) is prepared in accordance
      with the following reaction sheme.
      ##SPC22##
PAR  Into a flask there are introduced 0.41 g of sodium hydride (58% suspension
      in oil) and 1 g of dimethylformamide. The resulting suspension is cooled
      to 0.degree.C at which point there is then introduced, little by little, a
      suspension of 2.63 g of clonixine in 15 g of dimethylformamide. The
      resulting reaction mixture is left to stand for a period of 24 hours with
      agitation at ambient temperature, at which point there are then introduced
      1.5 g of vinyl chloroacetate. The resulting mixture is left to stand for
      56 hours with agitation at ambient temperature.
PAR  The product is precipitated in the form of crystals by pouring the above
      mixture into water. After filtering the crystals, the said crystals are
      dissolved in chloroform and the resulting solution is washed with an
      aqueous solution of N/10 NaOH and then with water unitl the wash waters
      are neutral.
PAR  The organic layers are dried and the chloroform is distilled off under
      reduced pressure. There are then recovered 2.8 g of raw product which is
      recrystallized in 250 ml of a 50:50 mixture of ethanol and methanol, thus
      yielding 1.3 g of pure product having a melting point of 191.degree.C.
PA1  .lambda..sub.max.sup.CHCl.sbsp.3  =  332 millimicrons
     Analysis:      Calculated    Found                                        
     ______________________________________                                    
     C              58.87         58.28                                        
     H              4.36          5.13                                         
     N              8.07          8.33                                         
      Cl            10.22         10.36                                        
     ______________________________________                                    
PAC  Example 31
PAR  Preparation of a copolymer of N-vinylpyrrolidone/vinyloxycarbonyl methyl
      ester of clonixine (Process 1).
PAR  Into a flask containing 0.42 g of sodium hydride (58% suspension in oil)
      and 2 g of dimethylformamide there is introduced a suspension of 2.63 g of
      clonixine in 15 g of dimethylformamide.
PAR  The resulting mixture is left to stand with agitation at ambient
      temperature for a period of 24 hours, at which point there are then
      introduced 4.5 g of N-vinylpyrrolidone-vinyl acetate copolymer, prepared
      in accordance with paragraph (a) of Example 1. In solution in 15 g of
      dimethylformamide, the resulting mixture is then heated to 50.degree.C for
      a period of 24 hours.
PAR  The polymer is precipitated by pouring the solution in 500 ml of water and
      after filtering the polymer and dissolving it in 50 ml of ethanol, the
      polymer is reprecipitated by pouring the solution into 500 ml of sulfuric
      ether.
PAR  The polymer is then dissolved again in ethanol and reprecipitated one more
      time in sulfuric ether, thus yielding 2.7 g of pure polymer.
PA1  .lambda..sub.max.sup.CHCl.sbsp.3  =  335 millimicrons
TBL            Analysis found:                                                 
               C     57.57                                                     
               H     6.90                                                      
               N     11.72                                                     
                Cl   3.78                                                      
PAR  Analysis shows that 28% of the clonixine is fixed onto the copolymer which
      corresponds to 37% anti-inflammatory monomer units present in the polymer.
PAC  Example 32
PAR  Vinyloxy carbonyl methyl ester of 2',3'-dimethyl-2-diphenylamine carboxylic
      acid (mefenamic acid) is prepared in accordance with the following
      reaction scheme:
      ##SPC23##
PAR  Into a flask containing 0.62 g of sodium hydride (58% suspension in oil)
      and 2 g of dimethylformamide previously cooled to 0.degree.C there is
      introduced, little by little, a suspension of 3 g of mefenamic acid in 20
      g of dimethylformamide. The resulting suspension is left to stand for 24
      hours with agitation at ambient temperature, at which point there are
      introduced 1.5 g of vinyl chloroacetate and the resulting mixture is left
      to stand with agitation at ambient temperature for an additional 24 hours.
PAR  The product is recovered in the form of crystals by pouring the reaction
      mixture into 500 ml of water. After filtering the crystals the same are
      dissolved in sulfuric ether and the organic layers are washed with an
      aqueous N/2 NaOH solution and then with water until the aqueous layers are
      neutral.
PAR  The sulfuric ether is distilled off under reduced pressure and the residue
      is recrystallized in methanol, yielding 2.7 g of pure product having a
      melting point of 87.degree.C.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3  =  280 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3  =  360 millimicrons
     Analysis:      Calculated    Found                                        
     ______________________________________                                    
     C              70.35         70.13                                        
     H              5.60          5.92                                         
     N              4.32          4.35                                         
     ______________________________________                                    
PAC  Example 33
PAR  Preparation of a copolymer of N-vinylpyrrolidone/ vinyloxycarbonyl methyl
      ester of mefenamic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of mefenamic acid, prepared in
      accordance with Example 32, is copolymerized with 1 g of
      N-vinylpyrrolidone in the presence of 0.2 g of azobis-isobutyronitrile in
      solution in 2 g of ethanol.
PAR  The reaction mixture is heated for 24 hours at reflux at which time it is
      then diluted with chloroform, filtered and the polymer is precipitated in
      500 ml of sulfuric ether, thus yielding 1 g of pure polymer.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3  =  280 millimicrons
PAR  .lambda..sub.Max 2.sup.CHCl.sbsp.3  =  358 millimicrons
TBL            Analysis found:                                                 
               C     65.22                                                     
               H     7.12                                                      
               N     8.74                                                      
PAR  Analysis shows that 32% of the mefenamic acid is fixed to the copolymer
      which corresponds to 43% anti-inflammatory monomer units present in the
      polymer.
PAC  Example 34
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl ester
      of mefenamic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of mefenamic acid, prepared in
      accordance with Example 32, is copolymerized with 1 g of vinyl stearate in
      the presence of 0.2 g of azobis-isobutyronitrile in solution in 2 g of
      acetone.
PAR  The resulting reaction mixture is heated to reflux for a period of 24 hours
      at which time it is then diluted by the addition thereto of chloroform,
      filtered, and the polymer is then precipitated by pouring the same into
      500 ml of ethanol. The polymer is purified by dissolving it in chloroform
      and by reprecipitating the same three additional times in ethanol, thus
      yielding 0.5 g of pure polymer.
PAR  .lambda..sub.max 1.sup.CHCl.sbsp.3  =  358 millimicrons
PAR  .lambda..sub.max 2.sup.CHCl.sbsp.3  =  278 millimicrons
TBL            Analysis found:                                                 
               C     72.32                                                     
               H     8.67                                                      
               N     2.26                                                      
PAR  Analysis shows that 51% of the mefenamic acid is fixed to the copolymer
      which corresponds to 68.5% anti-inflammatory monomer units present in the
      polymer.
PAC  Example 35
PAR  Vinyl carbonyl methyl ester of
      2-(7-methoxy-10-methyl-2-phenothiazinyl)-.alpha.-methyl acetic acid
      (protizinic acid) is prepared in accordance with the following reaction
      scheme:
      ##SPC24##
PAR  Into a flask containing 0.82 g of sodium hydride (58% suspension in oil)
      and 2 g of dimethylformamide previously cooled to 0.degree.C, there is
      introduced, little by little, a solution of 6.3 g of protizinic acid in
      solution in 15 g of dimethylformamide.
PAR  The resulting reaction mixture is left to stand with agitation for a period
      of 5 hours at ambient temperature at which time there are introduced 3 g
      of vinyl chloroacetate. The resulting mixture is then left to stand with
      agitation at ambient temperature for an additional 24 hours. The reaction
      mixture is then poured into 500 ml of water and extraced with sulfuric
      ether. It is first washed with an aqueous solution of N/2 NaOH solution
      and then with water until the aqueous layers are neutral. After distilling
      off the ether, under reduced pressure, the product is crystallized by
      dissolving it in a 60:40 lukewarm mixture of methanol and water and then
      by cooling the said solution, thus yielding 2.8 g of pure product having a
      melting point of 72.degree.C.
TBL  ______________________________________                                    
     Analysis:      Calculated    Found                                        
     ______________________________________                                    
     C              63.15         63.33                                        
     H              5.26          5.56                                         
     N              5.50          3.25                                         
     S              8.02          7.80                                         
     ______________________________________                                    
PAC  Example 36
PAR  Preparation of a copolymer of vinyl stearate/vinyloxycarbonyl methyl ester
      of protizinic acid (Process 2). 1 g of vinyloxycarbonyl methyl ester of
      protizinic acid, prepared in accordance with Example 35, is copolymerized
      with 1 g of vinyl stearate in the presence of 0.2 g of
      azobisisobutyronitrile in solution in 4 g of acetone.
PAR  The reaction mixture is heated for 24 hours at reflux. The solution is then
      diluted by the addition thereto of acetone and the polymer is precipitated
      by pouring the solution into ethanol, thus yielding 0.7 g of pure polymer.
PAR  .lambda..sub.max 1.sup.Hexane =  315 millimicrons
PAR  .lambda..sub.max 2.sup.Hexane =  257 millimicrons
TBL            Analysis found:                                                 
               C     69.12                                                     
               H     8.33                                                      
               N     1.73                                                      
               S     3.80                                                      
PAR  Analysis shows that 38.5% of the protizinic acid is fixed to the copolymer
      which corresponds to 49% anti-inflammatory monomer units present in the
      polymer.
PAC  Example 37
PAR  Vinyloxycarbonyl methyl ester of 2-(10-methyl-2phenothiazinyl) acetic acid
      (methiazinic acid) is prepared in accordance with the following reaction
      scheme:
      ##SPC25##
PAR  Into a flask containing 4.2 g of sodium hydride (58% suspension in water)
      and 40 ml of dimethylformamide previously cooled to 0.degree.C, there is
      introduced, little by little, a solution of 2.71 g of methiazinic acid in
      12 ml of dimethylformamide.
PAR  The resulting reaction mixture is left to stand with agitation for 72 hours
      at ambient temperature, at which point there are introduced 1.2 g of vinyl
      chloroacetate. The resulting mixture is left to stand at rest for 24
      hours.
PAR  The mixture is then poured into water and after extracting with chloroform,
      the organic layers are washed with an aqueous N/10 NaOH solution and then
      with water until the wash waters are neutral.
PAR  The solution is concentrated and the product precipitated by isopropanol,
      thus yielding 1.5 ge of pure product in the form of a gum.
TBL  ______________________________________                                    
     Analysis:      Calculated    Found                                        
     ______________________________________                                    
     C              64.20         64.09                                        
     H              4.83          5.07                                         
     N              3.94          3.83                                         
     S              9.02          9.24                                         
     ______________________________________                                    
PAC  Example 38
PAR  Preparation of a copolymer of stearyl methacrylate/ vinyloxycarbonyl methyl
      ester of methiazinic acid (Process 2).
PAR  1 g of vinyloxycarbonyl methyl ester of methiazinic acid, prepared in
      accordance with Example 37, is copolymerized with 1 g of stearyl
      methacrylate in the presence of 0.2 g of azobis-isobutyronitrile in
      solution in 5 g of ethanol.
PAR  The resulting reaction mixture is heated to reflux for a period of 14 hours
      at which point the polymer is precipitated by pouring the solution into
      lukewarm methanol, thus yielding 0.6 g of pure polymer.
TBL  ______________________________________                                    
               Analysis found:                                                 
               C     75.70                                                     
               H     11.20                                                     
               N     0.68                                                      
               S     0.14                                                      
     ______________________________________                                    
PAR  Analysis shows that 8.9% of methiazinic acid is fixed onto the copolymer
      which corresponds to 11.7% anti-inflammatory monomer units present in the
      copolymer.
PAC  EXAMPLES OF PHARMACEUTICAL COMPOSITIONS
PAC  Example A
PAR  In accordance with the present invention, 350 mg of orally administrable
      tablets are prepared by admixing the following components:
TBL  ______________________________________                                    
     Polymer of Example 1    150 mg                                            
     Starch                  150 mg                                            
     Colloidal silica         40 mg                                            
     Magnesium stearate       10 mg                                            
     ______________________________________                                    
PAR  These tablets administered at a rate of 5 to 6 per day to a subject
      suffering from osteoarthritis of the knee suppresses all pain after a
      treatment of 2 weeks.
PAR  This example of a pharmaceutical composition is repeated except that the
      anti-inflammatory polymer of Example 1 is replaced by the same quantity of
      one of the polymers prepared in accordance with Examples 3, 5, 10, 15, 28,
      34 and 36 to provide an equally effective pharmaceutical composition.
PAC  Example B
PAR  In accordance with the present invention 250 mg of orally administrable
      tablets are prepared by admixing the following components.
TBL  ______________________________________                                    
     Polymer of Example 8    50 mg                                             
     Starch                  160 mg                                            
     Colloidal silica        35 mg                                             
     Magnesium stearate      5 mg                                              
     ______________________________________                                    
PAR  These tablets, administered at a rate of 4 or 5 per day for a period of 15
      days, and then at a rate of 2 to 3 tablets every second day for 2 to 3
      weeks provides efficacious treatment for acute articular rhumatism such as
      sciatica.
PAR  This example is repeated except that the anti-inflammatory polymer of
      Example 8 is replaced by an equivalent quantity of one of the polymers
      prepared in accordance with Examples 7, 13, 20, 23, 26 and 29 to produce a
      composition exhibiting comparable effectiveness.
PAC  Example C
PAR  In accordance with the present invention, a topically applicable
      pharmaceutical composition for treating inflammations is prepared by
      admixing the following components:
TBL  Polymer of Example 11    500 mg                                           
     Isopropyl palmitate, q.s.p.                                               
                               50 g                                            
PAR  Regular application of this composition on the inflammed area provides a
      rapid regression of the inflammation.
PAR  This example is repeated except that the polymer of Example 11 is replaced
      by an equivalent quantity of a copolymer made in accordance with one of
      Examples 3, 8, 13 and 38 to provide an equally effective pharmaceutical
      composition.
PAC  Example D.
PAR  In accordance with the present invention, a topically applicable
      pharmaceutical composition for treatment of inflammations is prepared by
      admixing the following components.
TBL  ______________________________________                                    
     Polymer prepared in accordance                                            
     with Example 22           400 mg                                          
     Ethanol, q.s.p.            50 g                                           
     ______________________________________                                    
PAR  This composition when applied regularly on the inflammed area checks the
      inflammation and suppresses the pain.
PAR  This example is repeated except that the polymer of Example 22 is replaced
      by an equivalent quantity of one of the polymers prepared in accordance
      with one of Examples 17, 18, 31 and 33 to provide an equally effective
      anti-inflammatory composition.
PAC  Example E
PAR  In accordance with the present invention, a pharmaceutical composition in
      the form of a topically applicable aerosol for treating inflammations is
      prepared by admixing the following components.
TBL  ______________________________________                                    
     Polymer of Example 25    6 g                                              
     Ethanol. q.s.p.         100 g                                             
     ______________________________________                                    
PAR  25 g of this composition are packaged in a conventional aerosol bomb under
      pressure in the presence of a propellant gas comprising 40 g of
      dichlorodifluoromethane and 35 g of trichlorofluoromethane. By spraying
      this composition on the inflamed areas there is obtained a protective film
      on the inflamed site and when the application is made at a rate of twice a
      day, there is experienced a clear regression of the inflammation in the
      case of tendenitis.
PAC  Example F
PAR  In accordance with the present invention, suppositories which can be
      administered to persons suffering from articular inflammation are produced
      by admixing the following components:
TBL  Polymer of Example 28   0.3 g                                             
     Caffeine                0.1 g                                             
     Purified silica         0.2 g                                             
     Coco butter, q.s.p.     3.5 g                                             
PAR  The administration of 3 to 4 suppositories over a 24 hour period provides
      excellent regression of the inflammation.
PAR  This example is repeated except that the polymer of Example 28 is replaced
      by an equivalent quantity of one of the polymers prepared according to
      Examples 3, 10, 20, 23 and 36 to provide an equally effective composition
      in each instance.
PAC  ACTIVITY TESTS OF CERTAIN ANTI-INFLAMMATORY POLYMERS OF THIS INVENTION
PAR  The polymers that have been tested are those having as a lateral branching
      either a residue of indomethacine or a residue of flufenamic acid.
PAC  1. Oral Tests
PAR  The anti-inflammatory activity of compositions based on the
      anti-inflammatory copolymers of the present invention, has been studied
      relative to experimental edema provoked by carragenin.
PAR  To this end, male and female Wistar are rats from the same breeding having
      an average weight of 180 .+-. 10g are divided into groups of 10 rats each.
PAR  Edema is caused by an injection of 0.1 ml of a 1% sterile solution of
      carragenin in a 0.9% solution of sodium chloride in water. This injection
      is effected under the plantar surface of the left rear paw of the animal.
PAR  For each test, a first group of animals serve as a control group. The
      difference between the volume of the left rear paw of each animal on which
      is caused the edema and the initial volume of the same left rear paw
      serves as a measure of the intensity of the edema. The other groups of
      animals are submitted to either preventative or curative treatments using
      on the one hand, the anti-inflammatory polymers of this invention, and on
      the other hand, known anti-inflammatory materials.
PAR  The purpose of these various treatments is to reduce the extent of the
      edema provoked on the left rear paw of the animal.
PAR  The percent reduction of the difference in the volume between the left rear
      paw of the animals of each group relative to the volume of the left rear
      paw of the animals of the control group serves as a measure of the
      efficiency of the various treatments tested.
PAR  The anti-inflammatory activity is measured 3 hours, 6 hours, 24 hours and
      30 hours, after local injection of the carragenin.
PAR  The volume of the animals'  paw is measured by dipping the paw in a
      graduated tube containing mercury. The variation in the height of the
      mercury serves as a measure of the diminution or increase of the edema.
PAC  PREVENTATIVE TREATMENT USING INDOMETHACINE-BASED ANTI-INFLAMMATORY POLYMERS
PAR  This treatment occurs 1 hour before the injection of the carragenin.
PAR  A first group of rats was treated with 1 ml per 100 g of body weight, of a
      suspension of 0.5 mg of indomethacine per ml of 1% aqueous solution of
      carboxymethylcellulose.
PAR  A second group of animals was treated with 1 ml per 100 g of body weight,
      of a suspension of 1 mg of anti-inflammatory polymer, such as was prepared
      in accordance with Example 1, per ml of a 1% aqueous solution of
      carboxymethylcellulose.
PAR  In the two solutions described above, the concentration of the active
      substance i.e., indomethacine, is identical.
PAR  The results observed are set forth in the following table.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Compound      3 hrs.  6 hrs.  24 hrs. 30 hrs.                             
     Indomethacine 41%     41%     44%     42%                                 
     Polymer of Example 1                                                      
                   0       15%     34%     67%                                 
     ______________________________________                                    
PAR  As can be seen, the anti-inflammatory activity of the polymer of this
      invention manifests itself only 6 hours after the formation of the edema.
      The intensity of its activity in greater than that of indomethacine at the
      30th hour.
PAR  On the other hand, indomethacine alone exhibits rapid activity starting
      from the third hour, and it remains practically constant until the 30th
      hour.
PAC  Preventative treatment using flufenamic acid-based Anti-inflammatory
      polymers.
PAR  This treatment is identical to the preceding treatment, but the first group
      of rats has been treated with 1 ml per 100g of body weight, of a
      suspension of 0.5 mg of flufenamic acid per ml of a 1% aqueous solution of
      carboxymethylcellulose, and the second group of animals was treated with 1
      ml per 100g of body weight of a suspension of 1.35 mg of the
      anti-inflammatory polymer of Example 8, per ml of a 1% aqueous solution of
      carboxymethylcellulose.
PAR  In the two solutions described immediately above, the concentration of the
      active substance, i.e., flufenamic acid is identical.
PAR  The results observed are set forth in the following table.
TBL                TABLE 2                                                     
     ______________________________________                                    
     Compound      3 hrs   6 hrs    24 hrs 30 hrs                              
     Flufenamic acid                                                           
                   36%     33.5%    19%    18%                                 
     Polymer of Example 8                                                      
                   0%      0%       20%    39%                                 
     ______________________________________                                    
PAR  As can be seen, the anti-inflammatory activity of the polymer of this
      invention manifests itself only 24 hours after the formation of the edema.
      The intensity of its activity is greater than that of flufenamic acid
      alone at the 30th hour.
PAR  On the other hand, flufenamic acid alone exhibits rapid activity starting
      from the third hour and it exhibits a very clear diminution at the 24th
      hour.
PAC  2. Topical Tests
PAR  The anti-inflammatory activity of a topically applicable composition based
      on the anti-inflammatory compositions of the present invention has also
      been studied relative to abscess provoked by carragenin.
PAR  To this end, female Wistar rats from the same breeding having an average
      weight of 150 .+-. 10g are divided into groups of 10 rats each.
PAR  The abscess is provoked by a sub-cutaneous injection, on the posterior part
      of the previously shaved back of the rats, of 0.5 ml of a sterile 2%
      solution of carragenin in a 0.9% solution of sodium chloride in distilled
      water.
PAR  For each test a first group of animals serves as a control group.
PAR  The other groups are submitted to preventative or curative treatments using
      on the one hand, the anti-inflammatory polymers of this invention, and, on
      the other hand, known anti-inflammatory materials.
PAR  So as to measure the extent of the diminution of these abscesses, certain
      animals are killed 24 hours after injection of the carragenin and others
      72 hours after this same injection. Then the weight of the abscesses is
      determined.
PAR  The percent reduction of the weight of the abscesses of the animals treated
      relative to the control animals is then calculated.
PAC  PREVENTATIVE AND CURATIVE TREATMENT USING INDOMETHACINE BASED
      ANTI-INFLAMMATORY POLYMERS
PAR  A first group of rats was treated 24 hours and 3 hours, before injection of
      carragenin, by applying to the shaved part of the back 0.5 ml of a 5%
      solution of indomethacine in a mixture consisting of 80% dimethylsulfoxide
      and 20% water.
PAR  Then, another topical application was effected 3 hours after the injection
      of carragenin.
PAR  A second group of rats was preventively and curatively treated in the same
      way and at the same time intervals with 0.5 ml of 10% solution of the
      anti-inflammatory polymers of Example 1 in a mixture consisting of 80%
      dimethylsulfoxide and 20% water.
PAR  As was the case in the oral tests, the above two topically applicable
      solutions tested have the same concentration of the active substance,
      indomethacine.
TBL                TABLE 3                                                     
     ______________________________________                                    
     Compound          24 hours    72 hours                                    
     Indomethacine     48%         66%                                         
     Polymer of Example 1                                                      
                       43%         0                                           
     ______________________________________                                    
PAR  It can thus be seen that the anti-inflammatory activity of the polymer of
      the present invention is practically identical to that of indomethacine,
      alone. However, at the 72nd hour the indomethacine is still active whereas
      the polymer of the present invention exhibits no activity.
PAR  It must be remarked that treatment with indomethacine provokes a
      considerable degree of mortality before the 72nd hour (40% in the animals
      treated).
PAR  Moreover, the autopsy of the remaining animals has shown numerous signs of
      toxicity, notably some lesions at the level of the stomach and intestine.
PAR  On the other hand, no mortality among the rats treated with the polymer of
      the present invention was noted. Moreover, the autopsy of those rats did
      not evidence any signs of toxicity.
PAC  PREVENTATIVE AND CURATIVE TREATMENT WITH FLUFENAMIC ACID BASED
      ANTI-INFLAMMATORY POLYERS
PAR  This treatment is identical to that above, but the first group of rats was
      treated with 0.5 ml of a 5% solution of flufenamic acid in a mixture
      consisting of 80% dimethylsulfoxide and 20% water, and the second group of
      rats was preventatively and curatively treated with 0.5 ml of a 13.5%
      solution of the anti-inflammatory polymer of Example 8, in a mixture
      consisting of 80% dimethylsulfoxide and 20% water.
PAR  As in the oral treatment tests, the above two tested solutions have the
      same concentration of the active substance, flufenamic acid.
PAR  The results observed are set forth in Table 4 below.
TBL                TABLE 4                                                     
     ______________________________________                                    
     Compound          24 hours    72 hours                                    
     Flufenamic Acid   26          0                                           
     Polymer of Example 8                                                      
                       25          0                                           
     ______________________________________                                    
PAR  In accordance with the results shown in Table 4, it can be seen that the
      anti-inflammatory activity of the polymer of this invention is essentially
      the same as that of flufenamic acid alone. However, no side effects have
      been observed with the flufenamic acid based anti-inflammatory polymer.
PAC  NON-ULCERATIVE ACTIVITY OF THE ANTI-INFLAMMATORY POLYMER OF THE PRESENT
      INVENTION
PAR  The polymers which have been tested are either the indomethacine bases
      polymers or the flufenamic acid-based polymers.
PAR  The experimental procedure utilized for these tests is that described in
      the "Journal Pharmacologique", Paris, 1971, 2, 1, 81-83 supplement to No.
      1. Fiche technique No. 12.
PAC  Procedure
PAR  Groups of 9-10 rats weighing 230-250 g. of which one or two groups served
      as a control group, were put on a water diet 18 hours before the first
      administration of the product, and were maintained on this diet until the
      end of the test.
PAR  The treatment is daily and lasts 3 days. The products tested are
      administered in the morning as an aqueous solution or as a suspension, at
      the rate of 1 ml per 100 g of body weight. The control group received only
      the carrier.
PAR  After the first and the third days, the stomachs of the animals are removed
      and examined. They were then rated according to the following scheme:
PA1  0 -- no ulcer
PA1  1 -- one to two ulcers
PA1  2 -- three to four ulcers
PA1  3 -- more than four ulcers
PAR  The ulceration index for each was then calculated in accordance with the
      following formula:
      ##EQU11##
PAR  Results were obtained after 24 hours and 3 days by comparing, on the one
      hand the indomethacine and the polymer prepared in accordance with Example
      1, and on the other hand the flufenamic acid and the polymer prepared in
      accordance with Example 11 and these results are set forth in Tables 5 and
      6.
PAR  Table 5 shows that after a lapse of a sufficiently short period of time (24
      hours), indomethacine in particular and to a lesser extent flufenamic
      acid, exhibited ulcerative activity.
PAR  On the other hand, Table 6 shows that the polymer of Example 1 has an
      ulceration index considerably lower than the index of the control group
      treated with a placebo and this index is about 20 times lower than that of
      indomethacine alone and this after 3 days of treatment.
PAR  The ulceration index of the polymer of Example 11 is about 2 times greater
      than that of the control group, however, it is about 7 times lower than
      that of flufenamic acid alone.
TBL                                    Table 5                                 
     __________________________________________________________________________
     (After 24 hours)                                                          
                Dose   Number of                                               
                             Rating of the Stomach                             
                                          Sum of  Rats Sick                    
                                                         Index                 
     Products   mg/Kg,per os                                                   
                       Animals                                                 
                             0   1  2  3  The Ratings                          
                                                  %                            
     __________________________________________________________________________
     Control group                                                             
     receiving only                                                            
     carboxymethylcellu-                                                       
                --     10    10           0        0     0                     
     lose at 0,5% in                                                           
     water      5      10    3   4     3  13      70     91                    
     Indomethacine                                                             
                10     10    2   3  1  4  17      80     136                   
     Polymer of 15     10    8   2        2       20     4                     
     Example 1  30     10    9   1        1       10     1                     
     Acid flufenamic                                                           
                100    10    7   1  1  1  6       30     18                    
     Polymer of                                                                
     Example 11 150    10    10           9        0     0                     
     __________________________________________________________________________
TBL                                    TABLE 6                                 
     __________________________________________________________________________
     (After 3 days)                                                            
               Dose   Number of                                                
                            Rating of the Stomachs                             
                                         Sum of  Rats Sick                     
     Products  mg/Kg,per os                                                    
                      Animals                                                  
                            0  1  2  3   The Ratings                           
                                                 %      Index                  
     __________________________________________________________________________
     Placebo   --     10    7  1  0  2   7       30     21                     
     Indomethacine                                                             
               10      9    0  0  0  9   27      100    300                    
     Polymer of                                                                
     Example 1 30      9    5  4  0  0   4       40     16                     
     Acid Flufenamic                                                           
               100    10    0  0  0   10 30      100    300                    
     Polymer of                                                                
     Example 11                                                                
               150    10    5  3  0  2   9       50     45                     
     __________________________________________________________________________
PAR  Moreover, certain tests carried out in accordance with the procedure of
      Joudet, Saisas, Philippe and Chermat. Ann. Pharm. Franc. 1968, 26, No. 12,
      p. 767-770 show that the indomethacine- and flufenamic acid-based
      anti-inflammatory polymers, when administered to rats having ulcers
      provoked by the cold (-20.degree.C) do not aggravate the state of the
      ulcers, which is not the case with indomethacine and flufenamic acid when
      these substances alone are administered.
PAC  ACUTE AND SEMI-CHRONIC TOXICITY OF ANTI-INFLAMMATORY POLYMERS OF THE
      PRESENT INVENTION
PAR  Acute toxicity has been determined principally with regard to the
      indomethacine- and flufenamic acid-based polymers of Examples 1 and 8 and
      has been compared to that of indomethacine and flufenamic acid.
PAR  The acute toxicity of indomethacine (DL.sub.50) is as follows:
PAR  Mice 90 .+-. 13 mg/Kg
PAR  Rats 32 .+-. 5 mg/Kg
PAR  The acute toxicity of flufenamic acid (DL.sub.50) is as follows:
PAR  Mice 1,220 g/Kg
PAR  Rats 625 .+-. 6 mg/Kg
PAR  The acute toxicity of the polymers of Examples 1 and 8 also have been
      determined on mice and rats.
PAR  The mice are Swiss male and female mice weighing 20 .+-. lg and 21 .+-. lg.
      The rats are 5-week old male and female Westar rats, each weighing,
      respectively, 110 .+-. 20g and 100 .+-. 10g.
PAR  The animals are divided into lots of 10 (5 males -- 5 females) and are
      given no food for a period of 12 hours prior to the administration of the
      product to be tested although drinking water is provided freely.
PAR  The polymers of Examples 1 and 8 are administered orally, with an esophagus
      tube, the polymers being in solution in dimethylsulfoxide (DM.sub.50), at
      the following concentrations:
PAR  1 g/Kg body weight
PAR  2 g/Kg body weight
PAR  3 g/Kg body weight The dosage administered is 1 ml per 100g of body weight.
PAR  The animals are observed 1 hour after injection and then 96 hours after
      injection.
PAR  No death was observed after the administration of these two types of
      polymers. Thus they can be considered as nontoxic at these dosages which
      is quite remarkable taking into account the DL.sub.50 of the
      indomethacine, in particular.
PAR  The same semi-chronic toxicity is effected in accordance with the same
      procedure, over 29 days of treatment with polymers prepared in accordance
      with Examples 1 and 8 at the following daily dosage rates:
PAR  15 mg/Kg of body weight for 14 days
PAR  30 mg/Kg of body weight for 6 days
PAR  50 mg/Kg of body weight for 9 days,
PAL  for a total quantity administered for 840 mg/Kg of body weight which caused
      no mortality of the treated rats.
PAR  Weight Developed: No noticeable modification in the weight of the rats has
      been observed during the treatment.
PAR  Hematology: No noticeable variation has been recorded in the hematological
      results.
PAR  Test of Provoked Duiresis: The rate of urinary elimination reveals a very
      slight variation remaining in the zone compatible with good renal
      functioning.
PAR  Histology: The histological images are normal and only a few modifications
      occur at the level of the liver of the rats.
PAR  Because of the results obtained in the acute toxicity (DL.sub.o at 3 g/Kg
      then DL.sub.50 still higher) and in semi-chronic toxicity over a period of
      a month without manifestation of symptoms of toxicity, macroscopically
      visible or histologically detectable, it is concluded that the
      anti-inflammatory polymers of this invention and notably the
      indomethacine- and flufenamic acid-based polymers are only very slightly
      toxic.
PAC  ACTIVITY OF THE ANTI-INFLAMMATORY POLYMERS ON THE GESTATION PERIOD
PAR  This action has been studied by comparing, on the one hand, the
      indomethacine-base anti-inflammatory polymer of Example 1.
PAR  It is known that indomethacine administered to pregnant rats (between the
      18th and 21st days of gestation) causes a certain delay in delivery.
      Consequently, the use of indomethacine is not recommended for pregnant
      women.
PAR  The schedule of tests employed is that described by J. W. Aiken, Nature,
      Vol. 240, November 3, 1972, pages 21-25.
PAR  For indomethacine there were used dosages of 1 mg and 5 mg/Kg of body
      weight and for the polymer of Example 1, dosages of 3mg and 15 mg/Kg of
      body weight. The treatment is effected orally at a rate of 1 ml per 100g
      of body weight. The products are suspended in 0.5% carboxymethyl
      cellulose.
PAR  The results obtained are set forth in Tables 7, 8 and 9 below.
PAC  INTERPRETATION OF RESULTS
PA0  1. with indomethacine
PA1  i. At a dosage of 1 mg/Kg of body weight there is observed
PA2  a. no excessive bleeding
PA2  b. a lengthening of the delivery (4 to 5 hours as opposed to 2 to 3 hours
      for the control group)
PA2  c. nonejection of all foetuses, few in utero deaths
PA2  d. presence of stomach ulcers (2 out of 5)
PA1  ii. At a dosage of 5 mg/Kg of body weight there is observed:
PA2  a. excessive bleeding
PA2  b. considerable prolongation of the parturition (3 out of 5 animals) with
      numerous in utero deaths
PA2  c. even total inhibition causing death without delivery (5 out of 8
      animals)
PA2  d. presence of blood in the stomach of all animals
PA0  2 With the indomethacine-based anti-inflammatory polymer of Example 1.
PA1  i. At a dosage of 3 mg/Kg of body weight there is observed:
PA2  a. no excessive bleeding
PA2  b. no delay in delivery
PA2  c. no foetus mortality
PA2  d. no ulceration
PA1  ii. At a dosage of 15 mg/Kg of body weight there is observed the same signs
      as at a dosage of 3 mg/Kg of body weight.
PAR  Because of these results it can be seen that the above polymer of the
      present invention, compared to indomethacine alone, is significantly more
      acceptable.
TBL                                    TABLE 7                                 
     __________________________________________________________________________
     Control: 0.5 % carboxymethylcellulose                                     
                            N=delivery at night                                
         Number of                                                             
               Excessive                                                       
                     Period of                                                 
                            Births Foetus in utero                             
                                            Ulcers                             
     Rats                                                                      
         Dosage                                                                
               Bleeding                                                        
                     Parturition                                               
                     (hours)                                                   
                            Living                                             
                                Dead                                           
                                   Living                                      
                                        Dead                                   
     __________________________________________________________________________
     1   7     no    1.30   12  0  0    0   no                                 
     2   9     --    1.30   15  0  0    0   --                                 
     3   8     --    2.15   15  0  0    0   --                                 
     4   7     --    N      13  0  0    0   --                                 
     5   5     --    N      11  0  0    0   --                                 
     6   5     --    2      14  0  0    0   --                                 
     7   5     --    N       9  0  0    0   --                                 
     8   5     --    2       9  0  0    0   --                                 
     9   5     --    N       9  0  0    0   --                                 
     10  5     --    N      11  0  0    0   --                                 
     __________________________________________________________________________
TBL                                    TABLE 8                                 
     __________________________________________________________________________
     A) Indomethacine 1 mg/Kg     N=delivery at night                          
                                  M=death without delivery                     
                                  48 hours after control                       
        Number of                                                              
              Excessive                                                        
                    Period of                                                  
                           Births Foetus in utero                              
     Rats                                                                      
        Dosages                                                                
              Bleeding                                                         
                    Parturition            Ulcers                              
                    (hours)                                                    
                           Living                                              
                               Dead                                            
                                  Living                                       
                                       Dead                                    
     __________________________________________________________________________
     1  9     no    N      10  0  0    0   yes                                 
     2  9     --    &gt;5     8   0  0    2   no                                  
     3  9     --    &gt;5     16  0  5    0   no                                  
     4  9     --    &gt;4     8   0  6    0   yes                                 
     5  9     --    &gt;3     8   0  0    0   no                                  
     __________________________________________________________________________
     B) Indomethacine 5 mg/Kg                                                  
     1  5     yes   &gt;8     1   8  0    3   yes                                 
     2  5     --    &gt;8     10  4  0    2   yes                                 
     3  5     --    M      0   0           blood in                            
     4  4     --    M      0   0           the stomach                         
     5  5     --    M      0   0                                               
     6  5     --    M      0   0                                               
     7  5     --    &gt;5     1   7  0    3   yes                                 
     8  5     --    M      0   0                                               
     __________________________________________________________________________
TBL                                    TABLE 9                                 
     __________________________________________________________________________
     A) Anti-inflammatory polymer of Example 1 - 3 mg/Kg                       
                           N= delivery at night                                
     Rats                                                                      
        Number of                                                              
              Excessive                                                        
                    Period of                                                  
                           Births Foetus in utero                              
                                           Ulcers                              
        Dosages                                                                
              Bleeding                                                         
                    Parturition                                                
                    (hours)                                                    
                           Living                                              
                               Dead                                            
                                  Living                                       
                                       Dead                                    
     __________________________________________________________________________
     1  8     No    N      10  0  0    0   No                                  
     2  9     --    1.30   12  0  0    0   --                                  
     3  8     --    1.10    9  0  0    0   --                                  
     4  9     --    N      16  0  0    0   --                                  
     5  7     --    2      10  0  0    0   --                                  
     __________________________________________________________________________
     B) Anti-inflammatory polymer of Example 1 - 15 mg/Kg                      
     1  5     No    &lt;2     10  0  0    0   No                                  
     2  4     --N    9     0   0  0    --                                      
     3  5     --    &lt;2     12  0  0    0   --                                  
     4  5     --    2      10  0  0    0   --                                  
     5  5     --    N      13  0  0    0   --                                  
     6  4     --    1.30   10  0  0    0   --                                  
     7  5     --    3      11  0  0    0   --                                  
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymeric compound containing repeating units of the formula
      ##EQU12##
      wherein R.sup.1 and R.sup.2 are selected from the group of values
      consisting of
PA1  a. R.sub.2 is --[O--CO--CH.sub.2 ]n --o  --Z,
PA1  R.sup.1 is hydrogen and n is 1-10,
PA1  b. R.sub.2 is --CH.sub.2 --O--CO--CH.sub.2 -- 0 --Z and R.sup.1 is hydrogen
      or methyl,
PA1  c. R.sub.2 is --CH.sub.2 --NH--CO--CH.sub.2 --O--Z and R.sup.1 is hydrogen,
PA1  d. R.sub.2 is --CO--NH--CH.sub.2 --NH--CO--CH.sub.2 --O--Z and R.sup.1 is
      hydrogen, and
      ##EQU13##
      wherein r and r' represent alkyl having 1-3 carbon atoms, Y represents
      chlorine or bromine and R.sup.1 is hydrogen or methyl, and Z is the acyl
      residue of an anti-inflammatory carboxylic pharmaceutical agent selected
      from the group consisting of
      ##SPC26##
PAL  wherein X.sub.1 represents Cl, Br, F or I and said alkyl has 1-3 carbon
      atoms,
      ##SPC27##
PAL  wherein Z.sub.1 is selected from the group consisting of hydrogen and
      methyl, and X.sub.2 is selected from the group consisting of hydrogen and
      methoxy,
      ##SPC28##
NUM  2.
PAR  2. The polymer of claim 1 having an average molecular weight between about
      2,000 and 1,000,000.
NUM  3.
PAR  3. The polymeric compound of claim 1 which is a copolymer further
      containing repeating units of the formula
      ##EQU14##
      wherein R.sub.7 ' represents hydrogen and methyl and
PA1  R.sub.1 represents a member selected from the group consisting of
PA1  a. --O--CO--R.sub.3 wherein R.sub.3 represents a saturated hydrocarbon
      chain having 8-18 carbon atoms,
PA1  b. --CO--O--R.sub.4 wherein R.sub.4 represents a saturated hydrocarbon
      chain having 8-18 carbon atoms or N,N'-dialkylamino-ethyl wherein said
      alkyl moieties have 1-3 carbon atoms,
PA1  c. --CH.sub.2 --O--CO--R.sub.5 wherein R.sub.5 is a saturated hydrocarbon
      having 2-18 carbon atoms and
      ##EQU15##
NUM  4.
PAR  4. The polymeric compound of claim 3 having between 10 and 100% by weight,
      relative to the total weight of the polymer, of units substituted by the
      acyl residue of the anti-inflammatory pharmaceutical agent.
NUM  5.
PAR  5. The polymeric compound of claim 3 wherein R.sub.1 is selected from the
      group consisting of
      ##EQU16##
NUM  6.
PAR  6. The polymeric compound of claim 1, wherein Z is the acyl residue of an
      acid of the formula
      ##SPC29##
NUM  7.
PAR  7. The polymeric compound of claim 1 wherein Z is the acid residue of an
      acid of the formula
      ##SPC30##
NUM  8.
PAR  8. The polymeric compound of claim 1, wherein Z is the acid residue of an
      acid of the formula
      ##SPC31##
NUM  9.
PAR  9. The polymeric compound of claim 1, wherein Z is the acid residue of an
      acid of the formula
      ##SPC32##
PAL  wherein Z.sub.1 is hydrogen or methyl and X.sub.2 is hydrogen or methoxy.
NUM  10.
PAR  10. The polymeric compound of claim 1, wherein Z is the acyl residue of an
      acid of the formula
      ##SPC33##
NUM  11.
PAR  11. The polymeric compound of claim 1, wherein Z is the acyl residue of an
      acid of the formula
      ##SPC34##
NUM  12.
PAR  12. The polymeric compound of claim 1 wherein Z is the acyl residue of an
      acid of the formula
      ##SPC35##
NUM  13.
PAR  13. A polymeric compound containing repeating units of the formula
      ##EQU17##
      wherein R.sup.1 and R.sub.2 are selected from the group of values
      consisting of:
PA1  a. R.sub.2 is [ O--CO--CH.sub.2 ]--O- Z, R.sup.1 is hydrogen and n is 1-10,
PA1  b. R.sub.2 is --CH.sub.2 --O--CO--CH.sub.2 --O-- Z and R.sub.1 is hydrogen
      or methyl,
PA1  c. R.sub.2 is --CH.sub.2 --NH--CO--CH.sub.2 --O-- Z and R.sup.1 is
      hydrogen,
PA1  d. R.sub.2 is --CO--NH--CH.sub.2 --NH--CO--CH.sub.2 --O-- Z and R.sup.1 is
      hydrogen, and
      ##EQU18##
      r and r' represent alkyl having 1-3 carbon atoms, Y represents chlorine or
      bromine, and R.sup.1 is hydrogen or methyl, and wherein Z is the acyl
      residue of an anti-inflammatory pharmaceutical agent whose molecule
      comprises a carboxylic acid function.
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ABST
PAL  The present invention provides compounds of formula I,
      ##SPC1##
PAL  wherein
PA1  R.sub.1 is hydrogen, fluorine, chlorine, bromine, hydroxyl, lower alkyl,
      lower alkoxy, amino or lower acylamino, and
PA1  R.sub.2 is hydrogen or lower alkyl,
PAL  Useful as antiphlogistic and anti-arthritic agents.
BSUM
PAR  The present invention relates to heterocyclic compounds.
PAR  In accordance with the invention there are provided compounds of formula I,
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is hydrogen, halogen of atomic number from 9 to 35, hydroxyl, lower
      alkyl, lower alkoxy, amino or lower acylamino, and
PA1  R.sub.2 is hydrogen or lower alkyl.
PAR  Further, in accordance with the invention a compound of formula I may be
      obtained by a process comprising
PAL  A. converting a compound of formula II,
      ##SPC3##
PAL  wherein
PA1  R.sub.1.sup.i is hydrogen, halogen of atomic number from 9 to 35, lower
      alkyl, lower alkoxy or lower acylamino,
PA1  R.sub.2 is as defined above, and
PA1  R.sub.3 is hydrogen or lower alkyl,
PAL  Or a reactive acid derivative thereof, into a compound of formula Ia,
      ##SPC4##
PAL  Wherein R.sub.1.sup.I and R.sub.2 are as defined above,
PAL  Or
PAL  B. hydrolyzing a compound of formula III,
      ##SPC5##
PAL  wherein
PA1  R.sub.1 and R.sub.2 are as defined above, and
PA1  Y is a leaving group, or
PAL  C. converting a compound of formula Ib,
      ##SPC6##
PAL  Wherein
PA1  R.sub.1.sup.ii is acylamino and
PA1  R.sub.2 is as defined above,
PAL  Into a compound of formula Ic,
      ##SPC7##
PAL  Wherein
PA1  R.sub.1.sup.iii is amino and
PA1  R.sub.2 is as defined above, or
PAL  D. converting a compound of formula Ic into a compound of formula Id,
      ##SPC8##
PAL  Wherein
PA1  R.sub.1.sup.iv is hydroxy and
PA1  R.sub.2 is as defined above.
PAR  R.sub.1 in the compounds of formula I preferably signifies hydrogen or
      chlorine. Any substituent R.sub.1 is preferably present in the 8- or
      9-position of the ring structure. When R.sub.1 is lower alkyl or lower
      alkoxy, these groups preferably contain 1 to 3 carbon atoms and especially
      signify methyl or methoxy. When R.sub.1 is acylamino, this preferably
      contains 2 to 5 carbon atoms and especially signifies acetamino. When the
      substituent R.sub.2 is lower alkyl, this preferably contains 1 to 3 carbon
      atoms. R.sub.2 preferably signifies methyl or hydrogen. Any
      carbon-containing radical not particularly defined herein preferably has
      up to 5 carbon atoms.
PAR  The cyclization of a compound of formula II in accordance with process (a)
      is preferably effected in the presence of a strongly acid condensation
      agent. The reaction is conveniently effected in an inert organic solvent,
      e.g. an aromatic solvent such as benzene, toluene or nitrobenzene, or a
      chlorinated hydrocarbon such as methylene chloride or dichloroethane.
      Examples of suitable acid condensation agents are: strong acids,
      preferably polyphosphoric acid or methanesulphonic acid/phosphorus
      pentoxide, for example a mixture of about 10% of phosphorus pentoxide in
      methanesulphonic acid. The reaction temperature preferably is between
      about 70.degree. and 160.degree.C. In place of an acid of formula II, a
      reactive derivative of such an acid may alternatively be used for the
      cyclization. Examples of suitable reactive derivatives of an acid of
      formula II are the acid halides or mixed anhydrides of an acid of formula
      II and a lower organic carboxylic acid or, alternatively, a lower alkyl
      ester of an acid of formula II. In accordance with a process variant, an
      acid of formula II, wherein R.sub.3 is lower alkyl, may, for example, be
      first converted into a reactive acid derivative, of at least the
      2-carboxy-phenyl moiety, e.g. an acid chloride thereof with an organic
      acid chloride, e.g. thionyl chloride, and this acid chloride may
      subsequently be cyclized under the reaction conditions of a Friedel-Crafts
      reaction in the presence of a Friedel-Crafts catalyst, e.g. aluminium
      chloride or tin tetrachloride, e.g. in an inert organic solvent. Examples
      of suitable solvents for the Friedel-Crafts reaction are: nitrobenzene,
      carbon disulphide or chlorinated hydrocarbons such as methylene chloride
      and tetrachloroethane. The reaction conditions for the hydrolysis of the
      organometallic complex, formed as intermediary during the Friedel-Crafts
      reaction, are chosen such that the acetic acid lower alkyl ester group may
      be hydrolyzed simultaneously.
PAR  Process variant (b) may be effected under conventional hydrolysis
      conditions bearing in mind the nature of Y and R.sub.1. Y may be chlorine
      or --OR.sub.4 wherein R.sub.4 is lower alkyl. For example, a compound of
      formula III may be allowed to react with water. A suitable temperature may
      be between room temperature and about 100.degree.C. The reaction is
      conveniently effected in the presence of a base, e.g. an alkali metal or
      alkaline earth metal hydroxide, or in the presence of an acid catalyst,
      e.g. a mineral acid such as hydrochloric or sulphuric acid, or an organic
      sulphonic acid. The hydrolysis is however preferably effected in an
      alkaline medium, e.g. with at least an equivalent amount of an aqueous
      alkali metal hydroxide solution, e.g. at room temperature or at a slightly
      elevated temperature. Examples of suitable inert water miscible organic
      solvents which may be present are: lower alcohols such as methanol or
      ethanol, acetone, tetrahydrofuran or dioxane.
PAR  Process variant (c) may be effected in conventional manner for the
      conversion of an acylamino group into an amino group in analogous
      compounds. The reaction is conveniently effected in a concentrated aqueous
      acid medium, e.g. aqueous concentrated hydrochloric acid. Suitable
      reaction temperatures may be between 100.degree. and 120.degree.C.
PAR  Process variant (d) may be effected in conventional manner for the
      conversion of a phenylamine into a phenol in analogous compounds. The
      amine may be diazotized in conventional manner followed by hydrolysis of
      the diazonium salt in conventional manner.
PAR  The resulting compounds of formula I may be isolated from the reaction
      mixture and purified in known manner. If desired, the free acid forms may
      be converted into salt forms thereof and vice versa. A suitable salt is
      the sodium salt.
PAR  The starting materials may, for example, be produced as follows:
PAR  a'. A compound of formula III may, for example, be obtained by cyclizing a
      compound of formula IIa,
      ##SPC9##
PAL  wherein R.sub.1.sup.I, R.sub.2 and R.sub.4 are as defined above,
PAL  and, if desired, converting the acylamino group into the amino group in any
      resulting compound of formula IIIc,
      ##SPC10##
PAL  wherein
PA1  R.sub.1.sup.ii is acylamino, and
PA1  R.sub.2 and R.sub.4 are as defined above,
PA1  and, if desired, diazotizing the amino group and converting it into the
      hydroxy group by hydrolysis, and, if desired, etherifying the hydroxy
      group. The reaction conditions for the cyclization reaction should be
      chosen such that an ester hydrolysis is avoided. For example, a compound
      of formula IIa may first be converted into an acid chloride thereof and
      this may subsequently be subjected to a Friedel-Crafts cyclization. The
      reaction may be effected under the reaction conditions described in
      process variant (a). The decomposition of the organometallic complex,
      formed as intermediary during the Friedel-Crafts reaction, must be
      effected under such mild reaction conditions, for example low
      temperatures, preferably between 0.degree. and room temperature, that a
      hydrolysis of the ester group is avoided. An ester of formula III may
      alternatively be obtained by esterifying a corresponding acid with a lower
      alcohol R.sub.4 --OH in known manner. The conversion of the acylamino
      group into an amino group may be effected in known manner, e.g. by
      hydrolysis in a strongly acid medium at an elevated temperature, e.g. in
      approx. 10 N hydrochloric acid at a temperature between 100.degree. and
      120.degree. C, whereby the ester group is naturally likewise split, so
      that the corresponding acid is obtained, which may optionally be again
      esterified in known manner. The diazotization of the amino compound and
      the subsequent boiling of the diazonium salt to obtain the hydroxy
      compound are effected in accordance with known methods and the resulting
      crude hydroxy acid may again be esterified in known manner. Any
      etherification of the hydroxy group may be effected using known
      etherification methods.
PAL  b'. A compound of formula IIIa,
      ##SPC11##
PAL  wherein
PA1  R.sub.1.sup.i and R.sub.4 are as defined above, and
PA1  R.sub.2.sup.i is lower alkyl,
PAL  may, for example, be obtained by alkylating a compound of formula IIIb,
      ##SPC12##
PAL  wherein R.sub.1.sup.I and R.sub.4 are as defined above,
PAL  by reaction with a compound of formula IV,
EQU  r.sub.2.sup.i -x                                           iv
PAL  wherein
PA1  R.sub.2.sup.i is as defined above, and
PA1  X is the acid radical of a reactive ester.
PAL  The alkylation may be effected in known manner in an inert organic solvent,
      preferably an aprotic, polar solvent, e.g. dimethyl formamide, dimethyl
      sulphoxide, hexamethylphosphoric acid triamide, or an ether such as
      dimethoxyethane or tetrahydrofuran, or a mixture of these esters and
      liquid ammonia or, alternatively, in an aromatic hydrocarbon such as
      benzene or toluene, e.g. in the presence of a strongly basic condensation
      agent, capable of forming the anion of the compound of formula IIIb. It is
      preferred to use a compound of formula IV wherein X is halogen or a
      mesyloxy or tosyloxy group. Examples of suitable basic condensation agents
      are: alkali metals, alkali metal amides such as sodium amide,
      diisopropyl-lithium amide, alkali metal hydrides such as sodium hydride or
      alkali metal alcoholates. The reaction may, for example, be effected at a
      temperature between about -50.degree. and about +60.degree.C.
PAL  c'. A compound of formula IIb,
      ##SPC13##
PAL  wherein R.sub.1.sup.I and R.sub.2 are as defined above,
PAL  may, for example, be obtained by hydrolysis of a compound of formula IIa or
      an ester thereof.
PAL  d'. A compound of formula IIc,
      ##SPC14##
PAL  wherein
PA1  R.sub.1.sup.i, r.sub.2.sup.i and R.sub.4 are as defined above, and
PA1  R.sub.5 is lower alkyl,
PAL  may, for example, be obtained by alkylating a compound of formula IId,
      ##SPC15##
PAL  wherein R.sub.1.sup.I, R.sub.4 and R.sub.5 are as defined above,
PAL  by reaction with a compound of formula IV. The alkylation may be effected
      in the presence of a strongly basic condensation agent under the reaction
      conditions described in process (b').
PAL  e'. A compound of formula IIe,
      ##SPC16##
PAL  wherein
PA1  R.sub.1.sup.i, r.sub.2 and R.sub.4 are as defined above, and
PA1  R.sub.6 is hydrogen or lower alkyl,
PAL  may, for example, be obtained by reacting a compound of formula V,
      ##SPC17##
PAL  wherein R.sub.2 and R.sub.4 are as defined above,
PAL  with a compound of formula VIa,
      ##SPC18##
PAL  wherein R.sub.1.sup.I is as defined above,
PAL  or with a compound of formula VIb
      ##SPC19##
PAL  wherein
PA1  R.sub.1.sup.i and R.sub.5 are as defined above, and
PA1  Y is chlorine or bromine.
PAL  The reaction is preferably effected in the presence of a basic condensation
      agent, preferably an alkali metal alcoholate, at a temperature between
      preferably about 80.degree. and 150.degree. C.
PAL  f'. A compound of formula V may, for example, be obtained by forming the
      diazonium salt in the usual manner from a 2-(4-aminophenyl)carboxylic acid
      of formula VII,
      ##SPC20##
PAL  wherein R.sub.2 is as defined above,
PAL  reacting the diazonium salt with an alkali xanthogenate and subsequently
      working up in known manner to obtain a 2-(4-mercaptophenyl)carboxylic acid
      and esterifying this in accordance with known methods.
PAL  g'. A compound of formula VIb may, for example, be obtained by brominating
      or chlorinating in known manner an o-toluic acid derivative of formula
      VIII,
      ##SPC21##
PAL  wherein R.sub.1.sup.I and R.sub.5 are as defined above, or an alcohol of
      formula IX,
      ##SPC22##
PAL  wherein R.sub.1.sup.I and R.sub.5 are as defined above.
PAR  Insofar, as the production of the starting materials is not described,
      these are known or may be produced in accordance with known processes or
      in a manner analogous to the processes described herein or to known
      processes.
DETD
PAR  In the following non-limitative Examples all temperatures are indicated in
      degrees Centigrade.
PAC  EXAMPLE 1
PAC  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid [process variant
      (a)]
PAR  7 G of 4-(2-carboxy-benzyl-thio)phenylacetic acid are added to 70 g of
      polyphosphoric acid heated to 130.degree., and the mixture is heated at
      the same temperature, while stirring, for 10 minutes. The reaction mixture
      is subsequently poured on ice water and the aqueous phase is extracted
      with ethyl acetate. After washing with water and drying over magnesium
      sulphate, the solvent is removed by distillation, whereby the title
      compound is obtained as crystalline residue. After recrystallization from
      ethyl acetate/ether, the title compound has a M.P. of
      164.degree.-166.degree..
PAR  The starting material may, for example, be produced as follows:
PAL  a. 4-mercapto-phenyl-acetic acid
PAR  A solution of 27.6 g of sodium nitrite in 200 cc of water is added dropwise
      at 0.degree., while stirring, to a suspension of 60.4 g of
      4-aminophenyl-acetic acid in 200 cc of water and 80 cc of concentrated
      hydrochloric acid. After the addition is complete, the reaction mixture is
      stirred at the same temperature for a further 45 minutes. This cold
      diazonium salt solution is then added dropwise at room temperature to a
      mixture of 74 g of potassiumethyl xanthogenate, 120 cc of water and 300 cc
      of a 2 N soda solution, and heating is effected to 45.degree. until gas
      evolution stops. The mixture is subsequently cooled to room temperature,
      the pH is adjusted to 1 with concentrated hydrochloric acid and the oiled
      xanthogenate ester is extracted with ether. After removing the solvent by
      distillation, the ester is taken up in 500 cc of ethanol, a solution of 90
      g of potassium hydroxide in 500 cc of water is added and boiling at reflux
      is effected for 20 hours. The major portion of the ethanol is subsquently
      removed by the distillation at reduced pressure, the aqueous phase is
      cooled with ice, rendered acid with concentrated hydrochloric acid while
      stirring well, and extracted with ether. The ether extract is dried over
      sodium sulphate, the solvent is removed by distillation, whereby
      4-mercapto-phenylacetic acid crystallizes. After recrystallization from
      ether/pentane, the acid has a M.P. of 101.degree.  to 103.degree..
PAL  b. 4-mercapto-phenyl-acetic acid ethyl ester
PAR  70 g G 4-mercapto-phenyl-acetic acid are heated at reflux for 30 minutes in
      500 cc of 4 N hydrochloric acid in ethanol. The reaction mixture is then
      completely concentrated at reduced pressure. The oily residue is divided
      between ether and water, the ether phase is subsequently washed with a 10%
      sodium bicarbonate solution and water, is dried over sodium sulphate, and
      the solvent is removed by distillation. The crude 4-mercapto-phenyl-acetic
      acid ethyl ester, obtained as oily residue, may be purified by
      distillation; B.P. 103.degree. at 0.4 mm of Hg.
PAL  c. 4-(2-carboxy-benzyl-thio)phenyl-acetic acid ethyl ester
PAR  19.6 G of 4-mercapto-phenyl-acetic acid ethyl ester and 13.4 g of phthalide
      are added to a sodium ethylate solution produced from 2.3 g of sodium and
      55 cc of ethanol, and the mixture is heated in an oil bath of 110.degree.
      for 20 hours. The reaction solution is subsequently concentrated at
      reduced pressure, the crystalline residue is dissolved in water, cooled
      with ice and acidified with 5 N hydrochloric acid. The aqueous phase is
      extracted with ether, the ether extract is washed with water, dried over
      sodium sulphate, purified with animal charcoal, and the solvent is
      completely concentrated. 4-(2-carboxy-benzyl-thio)phenylacetic acid ethyl
      ester is obtained as crystalline residue which is recrystallized from
      ether/pentane (M.P. 93.degree. to 94.degree.).
PA0  d. A solution of 4.75 g of potassium hydroxide in 20 cc of water is added
      to 7 g of 4-(2-carboxybenzyl-thio)phenyl-acetic acid ethyl ester in 50 cc
      of ethanol, and the mixture is stirred at room temperature for 20 hours.
      The solution is then concentrated at reduced pressure, the residue is
      taken up in water and extracted with ether. The aqueous phase is
      subsequently acidified with 5 N hydrochloric acid and extracted with ethyl
      acetate. After washing the ethyl acetate extract with water and drying
      over sodium sulphate, the solvent is removed by distillation, whereby
      4-(2-carboxy-benzyl-thio)phenyl-acetic acid is obtained as crystalline
      residue. M.P. 169.degree. (from ethyl acetate/pentane).
PAC  EXAMPLE 2
PAC  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  5 G of 4-(2-carboxy-benzyl-thio)phenylacetic acid ethyl ester are added to
      30 g of polyphosphoric acid heated to 120.degree. and the mixture is
      heated at the same temperature for 2 hours. The reaction mixture is
      subsequently poured on ice water, the aqueous phase is extracted with
      ethyl acetate and the insoluble portions are filtered off. After washing
      with water and drying over magnesium sulphate, the solvent is removed by
      distillation. The residue, containing the title compound, is
      recrystallized from ethyl acetate/ether; M.P. 164.degree.-166.degree..
PAC  EXAMPLE 3
PAC  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  7.0 G of 4-(2-chloro-carbonyl-benzyl-thio)phenyl-acetic acid ethyl ester
      are dissolved in 30 cc of nitrobenzene and this solution is added dropwise
      at room temperature to a solution of 3.32 g of aluminium chloride in 50 cc
      of nitrobenzene. The resulting red solution is heated in an oil bath of
      100.degree. for 3 hours. The oil bath is then removed, decomposition is
      effected with 20 g of ice and the two-phase mixture containing crude
      6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester is
      again stirred at 100.degree. for 2 hours with the addition of 20cc of 10 N
      hydrochloric acid. The reaction mixture is subsequently cooled, diluted
      with ether, the organic phase is separated, washed with water and
      extracted with a 10% sodium bicarbonate solution. The alkaline extract is
      washed with ether, acidified with 5 N hydrochloric acid and again
      extracted with ether. The organic extract is washed with water, dried with
      sodium sulphate, purified with charcoal, filtered and concentrated at
      reduced pressure. The resulting title compound crystallizes from ether,
      M.P. 162.degree.-164.degree..
PAR  The starting material may be obtained as follows:
PA0  a. 66 cc of thionyl chloride are added at room temperature to 13.2 g of
      4-(2-carboxy-benzyl-thio)phenyl-acetic acid ethyl ester and the mixture is
      stirred for 90 minutes until gas evolution stops. The mixture is
      completely concentrated by evaporation at reduced pressure and the
      resulting light yellow oil is dissolved in ether, whereby
      4-(2-chloro-carbonyl-benzyl-thio)phenyl-acetic acid ethyl ester
      precipitates in the form of light yellow crystals. M.P.
      78.degree.-79.degree..
PAC  EXAMPLE 4
PAC  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  5.0 G of 4-(2-chloro-carbonyl-benzyl-thio)phenyl-acetyl chloride are added
      to 50 g of polyphosphoric acid and heated in an oil bath of 100.degree..
      An initial separation of hydrochloric acid comes to an end rapidly, after
      75 minutes the reaction is complete producing crude
      6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetyl chloride. Working up is
      effected by pouring the dark brown solution on 200 cc of hot water
      (80.degree.) and stirring for 10 minutes. White or light beige crystals
      precipitate and are extracted with ethyl acetate. The organic phase is
      separated, washed with water, dried with sodium sulphate, purified with
      charcoal, filtered, and the solvent is removed by distillation at reduced
      pressure. The residue is dissolved in ether, whereby the title compound is
      obtained in crystalline form. M.P. 162.degree.-164.degree..
PAR  The starting material may be obtained as follows:
PA0  a. 70 Cc of thionyl chloride are added to 7.0 g of
      4-(2-carboxy-benzyl-thio)phenyl-acetic acid and boiled in a water bath of
      90.degree. for 45 minutes until gas evolution stops. The mixture is
      completely concentrated by evaporation at reduced pressure and the
      4-(2-chloro-carbonyl-benzyl-thio)phenyl-acetyl chloride, obtained as light
      yellow oil, is crystallized from ether. M.P. 62.degree.-64.degree..
PAC  EXAMPLE 5
PAC  9-chloro-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  The title compound is obtained in a manner analogous to that described in
      Example 1 or 2, using 4-(2-carboxy-4-chloro-benzyl-thio)phenyl-acetic acid
      or the ethyl ester thereof as starting material. M.P.
      187.degree.-189.degree. (from ethyl acetate/pentane).
PAR  The starting material may be obtained as follows, using
      4-mercapto-phenyl-acetic acid ethyl ester and 6-chloro-phthalide as
      starting materials:
PA0  a. 4-(2-carboxy-4-chloro-benzyl-thio)phenyl-acetic acid ethyl ester,
      produced in a manner analogous to Example 1(c): M.P.
      109.degree.-112.degree. (from ether/pentane.
PA0  b. 4-(2-carboxy-4-chloro-benzyl-thio)phenyl-acetic acid, produced in a
      manner analogous to Example 1(d).
PAC  EXAMPLE 6
PAC  8-chloro-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  This compound is produced in a manner analogous to that described in
      Example 1, using 4-(2-carboxy-5-chloro-benzyl-thio)phenyl acetic acid as
      starting material. M.P. 245.degree.-247.degree..
PAC  EXAMPLE 7
PAC  9-acetylamino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  50 G of 4-(4-acetylamino-2-carboxy-benzyl-thio)phenyl-acetic acid are
      stirred at 100.degree. for 11/2  hours together with 500 g of
      polyphosphoric acid. The resulting dark red solution is poured on 500 g of
      ice and the precipitated crystals are extracted with ethyl acetate. The
      organic phase is dried with sodium sulphate, purified with charcoal,
      filtered, and the solvent is removed by distillation at reduced pressure,
      whereby the title compound crystalizes. M.P. 210.degree.-213.degree..
PAR  The starting material may be obtained as follows:
PA0  a. 4-(4-acetylamino-2-carboxy-benzyl-thio)phenyl-acetic acid ethyl ester,
      produced in a manner analogous to Example 1(c), using
      4-mercapto-phenylacetic acid ethyl ester and 6-acetyl-amino phthalide as
      starting materials. M.P. 170.degree. (from ethyl acetate/ether).
PA0  b. 4-(4-acetylamino-2-carboxy-benzyl-thio)phenylacetic acid, produced in a
      manner analogous to Example 1(d): M.P. 205.degree.-207.degree..
PAC  EXAMPLE 8
PAC  6,11-dihydro-8-methyl-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  This compound is produced in a manner analogous to that described in
      Example 1 or 2, using as starting material
      4-(2-carboxy-5-methyl-benzyl-thio)phenyl-acetic acid [M.P. 94.degree.,
      produced in a manner analogous to Example 1(d)] or
      4-(2-carboxy-5-methylbenzyl-thio)phenyl-acetic acid ethyl ester [M.P.
      170.degree.-172.degree., produced in a manner analogous to Example 1(c)
      from 5-methyl-phthalide and 4-mercapto-phenyl-acetic acid ethyl ester].
      M.P. of the title compound 194.degree.-200.degree. (from ethyl acetate).
PAC  EXAMPLE 9
PAC  6,11-dihydro-(.alpha.-methyl)-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      [process variant (b)]
PAR  19.5 G of 6,11-dihydro-(.alpha.-methyl)-11-oxodibenzo[b,e]thiepine-2-acetic
      acid ethyl ester are dissolved in 100 cc of ethanol, and 13.4 g of
      potassium hydroxide dissolved in 70 cc of water are added. The solution is
      subsequently stirred at room temperature for 15 hours. The solution is
      subsequently acidified with 5 N hydrochloric acid and extracted with
      ether. After drying over sodium sulphate and evaporating the solvent at
      reduced pressure, the title compound crystallizes. M.P.
      138.degree.-140.degree..
PAR  The starting material may be obtained as follows:
PAL  a. 6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester
PAR  40 g of 6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid are boiled
      at reflux for 45 minutes together with 400 cc of 3 N hydrochloric acid in
      ethanol. The reaction mixture is completely concentrated by evaporation at
      reduced pressure and the oily residue is divided between ethyl acetate and
      water; the organic phase is washed with a 10% sodium bicarbonate solution
      and with water. After drying over sodium sulphate and concentrating,
      6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester
      crystallizes by the addition of ether. (M.P. 98.degree.-100.degree.).
PAL  b. 6,11-dihydro-(.alpha.-methyl)-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      ethyl ester
PAR  2.4 G of finely cut sodium are added portionwise to 300 cc of ammonia
      condensed at -40.degree., with the addition of 200 mg of iron (III)
      nitrate. Stirring is effected for 30 minutes at the same temperature and
      300 cc of ether are subsequently allowed to flow slowly into the reaction
      mixture. 31.2 g of 6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      ethyl ester are subsequently added portionwise. After 15 minutes, the salt
      formation is complete. 17.0 G of methyl iodide in 100 cc of ether are
      added dropwise at -40.degree.. After a further 15 minutes, the reaction is
      complete. The ammonia is removed by evaporation and successively replaced
      by 300 cc of ether. The organic phase is finally shaken with 50 g of
      ammonium chloride dissolved in water and is washed with water until
      neutral. The solution which has been purified with charcoal and dried over
      sodium sulphate, is concentrated at reduced pressure and pentane is added
      thereto, whereby 6,11-dihydro-(.alpha.-methyl)-
      11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester crystallies. M.P.
      91.degree.-93.degree..
PAC  EXAMPLE 10
PAC  9-chloro-6,11-dihydro-.alpha.-methyl-11-oxo-dibenzo[b,e]thiepine-2-acetic
      acid
PAR  The title compound is obtained in a manner analogous to that described in
      Example 9, using
      9-chloro-9,11-dihydro-.alpha.-methyl-11-oxo-dibenzo[b,e]thiepine-2-acetic
      acid ethyl ester as starting material. M.P. 128.degree.-131.degree. (from
      ether/pentane).
PAR  The starting material may be obtained as follows:
PA0  a. 9-chloro-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl
      ester, produced in a manner analogous to Example 9(a) [M.P.
      68.degree.-71.degree. (from acetic acid/pentane)].
PA0  b. 9-chloro-6,11-dihydro-.alpha.-methyl-11-oxo-dibenzo[b,
      e]thiepine-2-acetic acid ethyl ester, produced in a manner analogous to
      Example 9(b), oily Rf value = 0.6 (DC system: adsorbent: silica gel;
      eluant: ammonia-saturated ether/hexane 80:20).
PAC  EXAMPLE 11
PAC  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester is
      hydrolyzed in a manner analogous to that described in Example 9. M.P. of
      the title compound 164.degree.-165.degree..
PAR  The 6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester,
      used as starting material, may be obtained in accordance with the
      following methods:
PA0  a. 7.0 g of 4-(2-chloro-carbonyl-benzyl-thio)phenylacetic acid ethyl ester
      are heated in an oil bath of 100.degree. together with 70 g of
      polyphosphoric acid, whereby a brown-red solution results with the
      separation of hydrochloric acid. After 30 minutes, the viscous oil is
      poured on a mixture of ice/water and extracted with ether. The organic
      phase is separated, dried with sodium sulphate, purified with charcoal,
      and the solvent is removed at reduced pressure and the resulting residue
      taken up in ether. 6,11-Dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      ethyl ester crystallizes from ether/pentane. M.P. 96.degree.-97.degree..
PA0  b. 7.0 g of 4-(2-chloro-carbonyl-benzyl-thio)phenylacetic acid ethyl ester
      are dissolved in 30 cc of nitrobenzene and this solution is added
      dropwise, at room temperature, to a solution of 3.32 g of aluminium
      chloride in 50 cc of nitrobenzene. The resulting red solution is then
      heated in an oil bath of 100.degree. for 3 hours. The reaction solution is
      subsequently poured on a mixture of ice and 10 N hydrochloric acid, is
      diluted with ether, and the organic phase is separated, washed with water,
      dried with sodium sulphate, purified with charcoal and filtered. The
      solvent is completely removed at reduced pressure and the oily residue is
      dissolved in ether, the ether phase is washed with a 10% sodium
      bicarbonate solution and then with water, is dried with sodium sulphate,
      filtered, and the solvent is removed by distillation at reduced pressure.
      6,11-Dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid ethyl ester
      crystallizes from ether/pentane. M.P. 96.degree.-97.degree..
PAR  The following acids may also be obtained in a manner analogous to that
      described in Example 11, by hydrolysis of the corresponding ethyl esters:
PAC  EXAMPLE 12
PAC  9-chloro-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. 187.degree.-189.degree. (from ethyl acetate/pentane).
PAC  EXAMPLE 13
PAC  8-chloro-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. 245.degree.-247.degree..
PAC  EXAMPLE 14
PAC  9-acetylamino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. 210.degree.-213.degree..
PAC  EXAMPLE 15
PAC  9-amino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. of the hydrochloride form 240.degree. (decomposition, from acetone).
PAC  EXAMPLE 16
PAC  6,11-dihydro-9-hydroxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. 192.degree.-195.degree..
PAC  EXAMPLE 17
PAC  6,11-dihydro-8-methyl-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  M.P. 194.degree.-200.degree..
PAC  EXAMPLE 18
PAC  6,11-dihydro-9-methoxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
PAR  1.0 G of 6,11-dihydro-9-methoxy-11-oxodibenzo[b,e]thiepine-2-acetic acid
      methyl ester is dissolved in 10 cc of methanol, and 0.4 g of potassium
      hydroxide, dissolved in 2 cc of water, are added. The solution is stirred
      at room temperature for 16 hours. The methanol is then removed by
      distillation at reduced pressure, the residue is dissolved in water and
      extracted with ether. The alkaline, aqueous phase is then acidified with 2
      N hydrochloric acid and extracted with ether. The ether extract is dried
      with sodium sulphate, purified with charcoal, filtered and concentrated at
      reduced pressure, whereby the title compound crystallizes. M.P.
      155.degree.-157.degree..
PAR  The starting material may, for example, be produced as follows:
PAL  a. Example of process variant (c)
PAR  6.7 G of 9-acetamido-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      are boiled at 120.degree. for 3 hours, in 134 cc of 10 N hydrochloric
      acid. Cooling is then effected, 200 cc of acetone are added, and the
      precipitated 9-amino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic
      acid hydrochloride is filtered off. M.P. 240.degree. (decomp.)
PAL  b. Example of process variant (d)
PAR  1.0 G of 9-amino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      hydrochloride is mixed with 10 cc of water, 10 cc of glacial acetic acid
      and 0.5 cc of sulphuric acid (98%). A solution of 0.25 g of sodium nitrite
      in 2 cc of water is added dropwise at 0.degree.-5.degree. to the resulting
      solution. After the dropwise addition is complete, a further 4 cc of 89%
      sulphuric acid are added. The resulting diazo compound is allowed to flow
      in a thin stream into 50 cc of 50% sulphuric acid having a temperature of
      125.degree.. Heating is effected for a further 15 minutes while stirring
      vigorously. The reaction mixture is then cooled to room temperature and
      poured on 250 cc of ice water. The resulting yellow precipitate is
      extracted with ether, the organic phase is washed with water, dried with
      sodium sulphate, filtered and concentrated by evaporation.
      6,11-Dihydro-9-hydroxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid
      crystallizes from ether/pentane. M.P. 192.degree.-195.degree..
PA0  c. 1.0 G of 6,11-dihydro-9-hydroxy-11-oxo-dibenzo[b,e]thiepine-2-acetic
      acid is dissolved in 10 cc of methanol, 1 cc of water is added and cooling
      is effected in an ice bath. 60 CC of a 2% ethereal diazomethane solution
      are allowed to flow into the solution while stirring. The yellow solution
      is stirred for a further 2 hours at 0.degree.-5.degree. and for 1 hour at
      room temperature. The solvent is subsequently removed by distillation at
      reduced pressure, the residue is again taken up in ether and washed with a
      1 N caustic soda solution. After washing with water, the organic phase is
      dried with sodium sulphate, filtered and completely concentrated by
      evaporation at reduced pressure, whereby
      6,11-dihydro-9-methoxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid methyl
      ester is obtained as brown-yellow oil which is purified by chromatography.
      Thin layer chromatogram: R.sub.f value 0.4 (adsorbent: silica gel G with
      luminous substance, eluant: aqueous ammonia-saturated ether/hexane 80:20).
PAC  EXAMPLE 19
PAC  8-Chloro-6,11-dihydro-.alpha.-methyl-11-oxodibenzo[b,e]thiepine-2-acetic
      acid
PAR  In analogous manner to that described in Example 9,
      8-chloro-6,11-dihydro-.alpha.-methyl-11-oxo-dibenzo[b,e]thiepine-2-acetic
      acid is made. M.P. 137.degree.-138.degree..
PAR  The compounds of formula I are useful as anti-phlogistic agents for the
      inhibition of oedemas, as indicated in standard tests, for example by an
      inhibition of oedema formation in the carrageen paw oedema test in rats on
      p.o. administration of from 5 to 100 mg/kg animal body weight of the
      compounds, and in the subchronic granuloma cyst test on administration of
      from 20 to 100 mg/kg animal body weight of the compounds.
PAR  For this use the dosage will, of course, vary depending on the compound
      employed, mode of administration and treatment desired. However, in
      general, satisfactory results are obtained when administered at a daily
      dosage of from about 1 mg to about 100 mg per kg animal body weight,
      conveniently given in divided doses two to four times a day or in
      sustained release form. For the larger mammals, the total daily dosage is
      in the range from about 100 to about 1000 mg, and dosage forms suitable
      for oral administration comprise from about 25 mg to about 500 mg of the
      compounds admixed with a solid or liquid pharmaceutical carrier or
      diluent.
PAR  The compounds of formula I are furthermore useful as anti-arthritic agents,
      as indicated in standard tests, for example, by an inhibition of swellings
      in the Freund adjuvant arithritis latent period test in rats on p.o.
      administration of from 30 to 100 mg/kg animal body weight of the
      compounds.
PAR  For this use the dosage will, of course, vary depending on the compound
      employed, mode of administration and treatment desired. However, in
      general, satisfactory results are obtained when administered at a daily
      dosage of from about 1 mg to about 100 mg per kg animal body weight,
      conveniently given in divided doses two to four times a day or in
      sustained release form. For the larger mammals, the total daily dosage is
      in the range from about 100 to about 1000 mg, and dosage forms suitable
      for oral administration comprise from about 25 mg to about 500 mg of the
      compounds admixed with a solid or liquid pharmaceutical carrier or
      diluent.
PAR  The compounds of formula I may be administered in pharmaceutically
      acceptable salt form. Such salt forms exhibit the same order of activity
      as the free acid forms. Representative salt forms include alkali metal
      salts such as the sodium or potassium salt, alkaline earth metal salts
      such as the calcium salt and also include organic salts such as the
      ammonium salt and amine salts such as the dimethylamine, diethylamine,
      trimethylamine and benzylamine salts. Such compositions conveniently
      contain more than 1% by weight of the compound of formula I and may be
      prepared by conventional techniques to be in conventinal forms, for
      example, capsules, tablets, suppositories, dispersible powders, syrups,
      elixirs, suspensions or solutions, for enteral or parenteral
      administration. Suitable pharmaceutical diluents or carriers include, for
      example, water, alcohols, natural or hardened oils and waxes, calcium and
      sodium carbonates, calcium phosphate, kaolin, talc and lactose as well as
      suitable preserving agents, such as ethyl-p-hydroxybenzoate, suspending
      agents such as methyl cellulose, tragacanth and sodium alginate, wetting
      agents such as lecithin, polyoxyethylene stearate and polyoxyethylene
      sorbitan mono-oleate, granulating and disintegrating agents such as starch
      and alginic acid, binding agents such as starch, gelatin and acacia, and
      lubricating agents such as magnesium stearate, stearic acid and talc, in
      order to provide an elegant and palatable pharmaceutical preparation.
      Compositions in tablet form may be coated by conventional techniques to
      delay disintegration of the tablet and absorption of the active ingredient
      in the gastro-intestinal tract and thereby provide sustained action over a
      long period.
PAR  The Example 1 and 9 compounds exhibit particularly interesting activity.
PAR  In a group of compounds R.sub.1 is hydrogen, halogen, alkyl or alkoxy. In
      one sub-group R.sub.2 is alkyl. In another sub-group R.sub.2 is hydrogen.
PAR  In another group of compounds R.sub.1 is in the 9-position. Preferably
      R.sub.1 is hydrogen, halogen, alkyl or alkoxy. In a sub-group R.sub.2 is
      methyl.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC23##
PAL  wherein
PA1  R.sub.1 is hydroxyl, lower alkoxy, amino or acetamino, and
PA1  R.sub.2 is hydrogen or lower alkyl,
PAL  or a pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. A compound of claim 1 wherein R.sub.1 is amino.
NUM  3.
PAR  3. The compound of claim 1 which is
      9-acetylamino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid.
NUM  4.
PAR  4. The compound of claim 1 which is
      9-amino-6,11-dihydro-11-oxo-dibenzo[b,e]thiepine-2-acetic acid.
NUM  5.
PAR  5. The compound of claim 1 which is
      6,11-dihydro-9-hydroxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid.
NUM  6.
PAR  6. The compound of claim 1 which is
      6,11-dihydro-9-methoxy-11-oxo-dibenzo[b,e]thiepine-2-acetic acid.
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ABST
PAL  A process for the sulfonation of aromatic compounds wherein an aromatic
      substance consisting of one or more aromatic compounds is brought to
      boiling at a temperature not greater than 100.degree.C under a pressure of
      from 0.1 mm Hg to atmospheric pressure, gaseous sulfur trioxide is
      introduced thereinto, thereby causing it to continue to boil, the aromatic
      substance thus volatilized is reconverted to liquid in a heat-exchanger
      and is recycled to the reaction chamber, and the pressure in the reaction
      chamber and the rate at which the gaseous sulfur trioxide is introduced
      into the aromatic substance are controlled to ensure that the amount of
      liquid aromatic substance present in the reaction chamber and available
      for participation in the sulfonation reaction is always in excess of that
      amount of said aromatic substance capable of reacting with the gaseous
      sulfur trioxide in contact with the aromatic substance in the reaction
      chamber and that the temperature of the reaction mixture is a temperature
      of 100.degree.C or below.
BSUM
PAR  This invention concerns improvements in or relating to the sulfonation of
      aromatic compounds.
PAC  BACKGROUND OF THE INVENTION
PAR  Aromatic sulfonic acids, either as such or in the form of their salts with
      organic or inorganic bases, are widely used. For instance, xylene
      sulfonates and toluene sulfonates are much used as hydrotropic agents in
      the detergent industry. Aromatic sulfonic acids are also important
      intermediates in many synthetic processes in organic chemistry, since the
      sulfonic acid group is relatively easily replaced by other substituent
      groups.
PAR  Such aromatic sulfonic acids are usually prepared by reacting the
      corresponding unsulfonated aromatic compound with a sulfonating agent. In
      the past concentrated sulfuric acid has been the principal sulfonating
      agent employed, but oleum (which is a solution of sulfur trioxide in
      concentrated sulfuric acid) and, in certain instances, sulfur trioxide
      itself, have also been used.
PAR  The use of sulfuric acid to effect sulfonation always results, by virtue of
      the reaction involved, in the production of water. This water
      progressively dilutes the sulfuric acid employed until sulfonation ceases,
      due to he concentration of the sulfuric acid becoming too low for it to
      effect sulfonation. The figure for the lowest concentration of sulfuric
      acid which will effect the sulfonation of an aromatic compound is
      different for different compounds, but in general the sulfonation of
      aromatic hydrocarbons requires a minimum concentration of sulfuric acid in
      the range of 78 - 90% by weight. It is apparent that, when using sulfuric
      acid as the sulfonating agent, it will generally be necessary to employ a
      large excess of sulfuric acid over that theoretically needed, in order to
      maintain a sufficiently high concentration of sulfuric acid for the
      reaction to proceed to effect a high conversion of the aromatic compound
      present into the corresponding sulfonic acid. When an excess of sulfuric
      acid is so used, the end product of the sulfonation procedure is a mixture
      comprising the desired aromatic sulfonic acid, any unreacted aromatic
      compound, by-products of the reaction and excess sulfuric acid. The
      separation of the main ingredients of this mixture can be achieved, but
      only at some cost, and with the concommitant production of substantial
      quantities of inorganic by-products (mainly sulfuric acid). It is clear
      that, if a large excess of sulfuric acid has been used in the reaction,
      then the amount of sulfuric acid obtained as a by-product will be
      substantial. This acid is difficult to dispose of, either as the acid or
      in the form of soluble or insoluble sulfates, particularly now when
      effluent requirements are becoming more stringent.
PAR  The use of oleum, instead of concentrated sulfuric acid, to some extent
      reduces the problem of the progressive dilution of the sulfonating agent,
      as the water liberated in the reaction reacts with the sulfur trioxide,
      which the oleum contains, to form further sulfuric acid. However, there is
      clearly a limit to the amount of water which can be taken up in this way
      by a given quantity of oleum, the precise amount depending, of course, on
      the percentage of sulfur trioxide contained in the oleum. Although it is
      possible to use less oleum than sulfuric acid, it will still normally be
      necessary to use an excess over that theoretically needed to react with
      the aromatic compound. In consequence, the problem of the subsequent
      separation of the desired sulfonic acid from the excess sulfuric acid at
      the end of the reaction and the disposal of this sulfuric acid remains.
PAR  Alternative processes which have been used for the sulfonation of aromatic
      compounds have involved the direct reaction of the compound with sulfur
      trioxide. Sulfur trioxide reacts instantaneously with aromatic compounds,
      and it is not necessary to use a substantial excess to effect complete
      sulfonation. There is, therefore, no need for the reaction product to be
      contaminated with substantial quantities of excess sulfonating agent.
      However, sulfur trioxide is very highly reactive and its reactions with
      aromatic compounds are extremely exothermic and difficult to control.
      Undesirable side reactions, particularly sulfone formation, often occur to
      a troublesome extent. It has, for example, been found that the addition of
      sulfur trioxide to benzene yields about 15 - 18% of diphenyl sulfone, and,
      although it is claimed that, by altering the procedure, it is possible to
      halve the amount of unwanted sulfone produced, the percentage obtained is
      still undesirably high.
PAR  In attempts to overcome these drawbacks, and to moderate and control its
      reactions with aromatic compounds, sulfur trioxide has been used in the
      presence of inert diluents. Two such procedures have been evolved.
      However, one of these procedures is only applicable for the sulfonation of
      hydrocarbons of high molecular weight, which have a very low vapour
      pressure at the reaction temperature, and the other procedure is expensive
      to implement.
PAR  The first of the two procedures involves the use of sulfur trioxide diluted
      with thoroughly dried air to a concentration which is generally between
      1-7% v/v. This process is unsuitable for sulfonating the more volatile
      aromatic compounds (such as for example benzene, toluene and xylene) as
      the amounts of such compounds entrained in the effluent air from the
      process are too great, not only from the point of view of cost, but also
      because of the toxicity hazards and fire and explosion risks if effluent
      air containing substantial quantities of the aromatic compound is
      discharged into the atmosphere. It has not been found possible to recycle
      the effluent air due to its contamination with small droplets of organic
      matter and sulfuric acid.
PAR  Apart from the fact that the process is unsuitable for sulfonating more
      volatile compounds, it also has other disadvantages. Thus, the volume of
      air used as the diluent is large, and the drying of large volumes of air
      is expensive. This is particularly significant as it is not possible to
      recycle the air. Furthermore, the scrubbing of the effluent air prior to
      its release into the atmosphere is difficult, and a really satisfactory
      method for doing this has yet to be found.
PAR  The other process where sulfur trioxide is used in the presence of an inert
      diluent involves the dilution of the sulfur trioxide with an inert
      solvent. This process, unlike that described above, is not restricted to
      the sulfonation of the less volatile aromatic compounds, but is inevitably
      expensive since the solvent must be recovered after the reaction is
      completed, and some losses are inevitable. Moreover, in practice, very few
      solvents are satisfactory since a suitable solvent must be completely
      inert vis-a-vis the reactants, and preferably dissolve not only sulfur
      trioxide but also the aromatic compound to be sulfonated and the aromatic
      sulfonic acid obtained from it. Liquid sulfur dioxide has been the solvent
      generally used commercially hitherto. This fulfils all these requirements,
      but its use inevitably requires expensive pressure equipment, and
      refrigeration plant is necessary for its recovery. It will be apparent
      therefore, that the use of this process will normally only be commercially
      justified for the manufacture of sulfonates which sell at comparatively
      high prices.
PAR  One further process involving the direct reaction of sulfur trioxide with
      the aromatic compound has also been developed, and involves maintaining a
      reduced pressure or near vacuum conditions in the reaction zone, thereby
      increasing the inter-molecular spacing of the sulfur trioxide and hence
      decreasing the rate of reaction. The sulfonation by this method of alkyl
      benzenes having from 11 to 15 carbon atoms in the alkyl group has been
      described. These compounds have a comparatively low vapor pressure at the
      sulfonation temperature. The procedure described is, however, inapplicable
      to the sulfonation of aromatic compounds having a high vapour pressure at
      the sulfonation temperature since, when using such compounds, the quantity
      of vapour sucked away to the vacuum pump provided to reduce the pressure
      would be unacceptably high. Moreover, the process requires continuous
      cycling of the reaction mixture through a heat-exchanger to keep its
      temperature from rising to a point where side reactions would become
      unacceptable.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that aromatic compounds, including those having high
      vapor pressures, can be sulfonated by processes in accordance with the
      present invention, in a manner which is readily controllable and
      comparatively inexpensive to operate on a commercial scale, to yield a
      reaction product from which it is readily possible to isolate sulfonic
      acid or sulfonates of relatively high purity, yet without any significant
      problem of disposal of excess sulfuric acid.
PAR  Accordingly this invention provides a process for the sulfonation
      substances having a boiling point not greater than 100.degree.C at a
      pressure of 0.1 mm Hg and selected from the group consisting of aromatic
      compounds and mixtures thereof, said aromatic compounds being compounds
      susceptible to the direct action of sulfur trioxide to yield a product
      having a sulfonated aromatic nucleus but otherwise substantially inert
      under the reaction conditions to sulfur trioxide, wherein:
PAR  1. said aromatic substance at a temperature above its melting point, and
      thus in liquid form, is brought to boiling in a reaction chamber at a
      temperature selected from the group consisting of 100.degree.C and
      temperatures below 100.degree.C under a pressure of from 0.1 mm Hg to
      atmospheric pressure (normally about 760 mm Hg)
PAR  2. gaseous sulfur trioxide is introduced into the boiling liquid aromatic
      substance to react exothermically therewith, heat liberated in the
      exothermic sulfonation reaction causing said liquid aromatic substance to
      continue to boil and furnishing the latent heat of volatilization of the
      said liquid aromatic substance
PAR  3. the aromatic substance thus volatilized is reconverted to liquid in a
      heat-exchanger, so that the latent heat of volatilization is given up in
      the heat-exchanger and heat liberated in the sulfonation reaction is thus
      removed from the reaction chamber
PAR  4. the aromatic substance reconverted to liquid in the heat-exchanger is
      recycled to the reaction chamber, and
PAR  5. the pressure in the reaction chamber and the rate at which the gaseous
      sulfur trioxide is introduced into the liquid aromatic substance are so
      controlled that the aromatic substance is volatilized, reconverted to the
      liquid state and recycled to the reaction chamber at a rate such as to
      ensure that the amount of liquid aromatic substance present in the
      reaction chamber and available for participation in the sulfonation
      reaction is always in excess of that amount of said aromatic substance
      capable of reacting with the gaseous sulfur trioxide in contact with the
      aromatic substance in the reaction chamber and that the temperature of the
      reaction mixture is a temperature selected from the group consisting of
      100.degree.C and temperatures below 100.degree.C.
PAR  The processes of the present invention are applicable to the sulfonation of
      any aromatic substance (which term includes both single aromatic compounds
      and mixtures of two or more such compounds, where said aromatic compounds
      are selected from the group consisting of aromatic compounds having a
      fully conjugated ring system and heterocyclic compounds which, although
      not possessing a fully conjugated ring system, nevertheless have a
      substantial degree of aromatic character) provided naturally that the
      aromatic substance boils under a pressure of 0.1 mm Hg at a temperature of
      not more than 100.degree.C and provided that it is susceptible to the
      direct action of sulfur trioxide to yield a product having a sulfonated
      aromatic nucleus and is otherwise substantially inert to the action of
      sulfur trioxide under the conditions of the process.
PAR  It is believed to be well within the competence of any chemist to determine
      whether any particular compound meets these requirements. However, for
      general guidance it may be added that aromatic substances which boil under
      normal atmospheric pressure at temperatures of from 80.degree.C to
      250.degree.C will normally boil under a pressure of 0.1 mm Hg at
      temperatures of not more than 100.degree.C.
PAR  An aromatic compound to be susceptible to sulfonation by the process of
      this invention must include the group
      ##EQU1##
      in the aromatic nucleus, and the aromatic substances most frequently
      sulfonated by the process of this invention will be selected from the
      group consisting of aromatic compounds and mixtures thereof, said aromatic
      compounds being represented by the formula:   wherein A represents the
      remainder of an aromatic ring system selected from the group consisting of
      aromatic hydrocarbons, thiophene and substituted derivatives of aromatic
      hydrocarbons and thiophene wherein all the substituent groups are
      substantially inert to the action of sulfur trioxide at a temperature at
      which sulfonation of the aromatic nucleus can be effected by sulfur
      trioxide.
PAR  While a very large number of aromatic compounds may be sulfonated by the
      processes of the present invention, the most important classes of aromatic
      compounds for most industrial purposes are one-ring and two-ring
      hydrocarbon systems (e.g. benzene and naphthalene) and thiophene, as well
      as substituted derivatives of all these compounds.
PAR  Hence, the sulfonation process of the present invention is particularly
      applicable to aromatic substances selected from the group consisting of
      aromatic compounds and mixtures thereof, said aromatic compounds being
      represented by the formula
      ##EQU2##
      wherein A' represents the remainder of a ring system selected from the
      group consisting of benzene, naphthalene, thiophene, and substituted
      derivatives of benzene, naphthalene and thiophene wherein all the
      substituent groups are substantially inert to the action of sulfur
      trioxide at a temperature at which the sulfonation of the aromatic nucleus
      can be effected by sulfur trioxide.
PAR  Any aromatic substance may be sulfonated by the process of this invention
      provided that it conforms to the requirements that it is susceptible to
      the direct action of sulfur trioxide to yield a product having a
      sulfonated aromatic nucleus and is otherwise substantially inert to the
      action of sulfur trioxide under the conditions of the process, and
      provided also that it has a boiling point, under a pressure of 0.1 mm Hg,
      of 100.degree.C or less.
PAR  The temperature at which an aromatic compound boils will depend upon the
      number of substituent groups which the compound contains. In general, the
      greater the number of substituent groups of a particular type, the higher
      the boiling point, but substitution by some substituent groups raises the
      boiling point of an aromatic compound more than substitution by other
      groups. It is believed to be well within the competence of any chemist to
      determine whether an aromatic substance is susceptible to the direct
      action of sulfur trioxide to yield a product having a sulfonated aromatic
      nucleus and is otherwise inert to the action of sulfur trioxide and boils,
      under a pressure of 0.1 mm Hg, at a temperature of not more than
      100.degree.C, and thus is suitable for sulfonation by the process of the
      invention. However, for general guidance, it may be said that the aromatic
      substances suitable for the process of the invention are those selected
      from the group consisting of aromatic compounds and mixtures thereof, said
      aromatic compounds being compounds containing from 1 to 10
      ##EQU3##
      radicals where C is a carbon atom of an aromatic nucleus, selected from
      the group consisting of compounds containing from 6 to 14 carbon atoms and
      compounds containing from 6 to 14 carbon-equivalents, where
PA1  1 carbon atom is taken as 1 carbon-equivalent
PA1  1 fluorine atom is taken as 1 carbon-equivalent
PA1  1 chlorine atom is taken as 2 carbon-equivalents
PA1  1 bromine atom is taken as 3 carbon-equivalents
PA1  1 iodine atom is taken as 6 carbon-equivalents
PA1  1 --O-- radical is taken as 1 carbon-equivalent
PA1  1 --S-- radical is taken as 2 carbon-equivalents
PA1  1 NO.sub.2 radical is taken as 6 carbon-equivalents and represented by a
      formula selected from the group consisting of Formulae I, II, III and IV
      below:
      ##SPC1##
PAR  where the radicals R.sub.1 - R.sub.10 are selected from the group
      consisting of NO.sub.2, F, Cl, Br, I, alkyl containing 1 - 8 carbon atoms,
      phenyl, benzyl, ethyl-phenyl, phenyl-ethyl, methyl-benzyl, alkoxy
      containing 1 - 7 carbon atoms, phenoxy, methyl-phenoxy, phenoxy-methyl and
      H,
PAR  and where the radicals R.sub.11 - R.sub.18 are selected from the group
      consisting of F, Cl, Br, alkyl containing 1 - 4 carbon atoms, alkoxy
      containing 1 - 3 carbon atoms and H,
PAR  and where R.sub.19 - R.sub.22 are selected from the group consisting of F,
      Cl, Br, alkyl containing 1 - 5 carbon atoms, alkoxy containing 1 - 4
      carbon atoms and H,
PAR  and where X is selected from the group consisting of saturated aliphatic
      hydrocarbon radicals containing 4 - 8 carbon atoms and alkoxy substituted
      saturated aliphatic hydrocarbon radicals containing 4 - 7 carbon atoms in
      all and 3 - 4 of the carbon atoms in X together with the two carbon atoms
      of the aromatic nucleus to which X is joined, form a ring selected from
      the group consisting of 5 membered rings and 6 membered rings.
PAR  Examples of compounds within Formula I above are:
PAR  benzene, toluene, ethyl-benzene, fluorobenzene, chlorobenzene,
      bromobenzene, iodobenzene, nitrobenzene, pentamethyl-benzene,
      octyl-benzene, cumene, pseudo-cumene, para-cymene, mesitylene, anisole and
      phenetole and all isomeric forms of
PAR  xylene, ethyl-toluene, fluorotoluene, monochlorotoluene, monobromotoluene,
      monoiodotoluene, dichlorobenzene, trichlorobenzene, tetrachlorobenzene,
      tetrafluorobenzene, dibromobenzene, diethoxybenzene, nitrotoluene,
      monochlorotoluene, monobromotoluene, bromoxylene, dibromoxylene,
      dibromotoluene, iodotoluene, iodoxylene, chlorophenetole, nitroanisole and
      monochloronitrobenzene.
PAR  Examples of compounds within Formula II above are:
PAR  thiophene and all isomeric forms of
PAR  methylthiophene, dimethylthiophene, ethyl thiophene, octyl thiophene,
      monochlorothiophene, monobromothiophene, monoiodothiophene,
      monofluorothiophene, mononitrothiophene, methoxy-thiophene and
      heptoxy-thiophene.
PAR  Examples of compounds within Formula III above are:
PAR  naphthalene and all isomeric forms of
PAR  methylnapthalene, monofluoronapthalene, monochloronaphthalene,
      dimethylnaphthalene, ethyl-naphthalene, monochloromethylnaphthalene,
      monochloroethylnapthalene, methyl ethyl naphthalene, isopropyl-naphthalene
      and diethylnapthalene.
PAR  Examples of compounds within Formula IV above are:
PAR  tetrahydronaphthalene and indane and all isomeric forms of
PAR  methyltetrahydronaphthalene, ethyltetrahydronaphthalene,
      monofluorotetrahydronaphthalene and monochlorotetrahydronaphthalene (the
      fluorine or chlorine atom in the two last-named compounds being attached
      to a carbon atom in the aromatic ring), methoxytetrahydronaphthalene,
      ethoxytetrahydronaphthalene, dimethoxytetrahydronaphthalene, methylindane,
      pentyl-indane and monochloro-indane and monobromoindane (the chlorine or
      bromine atoms in the two last-named compounds being attached to a carbon
      atom in the aromatic ring).
PAR  It is not necessary for the aromatic compound which is to be sulfonated by
      the process of the present invention to be pure. Not only can mixtures of
      different aromatic compounds be employed as the aromatic substance, in the
      manner already indicated, but it is also frequently convenient to use
      commercially available aromatic materials which are mixtures of different
      isomers. It will also frequently be convenient to use commercially
      available aromatic substances which contain impurities, although it is
      obvious that it is generally undesirable for the aromatic substance to
      contain substantial quantities of unsulfonatable impurities which are
      likely to impair the usefulness of the end product of the sulfonation
      procedure, or to contain impurities which will react with the sulfur
      trioxide to produce tar or other undesirable products.
PAR  The sulfonation processes of the present invention must be carried out at a
      temperature at or below 100.degree.C, since side reactions and darkening
      of the product take place to a significant extent above this temperature.
      It is preferred in practice to carry out sulfonation by the process at a
      temperature of 20.degree.C or above, in order that the heat-exchanger
      employed may be a water-cooled condenser; and at 80.degree.C or below in
      order that undesirable side reactions are minimized. Preferred
      temperatures are from 40.degree.C to 60.degree.C.
PAR  Since most aromatic compounds boil under normal atmospheric pressure at a
      temperature of above 100.degree.C, it is normally necessary, when
      employing such compounds, to effect the process of the present invention
      under reduced pressure. Even using benzene which under normal atmospheric
      pressure boils at a temperature of about 80.degree.C and can therefore be
      sulfonated in accordance with the present invention at atmospheric
      pressure, it is often preferred to effect the process under reduced
      pressure so as to be able to work at a lower temperature. It is in
      practice often convenient to work at a pressure ranging from 3 to 700 mm
      of mercury; though the process can in fact be effected at a pressure even
      as low as 0.1 mm Hg, and will most often be effected at a pressure of from
      25 mm Hg to 400 mm Hg.
PAR  The sulfur trioxide employed in the process of the invention may be
      provided in any convenient way. While the use of sulfur trioxide diluted
      with air or another inert gas is not excluded, this could give rise to
      entrainment losses which will become more and more unacceptable as the
      degree of dilution increases. Hence no advantage is usually seen in
      diluting the sulfur trioxide, which therefore should normally be used
      undiluted, thus in the state of purity in which it is commercially
      available. Thus the sources of sulfur trioxide may conveniently be either
      commercially available stabilized sulfur trioxide or oleum. The sulfur
      trioxide thus generated may conveniently be merely aspirated into the
      aromatic substance.
PAR  In the processes of the prior art, it has been normal, when sulfonating
      with sulfuric acid or oleum, to use an excess of sulfonating agent over
      that theoretically needed, in order to convert as nearly as possible the
      whole of the aromatic compound present to the corresponding sulfonic acid.
      Even when sulfur trioxide has been used as the sulfonating agent, it has
      been usual to employ sufficient sulfur trioxide to convert all or nearly
      all of the aromatic substance to the corresponding sulfonic acid. In the
      processes of the present invention, however, although sulfur trioxide is
      used as the sulfonating agent, it is the aromatic substance which is
      employed in excess. Inevitably this means that the reaction product
      contains some amount of unreacted aromatic compound. However, this
      generally is easily removable by distillation to yield anhydrous sulfonic
      acids of well over 95% purity.
PAR  In the processes of the present invention the sulfur trioxide is passed
      into the aromatic substance in the liquid state at its boiling point. The
      highly exothermic reaction which occurs causes the aromatic substance to
      boil thereby controlling the temperature of the aromatic substance and
      also causing thorough mixing. This considerably reduces the risk of local
      overheating and hence charring. The aromatic substance volatilized in the
      process is reconverted to liquid by cooling in the heat-exchanger and is
      returned to the reaction mixture. Although any suitable heat-exchanger may
      be employed, the heat-exchanger is most conveniently a water-cooled
      condenser. The flow of the sulfur trioxide should be controlled so that
      the substance is not volatilized by the heat of the reaction more rapidly
      than the heat-exchanger is able to reconvert it to the liquid state.
PAR  It has been found that the absorption of sulfur trioxide in the process of
      the present invention is almost quantitative in the liquid phase, but the
      condensed liquid aromatic compound being returned to the reaction mixture
      can provide further scrubbing of any trace of sulfur trioxide which may
      have escaped reaction.
PAR  The excess of the aromatic substance employed when operating the process as
      a batch process preferably amounts to from 1 to 100% by weight above that
      theoretically needed to react with the sulfur trioxide used in the
      process. It is however unnecessary to use accurately weighed or measured
      proportions of the reactants, so long as an excess of the aromatic
      substance is present in the reaction chamber all the time during the
      reaction. The fact that it is not necessary accurately to control the
      proportions of the reactants is especially convenient when the reaction is
      conducted as a continuous process, since it eases the technical problems
      of measuring and controlling the sulfur trioxide stream. The use of an
      excess of unreacted aromatic substance assists in maintaining the boiling
      of the reaction mixture at a steady temperature, and in controlling the
      viscosity of the reaction mixture. The use of an excess of the aromatic
      substance also minimises undesirable sulfone formation. Even by this
      process however some sulfone may be produced, and in order to reduce the
      amount a sulfone depressor (for example, acetic acid or acetic anhydride)
      may be incorporated into the reaction medium.
PAR  The process of the present invention yields a mixture comprising mainly the
      desired aromatic sulfonic acid, together with unreacted aromatic compound
      and certain impurities. The sulfonic acid may generally be isolated quite
      readily by conventional methods. Simple distillation of the excess
      aromatic compound (preferably in vacuo) often yields the anhydrous
      sulfonic acid in a state of purity well over 95%, the major contaminant
      being the corresponding sulfone formed as a by-product during the
      reaction. Alternatively, instead of removing unreacted aromatic substance
      by distillation, it is possible to add water or an aqueous solution of an
      alkali with cooling to the reaction product, and the resultant mixture
      will on standing separate into two phases. Provided that the relative
      density of the aromatic substance is less than the relative density of the
      solution of sulfonic acid or sulfonate formed, the lower layer contains
      the sulfonic acid or sulfonate formed, and the unreacted aromatic compound
      remains as the top layer and may be removed by decantation. The lower
      layer may then be boiled, preferably under reduced pressure, to remove any
      remaining unreacted aromatic substance, and leave an aqueous solution of
      the desired sulfonic acid or sulfonate salt. This latter method removes
      from the sulfonic acid or sulfonate solution most of the sulfones, whose
      formation always to some extent accompanies the production of sulfonic
      acids by sulfonation with sulfur trioxide.
PAR  Naturally, any aromatic compound recovered may be recycled in the process
      of the invention, if necessary after drying and/or purification by
      distillation.
PAR  Where it is possible to do so, the process can advantageously be operated
      continuously, by feeding the aromatic substance continuously into the
      reaction chamber and bringing it to boiling, introducing the sulfur
      trioxide continuously into the boiling aromatic substance therein,
      withdrawing reaction mixture continuously from the reaction chamber, and
      separating from the reaction mixture the unreacted aromatic substance,
      purifying and recycling it to the reaction chamber.
PAR  The invention also extends to any aromatic sulfonic acid and the salts
      thereof whenever the sulfonic acid is prepared by the sulfonation process
      of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention will now be described, though only by way of illustration,
      with reference to the apparatus shown in the accompanying drawings.
      Details of preferred reagents, conditions and techniques employed in the
      processes of the present invention are given in the Examples which follow
      the description with reference to the drawings.
PAC  GENERAL BATCH PRODUCTION
PAR  An apparatus for carrying out a reaction batchwise in accordance with the
      present invention is illustrated in FIG. 1 of the accompanying drawings.
      In this apparatus, a three-necked flask 1 is employed as the reaction
      vessel, and is fitted with a thermometer 2, a gas inlet tube 3 reaching to
      the bottom of the flask and a reflux condenser 4 which is connected to a
      vacuum pump by the line 5. A two-necked flask 6, fitted with a thermometer
      7 and a vapour outlet line 8, is provided as sulfur trioxide generator.
      The two flasks are connected through a tap unit 9 and two empty flasks 10
      and 11 which serve as safety traps. The appropriate amount of the dry
      aromatic substance to be sulfonated is placed in the reaction vessel 1,
      and a suitable amount of sulfur trioxide (usually for preference in a
      molecular ratio of aromatic substance to sulfur trioxide of approximately
      2:1) in stabilized liquid form is placed in the flask 6. The aromatic
      substance is then heated to the desired reaction temperature and, on
      reduction of the pressure, begins to reflux. The sulfur trioxide generator
      heated to a predetermined temperature is then connected via the tap 9 to
      the reactor 1 through the vapor line of the generator and gas inlet line
      of the latter. Sulfur trioxide evaporates into the partially-evacuated
      system and passes into the boiling aromatic substance which remains
      vigorously agitated by ebullition throughout the reaction. Gentle warming
      of the trioxide generator is maintained throughout the reaction to aid
      evaporation. The reaction vessel itself need not be heated at all since
      the strongly exothermic reaction maintains the mixure at the boil whilst
      any excess heat of reaction is removed as latent heat of volatilization of
      the aromatic substance.
PAR  The reaction is completed when all the sulfur trioxide has evaporated and
      passed from the generator into the reaction vessel. At the same time
      reflux in the reaction vessel ceases as no further heat is evolved.
PAC  GENERAL CONTINUOUS PRODUCTION
PAR  A plant for carrying out a process of the present invention for the
      sulfonation in a continuous manner of an aromatic substance having a
      relative density of less than 1 is illustrated in FIG. 2 of the
      accompanying drawings.
PAR  In this plant a reactor 21 is provided with a reflux condenser 22 itself
      attached to a vacuum line 23. Sulfur trioxide is supplied via a line 24
      regulated by a tap 25 to an evaporator 26 and thence to a gas inlet nozzle
      27 at the base of the reactor 21. The aromatic substance to be sulfonated
      is supplied from bulk storage via a line 28 to a feed tank 29 having a
      safety vent 30. From this tank the aromatic substance is fed to the
      reactor 21 by the line 31. Reaction mixture may be continuously withdrawn
      from the base of the reactor by the line 32 and mixed with water or
      aqueous alkali fed by the line 33 in an in-line mixer unit 34 from where
      it passes to a separator 35 with a recycle circuit. The unreacted aromatic
      substance is taken from the separator 35 as the upper layer and fed via
      line 36 to a distillation vessel 37 attached to a vacuum line 38. After
      vacuum distillation the unreacted aromatic substance is passed via a line
      39 into a further separator 40 from where water is removed by the line 41
      and the unreacted aromatic substance is then returned via the line 42 to
      the feed tank 29.
PAR  The aqueous sulfonic acid or sulfonate solution is fed from the separator
      35 to the top of an extraction column 43, into the middle of which is
      passed some of the aromatic substance taken by a line 44 from the supply
      line 31. The aromatic substance removed overhead from the extraction
      column is passed by line 45 to the distillation vessel 37. The aqueous
      sulfonic acid or sulfonate is led from the base of the extraction column
      43 to a stripper 46 from which the final traces of unreacted aromatic
      substance are removed and the pure final product is then removed from the
      plant by a line 47. The small quantities of water and unreacted aromatic
      substance removed in this final stripper 46 are condensed in vessel 48 and
      then recycled via line 49. Some water is also contained in the recycle
      line 42 and this accumulates at the bottom of the feed tank 29 from which
      it may be removed by the drain plug 50.
PAC  EXAMPLE 1 -- PREPARATION OF BENZENE SULFONIC ACID
PAR  Mono-sulfonation of benzene was carried out in the apparatus of FIG. 1. Dry
      benzene (390 g., 5 gram molecules) was placed in the three-necked reaction
      flask (1 litre capacity) together with acetic anhydride (1 g) which was
      added to suppress sulfone formation. The reaction flask was heated to
      40.degree.C and the pressure gradually reduced until the benzene refluxed
      vigorously at 400 mm Hg. The sulfur trioxide generator was charged with
      liquid, stabilized sulfur trioxide (200 g, 2.5 gram molecules) and the two
      flasks were connected to allow the sulfur trioxide to be aspirated into
      the reaction flask. External heating of the reaction flask was
      discontinued but the trioxide generator was gently warmed to maintain an
      internal temperature of 30.degree.C to aid evaporation. The reaction was
      completed when all the sulfur trioxide had been evaporated from the
      generator and had passed into the reaction vessel. At this point reflux
      ceased. Anhydrous benzene sulfonic acid was isolated by distilling off the
      excess benzene in vacuo, leaving a light amber coloured oil which
      crystallized slowly when kept in a desiccator over concentrated sulfuric
      acid. The sulfonic acid was contaminated by 0.2% sulfuric acid and 1.5%
      diphenyl sulfone. The yield was 98% calculated with respect to the amount
      of sulfur trioxide employed.
PAR  The above-described procedure, when applied to thiophene (using the
      reactants in the same molecular proportions as above) and with appropriate
      adjustment of pressure to secure boiling at about 40.degree.C, yields a
      similar high degree of conversion to thiophene sulfonic acid, usually in
      the form of a mixture of the isomers thereof.
PAC  EXAMPLE 2 -- PREPARATION OF P-CHLOROBENZENE SULFONIC ACID
PAR  In the apparatus described in FIG. 1 chlorobenzene was sulfonated at
      60.degree.C and under a pressure of 75 mm Hg. The reaction vessel 1 was
      charged with chlorobenzene (225 g., 2 gram molecules) and acetic acid (1
      g) was added to suppress sulfone formation. Oleum (200 g 65% sulfur
      trioxide content) was placed into the trioxide generator which was
      accurately weighed. During the reaction the sulfur trioxide generator was
      gradually warmed to about 50.degree.C and the reaction was stopped when
      the generator had lost 80 g in weight. Water (190 g) was then carefully
      added to the reaction mixture which separated into two layers. The lower
      aqueous sulfonic acid phase was drawn off and boiled until free from
      chlorobenzene. The yield of p-chlorobenzene sulfonic acid in the form of a
      50% aqueous solution was almost quantitative.
PAR  The above-described procedure, when applied (using the reactants in the
      same molecular proportions as above) to the following compounds
     toluene          (methyl-benzene)                                         
     cumene           (isopropyl-benzene)                                      
     anisole          (methoxy-benzene)                                        
     meta-chloro-toluene                                                       
     2-ethyl-chloro-benzene                                                    
PAL  and with appropriate adjustment of pressure to secure boiling at about
      60.degree.C, yields a high degree of conversion to the corresponding
      sulfonic acid, usually in the form of a mixture of the isomers thereof.
PAC  EXAMPLE 3 -- SULFONATION OF SOLVENT NAPHTHA
PAR  Solvent naphtha (an aromatic fraction obtained from coal tar or petroleum
      sources, boiling under atmospheric pressure in the range 160.degree. -
      190.degree.C, and containing a large number of isomeric and homologous
      hydrocarbons such as pseudocumene, hemimellitene, mesitylene, p-cymene and
      ethyl-toluene) was sulfonated by the method of Example 1, but at
      75.degree.C and under a pressure of 30 mm Hg. The solvent naphtha (240 g,
      2 gram molecules) containing acetic acid (1 g), was reacted with sulfur
      trioxide (80 g, 1 gram molecule). The product was a complex mixture of
      isomers of sulfonic acids derived from the mixed aromatic hydrocarbon feed
      and was isolated as an almost colourless 30% aqueous solution by the
      method described in Example 2.
PAR  The above-described procedure, when applied (using the reactants in the
      same molecular proportions as above) to the following compounds
     xylene         (o, m and p dimethyl-benzene)                              
     para-cymene    (p-isopropyl-toluene)                                      
     phenetole      (ethoxy-benzene)                                           
     meta-bromo-toluene                                                        
PAL  and with appropriate adjustment of pressure to secure boiling at about
      75.degree.C, yields a high degree of conversion to the corresponding
      sulfonic acid, usually in the form of a mixture of the isomers thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the sulfonation of aromatic substances and mixtures
      thereof selected from the group consisting of benzene, toluene,
      ethyl-benzene, fluorobenzene, chlorobenzene, bromobenzene, iodobenzene,
      nitrobenzene, pentamethyl-benzene, octyl-benzene, cumene, pseudo-cumene,
      para-cymene, mesitylene, anisole, phenetole, thiophene, naphthalene,
      tetrahydronaphthalene and indane, and all isomeric forms of xylene,
      ethyl-toluene, fluorotoluene, monochlorotoluene, monobromotoluene,
      monoiodotoluene, dichlorobenzene, trichlorobenzene, tetrachlorobenzene,
      tetrafluorobenzene, dibromobenzene, diethoxybenzene, nitrotoluene,
      monochlorotoluene, monobromotoluene, bromoxylene, dibromoxylene,
      dibromotoluene, iodotoluene, iodoxylene, chlorophenetole, nitroanisole,
      monochloronitrobenzene, methylthiophene, dimethylthiophene,
      ethylthiophene, octyl thiophene, monochlorothiophene, monobromothiophene,
      monoiodothiophene, monofluorothiophene, monoitrothiophene,
      methoxy-thiophene, heptoxy-thiophene, methylnaphthalene,
      monofluoronaphthalene, monochloronaphthalene, dimethylnaphthalene, ethyl
      naphthalene, monochloromethylnaphthalene, monochloroethylnaphthalene,
      methyl ethyl naphthalene, isopropylnaphthalene, diethylnaphthalene,
      methyltetrahydronaphthalene, ethyltetrahydronaphthalene,
      monofluorotetrahydronaphthalene, monochlorotetrahydronaphthalene, (the
      fluorine or chlorine atom in the two compounds last named being attached
      to a carbon atom in the aromatic ring), methoxytetrahydronaphthalene,
      ethoxytetrahydronaphthalene, dimethoxytetrahydronaphthalene,
      methyl-indane, pentyl-indane and monochloro-indane and monobromo-indane
      where the chlorine or bromine atom in the two last-named compounds is
      attached to a carbon atom in the aromatic ring, in which process:
PAR  1. said aromatic substance is brought to boiling in a reaction chamber at a
      temperature in the range from above the melting point of said aromatic
      compound to 100.degree.C, under a pressure of from 0.1 mm Hg to
      atmospheric pressure,
PA1  2. gaseous sulfur trioxide is introduced into the boiling liquid aromatic
      substance to react exothermically therewith, heat liberated in the
      exothermic sulfonation reaction causing said liquid aromatic substance to
      continue to boil and furnishing the latent heat of volatilization of the
      said liquid aromatic substance,
PA1  3. the aromatic substance thus volatilized is reconverted to liquid in a
      heat-exchanger, so that the latent heat of volatilization is given up in
      the heat-exchanger and heat liberated in the sulfonation reaction is thus
      removed from the reaction chamber,
PA1  4. the aromatic substance reconverted to liquid in the heat-exchanger is
      recycled to the reaction chamber,
PA1  5. the pressure in the reaction chamber and the rate at which the gaseous
      sulfur trioxide is introduced into the liquid aromatic substance are so
      controlled that the aromatic substance is volatilized, reconverted to the
      liquid state and recycled to the reaction chamber at a rate such as to
      ensure that the amount of liquid aromatic substance present in the
      reaction chamber and available for participation in the sulfonation
      reaction is always in excess of that amount of said aromatic substance
      capable of reacting with the gaseous sulfur trioxide in contact with the
      aromatic substance in the reaction chamber and that the temperature of the
      reaction mixture is a temperature in the range from above the melting
      point of said aromatic substance to 100.degree.C.
NUM  2.
PAR  2. A process according to claim 1, where the process is operated
      continuously, the aromatic substance being continuously fed into the
      reaction chamber and brought to boiling, the sulfur trioxide being
      continuously introduced into the boiling aromatic substance therein, the
      reaction mixture being continuously withdrawn from the reaction chamber,
      and the unreacted aromatic substance being separated from the reaction
      mixture, purified and recycled to the reaction chamber.
NUM  3.
PAR  3. A process for the sulfonation of an aromatic substance which is a
      commercially available solvent naphtha aromatic fraction obtained from
      coal tar and petroleum having a boiling range of from 160.degree.C to
      190.degree.C, in which process
PA1  1. said aromatic substance is brought to boiling in a reaction chamber at a
      temperature in the range from above the melting point of said aromatic
      compound to 100.degree.C, under a pressure of from 0.1 mm Hg to
      atmospheric pressure,
PA1  2. gaseous sulfur trioxide is introduced into the boiling liquid aromatic
      substance to react exothermically therewith, heat liberated in the
      exothermic sulfonation reaction causing said liquid aromatic substance to
      continue to boil and furnishing the latent heat of volatilization of the
      said liquid aromatic substance,
PA1  3. the aromatic substance thus volatilized is reconverted to liquid in a
      heat-exchanger, so that the latent heat of volatilization is given up in
      the heat-exchanger and heat liberated in the sulfonation reaction is thus
      removed from the reaction chamber,
PA1  4. the aromatic substance reconverted to liquid in the heat-exchanger is
      recycled to the reaction chamber,
PA1  5. the pressure in the reaction chamber and the rate at which the gaseous
      sulfur trioxide is introduced into the liquid aromatic substance are so
      controlled that the aromatic substnace is volatilized, reconverted to the
      liquid state and recycled to the reaction chamber at a rate such as to
      ensure that the amount of liquid aromatic substance present in the
      reaction chamber and available for participation in the sulfonation
      reaction is always in excess of that amount of said aromatic substance
      capable of reacting with the gaseous sulfur trioxide in contact with the
      aromatic substance in the reaction chamber and that the temperature of the
      reaction mixture is a temperature in the range from above the melting
      point of said aromatic substance to 100.degree.C.
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PAL  Certain N,N'-bis(1,1-dioxohydrothienyl)diamino-alkanes, e.g.,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminopropane, useful as
      chain extenders for poly-urethanes, especially high resiliency, flexible
      poly-urethane foams.
PARN
PAR  This is a division of application Ser. No. 439,192, filed Feb. 4, 1974.
BSUM
PAR  This invention relates to certain new N,N'-bis-(1,1-dioxohydrothienyl)
      diaminoalkanes, a method of chain-extending polyurethanes therewith, and
      the resulting chain-extended polyurethanes.
PAR  In the manufacture of polyurethanes (long chain polyol-polyisocyanate
      reaction products) it is conventional to employ a "chain extender" which
      is ordinarily a polyfunctional organic compound having two or more
      reactive hydrogen atoms (reactive toward isocyanate; as determined by what
      is known as the Zerewitinoff method) as an aid in building up a
      polyurethane molecular structure having desirable properties. In practice,
      the requirements of a chain extender can be quite complex and exacting,
      and unfortunately many of the conventional ones suffer from various
      shortcomings in at least certain respects. One widely used chain extender
      is carcinogenic. To obviate this and other disadvantages there has
      accordingly been a continuing search by those skilled in the art for new
      chain extending agents.
PAR  The present invention is based on the discovery of certain new compounds,
      believed to be non-carcinogenic, which are surprisingly useful as chain
      extenders for polyurethanes. The new chemicals of the invention are
      N,N'-bis(1,1-dioxohydrothienyl)diaminoalkanes having the following
      formulas I or II:
      ##SPC1##
PAL  Wherein:
PAR  X and Z may be the same or different and may be hydrogen, an alkyl group
      having 1 to 5 carbon atoms or a halogen atom;
PAR  Y may be hydrogen, an alkyl group having 1 to 5 carbon atoms, or an alkoxy
      group having 1 to 5 carbon atoms;
PAR  R.sub.1 may be hydrogen, an alkyl group having 1 to 5 carbon atoms, an
      alkoxy group having 1 to 5 carbon atoms or a halogen atom;
PAR  R may be a straight chain or branched chain alkylene group having 1 to 16
      carbon atoms, a cycloalkylene group having 4 to 6 carbon atoms,
      ##SPC2##
PAL  , wherein R.sub.2, R.sub.3 and R.sub.4 may be the same or different and may
      be hydrogen or an alkyl group having 1 to 5 carbon atoms.
PAR  The heterocyclic diaminoalkanes of this invention are useful as chain
      extenders for polyurethanes and specifically for high resiliency, flexible
      polyurethane foams which exhibit a unique combination of physical
      properties such as high tensile strength, high tear resistance, high
      elongation, high resilient properties and low compression set. The chain
      extenders of the invention are also useful for making solid polyurethane
      elastomers and thermoplastics, for example from castable polyurethane
      prepolymers.
PAR  The novel compounds of this invention may be formed by a one-step synthesis
      starting with known thiophene 1,1-dioxides and the appropriate diamines in
      a suitable solvent.
PAR  The N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-diaminoalkanes of Formula I are
      formed by reacting a 4,5-dihydrothiophene 1,1-dioxide III with the
      appropriate diaminoalkane IV according to the following scheme (wherein
      the symbols have the meanings previously assigned):
      ##SPC3##
PAR  The N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]-thienyl)]diaminoalkanes of
      Formula II may be formed by reacting a benzo[b]thiophene 1,1-dioxide with
      the appropriate diaminoalkane VI according to the following scheme
      (wherein the symbols are as defined above):
      ##SPC4##
PAR  In general, two moles of the thiophene dioxide are reacted with one mole of
      the appropriate diaminoalkane. The reaction temperature is generally kept
      at 30.degree.-150.degree.C. and the reaction times will vary from two to
      twenty-four hours depending upon the thiophene dioxide and the
      diaminoalkane employed. The reaction solvents used in this reaction are
      water, alcohol-water mixtures and alcohols. Examples of alcohols that may
      be employed include methanol, ethanol, propanol, isopropanol, butanol,
      pentanol, hexanol and cyclohexanol.
PAR  Any of the 4,5-dihydrothiophene 1,1-dioxides having the following general
      formula (wherein X, Y, Z are as defined above) may be used as the starting
      material III for making the
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)diaminoalkanes I.
      ##SPC5##
PAR  Similarly any of the benzo[b]thiophene 1,1-dioxides having the following
      general formula (wherein X and R.sub.1 are as defined above) may be used
      as the starting material V for making the
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]diaminoalkanes II.
      ##SPC6##
PAL  Exemplary of such thiophene dioxides are 4,5-dihydrothiophene 1,1-dioxide,
      2-methyl-4,5-dihydrothiophene 1,1-dioxide, 2-chloro-4,5-dihydrothiophene
      1,1-dioxide, 2-bromo-4,5-dihydrothiophene 1,1-dioxide,
      2,5-dimethyl-4,5-dihydrothiophene 1,1-dioxide,
      2-ethyl-4,5-dihydrothiophene 1,1-dioxide,
      2-chloro-4-methyl-4,5-dihydrothiophene 1,1-dioxide,
      4-phenyl-4,5-dihydrothiophene 1,1-dioxide,
      2-chloro-4-phenyl-4,5-dihydrothiophene 1,1-dioxide,
      2,5-dichloro-4,5-dihydrothiophene-1,1-dioxide.
      2-bromo-5-phenyl-4,5-dihydrothiophene 1,1-dioxide,
      4,5-5-trimethyl-4,5-dihydrothiophene 1,1-dioxide,
      4-ethyl-4,5-dihydrothiophene 1,1-dioxide,
      5,5-dimethyl-4,5-dihydrothiophene 1,1-dioxide, benzo[b]thiophene
      1,1-dioxide, 2-chlorobenzo[b]thiophene 1,1-dioxide,
      5-chlorobenzo[b]thiophene 1,1 dioxide, 5-ethylbenzo[b]thiophene
      1,1-dioxide, 5-methoxybenzo[b]thiophene 1,1-dioxide,
      2-chloromethyl-benzo[b]thiophene 1,1-dioxide,
      2,5-dichlorobenzo[b]thiophene 1,1-dioxide, 2-ethylcarboxybenzo[b]thiophene
      1,1-dioxide, 5,7-dimethylbenzo[b]thiophene 1,1-dioxide, and the like.
PAR  Any diaminoalkane having the following general formula (wherein R is as
      previously defined) may be used in preparing the chemicals of this
      invention:
EQU  H.sub.2 N--R--NH.sub.2
PAR  exemplary of such diaminoalkanes are 1,2-diaminoethane, 1,3-diaminopropane,
      1,2-diaminopropane, 1,4-diaminobutane, 1,2-diamino-2-methylpropane,
      1,5-diaminopentane, 1,6-diaminohexane, 1,2-diaminocyclohexane,
      1,3-diaminocyclohexane, 1,4-diaminocyclohexane, 1,7-diaminoheptane,
      1,8-diaminooctane, 1,10-diaminodecane, 1,12-diaminododecane,
      1,8-diamino-p-menthane, alpha,alpha'-diamino-m-xylene,
      alpha,alpha'-diamino-p-xylene, 1,3-diaminomethylcyclohexane,
      1,4-diaminomethylcyclohexane, 4,4'-methylene-bis-(aminocyclohexane),
      1,6-diamino-2,2,4-trimethylhexane, and the like.
PAR  By way of non-limiting example, there may be mentioned as typical of the
      chain extenders of the invention such chemicals as
      N,N'-bis(1,1-dioxotetrahydro-2-methyl-3-thienyl)-1,4-diaminobutane,
      N,N'-bis(1,1-dioxotetrahydro-2-amyl-5-methyl-3-thienyl)-1,10-diaminodecane
     , N,N'-bis(1,1-dioxotetrahydro-3-ethyl-3-thienyl)-1,4-diaminocyclohexane,
      N,N'-bis(1,1-dioxotetrahydro-2,5-dichloro-4-ethyl-3-thienyl)-1,2-diaminoet
     hane,
      N,N'-bis(1,1-dioxotetrahydro-4-methoxy-5-amyl-3-thienyl)-2,2,4-trimethyl-1
     ,6-diaminohexane,
      N,N'-bis(1,1-dioxotetrahydro-2-bromo-4-propyl-3-thienyl)-1,16-diaminohexad
     ecane,
      N,N'-bis(1,1-dioxotetrahydro-5-butyl-3-thienyl)-1,4-bis(aminomethyl)benzen
     e,
      N,N'-bis(1,1-dioxotetrahydro-2,5-dichloro-4-methyl-3-thienyl)-1,2-bis(amin
     omethyl)benzene,
      N,N'-bis(1,1-dioxotetrahydro-2-propyl-5-bromo-3-thienyl)-4,2'-methylenebis
     (cyclohexane),
      N,N'-bis(1,1dioxotetrahydro-3-thienyl)-1,8-diamino-p-methane, N,N'-bis[3-(
     1,1-dioxo-2,3-dihydro-2-chlorobenzo[b]thienyl)]-1,2-diaminoethane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-2-ethylcarboxy-5-chlorobenzo[b]thienyl)]
     -1,6-diaminohexane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-2-methyl-6-butylbenzo[b]thienyl)]-1,4-di
     aminocyclohexane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-4-bromobenzo[b]thienyl)]-1,8-diamino-p-m
     ethane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-2-bromo-7-ethylbenzo[b]thienyl)]-1,12-di
     aminododecane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-5-methoxybenzo[b]thienyl)]-2,2,5-trimeth
     yl-1,6-diaminohexane,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydro-2,6-dichlorobenzo[b]thienyl)]-1,2-bis(am
     inomethyl)benzene, and the like.
PAR  A preferred subclass of compounds of Formula I are those in which X, Y and
      Z are hydrogen and R is an alkylene group having 2 to 12 carbon atoms.
      Particularly preferred compounds of this subclass are those selected from
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminoethane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminopropane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-diaminopropane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,4-diaminobutane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diamino-2-methylpropane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,6-diamino-2,2,4-trimethylhexane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,6-diaminohexane, and
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,10-diaminodecane.
PAR  Another preferred subclass of compounds of Formula I are those in which X
      is hydrogen or halogen, Y and Z are the same or different and are hydrogen
      or an alkyl group having 1 to 5 carbon atoms, and R is an alkylene group
      having 2 to 12 carbon atoms, a cycloalkylene group having 4 to 6 carbon
      atoms,
      ##SPC7##
PAL  Particularly preferred compounds of this subclass are
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-alpha, alpha'-diamino-m-xylene,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-bis(aminomethyl)cyclohexane,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminocyclohexane,
      N,N'-bis(1,1-dioxo-2-chlorotetrahydro-3-thienyl)-1,2-diaminoethane, and
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-4,4'-methylenebis
      (aminocyclohexane).
PAR  A preferred subclass of compounds of Formula II are those in which X is
      hydrogen, R.sub.1 is hydrogen, an alkyl group having 1 to 5 carbon atoms
      or halogen and R is an alkylene group having 2 to 12 carbon atoms.
      Particularly preferred compounds of this subclass are
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminoethane and
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminopropane.
PAR  Another preferred subclass of compounds of formula II are those in which X
      is hydrogen or halogen, R.sub.1 is hydrogen, an alkyl group having 1 to 5
      carbon atoms or halogen, and R is
      ##SPC8##
PAL  Particularly preferred chemicals of this subclass are
      N,N'-[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-alpha,
      alpha'-diamino-m-xylene and
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,3-bis(aminomethyl)cyc
     lohexane.
PAR  To employ the present compounds as chain extending agents for polyurethanes
      the compounds may simply be substituted at least in part for the
      conventional chain extending agents in any conventional polyurethane
      formulation of the kind ordinarily employing a chain extender. The
      proportions of the present chain extender employed may be the same as in
      conventional practice and the chain-extending reaction may likewise be
      carried out under the same conditions as are usually employed in
      conventional polyurethane chain extension. Polyurethane systems of the
      so-called one-shot type, or of the prepolymer type, may be employed, and
      the final product may be foam (either rigid or flexible) or a solid,
      whether elastomeric or otherwise, including thermoplastic polyurethanes,
      polyurethane surface coatings, etc. As is well understood by those skilled
      in the art, polyurethane forming systems conventionally involve a
      combination of at least one long chain polyol (whether a polyester polyol,
      a polyether polyol or a polyhydrocarbon polyol) and at least one organic
      polyisocyanate, whether a diisocyanate or a polisocyanate of higher
      functionality, of aliphatic, cycloaliphatic, or aromatic type. The
      relative proportions of polyol and polyisocyanate may be as in
      conventional practice appropriate to the particular kind of final product
      desired and the processing or fabricating method chosen.
PAR  The polyether types of polyols employed in making polyurethanes include, as
      is well known to those skilled in the art, poly(oxyalkylene) glycols [e.g.
      poly(oxyethylene) glycol, poly(oxypropylene) glycol,
      poly(oxytetramethylene) glycol, etc.] and higher polyether polyols, such
      as triols [e.g. poly(oxypropylene triol)], including polyether polyols of
      higher functionality than three [e.g., poly(oxypropylene adducts of
      pentaerythritols) and poly(oxypropylene adducts of sorbitol)]. Mention may
      be made of such polyether polyols as
      poly(oxypropylene)-poly(oxyethylene)glycol, poly(oxypropylene) adducts of
      trimethylol propane, poly(oxypropylene)-poly(oxyethylene)adducts of
      trimethylolpropane, poly(oxypropylene) adducts of 1,2,6-hexanetriol,
      poly(oxypropylene)-poly(oxyethylene) adducts of ethylenediamine,
      poly(oxypropylene) adducts of ethanolamine, and poly(oxypropylene) adducts
      of glycerine.
PAR  The polyester types of polyols used in making polyurethanes are likewise
      well known in the art and require no detailed description here. It will be
      understood that they include chain extended polyesters made from a glycol
      (e.g., ethylene and/or propylene glycol) and a saturated dicarboxylic acid
      (e.g., adipic acid). By way of non-limiting example there may be mentioned
      poly(ethylene adipate) glycol, poly(propylene adipate) glycol,
      poly(butylene adipate) glycol, poly(caprolactone) glycol, poly(ethylene
      adipate-phthalate) glycol, poly-(neopentyl sebacate) glycol, etc. Small
      amounts of trialcohols such as trimethylolpropane or trimethylolethane may
      be included in the polyester preparation. Polyester polyols with
      functionalities of three or more [e.g., glycerides of 12-hydroxystearic
      acid] are also useful. Suitable polyester polyols include those obtainable
      by reacting such polyols as 1,4-butanediol, hydroquinone
      bis(2-hydroxyethyl) ether, ethylene glycol, diethylene glycol, triethylene
      glycol, propylene glycol, dipropylene glycol,
      2-methyl-2-ethyl-1,3-propanediol, 2-ethyl-1,3-hexanediol, 1,5-pentanediol,
      thiodiglycol, 1,3-propanediol, 1,3-butanediol, 2,3-butanediol, neopentyl
      glycol, 1,2-dimethyl-1,2-cyclopentanediol, 1,2-cyclohexanediol,
      1,2-dimethyl-1,2-cyclohexanediol, glycerol, trimethylol propane,
      trimethylol ethane, 1,2,4-butanetriol, 1,2,6-hexanetriol, pentaerythritol,
      dipentaerythritol, tripentaerythritol, anhydroaneaheptitol, mannitol,
      sorbitol, methylglucoside, and the like, with such dicarboxylic acids as
      adipic acid, succinic acid, glutaric acid, azelaic acid, sebacic acid,
      malonic acid, maleic acid, fumaric acid, phthalic acid, isophthalic acid,
      terephthalic acid, tetrachlorophthalic acid, and chlorendic acid; the acid
      anhydrides and acid halides of these acids may also be used.
PAR  Among the polyhydrocarbyl polyols conventionally employed for making
      polyurethanes there may be mentioned by way of non-limiting example such
      materials as poly(butadiene) polyols, poly(butadiene-acrylonitrile)
      polyols and poly(butadiene-styrene) polyols.
PAR  The above polyols typically have a molecular weight of about 180 to 8000.
PAR  Conventional polyisocyanates used in polyurethane manufacture include, as
      is well known, aliphatic polyisocyanates, whether open chain,
      cycloaliphatic or araliphatic. Examples of aliphatic polyisocyanates
      conventionally employed are trimethylene diisocyanate,
      tetramethylene-1,4-diisocyanate, hexamethylene-1,6-diisocyanate,
      1-methyl-2,4- and 1-methyl-2,6-diisocyanatocyclohexane and mixtures
      thereof, p-xylylene diisocyanate and m-xylylene diisocyanate (XDI) and
      mixtures thereof, 4,4'-diisocyanato-dicyclohexylmethane, isophorone
      diisocyanate, 2,2,4- and 2,4,4-trimethylhexamethylene diisocyanate, and
      the like.
PAR  Similarly, the aromatic polyisocyanates are suitable and include, by way of
      non-limiting example, such bodies as 2,4-toluene diisocyanate and
      2,6-toluene diisocyanate and mixtures thereof (TDI, including crude and
      polymeric forms), 4,4'-diphenylmethane diisocyanate (MDI, including crude
      and polymeric forms), p-phenylene diisocyanate, 2,4,6-tolylene
      triisocyanate, 4,4'4"-triphenylmethane triisocyanate,
      2,2-bis(p-isocyanato-phenyl)-propane, polymeric methylene
      bis(phenyl-4-isocyanate) (e.g., PAPI), naphthalene-1,5-diisocyanate,
      3,3'-dimethyl-4,4'-biphenylene diisocyanate,
      3,3'-dimethyoxy-4,4'-biphenylene diisocyanate,
      3,3'-diphenyl-4,4"-biphenylene diisocyanate, 4,4'-biphenylene
      diisocyanate, 3,3'-dichloro4,4'-biphenylene diisocyanate, and the like.
      Mixtures of two or more of such diisocyantes may also be used.
      Triisocyanates typically obtained by the reaction of three moles of an
      arylene diisocyante with one mole of triol -- for example, the reaction
      product formed from three moles of tolylene diisocyanate and one mole of
      hexanetriol or of trimethylol propane, may be employed.
PAR  In one important aspect, the invention is directed to an improved flexible
      resilient polyurethane foam and method of making the same, employing the
      new chemicals described herein as chain extenders. Thus, it is well known
      that polyetherpolyol-polyisocyanate foams can be made by reacting a
      non-linear slightly branched polyether glycol or polyol, a diisocyanate,
      and a polyfunctional chain extender. The present invention is based in
      part on the discovery that polyurethane foam having a remarkable
      combination of desirable physical properties surprisingly results when the
      new N,N'-bis(1,1-dioxohydrothienyl)diaminoalkanes are employed as
      bifunctional chain extenders. The foams of this invention are
      characterized by high tensile strength, high tear resistance and low
      compression set. This unique combination of physical properties is largely
      determined by the unique chain extenders employed.
PAR  Formation of the preferred foam products of this invention may be
      accomplished in a one-shot system by reacting the polyol with excess
      polyfunctional isocyanate and the new chain extender of the invention in
      the presence of water and cell modifying agents, e.g. silicone such as
      trimethyl end-blocked dimethyl polysiloxanes. The polyfunctional
      isocyanate is typically present in amount of 5%-300%, say 40% by weight of
      the polyol. The binary chain extender of the invention is frequently
      present in the one-shot foam formulation in amount of 0.5 to 15 %,
      preferably 1 to 10%, by weight of the polyol. The water is employed in
      amount to react with the isocyanate to liberate sufficient gas (carbon
      dioxide) to produce a foam of the desired physical characteristics. From
      0.6% to 10%, say 4% water (by weight of polyol) will give good results.
PAR  The mixing of the constituents in the one-shot system is typically
      performed at room temperature. The polyol, chain extender of the
      invention, catalyst, water, flame retardant and other cell-modifying
      agents (surface active agents) such as trimethyl end-blocked dimethyl
      polysiloxanes are first mixed and then the polyisocyanate is added with
      vigorous stirring. The gas forming reaction, the chain extension and the
      cross linking reactions start simultaneously when the polyisocyanate is
      added.
PAR  Some examples of useful catalysts are N-methyl-morpholine,
      N-ethyl-morpholine, triethyl amine, triethylene diamine (Dabco),
      N,N'-bis(2-hydroxylpropyl)-2-methyl piperazine, dimethyl ethanol amine,
      tertiary amino alcohols, tertiary ester amines and the like.
PAR  In addition to or in place of water the formulation may include a blowing
      agent of the kind conventionally employed in making polyurethane foam,
      usually a volatile organic liquid (e.g. boiling within the range of from
      50.degree. to 150.degree.F) such as pentane, trichlorofluoromethane,
      trichloromethylene, tetrachloroethylene, trichlorotrifluoroethane,
      trichloroethane, methylene chloride, dibromotetrafluoroethane, carbon
      tetrachloride, etc.
PAR  The resulting one-shot foams of the invention surprisingly are
      characterized by a unique combination of physical properties such as high
      tensile strength, high tear resistance, high elongation, good resilience
      properties and low compression set. These flexible foams find utility as
      automobile and furniture cushioning materials, pillows, mattresses and
      carpet underlays.
PAR  Another important form of the invention is concerned with solid
      polyurethanes, particularly those made by the so-called prepolymer
      technique wherein the polyol is prereacted with an excess of the
      polyisocyanate, and thereafter the prepolymer is chain-extended or cured,
      using the bifunctional chain extending agent of the invention. Using
      liquid prepolymers cast elastomeric (or thermoplastic) aritcles and
      coatings having highly useful properties may be made in this way.
DETD
PAR  The following examples demonstrate the invention.
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a typical
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl) diaminoalkane of this invention,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminoethane.
PAR  To a 500 ml. round bottom flask equipped with condenser, thermometer and a
      stirrer were introduced 118 g. (1.0 mole) of 4,5-dihydrothiophene
      1,1-dioxide, 200 ml. of 70% by weight aqueous ethanol and 30 g. (0.5 mole)
      of 1,2-diaminoethane (ethylenediamine). The reaction mixture was heated at
      reflux (80.degree.-85.degree.C) for 4 hours. The solvent was then removed
      under a reduced pressure. The product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminoethane, obtained was a
      viscous liquid that became a solid, m.p. 60.degree.-85.degree.C. IR
      spectrum showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1300
      cm.sup.-.sup.1 and 1140 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.10 H.sub.20 N.sub.2 O.sub.4 S.sub.2 (percent):
     Calc'd. for                                                               
              C, 40.52;  H, 6.80:  N, 9.45;                                    
                                           S, 21.63.                           
     Found:   C, 40.05;  H, 6.85;  N, 9.10;                                    
                                           S, 20.96.                           
PAC  EXAMPLE 2
PAR  Example I was repeated using the dioxide of Example I and substituting
      1,3-diaminopropane for 1,2-diaminoethane. The resultant product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-diaminopropane was a viscous
      liquid. The infrared spectrum showed absorptions at 3290 cm.sup.-.sup.1
      (NH), at 1300 cm.sup.-.sup.1 and 1140 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.11 H.sub.22 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Cal'd for C, 42.56;                                                       
                        H, 7.14;  N, 9.02;                                     
                                          S, 20.65.                            
     Found:    C, 42.45;                                                       
                        H, 7.32;  N. 8.33;                                     
                                          S, 20.57.                            
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Example 1 was repeated using the dioxide of Example 1 and substituting
      1,2-diaminopropane for 1,2-diaminoethane. The resultant product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminopropane obtained was a
      viscous liquid. The infrared spectrum showed absorptions at 3280
      cm.sup.-.sup.1 (NH), at 1300 cm.sup.-.sup.1 and 1130 cm.sup.-.sup.1
      (SO.sub.2). The NMR spectrum showed the bands with relative areas in
      agreement with the structure.
PAR  Analysis for C.sub.11 H.sub.22 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Cal'd for C, 42.56;                                                       
                        H, 7.14;  N, 9.03;                                     
                                          S, 20.65.                            
     Found:    C, 42.27;                                                       
                        H, 7.26;  N, 9.03;                                     
                                          S, 19.98.                            
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Example 1 was repeated using the thiophene dioxide of Example 1, but
      substituting 1,4-diaminobutane for 1,2-diaminoethane. The product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,4-diaminobutane obtained was a
      viscous liquid. The infrared spectrum showed absorptions at 3300
      cm.sup.-.sup.1 (NH), at 1310 cm.sup.-.sup.1 and 1150 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis for C.sub.12 H.sub.24 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Cal'd for C, 44.42;                                                       
                        H, 7.45;  N, 8.70;                                     
                                          S, 19.76.                            
     Found:    C, 44.59;                                                       
                        H, 7.59;  N, 8.61;                                     
                                          S, 19.27.                            
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 1,2-diamino-2-methylpropane for 1,2-diaminoethane. The
      resultant product, N,N'-bis
      (1,1-dioxotetrahydro-3-thienyl)-1,2-diamino-2-methylpropane was obtained
      as a viscous liquid. The infrared spectrum and the NMR spectrum are in
      agreement with the structure.
PAR  Analysis for C.sub.12 H.sub.24 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 44.42;                                                      
                         H, 7.45;  N, 8.70;                                    
                                           S, 19.76.                           
     Found:     C, 44.45;                                                      
                         H, 7.66;  N, 9.25;                                    
                                           S, 19.27.                           
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 1,6-diaminohexane for 1,2-diaminoethane. The resultant
      product, N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,6-diaminohexane,
      obtained was a white solid, m.p. 102.degree.-112.degree.C (from ethanol).
PAR  The infrared spectrum showed absorptions at 3285 cm.sup.-.sup.1 (NH), at
      1310 cm.sup.-.sup.1 and 1150 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.14 H.sub.28 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for                                                                
             C, 47.70;  H, 8.00;  N, 7.94;                                     
                                          S, 18.17.                            
     Found:  C, 47.77;  H, 7.92;  N, 7.91;                                     
                                          S, 18.12.                            
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 but
      substituting 1,2-diaminocyclohexane for 1,2-diaminoethane. The resultant
      product, N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminocyclohexane
      obtained was a viscous liquid that became a semi-solid. The infrared
      spectrum showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1300
      cm.sup.-.sup.1 and 1130 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.14 H.sub.26 N.sub.2 O.sub.4 S.sub.2 (percent)
TBL  Calc'd for                                                                
             C, 47.97;  H, 7.47;  N, 7.99;                                     
                                          S, 18.29.                            
     Found:  C, 47.83;  H, 7.42;  N, 7.75;                                     
                                          S, 18.08.                            
PAC  EXAMPLE 8
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 1,10-diaminodecane for 1,2-diaminoethane. The resultant
      product, N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,10-diaminodecane
      obtained was a white solid, m.p. 105.degree.-117.degree.C. The infrared
      spectrum showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1310
      cm.sup.-.sup.1 and 1120 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.18 H.sub.26 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for                                                                
               C, 52.90;                                                       
                        H, 8.80;  N, 6.86;                                     
                                          S, 15.69.                            
     Found:    C, 52.92;                                                       
                        H, 9.17;  N, 6.70;                                     
                                          S, 15.47.                            
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 1,6-diamino-2,2,4-trimethyl-hexane for 1,2-diaminoethane. The
      resultant product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl-1,6-diamino-2,2,4-trimethylhexane
      obtained was a viscous liquid. The infrared spectrum showed absorptions at
      3290 cm.sup.-.sup.1 (NH), at 1310 cm.sup.-.sup.1 and 1130 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis for C.sub.17 H.sub.34 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 51.75;                                                      
                         H, 8.69;  N, 7.10;                                    
                                           S, 16.25.                           
     Found:     C, 51.77;                                                      
                         H, 8.94;  N, 7.18;                                    
                                           S, 15.88.                           
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 but
      substituting alpha,alpha'-diamino-m-xylene for 1,2-diaminoethane. The
      resultant product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-alpha,alpha'-diamino-m-xylene
      obtained was a viscous liquid. The infrared spectrum showed absorptions at
      3350 cm.sup.-.sup.1 (NH) at 1300 cm.sup.-.sup.1 and 1125 cm.sup.-.sup.1
      (SO.sub.2), at 780 cm.sup.-.sup.1 and 705 cm.sup.-.sup.1 (aromatic).
PAR  Analysis for C.sub.16 H.sub.24 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 51.59;                                                      
                         H, 6.50;  N, 7.52;                                    
                                           S, 17.21.                           
     Found:     C, 52.13;                                                      
                         H, 6.71;  N, 7.86;                                    
                                           S, 16.69.                           
     ______________________________________                                    
PAC  EXAMPLE 11
PAR  Example 1 was repeated using the diaminoalkane of Example 1 and
      substituting 2-chloro-4,5-dihydrothiophene 1, 1-dioxide for
      4,5-dihydrothiophene 1,1-dioxide. The resultant product,
      N,N'-bis(1,1-dioxo-2-chlorotetrahydro-3-thienyl)-1,2-diaminoethane
      obtained was a white solid, m.p. 142.degree.-150.degree.C (dec.) The
      infrared spectrum showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1300
      cm.sup.-.sup.1 and 1125 cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.10 H.sub.18 Cl.sub.2 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for                                                                
             C, 32.88;                                                         
                      H, 4.97; Cl, 19.41;                                      
                                      N, 7.67;                                 
                                             S, 17.55.                         
     Found:  C, 32.59;                                                         
                      H, 4.98; Cl, 19.43;                                      
                                      N, 7.47;                                 
                                             S, 17.25.                         
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 4,4'-methylene-bis(aminocyclohexane) for 1,2-diaminoethane.
      The resultant product
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-4,4'-methylene-bis
      (aminocyclohexane) obtained was a white solid, m.p.
      190.degree.-210.degree.C (dec.). The infrared spectrum showed absorptions
      at 3270 cm.sup.-.sup.1 (NH), at 1310 cm.sup.-.sup.1 and 1120
      cm.sup.-.sup.1 (SO.sub.2).
PAR  Analysis for C.sub.21 H.sub.38 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 56.47;                                                      
                         H, 8.50;  N, 6.27;                                    
                                           S, 14.33.                           
     Found:     C, 56.97;                                                      
                         H, 8.51;  N, 6.36;                                    
                                           S, 13.78.                           
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  Example 1 was repeated using the thiophene dioxide of Example 1 and
      substituting 1,3-bis(aminomethyl)cyclohexane for 1,2-diaminoethane. The
      resultant product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-bis(aminomethyl)-cyclohexane,
      obtained was a viscous liquid. The infrared spectrum showed absorptions at
      3300 cm.sup.-.sup.1 (NH), at 1310 cm.sup.-.sup.1 and 1110 cm.sup.-.sup.1
      (SO.sub.2).
PAR  Analysis for C.sub.16 H.sub.30 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 50.76;                                                      
                         H, 7.98;  N, 7.39;                                    
                                           S, 16.93.                           
     Found:     C, 50.83;                                                      
                         H, 8.06;  N, 7.34;                                    
                                           S, 16.50.                           
     ______________________________________                                    
PAC  EXAMPLE 14
PAR  This example illustrated the preparation of typical N,N'-bis
      [3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)] diaminoalkane II of this
      invention,
      N,N'-bis[3(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminoethane,
      following the procedure of Example 1 and using 1,2-diaminoethane as the
      diaminoalkane and substituting benzo[b]thiophene 1,1-dioxide for
      4,5-dihydrothiophene 1,1-dioxide. The reaction mixture was heated at
      reflux (85.degree.C) for 20 hours and allowed to cool at room temperature.
      The solid product collected by filtration was dried in air, m.p.
      189.degree. - 190.degree.C. The infrared spectrum of this product,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminoethane,
      showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1300 cm.sup.-.sup.1 and
      1130 cm.sup.-.sup.1 (SO.sub.2), at 790 cm.sup.-.sup.1 and 760
      cm.sup.-.sup.1 (aromatic).
PAR  Analysis for C.sub.18 H.sub.20 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for C, 55.08;                                                      
                         H, 5.14;  N, 7.14;                                    
                                           S, 16.34.                           
     Found:     C, 55.14;                                                      
                         H, 5.25;  N, 7.00;                                    
                                           S, 16.09.                           
     ______________________________________                                    
PAR  A second isomer was isolated from the above reaction when the filtrate of
      the first product was cooled in ice-water. This isomer, m.p.
      111.degree.-112.degree.C had a similar infrared spectrum to the first
      product. However, the two spectra were similar, but not superimposable.
      The spectrum of the second product also showed absorptions at 3300
      cm.sup.-.sup.1 (NH), at 1300 cm.sup.-.sup.1 and 1130 cm.sup.-.sup.1
      (SO.sub.2), at 790 cm.sup.-.sup.1 and 760 cm.sup.-.sup.1 (aromatic).
PAR  The NMR spectra of two isomers are vertually identical and in agreement
      with the structure
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminoethane.
PAR  Analysis for second isomer C.sub.18 H.sub.20 N.sub.2 O.sub.4 S.sub.2
      (percent).
TBL  ______________________________________                                    
     Calc'd for C, 55.08;                                                      
                         H, 5.14;  N, 7.14;                                    
                                           S, 16.34.                           
     Found:     C, 54.89;                                                      
                         H, 5.27;  N, 7.01;                                    
                                           S, 16.07.                           
     ______________________________________                                    
PAC  EXAMPLE 15
PAR  Example 14 was repeated using the thiophene dioxide of Example 14 but
      substituting 1,2-diaminopropane for 1,2-diaminoethane. The resultant
      product,
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminopropane
      isolated was a white solid, m.p. 163.degree. - 167.degree.C. (dec.) The
      infrared spectrum showed absorptions at 3300 cm.sup.-.sup.1 (NH), at 1300
      cm.sup.-.sup.1 and 1125 cm.sup.-.sup.1 (SO.sub.2), at 790 cm.sup.-.sup.1
      and 760 cm.sup.-.sup.1 (aromatic).
PAR  Analysis for C.sub.19 H.sub.22 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd for                                                                
               C, 56.13; H, 5.45;  N, 6.89;                                    
                                           S, 15.77.                           
     Found:    C, 56.23; H, 5.58;  N, 6.94;                                    
                                           S, 15.70.                           
     ______________________________________                                    
PAC  EXAMPLE 16
PAR  Example 14 was repeated using the thiophene dioxide of Example 14
      substituting 1,3-bis(aminomethyl)cyclohexane for 1,2-diaminoethane. The
      resultant product
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,3-bis(aminomethyl)
      cyclohexane obtained was a viscous liquid that became solid (glass) at
      room temperature. The infrared spectrum showed absorptions at 3310
      cm.sup.-.sup.1 (NH), at 1310 cm.sup.-.sup.1 and 1100 cm.sup.-.sup.1
      (SO.sub.2), at 790 cm.sup.-.sup.1 and 760 cm.sup.-.sup.1 (aromatic).
PAR  Analysis for C.sub.24 H.sub.30 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd C, 60.73;  H, 6.37;  N, 5.90;                                      
                                         S, 13.51.                             
     Found: C, 60.76;  H, 6.49;  N, 5.82;                                      
                                         S, 13.38.                             
     ______________________________________                                    
PAC  EXAMPLE 17
PAR  Example 14 was repeated using thiophene dioxide of Example 14 but
      substituting a,a'-diamino-m-xylene for 1,2-diaminoethane. The resultant
      product, N,N'-[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-alpha,alpha'-
      diamino-m-xylene obtained was a viscous liquid that became solid (glass).
PAR  Analysis for C.sub.24 H.sub.24 N.sub.2 O.sub.4 S.sub.2 (percent).
TBL  ______________________________________                                    
     Calc'd C, 61.51;  H, 5.16;  N, 5.97;                                      
                                         S, 13.68.                             
     Found: C, 61.99;  H, 5.28;  N, 5.88;                                      
                                         S, 13.32.                             
     ______________________________________                                    
PAC  EXAMPLE 18
PAR  This example illustrates that the
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)diaminoalkanes of this invention
      can also be prepared from 2,5-dihydrothiophene 1,1-dioxides and the
      appropriate diaminoalkanes in the presence of a base as catalyst.
PAR  To a 500 ml round-bottom flask equipped with condenser, thermometer and a
      stirrer were introduced 118 g. (1.0 mole) of 2,5-dihydrothiophene
      1,1-dioxide, 200 ml. of 70% by weight aqueous ethanol and 37 g (0.5 mole)
      of 1,2-diaminopropane and 10 ml. of a 0.1 N sodium hydroxide solution. The
      reaction mixture was heated at 85.degree.C for 20 hours. The solvent was
      then removed under a reduced pressure. The product,
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminopropane was obtained as
      a viscous liquid. The infrared spectrum of this product was superimposable
      with that of Example 3. This product also evaluated in high resiliency,
      flexible polyurethane foam (see Example 19).
PAR  As indicated above, the novel compounds of this invention find use as chain
      extenders in the "one-shot" system of solid foamed polyurethanes. In this
      system, the mixing of the constituents is typically performed at room
      temperatures. The polyol (polyester polyol, polyether polyol or
      polyhydrocarbon polyol), chain extender, catalyst, water, flame retardant
      and other cell-modifying agents (surface active agents), are first mixed
      and then the polyisocyanate is added with vigorous stirring. The gas
      forming reaction, the chain extension and the cross linking reactions
      start simultaneously when the polyisocyanate is added.
PAR  The formation of foamed products is accomplished in the one-shot system by
      reacting the polyol with a slight excess typically about 5 to 10
      equivalent weight percent excess, of polyfunctional isocyanate in the
      presence of water and cell modifying agents, e.g. silicones such as
      trimethyl end-blocked dimethyl polysiloxanes. The polyfunctional
      isocyanate is typically present in amount of 5%-300%, say 40%, by weight
      of the polyol. The water should be present in amount to react with the
      isocyanate to liberate sufficient gas (carbon dioxide) to produce a foam
      of the desired physical characteristics. From 0.5% to 10%, say 3% water
      (by weight of polyol) will give good results. Some examples of useful
      catalysts are N-methylmorpholine, N-ethylmorpholine, triethyl amine,
      triethylene diamine (Dabco, trademark),
      N,N'-bis(2-hydroxylpropyl)-2-methyl piperazine, dimethyl ethanol amine,
      tertiary amino alcohols, tertiary ester amines and the like. For further
      details on the formulation of polyether-polyol based one shot foam
      formulations reference may be had to copending application Ser. No.
      336,842 of Mao and Bakker, filed Feb. 28, 1973, the disclosure of which is
      hereby incorporated herein by reference. An example of this form of the
      invention is as follows:
PAC  EXAMPLE 19
PAR  This example demonstrates the use of several novel compounds of this
      invention as binary chain extenders in the preparation of foamed
      polyurethane structures using an otherwise conventional high resiliency
      foam formulation. For comparison purposes, the most widely used chain
      extender, 4,4'-methylene-bis(o-chloroaniline), which is commonly
      designated by the code letters MOCA was also used. The formulations and
      results are tabulated in Table I.
PAR  It should be noted that the polyurethane foamed structures A to F made with
      the novel compounds of this invention exhibit a unique combination of
      physical properties such as high tensile strength, high tear resistance,
      high elongation, high resilient properties and low compression set.
PAR  In Table I the formulations are expressed in parts by weight. The polyol is
      polypropyleneglycoltriol, molecular weight about 4700 made from propylene
      glycol (initiated with a tri-functional initiator, such as glycerol) and
      end-capped with, for example, 30% ethylene oxide (Voranol CP-4701;
      trademark). As indicated in the table the chain extenders are the compound
      of Example 1 (formulation A), Example 3 (formulation B,C,D), Example 5
      (formulation E), and Example 18 (formulation F), as well as the
      conventional MOCA (formulation G). T-23P indicates a fire retardant,
      tris(2,3-dibromopropyl)phosphate (Firemaster T23P; trademark). The first
      three catalysts listed are amine types, as follows: Dabco is
      1,4-diazobicyclo [2.2.2] octane; NEM is N-ethyl morpholine; A-1 is
      bis(2-dimethylaminoethyl) ether (NIAX A-1; trademark). The next catalyst
      listed, T-12 (trademark), is an organotin catalyst, dibutyl tin dilaurate.
      The siloxane is dimethylpoly siloxane (DC-200; trademark). TDI is toluene
      diisocyanate (80% 2,4-isomer, 20% 2,6-isomer, by weight). PAPI is
      polymeric 4,4'-methylene-diphenyldiisocyanate. The ratio of TDI to PAPI is
      90/10 in all cases. The density is expressed in pounds per cubic foot; the
      tensile in pounds per square inch. The units of tear are pounds per linear
      inch. The elongation is given in percent (at break). The set is
      compression set, expressed in percent. ILD indicates the indentation load
      deflection (that is, the load necessary to produce 25% or 65% deflection),
      expressed in pounds per 50 square inches. The sag is the ratio of the 65%
      ILD to the 25% ILD. All the properties were determined according to ASTM
      D-2406-68 procedures.
PAR  In each formulation in Table I the polyol, chain extender, catalyst, water,
      flame retardant and cell modifying agent (siloxane) are first mixed at
      room temperature and then the polyisocyanate is added (also at room
      temperature) with vigorous stirring; the liquid mixture quickly foams up
      and solidifies, forming a resilient polyurethane foam.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     One-Shot Polyurethane Foam                                                
     MATERIAL                                                                  
           A     B     C     D     E     F     G                               
     __________________________________________________________________________
     Polyol                                                                    
           100   100   100   100   100   100   100                             
     Ex. 1 5.0                                                                 
     Ex. 3       5.0   3.0   1.0                                               
     Ex. 5                         5.0                                         
     Ex. 18                              5.0                                   
     MOCA                                      5.0                             
     Water 3.5   3.5   3.5   3.5   3.5   3.5   3.5                             
     T-23 P                                                                    
           3.0   3.0   3.0   3.0   3.0   3.0   3.0                             
     Catalysts:                                                                
     Dabco 0.6   0.6   0.6   0.5   0.5   0.6   0.6                             
     NEM   0.75  0.75  0.75  0.3   0.3   0.75  0.75                            
     A-1   0.15  0.15  0.15  0.15  0.15  0.15  0.15                            
     T-12  --    0.0075                                                        
                       0.0075                                                  
                             --    0.0075                                      
                                         0.0075                                
                                               0.0075                          
     Siloxane                                                                  
           1.0   1.0   1.0   1.0   1.0   1.0   1.0                             
     TDI   39.1  39.4  39.3  39.1  39.3  39.4  39.9                            
     PAPI  6.8   6.7   6.6   6.4   6.6   6.7   6.9                             
     Properties                                                                
     Density                                                                   
           2.00  2.35  2.19  2.29  2.06  2.32  2.41                            
     Tensile                                                                   
           26.0  20.8  18.07 17.11 22.46 22.86 22.03                           
     Tear  2.57  2.32  2.05  2.02  1.99  2.34  1.87                            
     Elongation                                                                
           182   184   180   193   195   183   139                             
     Set                                                                       
      50%  --    8.0   17.4  14.9  17.4  10.3  9.4                             
      75%  --    9.2   11.8  11.4  13.7  11.7  11.4                            
     ILD                                                                       
      25%  21.5  21.7  15.6  19.0  14.5  22.2  23.2                            
      65%  65.5  66.8  51.9  59.8  51.8  66.8  75.2                            
     Sag   3.04  3.08  3.33  3.15  3.57  3.01  3.26                            
     __________________________________________________________________________
PAC  EXAMPLE 20
PAR  As indicated above, the novel
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)diaminoalkanes also find use as
      binary chain extenders for castable solid polyurethanes made from
      polyester or polyether or polyhydrocarbon-TDI-based prepolymers. In this
      system the prepolymer is first prepared by reacting a predetermined excess
      of a diisocyanate with a polyester, polyether or polyhydrocarbon polyol
      such as PTMG (polytetramethylene glycol)diol and the resulting prepolymer
      is mixed with the binary chain extender at elevated temperatures ranging
      from 70.degree.C to about 110.degree.C as shown in Table II. The resultant
      reaction mixture is then poured into a mold, cured for about one hour at
      about 120.degree.C and conditioned in air at 25.degree.C and 50% relative
      humidity for 14 days before testing.
PAR  This procedure is employed to prepare cured polyurethanes H, I, J, K, L, M
      and N shown in Table II. In stocks H and I the prepolymer is a liquid
      urethane reaction product of hydroxy terminated polyester (e.g. ethylene
      glycol adipate) with a slight excess of a polyisocyanate (e.g. TDI),
      having an isocyanate content of approximately 3%, an amine equivalent of
      about 1300, a molecular weight of about 2500, specific gravity 1.2,
      viscosity 500 centpoises at 158.degree.F, 1,500 centipoises at
      212.degree.F. The prepolymer used in stocks J and K is a liquid urethane
      reaction product of a polyether glycol (e.g. polytetramethylene ether
      glycol) with a slight excess of a polyisocyanate (e.g. TDI) having an
      isocyanate content of approximately 3%, an amine equivalent of about 1355,
      a viscosity of about 8 poises at 158.degree.F and a specific gravity of
      1.04. The prepolymer used in stock L, M and N was a polyether
      (polytetramethylene ether glycol) based liquid polymer with a slight
      excess of a polyisocyanate (e.g. TDI) having an isocyanate (NCO) content
      of 6.05 to 6.55%, an amine equivalent of about 665, and a viscosity of 6
      poises at 158.degree.F. and a specific gravity 1.07. In stock H the chain
      extender is the compound of Example 1; stocks I and J use the chain
      extender of Example 2; stock K has the chain extender of Example 3; stock
      L has the chain extender of Example 16; stock M has the chain extender of
      Example 13, and stock N the chain extender of Example 17. The amounts of
      prepolymer and chain extender are as shown in TAble II, expressed in parts
      by weight. In Table II the tensile strength is expressed in pounds per
      square inch. The tensile and elongation (percent elongation at break) were
      determined by following method ASTM D412-68 and Scott Model L Tester
      instructions. A jaw separtion rate of 20 in./min. and a sample thickness
      of 0.10 in. were used. The tear (pounds per linear inch) was obtained by
      following procedure of ASTM 624-54 but using a sample measuring 3 in.
      .times. 1 in. which was died out from a sheet of stock 0.10 in. thick with
      a 2 in. slit extending lengthwise from one end. The two legs were put in
      the jaws of a Scott Tester Model L and elongated until torn apart. The
      force required to accomplish this was recorded. The hardness (Shore A) was
      determined according to ASTM D2240-68. The modulus (at 100% elongation,
      expressed in pounds per square inch) was determined from autographic
      stress-strain measurements. A 0.10 in. thick sample is died out into a
      ring, 3 cm. inner diameter, 3.5 cm. outer diameter, placed around pullup
      rotating at 200 rpm and elongated at a rate of 10 inches per minute. The
      stress values were determined at 100% elongation.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Solid Polyurethanes                                                       
                H    I    J    K    L    M    N                                
     __________________________________________________________________________
     Prepolymer 145  145  145  145  125  125  125                              
     Chain Extender                                                            
                19   20   15.4 15.4 41   31.4 41.2                             
     Mixing Temperature                                                        
                70   70   70   70   80   110  110                              
     Properties                                                                
     Tensile    4590 3970 2820 3155 3100 5500 6445                             
     Tear       265  262  257  255  585  631  842                              
     Hardness   63   62   76   75   91   93   94                               
     Elongation 655  620  490  530  535  350  350                              
     Modulus    293  321  510  406  885  1296 1844                             
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. An N,N'-bis(1,1-dioxohydrothienyl)diaminoalkane having one of the
      following formulas I or II:
      ##SPC9##
PAL  wherein
PA1  X and Z are the same or different and are hydrogen, an alkyl group having 1
      to 5 carbon atoms or halogen,
PA1  Y is hydrogen, an alkyl group having 1 to 5 carbon atoms, or an alkoxy
      group having 1 to 5 carbon atoms;
PA1  R.sub.1 is hydrogen, an alkyl group having 1 to 5 carbon atoms, an alkoxy
      group having 1 to 5 carbon atoms or halogen;
PA1  R is an alkylene group having 1 to 16 carbon atoms, a cycloalkylene group
      having 4 to 6 carbon atoms,
      ##SPC10##
PAL  where R.sub.2, R.sub.3 and R.sub.4 are the same or different and are
      hydrogen or an alkyl group having 1 to 5 carbon atoms.
NUM  2.
PAR  2. A compound as in claim 1, which is an
      N,N'-bis(1,1-dioxohydrothienyl)diaminoalkane having the formula I.
NUM  3.
PAR  3. A compound as in claim 2, in which X, Y and Z are hydrogen, and R is an
      alkylene group having 2 to 12 carbon atoms.
NUM  4.
PAR  4. A compound as in claim 2 in which X is hydrogen or halogen, Y and Z are
      the same or different and are hydrogen or an alkyl group having 1 to 5
      carbon atoms and R is an alkylene group having 2 to 12 carbon atoms, a
      cycloalkylene group having 4 to 6 carbon atoms,
      ##SPC11##
NUM  5.
PAR  5. A compound as in claim 1, which is an N,N'-bis(1,1-dioxohydrothienyl)
      diaminoalkane having the formula II.
NUM  6.
PAR  6. A compound as in claim 5 in which X is hydrogen, R.sub.1 is hydrogen, an
      alkyl group having 1 to 5 carbon atoms or halogen, and R is an alkylene
      group having 2 to 12 carbon atoms.
NUM  7.
PAR  7. A compound as in claim 5 in which X is hydrogen or halogen, R.sub.1 is
      hydrogen, a lower alkyl group having 1 to 5 carbon atoms or halogen, and R
      is
      ##SPC12##
NUM  8.
PAR  8. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminoethane.
NUM  9.
PAR  9. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminopropane.
NUM  10.
PAR  10. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-diaminopropane.
NUM  11.
PAR  11. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,4-diaminobutane.
NUM  12.
PAR  12. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,2-diamino-2-methylpropane.
NUM  13.
PAR  13. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,6-diamino-2,2,4-trimethylhexane.
NUM  14.
PAR  14. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,6-diaminohexane.
NUM  15.
PAR  15. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,10-diaminodecane.
NUM  16.
PAR  16. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-alpha,alpha'-diamino-m-xylene.
NUM  17.
PAR  17. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-1,3-bis(aminomethyl)cyclohexane.
NUM  18.
PAR  18. A compound as in claim 1 which is
      N,N'-bis-(1,1-dioxotetrahydro-3-thienyl)-1,2-diaminocyclohexane.
NUM  19.
PAR  19. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxo-2-chlorotetrahydro-3-thienyl)-1,2-diaminoethane.
NUM  20.
PAR  20. A compound as in claim 1 which is
      N,N'-bis(1,1-dioxotetrahydro-3-thienyl)-4,4'methylene-bis(aminocyclohexane
NUM  21.
PAR  21. A compound as in claim 1 which is
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,2-diaminoethane.
NUM  22.
PAR  22. A compound as in claim 1 which is
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]-thienyl]-1,2-diaminopropane.
NUM  23.
PAR  23. A compound as in claim 1 which is
      N,N'-[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-alpha,alpha'-diamino-m-xyl
     ene.
NUM  24.
PAR  24. A compound as in claim 1 which is
      N,N'-bis[3-(1,1-dioxo-2,3-dihydrobenzo[b]thienyl)]-1,3-bis(aminomethyl)cyc
     lohexane.
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ABST
PAL  Method and manufacture are provided for preparing a reticulated foam
      structure by: investing an organic reticulated foam structure with an
      inorganic composition, which composition is inert under the conditions for
      forming the reticulated structure; allowing the inorganic suspension to
      set to form an investment; removing the organic reticulated foam
      structure; filling the voids of the investment with a fluid composition to
      form a reticulated casting; and dissolving the investment so as to leave a
      reticulated foam structure casting.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 679,204,
      filed Oct. 30, 1967 now Pat. No. 3,616,841.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Stable foam structures can have a wide variety of uses. They can act as
      supports for catalysts, providing for a high surface to volume ratio.
      Depending on the material employed, they can act as coalescing agents for
      oil-in-water emulsions or as filtering devices. Because of the high
      strength to weight ratios which are possible, foam structures can act in
      various constructions as lightweight building materials, such as in air
      frames or, where weight is of significant concern. In addition, the
      materials can act as supports for a variety of other materials with which
      they may or may not react. Also, the reticulated foam structures may find
      use as solid propellant reinforcement and burning rate modifiers, battery
      plates, electrochemical anodes and cathodes, heat shields, heat exchanger
      cores, sound or shock absorbers, anodic protectors, flame guards, liquid
      reservoirs, micro-wave reflectors, radiation shields, wicks, etc.
PAR  In many of the uses for reticulated structures, it is desirable or
      necessary that these structures be relatively free of closed cells.
      Furthermore, a relatively uniform structure is desirable, so that pore
      sizes do not differ to any significant extent. In addition, for commercial
      manufacture, the method should permit a relatively reproducible means for
      forming structures of substantially uniform dimensions and properties.
PAR  2. Description of the Prior Art
PAR  Numerous patents have been issued describing a variety of ways of making
      open pore cellular foam of materials such as metals, metal alloys, metal
      oxides, ceramics, glasses and the like. Included among these patents are
      U.S. Pat. Nos. 3,052,967, 3,090,094, 3,111,396, 3,362,818, 3,408,180 and
      3,470,117. See U.S. Pat. No. 3,171,820 for preparation of reticulated
      polyurethane foam.
PAC  SUMMARY OF THE INVENTION
PAR  A reticulated foam structure of metals, ceramics, polymers or the like is
      prepared by investing an organic foam structure with an inorganic
      composition which sets to a hard rigid structure. The inorganic
      composition is inert under the conditions employed in preparing the
      reticulated foam structure, until the last step, when it is capable of
      dissolution, so as to leave the reticulated structure free of the
      investment material. After the investment has set, the organic foam
      material is removed and the voids filled with a metal, ceramic, or polymer
      composition or combination thereof or the like. After the composition has
      set, the inorganic investment material is then dissolved away. Reticulated
      foams may be prepared of various metals, such as aluminum, beryllium,
      magnesium, uranium, iron, etc.; alloys, such as aluminum-silicon,
      aluminum-magnesium, and aluminum-zinc; ceramics based on aluminum oxide,
      silicon dioxide, ferric oxide, including refractories, such as carbides
      and nitrides; organic polymers, such as polyimides, polyaromatic ethers
      and thioethers, fluorocarbons, etc.
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  In carrying out the method of this invention, a reticulated foam structure
      is provided. These structures are commercially available or can be
      prepared, if desired. Optionally, the structure may be coated internally
      with a wide variety of materials.
PAR  The first essential step is the investment. Here, a fluid suspension of an
      inorganic composition is introduced into the reticulated foam structure
      and allowed to set to a rigid structure. In this way, a positive is formed
      of the original foam structure.
PAR  The second essential step is the removal of the original organic foam
      structure, so as to provide a pattern of voids or internal passageways in
      the investment, corresponding to the original foam structure.
PAR  The third essential step is the filling of the voids with the desired
      composition for the final reticulated foam structure.
PAR  Finally, the investment is dissolved in a convenient medium.
PAR  Each of the steps will be considered individually with the compositions and
      conditions employed. The first consideration is the foam structure or
      pattern. Any form retaining organic reticulated foam pattern may be
      employed. Various organic foams may be obtained from organic polymers. For
      example, foams may be derived from condensation polymers, such as
      polyurethanes, polyureas, polyesters, polyamides and polyethers.
      Alternatively, addition polymers may be employed, such as polystyrene,
      polyvinyl chloride, polyethylene, polypropylene, etc. Also, combinations
      of the two materials may be used. In addition, foamed wax may be employed.
      The wax may be foamed by emulsifying the wax, removing the emulsifier to
      form a stable structure, and then blowing hot air or a solvent through the
      wax so as to break the membrane walls to open the various cells to form a
      reticulated structure.
PAR  Of the various foams, polyurethane is commercially available, for example
      from Scott Paper, Co., under the names Polyfoam and Scott Industrial Foam.
      Polyurethane may be reticulated in a wide variety of ways. See a
      discussion of reticulated polyurethane foams in Chemical and Engineering
      News, June 7, 1965, Pages 44ff. The methods employed for reticulating
      polyurethane foam can be used in reticulating other types of foam.
PAR  A wide range of pore sizes is available and may be used in this invention,
      varying from 3 to 125 pores per linear inch (ppi). Usually the pore size
      will be from about 10 to 80 ppi. COmmercially, pore sizes may be obtained
      in at least a range of 10 ppi to 100 ppi.
PAR  It is frequently desirable to employ a foam having a pore size somewhat
      larger than is desired for the final product. The pore size may then be
      reduced in a variety of ways with concommittant increases in ligament
      size.
PAR  Plastic foam can be obtained or produced in a variety of widths,
      thicknesses and shapes. The plastic foams are generally easily worked and
      can be modified to obtain various intricate forms, so as to avoid
      extensive working of the final product.
PAR  Various materials may be used for coating the foam. These materials include
      wax, epoxy resins, silicon rubber, polymers, e.g., polyurethane, etc. Any
      material may be employed which may be coated onto the polyurethane foam,
      conveniently by dipping, either in a solution or melt of the coating
      material. Depending on the thickness of the coat desired, it may be
      desirable to coat the foam one or more times by repeated dippings. With
      wax, to insure a uniform coating, and to eliminate "windows", i.e. a thin
      membrane extending between ligaments, the pattern prior to setting of the
      wax is agitated, squeezed, shaken or heated. Heating is usually at a
      temperature of from about 150.degree. to 200.degree.F., and, above the
      melting point of the wax employed. The excess wax is allowed to drain off.
      Also, it is frequently desirable to blow the wax coated foam with a warm
      air stream.
PAR  Alternatively, depending on the particular foam material, the foam
      structure may be swelled by using an appropriate non-solvent. For example,
      controlled swelling may be achieved with polyurethane by using a solvent
      such as trichloroethylene, which has a sufficiently high boiling point so
      as to be retained by the foam material.
PAR  In choosing a coating material or swelling agent, consideration should be
      given to the need to remove the material along with the organic foam from
      the investment.
PAR  One or more pieces of plastic foam may be employed so as to have a
      heterogeneously formed reticulated foam structure. That is, two different
      organic foam pieces may be joined, in a variety of shapes, so as to have
      areas of different pore size. As an illustration, one piece might be cut
      in the form of a cylinder and the other piece of an annulus surrounding
      the core. The finished foam structure produced with such a pattern will
      maintain its integral and continuous nature, but will possess different
      sized cells in the central portion, than in the radially outer portions.
      The method could be extended to include multiple pieces of plastic foam
      individually oriented. This process would then produce a material having
      an inhomogeneous structure. The anisotropy of the structure can be further
      increased by deforming the structure after cooling, so as to achieve
      highly dimensionalized and anisotropic properties.
PAR  Once the coating, if any, has set and is of the desired thickness to
      provide the desired ligament size, the organic foam is ready to be
      invested. A wide variety of materials may be used for the investment,
      subject to certain conditions. The investment composition must be capable
      of being introduced uniformly through the pores. Once introduced, it must
      set within a reasonable time to a rigid stable structure. When setting,
      the investment composition should not undergo undue expansion or
      contraction, which results in either injury to the reticulated organic
      foam or lack of uniformity and discontinuity in the investment structure.
      Once set, the investment composition must be structurally stable to
      removal of the organic reticulated foam material and to the material
      employed for forming the desired inorganic reticulated foam structure.
      Finally, in accordance with this invention, the investment material must
      be readily removable so as to leave the inorganic reticulated foam
      structure free of the investment material.
PAR  For the most part, the investment compositions will be aqueous suspensions
      or aqueous suspension-solutions of inorganic salts, at least one of the
      salts having an alkaline earth metal. The amount of the alkaline earth
      metal salt(s) including oxides and hydroxides will generally vary from 5
      to 100 percent of the inorganic salts present. Normally, a mixture of more
      than one salt will be used, sometimes as many as five salts or more being
      employed. The group II metals which may be employed as their salts include
      beryllium, magnesium, calcium, strontium, and barium. Preferred cations
      are magnesium and calcium.
PAR  The other salts will normally be alkali metal salts (Group I). These salts
      include lithium, sodium, potassium, etc.
PAR  A wide variety of anions may be employed, including oxide, hydroxide,
      chloride, sulfate, phosphate, borate, aluminate, silicate, carbonate, etc.
      With the group II metals, the preferred anions are oxide, hydroxide and
      sulfate.
PAR  Various salts include magnesium oxide, magnesium sulfate, calcium sulfate,
      beryllium sulfate, beryllium oxide, magnesium carbonate, magnesium
      chloride, sodium chloride, potassium chloride, potassium phosphate, sodium
      phosphate, sodium aluminate, lithium silicate, lithium sulfate, barium
      sulfate, barium carbonate, sodium borate, potassium borate, calcium
      borate, etc.
PAR  As already indicated, the alkaline earth metal salts will generally be
      present in from 5 to 100 percent of the salt composition. Therefore, the
      other salts may be present in from 95 to 0 percent. Usually, the alkaline
      earth metal salts will be present in from about 15 to 100 percent, more
      usually 25 to 100 percent.
PAR  An aqueous medium is normally employed to provide a pourable suspension.
      However, other mediums of oxygenated organic solvents may be employed,
      such as alcohols, esters and polyesters. Enough liquid is used to give
      sufficient fluidity and reduce the viscosity of the suspension to allow
      the composition to flow smoothly into the organic reticulated foam
      structure. The amount of liquid employed will usually be at least about 8
      weight percent and not more than about 100 weight percent, moroe usually
      at least about 10 weight percent and not more than about 50 weight percent
      of the inorganic salt composition. The amount of liquid employed will vary
      depending on the salts used in the inorganic composition. Therefore, the
      amount of liquid used will be adjusted with the different salt
      compositions to obtain a composition having the desired viscosity. With
      certain salts, with water as the medium, it is found desirable to have
      from 0 to 40 volume percent of a lower alkanol such as methanol or ethanol
      present. The lower alkanol normally reduces the time for drying, and aids
      in reducing the viscosity of the composition.
PAR  In the investment composition, various materials other than salts may be
      present in minor amounts, usually in from about 0.05 to 10 weight percent
      based on the entire composition. Emulsifiers may be employed, particularly
      non-ionic emulsifiers, such as the alkylpolyethyleneoxy alcohols or
      alkylphenylpolyethyleneoxy alcohols or esters. These will usually be
      present in from about 0.05 to 1 weight percent of the entire composition.
      Gum arabic may be employed in amounts varying from 1 to 10 weight percent
      of the entire composition. Also, inert fillers may be used such as walnut
      shell powder, dried blood, talc, silica flour, etc. These will normally be
      used in amounts of from about 0.5 to 10 weight percent of the entire
      composition.
PAR  The metal salts which are insoluble in water will normally be employed as
      extremely fine powders so as to provide a relatively creamy composition.
      The mesh size will usually vary in the range of -250 to -450 U.S.
      standard. Usually, the substantially insoluble salts will be mixed to form
      a relatively homogeneous dry mixture. This dry mixture may then be added
      to a solution of the soluble salts or to water and the mixture stirred
      till substantially homogeneous. The particular method of forming the
      investment mixture is one of convenience and is not essential to the
      nature of the invention.
PAR  An alternative to the fluid salt suspensions is the use of fine flowable
      powders, such as carbon powder and colloidal graphite, which may be bound
      together to form a stable structure with a resin, e.g., a phenolic, such
      as phenolformaldehyde. This type of mold is particularly useful with
      oxides, which will form stable carbides when heated in the presence of
      carbon at elevated temperatures.
PAR  In preparing the pattern for investment, a wax layer may be provided
      completely across one end or side of the reticulated organic foam. This
      layer or runner may be formed on the pattern by melting wax in a dish or
      pan, the height of the melting wax in the dish or pan being that of the
      desired wax runner on the pattern. The pattern is then set in the dish and
      the wax permitted to cool and solidify. The dish or pan is preferably
      formed of foil or the like, so as to permit stripping from the wax. The
      excess wax is then trimmed or cut away to conform to the shape of the
      pattern.
PAR  A pouring sprue or gate may be inserted into the wax runner, preferably
      immediately prior to the setting of the wax. The pouring sprue is
      preferably formed of wax, styroform, or other material which may be easily
      removed with the pattern.
PAR  The pattern is now ready for investment with the investment composition. A
      casting flask preferably having side walls and an open bottom and top is
      placed on a vibrating table. The pattern is disposed therein and spaced
      from the side walls, the bottom and the top, with the sprue uppermost. The
      investment is poured into the flask completely around the pattern. The
      bottom of the flask is sealed to the table and the table vibrated. A
      vacuum is preferably pulled on the flask by sealing the top of the flask
      with a cover and connecting a port on the cover to a vacuum source. The
      vacuum assists in removing air from all interstices of the pattern and
      insures the investment material flowing uniformly throughout the pattern.
      The vacuum and vibration, either individually or together, are continued
      for sufficient time to insure substantially uniform distribution of the
      investment material in the pattern. Usually, a few seconds or a few
      minutes will suffice.
PAR  The investment material is now allowed to set. Normally, depending on the
      exigencies of time, the investment may set by evaporation or chemical
      reaction at ambient temperatrues. If desired, a mild vacuum or relatively
      mild heating may be employed, usually not exceeding about 250.degree.F.
      Preferably, the investment is allowed to dry at temperatures below about
      150.degree. F.
PAR  If desired, to insure substantially all the water being driven off, the
      invested organic foam may be introduced into an oven at a temperature of
      from 100.degree. to 300.degree. F., for a time from about 30 minutes to 6
      hours. Preferably, if elevated temperatures are employed for driving off
      the water, wax will be employed in coating the original organic
      reticulated foam. The wax softens and melts, running off, leaving
      passageways for the escape of steam. These passageways permit high rates
      of steam venting and therefore high temperatures for short periods of time
      to achieve substantial dehydration. If foam wax or other low melting
      pattern is employed, then the investment will be allowed to set at ambient
      temperatures, certainly at temperatures below the softening point of the
      wax.
PAR  Once the investment has set to the desired rigidity, the flask is removed
      from the table and the lower layer of plaster scraped away, exposing the
      pores or voids on the surface of the pattern remote from the sprue. Then,
      the original organic reticulated foam pattern may be removed. With wax,
      the wax may be removed by heating the investment and pattern to a
      temperature above the melting point of the wax. If desired, any remaining
      traces of wax may be removed by washing the investment with an inert
      hydrocarbon solvent and allowing the solvent to evaporate.
PAR  With polymers, a preferred method is to heat the invested organic
      reticulated foam to a temperature which volatilizes the polymer either by
      decomposition or other means, so as to leave the investment free of the
      reticulated organic foam. Preferably, the temperature is raised slowly
      from an initial temperature in the range of ambient to 500.degree. F. at
      about a rate of from 50.degree. to 200.degree. F. per hour, more usually
      from about 75.degree. to 125.degree. F. per hour until the desired
      temperature is reached. The desired temperature will be at least about
      900.degree., more usually at least 1200.degree. F., and usually not exceed
      about 1800.degree., more usually 1500.degree.F. Usually, it will take at
      least about 0.5 hours and fewer than 6 hours, more usually from about 1 to
      4 hours to remove substantially all of the organic material present. The
      rate of removal can be somewhat enhanced by introducing a stream of oxygen
      into the voids which initially form at the periphery of the investment. If
      desired, when it appears that all of the organic material is gone the
      investment may be flushed with oxygen, followed by a flushing with an
      inert gas, such an argon or nitrogen.
PAR  With condensation polymers, it is possible to remove the polymer by
      chemical action. By an appropriate choice of investment material, strong
      base or acid may be used to hydrolyze or decompose the polymeric material.
      Dipping the invested organic foam into the desired acid or base bath,
      normally at mildly elevated temperatures, will result in the slow removal
      of the organic foam to leave the desired void pattern. Therefore,
      depending on the particular organic foam employed, either thermal or
      chemical action may be used for the removal of the reticulated organic
      foam.
PAR  Where a flowable powder has been employed, such as carbon, the reticulated
      organic foam may be removed in the manner described above, with due
      consideration of the means for bonding the powder. With polyurethane as
      the reticulated foam, a caustic bath will usually suffice. A carbon mold
      will remain which can be used to form a reticulated foam.
PAR  As indicated, various materials may be used in forming the final inorganic
      reticulated structure. These materials include metals, metal alloys,
      ceramics, cermets, vitreous and polymers. With certain techniques,
      refractories, such as carbides and nitrides can be obtained. With the
      metals and metal alloys, normally, casting of the molten metal will be
      employed. Accordingly, the investment is placed on a chill plate and the
      molten metal poured through the sprue into the investment. Water is
      sprayed on the outer walls and on the chill plate to help in cooling. As
      the molten metal hits the chill plate, it solidifies along the bottom, and
      the water cooling tends to cause solidification along the sides inwardly.
      Cooling can be further controlled by applying heat to the sprue, in order
      to keep the metal in the sprue molten, until the remainder of the casting
      has solidified. Conveniently, electric resistance heating or torches may
      be employed. Alternatively, to the use of water, streams of cold air or
      other refrigeration means may be used.
PAR  To assist the flow of the molten metal through the investment, a pressure
      differential may be created through the investment. This may be achieved
      by applying air or other gas pressure to the upper surface. Conversely,
      the chill plate may be provided with apertures and connected to a vacuum
      source. In addition or alternatively, the investment may be vibrated or
      centrifuged to assist the proper flow of the metal through the investment.
PAR  Where a ceramic material is desired, the various inorganic salts for the
      ceramic may be dispersed in an aqueous medium to form a homogeneous
      flowable suspension which can be introduced into the investment, much the
      same way that the investment material was introduced into the original
      reticulated structure. The powders employed will normally be of a mesh
      size, such as to have 90% passage through a 5 .mu. screen.
PAR  The suspension is allowed to dry so as to form a substantially compact
      uniform composition throughout the investment. Alternatively, the ceramic
      composition may be dispersed with a polymeric composition, such as an
      alkyd resin or condensation polymer. The resins bind the particles
      together. The ceramic ingredient will normally be from about 40 to 70
      weight percent of the composition. The ceramic structure is then formed by
      introducing the investment into an oven at a temperature at which the
      ceramic composition sinters so as to form a uniform mass. Upon cooling, a
      reticulated ceramic structure will be formed with the voids filled by the
      investment material. Metal powders may be sintered much in the same way as
      the ceramic material, to form a metal reticulated structure. The
      significant factor is that the composition may be treated in a manner so
      as to form a solid coherent structure, with ceramics, metals and the like,
      passing through a melt or sintering stage.
PAR  With ceramics, of course, an investment material must be employed which
      will not soften or melt at the temperature at which the ceramic material
      sinters. Therefore, a high melting investment material should be employed,
      such as magnesium oxide, or calcium sulfate. Furthermore, the investment
      material should not itself form a glass or ceramic, nor should it be
      dissolved by or become involved with the ceramic structure.
PAR  With organic polymers, the polymer may be a thermoplastic polymer or
      thermosetting. With thermoplastic polymers, the melt may be cast in the
      same manner as a metal, employing temperatures suitable to the polymer,
      usually in the range of about 120.degree. to 600.degree.C. With either
      type of polymer, the polymer may be prepared in situ. Addition polymers
      may be prepared by adding monomer and catalyst, if required. Condensation
      polymers may be prepared by heating in the presence or absence of
      catalyst. Methods of polymerization are known in the art and may be
      readily applied to preparation of organic reticulated foam. Foam may be
      prepared from polystyrene, polyacrylonitrile, polyacrylates,
      polymethacrylates, polyvinyl chloride, polyimide, polyfluoroolefins,
      polyesters, polyamides, polyethers, etc. Preferred organic polymers are
      refractory polymers, such as polyimides, e.g., polybenzimide;
      polyfluorocarbons, polyaromatics, etc.
PAR  The choice of investment material will be governed by the particular
      polymer and the method of formation. The investment material should not be
      too porous, so as to absorb the polymer or monomer, nor react with the
      polymer or monomer to give undesirable side reactions. Many of the
      inorganic salts are satisfactory and may be used with a wide variety of
      polymers.
PAR  If desired, the final product may have a foamed internal structure, by
      employing a foaming agent in the composition employed for forming the
      reticulated structure. This is particularly convenient with ceramic
      compositions, where compounds may be added which will expand on heating or
      release a gas. Illustrative materials include liquid blowing agents,
      chemical agents that decompose to a gas, such as carbon dioxide, ammonia
      or nitrogen, etc. The foamed reticulated structure is extremely light
      weight and provides a high surface area. The ceramic composition will
      normally employ a binder, such as an organic polymer. Other compositions
      which may be foamed include organic polymers.
PAR  Another modification of the subject invention is to join the reticulated
      foam pattern by means of a binding agent to an organic material of a
      desired structure. The resulting structure is then invested to provide an
      investment of the composite structure. The pattern may then be removed by
      any of the ways described to leave a pattern of voids corresponding to the
      composite structure.
PAR  This technique permits forming a structure that has an increasing density
      toward skin and a complete contact joint between foam and skin. The
      density variation is controlled by the amount of coating applied to the
      foam pattern and the contact joint area is controlled by the thickness of
      the coating applied to the formed object.
PAR  A modification of the subject invention is the formation of reticulated
      structures having hollow ligaments. These structures can be achieved by
      coating the reticulated foam pattern with a fluid composition which will
      adhere to the walls of the pattern and be capable of forming a coherent
      form retaining structure. Solutions, suspension or powders which are held
      together with a suitable binder may be employed.
PAR  Conveniently, with metals, metal alloys, ceramics and cermets, a
      composition can be prepared of fine powders, such as are employed with the
      ceramic compositions, and a polymeric organic binder, e.g.
      phenol-formaldehyde, alkyd, etc. Alternatively, solutions of polymers may
      be used, where a volatile solvent is employed. When appropriate,
      suspensions or dispersions may be employed, such as ceramic compositions,
      particularly with colloidal binders.
PAR  The pattern may be coated in a variety of ways by dipping, pouring the
      composition through the pattern, or other convenient means. One or more
      coats may be applied, with draining permitted between each coating to
      enhance uniformity. When the desired thickness of the coating has been
      achieved, the coated pattern may be treated in a variety of ways,
      depending on the nature of the pattern and the nature of the coating. With
      metal powders, the pattern may be leached away and the metal sintered or
      sintering and burning away of the pattern carried out simultaneously.
      Ceramic structures can be prepared by sintering with simultaneous
      degradation of the polymer. Substantially the same procedures employed in
      preparing the reticulated structure may be employed in preparing the
      hollow structures.
PAR  The wall thicknesses will be at least about 0.1 mil and usually at least
      about 0.5 mil. The diameter of the passageways may be varied widely, being
      at least about 0.5 mil, more usually, at least about 1.0 mil and usually
      not exceed 50 mils. It should be understood, that the internal passageways
      of the hollow foam structure will be the same form as the original
      pattern.
PAR  If desired, the shell structure may be used in place of a solid investment,
      with either the hollow passageways or the normal passageways serving as
      the form. The hollow foam structure can be filled or the surfaces
      modified, either internally, externally or both.
PAR  Once the reticulated inorganic structure has been formed, the investment
      material may be removed in a variety of ways. Most conveniently, the
      investment material may be removed by washing with pressurized water. With
      dental investment material high pressure water jets are sufficient.
      Alternatively, the investment material may be removed by dissolution.
      Where magnesium oxide is used, by itself or in combination with other
      salts, concentrated nitric acid is effective in removing the investment
      material. Where silicates are used, hot caustic baths are effective. When
      sodium or calcium chloride is employed in combination with another salt,
      such as gypsum, warm water is usually sufficient to leach away the
      investment. This can be conveniently done by dipping the reticulated
      inorganic structure filled with the investment material into a bath having
      the desired composition and allowing the reticulated structure to remain
      immersed in the bath until all of the investment material is removed.
PAR  Where a carbon mold is employed, oxides such as silica or boric oxide may
      be poured as melts into the carbon mold. By heating the mold to a
      temperature of from about 2600.degree. to 3600.degree.C. for 36 hours, the
      oxide will be converted to the carbide. After the carbide has been formed,
      the mold may be cooled to 1000.degree.C., transferred to a controlled
      oxidizing furnace and the carbon mold oxidized to leave a free-standing
      carbide structure.
PAR  Depending on the reticulated structure, the chemical nature of the
      structure may be modified. By employing a chemical heat treatment or
      chemical vapor deposition, using either a gas or a fluidized bed,
      refractory nitrides, carbides and oxides may be prepared, such as silicon
      nitride, boron nitride, silicon carbide, boron carbide, aluminum oxide,
      etc.
PAR  Also, the foam structure may be chemically or electrically etched, so as to
      change the ligament size. One could therefore prepare a reticulated foam
      structure having ligaments of a large diameter, which would be readily
      reduced as required.
PAR  Once formed, the reticulated inorganic structure may then be trimmed,
      shaped or otherwise treated to provide the final form of the product.
      Various modifications, both chemical and physical, can be carried out with
      the reticulated foam.
PAR  The nature of the structure, the method of manufacture and the diversity of
      materials, makes the reticulated foams extremely versatile. The foamed
      material may be coated with inorganic or organic compositions to provide
      surfaces having specified characteristics. For example, the surfaces may
      be coated with a catalytic material, so as to provide a high surface area
      and a turbulent fluid flow to ensure contact between the reactants and the
      catalytic surface. Alternatively, organic resins may be coated onto the
      surfaces, which could act as ion exchange resins, acid or basic catalysts,
      etc.
PAR  In addition, reticulated foams may be prepared of metals which may then be
      reacted at the surface with various reagents to provide chemically
      reactive or catalytic surfaces. For example, aluminum could be oxidized or
      chlorinated to provide a dehydrating or alkylating catalyst. Iron could be
      chlorinated to provide an alkylating catalyst. Group VIII metals, such as
      platinum, palladium, rhodium, iridium, etc. may be coated onto a ceramic
      surface, oxidized or chlorinated and then reduced to form a highly active
      catalytic surface.
PAR  The reticulated foam can act as a structure to enclose various materials.
      The foam could be filled with chemical reactants e.g. rocket fuels, which
      would provide an exothermic reaction when ignited. Alternatively, the foam
      could be filled with a strength enhancing material for structural use. The
      reticulated foam could be filled or coated with materials for energy or
      radiation attenuation or absorption e.g. sound, microwaves, x-rays, etc.
      Microballoons, made of ceramic, glass or the like, could be introduced,
      and held in place with a suitable binder.
PAR  Also, either in preparing the foam or subsequently, the reticulated foam
      can be bonded to various structural forms, such as films, plate, rods,
      etc. During casting, for example, at the bottom or other portion of the
      investment can be a plate or film of a material which will bond to the
      casting during cooling, so as to have the plate as an integral member. In
      this way, an integral skin is provided for the reticulated foam structure.
      Other forms can be bonded, welded or otherwise joined to the recitulated
      foam as required.
PAR  In accordance with the nature of the material, the reticulated foam may be
      heat treated e.g. annealing, cooled, or modified by other means to change
      the crystal structure, magnetic properties, electrical conducting
      properties, etc.
PAR  The following examples are offered by way of illustration and not by way of
      limitation.
PAR  A large number of compositions were invested in beakers and found to have
      satisfactory properties for investment. The following table is
      illustrative of a few of the compositions which were prepared and
      indicates the wide variety of different salts which may be employed. All
      values are reported in grams.
TBL  ______________________________________                                    
     Ex. I          MgO         660                                            
                    MgSO.sub.4  60                                             
                    H.sub.2 O   400                                            
                    Tween 40    3                                              
                    Gum Arabic  48                                             
     Ex. II         MgO         1000                                           
                    Li(SiO.sub.2)                                              
                                125                                            
                    H.sub.2 O   216                                            
                    Tween 40    5                                              
     Ex. III        MgO         660                                            
                    MgCO.sub.3  600                                            
                    MgSO.sub.4  60                                             
                    MgCl.sub.2  60                                             
                    H.sub.2 O   360                                            
     Ex. IV         MgO         660                                            
                    MgCO.sub.3  600                                            
                    MgSO.sub.4  60                                             
                    H.sub.2 O   360                                            
     Ex. V          MgO         900                                            
                    MgCl.sub.2  45                                             
                    H.sub.2 O   150                                            
     Ex. VI         CaSO.sub.4  48                                             
                    NaCl        240                                            
                    H.sub.2 O   52                                             
     Ex. VII        CaSO.sub.4  400                                            
                    NaCl        800                                            
                    H.sub.2 O   300                                            
     Ex. VIII       CaSO.sub.4  180                                            
                    Na.sub.2 SO.sub.4                                          
                                360                                            
                    H.sub.2 O   135                                            
     Ex. IX         CaSO.sub.4  180                                            
                    NaBO.sub.2  360                                            
                    H.sub.2 O   135                                            
     Ex. X          CaSO.sub.4  180                                            
                    K.sub.3 PO.sub.4                                           
                                360                                            
                    H.sub.2 O   135                                            
     Ex. XI         CaSO.sub.4  180                                            
                    Na(AlO.sub.2)                                              
                                360                                            
                    H.sub.2 O   290                                            
     Ex. XII        MgSO.sub.4  25                                             
                    MgO         0.5                                            
                    MgCO.sub.3  50                                             
                    H.sub.2 O   12.5                                           
                    C.sub.2 H.sub.5 OH                                         
                                2.5                                            
     ______________________________________                                    
PAL  (waters of hydration are intended, as appropriate. MgO is a mixture of
      calcined MgO and a small amount of slack MgO except in Example XII.
      CaSO.sub.4 is gypsum hemihydrate. MgSO.sub.4 is epsom salt).
PAR  In addition, several graphite investment materials were successfully
      tested, including graphite powder with colloidal graphite and
      phenol-formaldehyde as binder. The polyurethane foam was removed by
      soaking the cured investment in caustic solution prior to heating in an
      inert atmosphere for casting titanium.
PAC  EXAMPLE XIII
PAR  Commercially available polyurethane foam (supplied by Scott Paper Co.),
      which is used as a pattern, is coated with polyurethane solution by
      repeated dippings to obtain the desired ligament size. (The polyurethane
      solution is prepared by mixing 58.5 parts polypropylene glycol, 27.2 parts
      castor oil, 14.1 parts toluene diisocyanate (1:1 mole ratio of glycol to
      diisocyanate) and 0.2 parts of catalyst). After allowing the pattern to
      drain, the pattern is squeezed and centrifuged. Surplus coating is removed
      with absorbent towels and air blasts. The wet pattern is placed in a dryer
      and the coating cures at about 150.degree.F. for about 30 minutes.
PAR  The dipping process was repeated employing a wax solution comprising equal
      parts of investment wax and Stoddard solvent, at a temperature of about
      120.degree.F. followed by drying at about 150.degree.F. for about 30
      minutes.
PAR  An investment composition is prepared using 67 parts of Grays Dental
      investment (calcium sulfate, talc and silica flour) or Ransome &
      Randolph's Ultra-vest and 33 parts of water. The pattern is placed in a
      flask open at top and bottom, the flask sealed to a vibrating table and
      covered. The cover has an outlet which is connected to a vacuum (29 inches
      Hg) and a second outlet connected to the investment composition. The
      investment composition is drawn into the flask while the flask is
      vibrated. When the flask is full, the hoses are disconnected and the
      investment is scraped to expose the foam. After the plaster has set, the
      flask is removed from the vibrating table and the bottom scraped to expose
      the foam. The investment is allowed to age, usually for about 12 hours at
      ambient conditions.
PAR  The flask is then placed in a kiln at 250.degree.F. which is held for 4
      hours; the temperature is increased to 350.degree.F. and held for 20 hours
      and then the temperature is raised at a rate of 100.degree.F./hours to
      1200.degree.F., which is maintained for about 24 hours.
PAR  Aluminum or other metal is melted and heated to about 200.degree.F. about
      its melting point. The flask is removed from the kiln, placed on a chill
      plate and sealed to the chill plate using zinc chromate. The metal is
      poured into the sprue of the flask while applying a vacuum to the chill
      plate. The flask is insulated with insulation material and the sprue
      heated to 1300.degree.F. initially. When the pattern is filled, the vacuum
      is removed, the casting allowed to cool and the sprue allowed to cool to
      200.degree.F. The flask is removed from the chill plate and the casting
      removed from the flask. The excess investment material is removed,
      followed by removal of the sprue and chill plate runner. The investment
      material is then removed from the casting with high pressure water
      nozzles.
PAC  EXAMPLE XIV
PAR  The pattern is prepared and invested as described above. The pattern is
      removed by soaking in aqueous 10% NaOH at 120.degree.F. for about 4-8
      hours. The investment is removed from the caustic bath and flushed with
      water.
PAR  An alumina composition is prepared by combining 3 parts alumina (Dispel,
      supplied by Conoco, Tulsa, Okl.), 54 parts alumina powder, 3 parts
      colloidal alumina (Baymal, supplied by Dupont Co., Wilmington, Del.), 1
      part glycerine, 1 part methanol and 38 parts water.
PAR  The investment mold is sealed onto a vacuum plate and the sides sealed with
      plastic sheet and wax. After sealing the cover to the investment, the two
      outlets are connected to a vacuum line (29 inches Hg) and the slurry
      container respectively. The investment is vibrated as the slurry is drawn
      into the investment. When the mold is full the hoses are disconnected and
      the cover removed.
PAR  The mold is then heated at 120.degree.F. at 50% relative humidity for about
      24 hours. After removing the plastic from the mold, the temperature is
      then raised 10.degree.F./hour over a period of 24 hours while maintaining
      the humidity, followed by raising the temperature 100.degree.F./hour for
      20 hours, holding for 4 hours at about 2400.degree.F. and then cooling
      down at a rate of 50.degree.F./hour. to room temperature.
PAR  The mold is then held in hydrochloric acid at about 100.degree.F. for about
      12 hours. The alumina foam is removed from the acid bath and washed with
      water.
PAR  The procedure can be repated using an aluminate or polymeric binder e.g.
      styrene modified alkyd resin, in place of colloidal alumina.
PAC  EXAMPLE XV
PAR  Following the above procedure, 660 g. of magnesium oxide was mixed with 600
      g. of magnesium carbonate. A solution was prepared of 360 g. of water, 60
      g. of magnesium chloride and 60 g. magnesium sulfate haptahydrate. The dry
      mixture of magnesium oxide and magnesium carbonate was combined with the
      solution to form a homogeneous dispersion. Polyurethane supplied by Scott
      Paper Co. having 10 ppi was coated with wax by dipping the polyurethane
      into the wax, so as to enhance the ligament size. After the wax had been
      drained and any windows blown open with warm air, the polyurethane was
      then filled with the investment composition. After standing 2 days, the
      investment had sufficiently solidified so as to provide a rigid structure.
      The investment containing the polyurethane foam was then introduced into
      an oven, and the temperature was increased at the rate of
      100.degree.F/hour until 2400.degree.F. was achieved. This temperature was
      maintained for 8 hours, then was decreased at the rate of
      100.degree.F./hour until 1200.degree.F. was achieved.
PAR  Following the normal procedures for casting, an aluminum reticulated
      structure was then cast in the substantial likeness of the wax coated
      polyurethane structure.
PAC  EXAMPLE XVI
PAR  The procedure of Example XIII is employed in preparing the pattern. A sheet
      or tube of a plastic, such as polyurethane or polyvinylchloride is formed
      in the desired shape. The formed plastic object is coated with a
      polyurethane solution, such as that described in Example XII by any
      convenient means, such as dipping, rolling, spraying or brushing. The
      reticulated pattern and formed object are brought together to form an
      assembly and a slight compressive load is applied to the interface
      assembly.
PAR  The assembly is cured at about 150.degree.F., while maintaining compressive
      loading of the interface until the joint is cured. The procedure of
      Example XIII may then be followed in preparing the composite. Due to
      surface tension and wicking action of the foam pattern a smooth transition
      joint is made.
PAC  EXAMPLE XVII
PAR  The procedure of Exmaple XIV is followed except the mold was blown with
      warm air to enhance drying prior to introducing the following ceramic
      composition:
TBL                     Parts by wt.                                           
     Polyester*         22                                                     
     Dispel             2                                                      
     Cellulose acetate butyrate                                                
                        0.4                                                    
     Styrene            10                                                     
     Alumina powder     55                                                     
     Perchloroethylene  10                                                     
     MEK peroxide       0.2                                                    
     Cobalt Octoate     0.2                                                    
     Tween 40           0.2                                                    
     Maleic anhydride   1.2                                                    
     Sodium carbonate   1                                                      
     Water              1.8                                                    
      *(The polyester is prepared from 9.4 moles of triethylene glycol, 6.0    
      moles of maleic anhydride and 4.0 moles of isophthalic acid thinned with 
      15% styrene). The sodium bicarbonate is added to the polyester mixture   
      with the alumina and the sodium bicarbonate and water with the cobalt    
      octoate.                                                                 
PAR  Immediately after casting the ceramic slurry in the mold, the mold is
      pressurized in a bell jar, the pressure in the jar controlling the foam
      cell size.
PAC  EXAMPLE XVIII
PAR  A polyurethane foam pattern (see Example XIII) is washed in warm
      water/green soap solution, rinsed in cold water and dried, followed by an
      ethanol rinse and drying. The foam is then immersed in a 1 wt. percent
      isopropanolic fumed alumina solution and dried, followed by immersion in a
      ceramic slurry, such as
TBL                   Parts by weight                                          
     Alumina powder     55                                                     
     Guanidine aluminate                                                       
                        5      (Al.sub.2 O.sub.3 by weight)                    
     Isopropanol        1                                                      
     Glycerine          1                                                      
     Water              38     ,                                               
PAL  slowly removed and drained. After centrifuging to remove excess slurry, the
      coated foam is heated at 80.degree.F. and 50% relative humidity for 1-2
      hours. The coating procedure is repeated until the desired thickness is
      obtained.
PAR  The coated foam is heated to 120.degree.F. and 50% relative humidity and
      the temperature raised 10.degree.F./hr. for 24 hours. The temperature is
      then raised 100.degree.F./hr. in a kiln for 20 hours from an initial
      temperature of 350.degree.F., held for 4 hours at approximately
      2400.degree.F. and then cooled to room temperature at a rate of
      50.degree.F./hr.
PAR  If desired, the hollow ceramic structure prior to firing could have been
      invested with a suitable material so as to have a reticulated foam
      structure with a ceramic outer layer.
PAR  The above procedures can be carried out with minor modifications in casting
      a wide variety of metals and metal alloys such as aluminum, beryllium,
      aluminum-silicon, aluminum-magnesium, aluminum-zinc, copper, nickel, iron,
      silver, uranium, zinc, lead, etc. Various ceramic mixtures may be formed,
      employing inorganic materials, such as petalite talc, albite, orthoclase,
      anorthite, titania, barium ferrite, steatite, etc. Various polymer
      mixtures may be formed, employing organic materials, such as polyimides,
      fluoro carbons, etc., either preformed or polymerized in situ.
PAR  By virtue of the subject invention, a wide range of pore sizes can be
      formed ranging from as much as 3 to 125 ppi. Since sintering is not
      required, materials which are highly oxidizable, such as aluminum and
      beryllium may be employed. Furthermore, a substantially homogeneous
      reticulated structure is achieved. The method employed provides extreme
      flexibility in using various combinations of reticulated foams, varying
      pore sizes, varying materials, and carrying out operations in a simple and
      expedient manner with substantially conventional equipment. The finished
      foam material is characterized in having ligaments which are continuous,
      gas free or of low porosity and of integral construction. Since the cell
      size and shape of the pattern is multidirectional uniform, so will be the
      cell size and shape of the produced foam material. Conveniently, the cells
      can be formed as a regular polyhedra, particularly a dodecahedron.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a reticulated foam structure which comprises:
PA1  investing a reticulated organic foam pattern uniformly with an inorganic
      investment composition containing an alkaline earth salt, oxide or
      hydroxide, or carbon and a resin from which the air is removed, which is
      settable to a structurally stable positive of said pattern;
PA1  allowing said inorganic investment composition to set to a form retaining
      investment;
PA1  removing said pattern from said investment, by thermal or chemical means,
      so as to leave a pattern of internal passageways in said investment
      corresponding to said organic foam pattern;
PA1  introducing a forming composition capable of forming cohesive solid
      structure into said pattern of internal passageways while maintaining a
      pressure differential across said investment and vibrating said
      investment, so as to form a solidus reticulated foam structure, wherein
      when said forming composition is a molten composition, said forming
      composition is maintained in a molten state to flow through said
      investment, and when said forming composition is a sinterable material,
      said investment is heated to at least the sintering temperature to form
      said solidus reticulated foam structure; and
PA1  removing said investment composition to leave a solidus reticulated foam
      structure of the solidified forming composition.
NUM  2.
PAR  2. A method according to claim 1, wherein said reticulated foam structure
      has ligaments which are substantially the junctions of intersecting
      polyhedra.
NUM  3.
PAR  3. A method according to claim 1, wherein said reticulated organic foam
      pattern is coated with at least one organic coating to form a pattern
      having ligaments of enhanced size.
NUM  4.
PAR  4. A method according to claim 3, wherein said organic coating is wax.
NUM  5.
PAR  5. A method according to claim 1, wherein said reticulated organic foam
      pattern has pore sizes of from 3 to 125 pores per inch.
NUM  6.
PAR  6. A method according to claim 1, wherein said reticulated organic foam
      pattern is a polyurethane.
NUM  7.
PAR  7. A method according to claim 1, wherein said reticulated organic foam
      pattern is wax.
NUM  8.
PAR  8. A method according to claim 1, wherein said inorganic investment
      composition comprises at least one alkaline earth metal salt, oxide or
      hydroxide.
NUM  9.
PAR  9. A method according to claim 1, wherein said inorganic investment
      composition comprises carbon.
NUM  10.
PAR  10. A method according to claim 1 wherein said pattern is removed by
      heating at a temperature sufficient to melt or degrade said pattern.
NUM  11.
PAR  11. A method according to claim 1, wherein said pattern is removed by
      hydrolysis with acid or basic catalysis.
NUM  12.
PAR  12. A method according to claim 1, wherein said forming composition is a
      melt of metal, glass, ceramic or combination thereof and said conditions
      are cooling to form a reticulated foam structure of metal, glass, ceramic
      or combination thereof.
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ABST
PAL  Propynyl benzyl ethers having juvenile hormone-like activity which are
      4-halogen, lower alkyl, lower alkoxy or propynyloxy substituted or
      3,4-lower alkylenedioxy substituted and which can also be 3,5- and/or
      .alpha.-substituted, and insecticide compositions that include at least
      one propynyl benzyl ether and that can also include a conventional
      insect-poison.
PARN
PAR  This is a division of application Ser. No. 235,037, filed Mar. 15, 1972,
      now U.S. Pat. No. 3,840,604, entitled "Propynl Benzyl Ethers."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many conventional insect-poisons, such as the carbamates, the pyrethrins
      and the chlorinated hydrocarbons, although highly lethal to numerous
      insects, cannot be used indiscriminately. Despite their value for
      protecting foodstuffs, feeds, textiles and plants, these insect-poisons
      tend to remain indefinitely in the environment after being used. They are
      not naturally degraded, and by remaining undegraded in the environment,
      their lingering residues tend to find their way into foods intended for
      human or cattle consumption. Moreover, because apparently many of these
      insect-poisons are not quantitatively degraded by mammalian organisms,
      their use can lead to the indirect injury of humans or other mammals.
      Thus, the decision to use many conventional insect-poisons cannot be made
      without some significant reservations. There has been a need, therefore,
      for effective insect-poison compositions having a reduced tendency to
      linger in the environment, to contaminate food and to resist degradation
      in mammals.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that propynyl benzyl
      ethers of the formula:
      ##SPC1##
PAL  Wherein R.sub.1 is individually hydrogen, halogen, lower alkyl, lower
      alkoxy or propynyloxy and R.sub.2 is individually halogen, lower alkyl,
      lower alkoxy or propynyloxy or R.sub.1 and R.sub.2 taken together form a
      lower alkylenedioxy group; R.sub.3 and R.sub.4 are hydrogen or lower
      alkyl; and R.sub.5 is hydrogen or lower alkoxy; are useful in killing and
      preventing the proliferation of insects by upsetting their hormonal
      balance.
PAR  In accordance with another embodiment of this invention, insecticide
      compositions are provided which include at least one of the propynyl
      benzyl ethers and which can also include a conventional insect-poison.
PAR  The propynyl benzyl ethers of formula I are prepared by reacting an alcohol
      of the formula:
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are as above; with a
      halide of the formula:
EQU  CH.tbd.C--CH.sub.2 --X                                     III
PAL  wherein X is chlorine, bromine or iodine.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used throughout this application, the term "insect-poison" comprehends a
      compound or a combination of compounds which kill, disable or repel
      insects by either their chemical or physical effects upon the insects
      systems. In the insecticide compositions of this invention, any
      conventional insect-poison can be utilized. Among the preferred
      insect-poisons are the carbamates, pyrethrins, chlorinated hydrocarbons,
      phosphoric acid esters, and thio-phosphoric acid esters. Among the
      carbamates, especially preferred are the following:
PA0  1-naphthyl-methylcarbamate (Sevin);
PA0  m-(1-methylbutyl)-phenyl methylcarbamate;
PA0  m-(1-ethyl-propyl)-phenyl methylcarbamate;
PA0  3-methyl-5-isopropyl-phenyl methylcarbamate;
PA0  m-{[(dimethylamino)-methylene]-amino}-phenyl methylcarbamate; and
PA0  1-dimethylcarbamoyl-5-methyl-3-pyrazolyl dimethylcarbamate
PAR  Among the pyrethrins, especially preferred are the following:
PA0  pyrethrum, particularly pyrethrin I and II, cinerin I and II, and jasmolin
      II;
PA0  2,2-dimethyl-3-(2-methylpropenyl)-cyclopropanecarboxylic acid
      1-cyclohexene-1,2-dicarboximido-methyl ester;
PA0  2,2-dimethyl-3-(2-methylpropenyl)-cyclopropanecarboxylic acid
      5-benzyl-3-furyl-methyl ester; and
PA0  2-allyl-4-hydroxy-3-methyl-2-cyclopenten-1-one esterified with a mixture of
      cis and trans 2,2-dimethyl-3-(2-methylpropenyl)-cyclopropanecarboxylic
      acid (Allethrin).
PAR  Among the halogenated hydrocarbons, especially preferred are the following:
PA0  1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4-endo-exo-5,8-dimethano
     -naphthalene;
PA0  octachloro-camphor;
PA0  1,1,1-trichloro-2,2-bis(p-chlorophenyl)-ethane;
PA0  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-end
     o-5,8-dimethano-naphthalene;
PA0  1,2,3,5,6,7,8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano-indene;
PA0  1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-endomethano-indene;
PA0  1,1,1-trichloro-2,2,bis-(p-methoxyphenyl)-ethane (Methoxychlor);
PA0  hexachloro-cyclohexane;
PA0  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-exo
     -5,8-dimethano-naphthalene;
PA0  1,1,1-trichloro-2,2-bis(p-chlorophenyl)-ethanol (Kelthane);
PA0  1,1-dichloro-2,2-bis(p-ethylphenyl)-ethane;
PA0  1,1-dichloro-2,2-bis-(p-chlorophenyl)-ethane; 1,2-dibromo-3-chloro-propane;
PA0  1,2-dibromo-ethane; and
PA0  methyl bromide.
PAR  Among the phosphoric acid esters, especially preferred are the following:
PA0  2-carbomethoxy-1-prop-2-enyl dimethyl phosphate;
PA0  1,2-dibromo-2,2-dichloroethyl dimethyl phosphate;
PA0  1-chloro-diethylcarbamoyl-1-prop-2-enyl dimethyl phosphate;
PA0  tetraethyl pyrophosphate;
PA0  tetra-N-propyl dithiono-pyrophosphate;
PA0  0,0-dimethyl-0,2,2-dichlorovinyl-phosphate;
PA0  0,0-dimethyl-0-[1-methyl-2-(1-phenyl-carbethoxy)-vinyl]-phosphate; and
PA0  0,0-dimethyl-(1-hydroxy-2,2,2-trichloroethyl)-phosphonate.
PAR  Among the thiophosphoric acid esters, especially preferred are the
      following:
PA0  S-[1,2-bis-(carbethoxy)-ethyl]-0,0-dimethyl-dithiophosphate (Malathion);
PA0  0,0-diethyl-0-(2-isopropyl-4-methyl-6-pyrimidyl)-thiophosphate;
PA0  0,0-dimethyl-0-(p-nitrophenyl)-thiophosphate;
PA0  0,0-diethyl-0-(p-nitrophenyl)-thiophosphate;
PA0  0,0-dimethyl-S-[4-oxo-2,2,3-benzotriazin-3-(4H)-yl-methyl]-dithiophosphate;
PA0  0,0-diethyl-S-(2-ethylthio)-ethyl-dithiophosphate;
PA0  0,0-dimethyl-S-(2-ethylthio)-ethyl-thiophosphate;
PA0  0,0-dimethyl-0-(2-ethylthio)-ethyl-thiophosphate.
PA0  0,0-diethyl-S-(2,5-dichlorophenyl-thiomethyl)-dithiophosphate;
PA0  0,0-dimethyl-S-(N-methylcarbamoyl-methyl)-dithiophosphate;
PA0  2,3-p-dioxandithio S,S'-bis-(0,0-diethyl-dithiophosphate);
PA0  0,0,0',0'-tetraethyl-S,S'-methylene-bis-(dithiophosphate); and
PA0  S-{[p-chlorophenyl)-thio]-methyl}-0,0-diethyl-dithiophosphate.
PAR  Among other preferred insect-poisons, especially preferred are the
      following:
PA0  N,n-dimethyl-N'-(2-methyl-4-chlorophenyl)-formamidine;
PA0  2-(p-tert.butylphenoxy)-isopropyl 2-chloroethyl sulphite;
PA0  p-chlorophenyl 2,4,5-trichlorophenyl sulphone;
PA0  6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodio
     xathiepine 3-oxide;
PA0  N-(1,1,2,2-tetrachloroethyl-sulphinyl)-cyclohex-4-ene-1,2-dicarboximide;
PA0  2-dodecanoic acid 2-thiocyanato-ethyl ester;
PA0  crotonic acid 2-(1-methyl-heptyl)-4,6-dinitro-phenyl ester;
PA0  N-trichloro-methylthio-cyclohex-4-ene-1,2-dicarboximide;
PA0  N-trichloro-methylthio-phthalimide;
PA0  3,4-methylenedioxy-6-propyl-benzyl butyl diethylene glycol ether; and
PA0  rotenone.
PAR  As also used throughout this application, the term "propynyl benzyl ether"
      comprehends a propynyl benzyl ether of formula I which has juvenile
      hormone-like activity. The juvenile hormone-like activity of the propynyl
      benzyl ethers interferes with insects' hormonal systems, causing their
      transformation to the imago, their laying of viable eggs and the
      development of their eggs to be disrupted. These disruptions, which are
      the characteristics of juvenile hormone activity, effectively prevent
      affected insects from maturing and proliferating.
PAR  Among the preferred propynyl benzyl ethers are the compounds of the
      formula:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are as above.
PAR  Especially preferred are the compounds:
PA0  6-[(2-propynyloxy)methyl]-1,4-benzodioxan;
PA0  3,4-dihydro-7-[(2-propynyloxy)methyl]-2H-1,5-benzodioxepin;
PA0  3,4-methylenedioxy-.alpha.-(2-propynyloxy)-toluene;
PA0  3,4-dimethoxy-.alpha.-(2-propynyloxy)-toluene;
PA0  3,4-dihydro-7-[1-(2-propynyloxy)propyl]-2H-1,5-benzodioxepin;
PA0  6-[1-(2-propynyloxy)propyl]-1,4-benzodioxan;
PA0  1,2-methylenedioxy-4-[1-(2-propynyloxy)propyl]-benzene; and
PA0  diethylpiperonyl propargyl ether;
PA0  particularly 3,4-dimethoxy-.alpha.-(2-propynyloxy)toluene.
PAR  As further used throughout this application, the term "lower alkyl"
      comprehends straight chain and branched chain saturated aliphatic groups
      having 1 to 6 carbon atoms, preferably methyl or ethyl. As used herein,
      the term "lower alkoxy" comprehends alkoxy groups having 1 to 6 carbon
      atoms, preferably methoxy and ethoxy. As also used herein, the term "lower
      alkylenedioxy" comprehends alkylenedioxy groups containing 1 to 4 carbon
      atoms, preferably 1 to 3 carbon atoms, particularly methylenedioxy and
      ethylenedioxy. As further used herein, the term "halogen" or "halo"
      comprehends all four halogens, fluorine, chlorine, bromine and iodine,
      unless otherwise stated.
PAR  The propynyl benzyl ethers of formula I are useful in the control of
      invertebrate animals, such as arthropods and nematodes, especially against
      various kinds of insects. For example, they are active against Diptera
      such as house flies, fruit flies (Drosophila melanogaster), midges and
      stable flies, Lepidoptera such as cabbage looper (Trichoplusia ni), bud
      moth, lazy bombyx, owlet moth and owlet caterpillar, and Coleoptera such
      as alfalfa weevils (Hypera postica), confused flour beetles (Tribolium
      confusum), aphids, Colorado beetles, spider-mites and Prodenia litura.
PAR  The propynyl benzyl ethers are also practically nontoxic to vertebrates.
      The toxicity of the compounds is greater than 1,000 mg/kg body weight.
      Moreover, these compounds are readily degraded and the risk of
      accumulation is therefore excluded. Therefore, these compounds can be used
      without fear or danger in the control of pests in animals, plants, foods,
      and textiles.
PAR  Generally, in controlling invertebrate animals, the propynyl benzyl ethers
      are applied to the material to be protected, e.g., foodstuffs, feeds,
      textiles and plants, in concentrations of from about 10.sup.-.sup.3 to
      10.sup.-.sup.6 gm/cm.sup.2 of the material to be protected. Generally, it
      is preferred to utilize the propynyl benzyl ethers in a composition with a
      suitable inert carrier. Any conventional inert carrier can be utilized.
PAR  The propynyl benzyl ethers can, for example, be used in the form of
      emulsions, suspensions, dusting agents, solutions or aerosols. In special
      cases, the materials to be protected can also be directly impregnated with
      the appropriate compound or with a solution thereof. Moreover, the
      compounds can also be used in a form which only releases them by the
      action of external influences (e.g., contact with moisture) or in the
      animal body itself.
PAR  The propynyl benzyl ethers can be used as solutions suitable for spraying
      on the material to be protected. Such solutions should contain the ether
      in a concentration of 0.01% by weight to 0.5% by weight, preferably 0.1%
      by weight. These solutions can be prepared by dissolving or dispersing
      these compounds in a solvent, such as mineral oil fractions, cold tar
      oils, oils of vegetable or animal origins, hydrocarbons such as
      napthalenes, ketones such as methyl ethyl ketone, and chlorinated
      hydrocarbons such as tetrachloroethylene and tetrachlorobenzene. These
      compounds can also be provided in forms suitable for dilution with water
      to form aqueous liquids such as, for example, emulsion concentrates,
      pastes or powders. The propynyl benzyl ethers above can be combined with
      solid carriers for making, dusting or strewing powders such as, talc,
      kaolin, bentonite, calcium carbonate, and calcium phosphate. The
      compositions containing the compounds of formula I above can also contain,
      if desired, emulsifiers, dispersing agents, wetting agents, and/or other
      active substances such as fungicides, bactericides, nematocides,
      fertilizers and the like. The materials which are to be protected act as
      bait for the insect. In this manner, the insect, by contacting the
      material impregnated with the propynyl benzyl ether, also contacts the
      ether itself.
PAR  In addition, it has been surprisingly found that the activity of a
      conventional insect-poison can be increased by a factor of about 2 to 10
      and more by combining the insect-poison with a propynyl benzyl ether. The
      propynyl benzyl ether and the insect-poison, when combined in an
      insecticide composition, provide up to the same degree of insecticidal
      activity with 10%-50% of the previously used amounts of insect-poison,
      thereby reducing the residue of insect-poison in the environment to a
      tolerable degree. Such a composition possesses an additional advantage,
      i.e., after the abatement of the insecticidal action of the insect-poison,
      the juvenile hormone action comes to the fore so that the sequence of
      generations is interrupted and the pests are indirectly killed.
PAR  Thus, the rapidly commencing action of the insect-poisons can be
      synergistically augmented by the juvenile hormone action of the propynyl
      benzyl ethers, which disturbs the subsequent re-building of the insect
      population, thereby permitting the intervals between sprayings of the
      insecticide composition to be extended.
PAR  The proportions of the two components of the combined insecticide
      composition, in accordance with this invention, can vary within wide
      limits according to the purpose of use, the mode of application, the pests
      to be controlled and other factors. Any ratio of the insect-poison and
      propynyl benzyl ether can be utilized as the active substance. However, it
      is preferred to use approximately 1 to 10 parts by weight of a propynyl
      benzyl ether and approximately 1 to 10 parts by weight of an
      insect-poison, with about equal parts by weight of the two components
      being especially preferred.
PAR  Pest-control agents containing the combined insecticide composition in
      accordance with this invention can be prepared in the form of granulates,
      concentrates or ready-to-use pest-control agents. The concentration of the
      insecticide composition depends upon the form of pest-control agent and
      the mode of use. The pest-control agents in accordance with this invention
      can contain solid or liquid carrier material to form solutions, sprays,
      aerosols or dusting powders, as set forth above with respect to the use of
      the propynyl benzyl ether with an inert carrier material.
PAR  In general, the pest-control agents utilizing the combined insecticide
      compositions of the present invention can be prepared according to a
      process such as is described, for example, in Farm Chemicals, Vol. 128,
      pages 52 ff. The pest-control agents in accordance with this invention can
      additionally utilize yet other additives such as emulsifiers or masking
      agents.
PAR  The pest-control agents in accordance with this invention can exist in the
      form of concentrates which are suitable for storage and transport. Such
      concentrates can, for example, contain 40-80% by weight of the
      synergistically active combination of insect-poison and propynyl benzyl
      ether as the active substance and 60-20% by weight of an inert carrier
      material. In preparing these concentrates, any conventional, liquid, or
      solid inert carrier material can be utilized. Among the inert carrier
      materials which can be utilized are the liquid solvents and solid
      materials mentioned above.
PAR  These concentrates can be further diluted with similar or different carrier
      materials to concentrations which are suitable for practical use as
      ready-to-use pest-control agents. In the ready-to-use agents, the active
      substance concentration is preferably 0.1-20 weight percent of the
      synergistically active substance and 99.9-80 weight percent of an inert
      carrier material, with 0.1-10 weight percent of the active substance and
      99.9-90 weight percent of the inert carrier being especially preferred.
      The active substance concentration can also be smaller or larger than the
      preferred concentration. In preparing these ready-to-use pest-control
      agents, any conventional liquid or solid inert carrier material may be
      utilized. Among the inert carrier materials which may be utilized are the
      liquid and solid materials mentioned above.
PAR  The reaction of an alcohol of formula II with a halide of formula III,
      preferably a bromide, can be carried out in the presence of a base such as
      an alkali metal, an alkali metal amide or an alkali metal hydride. The
      preferred bases are the alkali metal hydrides, particularly sodium
      hydride. This reaction can be carried out in an inert organic solvent. In
      this reaction, any conventional, inert organic solvent can be utilized.
      Preferred solvents include dimethylformamide, dioxane and
      hexamethylphosphoric acid triamide. In this reaction, temperature and
      pressure are not critical, and the reaction can be carried out at room
      temperature (22.degree.C.) and atmospheric pressure. Preferably the
      reaction is carried out at a temperature of -20.degree.C. to the reflux
      temperature of the reaction mixture, with about room temperature being
      particularly preferred.
PAR  The alcohol starting materials of formula II can be prepared in a simple
      and known manner either by reacting an aldehyde or ketone of the formula:
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.5 are as above;
PAL  with a Grignard compound of the formula:
EQU  R'.sub.4 --MgBr                                            V
PAL  wherein R'.sub.4 is lower alkyl; or by reducing an aldehyde or ketone of
      formula IV with a complex metal hydride.
PAR  The compound of formul IV is conveniently reacted with the Grignard, lower
      alkyl magnesium halide of formula V under conventional conditions of
      temperature, pressure and absence of moisture. The Grignard product, which
      results, can be subsequently decomposed with ice-water in a conventional
      manner to yield the alcohol of formula II.
DETD
PAR  The examples which follow illustrate the invention. All temperatures are in
      degrees Centigrade. Room temperature is about 22.degree.C. Unless
      otherwise stated, the ether solvent utilized is diethyl ether. The
      low-boiling petroluem ether utilized has a boiling point of 30.degree. to
      45.degree.C.
PAC  EXAMPLE 1
PAR  A solution of 16.6 g of 1,4-benzodioxan-6-methanol in 20 ml of
      dimethylformamide is added dropwise with stirring to a suspension of 12.5
      g of sodium hydride in 75 ml of dimethylformamide. 11.8 g of propargyl
      bromide are then added dropwise. The mixture is stirred for 3 hours at
      room temperature, cooled in an ice-bath, decomposed with 20 ml of
      ice-water, diluted with 150 ml of water and extracted three times with 150
      ml of diethyl ether each time. The ether extract is washed with water,
      dried over sodium sulphate and evaporated. The oily residue is
      chromatographed on silica gel using benzene as the elution agent. There is
      obtained 6-[(2-propynyloxy)methyl]-1,4-benzodioxan; n.sub.D.sup.24 =
      1.5487.
PAC  EXAMPLE 2
PAR  Utilizing the procedure of Example 1, 1,3-benzodioxepine-7-methanol is
      converted to 3,4-dihydro-7-[(2-propynyloxy)methyl]-2H-1,5-benzodioxepine;
      n.sub.D.sup.24 = 1.5811.
PAC  EXAMPLE 3
PAR  Utilizing the procedure of Example 1, piperonyl alcohol is converted to
      3,4-methylenedioxy-.alpha.-(2-propynyloxy)-toluene; n.sub.D.sup.24 =
      1.5409.
PAC  EXAMPLE 4
PAR  Utilizing the procedure of Example 1, veratryl alcohol is converted to
      3,4-dimethoxy-.alpha.-(2-propynyloxy)-toluene; n.sub.D.sup.24 = 1.5389.
PAC  EXAMPLE 5
PAR  A solution of 20.8 g of .alpha.-ethylveratryl alcohol in 15 ml of
      dimethylformamide is added dropwise with stirring to a suspension of 12.5
      g of sodium hydride in 75 ml of dimethylformamide. The mixture is stirred
      for 0.5 hour at room temperature (about 22.degree.C.), and 11.8 g of
      propargyl bromide are then added dropwise, the temperature not being
      allowed to exceed 30.degree.C. After stirring for 3 hours at room
      temperature, the mixture is cooled in a ice-bath to 5.degree.C.,
      decomposed with ice-cold water at a temperature of approximately
      15.degree.C. and extracted three times with 150 ml of diethyl ether. The
      extract is washed neutral with water, dried over sodium sulphate, filtered
      and the filtrate evaporated to dryness under reduced pressure. The oily
      residue is chromatographed on silica gel using benzene/ether (9:1 parts by
      volume) as the elution agent. There is obtained
      1,2-dimethoxy-4-[1-(2-propynyloxy)propyl]-benzene; n.sub.D.sup.24 =
      1.5248.
PAC  EXAMPLE 6
PAR  Utilizing the procedure of Example 5,
      .alpha.-ethyl-3,4-dihydro-2H-1,5-benzodioxepine-7-methanol is converted to
      3,4-dihydro-7-[1-(2-propynyloxy)propyl]-2H-1,5-benzodioxepin;
      n.sub.D.sup.24 = 1.5304.
PAC  EXAMPLE 7
PAR  Utilizing the procedure of Example 5,
      .alpha.-ethyl-1,4-benzodioxan-6-methanol is converted to
      6-[1-(2-propynyloxy)-propyl]-1,4-benzodioxan; n.sub.D.sup.24 = 1.5336.
PAC  EXAMPLE 8
PAR  Utilizing the procedure of Example 5, .alpha.-ethylpiperonyl alcohol is
      converted to 1,2-methylenedioxy-4-[1-(2-propynyloxy)propyl]-benzene;
      n.sub.D.sup.24 = 1.5256.
PAC  EXAMPLE 9
PAR  38.4 g of 3,4-dimethoxybenzyl-.alpha.-ethynyl alcohol are dissolved in 200
      ml of ethyl acetate and hydrogenated in the presence of 1 g of Adams
      catalyst until no more hydrogen is taken up by the mixture. After
      completion of the hydrogenation, the catalyst is filtered off and the
      solvent completely evaporated. There remains behind .alpha.-ethylveratryl
      alcohol; b.p. = 114.degree.-115.degree.C/0.5 mmHg.
PAC  EXAMPLE 10
PAR  Utilizing the procedure of Example 9, .alpha.-ethynylpiperonyl alcohol is
      converted to .alpha.-ethylpiperonyl alcohol; b.p. = 101.degree.C/0.6 mmHg.
PAC  EXAMPLE 11
PAR  Utilizing the procedure of Example 9,
      .alpha.-ethynyl-1,4-benzodioxan-6-methanol is converted to
      .alpha.-ethyl-1,4-benzodioxan-6-methanol; b.p. = 108.degree.C/0.02 mmHg.
PAC  EXAMPLE 12
PAR  Utilizing the procedure of Example 9,
      .alpha.-ethynyl-3,4-dihydro-2H-1,5-benzodioxepine-7-methanol is converted
      to .alpha.-ethyl-3,4-dihydro-2H-1,5-benzodioxepine-7-methanol; b.p. =
      115.degree.-116.degree.C/0.01 mmHg.
PAC  EXAMPLE 13
PAR  A solution of 5 g of .alpha., .alpha.-diethylpiperonyl alcohol in 10 ml of
      tetrahydrofuran is added dropwise with stirring to a suspension of 2.5 g
      of sodium hydride in 25 ml of tetrahydrofuran. The mixture is then stirred
      for 1 hour at room temperature and thereafter treated dropwise with 6 g of
      propargyl bromide, the temperature being held below 30.degree.C. The
      mixture is cooled in an ice-bath, decomposed with ice-cold water and
      extracted with diethyl ether. The extract is washed neutral with water,
      dried over sodium sulphate, filtered and the filtrate evaporated to
      dryness. After chromatography on silica gel and elution with benzene,
      there is obtained .alpha., .alpha.-diethylpiperonyl propargyl ether;
      n.sub.D.sup.24 = 1.5291.
PAC  EXAMPLE 14
PAR  7.6 g of 3', 4'-methylenedioxy-propiophenone are dissolved in 40 ml of
      absolute diethyl ether and added under a nitrogen atmosphere to a Grignard
      solution prepared from 1.2 g of magnesium and 5.4 g of ethyl bromide in 15
      ml of absolute diethyl ether. The mixture is heated at reflux for 1.5
      hours and then stirred at room temperature. The mixture is cooled in an
      ice-bath and decomposed by the addition of ice-water. A concentrated
      aqueous solution of ammonium chloride is then added, and the solution
      extracted twice with 500 ml of diethyl ether each time. The combined ether
      extracts are washed neutral with water, dried over sodium sulphate and
      evaporated to dryness. The residual oil is distilled and there is obtained
      colorless, .alpha., .alpha.-diethylpiperonyl alcohol; b.p. =
      106.degree.-107.degree.C/0.65 mmHg.
PAC  EXAMPLE 15
PAR  15 g of a 50% (by weight) dispersion of sodium hydride in oil are washed
      free from oil with three portions of low-boiling petroleum ether and then
      added to 100 ml of dimethylformamide. 19.8 g of 3,4,5-trimethoxybenzyl
      alcohol are slowly added dropwise to the resulting mixture. The mixture
      thus obtained is stirred for 1 hour, and 18 g of propargyl bromide are
      then added dropwise thereto. The mixture is stirred for 1 hour, and the
      excess sodium hydride is decomposed by treatment with 200 ml of water. The
      mixture is extracted with 300 ml of diethyl ether, the ether extract is
      washed neutral, dried over sodium sulphate and evaporated. The residue is
      chromatographed on silica gel with benzene/ether (3:1 parts by volume).
      There is obtained 3,4,5-trimethoxy-.alpha.-(2-propynyloxy)-toluene which
      is distilled at 0.2 mmHg; b.p. = 115.degree.C.
PAC  EXAMPLE 16
PAR  25 g of a 50% (by weight) dispersion of sodium hydride in oil are washed
      free from oil with three portions of low-boiling petroleum ether and then
      added to 75 ml of dimethylformamide. 13.8 g of p-methoxybenzyl alcohol are
      added dropwise to the resulting mixture over a period of 1 hour with
      stirring. After 1 hour, 11.8 g of propargyl bromide are added with
      stirring at such a rate that the temperature does not exceed
      35.degree.-40.degree.C. The mixture is stirred at room temperature for a
      further 3 hours, then cooled in an ice-bath to 0.degree.-5.degree.C., and
      the excess sodium hydride decomposed with ice-water. After the addition of
      a further 100 ml of water, the mixture is extracted three times with
      diethyl ether, the ether extract washed neutral with water, dried over
      sodium sulphate and evaporated. The residue is chromatographed on silica
      gel using methylene chloride as the elution agent. There is obtained
      p-methoxy-.alpha.-(2-propynyloxy)-toluene; n.sub.D.sup.24 = 1.5273.
PAC  EXAMPLE 17
PAR  25 g of a 50% (by weight) dispersion of sodium hydride in oil are washed
      free from oil with three portions of low-boiling petroleum ether and then
      added to 75 ml of absolute dimethylformamide. 14.2 g of p-chlorobenzyl
      alcohol are added portionwise to the resulting mixture with stirring over
      a period of 1 hour, and then 11.8 g of propargyl bromide are added so that
      the temperature does not exceed 35.degree.-40.degree.C. The mixture is
      stirred for a further 3 hours at room temperature and then cooled in an
      ice-bath to 0.degree.-5.degree.C. Water is cautiously added in order to
      decompose the excess sodium hydride. After the addition of a further 100
      ml of water, the mixture is extracted with diethyl ether, the ether
      extract washed neutral with three portions of water, dried over sodium
      sulphate and evaporated. The residue is chromatographed on silica gel
      using methylene chloride as the elution agent. There is obtained
      p-chlorobenzyl 2-propynyl ether; n.sub.D.sup.24 = 1.5332.
PAC  EXAMPLE 18
PAR  30 g of a 50% (by weight) dispersion of sodium hydride in oil are washed
      free from oil with three portions of low-boiling petroleum ether and then
      added to 75 ml of absolute dimethylformamide. Within 1 hour, 12.4 g of
      p-hydroxybenzyl alcohol are added to the resulting mixture with stirring.
      Thereafter, 30 g of propargyl bromide are added dropwise over a period of
      45 minutes at such a rate that the temperature does not exceed
      35.degree.-40.degree.C. The mixture is stirred for a further 3 hours at
      room temperature, and then the excess sodium hydride is decomposed by
      treatment with water. A further 100 ml of water are added, and the mixture
      is extracted 3 times with diethyl ether. The ether extract is washed
      neutral with water, dried over sodium sulphate, filtered and evaporated.
      The residue is chromatographed on silica gel using methylene chloride as
      the elution agent. There is obtained
      p-.alpha.-bis-(2-propynyloxy)-toluene; n.sub.D.sup.24 = 1.5520.
PAC  EXAMPLE 19
PAR  25 g of a 50% (by weight) dispersion of sodium hydride in oil are washed
      free from oil with three portions of low-boiling petroleum ether and then
      added to 75 ml of absolute dimethylformamide. 12.2 g of p-methylbenzyl
      alcohol are added portionwise to this mixture, and the resulting mixture
      is stirred for 30 minutes. 11.8 g of propargyl bromide are added dropwise
      with stirring so that the temperature does not exceed
      35.degree.-40.degree.C. The mixture is stirred for 3 hours at room
      temperature, then cooled to 5.degree.C. in an ice-bath, and the excess
      sodium hydride decomposed by the addition of 25 ml of water. The mixture
      is diluted with a further 100 ml of water, extracted 3 times with diethyl
      ether, the ether extract washed neutral with water, dried over sodium
      sulphate and evaporated. The residue is chromatographed on silica gel
      using methylene chloride as the elution agent. There is obtained
      p-methylbenzyl 2-propynyl ether; n.sub.D.sup.23 = 1.5141.
PAC  EXAMPLE 20
PAR  95 g of a 50% (by weight) dispersion in oil are washed free from oil with
      three portions of low-boiling petroleum ether and then added to 75 ml of
      absolute dimethylformamide. 17.7 g of 3,4-dichlorobenzyl alcohol are added
      dropwise to the resulting mixture with stirring. After 30 minutes, 11.8 g
      of propargyl bromide are added dropwise with stirring at such a rate that
      the temperature does not exceed 35.degree.-40.degree.C. The mixture is
      stirred at room temperature for a further 3 hours, then cooled in an
      ice-bath, and the excess sodium hydride decomposed by the addition of 25
      ml of water. The mixture is diluted with a further 100 ml of water,
      extracted three times with diethyl ether, the ether extract washed neutral
      with water, dried over sodium sulphate and evaporated. The residue is
      chromatographed on silica gel using methylene chloride as the elution
      agent. There is obtained 3,4-dichlorobenzyl 2-propynyl ether;
      n.sub.D.sup.23 = 1.5489.
PAR  The experiments described in the following examples are carried out with
      the following representative examples of the propynyl benzyl ethers (P) of
      formula I having juvenile hormone-like activity, which can be utilized in
      combination with an insect-poison (I) to form the active substance for an
      insecticide composition.
PAR  A 3,4-(methylenedioxy)-.alpha.-(2-propynyloxy)-toluene
PAR  B 3,4-dimethoxy-.alpha.-(2-propynyloxy)-toluene
PAR  The results for each example are provided in a table at the end thereof.
      The concentration for each LD.sub.50 determination is stated
      logarithmically in terms of the concentration of insect-poison (e.g. 3
      =10.sup..sup.-3 g/cm.sup.3 = 1%). Said LD.sub.50 values define the
      concentration of insect-poison present at which 50% of the insects die or
      become crippled. In the case where the ratio of insect-poison to propynyl
      benzyl ether is 0:100 (I:P = 0:100), the LD.sub.50 values stated refer to
      the propynyl benzyl ether itself (and are not based on the insect-poison).
PAC  EXAMPLE 21
PAC  Aphids
PAR  For each test, one seedling of the field bean with ca 50-100 black bean
      aphids is sprayed with a solution of the active ingredient(s) in acetone
      or an aqueous spray-wash of the active ingredient(s). The seedlings are
      individually placed in tubes in water. After 24 and 48 hours, the dead and
      surviving aphids are counted and the activity calculated in %.
TBL                                    Table 1                                 
     __________________________________________________________________________
     LD.sub.50 concentration based on insect-poison                            
     APHIDS                                                                    
     P Methoxychlor  Malathion     Allethrin                                   
       (I:P)         (I:P)         (I:P)                                       
     1:5   100:0                                                               
                0:100                                                          
                     1:5 100:0                                                 
                              0:100                                            
                                   1:5 100:0                                   
                                            0:100                              
     __________________________________________________________________________
     A 4.5 3.3  3.0                5.7 5.0  3.0                                
     B 4.4 3.3  3.3  5.2 5.1  3.3  5.2 5.0  3.0                                
     __________________________________________________________________________
      I = Insect-poison.                                                       
      P = Propynyl benzyl ether.                                               
PAC  EXAMPLE 22
PAC  Flies
PAR  For each test, two petri dishes are sprayed with a solution of the active
      ingredient(s) in acetone or an aqueous spray-wash of the active
      ingredient(s). The dosage for each treated surface is 10.sup..sup.-5
      g/cm.sup.2 = 1 kg/ha. After 2-3 hours, 10 flies aged 4-5 days are placed
      in each petri dish. After 1, 3 and 24 hours, the flies which are dead or
      crippled are counted. The LD.sub.50 (based on insect-poison) is calculated
      after 24 hours on the basis of the number of dead flies.
TBL                                    Table II                                
     __________________________________________________________________________
     LD.sub.50 concentration based on insect-poison                            
     FLIES                                                                     
     P Sevin         Methoxychlor  Malathion     Allethrin                     
       (I:P)         (I:P)         (I:P)         (I:P)                         
     __________________________________________________________________________
       1:5 100:0                                                               
                0:100                                                          
                     1:5 100:0                                                 
                              0:100                                            
                                   1:5 100:0                                   
                                            0:100                              
                                                 1:5 100:0                     
                                                          0:10                 
     A &gt;5  2.5  3.5  4.6 3.8  &gt;3.5 5.5 5.1  &gt;3.5                               
     B &gt;5  2.5  3.5  4.5 3.8   3.3 5.5 5.1   3.3 5.6 5.5  3.3                  
     __________________________________________________________________________
      I = Insect-poison.                                                       
      P = Propynyl benzyl ether.                                               
PAC  EXAMPLE 23
PAC  Spider-mites
PAR  For each test, three beam leaf discs each with a 2-day infection and with
      20-40 spider-mites and eggs are sprayed with a solution of the active
      ingredient(s) in acetone or an aqueous spray-wash of the active
      ingredient(s). The dosage for each treated surface is 10.sup..sup.-5
      g/cm.sup.2 = 1 kg/ha. After 2 days, the discs are assessed for dead
      spider-mites and after 6 days for dead spider-mites and killed eggs.
      (Assessment scheme: from 0-5, where 0 = 0% and 5 = 100% mortality).
PAR  W = assessment based on the mortality of the spider-mites;
PAR  O = assessment based on the mortality of the eggs.
TBL                                    Table III                               
     __________________________________________________________________________
     LD.sub.50 concentration based on insect-poison                            
     SPIDER-MITES                                                              
     Sevin (I:P)   Methoxychlor (I:P)                                          
                               Malathion(I:P)                                  
                                       Allethrin (I:P)                         
     P 1:5 100:0                                                               
               0:100                                                           
                   1:5                                                         
                     100:0 0:100                                               
                               1:5                                             
                                  100:0                                        
                                    0:100                                      
                                       1:5 100:0                               
                                               0:100                           
       W O W O W O W O W O W O W  W W  W O W O W O                             
     __________________________________________________________________________
     A 3.1 &lt;3  &lt;2                                                              
     B 3.9                                                                     
         3.5                                                                   
           &lt;3                                                                  
             3 3.0                                                             
                 2.7                                                           
                   3.7                                                         
                     3.7                                                       
                       &lt;3                                                      
                         &lt;3                                                    
                           3.0                                                 
                             2.7                                               
                               4.7                                             
                                  &lt;4                                           
                                    3.0                                        
                                       4.3                                     
                                         4.1                                   
                                           3.4     &lt;3                          
                                                   3.0                         
                                                   2.7                         
     __________________________________________________________________________
      I = Insect-poison.                                                       
      P = Propynyl benzyl ether.                                               
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.2 taken together form a lower alkylenedioxy group
      having 1 to 4 carbon atoms; R.sub.3 and R.sub.4 are hydrogen or lower
      alkyl; and R.sub.5 is hydrogen or lower alkoxy.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      6-[(2-propynyloxy)methyl]-1,4-benzodioxane.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sub.3 and R.sub.4 are lower alkyl.
NUM  4.
PAR  4. The compound of claim 3 wherein said compound is .alpha.,
      .alpha.-diethyl-piperonyl propargyl ether.
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ABST
PAL  The present invention relates to the preparation of novel rheadan-type
      alkaloids and to novel intermediates useful in the preparation thereof.
      The process utilizes as starting materials a known class of alkaloids of
      the narcotine or of the hydrastine type. Certain of the said novel
      intermediates are also pharmaceutically useful in and of themselves.
      Additionally, certain of the novel intermediates can be converted into
      other type alkaloids which are also pharmaceutically useful.
PARN
PAR  This is a division, of application Ser. No. 166,582 filed July 27, 1971 now
      U.S. Pat. No. 3,772,327, issued Nov. 13, 1973, which in turn is a
      continuation-in-part of application Ser. No. 141,979, filed May 10, 1971,
      now abandoned.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention in more particular detail relates to the preparation
      of rheadan-type alkaloids of the formula
      ##SPC1##
PA1  Wherein R.sub.1 and R.sub.2 represent individually  lower alkoxy and when
      taken together lower alkylenedioxy; R.sub.3 represents hydrogen and lower
      alkoxy; R.sub.4 represents lower alkyl; R.sub.5 represents lower alkoxy
      and R.sub.6 and R.sub.7 represent individually lower alkyl and when taken
      together lower alkylene, certain of which are novel. Specifically
      compounds of the formula I wherein R.sub.3 is lower alkoxy are novel. Also
      novel are compounds of the formula I in which when R.sub.3 is hydrogen
      either R.sub.1 and R.sub.2 represent lower alkoxy or R.sub.6 and R.sub.7
      represent lower alkyl.
PAR  Such compounds of the formula I lower intraocular pressure and hence are
      useful in the treatment of glaucoma.
PAR  Compounds of the formula I above and III and IV hereinafter form acid
      addition salts with pharmaceutically acceptable acids such as hydrochloric
      acid, hydrobromic acid, sulfuric acid, phosphoric acid and the like and
      organic acids such as chloroethane sulfonic acid. Compounds of the formula
      I above also form quaternary ammonium salts with conventional quaternizing
      agents such as lower alkyl and lower alkenyl halides, e.g., mety iodide,
      allyl bromide, dilower alkyl sulfates, such as dimethylsulfate and the
      like. Such acid addition salts and quaternary ammonium compounds are
      included within the purview of the present invention.
PAR  As utilized throughout the present invention, the term "lower alkyl" is
      intended to represent a straight or branched chain saturated hydrocarbon
      group such as methyl, ethyl, propyl, isopropyl, butyl and the like having
      1-4 carbon atoms. Most preferred among the lower alkyl groupings is
      methyl.
PAR  The term "lower alkoxy" as utilized herein comprehends a lower alkyloxy
      grouping having 1-4 carbon atoms in the chain such as methoxy, ethoxy,
      propoxy, butoxy and the like. Methoxy is the preferred lower alkoxy group.
      The expression "lower alkylenedioxy" designates a divalent hydrocarbon
      chain joined to two oxygen atoms and having 1-4 carbon atoms in the
      divalent hydrocarbon chain, e.g., methylenedioxy, ethylenedioxy and the
      like. Methylenedioxy is the most preferred lower alkylenedioxy grouping.
      Similarly the expression "lower alkylene" represents methylene, ethylene,
      propylene and the like.
PAR  Especially preferred among the compound of the formula I as well as the
      other formula illustrated hereinafter are those compounds wherein R.sub.5
      represents methoxy and R.sub.6 and R.sub.7 each represent methyl. Also
      preferred are those compounds wherein R.sub.1 and R.sub.2 represent
      methoxy or together methylenedioxy and R.sub.4 is methyl. Also preferred
      are compounds wherein R.sub.3 is hydrogen and methoxy. Also preferred
      among the compounds illustrated and described herein are those compounds
      wherein R.sub.1 and R.sub.2 when taken together represent methylenedioxy;
      R.sub.3 is selected from the group consisting of hydrogen and methoxy and
      R.sub.4, R.sub.6 and R.sub.7 is methyl. When the compound includes an
      R.sub.5 grouping, R.sub.5 is methoxy preferably. Another preferred group
      includes R.sub.6 and R.sub.7 as methylene.
PAR  The preparative techniques illustrated above will be more particularly
      described hereinafter with particular reference to the following
      diagrammatical flow sheet in which R.sub.1, R.sub.2, R.sub.3, R.sub.4,
      R.sub.7 and R.sub.6 have the meanings ascribed thereto hereinabove.
      ##SPC2##
PAR  The process illustrated diagrammatically above involves the preparation of
      key intermediates of the formula IV above. As is indicated in the
      diagrammatical flow sheet, the compound of the formula IV above may be
      prepared by varying techniques and converted into alkaloids of varying
      structures.
PAR  For example, in one process route, a quaternary of the narcotine alkaloid
      type (R.sub.3 = alkoxy) or of the hydrastine alkaloid type (R.sub.3 = H),
      Flowsheet I, compound A, is converted into a compound of the formula IIa.
      In a preferred embodiment, basic solutions are employed in the conversion
      of the quaternary. Such solutions may be prepared utilizing strong
      inorganic bases such as alkali metal hydroxides and the like. Basic
      solutions suitable for the purposes of the present invention may also be
      provided by organic basic substances, such as ammonia, primary secondary
      and tertiary amines, e.g., triethylamine, tripropylamine, trimethylamine,
      ethylamine, methylamine, diethylamine, pyridine, quinoline and the like
      disposed in aqueous organic solvents, such as aqueous solutions of lower
      alkanols, e.g., methanol, ethanol, propanol, butanol and the like.
PAR  In the most preferred aspect of this process step, the quaternary starting
      material is treated with a lower alkanolic solution (preferably an
      ethanolic solution) of a strong organic base such as a tertiaryamine,
      triethylamine, tripropylamine and the like, most suitably at elevated
      temperatures, most preferably, at about the reflux temperature of the
      reaction medium, to effect conversion of the quaternary to the
      corresponding compound of the formula IIa.
PAR  As should be evident from the above diagrammatical flow sheet, the
      phthalido moiety of the phthalidoisoquinoline nucleus is cleaved under the
      conditions employed to obtain an N-benzyl narceine-type alkaloid
      containing an ester grouping (the alkanol providing the lower alkyl
      portion of the ester moiety). Any conditions capable of effecting this end
      are suitable for the purposes of the present invention.
PAR  The so-obtained compound of the formula IIa is then debenzylated whereby
      the corresponding compound of the formula III results. This process step
      is conveniently effected under acidic conditions utilizing any
      conveniently available hydrogenating agent capable of effecting
      hydrogenolysis. Suitably the compound of the formula IIa above is employed
      in salt form. The salt can be formed in a conventional way, for example,
      utilizing a strong mineral acid such as hydrohalide acid, e.g.
      hydrochloric acid, sulfuric acid and the like or a strong organic acid,
      e.g., toluene sulfonic acid and the like. The salt of a compound of the
      formula IIa above dissolved in an organic solvent such as lower alkanol,
      e.g., methanol, ethanol, dioxane, THF and the like is then catalytically
      hydrogenated. Among the suitable catalysts, in the presence of which
      debenzylation can be effected, there can be included any suitable noble
      metal catalyst such as palladium, platinum, pd/c and the like.
PAR  In a preferred embodiment, the debenzylation is effected under acidic
      conditions by treatment with hydrogen activated by the presence of a noble
      metal catalyst such as palladium on carbon. Temperature is not critical to
      a successful performance of this reaction step but it is preferred to
      effect the reaction at about room temperature. Further, pressure is not
      critical but it is preferred to perform the reaction at atmospheric
      pressure or at moderately elevated pressures, e.g., up to 5 atms. More
      energetic conditions, e.g., elevated temperatures, should be avoided to
      lessen the likelihood of the formation of unwanted side products and
      hence, to obtain the highest yields.
PAR  The conversion of a compound of the formula III above to the corresponding
      compound of the formula IV above is suitably effected by adding a compound
      of the formula III prepared as described above to a basic solution
      containing an inorganic strong base such as a metal hydroxide, e.g.,
      alkali metal and alkaline earth metal hydroxides and the like,
      conveniently contained in an aqueous medium. The so-obtained reaction
      mixture upon heating results in the preparation of the compound of the
      formula IV above. The same end can be effected by permitting the reaction
      medium so prepared to stand at room temperature over a long period of
      time. Most preferred for this purpose is treating a compound of the
      formula III with an aqueous solution of a strong alkali metal hydroxide
      such as aqueous sodium hydroxide, aqueous potassium hydroxide. Also
      aqueous alkaline earth metal hydroxide can similarly be utilized, e.g.,
      aqueous calcium hydroxide.
PAR  As can be seen from the diagrammatical flow sheet, such treatment of the
      compound of the formula III results in de-esterification of the ester
      moiety to the corresponding cationic salt and concurrent ring closure to a
      compound containing a benzazepine nucleus. The cation portion of a
      compound of the formula IV is illustrated by Na, K, Ca and the like.
PAR  In another process aspect, compounds of the formula IV can be prepared from
      the corresponding compounds of the formula IIb (prepared in an analogous
      manner to that described in Freund and Lutze, Ber. dltsch. Chem. Ges. 26,
      2489) by treating the compounds of the formula IIb with reagents that
      effect debenzylation and then ring opening of the heterocyclic portion of
      the phthalido nucleus. Preferably, a debenzylating agent such as
      phenylchloroformate or cyanogen halide preferably cyanogen bromide may be
      utilized to effect the debenzylation as illustrated in the diagrammatical
      flow sheet. Suitably, this reaction is effected in the presence of an
      inert organic solvent, such as chloroform, methylene chlorine,
      hydrocarbons, such as benzene, toluene, a chlorinated hydrocarbon
      (p-chlorobenzene) and the like. While temperature and pressure are not
      critical to a successful performance of this process step, it is preferred
      to effect the ongoing reaction at temperatures between about 0.degree. and
      room temperature most preferably, from about 15.degree. to about room
      temperature. The intermediate so-obtained either with or without isolation
      from the reaction medium in which it is prepared, can be treated with an
      aqueous solution of an alkali metal hydroxide such as aqueous sodium
      hydroxide whereby the corresponding compound of the formula IV above
      results. The intermediate which contains an acyl moiety on the terminal
      nitrogen atom and a lactone group is converted by such treatment to the
      corresponding compound of the formula IV.
PAR  Compounds of the formula IV above are key intermediates in the pathway to
      the corresponding compounds of the formula I above. They also can be
      converted to other alkaloid-type compounds, some of which are known to be
      naturally occurring.
PAR  In one approach, compounds of the formula IV can be converted into the
      corresponding compound of the formula V by hydrolysis whereby removal of
      the alkali metal group illustrated in formula IV is effected and ring
      opening results. This end can be conveniently effected by hydrolyzing a
      compound of the formula IV by any conventional technique. For example, a
      compound of the formula IV can be treated with an aqueous acidic medium
      such as aqueous hydrohalides, e.g., aqueous hydrochloric acid, aqueous
      nitric acid, aqueous sulfuric acid and the like. When proceeding
      accordingly, there results nornarceine type alkaloids (R.sub.3 = methoxy)
      and norhydrastine alkaloids (R.sub. 3 = H). Norhydrastine type alkaloids
      are novel and hence constitute a part of the present invention. This
      reaction is conducted at elevated temperatures, preferably at about
      90.degree.C. Also, the aqueous acidic medium should be utilized in excess
      amounts. , R.sub.of the formula V are useful as antitussive agents.
PAR  The compounds of the formula IV above can be converted to the corresponding
      compound of the formula I above in the manner illustrated in the following
      diagrammatical flow sheet. In the flow sheet, R.sub.1, R.sub.2,R.sub.3,
      R.sub.4, R.sub.5, R.sub.6 and R.sub.7 have the meanings ascribed thereto
      hereinabove.
      ##SPC3##
PAR  As illustrated in Flow Sheet 2, the compound of the formula IV, as prepared
      above, is treated with a suitable reagent capable of effecting ring
      closure to the corresponding compound of the formula VI above. Suitably,
      the ring closure is effected by the treatment of a compound of the formula
      IV with an excess of a weak acid, such as a lower alkanoic acid, acetic
      acid, propionic acid, butyric acid and the like or equivalent molar
      amounts of a strong mineral acid, e.g., hydrohalic acid, e.g.,
      hydrochloric acid, sulfuric acid and the like. Efficaciously the reaction
      is effected in the presence of a solvent medium, such as an aqueous
      medium, e.g., water per se or an aqueous alkanol such as aqueous methanol,
      aqueous ethanol or any suitable water miscible solvent. Suitably, the
      reaction is permitted to proceed by permitting it to stand at room
      temperature for a short period of time.
PAR  In the next step, the so-obtained compound of the formula VI is oxidized to
      the corresponding compound of the formula VII.
PAR  The ease in which this oxidation is effected is indeed surprising. Thus, by
      adding the compound of the formula VI to an inert organic solvent such as
      methanol, e.g., ethanol, preferably, heated, e.g., hot ethanol and then by
      permitting the so-obtained reaction medium to stand a compound of the
      formula VII results. Preferably, to increase the yield, the medium is
      permitted to stand for two days or longer whereby oxidation of the
      compound of the formula VI results to the corresponding compound of the
      formula VII. The oxidation can be accelerated by the use of more energetic
      oxidizing conditions. For example, by the simple expedient of bubbling air
      through the reaction medium containing the compound of the formula VI,
      oxidation can be accelerated. Similarly, the reaction can be also effected
      in short periods of time by adding to the solution of a compound of the
      formula VI, a mild oxidizing agent such as hydrogen peroxide or similar
      type peroxide or selenium dioxide and the like.
PAR  In the next process step, a compound of the formula VII is converted into
      the corresponding compound of the formula VIII by the treatment with a
      mild reducing agent. Suitably, the reduction is effected by adding a
      compound of the formula VII to an inert organic solvent such as anhydrous
      tetrahydrofuran, dimethylformamide, ether, such as diethylether, benzene,
      toluene, dimethylsulfoxide and the like and adding to the resultant
      solution a metal borohydride or a metal aluminum hydride. Among the many
      metal borohydrides suitable for the purposes of the invention, there are
      preferably utilized alkali metal borohydrides such as sodium borohydride
      and lithium borohydride or an alkaline earth metal borohydride such as
      magnesium borohydride, calcium borohydride and the like. Alkali metal
      aluminum hydride, such as lithium aluminum hydride can also be utilized.
      Preferred is LiBH.sub.4. Temperature and pressure are not critical to a
      successful performance of this process step. However, in a preferred
      embodiment, the reaction is effected at room temperature or when alkali
      metal aluminum hydride is utilized, lower temperatures are preferred,
      e.g., about 0.degree..
PAR  The so-obtained compound of the formula VIII is then treated with any
      conveniently available dehydrating agent, preferably, an acidic
      dehydrating agent which will effect removal of water and concurrent
      cyclization to a compound of the formula IX above. Preferably, the acidic
      dehydrating agent utilized is acetic anhydride. However, other suitable
      dehydrating agents can include phthalic anhydride, chloroacetic acid,
      malonic anhydride, N.sub.1 N.sub.1 -disubstituted carbodiimide and the
      like. The compound of the formula IX above can be converted into the
      corresponding compound of the formula X above by reduction with a suitable
      mild reducing agent. For this purpose there can be utilized alkali metal
      alkoxy-aluminum hydrides. such as sodium-bis-methoxy ethoxy aluminum
      hydride, sodium bisisopropyl aluminum hydride and the like. Preferably,
      sodium-bis-methoxy ethoxy aluminum hydride is preferred. Suitably, the
      reduction is effected below room temperature in the presence of an inert
      organic solvent such as pyridine, tetrahydrofuran and the like.
PAR  The so-obtained compound of the formula X upon treatment with an alkylating
      system which includes tri-lower alkyl orthoformate, e.g.,
      trimethylorthoformate or a system consisting of absolute lower alkanol and
      a catalytic amount of acid or mixtures of the two systems is then
      converted into the corresponding compound of the formula I. This reaction
      is suitably effected in the presence of methanol and in the presence of
      acid catalyst such as catalytic amounts of concentrated mineral acids,
      e.g., concentrated sulfuric acid or an aprotic Lewis acid such as boron
      trifluoride, aluminum trichloride and the like. By proceeding accordingly,
      there is obtained the corresponding compound of the formula I. The
      appropriate alkanol utilized will determine the nature of the alkoxy group
      at R.sub.5. Thus, if methanol is utilized, R.sub.5 will be methoxy and if
      ethanol is utilized R.sub.5 will be ethoxy, etc.
PAR  When proceeding from the compound of the formula VII to the corresponding
      compound of the formula VIII, it has been observed that an isomer
      comprising the cis and trans form of a compound of the formula VIII can be
      obtained. It has been further observed that by varying the reaction
      conditions, the proportionate amounts of cis and trans isomers formed can
      be varied.
PAR  For example, as described above, when an alkalimetal borohydride is
      utilized as part of the reducing system, the cis compound is obtained as
      the predominant product and minor amounts of the corresponding trans
      compound of the formula
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.6 and R.sub.7 are as
      above result. The two forms can be separated from the reaction medium in
      which they are prepared by conventional procedures.
PAR  Upon treatment of a compound of the formula VII above under more energetic
      conditions as described above, the proportionate amount of the trans
      isomer obtained during the ensuing reaction can be increased.
PAR  For example, if a compound of the formula VII above is treated as described
      above under more severe reducing conditions, e.g., hydrogenation under
      high pressure in the presence of a catalyst such as a noble metal
      catalyst, e.g., platinum oxide, palladium on carbon and the like, the
      yield of the corresponding trans isomer of the formula VIIIa above can be
      increased. Suitably, the reaction is effected at a pressure of 50-150
      atms, most preferably, at about 100 atms and in the presence of a solvent
      which functions to activate the catalyst in such a way that the reaction
      is promoted. Preferably, acetic acid is utilized as the solvent medium.
PAR  The resultant compound of the above formula VIIIa can be readily converted
      into the corresponding compound of the formula IX above by treating the
      same with a strong mineral acid such as hydrochloric acid, preferably
      disposed in an aqueous medium for a period of several hours. Preferably,
      1N-Hydrohalic acid, (1N-Hydrochloric acid) is utilized. Conveniently, the
      conversion can be effected by adding a compound of the formula VIIIa above
      to an aqueous solution of a mineral acid such as aqueous hydrochloric
      acid, aqueous hydrobromic acid and the like and then permitting the
      reaction medium to stand at room temperature. While performing the
      transformation of a compound of the formula VIIIa to the corresponding
      compound of the formula IX above is preferably effected at room
      temperature, the reaction in a broader aspect can be effected at a
      temperature from about 0.degree. to about 40.degree., most preferably from
      about 20.degree. to about 30.degree.C.
PAR  Another preparative approach to the compound of the formula IV above
      involves in a first stage the treatment of a compound of the formula
      ##SPC5##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.6 and R.sub.7 are as
      above with a reagent that effects ring opening of the heterocyclic portion
      of the isoquinoline nucleus and subsequent dehydrohalogenation. When
      proceeding accordingly, there is obtained an intermediate which contains
      an acyl moiety on the terminal nitrogen group in addition to a lactone
      group such as is obtained when a compound of the formula IIb is converted
      into the corresponding compound of the formula IV. Such compound has the
      formula
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.6 and R.sub.7 are as
      above. Preferably, a reagent system comprising phenyl chloroformate in
      conjunction with a (ditertiary-lower alkyl)-lower alkyl amine, e.g.,
      diisopropylethylamine, in a first step, effects ring opeing and a
      subsequent reagent system in a second step completes dehydrohalogenation
      whereby the compound of the formula XX results. In the second step, a
      ditertiary-lower alkyl-lower alkyl amine and dimethylsulfoxide comprise
      the reagent system. Suitably, said first step is effected in the presence
      of an inert organic solvent such as chloroform, methylene chloride,
      hydrocarbons, such as, benzene, toluene; chlorinated hydrocarbons
      (p-chlorobenzene) and the like. In the second step, dimethylsulfoxide is
      utilized as the solvent medium. While temperature and pressure are not
      critical to a successful performance of this process step, it is preferred
      to effect the ongoing reaction from about 5.degree. to about room
      temperature, most preferably from about 15.degree. to about room
      temperature.
PAR  The so-obtained compound of the formula XX above can be treated with an
      aqueous solution of alkali metal hydroxide such as aqueous sodium
      hydroxide whereby the corresponding compound of the formula IV above
      results.
PAR  The compounds of the formula I, III and V and their acid addition salts
      with pharmaceutically acceptable acids and their quaternary of salts with
      conventional non-toxic quaternizing salt forming agents have valuable
      therapeutic properties. Compounds of the formula I are useful in the
      treatment of glaucoma. Compounds of the formula V are useful as
      antitussive agents. Compounds of the formula III are useful as sedative
      agents.
PAR  Compounds of the formula I, III and V above can be administered
      parenterally with dosage adjusted to individual requirements, for example,
      in the form of pharmaceutical preparations which contain the base or their
      pharmaceutically acceptable addition salts in admixture with
      pharmaceutical organic or inorganic inert carrier material, for example,
      water, gelatin, lactose, starch, magnesium stearate, talc, vegetable oils,
      gums, polyalkylene glycols and the like. The pharmaceutical preparations
      can be present in solid forms (for example, as tablets, dragees,
      suppositories, capsules) or if desired, in liquid form, for example, a
      solution or suspension. The pharmaceutical dosage forms can be sterilized
      and/or contain additive materials, such as preservatives, stabilization,
      wetting agents or emulsifying agents, salts for varying the osmotic
      pressure or buffers. They may also contain other therapeutically valuable
      material. They can be administered with dosages adjusted to fit the
      exergencies of a therapeutic situation.
DETD
PAR  The following examples are illustrative but not limitative of the
      invention. Various modifications thereof would be apparent to those
      skilled in the art and are included within the purview of the present
      invention. All temperatures are stated in degrees centigrade.
PAC  EXAMPLE 1
PAR  140 g of N-benzyl-1-.alpha.-narcotiniumbromide was refluxed with a mixture
      of 800 ml alcohol and 77 ml triethylamine for 6 hr. After evaporation of
      ca. 20% of the solvent and cooling,
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-benzylmethylaminoethylphen
     ylacetyl)benzoic acid ethyl ester of mp 102.degree.-104.degree. was
      isolated. A further crop, of the same compound was isolated after
      evaporation of the other liquor to dryness, dissolving the residue in
      chloroform, shaking with excess 1NNaOH, evaporation of the chloroform
      solution and crystallizing the residue from ethanol.
PAR  In a similar manner,
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-benzylmethylaminoethylphenylacetyl)b
     enzoic acid ethyl ester was prepared.
PAC  EXAMPLE 2
PAR  73.7 g of
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-benzylmethylaminoethylphen
     ylacetyl)benzoic acid ethyl ester as the HCl salt (mp
      160.degree.-161.degree.C) was dissolved in 1.8 l. of ethanol. The
      resulting mixture was hydrogenated in the presence of 11.5 g of 10% Pd/C
      at 3 atm for 20 hr. After removal of the catalyst, the solution was
      concentrated to a small volume. After cooling,
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-methylaminoethylphenylacet
     yl)benzoic acid ethyl ester hydrochloride of mp 199.degree.-200.degree. was
      isolated.
PAR  In a similar manner,
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)benzoic
      acid ethyl ester hydrochloride was prepared.
PAC  EXAMPLE 3
PAR  63 g of
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-methylaminoethylphenylacet
     yl)benzoic acid ethyl ester hydrochloride and 630 ml of 2N-NaOH was heated
      on a steambath with stirring for 3 hours. After cooling the solution
      overnight,
      6-(8,9-dihydro-4-methoxy-7-methyl-7H-1,3-dioxolo[4,5-h][3]benzazepin-6-yl)
     -2,3-dimethoxy benzoic acid sodium salt, m.p. 190.degree.-195.degree. was
      isolated.
PAR  In a similar manner there was prepared
      6-(8,9-dihydro-7-methyl-7H-1,3-dioxolo[4,5-h][3]benzazepin-6-yl)-2,3-dimet
     hoxy benzoic acid sodium salt.
PAC  EXAMPLE 4
PAR  A solution of 0.946 g. of
      6,7-dimethoxy-3-[3,4-methylenedioxy-6-(2-benzylmethylaminoethyl)benzyliden
     e]phthalide (mp 135.degree., prepared according to M. and F. Lutze, Ber.
      dltsch. chem. ces. 26, 2489) in 20 ml. of chloroform was treated with 0.4
      g. of phenyl chloroformate at 20.degree. overnight. After evaporated of
      the solvent, the residue was washed with 10 ml. of ether. The solid
      residue was heated with 10 ml. of 2N-NaOH for 2 hours on a steam bath. On
      cooling,
      6-[8,9-dihydro-7-methyl-7[H]-1,3-dioxolo-[4,5-h][3]-benzazepin-azepin-6-yl
     ]-2,3-dimethoxy benzoic acid sodium salt, mp 230.degree. dec. was isolated.
PAR  In a similar manner 6-[8,9-dihydro-7-methyl-4-methoxy-7H
      -1,3-dioxolo[4,5-h][3]-benzazepin-6-yl]-2,3-dimethoxy benzoic acid sodium
      salt.
PAC  EXAMPLE 5
PAR  A solution of 1.1 g. of
      6-[8,9-dihydro-4-methoxy-7-methyl-7H-1,3-dioxolo[4,5-h][3]-benzazepin-6-yl
     ]-2,3-dimethoxy benzoic acid sodium salt in 15 ml. of H.sub.2 O was
      acidified with 20% of HCl to pH 1 and heated 30 minutes on a steam bath.
      The solution was then adjusted to pH 7-8 with NaHCO.sub.3 to precipitate
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-methylamino
      ethylphenylacetyl)benzoic acid, mp 225.degree.-229.degree..
PAC  EXAMPLE 6
PAR  A solution of 0.3 g. of
      6-[8,9-dihydro-7-methyl-7H-1,3-dioxolo-[4,5-h][3]-benzazepin-6-yl]-2,3-dim
     ethoxy benzoic acid sodium salt in 4 ml. of 2N HCl was heated for 30
      minutes on a steam bath. Neutralization of the solution to pH 7-8 gave
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)
      benzoic acid, mp 176.degree.-179.degree. .
PAC  EXAMPLE 7
PAR  To a solution of 55 g. of
      6-[8,9-dihydro-4-methoxy-7-methyl-7H-1,3-dioxolo[4,5-H][3]benzazepin-6-yl]
     -2,3-dimethoxybenzoic acid sodium salt in 300 ml. of H O was added 15 ml.
      of glacial acetic acid. After 10 minutes the precipitated 4,4',5
      trimethoxy-7'-methyl-5', 7', 8', 9'-tetrahydrospiro[phthalan-1,6'
      1,3-dioxolo[4,5-h][3]-benzazepine]-3-one was isolated, mp
      169.degree.-171.degree. .
PAC  EXAMPLE 8
PAR  A solution of 0.5 g. of
      6-[8,9-dihydro-7-methyl-7H-1,3-dioxolo-[4,5-h][3]-benzazepin-6-yl]-2,3-dim
     ethoxy benzoic acid sodium salt in 5 ml. of water was acidified with 10%
      acetic acid and the precipitate extracted with methylene chloride and the
      extract evaporated. The residue was recrystallized from ether to afford
      4,5-dimethoxy-7'-methyl-5', 7', 8',
      9'-tetrahydrospiro[phthalan-1,6'-1,3-dioxolo[4,5-h][3]-benzazepine]-3-one,
      mp. 130.degree.-132.degree. .
PAC  EXAMPLE 9
PAR  A solution of 43.5 g. of 4,4',5 -trimethoxy-7'-methyl-5', 7', 8',
      9'-tetrahydrospiro[phthalan-1,6'-1,3-dioxolo[4,5-h][3]-benzazepine]-3-one
      dissolved in 2.8 l. of hot ethanol was stored at 25.degree. in open flasks
      for 10 days. The crystals that formed were collected, washed with ethanol
      and dried to give 4,4',5 -trimethoxy-7'-methyl-8',
      9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo]4,5-h][3]benzazepine]-3,5'(7'H)-
     dione of mp 186.degree.-190.degree..
PAC  EXAMPLE 10
PAR  A solution of 700 mg. of 4,5-dimethoxy-7'-methyl-5', 7', 8',
      9'-tetrahydrospiro[phthalan-1,6'-1,3-dioxolo[
      4,5-h][3]-benzazepine]-3-one, in 35 ml. of ethanol was kept in an open
      flask for 2 days at 25.degree.. Filtration supplied
      4,5-dimethoxy-7'-methyl-8',
      9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo[4,5-h][3]-benzazepine]-3,5'(7'H)
     -dione, mp 123.degree.-126.degree. (from ether).
PAC  EXAMPLE 11
PAR  To a solution of 20 g. of 4,4',5' -trimethoxy-7'-methyl-8',
      9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo[4,5-h][3]benzazepine]-3,5'(7'H)-
     dione in 600 ml. of dry THF a solution of 3.6 g. of LiBH.sub.4 in 250 ml.
      of THF was added dropwise with stirring and cooling (ice bath). After
      standing overnight at 25.degree., the solvent was evaporated under reduced
      pressure, and the residue heated with 150 ml. of H.sub.2 O for 10 minutes
      on a steam bath. After standing at room temperature for 2 hours, the
      solution was filtered and after addition of 20 ml. of acetic acid
      (glacial) the solution was heated for 20 minutes on a steam bath. The
      precipitated,
      5,6-cis-6-[5-hydroxy-6,7,8,9-tetrahydro-4-methoxy-7-methyl-5H-1,3-dioxolo[
     4,5-h][3]benzazepin-6-yl]-2,3-dimethoxy benzoic acid was isolated after
      cooling to room temperature, mp 258.degree.-260.degree. dec. The filtrate
      on standing at room temperature for 6 hours separated 2 g of
      5,6-trans-6-(5-hydroxy-6,7,8,9-tetrahydro-4-methoxy-7-methyl-5H-1,3-dioxol
     o[4,5][3]benzazepin-6-yl)-2,3-dimethoxy benzoic acid mp 225.degree. dec.
      (from ethanol).
PAC  EXAMPLE 12
PAR  A mixture of 1.6 g. of 5,6-cis-6-[5-hydroxy-6,7,8,9
      -tetrahydro-4-methoxy-7-methyl-5H-1,3-dioxolo[4,5-h][3]benzazepin-6-yl]-2,
     3-dimethoxy benzoic acid and 30 ml. of acetic anhydride was heated for 2
      hours on a steam bath and evaporated to dryness under reduced pressure.
      The residue was dissolved in CH.sub.2 Cl.sub.2 extracted with cold 1N-NaOH
      and the organic layer evaporated to afford cis-4b,
      10b-2,3-methylenedioxy-4,7,8-trimethoxy-6-oxo-11-methylrheadan, mp
      218.degree.-220.degree. (from EtOH).
PAC  EXAMPLE 13
PAR  A solution of 8 g. of cis-4b,
      10b-2,3-methylenedioxy-4,7,8-trimethoxy-6-oxo-11-methylrheadan in 250 ml.
      of dry pyridine was reduced at 4.degree. by the addition of 6.52 ml. of a
      70% solution of sodium bis-(2-methoxyethoxy)aluminum hydride in benzene
      diluted with 55 ml. of dry THF over 3 hours. After addition of 15 ml. of
      methanol, the solvent was removed under reduced pressure at 50.degree..
      The residue was treated with a mixture of 25 ml. of methanol and 10 ml. of
      1N-NaOH on a steam bath for 10 minutes. After evaporation of the solvent,
      the residue was dissolved in CH.sub.2 Cl.sub.2 and washed with water. The
      residue of the organic layer crystallized on addition of ether to give
      cis-4b,
      10b-2,3-methylenedioxy-4,7,8-trimethoxy-6-hydroxy-11-methylrheadan, mp
      224.degree.-226.degree. (from methanol).
PAC  EXAMPLE 14
PAR  To a suspension of 1 g of cis-4b,
      10b-2,3-methylenedioxy-4,7,8-trimethoxy-6-hydroxy-11-methylrheadan in 50
      ml of absolute methanol was added 3 ml of trimethylorthoformate and 0.23 g
      of conc. H.sub.2 SO.sub.4. The solution was stirred under N.sub.2 for 14
      hr. After removal of the solvent at 40.degree., the residue was treated
      with aqueous K.sub.2 CO.sub.3 solution and extracted with ethyl acetate.
      The residue of the organic layer was crystallized from ether to give
      cis-4b,10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan, mp
      137.degree.-138.degree. .
PAR  In a similar manner to that described in this and the preceding Examples,
      starting with the compound prepared as described in Example 10, there
      could be prepared
      cis-4b,10b-2,3-methylenedioxy-6,7,8-trimethoxy-11-methylrheadan. When
      proceeding accordingly, there can be prepared as intermediates:
PAR  5,6-cis-6-[5-hydroxy-6,7,8,9-tetrahydro-7-methyl-5H-1,3-dioxolo[4,5-h][3]be
     nzazepin-6-yl]-2,3-dimethoxy benzoic acid
PAR  which can be converted into
PAR  cis-4b, 10b-2,3-methylenedioxy-7,8-dimethoxy-6-oxo-11-methylrheadan
PAR  which can be converted into
PAR  cis-4b,10b-2,3-methylenedioxy-7,8-dimethoxy-6-hydroxy-11-methylrheadan.
PAC  EXAMPLE 15
     Parenteral Formulation                                                    
                               Per cc:                                         
     ______________________________________                                    
     2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methyl-                             
     aminoethylphenyl-acetyl)benzoic acid                                      
                                 5.0 mg.                                       
     Propylene Glycol            0.4 cc.                                       
     Benzyl Alcohol (Benzaldehyde free)                                        
                                 0.15 cc.                                      
     Ethanol 95% U.S.P.          0.1 cc.                                       
     Water for Injection q.s.    1.0 cc.                                       
     ______________________________________                                    
PAR  Procedure (For 10,000 cc):
PAR  1. The 50 grams of
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenyl-acetyl)benzoi
     c acid were dissolved in the benzyl alcohol; 4,000 cc. of propylene glycol
      and 1,000 cc. of ethanol were added.
PAR  2. The solution was brought up to final volume of 10,000 cc. with Water for
      Injection.
PAR  3. The solution was filtered through an 0.2 Selas candle, filled into
      suitable size ampuls, gassed with nitrogen and sealed.
PAC  EXAMPLE 16
TBL  Tablet Formulation                                                        
                              Per Tablet                                       
     ______________________________________                                    
     2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methyl-                             
     aminoethylphenyl-acetyl)benzoic acid                                      
                                10.0 mg.                                       
     Lactose                    113.5 mg.                                      
     Corn Starch                70.5 mg.                                       
     Pregelatinized Corn Starch 8.0 mg.                                        
     Calcium Stearate           3.0 mg.                                        
     Total Weight               205.0 mg.                                      
     ______________________________________                                    
PAR  Procedure:
PAR  1.
      2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)benzoic
      acid was mixed with the lactose, corn starch and pregelatinized corn
      starch in a suitable size mixer.
PAR  2. The mix was passed through a Fitzpatrick Comminuting Machine fitted with
      No. 1A screen and with knives forward.
PAR  3. The mix was returned to the mixer and moistened with water to a thick
      paste. The moist mass was passed through a No. 12 screen and the moist
      granules were dried on paper lined trays at 110.degree. F.
PAR  4. The dried granules were returned to the mixer, the calcium stearate was
      added and mixed well.
PAR  5. The granules were compressed at a tablet weight of 200 mg. using
      standard concave punches having a diameter of 5/16 inch.
PAC  EXAMPLE 17
TBL  Tablet Formulation                                                        
                              Per Tablet                                       
     ______________________________________                                    
     2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methyl-                             
     aminoethylphenyl-acetyl) benzoic acid                                     
                                25.00 mg.                                      
     Lactose, U.S.P.            64.50 mg.                                      
     Corn Starch                10.00 mg.                                      
     Magnesium Stearate         0.50 mg.                                       
     ______________________________________                                    
PAR  Procedure:
PAR  1.
      2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)benzoic
      acid was mixed with the lactose, corn starch and magnesium stearate in a
      suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine fitted with a No. 1A screen with knives forward.
PAR  3. The mixed powders were slugged on a tablet compressing machine.
PAR  4. The slugs were comminuted to a suitable mesh size (No. 16 screen) and
      mixed well.
PAR  5. The tablets were compressed at a tablet weight of 100 mg. using tablet
      punches having a diameter of approximately 1/4 inch. (Tablets may be
      either flat or biconvex and may be scored if desired.)
PAC  EXAMPLE 18
TBL  Capsule Formulation                                                       
                              Per Capsule                                      
     ______________________________________                                    
     2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methyl-                             
     aminoethylphenyl-acetyl)benzoic acid                                      
                                25 mg.                                         
     Lactose                    158 mg.                                        
     Corn Starch                37 mg.                                         
     Talc                       5 mg.                                          
     Total Weight               255 mg.                                        
     ______________________________________                                    
PAR  Procedure:
PAR  1.
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)benzoic
      acid was mixed with the lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis capsulating machine. (Any similar type machine
      may be used.)
PAC  EXAMPLE 19
TBL  Capsule Formulation                                                       
                              Per Capsule                                      
     ______________________________________                                    
     2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methyl-                             
     aminoethylphenyl-acetyl)benzoic acid                                      
                                50 mg.                                         
     Lactose, U.S.P.            125 mg.                                        
     Corn Starch, U.S.P.        30 mg.                                         
     Talc, U.S.P.               5 mg.                                          
     Total Weight               210 mg.                                        
     ______________________________________                                    
PAR  Procedure:
PAR  1.
      2,3-Dimethoxy-6-(3,4-methylenedioxy-6-methylaminoethylphenylacetyl)benzoic
      acid was mixed with the lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis Capsulating Machine. (Any similar type machine
      may be used.)
PAC  EXAMPLE 20
TBL  Parenteral Formulation                                                    
                               Per cc:                                         
     ______________________________________                                    
     Cis-4b,10b-2,3-methylenedioxy-4,6,7,8-tetra-                              
     methoxy-11-methylrheadan    5.0 mg.                                       
     Propylene Glycol            0.4 cc.                                       
     Benzyl Alcohol (Benzaldehyde free)                                        
                                 0.15 cc.                                      
     Ethanol 95% U.S.P.          0.1 cc.                                       
     Water for Injection q.s.    1.0 cc.                                       
     ______________________________________                                    
PAR  Procedure (For 10,000 cc):
PAR  1. The 50 grams of Cis-4b,
      10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan were
      dissolved in the benzyl alcohol; 4,000 cc. of propylene glycol and 1,000
      cc. of ethanol were added.
PAR  1. The solution was brought up to final volume of 10,000 cc. with Water for
      Injection.
PAR  3. The solution was filtered through an 0.2 Selas candle, filled into
      suitable size ampuls, gassed with nitrogen and sealed.
PAC  EXAMPLE 21
TBL  Tablet Formulation                                                        
                              Per Tablet                                       
     ______________________________________                                    
     Cis-4b,10b-2,3-methylenedioxy-4,6,7,8-tetra-                              
     methoxy-11-methylrheadan   10.0 mg.                                       
     Lactose                    113.5 mg.                                      
     Corn Starch                70.5 mg.                                       
     Pregelatinized Corn Starch 8.0 mg.                                        
     Calcium Stearate           3.0 mg.                                        
     Total Weight               205.0 mg.                                      
     ______________________________________                                    
PAR  Procedure:
PAR  1. Cis-4b, 10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan was
      mixed with the lactose, corn starch and pregelatinized corn starch in a
      suitable size mixer.
PAR  2. The mix was passed through a Fitzpatrick Comminuting Machine fitted with
      No. 1A screen and with knives forward.
PAR  3. The mix was returned to the mixer and moistened with water to a thick
      paste. The moist mass was passed through a No. 12 screen and the moist
      granules were dried on paper lined trays at 110.degree. F.
PAR  4. The dried granules were returned to the mixer, the calcium stearate was
      added and mixed well.
PAR  5. The granules were compressed at a tablet weight of 200 mg. using
      standard concave punches having a diameter of 5/16 inch.
PAC  EXAMPLE 22
TBL  Tablet Formulation                                                        
                              Per Tablet                                       
     ______________________________________                                    
     Cis-4b,10b-2,3-methylenedioxy-4,6,7,8-                                    
     tetramethoxy-11-methylrheadan                                             
                                25.00 mg.                                      
     Lactose, U.S.P.            64.50 mg.                                      
     Corn Starch                10.00 mg.                                      
     Magnesium Stearate         0.50 mg.                                       
     ______________________________________                                    
PAR  Procedure:
PAR  1. Cis-4b, 10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan was
      mixed with the lactose, corn starch and magnesium stearate in a suitable
      mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine fitted with a No. 1A screen with knives forward.
PAR  3. The mixed powders were slugged on a tablet compressing machine.
PAR  4. The slugs were comminuted to a suitable mesh size (No. 16 screen) and
      mixed well.
PAR  5. The tablets were compressed at a tablet weight of 100 mg. using tablet
      punches having a diameter of approximately 1/4 inch. (Tablets may be
      either flat or biconvex and may be scored if desired.)
PAC  EXAMPLE 23
TBL  Capsule Formulation                                                       
                             Per Capsule                                       
     ______________________________________                                    
     Cis-4b,10b-2,3-methylenedioxy-4,6,7,8-                                    
     tetramethoxy-11-methylrheadan                                             
                               25 mg.                                          
     Lactose                   158 mg.                                         
     Corn Starch               37 mg.                                          
     Talc                      5 mg.                                           
     Total Weight              255 mg.                                         
     ______________________________________                                    
PAR  Procedure:
PAR  1. Cis-4b, 10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan was
      mixed with the lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis capsulating machine. (Any similar type machine
      may be used.)
PAC  EXAMPLE 24
TBL  Capsule Formulation                                                       
                             Per Capsule                                       
     ______________________________________                                    
     Cis-4b,10b-2,3-methylenedioxy-4,6,7,8-                                    
     tetramethoxy-11-methylrheadan                                             
                               50 mg.                                          
     Lactose, U.S.P.           125 mg.                                         
     Corn Starch, U.S.P.       30 mg.                                          
     Talc, U.S.P.              5 mg.                                           
     Total Weight              210 mg.                                         
     ______________________________________                                    
PAR  Procedure:
PAR  1. Cis-4b, 10b-2,3-methylenedioxy-4,6,7,8-tetramethoxy-11-methylrheadan was
      mixed with the lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with a No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly. The mixture was then filled into No. 4 hard shell gelatin
      capsules on a Parke Davis Capsulating Machine. (Any similar type machine
      may be used.)
PAC  EXAMPLE 25
PAR  To a stirred suspension of 32.8 g of 1-hydrastine in 400 ml of benzene was
      added 16.4 g of diisopropylethylamine followed by 23.8 g of
      phenylchloroformate and stored for 16 hours. The resulting solution was
      evaporated under reduced pressure. To the residue was added 100 ml of
      dimethylsulfoxide and 16.4 g of diisopropylethylamine and the solution was
      heated on a steam bath for 4 hours. The cooled solution was diluted with
      150 ml water and the mixture distributed in a mixture of 100 ml of ether
      and 40 ml of ethyl acetate. After separation of the clear aqueous layer,
      the solids in the organic layer was filtered to afford
      6,7-dimethoxy-3[3,4-methylenedioxy-6-(2-phenoxycarbonyl-2-methylaminoethyl
     )]benzylidene phthalide, m.p. 163.degree.-164.degree. (from EtOH).
PAC  EXAMPLE 26
PAR  A mixture of 7.7 g of (1)-bicuculline, 2.71 g of diisopropylethylamine and
      6.7 g phenylchloroformate in 125 ml of benzene was treated in the same
      manner as described in Example 25. After evaporation of the solvent, 30 ml
      of dimethylsulfoxide and 2.71 ml of diisopropylethylamine were added and
      treated as described in Example 25 to give
      6,7-methylenedioxy-3[3,4-methylenedioxy-6-(2-phenoxycarbonyl-2-methylamino
     ethyl)]benzylidene phthalide, m.p. 204.degree.-206.degree. (from EtOH).
PAC  EXAMPLE 27
PAR  A mixture of 42 g of 6,7-dimethoxy-3[3,4
      -methylenedioxy-6-(2-phenoxycarbonyl-2-methylaminoethyl)]benzylidene
      phthalide, 420 ml of 2N-sodium hydroxide, and 100 ml of tetrahydrofuran
      was stirred on a steam bath under nitrogen for 4 hours and then the
      tetrahydrofuran evaporated in a stream of nitrogen. The aqueous solution
      was stored overnight at 4.degree. and the resulting crystals filtered to
      give
      6(8,9-dihydro-7-methyl-7H-1,3-dioxolo-[4,5-h][3]-benzazepin-6-yl]-2,3-dime
     thoxy benzoic acid sodium salt.
PAC  EXAMPLE 28
PAR  In an analogous manner as that described in Example 27, 8.45 g of
      6,7-methylenedioxy-3[3,4-methylenedioxy-6-(2-phenoxycarbonyl-2-methylamino
     ethyl)benzylidene phthalide, 20 ml tetrahydrofuran and 84 ml 2N-NaOH
      afforded
      6(8,9-dihydro-7-methyl-7H-1,3-dioxolo[4,5h][3]benzazepin-6-yl]2,3-methylen
     edioxy benzoic acid sodium salt, dec. &gt;250.degree..
PAC  EXAMPLE 29
PAR  To a solution of 2.8 g of
      6(8,9-dihydro-7-methyl-7H-1,3-dioxolo[4,5-h][3]benzazepin-6yl)2,3-methylen
     edioxy benzoic acid sodium salt in 70 ml of warm water was added 1.5 ml
      acetic acid and the resulting precipitate extracted with methylene
      chloride. The organic extract was evaporated and the residue which
      contained
      4,5-methylenedioxy-7'-methyl-5',7',8',9'-tetrahydrospiro[phthalan-1,6'-1,3
     -dioxolo[4,5-h][3]-benzazepine]-3-one was dissolved in 150 ml hot absolute
      alcohol and stored in an open flask for 3 days. The precipitated
      4,5-methylenedioxy-7'-methyl-8',9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo[
     4,5h][3]benzazepine]-3,5'[7'H]dion was isolated by filtration, 1.45 g, m.p.
      195.degree.-197.degree. dec.
PAC  EXAMPLE 30
PAR  A solution of 1.1 g of
      4,5-methylenedioxy-7'-methyl-8',9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo[
     4,5-h][3]benzazepine]-3,5'[7'H]dion in 30 ml of tetrahydrofuran was treated
      at 0.degree. with 0.2 g of lithium borohydride and then stored for 12
      hours at room temperature. After evaporation of the solvent and addition
      of 20 ml water the solution which contained
      5,6-cis-6[5-hydroxy-6,7,8,9-tetrahydro-7-methyl-5H-1,3-dioxolo-[4,5-h][3]b
     enzazepin-6-yl]-2,3-methylenedioxy benzoic acid was heated for 5 min. on a
      steam bath. The cooled solution was treated with 2.5 ml of acetic acid and
      heated for 20 min. on the steam bath. After cooling and addition of conc.
      sodiumcarbonate solution, the precipitate was extracted with
      methylenechloride. The residue of the methylene chloride solution was
      recrystallized from methanol to yield rac.
      4b,10b-cis-2,3,7,8-bismethylenedioxy-6-oxo-11-methylrheadan, m.p.
      240-245.degree.  dec.
PAC  EXAMPLE 31
PAR  To a stirred solution of 0.367 g of
      4b,10b-cis-2,3,7,8-bismethylenedioxy-6-oxo-11-methylrheadan in a mixture
      of 15 ml of absolute pyridine and 12 ml of absolute tetrahydrofuran at
      -70.degree.was added dropwise 6.1 ml of a 3.5% tetrahydrofuran solution of
      sodium (bis-methoxyethyl)aluminum hydride. After 4 hr. at -70.degree., the
      reaction was stored at -18.degree. overnight, decomposed by the addition
      of ice cold 1N-NaOH and extracted with methylene chloride. The organic
      extract was evaporated and the residue refluxed with a mixture of 2 ml of
      5% NaOH and 20 ml of ethanol for 10 min. After evaporation of the alcohol,
      the residue was distributed between water and methylene chloride. The
      residue of the methylene chloride solution was chromatographed on
      silicagel (solvent CHCl.sub.3) to yield 4b-S, 10b-S, 6-R and 4b-R, 10b-R,
      6-S, 2,3-7,8 bismethylenedioxy-6-hydroxy-11-methylrheadan, m.p.
      210.degree. (from ether).
PAC  EXAMPLE 32
PAR  To 50 mg of 4b-S, 10b-S, 6-R and 4b-R, 10 b-R, 6-S, 2,3-7,8
      bismethylenedioxy-6-hydroxy-11-methylrheadan in 5 ml of abs. methanol, 1
      ml of trimethylorthoformate and 1 drop of conc. sulfuric acid was added.
      After 5 min. at room temperature, 10 mls of saturated sodium carbonate
      solution was added and the precipitated extracted with methylene chloride.
      The methylene chloride residue was recrystallized from 30 ml of methanol
      to yield 4b-S, 10b-S, 6-R and 4b-R, 10b-R, 6-S,
      2,3-7,8-bismethylenedioxy-6-methoxy-11methylrheadan, m.p.
      222.degree.-224.degree..
PAC  EXAMPLE 33
PAR  A solution of 4.27 g of
      4,4',5'-trimethoxy-7'-methyl-8',9'-dihydrospiro[phthalan-1,6'-1,3-dioxolo-
     [4,5-h][3]benzazepine]-3,5'(7'H)-dione in 370 ml of glacial acetic acid was
      hydrogenated with 1 g of platinum oxide for 1 hour at room temperature and
      2 atm. and then for 5 hours at 50.degree. and 100 atm. After evaporation
      of the solvent under reduced pressure, the residue was dissolved in ice
      cold 2N-NaOH and extracted with methylenechloride. The aqueous alkaline
      solution was acidified with acetic acid and the 2.6 g that separated was
      recrystallized from 30 ml of ethanol to give 1.7 g of
      5,6-trans-6(5-hydroxy-6,7,8,9-tetrahydro-4-methoxy-7-methyl-5H-1,3-dioxolo
     [4,5-h][3]benzazepin-6-yl)-2,3-dimethoxy benzoic acid, m.p. 225.degree.
      dec.
PAC  EXAMPLE 34
PAR  A solution of 0.2 g of
      6,7-trans-6(5-hydroxy-6,7,8,9-tetrahydro-4-methoxy-7-methyl-5H-1,3-dioxolo
     [4,5-h][3]benzazepin-6-yl)-2,3-dimethoxy benzoic acid in 5 ml of 1N-HCl was
      stored at room temperature for 24 hours. Addition of saturated sodium
      carbonate solution precipitated
      cis-4b,10b-2,3-methylenedioxy-4,7,8-trimethoxy-6-oxo-11-methylrheadan,
      m.p. 218.degree.-200.degree..
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 taken together are methylenedioxy; R.sub.3
      represents hydrogen or lower alkoxy; R.sub.4 represents lower alkyl and
      R.sub.6 and R.sub.7 represent individually lower alkyl or when taken
      together are methylene.
NUM  2.
PAR  2. A compound as in claim 1 of the formula
      2,3-dimethoxy-6-(2-methoxy-3,4-methylenedioxy-6-benzylmethylaminoethylphen
     ylacetyl)benzoic acid ethyl ester.
NUM  3.
PAR  3. A compound as in claim 1 of the formula
      2,3-dimethoxy-6-(3,4-methylenedioxy-6-benzylmethylaminoethylphenylacetyl)
      benzoic acid ethyl ester.
PATN
WKU  039460428
SRC  5
APN  4727304
APT  1
ART  127
APD  19740523
TTL  3-Diethylamino-2,2-dimethylpropyl cinnamates
ISD  19760323
NCL  4
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Wright; George C.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  2603405
XCL  260473R
XCL  260477
XCL  424282
XCL  424308
EDF  2
ICL  C07C 6976
ICL  C07D31768
FSC  260
FSS  340.5;473 R;477
UREF
PNO  2103265
ISD  19371200
NAM  Lott
OCL  260477
UREF
PNO  2251287
ISD  19410800
NAM  Lott
OCL  260477
OREF
PAL  Matti et al., Bull. Soc. Chim., 2 (1935), pp. 1742-1744.
LREP
FR2  Franze; Anthony J.
ABST
PAL  The title compounds are useful gastrointestinal antispasmodics.
BSUM
PAR  This invention is concerned with a series of
      3-diethylamino-2,2-dimethylpropyl cinnamates of the formula:
      ##EQU1##
      WHEREIN X is 4-chloro, 3,4-dimethoxy or 3,4These compounds are useful
      pharmacologic agents. They are particularly noteworthy for their ability
      to produce antispasmodic effects. Thus, when administered intravenously in
      physiological acceptable menstrua such as isotonic saline in a dose of
      from 5-10 mg/kg to dogs, they abolish duodenal contractions elicited by
      intermittent vagus nerve stimulation. This effect is secured without
      prejudice to duodenal contractile response engendered by acetylcholine in
      contradistinction to the inhibition of such contractile response evoked by
      an analogous compound 3-diethylaminopropyl 3,4-dimethoxy cinnamate
      hydrochloride.
PAR  The compounds of this invention are readily prepared. Currently their
      preparation is most easily effected by reacting the appropriate cinnamic
      acid chloride with 3-diethylamino-2,2-dimethylpropanol. Other commonly
      employed methods for preparing esters would serve.
DETD
PAR  In order that this invention may be readily understood by and available to
      those skilled in the art, the following illustrative examples are
      supplied.
PAC  EXAMPLE I
PAC  3-Diethylamino-2,2-dimethylpropyl 3,4-methylenedioxycinnamate hydrochloride
PAR  3,4-METHYLENEDIOXYCINNAMIC ACID (15 G, 0.08 MOLE) WAS ADDED TO THIONYL
      CHLORIDE (30 ML) WITH RAPID STIRRING AND THEN REFLUXED FOR 3 HOURS. The
      mixture was stripped of excess thionyl chloride, benzene (100 ml) was
      added, and the mixture was again stripped of solvent. The residue was
      treated with a solution of 3-diethylamino-2,2-dimethylpropanol (12.8 g,
      0.08 mole) in benzene (400 ml), refluxed for 3 hours, cooled, diluted with
      petroleum ether (500 ml) and stored overnight at room temperature. The
      benzene-petroleum ether solution was decanted, the residue dissolved in
      H.sub.2 O (500 ml), adjusted to pH 10 with saturated aqueous K.sub.2
      CO.sub.3, and the product was extracted with CHCl.sub.3 (600 ml). The
      CHCl.sub.3 extract was dried overnight over MgSO.sub.4 and Darco,
      filtered, and the filtrate was stripped of solvent under reduced pressure.
      The product was dissolved in ether (800 ml) and the solution was adjusted
      to pH 2 with a solution of dry HCl in ether. The product crystallized with
      scratching and was collected by filtration. Yield: 18 g (61%). A sample
      was recrystallized from ethyl acetate, m.p. 152.degree.-154.degree..
PAR  Anal. Calcd. for C.sub.19 H.sub.27 NO.sub.4.HCl: C, 61.69; H, 7.63; N,
      3.79. Found: C, 61.48; H, 7.71; N, 3.75.
PAC  EXAMPLE II
PAC  3-Diethylamino-2,2-dimethylpropyl-p-chlorophenylcinnamate hydrochloride
PAR  P-Chlorocinnamic acid (27.5 g, 0.15 mole) was added with rapid stirring to
      thionyl chloride (52.5 ml) and refluxed for 31/2 hours. The mixture was
      stripped of excess thionyl chloride under reduced pressure, benzene (100
      ml) was added and the mixture was again stripped of solvent. The residue
      was treated with a solution of 3-diethylamino-2,2-dimethylpropanol (24.2
      g, 0.15 mole) in benzene (500 ml), refluxed for 3 hours, cooled, diluted
      with petroleum ether (500 ml), and stored overnight at room temperature.
      The benzene-petroleum ether solution was decanted, the residue dissolved
      in H.sub.2 O (700 ml) and the solution adjusted to pH 10 with saturated
      aqueous K.sub.2 CO.sub.3 (60 ml). The product was extracted from the
      aqueous phase with benzene (800 ml) in portions and the extract dried
      overnight over MgSO.sub.4 and Darco. The solution was filtered and the
      filtrate adjusted to pH 2 with a solution of dry HCl in ether (cooled in
      an ice bath). Petroleum ether (500 ml) was added and the product oiled out
      of solution. The benzene-petroleum ether solution was decanted and the
      product was recrystallized from ethyl acetate (600 ml), yield: 33 g (61%).
      A sample was recrystallized from ethyl acetate, m.p.
      132.degree.-134.degree..
PAR  Anal. Calc'd for C.sub.18 H.sub.26 ClNO.sub.2.HCl: C, 60.00; H, 7.55; N,
      3.89. Found: C, 59.75; H, 7.76; N, 3.91.
PAC  EXAMPLE III
PAC  3-Diethylamino-2,2-dimethylpropyl 3,4-dimethoxyphenylcinnamate
      hydrochloride
PAR  3,4-Dimethoxycinnamic acid (31.4 g, 0.15 mole) was added with rapid
      stirring to thionyl chloride (52.5 ml) and refluxed for 4 hours. The
      mixture was stripped of excess thionyl chloride under reduced pressure,
      benzene (100 ml) was added, and the mixture was again stripped of solvent.
      The residue was treated with a solution of
      3-diethylamino-2,2-dimethylpropanol (24.2 g, 0.15 mole) in benzene (500
      ml), refluxed for 3 hours, cooled, diluted with petroleum ether (500 ml),
      and stored overnight at room temperature. The benzene-petroleum ether
      solution was decanted, the residue dissolved in H.sub.2 O (800 ml), and
      the solution adjusted to pH 8 with saturated aqueous K.sub.2 CO.sub.3 (60
      ml). The product was extracted from the aqueous phase with benzene (800
      ml) in portions and the extract dried overnight over MgSO.sub.4 and Darco.
      The solution was filtered and the filtrate adjusted to pH 3 with a
      solution of dry HCl in ether (cooled in ice bath). Petroleum ether (500
      ml) was added and the product oiled out of solution. The benzene-petroleum
      ether solution was decanted, chloroform (5-0 ml) was added and the mixture
      was stripped to dryness under reduced pressure. This procedure was
      repeated three times and then the residue was washed with anhydrous ether
      (scratching induced crystallization). The product was collected by
      filtration, yield: 34 g (59%). A sample was recrystallized from ethyl
      acetate, m.p. 135.degree.-138.degree..
PAR  Anal. Calc'd for C.sub.20 H.sub.31 NO.sub.4.HCl: C, 62.24; H, 8.36; N,
      3.63. Found: C, 62.43; H, 8.37; N, 3.62.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU2##
      wherein X is 4-chloro, 3,4-dimethoxy or 3,4-methylenedioxy.
NUM  2.
PAR  2. The compound of claim 1 wherein X is 4-chloro.
NUM  3.
PAR  3. The compound of claim 1 wherein X is 3,4-dimethoxy.
NUM  4.
PAR  4. The compound of claim 1 wherein X is 3,4-methylenedioxy.
PATN
WKU  039460436
SRC  5
APN  4921283
APT  1
ART  127
APD  19740726
TTL  N-alpha-chlordacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline
ISD  19760323
NCL  1
ECL  1
EXP  Sutto; Anton H.
DCD  19920107
INVT
NAM  Richter; Sidney B.
CTY  Chicago
STA  IL
INVT
NAM  Krenzer; John
CTY  Oak Park
STA  IL
ASSG
NAM  Velsicol Chemical Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  2603407
XCL   71 88
EDF  2
ICL  C07D31906
ICL  A01N  928
FSC  260
FSS  340.7
UREF
PNO  3859308
ISD  19750100
NAM  Richter et al.
XCL  260340.7
LREP
FR2  Schwarz; Robert J.
FR2  Olesch; Dietmar H.
ABST
PAL  This invention discloses the compound
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline and
      its utility as a herbicide.
BSUM
PAR  This invention relates to a new composition of matter and more specifically
      relates to the new chemical compound
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline.
PAR  The compound of this invention possesses exceptional herbicidal properties,
      particularly for the control of undesirable grasses.
DETD
PAR  The preparation of the compound of this invention is shown in the following
      examples.
PAC  EXAMPLE 1
PAC  Preparation of 2-Chloromethyl-1,3-dioxane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (250 grams) and propandiol-1,3
      (132 grams) were charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. Toluenesulfonic acid
      (1.0 gram) was added to the reaction mixture and the mixture was refluxed
      for a period of about 4 hours. After this time the reaction mixture was
      distilled under reduced pressure to yield the desired product
      2-chloromethyl-1,3-dioxane having a refractive index of 1.4515 at
      25.degree.C.
PAC  EXAMPLE 2
PAC  Preparation of N-(1,3-Dioxan-2-ylmethyl)-2,6-dimethylaniline
PAR  2,6-Dimethylaniline (75 grams), 2-chloromethyl-1,3-dioxane prepared in
      Example 1 (35 grams), potassium carbonate (30 grams) and dimethyl
      formamide (50 ml) were charged into a glass reaction vessel equipped with
      a mechanical stirrer, thermometer and reflux condenser. The reaction
      mixture was then heated at reflux for a period of about 16 hours. After
      this time the reaction mixture was filtered and the filtrate was distilled
      to yield the desired product N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline
      as a residue which crystallized upon standing at room temperature.
PAC  EXAMPLE 3
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline
PAR  N-(1,3-Dioxan-2-ylmethyl)-2,6-dimethylaniline prepared in Example 2 (5
      grams), sodium carbonate (3 grams), benzene (30 ml) and water (30 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer
      and thermometer. The mixture was cooled to a temperature of from about
      0.degree. to about 5.degree.C and chloroacetyl chloride (2.8 grams) was
      slowly added over a period of about 15 minutes. After the addition was
      completed stirring was continued at room temperature for a period of about
      one hour. Ether (100 ml) was then added to the reaction mixture and the
      resulting solution was washed with water. The washed solution was dried
      over anhydrous magnesium sulfate and stripped of solvents leaving a solid
      residue. The residue was recrystallized from heptane to yield the desired
      product
      N-.alpha.-chloroacetyl-N-(1,3-dioxan-2-ylmethyl)-2,6-dimethylaniline
      having a melting point of 100.degree. to 102.degree.C.
PAR  For practical use as a herbicide the compound of this invention is
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of the compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compound is sufficiently soluble in common organic
      solvents such as kerosene or xylene so that it can be used directly as a
      solution in these solvents. Frequently, solutions of herbicides can be
      dispersed under superatmospheric pressure as aerosols. However, preferred
      liquid herbicidal compositions are emulsifiable concentrates, which
      comprise the active compound according to this invention and as the inert
      carrier, a solvent and an emulsifier. Such emulsifiable concentrates can
      be extended with water and/or oil to any desired concentration of active
      compound for application as sprays to the site of the weed infestation.
      The emulsifiers most commonly used in these concentrates are nonionic or
      mixtures of nonionic with anionic surface-active agents. With the use of
      some emulsifier systems an inverted emulsion (water in oil) can be
      prepared for direct application to weed infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 4
TBL  Preparation of a Dust                                                     
     Product of Example 3     10                                               
     Powdered Talc            90                                               
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compound of this invention can be applied as a herbicide in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, the compound of the
      present invention. The concentration of the new compound of this invention
      in the herbicidal compositions will vary greatly with the type of
      formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95  percent
      by weight of the active compound of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compound of the present invention is also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5  to about 95 percent of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compound of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compound of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, alachlor, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP,
      2,4,5-TB, 2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides
      such as IPC, CIPC, swep, barban, BCPC, CEPC, CPPC and the like;
      thiocarbamate and dithiocarbamate herbicides such as CDEC, metham sodium,
      EPTC, diallate, PEBC, perbulate, vernolate and the like; substituted urea
      herbicides such as norea, siduron, dichloral urea, chloroxuron, cycluron,
      fenuron, monuron, monuron TCA, diuron, linuron, monolinuron, neburon,
      buturon, trimeturon and the like; symmetrical triazine herbicides such as
      simazine, chlorazine, atraone, desmetryne, norazine, ipazine, prometryn,
      atrazine, trietazine, simetone, prometone, propazine, ametryne, and the
      like; chloroacetamide herbicides such as alpha-chloro-N,
      N-dimethylacetamide, CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)-morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as
      pigweed,lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morningglory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, wintercress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compound of this invention is particularly valuable for weed
      control because it is toxic to many species and groups of weeds while it
      is relatively nontoxic to many beneficial plants. The exact amount of the
      compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of the
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compound of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compound of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the test compound formulated as an aqueous emulsion of an acetone solution
      containing emulsifiers was sprayed at the indicated concentrations on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of 28 to 29 days, at which time the condition of the plants and the degree
      of injury to the plants was rated on a scale of from 0 to 10, as follows:
      0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of the compound is demonstrated by the data in Table I.
PAR  The herbicidal activity of the compound of this invention was also
      demonstrated by experiments carried out for the post-emergence control of
      a variety of weeds. In these experiments the compound was formulated as an
      aqueous emulsion and sprayed at the indicated dosage on the foliage of the
      weeds that have attained a prescribed size. After spraying the plants were
      placed in a greenhouse and watered daily or more frequently. Water was not
      applied to the foliage of the treated plants. The severity of the injury
      was determined 15 days after treatment and was rated on the scale of from
      0 to 10 heretofore described. The effectiveness of the compound is
      demonstrated by the data in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
               Injury Rating                                                   
               Pre-emergence Post-emergence                                    
               Concentration Concentration                                     
               Lbs/Acre      Lbs/Acre                                          
     Weed Species                                                              
                 10     4      2    1    10                                    
     ______________________________________                                    
     Yellow Nutsedge                                                           
                 10     --     --   --   8                                     
     Wild Oats   10     8      7    3    9                                     
     Jimsonweed  8      --     --   --   9                                     
     Velvetleaf  8      --     --   --   --                                    
     Johnsongrass                                                              
                 9      --     --   --   9                                     
     Pigweed     9      --     --   --   7                                     
     Mustard     5      --     --   --   7                                     
     Yellow Foxtail                                                            
                 10     9      8    8    8                                     
     Watergrass  10     --     --   --   8                                     
     Crabgrass   10     10     9    9    8                                     
     Cheatgrass  10     10     10   9    --                                    
     Morningglory                                                              
                 0      --     --   --   5                                     
     Barnyardgrass                                                             
                 --     10     9    9    --                                    
     Quackgrass  --     10     6    4    --                                    
     Bindweed    --     --     --   --   2                                     
     ______________________________________                                    
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ABST
PAL  This invention discloses the compound
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
      and its utility as a herbicide.
BSUM
PAR  This invention relates to a new composition of matter and more specifically
      relates to the new chemical compound
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
     .
PAR  The compound of this invention possesses exceptional herbicidal properties,
      particularly for the control of undesirable grasses.
DETD
PAR  The preparation of the compound of this invention is shown in the following
      examples.
PAC  EXAMPLE 1
PAC  Preparation of 2-Chloromethyl-1,3-dioxolane
PAR  The dimethyl acetal of 2-chloroacetaldehyde (125 grams; 1.0 mole) and
      ethandiol-1,2 (62 grams; 1.0 mole) are charged into a glass reaction flask
      equipped with a mechanical stirrer, thermometer and reflux condenser.
      Toluene sulfonic acid (0.3 grams) is added to the flask and the reaction
      mixture is refluxed for a period of about 2 hours. After this time the
      reaction mixture is distilled under aspirator partial pressure to remove
      methanol yielding the desired product 2-chloromethyl-1,3-dioxolane.
PAC  EXAMPLE 2
PAC  Preparation of N-(1,3-Dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
PAR  2-Ethyl-6-methylaniline (70 grams), 2-chloromethyl-1,3-dioxolane (30
      grams), potassium carbonate (38 grams) and dimethylformamide (50 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture was heated at
      reflux for a period of about 24 hours. After this time the mixture was
      filtered and distilled to yield the desired product
      N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline.
PAC  EXAMPLE 3
PAC  Preparation of
      N-.alpha.-Chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
PAR  N-(1,3-Dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline (7.5 grams), sodium
      carbonate (5.0 grams), ether (100 ml) and water (40 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (4.5 grams) was added, with stirring, over a
      period of about 15 minutes. After the addition was completed stirring was
      continued for a period of about one hour. After this time the resulting
      solution was washed with water and the washed solution was dried over
      anhydrous magnesium sulfate and stripped of solvent under reduced pressure
      to yield the desired product
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
     .
PAR  For practical use as a herbicide the compound of this invention is
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of the compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compound is sufficiently soluble in common organic
      solvents such as kerosene or xylene so that it can be used directly as a
      solution in these solvents. Frequently, solutions of herbicides can be
      dispersed under superatmospheric pressure as aerosols. However, preferred
      liquid herbicidal compositions are emulsifiable concentrates, which
      comprise the active compound according to this invention and as the inert
      carrier, a solvent and an emulsifier. Such emulsifiable concentrates can
      be extended with water and/or oil to any desired concentration of active
      compound for application as sprays to the site of the weed infestation.
      The emulsifiers most commonly used in these concentrates are nonionic or
      mixtures of nonionic with anionic surface-active agents. With the use of
      some emulsifier systems an inverted emulsion (water in oil) can be
      prepared for direct application to weed infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 4
TBL  Preparation of a Dust                                                     
     Product of Example 3                                                      
                      10                                                       
     Powdered Talc    90                                                       
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compound of this invention can be applied as a herbicide in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, the compound of the
      present invention. The concentration of the new compound of this invention
      in the herbicidal compositions will vary greatly with the type of
      formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compound of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compound of the present invention is also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5  to about 95 percent of the active
      ingredients in the herbicidal compositions. Use of combinations of these
      other herbicides and/or defoliants, dessicants, etc. with the compound of
      the present invention provide herbicidal compositions which are more
      effective in controlling weeds and often provide results unattainable with
      separate compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compound of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, alachlor, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP,
      2,4,5-TB, 2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides
      such as IPC, CIPC, swep, barban, BCPC, CEPC, CPPC and the like;
      thiocarbamate and dithiocarbamate herbicides such as CDEC, metham sodium,
      EPTC, diallate, PEBC, perbulate, vernolate and the like; substituted urea
      herbicides such as norea, siduron, dichloral urea, chloroxuron, cycluron,
      fenuron, monuron, monuron TCA, diuron, linuron, monolinuron, neburon,
      buturon, trimeturon and the like; symmetrical triazine herbicides such as
      simazine, chlorazine, atraone, desmetryne, norazine, ipazine, prometryn,
      atrazine, trietazine, simetone, prometone, propazine, ametryne, and the
      like; chloroacetamide herbicides such as alpha-chloro-N,
      N-dimethylacetamide, CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)-morpholine,
      1-(chloroacetyl)piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morningglory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, wintercress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compound of this invention is particularly valuable for weed
      control because it is toxic to many species and groups of weeds while it
      is relatively nontoxic to many beneficial plants. The exact amount of the
      compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of the
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compound of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compound of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the test compound formulated as an aqueous emulsion of an acetone solution
      containing emulsifiers was sprayed at the indicated concentrations on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 21 to 23 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of the compound is demonstrated by the following data:
TBL                TABLE I                                                     
     ______________________________________                                    
              Injury Rating*                                                   
              Concentration (lbs/acre)                                         
     Weed Species                                                              
                10       4        2      1      1/4                            
     ______________________________________                                    
     Yellow Nutsedge                                                           
                10       10       10     10     10                             
     Wild Oats  8        --       4      1      0                              
     Jimsonweed 3        --       --     --     --                             
     Velvetleaf 2        --       --     --     --                             
     Johnsongrass                                                              
                9        7        4.5    5      4                              
     Pigweed    9        9        9      7.5    2                              
     Mustard    4        1        1      3      --                             
     Yellow Foxtail                                                            
                9        9        8.5    5.5    3                              
     Barnyardgrass                                                             
                9        9        9.5    8.5    8                              
     Crabgrass  10       9        7      7.5    3                              
     Cheatgrass 10       10       9      5.5    0                              
     Morningglory                                                              
                1        0        0      0      --                             
     ______________________________________                                    
      *Ratings may be averages of two values.                                  
PAR  The herbicidal activity of the compound of this invention was also
      demonstrated by experiments carried out for the post-emergence control of
      a variety of weeds. In these experiments the compound was formulated as an
      aqueous emulsion and sprayed at the indicated dosage on the foliage of the
      weeds that have attained a prescribed size. After spraying the plants were
      placed in a greenhouse and watered daily or more frequently. Water was not
      applied to the foliage of the treated plants. The severity of the injury
      was determined 14 days after treatment and was rated on the scale of from
      0 to 10 heretofore described. The effectiveness of the compound is
      demonstrated by the following data:
TBL                TABLE II                                                    
     ______________________________________                                    
                    Injury Rating                                              
                    Concentration (lbs/acre)                                   
     Weed Species     10          2                                            
     ______________________________________                                    
     Yellow Nutsedge  8           6                                            
     Wild Oats        8           4                                            
     Jimsonweed       4           --                                           
     Pigweed          8           4                                            
     Johnsongrass     7           5                                            
     Bindweed         4           --                                           
     Mustard          10          --                                           
     Yellow Foxtail   7           4                                            
     Barnyardgrass    9           7                                            
     Crabgrass        8           8                                            
     Morningglory     5           --                                           
     Cheatgrass       --          5                                            
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound
      N-.alpha.-chloroacetyl-N-(1,3-dioxolan-2-ylmethyl)-2-ethyl-6-methylaniline
PATN
WKU  039460452
SRC  5
APN  5233887
APT  1
ART  127
APD  19741113
TTL  Dioxolane substituted anilids
ISD  19760323
NCL  8
ECL  1
EXP  Raymond; Richard L.
DCD  19920107
INVT
NAM  Richter; Sidney B.
CTY  Chicago
STA  IL
INVT
NAM  Krenzer; John
CTY  Oak Park
STA  IL
ASSG
NAM  Velsicol Chemical Corporation
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  2603409
XCL   71 88
EDF  2
ICL  C07C31730
FSC  260
FSS  340.9
UREF
PNO  3859308
ISD  19750100
NAM  Richter et al.
OCL  260340.9
LREP
FR2  Schwarz; Robert J.
FR2  Olesch; Dietmar H.
ABST
PAL  This invention discloses new compounds of the formula
      ##SPC1##
PAL  Wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3 and R.sup.4
      are independently selected from the group consisting of hydrogen and lower
      alkyl; X is halogen; and n is the integer 1 or 2. The compounds of the
      above description are useful as herbicides.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new compounds of the formula
      ##SPC2##
PAL  Wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3 and R.sup.4
      are independently selected from the group consisting of hydrogen and lower
      alkyl; X is halogen; and n is the integer 1 or 2.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to and including 6 carbon atoms.
PAR  The compounds of the present invention are unexpectedly useful as
      herbicides and are particularly useful in controlling grassy weeds.
PAR  In a preferred embodiment of the present invention Y is hydrogen and X is
      chlorine or bromine.
PAR  The compounds of the present invention can be prepared by reacting a
      compound of the formula
      ##SPC3##
PAL  Wherein Y, R.sup.1, R.sup.2, R.sup.4 and n are as heretofore described,
      with an .alpha.-haloalkanoyl chloride of the formula
TBL  O                                                                         
     .parallel.                                                                
     Cl--C--CHX                                                                
     .vertline.                                                                
     s,67 R.sup.3                                                              
                 (III)                                                         
PAL  wherein R.sup.3 and X are as heretofore described. This reaction can be
      effected by combining a compound of formula II with a compound of formula
      III in an inert organic reaction medium, such as dioxane or benzene, in
      the presence of an acid acceptor, such as an alkali metal carbonate or
      bicarbonate, at a temperature of from about -10.degree.C to about
      25.degree.C and stirring the resulting mixture for a period of from about
      15 to about 120 minutes. The reaction mixture can then be heated at
      temperatures ranging up to the reflux temperature of the reaction mixture
      to ensure completion of the reaction. After this time the reaction mixture
      can be washed with water to remove inorganic salts and stripped of solvent
      to yield the desired product. This product can be used as such or can be
      further purified by conventional techniques.
PAR  The compounds of formula II can be prepared by reacting a substituted
      aniline of the formula
      ##SPC4##
PAL  Wherein Y, R.sup.1 and R.sup.2 are as heretofore described, with a compound
      of the formula
      ##EQU1##
      wherein R.sup.4 and n are as heretofore described. This reaction can be
      effected by combining a compound of formula IV with a compound of formula
      V in an inert organic reaction medium if desired in the presence of an
      acid acceptor such as an alkali metal carbonate and heating the resulting
      mixture at reflux for a period of from about 1 to about 48 hours. After
      this time the mixture can be filtered and distilled to yield the desired
      product.
PAR  The compounds of formula V when not readily available can be prepared by
      reacting a glycol of the formula
      ##EQU2##
      wherein n is as heretofore described, with an aldehyde of the formula
EQU  R.sup.4 CHO                                                (VII)
PAL  wherein R.sup.4 is as heretofore described. This reaction can be effected
      by combining the compounds of formulae VI and VII in an inert reaction
      medium such as benzene and in the presence of a catalyst such as calcium
      chloride or toluenesulfonic acid. The reaction mixture can then be heated
      at reflux until no more water can be removed by azeotropic distillation.
      After this time the reaction mixture can be filtered and distilled under
      vacuum to yield the desired product.
PAR  Exemplary aldehydes of formula VII are formaldehyde, propionaldehyde,
      butyraldehyde, pentanal, hexanal, heptanal and the like.
PAR  Exemplary substituted anilines of formula IV useful in preparing the
      compounds of formula II are 2-methylaniline, 2-ethylaniline,
      2-propylaniline, 2-isopropylaniline, 2-butylaniline, 2-hexylaniline,
      2,6-dimethylaniline, 2,6-diethylaniline, 2,6-dipropylaniline,
      2,6-dibutylaniline, 2,6-dihexylaniline, 2-methoxy-6-methylaniline,
      2-methoxy-6-ethylaniline, 2-ethoxy-6-methylaniline,
      2-ethoxy-6-ethylaniline, 2-propoxy-6-methylaniline,
      2-butoxy-6-ethylaniline, 2-hexyloxy-6-methylaniline,
      2,4,6-trimethylaniline, 2,4,6-triethylaniline, 2,4,6-tripropylaniline,
      2,6-dimethyl-4-butylaniline, 2,4-dimethylaniline, 2,4-diethylaniline,
      2-methyl-4-chloroaniline, 2-methyl-3-bromoaniline, 2-methyl-4-iodoaniline,
      2-methyl-4-fluoroaniline and the like.
PAR  Exemplary .alpha.-haloalkanoyl chlorides of formula III are chloroacetyl
      chloride, bromoacetyl chloride, iodoacetyl chloride,
      .alpha.-chloropropanoyl chloride, .alpha.-bromopropanoyl chloride,
      .alpha.-chlorobutanoyl chloride, .alpha.-chloropentanoyl chloride,
      .alpha.-chlorohexanoyl chloride, .alpha.-bromooctanoyl chloride and the
      like.
DETD
PAR  The preparation of the compounds of the present invention is more
      specifically illustrated in the following examples.
PAC  EXAMPLE 1
PAC  Preparation of 5-Chloromethyl-1,3-dioxolane
PAR  3-Chloropropandiol-1,2 (60 grams), paraformaldehyde (25 grams),
      toluenesulfonic acid (0.5 grams) and benzene (200 ml) were charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser with a Dean-Stark trap. The reaction mixture was heated
      at reflux until no more water was removed by azeotropic distillation.
      After this time the reaction mixture was stripped of benzene and distilled
      to yield the desired product 5-chloromethyl-1,3-dioxolane as an oil having
      a boiling point of 47.degree.C under aspirator pressure.
PAC  EXAMPLE 2
PAC  Preparation of N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethylaniline
PAR  2,6-Dimethylaniline (94.5 grams), 5-chloromethyl-1,3-dioxolane (31.8
      grams), potassium carbonate (36.7 grams) and tetraethylammonium chloride
      (2 grams) were charged into a glass reaction vessel equipped with a
      mechanical stirrer, thermometer and reflux condenser. The reaction mixture
      was heated at reflux for a period of 48 hours. After this time the mixture
      was filtered and distilled to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethylaniline having a boiling point of
      132.degree.C under aspirator pressure.
PAC  EXAMPLE 3
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethylaniline (22.4 grams), sodium
      carbonate (11.5 grams), water (100 ml) and benzene (100 ml) were charged
      into a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The mixture was cooled to a temperature of about 0.degree.C
      and chloroacetyl chloride (8.2 ml) was slowly added with stirring. After
      the addition was completed stirring was continued for a period of about
      one hour. The mixture was then washed with water, was dried and distilled
      to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilide as an
      oil boiling at 200.degree.-205.degree.C at 1 mm of Hg pressure.
PAC  EXAMPLE 4
PAC  Preparation of 5-.beta.-Chloroethyl-1,3-dioxolane
PAR  4-Chlorobutandiol-1,2 (0.5 mole), paraformaldehyde (0.55 mole),
      toluenesulfonic acid (1 gram) and benzene (250 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser with a Dean-Stark trap. The reaction mixture is heated at
      reflux until no more water is removed by azeotropic distillation. After
      this time the reaction mixture is stripped of solvent and is distilled to
      yield the desired product 5-.beta.-chloroethyl-1,3-dioxolane.
PAC  EXAMPLE 5
PAC  Preparation of N-(1,3-Dioxolan-5-ylethyl)-2,6-diethylaniline
PAR  2,6-Diethylaniline (0.3 mole, 5-.beta.-chloroethyl-1,3-dioxolane (0.3
      mole), potassium carbonate (0.3 mole) and tetraethylammonium chloride (2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 4 hours. After this time the mixture is filtered
      to yield the desired product
      N-(1,3-dioxolan-5-ylethyl)-2,6-diethylaniline.
PAC  EXAMPLE 6
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylethyl)-2,6-diethyl-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylethyl)-2,6-diethylaniline (0.1 mole), sodium carbonate
      (0.1 mole), water (10 ml) and benzene (100 ml) are charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      reaction mixture is cooled to a temperature of about 0.degree.C and
      chloroacetyl chloride (0.11 mole) is incrementally added with stirring.
      After the addition is completed, stirring is continued for a period of
      about one hour. The mixture is then washed with water, dried over
      anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(1,3-dioxolan-5-ylethyl)-2,6-diethyl-.alpha.-chloroacetanilide as the
      residue.
PAC  EXAMPLE 7
PAC  Preparation of N-(1,3-Dioxolan-5-ylmethyl)-2-methyl-6-methoxyaniline
PAR  2-Methyl-6-methoxyaniline (0.3 mole), 5-chloromethyl-1,3-dioxolane (0.3
      mole), potassium carbonate (0.3 mole) and tetraethylammonium chloride (2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 4 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-6-methoxyaniline.
PAC  EXAMPLE 8
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylmethyl)-2-methyl-6-methoxy-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylmethyl)-2-methyl-6-methoxyaniline (0.1 mole), sodium
      carbonate (0.1 mole), water (10 ml) and benzene (100 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The reaction mixture is cooled to a temperature of about
      0.degree.C and chloroacetyl chloride (0.11 mole) is incrementally added
      with stirring. After the addition is completed, stirring is continued for
      a period of about one hour. The mixture is then washed with water, dried
      over anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-6-methoxy-.alpha.-chloroacetanilide
      as the residue.
PAC  EXAMPLE 9
PAC  Preparation of N-(1,3-Dioxolan-5-ylmethyl)-2-ethyl-4-chloroaniline
PAR  2-Ethyl-4-chloroaniline (0.3 mole), 5-chloromethyl-1,3-dioxolane (0.3
      mole), potassium carbonate (0.3 mole) and tetraethylammonium chloride (2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 6 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2-ethyl-4-chloroaniline.
PAC  EXAMPLE 10
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylmethyl)-2-ethyl-4-chloro-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylmethyl)-2-ethyl-4-chloroaniline (0.1 mole), sodium
      carbonate (0.1 mole), water (10 ml) and benzene (100 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The reaction mixture is cooled to a temperature of about
      0.degree.C and chloroacetyl chloride (0.11 mole) is incrementally added
      with stirring. After the addition is completed, stirring is continued for
      a period of about one hour. The mixture is then washed with water, dried
      over anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2-ethyl-4-chloro-.alpha.-chloroacetanilide as
      the residue.
PAC  EXAMPLE 11
PAC  Preparation of N-(1,3-Dioxolan-5-ylmethyl)-2,4,6-trimethylaniline
PAR  2,4,6-Trimethylaniline (0.3 mole), 5-chloromethyl-1,3-dioxolane (0.3 mole),
      potassium carbonate (0.3 mole) and tetraethylammonium chloride (2 grams)
      are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 8 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,4,6-trimethylaniline.
PAC  EXAMPLE 12
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylmethyl-2,4,6-trimethyl-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylmethyl)-2,4,6-trimethylaniline (0.1 mole), sodium
      carbonate (0.1 mole), water (10 ml) and benzene (100 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The reaction mixture is cooled to a temperature of about
      0.degree.C and chloroacetyl chloride (0.11 mole) is incrementally added
      with stirring. After the addition is completed, stirring is continued for
      a period of about one hour. The mixture is then washed with water, dried
      over anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,4,6-trimethyl-.alpha.-chloroacetanilide as
      the residue.
PAC  EXAMPLE 13
PAC  Preparation of N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromoaniline
PAR  2,6-Dimethyl-4-bromoaniline (0.3 mole), 5-chloromethyl-1,3-dioxolane (0.3
      mole), potassium carbonate (0.3 mole) and tetraethylammonium chloride (2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 5 hours. After this time the mixture is filtered
      and distilled to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromoaniline.
PAC  EXAMPLE 14
PAC  Preparation of
      N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromo-.alpha.-chloroacetanilide
PAR  N-(1,3-Dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromoaniline (0.1 mole), sodium
      carbonate (0.1 mole), water (10 ml) and benzene (100 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The reaction mixture is cooled to a temperature of about
      0.degree.C and chloroacetyl chloride (0.11 mole) is incrementally added
      with stirring. After the addition is completed, stirring is continued for
      a period of about one hour. The mixture is then washed with water, dried
      over anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromo-.alpha.-chloroacetanilide
      as the residue.
PAC  EXAMPLE 15
PAC  Preparation of 2-Methyl-5-chloromethyl-1,3-dioxolane
PAR  3-Chloropropandiol-1,2 (0.5 mole), acetaldehyde (0.5 mole), toluenesulfonic
      acid (0.5 grams) and benzene (200  ml) are charged into a glass reaction
      flask equipped with a mechanical stirrer, thermometer and reflux condenser
      with a Dean-Stark trap. The reaction mixture is heated at reflux until no
      more water is removed by azeotropic distillation. After this time the
      reaction mixture is stripped of solvent and is distilled to yield the
      desired product 2-methyl-5-chloromethyl-1,3-dioxolane.
PAC  EXAMPLE 16
PAC  Preparation of N-(2-Methyl-1,3-dioxolan-5-ylmethyl)-2-t-butylaniline
PAR  2-t-Butylaniline (0.3 mole), 2-methyl-5-chloromethyl-1,3-dioxolane (0.3
      mole), potassium carbonate (0.3 mole) and tetraethylammonium chloride (2
      grams) are charged into a glass reaction vessel equipped with a mechanical
      stirrer, thermometer and reflux condenser. The reaction mixture is heated
      at reflux for a period of 48 hours. After this time the mixture is
      filtered to yield the desired product
      N-2-methyl-1,3-dioxolan-5-ylmethyl)-2-t-butylaniline.
PAC  EXAMPLE 17
PAC  Preparation of
      N-(2-Methyl-1,3-dioxolan-5-ylmethyl)-2-t-butyl-.alpha.-bromoacetanilide
PAR  N-(2-Methyl-1,3-dioxolan-5-ylmethyl)-2-t-butylaniline (0.1 mole), sodium
      carbonate (0.1 mole), water (10 ml) and benzene (100 ml) are charged into
      a glass reaction vessel equipped with a mechanical stirrer and
      thermometer. The reaction mixture is cooled to a temperature of about
      0.degree.C and bromoacetyl chloride (0.11 mole) is incrementally added
      with stirring. After the addition is completed, stirring is continued for
      a period of about one hour. The mixture is then washed with water, dried
      over anhydrous magnesium sulfate and filtered. The filtrate is stripped of
      solvent and unreacted starting materials to yield the desired product
      N-(2-methyl-1,3-dioxolan-5-ylmethyl)-2-t-butyl-.alpha.-bromoacetanilide as
      the residue.
PAR  Additional exemplary compounds which can be prepared according to the
      procedures of the foregoing examples are
      N-(2-ethyl-1,3-dioxolan-5-ylmethyl)-2,6-dipropyl-.alpha.-iodoacetanilide,
      N-(2-propyl-1,3-dioxolan-5-ylmethyl)-2,6-dibutyl-.alpha.-fluoroacetanilide
     , N-(2-butyl-1,3-dioxolan-5-ylmethyl)-2,6-dihexyl-.alpha.-chloroacetanilide
     , N-(2-hexyl-1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilid
     e, N-(1,3-dioxolan-5-ylmethyl)-2-ethoxy-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-propoxy-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-butoxy-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-pentyloxy-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-hexyloxy-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2,4-diethyl-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-4-propyl-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-methoxy-4-butyl-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-methoxy-4-hexyl-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-4-iodo-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-4-fluoro-.alpha.-chloroacetanilide,
      N-(1,3-dioxolan-5-ylmethyl)-2,6-diethyl-.alpha.-chloropropionanilide,
      N-(1,3-dioxolan-5-ylmethyl)-N-.alpha.-chlorobutanoyl-2,6-diethylaniline,
      N-(1,3-dioxolan-5-ylmethyl)-N-.alpha.-bromopentanoyl-2,6-diethylaniline,
      N-(1,3-dioxolan-5-ylmethyl)-N-.alpha.-chlorohexanoyl-2,6-diethylaniline,
      N-(1,3-dioxolan-5-ylmethyl)-N-.alpha.-chloroheptanoyl-2,6-diethylaniline,
      N-(1,3-dioxolan-5-ylmethyl)-N-.alpha. -chlorooctanoyl-2,6-diethylaniline
      and the like.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dusts can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in parts by weight.
PAC  EXAMPLE 18
TBL  Preparation of a Dust                                                     
     Product of Example 3      10                                              
     Powdered Talc             90                                              
PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity whch is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compounds of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5 percent to about 95 percent of the
      active ingredients in the herbicidal compositions. Use of combinations of
      these other herbicides and/or defoliants, dessicants, etc. with the
      compounds of the present invention provide herbicidal compositions which
      are more effective in controlling weeds and often provide results
      unattainable with separate compositions of the individual herbicides. The
      other herbicides, defoliants, dessicants and plant growth inhibitors, with
      which the compounds of this invention can be used in the herbicidal
      compositions to control weeds, can include chlorophenoxy herbicides such
      as 2,4-D, 2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP,
      2,4,5-TB, 2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides
      such as IPC, CIPC, swep, barban, BCPC, CEPC, CPPC, and the like;
      thiocarbamate and dithiocarbamate herbicides such as CDEC, metham sodium,
      EPTC, diallate, PEBC, perbulate, vernolate and the like; substituted urea
      herbicides such as norea, siduron, dichloral urea, chloroxuron, cycluron,
      fenuron, monuron, monuron TCA, diuron, linuron, monolinuron, neburon,
      buturon, trimeturon and the like; symmetrical triazine herbicides such as
      simazine, chlorazine, atraone, desmetryne, norazine, ipazine, prometryn,
      atazine, trietazine, simetone, prometone, propazine, ametryne and the
      like; chloroacetamide herbicides such as 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)piperidine and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, dicamba, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid,
      3-methoxy-2,6-dichlorophenylacetic acid,
      2-methoxy-3,5,6-trichlorophenylacetic acid, 2,4-dichloro-3-nitrobenzoic
      acid and the like; and such compounds as aminotriazole, maleic hydrazide,
      phenyl mercuric acetate, endothal, biuret, technical chlordane, dimethyl
      2,3,5,6-tetrachloroterephthalate, diquat, erbon, DNC, DNBP, dichlobenil,
      DPA, diphenamid, dipropalin, trifluralin, solan, dicryl, merphos, DMPA,
      DSMA, MSMA, potassium azide, acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose grass, chickweed, wild oats, velvetleaf, purslane,
      barnyardgrass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morningglory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, hounds-tongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, wintercress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weeds can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of an active compound per acre may be required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compounds of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by an experiment carried out for the pre-emergence control of a variety of
      weeds. In this experiment small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the test compound formulated as an aqueous emulsion of an acetone solution
      containing emulsifiers was sprayed at the indicated concentration on the
      surface of the soil.
PAR  After spraying, the soil containers were placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 15 to 21 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of this compound is demonstrated by the following data:
TBL                TABLE I                                                     
     ______________________________________                                    
                      Injury Rating                                            
                      Product of Example 3                                     
                      Concentration (lbs/acre)                                 
     Weed Species     10                                                       
     ______________________________________                                    
     Yellow Nutsedge  10                                                       
     Wild Oats        7                                                        
     Jimsonweed       6                                                        
     Velvetleaf       1                                                        
     Johnson Grass    7                                                        
     Pigweed          10                                                       
     Mustard          5                                                        
     Yellow Foxtail   10                                                       
     Barnyardgrass    10                                                       
     Crabgrass        10                                                       
     Cheatgrass       10                                                       
     Morningglory 4                                                            
     ______________________________________                                    
PAR  The herbicidal activity of the compounds of this invention was also
      demonstrated by an experiment carried out for the post-emergence control
      of a variety of weeds. In this experiment the compound to be tested was
      formulated as an aqueous emulsion and sprayed at the indicated dosage on
      the foliage of the weeds that have attained a prescribed size. After
      spraying the plants were placed in a greenhouse and watered daily or more
      frequently. Water was not applied to the foliage of the treated plants.
      The severity of the injury was determined 10 to 15 days after treatment
      and was rated on the scale of from 0 to 10 heretofore described. The
      effectiveness of this compound is demonstrated by the following data:
TBL                TABLE II                                                    
     ______________________________________                                    
                      Injury Rating                                            
                      Product of Example 3                                     
                      Concentration (lbs/acre)                                 
     Weed Species     10                                                       
     ______________________________________                                    
     Yellow Nutsedge  9                                                        
     Wild Oats        7                                                        
     Jimsonweed       5                                                        
     Johnson Grass    8                                                        
     Pigweed          10                                                       
     Mustard          10                                                       
     Yellow Foxtail   8                                                        
     Barnyardgrass    9                                                        
     Crabgrass        7                                                        
     Morningglory     3                                                        
     Bindweed         5                                                        
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein Y is selected from the group consisting of hydrogen, lower alkyl
      and halogen; R.sup.1 is selected from the group consisting of hydrogen,
      lower alkyl and lower alkoxy; R.sup.2 is lower alkyl; R.sup.3 and R.sup.4
      are independently selected from the group consisting of hydrogen and lower
      alkyl; X is halogen; and n is the integer 1 to 2.
NUM  2.
PAR  2. The compound of claim 1,
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-.alpha.-chloroacetanilide.
NUM  3.
PAR  3. The compound of claim 1,
      N-(1,3-dioxolan-5-ylethyl)-2,6-diethyl-.alpha.-chloroacetanilide.
NUM  4.
PAR  4. The compound of claim 1,
      N-(1,3-dioxolan-5-ylmethyl)-2-methyl-6-methoxy-.alpha.-chloroacetanilide.
NUM  5.
PAR  5. The compound of claim 1,
      N-(1,3-dioxolan-5-ylmethyl)-2-ethyl-4-chloro-.alpha.-chloroacetanilide.
NUM  6.
PAR  6. The compound of claim 1,
      N-(1,3-dioxolan-5-ylmethyl)-2,4,6-trimethyl-.alpha.-chloroacetanilide.
NUM  7.
PAR  7. The compound of claim 1,
      N-(1,3-dioxolan-5-ylmethyl)-2,6-dimethyl-4-bromo-.alpha.-chloroacetanilide
NUM  8.
PAR  8. The compound of claim 1,
      N-(2-methyl-1,3-dioxolan-5-ylmethyl)-2-t-butyl-.alpha.-bromoacetanilide.
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PAL  Process for resolving a racemic mixture of an oxo-type prostaglandin
      intermediate by (a) converting the oxo compound by reaction with an
      optically active ephedrine to a mixture of oxazolidine diastereomers, (b)
      separating at least one oxazolidine diastereomer from said mixture, (c)
      hydrolyzing said oxazolidine to free the optically active oxo compound,
      and (d) recovering said optically active oxo compound.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of then copending application Ser. No. 181,246 filed
      Sept. 16, 1971, now issued as U.S. Pat. No. 3,711,515, which was a
      continuation-in-part of then copending application Ser. No. 93,483, filed
      Nov. 27, 1970, and since abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for preparing intermediates useful in
      the preparation of prostaglandins, (hereinafter identified as "PGE.sub.2,
      " "PGF.sub.2.sub..alpha., " etc.) and to a process for preparing racemic
      and optically active PGE.sub.3 and PGF.sub.3.sub..alpha., their
      enantiomorphs and their 15-epimers.
PAR  Previously, the preparation of a racemic bicyclic lactone diol of the
      formula
      ##SPC1##
PAL  Was reported by E. J. Corey et al., J, Am. Chem. Soc. 91, 5675 (1969), and
      later disclosed in an optically active form by E. J. Corey et al., J. Am.
      Chem. Soc. 92, 397 (1970). Conversion of this intermediate to PGE.sub.2
      and PGF.sub.2.sub..alpha., either in dl-form or optically active form, was
      disclosed in those publications.
PAR  It is well known that the prostaglandin structures have several centers of
      asymmetry and therefore exist as stereoisomers (see Nugteren et al.,
      Nature 212, 38-39 (1966); Bergstrom et al., Pharmacol. Rev. 20, 1 (1968)).
      Each formula for PGE.sub.2, PGF.sub.2.sub..alpha., PGE.sub.3, and
      PGF.sub.3.sub..alpha. herein represents a molecule of the optically active
      naturally-occuring from of the prostaglandin.
PAR  PGE.sub.2 has the following structure:
      ##SPC2##
PAR  PGF.sub.2.sub..alpha. has the following structure:
      ##SPC3##
PAR  PGE.sub.3 has the following structure:
      ##SPC4##
PAR  PGF.sub.3.sub..alpha. has the following structure:
      ##SPC5##
PAL  See also FIGS. XVI, XXII, XXIV, and XXVI herein, which are identical to the
      above formulas when .about. represents attachment of hydroxyl in the
      .alpha. (S) configuration. The mirror image of each formula represents a
      molecule of the enantiomorphic form of that prostaglandin. Thus, for
      example, "ent-PGE.sub.3 " refers to the enantiomorph of PGE.sub.3. The
      racemic or "dl" form of the prostaglandin consists of equal numbers of two
      types of molecules, e.g., a natural-configuration prostaglandin and its
      enantiomorph. If one of the optically active isomers has dextro optical
      rotatory power, the other has an equal degree of laevo optical rotatory
      power. A racemic mixture of equal quantities of d- and l- isomers exhibits
      no optical rotation. The reaction of the components of a racemic mixture
      with an optically-active substance results in the formation of
      diastereomers having different physical properties, e.g. degree of
      solubility in a solvent. Another term used herein is "15--epimer." When
      referred to one of the above prostaglandins, it identifies a molecule
      having the opposite configuration at the C--15 atom. Thus,
      "15.beta.--PGE.sub.3 refers to the product having the .beta. (R)
      configuration at carbon 15 as compared with the .alpha. (S) configuration
      for PGE.sub.3.
PAR  PGE.sub.2, PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and PGA.sub.2, and
      their esters, acylates, and pharmocologically acceptable salts, are
      extremely potent in causing various biological responses. For that reason,
      these compounds are useful for pharmacological purposes. See, for example,
      Bergstrom et al., Pharmacol. Rev. 20, 1 (1968), and references cited
      therein. A few of those biological responses are systemic arterial blood
      pressure lowering in the case of the PGE.sub.2, PGF.sub.2.sub..beta., and
      PGA.sub.2 compounds as measured, for example, in anesthetized
      (pentobarbital sodium) pentolinium-treated rats with indwelling aortic and
      right heart cannulas; pressor activity, similarly measured, for the
      PGF.sub.2.sub..alpha. compounds; stimulation of smooth muscle as shown,
      for example, by tests on strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants,
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE.sub.2 and PGA.sub.2 compounds as shown in dogs with
      secretion stimulated by food or histamine infusion; activity on the
      central nervous system; decrease of blood platelet adhesiveness as shown
      by platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE.sub.2
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE.sub.2 compounds, are
      useful in mammls, including man, as nasal decongestants. For this purpose,
      the compounds are used in a dose range of about 10 .mu.g. to about 10 mg.
      per ml. of a pharmacologically suitable liquid vehicle or as an aerosol
      spray, both for topical application.
PAR  The PGE.sub.2 and PGA.sub.2 compounds are useful in mammals, including man
      and certain useful animals, e.g., dogs and pigs, to reduce and control
      excessive gastric secretion, thereby reducing or avoiding gastrointestinal
      ulcer formation, and accelerating the healing of such ulcers already
      present in the gastrointestinal tract. For this purpose, the compounds are
      injected or infused intravenously, subcutaneously, or intramuscularly in
      an infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of
      body weight per minute, or in a total daily dose by injection or infusion
      in the range about 0.1 to about 20 mg. per kg. of body weight per day are
      used, the exact dose depending on the age, weight, and condition of the
      patient or animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compound are
      useful whenever it is desired to inhibit platelet aggregation, to reduce
      the adhesive character of platelets, and to remove or prevent the
      formation of thrombi in mammals, including man, rabbits, and rats. For
      example, these compounds are useful in the treatment and prevention of
      myocardial infarcts, to treat and prevent post-operative thrombosis, to
      promote patency of vascular grafts following surgery, and to treat
      conditions such as atherosclerosis, arteriosclerosis, blood clotting
      defects due to lipemia, and other clinical conditions in which the
      underlying etiology is associated with lipid imbalance or hyperlipidemia.
      For these purposes, these compounds are administered systemically, e.g.,
      intravenously, subcutaneously, intramuscularly, and in the form of sterile
      implants for prolonged action. For rapid response, especially in emergency
      situations, the intravenous route of administration is preferred. Doses in
      the range about 0.005 to about 20 mg. per kg. of body weight per day are
      used, the exact dose depending on the age, weight, and condition of the
      patient or animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta.  compounds
      are especially useful as additives to blood, blood products, blood
      substitutes, and other fluids which are used in artificial extracorporeal
      circulation and perfusion of isolated body portions, e.g., limbs and
      organs, whether attached to the original body, detached and being
      preserved or prepared for transplant, or attached to a new body. During
      these circulations and perfusions, aggregated platelets tend to block the
      blood vessels and portions of the circulation apparatus. This blocking is
      avoided by the presence of these compounds. For this purpose, the compound
      is added gradually or in single or multiple portions to the circulating
      blood, to the blood of the donor animal, to the perfused body portion,
      attached or detached, to the recipient, or to two or all of those at a
      total steady state dose of about 0.001 to 10 mg. per liter of circulating
      fluid. It is especially useful to use these compounds in laboratory
      animals, e.g., cats, dogs, rabbits, monkeys, and rats, for these purposes
      in order to develop new methods and techniques for organ and limb
      transplants.
PAR  PGE.sub.2 compounds are extremely potent in causing stimulation of smooth
      muscle, and are also highly active in potentiating other known smooth
      muscle stimulators, for example, oxytocic agents, e.g., oxytocin, and the
      various ergot alkaloids including derivatives and analogs thereof.
      Therefore PGE.sub.2, for example, is useful in place of or in combination
      with less than usual amounts of these known smooth muscle stimulators, for
      example, to relieve the symptoms of paralytic ileus, or to control or
      prevent atonic uterine bleeding after abortion or delivery, to aid in
      expulsion of the placenta, and during the puerperium. For the latter
      purpose, the PGE.sub.2 compound is administered by intravenous infusion
      immediately after abortion or delivery at a dose in the range about 0.01
      to about 50 .mu.g. per. kg. of body weight per minute until the desired
      effect is obtained. Subsequent doses are given by intravenous,
      subcutaneous, or intramuscular injection or infusion during puerperium in
      the range 0.01 to 2 mg. per kg. of body weight per day, the exact dose
      depending on the age, weight, and condition of the patient or animal.
PAR  The PGE.sub.2, PGF.sub.2.sub..beta., and PGA.sub.2 compounds are useful as
      hypotensive agents to reduce blood pressure in mammals including man. For
      this purpose, the compounds are administered by intravenous infusion at
      the rate of about 0.01 to about 50 .mu.g. per kg. of body weight per
      minute, or in single or multiple doses of about 25 to 500 .mu.g. per kg.
      of body weight total per day.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful in place of oxytocin to induce labor in pregnant female
      animals, including man, cows, sheep and pigs, at or near term, or in
      pregnant animals with intrauterine death of the fetus from about 20 weeks
      to term. For this purpose, the compound is infused intravenously at a dose
      0.01 to 50 .mu.g. per. kg. of body weight per minute until or near the
      termination of the second stage of labor, i.e., expulsion of the fetus.
      These compounds are especially useful when the female is one or more weeks
      post-mature and natural labor has not started, or 12 to 60 hours after the
      membranes have ruptured and natural labor has not yet started.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful for controlling the reproductive cycle in ovulating female
      mammals, including humans and other animals. For that purpose,
      PGF.sub.2.sub..alpha., for example, is administered systemically at a dose
      level in the range  dl-Tricyclic 20 mg. per kg. of body weight,
      advantageously during a span of time starting approximately at the time of
      ovulation and ending approximately at .about.time of menses or just prior
      to menses. Additionally, expulsion of an embryo or a fetus is accomplished
      by similar administration of the compound during the first third of the
      normal mammalian gestation period. Because the PGE.sub.2 compounds are
      potent antagonists of epinephrine-induced mobilization of free fatty
      acids, they are useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGE.sub.2 compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, and other animals. For
      that reason, these compounds are useful to promote and accelerate healing
      of skin which has been damaged, for example, by burns, wounds, and
      abrasions, and after surgery. These compounds are also useful to promote
      and accelerate adherence and growth of skin autografts, especially small,
      deep (Davis) grafts which are intended to cover skinless areas by
      subsequent outward growth rather than initially, and to retard rejection
      of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the site where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 5 to 1000 .mu.g./ml. of the PGE.sub.2 compound.
      Especially for topical use, these prostaglandins are useful in combination
      with antibiotics, for example, gentamycin, neomycin, polymyxin B ,
      bacitracin, spectinomycin, and oxytetracycline, with other antibacterials,
      for example, mafenide hydrochloride, sulfadiazine, furazolium chloride,
      and nitrofurazone, and with corticoid steroids, for example,
      hydrocortisone, prednisolone, methylprednisolone, and fluprednisolone,
      each of those being used in the combination at the usual concentration
      suitable for its use alone.
PAC  SUMMARY OF THE INVENTION
PAR  It is the purpose of this invention to provide processes for the production
      of compounds useful in the preparation of prostaglandins commercially in
      substantial amount and at reasonable cost. It is a further purpose to
      provide processes for preparing certain intermediates in optically active
      forms. It is still a further purpose to provide a process for preparing
      racemic and optically active PGE.sub.3, PGF.sub.3.sub..alpha.,
      PGF.sub.3.sub..beta., and PGA.sub.3, their enantiomorphs, and their
      15-epimers.
PAR  The presently described processes and intermediates are useful for
      preparing PGE.sub.2, PGF.sub.2.sub..alpha., and PGA.sub.2 and their
      racemic forms, which are known to be useful for the above-described
      pharmacological purposes. The processes and intermediates disclosed herein
      are also useful for preparing enantiomorphic PGE.sub.2,
      PGF.sub.2.sub..alpha.,PGF.sub.2.sub..beta. and PGA.sub.2, and PGE.sub.3,
      PGF.sub.3.sub..alpha., PGF.sub.3.sub..beta., and PGA.sub.3 , their
      enantiomorphs, and their 15.beta.-epimers, each one of which is useful for
      the above-described pharmacological purposes, and is used for those
      purposes in the same manner as described above. These novel compounds are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses. Therefore, each of these novel
      prostaglandin-type compounds is surprisingly and unexpectedly more useful
      than one of the corresponding above-mentioned known prostaglandins for at
      least one of the pharmacological purposes indicated above for the latter,
      because it has a different and narrower spectrum of biological potency
      than the known prostaglandins, and therefore is more specific in its
      activity and causes smaller and fewer undesired side effects than when the
      known prostaglandin is used for the same purpose.
PAR  Thus, there is provided a process for preparing an optically active
      tricyclic lactone glycol of the formula
      ##SPC6##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein Y is 1-pentyl or 1-pent-2-ynyl, and .about.
      indicates attachment of the moiety to the cyclopropane ring in exo or endo
      configuration and to the side chain in alpha or beta configuration, which
      comprises the steps of:
PAR  a. converting optically active or racemic bicyclo-[3.1.0]hex-2-ene-6
      -carboxaldehyde to an optically active acetal of the formula
      ##SPC7##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein R.sub.1 and R.sub.2 are alkyl of one to 4
      carbon atoms, inclusive, or, when taken together,
      ##EQU1##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the
      proviso that not more than one of the R's is phenyl and the total number
      of carbon atoms is from 2 to 10, inclusive; x is zero or one, and .about.
      is as defined above;
PAR  b. Transforming said optically active or racemic acetal to an optically
      active tricyclic mono or dihaloketone of the formula
      ##SPC8##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein R.sub.1, R.sub.2, and .about. are as defined
      above, and wherein R.sub.10 is bromo or chloro, and R.sub.11 is hydrogen,
      bromo, or chloro;
PAR  c. Transforming said optically active or racemic tricyclic mono or
      dihaloketone to an optically active tricyclic ketone of the formula
      ##SPC9##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein R.sub.1, R.sub.2, and .about. are as defined
      above;
PAR  d. oxidizing said optically active or racemic tricyclic ketone to an
      optically active tricyclic lactone acetal of the formula
      ##SPC10##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein R.sub.1, R.sub.2, and .about. are as defined
      above;
PAR  e. hydrolyzing said optically active or racemic tricyclic lactone to an
      optically active tricyclic lactone aldehyde of the formula
      ##SPC11##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein .about. is as defined above;
PAR  f. converting said optically active or racemic tricyclic lactone aldehyde
      to an optically active tricyclic lactone alkene or alkenyne of the formula
      ##SPC12##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein Y and .noteq. are as defined above; and
PAR  g. hydroxylating said optically active or racemic tricyclic lactone alkene
      or alkenyne to form said optically active or racemic tricyclic lactone
      glycol.
PAR  Reference to Chart A, herein, will make clear the transformation from
      bicyclic akdehyde l to tricyclic lactone glycol VIII by steps a-g,
      inclusive. Formulas l-X, inclusive, hereinafter referred to, are depicted
      in Chart A, wherein R.sub.1 and R.sub.2 are alkyl of one to 4 carbon
      atoms, inclusive, or, when taken together,
      ##EQU2##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen , alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the
      proviso that not more than one of the R's is phenyl and the total number
      of carbon atoms is from 2 to 10, inclusive; and x is zero or one; wherein
      R.sub.9 is alkyl of one to 5 carbon atoms, inclusive, R.sub.10 is bromo or
      chloro, and R.sub.11 is hydrogen, bromo, or chloro; wherein Y is 1-pentyl
      or 1-pent-2-ynyl; wherein W is 1-pentyl, cis 1-pent-2-entyl, or
      1-pent-2-ynyl; and wherein .about. indicates attachment of the moiety to
      the cyclopropane ring in exo or endo configuration, or attachment of the
      hydroxyl to the side chain in alpha or beta configuration.
PAR  In the formulas herein, the broken line attachments to a ring represent
      substituents in alpha configuration, i.e., below the plane of the paper.
      The wavy line .about. indicates attachment of a group to a cyclopentane or
      lactone ring in alpha or beta configuration, or it indicates attachment to
      a cyclopropane ring in exo or endo configuration, or it indicates
      attachment to the C-15 carbon of the prostamoic acid skeleton in .alpha.
      (S) or .beta. (R) configuration. The formula of each intermediate as drawn
      herein is intended to represent the particular optical isomer which is
      transformed by the processes herein to an optically active prostaglandin
      having the natural configuration of prostaglandins obtained from mammalian
      tissues. The mirror image of each formula then represents a molecule of
      the enantiomorphic form of that intermediate. The expression "racemic
      compound" refers to a mixture of the optically active isomer which yields
      the natural configuration prostaglandin and the potically active isomer
      which is its enantiomorph.
PAC  CHART A
      ##SPC13##
PAR  The bicyclic aldehyde of Formula I in Chart A exists in a number of
      isomeric forms. With respect to the attachment of the --CHO group, it
      exists in two isomeric forms, exo and endo. Also, with respect to the
      position of the cyclopentene double bond relative to the --CHO group, each
      of the exo and endo forms exists in two optically active (d- or 1-) forms,
      making in all four isomers. Each of those isomers separately or mixtures
      thereof undergo the reactions herein for producing prostaglandin
      intermediates and products. For racemic products the unresolved isomers
      are used. For the optically active prostaglandins, the aldehyde or
      subsequent intermediate isomers are resolved by my new process disclosed
      herein, and are used for preparing the optically active products. The
      preparation of the exo and endo aldehydes is discussed below under
      "Preparations."
PAR  In carrying out step a, bicyclic aldehyde I is transformed to acetal II by
      methods known in the art. Thus, aldehyde I is reacted with either an
      alcohol of one to 4 carbon atoms, e.g., methanol, ethanol, propanol, or
      butanol in their isomeric forms, or mixture of such alcohols, or,
      preferably, a glycol having the formula VI:
      ##EQU3##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, and R.sub.8 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the
      proviso that not more than one of the R's is phenyl and the total number
      of carbon atoms is from 2 to 10, inclusive; and x is zero or one. Examples
      of suitable glycols are ethylene glycol, 1,2-propanediol, 1,2-hexanediol,
      1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol, 3,4-octanediol,
      3,5-nonanediol, 2,2-dimethyl-1,3-propanediol,
      3,3-dimethyl-2,4-heptanediol, 4-ethyl-4-methyl-3,5-heptanediol,
      phenyl-1,2-ethanediol, and 1-phenyl-1,2-propanediol.
PAR  The step-a reaction is carried out under a variety of conditions using
      procedures generally known in the art. Thus, the reactants are dissolved
      in benzene and the mixture heated to remove the water formed
      azeotropically. To accelerate the reaction, there may be added an acid
      catalyst such as p-toluenesulfonic acid, trichloroacetic acid, zinc
      chloride, and the like. Alternatively, the reactants, together with the
      acid catalyst and a water scavenger such as trimethyl orthoformate are
      warmed to 40.degree.-100.degree.C. in an inert solvent such as benzene,
      toluene, chloroform, or carbon tetrachloride. The ratio of the aldehyde to
      the glycol is preferably between 1:1 and 1:4.
PAR  In transforming acetal II to ketone IV, reactions known in the art for
      analogous compounds are employed. In carrying out step b, acetal II is
      reacted with a ketene R.sub.10 R.sub.11 C=C=O, for example HBrC=C=O,
      HClC=C=O, Br.sub.2 C=C=O, or Cl.sub.2 C=C=O. For convenience, ketene
      Cl.sub.2 C=C=O is preferred. It is preferably generated in situ by the
      reaction of a 0.5-to-2.0-fold excess of dichloroacetyl chloride in the
      presence of a tertiary amine, e.g., triethylamine, tributylamine,
      pyridine, or 1,4-diazabicyclo[2.2.2]octane, in a solvent such as n-hexane,
      cyclohexane, or mixture of isomeric hexanes (Skellysolve B ) at a
      temperature of from 0.degree. to 70 .degree. C. (See, for example, Corey
      et al., Tetrahedron Letters No. 4, pp. 307-310, 1970). Alternatively, the
      ketene Cl.sub.2 C=C=O is generated by adding a trichloroacyl halide to
      zinc dust suspended in the reaction vessel, omitting the tertiary amine.
PAR  In carrying out step c, mono- or dihaloketone III is reduced with a
      2-to-5-fold excess of zinc dust over the stoichiometric ratio of Zn:2Cl in
      methanol, ethanol, ethylene, glycol, and the like, in the presence of
      acetic acid, ammonium chloride, sodium bicarbonate or sodium dihydrogen
      phosphate. Alternatively, the reaction is carried out with aluminum
      amalgam in a water-containing solvent such as methanol-diethyl
      ether-water, tetrahydrofuran-water, or dioxane-water, at about
      0.degree.-50.degree. C.
PAR  In carrying out step d, tricyclic acetal ketone IV is converted to a
      lactone by methods known in the art, for example by reaction with hydrogen
      peroxide, peracetic acid, perbenzoic acid, m-chloroperbenzoic acid, and
      the like, in the presence of a base such as alkali hydroxide, bicarbonate,
      or orthophosphate, using a preferred molar ratio of oxidizer to ketone of
      1:1.
PAR  In carrying out step e, lactone acetal V is converted to aldehyde VI by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  In carrying out step f, aldehyde VI is transformed to the Formula-VII
      alkene or alkenyne, for example by means of an ylid as in the Wittig
      reaction. A 1-hexyl halide or 1-hex-3-ynyl halide, preferably the bromide,
      is used to prepare the Wittig reagent, e.g. hexyltriphenylphosphonium
      bromide or (hex-3-ynyl)triphenylphosphonium bromide.
PAR  In carrying out step g, the Formula-VII alkene or alkenyne is hydroxylated
      to glycol VIII by procedures known in the art. See South African Pat. No.
      69/4809 issued July 3, 1970. In the hydroxylation of the respective endo
      or exo alkenes, various isomeric glycols are obtained depending on such
      factors as whether the --CH=CH--moiety in VII is cis or trans, and whether
      a cis or a trans hydroxylation reagent is used. Thus, endo-cis olefin
      gives a mixture of two isomeric erythro glycols of Formula VIII with a cis
      hydroxylation agent, e.g., osmium tetroxide. Similarly, the endotrans
      olefin gives a similar mixture of the same two erythro glycols with a
      trans hydroxylation agent, e.g., hydrogen peroxide. The endo-cis olefins
      and the endo-trans olefins give similar mixtures of two threo glycol
      isomers with trans and cis hydroxylation reagents, respectively. These
      various glycol mixtures are separated into individual isomers by silica
      gel chromatography. However, this separation is usually not necessary,
      since each isomeric erythro glycol and each isomeric threo glycol is
      useful as an intermediate according to this invention and the processes
      outlined in Chart A to produce intermediate products of Formula X and
      then, according to Charts C through F hereinafter to produce the other
      final products of this invention. Thus, the various isomeric glycol
      mixtures encompassed by Formula VIII produced from the various isomeric
      olefins encompassed by Formula VII are all useful for these same purposes.
      CHART B
      ##SPC14##
      CHART C
      ##SPC15##
      CHART D
      ##SPC16##
PAC  CHART E
      ##SPC17##
PAC  CHART F
      ##SPC18##
PAR  There is further provided by this invention a process for preparing an
      optically active bicyclic lactone diol of the formula
      ##SPC19##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein W is 1-pentyl, cis 1-pent-2-enyl, or
      1-pent-2-ynyl, and .about. indicates attachment of the hydroxyl to the
      side chain in alpha or beta configuration, which comprises the steps of:
PAR  a. replacing the glycol hydrogens of an optically active tricyclic lactone
      glycol of the formula
      ##SPC20##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, by an alkanesulfonyl group, R.sub.9 O.sub.2 S--,
      wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive, and .about.
      indicates attachment of the moiety to the cyclopropane ring in exo or endo
      configuration and to the side chain in alpha or beta configuration; and
PAR  b. mixing the compound formed in step a with water at a temperature in the
      range of 0.degree. to 60 .degree. C. to form said optically active or
      racemic bicyclic lactone diol.
PAR  Glycol VIII is transformed by steps h and i into diol X as shown in Chart
      A. The procedures for forming the Formula-IX bis(alkanesulfonic acid)
      ester by replacing the glycol hydrogen by an alkanesulfonyl group, and
      subsequently hydrolyzing that ester to diol X are known in the art (see
      South African patent cited immediately above).
PAR  In Chart A, there are differences in the terminal groups on the side chains
      of Formulas VII and VIII. In Formula VII, Y is limited to 1-pentyl or
      1-pent-2-ynyl whereas in Formula VIII, W includes 1-pentyl, cis
      1-pent-2-enyl, or 1-pent-2-ynyl. The compounds of Formula VIII, IX, or X
      wherein W is cis 1-pent-2-enyl are obtained by reducing the --C.tbd.C--
      moiety of the 1-pent-2-ynyl group to cis --CH=CH-- before or after any of
      the steps h  or i, i.e., at any stage after the hydroxylation of the
      --CH=CH-- moiety in step g. For that purpose, there are used any of the
      known reducing agents which reduce an acetylenic linkage to a
      cis-ethylenic linkage. Especially preferred for that purpose are diimide
      or hydrogen and a catalyst, for example, palladium (5%) on barium sulfate,
      especially in the presence of pyridine. See Fieser et al., "Reagents for
      Organic Synthesis," pp. 566-567, John Wiley & Sons, Inc., New York, N.Y.
      (1967).
PAR  There is further provided a process for preparing an optically active
      bicyclic lactone diol of the formula
      ##SPC21##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein W is 1-pentyl, cis 1-pent-2-enyl, or
      1-pent-2-ynyl, and .about. indicates attachment of the hydroxyl to the
      side chain in alpha or beta configuration, which comprises starting with
      an optically active tricyclic lactone alkene or alkenyne of the formula
      ##SPC22##
PAL  or the mirror image thereof, or a racemic compound of that formula and the
      mirror image thereof, wherein Y is 1-pentyl or 1-pent-2-ynyl and .about.
      indicates attachment of the moiety to the cyclopropane ring in exo or endo
      configuration, and subjecting said alkene or alkenyne successively to the
      following reactions:
PAR  a. oxidation of the --CH=CH-- moiety to an epoxy ring,
PAR  b. hydrolysis of the resulting epoxide to a mixture of said bicyclic
      lactone diol and a tricyclic lactone glycol,
PAR  c. formolysis of said mixture to form a diformate of said bicyclic lactone
      diol, and
PAR  d. hydrolysis of said diformate to said bicyclic lactone diol,
PAL  with the proviso that, when W is cis 1 -pent-2-enyl, the --C=C-- moiety is
      reduced to cis --CH=CH-- before or after any of the steps b  to d.
PAR  Reference to Chart B, herein, will make clear the transformation from the
      Formula-VII lactone alkene or alkenyne to diols X.sub..alpha. and
      X.sub..beta.. Formulas VII, X.sub..alpha., X.sub..beta., XXXVIII, XXXIX,
      and XL, hereinafter referred to, are depicted in Chart B, wherein E and M
      are both hydrogen or wherein one of E and M is hydrogen and the other is
      formyl, wherein Y is 1-pentyl or 1-pent-2-ynyl, wherein .about. indicates
      attachment of the moiety to the cyclopropane ring in exo or endo
      configuration, or attachment of OE and OM in threo or erythro
      configuration, or attachment to the side chain in alpha or beta
      configuration, and wherein
      ##EQU4##
      indicates attachment of the epoxide oxygen to the side chain in alpha or
      beta configuration.
PAR  The Formula-VII alkene or alkenyne, prepared by steps a-f of Chart A, is
      transformed to epoxide XXVIII by mixing reactant VII with a peroxy
      compound which is hydrogen peroxide or, preferably, an organic
      percarboxylic acid. Examples of useful organic percarboxylic acids for
      this purpose are performic acid, peracetic acid, perlauric acid,
      percamphoric acid, perbenzoic acid, m-chloroperbenzoic acid, and the like.
      Peracetic acid is especially preferred.
PAR  The peroxidation is advantageously carried out by mixing the reactant VII
      with about one equivalent of the per acid or hydrogen peroxide,
      advantageously in a diluent, for example, chloroform. The reaction usually
      proceeds rapidly, and the Formula-XXXVIII epoxide is isolated by
      conventional methods, for example, evaporation of the reaction diluent and
      removal of the acid corresponding to the per acid if one is used. It is
      usually unnecessary to purify the oxide before using it in the next step.
PAR  Two procedures are available for transforming epoxide XXXVIII to diol
      diformate XL. In one, the epoxide is hydrolyzed to a mixture of glycol
      XXXIX, wherein E and M are hydrogen, and diol
      X.sub..alpha..sub.+.sub..beta.. For this purpose, a solution of dilute
      formic acid in an inert miscible solvent such as acetone, dimethyl
      sulfoxide, ethyl acetate, or tetrahydrofuran is used. Reaction
      temperatures of -20.degree. C. to 100.degree. C. may be employed, although
      about 25.degree. C. is preferred. At lower temperatures, the desired
      mixture is produced inconveniently slowly. At higher temperatures,
      undesired side reactions reduce the yield of the desired mixture.
      Thereafter, the glycol-diol mixture is contacted with formic acid,
      preferably substantially 100% formic acid, at about 25.degree. C. to form
      the diol formate. By "substantially 100% formic acid" is meant a purity of
      at least 99.5%.
PAR  In the other procedure, epoxide XXXVIII is subjected to formolysis
      directly. Preferably substantially 100% formic acid is used, at about
      25.degree. C. An inert solvent such as dichloromethane, benzene, or
      diethyl ether may be employed.
PAR  In either procedure, glycol monoformate XXXIX, wherein one of E and M is
      hydrogen and the other is formyl, is often present as an intermediate. It
      is ordinarily not isolated, but is converted to diol diformate XL in
      substantially 100% formic acid.
PAR  The diol diformate XL is obtained as a mixture of isomers in which the
      formyl group on the side chain are in the alpha and beta configurations.
      The mixture is converted directly to the diols X.sub..alpha. and
      X.sub..beta. without separation. For this purpose, the diol diformates are
      contacted with a weak base such as an alkali metal carbonate, bicarbonate,
      or phosphate, preferably sodium or potassium bicarbonate, in a lower
      alkanol, for example methanol or ethanol. For this base hydrolysis, a
      temperature range of 10.degree. C. to 50.degree. C. is operable,
      preferably about 25.degree. C. The product is a mixture containing the
      diols X.sub..alpha. and X.sub..beta., wherein the hydroxyl on the side
      chain is in the alpha and beta configuration. Separation of the alpha and
      beta diols is done by known procedures. Especially useful here is
      chromatography, for example on silica gel or alumina.
PAR  In Chart B, there are differences in the terminal groups on the side chains
      of Formulas VII, XXXVIII, XXXIX, XL, X.sub..alpha. and X.sub..beta.. In
      Formula VII, Y is limited to 1-pentyl or 1-pent-2-ynyl whereas in the
      other formulas W includes 1-pentyl, cis 1-pent-2-enyl, or 1-pent-2-ynyl.
      Similarly to Chart A above, the compounds wherein W is cis 1-pent-2-enyl
      are obtained by reducing the --C.tbd.C-- moiety to cis --CH=CH-- by
      methods known in the art at any stage after the epoxidation of the
      --CH=CH-- moiety of compound VII.
PAR  The formation of PGE.sub.2 or PGF.sub.2.sub..alpha. from the
      Formula-X.sub..alpha. lactone diol intermediate is done by the steps shown
      in Charts C and E known in the art. See E. J. Corey et al., J. Am. Chem.
      Soc. 91, 5675 (1969). The Formula-XI compound is within the scope of the
      Formula-X diol when W is n-C.sub.5 H.sub.11. The formation of
      PGF.sub.2.sub..beta. by carbonyl reduction of PGE.sub.2 is known in the
      art. For this reduction, use is made of any of the known ketonic carbonyl
      reducing agents which do not reduce ester or acid groups or carbon-carbon
      double bonds when the latter is undesirable. Examples of those are the
      metal borohydrides, especially sodium, potassium, and zinc borohydrides,
      lithium (tri-tert-butoxy) aluminum hydride, metal trialkoxy borohydrides,
      e.g., sodium trimethoxyborohydride, lithium borohydride, diisobutyl
      aluminum hydride, and when carbon-carbon double bond, especially cis,
      reduction is not a problem, the boranes, e.g., disiamylborane. As is
      known, this method gives a mixture of PGF.sub.2.sub..alpha. and
      PGF.sub.2.sub..beta., which are readily separated by chromotography. The
      formation of PGA.sub.2 by acidic dehydration of PGE.sub.2 is known in the
      art. See, for example, Pike et al., Proc. Nobel Symposium 11, Stockholm
      (1966), Interscience Publishers, New York, p. 162 (1967), and British
      Specification 1,097,533. Alkanoic acids of 2 to 6 carbon atoms, inclusive,
      especially acetic acid, are preferred acids for this acidic dehydration.
      Dilute aqueous solutions of mineral acids, e.g., hydrochloric acid,
      especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration.
PAR  With regard to Formulas II to XXXIV, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of one to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      In Formulas XI-XVI and elsewhere, "n-C.sub.5 H.sub.11 " represents the
      normal-pentyl group, and "THP" represents the tetrahydropyranyl group.
PAR  There is further provided a process for preparing PGE.sub.3, d1-PGE.sub.3,
      or their 15-epimers, which comprises starting with an optically active
      glycol of the formula
      ##SPC23##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      .about. indicates attachment of the moiety to the cyclopropane ring in exo
      or endo configuration and to the side chain in alpha or beta
      configuration, and subjecting said glycol successively to the following
      reactions:
PA1  a. replacement of the glycol hydrogens by an alkanesulfonyl group, R.sub.9
      O.sub.2 S--, wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive;
PAR  b. mixing with water at a temperature in the range of 0.degree. to
      60.degree. C. to form a bicyclic lactone diol of S and R configuration;
PAR  c. separation of said diols of S and R configuration;
PAR  d. transformation to a bis(tetrahydropyranyl) ether;
PAR  e. reduction of the lactone oxo group to a hydroxy group;
PAR  f. Wittig alkylation with a compound of the formula Hal--(CH.sub.2).sub.4
      --COOH wherein Hal is bromo or chloro;
PAR  g. oxidation of the 9-hydroxy to oxo; and
PAR  h. transformation of the two tetrahydropyranyloxy groups to hydroxy groups;
PAL  with the proviso that, before or after any of the steps a to h, the
      --C.tbd.C-- moiety is reduced to cis --CH=CH--.
PAR  Reference to Charts A and D, herein, will make clear the transformation
      from bicyclic aldehyde I to PGE.sub.3, ent-PGE.sub.3, dl-PGE.sub.3, or
      their 15-epimers. In Chart D, Z is cis 1-pent-2-enyl or 1-pent-2-ynyl, and
      .about. and THP are as defined above. A key intermediate for this sequence
      is the racemic or optically active lactone aldehyde VI. The Formula-VI
      compound is prepared from racemic bicyclic aldehyde I by steps a-e of
      Chart A and thereafter resolved in an optically active form by the method
      disclosed hereinafter via the oxazolidine of Example 15. Optionally, the
      Formula-I aldehyde is resolved as disclosed hereinafter in Example 13, and
      thereafter converted to the optically active Formula-VI compound.
PAR  In carrying out step f  of Chart A, the Wittig reaction is employed, using
      a 1-hex-2-ynyl chloride, bromide, or iodide, preferably bromide, to
      prepare the necessary Wittig reagent by processes known in the art.
PAR  In carrying out steps g  through i  of Chart A, the procedures for
      hydroxylating the Formula-VII alkenyne wherein Y is 1-pent-2-ynyl, forming
      the Formula-IX bis-(alkanesulfonic acid) ester, and hydrolyzing that ester
      to the Formula-X lactone diol are generally known in the art. See South
      African Pat. 69/4809 issued July 3, 1970. The Formula-X lactone diol,
      which contains both .alpha. and .beta. epimers as produced, yields the
      final product as a mixture of PGE.sub.3 and its 15-epimer. It is
      preferable that the diol .alpha. and .beta. epimers be separated rather
      than the final product epimers. Silica gel chromatography is employed for
      this purpose. The Formula-X .beta.-epimer then leads to the
      dl-15.beta.-PGE.sub.3.
PAR  In converting glycol VIII, wherein W is 1-pent-2-ynyl, to the Formula-XXII
      product, the --C.tbd.C-- moiety is reduced to cis --CH=CH-- at any stage.
      Thus, glycol VIII is optionally reduced before replacing the glycol
      hydrogens with an alkanesulfonyl group; or any of the Formula-IX, -X,
      -XVIII, -XIX, -XX, or -XXI intermediates is optionally reduced. Reducing
      reagents, catalysts and conditions are used which do not substantially
      reduce --CH=CH--. A suitable method is to hydrogenate over a Lindlar
      catalyst, i.e. 5% palladium-on-barium sulfate catalyst, in the presence of
      quinoline. Methanol or like inert solvent or diluent is used and the
      pressure is low, advantageously slightly above atmospheric and ordinarily
      not above about two atmospheres. The resulting products are isolated by
      silica gel chromatography.
PAR  The formation of PGE.sub.3 from the Formula-XVII diol intermediate by the
      steps of Chart D, other than the reduction step above-described, generally
      follows procedures known in th art and discussed above under the formation
      of PGE.sub.2.
PAR  There is further provided a process for preparing PGF.sub.3.sub..alpha.,
      dl-PGF.sub.3.sub..alpha., or their 15-epimers, in which glycol VIII,
      wherein W is 1-pent-2-ynyl, is transformed to diol XVII, wherein Z is cis
      1-pent-2-enyl or 1-pent-2-ynyl, and thence to the Formula-XXVI products,
      as depicted by the steps of Chart F. Accordingly, diol XVII is reduced to
      lactol XXV which is then alkylated by a Wittig reaction. As in the process
      for PGE.sub.3, the --C.tbd.C-- moiety is reduced to cis --CH=CH-- at any
      stage between the glycol and the end-product. As in the process for
      PGE.sub.3, the optical isomers of the intermediates yield the
      corresponding PGF.sub.3.sub..alpha. or ent-PGF.sub.3.sub..alpha. ; the
      racemic intermediates yield racemic PGF.sub.3.sub..alpha. ; the optically
      active .alpha.- and .beta.-configuration intermediates yield the
      corresponding PGF.sub.3.sub..alpha., ent-PGF.sub.3.sub..alpha., or their
      15-epimers.
PAR  The formation of racemic and optically active PGF.sub.3.sub..beta. from
      racemic and optically active PGE.sub.3 generally follows procedures known
      in the art, e.g., by carbonyl reduction with borohydride, discussed above
      under the formation of PGF.sub.2.sub..beta.. The formation of racemic and
      optically active PGA.sub.3 from racemic and optically active PGE.sub.3
      likewise follows procedures known in the art, e.g., by acidic dehydration,
      discussed above under the formation of PGA.sub.2.
PAR  There is further provided a process for resolving a racemic mixture of an
      oxo compound of the formula
      ##SPC24##
PAL  and of the mirror image thereof, wherein R.sub.1 and R.sub.2 are alkyl of
      one to 4 carbon atoms, inclusive, or, when taken together,
      ##EQU5##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, and R.sub.8 are hydrogen,
      alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the proviso
      that not more than one of the R's is phenyl and the total number of carbon
      atoms is from 2 to 10, inclusive; x is zero or one, and .about. indicates
      attachment of the moiety to the cyclopropane ring in exo or endo
      configuration, which comprises the steps of:
PAR  a. converting the oxo compound by reaction with an optically active
      ephedrine to a mixture of oxazolidine diastereomers,
PAR  b. separating at least one oxazolidine diastereomer from said mixture,
PAR  c. hydrolyzing said oxazolidine to free the optically active oxo compound,
      and
PAR  d. recovering said optically active oxo compound.
PAR  In carrying out the resolution of the Formula-I bicyclic aldehyde, there is
      prepared an oxazolidine by reaction of the aldehyde with an optically
      active ephedrine, e.g. d- or l-ephedrine, or d- or l-pseudoephedrine.
      Approximately equi-molar quantities of the reactants are employed in a
      solvent such as benzene, isopropyl ether, or dichloromethane.  Although
      the reaction proceeds smoothly over a wide range in temperature, e.g.,
      10.degree.-80.degree. C., it is preferred that it be done in the range
      20.degree. to 30.degree. C. to minimize side reactions. With the Formula-I
      compound, it occurs quickly, within minutes, whereupon the solvent is
      removed, preferably under vacuum. The product consists of the
      diastereomers of the aldehyde-ephedrine product, i.e. the oxazolidines. At
      least one of the diastereomers is separated by methods known in the art,
      including crystallization and chromatography. In this instance,
      crystallization is used as the preferred method. Repeated
      recrystallization of the thus-obtained solid oxazolidine from a suitable
      solvent, e.g., isopropyl ether, yields one of the diastereomers in
      substantially pure form. The oxazolidine is then hydrolyzed by procedures
      known in the art to release the aldehyde. However, I have found silica gel
      wet with water surprisingly effective, using the silica gel in a column,
      with the further beneficial effect that the column acts as a means of
      separating the ephedrine from the aldehyde. The eluted fractions are then
      evaporated to yield the desired resolved Formula-I aldehyde.
PAR  The mother liquor from the recrystallized diastereomer contains the optical
      isomer having opposite configuration. A preferred method for isolating
      this second diastereomer, however, is to prepare the oxazolidine of the
      racemic aldehyde using ephedrine of the opposite configuration to that
      first employed above, and thereafter recrystallizing as above. Finally,
      hydrolysis and recovery yield the resolved Formula-I aldehyde in opposite
      configuration to that first obtained above.
PAR  I have further found that this method is generally applicable for resolving
      aldehydes and ketones, and is useful for resolving not only the Formula-I
      aldehyde but also the Formula-VI lactone aldehyde and the Formula-IV
      acetal ketone.
PAR  There is still further provided the new compounds produced by the above
      processes, all of which are useful intermediates in these processes
      directed toward prostaglandins, viz. bicyclic aldehyde I in its optically
      active forms; acetal II; mono or dihaloketone III, ketone IV; lactone
      acetal V; lactone aldehyde VI; the Formula-VII lactone heptene or
      heptenyne; lactone glycol VIII and monoformate XXXIX of the generic
      formula
      ##SPC25##
PAL  wherein E and M are both hydrogen, or wherein one of E and M is hydrogen
      and the other is formyl, and wherein W is 1-pentyl, cis 1-pent-2-enyl, or
      1-pent-2-ynyl; the lactone bis(alkanesulfonate) IX of the formula
      ##SPC26##
PAL  wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive, and W is as
      defined above;
PAL  epoxide XXXVIII of the formula
      ##SPC27##
PAL  wherein W is as defined above, and wherein
      ##EQU6##
      indicates attachment of the epoxide oxygen to the side chain in .alpha. or
      .beta. configuration;
PAL  diformate XL of the formula
      ##SPC28##
PAL  wherein W is as defined above;
PAL  lactone diol XII represented by the mirror image of the formula
      ##SPC29##
PAL  lactone diol XVII of the formula
      ##SPC30##
PAL  wherein Z is cis 1-pent-2-enyl or 1-pent-2-ynyl; tetrahydropyranyl lactone
      XVIII of the formula
      ##SPC31##
PAL   wherein THP is tetrahydropyranyl and Z is as defined above;
PAL  tetrahydropyranyl lactol XIX of the formula
      ##SPC32##
PAL  wherein THP and Z are as defined above;
PAL  a Formula-XX compound of the formula
      ##SPC33##
PAL  wherein THP and Z are as defined above; and oxazolidine of bicyclic
      aldehyde I, ketone IV, or lactone aldehyde VI with an optically active
      ephedrine. In these compounds indicates attachment to the cyclopropane
      ring in exo or endo configuration and to the side-chain in .alpha. (S) or
      .beta. (R) configuration. There are also provided the enantiomorphs and
      the racemic mixtures of the above compounds.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is further illustrated by, but not limited to, the following
      examples.
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  The NMR spectra are recorded on a Varian A-60 spectrophotometer in
      deuterochloroform solutions with tetramethylsilane as an internal standard
      (downfield).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluent
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAC  PREPARATION 1
PAC  Endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde (Formula I: .about. is endo).
PAR  To a rapidly stirred suspension of anhydrous sodium carbonate (318 g.) in a
      solution of bicyclo [2.2.1] hepta-1,5-diene (223.5g.) in dichloromethane
      (1950 ml.) is added 177 ml. of 25.6% peracetic acid containing 6 g. of
      sodium acetate. The addition time is about 45 min., and the reaction
      temperature is 20.degree.-26.degree. C. The mixture is stirred for an
      additional 2 hrs. The reaction mixture is filtered and the filter cake
      washed with dichloromethane. The filtrate and washings are concentrated
      under vacuum. About 81 g. of the resulting liquid is stirred with 5 ml. of
      acetic acid in 200 ml. of dichloromethane for 5.5 hrs., then concentrated
      and distilled. The fraction boiling at 69.degree.-73.degree. C./30 mm.
      represents the desired Formula-I aldehyde, 73 g. NMR peaks at 5.9 and 9.3
      (doublet) .delta..
PAR  The various Formula-I-to-IX intermediates, hereinafter, exist in exo as
      well as endo forms. A preferred route to the exo form of the Formula-I
      bicyclic aldehyde is by the steps steps shown in Chart G, using methods
      known in the art. See South African Pat. 69/4809 issued July 3, 1970. In
      Formulas XXVII to XXXVII, the attachment to the cyclopropane ring by a
      straight line extended downward at an angle to the right indicates the exo
      configuration. Thus, diazoacetic acid is added to a double bond of
      cyclopentadiene to give an exo-endo mixture of the Formula-XXVIII bicyclo
      [3.1.0]-hexene substituted at the 6-position with a carboxyl. The exo-endo
      mixture is treated with a base to isomerize the endo isomer in the mixture
      to more of the exo isomer. Next the carboxyl group at 6 is transformed to
      an alcohol group and thence to the exo aldehyde of the Formula XXX.
PAC  EXAMPLE 1
PAC  dl-Endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde Acetal of Ethylene Glycol
      (Formula II: R.sub.1 and R.sub.2 taken together are --CH.sub.2 CH.sub.2 --
      and .about. is endo).
PAR  Refer to Chart A. A solution of Formula-I
      endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde (216 g., Preparation 1),
      ethylene glycol (150 g.), and p-toluenesulfonic acid (0.5 g.) in benzene
      (1 l.) is heated under reflux. The azeotropically distilled water (29 ml.
      after 20 hrs.) is collected in a Dean-Stark trap. The reaction mixture is
      cooled, treated with sodium carbonate (0.3 g.), and distilled at reduced
      pressure. The fraction collected at 55.degree.-60.degree. C./3-4 mm. is
      partitioned between ether and water. The ether layer is extracted with
      water, dried over anhydrous magnesium sulfate, and concentrated to the
      Formula-II bicyclic acetal, a light tan oil (70 g.); NMR peaks at 1.1,
      1.6-2.9, 3.5-4.2, 4.42, and 5.3-6.0 .delta..
PAC  CHART G
      ##SPC34##
PAR  Following the procedures of Example 1 but using the exo Formula-I (XXX)
      compound, there is obtained the corresponding exo Formula-II acetal.
PAR  Following the procedures of Example 1 but using either the endo or exo form
      of the Formula-I aldehyde and substituting for the ethylene glycol one of
      the following glycols: 1,2-propanediol, 1,2 -hexanediol, 1,3butanediol,
      2,3-pentanediol, 2,4-hexanediol, 3,4-octanediol, 3,5-nonanediol,
      2,2-dimethyl-1,3-propanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-phenyl-1,2-propanediol, there are obtained the corrresponding Formula-II
      acetals.
PAR  Following the procedures of Example 1 but using either the endo or exo form
      of the Formula-I aldehyde and substituting for the ethylene glycol one of
      the following alcohols: methanol, ethanol, 1-propanol, or 1-butanol, there
      are obtained the corresponding Formula-II acetals.
PAC  EXAMPLE 2
PAC  dl-Tricyclic Dichloroketone (Formula III: R.sub.1 and R.sub.2 taken
      together are --CH.sub.2 CH.sub.2 -- and .about. is endo).
PAR  Refer to Chart A. A solution of the Formula-II bicyclic acetal of Example 1
      (56 g.) and triethylamine (80 g.) in 300 ml. of isomeric hexanes
      (Skellysolve B) is heated at reflux, with stirring, and treated dropwise
      with dichloroacetyl chloride (100 g.) in Skellysolve B over a 3-hour
      period. The mixture is cooled and filtered to remove solids. The filtrate
      and combined Skellysolve B washes of the filtered solid is washed with
      water, 5% aqueous sodium bicarbonate, and brine, dried over anhydrous
      sodium sulfate and concentrated to the title compound, a dark brown oil
      (91 g.). An additional quantity (13 g.) is recovered from the filter cake
      and aqueous washes. Alternatively, the triethylamine is added to a
      solution of the bicyclic acetal and the dichloroacetyl chloride, or the
      triethylamine and the dichloroacetyl are added separately but
      simultaneously to a solution of the bicyclic acetal in Skellysolve B.
PAR  Following the procedures of Example 2 but using the exo Formula-II
      compound, there is obtained the corresponding exo Formula-III tricyclic
      dichloroketone.
PAR  Following the procedures of Example 2, but using the Formula-II compounds
      disclosed following Example 1, there are obtained the corresponding
      Formula-III compounds.
PAC  EXAMPLE 3
PAC  dl-Tricyclic Ketone (Formula IV: R.sub.1 and R.sub.2 are methyl and .about.
      is endo).
PAR  A solution of the Formula-III dichloroketone of Example 2 (104 g.) in dry
      methanol (1 l.) is treated with ammonium chloride (100 g.) and small
      portions of zinc dust. The temperature is allowed to rise to 60.degree. C.
      After 200 g. of zinc have been added, the mixture is heated under reflux
      for an additional 80 min. The mixture is cooled, the solids filtered off,
      and the filtrate concentrated. The residue is treated with dichloromethane
      and 5% aqueous sodium bicarbonate and the mixture is filtered. The
      dichloromethane layer is washed with 5% aqueous sodium bicarbonate and
      water, dried, and concentrated to the title compound, a dark brown oil (56
      g.); infra-red absorption at 1760 cm.sup.-.sup.1.
PAR  Following the procedures of Example 3 but using the exo Formula-III
      compound, there is obtained the corresponding exo Formula-IV tricyclic
      ketone.
PAR  Following the procedures of Example 3 but using the Formula-III compounds
      disclosed following Example 2, there are obtained the corresponding
      Formula-IV compounds.
PAC   EXAMPLE 4
PAC  dl-Tricyclic Lactone Acetal (Formula V: R.sub.1 and R.sub.2 are methyl and
      .about. is endo), and Tricyclic Lactone Aldehyde (Formula VI: .about. is
      endo).
PAR  Refer to Chart A. A solution of the Formula-IV product of Example 3 (56 g.)
      in dichloromethane (400 ml.) is treated with potassium bicarbonate (40 g.)
      and cooled to 10.degree. C. A solution of meta-chloroperbenzoic acid (55
      g. of 85%) in dichloromethane (600 ml.) is added over 40 min. The mixture
      is stirred at 10.degree. C. for 1 hr., then warmed to reflux for 40 min.
      The mixture is cooled and filtered, and the filtrate is washed with 5%
      aqueous sodium bicarbonate-sodium thiosulfate, and then water. The
      dichloromethane layer is dried over anhydrous sodium sulfate, and
      concentrated to the Formula-V acetal (61 g.). A portion (58 g.) is
      chromatographed on 2 kg. of silica gel packed in ethyl acetate Skellysolve
      B (50-50). Elution with 50-50, 70-b 30 and 80-20 ethyl acetate-Skellysolve
      B yields a fraction (24.9 g.) shown by NMR to be a mixture of dimethyl
      acetal (V) and aldehyde (VI). A portion (22.6 g.) of the mixture is
      dissolved in 100 ml. of (60-40) formic acid-water and allowed to stand 1
      hr. at 25.degree. C. The solution is then concentrated under vacuum and
      the residue taken up in dichloromethane. The dichloromethane solution is
      washed with 5% aqueous sodium bicarbonate and water, dried over sodium
      sulfate, and concentrated to a brown oil (17.5 g.) which crystallizes on
      seeding. Trituration of the crystals with benzene leaves crystals of the
      Formula-VI aldehyde (9.9 g.). An analytical sample is obtained by
      recrystallization from tetrahydrofuran, m.p. 72.degree.-74.degree. C.
      (corr.); infrared absorption peaks at 2740, 1755, 1710, 1695, 1195, 1165,
      1020, 955, and 910, cm.sup.-.sup.1 ; NMR peaks at 1.8-3.4, 5.0-5.4, and
      9.92 .delta..
PAR  Following the procedures of Example 4 but using the exo Formula-IV lactone
      acetal compound, there is obtained the corresponding exo Formula-V lactone
      acetal.
PAR  Likewise, following the procedures of Example 4 using the exo Formula-V
      compound, there is obtained the corresponding exo Formula-VI lactone
      aldehyde.
PAR  Following the procedures of Example 4 but using the Formula-IV compounds
      disclosed following Example 3, there are obtained the corresponding
      Formula-V compounds, and, thence, the corresponding Formula-VI lactone
      aldehydes.
PAC  EXAMPLE 5
PAC  dl-Tricyclic Lactone Heptene (Formula VII: Y is 1-pentyl and .about. is
      endo).
PAR  Refer to Chart A. A suspension of n-hexyltriphenylphosphine bromide (6.6
      g.) in 20 ml. of benzene is stirred under nitrogen and to it is added 10
      ml. of 1.6 m. n-butyl-lithium in n-hexane. After 10 min. a benzene
      solution of the Formula-VI tricyclic aldehyde (1.66 g.) of Example 4 is
      added dropwise over 15 min. and the reaction mixture is heated at
      65.degree.-70.degree. C. for 2.5 hrs. The mixture is cooled, the solids
      are filtered off and washed with benzene, and the combined filtrate and
      washes are extracted with dilute hydrochloric acid and water. The solution
      is dried over sodium sulfate and concentrated under vacuum to an oil (3.17
      g.). The crude Formula-VII product is chromatographed on 400 g. of silica
      gel packed with (30-70) ethyl acetatecyclohexane and eluted with the same
      mixture. Fractions of 20 ml. volume are collected. Fractions 47-50 are
      found to contain 0.8 g. of the desired Formula-VII tricyclic lactone
      heptene; NMR peaks at 0.6-3.0, 4.4- 5.1, and 5.4 .delta.. To minimize side
      reactions, it is preferred that the Wittig reagent prepared from the
      phosphonium bromide and n-butyl-lithium be filtered to remove lithium
      bromide, and that the resultant solution be added to the benzene solution
      of the Formula-VI tricyclic aldehyde in equivalent proportions.
PAR  Following the procedures of Example 5 but using the exo Formula-VI
      compound, there is obtained the corresponding exo Formula-VII lactone
      heptene. A preferred source of the exo form of the Formula-VI tricyclic
      lactone aldehyde is by the steps shown in Chart H. Therein R.sub.14 is
      alkyl of one to 4 carbon atoms. Thus, diazoacetic acid ester is added to a
      double bond of cyclopentadiene to give an exo-endo mixture of the
      Formula-XXXI bicyclo[3.1.0]hexene substituted at 6 with an esterified
      carboxyl, e.g. a methyl ester wherein R.sub.10 is methyl. The exo-endo
      mixture is treated with a base to isomerize the endo isomer to more of the
      exo isomer. Next the hexene is reacted with Cl.sub.2 C=C=O generated in
      situ from dichloroacetyl chloride and a tertiary amine or from
      trichloroacetyl chloride and zinc dust as in step b  of Chart A, to the
      Formula-XXXII dichloroketone. Successively, the dichloroketone is reduced
      as in step c  of Chart A; the resulting Formula-XXXIII tricyclic ketone is
      converted to a lactone ester as in step d of Chart A; the lactone is
      saponified, then acidified, to yield the Formula-XXXV compound with a
      carboxyl group at the 6-position; then the carboxyl group is transformed
      to an alcohol group and finally to the exo aldehyde of Formula XXXVII.
PAC  CHART H
      ##SPC35##
PAC  EXAMPLE 6
PAC  dl-Tricyclic Glycols (Formula VIII: W is 1-pentyl and .about. is endo).
      Refer to Chart A.
PAR  Procedure A. A solution of the Formula-VII tricyclic lactone heptene of
      Example 5 (0.8 g.) in 10 ml. of benzene is treated with osmium tetroxide
      (1.0 g.) in 15 ml. of benzene. After standing 24 hrs., the mixture is
      treated with hydrogen sulfide for 30 min., then filtered to remove a black
      solid. The filtrate is evaporated to an oil (393 mg.). An additional
      quantity of oil (441 mg.) is recovered by suspending the black solid in
      ethyl acetate and again treating with hydrogen sulfide. The oil is
      chromatographed on 100 g. of silica gel packed and eluted with (40-60)
      acetone-dichloromethane. Fractions of 20 ml. volume are collected. Two
      erythro glycols of Formula VIII are recovered, one more polar
      (slower-moving on the column) than the other. The faster-moving glycol,
      0.3 g., is found in fractions 20-30; the slower-moving one, 0.28 g., in
      fractions 31- 40.
PAR  Procedure B. A mixture of 7 ml. of N-methylmorpholine oxide-hydrogen
      peroxide complex (see Fieser et al., "Reagents for Organic Syntheses," p.
      690, John Wiley and Sons, Inc., New York, N.Y. (1967)), 8 ml. of THF, 14
      ml. of tert-butanol, and osmium tetroxide (2mg.) in 2 ml. of tert-butanol
      is cooled to about 15.degree. C.
PAR  A solution of the Formula-VII tricyclic lactone heptene of Example 5 (3.95
      g.) in 12 ml. of THF and 12 ml. tert-butanol is then added slowly over a
      period of 2 hrs. at a temperature of 15.degree.-20.degree. C. The mixture
      is stirred for an additional 2 hrs., and to it is added a slurry of filter
      aid (for example magnesium silicate, 0.8 g.) in 14 ml. of water containing
      sodium thiosulfate (0.4 g.), and the solids removed by filtration. The
      filtrate is concentrated under reduced pressure to an oil. Water (200 ml.)
      is added and the oil-water mixture is extracted with several portions of
      dichloromethane. The dichloromethane solution is dried over magnesium
      sulfate and then concentrated under reduced pressure to a mixture
      containing the title products.
PAR  Following the procedures of Example 6A and 6B but using the exo Formula-VII
      compound, there are obtained the corresponding exo Formula-VIII tricyclic
      glycols.
PAC  EXAMPLE 7
PAC  dl-Bicyclic Lactone Bismesylate (Formula IX: R.sub.9 is methyl, W is
      1-pentyl, and .about. is endo), and Bicyclic Lactone Diol (Formula X: W is
      1-pentyl and .about. indicates the .alpha. configuration.
PAR  Refer to Chart A. The slower moving Formula-VIII erythro glycol from
      Example 6 (277 mg.) is dissolved in 5 ml. of pyridine, cooled to 0.degree.
      C. under nitrogen, and treated with methanesulfonyl chloride (0.89 g.).
      The mixture is stored at 0.degree. C. for 20 hrs., ice water (0.6 ml.) is
      added and the mixture stirred an additional 20 min. Then the mixture is
      poured into dichloromethane and washed with ice-cold 1 N. hydrochloric
      acid, ice-cold 5% sodium bicarbonate solution, and ice water. The solution
      is dried and concentrated under vacuum to an oil (290 mg.), consisting of
      the Formula IX bis-mesylate compound.
PAR  The above product is dissolved in 10 ml. of acetone and 5 ml. of water,
      left standing for 3 hrs. at 25.degree. C., and concentrated under reduced
      pressure to remove the acetone. The solution is diluted with water and
      extracted with dichloromethane. The dichloromethane solution is washed
      with 5% sodium bicarbonate solution and brine, dried, and concentrated
      under vacuum to an oil (200 mg.), consisting of the Formula-X product.
PAR  The Formula-X compound is obtained as a mixture of isomers in the .alpha.
      and .beta. configuration. They are separated by silica gel chromatography
      and are used separately, e.g. in preparing the Formula-XII
      bis(tetrahydropyranyl) ether. The undesired Formula-X isomer is recycled
      to isomerize it to a mixture of the .alpha. and .beta. forms. For the
      isomerization, the 15-hydroxyl is oxidized to a 15-keto with selective
      oxidant, e.g., 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated
      manganese dioxide, or nickel peroxide (see Fieser et al., "Reagents for
      Organic Syntheses," John Wiley and Sons, Inc., New York, N.Y., pp. 215,
      637, and 731). Thereafter, the 15-keto compound is reduced with zinc
      borohydride, by methods known in the art, to a mixture of the .alpha. and
      .beta. isomers, which are then separated by silica gel chromatography.
PAR  Following the procedure of Example 7, the faster-moving glycol is
      transformed to the same Formula-X product as above.
PAR  Following the procedures of Example 7 but using the exo Formula-VIII
      compound, there is obtained the corresponding exo Formula-IX bismesylate.
      This exo bismesylate is transformed to the Formula-X lactone diol by the
      procedures of Example 7 used for the endo compound.
PAR  The Formula-X lactone diol wherein W is 1-pentyl is transformed to
      dl-PGE.sub.2.sub..alpha.] and dl-PGF.sub.2.sub..alpha. and their alkyl
      esters using methods generally known in the art, e.g., following the steps
      of Chart C for dl-PGE.sub.2.sub..alpha. 2 and Chart E for
      dl-PGF.sub.2.sub..alpha..
PAC  EXAMPLE 8
PAC  dl-Endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde Acetal of
      2,2-dimethyl-1,3-propanediol (Formula II: R.sub.1 and R.sub.2 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --and .about. is
      endo).
PAR  Refer to Chart A. A solution of Formula-I
      endobicyclo[3.1.0]hex-2-ene-6-carboxaldehyde (48.6 g.),
      2,2-dimethyl-1,3-propanediol (140.4 g.), and oxalic acid (0.45 g.) in
      benzene (0.9 1.) is heated under reflux for 4 hrs. The azeotropically
      distilled water is removed in a water separator. The reaction mixture is
      cooled, washed with 5% sodium bicarbonate solution and water. The benzene
      solution is dried over sodium sulfate, concentrated to an oil (93 g.), and
      distilled at reduced pressure. The fraction boiling at
      88.degree.-95.degree. C./0.5 mm. is the desired title compound, 57.2 g.,
      m.p. 53.degree.-55.degree. C.; NMR peaks at 0.66, 1.2, 3.42, 3.93, and 5.6
      .delta.; infrared absorption at 1595, 1110, 1015, 1005, 990, 965, 915 and
      745 cm.sup..sup.-1.
PAR  Following the procedures of Example 8 but using the exo Formula-I compound,
      there is obtained the corresponding exo Formula-II acetal.
PAC  EXAMPLE 9
PAC  d7-Tricyclic Dichloroketone (Formula III: R.sub.1 and R.sub.2 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --and .noteq. is
      endo).
PAR  Refer to Chart A. Following the procedures of Example 2, the Formula-II
      compound of Example 8 is transformed to the title compound, m.p.
      97.degree.-100.degree. C., NMR peaks at 0.75, 1.24, 2.43 (multiplet),
      3.42, 3.68, and 3.96 (doublet) .delta.; infrared absorption at 3040, 1810,
      1115, 1020, 1000, 980, 845, and 740 cm.sup..sup.-1.
PAC  EXAMPLE 10
PAC  dl-Tricyclic Ketone (Formula IV: R.sub.1 and R.sub.2 taken together are
      --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --and .about. is endo).
PAR  Refer to chart A. Following the procedure of Example 3, the Formula-III
      dichloroketone of Example 9 is transformed  to the title compound, an oil;
      NMR peaks at 0.75, 1.25, 3.0 (multiplet) and 4.0 (doublet) .delta.;
      infra-red absorption at 1170 cm.sup..sup.-1.
PAR  Following the procedures of Examples 3 and 10 but using the corresponding
      exo Formula-III compound, there is obtained the corresponding exo
      Formula-IV tricyclic ketone.
PAC  EXAMPLE 10A
PAC  dl-Tricyclic Lactone Acetal (Formula V: R.sub.1 and R.sub.2 taken together
      are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo) and
      Tricyclic Lactone Aldehyde (Formula VI: .about. is endo).
PAR  Refer to chart A. Tricyclic ketone IV (Example 10, 12 g.) together with
      potassium bicarbonate (6.1 g.) in 100 ml. of dichloromethane is cooled to
      about 10.degree. C. Metachloroperbenzoic acid (12.3 g. of 85%) is added
      portionwise at such a rate that the reaction temperature is kept below
      30.degree. C. Thereafter the mixture is stirred for 1 hr. and to it is
      added 150 ml. of 5% aqueous sodium bicarbonate solution containing 9 g. of
      sodium thiosulfate. The dichloromethane layer is dried over sodium sulfate
      and concentrated under reduced pressure. The oily residue contains the
      Formula-V lactone acetal: NMR peaks at 0.75, 1.23, 3.5 (quartet), 3.9
      (doublet) and 4.8 (quartet) .delta.; infrared absorption at 1760
      cm.sup..sup.-1.
PAR  Lactone acetal V (about 4.4 g.) in 60 ml. of 88% formic acid is left
      standing at 50.degree. C. for one hour. The solution is then cooled,
      diluted with 60 ml. of 1 N. sodium hydroxide saturated with sodium
      chloride, and extracted with dichloromethane. The combined extracts are
      washed with 10% sodium carbonate, dried over sodium sulfate, and
      concentrated under reduced pressure. The product crystallizes on standing,
      yielding the Formula-VI lactone aldehyde: m.p. 69.degree.-73.degree. C.,
      NMR peaks at 5.2 (multiplet) and 10.0 (doublet) .delta., and infrared
      absorption at 1755 cm.sup..sup.-1.
PAR  Following the procedures of Example 10A, the corresponding exo Formula-IV
      tricyclic ketone yields the corresponding Formula-V and -VI compounds.
PAC  EXAMPLE 11
PAC  dl-PGE.sub.3, dl-15-epi-PGE.sub.3, and their Alkyl Esters (Formula XXII of
      Chart D: .about. indicates the 15.alpha. or 15.beta. configuration).
PAR  Refer to Charts A and D. Following the procedures of Examples 1-4,
      inclusive, the endo Formula-I bicyclohexene aldehyde is transformed to the
      endo Formula-VI tricyclic lactone aldehyde.
PAR  Following the procedure of Example 5, but substituting for the
      n-hexyltriphenylphosphine bromide the unsaturated phosphonium compound
      derived from 1-bromo-3-hexyne, viz. 1-hex-3-ynyltriphenylphosphine
      bromide, there is obtained the Formula-VII heptenyne compound wherein Y is
      1-pent-2-ynyl and .about. is endo.
PAR  Successively, following the procedures of Examples 6 and 7, there are
      formed the Formula-VIII, -IX, and -X compounds wherein W is 1-pent-2-ynyl
      and .about. is endo for the moiety on the cyclopropane ring, and
      represents either the .alpha. or .beta. configuration for the hydroxyl
      group on the sidechain. The Formula-X octenyne diol is obtained as a
      mixture of isomers in the .alpha. and .beta. configuration. They are
      separated by silica gel chromatography and are used in preparing the
      Formula-XVII compounds. The undesired Formula-X isomer is recycled and
      isomerized using the procdures of Example 7. The .alpha.-configuration
      Formula-X ocetenyne diol wherein W is 1-pent-2-ynyl is reduced to the
      Formula-XVII octadiene diol wherein Z is 1-pent-2-enyl by reducing the
      --C.tbd.C-- moiety to cis --CH=CH-- by hydrogenation over Lindlar catalyst
      as follows. To a solution of the Forumula-X compound (20 mg.) in methanol
      (2 ml.) is added 5 mg. of 5% palladium-on-barium sulfate and 2 drops of
      synthetic quinoline. The mixture is stirred at about 25.degree. C. and
      atmospheric pressure. The reaction is terminated when one equivalent of
      hydrogen is absorbed. The mixture is filtered and the filtrate
      concentrated under vacuum. Ethyl acetate is added and the solution is
      chromatographed on silica gel impregnated with silver nitrate. The column
      is developed with isomeric hexanes (Skellysolve B) containing increasing
      amounts of ethyl acetate. Those fractions containing the desired octadiene
      diol are combined and concentrated to yield the Formula-XVII intermediate.
PAR  Following the steps of Chart D, the Formula-XVII compound, wherein Z is
      1-pent-2-enyl and .about. represents the .alpha. configuration, is
      transformed to PGE.sub.3 using methods generally known in the art. Thus,
      the Formula-XVII diol is converted to the Formula-XVIII
      bis(tetrahydropyranyl) ether; the oxo group of the lactone is reduced to
      form the Formula-XIX lactol; the Formula-XX compound is formed by a Wittig
      reaction using .omega.-chloro or .omega.-bromopentanoic acid; the
      Formula-XX 9-hydroxy group is oxidized to the 9-keto group of the
      Formula-XXI intermediate; and, finally, the protective tetrahydropyranyl
      groups are removed by hydrolysis to yield the desired Formula-XXII
      dl-PGE.sub.3.
PAR  Following the procedures of Example 11, but substituting the exo Formula-I
      aldehyde for the endo aldehyde, there are obtained the Formula-VI, -VII,
      -VIII and -IX exo compounds which are converted to the Formula-X lactone
      diol, and thence to dl-PGE.sub.3.
PAR  Following the procedures of Example 11 for dl-PGE.sub.3, but substituting
      the 15.beta. (R)-configuration Formula-X octenyne diol for the
      S-configuration compound, there are formed any of the Formula-XVII-to-XXI
      intermediates wherein .about. indicates the .beta. configuration, and
      thence dl-15.beta.-PGE.sub.3 of Formula-XXII wherein .about. indicates the
      .beta. configuration.
PAR  Although Example 11 illustrates one embodiment of the process for preparing
      PGE.sub.3, wherein the --C.tbd.C-- moiety of the Formula-X octenyne diol
      is reduced to cis --CH=CH-- immediately before forming the
      cis(tetrahydropyranyl) ether, it is within the scope of this invention as
      shown in Charts A and D to carry out that reduction of --C.tbd.C-- to cis
      --CH=CH-- at any stage between the Formula-VIII glycol and the final
      dl-PGE.sub.3 or dl-15.beta.-PGE.sub.3.
PAR  Thus, the Formula-VIII compound wherein W is 1-pent-2-ynyl and .about.
      indicates attachment of the moiety to the cyclopropane ring in exo or endo
      configuration, is subjected successively to the following reactions:
PAR   a. replacement of the glycol hydrogens by an alkanesulfonyl group, R.sub.9
      O.sub.2 S--, wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive;
PAR   b. mixing with water at a temperature in the range of 0.degree. to
      60.degree. C. to form a bicyclic lactone diol;
PAR   c. separation of the diols of .alpha. (S) and .beta. (R) configuration;
PAR   d. transformation to a bis(tetrahydropyranyl) ether;
PAR   e. reduction of the lactone oxo group to a hydroxy group;
PAR   f. Wittig alkylation with a compound of the formula Hal-- (CH.sub.2).sub.4
      --COOH wherein Hal is bromo or chloro;
PAR   g. oxidation of the 9-hydroxy to oxo; and
PAR  h. transformation of the two tetrahydropyranyloxy group to hydroxy groups;
PAL  with the proviso that, before or after any of the steps a to h, the
      --C.tbd.C-- moiety is reduced to cis --CH=CH--, thereby forming
      dl-PGE.sub.3 or dl-15.beta.-PGE.sub.3. By these procedures, there are
      formed the intermediates of Formulas VIII, IX, and X, wherein W is either
      cis 1-pent-2-enyl or 1-pent-2-ynyl; and the intermediates of Formulas
      XVIII, XIX, XX, and XXXI, wherein Z is either cis 1-pent-2-enyl or
      1-pent-2ynyl.
PAC  EXAMPLE 12
PAC   dl-PGF.sub.3.sub..alpha. and dl-15-epi-PGF.sub.3.sub..alpha.  Esters
      (Formula XXVI of Chart E: .about. indicates the 15.alpha. (S) or 15.beta.
      (R) configuration).
PAR  Refer to Chart E. Following the procedures of Example 11, there is prepared
      the .alpha.-configuration Formula-XVII octadiene diol. This diol is
      transformed to PGF.sub.3.sub..alpha.  by the steps shown in Chart E
      wherein .about. indicates the .alpha. configuration, using methods known
      in the art. Thus, the Formula- XVII diol is converted to the Formula-XXV
      lactol by reducing the oxo group of the lactone; and the Formula-XXV
      compound is converted to dl-PGF.sub.3.sub..alpha. (Formula XXVI wherein
      .about. indicates the S configuration) by a Wittig reaction using
      .omega.chloro- or .omega.-bromo-pentanoic acid.
PAR  Following the procedures of Example 12, but substituting the
      .beta.configuration Formula-XVII octadiene diol for the
      .alpha.-configuration Formula-XVII octadiene diol, there is obtained
      dl-15.beta.-PGF.sub.3.sub..alpha. (Formula XXVI wherein .about. indicates
      the .beta. configuration).
PAR  Although Example 22 illustrates one embodiment of the process for preparing
      PGF.sub.3.sub..alpha., wherein the --C.tbd.C-- moiety of the Formula-X
      octenyne diol is reduced to cis --CH=CH-- immediately before reducing the
      lactone oxo group to a hydroxy group, it is within the scope of this
      invention as shown in Charts A and F to carry out the reduction of
      --C.tbd.C-- to cis --CH=CH-- at any stage between the Formula-VIII glycol
      and the final dl-PGF.sub.3.sub..alpha. and
      dl-15.beta.-PGF.sub.3.sub..alpha.. Thus, the Formula-VIII compound wherein
      W is 1-pent-2-ynyl and .about. indicates attachment of the moiety to the
      cyclopropane ring in exo or endo configuration is subjected successively
      to the following reactions:
PAR  a. replacement of the glycol hydrogens by an alkanesulfonyl group, R.sub.9
      O.sub.2 S--, wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive;
PAR  b. mixing with water at a temperature in the range of 0.degree. to
      60.degree. C. to form a bicyclic lactone diol;
PAR  c. separation of the diols of .alpha. and .beta. configuration;
PAR  d. reduction of the lactone oxo group to a hydroxy group; and
PAR  e. Wittig alkylation with a compound of the formula Hal-- (CH.sub.2).sub.4
      --COOH wherein Hal is bromo or chloro;
PAL  with the proviso that, before or after any of the steps a to e, the
      --C.tbd.C-- moiety is reduced to cis --CH=Ch--, thereby forming
      dl-PGF.sub.3.sub..alpha. or dl-15.beta.-PGF.sub.3.sub..alpha.. By these
      procedures, there is formed the Formula-XXV intermediate wherein Z is
      either cis 1-pent-2-enyl or 1-pent-2-ynyl.
PAC  EXAMPLE 13
PAC  Resolution of Endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde (Formula 1:
      .about. is endo).
PAR  A. Formula-I endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde (12.3 g.) and
      l-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yeild crystals of
      2-endo-bicyclo[3.1.0]hex-2-en6-yl-3,4-dimethyl-5-phenyl-oxazolidine, 11.1
      g., m.p. 90.degree. - 92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade, (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be desired Formula-I compound,
      endo-bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde, substantially free of the
      ephedrine, in substantially a single opticallyactive isomeric form; called
      "the isomer of Example 13-A" herein. Points on the circular dichroism
      curve are (.lambda. in nm, .theta. ): 350, 0; 322.5, -4,854; 312, -5,683;
      302.5, -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAR  B. The mother liquors of the oxazolidine are combined and evaporated to
      crystals, taken up in dichloromethane, and chromatographed on silica gel
      as above to yield the enantiomorph of the above Formula-I compound, having
      the opposite optical rotation.
PAR  C. A preferred method of obtaining the isometic oxazolidine which yields
      the aldehyde of optical rotation opposite to that of the isomer of Example
      13-A is as follows. Following the procedure of A, above, the racemic
      aldehyde is reacted with d-ephedrine to produce the oxazolidine in its
      diastereomeric forms. Recrystallization then yields the desired
      oxazolidine, which is converted by hydrolysis to the desired optically
      active aldehyde.
PAR  Following the procedures of Example 13, the exo Formula-I
      bicyclo[3.1.0]hex-2-ene-6-carboxaldehyde is converted to the oxazolidine
      of d- or l-ephedrine and resolved into its optically active isomers.
PAC  EXAMPLE 14
PAC  Resolution of Acetal Ketone (Formula IV: R.sub.1 and R.sub.2 taken together
      are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A. A solution of 2.34 g. of the Formula-IV acetal ketone of Example 10
      (wherein the acetal is prepared from 2,2-dimethyl-1,3-propanediol) and
      l-ephedrine (1.65 g.) in benzene (15 ml.), together with 1 drop of acetic
      acid, is heated at reflux for about 5.5 hrs., using a Dean and Stark trap
      to remove water. The benzene is then removed by evaporation leaving the
      formed oxazolidine as solids which are dissolved in methanol. On cooling
      the methanol solution, there is obtained one of the diastereomeric
      oxazolidines, 1.57 g., m.p. 161.degree.-166.degree. C. [.alpha.
      .sub.D.sup. 25 - 7.5.degree. in chloroform, now substantially a single
      isomeric form as shown by NMR. NMR peaks at 0.63 (doublet), 0.72, 1,23,
      2,38, 3,52, 3,95 (doublet) and 4.94 (doublet) .delta.
PAR  Following the procedure of Example 13, the above crystallized oxazolidine
      is converted on a silica gel column to an optically active isomer of the
      desired Formula-IV compound, 0.56 g., m.p. 43.degree.-47.degree. C.
      [.alpha.].sub.D.sup.25 + 83.degree. in chloroform; called "the isomer of
      Example 14-A" herein.
PAR  B. The mother liquor from A is concentrated and chilled to -13.degree. C.,
      to yield another diastereomeric oxazolidine, 1.25 g., m.p.
      118.degree.-130.degree. C., [.alpha.].sub.D.sup.25 +11.7.degree. in
      chloroform; NMR peaks at 0.63 (doublet), 0.72, 1.23, 2.38, 3.52, 3,99
      (doublet) and 5.00 (doublet) .delta..
PAR  Following the procedure of Example 13, the crystallized oxazolidine is
      converted on a silica gel column to an optically active isomer of the
      Formula-IV compound.
PAR  C. Reaction of the above Example 14-B isomer with d-ephedrine by the
      procedure of Example 14-A yields the enan-tiomorph of the oxazolidine of
      Example 14A, m.p. 165.degree. C., [.alpha.].sub.D.sup.25 + 7.5.degree. in
      chloroform.
PAR  Following the procedure of Example 13, the crystallized oxazolidine is
      converted on a silica gel column to an optically active isomer of the
      desired Formula-IV identical to that obtained in Example 14-B above.
PAR  Following the procedures of Example 14, the exo Formula-IV acetal ketone of
      Example 10 is converted to the oxazoldine of d- or l-ephedrine and
      resolved into its optically active isomers.
PAR  Any one of the above resolved oxazolidines is hydrolyzed to the oxo
      compound and ephedrine by contact with water, preferably with an acid
      catalyst, as is known in the art (see Elderfeld, Heterocyclic Compounds,
      Vol. 5, page 394, Wiley, N.Y., 1957). Thus, the oxazolidine of l-ephedrine
      and the Formula-IV acetal ketone (Example 14A, 5.0 g.) is stirred in a
      solution of tetrahydrofuran-water-acetic acid (25 ml.: 25 ml.: 5 ml.) for
      4 hrs. at about 25.degree. C. under nitrogen. The solvents are removed
      under reduced pressure at 25.degree.-40.degree. C., and the residue is
      mixed with 25 ml. of water. The mixture is extracted several times with
      benzene, and the combined benzene layers are washed with water, dried over
      sodium sulfate, and finally concentrated under reduced pressure to the
      optically active Formula-IV acetal ketone having the same properties as
      reported above following section A. An alternate method of hydrolyzing the
      oxazolidine is on a silica gel-water column according to Example 13,
      thereafter eluting the released oxo compound and recovering same by
      conventional means.
PAC  EXAMPLE 15
PAC  Resolution of Tricyclic Lactone Aldehyde 16 (Formula Vl: .about. is endo).
PAR  A. A solution of the endo Formula-VI lactone aldehyde (0.5 g.) of Example 4
      and l-ephredrine (0.5 g.) in benzene (20 ml.) is concentrated under vacuum
      to a residue. The residue is treated with diethyl ether to yield crystals
      of an oxazolidine mixture. Recrystallization of the mixture from methanol
      yields an oxazolidine, m.p. 133.5-134.5. Thereafter, hydrolysis of the
      oxazolidine on a silica gel column following the procedure of Example 13
      yields an optically active isomer corresponding to the mirror image of the
      Formula-VI lactone aldehyde, which is thereafter recovered by conventional
      means and is hereinafter identified as the "isomer of Example 15-A".
PAR  B. Following the procedure of Example 15-A, but replacing l-ephedrine with
      d-ephedrine in preparing the oxazolidine, the optically active isomer
      corresponding to the Formula-VI lactone aldehyde is obtained, hereinafter
      identified as the "isomer of Example 15 -B".
PAR  Following the procedures of Example 15, the exo Formula-VI lactone aldehyde
      is resolved into its optically active isomers.
PAC  EXAMPLE 16
PAC  Optically Active Tricyclic Glycol (Formula VIII of chart a: W is 1-pentyl
      and .about. is endo); PGE.sub.2, PGF.sub.2 .sub..alpha., their
      ent-Compounds and their 15-Epimers.
PAR  Refer to chart C. Following the procedures of Examples 1 to 6, incclusive,
      but using the Formula-I endo-bicyclo[ 3.1.0]hex-2-ene-6-carboxaldehyde
      isomer of Example 13-A, there is obtained the Formula-VIII tricyclic
      glyhcol, wherein W is 1-pentyl and .about. is endo, as an optically active
      isomer. Following the procedures of Example 7, this isomer is transformed
      to the optically active Formula-IX and Formula-X compounds wherein W is
      1-pentyl.
PAR  Likewise, using the Formula-I isomer of Example 13-C, there are obtained
      the enantiomorphic Formula-VIII, -IX, and -X compounds.
PAR  Each of the Formula-X isomers is transformed to the corresponding
      PGE.sub.2, ent-PGE.sub.2, and their 15-epimers, using methods known in the
      art by the steps shown in Chart C. Thus, PGE.sub.2 is obtained from the
      optically active Formula-X diol prepared from the Formula-I aldehyde
      isomer of Example 13-A; ent-PGE.sub.2 is obtained from the enantiomorphic
      Formula-X diol prepared from the Formula-I aldehyde isomer of Example
      13-C.
PAR  Furthermore, again using the optically active Formula-VIII, -IX, and -X
      compounds prepared above, but following the steps of Chart E, using
      methods generally known in the art, there are obtained the corresponding
      PGF.sub.2 .sub..alpha., ent-PGF.sub.2 .sub..alpha., and their 15-epimers.
PAR  Following the procedures of Examples 1 to 6, inclusive, but substituting
      the optical isomers of the exo Formula-I aldehyde of Example 13 for the
      endo aldehyde, there are obtained the corresponding optically active exo
      Formula-VIII tricyclic glycols and Formula-IX bismesylates, which are
      converted to the isomeric Formula-X diols and thence to the corresponding
      PGE.sub.2, ent-PGE.sub.2, and their 15-epimers, PGF.sub.2, PFG.sub.2
      .sub..alpha. and their 15-epimers.
PAC  EXAMPLE 17
PAC  PGE.sub.3, ent-PGE.sub.3 and their 15-Epimers, (Formula XXII of Chart D:
      .about. indicates the .alpha. or .beta. configuration).
PAR  Refer to Chart D. Following the procedures of Example 13, the endo
      Formula-I bicyclohexene aldehyde is resolved into its two optically active
      isomeric forms. Following the procedures of Example 11 and thereafter,
      each of the Formula-I isomers is transformed to the corresponding
      Formula-X diol in its .alpha. and .beta. configurations and thence to the
      corresponding PGE.sub.3, ent-PGE.sub.3, and their 15-epimers.
PAR  Following the procedures of Examples 14 and 15, the endo Formula-IV acetal
      ketone or the Formula-VI lactone aldehyde are resolved into their
      respective optically active isomeric forms. Following the procedures of
      Example 11 and thereafter, each of the Formula-IV or Formula-VI isomers is
      transformed to the corresponding Formula-X diol in its .alpha. and .beta.
      configurations and thence to the corresponding PGE.sub.3, ent-PGE.sub.3,
      and their 15-epimers.
PAR  Thus, PGE.sub.3 is obtained from the optically active Formula-X diol
      prepared from the Formula-IV Acetal ketone of Example 14-A or the
      Formula-VI lactone aldehyde of Example 15-B; ent PGE.sub.3 is obtained
      from the enantiomorphic Formula-X diol prepared from the Formula-IV acetal
      ketone of Example 14-C or the Formula-VI lactone aldehyde of Example 15-A.
PAR  Likewise, employing the exo forms of the Formula-I, -IV, and -VI compounds,
      these are resolved into their respective optically active isomeric forms
      and transformed to the corresponding Formula-X diol and thence to the
      corresponding PGE.sub.3, ent-PGE.sub.3, and their 15-epimers.
PAR  Likewise, following the procedures of Example 11 and thereafter, the
      optically active Formula-VIII glycol in its isomeric forms, wherein W is
      1-pent-2-ynyl and .about. indicates attachment of the moiety to the
      cyclopropane ring in exo or endo configuration is subject successively to
      the following reactions:
PAR  a. replacement of the glycol hydrogens by an alkane-sulfonyl group, R.sub.9
      O.sub.2 S--, wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive;
PAR  b. mixing with water at a temperature in the range of 0.degree. to
      60.degree. C. to form a bicyclic lactone diol;
PAR  c. separation of the diols of .alpha. and .beta. configuration;
PAR  d. transformation to a bis(tetrahydropyranyl) ether;
PAR  e. reduction of the lactone oxo group to a hydroxy group;
PAR  f. Wittig alkylation with a compound of the formula Hal--(CH.sub.2).sub.4
      --COOH wherein Hal is bromo or chloro;
PAR  g. oxidation of the 9-hydroxy to oxo; and
PAR  h. transformation of the two tetrahydropyranyloxy groups to hydroxy groups;
PAL  with the proviso that, before or after any of the steps a to h, the
      --C.tbd.C-- moiety is reduced to cis --CH=CH--, thereby forming PGE.sub.3,
      ent-PGE.sub.3, or their 15-epimers.
PAC  EXAMPLE 18
PAC  PGF.sub.3.sub..alpha., ent-PGF.sub.3.sub..alpha., and their 15-epimers,
      (Formula XXVI of Chart F: .about. indicates the .alpha. or .beta.
      configuration).
PAR  Refer to Chart F. Following the procedures of Example 13, the endo
      Formula-I bicyclohexene aldehyde is resolved into its two optically active
      isomeric forms. Following the procedures of Example 12 and thereafter,
      each of the Formula-I isomers is transformed to the corresponding
      Formula-X diol in its .alpha. and .beta. configurations and thence to the
      corresponding PGF.sub.3.sub..alpha., ent-PGF.sub.3.sub..alpha., and their
      15-epimers.
PAR  Following the procedures of Examples 14 and 15, the endo Formula-IV acetal
      ketone or the Formula-VI lactone aldehyde are resolved into their
      respective optically active isomeric forms. Following the procedures of
      Example 12 and thereafter, each of the Formula-IV or Formula-VI isomers is
      transformed to the corresponding Formula-X diol in its .alpha. and .beta.
      configuration and thence to the corresponding PGF.sub.3.sub..alpha.,
      ent-PGF.sub.3.sub..alpha., and their 15-epimers.
PAR  Likewise, employing the exo forms of the Formula-I, -IV, and -VI compounds,
      these are resolved into their respective optically active isomeric forms
      and transformed to the corresponding Formula-X diol in its .alpha. and
      .beta. configuration and thence to the corresponding
      PGF.sub.3.sub..alpha., ent-PGF.sub.3.sub..alpha. and their 15-epimers.
PAR  Likewise, following the procedures of Example 12 and thereafter, the
      optically active Formula-VIII glycol in its isomeric forms, wherein W is
      1-pent-2-ynyl and .about. indicates attachment of the moiety to the
      cyclopropane ring in exo or endo configuration is subjected successively
      to the following reactions:
PAR  a. replacement of the glycol hydrogens by an alkanesulfonyl group, R.sub.9
      O.sub.2 S--, wherein R.sub.9 is alkyl of one to 5 carbon atoms, inclusive;
PAR  b. mixing with water at a temperature in the range of 0.degree. to
      60.degree. C. to form a bicyclic lactone diol of S and R configuration;
PAR  c. separation of the diols of S and R configuration;
PAR  d. reduction of the lactone oxo group to a hydroxy group; and
PAR  e. Wittig alkylation with a compound of the formula Hal--(CH.sub.2).sub.4
      --COOH wherein Hal is bromo or chloro;
PAL  with the proviso that, before or after any of the steps a to e, the
      --C.tbd.C-- moiety is reduced to cis --CH=CH--, thereby forming
      PGF.sub.3.sub..alpha., ent-PGF.sub.3.sub..alpha., or their 15-epimers.
PAC  EXAMPLE 19
PAC   dl-Tricyclic Lactone Epoxide (Formula XXXVIII: Y is n-pentyl, .about.
      indicates attachment to the cyclopropane ring in exo or endo
      configuration, and
      ##EQU7##
      indicates attachment of the epoxide oxygen to the side chain in .alpha. or
      .beta. configuration).
PAR  Refer to Chart B. A mixture of the Formula-VII tricyclic lactone heptene of
      Example 5 (2.02 g.) and potassium bicarbonate (0.8 g.) in 12 ml. of
      dichloromethane is treated with peracetic acid (2 ml. of 40% in 8 ml. of
      dichloromethane) added dropwise over 10 min. After the starting material
      has been converted to the product as shown by TLC (about 45 hrs. at
      25.degree. C), the mixture is diluted with 30 ml. of dichloromethane and
      washed twice with 5% sodium bicarbonate containing sodium thiosulfate (0.5
      g.). The dichloromethane solution is dried over anhydrous sodium sulfate
      and concentrated under reduced pressure to a residue of the title product,
      2.18 g., NMR peaks at 0.6-3.3, 4.8 (broad) .delta..
PAC  EXAMPLE 20
PAC  dl-Bicyclic Lactone Diformate (Formula XL: Y is n-pentyl and .about. is
      alpha and beta). Refer to Chart B.
PAR  Procedure A -- A solution of the mixed Formula-VIII glycols (Formula XXXIX
      wherein M and E are hydrogen) of Example 6 (2.38 g.) in 40 ml. of 100%
      formic acid is left standing 5.5 hrs. at about 25.degree. C. The mixture
      is then concentrated under reduced pressure to an oily residue. The
      residue is treated with a solution of phosphate buffer (pH 6.8) and about
      10% sodium bicarbonate and extracted with dichloromethane. The
      dichloromethane solution is dried over sodium sulfate and concentrated
      under reduced pressure to a residue containing the title product, 2.66 g.
PAR  Procedure B -- A solution of the Formula-XXXVIII epoxide of Example 19
      (10.0 g.) in 80 ml. of a mixture of acetone-water-formic acid (70:30:2 by
      volume) is left standing 55 min. at about 25.degree. C. The mixture is
      concentrated under reduced pressure to a residue. The residue is treated
      with 5% sodium bicarbonate, saturated with sodium chloride, and extracted
      with ethyl acetate. The ethyl acetate solution is dried over magnesium
      sulfate and concentrated under reduced pressure to a mixture of glycol
      XXXIX (M and E are hydrogen) and diol X, 11.7 g.
PAR  A solution of the above glycol-diol mixture in 350 ml. of 100% formic acid
      is left standing 2 hrs. at about 25.degree. C. The mixture is then
      concentrated under reduced pressure and the residue taken up in
      dichloromethane. The dichloromethane solution is washed with 5% sodium
      bicarbonate, dried over sodium sulfate and concentrated to a residue
      containing the title product, 13.2 g.
PAR  Procedure C -- A solution of the Formula-XXXVIII epoxide of Example 19
      (2.18 g.) in 40 ml. of 100% formic acid (see for example Winstein et al.,
      J. Am. Chem. Soc. 74, 1120 (1952)) is stirred under nitrogen for 2-3 hrs.
      at about 25.degree. C., monitoring the reaction by TLC. The mixture is
      concentrated under reduced pressure to a residue. The residue is taken up
      in 50 ml. of dichloromethane and the solution washed with 5% sodium
      bicarbonate. The dichloromethane solution is dried over sodium sulfate and
      concentrated under reduced pressure to a residue containing the Formula-XL
      title product, 2.92 g.
PAC  EXAMPLE 21
PAC   dl-Bicyclic Lactone Diol (Formula X: W is 1-pentyl and .about. is alpha or
      beta).
PAR  Refer to Chart B. A solution containing the Formula-XL diformates of
      Example 20 (2.92 g.) in 10 ml. of methanol is stirred with potassium
      bicarbonate (0.2 g.) for 0.5 hr. The mixture is then filtered and the
      filtrate is diluted with 50 ml. of dichloromethane. The solution is washed
      with brine, dried over magnesium sulfate, and concentrated under reduced
      pressure to a residue. The residue is chromatographed on silica gel (810
      g.) packed in acetone-dichloromethane (30:70), eluting with
      acetone-dichloromethane (30--45% acetone) and collecting 200 ml.
      fractions. Fractions shown by TLC to contain the desired products free of
      starting materials and impurities are combined, for example fractions
      20--25 contain the X.sub..beta. title compound and fractions 26-35 contain
      the X.sub..alpha. title compound. Concentration of the respective
      fractions yields the title compounds: diol X.sub..beta., 0.66 g.; diol
      X.sub..alpha., 0.76 g.
PAC  EXAMPLE 22
PAC   dl-Tricyclic Lactone Monoformate (FIG. XXXIX: M and E are hydrogen or
      formyl, Y is 1-pentyl, and .about. indicates attachment to the
      cyclopropane ring in endo configuration, and to the side chain in alpha or
      beta configuration).
PAR  A solution of the mixed Formula-VIII glycols (Formula XXXIX wherein M and E
      are hydrogen) of Example 6 (2.38 g.) in 40 ml. of 100% formic acid is left
      standing 0.5 hr. at about 25.degree. C. The mixture is then concentrated
      under reduced pressure. The residue is treated with a solution of
      phosphate buffer (pH 6.8) and about 10% sodium bicarbonate and extracted
      with dichloromethane. The dichloromethane solution is dried over sodium
      sulfate and concentrated under reduced pressure. The residue is separated
      by chromatography on silica gel, combining those fractions shown by TLC to
      contain the title compound. Concentration of those fractions yields the
      title compound. R.sub.f =0.2 in ethyl acetate-Skellysolve B (40:60) on TLC
      plates.
PAC  EXAMPLE 23
PAC  PGF.sub.2.sub..alpha. and 15.beta.-PGF.sub.2.sub..alpha.. Refer to Chart E.
PAR  A. Optically active tricyclic lactone acetal V -- A mixture of the
      Formula-IV acetal ketone isomer of Example 14-A (12.0 g.) and potassium
      bicarbonate (6.1 g.) in 100 ml. of dichloromethane is treated with
      m-chloroperbenzoic acid (12.3 g. of 85%) in portions, with stirring and
      cooling to maintain the temperature below 30.degree. C. After 2 hrs., 150
      ml. of 5% sodium bicarbonate solution containing 9 g. of sodium
      thiosulfate is added. The dichloromethane layer is dried over anhydrous
      sodium sulfate and concentrated under reduced pressure. The residue is
      recrystallized from ethyl acetate as the Formula-V tricyclic lactone
      acetal wherein R.sub.1 and R.sub.2 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo; m.p.
      127.degree.-130.degree. C., NMR peaks at 0.80, 1.29, 3.45, 3.72, 3.94
      (doublet), and 4.89 (multiplet) .delta.; infrared absorption peaks at
      1765, 1230, 1185, 1160, 1120, 1100, 1095, 1015, 1000, 980, 955, and 925
      cm.sup.-.sup.1 ; [.alpha.].sub.D.sup.25 + 9.degree. (methanol).
PAR  B. Optically active tricyclic lactone aldehyde VI -- The acetal ketone of
      Example 23-A above (4.43 g.) is dissolved in 60 ml. of 88% formic acid and
      held at about 50.degree. C. for 1 hr. The solution is cooled and diluted
      with 60 ml. of 1 N sodium hydroxide saturated with sodium chloride, and
      then extracted with several portions of dichloromethane. The
      dichloromethane extracts are washed with 20 ml. of 10% sodium carbonate,
      dried over anhydrous sodium sulfate, and concentrated under reduced
      pressure. The resulting oil is triturated with isopropyl ether and seeded
      to yield crystals of the corresponding Formula-VI tricyclic lactone
      aldehyde, m.p. 62.5-64.degree. C., NMR peaks at 2.48 (doublet), 2.82
      (doublet), 3.10 (multiplet), 5.12 (multiplet), and 9.84 (doublet);
      infrared absorption peaks at 1755, 1710, and 1695; [.alpha.].sub.D.sup.25
      -30.degree. (methanol).
PAR  C. Optically active tricyclic lactone heptene VII -- Following the
      procedure of Example 5, the lactone aldehyde of Example 23-B above is
      transformed to the corresponding Formula-VII optically active lactone
      heptene; NMR peaks at 0.6-3.0, 4.5-5.2, and 5.7 .delta.; infrared
      absorption peak at at 1700 cm.sup.-.sup.1.
PAR  D. Bicyclic lactone diol X -- Following the procedures of Examples 19 to
      21, the tricyclic lactone heptene of Example 23-C above is transformed to
      the corresponding optically active Formula-X.sub..alpha. and -X.sub..beta.
      lactone diols.
PAR  E. Title compounds -- Following the methods known in the art, the above
      diols are transformed to the corresponding PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..alpha. products.
PAR  Following the procedures of steps C, D, and E above, the optically active
      isomers of the Formula-VI aldehyde of Example 15 are transformed to
      PGF.sub.2 -type products. Thus, PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..alpha. are obtained from the isomer of Example
      15-B; ent-PGF.sub.2.sub..alpha. and ent-15.beta.-PGF.sub.2.sub..alpha. are
      obtained from the isomer of Example 15-A.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for resolving a racemic mixture of an oxo compound of the
      formula
      ##SPC36##
PAL  and of the mirror image thereof, wherein R.sub.1 and R.sub.2 are alkyl of
      one to 4 carbon atoms, inclusive, or, when taken together,
      ##EQU8##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, and R.sub.8 are hydrogen,
      alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the proviso
      that not more than one of the R's is phenyl and the total number of carbon
      atoms is from 2 to 10, inclusive; x is zero or one, and .about. indicates
      attachment of the moiety to the cyclopropane ring in exo or endo
      configuration, which comprises the steps of
PAR  a. converting the oxo compound by reaction with an optically active
      ephedrine to a mixture of oxazolidine diastereomers,
PAR  b. separating at least one oxazolidine diastereomer from said mixture,
PA1  c. hydrolyzing said oxazolidine to free the optically active oxo compound,
      and
PA1  d. recovering said optically active oxo compound.
NUM  2.
PAR  2. A process of claim 1 wherein the oxo compound is an aldehyde of the
      formula
      ##SPC37##
PAL  or of the mirror image thereof, wherein .about. indicates attachment of the
      moiety to the cyclopropane ring in exo or endo configuration.
NUM  3.
PAR  3. A process of claim 1 wherein the oxo compound is an aldehyde of the
      formula
      ##SPC38##
PAL  or the mirror image thereof, wherein .about. indicates attachment of the
      moiety to the cyclopropane ring in exo or endo configuration.
NUM  4.
PAR  4. A process of claim 1 wherein the oxo compound is a ketone of the formula
      ##SPC39##
      or of the mirror image thereof, wherein R.sub.1, and R.sub.2 are alkyl of
      one to 4 carbon atoms, inclusive, or, when taken together,
      ##EQU9##
      wherein R.sub.3, R.sub.4, R.sub.5, R.sub.6, and R.sub.8 are hydrogen,
      alkyl of one to 4 carbon atoms, inclusive, or phenyl, with the proviso
      that not more than one of the R's is phenyl and the total number of carbon
      atoms is from 2 to 10, inclusive; s is zero or one, and .about. indicates
      attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
NUM  5.
PAR  5. A process of claim 4 wherein R.sub.1 and R.sub.2 taken together are
      --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --.
NUM  6.
PAR  6. A process of claim 1 wherein the oxo compound is reacted with
      d-ephedrine.
NUM  7.
PAR  7. A process of claim 1 wherein the oxo compound is reacted with
      1-ephedrine.
NUM  8.
PAR  8. A process of claim 1 wherein the separating step is carried out by
      fractional crystallization from isopropyl ether.
NUM  9.
PAR  9. A process of claim 1 wherein the separating step is carried out by
      fractional crystallization from methanol.
NUM  10.
PAR  10. A process of claim 1 wherein the hydrolyzing step is carried out with
      water and an acid catalyst.
NUM  11.
PAR  11. A process of claim 1 wherein the hydrolyzing step is carried out with
      water in the presence of silica gel.
PATN
WKU  039460479
SRC  5
APN  5540577
APT  1
ART  125
APD  19750227
TTL  Alkylcinnamylphenols as mosquito larvicides
ISD  19760323
NCL  2
ECL  1
EXA  Robinson; Allen J.
EXP  Goldberg; Jerome D.
INVT
NAM  Jurd; Leonard
CTY  Berkeley
STA  CA
ASSG
NAM  The United States of America as represented by the Secretary of
      Agriculture
CTY  Washington
STA  DC
COD  06
CLAS
OCL  424346
EDF  2
ICL  A01N  926
FSC  424
FSS  346
UREF
PNO  3745222
ISD  19730700
NAM  Jurd et al.
OCL  424346
UREF
PNO  3775541
ISD  19731100
NAM  Jurd et al.
OCL  424346
LREP
FR2  Silverstein; M. Howard
FR2  Takacs; William
FR2  Hensley; Max D.
ABST
PAL  Alkylcinnamylphenols, wherein the alkyl group contains 3-4 carbon atoms,
      are used as mosquito larvicides.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention relates to and has among its objects the provision of novel
      methods for destroying mosquito larvae. Further objects of the invention
      will be evident from the following description wherein parts and
      percentages are by weight unless otherwise specified. The abbreviation
      ppm. used herein refers to parts per million. The symbol .phi. is used
      herein to represent the phenyl
      ##SPC1##
PAR  One of the ways of controlling insect populations is to kill the insect
      larvae. Generally, a larvicide is applied to the breeding places or
      habitat of the insects where it destroys the larvae.
PAR  I have discovered that certain compounds are effective as mosquito
      larvicides. When the compounds of the invention are applied in larvicidal
      amount to the habitat of the mosquito, the larval population is
      substantially reduced.
PAR  The compounds used in accordance with the invention are those
      alkylcinnamylphenols which have the structure -
      ##SPC2##
PAL  Wherein R is an alkyl group containing 3 to 4 carbon atoms. Particularly
      preferred for the purpose of the invention is 4-t-butyl-2-cinnamyl phenol,
      which has the structure -
      ##SPC3##
PAR  The compounds of the invention are highly effective in killing mosquito
      larvae. Generally, for such purpose, the compounds are applied to the
      breeding places of the mosquito in a concentration of about 5-15 ppm.
      Because the compounds are effective in very minor concentrations, it is
      preferred that they be dissolved or suspended in an appropriate carrier
      prior to application to the breeding centers. The solution or suspension
      increases the bulk and thus allows small amounts of the compounds to be
      administered to the mosquito's habitat. Preferred carriers for this
      purpose are volatile solvents such as acetone, ethyl ether, ethanol,
      benzene, xylene, and the like.
PAR  The compounds of the invention may be prepared by methods known in the art.
      Typically, a mixture of the appropriate alkylphenol and cinnamyl alcohol
      in aqueous formic acid is refluxed whereby to produce the desired
      alkylcinnamyl phenols. The systhesis of 4-t-butyl-2-cinnamyl phenol by
      this procedure is disclosed by Jurd et al., Tetrahedron, Vol. 29, pages
      2347 to 2353 (1973).
DETD
PAC  EXAMPLE
PAR  The invention is further demonstrated by the following illustrative
      example.
PAR  A solution of 4-t-butyl-2-cinnamylphenol in acetone was prepared. The
      solution was added to water in such amount that the final concentration of
      4-t-butyl-2-cinnamylphenol in the water was 10 ppm. Early fourth-instar
      larvae of Anopheles quadrimaculatus Say were exposed to the treated water
      and mortality was determined after 24 hours of exposure. It was found that
      96 percent of the larvae exposed were killed.
PAR  For purpose of comparison the above test was carried out with several
      cinnamylphenols not included within the scope of the invention. All of
      them were applied at a concentration of 10 ppm. It was found that all of
      these compounds were ineffective, that is, the mortality obtained was less
      than 20 percent. The compounds so tested were: 2-methyl-4-cinnamylphenol,
      4-cinnamylphenol, 4-methoxy-2-cinnamylphenol,
      2,5-dimethoxy-4-cinnamylphenol, 2,4-dimethoxy-5-cinnamylphenol,
      4-nonyl-2-cinnamylphenol, 44-octyl-2-cinnamylphenol,
      4-(2-phenyl-2-propyl)-2-cinnamylphenol, 2-t-butyl-4-cinnamylphenol,
      2-i-propyl-5-methyl-4-cinnamylphenol, and 4-t-pentyl-2-cinnamylphenol.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A method of killing mosquito larvae which comprises applying to said
      larvae a larvicidal amount of a compound of the formula
      ##SPC4##
PAL  wherein R is alkyl containing 3 to 4 carbon atoms.
NUM  2.
PAR  2. The process of claim 1 wherein the compound is
      4-t-butyl-2-cinnamylphenol.
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      for controlling the growth of unwanted plants with these compounds.
BSUM
PAR  The present invention relates to new and valuable 5-benzofuranyl esters,
      their use as herbicides, and herbicides containing these compounds as
      active ingredients.
PAR  It is known (German Laid-Open Application DOS 1,926,139) to use
      2,3-dihydro-3,3-dimethyl-2-ethoxy-5-benzofuranylmethanesulfonate as a
      herbicide. However, its action is poor.
PAR  We have now found that 5-benzofuranyl esters of the formula
      ##SPC1##
PAL  Where R.sup.1, R.sup.2 and R.sup.3 are identical or different and each
      denotes hydrogen or alkyl (methyl, ethyl, propyl) or R.sup.1 and R.sup.2
      together, or R.sup.2 and R.sup.3 together, form an alkylene chain (e.g.,
      with from 2 to 5 carbon atoms); R.sup.4 denotes hydroxy, alkoxy (e.g.,
      with from 1 to 5 carbon atoms, and optionally substituted by halogen or
      alkoxy, e.g., methoxy, ethoxy, .beta.-chloroethoxy and methoxyethoxy),
      alkenyloxy (e.g., of from 2 to 4 carbon atoms and optionally substituted
      by halogen, e.g., allyloxy and chloroallyloxy), alkynyloxy (e.g., of from
      2 to 4 carbon atoms and optionally substituted by halogen, e.g.,
      propargyloxy, butynyloxy and chlorobutynyloxy), alkylmercapto (e.g.,
      methylmercapto, ethylmercapto and propylmercapto), aralkylmercapto
      (optionally substituted in the aromatic portion by halogen or alkyl, e.g.,
      benzymercapto benzylmercapto, -phenylethylmercapto,
      p-chlorobenzylmercapto), aryloxy (optionally substituted by halogen or
      nitro, e.g., phenoxy and nitrophenoxy), R.sup.4 further denotes the group
      NR.sup.10 R.sup.11, where each of R.sup.10 and R.sup.11 is alkyl (methyl,
      ethyl, propyl, butyl) or substituted alkyl (e.g., of from 1 to 4 carbon
      atoms and substituted by halogen or alkoxy, e.g., haloethyl and
      methoxyethyl) or R.sup.10 and R.sup.11, together with the nitrogen atom
      whose substituents they are, form a heterocyclic ring, which optionally
      bears substituents, e.g., morpholine, 2,6-dimethylmorpholine, pyrrolidine,
      piperidine, methylpiperazine, hexamethyleneimine,
      2-methylhexamethylenimine, azetidine and trimethylazetidine, R.sup.4
      further denotes the group OCOR.sup.12, where R.sup.12 denotes alkyl (e.g.,
      of from 1 to 4 carbon atoms and optionally substituted by halogen, e.g.,
      methyl, ethyl, propyl, trifluoromethyl and chloromethyl), alkenyl (e.g.
      allyl and methallyl), alkynyl (e.g., propargyl and butynyl), aryl
      (optionally substituted by halogen, alkyl or nitro, e.g., phenyl, tolyl,
      chlorophenyl and nitrophenyl), alkylamino (e.g., methylamino and
      dimethylamino), alkoxy (optionally substituted by halogen or alkoxy, e.g.,
      methoxy, ethoxy and propoxy), alkenyloxy (of 3 or 4 carbon atoms,
      optionally substituted by halogen, e.g., allyloxy and chloroallyloxy),
      alkynyloxy (e.g., of 3 or 4 carbon atoms and optionally substituted by
      halogen, e.g., propargyloxy and chlorobutynyloxy), arylamino (optionally
      substituted by alkyl, chloro or alkoxy, e.g., phenylamino, tolylamino and
      chlorophenylamino), or aryloxy (optionally substituted by alkyl or
      halogen, e.g., phenoxy, tolyloxy and chlorophenyloxy), R.sup.5 and R.sup.6
      are identical or different and each denotes hydrogen, alkyl (methyl,
      ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl) or substituted alkyl
      (.beta.-chloroethyl), and R.sup.7, R.sup.8 and R.sup.9 are identical or
      different and each denotes hydrogen, alkyl (methyl, ethyl), halogen
      (chloro, bromo), cyano, acetyl or methoxy, have a herbicidal action
      superior to that of conventional herbicides.
PAR  The new compounds are prepared by reacting a benzofuranyl derivative of the
      formula
      ##SPC2##
PAL  where R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.7, R.sup.8 and R.sup.9 have
      the above meanings, with an aminosulfonyl halide of the formula
PAL  where R.sup.5 and R.sup.6 have the above meanings and X denotes halogen, in
      the presence or absence of an acid acceptor.
PAR  The preparation of the new 5-benzofuranyl esters is illustrated by the
      following examples.
DETD
PAC  EXAMPLE 1
PAR  At 0.degree. to 5.degree.C and with stirring, 36 parts (by weight) of
      methylaminosulfonyl chloride is added to a solution of 48.8 parts of
      2,3-dihydro-3,3-dimethyl-2-morpholino-5-hydroxybenzofuran and 27.3 parts
      of triethylamine in 130 parts of tetrahydrofuran. The mixture is stirred
      for 1 hour at room temperature and suction filtered. The filtrate is
      concentrated in vacuo and the residue dissolved in 250 parts of methanol.
      After the addition of 100 parts of water and treatment of the solution
      with activated carbon, crystallization is induced by cooling. The mush of
      crystals is suction filtered, washed with 50% aqueous methanol and dried
      in vacuo. The melting point of the crude product is 125.degree. to
      128.degree.C. Pure
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylmethylaminosulfonate
      is obtained by crystallization of a sample from 80% methanol. Melting
      point: 129.degree. to 131.degree.C.
PAR  The compound has the following structural formula:
      ##SPC3##
PAR  The following compounds are prepared analogously:
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylethylaminosulfonate,
      m.p. 95.degree. to 97.degree.C,
PA1  2,3-dihydro-3,3 -dimethyl-2-morpholinobenzofuran-5-ylpropylaminosulfonate,
      non-distillable oil,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylisopropylaminosulfonate
     , m.p. 117.degree. to 119.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylbutylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl-.beta.-chloroethylamin
     osulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-ylmethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-ylethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-ylpropylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-ylisopropylaminosulfonate
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yl-.beta.-chloroethylamin
     osulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino)-benzofuran-5-ylaminosulfona
     te,
PA1  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino)-benzofuran-5-ylmethylaminos
     ulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino)-benzofuran-5-ylethylaminosu
     lfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino)-benzofuran-5-ylpropylaminos
     ulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(4-methylpiperazino)-benzofuran-5-ylisopropylami
     nosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(hexamethylenimino)benzofuran-5-ylmethylaminosul
     fonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(hexamethylenimino)benzofuran-5-ylethylaminosulf
     onate,
PA1  2,3-dihydro-3-ethyl-2-morpholinobenzofuran-5-yl-methylaminosulfonate,
PA1  2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yl-methylaminosulfonate, m.p.
      114.degree. to 115.degree.C,
PA1  2,3-dihydro-3-ethyl-2-pyrrolidinobenzofuran-5-yl-methylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-(dimethylamino)-benzofuran-5-yl-methylaminosulfo
     nate,
PA1  2,3-dihydro-3,3-dimethyl-2-(dimethylamino)-benzofuran-5-yl-ethylaminosulfon
     ate,
PA1  2,3-dihydro-3,3,6-trimethyl-2-morpholinobenzofuran-5-ylmethylaminosulfonate
PA1  2,3-dihydro-3,3,6-trimethyl-2-morpholinobenzofuran-5-ylethylaminosulfonate,
PA1  2,3-dihydro-3,3,6,7-tetramethyl-2-morpholinobenzofuran-5-yl-methylaminosulf
     onate,
PA1  2,3-dihydro-3,3,6,7-tetramethyl-2-morpholinobenzofuran-5-yl-ethylaminosulfo
     nate,
PA1  2,3-dihydro-3,3-dimethyl-2-pyrrolidino-4,6-dichlorobenzofuran-5-ylmethylami
     nosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholino-6-chlorobenzofuran-5-yl-methylaminosu
     lfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholino-4,6-dichlorobenzofuran-5-ylmethylamin
     osulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholino-4-acetylbenzofuran-5-yl-methylaminosu
     lfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholino-6-methoxybenzofuran-5-ylmethylaminosu
     lfonate,
PA1  2,3-dihydro-2,3-tetramethylene-2-morpholinobenzofuran-5-yl-methylaminosulfo
     nate,
PA1  2,3-dihydro-2,3-trimethylene-2-morpholinobenzofuran-5-ylmethylaminosulfonat
     e.
PAC  EXAMPLE 2
PAR  At 20.degree. to 30.degree.C, a solution of 99.6 parts of
      2,3-dihydro-3,3-dimethyl-2-morpholino-5-hydroxybenzofuran in 360 parts of
      tetrahydrofuran is added while stirring and as hydrogen is evolved, to a
      suspension of 9.6 parts of sodium hydride in 190 parts of tetrahydrofuran.
      To complete the reaction the mixture is stirred for 1 hour at 40.degree.C.
      Subsequently, 60 parts of dimethylaminosulfonyl chloride is dripped into
      the reaction mixture at 30.degree. to 35.degree.C and the reaction brought
      to completion within a period of 30 minutes at 50.degree. to 55.degree.C.
      The sodium chloride is separated, the clear solution is concentrated in
      vacuo, the residue is dissolved with heating in methanol and the hot
      solution is filtered. The crystals are cooled and subjected to suction
      filtration. The melting point of the crude product is 110.degree. to
      113.degree.C. Recrystallization from methanol gives pure
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yldimethylaminosulfonate
      melting at 113.degree. to 114.degree.C.
PAR  The compound has the following structural formula:
      ##SPC4##
PAR  The following compounds were prepared analogously:
PAR  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yldiethylaminosulfonate,
      m.p. 90.degree. to 92.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl-N-methyl-.beta.-chloro
     ethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yldimethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-piperidinobenzofuran-5-yldiethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yldimethylaminosulfonate
PA1  2,3-dihydro-3,3-dimethyl-2-pyrrolidinobenzofuran-5-yldiethylaminosulfonate,
PA1  2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yldimethylaminosulfonate,
PA1  2,3-dihydro-3-ethyl-2-piperidinobenzofuran-5-yldiethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yl-N-methylethylaminosulf
     onate.
PAR  The preparation of the substituted 5-hydroxybenzofuran derivatives used as
      starting materials is known for instance from Dutch Pat. No. 6,512,311,
      U.S. Pat. No. 3,184,457 and J. Prakt. Chem., 4th series, vol. 32, page 144
      (1966).
PAC  EXAMPLE 3
PAR  At 80.degree.C and while stirring, 68 parts of
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuranyl-5-methylaminosulfonate
      is added all at once to a mixture of 133 parts of water and 68 parts of
      concentrated hydrochloric acid. The mixture is heated rapidly to
      90.degree. to 95.degree.C and kept for 2 minutes at this temperature. The
      reaction solution is then immediately cooled by adding ice. Extraction is
      carried out with ether, and the ether solution is washed twice with water,
      dried with magnesium sulfate and concentrated in vacuo. The viscous
      residue is dissolved in 100 parts of ether, 60 parts of n-hexane is added
      and, after cooling, crystals of
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonate are
      obtained; m.p. 111.degree. to 112.degree.C.
PAR  The compound has the following structural formula:
      ##SPC5##
PAR  The following compounds were obtained analogously:
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylethylaminosulfonate,
      n.sub.D.sup.25 = 1.5250,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylpropylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylisopropylaminosulfonate,
      m.p. 75.degree. to 76.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylbutylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl-.beta.-chloroethylaminosu
     lfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl-dimethylaminosulfonate,
      m.p. 90.degree. to 91.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yldiethylaminosulfonate,
      m.p. 65.degree. to 66.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yl-N-methyl-N-.beta.-chloroe
     thylaminosulfonate,
PA1  2,3-dihydro-3-ethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonate,
PA1  2,3-dihydro-3,3,6,7-tetramethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonat
     e,
PA1  2,3-dihydro-3,3,6,7-tetramethyl-2-hydroxybenzofuran-5-ylethylaminosulfonate
     .
PAC  EXAMPLE 4
PAR  4 drops of concentrated sulfuric acid are added to a solution of 22.5 parts
      of 2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonate
      in 200 parts of methanol. The mixture is then boiled under reflux for 30
      minutes, cooled, neutralized with triethtylamine and concentrated to
      dryness in vacuo. Treatment of the viscous residue with a mixture of ether
      and n-hexane gives crystals of
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylaminosulfonate;
      m.p. 89.degree. to 91.degree.C.
PAR  The compound has the following structural formula:
      ##SPC6##
PAR  The following compounds were prepared analogously:
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylmethylaminosulfonate, m.p.
      64.degree. to 66.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylmethylaminosulfonate, m.p.
      51.degree. to 53.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylmethylaminosulfonate,
      m.p. 58.degree. to 59.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-butoxybenzofuran-5-ylmethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylmethylaminosulfonate,
      m.p. 66.degree. to 67.5.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propargyloxybenzofuran-5-ylmethylaminosulfonate,
      m.p. 70.degree. to 71.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-(2-chloroethoxy)-benzofuran-5-ylmethylaminosulfo
     nate, m.p. 52.degree. to 54.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-(2-methoxyethoxy)-benzofuran-5-ylmethylaminosulf
     onate,
PA1  2,3-dihydro-3,3-dimethyl-2-ethylthiobenzofuran-5-ylmethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylethylaminosulfonate,
      n.sub.D.sup.25 = 1.5130,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylethylaminosulfonate,
      n.sub.D.sup.25 = 1.5065,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylethylaminosulfonate,
      n.sub.D.sup.25 = 1.5005,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylethylaminosulfonate,
      n.sub.D.sup.25 = 1.5020,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylpropylaminosulfonate, m.p.
      74.degree. to 75.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylpropylaminosulfonate, m.p.
      49.degree. to 50.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propopxybenzofuran-5-ylpropylaminosulfonate,
      m.p. 54.degree. to 55.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylpropylaminosulfonate,
      m.p. 79.degree. to 81.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylpropylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylisopropylaminosulfonate,
      m.p. 84.degree. to 86.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylisopropylaminosulfonate,
      m.p. 73.degree. to 74.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylisopropylaminosulfonate,
      m.p. 77.degree. to 78.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylisopropylaminosulfonate
     , m.p. 69.degree. to 70.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylisopropylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yldimethylaminosulfonate,
      n.sub.D.sup.25 = 1.5087, b.p. (0.01  mm): 147.degree. to 150.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yldimethylaminosulfonate,
      n.sub.D.sup.20 = 1.5023, b.p. (0.01 mm): 165.degree. to 167.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yldimethylaminosulfonate,
      n.sub.D.sup.25 = 1.5002, b.p. (0.01 mm): 170.degree. to 173.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yldimethylaminosulfonate,
      m.p. 37.degree. to 38.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yldimethylaminosulfonate,
      b.p. (0.05 mm): 161.degree.C, n.sub.D.sup.25 = 1.5125,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yldiethylaminosulfonate,
      m.p. 52.degree. to 53.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yldiethylaminosulfonate,
      n.sub.D.sup.25 = 1.4995,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yldiethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yldiethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2 -allyloxybenzofuran-5-yldiethylaminosulfonate,
      n.sub.D.sup.25 = 1.5050,
PA1  2,3-dihydro-3,3-dimethyl-2-(2-chloroethoxy)-benzofuran-5-yldimethylaminosul
     fonate, b.p. (0.05 mm): 170.degree. to 173.degree.C, n.sub.D.sup.25 =
      1.5135,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxyethoxybenzofuran-5-yldimethylaminosulfona
     te, b.p. (0.05 mm): 168.degree. to 172.degree.C, n.sub.D.sup.25 = 1.5025,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yl-N-methylethylaminosulfona
     te, b.p. (0.05 mm): 143.degree. to 152.degree.C, n.sub.D.sup.25 = 1.5075,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl-N-methylethylaminosulfonat
     e,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yl-N-methylethylaminosulfona
     te,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yl-N-methylethylaminosulf
     onate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yl-N-methyl-.beta.-chloroeth
     ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yl-N-methyl-.beta.-chloroethy
     laminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yl-N-methyl-.beta.-chloroeth
     ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yl-N-methyl-.beta.-chloro
     ethylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylaminosulfonate, m.p.
      130.degree. to 131.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylaminosulfonate, m.p.
      139.degree. to 140.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylaminosulfonate,
PA1  2,3-dihydro-3,3,6,7-tetramethyl-2-ethoxybenzofuran-5-ylmethylaminosulfonate
PA1  2,3-dihydro-3,3-dimethyl-2-methylcarbonyloxybenzofuran-5-yldimethylaminosul
     fonate, m.p. 66.degree. to 68.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-chloromethylcarbonyloxybenzofuran-5-yldimethylam
     inosulfonate, m.p. 89.degree. to 90.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethylcarbonyloxybenzofuran-5-yldimethylaminosulf
     onate, m.p. 53.degree. to 55.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxycarbonyloxybenzofuran-5-yldimethylaminosu
     lfonate, m.p. 101.degree. to 102.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethoxycarbonyloxybenzofuran-5-yldimethylaminosul
     fonate,
PA1  2,3-dihydro-3,3-dimethyl-2-methylcarbamoyloxybenzofuran-5-yldimethylaminosu
     lfonate, m.p. 100.degree. to 102.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethylcarbamoyloxybenzofuran-5-yldimethylaminosul
     fonate, m.p. 111.degree. to 113.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-isopropylcarbamoyloxybenzofuran-5-yldimethylamin
     osulfonate, m.p. 107.degree. to 109.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-chloromethylcarbonyloxybenzofuran-5-yldiethylami
     nosulfonate, non-distillable oil, n.sub.D.sup.25 = 1.5078,
PA1  2,3-dihydro-3,3-dimethyl-2-methoxycarbonyloxybenzofuran-5-yldiethylaminosul
     fonate, m.p. 96.degree. to 97.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-methylcarbamoyloxybenzofuran-5-yldiethylaminosul
     fonate, m.p. 122.degree. to 123.degree.C,
PA1  2,3-dihydro-3,3-dimethyl-2-ethylcarbamoyloxybenzofuran-5-yldiethylaminosulf
     onate, m.p. 125.degree. to 126.degree.C.
PAR  The new active ingredients have a strong herbicidal effect and may
      therefore be used as weedicides or for controlling unwanted plants.
      Whether the new active ingredients are used as total or selective agents
      depends in essence on the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyeldonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance Gramineae, such as
TBL   Cynodon spp.      Dactylis spp.                                          
      Digitaria spp.    Avena spp.                                             
      Echinochloa spp.  Bromus spp.                                            
      Setaria spp.      Uniola spp.                                            
      Panicum spp.      Poa spp.                                               
      Alopecurus spp.   Leptochloa spp.                                        
      Lolium spp.       Brachiaria spp.                                        
      Sorghum spp.      Eleusine spp.                                          
      Agropyron spp.    Cenchrus spp.                                          
      Phalaris spp.     Eragrostis spp.                                        
      Apera spp.        etc.;                                                  
     Cyperaceae, such as                                                       
      Carex spp.        Eleocharis spp.                                        
      Cyperus spp.      etc.;                                                  
      Scirpus spp.                                                             
     dicotyledonous weeds, such as                                             
     Malvaceae, e.g.,                                                          
      Abutilon theoprasti                                                      
                        Hibiscus spp.                                          
      Sida spp.         etc.;                                                  
      Malva spp.                                                               
     Compositae, such as                                                       
      Ambrosia spp.     Centaurea spp.                                         
      Lactuca spp.      Tussilago spp.                                         
      Senecio spp.      Lapsana communis                                       
      Sonchus spp.      Tagetes spp.                                           
      Xanthium spp.     Erigeron spp.                                          
      Iva spp.          Anthemis spp.                                          
      Galinsoga spp.    Matricaria spp.                                        
      Taraxacum spp.    Artemisia spp.                                         
      Chrysanthemum spp.                                                       
                        etc.;                                                  
      Bidens spp.                                                              
      Cirisum spp.                                                             
      Convolvulaceae, such as                                                  
      Convolvulus spp.  Cuscuta spp.                                           
      Ipomoea spp.      etc.;                                                  
      Jaquemontia tamnifolia                                                   
     Cruciferae, such as                                                       
      Barbarea vulgaris Arabidopsis thaliana                                   
      Brassica spp.     Descurainia spp.                                       
      Capsella spp.     Draba spp.                                             
      Sisymbrium spp.   Coronopus didymus                                      
      Thlaspi spp.      Lepidium spp.                                          
      Sinapis arvensis  etc.;                                                  
      Raphanus spp.                                                            
     Geraniaceae, such as                                                      
      Erodium spp.      etc.;                                                  
      Geranium spp.                                                            
     Portulacaceae, such as                                                    
      Portulaca spp.    etc.;                                                  
     Primulaceae, such as                                                      
      Anagallis arvensis                                                       
                        etc.;                                                  
      Lysimachia spp.                                                          
     Rubiaceae, such as                                                        
      Richardia spp.    Diodia spp.                                            
      Galium spp.       etc.;                                                  
     Scrophulariaceae, such as                                                 
      Linaria spp.      Digitalis spp.                                         
      Veronica spp.     etc.;                                                  
     Solanaceae, such as                                                       
      Physalis spp.     Nicandra spp.                                          
      Solanum spp.      etc.;                                                  
      Datura spp.                                                              
     Urticaceae, such as                                                       
      Urtica spp.       etc.;                                                  
     Violaceae, such as                                                        
      Viola spp.        etc.;                                                  
     Zygophyllaceae, such as                                                   
      Tribulus terrestis                                                       
                        etc.;                                                  
     Euphorbiaceae, such as                                                    
      Mercurialis annua Euphorbia spp.                                         
     Umbelliferae, such as                                                     
      Daucus carota     Ammi majus                                             
      Aethusa cynapium  etc.;                                                  
     Commelinaceae, such as                                                    
      Commelina spp.    etc.;                                                  
     Labiatae, such as                                                         
      Lamium spp.       etc.;                                                  
      Galeopsis spp.                                                           
     Leguminosae, such as                                                      
      Medicago spp.     Sesbania exaltata                                      
      Trifolium spp.    Cassia spp.                                            
      Vicia spp.        etc.;                                                  
      Lathyrus spp.                                                            
     Plantaginaceae, such as                                                   
      Plantago spp.     etc.;                                                  
     Polygonaceae, such as                                                     
      Polygonum spp.    Fagopyrum spp.                                         
      Rumex spp.        etc.;                                                  
     Aizoaceae, such as                                                        
      Mollugo verticillata                                                     
                        etc.;                                                  
     Amaranthaceae, such as                                                    
      Amaranthus spp.   etc.;                                                  
     Boraginaceae, such as                                                     
      Amsinckia spp.    Anchusa spp.                                           
      Myostis spp.      etc.;                                                  
      Lithospermum spp.                                                        
     Caryophyllaceae, such as                                                  
      Stellaria spp.    Silene spp.                                            
      Spergula spp.     Cerastium spp.                                         
      Saponaria spp.    Agrostemma githago                                     
      Scleranthus annuus                                                       
                        etc.;                                                  
     Chenopodiaceae, such as                                                   
      Chenopodium spp.  Atriplex spp.                                          
      Kochia spp.       Monolepsis nuttaliana                                  
      Salsola kali      etc.;                                                  
     Lythraceae, such as                                                       
       Cuphea spp.      etc.;                                                  
     Oxalidaceae, such as                                                      
      Oxalis spp.       etc.;                                                  
     Ranunculaceae, such as                                                    
      Ranunculus spp.   Adonis spp.                                            
      Delphinium spp.   etc.;                                                  
     Papaveraceae, such as                                                     
      Papaver spp.      etc.;                                                  
      Fumaria officinalis                                                      
     Onagraceae, such as                                                       
      Jussiaea spp.     etc.;                                                  
     Rosaceae, such as                                                         
      Alchemillia spp.  etc.;                                                  
      Potentilla spp.                                                          
     Potamogetonaceae, such as                                                 
      Potamogeton spp.  etc.;                                                  
     Najadaceae, such as                                                       
      Najas spp.        etc.;                                                  
     Marsileaceae, such as                                                     
      Marsilea quadrifolia                                                     
                        etc.                                                   
PAR  The amount used of the agents of the invention may vary and depends on the
      effect desired; it generally is from 0.1 to 15 or more, and preferably
      from 0.2 to 6, kg per hectare. The new agents may be employed in cereal
      crops, such as
TBL   Avena spp.        Sorghum                                                
      Triticum spp.     Zea mays                                               
      Hordeum spp.      Panicum miliaceum                                      
      Secale spp.       Oryza spp.                                             
     and in dicotyledon crops, such as                                         
     Cruciferae, e.g.                                                          
      Brassica spp.     Raphanus spp.                                          
      Sinapis spp.      Lepidium spp.                                          
     Compositae, e.g.                                                          
      Lactuca spp.      Carthamus spp.                                         
      Helianthus spp.   Scorzonera spp.                                        
     Malvaceae, e.g.                                                           
      Gossypium hirsutum                                                       
     Leguminosae, e.g.                                                         
      Medicago spp.     Phaseolus spp.                                         
      Trifolium spp.    Arachis spp.                                           
      Pisum spp.        Glycine max.                                           
     Chenopodiaceae, e.g.                                                      
      Beta vulgaris                                                            
      Spinacia spp.                                                            
     Solanaceae, e.g.                                                          
      Solanum spp.      Capsicum annuum                                        
      Nicotiania spp.                                                          
     Linaceae, e.g.                                                            
      Linum spp.                                                               
     Umbelliferae, e.g.                                                        
      Petroselinum spp. Apium graveolens                                       
      Daucus carota                                                            
     Rosaceae, e.g.                                                            
      Fragaria                                                                 
     Cucurbitaceae, e.g.                                                       
      Cucumis spp.      Cucurbita spp.                                         
     Liliaceae, e.g.                                                           
      Allium spp.                                                              
     Vitaceae, e.g.                                                            
      Vitis vinifera                                                           
     Bromeliaceae, e.g.                                                        
      Ananas sativus.                                                          
PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts or granules by spraying, atomizing, dusting, scattering or
      watering. The forms of application depend entirely on the purpose for
      which the agents are being used; in any case they should ensure a fine
      distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-tar oils and oils of
      vegetable or mineral origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronaphthalene,
      alkylated naphthalenes methanol, ethanol, propanol, butanol, chloroform,
      carbon tetrachloride, cyclohexanol, cyclohexanone, chlorobenzene,
      isophorone, etc., and strongly polar solvents such as dimethylformamide,
      dimethyl sulfoxide, N-methylpyrrolidone and water, are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenolsulfonic acids, alkylaryl sulfonates, alkdyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders and dusts may be prepared by mixing or grinding the active
      ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid,
      silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole, loess,
      clay, dolomite, diatomaceous earth, calcium sulfate, magnesium sulfate,
      magnesium oxide, ground plastics, fertilizers such as ammonium sulfate,
      ammonium phosphate, ammonium nitrate, and ureas, and vegetable products
      such as grain flours, bark meal, wood meal, and nutshell meal, cellulosic
      powders, etc.
PAR  The formulations contain from 0.1 to 95, preferably from 0.5 to 90, % by
      weight of active ingredient.
PAR  There may be added to the compositions or individual active ingredients
      (used singly, either before, simultaneously with and/or after the active
      ingredients of the invention) oils of various types, herbicides,
      fungicides, nematocides, insecticides, bactericides, trace elements,
      fertilizers, antifoams (e.g., silicones) growth regulators, antidotes and
      other herbicidally effective compounds such as
PA1  substituted anilines,
PA1  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA1  substituted ethers,
PA1  substituted arsonic acids and their salts, esters and amides,
PA1  substituted benzimidazoles,
PA1  substituted benzisothiazoles,
PA1  substituted benzothiadiazionone dioxides,
PA1  substituted benzoxazines,
PA1  substituted benzoxazinones,
PA1  substituted benzothiadiazoles,
PA1  substituted biurets,
PA1  substituted quinolines,
PA1  substituted carbamates,
PA1  substituted aliphatic carboxylic acids and their salts, esters and amides,
PA1  substituted aromatic carboxylic acids and their salts, esters  and amides,
PA1  substituted carbamoylalkylthiol- or -dithiophosphates,
PA1  substituted quinazolines,
PA1  substituted cycloalkylamidocarbothiolic acids and their salts,  esters and
      amides,
PA1  substituted cycloalkylcarbonamidothiazoles,
PA1  substituted dicarboxylic acids and their salts, esters and  amides,
PA1  substituted dihydrobenzofuranyl sulfonates,
PA1  substituted disulfides,
PA1  substituted dipyridylium salts,
PA1  substituted dithiocarbamates,
PA1  substituted dithiophosphoric acids and their salts, esters and  amides,
PA1  substituted ureas,
PA1  substituted hexahydro-1-H-carbothioates,
PA1  substituted hydantoins,
PA1  substituted hydrazides,
PA1  substituted hydrazonium salts,
PA1  substituted isooxazole pyrimidones,
PA1  substituted imidazoles,
PA1  substituted isothiazole pyrimidones,
PA1  substituted ketones,
PA1  substituted naphthoquinones,
PA1  substituted aliphatic nitriles,
PA1  substituted aromatic nitriles,
PA1  substituted oxadiazoles,
PA1  substituted oxadiazinones,
PA1  substituted oxadiazolidine diones,
PA1  substituted oxadiazine diones,
PA1  substituted phenols and their salts and esters,
PA1  substituted phosphonic acids and their salts, esters and  amides,
PA1  substituted phosphonium chlorides,
PA1  substituted phosphonalkylglycines,
PA1  substituted phosphites,
PA1  substituted phosphoric acids and their salts, esters and amides,
PA1  substituted piperidines,
PA1  substituted pyrazoles,
PA1  substituted pyrazole alkylcarboxylic acids and their salts,  esters and
      amides,
PA1  substituted pyrazolium salts,
PA1  substituted pyrazolium alkyl sulfates,
PA1  substituted pyridazines,
PA1  substituted pyridazones,
PA1  substituted pyridine carboxylic acids and their salts, esters  and amides,
PA1  substituted pyridines,
PA1  substituted pyridine carboxylates, s
PA1  substituted pyridinones,
PA1  substituted pyrimidines,
PA1  substituted pyrimidones,
PA1  substituted pyrrolidine carboxylic acid and its salts, esters  and amides,
PA1  substituted pyrrolidines,
PA1  substituted pyrrolidones,
PA1  substituted arylsulfonic acids and their salts, esters and  amides,
PA1  substituted styrenes,
PA1  substituted tetrahydrooxadiazine diones,
PA1  substituted tetrahydrooxadiazole diones,
PA1  substituted tetrahydromethanoindenes,
PA1  substituted tetrahydrooxadiazole thiones,
PA1  substituted tetrahydrodiazine thiones,
PA1  substituted tetrahydrothiadiazole diones,
PA1  substituted aromatic thiocarbonylamides,
PA1  substituted thiocarboxylic acids and their salts, esters and  amides,
PA1  substituted thiol carbamates,
PA1  substituted thioureas,
PA1  substituted thiophosphoric acids and their salts, esters and  amides,
PA1  substituted triazines,
PA1  substituted triazoles,
PA1  substituted uracils,
PA1  substituted uretidine diones.
PAR  These agents (either one or several from the same or different groups of
      substances) may be added to the herbicides according to the invention in a
      ratio by weight of from 1 : 10 to 10 : 1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, trace elements,
      fertilizers, antidotes and growth regulators.
PAR  The agents according to the invention may be applied either once or several
      times before or after planting, before sowing, pre- or postemergence, or
      during emergence of the crop plants or weeds, and used with an ultra-low
      volume of water or as a tankmix in the case of mixtures.
PAC  EXAMPLE 5
PAR  In the greenhouse, loamy sandy soil is filled into pots and sown with Beta
      vulgaris, Spinacia oleracea, Avena fatua, Echinochloa crus-galli, Lolium
      multiflorum, Poa annua and Sinapis arvensis. The soil prepared in this
      manner is then immediately treated with 2 kg per hectare of each of the
      following compounds, each being dispersed or emulsified in 500 liters of
      water per hectare:
PAR  I 2,3-dihydro- 3,3-dimethyl-2-methoxybenzofuran-5-ylethylaminousulfonate,
PAR  II 2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylaminosulfonate,
PAR  III
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylmethylaminosulfonate,
PAR  IV
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylmethylaminosulfonate,
PAR  V 2,3-dihydro-3,3-dimethyl- 2-ethoxybenzofuran-5-ylmethylaminosulfonate,
PAR  VI 2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylethylaminosulfonate,
PAR  VII
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylethylaminosulfonate,
PAR  VIII
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yldimethylaminosulfonate
PAR  X 2,3-dihydro-3,3-dimethyl-2 -hydroxybenzofuran-5-yldiethylaminosulfonate,
PAR  XI
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylethylaminosulfonate
PAR  XII 2,3-dihydro-3,3-dimethyl-
      2-.beta.-chloroethoxybenzofuran-5-yldimethylaminosulfonate,
PAR  XIII
      2,3-dihydro-3,3-dimethyl-2-.beta.-methoxyethoxybenzofuran-5-yldimethylamin
     osulfonate,
PAR  XIV
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yldimethylaminosulfonate,
PAR  XV
      2,3-dihydro-3,3-dimethyl-2-.beta.-chloroethoxybenzofuran-5-ylmethylaminosu
     lfonate,
PAR  XVI 2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylmethylaminosulfonate,
PAR  XVII
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylmethylaminosulfonate,
PAR  XVIII
      2,3-dihydro-3,3-dimethyl-2-propargyloxybenzofuran-5-ylmethylaminosulfonate
PAR  IX 2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylmethanesulfonate (prior
      art compound used for comparison purposes).
PAR  After 3 to 4 weeks it is ascertained that active ingredients I to VIII and
      X to XVIII have a better herbicidal action then IX, combined with superior
      crop plant compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         
                  I   II  III IV   V   VI  VII                                 
     kg/ha        2   2   2   2    2   2   2                                   
     __________________________________________________________________________
     Crop plants:                                                              
     Beta vulgaris                                                             
                  0   0   0   0    0   5   0                                   
     Spinacia oleracea                                                         
                  0   0   0   0    0   10  2                                   
     Unwanted plants:                                                          
     Avena fatua  100 95  95  90   100 90  90                                  
     Echinochloa crus-galli                                                    
                  100 95  90  90   90  90  90                                  
     Lolium multiflorum                                                        
                  100 100 100 100  100 85  50                                  
     Poa annua    100 100 100 100  100 90  65                                  
     Sinapis arvensis                                                          
                  40  60  60  65   60  30  30                                  
     Active ingredient                                                         
                  VIII                                                         
                      IX  X   XI   XII XIII                                    
                                           XIV                                 
     kg/ha        2   2   2   2    2   2   2                                   
     Beta vulgaris                                                             
                  0   10  0   0    0   0   0                                   
     Spinacia oleracea                                                         
                  0   15                                                       
     Avena fatua  85  80  100 90   85  95  90                                  
     Echinochloa crus-galli                                                    
                  85  80  100 100  90  85  90                                  
     Lolium multiflorum                                                        
                  100 80  100 90   100 80  90                                  
     Poa annua    95  85  100 90   100 85  90                                  
     Sinapis arvensis                                                          
                  30  20  80  30   30  30  30                                  
     Active ingredient                                                         
                  XV  XVI XVII                                                 
                              XVIII                                            
     kg/ha        2   2   2   2                                                
     Beta vulgaris                                                             
                  0   0   0   0                                                
     Unwanted plants:                                                          
     Avena fatua  90  90  90  90                                               
     Echinochloa crus-galli                                                    
                  85  85  80  80                                               
     Lolium multiflorum                                                        
                  80  85  80  80                                               
     Poa annua    85  85  80  80                                               
     Sinapis arvensis                                                          
                  40  40  25  25                                               
     __________________________________________________________________________
      0  = no damage                                                           
      100 = complete destruction                                               
PAC  EXAMPLE 6
PAR  In the greenhouse, various plants are treated at a growth height of from 3
      to 11 cm with 2 kg per hectare of each of the following active
      ingredients, each being dispersed or emulsified in 500 liters of water per
      hectare:
PAR  I 2,3-dihydro-3,3-dimethyl- 2-ethoxybenzofuran-5-ylmethylaminosulfonate,
PAR  II 2,3-dihydro-3,3-dimethyl-2 -methoxybenzofuran-5-ylmethylaminosulfonate,
PAR  III 2,3 -dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylethylaminosulfonate,
PAR  IV
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-ylmethylaminosulfonate,
PAR  V 2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylmethylaminosulfonate,
PAR  VI 2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylethylaminosulfonate,
PAR  VII
      2,3-dihydro-3,3-dimethyl-2-morpholinobenzofuran-5-yldimethylaminosulfonate
PAR  IX 2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yldiethylaminosulfonate,
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylethylaminosulfonate
PAR  XI
      2,3-dihydro-3,3-dimethyl-2-.beta.-chloroethoxybenzofuran-5-yldimethylamino
     sulfonate,
PAR  XII
      2,3-dihydro-3,3-dimethyl-2-.beta.-methoxyethoxybenzofuran-5-yldimethylamin
     osulfonate,
PAR  XIII
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yldimethylaminosulfonate,
PAR  XIV 2,3-dihydro-3,3-dimethyl-2-.beta.-chloroethoxybenzofuran-
      5-ylmethylaminosulfonate,
PAR  XV 2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylmethylaminosulfonate,
PAR  XVI 2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylmethylaminosulfonate,
PAR  XVII
      2,3-dihydro-3,3-dimethyl-2-propargyloxybenzofuran-5-ylmethylaminosulfonate
PAR  VIII 2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylmethanesulfonate
      (prior art compound used for comparison purposes).
PAR  After 2 to 3 weeks it is ascertained that active ingredients I to VII and
      IX to XVII have a better herbicidal action than VIII, combined with
      superior crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         
                  I   II  III IV   V   VI  VII                                 
     kg/ha        2   2   2   2    2   2   2                                   
     __________________________________________________________________________
     Crop plant:                                                               
     Beta vulgaris                                                             
                  0   0   0   0    0   0   0                                   
     Unwanted plants:                                                          
     Avena fatua  100 100 100 85   85  90  90                                  
     Echinochloa crus-galli                                                    
                  100 100 100 80   80  85  90                                  
     Poa annua    95  95  100 85   80  85  85                                  
     Active ingredient                                                         
                  VIII                                                         
                      IX  X   XI   XII XIII                                    
                                           XIV                                 
     kg/ha        2   2   2   2    2   2   2                                   
     Crop plant:                                                               
     Beta vulgaris                                                             
                  20  0   0   0    0   0   0                                   
     Unwanted plants:                                                          
     Avena fatua  75  75  80  85   90  90  100                                 
     Echinochloa crus-galli                                                    
                  70  80  80  75   70  75  90                                  
     Poa annua    70  85  80  80   70  80  70                                  
     Active ingredient                                                         
                  XV  XVI XVII                                                 
     kg/ha        2   2   2                                                    
     Crop plant:                                                               
     Beta vulgaris                                                             
                  0   0   0                                                    
     Unwanted plants:                                                          
     Avena fatua  90  95  90                                                   
     Echinochloa crus-galli                                                    
                  80  80  70                                                   
     Poa annua    85  95  70                                                   
     __________________________________________________________________________
      0  = no damage                                                           
      100 = complete destruction                                               
PAR  The action of the following compounds corresponds to that of the compounds
      of the invention in Examples 5 and 6:
      ##SPC7##
     R.sup.10       R.sup.6     R.sup.5                                        
     ______________________________________                                    
     --C--CH.sub.2 --Cl                                                        
                    --C.sub.2 H.sub.5                                          
                                --C.sub.2 H.sub.5                              
     .parallel.                                                                
     --C--CH.sub.3  --CH.sub.3  --CH.sub.3                                     
     .parallel.                                                                
     O                                                                         
     --C--CH.sub.2 Cl                                                          
                    --CH.sub.3  --CH.sub.3                                     
     .parallel.                                                                
     O                                                                         
     --C--NH--CH.sub.3                                                         
                    --CH.sub.3  --CH.sub.3                                     
     .parallel.                                                                
     O                                                                         
     --C--NH--C.sub.3 H.sub.7 i                                                
                    --CH.sub.3  --CH.sub.3                                     
     .parallel.                                                                
     O                                                                         
     --C--NH--CH.sub.3                                                         
                    --C.sub.2 H.sub.5                                          
                                --C.sub.2 H.sub.5                              
     .parallel.                                                                
     O                                                                         
     --C--NH--C.sub.2 H.sub.5                                                  
                    --C.sub.2 H.sub.5                                          
                                --C.sub.2 H.sub.5                              
     .parallel.                                                                
     O                                                                         
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  In the greenhouse, loamy sandy soil is filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner is immediately
      treated with 0.5 kg per hectare of each of the following compounds, each
      being dispersed or emulsified in 500 liters per hectare:
      ##SPC8##
PAR  V 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethanesulfonate (prior
      art compound used for comparison purposes).
PAR  After 3 to 4 weeks it is ascertained that active ingredients I to IV have a
      better herbicidal action than V, combined with superior crop plant
      compatibility.
PAR  The results are tabulated below:
TBL  Active ingredient                                                         
                  I   II  III IV   V                                           
     kg/ha        0.5 0.5 0.5 0.5  0.5                                         
     __________________________________________________________________________
     Beta vulgaris                                                             
                  0   0   0   0    2.5                                         
     Avena fatua  100 100 80  90   16                                          
     Lolium multiflorum                                                        
                  80  85  50  60   4                                           
     Echinochloa crus-galli                                                    
                  100 100 50  100  25                                          
     Alopecurus myosuroides                                                    
                  90  90  80  85   17                                          
     __________________________________________________________________________
      0  = no damage                                                           
      100 = complete destruction                                               
PAR  The action of the following compounds corresponds to that of I and II in
      Example 7:
      ##SPC9##
PAC  EXAMPLE 8
PAR  In the greenhouse, various plants are treated at a growth height of from 3
      to 11 cm with 1 kg per hectare of each of the following active
      ingredients, each dispersed or emulsified in 500 liters of water per
      hectare:
      ##SPC10##
PAR  VI 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethanesulfonate (prior
      art compound used for comparison purposes)
PAR  After 2 to 3 weeks it is ascertained that compounds I to V have a better
      herbicidal action than VI.
PAR  The results are given below:
     Active ingredient                                                         
                  I   II III IV V   VI                                         
     kg/ha        1   1  1   1  1   1                                          
     __________________________________________________________________________
     Beta vulgaris                                                             
                  0   0  0   0  0   0                                          
     Avena fatua  100 80 90  90 100 55                                         
     Alopecurus myosuroides                                                    
                  85  80 85  80 85  50                                         
     Cynodon dactylon                                                          
                  85  80 80  80 85  50                                         
     __________________________________________________________________________
      0  = no damage                                                           
      100 = complete destruction                                               
      ##SPC11##
PAC  EXAMPLE 9
PAR  At -8.degree. to -12.degree.C and while stirring, 10.3 parts by weight of
      acetyl chloride is metered into a solution of 28.7 parts by weight of
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yldimethylaminosulfonate
      and 14.1 parts by weight of triethylamine in 120 parts by weight of (dry)
      ether. After one hour the reaction mixture is extracted three times with
      water. The organic phase is dried with magnesium sulfate and concentrated,
      whereupon most of the product is precipitated; m.p.: 66.degree. to
      68.degree.C.
PAR  The compound has the following structural formula:
      ##SPC12##
PAC  EXAMPLE 10
PAR  At -8.degree. to -12.degree.C and while stirring, 12.4 parts by weight of
      methyl chlorocarbonate is metered into a solution of 28.7 parts by weight
      of 2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-
      5-yldimethylaminosulfonate and 14.1 parts by weight of -triethylamine in
      120 parts of (dry) ether.
PAR  After working up as described in the foregoing example the reaction product
      is obtained as a crystalline substance; m.p.: 101.degree. to 102.degree.C.
PAR  The compound has the following structural formula:
      ##SPC13##
PAC  EXAMPLE 11
PAR  1 part by weight of triethylamine and then 6.9 parts by weight of methyl
      isocyanate are added to a solution of 28.7 parts by weight of
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran- 5-yldimethylaminosulfonate
      in 90 parts by weight of tetrahydrofuran. The mixture is left to stand at
      room temperature for 48 hours and then concentrated in vacuo. The residue
      is recrystallized from ether; m.p.: 100.degree. to 102.degree.C.
PAR  The compound has the following structural formula:
      ##SPC14##
CLMS
STM  We claim:
NUM  1.
PAR  1. A substituted benzofuranyl ester of the formula
      ##SPC15##
PAL  where R.sup.1, R.sup.2 and R.sup.3 are identical or different and each
      denotes hydrogen or alkyl of 1 to 3 carbon atoms, or R.sup.1 and R.sup.2
      together, or R.sup.2 and R.sup.3 together, denote alkylene of 2 to 5
      carbon atoms, R.sup.4 denotes hydroxy, alkoxy of 1 to 5 carbon atoms,
      alkenyloxy of 2 to 4 carbon atoms, alkynyloxy of 2 to 4 carbon atoms,
      methylmercapto, ethylmercapto, propylmercapto, benzylmercapto,
      .beta.-phenylethylmercapto, p-chlorobenzylmercapto, phenoxy, nitrophenoxy,
      the group OCOR.sup.12, where R.sup.12 denotes alkyl of 1 to 4 carbon
      atoms, allyl, methallyl, propargyl, butynyl, phenyl, tolyl, chlorophenyl,
      nitrophenyl, methylamino, dimethylamino, methoxy, ethoxy, propoxy,
      allyloxy, chloroallyloxy, propargyloxy, chlorobutynyloxy, phenylamino,
      tolylamino, chlorophenylamino or phenoxy, tolyloxy and chlorophenyloxy,
      R.sup.5 and R.sup.6 are identical or different and each denotes hydrogen,
      alkyl of 1 to 4 carbon atoms and chloro substituted alkyl of 1 to 4 carbon
      atoms, and R.sup.7, R.sup.8 and R.sup.9 are identical or different and
      each denotes hydrogen, methyl, ethyl, chloro, bromo, cyano, acetyl or
      methoxy.
NUM  2.
PAR  2. The coumpound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonate.
NUM  3.
PAR  3. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylethylaminosulfonate.
NUM  4.
PAR  4. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylpropylaminosulfonate.
NUM  5.
PAR  5. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-ylisopropylaminosulfonate.
NUM  6.
PAR  6. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yldimethylaminosulfonate.
NUM  7.
PAR  7. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-hydroxybenzofuran-5-yldiethylaminosulfonate.
NUM  8.
PAR  8. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2hydroxybenzofuran-5-ylaminosulfonate.
NUM  9.
PAR  9. The compound of claim 1 which is
      2,3-dihydro-3-ethyl-2-hydroxybenzofuran-5-ylmethylaminosulfonate.
NUM  10.
PAR  10. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylaminosulfonate.
NUM  11.
PAR  11. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylmethylaminosulfonate.
NUM  12.
PAR  12. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylmethylaminosulfonate.
NUM  13.
PAR  13. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylmethylaminosulfonate.
NUM  14.
PAR  14. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylethylaminosulfonate.
NUM  15.
PAR  15. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylethylaminosulfonate.
NUM  16.
PAR  16. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylethylaminosulfonate.
NUM  17.
PAR  17. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylethylaminosulfonate.
NUM  18.
PAR  18. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylpropylaminosulfonate.
NUM  19.
PAR  19. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylpropylaminosulfonate.
NUM  20.
PAR  20. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylpropylaminosulfonate.
NUM  21.
PAR  21. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylpropylaminosulfonate.
NUM  22.
PAR  22. The compound of claim 1 which is
      2,3-dihydro-3,3dimethyl-2-methoxybenzofuran-5-ylisopropylaminosulfonate.
NUM  23.
PAR  23. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylisopropylaminosulfonate.
NUM  24.
PAR  24. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylisopropylaminosulfonate.
NUM  25.
PAR  25. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylisopropylaminosulfonat
     e.
NUM  26.
PAR  26. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylaminosulfonate.
NUM  27.
PAR  27. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-ylaminosulfonate.
NUM  28.
PAR  28. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-ylaminosulfonate.
NUM  29.
PAR  29. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-ylaminosulfonate.
NUM  30.
PAR  30. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yldimethylaminosulfonate.
NUM  31.
PAR  31. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yldimethylaminosulfonate.
NUM  32.
PAR  32. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yldimethylaminosulfonate.
NUM  33.
PAR  33. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yldimethylaminosulfonate
NUM  34.
PAR  34. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-yldiethylaminosulfonate.
NUM  35.
PAR  35. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethoxybenzofuran-5-yldiethylaminosulfonate.
NUM  36.
PAR  36. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propoxybenzofuran-5-yldiethylaminosulfonate.
NUM  37.
PAR  37. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropoxybenzofuran-5-yldiethylaminosulfonate.
NUM  38.
PAR  38. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methoxybenzofuran-5-ylmethylethylaminosulfonate
     .
NUM  39.
PAR  39. The compound of claim 1 which is 2,3-dihydro-3,3-dimethyl-2-
      -chloroethoxybenzofuran5-yldimethylaminosulfonate.
NUM  40.
PAR  40. The compound of claim 1 which is 2,3-dihydro-3,3-dimethyl-2-
      -methoxyethoxybenzofuran-5-yldimethylaminosulfonate.
NUM  41.
PAR  41. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yldimethylaminosulfonate.
NUM  42.
PAR  42. The compound of claim 1 which is 2,3-dihydro-3,3-dimethyl-2-
      -chloreothoxybenzofuran-5-ylmethylaminosulfonate.
NUM  43.
PAR  43. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-ylmethylaminosulfonate.
NUM  44.
PAR  44. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-propargyloxybenzofuran-5-ylmethylaminosulfonate
     .
NUM  45.
PAR  45. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-allyloxybenzofuran-5-yldiethylaminosulfonate.
NUM  46.
PAR  46. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-chloroacetyloxybenzofuran-5-yldiethylaminosulfo
     nate.
NUM  47.
PAR  47. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methylcarbamoyloxybenzofuran-5-yldiethylaminosu
     lfonate.
NUM  48.
PAR  48. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-ethylcarbamoyloxybenzofuran-5-yldiethylaminosul
     fonate.
NUM  49.
PAR  49. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-isopropylcarbamoyloxybenzofuran-5-yldimethylami
     nosulfonate.
NUM  50.
PAR  50. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-methylcarbamoyloxybenzofuran-5-yldimethylaminos
     ulfonate.
NUM  51.
PAR  51. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-chloroacetyloxybenzofuran-5-yldimethylaminosulf
     onate.
NUM  52.
PAR  52. The compound of claim 1 which is
      2,3-dihydro-3,3-dimethyl-2-acetyloxybenzofuran-5-yldimethylaminosulfonate.
PATN
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PAL  A series of 5-phenyl-2-furamidoximes are useful as antidepressants.
BSUM
PAR  This invention is concerned with a series of 5-phenyl-2-furamidoximes of
      the formula:
      ##SPC1##
PAL  Wherein X represents hydrogen, nitro, amino, 4-chloro, 4-methyl,
      4-methylthio, 4-hydroxy, 4-benzyloxy, 4-acetyl, 4-(1-hydroxyethyl),
      4-methoxy, and 4-dimethylamino; R represents hydrogen or methyl; and n
      represents 0, 1, or 2. These compounds are useful as antidepressants.
      Their useful antidepressant activity is exhibited in warm blooded animals
      under the standard ptosis-anti-tetrabenazine test. Thus, when administered
      perorally in suspension or aqueous solution in doses ranging from 25 to 50
      mg/kg to mice shortly prior to intraperitoneal administration of from 1-10
      mg/kg of tetrabenazine, ptosis induced by tetrabenazine is curtailed to
      the extent of from 50-100%.
PAR  THE FURAMIDOXIMES OF THIS INVENTION ARE PREPARED AS ILLUSTRATED IN THE
      FOLLOWING SCHEMA:
      ##SPC2##
PAR  In the above schema, R and n have the significance previously ascribed.
PAR  The preparation of the amidoximes of this invention is more fully described
      in the following examples.
DETD
PAC  EXAMPLE I
PAC  5-(p-Chlorophenyl)-2-furamidoxime
PAR  A. 5-(p-Chlorophenyl)-2-furaldehyde Oxime
PAR  A mixture of 21 g (0.10 mole) of 5-(p-chlorophenyl)-2-furaldehyde, 14 g
      (0.20 mole) of hydroxylamine hydrochloride, 16.5 g (0.20 mole) of
      anhydrous sodium acetate, 350 ml of 95% ethanol, and 35 ml of water was
      heated under reflux for 31/2  hours. After cooling, the mixture was poured
      into 1 l. of cold water. The solid which was deposited was collected by
      filtration and dried in 50.degree. oven overnight to give 22 g (100%) of
      5-(p-chlorophenyl)-2-furladehyde oxime. One recrystallization from an
      isopropanol-H.sub.2 O mixture gave an analytical sample, m.p.
      139.degree.-141.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.8 ClNO.sub.2 : C, 59.61; H, 3.64; N, 6.32.
      Found: C, 59.60; H, 3.57; N, 6.28.
PAR  B. 5-(p-Chlorophenyl)-2-furonitrile
PAR  A solution of 6.9 g (0.045 mole) of phosphorus oxychloride in 10 ml of
      benzene was added dropwise over 0.5 hours to a stirred, refluxing solution
      of 20 g (0.09 mole) of A in 350 ml of benzene. The reaction mixture was
      heated under reflux for 2 hours, cooled and filtered. The filtrate was
      washed with 5% of sodium bicarbonate solution, with water, and dried over
      MgSO.sub.4. Solvent was removed on a rotary evaporator to give 16 g of
      residual solid. The solid was dissolved in hot MeOH, and water was added
      to turbidity. The black oily material which was deposited was separated by
      filtration and discarded. The filtrate was cooled to give a tan solid
      which was collected by filtration and dried in a 60.degree. oven; weight
      was 12 g (65%), m.p. 76.degree.-77.degree. .
PAR  Anal. Calcd. for C.sub.11 H.sub.6 ClNO: C, 64.88; H, 2.97; N, 6.88. Found :
      C, 64.73; H, 2.99; N, 6.91.
PAR  C. 5-(p-Chlorophenyl)-2-furamidoxime
PAR  A mixture of 51 g (0.25 mole) of 5-(p-chlorophenyl)-2-furonitrile, 19 g
      (0.27 mole) of hydroxylamine hydrochloride, 18 g (0.27 mole) of potassium
      hydroxide and 750 ml of absolute ethanol was heated under reflux for 1
      hour. The reaction mixture was concentrated on a rotary evaporator and
      cooled in ice overnight. The solid was collected by filtration and washed
      with anhydrous ether to give 43 g (73%). Two recrystallizations from
      absolute ethanol gave an analytical sample, m.p. 167.degree.-169.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.9 ClN.sub.2 O.sub.2 : C, 55.82; H, 3.83; N,
      11.84. Found : C, 55.44; H, 3.78; N, 11.72.
PAC  EXAMPLE II
PAC  5-(p-Nitrophenyl)-2-furamidoxime Hydrodhloride
PAR  A mixture of 97 g (0.45 mole) of 5-(p-nitrophenyl)-2-furonitrile, 34 g
      (0.49 mole) of hydroxylamine hydrochloride, 27 g (0.49 mole) of KOH and
      1450 ml of absolute ethanol was refluxed for one hour, cooled and
      filtered. The solid was stirred in dilute HCl/H.sub.2 O, and was filtered
      and air dried to yield 86 g (67%). An analytical sample was prepared by
      drying a sample in the vacuum pistol at room temperature, m.p.
      230.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.9 N.sub.3 O.sub.4.HCl: C, 46.57; H, 3.55;
      N, 14.82. Found: C, 46.43; H, 3.59; N, 14.41.
PAC  EXAMPLE III
PAC  5-(p-Aminophenyl)-2-furamidoxime
PAR  A mixture of 55 g (0.19 mole) of the compound of Example II, 500 ml of
      CH.sub.3 OH and one teaspoon of 5% Pd/C (50% H.sub.2 O) was shaken on the
      Parr apparatus with the theoretical amount of H.sub.2 being absorbed. The
      catalyst was removed by filtration and the solvent removed on the Calab
      evaporator leaving a residual solid which was washed in refluxing
      acetonitrile. The resulting solid was then washed in 1 N NaOH solution and
      air dried to yield 22 g (52%). An analytical sample was prepared by drying
      a sample at the temperature of refluxing CHCl.sub.3 in the vacuum pistol,
      m.p. 180.degree.-183.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.11 N.sub.3 O.sub.2 : C, 60.82; H, 5.10; N,
      19.35. Found: C, 60.67; H, 5.23; N, 19.00.
PAC  EXAMPLE IV
PAC  5-(p-Methylphenyl)-2-furamidoxime
PAR  A mixture of p-toluidine (216 g, 2.0 moles) in H.sub.2 O (400 ml) and
      concentrated HCl (540 ml) was diazotized by dropwise addition of solution
      of NaNO.sub.2 (144 g, 2.08 moles) in H.sub.2 O (400 ml) with the pot
      temperature kept below 10.degree.. The mixture was stirred for 1/2 hour
      and furfural (246 g, 2.56 moles) was added followed by a solution of
      CuCl.sub.2 (46 g) in H.sub.2 O (300 ml). The stirred mixture was heated at
      40.degree.-50.degree. for 5 hours and stored overnight at room
      temperature. The product was extracted with ether (1200 ml), dried
      overnight over MgSO.sub.4 and Darco, filtered and the filtrate stripped of
      solvent under reduced pressure. The residue was distilled in vacuo,
      collecting the product at 160.degree.-/1.4 mm Hg; yield: 70 g (19%) of
      5-(p-methylphenyl)-2-furaldehyde.
PAR  A solution of hydroxylamine hydrochloride (26 g, 0.38 mole) in H.sub.2 O
      (65 ml) was added to a solution of 5-(p-methylphenyl)-2-furaldehyde (70 g,
      0.38 mole) in absolute alcohol (200 ml), then stirred for 20 minutes and
      cooled overnight. The oxime was collected by filtration; yield: 60 g
      (79%).
PAR  A stirred mixture of 5-(p-methylphenyl)-2-furaldehyde oxime (60 g, 0.39
      mole) and benzene (1200 ml) was heated to reflux and a solution of
      POCl.sub.3 (11 ml) in benzene (30 ml) was added dropwise over 15 minutes.
      The mixture was refluxed for an additional 11/2  hours and filtered while
      hot. The filtrate was washed with 5% NaHCO.sub.3 (700 ml), H.sub.2 O (700
      ml), dried over MgSO.sub.4 and Darco, filtered and the filtrate stripped
      of solvent under reduced pressure; yield: 42 g (76%) of nitrile.
PAR  A mixture of 9.0 g (0.050 mole) of 5-(p-methylphenyl)-2-furonitrile, 3.75 g
      (0.054 mole) of hydroxylamine hydrochloride, 3.5 g (0.054 mole) of
      potassium hydroxide and 125 ml of absolute ethanol was refluxed for 2
      hours and then cooled in an ice bath. The insoluble material was filtered
      and discarded. The filtrate was added to a mixture of ice/H.sub.2 O and
      the resulting solid was filtered and stirred in 150 ml of refluxing
      hexane. The mixture was filtered hot and the solid was air dried to yield
      7 g (65%). An analytical sample was prepared by recrystallizing a sample
      form hexane/Darco and drying in the vacuum pistol at the temperature of
      refluxing CHCl.sub.3, m.p. 139.degree.-141.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.12 N.sub.2 O.sub.2 : C, 66.65; H, 5.59; N,
      12.96. Found: C, 66.49; H, 5.62; N, 12.80.
PAC  EXAMPLE V
PAC  5-(p-Benzyloxyphenyl)-2-furamidoxime
PAR  A. 5-(p-Benzyloxyphenyl)-2-furaldehyde
PAR  A mixture of 236 g (1.0 mole) of p-benzyloxyaniline hydrochloride in 1.5 l
      of water and 230 ml of conc. HCl was warmed on a steam bath for 11/2
      hours. No solution was effected. The mixture was then cooled down to
      0.degree.-5.degree. and a solution of 76 g (1.1 mole) of sodium nitrite in
      500 ml of water was added in about 1 hour while keeping the temperature at
      4.degree.-7.degree.. The mixture was allowed to stir further for an
      additional 45 minutes while the temperature gradually rose to 10.degree..
      Furfural (192 g, 2 moles) and 55 g of cupric chloride dihydrate in a
      minimum amount of water was added and the mixture was allowed to stir at
      ambient temperature overnight. Solid started to separate after 2 days of
      stirring. The solid was collected, washed well with water. The filtrate
      and the water washings were combined and allowed to stir for an additional
      4 days while more solid separated. The dark gummy solids were combined,
      triturated with ether, filtered and air dried. Repeated recrystallizations
      from hot cyclohexane gave 48.5 g (17.5%).
PAR  B. 5-(p-Benzyloxyphenyl)-2-furonitrile
PAR  A mixture of 34.6 (0.125 mole) of 5-(p-benzyloxyphenyl)-2-furaldehyde, 17.3
      g (0.25 mole) of hydroxylamine hydrochloride and 20.4 g (0.25 mole) of
      anhydrous sodium acetate in 900 ml of ethanol and 80 ml of water was
      heated at reflux for 5 hours. After cooling, the mixture was poured into
      ice water and solid separated very readily. The solid was collected,
      washed with water and air dried. the yield of oxime was 33 g (91%).
PAR  A mixture of 38.5 g (0.131 mole) of the above oxime in 400 ml of acetic
      anhydride was heated at reflux for 3 hours. After cooling, the reaction
      solution was poured onto crushed ice with stirring. Oily material
      gradually solidified. The solid was collected, washed with water and dried
      to give 40.5 g of crude product. Recrystallization from 4 l of hexane gave
      30 g (83%) of 5-(p-benzyloxyphenyl)-2-furonitrile.
PAR  C. 5-(p-Benzyloxyphenyl-2-furamidoxime
PAR  A mixture of 30 g (0.11 mole) of 5-(p-benzyloxyphenyl)-2-furonitrile, 8.3 g
      (0.12 mole) of hydroxylamine hydrochloride, 8 g (0.12 mole) of KOH and 330
      ml of absolute ethanol was refluxed for 11/2 hours, cooled in an ice bath
      and filtered. The solid obtained was recrystallized from 95% ethanol to
      yield 19 g (56%). An analytical sample was obtained by drying a sample in
      the vacuum pistol at the temperature of refluxing CHCl.sub.3, m.p.
      145.degree.-146.degree..
PAR  Anal. Calcd. for C.sub.18 H.sub.16 N.sub.2 O.sub.3 : C, 70.12; H, 5.23; N,
      9.09. Found : C, 69.85; H, 5.24; N, 9.00.
PAC  EXAMPLE VI
PAC  5-(p-Hydroxyphenyl)-2-furamidoxime
PAR  A mixture of 15 g (0.048 mole) of the compound of Example V, 1 tsp. of 5%
      Pd/C, 50% H.sub.2 O, and 135 ml of methanol was shaken under hydrogen
      pressure with the theoretical amount of H.sub.2 being absorbed. The
      catalyst was removed by filtration and the solvent removed on the Calab
      evaporator to give a residual solid. The solid was refluxed in 750 ml of
      ethyl acetate, cooled in an ice bath and the insoluble material removed by
      filtration. The filtrate was reduced to 300 ml volume on the Calab
      evaporator and then diluted with hexane. The resulting solid was filtered
      and air dried to yield 5.4 g (46%). An analytical sample was prepared by
      dissolving a sample in refluxing ethyl acetate and adding hexane to the
      cloud point. This procedure was repeated three times, m.p.
      157.degree.-158.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.10 N.sub.2 O.sub.3 : C, 60.54; H, 4.62; N,
      12.84. Found : C, 60.30; H, 4.69; N, 12.54.
PAC  EXAMPLE VII
PAC  5-Phenyl-2-furamidoxime
PAR  A solution of hydroxylamine hydrochloride (20 g, 0.29 mole) in H.sub.2 O
      (50 ml) was added to a solution of 5-phenyl-2-furaldehyde (50 g, 0.29
      mole) in ethanol (150 ml) with stirring. The light yellow product was
      collected by filtration, yield: 48 g (89%) of oxime. A sample was
      recrystallized from isopropanol, m.p. 182.degree.-184.degree..
PAR  Anal. Calcd. for C.sub.11 H.sub.9 NO.sub.2 : C, 70.58; H, 4.64; N, 7.48.
      Found : C, 70.35; H, 4.83; N, 7.37.
PAR  A stirred mixture of 5-phenyl-2-furaldehyde oxime (39 g, 0.21 mole) and
      benzene (850 ml) was heated under reflux, and a solution of POCl.sub.3 (7
      ml, 0.1 mole) in benzene (20 ml) was added dropwise over 30 minutes. The
      mixture was refluxed for an additional 11/2 hours and filtered while hot.
      The filtrate was washed with 5% NaHCO.sub.3 (800 ml), H.sub.2 O (800 ml),
      dried over MgSO.sub.4 and Darco, and filtered. The filtrate was stripped
      of solvent under reduced pressure; yield: 29 g (88%) of nitrile.
PAR  A mixture of 10 g (0.059 mole) of 5-phenyl-2-furonitrile, 4.1 g (0.060
      mole) of hydroxylamine hydrochloride, 4.0 g (0.060 mole) of potassium
      hydroxide, and 150 ml of absolute ethanol was refluxed for 21/2 hours,
      cooled to room temperature, and then added to 750 ml of ice/H.sub.2 O. the
      resulting solid was washed in water and dried at 60.degree. to yield 10 g
      (84%), m.p. 118.degree.-120.degree..
PAR  Anal. Calcd. C.sub.11 H.sub.10 N.sub.2 O.sub.2 : C, 65.33; H, 4.98; N,
      13.86. Found: C, 65.42; H, 4.97; N, 13.53.
PAC  EXAMPLE VIII
PAC  5-(p-Methylthiophenyl)-2-furamidoxime
PAR  A solution of 4-methylthioaniline hydrochloride (175 g, 1.0 mole) in
      H.sub.2 O (200 ml) and concentrated HCl (450 ml) was diazotized by
      dropwise addition of a solution of NaNO.sub.2 (70 g) in H.sub.2 O (200 ml)
      with the pot temperature kept below 10.degree.. The mixture was stirred
      for 1/2 hour, then furfural (192 g, 2.0 moles) was added followed by a
      solution of CuCl.sub.2 (23 g) in H.sub.2 O (100 ml). The mixture was
      stirred in ambient temperature for 2 days. The product was extracted with
      ether (1800 ml) in portions, dried over MgSO.sub.4 and Darco, filtered;
      the filtrate stripped of solvent under reduced pressure. The residue was
      distilled in vacuo, collecting the 5-(p-methylthiophenyl-2-furaldehyde at
      180.degree.-220.degree. (1-3 mm Hg), yield: 52 g (24%).
PAR  A solution of hydroxylamine hydrochloride (16.5 g, 0.24 mole) in H.sub.2 O
      (35 ml) was added to a solution of 5-(p-methylthiophenyl)-2-furaldehyde
      (52 g, 0.24 mole) in absolute alcohol (300 ml) and stirred for 1 hour. The
      oxime was collected by filtration, yield: 41 g (73%).
PAR  A stirred mixture of 5-(p-methylthiophenyl)-2-furaldehyde oxime (41 g, 0.18
      mole) and benzene (300 ml) was heated to reflux and a solution of
      POCl.sub.3 (8 ml) in benzene (40 ml) was added dropwise over 20 minutes.
      The mixture was refluxed for an additional 11/2 hours and filtered while
      hot. The filtrate was washed with 5% HaHCO.sub.3 (500 ml), H.sub.2 O (500
      ml), dried over MgSO.sub.4 and Darco, filtered; the filtrate was stripped
      of solvent under reduced pressure, yield: 31 g (80%) of nitrile.
PAR  A mixture of 13 g (0.060 mole) of 5-(p-methylthiophenyl)-2-furonitrile, 4.5
      g (0.065 mole) of hydroxylamine hydrochloride, 4.2 g (0.065 mole) of KOH,
      and 160 ml of absolute ethanol was refluxed for 11/2 hours and then kept
      overnight at room temperature. The insoluble material was removed by
      filtration and discarded. The filtrate was added to ice/water and the
      resulting solid was dissolved in refluxing ethyl acetate, Darcoed, and
      filtered. The filtrate was heated to reflux and hexane was added to the
      cloud point. This mixture was cooled in an ice bath with the resulting
      solid being filtered and air dried to yield 10 g (67%). An analytical
      sample was prepared by drying a sample in the vacuum pistol at the
      temperature of refluxing CHCl.sub.3, m.p. 148.degree.-150.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.12 N.sub.2 O.sub.2 S: C, 58.04; H, 4.87; N,
      11.28. Found: C, 57.90; H, 4.70; N, 11.00.
PAC  EXAMPLE IX
PAC  O-Methyl-5-(4-nitrophenyl)-2-furamidoxime
PAR  A mixture of 2.14 g (0.010 mole) of 5-(4-nitrophenyl)-2-furonitrile, 0.59 g
      (0.011 mole) of NaOCH.sub.3 and 40 ml of anhydrous CH.sub.3 OH was heated
      to near reflux with dissolution. After heating for 1 hour, the reaction
      was cooled to room temperature and 0.92 g (0.011 mole) of methoxyamine
      hydrochloride was added. The resulting mixture was refluxed for 21/2 hours
      and then cooled in an ice bath. The solid was filtered, washed with water
      and dried in the vacuum pistol at the temperature of refluxing CHCl.sub.3
      to yield 1.9 g (73%), m.p. 151.degree.-153.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.11 N.sub.3 O.sub.4 : C, 55.17; H, 4,24; N,
      16.09. Found : C, 54.87; H, 4.15; N, 15.77.
PAC  EXAMPLE X
PAC  5-[4-(1-Hydroxyethyl)phenyl]-2-furamidoxime
PAR  A. 5-(p-Acetylphenyl)-2-furonitrile 5-(p-Acetylphenyl)-2-furaldehyde (43 g,
      0.2 mole) was dissolved in a mixture of 2.8 l of ethanol and 150 ml of
      dimethylformamide by warming on a steam bath with stirring. The slightly
      cloudy brown solution was cooled down to 35.degree. and then 13.9 g (0.2
      mole) of hydroxylamine hydrochloride in a minimum amount of water (50 ml)
      was added in about 5 minutes. The cloudy solution was allowed to stir at
      ambient temperature for 53/4 hours. After overnight standing, the reaction
      mixture was poured onto crushed ice. Light brown solid separated and was
      collected, washed with water and air dried. More solid separated from the
      filtrate and was also collected. The combined yield of the oxime was 43 g
      (93.5%). The solid was placed in 500 ml of acetic anhydride and heated at
      reflux for 4 hours. After cooling, the reaction mixture was poured onto
      crushed ice and allowed to hydrolyze gradually. The brown solid was
      collected, washed well with water and air dried to give 37.5 g of crude
      material. Recrystallization from 1.1 l of methylcyclohexane gave 22 g
      (52.5%) of 5-(p-acetylphenyl)-2-furonitrile.
PAR  Recrystallization of 1 g from 100 ml of methylcyclohexane gave 0.4 g of
      analytically pure material, m.p. 122.degree.-125.degree..
PAR  B. 5-[4-(1-Hydroxyethyl)phenyl]-2-furonitrile
PAR  A solution of 46 g (0.22 mole) of 5-(4-acetylphenyl)-2-furonitrile in 800
      ml of 95% dioxane/H.sub.2 O was treated portionwise with 8.3 g (0.22 mole)
      of NaBH.sub.4 while keeping the temperature below 20.degree. by means of
      an ice bath. The resulting solution was stirred at ambient temperature for
      21/2 hours and then added to an ice/H.sub.2 O mixture. After standing 48
      hours, the reaction mixture was extracted with ether and the combined
      ethereal extracts dried over MgSO.sub.4. The ether was removed on the
      Calab evaporator yielding 27 g (58%) of product as a residual oil.
PAR  C. 5-[4-(1-Hydroxyethyl)phenyl]-2-furamidoxime
PAR  A mixture of 27 g (0.13 mole) of
      5-[4-(1-hydroxyethyl)phenyl]-2-furonitrile, 8.3 g (0.13 mole) of NH.sub.2
      OH.HCl, 8.5 g (0.13 mole) of KOH and 200 ml of absolute ethanol was
      refluxed for 2 hours, cooled to room temperature, and added to ice/H.sub.2
      O with a semi-solid forming. This material was extracted with ether and
      the combined ethereal extracts dried over MgSO.sub.4. The ether was
      dissolved in ethyl acetate, and hexane was added to turbidity. The
      resulting mixture was warmed in a steam bath, cooled, filtered and air
      dried to yield 17 g (55%).
PAR  An analytical sample was prepared by treating a sample three times as above
      with ethyl acetate-hexane and drying in the vacuum pistol at room
      temperature, m.p. 159.degree.-160.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.14 N.sub.2 O.sub.3 : C, 63.40; H, 5.73; N,
      11.38. Found: C, 63.12; H, 5.73; N, 11.24.
PAC  EXAMPLE XI
PAC  O-Methyl-5-phenyl-2-furamidoxime
PAR  A mixture of 1.69 g (0.010 mole) of 5-phenyl-2furonitrile, 0.54 g (0.01
      mole) of NaOCH.sub.3, and 30 ml of anhydrous CH.sub.3 OH was refluxed for
      1 hour. The resulting solution was cooled to room temperature and 0.84 g
      (0.010 mole) of methoxyamine hydrochloride was added. The resulting
      mixture was refluxed for 2 hours, and then cooled to room temperature. A
      small amount of solid was filtered and discarded. The filtrate was added
      to ice/H.sub.2 O and the resulting solid was filtered, and dried in the
      vacuum pistol at room temperature to yield 1.8 g (83%). An analytical
      sample was prepared by recrystallizing a sample from hexane/Darco and
      drying in the vacuum pistol at room temperature, m.p.
      103.degree.-104.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.12 N.sub.2 O.sub.2 : C, 66.65; H, 5.59; N,
      12.96. Found : C, 66.64; H, 5.46; N, 13.00.
PAC  EXAMPLE XII
PAC  5-(4-Acetylphenyl)-2-furamidoxime
PAR  A mixture of 17.0 g (0.080) mole of 5-(4-acetylphenyl)-2-furonitrile, 4.24
      g (0.080 mole) of NaOCH.sub.3 and 300 ml of anhydrous CH.sub.3 OH was
      refluxed for 1 hour and then cooled to room temperature. After adding 5.16
      g (0.080 mole) of NH.sub.2 OH.HCl, the reaction was stirred at room
      temperature for 2 hours at near reflux for 15 minutes and then cooled in
      an ice bath. The resulting solid was filtered, air dried, and
      recrystallized from ethyl acetate/Darco to yield 4.5 g (23%). An
      analytical sample was prepared by drying a sample in the vacuum pistol at
      the temperature of refluxing CHCl.sub.3, m.p. 197.degree.-199.degree..
PAR  Anal. Calcd. for C.sub.13 H.sub.12 N.sub.2 O.sub.3 : C, 63.93; H, 4.95; N,
      11.47. Found: C, 63.77; H, 5.02 N, 11.15.
PAC  EXAMPLE XIII
PAC  O-Methyl-5-(4-aminophenyl)-2-furamidoxime
PAR  A mixture of 12.4 g (0.0475 mole) of the compound of Example IX, 1/2 tsp.
      of 5% Pd/C (50% H.sub.2 O), and 150 ml of CH.sub.3 OH was shaken under
      hydrogen pressure with the theoretical amount of H.sub.2 being absorbed.
      The catalyst was removed by filtration and the filtrate was taken to
      dryness on the Calab evaporator yielding a residual solid. This solid was
      dissolved in refluxing ethyl acetate (Darco), filtered, and the filtrate
      treated with hexane. The resulting solid was filtered and air-dried to
      yield 6.0 g (55%). An analytical sample was prepared by drying a sample in
      the vacuum pistol at room temperature, m.p. 115.degree.-117.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.13 N.sub.3 O.sub.2 : C, 62.32; H, 5.67; N,
      18.10. Found: C, 61.93; H, 5.68; N, 18.01.
PAC  EXAMPLE XIV
PAC  O-Methyl-5-(2-nitrophenyl)-2-furamidoxime Hydrochloride
PAR  A mixture of 53.0 g (0.25 mole) of 5-(2-nitrophenyl)-2-furonitrile, 14.6 g
      (0.27 mole) of sodium methylate and 750 ml of anhydrous methanol was
      heated to reflux with dissolution. The solution was refluxed one hour,
      cooled to room temperature and 23.0 g (0.27 mole) of methoxyamine
      hydrochloride was added. This solution was refluxed for 21/2 hours and the
      solvent was then removed on the Calab evaporator yielding a residual oil.
      This oil was dissolved in ethyl acetate, washed with water, and dried over
      MgSO.sub.4. The solvent then removed on the Calab evaporator and the
      residual oil was dissolved in ether. The ethereal solution was treated
      with ethereal/HCl. The resulting sticky solid was filtered, recrystallized
      from nitromethane, and air dried to yield 21 g (29%). An analytical sample
      was prepared by recrystallizing a sample from acetonitrile and drying in
      the vacuum pistol at room temperature, m.p. 182.degree.-184.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.11 N.sub.3 O.sub.4 : C, 48.41; H, 4.06; N,
      14.12. Found: C, 48.14; H, 3.84; N, 14.09.
PAC  EXAMPLE XV
PAC  5-(2-Nitrophenyl)-2-furamidoxime Hydrochloride
PAR  A mixture of 5-(2-nitrophenyl)-2-furonitrile (34 g, 0.16 mole), KOH (9.5 g,
      0.17 mole), hydroxylamine hydrochloride (11.5 g, 0.165 mole) and absolute
      alcohol (400 ml) was heated under reflux for 2 hours. The reaction mixture
      was cooled in ice, and the insoluble material was collected by filtration.
      The solvent was removed on a rotary evaporator, and the residual oil (44
      g) was triturated with water several times. It was dissolved in anhydrous
      ether (ca. 2l. ) and the insoluble material was removed by filtration.
      Gaseous HCl was introduced into the filtrate yielding a solid that was
      collected by filtration and washed with anhydrous ether to give 33 g
      (73%). An analytical sample, m.p. 205.degree.-206.degree., was obtained by
      recrystallization from isopropanol.
PAR  Anal. Calcd. for C.sub.11 H.sub.9 N.sub.3 O.sub.4.HCl: C, 46.57; H, 3.55;
      N, 14.82. Found: C, 46.99; H, 3.62; N, 14.82.
PAC  EXAMPLE XVI
PAC  5-(4-Methoxyphenyl)-2-furamidoxime Hydrochloride
PAR  A. 5-(4-Methoxyphenyl)-2-furaldehyde
PAR  A 5l. three-necked flask equipped with stirrer, thermometer and dropping
      funnel was charged with water (150ml), concentrated HCl (400 ml) was
      introduced, followed by p-anisidine (185 g, 1.5 moles). A solution of
      sodium nitrite (108 g, 1.56 moles) in water (300 ml) was introduced
      dropwise maintaining -10.degree. to -5.degree.C. Furfural (184 g, 1.92
      moles) was introduced followed by a solution of CuCl.sub.2.2H.sub.2 O (46
      g) in water (300 ml). The reaction mixture was heated to 53.degree. with
      hot water maintaining 53.degree.-68.degree. for 2.5 hours. After cooling
      to room temperature overnight, the reaction mixture was extracted with
      ether (1800 ml). The dried (MgSO.sub.4) extract was evaporated in a rotary
      evaporator, and the residue was distilled under reduced pressure to give
      70 g of black semi-solid product (b.p. 160.degree.-190.degree. at 2-5 mm).
PAR  B. 5-(p-Methoxyphenyl)-2-furaldehyde Oxime
PAR  A 250 ml Erlenmeyer flask was charged with
      5-(4-methoxyphenyl)-2-furaldehyde (40 g, 0.20 mole) and absolute alcohol
      (125 ml). A solution of hydroxylamine hydrochloride (14 g, 0.20 mole) in
      water (25 ml) was added to this suspension. This mixture was stirred for 1
      hour, cooled, filtered and washed with isopropanol, yielding 28 g (65.2%).
PAR  C. 5-(p-Methoxyphenyl)-2-furonitrile
PAR  A 500 ml three-necked flask equipped with stirrer, thermometer and reflux
      condenser was charged with 5-(p-methoxyphenyl)-2-furaldehyde oxime (28 g,
      0.129 mole) and acetic anhydride (317 ml). This mixture was refluxed
      (138.degree.) for 3 hours. After cooling to room temperature overnight,
      the green solution was poured into ice water (ca. 2l. ) with stirring.
      When the ice melted, the solid was collected by filtration, washed with
      water, and dried to give 26 g.
PAR  D. 5-(4-Methoxyphenyl-2-furamidoxime Hydrochloride
PAR  A 500 ml three-necked flask equipped with a stirrer and reflux condenser
      was charged with 5-(p-methoxyphenyl)-2furonitrile (13 g, 0.065 mole), KOH
      (4.2 g, 0.075 mole) and absolute alcohol (200 ml). This mixture was
      refluxed for 2.5 hours and allowed to cool to ambient temperature. After
      cooling, small amount of insoluble material was removed by filtration. The
      solvent was removed in a rotary evaporator and the residue was suspended
      in anhydrous ether (ca. 900 ml). Gaseous HCl was introduced and the
      mixture was stirred for 1 hour. The solid was collected by filtration and
      washed with anhydrous ether to give 13.5 g (77.2%) of product. An
      analytical sample was obtained by recrystallization from S.D.A. No. 32
      containing some HCl, m.p. 205.degree.-206.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.12 N.sub.2 O.sub.3.HCl: C, 53.64; H, 4.88;
      N, 10.43. Found: C, 53.44; H, 4.95; N, 10.19.
PAC  EXAMPLE XVII
PAC  5-(2-Aminophenyl)-2-furamidoxime Dihydrochloride
PAR  A mixture of the compound of Example XV (14.2 g 0.05 mole), 5% Pd/C (50%
      H.sub.2 O) (1 teaspoon), and anhydrous methanol (300 ml) was shaken in a
      Parr apparatus until the theoretical amount of hydrogen was absorbed. The
      catalyst was removed by filtration and washed with anydrous methanol.
      Gaseous HCl was introduced into the filtrate with cooling in ice. The
      solid was collected by filtration and washed with anhydrous ether to give
      10.8 g (75%) of product. An analytical sample, m.p.
      238.degree.-239.degree., was obtained by drying in an Abderhalden.
PAR  Anal Calcd. for C.sub.11 H.sub.11 N.sub.3 O.sub.2.2HCl: C, 45.53; H, 4.52;
      N, 14.48. Found: C, 45.77; H, 4.75; N, 14.41.
PAC  EXAMPLE XVIII
PAC  O-Methyl-5-(2-aminophenyl-2-furamidoxime Dihydrochloride Monohydrate
PAR  A mixture of 11.4 g (0.038 mole) of the compound of Example XIV, 1/2 tsp.
      of Pd/C (50% H.sub.2 O), and 150 ml of methanol was shaken under hydrogen
      pressure with the theoretical amount of hydrogen being absorbed. The
      catalyst was removed by filtration, and the filtrate taken to dryness on
      the Calab evaporator yielding a residual oil. This oil was dissolved in
      methanol, treated with methanolic/HCl and diluted with ether with a solid
      forming. This solid was again treated as above and then air dried to yield
      7.0 g (57%). An analytical sample was prepared by dissolving a sample of
      the above solid in methanol (Darco), filtering, treating the filtrate with
      ethereal HCl, and drying the resulting solid in the vacuum pistol at room
      temperature, m.p. 216.degree.-218.degree..
PAR  Anal. Calcd. for C.sub.12 H.sub.13 N.sub.3 O.sub.2.2HCl.H.sub.2 O: C,
      44.75; H, 5.32; N, 13.05. Found: C, 45.01; H, 5.32; N, 13.40.
PAC  EXAMPLE XIX
PAC  5-(4-Dimethylaminophenyl)-2-furamidoxime Dihydrochloride
PAR  A. 5-(4-Dimethylaminophenyl)-2-furaldehyde Oxime
PAR  A 12 l. four-necked flask equipped with stirrer, thermometer, and dropping
      funnel was charged with conc'd. HCl (4120 ml)
      N,N-Dimethyl-p-phenylenediamine (1013 g, 7.45 moles) was introduced slowly
      yielding a dark red solution. A solution of sodium nitrite (505 g, 7.3
      moles) in water (2060 ml) was introduced dropwise maintaining -10.degree.
      to -5.degree.C. 2-Furaldehyde (705 g, 7.35 moles) was introduced at once
      followed by a solution of CuCl.sub.2. 2H.sub.2 O (286 g) in water (1040
      ml). The reaction mixture was stirred for 4.5 days and 1 gallon of ether
      was added. The water layer was separated and treated with "Darco" at
      ambient temperature. After filtering, a solution of hydroxylamine
      hydrochloride (518 g, 7.45 moles) in water (1370 ml) was introduced. The
      reaction mixture was heated to 58.degree.C and stirring was continued for
      3 days at ambient temperature. The black semi-solid was filtered and
      suspended in water and made basic with a saturated Na.sub.2 CO.sub.3
      solution. After stirring for 1.5 hours the black solid obtained by
      filtration was stirred with ether (ca. 4l. ). The dried (MgSO.sub.4)
      solution was evaporated in a rotary evaporator. The residual dark solid
      was partially dissolved in benzene and precipitated with hexane to give 11
      g of oxime.
PAR  B. 5-(4-Dimethylaminophenyl)-2-furonitrile
PAR  A 500 ml three-necked flask equipped with stirrer, reflux condenser and
      dropping funnel was charged with 5-(4-dimethylaminophenyl)-2-furaldehyde
      oxime (10.5 g, 0.046 mole) and benzene (250 ml). A solution of POCl.sub.3
      (3.75 ml, 0.04 mole) in benzene (100 ml) was introduced dropwise and the
      reaction mixture was refluxed for 3 hours. The content of the flask was
      poured into an Erlenmeyer, ice cooled, and treated with water (120 ml),
      ether (400 ml) and solid NaHCO.sub.3 until it was basic. The water layer
      was discarded. The dried (MgSO.sub.4) organic layer was evaporated in
      rotary evaporator, and the residue was triturated with a minimum of
      anhydrous ether (ca. 25 ml) yielding 3.8 g of nitrile.
PAR  C. 5-(4-Dimethylaminophenyl)-2-furamidoxime Dihydrochloride
PAR  A 250 ml three-necked flask equipped with stirrer and reflux condenser was
      charged with 5-(4-dimethylaminophenyl)-2-furonitrile (4.0 g, 0.019 mole),
      hydroxylamine hydrochloride (1.5 g, 0.022 mole), KOH (1.25 g, 0.0223 mole)
      and absolute alcohol (100 ml). The reaction mixture was refluxed for 2.5
      hours. It was cooled and filtered. The solvent was removed leaving a gummy
      solid that was suspended in anhydrous ether (ca. 200 ml). Gaseous HCl was
      introduced to saturation, yielding 3.8 g (63.2%). An analytical sample
      (m.p. 220.degree.-222.degree.) was obtained by recrystallization from a
      MeOH-ether mixture.
PAR  Anal. Calcd. for C.sub.13 H.sub.15 N.sub.3 O.sub.2.2HCl: C, 49.07; H,
      5.38;N, 13.21. Found: C, 48.90; H, 5.45; N, 13.15.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC3##
PAL  wherein X represents hydrogen, nitro, amino, 4-chloro, 4-methyl,
      4-methylthio, 4-hydroxy, 4-benzyloxy, 4-acetyl, 4-(1-hydroxyethyl),
      4-methoxy, and 4-dimethylamino; R represents hydrogen or methyl; and n
      represents 0, 1, or 2.
NUM  2.
PAR  2. The compound 5-(p-chlorophenyl)-2-furamidoxime.
NUM  3.
PAR  3. The compound 5-(p-nitrophenyl)-2-furamidoxime hydrochloride.
NUM  4.
PAR  4. The compound 5-(p-aminophenyl)-2furamidoxime.
NUM  5.
PAR  5. The compound 5-(p-methoxyphenyl)-2-furamidoxime.
NUM  6.
PAR  6. The compound 5-(p-benzyloxyphenyl)-2-furamidoxime.
NUM  7.
PAR  7. The compound 5-(p-hydroxyphenyl)-2-furamidoxime.
NUM  8.
PAR  8. The compound 5-phenyl-2furamidoxime.
NUM  9.
PAR  9. The compound 5-(p-methylthiophenyl)-2-furamidoxime.
NUM  10.
PAR  10. The compound O-methyl-5-(4-nitrophenyl)-2-furamidoxime.
NUM  11.
PAR  11. The compound 5-[4-(1-hydroxyethyl)phenyl]-2-furamidoxime.
NUM  12.
PAR  12. The compound O-methyl-5-phenyl-2-furamidoxime.
NUM  13.
PAR  13. The compound 5-(4-acetylphenyl)-2-furamidoxime.
NUM  14.
PAR  14. The compound O-methyl-5-(4-aminophenyl)-2-furamidoxime.
NUM  15.
PAR  15. The compound O-methyl-5-(2-nitrophenyl)-2-furamidoxime hydrochloride.
NUM  16.
PAR  16. The compound 5-(2-nitrophenyl)-2-furamidoxime hydrochloride.
NUM  17.
PAR  17. The compound 5-(4-methoxyphenyl)-2furamidoxime hydrochloride.
NUM  18.
PAR  18. The compound 5-(2-aminophenyl)-2furamidoxime dihydrochloride.
NUM  19.
PAR  19. The compound O-methyl-5-(2-aminophenyl)-2-furamidoxime dihydrochloride
      monohydrate.
NUM  20.
PAR  20. The compound 5-(4-dimethylaminophenyl)-2-furamidoxime dihydrochloride.
PATN
WKU  039460509
SRC  5
APN  5645603
APT  1
ART  121
APD  19750402
TTL  Flavouring and perfuming ingredients
ISD  19760323
NCL  1
ECL  1
EXP  Milestone; Norma S.
INVT
NAM  Demole; Edouard P.
CTY  Coppet,Vaud
CNT  CH
ASSG
NAM  Firmenich SA
CTY  Geneva
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730410
APN  5122/73
PRIR
CNT  CH
APD  19730412
APN  5274/73
RLAP
COD  74
APN  451423
APD  19740315
PSC  04
CLAS
OCL  260348R
EDF  2
ICL  C07D30332
FSC  260
FSS  348 R
LREP
FRM  Pennie & Edmonds
ABST
PAL  Various compounds are disclosed to be useful in the flavouring of
      foodstuffs, animal feeds, beverages, pharmaceutical preparations and
      tobacco products. These compounds are equally useful perfuming
      ingredients.
PARN
PAR  This is a division of application Ser. No. 451,423, filed Mar. 15, 1974.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of the invention belong to the class of the derivatives
      listed below:
PA0  a. 6-methyl-3-isopropyl-hepta-4,6-dien-1-ol,
PA0  B. 8-hydroxy-5-isopropyl-non-6-en-2-one,
PA0  C. 5-isopropyl-non-3-ene-2,8-diol,
PA0  D. 8-hydroxy-5-isopropyl-nonan-2-one,
PA0  E. 5-isopropyl-nonane-2,8-diol,
PA0  F. 5-isopropyl-nonane-2,8-dione,
PA0  G. 3,4-epoxy-5-isopropyl-nonane-2,8-dione,
PA0  H. 8-hydroxy-5-isopropyl-8-methyl-non-6-en-2one,
PA0  I. 6,7-epoxy-8-hydroxy-5-isopropyl-8-methyl-nonan-2-one,
PA0  J. 2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]octan-7-yl-methyl-ketone,
PA0  K. 2 -(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]
      octan-7yl)-propan-2-ol,
PA0  L. 6-isopropyl-1,3,3-trimethyl-2,9-dioxa-bicyclo[3.3.1] nonan-4-ol, and
PA0  M. 1-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1.]
      octan-7-yl)-ethan-1-ol.
PAR  These compounds, which are new, may be regarded as derivatives of
      5-isopropyl-8-methyl-nona-6,8-dien-2-one, better known under the name of
      solanone.
PAR  With the exception of 5-isopropyl-nonane-2,8-dione I have discovered the
      compounds of the invention as compounds of natural origin which can be
      isolated from an essential oil. This essential oil can be obtained by
      subjecting Burley tobacco to steam distillation, acidifying the aqueous
      distillate to about pH 4, and extracting the acidified distillate with a
      volatile solvent.
PAR  However, the procedure for isolating the compounds from tobacco is
      extremely complex and completely uneconomical. The yield of essential oil
      obtained is not higher than 0.03 % by weight of the total tobacco treated.
      Moreover, the compounds of the invention are very minor constituents of
      the essential oil, having been detected therein at a concentration varying
      from about 0.005 to about 0.3 % by weight. In order to isolate the desired
      compounds, the essential oil is subjected to a preliminary separation by
      fractional distillation under reduced pressure, and the less volatile
      fractions (b.p. above 35.degree.C/0.001 Torr) are subjected to repeated
      fractional distillation using high resolution columns. For the final
      isolation of the desired compounds, it has been found necessary to resort
      to repeated separations by preparative gas chromatography, using
      stationary phases of contrasting polarity.
PAR  The disadvantages and difficulties inherent in the isolation of the cited
      compounds from an essential oil obtained from tobacco have been overcome
      by the realization of appropriate synthetic methods for their preparation.
      In this respect the specific procedures followed are described in the
      examples given hereinafter.
PAR  Broadly, the compounds of the invention can be used for improving,
      enhancing or modifying the flavouring properties of foodstuffs, animal
      feeds, beverages, pharmaceutical preparations and tobacco products, for
      improving, enhancing or modifying the odoriferous properties of perfumes
      and perfumed products, and for the preparation of fragrant and flavouring
      compositions.
PAR  Thus, the invention provides a flavouring or perfuming composition
      comprising one of the compounds listed above.
PAR  The invention also provides a tobacco or tobacco substitute having added
      thereto a small but flavouring effective amount of at least one of the
      compounds listed above.
PAR  In their pure state, the compounds of the invention possess original and
      characteristic flavouring and perfuming notes. They can develop or enhance
      a variety of flavour or aroma notes, particularly the woody note
      reminiscent of the typical character presented by dry leaves, with animal
      and sometimes fruity undertones.
PAR  These organoleptic characteristics make them particularly suitable for the
      aromatization of infusions or decoctions, such as those made from tea,
      camomile, lime or verbena.
PAR  A particular valuable feature of the pure compounds of the invention is
      that their tenacious organoleptic characters are stable and perfectly
      reproducible; whereas, in contradistinction, the properties of the natural
      essential oil vary with the origin of the tobacco from which it has been
      extracted, the method of extraction, and the purity of the essential oil
      recovered. Consequently, by virtue of their organoleptic properties, the
      compounds of the invention are useful as flavouring and perfuming
      ingredients over a wider field of applications than the natural essential
      oil.
PAR  The compounds of the invention are particularly useful for the flavouring
      of tobacco. The tobacco used, for example, in the manufacture of
      cigarettes comprises a mixture of different types, blended to give the
      desired characteristic flavour and aroma in the smoke produced. Thus,
      cigarettes currently manufactured usually contain mixtures of Virginia,
      Maryland and Kentucky tobacco in combination with oriental or turkish
      tobacco. The proportion of each type of tobacco in the mixture can be
      varied, in order to obtain the particular flavour and aroma desired. It is
      also common practice to employ flavouring agents and humectants as
      additives in these tobacco mixtures, further to enhance their organoleptic
      properties.
PAR  It has now been discovered that the addition of one of the compounds of the
      invention to a tobacco base (which may be natural tobacco, or a tobacco
      substitute of natural or synthetic origin) imparts thereto a dry leaf
      flavour, with woody, animal and sometimes fruity character. These
      properties are particularly developed on smoking the tobacco. It has
      however to be pointed out that the characterization of the flavour and
      aroma of tobacco smoke is rather subjective and different smokers may
      define in a different way the organoleptic characteristics of the very
      same tobacco.
PAR  The compounds of the invention can be used on their own, or in compositions
      comprising one or more flavouring or odoriferous compounds. The compounds
      and compositions of the invention may be used in a variety of form,
      depending upon their chemical nature, solubility and stability, but they
      are preferably used in solution. For the flavouring of tobacco, they are
      preferably added after ageing, curing and shredding, but before the
      tobacco is formed into cigarettes or other finished products. A convenient
      method for flavouring tobacco consists in spraying it with a solution of
      the flavouring compound or composition in alcohol, or in a mixture of
      alcohol and propylene glycol.
PAR  For the perfumery, the compounds of the invention are particularly suitable
      for developing herbacious type notes, specifically those reminiscent of
      hay. More particularly, it has been found that by the use of
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol,
      8-hydroxy-5-isopropyl-non-6-en-2-one or
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one as perfuming agents it was
      possible to develop herbacious type notes of particular interest.
PAR  The proportions in which the flavouring agents of the invention are used in
      flavouring compositions or are added to tobacco can vary widely, depending
      upon the specific organoleptic effect it is desired to achieve and the
      type of tobacco to which they are added. Interesting flavouring effects
      can be achieved with amounts ranging from 1 to 500 ppm, preferably from 10
      to 200 ppm and most preferably from 10 to 50 ppm, based on the weight of
      the product flavoured.
PAR  Comparable proportions of the compounds of the invention can be used for
      the flavouring of foodstuffs, beverages, animal feeds and pharmaceutical
      preparations.
PAR  When the compounds of the invention are used for the preparation of
      artificial flavour compositions, they may tipycally constitute up to 80 %
      by weight of the composition.
PAR  Similarly, when used as perfuming ingredient, the proportion of the
      compounds of the invention in the perfume composition or perfumed product
      to which they are incorporated can vary over a wide range. Interesting
      odoriferous effects can be achieved with amounts ranging from 1 to 10 % of
      the total weight of the composition.
PAR  In all cases, the ranges mentioned can be varied, in order to achieve
      specific odoriferous or flavouring effects.
DETD
PAR  The invention is better illustrated by the following examples, wherein the
      temperatures are indicated in degrees centigrade and the abbreviations
      have the meaning common in the art. It has to be appreciated however that
      the invention is not deemed to be limited by the given examples.
PAC  1. 6METHYL-3-ISOPROPYL-HEPTA-4,6-DIEN-1-OL
PAR  a. 17.2 g (0.2 M) of isovalerianic aldehyde were added under stirring
      during 75 min. to a mixture of 28.4 g (0.4 M) of pyrrolidine and 8 g of
      anhydrous potassium carbonate. The temperature of the reaction mixture was
      kept during the addition at 4.degree.-6.degree., whereupon it was
      increased to 20.degree. while stirring and kept at this value during 75
      min. The reaction mixture was filtered and the precipitate was washed with
      ether while the organic clear filtrate by evaporation gave a residue which
      upon distillation under reduced pressure yielded 23 g (83 %) of the
      enamine of formula
      ##EQU1##
      B.p. 62.degree.-4.degree./10 Torr.
PAR  b. 5.0 g (71.5 mM) of methylvinylketone in 10 ml of anhydrous ether were
      added during 45 min. to a solution kept under nitrogen of 9.0 g (65 mM) of
      the enamine prepared above in 50 ml of anhydrous ether. The reaction
      mixture was kept during 24 h at room temperature under nitrogen
      atmosphere, whereupon 1.95 ml of water and about 11.2 ml of a 6N aqueous
      solution of hydrochloric acid were added thereto in such a way as to
      adjust the pH value to about 5-6. After 1 h of supplemental stirring at
      room temperature the reaction mixture was extracted twice with ether,
      washed with a 1 % aqueous solution of hydrochloric acid followed by a
      washing with a 5 % aqueous solution of sodium bicarbonate, and finally
      with a NaCl saturated solution in water until neutrality. The extract
      finally obtained was rapidly distilled at mild temperature to give 6.6 g
      (65 %) of 5-oxo-2-isopropyl-2-hexanal;
PA0  B.p. 47.degree.-9.degree./0.001 Torr.
PA0  Ir : 2730, 2900, 1715, 1360 cm.sup.-.sup.1
PA0  Ms : m-18 = 138
PA0  nmr : 0.96 (6h); 2.07 (3h); 1.5-2.6 (6h); 9.55 (1h) .delta. ppm
PAR  c. 23.4 g (0.15 M) of the keto-aldehyde obtained as indicated above, 15.4 g
      (0.24 M) of ethylene-glycol and 0.15 g of p-toluenesulfonic acid in 150 ml
      of benzene were brought to the boiling for 30 min. The reaction mixture
      after the usual treatments of washing, drying and evaporation of the
      volatile components, was distilled under reduced pressure at 0.001 Torr.
      21.2 g (70 %) of the ketal of formula
      ##SPC1##
PAL  were obtained. The purity of this compound was found to be of the order of
      60.degree.-70 % as revealed by vpc.
PA0  B.p. 60.degree..varies.1.degree./0.001 Torr.
PA0  Ir (film) : 1120, 1360, 1710 cm.sup.-.sup.1,
PA0  Ms : m.sup.+ = 200;
PA0  nmr : 0.85 (3h, d, J=2.5 cps); 0.98 (3H, d, J= 2.5 cps); 1.2-1.8 (4H, m);
      2.03 (3H, s); 2.46 (2H, t, J=6.5 cps); 3.80 (4H, m); 4.65 (1H, d, J-32 4.5
      cps) .delta. ppm.
PAR  d. A solution of 21.2 g (0.084 M) of the ketal obtained in accordance with
      the procedure described under letter c) and 52 g (0.256 M) of
      m-chloroperbenzoic acid at 85 % in 1 lt. of chloroform was left in the
      dark at room temperature during 12 days. The reaction mixture was then
      concentrated in vacuum, whereupon ether was added thereto. After
      filtration and washing of the clear filtrate with a 5 % solution of sodium
      carbonate, 18 g of the raw product were obtained. This compound was then
      dissolved in 100 ml of dioxan and 40 ml of 5 % aqueous sulphuric acid. A
      solution was thus obtained which was then left 24 h at room temperature,
      whereupon sodium chloride was added and the product extracted twice with
      ether. The combined organic extracts were washed with water until
      neutrality, dried over sodium sulphate and evaporated to dryness to yield
      a residue which on fractional distillation gave 6.5 g (23.8 %) of a
      product having B.p. 50.degree. -65.degree./0.001 Torr. This product
      contained 53.6 % of the ester-aldehyde of formula
      ##SPC2##
PAR  e. 5.5 g of a 14 % solution of n-butyl-lithium in hexane were added in a
      nitrogen atmosphere under stirring during 45 min. to a mixture containing
      4.65 g (13 mM) of methallyl-triphenylphosphonium chloride in 40 ml of
      ether. The temperature of the reaction mixture was kept between 6.degree.
      and 10.degree. during the whole addition and it was then increased to room
      temperature and kept at this value for 4 h. After cooling to -70.degree.
      1.72 g (5.3 mM) of the esteraldehyde prepared according to paragraph d)
      hereinabove in 5 ml of ether were added to the reaction mixture by taking
      care that the temperature does not increase above -50.degree.. After
      having been left at said temperature for 3 h and at 20.degree. during one
      night, the mixture was diluted with water and then extracted with ether,
      whereupon the combined organic extracts were subjected to the usual
      treatments of washing and drying. The residue obtained on evaporation of
      the volatile components was then treated at reflux during 1 h with 50 ml
      of a 1N solution of potassium hydroxide in ethanol. By extraction with
      ether followed by the usual treatments on the ether extracts, 1.5 g of a
      product were obtained. This product by purification by means of column
      chromatography (30 g of silica gel; eluant: benzene) gave 0.58 g (65 %) of
      6-methyl-3-isopropyl-hepta-4,6-dien-1-ol the purity of which was of ca. 95
      %. B.p. ca. 60.degree./0.001 Torr.
PA0  d.sub.4.sup.20 = 0.8833; n.sub.D.sup.20 = 1.4805
PA0  Ir : 3340, 3090, 1760, 1630, 1600, 1040, 960 and 870 cm.sup.-.sup.1,
PA0  Uv : .lambda..sub.max.sup.EtOH = 230 nm (.epsilon. = 24,195)
PA0  Sm : m.sup.+ = 168
PA0  nmr : 0.80 (3h); 0.91 (3h); 1.80 (3h, s); 1.2-2.4 (4H); 3.47 (2H); 3.80
      (1H); 4.81 (2H); 5.33 (1H); 6.05 (1H) .delta. ppm.
PAC  2. 8-HYDROXY-5-ISOPROPYL-NON-6-EN-2-ONE
PAR  6.51 g (17.8 mM) of the ketal of formula
      ##SPC3##
PAL  were added under vigorous stirring to a suspension kept at
      20.degree.-25.degree. of 0.455 g (12 mM) of lithiumaluminiumhydride in 30
      ml ether. After 4 h of supplemental stirring the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      reaction mixture was poured onto a concentrated solution of ammonium
      chloride. After the usual treatments 6.5 g of a product were obtained.
      This product was then treated at 20.degree. under nitrogen atmosphere with
      50 ml of a 5 % aqueous solution of sulphuric acid in 50 ml of ether. The
      separated organic phase was evaporated to give 5 g of a residue which on
      purification by column chromatography (100 g of silica gel; eluant: a
      mixture of benzene and ethyl acetate, the concentration of which varies in
      between 95:5 and 3:2) yielded 3.4 g (96 %) of
      8-hydroxy-5-isopropyl-non-6-en-2-one; B.p. 80.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 0.9261; n.sub.D.sup.20 = 1.4608
PA0  Ir : 3450, 1710, 1360, 1050 and 975 cm.sup.-.sup.1 ;
PA0  Ms : m-18 = 180;
PA0  nmr (cdcl.sub.3) : 0.87 (6H); 1.26 (3H); 1.0-2.0 (5H); 2.13 (3H); 2.40
      (2H); 4.30 (1H); 5.45 (2H) .delta. ppm.
PAL  The ketal used as starting material for the preparation given above can by
      synthetized as follows:
PAR  a. 10.1 g (64.7 mM) of 5-oxo-2-isopropyl-2-hexanal (prepared according to
      paragraph b) of the above given example) were refluxed during 4 days under
      nitrogen atmosphere with 22.2 g (69.7 mM) of the ylid obtained by the
      reaction between triphenylphosphine and chloroacetone in 75 ml of
      anhydrous benzene (see: J. Org. Chem. 22, 41 (1957)).
PAR  The reaction mixture was then concentrated to dryness and the obtained
      residue taken up with about 200 ml of petrol ether (B.p.
      30.degree.-50.degree.) and the precipitate separated by filtration. On
      evaporation of the clear filtrate followed by fractional distillation of
      the obtained residue, 10.9 g of 5-isopropyl-non-3-en-2,8-diene were
      obtained; B.p. 70.degree.-84.degree./0.001 Torr.
PAR  b. A mixture of 5-isopropyl-non-3-en-2,8-dione (7.0 g; 35.7 mM), 0.040 g of
      p-toluenesulfonic acid, 2.46 g of ethylene-glycol in 40 ml of benzene was
      refluxed in a Dean & Stark type separator during 11/2 h. The reaction
      mixture was then washed with a 5 % aqueous solution of sodium bicarbonate,
      then with water before being subjected to the usual treatments of
      extraction with ether, washing and drying of the organic extracts. On
      evaporation of the organic phase, 7.72 g of the desired monoketal were
      obtained. This product showed a purity of about 60.degree.-70.degree. %;
PA0  B.p. 87.degree.-90.degree./0.001 Torr.
PA0  Ir : 1675, 1620, 1360 and 980 cm.sup.-.sup.1 ;
PA0  Nmr (ccl.sub.4) : 0.88 (6H); 1.19 (3H); 2.15 (3H); 1.0-2.2 (6H); 3.80 (4H);
      5.87 (1H); 6.46 (1H) .delta. ppm
PAC  3. 5-ISOPROPYL-NON-3-ENE-2,8-DIOL
PAR  2.5 g of 5-isopropyl-non-3-ene-2,8-dione, prepared in accordance with the
      method described in paragraph a) of the previous example, in 10 ml of
      anhydrous ether were added to a mixture of 0.292 g (7.7 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was left under stirring at 20.degree. overnight, then
      it was poured onto a concentrated aqueous solution of ammonium chloride,
      extracted and treated as usual. The obtained residue was purified by
      column chromatography (50 g of silica gel; eluant: ether/petrol ether) to
      yield the desired diol (1.3 g: yield 51 %);
PA0  B.p. 102.degree./0.001 Torr;
PA0  n.sub.D.sup.20 = 1.4645; d.sub.4.sup.20 = 0.9275;
PA0  Ir : 3350, 1120, 1060 and 970 cm.sup.-.sup.1 ;
PA0  Nmr (ccl.sub.4) : 0.67 (1H, s); 0.75-1.00 (6H, m); 1.16 (6H, t apparent,
      J=7.5 cps); 1.0-2.5 (6H, m); 2.8-4.5 (3H, very broad s); 5.37 (2H, m)
      .delta. ppm.
PAC  4. 8-HYDROXY-5-ISOPROPYL-NONAN-2-ONE
PAR  A mixture of 1.74 g (8.7 mM) of 5-isopropyl-nonane-2,8-dione, which can be
      prepared according to the method described in example 6 hereinafter, 0.545
      g (8.7 mM) of ethylene-glycol, 0.020 of p-toluenesulfonic acid in 20 ml of
      benzene was refluxed during 11/2 h in a Dean & Stark type separator. The
      usual treatments of extraction with ether, washing, drying and evaporation
      afforded 2.2 g of a mixture mainly containing a monoketal of formula
      ##SPC4##
PAL  This mixture was then reduced by means of 0.175 g (4.6 mM) of
      lithiumaluminiumhydride in ether at 20.degree. during 20 h. After the
      usual treatments of decomposition of the excess of lithiumaluminiumhydride
      the reaction mixture was treated with 6 ml of a 5 % aqueous sulphuric acid
      in 20 ml of dioxan. By extraction with ether followed by washing, drying
      and evaporation of the combined extracts there was obtained a residue (2
      g) which on purification by column chromatography (40 g of silica gel;
      eluant: a mixture of benzene and ethyl acetate 95:5) gave 0.60 g (34 %) of
      8-hydroxy-5-isopropyl-nonan-2-one;
PA0  B.p. 90.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 0.9368; n.sub.D.sup.20 = 1.4589
PA0  Ir : 3450, 1705, 1360 cm.sup.-.sup.1
PA0  Nmr (cdcl.sub.3) : 0.84 (6H, d, J=6 cps); 1.19 (3H, d, J=6 cps); 0.9-1.9
      (9H, m); 2.15 (3H, s); 2.44 (2H, t, J=8 cps); 3.78 (1H, m) .delta. ppm.
PAC  5. 5-ISOPROPYL-NONANE-2,8-DIOL
PAR  2.5 g (12.6 mM) of 5-isopropyl-nonane-2,8-dione, which can be prepared
      according to the process described in example 6 hereinafter, in 10 ml of
      anhydrous ether were added to a mixture of 0.570 g (50 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was kept under stirring overnight at 20.degree. and
      poured then onto a saturated aqueous solution of ammonium chloride. After
      the usual treatments of extraction, washing and drying followed by
      evaporation of the volatile portions there was obtained a residue which on
      fractional distillation gave 2.3 g (90 %) of the desired diol;
PA0  B.p. 120.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 0.9388; n.sub.D.sup.20 = 1.4631 IR : 3370 and 1120
      cm.sup.-.sup.1 ;
PA0  Nmr (ccl.sub.4) : 0.85 (6H, d, J=6 cps); 1.13 (6H, d, J=6 cps); 1.0-2.2
      (10H, m); 3.3-4.5 (4H, m) .delta. ppm
PAC  6. 5-ISOPROPYL-NONANE-2,8-DIONE
PAR  1.96 g (10 mM) of 5-isopropyl-non-3-ene-2,8-dione, prepared according to
      the method described in paragraph a) of example 2, in 20 ml of ethyl
      acetate were reduced by catalytic hydrogenation in the presence of 0.196 g
      of palladium at 10 % over charcoal. After filtration and evaporation of
      the volatile portions, a residue was obtained which by fractional
      distillation gave 1.77 g (89 %), of the desired dione;
PA0  B.p. 80.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 0.9292; n.sub.D.sup.20 = 1.4501
PA0  Ir : 1710 and 1360 cm.sup.-.sup.1 ;
PA0  Ms : m-18 = 180;
PA0  nmr (ccl.sub.4) : 0.85 (6H, d, J=6 cps); 1.0-1.9 (6H, m); 2.05 (6H, s);
      2.37 (4H, t, J=7 cps) .delta. ppm.
PAC  7. 3,4-EPOXY-5-ISOPROPYL-NONANE-2,8-DIONE
PAR  A solution of 16.25 g (ca. 40 mM) of the keto-ketal prepared in accordance
      with the procedure described in example 2, in 125 ml of anhydrous ether
      was added during 50 min. at room temperature to a mixture of 1.14 g (30
      mM) of lithiumaluminiumhydride in 75 ml of anhydrous ether. The reaction
      mixture was then stirred during 4 h and subsequently the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      mixture was poured into a concentrated aqueous solution of ammonium
      chloride. By the usual treatments of extraction with ether, washing,
      drying and evaporation of the organic extracts, 16 g of a product were
      obtained, the analytical data of which were the following:
PA0  Ir : 3450, 1050, 965 cm.sup.-.sup.1 ;
PA0  Ms : m-15 = 227;
PA0  nmr (ccl.sub.4) : 0.85 (6H, m); 1.17 (3H, d, J=6 cps); 1.18 (3H, s);
      1.0-2.3 (6H, m); 3.78 (4H, s); 3.9-4.5 (2H, m); 5.2-5.5 (2H, m) .delta.
      ppm
PAR  The product thus obtained was dissolved in 20.4 g (100 mM) of
      m-chloroperoxybenzoic acid at 85 % in 380 ml of chloroform. After having
      been left 24 h at 20.degree., the reaction mixture was evaporated to
      dryness under reduced pressure and the residue was taken up with petrol
      ether (B.p. 30.degree.-50.degree.), and the organic phase washed with a 5
      % aqueous solution of sodium carbonate followed by a concentrated aqueous
      solution of sodium chloride.
PAR  After the usual treatments, there was obtained the
      3,4-epoxy-5-isopropyl-2-hydroxy-nonan-8-one ketal (18 g). This product was
      treated with 160 g of MnO.sub.2, previously activated during 20 h at
      120.degree., in 1.4 l of benzene in nitrogen atmosphere. After 2 days of
      stirring at 20.degree., the mixture was filtered and the clear filtrate
      evaporated to dryness. There was thus obtained a residue which was then
      treated with 2 % aqueous sulphuric acid in a mixture of ether and dioxan
      (1:1:1). This mixture was extracted with ether and the organic extracts
      were subjected to the usual treatments to give 11 g of
      3,4-epoxy-5-isopropyl-nonane-2,8-dione which on purification by means of
      column chromatography (silica gel; eluant; petrol ether:ether 9:1 to 1:1)
      gave the desired diketo-epoxide in its pure state.
PA0  B.p. 90.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 1.0105; n.sub.D.sup.20 = 1.4594
PA0  Ir (ccl.sub.4) : 1700, 1355, 1240, 1160 and 860 cm.sup.-.sup.1
PA0  Ms : m-43 = 169;
PA0  nmr (cdcl.sub.3) : 0.95 (6H, 2d); 1.11-2.00 (4H, m); 2.09 (3H, s); 2.18
      (3H, s); 2.65 (2H, t, J=7.5 cps); 2.85 (1H, d of d, J=8.5 cps, J' =ca. 2
      cps); 3.19 (1H, d, J=ca. 2 cps) .delta. ppm
PAC  8. 8-HYDROXY-5-ISOPROPYL-8-METHYL-NON-6-ENE-2-ONE
PAR  7.2 g (18 mM) of the monoketal prepared in accordance with the procedure
      described in example 2, in 20 ml of ether were added to a mixture of 1.09
      (45 mM) of magnesium turnings, 60 ml of anhydrous ether and an excess of
      methyl bromide according to the usual technique applied for the Grignard
      type reactions. The reaction mixture was then refluxed for 1 h and left at
      room temperature overnight, whereupon it was poured into an icy 5 %
      aqueous solution of sulphuric acid. After having been left at room
      temperature for 21/2 h more, the organic phase was separated and subjected
      to the usual treatments of washing with a 5 % aqueous solution of sodium
      carbonate followed by a further washing with water. After drying and
      evaporation, 7 g of a raw material were obtained which by purification by
      means of column chromatography gave 3.06 g (44 %) of the desired product.
PA0  B.p. 85.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 1.4600
PA0  Ir : 3450, 1700, 1360, 1150 and 970 cm.sup.-.sup.1 ;
PA0  Ms : m-18 = 194;
PA0  nmr (ccl.sub.4) : 0.85 (6H, 2d); 1.22 (6H, s); 2.03 (3H, s); 1.1-2.0 (4H,
      m); 2.1-2.5 (3H, m); 5.23-5.50 (2H, m) .delta. ppm.
PAC  9. 6,7-EPOXY-8-HYDROXY-5-ISOPROPYL-8-METHYL-NONAN-2-ONE
PAR  2.96 g of 8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one (13.9 mM) were
      treated with 3.4 g (16.7 mM) of m-chloroperoxybenzoic acid at 85 % in 90
      ml of chloroform. The reaction mixture was kept during 72 h at 20.degree.
      whereupon it was concentrated at low temperature and the obtained residue
      taken up with petrol ether. After filtration, the clear filtrate was
      subjected to the usual treatments to give 3 g of the desired raw
      epoxy-ketone. By purifying this compound by means of column
      chromatography, 2.51 g of a pure compound were obtained.
PA0  B.p. 100.degree./0.001 Torr;
PA0  d.sub.4.sup.20 = 0.9905; n.sub.D.sup.20 = 1.4572
PA0  Ir : 3400, 1360, 1705, 1165, 960 and 900 cm.sup.-.sup.1 ;
PA0  Ms : m-59 = 169;
PA0  nmr (cdcl.sub.3): 0.96 (3H, d, J=6 cps); 1.23 (3H, s); 1.27 (3H, s); 2.13
      (3H, s); 1.15-2.10 (5H, m); 2.3-3.0 (4H, m) .delta. ppm.
PAC  10. 2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1]OCTAN-7-YL-METHYL-KETONE
PAR  0.50 g (2.38 mM) of 3,4-epoxy-5-isopropyl-nonane-2,8-dione prepared
      according to the process described in example 7, in 10 ml of benzene were
      refluxed in the presence of 0.020 g of p-toluenesulfonic acid during 4 h.
      After a supplemental addition of 0.020 g of p-toluenesulfonic acid the
      reaction mixture was refluxed for 3 h more. By extraction with ether
      followed by the usual treatments of the separated organic extracts, 0.315
      g (63 %) of the desired ketal were obtained.
PA0  B.p. 80.degree./0.001 Torr;
PA0  n.sub.D.sup.20 = 1.4608; d.sub.4.sup.20 = 1.0324
PA0  Ir (ccl.sub.4) : 1700 and 1375 cm.sup.-.sup.1 ;
PA0  Ms : m--43 = 169;
PA0  nmr (cdcl.sub.3) : 1.00 (6H, m); 1.58 (3H, s ); 1.0-2.0 (6H, m); 2.25 (3H,
      s); 4.24 (1H, s); 4.55 (1H, m) .delta. ppm.
PAR  The product is under the form of a mixture of its two stereoisomers of
      formula
      ##SPC5##
PAC  11. 2-(2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1]OCTAN-7-YL)-PROPAN-2-OL
      (A) and 6-isopropyl-1,3,3-TRIMETHYL-2,9-DIOXA-BICYCLO[3.3.1]NONAN-4-OL (B)
PAR  2.1 g (9.2 mM) of the epoxy-keton prepared according to the procedure
      described in example 9, in 45 ml of benzene were refluxed with 0.045 g of
      p-toluenesulfonic acid during 2 h according to the conditions used in the
      course of the preparation described in example 10 hereinabove. 2.2 g of a
      raw material were thus obtained which on purification by column
      chromatography (silica gel; eluant: petrol ether: ether 4:1) gave 1.2 g of
      a mixture of 2 hydroxy-ketals. These latter can be separated by vpc
      (CARBOWAX .sup.R 5 %; 200.degree.; 2,5 m).
      ##SPC6##
PA0  Ir (ccl.sub.4) : 3500, 1030 cm.sup.-.sup.1 ;
PA0  Ms : m-59 = 169;
PA0  nmr (cdcl.sub.3) : 1.00 (6H, d, J=6 cps); 1.22 (3H, s); 1.38  (3H, s); 1.46
      (3H, s); 2.13 (1H, s); 1.1-2.3 (6H, m); 3.78 (1H, d, J=4 cps); 4.28 (1H,
      d, J=ca. 4 cps) .delta. ppm
      ##SPC7##
PA0  Ir : 3500 and 1025 cm.sup.-.sup.1 ;
PA0  Ms : m-43 = 185;
PA0  nmr (cdcl.sub.3): 0.98 (6H, t apparent, J=5.5 cps); 1.27 (3H, s); 1.33 (3H,
      s); 1.46 (3H, s); 1.1-1.8 (6H, m); 2.05 (1H, d, J=7 cps); 3.55 (1H, d of
      d, J= 7 cps, J'=3 cps); 4.04 (1H, broad s) .delta. ppm.
PAL  2-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]-octan-7-yl)-propan-2-ol
      prepared hereinabove occurs under the form of a mixture of stereoisomers
      of formula
      ##SPC8##
PAL  These latter correspond to the product as directly isolated from the
      essential oil of Burley tobacco.
PAR  By means of a separate synthesis it has been possible to prepare the
      mixture of the isomers defined by the following formula
      ##SPC9##
PAL  as follows:
PAR  A solution of methylmagnesium bromide was prepared according to the usual
      technique of the Grignard type reaction by treating 0.109 g (4.5 mM) of
      magnesium metal with 10 ml of an ether solution containing 0.475 g (5 mM)
      of methyl bromide. To this solution 0.850 g (4 mM) of the ketal prepared
      according to example 10, dissolved in 5 ml of anhydrous ether, were added,
      whereupon the mixture was refluxed during 1 h and decomposed then with a
      saturated aqueous solution of ammonium chloride. After the usual
      treatments of extraction with ether, washing, evaporation and purification
      of the obtained residue by column chromatography (17 g of silica gel;
      eluant: petrol ether:ether 9:1) there was obtained a mixture of two
      stereoisomers which could then be separated by preparative vpc (CARBOWAX
      .sup.R 5 %; 200.degree.; 2.5 m).
PAR  Isomer I
PA0  Ir : 3500, 1020 and 845 cm.sup.-.sup.1 ;
PA0  Nmr (cdcl.sub.3) : 1.00 (6H, t apparent, J=6 cps); 1.19 (6H, s); 1.44 (3H,
      s); 1.3-2.1 (6H, m); 2.06 (1H, s); 3.78 (1H, s); 4.43 (1H, broad s)
      .delta. ppm
PAR  Isomer II
PA0  Ir : 3500, 1020 and 855 cm.sup.-.sup.11 ;
PA0  Nmr (cdcl.sub.3) : 0.93 (6H, t complex band); 1.17 (6H, s); 1.46 (3H, s);
      1.0-1.9 (6H, m); 2.10 (1H, s); 3.80 (1H, s) 4.38 (1H, broad s) .delta.
      ppm.
PAC  12. 1-(2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1]OCTAN-7-YL)-ETHAN-1-OL
PAR  0.1 g (0.47 mM) of the keto-ketal, prepared according to example 10
      hereinabove, in 3 ml of methanol was reduced by means of 0.01 g of sodium
      borohydride. The reaction mixture was then concentrated under reduced
      pressure and the obtained residue taken up with a 10 % aqueous solution of
      hydrochloric acid, extracted with ether, washed with an aqueous solution
      of sodium bicarbonate (5 %) and finally with water until neutrality. The
      usual treatments gave the desired product under the form of a mixture of
      stereoisomers which could be characterized as follows:
PAR  Isomer I:
PA0  Nmr : 1.00 (6h, 2d); 1.15 (3H, d, J=6 cps); 1.44 (3H, s); 1.3-2.2 (6H, m);
      2.51 (1H, broad s); 3.53-3.84 (2H, m); 4.29 (1H, broad s) .delta. ppm.
PAR  Isomer II
PA0  Nmr : 0.95 (6h, m); 1.20 (3H, d, J=6 cps); 1.44 (3H, s); 1.0-2.0 (7H, m);
      3.55-3.95 (2H, m); 4.49 (1H, broad s) .delta. ppm
PAR  Isomer III
PA0  Nmr : 0.95 (6h, m); 1.15 (3H, d, J=6 cps); 1.46 (3H, s); 1.0-2.0 (6H, m);
      2.60 (1H, broad s); 3.44-3.85 (2H, m); 4.25 (1H, broad s) .delta. ppm
PAR  These isomers may be represented by the following formula
      ##SPC10##
PAC  13. AROMATIZATION OF TOBACCO
PAR  10 g of a American blend tobacco mixture were sprayed with 0.5 g of a 1
      .degree./oo solution of 8-hydroxy-5-isopropyl-non-6-en-2-one in 95 %
      ethanol, and the tobacco thus flavoured was used to manufacture "test"
      cigarettes. As a control, cigarettes were also manufactured from the same
      tobacco mixture, sprayed with 95 % ethanol alone. The smoke from the
      cigarettes was subjected to organoleptic evaluation by a panel of flavour
      experts, who unanimously stated that the smoke of the flavoured cigarettes
      possessed a characteristic woody note, particularly interesting for the
      reconstitution of the "cigar" aroma. Other samples were equally evaluated
      in accordance with the same procedure and by using the same proportions.
      The following table gives a list of the products thus evaluated together
      with the mention of the developed flavour.
TBL                TABLE                                                       
     ______________________________________                                    
     Compound organoleptic evaluation .sup.(1)                                 
     ______________________________________                                    
     a        woody                                                            
     b        see example 13                                                   
     c        powerful, tobacco character, reminiscent                         
              of the note of cigar                                             
     d        woody, dry                                                       
     e        woody, animal                                                    
     f        woody, animal                                                    
     g        slightly fruity                                                  
     h        woody, dry, tobacco character                                    
     i        tobacco notes of Virginia type                                   
     J        hay note                                                         
     k        woody, green                                                     
     l        burnt, animal                                                    
     m        woody                                                            
     ______________________________________                                    
      .sup.(1) The organoleptic characters mentioned refer to the properties of
      the tested compounds on tobacco relative to the same tobacco unflavoured.
PAC  14. PERFUME COMPOSITION OF THE TYPE "CLASSIC EAU DE COLOGNE"
PAR  A base perfume composition of "Classic Eau de Cologne" type was prepared by
      admixing the following ingredients (parts by weight):
TBL         Lemon oil      250                                                 
            Bergamot artificial oil                                            
                           250                                                 
            Sweet orange oil                                                   
                           100                                                 
            Petitgrain bigarade                                                
                           100                                                 
            Lavender       90                                                  
            Neroli bigarade                                                    
                           10                                                  
            Muscone 10 %*  100                                                 
            Total          900                                                 
      *in 95 % ethanol                                                         
PAR  By adding to 90 parts by weight of the above given base perfume composition
      10 parts by weight of 8-hydroxy-5-isopropyl-non-6-en-2-one, a novel
      composition was obtained. This composition possessed an enhanced odour of
      witch hazel type with a pleasant character of hay.
PAR  By substituting in the above example
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one or
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      for 8-hydroxy-5-isopropyl-non-6-en-2-one, similar effects were observed.
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STM  What I claimed is:
NUM  1.
PAR  1. A compound selected from the following group:
PA1  a. 3,4-epoxy-5-isopropyl-nonane-2,8-dione, and
PA1  b. 6,7-epoxy-8-hydroxy-5-isopropyl-8-methyl-nonane-2-one.
PATN
WKU  039460517
SRC  5
APN  5729734
APT  1
ART  164
APD  19750430
TTL  Azidoformates and their use
ISD  19760323
NCL  2
ECL  1
EXA  Dixon, Jr.; William R.
EXP  Lesmes; George F.
INVT
NAM  Haynes; James N.
CTY  Wilmington
STA  DE
ASSG
NAM  Hercules Incorporated
CTY  Wilmington
STA  DE
COD  02
RLAP
COD  74
APN  549229
APD  19750212
PSC  01
PNO  3914262
RLAP
COD  84
APN  425906
APD  19731218
PSC  01
PNO  3900683
RLAP
COD  84
APN  231741
APD  19720303
PSC  01
PNO  3814657
RLAP
COD  84
APN  93399
APD  19701127
PSC  01
PNO  3686231
RLAP
COD  75
APN  887382
APD  19691222
PSC  03
CLAS
OCL  260349
XCL  156326
EDF  2
ICL  C07C11700
FSC  260
FSS  349
UREF
PNO  3284421
ISD  19661100
NAM  Breslow
OCL  260 80.77
UREF
PNO  3594267
ISD  19710700
NAM  Breslow
OCL  161231
UREF
PNO  3657047
ISD  19720400
NAM  Breslow
OCL  156322
UREF
PNO  3676466
ISD  19720600
NAM  Spurlin
OCL  260349
UREF
PNO  3754973
ISD  19730800
NAM  Spurlin
OCL  117138.8F
LREP
FR2  Staves; Marion C.
ABST
PAL  Disclosed is a process of improving the adhesion of polyester material to
      various other materials using the azidoformates of omega-hydroxyalkyl
      phthalates, their related low molecular weight condensation polymers and
      their mixtures represented by the general formula
      ##SPC1##
PAL  Where R is an alkylene radical containing 2 to 10 carbon atoms and x is an
      integer of from about 1 to about 10. In particular, there is disclosed a
      process of improving the adhesion of polyester tire cord to rubberr tire
      stock using the said azidoformate compounds.
PARN
PAR  This application is a division of my copending application Ser. No.
      549,229, filed Feb. 12, 1975, now U.S. Pat. No. 3,914,262, which
      application is a division of copending application Ser. No. 425,906, filed
      Dec. 18, 1973, now U.S. Pat. No. 3,900,683, which application is a
      division of copending application Ser No. 231,741, filed Mar. 3, 1972, now
      U.S. Pat. No. 3,814,657, which application is a division of application
      Ser. No. 93,399, now U.S. Pat. No. 3,686,231, which application is a
      continuation-in-part of application Ser. No. 887,382, filed Dec. 22, 1969,
      now abandoned.
BSUM
PAR  This invention relates to a new class of organic compounds and to certain
      uses for the new compounds. In particular this invention relates to the
      azidoformates of omega-hydroxyalkyl phthalates and their related low
      molecular weight condensation polymers and their mixtures, their use in
      modifying polyester material to provide improved adhesion and to the
      products so produced.
PAR  Attempts have been made in the past to adhere polyester material to other
      materials such as other polymers, resins, silicious materials, metals,
      metal oxides, wood, paper, cloth, etc. However, such attempts have been
      only partially successful because the said materials do not adhere well to
      polyesters.
PAR  It has now been found that the adhesion of polyester materials, i.e.,
      polyesters obtained by reacting glycols with dicarboxylic acids, can be
      greatly improved by modifying the surface of said polyester material with
      an omega-hydroxyalkyl phthalate azidoformate.
PAR  The novel and unique omega-hydroxyalkyl phthalate azidoformates of this
      invention are represented by the general formula
      ##SPC2##
PAL  Where R is an alkylene radical containing 2 to 10 carbon atoms and x is an
      integer of from about 1 to 10. It is to be understood that the term
      "omega-hydroxyalkyl phthalate azidoformates" as used in the specification
      and claims of this application includes not only the pure compounds, but
      mixtures of the o-, m- and p- substituted phthalates and their reduced low
      molecular weight condensation polymers as well as mixtures thereof. The
      azidoformate compounds of this invention range from liquids to solids at
      room temperature and atmospheric pressure and have characteristic infrared
      spectra, containing a strong azide band at about 2140 cm..sup.-.sup.1, and
      a strong carbonyl band at around 1740 cm..sup.-.sup.1.
PAR  The omega-hydroxyalkyl phthalate azidoformates of this invention can be
      prepared by various methods. For example, they can be prepared from the
      corresponding hydroxyl terminated low molecular weight condensation
      products of a glycol and either o-, m-, or p-phthalic acid or a mixed
      phthalic acid. The hydroxyl terminated compounds can be prepared by a
      transesterification reaction using a dimethyl ester of a phthalic acid and
      a glycol. As indicated above, the ester of phthalic acid can be a pure o-,
      m- or p-isomer, but more likely will be an ester of mixed isomers. Various
      straight chain glycols containing 2 to 10 carbon atoms, such as ethylene
      glycol, propylene glycol, butylene glycol, hexylene glycol, octylene
      glycol and nonene glycol can be used. The transesterification reaction
      between the dimethyl ester of a phthalic acid and a glycol can be shown in
      the following general equation:
      ##SPC3##
PAL  where R is as defined above. As the transesterification reaction progresses
      the amount of free alkylene glycol diminishes and the amount of diglycol
      phthalate increases, giving rise to the possibility of low molecular
      weight condensation polymers and their mixtures Thus, the above general
      equations can be modified as follows:
      ##SPC4##
PAL  where R is as defined above. It will be apparent to those skilled in the
      art that the transesterification reaction will give rise to still higher
      molecular weight condensation products and usually will result in a mixed
      product. While it is quite possible to obtain a product 80 or even 90%
      pure, it is very difficult to obtain a completely pure product. The
      product or products of the transesterification reaction can be treated
      with phosgene to produce the corresponding chloroformate or
      chloroformates. The reaction can be shown as follows:
      ##SPC5##
PAL  where R and x are as defined above. The resulting chloroformate is then
      treated with an excess of sodium azide to form the azidoformate groups.
      The reaction of the hydroxy terminated compound with phosgene is usually
      carried out at a temperature of from about 0.degree.C. to about
      20.degree.C. in an inert solvent such as methylene chloride, ethylene
      dichloride, toluene or xylene. The reaction with sodium azide is generally
      conducted at a temperature of about 25.degree. to about 35.degree.C. in a
      mixed solvent such as acetone-water, methylene chloride-acetone-water, or
      benzene-acetone-water.
PAR  As indicated above, this invention includes the use of the unique
      omega-hydroxyalkyl phthalate azidoformates in modifying polyester
      materials to provide improved adhesion to various other materials. It is
      believed that the advantageous properties of these azidoformates are due
      to their similarity in chemical composition to the polyesters which they
      are used to modify.
PAR  The polyester materials modified in accordance with the instant invention
      are made from the well-known polyesters obtained by reacting glycols, such
      as ethylene glycol, propylene glycol, cyclohexanedimethylol, and the like
      with dicarboxylic acids, such as terephthalic acid, isophthalic acid,
      stilbene dicarboxylic acid, and the like, such as shown in U.S. Pat. Nos.
      3,057,823 or 3,424,727. The polyester can be in any form, including
      extruded, molded, spun, cast, etc., blocks, sheets, film, fiber, yarn,
      cord and woven and nonwoven fabrics. Included also are polyesters which
      have been reinforced, such as, for example, a polyester reinforced with
      glass fibers. In the case of yarn, fabric or cord made from polyester
      fibers, combinations or blends of polyester fibers with, for example,
      cotton or rayon fibers can be used in this invention. Improved adhesion of
      polyester fibers to other materials can be obtained by the process of this
      invention no matter what the physical form of these fibers. However, as a
      practical matter the fiber to be modified generally will have been
      previously twisted or plied into yarn or cord or may have been woven or
      knit into fabrics. Various methods for the preparation of blocks, sheets
      film, fiber, yarn, cord, and woven and unwoven fabrics of polyesters are
      well known to those skilled in the art.
PAR  The modification of polyester materials by treatment with an
      omega-hydroxyalkyl phthalate azidoformate is accomplished by contacting
      the polyester with an omega-hydroxyalkyl phthalate azidoformate as, for
      example, by dipping, spraying, brushing, or running it over a coated roll
      with a solution or dispersion of the azidoformate in a suitable liquid.
      Examplary of suitable organic solvents for the azidoformate compounds are
      toluene, benzene, acetone, methylene chloride, trichloroethylene, and the
      like. In addition to the organic solutions above mentioned, finely divided
      particles of the azidoformate compounds can be dispersed in water using
      surface active agents. Next, the thus contacted polyester is heated to a
      temperature above the decomposition point of the azidoformate groups
      resulting in surface modification of the polyester. This temperature will
      vary depending upon the period of time the material is heated. Thus, a
      temperature of about 200.degree.-250.degree.F. can be used if the material
      is to be heated for several minutes, while a temperature of about
      450.degree.F. is required if the material is to be heated for less than a
      minute. In general the temperature will be from about 200.degree.F. to
      about 500.degree.F. Various amounts of the omega-hydroxyalkyl phthalate
      azidoformate compounds can be used. The optimum amount will depend upon
      the amount of modification desired and the specific azidoformate compound
      used. In general, the amount added based on the weight of the polyester
      will be from about 0.1 to about 5%.
PAR  As indicated above, the azidoformate modified polyester materials exhibit a
      much greater adhesion for other materials. Typical of the other materials
      which can be adhered to or to which the modified polyesters will adhere
      are other polymers such as the hydrocarbon polymers including polystyrene,
      styrene--butadiene rubber, butyl rubber, natural rubber, polybutadiene,
      polyisobutylene, cis-1,4-polyisoprene; and the non-hydrocarbon polymers
      including the cellulose esters such as cellulose acetate butyrate, acetate
      rayon; cellulose partial alkyl ethers such as hydroxyethyl and
      hydroxypropyl cellulose; drying and non-drying alkyd resins; poly(alkylene
      oxides) such as poly(propylene oxide); poly(arylene oxides) such as
      poly(phenylene oxide); the polyamides such as nylon, perlon-L; poly(vinyl
      alkyl ethers) such as poly(vinyl methyl ether); vinyl chloride polymers
      such as poly(vinyl chloride), vinyl chloride-vinyl acetate copolymers,
      vinyl chloride-vinylidene chloride copolymer, vinyl chloride-maleic
      anhydride copolymer, vinyl chloride-vinyl acetal copolymers, vinyl
      chloride-vinyl acetate-maleic anhydride terpolymer; chlorinated natural
      rubber; ethylene-vinyl acetate copolymers; poly(vinylidene chloride);
      vinylidene chloride-acrylonitrile copolymer; poly(ethyl acrylate);
      poly(ethyl methacrylate); epoxy resins; epoxy polymers such as
      poly(epichlorohydrin); poly[3,3-bis(chloromethyl)oxetane];
      polychloroprene; butadiene-acrylonitrile copolymer and
      butadiene-acrylonitrile-styrene terpolymer; cellulosics such as wood,
      paper and cotton; siliceous materials such as glass, asbestos, sand, clay,
      concrete, stone, brick and ceramic materials; metals such as aluminum,
      cadmium, chromium, copper, iron, magnesium, nickel, tin, titanium and
      zinc, and alloys of the metals such as brass, bronze, steel and nickel
      chrome; and including metals and alloys which have been surface treated
      with phosphates, chromates, etc.; metal oxides such as aluminum oxide,
      iron oxide, lead oxide titanium dioxide and zinc oxide, and the
      conventional coating compositions such as the alkyd resin based coatings,
      epoxy based coatings and urethane based coatings
PAR  In many cases, particularly in structural bonding, it is desirable to use
      adhesives and bonding cements between the modified polyester and material
      to which it is to be bonded. Typical of the adhesives and cements which
      bond tightly to the modified polyesters are the cellulosic adhesives such
      as cellulose acetate, cellulose nitrate and methyl cellulose; natural
      rubber-based adhesives; nitrile-rubber cements such as those based on
      acrylonitrile-butadiene copolymers; carboxylic elastomer adhesives such as
      those based on vinyl chloride-vinyl acetate-maleic anhydride terpolymers,
      ethyl acrylate-acrylonitrile-acrylic acid terpolymers or
      butadiene-methacrylic acid copolymers neoprene cements, both curing and
      non-curing; polysulfide adhesives such as the reaction products of
      polysulfide liquid polymer with an epoxy resin, phenol-aldehyde resin
      adhesives such as phenol-formaldehyde resins and resorcinol-formaldehyde
      resins; amino resin adhesives such as urea-formaldehyde resins and
      melamine-formaldehyde resins; epoxy resin adhesives such as the resin
      resulting from the condensation of epichlorohydrin and bisphenol-A;
      isocyanate-based adhesives, vinyl polymer adhesives such as polyvinyl
      acetate, polyvinyl alcohol, polyvinyl butyral, polyvinyl formal, polyvinyl
      methyl ether, polyvinyl ethyl ether and polyvinyl isobutyl ether;
      cyanoacrylate adhesives such as methyl 2-cyanoacrylate; polyamide
      adhesives such as the thermoplastic reaction products of dibasic acids
      with diamines or the thermoset reaction products of polyamide resins with
      epoxy resins; and unsaturated polyester adhesives such as the resin
      resulting from the reaction of maleic anhydride and 1,2-propylene glycol.
PAR  The specific adhesive or bonding cement which may be used will depend upon
      the material to be bonded to the modified polyester. For example, in
      bonding a polyester to rubber, such as bonding fibrous polyester
      reinforcing material to rubber, the use of an industrial adhesive is most
      advantageous. The adhesive will generally be a mixture of a
      phenol-aldehyde resin and a vinylpyridine polymer latex. The exact
      selection of the polymer latex components will be made to achieve
      compatibility with the rubber used in the final polyester-to-rubber
      composite. Preferably, the phenol-aldehyde resin will be prepared from
      resorcinol and formaldehyde, although other phenols such as
      hydroxybenzene, paracresol, and pyrogallol can also be used. The mole
      ratio of phenolic compound to aldehyde in the phenol-aldehyde resin can be
      varied between about 1:1.02 to about 1:5. The phenol-aldehyde resin will
      generally be aged for a period of from about 0.5 to about 6 hours before
      mixing with a vinylpyridine polymer latex. The said aging can be carried
      out at room temperature or elevated temperatures. For use with natural
      rubber and styrene-butadiene rubber the vinylpyridine polymer latex will
      preferably be a terpolymer of a vinylaryl monomer, a diene monomer, and a
      vinylpyridine monomer. The vinylaryl monomer will preferably be styrene,
      although other monomers such as vinyltoluene can be used. The diene
      monomers which can be used in preparing the polymer latex are open-chained
      conjugated diolefins, including, for example, 1,3-butadiene, isoprene,
      2,3-dimethyl-1,3-butadiene, 1,2-diethyl-1,3-butadiene and piperylene. The
      vinylpyridine monomers most useful in preparing the polymer latex are
      alphavinylpyridine, 5-ethyl-2-vinylpyridine, and 2-methyl-5-vinylpyridine.
      The vinylpyridine content of the terpolymer is usually from about 5% to
      about 25%. The vinylaryl monomer content is from about 5% to about 35% and
      the diene monomer content from about 50% to about 85%. The polymer latex
      can be admixed with the phenol-aldehyde resin at ratios between about 2:1
      and about 10:1. Following the mixing of the two ingredients the pH will
      generally be adjusted to about 9.5 to about 10.5 using an inorganic base
      such as ammonium hydroxide.
PAR  The modified polyester material can be coated with the conventional
      industrial adhesive coating uniformly by dipping, spraying, running the
      material over a coated roll, or other conventional procedure. The adhesive
      coating will amount to from about 2% to about 10% by weight of the
      material. The adhesive coated material will then be cured for a short time
      such as from about 1 to about 10 minutes at a temperature between about
      200.degree.F. and about 500.degree.F. The cured adhesive coating is a hard
      polymer which is very adherent to the modified polyester material and
      produces excellent adhesion between the modified material and
      conventionally vulcanized rubber. It may be desirable in certain cases to
      omit the latex adhesive coating thereby directly adhering the modified
      polyester material to a vulcanizable rubber stock and curing to obtain a
      bonded rubber product. Such products bonded to modified polyester material
      are superior to products bonded to nonmodified polyester material, but may
      exhibit a proportionate decrease in adhesive strength over those bonded to
      modified polyester material coated with the above described coating
      composition.
PAR  Finally, the adhesive coated modified fibrous polyester material can be
      bonded to a vulcanizable rubber stock by embedding the reinforcing
      material in the vulcanizable rubber stock and curing. Conventional
      vulcanization temperatures in the order from about 250.degree.F. to about
      350.degree.F. can be used. The modified fibrous polyester material of this
      invention can be used reinforcement in any type of polymer material or
      mixtures or blends of polymer materials with suitable fillers, pigments
      antioxidants, and crosslinking (i.e., vulcanizing) agents such as sulfur,
      dicumyl peroxide, and the like. Typical of the uses of the modified
      fibrous polyester material is in reinforcing rubber tires, including
      automobile, truck, tractor, and aircraft tires, as well as in rubber
      belting and rubber hose where low elongation, strength and dimensional
      stability are important.
PAR  In the case of bonding metal to modified polyester, one can use an epoxy
      type such as a resin of bisphenol-A and glycidyl ether cured with a
      polyamide with free amino functionality. Another metal-modified polyester
      adhesive is a phenolic-polyvinyl butyral type adhesive. Still other
      adhesives for metal-modified polyester bonding will be obvious to those
      skilled in the art.
PAR  In the case of bonding siliceous materials such as glass to a modified
      polyester, one can use a polyvinyl acetal type adhesive such as a
      polyvinyl butyral-type adhesive. Where the glass is in the form of fibers
      for reinforcement of polyester material, the bond between the fibers and
      polyester can be improved by coating the fibers with an omega-hydroxyalkyl
      phthalate azidoformate before these are embedded in the polyester. After
      embedding the glass fibers the thus reinforced polyester can be heated to
      modify the polyester at the glass-polyester interface.
PAR  Still other uses of the modified polyester materials will be obvious to
      those skilled in the art.
DETD
PAR  The following examples will serve to illustrate the invention, all parts
      and percentages being by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of beta-hydroxyethyl terephthalate
      azidoformate.
PAR  To a solution of 15 parts of beta-hydroxyethyl terephthalate chloroformate
      in a mixed solvent comprising 79 parts of acetone and 133 parts of
      methylene chloride is added twenty parts of sodium azide at room
      temperature. The resulting mixture is stirred for approximately six hours
      and then stripped of solvent under a vacuum. The resulting product,
      consisting essentially of beta-hydroxyethyl terephthalate azidoformate (at
      least 90% pure), has a melting point of
      85.degree.-.sub..parallel..degree.C. An infrared spectrum of this product
      shows a strong azide peak at 2140 cm..sup.-.sup.1. A typical elemental
      analysis of this product is:
TBL                 Calculated                                                 
                            Found                                              
     ______________________________________                                    
     % C              42.8      43.5                                           
     % H              3.1       3.4                                            
     % N              21.4      20.5                                           
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of beta-hydroxyethyl isophthalate
      azidoformate.
PAR  To a solution of 99 parts of beta-hydroxyethyl isophthalate chloroformate
      in a mixed solvent comprising 266 parts of methylene chloride and 79 parts
      of acetone, is added 65 parts of sodium azide. The resulting slurry is
      stirred for 15 hours at room temperature, filtered and the solvent removed
      under vacuum. The resulting product (91% of theoretical) consists
      essentially of beta-hydroxyethyl isophthalate azidoformate (at least 90%
      pure). An infrared spectrum of this product shows a strong azide peak at
      2140 cm..sup.-.sup.1. A typical elemental analysis of the product is:
TBL                 Calculated                                                 
                            Found                                              
     ______________________________________                                    
     % C              42.8      43.8                                           
     % H              3.1       3.6                                            
     % N              21.4      20.2                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  This example illustrates the preparation of beta-hydroxyethyl
      orthophthalate azidoformate.
PAR  Beta-hydroxyethyl orthophthalate azidoformate is prepared exactly as
      described in Example 2 except for the substitution of beta-hydroxyethyl
      orthophthalate chloroformate for the isophthalate chloroformate in the
      former example.
PAC  EXAMPLE 4
PAR  This example illustrates the preparation of beta-hydroxyethyl isophthalate
      dimer azidoformate having the following general formula:
      ##SPC6##
PAR  To a solution of 54 parts of beta-hydroxyethyl isophthalate dimer
      chloroformate in a mixed solvent of acetone and methylene chloride is
      added 66 parts of sodium azide at room temperature. The resulting mixture
      is stirred for approximately 6 hours and then stripped of solvent under a
      vacuum. The resulting product, consisting of more than 80%
      beta-hydroxyethyl isophthalate dimer azidoformate, is a clear colorless
      viscous oil. A typical elemental analysis of the product is:
TBL                 Calculated                                                 
                            Found                                              
     ______________________________________                                    
     % C              49.4      49.9                                           
     % H              3.4       3.8                                            
     % N              14.4      13.8                                           
     ______________________________________                                    
PAC  EXAMPLES 5, 6, 7 & 8
PAR  These examples show the bonding of polyester tire cord to rubber tire stock
      using the beta-hydroxyethyl phthalate azidoformate compounds of Examples
      1-3 and the beta-hydroxyethyl isophthalate dimer azidoformate of Example
      4.
PAR  In each case poly(ethylene terephthalate) tire cord, 1000 denier and 3-ply
      under about 500 grams of tension is passed twice through a trough
      containing a 5% solution of the azidoformate compound in
      trichloroethylene. The cord is next passed through two ovens in series at
      200.degree.F. and 350.degree.F. Residence times in the ovens are 65 and 54
      seconds respectively. The cord dip pick-up is approximately 2% by weight
      in each case.
PAR  The modified cord is next dipped in a resin latex prepared as follows: To a
      solution of 0.24 part of sodium hydroxide in 192.8 parts of water is added
      8.8 parts of resorcinol with continued stirring until a complete solution
      is achieved. Then 12.2 parts of 37% formaldehyde is added. The solution is
      aged for approximately 5 hours at about 75.degree.C. and then added slowly
      to a mixture of 48 parts of water and 195 parts of a commercial latex
      comprising a 41% solids terpolymer of styrene, butadiene and
      vinylpyridine, the monomers being present in a ratio of approximately
      15:70:15. The mixture is stirred slowly for 15 minutes and its pH adjusted
      to 10.3 using concentrated ammonium hydroxide. The resulting gray-violet
      latex contains approximately 20% solids. The azidoformate modified cord is
      passed twice through a trough of the above-described tire cord coating
      under a tension of 500 grams and then dried and cured for 54 seconds at a
      temperature of 430.degree.F. The cord dip pick-up is approximately 4.5% by
      weight in each case.
PAR  The thus coated cord is then embedded in a vulcanizable rubber tire stock
      and cured in the form of 3/8 inch H-specimens. The rubber tire stock has
      the following formulation:
TBL          Compounds    Parts                                                
     ______________________________________                                    
     Natural rubber (smoked sheet)                                             
                          80                                                   
     Styrene-butadiene rubber                                                  
                          20                                                   
     Semi-reinforcing furnace black                                            
                          25                                                   
     Zinc Oxide           5                                                    
     Stearic Acid         2                                                    
     Polytrimethyldihydroquinoline                                             
                          1                                                    
     Heavy Pine Tar       0.5                                                  
     Benzothiazole Disulfide                                                   
                          1                                                    
     Tetramethyl Thiuram Disulfide                                             
                          0.1                                                  
     Sulfur               2.6                                                  
     ______________________________________                                    
PAR  The test specimens are cured for 45 minutes at a temperature of
      307.degree.F. After several hours conditioning at room temperature the
      H-specimens are tested according to the procedure of ASTM D-2138-62T. A
      control specimen treated exactly the same as described above is also
      tested. The results of the test are tabulated below:
TBL                              Pounds to Failure                             
                                 (Average of                                   
     Example                                                                   
            Azidoformate Treatment                                             
                                 Six Tests)                                    
     ______________________________________                                    
     Control                                                                   
            None                 12.6                                          
     5      Beta-Hydroxyethyl                                                  
            terephthalate azidoformate                                         
                                 47.0                                          
     6      Beta-Hydroxyethyl iso-                                             
            phthalate azidoformate                                             
                                 46.0                                          
     7      Beta-Hydroxyethyl ortho-                                           
            phthalate azidoformate                                             
                                 43.0                                          
     8      Beta-Hydroxyethyl isophthalate                                     
            Dimer azidoformate   45.0                                          
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  This example shows the bonding of polyester tire cord to rubber tire stock
      using an aqueous emulsion of beta-hydroxyethyl isophthalate azidoformate.
PAR  A 20% emulsion is formd by heating 200 parts of beta-hydroxyethyl
      isophthalate azidoformate to 80.degree.C. at which temperature it is quite
      liquid, and adding with stirring approximately 400 parts of water heated
      to 90.degree.C. and containing 10 parts of sodium lauryl sulfate surface
      active agent. An addititional 400 parts of hot water is added and the
      mixture homogenized.
PAR  Poly(ethylene terephthalate) tire cord, 1000 denier and 3 ply is modified
      using the azidoformate emulsion, heated, coated with a resin latex,
      embedded in a vulcanizable rubber tire stock and cured in the form of 1/4
      inch H-specimens all as described in Examples 5 to 8. The test specimens
      are tested according to the procedure of ASTM D-2138-62T. An average
      (6-test specimens) of 30.2 pounds is required to overcome the tire
      cord-rubber adhesion. Control specimens treated exactly the same way
      except for the azidoformate compound treatment give an average of 12.6
      pounds to overcome the tire cord-rubber adhesion.
PAC  EXAMPLE 10
PAR  This example shows the surface modification of polyester plaques and their
      bonding with an epoxy adhesive.
PAR  Injection molded glass reinforced poly(ethylene terephthalate) plaques,
      about 4 .times. 4 inches by 1/8 inch thick and containing approximately
      30% by weight of glass reinforcing fibers are sprayed with a 10% solution
      of beta-hydroxyethyl isophthalate azidoformate in toluene. The solvent is
      evaporated off and the coated plaques heated for 4 minutes at a
      temperature of 180.degree.C. A light yellow tack-free coating results
      which adheres tenaciously to the plaque suface. The add-on of the
      azidoformate primer is approximately 1 mg. per sq. inch.
PAR  The thus modified plaques are coated with a liquid epoxy adhesive of the
      bisphenol A-glycidyl ether type, having an epoxy equivalent of about
      180-185 and containing approximately 10 parts per hundered of triethylene
      tetramine. The adhesive coated surfaces of the plaques are pressed
      together, with a one inch overlap, using approximately 50 lbs. pressure
      and cured for 30 minutes at a temperature of 140.degree.C. The adhesive
      layer between the plaques is approximately 1 mil in thickness. A control
      laminate is prepared in an identical way except the azidoformate priming
      step is omitted.
PAR  Lap shear tests according to ASTM D1002 are performed on 1 inch wide
      samples of the modified plaque laminate and control. The azidoformate
      primed laminate fails at approximately 700 lbs./sq. in. due to the
      breaking of the plaque along the bond edge. The control fails at
      approximately 170 lbs./sq. in. with adhesion failure at the interface.
PAC  EXAMPLE 11
PAR  This example shows the bonding of polyester plaques to cold-rolled steel.
PAR  An injection molded glass reinforced poly(ethylene terephthalate) plaque as
      described in Example 10 is modified with beta-hydroxyethyl isophthalate
      azidoformate exactly as described in Example 10. The thus modified plaque
      and a 4 .times. 4 inch sheet of cold-rolled steel 0.063 inch thick, which
      had been cleaned and degreased in trichloroethylene, are coated with a
      liquid epoxy adhesive of the bisphenol A-glycidyl ether type, having an
      epoxy equivalent of about 180-184 and containing approximately equal parts
      by weight of a polyamide with free amino functionality. The adhesive
      coated surface of the plaque is pressed against the adhesive coated
      surface of the steel sheet, with a one inch overlap, using approximately
      50 lbs. pressure and cured for 30 minutes at a temperature of
      140.degree.C. The adhesive layer is about 1 mil in thickness. The strength
      of the bond as determined in lap shear tests according to ASTM D1002 is
      greater than 1150 lbs./sq. in.
PAC  EXAMPLE 12
PAR  This example shows the use of various adhesives in bonding modified
      polyester materials.
PAR  Poly(ethylene terephthalate) film 5 mils thick is coated and modified with
      beta-hydroxyethyl isophthalate azidoformate as described in Example 10.
      Samples of the thus modified film are bonded to modified glass reinforced
      plaques, prepared as described in Example 10, by coating the modified
      surface of each film and plaque with an adhesive as described below.
      Controls are prepared using unmodified glass reinforced plaques. Specimens
      of the laminates are tested for 180.degree. peel strength and the results
      tabulated below:
TBL                                    Table I                                 
     __________________________________________________________________________
                    Modified Film                                              
                              Modified Film                                    
                    and       and                                              
     Adhesive                                                                  
           Adhesive Cure                                                       
                    Modified Plaques                                           
                              Unmodified Plaques                               
     __________________________________________________________________________
     Epoxy 140.degree.C. for                                                   
                    Film failed be-                                            
                              Adhesive failure                                 
      Adhesive.sup.1                                                           
           30 minutes                                                          
                    fore joint                                                 
                              at interface                                     
     Polyester                                                                 
           130.degree.C. for                                                   
                    Film failed be-                                            
                              Adhesive failure                                 
      Adhesive.sup.2                                                           
           30 minutes                                                          
                    fore joint                                                 
                              at interface                                     
     Polyester                                                                 
           130.degree.C. for                                                   
                    Film failed be-                                            
                              Adhesive failure                                 
      Adhesive.sup.3                                                           
           30 minutes                                                          
                    fore joint                                                 
                              at interface                                     
     Polyester                                                                 
           130.degree.C. for                                                   
                    Film failed be-                                            
                              Adhesive failure                                 
      Adhesive.sup.4                                                           
           30 minutes                                                          
                    fore joint                                                 
                              at interface                                     
     Rubber-                                                                   
           Room temp.                                                          
                    Cohesive fail-                                             
                              Adhesive failure                                 
      based Ad-     ure of ad-                                                 
                              at interface                                     
      hesive.sup.5  hesive                                                     
     __________________________________________________________________________
      .sup.1 Bisphenol A-glycidyl ether type described in Example 11.          
      .sup.2 Saturated polyester type sold under the name "Vitel PE 207",      
      modified with polyisocyanate cross-linker.                               
      .sup.3 Saturated polyester type sold under the name "DuPont polyester    
      49,650", modified with polyisocyanate cross-linker.                      
      .sup.4 Saturated polyester type sold under the name "Bostik 7902",       
      modified with polyisocyanate cross-linker.                               
      .sup.5 Rubber-based cement sold under the name "Conbond".                
CLMS
STM  What I claim and desire to protect by Letters Patent is:
NUM  1.
PAR  1. A priming composition comprising (1) an omega-hydroxyalkyl phthalate
      azidoformate having the general formula
      ##SPC7##
PAL  where R is an alkylene radical containing 2 to 10 carbon atoms and x is an
      integer from 1 to 10 and (2) a liquid medium.
NUM  2.
PAR  2. The composition of claim 1 where the liquid medium is an organic
      solvent.
PATN
WKU  039460525
SRC  5
APN  5872561
APT  1
ART  124
APD  19750616
TTL  19-Norpregna- 1,3,5(10)-trien-3-ol and loweralkyl homologs thereof
      having postcoital antifertility activity
ISD  19760323
NCL  6
ECL  1
EXP  Roberts; Elbert L.
INVT
NAM  Crowe; David F.
CTY  San Jose
STA  CA
INVT
NAM  Peters; Richard H.
CTY  San Jose
STA  CA
INVT
NAM  Tanabe; Masato
CTY  Palo Alto
STA  CA
INVT
NAM  Detre; George
CTY  San Jose
STA  CA
ASSG
NAM  Stanford Research Institute
CTY  Menlo Park
STA  CA
COD  02
CLAS
OCL  2603975
XCL  2603974
XCL  424238
EDF  2
ICL  C07J  100
FSC  260
FSS  397.5
FSC  424
FSS  238
OREF
PAL  U.S. Department of HEW, National Institute of Health, Endocrine Bioassay
      Data, Uterotropic, Issue 3, June 1968, p. 113.
LREP
FR2  De Witt; Donovan J.
ABST
PAL  19-Norpregna-1,3,5(10)-trien-3-ol and loweralkyl homologs thereof wherein
      the alkyl group attached in the 17.beta. position contains from 2 to 7
      carbon atoms. Said compounds, along with the corresponding known
      17.beta.-methyl derivative, are found to have antifertility activity, and
      particularly postcoital antifertility activity, along with very low
      estrogenic activity, when administered orally to mammals.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  The compound 17.beta.-methyl-estra-1,3,5(10)-trien-3-ol is disclosed in
      U.S. Department of Health, Education, and Welfare, National Institute of
      Health, Endocrine Bioassay Data, Uterotropic, Issue 3, June 1968, p. 113,
      Entry Nos. 4324-5962, compound NSC 52244, where it is proposed for use as
      an anticancer agent.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention rests in part on the discovery of novel steroid
      compounds having the structure
      ##SPC1##
PAL  In said structure the R.sup.1 group attached at the 17.beta. position of
      the molecule represents a straight or branched chain loweralkyl group of
      from 2 to 7 carbon atoms. Representative loweralkyl groups falling into
      this class include ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      sec-butyl and tert-butyl and the various pentyl, hexyl or heptyl groups of
      straight or branched chain configuration. Invention also lies in the
      discovery that the aforesaid novel compounds as well as the known compound
      17.beta.-methyl-estra-1,3,5-(10)-trien-3-ol have antifertility activity,
      and more particularly postcoital antifertility activity, when orally
      administered to mammals. As said compounds are orally administered it is
      found that for a given level for antifertility activity the accompanying
      estrogenic activity is greatly reduced as measured against
      ethynylestradiol as a reference. For example, in the case of
      19-norpregna-1,3,5(10)-trien-3-ol which forms the subject of Example 1
      hereof, there is obtained a remarkable 100-fold separation of postcoital
      antifertility activity from estrogenic activity, this separation factor
      being based on a comparison with the results obtained using approximately
      like amounts of ethynylestradiol wherein each of the postcoital
      antifertility and estrogenic activity factors has a value of 1.
PAR  The novel steroid compounds of the present invention are white powdery
      materials having well-defined melting points. They are water-insoluble,
      slightly soluble in methanol and have good solubility in chloroform and
      various other organic solvents. They can be prepared by the catalyzed
      hydrogenation of the corresponding 1,3,5(10),17(20)-tetraen-3-ol precursor
      compounds. This reaction proceeds readily under ambient conditions of
      temperature and pressure in the presense of a catalyst such as supported
      palladium and a solvent such as ethyl acetate, for example. On filtering
      off the product and removing the ethyl acetate under reduced pressure, the
      desired beta isomer compound can be obtained by recrystallization using a
      solvent such as hexane, for example. Methods for preparing the tetraene
      precursor compounds are provided in the examples.
DETD
PAR  The following examples illustrate the invention in various of its
      embodiments.
PAC  EXAMPLE 1
PAC  19-Norpregna-1,3,5(10)-trien-3-ol
PAR  Preparation of 19-norpregna-1,3,5(10),17(20)-tetraen-3-ol from estrone and
      ethyltriphenyl phosphonium bromide:
      ##SPC2##
PAR  A suspension of 9.6 g of sodium hydride (50% dispersion in mineral oil
      which is washed with hexane and dried at reduced pressure) in 150 ml of
      dimethylsulfoxide is heated to 70.degree.-75.degree.C for 1 hour resulting
      in a light green solution. After cooling, a solution of 74.4 g of
      ethyltriphenyl phosphonium bromide in 300 ml of dimethylsulfoxide is added
      to produce a deep red solution. To this solution is added 9.5 g of estrone
      in 300 ml of dimethylsulfoxide. After heating the reaction mixture at
      60.degree.C for 18 hours, the reaction mixture is poured into ice water
      and extracted with ether. The ether solution is washed with water, dried
      over sodium sulfate and evaporated at reduced pressure to yield 16.9 g of
      a crude gum. The resulting gum is dissolved in 1.0 l of a petroleum ether
      (30.degree.-60.degree.C)-ethyl acetate mixture (1:1) and filtered through
      400 g of silica gel. The white solid collected after evaporation is
      purified by dry column chromatography on 1.0 Kg of Woelm silica gel for
      dry column chromatography. The column is developed with a chloroform -- 5%
      ethyl acetate mixture. The column is cut and the silica gel eluted with
      ethyl acetate. After evaporation of the ethyl acetate, there is obtained
      6.8 g of 19-norpregna-1,3,5(10),17(20)-tetraen-3-ol. An analytical sample
      obtained by recrystallization from methanol has a melting point of
      133.degree.-136.degree.C. (Lit. 137.degree.-139.degree.C, A. M. Krubiner
      and E. P. Oliveto, J. Org. Chem. 31, 24 (1966).
PAC  Preparation of 19-norpregna-1,3,5(10)-trien-3-ol from
      19-norpregna-1,3,5(10),17(20)-tetraen-3-ol
      ##SPC3##
PAR  A solution of 500 mg of 19-norpregna-1,3,5(10),17-(20)-tetraen-3-ol in 20.0
      ml ethyl acetate containing 25 mg of 10% palladium on carbon catalyst is
      hydrogenated at room temperature and atmospheric pressure. The resulting
      suspension is filtered through celite and the ethyl acetate removed at
      reduced pressure. Recrystallization from hexane afford 400 mg of
      19-norpregna-1,3,5(10)-trien-3-ol, melting point 106.degree.-108.degree.C,
      [.alpha.].sub.D + 86 (CH.sub.3 OH). Analysis calculated for C.sub.20
      H.sub.28 O: C, 84.45, H, 9.92. Found: C, 84.28; H, 9.89.
PAC  EXAMPLE 2
PAC  17.beta.-Methyl-estra-1,3,5(10)-trien-3-ol
PAR  This operation is conducted in accordance with the general procedures given
      in Example 1 except that as the steroid reactant there is employed
      17-methylene-estra-1,3,5(10)-tetraen-3-ol (obtained by the reaction of
      estrone with methyltriphenyl phosphonium bromide) and the crystalline
      product is obtained by recrystallization from methanol. This product,
      which is identified as the captioned compound by NMR and IR analysis, is
      found to have a melting point of 133.degree.-135.degree.C and a
      [.alpha.].sub.D + 88 (CH.sub.3 OH). It is found to contain 79.34% carbon
      and 9.70% hydrogen as against theoretical values (assuming a product
      containing one mole of methanol) of 79.42% and 10.00% for these elements.
PAC  EXAMPLE 3
PAC  21-Methyl-19-norpregna-1,3,5(10)-trien-3-ol
PAR  This operation is conducted in accordance with the general procedure of
      Example 1 except that the steroid reactant is
      21-methyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol (obtained by reaction
      of estrone with n-propyltriphenyl phosphonium bromide) and the final
      product is obtained by recrystallization from hexane. The white
      crystalline product so obtained, which is identified as the captioned
      compound by NMR and IR method of analysis, has a melting point of
      129.degree.-130.degree.C and [.alpha.].sub.D + 92 (CH.sub.3 OH). It is
      found to contain 84.46% carbon and 9.99% hydrogen as against theoretical
      values of 84.51% and 10.13% for these elements.
PAC  EXAMPLE 4
PAC  21-Ethyl-19-norpregna -1,3,5(10)-trien-3-ol
PAR  This operation is conducted in accordance with the general procedure given
      above in Example 1 except that as the starting compound there is employed
      21-ethyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol (obtained by the
      reaction of estrone with n-butyltriphenyl phosphonium bromide). The
      resulting crystalline product, identified as the captioned compound by NMR
      and IR analysis, has a melting point of 98.degree.-100.degree.C and
      [.alpha.].sub.D + 81. It is found to have a molecular weight of 312.
PAC  EXAMPLES 5 to 13
PAR  In accordance with the general methods of preparation recited in Example 1
      above the following reactions are conducted to obtain the indicated
      product compounds, the starting material in each case being obtained by
      the reaction of estrone with the appropriate alkyltriphenyl phosphonium
      bromide:
PAR  21-n-Propyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight of 326,
      prepared from 21-n-propyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
      21-n-Butyl- 19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 340,
      prepared from 21-n-butyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  21-n-Pentyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 354,
      prepared from 21-n-pentyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-Methyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 298, prepared
      from 20-methyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-Ethyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 312, prepared
      from 20-ethyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-n-Propyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 326,
      prepared from 20-n-propyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-n-Butyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 340,
      prepared from 20-n-butyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-n-Pentyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 354,
      prepared from 20-n-pentyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  20-Isopropyl-19-norpregna-1,3,5(10)-trien-3-ol, molecular weight 326,
      prepared from 20-isopropyl-19-norpregna-1,3,5(10),17(20)-tetraen-3-ol.
PAR  All of the compounds of this invention have good postcoital antifertility
      activity and very low estrogenic activity. The preferred compound for use
      in mammals to control fertility is 19-norpregna-1,3,5(10)-trien-3-ol, and
      results obtained on orally administering this compound to female rats are
      presented below. This diminished estrogenic activity, observed on
      administering the compounds of the present invention at dosage levels
      giving complete protection against pregnancy, is a highly desirable
      quality since thromboembolism and other clinically observed undesirable
      side effects associated with higher levels of estrogenic activity are thus
      minimized or avoided altogether.
PAR  While good results can be obtained by orally administering novel compounds
      of this invention, as well as 17.beta.-methyl-estra-1,3,5(10)-trien-3-ol,
      other forms of administration can produce equally good results. Thus, all
      of said compounds can be prepared and administered to mammals, birds and
      other animals, in a wide variety of oral or parenteral dosage forms,
      singly or in admixture with other coacting compounds. They can be
      administered with a pharmaceutical carrier which can be a solid material
      or a liquid in which the compound is dissolved, dispersed or suspended.
      The solid compositions can take the form of tablets, powders, capsules,
      pills, or the like, preferably in unit dosage forms for simple
      administration or precise dosages. The liquid compositions can take the
      form of solutions, emulsions, suspensions, syrups, or elixirs.
PAC  EXAMPLE 14
PAR  Tests were made to determine the oral postcoital antifertility activity of
      19-norpregna-1,3,5(10)-trien-3-ol. In this test adult cycling female rats,
      obtained from the Holtzman Rat Company, were selected in the proestrous
      phase of the cycle. Each female was caged overnight with two adult males.
      The finding of sperm in the vaginal smear the following morning was used
      as evidence of insemination. Treatment began on the day of finding sperm
      and continued for a total of 7 days. The rats were sacrificed on day 8 of
      pregnancy, and the number of implantation sites, resorbing embryos, empty
      sites, and corpora lutea were recorded for each female. The results
      obtained were as follows:
TBL                   No. of                                                   
                      Animals                                                  
                           Total No.                                           
                                  Total No. of                                 
                                          Animals                              
          No. of                                                               
               Daily Dose                                                      
                      with of Normal                                           
                                  Resorbing                                    
                                          Pregnant                             
     Compound                                                                  
          Animals                                                              
               (.mu.g/kg)                                                      
                      Implants                                                 
                           Fetuses                                             
                                  Fetuses (%)                                  
     __________________________________________________________________________
     Control                                                                   
          5    --     5    60     0       100                                  
     Test 5    1000   0     0     0        0                                   
     Compound                                                                  
     __________________________________________________________________________
      Diluent                                                                  
       CMC = Carbomethoxy cellusolve                                           
PAC  EXAMPLE 15
PAR  Tests were made to determine the oral postcoital antifertility activity of
      19-norpregna-1,3,5(10)-trien-3-ol at lower treatment levels then employed
      in the previous example. In this test adult female Sprague-Dawley rats
      were allowed to cohabit with proven fertile males. Vaginal smears were
      taken every morning, and females having sperm in the vagina were removed
      for treatment. The day sperm was found was considered day zero of
      pregnancy. Animals were treated orally on days 0 through 6. Autopsy was
      performed on day 7 of pregnancy. The presence and number of normal and
      resorbing fetuses were determined. The results obtained are as follows:
TBL                       No. of                                               
                          Animals                                              
                               Total No.                                       
                                      Total No. of                             
                                              Animals                          
              No. of      with of Normal                                       
                                      Resorbing                                
                                              Pregnant                         
     Compound Animals                                                          
                   (.mu.g/kg/day)                                              
                          Implants                                             
                               Fetuses                                         
                                      Fetuses (%)                              
     __________________________________________________________________________
     Control  5    CMC    5    58     0       100                              
     Test Compound                                                             
              5    100    3    40     2       60                               
              5    250    0     0     0       0                                
      Diluent:                                                                 
       CMC = Carbomethoxy cellusolve                                           
PAC  EXAMPLE 16
PAR  Tests were made to determine the oral estrogenic activity of
      19-norpregna-1,3,5(10)-trien-3-ol. In this test immature female
      Sprague-Dawley rats were orally administered the compound for 3 days.
      Animals were autopsied on the day following the last treatment. Uteri were
      excised, cleaned, and weighed on a torsion balance to the nearest 0.2 mg.
      The results obtained were as follows:
     Treatment,                                                                
               Number   Average Body Average Uterine                           
     Total Dose                                                                
               of       Weight (g)   Weight .+-. S.E.                          
       (.mu.g) Animals  Initial  Final (mg)                                    
     ______________________________________                                    
     Control                                                                   
     CMC       10       40.3     52.4  24.9 .+-. 1.56                          
     Test Compound                                                             
     25        10       41.3     54.3  43.9 .+-. 0.72                          
     50        10       39.7     55.1  56.2 .+-. 1.52                          
     100        9       40.9     54.1  70.7 .+-. 2.44                          
     ______________________________________                                    
      Diluent:                                                                 
       CMC = carbomethoxy cellusolve                                           
PAR  In other operations conducted to determine the oral estrogenic activity of
      ethynylestradiol (EE) it was found that the average uterine weight was
      somewhat larger than any of the uterine weights expressed above in Example
      16 even when the EE compound was administered at total dosage levels as
      low as 1.11 .mu.g. This shows that 19-norpregna-1,3,5(10)-trien-3-ol has
      achieved a remarkable 100-fold separation of postcoital antifertility
      activity from estrogenic activity as compared with the EE compound.
      Complete protection against pregnancy in rats is obtained with EE in oral
      postcoital treatments at approximately the same levels, e.g., 200
      .mu.g/kg/day, as prevail when using 19-norpregna-1,3,5(10)-trien-3-ol.
PAR  As indicated above, the compounds of this invention, as embraced within
      Formula I as well as 17.beta.-methyl-estra-1,3,5(10)-trien-3-ol, are
      useful for their antifertility activity in mammals, including man. A
      determination of the effective postcoitally administered dosage required
      to prevent pregnancy depends on the particular compound involved, route of
      administration, the mammalian species involved and the individual's
      response thereto. In general, a dose of between about 0.01 mg to about 5
      mgs of any one of these compounds administered, e.g., orally, once a day
      is effective to achieve the desired result of pregnancy prevention.
CLMS
STM  We claim that:
NUM  1.
PAR  1. A compound having the structure
      ##SPC4##
PAL  wherein R.sup.1 represents a straight or branched loweralkyl group of from
      2 to 7 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 which is 19-norpregna-1,3,5(10)-trien-3-ol.
NUM  3.
PAR  3. The compound of claim 1 which is
      21-methyl-19-norpregna-1,3,5(10)-trien-3-ol.
NUM  4.
PAR  4. The compound of claim 1 which is
      21-ethyl-19-norpregna-1,3,5(10)-trien-3-ol.
NUM  5.
PAR  5. A method of preventing pregnancy in mammals which comprises postcoitally
      administering to said mammals an effective amount of a compound of the
      structure
      ##SPC5##
PAL  wherein R.sup.1 represents a straight or branched loweralkyl group of from
      2 to 7 carbon atoms.
NUM  6.
PAR  6. A method of preventing pregnancy in mammals which comprises postcoitally
      administering to said mammals an effective amount of
      17.beta.-methyl-estra-1,3,5,(10)-trien-3-ol.
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ABST
PAL  Hydrocarbyl acid phosphate salts of polyamides having at least one amino
      group and hydrocarbon fuel compositions containing same. The salts are
      formed by neutralizing with a hydrocarbyl acid phosphate at least 10% of
      the amino groups of a polyamide containing from about 2 to about 6 amide
      groups and at least one amino group. Hydrocarbon fuel compositions
      containing these salts exhibit desirable properties such as enhanced
      carburetor detergency and carburetor anti-icing characteristics, improved
      water tolerance, excellent rust inhibition, and cleaner engine operation
      while engines operated thereon exhibit reduced hydrocarbon content in the
      exhaust.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Normally liquid hydrocarbon fuels often require additives to improve their
      performance characteristics. Thus, in fuels such as gasoline, diesel fuel
      and jet fuel, various additives are employed to assist in maintaining
      cleanliness in the carburetor and fuel intake system and to prevent
      carburetor icing as well as to inhibit rust. The additives vary in
      effectiveness, and it is often necessary to use a number of additives in a
      single composition.
PAR  Many additives for hydrocarbon fuels are only marginally soluble in
      hydrocarbons. Furthermore, they are often employed in concentrations that
      approach their limits of solubility. As a result, hydrocarbon compositions
      containing such additives often exhibit poor stability and, as a result,
      on standing the additive may precipitate.
PAR  In addition, many additives for hydrocarbon fuels have poor water
      tolerance. When fuel compositions containing such additives come in
      contact with water as, for example, in storage tanks, water enters the
      hydrocarbon phase. This is particularly deleterious in jet fuels. The
      temperatures at high altitudes where jet aircraft operate are well below
      freezing. Hence, water in the fuel crystallizes and plugs fuel filters,
      thereby cutting off the flow of fuel to the engines. To combat this, fuel
      tank heaters and additives to prevent ice formation are employed.
PAR  A serious problem relating to internal combustion engines is environmental
      pollution as, for example, air pollution by exhaust emissions from
      internal combustion engines. A component of the exhaust from internal
      combustion engines is unburned hydrocarbons. Various methods have been
      used to reduce the hydrocarbons in engine exhausts, for example, catalytic
      mufflers and positive crank case ventilation systems.
PAC  SUMMARY OF THE INVENTION
PAR  Desirable properties such as carburetor detergency, good carburetor
      anti-icing characteristics and good rust inhibiting properties are
      imparted to normally liquid hydrocarbon fuels by the incorporation therein
      of hydrocarbon fuel-soluble organic compounds containing at least two
      amide linkages. A particularly efficacious type of compound of this class
      is compounds containing at least two amide linkages and having in addition
      at least one free amino group. It has been found that when these
      polyamides containing at least one free amino group are converted to the
      hydrocarbyl hydrogen phosphate salts, incorporation thereof into normally
      liquid hydrocarbon fuels not only favors improved carburetor detergency,
      carburetor anti-icing, and rust inhibiting properties but also results in
      other desirable properties. For example, hydrocarbon fuels containing
      hydrocarbyl hydrogen phosphate salts of polyamides having at least one
      amino group also have excellent stability and water tolerance and, in
      addition, engines operated thereon are characterized by reduced
      hydrocarbon emissions in the exhaust.
PAR  It is therefore an object of this invention to provide additives which,
      when incorporated in normally liquid hydrocarbon fuels, impart desirable
      properties thereto.
PAR  It is another object of this invention to provide additives which are
      readily soluble in normally liquid hydrocarbon fuels to produce stable
      solutions.
PAR  Yet another object of this invention is to provide normally liquid
      hydrocarbon fuel compositions having enhanced carburetor and fuel intake
      system detergency properties as well as superior carburetor anti-icing
      characteristics.
PAR  It is still another object of this invention to provide normally liquid
      hydrocarbon fuel compositions having improved water tolerance and rust
      inhibiting properties.
PAR  Yet another object of this invention is to provide normally liquid
      hydrocarbon fuel compositions which are characterized by reduced
      hydrocarbon content in the exhaust of internal combustion engines operated
      thereon.
PAR  Still other objects will appear hereinafter.
PAR  The foregoing objects are attained in accordance with this invention. In
      general, this invention comprises a hydrocarbyl hydrogen phosphate salt of
      a compound having the general formula
      ##EQU1##
      wherein m is at least 1 and the sum of n plus m is from 2 to about 6, R is
      a multivalent hydrocarbon group of about 2 to about 52 carbons, R' is a
      hydrocarbylene group of about 2 to about 12 carbons, R" is selected from
      the group consisting of hydrogen and hydrocarbyl groups of about 1 to
      about 30 carbons, R'" is a hydrocarbyl group of from about 2 to about 12
      carbons, and at least 10% of the amino groups contained therein are
      converted to the hydrocarbyl hydrogen phosphate salt; and normally liquid
      hydrocarbon fuel compositions comprising a major proportion of a normally
      liquid hydrocarbon fuel and a minor proportion of the above additive.
PAR  Normally liquid hydrocarbon fuel compositions containing the additive
      compounds of this invention exhibit such desirable properties as enhanced
      carburetor and fuel intake system detergency properties as well as
      superior carburetor anti-icing characteristics. In addition, hydrocarbon
      fuel compositions containing our additives have good water tolerance which
      favors dry fuel, and they also have good rust inhibiting properties. A
      particularly favorable aspect of hydrocarbon fuel compositions containing
      the additive compounds of this invention is that internal combustion
      engines operated thereon exhibit markedly reduced hydrocarbon emissions in
      the exhaust. Furthermore, the good solubility of the additives of this
      invention in liquid hydrocarbon fuels ensures stability with little
      tendency toward gum formation. Another advantage of our additives is their
      ability to impart desirable properties to liquid hydrocarbon fuels when
      used at low concentrations which makes them economically attractive. Other
      advantages of this invention will be apparent from the following
      description.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The normally liquid hydrocarbon fuel compositions of this invention are
      prepared by incorporating into a major proportion of a normally liquid
      hydrocarbon fuel a minor proportion of an additive which is a hydrocarbon
      fuel-soluble organic compound containing at least two amide linkages. The
      additives useful in the present invention have the following general
      structures:
      ##EQU2##
      wherein R.sub.1 is hydrogen or a hydrocarbyl group of about 1 to about 30
      carbons and preferably about 5 to about 25 carbons, e.g., an alkyl group,
      an aryl group, an aralkyl group, an alkaryl group, a cycloparaffin group,
      a cycloolefin group, or an aliphatic olefin group; R.sub.2, R.sub.3 and
      R.sub.4 are polyvalent hydrocarbyl groups of about 2 to about 65 carbons
      and preferably about 3 to about 55 carbons, e.g., polyvalent aryl groups
      or olefinically saturated or unsaturated polyvalent alkyl groups, aralkyl
      groups, alkaryl groups, and naphthyl groups; x is equal to or greater than
      one; and y is such that the total number of amide linkages in the molecule
      is two or more. One or more hydrogens on hydrocarbyl groups R.sub.1,
      R.sub.2, R.sub.3  and R.sub.4 may be replaced by a heterocyclic group such
      as an imidazolyl group or by a functional group such as halide, hydroxyl,
      carboxyl, carbonyl, ester, mercaptyl, amino, substituted amino, or amide.
      R.sub.1, R.sub.2, R.sub.3 or R.sub.4 may be the same or different whenever
      they occur more than once in any one molecule. R.sub.3 and R.sub.4 may be
      the same or different in compounds represented by structure II.  When x is
      greater than 1 in compounds represented by structure III, the portion of
      the molecule within brackets may be attached to the same or different
      carbons in R.sub.4.
PAR  Polyamides of the type represented by structure I may be prepared, for
      example, by condensing amino acids with one another through their
      respective amino and carboxyl groups. Polyamides of the type represented
      by structure II may be prepared, for example, by condensing dicarboxylic
      acids with diamines. Polyamides of the type represented by structure III
      may be prepared by condensing a polycarboxylic acid with ammonia or an
      amine. The amine may be selected from primary and secondary amines as well
      as compounds containing two or more amino groups.
PAR  Another class of amines that finds use in the practice of this invention is
      aminoalkyl substituted imidazolines of the general structure:
      ##EQU3##
      wherein x is 1 to 8 and R is a hydrocarbyl group. When this class of amine
      is condensed with, for example, a dicarboxylic acid, the following type of
      diamide is produced:
      ##EQU4##
      wherein X represents the non-carboxyl portion of the dicarboxylic acid.
PAR  It has been found that a particularly satisfactory class of amines is
      derived from 1,3-propylenediamine. Of these,
      N-(10-phenylstearyl)-1,3-propylenediamine and
      N-tallowyl-1,3-propylenediamine are especially efficacious. When a
      1,3-propylenediamine is condensed with a dicarboxylic acid, in addition to
      diamide, some low moleclar weight polyamide-type polymer of about 2 to 15
      repeating units may be formed. It is also possible that the free amino
      groups of the diamide may react with the carbonyl oxygens of the amide
      groups to split out water and cyclize to form a tetrahydropyrimidine.
PAR  In addition to the dicarboxylic acids used to form amides represented by
      structure III when x is 1, acids containing three, four or more carboxyl
      groups may be converted to amides and used successfully in the practice of
      this invention. An example is a trimer acid designated as Empol 1040 and
      which is manufactured by Emery Industries, Inc. This is the trimer of a
      polyunsaturated C.sub.18 monocarboxylic fatty acid, being a C.sub.54
      tricarboxylic acid.
PAR  In addition to forming a polyamide by condensing a specific amine with a
      specific polycarboxylic acid, it is possible to condense mixtures of
      amines with mixtures of acids. An example of a useful mixture of acids is
      Empol 1022 which is comprised of about three parts of the dimer and about
      one part of the trimer of a polyunsaturated C.sub.18 monocarboxylic fatty
      acid. An example of a suitable mixture of amines is two parts of
      10-phenylstearylamine and one part of
      N-(10-phenylstearyl)-1,3-propylenediamine.
PAR  The polyamides of this invention may be prepared by adding one mole of the
      amine to each equivalent of the polycarboxylic acid in a suitable solvent
      and heating the mixture. Water formed as a by-product of the condensation
      reaction is removed from the reaction mixture, for example by azeotropic
      distillation. It is convenient when using an aromatic solvent such as
      toluene or xylene to employ a water separator to collect the by-product
      water. On completion of the reaction, removal of the solvent as, for
      example, by distillation leaves the polyamide.
PAR  The preferred normally liquid hydrocarbon fuel compositions of this
      invention are prepared by incorporating into a major proportion of a
      normally liquid hydrocarbon fuel a minor proportion of an additive which
      is basically a hydrocarbyl hydrogen phosphate salt of a polyamide having
      at least 1 amino group. Examples of normally liquid hydrocarbon fuels that
      have desirable properties imparted thereto by the additives of this
      invention are gasoline, jet fuel, and diesel fuel.
PAR  The novel additives of this invention are prepared by reacting a
      hydrocarbyl hydrogen phosphate with a polyamide containing from 2 to about
      6 amide groups and at least 1 amino group whereby at least about 10% of
      the amino groups are converted to the hydrocarbyl hydrogen phosphate salt.
      The polyamides are prepared by condensing a polycarboxylic acid having
      from 2 to about 6 carboxyl groups with an amine or amines to convert each
      carboxyl group to the corresponding N-substituted amide group. It is
      critical that at least one N-substituted amide group in every molecule
      contain an amino group on the substituent. Thus at least one carboxyl
      group of the polycarboxylic acid must be condensed with a polyamine,
      preferably a diamine, while the remainder of the carboxyl groups may be
      condensed with either a monoamine or a polyamine. However, it is preferred
      that each carboxyl group be condensed with a diamine. The preferred acids
      are dicarboxylic acids. Hence the preferred polyamides are
      diamino-diamides having the general formula
      ##EQU5##
      wherein R is a hydrocarbylene group of about 2 to about 52 carbons and
      preferably about 4 to about 34 carbons, R' is a hydrocarbylene group of
      about 2 to about 12 carbons and preferably about 2 to about 6 carbons, and
      R" is selected from the group consisting of hydrogen and hydrocarbyl
      groups of about 1 to about 30 carbons and preferably about 3 to about 24
      carbons.
PAR  The hydrocarbyl hydrogen phosphate which is reacted with the polyamide
      containing one or more amino groups to form the salt is preferably a
      hydrocarbyl hydrogen orthophosphate. The hydrocarbyl hydrogen
      orthophosphate may be a dihydrocarbyl hydrogen orthophosphate, a
      hydrocarbyl dihydrogen orthophosphate, or preferably a mixture of a
      dihydrocarbyl hydrogen orthophosphate and a hydrocarbyl dihydrogen
      orthophosphate. The hydrocarbyl portions contain from about 1 to about 15
      carbons and preferably from about 3 to about 10 carbons. In the case of
      dihydrocarbyl hydrogen orthophosphates and mixtures of dihydrocarbyl
      hydrogen orthophosphates and hydrocarbyl dihydrogen orthophosphates, the
      hydrocarbyl groups may be the same or different. The hydrocarbyl portions
      may be aliphatic, aromatic, or naphthenic or they may contain various
      mixtures of aliphatic, aromatic and naphthenic segments. Aliphatic and
      naphthenic segments may be either saturated or unsaturated. The ratio of
      hydrocarbyl hydrogen orthophosphate to the polyamide containing one or
      more amino groups is such that at least about 10% of the amino groups are
      converted to the hydrocarbyl hydrogen orthophosphate salt. While about 10%
      to about 100% of the amino groups may be converted to the hydrocarbyl
      hydrogen orthophosphate salt, it is preferred that about 50% to about 90%
      of the amino groups be converted to the salt since the presence of some
      free amino groups is usually desirable. However, an excess of hydrocarbyl
      hydrogen orthophosphate may be present in the case where 100% of the amino
      groups are converted to the salt.
PAR  As stated above, the polyamide containing from 2 to about 6 amide groups
      and at least 1 amino group has the general formula
      ##EQU6##
      wherein R is a multivalent hydrocarbon group of about 2 to about 52, and
      preferably about 4 to about 34, carbons, and m is at least 1 and the sum
      of n plus m is from 2 to about 6. The polycarboxylic acid from which the
      polyamide is made therefore has the general formula
      ##EQU7##
      wherein R is a multivalent hydrocarbon group of about 2 to about 52
      carbons and preferably about 4 to about 34 carbons. R may be aliphatic,
      aromatic or naphthenic, or it may contain various mixtures of aliphatic,
      aromatic and naphthenic segments. Aliphatic and naphthenic segments may be
      either saturated or unsaturated. While the sum of m plus n may be from 2
      to about 6, it is preferred that the sum of m plus n be 2, i.e., a
      dicarboxylic acid. Examples of suitable polycarboxylic acids are succinic
      acid; glutaric acid; adipic acid; terephthalic acid;
      1,4-cyclohexanedicarboxylic acid; pyromellitic acid;
      1,18-dicarboxyoctadecane; and trimer acid which is the trimer of a
      polyunsaturated C.sub.18 monocarboxylic fatty acid, being a C.sub.54
      tricarboxylic acid of uncertain structure. The preferred polycarboxylic
      acid is a dimer acid produced by the dimerization of a polyunsaturated
      C.sub.18 monocarboxylic fatty acid to produce an unsaturated C.sub.36
      dicarboxylic acid whose exact structure is not known with certainty. Such
      a dimer acid is produced by General Mills under the trade name of
      Versadyme 216.
PAR  The amine which is condensed with the polycarboxylic acid to form the
      polyamide is selected from the group consisting of monoamines and
      polyamines, preferably diamines, having the general formulas
      ##EQU8##
      wherein R' is a hydrocarbylene group of about 2 to about 12 carbons and
      preferably about 2 to about 6 carbons, R" is selected from the group
      consisting of hydrogen and hydrocarbyl groups of about 1 to about 30
      carbons and preferably about 3 to about 24 carbons, and R'" is a
      hydrocarbyl group of about 2 to about 12 carbons and preferably about 2 to
      about 6 carbons. R', R'", and R" when it is a hydrocarbyl group may be
      aliphatic, aromatic or naphthenic or they may contain various mixtures of
      aliphatic, naphthenic and aromatic segments. Aliphatic and naphthenic
      segments may be either saturated or unsaturated. Examples of suitable
      monoamines are diethylamine, dodecylamine, cyclohexylamine,
      methylbutylamine and propylamine. Examples of suitable diamines are
      ethylenediamine; propylenediamine; 1,12-diaminododecane;
      hexamethylenediamine; N-methyl-N'-propyl-1,3-propylenediamine;
      N,N-dibutylethylenediamine; 1,4-diaminohexane;
      N-oleyl-1,3-propylenediamine; N-cyclohexylethylenediamine; and
      N-(10-phenylstearyl)-1,3-propylenediamine. The preferred amine is
      N-tallowyl-1,3-propylenediamine.
PAR  Examples of hydrocarbyl hydrogen phosphates are triethyl hydrogen
      pyrophosphate, methylphenyl dihydrogen pyrophosphate, cyclohexyl
      dihydrogen orthophosphate, diphenyl hydrogen orthophosphate, methyldecyl
      hydrogen orthophosphate, pentadecyl dihydrogen orthophosphate, dipropyl
      hydrogen orthophosphate, heptyl dihydrogen orthophosphate, isooctyl
      dihydrogen orthophosphate, and diisooctyl hydrogen orthophosphate. The
      preferred hydrocarbyl hydrogen phosphate is a mixture of isooctyl
      dihydrogen orthophosphate and diisooctyl hydrogen orthophosphate.
PAR  In order that the additive of our invention have the necessary solubility
      in hydrocarbon fuels, it is necessary that the polyamide containing from 2
      to about 6 amide groups and at least one amino group contain about 24 to
      about 100, and preferably about 30 to about 90, carbons. Since the
      preferred acid for amide formation is dimer acid, the preferred amine is
      N-tallowyl-1,3-propylenediamine, and the preferred hydrocarbyl hydrogen
      phosphate for salt formation is a mixture of isooctyl dihydrogen
      orthophosphate and diisooctyl hydrogen orthophosphate, the preferred
      additive of our invention is a mixture of isooctyl dihydrogen
      orthophosphate and diisooctyl hydrogen orthophosphate salts of the diamide
      obtained by condensing one mole of dimer acid with 2 moles of
      N-tallowyl-1,3-propylenediamine. It will be understood that when the dimer
      acid condenses with the diamine to form the diamino-diamide, either amino
      group may condense with a carboxyl group and the product is therefore a
      mixture of the following isomers
      ##EQU9##
      wherein R is the C.sub.34 hydrocarbylene portion of the dimer acid and R'
      is a tallowyl group. The ratio of the mixture of isooctyl hydrogen
      orthophosphates to the diamino-diamide to form our preferred additive is
      such as to convert from about 10% to about 100%, and preferably about 50 %
      to about 90%, of the amino groups of the diamino-diamide to the
      corresponding isooctyl hydrogen orthophosphate salts. In the case where
      100% of the amino groups are converted to the salt, it is contemplated
      that an excess of the mixture of isooctyl hydrogen orthophosphates may be
      present.
PAR  A particularly advantageous method of incorporating the additive of this
      invention into a normally liquid hydrocarbon fuel is to form a "cocktail"
      of the additive with other ingredients which, for example, enhance the
      ease of solution of the additive in the fuel and the handling
      characteristics of the additive itself. An especially desirable "cocktail"
      contains 45 weight percent of the preferred additive of this invention,
      the additive being prepared by reacting about 3 parts by weight of the
      condensation product of 1 mole of dimer acid and 2 moles of
      N-tallowyl-1,3-propylenediamine with about 1 part by weight of a mixture
      of about 65 weight percent diisooctyl hydrogen orthophosphate and about 35
      weight percent of isooctyl dihydrogen orthophosphate. Thus about 80-90% of
      the amino groups of the diamino-diamide are neutralized by the mixture of
      isooctyl hydrogen orthophosphates. The remainder of the "cocktail"
      comprises 48.6 weight percent toluene, 4.5 weight percent methanol, and
      1.9 weight percent of a demulsifying agent, advantageously DS-415
      manufactured by Petrolite Corporation.
PAR  "Cocktails" of additives of this invention with other ingredients which,
      for example, enhance the solubility of the additive will vary depending on
      a number of factors. The concentration of the additive in the "cocktail"
      will generally be as high as possible commensurate with ready solubility
      of the "cocktail" in the hydrocarbon fuel. Generally, the concentration of
      additive in the "cocktail" is about 40-60 weight percent. The other
      components of the "cocktail" will generally be solvents or mixtures of
      solvents that readily dissolve the additive and which are miscible with
      the hydrocarbon fuel, as well as materials such as demulsifying agents.
PAR  While the concentrations of the additives of this invention in hydrocarbon
      fuels may be varied over a broad range, hydrocarbon fuel compositions
      containing from about 1 to about 500 pounds of additive per thousand
      barrels (PTB) of the composition are generally used. However, hydrocarbon
      fuel compositions containing from about 4 to about 50 PTB of additive are
      preferred.
PAR  In the case of the "cocktail" described above which contains 40-60 weight
      percent of an additive of this invention, its concentration in the
      normally liquid hydrocarbon fuel composition may vary from about 5 to
      about 1000, and preferably from about 10 to about 100, PTB of said
      "cocktail." When the normally liquid hydrocarbon fuel is gasoline, a
      particularly desirable gasoline composition contains about 13 to about 20
      PTB of said "cocktail."
PAR  The efficacy of our additives in hydrocarbon fuel compositions is
      determined by subjecting the compositions to one or more of the following
      tests. The tests and their procedures are as follows:
PAC  CARBURETOR DETERGENCY TEST
PAR  Engine blow-by contaminants are generated in an engine and collected in a
      flask. At the end of the collection period the water phase is separated
      from the fuel phase, the latter being discarded. The water phase of the
      contaminants is used for the carburetor detergency evaluations.
PAR  The carburetor detergency test is run on a Cooperative Lubricants Research
      (CLR) engine, a single cylinder research engine manufactured by Laboratory
      Equipment Company. The contaminants are injected into the carburetor
      throttle body of a CLR engine running with a rich mixture and on which the
      throttle plate has been removed and a 200  mesh stainless steel specimen
      screen installed at the entrance to the intake manifold. The amount of
      deposits accumulated on the screen after 3 hours of engine operation
      indicates the detergency performance of the fuel. Experimental fuels and
      reference fuels are tested with the same batch of contaminants.
PAR  At the conclusion of the 3 hour run, the 200 mesh screen is removed and
      evaluated for contaminant accumulation. The reflectance of the screen,
      determined by means of a reflectance meter, is a measure of the amount of
      deposits accumulated on the screen. The higher the reflectance, the
      cleaner the screen, i.e., the lower the accumulation of deposits.
PAR  The effectiveness of an additive is represented as the ratio, expressed as
      a percentage, of the average screen reflectance for the fuel containing
      the additive to the average screen reflectance for a reference fuel
      containing a commercially available carburetor detergent additive at a
      concentration of 15 pounds per thousand barrels (PTB). Thus an
      experimental additive that equals the performance of the reference fuel
      will have an effectiveness of 100%, and an experimental additive that
      performs at a lower level than the reference fuel will have an
      effectiveness of less than 100%, and an experimental additive that
      performs at a higher level than the reference fuel will have an
      effectiveness of greater than 100%.
PAC  CARBURETOR ANTI-ICING TEST
PAR  The test is run on a CLR single cylinder engine coupled to a speed control
      dynamometer. The engine is fitted with a special, thermally-isolated
      carburetor with external float bowls; no idle fuel system is used. The
      carburetor has an adjustable main jet and the throttle body is constructed
      of glass or clear plastic so icing can be confirmed by visual inspection.
      A temperature and humidity control system supplies inlet air to the
      carburetor at the desired conditions and also to a glass or clear plastic
      box enclosing the carburetor.
PAR  All anti-icing additives are evaluated in a blended base fuel composed of
      25 volume percent of ASTM isooctane and 75 volume percent of precipitation
      naphtha and containing 1.5 ml./gallon of tetraethyl lead. Also present are
      a scavenger, metal deactivator, and an anti-oxidant. A non-icing purge
      fuel consisting of the base fuel containing 5.5% of isopropyl alcohol is
      used in the test. The anti-icing properties of fuel compositions
      containing additives of this invention are compared to those of the base
      fuel containing no anti-icing additive.
PAR  Ice formation on the throttle plate of the carburetor is measured by an
      increase in manifold vacuum caused by a choking of the engine by the ice
      formation. The time in seconds for the manifold vacuum to increase 1.5 and
      2.0 inches of mercury are recorded as time to ice with the fuel which is
      being evaluated. An increase in manifold vacuum of 1.5 inches of mercury
      is defined as trace ice and an increase in manifold vacuum of 2.0 inches
      of mercury is defined as severe ice.
PAR  Engine operating conditions are set so as to cause a reference fuel, i.e.,
      a base fuel containing a reference anti-icing additive, to ice
      sufficiently to cause a 2.0 inch manifold vacuum increase in 40 to 50
      seconds. When these conditions are set, the base fuel containing no
      anti-icing additives will ice to the same extent in 18 to 20 seconds. Once
      these operating conditions have been achieved, the anti-icing
      characteristics of base fuel containing the experimental additives can be
      evaluated.
PAR  In running the test on a fuel composition containing an experimental
      additive, once ice severe enough to raise the manifold vacuum 2.0 inches
      of mercury has formed, the carburetor is switched to the purge fuel which
      removes the ice. After 50 seconds to allow for ice removal and engine
      stabilization, the carburetor is switched back to the experimental fuel.
      The above procedure is repeated until five runs on the experimental fuel
      have been made, the times for manifold vacuum increases of 1.5 to 2.0
      inches of mercury being noted. The times of the five runs are then
      averaged for each manifold vacuum increase. Either a base fuel or a
      reference fuel is run after every two experimental additive runs.
PAC  WATER TOLERANCE TEST
PAR  Into an 8 oz. bottle are poured 100 ml. of the fuel composition to be
      tested plus 20 ml. of water of a given pH. The bottle is capped and
      hand-shaken with an up-down motion for 2.5 minutes, approximately 180 to
      200 times. The mixture is stored in the dark on a vibration-free table for
      24 hours and is then rated. The interface is rated numerically according
      to accumulations of skin, dirt, bubbles and emulsion, and the numbers
      range from 0 to 7. A rating of 0 denotes a clean break at the interface
      with no accumulations of any kind. A rating of 7 denotes that the water
      phase is occupied completely by emulsion. Various degrees of accumulations
      at the interface are thus assigned numerical values ranging from 0 for no
      accumulation to 7 for the poorest rating. Finer variations in the ratings
      may be denoted by + and - signs after the numerical rating. Thus a rating
      of 2- is slightly better than a rating of 2  while a rating of 5+ is
      slightly poorer than a rating of 5. In addition, both the fuel phase and
      the water phase are rated for clarity as follows:
PA1  C -- very clear, no haze
PA1  Sh -- slightly hazy
PA1  H -- hazy
PA1  Vh -- very hazy
PA1  E -- emulsion.
PAL  Passing ratings for a fuel composition are an interface rating of 0 to 2
      and fuel and water phase clarity rating of C.
PAC  MULTIPLE CONTACT EMULSION TEST
PAR  In an 8 oz. narrow-necked bottle are placed 100 ml. of the fuel to be
      tested and 10 ml. of water of a given pH. The mixture is shaken by hand
      for 2.5 minutes. The bottle is stored in an upright position in the dark
      and at the end of 24 hours the appearance of the fuel layer, oil-water
      interface and water layer are noted. The fuel layer is siphoned off and
      replaced with a fresh 100 ml. sample of the fuel to be tested. This
      procedure is repeated for a total of 10 times or until such time as the
      water layer is completely emulsified after the 24 hour setting period. At
      the end of each 24 hour period, the sample is rated according to a scale
      ranging from 0 to 11. A rating of 0 denotes clean separation of fuel and
      water while the poorest rating of 11 indicates a completely solid
      emulsion. As in the case of the water tolerance test described above, plus
      and minus signs are applied to the numerical ratings to indicate finer
      variations therein.
PAC  RUST TEST
PAR  A 350 ml. sample of the normally liquid hydrocarbon fuel composition to be
      tested is extracted by shaking with 35 ml. of distilled water. The water
      phase is then discarded. Into a beaker are placed 30 ml. of synthetic sea
      water and 300 ml. of the extracted normally liquid hydrocarbon fuel
      composition to be tested. The stirred mixture is heated to 100.degree.F. A
      steel test specimen is inserted into the stirred, heated mixture and the
      mixture is stirred at 100.degree.F for 20 hours. The steel specimen is
      then removed, allowed to drain and then washed with precipitation naphtha
      or isooctane. The percent of the surface of the steel test specimen that
      is covered by rust is determined.
PAC  EQUILIBRIUM HYDROCARBON EMISSION TEST
PAR  The test is run using a CLR single cylinder test engine. The engine is
      clean at the beginning of the test and has no combustion chamber deposits.
      By means of a Beckman flame ionization detector (FID), the amount of
      hydrocarbon emissions in the exhaust at the start of the test is
      determined for the fuel being tested. The engine is run on this fuel until
      equilibrium is reached as evidenced by no change in the amount of
      hydrocarbons in the exhaust. The increase in hydrocarbon emissions at
      equilibrium over the initial hydrocarbon emissions is recorded and
      expressed in parts per million (p.p.m.).
PAC  CLEAN-UP HYDROCARBON EMISSION TEST
PAR  The test is run on a clean CLR single cylinder test engine having no
      combustion chamber deposits. The initial fuel is a base fuel containing 3
      ml. of TEL/gallon. Using the procedure described above, the engine is run
      on the base fuel until equilibrium is reached. The increase in hydrocarbon
      emissions at equilibrium relative to the initial hydrocarbon emissions in
      the exhaust is determined (FID) and expressed in p.p.m. The engine is then
      switched to a fuel containing the additive of this invention and run for
      another 75 hours. At this time the amount of hydrocarbons in the exhaust
      is again determined and the change relative to the equilibrium hydrocarbon
      emissions recorded in p.p.m.
DETD
PAR  The following specific examples will serve to better illustrate our
      invention.
PAC  EXAMPLE I
PAR  To a solution of 147.5 g. (0.25 mole) of Versadyme 216 dimer acid in 200
      ml. of toluene are added 178.0 g. (0.5 mole) of
      N-tallowyl-1,3-propylenediamine. The reaction mixture, in a flask fitted
      with a stirrer, a Dean-Stark trap and a reflux condenser, is stirred while
      heated under reflux for 13.5 hours. At the end of this time, 9.0 ml. of
      water, the theoretical amount for formation of the mixture of isomeric
      diamino-diamides, have been collected in the Dean-Stark trap. The solvent
      is removed by distillation under reduced pressure to yield 319.0 g. of the
      mixture of isomeric diamino-diamides having a basic nitrogen content of
      3.06 weight percent.
PAR  To 100 g. of the mixture of isomeric diaminodiamides are added 36.2 g. of
      an approximately equimolar mixture of diisooctyl hydrogen orthophosphate
      and isooctyl dihydrogen orthophosphate containing a small amount of
      orthophosphoric acid and having an equivalent weight of 184. The mixture
      of isooctyl hydrogen orthophosphates is sufficient to react with 90% of
      the amino groups of the diamino-diamides to form the corresponding salts.
      To the reaction mixture are added 5.68 g. of Petrolite DS-415, a
      demulsifying agent manufactured by Petrolite Corporation. The mixture is
      stirred and the temperature rises to 52.degree.C. A portion of this
      mixture is mixed with toluene and methanol to form a "cocktail" having the
      composition:
TBL  Ingredients              Weight Percent                                   
     ______________________________________                                    
     Isooctyl hydrogen orthophosphate salts                                    
                              45.0                                             
     of diamino-diamides                                                       
     Petrolite DS-415 demulsifying                                             
                              1.9                                              
     agent                                                                     
     Toluene                  48.6                                             
     Methanol                 4.5                                              
     ______________________________________                                    
PAC  EXAMPLE II
PAR  Gasoline compositions are prepared by dissolving various amounts of a
      "cocktail" having the composition of that described in Example I in a base
      gasoline containing 3 ml. of TEL/gal. and the compositions are subjected
      to the carburetor detergency test. For comparison purposes, a base leaded
      gasoline containing no other additive than 3 ml. of TEL/gal. and leaded (3
      ml. of TEL/gal.) gasoline compositions containing various levels of a
      commercially available mutli-functional additive, i.e., DMA-4 manufactured
      by the Du Pont Company and containing 80% of active ingredient and 20%
      kerosene, are also subjected to the carburetor detergency test. The active
      ingredient in DMA-4 is a hydrocarbyl hydrogen orthophosphate salt of an
      aliphatic monoamine. The make-up of each gasoline composition and its
      percent effectiveness as determined by the average screen reflectance are
      given in Table I. The gasoline composition containing 15 PTB of DMA-4 has
      been assigned an effectiveness of 100% and all results are relative to
      this reference. Each result is the average of a number of determinations.
TBL                TABLE I                                                     
     ______________________________________                                    
     Additive      Concentration, PTB                                          
                                  % Effectiveness                              
     ______________________________________                                    
     --            --              64                                          
     DMA-4         15.0           100                                          
     DMA-4         22.5           109                                          
     DMA-4         30.0           147                                          
     Additive "Cocktail"                                                       
                   13.0           200                                          
     Additive "Cocktail"                                                       
                   20.0           252                                          
     Additive "Cocktail"                                                       
                   33.0           289                                          
     ______________________________________                                    
PAL  It is seen from Table I that gasoline compositions containing a "cocktail"
      of an additive of this invention, said "cocktail" having the composition
      of that described in Example I, have excellent carburetor detergency
      properties.
PAC  EXAMPLE III
PAR  Fuel compositions are prepared by dissolving various amounts of a
      "cocktail" having the composition of that described in Example I in a high
      volatility fuel comprising a blend of isooctane and precipitation naphtha
      containing 1.5 ml. of TEL/gal. and the compositions are subjected to the
      carburetor anti-icing test. For comparison purposes, a base fuel
      containing no other additive than 1.5 ml. of TEL/gal. and base fuel
      compositions containing various levels of the commercial multi-functional
      additive DMA-4 are also subjected to the carburetor anti-icing test. The
      make-up of each fuel composition and its percent effectiveness are given
      in Table II. The percent effectiveness for each composition is determined
      by averaging the times for 1.5 inch and 2.0 inch manifold vacuum increases
      and comparing the average time to the average time for a fuel composition
      containing 15 PTB of DMA-4 which has been assigned an effectiveness of
      100%.
TBL                TABLE II                                                    
     ______________________________________                                    
     Additive      Concentration, PTB                                          
                                  % Effectiveness                              
     ______________________________________                                    
     --            --             52                                           
     DMA-4          5.0           80                                           
     DMA-4         10.0           90                                           
     DMA-4         15.0           100                                          
     Additive "Cocktail"                                                       
                   13.0           80                                           
     Additive "Cocktail"                                                       
                   20.0           101                                          
     Additive "Cocktail"                                                       
                   27.0           113                                          
     Additive "Cocktail"                                                       
                   33.0           148                                          
     ______________________________________                                    
PAL  The data in Table II show that fuel compositions containing a "cocktail" of
      an additive of this invention have improved carburetor anti-icing
      properties compared to a base fuel and that they compare favorably to fuel
      compositions containing a commercially available additive.
PAC  EXAMPLE IV
PAR  Fuel compositions are prepared by dissolving various amounts of an additive
      "cocktail" having the composition of that described in Example I in
      isooctane and the compositions are subjected to the rust test. Also
      subjected to the rust test are a sample of isooctane containing no
      additive and a composition comprising isooctane containing 15 PTB of
      DMA-4. The make-up of each fuel composition and the results of the rust
      test are set forth in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     Additive        Concentration, PTB                                        
                                      % Rust                                   
     ______________________________________                                    
     --              --               100                                      
     DMA-4           15.0             62                                       
     Additive "Cocktail"                                                       
                     13.0             0                                        
     Additive "Cocktail"                                                       
                     20.0             0                                        
     Additive "Cocktail"                                                       
                     33.0             0                                        
     ______________________________________                                    
PAL  The data in Table III illustrate the excellent rust inhibiting properties
      imparted to a fuel composition by the incorporation therein of an additive
      of this invention.
PAC  EXAMPLE V
PAR  Gasoline compositions containing an additive "cocktail" having the
      composition of that described in Example I and gasoline compositions
      containing multi-functional additive DMA-4 are subjected to the water
      tolerance test using water of various pH. The make-up of each composition,
      the pH of the water used, and the results of the test are given in Table
      IV.
TBL                                    TABLE IV                                
     __________________________________________________________________________
                 Concentration,                                                
                         pH of                                                 
                             Water Tolerance Ratings                           
                 PTB     Water                                                 
                             Gasoline                                          
                                  Water                                        
     Additive                Phase                                             
                                  Phase                                        
                                      Interface                                
     __________________________________________________________________________
      DMA-4      15.0    6.0 C    C   0                                        
      DMA-4      15.0    7.0 C    C   0                                        
      DMA-4      15.0    9.0 C    C   0                                        
     Additive "Cocktail"                                                       
                 33.0    5.0 C    C   0+                                       
     Additive "Cocktail"                                                       
                 33.0    6.0 C    C   0                                        
     Additive "Cocktail"                                                       
                 33.0    9.0 C    C   0+                                       
     __________________________________________________________________________
PAL  The data in Table IV show the excellent water tolerance of gasoline
      compositions containing a "cocktail" of an additive of this invention.
PAC  EXAMPLE VI
PAR  Gasoline compositions are prepared containing different levels of an
      additive "cocktail" having the same composition as that described in
      Example I, and the gasoline compositions are subjected to the multiple
      contact emulsion test using water of various pH levels. A gasoline
      composition containing multi-functional additive DMA-4 is also subjected
      to the test for comparison purposes. The make-up of each composition, the
      pH of the water used, and the interface rating after the tenth contact are
      shown in Table V.
TBL                TABLE V                                                     
     ______________________________________                                    
                  Concentration                                                
                              pH of    Interface                               
     Additive     PTB         Water    Rating After                            
                                       10th Contact                            
     ______________________________________                                    
     Additive "Cocktail"                                                       
                  13.0        5.0      2+                                      
     "            13.0        6.0      2+                                      
     "            13.0        10.0     1+                                      
     "            27.0        5.0      2+                                      
     "            27.0        6.0      2+                                      
     "            27.0        10.0     2+                                      
     DMA-4        15.0        5.0      3-                                      
     DMA-4        15.0        6.0      3-                                      
     DMA-4        15.0        10.0     3-                                      
     ______________________________________                                    
PAL  From the results of the test as shown in Table V it is seen that gasoline
      compositions containing a "cocktail" of an additive of this invention have
      a water tolerance somewhat better than gasoline compositions containing
      the commercial additive.
PAC  EXAMPLE VII
PAR  A number of gasoline compositions are evaluated in a CLR single cylinder
      engine to determine the increase in hydrocarbon emissions at equilibrium
      relative to initial hydrocarbon emissions in a clean engine. As described
      above, a flame ionization detector (FID) is used to determine the initial
      hydrocarbon emissions in the exhaust of a clean CLR engine. The engine is
      run to equilibrium as indicated by a stabilization of the hydrocarbon
      emissions. The increase in hydrocarbon emissions at equilibrium, expressed
      in p.p.m., and the time to reach equilibrium are recorded. A gasoline
      composition is prepared by dissolving an additive "cocktail" having the
      composition of that described in Example I in a base gasoline composition
      containing 3 ml. of TEL/gal. and evaluated. For comparison, a base leaded
      gasoline containing no additive other than 3 ml. of TEL/gal. and a leaded
      (3 ml. of TEL/gal.) gasoline composition containing multi-functional
      additive DMA-4 are also evaluated in the test. Table VI shows the make-up
      of the gasoline compositions, the increase in hydrocarbon emissions in the
      exhaust at equilibrium, and the time to reach equilibrium.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                         .DELTA. Hydrocarbon                                   
                 Concentration                                                 
                         Emission at                                           
                                  Time to                                      
     Additive    PTB     Equilibrium                                           
                                  Equilibrium                                  
                         p.p.m.   hrs.                                         
     __________________________________________________________________________
       --        --      + 177    65                                           
     DMA-4       15.0    + 185    65                                           
     DMA-4       15.0    + 220    85                                           
     Additive "Cocktail"                                                       
                 20.0    + 2      100+                                         
     Additive "Cocktail"                                                       
                 20.0    0        100+                                         
     __________________________________________________________________________
PAL  The data in Table VI show that hydrocarbon emissions in engines operated on
      gasoline compositions containing an additive of this invention
      surprisingly do not appreciably increase with time as is the case with a
      base fuel and a fuel composition containing the commercially available
      additive.
PAC  EXAMPLE VIII
PAR  The hydrocarbon emission reducing properties of an additive of this
      invention are determined as follows. A clean CLR engine is run on a base
      gasoline composition containing 3 ml. of TEL/gal. until equilibrium
      hydrocarbon emission is reached after approximately 95 hours. The increase
      in hydrocarbon emission at equilibrium relative to initial hydrocarbon
      emission is determined (FID) and expressed in p.p.m. The engine is then
      switched to a leaded (3 ml. of TEL/gal.) test fuel containing an additive
      "cocktail" having the composition of that described in Example I and run
      for an additional 75 hours. The hydrocarbon emission is again determined
      (FID) and the difference relative to the equilibrium hydrocarbon emission
      is recorded, expressed in p.p.m. A + .DELTA. hydrocarbon emission
      indicates an increase and a - .DELTA. hydrocarbon emission indicates a
      decrease in the hydrocarbon emission. Table VII shows the concentration of
      the additive "cocktail" in the test fuel, the .DELTA. hydrocarbon emission
      at equilibrium, and the .DELTA. hydrocarbon emission after 75 hours of
      running on test fuel. Each of the three runs is made on a different CLR
      engine.
TBL                                    TABLE VII                               
     __________________________________________________________________________
     Concentration of                                                          
                 .DELTA. Hydrocarbon Emission                                  
                              .DELTA. Hydrocarbon Emission                     
     Additive "Cocktail"                                                       
                 at Equilibrium on                                             
                              After 75 Hours on                                
     in Test Fuel, PTB                                                         
                 Base Fuel, p.p.m.                                             
                              Test Fuel, p.p.m.                                
     __________________________________________________________________________
     20.0        + 325        + 12                                             
     40.0        + 230        - 185                                            
     67.0        + 380        - 195                                            
     __________________________________________________________________________
PAL  The data in Table VII show that when an engine running on a base leaded
      gasoline has reached hydrocarbon emission equilibrium, switching the
      engine to a leaded gasoline composition containing an additive of this
      invention causes only a negligible increase in hydrocarbon emission at
      lower additive level and, surprisingly, at higher additive levels causes a
      marked decrease in hydrocarbon emissions. This suggests that additives of
      this invention remove or alter lead deposits from engines since lead
      deposits are considered to be a major cause of hydrocarbon emissions in
      engine exhaust.
PAC  EXAMPLE IX
PAR  A 9 car fleet test is run using identical 1970 Chevrolets having 350 cubic
      inch displacement engines. The test involves 10,000 miles of
      urban-suburban consumer type driving. Three cars are run on a base
      gasoline containing only 3 ml. of TEL/gal.; 3 cars are run on leaded (3
      ml. of TET/gal.) gasoline containing 15 PTB of DMA-4; and 3 cars are run
      on leaded (3 ml. of TEL/gal.) gasoline containing 20 PTB of an additive
      "cocktail" having the composition of that of Example I. At the end of
      10,000 miles, each car is rated in the following tests:
PAR  Carburetor Rating:
PAR  The cleanliness of each carburetor is given a numerical rating on a scale
      of 0 to 10, with 10 being the cleanest and 0 the dirtiest.
PAR  Hydrocarbon Emission:
PAR  The hydrocarbon emission level is determined by means of nondispersive
      infrared (NDIR) and by means of a flame ionization detector (FID). The
      hydrocarbon level in the exhaust is expressed in p.p.m.
PAR  Octane Requirement Increase (ORI):
PAR  The difference in octane number requirement of each car at the end of the
      test relative to the octane number requirement at the start, using a full
      boiling range reference fuel, is determined.
PAR  Table VIII contains the results of the foregoing tests. The data for each
      fuel composition are the average of the data obtained from the three cars
      tested with that fuel.
TBL                TABLE VIII                                                  
     ______________________________________                                    
                 Average   Average Hydrocarbon                                 
                                         Octane                                
     Gasoline    Carburetor                                                    
                           Emission, p.p.m.                                    
                                         Require-                              
     Composition Rating    NDIR     FID    ment                                
                                           Increase                            
     ______________________________________                                    
     Base Fuel                                                                 
     Containing                                                                
     3 ml. TEL/gal.                                                            
                 3.5       170      376    2.2                                 
     Base Fuel                                                                 
     Containing                                                                
     3 ml. TEL/gal.                                                            
     and 20 PTB of                                                             
     Additive "Cock-                                                           
     tail"       6.7       114      269    2.2                                 
     Base Fuel                                                                 
     Containing                                                                
     3 ml. TEL/gal.                                                            
     and 15 PTB of                                                             
     DMA-4       5.5       173      365    3.3                                 
     ______________________________________                                    
PAL  It is seen from the data in Table VIII that engines run on a fuel
      composition containing a "cocktail" of an additive of this invention have
      cleaner carburetors and lower hydrocarbon emissions than engines run on a
      base fuel or a gasoline composition containing a commercially available
      multi-purpose additive. In addition, the octane requirement increase for
      engines run on the fuel composition containing the inventive additive is
      no more than that for engines run on base fuel and is considerably less
      than that for engines run on gasoline containing the commercial additive.
PAC  EXAMPLE X
PAR  Leaded (3 ml. of TEL/gal.) gasoline compositions may be prepared containing
      4 PTB, 10 PTB, 30 PTB, or 50 PTB, respectively, of the mixture of isooctyl
      dihydrogen orthophosphate and diisooctyl hydrogen orthophosphate salts of
      the diamide obtained by condensing 1 mole of dimer acid with 2 moles of
      N-tallowyl-1,3-propylenediamine. The gasoline compositions will be found
      to have good carburetor detergency and carburetor anti-icing properties as
      well as good water tolerance and rust inhibiting characteristics. Engines
      run on the gasoline compositions will exhibit reduced deposit build-up and
      reduced hydrocarbon emissions in the exhaust.
PAC  EXAMPLE XI
PAR  By the procedure of Example I, various polycarboxylic acids may be
      condensed with various diamines so that each carboxyl group of the acid
      condenses with one amino group of the diamine to form the N-substituted
      polyamide wherein each of the substituent groups contains the unreacted
      amino group. The reaction is represented as follows
      ##EQU10##
      wherein R, R', R", m, and n are as defined above. Each of the
      polyamino-polyamides can be reacted according to the procedure of Example
      I with a hydrocarbyl acid phosphate so that at least 10% of the amino
      groups in the polyaminopolyamides are converted to the hydrocarbyl acid
      phosphate salt. Table IX lists the various amide-forming polycarboxylic
      acids, the diamines, the salt-forming hydrocarbyl acid phosphates, the
      percent of the amino groups of the polyamino-polyamides converted to the
      hydrocarbyl acid phosphate salts, and the letter designation assigned to
      each additive product.
TBL                                    TABLE IX                                
     __________________________________________________________________________
                                 Salt-Forming % Amino Groups                   
                                                       Additive                
     Polycarboxylic              Hydrocarbyl  Converted                        
                                                       Product                 
       Acid        Diamine       Acid Phosphate                                
                                              to Salt                          
     __________________________________________________________________________
     succinic acid N-oleyl-1,3-  triethyl hydrogen                             
                                              70       a                       
                   propylenediamine                                            
                                 pyrophosphate                                 
     adipic acid   1,12-diaminododecane                                        
                                 diphenyl hydrogen                             
                                              100      b                       
                                 orthophosphate                                
     terephthalic acid                                                         
                   N-cyclohexyl- cyclohexyl dihydrogen                         
                                              60       c                       
                   ethylenediamine                                             
                                 orthophosphate                                
     trimer acid   ethylenediamine                                             
                                 methylphenyl dihydrogen                       
                                              90       d                       
                                 pyrophosphate                                 
     pyromellitic acid                                                         
                   1,4-diaminohexane                                           
                                 pentadecyl dihydrogen                         
                                              80       e                       
                                 orthophosphate                                
     1,18-dicarboxyoctadecane                                                  
                   hexamethylenediamine                                        
                                 diphenyl hydrogen                             
                                              40       f                       
                                 orthophosphate                                
     glutaric acid N,N-dibutyl-  diisooctyl hydrogen                           
                                              100      g                       
                   ethylenediamine                                             
                                 orthophosphate                                
     1,4-cyclohexane-                                                          
                   N-(10-phenylstearyl)-1,                                     
                                 heptyl dihydrogen                             
                                              10       h                       
     dicarboxylic acid                                                         
                   3-propylenediamine                                          
                                 orthophosphate                                
     Versadyme 216 propylenediamine                                            
                                 triethyl hydrogen                             
                                              30       i                       
     dimer acid                  pyrophosphate                                 
     __________________________________________________________________________
PAC  EXAMPLE XII
PAR  Several diamides are prepared by condensing 1 mole of a dicarboxylic acid
      with 1 mole of a monoamine whereby 1 carboxyl group is converted to the
      amide and the other remains unchanged. This intermediate product is
      reacted with 1 mole of a diamine whereby the remaining carboxyl group is
      condensed with 1 amino group of the diamine to yield a diamide having a
      amino group. The reaction is represented as follows
      ##EQU11##
      wherein R, R', R" and R'" are as defined above. Each of the amino-diamides
      so formed is reacted according to the procedure of Example I with a
      hydrocarbyl acid phosphate so that at least 10% of the amino groups in the
      amino-diamide are converted to the hydrocarbyl acid phosphate salt. Table
      X lists the amide-forming dicarboxylic acids, the monoamines, the
      diamines, the salt-forming hydrocarbyl acid phosphates, the percent of the
      amino groups of the amino-diamides converted to the hydrocarbyl acid
      phosphate salts, and the letter designation assigned to each additive
      product.
TBL                                    TABLE X                                 
     __________________________________________________________________________
                                   Salt-Forming                                
                                               % Amino                         
                                                     Additive                  
     Dicarboxylic                                                              
               Monoamine                                                       
                      Diamine      Hydrocarbyl Groups                          
                                                     Product                   
     Acid                          Acid Phosphate                              
                                               Converted                       
                                               to Salt                         
     __________________________________________________________________________
     Versadyme 216                                                             
               diethylamine                                                    
                      ethylenediamine                                          
                                   cyclohexyl dihydrogen                       
                                               50    j                         
     dimer acid                    orthophosphate                              
     1,18-dicarboxy-                                                           
               methylbutyl-                                                    
                      N-methyl-N'-propyl                                       
                                   diisooctyl hydrogen                         
                                               90    k                         
     octadecane                                                                
               amine  1,3-propylenediamine                                     
                                   orthophosphate                              
     terephthalic                                                              
               cyclohexyl-                                                     
                      N-oleyl-1,3- isooctyl dihydrogen                         
                                               10    l                         
     acid      amine  propylenediamine                                         
                                   orthophosphate                              
     1,4-cyclohexane-                                                          
               propylamine                                                     
                      N-(10-phenylstearyl)-                                    
                                   diphenyl hydrogen                           
                                               100   m                         
     dicarboxylic acid                                                         
                      1,3-propylenediamine                                     
                                   orthophosphate                              
     adipic acid                                                               
               dodecylamine                                                    
                      N-oleyl-1,3- triethyl hydrogen                           
                                               75    n                         
                      propylenediamine                                         
                                   pyrophosphate                               
     __________________________________________________________________________
PAC  EXAMPLE XIII
PAR  Leaded (3 ml. TEL/gal.) gasoline compositions containing the additives of
      this invention may be prepared by dissolving the additives in a base
      leaded gasoline. Such gasoline compositions may, for example, contain 500
      PTB of additive b; 25 PTB of additive n; 1 PTB of additive m; 350 PTB of
      additive l; 45 PTB of additive a; 8 PTB of additive f; 37 PTB of additive
      g; 10 PTB of a "cocktail" containing 50 weight percent of additive k; 900
      PTB of a "cocktail" containing 50 weight percent of additive e; 60 PTB of
      a "cocktail" containing 40 weight percent of additive h; 85 PTB of a
      "cocktail" containing 45 weight percent of additive i; or 7 PTB of a
      "cocktail" containing 45 weight percent of additive j. The gasoline
      compositions will be found to have good carburetor detergency and
      anti-icing properties as well as good water tolerance and rust inhibiting
      characteristics. In addition, engines run on these fuel compositions will
      exhibit reduced hydrocarbon emissions.
PAC  EXAMPLE XIV
PAR  Suitable unleaded gasoline compositions may be prepared by dissolving the
      additives of our invention in a base unleaded gasoline. Exemplary
      compositions may contain 50 PTB of additive c; 425 PTB of additive i; 4
      PTB of additive d; 130 PTB of additive j; 18 PTB of additive h; 40 PTB of
      additive k; 27 PTB of additive e; 5 PTB of a "cocktail" containing 50
      weight percent of additive m;  70 PTB of a "cocktail" containing 40 weight
      percent of additive a; 1,000 PTB of a "cocktail" containing 50 weight
      percent of additive l; 300 PTB of a "cocktail" containing 60 weight
      percent of additive k; 50 PTB of a "cocktail"  containing 45 weight
      percent of additive c; or 20 PTB of a "cocktail" containing 45 weight
      percent of additive b. The gasoline compositions will have good carburetor
      detergency and anti-icing properties in addition to good rust inhibiting
      and water tolerance characteristics. Furthermore, spark ignition engines
      run on these fuel compositions will be characterized by lessened
      hydrocarbon emissions in the exhaust.
PAC  EXAMPLE XV
PAR  Diesel fuel compositions containing the additives of this invention can be
      prepared. Suitable compositions contain, for instance, 1 PTB of additive
      b; 35 PTB of additive k; 6 PTB of additive d; 400 PTB of additive l; 30
      PTB of a "cocktail" containing 50 weight percent of additive n; 850 PTB of
      a "cocktail" containing 55 weight percent of additive i; 95 PTB of a
      "cocktail" containing 45 weight percent of additive m; 15 PTB of a
      "cocktail" containing 50 weight percent of additive g; or 60 PTB of a
      "cocktail" containing 45 weight percent of additive e. These diesel fuel
      compositions will be found to have good water tolerance and rust
      inhibiting properties. Furthermore, engines run on the above fuel
      compositions will have cleaner fuel intake systems than engines run on
      base fuel containing no additive.
PAC  EXAMPLE XVI
PAR  Jet fuel compositions can be prepared by dissolving the additives of this
      invention in a base jet fuel. Suitable compositions may contain 375 PTB of
      additive a; 7 PTB of additive j; 30 PTB of additive c; 2 PTB of additive
      l; 45 PTB of additive e; 15 PTB of a "cocktail" containing 45 weight
      percent of additive j; 900 PTB of a "cocktail" containing 50 weight
      percent of additive l; 60 PTB of a "cocktail" containing 60 weight percent
      of additive h; 6 PTB of a "cocktail" containing 40 weight percent of
      additive f; 93 PTB of a "cocktail" containing 45 weight percent of
      additive b; or 42 PTB of a "cocktail" containing 50 weight percent of
      additive d. The jet fuel compositions will be found to have good rust
      inhibiting properties and pass the water tolerance tests. As a result of
      the good water tolerance characteristics, jet fuel compositions containing
      the additives of this invention will not tend to pick up water. Hence
      there will be a reduced tendency toward ice formation and fuel filter
      plugging.
PAC  EXAMPLE XVII
PAR  A test to determine intake system deposit build-up is carried out.
      Initially clean 6 cylinder, 230 cubic inch engines are run for 115 hours
      under a simulated suburban driving schedule. One engine is run on a base
      gasoline containing 3 ml. of TEL/gal. and one engine is run on a leaded (3
      ml. of TEL/gal.) gasoline containing 20 PTB of the "cocktail" described in
      Example I. In each case, the hydrocarbon emissions are determined (NDIR)
      at the start and at the end of the test. In addition, the amount of
      combustion chamber deposits in each engine is determined. The results of
      the test are given in Table XI.
TBL                TABLE XI                                                    
     ______________________________________                                    
                  Base Fuel                                                    
                          Base Fuel Containing                                 
                  Containing                                                   
                          3 ml. TEL/gal. and                                   
                  3 ml.   20 PTB of Additive                                   
                  TEL/gal.                                                     
                          "Cocktail"                                           
     ______________________________________                                    
     Hydrocarbon Emissions,                                                    
     p.p.m.                                                                    
       Start        276       327                                              
       Finish       604       549                                              
       .DELTA. Emissions                                                       
                    +328      +222                                             
     Combustion Chamber                                                        
     Deposits, g.    40.2      35.8                                            
     ______________________________________                                    
PAL  The data in Table XI show the much smaller increase in hydrocarbon
      emissions with time for an engine run on gasoline containing a "cocktail"
      of the additive of this invention relative to the increase in hydrocarbon
      emissions for an engine run on base leaded gasoline. It is also shown that
      the engine run on gasoline containing our additive has reduced combustion
      chamber deposits.
PAR  While the invention has been described above with respect to certain
      preferred embodiments thereof, it will be understood by those skilled in
      the art that various changes and modifications may be made without
      departing from the spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition consisting essentially of a hydrocarbyl hydrogen phosphate
      salt of a compound having the formula
      ##EQU12##
      wherein m is at least 1 and the sum of n plus m is from 2 to about 6, R is
      a multivalent hydrocarbon group of about 2 to about 52 carbons, R' is a
      hydrocarbylene group of about 2 to about 12 carbons, R" is selected from
      the group consisting of hydrogen and hydrocarbyl groups of about 1 to
      about 30 carbons, R'" is a hydrocarbyl group of about 2 to about 12
      carbons, and at least about 10% of the amino groups contained therein are
      converted to the hydrocarbyl hydrogen phosphate salt wherein each
      hydrocarbyl group of the phosphate molecule contains from 1 to about 15
      carbon atoms.
NUM  2.
PAR  2. The composition of claim 1 wherein R is a multivalent hydrocarbon group
      of about 4 to about 34 carbons, R' is a hydrocarbylene group of about 2 to
      about 6 carbons, R" is selected from the group consisting of hydrogen and
      hydrocarbyl groups of about 3 to about 24 carbons, R'" is a hydrocarbyl
      group of about 2 to about 6 carbons, and about 50% to about 90% of the
      amino groups contained therein are converted to the hydrocarbyl hydrogen
      phosphate salt.
NUM  3.
PAR  3. The composition of claim 2 wherein n is zero and m is 2.
NUM  4.
PAR  4. The composition of claim 2 wherein the salt-forming hydrocarbyl hydrogen
      phosphate is a hydrocarbyl hydrogen orthophosphate.
NUM  5.
PAR  5. The composition of claim 3 wherein the salt-forming hydrocarbyl hydrogen
      phosphate is an alkyl hydrogen orthophosphate.
NUM  6.
PAR  6. A composition consisting essentially of a hydrocarbyl hydrogen
      orthophosphate salt of a compound selected from the group consisting of
      ##EQU13##
      and mixtures thereof wherein R is the C.sub.34 hydrocarbylene portion of
      the dimer of a polyunsaturated C.sub.18 monocarboxylic fatty acid, R' is
      tallowyl, each hydrocarbyl group of the hydrocarbyl hydrogen
      orthophosphate contains from 1 to about 15 carbons, and about 50% to about
      90% of the amino groups are converted to the hydrocarbyl hydrogen
      orthophosphate salt.
NUM  7.
PAR  7. The composition of claim 6 wherein the salt-forming hydrocarbyl hydrogen
      orthophosphate is a mixture of isooctyl dihydrogen orthophosphate and
      diisooctyl hydrogen orthophosphate.
NUM  8.
PAR  8. The composition of claim 7 wherein the salt-forming hydrocarbyl hydrogen
      orthophosphate comprises about 65 weight percent of diisooctyl hydrogen
      orthophosphate and about 35 weight percent of isooctyl dihydrogen
      orthophosphate.
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ABST
PAL  A process is described for the preparation of 6-alkyl-alpha-pyrones which
      comprises the steps of:
PA0  I. acylating an alkyl-3-butenoate ester having the formula:
      ##SPC1##
PA0   with an acylating agent having the formula:
      ##SPC2##
PAL  In the presence of a Friedel-Crafts catalyst to produce a novel mixture of
      two ketoesters having the formulae:
      ##EQU1##
      ii. optionally separating said mixture into its individual keto-esters;
      III. CONTACTING SAID MIXTURE OF KETO-ESTERS OR ONE OF THE INDIVIDUAL
      COMPONENTS THEREOF WITH A SOLID, HEAT RESISTANT CATALYST SUCH AS COPPER,
      STAINLESS STEEL, NICKEL OR STONE AT A TEMPERATURE IN THE RANGE OF FROM
      ABOUT 450.degree.C up to about 600.degree.C, thereby forming a
      6-alkyl-alpha-pyrone having the formula:
      ##SPC3##
PA0   wherein R.sub.1 is C.sub.1 -C.sub.10 alkyl, R.sub.2 is lower alkyl and X
      is chloro or bromo.
PAL  Claimed herein is said mixture of keto-esters as well as each of the
      individual components thereof.
PARN
PAR  This application is a division of applicants' copending application Ser.
      No. 471,756 filed on May 20, 1974 now U.S. Pat. No. 3,873,574 issued on
      Mar. 25, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  6-alkyl-alpha-pyrones are valuable substances useful in the formulation of
      perfumery, tobacco and food flavoring materials, as disclosed in copending
      application for U.S. Letters Pat. No. 471,755 filed on May 20, 1974 and
      copending application for U.S. Letters Pat. No. 471,785 filed on May 20,
      1974. Nobuhara, Agr. Biol. Chem. 1969; 33, No. 9, 1264-9 (Title:
      "Synthesis of Unsaturated Lactones/III, Flavorous Nature of Some
      .delta.-Lactones having the Double Bond at Various Sites") indicates the
      waxy, buttercake flavor of 6-pentyl-alpha-pyrone (pg. 1267, col. 1). In
      addition, the flavor attributes of 6-alkyl-alpha-pyrones, in general, are
      discussed. Sevenants, J. Food Sci. 1971, 36 (3) 536 discloses the
      occurrence of 6-pentyl-alpha-pyrone in peach aroma.
PAR  The preparation of 6-alkyl-alpha-pyrones is set forth in several
      references, to wit: a. Lohaus, Chemische Berichte, 100, 658 (1967)
      discloses a reaction as follows:
      ##EQU2##
      wherein R.sup.1, R.sup.3 and R.sup.5 are the same or different alkyl and
      R.sup.2 and R.sup.4 are hydrogen or alkyl.
PAR  As is indicated in Example I, infra, the yield of 6-alkyl-alpha-pyrones
      without other ring substituents obtained in carrying out the Lohaus et al.
      reaction sequence is so low as to cause this process to be commercially
      impractical.
PAR  The Nobuhara paper, cited supra, discloses a multi-step synthesis which
      gives rise to less than a 10% yield of 6-alkyl-alpha-pyrone, thusly:
      ##SPC4##
PAL  The multi-step sequence of reactions and the low yield of final product
      render the Nobuhara synthesis commercially impractical.
PAC  THE INVENTION
PAR  This invention comprises a novel reaction intermediate, a mixture of
      keto-esters, as well as each of the two individual components thereof.
PAR  Briefly, the process wherein such mixture of keto-esters or one of the
      components of such mixture is a reaction intermediate comprises a reaction
      carried out in two steps, the first of which is a Friedel-Crafts reaction
      of an acyl halide with an alkyl-3-butenoate ester to form a novel mixture
      of keto-esters and, secondly, lactonizing the resultant mixture of
      keto-esters preferably but not necessarily in the presence of an inert
      liquid diluent at high temperatures in the presence of a solid
      heat-resistant catalyst to form the desired 6-alkyl-alpha-pyrone.
PAR  More specifically, the process using the reaction intermediates of our
      invention comprises the steps of:
PAR  i. reacting an alkyl-3-butenoate ester having the formula:
      ##SPC5##
PAL  with an acyl halide having the formula:
      ##SPC6##
PAL  in the presence of a Friedel-Crafts catalyst to form a novel mixture of two
      keto-esters having the formulae:
      ##EQU3##
PAR  ii. lactonizing this mixture of keto-esters at temperatures of from about
      450.degree.C up to about 600.degree.C in the presence of a solid,
      heat-resistant catalyst (such as copper, stainless steel, nickel or stone)
      to form the desired 6-alkyl-alpha-pyrone having the formula:
      ##SPC7##
PAL  wherein R.sub.1 is C.sub.1 -C.sub.10 alkyl, R.sub.2 is lower alkyl and X is
      chloro or bromo.
PAR  Insofar as the Friedel-Crafts reaction is concerned, examples of
      alkyl-3-butenoate ester reactants are as follows:
PAR  methyl-3-butenoate
PAR  ethyl-3-butenoate
PAR  i-propyl-3-butenoate
PAR  n-propyl-3-butenoate
PAR  n-butyl-3-butenoate
PAR  i-butyl-3-butenoate
PAR  t-butyl-3-butenoate
PAR  n-amyl-3-butenoate
PA1  1(2-methyl-butyl)-3-butenoate
PAR  Examples of acyl halides useful in producing the desired mixture of
      keto-esters (which are then lactonized to yield the desired
      6-alkyl-alpha-pyrones) are as follows:
PAR  acetyl chloride
PAR  acetyl bromide
PAR  propionylchloride
PAR  propionylbromide
PAR  n-butyryl chloride
PAR  n-butyryl bromide
PAR  2-methylpropionyl bromide
PAR  2-methylbutyryl chloride
PAR  2-methylbutyryl bromide
PAR  3-methylbutyryl chloride
PAR  3-methylbutyryl bromide
PAR  n-pentanoyl chloride
PAR  n-pentanoyl bromide
PAR  n-hexanoyl chloride
PAR  n-hexanoyl bromide
PAR  n-heptanoyl chloride
PAR  n-heptanoyl bromide
PAR  3-methylheptanoyl chloride
PAR  4-methylheptanoyl bromide
PAR  5-methylheptanoyl chloride
PAR  2-ethylheptanoyl chloride
PAR  3-ethylheptanoyl chloride
PAR  4-ethylheptanoyl chloride
PAR  n-octanoyl bromide
PAR  n-octanoyl chloride
PAR  2-methyloctanoyl chloride e
PAR  2,4-dimethyloctanoyl chloride
PAR  2,4-dimethyloctanoyl bromide
PAR  2,5-dimethyloctanoyl chloride
PAR  2,5-dimethyloctanoyl bromide
PAR  n-nonanoyl chloride
PAR  n-decanoyl chloride
PAR  n-decanoyl bromide
PAR  The most preferred alkyl-3-butenoate, in view of its ease of synthesis and
      commercial availability, is methyl-3-butenoate. Methyl-3-butenoate may be
      prepared according to German Offenlegungschrift No. 1,936,725 (published
      July 2, 1970) by means of the following reaction:
      ##EQU4##
      Methyl-3-butenoate can also be prepared according to Japanese Pat. No.
      29,924 (issued Dec. 23, 1968) according to the following reaction:
      ##EQU5##
      The Friedel-Crafts catalyst used in the first step of our process may be
      (but is not limited to) one of the following materials:
PAR  i. aluminum chloride
PAR  ii. aluminum bromide
PAR  iii. aluminum iodide
PAR  iv. stannic chloride
PAR  v. stannic bromide
PAR  vi. ferric chloride
PAR  vii. ferric bromide
PAR  viii. borontrifluoride etherate
PAR  ix. borontrifluoride
PAL  Preferably, the weight ratio of catalyst:alkyl-3-butenoate reactant is from
      1:1 up to 2. Lesser quantities of Friedel-Crafts catalyst give rise to
      incomplete reaction and/or an inordinately long time of reaction and too
      great a quantity of Friedel-Crafts catalyst gives rise to difficulties in
      controlling the reaction.
PAR  The Friedel-Crafts reaction is most preferably carried out in a solvent
      which does not take part in the reaction such as methylene dichloride or
      dichloroethane; but the reaction does not require such a solvent.
PAR  When using a reaction solvent, the combined concentration of reactants
      (e.g., alkyl-3-butenoate and acyl halide) is preferably between 200 and
      800 g per liter of solvent.
PAR  The mole ratio of acyl halide reactant to alkyl-3-butenoate reactant is
      preferably 1:1; however, if excess reactant is to be used, it should be
      the alkyl-3-butenoate that is used in excess.
PAR  The molar concentration of reactants in the solvent is from 4 moles per
      liter up to 10 moles per liter with a preferred concentration of 6 moles
      per liter.
PAR  The temperature of reaction when using a solvent is preferably the reflux
      temperature of the solvent at atmospheric pressure. Thus, for example,
      when methylene chloride is used the reflux temperature of 42.degree.C.
      When dichloroethane is used, the reflux temperature is 90.degree.C. When
      no solvent is used in the reaction system, the reflux temperature is about
      100.degree.C.
PAR  The time of reaction varies from about 2 hours up to about 6 hours,
      depending upon the presence and nature of the solvent and concentration of
      catalyst used, with higher concentrations of catalyst giving rise to
      shorter times of reaction and low concentrations of catalyst giving rise
      to longer times of reaction. By the same token, higher temperatures of
      reaction gives rise to lower periods of reaction, and lower temperatures
      of reaction gives rise to longer periods of reaction. Higher temperatures
      of reaction may be achieved by carrying out the reaction at pressures
      greater than atmospheric.
PAR  The mixture of keto-esters, if desired, may be separated prior to
      lactonization, by use of such physical separation operations as
      distillation, preparative gas chromotography and the like. Insofar as the
      second step (the lactonization) of our process is concerned, the crude
      reaction mass comprising the two keto-esters or one of the component
      keto-esters thereof, having the formulae:
      ##EQU6##
      is preferably, but not necessarily, first diluted with an inert solvent
      (e.g., benzene, cyclohexane, n-hexane or acetic acid) and is then
      contacted at a temperature in the range of 450.degree.C-600.degree.C. in
      an inert atmosphere, preferably, a nitrogen atmosphere, with a solid, heat
      resistant catalyst such as copper, stainless steel, nickel or stone, the
      catalyst remaining in the solid state over the reaction temperature range.
      Preferably, the crude reaction mass comprising the two keto-esters or one
      of the component keto-esters thereof, is passed under an inert atmosphere
      through equipment, preferably equipment as is illustrated in FIG. 1, which
      includes one or more columns which is (are) constructed of a material
      which has high heat resistance and a high heat transfer coefficient
      (preferably quartz or metal) packed with a solid heat-resistant catalyst
      such as copper, steel, nickel or stone, which catalyst remains in the
      solid state over the reaction temperature range. A protruded copper
      packing catalyst is preferred over steel, nickel or stone packing
      catalysts.
PAR  As reaction surfaces for the purposes of carrying out the lactonization
      reaction, one or more tubes or other hollow vessels fabricated with or
      without baffles on the inner surface(s) thereof, constructed of high heat
      resistant materials having high heat transfer coefficients (e.g., copper,
      nickel and stainless steel) may also be used.
PAR  The lactonization reaction is preferably carried out at essentially
      atmospheric pressure; however, pressures greater than or less than
      atmospheric pressure may also be used. The relevant reaction variable
      ranges for the lactonization reaction are as follows:
TBL  Variable          Range                                                   
     ______________________________________                                    
     Concentration range of                                                    
                       200-500 gm/liter                                        
     keto-ester to reactant                                                    
     in solvent                                                                
     Mass flow rate of keto-                                                   
                       10-100 gm/hour/pass                                     
     ester through catalyst                                                    
     bed per pass                                                              
     Number of passes through                                                  
                       1-4                                                     
     catalyst bed                                                              
     ______________________________________                                    
PAL  It is noteworthy that efforts to carry out the lactonization in the case of
      producing 6-alkyl-alpha-pyrones which have no other ring substituents, in
      the presence of acetic acid solution with a mineral acid catalyst will not
      succeed with any appreciable yield (of 6-alkyl-alpha-pyrone) where the
      reaction is attempted to be carried out at the reflux temperature of the
      reaction mixture at atmospheric pressure.
PAR  The following reaction illustrates the process of using the reaction
      intermediates of our invention:
      ##EQU7##
      wherein R is alkyl.
PAR  The following table indicates the 6-alkyl-alpha-pyrone produced using
      various acyl halide reactants: Acyl Halide Reactant 6-Alkyl-Alpha-Pyrone
      Product n-butyryl chloride 6-propyl-alpha-pyrone n-pentanoyl chloride
      6-butyl-alpha-pyrone 3-methylbutyryl chloride 6-isobutyl-alpha-pyrone
      n-heptanoyl chloride 6-hexyl-alpha-pyrone n-octanoyl chloride
      6-heptyl-alpha-pyrone
DETD
PAR  Example I, following, serves to illustrate the low efficiency of the prior
      art reaction of Lohaus et al in the preparation of alpha-pyrones
      substituted only with a 6-alkyl group. Examples II, III and VII,
      following, serve to illustrate embodiments using the compositions of
      matter of our invention as it is now preferred to practice it. Examples IV
      - VI illustrate the utility of one of the products of the aforementioned
      process. It will be understood that these examples are illustrative and
      the invention is to be considered restricted thereto only as indicated in
      the appended claims.
PAC  EXAMPLE I
PAR  A. To a suspension of 26.5 g (0.2 moles) of aluminum chloride in 50 cc of
      dichloroethane is added a solution of 13.5 g (0.1 moles) of hexanoyl
      chloride and 10.0 g (0.1 moles) of methyl crotonate. Over a period of 10
      minutes the temperature rises from 25 to 60.degree.C. The reaction mass is
      refluxed for 4 hours at a temperature of approximately 90.degree.C. The
      resultant methyl-5-oxo-decenoate is formed only in a small amount
      (approximately 2-3%).
PAR  B. To a solution of 52.0 g (0.2 moles) of stannic chloride in 50 cc of
      dichloroethane is added a solution of 13.5 g (0.1 moles) of hexanoyl
      chloride and 10.0 g (0.1 moles) of methyl crotonate over a period of 10
      minutes. The temperature rises from 25.degree.-40.degree.C. The reaction
      mass is refluxed for 4 hours at approximately 90.degree.C. The resultant
      yield of methyl-5-oxo-decenoate is approximately 5%.
PAR  C. To 29 g (0.2 moles) of 98% borontrifluoride etherate is added a solution
      consisting of 7.0 g (0.1 moles) of methyl crotonate and 13.4 g (0.1 moles)
      of hexanoyl chloride. The resulting solution is then heated at
      approximately 90.degree.C for 2 hours, and then added to ice water. No
      product is formed, as indicated by GLC analysis.
PAC  EXAMPLE II
PAC  A. Preparation of Methyl-5-oxo-3-decenoate According to the Reaction:
      ##EQU8##
PAR  A 5-liter reaction flask equipped with stirrer, thermometer, dropping
      funnel and reflux condenser is purged with nitrogen. 1,200 cc of
      dichloromethane and 800 g of aluminum chloride is placed in the reaction
      vessel and the suspension is stirred vigorously. From the dropping funnel,
      a solution consisting of 300 g of methyl-3-butenoate and 405 g of hexanoyl
      chloride is slowly added so that a mild reflux (approximately 42.degree.C)
      is maintained. This reaction step is exothermic and requires cooling. When
      the addition is complete (approximately 60 minutes), the resulting
      solution is refluxed for three (3) hours. The reaction mass is then cooled
      and carefully decomposed by pouring the reaction mass into excess ice
      water. The entire reaction mass is then transferred to a separatory funnel
      and the lower organic layer is collected. The aqueous phase is then
      extracted with two 500 cc portions of dichloromethane. The organic layers
      are combined and dried over anhydrous magnesium sulfate. The dried organic
      layers are then filtered and evaporated, yielding a crude product, a dark
      brown oil, weighing 610 g, the mole ratio of ester
PAL  having the formula:
      ##SPC8##
PAL  to ester having the formula:
      ##SPC9##
PAL  being about 55:45. The actual ratio of these keto-esters varies according
      to the reaction parameters.
PAC  B. Lactonization to Form 6-Pentyl-alpha-pyrone
      ##EQU9##
PAR  In FIG. 1 is illustrated the apparatus whereby the lactonization is carried
      out. This apparatus consists of a Lindberg-Hevi-Duty Tube furnace equipped
      with Quartz tube (24 .times. 1/4 inches) 10 packed with protruded copper
      packing (0.24 inch) 11. The tube furnace is arranged in a vertical
      position. A dropping funnel 12 which is to contain the reactant, a
      nitrogen supply 14 and a separatory funnel 15, which is to receive the
      reaction product, to which a condenser 16 is attached is also part of the
      equipment.
PAR  From the dropping funnel 12 a previously prepared solution 13 of 1,000 cc
      benzene and 610 g crude keto-ester mixture prepared according to Part A of
      this example is passed through the Quartz tube 10 maintained at
      490.degree.C .+-. 5.degree.C over a period of 6-7 hours. The reaction
      product is collected in the separatory funnel 15.
PAR  The reaction product is then successively washed with water, saturated
      sodium bicarbonate solution and then water again. After drying over
      anhydrous sodium sulfate the solvent is evaporated and the resulting
      residue after the addition of 20 g of Primol (Note 1) is distilled using a
      2 inch splash column. The following distillation fractions are obtained:
TBL       Vapor     Liquid                                                     
          Temp.     Temp.     Vac.        Weight                               
     No.  (.degree.C)                                                          
                    (.degree.C)                                                
                              mm Hg       (g)                                  
     ______________________________________                                    
     1     42/60     75/92    15.0/5.0    23.0                                 
                                             discard                           
     2    72        102       5.0         7.5                                  
     3    95        105       1.2         6.5                                  
     4    95        105       1.2         5.2                                  
     5    97        107       1.2         9.0                                  
     6     97/120   107/140   1.0         211.0                                
     7    130       155       1.0         4.5                                  
     Residue: 31.5 g                                                           
     ______________________________________                                    
      Note 1:                                                                  
      Primol is a registered trademark of Exxon Corporation of Linden, New     
      Jersey used to identify white Mineral Oil having a specific gravity of   
      approximately 0.9 and a boiling point of approximately 975.degree.F.     
PAR  Fractions 3-7 (237.2 g) are bulked for distillation using an 18 inch silver
      mirrored distillation column with Goodloe packing. The resultant
      6-n-pentyl-alpha-pyrone distills at 92.degree.-103.degree. at 0.5 mm Hg.,
      and then re-distilled yielding the following fractions:
TBL       Vapor                                                                
               Liquid                                                          
     Fraction                                                                  
          Temp.                                                                
               Temp.   Vac.                                                    
                           Weight                                              
                                Reflux                                         
     No.  (.degree.C)                                                          
               (.degree.C)                                                     
                       mm  (g)  Ratio Purity                                   
     __________________________________________________________________________
     1     85/89                                                               
               122/124 0.5 2.8  1:19  --                                       
     2    90   127     0.5 4.2  1:19  --                                       
     3    90   127     0.5 4.8  1:19  --                                       
     4    90   127     0.5 4.8  1:19   85%                                     
     5    91   130     0.5 9.3  1:19  90                                       
     6    92   130     0.5 8.8  1:19  92                                       
     7    92   130     0.5 17.8 1:9   95                                       
     8    92   131     0.5 29.1 1:4   95                                       
     9    92   131     0.5 22.6 1:4   95                                       
     10   92   132     0.5 26.0 1:4   95                                       
     11   92   136     0.5 13.3 1:9   95                                       
     12   92   139     0.5 14.3 1:9   95                                       
     13   92   143     0.5 12.8 1:19  95                                       
     14   92   163     0.5 12.4 1:19  90                                       
     15   92   180     0.5 5.1  1:19  85                                       
     16   96   192     0.5 5.5  1:19  --                                       
     17   102  206     0.5 3.7  1.:19 --                                       
     18   110  230     0.5 1.2  1:19  --                                       
     Residue: 5.0 g                                                            
     __________________________________________________________________________
PAR  Analysis:
PAR  Fr. 1-3 = 11.8 g contains 6-pentyl-alpha-pyrone and low boiling impurities.
PAR  Fr. 4-15 = 176.3 g is 6-pentyl-alpha-pyrone (95%) with an impurity of
      methyl-5-oxo-3-decenoate (3.4%).
PAR  Fr. 16-18 = 9.4 g consists predominately of methyl-5-oxo-3-decenoate and
      small amounts of 6-pentyl-alpha-pyrone.
PAR  Mass Spectral, Infra-Red and NMR Analyses:
PAR  MS: m/e (%) 95(100), 110(51), 39(47), M166(41), 81(39), 82(30).
PAR  IR: cm.sup.-.sup.1 1740 and 1725 split C=0 absorptions. 1635 and 1555 C=C
      strecthing bands.
      ##EQU10##
      This material has an intense, coconut, peach-like lactonic odor with green
      floral nuances.
PAC  EXAMPLE III
PAC  Synthesis of 6-n-Heptyl-alpha-pyrone According to the Reaction:
      ##EQU11##
      To a stirred suspension of 67 g of aluminum chloride in 150 cc
      dichloromethane at room temperature, a mixture of 25 g of
      methyl-3-butenoate and 40.5 g of octanoyl chloride is added during a
      period of 30 minutes while maintaining the reaction temperature at
      20.degree.-25.degree.C with external cooling. The resulting solution is
      refluxed for a period of 2.5 hours. The resulting brown reaction product
      is then decomposed by pouring same into excess ice-water mixture. The
      organic layer is collected and the aqueous phase is extracted with two 250
      cc portions of diethyl ether. The combined organic layers are then washed
      with saturated salt solution and dried over anhydrous magnesium sulfate.
      The solvent is then evaporated and the residual oil weighing 82.5 g is
      diluted to a volume of 150 cc with cyclohexane and placed in the dropping
      funnel 12. The resulting solution is passed dropwise through a Quartz
      column 10 packed with 0.24 inch of protruded copper packing 11, in the
      apparatus as set forth in FIG. 13 heated to  500.degree.C over a period of
      approximately 90 minutes. The reaction product, recovered in separatory
      funnel 15 is then evaporated using a Buchi evaporator (10 mm
      Hg/75.degree.C) and then the resulting residue is distilled under reduced
      pressure employing a short path column according to the following
      distillation:
TBL           Vapor    Liquid                                                  
              Temp.    Temp.     Vacuum                                        
                                       Weight                                  
     No.      (.degree.C)                                                      
                       (.degree.C)                                             
                                 mm Hg (g)                                     
     ______________________________________                                    
     1        35/53     65/110   3.0   5.2                                     
     2        150      190       3.0   27.4                                    
     ______________________________________                                    
PAR  Fraction 2 is then re-distilled using a micro Vigreaux column according to
      the following distillation data:
TBL          Vapor    Liquid                                                   
             Temp.    Temp.       Vacuum                                       
                                        Weight                                 
     No.     (.degree.C)                                                       
                      (.degree.C) mm Hg (g)                                    
     ______________________________________                                    
     1       80/83    105/119     1.8   0.6                                    
     2        85      126         1.5   0.6                                    
     3        92      128         1.5   0.5                                    
     4       119      131         1.5   0.8                                    
     5       122      133         1.5   1.4                                    
     6       122      134         1.5   2.0                                    
     7       122      135         1.5   4.3                                    
     8       122      135         1.5   3.9                                    
     9       122      137         1.5   4.6                                    
     10      122      141         2.0   3.2                                    
     11      122      143         2.0   1.7                                    
     ______________________________________                                    
PAL  Nmr, glc, ir and mass spectral analyses confirm that the resultant material
      is n-heptyl-alpha-pyrone.
PAR  Mass Spectral, Infra-Red and NMR Analyses:
PAR  MS: m/e (%) 95(100), 39(75), 110(52), 27(38), 82(36), 41(35), M194(17).
PAR  IR: cm.sup.-.sup.1 1740 and 1725 split C=0 absorptions. 1635 and 1555 C=C
      stretch bands.
      ##EQU12##
      This material has a fatty, fruity aroma.
PAC  EXAMPLE IV
PAC  Woody, Aphrodesia Perfume Formulation
PAR  The following mixture is prepared:
TBL  Ingredient              Parts by Weight                                   
     ______________________________________                                    
     Vanillin                2                                                 
     Myrrh Coeur             3                                                 
     Olibanum Coeur          3                                                 
     Resin Absolute Labdanum 3                                                 
     Methyl ester of 3,6-dimethyl                                              
                             5                                                 
     resorcylic acid                                                           
     Mixture containing primarily                                              
                             50                                                
     methyl-2,6,10-trimethyl-2,5,9-                                            
     dodecatrien-1-yl-ketone, produced                                         
     according to the process of                                               
     Example I of Canadian Patent                                              
     864,592                                                                   
     Cedryl methyl ether having the                                            
                             20                                                
     structure:                                                                
     4-(4-methyl,4-hydroxyamyl).DELTA..sup.3 -                                 
                             20                                                
     cyclohexene carboxaldehyde                                                
     Ylang Extra             5                                                 
     p-t-butyl cyclohexyl acetate (27%                                         
                             30                                                
     "cis" isomer)                                                             
     Indol                   1                                                 
     Gamma Methyl Ionone     35                                                
     Jasmine Absolute        5                                                 
     Rose Absolute           3                                                 
     Eugenol                 15                                                
     Isoeugenol              10                                                
     3-Norbornyl-cyclohexanol                                                  
                             10                                                
     6-oxa-1,1,2,3,3,8-hexamethyl-                                             
                             50                                                
     2,3,5,6,7,8-hexahydro-1H-benz(f)                                          
     indene                                                                    
     6-n-butyl-alpha-pyrone  15 6.7% of                                        
     6-n-pentyl-alpha-pyrone 5 formulation                                     
     ______________________________________                                    
PAR  The 6-n-butyl-alpha-pyrone imparts a floral, sweet character to this woody,
      aphrodesia perfume formulation. The 6-n-pentyl-alpha-pyrone imparts a
      green, coconut, tobacco note to this woody, aphrodesia perfume
      formulation.
PAC  EXAMPLE V
PAC  Preparation of Soap Composition
PAR  One hundred grams of soap chips are mixed with one gram of the perfume
      composition of Example IV until a substantially homogeneous composition is
      obtained. The perfumed soap composition manifests an excellent blue grass
      character with lovage, foenugreek notes.
PAC  EXAMPLE VI
PAC  Preparation of a Detergent Composition
PAR  A total of 100 grams of a detergent powder is mixed with 0.15 grams of the
      perfume composition of Example IV until a substantially homogeneous
      composition is obtained. This composition has an excellent blue grass odor
      with a lovage, foenugreek note.
PAC  EXAMPLE VII
PAC  Preparation of 6-Pentyl-alpha-pyrone using various Heat Resistant Solid
      Catalysts
PAR  A. Use of Saddle Stones
PAR  50 g of ester mixture prepared according to the process of Example II (A)
      is treated in an apparatus illustrated in FIG. 1 as follows. 50 g of ester
      mixture is diluted with cyclohexane to a volume of 150 cc. The mixture is
      passed through a quartz column 10 at 495.degree.C over a period of 120
      minutes. After solvent recovery, 44.8 g of a mixture of ester and
      6-pentyl-alpha-pyrone is recovered, the mole ratio of ester:lactone being
      (67.5):(32.5) by gc area normalization.
PAR  B. Use of Stainless Steel Protruded Packing (0.24 inch Type 316 Stainless
      Steel) as Catalyst
PAR  50 g of ester mixture prepared according to the process of Example II (A)
      is diluted with cyclohexane to 150 cc. The solvent is passed through the
      apparatus illustrated in FIG. 1. The first pass is over a period of 1 hour
      at 490.degree.-495.degree.C yielding 135 cc of a solution in which mole
      ratio of ester:lactone is 30.5:69.5. The second pass over a period of 1
      hour at 490.degree.-495.degree.C yields 27 g of crude product after
      solvent evaporation having an ester:lactone ratio of 8:92 by gas
      chromatographic analysis.
PAR  C. Use of Stainless Steel Protruded Packing (0.24 inch Type 316 Stainless
      Steel) as Catalyst
PAR  50 g of ester mixture prepared according to the process of Example II (A)
      is diluted with acetic acid to 150 cc. The first pass through the quartz
      tube 10 over a period of 1 hour at 490.degree.-495.degree.C yields a
      material having an ester:lactone ratio of 19:81. The second pass yields
      16.9 g of crude lactone after solvent evaporation, the
      6-n-pentyl-alpha-pyrone having purity of greater than 95%.
PAR  D. Use of Nickel Packing Catalyst (0.26 inch)
PAR  100 g of the ester mixture prepared in Example II (A) is diluted to 300 cc
      with hexane. Over a period of 4 hours, the solution is passed through
      quartz tube 10 in the apparatus illustrated in FIG. 1. The resultant crude
      material has by gc analysis an ester:lactone mole ratio of 25:75. Final
      yield of distilled 6-pentyl-alpha-pyrone is 46.5 g.
PAR  E. Use of Stainless Steel Packing (0.26 inch) Catalyst
PAR  100 g of ester mixture prepared according to the process of Example II (A)
      is diluted with cyclohexane to 300 cc. The resulting solution is passed
      through the quartz column 10 of FIG. 1 over a period of 4 hours, the
      resultant solution (240 cc) on evaporation yielding 80.5 g of a brown
      residual oil. Fraction 3 of the product (64.5 g, containing 85% lactone
      and 15% ester) is distilled to give an 80% yield of 6-pentyl-alpha-pyrone.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A mixture consisting essentially of of a first keto-ester having the
      formula:
      ##EQU13##
      and a second keto-ester having the formula:
      ##EQU14##
      wherein R.sub.1 is C.sub.1 -C.sub.10 alkyl, R.sub.2 is lower alkyl and X
      is chloro or bromo.
NUM  2.
PAR  2. The mixture of claim 1 wherein R.sub.1 is n-pentyl.
NUM  3.
PAR  3. The mixture of claim 1 wherein R.sub.2 is methyl.
NUM  4.
PAR  4. The mixture of claim 1 wherein X is chlorine.
NUM  5.
PAR  5. The mixture of claim 1 wherein R.sub.1 is n-pentyl, R.sub.2 is methyl
      and X is chlorine.
NUM  6.
PAR  6. The mixture of claim 5 wherein the mole ratio of first keto-ester:second
      keto-ester is 55:45.
NUM  7.
PAR  7. A mixture consisting essentially of
PA1  i. a first keto-ester having the formula:
      ##EQU15##
      ii. a second keto-ester having the formula:
      ##EQU16##
      iii. an inert solvent selected from the group consisting of benzene,
      cyclohexane, n-hexane and acetic acid; wherein R, is C.sub.1 -C.sub.10
      alkyl, R.sub.2 is lower alkyl and X is chloro or bromo.
NUM  8.
PAR  8. The mixture of claim 7 wherein the mole ratio of said first keto ester:
      said second keto ester is 55:45.
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ABST
PAL  In the method of manufacturing carboxylic acids or esters thereof by
      reacting olefin, carbon monoxide and alcohol or water in the presence of
      catalyst prepared in advance by heating a cobalt compound and pyridine or
      at least one pyridine base selected from the group of mono-, di- and
      tri-alkyl (having 1.about.3 carbon atoms)-substituted pyridines under the
      pressure of carbon monoxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a method of manufacturing carboxylic acids
      or esters thereof.
PAR  B. Description of the Prior Art
PAR  As the method of manufacturing carboxylic acids or esters thereof, the art
      of making olefin, carbon monoxide and water or alcohol react with one
      another in the presence of a cobalt compound has long been known. This
      reaction is regarded as a reaction effected by substituting water or
      alcohol for hydrogen in the oxo synthesis, but, as a matter of fact, in
      the case of effecting this reaction under the same reaction conditions as
      in said oxo synthesis, the speed of reaction is low and the yield of
      carboxylic acid or ester thereof is no more than 40% of thereabout at the
      highest. Accordingly, there have hitherto been made various attempts for
      further improvement of said reaction. For instance, Japanese patent
      publication No. 12854/1966 discloses a method for increasing the yield of
      carboxylic ester by making hydrogen and pyridine base present in the
      reaction zone in addition to cobalt catalyst so as to increase the speed
      of reaction, and the Laid-open application No. 1362/1971 teaches a method
      for increasing the yield of adding lactam, nitrile, amide and the like to
      the reaction zone. But, in either case, the progress of reaction is rather
      slow, so that both methods employ a high temperature and a high pressure.
PAR  However, the high-temperature/high-pressure reaction generally has various
      defects such that (1) the quality of the resulting fatty acid or ester
      thereof is not very satisfactory, (2) the cost of equipment is increased,
      and (3) extra safety precaution must be taken at the time of operation.
      Especially in the case of manufacturing a variety of products in small
      quantities like the manufacture of hindered esters, because it is
      necessary to switch the apparatus from one product to another frequently,
      it is unavoidable that the high-temperature/high-pressure process is
      disadvantageous.
PAR  Under such circumstances, the low-pressure process has drawn public
      attention, and as a method in this line, there is known, for instance, the
      method of effecting the reaction by employing rhodium catalyst or iridium
      catalyst under a pressure of 20.about.50 atmospheres (cf. the Japanese
      patent publication NO. 19290/1973). However, inasmuch as this method
      employs a costly noble metal catalyst, there is little chance for its
      practical application on an industrial basis from the viewpoint of the
      quantitative recovery of catalyst and so on.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to overcome the foregoing
      disadvantages of the conventional high-temperature/high-pressure reaction
      and to provide a method of manufacturing carboxylic acids or esters
      thereof at a high yield. The present invention provides a method of
      manufacturing carboxylic acids or esters thereof reacting olefin, carbon
      monoxide and alcohol or water, which method comprises preparing in advance
      an active ingredient of catalyst by heating a cobalt compound together
      with pyridine or at least one pyridine base selected from the group of
      mono-, di- and tri-alkyl (having 1.about.3 carbon atoms) -- substituted
      pyridines under the pressure of carbon monoxide and adding the thus
      prepared active catalyst to the reaction zone.
PAR  Generally speaking, this reaction utilizing Reppe's reaction is usually
      effected under the conditions of high-temperature/high-pressure, and it
      has been considered that under the conditions of
      high-temperature/low-pressure, the catalyst would become decomposed, while
      under the conditions of low-temperature/low-pressure, the reaction would
      scarcely progress. The present inventors had conducted a series of studies
      on this reaction, which led to the finding that a complex of cobalt
      compound and pyridine is comparatively stable under a low pressure and
      that an active catalyst ingredient can be prepared with cobalt compound,
      pyridine and carbon monoxide, but the presence of alcohol or water impedes
      the forming of this active ingredient of catalyst remarkably. Based on
      this finding, the present invention comprises preparing an active catalyst
      ingredient in advance and accelerating the progress of the reaction under
      a low pressure by adding the thus prepared active ingredient to the
      reaction zone. The method of the present invention is characterized in
      that, the active catalyst ingredient can be formed even under a low
      pressure provided that alcohol or water are excluded, and the reaction can
      be effected under a low pressure such as in the range of 20.about.40
      atmospheres.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the present invention, as the starting material olefin, unsaturated
      hydrocarbons having at least one carbon-carbon double bond and 3 or more
      carbon atoms are applicable; to be concrete, hexane-1, octene-1, octene-3,
      octadecane-1 and their analogs are useful. Further, olefin mixtures are
      also applicable as the starting material olefin.
PAR  As the starting material alcohol, any alcohol having less than 20 carbon
      atoms is applicable, and it does not matter whether it is a primary
      alcohol, secondary alcohol or tertiary alcohol or it is a monohydric
      alcohol, dihydric alcohol or polyhydric alcohol. To be concrete, methanol,
      ethanol, 2-ethyl hexanol, ethylene glycol, glycerin, pentaerythritol and
      their analogs are useful. The ratio of olefin to alcohol or water can be
      optionally chosen; generally speaking, however, it is desirable to be in
      the range of 0.2.about.10 moles of olefin relative to one equivalent of
      hydroxyl group of alcohol or 1 mole of water.
PAR  As the cobalt compound effective as the catalyst, dicobalt octacarbonyl or
      cobalt carbonyl hydride or a compound forming these derivatives is
      effective. Examples of such compounds are cobalt octanoate, cobalt
      stearate, cobalt hydroxide and their analogs. The appropriate ratio of
      said cobalt compound to water or alcohol is in the range of
      0.001.about.0.1 mole relative to one equivalent of hydroxyl group of
      alcohol or 1 mole of water. As to the mode of adding the catalyst in the
      present invention, in order to form an active catalyst ingredient in
      advance, it is required to put the whole amount of the cobalt compound in
      the catalyst activation tank together with pyridine base.
PAR  For forming this active catalyst ingredient, the presence of said pyridine
      base is indispensable. The pyridine base herein means mono-, di- and
      tri-alkyl (having 1.about.3 carbon atoms)--substituted pyridines, among
      which pyridines, pyridine, .gamma.-picoline, 3,5-lutidine, 4-ethyl
      pyridine and their analogs are particularly desirable.
PAR  The appropriate amount of these pyridine bases to be added is in the range
      of 1.about.100 moles -- preferably 3.about.50 moles -- relative to 1 mole
      of said cobalt compound, but it is not always necessary to add the whole
      amount of the pyridine base to be employed to the cobalt compound at the
      time of forming the active catalyst ingredient, that is to say, it will do
      to add 1.about.10 moles thereof to the cobalt compound in the reaction
      zone.
PAR  In order to form the active catalyst ingredient by the use of the foregoing
      proper amount of cobalt compound and pyridine base, it suffices to heat
      the mixture of said cobalt compound and pyridine base under the pressure
      of carbon monoxide. On this occasion, the appropriate pressure of carbon
      monoxide is in the range of 20.about.200 Kg/cm.sup.2, and as long as the
      pressure of carbon monoxide is in this range, there is no fear of its
      affecting the activation of catalyst. The temperature for the activation
      of catalyst is desirable to be in the range of
      100.degree..about.180.degree.C; when it exceeds 180.degree.C, there are
      instances where the catalyst activation efficiency lowers, and therefore,
      it is necessary to maintain a proper temperature. The time for activation
      suffices to be about 0.5 hour, and any prolongation of this time will be
      in vain.
PAR  As discussed in the foregoing, the present invention is characterized in
      that it renders it possible to effect the carbonylization reaction under a
      low pressure such as in the range of 20.about.40 atmospheres. Accordingly,
      it has various merits such that it can produce products of high quality,
      the cost of equipment at the time of industrialization thereof is low, and
      the safety at the time of operation can be easily maintained. Especially
      in the case of manufacturing a variety of products in small quantities,
      like the manufacture of polyhydric alcohols and esters, which requires
      frequent switchover of apparatuses, the low-pressure method according to
      the present invention is advantageous from the viewpoint of safety as well
      as productivity.
PAR  Hereunder will be given some comparative examples along with examples of
      the present invention.
PAC  COMPARATIVE EXAMPLE 1
PAR  After placing 0.65 mole of decene-1, 0.5 mole of methanol, 0.008 mole of
      cobalt octanoate and 0.08 mole of .gamma.-picoline in a stainless steel
      autoclave having a capacity of 300 ml, reaction was effected at a
      temperature of 160.degree.C for 5 hours while applying a pressure to the
      extent of 30 Kg/cm.sup.2 with carbon monoxide.
PAR  After completion of the reaction, the reacted mixture was distilled to
      separate unreacted olefin, methanol, picoline, etc., but the desired
      methyl undecanoate was scarcely obtained.
PAC  COMPARATIVE EXAMPLE 2
PAR  After placing 0.008 mole of cobalt octanoate in a stainless steel autoclave
      having a capacity of 100 ml, 1 hour's stirring was conducted at a
      temperature of 160.degree.C while applying first a pressure of 10
      Kg/cm.sup.2 with hydrogen and then applying a pressure of 150 Kg/cm.sup.2
      to thereby prepare a catalyst. Meanwhile, after placing 0.65 mole of
      decene-1, 0.08 mole of .gamma.-picoline and 0.5 mole of methanol in a
      stainless steel autoclave having a capacity of 300 ml, a pressure of 30
      Kg/cm.sup.2 was applied thereto with carbon monoxide. Subsequently, the
      previously prepared catalyst was added to the contents of the latter
      autoclave, and 5 hours' reaction of the mixture was effected at a
      temperature of 160.degree.C under the same pressure, or 30 Kg/cm.sup.2.
      The yield rate of methyl undecanoate obtained through distillation of the
      reacted mixture was 35%.
PAC  EXAMPLE 1
PAR  After placing 0.008 mole of cobalt octanoate and 0.08 mole of
      .gamma.-picoline in a stainless steel autoclave having a capacity of 100
      ml, 1 hour's stirring was conducted at a temperature of 160.degree.C while
      applying a pressure to the extent of 50 Kg/cm.sup.2 with carbon monoxide
      to thereby prepare a catalyst. Meanwhile, after placing 0.65 mole of
      decene-1 and 0.5 mole of methanol in a stainless steel autoclave having a
      capacity of 300 ml, a pressure of 30 Kg/cm.sup.2 was applied thereto with
      carbon monoxide. Subsequently, the previously prepared catalyst was added
      to the contents of the latter autoclave, and 5 hours' reaction of the
      mixture was effected at a temperature of 160.degree.C under the pressure
      of 30 Kg/cm.sup.2. The yield rate of the resulting methyl undecanoate was
      80%.
PAC  EXAMPLE 2
PAR  Reaction was effected by the same operation as in Example 1 except for
      changing the pressure for the reaction zone from 30 Kg/cm.sup.2 to 50
      Kg/cm.sup.2. The yield rate of the resulting methyl undecanoate was 87%.
PAC  EXAMPLE 3
PAR  Reaction was effected by the same operation as in Example 1 except for
      changing the amount of .gamma.-picoline at the time of activation of the
      catalyst to be 0.04 mole and adding 0.12 mole of .gamma.-picoline to the
      reaction zone. The yield rate of the resulting methyl undecanoate was 90%.
PAC  EXAMPLE 4
PAR  After placing 0.016 mole of cobalt octanoate and 0.24 mole of
      .gamma.-picoline in a stainless steel autoclave having a capacity of 100
      ml, 30 minutes' heating was conducted at a temperature of 160.degree.C
      while applying a pressure to the extent of 50 Kg/cm.sup.2 with carbon
      monoxide to thereby prepare a catalyst. Meanwhile, after placing 0.65 mole
      of hexene-1 and 0.125 mole of pentaerythritol in a stainless steel
      autoclave having a capacity of 300 ml, a pressure of 30 Kg/cm.sup.2 was
      applied thereto with carbon monoxide. Subsequently, the previously
      prepared catalyst was added to the contents of the latter autoclave, and 7
      hours' reaction of the mixture was effected at a temperature of
      160.degree.C under the pressure of 30 Kg/cm.sup.2.
PAR  After completion of the reaction, unreacted olefin and .gamma.-picoline
      were separated from the reacted mixture by distillation, and then fatty
      acid ester of pentaerythritol was further fractionated by the use of a
      molecular distillation still.
PAR  This ester was composed of 10% of triester and 90% of tetraester.
PAC  EXAMPLE 5
PAR  Reaction was effected by the same operation as in Example 4 except for
      substituting 3,5-lutidine for .gamma.-picoline. The thus obtained fatty
      acid ester of pentaerythritol was composed of 5% of triester and 95% of
      tetraester.
PAC  EXAMPLE 6
PAR  Reaction was effected by the same operation as in Example 3 except for
      substituting water for methanol. The yield rate of the resulting
      undecanoic acid was 82%.
PAC  EXAMPLE 7
PAR  Reaction was effected by the same operation as in Example 6 except for
      substituting octadecene for decene-1. The yield rate of the resulting
      nonadecanoic acid was 75%.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing carboxylic acids or esters by reacting olefin
      having at least 3 carbon atoms with carbon monoxide and either an alcohol
      or water, in the presence of cobalt compound and pyridine or a derivative
      of pyridine, the improvement which comprises the steps of: in a catalyst
      preparation vessel separate from the reaction vessel, heating materials
      consisting essentially of cobalt compound and pyridine compound selected
      from the group consisting of pyridine and mono-, di- and tri-alkyl
      substituted pyridines, wherein said alkyl has one to three carbon atoms,
      at a temperature in the range of 100.degree. to 180.degree.C, under a
      carbon monoxide pressure in the range of 20 to 200 kg/cm.sup.2, for a time
      period of at least about 0.5 hours, effective to prepare a stable complex
      of said cobalt compound and said pyridine compound as an active catalyst;
      transferring said active catalyst from said catalyst preparation vessel
      and adding it to the reaction vessel containing said olefin and either
      said alcohol or water, as the sole supply of cobalt to said reaction
      vessel; and then reacting said olefin, either said alcohol or water, and
      carbon monoxide, in the presence of said active catalyst, until said
      carboxylic acid or ester is formed.
NUM  2.
PAR  2. A process according to claim 1, wherein the olefin and the alcohol or
      water are reacted at a molar ratio of 0.2 to 10 moles of olefin per one
      equivalent of hydroxyl groups of said alcohol or 1 mole of water.
NUM  3.
PAR  3. A process according to claim 2, wherein 0.001 to 0.1 mole of said cobalt
      compound is added per one equivalent of hydroxyl groups of said alcohol or
      1 mole of water.
NUM  4.
PAR  4. A method according to claim 3, wherein said cobalt compound consists of
      at least one member selected from the group consisting of dicobalt
      octacarbonyl, cobalt carbonyl hydride or cobalt compound that forms those
      compounds under the reaction conditions.
NUM  5.
PAR  5. A process according to claim 3, wherein one to 100 moles of said
      pyridine compound are added per 1 mole of said cobalt compound.
NUM  6.
PAR  6. A process according to claim 1 in which the reaction of said olefin,
      either said alcohol or water, and carbon monoxide is effected by mixing
      said olefin and either said alcohol or water, and applying a carbon
      monoxide pressure of 20 to 40 atmospheres.
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ABST
PAL  A method is disclosed for forming stannic tetra-(tertiary-alkoxides)
      wherein the alkoxide groups contain from 4 to 8 carbon atoms, which
      process includes starting with a tin tetrahalide and involves reactions
      with an alkylamine and a tertiary alcohol. The resulting products are
      volatile tin compounds and find utility as a source of tin oxide. For
      example, the compounds may be hydrolyzed with water and then pyrolyzed to
      provide a source of ultra high purity tin oxide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention is directed to the formation of tin compounds and,
      more particularly, is directed to the formation of tin compounds of the
      formula Sn(OR).sub.4 wherein R is a tertiary alkyl group containing from 4
      to about 8 carbon atoms.
PAC  BACKGROUND OF THE ART OF SYNTHESIZING TIN ALKOXIDES
PAR  As a general matter, certain metal alkoxides have been widely prepared in
      the past by a process which involves the use of metal halides, alcohols,
      and ammonia as reagents. The ammonia was employed to force complete
      substitution of halide and to scavenge the by-product hydrohalide, e.g.
      HCl, so as to remove it in the form of ammonium chloride. This removal of
      the HCl is important because of the side reaction between, for example,
      HCl and an alcohol taking place which would result in the formation of
      water and hence would undesirably hydrolyze the desired alkoxide product.
      In the case of forming a tertiary alkoxide the ammonia method is generally
      not satisfactory because the tertiary alcohols react quite rapidly with
      the HCl and the ammonia is not capable of removing the HCl effectively.
      The use of amines has also been described but not for tin.
PAR  Bradley, et al. (Chemical Society Journal, 1957, Part IV, page 4775 et seq.
      entitled, "The Preparation and Properties of Stannic Alkoxides") begin
      with the statement that "little is known about stannic alkoxides". In this
      article it is indicated, that in view of the successful preparation of
      alkoxides of titanium, germanium, zirconium, and hafnium through the
      tetrahalide, alcohol and ammonia method, they attempted to make pure
      stannic alkoxides from stannic chloride. It is indicated that the method
      did not yield pure stannic alkoxide. Success was obtained, however, in
      producing stannic tetra(tertiary-alkoxides) by an alcohol interchange
      process from tin ethoxide, the latter being prepared by the use of sodium
      ethoxide as a reactant. This technique, however, is a rather prolonged
      stepwise process and would not be economically justified.
PAR  In the Canadian Journal of Chemistry, Volume 39 (1961), page 1386 et seq.,
      it is indicated by the present inventor that alkoxides may be prepared by
      reacting an alcohol with compounds having metal-nitrogen bonds, that is,
      compounds of the formula M(NR.sub.2).sub.x wherein M may, for example, be
      tin. The metal-nitrogen compounds are prepared by a reaction involving
      lithium diethylamide and those skilled in the art will readily appreciate
      the undesirable features of using such lithium compounds.
PAR  U.S. Pat. No. 2,269,498 indicates that amine compounds of Group IV metals
      can be produced by reacting a metal tetrahalide with an amine in an
      anhydrous solvent. While no tertiary alcohols are described as the
      solvent, in those instances where methanol is employed it may be that an
      alkoxide and an amine hydrochloride are formed, at least, as an
      intermediate product. This patent, however, has no recognition of a method
      for forming tin tetra(tertiary-alkoxides). Subject to this same deficiency
      in U.S. Pat. No. 2,901,452, wherein it is indicated that tin halide can be
      reacted with dimethylethanolamine and then treated with water and
      propylene or ethylene glycol.
PAR  U.S. Pat. No. 2,684,972 indicates difficulties in the art with regard to
      forming metal tertiary alkoxides, or metal esters of tertiary alcohols,
      and focuses on forming such metal tertiary alkoxides. While no examples
      are given it is prophetically indicated that tin tertiary alkoxides could
      be formed by the two-step process disclosed therein. In column 8 of this
      patent, it is indicated that the method of that patent eliminates the use
      of expensive organic amines such as pyridine. Presumably this statement
      contemplates the elimination of the combined use of pyridine and ammonia
      as set forth in the Nature article disclosed in column 1 thereof. The
      process of this patent, however, is not suitable for purposes of the
      present application, as will be seen by reference to the examples herein.
PAR  Chemical Abstracts, Volume 61 (33-Aliphatic Compounds) 1451E, entitled
      "Preparation of Stannic Ethoxide", discloses a process wherein stannic
      tetrachloride, ammonia, and ethyl alcohol is employed. There is no
      indication in that abstract of a technique for producing stannic
      tetra(tertiary-alkoxides) however.
PAC  THE INVENTION
PAR  In accordance with one feature of this invention there is provided a novel
      and simple process for the formation of tin tetra(tertiary-alkoxides), or
      compounds of the formula Sn(OR).sub.4 wherein R is a tertiary alkyl group
      having from 4 to 8 carbon atoms. According to another feature of this
      invention, there is provided an economical and expedient method for
      forming tin tetra(tertiary-alkoxides) wherein a problem in the prior art
      of scavenging halide, e.g. chloride, moieties from a starting metal
      tetrahalide is solved by deactivating the halide moiety by a reaction
      between an alkylamine and a stannic halide, which results in the formation
      of a stannic halide-alkylamine reaction product; this alkylamine-stannic
      halide reaction product is then reacted with a tertiary alcohol which
      results in the formation of the desired stannic tetra(tertiary-alkoxides).
      These alkoxides find many utilities which are known and readily apparent
      to those skilled in the art. One of the most interesting features of these
      compounds is, however, their relatively volatile nature, hence they
      provide a source for ultrahigh purity tin oxides. That is, the tin
      tetra(tertiary-alkoxides) as contemplated herein may be easily purified
      through evaporative techniques, for example, distillation, to provide an
      ultrahigh purity starting material which can then be hydrolyzed with water
      to form a hydrate thereof which upon pyrolysis forms ultrahigh purity tin
      oxide.
PAR  As used herein the term "alkylamine", either alone or, for example, in
      calling for the stannic halide-alkylamine reaction product contemplates
      conventional alkylamines and does not contemplate within its scope
      inorganic materials which by some might be thought to be amines; for
      example, that term does not comprehend ammonia within its scope nor
      compounds of the formula M(NR.sub.2).sub.x wherein R is an alkyl and x is
      an integer corresponding to the valence of the metal M, inasmuch as these
      latter materials are considered to be metal dialkylamides.
PAR  Thus, in accordance with one aspect of this invention there is provided a
      process for producing a compound for the formula Sn(OR).sub.4, wherein R
      is a tertiary-alkyl group containing from 4 to 8 carbon atoms, which
      process includes the steps of reacting a tertiary-alkyl alcohol, wherein
      the alkyl group contains from 4 to 8 carbon atoms with a stannic
      halide-alkylamine reaction product so as to form an amine hydrohalide
      byproduct and the tin compound indicated above, followed by a step of
      isolating the compound.
PAR  According to another aspect of this invention, there is provided a process
      for producing a stannic tetra(tertiary-alkoxide) which process includes
      the steps of reactively combining, at least a portion of at least a
      stoichiometric amount of an alkylamine, having up to 10 carbon atoms in
      each alkyl group thereof, with a stannic halide so as to form a reaction
      product thereof, and then adding to the reaction product a tertiary-alkyl
      alcohol having from 4 to 8 carbon atoms and reacting same so as to form an
      amine hydrohalide and the desired stannic tertiary alkoxide and wherein
      the remainder, if any, of the alkylamine reactant is added to the
      alkylamine-stannic halide reaction product substantially no later than the
      completion of the addition of the tertiary-alkyl alcohol; the desired
      product is then isolated by conventional techniques.
PAR  According to still another aspect of this invention, there is provided a
      process for forming a compound of the formula Sn(OR).sub.4, wherein R is a
      tertiary-alkyl group containing 4 to 8 carbon atoms, which process
      comprises reacting a stannic halide with a secondary or tertiary
      alkylamine in an anhydrous, inert, organic diluent wherein the amount of
      the amine is at least the stoichiometric amount, and preferably a
      stoichiometric excess, so as to form an alkylamine-stannic halide reaction
      product, which reaction product is then reacted with a tertiary alkyl
      alcohol, the amount of the tertiary alkyl alcohol being in a molar ratio
      to the stannic halide of at least about 4:1, so as to form an amine
      hydrohalide solid reaction product which is dispersed in a solution
      containing the desired tin tetra(tertiary-alkoxide) followed by the
      isolation of the desired compound.
PAR  According to still another aspect of this invention, a process is provided
      for producing tin tetra(tertiary-butoxide) or tin
      tetra(tertiary-pentoxide), i.e., tin tetra(tertiary-amyl oxide) using
      stannic tetrachloride, diethylamine and either tertiary pentanol or
      tertiary butanol with the amount of said pentanol or said butanol being in
      a molar ratio to said tin tetrachloride of about 4.05:1 to about 4.6:1 and
      with the amount of said diethylamine to said stannic tetrachloride being
      in the ratio of about 4.05:1 to about 4.6:1 which process comprises:
      reacting at least a portion of the diethylamine with the stannic chloride
      in the presence of an inert, anhydrous, organic diluent so as to form a
      reaction product and then adding said pentanol or said butanol to the
      reaction product and reacting same so as to form a dispersion of an amine
      hydrochloride in a solution containing the desired tin butoxide, or tin
      pentoxide, and wherein the remainder of the diethylamine, if any, is added
      to the reaction product substantially no later than the completion of the
      addition of the tertiary butanol or tertiary pentanol; the amine
      hydrochloride is then separated and the desired tin butoxide or tin
      pentoxide recovered. Thus, for example, if the amount of the amine which
      is first reacted is an amount sufficient to provide about 2 moles of
      diethylamine per moe of stannic chloride, the remainer which will be added
      at a later point in time will be at least about 2.05 moles of the
      diethylamine per mole of the starting tin tetrachloride.
PAR  As will be readily appreciated from the foregoing, the reagents employed in
      the process of this invention include stannic halides, preferably stannic
      tetrachloride, alkylamines, and tertiary alkyl alcohols. Most desirably
      and quite conveniently the reaction will, as indicated previously, be done
      in the presence of an anhydrous, inert, organic diluent. Exemplary of the
      alkylamines are those amines wherein the alkyl groups thereof have up to
      10 carbon atoms, i.e., 1 to 10 carbon atoms and preferably wherein each
      alkyl group of the alkylamine contains 6 carbon atoms or less. Most
      desirably the alkyl groups of the alkylamine will contain 1 to 3 carbon
      atoms. Especially suitable alkylamines are the secondary and tertiary
      alkylamines of the formula (R').sub.2 NH and (R').sub.3 N. The alkyl
      groups (R') of these secondary or tertiary alkylamines preferably will
      contain from 1 to about 10 carbon atoms, most desirably less than 6 carbon
      atoms with a highly preferred selection being that each R' group contain
      from 1 to 3 carbon atoms, that is, for example, methyl, ethyl, propyl.
      Most desirably the amine will be a secondary amine, for example,
      dimethylamine or diethylamine. The tertiary-alkyl alcohols contemplated
      for use herein are the tertiary monohydric alkyl alcohols having from 4 to
      8 carbon atoms in the tertiary alkyl group thereof, e.g., t-butanol,
      t-pentanol (t-amyl alcohol), t-heptanols, t-hexanols. Preferably, the
      tertiary-alkyl alcohol will be tertiary butanol or tertiary pentanol,
      commonly referred to as tertiary amyl alcohol. The anhydrous, inert
      organic diluent employed herein will be routinely selected by those
      skilled in the art and is employed as a convenient carrier in which to
      allow the reaction to take place. Exemplary of these diluents are those
      materials commonly considered in the chemical industries as chemical
      solvents and which include both aliphatic, or acyclic, materials and
      cyclic materials. The cyclic organic compounds include the homocyclic
      organic solvents, both alicyclic and aromatic. The preferred solvents are
      the aliphatic, alicyclic or aromatic hydrocarbons, e.g., the hydrocarbons
      containing from 6 to 9 carbon atoms. Exemplary of the preferred materials
      are the aliphatic hexanes, heptanes, octanes, nonanes, etc., as well as
      the alicyclic forms thereof, and representative of the aromatic compounds
      are benzene and toluene and xylene. The diluent employed should be inert,
      that is, it should not react with any of the ingredients employed, or
      formed, and for reasons indicated hereinafter it should be anhydrous. The
      amount of the diluent employed may vary over a wide range with the amount
      generally being selected so as to provide a consistency in the reaction
      medium which is capable of being generally, easily stirred. Suitable
      amounts will be those producing a solution concentration of the final
      product in the diluent of about 5 to about 15 weight percent.
      Additionally, it will be found quite convenient to add the alkylamine and
      the tertiary alkyl alcohol into the reactor employed as a solution in the
      diluent.
PAR  The amount of stannic halide, alkylamine and tertiary alkyl alcohol
      employed will be such that there is at least a stoichiometric amount of
      the alkylamine relative to the tin tetrahalide and also at least a
      stoichiometric amount of the tertiary-alkyl alcohol relative to the amount
      of tin tetrahalide employed. That is, the molar ratio of the amount of
      total alkylamine employed to the amount of tin tetrahalide employed will
      be, at least, about 4:1 and the total amount of tertiary alkyl alcohol
      employed, relative to the amount of tin tetrahalide employed, will
      likewise be, at least, 4:1. Preferably a stoichiometric excess will be
      employed, that is, it will be in excess of a molar ratio of about 4:1.
      Suitable results will be obtained by employing molar ratios of alkylamine
      to tin halide in the range of about 4.05:1 to about 4.6:1 with the ratio
      of the tertiary alkyl alcohol to tin tetrahalide also being in a range of
      about 4.05:1 to about 4.6:1.
PAR  In passing, it should be mentioned that the process involved herein
      includes hydrolytically sensitive materials viz. the starting tin
      tetrahalide, for example tin tetrachloride, as well as the final product,
      tin tetra(tertiary-alkoxide). Thus, it will be readily apparent to those
      skilled in the art that techniques should be employed which are
      conventional when employing, reacting and forming hydrolytically sensitive
      materials. That is, the process should be performed under anhydrous
      conditions and care should be taken to minimize the contact of the
      involved materials to water, for example, the water vapor of ambient air,
      otherwise low yields will result.
PAR  The present process may be looked upon as a sequential performance of two
      reaction steps followed by the isolation of the desired compound of the
      formula Sn(OR).sub.4, wherein R is a tertiary-alkyl group containing from
      4 to 8 carbon atoms and preferably is a tertiary amyl or tertiary butyl
      group. The first two sequential steps may be viewed upon as the reaction
      of the alkylamine with the stannic halide so as to form an
      alkylaminestannic halide reaction product and then that reaction product
      reacts with a tertiary alkyl alcohol so as to form the desired compound
      and an amine hydrohalide by-product. As will be seen herein, the desired
      reactions can be effected employing different orders of addition. For
      example, all of the amine can first be added to the stannic tetrahalide to
      obtain the desired reaction, followed by the addition of the requisite
      amount of a tertiaryalkyl alcohol, or, if desired, only a portion of the
      requisite amount of the alkylamine can be added first with the remainder
      of the alkylamine being added at a later time, as with the addition of the
      tertiary-alkyl alcohol, for example, in admixture with the tertiary alkyl
      alcohol. Generally, it may be stated, however, that the requisite total
      amount of the alkylamine, that is, at least the stoichiometric amount, as
      indicated hereinbefore, will be added to the system, e.g. to the reaction
      product of the tin tetrahalide and alkylamine resulting from the addition
      of a first portion, substantially no later than the completion of the
      addition of the tertiary-alkyl alcohol. The reason for this, and what is
      meant by that terminology, is to avoid the possibility of the
      tertiary-alkyl alcohol having an opportunity to react with halide moieties
      which have not been deactivated by reaction with the alkylamine; thus, the
      total requisite amount of the alkylamine will be introduced into the
      system sufficiently early so as to substantially preclude any significant
      and adverse decrease in yield of the desired product which may result by
      having a temporary deficiency of alkylamine in the reactor. If the
      addition of the alkylamine is split, i.e., it is added generally at two
      different points in time, it will generally be found quite convenient to
      add as a first portion a sufficient amount of the alkylamine so as to
      provide a molar ratio to tin tetrahalide of at least about 2:1; the
      remainder of the charge then being subsequently added such as for example,
      in admixture, with the tertiary alcohol. For example, if the total charge
      of alkylamine is to be in a molar ratio of at least about 4.05:1, relative
      to the tin halide, the alkyl alcohol may first be added in an amount
      sufficient to provide about 2 moles of the alkylamine per mole of stannic
      chloride with the remainder of at least 2.05 moles of alkylamine per mole
      of stannic chloride being subsequently added. If it is desired to
      initially add only a portion of the alkylamine and then to subsequently
      add the remainder, routine experiments will readily and quickly determine
      the optimum ratios of how the alkylamine should be split for the
      particular system involved. Generally, however, as previously indicated,
      it will be found convenient to split the addition so as to initially add a
      sufficient amount so as to provide a mole ratio of at least about 2:1 with
      the remainder being subsequently added. From a capital investment point of
      view, and from a total operational point of view, it will be most
      convenient, however, to simply first add all of the alkylamine, and then
      follow this by the addition and reaction of the tertiary-alkyl alcohol
      with the formed alkylamine-stannic halide reaction product.
PAR  The reaction of the stannic halide, for example, tin tetrachloride and the
      alkylamine is substantially instantaneous and results in an exothermic
      reaction. It is generally preferred to employ cooling during this reaction
      to keep the temperature less than about 30.degree. C. such as, for
      example, between about 10.degree. to 30.degree. C. with quite suitable
      results being obtained by using temperatures ranging from about 15.degree.
      to about 25.degree.C. Suitable agitation should be employed during the
      process. The reaction of the alkylamine and tin tetrahalide results in the
      formation of a tin tetrahalide-alkylamine reaction product which is a
      solid and which becomes dispersed in the organic diluent. This solid
      reaction product is then a reactant with the tertiary-alkyl alcohol which
      reaction results in the formation of an amine hydrohalide by-product and
      the desired tin tetra(tertiary-alkoxide). The tin tetra(tertiary alkoxide)
      is in solution with the organic diluent and the amine hydrohalide exists
      as an insoluble solid by-product. Thus, all that is required is the
      addition of the tertiary alkyl alcohol to the alkylamine-stannic halide
      reaction product and then reacting same so as to form the amine
      hydrohalide and the stannic tertiary alkoxide. This latter reaction is
      likewise, preferably, carried out with stirring inasmuch as it will be
      appreciated that this will facilitate the reaction of the solid
      alkylamine-stannic halide reaction product with the alcohol. Generally, it
      is preferred to maintain the temperature again in the range of about
      10.degree. to 30.degree.C, for example, 15.degree. or 20.degree. to about
      25.degree.C and to stir the system at least about 2 or 3 hours after the
      addition of the tertiary alcohol had been completed. If it is desired to
      check the reaction to insure that it is substantially complete it is
      possible to remove aliquot portions of the solid which forms, i.e., the
      amine hydrohalide, wash it and then add water to it; if the solid material
      is substantially all amine hydrohalide a solution will result. But if,
      however, the solid material still represents some of the
      alkylamine-stannic halide reaction product, a precipitate will result.
PAR  Following the reaction wherein the amine hydrohalide forms as a dispersion
      in the solution containing the desired tin tetra(tertiary-alkoxide) all
      that is required is the isolation, or separation, of the desired product
      therefrom. Conventional techniques may be employed in this regard. For
      example, it will be found to be quite convenient to simply remove the
      amine hydrohalide by filtration, for example, vacuum filtration, and then
      to isolate the desired product from the filtrate. Of course, sound
      practices recommend that the filter cake be washed to remove all residual
      product left in the filter cake. The filtrate is then preferably heated
      under vacuum so as to distill off and evaporate the organic diluent
      leaving behind a residue of the desired product. It will generally be
      quite convenient to effect this evaporation under vacuum, for example, at
      a pressure of 10-20 millimeters of mercury using conventional equipment
      e.g., rotary vacuum evaporators. The residual product is then similarly
      separated, preferably by distilling under high vacuum, for example, at
      less than a millimeter of mercury, typically one-tenth of a millimeter or
      less, at the dominant boiling point of the product at that pressure. In
      passing, it should be mentioned that it is believed that a reaction takes
      place between the by-product amine hydrohalide and the desired tin
      alkoxide product. Accordingly, sound practices will be employed to
      minimize the opportunity for such reactions. That is, prolonged setting of
      the final reacted system should not be allowed and the heating employed in
      isolating the desired product will preferably be at as low a temperature
      as reasonably possible in case small amounts of the by-product have found
      their way into the final product notwithstanding their removal, for
      example, by filtration.
PAR  While the above describes the present invention with sufficient
      particularity to enable those skilled in the art to make and use same,
      nonetheless, a few examples follow which further exemplify the present
      invention. As indicated above some of the materials involved are
      generally, highly hydrolytically sensitive and, accordingly, in practicing
      the examples, and the invention, care should be taken to minimize the
      exposure of these materials to water, particularly the water vapor
      existing in the ambient atmosphere so as to maintain yields at a maximum.
      In general, it has been found quite convenient to dry the equipment to be
      employed and especially the reactor flask in heated air prior to
      utilization. Additionally, it will be found quite convenient to maintain a
      nitrogen atmosphere, or other inert atmosphere, over the reaction to
      further eliminate possible contact with water. Additionally, during the
      employed filtration step care should be taken to minimize, insofar as
      possible, contact with ambient humid air; one suitable technique which
      will be found to be quite convenient is that, in vacuum filtering, for
      example by employing a porous filter, an elastomeric film or membrane be
      employed over the filtration apparatus so as to function in the manner of
      a diaphragm. Finally, it will also be found desirable to dry the materials
      prior to utilization. Conveniently, drying for several days over molecular
      sieves, for example, a Linde type 3A molecular sieve is suitable.
DETD
PAC  EXAMPLE I
PAR  Into a dry reactor flask was added 130 grams of tin tetrachloride and 1,000
      ml of normal heptane. With cooling, so as to maintain a temperature of
      about 15.degree. to about 20.degree.C, and with stirring there was then
      added to the tin tetrachloride solution a solution of about 165 grams of
      diethylamine dissolved in 200 ml of normal heptane. It was observed that
      after the addition of part of the diethylamine i.e., at about the point
      where the molar ratio of added diethylamine to tin tetrachloride was about
      2:1, there was a substantial subsiding of the exotherm. After completion
      of the addition of the diethylamine the contents were stirred for several
      minutes and at this point there was a slurry, or dispersion, of a tin
      chloride-alkylamine reaction product in the heptane diluent.
PAR  About 203 grams of tertiary-amyl alcohol was then added with stirring and
      with the temperature being maintained at about 15.degree.-20.degree.C.
      There then resulted a thick precipitate which was somewhat difficult to
      stir and more heptane (500 ml) was added to obtain a more fluid
      consistency capable of being more easily stirred. The reactor contents
      were left overnight at room temperature with stirring. The product was a
      dispersion of a solid amine hydrochloride dispersed in a solution of tin
      tetra(tertiary-amyl oxide) dissolved in the heptane diluent. The solid
      amine hydrochloride was then vacuum filtered and the filter cake washed
      twice with 150 ml of heptane. The filtrate and the washings were then
      evaporated under vacuum, at a pressure of about 10 to about 20 milliliters
      of mercury, to separate the heptane diluent therefrom. The residue was
      then distilled at a pressure of about 0.09 milliliters of mercury and at a
      temperature of about 92.degree.C to isolate the tin tetra(tertiary-amyl
      oxide). A yield of 82% of the product resulted.
PAC  EXAMPLE II
PAR  The general procedure of Example I was followed with the charge being about
      130 grams of tin tetrachloride and about 1000 ml of benzene. About 170
      grams of diethylamine, in about 150 ml of benzene, was then added over a
      period of 30 minutes with stirring and with the temperature being
      maintained at about 20.degree.C. About 205 grams of tertiary-amyl alcohol,
      dissolved in about 200 ml of benzene, was then added to the dispersion
      with the temperature being maintained about 20.degree.C. An additional
      quantity of benzene (about 500 ml) was added to maintain fluidity at a
      more convenient point for stirring. The reacted system, i.e. dispersion,
      was then filtered, washed, and the benzene separated in the manner
      indicated in Example I. The resulting liquid residue of tin
      tetra(tertiary-amyl oxide) product contained a small amount of a
      crystalline precipitate, presumably diethylamine hydrochloride, which was
      removed by filtration prior to distillation of the final product. The tin
      tetra(tertiary-amyl oxide) was recovered in a 79% yield.
PAC  EXAMPLE III
PAR  The procedure of Example I is generally followed with the exception that
      the diethylamine is first added in an amount to produce a molar ratio of
      about 2:1 of the amine to the tin tetrachloride. To the resulting
      dispersion the remainder of the amine, along with the 203 grams of
      tertiary amyl alcohol, as an admixture in heptane, is subsequently added.
PAR  The yield is generally about the same as that of Example I, indicating that
      all of the amine need not be added prior to the addition of the tertiary
      alcohol.
PAC  EXAMPLE IV
PAR  The general procedure of Example I was followed with about 225 grams of
      triethylamine (dissolved in about 150 ml of heptane) being added to a
      solution of about 130 grams of tin tetrachloride dissolved in about 1200
      ml of heptane. The addition was done with stirring and cooling to maintain
      a temperature between about 20.degree. and 25.degree.C. resulting in the
      formation of a brownish tin tetrachloride-alkylamine reaction product
      precipitate dispersed in the heptane diluent. About 205 grams of tertiary
      amyl alcohol, in 150 ml of heptane, was added with stirring and cooling to
      maintain a temperature of about 20.degree.C. The contents were allowed to
      set overnight with stirring at room temperature after which vacuum
      filtration followed. The filter cake was washed twice using 150 ml of
      heptane each time. The filtrate and the washings were then evaporated
      under vacuum to separate the heptane diluent and the residue distilled
      under vacuum to give a yellow liquid tin tetra(tertiary-amyl oxide)
      product. The yield was about 40% (boiling point about 95.degree.C. at
      about 0.1 milliliters of mercury).
PAC  EXAMPLE V
PAR  The procedure of Example I was followed with the exception that the
      diethylamine was not added first as in Example I. That is, the
      diethylamine and the tertiary-amyl alcohol were first combined with about
      200 ml of heptane and this admixture then added to the stannic chloride
      solution. This resulted in a 24% yield of product and it was observed that
      a considerable amount of a solid co-distilled during the distillation of
      the tin tetra(tertiary-amyl oxide). This example illustrates the benefits
      of first adding at least a portion of the alkylamine.
PAC  EXAMPLE VI
PAR  Ammonia gas was bubbled into a solution of tin tetrachloride (130 grams) in
      heptane (1000 ml) with stirring and cooling; the mixture became quite
      thick after about 15 minutes and an additional amount (500 ml) of heptane
      was added to increase the fluidity. The temperature was maintained at
      about 20.degree.C. After about 40 minutes of gas passage the mixture
      appeared saturated with ammonia and a white solid dispersed in heptane was
      obtained. Tertiary-amyl alcohol (205 g.) in heptane (100 ml) was then
      added with the passage of ammonia gas continued, although at a slightly
      reduced rate, and the temperature maintained at about 20.degree.C; after
      the addition of the tertiary-amyl alcohol, the resulting dispersion was
      fluid and was stirred at room temperature overnight. The solids were
      separated by vacuum filtration and the filter cake washed twice using
      about 200 ml of heptane each time. The filtrate and washings were
      evaporated under vacuum but only a trace of oily liquid remained; the
      yield of tin tetra(tertiary-amyl oxide) using this ammonia addition was
      virtually zero.
PAC  EXAMPLE VII
PAR  The procedure of Example I and VI were generally followed with
      monomethylamine gas being employed instead of ammonia and with the initial
      charge being about 130 grams of tin tetrachloride in about 1400 ml of
      heptane. Additionally, the tertiary-amyl alcohol was added in about 200 ml
      of heptane. No tin tetra(tertiary-amyl oxide) was recovered.
PAR  As will be readily apparent to those skilled in the art, the present method
      may be used to make other alkoxides of tin and, likewise, may be employed
      to produce other metal alkoxides, especially tertiary alkoxides.
PAR  Having described the invention above, it will, of course, be apparent that
      modifications are possible which do not depart from the spirit and scope
      thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. An anhydrous process for producing a compound of the formula
      Sn(OR).sub.4, wherein R is a tertiary alkyl group containing from 4 to 8
      carbon atoms, which comprises: reacting a tertiary alkyl alcohol, wherein
      the alkyl group contains from 4 to 8 carbon atoms, with a stannic
      tetrahalide-alkylamine reaction product in the presence of an inert
      anhydrous organic diluent so as to form a dispersion of a solid amine
      hydrohalide in a solution containing said compound, said alkylamine being
      a secondary or tertiary alkylamine wherein each alkyl group thereof
      contains up to 10 carbon atoms; and isolating said compound from said
      dispersion.
NUM  2.
PAR  2. The process of claim 1 wherein said tertiary alkyl alcohol is tertiary
      amyl alcohol and wherein said stannic tetrahalide-alkylamine reaction
      product is the reaction product of at least 4 moles of said amine per mole
      of said stannic halide and wherein each alkyl group of said alkylamine
      contains 6 carbon atoms or less.
NUM  3.
PAR  3. An anhydrous process for producing a stannic tertiary-alkoxide, wherein
      at least about 4 moles of an alkylamine and at least about 4 moles of a
      tertiary alcohol are employed as reagents per mole of a stannic
      tetrahalide, said process comprising: reactively combining at least a
      portion of said alkylamine, wherein said amine is a secondary or tertiary
      alkylamine having up to 10 carbon atoms in each alkyl group thereof, with
      said stannic tetrahalide so as to form a reaction product thereof; adding
      to said reaction product a tertiary alkyl alcohol having from 4 to 8
      carbon atoms and reacting same so as to form an amine hydrohalide and said
      stannic tertiary-alkoxide and, wherein the remainder, if any, of said
      amine is added to said reaction product substantially no later than the
      completion of the addition of said tertiary alkyl alcohol; and isolating
      said stannic tertiary-alkoxide.
NUM  4.
PAR  4. The process of claim 3 wherein said isolating comprises filtering to
      remove said amine hydrohalide and heating the filtrate so as to recover
      said stannic tertiary-alkoxide.
NUM  5.
PAR  5. The process of claim 3 wherein said amine contains 6 carbon atoms or
      less in each alkyl group thereof.
NUM  6.
PAR  6. The process of claim 5 wherein each alkyl group of said alkylamine
      contains from 1 to 3 carbon atoms.
NUM  7.
PAR  7. The process of claim 6 wherein said portion of said alkylamine is an
      amount sufficient to provide at least about 2 moles of said amine per mole
      of stannic halide.
NUM  8.
PAR  8. The process of claim 7 wherein said halide is a chloride.
NUM  9.
PAR  9. The process of claim 6 wherein said tertiary alcohol is tertiary-butyl
      or tertiary-pentyl alcohol.
NUM  10.
PAR  10. The process of claim 9 wherein said amine is dimethylamine or
      diethylamine.
NUM  11.
PAR  11. The process of claim 8 wherein all of said amine is first reacted with
      said stannic tetrachloride.
NUM  12.
PAR  12. An anhydrous process for forming a compound of the formula Sn(OR).sub.4
      wherein R is a tertiary alkyl group containing 4 to 8 carbon atoms which
      comprises: reacting a stannic tetrahalide with a secondary or tertiary
      alkylamine in an anhydrous inert organic diluent, wherein each alkyl group
      of said amine contains between 1 and 10 carbon atoms and wherein the molar
      ratio of said amine to said stannic halide is at least about 4:1, so as to
      form a dispersion of an alkylamine-stannic halide reaction product;
      reacting a tertiary alkyl alcohol, wherein the alkyl group contains 4 to 8
      carbon atoms, with said dispersion of said reaction product in a molar
      ratio of at least about 4:1, based on said stannic tetrahalide, so as to
      form an amine hydrohalide solid reaction product and said compound; and
      isolating said compound.
NUM  13.
PAR  13. The process of claim 12 wherein said isolating comprises removing said
      amine hydrochloride by filtration and evaporating said organic diluent
      from the filtrate.
NUM  14.
PAR  14. The process of claim 12 wherein each alkyl group of said alkylamine
      contains 6 carbon atoms or less.
NUM  15.
PAR  15. The process of claim 14 wherein each of said alkyl groups of said amine
      contains between 1 and 3 carbon atoms.
NUM  16.
PAR  16. The process of claim 13 wherein said tertiary alkyl alcohol is
      tertiary-butyl or tertiary-amyl alcohol.
NUM  17.
PAR  17. The process of claim 12 wherein the molar ratio of said amine to said
      stannic halide is between about 4.05 to about 4.6:1 and wherein the ratio
      of tertiary alkyl alcohol to said stannic halide is between about 4.05 to
      about 4.6:1
NUM  18.
PAR  18. An anhydrous process for producing tin tetra(tertiary-butoxide) or tin
      tetra(tertiary-pentoxide) using stannic tetrachloride, diethylamine and
      tertiary-pentanol or tertiary-butanol with the respective amounts of said
      pentanol or said butanol and the amount of said diethylamine being in a
      molar ratio to said stannic tetrachloride of at least about 4:1 said
      process comprising: reacting at least a portion of said diethylamine with
      said stannic chloride in the presence of an inert, anhydrous, organic
      diluent so as to form a reaction product; adding said pentanol or said
      butanol to said reaction product and reacting same so as to form a
      dispersion of an amine hydrochloride in a solution containing said tin
      butoxide or said tin pentoxide, wherein the remainder of said
      diethylamine, if any, is added to said reaction product substantially no
      later than the completion of the addition of said butanol or said
      pentanol; separating said amine hydrochloride from said dispersion and
      recovering said tin butoxide or said tin pentoxide from said solution.
NUM  19.
PAR  19. The process of claim 18 wherein said portion is an amount sufficient to
      provide about 2 moles of diethylamine per mole of stannic chloride and a
      remainder of at least about 2.05 moles of diethylamine per mole of stannic
      chloride is added in admixture with said pentanol or butanol.
NUM  20.
PAR  20. The process of claim 18 wherein said portion is an amount to provide at
      least about 2 moles of said amine per mole of stannic alkoxide.
NUM  21.
PAR  21. The process of claim 20, wherein all of said amine is first reacted
      with said stannic chloride.
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PAL  Process for preparing metal complexes of organic 1,3-diketones, which
      comprises, reacting in the presence of an alkylene oxide, a metal halide
      or hydrates thereof, and an organic 1,3-diketone.
PARN
PAR  This is a continuation-in-part of U.S. application, Ser. No. 250,046, filed
      May 3, 1972, now abandoned
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of metal complexes of
      1,3-diketones. More particularly this invention relates to a process of
      preparing metal complexes of 1,3-diketones comprising reacting a metal
      halide or hydrates thereof, and an organic 1,3-diketone compound in the
      presence of an alkylene oxide.
PAR  Metal complexes or derivatives of organic 1,3-diketones, often referred to
      as metal chelates are well known in the art as witnessed for example by
      U.S. Pat. Nos. 3,231,597 and 3,291,660.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that metal complexes of organic 1,3-diketones
      can be produced by reacting a metal halide or hydrates thereof and an
      organic 1,3-diketone in the presence of an alkylene oxide.
PAR  Therefore it is an object of this invention to provide an efficient and
      economical process for preparing metal complexes of organic 1,3-diketones.
      Other objects and advantages will become readily apparent from the
      following description and appended claims.
PAR  More specifically the instant invention may be described as a method for
      preparing metal complexes of organic 1,3-diketones which can be
      represented as having the general formula
      ##EQU1##
      WHEREIN R and R' are monovalent organic radicals, M is a metal cation, n
      is an integer which corresponds to the electrovalence of M, and x has a
      value of O or a positive integer, which method comprises reacting, in the
      presence of an alkylene oxide, a metal halide having the formula
      M(X).sub.n.y(H.sub.2 O) where M and n are the same as defined above, X is
      halogen, and y has a value of O or a positive integer, and an organic
      1,3-diketone having the formula RCOCH.sub.2 COR' wherein R and R' are the
      same as defined above.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The 1,3-diketones useful in the practice of this invention are those having
      the formula
      ##EQU2##
      wherein R and R' are monovalent organic radicals which may be the same or
      different. Typical of such radicals are alkyl groups, such as methyl,
      ethyl, propyl, isopropyl, butyl, decyl, dodecyl, and the like; aryl
      groups, such as phenyl, napthyl, and the like; aralkyl groups, such as
      benzyl, phenylethyl, and the like; alkaryl groups, such as tolyl,
      dimethylphenyl, and the like; cycloalkyl groups, such as cyclopentyl,
      cyclohexyl, and the like; alkoxy groups, such as methoxy, ethoxy, and the
      like; haloalkyl groups, such as chloromethyl, chloropropyl,
      trifluoromethyl and the like; and haloaryl groups, such as chlorophenyl,
      bromophenyl, and the like. Preferably R and R' contain from 1 to 12 carbon
      atoms. Most preferably R and R' are methyl radicals. Illustrative examples
      of said 1,3-diketones are acetylacetone, benzoylacetone,
      4,4,4-trifluoro-1-phenyl-1,3-butanedione; chlorobenzoylacetone,
      butanoylacetone, dibenzoylmethane, ethylacetoacetone, and the like.
PAR  The metal halides which are employable in the process of this invention are
      those of the formula M(X)n.y(H.sub.2 O) wherein M is a metal cation, n an
      integer which corresponds to the electrovalence of M, X is halogen, and y
      has a value of O or a positive integer. Illustrative examples of such
      metals include copper, zinc, mercury, indium, lanthanum, cerium,
      praseodymium, neodymium, samarium, zirconium, chromium, neodymium,
      uranium, manganese, iron, cobalt, nickel, platinum, palladium, cadmium,
      scandium, thorium, vanadium, gallium, thallium, ytturium, eruopium,
      gadolinium, hafnium, lead and plutonium, while the halogen ion of course
      can be chlorine, bromine, iodine, and the like. Alkali metal halides have
      not been found suitable for use in the process of the instant invention.
PAR  Thus it is obvious that the product metal complexes of this invention are
      anhydrous compounds when x has a value of O and hydrated compounds when x
      is a positive integer, e.g. from 1 to 6. Likewise the metal halide
      starting materials are anhydrous when y has a value of O and hydrated when
      y is a positive integer, e.g. from 1 to 8. Of course it is obvious that x
      and y may be the same or different. Alternatively, the compounds of
      formula (I) above may also be represented by the general formula
      ##EQU3##
      wherein M, R, R', n and x are the same as defined above.
PAR  Preferably said metal halides are chlorides, especially nickel chloride
      and/or hydrated nickel chloride. Illustrative examples of such metal
      halides are NiCl.sub.2, NiCl.sub.2.6H.sub.2 O, FeCl.sub.3, FeCl.sub.2,
      CuCl.sub.2, chromium chloride, vanadyl chloride, cerrous chloride,
      zirconium chloride, thorium chloride, and the like.
PAR  The alkylene oxides employable in the process of this invention are those
      containing from 2 to 8 carbon atoms. Illustrative examples of such
      epoxides are ethylene oxide, 1,2-propylene oxide, 1,3-propylene oxide,
      1,2-butylene oxide, phenylethyl oxide, epoxyoctane, and the like.
      Preferably said epoxides are lower alkylene oxides containing from 2 to 4
      carbon atoms, the most preferred being 1,2-propylene oxide.
PAR  The process of the instant invention is preferably conducted in the
      presence of an inert organic polar solvent. It is generally desired that
      the solvent be capable of dissolving both the organic and inorganic
      reactants so that the reaction medium is homogeneous. When the reaction
      medium is homogeneous very rapid reaction times, normally only a few
      minutes, have been obtained. In the event that the process should be
      practiced using an insoluble metal halide, reaction times would have to be
      increased accordingly and a higher reaction temperature and/or pressure
      would appear to be advantageous. The amount of solvent employed of course
      is not critical but is preferred to be at least that amount which will
      provide for a homogeneous reaction. The preferred inert organic polar
      solvents are lower alcohols, especially methanol. Water may be used but is
      generally not desired, since reaction rates are much slower than those
      conducted in methanol and the quality of the product diminished.
PAR  The reaction can be conducted over a wide range of temperatures and
      pressures. The pressure can be sub-atmospheric to super-atmospheric. Since
      reaction rates are quite fast the primary advantage in using
      super-atmospheric pressures is to suppress the loss of reactants, in
      particular, the alkylene oxide. For convenience the reaction is conducted
      at atmospheric pressure. The reaction temperature is influenced by the
      volatility of the alkylene oxide and pressure. In most instances the
      initial reaction is very fast at ambient temperature. Since the reaction
      process is exothermic, it is desirable not to allow the reaction medium to
      reach a temperature which would cause excessive loss of reactants by
      evaporation. For convenience most reactions are initiated at ambient
      temperatures and the rate of addition of alkylene oxide is limited to
      prevent loss by boiling of the reactants. It is generally preferred to
      maintain the reaction at temperatures of about 50.degree.C. or below, i.e.
      from about 25.degree.C. to about 50.degree.C., which may be done by adding
      the alkylene oxide incrementally or by cooling the reaction chamber, e.g.
      with ice water.
PAR  The process of the instant invention is unique since in the absence of an
      alkylene oxide the extent of interaction between the metal halide and
      1,3-diketone starting material may be so slight that no physical evidence
      of reaction is apparent. Upon addition of the alkylene oxide the complex
      formation of the metal derivative of organic 1,3-diketone is generally
      completed within a matter of minutes. This general reaction may be
      described by the following illustrative equation
      ##EQU4##
      wherein M, X, R, R', n, x and y, are the same as defined above. The
      hydrogen halide is formally eliminated and scavenged by the alkylene oxide
      during the process to produce halohydrin by-products which can be removed
      by any suitable method such as distillation, solvent extraction, and the
      like. Certain chlorohydrins may not be sufficiently stable to allow
      themselves to be distilled from the metal complex product. If desired, the
      hydrated metal complexes can be dehydrated by any suitable method, for
      example by azeotropic distillation of an aqueous solvent solution of
      hydrated metal complex which removes the water and renders the anhydrous
      metal complex soluble in the solvent. Any suitable inert organic solvent
      may be employed, such as xylene and the like.
PAR  The reaction stoichiometry is obviously not narrowly critical, the amounts
      of reactants employed merely depending upon the particular metal complex
      product to be produced, the reaction conditions employed and the reaction
      efficiency desired. Obviously the amount of organic 1,3-diketone starting
      material employed need only be sufficient to produce that amount of metal
      complex product desired. However, in order to insure efficient utilization
      of the metal an amount of 1,3-diketone starting material in excess (e.g.,
      1-20 per cent) of the amount stoichiometrically necessary to convert all
      of the metal halide to the desired metal complex product is preferred and
      recommended. Likewise the amount of alkylene oxide employed is governed in
      part by the amount of hydrogen halide to be eliminated. Again for
      efficient results it is preferred and recommended to employ an amount of
      alkylene oxide in excess (e.g., 1-20%) of the amount stoichiometrically
      necessary to eliminate all of the hydrogen halide byproducts that may be
      formed by the process. Of course it is also understood that a finite
      amount of interaction between the metal halide and 1,3-diketone is
      necessary for the alkylene oxide to function. However, with certain metal
      halides which can react directly with alkylene oxide the interaction
      between the metal halide and 1,3-diketone may not be necessary. In this
      case alkoxides are formed as intermediates and these in turn react with
      the ketone.
PAR  The process of the instant invention possesses many unique features. For
      example, it provides for the rapid production of metal complexes of
      organic 1,3-diketones which products are insoluble in the reaction medium
      in which they are prepared. The reaction is usually complete within a
      matter of a few minutes at temperatures below 50.degree.C. This is in
      contrast to prior art reactions employing metal oxides, hydroxides or
      carbonates which may require several hours to go to completion. Moreover
      in the instant process the reaction temperature can be controlled by the
      rate of alkylene oxide addition, there are no disadvantageous side
      reactions and the use of buffers which introduce extraneous impurities
      into the product are unnecessary. The metal complex products of the
      instant process are obtained in high yields and high purity and do not
      have to be recrystallized unless desired. The by-products of the instant
      invention are easily removed by conventional methods. The process of the
      instant invention is especially suitable for producing metal complexes of
      1,3-diketones on a commercial scale.
PAR  The metal complex organic 1,3-diketone products of the instant invention
      have a wide range of utility well known in the art. For example, they can
      be employed as metal chelate catalysts in the preparation of polyurethane
      formulations, as witnessed by U.S. Pat. Nos. 3,231,597 and 3,291,660. They
      can also be used as catalysts in the production of mechanically frothed
      polyurethane foam as described in U.S. Pat. No. 3,772,224. In general they
      are a unique source for introducing metals into the preparation of
      organometallics, a source of metal or oxides for controlled deposition,
      fungicides, pigments, color stabilizers, carbon scavengers for disel
      fuels, bonding agents for plastic to metal seals and as combustion control
      catalysts for rocket fuels.
DETD
PAR  The following examples are illustrative of the present invention and are
      not to be regarded as limitative. It is to be understood that all parts,
      percentages and proportions referred to herein and in the appended claims
      are by weight unless otherwise indicated.
PAC  EXAMPLE 1
PAR  Preparation of nickel (II) acetylacetonate dihydrate.
PAR  To a flask containing a solution composed of 17.7 grams (0.0745 moles) of
      hydrated nickel chloride (NiCl.sub.2.6H.sub.2 O), 30 ml. of methanol and
      18 grams (0.18 moles) of acetylacetone (2,4-pentanedione) was added
      incrementally 17.4 grams (0.30 moles) of 1,2-propylene oxide at ambient
      temperature and atmospheric pressure. The addition rate of propylene oxide
      was such that the heat of reaction was maintained at a temperature of
      about 50.degree.C. The total addition time was less than 15 minutes.
      Within about 5 minutes after the final addition of propylene oxide, blue
      nickel (II) acetylacetonate dihydrate crystals formed very rapidly and
      occupied essentially all of the volume formerly taken by the original
      solution. The crystal metal complex product was transferred to a filter
      and washed with 50 ml. of hexane and then 60 ml. of methanol ro remove the
      chlorohydrin by-product and any residual nickel chloride. The metal
      complex product was air dried and then analyzed. The overall yield of pure
      nickel acetylacetonate dihydrate was about 85 per cent.
TBL  ______________________________________                                    
     Product Analysis:  %Ni       %C      %H                                   
     Calcd.:            20.0      41.0    6.15                                 
     Found:             19.8      41.7    6.3                                  
     ______________________________________                                    
PAR  The dehydrated nickel acetylacetonate metal complex is obtained by
      azeotropic distillation of a xylene/water mixture of the hydrated metal
      complex.
PAC  EXAMPLE 2
PAC  Preparation of ferric (III) acetylacetonate
PAR  To a solution composed of 12.1 grams (0.0745 mole) of ferric chloride
      (FeCl.sub.3), 30 ml. of methanol and 26.8 grams (0.268 mole) of
      2,4-pentenedione, about 25.9 grams (0.447 mole) of 1,2-propylene oxide
      were slowly added at ambient temperature and atmospheric pressure. Cold
      water was used to cool the reaction flask during the propylene oxide
      additions so as to maintain a temperature of below 50.degree.C. The
      solution was intensely red during the propylene oxide additions which were
      completed within about 10 to 15 minutes. Ten minutes after the final
      addition of propylene oxide a considerable amount of ferric (III)
      acetylacetonate red crystals had formed. At this point the entire reaction
      mixture was transferred into 200 ml. of cold distilled water to
      precipitate any additional metal complex in the solution. The ferric (III)
      acetylacetonate red crystals were placed on a Buchner funnel and washed
      with small quantities of methanol to remove any residual trace of
      chlorohydrins. The metal complex product was air dried and then analyzed.
      The melting point of the ferric (III) acetylacetonate product without
      recrystallization was 181.degree. C. (lit. 184.degree.C.). The ferric
      (III) acetylacetonate red crystals weighed 23.8 grams which represents a
      yield of about 90.5 per cent.
TBL  ______________________________________                                    
     Product Analysis:          %Fe                                            
     Calcd.:                    15.8                                           
     Found:                     15.8                                           
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Following the procedure of Example 2, copper (II) acetylacetonate was
      prepared using 2.69 grams (0.02 mole) of copper chloride (CuCl.sub.2), 4.8
      grams (0.048 mole) of 2,4-pentanedione; 4.64 grams (0.08 mole) of
      1,2-propylene oxide and 10 ml. of methanol. The blue-violet copper (II)
      acetylacetonate complex product crystals were washed twice with 25 ml. of
      hexane. The air dried metal complex product weighed 4.4 grams which
      represents about an 84 per cent yield.
TBL  ______________________________________                                    
     Product Analysis:          %Cu                                            
     Calcd.:                    24.3                                           
     Found:                     23.8                                           
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Following the procedure of Example 2, copper (II) bis(benzylacetone) was
      prepared using 1.34 grams (0.01 mole) of copper chloride (CuCl.sub.2);
      3.88 grams (0.024 mole) of benzoylacetonate; 2.32 grams (0.04 mole) of
      1,2-propylene oxide and 10 ml. of methanol. The crude copper (II)
      bis(benzylacetone) complex crystal product was washed with 10 ml. of
      methanol and air dried and analyzed.
TBL  ______________________________________                                    
     Product Analysis:          %Cu                                            
     Calcd.:                    16.5                                           
     Found:                     16.6                                           
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Following the procedure of Example 2, copper (II)
      bis(4,4,4-trifluoro-1-phenyl-1,3-butanedione) was prepared using 1.34
      grams (0.01 mole) copper chloride (CuCl.sub.2); 5.18 grams (0.024 mole) of
      4,4,4-trifluoro-1-phenyl-1,3-butanedione; 2.32 grams (0.04 mole) of
      1,2-propylene oxide and 10 ml. of methanol. The washed and air dried
      copper (II) bis (4,4,4-trifluoro-1-phenyl-1,3-butanedione) complex crystal
      product had a khaki color.
TBL  ______________________________________                                    
     Product Analysis:          %Cu                                            
     Calcd.:                    12.9                                           
     Found:                     13.4                                           
     ______________________________________                                    
PAR  Various modifications and variations of this invention will be obvious to a
      worker skilled in the art and it is understood that such modifications and
      variations are to be included within the purview of this application and
      the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing metal complexes of organic 1,3-diketones having
      the general formula
      ##EQU5##
      wherein R and R' are each individually monovalent organic radicals
      selected from the group consisting of alkyl, aryl, aralkyl, alkaryl,
      cycloalkyl, alkoxy, haloalkyl, and haloaryl radicals having from 1 to 12
      carbon atoms; M is a metal cation selected from the group consisting of
      copper, zinc, mercury, lanthanum, cerium, praseodymium, neodymium,
      samarium, zirconium, chromium, uranium, manganese, iron, cobalt, nickel,
      platinum, palladium, cadmium, scandium, thorium, vanadium, ytturium,
      europium, gadolinium, hafnium, and plutonium, n is an integer which
      corresponds to the electrovalence of M and x has a value of O or a
      positive integer, which comprises reacting in the presence of an alkylene
      oxide and an inert organic polar solvent, a metal halide having the
      formula M(X).sub.n.y(H.sub.2 O) wherein M and n are the same as defined
      above, X is halogen and y has a value of O or a positive integer, and an
      organic 1,3-diketone having the formula RCOCH.sub.2 COR' wherein R and R'
      are the same as defined above.
NUM  2.
PAR  2. A process as defined in claim 1 wherein the metal halide employed is an
      anhydrous metal halide and y has a value of O.
NUM  3.
PAR  3. A process as defined in claim 1 wherein the metal halide employed is a
      hydrated metal halide and y is a positive integer.
NUM  4.
PAR  4. A process as defined in claim 1 wherein the alkylene oxide is a lower
      alkylene oxide having 2 to 4 carbon atoms.
NUM  5.
PAR  5. A process as defined in claim 4, wherein the solvent is methanol and
      wherein the reaction is conducted at a temperature of about 50.degree.C.
      or below and under atmospheric pressure.
NUM  6.
PAR  6. A process as defined in claim 5, wherein R and R' are both methyl
      radicals and the alkylene oxide is 1,2-propylene oxide.
NUM  7.
PAR  7. A process as defined in claim 1, wherein the metal is selected from the
      group consisting of nickel (II), copper (II) and iron (III).
NUM  8.
PAR  8. A process as defined in claim 6, wherein the metal halide is selected
      from the group consisting of NiCl.sub.2, NiCl.sub.2.6H.sub.2 O, CuCl.sub.2
      and FeCl.sub.3.
NUM  9.
PAR  9. A process as defined in claim 1, wherein the metal halide is hydrated
      nickel dichloride.
NUM  10.
PAR  10. A process as defined in claim 7, wherein R and R' are lower alkyl
      radicals, wherein the alkylene oxide contains from 2 to 4 carbon atoms and
      wherein the solvent is a lower alkyl alcohol.
NUM  11.
PAR  11. A process as defined in claim 6 for preparing the complex product of
      nickel (II) acetylacetonate dihydrate employing NiCl.sub.2.6H.sub.2 O as
      the metal halide.
NUM  12.
PAR  12. A process as defined in claim 11 wherein the nickel dihydrate complex
      product is dehydrated.
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PAL  A process is disclosed for the recovery of dialkylaluminum halides from a
      mixture containing dialkylaluminum halides and soluble zinc containing
      compounds by heating the mixture to pyrolyze the zinc compounds down to
      acceptable levels and subsequently distilling the alkylaluminum halide
      from the heated mixture.
BSUM
PAR  This invention relates to a process for recovering dialkylaluminum halide
      compounds. More praticularly, this invention pertains to a process for
      recovering dialkylaluminum halides from mixtures containing
      dialkylaluminum halides and soluble zinc compounds by heating and
      distilling.
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,475,475 describes a process for the preparation of dialkyl
      zinc compounds by the following reaction:
EQU  Zn + R.sub.3 Al + RX .fwdarw. R.sub.2 Zn + R.sub.2 AlX
PAR  the patent teaches that the dialkyl zinc product of the reaction can be
      separated by distillation, preferably by vacuum distillation. For example,
      the patent teaches that diethylzinc, which has a boiling point of
      27.degree.C at 10 millimeters Hg pressure, can be distilled from a mixture
      of diethylzinc and diethylaluminum chloride, as the latter has a boiling
      point of 91.degree.C at 10 millimeters Hg pressure.
PAR  Also, another known process for preparing dialkylzinc compounds involves
      the following reaction:
EQU  2 R.sub.3 Al + ZnX.sub.2 .fwdarw. R.sub.2 Zn + 2 R.sub.2 AlX
PAL  the products are also separated by distilling the dialkylzinc compound from
      the reaction product mixture.
PAR  Yields of the dialkylzinc compounds are reported to be good, (around 80
      percent or higher) and of high purity, however, the other reaction
      product, the dialkylaluminum halide is contaminated with soluble zinc. For
      example, during the preparation of diethylzinc a considerable amount of
      by-product di-n-butylzinc (bp 201.degree.C) is generated and remains in
      the still pot after the desired diethylzinc is distilled. The
      diethylaluminum chloride (bp 114.degree.C) co-distills with
      di-n-butylzinc, thereby making recovery of diethylaluminum chloride by
      distillation unsatisfactory.
PAR  Other conventional separation techniques, such as preferential
      complex-formation of one of the compounds are inapplicable.
PAC  SUMMARY OF THE INVENTION
PAR  Dialkylaluminum halides of high purity are obtained from a mixture of the
      dialkylaluminum halides and various soluble zinc-containing compounds by
      heating the mixture strongly to preferentially pyrolyze the
      zinc-containing compounds and subsequently distilling dialkylaluminum
      halide of high purity.
PAR  Utilizing the process of this invention, 0.6 to 0.7 pounds of
      dialkylaluminum halide per pound of still pot bottoms are obtained.
      Dialkylaluminum halide having only about 20-80 p.p.m. zinc are obtainable
      from the process of this invention. This purity is of the same order of
      magnitude as commercially available dialkylaluminum halide.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Although the applicants do not want to be limited by the particular theory
      of the reaction mechanism, it is thought that the soluble zinc is present
      in the mixture primarily as nonrecoverable dialkylzinc compounds. These
      compounds are thought to decompose upon strong heating according to the
      equation
      ##EQU1##
      where R' and R" are hydrogen and/or alkyl groups.
PAR  Other dialkylzincs are present in small quantities with the reaction
      product due to impurities in the starting material. R.sub.3 Al, such as
      triethylaluminum or tri-n-butylaluminum and alkylzinc halides are
      suspected to be present. For example, if triethylaluminum were the
      aluminum alkyl employed in the process of U.S. Pat. No. 3,475,475,
      tri-n-butylaluminum could constitute 3-6% of the material as an impurity.
PAR  The process of this invention particularly is useful for the recovery of
      dialkylaluminum halides wherein the alkyl group has from 1 to 6 carbon
      atoms and are either straight or branched chained, preferably ethyl and
      the halide is a chloride, bromide or iodide, preferably a chloride, or
      mixtures thereof.
PAR  The reaction products of the process of U.S. Pat. No. 3,475,475 and the
      other prior art process referred to previously thus will be dialkylzinc
      compound having 1 to 6 carbon atoms and one or two moles of
      dialkylaluminum halide from 1 to 6 carbon atoms with the halide being a
      chloride, bromide or iodide, or mixtures thereof.
PAR  Contaminating the reaction product mixture are various zinc compounds as
      previously described.
PAR  After the dialkyl zinc reaction product is recovered by distillation, the
      process of this invention is useful to recover the other reaction product,
      i.e., dialkylaluminum halide in good yields and high purity.
PAR  In the process of this invention the first step of heating the mixture
      containing the dialkylaluminum halide to preferentially pyrolyze the
      zinc-containing compounds can be conducted at a temperature range of about
      150.degree.-240.degree.C. A more preferred temperature range is about
      180.degree.-210.degree.C.
PAR  Within these temperature ranges the concentration of zinc-containing
      compounds can be reduced to an acceptable level of about 200 p.p.m.,
      preferably 20-80 p.p.m. zinc with heating for about 4 to 10 hours. The
      time of heating will vary depending upon the initial concentration of
      zinc-containing compounds and the desired reduced level.
PAR  The pressure of the process is an important factor in the decomposition
      rate of the zinc-containing compounds. At a specific temperature, the
      decomposition rate is increased by reducing the pressure. The maximum
      degree to which the pressure can be reduced is a function of the selected
      decomposition temperature and the boiling point of the decomposition
      mixture at that pressure and the temperature.
PAR  For economic reasons, it is desirable to decompose the zinc-containing
      compounds at the highest practical temperature consistent with the
      decomposition characteristics of the dialkylaluminum halide and to reduce
      the pressure to slightly above the point at which the decomposition
      mixture begins to boil.
PAR  Most preferably, the heating step should be run at the highest possible
      temperature within the recited ranges and at the lowest possible pressure
      without boiling the mixture containing the dialkylaluminum halide.
PAR  Under these preferred conditions, only a slight amount of the mixture is
      vaporized. However, any vaporized material which has a concentration of
      dialkylzinc greater than the starting zinc alkyl can be recycled to the
      primary dialkylzinc purification column and partially recovered as product
      dialkylzinc.
PAR  Stirring of the mixture is not critical, however, the heating step must be
      done under an inert atmosphere.
PAR  The second step of the process of this invention is the recovery of the
      dialkylaluminum halide from the heated mixture. Preferably, the
      dialkylaluminum halide is recovered by distillation at reduced pressure
      between about 10 to 100 mm Hg, however, it can be accomplished at
      atmospheric pressure.
PAR  The second step must also be done under an inert atmosphere.
DETD
PAR  The following examples serve to illustrate the process of this invention.
PAC  EXAMPLE I
PAR  The still pot residue of a preparation of diethylzinc according to the
      process in U.S. Pat. No. 3,475,475 was used as the substrate for this
      experiment. The material was initially a clear, yellow liquid which
      contained 19.00% Al, 25.7% Cl and 4.53% Zn. A total of 582.6 g of this
      material was introduced to a 2 liter flask equipped with a reflux
      condenser, nagnetic stirring bar, and thermal well. A cold-finger trap was
      placed in the system to trap volatile gases. The entire system was
      maintained under at atmospheric pressure of dry nitrogen. The substrate
      was heated to 160.degree.-190.degree.C for 5 hours during which time a
      considerable amount of precipitate formed in the flask and a total of 10.7
      g of liquid was trapped in the cold-finger. Analysis by vpc showed the
      trapped material to consist mostly (90%) of butenes. The substrate was
      re-analyzed after the heating period and found to be 21.03% Al, 27.64% Cl
      and less than 0.01% Zn. Subsequent vacuum distillation at 60 mm Hg through
      a 1-foot vacuum-jacketed Vigreaux column afforded two fractions. Analysis
      of Fraction I (boiling point less than 131.degree.) showed 21.42% Al,
      28.38% Cl and 0.0011% Zn (or 109 p.p.m.). Analysis of Fraction II (boiling
      point 131.degree.-132.degree.C) showed 21.89% Al, 29.21% Cl and 0.0008% Zn
      (or 83 p.p.m.). The total amount of diethylaluminum chloride obtained was
      375.6 g or a yield of 0.64 pounds of diethylaluminum chloride per pound of
      substrate initially charged.
PAC  EXAMPLE II
PAR  The still pot residue of a preparation of diethylzinc according to the
      process of U.S. Pat. No. 3,475,475 is used as substrate for this
      experiment. In this example, however, the dialkylaluminum halide is a
      mixture consisting of about 80% diethylaluminum chloride and about 20%
      diethylaluminum iodide. After heating strongly for 6 hours the soluble
      zinc containing compounds are completely decomposed and the product is
      then distilled under reduced pressure.
PAC  EXAMPLE III
PAR  This experiment was conducted to determine the rate of decomposition of the
      zinc-containing compounds in the substrate of Example I. Thus, a total of
      119.8 g of substrate (analysis above) was charged to a flask equipped with
      a thermal well, magnetic stirring bar, reflux condenser and dip tube. The
      mixture was heated rapidly to 167.degree. .+-. 3.degree.C and samples
      taken periodically by pressuring the samples through the dip tube into a
      flask immersed in dry ice. The samples were analyzed immediately. The
      results of these analyses are compiled in the following table.
TBL                TABLE                                                       
     ______________________________________                                    
     Pyrolysis    Analytical Data                                              
     Time         Wt.%       Wt.%       Wt.%                                   
     (Minutes)    Al         Cl         Zn                                     
     ______________________________________                                    
     0            19.00      25.70      4.53                                   
     30           19.20      25.81      3.77                                   
     90           19.38      26.07      3.02                                   
     150          19.77      26.49      2.40                                   
     240          20.19      26.79      1.76                                   
     300          20.25      26.69      1.32                                   
     ______________________________________                                    
PAR  From this data, it was calculated that the zinc-containing compounds in the
      mixture have a half life of about 2.9 hours at 167.degree. .+-.
      3.degree.C.
PAC  EXAMPLE IV
PAR  The still pot residue of a preparation of di-n-propylzinc employing the
      alkylation of zinc chloride by tri-n-propylaluminum is used as substrate
      for this experiment. Substrate is charged to the same equipment employed
      in Example I, and the material is heated to 175.degree.-185.degree.C. for
      10 hours. Again, during the heating period a large amount of precipitate
      forms. The mixture is submitted to vacuum distillation and
      di-n-propylaluminum chloride is collected.
PAC  EXAMPLE V
PAR  This experiment was conducted to determine the effect of pressure on the
      rate of decomposition of diethylzinc (DEZ) in diethylaluminum chloride
      (DEAC). A synthetic solution of 9 wt.% DEZ and 91 Wt.% DEAC was prepared
      to approximate a typical still pot residue composition from the
      preparation of DEZ according to the process delineated in U.S. Pat. No.
      3,475,475.
PAR  For each run, 35 lbs. of the above solution was charged to a 5 gallon
      stainless steel reactor. The operating pressure was first established and
      then the material was brought up from ambient to operating temperature.
      The progress of the decomposition was followed by sampling the reaction
      mixture at 1 hour intervals from the point at which the reaction mixture
      reached operating temperature to the termination of the run 6 hours later.
      The following table shows the run temperatures, pressures and pseudo first
      order rate constants (k.sub.4) for the six runs of this experiment;
TBL                TABLE                                                       
     ______________________________________                                    
           Temp.    Pressure     k.sub.r Relative                              
     Run   .degree.C.                                                          
                    TORR         hr.sup.-.sup.1                                
                                         k.sub.r                               
     ______________________________________                                    
     A     132      250          -0.027  1.42                                  
     B     132      760          -0.019  1.00                                  
     C     167      760          -0.273  14.37                                 
     D     167      1,551        -0.231  12.16                                 
     E     150      760          -0.079  4.16                                  
     F     150      1,551        -0.065  3.42                                  
     ______________________________________                                    
PAR  It can be seen from the above data that for a specific temperature, the
      pseudo first order rate constant increases with reduction in pressure.
PAC  EXAMPLE VI
PAR  The purpose of this experiment was to determine if DEAC, low in soluble
      zinc content, can be recovered from DEZ still bottoms by the process of
      this invention. Therefore, 46 lbs. of DEZ still bottoms (obtained by the
      process of U.S. Pat. No. 3,475,475) which contained 0.18% soluble zinc,
      was charged to a 5 gallon stainless steel reactor. The soluble zinc
      pyrolysis step was carried out at 132.degree.C and 250 TORR by the
      procedure of Example IV. The following data was obtained:
TBL  Decomposition                                                             
                  Analytical Data                                              
     Time         Al        Cl        Zn                                       
     (Hrs.)       Wt.%      Wt.%      PPM                                      
     ______________________________________                                    
     0            21.27     24.29     1,798                                    
     1            21.41     24.38     206                                      
     2            21.27     24.22     96                                       
     3            21.36     24.23     72                                       
     4            21.31     24.21     23                                       
     5            21.09     24.13     21                                       
     ______________________________________                                    
PAR  On completion of the pyrolysis step, the pyrolyzed still pot residue was
      placed under 80 TORR and a flash distillation was carried out at
      135.degree.C. 35 lbs. of clear DEAC with the following analysis was
      recovered: Al-- 21.61 wt.%, Cl-- 25.88 wt.%, Zn-- 19 p.p.m. and Cl/Al--
      0.910.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A process for the recovery of dialkylaluminum halides having from 1 to 6
      carbon atoms from a mixture of the alkylaluminum halide and soluble
      zinc-containing compounds which comprises heating the mixture in an inert
      atmosphere at a temperature of about 150.degree.-240.degree.C. for a
      period of time sufficient to reduce the concentration to 200 ppm or lower
      zinc, and subsequently distilling the alkylaluminum halide from the
      mixture in an inert atmosphere.
NUM  2.
PAR  2. The process of claim 1 in which the alkyl group is methyl, ethyl,
      n-propyl or n-butyl.
NUM  3.
PAR  3. The process of claim 1 in which the halide is chloride, bromide, iodide
      or mixtures thereof.
NUM  4.
PAR  4. The process of claim 1 in which the heating step is carried out at a
      pressure slightly above the vapor pressure of the mixture.
NUM  5.
PAR  5. The process of claim 1 wherein the heating is done at reduced pressure
      above the vapor pressure of the mixture for a time sufficient to reduce
      the concentration of the zinc to about 20- 80 ppm and the distilling of
      the dialkylaluminum halide is done at reduced pressure.
NUM  6.
PAR  6. The process of claim 5 wherein the dialkylaluminum halide is
      diethylaluminum chloride.
NUM  7.
PAR  7. The process of claim 5 wherein the dialkylaluminum halide is a mixture
      of diethylaluminum chloride and diethylaluminum iodide containing 0.01 to
      20 wt.% diethylaluminum iodide.
PATN
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ABST
PAL  A process for preparing an alkylalkoxysilane containing polysulfide bridges
      which silane has the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S.sub.2.sub.+x --Z--SiR.sub.m
      (OR).sub.3.sub.-m,
PAL  wherein R represents identical or different linear or branched alkyl
      radicals having 1 to 6 carbon atoms or phenyl, Z represents linear or
      branched alkylene radicals having 1 to 8 carbon atoms, m is 0 to 3 and x
      is 1 to 4, which comprises contacting a bis-alkyl-alkoxysilyldisulfide of
      the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S--S--Z--SiR.sub.m (OR).sub.3.sub.-m
PAL  wherein R, Z and m have the previously assigned significance, with sulfur
      at a temperature between 100.degree. and 200.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of alkylalkoxysilanes having
      polysulfide bridges wherein there are more than 2 sulfur atoms in the
      molecule. This invention is particularly directed to the preparation of
      bis-(alkoxylalkylsilyl)-polysulfides particularly
      bis-[.gamma.-(trialkoxysilyl)-alkyl] polysulfides of at least 3 sulfur
      atoms in the compound.
PAR  2. Discussion of the Prior Art
PAR  The preparation of sulfurous silanes of the type named is already known.
      These compounds are useful as adhesivizers in sulfur-vulcanizable-rubber
      mixtures reinforced with organic materials such as glass, silicon dioxide
      and the like.
PAR  Methods for the preparation of these compounds are also known. One such
      method involves reacting a mercaptosilane with a sulfur chloride or with
      the oxidants bromine, iodine, thionyl chloride or dialkyl sulfoxides which
      are known agents for the dehydrogenation of mercaptans to disulfides. Such
      a process is described in Houben-weyl, Houben-Weyl, Methoden der
      organischen Chemie", 4th Ed., 1959, vol. 9, pages 59-65. However, such a
      process for the preparation of sulfurous silanes suffers from the
      disadvantage that the sulfur chlorides employed are sensitive to moisture,
      decompose readily and especially in the case of S.sub.2 Cl.sub.2, have an
      unpleasant lachrymatory odor. When dialkyl sulfoxides are used it is also
      disadvantageous in that water is formed during the reaction. This so
      formed water reacts with the alkoxy group of the silane resulting in
      hydrolysis thereof and simultaneous formation of siloxanes of higher
      molecular weight.
PAR  Another method for the preparation of these compounds utilizes
      chloralkylsilanes which are reacted with alkali sulfides or polysulfides.
      Such a process is described in German Offenlegungsschrift No. 2,141,159.
      The disadvantage of this method lies in the fact that it is necessary to
      separate the alkali chloride that forms and consequently an additional
      step is involved in the process with its corresponding investment in time
      and apparatus.
PAR  All known methods are, furthermore, encumbered by the disadvantage that
      they are best performed in a solvent, preferably at elevated temperature.
      Consequently for the isolation of the product, the solvent must be removed
      by an additional separation procedure.
PAR  It has, therefore, become desirable to provide a process for the
      preparation of alkylalkoxysilanes having polysulfide bridges which process
      can advantageously be carried out in the absence of a solvent, does not
      yield water which will interfere with the alkoxy group on the silane, does
      not utilize a reactant which can easily decompose and does not involve the
      creation of unpleasant, noxious or lachrymatory odors.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, this invention contemplates a process for the preparation of an
      alkylalkoxysilane containing a polysulfide bridge having the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S.sub.2.sub.+x --Z--SiR.sub.m
      (OR).sub.3.sub.-m
PAL  wherein each R represents an identical or different linear or branched
      alkyl radical having 1 to 6 carbon atoms or phenyl, Z represents a linear
      or branched alkylene radical having 1 to 8 carbon atoms, m is 0 to 3 and x
      is 1 to 4, which comprises contacting a bis-alkyl-alkoxysilyldisulfide of
      the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S--S--Z--SiR.sub.m (OR).sub.3.sub.-m
PAL  wherein R, Z and m have the previously assigned significance, with sulfur
      and a temperature between 100.degree. and 200.degree.C.
PAR  It has been advantageously discovered that by reacting a bis-alkyldisulfide
      with sulfur at the indicated temperatures that the reaction can be
      advantageously carried out in the absence of a solvent. Moreover, it has
      been discovered that the process proceeds advantageously in the absence of
      a solvent, in contrast to the prior art procedures. The polysulfides thus
      obtained are viscous liquids of a dark red color. They possess high purity
      and can be used immediately without purification.
PAR  Although not wishing to be bound by theory, it is believed that during the
      process a structural arrangement or rearrangement of the sulfur atoms
      between the two silyl radicals may occur. It may be in the form of an
      S--S--S--S chain or it may be in the nature of a keto group having the
      formula
      ##EQU1##
PAR  The amount of sulfur to be added depends on the number of sulfur atoms
      desired in the bridge. The corresponding stoichiometric amount is always
      used, and the polysulfide with the desired number of sulfur bridges forms
      predominantly as the end product. The reaction product, however, always
      still contains the next higher and lower sulfur homologs, as it has been
      found by mass spectrometry studies.
PAR  The reaction time depends on the temperature level selected. It is
      preferable to operate at temperatures between 120.degree. and
      160.degree.C. The end of the reaction is indicated by the fact that no
      more sulfur crystallizes out as the reaction mixture cools. This is the
      case after 10 to 60 hours, depending on the reaction temperature. Any free
      sulfur that is still present can easily be detected by thin layer
      chromatography.
PAR  The bis-silyl disulfides to be used as starting products for the present
      process are also liquids which are prepared in a simple manner by reacting
      the appropriate silyl mercaptans with sulfuryl chloride in accordance with
      the reaction equation:
EQU  2 (R).sub.3.sub.-m R.sub.m Si--Z--SH + SO.sub.2 Cl.sub.2 .fwdarw.
      [S--Z--SiR.sub.m (OR).sub.3.sub.-m ].sub.2 + 2 HCl + SO.sub.2
PAL  these compounds, contrary to the statements made in German
      Offenlegungsschriften Nos. 2,141,159 and 2,141,160, are distillable,
      colorless liquids. Accordingly, they can be used as pure compounds, so
      that the purity of the polysulfides obtained in accordance with the
      invention is greater than that of the silyl polysulfides prepared by the
      methods known hitherto.
PAR  A suitable method for the preparation of
      bis-[.gamma.-(trialkoxysilyl)-propyl]-disulfides is disclosed in copending
      application Ser. No. 529,203 filed Dec. 3, 1974 entitled
      "Bis-[.gamma.-(Trialkoxysilyl)-Propyl]-Disulfides of High Purity", the
      disclosure of which is hereby incorporated specifically herein by
      reference. According to the process therein disclosed such a disulfide can
      be prepared by reacting a .gamma.-chloropropyl-triethoxy silane with
      thiourea and sodium iodide in alcohol for 24 hours at ebullition. After
      the reaction mixture is cooled to room temperature and over a period of 4
      hours a strong current of ammonia is passed through the solution. This
      causes ammonium chloride to precipitate. The filtrate and precipitate are
      separated and the filtrate can be concentrated whereby to obtain
      .gamma.-mercaptopropyl-triethoxy silane. This latter material can be
      reacted with sulfuryl chloride in a solvent such as anhydrous benzene at a
      temperature of +8 - + 12.degree.C. The SO.sub.2 Cl.sub.2 is added to the
      .gamma.-mercapto-propyl-triethoxy silane dropwise over a period of about
      55 minutes. Sulfur dioxide and hydrogen chloride gas which are formed are
      removed by a nitrogen gas purge. After a period of about 6 hours at room
      temperature with stirring triethylamine can be added whereby to
      precipitate the amine hydrochloride. The filtrate is then fractionally
      distilled whereby there is recovered a
      bis-[.gamma.-(triethoxysilyl)-propyl]-disulfide.
PAR  In conducting the reaction of the present process the alkoxy radical in the
      bis-silyl-disulfide is preferably methyl, ethyl, butyl, methoxyethyl or
      ethoxyethyl. The preferred alkylene radical is the propylene group.
PAR  If the purity of the silyl polysulfides to be prepared in accordance with
      the invention is of lesser importance, one can combine the above-mentioned
      method of preparing the bis-silyl disulfides with the method of the
      invention. It is then preferable to proceed by bringing the silyl
      mercaptans to reaction with the sulfuryl chloride in a solvent in which
      sulfur is also soluble. The reaction is begun with the preparation of the
      disulfide, i.e., by combining the appropriate mercaptoalkyl silane with
      sulfuryl chloride in the presence of a solvent, and then, towards the end
      of the formation of hydrogen chloride and sulfur dioxide gas, adding the
      stoichiometrically necessary amount of sulfur at a slightly elevated
      temperature (up to about 60.degree.). Preferred solvents are aromatic
      solvents such as benzene, toluene or xylenes. The temperature of the
      reaction mixture is then elevated to above 100.degree.C, preferably to
      temperatures between 100.degree. and 160.degree.C, distilling the solvent
      away, until all of the sulfur has dissolved in the liquid and does not
      crystallize out again upon cooling. The product obtained is then directly
      usable.
DETD
PAR  In order to more fully illustrate the nature of the invention and the
      manner of practicing the same the following examples are presented.
PAC  EXAMPLES
PAC  Example 1
PAC  Bis-[.gamma.-(triethoxysilyl)-propyl]-trisulfide
PAR  47.5 g of bis-[.gamma.-(triethoxysilyl)-propyl]-disulfide (0.1 mole) was
      heated together with 3.2 g of sulfur (0.1 mole) under a nitrogen gas
      atmosphere for about 15 hours at about 150.degree.C, until all of the
      sulfur had dissolved and did not crystallize out again upon cooling. A
      dark red liquid was formed, which a thin-layer chromatogram showed to
      contain no free sulfur, and in which disulfides and tetrasulfides are
      dissolved as shown by mass spectrographic analysis.
PAR  Sum formula: C.sub.18 H.sub.42 O.sub.6 S.sub.3 Si.sub.2, molecular weight:
      506.89.
PAR  Elemental analysis: Calculated: C, 42.68; H, 8.35; S, 18.98; Si, 11.08.
      Found: C, 41.92; H, 8.63; S, 18.70; Si, 11.47.
PAC  Example 2
PAC  Bis-[.gamma.-(triethoxysilyl)-propyl]-tetrasulfide
PAR  47.5 g of bis-[.gamma.-(triethoxysilyl)-propyl]-disulfide (0.1 mole) was
      heated together with 6.2 g of sulfur (0.2 mole) in a nitrogen gas
      atmosphere for about 50 hours at 160.degree.C, until all of the sulfur had
      gone into solution and did not crystallize out again when the solution was
      cooled. A dark red, viscous solution was formed, which a thin-layer
      chromatograph shows to contain no more free sulfur, and which, according
      to mass spectrometric analysis, contains a small amount of pentasulfide in
      addition to disulfides and trisulfides.
PAR  Sum formula: C.sub.18 H.sub.42 O.sub.6 S.sub.4 Si.sub.2, molecular weight:
      538.96.
PAR  Elemental analysis: Calculated: C, 40.11; H, 7.85; S, 23.80; Si, 10.42.
      Found: C, 40.59; H, 7.81; S, 21.50; Si, 10.91.
PAC  Example 3
PAC  Bis-[.gamma.-(trimethoxysilyl)-propyl]-trisulfide and
      Bis-[.gamma.-(trimethoxysilyl)-propyl]-tetrasulfide
PAR  In a 500 ml. four-necked flask provided with stirrer, reflux condenser,
      dropping funnel and thermometer, 39.268 g of
      .gamma.-mercaptopropyltrimethoxysilane (0.2 mole) was dissolved in 130 ml.
      of absolute benzene. 13.6 g of So.sub.2 Cl.sub.2 (0.1 mole), dissolved in
      20 ml. of benzene, was added drop by drop over a period of 30 minutes at
      10.degree.C, under a current of nitrogen gas. After this mixture had been
      stirred at room temperature for about 4 hours, 6.41 g of flowers of sulfur
      was added and the temperature was gradually raised by means of an oil bath
      to 150.degree.C while the benzene was distilled out. The reddish brown
      liquid was kept at 150.degree.C for about 24 hours and decanted to remove
      a few small crystals (melting point above 350.degree.C). Yield: 45.5 grams
      (100% of the theory).
PAR  Thin layer chromatographic analysis showed the compound to contain no more
      free sulfur; mass spectroscopy shows it to consist of a mixture of di-,
      tri-, tetra- and penta-sulfides, most of them being tri- and
      tetrasulfides. Analytically, 24.1% sulfur is found; for a 1:1 mixture of
      tri- and tetrasulfide, 25.5% sulfur was calculated.
PAC  Example 4
PAC  Bis-[.gamma.-(trimethoxyslyl)-propyl]-trisulfide
PAR  39.07 g of bis-[.gamma.-(trimethoxysilyl)-propyl]-disulfide (0.1 mole) was
      heated under a nitrogen gas atmosphere together with 3.20 g of flowers of
      sulfur (0.1 mole) for about 24 hours at 150.degree.C. A dark red liquid
      formed, which according to the mass spectrum contains di- and
      tetrasulfides, but no more free sulfur.
PAR  Sum formula: C.sub.12 H.sub.30 S.sub.3 Si.sub.2, molecular weight 422.73.
      Calculated: C, 34.10; H, 7.15; S, 22.75; Si, 13.29. Found: C, 33.88; H,
      6.74; S, 22.66; Si, 13.67.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing an alkylalkoxysilane containing a polysulfide
      bridge having the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S.sub.2.sub.+x --Z--SiR.sub.m
      (OR).sub.3.sub.-m
PAL  wherein each R represents an identical or different linear or branched
      alkyl radical having 1 to 6 carbon atoms or phenyl, Z represents a linear
      or branched alkylene radical having 1 to 8 carbon atoms, m is 0 to 3, x is
      1 to 4, which comprises contacting a bis-alkyl-alkoxysilyl-disulfide of
      the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S--S--Z--SiR.sub.m (OR).sub.3.sub.-m
PAL  wherein R, Z and m have the previously assigned significance, with the
      sulfur at a temperature between 100.degree. and 200.degree.C.
NUM  2.
PAR  2. A process according to claim 1 wherein the disulfide and sulfur are
      maintained in contact with one another at a temperature between
      120.degree. and 160.degree.C.
NUM  3.
PAR  3. A process according to claim 1 wherein R is ethyl.
NUM  4.
PAR  4. A process according to claim 1 wherein Z is propylene.
NUM  5.
PAR  5. A process according to claim 1 wherein m is 0.
NUM  6.
PAR  6. A process according to claim 1 wherein the sulfur is present in at least
      a stoichiometric amount and x is 1.
NUM  7.
PAR  7. A process according to claim 1 wherein x is 2 and sulfur is present in a
      stoichiometric amount. sulfuryl formula
NUM  8.
PAR  8. A process according to claim 1 wherein x is 3 and the sulfur is present
      in a stoichiometric amount.
NUM  9.
PAR  9. A process according to claim 1 wherein the process is carried out in the
      absence of a solvent.
NUM  10.
PAR  10. A process according to claim 1 wherein the disulfide is formed by
      contacting a silylmercaptan with a sulfuryl chloride in a solvent in which
      sulfur is also soluble and at the termination of the reaction between the
      silylmercaptan and the sulfur chloride sulfur is added to the reaction
      mixture containing, as the result thereof, a disulfide of the formula:
EQU  (RO).sub.3.sub.-m R.sub.m Si--Z--S--S--Z--SiR.sub.m (OR).sub.3.sub.-m
PAL  wherein R, Z and m have the previously assigned significance and the
      reaction mixture is maintained at a temperature between 100.degree. and
      160.degree.C.
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ABST
PAL  Novel compounds of the following general formula are useful pharmacologic
      agents and are useful as intermediates for the preparation of
      pharmacologically useful compounds.
      ##EQU1##
      wherein R.sub.1 is selected from a lower alkyl group having from 1 to 4
      carbon atoms, R.sub.2 is selected from hydrogen and phenyl; and R.sub.3 is
      selected from phenyl and trialkylmethyl; and acid addition salts thereof.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to novel acetylene derivatives.
PAC  SUMMARY OF INVENTION
PAR  Compounds of the following general Formula I are useful as monoamine
      oxidase inhibitors and are useful as intermediates for the preparation of
      pharmacologically useful compounds.
      ##EQU2##
      In the above general Formula I, R.sub.1 is selected from a lower alkyl
      group having from 1 to 4 carbon atoms; R.sub.2 is selected from hydrogen
      and phenyl; and R.sub.3 is selected from phenyl and trialkylmethyl wherein
      the alkyl moiety contains one or two carbon atoms with the proviso that
      when R.sub.3 is trialkylmethyl, R.sub.2 is hydrogen. Acid addition salts
      of the compounds of general Formula I are also included in this invention.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  In the above general Formula I, lower alkyl groups of from 1 to 4 carbon
      atoms which R.sub.1 may be are methyl, ethyl, n-propyl and n-butyl.
PAR  In the above general Formula I, the trialkylmethyl groups which R.sub.3 may
      represent are tert-butyl and triethylmethyl.
PAR  The compounds of general Formula I are useful as intermediates in the
      preparation of compounds which may be represented by the following Formula
      II which compounds are useful as sedatives or .gamma.-aminobutyric acid
      transaminase inhibitors as described in copending U.S. application Ser.
      No. 559,597 filed Mar. 18, 1975.
      ##EQU3##
      wherein R.sub.4 represents hydroxy, an alkoxy group or an amide function;
      [A] represents
      ##EQU4##
      or --CH=CH-- wherein R.sub.5 represents hydrogen, a lower alkyl group,
      phenyl and substituted phenyl; and n is an integer of from 1 to 5.
PAR  The compounds of general Formula I are also useful as monoamine oxidase
      inhibitors rendering them useful in treating mental depression and
      hypertension.
PAR  As pharmacologic agents the compounds of this invention can be administered
      orally or parenterally to animals, particularly warm blooded animals and
      mammals, either alone or in the form of pharmaceutical preparations
      containing as the active ingredient a compound of general Formula I to
      achieve the desired effect. Pharmaceutical preparations containing
      compounds of this invention and conventional pharmaceutical carriers can
      be employed in unit dosage forms, such as, solids, for example, tablets,
      pills and capsules or liquid solutions, suspensions or elixirs for oral
      administration, or liquid solutions, suspensions and emulsions for
      parenteral use. The quantity of compound administered can vary over a wide
      range to provide from 0.1 to 200 mg/kg (milligram per kilogram) of body
      weight of the patient per day. Unit doses of these compounds can contain
      from about 50 to 200 mg of the compound and may be administered, for
      example, from 1 to 4 times daily.
PAR  The preferred compound of this invention is
      1-trimethylsilyl-1-propynyl-1-iminobenzyl having the following structure:
      ##EQU5##
PAR  The compounds of this invention may be prepared by the addition of
      protecting groups on the acetylene function and the nitrogen function of
      propargylamine. Protection of the nitrogen function of propargylamine is
      accomplished by forming in a known manner a Schiff's base with a
      non-enolizable carbonyl bearing carbon, such as benzaldehyde,
      benzophenone, or trialkylacetaldehyde, specifically 2,2-dimethylpropanal
      and 2,2-diethylbutanal. Protection of the acetylenic function is
      accomplished by reacting the above-described Schiff's base with
      trimethylsilylchloride, triethylsilylchloride or higher trialkylsilyl
      chloride, forming in a known manner (E. J. Corey and H. A. Kirst,
      Tetrahedron Letters, 1968, 5041) the corresponding trialkylsilyl
      derivatives.
DETD
PAR  The following examples are illustrative of the compounds of this invention.
PAC  EXAMPLE 1
PAC  Propan-1-yne-3-iminobenzyl
PAR  A solution of propargylamine (26.1 g, 0.47 M) and benzaldehyde (52 g, 0.49
      M) in benzene (150 ml) is treated with MgSO.sub.4 (20 g). The reaction
      mixture is stirred at room temperature for 30 minutes, then filtered.
      Excess water is removed by way of azeotropic distillation, the solution
      concentrated, and the residue distilled to give propan-1-yne-3-iminobenzyl
      (55.5 g, 82%) b.p. 107.degree.-110.degree. C (10 mm Hg).
PAC  EXAMPLE 2
PAC  1-Trimethylsilyl-1-propynyl-1-iminobenzyl
PAR  To a mechanically stirred solution of propan-1-yne-3-iminobenzyl (43.5 g,
      0.30 M) in tetrahydrofuran (400 ml) at 0.degree. C is added, during 30
      minutes, ethyl magnesium bromide (285 ml of a 1.12 M solution, 0.316 M).
      After 30 minutes at 0.degree. C, the resulting solution is treated with a
      solution of trimethylsilylchloride (32.4 g, 0.30 M) in tetrahydrofuran
      (100 ml), the addition taking 45 minutes. After stirring at 0.degree. C
      for an additional 11/2 hours, the solution is treated with brine. The
      organic phase is separated and washed with brine (8 .times. 100 ml), then
      dried and concentrated on a rotorvapor. The residue is distilled to afford
      a liquid (52.2 g, 80%) b.p. 92.degree.-110.degree. C, 0.6 mm Hg. An
      aliquot was redistilled to give 1-trimethylsilyl-1-propynyl-3-iminobenzyl.
PAR  Following the procedure of Example 1, only substituting for benzaldehyde an
      appropriate amount of benzophenone, 2,2-dimethylpropanal or
      2,2-diethylbutanal the following respective compounds are obtained:
      ##EQU6##
PAR  When an appropriate amount of the above amine-protected propargylamine
      compounds are substituted for propan-1-yne-3-iminobenzyl in the procedure
      of Example 2, the following respective products are obtained:
      ##EQU7##
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound selected from a base of the formula:
PAL  wherein R.sub.1 is selected from a lower alkyl group having from 1 to 4
      carbon atoms; R.sub.2 is selected from hydrogen and phenyl; R.sub.3 is
      selected from phenyl and trialkylmethyl with the proviso that when R.sub.3
      is trialkylmethyl, R.sub.2 is hydrogen; and acid addition salts thereof.
NUM  2.
PAR  2. A compound of claim 1 which is:
      ##EQU8##
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PAL  Organo-silica polymers having the formula:
      ##EQU1##
      WHEREIN M AND N ARE INTEGERS INDEPENDENTLY REPRESENTING THE NUMBER OF
      UNITS; R represents --H, --CN, --CONH.sub.2, --CONH.sub.3 .sup.+, --COOH,
      --COO.sup.-, --COOM, or --COOR"; R' represents --NH--, --NH.sub.2
      --.sup.+, --NR"--, --NR"H--.sup.+, or --CH.sub.2 --CHR--; --CH.sub.2
      --CHR--; and whenever R' contains nitrogen, R is hydrogen; R" represents
      an alkyl or aryl radical; M represents an alkali metal; X represents an
      --OH, --O.sup.-, or --OM; are suitable as sequestering, dispersing, and
      flocculating agents.
PARN
PAR  This application is a Continuation-in-Part of our copending application
      Ser. No. 794,349 filed Jan. 27, 1969 now U.S. Pat. No. 3,592,834.
BSUM
PAR  This invention relates to anionic and cationic polymers which have
      sequestering, dispersing, and flocculating properties. More particularly,
      our invention relates to organo-silica polymers having such properties.
      This invention also provides methods for the preparation of such polymers.
PAR  In view of the rapidly increasing importance of stream pollution, many
      attempts have been made in an effort to alleviate this problem. Perhaps
      the most successful as practiced by industry is the reuse of process
      water. This has been only partially successful because the continued reuse
      of the process water rapidly increases the concentration of the
      contaminants in the water to such an extent that the water is no longer
      suitable for industrial use. When this condition is reached, the process
      water must be either discharged as waste or the contaminants must be
      removed. Discharging as waste is impractical and is not permitted in many
      cases. It, therefore, follows that the removal of these contaminants
      becomes mandatory under such conditions. To remove these contaminants more
      economically, more efficient materials and methods are needed.
PAR  It is, therefore, a principal object of this invention to provide new
      organo-silica polymers for use in water treatment which are capable of
      sequestering, dispersing, and flocculating undesirable ions and
      particulate matter so that said ions and particulate matter may be removed
      from water supplies or rendered unobnoxious prior to the initial use or
      reuse of the water.
PAR  It is another object of the present invention to provide processes for the
      manufacture of said organo-silica polymers.
PAR  Other objects and advantages of the invention will become apparent as the
      description proceeds.
PAR  In brief, the foregoing objects and advantages are attained by the use of
      new compounds of the composition produced by a method which comprises
      reacting a polymeric silica with an organic monomer or prepolymer.
      Somewhat more specifically, the polymeric silica contains Si--OH and/or
      Si--O bonds and the organic monomer and/or the organic prepolymer contains
      at least one carbon to carbon double bond, azirane also identified as an
      aziridine ring, or halogen. The organic compound must also contain an
      activating group such as a carboxyl, nitrile, or an amide.
PAR  The process for preparing the organo-silica polymers may be illustrated
      structurally involving addition, condensation, and/or ring opening
      reactions as follows:
PAL  Addition reaction:
      ##EQU2##
      Condensation reaction:
      ##EQU3##
      Ring opening reaction:
      ##EQU4##
PAR  Suitable types of polymeric silica for use in our invention include
      alkalimetal silicates and silica. A wide range of alkali-metal silicates
      are suitable for use in our invention. Examples of suitable alkali-metal
      silicates include sodium silicates wherein the ratio of SiO.sub.2
      :Na.sub.2 O varies from about 3.75 to 1.65 and potassium silicates wherein
      the ratio of SiO.sub.2 :K.sub.2 O varies from about 2.5 to 1.8. In order
      to obtain stable liquid reaction products, additional sodium or potassium
      hydroxide are added to the silicates with increased amounts being required
      for systems of higher concentrations. The final molar ratios of SiO.sub.2
      :Na.sub.2 O and Si.sub.2 :K.sub.2 O may be as low as 0.3 to 0.5 with
      systems of 30 to 50 percent concentrations.
PAR  Suitable types of silica are those of colloidal dimensions including the
      well known forms of silica such as (1) silica aerogel, a colloidal silica
      which may be prepared by displacing the water from a silica hydrogel by a
      low-boiling, water-miscible, organic liquid, heating in an autoclave or
      the like above the critical temperature of the liquid, and then venting
      the autoclave, (2) socalled, fume silica, a colloidal silica obtained by
      burning silicon tetrachloride and collecting the resulting silica smoke,
      and (3) a precipitated silica prepared under conditions which do not
      permit the formation of a gel structure, but rather cause the flocculation
      of silica particles into coherent aggregates such as by the addition of
      sodium ions to a sodium silicate solution. Colloidal precipitated silica
      sold under the trademark QUSO G-30 is a preferred type of silica.
DETD
PAR  The following examples are given for the purpose of illustrating the
      present invention and are not be deemed a limitation thereof.
PAC  EXAMPLE 1
PAC  Liquid Anionic Acrylonitrile-Silica Reaction Product
PAR  A charge consisting of 18.1 milliliters of distilled water, 27.2 grams of
      50 percent aqueous caustic sodium hydroxide (0.34 mole) and 40.4 grams of
      an alkaline sodium silicate solution containing 25.3 percent SiO.sub.2
      (0.17 mole) and 6.8 percent Na.sub.2 O (0.04 mole) was mixed at room
      temperature in a 200-milliliter flask equipped with a thermometer,
      stirrer, addition funnel, and water cooled condenser. The solution was
      heated to 52.degree. C. under stirring and 14.3 grams of acrylonitrile
      (0.27 mole) was added dropwise at this temperature over a 4-hour period.
      After addition of acrylonitrile, the reaction mixture was heated to
      91.degree. C. and held for one hour under stirring, followed by sparging
      with air for 3 hours at 82.degree. C. to remove free ammonia of
      hydrolysis. Sparging was considered complete after the NH.sub.3 content
      had dropped below 0.1 percent. The liquid product was allowed to cool to
      room temperature and the final weight was adjusted to 100 grams by
      addition of water.
PAC  EXAMPLE 2
PAC  Solid Anionic Acrylonitrile-Silica Reaction Product
PAR  A 4,000-milliliter reaction kettle equipped with a thermometer, stirrer,
      addition funnel, and water cooled condenser was charged at room
      temperature with 1,600 milliliters of distilled water and 894 grams of an
      alkaline sodium silicate solution containing 25.3 percent SiO.sub.2 (3.77
      moles) and 6.8 percent Na.sub.2 O (0.98 mole). The solutuon was heated to
      98.degree. C. under stirring and 105 grams of acrylonitrile (1.98 moles)
      was added dropwise at this temperature over a 35 minute period. The
      temperature dropped to 88.degree. C. at the end of this time. After the
      addition of the acrylonitrile, the reaction mixture was heated to
      98.degree. C., reached this temperature after 45 minutes, and was held
      there for 15 minutes. Stirring continued for 2 hours while the reaction
      mixture cooled down. The product was precipitated from the reaction
      mixture with 1,800 milliliters of acetone, recovered by filtration and
      washed with 900 milliliters of acetone.
PAC  EXAMPLE 3
PAC  Liquid Cationic Ethylenimine-Silica Reaction Product
PAR  A charge consisting of 50 milliliters of distilled water, 80 grams of 50
      percent aqueous NaOH solution (1.0 mole of NaOH), and 237 grams of an
      alkaline solution of sodium silicate containing 25.3 percent SiO.sub.2
      (1.00 mole) and 6.8 percent Na.sub.2 O (0.26 mole) was mixed in a
      500-milliliter flask equipped with a thermometer, stirrer, addition
      funnel, and a water cooled condenser. Forty-three grams of a 50 percent
      aqueous solution of ethylenimine (0.5 mole) was added dropwise over a
      4-hour period with stirring and gradual heating, attaining a temperature
      of 75.degree.C. at the end of this time. After cooling to room
      temperature, the liquid, a water-immiscible product, settled to the
      bottom, while the upper aqueous layer was discarded.
PAC  EXAMPLE 4
PAC  Solid Cationic Ethylenimine-Silica Reaction Product
PAR  A 500-milliliter flask equipped with a thermometer, stirrer, addition
      funnel, and a water cooled reflux condenser was charged with 237 grams of
      an alkaline solution of sodium silicate containing 25.3 percent SiO.sub.2
      (1.0 mole) and 6.8 percent Na.sub.2 O (0.26 mole). Under stirring and with
      the temperature held at 31.degree. C., a solution of 43.1 grams of
      ethylenimine (1.0 mole), 48.0 grams of water and 1.0 gram of NaOH (0.025
      mole) were added dropwise over a 2 hour 15 minute period. At the
      completion of the addition, the temperature was raised to 80.degree. C.
      and held for 1 hour. During the addition, a solid was continuously formed.
      After cooling to room temperature, the solid product was separated by
      decantation and air dried.
PAC  EXAMPLE 5
PAC  A Paste Anionic-Cationic Acrylamide-Silica Reaction Product
PAR  A total of 18.5 grams of an acrylamide sulfate slurry (0.11 mole) was put
      in a 500-milliliter flask equipped with a thermometer, stirrer, addition
      funnel, and a water cooled condenser. One hundred grams of an alkaline
      sodium silicate solution containing 25.3 percent SiO.sub.2 (0.42 mole) and
      6.8 percent Na.sub.2 O (0.11 mole) was added slowly with stirring. The
      reaction was exothermic resulting in the formation of two phases,
      homogenized into a paste upon the addition of a small amount of water.
PAC  EXAMPLE 6
PAC  A Dispersed Cationic Acrylonitrile-Silica Reaction Product
PAR  A charge consisting of 310 grams of mineral seal oil, 17 grams of
      acrylonitrile (0.32 mole), and 25 grams of colloidal silica (0.42 mole)
      was mixed in a 500-milliliter flask at room temperature equipped with a
      thermometer, stirrer, and a reflux condenser. The mixture was heated to
      80.degree. C. and this temperature held for 45 minutes. The product
      obtained was a homogeneous dispersion showing thixotropic properties.
PAC  EXAMPLE 7
PAC  A Solid, Anionic, beta-Chloropropionitrile-Silica Condensation Product
PAR  A 500-milliliter flask equipped with a thermometer, stirrer, addition
      funnel and a water cooled condenser was charged with 100 milliliters of
      distilled water, and 100 grams of an alkaline sodium silicate solution
      containing 25.3 percent SiO.sub.2 (0.42 mole) and 6.8 percent Na.sub.2 O
      (0.11 mole). The reaction mixture was heated to 45.degree. C. with
      stirring and 9.8 grams of beta-chloropropionitrile (0.11 mole) was added
      over a 5-minute period. The temperature was raised to 60.degree. C. and
      held at this temperature for 1 hour. The product obtained was a white
      solid of low water solubility.
PAR  The procedure of Example 7 was repeated with the exception that
      beta-bromopropionitrile was substituted for beta-chloropropionitrile. The
      organo-silica polymer so obtained was similar to properties to the
      organo-silica compound obtained in Example 7.
PAR  The organo-silica polymers of this invention have a broad range of utility
      and have many uses in addition to those involved in the treatment of fresh
      water and various industrial process waters. For example, the anionic
      polymers may serve as cross-linking agents in coating resins, polymers,
      and plastics; as heat stabilizers when used in the form of barium and/or
      cadmium salts; as dispersing agents in many processes and products; as wet
      strength and formation improving agents for paper products; as regulators
      of particle size in suspension polymerization; and as buffering agents in
      various industrial processes.
PAR  The cationic polymers may serve as precipitants and flocculants in various
      industrial processes, accelerators for polymerizing and curing reactions,
      antistatic agents for plastics and textiles, curing agents for epoxy
      resins, wet strength and formation aids for paper products, etc.
PAR  While particular embodiments of the invention have been described, it will
      be understood, of course, that the invention is not limited thereto since
      many modifications may be made, and it is therefore, contemplated to cover
      by the appended claims any such modifications as fall within the true
      spirit and scope of the invention.
CLMS
STM  The invention having thus been described, what is claimed and desired to be
      secured by Letters Patent is:
NUM  1.
PAR  1. A method of preparing organo-silica polymers having the formula:
      ##EQU5##
      wherein m and n are integers independently representing the number of
      units; R represents --H, --CN, --CONH.sub.2, --CONH.sub.3.sup.+, --COOH,
      --COO.sup.-, --COOM, or --COOR"; R' represents --NH, --NR", or
      -NR"H--.sup.+; and whenever R' contains nitrogen, R is hydrogen; R"
      represents an alkyl or aryl radical; M represents an alkali metal; X
      represents an --OH, --O.sup.-, or --OM; which comprises reacting a
      polymeric silica compound selected from alkali-metal silicates or
      colloidal silica containing at least one of the bonds Si--OH or Si--O with
      an organic compound selected from the group consisting or organic
      comonomers and organic prepolymers characterized in that said organic
      compound contains an aziridine ring or a halogen and also contains an
      activating group selected from the group consisting of carboxyl, nitrile,
      and amide.
NUM  2.
PAR  2. The method of claim 1 wherein the organo-silica polymer is prepared by
      reacting a polymeric silica with an organic monomer or an organic
      prepolymer characterized in that said momomer or said prepolymer contains
      an aziridine ring.
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ABST
PAL  Herbicidal 2-chlorocycloalkylthio urea compounds are produced by the
      1,2-addition of an N-chlorothio urea to cycloalkenes. The N-chlorothio
      urea reactant is produced by the reaction of a urea and sulfur dichloride.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of application Serial No.
      250,895, filed May 8, 1972, now U.S. Pat. No. 3,857,883, the disclosure of
      which is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new process for the preparation of herbicidal
      2-chlorocycloalkylthio urea compounds. 2. Description of the Prior Art
PAR  Herbicidal 2-chlorocycloalkylthio urea compounds are disclosed in U.S. Pat.
      No. 3,711,530, issued Jan. 16, 1973 to John W. Kobzina et al.
PAR  E. Kuhle, Synthesis, 56 (1971), discloses the addition of aryl and
      aliphatic sulfenyl halides to olefins.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that herbicidal 2-chlorocycloalkylthio ureas can be
      produced by the 1,2-addition of an N-chlorothio urea to a cycloalkene. By
      way of illustration, the addition of N-chlorothio urea to cyclohexene is
      depicted by the following reaction (1):
      ##SPC1##
PAC  DESCRIPTION OF THE INVENTION
PAC  The N-Chlorothio Urea Reactant
PAR  The N-chlorothio urea reactant suitably employed in the process of the
      invention is represented by the formula (I):
      ##EQU1##
      wherein R, R.sup.1 and R.sup.2 are hydrogen, alkyl of 1 to 6 carbon atoms,
      cycloalkyl of 3 to 10 carbon atoms, preferably 5 to 6 carbon atoms,
      carbocyclic mononuclear or binuclear aryl of 6 to 12 carbon atoms
      substituted with up to 4 (0 to 4), preferably up to 2 (0 to 2) fluoro,
      chloro, bromo, trifluoromethyl, tri-chloromethyl, nitro or alkoxy of 1 to
      4 carbon atoms.
PAR  Representative alkyl groups which R, R.sup.1 and R.sup.2 may represent
      include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl and
      n-hexyl. The preferred alkyl group is methyl.
PAR  Representative cycloalkyl groups which R, R.sup.1 and R.sup.2 may represent
      include monocyclic groups such as cyclopropyl, cyclopentyl, cyclohexyl,
      2-methylcyclohexyl, 4-methylcyclohexyl, cycloheptyl and cyclooctyl; and
      bicyclic groups such as bicyclo[3.2.0]heptyl, bicyclo[2.2.1]heptyl,
      bicyclo[3.3.0]-octyl, bicyclo[4.2.0]octyl, bicyclo[3.3.0]octyl, and
      bicyclo[3.2.1]octyl. Cycloalkyl groups preferably are monocyclic groups
      having 5 to 6 carbon atoms.
PAR  Representative alkoxy groups which R, R.sup.1 and R.sup.2 may represent
      include methoxy, ethoxy, propoxy, butoxy, etc.
PAR  Representative hydrocarbyl aryl groups which R, R.sup.1 and R.sup.2 may
      represent include phenyl; naphthyl; alkylphenyl of 7 to 10 carbon atoms
      such as 2-methylphenyl, 3-methylphenyl, 4-ethylphenyl, 2,4-dimethylphenyl,
      3,4-dimethylphenyl, 3-secbutylphenyl; and phenylalkyl of 7 to 10 carbon
      atoms such as benzyl, 3-phenylpropyl and 4-phenylbutyl.
PAR  Representative substituted aryl groups which R, R.sup.1 and R.sup.2 may
      represent include halo-substituted phenyl, alkylphenyl or phenylalkyl
      groups such as 2-fluorophenyl, 4-fluorophenyl, 2-chlorophenyl,
      3-bromophenyl, 3,4-dichlorophenyl, 4-trifluoromethylphenyl,
      3-chloro-4-bromophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methylphenyl,
      4-chlorobenzyl, 4-fluorobenzyl, 2-(2-fluorophenyl)ethyl;
      alkoxy-substituted phenyl, alkylphenyl or phenylalkyl such as
      4-methoxyphenyl, 4-ethoxyphenyl, 4-methoxy-2-methylphenyl,
      4-methoxybenzyl; nitrosubstituted phenyl, alkylphenyl or phenylalkyl
      groups such as 2-nitrophenyl, 4-nitrophenyl and 4-nitrobenzyl; and aryl
      groups substituted with different substituents such as
      2-methoxy-4-chlorophenyl and 2-chloro-4-nitrophenyl. Substituted aryl
      groups preferably have 1 to 2 substituents. Preferred aryl groups are
      halo-substituted phenyls, especially those having 1 to 2 fluorine or
      chlorine substituents.
PAR  Preferably R is alkyl of 1 to 3 carbon atoms, especially methyl.
PAR  Preferably R.sup.1 is phenyl or phenyl substituted with 1 to 2 fluorine,
      chlorine, trifluoromethyl groups, nitro groups, alkyl of 1 to 3 carbon
      atoms, or alkyoxy of 1 to 2 carbon atoms.
PAR  Preferably R.sup.2 is hydrogen or alkyl of 1 to 3 carbon atoms. The most
      preferred R.sup.2 group is hydrogen.
PAR  A preferred class of N-chlorothio urea reactants is that wherein at least
      one R, R.sup.1 or R.sup.2 group is hydrogen.
PAR  The N-chlorothio urea reactant (I) is prepared in accordance with the
      following reaction (2):
      ##EQU2##
      wherein R, R.sup.1 and R.sup.2 have the same significance as previously
      defined and B' is an acid acceptor.
PAR  The acid acceptor is an inorganic base, e.g., alkali metal hydroxide,
      bicarbonate or carbonate, or an organic nitrogen base having no N-H
      groups, such as a pyridine compound or a trialkylamine. Suitable pyridine
      compounds are pyridine and pyridine compounds of 6 to 10 carbon atoms and
      of 1 to 2 alkyl groups such as 2-methyl-pyridine, 2-ethylpyridine,
      3-methylpyridine, 3,5-dimethylpyridine, and 2-butylpyridine. Suitable
      trialkylamines are those wherein the alkyl group contains individually 1
      to 4 carbon atoms, such as trimethylamine, triethylamine, tripropylamine
      and tributylamine. The preferred acid acceptors are pyridine compounds,
      especially pyridine.
PAR  Generally, commercially available sulfur dichloride of reasonable purity,
      e.g., greater than 90- 98% purity, is suitable employed. The sulfur
      dichloride may contain small amounts of an inhibitor such as
      tributylphosphate or triethylphosphate.
PAR  The sulfur dichloride and the urea (IV) are employed in substantially
      equimolar amounts, e.g., the molar ratio of sulfur dichloride to the urea
      compound generally varies from about 1.5:1 to 1:1.5, although molar ratios
      of sulfur dichloride to the urea compound of 1.4:1 to 1.1:1 are preferred.
      The molar ratios of acid acceptor to sulfur dichloride are also
      substantially equimolar, e.g., the molar ratio of acid acceptor to sulfur
      dichloride varies from about 1.5:1 to 1:1.5, although molar ratios of acid
      acceptor to sulfur dichloride of 1:1 to 1:1.2 are preferred.
PAR  In general, reaction (2) is accomplished by reacting the urea compound (IV)
      and the sulfur dichloride in the presence of the acid acceptor compound in
      the liquid phase in an inert diluent. The reaction is suitably conducted
      by adding the sulfur dichloride to a mixture of the urea and the acid
      acceptor in an inert diluent. Alternatively, the reaction is conducted by
      adding a mixture of the urea and acid acceptor to a solution of the sulfur
      dichloride in an inert diluent. However, the preferred method for
      conducting the reaction comprises reacting the urea and sulfur dichloride
      in the presence of a limited amount of free uncomplexed acid acceptor.
      This is suitably accomplished by the addition of the acid acceptor to a
      substantially equimolar mixture of the urea and the sulfur dichloride so
      that the mols of free acid acceptor to the total mols of urea reactant and
      N-chlorothio urea product is less than 0.2:1, preferably less than 0.1:1,
      and more preferably less than 0.05:1. In other words, during the course of
      the reaction between the sulfur dichloride and the urea reactant, there
      should be at least 5 mols of the urea reactant and the N-chlorothio urea
      product per mol of acid acceptor which is not complexed with hydrochloric
      acid. Provided that the reaction is conducted with the restricted amount
      of acid acceptor indicated above, the contacting of the acid acceptor with
      the mixture of the urea and the sulfur dichloride can be conducted by a
      variety of procedures. In one modification, the acid acceptor is added in
      increments, e.g., dropwise, in an inert diluent, if desired, to a mixture
      of the urea and sulfur dichloride in an inert diluent. In another
      modification, the acid acceptor is added continuously to a mixture of the
      urea and sulfur dichloride in an inert diluent.
PAR  Suitable inert diluents for reaction (2) include alkanes of 5 to 10 carbon
      atoms, such as hexane, isooctane and decane; aromatic compounds such as
      benzene and chlorobenzene, oxygenated hydrocarbons such as acyclic alkyl
      ethers, e.g., dimethoxyethane and dibutyl ether; and cycloalkyl ethers,
      e.g., dioxane, tetrahydrofuran and tetrahydropyran. Other suitable
      diluents include nitriles such as acetonitrile and propionitrile,
      dialkylamides such as dimethylformamide and dialkylsulfoxides such as
      dimethylsulfoxide. Preferred diluents are chlorinated hydrocarbons of 1 to
      2 carbon atoms, such as methylene dichloride, chloroform, carbon
      tetrachloride and ethylene dichloride. Generally, the amount of diluent
      employed ranges from 1 to 50 mols per mol of N-chlorothio urea reactant.
PAR  Reaction (2) is suitably conducted at a temperature between -20.degree.C.
      and the boiling point of the diluent, although temperatures between
      0.degree.C. and 50.degree.C. are preferred. The reaction is conducted at
      or above atmospheric pressure.
PAR  The N-chlorothio urea is suitablly isolated from the reaction mixture by
      conventional procedures such as extraction, distillation, chromatography,
      etc. Alternatively, a solution of the N-chlorothio urea in the reaction
      diluent, preferably after removal of the acid acceptor hydrochloride salt
      produced in the reaction, is reacted with the cycloalkene (II) according
      to reaction (3) to produce the urea product (III) of the invention.
PAR  Alternative methods for producing the N-chlorothio urea reactant (I) are
      disclosed by E. Kuhle, Synthesis, 11 573 (1970), and German Pat. No.
      2,045,440 of Farbenfabriken Bayer AG, published March 23, 1973.
PAC  The Cycloalkene Reactant
PAR  The cycloalkene reactant is a monocyclic olefin of 4 to 10 carbon atoms.
      Representative cycloalkene reactants are therefore cyclobutene,
      cyclopentene, 1-methylcyclopentene, cyclohexene, 1-methylcyclohexene,
      4-methylcyclohexene, cycloheptene, cyclooctene, cyclodecene, etc.
PAR  A preferred class of cycloalkene reactants is represented by the formula
      ##SPC2##
PAL  wherein n is 1 to 5, preferably 2 to 4.
PAC  2-chlorocycloalkylthio Urea Products
PAR  In terms of the N-chlorothio urea reactant (I) and the cycloalkene reactant
      (II), the formation of the urea products of the process of the invention
      may be depicted by the following reaction (3):
      ##SPC3##
PAL  wherein R, R.sup.1, R.sup.2 and n are as defined above.
PAR  The addition of N-chlorothio urea reactant (I) to the cycloalkene (II)
      according to reaction (3) is conducted in the liquid phase in an inert
      diluent, preferably the same inert diluents employed in the preparation of
      the N-chlorothio urea reactant (I). The preferred diluents are chlorinated
      hydrocarbons of 1 to 2 carbon atoms, such as methylene dichloride,
      chloroform, carbon tetrachloride and ethylene dichloride. Generally, the
      amount of diluent employed ranges from 1 to 50 mols per mol of
      N-chlorothio urea reactant.
PAR  The N-chlorothio urea reactant (I) and the cycloalkene (II) are generally
      employed in substantially equimolar amounts, e.g., the molar ratio of the
      urea (I) to the cycloalkene (II) generally varies from 1.5:1 to 1:1.5.
      However, an excess of the cycloalkene (II) is suitably employed. For
      example, in some modifications of the process of the present invention, it
      is desirable to employ excess cycloalkene as the reaction diluent.
      Accordingly, molar ratios of N-chlorothio urea (I) to cycloalkene (II) of
      from 1.5:1 to 1:10 are satisfactorily employed.
PAR  Reaction (3) is suitably conducted at a temperature between -20.degree.C.
      and the boiling point of the diluent, although temperatures between
      0.degree.C. and 50.degree.C. are preferred. The reaction is conducted at
      or above atmospheric pressure.
PAR  The 2-chlorocycloalkylthio urea product (III) is recovered by conventional
      procedures such as extraction, crystallization, chromatography, etc.
PAR  Representative ureas of formula (III) are:
PAR  N-(2-chlorocyclopentylthio)-N-methyl-N'-(3,4-dichlorophenyl) urea,
PAR  N-(2-chlorocyclohexylthio)-N-methyl-N'-(2-trifluoromethylphenyl) urea,
PAR  N-(2-chlorocycloheptylthio)-N'-methyl-N,N'-dimethoxy urea,
PAR  N-(2-chlorocyclohexylthio)-N-butyl-N'-(4-nitrobenzyl) urea,
PAR  N-(2-chlorocyclohexylthio)-N-methyl-N'-(2-nitrophenyl) urea,
PAR  N-(2-chlorocyclooctylthio)-N-(3-trifluoromethylphenyl)-N',N'-dimethyl urea,
PAR  N-(2-chlorocyclopentylthio)-N-(3,4 -dichlorophenyl-N'-methoxy-N'-methyl
      urea,
PAR  N-(2-chlorocyclodecylthio)-N-(3-chloro-4-bromophenyl)-N'-methoxy-N'-methyl
      urea,
PAR  N-(2-chlorocyclohexylthio)-N-(3,4-dichlorophenyl)-N'-N'-dimethyl urea,
PAR  N-(2-chlorocyclohexylthio)-N-(4-chlorophenyl)-N'-N'-dimethyl urea,
PAR  N-(2-chlorocyclohexylthio)-N-(hexahydro-4,7-methanoinden-5-yl)-N',N'-dimeth
     yl urea,
PAR  N-(2-chlorocyclopentylthio)-N-(2-fluorophenyl)-N'-phenyl-N'-methyl urea,
PAR  N-(2-chloro-3-methylcyclohexylthio)-N-(2-fluorophenyl)-N'-benzyl-N'-methyl
      urea,
PAR  N-(2-chlorocyclohexylthio)-N-(2-fluorophenyl)-N'-methyl-N'-methyl-N'-propyl
      urea,
PAR  N-(2chlorocyclohexylthio)-N-(2-fluoro-4-methylphenyl)-N'-(2-fluorophenyl)-N
     '-methyl urea,
PAR  N-(2-chlorocyclohexylthio)-N-methyl-N'-(4-methoxyphenyl)-N'-methyl urea,
      and
PAR  N-(2-chlorocyclohexylthio)-N-( 3,4-dichlorophenyl)-N',N'-dimethyl urea.
DETD
PAC  EXAMPLES
PAR  The preparation of the ureas of the invention is illustrated by the
      following examples.
PAC  Example 1 -- Preparation of N-chlorothio-N-methyl-N'-(2-fluorophenyl) urea
PAR  A 5.7-g (0.055 mol) sample of sulfur dichloride was added dropwise to a
      mixture of 8.4 g (0.05 mol) N-methyl-N'-2-fluorophenyl urea and 4.7 g
      (0.06 mol) pyridine in 50 ml methylene chloride cooled in an ice bath.
      After the completion of the addition, the pyridine hydrochloride formed
      during the reaction was filtered. Hexane was added to the filtrate to
      precipitate additional pyridine hydrochloride, which was removed by
      filtration. Evaporation of the resulting filtrate gave a clear red oil.
      The nuclear magnetic resonance (NMR) spectrum of the oil showed an
      N-methyl singlet at 3.5 ppm (relative to tetramethylsilane). Elemental
      analysis showed: %S, calc. 13.6, found 13.6; %Cl, calc. 15.1, found 15.4.
PAC  Example 2 -- Preparation of
      N-chlorothio-N-(3,4-dichlorophenyl)-N',N'-dimethyl urea
PAR  A 5.7-g (0.055 mol) sample of sulfur dichloride was added dropwise to a
      mixture of 11.7 g (0.05 mol) of N-(3,4-dichlorophenyl)-N',N'-dimethyl urea
      and 4.7 g (0.06 mol) pyridine in 50 ml methylene chloride cooled in an ice
      bath. After the completion of the addition, the pyridine hydrochloride was
      filtered. Hexane was added to precipitate additional pyridine
      hydrochloride, which was removed by filtration. Evaporation of the
      resulting filtrate gave the product as a clear yellow oil. The NMR
      spectrum showed an N',N'-dimethyl singlet at 3.0 ppm (relative to
      tetramethylsilane). Elemental analysis showed:
PAL  %S, calc. 10.7, found 10.7; %Cl, calc. 35.6, found 35.4; %C, calc. 36.1,
      found 36.4; %H, calc. 3.0, found 3.2; %N, calc. 9.3, found 8.7.
PAC  Example 3 -- Preparation of N-chlorothio-N-methyl-N'-3,4-dichlorophenyl
      urea
PAR  A 9.48-g (0.12 mol) sample of pyridine was added dropwise to a slurry of
      21.9 (0.1 mol) N-methyl-N'-(3,4-dichlorophenyl) urea and 11.3 g (0.11 mol)
      sulfur dichloride in 100 ml methylene dichloride at
      25.degree.-30.degree.C. After the completion of the addition, pyridine
      hydrochloride was filtered from the reaction mixture. The NMR spectrum of
      the reaction mixture showed a singlet at 3.5 ppm (relative to
      tetramethylsilane) for the N-methyl group of the
      N-chlorothio-N-methyl-N'-3,4-dichlorophenyl urea product.
PAC  Example 4 -- Preparation of N-chlorothio-N,N'-dimethyl urea
PAR  Pyridine (9.48 g, 0.12 mol) was added dropwise to a solution of 8.8 g (0.1
      mol) N,N'-dimethyl urea and 11.3 g (0.11 mol) sulfur dichloride at
      25.degree.-30.degree.C. Pyridine hydrochloride was then filtered from the
      reaction mixture to give a solution of the N-chlorothio urea product in
      methylene chloride. The NMR spectrum of the product showed a singlet at
      3.5 ppm for the N-methyl group and a doublet at 2.95 ppm for the N'-methyl
      group.
PAC  Example 5 -- Preparation of
      N-methyl-N-(2-chlorocyclohexylthio)-N'-(2-fluorophenyl urea
PAR  A 569-g (7.2 mol) sample of pyridine was added at 25.degree.-30.degree.C.
      over a period of 18 minutes to a mixture of 1008 g (6 mols) of
      N-methyl-N'-(2-fluorophenyl) urea and 680 g (6.6 mols) sulfur dichloride
      in 6 liters methylene dichloride cooled with a dry ice/acetone bath. After
      the addition was completed, the pyridine hydrochloride salt was filtered.
      A 443-g (5.4 mol) sample of cyclohexene was then added to the resulting
      filtrate cooled to 0.degree.C. with a dry ice/acetone bath. After 15
      minutes of stirring, the resulting reaction mixture was washed with water,
      washed with sodium bicarbonate solution, dried over magnesium sulfate and
      evaporated under reduced pressure to give 1.7 kg of urea product as a
      yellow oil. U.S. Pat. No. 3,711,530 discloses that the urea product of
      this example has herbicidal activity.
PAC  Example 6 -- Preparation of
      N-methyl-N-(2-chlorocyclooctylthio)-N'-(3,4-dichlorophenyl) urea
PAR  An 11.0-g (0.1 mol) sample of cyclooctane was added dropwise at 0.degree.C.
      to a solution of 0.1 mol N-chlorothio-N-methyl-N'-(3,4-dichlorophenyl)
      urea, prepared by a procedure similar to that of Example 3, in methylene
      dichloride. After the addition was completed, the reaction mixture was
      washed successively with water, aqueous sodium bicarbonate solution and
      water, dried over magnesium sulfate and evaporated to give a solid
      residue. The solid was recrystallized from isopropyl alcohol and washed
      with hexane to give 15 g of product, m.p. 90.degree.-91.degree.C.
      Elemental analysis for C.sub.16 H.sub.21 Cl.sub.3 N.sub.2 OS showed: %S,
      calc. 8.1, found 8.2; %Cl, calc. 26.9, found 27.4.
PAR  Using the test procedure of US. Pat. No. 3,711,530, the product was found
      to be active for the control of wild oats, watergrass, crabgrass, pigweed,
      lambsquarter and mustard.
PAC  Example 7 -- Preparation of
      N-methyl-N-(2-chlorocycloheptylthio)-N'-(3,4-dichlorophenyl) urea Example
      7 Preparation of
      N-methyl-N-(2-chlorocyclo-heptylthio)-N'-(3,4-dichlorophenyl) urea
PAR  The product, a white solid melting at 71.degree.-72.degree.C., was prepared
      from N-chlorothio-N-methyl-N'-(3,4-dichlorophenyl) urea and cycloheptene
      by a procedure similar to that of Example 6. Elemental analysis for
      C.sub.15 H.sub.19 Cl.sub.3 N.sub.2 OS showed: %S, calc. 8.4, found 8.7;
      %Cl, calc. 27.9, found 27.7.
PAR  Using the test procedure of U.S. Pat. No. 3,711,530, the product was found
      to be active for the control of wild oats, watergrass, crabgrass, pigweed,
      lambsquarter and mustard.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of preparing urea compounds which comprises:
PA1  1. reacting substantially equimolar amounts of a urea reactant of the
      formula
      ##EQU3##
      wherein R, R.sup.1 and R.sup.2 are hydrogen, alkyl of 1 to 6 carbon atoms,
      cycloalkyl of 3 to 10 carbon atoms, carbocylic aryl of 6 to 12 carbon
      atoms substituted with up to a 4 fluoro, chloro, bromo, trifluoromethyl,
      trichloromethyl, nitro or alkoxy of 1 to 4 carbon atoms, and sulfur
      dichloride in the presence of an acid acceptor, and
PA1  2.
NUM  2.
PAR  2.  adding the resulting N-chlorothio urea product to a cycloalkene of 4 to
      10 carbon atoms in the liquid phase in an inert diluent,
PA1  the improvement which comprises maintaining during step (1) the mols of
      uncomplexed acceptor to the total mols of urea reactant and N-chlorothio
      urea product at a ratio of less than 0.2:1 by the controlled addition of
PAR   the acceptor to a mixture of the urea reactant and sulfur dichloride.
      2. The process of claim 1 wherein the ratio of unreacted acceptor to the
      total mols of urea reactant and N-chlorothio urea product is less than
      0.1:1.
NUM  3.
PAR  3. The process of claim 1 wherein the acid acceptor is a nitrogen organic
      base having no free N-H group.
NUM  4.
PAR  4. The process of claim 3 wherein the organic base acceptor is pyridine.
NUM  5.
PAR  5. The process of claim 1 wherein the ratio of unreacted acceptor to the
      total mols of urea reactant and N-chlorothio urea product is less than
      0.05:1.
NUM  6.
PAR  6. The process of claim 1 wherein R is alkyl of 1 to 2 carbon atoms.
NUM  7.
PAR  7. The process of claim 6 wherein R.sup.2 is hydrogen and R.sup.1 is phenyl
      or phenyl substituted with 1 to 2 fluoro, chloro, trifluoromethyl, nitro,
      alkyl of 1 to 3 carbon atoms, or alkoxy of 1 to 2 carbon atoms.
NUM  8.
PAR  8. The process of claim 7 wherein R.sup.1 is phenyl substituted with 1 to 2
      fluoro or chloro.
NUM  9.
PAR  9. The process of claim 8 wherein R is methyl, R.sup.1 is 2-fluorophenyl
      and R.sup.2 is hydrogen.
NUM  10.
PAR  10. The process of claim 8 wherein R is methyl, R.sup.1 is
      3,4-dichlorophenyl and R.sup.2 is hydrogen.
NUM  11.
PAR  11. The process of claim 1 wherein at least one R, R.sup.1 or R.sup.2 is
      hydrogen.
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PAL  raiford, et al.; J.A.C.S., 56, pp. 1586-1590 (1934).
PAL  Takeda Chem. Ind. Ltd., C.A., 74 (1971), 53265z.
PAL  Dee, et al., C.A. 74 (1971), 12847x.
ABST
PAL  The new compound, 2,3,4,5,6-pentafluorobenzyl chloroformate, can be
      directly used to form amine, particularly tertiary amine, derivatives for
      detection by, for example, electron capture.
BSUM
PAR  The present invention relates to new fluorinated compounds and, more
      particularly, to compounds of this type which can be utilized in
      connection with the determination of amines by analytical techniques such
      as electron capture.
PAR  The qualitative and quantitative determination of drugs in body fluids is
      an increasingly important task in bio-medical research. The development of
      increasingly potent drugs requires extremely sensitive methods capable of
      handling large numbers of samples. One of the most important techniques
      for this purpose is based on gas chromatography. One limiting factor is
      the detectability of the substances in the eluate for which a number of
      techniques has been developed. One of the simpler and most commonly used
      is based on electron capture detection. As the drugs themselves and their
      metabolites seldom contain electrophore groups, they usually have to be
      converted to derivatives giving a higher response in the detector. Highly
      fluorinated groups are especially suitable for this purpose.
PAR  Amines form a large and important group of physiologically active
      compounds, the detection of which is of great interest. As they usually
      give a low response in the detector, they are generally converted to
      derivatives before the chromatographic step. For primary and secondary
      amines this usually means acylation with a fluorinated carboxylic acid. A
      vast number of drugs consist, however, of tertiary amines, which cannot be
      converted simply into stable acyl derivatives. Methods have, therefore,
      been developed by which the tertiary amine is converted to a carbamic
      ester derivative of the corresponding secondary amine, hydrolysis of this
      carbamic ester then affording the free secondary amine which can be
      acylated and processed as described above. These methods, however, involve
      several reaction steps and are therefore laborious and, because of the
      number of reactions involved, losses often occur.
PAR  Accordingly, a principal object of the present invention is to provide a
      new reagent which can be used to convert amines to determinable
      derivatives.
PAR  A more particular objective resides in providing a reagent which is useful
      in preparing fluorinated derivatives of either primary, secondary or
      tertiary amines for determination by electron capture.
PAR  Another object resides in providing a fluorinated compound which can be
      used, in a direct reaction, to fashion a fluorinated tertiary amine.
PAR  Yet a further object is to provide a reagent for preparing fluorinated
      amine derivatives, wherein the derivatives can be easily prepared, are
      stable and have high sensitivity for analytical determination. Related
      thereto is the further objective of preparing amine derivatives which are
      susceptible to detection, by electron capture, in very small amounts.
PAR  Other objects and advantages of the present invention will become apparent
      as the description proceeds.
PAR  While the present invention will be described in connection with certain
      preferred embodiments, it is to be understood that it is not to be limited
      to only those embodiments disclosed. On the contrary, it is intended to
      cover all modifications and alternatives falling within the spirit and
      scope of the invention as expressed in the appended claims.
PAR  In one of its important aspects, the present invention provides new
      reagents for preparing fluorinated derivatives of amines. These reagents
      are the 2,3,4,5,6-pentafluorobenzyl haloformates and can be represented as
      follows:
      ##SPC1##
PAL  wherein: X is a halogen atom; R is alkylidene, either straight or branched
      chain having up to about 6 carbon atoms; and n is an integer of zero or
      one. Preferably, for electron capture, R is a small group such as
      methylene, dimethylene or 1-methyl dimethylene. As to X, Cl and Br are
      preferred since they readily yield reactive, stable formates. A preferred
      reagent is 2,3,4,5,6-pentafluorobenzyl chloroformate (X is Cl).
PAR  These new reagents can be prepared by reacting a pentafluorobenzene
      substituted alcohol, e.g., benzyl alcohol, or phenol with a carbonyl
      dihalide, e.g., phosgene. The reaction can be accomplished according to
      standard methods for the preparation of halo-formates from phenols.
      Raiford and Inman, J. Am. Chem. Soc., 56, 1586 (1934). The reaction, in
      accordance with a further aspect of this invention is preferably
      accomplished in an organic solvent in the presence of an organic base such
      as an amine, and preferably a tertiary amine such as dimethylaniline or
      pyridine.
PAR  The reagents identified above are useful in applications involving the
      analytical determination (either qualitative or quantitative) of amines.
      They are particularly useful in those applications wherein the amine to be
      determined is derivatized to contain an electrophore group. Detection by
      electron capture is an example of such an analytical technique, and the
      present reagent is especially useful for detection of tertiary amines.
      However, as is recognized, the gas chromatography of amines (primary,
      secondary and tertiary) in trace amounts is often complicated by
      adsorptive losses on the column, and that these losses are reduced on
      derivatization. And, the novel pentafluorobenzyl carbamates have excellent
      properties also in this respect. Therefore, these novel reagents are also
      an excellent acylating agent for the derivatization of primary and
      especially secondary amines, as well as tertiary amines, for analytical
      determination of amines, in general, and particularly where such
      determination involves gas chromatography.
PAR  Pentafluorobenzyl amine derivatives, of either primary, secondary and
      tertiary amines, can be conveniently prepared in one step in the following
      way. The amines are extracted from an alkaline aqueous phase as bases into
      an organic solvent, preferably a hydrocarbon like heptane. The organic
      phase is separated and to this phase is some .mu. l of the
      pentafluorobenzyl halo formate alkylate added. Sodium carbonate is added
      to catalyze the reaction. (See Hartvig and Vessman, Analytical Letters,
      7(4), 223-231 (1974), for effect of catalyst on reaction.) The mixture is
      heated on a boiling water bath for 30 minutes or more if required. Then,
      for use, a suitable volume of the derivative is injected into the gas
      chromatographic column.
PAR  With the preferred reagent, the chloroformate, the reaction with a tertiary
      amine to afford in one step the 2,3,4,5,6-pentafluorobenzyl carbamic ester
      derivative of the dealkylated amine can be represented as follows:
      ##SPC2##
PAL  which derivative can be directly submitted to the chromatographic
      determination.
PAR  The following examples illustrate this invention:
DETD
PAC  EXAMPLE I
PAC  Preparation of 2,3,4,5,6-pentafluorobenzyl Chloroformate
PAR  2,3,4,5,6-pentafluorobenzyl alcohol (12.5 g, 0.063 mole) is dissolved in
      toluene (34.2 ml) containing 20% phosgene (0.069 mole). The solution is
      stirred and dimethylaniline (9.6 ml, 0.075 mole) is added during 20
      minutes. The mixture is stirred for 1 h at 20.degree. - 25.degree. C.
      Water and toluene are added and after separation the toluene solution is
      washed with 2 N hydrochloric acid and water.
PAR  Drying over calcium chloride and concentration in vacuo below 40.degree. C
      yields an oil (15.4 g) of about 85% pentafluorobenzyl chloroformate, about
      5% pentafluorobenzyl alcohol and about 10% of toluene as indicated by NMR
      analysis. The yield of chloroformate calculated from the starting material
      (pentafluorobenzyl alcohol) is about 90%. The pentafluorobenzyl
      chloroformate shows a characteristic band at 1780 cm.sup.-.sup.1
      (chloroformate carbonyl) in the IR spectrum and an NMR signal at .gamma.
      5.35 (triplet, J=2Hz).
PAC  EXAMPLE II
PAC  Determination of N,N-dimethyl-(3,3-diphenyl-1-methyl propyl) amine
PAR  1. To six aqueous samples containing 12 - 120 .mu.g of
      N,N-dimethyl-(3,3-diphenyl-1-methyl propyl) amine and 60 .mu.g of the
      internal standard (N,N-dimethyl-(3,3-diphenyl-propyl) amine are added 0.5
      ml of 1 M NaOH and 0.25 ml of heptane. The tubes are extracted for 10
      minutes. After extraction the heptane phase is transferred to another
      centrifuge tube.
PAR  2. 50 .mu. of pentafluorobenzyl chloroformate and 10 mg of sodium carbonate
      are added, an air condenser is attached and the mixture is heated for 30
      minutes on a boiling water bath.
PAR  3. The reaction mixture is shaken with 1 M NaOH and 1 - 2 .mu. l of the
      organic phase is injected into a Varian 1400 gas chromatograph equipped
      with a flame ionization detector and a 0.9m .times. 1.8 mm glass column
      filled with 3% OV-17 on Gas Chrom P 100 - 120 mesh, acid washed and
      silanized. The column temperature was 210.degree. C and the nitrogen flow
      30 ml/min, giving a retention time of 5 minutes for the derivative of
      N,N-dimethyl-(3,3-diphenyl-1-methyl propyl) amine.
PAR  When studied in an electron capture detector with .sup.63 Ni source, these
      derivatives could be traced down to 3 pg.
PAR  Determination of 2-diphenyl methoxy-N,N-dimethylethyl amine can be
      performed in an analogous manner.
PAC  EXAMPLE III
PAC  Determination of N-methyl-(3,3-diphenyl-1-methyl propyl) amine
PAR  1. To six aqueous samples containing 5 - 130 .mu.g of
      N-methyl-(3,3-diphenyl-1-methyl propyl)amine and 50.mu.g of the internal
      standard N-methyl-(3,3-diphenyl-propyl) amine are added 0.5 ml of 1 M NaOH
      and 0.25 ml of heptane. The tubes are extracted for 10 minutes. After
      extraction the heptane phase is transferred to another centrifuge tube.
PAR  2. 50.mu.l of pentafluorobenzyl chloroformate and 10 mg of sodium carbonate
      are added, an air condenser is attached and the mixture heated for 30
      minutes on a boiling water bath.
PAR  3. Continue according to Example II. When studied in an electron capture
      detector, these derivatives could be traced down to 3 pg.
PAC  EXAMPLE IV
PAC  Determination of (3,3-diphenyl-1-methyl propyl) amine
PAR  1. The determination is performed in a manner analogous to that described
      for N-methyl-(3,3-diphenyl-1-methyl propyl) amine in Example III. When
      studied in an electron capture detector, these derivatives could be traced
      down to 50 pg.
PAR  As illustrated, the procedure for preparing amine derivatives is markedly
      simplified by the use of the novel reagent. It has also been found that
      the pentafluorobenzyl carbamic esters show other advantages as derivatives
      for gas chromatography, such as extremely high electron capture response
      and high volatility, thus permitting the use of lower column temperatures
      as indicated in Table 2, in which some pentafluorobenzyl carbamates (PFB)
      of tertiary amines (Table 1) are compared with carbamates from p
      nitrobenzyl-and benzyl chloroformates.
TBL                TABLE                                                       
     ______________________________________                                    
     Structure of the tertiary amines studied                                  
                 C.sub.6 H.sub.5                                               
                 .angle.CH--R                                                  
                 C.sub.6 H.sub.5                                               
     Compound R               Generic or Trade Name                            
     ______________________________________                                    
     1        CH.sub.3 CH.sub.3                                                
                              Recipavrin.sup.(R)                               
              .vertline.                                                       
              --CH.sub.2 CHN.angle.                                            
     CH.sub.3                                                                  
     2        CH.sub.3        --                                               
              --CH.sub.2 CH.sub.2 N.angle.                                     
              CH.sub.3                                                         
     3        CH.sub.3        Diphenhydramine                                  
              --OCH.sub.2 CH.sub.2 N.angle.                                    
              CH.sub.3                                                         
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Minimum Detectable Quantities (MDQ) of some Carbamates                    
     Derivatives   Column oven                                                 
                          Retention                                            
                                Detector foil                                  
                                        MDQ .times. 10.sup.15                  
                   temperature                                                 
                          time, min                                            
                                temperature                                    
                                        moles/sec                              
                   .degree.C    .degree.C                                      
     __________________________________________________________________________
     PFB carbamate of compound 1                                               
                   210    5.8   190     0.17                                   
                                270     0.12                                   
     PFB carbamate of compound 3                                               
                   210    8.1   190     0.14                                   
                                270     0.11                                   
     PFB carbamate of compound 2                                               
                   210    6.8   190     0.14                                   
                                270     0.11                                   
     Nitrobenzyl of compound 1                                                 
                   260    6.9   290     9.4                                    
     carbamate                                                                 
     Benzyl carbamate compound                                                 
                   250    2.2   290     670                                    
     __________________________________________________________________________
PAR  While the present invention has been illustrated with respect to the
      detection of certain amines, it will be appreciated that the method herein
      disclosed is also suitable for quantitative applications and also with
      respect to other amines which form carbamates in the presence of the
      reagent, and preferably a catalyst. As discussed by Hartvig and Vessman,
      J. Chromatographic Sci., 12, pp. 722,724(1974), the tricyclic
      antidepressant imipramine and its analogues, e.g., chloroimipramine,
      trimipramine and amitriptyline give high yields of the carbamate.
      Methadone and promethazine, however, are deaminated.
PAR  As also discussed in the above article, although some side products are
      formed, the reaction with the new reagents can be utilized in quantitative
      determinations by choosing a proper internal standard. Thus, a standard
      curve was constructed for imipramine in the range 50 - 800.mu.g.
      Chloroimipramine was used as internal standard since it reacted very
      similar to imipramine. The recovery at the 200.mu.g level was 100 .+-.
      2.7%. To fully utilize the sensitivity of the derivatives in an electron
      capture detector, the excess of the reagent must be removed before the gas
      chromatographic step.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound 2,3,4,5,6-pentafluorobenzyl chloroformate.
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ABST
PAL  Certain hydrazodicarboxylates, namely polymers or oligomers made by
      reacting hydrazine with polyfunctional haloformates, especially
      difunctional haloformates, cyclized forms of said oligomers and
      condensation products of hydrocarbyl carbazates with polyfunctional,
      especially difunctional, haloformates are useful as chemical blowing
      agents for expanding gas-expandable polymeric materials. These compounds
      are novel.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional application of copending application Ser.
      No. 456,994 filed Apr. 1, 1974, now U.S. Pat. No. 3,894,974, issued July
      15, 1975, which is a continuation-in-part of application Ser. No. 354,818
      filed Apr. 26, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the production of gasexpanded polymeric materials
      with a new class of chemical blowing agents, namely certain
      hydrazodicarboxylates. These compounds are novel.
PAR  2. Description of the Prior Art
PAR  Blowing agents which decompose at relatively high temperatures are not new.
      U.S. Pat. No. 3,235,519 discloses using sulfonyl semicarbazides as blowing
      agents for polymeric materials which soften above 170.degree.C. These
      blowing agents are particularly suitable for expanding high density
      polyethylenes, and many other rubbery and plastic polymers.
PAR  U.S. Pat. NO. 3,554,397 discloses the use of certain dihydrocarbyl,
      especially dimethyl and diethyl, hdyrazodicarboxylates, as blowing agents
      in polyamide type polymers. However, this patent does not suggest the
      particular hydrazodicarboxylates of the present invention or the
      unexpected advantages thereof which are discussed below.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a new class of blowing agents which begin to
      decompose non-explosively, and controllably, at temperatures not lower
      than 200.degree.C, and preferably not lower than 225.degree.C, but have
      high heat stability at temperatures below 200.degree.C. Thus, they are
      useful for expanding polymeric materials that soften at, or below, these
      high temperatures. These new compounds are particularly suitable as high
      temperature blowing agents because of their especially low rate of
      sublimation even at elevated temperatures.
PAR  Broadly, the new class of blowing agents of the present invention includes
      certain hydrazodicarboxylates namely polymers or oligomers made by
      reacting hydrazine which polyfunctional haloformates, cyclized forms of
      such oligomers, and certain condensation products of hydrocarbylcarbazates
      with polyfunctional haloformates. Upon decomposition, these blowing agents
      produce olefins, carbon dioxide, carbon monoxide, and alcohols, and
      smaller amounts of nitrogen.
PAR  The method of the present invention comprises incorporating in a
      gas-expandable polymeric material at least one blowing agent which is an
      oligomer, cyclized form thereof, or a condensation product of the types
      fully disclosed below, and then heating the resultant composition to a
      temperature above the decomposition temperature of the blowing agent to
      cause it to liberate gas and thereby expand the polymeric material. The
      techniques employed to effect the expansion and formation of the final
      expanded product will be obvious to workers of ordinary skill in the art
      from the following disclosure.
PAR  The term "polymeric material" as used herein means homopolymers,
      interpolymers, graft polymers, and mixtures and blends of two or more of
      these, and includes thermoplastic, thermosetting and rubbery polymers. In
      particular, the new blowing agents of the invention are useful for
      expanding polymers that have high processing temperatures such as the
      polycarbonates, phenylene oxidebased resins, poly(arylsulfones), the
      various nylons, polyesters, certain polystyrenes, polypropylene, poly
      (styrene-acrylonitrile), polyacetals, urethane elastomers, polyvinyl
      polymers, poly(phenylene sulfide), poly(methylpentene), certain
      polyethylenes, polyimides, poly(aryl ethers), ABS polymers, polyacrylics,
      cellulosic polymers, halogenated polymers, especially the fluoroplastics,
      poly(ethylene-vinyl acetate), and polymer alloys.
PAR  Generally, the amount of blowing agent used will depend on the nature of
      the polymeric material to be expanded, and the desired density of the foam
      to be produced. Usually, 0.05 to 15, and, most often, 0.1 to 5.0 parts
      blowing agent are employed, based on 100 parts of polymeric material by
      weight. The blowing agents can be used alone, or in combination with other
      blowing agents. Activating substances can be used to increase the
      gasreleasing efficiency, or to lower the normal decomposition temperature,
      of the blowing agents of the invention. Other additives such as
      plasticizers, fillers, nucleating agents, and the like, can also be added
      to the polymer to be expanded.
PAR  The addition polymers or oligomers of the present invention are made by
      reacting hydrazine with polyfunctional haloformates, and preferably by
      reacting hydrazine with difunctional haloformates, especially
      chloroformates, and have the formula (I);
      ##EQU1##
      where n is a number in the range 1 to 100, preferably 2 to 50, X is
      chlorine, bromine or iodine, and A is a divalent radical selected from the
      group consisting of alkylene radicals having 2 to 6 carbon atoms, arylene
      radicals having 6 to 12 carbon atoms, oxydialkylene radicals having 4 to
      12 carbon atoms, oxydiarylene radicals containing 12 to 20 carbon atoms,
      alkylenediphenylene radicals in which the alkylene group has from 1 to 6
      carbon atoms, and alkylidenediphenylene radicals in which the alkylidene
      group has from 1 to 6 carbon atoms. Examples of these radicals are:
      methylene, ethylene, propylene, isopropylene, butylene, isobutylene,
      pentamethylene, hexamethylene, phenylene, tolylene, naphthylene,
      biphenylene, oxydiethylene, oxydipropylene, oxydibutylene,
      oxydipentamethylene, oxydihexamethylene, oxydiphenylene, oxyditolylene,
      oxydinaphthylene, methylenediphenylene, ethylenediphenylene,
      propylenediphenylene, ethylidenediphenylene, n-propylidenediphenylene, and
      isopropylidenediphenylene. If cyclization of these oligomers occurs, the
      terminal hydrogen and halogen radicals will not be present. The cyclized
      forms of these oligomers are equally useful as blowing agents.
PAR  The second group of blowing agents of the invention are the condensation
      products of hydrocarbyl carbazates with polyfunctional haloformates, and
      preferably with difunctional chloroformates. These compounds have the
      formula (II):
      ##EQU2##
      where A has the meaning given above in reference to formula (I), R and R'
      are the same or different, but preferably the same, and are hydrocarbyl
      groups such as primary, secondary or tertiary branched-chain and
      straightchain alkyl radicals having 1 to 8 carbon atoms; cycloalkyl
      radicals containing 5 to 8 carbon atoms, especially cyclohexyl; and aryl
      groups having 6 to 10 carbon atoms and aralkyl and alkaryl radicals
      containing 7 to 10 carbon atoms, such as phenyl, benzyl, the tolyls and
      the xylyls.
PAR  Among these compounds are the reaction products of ethylene
      glycolbis(chloroformate) or diethylene glycolbis(chloroformate) with an
      alkyl carbazate such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, sec. butyl or tert. butyl carbazate.
PAR  The compounds of formula (II) can be made by reacting a difunctional
      haloformate with a hydrocarbylcarbazate. Schematically, this process is
      represented as follows:
      ##EQU3##
PAR  In practice, this process is carried out at temperatures of 20.degree. to
      100.degree.C, and atmospheric pressure, in alcoholic or aqueous media, and
      in the presence of an acid sequestering agent such as an alkali metal
      carbonate. Compounds of formula (II) include those listed below, such as
     ethylenebis(-methyl hydrazodicarboxylate)*                                
     ethylenebis(-ethyl hydrazodicarboxylate)                                  
     ethylenebis(-n-propyl hydrazodicarboxylate)                               
     ethylenebis(-isopropyl hydrazodicarboxylate)                              
     ethylenebis(-n-butyl hydrazodicarboxylate)                                
     ethylenebis(-isobutyl hydrazodicarboxylate)                               
     ethylenebis(-sec-butyl hydrazodicarboxylate)                              
     ethylenebis(-tert-butyl hydrazodicarboxylate)                             
     ethylenebis(-amyl hydrazodicarboxylate)                                   
     ethylenebis(-isoamyl hydrazodicarboxylate)                                
     ethylenebis(-hexyl hydrazodicarboxylate)                                  
     ethylenebis(-heptyl hydrazodicarboxylate)                                 
     ethylenebis(-octyl hydrazodicarboxylate)                                  
     ethylenebis(-cyclopentyl hydrazodicarboxylate)                            
     ethylenebis(-cyclohexyl hydrazodicarboxylate)                             
     ethylenebis(-phenyl hydrazodicarboxylate)                                 
     ethylenebis(-tolyl hydrazodicarboxylate)                                  
     ethylenebis(-benzyl hydrazodicarboxylate)                                 
      *also may be named ethylenebis(3-carbomethoxy carbazate)                 
TBL  and                                                                       
     oxydiethylenebis(methyl hydrazodicarboxylate)                             
     oxydiethylenebis(ethyl hydrazodicarboxylate)                              
     oxydiethylenebis(n-propyl hydrazodicarboxylate)                           
     oxydiethylenebis(iospropyl hydrazodicarboxylate)                          
     oxydiethylenebis(n-butyl hydrazodicarboxylate)                            
     oxydiethylenebis(isobutyl hydrazodicarboxylate)                           
     oxydiethylenebis(sec-butyl hydrazodicarboxylate)                          
     oxydiethylenebis(tert-butyl hydrazodicarboxylate)                         
     oxydiethylenebis(amyl hydrazodicarboxylate)                               
     oxydiethylenebis(isoamyl hydrazodicarboxylate)                            
     oxydiethylenebis(hexyl hydrazodicarboxylate)                              
     oxydiethylenebis(heptyl hydrazodicarboxylate)                             
     oxydiethylenebis(octyl hydrazodicarboxylate)                              
     oxydiethylenebis(cyclopentyl hydrazodicarboxylate)                        
     oxydiethylenebis(cyclohexyl hydrazodicarboxylate)                         
     oxydiethylenebis(phenyl hydrazodicarboxylate)                             
     oxydiethylenebis(tolyl hydrazodicarboxylate)                              
     oxydiethylenebis(benzyl hydrazodicarboxylate)                             
     Also                                                                      
     isopropylidenebis(3-carbomethoxy phenylcarbazate)**                       
     isopropylidenebis(3-carbethoxy phenylcarbazate)                           
     isopropylidenebis(3-carbo-n-propoxy phenylcarbazate)                      
     isopropylidenebis(3-carbisopropoxy phenylcarbazate)                       
     isopropylidenebis(3-carbo-n-butoxy phenylcarbazate)                       
     isopropylidenebis(3-carbisobutoxy phenylcarbazate)                        
     isopropylidenebis(3-carbo-sec-butoxy phenylcarbazate)                     
     isopropylidenebis(3-carbo-tert-butoxy phenylcarbazate)                    
     isopropylidenebis(3-carbamyloxy phenylcarbazate)                          
     isopropylidenebis(3-carboisoamyloxy phenylcarbazate)                      
     isopropylidenebis(3-carbohexyloxy phenylcarbazate)                        
     isopropylidenebis(3-carboheptyloxy phenylcarbazate)                       
     isopropylidenebis(3-carboctyloxy phenylcarbazate)                         
     isopropylidenebis(3-carbocyclopentyloxy phenylcarbazate)                  
     isopropylidenebis(3-carbocyclohexyloxy phenylcarbazate)                   
     isopropylidenebis(3-carbophenoxy phenylcarbazate)                         
     isopropylidenebis(3-carbotoloxy phenylcarbazate)                          
     isopropylidenebis(3-carbobenzoxy phenylcarbazate)                         
      **May also be named isopropylidendiphenylenebis (methyl                  
      hydrazodicarboxylate)                                                    
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the preparation of some of the
      hydrazodicarboxylate addition polymers and condensation products of the
      invention, and their use as blowing agents for producing expanded
      polymeric material.
PAC  EXAMPLE I
PAC  Reaction of Ethylenebis(Chloroformate) with Ethyl Carbazate
PAR  A 1-liter flask was charged with 104 g (1.0 mole) of ethyl carbazate, 53 g
      (0.5 mole) of sodium carbonate, and 250 ml of water. To this mixture was
      added 93.5 g (0.5 mole) of ethylenebis(chloroformate) over a period of 45
      minutes, while agitating, during which the temperature rose to
      65.degree.C. The mixture was then heated to reflux for one hour. The oily
      layer was separated, poured into hexane, and a product crystallized. The
      product was filtered, washed with hexane and with hot benzene, and the
      remaining crystalline solid weighed 109 grams and melted at 132.degree.C.
      The product began to decompose at 227.degree.C. Dumas analysis gave 16.84%
      nitrogen; the calculated value is 17.39%. The product has the following
      structural formula:
      ##EQU4##
PAC  EXAMPLE II
PAC  Reaction of Ethylenebis(Chloroformate) with Methyl Carbazate
PAR  A 1-liter flask was charged with 90 g (1.0 mole) of methyl carbazate, 53 g
      (0.5 mole) sodium carbonate and 250 ml ethanol. The temperature was
      adjusted to 60.degree.C., and 93.5% g (0.5 mole) of ethylene bis
      (chloroformate) was added dropwise over a period of one-half hour as the
      temperature rose to 75.degree.C. After addition was complete, the mixture
      was refluxed one-half hour, sodium chloride crystals were filtered off,
      and the ethanol filtrate evaporated to one-half its volume. Upon standing
      overnight, a product crystallized, was filtered, washed with hexane and
      dried. The product weighed 130 g, melted at 122.degree.-126.degree.C, and
      decomposed in the range 250.degree.-300.degree.C. Dumas analysis gave
      18.57% nitrogen; the calculated value is 19.05%. The product has this
      structural formula:
      ##EQU5##
PAC  EXAMPLE III
PAC  Preparation of Addition Product of Ethylenebis (Chloroformate) with
      Hydrazine
PAR  A 2-liter reaction flask was charged with 106 g (1. mole) of sodium
      carbonate, 33 g (1.0 mole) of anhydrous hydrazine, and 750 ml water. To
      this stirred mixture, 187 g (1.0 mole) of ethylenebis(chloroformate) was
      added dropwise over a period of 1.5 hours while the reaction temperature
      was held below 50.degree.C. After stirring overnight, a white solid
      formed, was filtered, washed well with water, and dried at 60.degree.C.
      The yield was 116 g, or 80% of theory. The product melted at
      166.degree.-183.degree.C., and decomposed to produce blowing gas in the
      range 240.degree. to 290.degree.C. Upon complete decomposition, this
      product yielded 169 cc of gas per gram.
PAR  Analysis of the compound gave these data: percent nitrogen calculated,
      19.18, found 18.33; percent carbon calculated, 32.87, found 31.55; and
      percent hydrogen calculated, 4.10, found 4.31.
PAC  EXAMPLE IV
PAC  Preparation of Ethylenebis(n-propyl hydrazodicarboxylate)
PAR  A 3 liter flask was charged with:
PA1  500 ml ethanol
PA1  260 g (2.2 mole) n-propyl carbazate
PA1  176 g (2.1 mole) sodium bicarbonate
PAR  The mixture was stirred as 187 g (1.0 mole) of ethylenebis(chloroformate)
      was dropped in over 45 minutes. The temperature increased as the
      chloroformate was added and a water bath was applied to keep the
      temperature under 40.degree.C. Carbon dioxide was evolved in a rapid
      stream during the reaction. Finally, the mix was stirred an additional
      hour and a liter of cold water was gradually added. The diluted mix was
      stirred and cooled for an additional 2 hours, whereupon the product
      separated as a white crystalline solid. This was filtered off, washed with
      water and dried.
PAR  Yield = 245g; mp 107.degree.-108.degree.C
PAC  EXAMPLE V
PAR  Preparation of Oxydiethylenebis(methyl hydrazodicarboxylate)
PAR  A 2-liter flask charged with:
PA1  53g sodium carbonate
PA1  250 ml ethanol
PA1  99g (1.1 mole) methyl carbazate
PAR  Mix was stirred as 115.5g (0.5 mole) of oxydiethylenebis(chloroformate) was
      added dropwise over 1/2 hour, holding the reaction temperature under
      50.degree.C. Following the addition the mixture was stirred and warmed to
      70.degree.C. for 1 hour. The separated sodium chloride was filtered off
      (60g) and ethanol was evaporated from the filtrate. The oily residue was
      crystallized in hexane.
PAR  Yield = 175g; mp 100.degree.-125.degree.C
PAR  This product was recrystallized in benzene
TBL  Analysis       Calculated    Found                                        
     ______________________________________                                    
     %C             35.50         34.87                                        
     H              5.32          5.49                                         
     N              16.97         16.68                                        
     ______________________________________                                    
PAC  EXAMPLE VI
PAC  Preparation of Oxydiethylenebis (ethyl hydrazodicarboxylate)
PAR  Into a 2-liter three -neck flask was charged
PA1  53 grams (0.5 mole) sodium carbonate
PA1  250 ml ethanol
PA1  114.5 (1.1 mole) ethylcarbazate
PAR  The mixture was stirred as 115.5g (0.5 mole) of
      oxydiethylenebis(chloroformate) was added dropwise over one-half hour,
      holding the temperature under 50.degree.C. After the addition was complete
      the mix was warmed to 70.degree.C for 1 hour. The separated sodium
      chloride was filtered off and then ethanol was evaporated from the
      filtrate. The oily residue was crystallized from benzene.
PAR  Yield = 187g; mp. 116.degree.-122.degree.C.
     Analysis:      Calculated    Found                                        
     ______________________________________                                    
     %C             39.34         39.47                                        
     H              6.01          6.04                                         
     N              15.30         15.28                                        
     ______________________________________                                    
PAC  EXAMPLE VII
PAC  Preparation of Oxydiethylenebis(isopropyl hydrazodicarboxylate)
PAR  A 2-liter flask was charged with:
PA1  53 grams (0.5 mole) sodium carbonate
PA1  250 ml ethanol
PA1  130 g (1.1 mole) isopropyl carbazate
PAR  The mixture was stirred as 115.5g (0.5 mole) of
      oxydiethylenebis(chloroformate) was added over one-half hour, holding the
      reaction temperature under 50.degree.C. After addition was complete the
      mix was heated to 70.degree.C. and allowed to stir for 1 hour. The sodium
      chloride precipitate was filtered off (63g). The ethanol was evaporated
      from the filtrate and the oily residue was crystallized from a 50/50 mix
      of benzene and hexane.
PAR  Yield = 173g; mp 101.degree.-104.degree.C
PAL  This material decomposes to produce gaseous products at
      205.degree.-270.degree.C.
     Analysis       Calculated    Found                                        
     ______________________________________                                    
     %C             42.64         42.66                                        
     H              6.60          6.80                                         
     N              14.27         14.22                                        
     ______________________________________                                    
PAC  EXAMPLE VIII
PAC  Preparation of 4,4'-Isopropylidenebis (N'-carbisobutoxyphenyl carbazate)
PAR  Into a 2-liter flask was introduced:
PA1  500 ml ethanol
PA1  145.7 g (1.1 mole) isobutyl carbazate
PA1  84 g (1.0 mole) sodium bicarbonate
PAR  The mixture was stirred as 176.5g (0.5 mole) of bisphenol A
      bischloroformate was added over 1/2 hour, holding the temperature under
      50.degree.C. Then the mixture was stirred for 1/2 hour as the temperature
      was increased to 70.degree.C. The separated sodium chloride was filtered
      off (60 g) and the ethanol was removed from the filtrate (topped to
      150.degree.C. 12mm). The clear yellow oil was poured from the flask and
      allowed to cool and harden.
PAR  Yield = 28.2g light yellow resin; mp = 65.degree.-70.degree.C; dec
      210.degree.-300.degree.C.
PAC  EXAMPLE IX
PAC  Expansion of Polysulfone Resin with Ethylene bis (ethyl
      hydrazodicarboxylate)
PAR  Ethylenebis(ethyl hydrazodicarboxylate) was tumble-blended with pellets of
      polysulfone resin, coded P-1700, and made by Union Carbide Company. These
      pellets were fed into an extruder (Laboratory Plastic Extruder, Table
      Model, made by Wayne Machine & Dye Co., and having a 0.75 inch diameter,
      and a length/diameter ratio of 20:1), under the conditions shown in Table
      I. The density measurement of the expanded extrudate demonstrates that the
      blowing agent of the invention expands the polysulfone effectively, and
      lowers its density significantly.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Expansion of Polysulfone with Ethylenebis(ethyl hydrazodicarboxylate)     
                  %Blowing  Extruder Temperature .degree.C                     
                                            Screw     %Density                 
     Blowing Agent                                                             
                  Agent by Weight                                              
                            Rear                                               
                                Front                                          
                                    Die Stock                                  
                                            Speed                              
                                                Density                        
                                                      Reduction                
     __________________________________________________________________________
     None (Resin alone)                                                        
                  --        --  --  --  --  --  1.22265                        
                                                      --                       
     Ethylenebis(ethyl hydra-                                                  
                  1.0       277 299 243 263 30  0.44370                        
                                                      63.4                     
      zodicarboxylate)                                                         
     __________________________________________________________________________
PAC  EXAMPLE X
PAC  Expansion of Polycarbonate Polymer
PAR  A 5% glass-filled polycarbonate polymer (Lexan "FL 900." product of General
      Electric Company) was injection molded, using 1 part of the blowing agents
      listed below per one hundred parts of resin, employing a 41/2 oz.
      Battenfeld reciprocating screw injection molding machine.
TBL                Table                                                       
     ______________________________________                                    
     Blowing Agent                                                             
                Sample Weight (g)                                              
                               % Weight Reduction                              
     ______________________________________                                    
     None       150            --                                              
     EEHD       93             38                                              
     EIPHD      90             40                                              
     EIBHD      90             40                                              
     OIPHD      74             51                                              
     ______________________________________                                    
      EEHD = ethylenebis(ethyl hydrazodicarboxylate)                           
      EIPHD = ethylenebis(isopropyl hydrazodicarboxylate)                      
      EIBHD = ethylenebis(isobutyl hydrazodicarboxylate)                       
      OIPHD = oxydiethylenebis(isopropyl hydrazodicarboxylate)                 
PAR  The above results indicate the efficiency of the compounds of the invention
      in effectively expanding a thermoplastic resin.
PAR  The new blowing agents of the present invention have an unexpected
      advantage over simple dihydrocarbyl hydrazodicarboxylates in that the
      agents of the invention undergo less sublimation or heat loss when heated
      to elevated temperatures. This is demonstrated by the data in the
      following table.
TBL  ______________________________________                                    
     Heat Loss(% by weight) of Blowing Agents                                  
                    Exposure Time at 250.degree.F                              
     Compound          1 hr.  2 hrs.  3 hrs.                                   
                                            4 hrs.                             
     ______________________________________                                    
     Diethyl hydrazodicarboxylate                                              
                        8.3   39.5    53.3  99.5                               
     Di-n-propyl hydrazodicarboxylate                                          
                        9.0   24.3    31.7  98.9                               
     Diisopropyl hydrazodicarboxylate                                          
                       23.6   48.0    62.5  99.9                               
     Diisobutyl hydrazodicarboxylate                                           
                        9.6   16.9    30.3  99.4                               
     Ethylenebis                                                               
     (2-carbethoxy carbazate)                                                  
                        0.3   0.3     0.6   8.1                                
     ______________________________________                                    
PAR  Heat loss measurements on homologues of ethylenebis (2-carbethoxy
      carbazate) such as the 2-carbomethoxy carbazate, the 2-carbisopropoxy
      carbazate and the 2-carbisobutoxy carbazate gave very similar results.
PAR  The heat loss test used was the standard one known to the art for measuring
      the degree of sublimation or heat loss of chemical and polymeric
      materials. The temperature in the air oven used was
      250.degree.F(ca.121.degree.C).
PAR  The lower degree of sublimation or heat loss of the blowing agents of the
      invention is advantageous because it indicates a significantly lower loss
      of blowing agents of the invention during the step of drying the
      polymer-blowing agent mixture which commonly precedes the shaping or other
      processing operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oligomer of the formula
      ##EQU6##
      wherein n is a number in the range of from 1 to 100, X is chlorine, and A
      is a divalent radical selected from the group consisting of alkylene
      radicals having 2 to 6 carbon atoms, arylene radicals 6 to 12 carbon
      atoms, oxydialkylene radicals having 4 to 12 carbon atoms, and
      oxydiarylene radicals containing 12 to 20 carbon atoms,
      alkylenediphenylene radicals in which the alkylene group has from 1 to 6
      carbon atoms, and alkylidenediphenylene radicals in which the alkylidene
      group has from 1 to 6 carbon atoms.
NUM  2.
PAR  2. The oligomer of claim 1, wherein A is selected from the group consisting
      of methylene, ethylene, propylene, isopropylene, butylene, isobutylene,
      pentamethylene, hexamethylene, phenylene, tolylene, naphthylene,
      biphenylene, oxydiethylene, oxydipropylene, oxydibutylene,
      oxydipentamethylene, oxydihexamethylene, oxydiphenylene, oxyditolylene,
      oxydinaphthylene, methylenediphenylene, ethylenediphenylene,
      propylenediphenylene, ethylidenediphenylene, n-propylidenediphenylene, and
      isopropylidenediphenylene.
NUM  3.
PAR  3. The oligomer of claim 2, wherein A is ethylene.
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ABST
PAL  Cyclopentane derivatives of the formula
      ##SPC1##
PAL  Wherein R.sup.1 is a group of the formula
EQU  --(CH.sub.2).sub.n --X
PAL  in which X is a carboxyl group or its homologue, a halogen atom or a
      hydroxyl group and n is an integer of from 1 to 7; Y.sup.1 is a formyl
      group of a carboxyl group or its homologue; and Z.sup.1 is a formyl group,
      a carboxyl group, a hydroxymethyl group, an acetyl group, an acetoxy
      group, or a hydroxyl group and a process for their preparation are
      disclosed. The process schematically comprises the Diels-Alder reaction of
      a compound having the formula R.sup.1 --CH=CH--Y.sup.1 with
      cyclopentadiene followed by oxidation of the bicycloheptene reaction
      product formed into a cyclopentane derivative in which Z.sup.1 is a formyl
      group, a hydroxymethyl group or a carboxy group. Subsequent conversion of
      this cyclopentane derivative by methylation into a diacetyl cyclopentane
      compound followed by peroxidation and hydrolysis results in the production
      of a series of cyclopentane derivatives which are useful, for example, as
      intermediates for the production of prostaglandins.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel cyclopentane derivatives and a process for
      their production. More specifically, the invention pertains to novel
      cyclopentane derivatives of the formula
      ##SPC2##
PAL  Wherein R.sup.1 is a group of the formula
EQU  --(CH.sub.2).sub.n --X
PAL  in which X is a carboxyl group or its homologue, a halogen atom or a
      hydroxyl group and n is an integer of from 1 to 7; Y.sup.1 is a formyl
      group or a carboxyl group or its homologue; and Z.sup.1 is a formyl group,
      a carboxyl group, a hydroxymethyl group, an acetyl group, an acetoxy group
      or a hydroxyl group.
PAR  The cyclopentane derivatives of the formula (I) are useful as intermediates
      for the production of medicines, for example, prostaglandins which have
      broad pharmacological action such as vassodepressors, stimulants of smooth
      muscle, gastric secretion inhibitors, reducers of platelet stickiness or
      inhibitors of thrombus formation and therefore attract great attention in
      medical and pharmacological fields.
PAR  Out extensive work has led to the discovery that such useful prostaglandins
      and their homologues can be obtained with great industrial advantage from
      the cyclopentane derivative of the formula (I).
PAR  Typical examples of processes for producing prostaglandins are
      schematically shown as follows:
      ##SPC3##
PAL  Prostaglandin-F.sub.2 also can be obtained from the cyclopentane derivative
      of the formula (I), wherein X is a halogen or a hydroxyl group, and n is
      2, or X is a carboxyl group or its homologue, and n is 1, Y.sup.1 is a
      formyl group or a carboxyl group or its homologue and Z.sup.1 is an
      acetoxy group or a hydroxyl group.
PAR  The production of the prostaglandins described above is only an example of
      the application of the cyclopentane derivatives of the present invention,
      and it should be noted that the utilities of the cyclopentane derivatives
      of the invention are not limited to it.
PAR  An object of the present invention is to provide novel cyclopentane
      derivatives which are useful as intermediates for the preparation of
      medicines.
PAR  Another object of the present invention is to provide a process for
      producing these novel cyclopentane derivatives.
PAR  Other objects and advantages of the present invention will be apparent from
      the following description.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, the novel cyclopentane derivatives of
      the formula (I) above are produced by a process which comprises oxidizing
      a bicycloheptene derivative of the formula (II)
      ##SPC4##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, to yield a cyclopentane
      derivative of the formula (Ia)
      ##SPC5##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above and Z.sup.2 is a formyl
      group, a carboxyl group or a hydroxymethyl group, and, if desired, further
      oxidizing the cyclopentane derivative of the formula (Ia) in which Z.sup.2
      is a hydroxymethyl group, namely a cyclopentane derivative of the formula
      (Ib)
      ##SPC6##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, to yield a cyclopentane
      derivative of the formula (Ia) in which Z.sup.2 is a formyl group, namely
      a cyclopentane derivative of the formula (Ic)
      ##SPC7##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, and, if desired, further
      oxidizing the cyclopentane derivative of the formula (Ib) or (Ic), to
      yield a cyclopentane derivative of the formula (Ia) in which Z.sup.2 is a
      carboxyl group, namely a cyclopentane-1,3-dicarboxylic acid derivative of
      the formula (Id)
      ##SPC8##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, and, if desired,
      converting the cyclopentane derivative of the formula (Ic) or (Id) to a
      diacetyl-cyclopentane derivative of the formula (Ie)
      ##SPC9##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, and, if desired, reacting
      the diacetyl-cyclopentane derivative of the formula (Ie) with a peroxide,
      followed, if desired, by hydrolysis, to yield a cyclopentane-1,3-diol
      derivative of the formula (If)
      ##SPC10##
PAL  wherein R.sup.1 and Y.sup.1 are as defined above and Z.sup.3 is an acetoxy
      prior to hydrolysis or a hydroxyl group after hydrolysis.
PAR  The bicycloheptene derivative of the formula (II) is produced according to
      the invention by a Diels-Alder reaction of a compound of the formula (III)
EQU  r.sup.1 --ch=ch--y.sup.1                                   (iii)
PAL  wherein R.sup.1 and Y.sup.1 are as defined above, with cyclopentadiene.
PAR  The reactions involved in the present invention are schematically
      illustrated as follows:
      ##SPC11##
PAR  The term "homologue" of a carboxyl group as used throughout the
      specification and claims is intended to mean a group capable of being
      readily derived into a carboxyl group or derived from a carboxyl group by
      known methods. Examples of such include C.sub.1 -C.sub.4 alkoxycarbonyl
      groups, such as methoxycarbonyl, ethoxycarbonyl and t-butoxycarbonyl,
      amide groups such as carbamoyl, methylcarbamoyl and dimethylcarbamoyl, or
      a cyano group and it may take any desired form within the scope of the
      definition depending upon the reaction conditions, after-treatment and the
      like. The formyl group represented by Y.sup.1 may be converted, if
      desired, to a carboxyl group or its homologue at any stage by a known
      oxidative method, for example, the formyl group can be converted to a
      carboxyl group by treatment with oxidizing agents, such as potassium
      permanganate, chromium trioxide, sodium dichromate, silver oxide, peracid
      and the like, and the formyl group can be converted to a cyano group by
      oxination and subsequent dehydration.
PAR  On the other hand, the carboxyl group or its homologue may be converted, if
      desired, to a formyl group at any stage by known reductive methods, for
      example, the formyl group can be obtained from a carboxyl group by a
      Rosemund reaction, and from a cyano group by Stephen reaction or reduction
      with metal hydride compounds.
PAR  The formyl group represented by Y.sup.1 is, however, rather sensitive
      toward the reactions involved in the present invention, and therefore
      during the course of the reactions of the invention it is preferable to
      protect the formyl group in a usual manner such as acetallization, or to
      generate the formyl group from the carboxyl group or its homologue at a
      later stage of the present invention.
PAR  Preferred examples of groups represented by R.sup.1 include
      1-substituted-methyl, 2-substituted ethyl, 5-substituted-pentyl,
      6-substituted-hexyl and 7-substituted-heptyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of the present invention will now be described below stage by
      stage.
PAC  STAGE 1
PAC  Production of Novel Bicycloheptene Derivatives of the Formula (III)
PAR  The bicycloheptene derivatives of the formula (II)
      ##SPC12##
PAL  prepared in this stage are novel compounds except the case in which R.sup.1
      is a halomethyl group, and are obtained by reacting the compounds of the
      formula (III)
EQU  r.sup.1 --ch=ch--y.sup.1                                   (iii)
PAL  with cyclopentadiene to form diene-adducts using the Diels-Alder reaction.
PAR  The compound of the formula (III) and cyclopentadiene may be directly mixed
      with each other to perform the reaction, but it is also possible to react
      them in an inert solvent, such as ether, benzene, toluene, xylene,
      methanol, ethanol, propanol, acetic acid or methylene chloride.
PAR  The reaction temperature is optional and can range from 0.degree. to
      200.degree.C, but generally it is better to promote the reaction by
      heating. The ratio of the compound of the formula (III) to cyclopentadiene
      used in the reaction is optional and can range from 10:1 to 1:10.
PAR  The bicycloheptene derivative so obtained may be separated and purified by
      conventional methods such as chromatography and distillation.
PAR  The bicycloheptene derivative is considered to include four stereoisomers
      (diastreomers). This stereoisomerism is strongly restricted by the type of
      geometrical isomerism (trans and cis) of the starting compound of the
      formula (III). The stereosiomers may, if desired, be separated by known
      means, such as column chromatography as gas chromatography.
PAR  Most of the starting compounds of the formula (III) are novel compounds
      which are synthesized by the inventors of the present invention using
      several procedures; some examples of them are illustrated as follows:
      ##EQU1##
PAC  STAGE 2
PAC  Production of Novel Cyclopentane Derivatives of the Formula (Ia)
PAR  The novel cyclopentane derivatives of the formula (Ia)
      ##SPC13##
PAL  are produced by oxidizing the bicycloheptene derivatives of the formula
      (II), obtained in Stage 1, with ozone or other oxidizing agents to cleave
      the double bond.
PAR  The practice of the above-described process includes various embodiments.
      The group Z.sup.2 of the product in this stage describes a functional
      group selected from the group consisting of a carboxyl group, a formyl
      group and a hydroxymethyl group depending upon the oxidation stage and the
      method of after-treatment.
PAR  Where the oxidation is carried out using ozone, this has to do with the
      after-treatment of ozonide which is a primary product.
PAR  When the after-treatment is hydrolysis or thermal decomposition, the group
      Z.sup.2 of the product is a formyl group or a carboxyl group, and if if is
      oxidative decomposition, Z.sup.2 of the product will be a carboxyl group.
      Reductive decomposition, on the other hand, gives a product in which
      Z.sup.2 is formyl or hydroxymethyl.
PAR  The hydroxymethyl compound (Ib) may, if desired, be converted by
      conventional oxidative methods to the formyl compound (Ic), and moreover,
      the hydroxymethyl compound (Ib) or the formyl compound (Ic) may, if
      desired, be oxidized by conventional methods to the carboxyl compound
      (Id). The formyl compound (Ic) and the carboxyl compound (Id) are the
      starting materials of Stage 3 to be described.
PAR  The formation of the ozonide, which is the first stage of the oxidation
      with ozone, can be effected by contacting the bicycloheptene derivative of
      the formula (II) obtained in Stage 1 with ozone, preferably in an inert
      solvent. Any solvents generally used in ozone oxidations may be used.
      Suitable examples include petroleum ether, hexane, heptane, cyclohexane,
      ligroin, nitromethane, benzene, toluene, chloroform, methylene chloride,
      carbon tetrachloride, methanol, ethanol, isopropanol, acetic acid, methyl
      acetate, and ethyl acetate.
PAR  The reaction temperature used is optional and can range from -78.degree.C
      to 100.degree.C, but generally room temperature or lower temperatures are
      employed.
PAR  The ozone can be used in the stoichiometrical amount. Generally, it is
      advantageous to bubble ozone through the reaction system until the
      starting compound disappears.
PAR  The decomposition of the resulting ozonide may be performed by heating it
      directly, or putting it into water or an inert solvent heated to the
      desired temperature and generally a temperature over 100.degree.C is
      preferable.
PAR  Typical examples of oxidative decomposition include the treatment of the
      ozonide with an oxidizing agent such as a manganese compound, a chromium
      compound or nitric acid, or the treatment of the ozonide with a mixture of
      hydrogen peroxide and an organic acid such as acetic acid or formic acid
      or with hydrogen peroxide alone, and the ratio of the oxidizing agents to
      the ozonide used in the reaction is optional and can range from 1:1 to
      1:20 and the temperature employed in the reaction can vary depending on
      the kind of oxidizing agent, but generally the oxidation decomposition can
      be carried out at a temperature below 100.degree.C.
PAR  Typical examples of reductive decomposition include the treatment of the
      ozonide with sulfur dioxide or a sulfite, the treatment of the ozonide
      with zinc powder and acetic acid, catalytic reduction of the ozonide using
      platnium-, palladium-catalysts and the like, or the treatment of the
      ozonide with a metal hydride compound such as lithium aluminum-hydride or
      sodium borohydride, and the reaction conditions employed in the reductive
      decomposition vary depending on the kind of reducing agent, but the ratio
      of reducing agent is generally used in an excess mole ratio to the
      ozonide, but in case a powerful reducing agent such as lithium aluminum
      hydride is used, a ratio near the stoichiometrical amount is preferable.
      The reaction temperature employed in the reaction varies depending on the
      kind of reducing agent, but in case a catalytic reduction or a reduction
      with a metal hydride compound is employed, the reaction can be carried out
      preferably at a temperature below room temperature.
PAR  On the other hand, the oxidative cleavage of the bicycloheptene derivative
      of the formula (II) to the cyclopentane derivative of the formula (Ic) or
      to the cyclopentane derivative of the formula (Id) can also be achieved by
      reacting the bicycloheptene derivative (II) with oxidizing agents other
      than ozone.
PAR  Although the practice of the above-described oxidation includes various
      embodiments, the variation mainly depends upon the type of the oxidizing
      agent employed in the reaction.
PAR  The bicycloheptene derivative (II) can be oxidized to the cyclopentane
      skeleton without isolating any intermediate by using fairly powerful
      oxidizing agents such as potassium permanganate, and the ratio of the
      oxidizing agent to the bicycloheptene derivative (II) or the reaction
      temperature employed in the reaction is optional, but generally a
      stoichiometric amount of the oxidizing agent is used at a temperature
      below room temperature.
PAR  Additionally, it is possible to cleave the double bond of the
      bicycloheptene derivative (II) in two steps. That is, the double bond is
      first oxidized to a vicinal glycol, and then the glycol is subjected to
      further oxidation to cleave the C--C bond. For the oxidation of the
      bicycloheptene derivative (II) to a vicinal glycol type intermediate, such
      agents as osmium tetraoxide or peracid are available, and for the
      oxidation of the vicinal glycol type intermediate to the cyclopentane
      derivative of the formula (Ia), such agents as periodic acid and its metal
      salts, lead tetraacetate, a manganese compound, a chromium compound are
      available. It should be noted that a combination agent such as osmium
      tetraoxide-sodium periodate or potassium permanganate-sodium periodate are
      also available for oxidation of the bicycloheptene derivative (II) to the
      cyclopentane derivative (Ia).
PAR  The type of the final product of the above-described oxidation depends on
      the type of oxidizing agent or the oxidizing conditions.
PAR  The resulting cyclopentane derivatives may be separated and purified by
      general procedures such as extraction, distillation or chromatography.
PAR  This product of Stage 2 could include eight stereo-isomers
      (diastereoisomers) based on the four asymmetric carbon atoms. According to
      the reaction route of this stage, the two Z.sup.2 groups assume a
      cis-configuration, and the configuration of R.sup.1 and Y.sup.1 is
      restricted by the configuration of the starting compound of the formula
      (II). Accordingly, the process of this stage has the advantage that the
      intended product can be synthesized stereo-selectively by properly
      choosing the starting compound.
PAC  STAGE 3
PAC  Production of Novel Diacetyl-Cyclopentane Derivatives of the Formula (Ie)
PAR  The novel diacetyl-cyclopentane derivatives of the formula (Ie)
      ##SPC14##
PAL  are produced by methylation of active carboxylic acid derivatives of the
      cyclopentane-1,3-dicarboxylic acid derivatives of the formula (Id)
      obtained in Stage 2
      ##SPC15##
PAL  or by methylation of the cyclopentane derivative of the formula (Ic)
      obtained in Stage 2.
      ##SPC16##
PAR  i. The procedure from the active carboxylic acid derivatives of the
      cyclopentane-1,3-dicarboxylic acid derivatives (Id) to the
      diacetylcyclopentane derivatives (Ie) is as follows.
PAR  First of all, the novel diacetyl-cyclopentane derivatives (Ie) are produced
      by reacting the active carboxylic acid derivatives of the
      cyclopentane-1,3-dicarboxylic acid derivatives (Id) with a metal methyl
      compound.
PAR  Alternatively, these compounds of the formula (Ie) are produced by reacting
      the active carboxylic acid derivatives of the
      cyclopentane-1,3-dicarboxylic acid derivatives (Id) with diazomethane to
      form novel bis-diazoacetylcyclopentane derivatives of the formula (Id')
      ##SPC17##
PAL  or contacting the resulting bis-diazoacetyl-cyclopentane derivatives of the
      formula (Id') with a hydrogen halide such as hydrogen chloride or hydrogen
      bromide to form novel bis-haloacetyl-cyclopentane derivatives of the
      formula (Id")
      ##SPC18##
PAL  wherein Hal is halogen, and subjecting the diazoacetyl group of the
      compound (Id') or the haloacetyl group of the compound (Id") to a
      reductive hydrogen substitution reaction.
PAR  The active carboxylic acid derivatives described above are intended to
      cover ordinary carboxylic acid derivatives capable of readily reacting
      with a metal methyl compound or diazomethane, and their examples are acid
      halides, mixed acid anhydrides, and active esters such as p-nitrophenyl
      esters, pentachlorophenyl esters.
PAR  The process for producing these active carboxylic acid derivatives will be
      explained as follows. The acid halides of the
      cyclopentane-1,3-dicarboxylic acid derivatives of the formula (Id) may be
      prepared by general methods of converting carboxylic acids to acid
      halides. Specifically, this is accomplished, for example, by a method of
      reacting the cyclopentane-1,3-dicarboxylic acid derivatives of the formula
      (Id) with thionyl chloride, thionyl bromide, phosphorus trichloride,
      phosphorus tribromide, or phosphorus pentachloride, a method of reacting
      them with oxalic chloride or oxalic bromide by heating, or reacting them
      with phosgene using dimethyl formamide as a catalyst.
PAR  The preparation of the mixed acid anhydride is accomplished by condensing
      the cyclopentane-1,3-dicarboxylic acid derivatives of the Formula (Id)
      with a halocarbonic acid alkyl ester such as methyl chlorocarbonate or
      ethyl chlorocarbonate in the presence of a base. The base is used in an
      amount capable of supplementing a halic acid formed by the condensation
      reaction. Typical examples of the base used in this reaction include
      organic tertiary bases such as triethyl amine, or dimethyl aniline, alkali
      hydroxides such as sodium hydroxide and potassium hydroxide, and alkali
      alkoxides such as sodium ethylate or sodium methylate.
PAR  Advantageously, this reaction is performed in an inert solvent such as
      ether, tetrahydrofuran, dioxane, dimethoxyethane, diethylene glycol
      dimethyl ether, benzene, toluene, or methylene chloride.
PAR  The reaction of such an active carboxylic acid derivative with a metal
      methyl compound is performed by contacting them in an inert solvent.
PAR  Typical examples of the metal methyl compound include Grignard reagents
      such as methyl magnesium iodide or methyl magnesium bromide, methyl
      lithium, methyl cadmium, and methyl zinc. Methyl cadmium and methyl zinc
      are especially noted because they act strongly on the active carboxyl
      group but hardly on the other functional groups.
PAR  Generally, it is advantageous to use the metal methyl compound in about a
      stoichiometrical amount. The reaction temperature employed in the reaction
      is optional and can range from -20.degree. to 100.degree.C. As the inert
      solvent, solvents such as ether, dioxane, dimethoxyethane, diethylene
      glycol dimethyl ether, benzene or toluene are used. The reaction
      temperature may be chosen within the range below the boiling point of the
      solvent used.
PAR  In an alternative embodiment of the present procedure, the active
      dicarboxylic acid derivatives are reacted with diazomethane to convert
      them to a diazoketone structure (Id').
PAR  The reaction is performed by contacting them with diazomethane in an inert
      solvent such as ether, dimethoxyethane, heptane, hexane, benzene or
      toluene.
PAR  The resulting bis-diazoacetyl-cyclopentane derivatives of the formula (Id')
      having the diazoketone structure may be readily converted to
      bis-haloacetyl-cyclopentane derivatives of the formula (Id") having a
      haloketone structure by contacting with a hydrogen halide such as hydrogen
      chloride or hydrogen bromide.
PAR  Where the acid halide derivative of the cyclopentane-1,3-dicarboxylic acid
      derivative of the formula (Id) is reacted with diazomethane to yield the
      bis-diazoacetyl-cyclopentane derivative of the formula (Id'), if the
      amount of diazomethane is small, hydrogen halide formed by the reaction
      acts on the bis-diazoacetyl-cyclopentane derivative of the formula (Id')
      and converts it to the bis-haloacetyl-cyclopentane derivative (Id").
      Hence, when it is desired to obtain the bis-diazoacetyl-cyclopentane
      derivative of the formula (Id') advantageously, it is better to use
      diazomethane in an excess amount (several times the stoichiometric amount)
      so as to consume the free hydrogen halide.
PAR  On the other hand, when the production of the bis-haloacetyl-cyclopentane
      derivative is intended, it is preferred that diazomethane be used in an
      amount equimolar to, or less than, the acid halide derivative. It is more
      advantageous, however, to form the bis-diazoacetyl-cyclopentane derivative
      of the formula (Id') first, and then contact it with a hydrogen halide of
      greater than the corresponding amount (several times) to form the
      bis-haloacetyl-cyclopentane derivative (Id").
PAR  The bis-diazoacetyl-cyclopentane derivative (Id') or
      bis-haloacetyl-cyclopentane derivative (Id") is then reductively converted
      to the diacetyl-cyclopentane derivative of the formula (Ie).
PAR  One effective reducing method for the bis-diazoacetyl-cyclopentane
      derivative of the formula (Id') involves contacting it with an aqueous
      solution of hydroiodic acid as follows:
EQU  (Ic') + 4HI .fwdarw. (Id) + 2I.sub.2 + 2N.sub.2
PAL  the reaction is performed by contacting the bis-diazoacetyl-cyclopentane
      derivative of the formula (Id') with at least 4 times on a molar basis the
      amount of an aqueous solution of hydroiodic acid at a temperature
      substantially below room temperature either directly or in an inert
      solvent such as ether, chloroform, carbon tetrachloride, methylene
      chloride or benzene.
PAR  On the other hand, the reduction of the bis-haloacetyl-cyclopentane
      derivative of the formula (Id") is carried out especially by using zinc or
      by the catalytic reducing method. Zinc is used in a powder form together
      with water, alcohol, acid or alkali. An especially effective method
      comprises reacting the bis-haloacetyl-cyclopentane derivative (Id") with
      zinc powder in an organic acid such as acetic acid or a mineral acid such
      as hydrochloric acid. The catalytic reduction is accomplished by
      contacting the bis-haloacetyl-cyclopentane derivative (Id") with molecular
      hydrogen in the presence of a catalyst such as palladium, and the reaction
      generally proceeds at a temperature below room temperature.
PAR  ii. An alternative procedure for this stage is a conversion from the
      cyclopentane derivatives of the formula (Ic) to the diacetyl-cyclopentane
      derivatives of the formula (Ie). This process can be accomplished by
      contacting the cyclopentane derivatives of the formula (Ic) with
      diazomethane in an inert solvent such as ether, dimethoxyethane, dioxane,
      benzene, ethyl acetate, chloroform and the like. The reaction temperature
      employed in this procedure is substantially below room temperature and the
      reaction time is optional and can range from 0.5 hour to 48 hours.
PAR  The final product of this stage, diacetyl-cyclopentane derivative of the
      formula (Ie) is generally obtained as an oily substance. If desired, it
      may be refined using conventional methods.
PAR  The products of the formula (Ie) could include eight stereoisomers
      (diastereoisomers). However, the stereoisomerism is restricted by the
      steric configuration of the starting compound, the
      cyclopentane-1,3-dicarboxylic acid derivative.
PAR  The process of Stage 3 can be practiced irrespective of the
      stereoisomerism, and therefore, is applicable to a mixture of
      stereoisomers, and if desired, to compounds having specific steric
      configurations.
PAC  STAGE 4
PAC  Production of Novel Cyclopentane-1,3-diol of the Formula (If)
PAR  The novel cyclopentane-1,3-diol derivatives of the formula (If)
      ##SPC19##
PAL  are prepared by reacting the novel diacetylcyclopentane derivatives of the
      formula (Ie) obtained in Stage 3
      ##SPC20##
PAL  with peroxides, followed, if desired, by hydrolysis. The group Z.sup.3 of
      the product of this stage is an acetoxy group prior to hydrolysis and a
      hydroxyl group after hydrolysis.
PAR  The process of this stage can be carried out under various conditions, but
      basically by reacting the starting compound of the formula (Ie) with a
      peroxide in an inert solvent on the basis of Baeyer-Villiger reaction.
PAR  Examples of peroxides which can be used in this reaction include organic
      peroxides such as peracetic acid, performic acid, perbenzoic acid,
      meta-chloroperbenzoic acid, perphthalic acid, permaleic acid or
      trifluoroperacetic acid, persulfuric acid, and hydrogen peroxide.
PAR  As the inert solvent such compounds as acetic acid, chloroform, methylene
      chloride, ether, hexane, benzene, carbon tetrachloride, and ethyl acetate
      are used.
PAR  The reaction temperature and time can be optionally determined on
      consideration of the correlation between them, but the reaction
      temperature may be any temperature below the boiling point of the solvent
      used. The mole ratio of the peroxide to the diacetyl-cyclopentane
      derivative (Ie) is optional, but it is advantageous to use the peroxide in
      an excess amount to the diacetylcyclopentane derivative (in the range of
      several times to 20 times).
PAR  The reaction may, if desired, be promoted by adding a strong acid such as
      perchloric acid, sulfuric acid, or toluenesulfonic acid.
PAR  The final product of the formula (If) is generally obtained as an oily
      substance, which can be purified by methods known in the art, such as
      chromatography. The product may be separated after hydrolyzing its acetoxy
      group to a hydroxyl group.
PAR  The diacetoxy compound obtained by the afore-described reaction with the
      peroxide may be converted to a diol derivative (Ig) by hydrolysis. The
      diol derivative may be obtained by hydrolyzing the product at the same
      time as its separation or after separation. Conventional ester hydrolysis
      conditions are employed.
PAR  The product of the formula (If) could have a number of stereoisomers
      (diastereomers). The process of this stage, however, is applicable to a
      mixture of stereoisomers, and if desired, to compounds having specific
      steric configurations.
DETD
PAR  The present invention will be described further by reference to the
      following Examples which are presented for illustrative, rather than
      limitative, purposes.
PAR  Examples 1 to 12 relate to Stage 1, Examples 13 to 23 to Stage 2, Examples
      24 to 31 to Stage 3, and Examples 32 to 35 to Stage 4.
PAC  EXAMPLE 1
PAR  3.0 grams of 9-carboethoxy-2-trans-nonenal and 10 g of cyclopentadiene were
      diluted with 5 ml of toluene, and the solution was heated in an autoclave
      for 7 hours at about 120.degree.C.
PAR  The product was treated in an usual manner. The crude oily substance
      obtained was subjected to chromatograhy on silica gel to yield 0.5 g of
      bicyclo[2.2.1]hept-5-ene-3-endo-(6'-carboethoxyhexyl)-2-exocarboxaldehyde
      and 0.4 g of
      bicyclo[2.2.1]hept-5-ene-3exo-(6'-carboethoxyhexyl)-2-endo-carboxaldehyde.
      There was recovered 1.8 g of unreacted nonenal derivative.
PAR  The bicycloheptene derivatives were obtained as oily substances and had the
      following characteristics:
PAR  2-exo-carboxaldehyde derivative: Infrared absorption (film method, unit
      cm.sup.-.sup.1): 2820, 2720, 1735, 1720, 1240, 1170; nuclear magnetic
      resonance [60 Mc, unit ppm from tetramethylsilane (TMS) (in CCl.sub.4)];
      the aldehyde proton appeared at 9.7 as doublet (coupling constant J=2
      cps).
PAR  2-endo-carboxyaldehyde derivative. Infrared absorption (film method, unit
      cm.sup.-.sup.1): 2820, 2720, 1735, 1720, 1240, 1170; nuclear magnetic
      resonance (in CCl.sub.4, unit .delta. value, ppm from TMS): the aldehyde
      proton appeared at 9.3 as doublet (J=3 cps).
PAC  EXAMPLE 2
PAR  2.1 grams of 9-carboethoxy-2-cis-nonenal and 1.4 g of cyclopentadiene were
      diluted with 15 ml of toluene, and the solution was heated in an autoclave
      for 4 hours at about 130.degree.C.
PAR  The product was subjected to chromatography on silica-gel to yield oily
      bicyclo[2.2.1]hept-5-ene-3-(6'-carboethoxyhexyl)-2-carboxaldehyde. There
      was recovered 1.3 g of unreacted nonenal derivative.
PAR  The properties of this bicycloheptene derivative were as follows. Infrared
      absorption (film method): 2820, 2720, 1735, 1720, 1240, 1170.
PAC  EXAMPLE 3
PAR  The bicycloheptene(2-exo-carboxaldehyde) derivative obtained in Example 1
      was dissolved in a cold aqueous solution of sodium hydroxide to saponify
      the ester group on the side chain, and precipitated with an acid to
      separate it as the free acid, followed by purification. There was obtained
      bicyclo-[2.2.1]hept-5-ene-3-(6'-carboxyhexyl)2-carboxyaldehyde. Its main
      component was an aldehyde derivative having a steric configuration such
      that in the nuclear magnetic resonance spectrum, the aldehyde proton
      appeared at 9.7 (in CDCl.sub.3) as doublet signal (J=2 cps).
PAC  EXAMPLE 4
PAR  A mixed solution of 0.5 g of 9-carboxy-2-trans-nonenal, 1 g of
      cyclopentadiene and 3 ml of xylene was heated in an autoclave for 7 hours
      at 130.degree.C.
PAR  An acidic substance was extracted from the reaction product. The acidic
      substance (free acid) obtained was converted to its methyl ester by
      treatment with diazomethane, and then purified by chromatography to yield
      about 0.1 g of bicyclo-[2.2.1]hept-5-ene-3-(6'-carbomethoxyhexyl)-
      2-carboxaldehyde which corresponded to a methyl ester of the compound
      obtained in Example 3.
PAR  0.3 grams of ethyl 9-carboethoxy-2-trans-noneate
      (diethyl)-octene-1,8-dicarboxyate) and 2 g of cyclopentadiene were diluted
      with 15 ml of toluene, and the solution was heated in an autoclave for 7
      hours at about 120.degree.C.
PAR  The product was treated in an usual manner, and the crude oily substance
      obtained was subjected to chromatography on silica gel to yield 0.1 g of
      ethyl bicyclo[2.2.1]hept-5-ene-3-(6'-carboethoxyhexyl)-2-carboxylate which
      had the following characteristics.
PAR  Infrared absorption (film method): 1735, 1240, 1170.
PAR  In the nuclear magnetic resonance (in CCl.sub.4): multiplet based on the
      olefinic protons appeared at 6.2, and multiplet based on the methyne
      protons appeared at 2.85 and 3.0.
PAR  There was recovered 0.5 g of unreacted starting material, the noneic acid
      ethyl ester.
PAC  EXAMPLE 6
PAR  Two grams of 10-carboethoxy-2-trans-decononitrile and 4 g of
      cyclopentadiene were diluted with 10 ml of toluene, and the solution was
      heated in an autoclave for 7 hours at about 120.degree.C.
PAR  The product was treated in an usual manner. The crude oily substance
      obtained was subjected to chromatography on silica gel to yield 1.5 g of
      bicyclo[2.2.1]hept-5-ene-3-(7'-carboethoxyheptyl)-2-carbonitrile which had
      the following characteristics: Infrared absorption (film method): 2230,
      1740, 1240, 1170.
PAR  In the nuclear magnetic resonance (in CCl.sub.4): multiplet based on the
      olefinic protons appeared at 6.1, and multiplet based on the methyne
      protons 2.9 and 3.1.
PAR  There was recovered 0.5 g of unreacted starting decanonitrile.
PAC  EXAMPLE 7
PAR  12 grams of 9-carboethoxy-2-trans-nonenonitrile and 35 g of cyclopentadiene
      were heated in an autoclave for 7 hours at about 150.degree.C. The crude
      oily substance obtained was subjected to chromatography on silica gel to
      yield 6.9 g of
      bicyclo[2.2.1]hept-5-ene-3-endo-(6'-carboethoxyhexyl)-2-exo-carbonitrile
      and 1.8 g of
      bicyclo[2.2.1]hept-5-ene-3-exo-(6'-carboethoxyhexyl)-2-endo-carbonitrile.
      There was recovered 2.7 g of unreacted nonenonitrile derivative. The
      properties of the bicycloheptene derivatives were as follows.
PAR  2-exo-carbonitrile derivative. Infrared absorption (film method): 2250,
      1735, 1245, 1180; nuclear magnetic resonance (in CCl.sub.4): 6.1-6.3
      (multiplet, 2H, olefnic protons), 3.1 (multiplet, H, methyne proton at the
      1-position), 2.9 (multiplet, H, methyne proton at the 4-position).
PAR  2-endo-carbonitrile derivative. Infrared absorption (film method): 2250,
      1735, 1245, 1180; nuclear magnetic resonance (in CCl.sub.4): 6.4 (double
      doublet, H, olefinic proton at the 5-position), 6.2 (double doublet, H,
      olefinic proton at the 6-position), 3.1 (multiplet, H, methyne proton at
      the 1-position), 2.6 (multiplet, H, methyne proton at the 4-position).
PAC  EXAMPLE 8
PAR  0.5 grams of 9-chlorocarbonyl-2-trans-noneic acid chloride and 1 g of
      cyclopentadiene were diluted with 10 ml of toluene, and the diluted
      solution was heated in an autoclave for 5 hours at 80.degree.C.
PAR  The reaction product was poured into an aqueous solution of sodium
      carbonate, and treated in an usual manner to afford about 0.4 g of an
      acidic substance which was found to contain
      bicyclo[2.2.1]hept-5-ene-3-(6'-carboxyhexyl)-2-carboxylic acid. This crude
      acidic substance was treated with diazomethane to convert it to its methyl
      ester, and then subjected to chromatography on silica gel to yield methyl
      bicyclo[2.2.1]hept-5-ene-3-(6'-carbomethoxyhexyl)-2-carboxylate having the
      following characteristics: Infrared absorption (film method): 1735, 1240,
      1170. In the nuclear magnetic resonance spectrum (in CCl.sub.4): multiplet
      appeared at about 6.2 based on the olefinic protons.
PAC  EXAMPLE 9
PAR  10.9 grams of 5-chloro-2-trans-pentenonitrile and 83 g of cyclopentadiene
      were heated in an autoclave for 4 hours at about 155.degree.C. The crude
      oily substance obtained was submitted to chromatography on silica gel to
      yield 9.6 g of
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'-chloroethyl)-2-exo-carbonitrile and
      3.2 g of
      bicyclo[2.2.1]hept-5-ene-3-exo-(2'-chloroethyl)-2-endo-carbonitrile. The
      properties of these compounds were as follows.
PAR  2-exo-carbonitrile derivative. Infrared absorption (film method): 3080,
      2250, 1450, 1435, 1340, 1280; nuclear magnetic resonance (in CCl.sub.4):
      6.15 (multiplet, 2H, olefinic protons), 3.15 (multiplet, H, methyne proton
      at the 1-position), 3.0 (multiplet, H, methyne proton at the 4-position),
      3.55 (triplet like, 2H, methylene protons adjacent to chlorine).
PAR  2-endo-carbonitrile derivative. Infrared absorption (film method): 3080,
      2250, 1450, 1435, 1340, 1280; nuclear magnetic resonance (in CCl.sub.4):
      6.45 (double doublet, H, olefinic proton at the 5-position), 6.2 (double
      doublet, H, olefinic proton at the 6-position), 3.15 (multiplet, H,
      methyne proton at the 1-position), 2.7 (multiplet, H, methyne proton at
      the 4-position), 3.6 (triplet, 2H, methylene protons adjacent to
      chlorine).
PAC  EXAMPLE 10
PAR  1.4 grams of methyl 5-chloro-2-trans-pentenoate and 5.0 g of
      cyclopentadiene were heated for 5 hours at about 145.degree.C. The crude
      oily substance was subjected to chromatography on silica gel to yield 0.85
      g of methyl
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'-chloroethyl)-2-exo-carboxylate and
      0.55 g of methyl
      bicyclo[2.2.1]hept-5-ene-3-exo-(2'-chloroethyl)-2-endo-carboxylate.
PAR  The properties of these compounds were as follows:
PAR  2-exo-carboxylate derivative. Infrared absorption (film method): 3040,
      1730, 1420, 1320, 1260, 1190, 1160; nuclear magnetic resonance (in
      CCl.sub.4): 6.15 (multiplet, 2H, olefinic protons), 3.66 (singlet, 3H,
      methyl ester protons), 3.50 (triplet, 2H, methylene protons adjacent to
      chlorine), 2.95 (multiplet, 2H, two methyne protons at the 1- and
      4-position).
PAR  2-endo-carboxylate derivative. Infrared absorption (film method): 3040,
      1730, 1420, 1320, 1260, 1190, 1160; nuclear magnetic resonance (in
      CCl.sub.4): 6.25 (double doublet, H, olefinic proton at the 5-position),
      6.0 (double doublet, H, olefinic proton at the 6-position), 3.60 (singlet,
      3H, methyl ester protons), 3.58 (triplet, 2H, methylene protons adjacent
      to chlorine), 3.15 (multiplet, H, methyne proton at the 1-position), 2.60
      (multiplet, H, methyne proton at the 4-position).
PAC  EXAMPLE 11
PAR  0.3 grams of 5-chloro-2-trans-pentenoic acid and 3.0 g of cyclopentadiene
      were heated for 5 hours at 140.degree.C. Acidic materials were isolated in
      an usual manner to yield 0.3 g of an isomeric mixture of
      bicyclo[2.2.1]hept-5-ene-3-(2'-chloroethyl)-2-carboxylic acid. Infrared
      absorption (film method): 3200-2600, 1730, 1420, 1330, 1320, 1290, 1270,
      1260.
PAC  EXAMPLE 12
PAR  0.2 grams of 5-hydroxy-2-trans-pentenonitrile and 2.0 g of cyclopentadiene
      were heated for 5 hours at about 150.degree.C. Working up in a similar
      manner to that described in Example 9 yielded about 0.1 g of an isomeric
      mixture of bicyclo[2.2.1]hept-5-ene-3-(2'-hydroxyethyl)-2-carbonitrile.
PAC  EXAMPLE 13
PAR  3.1 grams of
      bicyclo[2.2.1]hept-5-ene-3-endo-(6'-carboethoxyhexyl)-2-exo-carbonitrile
      was dissolved in 50 ml of methylene chloride, and ozone gas was passed
      through the solution at -40.degree.C until the starting compound was
      completely consumed.
PAR  The reaction mixture containing the ozonide was added dropwise to a mixed
      solution of 18 ml of formic acid and 18 ml of a 30% aqueous solution of
      hydrogen peroxide heated to 40.degree.C, and the methylene chloride was
      removed simultaneously by distillation. The reaction mixture was further
      heated for 30 minutes at 60.degree.-70.degree.C with stirring. After
      addition of 100 ml of ethyl acetate to the reaction mixture, an acidic
      substance was extracted with an aqueous solution of sodium bicarbonate,
      and then treated in an usual manner to yield 3.1 g of
      2-(6'-carboethoxyhexyl)-3,5-dicarboxy-cyclopentane-carbonitrile as an oily
      substance.
PAR  The configuration of the product was that the carboxyl groups at the 3- and
      5-position and the carboethoxyhexyl groups at the 2-position are all cis
      to each other, and the carbonitrile groups at the 1-position is trans
      thereto.
PAR  The product obtained had the following characteristics. Infrared absorption
      (film method): 3200-2650, 2250, 1735, 1710, 1180. The product was then
      treated with diazomethane to convert it to a 3,5-dicarbomethoxy derivative
      which had the following characteristics. Infrared absorption (film
      method): 1735, 2250, 1260, 1170; nuclear magnetic resonance (in
      CCl.sub.4): 4.08 (2H, quartet signal), the methyl ester signal at the 3-
      and 5-position appeared as singlet signal at 3.7 and 3.8; the methyne
      proton at the 3- and 5-position appeared as multiplet at about 3.0.
PAC  EXAMPLE 14
PAR  1.7 grams of
      bicyclo[2.2.1]hept-5-ene-3-endo-(6'-carboethoxyhexyl)-2-exo-carbonitrile
      was dissolved in 40 ml of ethanol, and ozone gas was passed through the
      solution at -40.degree.C. Ethanol (90 ml) was additionally supplied at
      -10.degree.C. 1.5 g of sodium borohydride was added and the solution was
      stirred for 30 minutes. Thereafter, the solution was further stirred for
      30 minutes at room temperature. Acetone was added to consume excess sodium
      borohydride. The solvent was removed by distillation, and 30 ml of an
      aqueous solution of ammonium chloride was added to decompose the resulting
      complex compound. The resulting oil phase was extracted with ethyl acetate
      from the aqueous layer, and treated in an usual manner to yield 1.6 g of
      2-(6'-carboethoxyhexyl)-3,5-bis-hydroxymethyl-cyclopentanecarbonitrile as
      an oily substance which had the following characteristics: Infrared
      absorption (film method): 2250, 1735, 1250, 1180; nuclear magnetic
      resonance (in CCl.sub.4): the carbinol methylene proton signal at the 3-
      and 5-position appeared at about 3.8.
PAC  EXAMPLE 15
PAR  In the same manner as set forth in Example 13, 0.55 g of a mixture of
      methyl bicyclo[2.2.1]hept-5-ene-3-endo-(6'-carboethoxyhexyl)-2-exo-carboxy
     late and methyl
      bicyclo[2.2.1]hept-5-ene-3-exo-(6'-carboethoxyhexyl)-2-endo-carboxylate
      (the former being contained in a larger amount) was reacted, and
      after-treated. There was obtained 0.4 g of methyl
      2-(6'-carboethoxyhexyl)-3,5-dicarboxy-cyclo-pentanecarboxylate as an oily
      substance. This substance was treated with diazomethane, and purified as a
      tricarbomethoxy derivative to yield 0.41 g of a colorless oily substance
      which has the following characteristics. Infrared absorption (film
      method): 2250, 1735, 1250, 1180; nuclear magnetic resonance (in
      CCl.sub.4): there was hardly any difference in chemical shift among the
      methyl proton signals of the three methyl esters, and the signals appeared
      at about 3.6.
PAC  EXAMPLE 16
PAR  In the same manner as set forth in Example 13, 0.46 g of
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'-chloroethyl)-2-exo-carbonitrile was
      reacted, and after-treated. There was obtained 0.35 g of
      2-(2'-chloroethyl)-3,5-dicarboxycyclopentane-carbonitrile. The
      configuration of the product is that the carboxyl groups at the 3- and
      5-position and the chloroethyl group at the 2-position are all cis to each
      other, and the carbonitrile group at the 1-position is trans thereto.
PAR  The product obtained has the following characteristics: Infrared absorption
      (film method): 3200-2500, 2270, 1715, 1215, 1050, 1030, 1000; nuclear
      magnetic resonance (in Co(CD.sub.3).sub.2): 3.73 (triplet, 2H, methylene
      protons adjacent to chlorine), 2.5-3.3 (overlapping signals for three
      methyne protons at the 1-, 3- and 5-position).
PAC  EXAMPLE 17
PAR  In the same manner as set forth in Example 13, 0.68 g of methyl
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'chloroethyl)-2-exo-carboxylate was
      reacted, and after-treated.
PAR  There was obtained 0.4 g of methyl
      2-(2'-chloroethyl)-3,5-dicarboxy-cyclopentane-carboxylate. The
      configuration of the product is that the carboxyl groups at the 3- and
      5-position and the chloroethyl group at the 2-position are all cis to each
      other, and the carbomethoxy group at the 1-position is trans thereto.
PAR  The product obtained has the following characteristics. Infrared absorption
      (film method): 3500-2600, 1730-1710, 1440, 1375, 1260, 1180; nuclear
      magnetic resonance (in CDCl.sub.3): 3.61 (triplet, 2H, methylene protons
      adjacent to chlorine), 3.77 (singlet, 3H, methyl ester protons).
PAC  EXAMPLE 18
PAR  In the same manner as set forth in Example 13, 0.265 g of methyl
      bicyclo[2.2.1]hept-5-ene-3-exo-(2'-chloroethyl)-2-endo-carboxylate was
      reacted, and after-treated. There was obtained 0.265 g of methyl
      2-(2'-chloroethyl)-3,5-dicarboxy-cyclo-pentanecarboxylate. The
      configuration of the product is that the carboxyl groups at the 3- and
      5-position and the carbomethoxy group at the 1-position are all cis to
      each other, and the chloroethyl group at the 2-position is trans thereto.
      The product obtained has the following characteristics.
PAR  Infrared absorption (film method): 3200-2500, 1735-1710, 1250, 1190, 1025,
      1000; nuclear magnetic resonance (in CO(CD.sub.3).sub.2): 3.63 (triplet,
      2H, methylene protons adjacent to chlorine), 3.67 (singlet, 3H, methyl
      ester protons).
PAC  EXAMPLE 19
PAR  In the same manner as set forth in Example 13, 0.25 g of methyl
      bicyclo[2.2.1]hept-5-ene-3-endo-bromomethyl-2-exo-carboxylate was reacted,
      and after-treated. There was obtained 0.15 g of methyl
      2-bromomethyl-3,5-dicarboxy-cyclopentanecarboxylate. The product obtained
      had the following characteristics. Infrared absorption (film method):
      3500-2600, 1740-1710, 1440, 1375, 1250, 1200, 1050, 1020.
PAC  EXAMPLE 20
PAR  0.36 grams of
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'-chloroethyl)-2-exo-carbonitrile in 2.5
      ml of ethyl acetate was subjected to ozonolysis in a manner similar to
      that described in Example 13. The ozonide obtained was treated with an
      aqueous solution of sodium bisulfite at 80.degree.C, for 0.5 hour,
      followed by contacting with 60% sulfuric acid at 60.degree.C for 1 hour.
      Working up as an usual manner afforded 0.3 g of crude oily substance,
      which was purified by chromatography to yield
      2-(2'-chloroethyl)-3,5-diformylcyclopentanecarbonitrile.
PAR  In its nuclear magnetic resonance spectrum aldehyde protons appeared at
      about 9.8.
PAC  EXAMPLE 21
PAR  In the same manner as set forth in Example 14, 1.4 g of
      bicyclo[2.2.1]hept-5-ene-3-(6'-carboethoxyhexyl)-2-carboxaldehyde ethylene
      glycol acetal was reacted, and after-treated. There was obtained 1.3 g of
      2-(6'-carboethoxyhexyl)-3,5-bis-hydroxymethyl-cyclopentane-carboxaldehyde
      ethylene glycol acetal. The properties of this product was as follows:
      Infrared absorption (film method): 3425, 1735, 1460, 1370, 1180, 1040;
      nuclear magnetic resonance (in CCl.sub.4): 3.6 (multiplet, 4H, two
      methylene protons adjacent to hydroxy group), about 3.85 (multiplet, 4H,
      two acetal methylene protons).
PAC  EXAMPLE 22
PAR  In the same manner as set forth in Example 13, 0.6 g of methyl
      bicyclo[2.2.1]hept-5-ene-3-endo-cyanomethyl-2-exo-carboxylate was reacted,
      and after-treated.
PAR  There was obtained 0.3 g of methyl
      2-cyanomethyl-3,5-dicarboxy-cyclopentanecarboxylate. The properties of
      this oily substance were as follows. Infrared absorption (film method):
      3500-2650, 2250, 1720, 1440, 1375, 1175. Nuclear magnetic resonance (in
      CDCl.sub.3): 3.6 (singlet, 3H, methyl ester protons), 2.35 (doublet, 2H,
      methylene protons adjacent to cyano group).
PAC  EXAMPLE 23
PAR  Into a mixture of 0.36 g of
      bicyclo[2.2.1]hept-5-ene-3-endo-(2'-chloroethyl)-2-exo-carbonitrile, 26 mg
      of osmium tetraoxide, 6 ml of water and 6 ml of ether, was added
      portionwise, 0.93g of sodium metaperiodate at room temperature during 40
      minutes.
PAR  The reaction mixture was stirred further for 80 minutes, and then
      after-treated in an usual manner. There was obtained 0.30 g of an oily
      material which was composed of
      2-(2'-chloroethyl)-3,5-diformyl-cyclopentanecarbonitrile and unreacted
      bicycloheptane derivative. In its nuclear magnetic resonance spectrum,
      aldehyde proton signals appeared at about 9.8.
PAC  EXAMPLE 24
PAR  Two grams of 2-(6'-carboethoxyhexyl)-3,5-dicarboxy-cyclopentanecarbonitrile
      was dissolved in 14 ml of toluene and 1 ml of dimethylformamide, and the
      solution was heated to 80.degree.-85.degree.C. Phosgene was passed through
      the solution for about 1 hour. The reaction mixture was cooled, and the
      toluene layer was separated. Removal of the solvent yielded 2.0 g of an
      acid halide derivative of said cyclopentanecarbonitrile.
PAR  A solution of 2.0 g of the acid halide derivative obtained above in 10 ml
      of ether was added dropwise at room temperature to 200 ml of an ether
      solution containing diazomethane in an amount more than 4 times on a molar
      basis the calculated amount, and the solution was stirred for 2 hours.
      Ether was removed by distillation under reduced pressure to yield 20 g of
      2-(6'-carboethoxyhexyl)-3,5-bis-diazoacetyl-cyclopentanecarbonitrile.
PAR  From an acid halide derivative obtained by treating 2.0 g of the starting
      dicarboxylic acid derivative with thionyl chloride, 0.5 g of the
      bis-diazoacetyl derivative was likewise obtained.
PAR  Infrared absorption (film method): 2250, 2150, 1730, 1630; two grams of
      2-(6'-carboethoxyhexyl)-3,5-bis-diazoacetyl-cyclopentanecarbonitrile so
      obtained was dissolved in 60 ml of chloroform. The resulting solution was
      added to 15 ml of 48% hydroiodic acid while cooling with ice, and the
      mixture was stirred for 5 minutes. On addition of 20 ml of water, the
      chloroform layer was separated. After washing with water, 2.0 g of an oily
      substance was obtained, which was then purified by chromatography on
      silica gel to yield 1.2 g of
      2-(6'-carboethoxyhexyl)-3,5-diacetyl-cyclopentane-carbonitrile which had
      the following characteristics. Infrared absorption (film method): 2150,
      1735, 1710, 1360, 1170; nuclear magnetic resonance (in CCl.sub.4): 4.07
      (2H, quartet signal), the methyl proton signals of the acetyl groups at
      the 3- and 5-position appeared at 2.17 and 2.26. The stereochemistry of
      the product is that the acetyl groups at the 3- and 5-position and the
      side chain at the 2-position are all cis to each other, and the
      carbonitrile group at the 1-position is trans to them.
PAC  EXAMPLE 25
PAR  One gram of 2-(6'-carboethoxyhexyl)-3,5-dicarboxy-cyclopentanecarbonitrile
      was dissolved in 20 ml of anhydrous tetrahydrofuran, and with addition of
      0.59 g of triethyl amine, the reaction mixture was cooled to -5.degree.C.
      A solution of 0.63 g of ethyl chloroformate in 10 ml of anhydrous
      tetrahydrofuran was added dropwise to the cooled reaction mixture,
      followed by stirring for 30 minutes. The precipitate formed was separated
      by filtration, and the resulting solution was added dropwise to an ether
      solution containing excess diazomethane in the same manner as set forth in
      Example 24, followed by stirring overnight.
PAR  The solvent was removed by distillation to yield 0.2 g of
      2-(6'-carboethoxyhexyl)-3,5-bis-diazoacetyl-cyclopentanecarbonitrile which
      corresponded in infrared absorption with the product of Example 24. This
      product was converted to
      2-(6'-carboethoxyhexyl)-3,5-diacetyl-cyclopentanecarbonitrile by the
      procedure shown in Example 24.
PAC  EXAMPLE 26
PAR  Two grams of
      2-(6'-carboethoxyhexyl)-3,5-bis-diazoacetyl-cyclopentanecarbonitrile
      obtained in the same manner as in Example 24 was dissolved in 20 ml of
      chloroform and by introducing hydrogen chloride, 1.5 g of 2
      -(6'-carboethoxyhexyl)-3,5-bis-chloroacetyl-cyclopentanecarbonitrile was
      obtained. This product was dissolved in 30 ml of acetic acid, and 7 g of
      zinc powder was added. While cooling the solution with ice, 0.5-N
      hydrochloric acid was added, and the solution was stirred for 3 hours.
      Zinc powder was separated by filtration, and the resulting aqueous
      solution was subjected to ether extraction to obtain 1.5 g of an oily
      substance. This substance was purified by chromatography on silica gel to
      yield 0.5 g of
      2-(6'-carboethoxyhexyl)-3,5-diacetyl-cyclopentanecarbonitrile, which was
      found to correspond with the compound obtained in Example 24.
PAC  EXAMPLE 27
PAR  Four grams of ethyl
      2-(6'-carboethoxyhexyl)-3,5-dicarboxy-cyclopentanecarboxylate was treated
      with 4 g of thionyl chloride. The resulting acid halide derivative was
      dissolved in 10 ml of ether, and the solution was added dropwise to an
      ether solution containing methyl cadmium which had been prepared by an
      usual manner from 2 g of methyl bromide, 480 mg of magnesium and 2.7 g of
      cadmium chloride. The reaction mixture was heated under reflux for 1 hour.
      Thereafter, on addition of 50 ml of dilute aqueous sulfuric acid, the
      complex was decomposed, and then the ether layer was separated.
PAR  The resulting oily substance (4 g) was purified by chromatography on
      silica-gel to yield about 1 g of ethyl
      2-(6'-carboethoxyhexyl)-3,5-diacetylcyclopentanecarboxylate. In its
      nuclear magnetic resonance spectrum, the methyl proton signals of two
      acetyl groups appeared at about 2.16 and 2.25.
PAC  EXAMPLE 28
PAR  In a similar manner to that described in Example 24 except that benzene was
      used as solvent instead of toluene, 6.5 g of
      2-(2'-chloroethyl)-3,5-dicarboxy-cyclopentanecarbonitrile was reacted, and
      after-treated. There was obtained 2.5 g of
      2-(2'-chloroethyl)-3,5-diacetyl-cyclopentanecarbonitrile, which had the
      following characteristics: Infrared absorption (film method): 2250, 1710,
      1425, 1360, 1240, 1170. Nuclear magnetic resonance (in CDCl.sub.3): 3.65
      (triplet, 2H, methylene protons adjacent to chlorine), 2.25 and 2.20 (two
      singlets, acetyl methyl protons). The stereochemistry of this compound
      corresponded to that of the starting dicarboxy-cyclopentane derivative
      explained in Example 16. That is, two acetyl groups at the 3- and 5-
      position and chloroethyl group at the 2-position are all cis to each
      other, and the carbonitrile group at the 1-position is trans to them.
PAC  EXAMPLE 29
PAR  In the same manner as set forth in Example 28, 0.5 g of methyl
      2-(2'-chloroethyl)-3,5-dicarboxy-cyclopentanecarboxylate was reacted, and
      after-treated. There was obtained 0.2 g of methyl
      2-(2'-chloroethyl)-3,5-diacetyl-cyclopentanecarboxylate, which had the
      following characteristics: Infrared absorption (film method): 1730, 1710,
      1435, 1200, 1170. Nuclear magnetic resonance (in CCl.sub.4): 3.7 (singlet,
      3H, methyl ester protons), 3.6 (triplet, 2H, methylene protons adjacent to
      chlorine), 2.15 (two singlets, two acetyl methyl protons).
PAC  EXAMPLE 30
PAR  In the same manner as set forth in Example 28, 0.25 g of methyl
      2-bromomethyl-3,5-dicarboxy-cyclopentanecarboxylate was reacted, and
      after-reacted. There was obtained 0.08 g of methyl
      2-bromomethyl-3,5-diacetyl-cyclopentanecarboxylate. Nuclear magnetic
      resonance (in CCl.sub.4): 3.7 (methyl ester protons), 2.2 (two singlets,
      two acetyl methyl protons).
PAC  EXAMPLE 31
PAR  A mixture of 75 mg of
      2-(6'-carboethoxyhexyl)-3,5-diformyl-cyclopentanecarbonitrile was treated
      with an ethereal diazomethane (about 1.5 m mole) overnight. By an usual
      working up, a crude oily material was obtained, which was purified by
      chromatography on silica-gel to yield about 20 mg of
      2-(6'-carboethoxyhexyl)-3,5-diacetyl-cyclopentane carbonitrile. The
      signals of the acetyl methyl protons in the nuclear magnetic resonance
      spectrum of the product corresponded to that described in Example 24.
PAC  EXAMPLE 32
PAR  Five hundred milligrams of
      2-(6'-carboethoxyhexyl)-3,5-diacetyl-cyclopentanecarbonitrile and 600 mg
      of meta-chloroperbenzoic acid were dissolved in 30 ml of chloroform, and
      the solution was allowed to stand for 4 days at room temperature. The
      reaction mixture was then treated with a 5% solution of sodium iodide and
      then with a 10% solution of sodium thiosulfate. Five hundred (500)
      milligrams of the resulting oily substance was purified by chromatography
      on silica gel to yield 200 mg of
      2-(6'-carboethoxyhexyl)-3,5-diacetoxy-cyclopentanecarbonitrile which has
      the following characteristics: Infrared absorption (film method): 2250,
      1735, 1235, 1180; Nuclear magnetic resonance (in CDCL.sub.3 solvent): the
      absorption of the methyne protons at the 3- and 5-position were observed
      at about 4.9 and about 5.2; 4.10 (2H, multiplet signal), 2.05 (6H, two
      singlet signals acetoxymethyl proton).
PAC  EXAMPLE 33
PAR  Three hundred and twenty milligrams of
      2-(6'-carbomethoxyhexyl)-3,5-diacetyl-cyclopentanecarbonitrile was added
      to 15 ml of a chloroform solution of 360 ml of metachloroperbenzoic acid,
      and the solution was allowed to stand for 5 days at room temperature.
PAR  The reaction mixture was treated by the same procedure as set forth in
      Example 32 to form a crude oily substance containing
      2-(6'-carbomethoxyhexyl)-3,5-diacetoxy-cyclopentanecarbonitrile. (The
      nuclear magnetic resonance spectrum of this compound was similar to that
      of the compound set forth in Example 32, but at 3.65, a singlet signal
      based on the methyl ester proton was observed.)
PAR  The oily product was allowed to stand overnight in a mixed solution of 2 ml
      of a 10% aqueous solution of sodium hydroxide and 2 ml of methanol, and
      saponified under cooling. After acid precipitation, an acidic substance
      was extracted to obtain a crude oily substance containing
      2-(6'-carboxyhexyl)-3,5-dihydroxy-cyclopentanecarbonitrile. The oily
      substance was treated with diazomethane to convert it to its methyl ester
      which was purified by chromatography to yield about 80 mg of
      2-(6'-carbomethoxhhexyl)-3,5-dihydroxy-cyclopentanecarbonitrile which has
      the following characteristics: Infrared absorption (film method): 3420,
      2225, 1730, 1710, 1240, 1170, 1085, 1020; nuclear magnetic resonance (in
      CDCl.sub.3): The carbonitrile derivative obtained above could be converted
      to an aldehyde derivative according to the Stephen reaction, namely,
      2-(6'-carboethoxyhexyl)-3,5-diacetoxy-cyclopentanecarboxaldehyde. The
      properties of this aldehyde derivative were as follows: Infrared
      absorption (film method): 2825, 2750, 1735, 1720, 1250, 1240, 1175, 1100,
      1030. Nuclear magnetic resonance (in CDCl.sub.3): 9.85 (doublet, J=2 cps,
      aldehyde proton), 2.0 (two singlets, two acetoxy methyl protons), about
      4.0 and about 4.5 (two multiplets, two carbinol methyne protons at the 3-
      and 5-position), 3.65 (singlet, methyl ester protons).
PAC  EXAMPLE 34
PAR  A mixture of 0.46 g of
      2-(2'-chloroethyl)-3,5-diacetyl-cyclopentanecarbonitrile, 2.05 g of
      meta-chloroperbenzoic acid and 15 ml of chloroform was heated at
      50.degree.C for 4 days. The reaction mixture was treated by the same
      procedure as set forth in Example 32 to afford 0.40 g of
      2-(2'-chloroethyl)-3,5-diacetoxy-cyclopentanecarbonitrile as an oily
      substance. The product had the following characteristics: Infrared
      absorption (film method): 2250, 1740, 1430, 1370, 1230, 1045, 1020.
      Nuclear magnetic resonance (in CDCl.sub.3): about 5.3 (two multiplet, 2H,
      two methyne protons at the 3- and 5-position), 3.65 (triplet, J=7 cps,
      methylene protons adjacent to chlorine), 2.10 (two singlets, two acetoxy
      protons).
PAC  EXAMPLE 35
PAR  The same cyclopentane derivative as described in Example 34 was obtained by
      oxidation of 2-(2'-chloroethyl)-3,5-diacetyl-cyclopentanecarbonitrile with
      permaleic acid which had been prepared from maleic anhydride and 90%
      hydrogen peroxide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Cyclopentane derivatives of the formula
      ##SPC21##
PAL  wherein n is an integer of from 1 to 7 and Z.sup.1 is selected from the
      group consisting of formyl, carboxyl, hydroxymethyl, and acetyl.
NUM  2.
PAR  2. The cyclopentane derivatives according to claim 1, wherein n is an
      integer of from 1 to 2.
NUM  3.
PAR  3. The cyclopentane derivatives according to claim 1, wherein n is 1.
NUM  4.
PAR  4. The cyclopentane derivatives according to claim 1, wherein Z.sup.1 is
      selected from the group consisting of carboxyl, formyl and hydroxymethyl.
NUM  5.
PAR  5. The cyclopentane derivatives according to claim 1, wherein Z.sup.1 is
      acetyl.
NUM  6.
PAR  6. Cyclopentane derivatives of the formula
      ##SPC22##
PAL  wherein X is alkoxy carbonyl, n is an integer of from 1 to 7, and Z.sup.1
      is selected from the group consisting of formyl, carboxyl, hydroxymethyl,
      and acetyl.
NUM  7.
PAR  7. The cyclopentane derivatives according to claim 6 wherein n is an
      integer of from 1 to 2.
NUM  8.
PAR  8. The cyclopentane derivatives according to claim 6, wherein n is 1.
NUM  9.
PAR  9. The cyclopentane derivatives according to claim 6, wherein Z.sup.1 is
      selected from the group consisting of carboxyl, formyl and hydroxymethyl.
NUM  10.
PAR  10. The cyclopentane derivatives according to claim 6, wherein Z.sup.1 is
      acetyl.
NUM  11.
PAR  11. Cyclopentane derivatives of the formula
      ##SPC23##
PAL  wherein n is an integer of from 1 to 7 and Z.sup.1 is Hal--CH.sub.2 CO--,
      wherein Hal is a halogen atom.
NUM  12.
PAR  12. Cyclopentane derivatives of the formula
      ##SPC24##
PAL  wherein X is alkoxycarbonyl, n is an integer of from 1 to 7 and Z.sup.1 is
      Hal--CH.sub.2 CO--, wherein Hal is a halogen atom.
NUM  13.
PAR  13. A process for producing a cyclopentane derivative of the formula (Ia)
      ##SPC25##
PAL  wherein Ac represents an acetyl group, n is an integer of from 1 to 7; and
      X is a cyano or alkoxycarbonyl group, which comprises:
PA1  1. reacting a compound of the formula (III)
EQU  x--(ch.sub.2).sub.n CH=CH--CN                              (III)
PA1  wherein X and n are as defined above, with cyclopentadiene at
      0.degree.-200.degree.C to yield a bicycloheptene derivative of the formula
      (II)
      ##SPC26##
PA1  wherein X and n are as defined above;
PAR  2. oxidizing the bicycloheptene derivative of formula II with ozone at
      -78.degree. to 100.degree.C to yield an ozonide of the bicycloheptene
      derivative of formula (II), and
PA1  3. further oxidizing the ozonide of the bicycloheptene derivative of
      formula II with an organic acid and hydrogen peroxide or with hydrogen
      peroxide alone to yield a cyclopentane derivative of the formula (Id)
      ##SPC27##
PA1  wherein X and n are as defined above;
PA1  4. reacting the cyclopentane derivative of formula (Id) with a member
      selected from the group consisting of thionyl chloride, phosgene and
      oxalic chloride to yield an acid halide of the formula (Ie)
      ##SPC28##
PA1  wherein X and n as defined above; and
PA1  5. reacting the acid halide of the formula (Ie) with diazomethane at
      ambient temperature to yield a cyclopentane derivative of the formula (If)
      ##SPC29##
PA1  wherein X and n are as defined above;
PA1  6. reacting the cyclopentane derivative of formula (If) with aqueous
      hydroiodicacid to yield a cyclopentane derivative of the formula (Ig)
      ##SPC30##
PA1  wherein X and n are as defined above; and
PAR  7. reacting the cyclopentane derivative of formula (Ig) with a peracid to
      obtain the cyclopentane derivative of formula (Ia).
NUM  14.
PAR  14. The process of claim 13 wherein the peracid of step (7) is selected
      from the group consisting of meta-chloroperbenzoic and peracetic acid and
      trifluoroperacetic acid.
NUM  15.
PAR  15. The process of claim 13 wherein the reaction of step (1) is performed
      using a ratio of the compound of formula (III) to cyclopentadiene of from
      10:1 to 1:10.
PATN
WKU  039460665
SRC  5
APN  5016053
APT  1
ART  124
APD  19740829
TTL  Dimerisation process and catalyst
ISD  19760323
NCL  3
ECL  1
EXP  Brust; Joseph P.
INVT
NAM  Todd; Peter Frank
CTY  Stockton
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19731001
APN  45686/73
CLAS
OCL  2604658D
XCL  252466R
XCL  260485R
XCL  260561R
EDF  2
ICL  C07C12000
FSC  260
FSS  465.8 D;485 R;561 R;561 N
UREF
PNO  3484475
ISD  19691200
NAM  Cornforth et al.
OCL  260465.8D
UREF
PNO  3655724
ISD  19720400
NAM  Linn et al.
OCL  260465.8D
UREF
PNO  3729498
ISD  19730400
NAM  Masada et al.
OCL  260465.8D
FREF
PNO  1,177,059
ISD  19700100
CNT  UK
OCL  260465.8D
FREF
PNO  1,270,026
ISD  19680600
CNT  DT
OCL  260465.8D
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  A ruthenium catalyst of improved performance for the dimerisation and
      hydrodimerisation of olefinically unsaturated compounds, especially
      acrylonitrile, is obtained by co-precipitating a ruthenium compound with
      an aluminium oxide and/or hydroxide.
BSUM
PAR  This invention relates to catalysts suitable for the dimerisation and
      hydrodimerisation of olefinically unsaturated compounds, and to methods
      for the preparation of such catalysts and for their use in such
      dimerisation processes.
PAR  IT HAS ALREADY BEEN PROPOSED TO DIMERISE AND HYDRODIMERISE OLEFINICALLY
      UNSATURATED COMPOUNDS USING RUTHENIUM CATALYSTS. Particulary suitable
      olefinically unsaturated compounds are those which are acceptors in
      Michael reactions, that is compounds containing a group of the general
      formula -C = CR-
PAL  in which the Group R is one which activates the double bond. Examples of
      such compounds may be found in "Organic Name Reactions" by Krauch & Kunz,
      1964, John Wiley & sons at page 315, in "Name Reactions in Organic
      Chemistry" by A. R. Surrey, 2nd edition, 1961, Academic Press, at pages
      173 to 174, and in "Name Index of Organic Reactions" by J. E. Gowan and T.
      S. Wheeler, 1960, Longmans at pages 169 to 172. Particularly important
      examples are alpha-beta-olefinically unsaturated esters, amides and
      nitriles, especially the acrylic esters and acrylonitrile.
PAR  It has already been proposed to dimerise and/or hydrodimerise acrylonitrile
      both in the liquid and the vapour phase in presence of a ruthenium
      catalyst which may, if desired, be supported on a conventional catalyst
      support, for example alumina.
PAR  According to our invention a particularly suitable catalyst for the
      dimerisation and hydrodimerisation of olefinically unsaturated compounds
      comprises ruthenium co-precipitated with an aluminium oxide and/or
      hydroxide.
PAR  The catalysts of our invention may be manufactured, for example, by
      co-precipitating a ruthenium compound and an aluminium oxide or hydroxide
      from a solvent containing a soluble ruthenium compound and a soluble
      aluminium compound giving rise to the oxide or hydroxide.
PAR  A particularly suitable solvent is water. However, mixtures of water with
      water-miscible organic solvents, for example alkanols, especially
      methanol, ethanol and the propanols, may be used in suitable cases. As
      water soluble ruthenium compounds there may be used the salts of
      ruthenium, for example the halides (e.g. chloride and bromide), and the
      sulphate and nitrate as well as salts of organic acids, especially of the
      aliphatic acids, for example the acetate or lactate. Ruthenates, for
      example ammonium pentachlororuthenate, may also be used.
PAR  Water-soluble compounds of aluminium from the aqueous solutions of which
      the oxide or hydroxide may be precipitated are well-known and generally
      include the salts, for example the halides (e.g. chloride and bromide),
      and sulphate, and the salts of organic acids, especially of the aliphatic
      acids, for example the acetate or lactate. Mixtures of aluminium oxide and
      hydroxide may be used, and also mixtures with other compounds. Such
      mixtures may be used to modify the effect of the catalyst. For example the
      oxide or hydroxide of aluminum may be mixed with other compounds, for
      example those of tin, copper, bismuth, nickel, palladium or cadmium. Thus,
      in dimerisation of acrylonitrile the inclusion of a proportion of bismuth
      when preparing a catalyst by co-precipitating ruthenium with alumina,
      gives a highehr proportion of hydrodimer (adiponitrile) to dimer
      (1,4-dicyanobutenes). Such compounds may be co-precipitated as the oxide
      or hydroxide together with the ruthenium compound and the aluminium oxide
      or hydroxide, for example by adding a water-soluble salt of the said
      element to the aqueous solution of the ruthenium salt and aluminium salt
      prior to adding the precipitating agent.
PAR  Co-precipitation of a ruthenium compound and the aluminium oxide or
      hydroxide may usually be achieved by adding a base to an aqueous solution
      of the soluble ruthenium compound and the soluble aluminium compound
      giving rise to the oxide or hydroxide. In order to achieve
      co-precipitation and to avoid precipitation of the aluminium before the
      ruthenium we prefer to avoid the use of strong alkalis such as the alkali
      metal hydroxides, e.g. sodium and potassium hydroxide. Ammonium hydroxide
      may be used. We prefer to use, however, organic amines and, more
      especially, aliphatic, cycloaliphatic or araliphatic primary, secondary or
      tertiary amines, for example ethylamine, diethylamine, triethylamine,
      cyclohexylamine and phenylethylamine. Urea may also be used as a
      precipitating agent. Physical examination of the co-precipitated catalysts
      of our invention obtained with our preferred precipitating agents shows
      that they consist essentially of ruthenium oxy-hydroxy species intimately
      mixed with pseduoboohmite (i.e. AlO.OHxH.sub.2 O) (see X-Ray
      Identification and Crystal Structure of Clay Minerals, edited G. Brown,
      The Mineralogical Society, London, 1961, page 362). The morphology of
      these catalysts remains unchanged during use, although heating at
      temperatures in excess of about 200.degree.C should be avoided since the
      catalyst then undergoes dehydration and phase transistion to a less active
      form.
PAR  The proportion of ruthenium to aluminium in the co-precipitated catalyst is
      not critical. Normally it will fall with the ratio of 1 : 40 to 10 : 1 by
      weight. It may be desirable for the catalyst to be supported on a suitable
      support, for example pumice, kieselguhr, carbon, alumina or silica, and
      this may be effected, for example, by co-precipitating the catalyst on the
      support.
PAR  After co-precipitation of the catalyst it may be separated from the
      solvent, for example by filtration or by centrifuging, and, if desired, it
      may be washed free from soluble matter, for example of water soluble
      salts, and, if desired, dried. Drying is preferably effected at
      temperatures not in excess of 110.degree.C.
PAR  The catalyst of our invention may be used for the dimerisation or
      hydrodimerisation of olefinically unsaturated compounds and especially of
      acrylonitrile in either the liquid or the vapour phase. When used in the
      liquid phase, it is an advantage of the catalyst of our invention that it
      has very low solubility in the reaction medium and may readily be
      separated from it, for example by filtration or centrifuging, without
      significant loss of the costly ruthenium. Moreover, the catalyst remains
      effective and may be re-used.
PAR  It is desirable for dimerisation to be effected in presence of hydrogen
      since this not only increases the total proportion of dimer plus
      hydrodimer formed, but also increases the relative proportion of
      hydrodimer to dimer. Instead of gaseous hydrogen itself a hydrogen donor,
      that is a compound which under the conditions of the reaction is capable
      of supplying hydrogen, may be used, for example a metal hydride such as
      calcium hydride, sodium borohydride or lithium aluminium hydride, a metal
      alkyl such as aluminium triethyl and zinc dibutyl, and hydrogen transfer
      agents such as isopropanol and cyclohexene.
PAR  Although the temperature of the dimerisation or hydrodimerisation reaction
      may vary widely, when using our catalysts we prefer to operate in the
      range from 50.degree. to 200.degree.C, more preferably 100.degree. to
      150.degree.C in order to preserve the catalyst activity and to reduce
      production of undesired organic by-products. The reaction may be carried
      out under pressure, and when conducting the reaction in presence of
      gaseous hydrogen, or when using volatile reactants in the liquid phase,
      pressure will normally be employed, for example pressures up to 250
      atmospheres. If desired, a solvent may be used, for example acetonitrile,
      propionitrile or other solvents which are inert under the reaction
      conditions, for example hydrocarbon solvents such as benzene, toluene and
      cyclohexane, chlorinated hydrocarbons such as chlorobenzene, and
      oxygen-containing organic compounds such as alcohols (e.g. methanol,
      ethanol and the propanols), ethylene glycol monomethyl or monoethyl ether
      and dioxan.
PAR  The product dimer and/or hydrodimer may be separated from the product
      mixture by conventional means, for example by distillation, preferably
      after first separating the catalyst. Separation of dimer from hydrodimer
      may be effected at the same time, or it may be unnecessary to effect such
      separation since the mixture may be acceptable for the intended use.
PAR  In the case of acrylonitrile the product is normally a mixture of isomeric
      1,4-dicyanobutenes and adiponitrile. Such a mixture may be hydrogenated to
      give entirely adiponitrile, for example by using a noble metal catalyst,
      such as a platinum catalyst. The resulting adiponitrile may be
      hydrogenated to hexamethylene diamine, for example by using an iron,
      cobalt or nickel catalyst. Hexaemthylene diamine is an important
      intermediate for the manufacture of polyamides, for example of
      polyhexamethylene adiponitrile (or nylon 6,6) by polycondensation with
      adipic acid.
PAR  It is an advantage of the catalyst of our invention that a very high
      conversion can be achieved when it is used in the dimerisation of
      acrylonitrile in the liquid phase whilst remaining insoluble in the
      reaction medium, although the degree of conversion will depend on the time
      of contact with the catalyst. Moreover a high proportion of dimer and
      hydrodimer (1,4-dicyanobutene and adiponitrile) is obtained compared with
      unwanted byproduct propionitrile. A co-precipitated catalyst of ruthenium
      and alumina is considerably more effective in this respect than a catalyst
      in which ruthenium is supported on alumina.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which the parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  10 parts of aluminium chloride hexahydrate and 1 part of ruthenium chloride
      hydrate were dissolved in 100 parts of distilled water and with rapid
      stirring at room temperature and then treated with triethlyamine
      (approximately 30 parts) until precipitation was completed and the mixture
      had attained a pH value of 9. After stirring a further 30 minutes the
      gelatinous brown precipitate was filtered from the colourless aqueous
      supernatant liquor and washed with water until free of Cl.sup.-. The
      precipitate was dried at 100.degree.C for several hours to give 4 to 5
      parts of a brown brittle solid which was crushed and sieved to pass a 60
      mesh (BSS) sieve. Analysis of the catalyst gave the following result, 7.9%
      w/w Ru, 23% w/w Al.
PAC  EXAMPLE 2
PAR  In a similar way, 10 parts of aluminium chloride hexahydrate and 1 part of
      commercial ruthenium chloride hydrate were dissolved in 100 parts of
      deionised water, a solution of 0.5 parts of bismuth nitrate pentahydrate
      in 5 parts of 6N nitric acid was added and with rapid stirring at
      20.degree.C the mixture was made alkaline (to pH 9) with about 40 parts of
      triethylamine. A thick gelatinous brown precipitate was then thrown down.
      After stirring a further 15 mins. the precipitate was removed by
      filtration and washed with water. The catalyst was dried by heating in an
      oven at 110.degree.C for 12 hours and finely ground.
PAC  EXAMPLE 3
PAR  1 part of catalyst as prepared in Example 1 was treated with 10 parts of
      freshly distilled acrylonitrile and then heated under 400 p.s.i. hydrogen
      at 120.degree.C for 15 hours. A pressure drop of 300 p.s.i. was recorded.
      Analysis by G.L.C. of the pale yellow and brown reaction mixture after
      separation from the insoluble catalyst (1 part) showed that a conversion
      of acrylonitile of 99.8% had been achieved and the product distribution
      consisted of:
TBL  cis-1,4-dicyanobutene-1 :     21.3%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     20.4%                                       
     adiponitrile            :     18.3%                                       
     cis/trans-1,4-dicyano-  :      0.8%                                       
     butene-2                                                                  
PAL  A total dimer product of 60.8% with 39% of by-product propionitrile.
PAC  EXAMPLE 4
PAR  1 part of the catalyst prepared as in Example 2 was heated with 10 parts of
      acrylonitrile under 400 p.s.i. hydrogen in a small stirred autoclave at
      120.degree.C for 15 hours. G.L.C. analysis of the resultant liquid product
      after removal of the insoluble catalyst was as follows:
TBL  adiponitrile            :     42.6%                                       
     cis-1,4-dicyanobutene-1 :      9.20                                       
     trans-1,4-dicyanobutene-1                                                 
                             :      9.80                                       
     cis/trans-1,4-dicyanobutene-2                                             
                             :      0.90                                       
     propionitrile           :     36.9                                        
PAL  With an overall conversion of acrylonitrile of 99.4%. After the catalyst of
      Example 2 had been sintered by heating at 250.degree.C it gave under
      similar conditions to those above a conversion of acrylonitrile of 35.6%,
      the product containing 28.6% of total linear dimers and 71.4% of
      propionitrile.
PAC  EXAMPLE 5
PAR  This Example illustrates the discontinuous recycling of catalyst. 1 part of
      a catalyst prepared as in Example 2 containing 1.4 wt.% of Ru was mixed
      with 10 parts of distilled acrylonitrile and then heated under 400 p.s.i.
      hydrogen at 120.degree.C for 6 hours. A pressure drop of 200 p.s.i. was
      noted. The residual pressure was released and the bomb contents were
      filtered, the separated catalyst was recharged with a further 10 parts of
      acrylonitrile and reheated at 120.degree.C under 400 p.s.i. hydrogen for a
      further 6 hours. After let down the solid catalyst was again separated and
      re-reacted with more fresh acrylonitrile. These operations were repeated
      for a total of five cycles. At the end of these experiments the total
      products were analysed by GLC.
PAR  The following table shows the product spectrum obtained at each cycle
      (wt.%) based on the acrylonitrile converted (average 80.3%) conversion.
TBL  __________________________________________________________________________
          CYCLE         1    2   3   4   5                                     
     % ADN              48.1 23.7                                              
                                  6.3                                          
                                      5.7                                      
                                          8.9                                  
     __________________________________________________________________________
     % cis-1,4-dicyanobutene-1                                                 
                        1.3  13.7                                              
                                 20.2                                          
                                     26.4                                      
                                         22.4                                  
     % trans-1,4-dicyanobutene-1                                               
                        1.2  14.3                                              
                                 25.2                                          
                                     23.9                                      
                                         26.0                                  
     cis and trans-1,4-dicyanobutene-2                                         
                        Total over 5 cycles:5%                                 
     % propionitrile    49.4 48.3                                              
                                 48.2                                          
                                     44.0                                      
                                         43.0                                  
     __________________________________________________________________________
PAL  Fractional distillation of the product gave 16 parts of total linear dimers
      boiling between 120.degree. - 140.degree.C/1 mm. Hg. pressure. The weight
      of catalyst recovered was 0.9 part with no allowance made for mechanical
      losses.
PAC  EXAMPLE 6
PAC  Comparative Example
PAR  This Example illustrates the relative inferiority of catalysts prepared by
      the conventional deposition of ruthenium compounds on to an alumina
      support for this reaction. 100 parts of gamma-alumina cylinders
      (approximately 5 mm. long .times. 11/2 mm. diameter) were shaken with a
      solution of 500 parts of acrylonitrile containing 5 parts of commercial
      ruthenium chloride hydrate. Triethylamine was added with continuous
      agitation until precipitation had ceased. The acrylonitrile and excess
      triethylamine were removed by evaporation under reduced pressure and the
      catalyst finally dried under reduced pressure at 110.degree.C and obtained
      as black pellets. 2 parts of the catalyst so obtained were charged to an
      autoclave with 10 parts of acrylonitrile and heated with agitation to
      120.degree.C under 400 p.s.i. hydrogen for 8 hours.
PAR  GLC analysis of the resultant liquid product after decantation from the
      catalyst particles was:
     cis-1,4-dicyanobutene-1 :     20.7%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     21.3                                        
     1,4-dicyanotubene-2     :      1.2                                        
     adiponitrile            :      3.5                                        
PAL  A total useful dimer yield of 46.7%, at a conversion of acrylonitrile of
      63.1%. Propionitrile accounted for 53.3% of total product.
PAC  EXAMPLE 7
PAC  Comparative Example
PAR  This Example illustrates the dimerisation reaction as carried out
      homogeneously with ruthenium chloride hydrate in presence of
      triethylamine. 0.2 part of commercial ruthenium chloride hydrate, 0.4 part
      of triethylamine and 20 parts of acrylonitrile were charged to a stirred
      autoclave and heated at 120.degree.C under an initial pressure of 400
      p.s.i. hydrogen for 20 hours. A conversion of 90% of the acrylonitrile was
      observed. GLC analysis of the yellow-brown liquid product containing
      soluble ruthenium compounds was as follows:
TBL  cis-1,4-dicyanobutene-1 :     25.5%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     26.6                                        
     adiponitrile            :      5.3                                        
     propionitrile           :     42.6                                        
PAC  EXAMPLE 8
PAR  A catalyst was prepared as in Example 1, but using hydrated aluminium
      trinitrate in place of aluminium chloride. 1 part of the resultant
      powdered catalyst with 10 parts of freshly distilled acrylonitrile were
      heated under 400 p.s.i. hydrogen at 120.degree.C for 6 hours. Analysis by
      GLC of the resultant reaction mixture after separation of the insoluble
      brown catalyst showed a conversion of acrylonitrile of 24% and a product
      distribution consisting of:
TBL  cis-1,4-dicyanobutene-1 :     20.7%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     32.4%                                       
     adiponitrile            :      8.2%                                       
     propionitrile           :     38.7%                                       
PAC  EXAMPLE 9
PAR  A catalyst was prepared as in Example 2, but using aqueous ammonium
      hydroxide (Sp. Gr. 0.88) as the precipitating base instead of
      triethylamine. The resulting brown-black precipitate after drying at
      100.degree.C for 12 hours was powdered and used as a catalyst for the
      hydrodimerisation of acrylonitrile. After 6 hours reaction in an autoclave
      at 400 p.s.i. hydrogen and 120.degree.C, 84.4% of the acrylonitrile had
      been converted to a product spectrum consisting of:
TBL  cis-1,4-dicyanobutene-1 :     34.7%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     21.5%                                       
     adiponitrile            :      9.2%                                       
PAL  A total useful dimer product of 67.4% with 32.6% of byproduct
      prioponitrile.
PAC  EXAMPLE 10
PAR  A catalyst prepared as in Example 1, but using trimethylamine (25% v/v in
      water) as the precipitating organic base gave a greenish-black catalyst
      after drying. This catalyst when used for the hydrodimerisation of
      acrylonitrile as in Example 8 yielded a product consisting of:
TBL  cis-1,4-dicyanobutene-1 :     32.4%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     31.6%                                       
     adiponitrile            :      7.1%                                       
     propionitrile           :     29.5%                                       
PAL  at a 33% conversion of the acrylonitrile.
PAC  EXAMPLE 11
PAR  A catalyst prepared as in Example 1 using urea as precipitating agent gave
      on reaction with acrylonitrile under the hydrodimerisation conditions of
      Example 8 a product spectrum by GLC analysis containing:
TBL  cis-1,4-dicyanobutene-1 :     26.8%                                       
     trans-1,4-dicyanobutene-1                                                 
                             :     26.0%                                       
     adiponitrile            :      6.3%                                       
PAL  the remainder (40.9%) being propionitrile at a conversion of acrylonitrile
      of 70%.
PAC  EXAMPLE 12
PAR  A catalyst prepared as in Example 1 starting from ammonium
      pentachlororuthenate (NH.sub.4).sub.2 RuCl.sub.5 H.sub.2 O; instead of
      commercial ruthenium trichloride gave a catalyst of comparable activity,
      yielding on reaction with acrylonitrile 55% total dimers at 73% overall
      conversion of acrylonitrile.
PAC  EXAMPLE 13
PAR  A catalyst prepared as in Example 2, but using cadmium chloride in place of
      bismuth nitrate as a synergistic reagent gave on reaction with
      acrylonitrile under the hydrodimerisation conditions of Example 8 a
      product consisting of 64% total linear dimers, of which 16% was
      adiponitrile at an acrylonitrile conversion of 45%.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the conversion of acrylonitrile to a product containing
      more than 50% by weight of adiponitrile, 1,4-dicyano-butenes, or mixtures
      thereof, which comprises heating acrylonitrile in the liquid phase at a
      temperature of 50.degree. to 200.degree.C and a pressure of up to 250
      atmospheres in the presence of hydrogen or a compound capable of supplying
      hydrogen under reation conditions and a catalyst consisting essentially of
      a ruthenium compound co-precipitated with an aluminum oxide or hydroxide
      in which the proportion of ruthenium to aluminum is in the range 1:40 to
      10:1 by weight, said catalyst being obtained by adding a base less strong
      than alkali metal hydroxide to an aqueous solution to form an alkaline
      solution containing a water-soluble ruthenium compound and a water-soluble
      aluminum compound to effect co-precipitation and separating the
      co-precipitate at a temperature below about 200.degree.C.
NUM  2.
PAR  2. The process according to claim 1 wherein the catalyst is an intimate
      admixture of a ruthenium oxyhydroxy species and pseudo-boohmite.
NUM  3.
PAR  3. The process according to claim 1 wherein the said base is selected from
      the group consisting of ammonium hydroxide, an organic amine or urea.
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ABST
PAL  A process is described for the preparation of aromatic aldehydes such as
      benzaldehyde or substituted benzaldehydes involving the vapor phase
      oxidation of aralkyl compounds such as toluene or substituted toluenes,
      respectively, at temperatures of less than about 250.degree.C. in the
      presence of a catalyst composition containing phosphoric acid and a
      catalytically effective amount of palladium metal. The aromatic aldehydes
      are produced in a single reaction step.
PARN
PAR  This is a continuation of application Ser. No. 284,524 filed Aug. 29, 1972,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the preparation of aromatic
      aldehydes by the catalytic oxidation of aralkyl organic compounds such as
      toluene or substituted toluenes, preferably in the vapor phase. More
      particularly, the invention pertains to the reaction or aralkyl compounds
      with molecular oxygen in the presence of a supported catalyst containing
      phosphoric acid and palladium metal. The vapor phase process of the
      invention can be effectively employed, for example, the preparation of
      benzaldehyde from toluene.
PAR  Current industrial practice for the oxidation of toluene to benzaldehyde
      utilizes a uranium oxide/molybdenum oxide catalyst at about 500.degree.C.
      (W. L. Faith, D. B. Keyes and R. L. Clark, Industrial Chemicals, 3rd Ed.,
      John Wiley & Sons, Inc., New York, 1965). It is among the objects of the
      present invention to provide a novel process for the selective production
      of aromatic aldehydes such as benzaldehyde or substituted benzaldehydes at
      relatively low temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention an aralkyl compound such as
      toluene or a substituted toluene is oxidized, preferably in the vapor
      phase, by molecular oxygen at temperatures of less than about
      250.degree.C. in the presence of a catalyst composition containing
      phosphoric acid and a catalytically effective amount of palladium metal to
      form the desired aromatic aldehyde. The process employs a heterogeneous
      catalyst contact system; e.g., a system consisting of a fixed, moving or
      fluidized catalyst bed. The following equations are illustrative of the
      reactions which may be carried out by employing the process of this
      invention:
EQU  C.sub.6 H.sub.5 CH.sub.3 + O.sub.2 .fwdarw.C.sub.6 H.sub.5 CHO + H.sub.2 0
      (1)
EQU  R.sub.n C.sub.6 H.sub.5-n CH.sub.3 + O.sub.2 .fwdarw.R.sub.n C.sub.6
      H.sub.5-n CHO + H.sub.2 0                                 (2)
PAL  wherein R is an alkyl radical having from 1 to 6 carbon atoms, an aryl
      group having at least 4 carbon atoms, an alkoxy or aryloxy radical having
      from 1 to 7 carbon atoms, a carboxyl radical having from 1 to 8 carbon
      atoms, or mixture thereof, and wherein n ranges from 0 to 5.
PAR  Illustrative aralkyl compounds are as follows:
PAR  1. Arenes having from 7 to 17 carbon atoms such as:
PA1  Toluene
PA1  O-Xylene
PA1  M-Xylene
PA1  P-Xylene
PA1  P-Cymene
PA1  Mesitylene
PA1  Durene
PA1  Pentamethylbenzene
PA1  Hexamethylbenzene
PA1  Methylnapthalene
PA1  P-Phenyltoluene
PA1  2,2-di(p-tolyl) propane, etc.
PAR  2. Alkoxy and aryloxy substituted toluenes having from 8 to 14 carbon atoms
      such as:
PA1  m-Methoxytoluene
PA1  o-Methoxytoluene
PA1  p-Methoxytoluene
PA1  p-Phenoxytoluene
PA1  Ditolyl ether
PA1  2,5-Dimethoxytoluene, etc.
PAR  3. Carbonyl and carboxyl substituted toluenes having 8 to 15 carbon atoms
      such as:
PA1  Methyl p-toluate
PA1  p-Methyl benzoic acid
PA1  p-Methylbenzophenone
PA1  4-Methylphthalic anhydride, etc.
PAR  In general the preferred organic feed material will be aromatic organic
      compounds containing a tolyl radical, i.e., CH.sub.3 C.sub.6 H.sub.4 -,
      such as toluene, o-xylene, m-xylene, p-xylene, durene, mesitylene, and the
      like.
PAR  Carrying out the reaction in the gas phase is a relatively simple and
      efficient operation, permitting the use of a continuous process, and thus
      is commercially attractive. It has been found that use of the indicated
      procedure results in the selective formation of benzaldehyde or a
      substituted benzaldehyde at relatively low temperatures.
PAR  The following description of preferred forms of the invention relates
      principally to the oxidation of toluene to benzaldehyde. It will, however,
      be understood that the process described herein is similarly applicable to
      the oxidation of aralkyl organic compounds as set forth in equation (2)
      hereinabove, and that such latter embodiment is, therefore, also embraced
      within the scope of the present invention. It is also possible, and within
      the scope of the invention, to prepare a di-aldehyde, e.g.,
      p-terephthalaldehyde from p-xylene.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Toluene, the preferred organic feed material, reacted in the present
      process may be fed in pure form or, alternatively, may be impure in the
      sense that it may contain diluents, such as, e.g., up to about 50 mole
      percent thereof of inert hydrocarbons such as heptane, cyclohexane or
      benzene. The oxygen feed may similarly be pure oxygen or, alternatively,
      an oxygen-containing gas mixture such as air or air enriched with oxygen.
      In addition to these materials, the gaseous feed mixture employed in the
      process contains water vapor and may contain other inert diluents such as
      nitrogen or carbon dioxide.
PAR  The gaseous mixture of such reactants is contacted with a catalyst
      composition comprising phosphoric acid and a catalytically effective
      amount of palladium metal suitably supported on a conventional catalyst
      carrier such as, for example, carbon, silica, alumina, titania,
      carborundum, an ion-exchange resin, or the like.
PAR  The support is impregnated or loaded with the phosphoric acid, and the
      palladium metal, whether alone or admixed, alloyed, or in solid solution
      with a Group IB or Group VIII is deposited thereon. Such other metals
      include gold, silver, platinum, rhodium, ruthenium, iridium, and the like
      as well as mixtures thereof. As indicated below, the catalytically
      effective palladium metal and the phosphoric acid may be deposited on or
      impregnated in the catalyst carrier in any desired sequence, the combined
      supported catalyst composition, however formed, being active in the
      present process. The phosphoric acid may also be added continuously to the
      reaction mixture in the form of an aqueous solution to maintain a trickle
      liquid phase over the catalyst bed. In this case, the phosphoric acid in
      the effluent mixture may be recovered and recycled.
PAR  The palladium metal is incorporated in amounts of from about 0.1 to 5%,
      preferably from about 0.5 to 3.0%, by weight of the metal and carrier. The
      phosphoric acid is incorporated in amounts of at least 1%, and up to as
      much as about 50%, preferably from about 5 to 30%, by weight of the total
      catalyst composition. If another metal, e.g., gold, is present in the
      catalyst composition it will be incorporated in an amount ranging from
      about 1 to 200, preferably from about 10 to 75%, by weight based on the
      weight of the palladium.
PAR  It has been found, in accordance with the present invention, that
      palladium-containing compositions which do not incorporate either
      phosphoric acid or other strong inert acids such as phosphosilicic acid,
      are not useful in the process. Furthermore, catalyst compositions such as
      palladium-gold-phosphoric acid or palladium-platinum-phosphoric acid are
      active, and may exhibit improved stability characteristics compared to
      palladium-phosphoric acid catalysts.
PAR  Deposition of the catalytically effective amount of palladium metal
      utilized in this process may be effected by conventional techniques, such
      as by contacting the catalyst support with a solution of a suitable
      palladium salt or complex, e.g., palladium chloride, palladium acetate,
      palladium nitrate or palladium acetylacetonate, and thereafter reducing
      the palladium compound to the metal with hydrogen or other appropriate
      reducing agents. Alternatively, the salt may, if desired, be reacted with
      alkali to form the corresponding palladium oxide, and the latter may
      thereafter be reduced to the catalytically active metal.
PAR  When the palladium metal is deposited prior to impregnation of the support
      with phosphoric acid the palladium salt may be applied from either aqueous
      or organic media, e.g., water or organic solvents such as lower alkanols,
      e.g., methanol or ethanol, benzene, chloroform, or the like. When, on the
      other hand, the palladium metal is deposited after impregnation with
      phosphoric acid, the palladium salt is usually applied from an organic
      solvent. Organic media are preferred in this alternative embodiment
      inasmuch as the presence of water may tend to remove a portion of the
      phosphoric acid from the carrier. Alternatively, palladium salts may be
      simultaneously applied with phosphoric acid from compatible solvents.
PAR  The catalyst carrier, with or without palladium incorporation, may be
      loaded with phosphoric acid by impregnating the support either with syrupy
      phosphoric acid, e.g., 85% H.sub.3 PO.sub.4, or with more dilute aqueous
      solutions of phosphoric acid. The carrier may then be used as such, or
      alternatively, it may be subsequently dried either in a stream of hot air
      or in a vacuum oven.
PAR  Commercially available catalyst materials may be utilized in the
      preparation of the catalyst compositions hereof. Thus, for example, either
      a commercial supported palladium metal catalyst may be treated with
      phosphoric acid, or a commercial supported phosphoric acid catalyst may
      have palladium metal deposited thereon, to form catalyst compositions
      useful herein.
PAR  It has been found desirable in accordance with the present invention to
      additionally incorporate a protic solvent, such as water, in the reaction
      mixture. Whether such material acts as a catalyst promoter or otherwise
      participates in a complex reaction with the substrate is not presently
      understood. While such material is, for purposes of convenience, referred
      to hereinafter as a catalyst promoter, it will be understood that its use
      in the process is contemplated, irrespective of the actual mechanism by
      which it may act.
PAR  The water may, for example, be added as a vapor to the gaseous feed mixture
      by bubbling the oxygen-containing gas stream through liquid water.
      Alternatively, water may be separately vaporized and metered into the
      reaction zone. If desired, in lieu of the preferred vapor phase operation
      of this invention, the water may be added continuously with phosphoric
      acid to maintain a mixed phase, i.e., a trickle liquid phase, over the
      catalyst bed.
PAR  While stoichiometric proportions of the toluene and oxygen reactants, viz.,
      1.0 mole of oxygen per mole of toluene, may be utilized in the vapor phase
      process hereof, it is rather preferred to use reaction mixtures in which
      oxygen is incorporated in amounts of from about 1 to 50 mole percent, in
      admixture with from about 1 to 25 mole percent of the toluene, and from
      about 1 up to about 80, and desirably 5 to 70 mole percent of water vapor
      promoter. The balance of the reactant mixture consists of hydrocarbons
      and/or gases inert to the oxidation process.
PAR  The vapor phase reaction is carried out at temperatures markedly lower than
      those which have, heretofore, been generally regarded as necessary for
      vapor phase toluene oxidation reactions. It has been found that the
      desired benzaldehyde is selectively formed at reaction temperatures of
      from about 100.degree. to 250.degree.C., and preferably, from about
      140.degree. to 225.degree.C.
PAR  The oxidation process may be conducted either at atmospheric or elevated
      pressures, e.g., up to about 75 psi.
PAR  After the gaseous reaction mixture contacts the catalyst composition, the
      exhaust gases are cooled to condense the oxidation products. The desired
      benzaldehyde is then separated by any convenient means such as
      distillation and/or extraction and the like. Benzoic acid is a valuable
      by-product. Unreacted feed material separated from the recovered effluent
      may be recycled for further reaction.
PAR  The following examples are directed to illustrative embodiments of the
      vapor phase process hereof, and should not be construed in a limiting
      sense. As employed herein, yields, conversions and selectivities are
      defined as follows:
      ##EQU1##
PAR  The proportions of palladium metal and phosphoric acid in the catalyst
      compositions described above or set forth in the examples are given as
      percentages of the total weight of the catalyst compositions, including
      both the support and the phosphoric acid and palladium metal components
      thereof, unless otherwise specified.
PAC  EXAMPLE 1
PAR  A pyrex glass tube reactor (50 cm. .times. 2.5 cm. OD) is loaded with 12.
      ml. (volume) of catalyst. The catalyst is prepared by treating 30 grams of
      3% palladium supported on carbon with 10 grams of phosphoric acid
      dissolved in 20 ml. of water, followed by heating in an open, rotating
      evaporation dish with a heat gun delivering hot air at 125.degree.C.
PAR  The reactor is heated to, and maintained at, 140.degree., when a stream of
      300 mmoles/hr. nitrogen, 100 mmoles/hr. oxygen, 180 mmoles/hr. water and
      17 mmoles/hr. toluene is passed through the catalyst bed. The exhaust
      gases are passed through a trap cooled by dry ice, followed by a carbon
      dioxide absorbing solution. Gas chromatographic and titrimetric analyses
      on the product of a 5 hour operation indicate product yields of 2.6 mole %
      benzaldehyde, 0.6 mole % benzoic acid and 0.8 mole % toluene converted to
      carbon dioxide. The conversion is 4.0% with a benzaldehyde selectivity of
      65%.
PAC  EXAMPLE 2
PAR  A. The procedure described in Example 1 is followed, except that 1.3%
      palladium/0.6% gold supported on carbon catalyst loaded with phosphoric
      acid (25% by weight) was employed in a 2 hour run at 165.degree.C. with a
      stream of 380 mmoles/hr. nitrogen, 100 mmoles/hr. oxygen, 180 mmoles/hr.
      water and 17 mmoles/hr. toluene. Product yields were 2.8 mole %
      benzaldehyde, 0.2 mole % benzoic acid, 0.2 mole % benzene and 0.4 mole %
      toluene converted to carbon dioxide; conversion, 3.6%; benzaldehyde
      selectivity, 77 %.
PAR  B. The procedure described in Example 2 (A) is followed, but the
      palladium-gold-on-carbon catalyst is not loaded with phosphoric acid. Only
      a trace of benzaldehyde was produced.
PAC  EXAMPLE 3
PAR  The catalyst described in Example 2 (A) is employed in a five hour run at
      180.degree.C. with a stream of 270 mmoles/hr. nitrogen, 85 mmoles/hr.
      oxygen, 180 mmoles/hr. water and 17 mmoles/hr. toluene. Product yields
      were 2.8 mole % benzaldehyde, 2.6 mole % benzoic acid, 0.1 mole % benzene
      and 1.2 mole % toluene converted to carbon dioxide.
PAC  EXAMPLE 4
PAR  A 1.3% palladium/0.67% gold supported on silica catalyst loaded with
      phosphoric acid (25% by weight) was employed in a 1 hour run at
      155.degree.C. with a stream of 270 mmoles/hr. nitrogen, 100 mmoles/hr.
      oxygen, 180 mmoles/hr. water and 17 mmoles/hr. toluene. Product yields
      were 5.7 mole % benzaldehyde, 1.2 mole % benzoic acid, 0.7 mole % toluene
      converted to carbon dioxide and 0.1 mole % benzyltoluenes
      (methyldiphenylmethanes); conversion, 7.7%; benzaldehyde selectivity, 74%.
PAC  EXAMPLE 5
PAR  A. A 1% palladium/0.5% gold on carbon catalyst loaded with phosphoric acid
      (25% by weight) was employed in a run at 160.degree. an and a operating
      pressure of 50 psi with a stream of 70 mmoles/hr. nitrogen, 20 mmoles/hr.
      oxygen, 440 mmoles/hr. water and 100 mmoles/hr. toluene. Conversion was
      3.9% with a selectivity of 79%.
PAR  B. The above catalyst and reaction conditions, except that the temperature
      was raised to 180.degree., gave a conversion of 7.3% with a selectivity of
      50%.
PAR  C. A 1% palladium on silica catalyst loaded with phosphoric acid (25% by
      weight) was employed in a run at 200.degree. and an operating pressure of
      50 psi with essentially the reactant stream described in section (A).
      Conversion was 3.7% with a selectivity of 55%.
PAC  EXAMPLE 6
PAR  The procedure described in Example 2 (A), except that o-xylene is oxidized
      in place of toluene to produce o-tolualdehyde.
PAC  EXAMPLE 7
PAR  The procedure described in Example 2 (A), except that p-xylene is oxidized
      in place of toluene to produce p-tolualdehyde.
PAC  EXAMPLE 8
PAR  The procedure described in Example 2 (A) except that p-cymene is oxidized
      in place of toluene to produce p-isopropylbenzaldehyde.
PAC  EXAMPLE 9
PAR  The procedure described in Example 2 (A) except that m-methoxytoluene
      (m-methylanisole) is oxidized in place of toluene to produce
      m-methoxybenzaldehyde.
PAC  EXAMPLE 10
PAR  The procedure described in Example 2 (A), except that methyl p-toluate is
      oxidized in place of toluene to produce p-carbomethoxybenzaldehyde.
PAR  The above data show that without the use of phosphoric acid in the catalyst
      composition the oxidation process yields little, if any, aldehyde product.
      The data further show that aromatic aldehydes may be produced in a highly
      selective manner, and that a variety of substituted toluenes may be
      employed in the process.
PAR  While particular embodiments of this invention are shown above, it will be
      understood that the invention is obviously subject to variations and
      modifications without departing from its broader aspects. Thus, while the
      conversion of toluene to benzaldehyde has been described above in great
      detail it will be understood that substituted toluenes, i.e., compounds
      containing the tolyl radical, CH.sub.3 C.sub.6 H.sub.4 --, or a
      substituted tolyl radical, may also effectively be employed as starting
      materials to produce the corresponding aromatic aldehydes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of aromatic aldehydes which consists
      essentially of oxidizing in the vapor phase an organic compound selected
      from the group consisting of toluene, xylene, p-cymene, mesitylene,
      durene, pentamethylbenzene, hexamethylbenzene, methylnaphthalene,
      p-phenyltoluene, 2,2-di(p-tolyl) propane, methoxytoluene,
      p-phenoxytoluene, ditolyl ether, 2,5-dimethoxytoluene, methyl p-toluate,
      p-methyl benzoic acid, p-methylbenzophenone, and 4-methylphthalic
      anhydride, with molecular oxygen at a temperature of from about
      100.degree.-250.degree.C. in the presence of a supported catalyst
      composition, said catalyst composition being supported on an inert carrier
      material having about 1-50 percent by weight of phosphoric acid
      impregnated therein and about 0.1-5 percent by weight of palladium in the
      form of palladium metal or palladium metal admixed, alloyed or in solid
      solution with about 1-200 percent based on the palladium of a Group IB or
      VIII metal selected from the group consisting of gold, platinum, silver,
      rhodium, ruthenium and iridium deposited thereon.
NUM  2.
PAR  2. The process of claim 1 wherein m-methylanisole is oxidized to produce
      m-methoxybenzaldehyde.
NUM  3.
PAR  3. The process of claim 1 wherein methyl p-toluate is oxidized to produce
      p-carbomethoxybenzaldehyde.
NUM  4.
PAR  4. The process of claim 1 wherein p-cymene is oxidized to produce
      p-isopropylbenzaldehyde.
NUM  5.
PAR  5. The process of claim 1 wherein the inert carrier material is carbon.
NUM  6.
PAR  6. The process of claim 1 wherein the inert carrier material is silica.
NUM  7.
PAR  7. The process of claim 1 wherein the reaction is carried out at a
      temperature ranging from about 140.degree. to 225.degree.C.
NUM  8.
PAR  8. The process of claim 1 wherein the reaction mixture of the organic
      compound and the molecular oxygen includes water in an amount of up to 80
      mole % thereof.
NUM  9.
PAR  9. The process of claim 1 wherein toluene is oxidized to prepare
      benzaldehyde.
NUM  10.
PAR  10. The process of claim 1 wherein xylene is oxidized to produce
      tolualdehyde.
NUM  11.
PAR  11. The process of claim 1 wherein the Group IB metal is gold.
NUM  12.
PAR  12. A vapor phase process for the preparation of benzaldehyde which
      comprises reacting a gaseous mixture consisting essentially of toluene,
      molecular oxygen and water vapor at a temperature of from about
      100.degree. to 250.degree. C. in the presence of a supported catalyst
      composition, said catalyst composition being supported on an inert carrier
      material having about 5 to 30% by weight of phosphoric acid impregnated
      therein and about 0.5 to 3% by weight of palladium in the form of
      palladium metal or palladium metal admixed, alloyed or in solid solution
      with about 1-200 weight percent based on the palladium of a Group IB or
      Group VIII metal selected from the group consisting of gold, platinum,
      slver, rhodium, ruthenium and iridium deposited thereon.
NUM  13.
PAR  13. The process of claim 12 wherein the Group IB metal is gold.
NUM  14.
PAR  14. The process of claim 12 wherein the inert carrier is carbon.
NUM  15.
PAR  15. The process of claim 12 wherein the inert carrier is silica.
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ABST
PAL  The palladium and copper ethylene-oxidation catalysts used in vinyl acetate
      production are regenerated by a process including a galvanic displacement
      of the metals from solution and their reconversion to halides.
BSUM
PAR  The present invention relates to a process for the production of vinyl
      acetate from ethylene.
PAR  As is well known, vinyl acetate can be produced by bringing ethylene and
      oxygen into contact with a palladium salt in an environment containing
      acetic acid, in the presence of a copper salt and a salt of acetic acid
      that is ionised under the conditions of reaction.
PAR  It is also known that as the reaction of converting ethylene into vinyl
      acetate proceeds, a diminution in the activity of the catalyst is
      observed.
PAR  This phenomenon, which becomes more and more evident as time passes,
      results in a steady reduction in the mean specific production of vinyl
      acetate, which falls to levels below what is commercially acceptable. This
      phenomenon of continuously falling specific production also creates
      awkward problems in the running of the entire plant.
PAR  For good progress and satisfactory operation in the reaction whereby vinyl
      acetate is formed from ethylene, there is obviously a need for maintaining
      the activity of the catalytic substance at values which are sufficiently
      high and which remain as far as possible constant with time.
PAR  To that end, it has been customary hitherto for the catalytic substance,
      once its activity has been reduced, to be subjected to combustion after
      withdrawal from the reaction vessel and separation from the acetic acid
      solution. This results in a solid mass consisting for the most part of
      oxides and chlorides of the metals composing the catalytic mixture, along
      with smaller amounts of those metals in their elementary form.
PAR  This mass is then suitably treated with acetic acid and hydrochloric acid,
      so as to regenerate the catalytic mixture, which is then returned to the
      reaction vessel in which the vinyl acetate is being produced.
PAR  The process described above, however, has a number of serious drawbacks,
      because of the complexity of the equipment used, the marked corrosive
      action due to the substances treated and to the high temperatures used,
      and the inevitable losses arising, for example, from the volatility of
      copper salts and from the carrying away of material in the combustion
      gases.
PAR  It has now been discovered that the drawbacks associated with the
      techniques known hitherto for the production of vinyl acetate by the
      catalytic oxidation of ethylene in the presence of acetic acid can be
      avoided or reduced if the catalytic mixture, when its activity is reduced,
      is removed from the reaction vessel in which the vinyl acetate is being
      produced and -- containing as it does ions of copper, palladium, alkali or
      alkaline earth metal and chlorine or other in acetic acid solution is
      brought into contact with an element having an electrochemical potential
      that is algebraically lower than the electrochemical potential of copper
      and palladium. (In the present patent application, reference is made to
      the European convention concerning potentials, according to which one
      system oxidises all other systems having algebraically lower
      electro-chemical potentials.)
PAR  The invention is hereafter described in terms of the use of alkali metals
      and chlorides in the catalytic mixture.
PAR  By this procedure, a galvanic displacement, the copper and palladium ions
      are recovered to all intents and purposes quantitatively as elementary
      copper and palladium, which, after being separated from the solution, are
      converted into their chloride forms and used for the preparation of fresh
      catalytic mixtures suitable for the production of vinyl acetate.
PAR  More specifically, in accordance with the present invention, in preferred
      form the catalytic mixtures of reduced activity, are removed from the
      vessel in which the vinyl acetate is being produced, continuously or at
      predetermined intervals, and introduced into a container, in which they
      are kept in continuous contact -- by internal or external re-cycling for
      example -- with the element having the lower potential, this being in one
      of various forms, such as plates, bars, shavings or powder for instance,
      but preferably in plate or sheet form.
PAR  The element of lower potential behaves like a reducing system and goes into
      solution in ionic form, while the palladium and copper are deposited
      substantially quantitatively in their elementary form on the immersed
      element, on which they form an easily removable covering.
PAR  In a recommended specific form of the present invention, metallic iron is
      used as the reducing element.
PAR  The temperature of the catalytic mixture introduced into the container may
      lie between the limits of solidification and boiling of that solution, but
      it is convenient to feed the catalytic mixture at a temperature of
      approximately the ambient level and to allow its temperature to rise
      freely by virtue of the heat generated by the reaction of galvanic
      displacement.
PAR  The metallic copper and palladium deposited on the reducing element are
      removed from it by the movement imparted to the solution introduced or by
      mechanical removal and are recovered in powder form, decanted into a
      suitable receiver, then washed with an acidic dilute aqueous solution,
      preferably a dilute aqueous solution of hydrochloric acid, and then put
      into a vessel in which they are converted from metallic to chloride form.
PAR  This operation can be carried out by bubbling chlorine gas into an aqueous
      suspension of the metallic powder, preferably maintained at ambient
      temperature, to give an aqueous solution of the chlorides, from which the
      dissolved chlorine is eliminated by blowing in air.
PAR  Alternatively, the operation can be carried out by bubbling air or oxygen
      into a suspension of the metallic powder in an aqueous or acetic acid
      solution of hydrochloric acid, preferably maintained at ambient
      temperature, in which condition dissolution takes place more rapidly. The
      acetic acid solution, once the palladium and copper have been removed, is
      subjected to treatment for recuperation of the acetic acid.
PAR  The copper chloride and palladium chloride, after regeneration as described
      above, are passed to the reaction vessel in which the vinyl acetate is
      being produced, together with acetic acid, part of which has been
      recovered, and an alkali metal salt, to produce a catalytic composition
      substantially identical to the fresh composition originally introduced.
PAR  Normally, in the production of vinyl acetate, the ethylene and oxygen or
      oxygen-containing gas are fed separately or mixed, at an ethylene/oxygen
      molar ratio of between 10:1 and 25:1 and preferably between 14:1 and 22:1,
      preferably at a pressure of between 20 and 50 atm., into a reaction vessel
      kept at a temperature of between 80.degree.C. and 160.degree.C. and
      preferably between 100.degree.C. and 140.degree.C., containing from 0.5 to
      5 gram-ions/liter of alkali metal, 0.01 to 0.5 gram-ion/liter of copper,
      0.0002 to 0.02 gram-ion/liter of palladium and 0.1 to 1 gram-ion/liter of
      chlorine in acetic solution.
PAR  When the catalytic mixture is regenerated by the process here proposed, the
      yield of vinyl acetate is high and to all intents and purposes constant
      with time.
DETD
PAC  EXAMPLE 1
PAR  In a reaction vessel containing a catalytic mixture consisting of 400 g. of
      copper ion, 7.7 g. of palladium ion and 2,430 g. of sodium ion dissolved
      in 70 liters of an acetic acid solution, a gaseous mixture consisting of
      ethylene (86%), oxygen (5%), carbon dioxide (8%) and nitrogen (1%) was
      re-cycled at the rate of 200 N.cu.m/hour. The working pressure was
      maintained at 30 atm. and the temperature at 120.degree.C.
PAR  Also fed continuously into the reaction vessel were a solution of acetic
      acid at the rate of about 25 liters an hour and hydrochloric acid
      sufficient to keep the chlorine ion concentration in the vessel at 0.35
      gram-ion/liter.
PAR  The mean specific production during the first 100 hours, expressed in mols
      of ethylene converted into acetate and acetaldehyde, was equivalent to 1.3
      mols per liter of catalytic mixture per hour.
PAR  The mean specific production then dropped with time and was equivalent in
      the 200th hour to about 0.7 mol per liter catalytic mixture per hour.
PAR  At that point, the catalytic mixture, its activity by then appreciably
      lower, was removed from the vessel in which the vinyl acetate was being
      produced and was introduced at ambient temperature into a container with a
      conical bottom, fitted with an interception valve at the lower end and
      with a pump for external re-circulation of the liquid.
PAR  Arranged vertically in the container were two plates of sheet iron having a
      total surface area of 0.5 sq.m. As soon as charging with the solution was
      complete, it was mixed up by bringing the re-cycling pump into action. The
      copper and palladium were deposited on the iron plates in the form of an
      aggregate of dendritic crystals of low cohesion, which was readily
      dislodged from the plates by the movement of the solution and accumulated
      largely in the base of the container.
PAR  The separated acetic acid solution was sent for recovery of the acetic
      acid, while the metallic deposit, washed in a dilute aqueous solution of
      hydrochloric acid, was put into suspension in de-ionised water in a
      receptacle into the base of which chlorine gas was blown.
PAR  Re-dissolution was rapid and when no more suspended metal particles were
      observed to be present the dissolved chlorine was removed by blowing in
      air.
PAR  To the solution, containing substantially all the copper and palladium
      originally present in the catalytic mixture of reduced activity, was added
      caustic soda, acetic acid (part of it recovered) and hydrochloric acid, to
      bring the composition of the resultant mixture substantially to that of
      the fresh mixture originally introduced.
PAR  When the solution was returned to the reaction vessel in which the vinyl
      acetate was being produced, the mean specific production, in conditions
      precisely the same as before regeneration, was equivalent to 1.3 mols of
      ethylene converted into vinyl acetate and acetaldehyde per liter of
      catalytic mixture per hour.
PAC  EXAMPLE 2
PAR  The catalytic mixture with its activity reduced, as in Example 1, was put
      into a container in which were arranged vertically two zinc plates having
      a total surface area of 0.5 sq.m. The copper and palladium were deposited
      on the zinc plates in the form of an aggregation of dendritic crystals of
      low adhesion, which was readily dislodged from the plates by the movement
      of the solution and subjected to the same treatment as in Example 1.
PAR  When the catalytic mixture thus regenerated was transferred to the reaction
      vessel in which the vinyl acetate was being produced, the mean specific
      production in the same working conditions as in Example 1 was equivalent
      to about 1.2 mols of ethylene converted into vinyl acetate and
      acetaldehyde per liter of catalytic mixture per hour.
PAC  EXAMPLE 3
PAR  In a reaction vessel containing a catalytic mixture consisting of 400 g. of
      copper ion, 7.7 g. of palladium ion and 2,430 g. of sodium ion dissolved
      in 70 liters of acetic acid solution, a gaseous mixture consisting of
      ethylene (86%), oxygen (5%), carbon dioxide (8%) and nitrogen and other
      inert gases (1%) was re-cycled at the rate of 200 N.cu.m/hour. The working
      pressure was maintained at 30 atm. and the temperature at 120.degree.C.
PAR  A solution of acetic acid was fed continuously to this vessel at the rate
      of about 25 liters an hour, as well as sufficient hydrochloric acid to
      maintain the chlorine ion concentration therein at 0.35 gram-ion/liter.
PAR  Catalytic mixture was withdrawn from the reaction vessel, likewise
      continuously, at 1 liter per hour, and transferred to a container and
      subjected to the same treatment as described in Example 1. The metal
      deposit obtained, consisting of copper and palladium in powder form,
      suspended in a dilute aqueous solution of hydrochloric acid, into which
      air was bubbled, dissolved to give a solution of the copper and palladium
      chlorides.
PAR  A quantity of this solution such as to contain approx. 5.7 g. of copper ion
      and 0.11 g. of palladium ion received an addition of 88 g. of sodium
      chloride and was continuously fed back every hour to the reaction vessel
      in which the vinyl acetate was being produced.
PAR  The procedure described was adopted for a run of one month, during which
      the mean specific production, expressed in mols of ethylene converted into
      vinyl acetate and acetaldehyde, remained at values lying between 1.15 and
      1.00 mols per liter of catalytic mixture per hour.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the production of vinyl acetate by feeding ethylene and
      a member selected from the group consisting of oxygen and
      oxygen-containing gases into a catalytic mixture consisting of palladium
      and copper halogenides and an acetate selected from the group consisting
      of alkali metal and alkaline earth metal acetates in acetic acid, under
      conditions of high temperature and pressure, wherein said catalytic
      mixture is recovered and regenerated, the improvement which comprises:
PA1  a. removing the catalytic mixture from the reaction vessel in which the
      vinyl acetate is being produced;
PA1  b. bringing said mixture into contact with an element having an
      electrochemical potential algebraically lower than the electrochemical
      potentials of copper and palladium, so as to separate the palladium and
      copper in their elementary form;
PA1  c. converting the metallic palladium and copper so recovered to the
      corresponding chloride salt, by placing the metallic palladium and copper
      in suspension in a dilute aqueous solution of hydrochloric acid and
      bubbling therethrough, a member selected from the group consisting of
      chlorine gas, air, and oxygen; and
PA1  d. returning the metallic palladium and copper chloride salts to the
      reaction vessel in which the vinyl acetate is being produced,
PA1  said exhausted catalytic mixture being set at a temperature near room
      temperature and further being allowed to freely rise by the effect of the
      heat evolved from galvanic displacement up to the boiling point of the
      mixture.
NUM  2.
PAR  2. The process of claim 1, wherein the element having a lower potential is
      iron.
NUM  3.
PAR  3. The process of claim 1, wherein the vinyl acetate is produced by feeding
      ethylene and a member selected from the group consisting of oxygen and an
      oxygen-containing gas, separately or mixed together, in an ethylene/oxygen
      molar ratio of from 10:1 to 25:1, into a reaction vessel maintained at a
      temperature of from 80.degree.C to 160.degree.C and containing from 0.5 to
      5.0 gram-ions per liter of alkali metal, from 0.0002 to 0.02 gram-ion of
      palladium, from 0.01 to 0.5 gram-ion per liter of copper, and from 0.1 to
      1.0 gram-ion per liter of chlorine in an acetic acid solution.
NUM  4.
PAR  4. The process of claim 3, wherein the ratio between said ethylene and said
      oxygen ranges from 14:1 to 22:1, the temperature ranging from 100.degree.C
      to 140.degree.C, and the pressure ranging from 20 to 50 atmospheres.
NUM  5.
PAR  5. The process of claim 1, wherein the elements of an electrochemical
      potential of a lower algebraic value than the electrochemical potentials
      of copper and palladium are in the form of a member selected from the
      group consisting of plates, bars, chips, and powder.
NUM  6.
PAR  6. The process of claim 5, wherein said element is in the form of plates.
NUM  7.
PAR  7. The process of claim 5, wherein said element is composed of iron.
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ABST
PAL  Penicillamine or a homolog thereof is obtained by reacting a
      2-disubstituted-5,5-alkyl-thiazolidine nitrile, alkyl having 1 to 6 carbon
      atoms, with a mineral acid in a two-stage proceeding wherein in the first
      stage relatively low temperatures and a relatively high concentration of
      the mineral acid are employed while in the second stage the concentration
      of the acid is relatively low and the temperatures are relatively high,
      the term "relatively" referring to the relationship of said two stages of
      the reaction with mineral acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Penicillamine has already been made from
      2,2,5,5-tetramethyl-thiazolidine-4-carbonitrile by converting the nitrile
      either directly or via the intermediate of the carbonamide into a
      tetramethyl-thiazolidine-4-carboxylic acid ester. The ester is then
      reacted with hydrochloric acid to form the hydrochloric acid salt of
      penicillamine and the penicillamine hydrochloride can then be neutralized
      with alkali to obtain the free acid (see Jahrbuch 1967 des Landesamtes fur
      Forschung Nordrhein-Westfalen, pages 11 to 35). This process however is
      complicated and expensive since it is necessary first to obtain the
      intermediate product, the carboxylic acid ester. Besides it results in
      only low yields. The direct conversion of the
      tetramethyl-thiazolidine-4-carbonitrile into a salt of pencillamine has
      not been possible heretofore.
PAR  It is therefore an object of the present invention to obtain penicillamine
      or a homolog thereof directly from a 2-disubstituted
      5,5-dialkyl-thiazolidine-4-carbonitrile.
PAC  SUMMARY OF THE INVENTION
PAR  The invention lies in carrying out the reaction of the 2-disubstituted
      5,5-dialkyl-thiazolidine-4-carbonitrile with mineral acid in two stages.
      In the first stage the mineral acid is employed in a relatively high
      concentration and the temperature is relatively low and in the second
      stage the concentration of the mineral acid is low relative to the first
      stage and the temperature is high relative to the first stage. In this
      manner the salts of penicillamine or its homologs are directly obtained
      from the nitriles at fairly high yields.
PAC  DETAILS OF THE INVENTION AND PREFERRED EMBODIMENTS
PAR  The starting products for the process of the invention are the
      2-disubstituted 5,5-dialkyl-thiazolidine-4-carbonitriles of the general
      formula
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are the same or different.
      R.sub.1 and R.sub.2 may be alkyl, preferably of 1 to 6 carbon atoms which
      may also form a closed ring, alkenyl, preferably of 2 to 4 carbon atoms or
      alkaryl, preferably having 1 to 2  carbon atoms in the alkyl group.
      R.sub.3 and R.sub.4 should be alkyl, preferably of 1 to 6 carbon atoms
      which may form a closed ring.
PAR  The process is of particular use for making penicillamine, which is also
      know as 2-amino-3-mercapto-isovalerianic acid. As starting products there
      are preferred the 2,2-dimethyl-, 2,2-diethyl- and
      2-methyl-2-ethyl-5,5-dimethyl-thiazolidine-4-carbonitriles.
PAR  Pencillamine is used as an additive to feeds particularly for chicks or
      young pigs and as a pharmaceutical, for instance in the treatment of
      Wilson's disease or of cystinuria. Recently it has also come into wide use
      in the treatment of rheumatoid arthritis.
PAR  The 2-disubstituted starting product in the form of the
      2-disubstituted-5,5-dialkyl-thiazolidine-4-carbonitrile can be obtained in
      known manner from the corresponding thiazoline- .DELTA..sup.3.
PAR  In order to make the nitriles the thiazolines are reacted at a low
      temperature with hydrogen cyanide. This reaction is preferably carried out
      in organic solvents, particularly alkanols such as methanol, or ethers
      such as diethyl ether or in aliphatic or aromatic hydrocarbons which may
      be substituted by halogen. The crude nitrile which is obtained from the
      reaction mixture by evaporation of the solvent, by cooling or by
      precipitation of the salts by means of acids, can be readily subjected to
      the reaction of the present invention.
PAR  This reaction involves the direct conversion of the nitrile into
      penicillamine or a homolog thereof. The reaction in general is carried out
      in the presence of at least a stoichiometric amount of water, relative to
      the nitrile, by reaction with a strong mineral acid. Suitable mineral
      acids are for instance sulfuric acid, hydrogen halide acids and mixtures
      thereof. Preferably the acid is hydrochloric acid. The reaction is
      preferably carried out upon exclusion of oxygen.
PAR  The acid concentration used in the reaction and the acid amounts and the
      temperatures as well as the reaction time are interdependent to a certain
      extent and also depend on the type of acid. Generally it is preferred to
      use temperatures of about 20.degree. to 80.degree.C, particularly below
      80.degree.C, in the first stage and acid concentrations of about 30 to 80
      particularly in excess of 30, weight percent. In the second stage the
      temperatures should be from about 80.degree. to 120.degree.C, particularly
      in excess of 80.degree.C, and the acid concentration should be from 10 to
      30, particularly below 30 percent by weight.
PAR  It is preferred to carry out the reaction in hydrogen chloride. In this
      case the nitriles are preferably first reacted with hydrogen chloride of a
      concentration of at least 30 weight percent, particularly in excess of
      that amount, and preferably with concentrated hydrochloric acid for a time
      between 2 and 8 hours, and preferably from 2 to 4 hours at a temperature
      of about 20.degree. to 80.degree.C, particularly below 80.degree.C and
      preferably between 45.degree. and 55.degree.C. In the second stage the
      reaction is carried out with hydrogen chloride of a concentration between
      10 and 30 weight percent, particularly below 30 weight percent and
      preferably in an azeotropic mixture of hydrogen chloride with water for
      about 2 to 8, preferably 2 to 4 hours at a temperature between 80.degree.
      and 110.degree. C, particularly in excess of 80.degree.C, preferably at a
      temperature between 100.degree. and 110.degree.C. It is generally
      preferred to start the first stage reaction at about 20.degree.C and
      gradually increase the temperature slowly. Preferably there are used in
      the first stage at least 200 ml, preferably between 500 and 1000 ml,
      hydrochloric acid per mol of nitrile. The transition from the higher to
      the lower acid concentration is effected by diluting the reaction mass
      with corresponding amounts of water, if desired in several batches, or by
      driving off a corresponding amount of hydrogen chloride.
PAR  The penicillamine or its homologs are then obtained from the reaction
      mixture which contains the corresponding compound as a salt of the mineral
      acid, by evaporation to dryness and extracting the residue with an
      alkanol, preferably with anhydrous methanol or ethanol. The free
      penicillamine or a homolog thereof is then precipitated from the extract
      by neutralization with alkali, preferably with an organic base such as
      triethylamine.
DETD
PAR  The following examples will further illustrate the invention.
PAC  EXAMPLE 1
PAR  145 g (1 mol) of 2,2,5,5-tetramethyl-thiazoline-.DELTA..sup.3 were
      dissolved in 300 ml methanol. The solution was reacted at 5.degree. to
      10.degree.C with 30 g (1.1 mol) of liquid hydrogen cyanide and maintained
      for 60 minutes at a temperature between 10.degree. and 30.degree.C. The
      methanol was then distilled off.
PAR  The crude nitrile thus obtained was reacted upon cooling with 500 ml of
      concentrated hydrochloric acid. The mixture was maintained for 4 hours at
      50.degree.C and after adding 1,000 ml of water was kept for 4 hours under
      refluxing at boiling temperature (about 105.degree.C). The reaction was
      carried out under an atmosphere of nitrogen. Thereafter followed
      evaporation to dryness whereupon the residue was extracted with anhydrous
      ethanol. The alcohol was then evaporated from the alcoholic solution.
      There remained penicillamine hydrochloride which had a melting point
      between 144.degree. and 145.degree.C. The yield was 149 g corresponding to
      80% relative to the employed thiazoline.
PAR  The penicillamine hydrochloride was then dissolved in 500 ml of a 96%
      ethanol. By adding a solution of triethylamine in ethanol the pH was
      adjusted to 6.5. After a short time penicillamine precipitated. It had a
      melting point of 204.degree. to 205.degree.C. The yield was 105 g
      corresponding to 72% relative to the employed thiazoline.
PAC  EXAMPLE 2
PAR  This example generally followed the process described in Example 1.
      However, for a starting compound there were used 170 g (1 mol) of
      2,2-diethyl-5,5-dimethyl-thiazoline-(3). The crude nitrile was reacted
      with 1000 ml of concentrated hydrochloric acid. The mixture was maintained
      for 5 hours at a temperature of 50.degree.C in an atmosphere of nitrogen.
      Thereafter the temperature was increased and hydrogen chloride was driven
      off until the acid had the composition of the azeotropic mixture. The
      mixture was then maintained for 4 hours under refluxing at boiling point
      (about 105.degree.C).
PAR  The further process was as in Example 1. The yield of penicillamine was 100
      g corresponding to 68% relative to the employed thiazoline. The
      penicillamine had a melting point of 205.degree. to 206.degree.C.
PAC  EXAMPLE 3
PAR  The same process was used as in Example 2. However the starting product
      were 157 g (1 mol) 2-methyl-2-ethyl-5,5-dimethyl-thiazoline-(3). The yield
      of penicillamine was 110 g corresponding to 75% relative to the thiazoline
      starting product. The penicillamine had a melting point of 204.degree. to
      205.degree.C.
PAC  EXAMPLE 4
PAR  183 g (1 mol) of 2,2-dimethyl-5,5-pentamethylene-thiazoline-(3) were
      dissolved in 300 ml methanol. The solution was reacted at 5.degree. to
      10.degree.C with 30 g (1.1 mol) of liquid hydrogen cyanide. The mixture
      was then maintained for 60 minutes at a temperature of 10.degree. to
      30.degree.C and thereafter treated with a stream of dry hydrogen chloride.
      There were obtained 210 g of thiazolidine-4-carbonitrile-hydrochloride
      corresponding to an 85% yield.
PAR  The thiazolidine-4-carbonitrile-hydrochloride was then first maintained for
      8 hours in 1000 ml of concentrated hydrochloric acid under an atmosphere
      of nitrogen at a temperature of 45.degree. to 50.degree.C. After dilution
      with 1000 ml water the mixture was then maintained for 8 hours at boiling
      temperature. The mixture was finally cooled, filtered and evaporated to
      dryness under reduced pressure. The residue was extracted with methanol
      followed by evaporation of the extract. There were obtained 160 g of
      2-amino-3-mercapto-3,3-pentamethylene-propionic acid-hydrochloride
      corresponding to a yield of 71% relative to the thiazoline starting
      product. The melting point of the compound was 218.degree.C.
PAR  The obtained 2-amino-3-mercapto-3,3-pentamethylene-propionic
      acid-hydrochloride was dissolved in 600 ml of 98% methanol and adjusted to
      a pH between 5 and 6 with a solution of triethylamine in 98% methanol. The
      free 2-amino-3-mercapto-3,3-pentamethylene-propionic acid thus
      precipitated. It had a melting point of 210.degree. to 212.degree.C. The
      yield was 140 g corresponding to 62% relative to the thiazoline starting
      product.
PAC  EXAMPLE 5
PAR  The same process was used as in Example 4 but the starting product were 211
      g (1 mol) of 2,2-diethyl-5,5-pentamethylene-thiazoline-(3). The
      thiazolidine-4-carbonitrile-hydrochloride was maintained in 1000 ml of
      concentrated hydrochloric acid for 8 hours at a temperature between
      45.degree. and 50.degree.C. Thereafter the temperature was increased and
      hydrogen chloride was driven off for so long as to obtain an acid which
      had the composition of the azeotropic mixture. This mixture was then
      maintained for 8 hours under reflux at boiling temperature.
PAR  The further processing was as in Example 4. The yield of 2
      -amino-3-mercapto3,3-pentamethylene-propionic acid was 145 g corresponding
      to a yield of 64% calculated on the thiazoline starting product. The
      compound had a melting point of between 210.degree. and 211.degree.C.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. A process for the production of penicillamine hydrochloride or a
      derivative thereof which comprises heating in two stages in the presence
      of at least a stoichiometric amount of water and hydrochloric acid a
      thiazolidine-4-carbonitrile having the formula
      ##EQU2##
      in which formula R.sub.1 and R.sub.2 are each an alkyl radical having at
      least 1 and at most 6 carbon atoms or which together form a closed ring,
      or an alkenyl radical having at least 2 and at most 4 carbon atoms,
PA1  R.sub.3 and R.varies.are each an alkyl radical having at least 1 and at
      most 6 carbon atoms, or which together form a closed ring, the heating in
      the first stage being conducted at a temperature between 20.degree. and
      80.degree.C in hydrochloric acid having a concentration of at least 30%
      and at most 80% by weight of hydrogen chloride, and the heating in the
      second stage being conducted at a temperature between 80.degree. and
      110.degree.C in hydrochloric acid having a concentration of at least 10%
      and at most 30% by weight of hydrogen chloride.
NUM  2.
PAR  2. The process of claim 1 wherein the thiazolidine-4-carbonitrile is
      treated with dry gaseous hydrogen chloride prior to heating with
      hydrochloric acid.
NUM  3.
PAR  3. A process as defined in claim 1 in which the heating in each of the two
      stages is conducted for a period between 2 and 8 hours.
NUM  4.
PAR  4. A process as defined in claim 1 in which the heating in the first stage
      is commenced at a temperature of 20.degree.C and the temperature is then
      gradually raised to a desired maximum temperature.
NUM  5.
PAR  5. A process as defined in claim 1 in which the heating with hydrochloric
      acid is conducted in the absence of oxygen.
NUM  6.
PAR  6. A process as defined in claim 1 in which the concentration of
      hydrochloric acid in the reaction mixture at the end of the first stage of
      heating is adjusted to that specified for the second stage by addition of
      water to the said reaction mixture or by evaporating off a portion of the
      hydrochloric acid in the said reaction mixture.
NUM  7.
PAR  7. The process of claim 1 wherein the thiazolidine-4-carbonitrile used as
      starting compound is obtained by reacting the corresponding
      thiazoline-.DELTA..sup.3 with hydrogen cyanide.
NUM  8.
PAR  8. The process of claim 7 wherein the reaction with hydrogen cyanide is
      carried out with a solution of the thiazoline-.DELTA..sup.3 in an organic
      solvent.
NUM  9.
PAR  9. A process as defined in claim 1 in which the thiazolidine-4-carbonitrile
      is the 4-carbonitrile of 2,2-dimethyl-5,5-pentamethyl enethiazolidine or
      2,2-diethyl-5,5-pentamethylenethiazolidine.
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ABST
PAL  A process for preparing long-chain alkanedicarboxylic acids is described,
      starting from cycloalkanone peroxide, by double deperoxidation by means of
      ferrous ions in the presence of hydrogen and a hydrogenation catalyst.
BSUM
PAR  The present invention relates to a process for the preparation of
      saturated, long chain dicarboxylic acids.
PAR  Numerous processes for the preparation of long chain dicarboxylic acids
      have been proposed; amongst the most valuable, there are two groups which
      depend on the nature of the starting product. According to a first group
      of processes, the long chain acid is obtained from a compound which has
      the same number of carbon atoms as the desired product. Thus decanedioic
      acid can be prepared by oxidation of cyclodecane by means of the usual
      oxidising agents and dodecanedioic acid can be prepared by oxidation of
      cyclic hydrocarbons such as cyclododecane and cyclododecene.
PAR  According to the second group of processes, the aliphatic dicarboxylic acid
      is prepared from cycloalkanones or cycloalkanols containing half as many
      carbon atoms as the desired acid, by means of a two-stage process
      involving firstly the formation of peroxide compounds and then the double
      reduction of the latter.
PAR  It is known that during the oxidation of cycloalkanones by hydrogen
      peroxide, various peroxides are formed, especially those corresponding to
      the following formulae:
      ##EQU1##
      in which R represents a saturated, linear or branched divalent radical
      (see, for example, U.S. Pat. No. 2,298,405; N. A. MILAS et al., J. Am.
      Chem. Soc. 61, 2430-32 (1939); E. G. E. HAWKINS, J. Chem. Soc. 1955,
      3463-67; and M. KARASH et al., J. Org. Chem., 23, 1322-26 (1958)). The
      distribution of these peroxides seems to vary depending on the reaction
      conditions, and, according to M. S. KARASH et al., loc. cit., and V. L.
      ANTONOVSKI, J. Appl. Chem. USSR, 40, 2443 (1967), only the peroxide of
      formula (I) is obtained when the oxidation of cycloalkanones is carried
      out in a neutral medium, and only the peroxides of formula (III) and (IV)
      are obtained when the reaction is carried out in the presence of inorganic
      acids. Although the peroxide of formula (II) has not been isolated, it has
      been described as the intermediate in the formation of the peroxide of
      formula (I) during the oxidation of cycloalkanones by H.sub.2 O.sub.2 and
      would be in equilibrium with it and the starting cycloalkanone in crude
      solutions resulting from the oxidation of cycloalkanones (see V. L.
      ANTONOVSKI et al., Russian J. of Phys. Chem., 39, 1549-52). The same
      peroxide compounds can also be obtained by oxidation of cycloalkanols such
      as cyclohexanol and cyclopentanol, by means of oxygen in the presence or
      absence of a free radical initiator (see, for example, U.S. Pat. No.
      2,601,223 and N. BROWN et al., J. Am. Chem. Soc., 77, 1756-59 (1955)).
PAR  It is also known that peroxides resulting from the oxidation of
      cycloalkanones by means of hydrogen peroxide, or resulting from the
      autocatalytic oxidation of cycloalkanols by means of oxygen, (both of
      these are referred to hereafter as "peroxides of the type of those
      obtained during the oxidation of cycloalkanones by means of hydrogen
      peroxide" or, simply, as "cycloalkanone peroxides") are decomposed to form
      dicarboxylic acids by reducing agents such as ions of metals which have
      more than one valency state and, more particularly ferrous ions, most
      frequently in the form of the sulphate, optionally in the presence of an
      inorganic acid such as sulphuric acid (see, for example, U.S. Pat. No.
      2,601,223; M. S. KARASH et al., loc. cit; and E. G. E. HAWKINS loc. cit.)
      or a ferrous carboxylate, for example ferrous caproate, ferrous acetate or
      ferrous heptanoate. This reaction is preferably carried out in an organic
      solvent such as an alcohol, benzene, toluene, esters or ether, but it can
      also take place in aqueous solutions of ferrous sulphate, optionally
      containing sulphuric acid. During this reaction, which is hereafter
      referred to as "double deperoxidation," there is formed, in addition to
      the dicarboxylic acid containing twice as many carbon atoms as in the
      cycloalkanone starting material, a monocarboxylic acid containing the same
      number of carbon atoms as the starting material as well as cyclohexanone.
PAR  This double deperoxidation can be carried out after the cycloalkanone
      peroxides especially the 1,1'-dihydroxycycloalkyl peroxides have been
      isolated but it is more convenient to use the crude solution resulting
      from the oxidation of the cycloalkanone or the cycloalkanol. It is then
      preferable to use the same solvent for the oxidation step as for the
      double deperoxidation step, particularly in the case of the oxidation of
      cyaloalkanones by means of hydrogen peroxide.
PAR  Double deperoxidation of cycloalkanone peroxides is an attractive method
      for preparing long chain dicarboxylic acids such as 1,10-decanedioic acid,
      1,12-dodecanedioic acid and 4,9-dimethyl-1,12-dodecanedioic acid, which
      are important industrial products, especially for the preparation of
      polycondensates of the linear polyester and polyamide type intended for
      manufacturing textile fibres, because the starting cycloalkanones and
      cycloalkanols are common, relatively inexpensive products. However, the
      regeneration of ferrous ions from the ferric ions formed during the
      deperoxidation has proved to be one of the obstacles to the industrial
      application of such a process. In fact, no matter what the deperoxidation
      agent, the solvent used and the origin and the nature of the peroxide
      subjected to deperoxidation may be, the amount of ferrous ions employed
      should represent at least one ferrous ion per atom of active oxygen
      present in the peroxide material employed in the reaction. During this
      reaction, the ferrous ions are converted to ferric ions. For economic
      reasons and to avoid discharging large amounts of effluent containing
      ferric ions, it is thus important to regenerate ferrous ions from ferric
      ions so that they can be recycled to the deperoxidation process.
PAR  The present invention proposes to solve the problem posed by the
      regeneration of ferrous ions during the process of effecting
      deperoxidation of peroxides of the type of those obtained by oxidation of
      cycloalkanones by means of hydrogen peroxide. More specifically, the
      present invention provides a process for the preparation of a linear or
      branched alkanedicarboxylic acid possessing at least 8 carbon atoms in the
      linear divalent chain separating the two hydroxycarbonyl groups, by double
      deperoxidation by means of ferrous ions, in a suitable solvent, of
      peroxides of the type obtained by oxidation of cycloalkanones by means of
      hydrogen peroxide, characterised in that the reaction is carried out in
      the presence of hydrogen and a hydrogenation catalyst.
PAR  The cycloalkanone peroxides amenable to the deperoxidation process
      according to the invention can have been prepared by any one of the
      processes mentioned above.
PAR  Thus, in order to carry out the double deperoxidation process according to
      the invention, it is possible to use one of the peroxides or a mixture of
      two or more of the peroxides obtained during the oxidation, by means of
      hydrogen peroxide, of cycloalkanones of the general formula:
      ##EQU2##
      or during the self-oxidation of cycloalkanols of the general formula:
      ##EQU3##
      in which R represents a linear saturated divalent hydrocarbon radical
      containing 5 to 8 carbon atoms, optionally substituted by 1 to 3 alkyl
      radicals containing 1 to 4 carbon atoms; they can be isolated beforehand
      from the medium in which they were prepared or, preferably, are in the
      form of solutions in the crude reaction mixtures resulting from the
      oxidation of cycloalkanones and cycloalkanols. Amongst these peroxides,
      those of formula (I), alone or mixed with peroxides of the formula (II)
      and/or (III) and/or (IV) in which R is as defined above, are preferably
      used.
PAR  Examples of cycloalkanones which can be oxidised by means of hydrogen
      peroxide to yield the peroxides which can be used in the present
      invention, include cyclopentanone, cyclohexanone, 2-methyl-cyclohexanone,
      3-methyl-cyclohexanone, 4-methyl-cyclohexanone, cycloheptanone and
      cyclooctanone. Cyclopentanol and cyclohexanol are examples of
      cycloalkanols of formula (VI).
PAR  Amongst the peroxides of formula (I), there may be mentioned, especially,
      1,1'-dihydroxy-cyclohexyl peroxide; 1,1'-dihydroxy-cyclopentyl peroxide;
      1,1'-dihydroxy-2,2'-dimethyl-cyclohexyl peroxide;
      1,1'-dihydroxy-3,3'-dimethylcyclohexyl peroxide;
      1,1'-dihydroxy-cycloheptyl peroxide; and
      1,1'-dihydroxy-cyclooctylperoxide.
PAR  The double deperoxidation process can be carried out in the organic
      solvents usually employed, such as saturated aliphatic alcohols,
      especially those possessing 1 to 4 carbon atoms, such as methanol, ethanol
      or propanol, aromatic hydrocarbons, such as benzene, and esters or ethers,
      for example ethyl ether and dioxane, and in the presence of ferrous ions
      such as ferrous salts of inorganic acids, especially ferrous sulphate, or
      ferrous salts of carboxylic acids, or in aqueous acid solutions of ferrous
      sulphate. The process of this invention can also be used when carboxylic
      acids are used as the solvent and ferrous carboxylates are used as the
      deperoxidation agent. In fact, it has been found that it is particularly
      advantageous to prepare long chain dicarboxylic acids:
PAR  a. by double deperoxidation of cycloalkanone peroxides, especially those of
      general formula (I), individually or mixed with peroxides of the general
      formulae (II) and/or (III) and/or (IV), prepared by any one of the
      abovementioned processes (and then isolated), by carrying out the
      deperoxidation in a saturated aliphatic carboxylic acid possessing at
      least two carbon atoms and preferably at most 12 carbon atoms, for
      example, acetic acid, propionic acid, butyric acid, pentanoic acid,
      caproic acid, heptanoic acid or octanoic acid, by means of ferrous
      carboxylates, for example ferrous acetate, ferrous propionate, ferrous
      butyrate, ferrous pentanoate, ferrous caproate, ferrous heptanoate,
      ferrous octanoate, ferrous resinate, ferrous naphthenate or ferrous
      benzoate. The carboxylate corresponding to the acid solvent is generally
      chosen.
PAR  b. by double deperoxidation, by means of ferrous carboxylates, of the
      oxidised products resulting from the oxidation, by means of hydrogen
      peroxide, of cycloalkanones of formula (V) in a saturated carboxylic acid
      possessing at least two carbon atoms and preferably at most 12 carbon
      atoms.
PAR  As the carboxylic acid, that which is formed during the deperoxidation is
      generally used, for example caproic acid for the deperoxidation of
      cyclohexanone peroxides (and, where appropriate, for the oxidation of
      cyclohexanone by hydrogen peroxide). The oxidation of cycloalkanones by
      means of hydrogen peroxide in carboxylic acids, (which does not form part
      of the present invention) can be carried out under the usual conditions
      for known processes (see, for example U.S. Pat. No. 2,298,405).
PAR  In addition to the advantage arising from the continuous regeneration in
      situ of ferrous ions from ferric ions, the double deperoxidation process
      under hydrogen makes it possible to use amounts of ferrous salts which are
      very much less than the stoichiometric amount and which can be as low as
      10.sup.-.sup.3 ferrous ion per atom of active oxygen of peroxide
      preferably from 10.sup.-.sup.2 to 0.75 ferrous ion per atom of peroxide
      oxygen; this represents a considerable economic advantage. Another
      advantage results from the following possibility: in order to ensure that
      the reaction takes place satisfactorily, it is in fact necessary for the
      ferrous salts used to be dissolved in the solvents employed, and, because
      of the low solubility of ferrous salts in organic solvents, this involves
      the use of very large quantities of the latter, and this has led to a
      lowering of the productivity of the equipment. On the other hand, the use
      of small amounts of ferrous salts, which is possible with the process of
      this invention, makes it possible to reduce considerably the volume of
      solvent employed in the double deperoxidation process and consequently to
      increase the productivity of the equipment. Of course, this invention is
      not limited to the use of amounts of ferrous ions lying within the limits
      defined above, these limits being preferred only. The use of amounts of
      ferrous ions substantially equal to or greater than the stoichiometric
      amount, for example, 2.5 ferrous ions per atom of active oxygen, is still
      possible. In short, the process of this invention can generally be carried
      out with quantities of ferrous ions of from 10.sup.-.sup.3 to 2.5 ferrous
      ions per atom of active oxygen.
PAR  Preferred hydrogenation catalysts for use in the process of this invention
      are based on platinum, palladium or nickel. Although any of these
      catalysts can be used, it has been found that it is preferable to work in
      the presence of a catalyst based on platinum or palladium when the ferrous
      salt is derived from an inorganic acid (for example ferrous sulphate) or
      when the deperoxidation is carried out in an aqueous acid medium. On the
      other hand, nickel is particularly suitable when the deperoxidation is
      carried out in an organic solvent, for example an aromatic hydrocarbon in
      the presence of a ferrous carboxylate; it enables the ferric ions to be
      reduced rapidly as they are formed.
PAR  The amount of metal employed as the catalyst can generally vary from 0.001%
      to 10% by weight, preferably from 0.01% to 5% by weight, relative to the
      reaction mixture. The metal can be used alone or can be deposited on an
      inert support such as a carbon black, alumina, pumice stone or an active
      earth. It is possible, for example, to use palladium or platinum on active
      charcoal or to use Raney nickel.
PAR  The double deperoxidation according to the invention can be carried out
      under the usual conditions, for example those proposed in U.S. Pat. No.
      2,601,223. Thus the reaction temperature can generally be from
      -100.degree. to +100.degree.C, preferably from 0.degree. to 100.degree.C.
      The absolute pressure of hydrogen is suitably from 0.01 to 100 bars;
      however, it is usually not necessary to exceed a hydrogen pressure of 50
      bars. The reaction pressure and temperature are generally chosen depending
      on the catalyst used so as to ensure that the ferric ions are reduced
      rapidly, without in any way causing hydrogenation of the carboxylic acid
      groups and of the cycloalkanones formed. However, if the starting material
      used to prepare the peroxides is a cycloalkanol, it is possible, without
      disadvantage, to choose conditions which make it possible simultaneously
      to hydrogenate the cycloalkanones formed to yield cycloalkanols which can
      be conveyed back, after isolation, to the oxidation zone. In every case,
      the optimum conditions can be determined by means of simple tests.
PAR  The double deperoxidation by ferrous ions in the presence of hydrogen can
      be carried out in accordance with the usual methods for ensuring contact
      between a gas and a liquid in the presence of a solid. For example, the
      liquid phase containing the catalyst in suspension can be passed
      continuously through a suitably equipped column, for example a column with
      a packing or a column with plates, in co-current or counter-current with a
      hydrogen flow. The process according to the present invention is
      particularly suitable for continuous operation.
PAR  The following Examples further illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAR  26.5 g of a solution of ferrous hexanoate in hexanoic acid containing 0.75
      gram atom of iron per kilogram of solution (that is to say 0.02 gram atom)
      and 1.4 cm.sup.3 of Raney nickel are introduced, under a nitrogen
      atmosphere, into a 250 cm.sup.3 glass flask which is equipped with a
      thermometer, a dropping funnel, a stirring system and a dip tube for
      introducing gas and which is cooled by a bath of cold water; the apparatus
      is then purged with hydrogen, and a reaction mixture which is produced by
      reacting: 9.8 g of cyclohexanone (0.1 mol), 2.57 of 67% by weight hydrogen
      peroxide (0.0505 mol) and 20 cm.sup.3 of hexanoic acid at 20.degree.C for
      5 minutes, and which consists of an equilibrium mixture of
      1-hydroxy-cyclohexyl hydroperoxide, 1,1'-dihydroxy-cyclohexyl peroxide and
      cyclohexanone, is introduced over the course of 3 hours 40 minutes into
      the flask cooled to 20.degree.C, under a relative hydrogen pressure of 30
      cm of water. The ratio of the number of gram atoms of ferrous ion to the
      number of atoms of active oxygen is 0.39.
PAR  A portion of the dodecanedioic acid formed precipitates during the
      reaction; at the end of the reaction, the reaction mixture is filtered in
      order to isolate the precipitate and the catalyst and the whole is washed
      on the filter with 50 g of tetrahydrofurane in order to extract the acid;
      in this way, 107.5 g of a solution are obtained, in which the following
      constituents are measured by gas/liquid chromatography (after forming the
      methyl esters of the acids present):
TBL  cyclohexanone:          5.6       g                                       
     cyclohexanol:           0.05      g                                       
     2-n-butyl-octanedioic acid:                                               
                             0.115     g                                       
     dodecanedioic acid:     3.26      g,                                      
PAL  corresponding to a yield of dodecanedioic acid of 67% relative to the
      cyclohexanone converted and 56% relative to the active oxygen.
PAR  The total volume of hydrogen absorbed, measured at normal pressure and
      temperature, is 0.730 liter.
PAR  At the end of the reaction, 0.02 gram atom of ferrous ion is measured in
      the reaction mixture.
PAC  EXAMPLE 2
PAR  The process is carried out in the apparatus and in accordance with the
      procedure described in Example 1, replacing the ferrous hexanoate by
      ferrous pentanoate and the hexanoic acid by pentanoic acid. The amounts of
      reagents and the conditions are as follows:
TBL  solution of ferrous pentanoate in pentanoic                               
     acid containing 0.79 gram atom of iron/kg:                                
                               22.6 g                                          
     Raney nickel:              1.4 cm.sup.3                                   
     peroxide solution produced as in Example 1,                               
     but in pentanoic acid                                                     
     time taken to add the peroxide solution:                                  
                               2 h 30 m                                        
     temperature:              15.degree.C                                     
     hydrogen pressure:        30 cm of                                        
                                water                                          
     iron/active oxygen ratio:  0.35                                           
PAR  After filtering off the precipitate and washing it with tetrahydrofurane,
      90.9 g of a solution are recovered, in which the following constituents
      are measured by gas/liquid chromatography:
TBL  cyclohexanone:          5.15      g                                       
     cyclohexanol:           0.05      g                                       
     hexanoic acid:          1.5       g                                       
     2-n-butyl-octanedioic acid:                                               
                             0.115     g                                       
     dodecanedioic acid:     3.72      g                                       
PAR  The yield of dodecanedioic acid is 64% relative to the active oxygen and
      69% relative to the cyclohexanone converted.
PAR  The total volume of hydrogen absorbed, measured at normal pressure and
      temperature, is 0.740 liter.
PAR  0.0178 gram atom of ferrous ion is measured at the end of the reaction,
      corresponding to 100% of the ferrous ion introduced.
PAC  EXAMPLE 3
PAR  The same procedure as in Example 2 is used, with the following amounts of
      reagents:
TBL  solution of ferrous pentanoate in pentanoic                               
     acid of Example 2:        23.4 g                                          
     Raney nickel:              1.4 cm.sup.3                                   
     peroxide solution prepared as in Example 1                                
     from:                                                                     
     cyclohexanone:            29 g                                            
     67% by weight H.sub.2 O.sub.2                                             
                               7.5 g                                           
     pentanoic acid            80 g                                            
PAR  The reaction conditions were as follows:
TBL  temperature:              15.degree.C                                     
     time taken to add the peroxide solution:                                  
                               6 h 25 m                                        
     H.sub.2 pressure:         30 cm of                                        
                               water                                           
     iron/active oxygen ratio: 0.125                                           
PAR  After filtration and washing the cake with 115 cm.sup.3 of
      tetrahydrofurane, 221 g of a solution are recovered, in which the
      following constituents are measured:
TBL  cyclohexanone:           16.1     g                                       
     cyclohexanol:            0.12     g                                       
     hexanoic acid:           4.6      g                                       
     2-n-butyl-octanedioic acid:                                               
                              0.36     g                                       
     dodecanedioic acid:      9.2      g                                       
PAR  The yield of dodecanedioic acid is 55% relative to the active oxygen and
      62% relative to the cyclohexanone converted.
PAR  The total volume of hydrogen absorbed is 2.020 liters and, at the end of
      the reaction, 0.0185 gram atom of ferrous ion is measured in the reaction
      mixture, corresponding to 100% of the ferrous ion introduced.
PAC  EXAMPLE 4
PAR  The same procedure as in the preceding Examples is used, with the following
      amounts of reagents:
TBL  solution of ferrous pentanoate in pentanoic                               
     acid containing 1.25 gram atom of iron kg:                                
                               16 g                                            
     Raney nickel:             1.4 cm.sup.3                                    
     peroxide solution obtained as in Example 1                                
     from:                                                                     
     cyclohexanone:            78 g                                            
     67% by weight H.sub.2 O.sub.2                                             
                               20 g                                            
     pentanoic acid:           210 g                                           
PAR  The reaction conditions are those of Example 3, except for the time taken
      to add the peroxide solution which is 10 hours 30 minutes, and the
      iron/active oxygen ratio which is 0.050.
PAR  During the reaction, a precipitate forms which is filtered off and then
      washed with 300 cm.sup.3 of benzene; 603.9 g of a solution are recovered,
      in which the following constituents are measured:
TBL  cyclohexanone:           42.2     g                                       
     cyclohexanol:            0.4      g                                       
     hexanoic acid:           16       g                                       
     2-n-butyl-octanedioic acid:                                               
                              1.15     g                                       
     dodecanedioic acid:      7.57     g                                       
PAR  The cake, which has been isolated beforehand and which contains the
      catalyst and dodecanedioic acid is washed with 170 cm.sup.3 of
      tetrahydrofurane. In this way, 164.9 g of a solution are obtained, in
      which 11.2 g of dodecanedioic acid are measured.
PAR  The total yield of this acid is 41% relative to the active oxygen and 45 %
      relative to the cyclohexanone converted.
PAR  The total volume of hydrogen absorbed is 5.5 liters and the amount of
      ferrous ion present in the reaction medium is 0.020 gram atom.
PAC  EXAMPLE 5
PAR  The same procedure as in the preceding Examples is used, with the following
      amounts of reagents:
TBL  Solution of ferrous pentanoate in pentanoic                               
     acid containing 1.015 gram atoms of iron/kg:                              
                               43.5 g                                          
     Raney nickel:              3.7 cm.sup.3                                   
PAR  Peroxide solution obtained as in the preceding Examples from:
TBL  cyclohexanone:             9.8 g                                          
     68% by weight H.sub.2 O.sub.2                                             
                                2.52 g                                         
     pentanoic acid:            20 cm.sup.3                                    
PAR  The reaction conditions are those of Example 4 except for the time taken
      for the running-in which is 3 hours 10 minutes and the iron/active oxygen
      ratio which is 0.9.
PAR  After filtration and washing the catalyst with 50 cm.sup.3 of
      tetrahydrofurane, 141.4 g of a solution are obtained, in which the
      following constituents are measured:
TBL  Cyclohexanone:             5 g                                            
     Cyclohexanol:              0.04 g                                         
     Hexanoic acid:             1.18 g                                         
     n-Butyl-octanedioic acid:  traces                                         
     Dodecanedioic acid:        3.77 g                                         
PAR  The yield of this acid is 65.5% relative to the active oxygen and 67%
      relative to the cyclohexanone consumed.
PAR  The volume of hydrogen absorbed is 0.75 liter and the amount of ferrous ion
      measured at the end of the reaction is 0.044 gram atom.
PAC  EXAMPLE 6
PAR  The following constituents are introduced, under a nitrogen atmosphere,
      into the apparatus described in Example 1:
TBL  FeSO.sub.4. 7H.sub.2 O:    2.9 g                                          
     98% by weight H.sub.2 SO.sub.4 :                                          
                                2.04 g                                         
     Methanol:                  40 cm.sup.3                                    
     Platinum on carbon black containing 5%                                    
     by weight of metal:        27 mg                                          
PAR  The apparatus is then purged with hydrogen, its contents are cooled to
      10.degree.C, and a hydrogen pressure of 30 cm of water is then
      established. A peroxide solution which was produced by reacting: 15.7 g of
      cyclohexanone and 3.96 g of 69% by weight H.sub.2 O.sub.2 in 20 cm.sup.3
      of methanol at 20.degree.C for 5 minutes and which was thereafter diluted
      to 40 cm.sup.3 by adding methanol, is then added over the course of 5
      hours 30 minutes. The iron/active oxygen ratio is 0.130.
PAR  When the addition is complete, the catalyst is filtered off and washed with
      5 cm.sup.3 of methanol. In this way, 82.8 g of a solution are obtained;
      the following constituents are measured by gas/liquid chromatography:
TBL  Cyclohexanone:             8.15 g                                         
     Cyclohexanol:              0.06 g                                         
     Hexanoic acid:             2.62 g                                         
     6-hydroxy-hexanoic acid:   0.09 g                                         
     2-n-butyl-octanedioic acid:                                               
                                0.83 g                                         
     Dodecanedioic acid:        3.2 g                                          
PAR  The yield of dodecanedioic acid is 35% relative to the active oxygen and
      36.5% relative to the cyclohexanone converted.
PAR  The total volume of hydrogen absorbed rises to 0.930 liter. At the end of
      the reaction, 0.0104 gram atom of ferrous ion is measured in the reaction
      medium.
PAC  EXAMPLE 7
PAR  The procedure of Example 6 is followed, introducing the same amount of the
      peroxide solution, over the course of 5 hours 10 minutes, into:
TBL  5.6 g of FeSO.sub.4.7H.sub.2 O                                            
     2.9 g of 98% H.sub.2 SO.sub.4                                             
     50 cm.sup.3 of methanol and                                               
     35 mg of platinum on carbon black containing 5% of                        
     metal (corresponding to 1.75 mg of Pt).                                   
PAR  The iron/active oxygen ratio is 0.25. After treating the reaction mixture
      as in Example 6, 114.4 g of a solution are obtained, in which the
      following constituents are measured:
TBL  Cyclohexanone:             7.95 g                                         
     Cyclohexanol:              0.06 g.                                        
     Hexanoic acid:             1.98 g                                         
     2-n-butyl-octanedioic acid:                                               
                                0.29                                           
     Dodecanedioic acid:        5.15 g                                         
PAR  The yields, relative to the active oxygen and to the cyclohexanone
      converted, are 56%.
PAR  The total volume of hydrogen absorbed, measured at normal pressure and
      temperature, is 0.93 liter. At the end of the reaction, 0.020 gram atom of
      ferrous ion was measured in the reaction medium.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the preparation of a linear or branched
      alkane-dicarboxylic acid possessing at least 8 chain carbon atoms
      separating the two hydroxycarbonyl groups, which comprises subjecting a
      cycloalkanone peroxide to double deperoxidation, by means of ferrous ions,
      the improvement wherein the double deperoxidation by means of ferrous ions
      is carried out in the presence of hydrogen and a metal hydrogenation
      catalyst selected from the group consisting of platinum, palladium and
      nickel.
NUM  2.
PAR  2. Process according to claim 1, in which the catalyst is present in an
      amount from 0.001% to 10% by weight of the reaction mixture.
NUM  3.
PAR  3. Process according to claim 1, in which the reaction is carried out in an
      organic solvent.
NUM  4.
PAR  4. Process according to claim 3, in which the solvent is selected from a
      saturated aliphatic alcohol, a saturated aliphatic carboxylic acid
      containing 2 to 12 carbon atoms and an aromatic hydrocarbon.
NUM  5.
PAR  5. Process according to claim 4, in which the carboxylic acid used as
      solvent corresponds to that which is formed as a by-product of the
      reaction.
NUM  6.
PAR  6. Process according to claim 1, in which the ferrous ions are present in
      the form of a salt of an inorganic acid or of a carboxylic acid.
NUM  7.
PAR  7. Process according to claim 6, in which the ferrous ions are present as
      ferrous sulphate.
NUM  8.
PAR  8. Process according to claim 7, which is carried out in an aqueous acid
      solution of ferrous sulphate.
NUM  9.
PAR  9. Process according to claim 6, in which the ferrous ions are present as
      ferrous acetate, ferrous propionate, ferrous butyrate, ferrous pentanoate,
      ferrous caproate, ferrous heptanoate, ferrous octanoate, ferrous resinate,
      ferrous naphthenate or ferrous benzoate.
NUM  10.
PAR  10. Process according to claim 6, in which the ferrous ions are present as
      ferrous carboxylate derived from the carboxylic acid used as solvent.
NUM  11.
PAR  11. Process according to claim 1, in which the reaction is carried out at a
      temperature of from -100.degree. to +100.degree.C.
NUM  12.
PAR  12. Process according to claim 11, in which the reaction temperature is
      from 0.degree. to 100.degree.C.
NUM  13.
PAR  13. Process according to claim 1, in which the absolute pressure of
      hydrogen is from 0.01 to 100 bars.
NUM  14.
PAR  14. Process according to claim 13, in which the absolute pressure of
      hydrogen is from 0.01 to 50 bars.
NUM  15.
PAR  15. Process according to claim 1, in which the ferrous ions are present in
      an amount from 10.sup.-.sup.3 to 2.5 ferrous ions per atom of active
      peroxide oxygen.
NUM  16.
PAR  16. Process according to claim 15, in which the ferrous ions are present in
      an amount from 10.sup.-.sup.2 to 0.75 ferrous ions per atom of peroxide
      oxygen.
NUM  17.
PAR  17. Process according to claim 1, in which the peroxide is one or more of
      the peroxides of the general formula:
      ##EQU4##
      in which R represent a linear saturated divalent hydrocarbon radical
      possessing 5 to 8 carbon atoms, optionally substituted by 1 to 3 radicals
      possessing 1 to 4 carbon atoms.
NUM  18.
PAR  18. Process according to claim 17, in which the peroxide is selected from a
      peroxide of formula (I) and mixtures of peroxide of formula (I) with a
      peroxide of one or more of formulae (II), (III) and (IV).
NUM  19.
PAR  19. Process according to claim 17, in which the peroxide is prepared by
      oxidation, by means of oxygen or oxygen-containing gas, of a cycloalkanol
      of the general formula:
      ##EQU5##
      in which R is as defined in claim 17.
NUM  20.
PAR  20. Process according to claim 17, in which the peroxide is used in
      solution in the crude reaction mixtures resulting from the oxidation of
      cycloalkanones of cycloalkanols.
NUM  21.
PAR  21. Process according to claim 17, in which the peroxide is produced by
      oxidation, by means of hydrogen peroxide, of a cycloalkanone of the
      general formula:
      ##EQU6##
      in which R is as defined in claim 17.
NUM  22.
PAR  22. Process according to claim 21, in which the peroxide is used in the
      form of a crude solution resulting from the oxidation of a cycloalkanone
      of formula (V) by means of hydrogen peroxide in a saturated aliphatic
      carboxylic acid possessing 2 to 12 carbon atoms.
NUM  23.
PAR  23. Process according to claim 21, in which the peroxide is used in the
      form of a crude solution resulting from the oxidation of a cycloalkanone
      of the formula (V) by means of hydrogen peroxide in a saturated aliphatic
      carboxylic acid corresponding to that which is formed during the double
      deperoxidation.
NUM  24.
PAR  24. Process according to claim 1, in which the peroxide is selected from
      1,1'-dihydroxy-cyclopentyl peroxide, 1,1'-dihydroxy-cyclohexyl peroxide,
      1,1'-dihydroxy-2,2'-dimethyl-cyclohexyl peroxide,
      1,1'-dihydroxy-3,3'-dimethyl-cyclohexyl peroxide,
      1,1'-dihydroxy-4,4'-dimethyl-cyclohexyl peroxide,
      1,1'-dihydroxy-cycloheptyl peroxide and 1,1'-dihydroxy-cyclooctyl
      peroxide.
NUM  25.
PAR  25. Process for the preparation of 1,12-dodecanedioic acid according to
      claim 1, which comprises subjecting a solution of
      1,1'-dihydroxy-cyclohexyl peroxide, used alone or together with one or
      more of 1-hydroperoxy-cyclohexanol, 1-hydroxy-1'-hydroperoxy-cyclohexyl
      peroxide and 1,1'-dihydroperoxycyclohexyl peroxide, in pentanoic acid,
      caproic acid, heptanoic acid or octanoic acid, to double deperoxidation in
      the presence of the ferrous salt of the acid used, hydrogen and a nickel
      metal catalyst.
NUM  26.
PAR  26. Process for the preparation of 1,12-dodecanedioic acid according to
      claim 1, which comprises treating the crude reaction solution obtained by
      oxidation of cyclohexanone by means of hydrogen peroxide in a saturated
      aliphatic carboxylic acid with a ferrous carboxylate in the presence of
      hydrogen and a nickel metal catalyst.
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PAL  Substituted alpha-chloro-methane-sulfenyl chlorides, intermediary
      chlorinated benzyl sulfides and chlorinated mercaptans useful as
      herbicides and chemical intermediates for herbicides are prepared by the
      chlorination of substituted methyl benzyl sulfides and substituted methyl
      mercaptans.
PARN
PAR  This is a division of application Ser. No. 139,977, filed May 3, 1971, now
      U.S. Pat. No. 3,803,224.
BSUM
PAR  This invention relates to substituted alpha-chloromethane-sulfenyl
      chlorides of the formulas
      ##EQU1##
      and
      ##EQU2##
      AS WELL AS INTERMEDIARY COMPOUNDS OF THE FORMULAS
      ##EQU3##
      and
      ##EQU4##
      AND THEIR MANUFACTURE BY REACTION OF CHLORINE, SULFURYL CHLORIDE OR
      MIXTURES THEREOF WITH THE CORRESPONDING PRECURSORS OF THE FORMULAS
      ##EQU5##
      and
      ##EQU6##
      wherein R is hydrogen or alkyl of from 1 to 3 carbons, E is amino, E' is
      alkoxy, E" is aryl or halogenated aryl, and Z is hydrogen or benzyl.
PAR  Preferred amino are represented by the formula
      ##EQU7##
      wherein Q and Q' are each hydrogen, alkyl of from 1 through 5 carbons,
      alkoxyalkyl, aryl and halogenated aryl.
PAR  Preferred alkoxy are lower alkoxy of from 1 through 5 carbon atoms. More
      preferred are methoxy, ethoxy, propoxy, isopropoxy, butoxy and secbutoxy.
      Still more preferred are methoxy and ethoxy.
PAR  Preferred aryls include phenyl, tolyl, dimethylphenyl, ethylphenyl,
      diethylphenyl, trimethylphenyl, triethylphenyl, propylphenyl, cumenyl, and
      trihalomethylphenyl. More preferred are phenyl and tolyl. Still more
      preferred is phenyl.
PAR  Preferred halogenated aryls include halophenyl, dihalophenyl and
      trihalophenyl. More preferred are bromophenyl, fluorophenyl, chlorophenyl,
      dibromophenyl, difluorophenyl, dichlorophenyl and trichlorophenyl. Still
      more preferred are chlorophenyl, dichlorophenyl and trichlorophenyl.
PAR  Examples of amino present in the compounds of the present invention used in
      or made by the method of the present invention include, but are not
      limited to, amino, methylamino, ethylamino, propylamino, isopropylamino,
      butylamino, secbutylamino, methoxymethylamino, ethoxymethylamino,
      propoxymethylamino, butoxymethylamino, dimethylamino, diethylamino,
      di-isopropylamino, phenyl methoxymethylamino, phenyl ethoxymethylamino,
      phenyl propoxymethylamino, tolyl methoxymethylamino, halophenyl
      ethoxymethylamino and alkyleneamino wherein the alkylene forms a
      continuous chain between the terminal valence bonds of the nitrogen atom
      of from 4 through 8 carbon atoms, as well as anilino, paraalkylanilino,
      ortho-alkylanilino, 2,6-dialkylanilino, 2,4,6-trialkylanilino and
      3,4,5-trialkylanilino wherein alkyl is methyl, ethyl, isopropyl and
      tertbutyl and meta-trihalomethylanilino, para-haloanilino,
      ortho-haloanilino, 2,6-dihaloanilino, 2,4,6-trihaloanilino, and
      3,4,5-trihaloanilino wherein halo is chloro, bromo or fluoro.
PAR  In the overall manufacture of substituted alphachloro-methane-sulfenyl
      chlorides of this invention from the corresponding precursors, a reaction
      occurs which, while not completely understood in the manner of its
      mechanism, can be represented by the following chemical equations, wherein
      E, E', E", R and Z have the aforementioned significance:
      ##EQU8##
      ##SPC1##
PAR  By controlling the quantity of chlorinating agent, i.e. chlorine, sulfuryl
      chloride, or mixtures thereof the above reactions appear to proceed in a
      stepwise fashion as illustrated by the following chemical equations.
      ##SPC2##
PAR  From the foregoing equations (vii), (viii), (ix), and (x), it is clear that
      the reactions described by said equations may be conducted in one or two
      steps by control of the concentration of the chlorinating agents. Thus, if
      the intermediary product
      ##EQU9##
      [the product of equation (vii)] or
      ##EQU10##
      [the product of equation (ix)] is the desired product, it is obtained by
      mixing in an inert organic liquid to effect evolution of hydrogen
      chloride, one molecular proportion of precursor substituted methyl-benzyl
      sulfide and about one molecular proportion of chlorine or sulfuryl
      chloride (when sulfuryl chloride is employed instead of chlorine in whole
      or in part sulfur dioxide also evolves as a by-product along with
      by-product hydrogen chloride) at a temperature above the freezing point of
      the system. The said intermediary product is readily isolated from this
      reaction mass, as for example by evaporation of the inert organic liquid
      and recrystallization of the residue in the cold to give the intermediate
      product. The yield of the said intermediary is generally 100 percent, but
      declines as the reaction temperature increases above the range of from
      about 25.degree.C to about 30.degree.C, the formation of benzyl chloride
      being observed. Since the chlorination appears to proceed in a step-wise
      fashion, the intermediary product may likewise be obtained even when the
      chlorinating agent is present in quantities greater than the
      stoichiometric amount so long as reaction conditions are very mild, i.e.,
      the temperature is maintained below 20 degrees Centigrade and reaction
      time does not exceed about one hour.
PAR  In the overall process of this invention for the preparation of substituted
      alpha-chloro-methane-sulfenyl chlorides, as represented by equations (i)
      through (vi), the chlorinating agent may be chlorine alone, sulfuryl
      chloride alone, or a mixture of any proportion of chlorine and sulfuryl
      chloride. The chlorinating agent may be present in excess and the reaction
      may be carried out at any temperature from above the freezing point of the
      system to about the boiling point of the system at the desired pressure
      under which the reaction is conducted.
PAR  Since gaseous reaction products are evolved the reaction is usually carried
      out at atmospheric pressure but higher or lower pressures may be utilized
      if equipment and other factors favor such higher or lower pressures. The
      reaction may be carried out in an open vessel or under reflux.
PAR  It is preferable to conduct the reaction in the presence of an inert
      organic liquid but when reaction conditions are mild, i.e. the reaction is
      conducted at a temperature below about 70.degree.C., an excess of sulfuryl
      chloride may perform the solvating function of the inert organic liquid
      and there is no necessity for the inert liquid in the reaction system. In
      a preferred embodiment of the process for the preparation of substituted
      alpha-chloro-methane-sulfenyl chloride in the presence of an inert organic
      liquid there will be employed for each mole of precursor substituted
      methylbenzyl sulfide or substituted methyl mercaptan from 2 to 6 moles of
      chlorine or sulfuryl chloride or mixture thereof. The reaction is
      preferably carried out at a temperature above the freezing point of the
      system but below the boiling of the inert organic liquid. More preferably
      the reaction is carried out at temperatures of from about 0 degrees
      centigrade to about 100.degree.C, and still more preferably from about
      0.degree. to about 70.degree.C.
PAR  Precursor amido-substituted methyl mercaptans are readily obtainable by
      initially slowly mixing at about room temperature one molecular proportion
      of an appropriate amine, substituted amine, aniline or substituted
      aniline, E-H, with an acid,
      ##EQU11##
      selected to give the desired substituted methyl mercaptan,
      ##EQU12##
      thereafter refluxing for from about 3 to about 6 hours, cooling the mass
      to about room temperature, separating the mercaptan from the cooled mass
      by conventional means, washing the mercaptan with a dilute aqueous acid
      solution and, if necessary, recrystallizing or distilling the product to
      purify same.
PAR  Precursor carbalkoxy-substituted methyl mercaptans are readily obtainable
      by initially slowly mixing at about room temperature one molecular
      proportion of an appropriate alcohol, E'-H, with an acid,
      ##EQU13##
      selected to give the desired substituted methyl mercaptan,
      ##EQU14##
      thereafter refluxing in the presence of an excess of the alcohol in an
      acidic medium for from about 1 to 3 hours, cooling the mass to about room
      temperature, stripping off the excess alcohol, and, if necessary,
      recrystallizing or distilling the product to purify same.
PAR  Precursor substituted methyl benzyl sulfides are readily obtainable by
      initially slowly mixing at about room temperature one molecular proportion
      of a substituted alpha-halo-alkyl-carbonyl,
      ##EQU15##
      or
      ##EQU16##
      wherein X is halo, corresponding to the desired substituted methylbenzyl
      sulfide with an aqueous solution containing one molecular proportion of
      benzyl mercaptan and one molecular proportion of sodium hydroxide,
      thereafter refluxing the so-charged mass for about twelve hours, cooling
      to about room temperature, extracting the cooled mass with methylene
      chloride, and then separating the product by evaporating methylene
      chloride from the extract, and if necessary, vacuum distilling the product
      to purify same.
PAR  The inert organic liquid employed in the overall manufacture of this
      invention or any portion thereof can be any organic liquid, or mixtures
      thereof, which is inert under the reaction conditions, and preferably that
      having a boiling point in the range of from about 30.degree.C. to about
      100.degree.C. Ordinarily, the inert organic liquid comprises liquid
      alkanes or liquid chloroalkanes or various mixtures thereof, for example;
      pentane, 3-ethylpentane, hexane, 2-ethylhexane, heptane, dichloromethane,
      1,1-dichloroethane, chloroform, carbon tetrachloride, isobutyl chloride,
      and various mixtures thereof. In general it is preferable, but not
      necessary, that the amount of said inert organic liquid present throughout
      the course of the reaction be that at least sufficient to maintain the
      intermediary alpha-chloromethylbenzyl sulfide in solution. Where the
      reactions are carried out in step-wise fashion in proceeding from
      intermediary alpha-chloromethylbenzyl sulfides to an
      alpha-chloro-alpha-(chloromercapto)-compound the inert organic liquid will
      usually be the same as that employed in preparing the intermediary or
      intermediaries; however, such can be replenished or replaced in whole or
      in part by a different inert organic liquid in any or each step.
PAR  In the matter of pressure, either that above or below atmospheric pressure
      can be employed, however, in general atmospheric pressure will be
      satisfactory.
PAR  Substituted alpha-chloro-methane-sulfenyl chlorides exhibit herbicidal
      activity toward noxious weeds and have particular utility as selective
      pre-emergent herbicides.
PAR  As illustrative of this invention but not limitative thereof is the
      following:
DETD
PAC  EXAMPLES 1 THROUGH 4
PAR  These examples illustrate the preparation of substituted methyl mercaptans
      having the formulas
      ##EQU17##
      and
      ##EQU18##
      which mercaptans are precursors to the compounds of the present invention.
PAC  EXAMPLE 1
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means are charged approximately 65 parts by weight of
      ortho-chloroaniline (about 1/2 mole) and approximately 53 parts by weight
      of thiolactic acid (about 1/2 mole). The contents of the so-charged vessel
      are heated with agitation under a nitrogen atmosphere to about
      130.degree.C. and maintained at that temperature for about 4 hours. The
      contents are cooled to about room temperature and washed with a dilute HCl
      solution. A white solid is isolated by filtration, dissolved in and
      recrystallized from chloroform, and identified as
      alpha-mercapto-ortho-chloropropanilide (melting point of 83.degree. to
      90.degree.C.
PAR  Alpha-mercapto-alpha-methyl-ortho-chloropropanilide exhibits pre-emergent
      herbicidal activity against morning glory and Johnson grass.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed except that in place of 65 parts by
      weight of ortho-chloroaniline an equimolecular proportion of aniline is
      charged to the vessel. Alpha-mercaptopropanilide is obtained.
PAR  In similar fashion other ring substituted alpha-mercaptopropanilides may be
      prepared from the appropriate substituted aniline. Likewise, by charging
      to the reactor in place of the thiolactic acid and equal molecular
      proportion of higher acids in the thiolactic acid series substituted
      alpha-acetanilido substituted methyl mercaptans having the formula
      ##EQU19##
      wherein R is methyl, ethyl, propyl and isopropyl may be prepared.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is followed except that in place of 65 parts by
      weight of ortho-chloroaniline an equimolecular proportion of diethyl amine
      is charged to the vessel. N,N-diethyl-alpha-mercapto-propionamide is
      obtained.
PAR  In similar fashion other N-substituted alpha-mercapto-propionamides may be
      prepared from the appropriate N-substituted amide. Likewise, by charging
      to the reactor in place of the thiolactic acid an equal molecular
      proportion of higher acids in the thiolactic acid series substituted
      alpha-amido-substituted methylmercaptans having the formula
      ##EQU20##
      wherein R is methyl, ethyl, propyl and isopropyl may be prepared.
PAC  EXAMPLE 4
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means are charged approximately 500 parts by weight of isopropyl
      alcohol and approximately 53 parts by weight of thiolactic acid (about 1/2
      mole). To the so-charged mass is added about 1 part by weight of
      concentrated H.sub.2 SO.sub.4. The contents of the so-charged vessel are
      heated with agitation under a nitrogen atmosphere to reflux temperature
      and maintained at that temperature for about 4 hours. The contents are
      cooled to about room temperature. Excess alcohol is stripped off by
      distillation under vacuum. The liquid product may be vacuum distilled if a
      high purity product is desired. Isopropyl-alpha-mercapto-propionate is
      obtained.
PAR  In similar fashion, other substituted alpha-mercapto esters may be prepared
      from the appropriate alcohols. Likewise, by charging to the reactor in
      place of the thiolactic acid an equal molecular proportion of higher acids
      in the thiolactic acid series, alpha-mercapto esters having the formula
      ##EQU21##
      wherein R is methyl, ethyl, propyl and isopropyl may be prepared.
PAC  EXAMPLES 5 AND 6
PAR  These examples illustrate the preparation of substituted methyl benzyl
      sulfides having the formulas
      ##EQU22##
      and
      ##EQU23##
      which sulfides are precursors to the compounds of the present invention.
PAC  EXAMPLE 5
PAR  To a suitable reaction vessel equipped with a thermometer and agitator with
      an aqueous solution containing approximately 200 parts by weight of water
      and approximately 20 parts by weight of sodium hydroxide is added with
      agitation approximately 62 parts by weight of benzyl mercaptan. Thereafter
      approximately 91 parts by weight of ethyl alpha-bromopropionate is added
      with agitation. Thereupon the mass is agitated at room temperature for
      about 1 hour. Thereafter the water is distilled off leaving a liquid
      identified as ethyl alpha-(benzylmercapto)-propionate. Similarly other
      alpha-(benzylmercapto)-esters may be prepared from the corresponding
      alpha-halo-ester.
PAC  EXAMPLE 6
PAR  To a suitable reaction vessel equipped with a thermometer and agitator
      charged with an aqueous solution containing approximately 200 parts by
      weight of water and approximately 16 parts by weight of sodium hydroxide
      is added with agitation approximately 49.6 parts by weight of benzyl
      mercaptan. Thereafter a hot ethanol solution containing approximately 785
      parts by weight of ethanol and approximately 85.2 parts by weight of
      alpha-bromo-propiophenone is added with agitation. The reation is
      exothermic and temperature is permitted to rise. As the temperature begins
      to subside approximately 1000 parts by weight of water is added with
      agitation. Thereafter the mass is extracted with methylene chloride, the
      extracts combined and subjected to evaporation of methylene chloride. The
      residue, a solid, is alpha-(benzylmercapto)-propiophenone.
PAR  In a similar manner the following precursors of the manufacture of this
      invention are prepared:
      alpha-(benzylmercapto)-3,4,5-trichloropropiophenone,
      alpha-(benzylmercapto)-2,4-dibromopropiophenone,
      alpha-(benzylmercapto)-ortho-bromopropiophenone,
      alpha-(benzylmercapto)-meta-chloropropiophenone,
      alpha-(benzylmercapto)-para-chloropropiophenone,
      alpha-(benzylmercapto)-parabromopropiophenone,
      alpha-(benzylmercapto)-para-fluoropropiophenone, employing benzyl
      mercaptan and the appropriate substituted acetophenone, for example,
      alpha-chloro-3,4,5-trichloropropiophenone,
      alpha-bromo-2,4-dibromopropiophenone,
      alpha-bromo-ortho-bromopropiophenone, alpha-chloro-ortho-fluoropropiopheno
     ne, alpha-chloro-meta-chloropropiophenone,
      alpha-chloro-para-chloropropiophenone,
      alpha-bromo-para-bromopropiophenone, alpha-chloropara-fluoropropiophenone
      and the like, in the presence of a hydrogen halide scavenging agent.
      Likewise trihalomethyl, alkyl, dialkyl and trialkyl substituted phenones
      and higher aromatic ketones can be prepared by the above-described methods
      and used in the manufacture of alpha-chloro-alpha-aroyl-methane-sulfenyl
      chlorides and intermediary products by the method of the present
      invention.
PAC  EXAMPLES 7 THROUGH 14
PAR  These examples illustrate the preparation of substituted
      alpha-chloro-methane-sulfenyl chlorides of the formula
      ##EQU24##
      and
      ##EQU25##
      by the process of the present invention.
PAC  EXAMPLE 7
PAR  This example is illustrative of the preparation of ethyl
      alpha-(chloromercapto)-alpha-chloropropionate from
      ethyl-alpha-(benzylmercapto)-propionate and sulfuryl chloride.
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means is charged approximately 22.4 parts by weight of ethyl
      alpha-(benzylmercapto)-propionate dissolved in approximately 275 parts by
      weight of methylene chloride. While agitating the so-charged mass at about
      0.degree.C is slowly added approximately 50 parts by weight of sulfuryl
      chloride. The reaction is exothermic and the temperature during the
      addition is permitted to rise to about 20.degree.C. Upon completion of the
      sulfuryl chloride addition the mass is agitated for about one hour at
      about room temperature. Thereafter the mass is stripped of volatiles under
      vacuum to give a liquid residue [composed chiefly of an equimolar mixture
      of ethyl alpha-(chloromercapto-alpha-chloropropionate and by-product
      benzyl chloride] which residue is fractionally distilled and the yellow
      liquid collected at 85.degree.-86.degree.C at 13 mm. of mercury is
      identified as ethyl alpha-(chloromercapto)-alpha-chloropropionate.
PAC  EXAMPLE 8
PAR  This example illustrates the preparation of ethyl
      alpha-(chloromercapto)-alpha-chloropropionate from ethyl
      alpha-(benzylmercapto)propionate and chlorine.
PAR  The procedure of Example 7 is followed except that the reaction is carried
      out under reflux and instead of charging to the system 50 parts by weight
      of sulfuryl chloride, chlorine gas is bubbled through the refluxing mass
      until approximately 26 parts by weight thereof is absorbed. Ethyl
      alpha-(chloromercapto)-alpha-chloropropionate is obtained.
PAR  In similar fashion other alpha-(chloromercapto)-alpha chloro-esters may be
      prepared from the corresponding alpha-(benzylmercapto) ester.
PAC  EXAMPLE 9
PAR  The procedure of Example 7 is followed except that in place of 22.4 parts
      by weight of ethyl alpha-(benzylmercapto)-propionate an equimolecular
      proportion of ethyl alpha-mercapto-propionate is charged to the reaction
      vessel. The use of ethyl alpha-mercapto-propionate simplifies the
      purification of the resultant ethyl
      alpha-(chloromercapto)-alpha-chloropropionate which is obtained as a
      product because the formation of liquid by-products is minimized by this
      procedure.
PAC  EXAMPLE 10
PAR  The procedure of Example 8 is followed except that in place of ethyl
      alpha-(benzylmercapto)-propionate an equimolecular proportion of ethyl
      alpha-mercapto-propionate is charged to the reaction vessel. As noted in
      Example 9 the purification of the resultant product ethyl
      alpha-(chloromercapto)-alpha-chloropropionate is simplified because the
      formation of liquid by-products is minimized by this procedure.
PAR  In similar fashion other alpha-(chloromercapto)-alpha-chloro esters may be
      prepared from the corresponding alpha-mercapto-esters and chlorine and/or
      sulfuryl chloride.
PAC  EXAMPLE 11
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means is charged approximately 23 parts by weight of
      alpha-mercapto-ortho-chloropropanilide dissolved in approximately 200
      parts by weight of methylene chloride. While agitating the so-charged mass
      at about 0.degree.C is slowly added approximately 43 parts by weight of
      sulfuryl chloride. The reaction is exothermic and the temperature during
      the addition is permitted to rise to about 20.degree.C. Upon completion of
      the sulfuryl chloride addition, the mass is agitated for about two hours
      at about room temperature. Thereafter, the mass is stripped of volatiles
      under vacuum to give a solid residue which residue is dissolved in
      petroleum ether solvent, crystallized by cooling the solution to about
      -70.degree.C., separated from the solvent by filtration and identified as
      alpha-chloro-alpha-(chloromercapto)-ortho-chloropropanilide.
PAR  Alpha-chloro-alpha-(chloromercapto)-ortho-chloro-propanilide exhibits
      pre-emergent herbicidal activity against cocklebur and velvet leaf.
PAC  EXAMPLE 12
PAR  This example illustrates the preparation of
      alpha-chloro-alpha-(chloromercapto)-ortho-chloropropanilide from
      alpha-mercapto-ortho-chloropropanilide and chlorine.
PAR  The procedure of Example 11 is followed except that the reaction is carried
      out under reflux and instead of charging to the system 43 parts by weight
      of sulfuryl chloride, chlorine gas is bubbled through the refluxing mass
      until approximately 23  parts by weight thereof is absorbed.
      Alpha-chloro-alpha-(chloromercapto)-ortho-chloropropanilide is obtained.
PAR  In similar fashion other alpha-(chloromercapto)-alphachloro anilides may be
      prepared from the corresponding alphamercapto-anilides and chlorine and/or
      sulfuryl chloride.
PAC  EXAMPLE 13
PAR  The procedure of Example 11 is followed except that in place of
      alpha-mercapto-ortho-chloropropanilide and equimolecular proportion of
      N,N-di-ethyl-alpha-mercapto-propionamide is charged to the reaction
      vessel. N,N-di-ethyl-alpha-chloro-alpha-(chloro-mercapto)-propionamide is
      obtained.
PAC  EXAMPLE 14
PAR  The procedure of Example 12 is followed except that in place of
      alpha-mercapto-ortho-chloropropanilide an equimolecular proportion of
      N,N-di-ethyl-alpha-mercapto-propionamide is charged to the reaction
      vessel. N,N-di-ethyl-alpha-chloro-alpha-(chloromercapto)-propionamide is
      obtained.
PAR  In similar fashion other alpha-(chloromercapto)-alpha-chloro-amides may be
      prepared from the corresponding alpha-mercapto-amides and chlorine and/or
      sulfuryl chloride.
PAC  EXAMPLES 15 THROUGH 19
PAR  These examples illustrate the preparation of substituted
      alpha-chloro-methane-sulfenyl chlorides of the formula
      ##EQU26##
      by the process of the present invention.
PAC  EXAMPLE 15
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means is charged approximately 25.6 parts by weight of
      alpha-(benzylmercapto)-propiophenone dissolved in approximately 300 parts
      by weight of 1,2-dichloroethane. While agitating the so-charged mass at
      about 0.degree.C is slowly added approximately 30 parts by weight of
      sulfuryl chloride. The reaction is exothermic and the temperature during
      the addition is permitted to rise to about 20.degree.C. Upon completion of
      the sulfuryl chloride addition, the mass is agitated for about three hours
      at about room temperature. Thereafter, the mass is stripped of volatiles
      under vacuum to give a liquid residue which residue is dissolved in
      petroleum ether solvent, crystallized by cooling the solution to about
      -70.degree.C., separated from the solvent by filtration and identified as
      alpha-benzoyl-alphachloro-alpha-(chloromethyl)-methane sulfenyl chloride.
PAR  Alpha-benzoyl-alpha-chloro-alpha-(chloromethyl)-methane sulfenyl chloride
      was observed to be active as a pre-emergent herbicide to smartweed and
      velvet leaf.
PAC  EXAMPLES 16 THROUGH 18
PAR  The procedure of Example 15 is followed except that in place of
      alpha-(benzylmercapto)-propiophenone in the amount of about 25.6 parts by
      weight, a substituted alpha-(benzylmercapto)-propiophenone as shown in
      column A is added in an amount such that the molecular proportion of
      substituted alpha-(benzylmercapto)-propiophenone to sulfuryl chloride is 1
      to 3. By this method, the corresponding substituted
      alpha-chloro-alpha-(chloromercapto)-propiophenone is prepared as shown in
      column B.
TBL  __________________________________________________________________________
     EX. NO.                                                                   
            A             B                                                    
     __________________________________________________________________________
     16     alpha-(benzylmercapto)-                                            
                          alpha-chloro-alpha-(para-chloro-                     
            para-chloropropiophenone                                           
                          benzoyl)-alpha-(chloromethyl)-                       
                          methane-sulfenyl chloride                            
     17     alpha-(benzylmercapto)-                                            
                          alpha-chloro-alpha-(para-bromo-                      
            para-bromopropiophenone                                            
                          benzoyl)-alpha-(chloromethyl)-                       
                          methane-sulfenyl chloride                            
     18     alpha-(benzylthio)-para-                                           
                          alpha-chloro-alpha-(para-fluoro-                     
            fluoropropiophenone                                                
                          benzoyl)-alpha-(chloromethyl)-                       
                          methane-sulfenyl chloride                            
     __________________________________________________________________________
PAC  EXAMPLE 19
PAR  The procedure of Example 15 is followed except that the reaction is carried
      out under reflux and, instead of charging to the system 30 parts by weight
      of sulfuryl chloride, chlorine gas is bubbled through the refluxing mass
      until approximately 16 parts by weight thereof is absorbed.
      Alpha-benzoyl-alpha-chloro-alpha-(chloromethyl)-methane-sulfenyl chloride
      is obtained. In this fashion, substituted
      alpha-chloro-alpha-benzoyl-alpha-(chloromethyl)methane-sulfenyl chlorides
      may likewise be prepared.
PAC  EXAMPLE 20
PAR  This example illustrates the preparation of intermediary products of the
      formula
      ##EQU27##
      from the corresponding alpha-(benzylmercapto)-propiophenone and sulfuryl
      chloride.
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means is charged approximately 25.6 parts by weight of
      alpha-(benzylmercapto)-propiophenone dissolved in approximately 275 parts
      by weight of methylene chloride. While agitating the so-charged mass at
      about 0.degree.C is slowly added approximately 13.4 parts by weight of
      sulfuryl chloride. The reaction is exothermic and the temperature during
      the addition is permitted to rise to about 20.degree.C. Upon completion of
      the sulfuryl chloride addition, the mass is agitated for about one hour at
      about room temperature. Thereafter, the mass is stripped of volatiles
      under vacuum to give a liquid residue, which residue is dissolved in
      pentane, crystallized by cooling the solution to about -70.degree.C.,
      separated from the pentane by filtration and identified as
      alpha-(chloromethyl)-alpha-(benzylmercapto)-acetophenone.
PAR  In similar fashion, substituted
      alpha-(chloromethyl)-alpha-(benzylmercapto)-acetophenones can be prepared
      from the corresponding substituted alpha-(benzylmercapto)-propiophenones.
PAC  EXAMPLE 21
PAR  The procedure of Example 20 is followed except that the reaction is carried
      out under reflux and instead of charging to the system 13.4 parts by
      weight of sulfuryl chloride chlorine gas is bubbled through the refluxing
      mass until approximately 7 parts by weight thereof is absorbed.
      Alpha-(chloromethyl)-alpha-(benzylmercapto)-acetophenone is obtained.
PAR  In similar fashion, substituted
      alpha-(chloromethyl)-alpha-(benzylmercapto)-acetophenones can be prepared
      from the corresponding substituted alpha-(benzylmercapto)-propiophenones.
PAC  EXAMPLE 22
PAR  This example illustrates the preparation of intermediary products of the
      formula
      ##EQU28##
PAR  To a suitable reaction vessel equipped with a thermometer, agitator and
      venting means is charged approximately 22.4 parts by weight of ethyl
      alpha-(benzylmercapto)-propionate dissolved in approximately 275 parts by
      weight of methylene chloride. While agitating the so-charged mass at about
      0.degree.C is slowly added approximately 13.4 parts by weight of sulfuryl
      chloride. The reaction is exothermic and the temperature during the
      addition is permitted to rise to about 20.degree.C. Upon completion of the
      sulfuryl chloride addition the mass is stripped of volatiles under vacuum
      to give a liquid residue which residue is purified by conventional means
      and is identified as ethyl alpha-(benzylmercapto)-alpha-chloropropionate.
PAC  EXAMPLE 23
PAR  This example illustrates the preparation of ethyl
      alpha-(benzylmercapto)-alpha-chloropropionate from ethyl
      alpha-(benzylmercapto)-propionate and chlorine.
PAR  The procedure of Example 22 is followed except that the reaction is carried
      out under reflux and instead of charging to the system 13.4 parts by
      weight of sulfuryl chloride, chlorine gas is bubbled through the refluxing
      mass until approximately 7.1 parts by weight thereof is absorbed. Ethyl
      alpha-(benzylmercapto)-alpha-chloropropionate is obtained.
PAR  In similar fashion other alpha-(benzylmercapto)-alpha chloro-esters may be
      prepared from the corresponding alpha-(benzylmercapto)-esters.
PAC  EXAMPLE 24
PAR  The procedure for testing pre-emergent herbicidal activity of
      representative substituted alpha-chloro-methane-sulfenyl chlorides of this
      invention and their precursors and intermediaries is as follows:
PAR  A good grade of top soil is placed in aluminum pans and compacted to a
      depth of 3/8 to 1/2 inch from the top of the pan. A pre-determined number
      of seeds of each of several plant species are placed on top of the soil in
      the pans. The seeds are covered with soil and the pans leveled. The
      herbicidal composition is applied by spraying the surface of the top layer
      of soil with a solution containing a sufficient amount of active
      ingredient to obtain a rate of application of 5 lbs. per acre. The pans
      are then placed on a sand bench in the greenhouse and watered from below
      as needed. The plants are observed at the end of approximately 14 days and
      the results recorded.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the formula
      ##EQU29##
      wherein R is hydrogen or alkyl of 1 through 3 carbons, Q and Q' are
      independently selected from the group consisting of hydrogen, C.sub.1-5
      alkyl, lower alkoxyalkyl and the group
      ##SPC3##
PAL  wherein
PA1  R.sub.1 is selected from the group consisting of lower alkyl, halogen and
      --CX.sub.3 where
PA1  X is halogen and n is an integer from 0--3 inclusive or Q and Q' may be
      combined to form an alkylene group having from 4 to 8 carbon atoms.
NUM  2.
PAR  2. The compound of claim 1 wherein Q is phenyl and Q' is hydrogen.
NUM  3.
PAR  3. The compound of claim 1 wherein Q is o-chlorophenyl and Q' is hydrogen.
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ABST
PAL  A method for carrying out reactions of the Friedel-Crafts type, such as
      alkylation, acylation, polymerization, sulfonylation and
      dehydrohalogenation. The reactions are catalyzed by arene-metal
      tricarbonyl complexes and when the reaction vessel contains aromatic
      substrates the catalyst may be generated in situ from a metallic
      hexacarbonyl. The arene-metal tricarbonyl catalyst is more selective than
      conventionally employed Friedel-Craft catalysts in that it yields
      generally para isomers with little of the ortho variety and very little if
      any of the meta variety when the aromatic substrate is reacted with
      organic halide. It is also possible to form the arene-metal tricarbonyl
      catalyst outside of the reaction vessel and then proceed by adding it to
      the vessel containing the substrate and the organic halide as is the case
      with dehydrohalogenation reactions wherein there are no aromatic rings
      available, the substrate in that instance being aliphatic.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of U.S. Ser. No. 339,637,
      filed Mar. 9, 1973 now U.S. Pat. No. 3,832,403, which is in turn a
      continuation-in-part application of U.S. Ser. No. 119,908, filed Mar. 1,
      1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Substitution of halogens from organic compounds by other organic groups or
      the mere removal of halogens, without substitution, to form new organic
      compounds is well known by a variety of standard name reactions. The
      Friedel-Crafts type of reactions, usually carried out by the catalyst
      aluminum trichloride, are an example.
PAR  The reactivity of the arene-metal tricarbonyl complexes has also been
      examined and it is known that the tricarbonylchlorobenzenechromium complex
      will enter into a nucleophilic reaction with methyl alcohol to form the
      anisole complex. Further, electrophilic reactions are also facilitated
      such as Friedel-Crafts acetylation of the tricarbonyl-benzene chromium
      complex with acetyl chloride in the presence of aluminum trichloride. Both
      types of reaction yield a product which retains the arene-metal
      tricarbonyl complex.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method for
      reacting organic halides in alkylations, acylations, polymerizations,
      sulfonylations and dehydrohalogenations.
PAR  It is another object of the present invention to provide a method for
      carrying out these reactions in the presence of an arene-metal tricarbonyl
      catalyst.
PAR  It is a further object of the present invention to employ a catalyst which
      is easier to use, with respect to storage and handling, in that the
      catalyst may be generated in solution within the reaction vessel or
      without the reaction vessel and subsequently added thereto.
PAR  It is yet another object of the present invention to employ a catalyst
      which promotes attack on the aromatic ring generally at the para position
      rather than at the ortho position and usually excludes attack at the meta
      position.
PAR  These and other objects of the invention, and the advantages thereof, will
      be apparent in view of the detailed disclosure of the invention as set
      forth below.
PAR  In general, it has now been found that an organic halide RX, and an
      arene-metal tricarbonyl represented by the general formula,
      ##SPC1##
PAL  Will react to form a carbonium ion R.sup.+.
PAR  It was further found that the highly reactive carbonium ion will release a
      hydrogen ion, or react in situ and in a repetitive process with the
      original organic halide or with other organic compounds present within the
      reaction vessel. Many different classes of products may Be formed by
      predetermined selection of the appropriate organic reactants.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The catalyst may be prepared in advance of a catalysis reaction according
      to the reaction mechanism
      ##SPC2##
PAL  where R' is selected from the class consisting of electron donating and
      ring activating groups such as hydrogen, alkyl groups having from 1 to
      about 6 carbon atoms, alkoxide groups having from 1 to about 4 carbon
      atoms, aryl and aryloxide groups having from 6 to about 12 carbon atoms
      including alkyl substituents, amino and hydroxide. The metal, M, is
      selected from the group consisting of Cr, Mo, and W with molybdenum being
      preferred.
PAR  Representative alkyl groups include methyl, ethyl, isopropyl, t-butyl,
      pentyl, hexamethyl and the like. Representative alkoxide groups include
      methoxy, ethoxy, propoxy, butoxy, sec-butoxy and the like.
PAR  Representative aryl groups include phenyl, napthyl and the phenyl ring with
      substituted alkyl groups such as methyl, ethyl, propyl, butyl, sec-butyl,
      pentyl, 2-pentyl, hexamethyl and the like. A representative aryloxide is
      diphenyl ether.
PAR  R' may further be selected from the class consisting of ring deactivating
      and electron withdrawing groups such as the halides, the haloalkyls, the
      alkylbenzoate esters, the aldehydes and sulfonyl halides, particularly
      sulfonyl chloride. Representative halides are fluoro, chloro and bromo,
      and representative alkylbenzoate esters are those having from 1 to 3
      carbon atoms such as methyl benzoate, ethyl benzoate, propyl benzoate and
      isopropyl benzoate. Representative aldehydes are those having from 1 to 4
      carbon atoms. Representative haloalkyl groups include methyl bromide,
      methyl chloride and methyl fluoride.
PAR  In addition to the aforementioned mono-substituted phenyl compounds which
      may be utilized it is also possible to select poly-substituted phenyl
      compounds having up to five substituent groups. The generic formula for
      such a compound may be expressed as follows:
      ##SPC3##
PAL  wherein R' may be the same as any of the aforementioned R' groups including
      hydrogen. As will be obvious to one skilled in the art, a large number of
      the existing poly-substituted phenyl compounds can thus be used in
      accordance with the teaching of this pioneer invention. Since it would be
      impractical to provide an all inclusive listing, only some of the
      representative compounds according to formula F(3) will be set forth.
PAR  Representative compounds wherein one or more of the R' groups are other
      than hydrogen include anisole, chlorobenzene, benzyl chloride, benzyl
      fluoride, phenol, toluene, t-butyl benzene, o,m and p-dichlorobenzene,
      diphenyl ether, biphenyl, o,m and p-xylene, p-toluene sulfonyl chloride,
      methyl benzoate, ethyl benzoate, propyl benzoate, isopropyl benzoate,
      2,3-dimethoxyaniline, 2,4-dihydroxytoluene, 3,4-dimethoxytoluene,
      4-hydroxy-3-methoxytoluene, 1,2,4,5-tetramethylbenzene,
      3,4,5-trihydroxytoluene and 1,3-dihydroxy-4,5,6-trimethylbenzene.
PAR  Selection of any specific aromatic compound will of course be dependent
      upon factors such as the product desired and the availability or existence
      of the compound. A person skilled in the art will generally know numerous
      existing compounds. Moreover, as to other compounds, any standard
      reference book, such as the CRC Handbook of Chemistry and Physics, could
      be consulted thus enabling the skilled artisan to obtain readily the names
      of other existing compounds.
PAR  Preparation of the catalyst according to F(2) is necessarily precedent to a
      catalysis reaction when aryl radicals are neither present nor constituents
      of the reactants chosen to form the product compounds. Thus, in the case
      of dehydrohalogenation reactions, the catalyst will promote the formation
      of the olefin, but it must be prepared in advance as there are no aromatic
      rings available in the reaction vessel.
PAR  Thus, a utility of the present invention is that this catalyst may be
      generated during the catalysis reaction. Thus, when the metal hexacarbonyl
      and a substrate reactant having an aryl radical constituent are brought
      together in a reaction vessel, the arene-metal tricarbonyl catalyst will
      be generated in situ. Upon the addition of the desired organic halide, the
      particlar reaction, e.g., alkylation, acylation, polymerization,
      sulfonylation, will then proceed to form the desired products.
PAR  According to the method of the present invention, aromatic substrates are
      combined with organic halides, having the generic formula RX, in the
      reaction vessel. The catalyst removes the halogen forming a highly
      reactive carbonium ion on the organic moiety R. Subsequent attack by the
      carbonium ion upon the substrate molecule yields a product, resulting from
      the attachment of the organic radical R to the substrate, and a hydrogen
      ion. The hydrogen ion quickly removes the halogen with at least partial
      regeneration of the catalyst. In this manner alkylations, acylations,
      polymerizations and sulfonylations occur. Of course, the catalyst also
      promotes dehydrohalogenation. However, since there is no aromatic
      substrate the catalyst merely removes the halogen from the organic halide
      to yield an olefin.
PAR  The organic halide RX, wherein X is generally selected from bromine,
      chlorine and fluorine, will be chosen according to the desired reaction,
      e.g., alkyl aryl or acyl halides for alkylation and acylation, sulfonyl
      halides for sulfonylation and polymerization and alkyl halides for
      dehydrohalogenation. The organo group, or R, may therefore be selected
      from the class consisting of alkyl radicals having from 1 to about 20
      carbon atoms, aryl radicals having from 7 to about 12 carbon atoms,
      alkoxide radicals having from 1 to about 4 carbon atoms and aldehydes
      having from 1 to about 4 carbon atoms, and haloalkyl groups such as methyl
      bromide, methyl chloride and methyl fluoride. When aryl radicals are
      utilized having alkyl substituents for the alkylation and polymerization
      reactions it is necessary for the halogen to be bonded to the substituent
      rather than the ring inasmuch as the catalyst removes, for instance,
      chlorine much more readily from benzyl chloride than from chlorobenzene.
PAR  Representative alkyl groups include methyl, ethyl, propyl, butyl, pentyl,
      hexyl, heptyl, octyl, nonyl, decyl isomers thereof and the like.
      Representative aryl radicals include tolyl, xylyl, methyl naphthyl and the
      like. Furthermore, when selecting the xylenes, dihalo compounds may be
      utilized as the catalyst can readily remove both halogens from their
      methyl partner. As before, the skilled artisan can refer to a reference
      handbook to ascertain the existing organic halides which he may desire to
      react.
PAR  Whether the catalyst is prepared within the reaction vessel by reacting
      molybdenum hexacarbonyl with the aromatic substrate, or it is separately
      prepared and added, the reactants are all placed within the reaction
      vessel. Generally, the reactants are soluble within the substrate;
      however, if such is not the case, the reaction may be carried out in
      heptane or any other saturated liquid hydrocarbon or any aryl such as
      benzene or substituted benzene. The reaction is preferably carried out in
      an inert atmosphere such as nitrogen. In order to generally initiate the
      reaction, the vessel is usually fitted with a reflux condenser and heated
      from ambient temperatures through a temperature range of a few degrees to
      approximately 135.degree.C, depending upon the type of reaction and the
      reactants. Reaction time is also dependent upon the latter factors and
      accordingly ranges from about 1 hour to about 36 hours or longer. During
      this time it is necessary to keep the reactants mixed which may be readily
      accomplished with a conventional magnetic stirrer or the like. Mechanisms
      for the various reactions are as follows:
PAR  An alkylation according to the present invention is thought to proceed
      according to the following reaction mechanism;
      ##SPC4##
PAL  where R is an alkyl or aryl group as noted above
PAR  and R' is hydrogen, alkyl, alkoxide, sulfonyl chloride, hydroxide, aryl or
      aryl oxide as noted above
PAR  and M is a metal from the group, Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is formed in the reaction vessel from part of the aromatic
      substrate reactant or it may be added in its active form whereby Step 1 is
      omitted. In Step 2, it proceeds to remove the halogen from the organic
      halide, RX, resulting in the formation of a highly reactive carbonium ion,
      R.sup.+, which subsequently attacks the remaining part of the aromatic
      substrate, as in Step 3, with concurrent release of a hydrogen ion. In
      Step 4, the hydrogen ion removes the halogen and the catalyst is
      regenerated.
PAR  An acylation according to the present invention is thought to proceed
      according to the following reaction mechanism;
      ##SPC5##
      where R is an alkyl or aryl group as noted above
PAR  and R' is hydrogen, alkyl, alkoxide or hydroxide, aryl or aryloxide as
      noted above
PAR  and M is a metal from the group Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is again formed in Step 1, as described before or merely added
      directly to the reactants. In Step 2 it proceeds to remove the halogen
      from the organic acid halide resulting in the formation of a highly
      reactive acyl cation RC.sup.+=O, which subsequently attacks the aromatic
      substrate reactant, as in Step 3, with concurrent release of a hydrogen
      ion. In Step 4, the hydrogen ion removes the halogen and the catalyst is
      regenerated.
PAR  Two types of polymers may be produced according to the present invention. A
      branched structure may be formed by the polymerization of one monomeric
      substance or the combination of two monomers. A linear polymer may be
      produced by selecting an aryl substrate, A, having only two positions
      subject to carbonium ion attack and having ligands at each of the other
      positions relatively unsusceptible to carbonium ion attack. The organic
      halide selected, B, is a dihalo-compound such that carbonium ions may form
      at two ends of the molecule, thus forming a linear polymerization of the
      type AB.
PAR  Polymerization to form a branched polymer according to the present
      invention is thought to proceed according to the following reaction
      mechanism;
      ##EQU1##
      where R is an aryl radical as noted above
PAR  and R' is alkyl, alkoxide, or haloalkyl as noted above,
PAR  and M is a metal from the group Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAL  The organic halide has an aryl ring, and therefore will react with
      molybdenum hexacarbonyl as in Step 1, or if desired, the active form of
      the catalyst may be prepared separately and added to the monomeric halide
      R--R'-X as in Step 2 where the halogen is removed resulting in the
      formation of a highly reactive carbonium ion, R--R'.sup.+, which
      subsequently attacks the organic halide as in Step 3, with concurrent
      release of a hydrogen ion. The catalyst is again regenerated as by Step 4.
PAR  The reaction generally proceeds with substantial conversion of the monomer
      to the dimer R--R'--R--R'--X; then loss of the halogen again results in a
      carbonium ion which combines in a repetitive process to produce a polymer
      having an average number molecular weight ranging from approximately 5,000
      to 30,000. Owing to the reactive sites of a phenyl ring, o, m, and p, to
      the ligand R', the polymer is highly branched.
PAR  Polymerization to form a linear copolymer according to the present
      invention is thought to proceed according to the following reaction
      mechanism:
      ##SPC6##
PAL  where R' is alkyl, alkoxide, aryl, aryloxide or hydroxide as noted above
PAR  and R is alkyl, alkoxide, aldehyde, sulfonyl or haloalkyl as noted above,
PAR  and M is a metal from the group Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAR  Removal of both halides from the dihalo-compound produces two reactive
      carbonium ions which will combine with the available positions of the
      aromatic substrate compound in a repetitive process to form a linear
      copolymer of average number molecular weight ranging between 5,000 and
      30,000.
PAR  A sulfonylation according to the present invention is thought to proceed
      according to the following reaction mechanism:
      ##SPC7##
PAL  where R is an alkyl or aryl group as noted above
PAR  and R' is hydrogen, alkyl, alkoxide, aryl, aryloxide or hydroxide as noted
      above
PAR  and M is a metal from the group Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is again formed in Step 1, as described before or merely added
      directly to the reactants. In Step 2 it proceeds to remove the halogen
      from the sulfonyl halide, R--SO.sub.2 --X, resulting in the formation of a
      highly reactive sulfonium ion, R--S.sup.+O.sub.2, which subsequently
      attacks the aromatic substrate reactant as in Step 3, with concurrent
      release of a hydrogen ion. In Step 4, the hydrogen ion removes the halogen
      and the catalyst is regenerated.
PAR  A dehydrohalogenation according to the present invention is thought to
      proceed according to the following reaction mechanism:
      ##SPC8##
PAL  where R is an alkyl group as noted above
PAR  and R' is hydrogen, alkyl, alkoxide, sulfonyl chloride, amino, aryl and
      aryloxide, halide, hydroxide and alkylbenzoate esters as noted above
PAR  and M is a metal from the group Cr, Mo and W,
PAR  and X is a halogen from the group of Br, Cl and F.
PAL  In this reaction it is desirable to form the active catalyst apart from the
      reactants since M(CO).sub.6 will not combine with an alkyl halide and if
      an aryl halide is present some alkylation will occur. In Step 1, the
      catalyst removes the halogen from the alkyl halide, R--X, resulting in the
      formation of a highly reactive carbonium ion, R.sup.+. With subsequent
      loss of a hydrogen ion, as in Step 2, an alkene product is formed. In Step
      3, the hydrogen ion removes the halogen and the catalyst is regenerated.
DETD
PAR  The invention will be more fully understood by reference to the following
      examples which describe the various types of reactions.
PAC  EXAMPLE I
PAR  An alkylation by an organic halide of an aryl compound is promoted by the
      combination of 12.2 gms. of phenol; 20 cc. of t-butyl chloride; and 50 mg.
      of molybdenum hexacarbonyl in 120 cc. of the solvent heptane. These
      reactants are placed in a suitable vessel and mixed as by a magnetic
      stirring apparatus. The vessel is fitted with a reflux condenser and is
      then heated, to approximately 98.degree.C. for 18 to 24 hours. At the end
      of this time period, the desired product is separated by suitable means
      well known to one skilled in the art.
PAC  EXAMPLE II
PAR  An acylation by an acid halide of an aryl compound is promoted by the
      combination of 125 cc. of anisole; 4 cc. of acetyl chloride and 25-50 mg.
      of molybdenum hexacarbonyl. These reactants are placed in a suitable
      vessel, and thoroughly mixed while refluxing at approximately
      100.degree.C. for 36 hours. At the end of this time period, the desired
      product is separated by suitable means.
PAC  EXAMPLE III
PAR  A polymerization of an organic halide to form a branched polymer is
      promoted by the combination of 100 gms. of benzyl chloride with 50 mg. of
      molybdenum hexacarbonyl. The compounds are placed in a suitable vessel,
      mixed and refluxed at approximately 100.degree.C. for 1 hour. At the end
      of this time period, the branched polymer is separated by suitable means.
PAC  EXAMPLE IV
PAR  A linear polymer may be formed by combining 7.3 gms. of a,a'
      dichloro-p-xylene; 5.4 gms. of durene, and 10 mg. of molybdenum
      hexacarbonyl in 100 cc. of the solvent, decalin. The reactants are placed
      in a suitable vessel, mixed and refluxed at approximately
      125.degree.-130.degree.C. for 3 hours. At the end of this time period the
      linear polymer is separated by suitable means.
PAC  EXAMPLE V
PAR  A sulfonylation of an aryl sulfonyl halide is promoted by combining 160 cc.
      of toluene; 3.8 gms. of p-tosyl chloride and 25 to 50 mg. of molybdenum
      hexacarbonyl in a suitable vessel. The reactants are then mixed and
      refluxed at approximately 110.degree.C. for 36 hours. At the end of this
      time period, the desired product is separated by suitable means.
PAC  EXAMPLE VI
PAR  A dehydrohalogenation of an organic halide is promoted by the combination
      of 100 cc. of t-butyl chloride with 200 mg. of toluene molybdenum
      tricarbonyl. The compounds are placed in a suitable vessel, mixed and
      refluxed at approximately 51.degree.C. for 4 hours. At the end of this
      time period the desired product is separated by suitable means.
PAR  The results of these and similar reactions have been set forth in Tables
      1-5 below. In Table 1, examples 1-10 represent alkylations. In Table 2,
      examples 1-6 represent acylations. In Table 3, example 1 represents
      formation of a linear polymer and examples 2-3 represent formation of
      branched polymers and 4-5 represent branched or linear polymers. In Table
      4, examples 1-3 represent sulfonylations. In Table 5, example 1, a
      dehydrohalogenation reaction was attempted without the arene metal
      tricarbonyl catalyst and no reaction was evidenced. In example 2, the
      catalyst was present, being first prepared as in F(2) above, and the
      alkene, isobutylene, was quickly formed thereby. Although the product may
      be isolated, by continuing the reaction, the polymeric products which are
      known to occur when isobutyl cations attack isobutylene are prepared.
PAR  Thus, it can be seen that the disclosed invention carries out the objects
      of the invention set forth above. As will be apparent to those skilled in
      the art, many modifications can be made without departing from the spirit
      of the invention herein disclosed and described, the scope of the
      invention being limited solely by the scope of the attached claims.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Alkylation Reactions                                                      
     Aromatic    Organic    Added  Reaction                                    
     Substrate   Halide    Catalyst                                            
                                  Conditions                                   
                                        Yield  Comments                        
     __________________________________________________________________________
     1.   Toluene                                                              
                t-butyl chloride                                               
                           Mo(CO).sub.6                                        
                                  Reflux                                       
                                        17.9 g                                 
                                             Exclusively para                  
          (100 ml)                                                             
                (12.6 g)   (0.20 g)                                            
                                  5 hr  88%  substitution                      
     2.   Toluene                                                              
                t-butyl chloride                                               
                           TolMo(CO).sub.3                                     
                                  Reflux                                       
                                        16.7 g                                 
          (100 ml)                                                             
                (12.6 g)   (0.20 g)                                            
                                  1 hr  81.8% -3.                              
                                             Toluene Cyclohexyl Mo(CO).sub.6 Re
                                             flux 19.7 g                       
          (160 ml)                                                             
                chloride (10 g)                                                
                           (0.05 g)                                            
                                  6 hr  84.5%                                  
     4.   Toluene                                                              
                Benzyl     Mo(CO).sub.6                                        
                                  Reflux                                       
                                        16.4 g                                 
                                             100% alkylation, 10%              
          (200 ml)                                                             
                chloride (12.6 g)                                              
                           (0.03 g)                                            
                                  12 hr 90%  polymer, 90% totyl-               
                                             phenylmethane                     
     5.   Toluene                                                              
                n-propyl chloride                                              
                           TolMo(CO).sub.3                                     
                                  130.degree.                                  
                                         7.8 g                                 
                                             Carried out in glass-             
          (50 ml)                                                              
                (8.9 g)    (0.20 g)                                            
                                  6 hr  50.5%                                  
                                             lined Parr bomb, product          
                                             exclusively p-cymene              
     6.   t-butyl                                                              
                n-chloroheptane                                                
                           Mo(CO).sub.6                                        
                                  140.degree.                                  
                                             Only secondary                    
          benzene                                                              
                (8.8 g)    (0.01 g)                                            
                                  24 hr      alkylates obtained                
          (55 ml)                                                              
     7.   Toluene                                                              
                Cyclohexyl TolMo(CO).sub.3                                     
                                  Reflux                                       
                                        12.8 g                                 
          (75 ml)                                                              
                fluoride (11.2 g)                                              
                           (0.1 g)                                             
                                  6 hr  67.3%                                  
     8.   Toluene                                                              
                Cyclohexyl TolMo(CO).sub.3                                     
                                  Reflux                                       
                                         6.7 g                                 
                                             Extensive catalyst                
          (80 ml)                                                              
                bromide (26.4 g)                                               
                           (0.1 g)                                             
                                  8 hr  23.4%                                  
                                             decomposition                     
     9.   Anisole                                                              
                t-butyl chloride                                               
                           Mo(CO).sub.6                                        
                                  135.degree.                                  
                                         9.5 g                                 
          (150 ml)                                                             
                6.8 g)     0.03 g 24 hr 79%                                    
     10.  Phenol                                                               
                t-butyl chloride                                               
                           Mo(CO).sub.6                                        
                                  Reflux                                       
                                        18.8 g                                 
                                             120 ml heptane solvent,           
                (12.0 g)   (0.01 g)                                            
                                  18 hr 96%  93% p-t-butylphenol, 3%           
                                             2,6-di-t-butylphenol              
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Acylation Reactions                                                       
     Aromatic   Organic  Added  Reaction                                       
     Substrate  Halide  Catalyst                                               
                               Conditions                                      
                                     Yield  Comments                           
     __________________________________________________________________________
     1. Toulene                                                                
              Acetyl    Mo(CO).sub.6                                           
                               Reflux                                          
                                     1.2 g                                     
                                          Only p-methyl aceto-                 
        (100 ml)                                                               
              chloride (7.8 g)                                                 
                        (0.15 g)                                               
                               24 hr 9%   phenone isolated                     
     2. Toulene                                                                
              Propionyl Mo(CO).sub.6                                           
                               Reflux                                          
                                     1.85 g                                    
                                          Only para acylation                  
        (160 ml)                                                               
              chloride 6.35 g)                                                 
                        (0.05 g)                                               
                               24 hr 18%  obtained                             
     3. Toluene                                                                
              Benzoyl chloride                                                 
                        Mo(CO).sub.6 Reflux                                    
                                          2.5 g Only p-methyl                  
        (160 ml)                                                               
              6.05 g)   (0.15 g)                                               
                               18 hr 29.7%                                     
                                          benzophenone isolated                
     4. Toluene                                                                
              Benzoyl chloride                                                 
                        TolMo(CO).sub.3                                        
                               Reflux                                          
                                     5.65 g                                    
                                          Same product as 3                    
        (160 ml)                                                               
              6.05 g)   (0.02 g)                                               
                               12 hr 67%                                       
     5. Anisole                                                                
              Acetyl chloride                                                  
                        Mo(CO).sub.6                                           
                               100.degree.                                     
                                     10.2 g                                    
                                          90% p-methoxyaceto-                  
        (125 ml)                                                               
              7.8 g)    (0.02 g)                                               
                               36 hr 68%  phenone, 4% o-methoxy-               
                                          acetophenone                         
     6. Anisole                                                                
              Benzoyl chloride                                                 
                        TolMo(CO).sub.3                                        
                               100.degree.                                     
                                     7.4 g                                     
                                          Only p-methoxybenzo-                 
        (150 ml)                                                               
              (7.0 g    (0.15 g)                                               
                               18 hr 70%  phenone isolated                     
     __________________________________________________________________________
TBL                                    Table 3                                 
     __________________________________________________________________________
     Polymerization Reactions                                                  
     Aromatic  Organic   Added                                                 
                               Reaction                                        
     Substrate Halide   Catalyst                                               
                              Conditions                                       
                                     Yield  Comments                           
     __________________________________________________________________________
     1. Durene                                                                 
              p-xylylene-                                                      
                        Mo(CO).sub.6                                           
                               110.degree.                                     
                                     9.6 g                                     
                                          Copolymer nearly insoluble           
              dichloride                                                       
                        0.01 g 3 hr  (98%)                                     
                                          in common organic solvents           
     2. Benzyl          Mo(CO).sub.6                                           
                               110.degree.                                     
                                     100%                                      
        chloride        (0.1 g)                                                
                               1 hr                                            
        (neat)                                                                 
     3. Benzyl          TolMo(CO).sub.3                                        
                               140.degree.                                     
                                     100%                                      
        fluoride                                                               
        (neat)                                                                 
     4. Diphenyl                                                               
              Benzene-1,3-di-                                                  
                        Mo(CO).sub.6                                           
                               110.degree.                                     
                                     1.4 g                                     
                                          Tan-colored copolymer                
        ether sulfonylchloride                                                 
                        (0.1 g)                                                
                               3 hr  22%                                       
        (2.6 g                                                                 
              (4.3 g)                                                          
     5. Diphenyl                                                               
              Benzene-1,3-di-                                                  
                        TolMo(CO).sub.3                                        
                               110.degree.                                     
                                     2.1 g                                     
                                          Same as 4                            
        ether sulfonylchloride                                                 
                        (0.1 g)                                                
                               3 hr  32%                                       
        (2.6 g)                                                                
              (4.3 g)                                                          
     __________________________________________________________________________
TBL                                    Table 4                                 
     __________________________________________________________________________
     Sulfonylation Reactions                                                   
     Aromatic   Organic                                                        
                        Added                                                  
                             Reaction                                          
     Substrate  Halide Catalyst                                                
                            Conditions                                         
                                   Yield  Comments                             
     __________________________________________________________________________
     1. Toluene                                                                
              Tosyl chloride                                                   
                      Mo(CO).sub.6                                             
                             Reflux                                            
                                   2.1 g                                       
                                        Product is 4,4'-                       
        (160 ml)                                                               
              (3.8 g) (0.02 g)                                                 
                             36 hr 43%  ditolylsulfone                         
     2. Anisole                                                                
              Tosyl chloride                                                   
                      Mo(CO).sub.6                                             
                             135.degree.                                       
                                   1.15 g                                      
                                        Product is 4-methyl-                   
        (160 ml)                                                               
              (3.8 g) (0.02 g)                                                 
                             24 hr 22%  4'-methoxydiphenyl-                    
                                        sulfone                                
     3. Anisole                                                                
              Tosyl chloride                                                   
                      TolMo(CO).sub.3                                          
                             115.degree.                                       
                                   1.3 g                                       
                                        Same as 2                              
        (160 ml)                                                               
              (3.8 g) (0.03 g)                                                 
                             18 hr 25%                                         
     __________________________________________________________________________
TBL                                    Table 5                                 
     __________________________________________________________________________
     Dehydrohalogenation Reaction                                              
     Aromatic Organic                                                          
                      Added Reaction                                           
     Substrate                                                                 
              Halide Catalyst                                                  
                            Conditions                                         
                                    Yield                                      
                                          Comments                             
     __________________________________________________________________________
     1. --  t-butyl chloride                                                   
                     Mo(CO).sub.6                                              
                           reflux, 20 hr.                                      
                                    none                                       
                                        no reaction, 96% Mo(CO).sub.6          
                                        recovered                              
     2. --  t-butyl chloride                                                   
                     Toluene-                                                  
                           reflux, 4 hr.                                       
                                    --  large amounts of HCl evolved,          
            (100 ml) Mo(CO).sub.3       2 polymeric substances                 
                     (200 mg)           obtained                               
     __________________________________________________________________________
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The process of reacting an organic halide with an aromatic substrate to
      form an aromatic product comprising the steps of: charging a reaction
      vessel with a metallic hexacarbonyl compound having the general formula
      M(CO).sub.6 wherein M is selected from the group consisting of Cr, Mo and
      W, adding an aromatic substrate having the general formula
      ##SPC9##
PAL  wherein R' is selected from the group consisting of hydrogen and sulfonyl
      chloride with the proviso that at least one of said R' is other than
      hydrogen, reacting said metallic hexacarbonyl compound with part of said
      aromatic substrate to yield an arene metal tricarbonyl catalyst having the
      general formula
      ##SPC10##
PAL  charging the reaction vessel with an organic halide having the general
      formula RX wherein R is an alkyl group having from 1 to about 20 carbon
      atoms, and X is selected from the group consisting of bromine, chloride
      and fluorine, heating said reaction vessel from ambient temperatures to a
      temperature sufficient to cause said catalyst to remove the halide from
      said organic halide with generation of a carbonium ion from said organic
      halide so that said carbonium ion will attack the remaining part of said
      aromatic substrate to yield the aromatic product.
NUM  2.
PAR  2. The process as in claim 1, wherein said carbonium ion is formed in a
      temperature range from a few degrees above said ambient temperature to
      about 135.degree.C.
NUM  3.
PAR  3. The process as in claim 1, wherein said reaction is carried out in an
      inert atmosphere.
NUM  4.
PAR  4. The process as in claim 3, wherein said inert atmosphere is nitrogen.
NUM  5.
PAR  5. The process as in claim 1, wherein said reaction is carried out in a
      solvent selected from the group consisting of a saturated liquid
      hydrocarbon and liquid aryl compounds.
NUM  6.
PAR  6. The process as in claim 1, wherein said organic alkyl halides are
      selected from the group consisting of n-propyl chloride, t-butyl chloride,
      cyclohexyl chloride, cyclohexyl fluoride, cyclohexyl bromide and
      n-chloroheptane.
NUM  7.
PAR  7. The process as in claim 1, wherein said aromatic substrate is benzene
      sulfonyl chloride.
NUM  8.
PAR  8. The process as in claim 1, wherein the metal of said arene metal
      tri-carbonyl catalyst is molybdenum.
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APN  5303370
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ART  117
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ISD  19760323
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CTY  Lake Jackson
STA  TX
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ABST
PAL  Urea is pyrolyzed in a falling film reactor at a temperature of from about
      180.degree. to about 240.degree.C. A short residence time in the reactor
      provides for good urea conversion with minimal formation of other
      autocondensation pyrolyzates.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 427,594, filed Dec. 26, 1973 now abandoned which is a streamlined
      continuation of application Ser. No. 865,209, filed Oct. 9, 1969, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the preparation of biuret and more
      particularly is concerned with a pyrolysis process employing a falling
      film reactor for preparing biuret with good urea conversion.
PAR  The preparation of biuret by pyrolysis of urea, as well as other methods,
      has long been known in the art. Many of these preparations are summarized
      in an article "Biuret and Related Compounds" published in Chemical
      Reviews, 56 p. 95-197 (1956). Of the various methods for preparing biuret
      set forth in this review article it was indicated that although
      difficulties are present, large scale preparations have been developed
      based on the pyrolysis of urea.
PAR  Olin (U.S. Pat. No. 2,370,065) teaches a process for preparing biuret
      wherein urea is heated to a temperature above its melting point but below
      the decomposition temperature of the biuret and by-product ammonia formed
      by the condensation of urea is swept from the reaction zone with a stream
      of a hydrocarbon gas. In the practice of the Olin process, the hydrocarbon
      gas, preferably toluene, is introduced during the reaction period below
      the surface of the molten urea and the ammonia-hydrocarbon gas mixture
      rapidly removed from the reaction zone. The ammonia is removed from the
      resulting hydrocarbon sweep gas-ammonia mixture and the ammonia depleted
      hydrocarbon gas returned to the reaction zone for removal of further
      quantities of ammonia.
PAR  Harmon (U.S. Pat. No. 2,145,392) teaches a process for preparing biuret by
      heating urea at a temperature of 130.degree. to 205.degree.C. at a
      pressure of not substantially greater than 200 mm. of mercury. This
      allegedly provides a mixture of urea and biuret from which the biuret is
      subsequently separated.
PAR  Kamlet (U.S. Pat. No. 2,768,895) lists a number of references directed to
      the preparation of biuret by pyrolysis of urea and teaches a process for
      directly pyrolyzing urea in the absence of a catalyst at a temperature
      between 120.degree. and 205.degree.C. This effects substantial
      autocondensation of the urea to produce a mixture of unreacted urea and an
      admixture of urea autocondensation products, the total mixture consisting
      of 30 to 70 percent urea with biuret being a predominant component of the
      autocondensation products. The Kamlet process further includes extracting
      urea from the resulting product with a selective solvent for urea, e.g.
      preferably water, to leave a product containing 60 to 90 percent of the
      admixed autocondensation products with the remainder being urea. The
      so-extracted product mass is taught to be suitable for use as a protein
      supplement for ruminant feeds.
PAR  Formaini et al (U.S. Pat. No. 3,057,918 ) teaches a cyclic process for
      preparing biuret in which urea is heated at from 135.degree. to
      200.degree.C. and the resulting crude pyrolytic product quenched and
      digested in hot aqueous ammonia until no triuret remains. The liquid mass
      is then cooled to fractionally crystallize biuret which is removed. The
      ammonia is stripped from the residual solution whereupon cyanuric acid
      crystallizes. This solid product is separated from the residual aqueous
      solution and the solution concentrated by removal of water. The resulting
      concentrate is recycled with additional urea for subsequent pyrolysis.
PAR  Colby (U.S. Pat. No. 2,861,886), Kamlet, (referenced hereinbefore) and
      other publications attest to the utility of biuret as a feed composition
      additive for ruminants. This additive provides usable nitrogen to
      supplement the protein content of feeds from natural sources.
PAR  Each of the hereinbefore listed processes for pyrolyzing urea into biuret
      in general consists of reacting urea in a molten reaction mass over
      prolonged periods of time to achieve appreciable conversion to the desired
      biuret product. Correspondingly, the co-production of other urea
      condensation products, e.g. triuret, ammelide and cyanuric acid in
      detrimental amounts many times results. Formation of such undesired
      by-products is favored at the higher temperatures, which at the same time
      are preferred for maximum production of biuret.
PAR  It is a principal object of the present invention to provide a urea
      pyrolysis process for production of biuret in good yields and with a short
      reaction time.
PAR  It is another object of the present invention to provide a process for
      production of biuret which assures for good control of reaction conditions
      and provides for ready recovery of any urea based reactant which might be
      lost from the system during the processing.
PAR  It is also an object of the present invention to provide a high
      temperature-short reaction time process for preparing biuret by pyrolysis
      of urea wherein autocondensation by-product formation, particularly
      cyanuric acid, is held to a low level.
PAR  It is another object of the present invention to provide a process for
      preparing a biuret product by pyrolysis of a urea feedstock wherein there
      is direct rapid conversion of urea.
PAR  These and other objects and advantages of the process of the present
      invention readily will become apparent from the detailed description
      presented directly hereinafter.
PAC  GENERAL SUMMARY
PAR  In general, the present process comprises introducing a urea feedstock into
      a falling film reactor at a controlled flow rate, passing the urea based
      material as a thin film through the reactor at a flow rate such that the
      biuret pyrolysis product temperature is maintained at from about
      180.degree. to about 240.degree.C. as the product exits from the reactor,
      removing evolved ammonia from the reaction system as it is formed, and
      recovering the biuret product.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the practice of the present invention, preferably a molten urea
      feedstock or feed material hereinafter at times referred to simply as urea
      at an initial temperature of from about 130.degree. to about
      150.degree.C.; usually as from about 135.degree. to 145.degree.C. is
      introduced into a falling film reactor, which provides a product exit
      temperature of from about 180.degree. to about 240.degree.C. and
      preferably from about 195.degree. to about 230.degree.C. The flow rate
      (i.e. equivalent residence time) of the urea feed material ranges from
      about 180 pounds of actual urea compound/hour/foot of reactor cylinder
      periphery (lb./hr./ft.) to about 600 lb./hr./ft.; for highest conversion
      of urea to biuret with minimal formation of cyanuric acid and other
      autocondensation pyrolyzates, a flow rate of from about 430 to about 520
      lb./hr./ft. is employed. The optimum temperature to be employed at the
      preferred flow rate to produce a product having a consistently high biuret
      content and a low cyanuric acid level ranges from about 215.degree. to
      about 225.degree.C. At this higher temperature the amount of cyanuric acid
      by-product is increased.
PAR  At flow rates lower than that set forth, conversion to biuret is not
      appreciably enhanced but formation of other autocondensation pyrolyzate
      products is markedly increased. If the flow rate is increased to provide
      higher mass velocities the conversion to biuret decreases. This apparently
      results from poor filming tendencies at the high flows coupled with the
      fact that the system becomes loaded heatwise so that the temperature
      cannot reach the preferred level.
PAR  By-product ammonia evolved during the conversion can be removed either
      countercurrently or cocurrently with the downward flow of the reaction
      mass. Because of the thin film of reactants, this gaseous by-product
      readily escapes from the melt without need for sparging or flushing; this
      is an additional advantage of the present process. Advantageously, a
      slight reduction in pressure, i.e. a partial vacuum can be maintained on
      the system to aid in removal of the ammonia by-product gas. Alternatively,
      a very light flow of an inert gas, e.g. a nitrogen, argon, low-boiling
      hydrocarbon, such as, for example, the saturated aliphatic compounds
      having from 1 to about 10 carbon atoms (i.e. methane, ethane, straight and
      branched chain propanes, butanes, pentanes, hexanes, heptanes, octanes,
      nonanes and decanes) and the like, can be passed through the reactor
      system to maintain a flow of the ammonia off-gas to a scrubber-absorber or
      other ammonia recovery apparatus.
PAR  The recovered biuret product resulting from the short term residence in the
      falling film reactor usually contains from about 20 to about 40 percent or
      more by weight of biuret. The biuret product can be used as prepared.
      Additionally, this material can be employed directly as a feedstock for
      further pyrolysis in any of a variety of processes to effect further
      conversion of the urea contained therein to biuret, or in certain
      instances, if desired, other autocondensation products. Alternatively, the
      urea can be removed by extraction with a polar liquid which is a solvent
      for urea but in which the biuret product is insoluble or only poorly
      soluble. This provides both for removal and recovery of urea for reuse, if
      desired, as well as further upgrades the product with respect to its
      biuret content. Water is a particularly effective solvent; methanol,
      ethanol, and the like polar liquids which are solvents for urea also can
      be employed.
PAR  In addition to urea itself other urea feedstocks which have been found to
      be suitable for use in the present process are mixtures of urea and biuret
      (and other urea condensation products) having a biuret concentration up to
      about 25 percent or more. Such a reactant might be obtained, e.g. from
      passage through a falling film reactor at a reaction temperature lower
      than indicated hereinbefore or by pyrolyzing a melt of urea. Additionally,
      an aqueous solution of urea can be employed. The concentration of urea in
      such aqueous feedstocks is not critical. It is only necessary that the
      feed rate and rate of water vaporization be balanced to assure that the
      urea component is present in a quantity that assures formation of the
      reactant film in the reactor.
PAR  As is known by those skilled in the art, a falling film reactor is an
      apparatus which spreads a thin film of liquid reaction medium on one side
      of an impervious surface, heat being supplied to or removed from the other
      side of the surface. The precise structure of the reactor is not critical,
      a number of diverse structures being known. Those which are commercially
      available generally comprise a metal cylinder or plurality of metal tubes
      or cylinders surrounded by a heat-exchange jacket, and are designed to
      disperse the liquid reaction medium along the internal surface of the
      cylinder, heat exchange being effected through the surface of the cylinder
      or cylinders. In general, the thickness of the reacting film is in the
      range of 0.03 to 0.10 inch. Devices to regulate film thickness are
      sometimes employed; however, in many such devices, the cylinder is
      positioned with its axis in a vertical direction and film thickness is
      uneven, and limited by fall of the film due to gravity.
PAR  Of particular interest in the practice of the present invention are those
      thin film reactors described as "agitated". In these reactors, usually
      positioned with the cylinder axis in a horizontal direction, a mechanical
      member located within the cylinder and revolving therewithin serves to
      keep the film at its desired thickness and also usually to propel the
      liquid through the cylinder. A detailed discussion of such agitated thin
      film reactors is found in Volume 72, Number 19 of Chemical Engineering
      (Sept. 13, 1965), pages 175-190, inclusive.
PAR  It is apparent from the foregoing that the present process offers a number
      of advantages over the conventional mass pyrolysis techniques set forth
      hereinbefore as representative of the prior art. These include: There is
      no need for maintaining large amounts of purge gas for ammonia removal an
      the corresponding large volume scrubbing equipment to recover the ammonia
      from the dilute reactor off-gas stream. The engineering of large scale
      commercial operations is simplified. Parameters employed for calculating
      variables of reaction temperature and reactant flow rates for a falling
      film reactor are considerably less complicated than the parameters which
      must be considered in agitation calculations, i.e. for mass reactors.
      Because of the short residence time in the reactor, the process can be run
      at temperatures much higher than conventionally employed. This provides
      for more rapid conversion to biuret without a corresponding increase in
      the rate of formation of other autocondensation products. Since the
      formation of these other pyrolyzate co-products is dependent on the biuret
      and urea concentrations, the true plug-flow, i.e. a steady streamline or
      laminar flow, precludes backmixing of the biuret product with fresh feed
      of urea and thus reduces the chance for formation of other pyrolyzates. In
      large scale operations shutdown procedures are simplified since there is
      no massive product or reactant hold-up in the system.
DETD
PAR  The following Examples will serve to further illustrate the present
      invention but are not meant to limit it thereto.
PAC  EXAMPLE 1
PAR  A jacketed, stainless steel falling film reactor having an internal
      diameter of 11/2 inches and a length of 20 feet was heated to a
      predetermined temperature by Dowtherm heat exchange fluid. Molten urea at
      a temperature of from about 135.degree.-140.degree.C. was fed into the top
      of the reactor, flowing as a film through notches; i.e. grooves, in the
      inside wall of the pipe, the resulting pyrolysis condensation product
      being collected from a sealed leg overflow at the bottom of the reactor.
      The entire system is maintained under a slightly reduced pressure
      (approximately 5 inches of water or about 750 mm Hg absolute) thereby
      providing an updraft of evolved vapors. The effluent gas is passed through
      a scrubber where it is contacted directly in counterflow relation with
      fresh molten urea feed thereby removing any urea entrapped in the effluent
      vapors and returning this to the falling film reactor. This not only
      minimizes urea losses but also serves to clean up the ammonia by-product.
PAR  A number of runs were made wherein the mass velocity (lb. urea
      feed/hr./ft.) and reaction temperature were varied. The reaction
      temperature was determined by measuring the temperature of the
      condensation product as it exited from the falling film reactor.
PAR  The results of these studies are summarized in Table I.
TBL                Table I                                                     
     ______________________________________                                    
     Run   Feed Mass Feed      Product                                         
                                      PRODUCT                                  
     No.   Velocity  Rate      Effluent                                        
                                      Biuret Cyanuric                          
     (lb./hr./   (lb./     Temp.           Acid                                
     ft.)        hr.)      (C.degree.)                                         
                                    (wt.%) (wt.%)                              
     ______________________________________                                    
     1     186       73        200    27.1   0.6                               
     2     184       72        213    36.3   2.5                               
     3     186       73        220    39.8   3.5                               
     4     186       73        226    38.7   5.2                               
     5     186       73        234    40.1   10.2                              
     6     241       94.5      215    35.6   2.7                               
     7     239       93.5      221    39.0   3.3                               
     8     241       94.5      228    40.2   8.5                               
     9     263       103       195    14.3   0.6                               
     10    262       102       215    32.8   1.0                               
     11    262       102       220    38.9   2.5                               
     12    264       104       229    44.3   5.5                               
     13    297       116       195    27.4   1.3                               
     14    390       152.5     223    34.0   4.22                              
     15    395       155       216    32.8   1.9                               
     16    430       170       224    42.3   1.55                              
     17    443       175       220    40.2   2.68                              
     18    511       202       224    40.45  1.42                              
     19    511       202       227    41.7   2.39                              
     20    585       231       221    37.5   0.78                              
     21    600       237       219    38.2   4.72                              
     22    610       239       214    34.0   1.43                              
     23    653       258       213    29.5   0.92                              
     ______________________________________                                    
PAR  The balance of the pyrolyzate was found primarily to be unconverted urea.
PAC  EXAMPLE 2
PAR  Using the same reactor system as described in Example 1, aqueous urea
      solutions containing about 90-95 weight percent urea were employed as the
      feedstock. In separate runs, a given solution was introduced into the top
      of the reactor, the biuret product being recovered as described in Example
      1.
PAR  The results of this study are summarized in Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Run  Feed Mass Feed     Prod.  Product Composition                        
     No.  Velocity  Rate     Effluent                                          
                                    Biuret Cyanuric H.sub.2 O                  
                             Temp.  Acid                                       
          (lb/hr/ft)*                                                          
                    (lb/hr)* (C.degree.)                                       
                                    (wt. percent)                              
     ______________________________________                                    
     1    230-269    91-106  219-220                                           
                                    34.0  2.33  9.6                            
     2    245-267   100-105  209-210                                           
                                    30.3  0.86  9.7                            
     3    380       150      221    37.1  4.1   4.8                            
     4    380       150      224    38.8  5.4   4.8                            
     5    392       155      226    34.3  4.18  6.5                            
     6    443       175      220    34.0  2.73  6.4                            
     ______________________________________                                    
      *expressed as actual weight of urea in solution.                         
      No noticeable hydrolysis was found in using the aqueous urea feedstock.  
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing biuret which comprises
PA1  a. introducing a urea feedstock, said feedstock being urea or a mixture of
      urea, biuret and other urea autocondensation products, into a heated
      falling film reactor,
PA1  b. passing said urea feedstock through said heated reactor as a thin film
      and at a flow rate of from about 180 to about 600 pounds of actual urea
      feedstock/hour/foot of reactor cylinder periphery (lb/hr/ft) which
      provides a biuret pyrolysis product exiting from said reactor at a
      temperature of from about 180.degree.C. to about 240.degree.C.,
PA1  c. removing evolved ammonia from the falling film reactor system as it is
      formed, and
PA1  d. recovering the biuret product.
NUM  2.
PAR  2. The process as defined in claim 1 wherein the urea feedstock is molten
      urea at an initial temperature of from about 130.degree. to about
      150.degree. C.
NUM  3.
PAR  3. The process as defined in claim 2 wherein the biuret product temperature
      is maintained at from about 195.degree. to about 230.degree.C. as said
      product exits from said reactor.
NUM  4.
PAR  4. The process as defined in claim 2 wherein the molten urea feedstock as
      introduced into the falling film reactor is at a temperature of from about
      135.degree. to about 145.degree.C., said urea passes through said reactor
      at a flow rate of from about 430 to about 520 lb./hr./ft. and the biuret
      product temperature is maintained at from about 215.degree. to about
      225.degree.C., as said product exits from said reactor.
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ABST
PAL  Diamides and triamides of aliphatic polycarboxylic acids which may be
      substituted in the alkylene group by alkyl or alkenyl groups, provide
      growth regulants for plants and trees. Preferred are N-substituted
      succindiamides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 78,240, filed October 5, 1970 now U.S. Pat. No. 3,857,879, which is in
      turn a continuation-in-part of application Ser. No. 687,438, filed Dec. 4,
      1967, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is often desirable to retard normal growth in various trees and plants
      to obtain dwarfed, mature trees and plants. Such dwarfing is frequently
      desirable for ease of harvesting desired portions of the plant, and in
      many species dwarfing produces an earlier maturity and increased crop
      yields. One previous way of obtaining desired dwarfing was to select
      smaller breed varieties of plants. Also, chemical sprays have been used in
      the past, such as tri-iodobenzoic acid, and certain quaternary ammonium
      chlorides and hydrazides, but these chemicals have not always proven
      entirely satisfactory.
PAR  It is also often desirable to stimulate plant growth which increases
      flower, fruit, seed set, and production.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention it has been found that excellent
      growth regulation of plants and trees may be obtained by the application
      thereto of certain diamides and triamides of aliphatic dicarboxylic acids
      of the formula:
      ##EQU1##
      wherein X is saturated alkylene having from 1 to 6 carbon atoms; R is
      selected from the group consisting of hydrogen and alkyl having 1 to 18
      carbon atoms; R' is alkyl having 1 to 18 carbon atoms; R.sub.4 is selected
      from the group consisting of H and an aliphatic hydrocarbon group having 1
      to 18 carbon atoms; R.sub.5 is an aliphatic hydrocarbon group having from
      1 to 22 carbon atoms; and R.sub.6 is selected from the group consisting of
      hydrogen, hydroxy, halogen, carboxy, carboxamide, alkyl having 1 to 18
      carbon atoms, and .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms, and
      n is 1 or 2.
PAR  The diamides of the foregoing formula are therefore alkylene-unsubstituted,
      or alkyl-substituted or alkenyl-substituted derivatives of 1-6 carbon
      saturated aliphatic dicarboxylic acids, illustrative examples of which
      include malonic acid, dimethylmalonic acid, isopropylmalonic acid,
      n-butylmalonic acid, n-hexylmalonic acid, succinic acid,
      .alpha.-methylsuccinic acid, .alpha.-ethylsuccinic acid, dodecyl succinic
      acid, glutaric acid, .beta.-methylglutaric acid, .alpha.-n-propylglutaric
      acid, adipic acid, .alpha.-ethyladipic acid, dimethyl adipic acid,
      .alpha.-m-hexyl adipic acid, pimelic acid, .alpha.-ethyl pimelic acid, and
      suberic acid.
PAR  There are also included diamides and triamides of citric acid.
PAR  R, R', R.sub.4 and R.sub.6 may be alkyl or aliphatic hydrocarbon groups
      having 1 to 18 carbon atoms, and R.sub.5 may have 1 to 22 carbon atoms.
      These groups may be saturated, straight chain, branched chain,
      primary-alkyl, secondary-alkyl, or tertiary-alkyl hydrocarbon groups.
      Examples of such groups include methyl, ethyl, n-propyl, isopropyl,
      isobutyl, n-butyl, tert.-butyl, pentyl, hexyl, heptyl, octyl, nonyl,
      decyl, hendecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
      heptadecyl, and octadecyl groups, and the like.
PAR  R.sub.6 may also be .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms,
      that is, all the alkenyl groups have the double bond in the 2-position, at
      a carbon atom secondary to the carbon atoms by which the alkenyl group is
      attached to the alkylene group. Examples of suitable alkenyl groups
      include ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl,
      nonenyl, decenyl, hendecenyl, dodecenyl, tridecenyl, tetradecenyl,
      pentadecenyl, heptadecenyl, and octadecenyl.
PAR  R.sub.6 may also include as alkyl groups, isomeric mixtures of sec-alkyl
      groups such as sec-alkyl (C.sub.7 -C.sub.8), sec-alkyl (C.sub.9
      -C.sub.10), sec-alkyl (C.sub.11 -C.sub.14) and sec-alkyl (C.sub.15
      -C.sub.20), some or all of which may be derived from petroleum sources.
PAR  R.sub.6 may also be halogen, such as chlorine or bromine.
PAR  R.sub.6 may be hydroxy and carboxy or carboxamide, in the case of citric
      acid.
PAR  The preferred diamides, according to the invention, are those of
      substituted diamides of succinic acid of the formula:
      ##EQU2##
      wherein R, R', R.sub.4, R.sub.5, have the meanings given above in formula
      (1), R.sub.7 is hydrogen, halogen, alkyl having 1 to 18 carbon atoms, or
      .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms, and R.sub.8 is
      hydrogen or halogen.
PAR  Where an alkenyl substituent is present, the preferred substituent is
      A.sup.2 -dodecenyl, which is attached at the beta-position of the succinyl
      group, i.e. beta to the carboxamide group.
PAR  The following compounds are illustrative of diamide growth regulants
      according to the invention, but are not to be considered as limiting the
      invention thereto:
PA1  Bis (1-methyloctyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  Bis (1-methyldecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  Bis (1-methyldodecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  N,n-dimethyl-N'-1-methyloctyl-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  N,n-dimethyl-N'-1-methyldecyl-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  Bis(N-methyl-N-dodecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide
PA1  N-methyl-N-dodecyl-N'-methyl-N'-dodecyl-beta-.DELTA..sup.2 -dodecenyl
      succindiamide
PA1  N-methyl-N-1-methyloctyl-N',N'-dimethyl-beta-.DELTA..sup.2 -dodecenyl
      succindiamide
PA1  N,n-dimethyl-N'-1-methyldecyl fumaric diamide
PA1  N,n'-bis(1-methyldecyl) maleic diamide
PA1  N,n'-bis(1-methyldecyl) citric diamide
PA1  N,n'-dipropyl-1-methyldecyl succindiamide
PA1  Bis-(1-methyldodecyl)-2,3-dibromo succindiamide
PA1  Bis-(N-methyl-N-dodecyl)-2,3-dibromo succindiamide
PA1  N,n-dimethyl-N'-1-methyldecyl-malediamide (maleic acid)
PA1  N,n-dimethyl-N'-methyldecyl maldiamide (malic acid)
PA1  N,n-dimethyl-N'-1methyldecyl malondiamide (malonic acid)
PA1  N,n-dimethyl-N'-1-methyldecyl citric diamide
PA1  N,n,n',n'-tetramethyl-N"-1-methyldecyl citric triamide
PAR  Depending upon the amount of the compound applied and the time of the plant
      life cycle, the regulatory effect may be stimulation or dwarfing.
PAR  The diamides and triamides of the invention may be prepared by reacting a
      polycarboxylic acid of the formula
      ##EQU3##
      wherein X and R.sub.6 have the meanings given for formula (1), or the
      corresponding acid-amide with a primary or secondary amine having the
      formula
      ##EQU4##
      wherein R.sub.4 and R.sub.5 have the meanings given for formula (1), under
      a nitrogen blanket at a temperature of from about 105.degree.C to about
      150.degree.C with stirring until the water formed in the reaction is given
      off. It will be seen that one active acid group may be reacted with one
      amine and another acid group with another amine, thus producing
      unsymmetrical di- and triamides.
PAR  It has been found that the compounds of the present invention are active
      plant growth regulators, and are especially effective when applied to
      plants and trees to obtain retardation or stimulation of growth. This
      activity is surprising in view of the fact that when about 5000 ppm of
      such known compounds as succinic acid, dodecenylsuccinic acid,
      dimethyl-cocoammonium dodecenyl succinate, N,N-dimethyl-beta-dodecenyl
      succinamic acid and N-methyl-N-dodecyl-beta-dodecenylsuccinamic acid were
      sprayed, in aqueous emulsions, on young tomato, snap bean, English broad
      bean, cotton and tobacco plants, no marked dwarfing was observed about
      four weeks after application.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following example will illustrate the preparation of the compounds of
      the invention, but is not to be regarded as limiting:
PAC  EXAMPLE 1
PAR  Two moles of methyl dodecyl amine were mixed with .DELTA..sup.2 -dodecenyl
      succinic acid and heated under a nitrogen blanket at a temperature of
      about 130.degree.C with stirring until about 2 moles of water of reaction
      were collected. The product was bis(N-methyl,
      N-dodecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide, which was a light
      amber liquid exhibiting moderate viscosity at 75.degree.F, substantially
      insoluble in water, and soluble in the organic solvents acetone and
      ispropanol.
PAR  Proceeding as in Example 1, the following diamides and triamides were
      prepared, and exhibited the properties set forth in Table 1:
TBL                                    Table 1                                 
     __________________________________________________________________________
     (Diamides)                                                                
                           Viscosity                                           
                                 Solubility                                    
                                         Solubility                            
                                                 Solubility                    
     Product           Color                                                   
                           75.degree.C                                         
                                 in Water                                      
                                         in Oil  Organic Solvent               
     __________________________________________________________________________
     N,N-dimethyl-N'-1-methyloctyl                                             
     beta-.DELTA..sup.2 -dodecenyl succindiamide                               
                       Amber                                                   
                           Moderate                                            
                                 Dispersable                                   
                                         --      Soluble                       
     N,N-dimethyl-N'-1-methyldecyl                                             
                                 Substantially                                 
     beta-.DELTA..sup.2 -dodecenyl succindiamide                               
                       Amber                                                   
                           Moderate                                            
                                 Insoluble                                     
                                         --      Soluble                       
     Bis(1-methyloctyl)-beta-    Substantially                                 
                                         Substantially                         
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                       Amber                                                   
                           Heavy Insoluble                                     
                                         Insoluble                             
                                                 Soluble                       
     Bis(1-methyldodecyl)-beta-  Substantially                                 
                                         --      Soluble                       
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                       Amber                                                   
                           Heavy Insoluble                                     
     N,N-dimethyl-N'-methyldecyl-                                              
                                 Substantially                                 
     malediamide (maleic acid)                                                 
                       Amber                                                   
                           Moderate                                            
                                 Insoluble                                     
                                         --      Soluble                       
     N,N-dimethyl-N'-methyldecyl Substantially                                 
     maldiamide (malic acid)                                                   
                       Amber                                                   
                           Moderate                                            
                                 Insoluble                                     
                                         --      Soluble                       
     N,N-dimethyl-N'-methyldecyl                                               
                       Light                                                   
     malondiamide (malonic acid)                                               
                       Amber                                                   
                           Moderate                                            
                                 Soluble --      Soluble                       
     N,N-dimethyl-N'-1-methyldecyl                                             
                       Dark      Slightly                                      
     citric diamide    Amber                                                   
                           Moderate                                            
                                 Soluble --      Soluble                       
     N,N,N',N'-tetramethyl-N"-1-                                               
     methyldecyl citric triamide                                               
                       Amber                                                   
                           Heavy Soluble --      Soluble                       
     __________________________________________________________________________
PAR  The following examples illustrate the practice of the invention in the
      application of the growth regulants to plants.
PAR  The plant response is dependent upon the plant species, the concentration
      of chemical and the time of application. In general, the greater the
      concentration of the chemical the more likely is a response of plant
      retardation or dwarfing. There may be a level at which no response is
      obtained and then below which there will be a plant stimulatory response.
      Dwarfing responses may generally be obtained with the higher concentration
      of chemicals on seedling plants. Stimulatory responses are obtained with
      application of chemicals at low level to young seedlings or at higher
      levels to the more mature plant.
PAR  Stimulatory effective amounts of the active chemical and retardancy
      effective amounts of the active chemical, according to the invention, may
      readily be determined by one skilled in the art in accordance with the
      effect desired on a particular species of plant by application of the
      active chemical in a range of amounts to the actively growing plant.
PAR  The plant growth regulator chemicals of this invention may be applied in
      many ways well known to the art to obtain particularly desired results.
      They may be applied in either oil or aqueous solutions when solubility of
      the active chemical permits, or as emulsions. Aqueoue emulsions may be
      formed using suitable emulsifiers, such as ethoxylated fatty acids,
      polysorbitan monolaurate, and the like at concentrations of from about 1
      to 4 per cent by weight, based upon the total composition.
PAR  It is generally most satisfactory for general dwarfing effects to apply the
      active retardant in the early two or four leaf stage. However,
      applications at other periods of growth do result in specialized
      retardation or stimulating functions.
PAR  For example, the active retardant may be applied at flowering time to
      retard growth of flower bracts. It is especially effective to apply the
      growth retardants of this invention to fruit trees from early bud stage to
      late flowering stage to shorten terminal growth or to retard bud
      development to obtain dormancy during periods of dangerously low
      temperatures which would normally produce frosting and crop damage. In
      certain crops, such as soybeans, application of the chemical at flowering
      time does produce a stimulating or increased bean set. Another method of
      application of the growth regulant of the invention is to soak the plant
      seeds in compositions containing active chemical.
PAR  To obtain growth regulatory effects, an amount of the active chemical
      sufficient to obtain the desired effect should be applied in aqueous or
      oil solutions or emulsions. Any non-phytotoxic agricultural oil may be
      used. A wide range of quantities are suitable depending upon the mode of
      application and desired effect. Usually from about 50 to 5000 ppm is
      suitable for spray application. However, it is also appropriate to apply
      the growth retardant at a higher rate.
PAR  When applied by soaking of seeds or bublets in a solution of active
      chemical, concentrations of about 5 to 500 ppm are preferred. The seeds or
      bublets may be soaked in the active chemical for from 1/2 to 3 hours.
PAR  To maintain dwarfing or stimulation effects over long periods of time, it
      may be desirable to make multiple applications of the chemical.
PAR  The active chemicals of the invention are effective plant growth regulating
      agents when applied to plants generally, including wide varieties of plant
      life including farm crops, ornamental plants, shrubs, ornamental trees,
      and fruit trees.
PAR  The active chemicals of the invention may be applied in conjunction with
      other chemicals, such as biocides, other plant growth regulators,
      chemicals to aid in uptake, translocation of the chemical, and the like.
      Any non-interfering chemical may be applied with the chemicals of this
      invention.
PAC  EXAMPLE 2
PAR  Young plants were sprayed in the two to four leaf stage with a solution of
      N-methyl-N-dodecyl-N'-methyl N'-dodecyl beta-.DELTA..sup.2 -dodecenyl
      succindiamide and the plant response and phytotoxicity observed four weeks
      after spraying is noted in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
                                      PLANT                                    
     PLANT    CONC.(PPM) PHYTOTOXICITY                                         
                                      RESPONSE                                 
     ______________________________________                                    
     Tomato   5000       moderate     Dwarfed                                  
              1000       None         Dwarfed                                  
     Tobacco  5000       Slight       Dwarfed                                  
              1000       None         No effect                                
     Green bean                                                                
              2500       Slight       Dwarfed                                  
     Cotton   5000       Light        Dwarfed                                  
     Broad bean                                                                
              5000       Light        Dwarfed                                  
              2500       Slight       Normal                                   
     Potato   5000       Slight       Dwarfed for                              
                                      two weeks                                
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Young green bean plants were sprayed with concentrations of 2500 ppm of the
      same chemical described in Example 2 and 2500 ppm of gibberellin was
      applied in the same spray application, 24 hours after and 24 hours prior
      to application of the diamide. Results are shown in Table 3.
TBL  __________________________________________________________________________
                                PLANT                                          
     MODE OF APPLICATION                                                       
                       PHYTOTOXICITY                                           
                                RESPONSE                                       
     __________________________________________________________________________
     Diamide and Gibberellin together                                          
                       None     Gibberellin effect                             
     Diamide alone followed by  Held dwarf 2 weeks                             
     gibberellin 24 hrs. later                                                 
                       None     and Gibberellin                                
                                effect occurred                                
     Gibberellin alone followed Drawfed for at                                 
     by diamide        None     least one month                                
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Young peanut plants were sprayed with the noted chemicals at a
      concentration of 5000 ppm of the active chemical. Observations four weeks
      past spraying showed the results noted in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                                   PLANT                                       
     CHEMICAL         PHYTOTOXICITY                                            
                                   RESPONSE                                    
     ______________________________________                                    
     N-methyl N-1-methyloctyl-                                                 
     N',N'-dimethyl-beta-.DELTA..sup.2 -                                       
     dodecenyl succindiamide                                                   
                      None         Dwarfed                                     
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Potted young active growing flowers were sprayed to the point of runoff
      with aqueous emulsions of the noted chemicals emulsified with 2%
      polysorbate monolaurate, and the plant response noted in Table 5 was
      observed 68 days after application of the chemical.
TBL                                    Table 5                                 
     __________________________________________________________________________
                                   PLANT                                       
     PLANT    CHEMICAL      CONC.(PPM)                                         
                                   RESPONSE                                    
     __________________________________________________________________________
     Forget-Me-Not                                                             
              Bis(1-methyloctyl)-                                              
              beta-.DELTA.2-dodecenyl                                          
                                   25% taller than                             
              succindiamide 1,000  control                                     
                            2,500  Approx. 25% taller                          
                                   than control                                
     "        Bis(1-methyldecyl)-                                              
              beta-.DELTA..sup.2 -dodecenyl                                    
              succindiamide 1,000  Same as control                             
                            2,500  Approx. twice as                            
                                   tall as control                             
     Zinnia   Bis(-1-methyloctyl)-                                             
              beta-.DELTA..sup.2 -1,000 dodecenyl                              
                                   Slightly smaller                            
              succindiamide 1,000  than control                                
                            2,500  25% taller than                             
                                   control                                     
     "        Bis(1-methyldecyl)-                                              
              beta-.DELTA..sup.2 -dodecenyl                                    
              succindiamide 1,000  Same as control                             
                            2,500  Approx. 25% tall-                           
                                   er than control                             
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  Young peanut plants, in a green house test, were sprayed to the point of
      runoff with aqueous emulsions of the noted chemicals emulsified with 2%
      polysorbate monolaurate, and the plant response noted in Table 6 was
      observed 59 days after application of the chemical by comparison with
      untreated controls.
TBL                Table 6                                                     
     ______________________________________                                    
     CHEMICAL        CONC.(PPM) PLANT RESPONSE                                 
     ______________________________________                                    
     Bis(1-methyloctyl)-beta-                                                  
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                     5,000      Approx. 25% taller                             
                                than control                                   
     Bis(1-methyldecyl)-beta-                                                  
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                     5,000      Approx. 25% taller                             
                                than control                                   
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  Yound Belladonna plants, strain No. 49, in a green house test, were sprayed
      to the point of runoff with aqueous emulsions of the noted chemicals
      emulsified with 2% polysorbate monolaurate, and the plant response noted
      in Table 7a was observed 28 days after application of the chemical by
      comparison with untreated controls.
TBL                                    Table 7a                                
     __________________________________________________________________________
     CHEMICAL       CONC.(PPM)                                                 
                           PLANT RESPONSE                                      
     __________________________________________________________________________
     Bis(1-methyloctyl)-beta-                                                  
                           Leaves about 15 to 20%                              
     .DELTA.-dodecyl succindiamide                                             
                    5,000  larger in area than                                 
                           control                                             
     Bis(1-methyldecyl)-beta-                                                  
                           Leaves about 40% larg-                              
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                    5,000  er in area than control                             
     __________________________________________________________________________
PAL  Additional plant responses at 28 days are shown in Table 7b.
TBL                                    Table 7b                                
     __________________________________________________________________________
                           Main Stem                                           
                                   Green Stem                                  
                                           Main Leaves                         
                                                   Secondary                   
                                                            Total Green        
     Chemical      Conc. (ppm)                                                 
                           cm.     wt. gm. No. Wt.gm.                          
                                                   No. Wt.gm.                  
                                                            Wt.gm.             
     __________________________________________________________________________
     N,N-dimethyl-N'-                                                          
     1-methyldecyl -fumaric                                                    
     diamide       5,000   49.0    23      27  86  24   8   117                
     N,N'-bis(1-methyldecyl)                                                   
     maleic diamide                                                            
                   5,000   47.0    20      28  76  8    1   97                 
     N,N'-bis(1-methyldecyl)                                                   
     citric diamide                                                            
                   5,000   50.5    21      28  81  4    0.5 102                
     No treatment  5,000   42.0    15.0    27  69  12   8   92                 
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  Six Flue Tobacco seedling transplants about 1/2 inch tall were sprayed to
      the point of runoff with 5 ml. of aqueous emulsions of the noted chemicals
      emulsified with 2% polysorbate monolaurate, in green house tests, and the
      plant response noted in Table 8 was observed 113 days after application of
      the chemical by comparison with untreated controls.
TBL                Table 8                                                     
     ______________________________________                                    
     CHEMICAL        CONC. (PPM) PLANT RESPONSE                                
     ______________________________________                                    
     No treatment    --          5.6"                                          
     Bis(1-methyloctyl)-beta-                                                  
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                     1,000       6.2"                                          
     Bis(1-methyldecyl)-beta-                                                  
     .DELTA..sup.2 -dodecenyl succindiamide                                    
                     1,000       6.9"                                          
     ______________________________________                                    
PAC  EXAMPLE 9
PAR  Young English Broad Bean plants were sprayed to the point of runoff with 1
      ml. per plant of aqueous emulsions of the noted chemicals emulsified with
      2% polysorbate monolaurate, in green house tests, and the plant response
      noted in Table 9 was observed 23 days after spraying.
TBL                                    Table 9                                 
     __________________________________________________________________________
     CHEMICAL    CONC. (PPM)                                                   
                         PLANT RESPONSE                                        
     __________________________________________________________________________
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
                         Approx. 25% taller than                               
     succindiamide                                                             
                 1,000   control                                               
     Bis(1-methyldecyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
                 1,000   Approx. 25% taller than                               
     succindiamide       control                                               
     __________________________________________________________________________
PAC  EXAMPLE 10
PAR  Flue tobacco plants approximately 6 to 10 inches tall were sprayed to the
      point of runoff with aqueoue emulsions of the noted chemicals, emulsified
      with 2% polysorbate monolaurate, and the seventh, 10th, and 13th leaves
      were harvested 73 days after spraying and the weights of the primed leaves
      were as noted in Table 10.
TBL                                    Table 10                                
     __________________________________________________________________________
                        Weight in grams of leaves primed                       
     CHEMICAL   CONC. (PPM)                                                    
                        7th 10th                                               
                                13th                                           
                                    Total                                      
     __________________________________________________________________________
     No treatment                                                              
                --      14.0                                                   
                            17.5                                               
                                19.9                                           
                                    51.4                                       
     Bis(1-methyl-                                                             
     octyl)-beta-.DELTA..sup.2 -                                               
                1,000   14.3                                                   
                            22.2                                               
                                16.1                                           
                                    52.6                                       
     dodecenyl                                                                 
     succindiamide                                                             
     Bis(1-methyl-                                                             
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide                                                             
                1,000   13.1                                                   
                            20.8                                               
                                21.0                                           
                                    54.9                                       
     __________________________________________________________________________
PAC  EXAMPLE 11
PAR  Onion sets were divided into groups of 10 onion sets each and four
      replicates using 40 onion sets were subjected to each of the following
      treatments. Aqueous solutions of the noted chemicals were prepared and the
      onion sets were soaked therein for a period of 30 minutes following which
      the onion sets were planted. The soaked onion sets were harvested 69 days
      after soaking and planting with the following results:
TBL                Table 11a                                                   
     ______________________________________                                    
                               AVERAGE WT. PER                                 
     CHEMICAL      CONC. (PPM) ONION IN GRAMS                                  
     ______________________________________                                    
     Control, water soak                                                       
                   --          91.9                                            
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 50          96.6                                            
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 500         100.8                                           
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 1000        102.2                                           
     Bis(1-methyldecyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 50          107.6                                           
     Bis(1-methyldecyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 500         103.9                                           
     Bis(1-methyldecyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 1000        95.2                                            
     ______________________________________                                    
PAR  Non-treated onion sets were planted in soil for later spray treatment at
      the same time the soaked onion sets were planted. Nineteen days after
      planting, when the sets had foliage, random blocks of 40 onion plants each
      were sprayed with aqueous emulsions of the noted chemical and the response
      50 days after spraying was observed as in Table 11b.
TBL                Table 11b                                                   
     ______________________________________                                    
                               AVERAGE WT. PER                                 
     CHEMICAL      CONC. (PPM) ONION IN GRAMS                                  
     ______________________________________                                    
     Control, no                                                               
     treatment     --          51.3                                            
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 50          52.1                                            
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 500         56.2                                            
     Bis(1-methyloctyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide 1000        55.5                                            
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  Soybeans in the first trifoliate stage were sprayed with aqueous solutions
      of the noted chemical at the rate of 0.5 pounds active chemical per acre
      and maintained in the greenhouse under 16 hours daylight Grow-Lux lights.
      The plants were observed after 102 days and showed the following results:
TBL                Table 12                                                    
     ______________________________________                                    
                     Number   Pod & Bean                                       
     CHEMICAL          Pods   Beans   Wt.in grams                              
     ______________________________________                                    
     Control, no treatment                                                     
                        5     11      1.17                                     
     N,N-dipropyl-1-methyldecyl                                                
     succindiamide     15     30      16.49                                    
     Bis(N-methyl-N-dodecyl)                                                   
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide     15     36      13.44                                    
     Bis(1-methyldodecyl)-dibromo                                              
     succindiamide     16     32      9.54                                     
     Bis(N-methyl-N-dodecyl)                                                   
     dibromo succindiamide                                                     
                       13     26      7.92                                     
     Bis(1-methyloctyl)-                                                       
     beta-A.sup.2 -dodecenyl                                                   
     succindiamide      9     15      3.09                                     
     Bis(1-methyldecyl)-                                                       
     beta-.DELTA..sup.2 -dodecenyl                                             
     succindiamide     10     17      2.74                                     
     ______________________________________                                    
PAC  EXAMPLE 13
PAR  Ten red Delicious apple trees, Starkimson variety, at the second leaf stage
      were sprayed with Bis(1-methyloctyl)-beta-.DELTA..sup.2 -dodecenyl
      succindiamide at 5,000 parts per million in an aqueous emulsion in early
      June. One month later a slight chlorosis was noted in the treated trees.
      The treated trees were compared with untreated control trees five months
      after spraying and the following measurements were taken.
TBL                                    Table 13                                
     __________________________________________________________________________
                           Averg.                                              
                           Trunk                                               
                                No. lateral                                    
                                         Spurs                                 
     TREATMENT     CONC (PPM)                                                  
                           Dia.mm                                              
                                Branches/Tree                                  
                                         p/tree                                
     __________________________________________________________________________
     Check, no treatment                                                       
                   --      31.7 13.0     22.6                                  
     Bis(1-methyloctyl)-beta-                                                  
     .DELTA..sup.2 -dodecenyl                                                  
     succindiamide 5,000   31.9 16.7     11.1                                  
     __________________________________________________________________________
PAR  The above observations show good stimulatory effects in that more lateral
      branches were produced on the treated trees than on the untreated trees.
PAC  EXAMPLE 14
PAR  Tetrachlorothiophene has been used as a soil fumigant for the control of
      various nematodes prior to planting of plants. Tobacco plants have been
      affected by the pretreatment of soil with tetrachlorothiophene causing
      dwarfing and lower tobacco yield. Application of plant regulatory agents
      of this invention in stimulating amounts to flue tobacco plants planted in
      soil pretreated with tetrachlorothiophene, caused the plants to grow
      normally. The aqueous emulsion spray application of plant regulatory
      agents of this invention stimulated tobacoo growth within normal ranges,
      thus providing increased tobacco yields from tetrachlorothiophene treated
      soil wherein the tobacco plants were sprayed with the noted chemical at
      about 1 week after transplant.
TBL                                    Table 14                                
     __________________________________________________________________________
                                  No. of Nematodes  Yield Lb.Wt.               
                       Growth                                                  
                            Greenness                                          
                                  150 cc Soil                                  
                                             Root Gall                         
                                                    Green Cured                
     Treatment    Rate/A                                                       
                       Rating.sup.+                                            
                            Rating.sup.+.sup.+                                 
                                  Total                                        
                                      Meloidognye                              
                                             Index.sup.+.sup.+.sup.+           
                                                    Plot                       
                                                        A                      
     __________________________________________________________________________
     Control (no                                                               
     treatment)   --   2.3  2.3   400 30     4.3    24  1200                   
     Tetrachlorothiophene                                                      
     (pre-planting)                                                            
                  3 lbs.                                                       
                       2.7  2.2   302 0      3.1    24  1167                   
     Tetrachlorothiophene                                                      
     (pre-planting)                                                            
                  3 lbs.                                                       
     Dodecenyl succindiamide                                                   
     (post-planting)                                                           
                  2 lbs.                                                       
                       3.2  3.2   387 0      2.9    30  1460                   
     Tetrachlorothiophene                                                      
     (pre-planting)                                                            
                  3 lbs.                                                       
     Bis(1-methyldecyl)-                                                       
     dodecenyl succindiamide                                                   
     (post-planting)                                                           
                  2 lbs.                                                       
                       3.5  3.3   712 0      3.3    35  1700                   
     __________________________________________________________________________
      .sup.+1 poor, 5 excellent                                                
      .sup.+.sup.+1 yellow, 5 dark green                                       
      .sup.+.sup.+.sup.+1 no galls, 5 maximum                                  
PAC  EXAMPLE 15
PAR  Aqueous emulsions of Bis(1-methyloctyl)-beta-.DELTA..sup.2 -dodecenyl
      succindiamide were applied in aqueous sprays at 1,500 and 3,000 ppm (11/2
      and 3 lbs. per acre) to greenhouse pots of wheat previously treated with
      various levels of nitrogen fertilizer. The spray application was made just
      as the seed head was differentiating about 80 days after planting.
      Computer analysis of the resulting data showed yield increases are highly
      significant and a correlation between fertilization and the application of
      Bis(1-methyloctyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide.
TBL                                    Table 15                                
     __________________________________________________________________________
     YIELD, GRAMS                                                              
     Lbs.  166 Variety Wheat     SC Variety Wheat                              
     Nitrogen                                                                  
           Chemical Applied      Chemical Applied                              
     appl/plot                                                                 
           0    1500 ppm                                                       
                      3000 ppm                                                 
                            X    O    1500 ppm                                 
                                            3000 ppm                           
                                                  X                            
     __________________________________________________________________________
     0      5.0  5.6   6.4   5.6  4.5  4.6   5.8   5.0                         
     1.5   19.2 19.7  17.6  18.8.sup.+.sup.+                                   
                                 14.8 16.9  15.5  15.7.sup.+.sup.+             
     3.0   20.6 24.0  23.6  22.7.sup.+.sup.+                                   
                                 22.7 26.1  24.2  24.3.sup.+.sup.+             
     STEM LENGTH, MM                                                           
     0     561  522   542   542  586  609   641   612                          
     1.5   525  553   529   536  679  696   742   706                          
     3.0   528  565   623   572.sup.+.sup.+                                    
                                 687  714   730   677                          
     SPIKE BEARING STEMS                                                       
     0      3.5 4.0    4.0   3.8.sup.+.sup.+                                   
                                  4.2  4.2   5.0   4.5.sup.+.sup.+             
     1.5   10.2 10.2  10.5  10.3.sup.+.sup.+                                   
                                 12.8 13.8  13.2  13.2.sup.+.sup.+             
     3.0   15.2 14.0  14.8  14.7.sup.+.sup.+                                   
                                 16.2 18.0  16.8  17.0.sup.+.sup.+             
     SEED, NO/POT                                                              
     0     143.2                                                               
                164.5 204.2 170.7.sup.+                                        
                                 126.5                                         
                                      145.5 219   168.8                        
     1.5   483.8                                                               
                508.2 530.8 507.6.sup.+                                        
                                 389.5                                         
                                      462.2 457.5 436.4                        
     3.0   462.0                                                               
                549.8 616.2 542.7.sup.+                                        
                                 490.0                                         
                                      644.2 635.0 589.8                        
     __________________________________________________________________________
      .sup.+Significant at 1% level                                            
      .sup.+.sup.+Significant at 5% level                                      
PAC  EXAMPLE 16
PAR  Large scale plots on rice treated with
      Bis(1-methyldecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide show a
      striking visual difference prior to harvest. These differences are shown
      in increased yields of the number of spike bearing stems and greater seed
      size.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU5##
      wherein X is saturated alkylene having from 1 to 6 carbon atoms; R is
      selected from the group consisting of hydrogen and alkyl having 1 to 18
      carbon atoms; R' is alkyl having 1 to 18 carbon atoms; R.sub.4 is selected
      from the group consisting of hydrogen and an aliphatic hydrocarbon group
      having 1 to 18 carbon atoms; R.sub.5 is an aliphatic hydrocarbon group
      having 1 to 22 carbon atoms; R.sub.6 is selected from the group consisting
      of halogen, hydroxy, carboxy, carboxamide, alkyl having 1 to 20 carbon
      atoms, and .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms; and n is an
      integer from 1 to 2.
NUM  2.
PAR  2. A compound of the formula:
      ##EQU6##
      wherein R is selected from the group consisting of hydrogen and alkyl
      having 1 to 18 carbon atoms; R' is alkyl having 1 to 18 carbon atoms;
      R.sub.4 is selected from the group consisting of hydrogen and an aliphatic
      hydrocarbon group having 1 to 18 carbon atoms; R.sub.5 is an aliphatic
      hydrocarbon group having 1 to 22 carbon atoms; R.sub.7 is selected from
      the group consisting of hydroxy, halogen, alkyl having 1 to 20 carbon
      atoms, and .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms; and R.sub.8
      is selected from the group consisting of hydrogen and halogen.
NUM  3.
PAR  3. A compound of the formula:
      ##EQU7##
      wherein X is saturated alkylene having from 1 to 6 carbon atoms; R is
      selected from the group consisting of hydrogen and alkyl having 1 to 18
      carbon atoms; R' is alkyl having 1 to 18 carbon atoms; R.sub.4 is selected
      from the group consisting of hydrogen and an aliphatic hydrocarbon group
      having 1 to 18 carbon atoms; R.sub.5 is an aliphatic hydrocarbon group
      having 1 to 22 carbon atoms; R.sub.6 is selected from the group consisting
      of halogen, hydroxy, carboxy, carboxamide, sec.alkyl having 7 to 20 carbon
      atoms, and .DELTA..sup.2 -alkenyl having 2 to 18 carbon atoms; and n is an
      integer from 1 to 2.
NUM  4.
PAR  4. Bis (1-methyloctyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide.
NUM  5.
PAR  5. Bis (1-methyldecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide.
NUM  6.
PAR  6. Bis (1-methyldodecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide.
NUM  7.
PAR  7. N,N-Dimethyl-N'-1-methyloctyl-beta-.DELTA..sup.2 -dodecenyl
      succindiamide.
NUM  8.
PAR  8. Bis (N-methyl-N-dodecyl)-beta-.DELTA..sup.2 -dodecenyl succindiamide.
NUM  9.
PAR  9. N-N-Dimethyl-N'-1-methyldecyl-beta-.DELTA..sup.2 -dodecenyl
      succindiamide.
NUM  10.
PAR  10. N,N-Dimethyl-N'-1-methyldecyl citric diamide.
NUM  11.
PAR  11. Bis-(1-methyldodecyl)-2,3-dibromo succindiamide.
NUM  12.
PAR  12. Bis-(N-methyl-N-dodecyl)-2,3-dibromo succindiamide.
NUM  13.
PAR  13. N,N,N',N'-Tetramethyl-N"-1-methyldecyl citric triamide.
PATN
WKU  039460754
SRC  5
APN  5200237
APT  1
ART  117
APD  19741101
TTL  2-Aminomethylene-1-phenyl-1,3-butanedione
ISD  19760323
NCL  1
ECL  1
EXP  Hines; Robert V.
INVT
NAM  Schwan; Thomas J.
CTY  Norwich
STA  NY
ASSG
NAM  Morton-Norwich Products, Inc.
CTY  Norwich
STA  NY
COD  02
CLAS
OCL  2605705C
XCL  260592
XCL  424330
XCL  424331
EDF  2
ICL  C07C 9710
FSC  260
FSS  570.5 C
UREF
PNO  2240965
ISD  19410500
NAM  Melsen
XCL  260570.5
LREP
FR2  Franze; Anthony J.
ABST
PAL  Certain 1,3-butanediones of the formula:
      ##EQU1##
      wherein R is ethoxy or amino possess pharmacological activity as
      depressants and skeletal muscle relaxants.
BSUM
PAR  This invention relates to chemical compounds. In particular it is concerned
      with compounds of the formula:
      ##EQU2##
      wherein R is ethoxy or amino. These compounds possess pharmacological
      activity. Thus these compounds, when administered orally to mice in doses
      ranging from 200-1600 mg/kg suspended in 0.5 percent aqueous methyl
      cellulose (4000 cps), caused central nervous system depression and
      skeletal muscle relaxation commencing at two hours post dosing.
PAR  These compounds are capable of existing in tautomeric form.
DETD
PAR  In order that this invention may be readily available to and understood by
      those skilled in the art the following examples are appended.
PAC  EXAMPLE I
PAC  2-Ethoxymethylene-1-phenyl-1,3-butanedione
PAR  To 200 g (1.23 moles) of benzoylacetone was added 320 g (2.16 moles) of
      ethyl orthoformate followed by 360 g (3.52 mole) acetic anhydride. The
      mixture was stirred and refluxed for 3.0 hours and the pot temperature
      dropped from 120.degree. to 100.degree. during the reflux period. The
      reflux condenser was removed and the volatile products were distilled at
      pot temperatures up to 140.degree.. The remaining acetic anhydride and
      ethyl orthoformate were removed on a rotary evaporator at 100.degree.. The
      residue crystallized at room temperature and was recrystallized from
      toluene to give in two crops 206 g (77%) of the product, m.p.
      68.degree.-71.degree..
PAR  An analytical sample, m.p. 68-71.degree., was obtained by recrystallization
      from toluene.
PAR  Anal. Calcd. for C.sub.13 H.sub.14 O.sub.3 : C, 71.54; H, 6.47. Found: C,
      71.65; H, 6.47.
PAC  EXAMPLE II
PAC  2-Aminomethylene-1-phenyl-1,3-butanedione
PAR  To a solution of 2.0 g (0.0091 mole) of the compound of Example I in 40 ml
      methanol was added 10 ml concentrated aqueous ammonia. The solution was
      stirred at ambient temperature for 15 minutes, then stirred and gently
      refluxed for 45 minutes. The solvents were stripped and to the residue was
      added 20 ml absolute ethanol and 10 ml toluene. The solvents were again
      stripped. The residue was recrystallized from 20 ml of toluene to afford
      1.51 g (88%) of the product.
PAR  An analytical sample m.p. 93.degree.-96.degree., was obtained by
      recrystallization from toluene.
PAR  Anal. Calcd. for C.sub.11 H.sub.11 NO.sub.2 : C, 69.82; H, 5.86; N, 7.40.
      Found: C, 69.45; H, 5.84; N, 7.41.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The compound 2-aminomethylene-1-phenyl-1,3-butanedione.
PATN
WKU  039460762
SRC  5
APN  2974487
APT  1
ART  126
APD  19721013
TTL  Continuous process for recovery of cyclohexanone
ISD  19760323
NCL  2
ECL  1
EXP  Morgenstern; Norman
NDR  2
NFG  2
INVT
NAM  Paasen; Mathijs M. F.
CTY  Oirsbeek
CNT  NL
INVT
NAM  Meijerink; Harrie H. J.
CTY  Geleen
CNT  NL
ASSG
NAM  Stamicarbon, N.V.
CTY  Geleen
CNT  NL
COD  03
PRIR
CNT  NL
APD  19711014
APN  7114111
CLAS
OCL  260586P
XCL  260631R
EDF  2
ICL  C07C 2712
ICL  C07C 2900
ICL  C07C 4502
FSC  260
FSS  586 B;631 R
UREF
PNO  2931834
ISD  19600400
NAM  Crouch et al.
OCL  260586B
UREF
PNO  3275692
ISD  19660900
NAM  Pochler et al.
OCL  260586B
UREF
PNO  3316302
ISD  19670400
NAM  Steeman et al.
OCL  260586B
UREF
PNO  3439041
ISD  19690400
NAM  Gey et al.
OCL  260586B
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Cyclohexanone is recovered in the processing of the reaction product of the
      oxidation of cyclohexane to cyclohexanone by removing water from the
      reaction product prior to the initial distillation and separation step.
      Quantities of cyclohexanone that were previously discarded are now removed
      in a convenient and economical manner.
BSUM
PAR  This invention relates to a continuous process for recovery of high-purity
      cyclohexanone.
PAR  Cyclohexanone, a starting material for caprolactam, is now made in large
      quantities by oxidation of cyclohexane.
PAR  The oxidation of cyclohexane is usually carried out in the liquid phase at
      temperatures of 75.degree.-200.degree.C, generally
      120.degree.-160.degree.C, at atmospheric or at elevated pressure, e.g.
      1-50 atm, usually 5-15 atm. Catalysts normally employed for this purpose
      are cobalt or manganese compounds, e.g. cobalt naphthenate or cobalt
      octoate.
PAR  This process yields cyclohexanol and cyclohexanone as the principal
      oxidation products, as well as acids like adipic acid, glutaric acid,
      valeric acid, hydroxycapropic acid, succinic acid, formic acid, acetic
      acid, and esters of these acids with cyclohexanol. Since the yield of
      cyclohexanol and cyclohexanone decreases with increasing conversion of
      cyclohexane, the reaction is conducted to a conversion factor normally at
      a value between 3 and 15%. As a result, the liquid crude oxidation product
      leaving the oxidation reactor contains a large excess of cyclohexane, in
      addition to cyclohexanol, cyclohexanone, acids, esters and water as
      mentioned.
PAR  It is customary, in processing the crude oxidation product, first to remove
      the acids by neutralization, in order to prevent corrosion taking place in
      the processing installation. In addition, part of the amount of the ester
      is saponified during this treatment. Next, nonconverted cyclohexane is
      recovered by distillation, and fed back to the oxidation reactors. After
      that, ester left in the remaining product is saponified to raise the yield
      of cyclohexanol. From the organic phase obtained from the saponification
      stage -- mainly cyclohexanol and cyclohexanone, plus minor quantities of
      impurities -- a light fraction containing impurities is removed by
      preliminary distillation, whereupon the bottom product from the
      preliminary distillation stage is redistilled and the desired product --
      cyclohexanone -- is recovered as the top product.
PAR  From the bottom product of the cyclohexanone distillation a fraction
      consisting mainly of cyclohexanol is separated off, and subsequently
      subjected to a dehydrogenation treatment. The resulting conversion product
      -- cyclohexanone, a large quantity of cyclohexanol plus minor quantities
      of by products -- is fed back to the preliminary distillation and passed
      through the entire distillation process.
PAR  Recovery of cyclohexanone by distillation, starting from neutralized
      oxidation product freed of nonconverted cyclohexane, combined with
      dehydrogenation of the cyclohexanol fraction to cyclohexanone and
      recirculation of the conversion product to the preliminary distillation
      stage, is already known from British patent specification 913,000 (the
      entire disclosure of which is hereby incorporated by reference) and
      notably from example 2 contained therein.
PAR  It has appeared, however, that in the application of this known processing
      technique, the top product from the preliminary distillation contains not
      only the light components, but also some cyclohexanone and cyclohexanol
      and recovery of the latter two would call for a laborious, uneconomical
      after-distillation of the top product and for this reason the after
      distillation step is omitted in practice, with the result that valuable
      cyclohexanone and cyclohexanol are lost.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention provides a process for reducing the loss of
      cyclohexanone and cyclohexanol in economically significant amounts from
      top products of the preliminary distillation that in the past have been
      discarded.
PAR  Investigation has shown that the presence of cyclohexanone and cyclohexanol
      in the top product of the preliminary distillation is due to the fact that
      with the dehydrogenation of cyclohexanol there invariably occurs the
      formation of a small amount of water as one of the byproducts which in the
      preliminary distillation is distilled in a fixed ratio to cyclohexanone
      and cyclohexanol along with the light components.
PAR  The amount of water formed in the dehydrogenation of cyclohexanol is of the
      order of about 0.25-0.5% wt. calculated on the amount of dehydrogenation
      product. The amount of cyclohexanone and cyclohexanol distilled along with
      the water in the top product is approximately 6 times the amount of water,
      that is approximately 1.5-3% wt. relative to the amount of dehydrogenation
      product.
PAR  The object of the present invention is to minimize the amount of
      cyclohexanone and cyclohexanol lost through formation of water in the
      dehydrogenation of cyclohexanol. The recovery of from 1.5 to 3% wt. of
      cyclohexanone and cyclohexanol, when considered in a high volume process,
      is indeed a substantial cost savings.
PAR  The present invention relates to a continuous process for recovering
      cyclohexanone by distillation from the conversion product obtained in the
      dehydrogenation of cyclohexanol and containing cyclohexanone, cyclohexanol
      and small amounts of impurities, including water, and is characterized in
      that the conversion product is first subjected to a treatment for removal
      of water, and, next, is separated by distillation where the components
      having a lower boiling point than cyclohexanone are distilled off and,
      subsequently, cyclohexanone is separated from the higher-boiling
      components. The removal of water can be carried out by directing the
      conversion product over a dehydrating agent, such as concentrated
      sulphuric acid, calcium oxide, silica gel or the like, in a drying column,
      or by means of molecular sieves. A specially suited method for removing
      the water is azeotropic distillation by means of cyclohexane. All or
      substantially all of the water is removed from the conversion product.
PAR  A preferred mode of practicing the present process is to subject the
      conversion product from the dehydrogenation of the cyclohexanol fraction,
      together with the oxidation product freed of acids, esters and
      nonconverted cyclohexane, to a treatment for removal of water, consisting
      of azeotropic distillation with the aid of cyclohexane. In the azeotropic
      distillation step temperatures of the order of about
      50.degree.-100.degree.C are used, preferably 75.degree.-85.degree.C. The
      pressure may be atmospheric or higher, for instance in the range of 1-3
      atmospheres. The process of azeotropic distillation of such materials is
      known, for example from CIOS-report XXXIII-50, part II page 608, FIG. 115,
      according to which, first a cyclohexane-water mixture is distilled off
      from its admixture with cyclohexanol and cyclohexanon, the disclosure of
      which is hereby incorporated by reference. As indicated, although the
      process itself is generally known, it has, prior to the present process,
      not been employed in such a reaction scheme.
PAR  In some instances it is desirable to add cyclohexane to aid in separation
      and this addition of cyclohexane to the mixture to be treated may be done
      in the drying column. If, after saponification of the esters, cyclohexane
      is supplied to the cyclohexane oxidation product to achieve a good
      separation between the organic and aqueous phases, as is suggested in U.S.
      Pat. No. 3,316,302, the disclosure of which is hereby incorporated by
      reference, the mixture to be dried will contain sufficient cyclohexane to
      enable the water to be removed as cyclohexane-water azeotrope, and the
      addition of cyclohexane can be omitted.
DRWD
PAR  The process according to the invention will now be further elucidated with
      reference to the FIGS. 1 and 2 and the Example.
PAR  FIG. 1 is a schematic representation of the process.
PAR  FIG. 2 is a schematic representation of a preferred process wherein water
      is removed by azeotropic distillation.
DETD
PAR  In FIG. 1 the oxidation product of cyclohexane, from which acids, esters
      and nonconverted cyclohexane have been removed, is fed to a preliminary
      distillation column 2 along a line 1. In column 2 the light impurities are
      removed as top product along line 3. From the bottom product of column 2,
      which is fed to column 5 along line 4, pure cyclohexanone is recovered by
      distillation along line 6. The remaining product leaves column 5 along
      line 7 and flows to column 8, where cyclohexanol is distilled off as top
      product, which is then fed along line 9 to dehydrogenation unit 11 to be
      converted there into a cyclohexanone-containing product by means of a
      suited cayalyst. The bottom product from column 8, which consists of
      high-boiling impurities, is removed from the system along line 10. The
      conversion product obtained in dehydrogenation unit 11, consisting of
      cyclohexanone, cyclohexanol, hydrogen and byproducts, passes through line
      12 to condenser 13, from which the hydrogen formed in the dehydrogenation
      is discharged along line 14. Line 15 feeds the liquid conversion product
      to a drier 16, from which the dried product flows along line 17 into line
      1.
PAR  FIG. 2 shows schematically the process in which the conversion product
      obtained in the hydrogenation step together with the cyclohexane oxidation
      product freed of acids, esters and nonconverted cyclohexane, is subjected
      to a treatment for removal of water by means of azeotropic distillation
      with the aid of cyclohexane supplied to the oxidation product after
      saponification of the esters. Reference numbers 2 up to and including 17
      denote the same units as the corresponding numbers in FIG. 1; the
      reference numbers 19 up to and including 33 relate to the equipment for
      oxidizing the cyclohexane and processing the crude oxidation product to a
      cyclohexanol-cyclohexanone mixture.
PAR  Reference 21 in FIG. 2 denotes a battery of reactors in which cyclohexane,
      supplied along line 19 is oxidized in the liquid phase with an oxygen
      containing gas supplied along line 20. The crude oxidation product flows
      along line 22 to a neutralizer 23, while the acid-free organic phase
      passes through line 24 to a distillation column 25 where nonconverted
      cyclohexane is separated off, to be next recycled along line 26. The
      remaining product passes along line 27 to a saponifying reactor 28, where
      the esters are saponified. The mixture formed in the saponification flows
      along line 29 into extraction column 30 which additionally receives an
      amount of cyclohexane from line 31 to effect a good separation between the
      organic phase and the salt solution formed, as well as an amount of water
      from line 32 for washing any salts left out of the organic phase. The salt
      solution is drained along line 34. Line 33 feeds the organic phase,
      consisting substantially of cyclohexanol, cyclohexanone, cyclohexane with
      minor quantities of impurities, to drying column 16 into which also the
      cyclohexanone-containing dehydrogenation product from dehydrogenation
      reactor 11 is introduced via line 12, condenser 13 and line 15. The
      hydrogen formed in dehydrogenation reactor 11 is removed from the system
      via condenser 13 and line 14. The water present in the mixture and the
      cyclohexane are withdrawn from drying column 16 along line 18 and
      separated in a separator (not shown). The resulting cyclohexane is
      recycled, e.g. by feeding it into line 26 or line 31. The remaining
      organic phase is supplied to distillation column 2, via line 17, for
      removing components having a boiling point lower than the organic phase,
      whereupon the mixture is further processed in the manner described
      pertaining to FIG. 1.
PAR  In practicing the process as shown schematically in FIG. 2, the removal of
      the cyclohexane-water azeotrope is carried out in the existing drying
      column 16. Of course, the capacity of the distillation column will have to
      be enlarged, but, on the other hand, there is the possibility that the
      preliminary distillation may be reduced in capacity.
PAC  EXAMPLE
PAR  In a long-duration experiment 260 kgs/h of cyclohexanone and cyclohexanol
      were fed to drying column 16 for producing 100 kgs/h of cyclohexanone in
      accordance with the process of FIG. 2. 140 kgs of this quantity came from
      the dehydrogenation of cyclohexanol via line 15. The water content of the
      conversion product supplied along line 15 varied during the experiment
      from 0.35 to 0.49 % wt. Drying column 16 was operated at atmospheric
      pressure and at 80.degree.C, and preliminary distillation column 2 at 400
      mm Hg absolute pressure at 115.degree.C. In columns 5 and 8 an absolute
      pressure of 45 mm Hg was maintained with temperatures of 73.degree. and
      87.degree.C, respectively. The water content of the bottom product from
      drying column 16 had decreased to 0.02-0.98% wt. The top product from
      preliminary distillation column 2 contained an amount of cyclohexanone
      which, depending on the water content, varied from 0.12 to 0.48 kg per
      hour.
PAR  If, in contrast to the present invention, but with all other conditions
      remaining unchanged, the conversion product was directly fed to
      preliminary distillation column 2 and drying column 16 was not used, the
      water content in column 2 varied from 0.36 to 0.53% wt. The amount of
      cyclohexanone distilled as top product along with the light fraction, was
      2.16-3.18 kgs/h, depending on the water content. This shows that in
      practice the present process substantially reduces the loss of
      cyclohexanone by approximately 2-2.7% calculated to the amount of
      cyclohexanone end product.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the oxidation of cyclohexane to cyclohexanone
      comprising:
PA1  a. reacting cyclohexane and oxygen at a temperature of
      75.degree.-200.degree.C and a pressure of 1-50 atmospheres to produce a
      reaction product comprising cyclohexanol and cyclohexanone;
PA1  b. removing acids from the reaction product;
PA1  c. recovering nonconverted cyclohexane from the reaction product by
      distillation and returning it to the oxidization zone of step (a);
PA1  d. saponifying the remaining reaction product to increase the yield of
      cyclohexanol;
PA1  e. thereafter first distilling off and discarding a light or top fraction
      from the reaction product, which light fraction contains substantially all
      products with boil-point under the prevalent distillation conditions below
      that of cyclohexanone;
PA1  f. further distilling the reaction product to recover cyclohexanone as a
      second light fraction and to produce a bottom product containing
      cyclohexanol;
PA1  g. dehydrogenating cyclohexanol from the bottom product of step (f) to
      produce a conversion product containing cyclohexanone and cyclohexanol and
      introducing this conversion product back into the process at step (e);
PAL  the improvement comprising:
PA1  removing substantially all of the water from the conversion product of step
      (g) by azeotropic distillation in the presence of cyclohexane as a
      separating agent, before directing this conversion product to distillation
      step (e).
NUM  2.
PAR  2. The process of claim 1, wherein said azeotropic distillation is
      conducted at temperatures between 50.degree. and 100.degree.C.
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ABST
PAL  Hydrocarbons containing from 4 to 20 carbon atoms are oxidized with a gas
      containing molecular oxygen in the presence of a catalyst and/or auxiliary
      agents. The resulting reaction mixture is saponified with an aqueous
      alkaline solution and the resulting alkaline solution containing organic
      impurities is subjected to liquid phase oxidation with a gas containing
      molecular oxygen in at least a stoichiometric quantity sufficient for
      completely burning the organic ingredients, the oxidation taking place in
      a reaction zone heated to at least 200.degree.C under a pressure
      sufficient to keep at least some of the water in the liquid phase. The
      alkali carbonate/bicarbonate solution formed is recycled to the hydrolysis
      stage.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a process for the oxidation of hydrocarbons with
      gases containing molecular oxygen to form the corresonding alcohol-ketone
      mixtures. More particularly, the invention relates to a process in which
      the recovery and reuse of the saponification liquor used to purify the
      reaction mixture is effected by oxidation of the organic by-products
      dissolved in the saponification liquor.
PAR  Hydrocarbons can be oxidised using gases containing molecular oxygen.
      Oxidation into alcohols is of considerable commercial significance, being
      carried out in the presence of catalysts or other auxiliary substances in
      order to increase selectivity.
PAR  Typical oxidation catalysts are described for example in DOS No. 2.028.166,
      and are inorganic and organic compounds of transition metals, preferably
      cobalt and manganese.
PAR  Reference is made here by way of example to cobalt naphthenates, cobalt
      oleate, cobalt stearate and cobalt ethyl hexanoate and to te cobalt salt
      of a stoichiometric mixture of the monoester and the diester of
      isotridecanol with orthophosphoric acid.
PAR  U.S. Pat. No. 3,243,449 describes boron compounds as esterification
      component for the alcohol formed during the oxidation process. The
      compounds are used in at least stoichiometric quantities, based on the
      alcohol content of the oxidation mixture.
PAR  Typical boron compounds used in oxidation processes of this kind include
      boric acids, for example orthoboric acid and metabroic acid and boric acid
      esters such as the monoester of metaboric acid and the alcohol of the
      hydrocarbon to be oxidised, for example cyclohexyl metaborate when
      cyclohexane is the starting compound, and boric acid anhydrides such as,
      for example, B.sub.2 O.sub.3 and B.sub.4 O.sub.5. Mixtures of these boron
      compounds can also be used.
PAR  The reaction mixture is washed with water or hydrolysed with water in order
      to separate off the water-soluble secondary products formed by the
      oxidation of the hydrocarbons and, if necessary, the boron compounds used.
      In industrial processes, the aqueous phase is generally cycled; a
      component stream of the aqueous solution is removed from the circuit to
      recover the boron compounds used and to work up the secondary products
      present therein.
PAR  In addition to the required alcohol-ketone mixture, the organic phase left
      after washing with water contains unreacted hydrocarbon, other
      monoalcohols and dialcohols, aldehydes and ketones, esters of mono-, di-
      and hydroxycarboxylic acids and also residues of unesterified carboxylic
      acids. These mixtures are normally washed with alkalis in order to
      saponify the esters and to separate off both the residual and the
      liberated carboxylic acids. The alkaline wash is carried out for example
      with aqueous sodium hydroxide or a soda solution (DOS No. 2,118,279) in a
      concentration of from 1.5 to 14%, preferably from 3 to 10% by weight, of
      sodium ions.
PAR  In addition to small quantities of free alkali, the saponification liquor
      which accumulates during this stage of the process, irrespective of the
      particular oxidation process applied, contains the alkali salts of the
      carboxylic acids formed as secondary products together with other products
      of the oxidation process which, although not acidic, are soluble in
      aqueous, dilute liquor, such as for example monoalcohols and dialcohols.
      In order to recover the valuable monoalcohols, the saponification liquor
      is distilled in the first stage or stripped by blowing in steam. The end
      liquor left containing in addition to the alkali, large quantities of
      organic secondary products, is removed from the process. In industrial
      process, this end liquor generally contains from 5 to 15 % by weight of
      organically combined carbon or about 30 to 120 kg of C/t of alcohol-ketone
      mixture produced.
PAR  The organic ingredients have to be eliminated in order to protect the
      environment from pollution. The methods hitherto proposed for this purpose
      are unsatisfactory. Biological purification involves extremely high costs
      on account of the large quantities of dissolved organic ingredients. In
      addition, it is attended by the disadvantage that all the alkali enters
      the main drainage system with the effluent
PAR  Attempts to burn the saponification liquor have revealed significant
      technical difficulties. The alkaline melt residue which assumulates in the
      combustion furnace has a pronounced decomposition effect on all lining
      materials. The same applies to a greater extent as regards residues
      containing alkali borate which inevitably accumulate during the combustion
      of hydrolysis liquors from oxidation processes carried out in the presence
      of boron compounds. This results in inadequate running times for
      industrial combustion installations.
PAR  A process has now been found by means of which alkalis can be recovered
      and, at the same time, the organic ingredients of the described
      saponification liquor eliminated. Accordingly, the invention relates to a
      process for the oxidation of hydrocarbons during which the hydrolysis
      liquor is purified by wet oxidation of the organic impurities into
      essentially carbon dioxide and water by treatment with gases containing
      molecular oxygen at elevated temperatures and under elevated pressure. The
      alkali carbonate/bicarbonate liquor formed is returned to the process as
      saponification liquor.
PAC  SUMMARY
PAR  Accordingly, the invention provides a process; for the oxidation of
      hydrocarbons having 4 to 20 carbon atoms with gases containing molecular
      oxygen in the presence of catalysts or auxiliary agents, for example,
      boron compounds, in which secondary products and, if necessary, auxiliary
      substances are separated off in an intermediate stage comprising a water
      wash or hydrolisis, and the organic reaction mixture saponified with an
      aqueous, alkaline solution, characterised by the fact that the aqueous,
      spent alkali salt solution which accumulates containing organic
      impurities, is subjected to liquid-phase oxidation with gases containing
      molecular oxygen in at least stoichiometric quantities sufficient for
      complete combustion of the organic impurities in a reaction zone heated to
      a temperature of at least 200.degree.C under a pressure which is
      sufficient to keep at least some of the water in the liquid phase, and the
      resulting alkali carbonate/bicarbonate solution is returned to the
      saponification stage.
PAC  DESCRIPTION
PAR  This oxidation process can be carried out with saturated, linear, branched
      or cyclic hydrocarbons having 4 to 20 carbon atoms per molecule, for
      example cyclopentane, cyclohexane, methylcyclohexane, cycloheptane,
      dimethylcyclohexane, cyclododecane, n-butane, n-pentane, n-hexane,
      C.sub.12 - C.sub.14 - petroleum naphthane, octadecane, nonadecane and
      eicosane. Hydrocarbons having 5 to 12 carbon atoms can be oxidised with
      advantage, cyclohexane and cyclododecane with particular advantage, into
      the corresponding alcohol/ketone mixture by the process according to the
      invention. The starting material does not have to be completely free from
      unsaturated substance (for example cyclohexane in the case of cyclohexane)
      in order to be suitable for use in the process according to the invention,
      the only requirement in this respect being that more than 95 mol % of the
      starting material should consist of saturated hydrocarbons.
PAR  In the context of the present invention, gases containing molecular oxygen
      are, for example, pure oxygen, oxygen-air mixtures, an oxygen-nitrogen (or
      other inert gases) mixture, air or air diluted with nitrogen, CO.sub.2 or
      water vapour.
PAR  The spent alkaline solution containing the alkali salts of mono-, di- and
      hydroxy-carboxylic acids and alcohols as impurities had not be expected to
      lend itself to purification by liquid-phase oxidation to such an extent
      that the treated liquor can be completely recirculated and, hence, the
      alkali used recovered in the form of an alkali carbonate/bicarbonate
      solution. Another surprising aspect was that the high temperatures used
      did not give rise to any resin-forming and sludge-forming reactions which
      would have severely complicated simple recirculation of the liquor.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The process according to the invention is diagrammatically illustrated in
      FIGS. 1 and 2 of the accompanying drawings with reference, by way of
      example, to the oxidation of cyclohexane with air in the presence of
      metaboric acid to form a mixture of cyclohexanol and cyclohexanone.
DETD
PAR  Cyclohexane, air and metaboric acid are delivered to the reaction zone 1
      through the pipes a, b and c. Low-oxygen waste gas is discharged from the
      reaction zone through pipe d. The reaction mixture flows through pipe e
      into the hydrolysis zone 2 where it is contacted with an aqueous stream k.
PAR  The boric acid esters formed in the reaction zone 1 decompose into the
      corresponding alcohol and boric acid. After phase separation in zone 3,
      orthoboric acid is recovered for the aqueous stream g by low-temperature
      crystallisation in vacuo and centrifuging the crystal sludge formed in 4,
      being returned to the reaction in the form of metaboric acid through c
      after dehydration in the dehydrater 5. Fresh orthoboric acid is introduced
      through pipe h after dissolution in water. The mother liquor accumulating
      during crystallisation and the condensed crystal vapours are delivered to
      the hydrolysis zone 2 through the pipe k and fresh water through the pipe
      i. The organic phase separated in zone 3 consists of unreacted
      cyclohexane, cyclohexynol, cyclohexanone, secondary products such as
      cyclohexyl esters of mono-, di- and hydroxycarboxylic acids having 1 to 6
      carbon atoms, other alcohols such as butanol, pentanol, cyclohexane-1,2-
      and -1,3-diol and of small quantities of water and incompletely extracted
      boric acid. It is contacted with the aqueous liquor stream v in the
      saponification stage 6. The esters are saponified and the water-soluble
      secondary products extracted. After phase separation in the separation
      vessel 7, the organic phase is worked up in the distillation stage 8 into
      a mixture of cyclohexanol and cyclohexanone. Valuable cyclohexanol and
      other water-vapour-volatile secondary products are removed from the
      aqueous alkaline phase in the liquor stripper 9 by blowing in stream (r).
      The vapours which accumulate are condensed. The resulting condensate is
      returned to the saponification stage (s). The stripped alkali salt
      solution is delivered to the wet-oxidation stage 10 where it is contacted
      with air, introduced through pipe u, at an elevated temperature and
      pressure. As a result, the organic ingredients are oxidised essentially
      into CO.sub.2 and H.sub.2 O. The waste gases, consisted predominently of
      N.sub.2 and CO.sub.2, are run off through the pipe X. The alkaline
      solution thus purified is returned through v to the saponification stage
      6. Fresh liquor is introduced through the pipe w. Sodium tetraborate
      slowly accumulates in the sofonification liquor circuit. Since it is not
      troublesome either during wet oxidation or during saponification, its
      concentration can be allowed to rise until it approaches the solubility
      limit. Any further increase in the concentration of sodium tetraborate is
      prevented by removing a small component stream y of the alkaline solution.
PAR  The wet-oxidation stage carried out in the zone 10 is illustrated in FIG. 2
      for continuous working. However, the process can also be carried out in
      batches. Oxygen-containing gas, for example pure oxygen, air or an
      oxygen-containing fraction emanating from the air-separation, is
      compressed to the required reaction pressure by means of the compressor 11
      and, in the same way as the stream t of alkali salt solution delivered by
      the high pressure pump 12, passes through a preheater 13 into the
      high-pressure reactor 14. After passing through the reaction zone, the
      gas-liquid mixture is cooled in a heat exchanger 15 and separated in the
      separator 16 into waste gas (stream x) and liquor. The purified alkaline
      liquor is returned to the saponification stage through pipe v. A component
      stream y may optionally be removed as effluent.
PAR  The process stages illustrated in FIG. 2 are representative of a number of
      known possible variations. For example, the reaction gas and alkaline
      solution can be preheated either together or separately, for which purpose
      the reaction mixture issuing from the reactor can, of course, be used as
      heating medium. The input then serves as coolant for the output. To
      initiate the reaction and to start up the system, the preheater must also
      be designed to be heated by another heating medium. In addition, the heat
      of reaction has to be dissipated in another, following condenser. Heat
      available for heating other systems is obtained in this way.
PAR  There are also numerous variants for the reaction zone 14. It can be
      operated in parallel current or in countercurrent either in one or in
      several stages. The reactor(s) can be provided with a pressure-tight
      stirrer and/or can contain other attachments suitable for the favourable
      distribution of gas. The reaction conditions (temperature, pressure and
      residence time) can also differ from one reaction stage to the other. For
      example, it is advisable to operate the final stage through which the
      liquor passes at a higher temperature and/or with a longer residence time
      if the reaction of the organic ingredients to form CO.sub.2 and H.sub.2 O
      is required to be particularly complete.
PAR  To conserve energy, the highly compressed waste gas (x) can be passed for
      example through a turbine which in turn transfers the energy to the
      compressor 11.
PAR  The reaction conditions for the process according to the invention are
      variable within wide limits. The reaction temperature can be in the range
      from 200.degree. to 370.degree.C and is preferably in the range from
      270.degree. to 350.degree.C. The reaction pressure should be higher than
      the water vapour pressure at the particular reaction temperature.
      Accordingly, the pressure can vary from 20 to 220 atms. and preferably
      from 60 to 200 atms. In addition, the quantity of water in the liquid
      phase should be at least such that the solubility of the ingredients of
      the alkaline liquor does not fall below the critical limit.
PAR  One way of achieving this is to dilute the hydrolysis liquor to be
      introduced for example by installing a separator before the condenser 15,
      separately cooling the waste gas and returning the condensate accumulating
      to the preheater 13. Another way of ensuring that there is a sufficient
      quantity of water for evaporation in the preheater is to return a
      component stream of the output v to the preheater 13.
PAR  The process according to the invention can also be carried out using a
      suitable oxidation catalyst, optionally under more moderate reaction
      conditions. Solid catalysts can be separated off and recovered by
      subsequent filtration. Examples of suitable solid catalysts include active
      carbon and vanadium, molybdenum and tungsten oxides.
PAR  In order to oxidise the ingredients as completely as possible, molecular
      oxygen must be delivered to the wet-oxidation stage in at least
      stoichiometric quantities. Although an excess of oxygen provides for a
      higher conversion, it involves higher compression costs. In order
      completely to remove the organic secondary products accumulating in the
      hydrolysis liquor, the wet-oxidation stage can also be carried out with an
      incomplete conversion providing the stream of saponification liquor
      delivered to the wet-oxidation stage is increased to correspond to the
      lower conversion, i.e. providing the circulation of the streams n, q, t, v
      (cf. FIG. 1) is accelerated. Any displacement which this may produce in
      the composition of the organic ingredients in the saponification stage
      does not have any negative effect upon the process according to the
      invention within certain limits.
PAR  The process according to the invention is illustrated by but by no means
      limited to the following Examples. Spent saponification liquors differing
      in their concentration taken from a continuous installation, in which
      cyclohexane is oxidised with atmospheric oxygen in the presence of
      metaboric acid to form a mixture of cyclohexanol and cyclohexanone by the
      process described above, and in which aqueous sodium hydroxide is used to
      saponify the reaction mixture, were used for the Examples.
TBL                Table 1                                                     
     ______________________________________                                    
     Composition of the alkaline liquors                                       
     in % by weight                                                            
     Spent alkaline  liquor No.                                                
                       1        2        3                                     
     ______________________________________                                    
     Total alkali (expressed as NaOH)                                          
                       7.05 %   7.12 %   13.92 %                               
     Free alkali (expressed as NaOH)                                           
                       1.30 %   1.20 %    1.89 %                               
     Borate (expressed as H.sub.3 BO.sub.3)                                    
                       1.79 %   1.82 %    0.98 %                               
     Carbon            6.25 %   7.44 %   17.0 %                                
     Chemical oxygen demand                                                    
     (COD-value in mg of O.sub.2 /g)                                           
                       196      221      466                                   
     ______________________________________                                    
PAL  The alcohols and ketones recovered in accordance with the process of the
      invention can be used both in admixture and as individual substances after
      separation in a manner known per se for example as follows:
PAR  a. as solvents for lacquers
PAR  b. as the starting material for the production of dicarboxylic acids, e.g.
      adipic acid
PAR  c. as the starting material for the production of lactams, e.g.
      caprolactam.
PAC  EXAMPLES 1 to 4
PAC  Batch tests
PAR  An electrically heated two-liter fine-steel autoclave equipped with a
      magnetic lift stirrer, a gas inlet and reflux condenser was used as the
      test apparatus. Compressed air was used as the oxidation gas. The exhaust
      gas was removed through a valve behind the reflux condenser. The quantity
      of exhaust gas was measured by a rotameter. With the pressure-regulating
      valve for the compressed air open, the quantity of exhaust gas was
      regulated through the exhaust valve and, hence, the required quantity of
      compressed air indirectly regulated. 750 ml of alkali salt solution were
      introduced and heated to the required temperature with the exhaust valve
      closed. The test pressure was then adjusted through the compressed-air
      valve. The stirrer was adjusted to 50 strokes per minute. The test began
      with the opening of the exhaust valve and regulation of the required
      quantity of exhaust gas. Saponification liquor No. 1 was used.
PAR  The change in the COD-value from the initial value obtained under the test
      conditions gave the "conversion according to COD". Table 2 shows the test
      results, i.e. it was possible to reduce the COD-value by 83 to 99.4 %.
TBL                Table 2                                                     
     ______________________________________                                    
     Batch tests 1 - 4                                                         
                                            Conversion                         
                                            according                          
     Test Temp.    Pressure  Waste gas                                         
                                      Time  to COD                             
     No.  .degree.C                                                            
                   atms.     Nl/h     h     %                                  
     ______________________________________                                    
     1    240      58        1500     4     83                                 
     2    270      90        1300     4     88                                 
     3    290       100      850      4     96                                 
     4    320       135      450      4      99.4                              
     ______________________________________                                    
PAC  EXAMPLES 5 TO 10
PAC  Continuous tests
PAR  The arrangement used for tests 1 - 4 was additionally equipped with two
      submerged pipes. One was used to introduce the fresh saponification liquor
      through a metering pump, whilst the other, equipped with a descending
      condenser and valve, was used for releasing, cooling and venting the
      oxidised liquor. The waste gas was analysed for its CO.sub.2, CO and
      O.sub.2 contents. The quantity of exhaust gas and, hence, indirectly the
      quantity of compressed air in these tests was measured in such a way that
      oxygen was available in a quantity of about 3 to 10 % more than that
      required for complete oxidation.
PAR  The tests were carried out as follows:
PAR  A certain quantity of liquor was introduced, the autoclave closed and
      compressed air introduced into it up to a pressure of 45 atms. The stirrer
      was then adjusted to 50 strokes per minute. After heating, the test
      pressure and quantity of exhaust gas were regulated and the liquor
      metering pump started up. Oxidised waste liquor was removed from the
      autoclave at a rate commensurate with that at which liquor was pumped in.
      After a test period of a few hours, the system was in a state of
      equilibrium, recognisable from constant analytical data of the
      waste-liquor samples. Table 3 shows the test data and results.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Continuous tests 5 - 10                                                   
     Test No.   5    6   7   8   9   10  11                                    
     __________________________________________________________________________
     Alkaline liquor                                                           
                No. 1                                                          
                     1   1   2   2   3   2                                     
     Temperature .degree.C                                                     
                270  290 290 290 310 290 330                                   
     Pressure atms.                                                            
                100  100 100 100 125 100 161                                   
     Quantity introduced                                                       
     (ml)       1080 950 750 870 870 750 870                                   
     Input (ml/h)                                                              
                500  500 1500                                                  
                             1500                                              
                                 1080                                          
                                     500 1500                                  
     Input (g COD/h)                                                           
                107  107 320 365 263 274 365                                   
     Residence time (h)                                                        
                2.15 1.9 0.5 0.58                                              
                                 0.8 1.5 0.58                                  
     Quantity of exhaust                                                       
     gas (Nl/h) 370  370 1100                                                  
                             1240                                              
                                 900 870 1240                                  
     Conversion according                                                      
     to COD (%) 85   90  85  86  93  74  94                                    
     __________________________________________________________________________
PAC  EXAMPLE 12
PAC  Recirculation of wet-oxidised alkaline liquor
PAR  Organic reaction mixture from the cyclohexane oxidation system described
      above, from which most of the boric acid had been removed by extraction
      with water, was saponified with a alkaline solution purified by wet
      oxidation in accordance with test 10.
PAR  The organic phase and liquor were preheated to the required saponification
      temperature and introduced into a vigrously stirred 500 ml glass flask.
      Saponification took place in this flask over a residence time of about 5.3
      minutes at a temperature of 72.degree.C. The mixture was pumped into a
      separation vessel operated at a temperature of around 68.degree.C. The
      organic phase ran off freely from the separation vessel through an
      overflow. The aqueous phase was pumped back to the mixing vessel by means
      of a liquor recirculation pump, producing an inner aqueous circuit
      (circulation 550 gh). The spent saponification liquor was discharged under
      level control behind the liquor recirculation pump. After a few hours, the
      system was in a state of equilibrium, recognisable from constant
      analytical data of the discharge streams.
PAR  The test data and results are set out in Table 4. The analytical data of
      the organic phase discharged are of particular importance. If the organic
      phase is hydrolysed a second time with 10 % sodium hydroxide, its acid
      number and saponification number are further reduced, although no more
      cyclohexanol is liberated. On the other hand, acid number and
      saponification number can also be further reduced by increasing the
      residence time, although once again the yield remains the same. Comparison
      with conventional saponification carried out on a large scale with dilute
      sodium hydroxide at the same temperature and over the same residence time
      (cf. last column of Table 4) confirms that following elimination of the
      organic impurities by wet oxidation the saponification liquor can be
      recycled and reused without any adverse effects upon the yield of
      ketone/alcohol mixture.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Saponification with wet oxidixed saponification                           
     liquor at 72.degree.C (% = % by weight)                                   
                                          Out-                                 
              Input      Output (test)    put                                  
                                          (large                               
                                          scale                                
              organic    organic          work-                                
              phase liquor                                                     
                         phase            ing)                                 
                               after-     organ-                               
                               saponi-    ic                                   
                         untreated                                             
                               fied  liquor                                    
                                          phase                                
     __________________________________________________________________________
     Quantity                                                                  
     (g/h)    4000  192  approx.     240                                       
                         3900                                                  
     cyclohexanol +                                                            
     cyclohexanone                                                             
     1)        10.55 %                                                         
                    --   11.10 %                                               
                               11.09 %                                         
                                     --   11.10 %                              
     acid number.sup.2)                                                        
              27          3.5  0.2        0                                    
     saponification                                                            
     number.sup.2)                                                             
              47         14.6  6.4        10                                   
     total alkali.sup.3)                                                       
                    13.8 %           11.1 %                                    
     free alkali.sup.3)                                                        
                     9.7 %            4.1 %                                    
     COD (mg of                                                                
     O.sub.2 /g)    83               253                                       
     carbon (organic-                                                          
     ally combined) 2.29 %           6.60 %                                    
     __________________________________________________________________________
      .sup.1) determined by gas chromatography; average values from 3 to 5     
      measurements                                                             
      .sup.2) in mg of KOH/g of cyclohexanol/cyclohexanone mixture             
      .sup.3) expressed as NaOH                                                
PAR  The organic phase accumulating during this test readily lent itself to
      working up by distillation into a cyclohexanol/cyclohexanone mixture equal
      in quality to the mixture obtained on a large scale by the conventional
      process.
PAR  The spent alkaline liquor from this test (for composition see penultimate
      column of Table 4) was subjected to continuous wet-oxidation for about 40
      minutes at 290.degree.C/100 atms. in a test autoclave (for description see
      tests 5 to 11). The conversion, based on the COD-value, amounted to 87 %.
PAR  The residence times quoted in the tests are essentially governed by the
      parameters of the test apparatus and can be shortened by suitable
      techanical measures.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the oxidation of hydrocarbons to form alcohol-ketone
      mixtures which comprises:
PA1  a. reacting a hydrocarbon having from 4 to 20 carbon atoms with a gas
      containing molecular oxygen in the presence of an oxidation catalyst;
PA1  b. washing the reaction mixture from (a) in an intermediate hydrolysis
      stage with water and separating said catalyst, leaving a washed organic
      reaction mixture;
PA1  c. saponifying the organic reaction mixture from (b) with an aqueous
      alkaline solution and separating the organic phase from the aqueous
      alkaline phase that forms;
PA1  d. recovering said alcohol-ketone mixture from the organic phase from (c);
PA1  e. recovering alcohols and the other secondary products in the aqueous
      alkaline phase from (c) by distallation or stripping;
PAL  the improvement which comprises:
PA1  f. subjecting the aqueous alkaline phase from (e) which contains organic
      impurities to a liquid phase oxidation with a gas containing molecular
      oxygen in at least a stoichiometric quantity sufficient to completely burn
      the organic impurities and to form carbon dioxide water and an alkali
      carbonate/bicarbonate solution, said oxidation taking place in a reaction
      zone heated to at least 200.degree.C and under a pressure sufficient to
      keep at least some of the water in the liquid phase; and
PA1  g. returning said alkali carbonate/bicarbonate solution to saponification
      step (c).
NUM  2.
PAR  2. Process of claim 1 wherein the liquid-phase oxidation is carried out at
      a temperature of from 200.degree. to 370.degree.C under a pressure of from
      20 to 220 atms.
NUM  3.
PAR  3. Process of claim 2 werein the liquid-phase oxidation is carried out at a
      temperature of from 270.degree. to 350.degree. under a pressure of from 60
      to 200 atms.
NUM  4.
PAR  4. Process of claim 2 wherein liquid-phase oxidation of the alkaline
      solutin is carried out continuously.
NUM  5.
PAR  5. Process of claim 2 wherein the hydrocarbon is cyclohexane or
      cyclododecane.
NUM  6.
PAR  6. In a process for the oxidation of hydrocarbons to form alcohol-ketone
      mixtures which comprises:
PA1  a. reacting a hydrocarbon having from 4 to 20 carbon atoms with a gas
      containing molecular oxygen in the presence of a boron compound;
PA1  b. washing the reaction mixture from (a) in an intermediate hydrolysis
      stage with water and separating said boron compound, leaving a washed
      organic reaction mixture;
PA1  c. saponifying the organic reaction mixture from (b) with an aqueous
      alkaline solution and separating the organic phase from the aqueous
      alkaline phase that forms;
PA1  d. recovering said alcohol-ketone mixture from the organic phase from (c);
PA1  e. recovering alcohols and the other secondary products in the aqueous
      alkaline phase from (c) by distillation or stripping;
PAL  the improvement which comprises:
PA1  f. subjecting the aqueous alkaline phase from (e) which contains organic
      impurities to a liquid phase oxidation with a gas containing molecular
      oxygen in at least a stoichiometric quantity sufficient to completely burn
      the organic impurities and to form carbon dioxide water and an alkali
      carbonate/bicarbonate solution, said oxidation taking place in a reaction
      zone heated to at least 200.degree.C and under a pressure sufficient to
      keep at least some of the water in the liquid phase; and
PA1  g. returning said alkali carbonate/bicarbonate solution t saponification
      step (c).
NUM  7.
PAR  7. Process of claim 6 wherein the liquid-phase oxidation is carried out at
      a temperature of from 200.degree. to 370.degree.C under a pressure of from
      20 to 220 atms.
NUM  8.
PAR  8. Process of claim 7 wherein the liquid-phase oxidation is carried out at
      a temperature of from 270.degree. to 350.degree.C under a pressure of from
      60 to 200 atms.
NUM  9.
PAR  9. Process of claim 6 wherein liquid-phase oxidation of the alkaline
      solution is carried out continuously.
NUM  10.
PAR  10. Process of claim 6 wherein the hydrocarbon is cyclohexane or
      cyclododecane.
NUM  11.
PAR  11. In a process for the oxidation of hydrocarbons to form alcohol-ketone
      mixtures which comprises:
PA1  a. reacting a hydrocarbon having from 4 to 20 carbon atoms with a gas
      containing molecular oxygen in the presence of an oxidation catalyst and a
      boron compound;
PA1  b. washing the reaction mixture from (a) in an intermediate hydrolysis
      stage with water and separating said catalyst and boron compound, leaving
      a washed organic reaction mixture;
PA1  c. saponifying the organic reaction mixture from (b) with an aqueous
      alkaline solution and separating the organic phase from the aqueous
      alkaline phase that forms;
PA1  d. recovering said alcohol-ketone mixture from the organic phase from (c);
PA1  e. recovering alcohols and the other secondary products in the aqueous
      alkaline phase from (c) by distillation or stripping;
PAL  the improvement which comprises:
PA1  f. subjecting the aqueous alkaline phase from (e) which contains organic
      impurities to a liquid phase oxidation with a gas containing molecular
      oxygen in at least a stoichiometric quantity sufficient to completely burn
      the organic impurities and to form carbon dioxide water and an alkali
      carbonate/bicarbonate solution, said oxidation taking place in a reaction
      zone heated to at least 200.degree.C and under a pressure sufficient to
      keep at least some of the water in the liquid phase; and
PA1  g. returning said alkali carbonate/bicarbonate solution to saponification
      step (c).
NUM  12.
PAR  12. Process of claim 11 wherein the liquid-phase oxidation is carried out
      at a temperature of from 200.degree. to 370.degree.C under a pressure of
      from 20 to 220 atms.
NUM  13.
PAR  13. Process of claim 12 wherein the liquid-phase oxidation is carried out
      at a temperature of from 270.degree. to 350.degree.C under a pressure of
      from 60 to 200 atms.
NUM  14.
PAR  14. Process of claim 11 wherein liquid-phase oxidation of the alkaline
      solution is carried out continuously.
NUM  15.
PAR  15. Process of claim 11 wherein the hydrocarbon is cyclohexane or
      cyclododecane.
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PAL  Process for the preparation of unsaturated cycloaliphatic ketones useful as
      perfuming and odour-modifying agents in the manufacture of perfumes and
      perfumed products, and as flavouring and taste-modifying agents in the
      aromatization of foodstuffs in general and imitation flavours for
      foodstuffs, beverages, animal feeds, pharmaceutical preparations and
      tobacco products.
PAL  Compositions of matter relating to some of said unsaturated cycloaliphatic
      ketones which are new, and perfume- and flavouring compositions containing
      same.
PARN
PAR  This is a division, of application Ser. No. 284,467 filed Aug. 29, 1972,
      now U.S. Pat. No. 3,852,355.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a new process for the preparation of unsaturated
      cycloaliphatic ketones having the formula
      ##SPC1##
PAL  Containing an isolated double bond in position 1 or two conjugated double
      bonds in position 1 and 3 of the ring, the double bonds being represented
      by the dotted lines, and wherein the substituents R.sup.1 and R.sup.2 may
      be the same or different and each represents a hydrogen atom or a lower
      alkyl radical containing from 1 to 6 carbon atoms, which process comprises
      treating a diol of formula
      ##SPC2##
PAL  Comprising a saturated or mono-unsaturated six membered ring, the double
      bond being indicated by the dotted line, with an acidic dehydrating agent.
PAR  The invention relates further to a compound of formula
      ##SPC3##
      and to its use as flavouring and perfuming ingredient, as well as to
      certain of the intermediates formed during the above process.
PAR  The present invention relates further to a new process for the preparation
      of unsaturated cycloaliphatic alcohols of a formula
      ##SPC4##
PAL  Containing a double or triple bond in the position indicated by the dotted
      lines and wherein the substituents R.sup.3 and R.sup.4 may be the same or
      different and each represents a lower alkyl radical containing from 1 to 6
      carbon atoms, and the index n stands for zero or 1, which process
      comprises subjecting an ether of formula
      ##SPC5##
PAL  Wherein the dotted lines and the symbols R.sup.3, R.sup.4 and n have the
      same meaning as above, to a rearrangement by the action of a strong base
      and subsequently of a protic solvent.
PAR  The above mentioned compounds V possess interesting organoleptic properties
      and may be used as intermediates for the preparation of the corresponding
      ketones [see Swiss patents Nos. 521,099 and 509,399].
PAC  BACKGROUND OF THE INVENTION
PAR  One of the main objects of the aromatization of foodstuffs for instance is
      to restore the original quality and nature of the flavour, aroma and taste
      of a given foodstuff material. Very often in fact the organoleptic
      properties of foodstuffs particularly diminish or are somehow modified in
      the course of the processes of freezing and storage, or during the
      modifications, such as cooking or baking, to which the foodstuffs are
      subjected in order to yield an edible material.
PAR  In the past the aromatization was mainly achieved by using materials of
      natural origin. Nowadays, however, synthetic chemical compounds are used
      at an ever increasing rate. Said compounds possess the advantage of being
      available very often in unlimited quantities and at prices lower than
      those of the natural materials. Moreover, due to the fact that the
      flavouring character of a natural material is the result of the overall
      effect determined by the combination and interaction of each of its
      constituents, the effects achieved by said natural material are very often
      not as well reproducible as those obtained by the use of the pure
      synthetic compounds.
PAR  In the field of perfumery the man in the art has to solve a similar problem
      in attempting to reconstitute the olfactive notes of certain natural
      essential oils or extracts. The perfumer's creativity however is
      continually boosted by the finding of new synthetic compounds, the
      organoleptic properties of which will enable him to introduce
      unprecedented olfactive characters or nuances into new phantasy perfume
      compositions.
PAR  As a consequence, the problem that the chemical industry has to solve is to
      satisfy the increasing demand of organoleptically interesting chemicals in
      order to better suit the specific needs of flavourists and perfumers.
PAR  The process of the present invention provides a novel and technically
      original solution to the problem set by the synthesis of unsaturated
      cycloaliphatic ketones of formula I. These compounds have been prepared in
      the past by various synthetic methods which can be resumed as follows:
PA1  a. partial hydrogenation of the corresponding acetylenic derivatives [Swiss
      patent No. 498,795];
PA1  b. direct condensation of an organo-metallic derivative of propene with a
      cyclogeranyl derivative [Swiss patent No. 503,684];
PA1  c. cyclization of a "pseudo-ketone" by means of acidic cyclization agents
      [Swiss patent No. 503,685];
PA1  d. dehydrogenation of a cyclohexenic ketone to afford the corresponding
      cyclohexadienic derivative [Swiss patent No. 505,773].
PAR  The above indicated methods have the disadvantage of
PA1  i. affording the desired compounds only in poor yield and/or
PA1  ii. using non easily accessible starting materials.
PAR  The process of the present invention does not offer the said disadvantages
      and, as a consequence, it can be conveniently exploited by the chemical
      industry.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  As mentioned above, according to the invention compounds of formula I are
      prepared by treating a diol of formula II with an acidic dehydrating
      agent. A class of suitable acidic dehydrating agents comprises mineral or
      organic protonic acids such as phosphoric acid, sulphuric acid,
      trifluoroacetic acid or p-toluenesulphonic acid or acidic diatomaceous
      earths or an acidic cation exchange resin. For practical and economic
      reasons sulphuric acid is preferred.
PAR  We have observed that in the presence of derivatives of certain metals such
      as, for instance, copper, nickel or mercury salts, the yield of the final
      product was improved. To this effect it is preferred to use mercuric
      acetate.
PAR  The temperature at which the dehydrating reaction can be carried out may
      vary within wide limits. However, it has been observed that in order to
      obtain good yields of final product a temperature comprised between about
      40.degree. and about 90.degree.C, preferably between 60.degree. and
      80.degree.C, was convenient.
PAR  The concentration of the acid used can also vary within wide limits. In
      particular it is preferred to use an acid as defined above in an aqueous
      solution. If sulphuric acid is chosen as dehydrating agent, a
      concentration comprised between about 20 and 50 %, preferably 30 % (parts
      by weight), in water is conveniently used.
PAR  The diols of formula II used as starting materials in the process of the
      present invention can be prepared according to a known method [cf. e.g.:
      Pharm. Bull., 4, 85-88 (1956), as reported in Chem. Abstr., 51, 5007d
      (1956)] which method comprises treating a cycloaliphatic ketone of formula
      III with the organo-metallic compound obtained by the reaction between an
      acetylenic alcohol, namely but-1-yn-3-ol, and a halogenomagnesium
      derivative under the conditions normally used for carrying out a Grignard
      reaction.
PAR  The following reaction scheme shows the aforementioned mode of preparation:
      ##SPC6##
PAR  According to a modification of the method described above the
      organo-metallic compound is a lithium derivative obtained by the reaction
      between but-1-yn-3-ol and a strong lithium base such as n-butyl-lithium,
      methyl-lithium or phenyl-lithium.
PAR  The diols of formula II can equally be prepared by the reaction of
      but-1-yn-3-ol with ketones III in the presence of a strong base such as an
      alkali metal alkoxide, e.g. sodium or potassium methoxide, ethoxide or
      tert-butoxide. Potassium tert-butoxide is preferred.
PAR  The diols of formula II obtained according to the method described above
      occur in a mixture of diastereoisomers The said isomers can be separated
      by means of the usual techniques such as preparative vapour phase
      chromatography, fractional distillation or fractional crystallization.
      However, for practical reasons the mixture resulting directly from the
      preparation according to the process described above is used for the next
      reaction step.
PAR  By the process of the invention, in addition to the compounds of formula I,
      there are obtained compounds of formula
      ##SPC7##
PAL  wherein R.sup.1 and R.sup.2 have the meaning indicated for formula I. The
      said compounds occur in the form of two diastereoisomers of formula
      ##SPC8##
PAR  These isomers can be separated by means of the separation techniques
      usually employed to this end, e.g. by fractional distillation or
      preparative vapour phase chromatography. Compounds of formula IV can be
      separated from the other constituents of the reaction mixture by using the
      same techniques, the said constituents being, however, mainly represented
      by compounds I.
PAR  Among the compounds whose preparation was made possible by the application
      of the process of the present invention there is
      2-methyl-1-[but-2-enoyl]-cyclohex-1-ene which is a new compound and
      possesses interesting organoleptic properties.
PAR  Equally new are certain diol intermediates of formula II, namely
      2-methyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohexane and
      2,6,6-trimethyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohex-2-ene.
PAR  According to another process of the present invention the alcohols of
      formula V are prepared by subjecting an ether of formula VI to a
      rearrangement by the action of a strong base and subsequently of a protic
      solvent.
PAR  A suitable strong base is represented by an organo-metallic compound which
      is dissolved or which is in suspension in an inert organic solvent.
      Typically, there is used an alkyl-lithium such as n-butyl-lithium,
      hexyl-lithium or isopropyl-lithium, in an ethereal solvent such as ethyl
      ether, monoglyme, diglyme, dioxan or tetrahydrofuran, or a hydrocarbon
      such as cyclohexane, hexane, benzene or toluene.
PAR  Suitable protic solvents include an alcohol such as methanol, isopropanol
      or ethanol, or water.
PAR  The reaction between the ether of formula VI and the strong base can be
      carried out at a temperature comprised between about -90 and about
      +50.degree.C. However, it has been found that the best yields of final
      product are obtained if temperatures comprised between about -80 and
      -50.degree.C, preferably of -75.degree.C, are used.
PAR  n-Butyl-lithium in ether or tetrahydrofuran is preferably used as the
      strong base. The preferred protic solvent is water.
PAR  Moreover, ether VI is advantageously treated with n-butyl-lithium in the
      presence of a catalyst, which catalyst is destined to increase the rate of
      the rearrangement. A class of suitable catalysts includes those substances
      which are known to increase the efficacy of alkyl-lithium reagents, such
      as tetramethylethylene-diamine [cf. e.g. J. Org. Chem., 29, 2928 (1964)]
      or potassium tert-butoxide [cf. e.g. J. Organometallic Chem., 8, 9
      (1967)].
PAR  The alcohols of formula V, some of which are new, possess interesting
      organoleptic properties and represent useful intermediates for organic
      synthesis and are particularly interesting in the field of perfumes and
      flavours. Indeed, by subjecting them to an oxidation according to the
      usual techniques they lead to the ketones corresponding to formula
      ##SPC9##
PAL  wherein the dotted lines and the symbols R.sup.3, R.sup.4 and n have the
      meaning indicated above, which ketones possess interesting organoleptic
      properties and can, therefore, be advantageously used as perfuming and/or
      flavouring ingredients [cf. Swiss patent No. 513,094].
PAR  A partial hydrogenation of the acetylenic ketones VIIa may yield the
      corresponding ethylenic ketone derivatives, VIIb [cf. Swiss patent No.
      498,795]. In view of the presence of the ethylenic double bond in the side
      chain compounds VIIb can possess an isomeric cis- or trans-configuration.
PAR  According to the usual procedure the partial hydrogenation can be carried
      out in the presence of a catalyst of the so-called "Lindlar" type
      [deactivated Pd/C catalyst, see Helv. Chim. Acta, 35, 446 (1952)].
PAR  By the above described method there are obtained compounds VIIb in the form
      of a mixture comprising the cis- and trans-isomers in a ratio by weight of
      about 4 : 1. The said isomers can be purified by the usual techniques of
      separation such as preparative vapour phase chromatography or fractional
      distillation.
PAR  The partial reduction of the acetylenic triple bond of compounds V by means
      of reagents such as mixed lithium and aluminium hydride, however, leads
      almost exclusively to the formation of compounds having a
      trans-configuration.
PAR  Thus, e.g., if
      2-methylene-6,6-dimethyl-1-[1-hydroxy-but-2-ynyl]-cyclohexane is reduced
      by means of LiAlH.sub.4,
      trans-2-methylene-6,6-dimethyl-1-[1-hydroxy-but-2-enyl]-cyclohexane is
      obtained.
PAR  The ethers of formula VI, used as starting materials in the process of the
      invention described above, can be obtained by treating alcohols having the
      formula
      ##SPC10##
PAL  wherein R.sup.3 and R.sup.4 have the same meaning as that indicated for
      formula V, with a base such as n-butyl-lithium, hexyl-lithium or
      isopropyl-lithium, by etherifying the resulting product by means of a
      but-2-enyl or but-2-ynyl halide.
PAR  According to a modification of the synthetic method indicated above, an
      alcohol having the formula
EQU  CH.sub.3 --CH.sub.n .tbd.CH.sub.n --CH.sub.2 OH            IX.
PAL  containing a double or triple bond in the position indicated by the dotted
      lines and wherein n stands for zero or 1, is treated with a basic lithium
      reagent of the type mentioned above, and the resulting product is then
      etherified by means of a halide having the formula
      ##SPC11##
PAL  wherein X represents a halogen such as chlorine or bromine.
PAR  Among the compounds whose preparation was made possible by the application
      of the processes of the present invention there are the compounds of
      formula
      ##SPC12##
PA1  a. containing an exocyclic double bond in position 2 of the ring and a
      triple bond in position 2', and wherein Y represents an oxygen atom or an
      --OH group and a hydrogen atom, each of the substituents R represents a
      lower alkyl radical containing from 1 to 6 carbon atoms and n stands for
      zero; or
PA1  b. containing a double bond in position 1 of the ring and a double bond in
      position 2', and wherein Y represents an oxygen atom, each of the
      substituents R represents a hydrogen atom and n stands for 1.
PAR  Specific examples of the compounds of formula XI include
      2-methylene-6,6-dimethyl-1-[1-hydroxy-but-2-ynyl]-cyclohexane,
      2-methylene-6,6-dimethyl-1-[but-2-ynoyl]-cyclohexane and
      2-methyl-1-[but-2-enoyl]-cyclohex-1-ene which are new compounds and
      possess interesting organoleptic properties.
PAR  We have surprisingly found that the above mentioned cycloaliphatic
      derivatives possess distinct olfactive and flavouring characters and may
      develop a variety of notes such as the fruity, spicy, leathery notes. They
      improve the lifting character of the compositions to which they are added
      and confer freshness to the resulting overall effect achieved by said
      compositions.
PAR  The above mentioned compounds can therefore be used as perfuming and
      odour-modifying agents in the manufacture of perfumes and perfumed
      products, and as flavouring and taste-modifying agents for the preparation
      of artificial flavour compositions and for the aromatization of
      foodstuffs, animal feeds, beverages, pharmaceutical preparations and
      tobacco products.
PAR  In some cases, they impart to the products, in which they are incorporated,
      a taste of red berries and can be used for improving the taste and the
      artificial flavour of strawberry, cranberry, cherry, red-currants or
      analogous compositions. They may equally develop a fruity taste
      reminiscent of peach, apricot or even melon. In particular,
      2-methyl-1-[but-2-enoyl]-cyclohex-1-ene confers to the fruit base
      compositions to which it is added a character of dried fruit which may be
      especially desired by the foodstuff industry in general and by the
      confectionary in particular.
PAR  The proportions in which the new compounds can be used in order to produce
      an interesting odoriferous effect vary within wide limits. In the
      preparation of perfume compositions, for example, interesting effects can
      be obtained by the presence of the new compounds in ratios of about 100
      ppm to 5 % of the total of the composition. Depending on the desired
      odoriferous effects the ratios of these new compounds can be increased to
      about 10 % and even more.
PAR  If the new compounds are used as flavouring agents or as additives destined
      to modify the organoleptic properties of foodstuffs for men and animals,
      beverages, pharmaceutical preparations and tobacco, their ratios can also
      vary within wide limits.
PAR  Interesting flavouring effects can e.g. be obtained by the use of 0.1 to 10
      ppm of the new compounds, based on the product to be flavoured. However,
      these ratios can be increased beyond 10 ppm and reach 100 ppm if it is
      desired to obtain special flavouring effects. In the preparation of
      flavouring compositions by admixture of the new compounds with other
      flavouring agents the said compounds can be used in ratios of about 0.1 to
      15 % of the total of the composition. In many cases the average of the
      ratios used lies between 1 and 10 % of the total weight of the
      composition. It is to be understood that the limits of the proportions
      given above do not represent absolute limits; in certain cases where
      special effects are desired the new compounds can be used in higher or
      lower concentrations than those mentioned above.
PAR  The expression "foodstuff" is used in this specification in its broadest
      sense. It also comprises products such as coffee, tea and chocolate.
DETD
PAR  The invention is illustrated in a more detailed manner by the following
      examples, wherein the temperatures are indicated in degrees centigrade.
PAC  EXAMPLE 1
PAC  2-Methyl-1-[but-2-enoyl]-cyclohex-1-ene
PAR  20 g of 50 % aqueous sulphuric acid (parts by weight) were added to 20.2 g
      (0.11 mole) of 2-methyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohexane and
      the thus obtained mixture was stirred for 45 minutes at 50.degree.. After
      having added water to the said mixture, it was extracted three times with
      pentane, and the combined organic extracts were washed, dried (MgSO.sub.4)
      and concentrated. The resulting residue gave, by fractional distillation,
      a product of b.p. 118.degree.-120.degree./12 Torr; 10.9 g (60 %). By
      purification by means of vapour phase chromatography there was obtained
      2-methyl-1-[but-2-enoyl]-cyclohex-1-ene.
PA0  Ir : 2920, 2850, 1710, 1660, 1435, 1370, 1280, 1250, 970 cm.sup.-.sup.1
PA0  Nmr : 1.6 (m); 1.84 (q, J.sub.1 =1 cps, J.sub.2 =6.5 cps); 2.0 (m); 5.83
      (m); 6.09 (m); 6.30-6.80 (m) .delta. ppm
PA0  Ms : 164, 149, 135, 121, 107, 95, 93, 91, 79, 77, 69, 67, 55, 44, 41.
PAL  2-methyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohexane used as starting
      material in the hereinabove preparation can be obtained as follows:
PAR  A mixture of 20.0 g of methylcyclohexanone (0.20 mole) and 19.3 g of
      but-1-yn-3-ol (0.28 mole) was added dropwise within 45 minutes to a
      suspension maintained at +5.degree. of 20.0 g of potassium tert-butoxide
      (0.18 mole) in 100 ml of anhydrous ether, and the resulting reaction
      mixture was maintained at room temperature overnight. After the addition
      of water, the ethereal phase was separated and the aqueous phase was twice
      extracted with pentane. The combined organic extracts were washed with
      water, dried (MgSO.sub.4), and the volatile portions were evaporated to
      yield a residue which, by distillation, gave 25.5 g (70 %) of the desired
      diol; b.p. 90.degree.-94.degree./0.02 Torr.
PA0  Nmr : 1.04 (m); 1.2--2.0 (m); 4.2-4.8 (m) .delta.ppm
PA0  Ms : 182, 164, 149, 135, 125, 121, 112, 111, 108, 107, 97, 95, 93, 91, 81,
      80, 79, 77, 69, 68, 67, 66, 55, 53, 45, 44, 43.
PAC  example 2
PAC  2,6,6-trimethyl-1-[but-2-enoyl]-cyclohex-1-ene
PAR  A mixture of 6.6 g of 30 % aqueous sulphuric acid (parts by weight) and 6.6
      g of 2,6,6-trimethyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohexane (32
      millimoles) was stirred for 24 hours at 70.degree.. After the addition of
      water, the reaction mixture was extracted 3 times with ether and the
      combined organic extracts were washed with water and sodium bicarbonate,
      dried and concentrated. The resulting residue was distilled to yield 5.4 g
      of a product of b.p. 114.degree.-117.degree./12 Torr (yield: 90 %). The
      distillate by preparative vapour phase chromatography yielded two
      products. The first one was the desired product whose analytical data were
      identical with those of a pure sample [cf. French patent No. 1,591,031].
      The second one was a mixture of diastereoisomers of theaspirene.
PA0  Ir : 2840-2990, 1470, 1450, 1380, 1370, 1350, 1115, 1080, 1060, 1000, 980,
      910, 870, 860, 810, 750, 710 cm.sup..sup.-1
PA0  Nmr : 0.96 (d); 1.23 (d); 1.16 (m); 1.70-2.20 (m); 4.83 (q, broad band);
      5.1-5.9 (m) .delta. ppm
PA0  Ms : 192, 136, 121, 93, 77, 53, 43, 41, 39.
PAL  2,6,6-trimethyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohexane used as
      starting material in the above described preparation can be synthesized as
      follows:
PA1  a. 110 ml of a solution of 30 % H.sub.2 O.sub.2 followed by 28 ml of a 6N
      aqueous solution of NaOH were added dropwise, while stirring and within 45
      minutes and 15 minutes, respectively, to a cooled solution
      (0.degree.-5.degree.) of 40 g of .beta.-cyclocitral (0.26 mole) in 300 ml
      of methanol which had been acidified beforehand with 40 drops of
      concentrated sulphuric acid. The reaction mixture was then kept at room
      temperature for 3 days, while stirring. After having added water thereto,
      the said mixture was extracted three times with ether and the combined
      organic extracts were subjected to the usual treatments of washing
      (water), drying (MgSO.sub.4) and concentration. There were obtained 21.5 g
      of trimethyl-cyclohexanone by fractional distillation; b.p.
      66.degree.-69.degree./12 Torr (66 %).
PA1  b. 130 ml of a 1.65 N solution of n-butyl-lithium in hexane (0.21 mole)
      were added dropwise within 20 minutes to a solution, kept at -75.degree.,
      of 7.5 g of but-1-yn-3-ol (0.1 mole) in 50 ml of tetrahydrofuran. The
      reaction mixture was then kept at room temperature for 30 minutes, then
      again cooled to -75.degree.. At this temperature there were rapidly added
      10 g of trimethyl-cyclohexanone (70 millimoles) dissolved in 25 ml of
      tetrahydrofuran. Stirring was continued for 30 minutes at -75.degree.,
      then overnight at room temperature. After having added water thereto, the
      said mixture was extracted three times with ether and pentane and the
      combined extracts were subjected to the usual treatments of washing with
      water, drying over MgSO.sub.4 and concentration. The desired product of
      b.p. 152.degree.-154.degree./12 Torr was obtained by fractional
      distillation. 10.0 g (66 %).
PA0  Nmr : 0.80-1.20 (m); 1.30-2.0 (m); 4.50 (q, broad band) .delta.ppm
PA0  Ms : 210, 177, 167, 152, 151, 149, 135, 123, 121, 109, 107, 95, 93, 91, 87,
      84, 82, 81, 79, 77, 75, 69, 67, 57, 56, 55, 53, 45, 44, 43, 41, 39.
PAC  example 3
PAC  2,6,6-trimethyl-1-[but-2-enoyl]-cyclohexa-1,3-diene
PAR  A mixture of 0.200 g of
      2,6,6-trimethyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohex-2-ene, 0.2 ml
      of 5 % aqueous sulphuric acid (parts by weight) and 0.050 g of mercuric
      acetate was heated at 50.degree. during 22 h. After cooling, the reaction
      mixture was poured onto 5 ml of water and then extracted several times
      with ether. The combined organic extracts were subjected to the usual
      treatments of washing (water), drying (MgSO.sub.4) and concentration to
      afford a residue which by distillation yielded 0.160 g of a product of
      b.p. ca. 80.degree./0.01 Torr containing more than 50 % of the desired
      ketone.
PAR  A pure sample was prepared by purifying it by means of vapour phase
      chromatography. The analytical data of this pure compound were identical
      with those of a sample separately prepared according to Helv. Chim. Acta,
      53, 541 (1970).
PAR  2,6,6-Trimethyl-1-hydroxy-1-[3-hydroxy-but-1-ynyl]-cyclohex-2-ene used as
      starting material in the hereinabove described process can be synthesized
      as follows:
PAR  133 ml of a 1.75N solution of n-butyl-lithium in hexane (0.233 mole) were
      added dropwise to a stirred solution of 7.5 g of but-1-yn-3-ol (0.107
      mole) in 50 ml of tetrahydrofuran at -75.degree.. The reaction mixture was
      then kept at room temperature for 30 minutes, then again cooled to
      -75.degree.. At this temperature there were rapidly added to a solution of
      9.85 g of 2,6,6-trimethyl-cyclohex-2-enone [which may be prepared in
      accordance with the method described in J. Am. Chem. Soc., 77, 5991
      (1955)] in 25 ml of tetrahydrofuran (0.071 mole). Stirring was continued
      for 30 minutes at -75.degree., then overnight at room temperature. After
      concentration of the mixture, water was added thereto, and the said
      mixture was extracted with n-pentane. The combined extracts were then
      subjected to the usual treatments of washing with water, drying over
      MgSO.sub.4 and concentration to yield a residue which by fractional
      distillation afforded 12.0 g of the desired diol; b.p.
      102.degree.-105.degree./0.01 Torr; yield 81 %; m.p.
      85.degree.-105.degree..
PA0  Ir : 3330, 2910, 1660, 1430, 1360, 1235, 1070, 980 cm.sup..sup.-1
PA0  Nmr : 1.02 (6h, broad s); 1.42 (3H, d badly resolved); 1.85 (3H, s);
      1.2-2.2 (4H, m); 4.54 (1H, m); 5.42 (1H, m) .delta. ppm
PA0  Ms : m/e: 120 (69); 119 (97); 117 (100); 83 (23); 82 (25); 47 (23).
PAR  By carrying out the above process in the absence of mercuric acetate,
      2,6,6-trimethyl-1-[but-2-enoyl]-cyclohexa-1,3-diene is obtained at a lower
      yield.
PAC  EXAMPLE 4
PAC  2-Methylene-6,6dimethyl-1-[1-hydroxy-but-2-enyl]-cyclohexane
PAR  A mixture of 0.97 g of 3,3-dimethyl-1-cyclohex-1-enyl-methyl-crotyl ether
      in 10 ml of diethyl ether and 1.75 ml of tetramethylethylene-diamine was
      stirred under nitrogen atmosphere. The temperature was brought to
      -80.degree. and 9.4 ml of a 1.6N solution of butyl-lithium in hexane were
      added dropwise within 40 minutes. The mixture was kept at 31 25.degree.
      for 3 hours and then cooled to -80.degree., whereupon 10 ml of water were
      added dropwise, and the whole was stirred until the temperature reached
      about 20.degree.. The organic layer was separated and the aqueous layer
      was extracted with two portions of 25 ml each of pentane. The organic
      extracts were washed three times with 100 ml of water and then dried over
      anhydrous K.sub.2 CO.sub.3. The volatile portions were evaporated on the
      water-bath through a spiral-shaped column of 20 cm length and the obtained
      residue was distilled under reduced pressure.
PAR  By subjecting the crude reaction product to vapour phase chromatography
      (col. 2.3 m, 15 % CARBOWAX, 135.degree.) or (col. 5 m, 15 % CARBOWAX,
      140.degree.) there were isolated 30 % of
      2-methylene-6,6-dimethyl-1-[1-hydroxy-but-2-enyl]-cyclohexane (A) having
      the following constants:
PA0  Ir : 3460, 2860-3080, 1670, 1640, 1450, 1380, 1160, 1120, 960, 890, 870,
      800, 740, 680 cm.sup..sup.-1
PA0  Nmr (ccl.sub.4) : 0.88, 1.01, (s); 1.45, 1.66, 2.11, 4.20 4.45, 4.79, 5.46
      (m) .delta. ppm
PA0  Ms : m/e: 194, 139, 124, 109, 95, 81, 71, 55, 41, 27.
PAR  From the reaction product there were also isolated 17 % of
      6,6-dimethyl-2-[1-hydroxy-2-methyl-but-3-enyl]-cyclohex-1-ene (B), isomer
      (1), having the following constants:
PA0  Ir : 3440, 2840-3080, 1640, 1450, 1360, 1280, 1200, 1130, 970-1040, 910,
      870, 780 cm.sup..sup.-1
PA0  Nmr (ccl.sub.4) : 0.97 (s); 1.20-2.10 (m); 2.29 (m); 3.51 (d broad);
      4.70-6.10 (m) .delta. ppm
PA0  Ms : m/e: 176, 139, 121, 109, 95, 81, 69, 55, 43, 29; and 42 % of
      6,6-dimethyl-2-[1-hydroxy-2-methyl-but-3enyl]-cyclohex-1-ene (B), isomer
      (2), having the following constants:
PA0  Ir : 3400, 3080, 2820-3000, 1640, 1450, 1360, 1275, 1200, 1130, 970-1040,
      940, 910, 870, 770 cm.sup..sup.-1
PA0  Nmr (ccl.sub.4) : 0.95 (broad s); 1.25-1.60 (m); 3.0 (broad s); 3.60 (broad
      d); 4.63-6.20 (m) .delta. ppm
PA0  Ms : m/e: 176, 139, 121, 109, 95, 81, 69, 55, 43, 29.
PAR  The 3,3-dimethyl-1-cyclohex-1-enyl-methyl-crotyl ether used as starting
      material in the above described preparation was obtained according to the
      following procedure:
PAR  A solution of 7 g of 6,6-dimethyl-2-hydroxymethylcyclohex-1-ene [which can
      be prepared according to Helv. Chim. Acta, 34, 728 (1951), or J. Am. Chem.
      Soc., 69, 1361 (1947)] in 30 ml of ether was cooled to -80.degree.. To
      this solution there were added dropwise within 10 minutes 31 ml of a 1.6N
      n-butyl-lithium solution in hexane. Stirring was continued for 5 minutes
      at -80.degree. then the mixture was allowed to stand for 20 minutes at
      room temperature. It was concentrated under reduced pressure, and to the
      obtained viscous residue there were added 25 ml of dimethyl sulphoxide and
      7.5 ml (10 g) of crotyl bromide. The mixture was vigorously stirred for 3
      hours and then periodically cooled in an ice-bath so as to keep its
      temperature in the vicinity of room temperature. The whole was then poured
      into water, extracted with pentane and the pentane extracts were treated
      as usual by washing and drying them. The pentane was removed at
      atmospheric pressure by means of a spiral-shaped column of 20 cm length,
      and then the residue was fractionally distilled on a Vigreux column. 7.6 g
      (78 %) of the desired ether, b.p. 107.degree.-112.degree./12 Torr, were
      recovered, purity about 93 % according to the analysis by vapour phase
      chromatography (col. 2.3 m, 15 % CARBOWAX, 150.degree.).
PA0  Nmr (ccl.sub.4) : 0.96 (s); 1.20-2.10, 3.70 (m); 5.27 (broad s); 5.48
      (broad t) .delta. ppm
PAR  The rearrangement of 3,3-dimethyl-1-cyclohex-1-enyl-methyl-crotyl ether
      described in the present example was repeated under various conditions by
      following, however, the described general method. The Table shown below
      sums up these conditions and the results obtained. In the said Table the
      following conventional signs have been used.
TBL  __________________________________________________________________________
     E(g)   = amount of crotyl ether used                                      
                                 ME (ml)  = organometallic reagent in          
     S (ml) = solvent used                 solution in hexane or pentane       
     Et     = sulphuric ether    tp (h)   = reaction time                      
     THF    = tetrahydrofuran    t (.degree.centigrade)                        
                                          = reaction temperature               
     MON    = dimethoxyethane    n        = normality                          
     C (ml), (g)                                                               
            = catalyst           nB       = normal butyl-lithium               
     TMEDA  = tetramethylethylenediamine                                       
                                 sB       = secondary butyl-lithium            
     __________________________________________________________________________
     Reaction conditions                       Yields of products              
     __________________________________________________________________________
                                               %                               
     EXPERIMENT                                                                
              E   S    C         ME      tp/t  A    B (1)                      
                                                         B (2)                 
     __________________________________________________________________________
     1       0.97                                                              
                 Et (10)                                                       
                       TMEDA (1.7)                                             
                                20 sB; 0.73 n                                  
                                         2.75/-25                              
                                               25   18   36                    
     2       0.097                                                             
                 THF (1)                                                       
                       --       0.95 nB; 1.6 n                                 
                                         7/-25 32   25   25                    
     3       0.097                                                             
                 MON (1)                                                       
                       --       0.95 nB; 1.6 n                                 
                                         5/-25 13.5 --   53                    
     4       0.097                                                             
                 Et (1)                                                        
                       --       2 sB; 0.73 n                                   
                                         8/-25 9    20   34                    
     5       0.097                                                             
                 THF (1)                                                       
                       --       2 sB; 0.73 n                                   
                                         4.5/-25                               
                                               20   25   27                    
     6       0.097                                                             
                 MON (1)                                                       
                       --       2 sB; 0.73 n                                   
                                         6.5/-25                               
                                               13.5 14.5 17                    
     7       0.097                                                             
                 Et (1)                                                        
                       --       0.95 nB; 1.6 n                                 
                                         6.5/-25                               
                                               2    1    1                     
     8       0.3 THF (4)                                                       
                       t.BuOK (0.39)                                           
                                2 nB; 1.6 n                                    
                                         3/-22 31   12   14.5                  
     9       0.3 Et (4)                                                        
                       t.BuOK (0.39)                                           
                                2 nB; 1.6 n                                    
                                         3/-22 28   20   15                    
     __________________________________________________________________________
PAC  EXAMPLE 5
PAC  2-Methylene-6,6-dimethyl-1-[1-hydroxy-but-2-ynyl]-cyclohexane
PAR  A mixture of 7.68 g of 3,3-dimethyl-1-cyclohex-1-enyl-methyl-but-2-ynyl
      ether (40 millimoles), 40 ml of anhydrous ether and 4 ml of
      tetramethylethylene-diamine was stirred under a nitrogen atmosphere. The
      temperature was brought to - 75.degree. and to the mixture there were
      added dropwise 40 ml of a 1.7N solution of n-butyl-lithium in hexane (68
      millimoles). The mixture was maintained at -75.degree. for 2 hours and
      then at -30.degree.  for 2 hours, and 10 ml of water were added dropwise.
      The whole was further stirred until the temperature reached about
      20.degree.. The organic layer was separated and the aqueous phase was
      extracted with two portions of 50 ml each of pentane. The combined organic
      extracts were washed with water and then dried over MgSO.sub.4, and
      finally the volatile portions were removed through a spiral-shaped column
      under reduced pressure. The resulting residue was purified by fractional
      distillation; b.p. 50.degree.-52.degree./0.03 Torr;  4.85 g (63 %). The
      analysis by means of vapour phase chromatography (1.25 m; 15 % CARBOWAX,
      125.degree.) showed that the distillate consisted of a mixture 3:5 of the
      two diastereoisomers of the desired product of formula
      ##SPC13##
PA0  Isomer 1:
PA0  Ir : 3400, 2920, 2860, 1710, 1660, 1630, 1440, 1380, 1360, 1020, 1000, 900
      cm.sup..sup.-1
PA0  Nmr : 0.92 (s); 1.00 (s); 1.78 (d, J=2 cps); 4.5 (m); 4.82 (m); 4.98 (m)
      .delta. ppm
PA0  Ms : 192, 149, 124, 123, 122, 121, 109, 107, 95, 93, 91, 81, 79, 77, 69,
      67, 55, 44, 43, 41, 39.
PA0  isomer 2:
PA0  Ir : similar to that of isomer 1
PA0  Nmr : 0.95 (s); 108 (s); 180 (d, J=2cps); 4.48 (m); 4.67 (m); 4.82 (m)
      .delta. ppm
PA0  Ms : similar to that of isomer 1.
PAR  The 3,3-dimethyl-1-cyclohex-1-enyl-methyl-but-2-ynyl ether used as starting
      product in the above described preparation, can be obtained in accordance
      with the following procedure:
PAR  a. A solution of 1.4 g of 6,6-dimethyl-2-hydroxymethyl-cyclohex-1-ene
      [which can be prepared according to Helv. Chim. Acta, 34, 728 (1951) or J.
      Am. Chem. Soc., 69, 1361 (1947)] (10 millimoles) in 5 ml of pentane was
      cooled to -20.degree.. To this solution there were added, while vigorously
      stirring, 2.71 g (10 millimoles) of phosphorus tribromide. The reaction
      mixture was further stirred until it reached room temperature, and then
      for an additional 30 minutes. The organic phase was then separated, washed
      with water, with an aqueous solution of sodium bicarbonate, again with
      water, and dried over anhydrous magnesium sulphate. After evaporation of
      the volatile portions there was obtained a residue which is directly used
      for the next reaction step.
PA0  Nmr : 0.95 (s); 3.76 (s); 5.45 (s, broad band) .delta. ppm
PAR  b. A solution of 2.76 g of but-2-ynol (34 millimoles) in 20 ml of ether was
      cooled to -80.degree.. 20.5 ml (35 millimoles) of a 1.65N solution of
      n-butyl-lithium in hexane have been added dropwise to the above solution.
      The reaction mixture was kept, while stirring, for 5 minutes at
      -80.degree. and then for 20 minutes at room temperature. The volatile
      portions were evaporated under reduced pressure, and the resulting white
      solid residue was dissolved in 15 ml of dimethyl-sulphoxide. To the thus
      obtained solution there were added 7 g (34 millimoles) of
      6,6-dimethyl-cyclohex-2-enyl-methyl bromide [prepared according to the
      method indicated in the above paragraph a)]. The whole was allowed to
      stand for 2 hours at room temperature, while stirring. The organic phase
      was separated and the aqueous layer was extracted with pentane. The
      combined pentane extracts were washed with water, dried over MgSO.sub.4
      and concentrated by means of a spiral-shaped column. The residue was then
      distilled by means of a Vigreux column. There were thus obtained 5.3 g of
      3,3-dimethyl-cyclohex-1-enyl-methyl-but-2-ynyl ether (81 %); b.p.
      116.degree.-117.degree./12 Torr. An analytical sample was obtained by
      purification by means of vapour phase chromatography (2.3 m, 15 %
      CARBOWAX, 140.degree.).
PA0  Nmr : 0.95 (s); 1.69 (t, J=2 cps); 3.91 (s); 4.07 (q, J=2 cps); 5.50 (s,
      broad band) .delta. ppm.
PAC  EXAMPLE 6
PAC  2-Methylene-6,6-dimethyl-1-[but-2-ynoyl]-cyclohexane
PAR  4.85 g of 2-methylene-6,6-dimethyl-1-[1-hydroxy-but-2-ynyl]-cyclohexane
      [which can be prepared according to the method described in example 5] (25
      millimoles) in 30 ml of a mixture of ether-hexane 1:1 were added dropwise,
      while stirring, within 30 minutes to an ice-cooled solution of 24 g of
      chromic acid (0.25N) in 24 ml of water and 15 ml of a mixture of
      ether-hexane 1:1. The whole was allowed to stand for 24 hours at room
      temperature, while stirring vigorously, and then diluted with water. The
      reaction mixture was extracted with pentane, and the organic extracts,
      after the usual treatments of washing, drying and concentration, gave a
      residue which, by fractional distillation under reduced pressure, yielded
      3.46 g (72 %) of the desired ketone; b.p. 66.degree.-70.degree./0.03 Torr.
      An analytical sample was purified by means of vapour phase chromatography
      (1.25 m, 15 % CARBOWAX, 130.degree.).
PA0  Ir : 3080, 2915, 2860, 2810, 1655, 1435, 1380, 1360, 1320, 1230, 1160, 900,
      870, 835 cm.sup..sup.-1
PA0  Nmr : 0.90 (s); 0.98 (s); 1.98 (s); 3.10 (s); 4.75 (s, broad band); 4.85
      (s, broad band) .delta. ppm
PA0  Ms : 190, 175, 162, 147, 134, 133, 123, 122, 120, 119, 109, 108, 107, 105,
      92, 91, 81, 79, 77, 69, 67, 55, 53, 43, 41, 39.
PAR  the obtained product can be subjected to a partial hydrogenation according
      to known methods in the presence of a catalyst of the so-called "Lindlar"
      type. There was thus obtained a mixture 4:1 of cis- and
      trans-2-methylene-6,6-dimethyl-1-[but-2-enoyl]-cyclohexane, respectively.
PAC  EXAMPLE 7
PAR  A base perfume composition of the "Chypre" type was prepared by admixing
      the following ingredients (parts by weight):
     Nonenal at 1 % *          10                                              
     Undecenal at 10 % *       20                                              
     Bergamot                  100                                             
     Oak moss absolute at 50 % *                                               
                               50                                              
     Patchouli oil             30                                              
     Vetyver Bourbon oil       20                                              
     Artificial jasmin oil     100                                             
     Hexylcinnamic aldehyde    50                                              
     Methyl 2-pentyl-3-oxo-cyclo-                                              
     pentyl acetate at 10 % *  10                                              
     Citronellol               50                                              
     Artificial rose oil       100                                             
     Neroli bigarade oil       10                                              
     .alpha.-Isomethylionone   100                                             
     Muscene at 10 % *         50                                              
     Cyclopentadecanolide at 10 % *                                            
                               100                                             
     Galbanum at 10 % *        10                                              
     Artificial lily-of-the-valley                                             
     oil                       100                                             
     Coriander oil             10                                              
     Vetyveryl acetate         20                                              
     Citronellyle acetate      30                                              
     Diethylphthalate          30                                              
                               1000                                            
      * in diethylphthalate                                                    
PAR  By adding to 97 g of the above base composition 3 g of
      2-methylene-6,6-dimethyl-1-[but-2-ynoyl]-cyclohexane there was obtained a
      composition possessing by comparison with the base composition a better
      lifting as well as a natural style of spicy, heady tone. Moreover, the
      obtained composition possessed a pleasant herbal character reminiscent of
      laurel or myrtle. Analogous results, although less powerful, were achieved
      by adding to the base composition in the same proportions,
      2-methylene-6,6-dimethyl-1-[1-hydroxy-but-1-ynyl]-cyclohexane.
PAC  EXAMPLE 8
PAR  A base perfume composition for after-shave lotion has been prepared by
      admixing the following ingredients (parts by weight):
TBL  Menthol                   10                                              
     Eugenol                   50                                              
     Coumarine                 20                                              
     Muscone at 10 % *         20                                              
     Phenyl ethyl alcohol      120                                             
     Lavender oil              210                                             
     Pimento oil               40                                              
     Cinnamon oil              5                                               
     Synth. bergamot           270                                             
     Cyclopentadecanone at 10 % *                                              
                               30                                              
     Methyl 2-pentyl-3-oxo-cyclo-                                              
     pentyl acetate            20                                              
     Absolute oak moss         15                                              
     Benzyle salicylate        20                                              
     Isobutylsalicylate        30                                              
     Geranium Bourbon oil      70                                              
     Musk ketone               20                                              
     Ethyl alcohol             50                                              
                               1000                                            
      * in 95 % ethyl alcohol                                                  
PAR  By adding to 95 g of the hereinabove given base composition 5 g of
      2-methyl-1-[but-2-enoyl]-cyclohex-1-ene there is obtained by comparison
      with the base composition a perfume composition possessing a pleasant and
      fresh leathery note.
PAC  EXAMPLE 9
PAC  Preparation of a flavouring composition of the "Tutti-Frutti" type
PAR  A flavouring composition of the "Tutti-Frutti"  type was prepared by
      admixing the following ingredients (parts by weight):
TBL         Vanillin        20                                                 
            Allyl caproate  10                                                 
            Citral          20                                                 
            Amyl butyrate   35                                                 
            Orange oil      45                                                 
            Ethyl butyrate  75                                                 
            Ethyl acetate   185                                                
            Amyl acetate    185                                                
            Lemon oil       400                                                
            Total           975                                                
PAR  25 g of 2-methyl-1-[but-2-enoyl]-cyclohex-1-ene were added to 975 g of the
      above mixture called "test " composition. A "check" composition was
      prepared by the addition of 25 g of lemon oil to 975 g of the above
      mixture.
PAR  The "test" and "check" compositions were added to the foodstuffs described
      below in the indicated proportions (100 kg of product to be flavoured):
     Cake         20 g                                                         
     Custard      5 - 10 g                                                     
     Candy        15 - 20 g                                                    
PAL  Candy: 100 ml of sugar syrup (obtained by dissolving one kilogram of
      sucrose in 600 ml of water) and 20 g of glucose were mixed and slowly
      heated to 145.degree. . The flavour was added to the mass and the mixture
      was allowed to cool and harden. Custard: A mixture of 60 g of sucrose and
      3 g of pectin were added, while stirring, to 500 ml of warm milk. The
      mixture was brought to the boiling point for a few seconds and the flavour
      was added, whereupon the whole was cooled. Cake: The following ingredients
      were mixed: 100 g of vegetable margarine, 1.5 g of NaCl, 100 g of sucrose,
      2 eggs and 100 g of flour. The flavour was added to the above mass and the
      whole was heated to 180.degree. for 40 minutes.
PAR  The samples of finished foodstuff were tasted by a group of experts who had
      to state their opinion as to the taste of the samples which had been
      submitted to them. All the members of the group declared that the test
      samples had a more marked fruity note than that of the check samples and
      that they moreover possessed a character which was reminiscent of red
      berries. Moreover, the test samples possessed a character reminiscent of
      dried fruit.
PAR  When 2-methylene-6,6-dimethyl-1-[but-2-ynoyl]-cyclohexane was added instead
      to the base composition, the effects achieved on the flavoured foodstuffs
      were analogous; the flavouring character was, however, more fruity,
      reminiscent of peach or apricot.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the preparation of compounds of the formula
      ##SPC14##
PAL  containing an isolated double bond in position 1 or two conjugated double
      bonds in position 1 and 3, the double bonds being represented by the
      dotted lines, and wherein the substituents R.sup.1 and R.sup.2  may be the
      same or different and each represents a hydrogen atom or a lower alkyl
      radical containing from 1 to 6 carbon atoms, which comprises treating a
      diol having the formula
      ##SPC15##
PAL  comprising a saturated or mono-unsaturated six membered ring, the double
      bond being indicated by the dotted line and wherein R.sup.1 and R.sup.2
      have the meaning indicated above, with phosphoric acid, sulphuric acid,
      trifluoroacetic acid, p-toluene sulphonic acid, acid diatomaceous earths
      or an acidic cation exchange resin.
NUM  2.
PAR  2. Process according to claim 1 in which the diol is treated with diluted
      sulphuric acid.
NUM  3.
PAR  3. Process according to claim 1 wherein the reaction between the diol and
      the acid is carried out in the presence of a salt of copper nickel or
      mercury.
NUM  4.
PAR  4. Process according to claim 1 where the reaction is carried out at a
      temperature of between about 40.degree. and 90.degree.C.
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ABST
PAL  A process of producing ketone condensation products which comprises
      condensing at a temperature of from 60.degree. to 300.degree.C. a ketone
      having 3-19 carbon atoms in the presence of, as a catalyst, at least one
      metal phosphate selected from titanium phosphate, zirconium phosphate,
      hafnium phosphate, and tin phosphate; dimeric condensation or trimeric
      condensation can be achieved depending upon the reaction conditions.
PARN
PAR  This application is a continuation of Ser. No. 780,622 filed Dec. 3, 1968
      now abandoned.
BSUM
PAR  This invention relates to a method of condensing ketones using as catalyst
      the phosphates of the metals of group IV of the periodic system of
      elements.
PAR  More particularly, the invention relates to a method of condensing ketones
      which uses as catalyst at least one of the metal phosphates selected from
      the group consisting of zirconium phosphate, titanium phosphate, hafnium
      phosphate and tin phosphate.
PAR  The condensation method of the present invention can be applied widely to
      the ketones which are condensable.
PAR  The term "ketones" is a generic term of those organic compounds having the
      atomic group indicated by the formula
      ##EQU1##
      i.e. the carbonyl group. According to the present invention, it is
      possible (a) to effect the condensation reaction between ketone molecules
      in which at least one hydrogen atom is attached to either one or both of
      the two carbon atoms that are attached to the foregoing carbonyl
      (hereinafter referred to as the carbon atoms of the alpha position) and
      (b) to effect the condensation reaction between a ketone molecule in which
      two or more hydrogen atoms are attached to either one or both of the
      foregoing carbon atoms of the alpha position and a ketone molecule having
      no hydrogen atom whatsoever attached to these carbon atoms of the alpha
      position. Further, not only dimeric condensation but also condensation of
      trimeric or more is possible depending upon the class of ketones and the
      reaction conditions.
PAR  As a result of these condensation reactions of ketones it becomes possible
      by, say, the dimeric condensation reaction of acetone to produce mesityl
      oxide, the starting material in the production of methylisobutylketone
      which excels as a solvent.
PAR  A method of condensing the carbonyl compounds which uses as catalyst
      synthetic zeolite has been proposed heretofore. However, this method had
      various shortcomings such as the inadequacy of the yield of the
      condensation reaction, the greatness of the decline in activity of the
      catalyst and the difficulty of preparing the catalyst.
PAR  It is therefore an object of the present invention to provide a method by
      which the of dimers, trimers or higher condensation products of ketones
      can be obtained selectively and in good yield and economically
      advantageously. A further object is to provide a method whereby mesityl
      oxide can be obtained by the dimeric condensation of acetone. An
      additional object is to provide a new catalyst for use in condensing
      ketones. Still another object is to provide a method of preparing the new
      catalyst which demonstrates especially high activity in the condensation
      of ketones. Other objects and features of the present invention will
      become self-evident from the description which follows.
PAR  The catalyst to be used in the present invention is at least one of the
      metal phosphates selected from the group consisting of zirconium
      phosphate, titanium phosphate, hafnium phosphate and tin phosphate, which
      may be used as such or after being supported on an inert carrier such as
      diatomaceous earth, alumina, silica and clay. Further, the catalyst, as
      such, or supported on a carrier can be used in any of the forms of either
      powder or granular form.
PAR  The catalyst of the present invention is obtained by reacting phosphoric
      acid with one or more water-soluble salts of zirconium, titanium, hafnium
      or tin and isolating the precipitate which forms. The reaction of this
      invention is a reaction between the foregoing metals and the phosphate ion
      (PO.sub.4.sup..sup.-3) in an aqueous medium, and hence the foregoing
      phosphoric acid need not be phosphoric acid itself but can be any salt of
      phosphoric acid, which can provide the phosphate ion
      (PO.sub.4.sup..sup.-3). Particularly to be preferred are an acidic
      phosphate and phosphoric acid. In the present invention, these
      precipitates are referred to as, respectively, zirconium phosphate,
      titanium phosphate, hafnium phosphate and tin phosphate in correspondence
      to the metal component contained in the aforesaid water-soluble salt. The
      method of preparing these metal phosphates which make up the catalyst of
      the present invention is imposed no particular restriction, and any of the
      different methods which have been hitherto reported as being methods of
      manufacturing the inorganic ion-exchangers can be used without change. As
      an example, that according to J. Inorg. and Nucl. Chem. 6 220 (1958) is
      carried out in the following manner. 540 Milliliters of a solution of
      H.sub.3 PO.sub.4 (54.2 grams/liter) are rapidly added with stirring to 556
      ml of a ZrO(NO.sub.3).sub.2 /1N-HNO.sub.3 solution (107 grams
      ZrO(NO.sub.3)2.2H.sub.2 O per liter), followed by stirring for 10 -  15
      minutes. The resulting gel-like precipitate is washed by adding a large
      quantity of distilled water followed by decantation. This washing
      operation is repeated several times until the pH of the filtrate become up
      to 3 to thereby eliminate the nitrate ion and excess of the acid. This is
      followed by collecting the product by vacuum filtration and drying of the
      product at about 30.degree.C. to obtain zirconium phosphate.
PAR  The zirconium phosphate obtained as described above can be used as catalyst
      in the present invention, but it is to be understood that the method of
      preparing the catalyst is not restricted to that described. In a
      precipitate finely divided form obtained by the reaction of phosphoric
      acid with any water-soluble salt of at least one of the metals selected
      from the group consisting of zirconium, titanium, hafnium and tin can be
      used in the present invention as the catalyst.
PAR  However, (A) that obtained, when reacting the aforesaid water-soluble salt
      and the phosphoric acid, by using a mole ratio of the phosphate ions
      (PO.sub.4.sup..sup.-3) to the foregoing metals (hereinafter indicated by
      Me), i.e., a mole ratio PO.sub.4.sup..sup.-3 /Me, of a range 0.6-1.7 to
      1.0, and thereafter isolating the so obtained precipitate is desirably
      used as a catalyst. If in this case the foregoing precipitate is dried
      without heating, a catalyst having a particularly great specific surface
      area is obtained to become a catalyst having superior activity.
PAR  On the other hand, (B) a catalyst obtained by reacting the phosphate ions
      (PO.sub.4.sup..sup.-3 ) with a water-soluble salt of at least one of the
      metals selected from the group consisting of zirconium, titanium, hafnium
      and tin, in an aqueous solution of pH of at least 3, and preferably not
      greater than 12, followed by drying the so formed gel-like precipitate
      also has an especially great specific surface area and is an excellent
      catalyst. While there is no especial restriction in this case as to the
      mole ratio of the phosphate ions (PO.sub.4.sup..sup.-3 ) to the metal in
      the reaction system for preparing the catalyst and it is possible to use
      either one of the components greatly in excess, a convenient range from
      standpoint of economy is usually a range in which one of the components
      does not exceed threefold molar quantity of the other, because there is no
      particular technical advantage in using one of the components in excess of
      threefold molar quantity of the other.
PAR  As regards the method of adjusting the pH of the reaction system to between
      3 and 12 in the catalyst preparation reacton of (B), above, preferred are
      the following methods:
PA1  i. The method of adding a strong alkali to the reaction system, such as
      caustic alkalis, caustic alkaline earth metals and alkali carbonates; and
PA1  ii. The method of adding ammonia to the reaction system.
PAR  In the former case, i.e. the case of (i), the precipitate obtained by the
      catalyst preparation reaction has a tendency generally of being partly
      substituted by the foregoing strong alkalis. Hence, an acid treatment of
      the precipitate obtained must be carried out after the reaction to effect
      the substitution of hydrogen ions for the aforesaid strong alkali. On the
      other hand, in the latter case, i.e. the case of (ii), the phosphoric acid
      component is still maintained as an acidic phosphate even though the pH is
      raised to as high as about 12 and a part of the precipitate resulting from
      the reaction is partly substituted by ammonium ions. Hence, when the
      precipitate, after isolation from the reaction solution, is heated and
      dried at 300.degree.-600.degree.C., the ammonia is readily decomposed and
      eliminated to yield an excellent catalyst.
PAR  Thus, the phosphates of the foregoing metals, i.e. the catalyst of the
      present invention which has a great surface area (100-300 m.sup.2 /gr. or
      more), can be obtained by the above-described catalyst preparation methods
      of the present invention.
PAR  The catalyst of the present invention, i.e. zirconium phosphate, titanium
      phosphate, hafnium phosphate or tin phosphate, prepared as hereinbefore
      described, is formed with differing structures depending upon the mole
      ratio of the phosphate ion (PO.sub.4.sup..sup.-3 ) to the metal (Me), and
      it is further believed that the structure also varies depending upon such
      as the temperature at which the precipitate obtained by the aforesaid
      reaction is heated. However, those of any structure prepared by the
      hereinbefore described methods can be used as catalyst in the present
      invention.
PAR  Further, while the foregoing metal phosphates are all effective as
      catalysts in the present invention, there is some difference in catalytic
      activity depending upon the class of metal making up the catalyst, those
      of zirconium and titanium demonstrating the highest activity, next
      preferred being that of hafnium.
PAR  The catalyst used in this invention is featured first in that its activity
      is great even at relatively low temperatures. Particularly, the catalyst
      which has been prepared in accordance with the previously described
      methods can effect the condensation of the starting ketones at a
      conversion rate above 30 % even at temperatures of
      70.degree.-150.degree.C. Secondly, the catalyst of the present invention
      possesses high activity. Hence, at particularly elevated temperatures of
      above 200.degree.C. trimers of ketones can be obtained in good yield. For
      example, when acetone is used as the ketone, it is possible to obtain
      mesitylene at a selectivity exceeding 60 % by a suitable choice of the
      conditions. Thirdly, it is possible to produce the dimeric and trimeric
      condensation products at an optional ratio by controlling the reaction
      temperature.
PAR  No particular restrictions are imposed on the mode of the condensation
      reaction of ketones in the present invention. Hence, the vapor phase
      catalytic reaction in which the vapor of ketones is passed over the
      catalyst and the liquid phase catalytic reaction in which the ketones in
      liquid state are contacted with the catalyst can both be employed. Again,
      it is also possible to contact the ketones along with an inert diluent, if
      desired.
PAR  The condensation reaction of this invention is usually carried out in the
      temperature range of 60.degree.-300.degree.C. Even in this temperature
      range, there is a tendency to an increase in amounts of the trimeric
      condensation products and the overall amount converted, with the
      temperature getting higher.
PAR  There is no particular restriction as to the pressure during the reaction
      of the present invention, but similarly as in the case of the usual
      condensation reactions an improvement in the overall conversion rate is
      noted as the pressure becomes higher. However, in order to carry out the
      invention reaction in the liquid phase, the reaction must be carried out
      at a pressure which is higher than the vapor pressure, at the temperature
      at which the reaction is being carried out, of the ketone which is
      participating in the reaction. When the condensation reaction of the
      ketones is carried out in the liquid phase, the yield of the dimeric
      condensation products can be especially enhanced. On the other hand, when
      the condensation reaction of the ketones is to be carried out in the vapor
      phase, there is also no particular restriction as to the reaction
      pressure, but commercially a pressure of the order of normal atmospheric
      to 100 atmospheres is usually employed. Needless to say, a pressure
      exceeding 100 atmospheres can also be employed.
PAR  Therefore, when it is contemplated to cause the previously described
      dimerization of ketones to proceed mainly, it is preferred that the
      reaction be carried out at a temperature generally of
      60.degree.-160.degree.C., and particularly 80.degree.-130.degree.C.
      Further, it is particularly preferred that the dimerization be carried out
      in the presence of the aforesaid catalyst while maintaining the ketone in
      the liquid phase.
PAR  On the other hand, when it is contemplated to obtain principally the
      trimeric condensation products of ketones by the invention method, the
      condensation reaction is preferably carried out at above 160.degree.C.,
      and particularly 200.degree.-300.degree.C. Further, it is an advantage to
      carry out this reaction at a temperature and pressure at which the ketones
      are maintained in their vapor phase.
PAR  The reaction apparatus to be used in the present invention is not
      particularly restricted, and the conventional reaction apparatus can be
      used without change. That is to say, either the batch or continuous type
      can be employed, and as to the continuous type either the fixed catalyst
      bed or fluidized catalyst bed type can be used. When it is especially
      desired to obtain the dimeric condensation products of ketones, the liquid
      phase continuous reaction type of apparatus is preferred. In this case, it
      is convenient since the durability of the catalyst activity is enhanced.
PAR  Thus, the invention method makes it possible to carry out
PA1  a. the condensation reaction between ketone molecules in which at least one
      hydrogen atom is attached to either one or both of the carbon atoms of the
      alpha position that are attached to a carbonyl group; and
PA1  b. the condensation reaction between a ketone molecule in which at least
      two hydrogen atoms are attached to either one or both of the foregoing
      carbon atoms of alpha position and a ketone molecule having no hydrogen
      atom whatsoever attached to these carbon atoms of the alpha position.
PAR  As the ketones belonging to (a), above, any having the following structure
      will do:
      ##EQU2##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4 and R.sub.5, which are the same
      or different, are each hydrogen, alkyl, cycloalkyl, aryl, aralkyl, alkaryl
      or alkenyl; and conveniently used are ketones whose total of carbon atoms
      is 3-19. As described below, in additon to the ketones embraced by the
      above formula, acetophenone can be advantageously employed in accordance
      with the method of the present invention. According to the present
      invention, these ketones of the same or different class i.e., structural
      formula can be used to carry out the dimeric, trimeric or more polymeric
      condensation reaction. As in apparent from above the preferred ketones
      which can be condensed by the process of the present invention are those
      having a total of 3-19 carbon atoms having the formula
      ##EQU3##
      wherein R.sub.1 is either alkyl, cycloalkyl, aryl, aralkyl, alkaryl or
      alkenyl and R.sub.2 and R.sub.3, which may be the same or different are
      each hydrogen alkyl, cycloalkyl, aryl aralkyl, alkaryl or alkenyl.
PAR  In the case of (b) above, the condensation reaction is carried out between
      a ketone belonging to (a) above in which at least either R.sub.4 or
      R.sub.5 is a hydrogen atom and a ketone which possesses no hydrogen atom
      at all in the alpha position, e.g. diphenylketone or di-tertiary
      butylketone. However, according to the present invention, the condensation
      reaction of those ketones belonging to (a) above, can be carried out
      especially conveniently.
PAR  Further, in order to obtain the ketone condensation products in good yield
      in this invention, it is preferred that a single class of ketone be
      condensed, i.e. the ketone is reacted with itself. When a mixture of
      different ketones is condensed, the formation of products of diverse
      structural formulas take place to make their separation complicated.
PAR  Ketones which are desirably condensed by the invention method include such,
      for example, as acetone, methyl ethyl ketone, diethylketone,
      methylpropylketone, methylisobutylketone, ethylhexylketone, dinonylketone,
      acetophenone, methylcyclohexylketone, isopropyl tert.butylketone and
      isopropylphenylketone.
PAR  According to this invention, the ketones such as indicated above can by a
      suitable choice of the reaction conditions be converted either to
      principally dimeric condensation products or to principally trimeric
      condensation products or to higher polymeric condensation products.
      Furthermore, the present invention makes it possible to carry out these
      condensation reaction of ketones at a very high rate of conversion and
      selectivity, as well as with ease as regards to operation of the reaction.
PAR  Thus, it is possible in accordance with the present invention to condense,
      say, acetone at a high rate of conversion and high selectivity to obtain
      its dimeric condensation product, mesityl oxide
      ##EQU4##
      Next, by using as catalyst, say, metallic palladium or an inert carrier
      supporting the same and carrying out the catalytic hydrogenation,
      methylisobutylketone can be produced at a high rate of conversion.
PAR  The following examples are given for illustrating the invention more
      specifically, it being understood however that these examples are not
      intended to limit the present invention. Examples 1-8 illustrate different
      methods of preparing the catalysts which are usable in the present
      invention, whereas Example 9 et seq. illustrate instances of reactions in
      which the condensation of ketones has been carried out using the foregoing
      catalysts. The confirmation of the reaction products in Example 9 et seq.
      was conducted by means of chromatographic analysis.
DETD
PAC  EXAMPLE 1
PAR  One hundred and twenty grams of zirconium oxychloride (ZrOCl.sub.2.8H.sub.2
      O) were dissolved in 2 liters of distilled water. Separately, 55.6 grams
      of 85 vol % phosphoric acid (sp. gr. 1.70) were diluted with 1.9 liters of
      distilled water. The two solutions were then added dropwise to a reaction
      vessel held at a temperature of 40.degree.C., at a constant rate over a
      period of about 3.4 hours using a constant amount delivery pump to carry
      out the reaction. In this case, the mole ratio PO.sub.4 /Zr was 1.3 and
      the pH was below 1.0. After allowing the resulting gel-like white
      precipitate to stand 24 hours, the operation of adding 2 liters of water
      and filtering was repeated 5 times. When the pH became 3.4, separation by
      filtration was carried out, after which drying of the product was carried
      out for 24 hours at a temperature of 110.degree.C. to obtain about 100
      grams of a zirconium phosphate catalyst having a specific surface area of
      325 m.sup.2 /gm. The measurement value for the foregoing specific surface
      area was obtained by the gas chromatographic method [The method proposed
      in F. M. Nelsen and F. T. Eggertsen, "Analytical Chemistry", vol. 30, No.
      8, p. 1387 (1958). (The measurement of the specific surface areas in the
      subsequent examples was also made by this method.)].
PAC  EXAMPLE 2
PAR  Five hundred grams of TiCl.sub.4 were dissolved in 2 liters of 1N-NCl.
      Separately, 395 grams of 85 vol % phosphoric acid were diluted with 1.9
      liters of distilled water. This was followed by reacting the two solutions
      as in Example 1 and washing the precipitate 7 times with distilled water.
      The mole ratio PO.sub.4 /Ti at the time of the preparation of the catalyst
      in this case was 1.3, and the pH was below 1.0. Further, the specific
      surface area of the resulting catalyst obtained was about 350 m.sup.2 /gm.
      On the other hand, the catalyst obtained by changing the mole ratio
      PO.sub.4 /Ti to 2.0 (amount used of phosphoric acid 607 grams) and the pH
      to below 1.0 had a specific surface area of about 10 m.sup.2 /gm.
PAC  EXAMPLE 3
PAR  Two hundred and ten grams of stannous chloride (SnCl.sub.4.5H.sub.2 O) were
      dissolved in 600 ml of distilled water. Separately, 187 grams of NaH.sub.2
      PO.sub.4.2H.sub.2 O were dissolved in 1.2 liters of 1.2N-NaOH solution.
      The former was rapidly added to the latter with stirring, following which
      the resulting precipitate was filtered, washed with distilled water until
      the pH became 3.2 and thereafter dried at a temperature of 110.degree.C.
      for 24 hours to obtain a tin phosphate catalyst. In this case the mole
      ratio PO.sub.4 /Sn at the time of the catalyst preparation was about 2 and
      the pH was 2.0.
PAC  EXAMPLE 4
PAR  Twenty-four grams of 85 vol % H.sub.3 PO.sub.4 and 12 grams of NaOH were
      dissolved in 500 ml of water. Separately, 41 grams of HfOC.sub.2.8H.sub.2
      O were dissolved in 500 ml of distilled water. While stirring the former
      at room temperature, the latter was mixed therewith and reacted. The pH of
      the mixed solution was 5.0 and the mole ratio PO.sub.4 /Hf was about 2.
      The precipitate was treated as in Example 1 and a hafnium phosphate
      catalyst having a specific surface area of 152 m.sup.2 /gm was obtained.
PAC  EXAMPLE 5
PAR  One hundred and twenty grams of ZrOCl.sub.2.8H.sub.2 O were dissolved in 3
      liters of 1N-HCl, to which was then added with stirring a solution in 2.7
      liters of distilled water of 55.6 grams of 85 vol % H.sub.3 PO.sub.4 to
      carry out the reaction. In this case, the mole ratio PO.sub.4 /Zr at the
      time of the preparation of the catalyst was 1.3 and the pH was below 1.0.
      The resulting white gel-like precipitate was treated as in Example 1 to
      obtain about 100 grams of a zirconium phosphate catalyst whose specific
      surface area was 325 m.sup.2 /gm.
PAC  EXAMPLE 6
PAR  Sodium hydroxide (11.6 grams) were added to 500 ml of distilled water, to
      which were then added 24 grams of 85 vol % phosphoric acid and further a
      solution in 500 ml of distilled water of 32.2 grams of zirconium
      oxychloride, the addition being made with vigorous stirring. The pH at the
      time of catalyst preparation was 3.8 and the mole ratio PO.sub.4 /Zr was
      2.0. The resulting gel-like precipitate, after being allowed to stand for
      24 hours, was separated by filtration, water-washed and dried at
      110.degree.C. The resulting phosphate was treated with 1N-HCl to convert
      it to an H type zirconium phosphate, after which it was calcined at
      300.degree.C. for one hour in a nitrogen stream to obtain a catalyst
      having a specific surface area of 306 m.sup.2 /gm.
PAC  EXAMPLE 7
PAR  Nineteen grams of TiCl.sub.4 were dissolved in 500 ml of 1N-HCl.
      Separately, 24 grams of 85 vol % phosphoric acid were diluted with 500 ml
      of distilled water. After which the two solutions were mixed at room
      temperature with stirring. The formation of precipitate began with the
      mixing of the two solutions. Next, the pH of the solution was adjusted to
      5.0 by gradually adding concentrated ammonia water, followed by allowing
      the solution to stand for 24 hours. The precipitate was then separated by
      filtration, water-washed and dried at 300.degree.C. for one hour. The so
      obtained titanium phosphate had a specific surface area of 169 m.sup.2
      /gm. The mole ratio PO.sub.4 /Ti at the time of catalyst preparation was
      2.0 in this case.
PAC  EXAMPLE 8
PAR  A solution in 5 liter of distilled water of 120 grams of
      ZrOCl.sub.2.8H.sub.2 O was added with thorough stirring to a solution in 5
      liter of distilled water of 74 grams of 85 vol % phosphoric acid and 90 ml
      of of 28 % ammonia water (sp. gr. 0.9). The resulting white precipitate
      (the pH of the supernatant liquid 4.8) was separated by filtration and
      washed until the chlorine ions disappeared. The so obtained gel was dried
      at 80.degree.C. for 14 hours, followed by comminuting to particle size of
      16-48 mesh, calcining at 400.degree.C. for 3 hours under a nitrogen
      atmosphere and complete elimination of the ammonia formed by decomposition
      to obtain about 100 grams of zirconium phosphate having a specific surface
      area of 184 m.sup.2 /gm. The mole ratio PO.sub.4 /Zr at the time of
      catalyst preparation was 2.0 in this case.
PAC  EXAMPLE 9
PAR  An externally heated type 300-ml autoclave of a normal operating pressure
      of 50 kg/cm.sup.2 was charged with 120 grams of acetone and 20 grams of
      the zirconium phosphate catalyst obtained in Example 1, and the
      condensation reaction was carried out under the reaction conditions
      indicated in Table I. After completion of the reaction, the autoclave was
      allowed to cool to room temperature, then cooled in ice water, after which
      the catalyst was separated by filtration, and the filtrate was analyzed by
      gas chromatography. The results obtained are shown in Table I. When the
      reaction temperature is relatively low, it is seen that mesityl oxide
      (hereinafter abbreviated to MO in all the subsequent examples) is
      principally formed, whereas as the temperature becomes higher, the
      formation of 1,3,5-trimethyl-benzene (hereinafter abbreviated to MB)
      increases. In order to render the results of Table I more clear and
      facilitate their understanding, the conversions of MO and MB as well as
      the overall conversion relative to the reaction temperature are shown
      graphically in FIG. 1.
TBL                                    Table I                                 
     __________________________________________________________________________
     Reaction Conditions  Results                                              
                     Max.                                                      
     Experiment                                                                
           Temperature                                                         
                  Time                                                         
                     pressure                                                  
                          Conversion                                           
                                Selectivity (%)                                
     No.   (.degree.C.)                                                        
                  (hr)                                                         
                     (kg/cm.sup.2)                                             
                          (%)   MO    MB   Others                              
     __________________________________________________________________________
     1     70     1  1.3  10.2  100   --   --                                  
     2     108    1  4.1  22.3  99.3  0.1  0.6                                 
     3     120    1  4.3  28.1  95.3  1.2  3.5                                 
     4     165    1  14.3 30.0  61.2  17.8 21.0                                
     5     215    1  37.9 41.9  38.7  50.4 11.9                                
     __________________________________________________________________________
PAR  In the graph of FIG. 1, the curve a represents the overall conversion rate
      (%), whereas curve b represents the conversion (%) to mesityl oxide (MO),
      curve c, the conversion (%) to 1,3,5-trimethylbenzene (MB), and curved d,
      the conversion (%) to the other products.
PAC  EXAMPLE 10
PAR  Thirty ml of acetone and 10 grams of the zirconium phosphate catalyst
      obtained in Example 1 were placed in a round-bottomed 300-ml flask and
      refluxed for about 2 hours. After completion of the refluxing, the flask
      was cooled in ice water, and the catalyst was removed by decantation,
      after which the supernatant liquid was analyzed as in Example 9. As a
      result, the conversion of acetone was about 30 %, and the selectivity of
      MO and MB were respectively 80 % and 1 %.
PAC  EXAMPLE 11
PAR  Catalysts obtained by operating as in Example 1 but by varying the mole
      ratio PO.sub.4 /Zr variously were used and condensation reactions of
      acetone were carried out by operating as in Example 9 excepting that the
      reaction temperature was maintained at 140.degree.C. The results obtained
      are shown in Table II.
TBL                Table II                                                    
     ______________________________________                                    
               Mole ratio   Specific                                           
               PO.sub.4 /Zr at time                                            
                            surface                                            
     Experiment                                                                
               of catalyst  area       Conversion                              
     No.       preparation  (m.sup.2 /gm)                                      
                                       (%)                                     
     ______________________________________                                    
     1         1.3          340        34                                      
     2         1.5          240        28                                      
     3         2.0           15         8                                      
     4         3.0          little less                                        
                                       11                                      
                            than 15                                            
     ______________________________________                                    
PAC  EXAMPLE 12
PAR  Condensation reactions of acetone and methyl ethyl ketone (hereinafter
      abbreviated to MEK) were carried out as in Example 9 for one hour under
      the reaction conditions indicated in Table III, using the catalyst
      obtained as in Example 2. The results obtained are shown in Table III. In
      said Table III the mole ratio denotes the mole ratio PO.sub.4 /Ti at the
      time of catalyst preparation and the abbreviation MHO (equally applicable
      in the subsequent examples) denotes 3-methylheptene-5-one.
TBL                                    Table III                               
     __________________________________________________________________________
     Reaction Condition                                                        
                    Re-       Catalyst  Results                                
               Amount                                                          
                    action         Specific  Selec-                            
     Experi-   of   tempera-                                                   
                         Maximum                                               
                              Mole surface                                     
                                        Con- tivity                            
     ment Class of                                                             
               catalyst                                                        
                    ture pressure                                              
                              ratio                                            
                                   area version                                
                                             (%)                               
     No.  ketone                                                               
               (gm) (.degree.C)                                                
                         (kg/cm.sup.2)                                         
                              (P/Ti)                                           
                                   (m.sup.2 /gm)                               
                                         (%) MO MHO                            
     __________________________________________________________________________
     1    acetone                                                              
               15   130  7.5  1.3  350  24   97 --                             
     2    acetone                                                              
               15   130  7.5  2.0  10   11   98 --                             
     *3   MEK  14   145  7.1  1.8  14    7.6 -- 99.8                           
     __________________________________________________________________________
      *The product of Experiment No. 3 is a mixture of isomers in which the    
      position of double bond of MHO differs.                                  
PAC  EXAMPLE 13
PAR  The condensation reaction of acetone was carried out as in Example 9 at a
      temperature of 130.degree.C. for 1 hour, using 15 grams of the tin
      phosphate catalyst obtained in Example 3. The maximum pressure in this
      experiment was 7.6 kg/cm.sup.2. As a result, the conversion of acetone was
      7.9% and the selectivity of MO was 98.9%.
PAC  EXAMPLE 14
PAR  Eight ml of the zirconium phosphate catalyst obtained in Example 1 were
      first prepared into particle size of 30-60 mesh and packed into a
      stainless steel reaction tube 6 mm in inside diameter and 20 cm high.
      While maintaining the temperature inside the reaction tube at
      260.degree.C., acetone preheated in advance to 230.degree.C. was
      introduced into the reaction tube at a space velocity of 0.875. With a
      reaction time of 2 hours MB was obtained at an average conversion of 47 %
      and selectivity of 62 %.
PAC  EXAMPLE 15
PAR  Fifteen ml of the zirconium phosphate catalyst obtained in Example 5 was
      packed into the middle part of a stainless steel reaction tube 28 mm in
      inside diameter and 400 mm high, after comminuting to particle size of
      16-48 mesh. The results obtained by carrying out the condensation
      reactions by passing acetone through under varied conditions are shown in
      Table IV.
TBL                                    Table IV                                
     __________________________________________________________________________
                         Results                                               
     Reaction Conditions Acetone   MO Selectivity                              
                                             Average                           
     Re-            Liquid                                                     
                         Conversion (%)                                        
                                   (mol %)   space                             
          action    hourly                                                     
                         After                                                 
                              After                                            
                                   After                                       
                                        After                                  
                                             yield of                          
     Experi-                                                                   
          tempera-                                                             
               Reaction                                                        
                    space                                                      
                         passage                                               
                              passage                                          
                                   passage                                     
                                        passage                                
                                             MO                                
     ment ture pressure                                                        
                    velocity                                                   
                         of   of 50                                            
                                   of   of 50                                  
                                             (g/l                              
     No.  (.degree.C)                                                          
               (kg/cm.sup.2)                                                   
                    (hr.sup..sup.-1)                                           
                         4 hours                                               
                              hours                                            
                                   4 hours                                     
                                        hours                                  
                                              catalyst/hr)                     
     __________________________________________________________________________
     1     115 5.0  1.4  24.0 24.3 99.0 99.0 225                               
     2     115 5.0  4.0  10.8 10.5 99.1 99.2 278                               
     3     115 5.0  6.9   5.5  5.8 98.9 99.0 265                               
     4     123 6.0  1.4  27.0 26.7 98.0 97.8 247                               
     __________________________________________________________________________
PAC  EXAMPLE 16
PAR  Condensation reactions of various classes of ketones were carried out,
      using 15 ml of the several catalysts obtained in Examples 2-5 packed in
      the middle part of the reaction tube used in Example 15. In Table V are
      shown the results obtained after the passage of 4 hours.
TBL                                    Table V                                 
     __________________________________________________________________________
                         Reaction conditions                                   
                         Re-       Liquid                                      
                                        Results                                
                         action    hourly    Product                           
     Experi-         Ex- tempera-                                              
                              Reaction                                         
                                   space                                       
                                        Conver-  Selec-                        
     Ment Class of   ample                                                     
                         ture pressure                                         
                                   velocity                                    
                                        sion     tivity                        
     No.  ketone                                                               
               Class No.  (.degree.C)                                          
                              (kg/cm.sup.2)                                    
                                    (hr.sup.-.sup.1)                           
                                        (%)  Name                              
                                                 (mol %)                       
     __________________________________________________________________________
     1    acetone                                                              
               titanium                                                        
                      2   115  5.0  4.0 10.0 MO  98.0                          
               phosphate                                                       
     2    acetone                                                              
               tin    3   115  5.0  4.0 3.5  MO  98.0                          
               phosphate                                                       
     3    acetone                                                              
               hafnium                                                         
                      4   115  6.0  4.0 7.5  MO  96.5                          
               phosphate                                                       
     4    MEK  zirconium                                                       
                      5   145  6.8  2.0 16.0 MHO 99.0                          
               phosphate                                                       
     5    MEK  titanium                                                        
                      2   145  6.8  2.0 15.0 MHO 98.0                          
               phosphate                                                       
     6    MEK  tin    3   145  6.8  2.0 5.2  MHO 98.0                          
               phosphate                                                       
     7    MEK  hafnium                                                         
                      4   145  6.8  2.0 10.0 MHO 97.0                          
               phosphate                                                       
     8    DEK  zirconium                                                       
                      5   105  2.2  4.0 5.5  EMHO                              
                                                 98.0                          
               phosphate                                                       
     9    MIBK zirconium                                                       
                      5   120  2.0  2.0 6.4  TMNO                              
                                                 97.5                          
               phosphate                                                       
     10   DNK  zirconium                                                       
                      5   130  1.0  2.0 5.0  ONHO                              
                                                 87.0                          
               phosphate                                                       
     11   DNK  titanium                                                        
                      2   130  1.0  2.0 4.6  ONHO                              
                                                 86.0                          
               phosphate                                                       
     12   DNK  tin    3   130  1.0  2.0 1.8  ONHO                              
                                                 86.5                          
               phosphate                                                       
     13   DNK  hafnium                                                         
                      4   130  1.0  2.0 3.5  ONHO                              
                                                 84.0                          
               phosphate                                                       
     14   MCK  zirconium                                                       
                      5   130  1.0  2.0 5.3  DCHB                              
                                                 83.3                          
               phosphate                                                       
     15   APH  zircinium                                                       
                      5   200  1.0  1.0 4.0  DPHB                              
                                                 80.0                          
               phosphate                                                       
     16   APH  titanium                                                        
                      2   200  1.0  1.0 3.8  DPHB                              
                                                 80.0                          
               phosphate                                                       
     17   APH  tin    3   200  1.0  1.0 1.4  DPHB                              
                                                 78.9                          
               phosphate                                                       
     18   APH  hafnium                                                         
                      4   200  1.0  1.0 3.4  DPHB                              
                                                 75.3                          
               phosphate                                                       
     __________________________________________________________________________
PAL  Note: the abbreviations in Table V are those of the following compounds:
PA1  Dek -- diethylketone
PA1  Mibk -- methylisobutylketone
PA1  Dnk -- dinonylketone
PA1  Mck -- methylcyclohexylketone
PA1  Aph -- acetophenone
PA1  Emho -- 3-ethyl-4-methylheptene-5-one
PA1  Tmno -- 2,6,8-trimethyl nonenone-4
PA1  Onho -- 11-octyl-12-nonylheneicosenone-10
PA1  Dchb -- 2,4-dicyclohexylbutenone-4
PA1  Dphb -- 1,3-diphenyl-2-butene-1-one
PAC  EXAMPLE 17
PAR  Condensation reactions of acetone were carried out by packing 15 ml of the
      several catalysts obtained in Examples 6-8 into the middle part of the
      reaction tube used in Example 15. The results obtained after passage of 50
      hours are shown in Table VI. Practically no trimeric condensation products
      were noted.
TBL                                    Table VI                                
     __________________________________________________________________________
                         Results                                               
     Reaction conditions           MO selectivity                              
     Re-            Liquid                                                     
                         Conversion (%)                                        
                                   (mol %)                                     
          action    hourly                                                     
                         After                                                 
                              After                                            
                                   After                                       
                                        After                                  
     Experi-                                                                   
          tempera-                                                             
               Reaction                                                        
                    space                                                      
                         passage                                               
                              passage                                          
                                   passage                                     
                                        passage                                
     ment ture pressure                                                        
                    velocity                                                   
                         of   of 50                                            
                                   of   of 50                                  
                                             Catalyst                          
     No.   (.degree.C)                                                         
               (kg/cm.sup.2)                                                   
                     (hr.sup..sup.-1)                                          
                         2 hours                                               
                              hours                                            
                                   2 hours                                     
                                        hours                                  
                                             used                              
     __________________________________________________________________________
     1     115  5.0  4.0  --  11.0  --  99.0 Example 6                         
     2     115  5.0  4.0  --  17.5  --  98.8 Example 7                         
     *3    115  5.0  4.0 20.6 21.0 99.0 99.0 Example 8                         
     __________________________________________________________________________
      *The average space yield of the MO of Experiment No. 3 was 577 g/l       
      catalyst/hr.                                                             
PAC  EXAMPLE 18
PAR  Four ml of the zirconium phosphate catalyst obtained in Example 1 was
      packed into a Pyrex reaction tube 12 mm in inside diameter and 40 cm high,
      following which a mixture (mole ratio = 1:1) of acetone and methyl ethyl
      ketone was introduced thereinto at the rate of 1.7 ml/hr while maintaining
      the reaction temperature at 170.degree.C. The resulting reaction product
      had the composition shown in Table VII.
TBL                Table VII                                                   
     ______________________________________                                    
                           Composition                                         
     Name of substance     (mol %)                                             
     ______________________________________                                    
     acetone               19.5                                                
     methyl ethyl ketone   28.5                                                
     mesityl oxide         11.1                                                
     2-methyl-hexene-4-one 10.3                                                
     3-methyl-hexene-5-one 5.3                                                 
     3-methyl-butene-5-one 3.3                                                 
     diisobutenylketone    9.9                                                 
     2-methyl-4-ethyl-heptene-6-one                                            
                           6.7                                                 
     2,6,8-trimethylnonenone                                                   
                           2.3                                                 
     Others                3.1                                                 
     ______________________________________                                    
PAC  EXAMPLE 19
PAR  An externally heated type 300-ml autoclave was charged with 100 grams of a
      9:1 molar mixture of diphenylketone and acetone and 20 grams of the
      zirconium phosphate catalyst obtained in Example 1, after which the
      reaction was carried out at 200.degree.C. for 2 hours at a maximum
      pressure of 35 kg/cm.sup.2. As a result, the composition of the product
      obtained was as shown in Table VIII.
TBL                Table VIII                                                  
     ______________________________________                                    
     Name of substance Composition (mol %)                                     
     ______________________________________                                    
     diphenylketone    90.0                                                    
     acetone           1.0                                                     
     1,1-diphenylbutene 3-one                                                  
                       2.0                                                     
     mesityl oxide     4.0                                                     
     1,3,5-trimethyl-benzene                                                   
                       3.0                                                     
     ______________________________________                                    
CLMS
STM  We claim:
NUM  1.
PAR  1. A process of producing unsaturated ketone condensation products which
      comprises condensing at a temperature of from 60.degree. to 300.degree.C.,
      a ketone of 3-19 carbon atoms having the following formula
      ##EQU5##
      wherein R.sub.1 is either alkyl, cycloalkyl, aryl, aralkyl, alkaryl or
      alkenyl, and R.sub.2 and R.sub.3, which may be the same or different are
      each hydrogen, alkyl, cycloalkyl, aryl, aralkyl, alkaryl or alkenyl,
PAL  said process being carried out in the presence of a catalyst consisting of
      at least one metal phosphate selected from the group consisting of
      titanium phosphate, zirconium phosphate, hafnium phosphate, and tin
      phosphate.
NUM  2.
PAR  2. The method of claim 1 wherein dimeric condensation products are
      selectively formed by carrying out the condensation reaction at a
      temperature of 60.degree. to 160.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein dimeric condensation products are
      selectively produced by carrying out the condensation reaction in the
      liquid phase.
NUM  4.
PAR  4. The method of claim 1 wherein said ketone is selected from the group
      consisting of acetone, diethylketone, methyl ethyl ketone,
      methylisobutylketone, and mixtures thereof.
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PAL  Various compounds are disclosed to be useful in the flavouring of
      foodstuffs, animal feeds, beverages, pharmaceutical preparations and
      tobacco products. These compounds are equally useful perfuming
      ingredients.
PARN
PAR  This is a division of application Ser. No. 451,423 filed Mar. 15, 1974.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The compounds of the invention belong to the class of the derivatives
      listed below:
PAR  A. 6-METHYL-3-ISOPROPYL-HEPTA-4,6-DIEN-1-OL,
PAR  B. 8-HYDROXY-5-ISOPROPYL-NON-6-EN-2-ONE,
PAR  C. 5-ISOPROPYL-NON-3-ENE-2,8-DIOL,
PAR  D. 8-HYDROXY-5-ISOPROPYL-NONAN-2-ONE,
PAR  E. 5-ISOPROPYL-NONANE-2,8-DIOL,
PAR  F. 5-ISOPROPYL-NONANE-2,8-DIONE,
PAR  G. 3,4-EPOXY-5-ISOPROPYL-NONANE-2,8-DIONE,
PAR  H. 8-HYDROXY-5-ISOPROPYL-8-METHYL-NON-6-EN-2-ONE,
PAR  I. 6,7-EPOXY-8-HYDROXY-5-ISOPROPYL-8-METHYL-NONAN-2-ONE,
PAR  J. 2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1.]OCTAN-7-YL-METHYL-KETONE,
PAR  K.
      2-(2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1.]OCTAN-7-YL)-PROPAN-2-OL,
PAR  L. 6-ISOPROPYL-1,3,3-TRIMETHYL-2,9-DIOXA-BICYCLO[3.3.1.]NONAN-4-OL, AND
PAR  M. 1-(2-ISOPROPYL-5-METHYL-6,8-DIOXA-BICYCLO[3.2.1.]OCTAN-7-YL)-ETHAN-1-OL.
PAR  These compounds, which are new, may be regarded as derivatives of
      5-isopropyl-8-methyl-nona-6,8-dien-2-one, better known under the name of
      solanone.
PAR  With the exception of 5-isopropyl-nonane-2,8-dione I have discovered the
      compounds of the invention as compounds of natural origin which can be
      isolated from an essential oil. This essential oil can be obtained by
      subjecting Burley tobacco to steam distillation, acidifying the aqueous
      distillate to about pH 4, and extracting the acidified distillate with a
      volatile solvent.
PAR  However, the procedure for isolating the compounds from tobacco is
      extremely complex and completely uneconomical. The yield of essential oil
      obtained is not higher than 0.03% by weight of the total tobacco treated.
      Moreover, the compounds of the invention are very minor constituents of
      the essential oil, having been detected therein at a concentration varying
      from about 0.005 to about 0.3% by weight. In order to isolate the desired
      compounds, the essential oil is subjected to a preliminary separation by
      fractional distillation under reduced pressure, and the less volatile
      fractions (b.p. above 35.degree.C/0.001 Torr) are subjected to repeated
      fractional distillation using high resolution columns. For the final
      isolation of the desired compounds, it has been found necessary to resort
      to repeated separations by preparative gas chromatography, using
      stationary phases of contrasting polarity.
PAR  The disadvantages and difficulties inherent in the isolation of the cited
      compounds from an essential oil obtained from tobacco have been overcome
      by the realization of appropriate synthetic methods for their preparation.
      In this respect the specific procedures followed are described in the
      examples given hereinafter.
PAR  Broadly, the compounds of the invention can be used for improving,
      enhancing or modifying the flavouring properties of foodstuffs, animal
      feeds, beverages, pharmaceutical preparations and tobacco products, for
      improving, enhancing or modifying the odoriferous properties of perfumes
      and perfumed products, and for the preparation of fragrant and flavouring
      compositions.
PAR  Thus, the invention provides a flavouring or perfuming composition
      comprising one of the compounds listed above.
PAR  The invention also provides a tobacco or tobacco substitute having added
      thereto a small but flavouring effective amount of at least one of the
      compounds listed above.
PAR  In their pure state, the compounds of the invention possess original and
      characteristic flavouring and perfuming notes. They can develop or enhance
      a variety of flavour or aroma notes, particularly the woody note
      reminiscent of the typical character presented by dry leaves, with animal
      and sometimes fruity undertones.
PAR  These organoleptic characteristics make them particularly suitable for the
      aromatization of infusions or decoctions, such as those made from tea,
      camomile, lime or verbena.
PAR  A particular valuable feature of the pure compounds of the invention is
      that their tenacious organoleptic characters are stable and perfectly
      reproducible; whereas, in contradistinction, the properties of the natural
      essential oil vary with the origin of the tobacco from which it has been
      extracted, the method of extraction, and the purity of the essential oil
      recovered. Consequently, by virtue of their organoleptic properties, the
      compounds of the invention are useful as flavouring and perfuming
      ingredients over a wider field of applications than the natural essential
      oil.
PAR  The compounds of the invention are particularly useful for the flavouring
      of tobacco. The tobacco used, for example, in the manufacture of
      cigarettes comprises a mixture of different types, blended to give the
      desired characteristic flavour and aroma in the smoke produced. Thus,
      cigarettes currently manufactured usually contain mixtures of Virginia,
      Maryland and Kentucky tobacco in combination with oriental or turkish
      tobacco. The proportion of each type of tobacco in the mixture can be
      varied, in order to obtain the particular flavour and aroma desired. it is
      also common practice to employ flavouring agents and humectants as
      additives in these tobacco mixtures, further to enhance their organoleptic
      properties.
PAR  it has now been discovered that the addition of one of the compounds of the
      invention to a tobacco base (which may be natural tobacco, or a tobacco
      substitute of natural or synthetic origin) imparts thereto a dry leaf
      flavour, with woody, animal and sometimes fruity character. These
      properties are particularly developed on smoking the tobacco. it has
      however to be pointed out that the characterization of the flavour and
      aroma of tobacco smoke is rather subjective and different smokers may
      define in a different way the organoleptic characteristics of the very
      same tobacco.
PAR  The compounds of the invention can be used on their own, or in compositions
      comprising one or more flavouring or odoriferous compounds. The compounds
      and compositions of the invention may be used in a variety of form,
      depending upon their chemical nature, solubility and stability, but they
      are preferably used in solution. For the flavouring of tobacco, they are
      preferably added after ageing, curing and shredding, but before the
      tobacco is formed into cigarettes or other finished products. A convenient
      method for flavouring tobacco consists in spraying it with a solution of
      the flavouring compound or composition in alcohol, or in a mixture of
      alcohol and propylene glycol.
PAR  For the perfumery, the compounds of the invention are particularly suitable
      for developing herbacious type notes, specifically those reminiscent of
      hay. More particularly, it has been found that by the use of
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol,
      8-hydroxy-5-isopropyl-non-6-en-2-one or
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one as perfuming agents it was
      possible to develop herbacious type notes of particular interest.
PAR  The proportions in which the flavouring agents of the invention are used in
      flavouring compositions or are added to tobacco can vary widely, depending
      upon the specific organoleptic effect it is desired to achieve and the
      type of tobacco to which they are added. Interesting flavouring effects
      can be achieved with amounts ranging from 1 to 500 ppm, preferably from 10
      to 200 ppm and most preferably from 10 to 50 ppm, based on the weight of
      the product flavoured.
PAR  Comparable proportions of the compounds of the invention can be used for
      the flavouring of foodstuffs, beverages, animal feeds and pharmaceutical
      preparations.
PAR  When the compounds of the invention are used for the preparation of
      artificial flavour compositions, they may tipycally constitute up to 80%
      by weight of the composition.
PAR  Similarly, when used as perfuming ingredient, the proportion of the
      compounds of the invention in the perfume composition or perfumed product
      to which they are incorporated can vary over a wide range. Interesting
      odoriferous effects can be achieved with amounts ranging from 1 to 10% of
      the total weight of the composition.
PAR  In all cases, the ranges mentioned can be varied, in order to achieve
      specific odoriferous or flavouring effects.
DETD
PAR  The invention is better illustrated by the following examples, wherein the
      temperatures are indicated in degrees centigrade and the abbreviations
      have the meaning common in the art. It has to be appreciated however that
      the invention is not deemed to be limited by the given examples.
PAC  1. 6-Methyl-3-isopropyl-hepta-4,6-dien-1-ol
PAR  a. 17.2 g (0.2 M) of isovalerianic aldehyde were added under stirring
      during 75 min. to a mixture of 28.4 g (0.4 M) of pyrrolidine and 8 g of
      anhydrous potassium carbonate. The temperature of the reaction mixture was
      kept during the addition at 4.degree.-6.degree., whereupon it was
      increased to 20.degree. while stirring and kept at this value during 75
      min. The reaction mixture was filtered and the precipitate was washed with
      ether while the organic clear filtrate by evaporation gave a residue which
      upon distillation under reduced pressure yielded 23 g (83%) of the enamine
      of formula
      ##EQU1##
PAR  B.p. 62.degree.-4.degree./10 Torr.
PAR  b. 5.0 g (71.5 mM) of methylvinylketone in 10 ml of anhydrous ether were
      added during 45 min. to a solution kept under nitrogen of 9.0 g (65 mM) of
      the enamine prepared above in 50 ml of anhydrous ether. The reaction
      mixture was kept during 24 h at room temperature under nitrogen
      atmosphere, whereupon 1.95 ml of water and about 11.2 ml of a 6N aqueous
      solution of hydrochloric acid were added thereto in such a way as to
      adjust the pH value to about 5-6. After 1 h of supplemental stirring at
      room temperature the reaction mixture was extracted twice with ether,
      washed with a 1% aqueous solution of hydrochloric acid followed by a
      washing with a 5% aqueous solution of sodium bicarbonate, and finally with
      a NaCl saturated solution in water until neutrality. The extract finally
      obtained was rapidly distilled at mild temperature to give 6.6 g (65%) of
      5-oxo-2-isopropyl-2-hexanal;
PAR  B.p. 47.degree.-9.degree./0.001 Torr.
PAR  IR: 2730, 2900, 1715, 1360 cm.sup.-.sup.1
PAR  MS: M-18 = 138
PAR  NMR: 0.96 (6H); 2.07 (3H); 1.5-2.6 (6H); 9.55 (1H) .delta. ppm
PAR  c. 23.4 g (0.15 M) of the keto-aldehyde obtained as indicated above, 15.4 g
      (0.24 M) of ethylene-glycol and 0.15 g of p-toluenesulfonic acid in 150 ml
      of benzene were brought to the boiling for 30 min. The reaction mixture
      after the usual treatments of washing, drying and evaporation of the
      volatile components, was distilled under reduced pressure at 0.001 Torr.
      21.2 g (70%) of the ketal of formula
      ##SPC1##
PAL  were obtained. The purity of this compound was found to be of the order of
      60-70% as revealed by vpc.
PAR  B.p. 60.degree.-1.degree./0.001 Torr.
PAR  IR (film): 1120, 1360, 1710 cm.sup.-.sup.1,
PAR  MS: M.sup.+ = 200;
PAR  NMR: 0.85 (3H, d, J=2.5 cps); 0.98 (3H, d, J=2.5 cps); 1.2-1.8 (4H, m);
      2.03 (3H, s); 2.46 (2H, t, J=6.5 cps); 3.80 (4H, m); 4.65 (1H, d, J=4.5
      cps) .delta. ppm.
PAR  d. A solution of 21.2 g (0.084 M) of the ketal obtained in accordance with
      the procedure described under letter (c) and 52 g (0.256 M) of
      m-chloroperbenzoic acid at 85% in 1 lt. of chloroform was left in the dark
      at room temperature during 12 days. The reaction mixture was then
      concentrated in vacuum, whereupon ether was added thereto. After
      filtration and washing of the clear filtrate with a 5% solution of sodium
      carbonate, 18 g of the raw product were obtained. This compound was then
      dissolved in 100 ml of dioxan and 40 ml of 5% aqueous sulphuric acid. A
      solution was thus obtained which was then left 24 h at room temperature,
      whereupon sodium chloride was added and the product extracted twice with
      ether. The combined organic extracts were washed with water until
      neutrality, dried over sodium sulphate and evaporated to dryness to yield
      a residue which on fractional distillation gave 6.5 g (23.8%) of a product
      having B.p. 50.degree.-65.degree./0.001 Torr. This product contained 53.6%
      of the ester-aldehyde of formula
      ##SPC2##
PAR  e. 5.5 g of a 14% solution of n-butyl-lithium in hexane were added in a
      nitrogen atmosphere under stirring during 45 min. to a mixture containing
      4.65 g (13 mM) of methallyl-triphenylphosphonium chloride in 40 ml of
      ether. The temperature of the reaction mixture was kept between 6.degree.
      and 10.degree. during the whole addition and it was then increased to room
      temperature and kept at this value for 4 h. After cooling to -70.degree.
      1.72 g (5.3 mM) of the esteraldehyde prepared according to paragraph (d)
      hereinabove in 5 ml of ether were added to the reaction mixture by taking
      care that the temperature does not increase above -50.degree.. After
      having been left at said temperature for 3 h and at 20.degree. during one
      night, the mixture was diluted with water and then extracted with ether,
      whereupon the combined organic extracts were subjected to the usual
      treatments of washing and drying. The residue obtained on evaporation of
      the volatile components was then treated at reflux during 1 h with 50 ml
      of a 1N solution of potassium hydroxide in ethanol. By extraction with
      ether followed by the usual treatments on the ether extracts, 1.5 g of a
      product were obtained. This product by purification by means of column
      chromatography (30 g of silica gel; eluant: benzene) gave 0.58 g (65%) of
      6-methyl-3-isopropyl-hepta-4,6-dien-1-ol the purity of which was of ca.
      95%. B.p. ca. 60.degree./0.001 Torr.
PAR  d.sub.4.sup.20 = 0.8833; n.sub.D.sup.20 = 1.4805
PAR  IR: 3340, 3090, 1760, 1630, 1600, 1040, 960 and 870 cm.sup.-.sup.1,
PAR  UV: .lambda..sub.max.sup.EtOH = 230 nm (.epsilon. = 24,195)
PAR  SM: M.sup.+= 168
PAR  NMR: 0.80 (3H); 0.91 (3H); 1.80 (3H, s); 1.2-2.4 (4H); 3.47 (2H); 3.80
      (1H); 4.81 (2H); 5.33 (1H); 6.05 (1H) .delta. ppm.
PAC  2. 8-Hydroxy-5-isopropyl-non-6-en-2-one
PAR  6.51 g (17.8 mM) of the ketal of formula
      ##SPC3##
PAL  were added under vigorous stirring to a suspension kept at
      20.degree.-25.degree. of 0.455 g (12 mM) of lithiumaluminiumhydride in 30
      ml ether. After 4 h of supplemental stirring the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      reaction mixture was poured onto a concentrated solution of ammonium
      chloride. After the usual treatments 6.5 g of a product were obtained.
      This product was then treated at 20.degree. under nitrogen atmosphere with
      50 ml of a 5% aqueous solution of sulphuric acid in 50 ml of ether. The
      separated organic phase was evaporated to give 5 g of a residue which on
      purification by column chromatography (100 g of silica gel; eluant: a
      mixture of benzene and ethyl acetate, the concentration of which varies in
      between 95:5 and 3:2) yielded 3.4 g (96%) of
      8-hydroxy-5-isopropyl-non-6-en-2-one; B.p. 80.degree./0.001 Torr;
PAR  d.sub.4.sup.20 = 0.9261; n.sub.D.sup.20 = 1.4608
PAR  IR: 3450, 1710, 1360, 1050 and 975 cm.sup.-.sup.1 ;
PAR  MS: M-18 = 180;
PAR  NMR (CDCL.sub.3): 0.87 (6H); 1.26 (3H); 1.0-2.0 (5H); 2.13 (3H); 2.40 (2H);
      4.30 (1H); 5.45 (2H) .delta. ppm.
PAR  The ketal used as starting material for the preparation given above can be
      synthetized as follows:
PAR  a. 10.1 g (64.7 mM) of 5-oxo-2-isopropyl-2-hexanal (prepared according to
      paragraph (b) of the above given example) were refluxed during 4 days
      under nitrogen atmosphere with 22.2 g (69.7 mM) of the ylid obtained by
      the reaction between triphenylphosphine and chloracetone in 75 ml of
      anhydrous benzene (see: J. Org. Chem. 22, 41 (1957)).
PAR  The reaction mixture was then concentrated to dryness and the obtained
      residue taken up with about 200 ml of petrol ether (B.p.
      30.degree.-50.degree.) and the precipitate separated by filtration. On
      evaporation of the clear filtrate followed by fractional distillation of
      the obtained residue, 10.9 g of 5-isopropyl-non-3-en-2,8-diene were
      obtained; B.p. 70.degree.-84.degree./0.001 Torr. b. A mixture of
      5-isopropyl-non-3-en-2,8-dione (7.0 g; 35.7 mM), 0.040 g of
      p-toluenesulfonic acid, 2.46 g of ethylene-glycol in 40 ml of benzene was
      refluxed in a Dean & Stark type separator during 11/2 h. The reaction
      mixture was then washed with a 5% aqueous solution of sodium bicarbonate,
      then with water before being subjected to the usual treatments of
      extraction with ether, washing and drying of the organic extracts. On
      evaporation of the organic phase, 7.72 g of the desired monoketal were
      obtained. This product showed a purity of about 60-70%; B.p.
      87.degree.-90.degree./0.001 Torr.
PAR  IR: 1675, 1620, 1360 and 980 cm.sup.-.sup.1 ;
PAR  NMR (CCl.sub.4): 0.88 (6H); 1.19 (3H); 2.15 (3H); 1.0-2.2 (6H); 3.80 (4H);
      5.87 (1H); 6.46 (1H) .delta. ppm
PAC  3. 5-Isopropyl-non-3-ene-2,8-diol
PAR  2.5 g of 5-isopropyl-non-3-ene-2,8-dione, prepared in accordance with the
      method described in paragraph (a) of the previous example, in 10 ml of
      anhydrous ether were added to a mixture of 0.292 g (7.7 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was left under stirring at 20.degree. overnight, then
      it was poured onto a concentrated aqueous solution of ammonium chloride,
      extracted and treated as usual. The obtained residue was purified by
      column chromatography (50 g of silica gel; eluant: ether/petrol ether) to
      yield the desired diol (1.3 g: yield 51%); B.p. 102.degree./0.001 Torr;
      n.sub.D.sup.20 = 1.4645; d.sub.4.sup.20 = 0.9275; IR: 3350, 1120, 1060 and
      970 cm.sup.-.sup.1 ;
PAR  NMR (CCL.sub.4): 0.67 (1H, s); 0.75-1.00 (6H, m); 1.16 (6H, t apparent,
      J=7.5 cps); 1.0-2.5 (6H, m); 2.8-4.5 (3H, very broad s); 5.37 (2H, m)
      .delta. ppm.
PAC  4. 8-Hydroxy-5-isopropyl-nonan-2-one
PAR  A mixture of 1.74 g (8.7 mM) of 5-isopropyl-nonane-2,8-dione, which can be
      prepared according to the method described in example 6 hereinafter, 0.545
      g (8.7 mM) of ethylene-glycol, 0.020 of p-toluenesulfonic acid in 20 ml of
      benzene was refluxed during 11/2 h in a Dean & Stark type separator. The
      usual treatments of extraction with ether, washing, drying and evaporation
      afforded 2.2 g of a mixture mainly containing a monoketal of formula
      ##SPC4##
PAL  This mixture was then reduced by means of 0.175 g (4.6 mM) of
      lithiumaluminiumhydride in ether at 20.degree. during 20 h. After the
      usual treatments of decompositon of the excess of lithiumaluminiumhydride
      the reaction mixture was treated with 6 ml of a 5% aqueous sulphuric acid
      in 20 ml of dioxan. By extraction with ether followed by washing, drying
      and evaporation of the combined extracts there was obtained a residue (2
      g) which on purification by column chromatography (40 g of silica gel;
      eluant; a mixture of benzene and ethyl acetate 95:5) gave 0.60 g (34%) of
      8-hydroxy-5-isopropyl-nonan-2-one; B.p. 90.degree./0.001 Torr;
PAR  d.sub.4.sup.20 = 0.9368; n.sub.D.sup.20 = 1.4589
PAR  IR: 3450, 1705, 1360 cm.sup.-.sup.1
PAR  NMR (CDCl.sub.3): 0.84 (6H, d, J=6 cps); 1.19 (3H, d, J=6 cps); 0.9-1.9
      (9H, m); 2.15 (3H, s); 2.44 (2H, t, J=8 cps); 3.78 (1H, m) .delta. ppm.
PAC  5. 5-Isopropyl-nonane-2,8-diol
PAR  2.5 g (12.6 mM) of 5-isopropyl-nonane-2,8-dione, which can be prepared
      according to the process described in example 6 hereinafter, in 10 ml of
      anhydrous ether were added to a mixture of 0.570 g (50 mM) of
      lithiumaluminiumhydride in 10 ml of ether and 10 ml of tetrahydrofuran.
      The reaction mixture was kept under stirring overnight at 20.degree. and
      poured then onto a saturated aqueous solution of ammonium chloride. After
      the usual treatments of extraction, washing and drying followed by
      evaporation of the volatile portions there was obtained a residue which on
      fractional distillation gave 2.3 g (90%) of the desired diol; B.p.
      120.degree./0.001 Torr;
PAR  d.sub.4.sup.20 = 0.9388; n.sub.D.sup.20 = 1.4631
PAR  IR: 3370 and 1120 cm.sup.-.sup.1 ;
PAR  NMR (CCl.sub.4): 0.85 (6H, d, J=6 cps); 1.13 (6H, d, J=6 cps); 1.0-2.2
      (10H, m); 3.3-4.5 (4H, m) .delta. ppm
PAC  6. 5-Isopropyl-nonane-2,8-dione
PAR  1.96 g (10 mM) of 5-isopropyl-non-3-ene-2,8-dione, prepared according to
      the method described in paragraph (a) of example 2, in 20 ml of ethyl
      acetate were reduced by catalytic hydrogenation in the presence of 0.196 g
      of palladium at 10% over charcoal. After filtration and evaporation of the
      volatile portions, a residue was obtained which by fractional distillation
      gave 1.77 g (89%), of the desired dione;
PAR  B.p. 80.degree./0.001 Torr;
PAR  d.sub.4.sup.20 = 0.9292; n.sub.D.sup.20 = 1.4501
PAR  IR: 1710 and 1360 cm.sup.-.sup.1 ;
PAR  MS: M-18 = 180;
PAR  NMR (CCl.sub.4): 0.85 (6H, d, J=6 cps); 1.0-1.9 (6H, m); 2.05 (6H, s); 2.37
      (4H, t, J=7 cps) .delta. ppm.
PAC  7. 3,4-Epoxy-5-isopropyl-nonane-2,8-dione
PAR  A solution of 16.25 g (ca. 40 mM) of the keto-ketal prepared in accordance
      with the procedure described in example 2, in 125 ml of anhydrous ether
      was added during 50 min. at room temperature to a mixture of 1.14 g (30
      mM) of lithiumaluminiumhydride in 75 ml of anhydrous ether. The reaction
      mixture was then stirred during 4 h and subsequently the excess of
      lithiumaluminiumhydride was decomposed with moist ether, whereupon the
      mixture was poured into a concentrated aqueous solution of ammonium
      chloride. By the usual treatments of extraction with ether, washing,
      drying and evaporation of the organic extracts, 16 g of a product were
      obtained, the analytical data of which were the following:
PAR  IR: 3450, 1050, 965 cm.sup.-.sup.1 ;
PAR  MS: M-15 = 227;
PAR  NMR (CCl.sub.4): 0.85 (6H, m); 1.17 (3H, d, J=6 cps); 1.18 (3H, s); 1.0-2.3
      (6H, m); 3.78 (4H, s); 3.9-4.5 (2H, m); 5.2-5.5 (2H, m) .delta. ppm
PAL  The product thus obtained was dissolved in 20.4 g (100 mM) of
      m-chloroperoxybenzoic acid at 85% in 380 ml of chloroform. After having
      been left 24 h at 20.degree., the reaction mixture was evaporated to
      dryness under reduced pressure and the residue was taken up with petrol
      ether (B.p. 30.degree.-50.degree.), and the organic phase washed with a 5%
      aqueous solution of sodium carbonate followed by a concentrated aqueous
      solution of sodium chloride.
PAR  After the usual treatments, there was obtained the
      3,4-epoxy-5-isopropyl-2-hydroxy-nonan-8-one ketal (18 g). This product was
      treated with 160 g of MnO.sub.2, previously activated during 20 h at
      120.degree., in 1.4 l of benzene in nitrogen atmosphere. After 2 days of
      stirring at 20.degree., the mixture was filtered and the clear filtrate
      evaporated to dryness. There was thus obtained a residue which was then
      treated with 2% aqueous sulphuric acid in a mixture of ether and dioxan
      (1:1:1). This mixture was extracted with ether and the organic extracts
      were subjected to the usual treatments to give 11 g of
      3,4-epoxy-5-isopropyl-nonane-2,8-dione which on purification by means of
      column chromatography (silica gel; eluant: petrol ether:ether 9:1 to 1:1)
      gave the desired diketo-epoxide in its pure state.
PAR  B.p. 90.degree./0.001 Torr. d.sub.4.sup.20 = 1.0105; n.sub.D.sup.20 =
      1.4594
PAR  IR (CCl.sub.4): 1700, 1355, 1240, 1160 and 860 cm.sup.-.sup.1
PAR  MS: M-43 = 169;
PAR  NMR (CDCl.sub.3): 0.95 (6H, 2d); 1.11-2.00 (4H, m); 2.09 (3H, s); 2.18 (3H,
      s); 2.65 (2H, t, J=7.5 cps): 2.85 (1H, d of d, J=8.5 cps, J'=ca. 2 cps);
      3.19 (1H, d, J=ca. 2 cps) .delta. ppm
PAC  8. 8-Hydroxy-5-isopropyl-8-methyl-non-6-ene-2-one
PAR  7.2 g (18 mM) of the monoketal prepared in accordance with the procedure
      described in example 2, in 20 ml of ether were added to a mixture of 1.09
      (45 mM) of magnesium turnings, 60 ml of anhydrous ether and an excess of
      methyl bromide according to the usual technique applied for the Grignard
      type reactions. The reaction mixture was then refluxed for 1 h and left at
      room temperature overnight, whereupon it was poured into an icy 5% aqueous
      solution of sulphuric acid. After having been left at room temperature for
      21/2 h more, the organic phase was separated and subjected to the usual
      treatments of washing with a 5% aqueous solution of sodium carbonate
      followed by a further washing with water. After drying and evaporation, 7
      g of a raw material were obtained which by purification by means of column
      chromatography gave 3.06 g (44%) of the desired product.
PAR  B.p. 85.degree./0.001 Torr; d.sub.4.sup.20 = 1.4600
PAR  IR: 3450, 1700, 1360, 1150 and 970 cm.sup.-.sup.1 ;
PAR  MS: M-18 = 194;
PAR  NMR (CCl.sub.4): 0.85 (6H, 2d); 1.22 (6H, s); 2.03 (3H, s); 1.1-2.0 (4H,
      m); 2.1-2.5 (3H, m); 5.23-5.50 (2H, m) .delta. ppm.
PAC  9. 6,7-Epoxy-8-hydroxy-5-isopropyl-8-methyl-nonan-2-one.
PAR  2.96 g of 8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one (13.9 mM) were
      treated with 3.4 g (16.7 mM) of m-chloroperoxybenzoic acid at 85% in 90 ml
      of chloroform. The reaction mixture was kept during 72 h at 20.degree.
      whereupon it was concentrated at low temperature and the obtained residue
      taken up with petrol ether. After filtration, the clear filtrate was
      subjected to the usual treatments to give 3 g of the desired raw
      epoxy-ketone. By purifying this compound by means of column
      chromatography, 2.51 g of a pure compound were obtained.
PAR  B.p. 100.degree./0.001 Torr; d.sub.4.sup.20 = 0.9905; n.sub.D.sup.20 =
      1.4572
PAR  IR: 3400, 1360, 1705, 1165, 960 and 900 cm.sup.-.sup.1 ;
PAR  MS: M-59 = 169;
PAR  NMR (CDCl.sub.3): 0.96 (3H, d, J=6 cps); 1.23 (3H, s); 1.27 (3H, s); 2.13
      (3H, s); 1.15-2.10 (5H, m); 2.3-3.0 (4H, m) .delta. ppm.
PAC  10. 2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]Octan-7-yl-methyl-ketone
PAR  0.50 g (2.38 mM) of 3,4-epoxy-5-isopropyl-nonane-2,8-dione prepared
      according to the process described in example 7, in 10 ml of benzene were
      refluxed in the presence of 0.020 g of p-toluenesulfonic acid during 4 h.
      After a supplemental addition of 0.020 g of p-toluenesulfonic acid the
      reaction mixture was refluxed for 3 h more. By extraction with ether
      followed by the usual treatments of the separated organic extracts, 0.315
      g (63%) of the desired ketal were obtained. B.p. 80.degree./0.001 Torr;
      n.sub.D.sup.20 = 1.4608; d.sub.4.sup.20 = 1.0324
PAR  IR (CCl.sub.4): 1700 and 1375 cm.sup.-.sup.1 ;
PAR  MS: M-43 = 169;
PAR  NMR (CDCl.sub.3): 1.00 (6H, m); 1.58 (3H, s); 1.0-2.0 (6H, m); 2.25 (3H,
      s); 4.24 (1H, s); 4.55 (1H, m) .delta. ppm.
PAR  The product is under the form of a mixture of its two stereoisomers of
      formula
      ##SPC5##
PAC  11. 2-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      (A) and 6-isopropyl-1,3,3-trimethyl-2,9-dioxa-bicyclo[3.3.1]nonan-4-ol (B)
PAR  2.1 g (9.2 mM) of the epoxy-ketol prepared according to the procedure
      described in example 9, in 45 ml of benzene were refluxed with 0.045 g of
      p-toluenesulfonic acid during 2 h according to the conditions used in the
      course of the preparation described in example 10 hereinabove. 2.2 g of a
      raw material were thus obtained which on purification by column
      chromatography (silica gel; eluant: petrol ether: ether 4:1) gave 1.2 g of
      a mixture of 2 hydroxy-ketals. These latter can be separated by vpc
      (CARBOWAX .sup.R 5%; 200.degree.; 2.5 m).
      ##SPC6##
PAR  IR (CCl.sub.4): 3500, 1030 cm.sup.-.sup.1 ;
PAR  MS: M-59 = 169;
PAR  NMR (CDCl.sub.3): 1.00 (6H, d, J=6 cps); 1.22 (3H, s); 1.38  (3H, s); 1.46
      (3H, s); 2.13 (1H, s); 1.1-2.3 (6H, m); 3.78 (1H, d, J=4 cps); 4.28 (1H,
      d, J=ca. 4 cps) .delta. ppm
      ##SPC7##
PAR  IR: 3500 and 1025 cm.sup.-.sup.1 ;
PAR  MS: M-43 = 185;
PAR  NMR (CDCl.sub.3): 0.98 (6H, t apparent, J=5.5 cps); 1.27 (3H, s); 1.33 (3H,
      s); 1.46 (3H, s); 1.1-1.8 (6H, m); 2.05 (1H, d, J=7 cps); 3.55 (1H, d of
      d, J=7 cps, J'=3 cps); 4.04 (1H, broad s) .delta. ppm.
PAR  2-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      prepared hereinabove occurs under the form of a mixture of stereoisomers
      of formula
      ##SPC8##
PAL  These latter correspond to the product as directly isolated from the
      essential oil of Burley tobacco.
PAR  By means of a separate synthesis it has been possible to prepare the
      mixture of the isomers defined by the following formula
      ##SPC9##
PAL  as follows:
PAR  A solution of methylmagnesium bromide was prepared according to the usual
      technique of the Grignard type reactions by treating 0.109 g (4.5 mM) of
      magnesium metal with 10 ml of an ether solution containing 0.475 g (5 mM)
      of methyl bromide. To this solution 0.850 g (4 mM) of the ketal prepared
      according to example 10, dissolved in 5 ml of anhydrous ether, were added,
      whereupon the mixture was refluxed during 1 h and decomposed then with a
      saturated aqueous solution of ammonium chloride. After the usual
      treatments of extraction with ether, washing, evaporation and purification
      of the obtained residue by column chromatography (17 g of silica gel;
      eluant: petrol ether:ether 9:1) there was obtained a mixture of two
      stereoisomers which could then be separated by preparative vpc (CARBOWAX
      .sup.R 5%; 200.degree.; 2.5 m).
PAC  Isomer I:
PAR  IR: 3500, 1020 and 845 cm.sup.-.sup.1 ;
PAR  NMR (CDCl.sub.3): 1.00 (6H, t apparent, J=6 cps); 1.19 (6H, s); 1.44 (3H,
      s); 1.3-2.1 (6H, m); 2.06 (1H, s); 3.78 (1H, s); 4.43 (1H, broad s)
      .delta. ppm
PAC  Isomer II:
PAR  IR: 3500, 1020 and 855 cm.sup.-.sup.1 ;
PAR  NMR (CDCl.sub.3): 0.93 (6H, t complex band); 1.17 (6H, s); 1.46 (3H, s);
      1.0-1.9 (6H, m); 2.10 (1H, s); 3.80 (1H, s); 4.38 (1H, broad s) .delta.
      ppm.
PAC  12. 1-(2-Isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-ethan-1-ol
PAR  0.1 g (0.47 mM) of the keto-ketal, prepared according to example 10
      hereinabove, in 3 ml of methanol was reduced by means of 0.01 g of sodium
      borohydride. The reaction mixture was then concentrated under reduced
      pressure and the obtained residue taken up with a 10% aqueous solution of
      hydrochloric acid, extracted with ether, washed with an aqueous solution
      of sodium bicarbonate (5%) and finally with water until neutrality. The
      usual treatments gave the desired product under the form of a mixture of
      stereoisomers which could be characterized as follows:
PAC  Isomer I:
PAR  NMR: 1.00 (6H, 2d); 1.15 (3H, d, J=6 cps); 1.44 (3H, s); 1.3-2.2 (6H, m);
      2.51 (1H, broad s); 3.53-3.84 (2H, m); 4.29 (1H, broad s) .delta. ppm.
PAC  Isomer II:
PAR  NMR: 0.95 (6H, m); 1.20 (3H, d, J=6 cps); 1.44 (3H, s); 1.0-2.0 (7H, m);
      3.55-3.95 (2H, m); 4.49 (1H, broad s) .delta. ppm
PAC  Isomer III:
PAR  NMR: 0.95 (6H, m); 1.15 (3H, d, J=6 cps); 1.46 (3H, s); 1.0-2.0 (6H, m);
      2.60 (1H, broad s); 3.44-3.85 (2H, m); 4.25 (1H, broad s) .delta. ppm
PAR  These isomers may be represented by the following formula
      ##SPC10##
PAC  13. Aromatization of Tobacco
PAR  10 g of an American blend tobacco mixture were sprayed with 0.5 g of a 1%
      solution of 8-hydroxy-5-isopropyl-non-6-en-2-one in 95% ethanol, and the
      tobacco thus flavoured was used to manufacture "test" cigarettes. As a
      control, cigarettes were also manufactured from the same tobacco mixture,
      sprayed with 95% ethanol alone. The smoke from the cigarettes was
      subjected to organoleptic evaluation by a panel of flavour experts, who
      unanimously stated that the smoke of the flavoured cigarettes possessed a
      characteristic woody note, particularly interesting for the reconstitution
      of the "cigar" aroma. Other samples were equally evaluated in accordance
      with the same procedure and by using the same proportions. The following
      table gives a list of the products thus evaluated together with the
      mention of the developed flavour.
TBL                TABLE                                                       
     ______________________________________                                    
     Compound                                                                  
            organoleptic evaluation .sup.(1)                                   
     ______________________________________                                    
     a      woody                                                              
     b      see example 13                                                     
     c      powerful, tobacco character, reminiscent                           
            of the note of cigar                                               
     d      woody, dry                                                         
     e      woody, animal                                                      
     f      woody, animal                                                      
     g      slightly fruity                                                    
     h      woody, dry, tobacco character                                      
     i      tobacco notes of Virginia type                                     
     j      hay note                                                           
     k      woody, green                                                       
     l      burnt, animal                                                      
     m      woody                                                              
     ______________________________________                                    
      .sup.(1) The organoleptic characters mentioned refer to the properties of
      the tested compounds on tobacco relative to the same tobacco unflavoured.
PAC  14. Perfume Composition Of The Type "Classic Eau de Cologne"
PAR  A base perfume composition of "Classic Eau de Cologne" type was prepared by
      admixing the following ingredients (parts by weight):
TBL  Lemon oil                  250                                            
     Bergamot artificial oil    250                                            
     Sweet orange oil           100                                            
     Petitgrain bigarade        100                                            
     Lavender                   90                                             
     Neroli bigarade            10                                             
     Muscone 10 %*              100                                            
     Total                      900                                            
      *in 95 % ethanol                                                         
PAR  By adding to 90 parts by weight of the above given base perfume composition
      10 parts by weight of 8-hydroxy-5-isopropyl-non-6-en-2-one, a novel
      composition was obtained. This composition possessed an enhanced odour of
      witch hazel type with a pleasant character of hay.
PAR  By substituting in the above example
      8-hydroxy-5-isopropyl-8-methyl-non-6-en-2-one or
      2-(2-isopropyl-5-methyl-6,8-dioxa-bicyclo[3.2.1]octan-7-yl)-propan-2-ol
      for 8-hydroxy-5-isopropyl-non-6-en-2-one, similar effects were observed.
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PAL  In a process wherein a hydrocarbon containing a C-C-double bond is
      oxidatively split with both C atoms of the double bond being converted to
      carbonyl functions, the improvement which comprises contacting the
      hydrocarbon with an oxygen-containing gas at an elevated temperature in
      the presence of at least one oxide of an element of the V, VI or VII
      auxiliary group of the periodic system (Mendelejev) as catalyst. Preferred
      catalysts are vanadium, niobium, tantalum, chromium, molybdenum tungsten,
      uranium, manganese, technetium, or rhenium oxide in stages of oxidation
      ranging from the maximum to the free metal, preferably on a carrier.
      Preferred hydrocarbons are ethylene and cyclopentene. Carbonyl functions,
      e.g. aldehyde or acid, are formed at each carbon making up the double
      bond.
BSUM
PAR  The present invention relates to the splitting by oxidation of hydrocarbons
      which contain a carbon - carbon double bond. A known and generally
      applicable process for splitting C--C double bonds is the so-called ozone
      splitting process (Houben-Weyl: Methoden der Organischen Chemie, Stuttgart
      1952, vol. 7/1, page 333). This process is often used to solve chemical
      problems in the laboratory but has not gained any technical importance
      since the production and handling of ozone is very complicated and
      considerable risks are run when dealing with the highly explosive ozonides
      which are obtained as intermediate products.
PAR  Apart from this generally applicable method there are a series of special
      methods which are specifically aimed at solving individual problems, for
      example, the splitting by oxidation of double bonds positioned adjacent
      aromatic rings using potassium permanganate (Houben-Weyl: Methoden der
      Organischen Chemie, Stuttgart 1952, vol. 7/1, page 345).
PAR  In addition chromic acid, nitric acid and osmium tetroxide as well as
      H.sub.2 O.sub.2 /osmium tetroxide have been used for splitting such
      activated double bonds (Houben-Weyl: Methoden der Organischen Chemie,
      Stuttgart 1952, vol. 7/1, page 347). Splitting by oxidation with lead
      tetraacetate or periodic acid is also known (Houben-Weyl: Methoden der
      Organischen Chemie, Stuttgart 1952, vol. 7/1 page 351). Oxidation of
      olefins in an inert atmosphere to form carbonyl compounds has also been
      described using chromium-Vl-oxide as an oxidizing agent (L. M. Baker and
      W. L. Carrick, Journ. of Org. Chem. 33, 616 (1968). The CrO.sub.3 is
      introduced in a stoichiometric ratio into the reaction and reduced to Cr
      (II).
PAR  All these methods are very complicated, require costly oxidizing agents and
      are dependent on special structural prerequisites.
PAR  For the splitting by oxidation of olefins on an industrial scale a series
      of catalytic processes are known from patent publications. In the German
      Patent Specification No. 722,707 the oxidation of ethylene and its
      homologs with oxygen-containing gases over activated carbon as the
      catalyst is described. For example the preparation of formaldehyde from
      ethylene is described. To control the reaction temperature the oxygen
      supply must be interrupted at regular intervals. Yields are not given in
      this patent specification. The formation of acetaldehyde and ethylene
      oxide as by-products is mentioned.
PAR  In the French Patent No. 1,349,902 the catalytic oxidation of low-molecular
      monoolefins with oxygen in the presence of oxides of the heavy metals
      copper, chromium, silver, tungsten, molybdenum and bismuth is described
      along with, for the purpose of activation, phosphoric acid and boric acid
      in a ratio of 1 : 5 to 5 : 1. Only the oxidation of propylene is dealt
      with in the examples. The oxidation which takes place is very unspecific
      and a large number of products form whose separation involves
      consideration outlay. In general acetic acid, acetaldehyde, formaldehyde,
      acetone, acetic ester and acrolein are produced together (cf., for
      example, Example 6 of that specification). In addition, a cnsiderable part
      of the propylene is broken down to carbon monoxide and carbon dioxide.
PAR  The catalytic oxidation of propylene is also described in the French Pat.
      No. 1,438,499. The essential difference between that patent and the French
      Patent No. 1,349,902 consists in that the phosphoric acid employed therein
      as an activator is replaced by arsenic acid and propylene-propane mixtures
      are used in the reaction. As an additional reaction product there is
      obtained propionaldehyde.
PAR  Molybdic acid-containing catalysts which contain activators such as Ce, V,
      Bi, Fe, Co, Mn, Ni, Ag, Ti, Zr, Cr or alkali or alkaline earth metals as
      well as borium and phospheric acid are given for the oxidation of
      propylene in the German Patent Specification No. 1,216,836. According to
      that process, more than half of the propylene is obtained in the form of
      acetone and a little acetaldehyde, from which it follows that the double
      bond of the propylene is only split to a small degree.
PAR  In the previously known technical processes for splitting olefins by
      oxidation, the heavy metal oxides are always used together with
      activators, such as phosphoric acid and/or arsenic acid and/or boric acid,
      these catalysts also having been employed in the form of the corresponding
      heteropolyacids or their salts.
PAR  It is accordingly an object of the invention to provide a process for the
      efficient oxidative splitting of doubly bonded hydrocarbons.
PAR  This is realized in accordance with the present invention pursuant to which
      the splitting by oxidation of hydrocarbons containing a carbon-carbon
      double bond using oxygen or oxygen-containing gases is effected with high
      selectivity with the formation of two compounds each containing a carbonyl
      function or one compound containing two carbonyl functions, if the
      hydrocarbons are reacted with oxygen or oxygen-containing gases, possibly
      in the presence of inert gases, at an elevated temperature in the presence
      of oxides of the elements of the V, VI, VII auxiliary group of the
      periodic system (Mendelejeff) as catalysts. Each of the carbon atoms
      constituting the double bond is converted to a carbonyl function.
PAR  The following elements may be mentioned for the metal oxides: vanadium,
      niobium, tantalum, chromium, molybdenum, tungsten, uranium, manganese,
      technetium and rhenium.
PAR  The intermediary oxides of these elements are preferably employed. By
      intermediary oxides in a metal-oxygen system there are to be understood
      all compounds of the metal with oxygen, in which the metal is not in its
      highest state of oxidation and not in the zero state of oxidation, but in
      an intervening state of oxidation (A. D. Wadsley, Nonstoichmetric Metal
      Oxides, Advances in Chemistry Series 39, Washington, D.C., 1963, S. 23 -
      36). A. J. Hegedus inter alia in the Journal for Inorganic and General
      Chemistry, vol. 281 (1955), on the middle of page 65 gives for example as
      intermediary oxides of tungsten the following compounds in the state of
      oxidation between WO.sub.3 and W:
EQU  (wo.sub.3) .fwdarw. wo.sub.2.90 or WO.sub.2.875 .fwdarw. WO.sub.2.72
      .fwdarw. WO.sub.2 .fwdarw. (W).
PAR  as catalysts according to the invention there may be mentioned oxides with
      the highest state of oxidation of the metal, such as V.sub.2 O.sub.5,
      Nb.sub.2 O.sub.5, Ta.sub.2 O.sub.5, CrO.sub.3, MO.sub.3, WO.sub.3,
      UO.sub.3, Mn.sub.2 O.sub.7, Tc.sub.2 O.sub.7 and Re.sub.2 O.sub.7 as well
      as all oxides between these with the highest state of oxidation and the
      metal of the state of zero oxidation, as so-called intermediary oxides.
PAR  As intermediary oxides there may be mentioned in particular:
PAR  VO.sub.2.5-x, x representing a number between 0 and 2.5, oxides of the
      homologous series V.sub.n O.sub.2n-1 (cf. S. Andersson and L. Jahnberg,
      Arkiv Kemi 21, 413 (1963) ), WO.sub.3-p, p representing a number between 0
      and 3, from 0 to 0.05 yellow, green, grey and black tungsten oxides with
      an .beta.-WO.sub.3 structure, ReO.sub.3 type (cf. O. Glemser and H. Sauer,
      Journ. for Inorganic Chemistry, vol. 252 (1943), page 144, in particular
      page 158, as well as P. Gado and L. Imre, Acta Chim. hung. 46, 166 (1965)
      ), W.sub.40 O.sub.118 (Shear-Structure, cf. P. Gado and L. Imre, Acta
      Chim. hung. 46, 167 (1965) ), compounds of the homologous series of the
      general formula W.sub.m O.sub.3m-2, e.g. W.sub.20 O.sub.58 (cf. A.
      Magneli, Acta Cryst. 6, 495, (1953) ), also W.sub.18 O.sub.49 (violet
      tungsten oxide, identical to WO.sub. 2.72, cf. citation A. J. Hegedus
      inter alia, page 65), WO.sub.2.03 -WO.sub.2.00 (cf. lit. ref. O. Glemser
      and H. Sauer, page 158 at the bottom), as well as W.sub.3 O (identical to
      WO.sub.0.33 (G. Haegg and N. Schonberg, Acta Cryst. (Copenhagen) 7. 351
      (1954); MoO.sub.3-q, q representing a number between 0 and 3, in
      particular Mo.sub.9 O.sub.26, Mo.sub.8 O.sub.23, Mo.sub.4 O.sub.11,
      MoO.sub.2 (cf. O. Glemser and G. Lutz, Journ. for Inorganic and General
      Chemistry, vol. 263 (1950), page 2, in particular pages 13 and 14) as well
      as other intermediary oxides from the homologous series of the sumation
      formula Mo.sub.m O.sub.3m-1 (cf. A. Magneli, Acta Cryst. 6, (1953) );
      other preferred intermediary molybedenum oxides are MoO.sub.2.90,
      MoO.sub.2.83, MoO.sub.2.80 and MoO.sub.2.75 (L. Kihlborg, Acta chem.
      scand. 13, 954 (1959)); as intermediary oxides of uranium there may be
      mentioned compounds of the formula UO.sub.3-p, p representing a number
      between 0 and 3, such as UO.sub.1.75, UO.sub.2, UO.sub.2.50, U.sub.2
      O.sub.5, U.sub.3 O.sub.8, U.sub.4 O.sub.7, U.sub.16 O.sub.37 and U.sub.16
      O.sub.38 (H. Remy, Manual of Inorganic Chemistry, 11th Edition, vol. II,
      Leipzig (1961), page 238 - 239); as intermediary oxides of rhenium there
      may be used those corresponding to to the formula ReO.sub.3.5-y, y
      standing for a number between 0 and 3.5.
PAR  Such intermediary oxides are obtainable for example by reduction of the
      oxide containing the metal in the highest state of oxidation with
      conventional reduction agents, such as hydrogen or ethylene, by reaction
      of the metal oxide of the highest state of oxidation with the metal, or by
      thermal decomposition of the metal oxides containing the metal in the
      highest state of oxidation (cf. the above cited literature). With the aid
      of these conversion methods it is of course possible to manufacture oxides
      with a lower state of oxidation of the metal from intermediary oxides with
      a higher state of oxidation (cf. inter alia J. Neugebauer, L. Imre and T.
      Millner in solid-state Physics, Akademie-Verlag Berlin 1961, page 227
      onwards).
PAR  The intermediary oxides can also be manufactured from suitable starting
      compounds under the reaction conditions. For example, WO.sub.3 can be
      reduced with ethylene at temperature above about 200.degree.C to form
      intermediary oxides.
PAR  The catalysts are preferably on carriers. As catalyst carriers there may be
      mentioned for example: silicic acid, natural or synthetic silicates,
      aluminum oxide, spinel, pumice stone and titanium dioxide. The respective
      metal of the metal oxides to be used according to the invention can be
      employed as the carrier. The catalyst can be used in the form of pills,
      rolls or pellets, for example, in the form of pellets of 0.5 - 6 mm
      diameter. The carrier catalyst can be manufactured in general by
      impregnating the carrier with the solution of a suitable metal salt,
      drying it and converting the metal compound in a manner known per se, e.g.
      by thermal decomposition, into the oxide. For example to produce a
      molybdenum oxide carrier catalyst an aqueous solution of ammonium
      molybdate is applied to the carrier material by soaking and then converted
      by thermal treatment into molybdenum oxide. The metal oxides according to
      the invention can be used in their pure form; however, mixtures of the
      different metal oxides can be used on one carrier.
PAR  The metal oxide content in the catalyst can be varied within wide limits.
      It can amount to 100 % for example if work is performed without the
      carrier. If a carrier is used, the amount of metal oxides in the catalyst
      can lie between about 0.01 and 50 % by weight. Concentrations of about 0.1
      - 10 % by weight metal oxide are preferably used in the catalyst.
PAR  The temperature range of the splitting reaction can be varied within wide
      limits. In general work is carried out at temperatures from about
      150.degree.- 650.degree. C, preferably about 250.degree.- 450.degree. C.
      The catalytic splitting of the hydrocarbon compound can be performed at
      normal pressure, elevated or reduced pressure and in the gas phase, in the
      liquid phase or in the mixed phase. Work can be carried out in the
      presence of inert compounds, e.g. inert gases such as nitrogen, carbon
      dioxide or vapour. The process of the invention is preferably carried out
      in the gas phase. The catalysts may be in a fixed bed, e.g. fixedly
      arranged in one or more reaction tubes, to ensure improved transfer of
      heat but they may also be in a fluidized bed or in another kind or
      agitated catalyst bed. When working in the gas phase in the presence or in
      the absence of inert gases such conditions are to be observed regarding
      initial concentrations, temperature and pressure so that the hydrocarbons
      are in the gas phase upon entry into the reactor. Within the range for
      working in the gas phase, pressure, temperature, gas composition and flow
      velocity can be varied within wide limits.
PAR  The amount of oxygen or oxygen-containing gases, which is used according to
      the process of the invention for the splitting of unsaturated
      hydrocarbons, can be varied within wide limits. For example, per mole of
      unsaturated hydrocarbon there may be used 0.005 - 200 moles of oxygen,
      calculated as pure oxygen. Within this range it is of course necessary to
      take into consideration the explosion limits applicable to the hydrocarbon
      used in admixture with oxygen 0.02 - 50 moles of oxygen are preferably
      used per mole of hydrocarbon.
PAR  An oxygen content of 0.04 - 10 moles per mole of unsaturated hydrocarbon is
      especially preferred. The oxygen can of course be used in admixture with
      inert gases. An inert gas is most expediently added, for example, when the
      hydrocarbon/oxygen mixtures arising within the given ranges come near to
      the explosion limits. The addition of an inert gas may also be expedient
      when the flow velocity is to be increased or the resulting reaction heat
      to be led off. For example, oxygen/nitrogen or oxygen/CO.sub.2 mixtures
      can be employed with a contant of up to 98 % by volume, preferably up to
      95 % by volume, of inert gas. When dilute oxygen is to be used with an
      inert gas, the use of air is especially preferred.
PAR  If the hydrocarbon is only partially reacted in the straight passage, the
      resulting splitting product and/or non-reacted starting product can be
      separated from the reaction product, possibly after cooling or partial or
      complete condensation of the gaseous reaction product by means of
      generally known methods, e.g. by fractionated distillation and said
      product recycled to the reaction. To achieve a high selectivity it may be
      expedient to carry out a partial reaction only. In this way almost
      complete catalytic splitting of the hydrocarbon compound takes place to
      produce the desired end product.
PAR  As hydrocarbons with a C -- C double bond for use in the process of the
      invention there may be mentioned, for example, compounds of the general
      formula.
      ##EQU1##
PAR  In the frmula (I) R.sub.1, R.sub.2, R.sub.3 and R.sub.4 represent
      independently of each other
PA1  hydrogen,
PA1  an aryl group optionally substituted by at least one lower alkyl radical,
PA1  a straight-chain or branched alkyl radical with up to 18 C atoms,
      optionally phenyl substituted when lower alkyl, or the radicals R.sub.1
      and R.sub.2 together, or R.sub.3 and R.sub.4 together, contain not more
      than 20 C atoms and each, independently of each other, form a carbocyclic
      ring or the radicals R.sub.1 and R.sub.3 together with the C atoms of the
      C--C double bond are a carbocyclic ring with up to 24 C atoms and R.sub.2
      and R.sub.4 each independently is hydrogen or a lower alkyl radical, e.g.
      C.sub.1 -4 alkyl.
PAR  As straight-chain or branched alkyl radicals with up to 18 C atoms there
      may be mentioned for example: methyl, ethyl, propyl, n-butyl, isobutyl,
      tert.-butyl, pentyl, hexyl, heptyl, octyl, nonyl decyl, undecyl, dodecyl,
      pentadecyl, hexadecyl, octadecyl as well as their isomers. As phenyl
      groups which are substituted by a lower alkyl radical there may be
      mentioned: tolyl ethylphenyl, propylphenyl, n-butylphenyl,
      tert.-butylphenyl. As lower alkyl radicals which are substituted by a
      phenyl radical there may be mentioned for example: phenylmethyl,
      phenylethyl, phenylpropyl, phenyl-tert.-butyl. As aryl radicals which can
      be substituted by lower alkyl there may be mentioned phenyl, diphenyl,
      naphtyl, anthracyl and phenanthryl radicals.
PAR  Examples of compounds of the general formula (I) to be used for the process
      according to the invention are preferably compounds wherein
PA1  R.sub.1, r.sub.2 and R.sub.3 each independently is hydrogen, a phenyl
      radical or a straight-chain or branched lower alkyl radical and
PA1  R.sub.4 is hydrogen or a straight-chain or branched alkyl radical with up
      to 18 C atoms, one of the alkyl radicals R.sub.1, R.sub.2, R.sub.3 and
      R.sub.4 being substituted by a phenyl group optionally substituted by at
      least one lower alkyl radical.
PAR  According to the process of the invention 1 molecule of a compound of the
      formula (I) is converted to 2 molecules of aldehyde or to 2 molecules of
      ketone or to 1 molecule of aldehyde and 1 molecule of ketone. For example,
      on reacting ethylene according to the process of the invention
      formaldehyde is produced on employing propylene an equimolecular mixture
      of acetaldehyde and formaldehyde is produced, on using isobutylene as the
      starting material there is produced acetone and formaldehyde, on using
      .alpha.-methylstyrene there is produced acetophenone and formaldehyde.
PAR  A further preferred group of compounds of the general formula (I)
      corresponds to the formula
      ##EQU2##
      wherein w stands for a whole integer from 3 to 22, preferably 3 to 10.
PAL  A compound of the general formula (II) is converted to a dialdehyde
      according to the process of the invention. For example, glutardialdehyde
      is produced from cyclopentene and octanedial from cyclooctene in the
      process of the invention.
PAR  As compounds of the general formula (I) there can also preferably be used
      compounds of the formula
      ##EQU3##
      wherein u and z represent independently of each other a whole integer from
      4 to 11, preferably 5 to 7.
PAR  According to the process of the invention, cyclic ketones are produced from
      compounds of the formula (III),e.g. 1,1'-dicyclopentylidene is converted
      to cyclopentanone.
PAR  As compounds of the general formulas (I) to (III) there may be mentioned
      the following unsaturated compounds.
PAR  ethylene, propylene, butene-(1), butene-(2), 2-methyl-propene, pentene-(1),
      pentene-(2), 2-methyl-butene-(1), 2-methyl-butene-(2),
      2-methyl-butene-(3), hexene-(1), hexene-(2), hexene-(3),
      2-methyl-pentene-(1), 2-methyl-pentene-(2), 2-methyl-pentene-(3),
      2-methyl-pentene-(4), 3-methyl-pentene-(1), 3-methyl-pentene-(2),
      2-ethyl-butene-(1), 2,2-dimethyl-butene-(3), 2,3-dimethyl-butene-(1),
      2,3-dimethyl-butene-(2), heptene-(1), heptene-(2), heptene-(3),
      2-methyl-hexene-(1), 2-methyl-hexene-(2), 2-methyl-hexene-(3),
      2-methyl-hexene-(4), 2-methyl-hexene-(5), 3-methyl-hexene-(1)
      3-methyl-hexene-(2), 3-methyl-hexene-(3), 3-methyl-hexene-(4),
      3-methyl-hexene-(5),2-ethyl-pentene-(1), 3-ethyl-pentene-(1),
      3-ethyl-pentene-(2), 2,2-dimethyl-pentene-(3), 2,2dimethyl-pentene-(4),
      2,3-dimethyl-pentene-(1), 2,3-dimethyl-pentene-(2),
      2,3-dimethyl-pentene-(3), 2,3-dimethyl-pentene-(4), 2-methyl-3
      -ethyl-butene-(3), 2,4-dimethyl-pentene-(1), 2,4-diemthyl-pentene-(2),
      3,3-dimethyl-pentene-(1),
PAR  2,2,3-trimethyl-butene-(3), octene-(1), octene-(2), octene-(3), octene-(4),
      2-methyl-heptene-(1), 2-methyl-heptene-(2), 2-methyl-heptene-(3),
      2-methyl-heptene-(4), 2-methyl-heptene-(5), 2-methyl-heptene-(6),
      3-methyl-heptene-(1), 3-methyl-heptene-(2), 3-methyl-heptene-(3),
      3-methyl-heptene-(6), 2-ethyl-hexene-(1), 4-methyl-heptene-(1),
      4-methyl-heptene-(2), 4-methyl-heptene-(3), 3-ethyl-hexene-(2),
      3-ethyl-hexene-(3), 3-ethyl-hexene-(4), 3-ethyl-hexene-(5),
      2,2-dimethyl-hexene-(3), 2,3-dimethyl-hexene-(1), 2,3-dimethyl-hexene-(2),
      2,3-dimethyl-hexene-(3), 2,3-dimethyl-hexene-(4), 2,4-dimethyl-hexene-(2),
      2,4-dimethyl-hexene-(4), 2,4-dimethyl-hexene-(5), 2,5-dimethyl-hexene-(1),
      2,5-dimethyl-hexene-(2), 2,5-dimethyl-hexene-(3), 3,3-dimethyl-hexene-(1),
      3,3-dimethyl-hexene-(4), 3,3-dimethyl-hexene-(5), 3,4-dimethyl-hexene(2),
      2-methyl-3-ethyl-pentene-(2), 3-methyl-3-ethyl-pentene-(1),
      2,2,3-trimethyl-pentene-(3), 2,2,3-trimethyl-pentene-(4),
      2,2-dimethyl-3-ethyl-butene-(3), 2,2,4-trimethyl-pentene-(3),
      2,2,4-trimethyl-pentene-(4), 2,3,3-trimethyl-pentene-(1),
      2,3,3-trimethyl-pentene-(4), 2,3,4-trimethyl-pentene-(1),
      2,3,4-trimethyl-pentene-(2), 2-methyl-3-isopropyl-butene-(3),
      heptadecene-(1), heptadecene-(8), octadecene-(1), octadecene-(9),
      2-methyl-heptadecene-(2), 9-methyl-heptadecene-(8),
      2,2-dimethylhexadecene-(3), 7,10-dimethyl-hexadecene-(8),
      8-propyl-pentadecene-(7), nonadecene-(1),
      2,6,10,14-tetramethyl-pentadecene-(1), 7-hexyl-tridecene-(6),
      eicosene-(1), eicosene-(9), 2 -methyl-nonadecene-(2),
      1-octyl-1-decyl-ethylene, 3-ethyl-octadecene-(2),
      5,7,9-trimethyl-heptadecene-(4), 5-butyl-hexadecene-(4),
      2,6,10,14-tetramethyl-hexadecene-(14),
      2,6,10,14-tetramethyl-hexadecene-(15),
      2,6,10,14-tetramethyl-7-methylene-pentadecane, docosene-(9),
      8,11-dimethyl-eicosene-(10), 4-propyl-nonadecene-(3), tricosene-(11),
      5-butyl-eicosene-(4), 9-octyl-heptadecene-(8), 10-nonyl-nonadecene-(9),
      cyclopentene, cyclohexene, 1-methyl-cyclopentene-(1),
      1-methyl-cyclopentene-(2), 1-methyl-cyclopentene-(3),
      methylene-cyclopentane, cycloheptene, 1-methyl-cyclohexene-(1),
      1-methyl-cyclohexene-(2), 1-methyl-cyclohexene-(3), methylene-cyclohexane,
      1-ethyl-cyclopentene-(1), 1-ethyl-cyclopentene-(2), vinyl-cyclopentane,
      1,1-dimethyl-cyclopentene-(2), 1,2-dimethyl-cyclopentene-(1),
      1,2-dimethyl-cyclopentene-(2), 1,2-dimethyl-cyclopentene-(3),
      3-methyl-1-methylene-cyclopentane, cyclooctene, 1-methyl-cycloheptene-(1),
      1-methyl-cycloheptene-(4), 1-ethyl-cyclohexene-(1),
      1-ethyl-cyclohexene-(2), ethylidene-cyclohexane, vinyl-cyclohexane,
      1,1-dimethyl-cyclohexene-(2), 1,1-dimethyl-cyclohexene-(3),
      1,2-dimethyl-cyclohexene-(1), 1,2-dimethyl-cyclohexene-(2),
      1,3-dimethyl-cyclohexene-(1), 1,3-dimethyl-cyclohexene-(3),
      1,3-dimethyl-cyclohexene-(4), 3-methyl-1-methylene-cyclohexane,
      1,4-dimethyl-cyclohexene-(1), 1,4-dimethyl-cyclohexene-(2),
      4-methyl-1methylene-cyclohexane, 1-propyl-cyclopentene-(1),
      1-propyl-cyclopentene-(2), allyl-cyclopentane,
      1-isopropyl-cyclopentene-(1), 1-isopropyl-cyclopentene-(2),
      isopropylidene-cyclopentane, 1-me-thyl-2-ethyl-cyclopentene-(1),
      1-methyl-2-ethylidene-cyclopentane, 1,1,2-trimethyl-cyclopentene-(2),
      1,2,3-trimethyl-cyclopentene-(1), 1,2,3-trimethyl-cyclopentene-(3),
      1-methyl-cyclooctene-(1), 1-ethyl-cycloheptene-(1),
      1-propyl-cyclohexene-(1), 1-propyl-cyclohexene-(2),
      1-propyl-cyclohexen-(3), allyl-cyclohexane,
      1-isopropyl-cyclohexene-(1),1-isopropyl-cyclohexene-(2),
      isopropylidene-cyclohexane, 1-methyl-2-ethyl-cyclohexene-(1),
      1-methyl-3-ethyl-cyclohexene-(2), 1-methyl-3-ethyl-cyclohexene-(3),
      1-methyl-'-ethylidene-cyclohexane, 1-methyl-3-vinyl-cyclohexane,
      1-methyl-4-ethyl-cyclohexene-(3), 1,1,2-trimethyl-cyclohexene-(2),
      1,1,3-trimethyl-cyclohexene-(4), 1,2,3-trimethyl-cyclohexene-(3),
      1,2,4-trimethyl-cyclohexene-(1), 1,3,5-trimethyl-cyclohexene-(1),
      1-butyl-cyclopentene-(1), 1-butyl-cyclopentene-(2),
      buten-(2)-yl-cyclopentane, buten-(3)-yl-cyclopentane,
      1-sec.-butyl-cyclopenten-(2), 2-cyclopentyl-butene-(3),
      1-isobutyl-cyclopentene-(2), 1-tert.-butyl-cyclopentene-(2),
      1-methyl-2-propyl-cyclopentene-(1), 1-methyl-2-isopropenyl-cyclopentane,
      1-methyl-3-isopropyl-cyclopentene-(1), 1,2-diethyl-cyclopentene-(1),
      cyclohexadecene, 1-methyl-cyclopentadecene-(1),
      2-methyl-3-cyclohexyl-nonene-(2), 1-undecyl-cyclopentene-(2),
      cycloheptadecene, 1-dodecyl-cyclopentene-(2),
      1-methyl-cycloheptadecene-(1), 1-tridecyl-cyclopentene-(2),
      2,2,6,6-tetrapropyl-1-methylene-cyclohexane,
      1-tetradecyl-cyclopentene-(2), 4-methyl-2,2,6,6-tetrapropyl-1-methylene-cy
     clohexane, 1-hexadecyl-cyclopentene-( 2), 1-octadecyl-cyclopentene-(2),
      bicyclo[2.2.1]heptene-(2), 2-methyl-bicyclo[2.2.1]heptene-(5),
      bicyclo[2.2.2]octene-(2), hexahydroindane,
      2,2-dimethyl-bicyclo[2.2.1]heptene-(5), 1-cyclopentyl-cyclopentene-(2),
      bicyclo[5.3.0]decene-(2), .DELTA..sup.1 -octaline, .DELTA..sup.2
      -octaline, 3a-methyl-3a,4,5,6,7,7a-hexahydro-indene,
      2-methylene-hexahydroindane, 3,7-dimethyl-bicyclo [3.3.0]octene-(2),
      2-propyl-bicyclo[2.2.1]heptene-(5),
      1,2,3-trimethyl-bicyclo[2.2.1]heptene-(2),
      1,7,7-trimethyl-bicyclo[2.2.1]heptene-(2),
      3,3-dimethyl-2-methylene-bicyclo [2.2.1] heptane,
      1-cyclohexyl-cyclopentene-(2), 3-methyl-bicyclo [5.3.0] decene-(3),
      1-methyl-.DELTA..sup.1 -octaline, 2-methylene-decaline,
      2,2-dimethyl-3-ethylidene-bicyclo [2.2.1] heptane,
      1,2,3,4-tetramethyl-bicyclo[2.2.1] heptene-(2),
      cyclohexylidene-cyclohexane, 1-ethyl-3-[cyclopenten-(2)-yl] -cyclopentane,
      2 -[buten -(3)-yl] -decaline, 1-ethyl-2-propyl-.DELTA..sup.1 -octaline,
      tricyclo[ 5.2.1.0.sup.2.6 ]decene-(8), tricyclo[5.2.1.0.sup.2.6
      ]decene-(4), 1,2,3,4,4a,5,6,8a-octahydro-1,4-ethano-naphthaline,
      dicyclohexyl-cyclohexylidene-methane,
      1,5-dicyclohexyl-3-[2-cyclohexyl-ethyl]-pentene-(2), styrene,
      propenyl-benzene, allylbenzene, isopropenyl-benzene,
      1-methyl-2vinyl-benzene, 1-methyl-3-vinyl-benzene,
      1-methyl-4-vinyl-benzene, buten-(1)-yl-benzene, buten-(2)-yl-benzene,
      buten-(3)-yl-benzene, (1-methyl-propenyl)-benzene,
      (1methyl-allyl)-benzene, (1-ethyl-vinyl)-benzene,
      (2-methyl-propenyl)-benzene, (2-methyl-allyl)-benzene,
      1-methyl-2-propenyl-benzene, 1-methyl-2-allyl-benzene,
      1-methyl-3-propenyl-benzene, 1-methyl-3-allyl-benzene,
      1-methyl-4-propenyl-benzene, 1-methyl-4 -allyl-benzene,
      1-methyl-2-isopropenyl-benzene, 1-methyl-3-isopropenyl-benzene,
      1-methyl-4-isopropenyl-benzene, 2-ethyl-1-vinyl-benzene,
      3-ethyl-1-vinyl-benzene, 4-ethyl-1-vinyl-benzene,
      1,2-dimethyl-3--vinyl-benzene, 1,3-dimethyl-2-vinyl-benzene,
      1,2-dimethyl-4-vinyl-benzene, 1,4-dimethyl-2-vinyl-benzene,
      1,3-dimethyl-4-vinyl-benzene, 1,3-dimethyl-5-vinyl-benzene, penten-
      (1)-yl-benzene, penten-(2)-yl-benzene, penten-(3)-yl-benzene,
      penten-(4)-yl-benzene, [1-methyl- buten-(1)-yl]-benzene, [1-methyl-
      buten-(3)-yl]-benzene, [2-methyl- buten-(1)-yl]benzene,
      [3-methyl-buten-(1)-yl]-benzene, [3-methyl-buten-(2)-yl]-benzene,
      [1-ethyl-propenyl]-benzene, [1-ethyl-allyl]-benzene,
      [1,2-dimethyl-propenyl]-benzene, 1-methyl-4-[buten-(2)-yl]-benzene,
      1-methyl-2-[1-methyl-propenyl]-benzene,
      1-methyl-3-[1-methyl-propenyl]-benzene,
      1-methyl-4-[1-ethyl-vinyl]-benzene, 1-methyl-4-[2-methyl-propenyl]-benzene
     , 1-methyl-4-[2-methyl-allyl]-benzene, 1-ethyl-3allyl-benzene,
      1-ethyl-4-allyl-benzene, 4-isopropyl-1-vinyl-benzene,
      1,4-dimethyl-2-propenyl-benzene, 1,3-dimethyl-4-propenyl-benzene,
      1,2-dimethyl-3-isopropenyl-benzene, 1,2-dimethyl-4-isopropenyl-benzene,
      1,3-dimethyl-4-isopropenyl-benzene, 1,3,5-trimethyl-2-vinyl-benzene,
      1,2,4-trimethyl-5-vinyl-benzene, hexen-(5)-yl-benzene, decen-(
      1)-yl-benzene, 4-(2-ethyl-hexyl)-1-vinyl-benzene,
      1,3-dimethyl-4-[2-propyl-penten(1)-yl]-benzene, undecen-(1)-yl-benzene,
      dodecen-(1)-yl-benzene, [1-methyl-undecen-(1)-yl]-benzene,
      (1-decyl-vinyl)-benzene, 1,3-dimethyl-4-[2-butyl-hexen-(1)-yl]-benzene,
      1,2-bis-[3,3-dimethyl-bicyclo[2.2.1]heptyl-(2)]-ethylene, indene,
      1,2-dihydro-naphthaline, 1-methyl-indene, 2-methyl-indene,
      3-methyl-indene, cyclopenten-(2)-yl-benzene,
      6,7-dihydro-5H-benzocycloheptene, 1-methyl-5,8-dihydro-naphthaline,
      2-vinyl-5,6,7,8-tetrahydro-naphthaline,
      1,2-dimethyl-3,4-dihydro-naphthaline, benzylidine-cycloheptane,
      2-cyclohexyl-1-phenyl-ethylene, 1-[buten-(2)-yl]-tetraline,
      1-vinyl-naphthaline, 1-propenyl-naphthaline, 1-allyl-naphthaline,
      1-isopropenyl-naphthaline, 1-[1-methyl-buten-(1)-yl]-naphthaline,
      1,2-diphenyl-ethylene, 1,1-diphenyl-ethylene, 2-vinyl-biphenyl,
      3-vinyl-biphenyl, 4-vinyl-biphenyl, 1,3-diphenyl-propene,
      1,2-diphenyl-propene-(1), 1-phenyl-2-o-tolyl-ethylene,
      1,1-diphenyl-propene-(1), 2-isopropenyl-biphenyl, 1,4-diphenyl-butene-(1),
      1,4-diphenyl-butene-(2), 1,3-diphenyl-butene-(2), 1,3-diphenyl-butene(1),
      1,3-diphenyl-butene-(3), 2-methyl-1,3-diphenyl-propene,
      1,2-diphenyl-butene-(1), 2,3-diphenyl-butene-(2), 2,3-diphenyl-butene-(1),
      1,2-di-p-tolyl-ethylene, 1,1-diphenyl-butene-(1), 2-[buten-(1)-yl]-bi
      phenyl, 1-[2-methyl-cyclopenten-(1)-yl]-naphthaline,
      1-ethyl-3,4-dihydro-phenanthrene,2-methyl-1,4-diphenyl-butene-(1),
      1,2-diphenyl-pentene-(3), 3,4-diphenyl-hexene-(3),
      2-ethyl-1,1-diphenyl-butene-(1), 2-[hexen-(1)-yl]-biphenyl,
      1,2-bis-(2,4,6-trimethyl-phenyl)-ethylene, 1,1-diphenyl-nonene-(1),
      5,6-diphenyl-decene-(5), 1,1-dibenzyl-hexadecene-(1),
      1,2-bis-(2,4,6-triisopropyl-phenyl)-ethylene,9-isopropylidene-fluorene,
      1-cyclopentyl-1,2-diphenyl-ethylene,
      1-isobutyl-2-phenyl-3,4-dihydro-naphthaline,
      2,2-dimethyl-3-[naphthyl-(1)-methylene]bicyclo [2.2.1]heptane,
      2-vinyl-phenanthrene, 2 -isopropenyl-anthracene, 9-propenyl-phenanthrene,
      9-allyl-phenanthrene, 1,2-dicyclohexyl-1,2-diphenyl-ethylene,
      1-phenyl-2-[naphthyl-(1)]-ethylene, 1-phenyl-1-[naphthyl-(1)]-ethylene,
      2-phenyl-3-[naphthyl-(1)]-butene-(2), triphenyl-ethylene,
      1-phenyl-2-[biphenylyl-(4)]-ethylene,
      phenyl-[fluoroenylidene-(9)]-methane, cyclohexyl-triphenyl-ethylene,
      1,2-di-[naphthyl-(1)]-ethylene, 1,1-di-[naphthyl-(1)]-ethylene,
      1,2-bis-[4-methyl-naphthyl-(1)]-ethylene, tetraphenylethylene and the
      like.
PAL  In general the process according to the invention is carried out as
      follows:
PAR  The unsaturated hydrocarbon to be split is mixed in gaseous or vaporous
      form with oxygen or an oxygen/inert gas mixture, e.g. air, for example in
      a well fluidized mixing chamber or by means of a mixing nozzle. The
      resulting starting mixture is heated to the reaction temperature, for
      example by treatment in a preheater and then contacted with the catalyst,
      e.g. introduced into a fluidized bed or conducted over the contact
      material fixedly arranged in a bundle of tubes. If a tubular reactor is
      employed, the reaction tubes can be surrounded by a heat transmission
      agent, e.g. by a salt melt, for controlling the temperature. The fluidized
      bed can also be provided with builtin devices for controlling the
      temperature. The reaction mixture leaving the reactor is passed on for
      processing. It can, for example, be condensed or subjected to washing.
      During washing the desired products are in general isolated and separated
      from any non-reacted olefins. In the case of splitting by oxidation of
      ethylene to form formaldehyde, the washing for example is expediently
      carried out with water. In this way a commercially available aqueous
      formaldehyde solution is obtained and the residual gas can be readjusted
      to the initial concentration by admixture of the consumed parts of
      ethylene and/or oxygen. In this way a continuous cycle is obtained. When
      following this procedure it is expedient to use a multistage washer.
PAR  The heating of the unsaturated hydrocarbon and oxygen or of the
      oxygen-containing gas to the reaction temperature can also be carried out
      separately. For example, both reactants can be separately introduced into
      a fluidized bed. In so doing it may be expedient to introduce the
      unsaturated hydrocarbon at a point in the reaction space which lies a
      little in front of the point at which oxygen is introduced. If the
      reaction is carried out in the presence of inert gases or vapors, then
      steam for example can also be used as an inert gas. For example, the water
      vapor can be heated to the desired reaction temperature and oxygen,
      optionally as air, metered into said vapor. Thereafter the unsaturated
      hydrocarbon can be added in vaporous, gaseous or in liquid form and this
      mixture conducted over the catalyst. The working up of the mixture leaving
      the reactor is then expediently performed in a washer; it can however be
      carried out by indirect cooling, possibly by fractionated cooling.
PAR  When using air as an oxygen-containing gas it may prove necessary, if the
      reaction is only partial, to separate the nonreacted unsaturated
      hydrocarbon from the nitrogen. This separation can be carried out by
      pressure distillation or by washing, e.g. with diesel oil with subsequent
      final heating of the nonreacted hydrocarbon. It is particulary economical
      to blow the hydrocarbon out of the diesel oil with the air required for
      the repeat reaction at an elevated temperature. Depending on the
      concentration ratios (partition coefficients) it may be sufficient to
      conduct a side stream of the recycled gas to the working up step.
DETD
PAR  The invention will be further described in the following illustrative
      examples wherein all parts are by weight unless otherwise expressed.
PAC  EXAMPLE 1
PAR  10 g of molybdenum oxide of the formula Mo.sub.9 O.sub.26 as a catalyst on
      2.5 g of quartz wool with a volume of about 25 cm.sup.3 are introduced
      into an electrically heated reaction tube 70 cm in length and 1.8 cm in
      diameter. The catalyst is prepared as follows: a 5 % (NH.sub.4).sub.2
      MoO.sub.4 solution, which corresponds to a content of 10 g MoO.sub.3, is
      evaporated with 2.5 g of quartz wool on a water bath and subsequently
      converted by thermal decomposition to MoO.sub.3 by heating to 600.degree.
      C in air. The resulting MoO.sub.3 is then reduced at 480.degree.C in a 1.5
      % water-containing hydrogen atmosphere to form Mo.sub.9 O.sub.26.
PAR  25.6 l of ethylene and 1 l of oxygen in the gas phase are conducted hourly
      at 440.degree. C over the catalyst after passing through a Raschig
      ring-filled mixing chamber having a volume of 500 cm.sup.3. This
      correponds to a starting gas composition of 3.76 % by volume of oxygen and
      96.24 % by volume of ethylene. The resulting formaldehyde in the reaction
      gas is identified with the aid of gas chromatography, infra-red
      spectroscopy and mass spectroscopy. The quantitative analysis of the
      reaction product was carried out both by gas chromatography and titration.
      For the gas chromatographic determination of the concentration of
      formaldehyde and water formed as a by-product a Porapak-N column was used
      and a Porapak-S column for determining the conversion rate of oxygen. The
      titrimetric determination of the formaldehyde was carried out according to
      the sulfite method (cf. J. F. Walker, Formaldehyde, Reinhold Publishing
      Corporation, New York, 1964, page 562). For this purpose the gas stream is
      conducted through 3 gas flasks each containing 100 cm.sup.3 of water and
      the aqueous solution analyzed. The conversion amounted to 15.8 % based on
      the amount of oxygen used. After a reaction period of 48 hours 15.9 g of
      formaldehyde are found which corresponds to a selectivity of 84 %. In the
      case of large-scale reactions it is possible to isolate the largest part
      of the formaldehyde in the form of polyoxymethylene from the gas stream in
      compact form in suitable separation vessels. Polyoxymethylene obtained in
      this way had a water content of less than 20 % by weight. Thus
      polymerization and recovery in the form of polyoxymethylene is just as
      suitable for isolating the formaldehyde as washing out with water, aqueous
      formaldehyde solutions being obtained which are in most cases immediately
      available for further technical use.
PAR  The following Table shows the results of splitting ethylene to produce
      formaldehyde at different temperatures for the given composition of the
      gas mixture.
TBL                Table 1                                                     
     ______________________________________                                    
     T (.degree.C)                                                             
                 Conversion (%) Selectivity (%)                                
     ______________________________________                                    
     340         2.41           92.8                                           
     375         5.26           90.1                                           
     400         7.9            85.0                                           
     440         15.8           84.4                                           
     465         26.3           80.8                                           
     490         32.8           78.6                                           
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Work was carried out as in Example 1 except that other mixture ratios of
      oxygen: ethylene were used. The results are summarized in the Table below.
TBL                Table 2                                                     
     ______________________________________                                    
     % by vol. O.sub.2                                                         
               % by vol. C.sub.2 H.sub.4                                       
                            Conversion                                         
                                      Selectivity                              
                            (%)       (%)                                      
     ______________________________________                                    
     2.2       97.8         17.6      90.4                                     
     3.8       96.2         15.8      84.4                                     
     7.7       92.3          9.6      82.4                                     
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Work is carried out as in Example 1 except that nitrogen and/or carbon
      dioxide and/or water are added to the oxygen/ethylene mixture and the
      reaction carried out at 470.degree.C in the presence of Mo.sub.9 O.sub.26.
      Each gas composition and the resulting conversions and selectivities can
      be seen from the following Table.
TBL                Table 3                                                     
     ______________________________________                                    
     Composition of the gas phase                                              
                          Conversion                                           
                                    Selectivity                                
     (% by vol.)          (%)       (%)                                        
     O.sub.2                                                                   
          C.sub.2 H.sub.4                                                      
                  N.sub.2 CO.sub.2                                             
                                H.sub.2 O                                      
     ______________________________________                                    
     5    5       90      --    --    14      77                               
     5    5       73      17    --    14.5    76.2                             
     5    5       87.2    --    2.8   13.8    77.6                             
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Work was carried out as in Example 1 except that tungsten oxide of the
      formula W.sub.20 O.sub.58 was used as the catalyst which was produced by
      reduction of WO.sub.3 by 1.5 % H.sub.2 O-containing H.sub.2 at 400.degree.
      C. The reaction temperature was 340,.degree. 405.degree. and 480.degree.
      C. The results are given in the following Table.
TBL                Table 4                                                     
     ______________________________________                                    
     T (.degree.C)                                                             
                 Conversion (%) Selectivity (%)                                
     ______________________________________                                    
     340         6.45           83.4                                           
     405         24.1           80.3                                           
     480         39.5           77.6                                           
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  0.7 l of ethylene and 25.9 l of air are conducted hourly at a reaction
      temperature of 570.degree.C in the manner described in Example 1 over 10 g
      WO.sub.2 as the catalyst present in a quartz boat and having a geometric
      surface of about 15 cm.sup.2 (produced by reduction of WO.sub.3 by 1.5 %
      water-containing hydrogen at 600.degree.C). The conversion amounted to 17
      % of the ethylene used. The formaldehyde yield was 62 % based on the
      conversion.
PAC  EXAMPLE 6
PAR  Work is carried out as in Example 1 except that carrier catalysts are used
      which are manufactured as follows:
PAR  a. Mo balls (diameter 3 - 6 mm) were oxidized at 720.degree. C in air in a
      quartz boat over a period of 20 hours. Oxidation causes a thin oxide layer
      to appear on the metal as the carrier.
PAR  b. SiO.sub.2 balls (diameter 1 - 3 mm), SiO.sub.2 pellets length 5 - 8 mm)
      and Al.sub.2 O.sub.3 pellets (length 5 - 8 mm) as the carrier are immersed
      in (NH.sub.4).sub.2 MoO.sub.4, (NH.sub.4).sub.2 WO.sub.4 or
      (NH.sub.4)VO.sub.3 solutions and the mixture evaporated. Thereafter the
      catalysts are heated at 600.degree. C for several hours in an air stream.
PAR  The catalysts obtained according to (a) and (b) are treated as in Example 1
      in 1.5 % H.sub.2 O-containing H.sub.2. 8 cm.sup.3 of the finished
      catalysts are filled into the reaction tube. Thereafter, the
      ethylene/oxygen mixture described in Example 1 is conducted over the
      carrier catalysts at a temperature of 425.degree.C. The results are shown
      in the Table below:
PAR  In order to give exact figures, the content of the catalytically active
      intermediary oxides was calculated as content of MoO.sub.3, WO.sub.3 and
      V.sub.2 O.sub.5 respectively.
TBL                Table 5                                                     
     ______________________________________                                    
     Catalyst       Conversion (%)                                             
                                 Selectivity (%)                               
     ______________________________________                                    
     MoO.sub.3 on Mo metal                                                     
                    17.1         79.7                                          
     molten MoO.sub.3                                                          
                    11.5         80.4                                          
     7.3 % MoO.sub.3 on SiO.sub.2                                              
                    13.4         67.3                                          
     1.4 % MoO.sub.3 on SiO.sub.2                                              
                    18.8         78.6                                          
     0.15 % MoO.sub.3 on SiO.sub.2                                             
                    14.4         68.5                                          
     6.2 % WO.sub.3 on SiO.sub.2                                               
                    21.7         73.4                                          
     0.13 % WO.sub.3 on SiO.sub.2                                              
                    16.8         71.0                                          
     7.3 % MoO.sub.3 on Al.sub.2 O.sub.3                                       
                    13.1         63.6                                          
     1.3 % WO.sub.3 on Al.sub.2 O.sub.3                                        
                    18.4         72.5                                          
     5 % V.sub.2 O.sub.5 on SiO.sub.2                                          
                    28.8         23.0                                          
     ______________________________________                                    
PAR  c. Work was carried out as in Example 6(b) except that the SiO.sub.2
      pellets were impregnated only with (NH.sub.4).sub.2 MoO.sub.4 and after
      tempering at 600.degree.C were introduced into the reaction tube. Under
      reaction conditions, after a short time, the catalyst turned blue and
      after about 20 minutes, the intermediary oxide had been formed. When using
      the catalyst thus obtained which had a content of intermediary oxide of,
      calculaed as MoO.sub.3, 15 % by weight on SiO.sub.2 pellets, the
      conversion was 23.2 based on the oxygen used, the selectivity being 79.6
      %. These results of conversion and selectivity are practically the same
      during and after carrying out the experiment for a prolonged period of
      time, e.g. one week.
PAC  EXAMPLE 7
PAR  The splitting by oxidation of the double bond of propylene accompanied by
      the formation of acetaldehyde and formaldehyde was examined in the
      presence of molybdenum and tungsten oxide as catalysts, which were
      produced as in Examples 1and 4. 1.06 l of propylene, 1.06 l of oxygen and
      24.5 l of nitrogen were conducted hourly at 250.degree. C over the
      catalysts. The conversions were 12 % based on the propylene used when
      using W.sub.20 O.sub.58 as the catalyst and 16 % when using Mo.sub.9
      O.sub.26 as the catalyst. The ratio of the formaldehyde: acetaldehyde in
      the reaction product was 1.2 : 1. No acetone or acrolein could be
      detected.
PAC  EXAMPLE 8
PAR  Over the catalyst described in Example 1 there were conducted hourly at
      370.degree. C 25.6 l of isobutylene and 1 liter of oxygen at an
      overall-pressure of 1 atmosphere in the manner described therein. 12 % of
      the isobutylene were reacted. Acetone and formaldehyde were formed in a
      ratio of 1 : 1 at a selectivity of 36 %.
PAC  EXAMPLE 9
PAR  25 l of nitrogen were conducted hourly through an evaporation vessel in
      which .alpha.-methylstyrene was present, 2.8 g/h of .alpha.-methylstyrene
      being carried along in the nitrogen stream. 1.2 l of oxygen were added
      hourly to the gas stream thus obtained and the available starting gas
      conducted over Mo.sub.9 O.sub.26 as the catalyst at 350.degree. C in the
      manner described in Example 1. 18 % of the .alpha.-methylstyrene used were
      reacted. 62 % of the reacted .alpha.-methylstyrene were converted to
      acetophenone.
PAC  EXAMPLE 10
PAR  According to the method described in Example 9 a nitrogen stream of 25 l/h
      was loaded with 1.7 g/h of cyclopentene. The resulting gas mixture was
      mixed with 0.56 l/h of oxygen and conducted at 270.degree. C over W.sub.20
      O.sub.58 as the catalyst. 14 % of the cyclopentene employed were reacted.
      40 % of the reacted cyclopentene were oxidized to form glutardialdehyde.
PAC  Example 11
PAR  Over Mo.sub.9 O.sub.26 as the catalyst, obtained according to Example 1,
      there were conducted at 340.degree. C a mixture according to Example 9
      consisting of 0.8 l/h cyclooctene, 1.3 l of oxygen/h and 24.5 l/h of
      nitrogen. The formation of octanedial as the reaction product was
      determined by infra-red and nuclear-resonance spectroscopic analysis.
PAR  It will be appreciated that the instand specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process wherein an alkene hydrocarbon of the formula
      ##EQU4##
      wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each independently is
      hydrogen, an aryl group optionally substituted by at least one lower
      C.sub.1 -C.sub.4 alkyl radical,
PA1  a straight-chain or branched alkyl radical with up to 18 C atoms,
      optionally phenyl substituted when lower alkyl, or
PA1  the radicals R.sub.1 and R.sub.2 together, or R.sub.3 and R.sub.4 together,
      contain not more than 20 C atoms and each, independently of each other,
      form a carbocyclic ring, or
PA1  the radicals R.sub.1 and R.sub.3 together with the C atoms of the C--C
      double bond are a carbocyclic ring with up to 24 C atoms and R.sub.2 and
      R.sub.4 each independently is hydrogen or a lower alkyl radical,
PAL  is oxidatively split with both C atoms of the double bond being converted
      to aldehyde or ketone functions, the improvement which comprises
      contacting the hydrocarbon for a time sufficient to produce said aldehyde
      or ketone functions with a gas consisting essentially of oxygen at about
      150.degree. to 650.degree.C in the presence of a catalyst consisting
      essentially of at least one oxide of a metal selected from the group
      consisting of vanadium, niobium, tantalum, chromium, molybdenum, tungsten,
      uranium, manganese, technetium and rehenium, oxygen being present in about
      0.02 to 50 times the molar amount of the alkene.
NUM  2.
PAR  2. The process according to claim 1, wherein said oxide is an intermediary
      oxide.
NUM  3.
PAR  3. The process according to claim 1, wherein the oxide has the formula
      WO.sub.3-p and p is 0 or a positive number less than 3.
NUM  4.
PAR  4. The process according to claim 1, wherein the oxide has the formula
      MoO.sub.3-p and p is 0 or a positive number less than 3.
NUM  5.
PAR  5. The process according to claim 1, wherein the oxide has the formula
      VO.sub.2.5-x and x is 0 or a positive number less than 2.5.
NUM  6.
PAR  6. The process according to claim 1, wherein the oxide has the formula
      UO.sub.3-p and p is 0 or a positive number less than 3.
NUM  7.
PAR  7. The process according to claim 1, wherein the oxide has the formula
      ReO.sub.3.5-y and y is 0 nor a positive number less than 3.5.
NUM  8.
PAR  8. The process according to claim 1, wherein the metal oxide is present on
      a carrier comprising silicic acid, natural or synthetic silicates,
      aluminum oxide, spinel, pumice stone or titanium dioxide, and the metal
      oxide is present in about 0.01 - 50% by weight of the metal oxide plus
      carrier.
NUM  9.
PAR  9. The process according to claim 8, wherein the content of metal oxide in
      the catalyst is about 0.1 to 10% by weight, the reaction is carried out at
      a temperature of about 250.degree. to 450.degree.C, about 0.04 to 10 moles
      of oxygen are used per mole of unsaturated hydrocarbon, the oxygen being
      admixed with an inert gas selected from the group consisting of nitrogen,
      carbon dioxide and hydrogen, the inert gas comprising up to about 98% by
      volume of the gas mixture.
NUM  10.
PAR  10. The process according to claim 1, wherein R.sub.1, R.sub.2 and R.sub.3
      each independently is hydrogen, a phenyl radical or a straight-chain or
      branched lower alkyl radical, and
PAR  R.sub.4 is hydrogen or a straight-chain or branched alkyl radical with up
      to 18 C atoms, one of the alkyl radicals R.sup.1, R.sup.2, R.sup.3 and
      R.sup.4 being substituted by a phenyl group optionally substituted by at
      least one lower alkyl radical.
NUM  11.
PAR  11. The process according to claim 1, wherein the hydrocarbon has the
      formula
      ##EQU5##
      wherein w is an integer from 3 to 22.
NUM  12.
PAR  12. The process according to claim 1, wherein the hydrocarbon has the
      formula
EQU  (CH.sub.2).sub.u C = C (CH.sub.2).sub.z,
PAL  wherein u and z each independently is an integer from 4 to 11.
NUM  13.
PAR  13. The process according to claim 1, wherein the hydrocarbon comprises
      ethylene.
NUM  14.
PAR  14. The process according to claim 1, wherein the hydrocarbon comprises
      cyclopentene.
NUM  15.
PAR  15. The process according to claim 4, wherein the hydrocarbon comprises
      ethylene.
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ABST
PAL  A process for preparing oxygenated products comprising aldehydes, which
      have high normal to branched-chain isomer ratios. The process involves
      using particularly characterized rhodium-containing complex catalysts
      under a specific combination of carefully controlled reaction conditions.
      The product aldehydes as made above may be condensed and hydrogenated to
      form saturated aldehyde dimers thereof.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a divisional of copending application Ser. No. 237,891
      filed Mar. 24, 1972, now abandoned.
BSUM
PAR  This invention relates to an improved process for the preparation of
      organic oxygenated compounds containing a high ratio of normal aldehydes
      to branched-chain aldehydes. In one aspect, this invention relates to
      reacting certain olefinic compounds with carbon monoxide and hydrogen
      under a specific combination of carefully controlled reaction conditions
      and in the presence of certain rhodium-containing compositions complexed
      with tertiary organo-containing phosphorus ligands described hereinafter.
PAR  Another aspect of this invention relates to a method for making a
      hydrocarbon soluble rhodium complex wherein the valence of the rhodium is
      in the zero state.
PAR  Yet another aspect of this invention relates to use of the complex in the
      condensation and subsequent hydrogenation of the initially formed
      aldehydes to form the corresponding saturated aldehyde dimers.
PAR  Probably the best known catalytic carbonylation reaction is the "oxo"
      reaction for producing aldehydes and alcohols from carbon monoxide,
      hydrogen and olefins. Historically, cobalt and rhodium metals and/or
      complexes incorporating these metals have proven to be superior to other
      transition metals in catalyzing the hydroformylation of olefins. The
      ability of rhodium-based catalysts, when compared to cobalt based
      catalysts, to promote the "oxo" reaction at lower operating pressures and
      temperatures and catalyst concentrations has been recognized for some
      time. The oxygenated "oxo" products produced in the presence of rhodium
      based catalysts are primarily aldehydes.
PAR  U.S. Pat. No. 2,880,241 by V. L. Hughes, disclosed that rhodium-containing
      catalysts are effective for oxygenating olefins thereby permitting "a more
      selective and different kind of carbonylation".
PAR  U.S. Pat. No. 3,329,566 by L. H. Slaugh et al discloses that rhodium
      carbonyl complexes in the presence of excess phosphine catalyze the "oxo"
      reaction to give oxygenated products predominating in aldehydes and/or
      alcohols. Slaugh et al preferred to employ a
      trialkylphosphine-rhodium-carbonyl complex catalyst at a temperature from
      about 150.degree.C. to about 210.degree.C. The patentee's examples
      disclose that their rhodium-catalyzed process results in oxygenated
      products having an isomer distribution of normal aldehydes to
      branched-chain aldehydes which are comparable to the cobalt-containing
      catalyst "oxo" processes.
PAR  U.S. Pat. No. 3,527,809 by Roy L. Pruett et al discloses that a hydrido
      carbonyl tris(triphenylphosphine) rhodium complex
      [RhH(CO)(P.phi..sub.3).sub.3 ] maintained in solution in the presence of
      carbon monoxide and hydrogen functions as a catalyst for the
      hydroformylation reaction. It is the position of this patentee that an
      excess of triorganophosphorus ligand has to be present in order to get the
      most preferred results in employing this catalyst system.
PAR  Evans, Osborn and Wilkinson disclose in an article entitled
      "Hydroformylation of Alkenes by Use of Rhodium Complex Catalysts"
      published in the Journal of the Chemical Society (1968) pp. 3133-3142,
      that complexes of rhodium of the type trans-RhX(CO)(PR.sub.3).sub.2 (X =
      halogen, R = aryl) are used as -hydroformylation catalysts for alkenes.
PAR  K. L. Oliver and F. B. Booth in an article entitled "Make Aldehydes by New
      Oxo Process", published by Hydrocarbon Processing, Apr., 1970, pp.
      112-114, describe an "oxo" process in which a
      hydridocarbonyltris(triphenylphosphine) rhodium (I) RhH(CO)(.phi..sub.3
      P).sub.3 catalyst is employed. An excess of triphenylphosphine is required
      by this system to realize catalyst stability, as well as to improve n/iso
      ratio of aldehyde products.
PAR  The problem with these prior art rhodium (I) systems is that for the most
      part under the hydroformylation conditions of the "oxo" process, these
      complexes are transformed into sparingly soluble carbon monoxide
      containing complexes and the catalytic activity is known to decrease with
      time. The resulting partially heterogeneous reaction mixture thus makes
      catalyst recovery and product handling somewhat more difficult than would
      a completely homogeneous system.
PAR  The rhodium (1complexes can be stabilized to some extent, however, by the
      addition of excess ligand (5-10 fold excess based on rhodium) but this
      procedure adds greatly to the cost of the process. Another problem
      associated with rhodium (I) catalysts systems and especially those
      containing halide ion, is that a several hour induction period is required
      to transform the complexes into active catalysts.
PAR  Briefly, the subject "oxo" process is carried out in the presence of a
      zerovalent rhodium compound which may be characterized by one of the
      following formulas:
EQU  [(L)(L')Rh.degree.].sub.2 , [L.sub.3 Rh.degree.].sub.2 , [L'.sub.2
      Rh.degree.].sub.2 , [L"Rh.degree.].sub.2
PAL  where L is a monodentate ligand, L' is a bidentate ligand and L" is a tri
      or quadra-dentate ligand, wherein L, L' and L" can be the same or
      different and each is one selected from the group consisting of:
EQU  1. R.sub.3 Q , R.sub.2 R'Q, (RR'R")Q
EQU  2. r.sub.2 q(cr'.sub.2).sub.x Q'R.sub.2
      ##EQU1##
EQU  5. RQ'[(CR'.sub.2).sub.x QR.sub.2 ].sub.2
EQU  6. Q'[(CR'.sub.2).sub.x QR.sub.2 ].sub.3
PAL  wherein R, R' and R" can be the same or different and each is selected from
      the group consisting of hydrogen, F, Cl, Br and I, C.sub.1 to C.sub.20
      alkyl, C.sub.1 to C.sub.20 alkoxy, C.sub.3 to C.sub.8 cycloalkyl, C.sub.3
      to C.sub.8 cycloalkoxy, phenyl, phenyl substituted with F, Cl, Br and I,
      phenyl substituted with C.sub.1 to C.sub.20 alkyl, phenyl substituted with
      C.sub.3 to C.sub.8 cycloalkyl, phenyl substitued substituted C.sub.1 to
      C.sub.20 alkoxy, oxyphenyl, oxyphenyl substituted with C.sub.1 to C.sub.20
      alkyl, oxyphenyl substituted with C.sub.3 to C.sub.8 cycloalkyl, oxyphenyl
      substituted with F, Cl, Br and I, oxyphenyl substituted with C.sub.1 to
      C.sub.8 cycloalkoxy; Q and Q' can be the same or different and each is
      selected from the group consisting of P, As and Sb; and x is an integer
      ranging from 1 to 5.
PAR  The catalyst is prepared according to the following equations:
EQU  2(L.sub.3).sub.3 Rh.sup.I X + excess Mg(Hg).fwdarw.[(L).sub.3
      Rh.degree.].sub.2 + MgX.sub.2
EQU  2 (l)(l')rh.sup.I X + excess Mg(Hg).fwdarw.[(L)(L')Rh.degree.].sub.2 +
      MgX.sub.2
EQU  2 (l').sub.2 rhX + excess Mg(Hg).fwdarw.[(L').sub.2 Rh.degree.].sub.2 +
      MgX.sub.2
EQU  2 (l")rhX + excess Mg(Hg).fwdarw.[L"Rh.degree.].sub.2 + MgX.sub.2
PAL  x = cl, Br, I, F, preferably Cl, Br and I.
PAR  The reduction of a rhodium (I) complex is carried out with an excess of
      magnesium amalgam in the presence of an inert solvent which can be one
      selected from the group comprising hydrocarbons such as benzene, toluene,
      n-pentane, ethers such as tetrahydrofuran; diethylether, dioxane, diglyme
      and triglyme. Magnesium is a unique reducing agent as other more common
      reducing agents such as sodium and lithium lead to destructive reduction
      to rhodium metal.
PAR  The preferred reaction temperatures range from 0.degree. to 150.degree.C.,
      preferably from 25.degree. to 50.degree.C. and the reaction is carried out
      in an inert atmosphere wherein a gas such as nitrogen, argon, or neon can
      be employed. Nitrogen is preferred.
PAR  Starting L.sub.3 RLX, LL'RhX, L'.sub.2 RhX and L"RhX complexes are
      well-known in the art and are easily prepared by reacting either olefinic
      rhodium halogen dimers or rhodium carbonyl halogen dimers with the
      appropriate Group VA organo ligand in a hydrocarbon solvent such as
      benzene or hexane. See for example:
PA1  1. R. Cramer, Inorg. Chem. 1, 722 (1962);
PA1  2. M. A. Bennett and G. Wilkinson, J. Chem. Soc., 1418 (1961);
PA1  3. S. H. H. Chaston and F. G. A. Stone, J. Chem. Soc. (A), 500 (1969).
EQU  [(ch.sub.2 =ch.sub.2)rhX].sub.2 + excess QR.sub.3 .fwdarw.2CH.sub.2
      =CH.sub.2 + 2(QR.sub.3).sub.3 RhX
EQU  [(co).sub.2 rhX].sub.2 + excess R.sub.2 Q(CR'.sub.2).sub.x Q'R.sub.2
      .fwdarw.4CO+[R.sub.2 Q(CR'.sub.2).sub.x Q'R.sub.2 ].sub.2 RhX
PAR  the novel process contemplates employing alpha olefinic compounds as
      reactants. Such alpha olefinic compounds are characterized by a terminal
      ethylenic carbon-to-carbon bond which may be a vinylidene group, i.e.,
      CH.sub.2 =C--; or a vinyl group, i.e., CH.sub.2 =CH--. They may be
      straight-chain or branched-chain and may contain groups or substituents
      which do not essentially interfere with the course of the novel process.
      Such groups or substituents can be illustrated by carbonyl
      ##EQU2##
      carbonyloxy
      ##EQU3##
      oxy (--O --), hydroxy (--OH), carboxy (--COOH), halo, alkoxy, phenyl,
      haloalkyl. The alpha olefinic compound can contain one ethylenic bond or
      it can contain more than one ethylenic bond. The olefinic linkages may or
      may not be in conjugation.
PAR  Illustrative alpha olefinic compounds which can be employed as reactants
      include ethylene, propylene, 1-butene, 1 -pentene, 1-hexene, 1-heptene,
      1-octene, 1-decene, 1-dodecene, 1-octadecene, 2-ethyl-1-hexene, styrene,
      3-1-propene, allyl chloride, 1,4-hexadiene, 1,7-octadiene, cyclohexene,
      3-cyclohexyl-1-butene, allyl alcohol, hex-1-en-4ol, oct-1-en-4-ol, vinyl
      acetate, allyl acetate, 3-butenyl acetate, vinyl propionate, allyl
      propionate, allyl butyrate, methyl methacrylate, 3-butenyl acetate, vinyl
      ethyl ether, vinyl methyl ether, allyl ethyl ether, n-propyl 7-octenoate,
      3-butenoic acid, 7-ocetenoic acid, 3-butenenitrile, 5-hexenamide, and the
      like. Preferred alpha olefinic compounds include alkenes, alkyl
      alkenoates, alkenyl alkanoates, alkenyl alkyl ethers, and alkenols,
      especially those which contain up to 20 carbon atoms. Especially preferred
      are C.sub.2 --C.sub.10 terminal alkenes.
PAR  The catalyst is present in the amount ranging from 10.sup..sup.-6 to
      10.sup..sup.-1, preferably from 10.sup..sup.-4 to 10.sup..sup.-2 moles,
      based on the moles of rhodium, per mole of alpha olefinic feed.
PAR  It is to be noted that it is preferable to use a small amount of catalyst
      as possible so as to control the economics in view of the high cost of
      rhodium metal and rhodium compounds.
PAR  The catalyst can be introduced into the process dissolved in a solvent,
      said solvents are the same as described hereinabove with reference to the
      preparation of the catalyst.
PAR  The required pressures for the hydrogen and carbon monoxide are very low in
      order to affect a commercial process. The total pressures range from 50
      psi to 1000 psi and preferably from 50 psi to 800 psi. A 50/50 volume
      percent of CO/H.sub.2 is preferred but volume percent ranging from 10/90
      to 90/10 CO/H.sub.2 can be employed. As the relative amount of H.sub.2 is
      increased the carbonylation rate is decreased but hydrogenation of the
      aldol dimer products is increased. The process can be carried out at
      temperatures ranging from 50.degree. to 200.degree.C., preferably from
      80.degree. to 175.degree.C.
PAR  The residence period of the subject process is very critical for if the
      aldehyde product of the "oxo" reaction is permitted to remain in the
      autoclave with the reactants for a period of time, say at least 15
      minutes, a measurable aldol condensation product results according to the
      following schematic equation.
      ##EQU4##
      assuming that ethylene was the olefin feed. It is to be noted that this
      aldol condensation sequence will predominate if the reaction temperature
      is increased from that under which the initial hydroformylation reaction
      was carried out. The temperature can be increased ranging from 100.degree.
      to 200.degree.C., preferably from 150.degree. to 175.degree.C.
DETD
PAR  The following examples are illustrative. In said examples the procedure
      generally employed was as follows:
PAR  To a pressure vessel there was charged the alpha olefinic compound, if
      liquid, solvent and rhodium-containing complex. After flushing with argon,
      the pressure vessel was sealed and then pressurized with carbon monoxide
      and hydrogen. If a gaseous olefin such as propylene is employed, it is
      pressured into the autoclave along with hydrogen and carbon monoxide. The
      reaction temperature was then slowly increased to the desired level. When
      reaction commenced, a noticeable pressure drop occurred. The pressure was
      maintained at a predetermined level by the periodic addition of hydrogen
      and carbon monoxide to the vessel. When the pressure remained essentially
      constant, the reaction was considered to be complete. Thereafter the
      vessel and contents were cooled to room temperature, i.e. about
      23.degree.C. The excess gases were vented and the vessel was flushed 3
      times with argon. The crude reaction mixture was analyzed by a combination
      of nmr spectroscopy and glc measurements. Samples were also periodically
      analyzed as the reaction proceeded.
PAC  EXAMPLE 1 -- Preparation of Zerovalent Rhodium Catalyst
PAR  The reduction is carried out in an inert solvent such as benzene or
      tetrahydrofuran at R.T. An excess of 1% Mg(Hg) (2-10 fold) is employed to
      insure a rapid rate of reduction. The reaction is conveniently followed by
      noting the solution of the generally insoluble L.sub.3 RhX, (L)(L')RhX,
      L'.sub.2 RhX, L"RhX starting material. The reduction products are isolated
      by standard techniques and are generally yellow or yellow green solids.
      The Rh.degree. complexes are air sensitive and must be handled in an inert
      atmosphere (Ar, N.sub.2, Ne). These new Rh.degree. complexes have been
      well characterized by IR and nmr measurements and elemental analysis.
PAR  The procedures hereinbelow were carried out under an N.sub.2 atmosphere.
PAR  As a typical example 10.0 gms of ((C.sub.6 H.sub.5).sub.3 P).sub.2 RhCl was
      placed in 150 ml of dry THF. The resulting dark red slurry was added to a
      500 ml r.b. flask containing a Mg(Hg) composed of 1.0 gm Mg dissolved in
      100 gm Hg. The reduction was carried out for 24 hours. THF was removed
      with reduced pressure yielding a yellow brown residue. The residue was
      extracted with dry benzene yielding a yellow brown solution. A white
      residue of MgCl.sub.2 remained insoluble in benzene. The yellow brown
      extract was reduced to dryness yielding a yellow-brown residue.
      Recrystallization of the residue from a 50/50 n-pentane-benzene mixture
      resulted in the production of a yellow solid consistent with the formula
      [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2. The yield of the
      desired Rh.degree. complex are generally in the range of 80-95%. For
      [(C.sub.6 H.sub.5)P.sub.3 Rh.degree.].sub.2 : % Calc: C, 73.01; H, 5.10;
      O, nil; Cl, nil; Rh, 11.57; P, 10.47; % Found: C, 72.75; H, 5.13; O, nil;
      Cl, nil; Rh, 11.52; P, 10.37.
PAR  The dimeric nature of the rhodium (O) complex was proven by chemically
      cleaving [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2 with the
      stoichiometric amount of I.sub.2 yielding two [(C.sub.6 H.sub.5).sub.3
      P].sub.3 RhI molecules. Also, the [((C.sub.6 H.sub.5).sub.3 P).sub.3
      Rh.degree.].sub.2 complex is diamagnetic and can only result by forming a
      dimer via a rhodium-rhodium metal-metal bond.
PAC  EXAMPLE 2 -- Hydroformylations
PAR  All sample preparations were carried out in a dry box employing a nitrogen
      atmosphere. All solvents were carefully dried and degassed by standard
      techniques. The hydroformylations were carried out in a Autoclave
      Engineer's, 300 ml, Magnedrive-Packless, stainless steel autoclave. A
      valving system was devised that allowed sampling under operating
      conditions. Reaction mixtures were pressured into the autoclave with
      argon. A total pressure of 1000 psi (partial pressures of CO and H.sub.2
      ca. 400 psi) was generally maintained by repressuring the autoclave as the
      hydroformylation reaction proceeded at a present reaction temperature.
PAR  Reaction products were analyzed by glc using a Perkin-Elmer 226 Gas
      Chromatograph employing a 300 ft. .times. 0.01 inch stainless steel column
      internally coated with carbowax K-1540 and equipped with a flame
      ionization detector and nmr measurements using a Varian-A-60 instrument.
PAR  The results of various runs are given in the following Table: In each case
      the catalyst was pressured into the autoclave either as a solution or a
      slurry in 70 ml of benzene. Propylene was then added and the mixture
      brought to reaction temperature. CO and H.sub.2 were then added to the
      desired reaction pressure at a preset reaction temperature. Pseudo first
      order reaction rates were calculated from the gas consumption versus time
      data.  pg,11
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Hydroformylation of Propylene.sup.(a)                                     
                        Catalyst      Cocatalyst                               
                                                C.sub.4 H.sub.8 O              
                                                           Kx10.sup.3          
                                                               t 1/2           
     Catalyst           (conc)mmole                                            
                               Cocatalyst                                      
                                      (conc)mmole                              
                                             T.degree.C                        
                                                (conc)mmole                    
                                                       n/iso                   
                                                           sec (min)           
     __________________________________________________________________________
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        1.1    --     --      85                               
                                                0.40   65/35                   
                                                           1.26                
                                                               9.2             
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        1.1    (C.sub.6 H.sub.5).sub.3 P                       
                                      2.0     85                               
                                                0.66   65/35                   
                                                           0.646               
                                                               17.8            
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        1.0    --     --     131                               
                                                0.75   65/35                   
                                                           2.41                
                                                               4.79            
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        1.0    (C.sub.6 H.sub.5 O).sub.3 P                     
                                      4.0    123                               
                                                0.48   68/32                   
                                                           6.02                
                                                               1.92            
     [((C.sub.6 H.sub.5 O).sub.3 P).sub.3 Rh.degree.].sub.2                    
                        1.0    --     --     117                               
                                                0.46   62/38                   
                                                           0.908               
                                                               12.7            
     [((C.sub.4 H.sub.9).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        3.0    --     --      92                               
                                                0.66   65/35                   
                                                           0.428               
                                                               7.64            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl.sup.(b)                     
                        2.2    --     --     132                               
                                                0.59   63/37                   
                                                           0.636               
                                                               18.2            
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl.sup.(b)                     
                        2.2    --     --     114                               
                                                0.63   65/35                   
                                                           0.244               
                                                               47.3            
     HRh.sup.I (CO)(P(C.sub.6 H.sub.5).sub.3).sub.3.sup.(b)                    
                        1.0    (C.sub.6 H.sub.5 O).sub.3 P                     
                                      4.0    145                               
                                                0.79   58/42                   
                                                           2.65                
                                                               4.36            
     HRh.sup.I (CO)(P(C.sub.6 H.sub.5).sub.3).sub.3.sup.(b)                    
                        1.0    --     --     144                               
                                                0.42   53/47                   
                                                           8.34                
                                                               1.38            
     trans[(C.sub.6 H.sub.5).sub.3 P].sub.2 Rh.sup.I (CO)Cl.sup.(b)            
                        1.0    --     --     137                               
                                                0.31   56/44                   
                                                           1.70                
                                                               6.79            
     [(C.sub.6 H.sub.5).sub.3 P].sub.3 Rh.sup.I (C.sub.6 H.sub.5)              
                        1.1    --     --      92                               
                                                0.37   65/35                   
                                                           0.713               
                                                               16.2            
     [(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2      
     ].sub.2 Rh.sup.I Cl.sup.(b)                                               
                        1.0    --     --     122                               
                                                0.46   46/54                   
                                                           0.198               
                                                               58.3            
     [(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2      
     ].sub.2 Rh.degree.].sub. 2                                                
                        1.0    --     --     122                               
                                                0.41       3.31                
                                                               3.49            
     __________________________________________________________________________
      .sup.(a) Total reaction pressure 1000 psi maintained by addition of 50/50
      CO/H.sub.2.                                                              
      .sup.(b) Heterogeneous reaction mixture.                                 
PAR  Table I clearly indicates that rhodium zero phosphine complexes exhibit
      reaction rates essentially equivalent to and up to 25 times faster than
      those exhibited by conventional Rh.sup.I complexes. When compared with the
      commercial "oxo" catalyst [(C.sub.6 H.sub.5).sub.3 P].sub.3 Rh(COh,
      however, the rhodium zero complexes of this invention demonstrate a much
      better n/iso ratio for the product butyraldehydes. These rhodium zero
      complexes exhibit good hydrocarbon solubility and the "oxo" reaction
      mixture remains homogeneous throughout the course of the reaction, even at
      high aldehyde concentrations. The homogeneity of the rhodium zero systems
      is in marked contrast to the Rh.sup.I catalyst systems. The rhodium zero
      complexes can be recovered unchanged by a simple vacuum distillation and
      reused without any activity loss. The catalytic activity of the Rh.sup.I
      systems under comparable reaction conditions with the Rh.degree. systems
      all decrease in activity with time because of irreversible degradation to
      inactive reaction products. No excess ligand is required by these
      Rh.degree. catalysts thus a large savings in catalyst cost is achieved.
      These Rh.degree. catalysts selectively produce butyraldehydes at the
      conditions given, no alcohols or saturated alkane 3 were detected in the
      reaction mixture.
PAC  EXAMPLE 3 -- Condensation of Propanal
PAR  In addition to being good hydroformylation catalysts, the Rh.degree.
      complexes of this invention have been found to promote the aldol
      condensation and subsequent hydrogenation of the initially formed
      aldehydes to their corresponding saturated aldehyde dimers. The effective
      use of Rh.degree. complexes as condensation catalysts is illustrated in
      the following Table.
TBL                                    TABLE II                                
     __________________________________________________________________________
     Condensation of Propanal                                                  
     Feed: 1.0 mole propanal, 28 ml benzene                                    
     Conditions: 175.degree.C., pCO=300 psi, pH.sub.2 =520 psi                 
                       Catalyst Pro-          %                                
                       conc.                                                   
                            t   panal                                          
                                    Enal.sup.b                                 
                                         Anal.sup.c                            
                                              Product.sup.d                    
     Catalyst          (mmole)                                                 
                            hr  mole                                           
                                    mole mole Balance                          
     __________________________________________________________________________
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       1.1  2.5 0.44                                           
                                    0.18 0.07 94                               
                            4.5 0.32                                           
                                    0.15 0.18 98                               
                            8.5 0.24                                           
                                    --   0.35 94                               
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl                             
                       2.2  0.5 0.98                                           
                                    --   --   98                               
                            2.0 0.67                                           
                                    --   0.055                                 
                                              78                               
                            6.0 0.32                                           
                                    --   0.125                                 
                                              57.sup.a                         
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.III Cl.sub.3                     
                       0.5  5.0 0.61                                           
                                    0.035                                      
                                         0.055                                 
                                              79.sup.a                         
     HRh.sup.I (CO)[P(C.sub.6 H.sub.5).sub.3 ].sub.3                           
                       1.1  1.5 0.43                                           
                                    0.14 0.045                                 
                                              80.sup.a                         
                            4.5 0.22                                           
                                    --   0.31 84                               
     HRh.sup.I (CO)[P(C.sub.6 H.sub.5).sub.3 ].sub.3 + .sup.                   
                       1.0  1.0 0.50                                           
                                    0.16 0.01 90                               
     (C.sub.6 H.sub.5).sub.3 P                                                 
                       2.0  2.0 0.31                                           
                                    0.29 0.015                                 
                                              92                               
                            5.0 0.15                                           
                                    0.35 0.045                                 
                                              94                               
     Co.sub.2 (CO).sub.8                                                       
                       1.1  2.5 0.74                                           
                                    0.048                                      
                                         0.014                                 
                                              86.sup.a                         
                            4.5 0.64                                           
                                    0.085                                      
                                         0.014                                 
                                              84                               
                            8.5 0.50                                           
                                    0.10 0.024                                 
                                              75                               
     [[(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2     
     ].sub.2 Rh.degree.].sub.2.sup.f                                           
                       1.0  0.25                                               
                                0.43                                           
                                    0.125                                      
                                         0.140                                 
                                              96                               
                            1.25                                               
                                0.25                                           
                                    --   0.325                                 
                                              90                               
                            1.75                                               
                                0.22                                           
                                    --   0.340                                 
                                              90                               
     __________________________________________________________________________
     Feed: 1.0 mole propanal, 70 ml benzene                                    
     Conditions: 175.degree.C., pCO 350 psi; pH.sub.2 850 psi                  
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                       0.55 18  0.13 trace                                     
                                         0.42 97                               
     (C.sub.6 H.sub.5).sub.3 P                                                 
                       1.8  18  0.99+                                          
                                     trace                                     
                                         --   99+                              
     __________________________________________________________________________
     Feed: 1.0 mole propanal, 70 ml benzene                                    
     Conditions: 125.degree.C., pCO=350 psi; pH.sub.2 =850 psi                 
     [((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.degree.].sub.2                      
                        0.55                                                   
                            17  0.28 trace                                     
                                         0.35 98                               
     ((C.sub.6 H.sub.5).sub.3 P).sub.3 Rh.sup.I Cl                             
                       1.3  18  0.99+                                          
                                     trace                                     
                                         trace                                 
                                              99+                              
     Rh.sup.III Cl.sub.3.3H.sub.2 O                                            
                       1.2  19  0.80 trace                                     
                                         trace                                 
                                              80.sup.a                         
     __________________________________________________________________________
      .sup.a The relatively poor product balance is due to the hydrogenation of
      the aldehyde to propanol and/or the production of higher molecular weight
      condensates.                                                             
      .sup.b enal = 2-methyl pent-2-enal                                       
      .sup.c anal = 2-methyl pentanal                                          
      .sup.d % product balance based upon unreacted C.sub.3 H.sub.6 O and the  
      enal and anal products.                                                  
      .sup.e Commercial catalyst composition -- poor yield of desired anal     
      .sup.f Condensation carried out at 150.degree.C.                         
PAL  The desired reaction is described by the following equations:
      ##EQU5##
PAR  By combining steps Ke and K.sub.H with the initial hydroformylation of Cn
      olefin in a single reaction vessel, a Cn olefin in the presence of
      CO/H.sub.2 and the Rh.degree. complexes can be selectively transformed
      into a C(2.sub.n.sub.+2) saturated aldehyde.
PAR  The percent product balance is based upon the summation of the
      concentration of unreacted propanal and the desired enal and anal
      products. The anal product is a desired precursor to plasticizer alcohols.
PAR  From the above product distribution as a function of time, the rate of
      condensation of propanal (expressed as t 1/2 and the subsequent
      hydrogenation of the enal dimer were found to fall in the ranges Ke = 0.5
      to 2.5 hours and K.sub.H = 0.5 to 1.2 hours. Comparable rates were shown
      by higher normal aldehydes. It was also found that normal aldehydes are
      condensed at a much faster rate than their branched isomers. For example,
      in the hydroformylation of propylene where n and iso-butyraldehydes are
      intermediates, if short reaction times are employed to reduce to the
      formation of mixed dimers and isodimers, then the condensation product is
      almost exclusively 2-ethylhexanal. Thus, the uncondensed isobutyraldehyde
      could be cracked to H.sub.2 O and propylene and the propylene recycled.
PAR  Trimers and higher condensates become appreciable only after extended
      reaction times at elevated temperatures. This represents the first
      disclosure whereby an aldehyde is selectively condensed to its
      corresponding dimer and then hydrogenated solely by the action of a
      soluble rhodium zero complex. Hydroaldolization is a well known reaction
      but a strong base such as KOH has always before been needed in conjunction
      with a transition metal hydrogenation catalyst to effect the desired
      condensation - hydrogenation reaction sequence. Although one Rh.sup.I
      complex, namely, HRh(CO)(P(C.sub.6 H.sub.5).sub.3).sub.3, was found to
      condense propanal the product balance demonstrated by this catalyst is
      relatively poor. More importantly, the commercial hydroformylation of
      olefins with HRh(CO)(P(C.sub.6 H.sub.5).sub.3).sub.3 is carried out in the
      presence of excess phosphine so as to stabilize the Rh.sup.I catalyst.
      This system forms only very small amounts of the desired anal product and
      thus it would be economically unwise to use this catalyst mixture for the
      production of anol. Other Rh.sup.I and Rh.sup.III complexes treated do not
      selectively dimerize aldehydes but instead produce alcohols (propanol)
      and/or mixtures of higher condensates.
PAR  In effect then, by combining the initial hydroformylation step with steps
      Ke and K.sub.H described above in a single reaction vessel, a Cn terminal
      olefin in the presence of CO/H.sub.2 and the Rh.degree. complexes can be
      selectively transformed in C(2.sub.n.sub.+2) saturated aldehydes. This
      represents a very substantial improvement over present day technology
      which uses a multistep process which is characterized by (1) initial
      hydroformylation using Co or Rh catalysts, (2) fractional distillation of
      hydroformylation products to separate n and iso aldehydes, (3) base (KOH)
      condensation of the n-isomer to form the enal, (4) fractional distillation
      of enal product, and (5) hydrogenation of enal to anol over a precious
      metal catalyst such as Ni or Pt.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of normal aldehydes which comprises the
      step of contacting an alpha olefinic hydrocarbon having up to 20 carbon
      atoms at a temperature ranging from 50.degree. to 175.degree.C. and a
      pressure ranging from 10 to 1000 psi with carbon monoxide and hydrogen in
      the presence of a catalyst wherein the amount of catalyst ranges from
      10.sup..sup.-6 to 10.sup..sup.-1 mols of rhodium per mol of alpha olefinic
      hydrocarbon and wherein said catalyst composition is characterized as one
      of the following zero-valent rhodium complexes:
EQU  [(L)(L')Rh.degree.].sub.2 , [L.sub.3 Rh.degree.].sub.2 , [L.sub.2
      'Rh.degree.].sub.2 , [L"Rh.degree.].sub.2
PAL  where L is a monodentate phosphine ligand, L' is a bidentate phosphine
      ligand and L" is a tri or quadra-dentate phosphine ligand, wherein L, L'
      and L" is the same or different and each is one selected from the group
      consisting of:
EQU  1. R.sub.3 P, R.sub.2 R'P , (RR'R")P
EQU  2. r.sub.2 p(cr.sub.2 ').sub.x P R.sub.2 '
      ##EQU6##
EQU  5. R"P[(CR.sub.2 ').sub.x PR.sub.2 "].sub.2
PAR  6. p[(cr.sub.2 ').sub.x PR.sub.2 ].sub.3
PAL  wherein R, R' and R" can be the same or different and each is selected from
      the group consisting of hydrogen, F, Cl, Br and I, C.sub.1 to C.sub.4
      alkyl, to C.sub.4 alkoxy, C.sub.3 to C.sub.8 cycloalkyl, C.sub.3 to
      C.sub.8 cycloalkyl, phenyl, phenyl substituted with F, Cl, Br and I,
      phenyl substituted with C.sub.1 to C.sub.4 alkyl, phenyl substituted with
      C.sub.3 to C.sub.8 cycloalkyl, phenyl substituted with C.sub.1 to C.sub.4
      alkoxy, oxyphenyl, oxyphenyl substituted with C.sub.1 to 132 20C.sub.4
      alkyl, oxyphenyl substituted with C.sub.3 to C.sub.8 cycloalkyl, oxyphenyl
      substituted with F, Cl, Br and I, oxyphenyl substituted with C.sub.1 to
      C.sub.8 cycloalkoxy; can be the same or different and each is selected
      from the and x is an integer ranging from 1 to 5.
NUM  2.
PAR  2. A process according to claim 1 wherein the 2 alpha olefin is a
      C.sub.2C.sub.10 alkene.
NUM  3.
PAR  3. A process for the production of normal aldehydes which comprises the
      step of contacting propylene with carbon monoxide at a temperature ranging
      from 50.degree. to 175.degree.C and a pressure ranging from 10 to 1000 psi
      in the presence of a catalyst characterized as [((C.sub.6 H.sub.5).sub.3
      P).sub.3 Rh.degree.].sub.2.
NUM  4.
PAR  4. A process according to claim 3 wherein the catalyst is characterized as
      [(C.sub.4 H.sub.9).sub.3 P).sub.3 Rh.degree.].sub.2.
NUM  5.
PAR  5. A process according to claim 3 wherein the catalyst is characterized as
      [((C.sub.6 H.sub.5 O).sub.3 P).sub.3 Rh.degree.].sub.2.
NUM  6.
PAR  6. A process according to claim 3 wherein the catalyst is characterized as
      [[(C.sub.6 H.sub.5).sub.2 PCH.sub.2 CH.sub.2 P(C.sub.6 H.sub.5).sub.2
      ].sub.2 Rh.degree.].sub.2.
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ABST
PAL  Suitable as lubricants or dielectric fluids are ethers of the formula
      ##SPC1##
PAL  Wherein X is F or H, at least one of the substituents X being F, n is a
      whole number at least equal to 1, R and R' being identical or different
      represent H or Cl.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to benzhydryl fluoroalkyl ethers. Such compounds are
      useful, for example, as lubricating and dielectric fluids.
PAR  A wide variety of halogenated ethers have been disclosed in U.S. patents,
      for example U.S. Pat. Nos. 2,831,033, 2,409,274, 3,661,967, 2,564,214 and
      2,702,825, as well as in foreign patents, for example French Pat. Nos.
      1,463,398 and 1,501,630.
PAC  SUMMARY
PAR  An object of this invention is to provide novel ethers and a process for
      preparing same.
PAR  Upon further study of the specification and appended claims, further
      objects and advantages of this invention will become apparent to those
      skilled in the art.
PAR  To attain these objects, there are provided benzhydryl fluoroalkyl ethers
      of the formula
      ##SPC2##
PAL  Wherein X is F or H, at least one of the substituents X being F, n is a
      whole number at least equal to 1, R and R' being identical or different
      represent H or Cl.
PAR  Owing to their physical chemical properties: high viscosity and high
      boiling point, these novel compounds are useful lubricants, hydraulic
      fluids and dielectric fluids.
PAR  The compounds of this invention are obtained by reacting benzhydrol or one
      of its derivatives which are halogenated on the benzene ring, with a
      halogenated aliphatic linear primary saturated alcohol.
PAC  DETAILED DISCUSSION
PAR  The benzhydrol and its derivatives have the formula:
      ##SPC3##
PAL  Wherein R and R' are identical or different and are H or Cl. Suitable
      compounds include: benzhydrol (diphenylmethanol), parachloro
      diphenylmethanol and para-dichloro diphenylmethanol. For purposes of
      simplification, the term "benzhydrol" is used herein to designate the
      different compounds having the formula as defined hereabove.
PAR  Aliphatic saturated linear primary alcohols suitable for preparing the
      ethers of the present invention are alcohols having the formula:
EQU  c.sub.n X.sub.2n.sub.+1 CH.sub.2 OH
PAL  wherein X is F or H, at least one X being F, and n is a whole number at
      least equal to 1, and preferably not more than 6 the particularly
      preferred range for n being 1-4.
PAR  In the practice of the invention, the alcohols preferably used are the
      alcohols either partly or entirely substituted by fluorine on the carbon
      atoms which do not carry the alcohol function. Among suitable alcohols,
      fluorinated primary alcohols such as ethanol, 1-propanol, 1-butanol,
      1-pentanol, 1-hexanol, 1-heptanol can be cited.
PAR  The reaction is performed by heating at about 50.degree.C, a mixture
      constituted by the halogenated starting alcohol and an acidic dehydration
      agent. The halogenated starting alcohol is preliminarily dissolved in an
      aromatic solvent such as benzene, toluene, xylene and the like. The acid
      dehydration agent is for example concentrated sulfuric acid of
      hydrochloric acid and is used in a small quantity. Then the benzhydrol
      preliminarily dissolved in the same solvent as the halogenated alcohol is
      added to the reaction mixture. The reaction is achieved by heating and
      refluxing the reaction mixture with stirring for 1 to 7 hours.
PAR  According to the present invention, stoichiometric quantities of the
      fluorinated alcohol and of the benzhydrol can be used but preferably an
      excess of the fluorinated alcohol is used. Generally the amount of
      fluorinated alcohol ranges between 110 and 220 percent by weight and
      preferably 120 and 200% by weight of the molar theoretical quantity.
PAR  When the reaction is completed, the reaction mixture is treated with water.
      After decantation, the organic phase is washed successively with a weakly
      alkaline solution (for instance sodium bicarbonate) up to a pH of about 7
      and finally with water. After decantation and drying (for example with
      calcium chloride), the aromatic solvent and the unreacted fluorinated
      alcohol are eliminated according to known techniques such as evaporation
      under vacuum, and the organic phase is distilled off under vacuum in order
      to obtain the aralkyl ether. According to the nature of starting
      reactants, aralkyl ethers yields can vary from 30 to 90 percent by weight
      based on the used benzhydrol.
PAR  Due to their physico-chemical properties: high viscosity and high boiling
      point, the ethers according to the present invention are useful
      lubricants, hydraulic fluids and dielectric fluids.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever. In the following
      examples, all temperatures are set forth uncorrected in degrees Celsius;
      unless otherwise indicated, all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  In a reaction vessel (500ml) provided with a magnetic stirrer, a condenser
      and a dropping funnel, 0.5 mole (50g) of trifluoroethanol were introduced
      and dissolved in 50ml of dry benzene. Then 5ml of concentrated sulfuric
      acid were introduced: the mixture was stirred and heated by gradually
      raising the temperature to 50.degree.C. Then, 0.25 mole (46g) of
      benzhydrol preliminarily dissolved in 70ml of benzene by heating, was
      slowly added to the reaction mixture. The mixture was stirred and refluxed
      for 6 hours.
PAR  After cooling, water was added to the reaction mixture. The acidic organic
      phase was neutralized with a sodium bicarbonate solution and washed with
      distilled water. After decantation and drying with calcium chloride the
      organic phase was evaporated by a water jet aspirator.
PAR  After distillation under vacuum (10mm Hg), there were obtained 50g of an
      oily yellowish product. An analytical study by vapor phase chromatography
      revealed that this product contained impurities. After redistillation
      under a vacuum of 10 mm Hg there were obtained 46g of 1-trifluoro-ethyl
      benzhydryl ether corresponding to a yield of 70 percent by weight based on
      the consumed benzhydrol. This ether was an amorphous white product having
      the following properties:
PA1  B.p. : 263.degree.c
PA1  m.p. : 25 to 32.degree.C
PA1  n.sub.D.sup.30 : 1.5070
PAL  N.m.r. analysis showed:
PA1  .delta. .sub..sub.&gt;CH.sub.--O = 5.45 p.p.m. (singlet)
PA1  .delta. .sub..sub.--CH.sbsb.2.sub.--O = 3.5 to 3.9 p.p.m. (quartet)
PA1  .delta. .sub.(C.sbsb.6H.sbsb.5).sbsb.2.sub.&lt; = 7.3 p.p.m. (main singlet of
      multiplet)
PAL  The data are consistent with and support the structure of the ether of
      formula:
EQU  (C.sub.6 H.sub.5).sub.2 --CH--O--CH.sub.2 --CF.sub.3
PAC  example 2
PAR  example 1 was repeated by using benzhydrol (C.sub.6 H.sub.5).sub.2 CHOH and
      various halogenated alcohols. The obtained products are shown in Table 1.
PAC  EXAMPLE 3
PAR  In a reactor vessel equipped as described in Example 1, 44g (0.3 mole) of
      2,2,3,3, tetrafluoropropanol-1 (CF.sub.2 H--CF.sub.2 --CH.sub.2 OH), 50ml
      of dry benzene and 5ml concentrated sulfuric acid were introduced. The
      reaction mixture was heated at 50.degree.C, and a hot mixture of 54.6g
      (0.25 mole) of para-chlorobenzhydrol dissolved in 100ml of dry benzene was
      introduced. The reaction mixture was stirred at 50.degree.C for 30
      minutes; then the mixture was refluxed for 6 hours.
PAR  After cooling, the organic phase was neutralized at pH 7 with an alkaline
      solution, washed with water and dried with calcium chloride. Benzene was
      evaporated. The obtained oily product was distilled under vacuum, 53 grams
      of 1,1,2,2, tetrafluoropropyl para-chlorobenzhydryl ether were obtained
      corresponding to a yield of 63 percent by weight based on the consumed
      p-chlorobenzhydrol.
PAR  The obtained product had the following properties:
PA1  B.p. : 321.degree.-322.degree.c (decomposition)
PA1  n.sub. D.sup.20 : 1.5202
PA1  Viscosity at 20.degree.C : 75 centistokes
PA1  Viscosity at 37.8.degree.C : 19 centistokes
PA1  Viscosity at 98.9.degree.C : 2.5 centistokes
PAL  N.m.r. spectra of the 1,1,2,2, tetrafluoropropyl para-chlorobenzhydryl
      ether confirms its structure
      ##EQU1##
        .delta. .sub.(C.sbsb.6H.sbsb.5.sub.--,C.sbsb.6H.sbsb.4Cl.sub.--) = 7.2
      p.p.m. (main singlet of multiplet)
PA1  .delta. .sub.(.sub.&gt;CH.sub.--O.sub.--) = 5.3 p.p.m. (singlet)
PA1  .delta. .sub.(.sub.--CH.sbsb.2.sub.--O.sub.--) = 3.5 to 4 p.p.m. (triplet)
PA1  .delta. .sub.(HCF.sbsb.2.sub.--CF.sbsb.2.sub.--) = 5.8 p.p.m. (triplet of
      triplets with a center at 5.8 p.p.m.)
PAL  N.m.r. spectrum achieved on F.sub.19 confirms also this structure.
PAC  EXAMPLE 4
PAR  By using the mode of operation of Example 3, other ethers were obtained by
      reacting p-chlorobenzhydrol and 4,4'-dichlorobenzhydrol with various
      fluorinated alcohols. In Table 2, the results are set forth.
PAR  The nuclear magnetic resonance (NMR) spectra of the ethers obtained
      according to the present invention were achieved by using a 60 M.C.
      apparatus.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     Starting fluorinated                                                      
                    Obtained ether                                             
                                Physical constants of                          
                                          NMR spectrum of the obtained ether   
        Alcohol                 the obtained ether                             
     __________________________________________________________________________
     CF.sub.3 CF.sub.2 CH.sub.2 OH                                             
                 (C.sub.6 H.sub.5).sub.2 CHOCH.sub.2 CF.sub.2 CF.sub.3         
                                B.P.                                           
                                   : 262.degree.C                              
                                          .delta..sub.(C.sbsb.6H.sbsb.5).sbsb.2
                                          .sub.&lt;                               
                                                :                              
                                                 7.3 p.p.m.                    
                                                 (main singlet of multiplet)   
     2,2,3,3,3-pentafluoro-                                                    
                 1,1,1,2,2-pentafluoropropyl                                   
                                M.P.                                           
                                   .congruent.                                 
                                     -55.degree.C                              
     propanol-1  benzhydryl ether         .delta..sub.(.sub.&gt;CH.sub.--O)       
                                                :                              
                                                 5.4 p.p.m. (singlet)          
                                n.sub.D.sup.20                                 
                                   : 1.489                                     
                                Viscosity at 20.degree.C :                     
                                          .delta..sub.(.sub.--CH.sbsb.2.sub.--O
                                          .sub.--)                             
                                                :                              
                                                 3.5 at 4 p.p.m. (triplet)     
                                13.44 centistokes                              
     HCF.sub.2 CF.sub.2 CH.sub.2 OH                                            
                 (C.sub.6 H.sub.5).sub.2 CHOCH.sub.2 CF.sub.2 CF.sub.2         
                                B.P.                                           
                                   : 298.degree.C                              
                                          .delta..sub.(C.sbsb.6H.sbsb.5).sbsb.2
                                          .sub.&lt;                               
                                                :                              
                                                 7.2 p.p.m.                    
                                                 (main singlet multiplet)      
     2,2,3,3-tetrafluoro-                                                      
                 1,1,2,2-tetrafluoropropyl                                     
                                n.sub.D.sup.20                                 
                                   : 1.5060                                    
     propanol-1  benzhydryl ether         .delta..sub.(.sub.&gt;CH.sub.--O.sub.--)
                                                :                              
                                                 5.3 p.p.m. (singlet)          
                                d20                                            
                                   : 1.23478                                   
                                Viscosity at 20.degree.C :                     
                                          .delta..sub..sub.--CH.sbsb.2O.sub.--)
                                                :                              
                                                 3.4 at 3.9 p.p.m. (triplet)   
                                37.28 centistokes                              
                                          .delta..sub.((HCF.sbsb.2.sub.--)     
                                                :                              
                                                 5.8 p.p.m. (triplet of        
                                                 triplets with a center at     
                                                 5.8 p.p.m.)                   
     CF.sub.2 H--(CF.sub.2).sub.3 --CH.sub.2 OH                                
                 (C.sub.6 H.sub.5).sub.2 CH--O--(CH.sub.2)(CF.sub.2).sub.3     
                                B.P.                                           
                                   : 270.degree.C                              
                                          .delta..sub.(C.sbsb.6H.sbsb.5).sbsb.2
                                          .sub.&lt;                               
                                                :                              
                                                 7.25 p.p.m.                   
                                                 (main singlet of multiplet)   
     2,2,3,3,4,4,5,5-octa-                                                     
                 CF.sub.2 H     n.sub.D.sup.20                                 
                                   : 1.473                                     
     fluoropentanol-1                                                          
                 1,1,2,2,3,3,4,4-octafluo-                                     
                                Viscosity at 20.degree.C :                     
                                          .delta..sub..sub.&gt;(CH.sub.--O.sub.--)
                                                :                              
                                                 5.4 p.p.m. (singlet)          
                 ropentyl benzhydryl ether                                     
                                48.64 centistokes                              
                                          .sub..sub.--CH.sbsb.2.sub.--O.sub.--)
                                                :                              
                                                 3.7 at 4 p.p.m. (triplet)     
                                          .delta..sub.(.sub.--HCF.sbsb.2)      
                                                :                              
                                                 5.9 p.p.m. (triplet of        
                                                 triplets with a center at     
                                                 5.9 p.p.m.)                   
     __________________________________________________________________________
TBL                                    Table 2                                 
     __________________________________________________________________________
     Starting                                                                  
     fluorinated                                                               
              Obtained ether  Physical constants of                            
                                          NMR spectrum of the obtained ether   
     alcohol                  the obtained ether                               
     __________________________________________________________________________
     CF.sub.3 CH.sub.2 OH                                                      
              p-ClC.sub.6 H.sub.4                                              
                              B.P.:306.degree.C                                
                                          .delta..sub.(C.sbsb.6H.sbsb.5.sub.--)
                                           =       7.2 p.p.m. (main            
     2,2,2-trifluoro-                                                          
              .angle.CH--OCH.sub.2 CF.sub.3                                    
                              n.sub.D.sup.20 :1.5211                           
                                                   singlet of a multiplet)     
     ethanol-1                                                                 
              C.sub.6 H.sub.5 Viscosity at 20.degree.C:                        
                                          .delta..sub..sub.&gt;(CH.sub.--O.sub.--)
                                           =       5.3 p.p.m. (singlet)        
              1,1,1-trifluoroethyl-                                            
                              20 centistokes                                   
                                          .delta..sub.--.sub.CH.sbsb.2.sub.--O.
                                          sub.--) =                            
                                                   3.4 p.p.m. (quartet)        
              para monochloro-benzhydryl           at 3.8 p.p.m.               
              ether                                                            
     CF.sub.3 CH.sub.2 OH                                                      
              p-ClC.sub.6 H.sub.4                                              
                              M.P.:341-342.degree.C                            
                                          .delta..sub.(C.sbsb.6H.sbsb.4Cl).sbsb
                                          .2.sub.&lt; 7.2 p.p.m. (main            
     2,2,2-trifluoro-                                                          
              .angle.CH--OCH.sub.2 CF.sub.3                                    
                              (decomposition)                                  
     ethanol-1                                                                 
              p-ClC.sub.6 H.sub.4                                              
                              n.sub.D.sup.20 :1.5333                           
                                          .delta..sub..sub.&gt;(CH.sub.--O.sub.--)
                                           =       5.4 p.p.m. (singlet)        
              1,1,1-trifluoroethyl-                                            
                              d20:1.35111 .delta..sub.--.sub.CH.sbsb.2.sub.--O)
                                           =       3.5 at 3.9 p.p.m.           
                                                   (quartet)                   
              para-dichloro benzhydryl                                         
                              Viscosity at 20.degree.C:                        
              ether           52.73 centistokes                                
     CF.sub.2 HCF.sub.2 CH.sub.2 OH                                            
              p-ClC.sub.6 H.sub.4                                              
                              B.P.:147-155.degree.C/                           
                                          NMR spectrum confirms the presence   
     2,2,3,3 tetra-                                                            
              .angle.CH--OCH.sub.2 CF.sub.2 CF.sub.2 H                         
                              1mm         of radicals : (C.sub.6 H.sub.4       
                                          Cl)&gt;(CHO) and                        
     fluoro-  p-ClC.sub.6 H.sub.4                                              
                              (decomposition)                                  
                                          --(HCF.sub.2), but the ether is      
                                          impure.                              
     propanol-1                                                                
              1,1,2,2-tetrafluoropropyl-                                       
                              impure heavy oil                                 
              para dichloro benzhydryl                                         
                              Viscosity at 20.degree.C:                        
              ether           206 centistokes                                  
     __________________________________________________________________________
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An ether of the formula:
      ##SPC4##
PAL  wherein R" is an alkyl of not more than 6 carbon atoms and has at least 3
      fluorine atoms bonded thereto, R and R' being identical or different
NUM  2.
PAR  2. An ether according to claim 1 wherein R" is an alkyl of not more than 4
NUM  3.
NUM  4.
NUM  5.
NUM  6.
NUM  7.
NUM  8.
NUM  9.
PAR  9. (C.sub.6 H.sub.5).sub.2 --CH--O--CH.sub.2 --CF.sub.3 according to claim
NUM  10.
PAR  10. (C.sub.6 H.sub.5).sub.2 --CH--O--CH.sub.2 --CF.sub.2 --CF.sub.3
NUM  11.
PAR  11. (C.sub.6 H.sub.5).sub.2 --CH--O--CH.sub.2 --CF.sub.2 --CF.sub.2 H
NUM  12.
PAR  12. (C.sub.6 H.sub.5).sub.2 --CH--O--CH.sub.2 --(CF.sub.2).sub.3 --CF.sub.2
NUM  13.
PAR  13.
      ##EQU2##
      according to claim 1.
NUM  14.
PAR  14.
      ##EQU3##
      according to claim 1.
NUM  15.
PAR  15.
      ##EQU4##
      according to claim 1.
NUM  16.
PAR  16.
      ##EQU5##
      according to claim 1.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is C.sub.1 - C.sub.5 -alkyl, C.sub.3 - C.sub.5 -alkenyl or C.sub.3
      -alkynyl and
PA1  Y represents an oxygen atom or the group --CH.sub.2 -- and their use for
      the control of insects are disclosed.
BSUM
PAR  The present invention provides compounds of the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents alkyl with 1 to 5 carbon atoms, alkenyl with 3
      to 5 carbon atoms or alkinyl with 3 carbon atoms, and Y represents oxygen
      or --CH.sub.2 --, a process for their manufacture and a method of using
      them in pest control.
PAR  The alkyl, alkenyl or alkinyl groups represented by R.sub.1 can be
      straight-chain or branched. Examples of such groups include: methyl,
      ethyl, isopropyl, n-propyl, n-butyl, isobutyl, sec. butyl, tert.butyl,
      n-pentyl and isomers thereof, allyl, methallyl, propargyl.
PAR  Preferred compounds on account of their action are those of the formula I
      wherein R.sub.1 represents methyl, ethyl, allyl or propargyl and Y
      represents oxygen or --Ch.sub.2 --.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. according to the following reaction schemes:
      ##SPC3##
PAL  In the formulae II, III and IV, the symbols R.sub.1 and Y have the meanings
      assigned to them in respect of the formula I and Hal represents a halogen
      atom, in particular chlorine, bromine or iodine and R' represents lower
      alkyl.
      ##SPC4##
PAL  In the formulae III, V and Ia, Y has the meaning assigned to it in respect
      of the formula I and R.sub. 1 ' represents methyl or ethyl.
      ##SPC5##
PAL  In the formulae III and Ib, Y has the meaning assigned to it in respect of
      the formula I.
PAR  The phase transfer catalysed ether formation from an alcohol and a dialkyl
      sulphate is described e.g. in Angew. Chemie/85, 868-869 (1973).
      ##SPC6##
PAL  In the formulae VI, VII and VIII, Y has the meaning assigned to it in
      respect of the formula I, Hal is a halogen atom, in particular a chlorine
      or a bromine atom, and M is a metal, preferably sodium or potassium.
      ##SPC7##
PAL  In the formulae VI and IX, the symbols Y and R.sub.1 have the meanings
      assigned to them in respect of the formula I, Hal is a halogen atom, in
      particular a chlorine or a bromine atom, and M is a metal, preferably
      sodium or potassium.
PAR  The starting materials of the formulae II, VI, VII and IX are known or they
      can be manufactured by methods analogous to known ones. In the manufacture
      of the compounds of the formula I by the processes indicated hereinbefore,
      both possible geometrical isomers are formed in varying ratios. It is
      possible to obtain pure trans- or cis-isomers of the formula I e.g. by
      using pure cis- or trans-compounds of the formula II or by fractional
      crystallisation, fractionation, separation of cis/trans-isomeric mixtures
      by chromatographic adsorption analysis or by gas chromatography.
PAR  Solvents used for the reduction of a 4-aryloxy-3-alkyl-2-butenoic acid
      ester (II) with the aid of a complex hydride, e.g. lithium aluminium
      hydride or sodium-dihydrido-bis(2-methoxyethoxy)-aluminate, are, for
      example, anhydrous ethers, such as diethyl ether, 1,2-dimethoxyethane,
      tetrahydrofuran, dioxan, anisol or hydrocarbons, e.g. benzene, toluene,
      xylene. The temperatures for this reduction are from -10.degree. C to
      +70.degree. C, but are normally between 0.degree. C and 30.degree. C.
PAR  Sodium-dihydrido-bis-(2-methoxyethoxy)-aluminate has the particular
      advantage that a surplus of it can also be used, which does not result in
      any partial reduction of the double bond in the side-chain.
PAR  The unsaturated alcohols of the formula III are isolated in the usual way
      by decomposition of the complex alcoholate formed as intermediate with
      water or a solvent that contains water and by extraction of the alcohol
      III. If necesary, an additional purification can be effected by high
      vacuum distillation or chromatographic adsorption analysis.
PAR  The complex alcoholate that is formed during the reduction of an ester II
      with complex hydrides can also be converted with alkyl halides into the
      desired ethers I direct, i.e. without intermediate isolation of the
      alcohol III, after addition of anhydrous, polar solvents, for example
      dimethyl formamide or hexamethylphosphoric triamide.
PAR  The compounds of the formula I can be used as cis/trans mixtures or in the
      form of pure cis- or trans-compounds. The compounds of the formula I are
      suitable for combating insects of the families:
PAR  Tettigonidae, Gryllidae, Gryllotalpidae, Blattidae, Reduviidae,
      Phyrrhocoridae, Cimicidae, Delphacidae, Aphididae, Diaspididae,
      Pseudococcidae, Scarabaeidae, Dermestidae, Coccinellidae, Tenebrionidae,
      Chrysomelidae, Bruchidae, Tineidae, Noctuidae, Lymatriidae, Pyralidae,
      Culcidae, Tipulidae, Stomoxydae, Trypetidae, Muscidae, Calliphoridae and
      Pulicidae.
PAR  The insecticial action can be substantially broadened by addition of other
      insecticides and insect lures and adapted to given circumstances.
PAR  Examples of suitable additives are:
PA1  organic phosphorus compounds
PA1  derivatives of nitrophenols
PA1  formamidines
PA1  ureas
PA1  carbamates and
PA1  chlorinated hydrocarbons.
PAR  The etherification of alcohols of the formula III can also be effected in a
      manner which is known per se with alkylating reagents, e.g. alkyl, alkenyl
      or alkinyl halides, dialkyl sulphates, trialkyloxonium tetrafluorobroates
      (cf. for example H. Meerwein in Houben-Weyl, vol. VI/3, pp. 10-40).
      Preferably the alcohol of the formula III is converted into its alcoholate
      before the alkylation with alkyl, alkenyl or alkinyl halides, for example
      with alkali oxides or alkali hydrides.
PAR  Examples of inert solvents that can be used for the etherification with
      alkyl, alkenyl and alkinyl halides according to equation I are ethers,
      such as diethyl ether, tetrahydrofuran, dioxan, 1,2-dimethoxyethane etc.,
      also hydrocarbons, dimethyl formamide or hexamethylphosphoric triamide.
PAR  The etherification according to equations IV or V can be carried out in
      inert solvents e.g. dioxan, tetrahydrofuran, 1,2-dimethoxyethane, dimethyl
      formamide or hexamethylphosphoric triamide, diethyl ether or hydrocarbons.
PAR  The reaction temperatures are between -10.degree. C and +100.degree. C, and
      are normally between 0.degree. C and 70.degree. C.
PAR  The alkylation with trialkyloxonium trialkyloxonium is carried out
      preferably between -10.degree. C and +40.degree. C in halogenated or
      non-halogenated hydrocarbons, e.g., in dichloromethane.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates granules, dispersions sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      application technology.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in, the following forms:
PAL  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules,
PA1  impregnated granules and homogeneous granules.
PAL  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAL  The content of active substance in the above described agents is between 0
      and 95%.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAL  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PAC  (a)
PA0  5 parts of active substance
PA0  95 parts of talcum
PAC  (b)
PA0  2 parts of active substance
PA0  1 part of highly disperse silicic acid
PA0  97 parts of talcum.
PAR  The active subtances are mixed with the carriers and ground.
PAL  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91   parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PAL  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40% (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PAC  (a)
PA0  40 parts of active substance,
PA0  5 parts of sodium lignin sulphonate,
PA0  1 part of sodium dibutyl-naphthalene sulphonate,
PA0  54 parts of silicic acid.
PAC  (b)
PA0  25 parts of active substance,
PA0  4.5 parts of calcium lignin sulphonate,
PA0  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA0  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA0  The 19.5 parts of silicic acid,
PA0  19.5 parts od Champagne chalk,
PA0  28.1 parts of kaolin.
PAC  (c)
PA0  25 parts of active substance,
PA0  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA0  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA0  8.3 parts of sodium aluminium silicate,
PA0  16.5 parts of kieselguhr,
PA0  46 parts of kaolin.
PAC  (d)
PA0  10 parts of active substance,
PA0  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA0  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA0  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAL  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PAC  (a)
PA0  10 parts of active substance,
PA0  34 parts of epoxidised vegetable oil,
PA0  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,
PA0  40 parts of dimethylformamide,
PA0  43.2 parts of xylene.
PA0  25 parts of active substance,
PA0  2.5 parts of epoxidised vegetable oil,
PA0  10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture,
PA0  5 parts of dimethylformamide,
PA0  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAL  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA0  5 parts of active substance,
PA0  1 part of epichlorohydrin,
PA0  94 parts of benzine (boiling limits 160.degree. C - 190.degree. C).
DETD
PAC  EXAMPLE 1
PAR  A 60% suspension of 2.42 g of sodium hydride in mineral oil is washed
      repeatedly with hexane while passing in nitrogen and subsequently covered
      with a layer of 50 ml of anhydrous tetrahydrofuran. With stirring, a
      solution of 15 g of 4-(p-phenoxy)-phenoxy-3-methyl-2-cis/trans-buten-1-ol
      in 30 ml of hexamethylphosphoric triamide is added dropwise to this
      suspension at room temperature over the course of half an hour and
      stirring is subsequently continued for 14 hours at room temperature and
      for 4 hours at 70.degree. C. Upon formation of the sodium alcoholate, 13 g
      of ethyl iodide are added dropwise at 65.degree.-70.degree. C over the
      course of half an hour and stirring is continued for 3 hours at this
      temperature. The reaction mixture is processed by pouring it on 500 ml of
      ice water and repeatedly extracting it with water. The combined ethereal
      phases are washed with water and saturated sodium chloride solution and
      dried over sodium sulphate. The solvent is distilled off and the residue
      is then purified further by chromatography over silica gel (eluant:
      ether/hexane 1:5) to yield pure
      1-ethoxy-3-methyl-4-(p-phenoxy)-phenoxy-2-cis/trans-butene; n.sub.D.sup.20
      = 1.5521. The 4-(p-phenoxy)-phenoxy-3-methyl-2-cis/transbuten-1-ol used as
      starting material is manufactured as follows:
PAR  With stirring, 70 ml of a 70% solution of sodium
      dihydridobis-(2-methoxyethoxy)-aluminate in benzene are added at
      10.degree. C over the course of one hour to a solution of 62.5 g of
      4-(p-phenoxy)-phenoxy-3-methyl-2-butenoic acid ethyl ester in 350 ml of
      anhydrous benzene. After the mixture has been stirred for a further 4
      hours at 15.degree.-20.degree. C, the complex alcoholate* that has formed
      is poured carefully on 1 litre of ice water. The aqueous phase is
      saturated with sodium chloride, the organic phase is isolated and the
      aqueous phase is extracted repeatedly with ether. The combined organic
      phases are dried over sodium sulphate, the solvent is distilled off
      completely and the 4-(p-phenoxy)-phenoxy-3-methyl-2-cis/trans-buten-1-ol
      is purified by chromatography over silica gel (eluant: ethyl
      acetate/hexane 1:3); n.sub.D.sup.20 = 1.5781.
FNT  *The aluminium alcoholate complex can also be converted into the
      1-ethoxy-3-methyl-4-(p-phenoxy)-phenoxy-2-cis/trans-butene direct (i.e.
      without isolation of the alcohol) after addition of hexamethylphosphoric
      triamide with ethyl iodide at about 55.degree. C. Processing and
      purification as described hereinabove.
PAR  the following intermediate of the formula III
      ##SPC8##
PAL  and the following end products of the formula I are manufactured in a
      manner analogous to that described hereinbefore:
      ##SPC9##
PAC  EXAMPLE 2
PAC  Contact action on Dysdercus fasciatus larvae
PAR  A specific amount of a 0.1% active substance solution in acetone
      (corresponding to 10 mg of active substance per m.sup.2) was pipetted into
      an aluminium dish and uniformly distributed. After the acetone had
      evaporated, 10 Dysdercus fasciatus larvae in the 5th stage were put into
      the treated dish which contained feed and moist cotton wool. The dish was
      then covered with a screen top.
PAR  After about 10 days, i.e. as soon as the controls had moulted and emerged
      to the adult stage, the treated test subjects were examined for the number
      of adults.
PAR  The compounds according to Example 1 exhibited good action in the above
      test.
PAC  EXAMPLE 3
PAC  Contact action on Aedes aegypti larvae
PAR  About 20 two-day old larvae of the yellow fever fly (Aedes aegypti) are put
      into a beaker containing a solution of active substance (concentration 5
      ppm).
PAR  The beaker was then covered with a screen top. After the control insects
      had finished moulting to emerge as adults, the test subjects were examined
      and the percentage number of normal adults was determined in comparison
      with the control. The compounds according to Example 1 exhibited good
      activity in the above test.
PAC  EXAMPLE 4
PAC  Contact action on Tenebrio molitor pupae
PAR  A specific amount of a 0.1% solution of active substance in acetone
      (corresponding to 10 mg of active substance/m.sup.2) was pipetted into an
      aluminium dish and evenly distributed. After the acetone had evaporated,
      10 freshly shed pupae were placed on the treated surface. The dish was
      covered with a screen top.
PAR  After the controls had emerged from the cocoon as Imagines, the test
      subjects were examined for the number of normal adults.
PAR  The compounds according to Example 1 exhibited good activity in the above
      test.
PAC  EXAMPLE 5
PAC  Action against Ephestia kuhniella
PAR  50 g of wheat flour were mixed in two beakers with a specific amount of
      active substance formulated as 5% dust to give a concentration of 0.05%.
      Then 10 larvae of Ephestia kuhniella were put into each beaker (25 g of
      flour). Over the course of 8 weeks the development of the population was
      determined and the number of wings was ascertained.
PAR  Compounds according to Example 1 exhibited good activity in the above test.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC10##
PAL  wherein
PA1  R.sub.1 is C.sub.1 -C.sub.5 -alkyl, C.sub.3 -C.sub.5 -alkenyl or C.sub.3
      -alkynyl.
NUM  2.
PAR  2. A compound according to claim 1 wheren R.sub.1 is methyl, ethyl, allyl
      or propargyl.
NUM  3.
PAR  3. 1-Ethoxy-3-methyl-4-(p-phenoxy)-phenoxy-2-cis/transbutene according to
      claim 2.
NUM  4.
PAR  4. 1-Methoxy-3-methyl-4-(p-phenoxy)-phenoxy-2-cis/transbutene according to
      claim 2.
NUM  5.
PAR  5. 1-Allyloxy-3-methyl-4-(p-phenoxy)-phenoxy-2-cis/transbutene according to
      claim 2.
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ABST
PAL  Acetals of the formulas CHCl.sub.2 CH(OR).sub.2, CCl.sub.3 CH(OR).sub.2,
       .sub.2 CH(OR).sub.2, CF.sub.3 CH(OR).sub.2, RO.sub.2 CCH(OR).sub.2, and
      (RO).sub.2 HCCH(OR).sub.2 wherein R can be --CH.sub.2 CYZ(NO.sub.2),
      --CH.sub.2 CH.sub.2 CYZ(NO.sub.2), --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.3,
      --CH.sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2), --CH.sub.2 C(NO.sub.2).sub.2
      CH.sub.2 CYZ(NO.sub.2) or --CH.sub.2 C(NO.sub.2).sub.2 C(NO.sub.2).sub.2
      CYZ(NO.sub. 2) wherein Y and Z vary independently and can be Cl, F or
      NO.sub.2. These acetals are produced by contacting a negatively
      substituted aldehyde such as CHCl.sub.2 CHO, CCl.sub.3 CHO, CHF.sub.2 CHO,
      CF.sub.3 CHO, HO.sub.2 CCHO, or OHCCHO with a negatively substitute
      alcohol of the formula ROH wherein R is as defined above. Either FSO.sub.3
      H, ClSO.sub.3 H, or CHF.sub.2 SO.sub.3 H, or CF.sub.3 SO.sub.3 H is used
      to catalyze the condensation. The acetals of this invention are useful as
      explosives.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to acetals and more particularly to
      acetals containing nitro groups.
PAR  Formals and acetals of polynitro - and halonitroethanols (e.g.,
      2,2,2-trinitroethanol, 2,2,2-fluorodinitroethanol, 2,2-dinitropropanol,
      2,2,2-difluoronitroethanol) are of considerable interest as explosive and
      propellant ingredients. For example, acetals and formals of
      2,2-dinitropropanol and 2,2,2-fluorodinitroethanol have been used
      extensively as energetic plasticizers in various composite propellants and
      explosives. Special synthesis methods had to be discovered for the
      preparation of these materials since the extremely low reactivity of the
      parent alcohols rendered useless the conventional methods for acetal and
      formal preparation. Thus, U.S. Pat. No. 3,526,667 describes a method for
      the preparation of formals of nitroalcohols consisting of the condensation
      with formaldehyde in concentrated sulfuric acid as reaction medium. A
      method for the preparation of fluorodinitroalkyl acetals, U.S. Pat. No.
      3,629,338, uses BF.sub.3 and similar acidic catalysts to effect
      condensation of acetaldehyde with fluorodinitroalkanols.
PAR  However, efforts to employ these methods to prepare acetals and formals
      derived from aldehydes other than formaldehyde and acetaldehyde have been
      largely unsuccessful. Especially aldehydes with negative (i.e.,
      electron-withdrawing) substituents were found to be unreactive under the
      conditions used by these methods. For example, concentrated sulfuric acid
      fails to catalyze acetal formation between CCl.sub.3 CHO, CF.sub.3 CHO,
      and HOOCCHO aldehydes and (NO.sub.2).sub.2 FCCH.sub.2 OH.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one objective of this invention is to provide novel acetals
      having high explosive energy content.
PAR  Another object of this invention is to provide novel explosive acetals
      which are thermally stable.
PAR  A further object of this invention is to provide novel acetals which are
      derived from negatively substituted aldehydes and polynitro or halonitro
      alcohols.
PAR  A still further object of this invention is to provide a process for
      reacting polynitro and halonitro alcohols with negatively substituted
      aldehydes to form high energy acetals.
PAR  These and other objects of this invention are accomplished by providing
      compounds of the formula CHCl.sub.2 CH(OR).sub.2, CCl.sub.3 CH(OR).sub.2,
      CHF.sub.2 CH(OR).sub.2, CF.sub.3 CH(OR).sub.2, RO.sub.2 CCH(OR).sub.2, and
      (RO).sub.2 CHCH(OR).sub.2 wherein R is selected from the group consisting
      of --CH.sub.2 CYZ(NO.sub.2), --CH.sub.2 CH.sub.2 CYZ(NO.sub.2), --CH.sub.2
      C(NO.sub.2).sub.2 CH.sub.3, --CH.sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2),
      --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.2 CYZ(NO.sub.2), and --CH.sub.2
      C(NO.sub.2).sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2), wherein Y and Z vary
      independently and are selected from the group consisting of Cl, F, and
      NO.sub.2. These acetals are prepared by using sulfonic acids selected from
      the group consisting of CHF.sub.2 SO.sub.3 H, CF.sub.3 SO.sub.3 H,
      FSO.sub.3 H, and ClSO.sub.3 H to catalyze condensation reactions between
      polynitro or halonitro alcohols and negatively substituted aldehydes.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The synthesis of compounds of this invention can be shown by the following
      general reactions:
PA1  (I) CHCl.sub.2 CHO + 2ROH .fwdarw. CHCl.sub.2 CH(OR).sub.2 + H.sub.2 O
PA1  (ii) ccl.sub.3 CHO + 2ROH .fwdarw. CCl.sub.3 CH(OR).sub.2 + H.sub.2 O
PA1  (iii) chf.sub.2 cho + 2roh .fwdarw. chf.sub.2 ch(or).sub.2 + h.sub.2 o
PA1  (iv) cf.sub.3 cho + 2roh .fwdarw. cf.sub.3 ch(or).sub.2 + h.sub.2 o
PA1  (v) ho.sub.2 ccho + 3roh .fwdarw. ro.sub.2 cch(or).sub.2 + 2h.sub.2 o
PA1  (vi) ohccho + 4roh .fwdarw. (ro).sub.2 chch(or).sub.2 + 2h.sub.2 o
PAL  wherein R is selected from the group consisting of --CH.sub.2
      CYZ(NO.sub.2), --CH.sub.2 CH.sub.2 CYZ(NO.sub.2), --CH.sub.2
      C(NO.sub.2).sub.2 CH.sub.3, --CH.sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2),
      --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.2 CYZ(NO.sub.2), and --CH.sub.2
      C(NO.sub.2).sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2), wherein Y and Z vary
      independently and are selected from the group consisting of Cl, F, and
      NO.sub.2.
PAR  Equations (I), (II), (III), and (IV) show the general reaction of halo
      substituted acetaldehydes with polynitro and halonitro alcohols to form
      acetals. Two molecules of alcohol of the formula ROH react with one
      molecule of aldehyde selected from the group consisting of CHCl.sub.2 CHO,
      CCl.sub.3 CHO, CHF.sub.2 CHO, and CF.sub.3 CHO to form an acetal selected
      from the group consisting of CHCl.sub.2 CH(OR).sub.2, CCl.sub.3
      CH(OR).sub.2, CHF.sub.2 CH(OR).sub.2, and CF.sub.3 CH(OR).sub.2
      respectively wherein R is as defined above. Preferred are acetals selected
      from the group consisting of CHCl.sub.2 CH[OCH.sub.2 C(NO.sub.2).sub.2
      CH.sub.3 ].sub.2, CCl.sub.3 CH[OCH.sub.2 C(NO.sub.2).sub.2 CH.sub.3
      ].sub.2, CHF.sub.2 CH[OCH.sub.2 C(NO.sub.2).sub.2 CH.sub.3 ].sub.2,
      CF.sub.3 CH[OCH.sub.2 C(NO.sub.2).sub.2 CH.sub.3 ].sub.2 CHCl.sub.2
      CH[OCH.sub.2 CYZ(NO.sub.2)].sub.2, CCl.sub.3 CH[OCH.sub.2
      CYZ(NO.sub.2)].sub.2, CHF.sub.2 CH[OCH.sub.2 CYZ(NO.sub.2)].sub.2, and
      CF.sub.3 CH[OCH.sub.2 CYZ(NO.sub.2)].sub.2, wherein Y and Z vary
      independently and are selected from the group consisting of Cl, F, and
      NO.sub.2. More preferred are compounds selected from the group consisting
      of CCl.sub.3 CH[OCH.sub.2 C(NO.sub.2).sub.3 ].sub.2, CF.sub.3 CH[OCH.sub.2
      C(NO.sub.2).sub.3 ].sub.2, CCl.sub.3 CH[OCH.sub.2 CF(NO.sub.2).sub.2
      ].sub.2, and CF.sub.3 CH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2, with
      CCl.sub.3 CH[OCH.sub.2 CF(NO.sub.2).sub. 2 ].sub.2, and CF.sub.3
      CH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2 being the most preferred.
PAR  Equation (V) shows the reaction of one molecule of glyoxylic acid HO.sub.2
      CCHO, with 3 molecules of polynitro and halonitro alcohols to form a
      compound containing both an acetal and an ester group, RO.sub.2
      CCH(OR).sub.2, wherein R is selected from the group consisting of
      --CH.sub.2 CYZ(NO.sub.2), --CH.sub.2 CH.sub.2 CYZ(NO.sub.2), --CH.sub.2
      C(NO.sub.2).sub.2 CH.sub.3, --CH.sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2),
      --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.2 CYZ(NO.sub.2), and --CH.sub.2
      C(NO.sub.2).sub.2 C(NO.sub.2).sub.2 CYZ(NO.sub.2), wherein Y and Z vary
      independently and are selected from the group consisting of Cl, F, and
      NO.sub.2. Preferred are compounds selected from the group consisting of
      CH.sub.3 C(NO.sub.2).sub.2 CH.sub.2 O.sub.2 CCH[OCH.sub.2
      C(NO.sub.2).sub.2 CH.sub.3 ].sub.2, (NO.sub.2).sub.3 CCH.sub.2 O.sub.2
      CCH[OCH.sub.2 C(NO.sub.2).sub.3 ].sub.2, (NO.sub.2).sub.2 FCCH.sub.2
      O.sub.2 CCH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub. 2, and (NO.sub.2)F.sub.2
      CCH.sub.2 O.sub.2 CH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2, with
      (NO.sub.2).sub.2 FCCH.sub.2 O.sub.2 CCH[OCH.sub.2 CF(NO.sub.2).sub.2
      ].sub.2 being the most preferred.
PAR  Finally equation (VI) shows the reaction of one molecule of glyoxal,
      OHCCHO, with 4 molecules of polynitro or halonitro alcohol to form a
      diacetal of the formula (RO).sub.2 CHCH(OR).sub.2, wherein R is selected
      from the group consisting --CH.sub.2 CYZ(NO.sub.2), --CH.sub.2 CH.sub.2
      CYZ(NO.sub.2), --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.3, --CH.sub.2
      C(NO.sub.2).sub.2 CYZ(NO.sub.2), --CH.sub.2 C(NO.sub.2)CH.sub.2
      CYZ(NO.sub.2), and --CH.sub.2 C(NO.sub.2).sub.2 C(NO.sub.2).sub.2
      CYZ(NO.sub.2), wherein Y and Z are selected from the group consisting of
      Cl, F, and NO.sub.2. Preferred are compounds selected from the group
      consisting of [CH.sub.3 C(NO.sub.2).sub.2 CH.sub.2 O].sub.2 CHCH[OCH.sub.2
      C(NO.sub.2).sub.2 CH.sub.3 ].sub.2, [(NO.sub.2).sub.3 CCH.sub.2 O].sub.2
      CHCH[OCH.sub.2 C(NO.sub.3).sub.3 ].sub.2, [(NO.sub.2).sub.2 FCCH.sub.2
      O].sub.2 CHCH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2, and [(NO.sub.2
      )F.sub.2 CCH.sub.2 O].sub.2 CHCH[OCH.sub.2 CF.sub.2 (NO.sub.2)], with
      [(NO.sub.2).sub.2 FCCH.sub.2 O].sub.2 CHCH[OCH.sub.2 CF(NO.sub.2).sub.2
      ].sub.2 being the most preferred.
PAR  Most critical to the synthesis of the compounds of the present invention is
      the selection of a catalyst. Prior art catalysts such as boron trifluride
      or concentrated sulfuric acid fail to promote the condensation reactions
      of the present invention. However, it has been found that acids such as
      FSO.sub.3 H, CHF.sub.2 SO.sub.3 H, CF.sub.3 SO.sub.3 H, and ClSO.sub.3 H
      will catalyze the synthesis reactions of the present invention (i.e.,
      equations (I) through (VI)). FSO.sub.3 H, CHF.sub.2 SO.sub.3 H, and
      CF.sub.3 SO.sub.3 H are the preferred catalysts with CF.sub.3 SO.sub.3 H
      being the most preferred catalyst. Other acids of comparable strength may
      be used. For example, a perfluoroalkylsulfonic acid having from 2 to 5
      carbon atoms may be used in place of trifluoromethanesulfonic acid as the
      catalyst.
PAR  The reactions should be conducted in a solvent which is inert to the
      reactants, products, and catalyst. Methylene chloride, chloroform, carbon
      tetrachloride, ethylene chloride and similar solvents are suitable.
PAR  The present reactions may be run at from 0.degree. to 45.degree.C with
      15.degree. to 35.degree. being preferred.
PAR  It will be apparent that the method of synthesis of the present invention
      may be applied to produce cyclic acetals and polymeric acetals by using
      the appropriate polynitro halonitro polyols.
DETD
PAR  To more clearly illustrate this invention, the following examples are
      presented. It should be understood, however, that these examples are
      presented merely as a means of illustration and are not intended to limit
      the scope of the invention in any way.
PAC  EXAMPLE I
PAC  Bis(2,2,2-fluorodinitroethyl)trichloracetal
PAR  10 ml. of anhydrous trifluoromethanesulfonic acid was added dropwise to an
      ice cooled mixture of 5.6g CCl.sub.3 CHO and 6.2g
      2,2,2-fluorodinitroethanol, CF(NO.sub.2).sub.2 CH.sub.2 OH. The initially
      homogeneous mixture soon became turbid. The mixture was then stirred for
      24 hours at ambient temperature. Next, the mixture was poured over crushed
      ice and the crude product was extracted into methylene chloride. Removal
      of low-boilers in vacuo left 9g of the crude product containing several
      minor (total less than 5%) impurities. A pure sample was obtained by
      running a methylene chloride solution of the crude product through a
      column of Silica (G. F. Smith, Columbus, Ohio), the impurities being
      eluted long before the main product, which was obtained as a colorless
      oil.
PAL  Analysis: Calculated for C.sub.6 H.sub.5 F.sub.2 Cl.sub.3 N.sub.4 O.sub.10
      : C, 16.47; H, 1.15; Cl, 24.31: F, 8.69; N, 12.81; m.w. 437.48. Found C,
      16.3; H, 1.3; Cl, 24.4; F, 8.8; N. 12.5; m.w. (McCN), 438.
PAR  NMR (CDCl.sub.3). .delta. 4.94 d (J.sub.HF 18 cps); .delta. 5.08 s; area
      ratio 4:1
PAC  EXAMPLE II
PAC  Bis(2,2,2-fluorodinitroethyl)trifluoroacetal
PAR  A solution of 5.75g of fluoral hydrate, CF.sub.3 CH(OH).sub.2, and 16.25g
      of 2,2,2-fluorodinitroethanol, CF(NO.sub.2).sub.2 CH.sub.2 OH, in 50 ml of
      trifluoro methanesulfonic acid was stirred at ambient temperature for 24
      hours, then warmed to 40.degree. and stirred an additional 65 hours. The
      reaction mixture was poured over crushed ice, the product extracted with
      methylene chloride, and the extracts were washed with 0.1N NaOH solution
      until the aqueous phase remained colorless. Removing the solvent left 12g
      of a light brown oil whose main component was
      Bis(2,2,2-fluorodinitroethyl)trifluoroacetal.
PAR  A pure sample of the acetal was obtained by repeated chromatography on
      Silica (G. F. Smith, Columbus, Ohio) with methylene chloride/hexane
      (1.5:3.5 to 1.75:3.25) as eluant; progress of the purification was
      followed by gas chromatographic analysis. The solvents were removed by
      maintaining the solution at 0.5 mm/40.degree.C for several hours. The
      purified Bis(2,2,2-fluorodinitroethyl)trifluoroacetal was a light amber
      oil, M.P. -1.degree. to 0.degree.C.
PAR  Analysis: Calculated for C.sub.6 H.sub.5 F.sub.5 N.sub.4 O.sub.10 ; C,
      18.57; H, 1.30; F, 24.48; N, 14.44; m.w., 388.13, Found: C, 19.0, H, 1.2;
      F, 25.2; N, 14.7; m. w. (MeCN), 388.
PAR  NMR (CDCl.sub.3): .delta. 4.83 d (J.sub.HF 15 cps); .delta. 5.08 q
      (J.sub.HF 4 cps); areas ca. 4:1.
PAC  EXAMPLE III
PAC  2,2,2-Fluorodinitroethyl bis(2,2,2-fluorodinitroethyxy)acetate
PAR  A mixture of 4.65g of 2,2,2-fluorodinitroethanol, 0.75g of anhydrous
      glyoxylic acid, HOOCCHO, and 5 ml of trifluoromethanesulfonic acid was
      stirred at ambient temperature of 24 hours. After pouring over crushed
      ice, the product was extracted into methylene chloride, the extracts were
      dried and the solvent removed to give 5.1g of 2,2,2-fluorodinitroethyl
      bis(2,2,2,-fluorodinitroethoxy)acetate, a colorless oil. Filtration in
      methylene chloride solution through a column of Silica (G. F. Smith,
      Columbus, Ohio) removed 2,2,2-fluorodinitroethanol and other minor
      impurities, yielding a product of analytic purity M.P. 34.5.degree.-35.5
      .degree.C.
PAR  Analysis: Calculated for C.sub.8 H.sub.7 F.sub.3 N.sub.6 O.sub.16 : C,
      19.21; H, 1.41; F, 11.40; m.w., 500.18. Found: C, 19.2; H, 1.4; F, 11.0;
      m. w. (MeCN), 493.
PAR  NMR (CDCl.sub.3): two overlapping AB quartets centered near .delta. 4.75
      and .delta. 4.92 (acetal CH.sub.2 protons); .delta. 5.29 d (J.sub.HF 16
      cps; ester CH.sub.2 protons) .delta. 5.30 s.
PAC  EXAMPLE IV
PAC  2,2,2-Trinitroethyl bix(2,2,2-trinitroethoxy)acetate
PAR  Trifluoromethanesulfonic acid, 7.5 ml, was added with cooling to a mixture
      of 5.43g trinitroethanol and 0.75g glyoxylic acid. After stirring for 24
      hours at ambient temperature, the mixture was poured over crushed ice, the
      precipitate filtered off and washed with water. Obtained was 4.6g (79%)
      crude product; mp after recrystallization from ethylene chloride/carbon
      tetrachloride 100.degree.-101.5.degree.C.
PAR  Analysis: Calculated for C.sub.8 H.sub.7 N.sub.9 O.sub.22 : C, 16.53; H.
      1.21; N, 21.69; m. w. 581.20. Found C, 16.6; H, 1.2; N, 21.3; m. w.
      (MeCN), 542.
PAR  NMR (CDCl.sub.3): .delta. 5.07, 5.10 two overlapping singlets (acetal
      CH.sub.2 protons); .delta. 5.51 s (ester CH.sub.2); .delta. 5.53 s (CH);
      area ratio of signals near 5.1 to signals near 5.5. ca. 4:3.
PAC  EXAMPLE V
PAC  2,2,2-Difluoronitroethyl bis(2,2,2-difluoronitroethoxy)acetate
PAR  Trifluoromethanesulfonic acid, 10 ml, was added with ice-cooling and
      vigorous stirring to a mixture of 7.7g 2,2,2-difluoronitroethanol and 1.5g
      glyoxylic acid. Next, the mixture was stirred for 24 hours at ambient
      temperature. The mixture was then poured over crushed ice and the product
      extracted into methylene chloride. The extracts were washed with water,
      dried over magnesium sulfate and freed from solvent in vacuo to give 8.5g
      crude dialkoxy ester. The product was purified by filtration, in methylene
      chloride-hexane solution, through a column of Silica to give a material of
      98+% purity(gas chromotographic analysis); mp -3.degree. to -2.degree.C,
      d(20.degree.C) 1.63.
PAC  EXAMPLE VI
PAC  Tetrakis(2,2,2-fluorodinitroethoxy)ethane
PAR  To a mixture of 6.2g of 2,2,2-fluorodinitroethanol and 0.58g glyoxal trimer
      was added with ice-cooling 7.5 ml trifluoromethanesulfonic acid. The
      mixture was stirred 50 hours at ambient temperature and poured over
      crushed ice. The precipitate was filtered off and dried to give 3.25g
      (50.6% yield) of crude product. The product was purified by
      recrystallization from ethylene chloride/carbon tetrachloride. The solid
      product had a melting point of 106.5.degree.-107.5 .degree.C.
PAR  Analysis: Calculated for C.sub.10 H.sub.10 F.sub.4 N.sub.8 O.sub.20 : C,
      18.82; H, 1.58; N, 17.56; F, 11.91; m. w. 638.24. Found: C, 19.2; H, 1.6;
      N, 17.4; F, 11.7; m. w. (MeCN, MEK), 674, 618.
PAR  NRM (CDCl.sub.3 /acetone-d): .delta. 4.84 (J.sub.HF 16 cps); .delta. 4.97
      s; areas ca 4:1.
PAC  EXAMPLE VII
PAC  Tetrakis(2,2,2-trinitroethoxy)ethane
PAR  A mixture of 1.16g glyoxal trimer, 14.50g 2,2,2-trinitroethanol and 15 ml
      trifluoromethanesulfonic acid was stirred at ambient temperature for 48
      hours, then poured over crushed ice, the solid filtered off and allowed to
      dry in air to give 6.25g crude product. The main product is separated from
      an impurity by fractional crystallization from carbon tetrachloride,
      acetonitrile or ethylene dichloride, where the by-product is considerably
      less soluble; mp (from ethylene chloride) 167.degree.-168.degree.C (dec.).
PAR  Analysis: Calculated for C.sub.10 H.sub.10 N.sub.12 O.sub.28 : C, 16.09; H,
      1.35; N, 22.52 m. w., 746.26. Found: C, 16.4; H, 1.4; N, 22.2; m. w.,
      (MeCN), 737.
PAR  NMR (CD.sub.3 CN-C.sub.6 D.sub.6): .delta. 5.05 s; .delta. 5.12, 5.14 two
      overlapping singlets; areas ca. 1:4.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A compound of the formula (RO).sub.2 CHCH(OR).sub.2 wherein R is
      selected from the group consisting of --CH.sub.2 CYZ(NO.sub.2) and
      --CH.sub.2 C(NO.sub.2).sub.2 CH.sub.3, wherein Y and Z vary independently
      and are selected from the group consisting of Cl, F, and NO.sub.2.
NUM  2.
PAR  2. A compound according to claim 1 which is selected from the group
      consisting of [(NO.sub.2).sub.3 CCH.sub.2 O].sub.2 CHCH[OCH.sub.2
      C(NO.sub.2).sub.3 ].sub.2 and [(NO.sub.2).sub.2 FCCH.sub.2 O].sub.2
      CHCH[OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2.
NUM  3.
PAR  3. A compound according to claim 2 which is [(NO.sub.2).sub.2 FCCH.sub.2
      O].sub.2 CHCH [OCH.sub.2 CF(NO.sub.2).sub.2 ].sub.2.
NUM  4.
PAR  4. A compound according to claim 1 which is [(NO.sub.2)F.sub.2 CCH.sub.2
      O--.sub.2 CH.sub.2 CH.sub.2 --OCH.sub.2 CF.sub.2 (NO.sub.2)].sub.2.
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ABST
PAL  A method of producing 2,6-dialkyl- and 2,6-diaralkyl-substituted
      derivatives of p-cresol of the general formula
      ##SPC1##
PAL  Wherein R signifies an alkyl group having from 4 to 12 carbon atoms or
      ##SPC2##
PAL  Comprising subjecting phenol to alkylation with olefines having from 4 to
      12 carbon atoms or with styrene at a temperature of
      50.degree.-150.degree.C in the presence of a catalyst, namely, aluminum,
      taken in an amount of 0.1-5 wt.% of phenol. 2,6-Dialkyl phenol or
      2,6-diaralkyl phenol resulting after from the alkylation is treated with a
      mixture of formaldehyde and dimethylamine or with a product of their
      interaction having the formula
      ##EQU1##
      at a temperature of 20.degree.-100.degree.C with subsequent catalytic
      hydrogenolysis of N,N-dimethyl(3,5-dialkyl-4-hydroxybenzyl)/amine or
      N,N-dimethyl(3,5-diaralkyl-4-hydroxybenzyl/amine at a temperature of
      80.degree.-200.degree.C., molar ratio of hydrogen to the product being
      treated of 1-5:1 and space velocity of 0.1-2 hour.sup..sup.-1.
PAL  The products produced by said method feature a high degree of purity, and
      they can be employed as effective inhibitors of thermooxidation
      degradation of polymers and hydrocarbon fuels, and also as intermediates
      for producing p-cresol, and 2-alkyl- and 2-aralkyl-substituted derivatives
      of p-cresol.
BSUM
PAR  The present invention relates to methods of producing 2,6-dialkyl- and
      2,6-diaralkyl-substituted derivatives of p-cresol of the general formula
      ##SPC3##
PAL  Where R signifies an alkyl group having from 4 to 12 carbon atoms or
      ##SPC4##
PAR  Said products are used as effective inhibitors of thermooxidation
      degradation of polymers and hydrocarbon fuels, and also as intermediates
      for producing p-cresol, and 2-alkyl- and 2-aralkyl-substituted derivatives
      of p-cresol.
PAR  Known in the art are methods of producing compounds of the above-stated
      general formula by alkylating p-cresol with olefines having from 4 to 12
      carbon atoms or with styrene at a temperature of 20.degree.-160.degree.C.
      in the presence of an acid catalyst, such as a cation-exchange resin (cf.
      an article by V. I. Isagouliantz et al. published in "Prikladnaya Khimiya"
      ("Applied Chemistry"), 31, 693,1961; U.S. Pat. No. 2,265,582; British Pat.
      No. 589,070).
PAR  The known methods are disadvantageous in that p-cresol required for their
      realization is a costly and critical product. Thus, for example, the
      producing of p-cresol from coal-tar fails to meet the needs of industry
      for this product, since the content of p-cresol in coal-tar proves to be
      low. Moreover, the now-existing petrochemical methods of producing
      p-cresol from toluene and phenol do not feature adequate selectivity,
      which results in a low yield of the product, the very product containing a
      rather high amount of impurities. Therefore alkyl- and aralkyl-substituted
      derivatives of p-cresol thus produced also feature a low degree of purity.
PAR  The object of the present invention is to make possible the use of an
      easily available stock in a method of producing 2,6-dialkyl- and
      2,6-diaralkyl-substituted derivatives of p-cresol of the above-stated
      general formula, according to which an aromatic alcohol is alkylated with
      olefins having from 4 to 12 carbon atoms or with styrene at a temperature
      of 50.degree.-150.degree.C. in the presence of a catalyst.
PAR  In accordance with the said and other objects the present invention resides
      in using phenol as an aromatic alcohol and aluminum as a catalyst, the
      latter being taken in an amount of 0.1-5% by weight of phenol, 2,6-dialkyl
      phenol or 2,6-diaralkyl phenol resulting after the alkylation being
      treated with a mixture of formaldehyde with dimethylamine or with a
      product of their interaction of the formula
      ##EQU2##
      at a temperature of 20.degree.-100.degree.C. with subsequent catalytic
      hydrogenolysis of N,N-dimethyl-(3,5-dialkyl-4-hydroxybenzyl)amine or
      N,N-dimethyl-(3,5-diaralkyl-4-hydroxybenzyl)amine at a temperature of
      80.degree.-200.degree.C., at a molar ratio of hydrogen to the product
      being treated of 1-5:1 and a space velocity of 0.1-2 hr.sup..sup.-1.
PAR  By the said method 2,6-dialkyl- and 2,6-diaralkyl-substituted derivatives
      of p-cresol of the above-stated general formula can be produced from cheap
      petrochemicals. Moreover, the desired products feature a high degree of
      purity, since all the stages of the process proceed without the formation
      of side products.
PAR  It is recommended that the treatment of 2,6-dialkyl phenol or 2,6-diaralkyl
      phenol with a mixture of formaldehyde and dimethylamine or with the
      product of their interaction having the above-specified formula should be
      effected at a temperature of 50.degree.-80.degree.C.
PAR  It is expedient that the process of hydrogenolysis should be carried out at
      a temperature of 120.degree.-140.degree.C.
PAR  From among the known hydrogenolysis catalysts it is recommended to use
      nickel-chromium catalyst, nickel-copper catalyst, and, especially, alloyed
      nickel-aluminum-titanium catalyst, comprising 20-60 wt.% of nickel, 20-40
      wt.% of aluminum, 1-10 wt.% of titanium. Said nickel-containing catalysts
      are most active at comparatively low temperatures, and the last of the
      cited catalysts proves to be of maximum longevity.
PAR  For reducing the required reaction volume and, hence, the volume of the
      reactor, it is recommended that alkylation be carried out at a pressure of
      2-50 abs. atm., preferably, of 3-15 abs. atm.
PAR  To accelerate the process of treating 2,6-dialkyl phenol or 2,6-diaralkyl
      phenol with the mixture of formaldehyde and dimethylamine or with the
      product of their interaction, said process is recommended to be effected
      in the medium of saturated aliphatic alcohols, preferably in the medium of
      monobasic aliphatic alcohols having from 1 to 4 carbon atoms.
PAR  For ensuring stable conditions of the catalyst operation, it is recommended
      that the hydrogenolysis be carried out in the medium of a non-polar
      organic solvent, preferably in the medium of paraffin or cycloparaffin
      hydrocarbons having from 5 to 20 carbon atoms.
PAR  The present method of producing 2,6-dialkyl- and 2,6-diaralkyl-substituted
      derivatives of p-cresol of the above-stated general formula is effected as
      follows.
PAR  Phenol is alkylated with olefins having from 4 to 12 carbon atoms or with
      styrene at a temperature of 50.degree.-150.degree.C., preferably
      100.degree.-110.degree.C., in the presence of a catalyst, namely, aluminum
      taken in an amount of 0.1-5% by weight of phenol. The olefins may be
      bubbled through a layer of molten phenol, or the alkylation may be
      effected with the olefins or styrene being fully dissolved in phenol (a
      homogeneous medium). In both cases, the process can be carried out either
      in a flow reactor, or in an autoclave. For diminishing the volume of the
      reaction apparatus, it is expedient that alkylation should be carried out
      at a pressure of 2-50 abs. atm., preferably, of 3-15 abs. atm.
PAR  The 2,6-dialkyl phenol or 2,6-diaralkyl phenol resulting after the
      alkylation is treated with a mixture of formaldehyde and dimethylamine or
      with the product of their interaction which has the above-stated formula,
      at a temperature of 20.degree.-100.degree.C., preferably at
      50.degree.-80.degree.C. The process is expedient to be effected with
      intense stirring. Said product of interaction of formaldehyde with
      dimethylamine, prior to treating substituted derivatives of phenol
      therewith, is obtained by conventional methods such as reacting
      formaldehyde with dimethylamine at a temperature of
      100.degree.-120.degree.C. To speed-up the process of interaction of
      2,6-dialkyl phenol or 2,6-diaralkyl phenol with the mixture of
      formaldehyde and dimethylamine or with the product of their interaction,
      it is expedient that said process should be carried out in the medium of
      saturated aliphatic alcohols, preferably in the medium of monobasic
      aliphatic alcohols having from 1 to 4 carbon atoms.
PAR  The resulting N,N-dimethyl(3,5-dialkyl-4-hydroxybenzyl)amine or
      N,N-dimethyl(3,5-diaralkyl-4-hydroxybenzyl)amine is subjected to catalytic
      hydrogenolysis in flow reactors at a temperature of
      80.degree.-200.degree.C., preferably of 120.degree.-140.degree.C., the
      molar ratio of hydrogen to the product being treated being 1-5:1 and space
      velocity 0.1-2 hr.sup..sup.-1. In the process of hydrogenolysis use may be
      made either of pure hydrogen, or of hydrogen-containing gases, such as a
      methane-hydrogen mixture or a nitrogen-hydrogen mixture. As hydrogenolysis
      catalysts use is made of catalysts that are conventional for this process,
      such as nickel, palladium, platinum, copper. In view of the reasons stated
      hereinabove, it proves most expedient to use a nickel-chromium catalyst,
      nickel-copper catalyst and, especially, alloyed nickel-aluminum-titanium
      catalyst, comprising 20-60 wt.% of nickel, 20-40 wt.% of aluminum and 1-10
      wt.% of titanium.
PAR  To ensure stable conditions for the catalyst operation, it is recommended
      that the process of hydrogenolysis be carried out in the medium of a
      non-polar organic solvent, preferably in the medium of paraffin or
      cycloparaffin hydrocarbons having from 5 to 20 carbon atoms.
DETD
PAR  For a better understanding of the present invention, given hereinbelow are
      examples which illustrate the production of 2,6-dialkyl- and
      2,6-diaralkyl-substituted derivatives of p-cresol.
PAC  EXAMPLE 1
PAR  1.96 g (0.07 mole) of metallic granulated aluminum was dissolved in 400 g
      (4.25 mole) of phenol at a temperature of 160.degree.C. Then at a
      temperature of 110.degree.C. 1000 g (17.86 mole) of isobutylene was passed
      through the solution over a period of 6 hours. 874.59 g of alkylate were
      obtained with the following composition as determined chromatographically
      (in mole percent): phenol, 0.78; tert. butyl phenol, 11.60; 2,6-ditert.
      butyl phenol, 70.60; 2,4-ditert. butyl phenol, 3.56; 2,4,6-tritert. butyl
      phenol, 13.46.
PAR  The obtained 2,6-ditert. butyl phenol was isolated from the reaction
      mixture by rectification and treated with the product of interaction of
      formaldehyde with dimethylamine. Said product of interaction was obtained
      preliminarily by heating together 100 g of 33% aqueous solution of
      formaldehyde and 300 g of 33% aqueous solution of dimethylamine at a
      temperature of 120.degree.C. 122.4 g of the product were obtained. The
      treatment of 2,6-ditert. butyl phenol with the product thus obtained was
      effected as follows.
PAR  To 206 g of 2,6-ditert.butyl phenol there were added 122.4 g of the product
      of interaction of formaldehyde with dimethylamine and 350 ml. of methyl
      alcohol. The mixture was heated to 80.degree.C. and kept at this
      temperature for 3 hours. The yield was 255.11 g (97% of theory) of
      N,N-dimethyl(3,5-ditert. butyl-4-hydroxybenzyl)amine, 20.7 g of
      dimethylamine, 6.9 g of formaldehyde and 6.18 g of 2,6-ditert. butyl
      phenol. N,N-Dimethyl(3,5-ditert. butyl-4-hydroxybenzyl)amine was isolated
      from the reaction mixture by recrystallization.
PAR  A hydrogenolysis reactor containing nickel-copper catalyst comprising 60
      wt.% of nickel and 40 wt.% of copper was charged with 83.3 g of 30%
      solution of N,N-dimethyl-(3,5-ditert. butyl-4-hydroxybenzyl)amine in
      decalin, said solution being charged onto said catalyst. Hydrogen was
      continuously passed through the reactor. The process was carried out at a
      temperature of 140.degree.C., molar ratio of hydrogen to the product of
      1:1 and space velocity of 0.5 hr.sup..sup.-1. From the resulting catalyst
      the solvent was distilled off under a vacuum (the residual pressure being
      5 mm. Hg) at a temperature of 51.degree.-62.degree.C. The distillation
      residue of 2,6-ditert. butyl-4-methyl phenol was recrystallized from ethyl
      alcohol. The yield was 20.4 g of 2,6-ditert. butyl-4-methyl phenol, m.p.
      69.6.degree.-69.8.degree.C. Chromatographic analysis showed that there
      were no admixtures in the obtained product.
PAC  EXAMPLE 2
PAR  1 g (0.04 mole) of metallic granulated aluminum was dissolved in 400 g
      (4.25 mole) of phenol at a temperature of 160.degree.C. Then 1150 g (17.86
      mole) of isoamylene was passed through the solution over a period of 5
      hours at a temperature of 130.degree.C. and pressure of 3 abs. atm. 904 g
      of alkylate were obtained with the following composition as determined
      chromatographically (in mole percent): phenol, 1; o-tert. amyl phenol, 10;
      2,6-ditert. amyl phenol, 70; 2,4-ditert. butyl phenol, 3; 2,4,6-tritert.
      amyl phenol, 16.
PAR  The obtained 2,6-ditert. amyl phenol was isolated from the reaction mixture
      by rectification and treated with a mixture of formaldehyde and
      dimethylamine in the following way. First 87.3 ml of a 33% aqueous
      solution of formaldehyde were mixed with 220 ml of ethyl alcohol. Into the
      resulting mixture were introduced 176.6 ml of a 33% aqueous solution of
      dimethylamine and 220 ml of ethyl alcohol, and then a solution of 236 g of
      2,6-ditert. amyl phenol in 700 ml of ethyl alcohol. The mixture thus
      obtained was heated to 60.degree.C. and kept at this temperature for 4
      hours. Then N,N-dimethyl(3,5-ditert. amyl-4-oxybenzyl/amine was
      crystallized from the reaction mixture. The weight of the crude product
      was 385 g. This product was then recrystallized in n-heptane. The weight
      of a refined product was 270 g, this corresponding to the yield equal to
      90% of theory.
PAR  A flow reactor was filled with alloyed nickel-aluminum-titanium catalyst
      comprising 40 wt.% of nickel, 55 wt.% of aluminum and 5 wt.% of titanium.
      Then the reactor was charged with 29.g of N,N-dimethyl(3,5-ditert.
      amyl-4-hydroxybenzyl)amine dissolved in 70 g of n-decane. A
      nitrogen-hydrogen mixture containing 60 percent by volume of hydrogen was
      continuously passed through the reactor. The process of hydrogenolysis was
      carried out at a temperature of 150.degree.C., molar ratio of hydrogen to
      the product being processed of 4:1 and space velocity of 1 hr.sup..sup.-1.
      From the resulting catalysate the solvent was distilled off as described
      in Example 1. The distillation residue of 2,6-ditert. amyl-4-methyl phenol
      was recrystallized from ethyl alcohol. 23.3 g of the target product was
      obtained, the yield amounting to 97% of theory. The chromatographic
      analysis showed the absence of any impurities in the product.
PAC  EXAMPLE 3
PAR  5 g (0.15 mole) of metallic granulated aluminum was dissolved in 400 g
      (4.25 mole) of phenol at a temperature of 160.degree.C. Then at a
      temperature of 145.degree.C. 1872 g (18 moles) of styrene were added to
      the resulting solution.
PAR  The mixture was stirred at said temperature over a period of 10 hours. 1740
      g of alkylate was obtained comprising 65 mole % of 2,6-di-.alpha.-methyl
      benzyl phenol.
PAR  The obtained 2,6-di-.alpha.-methyl benzyl phenol was isolated from the
      reaction mixture by fractional crystallization and treated with a mixture
      of formaldehyde and dimethylamine in the following manner. A reactor
      equipped with a stirrer was charged with 302 g of 2,6-di-.alpha.-methyl
      benzyl phenol, and 100 ml of a 33% aqueous solution of formaldehyde and
      100 ml of a 33% aqueous solution of dimethylamine were added thereinto.
      The resulting mixture was heated with intense stirring up to a temperature
      of 70.degree.C during a period of 6 hours. Then the reaction mixture was
      cooled, the aqueous layer was separated in a funnel from the oily one, and
      N,N-dimethyl(3,5-di-.alpha.-methylbenzyl-4-hydroxybenzyl)amine was
      crystallized from the oily layer in an amount of 330 g.
PAR  A reactor filled with granulated palladium was charged with 330 g of
      N,N-dimethyl(3,5-di-.alpha.-methylbenzyl-4-hydroxybenzyl)amine. A
      methane-hydrogen mixture containing 90 per. cent by volume of hydrogen was
      continuously passed through the reactor. The process of hydrogenolysis was
      carried out at a temperature of 190.degree.C, molar ratio of hydrogen to
      the product being processed of 5:1 and space velocity of 0.1
      hr.sup..sup.-1. 270 g of 2,6-di-.alpha.-methyl benzene-4 -methyl phenol
      was obtained, the yield being 89% of theory. Chromatographic analysis
      showed that there were no admixtures in the product obtained.
PAR  Though the present invention has been described in connection with its
      preferred embodiment, it is understood, that various changes and
      modifications may be made by those skilled in the art without departing
      from the spirit and scope of the invention. These changes and
      modifications are to be considered as falling within the spirit and scope
      of the invention as stated by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a 2,6-dialkyl-p-cresol of the formula
      ##SPC5##
PAL  wherein R signifies an alkyl radical having from 4 to 12 carbon atoms
      comprising alkylating phenol with an olefin having from 4 to 12 carbon
      atoms at a temperature of 50.degree.-150.degree.C. in the presence of
      aluminum as a catalyst in an amount of 0.1-5% by weight of the phenol to
      form an alkylated phenol, treating said alkylated phenol with a reactant
      selected from the group consisting of (a) a mixture of formaldehyde and
      dimethylamine and (b) their interaction product having the formula
      ##EQU3##
      at a temperature of 20.degree.-100.degree.C. to form an intermediate
      product, N,N-dimethyl-3,5-dialkyl-4-hydroxy benzylamine, and subjecting
      said intermediate product to catalytic hydrogenolysis at
      80.degree.-200.degree.C. using a molar ratio of hydrogen to said
      intermediate product of 1-5:1 and a space velocity of 0.1-2 hour.sup.
      .sup.-1 to form the 2,6-dialkyl-p-cresol.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein alkylation is carried out at a
      pressure of 2-50 abs. atm.
NUM  3.
PAR  3. A method as claimed in claim 2, wherein alkylation is carried out at a
      pressure of 3-15 abs. atm.
NUM  4.
PAR  4. A method of producing a 2,6-dialkyl-p-cresol of the formula
      ##SPC6##
PAL  wherein R signifies an alkyl radical having from 4 to 12 carbon atoms
      comprising (1) reacting the corresponding 2,6-dialkyl phenol with a
      reagent selected from the group consisting of (a) a mixture of
      formaldehyde and dimethyl-amine and (b) their interaction product having
      the formula
      ##EQU4##
      at a temperature of 20.degree.-100.degree.C. to form an intermediate
      product N,N-dimethyl-3,5-dialkyl-4-hydroxybenzylamine and (2) subjecting
      said intermediate product to catalytic hydrogenolysis at
      80.degree.-200.degree.C. using a molar ratio of hydrogen to said
      intermediate product of 1-5:1 and a space velocity of 0.1-2
      hour.sup..sup.-1 to form the 2,6-dialkyl-p-cresol.
NUM  5.
PAR  5. A method as claimed in claim 4, wherein the treatment of 2,6-dialkyl
      phenol with the mixture of formaldehyde and dimethyl-amine is carried out
      at a temperature of 50.degree.-80.degree.C.
NUM  6.
PAR  6. A method as claimed in claim 4, wherein the treatment of 2,6-dialkyl
      phenol with the product of interaction of formaldehyde with dimethylamine
      is carried out at a temperature of 50.degree.-80.degree.C.
NUM  7.
PAR  7. A method as claimed in claim 4, wherein the treatment of 2,6-dialkyl
      phenol with the mixture of formaldehyde and dimethylamine is carried out
      in the medium of saturated aliphatic alcohol.
NUM  8.
PAR  8. A method as claimed in claim 7, wherein the monobasic aliphatic alcohol
      has 1 to 4 carbon atoms.
NUM  9.
PAR  9. A method as claimed in claim 4, wherein the treatment of 2,6-dialkyl
      phenol with the product of interaction of formaldehyde with dimethylamine
      is carried out in the medium of a saturated aliphatic alcohol.
NUM  10.
PAR  10. A method as claimed in claim 9, wherein the monobasic aliphatic alcohol
      has 1 to 4 carbon atoms.
NUM  11.
PAR  11. A method of producing a 2,6-dialkyl-p-cresol which comprises subjecting
      a N,N-dimethyl-3,5-dialkyl-4-hydroxybenzylamine of the formula
      ##SPC7##
PAL  wherein R signifies an alkyl radical having 4 to 12 carbon atoms to
      catalytic hydrogenolysis at 80.degree.-200.degree.C. using a molar ratio
      of hydrogen to said N,N-dimethyl-3,5-dialkyl-4-hydroxybenzylamine of 1-5:1
      and a space velocity of 0.1-2 hour.sup..sup.-1 to form the
      2,6-dialkyl-p-cresol.
NUM  12.
PAR  12. A method as claimed in claim 11, wherein hydrogenolysis is effected at
      a temperature of 120.degree.-140.degree.C.
NUM  13.
PAR  13. A method as claimed in claim 11, wherein nickel-chromium catalyst is
      used as a hydrogenolysis catalyst.
NUM  14.
PAR  14. A method as claimed in claim 11, wherein nickel-copper catalyst is used
      as a hydrogenolysis catalyst.
NUM  15.
PAR  15. A method as claimed in claim 11, wherein alloyed
      nickel-aluminum-titanium catalyst comprising 20-60 wt.% of nickel, 20-40
      wt.% of aluminum and 1-10 wt.% of titanium is used as a hydrogenolysis
      catalyst.
NUM  16.
PAR  16. A method as claimed in claim 11, wherein hydrogenolysis is carried out
      in the medium of a non-polar organic solvent.
NUM  17.
PAR  17. A method as claimed in claim 16, wherein the non-polar solvent is a
      hydrocarbon having from 5 to 20 carbon atoms.
NUM  18.
PAR  18. A method as claimed in claim 16, wherein the non-polar solvent is a
      cycloparaffin hydrocarbon having 5 to 20 carbon atoms.
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ABST
PAL  Ketones are converted by hydrogenation to the corresponding secondary
      alcohols, in the presence of a soluble catalyst which is obtained by
      contacting a metal compound, for example a cobalt, nickel or iron salt,
      with a reducing agent, preferably a trialkylaluminum compound, the
      reaction being carried out with added metal alcoholate, preferably an
      alkali metal alcoholate.
BSUM
PAR  The invention concerns a process for producing secondary alcohols by
      catalytic hydrogenation of the corresponding ketones.
PAR  Catalytic compositions obtained by contacting one or more metal compounds
      with one or more reducing agents have already been described. The catalyst
      could be used for hydrogenating ketones.
PAR  A substantial improvement results from employing additives such as
      hereinafter described.
PAR  The catalytic composition used according to the invention results from
      contacting one or more metal compounds with one or more reducing agents
      and at least one metal alcoholate.
PAR  The metal compounds are selected from the compounds of metals from groups
      Ib, IIb, IVa, Va, VIa, VIIa and VIII, such as, for example, titanium,
      vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc,
      zirconium, molybdenum, ruthenium, rhodium, palladium, tungsten, iridium or
      platinum. The associated ions are either inorganic anions, such as
      hydride, halide or sulfocyanide ions, or organic anions such as alkoxide
      ions, for example acetylacetonate, cyclopentadienyl ions or sulfonate
      ions, for example camphor-sulfonate. They can also be obtained from
      organic acids, for example carboxylic acids such as stearic, 2-ethyl
      hexanoic, decanoic or naphthenic acids. Examples of metal compounds which
      can be used according to the process of the invention are: cobalt bromide,
      naphthenate, oleate, stearate, octoate or decanoate (irrespective of the
      effective cobalt content), iron chloride, chromium acetylacetonate,
      dichlorodicyclopentadienyl titanium, bis-tricyclohexyl phosphine cobalt
      dibromide, manganese chloride, iron stearate, molybdenum carboxylates or
      nickel octoate. Anions which do not react with the reducing agent and
      which are soluble in the reaction mixture are preferred.
PAR  The reducing agents are preferably organic derivatives of boron or
      aluminum, or organo lithium compounds of the formula R-Li in which R is a
      monovalent hydrocarbon radical optionally substituted with atoms or
      radicals which do not participate to the reaction.
PAR  The following compounds are preferably used:
PAR  1. Those of the formula Al H.sub.n X.sub.3.sub.-n in which n is zero (only
      if X = R), 1, 2 or 3 and the similar or dissimilar X groups are selected
      from R, OR, NR.sub.2, NHR or SR groups in which R is a monovalent
      substituted or unsubstituted, linear or cyclic hydrocarbon radical, which
      radical may contain heteroatoms such as oxygen, nitrogen, sulfur or
      metals. R may be, for example, an alkyl, cycloalkyl or aryl radical. When
      n = 1, two groups R may be linked so as to form an -A-Z-B- group wherein A
      and B are alkylene groups and Z is an oxygen or sulfur atom, an alkylene
      group, a NH-- group or a N-hydrocarbyl group.
PAR  2. Those of the general formula M [AlH.sub.m X'.sub.4.sub.-m ] .sub.p in
      which m is 1, 2, 3 or 4; M is a mono- or di-valent metal selected from the
      groups Ia and IIa and p is the valence of this metal.
PAR  The similar or dissimilar X' groups are selected from the groups R, OR,
      NR.sub.2 , NHR and SR in which R is as hereinbefore defined. Two groups R
      may be linked as above indicated.
PAR  Useful reducing agents according to the present invention are for example:
PAR  Li Al H (O-tert-butyl).sub. 3 , Na Al H (O-tert-butyl).sub.3, Al H
      (O-tert-butyl).sub.2, Na Al H (C.sub.2 H.sub.5).sub.3, Al (C.sub.2
      H.sub.5).sub.3, Al (iso C.sub.4 H.sub.9).sub.3, Al H (iso C.sub.4
      H.sub.9).sub.2, Na Al H.sub.4, Li Al H.sub.4, Na Al H.sub.2 (O CH.sub.2
      CH.sub.2 O CH.sub.3).sub.2, Na Al H (OC.sub.2 H.sub.5).sub.3 LiAlH(C.sub.2
      H.sub.5).sub.3, C.sub.4 H.sub.9 Li, Li Al H.sub.2 (O-tert-butyl).sub.2, Li
      Al H.sub.2 (O-tert-butyl) (O-tetrahydrofurfuryl).
PAR  The third constituent of the catalytic system is a metal alcoholate, for
      example sodium or lithium ethylate, iso-propylate or tert- butylate. The
      molar ratio of the alcoholate to the metal compound is in the range of
      from 0.1 to 10. It is preferably selected from 0.5 to 5.
PAR  The alcoholate has preferably the formula
      ##EQU1##
      in which M is an alkali metal, for example Na, Li or K. R.sub.1, R.sub.2
      and R.sub.3 are selected from hydrogen and the hydrocarbon monovalent
      radicals; two radicals, for example R.sub.1 and R.sub.2, may also be
      linked so as to form a ring with the adjacent carbon atom. The preferred
      alcoholate is that obtained from the alcohol to be produced.
PAR  Depending on the particular metal compound and associated reducing agent,
      the molar ratio of the reducing agent to the metal compound is variable.
      It is usually from 0.1 to 20 and preferably from 0.2 to 6.
PAR  The reaction is carried out in the range of from 25.degree. to
      300.degree.C. The catalytic composition is usefully prepared at a lower
      temperature.
PAR  The concentration of the metal employed may be as low as 0.0001 g per 100 g
      of charge. The preferred concentrations range from 0.001 to 1 g of metal
      per 100 g of charge.
PAR  The reaction is carried out in the liquid phase optionally in the presence
      of a solvent with the purpose of maintaining the reaction temperature at
      the desired value and retaining the catalyst in this phase when removing
      the reaction product. The catalyst may be supported on a carrier such as
      alumina, silica, alumina-silica or active carbon. In that case, the active
      metal content of the catalyst ranges approximately from 0.1 to 10% by
      weight, depending on the activity of this metal.
PAR  The hydrogen partial pressure may range from 0.1 to 100 bars.
PAR  The ketones to be used have the formula R -- CO -- R' in which R and R' are
      monovalent hydrocarbon radicals or constitut a bivalent radical forming a
      ring with the --CO-- group. We can mention, as non-limitative examples:
      acetone, acetophenone, cyclopentanone, cyclohexanone, cyclododecanone,
      methylisobutyl ketone, benzophenone, piperitone, menthone and pulegone.
      The preferred ketones are unsubstituted or substituted with groups which
      do not react with hydrogen and do not poison the catalyst. A simple
      preliminary test makes it possible to determine whether a given ketone
      satisfies these conditions or not.
DETD
PAR  The following examples illustrate the invention without limiting the scope
      thereof.
PAC  EXAMPLE 1
PAR  For converting 137 g of menthone to menthol, by hydrogenation, we use 2.5
      milliatoms of nickel in the form of the octoate which is reduced with 7.5
      millimoles of triethylaluminum. We add 10 millimoles of sodium mentholate
      and the autoclave is finally charged with hydrogen at 115.degree.C under a
      pressure of 20 bars. The reaction is continued for 3 hours.
PAR  Menthol is obtained in a quantitative yield.
PAC  EXAMPLE 2
PAR  Example 1 is repeated, except that sodium mentholate is not used. After 3
      hours, the conversion is only 20 %.
PAC  EXAMPLE 3
PAR  Example 1 is repeated, except that 0.75 millimole of triphenylphosphine is
      present during the reduction. The reaction is terminated in 1 hour and
      menthol is obtained in a quantitative yield.
PAC  EXAMPLE 4
PAR  Example 3 is repeated, except that no sodium mentholate is present. Menthol
      is obtained in a quantitative yield but the reaction is terminated after 4
      hours only.
PAR  Examples 1 to 4 show that the addition of a sodium salt greatly increases
      the rate of the hydrogenation reaction, even when the latter is carried
      out in the presence of a phosphine.
PAC  EXAMPLE 5
PAR  Example 1 is repeated, except that the reducing agent consists of 2.5
      millimoles of Na Al H.sub.4. The reaction is terminated after 3 hours and
      menthol is obtained quantitatively.
PAC  EXAMPLE 6
PAR  Example 5 is repeated, except that we add 0.75 millimole of
      triphenylphosphine during the reduction. The reaction is terminated after
      2 hours and menthol is obtained in a quantitative yield.
PAC  EXAMPLE 7
PAR  Example 6 is repeated, except that piperitone is used as starting material.
      The hydrogenation of piperitone to menthone takes 5 minutes, while the
      hydrogenation to menthol takes 2 hours.
PAR  This example shows that the catalyst of the invention may hydrogenate
      unsaturated ketones to the corresponding saturated alcohols.
PAC  EXAMPLE 8
PAR  Example 1 is repeated with methyl isobutyl ketone and the sodium derivative
      of methylisobutylcarbinol as starting materials. The reaction is
      terminated after 2.5 hours; methylisobutylcarbinol is obtained in a
      quantitative yield.
PAC  EXAMPLE 9
PAR  Example 1 is repeated with acetone and sodium iso-propylate. After 3 hours
      at 80.degree.C and a pressure of 20 bars, the reaction is terminated.
      Isopropanol has been obtained in a quantitative yield.
PAC  EXAMPLE 10
PAR  Example 1 is repeated, except that we use 5 milliatoms of iron in the form
      of the octoate reduced with 15 millimoles of triethyl aluminum. After 4
      hours we obtain menthol in a quantitative yield.
PAC  EXAMPLE 11
PAR  Example 1 is repeated, except that we use cyclohexanone and sodium
      cyclohexanolate. After 3 hours, the hydrogen is no longer absorbed and
      cyclohexanol is obtained in a quantitative yield.
PAC  EXAMPLE 12
PAR  Example 1 is repeated, except that we use 3 milliatoms of cobalt in the
      form of stearate, reduced with 10 millimoles of triethylaluminum. The
      reaction is terminated after 4 hours and menthol is obtained in a
      quantitative yield.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for converting a ketone of the formula R -- CO -- R' where
      R and R' are monovalent hydrocarbon radicals or, when taken together, are
      a divalent hydrocarbon radical, to form the corresponding secondary
      alcohol, said process comprising reacting said ketone in the liquid phase
      with free hydrogen in the presence of a catalyst obtained by reacting a
      molar proportion of at least one compound (A) of a metal from one of the
      groups Ib, IIb, IVa, Va, VIa, VIIa or VII of the periodic classification,
      with a 0.1-20 molar proportion of a metal reducing compound (B) selected
      from the group consisting of
PA1  a. a compound of the formula R-Li where R is a monovalent hydrocarbon
      radical,
PA1  b. a compound of the formula AlHn X .sub.3.sub.-n where n is zero provided
      all X are R groups, or 1, 2 or 3, X is R, OR, NR.sub.2, NHR or SR or,
      provided n is 1, two R groups are linked to form an -A-Z-B- group where A
      and B are alkylene groups and Z is an oxygen or sulfur atom, an alkylene
      group, a NH group or N-hydrocarbyl group, and R is a monovalent
      hydrocarbon radical, and
PA1  c. a compound of the formula M (AlHm X' .sub.4.sub.-m).sub.p where m is an
      integer from 1 to 4, M is a mono- or di-valent metal selected from the
      metals of groups Ia and IIa, p is the valence of this metal and X' is
      defined as X,
PA1  the improvement wherein said reacting of said ketone with hydrogen in the
      presence of said catalyst is conducted in the additional presence of, as
      part of the catalyst system, 0.1-10 molar proportion of at least one metal
      alcoholate of the formula
      ##EQU2##
      where M is an alkali metal and R.sub.1, R.sub.2 and R.sub.3 are hydrogen
      atoms or monovalent hydrocarbon radicals or, when taken by pairs, form a
      hydrocarbon ring with the carbon atom linked to the --OM group, the
      hydrocarbon portion of said metal alcoholate being aromatic of not more
      than 13 carbon atoms, or alkyl or cycloalkyl of not more than 12 carbon
      atoms with the provision that said cycloalkyl contains at least 5 carbon
      atoms.
NUM  2.
PAR  2. A process according to claim 1 wherein the metal compound (A) is a
      cobalt, nickel or iron salt.
NUM  3.
PAR  3. A process according to claim 1 wherein the metal compound (A) is a
      cobalt, nickel or iron carboxylate.
NUM  4.
PAR  4. A process according to claim 1 wherein the metal compound (B) is butyl
      lithium.
NUM  5.
PAR  5. A process according to claim 1 wherein the metal compound (B) is of the
      formula Al X.sub.3 where X is a monovalent hydrocarbon radical.
NUM  6.
PAR  6. A process according to claim 1 wherein the metal alcoholate is a sodium
      alcoholate.
NUM  7.
PAR  7. A process according to claim 1 wherein the molar proportion of metal
      alcoholate is 0.5-5.
NUM  8.
PAR  8. A process according to claim 1 wherein the molar proportion of metal
      compound (B) is 0.2-6.
NUM  9.
PAR  9. A process according to claim 1 wherein there is used from 0.001 to 1
      part by weight of metal of the compound (A) per 100 parts by weight of
      ketone.
NUM  10.
PAR  10. A process according to claim 1 wherein said converting is carried out
      at 25.degree.-300.degree. C. under a hydrogen pressure of 0.1-100 bars.
NUM  11.
PAR  11. A process according to claim 1 wherein the metal alcoholate is one
      formed with the secondary alcohol corresponding to the ketone to be
      converted.
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ABST
PAL  A hydrocarbon feed is isomerized in liquid phase in the presence of a metal
      halide catalyst, a hydrogen halide solvent and hydrogen at a temperature
      ranging from at least 50.degree.C and not greater than the critical
      temperature of the mixture of the hydrocarbon feed and the hydrogen
      halide. The partial pressure of the hydrocarbon feed-hydrogen halide
      mixture is maintained to be at least equal to the critical pressure of the
      hydrocarbon feed and not greater than the critical pressure of the mixture
      of the hydrocarbon feed and the hydrogen halide. The molar ratio of the
      hydrogen halide to the hydrocarbon feed is at least 1:1 and the molar
      ratio of hydrogen halide to metal halide catalyst ranges from about 10:1
      to about 40:1. The preferred catalyst is aluminum chloride or aluminum
      bromide. The preferred solvent is hydrogen chloride or hydrogen bromide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a process for the conversion of
      hydrocarbons. More particularly, this invention relates to a catalytic
      process for the isomerization of saturated aliphatic hydrocarbons.
PAR  2. Description of the Prior Art
PAR  It is known that aliphatic hydrocarbons can be isomerized in processes
      involving the use of a metal halide catalyst and a hydrogen halide in the
      presence or absence of hydrogen. Furthermore, it is known that
      isomerization can be conducted below the critical temperature of the
      hydrogen halide at substantially liquid phase conditions.
PAR  German patent No. 764,704 discloses that it is beneficial to use at least
      100 weight percent of hydrogen halide to hydrocarbon feed in the
      isomerization zone to suppress cracking. It further discloses that
      temperatures in the range of 50.degree. to 150.degree.C may be used.
PAR  U.S. Pat. No. 2,250,410 discloses an isomerization process conducted in the
      presence of a metal halide catalyst at a temperature of 20.degree. to
      150.degree.C under a superatmospheric pressure, the total pressure in the
      system being sufficiently high to insure the presence of a liquid phase of
      hydrocarbon in the system and the partial pressure of a hydrogen halide in
      the system being equivalent to 3 to 20 atmospheres when measured at
      20.degree.C.
PAR  U.S. Pat. No. 2,271,043 discloses an isomerization which may be conducted
      in liquid or gaseous phase at a temperature below 200.degree.C in the
      presence of a hydrogen halide promoter and between 0.08 and 33 atmospheres
      of added hydrogen to repress undesired side reactions.
PAR  It has now been found that superior isomerization results can be obtained
      when the isomerization is conducted at pressure and temperature conditions
      comprised within the area (with reference to a pressure-temperature plot)
      bounded by the loci of the critical constants of mixtures of the hydrogen
      halide and hydrocarbon feed, at a specified ratio of hydrogen halide to
      metal halide catalyst, in the presence of added hydrogen.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided an isomerization
      process which comprises: contacting, in a reaction zone, in the presence
      of hydrogen, a hydrocarbon feed comprising a saturated aliphatic
      hydrocarbon, a hydrogen halide selected from the group consisting of
      hydrogen chloride, hydrogen bromide and mixtures thereof, said hydrocarbon
      feed and said hydrogen halide being substantially in liquid phase, and a
      metal halide catalyst selected from the group consisting of metal
      chlorides, metal bromides and mixtures thereof, at a temperature ranging
      from at least about 50.degree.C to the critical temperature of the mixture
      of said hydrocarbon feed and said hydrogen halide, the partial pressure of
      the mixture of said hydrocarbon feed and said hydrogen halide being
      maintained at least equal to the critical pressure of the hydrocarbon feed
      and not greater than the critical pressure of said mixture of hydrocarbon
      feed and hydrogen halide, and wherein the molar ratio of said hydrogen
      halide to said hydrocarbon feed is at least 1:1, and the molar ratio of
      said hydrogen halide to said metal halide catalyst ranges from about 10:1
      to about 40:1.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot showing the critical temperature and pressure of mixtures
      of varying proportions of hydrogen chloride and n-hexane.
PAR  FIG. 2 is a plot showing the critical temperature and pressure of mixtures
      of hydrogen chloride and different hydrocarbons.
PAR  FIG. 3 is a plot showing the critical temperature and pressure of mixtures
      of hydrogen bromide and different hydrocarbons.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The isomerization process of the present invention is effective for
      converting saturated acyclic aliphatic hydrocarbons having at least 4
      carbon atoms and alicyclic aliphatic hydrocarbons having at least 6 carbon
      atoms, to a product enriched in an isomer thereof. Typically, acyclic
      hydrocarbons, that is, straight chain or branched chain paraffins having
      from about 4 to 10 carbon atoms, preferably from about 4 to 7 carbon atoms
      are converted to branched chain materials having higher octane ratings.
      Alicyclic hydrocarbons (naphthenes) having typically from about 6 to 15
      carbon atoms, preferably from about 6 to 9 carbon atoms can be converted
      to isomers thereof.
PAR  The feedstock may comprise individual acyclic hydrocarbons or mixtures
      thereof, individual alicyclic hydrocarbons or mixtures thereof, or
      mixtures of acyclic and alicyclic hydrocarbons. Typically, mixtures of
      saturated alicyclic aliphatic hydrocarbons and saturated acyclic aliphatic
      hydrocarbons are used as feed.
PAR  Suitable metal halide catalysts for use in the process of the invention are
      metal chlorides and metal bromides, for example, aluminum chloride,
      aluminum bromide, gallium trichloride, gallium tribromide, zinc chloride,
      ferrous chloride, ferric chloride, zirconium chloride, stannic chloride,
      boron tribromide, boron trichloride, etc. The preferred metal halide
      catalyst is aluminum chloride or aluminum bromide. If desired, promoters
      such as water or methyl t-amyl ether may be used in addition to the metal
      halide. The amount of metal halide catalyst present in the reaction zone
      is not critical. Typically, from about 0.02 to 2.0, preferably from 0.1 to
      0.5 weight parts of metal halide are present in the reaction zone per
      weight part of hydrocarbon reactant.
PAR  The metal halide is used in combination with a hydrogen halide solvent
      comprising hydrogen chloride, hydrogen bromide or mixtures thereof.
      Desirably, the halide moiety of the hydrogen halide and of the metal
      halide catalyst are the same to avoid exchange reactions.
PAR  The molar ratio of hydrogen halide to metal halide catalyst utilized in the
      isomerization reaction ranges from about 10:1 to about 40:1, preferably
      from about 20:1 to about 40:1.
PAR  The molar ratio of hydrogen halide to hydrocarbon feed is at least 1:1,
      preferably from about 2:1 to about 10:1.
PAR  The isomerization reaction of the present invention is conducted in the
      presence of molecular hydrogen. Hydrogen, derived from any suitable
      source, may be added to the reaction zone, or the hydrogen may be
      generated in situ by introducing hydride donors into the reaction zone
      during the course of the reaction. Examples of useful hydride donors
      include decalin, tetralin, methylcyclohexane and the like. Most
      preferably, molecular hydrogen is introduced into the isomerization zone.
      Sufficient hydrogen is maintained in the isomerization zone to provide a
      partial pressure of at least 15 pounds per square inch absolute (psia).
      Suitable hydrogen partial pressure in the reaction zone will range from
      about 15 to about 2000 psia, preferably from about 40 to about 1000 psia,
      more preferably from about 40 to about 400 psia.
PAR  Typically, from 0.05 to 2.5 moles, preferably from 0.05 to 1 mole of
      H.sub.2 per mole of hydrocarbon feed are present in the reaction zone. In
      a typical reaction system, the isomerization is permitted to proceed for
      time periods varying from about 0.5 to 1500, preferably from about 1 to
      500 minutes.
PAR  Generally, the higher hydrogen partial pressures are utilized with the
      higher isomerization temperatures and the lower hydrogen partial pressures
      are utilized with the lower isomerization temperatures. In a typical
      refinery operation, the hydrocarbon feedstock, hydrogen halide and
      hydrogen are admixed with the metal halide catalyst in a substantially
      liquid phase operation. The contacting may be carried out in a plurality
      of serially connected mixing zones. Since liquid HCl and HBr are very
      miscible with hydrocarbons, a product stream is withdrawn from the
      reaction zone and separated by utilizing conventional distillation
      techniques. Optionally, the metal halide catalyst may be impregnated on an
      inert (to the hydrogen halide) porous support material and the hydrocarbon
      feedstock and hydrogen halide, in substantially liquid phase, passed over
      the supported metal halide catalyst.
PAR  The liquid phase isomerization is conducted at a temperature ranging from
      at least about 50.degree.C, preferably at a temperature at least as great
      as the critical temperature of the hydrogen halide used in the reaction
      zone to the critical temperature of the mixture of the hydrocarbon feed
      and hydrogen halide.
PAR  In general, suitable isomerization reaction temperatures will be comprised
      within the range from about 50.degree. to about 150.degree.C, preferably
      from about 60.degree. to about 125.degree.C, more preferably from about
      65.degree. to 110.degree.C, depending on the specific hydrogen halide
      solvent and hydrocarbon feed used.
PAR  The partial pressure of the mixture of hydrocarbon feed and hydrogen halide
      is maintained to range from a pressure at least as great as the critical
      pressure of the hydrocarbon feed and not greater than the critical
      pressure of the mixture of the hydrocarbon feed and hydrogen halide. In
      general, the partial pressure of the hydrocarbon feed-hydrogen halide
      mixture will range from about 250 to about 2500 psia. It is to be noted
      that by partial pressure of the mixture is intended herein the partial
      pressure of the hydrocarbon feed and hydrogen halide alone, that is,
      excluding the partial pressure of hydrogen. The total pressure, including
      the hydrogen partial pressure, in the isomerization zone will range
      broadly from about 265 to about 3000 psia, preferably from about 300 to
      about 2700 psia.
PAR  The critical temperature and the critical pressure of a mixture of
      hydrocarbon feed and hydrogen halide can be estimated in accordance with
      the expressions:
EQU  T.sub.c ' = .SIGMA..sub.i x.sub.i (T.sub.c).sub.i
EQU  P.sub.c ' = .SIGMA..sub.i x.sub.i (P.sub.c).sub.i
PAL  wherein x.sub.i is the mole fraction of the ith chemical species, as shown
      in Molecular Theory of Gases and Liquids, J. O. Hirschfelder, C. F.
      Curtiss, and R. D. Bird, p. 244, New York: John Wiley and Sons (1954).
PAR  The critical temperature of a mixture can also be determined experimentally
      by introducing the mixture in a high pressure sight glass with variable
      volume or pressurizing equipment and slowly varying the temperature and
      pressure of the system until critical opalescence is observed.
PAR  In FIG. 1 is shown a plot of mixtures of hydrogen chloride and n-hexane.
      The axis of abscissas represents temperature in degrees centigrade and the
      axis of ordinates represents pressures in pounds per square inch absolute
      (psia). The curve line represents the critical temperature and critical
      pressure of mixtures of varying proportions of hydrogen chloride and
      n-hexane. For this given system, region II, that is, the area defined by
      points (a), (b), (c) and (d) would be within the temperature and pressure
      conditions required by the present invention for the given system. Point
      (b) represents the critical temperature and pressure of 100 percent
      hydrogen chloride. Point (d) represents the critical temperature and
      pressure of 100 percent n-hexane. Points from (b) to (c) to (d) represent
      critical temperatures and pressures of mixtures of varying proportions of
      hydrogen chloride and n-hexane. It should be noted that the mole fraction
      of hydrogen chloride in the mixture with n-hexane is a linear function of
      temperature. Thus, the estimated mole fractions of HCl and n-hexane
      components at points (b), (c) and (d) of FIG. 1 are as follows:
     Points         x.sub.HCl     x.sub.C6                                     
     ______________________________________                                    
     b              1             0                                            
     c              0.611         0.389                                        
     d              0             1                                            
     ______________________________________                                    
PAL  wherein x is the mole fraction.
PAR  Point (a) represents the critical temperature of hydrogen chloride and the
      critical pressure of n-hexane. Thus for the hydrogen chloride-n-hexane
      system, region I in FIG. 1 represents an area of supercritical conditions.
      Area III in FIG. 1 represents a region of subcritical conditions outside
      the range of conditions required by the present invention. The actual
      temperatures and pressures will differ depending on the hydrocarbon
      component used and on the hydrogen halide used.
PAR  FIG. 2 shows a plot of critical temperature and critical pressure for
      mixtures of hydrogen chloride-n-butane (the temperature and pressure at
      the maximum point of the curve being 79.degree.C, 1245 psia); hydrogen
      chloride-pentane (maximum point of the curve being 102.5.degree.C, 1462
      psia); hydrogen chloride-hexane (maximum point of the curve being
      122.degree.C, 1695 psia); and hydrogen chloride-heptane (maximum point of
      the curve being 139.degree.C, 1925 psia), respectively. For example, at
      about 90.degree.C, utilizing a hexane feed, the partial pressure of the
      mixture of hexane and hydrogen chloride is preferably maintained in the
      range of about 500 to 1400 psia.
PAR  FIG. 3 shows a plot of critical temperature and pressure for mixtures of
      hydrogen bromide-isobutane (maximum point on curve being 90.degree.C, 1235
      psia); hydrogen bromide-n-butane (maximum point on curve being
      90.degree.C, 1235 psia); hydrogen bromide-n-pentane (maximum point on
      curve being 105.degree.C, 1243 psia); hydrogen bromide-n-hexane (maximum
      point on curve being 125.degree.C, 1425 psia); hydrogen bromide-n-heptane
      (maximum point on curve being 155.degree.C, 1535 psia), respectively.
PAC  EXAMPLE 1
PAR  Experiments were conducted to show the criticality of operating at a
      hydrogen halide to metal halide ratio ranging from 10:1 to 40:1 in the
      liquid phase conditions defined in accordance with the process of the
      present invention.
PAR  A series of seven runs were made in a 300 ml autoclave by varying the
      HCl/AlCl.sub.3 mole ratio from 80:1 to 10:1 between 55.degree. and
      90.degree.C. The runs were made at constant hydrogen pressure of 300 psia
      with a hydrocarbon to HCl volume ratio of 0.6/1 (60 ml hydrocarbon to 100
      ml HCl). The hydrocarbon feed utilized was a blend consisting of 95.6
      percent n-hexane and 4.4 percent methylcyclopentane (i.e. 43.0 gm
      n-C.sub.6 H.sub.16 and 2.00 gm methylcyclopentane).
PAR  The operating conditions of the runs are summarized in Table I. In run 1,
      the initial charge isomerized with a rate constant of 1.27
      hr..sup..sup.-1. After allowing the reactor to stir overnight, a second,
      then a third and fourth charge of feed were added to the vessel. In each
      case the reaction was followed by periodically sampling the vessel and
      analyzing the products on a conventional gas chromatograph. Runs 1 to 4
      and 7 are runs in accordance with the present invention, whereas, runs 5
      and 6 are comparative runs.
TBL                                    TABLE I                                 
     __________________________________________________________________________
         TOTAL               C.sub.6              REACTION                     
         PRESSURE,                                                             
                AlCl.sub.3,                                                    
                     HCL,                                                      
                         H.sub.2,                                              
                             MIX,    HCl/ K ISO,  TIME,                        
     RUN PSIA   MOLE ml  PSIA                                                  
                             ml  T,.degree.C                                   
                                     AlCl.sub.3                                
                                          HR..sup.-.sup.1                      
                                                  MINUTES                      
     __________________________________________________________________________
     1   1614.7 0.06 100 300  60 90  40/1 1.27    0-234                        
                             +60          2.30    1327-1460                    
                             +60          1.33    1530-1576                    
                             +60          1.07    1620-1666                    
     2   1734.7 0.24 100 300  60 90  10/1 1.84    0-71                         
                             +60          (0.7-1.5)                            
                                                  77-142                       
                             +60          (0.25-0.10)                          
                                                  167-1223                     
     3   1254.7 0.06 100 300  60 55  40/1 0.04    0-1382                       
     4   1274.7 0.12 100 300  60 55  20/1 0.03    0-4260                       
     5   1234.7 0.03 100 300  60 55  80/1 0.06    0-171                        
                                 65       0.06    171-1333                     
                                 75       (.2-.15)                             
                                                  1333-1733                    
                             +60 75       0.10    2804-3018                    
                                 90       0.47    3018-3206                    
                             +60 90       --      4249-4349                    
     6   1544.7  0.045                                                         
                     100 300  60 75  60/1 0.13    0-172                        
                                 90       0.99    199-323                      
     7   1434.7 0.06 100 300  60 65  40/1 0.08    0-1434                       
     __________________________________________________________________________
PAL  As can be seen from Table I, when comparing the runs made at 90.degree.C,
      runs 5 and 6 which were carried out outside the range of HCl to AlCl.sub.3
      of the present invention showed low isomerization activity.
PAC  EXAMPLE 2
PAR  This example is presented to demonstrate that hydrogen is required to
      prevent rapid deactivation of the catalyst when operating at the
      temperature and pressure conditions in accordance with the process of the
      present invention.
PAR  A series of runs were made in a 300 ml autoclave at 65.degree.C with an
      HCl/AlCl.sub.3 ratio of 40/1 in which the hydrogen partial pressure was
      set at 0, 100 and 300 psia. The isomerization constant varied from 3.15
      hr..sup..sup.-1 with no hydrogen present to 0.075 hr..sup..sup.-1 with 300
      psia hydrogen. The hydrocarbon feed utilized was a blend consisting of
      95.6 percent n-hexane and 4.4 percent methylcyclopentane. The operating
      conditions for these runs (8, 9, 10) are summarized in Table II. Runs 9
      and 10 are runs in accordance with the present invention, whereas run 8 is
      a comparative run.
TBL                                    TABLE II                                
     __________________________________________________________________________
         TOTAL               C.sub.6 REACTION                                  
         PRESSURE,                                                             
                AlCl.sub.3,                                                    
                     HCl,                                                      
                         H.sub.2,                                              
                             MIX,     TIME,                                    
                                          K ISO,                               
     RUN PSIA   MOLE ml  PSIA                                                  
                             ml  T.degree.C                                    
                                     MINUTES                                   
                                          HR..sup.-.sup.1                      
     __________________________________________________________________________
     8    994.7 0.06 100  0  60  65.degree.C                                   
                                     0-33 3.15                                 
     9   1174.7 0.06 100 100 60  65.degree.C                                   
                                     0-339                                     
                                          0.26                                 
     10  1434.7 0.06 100 300 60  65.degree.C                                   
                                     0-1434                                    
                                          0.075                                
     __________________________________________________________________________
PAR  Results of run 8, in which no hydrogen was present, and which is therefore
      outside the scope of the present invention, are summarized in Table III.
TBL                TABLE III                                                   
     ______________________________________                                    
     H.sub.2  Time,                                                            
     Psia     Min.        % C.sub.5 -- % nC.sub.6 /C.sub.6                     
     ______________________________________                                    
     0         4          0            94.3                                    
     0        11          0.04         70.0                                    
     0        22          0.46         47.2                                    
     0        33          5.68         30.4                                    
     0        46          79.6         10.1                                    
     0        55          85.3          4.5                                    
     ______________________________________                                    
PAR  As can be seen from the data in Table III, in the absence of hydrogen,
      cracking products developed as the reaction proceeded. In runs 9 and 10,
      with 100 or 300 psia hydrogen, the cracking reactions were minimized.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An isomerization process which comprises: contacting in a reaction zone,
      in the presence of hydrogen, a hydrocarbon feed comprising a saturated
      aliphatic hydrocarbon, a hydrogen halide selected from the group
      consisting of hydrogen chloride, hydrogen bromide and mixtures thereof,
      said hydrocarbon feed and hydrogen halide being substantially in liquid
      phase, and a metal halide catalyst selected from the group consisting of
      aluminum chloride, aluminum bromide and mixtures thereof, at a temperature
      ranging from at least about 50.degree.C. to the critical temperature of
      the mixture of said hydrocarbon feed and said hydrogen halide, said
      critical temperature ranging up to about 150.degree.C., the partial
      pressure of said hydrogen ranging from about 40 to about 1000 psia, the
      molar ratio of said hydrogen to said hydrocarbon feed ranging from 0.05 to
      2.5 moles hydrogen per mole hydrocarbon feed, the partial pressure of the
      mixture of said hydrocarbon feed and said hydrogen halide being maintained
      at least equal to the critical pressure of the hydrocarbon feed and not
      greater than the critical pressure of said mixture of hydrocarbon feed and
      hydrogen halide, said partial pressure of the mixture of said hydrocarbon
      feed and said hydrogen halide ranging from about 250 to about 2500 psia,
      and wherein the molar ratio of said hydrogen halide to said hydrocarbon
      feed is at least 1:1 and the molar ratio of said hydrogen halide to said
      metal halide catalyst ranges from about 10:1 to about 40:1.
NUM  2.
PAR  2. The process of claim 1, wherein said molar ratio of hydrogen halide to
      metal halide ranges from about 20:1 to about 40:1.
NUM  3.
PAR  3. The process of claim 1, wherein the molar ratio of said hydrogen halide
      to said hydrocarbon feed ranges from about 2:1 to about 10:1.
NUM  4.
PAR  4. The process of claim 1, wherein said hydrocarbon feed comprises a member
      selected from the group consisting of saturated acyclic hydrocarbons
      having at least 4 carbon atoms, saturated alicyclic hydrocarbons having at
      least 6 carbon atoms and mixtures thereof.
NUM  5.
PAR  5. The process of claim 1, wherein said hydrocarbon feed comprises an
      acyclic aliphatic hydrocarbon having from 4 to 12 carbon atoms.
NUM  6.
PAR  6. The process of claim 1, wherein said hydrocarbon feed comprises
      saturated acyclic aliphatic hydrocarbons having from 4 to 7 carbon atoms.
NUM  7.
PAR  7. The process of claim 1, wherein said hydrogen halide is hydrogen
      chloride, said hydrocarbon feed is hexane, said partial pressure of the
      mixture ranges from about 434 to 1695 psia, and said isomerization is
      conducted at a temperature ranging from about 50.degree. to about
      122.degree.C.
NUM  8.
PAR  8. The process of claim 1, wherein said hydrogen halide is hydrogen
      chloride, said hydrocarbon feed is butane, said partial pressure of the
      mixture ranges from about 551 to 1245 psia, and said isomerization is
      conducted at a temperature ranging from about 50.degree. to 79.degree.C.
NUM  9.
PAR  9. The process of claim 1, wherein said hydrogen halide is hydrogen
      chloride, said hydrocarbon feed is pentane, said partial pressure of the
      mixture ranges from about 485 to 1462 psia and said isomerization is
      conducted at a temperature ranging from about 50.degree. to about
      102.5.degree.C.
NUM  10.
PAR  10. The process of claim 1, wherein said hydrogen halide is hydrogen
      bromide, said hydrocarbon feed is isobutane, said partial pressure of the
      mixture ranges from about 544 to 1235 psia, and said isomerization is
      conducted at temperature ranging from about 50.degree. to about
      90.degree.C.
NUM  11.
PAR  11. The process of claim 1, wherein said hydrogen halide is hydrogen
      bromide, said hydrocarbon feed is n-pentane, said partial pressure of the
      mixture ranges from about 485 to 1243 psia, and said isomerization is
      conducted at a temperature ranging from about 50.degree. to about
      105.degree.C.
NUM  12.
PAR  12. The process of claim 1, wherein said hydrogen halide is hydrogen
      bromide, said hydrocarbon feed is n-hexane, said partial pressure of said
      mixture ranges from about 434 to 1425 psia, and said isomerization is
      conducted at a temperature ranging from about 50.degree. to about
      125.degree.C.
NUM  13.
PAR  13. The process of claim 1, wherein said hydrogen halide is hydrogen
      bromide, said hydrocarbon feed is n-heptane, said partial pressure of the
      mixture ranges from about 394 to 1535 psia, and said isomerization is
      conducted at a temperature ranging from about 50.degree. to 155.degree.C.
NUM  14.
PAR  14. The process of claim 1, wherein said isomerization is conducted at a
      temperature of about 90.degree.C, said hydrocarbon feed being hexane, said
      catalyst being aluminum chloride, said hydrogen halide being hydrogen
      chloride, the partial pressure of the mixture of said hexane and hydrogen
      chloride being maintained in the range of about 500 to 1400 psia, the
      partial pressure of said hydrogen ranging from about 40 to 400 psia, said
      molar ratio of hydrogen chloride to hexane ranging from about 2:1 to about
      10:1, and said molar ratio of hydrogen chloride to aluminum chloride
      ranging from about 20:1 to about 40:1.
NUM  15.
PAR  15. The process of claim 1 wherein said temperature ranges from about
      65.degree. to about 110.degree.C.
NUM  16.
PAR  16. The process of claim 1 wherein said metal halide catalyst consists
      essentially of aluminum bromide or aluminum chloride.
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ABST
PAL  A block copolymer of 99.8 to 90 % by weight of a polyamide segment and 0.2
      to 10 % by weight of a polyether segment dispersed in an island state of
      not more than about 10 .mu. in particle size, the polyamide segment
      comprising at least one diamine component containing 100 to 50 mol %
      (preferably 100 to 70 mol %) of m-xylylenediamine or its mixture with
      p-xylylenediamine and at least one dicarboxylic acid component containing
      100 to 50 mol % (preferably 100 to 70 mol %) of at least one aliphatic
      dicarboxylic acid having 6 to 12 carbon atoms, the polyether segment
      comprising at least one polyether having a molecular weight of 2,000 to
      20,000 and an amino group or a carboxyl group at at least one terminal
      position thereof and the block copolymer having a scattering index of not
      less than 1.
BSUM
PAR  The present invention relates to a block copolymer of polyamide and
      polyether, and its preparation and use. More particularly, it relates to a
      block copolymer of polyamide and polyether and its shaped products such as
      films, and their preparations.
PAR  In general, shaped products made of xylylene group-containing polyamides
      are excellent in a variety of physical and mechanical properties such as
      Young modulus, break strength, tear strength, gloss, transparency,
      chemical resistnace and gas barrier property. In addition, they can be
      melt molded to make various useful shaped articles such as films, sheets,
      vessels, bristles and filaments.
PAR  As commonly seen in condensation polymers, however, xylylene
      group-containing polymides unfavorably contain a certain amount (e.g.
      about 2 %) of cyclic oligomers. Different from oligomers as contained in
      aliphatic polyamides such as polycapramide and polyhexamethyleneadipamide
      which are readily soluble in water, those as contained in aromatic
      polyamides such as xylylene group-containing polyamides are hardly soluble
      in water. Because of this difference, the oligomers present in aliphatic
      polyamides can be easily eliminated by washing the chips or any shaped
      article made of such polymers with water, whereas those in aromatic
      polyamides are not. When, for instance, any shaped article made of
      xylylene group-containing polyamides is contacted with hot water or steam,
      a trace amount of the oligomers therein is migrated out on the surface but
      such stains can hardly be eliminated with water.
PAR  Besides, shaped articles made of xylylene group-containing polyamides such
      as films have high break strength and tear strength but are inferior in
      bending strength, puncture resistance and low temperature impact
      resistance.
PAR  As the result of extensive studies, it has been found that a block
      copolymer comprising a polyamide segment and a polyether segment wherein
      the polyether segment is dispersed in an island state, i.e. in an
      agglomerated form of not more than about 10 .mu. in particle size, the
      scattering index of the block copolymer being not less than 1, can
      overcome the said drawbacks as seen in conventional xylylene
      group-containing polyamides while retaining their advantageous properties.
PAR  According to the present invention, there is provided a block copolymer of
      99.8 to 90% by weight of a polyamide segment and 0.2 to 10% by weight of a
      polyether segment dispersed in an island state of not more than about 10
      .mu. in particle size, the polyamide segment comprising at least one
      diamine component containing 100 to 50 mol % (preferably 100 to 70 mol %)
      of m-xylylenediamine or its mixture with p-xylylenediamine and at least
      one dicarboxylic acid component containing 100 to 50 mol % (preferably 100
      to 70 mol %) of at least one aliphatic dicarboxylic acid having 6 to 12
      carbon atoms, the polyether segment comprising at least one polyether
      having a molecular weight of 2,000 to 20,000 and an amino group or a
      carboxyl group at at least one terminal position and the block copolymer
      having a scattering index of not less than 1.
PAR  The term "scattering index (N)" as herein used is intended to indicate the
      value calculated according to the following equation:
EQU  N = (E.sub.400 - E.sub.800)/D
PAL  wherein E.sub.400 and E.sub.800 are respectively the extinctions measured
      on an amorphous film prepared by melt extruding the said block copolymer
      at 400 m.mu. and 800 m.mu. and D is the thickness (mm) of the amorphous
      film.
PAR  Hitherto, there have been known a number of block copolymers of polyamides
      and polyethers, which are used for improvement of the antistatic property
      of nylon fibers and also for manufacture of elastic filaments [Japanese
      Patent Publications Nos. 15912/1960, 23349/1963, 10380/1973; U.S. Pat.
      3,044,989, etc.]. Such advantageous properties are based on the
      utilization of the hydrophilic property and the low Young modulus of the
      polyether components therein. However, the technical effects attained by
      the present invention such as the prevention of the separation of the
      oligomers, the high folding endurance and the excellent low temperature
      impact strength have been neither realized nor suggested by the
      conventional techniques as above. It is particularly notable that the use
      of only a small amount of polyethers to be block polymerized is sufficient
      to achieve a remarkable effect.
PAR  The polyamide segment in the block copolymer of this invention may comprise
      a constituent consisting of m-xylylenediamine or its mixture with
      p-xylylenediamine and at least one aliphatic dicarboxylic acid having 6 to
      12 carbon atoms in a content of 100 to 50 mol %, preferably of 100 to 70
      mol %. In addition to such essential constituent, there may be included
      any optional constituent having an amine component other than the said
      diamine and/or a carboxylic acid component other than the said
      dicarboxylic acid in a content of 0 to 50 mol %, preferably of 0 to 30 mol
      %. Specific examples of the essential constituent are
      poly-m-xylyleneadipamide, poly-m-xylylenesuberamide,
      poly-m-xylylenesebacamide, poly-m-xylylenedecanamide,
      poly-m-xylylene/p-xylyleneadipamide, poly-m-xylylene/p-xylylenepimelamide,
      poly-m-xylylene/p-xylylenesuberamide,
      poly-m-xylylene/p-xylylenesebacamide,
      poly-m-xylylene/p-xylylenedecanamide, etc. As the amine component for the
      optional constituent, there may be exemplified aliphatic diamines (e.g.
      hexamethylenediamine, trimethylhexamethylenediamine,
      dodecamethylenediamine), alicyclic diamines (e.g. N-aminoethylpiperazine,
      N,N'-bisaminopropylpiperazine, 1,3-bisaminomethylcyclohexane,
      bis-p-aminocyclohexylmethane), aromatic diamines (e.g.
      p-bis(2-aminoethyl)benzene), etc. As the carboxylic acid component for the
      optional constituent, there may be exemplified aromatic dicarboxylic acids
      (e.g. terephthalic acid, isophthalic acid, 2,6-naphthalenedicarboxylic
      acid, 1,1,3-trimethyl-3-p-carboxyphenylindane-5-carboxylic acid). There
      may be also used as the amine or carboxylic acid component
      -aminocarboxylic acids (e.g. .epsilon.-aminocaproic acid, 7-aminoheptanoic
      acid, 12-aminododecanoic acid, p-aminocyclohexylcarboxylic acid) and their
      lactams. The content of p-xylylenediamine in the xylylenediamine component
      is favored to be from 0 to 30% by weight from the viewpoints of the
      coloring and the processability of the resulting block copolymer. Usually,
      the molecular weight of the block copolymer is desirably such that the
      relative viscosity is about 1.8 to 4.0.
PAR  In the block copolymer, the polyether segment is dispersed in an island
      state, i.e. in an agglomerated form of not more than about 10 .mu. in
      particle size. The polyether segment has a molecular weight of 2,000 to
      20,000 and may be represented by the following formula:
EQU  --OY--.sub.n OX'                                           (A)
PAL  wherein X and X' are each hydrogen, a hydrocarbon group having 1 to 20
      carbon atoms or a group having 1 to 6 carbon atoms and bearing amino,
      carboxyl and/or esterified carboxyl but at least one of them is esterified
      carboxyl, Y is alkylene or cycloalkylene having not more than 6 carbon
      atoms and n is a number which can set the molecular weight of the compound
      (A) within a range of 2,000 to 20,000. Specific examples of the group
      having amino, carboxyl and/or esterified carboxyl represented by the
      symbol X or X' are amino-containing groups such as 2-aminoethyl,
      3-aminopropyl, 2-hydroxy-3-aminopropyl or 2-hydroxy-N-butyl-3-aminopropyl,
      carboxyl-containing groups such as carboxymethyl, carboxyethyl,
      2-carboxypropyl, 4-carboxybutyl, 5-carboxypentyl or carboxyphenyl,
      esterified carboxyl-containing groups such as methoxycarbonylmethyl,
      ethoxycarbonylmethyl, ethoxycarbonylethyl, 2-ethoxycarbonylpropyl,
      4-methoxycarbonylbutyl or 5-butoxycarbonylpentyl, etc. As the group
      represented by the symbol Y, there may be exemplified --CH.sub.2 --,
      ##EQU1##
      (R.sub.1 : H or CH.sub.3),
      ##EQU2##
      (R.sub.2 : H or CH.sub.3 ; R.sub.3 ; H or CH.sub.3), --CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2 --,
      ##EQU3##
PAR  The polyether segment is required to have such a large molecular weight
      that it can be bound to the polyamide segment and dispersed in a island
      state in the latter. The molecular weight of the polyether segment capable
      of being dispersed in an island state is somewhat varied with the content
      of the polyether segment, and a molecular weight of not less than 2,000 is
      usually necessary in case of the content being from 0.2 to 10 % by weight.
      When the molecular weight is less than 2,000, the polyether segment is
      dissolved in the polyamide segment and can not attain the technical effect
      which is aimed at in the present invention. In addition, the physical and
      mechanical properties of the shaped products made of the resulting block
      copolymer such as gas barrier property and resistance to hot water are
      much decreased. For making easy the dispersibility of the polyether
      segment of not more than 10 .mu. in particle size into the polyamide
      segment, however, a too large molecular weight of the polyether segment is
      not favorable. Thus, the molecular weight of the polyether segment is
      required to be not more than 20,000.
PAR  In order to attain the purpose of this invention, the amount of the
      polyether segment in the block copolymer is desired not less than about
      0.2% by weight. In case of the content exceeding about 10% by weight,
      however, the amount of the island structure formed by the polyether
      segment becomes too much so that the transparency of the block copolymer
      is much lowered with deterioration of various physical properties. The
      most preferred content is about 1 to 5% by weight.
PAR  One of the objects of this invention is to improve the disadvantageous
      properties inherent to polyamides such as the migration of oligomers
      leading to whitening, the inferior folding endurance, the poor puncture
      resistance and the small low temperature impact strength without
      deteriorating advantageous properties inherent thereto such as high Young
      modulus, breaking strength, burst strength and gas barrier property by the
      use of a relatively small amount of polyethers to be block polymerized.
      For attaining such objectives, it is desired to copolymerize a polyether
      component having at least one functional group such as amino or carboxyl
      at the terminal end position and a molecular weight of 2,000 to 20,000 in
      a proportion of 0.2 to 10% by weight on the block copolymer. The effect
      is, however, much associated with the conditions under which the block
      copolymer is manufactured, even if the composition is the same.
PAR  When a polyether component having an appropriate functional group is
      copolymerized on a polyamide component by heating, the incorporation of
      the polyether component may be effected at any of the initial,
      intermediary and late stages of polymerization, but it is preferred that
      such incorporation is carried out at the initial to intermediary stage of
      pressurized polymerization in view of the solubility of the polyether
      component into the polyamide component or water and the reactivity among
      them. The most preferred condition is to effect the waterpressurized
      polymerization under a gauge pressure of 5 to 15 kg/cm.sup.2 with suitable
      stirring up to the production of a polymer having a low degree of
      polymerization, for instance, corresponding to a relative viscosity of
      about 1.2 to 1.5 and, after releasing the pressure to atmospheric
      pressure, continuing the polymerization so as to make a higher degree of
      polymerization. When the evaporation of water is effected under a lower
      pressure (e.g. 4 kg/cm.sup.2 gauge pressure) and then the temperature is
      elevated above the melting point of the polymer while maintaining the said
      pressure, the polyether component in the obtained polymer is dispersed in
      an island state of more than 10 .mu. even if incorporated at the initial
      stage. Thus, the physical properties of the produced block copolymer are
      not favorable. The favorable gauge pressure range may be 7 to 13
      kg/cm.sup.2. In case of the pressure being above 15 kg/cm.sup.2, the
      polyether component is not agglomeratively dispersed into the polyamide
      component and makes a uniform phase so that the folding endurance, the low
      temperature impact strength, the gas barrier property and the like are
      considerably lowered.
PAR  In addition to the polymerization conditions, the agitation force, the
      concentration of the nylon salt aqueous solution, the rate of water
      evaporation and the like may be appropriately selected for obtaining
      favorable properties of the block copolymer.
PAR  The characteristic properties of the block copolymer prepared as above can
      be evaluated by melting a piece of the block copolymer on a hot plate
      under nitrogen atmosphere; pressing the melt to a constant thickness,
      followed by immediate cooling to make an amorphous film; and measuring the
      light absorption spectrum of the film and observing the film by a
      microscope. Namely, such amorphous film shows a smooth scattering
      extinction which decreases hyperboloidally and monotonously from the
      ultraviolet region to the visible region, and the absorption to
      particularly strong in the region of short wave length. The block
      copolymer having a scattering index within the following range exhibits
      generally favorable physical properties: N = (E.sub.400 - E.sub.800)/d
      .gtoreq. 1. Particularly preferred is the one which shows N .gtoreq. 2.
PAR  On the microscopic observation of the island state in the amorphous,
      undrawn film as above, the preferred one shows the maximum particle size
      of not more than 10 .mu.. The more preferred is the one having a maximum
      particle size of not more than 6 .mu. and an average particle size of not
      more than 3 .mu.. When the particle size is more than 10 .mu., the
      improvement of the puncture resistance and the folding endurance in the
      shaped products made of the block copolymer is not seen, and the physical
      and mechanical properties are rather lowered. The once produced dispersion
      state is not changed even when melted again.
PAR  When any additive (e.g. weathering agent, anti-oxidizing agent,
      anti-coloring agent, heat stabilizer, whitening agent, lubricant,
      nucleating agent, pigment, filler) in the block copolymer affords an
      influence on the absorbance in the above evaluation, deduction or
      compensation is a matter of course needed.
PAR  Into the block copolymer, the incorporation of a phenolic oxidation
      inhibitor, an organic or inorganic oxyphosphorus compound or its alkali
      metal salt or ester, or the like is practically favored.
PAR  Melt extrusion of the block copolymer as above can afford a transparent,
      undrawn film. The undrawn film may be used as such as a deep drawing
      material. Alternatively, it may be drawn to give an oriented or shrunk
      film having excellent properties. Further, it may be co-extruded with any
      other polymer to make a laminated film. In the form of such film, the
      characteristic properties of the block copolymer of the invention are
      particularly exhibited. The provision of such film is also one of the
      objects of this invention.
PAR  By the present invention, the block copolymer is melt extruded to give a
      film of 10 to 1,000 .mu. in thickness, of which the scattering inex is not
      less than 1 and in which the polyether segment is dispersed in an island
      state of not more than 10 .mu. in maximum particle size. Such film is
      excellent in folding endurance, puncture resistance, low temperature
      impact strength and gas barrier property.
PAR  For the preparation of the film, the block copolymer may be dried to a
      water content of 0.01 to 0.1 % by weight, heated at a temperature higher
      than the melting point (preferably from about 250.degree. to
      280.degree.C), extruded through a T die in a film form and cooled on a
      roll or in an atmosphere, for instance, of 30.degree. to 70.degree.C to a
      temperature below the secondary transition point, whereby a transparent,
      undrawn film is obtained. When the cooling is effected at a temperature
      higher than the secondary transition point of the block copolymer, a flat
      film is hardly obtained and creases are apt to be produced so as to make
      difficult the uniform drawing in the subsequent drawing step.
PAR  When desired, the above prepared undrawn film may be uniaxially or
      biaxially drawn to produce favorable properties as not seen in the undrawn
      film. In the case of the biaxial drawing, it may be carried out
      simultaneously or stepwise. The temperature for drawing (T.degree.C) may
      be appropriately controlled depending on the water content (W %) and the
      drawing rate (.delta. %/min) of the undrawn film. The preferred condition
      is representable by the following formula:
EQU  Tg + 50 + 7 log (.delta./1000) - 12W .gtoreq. T .gtoreq. Tg - 6W
PAL  wherein Tg is the secondary transition point. The water content of the
      undrawn film is varied with the environment under which the drawing is
      carried out and can be appropriately regulated. From the practical
      viewpoint, the water content is controlled normally below 5 % by weight,
      preferably below 3 % by weight. The drawing rate may be varied within a
      broad range depending on the thickness of the film, the physical
      properties, the drawing apparatus and the economics of the situation.
      Practically, it may be from 500 to 50,000 %/min, preferably 1,000 to
      10,000 %/min. Accordingly, the preferred drawing temperature for obtaining
      a uniformly drawn film may be from about 60.degree. to 110.degree.C. When
      the drawing temperature is too low, a high tension is required for
      drawing, whereby the film is broken at the initial stage of drawing in
      most cases. When it is too high, the drawing at a high draw ratio produces
      necking and uneven thickness as well as the breakage at the rate stage of
      drawing. The draw ratio may be 2 to 6, preferably 2.5 to 4.5 in one
      direction. In case of biaxial drawing, the draw ratio in the machine
      direction may be the same as or different from that in the transverse
      direction. The same draw ratio in the mechanical and transverse directions
      results in the same drawing rate in both directions. When the draw ratio
      in the mechanical direction is different from that in the transverse
      direction, the drawing rates in both directions may be different from each
      other in accordance therewith.
PAR  The thus produced drawn film can show good physical and mechanical
      properties as such. Except where the shrinking property is positively
      utilized as in the case of shrunk films, however, it is usually subjected
      to heat treatment so as to impart a size stability thereto. The heat
      treatment may be carried out at a temperature not less than 5.degree.C
      above the higher temperature of the said drawing temperatures and lower
      than the melting point of the block copolymer, usually from 120.degree. to
      210.degree.C, for a period of not more than 5 minutes, preferably from 15
      to 60 seconds. When the temperature for heat treatment is too high, the
      film tends to be broken, the orientation produced by drawing becomes
      uneven, the film thickness is made disuniform and the physical properties
      are deteriorated. Even in the said preferred range of temperature, heat
      treatment for a too long period of time cuases disadvantageously various
      unfavorable phenomena such as oxidation, heat deterioration and cleavage
      of the molecular chain. During the heat treatment, the film is maintained
      under a tensioned or relaxed state. As the result of the heat treatment or
      heat fixation treatment as above, the crystallinity of the film is
      increased, the strain produced in the course of drawing is eliminated and
      the mechanical property, particularly the size property, of the film are
      improved.
PAR  The thus obtained film has an excellent crystallinity and an orientation
      balanced both in the machine and transverse directions. Such film also has
      various excellent properties as seen in the undrawn film such as a high
      low temperature impact strength (e.g. more than 6 kg.cm/25 .mu. at
      -40.degree.C), a good oxygen permeability coefficient (e.g. 2 .times.
      10.sup..sup.-12 ml.cm/cm.sup.2 .sec.cmHg) and the like. It also has many
      good properties as a biaxially drawn film such as breaking strength (MD,
      TD) of more than 10 kg/mm.sup.2, breaking elongation of 20 to 120 %, burst
      strength of more than 30 kg/mm.sup.2, initial Young modulus of more than
      300 kg/mm.sup.2, end tearing strength of more than 15 kg/25 .mu., folding
      endurance of more than 150,000 times, puncture resistance of more than 200
      times, transparence (haze) of less than 10 and transparence after
      treatment with boiling water (haze) of less than 15.
PAR  Illustrating the relationship between the above properties and the
      polyether component used in this invention, any film satisfactory in
      folding endurance, low temperature impact strength and transparence after
      treatment with boiling water can not be obtained when the polyether
      component as specified above is not used or not present in the dispersion
      state as specified above. In order to obtain a film satisfactory in the
      above respects, the amount of the polyether component must be not less
      than 0.2% by weight. The increase of the amount fo the polyether component
      can improve remarkably the folding endurance, the low temperature impact
      strength and the transparence after treatment with boiling water without
      lowering the breaking strength, the breaking elongation, the burst
      strength and the oxygen permeability coefficient inherent to a film of the
      polyamide component. When, however, the amount of the polyether component
      exceeds 10 % by weight, the exertion of a more excellent effect can not be
      expected and the mechanical properties are rather lowered.
PAR  Hereupon, in case of the moelcular weight of the polyether component being
      less than 2,000, the incorporation in a large amount results in the
      increase of the folding endurance but the low temperature impact strength
      and the transparence after treatment with boiling water become
      unsatisfactory. In case of the molecular weight being more than 20,000,
      the transparence is much decreased.
PAR  Particularly favorable film properties are seen in a film having a
      scattering index (N) of not less than 2 and an island structure of not
      more than 10 .mu. in maximum particle size. Such film is particularly
      excellent in puncture resistance, low temperature impact strength and gas
      barrier property. Since the biaxially drawn film is provided with various
      advantageous properties required in processing and circulation markets
      such as breaking strength, hot water resistance, burst strength, size
      stability, suitability for printing, laminate adhesion and the like, it is
      quite suitable as a packaging material for transportation and storage of
      various foods and pieces. It is also suitable for the use as an electrical
      material or a magnetic recording material.
PAR  The film of this invention may be used in the form of a simple film or of a
      coated or laminated film. Examples of the latter are as follows:
PA1  Film/Heat seal layer;
PA1  Film/Metallic foil/Heat seal layer;
PA1  Film/Printing layer/Heat seal layer;
PA1  Film/Film suitable for printing/Printing layer/Heat seal layer;
PA1  Film/Printing layer/Metallic foil/Heat seal layer;
PA1  Printing layer/Film/Heat seal layer;
PA1  Surface protecting layer/Printing layer/Film/Heat seal layer; etc.
PAL  wherein the heat seal layer is an easily heat sealable coating or
      laminating layer having a lower melting point than that of the film of the
      invention and may be constituted, for instance, with low density
      polyethylene, high density polyethylene, nonoriented polypropylene,
      polyvinyl chloride, polyvinylidene chloride, chlorinated polypropylene or
      surlin A.
PAR  Practical and presently preferred embodiments of the present invention are
      illustratively shown in the following Examples wherein parts and % are by
      weight. The physical constants are determined as follows:
PAR  1. Relative viscosity (.eta.r):
PAR  The relative viscosity is measured on a solution of the polymer (1 g) in
      m-cresol (100 ml) at 25.degree.C by the use of an Ostwald viscosimeter.
PAR  2. Scattering index:
PAR  A piece of the polymer is melted on a hot plate in nitrogen atmosphere,
      pressed to make a uniform thickness of less than 100 .mu. and cooled
      rapidly to give an amorphous film. The extinction of the film at 360 to
      900 m.mu. by a spectrometer ("Hitachi Model 124" manufactured by Hitachi,
      Ltd.) is measured, and the values at 400 m.mu. (E.sub.400) and at 800
      m.mu. (E.sub.800) are read off. On the other hand, the exact and precise
      thickness (D, mm) of the film is measured by a microgauge. According to
      the following equation, the scattering index (N) is calculated:
      ##EQU4##
PAR  When the film contains any additive which affords an influence on the
      extinction in the said range of wave length, deduction is made separately.
PAR  3. Breaking strength, breaking elongation and Young modulus:
PAR  As described in ASTM (American Society of Testing for Materials) D-882,
      measurement is made by elongating a specimen of 50 mm long and 10 mm wide
      in the mechanical and tranverse directions at a rate of pulling of 100
      mm/min under the conditions of a temperature of 20.degree.C and a relative
      humidity of 65 % by the use of a load elongation tester ("Tensilon UTM-3"
      manufactured by Toyo Sokki K.K.). From the initial gradient of the
      stress-strain curve, Young modulus is calculated.
PAR  4. Burst strength:
PAR  A specimen of 80 mm in diameter is fixed on a load cell of 45 mm in inner
      diameter and pushed by a rod type load having a semi-spherical top of 38
      mm in diameter at a rate of 50 mm/min. The burst load is measured under
      the conditions of a temperature of 20.degree.C and a relative humidity of
      65 % by the use of a load elongation tester Tensilon UTM-3.
PAR  5. Low temperature impact strength:
PAR  Measurement is made at a temperature of -40.degree.C by the use of a film
      impact tester.
PAR  6. End tear strength:
PAR  As described in JIS (Japanese Industrial Standard) C2318, a specimen of 20
      mm wide is placed on the end of a M type metal plate having an opening
      angle of 150.degree., and the tensile burst strength is measured at
      20.degree.C by the aid of a load elongation tester Tensilon UTM-3 with a
      rate of 200 mm/min.
PAR  7. Folding endurance:
PAR  As described in JIS P8115, a film of 15 mm wide is pinched by a chuck in a
      folding endurance tester and, under the conditions of a temperature of
      20.degree.C and a relative humidity of 65 %, folded repeatedly with an
      angle of .+-.135.degree. repeatedly at a rate of 175 times/min by charging
      a load of 1 kg. The number of folding times up to breaking are counted.
PAR  8. Puncture resistance:
PAR  A square film of 15 cm long and 15 cm wide having a certain thickness is
      bound at an end of a Y shaped glass pipe and expanded to make a swollen
      bag. Two other ends of the pipe are connected respectively to a vacuum
      line and a pressure air line of 0.2 kg/cm.sup.2 gauge pressure by
      intervening switch valves. The switch valves are alternately and
      intermittently operated in automation so as to subject the atmosphere in
      the bag under the reduced and elevated pressure conditions whereby a
      flectional stress is repeatedly given. The times of repetition up to the
      production of pinholes in the bag due to the flectional stress which
      causes a depression in the extent of the vacuum are counted under the
      conditions of a temperature of 23.degree.C and a relative humidity of 65
      %.
PAR  9. Oxygen permeability coefficient:
PAR  As described in ASTM D-1434, measurement is made on the basis of the change
      in pressure at 30.degree.C using a gas permeability measuring apparatus.
PAR  10. Haze and transparence:
PAR  As described in JIS K6714, these are calculated according to the following
      equations based on the values measured at 20.degree.C by a haze tester:
      ##EQU5##
      wherein T.sub.1 is the amount of incident light, T.sub.2 is the total
      amount of transmitted light, T.sub.3 is the amount of scattered light due
      to the apparatus and T.sub.4 is the amount of scattered light due to the
      apparatus and the specimen.
PAR  11. Plane orientation index and degree of balance:
PAR  The refractive indexes of a specimen in the machine direction (x), the
      transverse direction (y) and the vertical direction (z) are measured by
      the use of an Abbe's refractometer, and calculations are made according to
      the following equations:
      ##EQU6##
      Degree of balance = x - y
PAR  12. Peel strength:
PAR  Using a laminated film of 1 cm wide and 10 cm long having a non-adhered
      zone of 5 cm in one side as a specimen, the stress required for peeling
      off the polyamide film layer from the polyolefin layer at a peel angle of
      180.degree. with a rate of 200 mm/min is measured by a load elongation
      tester Tensilon UTM-3.
PAR  13. Heat seal strength:
PAR  Two films are heat bonded at 180.degree.C under pressure of 2 kg/cm.sup.2
      for 1 second, and the stress required for peeling off the bonded films
      from each other at a rate of 200 mm/min is measured by a load elongation
      tester Tensilon UTM-3.
DETD
PAC  EXAMPLE 1
PAR  Polyethylene glycol having a number average molecular weight of 20,000,
      8,300 4,080, 2,000, 1,000 or 600 is subjected to cyanoethylation in
      toluene in the presence of sodium methoxide as a catalyst and then to
      hydrogenation using Raney nickel as a catalyst to give
      bis-aminopropyl(polyethylene oxide) (hereinafter referred to as "PEG-DA")
      to an amination degree of 82 to 97 %. To demineralized water (2,000
      parts), the nylon salt of xylylenediamine consisting of 27 % of
      p-xylylenediamine (hereinafter referred to as "PXD") and 73 % of
      m-xylylenediamine (hereinafter referred to as "MXD") with adipic acid
      (1,000 parts) and the above prepared PEG-DA (30 parts) are added, and an
      equivalent amount of adipic acid with respect to the said PEG-DA is added
      thereto. In a 4 liter volume autoclave, the resultant mixture is subjected
      to polymerization at 280.degree.C under an autogenic pressure, and the
      produced polymer is extruded to make chips. The melting point of the
      polymer is 262.degree.C. The relative viscosity is as follows: 2.51, 2.48,
      2.53, 2.56, 2.45, 2.47.
PAR  After drying, the chips of the polymer are extruded at 280.degree.C to make
      a film of about 200 .mu. in thickness, and the film is drawn at
      102.degree.C at a draw ratio of 3.2 in the machine direction and at a draw
      ratio of 3.5 in the transverse direction and set at 180.degree.C to make a
      transparent film.
PAR  On the microscopic observation, a matrix of island structure of 1 to 10
      .mu. in particle size is recognized in the film made of the polymer
      containing PEG-DA of 2,000 or more in molecular weight.
PAR  Twenty pieces of the said transparent film and of a transparent film made
      of a polymer but containing no PEG-DA in the same manner as above (for
      control), each piece having a size of 10 cm long and 10 cm wide, are
      extracted with boiling water and then dried. From the change in the weight
      of the film before and after the extraction, the extracted amount is
      determined. Further, the polymer before formation into a transparent film
      is subjected to measurement of the extinction, and the scattering index is
      determined. The results are shown in Table 1.
TBL                                    Table 1                                 
     __________________________________________________________________________
     No.                                                                       
        Molecular                                                              
              Decreased weight    Haze        Scat-                            
        weight of                                                              
              on extraction (%)   (%)         tering                           
     polyethyl-                                                                
              10  30  1   2   5   0   30  5   index                            
     ene glycol                                                                
              min.                                                             
                  min.                                                         
                      hr. hrs.                                                 
                              hrs.                                             
                                  min.                                         
                                      min.                                     
                                          hrs.                                 
                                              N                                
     __________________________________________________________________________
     1  20,000                                                                 
              0.88                                                             
                  0.92                                                         
                      0.96                                                     
                          1.01                                                 
                              1.06                                             
                                  5.3 7.8 7.3 2.1                              
     2  8,300 0.82                                                             
                  0.87                                                         
                      0.91                                                     
                          0.97                                                 
                              1.04                                             
                                  4.7 5.9 5.2 8.8                              
     3  4,080 0.90                                                             
                  0.96                                                         
                      1.02                                                     
                          1.04                                                 
                              1.09                                             
                                  3.2 4.5 3.7 7.9                              
     4  2,000 1.07                                                             
                  1.14                                                         
                      1.21                                                     
                          1.26                                                 
                              1.33                                             
                                  2.1 6.9 5.8 1.2                              
     5  1,000 1.32                                                             
                  1.42                                                         
                      1.52                                                     
                          1.59                                                 
                              1.66                                             
                                  2.0 11.5                                     
                                          8.8 0.3                              
     6   600  1.46                                                             
                  1.58                                                         
                      1.67                                                     
                          1.75                                                 
                              1.89                                             
                                  1.8 13.6                                     
                                          9.2 0.1                              
     7  Control                                                                
              1.62                                                             
                  1.87                                                         
                      1.99                                                     
                          2.10                                                 
                              2.15                                             
                                  2.8 14.1                                     
                                          9.8 0.1                              
     __________________________________________________________________________
PAR  From the above results, it is understood that, in case of PEG-DA of 2,000
      or more in molecular weight being copolymerized and the resulting polymer
      having a scattering index of not less than 1, the extracted amount is
      apparently decreased. Although the dissolving can be not completely
      blocked, the whitening may be considered not to occur, because only the
      oligomers having a large solubility are extracted.
PAC  EXAMPLE 2
PAR  Polyethylene glycol having a number average molecular weight of 4,080 is
      subjected to cyanoethylation in dioxane in the presence of sodium
      hydroxide as a catalyst, followed by neutralization with an acid and
      evaporation of the solvent. The residue is dissolved in methanol, and
      hydrogenation is carried out in the presence of Raney nickel as a catalyst
      to give PEG-DA in an amination degree of 90 %. To demineralized water
      (2,000 parts), the nylon salt of MDX with adipic acid (1,000 parts) and
      the above prepared PEG-DA (25 parts) are added, and an equivalent amount
      (i.e. 0.09 part) of adipic acid with respect to the said PEG-DA is added
      thereto. The resulting mixture is charged in a 4 liter volume autoclave,
      the atmosphere is replaced by nitrogen and the temperature is elevated
      with the agitation rate and the water evaporating pressure as shown in
      Table 2. Then, the pressure is brought to atmospheric pressure while
      elevating the temperature, and the polymerization under atmospheric
      pressure is continued at 260.degree.C for 2 hours. The produced polymer is
      extruded to make chips. The polymer shows a melting point of 239.degree.C
      and a relative viscosity of 2.30 (when determined in 1 % m-cresol solution
      at 25.degree.C). The scattering index of the polymer as well as the
      maximum particle size of the islands dispersed in the polymer (by the
      microscopic observation) are examined. The results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
     No.  Water evaporat-                                                      
                       Agitation Scatter-                                      
                                        Maximum par-                           
          ing pressure rate      ing    ticle size of                          
          (kg/cm.sup.2 gauge)                                                  
                       (r/m)     index N                                       
                                        island (.mu.)                          
     ______________________________________                                    
     1    4            0         0.7    14                                     
     2    4            50        0.9    11                                     
     3    4            100       1.5    9                                      
     4    8            0         0.9    6                                      
     5    8            50        6.8    3                                      
     6    8            100       7.7    &lt; 1                                    
     7    15           0         2.1    &lt; 1                                    
     8    15           50        0.6    &lt; 1                                    
     9    15           100       0.4    &lt; 1                                    
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Polyethylene glycol having a number average molecular weight of 3,400 is
      treated with metallic sodium in dioxane to convert it into the sodium
      alcoholate form and is then treated with ethyl monochloroacetate to give
      polyethylene glycol-bis-acetyl ethylate. This product (25 parts) is
      admixed with the nylon salt of MXD with adipic acid (1,000 parts) in
      water, and the polymerization is carried out as in Example 2, No. 5. The
      thus produced polymer shows a melting point of 239.degree.C, a relative
      viscosity of 2.23 and a scattering index of 3.8. On the microscopic
      observation, the island structure of not more than 2 .mu. in particle size
      is recognized.
PAC  EXAMPLE 4
PAR  The dried chips of the polymer obtained in EXample 2, No. 5 or Example 3
      are extruded at 260.degree.C by the use of a T die to make a film of about
      200 .mu. in thickness, which is then drawn at 95.degree.C at a draw ratio
      of 3.5 in both of the machine and transverse directions and heat set to
      give a transparent film.
PAR  In the same manner as above, there are prepared transparent films made of a
      polymer manufactured by the same amount of polyethylene glycol but not
      aminated at the end and made of a polymer not including any polyethylene
      glycol.
PAR  The transparent films prepared as above are treated with steam for 20
      minutes, and the transparence and the haze are measured. The results are
      shown in Table 3 wherein the value after water washing indicates the one
      measured on the film after treatment with steam and washing sufficiently
      with water at 30.degree.C in a washing machine.
TBL                                    Table 3                                 
     __________________________________________________________________________
     No.                                                                       
        Film  Transparence (%)                                                 
                           Haze (%)                                            
        materials                                                              
              Before                                                           
                  After                                                        
                      After                                                    
                           Before                                              
                               After                                           
                                   After                                       
              treat-                                                           
                  treat-                                                       
                      water                                                    
                           treat-                                              
                               treat-                                          
                                   water                                       
              ment                                                             
                  ment                                                         
                      washing                                                  
                           ment                                                
                               ment                                            
                                   washing                                     
     __________________________________________________________________________
        PEG-DA                                                                 
     1  containing                                                             
              88.8                                                             
                  88.4                                                         
                      88.6 3.0  5.2                                            
                                   3.6                                         
        MXD-6                                                                  
        PEG-DC                                                                 
     2  containing                                                             
              88.5                                                             
                  88.1                                                         
                      88.4 3.0  4.8                                            
                                   3.7                                         
        MXD-6                                                                  
        PEG con-                                                               
     3  taining                                                                
              87.6                                                             
                  86.8                                                         
                      87.2 4.5  7.8                                            
                                   7.5                                         
        MXD-6                                                                  
     4  MXD-6 89.2                                                             
                  78.8                                                         
                      86.7 2.8 34.6                                            
                                   7.6                                         
     __________________________________________________________________________
PAC  EXAMPLE 5
PAR  A 40 % aqueous solution containing the nylon salt of xylylenediamine
      consisting of 1 % of PXD and 99 % of MXD with adipic acid (1,200 parts)
      and a 10 % aqueous solution of the salt of PEG-DA (PEG number average
      molecular weight, 8,300; amination degree, 90 %) (12 parts) with an
      equivalent amount of adipic acid with respect thereto are charged in an
      autoclave, the atmosphere is replaced by nitrogen and the temperature is
      elevated under a pressure of 10 kg/cm.sup.2 to evaporate water. Then, the
      polymerization under atmospheric pressure is carried out at 260.degree.C,
      and the produced polymer is extruded to make chips, which are dried at
      100.degree.C under reduced pressure. M.P., 239.degree.C. .eta.r, 2.37.
      Water content, 0.05 %. The dried chips are melted at 260.degree.C in an
      extruder and extruded through a T die on a chill roll to make a film of
      240 .mu. in thickness. The film is drawn at 100.degree.C first in the
      machine direction at a draw ratio of 3.8 and then in the transverse
      direction at a draw ratio of 4.0, the drawing rate being 5,000  %/min,
      followed by heat setting at 200.degree.C for 30 seconds to make a
      transparent, elastic film.
PAC  EXAMPLE 6
PAR  As in Example 5, the salt containing 1 % of PEG-DA (PEG number average
      molecular weight, 610, 1,006, 2,030, 4,000 or 20,000; amino value percent,
      80 to 90 %) is subjected to polymerization, the produced polymer is
      extruded to form a film and the film is drawn and heat set to give a
      transparent film. The physical properties of the transparent film obtained
      in this Example as well as those of the transparent film obtained in
      Example 5 are shown in Table 4.
PAR  The treatment with boiling water is done on the following sheets during 30
      minutes. Each examining piece having a size of 10 cm long and 10 cm wide
      is held between two polyethylene terephthalate films of the same size as
      the piece, and several points of the piece ends and the polyethylene
      terephthalate film ends are pinched to each other to make a sheet.
TBL                                    Table 4                                 
     __________________________________________________________________________
     Run No.             2     3     4     5     6     1     7                 
     Molecular weight of                                                       
     polyethylene glycol       610   1006  2030  4000  8300  20000             
     Relative viscosity (.eta.r)                                               
                         2.31  2.33  2.34  2.52  2.50  2.37  2.42              
     Thickness (.mu.)    18    17    18    18    19    17    18                
                         MD TD MD TD MD TD MD TD MD TD MD TD MD TD             
     Breaking strength (kg/mm.sup.2)                                           
                         13.5                                                  
                            22.2                                               
                               18.8                                            
                                  25.2                                         
                                     16.0                                      
                                        24.4                                   
                                           17.4                                
                                              25.1                             
                                                 15.5                          
                                                    19.5                       
                                                       19.3                    
                                                          21.0                 
                                                             18.6              
                                                                22.3           
     Breaking elongation (%)                                                   
                         115                                                   
                             75                                                
                                82                                             
                                   57                                          
                                      97                                       
                                         74                                    
                                           101                                 
                                               62                              
                                                  22                           
                                                     38                        
                                                        37                     
                                                           22                  
                                                              36               
                                                                 23            
     Initial Young modulus (kg/mm.sup.2)                                       
                         550                                                   
                            560                                                
                               402                                             
                                  450                                          
                                     370                                       
                                        386                                    
                                           380                                 
                                              430                              
                                                 446                           
                                                    386                        
                                                       360                     
                                                          512                  
                                                             394               
                                                                465            
     Burst strength (kg/25 .mu.)                                               
                         38    40    40    45    49    50    49                
     Folding endurance (time)                                                  
                         80163 96914 178570                                    
                                           235271                              
                                                 320468                        
                                                       1856354                 
                                                             2000136 &lt;         
     End tearing strength (kg/25 .mu.)                                         
                         18    17    20    22    25    25    24                
     Low temperature impact                                                    
     strength (kg-cm/25 .mu.)                                                  
                         5.2   4.5   6.1   7.0   7.6   8.7   8.8               
                E.sub.400 -E.sub.800                                           
     Scattering index    0.0   0.0   0.1   0.4   2.5   4.1   7.7               
                D                                                              
     Puncture resistance (time)                                                
                         35    52    81    149   214   858   431               
     Transparence (%)    88.8  89.0  88.8  90.2  89.0  88.0  87.5              
     Haze (%)            2.8   1.8   1.6   1.7   2.1   2.9   4.8               
     Haze after treatment with                                                 
     boiling water (%)   41    36.0  25.3  14.8  3.6   6.3   8.9               
     Oxygen permeability                                                       
     coefficient         2.8.times.10.sup.-.sup.13                             
                               3.9.times.10.sup.-.sup.13                       
                                     4.5.times.10.sup.-.sup.13                 
                                           4.8.times.10.sup.-.sup.13           
                                                 2.0.times.10.sup.-.sup.13     
                                                       2.0.times.10.sup.-.sup.1
                                                       3     2.7.times.10.sup.-
                                                             .sup.13           
     (CC-cm/cm.sup.2.sec.cmHg)                                                 
     Plane orientation index                                                   
                         0.033 0.043 0.039 0.039 0.035 0.032 0.033             
     Degree of balance   -0.008                                                
                               -0.003                                          
                                     -0.030                                    
                                           -0.032                              
                                                 -0.018                        
                                                       -0.019                  
                                                             -0.024            
     Particle size of islands (.mu.)                                           
                         --    --    &lt;1    &lt;2    &lt;4    &lt;6    &lt;10               
     __________________________________________________________________________
PAR  From the above results, it is seen that, in case of the molecular weight of
      polyethylene glycol being not more than 2,000, the folding endurance is
      strengthened more than 3 times, the burst strength, the low temperature
      impact strength and the end tearing strength are much improved, and the
      haze after treatment with boiling water is remarkably increased.
PAC  EXAMPLE 7
PAR  As in Example 5, a 35 % aqueous solution containing the nylon salt of MXD
      with adipic acid, which also contains 2.5, 5.0 or 10 % of PEG-DA (PEG
      number average molecular weight, 4,000), is charged in an autoclave, a
      phenolic oxidation inhibitor ("Irganox 1010" manufactured by Ciba-Geigy
      A.G.) is added thereto to make a concentration of 0.05 %, and
      polymerization is carried out at 260.degree.C to give a polymer. The
      polymer is extruded at 255.degree.C through a T die to make a film of
      about 230 .mu. in thickness, and the film is drawn at 98.degree.C first in
      the machine direction at a draw ratio of 3.8 and then in the transverse
      direction at a draw ratio of 4.0 with a rate of 5,000 %/min, followed by
      heat setting at 200.degree.C for 30 seconds. The physical properties of
      the film thus obtained are shown in Table 5.
TBL                                    Table 5                                 
     __________________________________________________________________________
     Run No.          8     9     10                                           
     Content of polyethylene                                                   
     glycol (%)       2.5   5     10                                           
     Relative viscosity (.eta.r)                                               
                      2.24  2.27  2.31                                         
     Thickness (.mu.) 18    17    18                                           
                E.sub.400 -E.sub.800                                           
     Scattering index 11.3  17.8  25.1                                         
                D                                                              
     Puncture resistance (time)                                                
                      762   801   2310                                         
                      MD TD MD TD MD TD                                        
     Breaking strength (kg/mm.sup.2)                                           
                      17.8                                                     
                         18.5                                                  
                            16.6                                               
                               19.8                                            
                                  15.3                                         
                                     18.4                                      
     Breaking elongation (%)                                                   
                       44                                                      
                          30                                                   
                             46                                                
                                35                                             
                                   64                                          
                                      37                                       
     Initial Young modulus (kg/mm.sup.2)                                       
                      423                                                      
                         458                                                   
                            405                                                
                               422                                             
                                  337                                          
                                     358                                       
     Burst strength (kg/25 .mu.)                                               
                      49    46    42                                           
     End tearing strength (kg/25 .mu.)                                         
                      25    23    20                                           
     Folding endurance (time)                                                  
                      1457002                                                  
                            2008572 &lt;                                          
                                  2019005 &lt;                                    
     Low temperature impact                                                    
     strength (kg-cm/25 .mu.)                                                  
                      8.5   8.3   7.5                                          
     Transparence (%) 88.5  86.8  85.1                                         
     Haze (%)         3.7   6.8   8.5                                          
     Haze after treatment with                                                 
                      4.6   8.3   10.2                                         
     boiling water (%)                                                         
     Oxygen permeability                                                       
     coefficient      1.6.times.10.sup.-.sup.13                                
                            3.8.times.10.sup.-.sup.13                          
                                  5.6.times.10.sup.-.sup.13                    
     (CC-cm/cm.sup. 2.sec.cmHg)                                                
     Plane orientation index                                                   
                      0.038 0.036 0.033                                        
     Degree of balance                                                         
                      -0.023                                                   
                            -0.027                                             
                                  -0.013                                       
     Particle size of islands (.mu.)                                           
                      4     5     8                                            
     __________________________________________________________________________
PAC  EXAMPLE 8
PAR  Polyxylyleneadipamide containing 2.5 % of PEG-DA (PEG number average
      molecular weight, 8,300) in the condensate of MXD/PXD (73/23 in molar
      ratio) with adipic acid (No. 12), polyxylyleneadipamide containing 2.5 %
      of PEG-DA (PEG number average molecular weight, 4,000) in the said
      condensate (No. 13), polyxylyleneadipamide containing 2.5 % of PEG-DA (PEG
      number average molecular weight, 2,980; amination degree, 91 %) in the
      said condensate (No. 14), polyxylyleneadipamide containing 2.5 % of
      polyethylene glycol/polypropylene glycol block copolymer (weight ratio, 50
      : 50; PEG number average molecular weight, 3,500; amination degree, 100 %)
      in the said condensate (No. 15) and polyxylyleneadipamide not containing
      any polyether (No. 11) are each extruded as in Example 1 to make a film of
      about 250 .mu. in thickness, which is then drawn and heat set. The
      physical properties of the film are shown in Table 6.
PAR  The method of the treatment with boiling water is the same as in Example 6.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Run No.          11      12      13      14      15                       
     __________________________________________________________________________
     Polyether        Not added                                                
                              PEG (A) PEG (A) PEG (A) PEG/PPG (A)              
     Molecular weight --      8300    4000    2980    3500                     
     Relative viscosity (.eta.r)                                               
                      2.46    2.44    2.45    2.43    2.43                     
     Thickness (.mu.) 20      20      20      21      21                       
             E.sub.400 -E.sub.800                                              
     Scattering index 0.1     7.8     10.6    4.2     1.4                      
             D                                                                 
                      MD  TD  MD  TD  MD  TD  MD  TD  MD  TD                   
     Breaking strength (kg/mm.sup.2)                                           
                      25.1                                                     
                          26.5                                                 
                              24.3                                             
                                  27.0                                         
                                      24.1                                     
                                          26.3                                 
                                              22.7                             
                                                  25.4                         
                                                      22.9                     
                                                          24.3                 
     Breaking elongation (%)                                                   
                      58  51  62  50  67  53  77  62  74  59                   
     Initial Young modulus (kg/mm.sup.2)                                       
                      547 564 522 540 493 538 452 512 463 508                  
     Burst strength (kg/25 .mu.)                                               
                      44      52      43      50      47                       
     End tearing strength (kg/25 .mu.)                                         
                      21      26      26      25      24                       
     Folding endurance (time)                                                  
                      74854   2000718 &lt;                                        
                                      1380166 1504982 1612751                  
     Low temperature impact                                                    
     strength (kg-cm/25 .mu.)                                                  
                      5.1     8.5     8.3     8.0     7.0                      
     Puncture resistance (time)                                                
                      38      1020    747     350     100                      
     Transparence (%) 89.5    86.7    88.5    88.7    88.3                     
     Haze (%)         2.0     4.6     2.9     2.8     2.4                      
     Haze after treatment with                                                 
     boiling water (%)                                                         
                      27.9    7.9     4.9     4.4     4.5                      
     Oxygen permeability                                                       
     coefficient      2.5.times.10.sup.-.sup.13                                
                              1.6.times.10.sup.-.sup.13                        
                                      1.6.times.10.sup.-.sup.13                
                                              1.7.times.10.sup.-.sup.13        
                                                      2.6.times.10.sup.-.sup.13
                                                      .                        
     (CC-cm/cm.sup. 2.sec.cmHg)                                                
     Plane orientation index                                                   
                      0.033   0.032   0.035   0.036   0.033                    
     Degree of balance                                                         
                      -0.018  -0.008  -0.012  -0.023  -0.014                   
     Particle size of islands (.mu.)                                           
                      --      .ltoreq.6                                        
                                      .ltoreq.4                                
                                              .ltoreq.2                        
                                                      .ltoreq.3                
     __________________________________________________________________________
PAC  EXAMPLE 9
PAR  As in Example 5, a 40 % aqueous solution containing the nylon salt of MXD
      with adipic acid, which also contains 3 % of PEG-DA (PEG number average
      molecular weight, 4,000), is charged in an autoclave, and polymerization
      is carried out at 260.degree.C to give a polymer. The polymer is extruded
      to make chips. The polymer shows a melting point of 239.degree.C, a
      relative viscosity of 2.41 and a water content of 0.08 %.
PAR  The dried chips of the polymer obtained as above are extruded at
      275.degree.C through a T die on a chill roll of 75.degree.C to make a film
      of 170 .mu. in thickness. The film is sent to rolls which are heated at
      90.degree.C and different from each other in the circumferential speed and
      drawn in the machine direction at a draw ratio of 3.5 with a
      circumferential speed of 2 m/min at the low speed roll. The resulting
      uniaxially drawn film is then sent to a tenter heated at 110.degree.C and
      drawn in the transverse direction at a draw ratio of 4.5 with a rate of
      deformation of 5,000 %/min. The resultant biaxially drawn film is passed
      through a zone for heat treatment at 200.degree.C for 20 seconds with a
      relaxation of 3 %. The physical properties of the thus obtained heat set
      film are shown in Table 7.
PAR  The method of the treatment with boiling water is the same as in Example 6.
TBL                Table 7                                                     
     ______________________________________                                    
                        MD    TD                                               
     Thickness (.mu.)     12                                                   
     Breaking strength (kg/mm.sup.2)                                           
                          19.8    26.9                                         
     Breaking elongation (%)                                                   
                          43      32                                           
     Initial Young modulus (kg/mm.sup.2)                                       
                          410     454                                          
     Burst strength (kg/25 .mu.)                                               
                          46                                                   
     End tearing strength (kg/25 .mu.)                                         
                          26                                                   
     Folding endurance (time)                                                  
                          1.56 .times. 10.sup.6                                
     Puncture resistance (time)                                                
                          620                                                  
     Low temperature impact strength                                           
     (kg-cm/25 .mu.) (-40.degree.C)                                            
                          7.8                                                  
     Transparance (%)     88.0                                                 
     Haze (%)             3.5                                                  
     Haze after treatment with                                                 
     boiling water (%)    46                                                   
     Oxygen permeability                                                       
     coefficient          2.2 .times. 10.sup.-.sup.13                          
     (CC-cm/cm.sup. 2.sec.cmHg)                                                
     Plane orientation index                                                   
                          0.042                                                
     Degree of balance    0.018                                                
     ______________________________________                                    
PAC  EXAMPLE 10
PAR  A mixture of the nylon salt of xylylenediamine consisting of 99 % of MXD
      and 1 % of PXD with adipic acid and the nylon salt of PEG-DA with adipic
      acid (PEG number average molecular weight, 8,300) in a weight ratio of 99
      : 1 is subjected to polycondensation. The dried chips of the resulting
      polymer (M.P., 239.degree.C; relative viscosity, 2.37) are melted at
      270.degree.C and extruded through a T die on a chill roll to make a film
      of about 210 .mu. in thickness. The film is drawn in the machine direction
      at a draw ratio of 3.86 with a roll heated at 87.degree.C and then drawn
      in the transverse direction at a draw ratio of 4.35 in a tenter kept at
      110.degree.C, followed by heat setting at 200.degree.C for 15 seconds to
      give a biaxially drawn film of 12 .mu. in thickness.
PAR  An anchor coating agent (concentration, 4 %) is applied on the surface of
      the above obtained biaxially drawn film according to the lami-roll method
      and, after drying with hot air of 110.degree.C in a drying apparatus of 2
      m long, polyethylene ("Petrosen 205" manufactured by Mitsui Polychemical
      Co., Ltd.) is melt extruded at 350.degree.C thereon with a rate of 60
      m/min to make a layer of 40 .mu.. The thus obtained laminated film is
      subjected to heat bonding at 180.degree.C under 2 kg/cm.sup.2 for 1 second
      and then the peel strength is measured. The results are shown in Table 8.
TBL                                    Table 8                                 
     __________________________________________________________________________
     Anchor coating agent                                                      
                 Peel  Heat seal strength (kg/15 mm)                           
                 strength                                                      
                 (g/20 mm)                                                     
                       Before  After                                           
                       treatment                                               
                               treatment                                       
                       with boiling                                            
                               with boiling                                    
                       water   water*)                                         
     __________________________________________________________________________
     Nipporan 3002/                                                            
                 Not                                                           
     Coronet L   peeled                                                        
                       3.6     3.4                                             
     (manufactured by                                                          
     Nippon Polyurethane                                                       
     Co., Ltd.)                                                                
     BSL 2306/BLS 2319                                                         
                 Not                                                           
     (manufactured by                                                          
                 peeled                                                        
                       3.4     3.2                                             
     Toyo Ink K.K.)                                                            
     EPS 623A/KN 40                                                            
                 Not                                                           
     (manufactured by                                                          
                 peeled                                                        
                       3.6     3.5                                             
     Dainippon Ink &                                                           
     Chemicals Inc.)                                                           
     XN 185      Not                                                           
     (manufactured by                                                          
                 peeled                                                        
                       3.3     3.2                                             
     Dainippon Ink &                                                           
     Chemicals Inc.)                                                           
     None        180   3.0     1.8                                             
     __________________________________________________________________________
      Note: *)Measured after treatment with boiling water for 30 minutes.      
PAR  From the above results, it is understood that the adhesive strength between
      the polyamide film and a polyethylene film without any anchor coating
      agent is considerably low and the heat seal strength in such case is much
      lowered by treatment with boiling water. Thus, the use of an anchor
      coating agent is recommended.
PAR  Still, the laminated film as prepared in this Example can afford a bag of
      sufficient strength, when manufactured by the use of an automatic bag
      making machine which is provided with a hot plate set at 220.degree. to
      230.degree.C and operated at a speed capable of manufacturing 60 bags per
      minute.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A block copolymer of 99.8 to 90 % by weight of a polyamide segment and
      0.2 to 10 % by weight of a polyether segment dispersed in an island state
      of not more than about 10 .mu. in particle size, the polyamide segment
      comprising at least one diamine component containing 100 to 50 mol % of
      m-xylylenediamine or its mixture with p-xylylenediamine and at least one
      dicarboxylic acid component containing 100 to 50 mol % of at least one
      aliphatic dicarboxylic acid having 6 to 12 carbon atoms, the polyether
      segment comprising at least one polyether having a molecular weight of
      2,000 to 20,000 and an amino group or a carboxyl group at at least one
      terminal position thereof and the block copolymer having a scattering
      index of not less than 1.
NUM  2.
PAR  2. The block copolymer according to claim 1, wherein the diamine component
      contains 100 to 70 mol % of m-xylylenediamine or its mixture with
      p-xylylenediamine.
NUM  3.
PAR  3. The block copolymer according to claim 1, wherein the dicarboxylic acid
      component contains 100 to 70 mol % of at least one aliphatic dicarboxylic
      acid having 6 to 12 carbon atoms.
NUM  4.
PAR  4. The block copolymer according to claim 1, wherein the diamine component
      contains 100 to 70 mol % of a mixture of m-xylylenediamine and
      p-xylylenediamine, the content of p-xylylenediamine being not more than
      about 30 % by weight based on the mixture, and wherein the dicarboxylic
      acid component contains 100 to 70 mol % of at least one aliphatic
      dicarboxylic acid having 6 to 12 carbon atoms.
NUM  5.
PAR  5. The block copolymer according to claim 1, wherein the islands of the
      polyether segment are in a maximum size of not more than about 6 .mu. and
      in an average size of not more than about 3 .mu..
NUM  6.
PAR  6. The block copolymer according to claim 1, wherein the polyamide segment
      consists of m-xylyleneadipamide and the polyether segment consists of
      bis-aminopropyl(polyethylene oxide).
NUM  7.
PAR  7. The block copolymer according to claim 1, wherein the polyamide segment
      consists of m-xylylene/p-xylylene/adipamide and the polyether segment
      consists of bis-aminopropyl(polyethylene oxide).
NUM  8.
PAR  8. The block copolymer according to claim 1, wherein the polyamide segment
      consists of m-xylylenediamine/hexamethylenediamine/adipic acid and the
      polyether segment consists of bis-aminopropyl(polyethylene oxide).
NUM  9.
PAR  9. A film made of the block copolymer according to claim 1.
NUM  10.
PAR  10. The film according to claim 9, which has an initial Young's modulus at
      20.degree.C of not less than about 200 kg/mm.sup.2, a folding enduarance
      of not less than about 5,000 and an oxygen permeability coefficient at
      30.degree.C of not more than about 2 .times. 10.sup.-.sup.12
      ml.cm/cm.sup.2 .sec.cmHg.
NUM  11.
PAR  11. A biaxially drawn film according to claim 9, which has a breaking
      strength in the mechanical and transverse directions of not less than
      about 10 kg/mm.sup.2, a breaking elongation in the mechanical and
      transverse directions of about 20 to 120 %, a folding endurance of not
      less than about 150,000 and a low temperature impact strength (at
      -40.degree.C) of not less than about 6 kg.cm/25 .mu..
NUM  12.
PAR  12. The biaxially drawn film according to claim 10, wherein the polyamide
      segment consists of m-xylyleneadipamide and the polyether segment consists
      of bis-aminopropyl(polyether oxide).
NUM  13.
PAR  13. The biaxially drawn film according to claim 10, wherein the polyamide
      segment consists of m-xylylene/p-xylylene/adipamide and the polyether
      segment consists of bis-aminopropyl-(polyethylene oxide).
NUM  14.
PAR  14. A process for preparing the block copolymer according to claim 1 which
      comprises subjecting an aqueous slurry comprising at least one diamine
      component containing 100 to 50 mol % of m-xylylenediamine or its mixture
      with p-xylylenediamine and at least one dicarboxylic acid component
      containing 100 to 50 mol % of at least one aliphatic dicarboxylic acid
      having 6 to 12 carbon atoms to heat polymerization in the presence of at
      least one polyether having a molecular weight of 2,000 to 20,000 and an
      amino group or a carboxyl group at at least one terminal position thereof
      under a steam pressurized condition within a gauge pressure range of 5 to
      15 kg/cm.sup.2 up to the production of a polymer of a low degree of
      polymerization corresponding to a relative viscosity of about 1.2 to 1.5,
      releasing the steam so as to attain atmospheric pressure and then
      continuing the polymerization so as to produce a higher degree of
      polymerization.
NUM  15.
PAR  15. The block copolymer according to claim 1, wherein the amount of
      polyether segment in said block copolymer is about 1 to 5% by weight and
      the corresponding amount of polyamide segment is about 99 to 95% by
      weight.
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PAL  Molding compositions having an oxygen index of greater than 0.30 based on
      high molecular weight aromatic polycarbonates containing 0.5-20% of
      organic fibers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to molding compositions based on
      thermoplastic, high molecular weight aromatic polycarbonates having an
      oxygen index &gt;0.30, which are characterized in that they contain 0.5-20%
      by weight, preferably 1.0 to 5% by weight of organic fibers.
PAR  The field of flame-resistant plastics has become of constantly greater
      interest in recent times. Not least among the reasons is that processors
      of plastics are forced, for safety reasons, to employ more and more
      flame-resistant plastics for certain fields of use.
PAR  One fundamental possibility for rendering plastics flameproof is to mix
      compounds containing chlorine, bromine, sulfur or phosphorus into the
      plastics, or to incorporate these hetero-atoms into the plastics. The use
      of such compounds, however, has attracted constantly increasing criticism
      in recent times. When these plastics are burned, it is possible, for
      example, for hydrogen chloride or hydrogen bromide or sulfur dioxide to be
      liberated, which can lead to considerable nuisance and to secondary
      damage.
PAR  There is therefore an increasing demand for flame-resistant plastics which
      contain neither sulfur nor phosphorus nor halogen and which do not
      liberate any harmful gases during the burning process.
PAR  The polycarbonate molding compositions claimed according to the present
      invention meet these requirements.
PAC  SUMMARY OF THE INVENTION
PAR  Thus it has been found, surprisingly, that thermoplastic, high molecular,
      aromatic polycarbonates based on aromatic dihydroxy compounds, which
      contain 0.5-20% by weight, preferably 1.0-5% by weight, of organic fibers,
      possess improved flame resistance. The oxygen index of these molding
      compositions is more than 0.30 whereas values of 0.24 are found for
      polycarbonates. It is surprising that the incorporation of only 2% of
      organic fibers in bisphenol-A-polycarbonate results in comparably good
      flame resistance -- as determined by the oxygen index according to ASTM/D
      2,863/70 -- as is otherwise only achievable by halogen contents of 6-10%
      by weight. In the case of the polycarbonate molding compositions according
      to the invention, the advantage of flame resistance is gained without
      having to tolerate disadvantages with regard to the mechanical properties.
      Furthermore, the incorporation, according to the invention, of higher
      proportions of fibers leads to an additional reinforcement effect.
DETD
PAC  DETAILED DESCRIPTION
PAR  Thermoplastic, high molecular weight, aromatic polycarbonates in the sense
      of the present invention are those which have been prepared from aromatic
      dihydroxy compounds and phosgene or bis-chlorocarbonic acid esters
      according to the know process of phase boundary polycondensation. The
      phase boundary process is described in detail in U.S. Pat. No. 3,028,365,
      the relevant portions of which are hereby incorporated by reference. The
      phase boundary process is also illustrated in Example 1, below. The
      molecular weights of these polycarbonates may lie between 10,000 and
      100,000 preferably between 20,000 and 40,000.
PAR  Suitable aromatic dihydroxy compounds are, for example, hydroquinone,
      resorcinol, 4,4'-dihydroxydiphenyl, bis-(hydroxyphenyl)-alkanes such as,
      for example, C.sub.1 -C.sub.8 -alkylene-bisphenols or C.sub.2 -C.sub.8
      -alkylidene-bisphenols, bis-(hydroxyphenyl)-cycloalkanes such as, for
      example, C.sub.5 -C.sub.15 -cycloalkylene-bisphenols or C.sub.5 -C.sub.15
      -cycloalkylidene-bisphenols, bis-(hydroxyphenyl)-sulfides, -ethers,
      -ketones, -sulfoxides or -sulfones, and also
      .alpha.,.alpha.'-bis-(hydroxyphenyl)-diisopropylbenzene and the
      corresponding nuclear-alkylated and/or nuclear-halogenated compounds.
      Preferred polycarbonates are based on bis-(4-hydroxyphenyl)-propane-2,2
      (bisphenol A), bis-(4-hydroxy-3,5-dichlorophenyl)-propane-2,2
      (tetrachlorobisphenol A), bis-(4-hydroxy-3,5-dibromophenyl)-propane-2,2
      (tetrabromobispenol A), bis-(4-hydroxy-3,5-dimethylphenyl)-propane-2,2
      (tetramethylbisphenol A), bis-(4-hydroxy-3-methylphenyl)-propane-2,2 and
      bis-(4-hydroxyphenyl)-cyclohexane-1,1 (bisphenol Z), or based on
      trinuclear bisphenols such as
      .alpha.,.alpha.'-bis-(4-hydroxyphenyl)-p-diisopropylbenzene.
PAR  Other bisphenols suitable for the preparation of high molecular weight
      polycarbonates are described in U.S. Pat. Nos. 3,028,365; 2,999,835;
      3,148,172; 3,271,368; 2,970,137; 2,991,273; 3,271,367; 3,280,078;
      3,014,891 and 2,999,846 and in German Offenlegungsschriften (German
      Published Specifications) Nos. 2,063,050, 2 063 052, 2 211 957 and 2 211
      956.
PAR  For the preparation of the thermoplastic, high molecular weight, aromatic
      polycarbonates suitable for the invention, it is also possible conjointly
      to employ both monohydric phenols, for example, phenol or alkylphenols,
      and polyphenols with more than two phenolic hydroxyl groups, for example,
      phloroglucinol, or 1,3,5-tri-(4-hydroxyphenyl)-benzene or
      1,4-bis-(4'4"-dihydroxy-triphenylmethyl)-benzene or ortho-aryl esters of
      carbonic acid and/or of monocarboxylic acids and/or dicarboxylic acids,
      according to U.S. Pat. application, Ser. No. 408,981 of Oct. 23, 1973,
      that is to say, for example,
      tetra-4-(2-(4-hydroxyphenyl)-isopropyl)-phenyl orthocarbonate.
PAR  Further suitable monophenols and aromatic polyhydroxy compounds with more
      than two aromatic hydroxyl groups, especially aromatic tris-hydroxy
      compound or tetra-hydroxy compounds, are listed in U.S. Pat. No.
      3,544,514.
PAR  Organic fibers in the sense of the invention are polymeric materials spun
      into filaments according to known processes or prepared by the
      fibrillation process, which fibers are capable of withstanding the heat
      exposure at not less than 180.degree.C during the process of their
      incorporation into the thermoplastic polycarbonate and during
      thermoplastic processing of the moulding composition of the invention and
      in course thereof largely retain their filament structures.
PAR  Polymeric substances of this nature include highly crystalline or highly
      heat distortion-resistant saturated, thermoplastic polyesters, such as
      poly (ethylene terephthalate), poly (butylene terephthalate) and poly
      (1,4-dimethylenecyclohexane terephthalate), polyamides preferably those
      based on caprolactam, aliphatic and aromatic dicarboxylic acids and
      diamines, such as adipic acid and hexamethylenediamine, terephthalic acid
      or isophthalic acid and phenylenediamine or diaminodiphenyl ether,
      polybenzamides, and also polyacrylonitrile. Among the highly heat
      distortion resistant materials, polyimides, polybenzimidazoles,
      polybenzoxazinediones and polyhydantoins should be mentioned particularly.
      Carbon fibers such as those obtained, for example, by the pyrolysis of
      polyacrylonitrile, cellulose or the like are also suitable and are
      included within the definition of organic fibers.
PAR  The polybenzoxazinediones which are suitable according to the present
      invention are described, for example, in German Offenlegungsschrift No.
      1,595,579 respectively U.S. Pat No. 3,510,454 or German
      Offenlegungsschrift No. 1,720,774 respectively U.S. Pat. No. 3,541,048 and
      in Angew. Makromolekulare Chemie 13, 109 to 125 (1970). The polyhydantoins
      which are suitable according to the present invention are described, for
      example, in German Offenlegungsschrift No. 1,905,367 or in German
      Offenleungsschrift No. 1,494,443 respectively U.S. Pat. No. 3,397,253. In
      general, polymeric substances of molecular weight &gt;20,000 are employed.
PAR  Examples of other fibers which are suitable are fibers of aromatic
      polyamides according to German Patent application No. 2144126 which have a
      relative solution viscosity .eta..sub.rel, measured on an 0.5% strength
      solution in N-methylpyrrolidone at 25.degree.C, of between 1.7 and 3.2 and
      which consist essentially of recurring structural units of the general
      formula I
      ##SPC1##
PAL  in which
PA1  X is the
      ##EQU1##
      R.sub.1 and R.sub.2 independently of one another are hydrogen, alkoxy or
      alkyl groups with 1-4 C atoms, or halogen atoms,
PA1  R.sub.3 is hydrogen, halogen, an alkyl or alkoxy group with 1-4 C atoms, a
      nitrile group or a --COOR.sub.4 or --CONR.sub.5 R.sub.6 group,
PA1  Ar is a divalent aromatic radical,
PA1  R.sub.4 denotes hydrogen or an alkyl group with 1-4 C atoms and
PA1  R.sub.5 and R.sub.6 independently of one another denote hydrogen, alkyl
      groups with 1-4 C atoms or aryl groups.
PAR  These polyamides are manufactured according to German Patent application
      No. 2144126 from diamines of the general formula
      ##SPC2##
PAL  in which
PA1  X, r.sub.1, r.sub.2 and R.sub.3 have the abovementioned meaning and
      aromatic dicarboxylic acid dihalides in polar organic solvents at
      temperatures between -30.degree. and 150.degree.C, preferably between
      -10.degree. and +60.degree.C.
PAR  Examples of suitable diamines are:
      ##SPC3##
PAR  These diamines may be manufactured according to processes which are in
      themselves known by, for example, the reaction of
      3-(4'-nitrophenoxy)-benzoic acid chloride with the appropriate
      o-substituted 4-nitroanilines and reduction of the resulting dinitro
      compound, or from 3-amino-4'-nitrodiphenyl ether or
      3-amino-2'-chloro-4'-nitrodiphenyl ether by reaction with 4-nitrobenzoyl
      chloride or 2-chloro-4-nitrobenzoyl chloride and subsequent reduction of
      the dinitro compounds. These dinitro compounds can also be obtained from
      4-nitrophenoxybenzoic acid and the o-substituted 4-nitroanilines or from
      aminonitrodiphenyl ethers and 4-nitrobenzoic acids in N-methylpyrrolidone
      in the presence of P.sub.2 O.sub.5.
PAR  The following compounds may be mentioned as examples of aromatic
      dicarboxylic acid halides suitable for the polycondensation:
      diphenyl-4,4'-dicarboxylic acid dichloride, naphthalene-2,6-dicarboxylic
      acid dichloride and preferentially terephthalic acid dichloride or the
      corresponding acid bromides. Isophthalic acid dichloride on the other hand
      with these diamines only gives polyamides of lower strength and lower
      E-modulus.
PAR  The polycondensation of the diamines of the general formula II with the
      aromatic dicarboxylic acid dihalides preferably takes place in polar
      organic solvents such as N,N-dialkylcarboxylic acid amides, for example,
      dimethylacetamide, or N-substituted lactams, for example,
      N-methylpyrrolidone. The great advantage of these solvents is that the
      reaction can be carried out in the absence of additional acid acceptors.
      In order to achieve molecular weights which are as high as possible it is
      desirable to employ the diamines and the dicarboxylic acid dihalide in
      equimolecular amounts or almost equimolecular amounts. The
      polycondensation is carried out at temperatures between -30.degree. and
      +150.degree.C, but preferably at -10.degree. to +60.degree.C. The reaction
      times lie between 1 and 30 hours and the solids content of the solution
      lies between 10 and 40 percent, but preferably between 12 and 25 percent.
      The polyamides manufactured in this way can either be spun directly from
      the polycondensation solutions, if necessary after prior neutralization of
      the hydrochloric acid formed, for example with ethylene oxide or propylene
      oxide or amines, or can be precipitated from the polycondensation solution
      with precipitants such as water, alcohols or ketones, subsequently dried
      and again dissolved in the stated polar solvents or in dialkylsulfoxides,
      for example, dimethylsulfoxide, and then converted into fibers or into
      films. In addition to the high tensile strength and the high modulus of
      elasticity, the fibers of the polyamides manufactured in this way are also
      distinguished by good heat resistance at elevated temperatures, for
      example 200.degree. - 300.degree.C.
PAR  Fibers of aromatic polyamides according to German Patent application No.
      2237958 are other examples of suitable fibers. These self-extinguishing
      aromatic polyamides have a relative solution viscosity of at least 2,
      measured on a 1 percent strength solution of the polyamide in
      dimethylacetamide at 25.degree.C, and are obtained by reaction of
PA0  a. 0-40 mol per cent of 2,4-diaminodiphenyl ether,
PA0  b. 50-10 mol per cent of a halogenated 2,4-diaminodiphenyl ether of the
      general formula
      ##SPC4##
PAL  in which
PA1  X denotes a halogen and
PA1  n = 1 or 2
PAL  and of
PA0  c. 10-50 mol per cent of unsubstituted isophthalic acid and
PA0  d. 40-0 mol pper cent of unsubstituted terephthalic acid, according to
      known processes, for example to U.S. Pat. No. 3,063,966.
PAR  The halogenated amino components are prepared by reaction of
      2,4-dinitrochlorobenzene with p-chlorobenzene, prepared in a known manner
      in the presence of sodium hydroxide solution and in alcohol as the
      solvent, to give 2,4-dinitro-4'-chlorodiphenyl ether, and reduction of the
      latter in a known manner. The same method of preparation applies to the
      non-halogenated amino components.
PAR  For reasons of practical manipulation, fiber lengths of between 500 and
      50,000 .mu. have proved successful, fibers in a length range of between
      1000 and 40,000 .mu. being used preferentially.
PAR  The fiber diameter and the shape and nature of the fibers are of minor
      importance. In general, the fibers are employed in the structure and size
      resulting from their manufacturing process. In other words, it is possible
      to use commercially available fibers, if necessary after cutting to the
      desired length range.
PAR  The polycarbonate molding compositions of low flammability, according to
      the invention, are prepared according to processes which are in themselves
      known. Thus, the fiber materials can, for example, be processed together
      with the polycarbonate granules in a single-screw or twin-screw extruder,
      or the fibers are directly incorporated into the polycarbonate melt
      according to known processes, and the mixture extruded. A further process
      of incorporation consists of thorough mixing in an internal kneader, with
      subsequent ribbon granulation. Incorporation of the fibers in the
      polycarbonate solutions, with subsequent evaporation of the solvent in a
      vented extruder, is also possible.
PAR  The polycarbonates of low flammability claimed according to the present
      invention can optionally contain further fillers (pigments) or additives
      (stabilizers) without thereby cancelling the flame-retardent action of the
      organic fibers.
PAR  The molding compositions according to the invention are employed whereever
      the use of materials of low flammability appears advisable and desirable
      for safety reasons. Thus, the molding compositions according to the
      invention are employed, for example, for holders of light bulbs and neon
      tubes, backs of television sets, and terminal bars and for a large number
      of individual components of electrical instruments.
PAR  Some examples are given below in order to explain the subject of the
      invention in more detail.
PAC  EXAMPLES
PAC  EXAMPLE 1
PAC  Manufacture of the polycarbonate
PAR  Approximately 454 parts of 4,4'-dihydroxydiphenyl-2,2-propane and 9.5 parts
      of p-tert.-butylphenol are suspended in 1.5 1 of water. The oxygen is
      removed from the reaction mixture in a 3-necked flask equipped with
      stirrer and gas inlet tube by passing nitrogen through the reaction
      mixture for 15 minutes, while stirring. 355 parts of 45% strength sodium
      hydroxide solution and 1,000 parts of methylene chloride are then added.
      The mixture is cooled to 25.degree.C. 237 parts of phosgene are added over
      a period of 120 minutes while maintaining this temperature by cooling. An
      additional amount of 75 parts of a 45% strength sodium hydroxide solution
      is added after 15-30 minutes or after the absorption of phosgene has
      commenced. 1.6 parts of triethylamine are added to the resulting solution
      and the mixture is stirred for a further 15 minutes. A highly viscous
      solution is obtained, the viscosity of which is regulated by adding
      methylene chloride. The aqueous phase is separated off. The organic phase
      is washed with water until free of salt and of alkali. The polycarbonate
      is isolated from the washed solution and dried. The polycarbonate has a
      relative viscosity of 1.29-1.30, measure in an 0.5% strength solution of
      methylene chloride at 20.degree.C. This corresponds approximately to a
      molecular weight of 32,000. The polycarbonate thus obtained is extruded
      and granulated.
PAR  In the examples that follow the relative viscosities (.eta..sub.rel) of the
      polycarbonates are measured in a 0.5% strength solution of methylene
      chloride at 20.degree.C.
PAC  EXAMPLE 2
PAR  99 g of a polycarbonate based on 4,4'-dihydroxydiphenylpropane-2,2
      (bisphenol A) -- prepared according to Example 1 -- (.eta..sub.rel =1.30)
      together with 1 g of an aromatic polyamide of the following structure
      ##SPC5##
PAL  having a fiber length of 1,000 .mu.,  are extruded from a twin-screw
      extruder at 310.degree.C, and granulated. Polyamides of this structure are
      distinguished by high tensile strength and E-modulus. The fibers used have
      the following properties:
TBL  Tensile strength:  67-75 kp/mm.sup.2                                      
     Density:           1.2 g/cm.sup.3                                         
     Elongation at break:                                                      
                        Approx. 1.5%                                           
     E-modulus:         6,000-6,500 kp/mm.sup.2                                
PAR  The oxygen index and other properties of the polycarbonates of low
      flammability which are obtained are summarized in Table 1.
PAC  EXAMPLE 3
PAR  95 g of a polycarbonate prepared according to Example 1, having a relative
      viscosity of .eta..sub.rel = 1.28, and 5 g of a polyamide fiber described
      in Example 2, are extruded in a twin-screw extruder at 290.degree.C and
      granulated. The oxygen index and other properties can be seen from Table
      1.
PAC  EXAMPLE 4
PAR  98 g of a polycarbonate prepared according to Example 1, of relative
      viscosity .eta..sub.rel = 1.30, and 5 g of an aromatic polyamide of the
      following structure
      ##SPC6##
PAL  having a fiber length of 50.000 .mu. are extruded from a twin-screw
      extruder at 300.degree.C and subsequently granulated. The polyamide used
      is synthesized from isophthalyl chloride and
      3-aminophenyl-7-amino-2,4-quinazolinedione and is used as curled fibre
      having a titre of 3.3 dtex and an E-modulus of 5000 kp/mm.sup.2. The
      oxygen index and other properties can be seen from Table 1.
PAC  EXAMPLE 5
PAR  99 g of a polycarbonate according to Example 1, having a relative viscosity
      of .eta..sub.rel = 1.26, and 1 g of a polyester fiber based on
      terephthalic acid dichoride and cyclohexanedimethanol, having the
      following structure
      ##SPC7##
PAL  and a fiber length of 50.000 .mu. are extruded from a twin-screw extruder
      at 280.degree.C, and granulated. The polyester fiber used is characterized
      by Fp 293.degree.C, elongation at break 40 percent, ultimate tensile
      strength 3 pont/dtex, titre 3 dtex. The oxygen index and oether properties
      can be seen from Table 1.
PAC  EXAMPLE 6
PAR  95 g of a polycarbonate according to Example 1, having a relative viscosity
      of .eta..sub.rel = 1.31, and 5 g of a polyester fiber described in Example
      5 are extruded from a twin-screw extruder at 310.degree.C and subsequently
      granulated.
PAC  EXAMPLE 7
PAR  98 g of a polycarbonate according to Example 1, having a relative viscosity
      of .eta..sub.rel = 1.28, and 2 of of a commercially available
      polyacrylonitrile fibre of length 40.000 .mu. are extruded from a
      twin-screw extruder at 300.degree.C, and granulated. The polyacrylonitrile
      fiber is characterized by ultimate tensile strength 2.5 pont/dtex, density
      1.18 g/cm.sup.3, elongation at break 40 percent. The oxygen index and
      other properties can be seen from Table 1.
PAC  EXAMPLE 8
PAR  98 g of a polycarbonate from Example 1, having a relative viscosity of
      .eta..sub.rel = 1.28, together with a carbon fiber prepared from
      polyacrylonitrile by pyrolysis, are extruded from a twin-screw extruder at
      290.degree.C and granulated. The carbon fibers used have a fiber length of
      2.000 .mu., a E-modulus of 22.000 kp/mm.sup.2 and a tensile strength of
      280 kp/mm.sup.2. The oxygen index and other properties can be seen from
      Table 1.
PAC  EXAMPLE 9
PAR  90 g of a polycarbonate prepared according to Example 1, having a relative
      viscosity of .eta..sub.rel = 1.28, and 10 g of a carbon fiber obtained by
      pyrolytic degradation of cellulose, are extruded in a twin-screw extruder
      at 300.degree.C, and granulated. The carbon fibres used have a fibre
      length of 3000 .mu., E-modulus of 25.000 kp/mm.sup.2 and a tensile
      strength of 200 kp/mm.sup.2. The oxygen index and other properties can be
      seen from Table 1.
PAC  EXAMPLE 10
PAR  80 g of a polycarbonate prepared according to Example 1, having a relative
      viscosity of .eta..sub.rel = 1.30, and 20 g of a carbon fiber as
      characterized in Example 8 are extruded from a twin-screw extruder, and
      granulated. The oxygen index and other properties can be seen from Table
      1.
TBL                Table 1                                                     
     ______________________________________                                    
     Oxygen Index and some important mechanical properties                     
     Polycarbonate                                                             
               Oxygen Index                                                    
                          Impact Strength                                      
                                        E-Modulus                              
     from      ASTM-D     cm.kp/cm.sup.2                                       
                                        kp/cm.sup.2                            
               2,863/70                                                        
     ______________________________________                                    
     Example 1 0.24       not fractured 23,000                                 
     Example 2 0.33       not fractured 23,000                                 
     Example 3 0.35       80            24,100                                 
     Example 4 0.31       not fractured 23,700                                 
     Example 5 0.30       not fractured 22,900                                 
     Example 6 0.34       not fractured 24,500                                 
     Example 7 0.33       not fractured 24,200                                 
     Example 8 0.35       not fractured 23,800                                 
     Example 9 0.36       80            40,000                                 
     Example 10                                                                
               0.37       70            52,000                                 
     ______________________________________                                    
PAR  Examples 11 to 15 describe polycarbonate molding compositions based on
      bisphenols containing bromine or chlorine. The resulting oxygen indices
      and some other important properties are summarized in Table 2.
PAC  EXAMPLE 11
PAR  98 g of an aromatic polycarbonate (prepared according to the process of
      Example 1), based on 93 mol % of bisphenol A and 7 mol % of
      tetrabromobisphenol A and having a relative viscosity of .eta..sub.rel =
      1.30 are homogeneously mixed with 2 g of the aromatic polyamide fiber
      characterized in Example 2, in an internal kneader at 290.degree.C, and
      subsequently comminuted by means of a ribbon granulator.
PAC  EXAMPLE 12
PAR  98 g of an aromatic polycarbonate (prepared according to Example 1), based
      on 85 mol% of a bisphenol A and 15 mol % of tetrachlorobisphenol A and
      having a relative viscosity of .eta..sub.rel = 1.31 are homogeneously
      mixed with 2 g of the aromatic polyamide fiber characterized in Example 2,
      in an internal kneader at 300.degree.C and subsequently comminuted by
      means of a ribbon granulator.
PAC  EXAMPLE 13
PAR  98 g of an aromatic polycarbonate (prepared according to Example 1) based
      on 90 mol % of bisphenol A and 10 mol % of tetrabromobisphenol A and
      having a relative viscosity of .eta..sub.rel = 1.30 and 2 g of a polyester
      fiber characterized in Example 5 are extruded in a twin-screw extuder at
      310.degree.C and granulated.
PAC  EXAMPLE 14
PAR  98 g of an aromatic polycarbonate from Example 13 and 2 g of a carbon fiber
      characterized in Example 8 are extruded in a twin-screw extruder at
      300.degree.C and granulated.
PAC  EXAMPLE 15
PAR  90 g of an aromatic polycarbonate from Example 12 and 10 g of a carbon
      fiber characterized in Example 8 are extruded in a twin-screw extruder at
      300.degree.C and granulated. Table 2 - Oxygen indices and some other
      important mechanical properties of the polycarbonate molding compositions
      from Examples 11 to 15.
TBL  ______________________________________                                    
     Polycarbonate                                                             
               Oxygen Index Impact Strength                                    
                                        E-Modulus                              
       from    ASTM-D 2,863/70                                                 
                            cm.kp/cm.sup.2                                     
                                        kp/cm.sup.2                            
     ______________________________________                                    
     Example 11                                                                
               0.35         not fractured                                      
                                        24,000                                 
     Example 12                                                                
               0.36         not fractured                                      
                                        23,800                                 
     Example 13                                                                
               0.37         not fractured                                      
                                        24,700                                 
     Example 14                                                                
               0.36         not fractured                                      
                                        25,000                                 
     Example 15                                                                
               0.36         75          41,000                                 
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molding composition having an oxygen index of greater than 0.30
      according to ASTM D-2863/70 comprising an aromatic polycarbonate
      containing 0.5 to 20 percent by weight of an aromatic polyamide fiber
      which is stable in a melt of the polycarbonate.
NUM  2.
PAR  2. The molding composition of claim 1 wherein the aromatic polyamide has a
      relative solution viscosity of at least 2 measured on a 1% strength
      solution of the polyamide in dimethyl acetamide at 25.degree.C and is the
      reaction product of:
PA1  a. 0-40 mol percent of 2,4-diaminodiphenylether,
PA1  b. 50-10 mol percent of a halogenated 2,4-diaminodiphenylether of the
      general formula:
      ##SPC8##
PA1   in which
PA2  X is a halogen
PA2  n = 1 or 2,
PA1  c. 10-50 mol percent of unsubstituted isophthalic acid and
PA1  d. 40-0 mol percent of unsubstituted terephthalic acid.
NUM  3.
PAR  3. The molding composition of claim 1 wherein the aromatic polycarbonate
      has a molecular weight of between about 10,000 and 100,000 and wherein the
      organic fiber is a fiber of an organic polymer having a molecular weight
      of greater than about 20,000 and wherein the organic fiber has a length of
      between about 500 and 50,000 .mu..
NUM  4.
PAR  4. The molding composition of claim 1 wherein the aromatic polycarbonate
      contains from about 1 to 5% by weight of the fiber.
NUM  5.
PAR  5. The molding composition of claim 1 wherein said aromatic polycarbonate
      is derived from an aromatic dihydroxydiarylalkane.
NUM  6.
PAR  6. The molding composition of claim 1 wherein said aromatic
      dihydroxydiarylalkane is selected from the group consisting of
      bis-(4-hydroxy-phenyl)-propane-2,2;
      bis-(4-hydroxy-3,5-dichlorophenyl)-propane-2,2;
      bis-(4-hydroxy-3,5-dibromophenyl) propane-2,2 and
      bis-(4-hydroxy-3,5-dimethylphenyl)-propane.
NUM  7.
PAR  7. The molding composition of claim 1 wherein the aromatic polyamide
      consists of recurring structural units of the general formula:
      ##SPC9##
PAL  in which
PA1  X is the
      ##EQU2##
      R.sub.1 and R.sub.2 independently of one another are hydrogen, alkoxy or
      alkyl groups with 1-4 C atoms, or halogen atoms,
PA1  R.sub.3 is hydrogen, halogen, an alkyl or alkoxy group with 1-4 C atoms, a
      nitrile group or a --COOR.sub.4 or --CONR.sub.5 R.sub.6 group,
PA1  Ar is a divalent aromatic radical,
PA1  R.sub.4 denotes hydrogen or an alkyl group with 1-4 C atoms and
PA1  R.sub.5 and R.sub.6 independently of one another denote hydrogen, alkyl
      groups with 1-4 C atoms or aryl groups.
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BSUM
PAC  1. FIELD OF THE INVENTION
PAR  This invention relates to moldings, more particularly, to the manufacture
      of reduced crazing products from aromatic copolyesters as hereafter
      defined.
PAC  2. DESCRIPTION OF THE PRIOR ART
PAR  French Pat. No. 1,392,883 discloses a polyester blend which is very
      successfully processed into shaped articles. According to the above French
      Patent there is provided a polyester blend comprising one component which
      comprises a polyester of terephthalic acid and one or more aliphatic diols
      and another component which is a copolyester of
      2,2-bis-(4-hydroxyphenyl)propane and terephthalic acid and isophthalic
      acid, the ratio of terephthalate residues to isophthalate residues in the
      co-polyester ranging from 90:10 to 10:90.
PAR  The latter component is present in an amount from 50% to 95% by weight of
      the two polyesters in the blend, preferrably 60% to 80%.
PAR  The object of the French Patent is to provide an easily moldable polymer
      blend from two kinds of polyesters, each of which has been considered not
      suitable for use as a molding.
PAR  In the above French patent, the disclosure is that poly(ethylene
      terephthalate) for example, can be injection molded, but due to the high
      crystallinity of the material, the resulting articles are very brittle and
      consequently of no practical value, and that the co-polyesters of
      2,2-bis(4-hydroxyphenyl)-propane on the one hand and terephthalic acid and
      isophthalic acid on the other hand can also be processed using injection
      molding machines and extruders, but because of the high processing
      temperatures required very special care must be taken to prevent
      decomposition, i.e. thermal decomposition, of the polymer during
      processing.
PAR  A co-polyester prepared from 2,2-bis(4-hydroxy-phenyl)propane and
      terephthalic acid-isophthalic acid has excellent properties and is useful
      in many fields. Unfortunately, products produced from the aromatic
      co-polyester, especially molded articles, show crazing when left in the
      air for a long period of time or especially when left in hot water or
      steam.
PAR  The above French Patent does not teach or suggest a means for preventing
      the crazing of co-polyesters as in the present invention by adding
      poly(ethylene terephthalate) to the
      bisphenol-terephthalate-bisphenol-isophthalate co-polyesters of the
      present invention.
PAR  This clearly indicates that the invention disclosed in the above French
      reference radically differs from the present invention which employs
      poly(ethylene terephthalate) in a relatively small amount to reduced the
      crazing of the copolyesters.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to improve the crazing of articles made
      from aromatic co-polyesters.
PAR  It is another object of this invention to provide aromatic co-polyester
      compositions which can be used as molded articles, mono-filaments, films
      and the like.
PAR  Other objects of this invention will become apparent as the description of
      the invention proceeds.
PAR  The aromatic co-polyesters of this invention are prepared from at least one
      bishydroxyphenyl compound, i.e., a bisphenol, selected from the group
      consisting of the bishydroxyphenyl compounds of the general formula
      ##SPC1##
PAL  and its functional derivatives as hereafter defined, in which R.sub.1,
      R.sub.2, R.sub.3, R.sub.4, R'.sub.1, R'.sub.2, R'.sub.3 and R'.sub.4,
      which can be the same or different, are members selected from the group
      consisting of hydrogen, chlorine and bromine. As the acid component which
      is reacted with the bisphenol to prepare the aromatic co-polyesters of
      this invention, a mixture of from about 90 to 10 mol% of terephthalic acid
      or its functional derivatives and from about 10 to 90 mol% of isophthalic
      acid or its functional derivatives, as hereafter defined, are used.
PAR  In general, aromatic co-polyesters prepared from bisphenols or functional
      derivatives thereof and a terephthalic acid-isophthalic acid mixture or a
      mixture of the functional derivatives thereof, i.e. bisphenol
      terephthalate-bisphenol isophthalate co-polyesters, have excellent
      mechanical properties such as tensile strength, tensile impact strength,
      bending strength, bending recovery or impact strength, excellent thermal
      properties such as deflection temperature under load or degradation
      temperature, excellent electrical properties such as resistivity, electric
      breakdown endurance, arc resistance, dielectric constant or dielectric
      loss and low flammability, good dimensional stability and the like.
PAR  These aromatic co-polyesters are thus useful in many fields. The aromatic
      co-polyesters find special use as plastics for injection molding,
      extrusion molding, press molding and the like, as monofilaments, films and
      coatings.
PAR  The aromatic co-polyesters have excellent characteristics in the various
      fields mentioned above, but unfortunately, products from these aromatic
      co-polyesters, especially molded plastics, show "crazing" when left in the
      air for a long period of time or especially when left in hot water or
      steam. The term "crazing" means the phenomena that molded products become
      cloudy, partially or wholly, with a fine crack-like pattern being
      generated on the surface or in the interior of the products. "Crazing" not
      only reduces the transparency of the products, which is one of the
      characteristics of the aromatic co-polyesters, but reduces the toughness
      of the products, so that, for example, the tensile impact strength of the
      molded products is markedly reduced, and the bending strength, modulus of
      bending and recovery ratio after bending also is reduced, as a result,
      with such a bending strength the products approach breaking.
PAR  We have now found that the incorporation of poly(ethylene terephthalate),
      as hereafter defined, into the aromatic copolyester prior to the molding
      of the aromatic co-polyester improves these disadvantages, i.e., according
      to the present invention "crazing" can be effectively prevented, while the
      original merits of the aromatic co-polyesters are substantially
      maintained.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The aromatic co-polyesters of this invention are resins prepared from at
      least one bisphenol selected from the group consisting of the bisphenols
      of the general formula
      ##SPC2##
PAL  and their functional derivatives, in which R.sub.1, R.sub.2, R.sub.3,
      R.sub.4, R'.sub.1, R'.sub.2, R'.sub.3, and R'.sub.4, which can be the same
      or different, are members selected from the group consisting of hydrogen,
      chlorine and bromine. Typical functional derivatives of the bisphenols are
      the metal salts and the di-esters with aliphatic mono-carboxylic acids
      having 1 to 3 carbon atoms. More preferable functional derivatives of the
      bisphenols are sodium salts, potassium salts or diacetate esters. Examples
      of bisphenols used in this invention are 2,2-bis(4-hydroxyphenyl)propane,
      2,2-bis(4-hydroxy-3-chlorophenyl)propane,
      2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane,
      2,2-bis(4-hydroxy-3-bromophenyl)propane and
      2,2-bis(4-hydroxy-3,5-dibromophenyl)-propane. Especially,
      2,2-bis(4-hydroxyphenyl)propane is most preferably used. Mixtures of such
      bisphenols can also be used.
PAR  As the acid component which is reacted with the bisphenol to prepare the
      aromatic co-polyester of this invention, a mixture of from about 90 to 10
      mol% of terephthalic acid or a functional derivative thereof and from
      about 10 to 90 mol% of isophthalic acid or a functional derivative thereof
      is used. More preferably, a mixture of from 30 to 70 mol% of terephthalic
      acid or a functional derivative thereof and from 70 to 30 mol% of
      isophthalic acid or a functional derivative thereof is employed. An
      aromatic co-polyester prepared from a bisphenol and a mixture of 50 mol%
      of terephthalic acid or a functional derivative thereof and 50 mol% of
      isophthalic acid or a functional derivative thereof is most preferred as a
      standard grade aromatic co-polyester.
PAR  As functional derivatives of terephthalic or isophthalic acid, acid-halides
      such as terephthaloyl or isophthaloyl di-chloride and terephthaloyl or
      isophthaloyl dibromide, and di-esters such as the di-alkyl esters or the
      di-aryl esters, having from 1 to 6 carbon atoms, are most preferred.
      Typical examples thereof are diphenyl terephthalate and diphenyl
      isophthalate.
PAR  The aromatic co-polyesters of this invention can be represented by the
      formula:
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R'.sub.1, R'.sub.2, R'.sub.3,
      and R'.sub.4 are as heretofore defined and n is an integer, the aromatic
      co-polyesters preferably having a logarithmic viscosity of about 0.3 to
      1.0, as hereafter defined.
PAR  The aromatic co-polyesters of this invention can be prepared by several
      methods, e.g., an interfacial polycondensation process can be used. In
      this case an aqueous alkaline solution of a bisphenol and a terephthaloyl
      dihalide-isophthaloyl dihalide mixture dissolved in an organic solvent
      which is immiscible with water are mixed and reacted. Interfacial
      polycondensation processes which can be used are disclosed, for example,
      in W. M. Eareckson J. Polymer Sci., XL 399 (1959), and Japanese patent
      publication No. 1959/65.
PAR  The following is a typical polycondensation process. An aqueous alkali
      solution of a bisphenol is added to a terephthaloyl dihalide-isophthaloyl
      dihalide mixture, more preferably a terephthaloyl dichloride-isophthaloyl
      dichloride mixture, dissolved in an organic solvent, or an organic solvent
      solution of a terephthaloyl dihalide-isophthaloyl dihalide mixture is
      added to an aqueous alkaline solution of a bisphenol. Alternatively, an
      aqueous alkaline solution of a bisphenol and an organic solvent solution
      of a terephthaloyl dihalide-isophthaloyl dihalide mixture can be
      simultaneously added to a reaction vessel. Interfacial polycondensation
      takes place near the interface of the aqueous phase and the orgainc phase.
      However, since the aqueous phase and the organic phase are not essentially
      miscible, it is necessary to mutually disperse the phases. For this
      purpose an agitater or a mixer such as Homo-mixer can be used.
PAR  The concentration of the terephthaloyl dihalide-isophthaloyl dihalide
      mixture dissolved in the organic solvent is usually from about 2 to 25
      weight %, more preferably from 3 to 15 weight %. The concentration of the
      bisphenol in the aqueous alkaline solution is also usually from about 2 to
      25 weight %, more preferably from 3 to 15 weight %.
PAR  The amount of the bisphenol and of the terephthaloyl dihalide-isophthaloyl
      dihalide mixture used (molar ratio) is preferably maintained equivalent.
      An excess of the terephthaloyl dihalide-isophthaloyl dihalide mixture is
      not desirable in the preparation of the high molecular weight aromatic
      co-polyester.
PAR  Preferred alkalis are sodium hydroxide and potassium hydroxide. The
      concentration of the alkali in the aqueous solution can vary widely
      depending upon the reaction conditions, but is usually in the range from
      about 0.5 to 10 weight %. It is advantageous if the quantity of alkali is
      nearly equivalent to the hydroxy groups of the bisphenol used or present
      in slight excess. The preferred molar ratio of alkali to the hydroxy group
      of a bisphenol is from about 1:1 to 1:2, most preferably from 1:1 to
      1:1.1.
PAR  As organic solvents dissolving the terephthaloyl dihalide-isophthaloyl
      dihalide mixture, hydrocarbons or halogenated hydrocarbons are used. For
      example, methylene dichloride, chloroform, tetrachloromethane,
      1,2-dichloroethane, 1,1,2-trichloroethane, tetrachloroethane, benzene and
      methylbenzene can be employed. Especially, preferred are those which also
      dissolve the aromatic co-polyesters produced. The most preferred solvent
      is methylene dichloride.
PAR  The reaction temperature is not strictly limited, but usually preferably
      below about 40.degree.C, with from 5.degree. to 30.degree.C being
      especially preferred.
PAR  Interfacial polymerization is usually conducted at normal pressure and is
      completed in about 1 - 2 hours.
PAR  Antioxidants, dispersing agents, catalysts and viscosity stabilizers can be
      added to the aqueous alkaline solution or to the reaction mixture, if
      desired. Typical examples of such agents are as follows. As antioxidants,
      sodium hydrosulfite or sodium bisulfite can be used. As dispersing agents,
      anionic surface-active agents such as sodium lauryl sulfate and octadecyl
      benzene sulfonate, cationic surface-active agents such as cetyl trimethyl
      ammonium chloride, and nonionic surface-active agents such as
      poly(ethylene oxide) can be used. As catalysts, quaternary ammonium
      compounds such as trimethyl benzyl ammonium hydroxide, trimethyl benzyl
      ammonium chloride and triethyl benzyl ammonium chloride, tertiary
      sulfonium compounds such as dimethyl-2-hydroxyphenyl sulfonium chloride,
      quaternary phosphonium compounds such as triphenyl methyl phosphonium
      iodide and quaternary arsonium compounds such as triphenyl methyl arsonium
      iodide and trimethyl octyl arsonium iodide can be used. Tertiary amine
      compounds such as trimethyl amine, triethyl amine and benzyl dimethyl
      amine can also be used as catalysts. As a viscosity stabilizer,
      mono-valent compounds, especially mono-valent phenol compounds such as
      o-phenyl phenol, p-phenyl phenol, m-cresol, tert-butylamine and
      .beta.-naphthol can be used, if desired.
PAR  Another useful method for forming the aromatic co-polyesters is melt
      polymerization, as disclosed, for example, in A. Conix, Ind. Eng. Chem.,
      51 147 (1959) in Japanese patent publication 15,247/63 and in U.S. Pat.
      No. 3,395,119.
PAR  Melt polymerization can be conducted, for example, by heating and reacting
      an aliphatic carbocyclic acid diester of a bisphenol and a terephthalic
      acid-isophthalic acid mixture at reduced pressure. A preferred diester of
      a bisphenol is the diacetate. Melt polymerization can also be conducted by
      heating and reacting a bisphenol and a mixture of a diaryl ester of
      terephthalic acid and isophthalic acid. A typical diaryl ester is the
      diphenyl ester. The reaction temperature employed is in the range of from
      about 150.degree. to 350.degree.C, more preferably from 180.degree. to
      320.degree.C. The reaction pressure is usually varied in the course of the
      reaction from atomospheric pressure at the early part of the reaction to
      reduced pressure, such as below about 0.02 mmHg, as the end of the
      reaction.
PAR  In melt polymerization, the molar ratio of the bisphenol and the mixture of
      terephthalic acid-isophthalic acid components to prepare a high molecular
      weight aromatic co-polyester must be maintained exactly equivalent.
PAR  A number of catalysts can be used. Catalysts which are preferably used are
      titanium compounds, such as butyl orthotitanate and titanium dioxide.
      Other catalysts such as zinc oxide, lead oxide and antimony dioxide can
      also be used.
PAR  Still another method for forming the co-polyesters is solution
      polymerization, in which the aromatic co-polyesters are prepared by
      reacting a bisphenol with terephthaloyl dihalide and isophthaloyl dihalide
      in an organic solvent. Solution polymerizations as can be used are
      disclosed, for example, in A. Conix, Ind. Eng. Chem., 51 147 (1959), and
      in U.S. Pat. No. 3,133,898.
PAR  The solution polymerization, the bisphenol and the mixture of terephthaloyl
      dihalide and isophthaloyl dihalide, e.g., terephthaloyl dichloride and
      isophthaloyl dichloride, are usually mixed in equimolar proportions in an
      organic solvent, and the mixture is warmed gradually to high temperatures
      such as about 220.degree.C. As the organic solvent used, those which also
      dissolve the aromatic co-polyesters produced, such as dichloroethyl
      benzene, are preferred. Usually, the reaction is carried out in the
      presence of a base to neutralize the hydrogen halide, e.g., hydrogen
      chloride, formed.
PAR  In order to insure good physical properties for the aromatic co-polyesters
      in this invention, the aromatic co-polyesters should have a logarithmic
      viscosity of from about 0.3 to 1.0, more preferably from 0.4 to 0.8. The
      logarithmic viscosity (.eta. inh) is defined by the relationship
      ##EQU1##
      wherein t.sub.1 is the falling time (seconds) of the polymer solution;
      t.sub.2 is the falling time (seconds) of the solvent; and C is the
      concentration (g/dl) of the polymer in the solution. Logarithmic viscosity
      in this invention is determined in a 1,1,2,2-tetrachloroethane-phenol
      mixture (weight ratio: 4/6) at 25.degree.C.
PAR  Poly(ethylene terephthalate) as is employed in this invention can be
      prepared by any known method. Preferably the poly(ethylene terephthalate)
      used in this invention has an intrinsic viscosity ([.eta.]) of from about
      0.3 to 1.3, more preferably from 0.5 to 1.1. The intrinsic viscosity is
      defined by the relationship
      ##EQU2##
      wherein t.sub.1 is the falling time (seconds) of the polymer solution;
      t.sub.2 is the falling time (seconds) of the solvent; and C is the
      concentration (g/dl) of the polymer in the solution. Intrinsic viscosity
      is determined in a 1,1,2,2-tetrachloroethane-phenol mixture (weight ratio:
      4/6) at 25.degree.C.
PAR  The quantity of the poly(ethylene terephthalate) added to the aromatic
      co-polyester in this invention should be within the range of from 0.1 to
      4% of the sum of the weight of the aromatic co-polyester and the
      poly(ethylene terephthalate).
PAR  Using poly(ethylene terephthalate) in an amount of from 0.1 to 4 weight %,
      even at such small amounts "crazing" is effectively prevented and other
      properties and advantages of the aromatic co-polyester are fully
      maintained.
PAR  It is surprising that crazing of the aromatic co-polyester in this
      invention could be so substantially improved by the incorporation of such
      a small amount of poly(ethylene terephthalate).
PAR  The crazing preventing effect of aromatic co-polyester by the addition of
      poly(ethylene terephthalate) increases with increasing amounts thereof
      within the range according to the present invention. Where the amount of
      poly(ethylene terephthalate) added reaches 4 weight %, the maximum crazing
      preventing effect is achieved, and even though an amount of poly(ethylene
      terephthalate) in excess of the above set forth range is added, the
      crazing preventing effect does not increase. On the other hand, aromatic
      co-polyester possesses excellent various properties as described before,
      but the addition of poly(ethylene terephthalate) in a large amount invites
      a reduction in the various properties. For example, inflammability is one
      of the important characteristics of the aromatic copolyester, but the
      addition of poly(ethylene terephthalate) in an increased amount remarkably
      reduces this characteristic.
PAR  Where the amount of poly(ethylene terephthalate) added is not more than 4
      weight % as in the present invention, the inflammability which is
      inherently present in the aromatic co-polyester is substantially not
      affected. However, exceeding this amount remarkably reduces the
      inflammability which is an inherent property of the aromatic co-polyester.
PAR  As a measurement for the crazing preventing effect, the tensile impact
      maintenace ratio and the recovery ratio after bending of aromatic
      co-polyester molded product after crazing treatment (immersion in water at
      80.degree.C for 5 days) are used, and the tensile strength maintenance
      ratio, recovery ratio after bending and inflammability resulting from the
      addition of poly(ethylene terephthalate) are shown in Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Properties of Various Aromatic Co-polyester/Poly                          
     (ethylene terephthalate) Systems                                          
     Composition                                                               
     (aromatic co-polyester/poly(ethylene terephthalate)                       
     __________________________________________________________________________
     Evaluation   100/0 99.9/0.1                                               
                                99/1  98/2  97/3  96/4  95/5  90/10            
     __________________________________________________________________________
     Tensile Impact.sup.(1)                                                    
     Strength Maintenance                                                      
     Ratio (%)    15    75      80    87    90    93    90    90               
     Recovery Ratio.sup.(2)                                                    
     After Bending (%)                                                         
                  Broken                                                       
                        98      98    98    99    99    97    97               
     Inflammability.sup.(3) :                                                  
     1/4"         Corrs.to                                                     
                        Corrs.to                                               
                                Corrs.to                                       
                                      Corrs.to                                 
                                            Corrs.to                           
                                                  Corrs.to                     
                                                        Corrs.to               
                                                              Corrs.to         
                  94V-O 94V-O   94V-O 94V-O 94V-O 94V-O 94V-I 94V-II           
     1/8"         Corrs.to                                                     
                        Corrs.to                                               
                                Corrs.to                                       
                                      Corrs.to                                 
                                            Corrs.to                           
                                                  Corrs.to                     
                                                        Corrs.to               
                                                              Corrs.to         
                  94V-O 94V-O   94V-O 94V-O 94V-O 94V-O 94V-II                 
                                                              94 HB            
     1/16"        Corrs.to                                                     
                        Corrs.to                                               
                                Corrs.to                                       
                                      Corrs.to                                 
                                            Corrs.to                           
                                                  Corrs.to                     
                                                        Corrs.to               
                                                              Corrs.to         
                  94V-I 94V-I   94V-I 94V-I 94V-I 94V-I 94V-II                 
                                                              94               
     __________________________________________________________________________
                                                              HB               
                              Tensile Impact Strength after Crazing Treatment  
     .sup.(1) Tensile Impact Strength Maintenance Ratio (%) =                  
                                                      .times. 100              
                              Tensile Impact Strength before Crazing Treatment 
     Tensile Impact Strength : ASTM D-1822-68 Type S                           
     .sup.(2) Test conditions: .gamma. = 0.08, 10 times bending, after 24      
     hrs.                                                                      
     Test piece is according to ASTM D-790-66                                  
     130.sup.L .times. 13.sup.W .times. 6.4.sup.T(mm)                          
     .sup.(3) According to Underwriters Laboratory, Subject E-764              
PAR  One of the reasons that aromatic co-polyester is being watched with keenest
      interest in various field is the inflammability property. Loss of this
      property is not desirable to. In the present invention it has now been
      found that crazing can be effectively prevented without reducing the
      inherent properties of aromatic co-polyester by limiting the amount of
      poly(ethylene terephthalate) to 0.1 to 4 weight %.
PAR  The aromatic co-polyester in Table 1 was prepared by interfacial
      polycondensation using 2,2-bis(4-hydroxyphenyl)propane and a terephthaloyl
      dichloride-isophthaloyl dichloride mixture (molar ratio of terephthaloyl
      dichloride and isophthaloyl dichloride 1/1) as follows.
PAR  120 l of an aqueous solution containing 5.51 Kg of
      2,2-bis(4-hydroxyphenyl)propane, 184.7 g of o-phenyl phenol, 2.13 kg of
      sodium hydroxide, 27.5 g of sodium hydrosulfite and 45 ml of an aqueous
      solution of trimethyl benzyl ammonium chloride [containing 0.5 weight % of
      trimethyl benzyl ammonium chloride to 2,2-bis(4-hydroxy phenyl)propane]
      was prepared and maintained at 14.degree.C. 60 l of a methylene dichloride
      solution containing 2.45 kg of terephthaloyl dichloride and 2.45 Kg. of
      isophthaloyl dichloride was prepared and also maintained at 14.degree.C.
      Both solutions were simultaneously poured into a 200 l glass-lined vessel
      equipped with a stirrer over a 60 second period. The mixture was stirred
      and the temperature maintained at 20.degree.C. After 2 hours of reaction,
      the methylene dichloride phase was separated by centrifugal separation.
      The resulting methylene dichloride solution was washed three times by
      vigorously stirring it with an equal volume of water, and the solution was
      then filtered. The aromatic co-polyester was separated by evaporation of
      the methylene dichloride from the solution using a kneader at about
      40.degree.C. The separated aromatic co-polyester was then washed with hot
      water at 80.degree.C to remove occluded methylene dichloride and dried at
      120.degree. C. The logarithmic viscosity of the aromatic co-polyester was
      0.60, determined as earlier described.
PAR  The poly(ethylene terephthalate) in Table 1, was prepared by Nippon Ester
      Co. Ltd., and the intrinsic viscosity thereof was 0.51, determined as
      earlier described.
PAR  To add poly(ethylene terephthalate) to the aromatic copolyesters of this
      invention, any well known mixing technique can be used. For example,
      grains or powders of these two components can be mixed and blended with a
      V-blender, Henschel mixer, Super mixer or Kneader, and then the mixture
      immediately molded. Alternatively, the mixture can be formed into pellets
      after melting with an extruder, a co-kneader, an intensive mixer or the
      like, and then molded. The pelletizing or molding temperature is generally
      in the range of from about 250.degree. to 350.degree.C, more preferably
      260.degree. to 320.degree.C.
PAR  Another addition method comprises adding the poly(ethylene terephthalate)
      to a solution of the aromatic co-polyester and then evaporating off the
      solvent. As the solvent, those which dissolve the aromatic co-polyester
      can be used, such as methylene dichloride, tetrachloroethane and
      chloroform. The most preferred solvent is methylene dichloride.
PAR  The most suitable method for any particular system can be chosen according
      to the composition and the desired shape and properties of the molded
      articles to be produced therefrom.
PAR  In order to improve the heat resistance, light stability, weatherability or
      oxidation resistance of the composition or articles produced according to
      this invention, agents preventing thermal degradation, antioxidants,
      ultraviolet absorbants and the like can be added thereto, if desired. For
      example, benzotriazole, aminophenyl benzotriazole, benzophenone, trialkyl
      phosphates, such as trioctyl phosphate and tributyl phosphate, trialkyl
      phosphites, such as trioctyl phosphite, and triaryl phosphites such as
      triphenyl phosphite, can be used. These materials are conveniently added
      to the aromatic co-polyester containing poly(ethylene terephthalate) of
      this invention at any time prior to molding. Known plasticizers, such as
      phthalate esters, e.g., dioctyl terephthalate and dioctyl isophthalate,
      and colorants, such as carbon black and titanium dioxide, may also be
      added if desired, in commonly used amounts as are known in this art.
PAR  The aromatic co-polyesters containing poly(ethylene terephthalate) of this
      invention can be used to form many useful articles using generally known
      molding methods such as injection molding, extrusion molding, press
      molding and the like. Typical examples of final products produced
      therefrom are films, monofilaments, injection molded materials such as
      machine parts, automobile parts, electrical parts, vessels and springs.
      The aromatic co-polyesters containing poly(ethylene terephthalate) of this
      invention find special use as engineering plastics for various uses which
      require good properties.
PAR  The invention will now be further illustrated by the following examples, in
      which all parts are by weight unless otherwise stated. This invention is
      not, however, to be construed as being limited to the examples.
PAC  EXAMPLE 1
PAR  An aromatic co-polyester was prepared by interfacial polycondensation as
      follows.
PAR  To a 200 l stainless vessel equipped with a stirrer, about 100 l of an
      aqueous alkaline solution which contained 2.04 Kg of sodium hydroxide,
      5.51 Kg of 2,2-bis(4-hydroxy phenyl)propane, 27.5 g of sodium hydrosulfite
      and 45  ml of an aqueous solution of trimethyl benzyl ammonium chloride,
      which contained 0.5 weight % of trimethyl benzyl ammonium chloride to
      2,2-bis(4-hydroxy phenyl)propane, were added, and the system dissolved
      while stirring and bubbling nitrogen gas through the mixture. To the
      resulting solution, an aqueous solution in which 102.6 g of o-phenyl
      phenol and 47.2 g of sodium hydroxide were dissolved was added. While the
      mixed solution was maintained at 14.degree.C, the total volume of the
      solution was adjusted to 120 l by adding further water.
PAR  On the other hand, 2.45 Kg of terephthaloyl dichloride and 2.45 Kg of
      isophthaloyl dichloride were dissolved in methylene dichloride in a 150 l
      glass lined vessel equipped with a stirrer. The mixture was maintained at
      14.degree.C and the total volume of the solution was adjusted to 60 l by
      adding further methylene dichloride. The molar ratio of terephthaloyl
      dichloride and isophthaloyl dichloride was 1/1.
PAR  Both solutions were simultaneously poured into a 200 l glass-lined vessel
      equipped with a stirrer over a 60 second. The mixture was stirred
      vigorously at 20.degree.C under atmospheric pressure for 2 hours. The
      methylene dichloride phase was separated by centrifugal separation. 60 l
      of water was then added to the methylene dichloride phase, and then acetic
      acid was added and the pH of the mixture maintained at 4. After 20 minutes
      of stirring, the methylene dichloride phase separated and was washed twice
      with 60 l of water. The methylene dichloride solution, after filtration,
      was placed in a 100 l kneader and the aromatic co-polyester separated from
      the solution while kneading vigorously and evaporating off methylene
      dichloride at 40.degree. to 80.degree.C. The aromatic co-polyester
      separated was washed with hot water at 80.degree.C for 30 minutes to
      remove occluded methylene dichloride, and then dried at 120.degree.C. The
      logarithmic viscosity of the aromatic co-polyester was 0.65.
PAR  97 parts of this aromatic co-polyester and 3 parts of poly(ethylene
      terephthalate) powder (made by Nippon Ester Co. Ltd., [.eta.] = 0.64) were
      mixed for 2 hours with a V-blender.
PAR  The resulting mixed powder was then dried to a water content below 0.02
      weight % at 120.degree.C, and extruded using an extruder (40 m/m.phi., L/D
      = 18) at 300.degree.C and pelletized.
PAR  ASTM test pieces (see Table 2) were injection molded from the pellets
      prepared as above. The molding temperature was 300.degree.C, the injection
      pressure was 1230 Kg/cm.sup.2 and the mold temperature was 100.degree.C.
      The molded product had clear surfaces and were transparent.
PAR  For comparison, an aromatic co-polyester free of poly (ethylene
      terephthalate) was injection molded into the same type test pieces. The
      molding temperature was 320.degree.C, the injection pressure was 1300
      Kg/cm.sup.2 and the mold temperature was 120.degree.C.
PAR  After leaving all test pieces at 80.degree.C, 95% relative humidity for 20
      days, i.e. crazing treatment, serious crazing was observed in the molding
      pieces of the aromatic co-polyester free of poly(ethylene terephthalate).
      On the contrary, no crazing was observed in the test pieces containing 3
      parts of poly(ethylene terephthalate).
PAR  Several mechanical property tests were performed on these test pieces
      before and after the crazing treatment described above. (See Table 2.)
PAR  Almost all of the test pieces from the aromatic co-polyester free of
      poly(ethylene terephthalate) broke during testing or showed reduced
      machanical properties after the crazing treatment, but the test pieces
      which were prepared according to this invention kept their excellent
      properties after the crazing treatment.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Mechanical Properties of the Aromatic                                     
     Co-polyester                                                              
     Sample                                                                    
     __________________________________________________________________________
                    Example 1                                                  
                    Aromatic Co-polyester                                      
                                  Aromatic Co-poly-                            
                    Containing 3 Parts of                                      
                                  ester Free of                                
                    Polyl(ethylene tere-                                       
                                  Poly(ethylene                                
                    phthalate)    terephthalate)                               
     Evaluation     Untreated.sup.(1)                                          
                            Treated                                            
                                  Untreated.sup.(1)                            
                                          Treated                              
     __________________________________________________________________________
     Tensile Strength.sup.(2)                                                  
                    750     745   730     600                                  
     (Kg/cm.sup.2)                                                             
     Bending Strength.sup.(3)                                                  
     (Kg/cm.sup.2)  790     780   740     Broken                               
     Modulus of Bending.sup.(3)                                                
     (Kg/cm.sup.2)  19200   19100 18400   Broken                               
     Recovery Ratio after                                                      
     Bending (%)    100      99   100     Broken                               
     Impact Strength.sup.(4)                                                   
     (Kg.cm/cm)     8.9     8.8   8.7     3.6                                  
     Tensile Impact                                                            
     Strength.sup.(5) (Kg.cm/cm.sup.2)                                         
                    430     380   400      50                                  
     __________________________________________________________________________
      .sup.(1) Not subjected to crazing treatment                              
      .sup.(2) ASTM D-638-64T Type-I Thickness 3.2 mm                          
      .sup.(3) ASTM D-790-66 130.sup.L .times. 13.sup.W .times. 6.4.sup.T (mm) 
      0.05                                                                     
      .sup.(4) ASTM D-256-56 63.5.sup.L .times. 12.7.sup.W .times. 12.7.sup.T  
      (mm) Notch: 45.degree., 2.5 mm deep., 0.245 mm rad.                      
      .sup.(5) ASTM D-1822-68 Type S                                           
PAC  EXAMPLE 2
PAR  Aromatic co-polyester pellets containing poly(ethylene terephthalate) were
      prepared as in Example 1 except for using 99 parts of the aromatic
      co-polyester powder as in Example 1 and 1 part of poly(ethylene
      terephthalate) powder. From these pellets ASTM dumbbell test pieces (ASTM
      D-638-64T, Type-I, Thickness 3.2 mm) were injection molded. The molding
      temperature was 310.degree.C, the mold temperature was 110.degree.C and
      the injection pressure was 1200 Kg/cm.sup.2. A crazing treatment for the
      dumbbell test pieces was carried out as in Example 1. Crazing was not
      observed.
PAR  The mechanical properties, of the dumbbell test pieces after the crazing
      treatment, were essentially equal to those before the crazing treatment
      (See Table 3).
TBL                Table 3                                                     
     ______________________________________                                    
     Mechanical Properties of the Aromatic                                     
     Co-polyester                                                              
                Aromatic Co-polyester                                          
                Containing 1 Part of Poly (ethylene                            
                terephthalate)                                                 
     Evaluation   Untreated.sup.(1)                                            
                                Treated                                        
     ______________________________________                                    
     Tensile Strength.sup.(2)                                                  
     (Kg/cm.sup.2)                                                             
                  740               735                                        
     Bending Strength.sup.(3)                                                  
     (Kg/cm.sup.2)                                                             
                  750               730                                        
     Modulus of Bending.sup.(3)                                                
     (Kg/cm.sup.2)                                                             
                  18700             18500                                      
     Recovery Ratio after                                                      
     Bending (%)  100               100                                        
     Impact Strength.sup.(4)                                                   
     (Kg/cm/cm)   8.7               8.7                                        
     Tensile Impact.sup.(5)                                                    
     Strength (Kg.cm/cm.sup.2)                                                 
                  405               320                                        
     ______________________________________                                    
      .sup.(1) Not subjected to crazing treatment                              
      .sup.(2) ASTM D-638-64T Type-I Thickness 3.2mm                           
      .sup.(3) ASTM D-790-66 130.sup.L .times. 13.sup.W .times. 6.4.sup.T (mm) 
      .gamma.=0.05                                                             
      .sup.(4) ASTM D-256-56 63.5.sup.L .times. 12.7.sup.W .times. 12.7.sup.T  
      (mm) Notch; 45.degree., 2.5mm deep, 0.245 rad.                           
      .sup.(5) ASTM D-1822-68 Type S                                           
PAC  EXAMPLE 3
PAR  An aromatic co-polyester was prepared by interfacial polycondensation as in
      Example 1, except for using 3.43 Kg of terephthaloyl dichloride and 1.47
      Kg of isophthaloyl dichloride, the molar ratio of terephthaloyl dichloride
      and isophthaloyl dichloride being 7/3. The aromatic co-polyester had a
      logarithmic viscosity of 0.68.
PAR  The aromatic co-polyester obtained was dissolved in methylene dichloride,
      the concentration of the aromatic co-polyester being about 10 weight %. To
      this aromatic co-polyester solution 20-mesh poly(ethylene terephthalate)
      powder (made by Nippon Ester Co. Ltd., [.eta.] = 0.69) was added to
      provide a slurry. The weight ratio of the aromatic co-polyester and
      poly(ethylene terephthalate) was 96/4. With vigrous stirring, acetone of
      twice the volume of the methylene dichloride solution was added to the
      slurry and the aromatic co-polyester containing poly(ethylene
      terephthalate) was precipitated as a powder. The precipitated polymer was
      washed with hot water and dried to a water content of below 0.02 weight %.
      Using the powder, ASTM test pieces were injection molded, the molding
      temperature being 300.degree.C, the injection pressure being
      1160Kg/cm.sup.2, and the mold temperature being 110.degree.C. The
      resulting test pieces were tested by immersion in hot water at 80.degree.C
      for 5 days. Crazing was not observed. Several properties of the test
      pieces either before or after the crazing treatment described above are
      given in Table 3, as compared to samples free of poly (ethylene
      terephthalate). Further, no deterioration of the inflammability of the
      aromatic co-polyester by the addition of poly(ethylene terephthalate) was
      observed at all.
TBL                Table 4                                                     
     ______________________________________                                    
     Properties of the Aromatic Co-polyester                                   
               Sample                                                          
                  Example 3 Aromatic Co-poly-                                  
               Aromatic Co-polyester                                           
                            ester (same as                                     
               Containing 4 Parts                                              
                            Example 3 but free                                 
               of Poly(ethylene                                                
                            of poly(ethylene                                   
               terephthalate)                                                  
                            terephthalate))                                    
     Evaluation  Untreated.sup.1                                               
                           Treated  Untreated.sup.1                            
                                            Treated                            
     ______________________________________                                    
     Tensile Strength.sup.2                                                    
     (Kg/cm.sup.2)                                                             
                 745       739      750     600                                
     Bending Strength.sup.3                                                    
     (Kg/cm.sup.2)                                                             
                 780       775      750     Broken                             
     Modulus of Bending.sup.3                                                  
     (Kg/cm.sup.2)                                                             
                 19400     19200    19300   Broken                             
     Recovery Ratio                                                            
     after Bending (%)                                                         
                 100       98       100     Broken                             
     Impact Strength.sup.4                                                     
     (Kg.cm/cm)  8.9       8.7      8.7     5.0                                
     Retention of Impact                                                       
     Strength (%)                                                              
                 --        98       --      58                                 
     Tensile Impact                                                            
     Strength.sup.5 (Kg.cm/cm.sup.2)                                           
                 435       395      430     45                                 
     Retention of Tensile                                                      
     Impact Strength (%)                                                       
                 --        91       --      10                                 
     Inflammability.sup.6                                                      
     1/4 "        Corrs. to     Corrs. to                                      
                  94 V-O        94 V-O                                         
     1/8 "        Corrs. to     Corrs. to                                      
                  94 V-O        94 V-O                                         
     1/16 "       Corrs. to     Corrs. to                                      
                  94 V-1        94 V-1                                         
     ______________________________________                                    
      .sup.1 Not subjected to crazing treatment                                
      .sup.2 ASTM D-638-64T Type-I Thickness 3.2 mm                            
      .sup. 3 ASTM D-790-66 130.sup.L .times. 13.sup.W .times. 6.4.sup.T (mm)  
      .gamma. = 0.05                                                           
      .sup.4 ASTM D-256-56 63.5.sup.L .times. 12.7.sup.W .times. 12.7.sup.T (mm
       Notch 45.degree., 2.5 mm deep, 0.245 mm rad.                            
      .sup.5 ASTM D-1822-68 Type S                                             
      .sup.6 According to Under Writers Laboratory, Subject e-764              
PAC  EXAMPLE 4
PAR  An aromatic co-polyester was prepared by interfacial polycondensation as
      described in Example 1, except for using 1.47 Kg of terephthaloyl
      dichloride and 3.43 Kg of isophthaloyl dichloride, the molar ratio of
      terephthaloyl dichloride and isophthaloyl dichloride being 3/7. The
      aromatic co-polyester obtained had a logarithmic viscosity of 0.70.
      Injection molded ASTM test pieces were prepared as described in Example 3
      using 3 parts of poly(ethylene terephthalate). They did not craze after
      being subjected to the crazing treatment as described in Example 3.
PAR  Several properties of the test pieces either before or after the crazing
      treatment described above are given in Table 5.
PAR  An aromatic co-polyester where poly(ethylene terephthalate) is added
      thereto retains the same properties after the treatment as those before
      the treatment. Further, no deterioration in inflammability by the addition
      of poly(ethylene terephthalate) was observed.
TBL                Table 5                                                     
     ______________________________________                                    
     Several Properties of the Aromatic Co-polyester                           
               Sample                                                          
                  Example 4 Aromatic Co-                                       
               Aromatic Co-polyester                                           
                            polyester (same as                                 
               Containing 3 Parts                                              
                            Example 4, but free                                
               of Poly(ethylene tere-                                          
                            of poly(ethylene                                   
               phthalate)   terephthalate)                                     
     Evaluation  Untreated.sup.1                                               
                           Treated  Untreated.sup.1                            
                                            Treated                            
     ______________________________________                                    
     Tensile Strength.sup.2                                                    
     (Kg/cm.sup.2)                                                             
                 725       710      730     570                                
     Bending Strength.sup.3                                                    
     (Kg/cm.sup.2)                                                             
                 760       755      725     broken                             
     Modulus of Bending.sup.3                                                  
     (Kg/cm.sup.2)                                                             
                 19400     19200    19300   broken                             
     Recovery Ratio after                                                      
     Bending (%) 100       99       100     broken                             
     Impact Strength.sup.4                                                     
     (Kg.cm/cm)  8.6       8.5      8.5     4.0                                
     Tensile Impact.sup.5                                                      
     Strength (Kg.cm/cm.sup.2)                                                 
                 420       390      410     30                                 
     Inflammability.sup.6                                                      
     1/4 "       Corrs. to      Corrs. to                                      
                 94 V-O         94 V-O                                         
     1/8 "       Corrs. to      Corrs. to                                      
                 94 V-O         94 V-O                                         
     1/16 "      Corrs. to      Corrs. to                                      
                 94 V-1         94 V-1                                         
     ______________________________________                                    
      .sup.1 Not subjected to crazing treatment                                
      .sup.2 ASTM D-638-64T Type-I Thickness 3.2 mm                            
      .sup.3 ASTM D-790-66 130.sup.L .times. 13.sup.W .times. 6.4.sup.T (mm)   
      .gamma.  =0.05                                                           
      .sup.4 ASTM D-256-56 63.5.sup.L .times. 12.7.sup.W .times. 12.7.sup.T (mm
       Notch 45.degree., 2.5 mm deep, 0.245 mm rad.                            
      .sup.5 ASTM D-1822-68 Type S                                             
      .sup.6 According to Under Writers Laboratory, Subject E-764              
PAC  EXAMPLES 5-6
PAR  Aromatic co-polyester powder was prepared by melt polymerization from
      2,2-bis(4-hydroxy phenyl)propane and a diphenyl terephthalate-diphenyl
      isophthalate mixture.
PAR  9.54 Kg of diphenyl terephthalate, 6.36 Kg of diphenyl isophthalate, the
      molar ratio of diphenyl terephthalate and diphenyl isophthalate being 6/4,
      11.4 Kg of 2,2-bis(4-hydroxy phenyl) propane and 0.2 Kg of potassium
      borohydride were placed in a 50 l stainless steel autoclave equipped with
      a stirrer and a nitrogen inlet tube. The mixture was heated to
      200.degree.C under a dry nitrogen flow at atmospheric pressure. After 1
      hour, the nitrogen flow was stopped and the pressure reduced to 10 mmHg.
      The reaction temperature was then gradually increased to 280.degree.C over
      a 30 minute period, while phenol was continuously bled off from the
      reaction vessel. 1 hour after the pressure was reduced to 0.2 mmHg the
      temperature was increased to 300.degree.C. The reaction mixture was
      maintained at these conditions for 4 hours. The reaction mixture was then
      purged with dry nitrogen and cooled to room temperature. The polymer was
      removed and crushed into a powder. The aromatic co-polyester powder
      prepared was dissolved in 200 l of methylene-dichloride and filtered, and
      then 200 l of acetone was poured into the polymer solution. The
      precipitated aromatic co-polyester was separated and washed with water,
      then dried at 120.degree.C for 20 hours.
PAR  The logarithmic viscosity of the aromatic co-polyester powder prepared was
      0.63.
PAR  The aromatic co-polyester powder and poly(ethylene terephthalate) (made by
      Nippon Ester Co. Ltd., [.eta.] = 0.64) were added to a vessel. The mixture
      was stirred at 290.degree.C, while passing dry nitrogen gas therethrough
      for 10 minutes. The resulting melt was pelletized. The ASTM test pieces
      were injection molded from these pellets as in Example 1.
PAR  The crazing treatment was conducted in the same manner as in Example 1, and
      the changes in the various properties before or after treatment are shown
      in Table 6 below. The aromatic co-polyester wherein poly(ethylene
      terephthalate) is added retains the original properties after treatment,
      but the properties of the aromatic co-polyester where no poly(ethylene
      terephthalate) was added were reduced after the treatment. Further, no
      deterioration in inflammability upon adding the poly(ethylene
      terephthalate) was observed.
TBL                                    Table 6                                 
     __________________________________________________________________________
     Several Properties and Inflammability of                                  
     the Aromatic Co-polyester Containing Poly(ethylene terephthalate)         
     and Free of Poly(ethylene terephthalate)                                  
            Composition                                                        
            (Aromatic co-poly                                                  
                       Tensile.sup.1                                           
                            Tensile-Impact.sup.2                               
                                      Bending.sup.3                            
            ester/poly(ethylene                                                
                       Strength                                                
                            Strength  Strength                                 
                                           Inflammability.sup.4                
     Example                                                                   
            terephthalate)                                                     
                       (Kg/cm.sup.2)                                           
                            (Kg.cm/cm.sup.2) .times. 10                        
                                      (Kg/cm.sup.2)                            
                                           1/4 "                               
                                                1/8 "                          
                                                     1/16 "                    
     __________________________________________________________________________
     5      98/2                                                               
            Untreated  705  42.0      768  Corrs. to                           
                                                Corrs. to                      
                                                     Corrs. to                 
            Treated    700  36.0      765  94 -V0                              
                                                94 V-0                         
                                                     94 V-1                    
     6      96/4                                                               
            Untreated  705  43.0      770  Corrs. to                           
                                                corrs. to                      
                                                     Corrs. to                 
            Treated    700  38.0      765  94-V-0                              
                                                94 V-0                         
                                                     94 V-1                    
     Aromatic                                                                  
            100/0                                                              
     co-polyester                                                              
            Untreated  710  41.5      765  Corrs. to                           
                                                Corrs. to                      
                                                     Corrs. to                 
            Treated    590  5.5       broken                                   
                                           94 V-0                              
                                                94 V-0                         
                                                     94 V-1                    
     __________________________________________________________________________
      .sup.1 ASTM D-638-64T Type I Thickness 3.2 mm                            
      .sup.2 ASTM D-1822-68 Type S                                             
      .sup.3 ASTM D-790-66 130.sup.L .times. 13.sup.W .times. 6.4.sup. T (mm)  
      .gamma.=0.05                                                             
      .sup.4 According to Underwriters Laboratory, Subject E-764               
PAC  EXAMPLE 7
PAR  An aromatic co-polyester in which the content of
      2,2-bis-(4-hydroxy-3,5-dichloro phenyl)propane was 10 mol% of the sum of
      the bisphenol units was prepared. The starting materials and amounts were
      as follows: 120 l of an aqueous alkaline solution which contained 4.97 Kg
      of 2,2-bis(4-hydroxyphenyl)propane, 0.88 Kg of
      2,2-bis(4-hydroxy-3,5-dichlorophenyl)propane, 2.09 Kg of sodium hydroxide,
      27.5 g of sodium hydrosulfite, 45 ml of trimethyl benzyl ammonium chloride
      and 102.6 g of o-phenyl phenol, and 60 l of a methylene dichloride
      solution which contained 2.45 Kg of terephthaloyl dichloride and 2.45 Kg
      of isophthaloyl dichloride. The molar ratio of
      2,2-bis(4-hydroxyphenyl)propane and 2,2-bis
      (4-hydroxy-3,5dichlorophenyl)propane was 9/1, and the molar ratio of
      terephthaloyl dichloride and isophthaloyl dichloride was 1/1.
PAR  The process for the preparation of the aromatic co-polyester was the same
      as was used in Example 1, except that the reaction time was 3 hours.
PAR  The logarithmic viscosity of the aromatic co-polyester was 0.61.
PAR  97 Parts of this aromatic co-polyester and 3 parts of poly(ethylene
      terephthalate) powder (made by Nippon Ester Co. Ltd.,[.eta.] = 0.64) were
      mixed, pelletized and injection molded as in Example 1.
PAR  Crazing was not observed after the crazing treatment as in Example 1 or in
      Example 3.
PAR  The tensile impact strength maintenance ratio of the aromatic co-polyester
      after the crazing treatment where poly(ethylene terephthalate) was added
      was 92%, and this is excellent in comparison with a ratio of 13% of where
      no poly(ethylene terephthalate) was added. Further, the inflammability
      corresponded to 94V-O in a thickness of 1/4 inch, 1/8 inch and 1/16 inch
      where either poly(ethylene terephthalate) was added or not added, and no
      deterioration in inflammability by the addition of poly(ethylene
      terephthalate) was observed.
PAC  EXAMPLE 8
PAR  An aromatic co-polyester which contained 2,2-bis(4-hydroxy-3,5-dibromo
      phenyl)propane was prepared as in Example 7, except 1.31 Kg of
      2,2-bis(4-hydroxy-3,5-dibromo phenyl)propane was used instead of 0.88 Kg
      of 2,2-bis(4-hydroxy-3,5-dichloro phenyl)propane. The molar ratio of
      2,2-bis(4-hydroxy phenyl)propane and 2,2-bis(4-hydroxy-3,5-dibromo
      phenyl)propane was 9/1, and the molar ratio of terephthaloyl dichloride
      and isophthaloyl dichloride was 1/1.
PAR  The logarithmic viscosity of the aromatic co-polyester was 0.58.
PAR  97 parts of this aromatic co-polyester and 3 parts of a poly(ethylene
      terephthalate)powder (made by Nippon Ester Co. Ltd., [.eta.] = 0.64) were
      mixed, pelletized and injection molded as in Example 1.
PAR  Crazing was not observed after the crazing treatment as in Example 1 or in
      Example 3.
PAR  The tensile impact strength maintenance ratio of the aromatic co-polyester
      was 90% where poly(ethylene terephthalate) was added, and 15% where no
      poly(ethylene terephthalate) was added. Further, the inflammability
      corresponded to 94V-O as in Example 7, and no adverse influence due to the
      addition of poly(ethylene terephthalate) was observed.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition showing reduced crazing comprising an aromatic
      co-polyester and poly(ethylene terephthalate),
PA1  a. the aromatic co-polyester being a resinous product represented by the
      formula:
      ##SPC4##
PA1   wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R'.sub.1, R'.sub.2, R'.sub.3
      and R'.sub.4, which may be the same or different, are members selected
      from the group consisting of hydrogen, chlorine, and bromine, and n is a
      positive integer which provides a resinous product;
PA1  b. the poly(ethylene terephthalate) being present in an amount of from 0.1
      to 4 weight % based on the sum of the weight of said aromatic co-polyester
      and the poly (ethylene terephthalate); and
PA1  c. the moiety
      ##SPC5##
PA1   in the above formula being terephthalic acid units and isophthalic acid
      units, which are present in said aromatic co-polyester at a molar ratio of
      about 9:1 to 1:9, respectively.
NUM  2.
PAR  2. The composition as claimed in claim 1, wherein the molar ratio of the
      terephthalic acid units to the isophthalic acid units is 7:3 to 3:7.
NUM  3.
PAR  3. The composition as claimed in claim 1, wherein the ratio of the
      terephthalic acid units to the isophthalic acid units is substantially
      1:1.
NUM  4.
PAR  4. The composition as claimed in claim 1, wherein the logarithmic viscosity
      (.eta.inh) of said aromatic co-polyester ranges from about 0.3 to 1.0.
NUM  5.
PAR  5. The composition as claimed in claim 4, wherein the intrinsic viscosity
      [.eta.] of said poly(ethylene terephthalate) ranges from about 0.3 to 1.3.
NUM  6.
PAR  6. The compositions as claimed in claim 1, wherein the ratio of the
      terephthalic acid units to the isophthalic acid units is substantially
      1:1, said aromatic co-polyester has a logarithmic viscosity (.eta.inh) of
      from 0.4 to 0.8 and said poly(ethylene terephthalate) has an intrinsic
      viscosity [.eta.] of from about 0.3 to 1.3.
NUM  7.
PAR  7. The composition showing reduced crazing comprising an aromatic
      co-polyester and poly(ethylene terephthalate),
PA1  a. the aromatic copolyester being a resinous product represented by the
      formula:
      ##SPC6##
PA1   wherein n is a positive integer which provides a resinous product;
PA1  b. the poly(ethylene terephthalate) being present in an amount of from 0.1
      to 4 weight % based on the sum of the weight of said aromatic co-polyester
      and the poly(ethylene terephthalate); and
PA1  c. the moiety
      ##SPC7##
PA1   in the above formula being terephthalic acid units and isophthalic acid
      units, which are present in said aromatic co-polyester at a molar ratio of
      about 9:1 to 1:9, respectively.
NUM  8.
PAR  8. The composition as claimed in claim 7, wherein the ratio of terephthalic
      acid units to the isophthalic acid units is substantially 1:1.
NUM  9.
PAR  9. The composition as claimed in claim 7, wherein said aromatic
      co-polyester has a logarithmic viscosity (.eta.inh) of from about 0.3 to
      1.0.
NUM  10.
PAR  10. The composition as claimed in claim 7, wherein said aromatic
      co-polyester has a logarithmic viscosity (.eta.inh) of from about 0.3 to
      1.0 and said poly(ethylene terephthalate) has an intrinsic viscosity
      [.eta.] of from about 0.3 to 1.3.
NUM  11.
PAR  11. The composition as claimed in claim 8, wherein said aromatic
      co-polyester has a logarithmic viscosity (.eta.inh) of from 0.4 to 0.8.
NUM  12.
PAR  12. The composition as claimed in claim 11, wherein said poly (ethylene
      terephthalate) has an intrinsic viscosity of from 0.5 to 1.1.
NUM  13.
PAR  13. A molded article produced from the composition of claim 1.
NUM  14.
PAR  14. A method for reducing crazing of a molded article of an aromatic
      co-polyester comprising a resinous product represented by the formula:
      ##SPC8##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R'.sub.1, R'.sub.2, R'.sub.3
      and R'.sub.4, which may be the same or different, are members selected
      from the group consisting of hydrogen, chlorine, and bromine, and n is a
      positive integer which provides a resinous product;
PA1  comprising blending from 0.1 to 4 weight % of poly(ethylene terephthalate)
      therewith, based on the sum of the weight of said aromatic co-polyester
      and said poly(ethylene terephthalate), prior to molding.
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ABST
PAL  New phosphates are provided which correspond to the formula
      ##EQU1##
      wherein X is phenyl or substituted phenyl, R.sub.1 and R.sub.2 each is
      bromoalkylene, D.sub.1 and D.sub.2 each is hydrogen, hydroxyl or bromine
      or D.sub.1 and D.sub.2 alone or together are linked to a second phosphate
      radical. The phosphates are useful as flameproofing agents for organic
      fiber material, especially polyester fiber, or for plastics.
BSUM
PAR  The invention provides phosphates of the formula
      ##EQU2##
      WHEREIN X.sub.o represents unsubstituted phenyl, phenyl which is
      substituted in ortho- or para-position by phenyl, monoalkylphenyl or
      dialkylphenyl with 1 to 9 carbon atoms in each alkyl moiety, or represents
      a radical of the formula
      ##SPC1##
PAL  In which Y represents oxygen, methylene or isopropylidene, n is 1 or 2 and
      Z represents hydrogen, hydroxyl or a radical of the formula
      ##EQU3##
      each of R.sub.1, R.sub.2, R'.sub.1 and R'.sub.2 represents alkylene with 2
      to 6, preferably 3, carbon atoms which is substituted by at least one
      bromine atom and optionally by chlorine or hydroxyl, each of D.sub.1 and
      D.sub.2 represents hydrogen, hydroxyl or bromine or D.sub.1 and D.sub.2
      together represent a radical of the formula
      ##EQU4##
      or at most one of the radicals D.sub.1 and D.sub.2 represents a radical of
      the formula
      ##EQU5##
      wherein X' and D'.sub.1 have the meanings assigned to X and D.sub.1, and,
      if D.sub.1 and D.sub.2 represent radicals of the formulae (1.3) or (1.4),
      Z is hydrogen or hydroxyl.
PAR  Preferred phosphates have the formula
      ##EQU6##
      wherein D.sub.1, D.sub.2, R.sub.1 and R.sub.2 have the meanings assigned
      to them and X represents phenyl, monoalkylphenyl or dialkylphenyl with 1
      to 9 carbon atoms in each alkyl moiety, or represents a radical of the
      formula (1.1).
PAR  The phosphates of the formula (1) or (2) can basicall be of four different
      types which are always built up on the same basic skeleton and which can
      be represented thus:
      ##SPC2##
PAL  Type (a), the monophosphate, is preferred. Type (b) consists of 2
      phosphates bound through the aromatic radical and the least preferred
      types (c) and (d) phosphates bound through the bromoalkyl radical R.sub.1
      or R.sub.2.
PAR  The radicals R.sub.1, R.sub.2, R'.sub.1 and R'.sub.2 in the formulae (1),
      (1.2), (1.4) and (2) can be the same or not the same.  Preferably, all
      four radicals have the same meaning. R.sub.1, R.sub.2, R'.sub.1 and
      R'.sub.2 preferably represent a bromoalkyl radical with 2 to 6, in
      particular 3, carbon atoms and 1 to 4, in particular 1 to 3, bromine
      atoms. As examples of such radicals there may be mentioned: 2-bromoethyl,
      3-bromo-n-propyl, 2,2,3,3-tetrabromo-n-propyl, 2,2,3-tribromo-n-propyl,
      2-chloro-2,3-dibromo-n-propyl or, above all, 2,3-dibromo-n-propyl. Mention
      may also be made of 2-chloro13-bromo-n-propyl,
      3-hydroxy-2-bis-(bromomethyl)-n-propyl, dibromoneopentyl or especially
      tribromoneopentyl.
PAR  Particularly interesting phosphates are those of the formula
      ##EQU7##
      wherein each of R.sub.3 and R.sub.4 represents bromoalkyl with 2 to 5
      carbon atoms and X.sub.o represents unsubstituted phenyl, phenyl
      substituted in ortho- or para-position by phenyl, monoalkylphenyl or
      dialkylphenyl with 1 to 9 carbon atoms in each alkyl moiety, or represents
      a radical of the formula (1.1), or especially phosphates of the formula
      ##EQU8##
      wherein each of R.sub.3 and R.sub.4 represent bromoalkyl with 2 to 5
      carbon atoms and X represents phenyl, monoalkylphenyl or dialkylphenyl
      with 1 to 9 carbon atoms in each alkyl moiety, or represents a radical of
      the formula (1.1).
PAR  Useful phosphates are those of one of the formulae (1), (2) or (3), wherein
      X.sub.o represents phenyl which is substituted in ortho- or para-position
      by phenyl.
PAR  Of preeminent interest are chiefly phosphates of the formula
      ##EQU9##
      wherein X.sub.o represents phenyl, alkylphenyl with 1 to 9 carbon atoms in
      the alkyl moiety, 2- or 4-diphenylyl, or represents a radical of the
      formula
      ##SPC3##
PAL  and R.sub.1, R.sub.2, R'.sub.1, R'.sub.2, Y and n have the meanings
      previously assigned to them, and, in particular, phosphates of the formula
      ##EQU10##
      wherein X.sub.1 represents phenyl, alkylphenyl with 1 to 9 carbon atoms in
      the alkyl moiety, 4-diphenylyl, or represents a radical of the formula
      (5.1) and R.sub.1, R.sub.2, R'.sub.1, R'.sub.2, Y and n have the meanings
      previously assigned to them.
PAR  Particularly suitable phosphates are those of the formula
      ##EQU11##
      wherein A represents hydrogen or alkyl with 1 to 9 carbon atoms and
      R.sub.1 has the meaning previously assigned to it.
PAR  Phosphates which have proved to be particularly useful are those of the
      formula
      ##EQU12##
      or especially those of the formula
      ##EQU13##
      wherein R.sub.3 represents dibromopropyl and A.sub.1 represents hydrogen
      or methyl.
PAR  Other interesting phosphates are those of the following formulae:
      ##EQU14##
      Of these, the most preferred phosphates are those of the formulae (10.1)
      and, above all, (10.2) to (10.7).
PAR  The phosphates of the formula (1) are manufactured by methods which are
      known per se and the process consists in esterifying a phosphoric acid
      dihalide of the formula
      ##EQU15##
      wherein each of the symbols Q.sub.1 and Q.sub.2 represents chlorine or
      bromine and X.sub.o has the meaning previously assigned to it, with at
      least one brominated alkanol of the formula
EQU  R.sub.1 - OH                                               (12)
PAL  wherein R.sub.1 has the meaning previously assigned to it, or with an
      alkenol with 2 to 6 carbon atoms, in which latter case, if hydrogen halide
      has been added during the esterification, bromine is added to the double
      bond after hydrogen chloride has been split off.
PAR  The manufacture of the phosphates of the formula (2) proceeds in analogous
      manner by esterifying a phosphoric acid dihalide of the formula
      ##EQU16##
      wherein Q.sub.1, Q.sub.2 and X have the meanings previously assigned to
      them, with at least one brominated alkanol of the formula (12), or with an
      alkenol with 1 to 6 carbon atoms, in which latter case, after any hydrogen
      chloride which may have been added to the double bond during the
      esterification has been split off, the double bond is further reacted with
      bromine.
PAR  The starting products of the formula (11) or (13) are also manufactured by
      known methods by e.g. reacting 1 mole of an appropriate phenol or of an
      appropriate phenol derivative with surplus phosphoroxy halide (e.g. 6
      moles) to give the corresponding arylphosphoric acid dihalide.
      Esterification can then be effected with the appropriate brominated
      alkanol, e.g. 2,3-dibromopropanol, to yield a phosphate according to the
      invention of the formula (1). Another means consists in carrying out the
      reaction with e.g. allyl alcohol or propargyl alcohol or, above all,
      2-chloroallyl alcohol, 3-chloroallyl alcohol or 2-bromoallyl alcohol,
      splitting off any hydrogen chloride which has been added to the
      unsaturated group, and brominating the now free allyl group.
PAR  As phosphoric acid dihalides there are preferably used the corresponding
      dichlorides. Particularly suitable dichlorides are those of the formula
      ##EQU17##
      wherein X.sub.o.sbsb.1, represents unsubstituted phenyl, phenyl which is
      substituted in ortho- or para-position by phenyl, monoalkylphenyl or
      dialkylphenyl with 1 to 9 carbon atoms in each alkyl moiety, or represents
      a radical of the formula
      ##SPC4##
PAL  wherein Y and n have the meanings previously assigned to them and Z.sub.1
      represents hydrogen or hydroxyl, or especially dichlorides of the formula
      ##EQU18##
      wherein X'.sub.1 represents phenyl, monoalkyl- or dialkylphenyl with 1 to
      9 carbon atoms in each alkyl moiety, or represents a radical of the
      formula (14.1), in which Y, Z.sub.1 and n have the meanings previously
      assigned to them.
PAR  Preferred dichlorides are also, for example, those of the formula
      ##EQU19##
      wherein X.sub.o.sbsb.1 has the meaning previously assigned to it, but
      preferably represents here alkylphenyl with 1 to 9, in particular 1 to 4
      carbon atoms in the alkyl moiety, 2- or 4-diphenylyl or, above all,
      phenyl, or especially those of the formula
      ##EQU20##
      wherein X.sub.1 has the meaning previously assigned to it. Preferably,
      however, X.sub.1 represents here alkylphenyl with 1 to 9, in particular 1
      to 4, carbon atoms in the alkyl moiety or above all represents phenyl.
PAR  Ordinarily, 1 mole, optionally 1.5 moles, of alcohol is used for each
      halogen in the phosphoric acid halide.
PAR  Optionally, the esterification of the phosphoric acid chloride is carried
      out in the presence of an acid acceptor, e.g. pyridine or triethylamine.
PAR  The phosphates according to the invention are used primarily for
      flameproofing organic material, in particular organic fibre material such
      as polyester fibres.
PAR  The method of flameproofing organic material consists in applying to this
      material a preparation which contains at least one compound according to
      any one of the formulae (1) to (7), drying the material and subjected it
      to a heat treatment at 175.degree.C to 220.degree.C, preferably at
      190.degree.C to 201.degree.C. The preparations or agents which are used
      for flameproofing the material can be in the form of aqueous emulsions or
      suspensions or organic solutions.
PAR  Suitable solvents are aliphatic alcohols, ketones or esters with at most 4
      carbon atoms, also aromatic or cycloaliphatic hydrocarbons with 1 to 7, in
      particular 1 to 4, carbon atoms, e.g. methanol, ethanol, isopropanol,
      n-butanol, tert.butanol, acetone, methyl ethyl ketone, methyl isobutyl
      ketone, butyrolacetone, dioxan, tetrahydrofuran, benzene, toluene,
      chloroform, dichloroethane, trichloroethane, carbon tetrachloride,
      ethylene glycol monoethyl ether. Particularly good results are obtained
      with the aliphatic alcohols, e.g. ethanol or methanol, or with the
      chlorinated hydrocarbons, e.g. trichloroethylene.
PAR  If desired, it is also possible to apply the phosphates of the formula (1)
      as aqueous emulsions. Desirably, the procedure to be followed here is that
      the phosphate is dissolved first in an organic, water-inosluble solvent
      such as benzene or toluene and the resulting solution is then emulsified
      in water by vigorous stirring. Alternatively, it is also possible to
      emulsify the phosphate direct in a concentrated emulsifier solution and
      then to prepare an emulsion of the desired concentration by dilution with
      water.
PAR  Depending on the desired coating, the preparations for finishing the
      textiles contain 5 to 25, preferably 10 to 25 and in particular 10 to 20,
      percent by weight of the compound of the formula (1). The preparations
      which contain the compounds of the formula (1) can be applied to the
      material by conventional methods by spraying, padding, exhaustion or
      printing. Preferably the preparations are applied by the padding method.
PAR  After the phosphates of the formula (1) have been applied, the material is
      dried, preferably at temperatures below 100.degree.C, e.g. 70.degree.C to
      100.degree.C, and then subjected to a thermosol process at 175.degree.C to
      220.degree.C. This thermosol process generally lasts about 10 to 200
      seconds, preferably 20 to 100 seconds and especially 20 to 60 seconds.
PAR  The polyester fibres are preferably those derived from terephthalic acid,
      e.g. poly(ethylene glycol terephthalate) or
      poly(1,4-cyclohexylenedimethyleneterephthalate). Polyester and copolyester
      fibres which can be treated effectively with the products according to the
      invention are descrined e.g. in U.S. Pat. Nos. 2.465.319 or 2.901.466.
PAR  But besides polyester fibres it is also possibel to use other fibres, e.g.
      synthetic polyamide fibres or wool fibres or those made from regenerated
      cellulose, cellulose diacetate or triacetate; fibre blends are also
      suitable. However, synthetic fibre materials are preferred, above all
      textile. The materials can be in the form of threads, flocks, non-wovens,
      woven or knitted fabrics, the two last mentioned being preferred.
PAR  The phosphates according to the invention of the formula (1) effect on
      organic textile materials, especially those made from polyester fibres,
      permanent flameproof finishes which hace the added advantage that the
      handle of the finished materials does not have an oily feel as can happen
      when known agents are used. The flameproofing effects are also retained
      after several washes or dry cleanings.
PAR  In addition to the textile application, the phosphates according to the
      invention can also be used as flame retardants in other kinds of
      application, i.e. as additives to plastics, for example:
PA1  polystyrene moulding compounds
PA1  polyester systems
PA1  polyurethane foams
PA1  epoxide resin compositions
PA1  polyvinyl chloride systems
PA1  paper together with a suitable binder
PA1  varnish preparations
PA1  polyamide moulding compositions
PAR  Parts and percentages in the following Examples are by weight unless
      indicated to the contrary, and the relationship between parts by weight
      and parts by volume is the same as that of the gram to the milliliter.
PAC  MANUFACTURING DIRECTIONS
DETD
PAC  EXAMPLE 1
PAR  (bis-2,3-dibromopropyl)-phenylphosphate
PAR  A solution of 84.4 parts (0.4 mole) of phenylphosphoric acid dichloride in
      100 parts by volume of dry benzene is added dropwise over the course of 30
      minutes to an ice cold (0.degree.C to 1.degree.O) solution of 174.4 parts
      (0.8 mole) of 2,3-dibromopropyl alcohol and 63.2 parts of pyridine in 400
      parts by volume of dry benzene. The mixture is subsequently stirred for 5
      hours, in the course of which the temperature gradually rises to about
      25.degree.C. The pyridine hydrochloride which has formed is then isolated
      and the filtrate benzene phase is washed in succession with 1300 parts of
      water, then with 1300 parts of a 5% sodium carbonate solution and finally
      again with 1300 parts of water. The benzene phase is dried with anhydrous
      sodium sulphate, the benzene then removed therefrom and the residue is
      purified from unreacted starting materials by treatment in vacuo at
      120.degree.C/0.03-0.05 Torr. Yield: 192  parts (83 1/2% of theory) of a
      clear, colourless oil which corresponds to formula (9). The infrared
      spectrum shows the characteristic aromatic substance bands at 1580 and
      1480 cm.sup.-.sup.1, the P=O band at 1270 cm.sup.- .sup.1, the P-O-aryl
      band at 1190 cm.sup.-.sup.1, the P-O-alkyl band at 1030 cm.sup.-.sup.1,
      and the 5 adjacent aromatic hydrogen atoms which are in positions 2,3,4,5
      and 6 of the phenyl group at 760 cm.sup.-.sup.1. In the mass spectrum the
      parent peak can be determined for the molecular weight 574. The indicated
      structural formula is clearly evident from the degradation products. The
      gel permeation chromatogram shows that the substance is homogeneous.
PAC  EXAMPLE 2
PAR  1,4-phenylene-[bis-(2,3-dibromopropyl-phosphate)]
PAR  A suspension of 68.6 parts (0.2 mole) of 1,4-phenylenephosphoryl dichloride
      in 300 parts by volume of acetonitrile is cooled to -10.degree.C and then
      treated over the course of 5 minutes with a solution of 63.2 parts (0.8
      mole) of anhydrous pyridine in 100 parts by volume of acetonitrile. Then a
      solution of 174.4 parts (0.8 mole) of 2,3-dibromopropanol in 100 parts by
      volume of acetonitrile is added dropwise at 0.degree.C to 10.degree.C over
      the course of 30 minutes. The reaction mixture is subsequently kept for 1
      hour at 0.degree.C. The resulting clear solution is freed from
      acetonitrile in vacuo at 50.degree.C to yield 315 parts of a white, greasy
      product which is stirred in 200 parts by volume of dried toluene using a
      homogenising device and cooled to -5.degree.C. The pyridine hydrochloride
      is filtered off and washed with 50 parts by volume of dried toluene. The
      toluene phase is concentrated in vacuo at about 100.degree.C and the
      residue is freed from unreacted 2,3-dibromopropanol at 160.degree.C and 14
      Torr. Yield: 161 parts (75% of theory) of a viscous, brownish oil which
      corresponds to the formula (10.1). The infrared spectrum shows the
      characteristic aromatic substance bands at 1500 cm.sup.-.sup.1, the P=O
      band at 1280 cm.sup.-.sup.1, the P-O-aryl band at 1190 cm.sup.-.sup.1, the
      P-O-alkyl band at 1050 cm.sup.-.sup.1 and the two adjacent aromatic
      hydrogen atoms in positions 2,3 and 5,6 of the phenyl group at 840
      cm.sup.-.sup.1. The gel permeation chromatogram shows that the substance
      is homogeneous.
PAC  EXAMPLE 3
PAR  p-bisphenyl-(bis-2,3-dibromopropyl)-phosphate
PAR  A solution of 218 parts (1 mole) of 2,3-dibromopropyl alcohol in 100 parts
      by volume of dried toluene is cooled to -10.degree.C and treated over the
      course of 10 minutes with a solution of 79 parts (1 mole) of anhydrous
      pyridine in 50 parts by volume of toluene. A solution of 143.5 parts (0.5
      mole) of phosphoric acid-p-biphenyl ester dichloride in 250 parts by
      volume of toluene is then added dropwise at -10.degree.C over the course
      of 45 minutes. The reaction mixture is subsequently kept for 2 hours at a
      temperature rising from -10.degree.C to 0.degree.C. The precipitated
      phridine hydrochloride is then filtered off and washed with 50 parts by
      volume of toluene. The toluene phase is washed twice with 200 parts by
      volume of water on each occasion, then once with 200 parts by volume of a
      10% sodium carbonate solution and finally four times with 250 parts by
      volume of water on each occasion, after which the final washing is free of
      chloride. The toluene phase is finally concentrated in vacuo at about
      100.degree.C and the residue is freed from unreacted 2,3-dibromopropanol
      at 160.degree.C and 14 Torr. Yield: 224 parts (69% of theory) of a
      viscous, brownish oil which corresponds to the formula (10.2). The
      infrared spectrum shows the characteristic aromatic substance bands at
      1600, 1505 and 1480 cm.sup.-.sup.1, the P=O band at 1280 cm.sup.-.sup.1,
      the P-O-aryl band at 1210 cm.sup.-.sup.1, the P-O-alkyl at 1035
      cm.sup.-.sup.1, the two adjacent aromatic hydrogen atoms in 2,3 and 5,6
      positions of the phenylene group at 840 cm.sup.-.sup.1, and the 5 adjacent
      aromatic hydrogen atoms in positions 2,3,4,5,6 of the phenyl group at 760
      cm.sup.-.sup.1. The gel permeation chromatogram shows that the substance
      is homogeneous.
PAC  EXAMPLE 4
PAR  O-bisphenyl-(bis-2,3-dibromopropyl)-phosphate
PAR  The procedure as indicated in Example 3 is followed, except that phosphoric
      acid-o-biphenyl ester dichloride is used. Yield: 301 parts (92 1/2% of
      theory) of a viscous, whitish grey product which corresponds to the
      formula (10.3). The infrared spectrum shows the characteristic aromatic
      substance bands at 1570, 1490 and 1360 cm.sup.-.sup.1, the P=O band at
      1270 cm.sup.-.sup.1, the P-O-aryl band at 1180 cm.sup.-.sup.1, the
      P-O-alkyl band at 1030 cm.sup.-.sup.1, the 4 adjacent aromatic hydrogen
      atoms in positions 2,4,5,6 of the phenylene group at 755 cm.sup.-.sup.1,
      and the 5 adjacent aromatic hydrogen atoms in positions 2,3,4,5,6 of the
      phenyl group at 720 cm.sup.-.sup.1. The gel permation chromatogram shows
      that the substance is homogeneous.
PAC  EXAMPLE 5
PAR  p-tolyl-(bis-2,3-dibromopropyl)-phosphate
PAR  The procedure as indicated in Example 3 is followed, except that 112.5
      parts (0.5 mole) of phosphoric acid-p-tolyl ester dichloride are used.
      Yield: 267 parts (91% of theory) of a clear, yellowish, viscous oil which
      corresponds to the formula (10.4). The infrared spectrum shows the
      characteristic aromatic substance bands at 1590 and 1485 cm.sup.-.sup.1,
      the P=O band at 1280 cm.sup.-.sup.1, the P-O-aryl band at 1200
      cm.sup.-.sup.1, the P-O-alkyl band at 1035 cm.sup.-.sup.1, and the 2
      adjacent aromatic hydrogen atoms in positions 2,3 and 5,6 of the phenylene
      group at 810 cm.sup.-.sup.1. The gel permeation chromatogram shows that
      the substance is homogeneous.
PAC  EXAMPLE 6
PAR  phenyl-(bis-tribromoneopentyl)-phosphate
PAR  A solution of 325 parts of tribromoneopentyl alcohol (1 mole) in 250 parts
      by volume of dry toluene is cooled to -5.degree.C, when a portion of the
      alcohol again precipitates. The suspension is treated at 0.degree.C to
      -5.degree.C over the course of 5 minutes with a solution of 79 parts of
      anhydrous pyridine (1 mole) in 50 parts by volume of toluene and a clear
      solution forms. To this solution is added dropwise over the course of 40
      minutes a solution of 105.5 parts (0.5 mole) of phosphoric acid phenyl
      ester dichloride in 200 parts by volume of dry toluene at 0.degree.C to
      -10.degree.C. The reaction mixture is subsequently kept for 2 hours at
      about 0.degree.C. The precipitated pyridine hydrochloride is then filtered
      off and washed with 50 parts by volume of toluene. The processing of the
      toluene phase is carried out as indicated in Example 3. Yield: 270 parts
      (68 1/2% of theory) of a viscous, yellowish brown product which
      corresponds to the formula (10.5). The infrared spectrum shows the
      characteristic aromatic substance bands at 1580 and 1480 cm.sup.-.sup.1,
      the P=O band at 1275 cm.sup.-.sup.1, the P-O-aryl band at 1200
      cm.sup.-.sup.1, the P-O-alkyl band at 1020 cm.sup.-.sup.1, and the 5
      adjacent aromatic hydrogen atoms in positions 2,3,4,5,6 of the phenyl
      group at 760 cm.sup.-.sup.1. The gel permeation chromatogram indicates
      that substantially the principal substance of the formula (10.5) is
      present.
PAC  EXAMPLE 7
PAR  m-tolyl-(bis-2,3-dibromopropyl)-phosphate
PAR  A solution of 174.5 parts of 2,3-dibromopropyl alcohol (0.8 mole) in 80
      parts by volume of dry toluene is cooled to -10.degree.C and treated at
      -5.degree.C to -10.degree.C with a solution of 63.2 parts of anhydrous
      pyridine (0.8 mole) in 50 parts by volume of toluene. Then a solution of
      90 parts (0.4 mole) of phosphoric acid-m-tolyl ester dichloride in 160
      parts by volume of toluene is added at -10.degree.C to -15.degree.C over
      the course of 70 minutes. The reaction mixture is subsequently kept for 2
      hours at 0.degree.C to -5.degree.C. The precipitated pyridine
      hydrochloride is then filtered off and washed with 50 parts by volume of
      toluene. The processing of the toluene phase is carried out as indicated
      in Example 3. Yield: 168 parts (71 1/2% of theory) of a viscous,
      yellowish, clear oil which corresponds to the formula (10.6). The infrared
      spectrum shows the characteristic aromatic substance bands at 1600 and
      1580 cm.sup.-.sup.1, the P=O band at 1240 cm.sup.-.sup.1 the P-O-alkyl
      band at 1045 cm.sup.-.sup.1, the isolated aromatic hydrogen in position 2
      of the phenylene group at 870 cm.sup.-.sup.1, and the 3 adjacent aromatic
      hydrogen atoms in position 2,5,6 of the phenyl group at 780
      cm.sup.-.sup.1. The gel permeation chromatogram shows that the substance
      is homogeneous.
PAC  EXAMPLE 8
PAR  O-tolyl-(bis-2,3-dibromopropyl)-phosphate
PAR  The procedure as indicated in Example 3 is carried out, except that 112.5
      parts (0.5 mole) of phosphoric acid-o-tolyl ester dichloride are used.
      Yield: 263 parts (90% of theory) of a yellowish oil of medium viscosity
      which corresponds to the formula (10.7). The infrared spectrum shows the
      characteristic aromatic substance bands at 1580 and 1490 cm.sup.-.sup.1,
      the P=O band at 1270 cm.sup.-.sup.1, the P-O-aryl band at 1230
      cm.sup.-.sup.1, the P-O-alkyl band at 1040 cm.sup.-.sup.1, and the 4
      adjacent aromatic hydrogen atoms in positions 2,4,5,6 of the phenylene
      group at 760 cm.sup.-.sup.1. The gel permeation chromatogram shows that
      the substance is homogeneous.
PAC  EXAMPLE 9
PAR  p-nonylphenyl-(bis-2,3-dibromopropyl)-phosphate
PAR  The procedure as indicated in Example 3 is carried out, except that 168.5
      parts (0.5 mole) of phosphoric acid-p-nonylphenyl ester dichloride are
      used. Yield: 320 parts (91 1/2% of theory) of a low viscosity, colourless
      oil which corresponds to the formula (10.8). The infrared spectrum shows
      the characteristic aromatic substance bands at 1600 and 1500
      cm.sup.-.sup.1, the P=O band at 1285 cm.sup.-.sup.1, the P-O-aryl band at
      1215 cm.sup.-.sup.1, the P-O-alkyl band at 1045 cm.sup.-.sup.1, and the 2
      adjacent aromatic hydrogen atoms in positions 2,3 and 5,6 of the phenylene
      group at 840 cm.sup.-.sup.1. The gel permeation chromatogram shows that
      the substance is homogeneous.
PAC  EXAMPLE 10
PAR  propane-2,2-[bis-(2,3-dibromopropyl)-phosphate]
PAR  The procedure as indicated in Example 3 is carried out, except that 115.5
      parts (0.25 mole) of 2,2-[bis-(4-dichlorophosphoryl-phenyl)]-propane are
      used. Yield: 267 parts (90% of theory) of a viscous, opalescent oil which
      corresponds to the formula (10.9). The infrared spectrum shows the
      characteristic aromatic substance bands at 1600 and 1500 cm.sup.-.sup.1,
      the P=O band at 1285 cm.sup.-.sup.1, the P-O-aryl band at 1215
      cm.sup.-.sup.1, the P-O-alkyl band at 1045 cm.sup.-.sup.1, and the 2
      adjacent aromatic hydrogen atoms in the 2,3 and 5,6-positions of the two
      phenylene groups at 840 cm.sup.-.sup.1.
PAR  The gel permeation chromatogram shows that the substance is homogeneous.
PAC  APPLICATION EXAMPLES
PAC  EXAMPLE 11
PAR  A fabric of 100% polyester (polyethylene glycol terephthalate) weighing 150
      g/m.sup.2 is padded, dried, subjected to a thermosol treatment, washed,
      rinsed and dried in accordance with the particulars given in the following
      Table and tested for its flame resistance according to DOC FF 3-71. The
      washing is carried out over the course of 5 minutes at 40.degree.C in a
      bath which contains 2 g/l of anhydrous sodium carbonate and 1 g/l of a
      condensation product of 1 mole of p-tert. nonylphenol and 9 moles of
      ethylene oxide. The flameproofing test is performed before and after the
      thermosol treatment and after 25 and 50 machine washes. The machine washes
      are carried out in a domestic washing machine at 40.degree.C over the
      course of 45 minutes and in a liquor which contains 4 g/l of a household
      detergent. (SNV 158 861 Washing).
PAR  The results are summarised in the following Table I:
TBL                                    Table 1                                 
     __________________________________________________________________________
     Constituents                                                              
              un-  treated with liquor                                         
              treated                                                          
     Conditions    1    2    3    4                                            
     __________________________________________________________________________
     g of product of                                                           
                   100  200  100  100                                          
     formula (9) per                                                           
                   tri- tri- tri- tri-                                         
     kg of liquor  chloro-                                                     
                        chloro-                                                
                             chloro-                                           
                                  chloro-                                      
     solvent       ethylene                                                    
                        ethylene                                               
                             ethylene                                          
                                  ethylene                                     
     liquor pick-up                                                            
                   100  100  100  100                                          
     (%)                                                                       
     thermosol treat-                                                          
                   200  200  200  200                                          
     ment temperature                                                          
     in .degree.C                                                              
     thermosol treat-                                                          
                   20   20   60   60                                           
     ment time                                                                 
     deposit after 11,1 21   13   21                                           
     final wash (%)                                                            
     __________________________________________________________________________
     Flame resistance (time: sec. / tear strength: cm)                         
     __________________________________________________________________________
     before thermosol                                                          
              16/11                                                            
                   0/7.5                                                       
                        0/0.5                                                  
                             0/7.5                                             
                                  0/7                                          
     treatment                                                                 
     after thermosol                                                           
              burns                                                            
                   0/7  0/6.5                                                  
                             0/6  0/7                                          
     treatment                                                                 
     after 25 washes                                                           
              burns                                                            
                   5/7.5                                                       
                        1/7.5                                                  
                             3/8  0/8                                          
     after 50 washes                                                           
              burns                                                            
                   1/7  1/7  4/7.5                                             
                                  1/7                                          
     __________________________________________________________________________
PAL  The above flameproofing test, DOC FF 3-71 ("Children's Sleepwear Test"), is
      carried out as follows: 5 pieces of fabric, each measuring 8.9 cm .times.
      25.4 cm, are clamped into a testing frame and dried with circulating air
      for 30 minutes at 105.degree.C in a drying cabinet. The pieces of fabric
      are then conditioned in a sealed container over silica gel for 30 minutes
      and subsequently subjected to the actual flameproofing test in a
      combustion chamber. The pieces of fabric are each ignited with a methane
      gas flame for 3 seconds in the vertical position.
PAR  The test is considered as having been passed if the average charred zone is
      not more than 17.5 cm in length and no single sample exhibits a carred
      zone of over 25.4 cm in length and the individual smouldering times are
      not longer than 10 seconds.
PAC  EXAMPLE 12
PAR  The procedure as described in Example 11 is followed, except that the
      products of the formulae (10.1) to (10.7) are used. The results are
      summarised in the following Table II.
TBL                                    Table II                                
     __________________________________________________________________________
     Constituents                 un-   Treated with liquor                    
                                  trea- 1   2   3   4   5   6   7              
     Conditions                   ted                                          
     __________________________________________________________________________
     g of product of the formula (10.1) per kg of liquor                       
                                        231                                    
     g of product of the formula (10.2) per kg of liquor                       
                                            231                                
     g of product of the formula (10.3) per kg of liquor                       
                                                231                            
     g of product of the formula (10.4) per kg of liquor                       
                                                    231                        
     g of product of the formula (10.5) per kg of liquor                       
                                                        231                    
     g of product of the formula (10.6) per kg of liquor    231                
     g of product of the formula (10.7) per kg of liquor        231            
                                        eth-                                   
                                            meth-                              
                                                meth-                          
                                                    meth-                      
                                                        meth-                  
                                                            meth-              
                                                                meth-          
     solvent                            anol                                   
                                            anol                               
                                                anol                           
                                                    anol                       
                                                        anol                   
                                                            anol               
                                                                anol           
     liquor pick-up (%)                  65  65  65  65  65  65  65            
     thermosol treatment temperature .degree.C                                 
                                        200 200 200 200 200 200 200            
     thermosol treatment time in secs.   60  20  20  20  20  20  20            
     deposit after final wash (%)       11,5                                   
                                            14,3                               
                                                15,0                           
                                                    14,0                       
                                                        11,3                   
                                                            11,5               
                                                                12,6           
     __________________________________________________________________________
     Flame resistance (ignition time in secs / tear length in                  
     __________________________________________________________________________
     cm)                                                                       
     before thermosol treatment   17/9,5                                       
     after final wash             burns  9,7                                   
                                             2/7                               
                                                0/6,5                          
                                                     0/7                       
                                                        0/7,5                  
                                                            0/7,5              
                                                                0/7,5          
     after 25 washes              burns 13/7,5                                 
                                            1/5,5                              
                                                2/6 0/5,5                      
                                                        1/6 2/5,5              
                                                                2/6,5          
     after 50 washes              burns --  0/5,5                              
                                                1/6 1/6 3/5,5                  
                                                            4/6,6              
                                                                4/5,5          
     __________________________________________________________________________
PAC  EXAMPLE 13
PAR  A 12.5% solution of polyester (polyethylene glycol terephthalate) in
      hexafluoroisopropanol is treated with one of the phosphates of the
      formulae (9), (10.5), (10.8) or (10.9) and applied to a glass plate so as
      to produce a layer thickness of about 0.5 mm. A glass fibre fabric is then
      placed on this layer and gentle pressure is applied. A second portion of
      the above solution is next applied in a layer having a thickness of about
      0.5 mm to the glass fibre fabric so that a total layer thickness of 1 mm
      is obtained. The hexafluoroisopropanol is evaporated at 100.degree.C and
      20 Torr to give glass reinforced polyester cast films. The amount of the
      phosphates used in the casting solution is so measured that the films
      contain in each case 5% or 10% of the phosphates. The polyester cast films
      are tested for their flame resistance by measuring the Limiting Oxygen
      Index (LOI). Simultaneously, a polyester film which has been prepared
      without addition of phosphate is tested. The test for measuring the LOI is
      carried out in the manner described in Modern Plastics, pp. 141, 142, 146,
      148 and 192, November 1966. LOI values of 0.21 and above characterise
      materials which no longer burn after they have been ignited in air.
PAR  The results are summarised in the following Table III.
TBL                Table III                                                   
     ______________________________________                                    
     Phosphate used                                                            
                  Content of    LOI                                            
     corresponding to                                                          
                  phosphate                                                    
     the formula  in the film (%)                                              
     ______________________________________                                    
     (9)          5             0.228                                          
     (9)          10            0.251                                          
     (10.5)       5             0.218                                          
     (10.5)       10            0.244                                          
     (10.8)       5             0.215                                          
     (10.8)       10            0.240                                          
     (10.9)       5             0.223                                          
     (10.9)       10            0.239                                          
     ______________________________________                                    
     without phosphate                                                         
                  0             0.191                                          
     ______________________________________                                    
PAL  The LOI values of Table III show that the test samples made with the
      addition of a phosphate according to the invention are unable to bunr in
      the air after they have been ignited in contrast to test samples which are
      made without addition of a phosphate.
PAC  EXAMPLE 14
PAR  A polyurethane soft foam is prepared by mixing the following materials:
PAR  100 g of a polyhydroxyl compound of a polyether suitable for polyurethane
      soft foam formation and having a molecular weight of about 3000
      (manufactured from trimethylol propane and propylene oxide),
PAR  1 g of siloxane-oxyalkylene copolymer,
PAR  0.32 g of tin(II)-octoate (catalyst),
PAR  3,5 g of water,
PAR  48.2 g of toluylene diisocyanate (80:20 mixture of 2,4/2,6 -isomers),
PAR  6 g of the phosphate according to formula (10.8).
PAR  The resulting polyurethane soft foam is tested for its flame resistance
      according to ASTM D 1692 test method, the test being repeated after the
      test samples have been stored for 7 days at 140.degree.C in a dry
      atmosphere and at 90.degree.C in a humid atmosphere as well as after 5
      hours storage at 120.degree.C in an atmosphere saturated with steam.
      Simultaneously, a polyurethane soft foam specimen which was manufactured
      without addition of a phosphate is also tested.
PAR  The results are summarised in the following Table IV.
PAC  Table IV
PAC  Flame resistance of polyurethane soft foam test samples according to ASTM D
      1962 test
PAR  BZ = burned zone in cm/RC = rate of combustion in CM/min.
TBL  ______________________________________                                    
     wihtout       after 7   after 7   after sto-                              
     storage       days sto- days sto- rage at                                 
                   rage at   rage at   120.degree.C                            
                   140.degree.C                                                
                             90.degree.C                                       
                                       (saturated                              
                   (dry)     (humid)   steam) in                               
                                       hours                                   
     ______________________________________                                    
     test sam-                                                                 
     ples with                                                                 
     phosphate                                                                 
             7.5/9.3   5.0/12.8  9.5/10.7                                      
                                         8.5/10.3                              
     added                                                                     
     BZ/RC                                                                     
     ______________________________________                                    
     test sam-                                                                 
             burned    burned    burned  burned                                
     ples with-                                                                
             through/  through/  through/                                      
                                         through/                              
     out phos-                                                                 
             27        19        17      18                                    
     phates                                                                    
     ______________________________________                                    
PAC  ASTM D 1692 Test
PAL  One each of the test samples measuring 150 mm .times. 50 mm .times. 13 mm
      is fixed with the 50 mm .times. 13 mm edge in the horizontal position.
      Markings are made at 24 mm and 100 mm. The sample is ignited at its bottom
      end with a dovetail burner.
PAR  The ignition time is 60 seconds. If the burned zone is not longer than 25
      mm, the foam is termed non-inflammable.  If the sample burned over the 25
      mm mark and the burned zone is smaller than 125 mm, the foam is termed
      selfextinguishing. The length of the burned zone is indicated in
      centrimetres.
PAR  If the sample burns over the 125 mm mark, the foam is termed inflammable
      and the rate of combustion is indicated.
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PAL  An improvement is disclosed in a process for preparing a polyphosphonate
      which comprises polycondensing an aromatic diol having the formula (I) -
      (IV)
      ##SPC1##
PAL  wherein Z represents chlorine or bromine atom or a lower alkyl group and m
      represents 0 or an integer of from 1 to 4 and n represents 0 or an integer
      of from 1 to 3; Y represents an alkylene group, cycloalkylene group,
      sulfonyl group, carbonyl group or oxygen atom; with a dihalide or
      arylphosphonic or thiophosphonic acid having the formula (V)
      ##SPC2##
PAL  wherein A represents oxygen or sulfur atom; X represents chlorine or
      bromine atom; Z represents chlorine or bromine atom or a lower alkyl
      group; and 1 represents 0 or an integer of from 1 to 5, wherein the
      improvement comprises maintaining a solution of the polyphosphonate at a
      temperature such that solid polyphosphonate is produced after flashing;
      and then evaporating all or a part of the solvent from the solution by
      flashing whereby a porous solid polyphosphonate is formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a process for preparing a high molecular
      weight polyphosphonate.
PAR  2. Description of the Prior Art:
PAR  The polyphosphonates are marked by their high flame retardance and thermal
      stability. In addition they are often used to impart flame retardance to
      various polymers.
PAR  Heretofore, the following processes have been used to prepare the
      polyphosphonates:
PAR  1. The arylphosphonic dihalide and the aromatic diol are charged into a
      reactor and are heated with stirring in an inert gas atmosphere while both
      the rise in temperature and decrease in pressure are controlled according
      to the progress of the dehydrohalide polycondensation reaction, whereby a
      molten polyphosphonate is given. (melt-polycondensation process).
PAR  2. The arylphosphonic dihalide and the aromatic diol and a suitable solvent
      are charged in a reactor and are heated with stirring to effect a
      dehydrogen-halide (i.e. removal of hydrogen halide) polycondensation
      reaction, whereby a polyphosphonate solution is given. (solution
      polycondensation process).
PAR  3. The arylphosphonic dihalide is dissolved in a water insoluble solvent
      and the solution is added with stirring to an alkaline aqueous solution of
      the aromatic diol to effect the polycondensation reaction. A
      polyphosphonate solution is obtained by separating the water phase.
      (interfacial polycondensation process).
PAR  In these conventional processes, the polycondensation reaction has been
      improved by using a catalyst, if desirable.
PAR  In the first process, no solvent is required and, accordingly, the process
      is simple. However, in order to perform the polycondensation reaction, it
      is necessary to raise the reaction temperature to a point higher than the
      melting point of the polyphosphonates. Moreover, the handling of the
      polyphosphonates is troublesome because the viscosity of the reaction
      system increases during the progress of the polycondensation reaction,
      reaching several hundred thousand centipoise or higher. Also, because
      hydrogenhalide is generated by the polycondensation, a serious corrosion
      problem occurs and a special corrosion resistant reactor is necessitated.
      Moreover, since the polycondensation is performed at high temperature for
      a long time, the resulting polyphosphonate can be colored by side
      reactions or contaminated by insoluble by-products, deteriorating the
      product quality.
PAR  On the other hand, in accordance with the processes (2) and (3) the
      polycondensation reaction can be performed under relatively mild
      conditions. Consequently, it is possible to employ a reactor having only a
      glass lining on its inner surface. The difficulty of selecting
      non-corrosive material for the reactor is not involved and high quality
      products having no coloring can be obtained easily. However, in these
      processes it is necessary to separate the polyphosphonate from the
      reactant solution. The ordinary practice, particularly (2), process 92),
      is to pour the solution into a large amount of non-solvent in order to
      precipitate the polyphosphonate, and follow with subsequent separation and
      drying. However, the following disadvantages are attendant to this
      technique:
PA1  1. In order to perform the precipitation smoothly a relatively large amount
      of reaction solvent, e.g., more than two times the amount of the
      polyphosphonate, is required.
PA1  2. In order to precipitate the polyphosphonate, more than several times as
      much non-solvent as solvent is required.
PA1  3. The time required for the precipitation is relatively long.
PA1  4. In order to remove the solvent from the precipitated solid, many
      washings with the non-solvent are required.
PA1  5. The precipitated solid is usually bulky.
PA1  6. The solid separated from the solution contains a large amount of the
      non-solvent and, consequently, it takes a long time to dry.
PA1  7. From the large volume of the mixture of the non-solvent and the solvent,
      each component must be separated.
PAR  The separation and recovory of the product and the solvent are quite
      complicated, whereby a large sized apparatus is required and the process
      has a low efficiency. The polyphosphonate is relatively unstable and
      easily decomposed by hydrolysis or alcoholysis. In the separation and
      recovery processes, the complicated treatment last for a long time whereby
      the hydrolysis of the polyphosphonate is made quite possible. When an
      alcohol is used as the non-solvent, alcoholysis of the polyphosphonate can
      occur instead, thereby decreasing the quality of the product, especially
      the molecular weight.
PAR  There is another process for separating and recovering the polyphosphonate
      from the solution in which the solution is heated to evaporate the
      solvent. In this process, the viscosity of the solution increases as the
      concentration rises, the heat-conductance of the mixture is low and the
      handling of the materials is quite difficult. Accordingly, it is not
      amenable to being performed on an industrial scale. Moreover, the product
      is colored and insoluble by-products are produced. The quality of the
      product also suffers because the highly viscous solution of the
      polyphosphonate is treated at high temperature for a long time.
PAR  It would be highly desirable to have a new process for separating the
      polyphosphonate which is not subject to the above disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide such a
      trouble-free process.
PAR  It is another object of this invention to effectively separate a porous
      solid polyphosphonate from a solution of polyphosphonate which is prepared
      from a dihalide of arylphosphonic acid or arylthiophosphonic acid and an
      aromatic diol.
PAR  The polyphosphonates can be prepared by polycondensation of an aromatic
      diol having the formula (I) - (IV)
      ##SPC3##
PAL  wherein Z represents a chlorine or bromine atom or a lower alkyl group
      C.sub.1 - C.sub.10, m represents 0 or an integer from 1 to 4, n represents
      0 or an integer from 1 to 3 and Y represents an alkylene C.sub.2 -
      C.sub.10 group, cycloalkylene C.sub.4 - C.sub.8 group, sulfonyl group,
      carbonyl group or oxygen atom; with a dihalide of arylphosphonic or
      thiophosphonic acid (hereinafter referred to as arylphosphonic dihalide)
      having the formula (V)
      ##SPC4##
PAL  wherein A represents an oxygen or sulfur atom; X represents a chlorine or
      bromine atom; Z represents a chlorine or bromine atom or a lower alkyl
      C.sub.1 - C.sub.10 group; and l represents 0 or an integer from 1 to 5.
PAR  These and other objects of the invention as will hereinafter be made clear
      by the discussion below, have been attained by the fundamental finding
      that when a heated solution of the polyphosphonate is discharged to a low
      pressure region, the polyphosphonate can be recovered as a porous solid by
      rapid volatilization of the solvent. One feature of the invention is a
      process for preparing a porous solid polyphosphonate which comprises
      polycondensing the aromatic diol having the formula (I) - (IV) with the
      phosphonic dihalide having the formula (V) to form a solution of the
      polyphosphonate and flashing the solution rapidly at such a temperature
      that the polyphosphonate is solidified by evaporation of whole or part of
      the solvent. The second feature of the invention is a process for
      preparing porous solid polyphosphonate which comprises polycondensing the
      aromatic diol having the formula (I) - (IV) with the phosphonic diahlide
      having the formula (V) to form a solution of the polyphosphonate and
      bringing the solution from a high pressure zone, which is maintained at a
      temperature such that the polyphosphonate is solidified by evaporation of
      whole or part of the solvent, to a zone in which the pressure is
      maintained lower than the solvent vapor pressure.
PAR  The polyphosphonate product of the invention can be prepared by using any
      solution of the polyphosphonate prepared by either the solution
      polycondensation process or the interface polycondensation process. The
      resultant solid polyphosphonate is crushed and then dried under
      atmospheric or reduced pressure if necessary.
PAR  The process of the invention is free from the above mentioned
      disadvantages. Furthermore it has the following advantages:
PA1  a. A high concentrated solution of the polyphosphonate can be used.
PA1  b. No non-solvents are required.
PA1  c. The solidification can be efficiently performed in a short time.
PA1  d. The drying is quite easy.
PAL  Overall, the process is quite simple and the apparatus quite compact.
      Accordingly, the process is very suitable for industrial use.
      Additionally, the conditions are quite mild whereby high quality product
      is obtained.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Suitable aromatic diols having the formula (I) - (IV) include hydroquinone;
      resorcinol; tetrachlorohydroquinone; 4,4'-dihydroxybiphenyl;
      bis(4-hydroxyphenyl) methane; 2,2'-bis(4-hydroxphenyl)propane;
      2,2-bis(2-hydroxyphenyl)propane;
      2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane;
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane;
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane;
      bis(4-hydroxphenyl)cyclohexane; bis(4-hydroxyphenyl)sulfone;
      bis(2-hydroxyphenyl)sulfone; 2-hydroxyphenyl 4'-hydroxy phenylsulfone;
      bis(3-methyl-4-hydroxyphenyl)sulfone;
      bis(3,5-dimethyl-4-hydroxyphenyl)sulfone;
      bis(3,5-dibromo-4-hydroxymethyl)sulfone; 4,4'-dihydroxydiphenylether;
      4,4'-dihydroxybenzophenone; 1,5-dihydroxynaphthalene;
      2,7-dihydroxynaphthalene, etc.
PAR  Suitable dihalides of arylphosphonic or thiophosphonic acid having the
      formula (V) include:
PAR  phenylphosphonic dichloride; phenylphosphonic dibromide;
      chlorophenylphosphonic dichloride; bromophenylphosphonic dichloride;
      methylphenylphosphonic dichloride; dimethylphenylphosphonic dichloride;
      phenylthiophosphonic dichloride; phenylthiophosphonic dibromide;
      chlorophenylthiophosphonic dichloride; bromophenylthiophosphonic
      dichloride; methylphenylthiophosphonic dichloride;
      dimethylphenylthiophosphonic dichloride, etc.
PAR  The nature of the polycondensation reaction of the aromatic diol having the
      formula (I) - (IV) with the arylphosphonic dihalide having the formula (V)
      is not restricted. However, it is advantageous to prepare the solution of
      the polyphosphonate by either the solution polycondensation process or the
      interface polycondensation process. In the case of the solution
      polycondensation process, the arylphosphonic dihalide and the aromatic
      diol are mixed with a suitable solvent and the mixture is heated to a
      temperature high than about 50.degree. C with stirring in order to effect
      the dehydrohalide polycondensation reaction. It is also possible to add a
      catalyst such as calcium chloride, magnesium chloride, aluminum chloride,
      tin, iron, etc., in order to perform the polycondensation reaction
      smoothly. The molar ratio of the arylphosphonic dihalide to the aromatic
      diol is preferably in the range of 1.00 : 0.90 - 1.10. The molecular
      weight of the resultant polyphosphonate can be adjusted by selecting the
      molar ratio within the range. In the interfacial polycondensation process,
      the aromatic diol is dissolved in an alkaline aqueous solution and the
      solution of the arylphosphonic dihalide or a water immiscible organic
      solvent solution of the arylphosphonic dihalide is added to the aqueous
      solution to rapidly effect the dehydrohalogenation polycondensation
      reaction in the region of the interface between the water phase and the
      organic phase. It is preferable to use a solvent for smoothly performing
      the reaction, whereby the polyphosphonate can be separated from the water
      phase in solution. In order to perform the reaction in high efficiency, it
      is customary to provide vigorous stirring at relatively low temperature in
      the presence of a catalyst consisting of a quaternary ammonium salt. The
      solvent used in the process should be inert to the components and stable
      at the reaction temperature and be able to dissolve the polyphosphonate.
PAR  It is possible to apply the process of the present invention to the
      purification or other treatment of a solution prepared by dissolving a
      solid polyphosphonate obtained by the molten polycondensation process or
      the solventless interfacial polycondensation process. In carrying out the
      process of the invention the higher the concentration of the
      polyphosphonate in the solution the lower is the amount of the solvent to
      be stripped off. Accordingly, higher concentration is preferred. The
      amount of the solvent should be less than 500 parts, preferably less than
      300 parts to 100 parts, by weight of the polyphosphonate. The solvent
      should be inert to the components and stable at the reaction temperature.
      If the boiling point of the solvent is high, the temperature of the
      solution must also be high. Consequently, the drying of the porous solid
      polyphosphonate is difficult. Accordingly, it is preferable to use a
      solvent having a boiling point lower than 200.degree.C, preferably lower
      than the melting point of the polyphosphonate. Suitable solvents include
      methylenechloride; chloroform; 1,2-dichloroethane; 1,1,2-trichloroethane;
      chlorobenzene; dichlorobenzene; chlorotoluene; tetrahydrofuran;
      dimethylformamide, etc.
PAR  In the process of the invention, the porous solid polyphosphonate is
      recovered by flashing the solution of the polyphosphonate from the high
      pressure reaction zone to a low pressure zone. In the process, the
      pressure of the high pressure zone should be higher than the pressure of
      the low pressure zone but still appropriate for solidifying the
      polyphosphonate by evaporation of the solvent. The higher pressure zone
      should have a pressure higher than 1 kg/cm.sup.2 (gauge) and the lower
      pressure zone should have a pressure 1-1000 kg/cm.sup.2 (gauge) lower than
      that of the higher pressure zone. In practice, it is necessary to increase
      the temperature in the high pressure zone so as to evaporate a large
      amount of the solvent in the low pressure zone. Since the vapor pressure
      of the high pressure zone becomes higher than atmospheric pressure. On the
      other hand, in order to rapidly evaporate the solvent from the solution by
      boiling, the pressure of the low pressure zone, should be lower than the
      pressure of the high pressure zone, preferably lower than the vapor
      pressure of the solvent which depends on the temperature and the
      concentration of the solution in the high pressure zone. The temperature
      of the solution in the high pressure zone can be higher or lower than the
      melting point of the polyphosphonate. However, a temperature range must be
      selected such that the polyphosphonate is separated as a solid after
      flashing in which all or a part of the solvent is evaporated and the
      polyphosphonate is cooled by the evaporation process. In order to
      evaporate a sufficient quantity of the solvent to solidify the
      polyphosphonate in the solution, the latter process occuring by provision
      of the latent heat of vapourization of the polyphosphonate, the solution
      in the high pressure zone should be kept at a temperature higher than a
      certain critical temperature. The proper critical temperature is dependent
      upon the type and molecular weight of the polyphosphonate, the type of
      solvent, the concentration of the solution and the pressure of the low
      pressure zone. The temperature of the solution required for solidifying
      the polyphosphonate is lower when the softening point of the
      polyphosphonate is high, the affinity of the solvent is low, the boiling
      point of the solvent is low, the concentration of the solution is high, or
      the pressure of the low pressure zone is low. In order to effectively
      perform the evaporation of the solvent and the solidification of the
      polyphosphonate, the temperature of the solution is preferably high and is
      usually higher than the boiling point of the solvent at normal pressure.
      On the other hand, if the temperature is too high, the polyphosphonate and
      the solvent are decomposed. Accordingly, it is preferable to keep the
      temperature of the solution lower than 300.degree.C.
PAR  When the amount of evaporation in the low pressure zone is not sufficient,
      porous solid polyphosphonate cannot be obtained; only a viscous liquid
      which is difficult to treat is produced. No particular method of
      discharging the solution of the polyphosphonate from the high pressure
      zone to the low pressure zone is required. It can be performed by
      discharging the solution through the solution through a slit or a nozzle
      in the form of block, fiber or film. The solution discharged to the low
      pressure zone is immediately boiled to evaporate the solvent. The solution
      becomes concentrated and forms a viscous liquid because of the decrease of
      both the amount of solvent and the temperature; further the porous solid
      is formed in bulk by the evaporation. This porous solid polyphosphonate
      can be recovered. The process is performed by flashing of the solvent,
      whereby the process is accomplished within a short time.
PAR  In the low pressure zone, in order to prevent a recondensation of the
      solvent vapor on the solidified polyphosphonate, it is preferable to pass
      an inert gas in order to decrease the partial pressure of the solvent
      vapor. For the same reason, it is preferable to maintain the low pressure
      zone at a relatively high temperature, but the temperature should be lower
      than the softening point of the polyphosphonate so as to allow formation
      of the porous solid polyphosphonate.
PAR  The porous solid polyphosphonate prepared by the invention can be recovered
      in the form of a block, fiber or film depending upon the operation. The
      product is porous and rigid and has low elasticity whereby the product can
      be easily cut or crushed to form granules or a powder. The porous solid
      polyphosphonate prepared by the process of the invention usually contains
      a small amount of the solvent. Accordingly, it is preferable to use the
      product after drying in order to decrease the content of the solvent even
      though the product can be used without drying. The drying of the porous
      solid, granules or powder can be easily performed by the conventional
      method of heating at atmospheric or reduced pressure to give a product
      containing less than 0.5% by weight of the solvent (i.e. substantially no
      solvent content).
PAR  The recovering process of the invention is very simple; it involves only
      heating the solution of the polyphosphonate and evaporating the solvent
      rapidly under reduced pressure. Continuous operation can be easily
      attained; efficiency of the apparatus is high; the process is suitable for
      a large scale industrial production; recovery of the solvent is easy and
      the quality of the polyphosphonate is high. Accordingly, the process of
      the invention has many industrial advantages and is very economical.
DETD
PAR  Having generally described the invention, a further understanding can be
      obtained by certain specific examples which are provided herein for
      purposes of illustration only and are not intended to be limiting in any
      manner.
PAC  EXAMPLE 1
PAC  A. Preparation of the polyphosphonate solution:
PAR  In a 3 l flask made of glass, 585.0 g of phenylphosphonic dichloride, 773.4
      g of bis (4-hydroxyphenyl) sulfone, 1140 g of 1,2-dichloroethane and 1.8 g
      of anhydrous magnesium chloride were charged and refluxed with stirring to
      react them. As the reaction proceeded hydrogenchloride gas was generated
      yielding a viscous solution of the polyphosphonate after 25 hours. This
      solution was charged into a 2 l autoclave made of stainless steel and was
      concentrated by evaporating the solvent yielding a solution of 100 wt.
      parts of the polyphosphonate in 70 wt. parts of 1,2-dichloroethane.
PAC  B. Separation and Recovery of the Polyphosphonate:
PAR  The apparatus for separating and recovering the polyphosphonate is a
      cylindrical flashing tower having a diameter of 100 mm and a height of 500
      mm equipped with a needle valve at the bottom of the autoclave. The
      flashing tower has openings having narrow diameter at the top and at the
      bottom and is equipped with a nitrogen gas inlet at the bottom, a nitrogen
      gas outlet at the top and a heater for heating the outer body of the
      tower. The needle valve outlet is inserted in the top part of the flashing
      tower and is arranged so as to prevent gas leakage. From the nitrogen
      inlet at the bottom part of the flashing tower, nitrogen gas heated to
      about 100.degree.C under normal pressure was continuously fed at a rate of
      50 l NTP/min. (rate of flow per minute in the standard state). The
      nitrogen gas was discharged from the outlet at the top. The flashing tower
      was heated from the outer surface so as to maintain the inner temperature
      at 100.degree.C. The pressure of the flashing tower was slightly higher
      than atmospheric pressure.
PAR  The solution of the polyphosphonate in the autoclave was heated with
      stirring to 186.degree. - 190.degree.C whereby the pressure of the
      autoclave was about 10.5 kg/cm.sup.2 (gauge). In this condition, the
      needle valve at the bottom of the autoclave was opened to continuously
      feed the solution of the polyphosphonate to the flashing tower at a rate
      of about 40 g/min. of the polyphosphonate. The solvent was rapidly
      evaporated from the solution at the outlet of the needle valve, whereby
      the white porous linear solid was continuously recovered from the bottom
      of the flashing tower. The diameter of the white porous linear solid was
      dependent upon the particular take-up speed employed. It ranged from about
      5 to about 20mm. The evaporated solvent remaining in the flashing tower
      was discharged together with nitrogen gas from the gas outlet at the top
      part of the flashing tower.
PAR  The recovered polyphosphonate linear product contained 2.5% by weight of
      1,2-dichloroethane, and had a bulk density of 0.52 g/cm.sup.3. It was
      brittle at room temperature and was easily cut and crushed. The powdered
      product was dried at 140.degree.C under a reduced pressure of 12 mm Hg for
      3 hours to yield 1190 g of the powdery white polyphosphonate containing
      less than 0.01% by weight of the solvent. The yield was 95%. The inherent
      viscosity (.eta.) of the polyphosphonate was 0.455 dl/g at 30.degree.C in
      a solvent mixture of phenol and 1,2,2-tetrachloroethane in a ratio of 3:2
      by weight.
PAC  REFERENCE
PAR  The solution of 100 wt. parts of the polyphosphonate in 70 wt. parts of
      1,2-dichloroethane prepared by the process of Example 1, was heated at
      80.degree.C and fed to the flashing tower at a rate of 30 g/min. The
      process of Example 1 was repeated except for the latter condition. The
      solvent was evaporated from the surface of the linear product to form a
      thin, foamed solid surface. However, the inner part of the linear product
      was a viscous liquid which was not solidified by cooling and could not be
      dried in a powdery form.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated except for the use of 777.2 g of bis
      (4-hydroxyphenyl) sulfone and 0.9 g of anhydrous magnesium chloride to
      prepare a solution of 100 wt. parts of the polyphosphonate in 48 wt. parts
      of 1,2-dichloroethane. In accordance with the process of Example 1, the
      resulting solution was heated at 176.degree.C whereby the pressure of the
      autoclave was about 6.9 kg/cm.sup.2 (gauge). Nitrogen gas heated to
      116.degree.C was fed into the flashing tower at a rate of 181 NTP/min. The
      solution of the polyphosphonate was flashed at a rate of 50 g/min. of the
      polyphosphonate, whereby a porous linear solid having a bulk density of
      0.42 g/cm.sup.3 and a diameter of about 20mm was recovered from the bottom
      of the flashing tower. The recovered polyphosphonate linear product
      contained 6.0% by weight of 1,2-dichloroethane. The product was cut and
      crushed and then dried at 140.degree.C under the reduced pressure of  12mm
      Hg for 3 hours to yield a powdery white polyphosphonate containing a less
      than 0.01% by weight of the solvent with an inherent viscosity (.eta.) of
      0.398 dl/g at 30.degree.C in a solvent mixture of phenol and
      1,1,2,2-tetrachloroethane in a ratio of 3:2 by weight.
PAC  EXAMPLE 3
PAR  In a 1 l glass flask, 195.0 g of phenylphosphonic dichloride, 257.8 g of
      bis (4-hydroxyphenyl) sulfone, 380 g of 1,2-dichloropropane and 0.6 g of
      anhydrous magnesium chloride were charged. The mixture was heated for 22
      hours and concentrated in the autoclave in accordance with the process of
      Example 1 yielding a solution of 100 wt. parts of the polyphosphonate in
      70 wt. parts of 1,2-dichloropropane. Then, the solution was heated at
      190.degree.C under a pressure of 7 kg/cm.sup.2 (gauge) and flashed at a
      rate of 30 g/min. in accordance with the process of Example 1. (The
      resulting porous linear product contained 3.2 wt% of 1,2-dichloropropane).
      The dried polyphosphonate had an inherent viscosity (.eta.) of 0.400 dl/g
      at 30.degree.C.
PAC  EXAMPLE 4
PAR  In a 1 l glass flask, 195.0 g of phenylphosphonic dichloride, 256.5 g of
      bis (4-hydroxyphenyl) sulfone, 568 g of 1,1,2,3-tetrachloroethane and 0.7
      g of anhydrous calcium chloride were charged and refluxed with stirring in
      order to react them for 10 hours. The solution was charged in a 1 l
      autoclave made of stainless steel and was concentrated to give a solution
      of 100 wt. parts of the polyphosphonate in 50 wt. parts of
      tetrachloroethane. The solution was heated to about 225.degree.C under a
      pressure of about 3.5 kg/cm.sup.2 (gauge) and was flushed at a rate of 20
      g/min. to the flashing tower in which nitrogen gas heated to 160.degree.C
      was fed at a rate of 301 NTP/min. The product was treated in accordance
      with the process of Example 1. (The resulting porous linear product
      contained 4.3 wt % of tetrachloroethane). The dried powdery
      polyphosphonate had an inherent viscosity (.eta.) of 0.544 dl/g at
      30.degree.C.
PAC  EXAMPLE 5
PAR  In a 31 flask, 125 g of bis (4-hydroxyphenyl) sulfone was dissolved in 1020
      ml of 0.1N NaOH and the solution was cooled to from -6.degree. to
      -1.degree.C. A solution of 98 g of phenylphosphonic dichloride in 1000 g
      of dichloromethane was added dropwise to the cooled alkaline solution over
      about 20 min. with vigorous stirring. The mixture was then stirred at
      about -5.degree.C for 40 min. and the organic phase was separated, washed
      with water, dried with calcium chloride and was concentrated by
      evaporating the solvent. It was subsequently charged to the 1 l autoclave
      and further concentrated to give a solution of 100 wt. parts of the
      polyphosphonate in 50 wt parts of dichloromethane. The solution was heated
      at 125.degree.C under a pressure of about 6.8 kg/cm.sup.2 (gauge) and was
      flushed at a rate of 120 g/min. to the flashing tower in which nitrogen
      gas heated to about 70.degree.C was fed at a rate of 201 NTP/min. in
      accordance with the process of Example 1, whereby a popcorn type solid
      having a diameter of about 5 - 20 mm was continuously obtained from the
      bottom. The product has a bulk density of 0.19 g/cm.sup.3 and contained
      4.3% by weight of dichloromethane. The product was crushed and dried at
      140.degree.C under a reduced pressure of 12mmHg for 3 hours to produce 176
      g of powdery white polyphosphonate having an inherent viscosity (.eta.) of
      0.105 dl/g at 30.degree.C. The yield was 86%. The solvent content was less
      than 0.1 wt%.
PAC  EXAMPLE 6
PAR  In each of three 1 l flasks, 1.0 mole of hydroquinone, 4,4'-hydroxybiphenyl
      or 2,2-bis(4-hydroxyphenyl) propane was charged. 195 g (1.0 mole) of
      phenylphosphonic dichloride, 380 g of 1,2-dichloroethane and 0.9 g of
      anhydrous magnesium chloride were charged into each of the three flasks.
      The mixture in each flask was refluxed with stirring for 48 hours. Each of
      the solutions was concentrated in the 1 l autoclave to produce solutions
      of 100 wt. parts of the polyphosphonate in 50 wt. parts of
      1,2-dichloroethane. Each solution was heated at about 170.degree.C under a
      pressure of 6.5 kg/cm.sup.2 (gauge) and was flushed at a rate of 20 g/min.
      of the polyphosphonate to the flashing tower in which nitrogen gas heated
      to 80.degree.C was fed at a rate of 201 NTP/min. in accordance with the
      process of Example 1, whereby a porous linear solid having a diameter of
      about 20 mm was produced in each case. Each product was cut, crushed and
      dried at 60.degree. - 80.degree.C under reduced pressure 2 mm Hg for 10
      hours yielding in each case powdery white polyphosphonate. The solvent
      content after the flashing and the inherent viscosity (.eta.) at
      30.degree.C of each product are shown in Table 1.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Experiment                                                                
             Aromatic diol  Solvent content                                    
                                          (.eta.)                              
     No.                    after flushing (%)                                 
                                          (dl/g)                               
     ______________________________________                                    
     1       Hydroquinone   4.3           0.22                                 
     2       4,4'-dihydroxy bi-                                                
                            5.7           0.17                                 
             phenyl                                                            
     3       2,2-bis(4-hydroxy-                                                
                            4.6           0.27                                 
             phenyl propane                                                    
     ______________________________________                                    
PAC  EXAMPLE 7
PAR  In a flask, 97.6 g of phenylphosphonic dichloride, 272.5 g of
      2,2-bis(4-hydroxy-3,5-dibromophenyl) propane, and 1500 g
      1,2-dichloroethane were charged and cooled to 0.degree.C in a dry nitrogen
      atmosphere 122 g of triethylamine was added dropwise with stirring to the
      solution over about 1 hour. The reaction was continued at 0.degree.C for
      1.5 hours and at 25.degree.C for 1 hour. The product was washed with water
      to remove the amine and its salt. The solution was dehydrated with
      anhydrous calcium chloride and concentrated in the autoclave to give a
      solution of 100 wt. parts of the polyphosphonate in 45 wt. parts of
      1,2-dichloroethane. The solution was flushed at the rate of 15 g/min. in
      accordance with the process of Example 6. (The resulting porous linear
      product contained 6.2 wt. % of dichloroethane). The dried polyphosphonate
      had an inherent viscosity (.eta.) of 0.140 dl/g at 30.degree.C.
PAC  EXAMPLE 8
PAR  In a flask, 105.5 g of phenylthiophosphonic dichloride, 125.1 g of bis
      (4-hydroxyphenyl) sulfone, 0.305 g of anhydrous magnesium chloride and 450
      g of tetrachloroethane were charged and the mixture was heated at
      150.degree.C with stirring for 65 hours. The solution was concentrated in
      the autoclave to give a solution of 100 wt. parts of the polyphosphonate
      in 45 wt. parts of tetrachloroethane. The solution was flashed in
      accordance with the process of Example 6. (The resulting porous linear
      product contained 8.5 wt % of tetrachloroethane). The dried
      polyphosphonate had an inherent viscosity (.eta.) of 0.16 dl/g at
      30.degree.C.
PAC  EXAMPLE 9
PAR  In a 101 flask, 1950 g of phenylphosphonic dichloride, 2588 g of
      bis(4-hydroxyphenyl) sulfone, 3800 g of 1,2-dichloroethane and 6.0 g of
      anhydrous magnesium chloride were charged and the mixture was refluxed
      with stirring for 25 hours. The solution was charged into a 10 l autoclave
      and was concentrated by evaporating about 1900 g of 1,2-dichloroethane to
      produce a solution of 100 wt. parts of the polyphosphonate in 50 wt. parts
      of the solvent. A heating pipe, having a diameter of 10 mm and a length of
      1000 mm, covered with an outer tube was connected to the bottom valve of
      the autoclave. A needle valve was connected to the other end which was
      connected to a flashing tower made of stainless steel having a diameter of
      200 mm and a length of 1600 mm. A hot nitrogen gas inlet was equipped at
      the lower part of the tower which was opened to discharge the product. A
      nitrogen gas outlet was equipped at the top part of the tower, and the
      entire tower could be heated from the outside.
PAR  The resulting solution of polyphosphonate was heated to 110.degree.C and
      pressurized nitrogen gas was charged into the autoclave to keep the inner
      pressure at about 10 kg/cm.sup.2 (gauge). A heating medium was passed
      through the outer heating jacket tube provided at the lower part of the
      autoclave in order to adjust the temperature of the solution at the lower
      end of the heating tube to 170.degree.C. The flashing tower was heated to
      100.degree.C from the outside and hot nitrogen gas at 100.degree.C was
      passed at a rate of 70 liter NTP/min. The valve provided at the bottom of
      the autoclave was opened and the needle valve provided at the lower end of
      the heating tube was gradually opened to flush the solution contained in
      the autoclave to the flashing tower. The evaporated solvent vapor was
      discharged with nitrogen gas from the upper discharge outlet of the
      flashing tower. The porous linear product having a diameter of about 20 mm
      was continuously discharged from the lower end of the flashing tower. The
      product was cut by a cutter to form a crushed white powder. The porous
      linear product contained 2.3 wt. % of the solvent. The powder was dried at
      140.degree.C under a pressure of 12 mmHg for 3 hours, yielding a
      polyphosphonate having an inherent viscosity (.eta.) of 0.397 dl/g at
      30.degree.C (With a solvent content of less than 0.1%).
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary silll in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. In a process for preparing a polyphosphonate which comprises
      polycondensing an aromatic diol having the formula (I) - (IV)
      ##SPC5##
PAL  wherein Z represents chlorine or bromine atom or a lower alkyl group and m
      represents 0 or an integer of from 1 to 4 and n represents 0 or an integer
      of from 1 to 3; Y represents an alkylene group, cycloalkylene group,
      sulfonyl group, carbonyl group, or oxygen atom; with a dihalide of
      arylphosphonic or thiophosphonic acid having the formula (V)
      ##SPC6##
PAL  wherein A represents oxygen or sulfur atom; X represents chlorine or
      bromine atom, and l represents 0 or an integer of from 1 to 5, the
      improvement which comprises the steps of
PA1  1. maintaining in a high pressure zone a solution of said polyphosphonate
      in an organic solvent at a temperature of 125.degree. - 300.degree.C;
PA1  2. discharging the solution of step (1) into a low pressure zone wherein
      all or a portion of the organic solvent is flashed and porous solid
      polyphosphonate is formed, the pressure of said low pressure zone being
      lower than the vapor pressure of said organic solvent and lower than that
      of said high pressure zone; and
PA1  3. recovering said porous solid polyphosphonate.
NUM  2.
PAR  2. The process for preparing a polyphosphonate of claim 1, wherein the
      molar ratio of the aromatic diol to the dihalide of arylphosphonic or
      thiophosphonic acid is 1.00: 0.90 - 1.10.
NUM  3.
PAR  3. The process for preparing a polyphosphonate according to claim 1,
      wherein an inert gas is fed into the lower pressure zone.
NUM  4.
PAR  4. The process for preparing a polyphosphonate of claim 1, wherein the
      solvent for the solution of the polyphosphonate contains less than 500 wt.
      parts to 100 wt. parts of the polyphosphonate.
NUM  5.
PAR  5. The process for preparing a polyphosphonate of claim 4, wherein the
      solvent is selected from the group consisting of chloroform, methylene
      chloride, 1,2-dichloroethane, 1,1,2-trichloroethane,
      1,1,2,2-tetrachloroethane, 1,2-dichloropropane, 1,2-dichlorobutane,
      chlorobenzene, dichlorobenzene, chlorotoluene, tetrahydrofuran or
      dimethylformamide.
NUM  6.
PAR  6. The process for preparing a polyphosphonate of claim 1, wherein the
      porous solid polyphosphonate is further heated to remove the remaining
      solvent.
NUM  7.
PAR  7. The process for preparing a polyphosphonate of claim 1, wherein the
      higher pressure zone has a pressure of higher than 1 kg/cm.sup.2 (gauge)
      and the lower pressure zone has a pressure 1-1000 kg/cm.sup.2 (gauge)
      lower than that of the higher pressure zone.
NUM  8.
PAR  8. The process for preparing a polyphosphonate of claim 1, wherein the
      solution of the polyphosphonate is heated to a temperature higher than the
      atmospheric boiling point of the solvent employed.
NUM  9.
PAR  9. The process for preparing a polyphosphonate of claim 1, wherein the
      solution of the polyphosphonate is heated to a temperature, such that the
      solution has enough heat to vapourize all of the solvent in the lower
      pressure zone.
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ABST
PAL  In melt spinning a crystalline plastic material such as, for example, nylon
      6, molten filaments discharged through the spinneret are drafted at a
      mathematical draft of not less than 3 and, while being so drafted in their
      molten state, are abruptly cooled to a temperature below -30.degree.C,
      whereby the microbrownian motion of the molecules in the filaments is
      frozen while the molecules in the filaments are retained in a specific
      oriented state. When the filaments in which the molecules are oriented in
      a fixed direction and hence the chains of molecules are in a readily
      stretchable state are further subjected to a stretching treatment at a
      temperature at which the microbrownian motion of molecules remains frozen,
      there are produced filaments possessed of mechanical strengths far
      exceeding those exhibited by filaments which are spun and stretched by the
      conventional method.
PARN
PAC  REFERENCE TO COPENDING APPLICATION
PAR  This is a continuation-in-part of our copending application U.S. Ser. No.
      345,339, filed Mar. 27, 1973 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to filaments of crystalline plastics possessed of
      excellent mechanical properties because of a stretching treatment and to a
      method for the manufacture of such filaments.
PAR  In producing filaments by the melt spinning of a plastic material, there
      has generally been practiced a method whereby the filaments discharged
      through the spinneret are sent through a spinning tower and taken up in
      the form of unstretched filaments and the unstretched filaments are
      subsequently subjected to a stretching treatment for conversion into
      stretched filaments. Thus, the properties exhibited by the resultant
      stretched filaments have substantially depended on the properties of the
      plastic material used as the starting material. Very seldom have these
      properties been capable of being improved by the spinning process.
PAR  U.S. Pat. No. 2,846,289 discloses a method for the manufacture of clear
      filaments with a surface gloss, which method comprises rapidly cooling
      polyamide filaments discharged through the spinneret to a temperature
      below -5.degree.C and subsequently subjecting the filaments to a
      stretching treatment at normal room temperatures. The filaments
      manufactured by this method are transparent and have a surface gloss and,
      therefore, are suitable for specific uses such as in brushes and fishing
      lines. They, nevertheless, are scarcely improved in terms of tensile
      strength.
PAR  It is a primary object of this invention to provide filaments which are
      transparent and are possessed of a glossy surface and pronouncedly
      improved mechanical strengths and a method for the manufacture of such
      filaments.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the said object, this invention causes molten filaments of a
      crystalline plastic material discharged through the spinneret to be
      drafted at a mathematical draft of not less than 3 and, while being so
      drafted, cooled rapidly, whereby the microbrownian motion of the molecules
      within the filaments is frozen while the molecules in the filaments are
      retained in a specific oriented state. The temperature at which this
      freezing is effected varies with the particular kind of crystalline
      plastic material used: It is desired to be below about -30.degree.C in the
      case of polyamide and below about -70.degree.C in the case of polyolefine
      such as polyethylene or polypropylene. Even though the filaments which
      have been vitrified as described above have an apparently unoriented,
      amorphous glassy state, they actually have their chains of molecules so
      oriented as to suit the convenience of the subsequent stretching
      treatment. When the said frozen filaments are subjected to a stretching
      treatment at a low temperature, specifically below 10.degree.C in the case
      of polyamide or below -18.degree.C in the case of polyolefine,
      (hereinafter referred to briefly as "low-temperature stretching
      treatment"), they convert themselves into clear filaments possessed of
      highly improved mechanical properties.
PAR  The other objects and characteristics of the present invention will become
      apparent from the description given in further detail herein below with
      reference to the accompanying drawing.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWING
PAR  FIG. 1 is one preferred embodiment of the apparatus for practicing the
      method of this invention.
PAR  FIG. 2 is another embodiment of the apparatus for practicing the method of
      this invention.
PAR  FIG. 3 is a graph showing differential scanning calorimetry curves (DSC
      curves) of orientable, glassy amorphous nylon-6 filaments obtained in
      accordance with the present invention at varying drafting ratios.
PAR  FIG. 4 is a graph showing DSC curves of a part of the filaments of FIG. 3,
      with the rate of temperature increase varied.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The inventors conducted a series of studies on filament spinning conditions
      with a view to obtaining stretched filaments having excellent properties.
      Consequently they have made the following discovery: When molten filaments
      discharged through the spinneret are drafted at a mathematical draft of
      not less than 3 and, while being so drafed, cooled instantaneously to a
      temperature below at least the glass transition temperature, the
      filaments, even if apparently in an unoriented, amorphous glassy state,
      have an increased free volume in the amorphous glassy polymers and the
      chains of molecules are in such a state as to be readily disentangled and
      oriented by a stretching treatment or they are oriented in a substantially
      disentangled state. When the filaments in such state are further subjected
      to a low-temperature stretching treatment while being prevented from
      rising above at least the glass transition temperature, they are readily
      stretched in their transparent state to give birth to filaments wherein
      chains of molecules assume an oriented state. The filaments thus stretched
      are found to be possessed of mechanical strengths far exceeding those
      exhibited by stretched filaments obtained by the conventional method in
      which the treatment is given at normal room temperatures.
PAR  In producing filaments by the melt spinning of a plastic material, the
      filaments discharged through the spinneret have heretofore been stretched
      at or above normal room temperatures. It has to date been accepted that at
      normal room temperatures, filaments become too brittle to withstand a
      stretching treatment or, if they can withstand a stretching treatment at
      all, the resultant filaments become too opaque to suit their intended
      uses.
PAR  Generally, a crystalline plastic material has the optimum crystallizing
      temperature zone slightly below its melting point. It has its cold
      crystallization zone slightly above its glass transition temperature.
      Crystallization of the crystalline plastic material proceeds in the two
      crystallizing temperature zones and in the intermediate temperature zone.
      In the case of a plastic material which is made fluid, the preferable
      crystallizing temperature zone generally shifts to the higher temperature
      side and what is generally referred to as "oriented crystallization" takes
      place in this zone.
PAR  During such crystallization of a plastic material, there is generally
      observed an induction period. If the molten plastic material falls past
      the crystallizing temperature zone and reaches a temperature below the
      glass transition temperature within a period sufficiently shorter than the
      said induction period, then the molecules of the plastic material are
      frozen in the same state as they existed while the plastic was still in
      the molten state. Thus, the molten plastic material assumes an amorphous,
      glassy state. If, during the melt spinning of a plastic material, molten
      filaments in a fluid state are instantaneously brought down to a
      temperature below the glass transition temperature, then there are formed
      amorphous, orientable, glassy filaments reflecting the rate of deformation
      as described above. The present invention has been accomplished on the
      basis of this principle. In the amorphous, orientable, glassy filaments
      wherein the microbrownian motion of molecules has been frozen by the
      aforementioned treatment, the molecules are maintained in a state
      convenient for the filaments' low-temperature stretching treatment. If
      these filaments are subjected further to a low-temperature stretching
      treatment while being prevented from rising above at least the glass
      transition temperature, then they are readily stretched without having
      their transparency impaired to give rise to filaments which are excellent
      in mechanical strengths.
PAR  The method of the present invention will be described in further detail
      with reference to the accompanying drawings.
PAR  FIG. 1 is one preferred embodiment of the apparatus for practicing the
      method of this invention. The spinneret 2 of a spinning machine 1 is
      disposed above one end of a freezing bath 3 covered on the outside thereof
      with a suitable heat insulating material 4. Above the other end of the
      freezing bath, there is disposed a rotary drum 5. Within the freezing
      bath, there are provided a guide roller 10 and a thread guide 11
      respectively below the nozzle 2 and the rotary drum 5. The rotary drum is
      housed in a tightly closed container 6 cooled with dry ice placed on the
      outside thereof. The lower open end of the said container is extended at
      least to such an extent as to be submerged in the medium in the freezing
      bath. Above the said container, there is provided an inlet for delivery of
      inert gas to the filament such as N.sub.2 gas. Low-temperature N.sub.2 gas
      is delivered through this inlet into the container to isolate the rotary
      drum from the ambient air. The freezing bath is placed on a support stand
      12 adapted to be moved vertically by the revolution of a handle 13. The
      vertical movement of the freezing bath permits free adjustment of the
      distance from the surface of the medium 9 held in the bath to the nozzle 2
      of the spinneret.
PAR  The molten plastic material within the spinning machine 1 is spun through
      the spinneret 2 and led into the freezing bath 3. The freezing bath
      contains a medium such as, for example, n-hexane or n-octane and is
      covered on the outside with a suitable heat insulating material. The space
      formed between the exterior surface of the freezing bath and the interior
      surface of the heat insulating material is filled with dry ice or some
      other suitable refrigerant which serves the purpose of cooling to and
      maintaining at a predetermined temperature the medium held in the freezing
      bath. The molten filaments discharged through the spinneret are
      immediately frozen on entering the freezing bath, forwarded past the guide
      roll and the thread guide and finally taken up on the rotaray drum which
      is disposed above the freezing bath, isolated from the ambient air by the
      low-temperature N.sub.2 gas and cooled with dry ice. In this illustrated
      embodiment, the rotary drum 5 is positioned above the freezing bath.
      Optionally this rotary drum may be disposed directly inside the freezing
      bath.
PAR  The plastic materials used for the present invention have only to satisfy
      the requirement that they are crystalline and are capable of being spun in
      the form of filaments. No other special limits are imposed. Examples of
      such plastic materials are various nylon homologues, various polyolefins
      such as polypropylene and polyethylene, and various polyesters.
PAR  For the present invention, the manner in which the molten filaments spun
      out of the spinneret are rapidly cooled constitutes one important factor.
      With the heat conduction left out of consideration, the molten filaments,
      if introduced into a coolant at a temperature below the glass transition
      temperature, would naturally be lowered immediately to a temperature below
      the glass transition temperature and vitrified, with the microbrownian
      motion of the molecules thereof frozen consequently. However, since
      plastic materials actually have fairly low degrees of heat conductivity,
      it inevitably takes some length of time for the filaments to be frozen to
      their core.
PAR  The temperature at which the crystalline plastic material is usually melt
      spun is 260.degree. - 300.degree.C. When the filaments at this temperature
      are introduced into the freezing bath, they are cooled inwardly from their
      surface. In order for these filaments to be rapidly cooled sufficiently to
      their core, therefore, the freezing bath must be at a temperature far
      lower than the glass transition temperature of the plastic material. In
      this respect, the temperature of the freezing bath is desired to be below
      -30.degree.C. The bath temperature which is below the glass transition
      temperature but is above -30.degree.C is not desirable, because at such
      temperature, the length of cooling time is much greater than when the
      temperature is below -30.degree.C.
PAR  If the filaments have a large diameter, the temperature of the freezing
      bath is required to be proportionally lowered. In melt spinning nylon 6 or
      nylon 66 at a draft ratio of 3.7, by the use of a spinneret with orifices
      0.5mm in diameter, for example, there is used a freezing bath which is
      kept at -75.degree.C with dry ice. Since the advantage of the medium of
      freezing bath increases with the magnitude of heat capacity thereof, the
      use of a liquid medium is preferred to that of a gaseous medium. If the
      medium is such that, when the molten filaments are plunged into the
      medium, the heat from the filaments vaporizes the medium and the vaporized
      medium covers the surface of filaments, there is a consequent degradation
      of the cooling efficiency. For this reason, the boiling point of the
      medium is desired to be as high as permissible. Desirably the medium is
      deprived of any dissolved gas entrained thereby, for such gas covers the
      surface of filaments to bring forth the same undesirable effect as
      mentioned above. Further, the medium is required to be so inert as not to
      swell or crystallize the crystalline plastic material in use. In the case
      of nylons, for example, it is possible to use paraffinic hydrocarbons such
      as n-hexane, n-octane and petroleum fractions refrigerated with dry ice to
      required temperatures. In this case, it is undesirable to have the
      freezing medium exposed to direct contact with the dry ice, because the
      carbon dioxide dissolved in the medium covers the surface of the molten
      filaments to degrade the freezing efficiency. If dry ice is used as the
      refrigerant, therefore, it is desirable to have the freezing bath
      refrigerated indirectly with dry ice placed on the outside of the bath as
      shown in FIG. 1.
PAR  For the spinning of polyolefins such as polypropylene and polyethylene,
      there can be used alcohols such as ethanol and methanol. For polyesters,
      there are used carbon tetrachloride, n-hexane, n-butyl alcohol, ethyl
      alcohol, etc. These media may be used either independently or in the form
      of a mixture.
PAR  A freezing bath is cooled to and maintained at a predetermined temperature
      by use of dry ice or some other commonly used refrigerant. As to the
      manner of cooling, the freezing bath containing a medium may be cooled
      externally by means of a refrigerant which is placed around the exterior
      surface of the freezing bath as illustrated in FIG. 1. Alternatively, if
      the refrigerant to be used is of a type which reacts with neither the
      crystalline plastic material nor the medium, it may be placed in
      conjunction with the medium within the bath to cool the medium directly.
PAR  Generally, the spun filaments come to show increasingly more improved
      stretchability and molecule-orienting property in the low-temperature
      stretching treatment to be described afterward in proportion to the
      increase in the rate of deformation of spinning.
PAR  The rate of deformation of the spinning increases with the increasing draft
      ratio or the increasing ratio of the cross-sectional area of the orifices
      in the spinneret to the cross-sectional area of the filaments after
      completion of the spinning. It is before the filaments are vitrified,
      namely from the time the molten filaments emanate from the spinneret to
      the time they enter the freezing bath that the filaments are subjected to
      drafting. The filaments are immediately frozen on entering the freezing
      bath and they substantially do not undergo stretching while in the bath.
      The draft ratio is determined by the diameter of the orifices in the
      spinneret, the amount of molten filaments discharged and the revolution
      number of the rotary drum. Practically, the effect of drafting is
      conspicuously manifested when the draft ratio is 3 or over. Little effect
      is observed, however, when the draft ratio fails to reach 3. As today's
      technical standard goes, the upper limit of the draft ratio is about 1000.
      This, however, does not necessarily imply that the draft ratio has this as
      its specific upper limit. That is, the draft ratio may be as high as
      permissible.
PAR  This rate of deformation of spinning increases with the decreasing distance
      between the spinneret and the liquid surface of the freezing bath. For
      this reason, the distance between the spinneret and the liquid surface of
      the freezing bath is desired to be not more than 20cm. In the apparatus
      illustrated in FIG. 1, the distance from the spinneret to the liquid
      surface of the freezing bath can be adjusted by means of the support base
      which is movable vertically. The desired adjustment of the said distance
      may otherwise be accomplished by adapting the spinneret to be vertically
      movable.
PAR  In the melt spinning of a crystalline plastic material, this invention
      subjects the molten filaments emanating from the spinneret to drafting at
      a draft ratio of not less than 3 and, while the molecules within the
      filaments are maintained in a molten state, cools them suddenly so as to
      freeze the microbrownian motion of molecules and terminate the
      vitrification prior to formation of a crystalline state. Thus, the
      molecules within the filaments are frozen while in a specific oriented
      state. Consequently, the frozen filaments have a suitable degree of
      flexibility even at a temperature much lower than the glass transition
      temperature and can be easily taken up on a cooled takeup drum. In the
      amorphous, orientable, glassy filaments thus obtained, the molecule chains
      are arranged in such a way that the filaments will readily be stretched at
      a temperature far lower than the glass transition point. These filaments
      tend to bring about a change in the glassy state or cause the phenomenon
      of low-temperature crystallization when they are suffered to rise to or
      past the glass transition temperature. It is therefore necessary that they
      be maintained at a temperature lower than the glass transition point at
      least until they are supplied to the subsequent steps of treatment.
PAR  The amorphous, orientable, glassy filaments obtained as described above are
      recognized to have hardly any molecular orientation in accordance with the
      results of X-ray diffraction and birefringence measurement. Yet,
      differential scanning calorimetry reveals that, in these filaments, the
      exothermic peak due to the so-called cold crystallization appears in quite
      a different pattern from that which is observed in ordinary amorphous
      masses of crystalline polymers and that the initial temperature of heat
      generation shifts to the low temperature side as if there had occurred a
      molecular orientation. In addition, the filaments are characterized by the
      fact that a double peak makes its appearance as the drafting ratio is
      increased to a certain level.
PAR  As described above, the amorphous, orientable, glassy filaments according
      to the present invention can easily be subjected to the low-temperature
      stretching treatment. In this respect, they differ from ordinary
      unstretched filaments. When unstretched filaments obtained by the
      conventional method are subjected to a low-temperature stretching
      treatment, they undergo the phenomenon of opacification to assume a state
      no longer suitable for intended uses. By contrast, the amorphous,
      orientable, glassy filaments provided by the present invention retain
      their transparency intact and have their various properties improved by
      the low-temperature stretching treatment.
PAR  In the melt spinning of a crystalline plastic material, filaments excellent
      in mechanical strengths can be manufactured by drafting at a draft ratio
      of not less than 3 the molten continuous plastic threads emanating from
      the spinneret, introducing them, while the continuous threads are still in
      the molten state and are maintained in a taut state, into the freezing
      bath at a temperature below -30.degree.C for thereby allowing the
      filaments to be vitrified completely before they have enough time for
      formation of the crystalline state, subjecting the vitrified filaments to
      a low-temperature stretching treatment and thereafter elevating them to a
      temperature above the glass transition temperature.
PAR  This stretching treatment is performed at such a low temperature that the
      amorphous, orientable, glassy filaments acquire as satisfactory a
      molecular orientation as possible without inducing any variation in the
      glassy state or undergoing crystallization during the period of stretching
      treatment.
PAR  To be more specific, the said low temperature is desirably below
      10.degree.C for polyamide, and below -18.degree.C for polyethylene or
      polypropylene in consideration of the fact that the glass transition
      temperature varies with the particular kind of plastic material in use and
      the stretching treatment entails evolution of heat.
PAR  The medium of the freezing bath used for the purpose of this stretching
      treatment may be gaseous or liquid so long as there is satisfied the
      requirement that the medium is inert to the filaments similarly to the
      freezing bath used for freezing the emanating filaments. Examples of such
      media are air, n-hexane and alcohols.
PAR  FIG. 2 illustrates an embodiment in which the aforementioned method of
      low-temperature stretching treatment is practiced by use of the apparatus
      of FIG. 1. To the tightly closed container 6 provided with a rotary drum,
      there is connected a low-temperature stretching compartment 15 via a
      passage 14. The amorphous, orientable, glassy filaments wound on the
      rotary drum 5 are unwound and forwarded through the passage 14 to the
      low-temperature stretching compartment 15 and stretched by the rolls 16
      and 16'. At the same time, a cooled inert gas from a tightly sealed
      container flows through the passage 14 into the stretching compartment 15
      to have the stretching compartment 15 cooled to and maintained at a
      predetermined temperature. The filaments which have thus been subjected to
      a stretching treatment at the low temperature are taken up on the roll 17.
      This takeup roll 17 is not required to be maintained at a low temperature.
      The orientation of molecules is improved and the breaking strength is
      enhanced in proportion as the stretching ratio increases. It is,
      therefore, advantageous that the stretching ratio be increased as much as
      possible. Generally, the stretching is made to cover 4 times in the case
      of nylon 6 and nylon 66, over 8 times in the case of polyethylene, over 7
      times in the case of polypropylene and over 4 times in the case of
      polyethylene terephthalate.
PAR  Of course the low-temperature stretching treatment may be carried out
      batchwise. For example, a fixed amount of amorphous, orientable, glassy
      filaments wound on a rotary drum may be transferred into a low-temperature
      compartment while being maintained by a suitable method at a temperature
      lower than the glass transition temperature and then subjected to a
      stretching treatment within the said low-temperature compartment.
PAR  Filaments excellent in breaking stength can be manufactured by having the
      molecules within the filaments oriented before they have reached the stage
      of crystallization and subsequently allowing the stretched filaments to
      rise above the glass transition temperature so as to undergo
      crystallization as described above. Optionally, the filaments to be
      obtained by the method of the present invention may further be stretched
      by an ordinary method.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Some preferred embodiments of this invention will be described herein
      below. These examples are not to be considered to limit the present
      invention.
PAC  EXAMPLE 1
PAR  A fiber-grade nylon 6 melted by heating to 265.degree.C was melt spun
      through a spinneret with orifices 0.5mm in diameter at an output rate of
      3.4 g/min/orifice. The molten filaments were introduced to be frozen in a
      freezing bath containing n-hexane at -75.degree.C and placed at a distance
      of 6.2cm from the spinneret and the frozen filaments were taken up on a
      rotary drum disposed in the freezing bath. Amorphous, orientable, glassy
      filaments with different drafting ratios indicated in Table 1 were
      obtained by varying the revolving speed of the drum. The filaments thus
      obtained were tested for birefringence, X-ray diffraction, differential
      scanning calorimetry, breaking strength and elongation at about
      -6.degree.C. Of the results of the measurements described above, those of
      birefringence and X-ray diffraction are shown in Table 1 below.
TBL                Table 1                                                     
     ______________________________________                                    
     Draft ratio                                                               
              Birefringence   X-ray diffraction                                
     ______________________________________                                    
                                Halo ring indicative of                        
     3.7      0.245    .times. 10.sup.-.sup.3                                  
                                amorphous, and of absence                      
                                of oriented molecular ar-                      
                                rangement                                      
     9.3      0.327    "        "                                              
     11.5     0.480    "        "                                              
     12.0     0.528    "        "                                              
     15.9     0.525    "        "                                              
     16.8     0.479    "        "                                              
     29.4     0.777    "        "                                              
     ______________________________________                                    
PAR  As is clear from the table, the filaments obtained by the procedure
      described above are indicated by the X-ray diffraction images to be
      completely amorphous and unoriented. The magnitudes of the birefringence
      are very small and they are seen to tend to increase slightly with an
      increase in the drafting ratio.
PAR  A 10-mg specimen of each run of filaments having a different draft ratio
      was tested for differential scanning calorimetry. The results obtained at
      a rate of temperature increase of 16.degree.C/min are plotted as DSC
      curves in FIG. 3. In the graph, curve "A" represents the filaments with a
      draft ratio at 3.7, curve "B" those with a draft ratio of 11.5, curve "C"
      those with a draft ratio of 15.9 and curve "D" those with a draft ratio of
      29.4 respectively. FIG. 4 shows the results of the DSC measurement
      performed with the rate of temperature increase at 2.degree.C/min. In this
      graph, curve "E" represents the filaments with a draft ratio of 3.7 and
      curve "F" those with a draft ratio of 29.4 respectively.
PAR  As is evident from these graphs, the DSC curves broadly differ depending on
      the difference of draft ratios. In the case of filaments which involve
      smaller draft ratios, the DSC curves described in the course of what is
      called glass transition are biased toward the endothermic side showing
      slight rises of curve, then form exothermic peaks for what is called cold
      crystallization and further show slight signs of exotherm immediately
      before the point where the DSC curves are biased toward the endothermic
      side representing the glass transition. In the case of filaments involving
      larger draft ratios, the temperatures at which the exotherm for cold
      crystallization starts apparently shift gradually toward the
      low-temperature side and, at the same time, the amounts of heat generation
      prior to glass transition gradually increase. Eventually, the two
      exothermic peaks come to overlap each other to give rise to a double peak
      covering a wide temperature zone. If, in this case, the temperature is
      elevated at a slow speed in the DSC measurement, there may appear a triple
      peak instead of the double peak because of possible decrease in the
      sharpness of dips in the curves. The said phenomenon that the double
      exothermic peak covering a wide temperature range appears as the initial
      temperature of exotherm for cold crystallization shifts to the
      low-temperature side is similar to that which is observed in the case of
      the cold crystallization of low crystalline polymers having oriented
      molecules.
PAR  The filaments obtained in this example were further tested for breaking
      strength and elongation at a temperature of about -6.degree.C. The results
      of the test are shown in Table 2 below, in comparison with the results
      obtained similarly with unstretched filaments of the conventional method.
TBL                                    Table 2                                 
     __________________________________________________________________________
                      Stress                                                   
                            Elonga-                                            
                                 Breaking                                      
                                      State of                                 
                 Yield                                                         
                      during                                                   
                            tion strength                                      
                                      stretched                                
            Draft                                                              
                 stress                                                        
                      neck  before                                             
                                 (kg/mm.sup.1)                                 
                                      filament                                 
            ratio                                                              
                 (kg/mm.sup.2)                                                 
                      stretching                                               
                            breaking                                           
                      (kg/mm.sup.2)                                            
                            (times)                                            
     __________________________________________________________________________
     Unstretched                      Opacified                                
     filaments of                                                              
            --   8.6  6.6   3.57 7.7  in                                       
     conventional                     stripes                                  
     method                                                                    
     __________________________________________________________________________
            1.0  5.0  4.3   4.50 8.5  trans-                                   
                                      parent                                   
            3.7  5.0  4.3   5.70 11.4 "                                        
     Frozen 9.3  4.7  4.3   5.43 11.6 "                                        
     filaments                                                                 
            11.5 5.1  4.5   5.93 12.7 "                                        
            12.0 4.7  4.2   5.37 11.2 "                                        
            15.9 4.2  4.0   5.34 10.7 "                                        
            16.8 4.4  4.0   5.15 11.0 "                                        
            29.4 4.2  4.0   4.72 10.8 "                                        
     __________________________________________________________________________
PAR  From this table, it is seen that the frozen filaments obtained by the
      present invention show conspicuously low yield stress and neck-elongation
      stress and a markedly high elongation percentage before breaking as
      compared with unstretched filaments produced by the conventional method.
      Further, the frozen filaments with draft ratios of more than 3 show
      decidedly higher elongation percentage and strength before breaking than
      those with a draft ratio of 1.
PAR  In the course of neck stretching, the conventional unstretched filaments
      are stretched while being intermittently opacified, so that the curves of
      strength and elongation described are accordingly zigzagged. The frozen
      filaments of the present invention are stretched uniformly while retaining
      their transparency. The conventional unstretched filaments break as soon
      as the neck stretching is terminated and the strength at the moment of
      this breaking is low. The frozen filaments of this invention continue to
      be stretched and at the same time gain in stress proportionally even after
      termination of the neck stretching. Also, the strength which they exhibit
      at the time of breaking is far greater than that obtained with the
      conventional unstretched filaments.
PAR  As described above, the conventional unstretched filaments are difficult of
      stretching at temperatures below the room temperature and, if stretched at
      all, produce opacified zones in stripes. Thus, they are no longer suitable
      for practical use when they are stretched at such low temperatures. The
      frozen filaments with draft ratios of more than 3 according to the present
      invention are characterized in that they are easy of stretching even at
      temperatures lower than the room temperature and retain their transparency
      unopacified in the course of stretching.
PAC  EXAMPLE 2
PAR  Of the various types of amorphous, orientable, glassy filaments obtained
      with different draft ratios in Example 1, four types were selected. The
      specimen of each type was stretched to its critical point by the use of a
      stretching apparatus maintained at about -6.degree.C. The stretched
      specimen in this state was elevated to 100.degree.C, then left to stand at
      that temperature for 10 minutes and thereafter tested for breaking
      strength and elongation under conditions of 20.degree.C of temperature and
      65% of humidity. Separately, the filament obtained with draft ratio of
      29.4 by the procedure of Example 1 was held at 22.degree.C for 3 days,
      thereafter stretched to its critical point at 50.degree.C, a temperature
      exceeding the glass transition temperature and, while fixed in that state,
      allowed to stand at 100.degree.C for 10 minutes, and then tested for
      breaking strength and elongation under conditions of 20.degree.C of
      temperature and 65% of humidity. The results are shown in Table 3. In the
      table, the "critical elongation ratio" refers to the lowest meter reading
      at which any one of a total of 10 filaments being simultaneously stretched
      was broken.
TBL                Table 3                                                     
     ______________________________________                                    
                   Critical                                                    
     Treat- Draft  stretching                                                  
                             Birefrin-                                         
                                     Breaking                                  
                                            Elongation                         
     ment   ratio  ratio     gence   strength                                  
                                            (%)                                
                   (times)   (.times.10.sup.-.sup.3)                           
                                     (kg/mm.sup.2)                             
     ______________________________________                                    
     Stretched                                                                 
     at -6.degree.C                                                            
             1.4   4.0       --      52.8   41.9                               
     and     3.7   4.5       --      66.8   56.0                               
     treated at                                                                
     100.degree.C                                                              
            11.5   4.7       54.2    67.9   41.8                               
            29.4   4.6       55.7    72.7   28.5                               
     Stretched                                                                 
     at 50.degree.C                                                            
     and    29.4   3.6       54.5    49.7   43.8                               
     treated at                                                                
     100.degree.C                                                              
     ______________________________________                                    
PAR  As is clear from this table, the filaments obtained by stretching at
      -6.degree.C the amorphous, orientable, glassy filaments spun at draft
      ratios over 3 and allowing them, in their fixed state, to stand at
      100.degree.C for 10 minutes show a higher strength than ordinary nylon
      filaments and enjoy a relatively high elongation. The filaments involving
      draft ratios below 3 and those stretched at a temperature over the glass
      transition temperature show the same degree of strength as ordinary nylon
      filaments.
PAC  EXAMPLE 3
PAR  Nylon 66 melted by heating to 280.degree.C was melt spun through a
      spinneret with orifices 0.5mm in diameter at an output rate of 1.5 to 2
      g/min/orifice. The molten filaments emanating from the spinneret were
      introduced to be frozen in a freezing bath filled with n-hexane at
      -75.degree.C and disposed at a distance of 3cm from the spinneret. They
      were taken up on a rotary drum disposed within the freezing bath at a
      distance of about 40cm from the spinneret, with the draft ratio varied as
      indicated in Table 4. By a stretching treatment given at about
      -6.degree.C, the filaments thus obtained could be stretched to more than
      five times the original length, with their transparency retained intact.
      These filaments were tested for birefringence and X-ray diffraction. The
      results are shown in Table 4. The DSC curves for these filaments are
      substantially the same as those of nylon 6 even at increased drafting
      ratios.
TBL                Table 4                                                     
     ______________________________________                                    
              Birefringence                                                    
     Draft ratio                                                               
              (.times.10.sup.-.sup.3)                                          
                             X-ray diffraction                                 
     ______________________________________                                    
                          Halo ring indicative of                              
     4.8      0.08        amorphous, and of absence of                         
                          oriented molecular arrangement                       
     6.2      0.13        "                                                    
     11.7     0.18        "                                                    
     28.0     0.66        "                                                    
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Polyethylene was melt spun through a spinneret with orifices 0.3mm in
      diameter at 278.degree.C at an output rate of 1.9 g/min/orifice. The
      molten filaments emanating from the spinneret were introduced to be frozen
      in a freezing bath using ethanol as the medium at about -100.degree.C and
      placed at a distance of 3.0cm from the spinneret and the frozen filaments
      were taken up at a draft ratio of about 10 on a rotary drum disposed
      within the freezing bath at a distance of about 40cm from the spinneret.
      The filaments thus obtained could be stretched to more than 8 times the
      original length without entailing the phenomenon of necking in ethanol at
      -80.degree.C, with the transparency retained intact.
PAC  EXAMPLE 5
PAR  Polypropylene was melt spun through a spinneret with orifices 0.5mm in
      diameter 270.degree.C at an output rate of 1.7 g/min/orifice. The molten
      filaments emanating from the spinneret were introduced into a freezing
      bath of ethanol kept at about - 90.degree.C. The surface of the freezing
      bath was at a distance of about 3cm from the spinneret. On a rotary drum
      disposed within the freezing bath, the filaments were taken up at a draft
      ratio of about 12. The filaments thus obtained could be stretched to more
      than 7 times the original length in ethanol at -50.degree.C.
PAC  EXAMPLE 6
PAR  High-viscosity nylon 6 was melt spun through a spinneret with orifices 0.5
      mm in diameter at 280.degree.C at an output rate of 0.3 g/min/orifice. The
      formed filaments were introduced to be frozen in a freezing bath of
      n-hexane at -75.degree.C placed at a distance of 6cm from the spinneret.
      On a rotary drum disposed within the freezing bath, the frozen filaments
      were taken up at a draft ratio of 123 to obtain transparent filaments.
      Then, the filaments were stretched at about -7.degree.C to the critical
      point, elevated to 100.degree.C while still fixed on the stretching unit,
      and then left to stand at this temperature for 10 minutes. The stretched
      filaments thus produced were tested for birefringence, breaking strength
      and elongation under conditions of 20.degree.C of temperature and 65% of
      humidity. The critical stretching ratio was found to be 4.5 times the
      original length, the birefringence to be 64 .times. 10.sup.-.sup.3, the
      strength to be 100.0 kg/mm.sup.2  and the elongation to be 21%.
PAR  Filaments which were spun from high-viscosity nylon 6 by the conventional
      process were heavily opacified when they were stretched even at normal
      room temperatures. The filaments obtained by the procedure of this example
      retained the transparency even when they were stretched at a temperature
      below the room temperature.
PAC  EXAMPLE 7
PAR  High-viscosity nylon 6 melted by heating to 300.degree.C was melt spun
      through a spinneret with orifices 0.5mm in diameter at an output rate of
      3.0 g/min/orifice. The molten filaments emanating from the spinneret were
      introduced to be frozen in a freezing bath filled with n-hexane at
      -75.degree.C and disposed at a distance of 15 cm from the spinneret. They
      were taken up at a draft ratio of 16.4 on a rotary drum within a closed
      vessel disposed directly above the freezing bath and maintained at -
      40.degree.C with the gas vaporized from liquid nitrogen.
PAR  The frozen filaments thus obtained were stretched to 4 to 4.7 times the
      original length at temperatures of -10.degree.C, 0.degree.C, 10.degree.C,
      20.degree.C and 30.degree.C. The resultant stretched filaments were
      subsequently stretched at 130.degree.C to 1.2 to 1.3 times and again
      stretched at 180.degree.C to 1.2 to 1.3 times. The filaments which had
      undergone the stretching treatments were tested for breaking strength and
      elongation under conditions of 20.degree.C of temperature and 65% of
      humidity. The results are shown in Table 5.
TBL                Table 5                                                     
     ______________________________________                                    
     Temperature of first                                                      
                   Breaking strength                                           
     stretching treatment                                                      
                   (kg/mm.sup.2)  Elongation (%)                               
     (.degree.C)                                                               
     ______________________________________                                    
     -10           95.1           31.5                                         
     0             95.0           33.2                                         
     10            94.2           30.1                                         
     20            85.1           30.9                                         
     30            86.7           31.1                                         
     ______________________________________                                    
PAR  From the table, it is clear that the filaments which undergo the first
      stretching treatment at temperatures of not more than 10.degree.C acquire
      higher degrees of breaking strength.
PAC  EXAMPLE 8
PAR  The apparatus of Example 7 was used. High-viscosity nylon 6 melted by
      heating to 280.degree.C was melt spun through the spinneret with orifices
      0.5mm in diameter at an output rate of 0.2 g/min/orifice. The molten
      filaments emanating from the spinneret were introduced to be frozen in the
      freezing bath disposed at a distance of 3cm from the spinneret and
      adjusted to two temperatures of 0.degree.C and -30.degree.C. They were
      taken up at draft ratios of 500 and 950.
PAR  The frozen filaments thus obtained were stretched at -20.degree.C and
      -70.degree.C to the critical point. Subsequently, they were further
      stretched at 130.degree.C to 1.1 to 1.3 times the original length and
      again stretched at 155.degree.C to 1.1 to 1.3 times. The filaments which
      had undergone the stretching treatments were tested for breaking strength
      and elongation under conditions of 20.degree.C of temperature and 65% of
      humidity. The results are shown in Table 6.
TBL                Table 6                                                     
     ______________________________________                                    
           Temperature                                                         
                      Temperature of                                           
                                   Breaking                                    
     Draft of freezing                                                         
                      first stretching                                         
                                   strength                                    
                                          Elongation                           
     ratio bath (.degree.C)                                                    
                      treatment (.degree.C)                                    
                                   (kg/mm.sup.2)                               
                                          (%)                                  
     ______________________________________                                    
     500   -30        -20          104    21.1                                 
     950   -30        -70          102    23.2                                 
     500   0          -20           84    20.8                                 
     ______________________________________                                    
PAR  It is clear from the table that the filaments which undergo the freezing
      treatment at 0.degree.C show a breaking strength about 15% inferior to
      that shown by the filaments which undergo the same treatment at
      -30.degree.C, although the other conditions of treatment are entirely the
      same.
PAC  EXAMPLE 9
PAR  The apparatus of Example 7 was used. A fiber-grade isotactic polypropylene
      melted by heating to 280.degree.C was melt spun through the spinneret into
      the freezing bath of ethanol at about -90.degree.C disposed at a distance
      of 5cm from the spinneret and then taken up on a rotary drum within the
      closed vessel maintained at -50.degree.C with the gas vaporized from
      liquid nitrogen. The spinneret had orifices 0.5mm in diameter. The output
      rate of filaments through the spinneret per orifice and the take-up speed
      of filaments on the rotary drum were so adjusted that the filaments were
      drafted at draft ratios of 1.2, 3.2, 40, 120 and 800.
PAR  The frozen filaments of varying descriptions thus obtained were stretched
      at the varying temperatures indicated in Table 7 to their critical point
      and, while they were maintained in the resultant taut state, subjected to
      a heat treatment by being elevated to 110.degree.C. The filaments which
      had undergone these treatments were tested for breaking strength and
      elongation under conditions of 20.degree.C of temperature and 65% of
      humidity. The results are shown in Table 7.
TBL                Table 7                                                     
     ______________________________________                                    
            Temperature of                                                     
     Draft  stretching treat-                                                  
                          Breaking strength                                    
                                        Elongation                             
     ratio  ment (.degree.C)                                                   
                          (kg/mm.sup.2) (%)                                    
     ______________________________________                                    
     1.2    -20           70            25                                     
     3.2    -20           91            30                                     
     40     0             65            23                                     
     40     -20           94            28                                     
     40     -80           96            26                                     
     120    -60           102           20                                     
     800    -50           98            31                                     
     ______________________________________                                    
PAR  From the table, it is clear that the filaments involving a draft ratio of
      1.2 show a breaking strength considerably inferior to that displayed by
      the filaments involving draft ratios of 3.2 or 40, although the other
      conditions of treatment are the same. It is also seen that the filaments
      which undergo the stretching treatment at 0.degree.C show a lower degree
      of breaking strength in spite of a higher draft ratio.
PAC  EXAMPLE 10
PAR  The apparatus of Example 7 was used. The freezing bath used ethanol at
      about -100.degree.C. The interior of the vessel containing the rotary drum
      was maintained at -80.degree.C. A fiber grade polyethylene melted by
      heating to 280.degree.C was melt spun through the spinneret and then
      introduced to be frozen in the freezing bath disposed at a distance of 5cm
      from the spinneret. The spinneret had orifices 0.3mm in diameter. The
      output rate of filaments through the spinneret per orifice and the take-up
      speed of filaments on the rotary drum were so adjusted that the filaments
      were drafted at draft ratios of 1.6, 3.5, 50, 110 and 900.
PAR  The frozen filaments thus obtained were stretched at the varying
      temperatures shown in Table 8 until their critical point. They were
      subsequently subjected to a heat treatment by being elevated to
      80.degree.C while they were maintained in the resultant taut state. The
      resultant filaments were tested for breaking strength and elongation under
      conditions of 20.degree.C of temperature and 65% of humidity. The results
      are shown in Table 8.
TBL                Table 8                                                     
     ______________________________________                                    
            Temperature of                                                     
     Draft  stretching treat-                                                  
                          Breaking strength                                    
                                        Elongation                             
     ratio  ment (.degree.C)                                                   
                          (kg/mm.sup.2) %                                      
     ______________________________________                                    
     1.6    -25           76            30                                     
     3.5    -25           92            27                                     
     50     -10           68            28                                     
     50     -25           95            31                                     
     50     -80           98            33                                     
     110    -80           101           29                                     
     900     -100         99            27                                     
     ______________________________________                                    
PAR  From the table, it is seen that the filaments involving a draft ratio of
      1.6 show no improvement in breaking strength, even if the stretching
      treatment is given at -25.degree.C. It is also clear that the filaments
      which undergo the stretching treatment at -10.degree.C similarly show
      unimproved breaking strength, in spite of a high draft ratio of 50.
PAC  EXAMPLE 11
PAR  The apparatus of Example 7 was used. The freezing bath used n-hexanone at
      about -75.degree.C. The interior of the vessel containing the rotary drum
      was maintained at -40.degree.C. A fiber grade nylon 66 melted by heating
      to 280.degree.C was melt spun through the spinneret and then introduced to
      be frozen in the freezing bath disposed at a distance of 5cm from the
      spinneret. The spinneret had orifices 0.5mm in diameter. The output rate
      of filaments through the spinneret per orifice and the take-up speed of
      filaments on the rotary drum were so adjusted that the filaments were
      drafted at draft ratios of 1.7, 3.8, 35, 100 and 850.
PAR  The frozen filaments thus obtained were stretched to their critical point
      at the varying temperatures shown in Table 9 and subsequently subjected to
      a heat treatment by being elevated to 150.degree.C while they were
      maintained in the resultant taut state. The filaments which had undergone
      the treatment were tested for breaking strength and elongation under
      conditions of 20.degree.C of temperature and 65% of humidity. The results
      are shown in Table 9.
TBL                Table 9                                                     
     ______________________________________                                    
            Temperature of                                                     
     Draft  stretching treat-                                                  
                          Breaking strength                                    
                                        Elongation                             
     ratio  ment (.degree.C)                                                   
                          (kg/mm.sup.2) %                                      
     ______________________________________                                    
     1.7    10            84            31                                     
     3.8    10            95            32                                     
     35     30            86            30                                     
     35     10            96            28                                     
     35     -10           96            33                                     
     100    -20           100           29                                     
     850    -50           99            30                                     
     ______________________________________                                    
PAR  As is clear from the table, the filaments involving a draft ratio of 3.8
      show a considerable degree of improvement in breaking strength as compared
      with those involving a draft ratio of 1.7, although they are stretched at
      the same temperature. Increase of the draft ratio from 3.8 to 35 brings
      about substantially no improvement in breaking strength. The filaments
      which undergo the stretching treatment at 30.degree.C still show a lower
      degree of breaking strength, suggesting that the stretching treatment
      should desirably be performed at temperatures below 10.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the manufacture of filaments of crystalline plastic
      selected from the group consisting essentially of polyamide, polyolefin
      and polyester which comprises the steps of
PA1  1. forming molten filaments of the crystalline plastic by melt spinning
      said crystalline plastic from a spinneret;
PA1  2. drafting said molten filaments at a mathematical draft of from 3 to
      1000;
PA1  3. instantaneously cooling said drafted, molten filaments to a temperature
      from -30.degree. to -100.degree.C, thereby forming amorphous, orientable.
      glassy filaments;
PAR  4. stretching said amorphous, orientable, glassy filaments from 4 to 8
      times at 10.degree. to -80.degree. C; and
PA1  5. elevating the temperature of the filaments of step (4) so as to induce
      crystallization wherein the method of manufacture of steps (1) - (5) is
      continuous.
NUM  2.
PAR  2. The method of claim 1, wherein the filaments of step (5) are stretched.
PATN
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CTY  Chicago
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OREF
PAL  Billmeyer, Fred W. Textbook of Polymer Science, New York, Interscience,
      c.1962,  pp. 463-484.
PAL  Whittington, Lloyd R. Whittington's  Dictionary of Plastics, Stamford,
      Conn., Technomic,  c.1968, pp. 59-60.
LREP
FR2  Quarton; Charles E.
ABST
PAL  A method of restoring the shape of an anatomical model comprising placing
      mold inserts in the undercut portions of the model, charging the model
      with a foaming thermosetting plastic, and enclosing the model and mold
      inserts in a fixture. As the foaming thermosetting plastic expands, the
      model is pressed against the inserts and the fixture causing the model to
      assume the shape of the fixture and inserts.
BSUM
PAR  The invention relates to a method of restoring the shape of an anatomical
      model to a desired standard form. More particularly, the invention relates
      to a method of restoring the shape of an anatomical model in which the
      original casting is in the form of a hollow shell. The shell of the model
      is accurately sized to a standard form in order that the parts associated
      with the finished model fit properly in the model. Thus, the internal
      parts of the anatomical model can be accommodated within the internal
      cavity of the model in the proper positions and a chest plate for covering
      the internal cavity of the model fits properly in the opening of the
      internal cavity.
PAR  The shell of the model is typically formed with conventional casting
      techniques such as rotary casting. The shell of the model has numerous
      areas where undercuts are present and thus the shell cannot be simply
      removed from the cast. Therefore, the shell is pulled from the cast while
      still pliable in order that the undercut portions can be stretched away
      from the undercuts and removed. This removal of the shell of the model
      distorts the shape of the shell from the shape formed by the cast.
PAR  It is an object of the present invention to provide a method of restoring
      the shape of the hollow shell of the model to an accurate standard form.
PAR  It is another object of the present invention to rigidly fix the shape of
      the hollow shell of the model in conformance with the standard form.
PAR  It is a further object of the present invention to provide a method of
      restoring and rigidly fixing the shape of a model which has substantial
      undercut portions therein.
PAR  In summary, the method of the present invention comprises positioning
      inserts in the undercut portions of the model and charging the model with
      the foaming thermosetting plastic. The surfaces of the inserts which
      contact the model have the shape of the standard form. The model and the
      inserts are enclosed in a fixture which conforms to the desired shape of
      the model and exterior of the inserts. The foaming thermosetting plastic
      is cured while the model is retained by the inserts and enclosing fixture
      with the result that the pressure applied by the foaming plastic presses
      the model outward against the inserts and the enclosing fixture to
      accurately restore the shape of the model.
DRWD
PAR  Other features of the invention will become apparent from a review of the
      detailed description and the drawings, in which drawings:
PAR  FIG. 1 is a perspective view of an anatomical model which has been
      constructed using the method of restoring shape of the present invention;
PAR  FIG. 2 is a back view of the model of FIG. 1;
PAR  FIG. 3 is a bottom view of the model taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a sectional view of the model taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a sectional view of the model taken along line 5--5 in FIG. 2;
PAR  FIG. 6 is an exploded perspective view illustrating placement of the model
      in a fixture in accordance with the method of the present invention;
PAR  FIG. 7 is a sectional view of the fixture and model taken along line 7--7
      in FIG. 6;
PAR  FIG. 8 is a schematic view illustrating charging of the model with a
      foaming plastic in accordance with the method of the present invention;
PAR  FIG. 8a illustrates the closure of the fixture after being charged with a
      foaming plastic in accordance with the method of the present invention;
      and
PAR  FIG. 9 is a sectional view of the fixture and model after the shape of the
      model has been restored along the same location as FIG. 7.
DETD
PAR  Referring to FIG. 1, an anatomical model that has been constructed in
      accordance with the method of the present invention is illustrated
      generally by the numeral 10. The model 10 comprises the torso portion of
      the human body and can be used for teaching anatomy. The model 10 includes
      internal parts 12 which are placed within an internal cavity 13 of the
      model. The internal parts 12 of the model are covered with a chest plate
      14 that is held in place with suitable fasteners 16. In order that the
      internal parts 12 can fit properly within the internal cavity 13 and that
      the chest plate 14 fits properly within the opening of the internal cavity
      13, it is important that the body of the model be accurately sized.
PAR  The anatomical model 10 includes a torso shell 18 that is formed by using
      conventional casting techniques such as rotary casting. The torso shell 18
      can be formed from a thermo-setting elastomer or a thermoplastic elastomer
      of a suitable type as is well known in the art.
PAR  Referring to FIGS. 3, 4 and 5, the torso shell 18 is filled with a foamed
      thermoset plastic 22 which rigidly holds the torso shell in the desired
      standard shape after the method of restoring shape has been completed. A
      charging port 20 is provided in the base of the model 10 for allowing a
      foaming thermosetting plastic to be placed within the torso shell 18 in
      accordance with the method of the present invention.
PAR  The anatomical model 10 has a considerable number of undercut portions
      throughout various areas on the model. The undercut areas are particularly
      apparent in the internal cavity 13 as shown in FIG. 4. The torso shell 18
      is removed from the original cast while still pliable in order to stretch
      the undercut portions of the torso shell away from the cast and thereby
      permit removal of the shell. When the torso shell 18 is removed in this
      manner, the shell is distorted from the original shape formed within the
      cast. As a result, the torso shells 18 which have been removed from the
      cast vary greatly in their dimensions. It is necessary to restore the
      shape of the torso shell 18 to a standard configuration in order that the
      internal parts 12 will fit within the internal cavity 13 and the chest
      plate 16 will fit in the opening of the cavity.
PAR  Referring to FIGS. 6 and 7, inserts 32 are formed and placed in the
      undercut portions of the torso shell 18. The surface of the inserts 32
      which contacts the torso shell 18 have a configuration conforming to the
      standard shape which is desired for the model 10. An enclosing fixture 26
      comprising a top fixture 28, a bottom fixture 30 and an end fixture 40
      (shown in FIG. 8a) is formed for engaging the torso shell 18 and the
      inserts 32. The surfaces of the enclosing fixture 26 which contact the
      torso shell 18 form the standard shape to which the torso shell 18 is to
      be restored.
PAR  After the inserts 32 have been placed in the appropriate portions of the
      torso shell 18, the top fixture 28 and the bottom fixture 30 are closed
      together by suitable fasteners 36 around the torso shell and the inserts.
      The torso shell 18 is then charged with a foaming thermosetting plastic
      through the charging port 20. Preferably, the forming thermosetting
      plastic is injected by a conventional machine 38 which mixes the foaming
      thermosetting plastic and meters a precise amount of the plastic for
      discharge. After the foaming thermosetting plastic is charged into the
      torso shell 18, the end fixture 40 is secured in place with suitable
      fixtures 42 and the enclosing fixture 26 entirely surrounds the torso
      shell 18.
PAR  Referring to FIG. 9, as the foaming plastic expands with the torso,
      pressure is exerted against the torso shell 18 and the torso shell 18 is
      pressed outward against the enclosing fixture 26 and the inserts 32. Thus,
      the torso shell 18 assumes the shape of the contacting surfaces of the
      enclosure fixture 26 and the inserts 32 thereby restoring the shape of the
      torso shell 18 to a standard. As the foaming thermosetting plastic expands
      within the torso shell 18, air within the shell is released through
      venting apertures 46 in the shell. After the foaming thermosetting plastic
      in the torso shell 18 has cured, the enclosing fixture 26 is disassembled
      and the inserts 32 are removed. The shape of the anatomical model 10 has
      then been restored and additional manufacture of the model can take place.
PAR  The amount of foaming plastic which is charged into the torso shell 18 must
      be carefully measured. If an insufficient amount of foaming thermosetting
      plastic is placed within the torso shell 18, voids will appear in the
      torso shell and portions of the shell will not be subjected to restoring
      pressure. Also, if too great an amount of foaming thermosetting plastic is
      placed in the torso shell, the expansion forces can burst the enclosing
      fixture 26.
PAR  In order to determine the correct amount of foaming thermosetting plastic
      for charging the torso shell 18, a small amount of foaming thermosetting
      plastic is placed within the torso shell 18. The torso shell 18 is then
      cut into cross sections and inspected for voids which have not been filled
      with foamed thermoset plastic. The amount of foaming thermosetting plastic
      charged into the shell is then increased with another sample torso shell
      by a measured amount. This completed torso shell is then again sectioned
      and inspected for voids. This process continues until a sufficient amount
      of foaming thermosetting plastic has been placed in the torso shell 18 to
      completely eliminate all voids within the torso shell and press the shell
      against the standard form provided by the enclosing fixture 26 and inserts
      32.
PAR  The foaming thermosetting plastic utilized in the method of the present
      invention can be of any suitable type. However, preferably the foaming
      thermosetting plastic comprises low density foaming urethane. The foaming
      urethane in the preferred form of the method has a free rise density of
      approximately two pounds per cubic foot. Inspections of samples of the
      foamed thermoset plastic 22 within the torso shell 18 indicate that the
      foamed thermoset plastic within the torso shell 18 has a density in the
      range of 8-11 pounds per cubic foot when allowed to cure within the
      enclosing fixture 26.
PAR  The enclosing fixture 26 is constructed to withstand the high internal
      pressures generated by the foaming thermosetting plastic pressing against
      the torso shell 18. Also, the surfaces of the enclosing fixture 26 which
      contact the model shell must be accurately shaped in accordance with the
      configuration of the standard form which is desired for the shape of the
      torso shell. The enclosing fixture can be constructed with a steel
      exterior filled with an epoxy and sand mixture molded to the desired form.
PAR  It will be appreciated that the same process of restoring shape can be
      utilized to restore the shape of the chest plate 14. Thus, the chest plate
      14 is filled with a foamed plastic 22 which has been charged into the
      chest plate in accordance with the method of the present invention and
      placed within an enclosing fixture.
PAR  The foamed thermoset plastic 22 within the torso shell 18 forms a rigid
      support for the torso shell. Thus, the shape of the torso shell 18 will be
      retained and the shell will be strengthened by the foamed thermoset
      plastic.
PAR  It is to be understood that various modifications can be made to the
      disclosed method without departing from the scope of the invention and it
      is intended to cover in the appended claims all such modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of restoring the shape of a flexible-shell model having
      undercut portions comprising:
PA1  positioning inserts having a fixed standard shape in the undercut portions
      of the flexible-shell model;
PA1  charging the flexible-shell model with a measured amount of a foamable
      thermosetting plastic;
PA1  enclosing the flexible-shell model and associated inserts in a fixture
      configured to resist internal pressure and maintain a fixed standard
      shape;
PA1  foaming and curing the foamable thermosetting plastic in the flexible-shell
      model while the flexible-shell model is enclosed in the fixture and is
      forced outward by the foaming thermosetting plastic against the fixed
      standard shape of the fixture and the inserts.
NUM  2.
PAR  2. The method of claim 1 further including forming the inserts to be
      positioned in the undercut portions of the model with a surface having a
      desired standard shape.
NUM  3.
PAR  3. The method of claim 1 further including forming the fixture to enclose
      the model and associated inserts with a surface having a desired standard
      shape.
NUM  4.
PAR  4. The method of claim 1 wherein said step of enclosing the model includes
      fastening a top fixture and a bottom fixture over the model and associated
      inserts.
NUM  5.
PAR  5. The method of claim 4 further including fastening an end fixture over a
      charging port in the model after the model has been charged with a foaming
      plastic.
NUM  6.
PAR  6. The method of claim 1 further including venting air from the model as
      the foamable thermosetting plastic expands within the model.
NUM  7.
PAR  7. The method of claim 1 wherein the foamable thermosetting plastic being
      charged into the model is a foamable urethane having a low density.
NUM  8.
PAR  8. The method of claim 7 wherein the foamable urethane has a free rise
      density of approximately 2 pounds per cubic foot.
NUM  9.
PAR  9. The method of claim 1 wherein the measured amount of foamable
      thermosetting plastic charged into the model achieves a density in the
      range of 8-11 pounds per cubic foot after curing.
NUM  10.
PAR  10. The method of claim 1 further comprising removing the enclosing fixture
      from the model after the foamable thermosetting plastic has cured and
      removing the inserts from the undercut portions of the model.
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OREF
PAL  "The Condensed Chemical Dictionary," Seventh Edition, completely revised
      and enlarged by Arthur and Elizabeth Rose, New York, Reinhold, c. 1966,
      pp. 59, 60, 294, 547, 597, 598, 671, 976.
ABST
PAL  An extrudate element is inserted into a base material so that a portion of
      the extrudate enters into or traverses the base material. The inserted
      extrudate element, the constituent of the base material, or both are
      composed of an expandable extrudate containing an expansion agent. The
      expansion agent is activated during or after insertion of the extrudate
      element to cause enlargement of the expandable extrudate and/or the
      substrate or base. This enlargement fixes the extrudate element into the
      base material by tightening the inserted element against the base material
      to wedge it in place, as by causing portions of the inserted element to
      enter interstices of the base material, or by causing the inserted element
      to expand on both sides of the insertion opening to a diameter greater
      than that of the insertion opening. The insertion and subsequent fixing
      into a base material of a plurality of elements produces a pile surfaced
      article. In one embodiment a plurality of elements composed of a foamable
      material containing a suitable foaming agent is extruded directly through
      a base material and foamed, thereby locking the foamed elements into the
      backing to form a pile surface of foamed extrudate.
PARN
PAR  This is a divisional application of my copending application having Ser.
      No. 31,245, filed on Apr. 23, 1970 and now U.S. Pat. No. 3,775,232.
BSUM
PAR  This invention relates to fixing an extrudate element into a base material.
      In one of its aspects, it relates to the production of an article
      comprising a plurality of extrudate elements fixed into a base material.
      In another of its aspects, this invention relates to fixing an element of
      expandable extrudate into another body to form a unitary structure. In
      still another of its aspects, it relates to the production of a scrim-like
      sheet of expandable extrudate. In yet another of its aspects, it relates
      to the production of an article with a pile surface of expanded extrudate.
PAR  In one concept of the invention it provides a method for fixing an
      extrudate into a base material by inserting an expandable extrudate
      element containing an expansion agent into the base material and
      activating the expansion agent causing the extrudate to expand. In another
      of its concepts, the invention provides a method for fixing an extrudate
      element into a base material by inserting an extrudate element into an
      expandable backing material containing an expansion agent and activating
      the expansion agent causing the backing to expand. In another concept of
      the invention a method is provided for fixing an extrudate into a base
      material in which expandable extrudates containing expansion agents are
      extruded at least into a base material, contacted on extrusion, and
      expanded thereby joining the extrudates to form a single element fixed
      into the backing material. In still another of its concepts, the invention
      provides a method for fixing an extrudate into a base material in which an
      expandable extrudate containing an expansion agent is extruded in a bead
      along the surface of a base material as another expandable extrudate
      element containing an expansion agent is extruded through the backing
      material to contact the extrudate bead thereby joining the extrudates to
      fix the elements extruded through the base material securely into the base
      material.
PAR  Numerous methods are known for securing extrudates to a base material. The
      most common method of attaching extruded strands to a backing is by
      tufting, in which operation the locking of the strands into the backing
      depends on the enlargement of the tufting yarn at the surface of the
      backing by "blooming" or unwinding of the plurality of filaments that have
      been needled or punched through a single aperture as a single yarn.
      Another method for locking extrudates into a backing which is often used
      when the material inserted or the backing material is heat softenable is
      to heat treat the reverse side of the backing so that the material is
      softened and sealed on the reverse side of the base sheet. A variation of
      this method is disclosed in U.S. Pat. No. 3,382,122 issued May 7, 1968, in
      which hot plastic is extruded from a reciprocating or rotating orifice
      which is moved in relation to the base sheet in such a manner that looped
      thread is bonded directly on to the surface of the base sheet before the
      hot plastic cools below its melting temperature. Still another method used
      to secure extruded filaments to a backing is that taught in U.S. Pat. No.
      3,145,446, issued Aug. 25, 1964, in which the extrudate is passed through
      a shrinkable backing and later the backing is shrunk to lock the filaments
      in place.
PAR  I have conceived that an extrudate element inserted in a base material can
      be fixed into the base material by employing an expandable extruded
      material containing an expansion agent in the inserted element, the
      material of construction of the base material, or both, and causing the
      expandable extrudate to expand as or after the insertion of the extruded
      element is carried out. The range of articles that can be produced using
      this method includes such diverse items as a single elongated, extruded
      shaft expanded and heat sealed into a wheel or gear element, as used in
      toy automobiles, and a game ball with an expanded extrudate surface, i.e.,
      a tennis ball. By fixing a plurality of extruded elements into a base
      material a variety of useful articles depending on the size and spacing of
      the elements can be produced ranging from soft fabric surfaces, to looped
      carpeting, to packing sheets, to extruded aircraft landing strip surfaces
      among others.
PAR  It is an object of this invention to produce an extrudate fixed into
      another or a base material. It is another object of this invention to
      produce a unitary article comprising an elongated, expanded extrudate
      fixed into a preshaped article. It is still another object of this
      invention to produce an article with a surface made of a plurality of
      elongated, expanded extrudate elements fixed into a base material. It is
      still another object of this invention to produce a pile surfaced article
      of expanded extrudate. It is still another object of this invention to
      produce a reversible pile surfaced article of expanded extrudate. It is
      still another object of this invention to produce a pile surfaced article
      in which the extrudate forms a seal at least on the surface of the base
      sheet. It is yet another object of this invention to produce a scrim-like
      base sheet made of expandable extrudate. Yet another object of this
      invention is to provide a fine or exploded textured expanded filamentous
      material. A further object still is to make a carpeting or an upholstery
      material of expanded extrudate.
PAR  Other aspects, concepts and objects of this invention are apparent from a
      study of this disclosure, the drawing and the appended claims.
PAR  According to this invention, an extrudate element is contacted with a base
      material by penetrating and/or traversing the base material, in which
      either the extrudate element or the base material or both are comprised of
      expandable extrudate containing expansion agent, and the expansion agent
      is activated to cause the extrudate to become fixed or locked together
      with said material.
PAR  The expansion of the extrudate fixes the extrudate element into the base
      material. The extrudate is fixed into the base material by any or all of
      the following means: expansion of an inserted extrudable element or the
      base material or both exerts force on all adjacent surfaces the
      interacting pressure of which holds the expanded extrudate against the
      adjacent surface; porosity of the adjacent surface allows penetration by
      the expanding extrudate thereby locking the surface together; the
      expanding extrudate element tends to expand to a greater diameter outside
      the matrix of the base material where the pressure opposing expansion is
      less, so that extrudate elements extending on both sides of the base
      material are fixed in the base material by expanding outside the insertion
      opening to a greater diameter than the insertion opening. Insertion of a
      plurality of closely spaced elongated, expandable extrudate elements into
      a base material produces a surface of expanded extrudate. By insetting the
      elongated, expandable extrudate elements through the backing material an
      expanded extrudate surface is produced on both sides of the backing
      material. Abusing the extrudate surface produces a fine filamented surface
      of silken softness.
PAR  Also according to this invention there are produced scrim-like base sheets
      made of expandable extrudate that has been woven or knitted in any
      conventional manner from continuous elongated, unexpanded or partially
      expanded extrudate containing an expanding agent. The extrudate is
      produced in continuous elements at conditions that will not permit
      complete expansion. After insertion of extrudate elements into the base
      sheets produced from this material, conditions are imposed that cause
      expansion in the elements comprising the base sheet. This expansion exerts
      a compression force on the inserted extrudate elements which fixes the
      inserted elements into the base material.
PAR  Non-woven fibrous base sheets can also be produced from expandable
      extrudate containing expansion agent by compressing discontinuous,
      elongated elements in a random pattern. The subsequent expansion of the
      extrudate by activating the expansion agent interlocks the extrudate
      elements of the base sheet with each other and also with any extrudate
      elements that have been inserted into the base material. Where expandable
      extrudate elements have been inserted into this type backing locking
      effect of the expansion of the inserted elements and the expandable base
      is fortified. The penetration of the base sheet elements by expandable
      inserted elements and the subsequent expansion of these elements enhances
      the locking effect.
PAR  By this invention an expandable extrudate can be inserted in any base
      material and expanded effectively to fix the extrudate element into the
      base material. Also a matrix of expandable base material can be expanded
      to hold in place an element of any extrudate material inserted in it. It
      is now preferred that the extrudate element held by an expanded base
      material be a compressible or porous extrudate.
PAR  The materials which can be used to produce expandable elements suitable for
      insertion into the base material or for production of an expandable base
      material in this invention can be any expandable extrudable material. In
      one preferred embodiment foamable extrudates are used. Well known
      extrusion techniques are used to produce a foamable element comprising a
      foamable material containing a foaming agent. Depending on the
      characteristics desired for the final product the extrudate elements can
      be chosen from any of the known foamable materials and compatible foaming
      agents. Various gaseous, liquid, and solid foaming agents are effective in
      the process of the invention. In general these agents comprise materials
      which are gaseous at the temperatures of the molten plastic or polymer at
      the extrusion die. Solid materials which decompose at these temperatures
      and yield gaseous products or components which react with other
      ingredients present in the melt to produce gaseous products are
      applicable. Any inert gas which is nondeleterious to the polymer or
      plastic being extruded is feasible. Such gases include N.sub.2, steam,
      CO.sub.2, low boiling hydrocarbons (propane, butane, pentane), and Freon.
      Liquids include watere, ammonia, and hydrocarbons which vaporize at the
      extrusion temperatures as pressure outside of the die is released. Solid
      materials include p,p'-oxibis (benzenesulfonyl hydrazide) which is sold
      under the trade name of "Celogen" by Naugatuck Chemical, a division of the
      United States Rubber Company; diazoaminobenzene,
      dinitrosopentamethylenetetramine, 4-nitrobenzene sulfonic acid hydrazide,
      beta-naphthalene sulfonic acid hydarzide, diphenyl-4,4'-di(sulfonyl
      azide), and mixtures of materials such as sodium bicarbonate with a solid
      acid such as tartaric acid.
PAR  The amount of foaming agent to be used in the process is in the range of
      0.01 to 50 weight percent of the polymer or plastic being extruded.
      Amounts in the range of 1 to 15 weight percent are preferred.
PAR  The temperature employed at the extrusion die varies with the type of
      plastic or polymer being extruded, it being essential that the molten
      plastic be at a temperature which facilitates efficient extrusion. The
      extrusion temperatures of various plastics and polymers are well known in
      the art. Generally extrusion temperature will be in the range of about
      250.degree. to 600.degree. F. and usually in the range of 350.degree. to
      550.degree. F. Extrusion pressures will vary with the type of plastic or
      polymer and the foaming agent incorporated therein and will range from
      about atmospheric to as high as 700 or 800 psig.
PAR  The size and shape of the foamable element is restricted only by the
      relationship of the size and shape of the element to the physical
      attributes of the base material or base sheet which will be made from it
      or in which it will be inserted. The conditions of extrusion are
      controlled to produce an unfoamed extrudate containing a foaming agent, a
      foamable but only partially foamed extrudate, or an extrudate that foams
      completely as it is extruded. The conditions required for producing each
      of these results for various expandable materials are known in the art.
PAR  In another embodiment of the invention, elements of expandable extrudate
      are produced which have embedded in the surface of the extrudate small
      components of material which upon, say, heat treatment will explode. The
      explosive elements can be incapsulated gases such as carbon dioxide,
      Freons and the like, or explosive compounds, such as, mercury fulminate,
      dizaodinitrophenol, lead azide, ammonium nitrate, nitroglycerin,
      trinitrotoluene, ammonium picrate, ammonium perchlorate and the like. The
      explosion of the embedded particles tears the surface of the extrudate
      causing it to expand outward. Explosions occuring in the portion of the
      extrudate inserted in the interior of the base material carry extrudate
      which is still attached to the surface of the expanding element into the
      base sheet thereby anchoring the extrudate in the base material.
      Explosions in the surface of base material elements similarly penetrate
      the inserted extrudate element to anchor it to the base material.
      Explosions in the extrudate above either surface of the base material
      cause an increase in diameter of the inserted extrudate element preventing
      the element from moving through the aperture into which it was inserted.
PAR  Base materials that can be used in this invention are limited only by
      practical considerations in inserting the extrudate into the backing
      material. Either a porous or nonporous, expandable or nonexpandable
      backing material can be used. The inserted extrudate is locked into a
      backing by passing it into or through the base material and expanding
      either the inserted element or base material or both. To further secure an
      expanded extrudate element inserted into a backing, the base sheet can be
      made of a material that will shrink on treatment. This will give the same
      effect of squeezing tightly against the expanded insertion elements that
      is accomplished by employing an expandable base material. A definite
      advantage of the invention is that a non-woven fibrous web can be used as
      a backing material. Penetration of the interstices of the non-woven web by
      the expanding extrudate will actually strengthen this type of backing
      which may or may not have been stiffened or set prior to the expansion of
      the inserted extrudate.
PAR  The embodiments of this invention can best be understood by reference to
      the drawing and the description of the figures which are to be regarded as
      illustrative in nature, and not as restrictive.
DRWD
PAR  In the drawings:
PAR  FIG. 1 shows the insertion of an elongated extrudate element into a backing
      material;
PAR  FIG. 2 shows a continuous elongated extrudate element inserted in a base
      material to form a looped pile on one side of the base material;
PAR  FIG. 3 shows a continuous elongated extrudate element inserted into a base
      material to form a looped pile on both surfaces of the base material;
PAR  FIG. 4 shows an extrusion device inserted through a base material;
PAR  FIG. 5 shows an extrudate element produced by extrusion through an
      extrusion device inserted through a base material and continuous extrusion
      while withdrawing the extrusion device through the base material
      terminating extrusion on the side of withdrawal;
PAR  FIG. 6 shows the extrudate element produced by simultaneously beginning
      extrusion and withdrawal of the extrusion device inserted through a base
      material continuing extrusion for a distance from the side of the base
      material from which the extrusion device is withdrawn;
PAR  FIG. 7 shows an extrusion element extruded on both sides of the base
      material;
PAR  FIG. 8 shows an inserted element fixed into a base material by the
      interacting pressure of the surfaces of the expanded element and the base
      material;
PAR  FIG. 9 shows an expanded element fixed into a base material by expansion of
      the inserted element into the interstices of the base material;
PAR  FIG. 10 shows an expanded inserted element fixed into a base material by
      expansion of the inserted element on both sides of the base material to a
      diameter greater than the diameter of the insertion opening;
PAR  FIG. 11 shows the insertion of extrusion devices in such close proximity
      that the extrudates are united on extrusion;
PAR  FIG. 12 shows united extrudate elements produced in FIG. 11;
PAR  FIG. 13 shows inserted extrudate elements united with an extruded bead on
      one side of a base material;
PAR  FIG. 14 shows extrudate elements united with each other on the side of a
      base material from which extrusion device is withdrawn;
PAR  FIG. 15 shows extrusion elements united with each other on the side of the
      base material to which the extrusion device is inserted through the base
      material;
PAR  FIG. 16 shows mushroom topped extrudate elements joined at their tops to
      produce air spaces between the tops of the extrudate elements and the base
      material;
PAR  FIG. 17 illustrates method of producing a mushroom topped extrudate
      elements joined at their tops to produce air spaces between the tops of
      the extrudates and the base material.
DETD
PAR  Any of the known methods of inserting a filament into a backing material
      can be used to insert the extrudate element into the backing in this
      invention. Referring to FIG. 1 continuous elements of unexpanded, or
      partially expanded extrudate containing expansion agent 1 are passed
      through the base material 2 by methods well known in the art of tufting
      such as passing a hollow tufting needle 3 through the base material. This
      unexpanded extrudate forms a continuous looped pile 4 on one (FIG. 2) or
      both sides (FIG. 3) of the base material. 5 During this process, loops can
      be out to form single filaments. After insertion into the backing the
      extrudate is subjected to conditions which will cause the expansion that
      fixes the extrudate into the backing material.
PAR  In a preferred embodiment of the invention expandable material is extruded
      directly into or through the backing material. In FIG. 4 the backing
      material 2 is held securely and the extrusion device 7 is inserted through
      the backing material to the opposite side of the backing 8. Extrusion is
      begun, producing an extrudate of the length desired 9 (FIG. 5) and
      continued as the needle retreats 10 (FIG. 6) through the backing material.
      Extrusion is terminated when the desired amount of extrudate has formed at
      least one 11 (FIG. 6) if not on both sides 12 (FIG. 7) of the base
      material. The extrudate is separated by cutting or by breaking the
      extrudate as the extrusion device retreats from the base material.
      Extrusion can be controlled so that an elongated extrudate is produced on
      the side from which the extrusion device is withdrawn, (FIG. 5) on the
      side to which it withdraws, (FIG. 6) or on both sides of the base material
      (FIG. 7). When the extrudate is not to extend through the base material
      and particularly when using a porous base material, extrusion and
      withdrawal of the extruding device can begin when sufficient penetration
      of the base material has been achieved to insure that expansion of the
      extrudate will lock the expanded extrudate into the base material.
      Extrusion and withdrawal of the extrusion device are simultaneously
      continued until an elongated extrudate of the desired length is obtained.
      When there is extrusion directly into the backing material, extrusion may
      be carried out at conditions sufficient to cause simultaneous expansion of
      the extrudate. The extrudate expands immediately upon leaving the
      extrusion device.
PAR  It will be understood by one skilled in the art in possession of this
      disclosure that the precise method of causing the filament to abut or
      reach into the base material can be varied thus, it is possible to eject
      the filamentous material toward the base material or to move the base
      material toward filamentous material and to apply heat sufficient to cause
      softening to adhesive condition to the one or other of said base or said
      filamentous material to cause them to combine physically as herein
      described or otherwise.
PAR  Thus the filament or fiber containing the expanding agent can be heated on
      its way toward the carpet backing in the event that a carpet is being
      produced. Further, it is possible for some or all of the filaments not to
      contain any expanding agent and for these filaments to be heated on their
      way or at the moment that they reach the carpet backing. In such event a
      juncture will take place between the filament and the carpet backing. In
      that event in which the filament contains no expanding agent the base or
      backing can contain expanding agent. However, this is not always
      necessary. It is possible that when ejecting or propelling the filamentous
      or fiber like material to the base that it and/or the base can be heated
      at the moment of the juxtaposition of the fiber and the base and in such
      event neither the filament nor the base need contain any expanding agent
      to cause adhesion or fusion together of the two elements.
PAR  In the event where the filament is ejected toward the base or in the case
      of the production of a carpet the yarn or filamentous material is
      foreeably ejected toward the carpet backing there can be ejected one or
      more such filaments as with bursts of air pressure and heating means can
      be arranged to heat the ejecting or ejected filament as it travels toward
      the backing or at the time it reaches the said backing. In one form of the
      invention the filament and the backing are heated at the instant of
      juncture.
PAR  Thus according to this embodiment, here described, a concept basic thereto
      involves shooting, as it were, the filament or fiber or other object which
      is to be incorporated into the base material or attached thereto toward
      said base material.
PAR  The expansion of the extrudate fixes the extrudate element into the base
      material. The extrudate is fixed into the base material by any or all of
      the following means as shown in FIG. 8: Expansion of an inserted extrudate
      element 13 or of the base material 2 exerts forces on all adjacent
      surfaces 15 the interacting pressure of which holds the expanded extrudate
      against the adjacent matrix surface; as shown in FIG. 9 porosity of the
      adjacent surface allows penetration of the interstices 16 or as shown in
      FIG. 10 by the expanding extrudate thereby locking the surfaces together;
      the expanding extrudate element 17 tends to expand to a greater diameter
      18 outside the matrix of the base material 2 where the pressure opposing
      expansion is less, so that extrudate elements extending on both sides of
      the base material are fixed in the base material 2 by expanding outside
      the insertion opening to a greater diameter than the insertion opening 20.
PAR  In an embodiment of this invention employing the direct extrusion of
      expandable material through a base sheet, additional methods of fixing the
      extruded filaments to the base can be employed. In one such method at
      least a pair of extrusion devices 21 22 close together are passed at least
      into the base material 2 parallel to or at an angle to each other (FIG.
      11). The positions of the extrusion devices as extrusion is begun cause
      the extrudates to meet 24 within or to the far side of the base material.
      Extrusion of expandable material and withdrawal of the extrusion devices
      are begun simultaneously. Extrudates from the two extrusion devices expand
      and units 25 giving an additional means of locking the extrudate elements
      26 27 to the base sheet (FIG. 12). The angle at which the extrusion
      devices meet can be adjusted to produce a variety of interesting effects.
PAR  In another embodiment an extrusion device 28 slowly extrudes the expandable
      material in a continuous bead 29 along one side of the base material as in
      FIG. 13. Another extrusion device 30 is positioned and timed to pass
      through the base material 2 and begin its extrusion and withdrawal through
      the base material so that extrudates 32 from the two extrusion heads unite
      to form a seal 33 at the surface of the base material.
PAR  In another embodiment shown in FIG. 14 a pile surfaced article can be
      produced in which the surface of the backing material 34 from which the
      pile extends 35 is completely sealed from accumulation of dirt and dust by
      controlling the amount of expandable material extruded from the extrusion
      device 36 so that on expansion the filaments will fit tightly against each
      other 37 at the surface of the backing and in a now preferred embodiment
      will be sealed to each other. Similarly as shown in FIG. 15 the side of
      the base material away from the pile surface 38 can be sealed by supplying
      a barrier 39 close to that surface to allow enough excess expandable
      extrudate 40 to be forced from the extrusion device 41 and to be held
      close to that surface that on expansion the extrudates 42 form a seal 43
      by tight abutment of expanded extrudate. Sealing at the surface of the
      base material is of special value if the base material is nonwoven,
      because this method affords added assurance that the backing will not
      part.
PAR  As is shown in FIG. 16 by passing the extrusion device 44 through the base
      material 2 and beginning the extrusion against a barrier 46 on the side
      away from which the extrusion device will be withdrawn, 47 an excessive
      initial extrusion rate will produce a mushroom topped extrudate 48. A seal
      can be obtained between the extruded elements, or by use of a partitioning
      agent during extrusion sealing between extrudate elements can be prevented
      and production of discrete elements can be assured. The air spaces 49
      between the mushroom top and the backing surface give a cushion effect
      which is especially effective if the article produced is used as a shock
      absorbing surface, e.g., a rug, a packing sheet, or a shock absorbing
      device. As FIG. 17 shows, a mushroom topped extrudate 50 can also be
      produced by bringing the extrusion devices 51 52 together above the
      surface of the base material 2 and extruding an excess of extrudate 54
      before extrusion is completed.
PAR  The extrusion device can be programmed so that elongated extrudates of
      different heights are produced. In this manner multiheight designs are
      created to further enhanced the article produced for use as upholstery
      fabric or carpeting. It should be understood that similar designs can be
      produced using well known methods to tuft a continuous filament of
      expandable extrudate into a backing material. Similarly, articles of
      multicolored designs are produced using known methods of tufting various
      colored continuous filaments of expandable extrudate or by programming a
      plurality of extruder heads to produce extrudate in a controlled pattern
      of various colors.
PAR  Understanding of the invention may be facilitated by the illustrative
      examples following:
PAC  EXAMPLE I
PAR  A non-woven backing material made of polypropylene as described in U.S.
      Pat. No. 3,452,128 is pierced by a plurality of needle-like extrusion
      devices. The extrusion heads are inserted through the backing so as to be
      exposed on the opposite side. Filaments of polypropylene containing
      azodicarbonamide foaming agent are extruded to a length of 1 inch. The
      extruder heads are automatically withdrawn through the backing material as
      extrusion continues until the extrusion head has retreated outside the
      surface of the base material. An excess of material is deposited on the
      side of the backing from which the extruder head is withdrawn. The article
      is subjected to a temperature of 450.degree. F. which is sufficient to
      activate the foaming agent in the inserted filaments increasing the
      diameter of the expanded filaments and locking the inserted elements into
      the backing.
PAC  EXAMPLE II
PAR  A continuous unexpanded filament of polyester is extruded from a device
      which contains at the extrusion head multiple points through which
      particles of ammonium nitrate are fed discontinuously into the surface of
      the extruding filament. The continuous unexpanded filament is needled
      through a woven carpet backing of continuous fibers held in a needling
      apparatus to form a conventional, continuous looped surface on one side of
      the backing. The carpet produced is subjected to an increased temperature
      of 450.degree. F which causes the nitrate particles embedded in the
      extrudate surface to explode. Minute explosions tear the surface of the
      extrudate element carrying portions of the exploded extrudates still
      attached to the needled filament into the interstices of the carpet
      backing and creating an expanded filament on either side of the backing
      which effectively locks the inserted filaments to the backing material.
PAC  EXAMPLE III
PAR  A non-woven carpet backing made of polypropylene is pierced by the extruder
      heads as in Example I. A plate coated with silicone partitioning agent is
      aligned with the base material away from the surface of the backing
      material. A foamable extrudate containing azodicarbonamide, foaming agent,
      is extruded between the plate and the backing material under foaming
      conditions of 390.degree. F. Withdrawal of the extruder head is timed to
      begin when enough foam material is extruded to assure abutment of the
      extrudates on completion of foaming. The extruder heads are withdrawn
      through the base material on continuing extrusion. A distance of 1/2 inch
      from the withdrawal space of the base material the extruder heads are
      stopped, extrusion of material is continued to assure abutment of
      filaments against each other and the base material on completion of
      foaming. Extruder heads then withdraw to a distance of 1 inch from the
      base material where extrusion is stopped and the foamed filaments are
      severed at the extruder head. On completion of foaming, a foamed filament
      carpet-like article with the filaments on one side but with the non-woven
      backing sealed on both sides has been produced.
PAR  In U.S. Pat. No. 3,305,429, issued Feb. 21, 1967, a method for producing a
      non-woven fabric with a foamed binding is taught wherein a random material
      of natural and nonfoamable synthetic fibers is steeped in a liquid
      expansion agent for a time sufficient for the expansion agent to be
      absorbed but not to completely penetrate the synthetic fiber, On exposure
      to heat the expansion agent foams binding the nonfoamable fibers together.
PAR  Reasonable variation and modification are possible within the scope of the
      foregoing disclosure, the drawings and the appended claims to the
      invention the essence of which is that a method is provided for fixing an
      extrudate element inserted into a base material to the said base material
      wherein the inserted extrudate element, the base material, or both are
      expandable by causing the expandable element to enlarge after insertion of
      the extrudate element into the base material and that an article
      consisting of inserted elements fixed into a base material can be produced
      thereby.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for fixing together a filamentous extrudate and a base material
      matrix at least one of said extrudate and said base material matrix
      containing an expanding agent and thereby being expandable comprising:
PA1  a. inserting each individual extrudate filament at least into said base
      material matrix and
PA1  b. activating said expansion agent causing expansion of at least one of
      said extrudate and said base material matrix.
NUM  2.
PAR  2. Method of claim 1 wherein said expanding agent is a foaming agent
      contained in a foamable extrudate.
NUM  3.
PAR  3. Method of claim 1 wherein said inserted extrudate is fixed into said
      base material by the interacting pressure of the adjacent surface of
      inserted extrudate and base material matrix.
NUM  4.
PAR  4. Method of claim 1 wherein at least one of the said inserted extrudate
      and said base material matrix is porous allowing penetration of expanding
      extrudate from the other of said inserted extrudate and said base material
      matrix to penetrate the interstices to fix said inserted extrudate into
      said base material matrix.
NUM  5.
PAR  5. Method of claim 1 wherein said inserted extrudate extends on both sides
      of said base material matrix and is expanded on either side of the
      inserted opening to a greater diameter than the insertion opening to fix
      said inserted extrudate into said base material matrix.
NUM  6.
PAR  6. Method of claim 1 wherein the base material matrix is comprised of one
      from among woven, knitted, and non-woven mat expandable extrudate
      containing expansion agent.
NUM  7.
PAR  7. Method of claim 1 wherein a continuous element of at least partially
      unexpanded extrudate containing expansion agent is inserted into said base
      material matrix.
NUM  8.
PAR  8. Method of claim 1 wherein expandable extrudate containing expansion
      agent is extruded at least into said base material matrix.
NUM  9.
PAR  9. Method of claim 8 wherein at least two expandable extrudates containing
      expansion agent are contacted when extrusion is begun causing said
      extrudates to unite.
NUM  10.
PAR  10. A method of claim 9 wherein there is extruded a continuous bead on one
      side of a base material matrix and a filamentous extrudate is extruded
      from an extrusion device inserted through the base material matrix from
      the side of the base material opposite said bead to contact said bead as
      extrusion from the inserted device is begun.
NUM  11.
PAR  11. Method of claim 1 wherein a plurality of extrudates are inserted and
      fixed to a base material matrix to form a pile surface.
NUM  12.
PAR  12. Method of claim 11 wherein said inserted extrudates on expansion are
      abutted on at least one side of the base material matrix to form a sealed
      surface.
NUM  13.
PAR  13. Method of claim 11 wherein said inserted extrudates on expansion are
      sealed above at least one surface of the base material matrix leaving air
      space between the sealed extrudates and the surface of the base material
      matrix.
NUM  14.
PAR  14. A method for causing a filamentous element to combine physically with a
      base material matrix on abutment thereof and said base material matrix
      comprising:
PA1  1. forceably ejecting said filamentous element toward said base material
      matrix, and
PA1  2. applying heat sufficient to cause softening to adhesive condition to at
      least one of said filamentous element and said base material matrix so
      that said softening is accomplished at a time not later than the instant
      of juxtaposition of said filamentous element and said base material
      matrix.
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ABST
PAL  A continuously supplied reinforcing material is impregnated with an uncured
      thermosetting resin and shaped into a predetermined sectional
      configuration, which is then covered with a forcibly extruded molten
      thermoplastic resin. The thermoplastic resin is immediately cooled to
      enclose the shaped fiber material with the solidified thermoplastic resin,
      and a thus continuously formed material is obtained.
BSUM
PAR  This invention relates to a process for forming a continuous fiber
      reinforced material embedded in a thermosetting resin.
PAR  Among the known continuous fiber reinforced materials embedded in
      thermosetting resin, glass reinforced plastic is most popular, in which
      material the glass fiber is used as reinforcing material. This glass
      reinforced plastic is formed by impregnating glass fibers with an uncured
      thermosetting resin and then subjecting same to a heat treatment for a
      predetermined period of time to cure the resin into an integral
      combination with the glass fibers.
PAR  In this art, roughly three types of methods are known for forming
      continuous glass reinforced plastic: i.e. a continuous laminating method
      used for forming corrugated sheets, flat sheets or the like; a continuous
      drawing method used for forming rods, channelled materials, angled
      materials or the like; and a continuous filament winding method used for
      forming pipes or the like.
PAR  According to the continuous laminating method, a resin-impregnated glass
      fiber mass is sandwiched between flat films of Mylar, vinylon, cellophane
      or the like and then the assembly subjected to conditions for curing of
      the resin while continuously forming the assembly to the desired shape.
      After the resin has been cured, the films are stripped off. This method,
      however, has the drawbacks that both side portions of the formed sheet are
      sometimes solidified irregularly to present a non-uniform shape and that
      stripping-off of the films is troublesome.
PAR  In the continuous drawing method, a thermosetting resin is cured while a
      glass fiber bundle impregnated therewith is drawn or pulled out through a
      die cavity having a predetermined sectional shape. According to this
      method, while the glass fiber bundle is drawn out through the die cavity,
      the bundle is in contact with the inner surface of the die cavity, so that
      a part of the resin adheres to the cavity wall and is cured there to
      obstruct the die opening, with the result that the surface of the molded
      material is roughened and the drawing load is increased so as to make it
      difficult or even impossible to proceed with the continous drawing
      operation.
PAR  In order to solve these problems in the drawing process, there have been
      proposed a method in which final curing is accomplished after the fiber
      bundle has passed the die and a method using a film for coating the fiber
      bundle. According to the former method, the resin-impregnated fiber bundle
      is not cured completely but merely subjected to preliminary curing in the
      die, and after passing the die, the fiber bundle is guided into a heating
      oven where the curing is completed. This method, however, has a drawback
      that, if the glass content is high, the fiber bundle which has passed the
      die can not be retained in the desired shape due to resilience of the
      individual fibers, making it impossible to obtain products with good
      surface configuration.
PAR  In the latter method using the coating film, in order to prevent the resin
      from being directly contacted with the wall surface of the die cavity
      while the resin is cured, the resin-impregnated glass fiber bundle is
      coated with a film and then guided into the die. After curing the resin,
      the film is stripped off. However, in this method, the work of application
      and stripping off of the film are troublesome, and also, since it is
      impossible to perfectly cover the entire periphery of the
      resin-impregnated glass fiber bundle with the film, resin may flow out
      from the film end and adhere to the die cavity wall. Further, streaks may
      be left on the formed product by the film edge after removal of the film.
      In addition, this method is inapplicable for forming elongated material
      having a concave shape such as channelled and angled members.
PAR  According to the continuous filament winding method, the resin-impregnated
      glass fiber rovings or glass tapes are wound upon a mandrel which is
      successively fed, and after curing the resin by heating, the mandrel is
      pulled out to leave a pipe. There have also been proposed a method in
      which, instead of using the mandrel, various types of pipes sold in market
      are used and integrated with glass fiber to form composite pipes, and a
      method in which the glass fiber rovings are fed in the longitudinal
      direction of the pipe when so required. In each case, in order to give the
      glass fiber the desired pipe shape on the mandrel, a binding tape is
      helically coiled or a film cover is applied, and after curing the resin,
      the tape or film is removed. Thus, these methods involve a complicated and
      troublesome step of applying the tape or covering the film.
PAR  As described above, although the various methods have been proposed to form
      continuous glass fiber reinforced materials embedded in thermosetting
      resin in accordance with the shapes of the end products, in addition to
      the drawbacks mentioned, all of these methods have the following serious
      drawbacks.
PAR  Firstly, in all of the known methods, the formed products are drawn out in
      a linear form with the thermosetting resin being cured to a predetermined
      sectional shape. Therefore, in spite of the fact that the fiber reinforced
      plastic has a wide variety of possible uses in various fields and is in
      high demand owing to its light weight and toughness, its use is limited to
      linear articles such as pipes, fishing rods, golf club shafts, ski stocks
      and the like. Also, it is hardly possible, mainly because of cost, to bend
      the product into a desired configuration for specific uses, such as; for
      indoor piping for gas or water supply.
PAR  Secondly, in the known methods, the formed products are drawn out with the
      thermosetting resin being cured to a respectively predetermined sectional
      shape, so that, in the production plants, the glass fiber reinforced
      plastic sheets or bars with certain sectional shapes such as for example
      strip-shaped, angle-shaped, channel-shaped or such are respectively formed
      and stocked and shipped as demanded. However, if, for instance, the
      channel-shaped materials, only are much in demand, with the demand for the
      other types such as strip-shaped and angle-shaped materials being slight,
      the turnover of the latter types, which have been produced in surplus, is
      made worse, causing an increase in manufacturing cost. Also, it is
      impossible, due to poor productivity (mentioned below), to rapidly
      increase production of the much demanded channelled materials, and there
      may arise a situation where even full-capacity production can not meet the
      demand.
PAR  Thirdly, the thermosetting resins such as unsaturated polyester or epoxy
      resin, unlike the thermoplastic resins, usually require more than 5
      minutes for completing the curing reaction even when a curing catalyst is
      added. Accordingly, a very lengthy chamber is required for curing the
      thermosetting resin in the reinforcing fiber advancing continuously. For
      example, even when of drawing out a continuous resin-impregnated fiber
      mass or bundle at a moderate rate of 1.8 m/min, there is required a curing
      chamber with a length of more than 9 meters. Thus, according to the known
      methods, when one piece or one sheet of continuous glass fiber mass
      impregnated with thermosetting resin, which has been delivered from a
      shaping unit, passes through a 9-meters-long curing chamber, a length of
      only 1.8 meters of such mass or bundle can be treated in one minute. In
      order to increase the drawing-out speed of the fiber mass or bundle, one
      solution would appear to be to elongate the curing chamber. However, where
      the fiber mass or bundle passes through a die and is cured therein, the
      elongated curing chamber or die makes it impossible to draw out the fiber
      mass or bundle therethrough due to increased friction therebetween.
PAR  Fourthly, in the product formed by the known method, the glass fibers may
      break through and emerge on the surface of the product, thus impairing the
      external appearance of the product.
PAR  It is therefore an object of the present invention to provide a process of
      forming a continuous fiber-reinforced plastic material that can be formed
      into a desired shape by the user.
PAR  It is another object of the present invention to provide a process of
      forming continuous fiber reinforced plastic materials having desired
      sectional shapes, wherein the process is suited for effective factory
      production according to the demand.
PAR  It is still another object of the present invention to provide a process of
      forming continuous fiber reinforced thermosetting resin materials with
      extremely high productivity and reduced production cost.
PAR  Yet another object of the present invention is to provide a process of
      forming continuous fiber reinforced plastic materials with good external
      appearance without the possibility of causing the fiber to emerge on the
      surface of the formed product.
PAR  According to the present invention, there is provided a process comprising
      the steps of impregnating a continuously supplied reinforcing fiber
      material with an uncured thermosetting resin, shaping the
      resin-impregnated fiber material into a predetermined sectional
      configuration, forcibly extruding a molten thermoplastic resin under
      pressure into contact with and covering the shaped fiber material,
      immediately cooling the thermoplastic resin to enclose the shaped fiber
      material with the solidified thermoplastic resin, and taking out the thus
      formed continuous material.
PAR  Preferably, the molten thermoplastic resin is extruded in a thin layer so
      as to converge radially in the direction of advancement of the fiber
      material and a negative pressure is applied between the inside of the
      extruded thermoplastic resin and the shaped fiber material, whereby any
      vaporized substances therebetween and air bubbles in the uncured
      thermosetting resin can be effectively dispelled to make it possible to
      obtain a product free of air bubbles. Also, the molten thin thermoplastic
      resin is not pulled excessively in the direction of advancement of the
      fiber material, so that it is possible to prevent damage to the thin
      thermoplastic resin. Furthermore, the application of the negative pressure
      enables the thin thermoplastic resin to maintain the set sectional shape
      of the extruded portion and ensures fast adhesion of the thermoplastic
      resin to the surface of the fiber material.
PAR  To form a solid rod-shaped continuous material, plural reinforcing fiber
      rovings are impregnated with the uncured thermosetting resin and shaped
      into a desired circular sectional shape, which is then covered with the
      thermoplastic resin in the above-described manner. When it is desired to
      form a hollow pipe-shaped continuous material, the reinforcing fiber
      material such as cloth, mat or the like, and/or reinforcing fiber rovings
      are impregnated with the uncured thermosetting resin and enclosed around a
      previously formed flexible pipe singly or in lamination and thin shaped to
      a desired diameter, and then this assembly is successively covered with
      the thermoplastic resin in the above-said manner.
PAR  The thus formed rod -- or pipe -- shaped continuous material is free to
      bend since the inside thermosetting resin is uncured. Therefore, in use,
      the user can bend such material to any desired configuration and then
      heats it for a certain period of time to cure the thermosetting resin to
      thereby obtain a tough and strong pipe or rod.
PAR  To form linear rods or pipes in great quantity in a factory with the
      thermosetting resin being linearly cured, plural pieces of the rod -- or
      pipe -- shaped continuous materials filled with uncured thermosetting
      resin are arranged in parallel and guided linearly into a curing tank. The
      present process has a remarkable advantage when linear rods and pipes are
      thus produced. That is, since the molten thermoplastic resin covering the
      shaped fiber material can be solidified by cooling it in water for a
      period of several seconds (3 to 4 seconds), if for instance a 2
      meters-long cooling water tank is used, it is possible with the present
      invention to obtain the uncured thermosetting resin filled continuous
      material at the rate of 1 m/sec. Accordingly, if it is intended to cure
      the thermosetting resin in the continuous material by passing it through a
      curing tank of 9 - 10 meters length at the speed same as that for
      conventional curing, 30 - 32 pieces of rod -- or pipe -- shaped continuous
      materials, each having been cut to a predetermined length, can be treated
      for curing at the same time, thus accomplishing 30 - 32 times as high
      production efficiency as in the conventional process.
PAR  In case of forming the rods or pipes with linearly cured thermosetting
      resin, the core pipe around which the reinforcing fiber cloth, mat or
      rovings enclose may be a hard type.
PAR  To form a corrugated sheet, channelled or angled material, the reinforcing
      fiber materials such as cloth or mat or the reinforcing fiber rovings,
      either singly or in lamination, are impregnated with the uncured
      thermosetting resin and are shaped into a sheet or a strip of a desired
      width. Such sheet or strip is coated with the thermoplastic resin in the
      above-said manner. The thus formed continuous materials are kept in stock,
      and when so required, such sheet -- or strip -- shaped continuous material
      is passed through a deforming die having a corrugated, channel-shaped or
      angle-shaped section and placed at the inlet side of the curing tank so as
      to partially cure the thermosetting resin in the deforming die. In this
      case, too, the user can bend the sheet -- or strip -- shaped continuous
      material (filled with uncured thermosetting resin) into any configuration
      he desires, and can obtain a tough material with a desired shape. Also, a
      plurality of deforming dies may be installed in the curing tank for
      treating plural continuous materials simultaneously to elevate the
      productivity.
PAR  Further, according to the process of the present invention, since the
      formed product with its thermosetting resin being cured is covered with
      the solidified thermoplastic film, there is no possibility that, even if
      the product is bent, the component reinforcing fibers will break through
      and emerge on the surface as often seen in the conventional products, and
      hence the present product will always have a very good external
      appearance.
PAR  Although glass fiber is most typical of the reinforcing fiber material used
      in the present invention, it is also possible to use other types of fiber
      such as vinylon, nylon, polyester, polypropylene, etc. As for the
      thermosetting resin, although unsaturated polyester is most typical, epoxy
      resin, phenol resin or such is also usable. As the thermoplastic resin,
      polyethylene, polypropylene, polyvinyl chloride, nylon or such may be used
      selectively according to the purpose of use. Viscosity of the
      thermoplastic resin used should preferably be more than 1,000 poise.
DRWD
PAR  The aforementioned and other objects and features of the present invention
      will become more apparent from the following detailed description of
      specific embodiments of the invention when read in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic side view showing a process for forming a
      rod-shaped continuous material composed interiorly of reinforcing fibers
      impregnated with an uncured thermosetting resin and covered exteriorly
      with a solidified thermoplastic resin, according to the present invention;
PAR  FIG. 2 is a diagrammatic side view showing a process of linearly curing the
      thermosetting resin in the rod-shaped continuous material formed by the
      process of FIG. 1;
PAR  FIG. 3 is a sectional view of the rod-shaped continuous material formed by
      the process of FIG. 1;
PAR  FIG. 4 is a sectional view showing a preferred device for extruding the
      thermoplastic resin to cover the reinforcing fibers impregnated with the
      uncured thermosetting resin;
PAR  FIG. 5 is a diagrammatic side view showing a process for forming a
      pipe-shaped continuous material according to the present invention;
PAR  FIG. 6 is a diagrammatic perspective view showing a process of linearly
      curing the thermosetting resin in plural pieces of pipe-shaped continuous
      material formed by the process of FIG. 5;
PAR  FIG. 7 is a sectional view of a pipe-shaped continuous material formed by
      the process of FIG. 5;
PAR  FIG. 8 is a diagrammatic side view showing a process for forming a
      sheet-shaped continuous material according to the present invention;
PAR  FIG. 9 is a sectional view of a sheet-shaped continuous material formed by
      the process of FIG. 8;
PAR  FIG. 10 is a diagrammatic side view showing a process of forming the
      sheet-shaped continuous material into a desired sectional shape and curing
      the thermosetting resin in the continuous material formed by the process
      of FIG. 8;
PAR  FIG. 11 is a sectional view of a channel-shaped deforming die used in the
      process of FIG. 10; and
PAR  FIG. 12 is a sectional view of a corrugated deforming die used in the
      process of FIG. 10.
DETD
PAR  First, a process according to the present invention will be described with
      reference to FIGS. 1 to 3 for forming a solid rod-shaped continuous
      material. Plural pieces of glass fiber rovings (1) in a number depending
      on the diameter of the rod to be formed are drawn out from their
      respective packages (2) and, after being combined into a bundle, are led
      into a vessel (4) filled with an uncured thermosetting resin (3). Used as
      the thermosetting resin (3) in this embodiment is unsaturated polyester
      containing 3% of benzoyl peroxide which is a curing catalyst. The fiber
      bundle (5) impregnated with the thermosetting resin (3) is then led into a
      series of shaping dies (6a - 6d). Each of the shaping dies (6a - 6d) has a
      hole (7a - 7d), circular in sectional shape, and is aligned to allow
      linear passage of the resin-impregnated fiber bunble (5). The holes (7a -
      7d) of the shaping dies (6a - 6d) are arranged to gradually become smaller
      in diameter as their distances from the resin vessel (4) increases so
      that, while the fiber bundle (5) passes through the holes (7a - 7d) of the
      shaping dies (6a - 6d) successively, the fiber bundle (5) is shaped
      circularly into the predetermined sectional shape and the superfluous
      thermosetting resin is squeezed off. Thus, the bundle (5) which passes the
      final shaping die (6d) is given a circular sectional shape of the desired
      diameter. This bundle is then led into an extrusion die (8). The extrusion
      die (8) has a central passage (9) through which the fiber bundle (5) is
      allowed to pass linearly while maintaining the given shape. Around the
      central passage (9) in the extrusion die (8) is formed an annular passage
      (11) through which a molten thermoplastic resin (10) is extruded. The
      annular passage (11) is open at its one end to the outlet (12) of the
      extrusion die (8) and the other end is connected with an extruder (13) for
      the thermoplastic resin (10). Also provided in the extrusion die (8) are a
      cooling water circulation passage (15) which is disposed around the
      central passage (9) adjacent the inlet (14) of the die (8) for preventing
      the thermosetting resin from being deposited and partially cured in the
      central passage (9) of the extrusion die (8) heated by the molten
      thermoplastic resin (10), and a negative pressure passage (16) for better
      adhesion of the fiber bundle (5) with the molten thermoplastic resin (10).
      Secured around the outlet (12) of the extrusion die (8) is an annular
      nozzle plate (17) whereby the thermoplastic resin (10) is thinly extruded
      in an inverted conical form or to converge radially relative to the
      direction of advancement of the fiber bundle (5).
PAR  A preferred extrusion die is shown in FIG. 4. In this die, generally
      designated (8a), a cooling water circulation passage (15a) is formed along
      a major portion of the central passage (9) of the fiber bundle (5). An
      annular negative pressure passage (16a) is also formed between and along
      the cooling water circulation passage (15a) and the annular passage (11)
      of the thermoplastic resin (10). All of the central passage (9), negative
      pressure passage (16a), and annular passage (11) of the thermoplastic
      resin (10) are open at the outlet (12a) of the die (8). The opening of the
      annular passage (11) is so arranged that the molten thermoplastic resin
      (10) will be extruded in an inverted conical shape relative to the
      direction of advancement of the fiber bundle (5) by a tapered nozzle plate
      (17a).
PAR  In the instant embodiment, the thermoplastic resin (10) is high-density
      polyethylene which has viscosity of 200,000 poise (melt index of 0.3
      g/10-min) and is melted at 230.degree. to 240.degree. C. It is supplied as
      needed into the extruder (13) from a hopper (18).
PAR  The thermoplastic resin (10) extruded from the extruder (13) passes through
      the annular passage (11), and when emerging from the outlet (12) of the
      die (8), the resin flow is directed inwardly by the nozzle plate (17) so
      that it is thinly extruded like a film and in an inverted conical shape to
      the outside of the die (8) so as to contact and cover the fiber bundle (5)
      which is continuously supplied through the central passage (9). In this
      case, if a negative pressure is applied through the negative pressure
      passage (16), the vaporized substances from the molten thermoplastic resin
      and air bubbles in the uncured thermosetting resin can be removed to make
      possible formation of a bubble-free product. Further, since the molten
      thermoplastic resin is not pulled in excess in the direction of
      advancement of the fiber bundle (5), it is possible to prevent damage to
      the film and to ensure fast adhesion to the fiber bundle while maintaining
      the desired circular sectional shape.
PAR  The glass fiber bundle (5) impregnated with the uncured thermosetting resin
      and coated with the molten thermoplastic resin in the above-described
      manner is immediately led into a cooling water tank (19) in which cooling
      water (20) is circulated while it is maintained at a predetermined
      temperature. As the molten thermoplastic resin film is immediately
      solidified in the cooling water (20) and cooled therein within a period of
      3 to 4 seconds, the thermosetting resin (3) in the fiber bundle (5) does
      not have induced therein any polymerization reaction.
PAR  The continuous material (21) thus coated with the solidified thermoplastic
      resin (10a) is taken up on a pair of draw rollers (22) and then passed
      through shake-down rollers (23) from which the continuous material is
      shaken down into a receiving box (24).
PAR  In this embodiment, the fiber bundle (5) coated with the molten
      thermoplastic resin is immersed through a length of 2 meters in the
      cooling water (20), and the continuous material (21) is taken up at the
      rate of 1 m/sec. The thus formed continuous material (21), as shown in
      FIG. 3, has the inside filled with the glass fiber bundle (5) impregnated
      with the uncured thermosetting resin and is coated externally with the
      solidified thermoplastic resin (10a). Therefore, this material (21) is
      free to bend or curve. It is possible to form the material (21) with a
      glass fiber content of up to 75%.
PAR  An practical use the thus formed rod-shaped continuous material (21) is cut
      into a desired length, bent to a desired configuration and then subjected
      to a heat treatment which is a known method to cure the inside
      thermosetting resin (5), whereby a desired tough and lightweight plastic
      article can be obtained.
PAR  FIG. 2 shows a process for linearly curing the thermosetting resin in the
      rod-shaped continuous material (21) formed by the process of FIG. 1. This
      process is suited for factory production of the articles. The rod-shaped
      continuous material (21) which has been cut to a desired length and stored
      in a receiving box (24a) is delivered out therefrom through a pair of feed
      rollers (25) and then passed through a curing tank (26) while being drawn
      linearly by take-up rollers (27). The curing tank (26) measuring about 10
      meters in length in this embodiment is filled with hot water (28) heated
      to about 97.degree. C. The thermosetting resin requires about 5 minutes to
      complete its curing reaction, and hence the take-up rate is about 1.8
      m/min (about 3 cm/sec). The linearly formed rod-shaped material (21a) is
      cut to desired lengths by a cutter (29).
PAR  Although in FIG. 2, for simplicity of explanation, there is shown a curing
      treatment for a single piece of the continuous material (21), it is more
      effective to treat plural pieces of continuous materials (21)
      simultaneously by passing them through the same curing tank (26).
      According to the embodiment of the present invention, the rod-shaped
      continuous material with its thermosetting resin uncured (21) can be
      formed at the rate of about 60 m/min while the rod-shaped material (21a)
      with its thermosetting resin being cured linearly can be drawn out at the
      rate of about 1.8 m/min, so that for forming 18 meter-long cured
      rod-shaped materials (21a), it is possible to treat 33 pieces of uncured
      rod-shaped materials (21a) simultaneously through the same curing tank
      (26).
PAR  Since the thus formed rod-shaped material the thermosetting resin of which
      is being cured has its surface coated with polyethylene resin, no glass
      fibers will project above the surface of the formed product unless the
      product is completely broken. Also, even after one-week immersion in warm
      water of about 50.degree. C, little deteriorration of the physical
      properties was observed.
PAR  FIGS. 5 and 6 show another embodiment of the present invention for forming
      a pipe-shaped continuous material. A plural number of glass fiber rovings
      (1) and a glass chop strand mat (30) having a width substantially equal to
      the outer peripheral length of the pipe to be formed are used as the
      reinforcing fiber material. The glass fiber rovings (1) are divided into
      two groups, and the plural glass fiber rovings constituting each group are
      drawn out from the respective packages (2), then bundled together are
      passed through vessels (4a) and, (4b) containing uncured thermosetting
      resin (3a) and, (3b), so that each bundle of rovings is impregnated with
      the resin. Unsaturated polyester containing 3% of benzoyl peroxide as a
      curing catalyst is used as the thermosetting resin as in the preceding
      embodiment. The glass chop strand mat (30) is drawn out from its roll (31)
      and sandwiched between the two groups of glass fiber rovings impregnated
      with the resin, and the fiber mass is then led to a series of shaping dies
      (32). In the meanwhile, a pipe (33) made of a molten thermoplastic resin
      is also continuously led into the series of shaping dies (32) at the same
      speed as the fiber mass (1), (30). The pipe (33) may be formed by a known
      method, as for instance by extruding a molten thermoplastic resin (for
      example high-density polyethylene having viscosity of 200,000 poise (melt
      index of 0.3 g/10-min) and melted at 230.degree. to 240.degree. C) around
      a mandrel (35) from an extruder (34) and passing it through an air
      precooler means (36) and a cooling water tank (37).
PAR  Each of the shaping dies (32) has a central hole which gradually becomes
      smaller in diameter as its distance from the resin vessels (4a) and (4b)
      increases as in the embodiment of FIG. 1. When the fiber mass partly is
      wrapped around the thermoplastic pipe (33) and is passed through the
      series of shaping dies (32), any extra thermosetting resin (3) is squeezed
      off, and when passing the final shaping die, the fiber mass (1), (30) is
      turned into a perfect annular shape of the desired diameter and is
      completely wrapped around the thermoplastic pipe (33).
PAR  The pipe (33), which has thus been wrapped by the fiber mass (1), (30), is
      then led into an extrusion die (8c). This extrusion die (8c) has
      substantially the same construction as the die (8a) shown in FIG. 4.
      Accordingly, as in the case of FIG. 1, the fiber mass which has passed the
      extrusion die (8c) is covered with a molten thermoplastic resin (10) which
      is thinly extruded in a conical shape at a location near the outlet of the
      die (8c) and then the assembly is immediately guided through a cooling
      tank (19b). Used in this embodiment as the thermoplastic resin is
      low-density polyethylene having viscosity of 170,000 poise (melt index of
      0.4 g/10-min) and melted at 220.degree. to 240.degree. C. The resultant
      pipe-shaped continuous material (38) with its thermoplastic resin having
      been solidified, while passing through the cooling tank (19b), is drawn by
      a device (22a) and then cut to a predetermined length by a cutter (39).
PAR  The pipe-shaped continuous material (38) formed in the above manner is
      composed of a core pipe (33) made of a thermoplastic resin, a layer of
      fiber mass (1), (30) impregnated with the uncured thermosetting resin
      (3a), (3b), and an external solidified thermoplastic resin layer (10b),
      which are arranged concentric to each other as shown in FIG. 7. When
      forming a pipe-shaped continuous material measuring for instance 20
      millimeters (mm) in inner diameter and 30 mm in outer diameter, firstly, a
      core pipe (33) having an inner diameter of 20 mm and an outer diameter of
      22 mm is made by a known method. Then, 144 pieces of glass fiber rovings
      are divided into two groups, and an 80 mm-wide glass chop strand mat is
      sandwiched between the two groups of rovings to form a fiber mass, the
      latter being then wrapped around the pipe (33). Then, the assembly is
      passed through a series of shaping dies (32) arranged such that the first
      die hole is 50 mm in diameter and the final die hole is 29  mm in
      diameter, and is finally coated with a 0.5 mm-thick layer of thermoplastic
      resin (10b).
PAR  Although in the above embodiment there has been described the pipe-shaped
      continuous material the inside or core pipe (33) of which is made of a
      such material and with such thickness as to allow maintenance of the
      linear state by itself, it is also possible to form a flexible pipe-shaped
      continuous material containing an annular layer of uncured thermosetting
      resin by making the core pipe (33) from a flexible material or with a
      reduced thickness and extending the mandrel (35) to the inlet of the
      cooling tank (19b). If the thus formed flexible pipe-shaped continuous
      material is bent to a desired configuration and heat-treated, there can be
      obtained a tough and light-weight pipe section of a desired shape.
PAR  For linearly curing the pipe-shaped materials (38a) each having therein the
      fiber mass impregnated with uncured thermosetting resin, plural pieces of
      pipe-shaped materials (38a) are guided by feed rollers (25a) into a 10
      meter-long curing tank (26) filled with hot water (28) heated to
      90.degree. to 95.degree. C as shown in FIG. 6. The thermosetting resin in
      each of the pipe-shaped materials (38a) is completely cured while they are
      passed through the curing tank (26), and the thus treated materials (38b)
      are drawn out of tank 26 by a device (27a) and cut to a desired length by
      a cutter (29).
PAR  In this embodiment, as in the first embodiment aforedescribed, the
      pipe-shaped continuous materials (38a) filled with the uncured
      thermosetting resin can be produced at the rate of about 1 m/min and the
      pipe-shaped materials (38b) with the thermosetting resin being cured
      linearly can be taken up at the rate of about 1.8 m/min, so that when
      forming 18 meter-long cured pipe-shaped materials (38b), 33 pieces of
      uncured pipe-shaped material (38a) can be treated simultaneously with the
      same curing tank (26).
PAR  The glass fiber content in the thermosetting resin layer of each cured
      pipe-shaped material (38b) with an inner diameter of 20 mm and an outer
      diameter of 30 mm was 65 weight % and the bending modulus was 2300
      kg/mm.sup.2.
PAR  Now, still another embodiment of the present invention for forming flat
      sheet-shaped, channel-shaped or corrugated sheet-shaped materials will be
      described with reference to FIGS. 8 to 12. As in the embodiment of FIG. 5,
      plural glass fiber rovings (1) and a glass chop strand mat (30) having a
      width substantially equal to that of the sheet-shaped material to be
      formed are used as reinforcing fiber material. The glass fiber rovings (1)
      are divided into two groups, with each group of rovings being bundled
      together and passed through a respective vessel (4a) and (4b) filled with
      an uncured thermosetting resin (3a) and (3b) prepared in the same way as
      in the embodiment of FIG. 5, and then the mat (30) is sandwiched between
      the two groups of the rovings, the fiber mass being then passed through a
      series of shaping dies (40).
PAR  Each of the shaping dies (40) has a hole rectangular in sectional shape,
      the holes gradually becoming smaller as their distances from the resin
      tanks (4a) and (4b) increase. While the resin-impregnated fiber mass (41)
      passes through the series of shaping dies (40), superfluous resin is
      squeezed off, and when passing through the final shaping die, the fiber
      mass is given a desired sectional shape. This fiber mass (41) is then led
      into an extrusion die (42) having a central passage of the same shape as
      the rectangular hole in the final shaping die. A molten thermoplastic
      resin (10) prepared in the same way as in the embodiment of FIG. 5 is
      thinly extruded from the extrusion die (42) in a tetrahedral conical form
      to cover the outer periphery of the fiber mass (41) which has emerged from
      the die (42). The molten thermoplastic resin covering the fiber mass is
      immediately cooled in the cooling tank (19b) and the thus formed
      sheet-shaped continuous material (41a) composed of the fiber mass (41)
      impregnated with uncured thermosetting resin and coated with the
      solidified thermoplastic resin (10c) is drawn out of tank (19b) by plural
      rollers (43) and then shaken down into a receiving box (24).
PAR  The sectional shape of this sheet-shaped continuous material (41a) is shown
      in FIG. 9. For forming such a sheet-shaped continuous material (41a)
      having a sectional dimension of for example 5.5 mm .times. 152 mm
      according to the process shown in FIG. 8, 200 pieces of glass fiber
      rovings are divided into two groups (each group comprising 100 pieces of
      rovings) and a 148 mm-wide glass chop strand mat is sandwiched between the
      two groups of rovings. The fiber mass is passed through a series of
      shaping dies arranged such that the sectional dimensions of the holes in
      the first and final shaping dies are 10 mm .times. 150 mm and 3.5 mm
      .times. 150 mm, respectively, and then is covered with a 1 mm-thick
      thermoplastic resin film.
PAR  This sheet-shaped continuous material (41a) is free to bend, so that, after
      cutting it into a desired length, if it is bent to a desired configuration
      and further subjected to a heat treatment to cure the thermosetting resin,
      there can be obtained a light-weight and tough plastic material.
PAR  For linearly curing the thermosetting resin in the sheet-shaped continuous
      material (41a) without bending it, it is linearly drawn through a curing
      tank (26) as shown in FIGS. 2 and 6. In this case, as aforementioned,
      productivity can be raised by treating a plural number of sheets
      simultaneously.
PAR  To form a channel-shaped or corrugated sheet-shaped continuous material, a
      deforming die (44) channel-shaped in section or a die (45)
      corrugate-shaped in section, such as shown in FIG. 11 or 12, is provided
      at a location in or adjacent the inlet of the curing tank (26) filled with
      90.degree. to 95.degree. C hot water (28). The flat sheet-shaped
      continuous material (41a), which was formed by the process shown in FIG.
      5, is passed through channel-shaped passage (46) or corrugated passage
      (47) in the deforming die (44) or (45) by drawing the continuous material
      with draw means (27a). Preferably, the passage (46) or (47) in the
      deforming die (44) or (45) is so formed that its section is gradually
      shaped into the desired configuration as the passage nears its outlet. The
      thermosetting resin inside of the channel-shaped or corrugated
      sheet-shaped continuous material which has passed the deforming die is
      partly cured to such an extent as to allow retention of the channel or
      corrugated shape and is completely cured after passing through the curing
      tank (26). The channel-shaped or corrugated sheet-shaped continuous
      material (41b) the resin in which has been cured and which has been drawn
      out by the draw means (27a) is then cut to desired lengths by a cutter
      (39).
PAR  Since the thus formed channel-shaped or corrugated sheet-shaped continuous
      material (41b) is perfectly covered with the thermoplastic resin, the
      glass fibers do not project from its surface and it always has a good
      external appearance.
PAR  While the present invention has been described by way of some preferred
      embodiments thereof, it will be apparent that various alterations and
      modifications may be made within the spirit of the present invention. For
      example, angle-shaped continuous material may be formed by using an
      angle-shaped deforming die in the process shown in FIG. 10.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for rapid production of fiber reinforced cured thermosetting
      resin material, comprising the steps of impregnating a continuously
      supplied reinforcing fiber material with an uncured thermosetting resin,
      shaping said impregnated fiber material into a predetermined
      cross-sectional configuration by passing said fiber material straight
      through a series of shaping dies which have openings arranged to gradually
      become smaller in cross-section, leading said shaped impregnated fiber
      material into a central passage of an extrusion die, said central passage
      having a cross-sectional shape which is substantially the same as that of
      the shaping die closest to the extrusion die, extruding through said
      extrusion die a thin molten layer of molten thermoplastic resin around and
      spaced from said shaped impregnated fiber material immediately after the
      fiber material comes out of said extrusion die and converging said thin
      layer of molten thermoplastic resin radially toward and in the direction
      of advancement of said shaped impregnated fiber material while producing a
      negative pressure between the inside of said extruded thermoplastic resin
      and said shaped impregnated fiber material for firmly covering said shaped
      impregnated fiber material with said molten thermoplastic resin,
      immediately leading said thus covered fiber material into a cooled water
      tank at a speed of about 1 m/sec. to solidify said thermoplastic resin and
      thereby to cover said shaped impregnated fiber material, cutting said
      covered fiber material into predetermined lengths of more than 10 m, and
      thereafter passing a plurality of cut pieces of said fiber material
      simultaneously and in spaced parallel relation through a heated water tank
      to cure said thermosetting resin, whereby the covered fiber material can
      be produced at a relatively high speed and the thus rapidly produced
      covered material can be cured at a slower speed.
NUM  2.
PAR  2. A process according to claim 1, wherein viscosity of said molten
      thermoplastic resin is more than 1,000 poise.
NUM  3.
PAR  3. A process according to claim 1, wherein a plural number of reinforcing
      fiber rovings are used as said reinforcing fiber material and said rovings
      are bundled together, impregnated with said uncured thermosetting resin
      and shaped into and after a solid circular cross-sectional configuration.
NUM  4.
PAR  4. A process according to claim 1, wherein said reinforcing fiber material
      impregnated with said thermosetting resin is annularly shaped around a
      continuously supplied core pipe, thereby forming a pipe-shaped continuous
      material.
NUM  5.
PAR  5. A process according to claim 1, wherein said resin-impregnated
      reinforcing fiber material is shaped into flat-rectangular cross-sectional
      configuration to form a sheet-shaped continuous material.
NUM  6.
PAR  6. A method according to claim 4, wherein said core pipe is continuously
      formed from a thermoplastic resin and supplied at the same speed as said
      reinforcing fiber material.
NUM  7.
PAR  7. A method according to claim 5, wherein said formed sheet-shaped
      continuous material is bent crosswise while passing through a curing tank
      to thereby form a continuous material having a desired sectional form.
NUM  8.
PAR  8. A method according to claim 6, wherein said reinforcing material
      comprises rovings and a mat, said rovings being impregnated with said
      uncured thermosetting resin and being sandwiched around said mat while
      being advanced into said shaping step.
NUM  9.
PAR  9. A method according to claim 7, wherein said reinforcing material
      comprises rovings and a mat, said rovings being impregnated with said
      uncured thermosetting resin and being sandwiched around said mat while
      being advanced into said shaping step.
NUM  10.
PAR  10. A method according to claim 1, wherein said reinforcing fiber material
      is glass fiber.
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ABST
PAL  Producing a briquetted oxidic feed for a blast furnace by pelletizing very
      fine zinc oxide or zinc oxide and lead oxide powder into pellets having an
      average diameter of from 2 to 10 millimeters prior to briquetting the
      oxide pellets at a temperature of from 500.degree. to 800.degree.C and a
      pressure of from 1 to 20 tons/square inch.
BSUM
PAR  This invention relates to the preparation of feed material for a blast
      furnace for smelting zinc or zinc and lead, and in particular to the
      preparation of briquettes of zinc oxide or of zinc oxide and lead oxide
      suitable for feeding to a blast furnace.
PAR  British Patent Specification No. 1,302,864 describes and claims a process
      for preparing a lump oxidic charge for smelting in a blast furnace, the
      process comprising the successive steps of:
PA1  A. desulphurizing sulphidic raw material predominantly containing zinc
      values or lead values, or a mixture of zinc and lead values, and crushing,
      if necessary, particulate oxidic material; and
PA1  B. compressing this particulate oxidic material at a pressure of between 1
      and 20 tons/square inch and at a temperature of at least 500.degree.C
      without the addition of a carbonaceous or other binder, to form the lump
      oxidic charge.
PAR  While this process works well for calcines, that is fine material produced
      by roasting zinc/lead sulphide ores in a suitable roasting apparatus (for
      example, a fluidized bed roaster), the process does not work at all well
      for the very fine zinc fume produced in a process such as the "Waelz kiln"
      process in which impure zinc/iron oxide solids are reduced with a
      carbonaceous reducing agent in a rotating kiln, with countercurrent flow
      of air to give a very fine suspension of zinc oxide which is collected in
      bag-filters.
PAR  This very fine zinc oxide is very difficult to handle and does not flow
      well when fed to a press such as a roll press for the production of
      briquettes. The result is that the oxide may pass through the press
      without briquettes being formed or indeed with insufficient densification
      to permit formation of briquettes on repressing.
PAR  I have now found that this very fine zinc oxide powder can be used to make
      good, reasonably strong briquettes provided that the powder is formed into
      substantially spherical pellets of from 2 to 10 millimeters diameter
      before being fed into the briquette-forming press.
PAR  Accordingly, the invention provides a process for producing a briquetted
      oxidic feed for a blast furnace, comprising the steps of:
PA1  A. pelletizing a very fine zinc oxide or zinc oxide and lead oxide powder
      into substantially spherical pellets having an average diameter of from 2
      to 10 millimeters;
PA1  B. bringing the pellets to a temperature of from 500.degree. to
      800.degree.C; and
PA1  C. briquetting the oxide pellets at a temperature of from 500.degree. to
      800.degree.C and a pressure of from 1 to 20 tons/square inch, without the
      addition of a binder, to form strong coherent briquettes suitable for
      feeding to a blast furnace.
PAR  The oxide feed is preferably predominantly zinc oxide although it may
      contain up to 50% by weight of lead oxide. If more lead oxide than this is
      present it may be necessary to modify the briquetting conditions. It
      should be understood that, in addition to lead oxide, the zinc oxide
      material may contain up to 25% total by weight of impurities such as
      cadmium oxide, calcium oxide, silica or iron oxide, although usually the
      material will not normally contain more than 10% by weight of such
      impurities.
PAR  Preferably the pelletizing step is carried out in an apparatus such as a
      disc-pelletizer or a drum-pelletizer. In such an apparatus fine powder and
      a spray of water are fed onto an inclined revolving disc or into a
      revolving hollow drum. As the disc or the drum revolves it carries some
      powder on its upwardly-moving surface and this powder is removed from the
      surface by means of a scraper-blade and falls back to the bottom of the
      disc or drum from where it is carried up again on the revolving surface.
      The continual rolling of the wet powder particles leads to agglomeration
      and hence to the formation of substantially spherical pellets. The pellets
      will then be heated to a temperature of from 500.degree. to 800.degree.C
      before carrying out the briquetting step.
PAR  Alternatively, the fine powder can be pelletized by passing it through a
      rotating heated kiln (known as a "nodulizing kiln") at a temperature of
      from 900.degree. to 1300.degree.C. The pellets will then be cooled to a
      temperature of from500.degree. to 800.degree.C before carrying out the
      briquetting step.
PAR  It is advantageous to add some finely-divided carbonaceous solid, for
      example coke breeze, to the zinc oxide or zinc oxide and lead oxide before
      briquetting to improve the fuel economy of the smelting process by
      reducing the amount of metallurgical coke which needs to be fed into the
      blast furnace with the briquettes. Such carbonaceous solids do not
      normally function as a binder but merely serve to introduce some carbon
      into the oxidic feed so as to reduce the amount of reducing agent which
      has to be added separately to the furnace.
PAR  It is believed that the improvement in briquette quality when pellets are
      formed prior to briquetting can be attributed to the fact that the pellets
      flow better and more completely fill the pockets in the roll press, but
      this is not certain. In general, it is preferable to form pellets of an
      average diameter of from 2 to 6 millimeters.
PAR  The method according to the invention has been successfully operated on the
      following raw materials:
PA1  1. Waelz oxide fume;
PA1  2. "Blue powder" produced by scrubbing the exit gases from the condenser of
      a zinc blast furnace; and
PA1  3. "Baghouse" oxide from a zinc oxide plant.
PAR  Of these, (1) and (3) are fairly pure zinc oxide containing relatively low
      impurity levels whereas (2) is a partially-metallic, partially oxidic
      zinc/lead material produced by water scrubbing the gases leaving the
      leadsplash condenser of a zinc blast furnace. More precise analyses of
      these materials are given in the Examples below.
PAR  Although the preferred starting material for the process of this invention
      is fine zinc oxide produced by the oxidation of zinc vapor it is possible
      to use other zinc oxides, for examples as produced by roasting zinc
      sulphide and grinding the product. The main criterion is that the zinc
      oxide is of such a nature that it does not flow freely into cavities such
      as the pockets of a briquetting press. Thus preferred starting materials
      are fine oxides produced by vapor-phase oxidation, for example, Waelz
      oxide or "Baghouse" oxide collected from a gas stream.
PAR  It is preferable for the pellets to be dried and brought to a temperature
      of at least 600.degree.C before they are fed into the briquetting press.
      This is especially important where the moisture content of the pellets is
      high, as it will be after a drum pelletizing operation. The pellets are
      fed via a hopper to the roll press in the usual manner, and are pressed
      hot in the usual way to form coherent briquettes of good mechanical
      strength. Briquettes having a cold rattle strength (as hereinafter
      explained) of over 80% and a hot rattle strength (as hereinafter
      explained) of over 90 %, have been produced from both Waelz oxide and
      "Blue powder" using the technique according to the invention, with a
      briquetting temperature of about 700.degree.C.
DETD
PAR  The invention will be further described with reference to the following
      examples.
PAC  EXAMPLE 1
PAR  German Waelz oxide of analysis 60.0% by weight Zn, 11.6% by weight Pb and
      1.7% by weight S was fed as a fine powder, with water, onto a pelletizing
      disc and was formed into substantially spherical pellets of from 2 to 6
      mm. average diameter. These pellets were heated to 825.degree.C in a
      pre-heating kiln situated abovea roll press and were fed via a hopper and
      a scroll-feeder to pockets in a roll press, and the pellets, having been
      brought to a temperature of 650.degree.C, were briquetted at that
      temperature and at a pressure of 3000 lbs per square inch. The dimensions
      of the pockets were 31 mm by 21 mm, the volume being approximately 6.5
      mls. The resulting briquettes had a cold rattle strength of 87%, a hot
      rattle strength of 95%, a bulk density of 4.67 gms/ml and an apparent
      porosity of 13.5%.
PAC  EXAMPLE 2
PAR  "Baghouse" zinc oxide of analysis 80% by weight zinc as oxide was formed
      into substantially spherical pellets of from 2 to 6 mm average diameter as
      in Example 1. These pellets were heated in a kiln to 800.degree.C, and
      then, having been brought to a temperature of 660.degree.C, were
      briquetted at that temperature and at a pressure of 3000 lbs. per square
      inch in a roll press having dimensions as set out in Example 1. The
      resulting briquettes had a hot rattle strength of 95%, a cold rattle
      strength of 77%, a bulk density of 4.51 grms/ml and an apparent porosity
      of 19.6%.
PAC  EXAMPLE 3
PAR  40% by weight of "Blue powder" of analysis 33.9% by weight Zn, 30.9% by
      weight Pb and 5.3% by weight S and 60% by weight of "Baghouse" oxide
      containing 80% by weight zinc were mixed and fed, with water, onto a
      pelletizing disc and formed into substantially spherical pellets of
      greater than 2mm average diameter. These pellets were heated in a kiln to
      800.degree.C, and, having been brought to a temperature of 670.degree.C,
      were briquetted at that temperature and at a pressure of 3000 lbs. per
      square inch in a roll press having dimensions as set out in Example 1. The
      resulting briquettes had a cold rattle strength of 92%, a hot rattle
      strength of 99%, a bulk density of 4.98 gms/ml and an apparent porosity of
      10.6%
PAC  EXAMPLE 4
PAR  Polish Waelz oxide of analysis 46% by weight Zn, 8% by weight Pb, 6% by
      weight Fe, 2.6% by weight S, 6% by weight CaO and 6.3% by weight SiO.sub.2
      was pelletized into substantially spherical pellets of from 2 to 6 mm
      average diameter, preheated in a kiln to 845.degree.C, and, having been
      brought to a temperature of 750.degree.C, were briquetted at that
      temperature and at a pressure of 3000 lbs. per square inch. The resulting
      briquettes had a cold rattle strength of 84%, a bulk density of 3.79
      gms/ml, and an apparent porosity of 19.1%.
PAR  The cold rattle index and the hot rattle index tests referred to above were
      carried out as follows.
PAC  COLD RATTLE INDEX TEST
PAR  This test was carried out on a 1000 gms sample at room temperature in a 165
      mm diameter steel drum fitted with 25 mm lifter bars, rotating at 75 rpm
      for 6 minutes. Prior to testing any easily removable flash attached to the
      briquettes was knocked off. The proportion off the sample, expressed as a
      percentage, which after rattling did not pass through a 12.5 mm screen was
      taken as the cold rattle strength index. ISF sinter is normally regarded
      as being of acceptable strength if it gives a cold rattle strength of over
      80%.
PAC  HOT RATTLE INDEX TEST
PAR  The + 12.5 mm fraction from the cold rattle index test was inserted into a
      150 mm diameter carborundum drum fitted with two 25 mm lifter bars which
      had been electrically heated to a temperature of 1000.degree.C. The
      temperature in the drum was brought back up to 1000.degree.C (normally
      taking about 10 minutes). The drum was then rotated at 90 rpm for 6
      minutes. The proportion of the sample expressed as a percentage, which
      after rattling did not pass through a 12.5 mm screen was taken as the hot
      rattle strength index.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for producing a briquetted oxidic feed for a blast furnace
      comprising briquetting an oxidic material selected from the group
      consisting of zinc oxide powder and zinc oxide and lead oxide powder at a
      temperature of from 500.degree. to 800.degree.C and a pressure of from 1
      to 20 tons/square inch, without the addition of a binder, to form coherent
      briquettes suitable for feeding to a blast furnace, the improvement
      comprising the steps of:
PA1  a. pelletizing the oxidic material powder of a fineness insufficient to
      form coherent briquettes suitable for feeding to a blast furnace into
      substantially spherical pellets having an average diameter of from 2 to 10
      millimeters; and
PA1  b. heating the pellets to a temperature of from 500.degree.C. to
      800.degree.C prior to the briquetting step.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein the oxidic material comprises
      up to 50% by weight of lead oxide.
NUM  3.
PAR  3. The process as claimed in claim 1 wherein step (a) comprises feeding the
      oxidic material and a spray of water onto a revolving surface whereby the
      continual rolling of the wet powder particles leads to agglomeration of
      the particles and to the formation of substantially spherical pellets.
NUM  4.
PAR  4. The process as claimed in claim 3 further comprising drying the pellets
      formed in step (a) prior to step (b).
NUM  5.
PAR  5. The process as claimed in claim 1 further comprising adding a
      finely-divided carbonaceous solid to the oxidic material pellets formed in
      step (a) before step (b).
NUM  6.
PAR  6. The process as claimed in claim 5 wherein the carbonaceous solid is coke
      breeze.
NUM  7.
PAR  7. The process as claimed in claim 1 wherein the pellets formed in step (a)
      have an average diameter of from 2 to 6 millimeters.
NUM  8.
PAR  8. In a process for producing a briquetted oxidic feed for a blast furnace
      comprising briquetting an oxidic material selected from the group
      consisting of zinc oxide powder and zinc oxide and lead oxide powder at a
      temperature of from 500.degree.C to 800.degree.C and a pressure of from 1
      to 20 tons/square inch, without the addition of a binder, to form coherent
      briquettes suitable for feeding to a blast furnace, the improvement
      comprising the steps of:
PA1  a. pelletizing the oxidic material powder of a fineness insufficient to
      form coherent briquettes suitable for feeding to a blast furnace into
      substantially spherical pellets having an average diameter of from 2 to 10
      millimeters by passing the oxidic material through a rotating heated
      pelletizing kiln at a temperature of from 900.degree. to 1300.degree.C;
      and
PA1  b. cooling the pellets to a temperature of from 500.degree. to 800.degree.C
      prior to the briquetting step.
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ABST
PAL  A curable composition comprising an ethylene-containing polymer, a curing
      agent, and a mineral filler treated with
      tetramethyltetravinylcyclotetrasiloxane, is compounded and fabricated to
      the desired shape, such as an insulation layer over a conductor. The
      fabricated product is then passed through a non-aqueous heat transfer
      medium maintained at about atmospheric pressure and at a temperature
      sufficient to effect curing in situ of the ethylene-containing polymer.
      The resulting cured composition is characterized as relatively dense
      (substantially non-porous) especially suitable for use as insulation for
      wire and cable.
PARN
PAR  This is a division, of application Ser. No. 305,544, filed Nov. 10, 1972,
      now U.S. Pat. No. 3,859,247   which is a continuation-in-part application
      of my then copending but now abandoned application for patent Ser. No.
      91,357, filed Nov. 20, 1970 of the same title, which in turn is a
      continuation-in-part of my then copending, but now abandoned, application
      for patent Ser. No. 748,816, filed July 30, 1968, of the same title.
BSUM
PAR  Thermosetting or cross-linked polyethylene compositions are well known in
      the art and have been used extensively, especially for insulating
      materials for wire and cable. In the conventional manufacture of wire and
      cable employing such insulation materials, a filler, curing agent and
      other additives are admixed with the polyethylene, the compounded
      admixture is then fabricated over a metallic conductor as an insulation
      coating and then cured to form a thermosetting or cross-linked coating.
      Such compositions are used elsewhere but to a lesser extent such as in the
      manufacture of pipe and moldable products. Other olefinic compositions
      have been used in the same or similar manner, but polyethylene has been
      the most widely used polyolefin. The physical properties and performance
      characteristics of the cured composition depends primarily upon its
      application, and the compounding recipes and procedures are varied
      according to the properties required.
PAR  According to conventional practice, the polymeric compounds are cured at
      high temperature and pressures. In the manufacture of insulated wire and
      cable, for example, the fabricated article is passed from the extruder,
      where the curable composition is extruded over the conductor, to a steam
      curing chamber maintained at temperatures of about 388.degree. to
      406.degree.F and correspondly under high pressures of about 200 to 250
      psig, or more. The high temperature is required in order to decompose the
      curing agent and thereby promote cross-linking, and the high pressure is
      required in order to produce a relatively dense (non-porous) vulcanizate.
      Quite obviously, there are numerous cost and control problems associated
      with a high pressure, steam curing system.
PAR  This invention has therefore as among its objects to provide a method for
      chemically cross-linking a filled ethylene-containing composition which
      obviates the need of a high pressure curing system, and which results in a
      relatively dense and substantially non-porous, cured composition.
PAR  Although this invention is described hereinbelow with particular reference
      to compositions useful as insulation for wire and cable, it should be
      understood that the compositions may be used in other fabricated and
      moldable products. The terms "wire"  and "cable", as used herein and in
      the appended claims, are employed as synonymous terms and refer to an
      insulated electrical conductor.
PAR  In accordance with the broadest aspect of this invention, there is provided
      a curable composition comprising (1) an ethylene-containing polymer, (2) a
      curing agent, and (3) a mineral filler treated with
      tetramethyltetravinylcyclotetrasiloxane (hereinafter sometimes referred to
      as simply vinyl siloxane). In preparing the composition, the polymer,
      filler, vinyl siloxane, and other additives are intimately admixed as in a
      Banbury. During this compounding operation, the vinyl siloxane interacts
      or coats the filler, and commonly this is referred to as siloxane treated
      filler. Where desired, the mineral filler may be pretreated with the vinyl
      siloxane in a separate operation, and the treated filler is then admixed
      with the polymer and other additives. A suitable curing agent, desirably a
      tertiary organic peroxide, is then incorporated into the admixture to
      effect substantially cross-linking of the polymer upon curing. The
      composition is extruded as an insulation layer over a conductor, and then
      passed through a non-aqueous heat transfer medium maintained at about
      atmmospheric pressure and at a temperature sufficient to cure substantialy
      in situ the ethylene-containing polymer. The cured product is
      characterized as relatively dense and therefore particularly useful as an
      insulation material, as described hereinafter in greater detail.
PAR  This invention will be further appreciated by reference to the accompanying
      figures, which illustrate in greater detail a preferred manner of carrying
      out the novel process for the manufacture of wire and cable.
DRWD
       In the drawing, FIG. 1 is a diagrammatic view in elevation of the
      apparatus for carrying out the invention. FIGS. 2-6 are photomicrographs,
      at a magnification of seven diameters, of typical sections of cured
      compositions prepared as described in the examples below.
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PAR  The insulation composition is compounded as in a Banbury indicated at 10,
      and then passed to a mill 11 to sheet the composition for subsequent
      handling. As a practical matter, the compound is hopper fed to an
      extruder, and therefore the sheeted composition is generally granulated or
      pelletized at 12 in preparation for use as extruder feedstock. As
      explained hereinafter in greater detail, the mineral filler may be
      pretreated with the vinyl siloxane by intimately admixing the silane with
      the filler, and then adding the pretreated filler to the Banbury where the
      filler and vinyl siloxane interact. The compound is fed to a conventional
      wire extruder 14. A metallic conductor 16 is passed from a pay-out reel 18
      through the extruder where the polymeric compound is extruded to form a
      coating of insulation over the conductor.
PAR  Upon emerging from the extruder, the insulated conductor 19 is passed
      through an elongated tube 20 containing a heat transfer medium 22, such as
      an organic fluid, and further may be provided with suitable valve and
      drain means 23. The heat transfer medium is maintained at an elevated
      temperature sufficient to effect substantial curing in situ of the
      polymer. Also, the heat transfer medium is not maintained under pressure,
      such as used with the conventional practice of curing under steam
      pressure, but rather is at atmospheric or ambient pressure. The
      temperature required will depend primarily upon such factors as the type
      of polymeric compound, the heat transfer medium and the curing agent
      employed. The length of tube 20 and the rate of travel through the tube
      should allow sufficient dwell time of product 19 in the heat transfer
      medium to effect substantial curing of the polymer, and may be determined
      readily by one skilled in the art. Tube 20 is heated as by an electric
      heating coil (not shown) or othe suitable means. Also, it should be
      understood that other means for maintaining the curing bath, such as a vat
      or tank, may be substituted for the tube 20, but the tubular member
      provides a convenient and practical means for use in the manufacture of
      wire and cable requiring a minimum of apparatus and heat transfer medium.
PAR  Tube 20 terminates at housing 24 which preferably is vented to the
      atmosphere through vent tube 26 having an exhaust fan 28. Capstan 30 is
      maintained in housing 24, and the cable passing from the tube 20 is passed
      over the capstan and into an elongated cooling pipe 32, which is
      maintained at a temperature sufficiently low to cool the insulated
      conductor. Generally, it is sufficient to operate the cooling pipe at room
      temperature, and exhause fan 28 draws air through the pipe counter to the
      cable passing therethrough. Where desired, other means may be employed for
      cooling the cable. For example, the cooling pipe may be provided with a
      jacket and a refrigerant is passed through the jacket, or the cooling pipe
      may contain a fluid maintained at the desired low temperature. Here again,
      it should be understood that a vat or tank may be substituted for the
      cooling pipe 32. A sump 34 in cooling pipe 32 provides means for draining
      any fluids from the cable which may have been carried over from tube 20.
      The resulting product is then wound on take-up reel 36 provided with a
      traverse mechanism 38 to assure level winding of the cable.
PAR  As described above, the formed cable emerging from the extruder is passed
      through a heat transfer medium maintained at an elevated temperature
      sufficient to cure substantially the polymer. Also, the heat transfer
      medium is not maintained under pressure, such as with the conventional
      practice of curing under steam. It will be observed that the heat transfer
      medium must be substantially inert toward the polymer. Any of a number of
      heat transfer materials may be employed and these may include organic
      fluids, gases, molten salts, and salt solutions, and molten metalalloys.
      In the preferred embodiment of the invention, a polyalkylene glycol is
      employed, which may be either water soluble or water insoluble and have a
      viscosity range of from 50 to 90,000 Saybolt Universal Seconds at
      100.degree.F such as those sold under the tradename Ucon fluids. Other
      suitable organic fluids include, for example, glycerol and esters thereof,
      and propylene glycol and esters thereof. Also, suitable gaseous heat
      transfer materials include, for example, air, carbon dioxide, and
      nitrogen, which at the curing temperature is substantially free of water
      vapor and substantially inert to the polymer. The gaseous heat transfer
      medium, which may be preheated, is passed through the curing tube or
      chamber preferably countercurrent to the insulated conductor, and the
      curing is conducted at substantially atmospheric pressure. clutter, guided
      to
PAR  In accordance with the invention, the curable composition comprises an
      ethylene-containing polymer, a curing agent, and a mineral filler treated
      with tetramethyltetravinylcyclotetrasiloxane. Also, certain additives are
      usually compounded with the polymeric blend. These compounding additives
      may include, for example, an antioxidant such as polymerized
      trimethyldihydroquinoline, a lubricant such as calcium stearate to prevent
      the composition from sticking during fabrication, a non-combustible
      additive such as antimony oxide and a halogenated compound to promote
      flame retardance, a coagent such as polybutadiene to facilitate
      cross-linking, and a small amount of pigment or coloring agent. The
      compounding agents required may vary considerably, and there may be others
      than those mentioned, depending upon the properties sought for the end
      product.
PAR  Where desired, polyethylene may be used alone or may be used in conjunction
      with one or more other polymers, but this will depend largely upon the
      requirements of the end product. The ethylene-containing member may be
      polyethylene, which may be blended with other polymers, and copolymers of
      ethylene or other polymerizable materials. Suitable copolymers of ethylene
      include, for example, ethylene-propylene rubber, ethylene-propylene
      terpolymer, and ethylene-vinyl acetate. The amount of ethylene used in the
      copolymer will alter the properties of the end product, and therefore may
      be varied to achieve the required results. For example, a typical
      copolymer of ethylene and propylene comprises about 50 mole percent of
      each component, and a copolymer of ethylenevinyl acetate typically
      comprises about 72 to 95 per cent by weight ethylene and the balance being
      vinyl acetate.
PAR  The polyethylene or copolymer of ethylene may be blended with a
      chlorine-containing polymer, such as chlorinated polyethylene,
      chloro-sulfonated polyethylene, and polyvinyl chloride, to promote flame
      retardance of the composition. It is known that the flame retardant
      properties of polyethylene compositions may be enhanced by using a
      chlorine-containing polymer, and the compositions may contain up to about
      15 percent by weight chlorine based on the total weight of all polymers
      present. A higher chlorine content can adversely affect the composition by
      resulting in a porous product. The chlorine-containing polymer is
      relatively more expensive than the polyethylene, and therefore, it is
      desirable to use the minimum chlorine content which will provide
      sufficient flame retardance to enable the cured composition to pass the
      flame test specified by the product requirements. The tensile strength of
      the final product generally is increased with an increased proportion of
      the unchlorinated polymer or copolymer, but at least a minimum content of
      about 2 per cent by weight chlorine of the total polymeric components is
      used to impart the desired flame retardance property to the product. Thus,
      the proportions for the ingredients may be varied within the specified
      limits to meet the mechanical properties and performance characteristics
      desired for an insulation composition.
PAR  A suitable mineral filler is compounded with the insulation composition
      which provides the composition with sufficient strength necessary for
      fabricating the cable so that it will retain its structure during
      fabrication. The mineral fillers utilized in the composition may be any of
      those commonly employed in polymeric compositions and include, for
      example, aluminum silicate, aluminum oxide, calcium silicate, silica,
      magnesium silicate, titanium dioxide, and mixtures thereof. The filler may
      contain certain inert impurities, typically metallic oxides, which may
      range up to about 5 per cent by weight of the filler. These filler
      materials are well known and readily available on the market, and the type
      of filler used will depend largely on the desired properties for the end
      product and may be determined by one skilled in the art. The titanium
      dioxide filler typically possesses a particle size of about 0.2 to 0.4
      microns (mean diameter) and a specific gravity of about 3.9 to 4.1. The
      other filler materials typically are calcined to reduce the moisture
      content to less than 0.5 percent by weight, and generally possess a
      particle size of the order of 2 microns diameter and a specific gravity of
      about 2.5 to 2.8.  However, also applicable is a magnesium silicate filler
      having a plate-like structure, a particle size not greater than 6 microns,
      and desirably a specific surface area of 18 to 20 square meters per gram
      as determined by BET Gas Absorption Method, and a specific gravity of
      about 2.7 to 2.8. This magnesium silicate filler is sold by Sierra Talc
      Company under the tradename Mistron Vapor Talc.
PAR  The function of fillers in polymeric insulation compositions is well known,
      and the amount of filler incorporated into the composition may be varied
      depending upon the properties desired in the cured product. The filler
      content may range from about 25 to 60 percent by weight of the
      composition, and more preferably about 30 to 50 percent by weight. The
      filler is treated with about 0.15 to 4 percent by weight of
      tetramethyltetravinylcyclotetrasiloxane, and preferably 0.5 to 3 percent.
      An excess of vinyl siloxane apparently acts like a plasticizer, which
      consequently appears to degrade the tensile strength and electrical
      properties of the cured composition, and further results in a porous
      product, and therefore is avoided.
PAR  The compounding operation is conducted within a temperature range high
      enough to render the admixture sufficiently plastic to work, but below the
      reacting temperature or decomposition temperature of the curing agent so
      that the curing agent will not decompose thereby causing at least partial
      or incipient curing of the polyethylene stock during the normal mixing
      cycle. Desirably, the curing agent employed in the operation is an organic
      peroxide, such as a tertiary peroxide, and characterized by at least one
      unit of the structure
      ##EQU1##
      which decomposes at a temperature in excess of about 275.degree.F. The use
      of these peroxide curing agents in effecting cross-linking of polymers
      such as polyethylene compounds is adequately described in U.S. Pat. Nos.
      3,079,370, 2,888,424, 3,086,966 and 3,214,422, which patents are
      incorporated in this specification by reference. The most commonly used
      peroxide curing agent, and the agent preferred, is di-.alpha.-cumyl
      peroxide. Other useful curing agents include the tertiary diperoxides such
      as 2,5-dimethyl-2,5(t-butyl peroxy) hexane and 2,5-dimethyl-2,5(t-butyl
      peroxy) hexyne-3, and the like diperoxy compounds.
PAR  The proportion of peroxide curing agent used depends largely on the
      mechanical properties sought in the cured product, for example, hot
      tensile strength. A range of from about 0.5 to 10 parts by weight of
      peroxide per hundred parts of polymer satisfies most requirements, and the
      usual proportion is of the order of two to four parts peroxide. In a
      typical production operation employing a tertiary peroxide as a curing
      agent, compounding is conducted at a temperature of from about 200.degree.
      to 275.degree.F. If compounding is conducted at a temperature much higher
      than the stated maximum, the peroxide will decompose thereby causing
      premature curing of at least a portion of the polymer. As a consequence,
      the compound will be difficult to fabricate and the final product will
      exhibit an irregular or roughened surface.
PAR  In addition to effecting substantial economies by obviating the need of a
      high pressure curing system, a further distinct advantage is that the
      invention makes it feasible to manufacture cable having a sodium conductor
      insulated with a chemically cross-linked polyolefin. A cable of this type,
      and its method of manufacture, is disclosed and claimed in U.S. Pat. No.
      3,534,132 to Carl A. Bailey and Raymond E. Isaacson, and assigned to the
      assignee of this invention. It is apparent that such a cable could not be
      cured under steam pressure because working with sodium in a water and/or
      water vapor environment is extremely hazardous. Moreover, sodium is liquid
      at the temperatures employed in the manufacture and cure of cable, and
      because the insulation layer is in a plastic state when it is passed from
      the extruder to the curing oven, the high pressures employed in the curing
      oven would compress the walls of the cable and squeeze the sodium out from
      its insulation jacket. It will be observed that the insulated sodium cable
      can be made by the process of my invention in that a water environment is
      eliminated and that curing is conducted in the absence of pressure.
PAR  In a still further modification, the curable composition of this invention
      may be subjected to a vacuum prior to the curing operation. For example,
      the extruder may be vented and a vacuum drawn on the barrell of the
      extruder as the composition is fluxed or plasticized and advanced through
      the barrell by the extruder screw. Where desired, the composition may be
      fed to the extruder from a hopper maintained under a vacuum. Performing
      the operation under vacuum may be particularly advantageous in assuing a
      relatively dense product.
PAR  The following examples further illustrate the invention.
PAC  EXAMPLES 1-5
PAR  In Examples 1 through 5, the compositions were prepared by conventional
      compounding technique according to the recipes shown in Table I. The
      filler and vinyl siloxane were added separately in the compounding
      operation. Example 1 was a control sample for the mineral filler was not
      treated with vinyl siloxane. The amounts in the table for each component
      are parts by weight. The compounds were then formed into slabs measuring 4
      1/2 inches square and having a thickness of about 75 mils. The slabs were
      cured by immersion for 2 minutes in a polyalkylene glycol sold under the
      tradenamr Ucon LB-300X having a viscosity in Saybolt Universal Seconds of
      300 and maintained at a temperature of 200.degree.C. The cured products
      were tested for degree of cure by toluene extract wherein a two gram
      sample is extracted by boiling toluene for 16 hours substantially in
      accordance with the test described by ASTM D-297.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Recipes and Toluene Extracts                                              
     __________________________________________________________________________
     Examples       1     2     3     4     5                                  
     __________________________________________________________________________
     Polyethylene   100   100   100                                            
     Ethylene-vinyl acetate                                                    
      copolymer (6% by weight                                                  
      vinyl acetate)                  100                                      
     Ethylene-propylene copolymer                                              
      (50 mole % ethylene)                  100                                
     Aluminum silicate                                                         
                    50    50                120                                
     Precipitated hydrated silica     50                                       
     Mistron Vapor Talc                                                        
      (magnesium silicate)      50                                             
     Vinyl siloxane       1.5   1.5   1.5   1.5                                
     Di-.alpha.-cumyl peroxide                                                 
                    3.5   3.5   3.5   3.5   3.5                                
     Toluene Extract                                                           
      (% on compound)                                                          
                    11.6  9.6   11.8  10.5  7.3                                
     __________________________________________________________________________
PAR  The toluene extracts show that the polymer was cured to a relatively high
      degree which compares favorably with the conventional steam curing process
      which typically has a toluene extract ranging from about 6 to 15 percent.
      All of the sample runs were visually examined for porosity. Example 1, the
      control, was relatively porous and therefore not acceptable as insulation
      for wire and cable. The remaining examples exhibited little or no porosity
      and therefore are acceptable for use as insulation. This is clearly
      illustrated in FIGS. 2 through 6 which are photomicrographs of Examples 1
      through 5.
PAR  It will be observed from the preceding description and examples that by
      reason of my invention, a high pressure curing system is eliminated, and a
      relatively dense and non-porous product is obtained which is particularly
      useful as insulation for wire and cable.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of making an electric cable having a cured relatively dense and
      substantially non-porous insulating composition about a conductor
      comprising ethylene containing polymer and mineral filler cured at
      substantially atmospheric pressure, comprising the steps of: treating a
      mineral filler with tetramethyltetravinylcyclotetrasiloxane by admixing
      said mineral filler with about 0.15 to 4.0 percent of
      tetramethyltetravinylcyclotetrasiloxane by weight of the filler, and
      preparing the insulating composition by admixing the ingredients
      comprising an ethylene containing polymer, said mineral filler and
      treating tetramethyltetravinylcyclotetrasiloxane, and curing agent;
      forming the insulation of admixed composition about a conductor; and
      thereafter heating the said formed insulation of the admixed composition
      at about atmospheric pressure in a non-aqueous heat transfer medium to a
      temperature and for a dwell time sufficient to effect an in situ
      cross-linking cure of the ethylene containing polymer to a relatively
      dense and substantially non-porous insulation of filled polymeric
      composition.
NUM  2.
PAR  2. A method of making an electrical cable having a cured substantially
      non-porous insulating composition about a conductor comprising ethylene
      containing polymer and mineral filler cured at substantially atmospheric
      pressure, comprising the steps of: treating a mineral filler selected from
      the group consisting of aluminum silicate, aluminum oxide, calcium
      silicate, silica, magnesium silicate, titanium dioxide, and mixtures
      thereof, with tetramethyltetravinylcyclotetrasiloxane by admixing said
      mineral filler with about 0.15 to 4.0 percent of
      tetramethyltetravinylcyclotetrasiloxane by weight of the filler, and
      preparing the insulating composition by admixing the ingredients
      comprising an ethylene containing polymer with at least about 50 mole
      percent ethylene selected from the group consisting of polyethylene,
      copolymers of ethylene and propylene, and copolymers of ethylene and vinyl
      acetate, and mixtures thereof with about 25 to 60 percent by weight of the
      composition of said mineral filler treated with
      tetramethyltetravinylcyclotetrasiloxane and about 0.5 to 10 parts by
      weight of organic peroxide curing agent per 100 parts by weight of
      ethylene containing polymer; forming the insulation of admixed composition
      about a conductor; and thereafter heating the said formed insulation of
      the admixed composition at about atmospheric pressure in a non-aqueous
      heat transfer medium to a temperature and for a dwell time sufficient to
      effect an in situ cross-linking cure of the ethylene-containing polymer to
      a relatively dense and substantially non-porous insulation of filled
      polymeric composition.
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ABST
PAL  An improved process is provided for the production of polymeric filamentary
      material or film. Molten melt-spinnable polymeric material capable of
      undergoing crystallization (e.g., a polyester) is extruded through a
      shaped orifice to form a filamentary material or film under high stress
      conditions, quenched to below its glass transition temperature to form a
      solid filamentary material or film, and sequentially passed for a brief
      residence time through a thermal conditioning zone at a temperature
      between its glass transition temperature and its melting temperature
      wherein the internal structure thereof is modified and substantial
      crystallization of the previously solidified filamentary material or film
      takes place. The filamentary material or film is withdrawn from the
      conditioning zone at a rate of 1000 to 6000 meters per minute while under
      a relatively high stress of about 0.1 to 1.0 gram per denier. The process
      is conducted while exerting a constant tension upon the filamentary
      material or film in the absence of stress isolation. The melt extrusion
      process yields a product wherein the tensile strength and modulus are
      improved and the shrinkage characteristics are diminished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polymeric filamentary materials and films have been produced in the past
      under a variety of melt extrusion conditions. Both high stress and low
      stress spinning processes have been employed. Under high stress conditions
      the as-spun filamentary material is withdrawn from the spinneret under
      conditions whereby substantial orientation is imparted to the same soon
      after it is extruded and prior to its complete solidification. See, for
      instance, U.S. Pat. Nos. 2,604,667 and 2.604,689. Such high stress
      conditions of the prior art commonly yield a non-uniform filamentary
      material wherein substantial radial non-homogeneity exists across the
      fiber diameter leading to self-crimping characteristics upon heating, or
      less than desired tensile properties.
PAR  Melt spinning processes have also been proposed wherein the cooling of the
      extruded filamentary material has been retarded (i.e., prolonged) prior to
      complete solidification so as to alter the properties thereof. See, for
      instance, U.S. Pat. Nos. 2,323,383; 3,053,611 and 3,361,859.
PAR  Heretofore, polymeric fibers, e.g., polyester fibers, following extrusion
      and solidification have commonly been drawn while at an elevated
      temperature to further enhance their tensile properties. Such drawing may
      be conducted in an in-line fashion following fiber formation wherein the
      fiber is passed about appropriate drawing equipment of after the as-spun
      fiber is unwound from an intermediate collection device. Such drawing is
      commonly conducted upon contact with an appropriate heating device, heated
      gaseous atmosphere, or heated liquid medium. Also, it has been known that
      previously drawn polyester fibers may be heat treated with or without
      allowed shrinkage (i.e., post-annealed) in order to modify their physical
      properties.
PAR  As-spun polyester filamentary material consisting principally of
      polyethylene terephthalate, because of its extremely slow crystallization
      rate at room temperature, forms a stable fiber package unlike an as-spun
      polyamide filamentary material. As-spun polyamide filamentary materials
      have a marked tendency to rapidly crystallize at room temperature with an
      accompanying growth in fiber length thereby rendering wound fiber packages
      of the same highly unstable and difficult to handle. See, for instance,
      U.S. Pat. No. 3,291,880 which discloses a process for treating an as-spun
      polyamide yarn with steam so as to render it capable of forming a stable
      fiber package. A comparable treatment of an as-spun polyester filamentary
      material has been completely omitted, since the need for such intermediate
      processing is absent. Also, a polyamide filamentary material commonly is
      taken up following melt extrusion and solidification at a lower stress for
      a given take-up speed than a polyester filamentary material formed using
      the same equipment because of the varying extensional viscosities of the
      polymeric materials.
PAR  It is an object of the present invention to provide an improved process for
      the formation and structural modification of a polymeric filamentary
      material and film.
PAR  It is an object of the present invention to provide a process for the
      production of filamentary material or film possessing commercial
      properties directly from the spinning machine.
PAR  It is an object of the present invention to provide an improved process for
      the production of a polymeric filamentary material or film which operates
      at high speed.
PAR  It is another object of the present invention to provide an overall process
      for the production of polyester filamentary material possessing commercial
      properties which may be carried out on a highly economical basis.
PAR  It is another object of the present invention to provide a process for the
      formation of a novel polyester fiber which may be carried out employing
      conventional nylon fiber equipment provided with an appropriate
      conditioning zone and take-up equipment to produce the desired stress.
PAR  It is a further object of the present invention to provide an improved
      process for the production of polyester fiber wherein a conventional
      drawing process for the solidified fiber may be completely eliminated.
PAR  These and other objects, as well as the scope, nature and utilization of
      the process, will be apparent to those skilled in the art from the
      following description and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that an improved process for expeditiously forming and
      structurally modifying a polymeric filamentary material or film comprises:
PA1  a. extruding a molten melt-spinnable polymeric material capable of
      undergoing crystallization through a shaped orifice to form a molten
      filamentary material or film,
PA1  b. passing the resulting molten filamentary material or film in the
      direction of its length through a solidification zone provided with a
      gaseous atmosphere at a temperature below the glass transition temperature
      thereof wherein the molten filamentary material or film is transformed to
      a solid filamentary or film,
PA1  c. passing the resulting filamentary material or film in the direction of
      its length through a conditioning zone provided with a gaseous atmosphere
      at a temperature above the glass transition temperature thereof and below
      the melting temperature thereof for a residence time of about 0.0001 to
      0.8 second, wherein substantial crystallization of said previously
      solidified filamentary material or film takes place, and
PA1  d. withdrawing the resulting filamentary material or film from the
      conditioning zone at a rate of 1000 to 6000 meters per minute while under
      a stress of about 0.1 to 1.0 gram per denier;
PAL  with the processing of the polymeric filamentary material or film following
      the extrusion being conducted while exerting a constant tension thereon in
      the absence of stress isolation along the length of the same intermediate
      the shaped orifice and the point of withdrawal from said conditioning zone
      (i.e., the filamentary material or film is axially suspended in the
      absence of external stress isolation devices in the region intermediate
      the shaped orifice and the point of withdrawal from the conditioning zone)
     .
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PAC  DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic presentation of an apparatus arrangement capable
      of carrying out the improved process of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Those polymeric materials which are melt-spinnable and capable of
      undergoing crystallization, i.e., when heated between their glass
      transition temperature and their melting temperature, may be selected for
      use in the present process.
PAR  The preferred polymeric materials for use in the present process are
      melt-spinnable polyesters. For instance, the melt-spinnable polyester
      selected for use in the present process may be principally polyethylene
      terephthalate, and contain at least 85 mol percent polyethylene
      terephthalate, and preferably at least 90 mol percent polyethylene
      terephthalate. In a particularly preferred embodiment of the process the
      melt-spinnable polyester is substantially all polyethylene terephthalate.
      Alternatively, during the preparation of the polyester minor amounts of
      one or more ester-forming ingredients other than ethylene glycol and
      terephthalic acid or its derivatives may be copolymerized. For instance,
      the melt-spinnable polyester may contain 85 to 100 mol percent (preferably
      90 to 100 mol percent) polyethylene terephthalate structural units and 0
      to 15 mol percent (preferably 0 to 10 mol percent) copolymerized ester
      units other than polyethylene terephthalate. Illustrative examples of
      other ester-forming ingredients which may be copolymerized with the
      polyethylene terephthalate units include glycols such as diethylene
      glycol, tetramethylene glycol, hexamethylene glycol, etc., and
      dicarboxylic acids such as hexahydroterephthalic acid, bibenzoic acid,
      adipic acid, sebacic acid, azelaic acid, etc.
PAR  The melt-spinnable polyethylene terephthalate selected for use in the
      process preferably exhibits an intrinsic viscosity, i.e., I.V., of about
      0.45 to 1.0, and an I.V. of about 0.6 to 0.95 in a particularly preferred
      embodiment of the process. The I.V. of the melt-spinnable polyester may be
      conveniently determined by the equation
      ##EQU1##
      where .eta. r is the "relative viscosity" obtained by dividing the
      viscosity of a dilute solution of the polymer by the viscosity of the
      solvent employed (measured at the same temperature), and c is the polymer
      concentration in the solution expressed in grams/100 ml. The polyethylene
      terephthalate additionally commonly exhibits a glass transition
      temperature of about 75.degree. to 80.degree.C. and a melting point of
      about 250.degree. to 265.degree.C., e.g., about 260.degree.C.
PAR  The extrusion orifice may be selected from among those commonly utilized
      during the melt extrusion of fibers or films. For instance, the shaped
      extrusion orifice may be in the form of a rectangular slit when forming a
      polymeric film. When forming a filamentary material the spinneret selected
      for use in the process may contain one or preferably a plurality of
      extrusion orifices. For instance, a standard conical spinneret containing
      1 to 200 holes (e.g., 6 to 200 holes), such as commonly used in the melt
      spinning of polyethylene terephthalate, having a diameter of about 10 to
      60 mils (e.g., 10 to 40 mils) may be utilized in the process. Yarns of
      about 20 to 36 continuous filaments are commonly formed. The
      melt-spinnable polymeric material is supplied to the extrusion orifice at
      a temperature above its melting point.
PAR  A molten polyester consisting principally of polyethylene terephthalate is
      preferably at a temperature of about 270.degree. to 310.degree.C., and
      most preferably at a temperature of about 285.degree. to 305.degree.C.
      (e.g., 300.degree.C.) when extruded through the spinneret.
PAR  Subsequent to extrusion through the shaped orifice the resulting molten
      filamentary material or film is passed in the direction of its length
      through a solidification zone provided with a gaseous atmosphere at a
      temperature below the glass transition temperature thereof wherein the
      molten filamentary material or film is transformed to a solid filamentary
      material or film. When the filamentary material or film is principally
      polyethylene terephthalate the gaseous atmosphere of the solidification
      zone is provided at a temperature below about 80.degree.C. Within the
      solidification zone the molten material passes from the melt to a
      semi-solid consistency, and from the semi-solid consistency to a solid
      consistency. While present in the solidification zone the material
      undergoes substantial orientation while present as a semi-solid as
      discussed hereafter. The solidification zone could also be termed a
      "quench zone". The gaseous atmosphere present within the solidification
      zone preferably circulates so as to bring about more efficient heat
      transfer. In a preferred embodiment of the process the gaseous atmosphere
      of the solidification zone is provided at a temperature of about
      10.degree. to 40.degree.C., and most preferably at about room temperature
      (e.g., at about 25.degree.C.). The chemical composition of the gaseous
      atmosphere is not critical to the operation of the process provided the
      gaseous atmosphere is not unduly reactive with the polymeric filamentary
      material or film. In a particularly preferred embodiment of the process
      the gaseous atmosphere of the solidification zone is air. Other
      representative gaseous atmospheres which may be selected for utilization
      in the solidification zone include inert gases such as helium, argon,
      nitrogen, etc.
PAR  The gaseous atmosphere of the solidification zone preferably impinges upon
      the extruded polymeric material so as to produce a uniform quench wherein
      no substantial radial non-homogeneity exists across the product. The
      uniformity of the quench may be demonstrated with a filamentary material
      through its ability to exhibit no substantial tendency to undergo
      self-crimping upon the application of heat. A flat yarn accordingly is
      produced in a preferred embodiment of the process.
PAR  The solidification zone is preferably disposed immediately below the shaped
      extrusion orifice and the extruded polymeric material is present while
      axially suspended therein for a residence time of about 0.0008 to 0.4
      second, and most preferably for a residence time of about 0.033 to 0.14
      second. Commonly the solidification zone possesses a length of about 0.25
      to 20 feet, and preferably a length of 1 to 7 feet. The gaseous atmosphere
      is also preferably introduced at the lower end of the solidification zone
      and withdrawn along the side thereof with the moving continuous length of
      polymeric material passing downwardly therethrough from the spinneret. A
      center flow quench or any other technique capable of bringing about the
      desired quenching alternatively may be utilized. If desired, a hot shroud
      may be positioned intermediate the shaped orifice and the solidification
      zone.
PAR  The resulting filamentary material or film is next passed in the direction
      of its length through a conditioning zone provided with a gaseous
      atmosphere at a temperature above the glass transition temperature thereof
      and below the melting temperature thereof for a residence time of about
      0.0001 to 0.8 second, wherein substantial crystallization of the
      previously solidified filamentary material or film takes place. In a
      preferred embodiment wherein the filamentary material or film is
      principally polyethylene terephthalate the conditioning zone is provided
      with a gaseous atmosphere at a temperature of about 90.degree. to
      180.degree.C. (e.g., 90.degree. to 140.degree.C.) and the previously
      solidified material is present therein for a residence time of about 0.001
      to 0.8 second. In a particularly preferred embodiment the conditioning
      zone is provided with a gaseous atmosphere at a temperature of about 100
      to 120.degree.C. The preferred residence time for the filamentary material
      or film which is principally polyethylene terephthalate within the
      conditioning zone is about 0.0016 to 0.6 second, and most preferably about
      0.03 to 0.09 second. If residence times much below about 0.0001 second are
      employed, then a stable achievement of the desired property levels
      commonly does not result. The optimum residence time required to produce
      substantial crystallization may vary with the polymeric material involved.
      Longer residence times may be utilized with no commensurate advantage.
PAR  The chemical composition of the gaseous atmosphere provided within the
      conditioning zone is not critical to the operation of the process provided
      the gaseous atmosphere is not unduly reactive with the polymeric
      filamentary material or film. Static air or steam conveniently may be
      selected. Other representative gaseous atmospheres which may be employed
      in the conditioning zone include helium, argon, nitrogen, etc. Band
      heaters or any other heating means may be provided so as to maintain the
      conditioning zone at the required temperature. The conditioning zone
      commonly has a length of about 0.5 to 30 feet, and preferably a length of
      about 5 to 12 feet.
PAR  The resulting filamentary material or film is withdrawn from the
      conditioning zone at a rate of about 1000 to 6000 meters per minute
      (preferably 2500 to 3500 meters per minute) while under a stress of about
      0.1 to 1 gram per denier (preferably 0.15 to 0.6 gram per denier and most
      preferably 0.2 to 0.4 gram per denier). Following extrusion the
      filamentary material or film is maintained under constant tension and
      throughout the process no stress isolation is utilized along the length of
      the filamentary material or film intermediate the shaped orifice (e.g.,
      spinneret) and the point of withdrawal from the conditioning zone (e.g., a
      yarn is axially suspended in the absence of external contact in the region
      intermediate the spinneret and the point of withdrawal from the
      conditioning zone). When withdrawn from the conditioning zone the
      filamentary material commonly exhibits a denier per filament of about 1 to
      15, e.g., about 1.5 to 5.
PAR  The improved melt extrusion process of the present invention may be
      conveniently carried out in conventional nylon equipment provided with a
      heated conditioning chamber of adequate length below the quench zone and
      having the required high stress take-up equipment. The results achieved
      with a melt-spinnable polymeric material described herein are considered
      to be unexpected to those skilled in melt spinning technology.
PAR  While present in the conditioning zone, the filamentary material or film is
      heat treated under constant tension. During this heat treatment, small
      amounts of thermally induced elongation may occur, but this process is
      differentiated from a draw process because of the constant tension rather
      than the constant strain criteria. The level of tension on the filamentary
      material or film in the conditioning zone is extremely critical to the
      development of the desired structure and properties and primarily is
      influenced by the rate of withdrawal from the conditioning zone rather
      than friction with the surrounding gaseous atmosphere. No stress isolation
      results along the filamentary material or film intermediate the shaped
      orifice and the point of withdrawal from the conditioning zone (e.g., the
      filamentary material is axially suspended in the absence of external
      stress isolating devices in the region intermediate the spinneret and the
      point of withdrawal from the conditioning zone). Should one omit the
      passage of the filamentary material through the conditioning zone, the
      denier and cross sectional dimension of the filamentary material commonly
      are found to identical.
PAR  In the high stress melt spinning process of the present invention the
      extruded filamentary material or film intermediate the point of its
      maximum die swell area and its point of withdrawal from the conditioning
      zone commonly exhibits a substantial drawdown. For instance, a filamentary
      material may exhibit a drawdown ratio of about 100:1 to 2000:1, and most
      commonly a drawdown ratio of about 600:1 to 1700:1. The "drawdown ratio"
      as used above is defined as the ratio of the maximum die swell cross
      sectional area to the cross sectional are of the filamentary material as
      it leaves the conditioning zone. Such substantial change in cross
      sectional area occurs almost exclusively in the solidification zone prior
      to complete quenching. In some embodiments of the process, however, up to
      about a 4:1 reduction in cross sectional area of the filamentary material
      is observed in the conditioning zone via heat induced elongation as
      discussed above.
PAR  The passage of the filamentary material or film through the conditioning
      zone in the precise manner described surprisingly has been found to
      beneficially enhance the same through the modification of its internal
      structural morphology. More specifically, the tensile properties are
      surprisingly improved and may render a conventional hot drawing step
      unnecessary. The tensile strength and modulus are improved and the
      shrinkage characteristics are diminished.
PAR  A resulting polyester filament is claimed in our commonly assigned U.S.
      Ser. No. 400,864, entitled "Improved Polyester Fiber" filed concurrently
      herewith, and differs structurally from polyester fibers heretofore
      produced in that it has an interconnected highly oriented crystalline
      microstructure coextensive with its length coexisting with an
      interdispersed substantially disoriented non-crystalline phase, and
      exhibits a propensity to undergo a low degree of shrinkage with a high
      degree of force at an elevated temperature as evidenced by a modulus ratio
      of at least 0.1. Also the filamentary material exhibits a relatively high
      initial modulus, coupled with a relatively high crystalline orientation
      function, and a relatively low amorphous orientation function, i.e., a
      mean initial modulus when present in a multifilament yarn at 25.degree.C.
      of at least 55 grams per denier, a birefringence of about 0.10 to 0.14, a
      crystalline orientation function of at least 0.88, and an amorphous
      orientation function of not more than 0.35. See our concurrently filed
      application for an amplified discussion of the resulting polyester
      filament.
PAR  For instance, the polyester filaments of the present invention commonly
      exhibit when present in a multifilament yarn at room temperature, i.e.
      25.degree.C., the means tensile properties indicated below:
TBL                        Particularly                                        
             Preferred     Preferred                                           
             Embodiment    Embodiment                                          
     ______________________________________                                    
     Tenacity  at least 3.25 grams                                             
                               at least 3.75 grams                             
               per denier      per denier                                      
     Initial Modulus                                                           
               at least 55 grams                                               
                               at least 75 grams                               
               per denier      per denier                                      
     Elongation                                                                
               less than 75 percent                                            
                               less than 50 percent                            
     ______________________________________                                    
PAL  The tensile properties may be determined through the utilization of an
      Instron tensile tester (Model TM) using a 31/3 inch gauge length and a
      strain rate of 60 percent per minute in accordance with ASTM D2256. The
      yarn prior to testing is conditioned for 48 hours at 70.degree.F. and 65
      percent relative humidity in accordance with ASTM D1776. It will be noted
      that the tenacity and initial modulus values are comparable to those
      encountered in commercial polyester filaments of the prior art.
PAR  The polyester filaments of the present invention exhibit highly desirable
      thermomechanical properties at elevated temperatures which result in
      improved dimensional stability. When present in a multifilament yarn in
      air, the filaments shrink less than 5 percent at 100.degree.C. (preferably
      less than 3 percent), and less than 8 percent at 175.degree.C. (preferably
      less than 7.6 percent). The above shrinkage values may be determined
      through the utilization of a DuPont Thermomechanical Analyzer (Model 941)
      operated under zero applied load and at 10.degree.C./min. heating rate
      with the gauge length held constant at 0.5 inch.
PAR  The theory whereby the present process is capable of producing a polymeric
      filamentary material or film exhibiting the properties recited is
      considered complex and incapable of simple explanation. It is believed,
      however, that the stress exerted upon the semi-solid filamentary material
      or film in the solidification zone produces an oriented crystalline
      fibrillar microstructure of polymer molecules within the same which serves
      to nucleate the epitaxial growth of polymer crystals intermediate
      adjoining fibrils. As the resulting filamentary material or film next
      passes through the conditioning zone, as defined, substantial epitaxial
      crystallization spontaneously occurs onto the oriented fibrillar
      structure. Such rapid crystallization is believed to form a lamella
      overgrowth on the existing fibrillar structure with lamellar crystals
      extending between fibrils and with the lamellar crystals being joined by
      tie molecules.
PAR  The resulting filamentary material or film is amenable to further
      processing through the use of additional processing equipment or it may be
      used directly in applications requiring a continuous filament commercial
      yarn. If desired, the filamentary material subsequently may be converted
      from a flat yarn to a textured yarn, e.g., through the utilization of
      known false twist texturing conditions. Illustrative conditions for a yarn
      of 150 denier employ a yarn speed of 125 meters per minute, a feed roll
      heater plate temperature of 215.degree.C., an over feed into the heater of
      about 3.5 percent, and a turn per inch of about 60.
PAR  The following examples are given as specific illustrations of the process.
      It should be understood, however, that the invention is not limited to the
      specific details set forth in the examples. Reference is made in the
      examples to the apparatus arrangement illustrated in the drawing. The
      claimed invention is not restricted to the utilization of the apparatus
      illustrated in the drawing.
PAC  EXAMPLE I
PAR  Polyethylene terephthalate having an intrinsic viscosity (I.V.) of 0.67 was
      selected as the starting material. The intrinsic viscosity was determined
      from a solution of 0.1 gram of the polymer in 100 ml. of
      ortho-chlorophenol at 25.degree.C.
PAR  The polyethylene terephthalate polymer while in particulate form was placed
      in hopper 1 and was advanced toward spinneret 2 by the aid of screw
      conveyer 4. Heater 6 caused the polyethylene terephthalate particles to
      melt to form a homogeneous phase which was further advanced toward
      spinneret 2 by the aid of pump 8.
PAR  The spinneret 2 had a standard conical entrance and possessed a ring of 20
      extrusion holes, each having a diameter of 20 mils. The molten
      polyethylene terephthalate was at a temperature of about 300.degree.C.
      when extruded through spinneret 2.
PAR  The resulting extruded polyethylene terephthalate 10 passed directly from
      the spinneret 2 through solidification zone 12. The solidification zone 12
      had a length of 6 feet and was vertically disposed. Air at room
      temperature (i.e., about 25.degree.C.) was continuously introduced into
      solidification zone 12 at 14 which was supplied via conduit 16 and fan 18.
      The air was continuously withdrawn through elongated conduit 20 vertically
      disposed in communication with the wall of solidification zone 12, and was
      continuously withdrawn through conduit 22. While passing through the
      solidification zone the extruded polyethylene terephthalate was uniformly
      quenched and was transformed into a continuous length of as-spun
      polyethylene terephthalate yarn. The polymeric material was first
      transformed from a molten to a semi-solid consistency, and then from a
      semi-solid consistency to a solid consistency while passing through
      solidification zone 12. The extruded polyethylene terephthalate was
      present in the solidification zone 12 for a residence time of about 0.045
      second.
PAR  Upon being withdrawn from solidification zone 12 the continuous length of
      polyethylene terephthalate yarn 24 next immediately was passed through
      vertically disposed conditioning zone 26 having a length of 12 feet. A
      static air atmosphere was maintained in conditioning zone 26 at a
      temperature of 120.degree.C. by the aid of band heater 28 which surrounded
      the walls of the same. The polyethylene terephthalate yarn was present in
      the conditioning zone 26 for a residence time of about 0.09 second where
      it was structurally modified.
PAR  The resulting polyethylene terephthalate yarn was under a constant tension
      following extrusion and was withdrawn from conditioning zone 26 at a rate
      of 2500 meters per minute while under a stress of about 0.2 gram per
      denier. The extruded filamentary material intermediate the point of its
      maximum die swell area and its point of withdrawal from the conditioning
      zone was drawn down at a ratio of about 1400:1. The resulting polyethylene
      terephthalate yarn exhibited a denier per filament of 2, and was packaged
      at 30 after passing around godets 32 and 34, and contacting roller 36
      which applied an anti-static lubricant.
PAR  The polyethylene terephthalate yarn was axially suspended in the absence of
      external contact intermediate the spinneret and the point of its
      withdrawal from conditioning zone 26. There was accordingly no stress
      isolation along the length of the same in this region and the fibrous
      material was under substantial stress through its processing which was
      exerted by rotation of packaging equipment 30.
PAR  For comparative purposes, Example I was repeated with the exception that
      the static air atmosphere of the conditioning zone 26 was provided at room
      temperature (i.e., about 25.degree.C.) instead of 120.degree.C. The
      extruded filamentary material intermediate the point of its maximum die
      swell area and its point of withdrawal from the conditioning zone was
      drawn down at a ratio of about 1400:1. The resulting yarn upon withdrawal
      from the conditioning zone 26 exhibited a denier per filament of 2.
PAR  Summarized below are the properties of the resulting polyethylene
      terephthalate product. See our commonly assigned U.S. Ser. No. 400,864,
      entitled "Improved Polyester Fiber" filed concurrently herewith, for a
      more detailed discussion of how the reported properties were determined.
TBL  __________________________________________________________________________
                      With Invention                                           
                                Without Invention                              
                      (Conditioning                                            
                                (Conditioning Tube                             
                      Tube at 120.degree.C.)                                   
                                at 25.degree.C.)                               
     __________________________________________________________________________
     Denier Per Filament                                                       
                      2         2                                              
     Mean Yarn Tenacity                                                        
                      3.7       1.92                                           
     (grams per denier)                                                        
     Mean Yarn Elongation                                                      
                      56        175                                            
     (percent)                                                                 
     Mean Yarn Initial Modulus                                                 
                      70        22.5                                           
     (grams per denier)                                                        
     Mean Yarn Shrinkage                                                       
                      3.7       33.0                                           
     at 100.degree.C. (percent)                                                
     Mean Yarn Shrinkage                                                       
                      6.6       16.5                                           
     at 175.degree.C. (percent)                                                
     Mean Yarn Internal Tension                                                
                      0.36      0.026                                          
     at 100.degree.C. (grams/denier)                                           
     Mean Yarn Internal Tension                                                
                      0.25      0.005                                          
     at 175.degree.C. (grams/denier)                                           
     Maximum, Yarn Internal Tension                                            
                      0.37      0.039                                          
     (grams/denier)                                                            
     Shrinkage Modulus at 100.degree.C.                                        
                      10.0      0.079                                          
     (grams/denier)                                                            
     Shrinkage Modulus at 175.degree.C.                                        
                      3.79      0.030                                          
     (grams/denier)                                                            
     Modulus Ratio    0.143     0.0036                                         
     Birefringence    0.1188    0.025                                          
     Crystalline Orientation Function                                          
                      0.92      *                                              
     Amorphous Orientation Function                                            
                      0.30      0.10                                           
     __________________________________________________________________________
      * = Not crystalline enough to yield useful diffraction                   
PAC  EXAMPLE II
PAR  Example I was repeated with the exception that the resulting polyethylene
      terephthalate yarn was withdrawn from conditioning zone 26 at a rate of
      3000 meters per minute while under a stress of about 0.25 gram per denier.
      The extruded polyethylene terephthalate yarn was present in the
      solidification zone 12 for a residence time of about 0.036 second. The
      polyethylene terephthalate yarn was present in the conditioning zone 26
      for a residence time of about 0.07 second. The extruded filamentary
      material intermediate the point of its maximum die swell area and its
      point of withdrawal from the conditioning zone was drawn down at a ratio
      of about 1500:1. The resulting yarn upon withdrawal from conditioning zone
      26 exhibited a denier per filament of about 2.
PAR  For comparative purposes, Example II was repeated with the exception that
      the static air atmosphere of the conditioning zone 26 was provided at room
      temperature (i.e., about 25.degree.C.) instead of 120.degree.C. The
      extruded filamentary material intermediate the point of its maximum die
      swell area and its point of withdrawal from the conditioning zone was
      drawn down at a ratio of about 1500:1. The resulting yarn upon withdrawal
      from conditioning zone 26 exhibited a denier per filament of 2.
PAR  Summarized below are the average single filament properties of the
      resulting polyethylene terephthalate yarns achieved. See our commonly
      assigned U.S. Ser. No. 400,864, entitled "Improved Polyester Fiber" filed
      concurrently herewith, for a more detailed discussion of how the reported
      properties were determined.
TBL  __________________________________________________________________________
                      With Invention                                           
                                 Without Invention                             
                      (Conditioning Tube                                       
                                 (Conditioning Tube                            
                      at 120.degree.C.)                                        
                                 at 25.degree.C.)                              
     __________________________________________________________________________
     Denier Per Filament                                                       
                      2          2                                             
     Mean Yarn Tenacity                                                        
                      4          2.36                                          
     (grams per denier)                                                        
     Mean Yarn Elongation                                                      
                      50         133                                           
     (percent)                                                                 
     Mean Yarn Initial Modulus                                                 
                      76         24.1                                          
     (grams per denier)                                                        
     Mean Yarn Shrinkage at 100.degree.C.                                      
                      3.8        33.0                                          
     (percent)                                                                 
     Mean Yarn Shrinkage at 175.degree.C.                                      
                      7.8        22.0                                          
     (percent)                                                                 
     Mean Yarn Internal Tension                                                
                      0.41       0.033                                         
     at 100.degree.C. (grams/denier)                                           
     Mean Yarn Internal Tension                                                
                      0.35       0.011                                         
     at 175.degree.C. (grams/denier)                                           
     Maximum Yarn Internal Tension                                             
                      0.42       0.052                                         
     (grams/denier)                                                            
     Shrinkage Modulus at 100.degree.C.                                        
                      10.8       0.10                                          
     (grams/denier)                                                            
     Shrinkage Modulus at 175.degree.C.                                        
                      4.49       0.050                                         
     (grams/denier)                                                            
     Modulus Ratio    0.442      0.00417                                       
     Birefringence    0.1240     0.046                                         
     Crystalline Orientation Function                                          
                      0.94       *                                             
     Amorphous Orientation Function                                            
                      0.28       0.17                                          
     __________________________________________________________________________
      * = Not crystalline enough to yield useful diffraction                   
PAR  It can be seen from the preceding data of Examples I and II that the
      process of the present invention is capable of yielding a polyethylene
      terephthalate fiber of substantially increased tenacity and modulus in
      combination with a significantly reduced shrinkage. Conventional polyester
      fiber hot drawing procedures are rendered unnecessary when such a fiber is
      produced.
PAR  As indicated by the data present in our commonly assigned U.S. Ser. No.
      400,864, entitled"Improved Polyester Fiber", filed concurrently herewith,
      at Comparative Examples 8 and 9, these results cannot be achieved if one
      should attempt to divide the presently claimed process by collection of
      the filamentary material after it leaves the solidification zone, and by
      subsequent passage of the same while under a comparable stress through the
      conditioning zone provided at a comparable temperature. Accordingly, the
      process of the present invention is capable of producing unexpected
      results which cannot be duplicated by the subsequent passage of a
      filamentary material or film resulting from a high stress spinning
      operation through an annealing zone where stress isolation exists between
      zones.
PAR  Although the invention has been described with preferred embodiments, it is
      to be understood that variations and modifications may be resorted to as
      will be apparent to those skilled in the art. Such variations and
      modifications are to be considered within the purview and scope of the
      claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for expeditously forming and structurally modifying
      a polyester filamentary material consisting essentially of:
PA1  a. extruding a molten fiber-forming polyester capable of undergoing
      crystallization through a shaped orifice to form a molten filamentary
      material,
PA1  b. passing the resulting molten filamentary material in the direction of
      its length through a solidification zone provided with a gaseous
      atmosphere at a temperature below the glass transition temperature thereof
      wherein said molten filamentary material is uniformly quenched and is
      transformed to a solid filamentary material,
PA1  c. passing said resulting filamentary material in the direction of its
      length through a conditioning zone provided with a gaseous atmosphere at a
      tempereature above the glass transition temperature thereof and below the
      melting temperature thereof for a residence time of about 0.0016 to 0.6
      second, wherein substantial crystallization of said previously solidified
      filamentary material takes place, and
PA1  d. withdrawing the resulting filamentary material from said conditioning
      zone at a rate of about 2500 to 6000 meters per minute while under a
      stress of about 0.1 to 1.0 gram per denier; said resulting filamentary
      material exhibiting no substantial tendency to undergo self-crimping upon
      the application of heat, exhibiting a mean tenacity of at least 3.25 grams
      per denier, a mean initial modulus of at least 55 grams per denier, and a
      mean elongation of 50 percent or less when present in a multifilament yarn
      at 25.degree.C., and exhibiting a mean longitudinal yarn shrinkage of less
      than 5 percent when present in a multifilament yarn at 100.degree.C.;
PAL  with said processing of said polyester filamentary material following said
      extrusion being conducted while exerting a constant tension thereon in the
      absence of stress isolation along the length of the same intermediate said
      shaped orifice and said point of withdrawal from said conditioning zone.
NUM  2.
PAR  2. A process according to claim 1 wherein said fiber-forming polyester
      contains 85 to 100 mol percent polyethylene terephthalate and 0 to 15 mol
      percent of copolymerized ester units other than polyethylene
      terephthalate.
NUM  3.
PAR  3. A process according to claim 1 wherein said melt-spinnable polyester is
      substantially all polyethylene terephthalate.
NUM  4.
PAR  4. A process according to claim 1 wherein said gaseous atmosphere of said
      solidification zone is provided at a temperature of about 10.degree. to
      40.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein said gaseous atmosphere of said
      solidification zone is air.
NUM  6.
PAR  6. A process according to claim 1 wherein said gaseous atmosphere of said
      conditioning zone is air.
NUM  7.
PAR  7. A process according to claim 1 wherein said filamentary material is
      present in said conditioning zone for a residence time of about 0.03 to
      0.09 second.
NUM  8.
PAR  8. A process according to claim 1 wherein said filamentary material is
      withdrawn from said conditioning zone at a rate of about 2500 to 3500
      meters per minute.
NUM  9.
PAR  9. A process according to claim 1 wherein said filamentary material is a
      flat yarn consisting of about 6 to 200 filaments.
NUM  10.
PAR  10. A process according to claim 1 wherein said filamentary material when
      withdrawn from said conditioning zone exhibits a denier per filament of
      about 1 to 15.
NUM  11.
PAR  11. An improved process for expeditiously forming and structurally
      modifying polyester filamentary material consisting essentially of:
PA1  a. extruding a molten fiber-forming polyester capable of undergoing
      crystallization containing at least 85 mol percent of polyethylene
      terephthalate through a spinneret to form a molten filamentary material,
PA1  b. passing the resulting molten polyester filamentary material in the
      direction of its length through a solidification zone provided with a
      gaseous atmosphere at a temperature below 80.degree.C. wherein said molten
      polyester filamentary material is uniformly quenched and is transformed to
      a solid filamentary material,
PA1  c. passing said resulting filamentary material in the direction of its
      length through a conditioning zone provided with a gaseous atmosphere at a
      temperature of about 90.degree. to 180.degree.C. for a residence time of
      about 0.0016 to 0.6 second wherein substantial crystallization of said
      previously solidified filamentary material takes place, and
PA1  withdrawing the resulting filamentary material from said conditioning zone
      at a rate of about 2500 to 6000 meters per minute while under a stress of
      about 0.1 to 1.0 gram per denier; said resulting filamentary material
      exhibiting no substantial tendency to undergo self-crimping upon the
      application of heat, exhibiting a mean tenacity of at least 3.75 grams per
      denier, a mean initial modulus of at least 75 grams per denier, and a mean
      elongation of 50 percent or less when present in a multifilament yarn at
      25.degree.C., and exhibiting a mean longitudinal yarn shrinkage of less
      than 5 percent when present in a multifilament yarn at 100.degree.C.;
PAL  with said processing of said filamentary material following said extrusion
      being conducted while exerting a constant tension thereon in the absence
      of stress isolation along the length of the same intermediate said
      spinneret and said point of withdrawal from said conditioning zone.
NUM  12.
PAR  12. A process according to claim 11 wherein said molten fiber-forming
      polyester is at a temperature of about 270.degree. to 310.degree.C. when
      extruded through said spinneret.
NUM  13.
PAR  13. A process according to claim 11 wherein said fiber-forming polyester
      contains 85 to 100 mol percent polyethylene terephthalate structural units
      and 0 to 15 mol percent of copolymerized ester units other than
      polyethylene terephthalate.
NUM  14.
PAR  14. A process according to claim 11 wherein said fiber-forming polyester is
      substantially all polyethylene terephthalate.
NUM  15.
PAR  15. A process according to claim 11 wherein said gaseous atmosphere of said
      solidification zone is provided at a temperature of about 10.degree. to
      40.degree.C.
NUM  16.
PAR  16. A process according to claim 11 wherein said gaseous atmosphere of said
      solidification zone is air.
NUM  17.
PAR  17. A process according to claim 11 wherein said gaseous atmosphere of said
      conditioning zone is provided at a temperature of about 110.degree. to
      120.degree.C.
NUM  18.
PAR  18. A process according to claim 11 wherein said gaseous atmosphere of said
      conditioning zone is air.
NUM  19.
PAR  19. A process according to claim 11 wherein said filamentary material is
      present in said conditioning zone for a residence time of about 0.03 to
      0.09 second.
NUM  20.
PAR  20. A process according to claim 11 wherein said filamentary material is
      withdrawn from said conditioning zone at a rate of about 2500 to 3500
      meters per minute.
NUM  21.
PAR  21. A process according to claim 11 wherein said resulting filamentary
      material is a flat yarn consisting of about 6 to 200 filaments.
NUM  22.
PAR  22. A process according to claim 11 wherein said filamentary material when
      withdrawn from said conditioning zone exhibits a denier per filament of
      about 1 to 15.
NUM  23.
PAR  23. An improved process for expeditiously forming and structurally
      modifying polyethylene terephthalate filamentary material consisting
      essentially of:
PA1  a. extruding molten fiber-forming polyethylene terephthalate at a
      temperature of about 270.degree. to 310.degree.C. through a spinneret,
PA1  b. passing the resulting molten polyethylene terephthalate filamentary
      material in the direction of its length through a solidification zone
      provided with a gaseous atmosphere at a temperature below 80.degree.C.
      wherein said extruded polyethylene terephthalate filamentary material is
      uniformly quenched and is transformed to a solid filamentary material,
PA1  c. passing the resulting filamentary material in the direction of its
      length through a conditioning zone provided with a gaseous atmosphere at a
      temperature of about 100.degree. to 140.degree.C. for a residence time of
      about 0.0016 to 0.6 second, and
PA1  d. withdrawing the resulting filamentary material from said conditioning
      zone at a rate of about 2500 to 3500 meters per minute while under a
      stress of about 0.15 to 0.6 gram per denier; said resulting filamentary
      material exhibiting no substantial tendency to undergo self-crimping upon
      the application of heat, exhibiting a mean tenacity of at least 3.75 grams
      per denier, a mean initial modulus of at least 75 grams per denier, and a
      mean elongation of 50 percent or less when present in a multifilament yarn
      at 25.degree.C., and exhibiting a mean longitudinal yarn shrinkage of less
      than 5 percent when present in a multifilament yarn at 100.degree.C.;
PAL  with said processing of said filmentary material following said extrusion
      being conducted while exerting a constant tension thereon in the absence
      of stress isolation along the length of the same intermediate said
      spinneret and said point of withdrawal from said conditioning zone.
NUM  24.
PAR  24. A process according to claim 23 wherein said molten fiber-forming
      polyethylene terephthalate is at a temperature of about 285.degree. to
      305.degree.C. when extruded through said spinneret.
NUM  25.
PAR  25. A process according to claim 23 wherein said gaseous atmosphere of said
      solidification zone is provided at a temperature of about 10.degree. to
      40.degree.C.
NUM  26.
PAR  26. A process according to claim 23 wherein said gaseous atmosphere of said
      solidification zone is air.
NUM  27.
PAR  27. A process according to claim 23 wherein said gaseous atmosphere of said
      conditioning zone is provided at a temperature of about 110.degree. to
      120.degree.C.
NUM  28.
PAR  28. A process according to claim 23 wherein said gaseous atmosphere of said
      conditioning zone is air.
NUM  29.
PAR  29. A process according to claim 23 wherein said filamentary material is
      present in said conditioning zone for a residence time of about 0.03 to
      0.09 second.
NUM  30.
PAR  30. A process according to claim 23 wherein said resulting filamentary
      material is a flat yarn consisting of about 6 to 200 filaments.
NUM  31.
PAR  31. A p rocess according to claim 23 wherein said filamentary material when
      withdrawn from said conditioning zone exhibits a denier per filament of
      about 1 to 15.
NUM  32.
PAR  32. An improved process for expeditiously forming and structurally
      modifying a flat polyethylene terephthalate yarn which exhibits no
      substantial tendency to undergo self-crimping upon the application of heat
      consisting essentially of:
PA1  a. extruding molten fiber-forming polyethylene terephthalate at a
      temperature of about 300.degree.C. through a spinneret containing about 6
      to 200 extrusion holes having a diameter of about 10 to 60 mils,
PA1  b. passing the resulting molten polyethylene terephthalate material in the
      direction of its length through a solidification zone provided with an air
      atmosphere at about 10.degree. to 40.degree.C. wherein said extruded
      polyethylene terephthalate material is uniformly quenched and is
      transformed to a solid multifilament yarn,
PA1  c. passing the resulting yarn in the direction of its length through a
      conditioning zone provided with a gaseous atmosphere at about 110.degree.
      to 120.degree.C. for a residence time of about 0.03 to 0.09 second, and
PA1  d. withdrawing the resulting yarn having a denier per filament of about 1
      to 10 from said conditioning zone at a rate of about 2500 to 3500 meters
      per minute while under a stress of about 0.2 to 0.4 gram per denier; said
      resulting filamentary material exhibiting a mean tenacity of at least 3.75
      grams per denier, a mean initial modulus of at least 75 grams per denier,
      and a mean elongation of 50 percent or less when present in a
      multifilament yarn at 25.degree.C., and exhibiting a mean longitudinal
      yarn shrinkage of less than 5 percent when present in a multifilament yarn
      at 100.degree.C.;
PAL  with said processing of said yarn following said extrusion being conducted
      while exerting a constant tension thereon in the absence of stress
      isolation along the length of the same intermediate said spinneret and
      said point of withdrawal from said conditioning zone.
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ABST
PAL  A fluid filter, especially useful for cigarettes and the like, comprises
      cellulose which has been oxidized by an inorganic metal nitrate, such as
      manganese nitrate.
PAL  Other constituents, such as activated charcoal, tobacco, powdered pumice
      and thermoplastics may be added to the oxidized cellulose to modify the
      filtering action. The filter may also have application in the automobile
      industry.
PARN
PAR  This is a division of application Ser. No. 210,043 filed Dec. 20, 1971, now
      abandoned, which was a continuation of Ser. No. 69,760 filed Sept. 4,
      1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. a Field of the Invention
PAR  Broadly speaking, this invention relates to filtration. More particularly,
      in a preferred embodiment, this invention relates to the filtration of
      noxious and offensive gases, particulate material and vapors, from the
      atmosphere.
PAR  2. B Description of the Prior Art
PAR  The rapid increase in the death rate due to lung cancer, emphysema,
      bronchitis and similar respiratory diseases has been traced to the growing
      amount of pollution in the air we breath, including the so-called
      "personal air-pollution" caused by cigarette smoking. The number of
      pollutants in the atmosphere are too numerous to list in detail but some
      of the principal components comprise carbon monoxide and lead from
      automobile exhausts; sulphur dioxide and soot from the burning of fossil
      fuel; and, in the case of cigarettes, nicotine, acrolein, phenol, tars,
      organic acids such as alcohol, acetic acid, ketones, esters, and other
      hydrocarbons and carbon dioxide, carbon monoxide and oxides of nitrogen.
PAR  Medical research has proved beyond doubt that many of the above-described
      pollutants are carcinogenic and some, such as acrolein (CH.sub.2 :CH.CHO),
      are ciliastatic, that is to say they paralyze the cilia which line the
      trachea and bronchioles. Normally, these whiplike appendages beat to and
      fro, in rhythmic fashion, and by this action carry foreign bodies up and
      out of the respiratory tract, thereby preventing foreign particulate
      matter from accumulating in the respiratory system. When the activity of
      the cilia is inhibited by acrolein or similar pollutants, harmful
      particulate material, including in the case of cigarette smoking any tar
      particles contained in the smoke, easily pass by the paralyzed cilia and
      collect in the lungs.
PAR  In view of the pressing health problem, vast research projects have been
      conducted, particularly in the cigarette industry, in an attempt to find a
      filter which will attenuate, or better still, eliminate most of these
      harmful elements. Unfortunately, the results to date have not been
      spectacular. While the smoker of a commercially manufactured filter
      cigarette is undoubtedly better off than if he were smoking a non-filtered
      cigarette, he nevertheless, runs a significant risk of contracting
      bronchitis or emphysema or other more dangerous illnesses.
PAR  Commercially available cigarette filters typically comprise a solid
      absorbent, such as activated charcoal or silica gel, sandwiched between a
      pair of cellulose acetate filter plugs. This type of filter removes from
      the tobacco smoke a proportion of the liquid or semi-liquid droplets
      passing through it. This is accomplished by a combination of diffusional,
      impactive, and direct collision of the droplets with the filter fibers.
      Upon collision, the droplets are retained on the fibers by the surface
      attraction between the extremely small particles and the relatively large
      fiber. Such fibrous filters are, however, not particularly effective for
      removing vaporized components from the smoke stream by the processes of
      physical and chemical adsorption. The smooth and non-porous nature of the
      commonly used fibrous filtering materials, while effective in capturing
      tobacco smoke droplets, does not present a sufficient surface area to
      effectively adsorb gaseous molecules. It has been calculated that an
      ordinary cellulose acetate cigarette filter plug has a surface area
      ranging from 1,000 to 10,000 square centimeters per gram of material. This
      affords insufficient surface area for effective adsorption of gaseous
      molemules, and has no significant selectivity. In some instances, where a
      vaporized material is sufficiently soluble in the fibrous material so that
      its surface concentration is rapidly depleted, a significant removal can
      be achieved by the process of absorption. An example of such a material
      present in tobacco smoke is phenol, which has a pronounced solubility in
      cellulose acetate filtering material. Cellulose acetate filters allow both
      hydrogen cyanide and hydrogen sulfide to pass through in undesirably high
      concentration.
PAR  In attempts to improve the adsorptive properties of tobacco smoke filters,
      various treatments of ordinary filtering material and various new fibrous
      filtering materials have been proposed. Among the materials and treatments
      proposed, a number of well-known adsorbants such as activated charcoal,
      alumina, natural and synthetic clays and silica gel have been proposed as
      additives to tobacco smoke filters. These materials are classified as
      absorbents and are used in gas-stream treatment because they possess in
      common the characteristic that their specific surface area exceeds a
      million square centimeters per gram of material. A good rule of gas
      adsorbent quality activated carbon, for example, has a specific surface
      area in excess of 5 million square centimeters per gram. In general, the
      preferred method heretofore used of including these adsorbents in tobacco
      filters has been by dusting, spraying, tumbling, slurrying, or otherwise
      incorporating the finely-divided adsorbent into the fibrous material which
      forms the filter or a part thereof.
PAR  Such adsorbent-containing tobacco smoke filters are only partially
      effective for several reasons. One is that the adsorbent is often rendered
      ineffective by the incorporation process and subsequent handling in the
      cigarette manufacturing and distribution process, in that water,
      plasticizing agents, glues, adhesives and volatile flavoring materials, in
      prolonged close contact with the finely-divided adsorbent, partially or
      completely utilize the adsorbent surface, thus decreasing its capacity to
      adsorb gaseous molecules from the smoke stream.
PAR  Another reason is that when adsorbent and fibrous filtering materials are
      intimately mixed, condensed droplets tend to be deposited in such a filter
      on or near an adsorbent particle, with the result that relatively
      nonvolatile smoke constituents quickly permeate the adsorption and thus
      reduce its capacity for adsorption of gaseous molecules.
PAR  Further disadvantages of such known adsorbent filters are that the
      inclusion of considerable quantities of adsorbent in a tobacco smoke
      filter has both a marked effect upon the draw resistance of the smoking
      article, and upon the taste of the smoke stream. A powdered of finely
      divided adsorbent dispersed in a matrix of fibrous filtering elements
      impedes the flow of smoke through the filter and requires that the smoker
      apply additional suction to withdraw his normal amount of smoke. If enough
      adsorbent is included to remove considerable quantities of deleterious
      materials, the draw resistance is well above a desirable and comfortable
      level.
PAR  On the other hand, segregation of the adsorbent into a portion of the
      filter separated from the fibrous portion thereof, has pronounced
      deleterious effects on the taste of the smoke. When adsorbents such as
      charcoal, alumina, or silica gel are incorporated in a cigarette filter
      (segregated from the cellulose acetate filter) in sufficient quantities to
      considerably reduce the levels of gaseous materials, it is found that the
      taste of the smoke stream is far from pleasing to experienced smoke
      tasters. Although some irritating factors are reduced, the smoke is found
      to have an astringent, bitter, drying taste. Other mineral adsorbents have
      a similar overall effect, with minor modification in taste and aroma
      depending on the particular adsorbent. The general result is that a
      pleasing smoke is obtained only when the amount of adsorbent is reduced to
      the point where it is well in minor proportion to the fibrous filtering
      agent. When present at such diminished levels, it is insufficiently
      effective in removing undesirable smoke constituents.
PAR  The problem then is to find a filter which does not rely on adsorption
      alone for its filtering action but which, nevertheless, is highly
      efficient in removing particulate, vapor and gaseous pollutants from the
      atmosphere. The filter should have application to the control of
      industrial pollution in general, and to the automobile industry in
      particular, and should also be of use in the cigarette industry. In this
      latter regard, the filter should be inexpensive, tasteless and should not
      add significantly to the amount of draw required from the cigarette.
PAC  SUMMARY OF THE INVENTION
PAR  As a solution to this problem an illustrative embodiment of the invention
      comprises a fluid filter which comprises cellulose which has been oxidized
      with an inorganic nitrate of the formula Me(NO.sub.3)n where Me represents
      a metal atom selected from the group consisting of manganese, nickel,
      aluminum, calcium, iron, sodium, zinc and copper and n is 1, 2, 3 etc.
      depending on the valence number of the corresponding metal.
PAR  Yet another embodiment of the invention comprises a method of manufacturing
      a filter material comprising the steps of forming an aqueous solution of
      an inorganic nitrate of the formula Me(NO.sub.3)n where Me represents a
      metal atom selected from the group consisting of Manganese, Nickel,
      Aluminum, Calcium, Iron, Sodium, Zinc and Copper and n equal 1, 2 or 3,
      etc. depending on the valence number of the corresponding metal; soaking a
      cellulosecontaining material in said aqueous solution until said material
      is substantially completely oxidized; and heating said material to
      evaporate off the aqueous solution remaining and decompose the nitrate.
PAR  The invention and its mode of operation will be more fully understood from
      the following detailed description.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The instant invention arose out of research which was directed towards
      finding an improved cigarette filter. It was quickly realized, however,
      that the filter material according to this invention may advantageously be
      used, by way of example and not of limitation, in the exhaust path of an
      internal combustion engine; in the flue or smoke-stack of an industrial
      plant; and at the input or output of an air-conditioning unit, or the
      like. When so used, the filter is highly efficient in removing unwanted
      gaseous and particulate pollutants.
PAR  The filter will be described in connection with its use as a cigarette
      filter, however, its use as a filtering medium for other applications
      should be borne in mind at all times.
PAR  The invention is based on the oxidization of cellulose with nitric acid in
      which the nitric acid oxidizes the primary hydroxyl group to carboxyl
      without affecting the rest of the molecule appreciably, except for a
      considerable reduction in chain length.
PAR  The formula may be stated as follows:
      ##EQU1##
PAR  Cellulose comprises at least one third of all vegetable matter. Cotton and
      wood, the principal sources of industrial cellulose, are about 90% and 50%
      cellulose, respectively. The preferred source of cellulose for this
      invention is chemical cotton which comprises cotton linters, which are the
      short fibers removed from cotton seeds, after the long fibers have been
      taken off by ginning for use in textiles.
PAR  The cotton linters are purified by pressure digestion at 130.degree.C to
      180.degree.C with a solution containing 2% to 5% sodium hydroxide and by a
      subsequent bleaching to remove color bodies. Chemical cotton contains
      about 99% alpha-cellulose.
PAR  Raw cotton, which typically contains less than 10% of non-cellulisic
      impurities such as proteins, fats, waxes, pectin, carbohydrates, etc., may
      also be used, but is less desirable than chemical cotton. Wood pulps
      prepared by the sulphite process, the soda process or the sulphate process
      may also be used, but as such pulps typically contain less than 88%
      alpha-cellulose. They are also less desirable than the chemical cotton.
PAR  Nitric acid is, of course, a powerful oxidizing agent; it oxidizes nearly
      all of the metals except platinum, rhodium, indium, tantalum and gold.
      When heated to high temperatures, nitrates are also strong oxidizing
      agents comparable to nitric acid itself. Inorganic nitrates, may be
      defined as chemical compounds of the formula Me(NO.sub.3)n.m H.sub.2 O
      where Me represents a metal atom and n may be 1, 2, or more, depending on
      the valence number of the metal. At ordinary temperatures nitrates are
      crystalline solids or solutions and may be white or colored, depending on
      the metal constituent. As a group they are the most water soluble of all
      metal salts and are prepared by reaction of the desired metal, its oxide
      or its carbonate with nitric acid.
PAR  As will be seen from the specific examples to be given below, the filter
      material according to this invention is prepared by reacting cotton with a
      metallic nitrate to form a complex organic compound. The reaction is not
      fully understood, but as previously stated, is believed to be essentially
      an oxidization of the cellulose by the nitric acid or the metallic
      nitrate.
PAR  The resulting complex organic compound may be mixed with other chemical
      constituents to modify the filtering properties or it may be used alone.
      Again, the reaction between the filtering material and the pollutants is
      not fully understood. It is believed to be a true reaction (not merely an
      adsorption) in which the pollutants are oxidized. This view is
      strengthened by the results of gas cheomatography experiments made on the
      fluid to be filtered before and after filtration. These experiments
      indicate an increase in the percentage of oxygen which could not occur in
      an adsorption process alone.
PAR  The inability to properly characterize the filtering material and the
      manner in which it operates is, of course, no bar to patentability nor to
      the successful use of the material in filters of various types.
PAC  EXAMPLE I
PAR  4.5 grams of cotton was soaked in 100 ml of a 50% by weight manganese
      nitrate solution for approximately 12 hours, or until the cotton began to
      decompose. Next the partially decomposed cotton was placed in a porcelain
      dish and heated on a hotplate to a temperature of approximately
      250.degree.C for approximately 3 hours, or until all the remaining
      manganese nitrate solution had evaporated, and the remaining nitrate
      decomposed. During the decomposition of nitrate NO.sub.2 gas was observed.
PAR  The material remaining was then ground into a fine black powder and mixed
      with water to form a suspension.
PAR  Fresh cotton was then soaked in the suspension and dried to form the
      filtering material.
PAC  EXAMPLE II
PAR  In the process disclosed in Example I, rather than form a suspension of the
      oxidized cotton in water, the black powder is ground with fresh cotton to
      impregnate the cotton with the powdered material and form the filter. For
      use as a cigarette filter, from 60 to 350, preferably 150 mg of the black,
      oxidized cotton is ground into about 60 mg of cotton.
PAC  EXAMPLE III
PAR  70 ml of 50% manganese nitrate (MnNO.sub.3).sub.2.6H.sub.2 O solution was
      mixed with 30 ml of a 85% solution by weight of phosphoric acid (H.sub.3
      PO.sub.4).
PAR  Next 4.5 mg of cotton was added to the mixture and left to soak for
      approximately 12 hours or until the cotton began to decompose.
PAR  The resulting gel was placed in a porcelain dish and heated on a hotplate
      at a temperature of approximately 250.degree.C until the remaining liquids
      were evaporated and the nitrate decomposed. A yellowish-brown powder was
      obtained which may be used as the filtering agent.
PAC  EXAMPLE IV
PAR  A filter was formed by mixing the following ingredients:
PA1  43.4 grams of the black powder of Example I
PA1  2.1 grams pure shredded tobacco
PA1  34.4 grams of yellow-brown powder of Example II
PA1  1.8 grams charcoal
PA1  17.2 grams 120 mesh pumice
PA1  1.1 grams granular thermoplastic powder
PAR  The charcoal was included to remove any odor which may be added to the
      taste of the cigarette smoke by the other ingredients. The 120 mesh,
      partially-ground, pumice is an inert material added to increase the
      porosity of the filter. The thermoplastic material was obtained for
      convenience, from commercially available HUNT-brand xerographic toner, but
      obviously other thermoplastic powders could also be used.
PAC  EXAMPLE V
PAR  12 Ml of 50% manganese nitrate (Mn(NO.sub.3).sub.2.6H.sub.2 O was mixed
      with 0.5 g charcoal and 0.5 g cotton and left for approximately 12 hours,
      or until the cotton began to dissolve. Next, the mixture was placed in a
      porcelain dish and heated on a hotplate at a temperature of approximately
      250.degree.C until all the remaining liquid had been evaporated and the
      Nitrate decomposed.
PAR  The material remaining was black in color and when ground yielded a fine
      black powder, similar in appearance to that obtained in Example I.
PAC  EXAMPLE VI
PAR  Zinc nitrate (Zn(NO.sub.3).sub.2.6H.sub.2 O) was dissolved in distilled
      water to form a 50% solution by weight.
PAR  10 Ml of the above solution was mixed with 0.5 grams of cotton and
      permitted to stand for approximately 12 hours, or until the cotton began
      to decompose. Next, the mixture was placed in a porcelain dish and heated
      on a hotplate until the remaining solution was evaporated and Nitrate
      decomposed.
PAR  A greyish-white powder was obtained and used as the filter material.
PAC  EXAMPLE VII
PAR  125 Grams of aluminum nitrate (Al(NO.sub.3).sub.3.9H.sub.2 O) and 7.5 grams
      of cotton was dissolved in a mixture of 150 ml. of H.sub.2 O and 16 ml of
      concentrated nitric acid (HNO.sub.3) 70% strength.
PAR  After about 30 minutes, the partially dissolved cotton was removed and
      placed in a porcelain dish. The dish was then heated on a 250.degree.C
      hotplate until the remaining liquid had evaporated and nitrate decomposed.
      The resulting solid material was ground to a fine white powder to provide
      the filter material.
PAC  EXAMPLE VIII
PAR  The mixture set forth in Example VII was permitted to remain in solution
      for approximately 90 minutes, or until the cotton had totally dissolved.
PAR  The mixture was then evaporated on a hotplate, as in Example VII. During
      evaporation, NO.sub.2 gas was observed being driven off. Again, the
      residue was ground to a fine white powder.
PAC  EXAMPLE IX
PAR  Ferric nitrate (Fe(NO.sub.3).sub.3.9H.sub.2 O) was dissolved in distilled
      water to form a 50% solution by weight.
PAR  5 Grams of cotton were then dissolved in 100 ml of concentrated 70% Nitric
      Acid (HNO.sub.3). Then, 10 ml. of the Fe(NO.sub.3).sub.3.9H.sub.2 O
      solution were mixed with 15 ml. of the HNO.sub.3 -cotton mixture and an
      additional 1.75 grams of cotton added. The resultant material was
      permitted to stand for approximately 12 hours, or until the cotton was
      completely dissolved. Next, the remaining material was heated on a
      hotplate at 250.degree.C until all remaining liquid was evaporated and
      Nitrate decomposed.
PAR  A brownish-yellow powder was obtained which was used as a filter material.
PAC  EXAMPLE X
PAR  100 Grams of calcium nitrate (Ca(NO.sub.3).sub.2.4H.sub.2 O) was dissolved
      in 100 ml. of H.sub.2 O.
PAR  2.25 Grams of cotton was then added to 50 ml. of the above solution and 3
      ml of concentrated 70% Nitric Acid. The cotton dissolved in the solution.
PAR  An additional 2.5 grams of cotton was then soaked in the solution for 2
      hours. Excess HNO.sub.3 and Ca(NO.sub.3).sub.2 were then removed by a
      water rinse.
PAR  The cotton was then permitted to dry and after a flash fire burned to dark
      grey powder which formed the filter material.
PAC  EXAMPLE XI
PAR  100 Grams of copper nitrate (Cu(NO.sub.3).sub.2.3H.sub.2 O) was dissolved
      in 100 ml. H.sub.2 O. Next, 1.75 grams of cotton were placed in 20 ml. of
      the above solution and permitted to stand for 12 hours.
PAR  The resulting mass was placed in a porcelain dish and heated on a hotplate
      at 250.degree.C. The mixture burned fiercely leaving a dark brown residue
      which was then ground into a fine powder.
PAC  EXAMPLE XII
PAR  10 Grams of sodium nitrate (NaNO.sub.3) were dissolved in 20 ml. of H.sub.2
      O.
PAR  0.25 Grams of cotton were dipped in the above solution for 30 minutes and
      then placed in a crucible and dried.
PAR  Next, to remove any excess NaNO.sub.3 remaining, the cotton was subjected
      to a water rinse and another drying cycle. Finally, approximately 3 drops
      of the nitric acid solution described in Example IX was added to the
      cotton, which was quickly oxidized. After approximately 30 minutes, the
      crucible was placed in a furnace at 400.degree.C and heated until all
      remaining liquid had been evaporated and the nitrate decomposed, yielding
      the filter material which was grayish brown in color.
PAR  The filter material which was produced in Examples III, V, VI, VII, VIII,
      IX, XI, and XII may be mixed with water to form a suspension and cotton or
      other similar material, dipped in the suspension to form the actual
      filter, as described in Examples I and II.
PAR  Alternatively, tobacco, charcoal, pumice powder, etc. may be used to dilute
      the filtering material as described in Example IV.
PAR  Actually, the filter material produced according to processes of this
      invention is so efficient that some cigarette smokers may find its tar and
      nicotine removing abilities objectionable. In that event, the filter
      material may be diluted by the addition of more and more inert materials,
      such as tobacco or pumice. Of course, this increases the amount of harmful
      material in the smoke.
PAR  Unlike conventional adsorption-type filters, which are generally spent
      after one cigarette, it is an important aspect of this invention that the
      filter material remains active and may be used for two, three or more
      cigarettes. It is ideally suited, therefore, for use as a disposable
      filter element for pipes, cigar holders, cigarette holders, etc.
PAR  The filter arrangements for use with automobiles, air conditioners, etc.
      are entirely analogous and are not shown in detail. It will, of course, be
      necessary to utilize different kinds and quantities of inert filter
      material, but this is well within the scope of a person skilled in the
      art.
PAR  The amount of filtration attainable with the filter material according to
      this invention is truly spectacular.
PAR  Table A, below, lists the results of a laboratory analysis on commercially
      available cigarettes, both filtered and unfiltered, as well as the same
      commercially available unfiltered cigarette in combination with several
      different types of the filter according to this invention.
TBL                                    TABLE A                                 
     __________________________________________________________________________
     Concentration % Volume/Volume                                             
                            Methane                                            
                                 Carbon                                        
                                     Carbon                                    
              Tars* -mg/    & Nitric                                           
                                 Mon-                                          
                                     Di-                                       
     Cigarette                                                                 
              Cigarette                                                        
                    Puffs                                                      
                        Oxygen                                                 
                            Oxide                                              
                                 oxide                                         
                                     oxide                                     
     __________________________________________________________________________
     Commercial                                                                
     Cigarette A                                                               
              13.2  3   14.0                                                   
                            .35  3.3 5.8                                       
     (No Filter)    6   12.0                                                   
                            .39  3.2 9.7                                       
     Commercial                                                                
     Cigarette B                                                               
              17.9  3   14.0                                                   
                            .52  2.7 8.3                                       
     (No Filter)    6   12.0                                                   
                            .49  3.2 11.2                                      
     Commercial                                                                
     Cigarette A                                                               
              0.4   3   16.0                                                   
                            .25  1.2 4.6                                       
     (Short Filter  6   14.0                                                   
                            .38  1.8 6.7                                       
      No. 1)                                                                   
     Commercial                                                                
     Cigarette A                                                               
              3.5   3   14.0                                                   
                            .52  3.5 8.8                                       
     (Short Filter  6   14.0                                                   
                            .49  3.4 9.3                                       
      No. 2)**                                                                 
     Commercial                                                                
     Cigarette A                                                               
              4.4   3   14.0                                                   
                            .34  3.2 8.6                                       
     (Long Filter   6   12.0                                                   
                            .61  5.4 12.3                                      
      No. 4)                                                                   
     Commercial                                                                
     Cigarette A                                                               
              3.3   3   14.0                                                   
                            .38  2.5 8.4                                       
     (Long Filter   6   12.0                                                   
                            .62  3.8 10.4                                      
      No. 4-2)                                                                 
     Commercial                                                                
     Cigarette D                                                               
              12.4  3   14.0                                                   
                            .45  2.6 8.3                                       
     (Filtered)     6   12.0                                                   
                            .57  4.3 10.2                                      
     __________________________________________________________________________
      *Material collected on a Cambridge Filter after 6 puffs (1 puff - 35 cc i
      2 sec.)                                                                  
      **Previously smoked                                                      
PAR  The sampling and analyses were performed as follows:
PAR  The cigarette was inserted into a special Gelman holder, containing a tared
      Cambridge Filter. The holder was attached to a vacuum system drawing one
      35 cc puff in 2 seconds every minute. Samples of the third and sixth puff
      were removed in glass syringes, and injected onto chromatographic columns
      for analysis.
PAR  The oxygen, methane-nitric oxide, and carbon monoxide analysis was achieved
      on a molecular sieve column maintained at .pi..degree.C. Separation of
      other constituents, except carbon dioxide, was achieved on a 12 ft.
      .times. 1/4 in. Porapak Q Column 2 in. Porapak R Column programmed from
      90.degree.C to 220.degree.C at 30.degree.C/minute. The carbon dioxide was
      separated on a 6 ft .times. 1/4 in. silica gel column maintained at
      90.degree.C.
PAR  The tar values were obtained by weighing the Cambridge Filter before and
      after smoking the cigarette.
PAR  Table B, below, gives the result of a chromatographic analysis on the smoke
      of the same cigarettes tested in Table A.
TBL                                    TABLE B                                 
     __________________________________________________________________________
     PEAK HEIGHT (DIVISIONS)                                                   
     __________________________________________________________________________
                                 Commercial                                    
                                       Commercial                              
                                             Commercial                        
                                                   Commercial                  
     Reten-        Commercial                                                  
                          Commercial                                           
                                 Cig. A +                                      
                                       Cig. A +                                
                                             Cig. A +                          
                                                   Cig A +                     
                                                          Commercial           
     tion          Cig. A Cig. B No. 1 Short                                   
                                       No. 2 Short                             
                                             No. 4 Long                        
                                                   No. 4-2 Long                
                                                          Cig. D               
     Time                                                                      
         Constituents                                                          
                Drag                                                           
                   No Filter                                                   
                          No Filter                                            
                                 Filter                                        
                                       Filter                                  
                                             Filter                            
                                                   Filter Filtered             
     __________________________________________________________________________
     2.0 Unidentified                                                          
                3rd                                                            
                   1280   1600   815   1570  1180  1200   1380                 
                6th                                                            
                   1600   1600   1170  1540  1600  1600   1600                 
     4.4 Unidentified                                                          
                3rd                                                            
                   140    208    100   180   156   172    220                  
                6th                                                            
                   180    252    128   188   212   220    272                  
     5.6 Unidentified                                                          
                3rd                                                            
                   212    262    144   240   196   192    400                  
                6th                                                            
                   240    400    160   232   263   256    400                  
     9.5        3rd                                                            
                   176    216    120   200   160   164    204                  
         Hydrogen                                                              
                6th                                                            
                   196    248    144   192   220   220    236                  
         Cyanide                                                               
     9.8        3rd                                                            
                   144    176    100   160   124   124    164                  
                6th                                                            
                   156    188    132   168   164   176    192                  
     10.0                                                                      
         Unidentified                                                          
                3rd                                                            
                    48     64     32    48    48    56     44                  
                6th                                                            
                    56     52     32    48    68    54     52                  
     10.5                                                                      
         Formaldehyde                                                          
                3rd                                                            
                    12     16     4     8     4     8      8                   
                6th                                                            
                    12     20     8     12    12    12     24                  
     11.2                                                                      
         Acetaldehyde                                                          
                3rd                                                            
                   170    192    100   194   130   190    162                  
                6th                                                            
                   164    170    104   172   200   200    182                  
     12.6                                                                      
         Unidentified                                                          
                3rd                                                            
                    68     84     48    78    60    72     .theta.             
                6th                                                            
                    72     90     56    72    82    90     82                  
     13.0                                                                      
         Unidentified                                                          
                3rd                                                            
                    50     56     34    56    40    46     56                  
                6th                                                            
                    50     62     40    50    56    58     42                  
     14.0                                                                      
         Unidentified                                                          
                3rd                                                            
                    16     18     8     18    6     22     10                  
                6th                                                            
                    16     20     10    20    30    24     14                  
     15.0                                                                      
         Acrolein                                                              
                3rd                                                            
                    84      92    52    98    60   104     82                  
                6th                                                            
                    78     94     60    80   110    98     84                  
     15.8                                                                      
         Unidentified                                                          
                3rd                                                            
                    2      2      1     2     1     4      2                   
                6th                                                            
                    2      2      1     2     2     4      2                   
     17.0                                                                      
         Unidentified                                                          
                3rd                                                            
                   102     98     74   114    66   110     80                  
                6th                                                            
                    82     90     66    82    98   122     86                  
     20.4                                                                      
         Unidentified                                                          
                3rd                                                            
                    18     12     10    20    8     20     12                  
                6th                                                            
                    10     12     10    12    22    16     12                  
     __________________________________________________________________________
PAR  It will be noted that when applicant's filter is used, the tar content
      drops from a high of 17.9 mg. to a dramatic low of 0.4 mg. Similarly, the
      oxygen content of the smoke increases from a concentration of 14.0% to
      16.0%; carbon dioxide drops from a high of 3.3% to a low of 1.2%; carbon
      dioxide drops from a high of 5.8% to a low of 4.6% and on subsequent puffs
      when the unfiltered cigarette rises to 11.2%, the filtered cigarettes
      according to this invention only rises to 6.7%. Methane and nitric oxide
      also drop from a high of 0.52% to 0.25%.
PAR  Acralein, an important carcinogen, drops from a high of 92 to a low of 52
      while hydrogen cynanide drops from a high of 176 to a low of 120.
      Formaldehyde similarly drops from 14 to 12.
PAR  In these analytic tests, the filters used were similar to the manganese
      nitrate filters described in Examples I through III. Similar, or better,
      results have been obtained with the filter material described in Examples
      IV through XII.
PAR  The various times, temperatures, concentrations and masses in the Examples
      are not unduly critical and wide variation is possible. Similarly, the
      percentages of the various constituents in the filters are not critical
      and wide variation is again possible.
PAR  One skilled in the art may make various changes and substitutions in the
      processes disclosed, without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of filtering noxious, carcinogenic or objectionable gases from
      a mixture of gases comprising the step of passing said mixture of gases
      through a filter containing the complex metallic product resulting from
      re-acting cellulose with an inorganic nitrate of the formula
      Me(NO.sub.3).sub.n where Me represents a metal atom selected from the
      group consisting of manganese, nickel, aluminum, calcium, iron, sodium,
      zinc, and copper and n is a number corresponding to the valence number of
      the metal atom.
NUM  2.
PAR  2. The method of claim 1 wherein said complex metallic product includes an
      inert granular material to increase the porosity of the filter.
NUM  3.
PAR  3. The method according to claim 2 wherein said inert granular material
      comprises pumice.
NUM  4.
PAR  4. The method according to claim 1 wherein said complex metallic product
      further includes activated charcoal to remove any nitrogen-based gases
      added to the mixture of gases by said inorganic nitrate as it reacts with
      the mixture of gases to be filtered.
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ABST
PAL  Alkoxy ethoxides, for example 2-methoxy ethoxide, of aluminum and magnesium
      or aluminum and calcium, are provided. These compounds are of the formula
      MAl.sub.2 (O--CH.sub.2 --CH.sub.2 --O--R).sub.8 wherein M is calcium or
      magnesium and wherein R is an alkyl of 1 to 4 carbon atoms; they are
      liquids at about 25.degree. C. and about 1 atmosphere of pressure and are
      produced by reacting aluminum and magnesium or calcium with mono-alkyl
      ethers of ethylene glycol. Methods for hydrolyzing the compounds to obtain
      oxides of the formula MgAl.sub.2 O.sub.4 and CaAl.sub.2 O.sub.4 are
      disclosed. For example, magnesium aluminum octa-(2 methoxy ethoxide) is
      produced, using ethylene glycol monomethyl ether (methyl "Cellosolve") as
      a reagent; the material is hydrolyzed and heated to form MgAl.sub.2
      O.sub.4.
PARN
PAR  This is a division of application Ser. No. 313,662, filed Dec. 11, 1972.
BSUM
PAC  THE INVENTION
PAR  This invention relates to compositions containing aluminum and magnesium,
      or calcium, and more particularly it relates to magnesium-aluminum or
      calcium-aluminum octa-[2 alkoxy ethoxides] of the formula MA l.sub.2
      (O--CH.sub.2 --CH.sub.2 --O--R).sub.8 wherein R is an alkyl of 1 to 4
      carbon atoms and M is magnesium or calcium.
PAR  U.S. Pat. No. 3,510,272 discloses the hydrolysis of magnesium aluminum
      isopropoxide, or isopropylate, and other calcium aluminum alcoholates and
      magnesium aluminum alcoholates wherein the alcoholate or alkoxide group
      contains 2 to 5 carbon atoms. U.S. Pat. No. 3,413,083 discloses the
      production of mixed oxides by the use of separate alcoholates of different
      metals. This patent also indicates the formation of barium titanate by
      hydrolysis and calcination of BaTi(OR).sub.6. U.S. Pat. No. 3,637,406
      claims that aluminum isopropoxide and magnesium isopropoxide are sources
      of alumina and magnesia respectively. It is also known that magnesia
      spinel can be formed when the sources of magnesia and alumina are
      magnesium hydroxide, or hydrate, and aluminum hydroxide, or hydrate. See,
      for example, U.S. Pat. No. 3,304,153, U.S. Pat. No. 2,805,167, and U.S.
      Pat. No. 3,565,646, U.S. Pat. Nos. 2,593,314 and 2,570,058 disclose the
      production of hydrated magnesia from certain magnesium alcoholates. U.S.
      Pat. No. 2,776,188 discloses a process for forming metal oxide gels by
      spraying hydrolyzable metal compounds into an atmosphere of steam or water
      vapor; the hydrolyzable metal compounds include aluminum alcoholates,
      phenolates and cresylates of aluminum, magnesium, zinc, titanium, calcium,
      chromium, manganese, etc., or alloys thereof. U.S. Pat. No. 1,689,356
      discloses techniques for forming complex alcoholates such as, for example,
      magnesium aluminum ethylate. U.S. Pat. No. 2,917,366 discloses the
      reaction of aluminum trialkoxides with polyhydric alcohols to form a
      polymeric specie which is then converted to alumina. U.S. Pat. No.
      3,631,083 discloses the reaction of Mg(OR).sub.2 and Al(OR).sub.3 wherein
      R is alkyl to C.sub.4 and polyhydroxy compounds in the presence of water
      to form complexes thereof. U.S. Pat. No. 3,657,361 discloses the formation
      of compounds of the formula Mg(OR).sub.2. (ROH).sub.n wherein n is a
      number from 0 to 3, preferably 0 3, and R is an alkyl radical having 1 to
      3 carbon atoms or a radical of the general formula --R.sub.1 --O--R.sub.2
      wherein R.sub.1 is an alkylene radical and R.sub.2 is an alkyl radical
      with R.sub.1 and R.sub.2 having a total of 3 to 4 carbon atoms; various
      activators such as orthoformic acid esters, p-toluene sulfonic acid,
      iodine, halogens and other materials are disclosed whereby the reaction is
      effected.
PAR  Thus, from the foregoing, it will be seen that none of the above patents
      discloses the formation of aluminum and magnesium or aluminum and calcium
      octa-[2 lower alkoxy ethoxides], nor do they disclose that these compounds
      are liquids at about 25.degree. C. and 1 atmosphere of pressure.
      Similarly, none of these references discloses that these compounds can be
      formed by reacting aluminum and magnesium, or calcium, with mono lower
      alkyl ethers of ethylene glycol to form these compounds or that the
      compounds can be hydrolyzed to form high purity, substantially anhydrous,
      amorphous oxide compositions corresponding to the formula MgAl.sub. 2
      0.sub.4 or CaAl.sub. 2 0.sub.4, or the crystalline forms, i. e., magnesium
      or calcium spinels.
PAR  Thus, in accordance with one aspect of this invention, there are provided,
      as compositions of matter, compounds which are liquid at about 25.degree.
      C. and about 1 atmosphere of pressure wherein the compounds are of the
      formula MAl.sub. 2 (O--CH.sub.2 --CH.sub.2 --O--R).sub.8 wherein M is
      calcium or magnesium and R is a C.sub.1 to C.sub.4 alkyl, such as, for
      example, methyl, ethyl or normal butyl. The liquid nature of these
      products allows them to be more conveniently handled than solid aluminum
      and magnesium, or aluminum and calcium, alcoholates. The present materials
      are also easily distilled to produce highly pure products.
PAR  In accordance with another feature of this invention, MAl.sub. 2
      (O--CH.sub.2 --CH.sub.2 --O--R).sub.8 compounds, as described above, are
      produced by heating, between about ambient temperature and reflux, but
      preferably at reflux, calcium or magnesium and aluminum and a compound of
      the formula R--O--CH.sub.2 --CH.sub.2 --O--H wherein R is a C.sub.1 to
      C.sub.4 alkyl so as to effect reaction and formation of the desired
      compounds, which compounds are then separated from the reaction mass, e.
      g. by distillation. The reaction will typically be conducted to
      substantial completion and it is found that quite desirable reaction rates
      are obtained. In contrast to magnesium, or calcium, aluminum alkoxides or
      alcoholates, wherein the alkoxide or alcoholate group is a (--OR) group
      supplied by alkyl alcohols (ROH), it will be found that the present
      reaction will typically proceed at a rate slightly slower than the rate
      obtained when normal alkyl alcohols are employed but at a rate
      significantly faster than when secondary alkyl alcohols are used and even
      more substantially at a faster rate when contrasted to tertiary alkyl
      alcohols. The alcoholates formed with normal alkyl alcohols are solid
      alkoxides of aluminum and calcium or magnesium. Thus, the present
      invention allows for the production of liquid compounds which, as
      indicated previously, are much more convenient for utilization than
      solids. When the alcoholates are formed from certain secondary alkyl
      alcohols, liquid products are produced; the present invention, however,
      has the advantage that the process for the formation of the liquid
      compounds involved herein proceeds at a substantially faster rate than
      when secondary alkyl alcohols are employed as reagents. Thus, liquid
      products can be produced in a more economical manner with much faster
      reaction rates. When tertiary lower alkyl alcohols are employed to form
      alcoholates or alkoxides, the reactions are extremely long and
      impractical; thus, the present invention has a superior advantage in that
      it is a much shorter reaction.
PAR  In the preferred manner of practicing the invention, magnesium (or calcium)
      and aluminum are reacted with a compound of the formula R--O--CH.sub.2
      --CH.sub.2 --OH at the reflux temperature of the system. This is done by
      heating the reaction mass and maintaining the reflux condition until the
      reaction is substantially complete. It will also be found that the
      reaction rate is sufficient so that there is no need to employ any
      reaction promoters to obtain desirable rates. That is, the method can be
      practiced in the absence of catalysts or activators. Preferably, the
      reaction is conducted with an excess of the stoichiometric amount
      (hereinafter also referred to as stoichiometric excess) of the compound of
      the formula RO--CH.sub.2 --CH.sub.2 --O--H and quite convenient
      proportions will be found to be in excess of about 4 to about 8 moles of
      said compound per gram atom of aluminum employed. Aluminum 2-lower alkoxy
      ethoxides are somewhat similar in volatility to the calcium (or magnesium)
      aluminum octa (2-lower alkoxy ethoxides), thereby making separation
      difficult; magnesium (or calcium) 2-lower alkoxy ethoxides are much less
      volatile than the aluminum and magnesium (or calcium) compounds, thereby
      allowing the latter compounds to be easily separated from the former if
      present. Consequently, it will be desirable to use a stoichiometric amount
      of slight deficiency of aluminum relative to the calcium or magnesium.
      Thus, suitable proportions would be about 2 gram atoms of aluminum per
      gram atom of calcium (or magnesium), or less, for example about 1.9 to
      about 2 moles of aluminum per gram atom of magnesium or calcium, with
      quite excellent results being obtained using a ratio of about 1.95 to
      about 2:1, for example 1.97. Stoichiometric amounts for the reaction are 1
      gram atom of Mg or Ca, 2 gram atoms of Al and 8 moles of R--O--CH.sub.2
      --CH.sub.2 --OH After the reaction has gone to substantial completion,
      there will remain a solution of the MAl.sub.2 (O--CH.sub.2 --CH.sub.2 --
      O--R).sub.8 compound in the excess of the R--O--CH.sub.2 --CH.sub.2 --O--H
      compound. Following conventional techniques, the excess of the latter
      material will be removed, for example, by volatilization or distillation
      and then the desired compound will be separated from the residual
      material, preferably by distilling it off. Usually, it will be convenient
      to use high vacuums for the volatilization, such as, for example,
      pressures of about 1 millimeter of mercury or less.
PAR  The compounds of the formula MAl.sub.2 (O--CH.sub.2 --CH.sub.2
      --O--R).sub.8, wherein M is calcium or magnesium and R is a C.sub.1
      -C.sub.4 alkyl, are hydrolyzable compounds and consequently are convenient
      sources for the production of compounds of the formula MgAl.sub.2 O.sub.4
      or CaAl.sub.2 O.sub.4, that is, the spinels. Thus, in accordance with
      another feature of this invention, the aluminum and calcium or magnesium
      octa [2-lower alkoxy ethoxides] are added to a non-polar organic solvent,
      such as, for example, higher alkanes, like heptane, or aromatic compounds,
      like benzene, so as to form a solution and then this solution is combined
      with water so as to hydrolyze the compound and form a hydrolyzed
      precipitate. For quantitative conversions to the hydrolyzed precipitate,
      at least 6 moles of water will be employed per mole of the aluminum and
      calcium or magnesium octa [2-lower alkoxy ethoxide] compound. Usually,
      amounts of water in excess of this amount, for example, the theoretical
      stoichiometric amount of about 8 moles of water, will be employed or for
      that matter, excesses can be used up to 10 moles of water or even more.
      After the hydrolyzed precipitate is formed, the volatiles which will
      include the solvent employed and also the by-product 2-alkoxy ethanols,
      are separated, for example by filtration, leaving as a residue the
      hydrolyzed precipitate. This precipitate is then typically dried to a
      particulate mass such as, for example, by heating at 100.degree. to
      120.degree. or 130.degree. C or even higher for a time to dry same and
      then it is further heated to form an anhydrous, amorphous, small particle
      size, high surface area, high purity oxide product. The further heating of
      the dried product will typically be done at a temperature and for a time
      sufficient to remove residual carbon moieties, which carbon moieties may
      be present in the form of bound reaction product, residual 2-alkoxy
      ethoxide groups, which latter groups may be present notwithstanding the
      fact that more than a stoichiometric amount of water needed for full
      hydrolysis is employed, or even bound solvent; the heating will generally
      be done at a temperature less than about 700.degree. C. so as to form a
      white, carbon free, anhydrous, amorphous, small particle size, high
      surface area, high purity oxide product. Typically, for example, as the
      dried, hydrolyzed product is heated, it will convert to a somewhat
      brownish colored material and at temperatures of about 400.degree. C. it
      will convert to a substantially white colored particulate mass. Thus, for
      example, convenient temperatures to be employed to remove residual carbon
      moieties will be temperatures on the order of about 400.degree. C. to less
      than about 700.degree. C. for example, about 400.degree. to 500.degree. C.
      This resulting anhydrous, amorphous composition is of an extremely small
      particle size, typically having particles of the size of about  100 to 200
      angstroms, has a surface area of about 300-400 square meters per gram and
      an extremely high purity level. For example, when using freshly distilled
      compounds of the formula MAl.sub.2 (O--CH.sub.2 --CH.sub.2 --O--R).sub.8
      and high purity water, for example, distilled impurity levels of about 50
      quarts per million or less of total other metal oxides are typically
      obtained, with no other single metal oxide being present in an amount
      greater than about 10 ppm by weight. These anhydrous amorphous, small
      particle size, high surface area, high purity oxide products are excellent
      supports for catalytic polymerization of olefins, especially polyethylene.
PAR  In order to convert the anhydrous, amorphous, small particle size, high
      surface area, high purity oxide product into a high purity, crystalline
      composition corresponding to the formula MgAl.sub.2 O.sub.4 or CaAl.sub.2
      O.sub.4, all that is needed is to further heat the former product at a
      temperature and for a time sufficient to effect crystallization of the
      material. Thus, for example, the amorphous product can be consolidated or
      compacted into a solid unitary body, using conventional cold or hot
      pressing techniques and subjected to temperatures and times sufficient to
      convert the product to a crystalline, consolidated body of the formula
      CaAl.sub.2 O.sub.4 or MgAl.sub.2 O.sub.4 or, if desired, the particulate
      amorphous product, without being compacted or consolidated, can be so
      heated. It has been found that a temperature in excess of about
      700.degree. C. will be needed to effect conversions to the crystalline
      material.
PAR  While the foregoing generally describes hydrolysis wherein the products of
      the formula MAl.sub.2 (O--CH.sub.2 --CH.sub.2 --O--R).sub.8 were separated
      from the reaction mass in which they were formed and then added to another
      solvent and then hydrolyzed, this procedure may be varied. That is,
      according to another feature of this invention, magnesium or calcium and
      aluminum are reacted with a stoichiometric excess of a compound of the
      formula ROCH.sub.2 CH.sub.2 OH, preferably at the reflux temperature of
      the reaction mass, for a time sufficient to form a compound of the formula
      MAl.sub.2 (O--CH.sub.2 --CH.sub.2 -- O--R).sub.8 and then this reaction
      mass, which will be a solution, is combined and contacted with water as
      described above so as to precipitate a hydrolyzed product and then the
      hydrolyzed product is dried, that is, separated from the bulk of the
      volatiles and then heated in the manner indicated above to form either
      anhydrous, amorphous, particulate products or heated still more to form
      either consolidated or particulate crystalline products of the formula
      CaAl.sub.2 O.sub.4 or MgAl.sub.2 O.sub.4.
PAR  While the invention has been described above with sufficient particularity
      to enable those skilled in the art to make and use same without an undue
      amount of experimentation and has indicated some of the best modes
      contemplated in practicing this invention, several examples follow. These
      examples are not to be construed as limiting and are set forth to further
      enable those skilled in the art to make and use the present invention.
DETD
PAC  EXAMPLE 1
PAR  According to the following procedure, magnesium aluminum octa-(2-methoxy
      ethoxide) is produced by using the monomethyl ether of ethylene glycol as
      a reagent. Into a reaction flask there are added about 250 grams of methyl
      "Cellosolve" and the reaction flask is equipped with a conventional
      soxhlet extractor. The thimble of the soxhlet extractor is previously
      charged with about 6.1 grams of magnesium turnings and about 13.5 grams of
      aluminum wire. The methyl Cellosolve is heated to reflux with stirring and
      a vigorous reaction soon starts with all of the magnesium being consumed
      in about 15 minutes and the aluminum in an additional 90 minutes to
      produce a fluid product which is a solution of the magnesium aluminum octa
      (2-methoxy ethoxide) in the excess methyl cellosolve. The fluid product is
      then evaporated under vacuum to remove excess methyl cellosolve and the
      liquid residue, which is the magnesium aluminum octa (2-methoxy ethoxide),
      is thereafter distilled from the reaction flask under vacuum (about 0.1 mm
      of mercury pressure and at a temperature of about 240.degree. to
      245.degree. C.). The product is a pale yellow liquid and is obtained in
      about 90 percent yield.
PAR  About 150 grams of the distilled product are dissolved in about 800 cc of
      benzene to form a solution and the solution is then combined with
      distilled water to effect hydrolysis, the amount of water being about 8
      moles of water per mole of product employed. A hydrated oxide precipitate
      is formed and is separated from the solution by filtration. The
      precipitate is then heated at about 120.degree. C. for a time sufficient
      to evaporate the solvent and produce a dry particulate product; the dried
      product is further heated to remove residual carbon moieties. At
      temperatures between about 250.degree.-300.degree. C. end up to a
      temperature of about 400.degree. C. the material is somewhat brown but at
      a temperature of about 400.degree. C. it converts to a white, carbon free,
      anhydrous product. This product typically has particle sizes in the range
      of about 100 to 200 angstroms and a surface area typically of about
      300-400 square meters per gram and typically contains less than about 50
      parts per million total impurities. This product is amorphous and
      represents an excellent catalyst support for the production of olefin
      polymers and especially the production of polyethylene.
PAR  A portion of the particulate amorphous white material as produced above is
      then heated to a temperature of about 1200.degree. C. and an analysis of
      the particulate product after heating to 1200.degree. C. shows a
      composition generally corresponding to a molar ratio of MgO:Al.sub.2
      O.sub.3 of about 1.00:1.02, whereas the theoretical value for spinel
      (MgAl.sub.2 O.sub.4 or MgO.Al.sub.2 O.sub.3) is 1:1. High quality, pure
      crystalline spinel bodies are easily formed using conventional techniques,
      such as compaction by means of pressing, wherein the material which is
      compacted is the amorphous particulate material described above and the
      compact then heated at a temperature and for a time sufficient to form a
      crystalline body. Typically it will be found that the amorphous product
      converts to crystalline spinel at a temperature of about 700.degree. C.
PAC  EXAMPLE 2
PAR  Substantially similar results are obtained when practicing the procedure of
      Example 1 to produce magnesium aluminum octa (2-ethoxy ethoxide) using
      ethyl Cellosolve and magnesium aluminum octa (2-normal butoxy ethoxide)
      using n-butyl Cellosolve.
PAC  EXAMPLE 3
PAR  Following the general procedure of Example 1, calcium alluminum octa
      (2-methoxy ethoxide) is produced using a ratio of about 1.97 gram atoms of
      aluminum per gram atom of calcium and about 6.5 moles of methyl Cellosolve
      per gram atom of aluminum. The liquid product is separated from the
      reaction medium in about a 96 percent yield at a boiling point of about
      220.degree. to 230.degree. C. at a pressure of about 0.1 mm of mercury.
      The product is shown by analysis to be CaAl.sub.2 (O--CH.sub.2 --CH.sub.2
      --O--CH.sub.3).sub.8. When hydrolyzed as indicated in the manner set forth
      in Example 1, substantially similar results are obtained.
PAC  EXAMPLE 4
PAR  The general procedure of Example 1 is repeated using about 1.97 gram atoms
      of aluminum per gram atom of magnesium and about 6.5 moles of methyl
      Cellosolve per gram atom of aluminum but the excess Cellosolve and the
      resultant magnesium aluminum octa (2-methoxy ethoxide) is not separated
      after the synthesis reaction. Instead, the solution containing the
      MgAl.sub.2 (O--CH.sub.2 --CH.sub.2 --O--CH.sub.3).sub.8 product in excess
      methyl Cellosolve is combined with about 8 moles of water to hydrolyze the
      magnesium-aluminum product, producing a hydrated oxide precipitate. This
      precipitate is then treated in the manner indicated in Example 1 with
      substantially similar results being obtained except the purity level may
      be lower. High purity levels are obtainable by using higher purity metals.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method for making an oxide product of the formula MAl.sub.2 O.sub.4
      wherein M is calcium or magnesium comprising the steps of combining a
      solution of a compound of the formula MAl.sub.2 (O--CH.sub.2 --CH.sub.2
      --O--R).sub.8, wherein R is a C.sub.1 to C.sub.4 alkyl, in a polar organic
      solvent with at least about 6 moles of water per mole of said compound so
      as to hydrolyze said compound and form a hydrolyzed precipitate;
      separating said polar organic solvent and heating said hydrolyzed
      precipitate at a temperature and for a time sufficient to remove residual
      carbon moieties but at a temperature less than 700.degree. C. so as to
      form an anhydrous, amorphous, small particle size, high surface area, high
      purity oxide product of the formula MAl.sub.2 O.sub.4.
NUM  2.
PAR  2. The method of claim 1 wherein said latter product is further heated at a
      temperature above about 700.degree. C. for a time sufficient to convert
      said product to a particulate crystalline material of the formula
      MAl.sub.2 O.sub.4 wherein M is a Ca or Mg.
NUM  3.
PAR  3. The method of claim 2 wherein said crystalline product is MgAl.sub.2
      O.sub.4.
NUM  4.
PAR  4. The method for forming an oxide of magnesium or calcium and aluminum
      which comprises reacting magnesium or calcium and aluminum with a
      stoichiometric excess of a compound of the formula R--O--CH.sub.2
      --CH.sub.2 --O--H wherein the ratio of the gram atoms of aluminum to
      maganesium or calcium is about 2:1 or less for a time sufficient to form a
      reaction mass containing a compound of the formula MAl.sub.2 (O--CH.sub.2
      --CH.sub.2 --O--R).sub.8 wherein M is Ca or Mg and R is a C.sub.1 to
      C.sub.4 alkyl, combining the reaction mass as above with at least about 6
      moles of water per mole of said MAl.sub.2 (O--CH.sub.2 --CH.sub.2
      --O--R).sub.8 compound so as to precipitate a hydrolyzed product,
      separating said excess of said R--O--CH.sub.2 --CH.sub.2 --O--H compound
      from said reaction mass, and heating said hydrolyzed product at a
      temperature and for a time sufficient to dry said product and remove
      residual carbon moieties but at a temperature less than about 700.degree.
      C. so as to form an anhydrous, amorphous, particulate product of the
      formula CaAl.sub.2 O.sub.4 or MgAl.sub.2 O.sub.4.
NUM  5.
PAR  5. The method of claim 4 wherein the ratio of the gram atoms of aluminum to
      magnesium or calcium is about 1.95 to about 2:1.
NUM  6.
PAR  6. The method of claim 4 wherein said product is further heated at a
      temperature above about 700.degree. C. for a time sufficient to form a
      crystalline, high purity, small particle size compound of the formula
      CaAl.sub.2 O.sub.4 or MgAl.sub.2 O.sub.4.
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ABST
PAL  In the production of a precipitated red iron (III) oxide pigment of
      hematite structure wherein an aqueous iron (II) salt solution is mixed
      with an aqueous alkali solution in substantially equivalent quantities to
      produce an aqueous suspension of iron (II) hydroxide or carbonate, the
      suspension is oxidized by passing oxygen-containing gases through it with
      stirring under atmospheric pressure at a temperature of about 0.degree. to
      50.degree.C, and the resulting iron (III) seed suspension is allowed to
      grow into precipitated red iron (III) oxide pigment by further oxidation
      with an oxygen-containing gas at a temperature of about 50.degree. to
      100.degree.C in the presence of more iron (II) salt and alkali solution or
      in the presence of iron (II) salt and metallic iron at a pH-value kept in
      the acid range, the improvement which comprises producing the iron (III)
      seed suspension in the presence of a foreign modifying substance so that
      lattice-distorted, chemically reactive finely divided delta-FeOOH seeds
      are formed, whereby the resulting red iron (III) oxide pigment contains
      less than about 15 % by weight of .alpha.-FeOOH. The modifying substance
      may be a chloride of magnesium, calcium or aluminum, vanadium pentoxide,
      sodium phosphate, erythritol, mannitol, glyceric acid, K, Na-tartrate,
      Na-citrate, ribose, glucose, fructose, tannin, or NH.sub.4 --, Ca--, Al--,
      Fe or Mg-lignin sulfonate.
BSUM
PAR  Precipitated red iron (III) oxide pigments can be obtained by mixing an
      aqueous iron (II) salt solution and an aqueous alkali solution in
      substantially equimolar quantities, passing air through the resulting iron
      (II) hydroxide or carbonate suspension, preferably under atmospheric
      pressure and at room temperature, and heating the resulting colloidal seed
      suspension containing iron (III) hydroxide or aqueous iron (III) oxide, in
      the presence of iron (II) salt with addition either of metallic iron or of
      more iron (II) salt and more alkali, accompanied by oxidation with air,
      until a color between light red and maroon is obtained (German DAS No.
      1,084,405). U.S. Pat. No. 2,785,991 and No. 2,866,686 on which this DAS is
      based, specify 0.9 to 1.1 equivalents of alkali, based on iron (II) salt,
      which corresponds to a degree of precipitation of 0.9 to 1.1, and heating
      at temperatures of from 50.degree. to 100.degree.C. As stated in U.S. Pat.
      No. 3,009,821, X-ray analysis of the resulting precipitated red iron (III)
      oxide pigments, irrespective of whether they consist of yellow- or
      blueish-red, pigments, shows that pigments of this kind always consist of
      a mixture of hexagonal-rhombohedrally crystallizing
      hematite--.alpha.--Fe.sub.2 O.sub.3 and orthorhombic
      goethite--.alpha.--FeOOH. The proportion of the hematite and goethite
      phases present in the mixture of .alpha.--Fe.sub.2 O.sub.3 and
      .alpha.--FeOOH is governed essentially not only by the absolute
      concentrations of iron (II) salt and alkali solutions, but also by the
      degree of precipitation of the iron (II) salt solution by the alkali
      solution during seed formation. It is only within the narrow range of the
      degree of precipitation of 0.9 to 1.1 that seeds which lead to
      precipitated red iron (III) oxide pigments during pigment formation are
      formed. In cases where larger or smaller quantities of alkali are used,
      yellow precipitated iron (III) oxide pigments of uniform goethite
      structure (.alpha.--FeOOH) are inevitably formed.
PAR  If pure goethite yellow is mixed with pure hematite red pigments
      (.alpha.--FeOOH + .alpha.--Fe.sub.2 O.sub.3), the result is mixed colors
      of a yellowish to blueish red although, by comparison with pure red iron
      (III) oxide pigments of hematite structure, they are dirty brown and
      unsightly in appearance.
PAR  For sodium-D-light, the refractive indices of .alpha.--Fe.sub.2 O.sub.3
      (hematite) are 2.988 and 2.759 while those of .alpha.--FeOOH (geothite)
      amount to 2.275, 2.409 and 2.415. Apart from its color, the pigment with
      the higher refractive index is of greater optical efficiency, i.e. has
      greater tinting strength and a greater hiding power, under comparable
      conditions. Accordingly, there is considerable interest in producing
      precipitated red iron (III) oxide pigments of uniform hematite structure
      in a uniform particle form with different particle sizes but with the
      narrowest possible particle size distribution. With a uniform hematite
      phase, the color i.e. dominant wavelength of red iron (III) oxide pigments
      is governed by the particle size while, for a given particle size, the
      colorimetric purity, i.e. measure of color saturation is governed by the
      particle size distribution (Chem. Ing. Techn. 38, 423 (1966). Accordingly,
      it is possible in the case of red iron (III) oxide  pigments, to adjust
      the shades of color from a yellowish to a blueish red and the high
      colorimetric purity with much greater optical effectiveness and color
      saturation through the average particle size and the particle size
      distribution of pure hematite phases than through a mixture of red
      (.alpha.--Fe.sub.2 O.sub.3) and yellow iron (III) oxide pigments
      (.alpha.--FeOOH).
PAR  U.S. Pat. No. 3,009,821 summarizes the results of U.S. Pat. Nos. 2,785,991
      and 2,866,686 by stating that the synthetic light red to deep maroon iron
      (III) oxide pigments consist of chemically precipitated mixtures of
      isometric hexagonal-rhombohedral hematite and acicular orthorhombic
      goethite particles, the pigment mixture containing, in addition to
      hematite (.alpha.--Fe.sub.2 O.sub.3), 74 to 15 % by weight of goethite
      (.alpha.--FeOOH) according to an electron microscopic count of the
      isometric (.alpha.--Fe.sub.2 O.sub.3)-- and acicular
      (.alpha.--FeOOH)--pigment particles.
PAR  It is accordingly an object of the present invention to provide a process
      for the production of precipitated red iron (III) oxide pigments of
      hematite structure containing a maximum of 15 % by weight (based on total
      pigment) of .alpha.--FeOOH.
PAR  These and other objects and advantages are realized in accordance with the
      present invention which relates to a process in which an aqueous
      suspension of iron (II) hydroxide or carbonate, obtained by mixing an
      aqueous iron (II) salt solution with an aqueous alkali solution in
      substantially equivalent quantities, is oxidized by passing an
      oxygen-containing gas through it with stirring under atmospheric pressure
      at a temperature of about 0.degree. to 50.degree.C and the resulting iron
      (III) seed suspension allowed to grow into precipitated red iron (III)
      oxides by further oxidation with oxygen-containing gas at a temperature of
      about 50.degree. to 100.degree.C, optionally after a thermal treatment, in
      the presence of more iron (II) salt and alkali solution or optionally in
      the presence of iron (II) salt and metallic iron at a pH-value kept in the
      acid range. The novelty herein resides in the fact that the iron (III)
      seed suspension is prepared in the presence of a seed-mofifying foreign
      substance so that lattice-distorted chemically reactive finely divided
      .delta.--FeOOH seeds are formed.
PAR  Seed-modifying foreign substances suitable for the purposes of the
      invention include organic or inorganic compounds, for example, compounds
      of magnesium, calcium, copper, zinc, aluminum, antimony, phosphorus,
      arsenic, vanadium or silicon, or even mixtures of such compounds.
      Chlorides of magnesium, calcium and aluminum, even in the form of
      mixtures, also sodium phosphate and vanadium pentoxide, are particularly
      suitable. Examples of suitable organic seed-modifying substances include
      trihydric and polyhydric alcohols (for example glycerol, erythritol,
      pentaerythritol, mannitol and trimethylol propane), aliphatic
      monocarboxylic acids (for example glyceric acids and gluconic acids) or
      dicarboxylic acids with more than one alcohol group in the molecule (for
      example tartaric acid), aliphatic tricarboxylic acids having at least one
      alcohol group in the molecule (for example citric acid), hydroxy aldehydes
      or hydroxy ketones such as monosaccharides (for example ribose, arabinose,
      glucose, fructose, galactose and tannin), disaccharides, (for example
      saccharose and lactose) or poly-saccharides (for example starch, lignins
      and lignin sulfonates, and their derivatives). Salts of these
      acid-group-containing compounds, such as alkali metal, ammonium, alkaline
      earth metal or iron salts, can also be used with advantage, KNa-tartrate
      is just one example.
PAR  The following compounds show a particularly favorable effect: erythritol,
      mannitol, glyceric acid, K, Na-tartrate, Na-citrate, ribose, glucose,
      fructose, tannin, NH.sub.4 --, Ca--, Al--, Fe and Mg-lignin sulfonates.
PAR  The seed modifying substances for the process according to the invention
      can be used in quantities of from about 1 to 30 % by weight, preferably in
      quantities of about 4 to 20 % by weight, based on the iron present during
      seed formation.
PAR  The aforementioned additives widen the hitherto narrow degree of
      precipitation of 0.9 to 1.1 very considerably to values in the range of
      from 0.8 to 2.0, i.e. 0.8 to 2.0 equivalents of alkali solution, based on
      the quantity of iron (II) salt, can be used during seed formation. In the
      context of this invention, the term "alkali" is used in its broad sense,
      in other words it covers alkali and ammonium hydroxides and carbonates.
PAR  Iron chloride and/or iron sulfate can be used with advantage as the iron
      (II)-salts.
PAR  Compared with conventional precipitated red pigments and, in particular,
      with calcined iron (III) oxide red pigments, the red pigments which can be
      obtained by the new process, preferably less than 10 % and more preferably
      less than about 5 %, containing at most up to 15 % by weight of goethite,
      have greater tinting strength, have much greater colorimetric purity with
      fewer tinges of brown and give coatings of high-gloss. By virtue of their
      soft texture, some of the new pigments can also be used for totally new
      applications, for example as fillers or in the "flushing" process.
PAR  Seed formation and pigment formation are described hereinbelow. The
      variable parameters of seed formation, normally carried out at
      temperatures of from 0.degree. to 50.degree.C, preferably at temperatures
      of from 20.degree. to 40.degree.C, and of pigment formation, normally
      carried out at temperatures of from 50.degree. to 100.degree.C, preferably
      at temperatures of from 70.degree. to 90.degree.C, are set out in Table 1.
      The Example No. is followed by particulars on the type of iron (II) salt,
      the type and quantity of the addition, the type, molarity and equivalent
      ratio of the alkali or ammonium hydroxide or carbonate, the phase of
      phases determined by X-rays on normal seed (30.degree.C) and heated seed
      (2 hours at 90.degree.C). For pigment formation, the Table shows the
      quantities of seed in g converted in each case into Fe.sub.2 O.sub.3, the
      type of iron (II) salt and alkali, the experimental time in hours, the
      color and the % by weight, determined by X-ray Debye-Scherrer method, of
      any yellow goethite present in addition to the red hematite
      (.alpha.--Fe.sub.2 O.sub.3).
PAR  In one preferred embodiment, 19.000 liters of water at about room
      temperature are initially introduced into an electrically heatable
      stainless steel container equipped with a gassing stirrer. 3.558 liters of
      a 1-molar iron (II) salt solution are then added, accompanied or followed
      by the addition of 2.000 liters of an alkali or ammonium hydroxide or
      carbonate solution of the molarity specified. The quantity of an addition
      specified in Table 1 can be added both to the water initially introduced
      and also to the iron (II) salt solution or to the alkali solution. This
      addition can also be distributed as required between the aforementioned
      liquids. The resulting suspension of iron (II) hydroxide or carbonate is
      then oxidized at 30.degree.C with 2.5 m.sup.3 /hour of air and a gassing
      stirrer rotating at 1500 rpm over a period of about 4 to about 30 minutes,
      preferably over a period of 8 to 15 minutes, until an orange- to
      brownish-red color appears and hence until the iron (II) salt initially
      introduced has been completely converted. Instead of the gassing stirrer,
      it is possible to use any other highly effective stirrer and a ceramic,
      glass or metal frit to obtain good air distribution. According to X-ray
      analysis, the seed formed at around room temperature and under atmospheric
      pressure consists in every case of finely divided, lattice-distorted in
      chemical reaction active .delta.--FeOOH. In one modification of the
      process according to the invention, this seed suspension can be heated to
      higher temperatures, below 100.degree.C under normal pressure, above
      100.degree.C in an autoclave under pressures of up to 200 atms, preferably
      under pressures of from 1 to 40 atms, and thereafter used as seed for
      pigment formation. For phase control, all the seeds were kept for 2 hours
      at 90.degree.C in their suspension and then examined by X-ray diffraction.
      According to the X-ray photographs, the product is in the form either of
      pure .delta.--FeOOH--, pure .alpha.--Fe.sub.2 O.sub.3 --phases or of phase
      mixtures of .delta.--FeOOH-- with .alpha.--Fe.sub.2 O.sub.3, or of
      .alpha.--Fe.sub.2 O.sub.3 -- with .alpha.--FeOOH--, or of .delta.--FeOOH--
      with .alpha.--FeOOH-- particles.
PAR  Specified quantities of the non-preheated or preheated seed, optionally
      concentrated by sedimentation and calculated uniformly as Fe.sub.2
      O.sub.3, are heated with stirring to 50.degree. - 100.degree.C, preferably
      to 70.degree. - 90.degree.C and mainly at 80.degree.C in the stainless
      steel container used for seed formation and, after the temperature has
      been reached, are adjusted with an iron (II) salt to a pH-value below 7,
      preferably below 6.5, and diluted with water to a volume of 5.000 liters.
      After the required pigmentforming temperature has been reached, the
      introduction of air is commenced and uniformly equivalent quantities of an
      iron (II) salt solution and of an alkali or ammonium hydroxide or
      carbonate solution, preferably highly concentrated and thoroughly
      distributed, are added over a period of more than 1 hour, for reasons of
      quality and economy over a period of about 4 to about 16 hours, up to a
      volume of 24.000 liters. The required yellowish to blueish-red color (in
      Table 1, this is characterized in such a way that, with a number (type)
      increasing from 100 to 200, the color changes substantially uniformly from
      a yellowish to a blueish-red) is adjusted through the average particle
      size and the particle size distribution which are determined by the type
      and quantity of seed, the growth rate and by the seed-forming and
      pigmentforming temperature. In all the tests, the growth is equivalent to
      2.150 kg of Fe.sub.2 O.sub.3. For the same type of seed, therefore, the
      average particle size of the end product is essentially adjusted through
      the particular quantity of seed used.
PAR  In Table 1, Examples 1, 2 and 3, seeds were prepared in accordance with the
      prior art by completely precipitating an iron (II) sulfate solution with a
      sodium hydroxide or sodium carbonate solution (degree of precipitation
      1.0). These seeds were allowed to grow to their full extent into
      precipitated iron (III) oxide pigments under conditions entirely
      comparable with the following Examples. In Examples 1 and 2, the iron (II)
      sulfate was precipitated equivalently (1.0) with NaOH and, in Example 3,
      with Na.sub.2 CO.sub.3. In Example 1, the seed was used for pigment
      formation without heating and, in Example 2, after heating of its
      suspension for 2 hours to 90.degree.C and, in Example 3, without
      preheating. According to X-ray analysis of the pigment, a precipitated
      iron (III) oxide pigment mixture is present in all the Examples,
      consisting in addition to .alpha.--Fe.sub.2 O.sub.3 of about 79 % by
      weight of .alpha.--FeOOH in Example 1, of about 30 % by weight of
      .alpha.--FeOOH in Example 2 and of about 99 % by weight of .alpha.--FeOOH
      in Example 3. In Example 1, the precipitated iron (III) oxide pigments
      with very little colorimetric purity, dirty brown in color and weak in
      tinting strength show the yellowest red (type 110); in Example 2 a yellow
      red (type 120); and in Example 3, even an orange yellow. Accordingly, red
      iron (III) oxide pigments which are weak in their tinting strength, dirty
      brown in color and low in colorimetric purity are obtained in accordance
      with the prior art, consisting according to X-ray analysis of mixtures of
      hematite phases with a large to very large content (30 to 99 % by weight)
      of goethite phases. The prior art tests are followed from Example 4
      onwards by the new tests with red iron (III) oxide pigments which have
      .alpha.--FeOOH contents of 15 to 0 % by weight and which cover the entire
      color range from yellowish to blueish-red. A great number of inexpensive
      additions are found during seed formation, giving almost 100 % pure
      precipitated red iron (III) oxide pigments of hematite structure during
      pigment formation.
PAR  In a modified form of pigment formation, the seeds identified in Table 1
      are not subjected to a growth process in which the iron (II) hydroxides or
      carbonates formed by the equivalent addition of an iron (II) salt solution
      and an alkali solution are converted on the seeds at elevated temperature
      either wholly or predominantly into .alpha.--Fe.sub.2 O.sub.3 --pigments
      through oxidation with air or other oxygen-containing gases; instead iron
      scrap is added to them in a weakly acid solution containing iron (II)
      salt, in accordance with U.S. Pat. Nos. 1,327,061 and 1,368,748 (Penniman
      and Zoph), after which they are allowed to grow to their full extent by
      heating and passing air through over a prolonged period of time until the
      required yellowish to bllueish-red color is obtained, the metallic iron
      being dissolved by the hydrogen ions liberated during hydrolysis at a rate
      commensurable with that at which the iron (II) salt is oxidized by the
      atmospheric oxygen into iron (III) salt and, as such, hydrolyzed on the
      seeds initially introduced, accompanied by their growth.
PAR  In one example of this variant of the process, seeds are prepared in
      accordance with Examples 5 and 15 of Table 1 and introduced in such a
      volume that 43 g of Fe.sub.2 O.sub.3 are available for seed growth. Seeds,
      FeSO.sub.4, water and 560 g of iron scrap are introduced into a stainless
      steel container equipped with an air inlet tube and stirring mechanisms, a
      volume of 6.000 liters made up and an FeSO.sub.4 -concentration of 9.0
      g/liter of FeSO.sub.4 adjusted. The stainless steel container stands in a
      tempered water bath. While air is introduced into it (at a rate of 50
      liters per hour), accompanied by stirring (at 140 rpm), the pigment grows
      over a period of 4 days at 80.degree.C from a yellowish to a blueish-red.
      Red iron (III) oxide pigment is obtained in yields of 750 and 464 g.
      According to X-ray analysis, about 99 and 98 % by weight of the red iron
      (III) oxide pigment consists of hematite and about 1 and 2 % by weight of
      goethite. The color shade corresponds to calcined iron (III) oxide red,
      type  180 and type 200, but is of much higher colorimetric purity and of
      higher tinting strength when dispersed in a paint.
PAR  Once the required color of the precipitated red iron (III)-oxide pigments
      has been reached, the pigment is feed from salts in conventional manner by
      washing, dried and ground, optionally after any incompletely reacted iron
      scrap has been separated off. The color of the precipitated red iron (III)
      oxide pigments prepared in accordance with the invention can be made
      slightly darker, especially in the case of yellowish red colors and in the
      case of pigments still containing a small proportion of goethite
      particles, by careful heating at temperatures of from 120.degree. to
      500.degree.C, preferably at temperatures of from 150.degree. to
      350.degree.C, this change in color being caused either through the
      elimination of water from the .alpha.--FeOOH or by slight coarsening of
      the particles. In either case, the precipitated red iron (III)-oxide
      pigments produced in accordance with the invention are of higher
      colorimetric purity and of higher tinting strength by comparison with
      conventionally produced precipitated red iron (III)-oxide pigments, and,
      in addition, are softer than red iron (III) oxide pigments obtained by
      calcination because they are free from calcined hard aggregates. They are
      particularly suitable for the production of high-gloss coatings in the
      lacquer industry.
TBL                                    Table 1                                 
     __________________________________________________________________________
     variable parameters in the production of precipitated red iron (III)      
     oxide pigments                                                            
     __________________________________________________________________________
     Ex.                                                                       
        Seed Formation                      Pigment Formation                  
     No.                                                                       
        Fe(II)                                                                 
            Addition Alkali      Seed phases                                   
                                            Quan-                              
     salt   Type Quan-                                                         
                     Type Conc.                                                
                              Prec-   2h    tity                               
                                                Fe(II)                         
                                                    Alka-                      
                                                         Run-                  
                                                            color              
                                                               % by            
                 tity     (mol/                                                
                              ipit-                                            
                                 30.degree.C                                   
                                      90.degree.C                              
                                            of seed                            
                                                salt                           
                                                    li   ning                  
                                                            type               
                                                               weight          
                 (g)      liter)                                               
                              ation         (g      type (h)   of              
                              (%)           Fe.sub.2 O.sub.3)  .alpha.-FeOOH   
     __________________________________________________________________________
      1 FeSO.sub.4                                                             
            --   --  NaOH 3.560                                                
                              100                                              
                                 .delta.-FeOOH                                 
                                      --    172.5                              
                                                FeSO.sub.4                     
                                                    NaOH 8  110                
                                                               79.0            
      2 "   --   --  "    "   "  "    .delta.-FeOOH                            
                                            "   "   "    "  120                
                                                               30.0            
      3 41  --   --  Na.sub.2 CO.sub.3                                         
                          1.780                                                
                              "  "    --    "   "   "    "  yel-               
                                                               99.0            
                                                            low                
      4 "   MgCl.sub.2                                                         
                 20.00                                                         
                     NaOH 3.950                                                
                              105                                              
                                 "    .delta.-FeOOH                            
                                            "   "   "    "  160                
                                                               1.5             
      5 "   "    "   "    4.310                                                
                              115                                              
                                 "    "     "   "   "    "  140                
                                                               6.6             
      6 "   "    "   "    4.840                                                
                              130                                              
                                 "    "     "   "   "    "  "  3.0             
      7 "   CaCl.sub.2                                                         
                 40.00                                                         
                     "    5.910                                                
                              160                                              
                                 "    .alpha.-Fe.sub.2 O.sub.3 /               
                                            "   "   "    "  170                
                                                               11.5            
                                      .delta.-FeOOH                            
      8 "   MgSO.sub.4                                                         
                 25.25                                                         
                     "    4.310                                                
                              115                                              
                                 "    .delta.-FeOOH                            
                                            "   "   "    "  130                
                                                               7.4             
      9 "   MgCl.sub.2                                                         
                 20.00                                                         
                     "    "   "  "    "     "   "   "    "  140                
                                                               2.0             
     10 "   "    "   "    "   "  "    "     129.4                              
                                                "   "    "  170                
                                                               &lt;1.0            
     11 "   "    "   "    "   "  "    "      86.3                              
                                                "   "    "  180                
                                                               3.0             
     12 "   "    "   "    "   "  "    "      64.7                              
                                                "   "    "  "  5.0             
     13 "   "    "   "    "   "   ".sup.1)                                     
                                      "     151.0                              
                                                "   "    "  160                
                                                               1.0             
     14 "   "    "   "    "   "  .delta.-FeOOH                                 
                                      --    129.4                              
                                                "   "    "  130                
                                                               14.5            
     15 "   CaCl.sub.2                                                         
                 40.00                                                         
                     "    4.460                                                
                              115                                              
                                 "    .alpha.-Fe.sub.2 O.sub.3                 
                                            172.5                              
                                                FeSO.sub.4                     
                                                    NaOH 8  180                
                                                               2.0             
     16 "   "    "   "    3.210                                                
                               90                                              
                                 "    .delta.-FeOOH                            
                                            129.4                              
                                                "   "    "  160                
                                                               14.0            
     17 "   "    60.00                                                         
                     "    4.640                                                
                              115                                              
                                 "    .alpha.-Fe.sub.2 O.sub.3                 
                                            172.5                              
                                                "   "    "  170                
                                                               4.0             
     18 "   "    40.00                                                         
                     "    4.460                                                
                              "  "    .alpha.-Fe.sub.2 O.sub.3.sup.2)          
                                            172.5                              
                                                "   "    "  160                
                                                               6.0.sup.2)      
     19 "   "    "   "    "   "  "    "     129.4                              
                                                "   "    "  170                
                                                               5.0             
     20 FeCl.sub.2                                                             
            "    "   "    "   "  "    .alpha.-Fe.sub.2 O.sub.3                 
                                            172.5                              
                                                FeCl.sub.2                     
                                                    "    "  "  14.5            
     21 "   "    "   Na.sub.2 CO.sub.3                                         
                          2.230                                                
                              "  "    "     129.4                              
                                                "   Na.sub.2 CO.sub.3          
                                                         "  "  5.0             
     22 "   "    "   "    "   "  "    "     "   FeSO.sub.4                     
                                                    NaOH "  "  8.0             
     23 "   "    "   "    "   "  "    "     "   "   Na.sub.2 CO.sub.3          
                                                         "  180                
                                                               2.0             
     24 FeSO.sub.4                                                             
            CaCl.sub.2 /                                                       
                 10.0/                                                         
                     NaOH 4.324                                                
                              "  "    "     172.5                              
                                                "   NaOH 6  "  4.5             
            AlCl.sub.3                                                         
                 12.0                                                          
     25 "   "    "   "    "   "  "    "     "   "   "    8  "  &lt;1.0            
     26 "   "    "   "    "   "  "    "     "   "   "    12 "  2.0             
     27 "   "    "   "    "   "  "    "     "   "   "    8  "  &lt;1.0.sup.3)     
     28 "   MgCl.sub.2 /                                                       
                 10.0/                                                         
                     "    4.360                                                
                              "  "    .delta.-FeOOH/                           
                                            "   "   "    "  160                
                                                               &lt;1.0            
            AlCl.sub.3                                                         
                 14.0                 .alpha.-Fe.sub.2 O.sub.3                 
     29 "   ZnCl.sub.2 /                                                       
                 10.0/                                                         
                     "    4.285                                                
                              "  "    .delta.-FeOOH/                           
                                            "   "   "    "  180                
                                                               4.0             
            AlCl.sub.3                                                         
                 9.8                  .alpha.-FeOOH                            
     30 "   SbCl.sub.3                                                         
                 30.00                                                         
                     "    4.295                                                
                              "  "    .delta.-FeOOH                            
                                            "   "   "    "  130                
                                                               14.5            
     31 "   Na.sub.3 PO.sub.4                                                  
                 "   "    4.098                                                
                              "  "    "     "   "   "    "  140                
                                                               &lt;1.0            
     32 "   "    "   "    "   "  "    --    129.4                              
                                                "   "    "  160                
                                                               4.0             
     33 "   V.sub.2 O.sub.5                                                    
                 "   "    4.585                                                
                              "  "    .delta.-FeOOH                            
                                            "   "   "    "  180                
                                                               &lt;1.0            
     34 "   SiO.sub.2 ***)                                                     
                 "   "    3.970                                                
                              "  "    "     "   "   "    "  140                
                                                               14.5            
     35 "   glycerol                                                           
                 "   "    4.098                                                
                              "  "    "     172.5                              
                                                "   "    "  170                
                                                               3.5             
     36 "   ery- "   "    "   "  "    "     "   "   "    "  140                
                                                               1.0             
            thritol                                                            
     37 "   mannitol                                                           
                 "   "    "   "  "    "     "   "   "    "  130                
                                                               &lt;1.0            
     38 "   "    "   "    "   "  "    --    129.4                              
                                                "   "    "  "  7.0             
            trime-                                                             
     39 "   thylol                                                             
                 "   "    "   "  "    .alpha.-Fe.sub.2 O.sub.3 /               
                                            172.5                              
                                                "   "    "  170                
                                                               14.5            
            propane  "                .alpha.-FeOOH                            
     40 "   penta-                                                             
                 "   "    4.098                                                
                              "  "    .alpha.-Fe.sub.2 O.sub.3 /               
                                            "   "   "    "  170                
                                                               13.5            
            ery-                      .alpha.-FeOOH                            
            thritol                                                            
     41 "   glyce-                                                             
            ric acid                                                           
                 "   "    4.240                                                
                              "  "    .delta.-FeOOH                            
                                            "   "   "    "  140                
                                                               1.0             
     42 "   K-glu-                                                             
                 35.85                                                         
                     "    4.098                                                
                              "  "    "     "   "   "    "  130                
                                                               5.5             
            conate                                                             
     43 "   K,Na-                                                              
                 30.00                                                         
                     "    "   "  "    "     "   "   "    "  160                
                                                               &lt;1.0            
            tartrate                                                           
     44 "   "    "   "    "   "  "    --    129.4                              
                                                "   "    "  170                
                                                               2.0             
     45 "   Na-  "   "    3.740                                                
                              105                                              
                                 "    .delta.-FeOOH                            
                                            172.5                              
                                                "   "    "  "  1.0             
            citrate                                                            
     46 "   "    "   "    4.098                                                
                              115                                              
                                 "    .alpha.-Fe.sub.2 O.sub.3                 
                                            "   "   "    "  180                
                                                               3.0             
     47 "   "    "   "    "   "  "    --    129.4                              
                                                "   "    "  130                
                                                               14.5            
     48 "   ribose                                                             
                 "   "    "   "  "    .delta.-FeOOH                            
                                            "   "   "    "  160                
                                                               1.0             
     49 "   ara- "   "    "   "  "    "     172.5                              
                                                "   "    "  130                
                                                               4.5             
            binose                                                             
     50 "   glucose                                                            
                 "   "    "   "  "    "     "   "   "    "  130                
                                                               1.5             
     51 "   fruc-                                                              
                 "   "    "   "  "    "     129.4                              
                                                "   "    "  160                
                                                               1.0             
            tose                                                               
     52 "   galac-                                                             
                 "   "    "   "  "    "     172.5                              
                                                "   "    "  130                
                                                               4.0             
            tose                                                               
     53 "   tannin                                                             
                 "   "    "   "  "    "     "   "   "    "  140                
                                                               &lt;1.0            
     54 "   saccha-                                                            
                 "   "    "   "  "    "     129.4                              
                                                "   "    "  "  7.0             
            rose                                                               
     55 "   lactose                                                            
                 "   "    "   "  "    "     172.5                              
                                                "   "    "  130                
     56 "   NH.sub.4 -                                                         
                 "   "    "   "  "    .alpha.-Fe.sub.2 O.sub.3                 
                                            "   "   "    "  180                
                                                               1.5             
            lignin-                                                            
            sulpho-                                                            
            nate                                                               
     57 "   Ca-lig-                                                            
                 "   "    "   "  "    "     "   "   "    "  "  &lt;1.0            
            ninsul-                                                            
            phonate                                                            
     58 "   Al-lig-                                                            
                 "   "    "   "  "    "     "   "   "    "  "  &lt;1.0            
            ninsul-                                                            
            phonate                                                            
     59 "   Fe-  "   "    "   "  "    "     "   "   "    "  180                
                                                               1.5             
            lignin-                                                            
            sulpho-                                                            
            nate                                                               
     60 "   Mg-  "   "    "   "  "    .alpha.-Fe.sub.2 O.sub.3 /               
                                            "   "   "    "  170                
                                                               &lt;1.0            
            lignin-                   .delta.-FeOOH                            
            sulpho-                                                            
            nate                                                               
     __________________________________________________________________________
      .sup.1) seed-forming temperature 20.degree.C                             
      .sup.2) heated for 2 h at 160.degree.C in an autoclave.                  
      .sup.3) Pigment formation 90.degree.C.                                   
      .sup.4) in the form of soda waterglass                                   
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the production of a precipitated red iron (III) oxide pigment of
      hematite structure wherein an aqueous iron (II) salt solution is mixed
      with an aqueous alkali solution in substantially equivalent quantities to
      produce an aqueous suspension of iron (II) hydroxide or carbonate, the
      suspension is oxidized by passing oxygen-containing gases through it with
      stirring under atmospheric pressure at a temperature of about 0.degree. to
      50.degree.C to form a suspension of iron (III) seed, and the resulting
      iron (III) seed suspension is allowed to grow into precipitated red iron
      (III) oxide pigment by further oxidation with an oxygen-containing gas at
      a temperature of about 50.degree. to 100.degree.C in the presence of more
      iron (II) salt and alkali solution or in the presence of iron (II) salt
      and metallic iron at a pH-value kept in the acid range, the improvement
      which comprises producing the iron (III) seed suspension by oxidation with
      the oxygen-contaning gases for about 4 to 30 minutes and in the presence
      of at least one foreign modifying substance selected from the group
      consisting of a compound of magnesium, calcium, copper, zinc, aluminum,
      antimony, phosphorus, arsenic, vandium and silicon, so that
      lattice-distorted chemically reactive finely divided delta--FeOOH seeds
      are formed, whereby the resulting red iron (III) oxide pigment contains
      less than about 15% by weight of .alpha.--FeOOH.
NUM  2.
PAR  2. A process as claimed in claim 1, wherein said compound is at least one
      member selected from the group consisting of chlorides of magnesium,
      calcium and aluminum, or vanadium pentoxide, and sodium phosphate.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein the seedmodifying foreign
      substance is used in about 1 to 30% by weight based on the iron present
      during seed formation.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein the seed formation is effected
      in the presence of about 0.8 to 2.0 equivalents of aqueous alkali
      solution, based on the quantity of iron (II) salt present.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein the newly formed seed prior to
      said further oxidation is subjected to a thermal treatment at a
      temperature above about 50.degree.C and up to 100.degree.C under normal
      pressure and above 100.degree.C under excess pressure in an autoclave.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein the seedmodifying foreign
      substance is used in about 4 to 20% by weight, the temperature during seed
      formation is about 20.degree. to 40.degree.C, and pigment formation is
      carried out at a temperature of about 70.degree. to 90.degree.C.
NUM  7.
PAR  7. In the production of a precipitated red iron (III) oxide pigment of
      hematite structure wherein an aqueous iron (II) salt solution is mixed
      with an aqueous alkali solution in substantially equivalent quantities to
      produce an aqueous suspension of iron (II) hydroxide or carbonate, the
      suspension is oxidized by passing oxygencontaining gases through it with
      stirring under atmospheric pressure at a temperature of about 0.degree. to
      50.degree.C to form a suspension of iron (III) seed, and the resulting
      iron (III) seed suspension is allowed to grow into precipitated red iron
      (III) oxide pigment by further oxidation with an oxygen-containing gas at
      a temperature of about 50.degree. to 100.degree.C in the presence of more
      iron (II) salt and alkali solution or in the presence of iron (II) salt
      and metallic iron at a pH-value kept in the acid range, the improvement
      which comprises producing the iron (III) seed suspension by oxidation with
      the oxygen-containing gases for about 4 to 30 minutes and in the presence
      of at least one foreign modifying substance selected from the group
      consisting of a trihydric or polyhydric alcohol, aliphatic monocarboxylic
      acid, dicarboxylic acid with more than one alcohol group in the molecule,
      aliphatic tricarboxylic acid with at least one alcohol group in the
      molecule, and monosaccharide, disaccharide or polysaccharide
      hydroxyaldehyde or hydroxyketone, so that lattice-distorted chemically
      reactive finely divided delta--FeOOH seeds are formed, whereby the
      resulting red iron (III) oxide pigment contains less than about 15% by
      weight of .alpha.--FeOOH.
NUM  8.
PAR  8. A process as claimed in claim 7, wherein the seed-modifying foreign
      substance is used in about 1 to 30% by weight based on the iron present
      during seed formation.
NUM  9.
PAR  9. A process as claimed in claim 7, wherein the seed formation is effected
      in the presence of about 0.8 to 2.0 equivalents of aqueous alkali
      solution, based on the quantity of iron (II) salt present.
NUM  10.
PAR  10. A process as claimed in claim 7, wherein the newly formed seed prior to
      said further oxidation is subjected to a thermal treatment at a
      temperature above about 50.degree.C and up to 100.degree.C under normal
      pressure and above 100.degree.C under excess pressure in an autoclave.
NUM  11.
PAR  11. A process as claimed in claim 7, wherein the seed-modifying foreign
      substance is used in about 4 to 20% by weight, the temperature during seed
      formation is about 20 to 40.degree.C, and pigment formation is carried out
      at a temperature of about 70.degree. to 90.degree.C.
NUM  12.
PAR  12. A process as claimed in claim 7, wherein the seed-modifying foreign
      substance is at least one member selected from the group consisting of
      erythritol, mannitol, glyceric acid, K,Na-tartrate, Na-citrate, ribose,
      glucose, fructose, tannin, and NH.sub.4 --, Ca--, Al--, Fe-- and
      Mg--lignin sulfonate.
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ABST
PAL  A method for the production of a homogenous gas mixture from two gas
      streams of different parameters in which an open or free equalizing space
      downstream of a superimposed catalyst layer is provided. Within such open
      space is a mixing assembly imposing a little deflection upon the reaction
      gas stream causing a low pressure drop in the stream with a consequent
      reduced loss of energy. Quench gas is admitted through a two stage
      pressure reduction. It is first expanded from a duct surrounding the
      mixing assembly through a plurality of openings where the gas velocities
      are reduced and equalized. The second pressure reduction takes place
      across openings in the mixing assembly. Quench gas and reaction gas are
      then thoroughly mixed in the mixing assembly and the gas mixture is
      consequently passed to the entrance of a second catalyst layer downstream.
PARN
PAR  This is a division of application Ser. No. 419,909 filed Nov. 29, 1973 now
      U.S. Pat. No. 3,895,919, issued July 22, 1975.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for the production of a
      homogenous gas mixture from two gas streams of different parameters, such
      as temperature, pressure, composition, flow velocity, etc., for multistage
      exothermic or endothermic reactions.
PAR  Devices of this type are preferably applied in ammonia and methanol
      synthesis facilities where reactions are performed in the presence of
      catalysts.
PAR  Such catalytic reactions require each reaction zone to receive a
      homogeneous gas mixture. A uniform gas temperature at the inlet to the
      catalyst layer is a prerequisite for a uniform reaction in the catalyst
      layer and, consequently, for a uniform utilization of and load on the
      catalyst. Otherwise, the catalyst volume in the reaction vessel would
      either not be utilized efficiently or would be overloaded with consequent
      damage to and inefficiency of the catalyst.
PAR  For complying with these requirement it is known to readjust, that means to
      cool or to heat, the incoming gas mixture from a preceding catalyst layer,
      hereinafter referred to as reaction gas stream A, by admixing unreacted
      gas of a lower or higher temperature level, hereinafter referred to as
      quench gas stream B, before the gas mixture composed of reaction gas
      stream A and quench gas stream B penetrates into the next catalyst layer.
PAR  In general, quench gas stream B is admixed to reaction gas stream A
      downstream of a restriction of the gas path cross section in the reaction
      vessel. This restriction which is followed by an enlarged cross section is
      intended to effect good mixing and, consequently, provide a uniform
      temperature of the gas stream over the entire cross-section area of the
      catalyst layer.
PAR  In general, quench gas stream B is only a fraction of reaction gas stream A
      and is admitted through a feed pipe into the space between two adjacent
      catalyst layers.
PAR  Referring to known process devices as described, for example, in U.S. Pat.
      No. 3,475,136 and German Pat. OS 289,847, the quench gas feed pipe
      terminates in a tubular ring or a multiarm tube distributor with a
      multitude of small lateral openings for discharging the quench gas into
      the free space. Referring to U.S. Pat. No. 3,475,136, the diameter of the
      free space is reduced to the diameter of the tubular ring at the point of
      quench gas admission. Referring to British Pat. No. 1,105,614, a device
      with rhombic cross-sectional area is placed into the single layer catalyst
      bed. This device essentially consists of a rugged wire mesh; it is
      substantially hollow and is provided with an annular shaped central quench
      gas distributor tube. The major portion of the reaction gas stream passes
      from the catalyst filled space into this free space where it undergoes a
      certain equalization of pressure differences and a mixing with the quench
      gas admitted.
PAR  Referring to known devices, said features may be summarized in that the
      reaction gas from the catalyst layer passes into what is called a free
      space, also called equalizing space. This space is provided with means,
      for example tubes or a multiarm tubular distributor, for combining the
      reaction gas with the gas to be admixed. Devices of known design have
      evidenced in practice, however, that the desired success is not achieved
      perfectly. It has regularly been found, for example, that there is a
      formation of gas streams which are not uniform, that means which are not
      of a steady temperature and composition. Consequently, the catalyst in the
      reactor is subject to different loads and is, therefore, not utilized
      uniformly or is exposed to local overheating with consequent premature
      damage to the catalyst.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to eliminate these deficiencies of
      the known devices and to obtain, with a minimum number of internals and
      with as little deflection as possible for the reaction gas stream, a
      completely homogeneous gas mixture at the inlet to and over the entire
      cross sectional area of the next catalyst layer.
PAR  According to this invention, the problem is solved by providing a free
      equalizing space downstream of a superimposed catalyst layer, a mixing
      assembly with upper and lower tube plates carrying mixing tubes with
      restriction orifice plates, said tubes being provided with lateral
      openings above the restriction orifice plates, a quench gas feed pipe
      terminating in an outer annular duct, the inner side wall of which is
      provided with openings, which are located at a level below the central
      restriction orifice plates.
PAR  The invention incorporates the particular advantage of a low pressure drop
      in the gas stream with consequent reduced loss of energy because only
      little deflection from its main direction of flow is imposed upon the
      reaction gas stream for its passage through the mixing tubes, which are
      uniformlly distributed over the cross sectional area of the reaction
      vessel. In addition, this arrangement prevents any repercussion on the
      passage of the gas stream across the catalyst layer above the mixing
      chamber. The uniform admission of quench gas is achieved through a two
      stage pressure reduction, the quench gas being first expanded from the
      annular duct through a multitude of openings into the space around the
      mixing tubes where the gas velocities are substantially reduced and
      equalized. Consequently, the pressure ahead of the openings in the mixing
      tubes is at the same level throughout. The second pressure reduction takes
      place across the openings of the mixing tubes with the quench gas being
      subjected to a strong increase in velocity. Quench gas and reaction gas
      are then thoroughly mixed through the restriction orifice plates arranged
      in the mixing tubes.
PAR  Admission of gas to the catalyst layer beneath the mixing chamber is
      uniform because the upstream cross sectional area of the gas flow was not
      reduced in its entirety, but was split up into a multitude of part stream
      restrictions. The mixing device has a moderate height as compared to known
      devices and mixing chambers. Appropriate mechanical design and the
      maintenance of close fabrication tolerances at the critical points of flow
      restriction and admission ensure good performance at part-load operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of the device according to this
      invention, for use in an ammonia synthesis converter, for example; and
PAR  FIG. 2 is a cross sectional partial view on the line 2--2 of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The main gas stream in FIG. 1 first passes across catalyst layer 1. Flow
      velocity is more or less uniform within the layer depending on grain size
      distribution and local density of the catalyst layer. Any differences in
      pressure and velocity will be equalized in equalizing space 2, which is a
      free space. The reaction gas stream passes from the equalizing space into
      a mixing path 3 in the form of tubes 9 where its flow velocity is
      increased owing to the reduced cross sectional area available as compared
      to that of the equalizing space. The tubes of the mixing path 3 are
      provided with restriction orifice plates 4, respectively, at approximately
      mid-level where another increase in flow velocity is imposed upon the gas
      stream.
PAR  The quench gas stream is admitted to the reaction gas stream ahead of
      restriction orifice plates 4 in the inlet half of the mixing path. The
      restriction orifice plates and the exit half of the mixing tubes interact
      to provide thorough mixing of the two gas streams. The gas mixture passes
      from the mixing path into a distribution space 5 from where it penetrates
      uniformly into the downstream catalyst layer 6.
PAR  The mechanical design of the mixing chamber may be described as comprising
      substantially a perforated support plate 7, two vertically spaced tube
      plates 8, and a plurality of laterally spaced vertically disposed rows of
      open ended mixing tubes 9. The mixing tubes 9 are sealed at their upper
      and lower end portions in the plates 8 providing closed areas about them
      for the flow of gas. A wall surrounds the plates 8 providing a space
      closed to the passage of reaction gas which can flow axially only through
      the mixing tubes 9. The mixing chamber is installed into a reaction vessel
      so as to provide a support for the superimposed catalyst layer 1. The
      outer side wall of the mixing chamber may be part of the reaction vessel
      or it may rest on a bracket attached to the vessel wall. The reaction gas
      passes from the catalyst layer 1 through the foraminous support plate 7
      into the equalizing space 2.
PAR  If the gas flow across the catalyst layer 1 is irregular because of an
      irregular density of the dumped catalyst layer with consequent different
      exit temperatures at the outlet of the catalyst layer 1, a certain
      equalization of flow velocities and temperatures takes place in the
      equalizing space 2, the specific free volume of which is greater than that
      of the catalyst layer, particularly because of the accumulator effect
      produced in this space by the downstream restriction of the cross
      sectional area. For a given diameter of the reactor the free
      cross-sectional area for the gas stream in the open or equalizing space 2
      is in any case larger than the free cross-sectional area at any point in
      catalyst bed 1. Should a non-uniform flow density occur in the catalyst
      bed due to a random disposition of the catalyst material, the flow density
      is then equalized or made uniform in equalizing space 2.
PAR  From the equalizing space 2, the gas penetrates into the various mixing
      tubes 9 without any substantial change in direction of flow. The inlet
      half of the mixing tubes 9 is provided with a restriction orifice plate or
      partition 4, which imposes an increase in flow velocity upon the gas.
      Through one or more openings 10 located in each tube 9 a short distance
      above the restriction orifice plate 4, the quench gas is admitted in a
      radial direction.
PAR  The thorough mixing of the two gas streams is attributable to the
      turbulence upstream and downstream of the restriction orifice plate 4,
      which takes place in the inlet half and the exit half of the mixing tubes
      9. The quench gas stream, which is a stream of cold gas in this case, is
      admitted through a feed pipe 11 into an outer annular duct 12, which
      constitutes the enclosure of the mixing chamber. The inner limit of the
      annular duct is a sheet steel wall 13 with a series of spaced openings 14.
      The cold gas passes from this outer annular duct 12 through the openings
      14 in a radial direction into the space around the mixing tubes 9 from
      where it penetrates uniformly through openings 10 into the mixing tubes.
      Each tube 9 has three openings 10 spaced equally from each other. The dual
      orifice effect of openings 14 and 10 causes a corresponding pressure drop
      for the quench gas and ensures a uniform distribution of the quench gas to
      the various mixing tubes. The orifice effect of the vertically spaced
      openings 14 and 10 and the effect of the mixing path with its restriction
      orifice plates 4 are harmonized to ensure that the mixing effect will be
      fully maintained at part load and overload operation. The homogeneous gas
      mixture leaves the mixing device in an axial direction and penetrates into
      the next catalyst layer where a uniform reaction is achieved owing to
      equal composition and temperature of the gas over the entire cross
      sectional area of the catalyst layer.
PAR  The following example reflects the data and flow velocities referring to a
      mixing chamber according to this invention.
PAC  EXAMPLE
PAR  Referring to an ammonia quench gas converter with a shell inside diameter
      D.sub.1 = 2,000 mm and designed for a daily output of 1,000 tons NH.sub.3,
      the first mixing chamber receives approximately 350,000 Nm.sup.3 /hr. of
      reaction gas from the first catalyst layer at 300 atm. abs. and
      530.degree.C. By admixing approximately 69,000 Nm.sup.3 /hr quench gas at
      50.degree. - 100.degree. C and 302 atm.abs., a homogeneous gas mixture of
      452.degree. C at the outlet of the mixing chamber shall be obtained. The
      mixing chamber is equipped with 174 mixing tubes 9 of 63 mm diameter. Gas
      flow velocity is 2.1 m/second at the inlet and 2.25 m/second at the outlet
      of the mixing tubes.
PAR  The aperture of each restriction orifice plate 4 installed in each mixing
      tube 9 has a diameter of 20 mm. Gas flow velocity across the restriction
      orifice plate is in the order of 22 m/second.
PAR  The outer annular duct 12 surrounding the mixing chamber and through which
      the quench gas is admitted, has a height of 180 mm and a width of 90 mm.
      From this annular duct, the quench gas passes through openings 14 of 6 mm
      diameter in a radial direction and at a velocity of about 10 m/second into
      the space around the mixing tubes.
PAR  The inlet half of each mixing tube is provided with three wall openings 10
      of 3.8 mm diameter at 120.degree. through which the quench gas penetrates
      in a radial direction at a flow velocity of approximately 15 m/second into
      the mixing tube where it mixes with the hot reaction gas.
PAR  The gas mixture leaving the mixing chamber and penetrating into the next
      catalyst layer 6 is fully homogeneous over the entire cross sectional area
      of the catalyst layer referring to both composition and temperature.
CLMS
STM  What We claim is:
NUM  1.
PAR  1. The method of producing a homogenous gas mixture from two gas streams of
      different parameters, for multistage exothermic or endothermic reactions
      consisting of
PA1  a. flowing a reaction gas stream through a catalyst layer to a relatively
      open space for equalizing the expansion and velocity of the reaction gas
      stream,
PA1  b. the free cross-sectional area of the reaction gas stream in said open
      space being greater than the free cross-sectional area of the catalyst
      layer,
PA1  c. causing the reaction gas stream in such space to pass concurrently
      through a plurality of parallel mixing zones,
PA1  d. introducing quench gas through a two-stage pressure reduction to said
      mixing zones including first passing said quench gas to a closed area
      around said mixing zones and permitting expansion thereof to spaces around
      said zones so as to effect the first of said pressure reductions,
PA1  e. causing quench gas to pass from the spaces around said zones into said
      zones so as to effect the second of said pressure reductions,
PA1  f. passing the resultant reaction gas and quench gas mixture in parallel
      flow through restricted openings in said zones thereby increasing the
      velocity and effecting a complete homogenous mixture of the gases, and
PA1  g. passing the homogenous gas mixture to the entrance of a second catalyst
      layer downstream.
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ABST
PAL  A diagnostic agent for primary hepatoma which has
      anti-.alpha.1-fetoglobulin, and a process for the preparation of the
      diagnostic agent for primary hepatoma which comprises the steps of
      dissolving the anti-.alpha.1-fetoglobulin together with a support medium
      and allowing the same to solidify in a diffused condition.
PARN
PAR  This is a division of application Ser. No. 99,312, filed Dec. 17, 1970, now
      U.S. Pat. No. 3,819,822.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention relates to diagnostic agents which are highly useful
      and highly sensitive for the clinical diagnosis of primary hepatoma as
      distinguished from metastatic and other liver disease. More particularly,
      the invention relates to new serological diagnostic agents for the
      determination of primary hepatoma, which are based on
      anti-.alpha.1-fetoglobulin. This invention also relates to methods for the
      preparation of said serological diagnostic agents. Furthermore, this
      invention relates to diagnostic methods which depend upon the use of said
      diagnostic agent.
PAR  Originally, it was found that the serum of the cattle fetus contained a
      type of .alpha.1-globulin which was designated .alpha.1-fetoglobulin
      (Fetuin) [K. O. Pedersen, Nature 154, 575 (1944)]. It was then discovered
      that this particular substance also occurred in the sera of fetuses of
      different animal species and was specific to various species. Those
      findings were followed by the discovery that the same substance also
      occurred in the serum of the human fetus, C. G. Bergstrand, et al., J.
      Clin. & Lab. Invest. 8 174 (1956). Recently, it was further demonstrated
      by immunological precipitin reactions, that .alpha.1-fetoglobulin occurs
      in the sera of patients having primary hepatoma [Yu. S. Tatarinov, Vop.
      Med. Khim. 11 (2) 20 (1965) and others ]. It has thus been suggested that
      the presence or absence of .alpha.1-fetoglobulin may provide a test for
      primary hepatoma. Over the succeeding years, we conducted extensive
      research into the basic mechanism of these cancers on the strength of the
      finding that metabolism of the human being afflicted with the cancerous
      diseases are analogous to that of the fetus, and that
      .alpha.1-fetoglobulin is closely related to primary hepatoma. Our effort
      has been largely concentrated on the development of improved diagnostic
      agents for clinical use.
PAC  SUMMARY OF THE INVENTION
PAR  The effort has now been repayed by the discovery of a quick and accurate
      method for the diagnosis and quantitative determination of those cancers,
      which do not involve the use of complicated chemical operations and
      costly, intricate equipment.
PAR  It is an object of this invention to provide a diagnostic agent which
      offers a high detection sensitivity for those diseases, a reduced
      incidence of doubtful positive results, and a high degree of quantitative
      reliability.
PAR  It is another object of the invention to provide a purified grade of
      anti-.alpha.1-fetoglobulin which is important in the preparation of the
      diagnostic agents of this invention.
PAR  It is still another object to provide a purified grade of
      .alpha.1-fetoglobulin which is important in the preparation of said
      diagnostic agent.
PAR  A significant feature of this invention resides in the use of
      anti-.alpha.1-fetoglobulin, i.e., an antibody which can be obtained either
      by (a) the immunization of animals with antigen derived with
      .alpha.1-fetoglobulin from the ascites or serum of a patient having a
      primary hepatoma, or (b) from the fetal serum, in the form of (1) a
      dispersed and solidified preparation which is obtainable by dissolving the
      anti-.alpha.1-fetoglobulin together with a support medium and allowing the
      same to coagulate, or (2) a dispersion which is obtainable by causing the
      anti-.alpha.1-fetoglobulin to be adsorbed onto a carrier medium and which
      is then dispersed in a dispersion medium.
PAR  Another important feature of this invention lies in the method used in the
      preparation of such a purified grade of anti-.alpha.1-fetoglobulin. Thus,
      the ascites or serum derived from a patient having a hepatoma or the serum
      of the human fetus is used to immunize an animal. A blood sample is taken
      from the animal. From this blood sample the serum is separated and the
      antiserum is absorbed with normal human serum, or with an insoluble
      immunoadsorbent, obtained by treating normal human serum with, for
      example, glutaraldehyde. Alternatively, the above ascites or serum is
      preliminarily purified by usual protein fractionation and the resulting
      .alpha.1-fetoglobulin fraction is used to immunize an animal. A blood
      sample is then taken from the animal and the serum is separated.
PAR  Another important feature of the invention lies in the method of preparing
      the purified grade of .alpha.1-fetoglobulin. The ascites or serum of a
      patient having a primary hepatoma is dialyzed against acrinol and
      precipitated. The dialyzate is purified by a protein fractionation
      technique.
PAR  Since the first suggestion was made, as mentioned above, that the presence
      or absence of .alpha.1-fetoglobulin might be used in the discriminatory
      diagnosis of hepatoma, a number of workers have attempted immunodiagnosis
      or primary hepatoma. To this day, however, no satisfactory diagnostic
      agent has been discovered, and, at present, the immunodiffusion and
      immuno-electrophoretic techniques, both being versatile methods useful in
      many immunodiagnostic applications, are being utilized by analogy.
      Immunodiffusion may be classified into single and double diffusion
      techniques. The single diffusion technique is a diagnostic method in which
      a tube containing the antigen, the antibody and diffusion medium in three
      distinct layers gives a precipitin band in the middle layer comprising
      said diffusion medium at the level corresponding to the optimum
      antigen-antibody ratio. This level is used as a diagnostic measure and is
      generally known as Oudin's method. The double diffusion technique, known
      as Ouchterlony's method, is such that the antibody is placed in a central
      well and the antigen is placed in a plurality of satellite wells, each of
      said wells having been bored in an agar layer on a plate. A precipitin
      ring appears in the position corresponding to the optimum antigen-antibody
      ratio, as has just been described above for the single diffusion
      technique, and their precipitin ring is used for diagnosis. Oudin's
      method, in which a precipitin ring is developed at a level which is
      determined by the diffusion coefficients and the concentrations of the
      antigen and antibody, is advantageous for the quantitation of the antigen.
      On the other hand, Ouchterlony's method proves more useful when it is used
      to discriminate between different antigents.
PAR  Immuno-electrophoresis is a combination of ordinary zone electrophoresis
      and the above-mentioned immunodiffusion. Thus, if the antibody is
      positioned in parallel with the direction of migration of the antigen,
      which has been linearly fractionated, a precipitin ring is developed in a
      location corresponding to the optimum ratio, as has been described above,
      and this precipitin ring is used as a diagnostic measure. This method is
      excellent in reproducibility.
PAR  However, those prior art diagnostic methods are different from the methods
      developed specifically for the discriminatory diagnosis of the subject
      disease of this invention, and although they may be used, each of those
      methods have many disadvantages. For instance, those methods are
      characterized by a high incidence of doubtful positive results. They
      require expensive equipment and involve complicated and time-consuming
      procedures which are incidental or essential to the necessary diagnosis.
      Thus, a more specific and simple method has been desired in order that a
      large number of patients may be diagnosed in a limited time.
PAR  The studies made by us in an effort to overcome those numerous
      disadvantages have led to the finding that by dissolving
      anti-.alpha.1-fetoglobulin together with a support medium and allowing it
      to solidify in a dispersed state or causing anti-.alpha.1-fetoglobulin to
      be adsorbed on a carrier medium and, as such, dispersed in a dispersion
      medium, one may obtain a diagnostic agent using the ascites or serum of a
      patient directly as the specimen to be arranged, without resorting to any
      complicated procedures. We have also succeeded in the preparation of
      diagnostic agents which remain stable even after prolonged storage and are
      least liable to give doubtful positive results and capable of providing an
      advantageous test for primary hepatoma. This invention is the culmination
      of the foregoing discovery and development. Many other advantages and
      features of the instant invention will become apparent as the following
      description of the invention proceeds.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The different embodiments of this invention will now be discussed in
      greater detail.
PAR  1. The following description is directed to the preparation of a diagnostic
      agent of this invention, wherein the antibody, anti-.alpha.1-fetoglobulin,
      is dissolved together with a support medium and the solution is allowed to
      solidify in a diffused condition.
PAR  Thus, this particular diagnostic agent is prepared by using the antigenic
      .alpha.1-fetoglobulin to immunize an animal. The resulting anti-serum is
      dissolved together with a support medium and, if desired, a surfactant,
      coloring agent, and/or preservative. This solution is allowed to solidify
      in the diffused condition.
PAR  The support medium used in the practice of this invention is one which has
      a high diffusion coefficient in terms of viscosity. For purposes of
      discrimination convenience, the medium should be characterized by a
      satisfactory degree of clarity. Among the media that satisfy the above
      conditions are agar, dextrin, starch, pectin and other polysaccharides,
      and various proteins including gelatin and the like. Preferably, agar,
      synthetic polyacrylamide gel and starch are employed. The surfactant is
      used in the practice of this invention for the purpose of reducing the
      percentage of doubtful positives attributable to hypercholesteric sera in
      clinical applications, and may be selected from the group consisting of
      anionic surfactants such as sodium oleate, sodium laurylsulfate, sodium
      octylsulfate, sodium stearyl sulfate, sodium alkylbenzene sulfonate,
      sodium dialkylsulfosuccinate, etc., cationic surfactants such as
      dodecylamine acetate, benzyldimethylalkylammonium halide, cetylpyridinium
      halide, etc., and nonionic surfacants such as polyoxyethylene fatty acid
      esters, polyoxyethylenesorbitan fatty acid esters, polyoxyethylene
      (higher) alcohol ethers, polyoxyethylenalkylaryl ethers, polyoxyethylene
      castor oil derivatives, etc., as well as lecitin, saponin, taurocholic
      acid and the like. Among the preferred surface active agents which provide
      particularly beneficial results include polyoxyethylenesorbitan fatty acid
      esters (Tween type) which are non-ionic. A colorant may be used to
      facilitate the diagnosis. The colorant may, for example, be Evans blue,
      toluidine blue, brilliant green, brilliant blue FCF, Alcian blue, patent
      blue, trypan blue, amido black 10B, or Ponceau 3R. Among those colorants,
      patent blue and trypan blue are particularly advantageous. A preservative
      may be added including the various phenolic compounds, such as cresol,
      chlorothymol, thymol, paraoxybenzoic acid ester, etc.; organic mercury
      compounds, such as thimerosal, phenylmercury acetate, phenylmecury borate,
      etc.; chlorobutanol and other alcohols, sodium azide, and the like. The
      mode of practice of the instant invention will hereinafter be described in
      detail.
PAR  A buffer solution of predetermined pH and ionic strength is prepared for
      the purpose of stabilizing the diagnostic agent. This buffer solution is
      preferably a tris-HCl-saline or glycine-sodium chloride buffer, although
      citrate, phosphate, borate and barbiturate buffers may likewise be
      employed. The pH of this solution may range from weakly acidic to weakly
      alkaline; that is to say, from pH 6.5 to pH 8.5. The optimum pH lies
      somewhere between pH 7.2 to pH 8.2. The above buffer solution is
      maintained in a container at a temperature of preferably from 50.degree.
      C. to 56.degree. C., and the support medium is dissolved in the solution.
      It is preferable that the support medium be added to a final concentration
      of 1 to 15W/V%.
PAR  The anti-serum prepared by the procedures hereinbefore described is
      dissolved in the same buffer as above to a final concentration of 1 to
      10W/V%, and the resulting solution is admixed with the support-buffer
      solution prepared above. The surface active agent and coloring agent are
      added to final concentration of 0.01 to 0.20 W/V% and 0.001 to 0.005 W/V%,
      respectively. When the surfactant used is taurocholic acid, the final
      concentration should be between 0.2 to 0.5 W/V%. To the thus-prepared
      composition, the preservative agent is added until a final concentration
      of 0.1 W/V% is reached. After sufficiently mixing the composition, an
      aliquot is poured into a suitable vessel, in which it is allowed to
      solidify. The desired immunodiffusion plate is then obtained by providing
      wells in the solidified composition, from which the test serum may
      diffuse. It is to be understood that, in the practice of this invention,
      the foregoing procedures may be modified within the limits that are
      obvious to those skilled in the art.
PAR  The vessel in which the diagnostic agent of this invention is to be filled
      and stored must be such that it is transparent throughout and can be
      hermetically sealed to prevent evaporation of moisture. In addition, the
      vessel should be of a suitable design to lend itself to easy manipulation.
      An example of a vessel which satisfies these requirements is a colorless,
      transparent plastic vessel suitable for containing a level of diagnostic
      agent up to 2 millimeters. After the foregoing procedures have been
      carried through, the diagnosis and quantitation, according to this
      invention, can be conducted with extreme ease, quickly and accurately.
      Thus, when the serum specimen from a test person is allowed to diffuse on
      the above immunodiffusion plate, a precipitin ring is specifically formed
      if antigenic proteins are present. Cases of primary cancers of the liver
      can thus be recognized by this test. The area of the precipitin ring thus
      formed is proportional to the quantity of the antigenic proteins and,
      therefore, the quantitation of the antigen can be determined by the mere
      determination of the diameter of the ring. Primary hepatoma can be easily
      detected by using the three preparations of the crude, 10- and 100-fold
      serums. It is one of the advantages of this technique that since the
      diagnostic agent obtained in the above-described manner enables the
      antigen to be quantitated, the progress or stage of the primary hepatoma
      can be easily determined.
PAR  2. The following description relates to the embodiment of this invention
      wherein the anti-.alpha.1-fetoglobulin, which is the antibody, is adsorbed
      on a carrier medium which is then dispersed in a dispersion medium.
PAR  To obtain this diagnostic agent, anti-.alpha.1-fetoglobulin is first
      adsorbed on a carrier medium which is then dispersed in a dispersion
      medium. The carrier medium used in this embodiment of the invention may be
      selected from among the common adsorbents and ion exchange resins,
      including aluminum-silicate adsorbents, such as kaolin, bentonite,
      diatomaceous earth, acid clay, etc.; magnesium-aluminum-silicate
      adsorbents, such as beagum, etc.; silicic anhydride; acrylic resin
      adsorbents; polystyrene latex; polyvinyltoluene latex; Bioglass
      (manufactured by Muromachi Chemical Industries, Ltd.); ion exchange
      resins, such as Amberlite IRA411, IRA93, IR45, IR4B, IRA68, and IRC50
      (Rohm & Haas Company); Dowex44 (Dow Chemical Company), and others. Since
      the above carrier medium exerts an influence on the adsorption and
      stability characteristics of the diagnostic agent, it is preferably
      spherical in shape and uniform in grain size. The diameters of the grains
      are desirably within the range of 0.5 to 3 microns.
PAR  To cause anti-.alpha.1-fetoglobulin to be adsorbed on this carrier medium
      in accordance with this invention, the carrier medium is first dispersed
      in a suitable buffer solution and the anti-serum is added to the resulting
      dispersion, followed by thorough shaking.
PAR  For the present purpose, a variety of buffer solutions may be employed. For
      instance, tris-HCl-saline buffer and sodium chloride-aminoacid buffer and
      barbiturate buffer, as well as citrate, phosphate and borate buffers can
      be used to advantage. It is preferable that the above carrier be added in
      a sufficient amount to give a final concentration of 0.2 to 5 W/V%. The
      amount of the antiserum depends upon the concentration of
      anti-.alpha.1-fetoglobulin. Generally speaking, the anti-serum is
      previously dissolved in the above buffer to a final concentration of 1 to
      10 W/V% and in the case of the purified antibody, it is dissolved in the
      above buffer to a final concentration of 0.1 to 1 W/V%. The solution is
      added to the above carrier-buffer, followed by sufficient shaking.
PAR  In this manner, the anti-.alpha.1-fetoglobulin contained in the anti-serum
      is adsorbed around the carrier to give an
      anti-.alpha.1-fetoglobulin-carrier combination.
PAR  This anti-.alpha.1-fetoglobulin-carrier combination is then separated by,
      for example, centrifugation and, after being washed with, for example, the
      same buffer solution as above, is dispersed in a dispersion medium. The
      dispersion medium is desirably one of the above-mentioned buffer
      solutions. In this connection, a suitable dispersing agent is used to
      ensure a more uniform dispersion of the anti-.alpha.1-fetoglobulin-carrier
      combination and a stabilized maintenance of anti-.alpha.1-fetoglobulin in
      adsorbed condition.
PAR  The dispersing agent mentioned above is desirably selected from among
      albumin, peptone, gelatin, agar, saponin, alginic acid,
      polyvinylpyrrolidone, polyphosphoric acid, serum and the like. Aside from
      those dispersing agents, various surface active agents may be employed.
      Sufficient effects may be achieved by using such an agent in a proportion
      of from 0.1 to 1 W/V%.
PAR  For added ease of diagnosis, a coloring agent may be incorporated into the
      diagnostic agent. Suitable coloring agents include those colors mentioned
      above and particularly patent blue and trypan blue provide satisfactory
      results.
PAR  Because the diagnostic agent of this invention is, in many cases, subjected
      to prolonged storage, it is advantageous to incorporate a small amount of
      a preservative such as those specified above.
PAR  It is to be noted that the anti-.alpha.1-fetoglobulin-carrier combination
      is dispersed desirably to a final concentration of 0.5 to 5W/V% and, at
      the last stage, the dispersion is adjusted to pH 6.5 - 8.5 and, for the
      best result, to pH 8.2 - 8.5.
PAR  The diagnostic agnet thus obtained is superior to that prepared by
      dissolving the same anti-serum together with a support medium and allowing
      the same to solidify in a diffused state, since it enables diagnosis in a
      shorter period of time. Regardless of the diagnostic agent, however, in
      order to increase the sensitivity of the agent to detection of disease and
      to lower the incidence of false positive results and establish a high
      reliability as to quantitation, it is important to obtain a purified grade
      of anti-.alpha.1-fetoglobulin. To this end, the impurities should be
      removed as much as possible from the ascites or serum of the patient
      suffering from a primary hepatoma, or from fetal serum.
PAR  3. The following explanation is relevant to the case wherein the ascites or
      serum from a patient having a primary hepatoma, or fetal serum is used to
      immunize an animal, which is then bled, the serum is separated from the
      blood sample and the resulting anti-serum is absorbed into normal human
      serum.
PAR  The ascites or serum obtained from a patient suffering from a primary
      hepatoma or serum from a fetus is added to, for example, an equal amount
      of physiological saline, followed by the addition of an equal amount of
      Freund's complete adjuvant (manufactured by Difco). After being
      emulsified, the system is used to immunize an animal. The animal may be,
      for example, a rabbit, a horse or an ox. Particularly benefical is a
      method wherein a rabbit is subcutaneously injected in a foot pad.
      Injections are repeated at timed intervals and after a sufficient gain has
      been confirmed in antibody titer, the animal is bled and the serum is
      separated. The resulting antiserum is absorbed with normal human serum or
      with the abovementioned insoluble immunoabsorbent to obtain a specific
      antiserum.
PAR  This antiserum is desirably high in anti-.alpha.1-fetoglobulin
      concentration in order to increase the sensitivity of detection of the
      disease in question and to lower the incidence of false positive results.
      Therefore, better results are obtained if the above antiserum is purified
      by, for example, ammonium sulfate fractionation.
PAR  Since the ascites or serum of a patient having a primary hepatoma, or fetal
      serum contains various serum proteins, such as albumin, .gamma.-globulin,
      etc., in addition to .alpha.1-fetoglobulin, when animals are immunized
      with the ascites or serum as such, anitbodies are found which correspond
      to those various serum proteins in addition to anti-.alpha.1-fetoglobulin.
      It is therefore necessary to absorb this antiserum with a large quantity
      of normal human serum. However, the anti-.alpha.1-fetoglobulin obtained in
      this stage has already been highly purified and can be directly dissolved
      along with a support medium or, alternatively, dispersed in a dispersion
      medium after being adsorbed on a carrier medium to prepare a satisfactory
      diagnostic agent.
PAR  Preferably, however, the antiserum after the absorption step is further
      purified.
PAR  4. The following description is directed to the mode of practice, in which
      the ascites or serum of a patient having a primary hepatoma, or fetal
      serum, is first purified by a protein fractionation technique and the
      resulting .alpha.1-fetoglobulin fraction is used to immunize an animal
      which is then bled, followed by separation of the serum from the blood
      sample thus collected. Thus, the ascites or serum obtained from a patient
      suffering from a primary hepatoma, or fetal serum, is purified by a
      conventional serum protein fractionation technique. Suitable known
      fractionation techniques include Cohn's fractionation method, Spiro's
      modified method, ammonium sulfate fractionation (salting-out), gel
      filtration, column chromatography, isoelectric fractionation,
      electrophoresis, membrane filtration and the like, which techniques may be
      employed either singly or in combination.
PAR  The thus-obtained .alpha.1-fetoglobulin fraction is dissolved in, for
      example, an equal amount of physiological saline solution, followed by the
      addition of Freund's complete adjuvant (Difco) to emulsify the same. The
      animal is then immunized with the above emulsion. Suitable animals for
      this purpose include such species as rabbits, goats, cattle and horses.
      Particularly preferred are rabbits, whose foot pads are choice sits for
      subcutaneous innoculation. Injections are repeated at suitable intervals,
      with the gain in titer of the antibody being traced constantly. When the
      antibody titer is at the maximum, the ear vein is punctured to collect
      blood samples every other day. The antibody titer reaches its peak value
      in about 1 to 2 weeks after injection. The serum is separated and absorbed
      with a small amount of normal human serum or its gel is used to obtain the
      desired anti-.alpha.-1-fetoglobulin.
PAR  In the practice of this invention, as has hereinbefore been described, only
      a very small amount of normal human serum is required to absorb the
      antiserum. For instance, when the serum has not been purified, it is
      necessary to use at least equal amounts of normal human serum and
      antiserum. In contrast, in the method of this invention, 0.1 to 0.35 of
      normal human serum is required per part of antiserum. Furthermore, the
      antibody titer of the antiserum obtained by the method of this invention,
      as arranged against the standard antigen, is 2 to 8 times as high as that
      of the crude antiserum.
PAR  By the afore-described procedures, a high degree of purification can be
      accomplished. In addition, the method of this invention avoids many of the
      disadvantages of the prior art. Thus, the use of a large quantity of
      normal human serum was not only commercially disadvantageous, but was also
      liable to result in a reduction in antibody titer caused by
      coprecipitation of anti-.alpha.1-fetoglobulin. In addition, the prior art
      procedures were not sufficient to overcome the difficulty of absorbing
      anti-.alpha.2-macroglobulin and analogous substances. In
      contradistinction, this invention makes it feasible to obtain a high grade
      of antiserum with the use of extremely small amounts of normal human sera.
      Furthermore, there is substantially no contamination with
      anti-.alpha.2-macroglobulin and analogous substances. A further striking
      fact is that the antibody titer of the antiserum obtained by the present
      method is by far higher than that obtainable by the conventional procedure
      referred to above. The anti-.alpha.1-fetoglobulin serum which has thus
      been prepared is then either dissolved in a buffer solution together with
      a support medium or adsorbed on a carrier medium and dispersed in a
      dispersion medium, whereby an excellent diagnostic agent is prepared.
PAR  The purposes of the present diagnostic agent can generally be fully
      achieved by using the anti-.alpha.1-fetoglobulin obtained in the foregoing
      manner. However, when it is desired to obtain an unusually high grade of
      the diagnostic agent, for example, for academic purposes, it becomes
      necessary to purify the .alpha.1-fetoglobulin to an extreme degree of
      purity. Procedures that will be necessary for the preparation of such high
      grades of .alpha.1-fetoglobulin also fall within the purview of the
      instant invention.
PAR  We will now describe the purification technique wherein the ascites or
      serum obtained from a patient having a primary hepatoma, or serum from a
      human fetus, is dialyzed against acrinol and the precipitate arising from
      the dialyzate is purfied by the action of a protein fraction. Thus, the
      ascites or serum from a patient having a primary hepatoma, or human fetal
      serum, is diluted with water to 3 - 5 times the initial volume and
      dislyzed against an aqueous solution of 0.1 -0.01 W/V% acrinol. The
      dialysis is desirably carried out against acrinol and the serum or ascites
      as an internal phase for about 24 hours.
PAR  This acrinol solution is then centrifuged or otherwise treated to obtain a
      sediment which is a fairly purified grade of .alpha.1-fetoglobulin.
      However, since this sediment also contains small amounts of impurities,
      including albumin, it can be fractionated by conventional protein
      fractional purification techniques to obtain a purified grade of
      .alpha.1-fetoglobulin.
PAR  Among the applicable protein-fractionation-purification techniques are
      ammonium sulfate fractionation, dialysis, column chromatography, membrane
      filtration, isoelectric fractionation and other techniques, which may be
      practiced either singly or, if necessary, in combination. The best
      possible result may be obtained by the following procedures.
PAR  The aforementioned sediment is first dissolved in, for example, a
      physiological saline solution or a buffer solution and after the insoluble
      matter is removed, the solution is dialyzed against a buffer solution
      (ionic strength: 0.03 to 0.4 M and pH 4.5 to 5.5). The buffer solution
      may, for example, be acetate buffer, tri-HCl-saline buffer, sodium
      chloride-glycine buffer citrate, phosphate or borate buffer. The dialyzate
      is then run into a colunm or carboxymethyl-cellulose column (ionic
      strength 0.03 - 0.04 M; pH 4.5 - 5.5) and eluted from 0.03 - 0.4M to 0.2M.
      In this manner, the desired .alpha.1-fetoglobulin is eluted from the
      column, starting at about 0.055M. The resulting fractions are pooled and a
      pure grade of .alpha.1-fetoglobulin is obtained. Aside from
      carboxymethyl-cellulose, the above column chromatography may likewise be
      carried out on such other materials as DEAE-celluslose, TEAE-celluslose
      and the like. This column chromatography is desirably conducted in
      repetition, i.e., two or more times, at least one of which being on
      carboxymethyl-cellulose.
PAR  Since the above procedures yield a substantially pure form of
      .alpha.1-fetoglobulin, almost completely free of contaminant proteins,
      this method is the most suitable antigen purification method ever
      conceived where an extremely high purity academic research grade of
      .alpha.1-fetoglobulin is required for the preparation of the present
      diagnostic agent.
PAR  The material .alpha.1-fetoglobulin is preferably high in purity for
      preparation of the present diagnostic agent, since if a grade of
      .alpha.1-fetoglobulin contains a fairly large amount of impurities, it is
      necessary to remove the antibodies corresponding to those contaminants in
      the course of production of the diagnostic agent. This removal not only
      involves complicated procedures but also leads to considerable reductions
      in product yields.
PAR  The following methods are known for the collection and purification of
      .alpha.1-fetoglobulin
PAR  1. Bergstrand and Czar used fetal sera as the raw material and fractionated
      the same electrophoretically. They found .alpha.1-fetoglobulin in a
      location which coincides with that of albumin and reported that they had
      noted a slight difference in molecular weight as determined by the
      ultracentrifugation technique [Scand. J. Clin. & Lab. Invest., Vol. 9,
      p.227 (1957)].
PAR  2. Davis, et al. passed umbilical sera twice through a column of Sephadex
      G-200 and eluted the same with 0.1M aqueous solution of sodium chloride.
      It was reported that they had noticed the concentration peak of
      .alpha.1-fetoglobulin in the fraction coincidental with those of
      transferrin and albumin. [J. Clin. Invest., 45 (1966)].
PAR  3. Hirai et al. caused fetal sera to be adsorbed on a column of
      DEAE-cellulose (pH 5.5, 0.02 M) and conducted a gradient elution against
      0.2M, whereupon .alpha.1-fetoglobulin was eluted as the shoulder of an
      albumin peak. This fraction was then adsorbed on a column of CM-cellulose
      (pH 4.8 and 0.2M) and a gradient elution conducted against 0.5M. As a
      result, they obtained three peaks, of which .alpha.1-fetoglobulin was the
      third. The latter half of this peak was rechromatographed to obtain a
      single peak for .alpha.1-fetoglobulin. (Reported before the Society Of
      Electrophoretic Researchers on October 1, 1969.)
PAR  Those reports, however, went no further than to confirm the existence of
      .alpha.1-fetoglobulin or the production of .alpha.1-fetoglobulin in a
      crude form, and these methods are not conducive to the obtaining of high
      grades of .alpha.1-fetoglobulin.
PAR  Nevertheless, insofar as it is to be used as the raw material for a
      diagnostic agent for primary hepatoma in academic research applications,
      .alpha.1-fetoglobulin must be of particularly high purity, since its
      purity has an important influence upon the accuracy of the diagnostic
      agent.
PAR  In view of the foregoing, we conducted extensive studies to obtain a highly
      pure grade of .alpha.1-fetoglobulin and, particularly, to develop a method
      for positively removing the contaminant albumin at low cost. Those studies
      have ultimately led to the finding that a pure grade of
      .alpha.1-fetaglobulin can be obtained by first dialyzing sera or other
      materials containing .alpha.1-fetaglobulin against acrinol and then
      fractionating the dialyzate by procedures which are conventionally
      followed for fractional purification of proteins. The instant invention is
      the culmination of the above finding and affords an extremely useful
      method for the preparation of a high grade of .alpha.1-fetaglobulin
      without resorting to complicated procedures.
PAR  Clinical data pertinent to the use of the diagnostic agents of this
      invention are given below.
PAR  Of the diagnostic agents for primary hepatoma according to this invention,
      the clinical results for diagnosing primary hepatoma with the use of the
      diagnostic agents of the present invention using a support medium are set
      forth in Table 1. There were a total of 63 cases, most of which were
      diagnosed at the National Cancer Center Hospital, including both in and
      out-patients. Of these, 12 were primary hepatocarcinomatous cases (of
      which 11 cases were established by tissue diagnosis), 15 were metastatic
      hepatocarcinomatous cases, 15 were hepato-cirrhosis cases, 22 were
      hepatitis cases, and 1 was a hepatangiomatous case. The antigen
      quantitation resluts for the positive cases which showed precipitin rings
      in the present array and the results obtained by the conventional
      diagnostic technique are set forth in Table 2.
TBL                TABLE 1                                                     
     ______________________________________                                    
                     Number of Cases                                           
                                   Number of                                   
     Diseases        Diagnosed     Positive Cases                              
     ______________________________________                                    
     Primary hepatocarcinoma                                                   
                     12            11                                          
     Metastatic hepatocarcinoma                                                
                     15            0                                           
     Hepatocirrhosis 15            0                                           
     Hepatitis       22            0                                           
     Hepatoangioma    1            0                                           
     ______________________________________                                    
TBL                                    TABLE 2                                 
     __________________________________________________________________________
     Name of Patient,                                                          
     Initials Only                                                             
               Age Sex Antigen (u/ml)***                                       
                                 Results By Conventional Method**              
     __________________________________________________________________________
     Y.Y.      23  Male                                                        
                       1,600     +                                             
     M.T.      65  Female                                                      
                       9         -                                             
     S.W.      60  Female                                                      
                       11        +                                             
     N.S.      58  Male                                                        
                       150       +                                             
     S.H.       8  Male                                                        
                       [ 15,000                                                
                             *   [+                                            
                       [  1,050  [+                                            
     M.S.      12  Male                                                        
                       1,000     +                                             
     K.W.      65  Male                                                        
                       2,826     +                                             
     H.A.      19  Male                                                        
                       5         -                                             
     K.M.      62  Male                                                        
                       300       +                                             
     B.I.      62  Male                                                        
                       1,300     +                                             
     S.Y.       3  Male                                                        
                       130       +                                             
     __________________________________________________________________________
       *Ascite was used: Sera was used in the other cases.                     
       **Ouchterlony's method                                                  
      ***U/Ml = 0.3 .delta./ml.                                                
PAR  It will be seen from the above Table that in those cases which were
      diagnosed positive with the diagnostic agent of this invention, the
      conventional diagnostic method failed to identify the disease when the
      antigen titers were less than 10 .mu./ml.
PAR  For the diagnosis of primary hepatoma using a diagnostic agent prepared
      with a carrier medium, the following simple procedure was used. A drop of
      the diagnostic agent was placed on a slide glass, where a fresh sample of
      serum was mixed with the diagnostic agent. When this admixture occurs, a
      specific agglutination reaction occurs if the patient has a primary
      hepatoma. As will be seen from the following clinical data, comparison of
      this particular diagnostic agent and the previously-described diagnostic
      agents prepared with use of a support medium reveals that all the primary
      hepatoma prove positive, irrespective of whether sera or ascites are
      employed.
TBL  __________________________________________________________________________
     Name Of Patient,            Support Method                                
     Initials Only                                                             
               Sample Arranged                                                 
                         This Method                                           
                                 Dia. of Band. mm.                             
                                            Dilution factor,                   
     __________________________________________________________________________
                                            times                              
     M.S.      Serum     ++      6.0        X8                                 
     S.Y.      "         ++      5.7        X8                                 
     C.Y.      "         +       4.0        Original serum                     
     Y.S.      "         +       4.2        Original serum                     
     K.N.      "         ++      6.2        X8                                 
     K.Y.      "         +       4.0        Original serum                     
     A.S.      "         ++      7.3        X8                                 
     N.S.      "         ++      6.0        X8                                 
     E.S.      Ascites   +++     12.3       X8                                 
     S.Y.      "         ++      7.5        X8                                 
     Normal Human                                                              
               Serum     -       0.0                                           
     __________________________________________________________________________
      (Note 1)                                                                 
      The above data were obtained at the National Cancers Center.             
      (Note 2)                                                                 
      The designations of results in the Table are: -negative: +weakly positive
      ++positive and +++strongly positive.                                     
PAR  Having now generally described the invention, a better understanding can be
      obtained by reference to certain specific Examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting in any manner.
DETD
PAC  PREPARATION OF THE DIAGNOSTIC AGENTS WITH A SUPPORT MEDIUM
PAC  EXAMPLE 1
PAR  To tris-HCl-saline buffer (pH 7.2) is added a refined immunological grade
      of agar to a final concentration of 1.5%. The mixture is heated, and the
      agar is completely dissolved. This solution is maintained at a temperature
      of 55.degree. C. Separately, rabbit antiserum is absorbed with 0.35 parts
      of normal human serum to make a final concentration of 3 W/V% which is
      mixed with the agar support prepared above. Tween 80, patent blue and
      sodium azide are added in sufficient amounts to provide a final
      concentration of 0.01%, 0.001%, and 0.1%, repectively. After those
      additives are well dispersed, the system is poured into a pre-warmed
      container to a depth of 1 millimeter. After the system has solidified,
      wells, 3 millimeters in diameter, are formed at predetermined spaced
      intervals and the resulting preparation is used as an immunological agar
      plate.
PAC  EXAMPLE 2
PAR  To sodium chloride-glycine buffer (pH 8.2) is added an immunological
      refined grade of agar to a final concentration of 1.0 W/V%, followed by
      heating to 50.degree. C. Separately, horse antiserum is added to the same
      buffer as above in a sufficient amount to give a final concentration of 4
      W/V%, followed by heating to 50.degree. C. The two solutions are mixed,
      and sodium taurocholate is added in a sufficient amount to give a final
      concentration of 0.3%. Trypan blue and chlorobutanol are then added to the
      above system until the final concentrations are 0.002% and 0.3%,
      respectively. After the additives are dispersed, the system is poured into
      a vessel. After the system has solidified, wells are bored therein to
      obtain an immunological agar plate.
PAR  Sodium chloride is added to Tris- or amino acid buffer (pH 6.5 - 8.5) to
      prepare an isotonic solution, and the following materials are added until
      the designated final concentrations are reached.
TBL  __________________________________________________________________________
     Sample No.                                                                
           Support Medium                                                      
                     Final conc.,                                              
                           Surfactant Final conc.,                             
                                            Coloring                           
                                                    Final                      
                                                        Preservative           
                                                                Final          
                     %                %     Agent   Conc.,      Conc.,         
                                                    %           %              
     __________________________________________________________________________
     3     Synthetic 1.5                                                       
                     1.5   Sodium oleate                                       
                                      0.1   Brilliant Green                    
                                                    0.002                      
                                                        Thymol  0.1            
           polyacrylamide gel                                                  
     4     Pectin    1.3   Alkyltrimethyl-                                     
                                      0.05  Patent Blue                        
                                                    0.001                      
                                                        Phenylmercury          
                                                                0.02           
                           ammonium bromide             acetate                
     5     Dextrin   1.5   Polyoxyethylene-                                    
                                      0.1   Alcian Blue                        
                                                    0.003                      
                                                        Sodium                 
                                                                0.1 ide        
                           sorbitan monolaurate                                
     6     Starch    1.0   Saponin    0.03  Trypan Blue                        
                                                    0.001                      
                                                        Phenylmercury          
                                                                0.01           
                                                        borate                 
     7     Agar      1.2   Sodium myristyl                                     
                                      0.15  Brilliant Blue                     
                                                    0.004                      
                                                        Thimerosal             
                                                                0.01           
                           sulfate                                             
     __________________________________________________________________________
PAC  PREPARATION OF THE DIAGNOSTIC AGENT WITH A CARRIER MEDIUM
PAC  EXAMPLE 8
PAR  1.5g. of crushed, purified Amberlite IR45 (1-3 .mu. in size) is dispersed
      into 10 milliliters of sodium chloride-glycine buffer solution (pH 8.2),
      followed by the addition of an optimal amount of anti
      .alpha.1-fetoglobulin serum. The system is shaken at 4.degree. C. for 2
      hours, whereby the anti-.alpha.1-fetoglobulin is adsorbed onto the carrier
      medium. The sediment Amberlite IR45 coated with the
      anti-.alpha.1-fetoglobulin is centrifuged twice, using the same buffer
      solution as above to which 0.3 W/V% albumin and 0.1 W/V% sodium azide have
      been added. After washing, the carrier anti-.alpha.1-fetoglobulin is
      dispersed in about 90 ml. of the same buffer solution and is brought to an
      exact pH of 8.2. An additional volume of the same buffer is added so that
      a total volume of 100 ml. is reached.
PAC  EXAMPLE 9
PAR  1.5g. of crushed, purified Amberlite IRA 411 the size of 1 to 3 .mu. is
      dispersed in 5 ml. of tris-HCl-saline buffer solution (pH 8.2), followed
      by the addition of an optimal amount of fractionated
      anti-.alpha.1-fetoglobulin and 0.01g. patent blue. The system is shaken at
      4.degree. C. for 2 hours, whereby the anti-.alpha.1-fetoglobulin is
      adsorbed. The system is centrifuged and the resulting
      anti-.alpha.1-fetoglobulin-amberlite IRA411 is centrifuged twice, using
      the same buffer solution as above to which 0.5 W/V% of normal rabbit serum
      and 0.1 W/V% sodium azide have been added. After washing, the sediment is
      dispersed in about 90 ml. of the same buffer solution as above and brought
      to an exact pH value of 8.5. An additional volume of the same buffer
      solution is used to make up the dispersion to a total volume of 100 ml.
PAC  EXAMPLE 10
PAR  0.25g. of polystyrene latex the size of 0.8 .mu. is dispersed in 8 ml. of
      sodium chloride-phosphate buffer solution (pH 8.5) followed by the
      addition of an optimal amount of anti-.alpha.1-fetoglobulin serum. The
      system is shaken at 37.degree. C. for 1 hour, whereby the
      anti-.alpha.1-fetoglobulin is adsorbed onto the carrier medium. The system
      is centrifuged and the resulting anti-.alpha.1-fetoglobulin-latex is
      centrifuged twice, using the same buffer as above to which 0.1 W/V% sodium
      azide has been added. After washing, the anti-.alpha.1-fetoglobulin-latex
      is dispersed in about 90 ml. of the same buffer solution as above and the
      dispersion brought to pH 8.5. An additional volume of the same buffer is
      used to make up the dispersion to a total volume of 100 ml.
PAC  EXAMPLE 11
PAR  Kaolin is purified by fractional precipitation to the size range of 1 to 3
      .mu. and 2 grams of the purified kaolin is dispersed in 10 ml. of sodium
      chloride-borate buffer solution, followed by the addition of an optimal
      amount of anti-.alpha.1-fetoglobulin and 0.01g. brillant blue FCF. The
      system is shaken at 4.degree. C. for 2 hours, whereby the
      anti-.alpha.1-fetoglobulin is adsorbed on the kaolin. The
      anti-.alpha.-fetoglobulin-kaolin is washed twice in the same buffer
      solution to which 0.5 W/V% Tween 80 and 0.01 W/V% thimersal have been
      added. To this system is further added about 90 ml. of the same buffer as
      above so that the pH of the system if 6.5. Finally, an additional amount
      of the same buffer is used to make up the system to a total volume of 100
      ml.
PAC  PREPARATION OF ANTI-.alpha.1-FETOGLOBULIN
PAC  EXAMPLE 12
PAR  To a part (by weight) of the serum of a patient having a primary hepatoma
      is added by dissolution is ethanol. The 28 V/V% ethanolic solution is
      adjusted to pH 6.4 and allowed to stand at -5.degree. C. for 14 hours. The
      solution is centrifuged and the supernatant liquid is removed. A 0.02M
      solution of barium acetate is added to the supernatant liquid and the
      mixture is made into a 25 V/V% ethanolic solution, which is adjusted to pH
      6.7. The solution is allowed to stand at -5.degree. C. for 2 hours, at the
      end of which time it is centrifuged. The supernatant is made into a 40
      V/V% ethanolic solution which is further allowed to stand at -5.degree. C.
      for 2 hours. The solution is centrifuged and the supernatant is made into
      a 40 V/V% ethanolic solution which is left standing at -10.degree. C. for
      14 hours, at the end of which time the resulting precipitate is recovered.
      The precipitate is dissolved in a solution of sodium citrate and the
      solution is dialyzed against water at 4.degree. C. for a few days, at the
      end of which time the dialyzate is lyophilized to obtain the antigen.
PAR  A predetermined amount of this antigen is used to immunize rabbits by the
      complete adjuvant method and when the antigen titers have reached the
      desired level, the rabbits are bled and the sera separated. To those sera
      is added 0.2 volume of normal human serum and the mixture is allowed to
      stand at 37.degree. C. for 1 hour and, then, at 4.degree. C. overnight.
      The system is then centrifuged to obtain the desired
      anti-.alpha.1-fetoglobulin serum.
PAR  The same procedure as mentioned above is conducted except using an
      immunoadsorbent instead of human serum to obtain the same result.
PAR  The immunoadsorbent is prepared as follows
PAR  10 ml. of the normal human serum is adjusted to pH 5.5 with an acetate
      buffer solution. There is added 1.0 ml. of glutaraldehyde and the solution
      is allowed to stand for 3 hours. After adding a phosphate buffer solution,
      the solution is centrifuged and the precipitants collected.
PAR  The precipitants are washed with the above buffer solution several times
      and suspended with the above buffer solution.
PAC  EXAMPLE 13
PAR  To 1 part of the serum of a patient is added 1 part of 0.1M sodium
      chloride-phosphate buffer solution (pH 7.2), followed by the gradual
      addition of 2 parts of a saturated aqueous solution of ammonium sulfate
      while stirring, whereupon a precipitate is formed. The system is allowed
      to stand overnight at 4.degree. C. and is then centrifuged at 8,000 r.p.m.
      for 20 minutes. The supernatant is dialyzed against water at 4.degree. C.
      for a few days, at the end of which time the dialyzate is lyophilized to
      obtain the desired antigen.
PAR  This antigen was used to immunize a goat, followed by the same treatments
      as described in Example 12. The resulting antiserum was absorbed with 0.35
      volume of normal human serum to obtain the desired
      anti-.alpha.1-fetoglobulin serum.
PAC  EXAMPLE 14
PAR  A 5 milliliter sample of the ascites of a patient having a primary hepatoma
      is run into a column (3 .times. 100 cm.) of Sephadex G-200, which is then
      eluted with 0.1M tris-HCl-saline buffer (pH 8.0) at the rate of 20 to 25
      ml./hour. The fractions which correspond to .gamma.-globulin (second peak)
      to albumin (third peak) are arranged by Ouchterlony's method to confirm
      the .alpha.1-fetoglobulin fraction, which is collected. This fraction is
      dialyzed using water as an external phase at 4.degree. C. for a few days
      and the dialyzate is concentrated under suction using a collodione bag to
      obtain the desired antigen.
PAR  This antigen is used to immunize rabbits, followed by treatments similar to
      those described in Example 12. The resulting antiserum is absorbed with
      0.2 volume of normal human serum to obtain the required
      anti-.alpha.1-fetoglobulin serum.
PAC  EXAMPLE 15
PAR  The antigen obtained according to Example 14 is further purified by means
      of an isoelectric fractionation apparatus. Thus, the antigen is run onto a
      sucrose-gradient column containing 0.5 V/V% carrier ampholyte of pH 3 -
      10. While the column is maintained at 4.degree. C., a current of 700 volts
      is applied for 2 days. After this separation, the fractions of pH 4.2 to
      4.5 are pooled and dialyzed at 4.degree. C. for a few days, using water as
      the external fluid. The dialyzate is then concentrated under suction using
      a collodione bag to obtain the desired antigen.
PAR  This antigen was used to immunize rabbits, which were treated in the same
      manner as in Example 12. The resulting antiserum is absorbed with 0.1
      volume of normal human serum to obtain the desired
      anti-.alpha.1-fetoglobulin serum.
PAC  EXAMPLE 16
PAR  A 50 ml. sample of the ascites of a patient having a primary hepatoma is
      diluted with water to 4 times its initial volume and the diluted sample is
      dialyzed against 5 liters of 0.1 W/V% solution of acrinol for 24 hours.
      The acrinol solution is centrifuged at 4,000 r.p.m., and the sediment is
      dissolved by shaking in 50 ml. of physiological saline solution. The
      solution is centrifuged a second time at 4,000 r.p.m. The supernatant
      liquid is dialyzed against an acetate buffer solution (ionic strength
      0.04, pH 5.0) and the dialyzate is run into a column of
      carboxymethyl-cellulose (pH 5.0, ionic strength 0.04), which is eluted to
      0.2M. Since .alpha.1-fetoglobulin starts eluting at about 0.055M, this
      fraction is collected. The above procedure is repeated twice to obtain a
      single .alpha.1-fetoglobulin fraction.
PAR  Whereas the .alpha.1-fetoglobulin titer of the original ascites is 3146
      U/ml. (50 ml.), the final titer is 600 U/ml. (200 ml.) which represents a
      recovery of 70 W/V%. Since the original amount of albumin was 7.623
      mg./ml., (50 ml.), it is impossible to detect the same with the
      immuno-plate at the final stage.
PAC  EXAMPLE 17
PAR  A 50 ml. sample of the ascites of a patient having a primary hepatoma is
      diluted with water to 4 times its original volume and dialyzed against 5
      liters of 0.05W/V% solution of acoinol for 24 hours. The dialyzate is
      centrifuged at 3,000 r.p.m. and the sediment is dissolved by shaking in 50
      ml. of physiological saline solution. The solution is centrifuged a second
      time at 3,000 r.p.m. The supernatant liquid is dialyzed against
      tris-HCl-saline buffer (0.03M, pH 4.5) and the dialyzate is run onto a
      column of DEAE-cellulose (pH 4.5, ionic strength 0.04) and eluted to 0.2M.
      The eluate is similarly treated with a column of CM-cellulose to obtain a
      single .alpha.1-fetoglobulin fraction.
PAR  Whereas the .alpha.1-fetoglobulin titer of the original ascites is
      2,500U/ml. (50 ml.), the final titer is 400U/ml. (180 ml.), which
      represents a recovery of 60 W/V%.
PAR  Incidentally, while the original amount of albumin is 7.915 mg./ml., it is
      impossible to detect it with the immuno-plate at the final stage.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention.
CLMS
STM  Accordingly, what is claimed and intended to be covered by Letters Patent
      of the United States is:
NUM  1.
PAR  1. A process for the preparation of anti-.alpha..sub.1 -fetoglobulin which
      is used for the preparation of a diagnostic agent for primary hepatoma
      which comprises:
PA1  a. purifying the ascites from a patient having a primary hepatoma by means
      of gel filtration chromatography;
PA1  b. dialyzing the .alpha..sub.1 -fetoglobulin fraction obtained from
      purifying step (a) so as to obtain .alpha..sub.1 -fetoglobulin;
PA1  c. immunizing animals with said .alpha..sub.1 -fetoglobulin of step (b);
PA1  d. bleeding said immunized animals;
PA1  e. separating an anti-.alpha..sub.1 -fetoglobulin-containing serum from the
      blood of said bled animals; and
PA1  f. absorbing said serum with normal human serum or insoluble normal human
      serum immunoabsorbent.
NUM  2.
PAR  2. The process of claim 1, wherein said .alpha..sub.1 -fetoglobulin of step
      (b) is further purified by means of isoelectric fractionation.
NUM  3.
PAR  3. A process for the preparation of anti-.alpha..sub.1 -fetoglobulin which
      is used for the preparation of a diagnostic agent for primary hepatoma
      which comprises:
PA1  a. purifying the ascites from a patient having a primary hepatoma by means
      of dialysizing an aqueous solution of said ascites in a ratio of 3-4:1
      water to ascites against an aqueous solution of 0.1 - 0.01 W/V% acrinol;
PA1  b. purifying the precipitate formed in step (a) by means of isoelectric
      fractionation or gel filtration chromatography to obtain the .alpha..sub.1
      -fetoglobulin;
PA1  c. immunizing animals with said .alpha..sub.1 -fetoglobulin of step (b);
PA1  d. bleeding said immunized animals;
PA1  e. separating an anti-.alpha..sub.1 -fetoglobulin-containing serum from the
      blood of said bled animals; and
PA1  f. absorbing said serum with normal human serum or insoluble normal human
      serum immuno-absorbent.
NUM  4.
PAR  4. The process of claim 3, wherein said acrinol is a 0.05% aqueous
      solution.
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ABST
PAL  The present invention is concerned with a pharmaceutical delivery device
      comprising a biologically acceptable silicone polymer matrix having
      microsealed compartments of 10-200 microns throughout, wherein the
      microsealed compartments contain a pharmaceutical in a hydrophilic solvent
      system. The biologically acceptable silicone polymer matrix is formed by
      in situ cross linking of a liquid, biologically acceptable silicone
      polymer in an emulsion of pharmaceutical in the hydrophilic solvent system
      and liquid biologically acceptable silicone polymer. The biologically
      acceptable silicone polymer matrix is placed in a sealed or unsealed
      biologically acceptable polymer container. The rate of release of
      pharmaceutical is controlled by altering the solubility characteristics of
      the hydrophilic solvent system and/or the biologically acceptable polymer
      matrix, the rate of release being independent of time when the ratio of
      the partition coefficient of the pharmaceutical between the hydrophilic
      solvent system and biologically acceptable silicone polymer matrix to the
      solubility of the pharmaceutical in the hydrophilic solvent system is
      between 1 and 10.sup..sup.-4 ml/mcg.
BSUM
PAR  The present invention is concerned with a pharmaceutical delivery device
      comprising a biologically acceptable polymer container and an inner
      biologically acceptable silicone polymer matrix contained within the
      biologically acceptable polymer container, the inner biologically
      acceptable silicone polymer matrix having microsealed compartments
      throughout, the microsealed compartments containing a pharmaceutical in a
      hydrophilic solvent system, wherein the ratio of the partition coefficient
      of the pharmaceutical between hydrophilic solvent system and the inner
      biologically acceptable silicone polymer matrix to the solubility of the
      pharmaceutical in hydrophilic solvent system is between 1 and
      10.sup..sup.-4 ml/mcg, the pharmaceutical being diffusable through the
      inner biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container at a therapeuticically effective constant
      rate when the microsealed pharmaceutical delivery device is in an aqueous
      environment, the hydrophilic solvent system being non-diffusable through
      the inner biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container.
PAR  Biologically acceptable polymer containers are containers adapted in size
      and shape for implanting in a body cavity or surgically under or on the
      skin of an animal in need of prolonged administration of a pharmaceutical.
      For example, the biologically acceptable polymer containers encompassed in
      this invention may be adapted to serve as a vaginal or an intrauterine
      insert; it may be adapted as an opthalmic medicinal delivery device for
      insertion in the narrow confines between the eyeball and the ocular
      cavity; it may be surgically inserted for parenteral administration, and
      may be adapted for administration of pharmaceuticals to the
      gastrointestinal tract. The biologically acceptable polymer container may
      be sealed or unsealed and in this latter aspect is sharply distinguished
      from polymer membranes surrounding an inner polymer matrix described in
      U.S. Pat. No. 3,710,795. For example, the container may be a length of
      flexible biologically acceptable polymer tubing which is sealed or
      unsealed and also may have additional perforations in the wall of the
      tubing such that as much as 40% of the inner biologically acceptable
      silicone polymer matrix is exposed.
PAR  Materials used to form the biologically acceptable polymer container are
      those capable of forming thin walls or coatings through which
      pharmaceuticals can pass at a controlled rate. Suitable polymers are
      biologically and pharmaceutically compatible, non-allergenic, and
      insoluble in and non-irritating to body fluids or tissues with which the
      device is contacted. The use of soluble polymers is to be avoided since
      dissolution or erosion of the device would affect the release rate of the
      pharmaceutical release rate, as well as the capability of the device to
      remain in place for convenience of removal. Exemplary materials for
      fabricating the biologically acceptable polymer container include
      polyethylene, polypropylene, ethylene/propylene copolymers, ethylene/ethyl
      acrylate copolymers, ethylene/vinyl acetate copolymers, silicone rubbers,
      especially the medical grade polydimethyl siloxanes, neoprene rubber,
      chlorinated polyethylene, polyvinyl chloride; vinyl chloride copolymers
      with vinyl acetate, poly methacrylate polymer(hydrogel), vinylidene
      chloride, ethylene, and propylene; polyethylene terephthalate; butyl
      rubber; epichlorohydrin rubbers; ethylene/vinyl alcohol copolymer;
      ethylene/vinyl acetate/vinyl alcohol terpolymer; ethylene/vinyloxyethanol
      copolymer; and the like. For best results, the biologically acceptable
      polymer container should be selected from polymers of the above classes
      with glass transition temperatures below room temperature. The polymer
      may, but need not necessarily, have a degree of crystallinity at room
      temperature.
PAR  Polymers especially preferred for fabricating the biologically acceptable
      polymer containers of this invention have the following formula:
      ##EQU1##
      wherein n is about 5000 and R is selected from the group comprising
      phenyl, lower alkyl, vinyl, or allyl. Suitable polymers for fabricating
      biologically acceptable polymer containers are described in U.S. Pat. No.
      3,279,996 and 3,710,795 as well as in Plastic Materials In Surgery by
      Block and Hastings, Charles Thomas, Publisher, Springfield, Ill., 2nd
      Edition (1972). Desirable polymers are characterized but not limited to
      the following physical parameters:
TBL                      Test Value                                            
     ______________________________________                                    
     Durometer Hardness(shore A)                                               
                           45 to 70                                            
     Tensil strength, psi  1100                                                
     Elongation            500-700%                                            
     Tear strength lbs/in. 120-160                                             
     ______________________________________                                    
PAR  The inner biologically acceptable silicone polymer matrix is preferably
      fabricated from room temperature cross-linked silicone rubber
      (polydimethylsiloxane) such as silicone polymers of the formula:
      ##EQU2##
      wherein R is alkoxy containing 1-7 carbon atoms, vinyl or allyl and
      wherein n is about 100-5000.
PAR  A saturated solution of pharmaceutical in water and hydrophilic solvent is
      dispersed throughout liquid silicone polymer by means of high speed
      stirring before cross-linking of the polymer. The polymer is cross-linked
      leaving microsealed compartments filled with hydrophilic solvent -- water
      -- and pharmaceutical throughout the matrix. The matrix may be constructed
      in situ in a preshaped biologically acceptable polymer container or the
      matrix may be preformed and coated with a polymer membrane which serves as
      a biologically acceptable polymer container. Methods of coating a matrix
      with biologically acceptable polymers are described in U.S. Pat. No.
      3,710,795. Desirable but not exclusive polymers are characterized by the
      following physical parameters:
TBL  Durometer Hardness (Shore A)                                              
                           45-100                                              
     Tensil Strength       300-1400                                            
     Elongation            100-300%                                            
     Tear Strength         20-120 ppi                                          
PAR  The hydrophilic solvent system serves to partition the pharmaceutical
      between the microsealed compartments and the biologically acceptable
      silicone polymer matrix. The hydrophilic solvent system must be compatible
      with the pharmaceutical and must not permeate the polymer or the
      biologically acceptable silicone polymer container. The hydrophilic
      solvent system of the present invention comprises water and water miscible
      solvents which increase the aqueous solubility of the pharmaceutical.
      Glycols such as polyethylene glycol, propylene glycol, butylene glycol,
      glycerol formal, and glycofurol are suitable solvents with polyethylene
      glycol of molecular weight of about 400 being preferred. Amides such as
      dimethylacetamide and N-(.beta.-hydroxyethyl)-lactamide, ethyl lactate,
      dioxolanes represent other desirable pharmaceutically compatible water
      miscible solvents. Ionic and neutral surface active agents in aqueous
      concentrations above the critical micelle concentration are effective
      hydrophilic solvent systems. P. H. Elworthy, A. T. Florence, and C. B.
      Macfarlane, Solubilization by Surface Active Agents, Chapman and Hall,
      1968 describe the use and selection of surface active agents in
      pharmaceutical chemistry. Preferred surface active agents are exemplified
      by sodium dodecyl sulfate, polysorbates, cetyl trimethylammonium bromide,
      and cetyl-pyridinium chloride.
PAR  Pharmaceuticals permeable through the biologically acceptable inner
      silicone polymer matrix and biologically acceptable polymer container and
      meeting the earlier defined solubility requirement may be effectively
      administered over a long period of time. Scheme I illustrates the required
      solubility relationship between the pharmaceutical, the hydrophilic
      solvent system and biologically acceptable silicone polymer matrix.
TBL  __________________________________________________________________________
                   Microsealed             Elution                             
     Crystalline                                                               
            Dissolution                                                        
                   liquid Partition                                            
                                Polymer                                        
                                     Permeation                                
                                           in                                  
     Drug   CL     Compartment                                                 
                          Kb    phase      Solution                            
                        Scheme I                                               
     __________________________________________________________________________
PAL  Solubility of a pharmaceutical (Cl) is measured by constant shaking for 24
      hours an excess amount of powdered pharmaceutical in 10 ml. of a
      hydrophilic solvent system at 37.degree.C. The solution is filtered and
      the content of the pharmaceutical is measured.
PAR  Partition coefficient K(b) is measured by immersing a known surface area of
      biologically acceptable silicone polymer matrix material in a solution of
      the pharmaceutical in the hydrophilic solvent system with constant shaking
      for 24 hours and then measuring the amount of pharmaceutical remaining in
      the solvent system.
      ##EQU3##
PAR  Table I is illustrative of the relation between CL, Kb, release rate, and
      kinetics of release of 17.alpha.-ethynyl-4-estrene-3.beta.,17.beta.-diol
      3,17-diacetate (ethynodiol diacetate) in a hydrophilic solvent system of
      polyethylene glycol having a molecular weight of about 400.
TBL                                    Table I                                 
     __________________________________________________________________________
     MICROSEALED                                                               
             PHARMACEUTICAL                                                    
                        PARTITION                                              
                                Kb/Cl Rate of                                  
                                             Kinetics*                         
     LIQUIDS COM-                                                              
             SOLUBILITY COEFFICIENT                                            
                                (ml/mcg)                                       
                                      Pharma-                                  
     PARTMENTS                                                                 
             (mcg/ml)                 ceutical                                 
                                      Release                                  
                                      (gm/10.sup.6 cm.sup.2)                   
     __________________________________________________________________________
     100% PEG 400                                                              
             45600      0.032   7.0 .times. 10.sup.-.sup.7                     
                                      1095/day.sup.1/2                         
                                             Q - t.sup.1/2                     
      80% PEG 400                                                              
             4460       0.332   7.4 .times. 10.sup.-.sup.5                     
                                      1203/day.sup.1/2                         
                                             Q - t.sup.1/2                     
      60% PEG 400                                                              
             437        3.385   7.8 .times. 10.sup.-.sup.3                     
                                       319.4/day                               
                                             Q - t                             
      50% PEG 400                                                              
             156        9.48    6.1 .times. 10.sup.-.sup.2                     
                                       315.6/day                               
                                             Q - t                             
      30% PEG 400                                                              
             64.6       22.9    0.355  297.8/day                               
                                             Q - t                             
     __________________________________________________________________________
      *Q - t.sup.1/2 relationship (matrix-controlled process) indicates that th
      amount of pharmaceutical released decreases with time and Q - t          
      relationship (partition controlled process) indicates that a constant    
      amount of pharmaceutical is released independent of time.                
PAR  A wide variety of pharmaceuticals may be administered over along period of
      time. Steroid, alkaloids, fatty acids and lipid soluble vitamins are
      typical pharmaceutical agents which may be incorporated into the
      microsealed compartments of the present pharmaceutical delivery device.
      Representative pharmaceuticals which are advantageously administered by
      the present delivery device are:
PAL  Estrogens: Mestranol, ethynyl estradiol, estrone, estradiol,
      estradiol-3-methyl ether diethylstilbestrol, and related estrogens and
      ester derivatives thereof described at pages 423-429 in Cutting's Handbook
      of Pharmacology, Appleton-Century-Crofts, New York, 1969.
PAL  Progestins: Progesterone, 17.alpha.-ethynyl-4-estrene-3.beta.,17.beta.-diol
      diacetate, 17.alpha.-ethynel-11.beta.-methyl-4 estrene 3.beta.,
      17.beta.-diol 3,17-diacetate,
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-en-3-one, and progestins
      listed on pages 420 to 436 in Cutting's Handbook of Pharmacology.
PAL  Androgens: Testosterone, testosterone propionate, testosterone
      phenylacetate and related androgens described in Cutting's Handbook of
      Pharmacology at pages 442 to 448.
PAL  Adrenal Cortical Hormones: Desoxycorticosterone acetate, prednisolone, and
      those described at pages 395 to 412 in Cutting's Handbook of Pharmacology.
PAL  Diuretics (Mineralcorticoid Blocking agents):
      7.alpha.-ethoxy-carbonyl-17-hydroxy-3-oxo-17.alpha.-pregn-4-ene-21-carboxy
     lic acid .gamma. -lactone and diuretics described at page 241-243 of
      Cutting's Handbook of Pharmacology.
PAL  Vitamins: Vitamin E, vitamin K and derivatives thereof.
PAL  Anti-Protozoal Agents: Nitroimidizoles such as metronidazole.
PAR  Furthermore, simple derivatives of the pharmaceuticals (such as ethers,
      esters, amides, etc.) which have desirable polymer solubility and release
      characteristics, but which are easily hydrolyzed by body pH, enzymes,
      etc., can be employed.
PAR  The amount of drug incorporated in the drug-delivery device varies
      depending on the particular drug, the desired therapeutic effect, and the
      time span for which the device provides therapy. Since a variety of
      devices in a variety of sizes and shapes are intended to provide dosage
      regimens for therapy for a variety of maladies, there is no critical upper
      limit in the amount of drug incorporated in the device. The lower limit,
      too, will depend on the activity of the drug and the time span of its
      release from the device. Thus, it is not practical to define a range for
      the therapeutically effective amount of drug to be incorporated in or
      released by the device.
PAR  Those skilled in the pharmaceutical arts will know how to determine toxic
      levels of a given pharmaceutical, and the minimum effective dose. With
      this information a proper dosage form can be prepared by measuring the in
      vivo rate of elution of a given pharmaceutical by standard analytic
      techniques e.g. spectroscopic or radio immunoassay analysis. In vitro
      diffusion of the pharmaceutical from a delivery device may be determined
      by the methods of Chien and Lambert, J. Pharm. Sci., 63,365 (1974) or by
      methods described in U.S. Pat. No. 3,710,795.
PAR  A preferred embodiment of the present invention is a microsealed
      pharmaceutical delivery device comprising a biologically acceptable
      polymer container constructed of a molecularly oriented heat shrunk,
      stretched polymeric membrane having reserve elastic recovery stress, an
      inner biologically acceptable silicone polymer matrix of crosslinked
      silicone rubber wherein the biologically acceptable silastic polymer
      matrix has 10-200 micron microsealed compartments distributed throughout,
      said microsealed compartment containing a pharmaceutical in a hydrophilic
      solvent system consisting of water and 20-70% polyethylene glycol, said
      microsealed compartments being formed by in situ cross-linking of the
      silicone rubber after it is mixed with the hydrophilic solvent system
      containing a pharmaceutical, the pharmaceutical being diffusible through
      the inner biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container at a therapeutically effective constant rate
      when the microsealed pharmaceutical delivery device is in an aqueous
      environment, said hydrophilic solvent being non-diffusible through the
      biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container.
PAR  A most preferred embodiment of the present invention is a microsealed
      pharmaceutical delivery device comprising a biologically acceptable
      polymer container constructed of silicone polymers of the formula
      ##EQU4##
      wherein n is about 5000 and R is phenyl, alkyl, vinyl or allyl or
      polycarbonate copolymers thereof, an inner biologically acceptable
      silicone polymer matrix constructed of cross-linked silicone polymer of
      the formula
      ##EQU5##
      wherein R is alkoxy, alkyl, phenyl, vinyl or allyl and wherein n is about
      100 to 5000 and wherein the inner biologically acceptable silicone polymer
      matrix has microsealed compartments distributed throughout, said
      microsealed compartments containing a pharmaceutical in a hydrophilic
      solvent system consisting of water and 20-70% polyethylene glycol, said
      microsealed compartments being formed by in situ cross-linking of the
      liquid silicone polymer after it is emulsified with hydrophilic solvent
      system containing the pharmaceutical, the pharmaceutical being diffusible
      through the inner biologically acceptable silicone polymer matrix and
      biologically acceptable polymer container at a therapeutically effective
      constant rate when the microsealed pharmaceutical delivery device is in an
      aqueous environment, said hydrophilic solvent being non-diffusible through
      the inner biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container.
PAR  A biologically acceptable silicone polymer matrix containing a
      pharmaceutical in a hydrophilic solvent system is prepared as follows: 2
      parts of a 40% polyethylene glycol (molecular weight 380-420) in water is
      saturated with 2 parts of ethynodiol diacetate at 37.degree.C. by vigorous
      agitation for 10 minutes. To this mixture is added 6 parts of liquid
      silicone polymer of the formula
      ##EQU6##
      sold as Silastic Medical Grade 382 Elastomer by Dow-Corning and this
      combination is stirred with a mechanical mixer at 1000 rpm for 28 minutes.
      0.015 Parts of a cross-linking agent (stannous octanoate is added to the
      combination and stirring is continued for 2 minutes. The combination is
      placed in a silicone rubber tubing (I.D. 3.18mm, O.D. 6.35mm sold by
      Dow-Corning as Medical Grade Silastic Tubing No. 601-365). This tubing is
      a silicone polymer of the formula
      ##EQU7##
      The system is allowed to cross-link for 1 hour and then the tubing is
      sectioned to provide pharmaceutical delivery devices with the desired
      amount of pharmaceutical. The ends of the sections may be sealed or left
      open and additional openings may be made in the walls of the tubing to
      facilitate higher but still constant rates of release. This device
      releases 315.6 mcg/cm.sup.2 /day of ethynodiol diacetate. Replacement of
      the ethynodiol diacetate with 2 parts of one of the following
      pharmaceuticals provides the indicated release rate:
TBL                               Release                                      
                                  Rate                                         
                                  mcg/cm.sup.2 /day                            
     7.alpha.-acetylthio-17.alpha.-(2-carboxyethyl)-17.beta.-hydroxyandrost-   
     4-ene-3-one lactone          51.89                                        
     Desoxycorticosterone acetate 55.1                                         
     17-hydroxy-7.beta.-methoxycarbonyl-3-oxo-17.alpha.-                       
     pregn-4-ene-21-carboxylic acid .gamma.-lactone                            
                                  63.08                                        
     7.alpha.-acetylthio-17.alpha.-(2-carboxyethyl)-17.beta.-                  
     hydroxyandrost-4-3n-3-one lactone                                         
                                  18.25                                        
     metronidazole                 4.23                                        
PAR  The present invention encompasses a method of distributing a pharmaceutical
      throughout a biologically acceptable silicone polymer comprising (a)
      emulsifying a mixture of a liquid biologically acceptable silicone polymer
      and hydrophilic solvent system containing a pharmaceutical and (b) in situ
      cross-linking of the liquid biologically acceptable silicone polymer to
      form a biologically acceptable silicone polymer matrix, said biologically
      acceptable silicone polymer matrix having microsealed compartments of 10
      to 200 microns throughout, said microsealed compartments containing the
      pharmaceutical and the hydrophilic solvent system.
PAR  Preferably the present invention encompasses a method of distributing a
      pharmaceutical throughout a biologically acceptable silicone polymer
      comprising:
PAR  a. emulsifying a mixture of a biologically acceptable liquid silicon
      polymer of the formula
      ##EQU8##
      wherein R is alkoxy containing 1-7 carbon atoms, alkyl containing 1-10
      carbon atoms, or allyl and n = 100-5000 with a pharmaceutical in a
      hydrophilic solvent system of 20-70% polyethylene glycol in water; and
PAR  b. in situ cross linking the biologically acceptable liquid silicone
      polymer to form a biologically acceptable silicon polymer matrix having
      microsealed compartments of 10-200 microns throughout, said microsealed
      compartments containing the pharmaceutical in the hydrophilic solvent
      system.
PAR  Thus, the present invention encompasses an improvement in known
      pharmaceutical delivery devices, the improvement comprising a biologically
      acceptable polymer matrix having 10-200 micron microsealed compartments
      throughout, the microsealed compartments containing a pharmaceutical in a
      hydrophilic solvent system; the improvement providing for control of the
      release rate of the pharmaceutical as a function of time.
PAR  A number of pharmaceutical delivery devices wherein a pharmaceutical is
      enclosed in a polymer are known. U.S. Pat. No. 3,279,996 describes an
      implantate comprising a pharmaceutical delivery device consisting of a
      pharmaceutical enclosed in silicone polymer. The present device is
      particularly distinguished in that the pharmaceutical in a hydrophilic
      solvent system is contained in microsealed compartments distributed
      throughout the silicone polymer matrix. U.S. Pat. No. 3,279,996 describes
      in situ polymerization of a liquid silicone polymer containing a
      pharmaceutical in vivo, but there is no hydrophilic solvent to control the
      rate of pharmaceutical release or for the formation of microsealed
      compartments. The presence of microsealed compartments was established by
      replacing the pharmaceutical with a hydrophilic dye and visually observing
      with the aid of a microscope the location of the dye in discrete
      microsealed pockets. It has also been observed that pharmaceuticals which
      are highly soluble in silicone polymer such as ethynodiol diacetate have a
      release rate from silicone rubber inplantates proportional to the square
      root of time (T.sup.1/2) in the absence of microsealed compartments
      containing a suitable hydrophilic solvent. A silicone rubber capsule
      containing crystalline drug within as described in U.S. Pat. No. 3,279,996
      likewise has a rate of release proportional to T.sup.1/2 and has an
      inherent danger of an overdose resulting from a ruptured capsule. No such
      danger exists with the present pharmaceutical delivery device.
PAR  U.S. Pat. No. 3,710,795 describes a pharmaceutical delivery device
      comprising an inner polymer matrix with crystalline pharmaceutical
      distributed throughout and an outer polymer membrane surrounding the inner
      polymer matrix. The present device is particularly distinct in that the
      pharmaceutical in a hydrophilic solvent is contained in microsealed
      compartments throughout the inner polymer matrix. The delivery system
      described in U.S. Pat. No. 3,710,795 releases pharmaceutical at rates
      proportional to the square root of time (T.sup.1/2) where as in the
      delivery system of the present invention the rate of drug release may be
      altered from T.sup.1/2 to T.sup.0 (independent of time) by adjusting the
      solubility characteristics of the hydrophilic solvent system (Table I).
      The use of 30-60% polyethylene glycol results in a rate of release
      independent of time (T.sup.0) whereas the use of larger percentages of
      polyethylene glycol results in a rate of release proportional to
      T.sup.1/2. Thus, in the present system the relationship of the rate of
      release to time may be controlled by selection of an appropriate solvent.
      It is also noted that the delivery devices of the present invention do not
      have to be surrounded by an outer membrane. In fact, up to 40% of the
      inner matrix may be exposed. Exposing the inner matrix advantageously
      increases the rate of pharmaceutical released without altering the
      relationship of the release rate to time, i.e. in a constant rate delivery
      device exposure of the inner matrix results in a higher but constant rate
      of release.
PAR  U.S. Pat. No. 3,545,439 describes pharmaceutical delivery devices prepared
      by mixing the pharmaceutical with a liquid silicone rubber and then in
      situ crosslinking the liquid silastic rubber at room temperature. The rate
      of pharmaceutical release profile from these devices is related to
      T.sup.1/2. The present devices are advantageous in that the relationship
      between rate of release and time may be controlled as mentioned above.
DETD
PAR  The following examples are set forth to illustrate the present invention
      and are not intended to limit the invention in spirit or in scope. In the
      following examples parts are given in parts by weight and temperature is
      in degrees centrigrade unless otherwise stated.
PAC  EXAMPLE 1
PAR  2 Parts of a 40% polyethylene glycol (molecular weight 380-420) in water is
      saturated with 2 parts of ethynodiol diacetate at 37.degree.C. by vigorous
      agitation for 10 minutes. To this mixture is added 6 parts of silicone
      polymer of the formula
      ##EQU9##
      sold as Silastic Medical Grade 382 Elastomer by Dow-Corning and this
      combination is stirred with a mechanical mixer at 1000 rpm for 28 minutes.
      0.015 Parts of a crosslinking agent (stannous octanoate is added to the
      combination and stirring is continued for 2 minutes. The combination is
      placed in silicone polymer tubing (I.D. 3.18 mm, O.D. 6.35 mm sold by Dow
      Corning as Medical Grade Silastic tubing No. 601-365). This tubing is a
      silicone polymer of the formula
      ##EQU10##
      The system is allowed to set for 1 hour and the tubing is sectioned to
      provide pharmaceutical delivery devices with the desired amount of
      pharmaceutical.
PAC  EXAMPLE 2
PAR  The silastic tubing is removed from the biologically acceptable inner
      polymer matrix and a molecularly bi-axially oriented, heat shrinkable
      polyethylene film, of 2 mil thickness is embossed about the inner matrix
      by using conventional metal stamping practice. The silicone polymer matrix
      is then sandwiched between two pieces of the heat shrinkable polyethylene
      in the embossed sections so that the matrix is completely enveloped by the
      film. The film is then heat sealed and cut around the periphery of the
      matrix. The enshrouded matrix is then heated for 3 seconds at
      300.degree.F. resulting in shrinkage of the film and effecting a tight and
      intimate contact of the film with the pharmaceutical containing silicone
      polymer matrix.
PAR  The heat shrunk polyethylene film may be partially removed to expose the
      inner polymer matrix to provide a somewhat higher but constant rate of
      release.
PAC  EXAMPLE 3
PAR  An emulsion of 2 parts of a 40% polyethylene glycol (molecular weight
      380-420) in water is saturated with 2 parts of
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione at
      37.degree.C. by vigorous agitation for 10 minutes. To this mixture is
      added 6 parts of room temperature vulcanizing silicone polymer sold as
      Silastic Medical Grade 382 elastomer by Dow-Corning and this combination
      is stirred with a mechanical mixer at 1000 rpm for 28 minutes. 0.015 Parts
      of a cross-linking agent (stannous octoate) is added to the combination
      and stirring is continued for 2 minutes. The resulting emulsion is placed
      into heat shrinkable tubing composed of a copolymer of ethylene and vinyl
      acetate of 82 percent ethylene and 18 percent vinyl acetate. The tubing is
      of the type rendered heat shrinkable by intermolecular cross-linking
      followed by molecular orientation as described earlier. The ends of the
      tubing may be sealed by heat sealing or by the insertion of plugs. The
      tubing is heat shrunk by exposure to air heated at 280.degree.F. for 5-15
      seconds. The tubing may be cut into sections and the ends sealed or left
      unsealed.
PAC  EXAMPLE 4
PAR  Following the procedure set out in Example 2, a biologically acceptable
      silastic polymer matrix containing 2 parts of progesterone in place of
      ethynodiol diacetate is enclosed with heat shrinkable rubber hydrochloride
      film 1 mil thick by enclosing pre-set the biologically acceptable silicone
      polymer matrix with molecularly orientated heat shrunk rubber
      hydrochloride film and heat shrinking at 300.degree.F. for 5 seconds.
PAC  EXAMPLE 5
PAR  Following the procedure in Example 1, a device containing
      17.alpha.-acetoxy-11.beta.-methyl-19-norgregn-4-ene-3,20-dione is prepared
      by using 2 parts of that compound in place of ethynodiol diacetate. This
      device releases
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-ene-3,20-dione at a rate
      of 51.89 mcg/cm.sup.2 /day.
PAC  EXAMPLE 6
PAR  Following the procedure in Example 1, a device containing
      desoxycorticosterone acetate is prepared by using 2 parts of that compound
      in place of ethynodiol diacetate. This device releases
      desoxycorticosterone acetate at a rate of 55.1 mcg/cm.sup.2 /day.
PAC  EXAMPLE 7
PAR  Following the procedures in Example 1, a device containing
      17-hydroxy-7.alpha.-methoxycarbonyl-3-oxo-17.alpha.-pregn-4-ene-21-carboxy
     lic acid .gamma.-lactone is prepared by using 2 parts of that compound in
      place of ethynodiol diacetate. This device releases
      17-hydroxy-7.beta.-methoxycarbonyl-3-oxo-17.alpha.-pregn-4-ene-21-carboxyl
     ic acid .gamma.-lactone at a rate 0f 63.08 mcg/cm.sup.2 /day.
PAC  EXAMPLE 8
PAR  Following the procedure in Example 1, a device containing
      7.alpha.-acetylthio-17.alpha.-(2-carboxyethyl)17.beta.-hydroxy-androst-4-e
     n-3-one lactone is prepared by using 2 parts of that compound in place of
      ethynodiol diacetate. This device releases
      7.alpha.-acetylthio-17.alpha.-(2-carboxyethyl)-17.beta.-hydroxyandrost-4-e
     n-3-one lactone at a rate of 18.25 mcg/cm.sup.2 /day.
PAC  EXAMPLE 9
PAR  Following the procedure in Example 1, a pharmaceutical delivery device is
      prepared from 6 parts of liquid silicone polymer sold under the trade name
      of Silastic Medical Grade MDX-4 4210 by Dow-Corning and 1.9 part of
      ethynodiol diacetate and 0.1 part of mestranol in 2 part 40% polyethylene
      glycol (molecular weight 400) in water.
CLMS
NUM  1.
PAR  1.  A microsealed pharmaceutical delivery device comprising a sectioned
      length of flexible medical grade silicone polymer hollow tubing as a
      biologically acceptable polymer container with as many perforations in the
      wall of the tubing when unsealed at each end as to expose up to 40% of an
      inner biologically acceptable silicone polymer matrix contained with the
      biologically acceptable polymer container, said biologically acceptable
      silicone polymer matrix having the formula
      ##EQU11##
      wherein R is alkoxy having 1-7 carbon atoms, alkyl having 1-10 carbon
      atoms, phenyl, vinyl, or allyl, wherein n is about 100-5000 and having
      10-200 micron microsealed compartments throughout, said microsealed
      compartments containing pharmaceutical saturated 30-60% polyethylene
      glycol molecular weight 380-420 in water as a hydrophilic solvent system
      wherein the ratio of the partition coefficient of the pharmaceutical
      between the hydrophilic solvent system and inner biologically acceptable
      silicone polymer matrix to the solubility of the pharmaceutical in the
      hydrophilic solvent system is between 1 and 10.sup..sup.-4 (ml/mcg), said
      pharmaceutical being diffusible through the inner biologically acceptable
      silicone polymer matrix and biologically acceptable polymer container at a
      constant rate when the microsealed pharmaceutical delivery device is in an
      aqueous environment, said hydrophilic solvent being non-diffusible through
      the inner biologically acceptable silicone polymer matrix and biologically
      acceptable polymer container.
NUM  2.
PAR  2. As in claim 1, a microsealed pharmaceutical delivery device comprising a
      section length of flexible medical grade silicone polymer hollow tubing as
      a biologically acceptable polymer container with as many perforations in
      the wall of the tubing when unsealed at each end as to expose up to 40% of
      an inner biologically acceptable silicone polymer matrix contained and
      allowed to set within the biologically acceptable polymer container by
      placing therein a well stirred emulsion of pharmaceutical saturated 30-60%
      polyethylene glycol molecular weight 380-420 in water as a hydrophilic
      solvent system, medical grade room temperature vulcanizing silicone
      polymer elastomer and stannous octanoate cross-linking agent; said inner
      biologically acceptable silicone polymer matrix having 10-200 micron
      microsealed compartments throughout, said microsealed compartments
      containing a pharmaceutical saturated in said hydrophilic solvent system
      wherein the ratio of the partition coefficient of the pharmaceutical
      between the hydrophilic solvent system and inner biologically acceptable
      silicone polymer matrix to the solubility of the pharmaceutical in the
      hydrophilic solvent system is between 1 and 10.sup..sup.-4 (ml/mcg), said
      pharmaceutical being diffusible through the inner biologically acceptable
      polymer container at a constant rate when the microsealed pharmaceutical
      delivery device is in an aqueous environment, said hydrophilic solvent
      being non-diffusible through the inner biologically accpetable silicone
      polymer matrix and biologically acceptable polymer container.
NUM  3.
PAR  3. As in claim 1, a microsealed pharmaceutical delivery device comprising a
      biologically acceptable polymer container constructed of flexible medical
      grade silicone polymer hollow tubing having the formula
      ##EQU12##
      wherein n is about 5000 and R is phenyl, loweralkyl, vinyl, or allyl and
      an inner biologically acceptable silicone polymer matrix contained within
      the biologically acceptable polymer container, said inner biologically
      acceptable polymer matrix having the formula
      ##EQU13##
      wherein R is alkoxy having 1-7 carbon atoms, alkyl having 1-10 carbon
      atoms, phenyl, vinyl, or allyl and wherein n is about 100-5000.
NUM  4.
PAR  4. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is a progestin.
NUM  5.
PAR  5. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is progesterone.
NUM  6.
PAR  6. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is 17.alpha.-ethynyl-4-estrene-3.beta.,17.beta.-diol
      diacetate.
NUM  7.
PAR  7. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is
      17.alpha.-ethynl-11.beta.-methylestr-4-ene-3.beta.,17.beta.-diol
      3,17-diacetate.
NUM  8.
PAR  8. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is
      17.alpha.-acetoxy-11.beta.-methyl-19-norpregn-4-en-3,20-dione.
NUM  9.
PAR  9. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is an estrogen.
NUM  10.
PAR  10. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is mestranol.
NUM  11.
PAR  11. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is ethynyl estradiol.
NUM  12.
PAR  12. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is estradiol-3-methylether.
NUM  13.
PAR  13. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is estradiol.
NUM  14.
PAR  14. As in claim 1, a microsealed pharmaceutical delivery device wherein the
      pharmaceutical is an adrenocortical steroid.
NUM  15.
PAR  15. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is desoxycorticosterone acetate.
NUM  16.
PAR  16. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is prednisolone.
NUM  17.
PAR  17. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is a diuretic.
NUM  18.
PAR  18. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is
      7.alpha.-ethoxycarbonyl-17-hydroxy-3-oxo-17.alpha.-pregn-4-ene-21-carboxyl
     ic acid .gamma.-lactone.
NUM  19.
PAR  19. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is
      17-hydroxy-7.alpha.-methoxycarbonyl-3-oxo-17.alpha.-pregn-4-ene-21-carboxy
     lic acid .gamma.-lactone.
NUM  20.
PAR  20. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is diisopropylamino-2-phenyl-2-(pyridyl)butyramide.
NUM  21.
PAR  21. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is testosterone propionate.
NUM  22.
PAR  22. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is metronidazole.
NUM  23.
PAR  23. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is
      7.alpha.-acetylthio-17.alpha.-(2-carboxyethyl)-17.alpha.-hydroxyandrost-4-
     ene-3-one lactone.
NUM  24.
PAR  24. As in claim 1, a pharmaceutical delivery device wherein the
      pharmaceutical is a combination of ethynodiol diacetate and mestranol or
      ethynylestradiol.
NUM  25.
PAR  25. As in claim 1, a microsealed pharmaceutical delivery device comprising
      an unsealed sectioned length of said flexible medical grade silicone
      polymer tubing as a biologically acceptable polymer container with said
      inner biologically acceptable silicone polymer matrix contained and set in
      situ within the biologically acceptable polymer container.
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ABST
PAL  An improved insecticidal composition is disclosed. Bacillus thuringiensis,
      Berliner is admixed with the natural botanical insecticide Pyrethrum in a
      ratio (by weight) of Bacillus thuringiensis, Berliner to Pyrethrum of from
      about 12 to 1 to about 1 to 20. The admixture preferably also contains a
      major amount of an inert carrier. The improved insecticide is particularly
      useful in the control of both sucking and chewing insects and larvae.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Bacillus thuringiensis, Berliner is well-known for use as a microbial
      insect pathogen useful against leaf-chewing insects such as the alfalfa
      caterpiller, the cosmopolitan green beetle, the European corn borer and
      Mediterranean flower moth. See, for example, U.S. Pat. 3,150,062. Although
      used for the toxic effects on general agricultural and forest leaf-chewing
      insect pests, Bacillus thuringiensis, Berliner has no substantial effect
      on sucking insects such as aphids and the like.
PAR  The search has continued for ways to increase the potency, toxicity and/or
      persistance of insecticides including Bacillus thuringiensis, Berliner. It
      has been proposed, for example, in Chemical Abstracts, 28409v, Vol. 79, p.
      148 (1973) to mix Bacillus thuringiensis with equal amounts of a synthetic
      pyrethroid insecticide. Such mixtures, however, have been found
      undesirable since, for example, while Bacillus thuringiensis is exempt
      from tolerance levels, the synthetic pyrethroid insecticide is not and the
      resulting mixture containing a synthetic pyrethroid insecticide also is
      not exempt.
PAR  The search has continued for a more efficacious manner of utilizing
      Bacillus thuringiensis, Berliner as a general insecticide.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of this invention to substantially avoid or alleviate the
      problems of the prior art.
PAR  It is further an object of this invention to provide an improved Bacillus
      thuringiensis, Berliner-containing insecticide which has substantial
      potency.
PAR  It is also an object of this invention to provide a Bacillus thuringiensis,
      Berliner-containing insecticide which is useful against sucking insects as
      well as leaf-chewing insects.
PAR  In one aspect of the present invention there is provided an improved
      insecticidal composition comprising Bacillus thuringiensis, Berliner
      admixed with the natural botanical insecticide Pyrethrum in a weigth ratio
      of Bacillus thuringiensis, Berliner to Pyrethrum of from about 12 to 1 to
      about 1 to 20.
PAR  In another aspect of the present invention there is provided a method for
      the control of insects in an insect infested area which comprises applying
      to the said area an effective amount to control insects of the composition
      as above defined.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Bacillus thuringiensis, Berliner is available in a form sufficient to be
      utilized as an insecticide in accordance with the present invention. It is
      preferred that the Bacillus thuringiensis, Berliner be produced by the
      process disclosed in U.S. Pat. 3,086,922 herein incorporated by reference.
      As disclosed therein, a microbial insecticide of high spore content and
      potency may be produced by the steps of (a) preparing an inoculant of the
      Bacillus thuringiensis microorganism to be utilized; (b) inoculation of a
      nutrient medium with the prepared inoculant; (c) propagation of the
      inoculated medium; (d) reducing the moisture content of the propagated
      medium to a proper low level; (e) commminuting the dried propagated medium
      and metabolic products to a particle size appropriate for utilization as
      an insecticide.
PAR  The nutrient medium may be absorbed onto a particulate inert inorganic
      carrier and nutrient substrate such as volcanic glasses (e.g., perlite and
      the like), exfoliated vermiculite, pumice, volcanic ash, calcined
      diatomaceous earth and similar materials. In this manner, as fully
      described and exemplified in the aforesaid U.S. Pat. 3,086,922, the
      microbial insecticide may be prepared in the form of a finely divided dry
      particulate material having a particle size such that essentially 100
      percent of the particles pass through an 80 mesh (U.S. Standard Sieve)
      screen. Preferably, essentially all (i.e., 99 percent or more) of the
      particles pass through a 100 mesh screen. The potency of the microbial
      insecticide is at least about 1 .times. 10.sup.9, generally at least 20
      .times. 10.sup.9, most preferably about 25 .times. 10.sup.9, spores per
      gram.
PAR  Generally, the Bacillus thuringiensis, Berliner is present in admixture
      with Pyrethrum in a ratio (by weight) of Bacillus thuringiensis, Berliner
      to Pyrethrum of from about 12 to 1 to about 1 to 20, preferably from about
      5 to 1 to about 1 to 6, most preferably from about 2 to 1 to about 1 to 2.
PAR  Pyrethrum is a commercially available botanical insecticide and may be used
      in its available form. As understood by those skilled in the art,
      commercial Pyrethrum comprises a mixture of four active insecticidal
      components, i.e., pyrethrin I and II and cinerin I and II.
PAR  Pyrethrum, for example, is available in the form of an oily liquid
      concentrate which may be adsorbed on or admixed with a suitable inert
      carrier such as bentonite, clay, talc, etc., having a particle size of
      from about +100 to -200 mesh (United States Sieve), preferably from about
      +150 to -200 mesh, most preferably from about +150 to about -175 mesh and
      containing from about 50 to 75, preferably from about 60 to 70, most
      preferably from about 65 to about 70, percent by weight of the Pyrethrum.
PAR  The Bacillus thuringiensis, Berliner-containing particles may be blended
      with sufficient Pyrethrum (preferably present also as particles of active
      material and inert carrier) to yield a mixture in the compositional
      amounts indicated above by suitable physical mixing techniques. Other
      suitable mixing techniques known to those skilled in the art may also be
      utilized.
PAR  The admixture of active materials (i.e., Bacillus thuringiensis, Berliner
      and Pyrethrum) and inert material generally contains from about 0.5 to
      about 8, preferably from about 1 to about 5.5, most preferably from about
      2 to about 4, percent by weight of the admixture of active materials and
      concommitantly from about 92 to about 99.5, preferably from about 94.5 to
      about 99, most preferably from about 96 to about 98, percent by weight of
      the admixture of inert materials. In addition and if desired, the
      admixture may also contain minor amounts of other non-botanical active
      materials such as petroleum distillates which also function as carriers
      for the Pyrethrum.
PAR  It has been found that the blend of Bacillus thuringiensis, Berliner and
      Pyrethrum not only has a more toxic effect than would be expected from the
      utilization of either of these materials alone but also has a broader
      spectrum of use. That is, while Bacillus thuringiensis, Berliner is
      generally used against leaf-chewing insects the Bacillus thuringiensis -
      Pyrethrum mixture also shows considerable effectiveness against sucking
      insects and a higher toxicity for leaf chewing ensects than expected from
      the Pyrethrum alone.
PAR  The improved insecticidal composition of the present invention is
      advantageously adapted to be packaged, handled and disseminated. In the
      ultimate use of the insecticidal compositions of the present invention
      into insect infested areas, any conventional application technique may be
      utilized. For example, the compositions and particularly when included
      with inert carrier materials are well suited for efficient and accurate
      application to insect infested areas from airplanes. The particles may
      also be dispersed in an aqueous solution and agitated and sprayed into the
      insect infested areas.
PAR  Although the amount of active material will vary depending upon the insect
      to be controlled, generally the insecticidal compositions of the present
      invention will be utilized in an amount of from about 0.05 to about 0.75,
      preferably from about 0.10 to about 0.50, most preferably from about 0.10
      to about 0.33, pounds of active material per acre of treated area.
PAR  As noted above, the improved insecticidal compositions of the present
      invention may be utilized for the treatment and control both of
      leaf-chewing insect pests (European corn borer, alfalfa caterpiller,
      cosmopolitan green beetle, Mediterranean flower moth cabbage looper,
      imported cabbage worm, leaf roller, leaf tier, hornworm or the like) and
      also of sucking insect pests (aphids, leaf hopper, thrip, flea beetle,
      cucumber beetle and the like).
PAR  Both the natural Pyrethrum botanical insecticide as well as the Bacillus
      thuringiensis, Berliner are exempt from tolerance levels when used
      according to label directions, and the resulting Bacillus thuringiensis
      Berliner - Pyrethrum mixture is exempt from tolerance levels when used
      according to label directions.
DETD
PAR  The invention is additionally illustrated in connection with the following
      Examples which are to be considered as illustrative of the present
      invention. It should be understood, however, that the invention is not
      limited to the specific details of the Examples.
PAC  EXAMPLE I
PAR  Bacillus thuringiensis, Berliner is made in the manner of Example VI of
      U.S. Pat. 3,086,922. The prepared Bacillus thuringiensis, Berliner
      material contains about 13 percent by weight active material on 98.7
      percent by weight of growth media as an inert carrier comminuted to 100
      percent minus 80 mesh and has a viable spore count of 25 .times. 10.sup.9
      spores per gram. All toxicities are given in terms of the LD.sub.50 rate
      and in terms of International Units (IU). As understood by those skilled
      in the art, International Units are a measure of larval toxicity and the
      LD.sub.50 level is the amount of material required to kill 50 percent of a
      larvae.
PAR  The Pyrethrum particles are prepared by contacting a 20 weight percent
      solution of commercially available Pyrethrum with Bentonite particles and
      drying the resulting particles. These prepared particles contain about 50
      weight percent Pyrethrum Concentrate and 50 weight percent Bentonite.
PAR  A portion of each of the Bacillus thuringiensis, Berliner-containing
      particles and the Pyrethrum-containing particles are admixed to form an
      insecticidal admixture containing the Bacillus thuringiensis, Berliner and
      Pyrethrum present in ratios (by weight) of 2:1, 1:1 and 1:2. The total
      amount of active material (i.e., Bacillus thuringiensis, Berliner and
      Pyrethrum) in each admixture is 2, 3, and 4, weight percent of the total
      admixture, respectively.
PAR  The LD.sub.50 rates of the individual materials and of the mixtures in a
      test run on Cabbage Looper are shown below in Table I.
TBL                Table I                                                     
     ______________________________________                                    
                              Weight Ratio, Bacillus                           
                              thuringiensis, Berliner                          
     Bacillus                 to Pyrethrum                                     
     thuringiensis,           in admixture                                     
     Berliner       Pyrethrum 1%-1/2% 1%-1% 1%-2%                              
     ______________________________________                                    
     LD.sub.50, IU                                                             
            1500        1500      3560  4840  5800                             
     ______________________________________                                    
PAR  It may be seen that the mixture of Pyrethrum and Bacillus thuringiensis,
      Berliner has a significantly higher toxicity than the individual
      components and much higher than would be expected from a mixture.
PAC  EXAMPLE II
PAR  A number of plots containing both chewing insect pests (e.g., Cabbage
      Looper) and sucking insect pests (e.g., Aphids) are contacted with the
      Bacillus thuringiensis, Berliner-containing particles made as in Example I
      and the Bacillus thuringiensis, Berliner - Pyrethrum admixture of Example
      I. Each of these materials is applied in the same manner and at the same
      rate (i.e., 3 pounds of active material per acre). These plots are
      surveyed before and after application of these materials to determine the
      percent mortality of the insect pests. The results are shown below in
      Table II.
TBL                Table II                                                    
     ______________________________________                                    
     Insect Mortality by Treatment                                             
              Bacillus             Bacillus thuringiensis,                     
              thuringiensis,       Berliner - Pyrethrum                        
     Insect Pest                                                               
              Berliner   Pyrethrum admixture                                   
     ______________________________________                                    
     Leaf Chewing                                                              
              65%        10%       100                                         
     Sucking   0%        85%       85%                                         
     ______________________________________                                    
PAR  Again, the surprising toxicity and scope of use of the insecticidal
      composition of the present invention is apparent.
PAR  The principles, preferred embodiments and modes of operation of the present
      invention have been described in the foregoing specification. The
      invention is intended to be protected herein, however, is not to be
      construed as limited to the particular forms disclosed, since these are to
      be regarded as illustrative rather than restrictive. Variations and
      changes may be made by those skilled in the art without departing from the
      spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved insecticidal composition comprising Bacillus thuringiensis,
      Berliner admixed with the natural botanical insecticide Pyrethrum in a
      weight ratio of Bacillus thuringiensis, Berliner to Pyrethrum of from
      about 2 to 1 to about 1 to 2.
NUM  2.
PAR  2. The improved insecticidal composition of claim 1 wherein said admixture
      further contains an inert carrier.
NUM  3.
PAR  3. The improved insecticidal composition of claim 2 wherein said
      insecticidal composition contains from about 92 to about 99.5 weight
      percent of the total composition of said inert carrier.
NUM  4.
PAR  4. The improved insecticidal composition of claim 1 wherein said admixture
      further contains an inert carrier in an amount of from about 94.5 to about
      99 weight percent of the total composition.
NUM  5.
PAR  5. The improved insecticidal composition of claim 4 wherein said admixture
      further contains an inert carrier in an amount of from about 96 to about
      98 weight percent of the total composition.
NUM  6.
PAR  6. A method for the control of insects in insect infested areas which
      comprises applying to said insect infested areas an effective amount of
      the insecticidal composition of claim 1.
NUM  7.
PAR  7. The method of claim 6 wherein the composition applied further contains
      an inert carrier in an amount of from about 94.5 to about 99 weight
      percent of the total composition.
NUM  8.
PAR  8. The method of claim 6 wherein the composition applied further contains
      an inert carrier in an amount of from about 96 to about 98 weight percent
      of the total composition.
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ABST
PAL  Method for manufacturing a dentifrice containing gas bubbles which
      comprises making a gas-free or substantially gas-free viscous extrudible
      paste or gel dentifrice comprising a polishing agent, a gelling agent and
      a vehicle, and mixing with such dentifrice bubbles of gas, the dentifrice
      having viscosity sufficient to maintain the bubbles suspended therein.
PARN
PAR  This is a continuation of application Ser. No. 202,664, filed Nov. 26,
      1971, now abandoned.
BSUM
PAR  This invention relates to dentifrices. More particularly, it relates to
      dentifrices which are visually substantially clear and which contain
      visible gas bubbles.
PAR  Although most dentifrices sold throughout the world are opaque, usually due
      to their contents of insoluble and opaque polishing agents, it has been
      found that some consumers decidedly prefer visually clear, translucent or
      transparent dentifrices. When some clear dentifrice liquids were marketed
      many years ago they suffered from the absence of a suitable polishing
      agent and teeth brushed with such dentifrices accumulated deposits of
      tartar, films and stains, despite the presence in the dentifrice of
      excellent detergents. Recently, this disadvantage has been overcome by the
      introduction of polishing agents which can be incorporated in dentifrices
      and which permit the dentifrice to be visually clear, even when a
      substantial proportion of polishing agent is present. Such polishing
      agents are transparent in themselves and possess indexes of refraction in
      the same range as the index of refraction of the vehicle and the balance
      of the dentifrice composition. Accordingly, there is no disturbance of the
      path of light passing through the polishing agent particle and the gel
      dentifrice appears to be clear to a viewer.
PAR  It has been noted that visually clear dentifrices, although attractive to
      many viewers, also result in some consumers having an unfavorable reaction
      about the properties of the dentifrice. To some the smooth, transparent
      product does not give the impression of being an effective cleaner. Yet,
      some of these consumers and others prefer a clear product which is
      periodically interrupted by different contained materials. Such give the
      product more "character", make it readily distinguishable from other
      dentifrices and make it even more attractive in appearance. Most materials
      that may be suspended in a dentifrice are palpable, insoluble or gritty
      and may not be acceptable to the consumer. On the other hand, dispersions
      of differently colored dentifrice portions or of gases in the main body of
      the dentifrice are not objectionable. Although the colors of dispersed
      solid materials or gels may run, the gases maintain a distinctive
      appearance in the dentifrice, indefinitely in the products of this
      invention. They also possess other advantages, since it is possible to
      adjust the density of the product and the solids/extruded inch of
      dentifrice by inclusion in the formula of different proportions of gases.
PAR  During the production of dentifrices and other thick products in which
      solid materials are dispersed in a liquid medium, air may sometimes be
      dissolved in the medium or entrapped in the product. Such air is not
      desirable in dentifrices, especially in clear dentifrices, since it is
      apparent to a consumer and may cause the product to be unattractive. This
      is so because the air will often be unevenly distributed, of such particle
      sizes as to make the product appear cloudy, or will be of irregular
      shapes, which are less attractive than perfect spheres. Accordingly, such
      dispersed gas may be intentionally removed from dental preparations. Now,
      however, by the method of the present invention, regularly distributed
      bubbles of desired shape and size are produced and the appearance of clear
      gel dentifrices is improved by their presence.
PAR  In accordance with the present invention, a method for manufacturing a
      dentifrice containing gas bubbles comprises making a gas-free or
      substantially gas-free viscous, extrudible paste or gel dentifrice
      comprising a polishing agent, a gelling agent and a vehicle, and mixing
      with such dentifrice bubbles of gas of a size in the range of 0.1 to 4
      millimeters diameter of an equivalent sphere so that there are from 2 to
      100 such bubbles per cubic centimeter of dentifrice, the dentifrice being
      of a viscosity sufficient to maintain the bubbles suspended therein. The
      preferred products made are visually clear gel dentifrices containing
      distributed therein visible bubbles of gas of diameters in the 1 to 4
      millimeter range and distributed throughout the dentifrice so that there
      are from 2 to 20 bubbles per cubic centimeter of dentifrice, which
      dentifrice comprises a polishing agent, gelling agent and a vehicle and is
      of a viscosity sufficient to maintain the bubbles suspended therein. The
      clear gel dentifrices of this invention include polishing agents, gelling
      agents and vehicles, usually with a detergent or foaming agent present.
      Other adjuvants are usually present to contribute color, flavor,
      antibacterial, preservative, buffering, and other desirable effects, and
      an insoluble gas, i.e., a gas which will not dissolve objectionably in the
      dentifrice medium, although some of the same gas may already be dissolved
      therein, is present to create the dispersed bubble or sphere effect in the
      dentifrice.
PAR  The polishing agents for visually clear dentifrices are usually finely
      divided water insoluble powdered materials of particle sizes such that
      they pass a 140 mesh screen, U.S. Standard Sieve Series. Preferably, the
      particles are less than 100 or 65 microns in diameter, are substantially
      spherical or of matching lengths and widths, are transparent and have an
      index of refraction like that of the rest of the dentifrice medium.
      Preferably, the particles are of 1 to 40 microns and most preferably from
      2 to 20 microns in particle size diameter and the distribution of particle
      sizes will be normal over the described or narrower ranges. Among the most
      useful polishing agents that satisfy these conditions are complex
      aluminosilicates such as sodium aluminosilicate, and silica xerogels,
      which are often partially, e.g., 20% hydrated. Such materials have indexes
      of refraction in the range of 1.4 to 1.5, preferably 1.44 to 1.48 and
      usually 1.46 or 1.47. The silica xerogel or other colloidal or amorphous
      silicas or silicon hydrides often have surface areas of from 200 to 1,000
      square meters/gram and generally the surface area will be from 200 to 500
      sq. m./g. Such area per weight ranges are desirable for the polishing
      agents of this invention. The colloidal silicas described are available
      from the Davison Chemical Division of Grace Corp., under the name Syloid.
      The Syloid xerogels and hydrogels are identified by numerals and it has
      been found that Syloids 63, 72 and 74 are useful in the practice of the
      present invention, as are related materials sold as Santocels, e.g.,
      Santocel 100. The bulk densities of such compounds are usually from about
      0.05 to 0.4 gram/cubic centimeter and they are found to be readily and
      uniformly suspendable in gel dentifrices. Among the other excellent
      polishing agents for the present applications are synthetic, amorphous
      complex metal aluminosilicate salts, particularly alkali metal salts such
      as the sodium salts, and alkaline earth metal salts, such as the calcium
      salt. Such materials contain up to about 20% by weight of moisture and up
      to about 10% by weight of an alkali metal or alkaline earth metal oxide.
      They are available under the DeGussa tradename, e.g., DeGussa P820. The
      complex aluminosilicate salts, which appear to contain interbonded silica
      and alumina, having Al-O-Si bonds, are described by Tamele in "Chemistry
      of the Surface and Activity of the Aluminum-Silica Cracking Catalysts"
      appearing in Discussions of the Faraday Society No. 8, pages 270-279
      (1950) particularly at page 273, and in the article by Milliken et al.
      entitled "The Chemical Characteristics and Structure of Cracking
      Catalysts" at pages 279-290 in the same publication, particularly in the
      paragraph bridging pages 284 and 285.
PAR  Other clear polishing agents or agents which become clear in a particular
      medium may also be employed. The major requirements are that the
      refractive index should match that of the other constituents and the
      materials should be of a suitable hardness and a particle size similar to
      those mentioned so as to give good polishing action without scratching.
PAR  The methods of this invention, while particularly appropriate for making
      bubbled clear gel dentifrices, may also be employed in uniformly bubbling
      opaque dentifrices for density control, and in such cases the various
      polishing agents employed in such preparations may be present. As examples
      of these there may be mentioned various insoluble, preferably impalpable
      phosphates, e.g., dicalcium phosphate, tricalcium phosphate, insoluble
      sodium metaphosphate, magnesium phosphate, calcium pyrophosphate;
      crystalline silica; colloidal silica; aluminum hydroxide; alumina
      trihydrate; magnesium carbonate; calcium carbonate; bentonite; talc;
      calcium silicate; calcium aluminate; aluminum oxide, and aluminum
      silicate. The various polishing agents are described in standard handbooks
      such as Cosmetics: Science and Technology, by Sagarin, Second Printing,
      1963, published by Interscience Publishers, Inc.
PAR  The gelling agents which may be useful to gelate or thicken the dentifrices
      of the present invention aere known in the art and include the natural and
      synthetic gums and gum-like materials, such as alkali metal carboxymethyl
      cellulose, e.g., sodium carboxymethyl cellulose; hydroxyethyl
      carboxymethyl cellulose; polyvinyl pyrrolidone; Irish moss; gum
      tragacanth; hydroxypropyl methyl cellulose; methyl cellulose; starches;
      starch glycolates; polyvinyl alcohol; alginates; carbo bean gums;
      hydrophilic colloidal carboxyvinyl polymers, such as those sold under the
      trademarks Carbopol 934 and Carbopol 940; diatomaceous earths; bentonite
      and other natural clays; proteinaceous materials, either animal-or
      vegetable-derived; synthetic inorganic clays such as the silicated clays
      sold under the trademarks Laponite CP and Laponite SP and having the
      formula [Si.sub.8 Mg.sub.5.1 Li.sub.0.6 H.sub.7.6 O.sub.24 ].sup.0.6.sup.-
      Na.sub.0.6 .sup.+ and colloidal silicas, such as the aerogels, including
      Syloids 244 and 266 and Aerosil D-200; and the pyrogenic silicas, sold as
      CabO-Sils. The gelling materials employed are gelable with polyhydric
      alkanols, such as glycerol and sorbitol, and with water and lower
      alkanols. Normally, the gels are formed when at least some water is
      present. The liquid or vehicle portion of the composition may include
      water, lower alkanol and polyhydric alkanol. Although propylene glycol may
      be employed, it is normally preferred that the major vehicle components
      should be polyhydric alcohols such as glycerine, sorbitol or
      glycerine-sorbitol mixtures, with some water. Such vehicles have
      refractive indexes in the 1.44 to 1.48 range and therefore, are excellent
      for use with silica xerogels or complex aluminosilicate polishing agents.
PAR  Although not absolutely necessary, it is usually desirable to have present
      in the dentifrices organic surface active agents, generally for their
      properties as detergents or foaming agents. The cationic detergents may be
      employed but are usually omitted from the composition in favor of anionic,
      nonionic and amphoteric surface active agents. Of these, the anionics are
      the most preferred. The anionic detergents or foaming agents will include
      long chain fatty or poly-lower alkoxy groups plus hydrophilic radicals.
      They will be usually in the forms of salts, especially water soluble salts
      of alkali or alkaline earth metals. Among the useful anionic detergents
      may be mentioned the higher fatty acid monoglyceride monosulfates, such as
      the sodium salts of the monosulfates of the monoglycerides of hydrogenated
      coconut oil fatty acids; higher alkyl sulfates, such as sodium lauryl
      sulfate; higher alkyl aryl sulfonates, such as sodium linear dodecyl
      benzene sulfonate; olefin sulfonates, such as sodium higher olefin
      sulfonate in which the olefin group is of 12 to 21 carbon atoms; higher
      alkyl sulfoacetates; higher fatty acid esters of 1,2-dihydroxypropane
      sulfonates; the substantially saturated higher aliphatic acyl amides of
      lower aliphatic aminocarboxylic acid compounds, such as those having 12 to
      16 carbon atoms in the fatty alkyl or acyl radicals; higher alkyl
      poly-lower alkoxy (of 10 to 100 alkoxies) sulfates; higher fatty acid
      soaps, and the like. In this specification, for convenience and ease of
      presentation, the soluble soaps are considered to be synthetic organic
      detergents. Examples of the amides mentioned are N-lauroyl sarcosine and
      the sodium, potassium and ethanolamine salts of N-lauroyl-, N-myristoyl-
      or N-palmitoyl sarcosines. In the above descriptions, "higher" refers to
      chain lengths of 12 to 22 carbon atoms, preferably from 12 to 18 carbon
      atoms and most preferably, from 12 to 16 carbon atoms. Lower means 2 to 4
      carbon atoms, preferably 2 to 3 carbon atoms and most preferably, 2 carbon
      atoms. In a broader description of the useful anionic detergents, they are
      sulfuric reaction products which include long chain hydrophobic groups and
      hydrophilic radicals. For further descriptions, see the text, Surface
      Active Agents, Vol. II (1958) by Schwartz, Perry and Berch. The nonionics
      include those containing chains of lower alkylene oxide, e.g., ethylene
      oxide, propylene oxide, in which there are present from 10 to 100 or more
      moles of lower alkylene oxide. Among such materials are the block
      co-polymers of ethylene oxide, propylene oxide and propylene glycol, sold
      as Pluronics; the alkyl phenyl polyethoxy ethanols, sold as Igepals; the
      mixed co-polymers of ethylene oxide and propylene oxide, sold as Ucons;
      and various other well known nonionics derived from fatty alcohols or
      acids and polyethylene oxide. The amphoteric or ampholytic agents and
      cationics include quaternized imidazole derivatives, such as "Miranols",
      e.g., Miranol C.sub.2 M; and cationic germicides, such as
      di-isobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride; benzyl
      dimethyl stearyl ammonium chloride; and tertiary amines having a higher
      fatty alkyl group and two polyoxyethylene groups attached to the nitrogen
      thereof. Of course, reference to the mentioned text will indicate other
      suitable surface active detergent and foaming constituents which may be
      employed in the dentifrice compositions. Mixtures of the surface active
      materials may be used for adjustment of properties and to obtain the most
      desired effects. In such mixtures, it will generally be desirable to avoid
      utilizing both anionics and cationics together.
PAR  Various adjuvants may be employed in the present dentifrices. Perhaps the
      most important of these are flavoring agents, which will normally be
      essential oils but may also include various flavoring aldehydes, esters,
      alcohols and similar materials, known in the art. Examples of the
      essential oils include oils of spearmint, peppermint, wintergreen,
      sassafras, clove, sage, eucalyptus, marjoram, cinnamon, lemon, lime and
      orange. Solvents may sometimes be present to solubilize the flavoring
      agents and to have a desirable processing effect in carrying out the
      methods of this invention wherein entrapped gases are initially removed
      from the product before a controlled addition of gas bubbles is effected.
      Some of the solvents have flavoring properties and of these, chloroform is
      sometimes employed because it contributes flavor and "tang" to the
      product. Other solvents include ethanol methylene chloride, and
      halogenated hydrocarbons, such as the chlorinated-fluorinated
      hydrocarbons, including dichloromethane, tetrachloroethane,
      dichlorodifluoromethane; and the hydrocarbons, including cyclobutane. In
      most cases the solvents should have boiling points at atmospheric
      pressure, of 80.degree.C. or less, for best gas-removing effects. A
      preferable range is from 40 or 50 to 70.degree.C.
PAR  Other useful adjuvants include buffers, such as tetrasodium pyrophosphate,
      which also exerts a cleansing effect; preservatives, such as sodium
      benzoate, formaldehyde; bactericides; fungicides; and therapeutic
      materials, e.g., fluorine-containing compounds, which protect the teeth
      from decay. Examples of these are sodium fluoride, stannous fluoride,
      potassium fluoride, ammonium fluoride and complex fluorides, especially
      sodium monofluorophosphate. Antibacterial agents which are useful include
      N.sup.1 -(4-chlorobenzyl)-N.sup.5 -(2,4-dichlorobenzyl) biguanide;
      p-chlorophenyl biguanide; 4-chlorobenzhydrylguanylurea; 1,6-bis
      (2-ethylhexylbiguanide)hexane; 1,6-bis(p-chlorophenylbiguanido) hexane;
      and 5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine, and
      non-toxic acid addition salts thereof. Other useful adjuvants include
      coloring and whitening agents, dyestuffs, pigments, other preservatives,
      silicones, chlorophylls, ammoniated compounds, e.g., urea, diammonium
      phosphate, decorative suspended materials, e.g., finely ground
      mother-of-pearl, fillers (soluble salts), lubricants, e.g., mineral and
      other oils, and stabilizers for the compositions. Of course, with most of
      the adjuvants, the proportions used of insoluble materials having
      refractive indexes different from that of the balance of the dentifrice
      will be held low enough so that they do not interfere with the clarity of
      the product.
PAR  The gas used to form the bubbles in the dentifrice may be any of various
      suitable gases, with the main requirement being that it should not be so
      soluble in the dentifrice composition that the bubbles disappear into the
      composition by being dissolved therein. This is not to say that some
      solubility is not acceptable and may not in some cases be desirable. For
      example, if the solubility of the gas is low enough so that a proportion
      thereof is dissolved in the dentifrice, the bubbles may be decreased in
      size to a desirable range and it may be possible to utilize bubbling
      equipment which would not have to be so delicately controlled as to allow
      the insertion of microbubbles. Such a use of larger bubbles would be
      acceptable, due to their diminishing in size after being distributed in
      the dentifrice. However, it is normally preferred to employ gases which
      are soluble to an extent less than 10% in the dentifrice composition and
      those wherein the solubility is less than 5% appear to give best results.
      Among the useful gases that may be employed are included nitrogen, argon,
      and air. Of these, nitrogen is preferred but because of availability and
      because it yeilds almost the same results, air is often employed. In
      addition to these gases, others such as the aerosol propellants, which are
      halogenated hydrocarbons, may be used, providing that they are not too
      soluble. In this connection, it may be mentioned that carbon dioxide is
      sometimes useful and may contribute an effervescent or tangy effect to the
      dentifrice.
PAR  The proportions of the various dentifrice constituents employed will be
      such as to produce a satisfactorily extrudible gel or similar product
      which will be substantially form retaining after being discharged from a
      dispensing container. The product will contain a sufficient proportion of
      polishing agent to clean the teeth well but will not contain so much as to
      cause a gritty feeling or to interfere with the smoothness of the gel.
      Similarly, the vehicle present will be one which is compatible with the
      other constituents and will act as a medium in which they are dissolved or
      dispersed. The vehicle should not be present in such a large proportion as
      to make the product excessively fluid, or in such small proportion that
      the dentifrice loses its smooth attractive appearance. The detergent or
      foaming agent will be used in a small amount sufficient to contribute
      satisfactory foaming to aid in cleaning of the teeth, and not so much as
      to make the product cloudy or opaque. Similarly, the gelling agent present
      will thicken the dentifrice sufficiently to cause it to maintain its shape
      and to hold the gas bubbles in place therein at room temperature but there
      will not be so much present as to make the dentifrice rubbery, lumpy or
      opaque. The proportion of gelling agent employed will desirably raise the
      viscosity of the dentifrice to over 100,000 centipoises at 25.degree.C.
      and preferably this will be over 200,000 or 1,000,000, centipoises. For
      materials which exhibit non-Newtonian characteristics, viscosity
      measurements may not be a true indication of thickness or the power to
      hold bubbles in place. In such cases, the product should be sufficiently
      firm so that, while it is extrudible at room temperature (25.degree.C.),
      it holds the bubbles and does not allow them to collect in an uppermost
      section of the dentifrice in the container. For Newtonian fluids the
      centipoise figures given are measurements of such a satisfactory property.
      As will be described later, the viscosity, thickness or firmness of the
      composition should be less at elevated temperatures, so that globular gas
      bubbles may be formed at such temperatures even if the initial bubbles
      inserted into the dentifrice are not perfectly round.
PAR  The proportions of materials which are usually employed to obtain the
      properties described in the preceding paragraphs may vary over a wide
      range but experience has indicated certain ranges are most desirable to
      make best products. Thus, from 5 to 50% of polishing agent, 0.5 to 5% of
      gelling agent or thickener, 30 to 85% of polyhydric alcohol, 5 to 30%
      water and 0.5 to 5% of detergent or foaming agent will normally be
      employed. Preferred proportions are from 5 to 40% of polishing agent, 0.5
      to 3% of gelling agent, 50 to 75% polyhydric alkanol(s), 10 to 20% water
      and 1 to 3% of detergent. In cases of opaque dentifrices, which may be
      made in accordance with the invented method, if desired, the proportion of
      polishing agent may be higher, from about 20 to 75%, the proportion of
      water may be higher, about 5 to 40% and that of polyhydric alkanol may be
      lower, usually being from 10 to 35%. Other materials and adjuvants may be
      present to contribute additional desirable properties for processing or
      final use. Thus, flavors and colorants make the dentifrice more pleasing
      to the user and solvents may facilitate preliminary degassing. Generally
      no more than 10% each of any such materials are employed and usually this
      will be 0.1 to 5% in most cases, preferably 0.1 to 3%, with the total such
      materials being less than 20%.
PAR  In the proportions described one may make excellent dentifrices of
      satisfactory bubble-holding properties. By following the method of the
      present invention bubbled dentifrices may be made which will be
      substantially clear despite interruptions in the product caused by both
      the gaseous and solid materials held therein. The impringement of the
      bubble against the solid does not alter its shape objectionably and there
      are no irregularities of appearance caused by changes in light paths
      through the product.
PAR  Although bubbles have been accidentally produced in dentifrices in the
      past, they have been considered to be disadvantageous and efforts have
      been made to remove them. This was because they were unattractive,
      irregular in shape, unevenly distributed and tended to cause density
      variations in the dentifrice. Also, in the case of clear dentifrices,
      bubbles can cause a cloudy appearance. By following the present method
      these disadvantages are avoided and a desirably clear dentifrice with
      bubbles attractively and evenly distributed therein is made.
PAR  As a first step in the manufacture of such a product, a dentifrice is
      produced which is substantially free of entrained gases and preferably, is
      also free of dissolved gases. Such degassing may be effected by any known
      techniques, usually with the aid of vacuum during the admixing of the
      various ingredients of the dentifrice or after the dentifrice has been
      prepared. The vacuums employed will normally be in the 500 to 730
      millimeters of mercury range (30 to 260 mm. Hg absolute pressure) but
      higher vacuums, up to about 759 or 760 mm. Hg may also be used for faster
      degassing. If the finished dentifrice is to be degassed and preliminary
      vacuum operations are not effected, it may take as long as 2 to 3 hours to
      satisfactorily remove entrained and dissolved gases from the product. Such
      removal is facilitated by utilizing apparatuses such as Dopp, Unimix and
      Versator mixers, wherein thin films, e.g., less than 0.2 cm., of
      dentifrices are exposed to low pressure. Faster degassing is possible by
      subjecting the various constituents or premixes of the dentifrice to
      vacuums before and/or during admixing. Removal of gases is aided by the
      utilization of heat or volatile solvents (from 1 to 10%, preferably 1 to
      5% of the latter, or volatile falvor, often being used), to thin the
      compositions and to promote the coalescence of gas bubbles and their
      removal. In a particularly preferred method, employed for the manufacture
      of clear gel dentifrices, heat, with or without the described vacuum, is
      used to degas or deaerate a mixture of polyalkanol and surface active
      agent (detergent or foaming agent) and this is admixed, under vacuum, with
      the rest of the previously degassed composition. The degassed intermediate
      is made by applying vacuum to a gelling agent vehicle mixture, admixing
      with polishing agent and degassing during such admixture and after it. By
      following this method, which may be modified by the addition of solvents
      or flavoring agents which are volatile, having boiling points in the
      40.degree. to 70.degree.C. range, an essentially gas free dentifrice is
      producible.
PAR  The gas free dentifrice is preferably at an elevated temperature or
      otherwise controlled so that its viscosity is sufficiently low to allow
      gases intentionally dispersed therein to form spherules. The dentifrice at
      this stage will be less viscous than when finally packed and at room
      temperature. Yet, it will be viscous enough so that the bubbles dispersed
      in it will not readily contact other such bubbles and will not be removed
      from the dentifrice or moved to one portion thereof. They will remain
      sufficiently dispersed for a long enough time to permit packing and
      cooling or other setting mechanism to produce the extrudible, yet
      form-retaining final product. Generally it is preferred to utilize heat as
      the thinning mechanism and to cool the product to set it but other
      techniques, such as utilizations of solvents and time-responsive setting
      agents may also be applied.
PAR  After making the substantially gas free dentifrice, which will preferably
      contain less gas than would be needed to produce one bubble two
      millimeters in diameter per cubic centimeter (less than 1/2% by volume),
      and preferably less than one bubble of one millimeter in diameter per c.
      cm., the dentifrice is adjusted in temperature or other variable is
      controlled to make it sufficiently thin to allow the formation of
      spherules by the injection of gas bubbles into it. Preferably, for
      Newtonian fluids, this corresponds to a viscosity of 25,000 centipoises or
      less, usually more than 1,000 cps. and preferably, more than 5,000 cps. At
      such viscosities, bubbles of gas to be dispersed in the dentifrice are
      controllably added and are distributed throughout the dentifrice, addition
      of bubbles containing until the desired concentration is obtained, at
      which time the dentifrice is filled into an end use container such as
      toothpaste tubes, and is cooled in the container to set the gas bubbles in
      the dentifrice. The gas bubbles added are of equivalent spherical
      diameters in the range of 0.1 to 4 millimeters, preferably 1 to 4 mm. and
      most preferably from 2 to 3 mm. They are added until there are from 2 to
      100 such bubbles per cubic centimeter dentifrice, preferably from 2 to 40
      or 2 to 20 per c. cm.
PAR  Various methods of accurately producing bubbles of the mentioned sizes and
      of distributing them throughout the dentifrice may be employed but that
      considered to be simple, yet most effective is by the addition of bubbles
      through passages of approximately the desired final bubble diameter. The
      linear speeds of bubble addition, although usually in the range of 1 cm.
      to 50 cm./second, preferably over 0.1 meter/second, may be varied over a
      wider range, providing that the gas bubbles are broken off at the correct
      length to produce spherules of the desired diameter. Thus, it is usually
      preferred that the passageways through which the gas  enters the body of
      dentifrice should be set apart at least 1 or 2 diameters and the
      dentifrice should be moving by stirring or other agitation means in such a
      manner that a velocity component at right angles to the path of entry of
      the gas is at least twice the gas velocity at point of entry. This will
      shear off bubbles of length approximately the desired diameter and will
      prevent agglomeration. By adjustment of gas flows, by pressure alterations
      and dentifrice velocity modifications, and by changing mixer or circulator
      speeds, the sizes and concentrations of bubbles wanted are obtainable.
      Various types of mixers may be used but ordinary propeller, paddle, pump
      and circulating mixers are satisfactory. Of course, high shear or
      thin-film mixers are usually to be avoided. For good production rates the
      linear gas speed will be at least 0.1 m. per second and gas pressure,
      although low, will be regulated to obtain the right speed. The passageways
      through which the gas is added to the dentifrice may be individual fine
      tubes or may be embodied in a unitary member, such as a porous plate or a
      sparger. Mechanical breakup devices may also be employed to produce the
      bubbles but may not be as consistently accurate as the passageway method
      described. By conducting the operations, the technique of the invention
      and the modifications thereof to obtain particular products will be
      apparent to an equipment operator.
PAR  At the viscosities or thicknesses of the dentifrice to which the gas is
      being added at an elevated temperature, e.g., 30 to 60.degree.C., the
      bubbles will not coalesce and are not interfered with by the dispersed
      insoluble polishing agent. The polishing agent particles, being less than
      100 microns in diameter, preferably from 1 to 65 microns and most
      preferably from 1 to 20 microns, do not weaken the bubbles nor furnish
      sites for them to be joined to other bubbles, as might have been expected.
      It is considered that larger particles of the polishing agent are
      objectionable from this viewpoint and also because of their undesirably
      palpable nature. Because of the low content of gas in the dentifrice
      initially, few bubbles outside the desired size ranges are produced by
      temperature changes and because the gas addition is preferably undertaken
      at an elevated temperature, there is little tendency for bubble
      development on cooling, since gases are generally more soluble cold than
      hot. An advantage of the present dentifrices is the presence in the gas
      bubbles of volatilized materials, which may strengthen flavor taste and
      smell sensations, at least with respect to those flavors whose effects are
      largely olfactory.
PAR  After manufacture the bubbled dentifrice is packed in its container as soon
      as possible, usually within an hour, preferably within ten minutes. It is
      cooled to room temperature within an additional 5 hours, preferably in 2
      hours, and is then ready for shipment.
PAR  Although the described method for making the gascontaining gel dentifrices
      is highly preferred, other methods may also be employed. Thus, in some
      circumstances bubbles may be dispersed mechanically by a mixer or may be
      generated chemically. The filling of cold product into the end use
      containers may be preferred in some operations and, providing that the
      bubbles are spherical at filling and that the equipment can handle the
      filling of the thickened product, good dentifrices may be produced by such
      a method. Also, the dentifrice may be vacuum packed, either by imposing a
      vacuum at the time of filling or by filling the heated dentifrice and
      causing the pressure to be decreased by contraction on cooling. In some
      instances, irregular bubbles may be intentionally created, and in such
      cases it may not be desirable to have the dentifrice at the time of gas
      addition in a sufficiently mobile state so as to produce gas spheres. The
      clear dentifrices of this invention may be made by the invented method or
      by other techniques, providing that the bubbles of gas are of a diameter
      in the 1 to 4 millimeter range and are distributed throughout the
      dentifrice so that there are from 2 to 20 bubbles per cubic centimeter of
      dentifrice, preferably regularly distributed, in clear gel dentifrices
      comprising an insoluble polishing agent, a gelling agent and a vehicle. In
      such products the gas which is dispersed preferably includes a major
      proportion of nitrogen and most preferably is nitrogen, although air is
      also satisfactory. Such dentifrices are highly preferably packed in clear
      plastic, e.g., polyvinyl chloride or polypropylene, transparent flexible
      tube, are of a final viscosity over 200,000 cps. and contain 5 to 10
      globular bubbles of 2 to 3 mm. diameter per cubic centimeter. Especially
      in those compositions wherein the polishing agent is sodium
      aluminosilicate of 1 to 20 microns diameter and a refractive index of 1.44
      to 1.48, the gelling agent is a synthetic inorganic silicated clay of the
      Laponite type, the vehicle is an aqueous glycerol-sorbitol solution in
      which the ratio of glycerol:sorbitol is from 1:5 to 5:1, the proportions
      of constituents are from 5 to 50% polishing agents; 0.5 to 5% gelling
      agent; 30 to 85% of polyhydric alkanol; 5 to 30 % water and 0.5 to 5% of
      foaming agent, superior products are obtained.
PAR  It is to be understood that in the preceding description, where individual
      materials of certain types have been mentioned, it is also within the
      contemplation of the invention that mixtures of such materials may be
      utilized to obtain best properties from each component.
PAR  The following examples illustrate but do not limit the invention. Unless
      otherwise indicated, all parts are by weight and all temperatures are in
      .degree.C.
DETD
PAC  EXAMPLE 1
TBL  Components               Parts                                            
     ______________________________________                                    
     Glycerine                30                                               
     Sorbitol (70% aqueous solution)                                           
                              33                                               
     Laponite SP              2                                                
     Sodium aluminosilicate   20                                               
     Sodium N-lauroyl sarcoside                                                
                              2                                                
     Flavoring (essential oils)                                                
                              1.0                                              
     Synthetic sweetener (saccharin)                                           
                              0.1                                              
     Coloring solution (1% aqueous, green dye)                                 
                              1.0                                              
     Sodium monofluorophosphate                                                
                              0.8                                              
     Water                    10.1                                             
     ______________________________________                                    
PAR  The sodium aluminosilicate employed is a complex having a refractive index
      of 1.47, a moisture content of about 10% and alumina content of 8% and
      contains 78% silica and 10% sodium oxide. Particle sizes are from 1 to 20
      microns.
PAR  The Laponite SP, flavor, sweetner and coloring agent are mixed with
      approximately one-third of the glycerine and one-third of the sorbitol
      plus one-half of the water and a vacuum of 700 mm. Hg is applied for 10
      minutes. Then, one-third of the glycerine and one-third of the sorbitol,
      together with one-half of the water are used to disperse the sodium
      aluminosilicate and sodium monofluorophosphate and a similar vacuum is
      applied to it for the same period of time to remove any entrained air. The
      sodium N-lauroyl sarcoside is next mixed in the remaining glycerine and
      sorbitol. The material is heated to 50.degree.C. and held for 5 hours
      without the application of vacuum or for 10 minutes with the same vacuum
      previously mentioned. Then the polyhydric alkanol-gelling agent portion is
      mixed with the vehicle-polishing agent-fluoride portion, at a temperature
      of 40.degree.C. with the application of 700 mm. Hg vacuum for five
      minutes, after which the surface active agent mixture is admixed, using
      the same vacuum and holding it for about 10 minutes. The mixing is done in
      a Unimix mixer, equipped with Teflon scraper blades which clear the walls
      of the mixture to within 0.2 mm., leaving only a very thin film of
      dentifrice thereon. The product resulting is essentially gas-free,
      containing less than 0.1% by volume of entrained air. The pH thereof is
      about 8. (Product pH's within the invention are 5-9). The product
      resulting is a visually clear gel dentifrice of attractive appearance.
PAR  Similar visually clear gas-free gel dentifrices are made by increasing the
      proportion of sorbitol so that it is 70% of the polyhydric alkanol
      content, replacing Laponite SP with 1 part of sodium carboxymethyl
      cellulose (adding sorbitol to make up for the other part of the Laponite
      omitted), replacing the sodium aluminosilicate with silica xerogel,
      (Syloid 63), replacing the sarcoside with sodium lauryl sulfate and
      replacing the sodium monofluorophosphate with 0.2 part of sodium fluoride,
      making up the additional 0.6 part with water. Such formula and the
      previously described on are degassed by holding under a vacuum of 740 mm.
      Hg for four hours while mixing in a Dopp mixer equipped with a following
      scraper to clear the inside walls thereof. All the products described,
      whether made by stepwise vacuum application, sometimes with the aid of
      heat, as in the deaeration of detergent mixture, or by final deaeration of
      the total dentifrice, are visually clear gels. In some cases the
      deaeration is intentionally terminated before completion so that the
      product contains a small proportion of air or nitrogen bubbles, e.g. a
      minor proportion, preferably less than 20% of the final bubble content of
      the dentifrice.
PAR  The dentifrices described are heated to 40.degree.C. at which viscosities
      are in the 5,000 to 25,000 cps. range or equivalent thereto, so that gas
      bubbles added to the dentifrices become spherical in shape. Then, air is
      blown in through the bottoms of paddle mixers containing the various
      degassed dentifrice compositions, through a sparger having multiple
      passageways of 2 mm. diameter and set 1 cm. apart. The linear rate of flow
      of the air (nitrogen is used in some experiments) is 10 cm./second and the
      speed of the mixer is such that the average tangential velocity of the
      dentifrice relative to the air passageway at the point of exit of air
      therefrom is 50 cm./second. Air is added for about one minute, until there
      are about 10 bubbles per cubic centimeter of dentifrice, each bubble being
      about 2 mm. in diameter
PAR  Within 5 minutes after addition of the air, the dentifrice is filled into
      transparent polyvinyl chloride tubes and within 2 hours thereafter it is
      cooled to 25.degree.C., at which it has a viscosity of about 500,000 cps.
PAR  The products are packed and shipped and even after lengthy shelf lives,
      e.g., 6 months to 1 year, they are still attractive and useful
      dentifrices, are sparkling clear and contain the evenly distributed
      bubbles of air in the same locations as when manufactured.
PAR  In a variation of these experiments, Irish moss is employed instead of
      sodium carboxymethyl cellulose and one-fourth of the foaming agent is
      replaced with Igepal CA-630 (nonyl phenoxy polyethoxy ethanol). A product
      of properties like the dentifrices previously described is obtained. Also,
      when a silica aerogel or pyrogenic silica is employed to supplement the
      gelling agent, in partial replacement thereof, usually less than 50%, the
      dentifice resulting is also satisfactorily clear and the bubbles in it
      stand out as well. However, when the polishing agent is replaced with one
      of an index of refraction outside the 1.4 to 1.5 range or has particles
      thereof greater than 100 microns, it becomes apparent in the dentifrice
      and the clarity thereof is lost. In some cases, it is considered to be
      desirable to allow a small percentage of the weight of the polishing agent
      to be over 100 microns in size or outside the described permissible range
      of refractive indexes so as to make it apparent but in no case should the
      proportion thereof exceed 20% of the total polishing agent present.
      Although the vehicle may be entirely sorbitol or glycerol with some water,
      and in some cases water may be omitted entirely, with the product still
      being clear and holding the gas bubbles well dispersed therein, best
      results are obtained with the mixtures of sorbitol, glycerol and water,
      sometimes with minor proportions of polypropylene glycol also being
      present. instead of air, nitrogen, argon and Freons (chlorofluorinated
      lower alkanes) are used and good clear dentifrices also result.
PAC  EXAMPLE 2
PAR  A visually substantially clear dentifrice gel is prepared according to the
      following formula and any entrained air is removed by applying a vacuum of
      700 mm. Hg for two hours, utilizing 2% of a solvent (ethanol, chloroform,
      or acetone) to assist in removal of the entrapped air bubbles. The formula
      used follows:
TBL           Components  Parts                                                
     ______________________________________                                    
     Sorbitol (70% aqueous solution)                                           
                          50                                                   
     Glycerine            26                                                   
     Sodium aluminosilicate                                                    
                          20                                                   
     Sodium lauryl sulfate                                                     
                          2.0                                                  
     Flavor (oil of cloves)                                                    
                          1.0                                                  
     Sodium carboxymethyl cellulose                                            
                          0.5                                                  
     Sodium saccharin     0.1                                                  
     Formaldehyde         0.1                                                  
     Aqueous coloring solution (1%)                                            
                          0.3                                                  
     ______________________________________                                    
PAR  The sodium aluminosilicate used is a complex having a refractive index of
      1.45, 10% moisture, 8% alumina, about 70% silica content, 7% sodium oxide,
      a particle size such that 98% of the particles are less than 30 microns in
      diameter and a loose bulk density of 0.114 g./cc. Utilizing the same
      apparatus described in Example 1, with individual passageway tubes having
      diameters of 1 mm. and being set apart by 5 mm., air is blown into the
      dentifrice until there are present about 20 bubbles per c. cm., each of
      about 1 mm. diameter. The bubbles are globular and within the times
      mentioned in Example 1, the dentifrice is filled into tubes and the tubes
      are cooled and sent to storage.
PAR  The products resulting are excellent clear dentifrices with the bubbles
      apparent in them. The bubbles are uniformly dispersed and are of
      approximately 1 mm. in diameter. In a variation of this experiment,
      instead of using the 1 mm. passageways, there are substituted 0.5 mm. and
      3.0 mm. passageways, with approximately twice as many of the smaller
      passageways. By this technique there is obtained a dentifrice with a
      mixture of the two sizes of bubbles, 0.5 mm. and 3.0 mm. in diameter. In
      some cases, such mixtures are preferred, providing that the bubbles are
      globular and the distribution of the two different sized bubbles is even.
PAR  In variations of this experiment, argon is employed instead of air and the
      gels are tinted with different colors and flavored with different
      flavoring agents. In some cases, 1% of chloroform is included in the
      product for its flavoring effect. All such products are visually clear
      gels with excellently dispersed argon bubbles.
PAC  EXAMPLE 3
TBL           Component     Parts                                              
     ______________________________________                                    
     Glycerine              25                                                 
     Sorbitol (70% aqueous solution)                                           
                            47                                                 
     Sodium aluminosilicate 16                                                 
     Aerosil D-200          3                                                  
     Sodium N-lauroyl sarcoside                                                
                            2                                                  
     Laponite SP            2                                                  
     Flavor and sweetener   1.2                                                
     Aqueous coloring solution                                                 
                            1                                                  
     Water                  2.8                                                
     ______________________________________                                    
PAR  The sodium aluminosilicate is a complex having a refractive index of 1.46,
      a moisture content of about 6%, an alumina content of 8.2%, a silica
      content of 72%, a sodium oxide content of 7%, an average particle size of
      about 20 microns and a sieved loose bulk density of about 0.07 g./cc.
PAR  When degassed according to the methods of Examples 1 and 2 and when aerated
      with air bubbles of 0.5 to 4 mm. in diameter, utilizing a diffuser for
      introduction of the air and otherwise following the methods of Examples 1
      and 2, the product resulting is an acceptable visually clear dentifrice.
PAC  EXAMPLE 4
TBL  Component             Parts                                               
     ______________________________________                                    
     Glycerine             23.9                                                
     Sorbitol (70% aqueous solution)                                           
                           45                                                  
     Sodium carboxymethyl cellulose                                            
                           0.7                                                 
     Syloid 244            5                                                   
     Sodium aluminosilicate                                                    
                           16                                                  
     Sodium lauryl sulfate 2                                                   
     Sodium benzoate       0.5                                                 
     Sodium saccharin      0.2                                                 
     Aqueous coloring solution (1%)                                            
                           0.2                                                 
     Essential oil flavoring agent                                             
                           1.0                                                 
     Chloroform            2.5                                                 
     Water                 3                                                   
     ______________________________________                                    
PAR  The sodium aluminosilicate employed is that of Example 2. The product is
      made according to the method of Example 1 and results in a clear bubbled
      gel dentifrice of attractive appearance.
PAC  EXAMPLE 5
TBL          Component        Parts                                            
     ______________________________________                                    
     Glycerol                 25                                               
     Sodium carboxymethyl cellulose                                            
                              0.6                                              
      (Hercules 12M31P)                                                        
     Sodium benzoate          0.5                                              
     Sorbitol (70% aqueous solution)                                           
                              43.9                                             
     Dye (1% aqueous solution)                                                 
                              0.8                                              
     Water, deionized         3.0                                              
     Sodium saccharin         0.2                                              
     Pyrogenic silica (Cab-O-Sil M-5)                                          
                              2.0                                              
     Silica aerogel (Syloid No. 244)                                           
                              4.0                                              
     Sodium aluminosilicate (DeGussa P820)                                     
                              16                                               
     Sodium lauryl sulfate    2.0                                              
     Flavor (essential oils)  1.0                                              
     Chloroform               1.0                                              
     ______________________________________                                    
PAR  A clear gel dentifrice is made according to the method of Example 1 and is
      found to be an excellent cleanser for the teeth, of attractive appearance
      and flavor, of good foaming power and excellent shelf stability. The
      bubbles are uniformly distributed therein and maintain their positions
      during a shelf life of 6 months in a trnasparent polyvinyl chloride
      flexible dispensing tube.
PAR  The invention has been described with respect to examples thereof but it
      will be clear that equivalents may be substituted for steps in the
      processes or components of the products without departing from the spirit
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a visually clear dentifrice containing gas
      bubbles which comprises making a gascontaining viscous, extrudible gel
      dentifrice comprising sodium aluminosilicate polishing agent, a gelling
      agent selected from the group consisting of Irish moss, sodium
      carboxymethyl cellulose and synthetic inorganic silicated clay of the
      formula [Si.sub.8 Mg.sub.5.1 Li.sub.0.6 H.sub.7.6 O.sub.24 ].sup.0.6.sup.-
      Na.sup.+.sub.0.6, a vehicle selected from the group consisting of (a)
      sorbitol and water and (b) sorbitol, glycerol and water, and sodium lauryl
      sulfate foaming agent, in which dentifrice the polishing agent is of
      particle sizes in the 1 to 65 micron range, insoluble in the dentifrice
      and of a refractive index in the range of 1.4 to 1.5, like that of the
      rest of the dentifrice, degassing the gas-containing dentifrice, mixing
      with the degassed dentifrice bubbles of a gas selected from the group
      consisting of air and nitrogen, which bubbles are of diameters in the 1 to
      4 mm. (equivalent spherical diameter) range, and distributing the bubbles
      throughout the dentifrice by directing air or nitrogen through sparger
      passageways or passageways in a porous multi-passage material, which
      passageways are of outlet diameter(s) in the range of 1 to 4 mm., into the
      dentifrice at a temperature of 30.degree.  to 60.degree.C. and of a
      viscosity at said temperature over 5,000 centipoises, at made, linear gas
      speed of at least 0.1 meter per second while the dentifrice is being mixed
      by a stirrer and is moving at a linear speed component at a right angle to
      the gas discharge direction at the point of discharge of the gas which is
      at least twice the gas speed at that point, which causes breaking off of
      the bubbles after discharge from the passageways and prevents
      agglomeration thereof, and before the dispersed bubbles can agglomerate or
      lose their globular shape, which is obtained when they are dispersed in
      the dentifrice, filling the dentifrice so mad, containing 2 to 40 gas
      bubbles per cubic centimeter, into a dispensing container or tube within
      one hour after addition of the gas and cooling the dentifrice in the
      container to room temperature, at which it has a viscosity over 200,000
      centipoises, to produce a visually clear gel dentifrice having bubbles
      substantially evenly distributed through it which are stable in position
      at least until the dentifrice is extruded or otherwise discharged from the
      container.
NUM  2.
PAR  2. A method according to claim 1 in which the polishing agent is of 1 to 20
      microns diameter and of a refractive index of 1.44 to 1.48, the gelling
      agent is the synthetic inorganic silicated clay, the vehicle is an aqueous
      glycerol-sorbitol solution of a refractive index of 1.44 to 1.48, the
      proportions of polishing agent, gelling agent, vehicles and foaming agent
      in the final product are 5 to 50% of polishing agent, 0.5 to 5% of gelling
      agent, 30 to 85% of polyhydric alkanol, 5 to 30% of water and 0.5 to 5% of
      foaming agent, the dentifrice bubbles are substantially all of the same
      size in the 1 to 4 mm. range and the filling of the dentifrice is into a
      clear walled final use container.
NUM  3.
PAR  3. A method for manufacturing a visually clear dentifrice containing gas
      bubbles which comprises making a gas-containing viscous extrudible gel
      dentifrice comprising a polishing agent selected from the group consisting
      of a complex aluminosilicate, a silica xerogel and a mixture thereof, of
      particle size in the 1 to 65 micron range and of a refractive index in the
      range of 1.4 to 1.5, like that of the rest of the dentifrice, a gelling
      agent selected from the group consisting of natural organic gums,
      synthetic organic gums, synthetic inorganic silicated clays, silica
      aerogels and pyrogenic silicas, a vehicle which includes a polyhydric
      alkanol having 3 to 6 hydroxyls per molecule and a foaming agent selected
      from the group consisting of anionic synthetic organic detergents,
      nonionic synthetic organic detergents and mixtures thereof, degassing the
      gas-containing dentifrice and mixing with the degassed dentifrice bubbles
      of a gas selected from the group consisting of air, nitrogen, argon and
      mixtures thereof, which bubbles are of diameters in the 1 to 4 mm.
      (equivalent spherical diameter) range, and distributing the bubbles
      throughout the dentifrice by discharging the gas into the dentifrice at a
      linear gas speed of at least 0.1 meter per second while the dentifrice is
      moving with a linear speed component at a right angle to the gas discharge
      direction at the point of discharge of the gas which is at least twice the
      gas speed at that point, filling the dentrifrice so made, containing 2 to
      40 gas bubbles per cubic centimeter, into a dispensing container and
      cooling the dentifrice in the container to room temperature to produce a
      visually clear gel dentifrice having bubbles substantially evenly
      distributed through it which are stable in position at least until the
      dentifrice is discharged from the container.
NUM  4.
PAR  4. A method for manufacturing a visually clear dentifrice containing gas
      bubbles which comprises making a gas-free viscous extrudible gel
      dentifrice comprising a polishing agent, which is insoluble in the
      dentifrice, in particulate form, with the particles thereof being less
      than 100 microns in diameter and of a refractive index like that of the
      rest of the dentifrice, a gelling agent which is an organic or inorganic
      gum or thickener which produces a clear gel in the dentifrice composition,
      a vehicle which includes a polyhydric alkanol having 3 to 6 hydroxyls per
      molecule and a synthetic organic detergent foaming agent, mixing with the
      gas-free dentifrice bubbles of a gas which is sufficiently insoluble in
      the dentifrice to remain therein in bubble form, which bubbles are of
      diameters in the 0.1 to 4 mm. (equivalent spherical diameter) range and
      are distributed throughout the dentifrice by discharging the gas into the
      dentifrice while the dentifrice is being mixed so as to produce 2 to 40
      gas bubbles per cubic centimeter of dentifrice, filling the dentifrice
      containing such gas bubbles into a dispensing container and cooling it in
      the container to produce a visually clear dentifrice having bubbles
      substantially evenly distributed through it which are stable in position
      at least until the dentifrice is discharged from the container.
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ABST
PAL  The disclosed animal feed comprises a conventional feed mixture and a
      growth promoting additive. The additive consists essentially of a
      synergistic mixture of an anabolic ingredient and a catabolic ingredient.
      The anabolic ingredient is vitamin A, vitamin E and/or vitamin T (Goetsch)
      while the catabolic ingredient is thyroxine. The anabolic ingredient is
      present in the feed in an amount of about 1 to 3.4 grams per ton of feed
      mixture, while the thyroxine is present in the feed in an amount
      exhibiting a biological activity corresponding to 15 to 25 milligrams of
      L-thyroxine per ton of feed mixture.
PARN
PAC  CROSS-REFERENCE TO PRIOR APPLICATIONS
PAR  This is a continuation-in-part of copending application Ser. No. 386,545
      filed Aug. 8, 1973, now abandoned, which in turn is a continuation of
      application Ser. No. 42,899 filed June 2, 1970, now abandoned, which in
      turn is a continuation-in-part of Ser. No. 656,051 filed July 26, 1967 and
      now abandoned.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention is directed to an animal feed composition and, more
      particularly, it concerns a synergistic combination of an anabolic and a
      catabolic substance.
PAC  SUMMARY OF INVENTION
PAR  Hitherto, attempts have been made to provide a better regulation of the
      metabolism of animals which were fed with a view to growth control and
      accelerated gain in weight, by adding antibiotics to the customary feed.
      However, the results were not entirely satisfactory.
PAR  It is, therefore, an object of the present invention to provide a novel
      feed composition and an additive to feeds which afford improved results in
      animal feeding and higher gains in weight of the animals so fed at a
      faster rate.
PAR  Other objects and advantages of the composition according to the invention
      will become apparent from the following detailed description and the
      examples hereinbelow.
PAR  Briefly, the inventive additive for animal feed mixtures comprises a
      synergistic combination of catabolic and anabolic ingredients which are
      effective in growth and energy promotion. The combination consists
      essentially of at least one anabolic substance selected from the group
      consisting of vitamin A, vitamin E and vitamin T (Goetsch), in an amount
      of about 1 to 3.4 grams per ton of the total feed mixture, and thyroxine
      as the catabolic ingredient, said thyroxine being present in an amount
      exhibiting a biological activity corresponding to 15 to 25 milligrams of
      L-thyroxine per ton of total feed mixture.
PAR  In a preferred embodiment, the combination consists essentially of 10
      million IU vitamin A, 50 milligrams vitamin E, and 25 milligrams of
      L-thyroxine.
PAR  In another preferred embodiment, the combination consists essentially of 6
      million IU vitamin A, 30 milligrams vitamin E, and 15 milligrams of
      L-thyroxine.
PAR  Excellent results are obtained with a combination containing as the
      anabolic component between about 4 and 8 million IU of vitamin A per ton
      of total feed mixture plus 30  to 50 milligrams of vitamin E per ton of
      total feed mixture, and as the catabolic component thyroxine in an amount
      exhibiting a biological activity corresponding to 15 to 25 milligrams of
      L-thyroxine per ton of total feed mixture.
PAR  Very satisfactory growth promotion is also obtained with an additive
      comprising a combination of ingredients in growth and energy promotion,
      wherein the combination consists essentially of an anabolic and a
      catabolic component and containing as the anabolic component between about
      4 and 18 million IU of vitamin A per ton of total feed mixture plus 10 to
      200 grams of vitamin E per ton of total feed mixture, and as the catabolic
      component thyroxine in an amount exhibiting a biological activity
      corresponding to 10 to 50 milligrams of L-thyroxine per ton of total feed
      mixture.
PAR  The anabolic substance may consist of 4-10 million IU of vitamin A per ton
      of total feed mixture or of 4-10 million IU of vitamin A and 30-50
      milligrams of vitamin E per ton of total feed mixture.
PAR  It has also been ascertained that the anabolic substance may consist
      essentially of about 4-10 million IU of vitamin A and 500-1500 g of
      vitamin T (Goetsch) per ton of total feed mixture.
PAR  In essence, therefore, the inventive animal feed comprises a conventional
      feed mixture and a growth promoting additive, the latter consisting
      essentially of a synergistic mixture of an anabolic ingredient and a
      catabolic ingredient, wherein the anabolic ingredient is one or several of
      vitamin A, vitamin E and vitamin T (Goetsch) and the catabolic ingredient
      is thyroxine. The anabolic ingredient is present in the feed in an amount
      of about 1 to 3.4 grams per ton of feed mixture, while the thyroxine is
      present in said feed in an amount exhibiting a biological activity
      corresponding to 15 to 25 milligrams of L-thyroxine per ton of feed
      mixture.
PAR  Generally speaking, the invention thus realizes the above-mentioned objects
      by providing a combination of ingredients, namely, thyroxine, some
      derivatives thereof having similar growth-promoting properties, or
      iodo-casein, in an amount corresponding to 1-1000 milligrams L-thyroxine
      per ton of total final feed, and one or several anabolic substances, such
      as vitamins A and E, certain hormones, polyhydroxy alcohols, anabolically
      active surfactants, or heavy metal salts, in a total amount of 1-500 grams
      per ton of total feed.
PAR  The effect of the feed composition according to the invention is based on
      an increase of the rate of growth with simultaneous improvement of the
      utilization of the feed by the animal's body. The effects noted are
      probably due to the following active principle, but it should be
      understood that the inventors do not intend to be held strictly to the
      interpretation set forth below.
PAR  The above-named growth-promoting substances are anabolic agents which in
      proper dosage behave in the metabolism like synthesis-promoting hormones
      with the difference that they do not possess any specific properties to
      influence some tissues, with the exception of the fat-soluble vitamins and
      the sex hormones. The last mentioned vitamins and sex hormones which do
      influence specific tissues in appropriate physiological dosage, extend
      their activity to all cells of the body when given in high doses so that,
      in that case too, the growth of the entire body is stimulated. The
      growth-accelerating effect of the above-mentioned compounds is connected
      with an increase of catabolic gland action (adrenal cortex and thyroid).
PAR  Studies on the biochemical activity of the hormones, disclosed as probable
      the principle underlying the effected changes: The growth-promoting
      substances limit the activity of a group of certain ferments, the flavine
      enzymes, of the large cell particles (mitochondria) which initiate
      catabolic cycles of the metabolism and final oxidation. The L-amino
      acid-oxidase, which has a preferred oxidizing action on essential amino
      acids, is inhibited to a high degree. As a consequence, there results a
      saving in that particularly important group of nutrients.
PAR  As a parallel phenomenon to the above, an inhibitory effect on the final
      oxidation is to be noted which is initiated by a flavine enzyme, which
      final oxidation appears to be indispensable for the energy supply of the
      cells. It was now found that the hormones of the adrenal cortex act as
      catalysts for the opposite reaction or, in other words, that they increase
      the activity of the same flavine enzymes. Thyroxine finally appears to
      stimulate the last step of the final oxidation, whereby energy supply is
      increased. The inhibition of the action of the flavine enzyme, which is
      necessary for the supply of energy, effects apparently of necessity an
      increased supply of the antagonistically acting hormone of the adrenal
      cortex, and leads at the same time to an increased output of the thyroid
      hormone. The anabolic effect of the growth-promoting substances results
      therefore principally in a shutdown of the regulatory of catabolic
      activities, particularly of the oxidation of essential amino acids, with a
      simultaneous rise in the thyroxine level which maintains the energy supply
      on a height required for growth processes.
PAR  Our investigations make it very probable that all growth-promoting
      substances are effective in accordance with the same principle. Therefore,
      a simultaneous thyroxine supply tends to compensate for the easily
      occurring inhibition of energy supply by intensification of the final
      oxidation. Thus, experience has proved that with simultaneous feeding of
      thyroxine, much better effects in growth are obtained than with exclusive
      feeding of a synthesis-promoting substance, because it permits control of
      the anabolic effect and, at the same time, the counter-regulating effect,
      which is difficult to control. Particularly in the second and third
      periods of feeding (intermediate and final periods) in which the
      growth-promoting effect is known to be excessively over-shadowed by the
      more active functioning of the adrenal cortex continually increasing with
      age (whereby gains in weight become smaller), the invention makes it
      possible to combine the anabolic and catabolic growth factors
      synergistically in such a way that growth acceleration will be steadily
      maintained to the end of the feeding, and may even be increased.
PAR  In the following, the invention will be more fully described in a number of
      examples where the feed composition was administered to certain animals,
      but it should be understood that these examples are given by way of
      illustration and not of limitation and the feed composition can be used as
      a general animal feed composition and is not limited to the animals
      mentioned in the examples. From these examples, the advantages of the feed
      combination according to the invention as compared to known additions will
      become clearly apparent.
DETD
PAC  EXAMPLE 1
PAR  A standard ration consisting of grain and soy bean groats and 5% by weight
      of fish meal, the protein contents of the ration being 16% by weight of
      raw protein, to which vitamins and minerals had been added for completing
      the composition, was fed to three groups of high-bred pigs.
PAR  The feed for the animals of group 1 remained without addition (control).
      The ration of group 2 contained 10 grams chlorotetracyclin per ton, and
      the ratio of group 3, 25 milligrams L-thyroxine and 10 million IU vitamin
      A plus 50 milligrams vitamin E per ton of final feed. For the intermediate
      and final feed periods the contents of vitamin A was decreased to 4
      million IU per ton. The feeding was so conducted that the troughs were
      completely emptied from one feeding to the next one. Gain in weight and
      other data will be seen from Table 1 below.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Feeding Period                                                            
                  Group                                                        
                      Total Gain                                               
                             Daily Gain                                        
                                    Increased                                  
                                           Feed Con-                           
                                                  Feed  Feed                   
                      in kg  per Animal                                        
                                    Gain as                                    
                                           sumption                            
                                                  efficiency                   
                                                        efficiency             
                             in g   compared                                   
                                           kg           % better as            
                                    to Group 1          compared to            
                                    in %                Group                  
     __________________________________________________________________________
                                                        1                      
     Initial Period                                                            
                  1   17.9   483    --                                         
     (20-40 kg body                                                            
     weight) 37   2   18.6   503    +4                                         
     feeding days                                                              
                  3   19.6   530    +10                                        
     Intermediate period                                                       
                  1   22.3   573    --                                         
     (40-70 kg body weight)                                                    
     39 feeding days                                                           
                  2   23.3   598     +4.5                                      
                  3   25.7   660    +15                                        
     Final Period 1   12.4   593    --                                         
     (70-100 kg weight)                                                        
     21 feeding days                                                           
                  2   13.9   665    +12                                        
                  3   14.7   701    +18                                        
     Total Average                                                             
                  1   52.6   541    --     193.5  3.68  --                     
     97 feeding days                                                           
                  2   55.8   575     +6.5  194.1  3.48  +5.5                   
                  3   60.0   618    +14    202.5  3.36  +9.2                   
     __________________________________________________________________________
PAR  The table shows that the combination of the effective substances of
      L-throxine, Vitamin A and Vitamin E used according to the invention
      increases the rate of growth to a higher degree than an addition of 10
      grams chlorotetracyclin per ton of total feed.
PAC  EXAMPLE 2
PAR  In this example, a basic ration of the following composition was fed to
      three groups of 40 male chickens of the race Nichols-Lohmann, one day old
      at the start. Weighings were made after 4 and 8 weeks of feeding.
PAC  COMPOSITION OF DIET
TBL  50% by weight of corn groats                                              
                        1% by weight of fish                                   
                       solubles                                                
      1% by weight of oat meal                                                 
                        1% by weight of fish meal                              
      6% by weight of beef suet                                                
                       2.5% by weight of dicalcium                             
                       phosphate                                               
     35% by weight of soy groats                                               
                        1% by weight of calcium                                
                       carbonate                                               
      2% by weight of Anilac                                                   
                       0.4% by weight of iodated                               
                       NaOl                                                    
     (partly de-sugared whey                                                   
     powder)                                                                   
PAL  plus 1% by weight of premixed vitamins, imparting to 1 kg of final feed the
      following vitamins:
TBL  3000 IU vitamin A  10 mg vitamin B.sub.12                                 
     1000 IU vitamin D  5 mg Ca-Pantothenate                                   
      5 mg - tocopherol                                                        
                       300 mg nicotinic acid                                   
      1 mg vitamin K    20 mg manganese sulfate                                
      3 mg Riboflavin   1 g D, L-Methionin                                     
PAR  See Table II below, which shows that in the case of chickens too, the
      combination according to the invention added to conventional feed
      materials improves the rate of growth to a much higher degree.
TBL                                    Table 2                                 
     __________________________________________________________________________
     Group         Weight at                                                   
                         Animal Weight                                         
                                  Animal Weight                                
                                           Increased Gain                      
                                                    Feed  Feed efficiency      
                   Start in g                                                  
                         after 4 weeks                                         
                                  after 8 weeks                                
                                           as compared to                      
                                                    efficiency                 
                                                          % better as          
                         in g     in g     Group 1        compared to          
                                                          Group                
     __________________________________________________________________________
                                                          1                    
     1 - Basic     47    581      1324     --       2.09  --                   
     ration without                                                            
     additive                                                                  
     2 - Basic ration                                                          
                   48    606      1358     +3       2.01   +4.5                
     plus penicillin                                                           
     5 g/t                                                                     
     3 - Basic ration                                                          
                   46    623      1452     +10.5    1.83  +12.5                
     plus 15 mg L-thyroxine,                                                   
     6 million IU vitamin A                                                    
     and 30 mg viatmin E                                                       
     per ton                                                                   
     __________________________________________________________________________
PAR  It should be noted with regard to the example provided herein, that 10
      million IU vitamin A equals 3.3 grams.
PAC  EXAMPLE 3
PAR  5 groups of 30 rats each (Sprague-Dawley males) were fed with a
      conventional feed and different active additives for 23 days. Each group
      of tests was carried out with 5 repetitions on 6 animals each. The basic
      feed, of which there was an unlimited amount-- which also applies to
      water--, was composed as follows:
TBL         45% of wheat groats                                                
            35% of corn groats                                                 
            15% of soya groats                                                 
             3% skim milk powder                                               
             2% raw flour of alfalfa                                           
             2% mineral mix containing:                                        
                  "40% calcium carbonate compound                              
                  (usually called "feed lime"                                  
                  30% calcium phosphate                                        
                  24.5% salt for animals                                       
                  5% magnesium phosphate                                       
                  0.5% trace elements                                          
                  (mostly as sulphates)                                        
                  (Fe:Cu:Mn:Co=5:1.5:1:2)                                      
PAR  All animals had a weight of 40 grams to start with and were weighed weekly.
      The results are shown in the following table.
TBL                                    Table 3                                 
     __________________________________________________________________________
     Weight change in rats with various                                        
     active agents added                                                       
     Test Period: 23 days to feed                                              
     Test No.                                                                  
           Additive     Increase                                               
                              n* s** % Change of                               
                        in weight    weight                                    
                        g                                                      
     __________________________________________________________________________
     1     Vitamin A                                                           
           2 Million IU/t                                                      
                        67.5  30 2.3                                           
     2     Vitamin A                                                           
           10 Million IU/t                                                     
                        70.9  30 2.1 +5,0                                      
     3     Vitamin A                                                           
           2 Million IU/t+                                                     
           Vitamin T (Goetsch)***                                              
           1.5 kg/t     71.6  30 2.7 +5,9                                      
     4     Vitamin A                                                           
           2 Million IU/t+                                                     
           L-Thyroxine                                                         
           25 mg/t      63.8  30 5.4 -5,4                                      
     5 Vi  Vitamin A                                                           
           10 Million IU/t+                                                    
           L-Thyroxine                                                         
     6     25 mg/t      77.9  30 1.7 +15,3                                     
           Vitamin A                                                           
           2 Million IU/t+                                                     
           Vitamin T (Goetsch)                                                 
           1.5 kg/t+                                                           
           L-Thyroxine                                                         
           25 mg/t      76.4  30 1.9 +13,1                                     
     7     Vitamin A                                                           
           4 Million IU/t+                                                     
           Vitamin E 10g/t                                                     
           L-Thyroxin 10 mg/t                                                  
                        71.3  30 2.6 +5,8                                      
     8     Vitamin A                                                           
           10 Million IU/t                                                     
           Vitamin E 100 g/t                                                   
           L-Thyroxin 25 mg/t                                                  
                        79.1  30 2.0 +17,4                                     
     9     Vitamin A                                                           
           20 Million IU/t                                                     
           Vitamin E 200g/t                                                    
           L-Thyroxin 30 mg/t                                                  
                        72.8  30 2.9 +7,9                                      
     __________________________________________________________________________
       *n = Total number of animals per group                                  
      **s = Deviation from standard?                                           
      *** = Vitamin T (Goetsch) has about the same effect is admixed to 500 g/t
                                                                               
PAR  The dosages used in the tests with rats can be directly applied to pigs as
      well as other animals.
PAR  When chickens are tested it is preferable if the quantity of thyroxine is
      reduced to 15 mg/ton. The vitamin A equivalent of 4 million IU/ton may be
      replaced by other anabolics.
PAR  With regard to the test results tabulated above and particularly in the
      Table 3, the following explanation is considered to be helpful. It should
      be borne in mind that the vitamin requirement, as such, must be provided,
      that is to say a minimum requirement must be present in the feed, before
      any anabolic or catabolic activity can be observed. Of Vitamin A, for
      instance, the minimum requirement is 4 million units per ton of feed. Only
      a surplus of the vitamin above the minimum requirement can exhibit any
      anabolic activity at all. In Table 3 this can be noted from test 1. It is
      also clearly shown when tests 4 and 5 are compared. In test 4, only the
      minimum requirement in Vitamin A is present and this does not cause any
      anabolic activity. Thus, in test 4, the catabolic activity of L-thyroxine
      is dominant. However, by an increase of the Vitamin A addition to an
      anabolically active amount, thyroxine is shown to bring about a surprising
      rise in change of weight (test 5). Test 6 shows that Vitamin A can be
      replaced by Vitamin T (Goetsch) with similar results.
PAR  With similar results one could replace the surplus quantity of Vitamin A by
      the other anabolics mentioned previously.
PAR  Therefore, from the tabulated tests it appears that Vitamins A and Vitamin
      T cause only a low increase in the rate of growth. Further, the tests
      indicated that thyroxine in itself acts catabolically, however, it
      appreciately boosts the rate of growth when used in combination with
      anabolic substances.
PAR  Further tests have shown that the figures for the addition of vitamin A and
      E respectively, and for L-thyroxine per ton of feed for a variety of
      domesticated animals is as follows:
     a combination of                                                          
                     4 to 20 million IU vitamin A,                             
                    10 to 200 grams vitamin E, and                             
                    10-50 milligrams L-thyroxine,                              
     and another combination of                                                
                      4-20 million IU vitamin A                                
                     10-50 grams vitamin E, and                                
                     10-30 milligrams L-thyroxine.                             
PAR  Accordingly, it can be appreciated from the test results in Table 3 that by
      combining the normally catabolically acting thyroxine with one or more
      anabolic substances in excess of the minimum vitamin requirement, a
      synergistic effect in the growth-promoting results is obtained which the
      anabolic substances are incapable of producing by themselves.
PAR  While the individual ingredients of the inventive additive are, of course,
      known per se and have indeed been used in animal feeds, it should be
      recognized that it has not previously been attempted to combine anabolic
      and catabolic substance for growth promotion. For the following reasons
      such combination would not normally be employed and the inventive results
      are thus surprising and unexpected:
PAR  The inventive mixture comprises anabolic and catabolic ingredients, the
      anabolic ingredient or substances being vitamin A, vitamin E and/or
      vitamin T (Goetsch) while the catabolic ingredient is thyroxine, the
      ingredients being used in stated amounts and ratios. On first glance it
      would appear to be contradictory to combine anabolic substances with
      catabolic substances since it could be reasonably expected that the
      catabolic substance would negate the effect of the anabolic substance.
      However, as will be shown, this is not the case.
PAR  The premise for the present invention is that an increase in the growth
      speed is desired. For this purpose it would be obvious to use an anabolic
      substance since it is known that anabolic substances facilitate the
      synthesis of new tissue. However, it is also known that a catabolic
      substance causes exactly the opposite effect and accordingly a person
      skilled in this art would reasonably consider it injurious or even
      non-sensical to add to a feed mixture a catabolic substance if it is
      desired to obtain increased growth. The viewpoint that a catabolic
      substance decomposes tissue rather than forming it is basically correct.
      This is where the invention sets in because only in the concentrations for
      the catabolic substance as taught in the present invention is there
      obtained an effect which, in conjunction with the anabolic substance, is a
      synergistic effect, which causes an increase in the growth speed. This
      synergistic effect is thus most surprising and unexpected. It is believed
      that this surprising effect is due to the fact that the so-called
      "recoupling effect" of the stimulation of the thyroid by thyroxine does
      not take place if the amount of thyroxine as set forth herein is adhered
      to. This is so because the indicated amounts for the catabolic substance
      are below the concentration necessary for the "recoupling", in which the
      thyroid decreases its thyroxine production or ceases such production
      altogether. Since the invention operates with an amount of thyroxine which
      is below this concentration boundary for the recoupling, the result is in
      essence the same as if there would be increased thyroid function. This
      increased thyroid function in combination with the supply of anabolic
      substances leads to the observed significantly increased speed in growth.
      According to the known state of science, a decrease in the speed of growth
      due to the addition of thyroxine in conjuction with an anabolic component
      would have been expected. The surprising effect which is obtained if the
      concentrations as recited herein are adhered to is particularly clearly
      demonstrated by the results tabulated in Table 3 wherein the growth
      promoting anabolic substance is used in various concentrations both alone
      and in conjunction with a normally growth inhibiting, to wit, catabolic
      substance. It will be noted from Table 3 that the best results are
      obtained by the combination of anabolic and catabolic substance within the
      indicated quantity values (see tests 5, 6 and 8). The increase in growth
      by contrast was considerably less if the anabolic substance alone or the
      anabolic substance in combination with catabolic substance in an amount
      outside the indicated weight ranges were used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An additive for animal feed mixtures, said additive comprising a
      synergistic combination of catabolic and anabolic ingredients effective in
      growth and energy promotion, the combination consisting essentially of an
      anabolic substance selected from the group consisting of vitamin A,
      vitamin E and vitamin T (Goetsch), in an amount of about 1 to 3.4 grams
      per ton of the total feed mixture, and thyroxine as the catabolic
      ingredient, said thyroxine being present in an amount exhibiting a
      biological activity corresponding to 15 to 25 milligrams of L-thyroxine
      per ton of total feed mixture.
NUM  2.
PAR  2. An additive for animal feed mixtures, as set forth in claim 1, wherein
      the combination consists essentially of 10 million IU vitamin A, 50
      milligrams vitamin E, and 25 milligrams of L-thyroxine.
NUM  3.
PAR  3. An additive for animal feed mixtures, as set forth in claim 1, wherein
      the combination consists essentially of 6 million IU vitamin A, 30
      milligrams vitamin E, and 15 milligrams of L-thyroxine.
NUM  4.
PAR  4. An additive for animal feed mixtures, said additive comprising a
      combination of ingredients effective in growth and energy promotion, the
      combination consisting essentially of an anabolic and a catabolic
      component and containing as the anabolic component between about 4 and 8
      million IU of vitamin A per ton of total feed mixture plus 30 to 50
      milligrams of vitamin E per ton of total feed mixture, and as the
      catabolic component thyroxine in an amount exhibiting a biological
      activity corresponding to 15 to 25 milligrams of L-thyroxine per ton of
      total feed mixture.
NUM  5.
PAR  5. An additive for animal feed mixtures, said additive comprising a
      combination of ingredients effective in growth and energy promotion, the
      combination consisting essentially of an anabolic and a catabolic
      component and containing as the anabolic component between about 4 and 18
      million IU of vitamin A per ton of total feed mixture plus 10 to 200 grams
      of vitamin E per ton of total feed mixture, and as the catabolic component
      thyroxine in an amount exhibiting a biological activity corresponding to
      10 to 50 milligrams of L-thyroxine per ton of total feed mixture.
NUM  6.
PAR  6. An additive as claimed in claim 1, wherein the anabolic substance
      consists essentially of 4-10 million IU of vitamin A per ton of total feed
      mixture.
NUM  7.
PAR  7. An additive as claimed in claim 1, wherein the anabolic substance
      consists essentially of 4-10 million IU of vitamin A and 30-50 milligrams
      of vitamin E per ton of total feed mixture.
NUM  8.
PAR  8. An additive as claimed in claim 1, wherein the anabolic substance
      conssists essentially of about 4-10 million IU of vitamin A and 500-1500 g
      of vitamin T (Goetsch) per ton of total feed mixture.
NUM  9.
PAR  9. An animal feed comprising a conventional feed mixture and a growth
      promoting additive, said additive consisting essentially of a synergistic
      mixture of an anabolic ingredient and a catabolic ingredient, said
      anabolic ingredient being selected from the group consisting of vitamin A,
      vitamin E and vitamin T (Goetsch) and said catabolic ingredient being
      thyroxine, said anabolic ingredient being present in said feed in an
      amount of about 1 to 3.4 grams per ton of feed mixture, while said
      thyroxine is present in said feed in an amount exhibiting a biological
      activity corresponding to 15 to 25 milligrams of L-thyroxine per ton of
      feed mixture.
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ABST
PAL  Improvements are set forth in connection with analgesic and antifebritic or
      antipyretic compositions, tablets with solid medicaments, and methods of
      preparing such compositions and tablets. Medicament particles, such as
      aspirin particles, for instance, and pectin or gum particles are included
      as main constituents in mixtures in which the pectin or gum serves to
      prevent undesirable side effects and in which coated and uncoated or
      exposed surfaces of medicament, or specifically aspirin, particles can be
      proportionately varied to vary or extend periods of medicinal activity of
      the medicament, or aspirin. In the methods of preparation, water can be
      included with or without water carriers and proportioned in a mix to
      soften the pectin or gum while maintaining the mix in a pourable state. On
      compression, a mix can be readily formed into tablets.
PARN
PAR  This is a continuation of application Ser. No. 474,599 filed May 30, 1974,
      now abandoned which is a continuation of application Ser. No. 277,900
      filed Aug. 4, 1972 now abandoned which in turn is a continuation of
      application Ser. No. 836,053 filed Oct. 2, 1969 now abandoned.
BSUM
PAR  The present invention relates to improvements in analgesic and antifebritic
      or antipyretic compositions, improvements in tablets containing solid
      medicaments, and in methods of preparing such compositions and tablets.
PAR  One of the most widely known among pharmaceuticals for use as an analgesic,
      antipyretic or antirheumatic is acetylsalicylic acid, referred to as
      aspirin. It is well known that attempts have been made to improve and
      prolong its action and to eliminate certain undesirable side effects.
      Stomach pains and nausea have been found to occur from rubbing or resting
      of aspirin tablets on the mucosa of the stomach, particularly when empty.
      Bleeding may also be brought on by such contact of the stomach mucosa with
      aspirin. Blood losses have been known to be very substantial and have
      actually led to anemia conditions. The presence of blood is frequently
      observed in the stools of arthritics and others taking large doses of
      aspirin.
PAR  To overcome at least some of the undesirable side effects, acetylsalicylic
      acid has been prepared and administered in the form of its sodium salt.
      This is unstable, and must be freshly prepared when administered. It
      cannot satisfactorily be embodied in a preparation purchased in a
      drugstore and kept on hand by a patient. Its use, for this reason, is
      substantially restricted to administration by physicians and nurses who
      prepare it when ready to be administered. Another approach is the
      inclusion of butters, such as amino acids, for example, glycine, which
      supposedly counteract the acidity of aspirin. Such use of buffers is, in
      effect, quite illusory, since the stomach contains 0.2 to 0.4% or the
      equivalent of about 1/10 normal hydrochloric acid.
PAR  As one expedient, manufacturers have fine-ground acetylsalicylic acid, and
      compounded it into tablets in such manner that rapid disintegration takes
      place in the stomach. This is apparently, at best, a palliative in that it
      tends to prevent too severe local irritation and perhaps prevents
      hemorrhaging since no large particles of a tablet contact the stomach
      mucosa. It does not overcome the effects of very poor water solubility of
      acetylsalicylic acid. The acetylsalicylic acid is merely dispersed in the
      stomach contents in the form of fine, discrete particles. The local
      irritating effect of such solid particles is not satisfactorily overcome.
      Moreover, the characteristics of ordinary aspirin tablets tend to bring
      about a relatively fast rise of the blood level of salicylic acid, and,
      therefore, fast and massive relief, but also a rather rapid dissipation of
      pain-relieving effects whereafter a need for renewed medication becomes
      soon apparent.
PAR  It has now been discovered that tablets containing solid medicaments, such
      as aspirin and others, can be produced with greatly improved
      characteristics by compounding them with natural, water-swellable gums,
      preferably those having a poly-uronic acid molecular structure, such as
      pectins and alginates of various origins, tragacanth, karaya, and other
      gums such as carrageenin. It is noted that when aspirin tablets,
      containing such gums or natural plant hydrocolloids and particles of
      acetylsalicylic acid, enter the stomach, the aspirin particles,
      particularly when a hydrocolloid surrounds or coats separate, fine aspirin
      particles of a tablet, do not have the aforesaid undesirable effects. The
      surrounding hydrocolloid swells with the moisture of the stomach to a gel
      which effectively prevents direct contact of said particles with the
      stomach mucosa. However, the particles of the medicament can dissolve
      gradually, because moisture diffuses into or penetrates and passes freely
      through the gel which serves in effect as a semi-permeable membrane. The
      acetylsalicylic acid solution that forms within a gel-coated particle and
      passes outwardly through a gel mass or coating mixes with gastric juice in
      the stomach and eventually is absorbed into the blood and is circulated,
      relieving pain, reducing fever, or diminishing other undesirable
      conditions.
PAR  Many different effects can be achieved by compounding polyuronic acid gums
      with acetylsalicylic acid in various manners, for instance, by varying the
      proportions of coated and uncoated particles in a tablet or a powder, and
      by varying the thickness of a coating on the particles of aspirin. If
      every particle of aspirin in a tablet or powder is completely or at least
      partially coated with such a gum, the pain and fever-relieving effects
      will progress more slowly and will last longer than with a less extensive
      coating or than with no coating. If the coating is a heavy or a relatively
      thick one, the effect of the medicament will be delayed longer than if the
      coating is a thinner one. Further modifications of the effects of
      acetylsalicylic acid can be obtained by using low methoxyl pectins as
      distinct from ordinary pectin or high methoxyl pectin or by varying the
      proportions of these with respect to that of aspirin or with respect to
      each other. The setting of low methoxyl pectins is more rapid in the
      presence of polyvalent cations, such as calcium ions. Coatings of a low
      methoxyl pectin on particles of aspirin and coatings affected by the
      calcium ions are harder and firmer than, and swell less than those
      obtained with ordinary pectin, and acetylsalicylic acid solution diffuses
      through such coatings with greater difficulty or at lower rates. The
      alginates behave somewhat similarly to the low methoxyl pectins in that
      they are also sensitive to polyvalent cations, such as calcium ions.
      Calcium ions are known to be present in saliva and in gastric juice at all
      times, so that some setting of the gel films surrounding the particles of
      acetylsalicylic acid in a tablet or powder can occur readily under the
      conditions of use of such tablets or powders. Setting may be accelerated
      by incorporating calcium salts, or other polyvalent metal salts, with
      particles of acetylalicylic acid before coating them with the gum. Calcium
      citrate is a preferred salt for this purpose, but calcium carbonate,
      calcium sulfate, magnesium carbonate, aluminum hydrate, and other such
      compounds are likewise useful for the purpose. Water-soluble salts of
      polyvalent metals, such as calcium chloride, calcium gluconate, magnesium
      sulfate, ferrous sulfate, and others are best incorporated during a
      tableting operation, and after the particles of acetylsalicylic acid have
      been gum-coated.
PAR  Mixes of particles of natural plant hydrocolloids and individual particles
      of solid medicament coated completely or partially with a natural plant
      hydrocolloid, are noted as products. Mixes are also noted which contain
      uncoated particles of a solid medicament, and solid particles of the
      medicament which are coated as described above with a pectin, or alginate,
      or carrageenin, as such, or modified as indicated. In the latter mixes,
      the coated and uncoated medicament are proportioned to provide initial
      immediate release of a predetermined quantity of a medicament in an
      administered dose, and a subsequent release of a predetermined quantity of
      the medicament at a predetermined rate and over a predetermined period of
      time. Tablets prepared with the aforesaid mixes are noted.
PAR  In preparations such as those referred to above, mixes are also provided in
      which medicament or drug particles are at least partially, or partially to
      completely submerged in the surfaces of the solid particles of pectin, or
      algin, or carrageenin. This is accomplished by softening the outer
      surfaces of the hydrocolloid particles with water, as noted hereinbelow,
      and mixing the medicament or drug particles, such as an aspirin powder,
      with the presoftened hydrocolloid particles. Sharp edges of crystals of
      medicaments or drugs become embedded in such particles, or granules, of
      hydrocolloid. Softening is carried out by direct application of moisture
      or by means of a so-called water-carrier or water-absorbing material,
      referred to below, which is a medically inert, finely divided solid,
      capable of absorbing water. The water carrier is pretreated or prewetted
      with water in amount which is normally sufficient merely to soften the
      surface or a thin outer layer or zone of a particle of the hydrocolloid.
      Water for this purpose may be used preferably to the extent of
      approximately between 2% and 12% by weight of a total mix in a tablet.
      This range depends on the "natural" moisture content of hydrocolloid gums,
      which, as sold may vary anywhere from 5 to 15% and more usually from about
      8 to about 12%. Conditions of manufacture, handling and storage of such
      hydrocolloids also affect their moisture content.
PAR  The water carrier serves not only as a means for transferring moisture to
      soften the surfaces of the hydrocolloid particles without clumping, but
      also, particularly in tablets, for increasing the speed of disintegration
      or of release of a medicament in that the carrier permits easy entrance
      and penetration of water or digestive juices contacted on administration.
PAR  It appears that when aspirin crystalline particles are embedded in a
      hydrocolloid, the particles are subdivided into smaller particles and each
      of such smaller particles is ultimately surrounded by the hydrocolloid.
      Thus there results a distribution of fine particles of aspirin in a
      hydrocolloid particle. Fine particles of aspirin, even microscopic in
      size, and distributed in a granule of hydrocolloid provide for greater
      control over the effects of the aspirin and over the uniformity and
      magnitude of the release of aspirin.
PAR  Aspirin tablets are prepared as herein prescribed to provide not only means
      to bring about disintegration of a tablet in digestive juices but means
      that serve to control the release of a medicament from a tablet mix. The
      disintegration is preferably relatively rapid and into particles with a
      sufficient coating that furnishes effective protection for the mucosa of
      the stomach and yet is not an impenetrable barrier to the digestive juices
      that dissolve a medicament. Aspirin tablets are prepared primarily as
      multi-component, delayed action tablets. For this purpose and for the
      control of such action some particles of acetylsalicylic acid pre-prepared
      for tableting may be, if desired, coated with pectins and others with
      alginates, or carrageenin, some with heavy layers of these coatings and
      others with light or thin layers, some with high-methoxyl pectins and
      others with low-methoxyl pectins, some with sodium or potassium alginates
      and others with alginic acid or esters thereof, and as indicated above,
      some with additions of salts of polyvalent metal cations and others
      without such additions. Combinations of any two or more of these coating
      agents are noted.
PAR  For improved effects, particularly in the rapidity of disintegration, in a
      desired so-called mushrooming of a gel structure containing particles of a
      medicament, and in the proper control of the rate of release, it is
      generally preferred not to provide an outer coating of a gum on a tablet.
      Such outer coating tends to prevent rapid disintegration of a tablet
      unless it is carefully chosen. Particles of a medicament in a tablet are
      preferably individually coated. However, when tablets are prepared from an
      intermixture of uncoated medicament particles and gum particles, the
      medicament particles and gum particles must preferably be in
      juxtaposition. The gum particles in a tablet preferably surround
      substantially each medicament particle, and are side by side and in
      contact with the latter.
PAR  The gums, such as pectins, alginates, and carrageenin, used in achieving
      the objectives of the present invention, and especially the pectins,
      besides functioning in the coatings as gel-type barriers through which a
      medicament diffuses in the stomach, serve as hemostyptics. When used in
      accordance with this invention, they counteract any tendency of the
      acetylsalicylic acid to cause hemorrhaging in the stomach or intestines,
      and they serve to stop bleeding if it occurs. Pectin and, it is believed
      other gums, serve to prolong the action of medicaments in the human body,
      and also to solubilize them.
PAR  Pectins and alginates are natural plant hydrocolloids comprising mainly
      polyuronic acids, and when compounded with acetylsalicylic acid they
      introduce no element of danger of undesirable side effects in an otherwise
      desirable therapy. They are not body-alien but are considered
      non-assimilable. The exact mechanisms are not too well understood.
      However, pectin, for example, is believed to be de-methoxylated by
      enzymatic action, as by pectinase, and by acid hydrolysis in the stomach,
      as well as by alkaline hydrolysis in the intestines. No adverse effects
      have been noted. Pectins constitute appreciable proportions of edible
      fruits and vegetables, including apples and citrus fruits, and plant life
      in general, from which they have been isolated and found to be harmless.
PAR  Plant hydrocolloids vary in character, depending upon their source and
      methods of production. Wettability, for instance, of particles of these
      gums depends to a great extent upon modes of recovery or upon treatments
      employed in the preparation of them as by heating and flaking. It is
      preferred to employ gum particles in the process of the present invention,
      which are wettable.
PAR  In the production of combinations of acetylsalicylic acid with plant
      hydrocolloids, such as pectins, alginates, and carrageenin, it has been
      found that some water is required for best results. For instance, a
      mixture of pectin and acetylsalicylic acid, both in powdered form (both
      about 80 mesh), is introduced into enough water to permit granulation and
      to permit passage of the moist mass through screens with openings of a
      desired size, for example, 16 to 30 mesh. After granulation, the
      granulated material is rapidly dried at room temperature (60.degree. to
      80.degree. F.) or at slightly higher temperatures (80.degree. to
      90.degree. F.) to prevent substantial hydrolysis of the acetylsalicylic
      acid. The use of a vacuum in this drying process is helpful but not
      essential. Granulation is also carried out by adding water in the form of
      a fine spray or mist to a mixture of plant hydrocolloid and
      acetylsalicylic acid while the mixture is vigorously agitated. Because of
      the fact that in either method of granulation the particles of plant
      hydrocolloid are intimately commingled with particles of acetylsalicylic
      acid, severe lumping is avoided, whereas considerable lumping does occur
      when plant hydrocolloids, such as pectins, alginates, and carrageenin,
      alone are mixed with water. These methods are distinctly advantageous and
      serve considerably to facilitate the manufacturing process.
PAR  The lumping referred to above can be reduced and substantially eliminated
      by adding to an original mixture of plant hydrocolloid and acetylsalicylic
      acid up to 10% of its weight of water-absorbing materials such as
      starches, clays, silica gel, and especially finely divided siliceous
      materials such as a silicon dioxide known as "Cab-O-Sil". "Cab-O-Sil"
      (made by Godfrey L. Cabot, Inc.) is a colloidal, submicronic or
      submicroscopic, pyrogenic silica prepared in a hot, gaseous environment by
      a vapor-phase, flame hydrolysis, at high temperature (1100.degree. C.), of
      a silicon compound, such as silicon tetrachloride. It is distinct from
      silica gel obtained by precipitating silicic acid from an aqueous silicate
      solution, and hardening of the precipitate. Silica gel, thus formed, is
      internally porous. "Cab-O-Sil" has enormous external surface area and no
      internal porosity and contains no water-soluble inorganic salts. It is of
      high chemical purity, low water content, a high degree of particle
      separation, and the particles are almost spherical in shape. One grade
      (designated as M-5) of "Cab-O-Sil" has a particle size range of 0.015 to
      0.020 micron, and a surface area of substantially  175 to 200 square
      meters per gram. A finer grade (hereinbelow designated as H-5) has a
      particle size range of 0.007 to 0.010 micron, and a surface area of
      substantially 325 square meters per gram.
PAR  Of the various starches that are procurable in the trade and that are
      useful in this process, there may be mentioned corn starch, potato starch,
      wheat starch, rice starch, tapioca starch and such specialties as high
      amylose starch and high amylo-pectin starch. In general, potato starch is
      preferred.
PAR  By including a water-absorbing material and uniformly distributing it in
      the mix, there results a more uniform pick-up of water by the
      hydrocolloid. The mix is prevented from forming a gel, and from becoming a
      paste, or gummy, or a slurry. The water-absorptive material is
      pharmaceutically acceptable. "Cab-O-Sil", in particular, is highly
      absorptive, of high purity, and is completely innocuous.
PAR  Water-absorbing materials, such as the above, absorb water as it comes in
      contact with the mixture to be granulated, and thus prevents lumping,
      whereafter the water is yielded gradually to the plant hydrocolloid, thus
      permitting the latter the hydrate and swell gradually. Mixtures thus
      prepared with plant hydrocolloids and acetylsalicylic acid containing up
      to substantially 10% of added water do not appear moist and are pourable
      or "free-running". As noted hereinbelow they are advantageously useful in
      tableting.
PAR  Besides the above methods by which mixtures are prepared in which particles
      of plant hydrocolloid are in close juxtaposition to and surround particles
      of acetylsalicylic acid, another method is used particularly for assuring
      complete coating of all particles of acetylsalicylic acid with a layer of
      plant hydrocolloid. According to this method, the acetylsalicylic acid
      required in a formulation is mixed intimately with a portion of the
      selected natural plant hydrocolloid, as for example, pectin. This mixture
      is added to water, with thorough stirring, until a somewhat slimy but
      grainy slurry is obtained. Because acetylsalicylic acid in water is
      ionized, presence of the acid prevents effectively any tendency of the
      pectin component to lump and gel in this operation to a solid mass, and
      the resulting slurry or paste is very homogeneous and grainy in
      appearance, and only moderately sticky. The remaining portion of the
      prescribed amount of pectin is now gradually added to the slurry, or
      paste; or the slurry or paste is added to the said remaining portion of
      pectin. Soft lumps formed in the latter mixing operation are gradually
      broken up in continually renewing contact between them and drier portions
      of the mixture by intensive mixing or rubbing. Differential speed rolls
      are helpful in tearing apart the lumps and incorporating dry pectin in
      them. The final product may be dried to a stage where it can be passed
      through screens of desirable mesh, such as 30 to 40 mesh.
PAR  When attempting to coat aspirin particles, or other medicaments, with
      pectin or other hydrocolloids a great deal of difficulty is experienced in
      a wet granulation process because pectin with water swells and forms
      extremely thick and viscous solutions and even solid gels at
      concentrations above about 2% pectin in water. It is difficult to mix such
      viscous solutions or gels with, for instance, aspirin crystals in such a
      manner that all crystals are coated with the pectin solution or gel. It
      has been discovered that the difficulties normally encountered can be
      greatly alleviated and even eliminated if, to begin with, only a very
      small amount of pectin is mixed with a very large excess of aspirin such
      as, for instance, in a ratio of 10% pectin and 90% aspirin. When a mixture
      of the two components in approximately this ratio is introduced into water
      the aspirin ionizes and prevents the formation of viscous pectin solutions
      or gels. Instead, relatively easy flowing grainy slurries are obtained
      which carry the aspirin particles completely coated with pectin. In
      further processing such a granulation, additional increments of pectin are
      added and the mass being processed gradually becomes much more viscous and
      even somewhat rubbery. However, since the aspirin particles were coated in
      the beginning, there is now no more danger of having uncoated aspirin
      particles in the final mix because of difficulties in handling the more
      viscous solution, and gel-like masses obtained after the addition of
      further increments of pectin. The pectin added in such later increments
      substantially behaves as an inert with which the initial pectin coated
      aspirin grains or crystals are mixed.
DRWD
PAR  Granular or powdered mixes of solid medicaments and solid plant
      hydrocolloids are illustrated diagrammatically in the accompanying
      enlarged figures in the drawing in which:
PAR  FIG. 1 is an enlargement of a cross section of a hydrocolloid granule 1 an
      outer layer 2 of which is in a softened state. In this outer layer,
      granules 3 of a medicament such as aspirin, are partially or completely
      embedded. The medicament particles are smaller in size than the
      hydrocolloid particles, and may be microscopic in size. In administering
      preparations, the exposed portions of the medicament particles are
      released and utilized substantially immediately, and the submerged
      portions are delayed in their action whereby the period of effectiveness
      is extended. The period is varied depending upon the proportionate extent
      of submergence of the medicament particles in hydrocolloid particles as
      well as the proportion of medicament in the preparation.
PAR  FIG. 2 is an enlargement of a mix in which are shown hydrocolloid particles
      4 surrounding particles 5 of solid medicament. Particles 5 of medicament
      may adhere to the outer surfaces of the hydrocolloid particles 4.
      Particles 5 in excess of adhering particles tend to maintain the mix
      pourable. These can be varied in size and in proportion.
PAR  FIG. 3 serves to illustrate a pourable solid mix in which particles 6 of a
      medicament are at least partially coated with a hydrocolloid 7, shown in
      section, and uncoated medicament particles 8, in section. Some particles
      of medicament such as particle 9 may be completely coated. Proportions of
      these various particles may vary to provide the desired timing. Also the
      coating may vary in thickness and composition. Low methoxyl pectin or high
      methoxyl pectin, or other hydrocolloids may be used as coatings depending
      on the desired timing.
PAR  FIG. 4 illustrates a preparation in which very small and even microscopic
      sized particles 10 of medicament (enlarged section) are distributed
      throughout the body of a hydrocolloid particle 11 (section) in a pourable
      mix. A certain proportion of medicament particles may be surrounded by
      such hydrocolloid particles 11, and different hydrocolloids may be used
      depending on the desired timing of release.
PAR  Still another method of the present invention avoids what is understood to
      be wet granulation, and can be particularly included in a tableting
      procedure. It comprises adding water to the aforesaid water-absorbing
      materials or a water carrier, preferably medically inert (starches,
      "Cab-O-Sil", or mixtures thereof), in such proportions that the
      moisturized material continues to appear dry and is pourable or
      free-flowing; mixing this moisturized material intimately with appropriate
      proportions of acetylsalicyclic acid and plant hydrocolloid; placing the
      resulting mix in a closed container for about 1 to 24 hours to permit more
      or less equal distribution of the water by isothermal distillation,
      throughout the mix; tableting the resultant product, and drying the final
      tablets. The temperature at which the isothermal distillation is carried
      out is not critical; normally it can be conducted at ambient room
      temperature or at a temperature somewhat above or below ambient
      temperature and even in a refrigerator or freezer. The reduced
      temperatures are particularly advantageous where hydrolysis of the
      medicament, such as acetylsalicylic acid, is of concern and is to be
      avoided.
PAR  In some cases it is desirable to precede the actual tableting operation by
      a preliminary "slugging" step in which the mix is lightly compressed;
      breaking up the slugs to a desired grain size; and finally compressing to
      form the desired tablets. In this latter method, it has been found
      preferable to employ the plant hydrocolloid and the acetylsalicylic acid
      in similar grain sizes to avoid segregation in a mix, but for most
      purposes this is not essential. Acetylsalicylic acid is used as a 40-mesh
      crystal as well as an 80-mesh USP powder, with a plant hydrocolloid such
      as pure citrus pectin of about 80 mesh and finer, and also as a mixture of
      40-mesh crystal and 80-mesh powder. Any other desirable mesh size of
      medicament and hydrocolloid may be used.
PAR  Other medicaments are noted for inclusion in the tablets and in mixtures of
      aspirin and plant hydrocolloid, as for example, acetophenetidine, caffeine
      and others.
PAR  Aside from administering combinations of acetylsalicylic acid and plant
      hydrocolloids in mixes in powdered, capsule, or tablet form, the tableting
      of such mixes by particular methods is noted. It is well known that
      tablets for medical use are made by various methods, including those
      referred to as (1) direct compression, (2) granulation by the
      precompression or "slug" method, and (3) wet granulation. In such methods,
      it has heretofore been the practice to perform the tableting step in a
      tableting machine after a mix is thoroughly dried. The presence of water
      during such step was thought to cause sticking of mixes to the punches and
      dies, and was considered a serious hindrance to the proper formation of
      tablets.
PAR  In the formation of tablets in processes herein disclosed, the presence of
      water in mixes for tableting is found to be highly important. In a
      procedure for granulation for instance, a mixture of pectin and
      acetylsalicylic acid, both in powdered form, for example, both about 80
      mesh, is introduced into enough water to permit granulation and to permit
      passage of the moist mass through screens with openings of a desired size,
      for example, 16 or 30 mesh. After granulation, the granulated material is
      rapidly dried at room temperatures or slightly above to prevent
      substantial hydrolysis of the acetylsalicylic acid. The use of a vacuum in
      this drying process is helpful but not essential.
PAR  The following examples are included for purposes of illustration:
PAC  EXAMPLE 1
TBL  Acetylsalicylic acid,                                                     
      80 mesh powder        80 grams                                           
     Citrus pectin, pure,                                                      
      220 US grade          20 grams                                           
PAR  The above ingredients were intimately and thoroughly mixed. Attempts to
      compress the mixture into tablets in a single punch press failed. Broken
      tablets were produced, and the pieces were crushed and passed through
      screens to provide a 20 to 60 mesh fraction. This fraction could not be
      compressed into satisfactory tablets. The fines from the second screening
      plus the 20 to 60 mesh fraction were brought together to provide the
      original 100 gram mixture, and 1 gram of "Cab-O-Sil", the M-5 grade, was
      thoroughly mixed therewith. Satisfactory tablets could not be produced
      with this mixture. The material was crushed and screened through a 20-mesh
      screen and carefully wetted with successive small amounts of water with
      constant stirring. The larger aggregates which formed upon each addition
      of water were broken up. There was no gumminess, and the aggregates were
      broken up and dispersed without difficulty. The granulated material was
      placed in an oven at about 55.degree. C. for about fourteen hours to
      remove moisture. Tableting of this material was not successful. The
      moisture content in the granules was still too high and the material stuck
      to the die. The material was broken up as much as possible and placed in
      the oven at about 85.degree. C. for about 4 to 6 hours. The resulting mix
      was compressed into fairly satisfactory tablets. With addition of 1% by
      weight of stearyl alcohol as a lubricant, fairly good tablets were
      produced having a weight of 0.6 gram. When dropped into water, the tablets
      swelled immediately and then broke up into a slurry.
PAC  EXAMPLE 2
TBL  Aspirin-starch granulation                                                
      (ninety parts aspirin,                                                   
      ten parts starch, by                                                     
      weight) 12/50 mesh      100 grams                                        
     Citrus pectin, pure, 220 US grade                                         
                              100 grams                                        
PAR  These ingredients were thoroughly mixed and compressed directly into
      tablets. The tablets (weight 0.46 gram) were not too good. They
      disintegrated in water in 5 to 10 seconds and a jelly-like mass was formed
      by each.
PAC  EXAMPLE 3
TBL  Acetylsalicylic acid USP,                                                 
      80 mesh powder         50 grams                                          
     Citrus pectin, pure,                                                      
      220 US grade           50 grams                                          
PAR  These ingredients were thoroughly mixed. The mixture was spread out on a
      polyethylene sheet, and water, in small increments was sprayed with a fine
      spray onto the spread mix. A total of 14 grams of distilled water was thus
      applied. The mix was turned over with a spatula after each addition of
      water. The resulting mixture was placed in a drying oven at low
      temperature, in this instance at 52.degree. C. The final weight of the mix
      was 96 grams. The weight loss includes the evaporated water and the losses
      incurred in handling and transferring the mix. It appeared that a
      considerable portion of the added water had evaporated. Direct compression
      of this mix yielded tablets (weight per tablet, 0.47 gram) that were firm
      but not hard. When added to water, a tablet swelled to a mass with a
      vertical height of about three-fourth inch, and a horizontal diameter of
      about one-half inch. The mass had the appearance of a large mushroom, and
      was very fluffy but coherent.
PAC  EXAMPLE 4
PAR  1550 grams of 40 mesh acetylsalicylic acid USP were hot-coated by the
      well-known Wurster process with a 1% aqueous solution of Italian citrus
      pectin (240 US grade, fast set) containing a total of 5 grams of pectin to
      coat the particles of acetylsalicylic acid. About 100 grams of the
      resulting material was compressed directly into tablets (weight per
      tablet, 0.5 gram) of good appearance.
PAR  Another lot of the pectin-coated acetylsalicylic acid particles was mixed
      with 1% by weight of magnesium stearate. This mix was easily compressed to
      produce tablets (weight per tablet, 0.5 gram) that were glossy and of very
      good appearance.
PAR  A third lot of the pectin-coated acetylsalicylic acid particles was mixed
      with additional Italian citrus pectin (240 US grade, slow set) in the
      ratio of 75% by weight of said particles to 25% of the pectin. On
      compression, this mix produced good tablets (weight per tablet, 0.5 gram)
      but they were not as hard as those made from the preceding two lots.
PAR  A fourth lot of the pectin-coated acetylsalicylic acid particles weighing
      45 grams was mixed with 45 grams of the Italian citrus pectin, 2 grams of
      "Cab-O-Sil", M-5 grade, 1 gram magnesium stearate, and 7 grams of potato
      starch. On compression, fairly good tablets (weight per tablet, 0.4 grams)
      were produced, but the compression required was considerably greater than
      for lots 1, 2 or 3.
PAC  EXAMPLE 5
PAR  A dry mixture was prepared with 200 grams aspirin USP, powdered, 80 mesh,
      and 200 grams pure citrus pectin, 220 US grade. The mixture was spread out
      on a polyethylene sheet and sprayed with distilled water, in small
      increments while turning the mixture over after each successive addition
      of water, until the material appeared to agglomerate. Any lumps that
      formed in this operation were crushed. The total weight of the moistened
      mix was 770 grams. About 370 grams of water were added in the spraying
      operation. There were handling losses particularly from dusting of the dry
      starting mixture.
PAR  The moistened mix was spread out in a thin layer and placed in a drying
      oven at 50.degree. C. for about 2 days. The resulting product weighed
      390.4 grams, and thus it is probable that most, if not all the water had
      been evaporated, the lacking 9.6 grams probably constituting the handling
      losses. The product, which included hard granules, was forced, with some
      difficulty, through a 16 mesh stainless steel screen by means of a
      hardwood block. The final granulation was rather coarse, with only a small
      proportion of fines, and on compression yielded tablets which were
      reasonably firm, grainy, and fairly glossy.
PAC  EXAMPLE 6
PAR  A 50:50 mixture (by weight) of aspirin USP, powdered, 80 mesh, and Italian
      citrus pectin (240 US grade, slow set) was prepared and the mix was gently
      pressed with a pestil in a mortar to crush any lumps. 20 grams of the mix
      were added to 180 ml. distilled water and thoroughly stirred, resulting in
      a very heavy cream. Another 20 grams of the mix were added to the cream
      and thoroughly mixed therewith, forming a gel which barely dropped off a
      spatula. The gel was "shorter" than it normally would be for the high
      pectin concentration attained. The said gel was added to 60 grams of the
      said mix and thoroughly mixed together, resulting in a rather stiff dough.
      Another 20 grams of the said aspirin-pectin mix was added to the dough,
      followed by thorough mixing. The dough became stiffer. 60 grams of the
      50:50 aspirin-pectin mix was added and stirred in, resulting in a rubbery
      material. Finally an additional 100 grams of the 50:50 aspirin-pectin mix
      was added to the latter material and stirred in. The rubbery lumps that
      formed were broken up forming a substantially dry, granular product. It
      was forced through an 8-mesh screen and then a 16-mesh screen by means of
      a hardwood block. The screened material was spread out in a thin layer and
      set out in an ambient temperature room equipped with a dehumidifier, for
      about 1 day. After that, the demoisturized product weighed about 290 grams
      and appeared dry to the eye and touch. It was calculated to contain at
      least 10 grams of water, or about 3.4% and perhaps up to 7 or 8% in view
      of handling losses. The partially demoisturized material compressed well
      into good tablets (weight per tablet, 0.5 gram) without additives. On
      dropping these tablets in water, the quick, mushroom growth and
      disintegration described in Example 3 was not noticeable. The tablets
      remained solid and surrounded with a gel layer, and swelled gradually,
      increasing in size.
PAR  A portion of the above partially de-moisturized material was mixed with
      about 1% by weight of magnesium stearate. Compression produced fine, hard
      tablets (weight per tablet, 0.5  gram) which behaved in water
      substantially like those without the magnesium stearate.
PAR  A further portion, 90 parts by weight, of the above partially
      de-moisturized material were mixed with 8 parts of potato starch and 2
      parts of "Cab-O-Sil", M-5 th grade. The mixture compressed very well and
      furnished excellent tablets (weight per tablet, 0.5 gram). When dropped in
      water, they showed substantially the same mushrooming as that described in
      Example 3 but not quite so pronounced.
PAC  EXAMPLE 7
PAR  Equal parts by weight of aspirin powder USP, 80 mesh, and Italian citrus
      pectin (240 US grade, slow set) were mixed together in a mixer at slow
      speed. After thorough mixing, the stirring was alternately stopped and
      started, and during the periods of no stirring, the mix was sprayed with
      small amounts of water in successive steps. Thorough mixing followed each
      addition of water. To 600 grams of the mix, 400 ml. of distilled water
      were added in this manner. Toward the final addition of water, the volume
      of the material had increased considerably, and a noticeable proportion of
      the material was nodulated into pieces about the size of lentils up to
      that of peas. The product was spread out in a thin layer and subjected to
      a drying atmosphere as in Example 6. After about a day, the material was
      passed through a 16-mesh screen, and the coarser nodules were further
      ground to pass through this screen. The final mix weighed 635  grams. Thus
      it contained about 6% water, and perhaps more, taking handling losses into
      consideration.
PAR  Some of the resulting product was tableted without additives. Excellent
      tablets (weight per tablet, 0.5 gram) were produced.
PAR  A second lot of the above moisturized granular product was mixed with 1%
      magnesium stearate. The mixture did not tablet well. There was capping and
      disintegration. In view of the hydrophobic nature of magnesium stearate,
      it may be that for the addition of this chemical the granulation may have
      been too moist.
PAR  A further amount (90 grams) of the above moisturized granulation was
      thoroughly mixed with 8 grams of potato starch, and 2 grams of
      "Cab-O-Sil", M-5 th grade. This formulation was compressed into tablets
      (weight per tablet, 0.5 gram) that were reasonably good, but slightly
      softer and more friable than is desired.
PAR  Tablets of the above three lots when dropped into water behaved
      substantially like tablets of the respective three lots or portions of
      Example 6.
PAC  EXAMPLE 8
PAR  To 360 ml. of water in the bowl of a mixer, were gradually added in
      successive amounts, a mixture containing 280 grams pure citrus pectin (220
      grade) and 280 grams of aspirin powder, 80 mesh, USP, with thorough
      stirring after each addition. There appeared to be substantially more
      gelling than was noted in the use of slow set Italian citrus pectin, as in
      Example 6. The product became dry much sooner and it never became as
      rubbery as the product prepared in Example 6. After all additions were
      made, the stirring was continued for about an hour. The mix was kept for
      about 1 day in an air-tight container and was then stirred in a mixer for
      about 15 minutes. It was then passed through a 16-mesh screen. The coarser
      material was ground to pass through the screen. The screened material was
      spread out in a thin layer and allowed to stand at room temperature in a
      dehumidified atmosphere for about 2 days. After this, the weight of the
      material was 557 grams. There had been comparatively small handling
      losses, and thus the product was apparently quite dry.
PAR  Direct compression of the dry granulation provided tablets, 80% of which
      were of good appearance and reasonably firm, and the remainder (20%)
      capped and broke. The broken tablets were gently pressed through a 16-mesh
      screen and the product was re-tableted. Relatively few were broken by
      capping. The product was too dry for best tabletting results. The tablets
      (weight per tablet, 0.53 gram) disintegrated well in water, forming piles
      of particles, with a fair mushroom effect.
PAR  A part of the original granulation was screened through a 60-mesh screen.
      The fines that formed weighed 111.4 grams, and were treated with
      successive increments of water, the total weight of which was 73.2 grams.
      After each added increment of about 5 ml. of water, the mixture was
      thoroughly stirred and lumps that formed were broken up. The final
      moisturized product was damp, and packed together, but was not slimy or
      gelatinous. It was kept in an air-tight container for 3 days, and then
      spread out in a thin layer on a glass tray at room temperature. The
      coarser part of the 60-mesh screening, weighing about 51.9 grams was
      combined with the fines treated as described. After a day the mix was
      weighed and the moisture content was calculated to be about 2%. Tableting
      was successful. The tablets were of medium hardness and not very smooth.
      They disintegrated well in water, forming a pile of coarse material with
      small mushrooming effect.
PAR  90 grams of the original granulation of this example, were mixed with 8
      grams of potato starch and 2 grams of "Cab-O-Sil", M-5 grade. The powder
      was thoroughly mixed with a spatula while rubbing down the large lumps of
      "Cab-O-Sil" agglomerates. 5 ml. of distilled water were added to the
      resulting powder, in portions of about 1 ml. at a time, with constant
      mixing and spatulation, until the water was thoroughly distributed. The
      moisturized powder was kept in a sealed, air-tight container for 2 days to
      permit water equalization in the mixture. The material tableted very well,
      and the tablets were quite firm. They disintegrated with ease in water,
      forming a small pile and giving a fair mushroom effect.
PAR  A thorough mixture of 8 grams of potato starch and 2 grams of "Cab-O-Sil",
      M-5 grade, was prepared, and five successive increments of 1 ml. each of
      water were distributed in the mix until the powder was smooth, fine and
      free-running. This moisturized powder was added gradually to 90 grams of
      the original granulation of Example 8, and the whole was thoroughly mixed.
      The resulting material was kept for 2 days in a sealed container, and
      thereafter tableted. It tableted very well, the tablets were firm, and
      there was no capping. When dropped into water, the tablets disintegrated
      very well, forming a small pile with fair mushrooming.
PAC  EXAMPLE 9
TBL  Potato starch          80 grams                                           
     "Cab-O-Sil", M-5       20 grams                                           
     Water                  50 grams                                           
PAR  These three ingredients were thoroughly mixed, and spatulated to break up
      any small lumps in the mix. The resultant material was a fine powder which
      had a dry appearance. It was distributed in a mixture of:
TBL  Pure citrus pectin (220                                                   
      US grade)             450 grams                                          
     Aspirin Powder, 80                                                        
      mesh, USP             450 grams                                          
PAR  One-half of the final mix was tableted directly. Fine, firm tablets (weight
      per tablet, slightly over 0.5 gram) were produced. The tablets were
      permitted to dry in the air to prevent hydrolysis of the aspirin.
PAR  The other half of the above final mix was kept in a closed container for
      about 24 hours to give the moisture a chance to distribute itself over all
      of the ingredients by isothermal distillation. The pectin particles under
      such conditions pick up water and are somewhat softened thereby. Excellent
      tablets were produced from the mixture thus aged. They were fairly hard
      and semi-glossy, and disintegrated rapidly when dropped in water, giving
      the mushroom effect described in Example 3. The tablets obtained from the
      first half of the above final mix also produced this effect.
PAR  The ingredients of the above formula were brought together in the same
      proportions and by the same procedure but 40-mesh aspirin powder was
      substituted for the 80-mesh. One-half of this mix was immediately
      tableted. The other half was tableted after water-equalization (as above
      described) for a day. The tablets (weight per tablet, about 0.6 gram) were
      firmer and heavier than those prepared with the 80-mesh aspirin powder,
      but they produced a fine mushroom effect in water, with rapid
      disintegration, and showing more granular material.
PAR  A fresh batch of ingredients of the above formula was prepared but aspirin
      powder containing 50 parts by weight of 40-mesh and 50 parts by weight of
      80-mesh aspirin powder was used instead of all 80-mesh. The granulation
      tableted well and the tablets (weight per tablet, 0.6 gram) were very firm
      and heavy. They disintegrated rapidly in water, giving the mushroom
      effect. This granulation when dry, or de-moisturized too much, does not
      tablet well.
PAC  EXAMPLE 10
PAR  A mixture was prepared from 50 grams pure citrus pectin (220 US grade) and
      500 grams aspirin, 40-mesh. This mixture was added bit by bit to 1000 ml.
      of water while stirring. There was substantially no clumping of the
      pectin. Because of the presence of the relatively large proportion of
      aspirin, no actual gelling occurred, but a slimy paste was formed. To this
      paste was added gradually 450 grams of the same variety of pectin which
      was thoroughly kneaded in the mix. Soft lumps were crushed, and ultimately
      a fairly uniform, nodulated, free-flowing product was formed in which
      individual aspirin particles were coated with pectin. This material was
      spread out on a paper sheet to dry and was turned over with a spatula now
      and then, while crushing the lumps that formed. The material was finally
      passed through a 16-mesh screen. The water retention was calculated to be
      about 11.5% in addition to the original weight of aspirin and pectin.
      Direct tableting was relatively unsuccessful. The tablets were friable, or
      on more compression, material stuck to the dies. This indicated that the
      moisture content was too high. After further drying to a moisture content
      of about 5 to 6% in addition to the original weight of aspirin and pectin,
      fairly firm tablets (weight per tablet, 0.5 gram) were produced. They
      disintegrated quickly in water.
PAC  EXAMPLE 11.
TBL  Potato starch          8 grams                                            
     "Cab-O-Sil", M-5       2 grams                                            
PAR  These two ingredients were thoroughly mixed, and 5 ml. water were added in
      successive amounts, or successive increments, of 1 ml. each, with final
      spatulation to eliminate any small lumps.
PAR  A mixture was then prepared of:
TBL  Aspirin powder,                                                           
      80-mesh, USP         22.5 grams                                          
     Pure citrus pectin                                                        
      (220 US grade)       67.5 grams                                          
PAR  The above two mixtures were mixed thoroughly together. The resulting
      product was a fine, dry-appearing, light tan powder. After water
      equalization for one day in a closed container, the pourable powder was
      successfully tableted. The excellent, firm tablets disintegrated quickly
      in water with huge mushroom-like formation.
PAC  EXAMPLE 12
PAR  A composition was prepared with the following ingredients by the method
      employed in Example 11:
TBL  Potato starch          5 grams                                            
     "Cab-O-Sil", M-5       5 grams                                            
     Water                  10 grams                                           
     Aspirin powder,                                                           
      80-mesh, USP          9 grams                                            
     Pure citrus pectin                                                        
      (220 US grade)        81 grams                                           
PAR  Tablets made with this composition were not as firm as those of Example 11,
      but they were good tablets which disintegrated in water with hugh mushroom
      formation.
PAC  EXAMPLE 13
PAR  A composition was prepared with the following ingredients by the method
      employed in Example 11:
TBL  Potato starch         8 grams                                             
     "Cab-O-Sil", M-5      2 grams                                             
     Water                 5 grams                                             
     Aspirin powder,                                                           
      80-mesh, USP         67.5 grams                                          
     Pure citrus pectin                                                        
      (220 US grade)       22.5 grams                                          
PAR  Excellent, firm tablets were made with this composition. They disintegrated
      quickly in water but the mushroom effect was relatively less noticeable.
PAC  EXAMPLE 14
PAR  A composition was prepared with the following ingredients by the method
      employed in Example 11:
TBL  Potato starch          8 grams                                            
     "Cab-O-Sil", M-5       2 grams                                            
     Water                  5 grams                                            
     Aspirin powder,                                                           
      80-mesh, USP          81 grams                                           
     Pure citrus pectin                                                        
      (220 US grade)        9 grams                                            
PAR  Excellent, firm tablets were made with this composition. They disintegrated
      quickly in water but jelly matter that was formed around the tablets was
      relatively less noticeable.
PAC  EXAMPLE 15
PAR  A composition was prepared with the following ingredients by the method
      employed in Example 11:
TBL  Potato starch           8 grams                                           
     "Cab-O-Sil", M-5        2 grams                                           
     Water                   5 grams                                           
     Aspirin powder,                                                           
      80-mesh, USP           45 grams                                          
     Italian citrus pectin, slow                                               
      set, 240 US grade      45 grams                                          
PAR  Good but fairly hard tablets were made with this composition. In water,
      these tablets slowly swelled in size. They tended to keep their form,
      showed no disintegration and none of the aforementioned mushroom effect.
PAC  EXAMPLE 16
PAR  To produce tablets which would be partially slow and partially fast acting,
      the following formulation was used in preparing such tablets by the method
      of Example 11:
TBL  Final granulation of Example 6                                            
                             45 grams                                          
     Aspirin powder, 80-mesh, USP                                              
                             22.5 grams                                        
     Pure citrus pectin                                                        
      (220 US grade)         22.5 grams                                        
     Potato starch           8 grams                                           
     "Cab-O-Sil", M-5        2 grams                                           
     Water                   30 grams                                          
PAR  Very good tablets of medium firmness were made with this formulation. They
      disintegrated readily in water, with swelling; showed good gelling and
      relatively less of a mushroom effect; and during such observations the
      original granules of Example 6 contained therein were clearly visible.
PAC  EXAMPLE 17
PAR  Three varieties of Swiss apple pectin of different degrees of
      demethoxylation were incorporated in three separate compositions (noted
      below) which were used in preparing tablets by the method of Example 11:
TBL  (a)    Aspirin powder, 80-mesh, USP                                       
                                  45 grams                                     
            Swiss apple pectin,                                                
             25-28% D.M.          45 grams                                     
            Potato starch         8 grams                                      
            "Cab-O-Sil", M-5      2 grams                                      
            Water                 5 grams                                      
     (b)    Aspirin powder, 80-mesh, USP                                       
                                  45 grams                                     
            Swiss apple pectin,                                                
             35-38% D.M.          45 grams                                     
            Potato starch         8 grams                                      
            "Cab-O-Sil", M-5      2 grams                                      
            Water                 5 grams                                      
     (c)    Aspirin powder, 80-mesh, USP                                       
                                  45 grams                                     
            Swiss apple pectin,                                                
             40-43% D.M.          45 grams                                     
            Potato starch         8 grams                                      
            "Cab-O-Sil", M-5      2 grams                                      
            Water                 5 grams                                      
PAR  It is customary in the trade in referring to low methoxyl pectins to
      designate them by a percentage figure followed by the letters D.M. For
      instance, in Example 17(a), reference is made to Swiss apple pectin 25-28%
      D.M. By this is meant that this particular grade of pectin contains 25-28%
      of the theoretically possible amount of methoxyl groups of pectin. If the
      theoretically possible amount is 16.34%, this particular apple pectin may
      contain 25 to 28% of 16.34%, or a total of about 4.0 to 4.5% methoxyl
      groups.
PAR  Each of the above compositions of example 17 tableted well, forming fine,
      firm, medium-hard tablets. They tended to keep their form in water though
      they swelled noticeably, and the outer zones became gelatinous. The Swiss
      low-methoxyl apple pectins thus behaved substantially like Italian
      slow-set pectin and are considered useful in preparing delayed action
      tablets.
PAC  EXAMPLE 18
TBL  APC compound tablets (Aspirin-Phenacetin-Caffeine).                       
     Medicaments            90 grams (45%)                                     
     Pectin (Mutual 220 US grade)                                              
                            90 grams (45%)                                     
     C-O-S (M-5)             4 grams ( 2%)                                     
     Starch (potato starch) 16 grams ( 8%)                                     
     Water                  10 grams                                           
PAR  The water evaporates and is not a part of the finished tablet. The
      medicaments in the above composition are proportioned as follows:
TBL  Aspirin    48.4 grams approximately                                       
                                     53.85%                                    
     Phenacetin 34.6     "           38.85%                                    
     Caffeine    7.0     "           7.30%                                     
PAR  The starch and C-O-S ("Cab-O-Sil") are mixed, the water is then
      incorporated while stirring. Any small lumps that form are crushed by
      spatulation. Then the mixture of pectin and medicaments is incorporated
      with the starch-"Cab-O-Sil"-water, pourable powder. The completed mix is
      kept in a closed jar for about 18 hours to permit isothermal distillation
      of the water, and moisture pick-up by the pectin. The composition is then
      tableted. Very good tablets are formed. In water, the tablets disintegrate
      very rapidly, each forming a high mushroom-like gel or jelly-like mass in
      which undissolved particles of the medicament are distributed.
PAC  EXAMPLE 19
TBL  Aspirin (powder, 40 mesh)                                                 
                              45 grams                                         
     Kelcoloid HVF (fibrous, 80 mesh)                                          
      (An ester of alginic acid:                                               
      propylene glycol ester of                                                
      alginic acid) (2% in water                                               
      yields a viscosity of 7000 cps)                                          
                              45 grams                                         
     Starch (potato)          8 grams                                          
     "Cab-O-Sil", M-5         2 grams                                          
     Water                    5 grams                                          
PAR  The water is added to the "Cab-O-Sil" drop by drop; then the starch is
      mixed in; small lumps that form are crushed by spatulation; the mixture of
      Kelcoloid and aspirin is added and mixed in. The resulting mix is
      spatulated and finally homogenized in a mortar without grinding, or made
      more uniform by placing it in a closed jar and by rolling the jar on a
      roller mill. After 18 hours confinement in the jar to permit isothermal
      distillation to equalize (uniformly distribute) the moisture content, and
      to permit water pick-up by the Kelcoloid, the product is converted into
      tablets. Good smooth tablets are produced.
PAC  EXAMPLE 20
     Aspirin (powder, 40 mesh)                                                 
                              75 grams                                         
     Kelcosol (sodium alginate powder,                                         
      80 mesh. 2% in water yields                                              
      a viscosity of 14000                                                     
      centipoises)            15 grams                                         
     Starch (potato)          8 grams                                          
     "Cab-O-Sil", M-5         2 grams                                          
     Water                    5 grams                                          
PAR  Mixing of these ingredients and the general treatment of the composition
      are carried out substantially as in Example 19. After about 20 hours for
      isothermal water equalization, the mix provides excellent tablets which
      are glossy and firm without being too hard. They disintegrate rapidly in
      water with formation of a large, mushroom-like, gel mass.
PAC  EXAMPLE 21
PAR  A mix is prepared similar to that in Example 20, except that instead of the
      Kelcosol, there is substituted 10 grams of Keltone, a powder of about 150
      mesh, consisting of sodium alginate that yields a 2% water solution with a
      viscosity of 3500 centipoises; and aspirin (40 mesh powder) is increased
      to 80 grams. After 3 hours of isothermal water equalization in a closed
      jar, the mix provides tablets that are less hard and glossy but entirely
      satisfactory. When placed in water, they surround themselves with a large
      gel layer, and the tablets eventually split into two layers horizontally.
      Subsequently, they disintegrate into gel or jelly-like gobs in which
      aspirin particles can be seen.
PAR  In tablets prepared as illustrated above, a satisfactory mix for preparing
      them is one containing approximately 8 parts by weight of starch, about 2
      parts by weight of "Cab-O-Sil", about 5 parts to about 10 parts by weight
      of water, and about 90 parts by weight of a mixture of aspirin and pectin.
      The latter mixture contains aspirin substantially in the range of 9 to 81
      parts, the balance of the above 90 parts being pectin. In such tablet mix,
      the ratio of starch to "Cab-O-Sil" may be varied somewhat, if desired, up
      to equal parts by weight. In general, the higher the percentage of pectin
      in the total tablet mix, the greater should be the proportion of
      "Cab-O-Sil" in the said ratio of starch to "Cab-O-Sil".
PAR  In the use of water in the various examples hereinabove, it may be either
      in liquid or solid form. When liquid water is employed, the temperature
      thereof is preferably at ambient room temperature, but somewhat elevated
      temperature may be used, so long as the hydrolysis of acetylsalicylic acid
      is substantially avoided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing a pharmaceutical product, which method comprises
      preparing an initial mix of substantially equal parts by weight of aspirin
      and pectin, spraying water on the solid mix in successive small increments
      while agitating the said mix, the amount of water thus added being above
      10% but below that required to change the mix to a lumpy paste, subjecting
      the moisturized mix to isothermal distillation drying conditions until the
      water content is reduced to the approximate range of 2 to 10% by weight in
      addition to the natural moisture content of the pectin used, and
      compressing the resulting material into tablets.
NUM  2.
PAR  2. A pharmaceutical tablet with improved rapidity of disintegration, in
      water, into a mushroom-like gel mass produced in accordance with claim 1.
NUM  3.
PAR  3. A method of providing a pharmaceutical product, which method comprises
      preparing an initial mix of substantially equal parts by weight of aspirin
      and pectin, mixing a part of said initial mix and water to form a
      cream-like product, adding to the latter water-treated mix, with stirring,
      successive increments of the said initial mix until on further stirring a
      dry-appearing granular product is obtained, subjecting the granular
      material to isothermal distillation drying conditions until the water
      content is reduced to the approximate range of 2 to 10% by weight based on
      the original total mix of the aspirin and pectin and compressing the
      resulting material to form tablets.
NUM  4.
PAR  4. A pharmaceutical tablet with improved rapidity of disintegration, in
      water, into a mushroom-like gel mass produced in accordance with claim 1.
NUM  5.
PAR  5. A method comprising mixing with substantially 90 parts by weight of a
      mixture containing substantially 9 parts to 81 parts by weight of aspirin
      and substantially 81 parts to 9 parts by weight of pectin, a mixture of
      substantially 8 parts by weight of starch and 2 parts by weight of
      colloidal, pyrogenic silica, which latter mixture is moistened with
      substantially 5 parts by weight of water based on the total mix; and
      placing the resulting mix in a closed chamber to promote equal
      distribution of the water in the said latter mix by isothermal
      distillation, prior to compressing the resulting mixture into tablets.
NUM  6.
PAR  6. A pharmaceutical tablet with improved rapidity of disintegration in
      water, produced in accordance with claim 5.
NUM  7.
PAR  7. A method comprising mixing together substantially 80 parts by weight of
      starch, substantially 20 parts by weight of colloidal, pyrogenic silica,
      and substantially 50 parts by weight of water; breaking up lumps in the
      mix to form a uniform dry-appearing powder, mixing the said powder and
      substantially 900 parts by weight of a mixture containing substantially
      equal parts by weight of aspirin and pectin, and placing the resulting
      material in a closed container to permit substantially uniform
      distribution of water by isothermal distillation and to thereby soften the
      surfaces of individual pectin particles in said material, prior to
      compressing the resulting mixture into tablets.
NUM  8.
PAR  8. A pharmaceutical tablet with improved rapidity of disintegration in
      water, produced in accordance with claim 7.
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ABST
PAL  1,2-Dihydro-4H-thieno-[2,3-c][1]benzopyrans of the formulae
      ##SPC1##
PAL  Wherein R is a lower alkyl group having 1 to 5 carbons, R.sub.1 is hydrogen
      or a lower alkyl group having 1 to 5 carbons, R.sub.2 is a lower alkyl
      group and R.sub.3 is an alkyl group having 1 to 20 carbon atoms, a
      phenyl-lower alkyl group or a cycloalkyl-lower alkyl group. The compounds
      have analgesic, antihypertensive, antidepressant, anticonvulsant,
      antianxiety, sedative-hypnotic and/or tranquilization activity.
PARN
PAR  This application is a divisional of our copending applicationi Ser. No.
      392,636 filed Aug. 29, 1973 now U.S. Pat. No. 3,895,034.
BSUM
PAR  This invention relates to novel chemical compounds and processes of
      producing the same. More particularly, this invention is concerned with
      novel 1,2-dihydro-4H-thieno[2,3-c][1] benzopyrans and the use of such
      compounds, particularly those having pharmacological activity.
PAR  According to one aspect of the subject invention there is provided novel
      1,2-dihydro-4H-thieno[2,3-c][1] benzopyrans of the formula
      ##SPC2##
PAL  Wherein R is a lower alkyl group having 1 to 5 carbon atoms and R.sub.1 is
      hydrogen or a lower alkyl group having 1 to 5 carbon atoms, and when R and
      R.sub.1 are both lower alkyl such groups can be on the same or different
      carbon atoms in the thieno ring, R.sub.2 is a lower alkyl group and
      R.sub.3 is an alkyl group having 1 to 20 carbon atoms, a phenyl-lower
      alkyl group or a cycloalkyl-lower alkyl group, and novel intermediates
      useful in making such compounds. When R and R.sub.1 are both in the
      1-position on the thieno ring, generally only one of such groups will be
      alkyl and the other will be hydrogen. The compounds where R.sub.3 is an
      alkyl having 5 to 10 carbons are particularly useful as are the compounds
      when R, R.sub.1 and R.sub.2 are lower alkyl groups having 1 to 3 carbon
      atoms, and especially methyl.
PAR  As used herein, the term "lower-alkyl" means saturated, monovalent
      aliphatic-radicals, including straight and branched-chain radicals of from
      one to six carbon atoms, as illustrated by, but not limited to methyl,
      ethyl, propyl, isopropyl, butyl, sec.-butyl, amyl, hexyl and the like.
PAR  As used herein, the term "alkyl" means saturated, monovalent aliphatic
      radicals, including straight and branched chain radicals of from one to 20
      carbon atoms, as illustrated by, but not limited to methyl, n-amyl,
      n-hexyl, 2-heptyl, n-heptyl, 3-methyl-2-octyl, n-octyl, 2-nonyl,
      2-tetradecyl, n-hexadecyl, 2-eicosanyl, and the like.
PAR  As used herein, the term "cycloalkyl" means cyclic, saturated
      aliphatic-radicals of from three to eight carbon atoms, as illustrated by,
      but not limited to cyclopropyl, cyclobutyl, 2-methylcyclobutyl,
      cyclohexyl, 4-methylcyclohexyl cyclooctyl, and the like.
PAR  As used herein, the term "phenyl-lower alkyl", means a monovalent radical
      consisting of a phenyl nucleus bonded to the rest of the molecule,
      respectively, through a divalent lower-alkylene radical of from one to six
      carbon atoms as illustrated by, but not limited to methylene,
      1,1-ethylene, 1,2-ethylene, 1,3-propylene, 1,2-propylene, 1,4-butylene,
      and the like. Here and elsewhere throughout this specification, it will be
      understood that the benzene or phenyl ring can bear any number and kind of
      substituents such as would occur to the person skilled in organic
      chemistry. Solely for illustration, and without limitation, such
      substituents include lower-alkyl, lower-alkoxy, halo (chloro, bromo, iodo
      or fluoro), nitro, lower-alkylmercapto, and the like.
PAR  The compounds of Formula 1 can be prepared by reacting a 5-substituted
      resorcinol of Formula 2
      ##SPC3##
PAL  wherein R.sub.3 has the previously assigned significance, with a
      3-oxo-tetrahydrothiophene-2-carboxylate of Formula 3
      ##SPC4##
PAL  wherein R.sub.4 represents a lower alkyl group, to produce a
      1,2-dihydro-4-oxo-4H-thieno[2,3-c][1] benzopyran of Formula 4
      ##SPC5##
PAL  which can then be reacted with a lower alkyl magnesium halide to produce a
      compound of Formula 5
      ##SPC6##
PAL   which is then reacted with an acid such as hydrochloric acid or p-toluene
      sulfonic acid to dehydrate it to produce a
      4,4-dialkyl-1,2-dihydro-9-hydroxy-7-R.sub.3 4H-Thieno-[2,3-c][1]
      benzopyran of Formula 1, wherein in Formulas 2 to 5 the substituents and
      symbols have the meanings assigned as with respect to Formula 1.
PAR  Some of the 5-substituted resorcinols which can be used in the process are
      5-(3-methyl-2-octyl)resorcinal, 5-n-pentylresorcinol, 5-benzylresorcinol.
      5-(3-phenylpropyl)resorcinol, 5-[2-(p-fluorophenyl)ethyl] resorcinol,
      5-cyclopentylmethyl resorcinol and 5-(3-cyclohexylporpyl) resorcinol. The
      resorcinol starting materials are disclosed in the chemical literature and
      many are commercially available.
PAR  The 3-oxo-tetrahydrothiophene-2-carboxylates, and others within the scope
      of Formula 3, which can be used in the invention can be produced by the
      known Dieckmann cyclization of a di-lower alkyl 4 or 5R.sub.1 - 4 or 5
      R.sub.2 -3-thiahexanedioate. This can be illustrated by the cyclization of
      dimetnyl 5-methyl-3-thiahexanedioate to methyl
      4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate according to the
      following reaction:
      ##EQU1##
PAR  Some of the 3-oxo-tetrahydrothiophene-2-carboxylates of Formula 3 which can
      be prepared as described and used as starting materials are
      methyl4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate, ethyl
      5,5-dimethyl-3-oxo-tetrahydrothiophene-2-carboxylate, ethyl
      5-methyl-3-oxo--tetrahydrothiophene-2-carboxylate, ethyl
      5-propyl-3-oxo-tetrahydrothiophene-2-carboxylate and methyl
      4-ethyl-3-oxo-tetrahydrothiophene-2-carboxylate.
PAR  The process in which the 5-substituted resorcinol is reacted with a
      3-oxo-tetrahydrothiophene-2-carboxylate of Formula 3 to produce a compound
      of Formula 4 is readily effected by bringing the reactants together in a
      suitable liquid reaction medium in the presence of an acid catalyst.
      Hydrochloric acid dissolved in ethanol is suitable for conducting the
      reaction. The reaction can be carried out also in a mixture of
      concentrated sulfuric acid and phosphorous oxychloride, or in phosphorus
      oxychloride either alone or in an organic solvent, for example benzene or
      toluene. The product can be recovered from the reaction mixture by
      conventional means.
PAR  Some of the products produced by the described reaction which come within
      the scope of Formula 4 are
      1,2-dihydro-9-hydroxy-1-methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c]
     [1]benzopyran,
      1,2-dihydro-2,2-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,
     3-c][1]-benzopyran,
      1,2-dihydro-2,2-dimethyl-9-hydroxy-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]be
     nzopyran,
      1,2-dihydro-9-hydroxy-2-methyl-7-[3-methyl-2-octyl]-4-oxo-4H-thieno[2,3-c]
     [1]- benzopyran,
      1,2-dihydro-9-hydroxy-2-methyl-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]benzop
     yran,
      1,2-dihydro-9-hydroxy-1-ethyl-7-(3-phenylpropyl)-4-oxo-4H-thieno-[2,3-c][1
     ]benzopyran, and
      1,2-dihydro-7-(3-cyclohexylpropyl)-9-hydroxy-2-propyl-4-oxo-4H-thieno[2,3-
     c][1]benzopyran.
PAR  The compounds of Formula 4 can be converted to the compounds of Formula 5
      by reacting a compound of Formula 5 with an alkyl magnesium halide such as
      methyl magnesium chloride, ethyl magnesium iodide or propyl magnesium
      chloride. The reaction can be effected by bringing the reactants together
      in a suitable inert liquid reaction medium such as diethyl ether, dibutyl
      ether, tetrahydrofuran, anisole and pyridine. The reaction proceeds
      rapidly at reflux temperature. Although the desired product of Formula 5
      can be isolated from the reaction mixture by standard methods after the
      reaction is terminated, it is generally not advantageous to isolate the
      triol. Instead, the triol of Formula 5 can be treated, without isolation,
      with an acid to convert it to a compound of Formula 1.
PAR  Some of the compounds of Formula 1 which can be produced as described are
      1,2-dihydro-1,4,4-trimethyl9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c
     ][1] benzopyran,
      1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-2,2,4,4-tetramethyl-4H-thieno[2
     ,3-c][1] benzopyran,
      1,2-dihydro-9-hydroxy-2,2,4,4-tetramethyl-7-n-pentyl-4H-thieno-[2,3-c] [1]
       benzopyran,
      1,2-dihydro-2,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno[2,3-c
     ] [1] benzopyran, 1,2-dihydro
      9-hydroxy-7-n-pentyl-2,4,4-trimethyl-4H-thieno [2,3-c][1]-benzopyran,
      1,2-dihydro-9-hydroxy-7-(3-phenylpropyl)-1,4,4-triethyl-4H-thieno-[2,3-c][
     1] benzopyran, and
      1,2-dihydro-7-(3-cyclohexylpropyl)-4,4-dimethyl-9-hydroxy-2-propyl-4-H-thi
     eno [2,3-c][1] benzopyran.
PAR  The compounds of this invention have antihypertensive, antidepressant,
      analgesic, anticonvulsant and/or antianxiety activity in animals and such
      activities indicates potential human use for the compounds as drugs.
PAR  The pharmacological activity for the compounds having the nuclear alkyl
      substituents in the c-ring of this invention is surprisingly different
      from the activity of the prior art related compound
      1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c][
     1] benzopyran (SP-6) disclosed in Nature, Vol. 226, June 27, 1970, pp.
      1265-67 which does not have an alkyl group in the c-ring. This will be
      seen from the following summaries of the pharmacological activity of SP-6
      and specific compounds provided by this invention. The data reported in
      the summaries was obtained using test procedures reported in the
      literature as follows:
PAR  1. Antihypertensive test using hypertensive rats: Tabei et al., Clinical
      Pharmacology and Therapeutics, 11, No. 2, p. 269 (1970).
PAR  2. Mouse modified DOPA potentiation test for antidepressant activity:
      Everett, G.M., Proc. First Internat. Sympos. Antidepressant Drugs,
      Excerpta Med. Int. Cong. Ser. No. 122, 1966.
PAR  3. Audiogenic seizure test for anticonvulsant activity: Plotnikoff, N.P.,
      J. Pharmacol. Exp. Therap. 119, 294 (1957).
PAR  4. Mouse fighting test for tranquilizing activity: Tedeschi, R. E. et al.,
      J. Pharmacol. Exp. Therap., 125, 28 (1959) with modifications; response to
      footshock measured.
PAR  5. Acetic acid induced writhing test for analgesic activity: Brit. J.
      Pharmacol, 22, 296 (1964).
PAR  6. Rat tail flick test for analgesic activity: J. Pharmacol. Exper.
      Therap., 72, 74 (1941).
PAR  7. Hot plate test for analgesic activity: J. Pharmacol. Exper. Therap., 80,
      300 (1944).
PAR  8. Sedative-hypnotic test: Jewett & Norton, Experimental Neurology, 15,
      463-474 (1966), with modifications.
PAR  1,2-dihydro-4,4-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c]
      [1] benzopyran (SP-6) administered orally in a dose of 10 mg./kg., reduced
      the systolic blood pressure of genetically hypertensive rats. At oral
      doses of 5, 10 and 20 mg./kg., it showed marked activity in the mouse
      modified DOPA potentiation test. In the audiogenic seizure test, SP-6 at
      oral doses of 10 and 30 mg./kg., protected 40% and 60% of the mice,
      respectively, from the convulsions. At an oral dose of 10 mg./kg., SP-6
      caused a 67% reduction in fighting behavior in the mouse fighting test.
      SP-6 had very mild activity in the acetic acid induced writhing test in
      mice (ED.sub.50 = 71.8 mg./kg., p.o.). SP-6 at an oral dose of 1.0
      mg./kg., caused an increase of 30  minutes in total sleep time in EEG
      sleep (sedative-hypnotic) studies in cats. This increase was a result of
      an increase of 49 minutes in the slow wave stage of sleep, a decrease of
      19 minutes in the spindle stage, and no change in the rapid eye movement
      (REM) stage. At an oral dose of 2.0 mg./kg., SP-6 caused an increase of 31
      minutes in total sleep time. This increase was a result of an increase of
      70 minutes in the slow wave stage, a decrease of 40 minutes in the spindle
      stage, and an increase of 1 minute in the REM stage of sleep. SP-6 by
      these tests has antihypertensive, antidepressant, anticonvulsant,
      sedative-hypnotic and anti-anxiety or tranquilization activity.
PAR  1,2-dihydro-1,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c
     ][1] benzopyran (SP-147) administered orally in a dose of 10 mg./kg.,
      reduced the systolic blood pressure of genetically hypertensive rats. At
      an oral dose of 10 mg./kg. it showed marked activity in the mouse modified
      DOPA potentiation test. In the audiogenic seizure test, SP-147 in oral
      doses of 10 and 30 mg./kg., protected 40% and 80% of the mice,
      respectively, from the convulsions. At an oral dose of 10 mg./kg., SP-147
      caused a 62% reduction in fighting behavior in the mouse fighting test.
      SP-147 had very potent activity in the hot plate (ED.sub.50 =  1.4 mg./kg.
      p.o.), writhing (ED.sub.50 = 4.7 mg./kg., p.o.), and rat tail flick
      (ED.sub.50 = 1.4 mg./kg. p.o.) analgesic tests. SP-147 at an oral dose of
      0.1 mg./kg., caused an increase of 21 minutes in total sleep time in EEG
      sleep (sedative-hypnotic) studies in cats. This increase was a result of
      an increase of 8 minutes in the slow wave stage of sleep, an increase of
      19 minutes in the spindle stage, and an decrease of 6 minutes in the rapid
      eye movement (REM) stage of sleep. At an oral dose of 0.25 mg./kg., SP-147
      caused an increase of 50 minutes in total sleep time. This increase was a
      result of an increase of 56 minutes in the slow wave stage, an increase of
      2 minutes in the spindle stage, and a decrease of 8 minutes in the REM
      stage. At an oral dose of 0.5 mg./kg., SP-147 caused an increase of 108
      minutes in total sleep time. This increase was a result of an increase of
      61 minutes in the slow wave stage, a increase of 3 minutes in the spindle
      stage, and an increase of 44 minutes in the REM stage of sleep. Activity
      in these procedures show SP-147 useful as an antihypertensive,
      antidepressant, anticonvulsant, sedative-hypnotic and anti-anxiety agent
      and that it has pronounced analgesic activity.
PAR  1,2-dihydro-2,2-dimethyl-9-hydroxy-7-(3-methvl-2-octyl)-4-oxo-4H-thieno-[2,
     3-c][1] benzopyran SPA-16 administered orally in a dose of 10 mg./kg.,
      showed no reduction in the systolic blood pressure of genetically
      hypertensive rats. At an oral dose of 20 mg./kg., it showed moderate
      activity in the mouse modified DOPA potentiation test. In the audiogenic
      seizure test, SPA-16 at an oral dose of 30 mg./kg., protected 20% of the
      mice from the convulsions. At an oral dose of 10 mg./kg., SPA-16 caused a
      40% reduction in fighting behavior in the mouse fighting test. SPA-16 had
      no analgesic activity at the doses employed. Activity in these tests
      indicates SPA-16 is useful as an antidepressant agent.
PAR  1,2-dihydro-9-hydroxy-7-(3-methyl-2-octyl)-2,2,4,4tetramechyl-4H-thieno-[2,
     3-c][1] benzopyran (SPA-19) administered orally in a dose of 10 mg./kg.,
      showed no reduction in the systolic blood pressure of genetically
      hypertensive rats. In an oral dose of 20 mg./kg., it showed marked
      activity in the mouse modified DOPA potentiation test. In the audiogenic
      seizure test, SPA-19 in an oral dose of 30 mg./kg., protected 20% of the
      mice from the convulsions. At an oral dose of 10 mg./kg., SPA-19 caused a
      36% reduction in fighting behavior in the mouse fighting test. SPA-19 had
      no analgesic activity at the doses employed. Activity in these tests
      indicates SPA-19 is useful as an antidepressant agent.
PAR  1,2-dihydro-2,2-dimethyl-9-hydroxy-7-n-pentyl-4-oxo-4H-thieno-[2,3-c] [1]
      benzopyran (SPA-24) administered orally in a dose of 10 mg./kg., showed no
      reduction in the systolic blood pressure of genetically hypertensive rats.
      In an oral dose of 5 mg./kg., it showed moderate activity in the mouse
      modified DOPA potentiation test. In the audiogenic seizure test, SPA-24 at
      an oral dose of 30 mg./kg., afforded no protection to the mice from the
      convulsions. At an oral dose of 10 mg./kg., SPA-24 caused a 28% reduction
      in fighting behavior in the mouse fighting test. SPA-24 had no analgesic
      activity at the doses employed. SPA-24 is useful as an antidepressant
      agent.
PAR  1,2-dihydro-9-hydroxy-2,2,4,4-tetramethyl-7-n-pentyl-4H-thieno-[2,3-c][1]
      benzopyran (SPA-38) administered orally in a dose of 10 mg./kg., showed no
      reduction in the systolic blood pressure of genetically hypertensive rats.
      In an oral dose of 20 mg./kg., it showed moderate activity in the mouse
      modified DOPA potentiation test. In the audiogenic seizure test, SPA-38 at
      an oral dose of 30 mg./kg., afforded no protection to the mice from the
      convulsions. At an oral dose of 10 mg./kg., SPA-38 caused a 36% reduction
      in fighting behavior in the mouse fighting test. SPA-38 had no analgesic
      activity at the doses employed. SPA 38 is useful as an antidepressant
      agent.
PAR  1,2-dihydro-9-hydroxy-2-methyl-7-n-pentyl-4-oxo 4 H-thieno-[2,3-c][1]
      benzopyran (SPA-41) administered orally in a dose of 10 mg./kg., showed no
      reduction in the systolic blood pressure of genetically hypertensive rats.
      At an oral dose of 10 mg./kg., it showed moderate activity in the mouse
      modified DOPA potentiation test. In the audiogenic seizure test, SPA-41 in
      an oral dose of 30 mg./kg., afforded no protection to the mice from the
      convulsions. At an oral dose of 10 mg./kg., SPA-41 caused a 31% reduction
      in fighting behavior in the mouse fighting test. SPA-41 had no analgesic
      activity at the doses employed. SPA-41 is useful as an antidepressant
      agent.
PAR  1,2-dihydro-9-hydroxy-2-methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2,3-c]
     [1] benzopyran (SPA-42) was not tested in genetically hypertensive rats. At
      an oral dose of 20 mg./kg., it showed only slight activity in the mouse
      modified DOPA potentiation test. In the audiogenic seizure test, SPA-42 in
      an oral dose of 30 mg./kg., afforded no protection to the mice from the
      convulsions. At an oral dose of 10 mg./kg., SPA-42 caused a 31% reduction
      in fighting behavior in the mouse fighting test. SPA-42 had no analgesic
      activity at the doses employed. SPA-42 is useful as a mild anti-anxiety
      agent (tranquilizer).
PAR  1,2-dihydro-2,4,4-trimethyl-9-hydroxy-7-(3-methyl2-octyl)-4H-thieno-[2,3-c]
     [1] benzopyran (SPA-46) administered orally in a dose of 10 mg./kg., showed
      no reduction in the systolic blood pressure of genetically hypertensive
      rats. At an oral dose of 20 mg./kg., it showed marked activity in the
      mouse modified DOPA potentiation test. In the audiogenic seizure test,
      SPA-46 in oral doses of 10 and 30 mg./kg., protected 20% and 60% of the
      mice, respectively, from the convulsions. At an oral dose of 10 mg./kg.,
      SPA-46 caused a 43% reduction in fighting behavior in the mouse fighting
      test. SPA-46 had moderate activity in the acetic acid induced writhing
      test in mice (ED.sub.50 = 34 mg./kg., p.o.). SPA-46 is useful as an
      antidepressant, anticonvulsant, or analgesic agent.
PAC  SUMMARY
PAR  SP-147 is approximately comparable in potency to SP-6 as both an
      anticonvulsant and an anti-anxiety agent. However, SP-147 is much more
      potent than SP-6 as a sedativehypnotic and analgesic agent, and is less
      potent than SP-6 as an antidepressant.
PAR  SPA-16, SPA-19, SPA-24, SPA-38 and SPA-41 are somewhat less potent than
      SP-6 as antidepressants, but the antihypertensive, anticonvulsant,
      anti-anxiety, and analgesic properties have been greatly reduced or lost
      altogether. These compounds thus have a much more selective activity than
      SP-6 thus indicating a usefulness where the broad spectrum of activities
      of SP-6 would be contra indicated. There do not appear to be large
      differences in potency among these five compounds (excluding SP-6) in the
      various tests.
PAR  The potency of SPA-42 is also selective to inducement of mild anti-anxiety
      activity.
PAR  SPA-46 is more potent as an analgesic agent than SP-6. SPA-46 is somewhat
      less potent than SP-6 as an antidepressant, and comparable in potency as
      an anticonvulsant.
PAR  The amount of active ingredient administered may be varied; however, it is
      necessary that the amount of active ingredient be such that a suitable
      dosage is given. The selected dosage depends upon the desired therapeutic
      effect, on the route of administration and on the duration of treatment.
      Dosages of from 0.1 to 25 mg./kg. of body weight daily, preferably in
      divided doses, i.e., three to four times daily, can be administered.
PAR  The active agents of this invention can be administered to animals,
      including humans, as pure compounds. It is advisable, however, to first
      combine one or more of the compounds with a suitable pharmaceutical
      carrier to attain a satisfactory size to dosage relationship and thereby
      obtain a pharmaceutical composition.
PAR  Pharmaceutical carriers which are liquid or solid can be used. Solid
      carriers such as starch, sugar, talc and the like can be used to form
      powders. The powders can be used for direct administration or they may be
      used to make tablets or to fill gelatin capsules. Suitable lubricants like
      magnesium stearate, binders such as gelatin, and disintegrating agents
      like sodium carbonate in combination with citric acid can be used to form
      tablets. Sweetening and flavoring agents can also be included.
PAR  Unit dosage forms such as tablets and capsules can contain any suitable
      predetermined amount of one or more of the active agents, and they may be
      administered one or more at a time at regular intervals. Such unit dosage
      forms, however, should generally contain a concentration of 0.1 to 50
      percent by weight of one of more of the active compounds. Unit dosage
      forms, such as tablets and capsules, can contain about 2 to 300 mg. of
      active agent.
PAR  A typical tablet can have the composition:
TBL                     Mg                                                     
     ______________________________________                                    
     Active agent (1)    100                                                   
     Starch U.S.P.       57                                                    
     Lactose U.S.P.      73                                                    
     Talc. U.S.P.        9                                                     
     Stearic acid        12                                                    
     ______________________________________                                    
      (1)                                                                      
      1,2-dihydro-1,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3
     c][1]benzopyran.                                                          
PAR  The compounds of Formula 1 exhibit both oral and parenteral activity and
      accordingly can be formulated in dosage forms for either oral or
      parenteral administration to a patient.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders, granules and the like.
PAR  Liquid dosage forms for oral administration include emulsions, solutions,
      suspensions, syrups and the like, containing diluents commonly used in the
      art such as water. Besides inert diluents, such preparations can also
      include adjuvants such as wetting agents, emulsifying and suspending
      agents and sweetening, flavoring and perfuming agents.
PAR  Preparations for parenteral administration include sterile aqueous or
      non-aqueous solutions. Examples of nonaqueous solvents or vehicles are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil
      and injectable organic esters such as ethyl oleate. The parenteral
      preparations are sterilized by conventional methods.
PAR  The following examples are presented to further illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  1,2-Dihydro-9-hydroxy-1-methyl-7-(3-methyl-2-octyl)-4-oxo4H-thieno-[2,3-c][
     1] benzopyran
PAR  A. Dimethyl 5-methyl-3-thiahexanedioate
      ##EQU2##
PAR  Methyl methacrylate (125 g.; 1.25 moles) was added dropwise during 30 min.
      to a stirred mixture of 127 g. (1.20 moles) of methyl mercaptoacetate and
      1.0 ml. of piperidine and the temperature during addition was kept at
      about 45.degree.C. by appropriate cooling. More piperidine (0.5 ml.) was
      added after 75 ml. of the acrylate had been introduced, and more (0.5 ml.)
      added after 115 ml. of the acrylate had been added. The reaction mixture
      was kept at 45.degree.C. for 2 hr. longer and then it was allowed to cool.
      After standing overnight at room temperature, the mixture was diluted with
      about 50 ml. of methylene chloride, washed with 200 ml. of water, with 200
      ml. of dilute hydrochloric acid and again with water. The solvent was
      removed and the residue was distilled to give the product as 227 g. (92%)
      of colorless liquid, b.p. 90.degree.-92.degree.C./0.7 mm.
PAR  B. Methyl 4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate
      ##SPC7##
PAR  While a suspension of 35.4 g. (0.656 mole) of sodium methoxide in 1000 ml.
      of dry toluene was stirred vigorously, 112.6 g. (0.546 mole) of dimethyl
      5-methyl-3-thiahexanedioate was added over a period of 70 min. The
      temperature of the reaction mixture was held at 85.degree.-90.degree.C. by
      heating in an oil bath. After the addition was completed, the bath
      temperature was raised to 105.degree.C. while methanol was removed by
      distillation. The bath temperature was further increased and the
      distillation continued until the vapor temperature reached the boiling
      point of toluene. After the reaction solution had cooled overnight it was
      made acidic by the addition of dilute acetic acid. The toluene layer was
      washed with water, with saturated aqueous sodium chloride, and dried over
      sodium sulfate. Following removal of the solvent the residual orange
      liquid was distilled and the product collected as 73 g. (77%) of a pale
      yellow liquid, b.p. 75.degree.-76.degree.C./0.2 mm. The product is
      reported in Chem. Ab. 63, 5491 (1965).
PAR  C. 1,2-Dihydro-9-hydroxy-1
      -methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2,3-c][1] benzopyran
      ##SPC8##
PAR  A solution in dry benzene of equimolar amounts of methyl
      4-methyl-3-oxo-tetrahydrothiophene-2-carboxylate and 5-(3-methyl-2-octyl)
      resorcinol plus phosphorous oxychloride (5 ml. of benzene/g. of the
      resorcinol) was warmed for 13 days at 35.degree.-37.degree.C. in an oil
      bath. Most of the benzene and HCl were removed at reduced pressure, and
      the dark tarry residue was stirred with ether and water until solution was
      complete. The ether layer was washed successively with dilute solutions of
      sodium bicarbonate, sodium hydroxide and sodium carbonate, then with water
      and saturated sodium chloride. Drying and concentrating the final organic
      solution left a friable brick-red foamy solid.
PAR  The pyrone was recovered from this crude product by chromatography on a
      magnesium silicate column using 100% CHCl.sub.3 and 1:99 MeOH/CHCl.sub.3
      solvent systems. Fractions containing the desired material (tlc) were
      concentrated to dryness and caused to solidify by standing under petroleum
      ether. The compound was further purified to give a yellow solid, m.p.
      105.degree.-107.degree.C., (41% yield).
PAC  EXAMPLE 2
PAR  1,2-Dihydro-1,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c
     ][1] benzopyran
      ##SPC9##
PAR  A solution of 4.6 g. (0.0128 mole) of
      1,2-dihydro-9-hydroxy-1-methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno[2,3-c]
     [1]-benzopyran in 140 ml. of anhydrous diethyl ether was added during 30
      min. with stirring to a solution of methylmagnesium bromide in 140 ml. of
      anhydrous ether, prepared from 3.7 g. (0.154 mole) of magnesium shavings
      by bubbling in methyl bromide until the solid metal had dissolved. After
      15 min. of additional stirring at room temperature, the reaction mixture
      was heated at reflux for 1.5 hr.
PAR  The excess Grignard reagent was decomposed by the addition of a saturated
      solution of ammonium sulfate followed by additional water and dilute
      hydrochloric acid. The organic layer was separated, washed to neutrality
      with water, dried, and evaporated in a rotary evaporator. The residue was
      dissolved in 30 ml. of warm methanol and was dehydrated by the addition of
      2 drops of concentrated hydrochloric acid and warming. The reaction
      mixture was added to water and the product was extracted into ethyl ether.
      The ether solution was washed free of acid, dried, and concentrated in a
      rotary evaporator, leaving 5.2 g. of a brown oil.
PAR  The oil was purified by column chromatography (silica gel, graded ethyl
      ether/petroleum ether), yielding 4.3 g. (90%) of product as a cloudy, pale
      yellow oil from the fractions eluted by 1:99 and 2:98 ethyl
      ether/petroleum ether. The material showed a single spot on thin layer
      chromatography (silica gel, 1:4 ethyl acetate/hexane) and the nuclear
      magnetic resonance and infrared spectra agreed with the assigned
      structure.
PAR  Anal. Calcd. for C.sub.23 H.sub.34 O.sub.2 S (MW = 374.6) C, 73.74; H,
      9.15; S, 8.56 Found: C, 73.64; H, 9.15; S, 8.51
PAC  EXAMPLE 3
PAR  1,2-Dihydro-2,2-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2,
     3-c][1] benzopyran
PAR  A. Diethyl 4,4-dimethyl-3-thiahexanedioate
      ##EQU3##
PAR  A mixture of 85 grams of ethyl dimethylacrylate, 88 g. of ethyl
      mercaptoacetate, 185 ml. of ethanol, and sodium ethoxide prepared from 1.6
      g. of sodium, was refluxed 16 hrs., cooled and 500 ml. of ether was added.
      The reaction mixture was extracted with dilute aqueous sodium chloride and
      hydrochloric acid and then twice with aqueous sodium bicarbonate solution.
      The reaction mixture was dried over magnesium sulfate and then distilled
      to give 128 g. of diethyl 4,4-dimethyl-3-thiahexanedioate, b.p.
      90.degree.-95.degree.C./0.5 mm.
PAR  B. Ethyl 5,5-dimethyl-3-oxo-tetrahydrothiophene-2-carboxylate
      ##SPC10##
PAR  To a stirred suspension of 60 g. of potassium tertiary butoxide in 250 ml.
      of ether was added dropwise 100 g. of diethyl
      4,4-dimethyl-3-thiahexanedioate in 100 ml. of ether over a one hour period
      while cooling in an ice bath. The mixture was stirred additionally one
      hour in the ice bath and then 35 g. of acetic acid and 150 ml. of water
      were added. The mixture was extracted with ether and dried over magnesium
      sulfate. By distillation 60.4 g. of product was obtained, b.p.
      70.degree.-75.degree.C./0.5 mm.
PAR  C.
      1,2-Dihydro-2,2-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2
     ,3-c][1] benzopyran
      ##SPC11##
PAR  To 100 ml. of ethanol was added 6.2 g. of 5-(3-methyl-2-octyl)resorcinol
      and 6.2 g. of ethyl 5,5-dimethyl-3-oxotetrahydrothiophene-2-carboxylate.
      The mixture was cooled in ice and hydrogen chloride was bubbled in for
      one-half hour. The mixture was stoppered and held at room temperature for
      3 days. It was then concentrated and ether added, extracted with water and
      then washed with dilute aqueous sodium bicarbonate solution. The etheral
      solution was dried over magnesium sulfate and concentrated. The product
      was crystallized from acetonitrile to give 5.0 g., m.p.
      155.degree.-163.degree.C.
PAR  Anal. Calcd. for: C.sub.22 H.sub.30 O.sub.3 S (MW=374.59) C, 70.56; H,
      8.08; S, 8.54 Found: C, 70.06; H, 8.15; S, 8.87
PAC  EXAMPLE 4
PAR  1,2-Dihydro-9-hydroxy-7-(3-methyl-2-octyl)-2,2,4,4-tetramethyl4H-thieno-[2,
     3-c][1] benzopyran
      ##SPC12##
PAR  To a solution of methyl magnesium bromide (from 10 g. of Mg) in 150 ml. of
      ether was added 10 g. of
      1,2-dihydro-2,2-dimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2
     ,3-c] [1] benzopyran in 100 ml. of benzene and 25 ml. of ether. The mixture
      was stirred overnight at 45.degree.C. The reaction mixture was then
      treated with saturated ammonium chloride solution. The product was treated
      with 50 mg. of p-toluenesulfonic acid in 250 ml. of benzene and refluxed
      for 3 hours. The reaction mixture was shaken with sodium bicarbonate
      solution and dried over magnesium sulfate. The mixture was concentrated
      and chromatographed over activated magnesium silicate, eluting with 5%
      ethyl ether in petroleum ether. The product was obtained as 7.85 g. of a
      yellow oil.
PAR  Anal. Calcd. for: C.sub.24 H.sub.36 O.sub.2 S (MW=388.61) C, 74.19; H, 9.34
      Found: C, 73.94; H, 9.73
PAC  EXAMPLE 5
PAR  1,2-Dihydro-2,2-dimethyl-9-hydroxy-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]
      benzopyran
      ##SPC13##
PAR  Ethyl 5,5-dimethyl-3-oxo-tetrahydrothiophene-2-carboxylate was reacted with
      5-n-pentyl resorcinol following a procedure similar to that of Example 3-C
      to produce
      1,2-dihydro-2,2-dimethyl-9-hydroxy-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]
      benzopyran in a 72.5% yield, m.p. 203.degree.-206.degree.C.
PAR  Anal. Calcd. for: C.sub.18 H.sub.22 O.sub.3 S (MW=318.44) C, 67.91; H,
      6.97; S, 10.05 Found: C, 67.98; H, 7.06; S, 9.96
PAC  EXAMPLE 6
PAR  1,2-Dihydro-9-hydroxy-2,2,4,4-tetramethyl-7-n-pentyl-4Hthieno-[2,3-c][1]
      benzopyran
      ##SPC14##
PAR  1,2-Dihydro-2,2-dimethyl-9-hydroxy-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]
      benzopyran was reacted following a procedure similar to that in Example 4
      to give a 79% yield of
      1,2-dihydro-9-hydroxy-2,2,4,4-tetramethyl-7-n-pentyl-4H-thieno-[2,3-c][1]
      benzopyran, m.p. 109.degree.-110.degree.C. which was crystallized from
      petroleum ether.
PAR  Anal. Calcd. for: C.sub.20 H.sub.28 O.sub.2 S (MW=332.44) C, 72.26; H,
      8.49; S, 9.62 Found: C, 73.33; H, 8.82; S, 8.99
PAC  EXAMPLE 7
PAR  1,2-Dihydro-9-hydroxy-2-methyl-7-(3-methyl-2-octyl)-4-oxo4H-thieno-[2,3-c][
     1] benzopyran
PAR  A. Diethyl 4-methyl-3-thiahexanedioate
      ##EQU4##
PAR  To 250 ml. of ethanol was added 2 g. of sodium followed by the addition of
      117 g. of ethyl mercaptoacetate and then 100 g. of ethyl methylacrylate.
      The mixture was refluxed 17 hours, cooled and 500 ml. of ether added. The
      reaction mixture was extracted with water and then twice with aqueous
      sodium bicarbonate solution. The etheral solution was dried over magnesium
      sulfate and then distilled to give 139 g. of diethyl
      4-methyl-3-thiahexanedioate, b.p. 90.degree.-95.degree.C/0.5 mm.
PAR  B. Ethyl 5-methyl-3-oxo-tetrahydrothiophene-2-carboxylate
      ##SPC15##
PAR  Diethyl 4-methyl-3-thiahexanedioate was converted to ethyl
      5-methyl-3-oxo-tetrahydrothiophene-2-carboxylate following the general
      procedure of Example 3-B. The crude product (27 g.) had a boiling point of
      70.degree.-75.degree.C./0.3 mm.
PAR  C.
      1,2-Dihydro-9-hydroxy-2-methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2,3-c
     ][1] benzopyran
      ##SPC16##
PAR  To 45 ml. of ethanol was added 8.8 g. of crude ethyl
      5-methyl-3-oxo-tetrahydrothiophene-2-carboxylate and 5 g. of
      5-(3-methyl-2-octyl) resorcinol. The mixture was cooled in ice and
      hydrogen chloride was bubbled in for onehalf hour. The mixture was
      stoppered and let stand at room temperature for 3 days. The reaction
      mixture was concentrated and dissolved in ether. The ether solution was
      extracted twice with water and once with aqueous sodium bicarbonate
      solution. The solution was dried over magnesium sulfate and concentrated.
      The product was crystallized from acetonitrile to give 4.65 g., m.p.
      146.degree.-149.degree.C.
PAR  Anal. Calcd. for: C.sub.21 H.sub.28 O.sub.3 S (MW=360.6) C, 69.97; H, 7.83
      Found: C, 69.89; H, 8.03
PAC  EXAMPLE 8
PAR  1,2-Dihydro-2,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-c
     ][1] benzopyran
      ##SPC17##
PAR  1,2-Dihydro-9-hydroxy-2-methyl-7-(3-methyl-2-octyl)-4-oxo-4H-thieno-[2,3-c]
     [1] benzopyran is reacted in a manner similar to that set forth in Example
      4 to give
      1,2-dihydro-2,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-
     c][1] benzopyran in 81% yield as a yellow oil.
PAR  Anal. Calcd. for: C.sub.23 H.sub.34 O.sub.2 S (MW=374.6) C, 73.76; H, 9.15;
      S, 8.54 Found: C, 74.09; H, 9.68; S, 8.25
PAC  EXAMPLE 9
PAR  1,2-Dihydro-9-hydroxy-2-methyl-7-n-pentyl-4-oxo-4H-thieno-[2,3-c][1]
      benzopyran
      ##SPC18##
PAR  5-n-Pentyl resorcinol is reacted with methyl
      5-methyl-3-oxo-tetrahydrothiophene-2-carboxylate to produce
      1,2-dihydro-9-hydroxy-2-methyl-7-n-pentyl-4-oxo-4H-thieno[2,3-c][1]
      benzopyran, m.p. 188.degree.-190.degree.C, in 62% yield.
PAC  EXAMPLE 10
PAR  1,2-Dihydro-9-hydroxy-7-n-pentyl-2,4,4-trimethyl-4H-thieno-[2,3-c][1]
      benzopyran
      ##SPC19##
PAR  1,2-Dihydro-9-hydroxy-2-methyl-7-n-pentyl-4-oxo4H-thieno-[2,3-c][1]
      benzopyran is reacted as in Example 2 to give
      1,2-dihydro-9-hydroxy-7-n-pentyl-2,4,4-trimethyl4H-thieno-[2,3-c][1]
      benzopyran.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition in unit dosage form containing 2 to 300 mg.
      of a compound of the formulae
      ##SPC20##
PAL   and
      ##SPC21##
PAL  wherein R is lower alkyl having 1 to 5 carbons, R.sub.1 is hydrogen or
      lower alkyl having 1 to 5 carbons, R.sub.2 is lower alkyl and R.sub.3 is
      alkyl having 1 to 20 carbon atoms, a phenyl-lower alkyl in which the
      phenyl is unsubstituted or is substituted with a lower-alkyl,
      lower-alkoxy, halo, nitro or lower-alkylmercapto group, or a
      cycloalkyl-lower alkyl group in which the cycloalkyl contains 3 to 8
      carbons in the ring, and
NUM  2.
PAR  2. The method of inducing analgesia in an animal which comprises
      administering to the animal a safe but effective amount of
      1,2-dihydro-1,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-
     c][1] benzopyran or
      1,2-dihydro-2,4,4-trimethyl-9-hydroxy-7-(3-methyl-2-octyl)-4H-thieno-[2,3-
     c][1] benzopyran to effect analgesia in the animal.
PATN
WKU  039461122
SRC  5
APN  370291&
APT  1
ART  125
APD  19730615
TTL  Pharmaceutically useful bis-basic ester and thioester derivatives
ISD  19760323
NCL  9
ECL  1
EXP  Goldberg; Jerome D.
INVT
NAM  Shemano; Irving
CTY  Cincinnati
STA  OH
ASSG
NAM  Richardson-Merrell Inc.
CTY  Wilton
STA  CT
COD  02
CLAS
OCL  424308
XCL  424274
EDF  2
ICL  A61K 31235
FSC  424
FSS  308
LREP
FR2  Hattan; L. Ruth
FR2  Retter; Eugene O.
FR2  Rauchfuss, Jr.; George W.
ABST
PAL  Bis-basic ester derivatives of the following general formula are useful in
      the treatment of conditions of delayed hypersensitivity.
      ##EQU1##
       wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one, carbazole, or
      N-(lower)alkyl carbazole; X represents oxygen or sulfur; A represents a
      straight or branched alkylene chain of from 2 to 6 carbon atoms; and each
      of R.sup.1 and R.sup.2 is hydrogen, straight or branched lower alkyl of
      from 1 to 4 carbon atoms, or alkenyl of from 3 to 6 carbon atoms having
      the vinyl unsaturation in other than the 1-position; and pharmaceutically
      useful acid addition salts thereof.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to the use of bis-basic ester and thioester
      derivatives of fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one and
      carbazole.
PAC  DESCRIPTION OF PRIOR ART
PAR  Bis-basic ester and thioester derivatives of fluoranthene are disclosed in
      U.S. Pat. No. 3,531,489. Bis-basic ester derivatives of fluorene are
      disclosed in U.S. Pat. No. 3,647,860. Bis-basic ester derivatives of
      fluoren-9-ol are disclosed in U.S. Pat. No. 3,718,685. Bis-basic ester and
      thioester derivatives of fluoren-9-one are disclosed in U.S. Pat. No.
      3,662,062. Each of these disclosures describes the compounds therein as
      being useful as antiviral agents and do not disclose or suggest the use of
      the compounds in treating conditions of delayed hypersensitivity.
PAC  SUMMARY OF THE INVENTION
PAR  Compounds of the following general Formula I are useful in treating
      conditions of delayed hypersensitivity:
      ##EQU2##
PAC  Formula I
PAL  wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, fluoren-9-one, carbazole, or
      N-(lower)alkyl carbazole; X represents oxygen or sulfur; A represents a
      straight or brahcned alkylene chain of from 2 to 6 carbon atoms; and each
      of R.sup.1 and R.sup.2 represents hydrogen, straight or branched lower
      alkyl of from 1 to 4 carbon atoms, or alkenyl of 3 to 6 carbon atoms
      having the vinyl unsaturation in other than the 1 -position.
      Pharmaceutically acceptable acid addition salts of the compounds of
      general Formula I are also included within the scope of this invention.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  It can be seen from the above general Formula I that the compounds
      disclosed herein are bis-basic ester or thioester derivatives of
      fluoranthene as represented by the following Formula II, or are bis-basic
      ester derivatives of fluorene, fluoren-9-ol, fluoren-9-one, carbazole or
      N-(lower)alkyl carbazole as represented by the following respective
      Formulas III - VI:
      ##SPC1##
TBL          Y            Formula                                              
     ______________________________________                                    
            --CH.sub.2 -- III                                                  
            OH                                                                 
            .vertline.                                                         
            --CH--        IV                                                   
            O                                                                  
            .parallel.                                                         
            --C--         V                                                    
            R.sup.3                                                            
            .vertline.                                                         
            --N--         VI                                                   
     ______________________________________                                    
PAR  In the above general Formulas II to VI, X, A, R.sup.1 and R.sup.2 have the
      meanings defined hereinabove; and R.sup.3 represents hydrogen or a lower
      alkyl group selected from methyl, ethyl, n-propyl or n-butyl.
PAR  In general Formula II one of the basic substituent groups as represented by
      ##EQU3##
      is attached to any one of the carbon atoms of the naphthalene portion of
      the tetracyclic nucleus and the other such basic substituent is attached
      to any one of the carbon atoms of the benzenoid ring of the tetracyclic
      nucleus. In general Formulas III to VI one of the basic substituents
      groups as represented by
      ##EQU4##
      is attached to any one of the carbon atoms of one benzenoid ring of the
      tricyclic nuclei and the other such basic substituent is attached to any
      one of the carbon atoms of the other such benzenoid ring.
PAR  Illustrative examples of straight or branched alkylene groups which A may
      represent in general Formulas I to VI are ethylene, propylene, butylene,
      2-ethylbutylene, 2-methylpropylene, and 3 -methylpentylene.
PAR  Illustrative examples of straight or branched alkyl groups which R.sup.1
      and R.sup.2 may represent in the above general Formulas I to VI are
      methyl, ethyl, n-propyl, n-butyl, isobutyl, and tert-butyl.
PAR  Pharmaceutically acceptable acid addition salts of the compounds of general
      Formula I include those of any suitable inorganic or organic acid.
      Illustrative suitable inorganic acids are hydrochloric, hydrobromic,
      sulfuric, and phosphoric acids. Illustrative suitable organic acids are
      lower aliphatic hydrocarbon monocarboxylic acids, such as, glycolic or
      lactic acid; lower aliphatic lower alkoxy-hydrocarbon monocarboxylic
      acids, such as, methoxyacetic or ethoxyacetic acids; lower aliphatic lower
      alkanoyl-hydrocarbon monocarboxylic acids, such as, pyruvic acid; lower
      aliphatic hydrocarbon dicarboxylic acids, such as, malonic, succinic,
      methylsuccinic, glutaric, .alpha.-methylglutaric, .beta.-methylglutaric,
      itaconic, maleic citraconic, homocitraconic, or fumaric acid; lower
      aliphatic hydroxy hydrocarbon dicarboxylic acids, such as, malic or
      tartaric acid; lower aliphatic lower alkoxy-hydrocarbon dicarboxylic
      acids, such as, .alpha.,.beta.-dimethoxysuccinic or ethoxymaleic acid;
      lower aliphatic hydrocarbon tricarboxylic acids, such as, aconitic or
      tricarballylic acid; lower aliphatic hydroxy-hydrocarbon tricarboxylic
      acids, such as, citric acid. Additionally organic sulfonic acids, such as
      lower alkane sulfonic acids, for example, methanesulfonic or
      ethanesulfonic acid, or lower hydroxy-alkane sulfonic acids, for example,
      2-hydroxyethane sulfonic acid are suitable. Particularly useful are
      pharmacologically acceptable acid addition salts with mineral acids, such
      as, hydrochloric acid. Mono- or di-acid salts may be formed, and the salts
      may be hydrated, for example, monohydrate, or substantially anhydrous.
PAR  Illustrative examples of compounds of this invention are
      bis(3-isopropylaminopropyl)fluoranthene-3,9-dicarboxylate,
      bis(3-dimethylaminobutyl)fluoranthene-3,9-dicarboxylate,
      bis(4-dipropylaminoethyl)fluoranthene-3,8-dicarbothiolate,
      bis(3-dipropylaminopropyl)fluorene-2,7-dicarboxylate,
      bis(3-diallylaminopropyl)fluorene-2,8-dicarboxylate,
      bis(2-dimethylaminoethyl)fluoren-9-ol-2,7-dicarbothiolate,
      bis(5-diethylaminopentyl)fluoren-9-ol-2,7-dicarboxylate,
      bis(3-dimethylaminopropyl)-9-oxofluorene-2,6-dicarboxylate,
      bis(4-diisopropylaminobutyl)-9-oxofluorene,2,7-dicarboxylate,
      bis(5-diallylaminopentyl)carbazole-3,6-dicarboxylate, and N-ethyl
      bis(4-dibutylaminobutyl)carbazole-3,6-dicarbothiolate.
PAR  Introduction of an antigen, or a foreign substance, into an organism
      results in a specific immunological response changing the reactivity of
      the organism towards the antigen and substances closely resembling the
      antigen. This response is usually a heightened reactivity to the antigen.
      This heightened reactivity is due in part to the production of antibodies
      which can result in an immdeiate hypersensitivity and in part to a
      cell-mediated immunity which can result in delayed hypersensitivity.
      Cell-mediated immunity is dependent upon the presence of cells sensitized
      to antigen, primarily thymus-modified lymphocytes, which specifically
      interact with the antigen. Macrophages are also involved in the processing
      of antigen and in the effector mechanisms leading to delayed
      hypersensitivity.
PAR  The type of substances which elict delayed elicit are many and various.
      They may be organic chemicals, including drugs, simple chemical
      derivatives, or protein-containing antigens of micro-organisms, such as,
      bacteria, viruses, fungi or protozoa, or tissue antigens. Conditions of
      delayed hypersensitivity are associated with numerous pathological
      disorders, for example, contact hypersensitivity in the skin rejection of
      tissue grafts or transplants, autoimmune diseases and certain infectious
      diseases. Such pathological disorders often involve, in addition to the
      cell-mediated delayed hypersensitivity responses, humoral antibody
      responses involving the production of antigen-specific antiboides.
      Generally, treatment of these disorders has been with immunosuppressive
      agents, such as, purine analogs, folic acid antagonists, alkylating agents
      and corticosteroids. Such agents have been found to be non-specific in
      their immunosuppressant effects, that is, they suppress both the humoral
      antibody and delayed (cell-mediated) hypersensitivity responses. [Drug
      Therapy 1, no. 4, pp. 3-16 (1971)]. The compounds disclosed herein are
      unique in that they suppress only the delayed hypersensitivity response
      without concurrent suppression of the humoral immune response.
PAR  The compounds disclosed herein suppress delayed hypersensitivity responses
      thereby rendering the compounds useful in patients in the treatment of
      conditions of delayed hypersensitivity resulting from infectious diseases,
      specifically tuberculosis, streptococcus, staphylococcus and pneumococcus
      diseases, typhoid fever, undulant fever, chancroid, whooping-cough and
      leprosy; toxoids and vaccines, particularly diphtheria toxoid and smallpox
      vaccination; contact hypersensitivity in the skin, specifically from
      nickel salts, primrose or poison ivy, poison oak and paraphenylene
      diamine; rejection of tissue grafts and transplants; and autoimmune
      diseases, specifically rheumatoid arthris, systemic lupus erythematosus,
      glomerular nephritis, rheumatic fever, ulcerative colitis, diabetes
      mellitus, pernicious anemia, coeliac disease, primary atypical pneumonia,
      Hashimoto's thyroiditis, multiple sclerosis, peripherial neuritis,
      pemphigus, Addison's disease and Grave's disease.
PAR  The utility of the compounds disclosed herein in the treatment of
      conditions of delayed hypersensitivity is manifested by the ability of the
      compounds to suppress delayed hypersensitivity reactions in vitro in the
      macrophage migration inhibition test (MMIT) and in vivo in the
      experimental allergic encephalomyelitis (EAE) test, which are well
      recognized tests for detecting agents or compounds effective in treating
      conditions of delayed hypersensitivity. Immunology for Students of
      Medicine, 3rd edition, 1970, F. A. Davis Company, pp. 498-500; Federation
      Proceedings 27, No. 1, pp. 3-15, (1968); Advances in Immunology 5, pp.
      131-208 (1966).
PAR  As used herein, the term patient means warm blooded animals, particularly
      mammals and humans. The compounds disclosed herein may be administered to
      a patient orally, parenterally, or topically either alone or in the form
      of pharmaceutical preparations. Pharmaceutical preparations containing
      conventional pharmaceutical carriers and as active ingredients compounds
      of this invention can be employed in unit dosage forms such as solids, for
      example, tablets, capsules and pills, or liquid solutions, suspensions, or
      emulsions for oral and parenteral administration. The quantity of compound
      administered can vary over a wide range to provide from about 0.1 mg/kg
      (milligrams per kilogram) to about 200mg/kg of body weight of the patient
      per day, and preferably from about 1 mg/kg to 100mg/kg of body weight of
      the patient per day, to achieve the desired effect. Unit doses can contain
      from about 5 mg to 1.0 g of a compound of this invention and may be
      administered, for example, from 1 to 4 times daily.
PAR  The bis-basic esters and thioesters of general Formula I wherein [W] is
      fluoranthene, fluorenen, fluoren-9-one, carbazole, or N-(lower)alkyl
      carbazole can be prepared by the reaction of a compound of the formula
      ##EQU5##
      wherein R.sup.4 is OH, halogen, such as, chlorine or bromine, or lower
      alkoxy, such as, methoxy or ethoxy and [W] represents fluoranthene,
      fluorene, fluoren-9-one, carbazole, and N-(lower)alkyl carbazole; with an
      aminoalkanol or an aminoalkylthiol of the formula
      ##EQU6##
      wherein A is a straight or branched alkylene chain of from 2 to 6 carbon
      atoms; X represents oxygen or sulfur; and each of R.sup.1 and R.sup.2 is
      hydrogen, straight or branched lower alkyl of from 1 to 4 carbon atoms, or
      alkenyl having the vinyl unsaturation in other than the 1-position. The
      esterification can be achieved by allowing the compound of Formula VII
      wherein R.sup.4 is hydroxy, to react with the appropriate aminoalkanol or
      aminoalkylthiol in an inert solvent in the presence of a catalyst and
      employing general methods for removing water from the reaction site.
      Preferred solvents are chloroform, isopropyl alcohol, dioxane, and
      toluene. The reaction may be catalyzed by the use of mineral acids
      including hydrochloric, sulfuric or certain organic acids, such as
      p-toluene-sulfonic acid. Methods whereby water can be removed from the
      reaction include the use of water scavengers such as the carbodiimides or
      by the azeotropic removal of water. The reaction will proceed at
      temperatures ranging from 50.degree.-150.degree.C over a period of 6 to 72
      hours depending upon the solvent and catalyst.
PAR  Preferably, the esterification can be achieved by allowing the acid halide,
      where R.sup.4 in the above Formula VII is halogen, to react with the
      appropriate aminoalkanol or aminoalkylthiol. The esters and thioesters of
      this invention can be produced in a variety of inert solvents over a wide
      range of temperatures and reaction time. The solvents of choice include
      chloroform, dioxane, tetrahydrofuran, and the aromatic solvents such as
      benzene and toluene. In chloroform, the reaction is generally complete
      within 1 hour at the reflux temperature of the solvent, although the
      reaction time can range from 15 minutes to 3 days.
PAR  The bis-basic ester and thioester derivatives of general Formula I may also
      be prepared by a transesterification reaction in which a (lower) alkoxy
      ester, that is, a compound of Formula VII wherein R.sup.4 is, for example,
      methoxy or ethoxy, is reacted with the appropriate aminoalkanol or
      aminoalkylthiol under suitable conditions. This type of reaction is
      catalyzed by alkaline or acid catalyst and is reversible. The basic ester
      may be obtained by causing the equilibrium to be shifted by removing the
      aminoalkanol or aminoalkylthiol component or by employing a large excess
      of the aminoalkanol or aminoalkylthiol. Preferably, the reaction is
      carried out by removing the alkanol or alkylthiol component with the use
      of an alkaline catalyst. The alkanol or alkylthiol component may be
      removed by direct distillation or distillation with a suitable solvent.
      Suitable alkaline catalysts are alkali metals, such as, sodium or
      potassium; alkali lower alkoxides, such as, sodium methoxide or sodium
      ethoxide; or alkali amides such as lithium or sodium amide. Suitable
      solvents are those forming an azeotropic distillation mixture with the
      alkanol or alkylthiol component, for example, benzene or toluene, or a
      solvent which boils sufficiently higher than the alkanol or alkylthiol to
      permit its removal by distillation at a temperature below that of the
      boiling range of the solvent.
PAR  The bis-basic esters and thioesters of fluorene and fluoren-9-ol may be
      prepared by the reduction of the corresponding fluoren-9-one derivative.
      This reduction can be carried out either chemically or by hydrogenation in
      the presence of a catalyst except that (a) in the case of olefinic
      derivatives, methods must be used which do not destroy the unsaturation
      and (b) those primary and secondary amino derivatives which would
      rearrange to the corresponding amide derivatives as their free bases must
      be protected from rearrangement such as by maintaining them as their salts
      or protecting the amino groups with blocking groups during the reduction.
      Suitable blocking groups are carbobenzoxy, p-toluenesulfonyl,
      triphenylmethyl, and the like which can be removed after reduction by
      anhydrous hydrobromic acid, hydrobromic acid and phenol, hydrogenation
      under acidic conditions, and the like.
PAR  Hydrogenation of the fluorenone bis esters takes place in a stepwise
      fashion. Thus, at room temperature and at low pressure, one equivalent of
      hydrogen is rapidly absorbed to give the fluorenol derivative. Subsequent
      uptake of hydrogen is much slower so that if the fluorene derivative is
      desired, the reaction mixture should be heated to shorten the reaction
      periods. The hydrogenation can be carried out in any of a variety of
      solvents such as water, alcohols such as ethanol or methanol,
      dimethylformamide, or a mixture of these solvents. The fluorenone compound
      is hydrogenated in the acid addition salt form. Hydrogenation catalysts
      such as palladium or platinum, supported or unsupported, may be used in
      this hydrogenation.
PAR  The fluorenol compounds of this invention may be prepared by the chemical
      reduction of the corresponding base form of the fluorenone derivatives
      such as with sodium borohydride, lithium borohydride, and the like, at
      0.degree.-100.degree.C for 10 minutes to 4 hours in a suitable solvent
      such as water, ethanol, and the like. The fluorenone bis-basic esters may
      be added to the borohydride reagent, either as the base dissolved in an
      organic solvent such as alcohols, or as the salt in an aqueous or
      aqueous-alcoholic solution. In the latter case, an excess of borohydride
      reagent should be used to compensate for reagent consumed by
      neutralization of the salt. Most primary and secondary amino compounds of
      this invention, in order to be reduced by this method, must be protected
      from rearrangement to the amide by blocking the amine groups to reaction
      as discussed above.
PAR  Additional methods for the preparation of bis-basic ester and/or thioester
      derivatives of fluoranthene, fluorene, fluoren-9-ol, and fluoren-9-one are
      set forth respectively in U.S. Pat. Nos. 3,531,489, 3,647,860, 3,718,685
      and 3,662,062, and the appropriate portions of each patent are
      incorporated herein by reference thereto. The additional methods set forth
      in these disclosures may be employed to prepare the bis-basic ester and
      thioester derivatives of carbazole and N(lower)alkyl carbazole, that is,
      compounds of general Formula I wherein [W] is carbazole or N-(lower)alkyl
      carbazole.
DETD
PAR  The following specific Examples are illustrative of the compounds of
      general Formula I.
PAC  EXAMPLE 1
PAC  Bis(3-diethylaminopropyl)fluoranthene-3,9-dicarboxylate dihydrochloride
PAR  To 300 ml of chloroform are added 4.4 g of fluoranthene-3,9-dicarbonyl
      chloride and 3.51 g of 3-diethylaminopropanol and the resulting solution
      is refluxed for 1 hour. After cooling, a yellow solid product forms, which
      is filtered, washed with ether and crystallized from methanol-ethyl
      acetate to give bis(3-diethylaminopropyl)-fluoranthene-3,9-dicarboxylate
      dihydrochloride. M.P. 258.degree.-260.degree.C.
PAC  EXAMPLE 2
PAC  Bis(3-diethylaminopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
PAR  To 1 liter of chloroform is added 15.0 g (0.046 mole) of
      fluoranthene-3,8-dicarbonyl chloride and 12.2 g (0.093 mole) of
      3-dimethylaminopropanol. During the addition of the latter reagent, a
      mildly exothermic reaction was noted. After about 15 minutes at reflux a
      yellow solid forms. The reaction mixture is refluxed overnight, cooled and
      the yellow product is filtered and crystallized from methanol-ethyl
      acetate to give bis(3-diethylaminopropyl)fluoranthene-3,8-dicarboxylate
      dihydrochloride. M.P. 259.degree.-261.degree.C.
PAC  EXAMPLE 3
PAC  Bis(3-diisopentylaminopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
PAR  To 700 ml of chloroform is added 10 g (0.033 mole) of
      fluoranthene-3,8-dicarbonyl chloride and 14.2 g (0.066 mole) of
      3-diisopentylaminopropanol and the solution is refluxed for 31/2 hours.
      The solution is concentrated, diluted with 400 ml of ethyl acetate, 300 ml
      of anhydrous ether and on cooling, a yellow product separates. The product
      is crystallized once from acetone and finally from butanone to give
      bis(3-diisopentylaminopropyl)fluoranthene-3,8-dicarboxylate
      dihydrochloride. M.P. 168.degree.-171.degree.C.
PAC  EXAMPLE 4
PAC  Bis(3-dibutylaminopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
      hemihydrate
PAR  To 700 ml of chloroform is added 10.0 g (0.033 mole) of
      fluoranthene-3,8-dicarbonyl chloride and 12.4 g (0.066 mole) of
      3-dibutylaminopropanol and the resulting solution is refluxed overnight.
      Upon cooling a solid forms which is crystallized from chloroform-ethyl
      acetate and twice from methanol-ethyl acetate. Further purification is
      achieved by dissolving the solid in water with subsequent conversion of
      the solid to the free base by the action of cold 3 N. aqueous potassium
      hydroxide, extraction of the free base with ether and after drying the
      ether solution converting the basic ester to the dihydrochloride salt with
      ethereal-hydrogen chloride. The product is crystallized from
      methanol-butanone-ether to give
      bis(3-dibutylaminopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
      hemidrate. M.P. 169.degree.-173.degree.C.
PAC  EXAMPLE 5
PAC  Bis(3-diallylaminopropyl)fluoranthene-3,8-dicarboxylate dihydrochloride
PAR  To 400 ml of chloroform is added 11.0 g (0.034 mole) of
      fluroanthene-3,8-dicarbonyl chloride and 10.7 g (0.068 mole) of
      3-diallylaminopropanol and the solution is refluxed for 6 hours. The
      cloudy solution is filtered through dicalite and diluted with 500 ml of
      ether. The resulting yellow solid product is crystallized from
      methanol-acetone-ether to give
      bis(3-diallylaminopropyl)-fluoranthene-3,8-dicarboxylate dihydrochloride.
      M.P. 216.5.degree.-219.degree.C.
PAC  EXAMPLE 6
PAC  Bis(3-dipropylaminopropyl)fluoranthene-3,9-dicarboxylate dihydrochloride
PAR  To 500 ml of chloroform is added 9.8 g (0.03 mole) of
      fluoranthene-3.9-dicarbonyl chloride and 9.56 g (0.06 mole) of
      dipropylaminopropanol and the resulting solution is refluxed for 4 hours.
      On cooling, the product separates and is crystallized from methanol-ethyl
      acetate to give bis(3-dipropylaminopropyl)fluoranthene-3,9-dicarboxylate
      dihydrochloride. M.P. 247.degree.-249.degree.C.
PAC  EXAMPLE 7
PAC  Bis(3-diallylaminopropyl)fluoranthene-3,9-dicarboxylate
PAR  To 500 ml of chloroform is added 9.8 g (0.03 mole) of
      fluoranthene-3,9-dicarbonyl chloride and 9.3 g (0.06 mole) of
      3-diallylaminopropanol and the solution is refluxed for 16 hours. The
      dihydrochloride salt is converted to the free base by treating the
      chloroform solution with saturated aqueous sodium bicarbonate, separation
      of the organic and water layer, drying the organic layer over anhydrous
      magnesium sulfate and finally removing the solvent in vacuo. The residue
      is dissolved in butanone and acidified with ethereal hydrogen chloride.
      The salt is crystallized twice from methanol-butanone or
      water-methanol-butanone, M.P. 229.degree.-231.degree.C, and converted back
      to the free base to give a yellow viscous oil of
      bis(3-diallylaminopropyl)fluoranthene-3,9-dicarboxylate,
      .lambda..sub.max.sup. 0.1 NHCl 229 m .mu., E.sub.1 cm .sup.1% 605.
PAC  EXAMPLE 8
PAC  Bis(3-dipentylaminopropyl)fluoranthene-3,9-dicarboxylate
PAR  To 400 ml of chloroform is added 9.8 g (0.03 mole) of
      fluoranthene-3,9-dicarbonyl chloride and 18.9 g (0.06 mole) of
      3-dipentylaminopropanol and the solution is refluxed for 16 hours.
      Purification is accomplished by the method described in Example 7. The
      dihydrochloride salt of the subject base melts at 148.degree.-151.degree.C
      and is converted to the free base as a yellow viscous oil after column
      chromatography, .lambda..sub.max.sup.CHCl.sbsp.3 301, E.sub.1.sup. 1
      %.sub.cm 643.
PAC  EXAMPLE 9
PAC  Bis(3-diethylaminopropyl)fluoranthene-3,9-dicarboxylate dihydrochloride
PAR  A toluene solution of 1 equivalent of dimethyl
      fluoranthene-3,9-dicarboxylate and 2.2 equivalents of
      3-diethylaminopropanol containing a catalytic amount (ca 0.1 equivalent)
      of sodium methoxide is slowly distilled under an efficient distillation
      column until the rise in temperature of distillation indicates complete
      removal of the methanol being formed. Several periods of alternate reflux
      and distillation may be used rather than continuous slow distillation. The
      product is isolated by diluting the cooled reaction mixture with ether,
      washing several times with water, drying over anhydrous sodium sulfate,
      and precipitation of the dihydrochloride salt with ethereal hydrogen
      chloride. The precipitated salt is collected and recrystallized from
      methanol-ethyl acetate to give
      bis(3-diethylaminopropyl)fluoranthene-3,9-dicarboxylate dihydrochloride.
PAC  EXAMPLE 10
PAC  Bis(2-diethylaminoethyl)fluoranthene-3,9-dicarbothiolate dihydrochloride
PAR  To 400 ml of chloroform is added 9.8 g (0.03 mole) of
      fluoranthene-3,9-dicarbonyl chloride and 10.2 g (0.06 mole) of
      2-diethylaminoethanethiol and the solution is refluxed for 16 hours.
      Purification is accomplished by the method described in Example 7. The
      product is crystallized 3 times from methanol-butanone to give
      bis(2-diethylaminoethyl)fluoranthene-3,9-dicarbothiolate dihydrochloride.
      M.P. 259.5.degree.-261.5.degree.C.
PAC  EXAMPLE 11
PAR  A suspension of 30.5 g (0.10 mole) of 9-oxofluorene-2,7-dicarbonyl chloride
      in 1 liter of dry chloroform (ethanol-free) is stirred and threated all at
      once with 37.5 g (0.20 mole) of dry 3-di-n-butylaminopropanol causing a
      mildly exothermic reaction. The resulting mixture is stirred and refluxed
      for 2 hours, cooled to room temperature, filtered and the filtrate washed
      3 times with 250-ml portions of saturated sodium bicarbonate solution. The
      chloroform solution is then washed with water and saturated sodium
      chloride solution, dried over anhydrous sodium sulfate and filtered. Most
      of the solvent is removed from the filtrate on a steam bath under vacuum
      and the residue dissolved in butanone. This solution is made acid to Congo
      Red with ethereal HCl causing the product to precipitate as a yellow
      crystalline solid. The
      bis(3-di-n-butylaminopropyl)-9-oxofluorene-2,7-dicarboxylate
      dihydrochloride is filtered, recrystallized from butanone-methanol (just
      sufficient methanol to dissolve the solid in the boiling solution) and
      dried. The compound on standing in the atmosphere forms a monohydrate.
      M.P. 178.5.degree.-179.5.degree.C.
PAC  EXAMPLE 12
PAC  Bis(3-diethylaminopropyl)-9-oxofluorene-2,5-dicarboxylate dihydrochloride
PAR  To 5.55 g (0.018 mole) of 9-oxofluorene-2,5-dicarbonyl chloride, in 200 ml
      of chloroform is added 4.78 g (0.036 mole) of 3-diethylaminopropanol and
      the resulting solution is refluxed for 3 hours, and diluted with methyl
      ethyl ketone. On cooling a precipitate forms which is recrystallized from
      methanol-ethyl acetate to give
      bis(3-diethylaminopropyl)-9-oxofluorene-2,5-dicarboxylate dihydrochloride.
      M.P. 203.degree.-205.degree.C.
PAC  EXAMPLE 13
PAC  Bis(6-diethylaminohexyl)-9-oxofluorene-2,7-dicarboxylate
PAR  When in the procedure of Example 11, 6-diethylaminohexanol is substituted
      for 3-di-n-butylaminopropanol,
      bis(6-diethylaminohexyl)-9-oxofluorene-2,7-dicarboxylate is obtained. M.P.
      214.5.degree.-216.5.degree.C (dec.).
PAC  EXAMPLE 14
PAC  Bis(3-di-n-butylaminopropyl)-9-oxofluorene-2,7-dicarbothiolate
PAR  When in the procedure of Example 11 3-di-n-butylaminopropanethiol is used
      in place of 3-di-n-butylaminopropanol,
      bis(3-di-n-butylaminopropyl)-9-oxofluorene-2,7-dicarbothiolate is
      obtained.
PAC  EXAMPLE 15
PAC  Bis(5-dimethylamino-2,2-dimethylpentyl)-9-oxofluorene-2,7-carboxylate
      dihydrochloride
PAR  When in the procedure of Example 11, 5-dimethylamino-2,2-dimethylpentanol
      is substituted for 3-di-n-butylaminopropanol,
      bis(5-dimethylamino-2,2-dimethylpentyl)-9-oxofluorene-2,7-carboxylate
      dihydrochloride is obtained, M.P. 204.degree.-206.degree.C as the
      hemihydrate.
PAC  EXAMPLE 16
PAC  Bis(5-dimethylamino-2,2-dimethylpentyl)fluorene-2,7-dicarboxylate
      dihydrochloride
PAR  A solution of 20.0 g (0.0321 mole) of
      bis(5-dimethylamino-2,2-dimethylpentyl)-9-oxofluorene-2,7-dicarboxylate
      dihydrochloride in water (total volume = 240 cc.) is hydrogenated over 8.0
      g of 10% palladium on charcoal for 2 days at 53.degree.C on a Parr
      hydrogenation apparatus. The reaction mixture is decanted from the
      catalyst, filtered through filtered acid, treated with charcoal and again
      filtered. This solution is made basic to phenolphthalein with 20% NaOH and
      extracted 3 times with CHCl.sub.3. The combined extracts were washed twice
      with water, dried over anhydrous Na.sub.2 SO.sub.4, filtered and the
      filtrate made acid to Congo Red with ethereal HCl. Most of the solvent is
      removed on the steam bath under vacuum and the resulting solid
      recrystallized from methanol-ether and from absolute ethanol.
      Bis(5-dimethylamino-2,2-dimethylpentyl)fluorene-2,7-dicarboxylate
      dihydrochloride thus obtained is dried for 4 hours under high vacuum at
      80.degree.C. M.P. 294.degree.-295.degree.C (gas evolution).
PAC  EXAMPLE 17
PAC  Bis(3-diethylaminopropyl)-9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride
PAR  To 250 ml of isopropanol is added 10.0 g (0.035 mole) of
      9-ethylcarbazole-3,6-dicarboxylic acid, 21.2 g (0.14 mole) of
      3-diethylaminopropylchloride and 0.5 ml of 60% aqueous
      benzyltrimethylammonium chloride. The solution is heated at reflux for 2
      hours with stirring and then allowed to stir overnight at room
      temperature. Addition of ether to the reaction mixture gives a crystalline
      product which is recrystallized twice from methanol-acetone to give
      bis(3-diethylaminopropyl)-9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride. M.P. 233.degree.-234.degree.C.
PAC  EXAMPLE 18
PAC  Bis(5-amino-2,2-dimethylpentyl)-9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride
PAR  A solution of 2 molar equivalents of 5-amino-2,2-dimethyl-1-pentanol as the
      hydrochloride salt and one molar equivalent of
      9-ethylcarbazole-3,9-dicarbonyl chloride in a sufficient volume of
      chloroform is refluxed for several hours. The product,
      bis(5-amino-2,2-dimethylpentyl)-9-ethylcarbazole-3,6-dicarboxylate
      dihydrochloride, is purified by recrystallization from methanol-ethyl
      acetate.
PAC  EXAMPLE 19
PAC  Bis(3-diethylaminopropyl)carbazole-2,6-dicarboxylate
PAR  Bis(3-diethylaminopropyl)carbazole 2,6-dicarboxylate is prepared by the
      esterification of carbazole-2,6-dicarboxylic acid, the synthesis of which
      is reported by D. Brooke and S. Plant, J. Chem. Soc., 2212  (1956),
      according to the procedure of Example 17.
PAR  Additional examples for the preparation of bis-basic ester and/or thioester
      derivatives of fluoranthene, fluorene, fluoren-9-ol and fluoren-9-one are
      set forth respectively in U.S. Pat. Nos. 3,531,489, 3,647,860, 3,718,685
      and 3,662,062 and the appropriate examples of each of these patents are
      incorporated herein by reference thereto.
PAR  The following Examples are illustrative of pharmaceutical preparations
      containing as active ingredients compounds of general Formula I.
PAC  EXAMPLe 20
PAR  An illustrative composition for tablets is as follows:
TBL                         Per Tablet                                         
     ______________________________________                                    
     (a)     bis(3-diethylaminopropyl)fluor-                                   
             anthene-3,9-dicarboxylate dihy-                                   
             drochloride          100.0 mg                                     
     (b)     wheat starch         15.0 mg                                      
     (c)     lactose              33.5 mg                                      
     (d)     magnesium stearate   1.5 mg                                       
     ______________________________________                                    
PAL  A portion of the wheat starch is used to make a granulated starch paste
      which together with the remainder of the wheat starch and the lactose is
      granulated, screened and mixed with the active ingredient, that is, (a),
      and the magnesium stearate. The mixture is compressed into tablets
      weighing 150 mg each.
PAC  EXAMPLE 21
PAR  An illustrative composition for a parenteral injection is the following
      wherein the quantities are on a weight to volume bases.
TBL                         amount                                             
     ______________________________________                                    
     (a)      bis(3-diethylaminopropyl)-9-                                     
              oxofluorene-2,5-dicarboxylate                                    
              dihydrochloride     100.0 mg                                     
     (b)      sodium chloride     q.s.                                         
     (c)      water for injection to make                                      
                                  10.0 ml                                      
     ______________________________________                                    
PAL  The composition is prepared by dissolving the active ingredient, that is
      (a), and sufficient sodium chloride in water for injection to render the
      solution isotonic. The composition may be dispensed in a single ampule
      containing 100 mg of the active ingredient for multiple dosage or in 10
      ampules for single dosage.
PAC  EXAMPLE 22
PAR  An illustrative composition for hard gelatin capsules is as follows:
TBL                         Per Capsule                                        
     ______________________________________                                    
     (a)    bis(5-dimethylamino-2,2-dimethyl-                                  
            pentyl)fluorene-2,7-dicarboxylate                                  
            dihydrochloride       200.0 mg                                     
     (b)    talc                  35.0 mg                                      
     ______________________________________                                    
PAL  The composition is prepared by passing the dry powders of (a) and (b)
      through a fine mesh screen and mixing them well. The power is then filled
      into No. 0 hard gelatin capsules at a net fill of 235 mg per capsule.
PAC  EXAMPLE 23
PAR  An illustrative composition for pills is as follows:
TBL                         Per Pill                                           
     ______________________________________                                    
     (a)      bis(3-diethylaminopropyl)-9-                                     
              ethylcarbazole-3,6-dicarboxylate                                 
              dihydrochloride      200 mg                                      
     (b)      corn starch          130 mg                                      
     (c)      liquid glucose       20 ml                                       
     ______________________________________                                    
PAL  The pills are prepared by blending the active ingredient (a) and the corn
      starch then adding the liquid glucose with thorough kneading to form a
      plastic mass from which the pills are cut and formed.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A method of treating conditions of delayed hypersensitivity which
      comprises administering to a patient in need thereof a compound selected
      from the formula
      ##EQU7##
      wherein [W] represents an aromatic polycyclic nucleus selected from
      fluoranthene, fluorene, fluoren-9-ol, or fluoren-9-one X is selected from
      oxygen or sulfur; A is selected from a straight or branched alkylene chain
      of from 2 to 6 carbon atoms; and each of R.sup.1 and R.sup.2 is selected
      from hydrogen, straight or branched lower alkyl of from 1 to 4 carbon
      atoms or alkenyl of 3 to 6 carbon atoms having the vinyl unsaturation in
      other than the 1-position; and pharmaceutically acceptable acid addition
      salts thereof, in an amount effective to suppress delayed
      hypersensitivity.
NUM  2.
PAR  2. A method of claim 1 wherein [W] is fluoranthene.
NUM  3.
PAR  3. A method of claim 2 wherein the compound is
      bis-(3-dimethylaminopropyl)fluoranthene-3,9-dicarboxylate, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A method of claim 2 wherein the compound is
      bis-(3-diethylaminopropyl)fluoranthene-3,9-dicarboxylate, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A method of claim 1 wherein [W] is fluorene.
NUM  6.
PAR  6. A method of claim 5 wherein the compound is
      bis-(3-dibutylaminopropyl)fluorene-2,7-dicarboxylate, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  7.
PAR  7. A method of claim 1 wherein [W] is fluoren-9-one.
NUM  8.
PAR  8. A method of claim 1 wherein the compound is
      bis-(3-diethylaminopropyl)-9-oxofluorene-2,7-dicarboxylate, or a
      pharmaceutically acceptable acid addition salt thereof.
NUM  9.
PAR  9. A method of claim 7 wherein the compound is
      bis-(6-diethylaminohexyl)-9-oxofluorene-2,7-dicarboxylate, or a
      pharmaceutically acceptable acid addition salt thereof.
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ABST
PAL  In a continuous standardizing and blending system, a liquid (e.g. whole
      milk) having a known composition is introduced into a separator for
      separating the milk into components, e.g. a skim (fat-free) component and
      a high-fat component such as cream. The milk enters the separator through
      a conduit having a flow meter positioned therein for providing a
      electrical analog signal corresponding to the flow rate through the
      conduit. The separator has a skim outlet connected to a skim conduit and a
      cream outlet connected to a cream conduit. A similar flow meter in the
      cream conduit generates an output electrical analog signal corresponding
      to the flow rate through that conduit. A programmed analog control unit
      compares the signal from the milk flow meter with the signal from the
      cream flow meter and provides a control signal which regulates the setting
      of a throttling valve upstream from the cream flow meter. This setting
      controls the flow rate of cream through the cream conduit. By controlling
      the ratio between the raw or whole milk flow as it enters the separator
      and the cream flow as it leaves the separator, the system regulates the
      fat test of the cream. The skim and a controlled proportion of the cream
      flow can be recombined downstreaam to form milk products of predetermined
      fat content, e.g. 1, 2, 3.5%, etc. Various additives can also be blended
      with the standardized milk product. With this system, one need only know
      the initial fat content of the raw or whole milk and on-stream fat
      analysis is not necessary.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 282,497, filed Aug. 21, 1972, now U.S. Pat. No. 3,829,584.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention pertains to a system and a method for continuously
      separating and standardizing a fluid composed of separable components.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In numerous instances, it is necessary to separate a liquid into its
      separable components and then to recombine a certain proportion of the
      components to achieve a standardized product. For example, this is true in
      the milk processing art where various types of separator apparatus (e.g.
      centrifugal separators) are available to separate raw milk into its cream
      and skim components. It is also true of numerous types of water-oil
      mixtures or emulsions.
PAR  Specifically in regard to the milk processing art, milk of a standardized
      fat test (e.g. 3.5% milk) is achieved through an inefficient and non-exact
      process. Typically, a centrifugal separator is utilized to separate the
      whole milk into its cream and skim components. After this is accomplished,
      a certain amount of skim is then recombined with a batch of whole milk
      decreasing the fat content of the mixed product to the desired level (i.e.
      to obtain 3.5% standardized milk from 4.0% whole milk). In order to
      determine the fat test of the milk during the recombining process,
      analytical tests are intermittently conducted so as to achieve an end
      product having a fat content which is as close to the desired fat content
      as possible. As can be readily appreciated, such a process not only lends
      itself to the possibility of the occurrence of human errors through the
      necessity of repeated sampling and testing, it is also extremely
      inefficient and time-consuming. Additionally, this approach requires a
      large number of reservoirs, pumps, valves and other types of equipment to
      provide for the proper storage, transfer and batch mixing operations
      involved in the processing operation.
PAR  In an attempt to overcome the limitations of the batch mixing processes,
      attempts have been made to provide a continuous milk separating and
      standardizing process. One such approach is simply to determine visually
      (or alternatively, by touch) the fat content of the cream exhausted from
      the separator and then, after making this determination, to estimate the
      proportion of cream which must be recombined with the skim milk to obtain
      a milk product of the desired fat content. This approach is, of course,
      entirely dependent upon the skill of the operator and is greatly subject
      to misjudgment. More sophisticated approaches have been developed which
      utilize various types of flow meters to monitor the flow of the milk and
      the cream. For example, one approach utilizes a flow meter positioned in
      the raw milk conduit for providing a visual reading of the flow rate
      therethrough. Additionally, a second flow meter is positioned within the
      cream conduit to provide a visual reading of the flow rate of cream
      exhausted from the separator. By comparing these two readings, a
      determination is then made through the use of appropriate charts, graphs
      or the like as to the setting of a manual valve for controlling the flow
      rate of cream to obtain a desired fat content. Another similar
      determination is necessary to determine the fraction of cream which must
      be recombined with the skim component to obtain the desired standardized
      product. While this process allows for continuous separating and
      standardizing, it is not nearly as reliable as is desirable since the
      accuracy of the standardization obtained is dependent upon the proper
      setting of manual valves and upon maintaining fixed and constant flow
      rates and pressures within the entire system.
PAR  As representative of the prior art in this field, see the following U.S.
      Pat. Nos.:
PA1  2,174,169 (Sept., 1939)
PA1  2,542,446 (Feb., 1951)
PA1  2,628,023 (Feb., 1953)
PA1  2,567,898 (Sept., 1951)
PA1  2,673,155 (Mar., 1954)
PA1  3,279,496 (Oct., 1966)
PA1  3,723,987 (Mar., 1973)
PAR  See also German laid-open application 1,532,766 and the following
      literature reference: W. C. J. Gates, "Standardisation -- A Plain Man's
      Guide", Dairy Industries, July, 1973, pages 324 - 328.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a system and method for separating a fluid
      into its separable components. Specifically, the present invention allows
      a fluid having a determinable specific gravity, such as milk, to be
      separated into a skim component and a cream component having a controlled
      fat content. The apparatus includes first conduit means for conveying milk
      to separator means and first flow meter means positioned within the
      conduit to provide an electrical signal corresponding to the flow rate of
      the milk therethrough. Second conduit means is connected to the separator
      for removing the cream component of the milk and includes second flow
      meter means positioned therein for providing an electrical signal
      corresponding to the flow rate of the cream component. The electrical
      signals from the first and second flow meters are fed into a logic control
      means which compares the two signals and provides an output signal to
      valve means positioned in the cream conduit upstream of the flow meter.
      This output signal controls the valve setting so as to regulate the flow
      rate of the cream component (and, consequently, the fat content of the
      cream) responsive to the fat test of the milk and the flow rates of the
      milk and cream as determined by the first and second flow meters.
PAR  When desired, a portion of the cream component is recombined with the skim
      component in an amount controlled by the logic control means so as to
      provide a milk product of the desired fat content (e.g., 3.5% milk). In
      the preferred embodiment, this is accomplished by providing alternative
      conduit paths for the cream component downstream from the second flow
      meter; one conduit removing the cream from the system and the second
      conduit communicating with the skim component. A third fluid flow meter
      means is positioned in one of the alternative conduits for providing a
      signal to the logic control means to control a valve means in one of the
      alternative conduits responsive to the flow rate necessary to obtain
      standardized milk of a desired fat content. The logic control means can
      also be utilized to control the blending of additional additives (e.g.
      condensed skim milk) with the standardized milk product.
PAR  The present milk separating and standardizing system substantially
      eliminates many errors which presently occur in processes for obtaining a
      standardized milk product. In fact, the present system can operate
      continuously and automatically to produce a wide variety of milk products
      of varying fat test (e.g. 1.0, 2.0, 3.2, 3.5%, etc. milk) once the fat
      test of the incoming milk is determined by a single fat test of a sample
      of incoming milk. Such automatic and entirely continuous on-stream
      separating and standardizing is, of course, highly desirable and has long
      been sought by the milk industry. Also, as can be appreciated from the
      Detailed Description which follows, the present invention eliminates any
      deviations in the standardized product which presently occurs as a result
      of errors in measuring the flow rate of cream caused by variations in
      viscosity, fat content and previous heat treatment. Finally, the present
      system is considerably less expensive to operate than are present systems
      which must rely significantly on human labor. Additional advantages of the
      present invention will be readily apparent to the artisan after a reading
      of the following Detailed Description.
PAR  In the aforementioned parent application, Ser. No. 282,497 filed Aug. 21,
      1972, flow meters particularly well-suited to producing a digital signal
      are described. There are many advantages to digital systems, including the
      capability of automatically monitoring inventories, production rates, and
      the like. However, as is known in the art of electronics, analog systems
      have the virtue of extreme simplicity. Magnetic-type flow meters produce
      an analog signal proportional to changes in flow rate. In recent years,
      magnetic flow meters have been improved to provide a level of accuracy in
      flow rate measurement which is comparable to digital systems. So-called
      A/D converters have also become available since the development of digital
      systems. Some A/D converters can change an analog signal to a digital
      signal, and others have the converse capability. Thus, given the present
      state of the art, analog systems can provide at least some of the
      advantages of digital systems, with little or no loss of accuracy and
      with, in some cases, greatly reduced electronic complexity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE schematically illustrates a preferred system for separating
      and standardizing milk as provided by the present invention, including
      apparatus for blending one or more additives with the recombined milk
      product.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT AND METHOD
PAR  In the drawing, the numeral 10 generally designates the preferred
      separating and standardizing system provided by the present invention.
      Although this system can find numerous applications in many diverse
      fields, the separating apparatus 10a is particularly desirable in
      separating whole milk into its skim and cream components so as to obtain
      cream of a desired fat test. Similarly, the standardizing portion of the
      present system, generally designated 10b, is highly desirable for
      recombining a portion of the cream component with the skim to obtain a
      recombined milk product of a constant fat content (e.g. 3.5% milk) and,
      when desired, in blending various additives (e.g. condensed milk) with the
      recombined milk product. As a result of this highly desirable application
      in the milk industry, the description herein will be limited to such
      application. Other applications will, however, be readily apparent to the
      artisan.
PAR  The milk separating apparatus 10a includes a milk separator 12 having an
      inlet port 14 and first and second outlet ports 16 and 18, respectively.
      Separator 12 is preferably a centrifugal type seprator which functions to
      separate whole milk into skim and cream components; the cream component
      being exhausted through the first outlet port 16 and the skim component
      being exhausted through the second outlet port 18. Milk inlet port 14 is
      connected through a conduit 20 to a source of raw milk (not shown).
      Typically, the opposite end of conduit 20 will be connected to a
      constant-level tank (not shown) provided with means for heating the milk
      to a temperature above ambient (e.g. approximately 135.degree. F.).
      However, the temperature at which the raw milk is introduced into
      separating and standardizing system 10 is not critical to the present
      invention.
PAR  A liquid flow control means in the form of a throttling valve 27 is
      positioned in conduit 20 for controlling the rate of milk flow into
      separator 12. The setting of valve 27 is controlled by a conventional
      liquid level sensing device 30 positioned in a constant level tank 32. As
      will become apparent from the following description, tank 32 is an
      optional element of the system, and the setting of valve 27 is not related
      to either the milk separating or standardizing operation. It should also
      be understood that it is not necessary for valve 27 to be
      electro-mechanically or electro-pneumatically operated, but rather a
      manually operated valve will suffice, or for that matter, various other
      types of flow control means (e.g. an electrical pump) can be utilized. As
      shown, a fluid flow meter 35 is positioned in conduit 20 for determining
      the flow rate of milk therethrough and for producing an electrical signal
      corresponding to the milk flow rate. In the analog systems of this
      invention, the electrical signal can be a series of digital pulses which
      are converted to an analog signal by an A/D converter. Preferably,
      however, fluid flow meter 35 is a magnetic flow transmitter (e.g. a
      Foxboro 1800), which, when connected to a suitable receiver or magnetic
      flow-to-current converter, generates an analog signal which is
      proportional to the fluid flow.
PAR  This analog signal is then transmitted through lead 38 to a logic control
      means in the form of an electrical separating and standardizing control
      circuit 40. The logic control means 40 includes a computer apparatus
      capable of providing one or more output signals in response to a plurality
      of input signals and various programmed operational parameters. If the
      computer is an analog computer, no input or output signal conversions are
      necessary, unless an automatic inventory capability is needed. For a
      digital control means 40, any analog input must go through an A/D
      conversion.
PAR  As shown, the skim outlet 18 of separator 12 is connected to the constant
      level tank 32 through a conduit 42. A control valve 45 is positioned
      within conduit 42 for controlling the back pressure on the skim outlet 18.
      This control is unrelated to either the separating or standardizing
      functions described herein, but rather is desirable for the purpose of
      maintaining proper operation of separator 12.
PAR  The cream component of the raw milk is exhausted from separator 12 through
      a conduit 48 connected to the cream outlet 16. A fluid flow meter 50 is
      positioned within cream conduit 48 for determining the flow rate of the
      cream component therethrough and for producing an electrical signal
      corresponding to the cream flow rate in substantially the same manner as
      flow meter 35. The electrical signal provided by flow meter 50 is conveyed
      to the logic control means 40 through an electrical lead 52. Valving means
      in the form of a current/pressure transducer 54 and an air-operated
      throttling valve 55 is also positioned within the cream conduit 48
      upstream of the fluid flow meter 50. The transducer 54 is electrically
      connected to the logic control means 40 by an electrical lead 56 so as to
      receive an analog signal therefrom and convert this analog signal into a
      pneumatic signal for selectively operating valve 55. Although control
      valves which accept a digital signal are available, they are presently
      somewhat expensive and little used. Accordingly, even the digital logic
      control means of the aforementioned parent application Ser. No. 282,497 is
      typically arranged to provide an analog output for transmission to a
      current/pressure transducer, so that a pneumatically operated valve can be
      used. Thus, as pointed out previously, an all-analog system has the virtue
      of simplicity. In the all-analog system, the output of logic control means
      40 is already in a form that transducer 54 will accept.
PAR  In operation, the milk separating apparatus 10a obtains cream of a desired
      fat test by utilizing the known principle that the fat content of the raw
      milk is generally entirely exhausted from separator 12 with the cream
      component (i.e. in normal operation, all but 0.02 - 0.06% of the fat is
      removed through outlet 16 and cream conduit 48). As a result, the fat test
      of the cream component is entirely dependent upon the quantity or volume
      of cream which is allowed to leave separator 12 through the cream outlet
      port 16; this stream consisting of the major portion of the fat plus skim
      for diluting the fat content of the cream. For example, if the flow rate
      of the incoming milk within inlet conduit 20, as measured by flow meter
      35, is 10,000 pound/hour and the milk has a known fat test of 4.0%, the
      raw milk introduced into separator 12 would contain 400 pounds of fat per
      hour. Then, if the outlet flow of cream through cream outlet port 16 is
      regulated by throttling valve 55 so as to equal 10% of the flow rate of
      raw milk (i.e. 1,000 pounds/hour), the cream exhausted from separator 12
      would have a fat test of approximately 40.0% fat. An increase in the rate
      of cream discharge from outlet 16 would result in a decrease in the fat
      test (i.e. since the cream would be further diluted with skim), and,
      likewise, a decrease in the flow rate of cream within conduit 48 would
      increase the fat test of the cream (i.e. since the cream would contain
      less skim). The commercially available centrifugal separators can produce
      cream having a fat content ranging from approximately 20 - 50% fat.
PAR  The present system operates to continuously and automatically control the
      setting of throttling valve 55 and, thus, in the manner above described,
      to obtain cream of a desired fat content even upon changes in various
      operational parameters (e.g. pressure, flow rate, etc.). This is
      accomplished by measuring the flow rate of raw milk within inlet conduit
      20 and the flow rate of cream within outlet conduit 48 utilizing flow
      meters 35 and 50, respectively. The signals produced by the respective
      flow meters 35 and 50 are transmitted to the logic control means 40
      wherein these input pulses are compared and evaluated to provide an output
      control signal to the throttling valve 55 to regulate the setting thereof
      and thereby control the flow rate of cream through cream conduit 48. Thus,
      for whole milk having a known fat test (e.g. 4.0%), the logic control
      means 40 is programmed so as to provide a control signal to the throttling
      valve 55 responsive to the flow rates within milk inlet conduit 20 and
      cream outlet conduit 48 so as to control the flow rate of cream through
      conduit 48 to obtain cream of desired fat test (e.g. 40% fat). As can be
      readily appreciated, utilization of separating apparatus 10a provides both
      a continuous and an accurate method of obtaining cream of a given fat
      content.
PAR  The separating and standardizing apparatus 10 also includes the apparatus
      10b for recombining a portion of the cream component exhausted from
      separator 12 through outlet 16 and conduit 48 with the skim component of
      the raw milk. The apparatus 10b includes valving means in the form of a
      current/pressure transducer 58 and a 3-port throttling valve 60 having a
      first port 60a connected to cream conduit 48, a second port 60b connected
      to a conduit 62 and a third port 60c connected to a conduit 64. The
      conduit 62 is typically connected to apparatus, such as a cream treatment
      unit (not shown), for treating the cream removed from milk separating and
      standardizing system 10 through conduit 62. A liquid flow meter 65
      (similar to meters 35 and 50) is positioned within conduit 62 to determine
      the flow rate of the cream removed from the system 10 and to transmit an
      electrical signal (e.g. an analog signal) corresponding to this flow rate
      to the logic control means 40 via an electrical lead 65a. In the
      embodiment shown in solid lines, conduit 64 is connected to the constant
      level tank 32 for recombining the cream flowing therethrough with the skim
      component introduced into tank 32 from separator 12 via skim conduit 42. A
      liquid flow meter 66 (also similar to meters 35 and 50) is positioned
      within conduit 64 so as to determine the flow rate of the cream
      therethrough and provide an electrical signal to logic control means 40
      corresponding to the cream flow rate. It should be understood that only
      one of the flow meters 65 and 66 is necessary for the operation of the
      present invention. However, utilization of the two flow meters 65 and 66
      in conjunction with a conventional electrical switching circuit
      incorporated as a part of logic control means 40 (not shown) provides for
      the transmittal to the logic control of the signal produced by the flow
      meter measuring the largest flow rate. In this respect, the switching
      circuit is designed so as to transmit to the logic control means 40 the
      signal from the flow meter positioned in the conduit having more than 50%
      of the cream flowing therethrough. Since the accuracy of the conventional
      flow meter increases with increasing flow rate, the utilization of two
      flow meters significantly increases the accuracy of the standardization
      apparatus 10b over its entire operating range.
PAR  To obtain a recombined milk product within constant level tank 32 having a
      given fat content (e.g. 3.5% milk) the logic control means 40 transmits a
      control signal via an electrical lead 69 to the transducer 58 in response
      to the flow rate of cream through the alternative conduit paths 62 and 64
      as determined by flow meters 65 and 66. Transducer 58 regulates the
      setting of throttling valve 60 so as to divide the cream flow between
      conduits 62 and 64 allowing the proper proportion of cream to flow through
      conduit 64 to constant level tank 32 so as to provide for the addition of
      sufficient cream to the skim component to obtain the desired fat content.
PAR  For instance, if it is desired to reduce the fat test of whole milk having
      a 4% fat content to standardized 3.5% milk, the control signal transmitted
      to throttling valve 60 would set the valve so as to divert one-eighth of
      the cream into conduit 62 and the other seven-eighths of the cream flow
      into conduit 64 for transmittal to constant level tank 32. The cream and
      skim components recombined in tank 32 would then have a constant or
      standardized fat test of 3.5% fat. The cream diverted to conduit 62 is, as
      explained previously, exhausted from milk separating and standardizing
      system 20. If alternatively, it is desired to decrease the fat test of
      whole milk having a 4% fat content to 1%, the control signal transmitted
      to throttling valve 60 would set the valve so as to divert three-fourths
      of the cream into conduit 62 and the remaining one-fourth into conduit 64
      for transmittal to constant level tank 32. The cream and skim components
      recombined in tank 32 would then have a constant or standardized fat test
      of 1.0% fat. In the latter example, the control signal would be
      established by comparing the output of meter 65 with meter 50 whereas in
      the first instance the control signal would be established by comparing
      the output of meter 66 with meter 50. This takes advantage of the fact
      that the greatest metering accuracy occurs when the meters 65 and 66 are
      being operated in their higher capacity range. In addition, as is shown in
      the Drawing, flow meters 65 and 66 are in closely spaced relationship to
      flow meter 50. This placement of meters further insures accuracy by
      reducing extraneous differences in ambient and flow conditions at the
      three points of measurement.
PAR  When desired, the standardization of the milk recombined in constant level
      tank 32 can be continued with the blending of various additives therein.
      As shown, the recombined milk product is exhausted from constant level
      tank 32 through a conduit 71 having a pump 72 positioned therein for
      facilitating the conveying of the milk product through the remaining
      portion of the milk standardizing apparatus 10b (i.e the blending
      portion). A flow meter 73 is positioned within the conduit 70 for
      determining the flow rate of the standardized product therethrough. The
      flow meter 73 is electrically connected via an electrical lead 75 to logic
      control means 40. Flow meter 73 is similar to the previously described
      flow meters 35, 50, 65, and 66 and transmits an electrical signal to logic
      control means 40 corresponding to the flow rate of the milk product
      through conduit 70. The conduit 70 conveys the milk product to the
      remainder of the treatment system (e.g. to the pasteurization section of
      the treatment system).
PAR  To blend various additives with the recombined milk product contained
      within constant level tank 32, a pair of conduits 80 and 82 are connected
      to the tank 32 through a common conduit 83 and to first and second
      additive reservoirs 84 and 85, respectively. Various additives, such as
      condensed milk and cream can be contained within reservoirs 84 and 85. The
      additive conduit 80 includes a liquid flow meter 90 which provides a
      signal to the logic control means 40 through a lead 91 corresponding to
      the flow rate of the additive therethrough. Valving means in the form of
      an air-operated throttling valve 93a and current/pressure transducer 93b
      is positioned within the conduit 80 for controlling the flow of additive
      therethrough in response to the control signal transmitted to transducer
      93b from logic control means 40 via an electrical lead 94. Similarly, a
      liquid flow meter 95 is positioned within the conduit 82 for producing an
      electrical signal corresponding to the flow rate of the additive through
      conduit 82 and for transmitting this signal by way of an electrical lead
      96 to the logic control means 40. Valving means in the form of an air
      operated throttling control valve 97a and a current/pressure transducer
      97b is positioned within the conduit 82 downstream of the flow meter 95
      and is controlled by the electrical signals transmitted to transducer 97b
      from logic control means 40 via an electrical lead 98.
PAR  In operation, the logic control means 40 receives input signals (e.g.
      analog signals) from fluid flow meters 73, 90 and 95. These signals are
      correlated to provide output control pulses to the respective air-operated
      throttling valves 93a and 97a so as to regulate the setting of each of the
      valves to control the flow of additive into constant level tank 32 to
      obtain the desired product. Thus, a given amount of each additive within
      reservoirs 84 and 85 is continuously and automatically introduced into the
      constant level tank 32 on an on-line basis dependent upon the programmed
      control signal provided by logic control means 40.
PAR  As noted previously, the utilization of constant level tank 32 is
      unnecessary to the funtioning of the present invention. Rather, skim
      conduit 42, cream conduit 64 and additive conduit 83 can be in direct
      communication with one another as shown in dotted lines, and superior
      operation can be obtained with direct communication. Here, the conduits
      42, 64 and 83 are all connected to one another on the suction side of pump
      72 and a conventional/pressure sensing device 99 is utilized to control
      throttling valve 27.
PAR  From a reading of the above description, it should be readily apparent that
      the described embodiment and method are subject to numerous modifications.
      For example, the described standardizing apparatus 10b can be utilized
      without any means for injecting various additives into the recombined milk
      product and, for that matter, the separating apparatus 10a can be utilized
      independent of standardizing apparatus 10b and vice versa. Also, various
      operational parameters can be modified without affecting the desired
      objectives of the invention.
PAR  Although, as mentioned previously, analog systems are not ordinarily well
      suited to automatic inventory and production monitoring, an A/D
      (analog/digital) converter can be used to provide a pulse rate
      proportional to fluid flow, i.e. a digital signal. This signal can then
      serve as the input for a digital inventory system, e.g. the ELEE
      Meter-Based Digital Inventory System, available from Equipment-Engineering
      Division of Economics Laboratory, Inc. One method for making the A/D
      conversion is to connect the outputs of magnetic flow meters to A/D
      converters. The resulting digital signals can be transmitted to a
      digital-type logic control means which in turn is connected to the digital
      inventory system. Another method is to send the analog signal from the
      flow meters to an analog computer, an output of which is converted to a
      digital signal and sent to the digital inventory system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating milk comprising the steps of:
PA1  a. introducing milk into a centrifugal separator means;
PA1  b. measuring the flow rate of the milk introduced into said separator means
      and producing an electrical analog signal corresponding to said flow rate;
PA1  c. separating said milk into its skim and cream components within said
      separator means;
PA1  d. measuring the flow rate of the cream component exhausted from said
      separator means and producing an electrical analog signal corresponding to
      said flow rate;
PA1  e. transmitting electrical signals, obtained as a result of said steps (b)
      and (d), to a programmed analog logic control means and correlating said
      electrical signals to produce an electrical control signal; and
PA1  f. controlling the flow rate of cream exhausted from said separator means
      responsive to said electrical control signal.
NUM  2.
PAR  2. The method of claim 1 including the additional steps of:
PA1  a. separating the cream exhausted from said centrifugal separator means
      into first and second portions;
PA1  b. recombining one of said first and second cream portions with said skim
      component to obtain a recombined milk product having a desired fat
      content.
NUM  3.
PAR  3. Apparatus for treating fluid having a plurality of components including
      a first component separable from said fluid in essentially pure form and a
      partial combined component which remains after said first component has
      been separated, said partial combined component comprising a mixture of
      said first component and at least a second component, said apparatus
      comprising:
PA1  a. centrifugal separator means for separating out essentially pure first
      component from said fluid, said centrifugal separator means having an
      inlet and first and second outlet;
PA1  b. first conduit means connected to said inlet for conveying the fluid to
      said separator;
PA1  c. first flow meter means positioned in said first conduit means for
      determining the flow rate of said fluid and for producing an electrical
      analog signal corresponding to said flow rate;
PA1  d. second conduit means connected to said first outlet in said separator
      for removing said partial combined component;
PA1  e. third conduit means connected to said outlet in said separator for
      removing the first component of said fluid;
PA1  f. second flow meter means positioned in said second conduit means for
      determining the flow rate of said partial combined component and for
      producing an electrical analog signal corresponding to said flow rate;
PA1  g. programmed analog logic control means for receiving electrical signals
      from said first and second flow meters and for producing an electrical
      control signal responsive to the flow rates within said first and second
      conduit means; and
PA1  h. liquid flow control means positioned in said second conduit upstream
      from said second flow meter and electrically connected to said logic
      control means, said flow control means being controllable by said control
      signal for regulating the flow rate of said partial combined component
      through said second conduit means to control the volume of said partial
      combined component passing therethrough.
NUM  4.
PAR  4. A system for obtaining cream of a predetermined fat content, comprising:
PA1  a. centrifugal separator means having an inlet and first and second outlet;
PA1  b. first conduit means connected to said inlet for conveying milk of a
      known fat test to said separator;
PA1  c. first flow meter means positioned in said first conduit means for
      determining the flow rate of said milk, said first flow meter means
      including means for producing an electrical analog signal proportional to
      the flow rate of said milk;
PA1  d. second conduit means connected to said first outlet in said separator
      for removing the cream component of said milk;
PA1  e. second flow meter means positioned in said second conduit means for
      determining the flow rate of said cream component and for producing an
      electrical analog signal proportional to said flow rate of said cream;
PA1  f. programmed analog logic control means for receiving electrical signals
      from said first and second flow meters and for producing an electrical
      control signal responsive to the flow rates within said first and second
      conduit means; and
PA1  e. liquid flow control means positioned in said second conduit and
      electrically connected to said logic control means, said flow control
      means being controllable by said control signal for regulating the flow
      rate of cream through said second conduit means to obtain cream having a
      desired fat content.
NUM  5.
PAR  5. The system of claim 4 wherein said liquid flow control means is a valve
      means.
NUM  6.
PAR  6. The system of claim 5 wherein:
PA1  a. said first and second flow meter means comprise a magnetic flow meter;
      and
PA1  b. said valve means includes a current/pressure transducer and an
      air-operated throttling valve.
NUM  7.
PAR  7. The system of claim 6 wherein:
PA1  a. said first and second flow meter means comprise a magnetic flow
      transmitter connected to a magnetic flow-to-current converter means for
      generating an analog signal proportional to said flow rate;
PA1  b. said logic control means includes an analog computer which receives the
      analog signal generated by said magnetic flow-to-current converter means;
      and
PA1  c. an analog output from said analog computer is the electrical control
      signal which controls said valve means.
NUM  8.
PAR  8. The system of claim 4 including:
PA1  a. skim conduit means connected to said second outlet of said centrifugal
      separator means for exhausting the skim component of said milk from said
      separator;
PA1  b. first alternative conduit means connected to said second conduit means
      downstream of said second flow meter means and said liquid flow control
      means for exhausting the cream passing through the said first alternative
      conduit from said system;
PA1  c. second alternative conduit means connected to said second conduit means
      downstream of said flow meter means and said liquid flow control means and
      communicating with said skim conduit means;
PA1  d. flow meter means positioned within one of said first and second
      alternative conduits for determining the flow rate of the cream
      therethrough and for transmitting an electrical analog signal to said
      logic control means corresponding to said flow rate;
PA1  e. liquid flow control means positioned in one of said first and second
      alternative conduits and electrically connected to said logic control
      means; and
PA1  f. signal responsive means, included in said logic control means, for
      producing a signal responsive to the signal from said flow meter means in
      said alternative conduit to control the setting of said flow control means
      in said alternative conduit thereby regulating the respective flow rates
      therethrough.
NUM  9.
PAR  9. The system of claim 8 wherein said logic control means includes an
      analog computer.
NUM  10.
PAR  10. The system of claim 8 wherein:
PA1  a. said flow meter means includes a flow meter positioned in each of said
      alternative conduits for providing an electrical analog signal
      proportional to each of the flow rates through said conduits;
PA1  b. said logic control means includes electrical switching means for
      receiving said signal from each of said flow meters positioned in said
      alternative conduit means and for transmitting to said logic control means
      the electrical signals from said flow meter positioned in the one of said
      alternative conduits having the greater flow rate therethrough.
NUM  11.
PAR  11. The system of claim 10 including reservoir means wherein:
PA1  a. said skim conduit is connected to said reservoir for introducing skim;
PA1  b. said second alternative conduit is connected to said reservoir.
NUM  12.
PAR  12. The system of claim 11 further including a apparatus for injecting an
      additive product into said reservoir means responsive to the flow rate of
      the recombined milk and cream out of said reservoir.
NUM  13.
PAR  13. The system of claim 10 wherein each said flow meter positioned in each
      said alternative conduit is positioned so as to be in closely spaced
      relationship to said second flow meter means positioned in said second
      conduit means.
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ABST
PAL  Yeast is produced by fermenting hydrocarbons in an aqueous nutrient medium
      which includes sulfate, chloride and phosphate ions. When the fermentation
      is completed the nutrient medium has become depleted in mineral content
      and a large portion of it is purged. A calcium source is added to
      precipitate the phosphate ion out as calcium phosphate. The precipitated
      calcium phosphate is added to the yeast, which in itself is an excellent
      source of protein. The resulting product is suitable for use as an
      enriched animal feed. Meanwhile the removal of the phosphate ion
      eliminates a pollutant from the purge stream.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been known for some time that petroproteins can be produced by
      certain microorganisms which have the ability to attack or metabolize
      hydrocarbons. For example, yeasts can grow and multiply on a relatively
      inexpensive material and the yeast cells are a good source of protein for
      food supplement. The hydrocarbons can vary from simple hydrocarbons such
      as isopentane of n-pentane to complex hydrocarbons as crude oil, kerosene
      and residual oils. Microorganisms such as Monilia Murmanica, Monilia
      Sitophile and Saccharomyces are all suitable. A variety of nutrient media
      can be used depending on the type of yeast and usually contain sodium
      nitrate, potassium chloride, ferrous sulfate, phosphoric acid, etc. U.S.
      Pat. Nos. 2,697,061 and 3,474,001 disclose production of proteins from
      hydrocarbons using the above-mentioned microorganism including the various
      compositions of the nutrient media, and the conditions of the
      fermentation. U.S. Pat. No. 3,121,634 teaches useful compositions of
      animal feed containing calcium phosphate.
PAR  It is to be noted that the nutrient medium after fermentation, though
      depleted in minerals, still contains enough phosphate to cause a pollution
      problem when discharged as a waste stream into local waters.
PAR  Since phosphates have been recognized as notorious pollutants which cause
      algae formation, they have been in some areas banned from use as
      ingredients in detergents. Prohibitions exist against discharging
      industrial waste containing phosphates into rivers or streams. Therefore,
      removal of phosphates from the purge stream is a necessity.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided an improved method for
      preparing an animal feed enriched with calcium phosphate and treating a
      purge stream containing phosphate. In a process of growing yeast from
      hydrocarbons comprising fermenting hydrocarbons with yeast in an aqueous
      nutrient solution containing phosphate, and separating the yeast from a
      partially depleted nutrient solution, the improvement comprises
      introducing a source of calcium into the partially depleted nutrient
      solution to precipitate the contained phosphate therein as calcium
      phosphate, and recovering the calcium phosphate, and the yeast as product.
PAR  The object of the invention is to yield an improved yeast product and at
      the same time to eliminate a pollutant from the purge stream.
DRWD
PAR  FIG. 1 is a schematic flow diagram of a batch process for the production of
      yeast from hydrocarbons and the recovery of phosphate as calcium
      phosphate.
PAR  FIG. 2 is a preferred embodiment for the yeast production in a
      semi-continuous process.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For simplicity the description is confined to yeast, although the process
      is applicable to production of other proteins using nutrient media
      containing phosphate. Into the fermenter 1, of FIG. 1, hydrocarbon, water,
      nutrient medium and dried yeast are introduced through lines 3, 2, 4 and
      20 respectively. For purpose of illustration, the hydrocarbon can be a
      n-paraffin, the nutrient medium can include potassium phosphate,
      phosphoric acid and potassium sulfate. Air is bubbled through line 6 into
      the solution for maintaining the necessary required breathing oxygen.
      Ammonia is added to adjust the pH to a value suitable for the innoculated
      yeast via line 5. The fermentation takes from a few hours to a few days
      during which the yeast grows. To the fermentation effluent, known as yeast
      brew in line 7, containing yeast and depleted nutrient, is added a
      required amount of calcium chloride or calcium hydroxide, or other calcium
      source through line 8. The resulting mixture is charged into a separating
      unit 9 to separate the yeast and the precipitated calcium phosphate
      through line 11 from the substantially phosphatefree solution, which is
      discharged as a waste stream through line 10. The separated enriched yeast
      is dried in drier 12 to form a yeast product 13 containing about 0.1 to
      3.0%, preferably 1.5% by weight of calcium phosphate.
PAR  A preferred embodiment is shown in FIG. 2 in which yeast brew from multiple
      fermenters 1 is collected on a staggered time basis. The yeast brew is
      withdrawn in rotation from each fermenter to constitute a continuous feed
      to the downstream yeast recovery system. This provides a semi-continuous
      process for use in situations involving prolonged ferementation. The same
      feed streams 2, 3, 4, 5, 6 and 20, as in the batch process are introduced.
      The yeast brew from fermenter 1 is introduced in line 7 into a separator
      unit 9 where yeast is centrifuged and separated from the partially
      depleted nutrient solution which is removed in line 14. A portion of this
      solution is returned to the fermenter in line 15. The remaining portion in
      line 16, which would otherwise have been purged as waste is now treated
      with a calcium source such as calcium chloride or calcium hydroxide in
      line 8. This precipitates the contained phosphate as calcium phosphate,
      which is separated by filtration or centrifugation in unit 17. The
      filtrate in line 10 now is substantially free of phosphate and can be
      discharged as a waste stream. The separated calcium phosphate is added
      through line 18 to the yeast in line 11 and the mixture is introduced in
      line 19 into a drier 12 and dried to produce a product 13 suitable for
      animal feed. The calcium phosphate content in this animal feed would be
      about 0.1 to 3.0%, preferably 1.5% by weight.
PAR  It is to be noted that in the embodiment of FIG. 2, the mineral nutrient
      medium in line 4 need only be make-up minerals, since the recycled
      nutrient in line 15 still contains a portion of the original mineral
      content.
PAR  It has been known that calcium phosphate can be used for animal feed in
      concentrations up to about 3.3% by weight phosphate. The phosphate in the
      enriched feed produced by the present invention is well within safe limits
      for animals. Of course, the content of calcium phosphate or other
      minerals, can easily be supplemented if desirable.
PAR  As an illustration of the present invention, the following example is
      included, which represents the flow rates of a process according to the
      embodiment shown in FIG. 2.
TBL  ______________________________________                                    
     Starting Materials                                                        
     Hydrocarbon Oil 11,000    lb/hr.   (line 3)                               
     Net Nutrient (make-up)                                                    
                     1,500     lb/hr.   (line 4)                               
     Water           110,000   lb/hr.   (line 2)                               
     Calcium Chloride                                                          
                     75        lb/hr.   (line 8)                               
     Products                                                                  
     Dried Yeast Without                                                       
     Calcium Salts   10,000    lb/hr.   (line 11)                              
     Dried Yeast With                                                          
     Calcium Phosphate                                                         
                     10,150    lb/hr.   (line 19)                              
     Waste Stream                                                              
     Purge Stream    79,750    lb/hr.   (line 10)                              
     ______________________________________                                    
PAR  While this invention has been described with reference to certain preferred
      embodiments and illustrated by means of certain drawings and a specific
      example, it is to be understood that these are illustrative only, as many
      alternatives and equivalents will readily occur to those skilled in the
      art within the spirit and proper scope of this invention. The invention is
      therefore not to be construed as limited, except as set forth in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of growing yeast from hydrocarbons comprising fermenting
      hydrocarbons with the yeast in an aqueous nutrient solution containing
      phosphate, forming a yeast brew which comprises the yeast and partially
      depleted nutrient solution and separating the yeast from a partially
      depleted nutrient solution, the improvement which consists in introducing
      a source of calcium into the yeast brew to precipitate the contained
      phosphate therein as calcium phosphate, and recovering the product
      consisting essentially of the yeast containing calcium phosphate from the
      solution.
NUM  2.
PAR  2. An improved process according to claim 1 wherein the source of calcium
      comprises calcium chloride.
NUM  3.
PAR  3. An improved process according to claim 1 wherein the source of calcium
      comprises calcium hydroxide.
NUM  4.
PAR  4. A process for treating a waste stream resulting from yeast fermentation
      in which a yeast brew comprising partially depleted nutrient solution
      containing phosphate and the yeast product is produced, said process
      consisting in introducing a source of calcium into said yeast brew to
      precipitate the contained phosphate therein as calcium phosphate and
      separating the product consisting essentially of the yeast containing
      calcium phosphate from the treated waste stream.
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ABST
PAL  The present invention is an extruded horse feed having size, shape, surface
      texture, and ingredient constituency which characterize unexpectedly good
      palatability and increased available energy supply such that the feed is
      uniquely capable of improving the consistency of horses' performance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel, extruded horse feed which is
      particularly advantageous for high-performance horses. The extrusion of
      certain animal feeds is well known. For example, dry feeds for dogs, cats,
      fish and monkeys have been extruded under high pressures and temperatures
      to produce expanded feeds. These feeds generally contain a significant
      amount of animal byproducts and other constituents from the animals'
      ordinary nonextruded ration. On the other hand, feeds for livestock such
      as cattle, goats, sheep and horses have heretofore not been commercially
      acceptable.
PAR  Generally, extrusion of livestock feeds has been avoided for two reasons.
      First, there are severe problems which result if the same constituents for
      the livestock's ordinary ration are utilized in an extruded feed. For
      examples, molasses which is frequently used to enhance palatability of a
      non-extruded horse ration will cause undue slippage in the extrusion die,
      an undesirable puffing of the product and will decrease palatability of
      the extruded feed. Likewise, oat hulls and alfalfa, which are frequently
      found in non-extruded horse feeds will impart a rough, grainy or gritty
      surface texture to an extruded feed which lessens palatability. Second,
      the extrusion process is relatively expensive, yet there were heretofore
      no apparent advantages which would outweigh this consideration.
PAR  In regard to the latter problem, extrusion is generally advantageous
      because its inherent cooking aids in improving the digestibility of the
      feed. Many carnivorous animals, for which extruded feeds have been
      produced, lack the facility for internally synthesizing low grade protein
      and for breaking down crude farinaceous materials into useful forms of
      sugar and starch unless such materials are well-cooked. Ordinarily,
      carnivorous animals prey upon other animals whose digestive tracts, like
      that of horses, will break down vegetables, vegetable by-products and
      other farinaceous materials prior to consumption by the carnivorous
      animals. For example, the caecum and large intestine of horses is capable
      of synthesizing some good quality protein while canines and felines lack
      such capacity.
PAR  Nevertheless, it has been herein discovered that there is a considerable
      and novel advantage in manufacturing an extruded feed for one type of
      livestock animal -- horses. For example, horses as a general rule are
      sensitive, finicky, and spirited animals. These traits represent
      particularly acute problems with respect to high-performance horses. For
      example, race horses of all types, including harness and fine-harness
      horses, also show or exhibition horses of all kinds, as well as jumpers,
      and even rodeo and hard-working cutting horses on ranches undergo constant
      strain and/or stress. These stresses affect eating behavior and feed
      requirements. As a consequence, the owners of such horses have been
      trapped in quite a dilemma. That is, in spite of the horses' high caloric
      needs, their sensitivity all too often does not permit them to consume a
      nutritionally adequate amount of feed. Accordingly, the owner must accept
      either inconsistent performance or interruption in scheduled competition
      and/or work to allow horses to regain suitable condition.
PAR  Attempts to solve this problem range a gamut of from adding sweeteners and
      other exotic liquid and solid supplements to injecting various drugs to
      completely withdrawing the horses from competition, work and the public
      for extended periods of time, none of which are satisfactory.
PAR  Accordingly, a high-performance horse feed which would provide the
      requisite energy and nutritional needs of such animals in a form readily
      acceptable to the horses and in the bulk amount normally consumed
      spontaneously even after periods of excessive stress or strain would
      represent a considerable advancement in the art.
PAC  SUMMARY OF THE INVENTION
PAR  In the process of formulating and producing a high-performance ration for
      horses, applicants have discovered a unique combination of factors which
      give an unexpected and greatly enhanced palatability and increased
      available energy supply in a horse feed. Thus, it is possible to process a
      formulation which contains materials of normally lower palatability than,
      for example, molasses, etc., in a manner that makes the materials more
      palatable and energetic.
PAR  The process involves mixing and finely grinding proteinaceous, farinaceous,
      fibrous and other nutritional materials. The mixed ground material is then
      extruded to form slightly puffed, expanded material and cut to form shaped
      particles. The particles are coated with a uniform layer of vegetable oil.
      The conditions of extrusion and cut off are controlled to produce a
      product which has a bulk density of above 32 lbs. per bushel and
      preferably about 35 to 42 lbs. per bushel and which has a smooth texture
      with minimal rough surface projections. The particles are formed by the
      die shape and cut off to have a length of not more than 3 inches. The
      product will preferably have an oval or oat shape.
PAR  It is an object of the present invention to provide a feed which contains
      significantly higher levels of energy than oats or other conventional
      horse feeds by virtue of a composite of higher energy ingredients,
      although in unexpectedly low amounts, and improved processing without the
      necessity of extraneous multiple additions of various supplements or
      additives individually.
PAR  It is a further object of this invention to provide a feed which can be
      readily dry mixed in the grain portion of the horses' diet with no
      discernible distraction from, for example, oats.
PAR  It is also an object of the present invention to provide a feed which has a
      greater composite effect on improving the consistency of horses'
      performance than that of the ingredients if added individually.
PAR  These and other objects will become apparent from the following description
      of preferred embodiments.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Applicants, in the course of producing an extruded horse feed, discovered
      that they had inadvertently produced a feed which had better palatability
      and a greater supply of available energy than the conventional highly
      palatable standard high performance horse feeds. This result was quite
      unexpected since the feed contains less of the generally accepted extra
      palatability factors found in standard maintenance feeds. In seeking to
      determine why the feed exhibited such unexpected palatability and improved
      performance, applicants have discovered a unique combination of factors.
      By using applicants' unique combination of factors, it is possible to
      process a formulation for high-performance horses from relatively low
      palatability ingredients, which process effectively upgrades the
      palatability and available energy to an unexpectedly high level.
PAR  The concept of this invention pertains to a unique feed and method of
      making the same. Generally, a feed is produced from particular
      farinaceous, proteinaceous and fibrous sources with additional vitamin and
      mineral supplements as needed to make the feed nutritionally complete. The
      product is highly palatable and nutritionally superior either when feed
      alone or when fed mixed with other feeds.
PAR  The farinaceous components of the present invention are preferably corn,
      wheat, flour, wheat meal by-products, wheat and wheat middlings. In spite
      of the long felt belief and conventional practice of utilizing oats as the
      primary or preferred grain source of starch for horses, it has been
      discovered that oats are not necessary nor preferred for purposes of
      applicants' invention. The underlying reason for this is not precisely
      understood. In the present invention, even though corn and wheat are
      ordinarily less palatable to horses than oats in an unprocessed feed, the
      corn, wheat and wheat middlings when processed are significantly more
      palatable than are oats when processed in the same manner. The total
      amount of the farinaceous material of this invention ranges from 35 to
      about 65% by weight based on the overall weight of the final product.
      However, it is preferred to use from 40 to 50%.
PAR  The proteinaceous material needs to be a source high quality protein. One
      might except that, by virtue of the horses' ability to manufacture some
      good quality protein in its caecum or large intestine, the horse has no
      particular need for additional high quality protein nor for well processed
      extruded feed. But this is not the case. Applicants have unexpectedly
      discovered that the source of protein is critical in accomplishing the
      advantages of the present invention. Examples of suitable proteinaceous
      materials are legume seed meals such as soybean meal, soy flour, peanut
      meal, rape seed meal, cottenseed meal, safflower seed meal and mixtures
      thereof. Meat and fish scraps, although high in protein and frequently
      used in other extruded feeds, have no utility in the applicants'
      formulation. Their palatability to horses is low in the extruded product.
      It is particularly preferred for convenience, economy and efficiency to
      utilize soybean meal as the proteinaceous material. The amount of
      proteinaceous material utilized is from about 10 to about 30% by weight of
      the final product and preferably from 20 to about 25%.
PAR  The fibrous material is required in order to provide adequate structural
      strength or integrity to the final feed pellets and also to effect stool
      normality. Although oat hulls and alfalfa are conventionally utilized for
      their fiber in nonextruded horse feeds, such materials lack the requisite
      palatability for applicants' extruded feed. These materials cause a rough
      grainy or gritty surface texture in the pellets which is apparently
      offensive to horses. It is not understood why such effect is only
      prevalent in the extruded feed but the fact remains that it is.
      Accordingly, it has been unexpectedly discovered that soybean hulls, rice
      hulls and cottenseed hulls are the preferred fibrous material of the
      present invention in spite of their lower palatability in non-extruded
      feeds. Soybean hulls are particularly preferred. The amount of fibrous
      material may be from about 5 to about 30% by weight of the final product;
      however, it is preferred to use 15%.
PAR  The nutritional supplements of the present invention are the fat soluble
      and water soluble vitamins and minerals which are nutritionally
      advantageous to high performance horses. Typical ones are vitamins A, D, E
      and the B vitamins, riboflavin, niacin, thiamine, biotin, pantothenic,
      choline, pyridoxine, and also ascorbic acid, and calcium, phosphorus,
      copper, iron, manganese, iodine, zinc, cobalt, salts such as sodium
      chloride and combinations thereof. The nutritional supplements are
      utilized in an overall amount of from about 3 to 4 by weight of the feed.
PAR  In the process of this invention, the above-described farinaceous,
      proteinaceous, fibrous and nutritional ingredients are uniformly mixed and
      finely ground. The materials may be ground separately or they may be mixed
      prior to grinding. If desired, small amounts of vegetable oil (about 2%)
      can be added to soften the mixture for ease of working. After grinding,
      the mixture is introduced into a steam conditioning chamber at from about
      85.degree. to about 98.degree. C. to bring the moisture content up to
      between about 25 to 35% by weight of the mixture. The damp mixture is
      formed, by minimal expansion extrusion, into relatively homogeneous, feed
      particles. The conditions of forming are carefully controlled to produce
      feed particles having a bulk density of above 32 pounds per bushel but
      preferably from 35 to 42 pounds per bushel. The particles must also be
      formed in a manner which gives them a smooth texture with a minimum of
      torn or rough surface projections. The particles are formed into shapes
      which may have a length of from 1/8 inch to 3 inches. Preferably, the
      particles should be formed into shapes having rounded edges, such as small
      cylinders or rounded ovals. The particular shapes should have mean
      statistical diameters between 0.15 and 0.6 inches.
PAR  The statistical diameter of the particles is determined by the method of
      Martin and a mean is taken by analyzing a random sample of the product.
      (cf. Small Particle Statistics, G. Herdan and M. L. Smith, chapter 5,
      pages 61-98.) A sufficiently large sample is taken so that the standard
      error of the mean is within .+-.0.01.
PAR  The process of this invention may be practiced on a conventional extrusion
      device. The rotating screw of the extruder device creates a high pressure
      on the material in the extruder. It is believed that the particulate
      material fed in changes form until it finally flows in a generally fluid
      manner, even squeezing around the outer periphery of the screw in a
      recirculating fashion, to cause a severe mechanical working of the
      substance. Part of the pressure is caused by the screw. Part of the
      pressure is due to the high temperatures which result both from friction
      between the flowing product and components of the extruder and from heat
      that is purposely added to the outside of the extruder, if under normal
      operation. This added heat is preferably obtained by passing steam and/or
      water through a forward or front annular jacket within the extruder
      housing around, but separate from, the foward end of the extruder chamber.
      Steam may also be added directly into the extruder to increase the
      temperature of the material and/or to raise the moisture content of the
      material, if desired. The amount of heat applied is controlled by typical
      valving techniques in a manner to obtain temperatures which are not
      sufficiently high so as to cause the product to scorch or burn, but which
      are sufficiently high to cause the desired chemical and physical reactions
      within the material. The amount of added heat to do this will vary with
      the particular extruder construction, but can be readily determined by
      trial and error during the initial stages of operation of the equipment.
PAR  In addition to the steam jacket for adding heat, an annular cooling jacket
      surrounds the rear portion of the extruder chamber. This has been found
      desirable in normal operation to maintain lower temperatures in the
      initial stages of operation.
PAR  The moisture content and grind of the damp material and the temperatures
      and pressures of extrusion must be selected in a manner to produce an
      extruded product which will have the desired properties. The particular,
      the bulk density of the extruded material must be above about 32 pounds
      per bushel, preferably, about 35 to 42 pounds per bushel and most
      preferably 38 pounds per bushel after the product has been dried to a
      moisture content of about 10 to 12% by weight.
PAR  The extrudate, after processing, forming and cutting, is then uniformly
      coated with vegetable oil to form the final product. In spite of the fact
      that hot liquid animal fat is ordinarily equivalent to vegetable oil as a
      coating on other extruded products, it has no utility in the applicants'
      extruded horse feed. Only vegetable oil is suitably palatable to horses as
      a coating on the applicants' extruded product. The explanation is not
      apparent at this time. The vegetable oils of the present invention are,
      for example, corn oil, soybean oil, safflower oil, cottonseed oil or
      peanut oil. Soybean oil is preferred. The oil is applied in an amount of
      from about 2% to about 10% by weight of the final product but preferably
      4%. The coating may be applied by spraying weighed batches or as part of a
      continuous process with any appropriate metering device. The spray
      coating, if desired, may be followed by or even substituted by a period of
      oil blending to insure uniformity. Spray coating is preferred.
PAC  EXTRUSION OPERATION
PAR  In operation, the farinaceous-proteinaceous fibrous ingredients are ground
      to a particle size of less than 0.070 inch and dry mixed to a uniform
      mixture. Enough water is added to the mixture to bring the moisture
      content of the mix to between about 25 and 35% by weight and the moistened
      mixture is blended until the moisture is uniformly distributed throughout
      the mixture.
PAR  When the mixture is prepared and ready for the extrusion operation, it is
      fed into the extruder inlet while the extruder screw is rotated at a
      substantial speed of, for example, about 150 rmp. During this operation,
      steam is passed through the forward jacket, and normally, cooling water is
      passed through the rear jacket. The meal mixture is advanced in the
      extruder by the screw while its temperature is increased to above about
      212.degree.F. (100.degree. C.) by the heat added by the mechanical working
      friction, and possibly by the chemical changes occurring. Since the screw
      tends to advance the material faster than it can be passed through the
      restricted outlet means, the pressure builds up in the extruder, while the
      product is severely mechanically worked in the extruder. The material is
      converted to a flowable substance which is forced from the main extrusion
      chamber, after a retention time of usually 30 to 40 seconds, into the
      supplemental chamber. The material remains under elevated pressures and
      temperatures as it is advanced by pressure differential through the
      extruder to the die outlet nozzle.
PAR  As it emerges from the nozzle under the high internal pressures into the
      much lower atmospheric pressure, the super heated moisture partially
      flashes off by evaporation to cause product expansion and partial cooling.
      If the product is being processed properly, it emerges in the form of a
      continuous elongated expanded member which is severed into individual
      particles as it emerges by any ordinary cut off means. The product has
      minimal expansion as opposed to conventional extruded porous feeds which
      are porous and have a puffed, expanded structure. However, for purposes of
      applicants' invention, the toasted aroma and flavors of the particles was
      found to be adequate but artificial flavorings could be used, if desired.
      The product, as it emerges, is palatable and wholesome.
PAR  During the extrusion operation, the temperature and pressure of the
      extruder is preferably controlled to produce a product which will have the
      desired bulk density when dried. More specifically, within the pressure
      and temperature limits of the extrusion process, the conditions of the
      extruder are controlled to produce a final product which has a bulk
      density above 32 pounds per bushel, preferably 35 to 42 pounds per bushel,
      and most preferably 38 pounds per bushel when dried to a moisture content
      of about 10% by weight. As the temperature of the extrusion material
      (taken just upstream of the extrusion die) varies between about
      115.degree. to 163.degree. C., the pressure of the extruder (taken just
      upstream of the extrusion die) will vary depending on the temperature
      utilized. A temperature of about 135.degree. C. is preferred, though the
      preferred parameters to produce an optimum product may vary somewhat due
      to the design of the particular extruder used.
PAR  As the expanded extruded product leaves the extrusion die, it is cut by
      conventional cut off means into the desired shape. The cut off, in
      cooperation with the shape of the die orifice, i.e., square, circular,
      annular, determines the shape, size, and texture of the product. By using
      a sharp cut off set very close to the die, it is possible to produce a
      product with a very smooth surface texture. The speed of the cut off and
      the die size determine the size of the extruded particles.
PAR  It is of particular note with reference to the extrusion of the product,
      sometimes referred to herein as the feed, that high performance horses
      have shown a strong preference for pellets sized at less than 3 inches
      long. It is particularly preferred that the product be cut into pellets
      having a length of about one-half inch. Out of several shapes which are
      acceptable such as, for example, star shaped 3/16 inch in diameter, short
      flat ribbon (3/8 .times. 3/16 .times. 1/16 inch), rods (1/4 .times. 3/8
      inch) and oat or oval shaped, the preferred shapes for the product are
      oval shaped (3/8 inch length) and rod shaped (1/4 .times. 3/8 inch).
PAR  As a result of the above-described formulation and processing, the
      available energy consumption of high performance horses can be increased
      significantly by replacing one-half to all of their normal grain ration
      with the product of the present invention. The total energy provided by
      the composite of the above-described ingredients is greater than that of
      the sum of the energy values of the particular ingredients if added
      individually. This is evidenced by a considerable number of animal studies
     .
DETD
PAR  The following example illustrates the invention but is not intended as a
      limitation thereof.
PAC  EXAMPLE 1
PAR  A mixture of 32.5 parts corn, 10 parts wheat, 10 parts wheat middlings, 15
      parts soy hulls, 22.9 parts soybean meal and 3.6 parts vitamins and
      minerals is finely ground with the constituents being uniformly
      distributed throughout the mixture. The mixture is introduced into the
      steam conditioner of an extruder wherein 30% moisture by weight is added
      to the mixture at about 85.degree. C. The mixture is then passed through
      an extruder at about 130.degree. C. having an oval shaped die adapted to
      provide particles of 3/8 .times. 1/4 inch length, obtaining thereby a bulk
      weight of 38 pounds per bushel. The mixture is dried to about 12% moisture
      by weight of the mixture. Then 6 parts soybean oil is uniformly sprayed
      onto the pellets.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method of making a high performance horse feed, said
      improved method comprising the steps of grinding and extruding at from
      about 115.degree. to about 163.degree.C. to a bushel weight of about 32
      pounds per bushel and a particle size of from 1/8 to 3 inches in length
      and a mean diameter of from 0.15 to 0.6 inch, a combination comprising, by
      weight of the combination, from about 35 to 65% farinaceous material
      selected from the group consisting of wheat, wheat flour, wheat meal
      by-products and corn from 10 to 30% proteinaceous material selected from
      the group consisting of soybean meal, soy flour, peanut meal, cottonseed
      meal and safflower seed meal, from about 5 to 30% fibrous materials
      selected from the group consisting of soy hulls, cottonseed hulls, and
      rice hulls and from 3 to 4% nutritional supplements and between about 25
      and 35% added moisture based on the weight of the combination; and
      thereafter drying to about 10% and coating the extruded combination with
      from 2 to 10% by weight vegetable oil selected from the group consisting
      of soybean oil, corn oil, safflower oil, cottonseed oil and peanut oil.
NUM  2.
PAR  2. The method of claim 1 wherein the amount of farinaceous material is from
      40 to 50% by weight based on the total weight of the feed.
NUM  3.
PAR  3. The method of claim 1 wherein the amount of proteinaceous material is
      from 20 to 25% by weight based on the total weight of the feed.
NUM  4.
PAR  4. The method of claim 1 wherein the amount of fibrous material is 15% by
      weight based on the total weight of the feed.
NUM  5.
PAR  5. The method of claim 2 wherein the extrusion is conducted at 130.degree.
      C.
NUM  6.
PAR  6. The method of claim 1 wherein 4% soybean oil is coated onto the product.
NUM  7.
PAR  7. The method of claim 1 wherein the product is extruded to a bushel weight
      of from 35 to 42 pounds per bushel.
NUM  8.
PAR  8. An extruded and vegetable oil coated high performance horse feed having
      substantially improved available energy supply and palatability, said feed
      comprising farinaceous material selected from the group consisting of
      wheat, wheat flour, wheat meal by-products and corn in an amount of 35 to
      65% by weight based on the total weight of the feed, further comprising
      proteinaceous material selected from the group consisting of soybean meal,
      soy flour, peanut meal, cottonseed meal, safflower seed meal in an amount
      of from 10 to 30% by weight based on the total weight of the feed, further
      comprising fibrous material selected from the group consisting of soy
      hulls, cottonseed hulls, rice hulls in an amount of from about 5 to 30% by
      weight based on the total weight of the feed, further comprising
      nutritional supplements selected from the group consisting of vitamin A, D
      and E, ascorbic acid, biotin, panthothenic, choline, niacin, pyridoxine,
      riboflavin, thiamine, calcium, phosphorus, NaCl, copper, iron, manganese,
      iodine, zinc and combinations thereof, in an amount of from 3 to 4% by
      weight based on the total weight of the feed, further comprising a
      vegetable oil coating, said oil selected from the group consisting of
      soybean oil, corn oil, safflower oil, cottonseed oil, peanut oil, in an
      amount of from 2 to 10% by weight based on the total weight of the feed,
      and having a bushel weight of about 32 pounds per bushel, a particle size
      of from 1/8 to 3 inches in length and a mean diameter of from 0.15 to 0.6
      inches.
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ABST
PAL  Potatoes are converted into convenience food products, using techniques
      which provide advantages over customary operations. Example: Potatoes are
      cooked and mashed. The mash is shaped into strips which are then treated
      with hot air to case-harden their surfaces. The resulting intermediates
      may be fried directly or held in frozen or cold storage for future use. On
      frying, they yield products which have the taste, appearance, color, and
      texture of high-quality conventional French fries plus added advantages of
      higher solids content, lower fat content, and no tendency to get limp.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the U.S. Government,
      with the power to grant sublicenses for such purposes, is hereby granted
      to the Government of the United States of America.
PARN
PAR  This is a division of our copending application Ser. No. 136,926, filed
      Apr. 23, 1971, now U.S. Pat. No. 3,812,274.
BSUM
PAR  This invention relates to and has among its objects the provision of novel
      food products prepared from potatoes, and novel processes for making them.
      Further objects of the invention will be evident from the following
      description wherein parts and percentages are by weight unless otherwise
      specified. The terms "fat" and "oil" are used synonymously herein as
      designating an edible glyceride whether normally solid or liquid.
PAR  Much of the potato crop produced in the United States is utilized for the
      production of fried products such as French-fried potatoes, potato chips,
      shoe-string potatoes, etc.
PAR  The commercial production of a typical product--French-fried potatoes--is
      generally carried out as follows: Potatoes are washed, peeled, and cut
      into strips. The potato strips are then washed with cold water to remove
      surface starch, leached in hot (about 150.degree.-180.degree. F.) water to
      remove reducing sugars, drained, and then fried in edible oil. The fried
      products may be utilized directly, or frozen for future use. When the
      products are to be consumed, the frozen strips are heated in the oven, or
      given a short (finish) fry in hot edible oil.
PAR  Although the production of fried potato products is a relatively simple
      process, various problems confront the manufacturer. These problems are
      outlined as follows:
PAR  The necessity for peeling the potatoes involves substantial losses of
      valuable potato flesh. In the usual peeling operations, the losses average
      about 15-25% of the raw stock. Also, the peeling of potatoes requires the
      installation of complex equipment and procedures, and the use of corrosive
      chemicals such as caustic soda. Another factor is that conventional
      peeling systems yield enormous volumes of water containing organic matter,
      the disposal of which is a serious problem from a pollutional standpoint.
PAR  The cutting operation invariably yields a substantial proportion of
      irregular and/or undersized pieces. Such sub-standard pieces cannot be
      processed in the regular way and must be diverted into other channels
      which do not provide a full return.
PAR  The conventional step of washing the strips results in the release of both
      soluble and insoluble components from the cut cells into the wash water.
      Thus, there is a net loss of valuable potato material. Additionally, the
      wash-water presents a disposal problem because of its content of organic
      matter. The conventional step of leaching the strips with hot water
      entails similar problems of loss of nutrients and disposal of the waste
      water.
PAR  Another problem is the difficulty of producing products of acceptable and
      uniform color. This problem is brought about by variation in the chemical
      composition of the raw potatoes, and is explained as follows:
PAR  If the potatoes are freshly harvested or have been stored after harvest at
      a temperature of about 50.degree. F. or above, no complications will
      generally occur. Under such circumstances, the raw pieces can be readily
      fried to yield a product of acceptable color. However, when the potatoes
      have been kept at the lower temperatures (that is, cold storage
      temperatures of about 40.degree. F.) necessary for holding the tubers
      longer than about three months, complications set in. Potatoes held under
      such cold storage conditions tend to darken on frying to give products of
      very undesirable dark brown color, that is, products which are not
      marketable.
PAR  The reason why such potatoes tend to darken excessively can be explained as
      follows: When the potatoes are kept in cold storage, part of the starch in
      the tubers is converted into glucose or other reducing sugars. Thus it has
      been shown, for example, that the browning tendency of the tubers
      increases as the content of reducing sugars increases. It has also been
      postulated that the reducing sugars react with the nitrogenous
      constituents in the potatoes, whereby to produce dark-colored reaction
      products. During the frying operation this browning reaction proceeds very
      rapidly at the high temperature to which the potatoes are subjected. It is
      to be emphasized, however, that regardless of the theory involved, it is
      well established that potatoes which have been kept in cold storage brown
      excessively on frying, as discussed above.
PAR  A known method for remedying the situation outlined above involves
      "reconditioning" the potatoes which had been kept in cold storage. This
      reconditioning involves holding the potatoes at a temperature of about
      70.degree. F. for a period of about 1 to 3 weeks. The basis for the
      treatment is that during the holding period at the stated temperature, the
      content of reducing sugars is progressively decreased.
PAR  Although reconditioning is used in industry, it gives rise to its own
      problems and disadvantages. One item is that it is expensive as it
      involves extra handling costs, tying up of large quantities of potatoes,
      and added storage space and facilities for carrying out the treatment.
      Also, losses are involved, e.g., loss of solids due to respiration
      (conversion of carbohydrates into CO.sub.2), loss of water due to
      evaporation, and losses due to sprouting and spoilage by microorganisms
      and/or insects or other pests. Another item is that some varieties (White
      Rose and Red LaSoda, for example) do not respond to reconditioning; hence,
      if such potatoes have been subjected to cold storage they cannot be used
      at all.
PAR  Even with reconditioning or when reconditioning is not used, it is
      necessary in the conventional procedure to remove the remaining surface
      sugars by leaching with hot water. Leaching is usually done at
      temperatures of 140.degree. F. or above for times ranging from 10 to 20
      minutes and often followed by a 2.5 to 3.5-minute immersion in water at
      180.degree.-190.degree. F. to set the texture. Such drastic water
      treatments often remove all flavor, in addition to their undesired effects
      of extracting nutrients and giving rise to waste water disposal problems.
PAR  Another problem is conventional operations involves the matter of texture
      of the final product. Most restaurants, including the large franchise
      chains, prefer to prepare their French-fried potatoes from the frozen
      pre-fried product rather than to go through the cumbersome procedure of
      preparing French fries from raw potatoes. Although frozen pre-fried
      products offer convenience and savings in labor costs, one problem which
      has beset the industry is that when the products are prepared for the
      table (either by oven heating or by deep-fat frying), they are unstable as
      to texture. Immediately after removal from the oven or deep-fat fryer, the
      potato strips have a desirable crisp texture, but as they cool they become
      limp and soggy. This problem is particularly acute in large restaurant
      operations: Guests who receive the first portions of each batch enjoy
      French fries of desirable crisp texture, whereas others who receive
      subsequent portions of the batches can only contemplate with dismay the
      soggy, limp strips on their plates.
PAR  Another problem to be considered is that conventional fried products have a
      high proportion of fat (derived from that used in the frying operation)
      and many consumers would prefer to have a product with a lower fat
      content. In conventional operations the fat content of the product is not
      subject to control to any substantial degree.
PAR  Conventional production of French fries requires the use of large,
      uniformly-sized tubers so that strips of standard length may be cut
      therefrom. Potatoes of such grade command premium prices.
PAR  It is also to be realized that the flesh of any given tuber is not
      uniform--it varies in different parts. For example, the bud-end tissue is
      usually lower in solids content than the stem-end. Thus, the strips cut
      from the tubers will have varying composition along their length. This, in
      turn, gives rise to such problems as non-uniformity in color and texture
      in the fried product.
PAR  The primary object of the invention are to provide the means for obviating
      the problems outlined above. Basically, the objects of the invention are
      attained by applying the following operations:
PAR  1. Raw potatoes are cooked and mashed. A feature of the invention is that
      the cooking may be applied to unpeeled potatoes, whereby the peels become
      loosened during the cooking operation and can be readily separated as an
      incident to mashing. In this way, the usual cumbersome peeling
      steps--requiring the application of lye or other corrosive substances--are
      completely eliminated. Moreover, by first applying cooking and then
      removing the peels, the procedure is not only simplified but losses of
      potato material are reduced. For example, with our system, peeling losses
      are generally about 3.5 to 8% of fresh weight in contrast to losses of
      about 15-25% in conventional peeling operations.
PAR  2. The potato mash is shaped, for example by extrusion, into strips or
      other desired forms. This technique completely eliminates the raw material
      losses and waste disposal problems which invariably accompany the usual
      procedure of cutting the tubers into pieces. In the process of the
      invention, substantially all the potato flesh is utilized. Moreover, since
      we form our pieces from potato mash rather than by cutting from the whole
      tubers, it is not necessary for us to start with large tubers--we can use
      potatoes of any size, including unsized stock, and over- or under-sized
      stock. Also, the problems of non-uniformity within individual tubers is
      eliminated by our technique.
PAR  3. The shaped pieces of potato mash are treated--as by applying a hot-air
      or hot air plus steam treatment--in order to form a thin crust or
      case-hardened layer on the surfaces of the pieces. This crust improves the
      mechanical properties of the pieces. It renders them capable of further
      handling without danger of breakage, and it also ensures that the final
      product will have a desirable crisp exterior. It also protects the
      interior portions so that these portions retain their desirable mealy
      texture. In sum, the formation of a crust or case-hardened layer is a
      critical part of the invention as it ensures that the final product will
      have the desirable qualities of a good quality conventional fried product,
      namely, a crisp exterior and a mealy interior.
PAR  4. Following the formation of the above-described intermediate (the shaped
      pieces of mash enveloped in a case-hardened shell of potato tissue),
      various procedures may be used to advantage. A typical one is to fry the
      pieces and freeze them for future use. For ultimate consumption the frozen
      product merely needs to be heated in an oven to make it table-ready. A
      feature is that fried products produced in accordance with the invention
      do not become limp as they cool; they retain their rigidity even when they
      cool to room temperature.
PAR  Hereinabove, we have explained that in conventional procedures there are
      difficulties in achieving products of acceptable color. This is no problem
      with the process of the invention. We have observed that fried products of
      completely acceptable color are produced even when the raw stock is
      potatoes which have been held in cold storage and which by conventional
      operations would yield unacceptable dark products.
PAR  We have also explained above that in conventional procedures, the strips or
      other pieces cut from the tubers are washed to remove surface starch and
      leached in hot water. No comparable treatments are applied in the process
      of the invention. As a result we not only avoid losing nutrients by any
      leaching effect but we avoid the disposal problems encountered in the
      usual systems which employ the water-contacting steps in question.
PAR  Another advantage of the invention is that it yields products which have a
      higher solids content, i.e., more nutritive value, then conventional
      products. Moreover, fried products in accordance with the invention
      contain a lesser proportion of fat than conventional products.
PAR  In many conventional procedures, particularly where the products are sold
      in an intermediate stage for future frying or the like, it is necessary to
      incorporate preservatives such as sulphites to maintain color during
      storage. A feature of the invention is that no binders, preservatives, or
      other additives are required.
DRWD
PAR  In the annexed drawing:
PAR  FIG. 1 is a flow sheet illustrating the procedures of the invention.
PAR  FIG. 2 is a transverse section, on an enlarged scale, of an intermediate in
      accordance with the invention. For the purpose of illustration, the
      thickness of the case-hardened layer has been exaggerated.
DETD
PAR  The practice of the invention is next described in detail, having reference
      to FIG. 1 of the annexed drawing.
PAR  Block 1 represents the application of preliminary steps, namely, washing of
      the raw potatoes and cutting them into slabs--for example, ones about 1
      inch thick--to facilitate cooking.
PAR  The slabs of raw unpeeled potato are then fed into a cooker, block 2, which
      may take the form of conventional cooking apparatus operating at
      atmospheric or superatmospheric pressure wherein the potatoes are cooked
      by application of steam or boiling water. Steam is preferred and is
      applied at atmospheric pressure or at an elevated pressure of about 10-20
      psig. This cooking step is purely conventional and is continued just to
      the point that the slabs are cooked to their centers. Overcooking to the
      point of disintegration or the like is best avoided.
PAR  In block 3, the cooked slabs of potatoes are fed into a masher where they
      are subjected to the action of a beater, whip, or similar device to form a
      mash. The mash is then pressed through a screen whereby to separate the
      peels. In the event that the original raw potatoes contained defects, the
      defective areas become hardened in the cooking operation, and are easily
      separated from the mash together with the peels during the aforesaid
      screening operation.
PAR  Instead of first mashing the cooked potatoes and then screening them, in an
      alternative procedure the cooked slabs may be directly passed through a
      screen to form the mash and separate the peels and defects in a single
      operation.
PAR  If desired, nutrients such as proteins and/or vitamins may be incorporated
      into the potato mash.
PAR  It is evident from the foregoing that by applying the cooking step to
      unpeeled potatoes, one eliminates the usual peeling operations. In our
      process, pre-peeling is unnecessary because the peels are very easily
      separated in the mashing operation. Our technique not only results in
      elimination of the usual operation but also involves a saving of valuable
      potato flesh. Also, since we remove the peels as such rather than as part
      of a dilute slurry (as in conventional peeling), the disposal problem is
      greatly simplified. The peels removed by our technique, being in a
      concentrated form, can be disposed by burning, or dumping into trenches
      and covering with soil. Alternatively, they can be used for animal
      feeding.
PAR  Referring again to FIG. 1, the mash is directed to extruder 4 of
      conventional design where the mash is formed into pieces of a desired
      shape. In preparing French fries as the final product, the mash is formed
      into a long strip having a cross-section of about 1/4 .times. 1/4 inch or
      3/8 .times. 3/8 inch. The strip is then cut transversely into pieces about
      3 to 4 inches long. It is obvious that the shape selected may be varied.
      Thus, one may compress the mash into such forms as chips, strings,
      ribbons, sticks, cubes, etc., as desired. Usually, it is preferred that
      the smallest dimension of the pieces be at least 1/8 inch, preferably at
      least 3/16 inch.
PAR  Although extrusion through a die is a preferred method for shaping the
      mash, it is obvious that other techniques can be used such as pressing the
      mash into a mold. Whether extrusion or other shaping technique is used, it
      is only necessary to apply enough compressive force to yield a piece which
      is self-sustaining so that it retains its integrity during handling.
PAR  The shaped pieces of potato mash are next directed to block 5 where they
      are treated to form a thin crust or case-hardened layer on their surfaces.
      For this operation one may use a conventional dehydrator, for example, one
      which provides an endless belt of non-stick (e.g., Teflon-coated) mesh
      construction to convey the pieces through a chamber wherein they are
      exposed to a current of hot air, preferably at about 200.degree. to
      300.degree. F.
PAR  One technique for producing the desired crust is to expose the pieces to
      the hot air stream until there is formed on the exterior of the pieces a
      crust or case-hardened layer of tissue. The time required to establish
      this effect will vary depending on such factors as the variety and solids
      content of the potato, the temperature of the air, and the efficiency of
      contact of the air with the pieces. In any particular case, the proper
      duration of the treatment can be judged by noting the appearance of the
      pieces. In many instances the crust will be properly formed when the
      pieces are reduced in weight about 20 to 40%, preferably 30 to 35%
      (through evaporation of water).
PAR  Since the aim of the treatment in block 5 is primarily to affect the
      exterior of the potato pieces, it is desirable that all surfaces of the
      pieces be exposed to the current of hot air. Such conditions can be
      established in various ways, for example, by supporting the pieces on
      trays or the like of non-stick (e.g., Teflon-coated) woven wire or
      perforated metal and/or by providing a mechanical device, such as a slowly
      rotating brush, to gently turn the pieces as they are exposed to the hot
      air stream.
PAR  In a particularly preferred embodiment of the invention, the pieces are
      contacted with steam for a brief period after the hot air treatment has
      been initiated but before it is completed. This procedure has the
      advantage that the final fried products exhibit a particularly desirable
      crisp exterior, completely free from any toughness or leatheriness.
      Typically, this embodiment of the invention utilizes the following
      procedure:
PAR  The pieces are first exposed to the current of hot air for a brief period
      of time, that is, until a thin papery shell of dried tissue forms on the
      surface. Generally, this will take only about 1 to 5 minutes, depending on
      the temperature of the hot air stream. The pieces are then, while still
      hot, contacted with steam for about 15-60 seconds, or, alternatively,
      contacted with a fine spray of water applied long enough to wet the
      surfaces of the pieces thoroughly. Then the pieces are again contacted
      with the current of hot air. Generally, this second exposure to hot air is
      continued until the weight loss of the pieces (including that which took
      place in the first hot air treatment) is about 30 to 35%.
PAR  We have observed that the case-hardening treatment--whether conducted
      solely with hot air or in conjunction with steam--does not cause any
      significant expansion or puffing of the pieces. They retain essentially
      the same shape and volume that they had previously.
PAR  Reference is now made to FIG. 2, which is a transverse cross-section of our
      intermediate product on an enlarged scale. Numeral 15 designates the
      compressed body of cooked potato mash, and numeral 16 designates the thin
      shell of case-hardened potato tissue which envelopes body 15. In general,
      shell 16 will have a thickness on the order of about 0.01 to about 0.04
      inch. The two components are readily identifiable by appearance; body 15
      has the typical mealy texture and appearance of potato mash. Shell 16 is
      denser, smoother in texture, somewhat glazed, and has a slightly yellowish
      tinge due to its higher concentration of solids.
PAR  Directing attention again to FIG. 1: After the case-hardening operation in
      block 5, the pieces may be treated in various ways. The alternative paths
      are designated by lines 6, 7, and 8. The pieces from block 5 need not all
      follow one of these paths; some may go to one, some to another, etc.
PAR  Turning attention first to the path designated by line 6: In block 9 the
      case-hardened pieces are frozen in conventional manner--for example, in an
      air-blast freezer--and maintained in frozen storage until they are to be
      prepared for the table. The products can be held in frozen storage
      indefinitely without deterioration. An important factor is that the
      freezing does not cause the individual pieces to stick together; the
      pieces remain separate even where they are in close contact. This is a
      very useful attribute of the products--it permits the user to readily
      remove any desired portion from a package of the frozen pieces. It is
      further to be noted that the pieces retain their integrity during freezing
      and thawing; they do not crumble or break apart but are able to resist the
      usual stresses encountered in packaging, shipping, and other handling
      operations. Moreover, the products do not discolor; no sulphite or other
      preservative is needed.
PAR  When the frozen products are to be used they are fried in edible oil
      365.degree.-375.degree. F. The frozen products can be entered directly
      into the hot oil and finish-fried in only about 60 seconds, or they may be
      first thawed and then finish-fried in about 45 seconds. In either case,
      these rapid finish-fry times are of great advantage to the restaurant
      operator and are much less than the times used in finish-frying of
      conventional French fries. Moreover, these short frying times made
      possible by the invention are the reason why we are enabled to achieve
      final products of suitable color even though starting from potatoes which
      have been taken directly from cold storage and which are high in reducing
      sugars.
PAR  The fried products produced as described above meet and even excel the
      standards of good-quality fried products prepared in conventional manner
      from fresh potatoes. Thus, our products have a proper golden-brown color,
      a crisp exterior and a mealy interior, and excellent taste. In these
      respects, they are equal to high-quality conventional French fries.
      Moreover, they are superior to the conventional product in that they do
      not become limp with standing following the frying operation.
PAR  Directing attention now to the path designated by line 7: In block 10 the
      case-hardened pieces are chilled to cold storage temperature (about
      35.degree.-45.degree. F.) and kept at such temperature until they are to
      be prepared for the table. This form of treatment is particularly suitable
      for sale to institutions, restaurants, hotels, and the like. The products
      can be kept in an ordinary refrigerator until orders are received by the
      kitchen, at which time the cook will remove a suitable quantity and fry
      them in hot oil in conventional manner.
PAR  Storage studies conducted by us have shown that the case-hardened products
      can be kept in cold storage for 10 to 14 days with no deterioration
      whatsoever. Moreover, no sulphite or other preservative is needed to
      preserve their color. Samples of our products with no sulphite added have
      been held nearly a month with no discoloration, but become contaminated
      with fungal organisms after about 14 days.
PAR  Those knowledgeable in the industry are well aware of the practice of
      cutting peeled potatoes into strips, chilling them, and distributing the
      product to restaurants and the like as a stock for making French fries. In
      making these products an essential step is incorporation of sulphite
      (sodium bisulphite, sulphurous acid, or SO.sub.2) into the pieces so that
      they will not discolor while held in cold storage. In contrast, the
      products of the invention do not need such preservatives and thus yield a
      final product of better taste--one completely free from the undesired
      taste of sulphites.
PAR  Another important factor is that the chilling does not cause the individual
      pieces to stick together; the pieces remain separate even where they are
      in close contact. This is a very useful attribute of the products--it
      permits the user to readily remove any desired portion from a package of
      the refrigerated pieces. It is further to be noted that the pieces retain
      their integrity; they do not crumble or break apart but are able to
      withstand the usual stresses encountered in packaging, shipping, and other
      handling operations.
PAR  The fried products prepared from the cold-stored, case-hardened pieces have
      a proper golden-brown color, a crisp exterior, a mealy interior, and
      excellent taste. In these respects they are equal to high-quality
      conventional French fries prepared from fresh potatoes. Moreover, they are
      superior to the conventional product in that they do not become limp with
      standing following the frying operation.
PAR  Turning attention now to the path designated by line 8: In block 11 the
      case-hardened pieces are fried in hot oil for 30-60 seconds at about
      365.degree.-375.degree. F. The fried products are available for
      consumption at that time. If they are to be preserved for future use, they
      are directed to block 12 where they are frozen in conventional manner--for
      example, in an air-blast freezer, and held in frozen storage until needed
      for ultimate use.
PAR  The products can be held in frozen storage indefinitely without
      deterioration. An important factor is that the freezing does not cause the
      individual pieces to adhere together; the pieces remain separate even
      where they are in close contact. This is a very useful attribute of the
      products--it permits the user to readily remove any desired portion from a
      package of the frozen pieces. It is further to be noted that the pieces
      retain their integrity; they do not crumble or break apart but are able to
      withstand the usual stresses encountered in packaging, shipping, and other
      handling operations. Moreover, the products do not discolor; no sulphite
      or other preservative is necessary.
PAR  To prepare the frozen products for the table, they are heated in an
      oven--for example, at about 450.degree. F. for 10-12 minutes. The
      resulting fried products have a proper golden-brown color, a crisp
      exterior, mealy interior, and excellent taste.  In these respects, they
      are equal to high-quality conventional French fries prepared from fresh
      potatoes. Moreover, they are superior to the conventional product in that
      they do not become limp with standing following their preparation for the
      table.
PAC  EXAMPLES
PAR  The invention is further demonstrated by the following illustrative
      examples.
PAR  Certain tests referred to in the examples were carried out as described
      below.
PAR  Color test: Color was gauged by comparison with a set of color standards
      used in the industry: USDA Color Standards for Frozen French Fried
      Potatoes, No. 64-1, Second Ed., 1966, Munsell Color Co., Inc., Baltimore,
      Md. The standard colors are numbered 0 to 4, with the higher numbers
      indicating darker color. Products generally regarded as acceptable in the
      trade are those which exhibit colors 1 to 2; products of color less than 1
      are too light; those of color higher than 2 are too dark.
PAR  Deflection test: Equipment was set up comprising a platform and clamping
      means so that a single potato strip could be held on the edge of the
      platform with 3.5 inches of its length projecting horizontally out into
      space. A protractor was arranged so that the angle of deflection (sag) of
      the strip could be measured. In this test, a small angle of deflection
      indicates a rigid strip; a large angle indicates one that is limp.
PAC  Example 1
PAR  The raw material used in these experiments was a lot of Russet Burbank
      potatoes (solids content 21-23%) which had been held in cold storage
      (40.degree. F.) for 4 months, and were used without applying any
      reconditioning treatment. It may be noted that these potatoes if used in
      conventional manner would produce French fries of undesirably dark color.
PAR  A. The potatoes were washed and cut transversely into 1-inch thick slabs.
PAR  B. The slabs were cooked in steam at atmospheric pressure for 18 minutes.
PAR  C. The cooked slabs were pressed through a screen, forming a mash, the peel
      fragments and defects being retained on the screen and discarded.
PAR  D. The potato mash was extruded through a die to provide long rods of
      potato mash having a cross-section of 3/8 .times. 3/8 inch. These rods
      were then cut transversely into pieces about 4 in. long.
PAR  E. The pieces of potato mash were then spread on Teflon-coated mesh trays
      and treated to case harden them. This involved contacting them for 3
      minutes with a current of hot (250.degree. F.) air, then for 30-45 seconds
      with steam, and finally for 15 minutes with the current of hot
      (250.degree. F.) air. Weighing of samples before and after case hardening
      indicated that the pieces had a weight loss of 35%.
PAR  F. The case-hardened pieces were then frozen in an air-blast freezer (air
      temperature, minus 36.degree. C.).
PAR  The product was stored for several days under freezing conditions. It was
      noted that the pieces did not adhere to one another and they did not
      crumble or break apart.
PAR  G. A sample of the frozen product was fried in hot (365.degree.F.) oil for
      1.5 minutes. Examination and testing of the fried product demonstrated
      that they had excellent flavor, a crisp exterior, and a mealy interior.
      Color of the product was No. 2 by the standard designated above. It was
      also observed that the product did not become limp. Initially--and even
      after standing until they had reached room temperature--the strips gave
      zero deflection when subjected to the test described above. In contrast,
      French fries prepared in conventional manner from the same lot of tubers
      when tested after they had cooled to room temperature, gave deflections of
      20.degree. to 25.degree..
PAC  Example 2
PAR  The potatoes used in these runs were the same as described in Example 1.
PAR  The potatoes were subjected to the same procedure as described in Example
      1, paragraphs A, B, C, and D.
PAR  The pieces of potato mash were spread on Teflon-coated mesh trays and
      treated to case harden them. This involved subjecting different lots of
      the pieces to currents of hot air at either 200.degree.F. or 300.degree.F.
      for varying periods of time (as indicated below).
PAR  The case-hardened pieces were frozen in an air-blast freezer (minus
      36.degree. C.) and held overnight at minus 10.degree. C. The next day, the
      frozen pieces were fried in hot oil--365.degree. F. for 1.5 minutes.
PAR  The conditions used, and the results obtained are tabulated below.
TBL  ______________________________________                                    
                    Run                                                        
                    I     II      III     IV                                   
     ______________________________________                                    
     Case-hardening treatment                                                  
     Air temp., .degree.F.                                                     
                      200     200     300   300                                
     Time, min.       20      30      15    20                                 
     Weight loss, %   31      36      31    42                                 
     Properties of fried product                                               
     Texture, exterior                                                         
                      Crisp   Crisp   Crisp Crisp*                             
     Texture, interior                                                         
                      Mealy   Mealy   Mealy Mealy                              
     Color, No.        2       2       2     2                                 
     Deflection,*                                                              
     Directly after frying                                                     
                       0       0       0     0                                 
     After cooling to room temp.                                               
                       0       0       0     0                                 
     Total solids, %  43      46       n.d.**                                  
                                            n.d.                               
     Fat/non-fat solids, %                                                     
                      16      16      n.d.  n.d.                               
     ______________________________________                                    
       *The product of Run IV was crisper than the other three products.       
      **n.d. indicates not determined.                                         
PAR  With regard to the data on total solids and the ratio of fat to non-fat
      solids, the following observations may be made: The data indicate that the
      products of the invention are more nutritious than conventional French
      fries in that their total solids is over 40%, in contrast to an average of
      about 30-35% for most commercial French fries. Moreover, the products have
      a lower fat content; 16% based on non-fat solids in contrast to 20% for
      most commercial French fries.
PAC  Example 3
PAR  This example illustrates preparation of the product of the invention in the
      form of a large single-service portion.
PAR  The potatoes used in this run were the same as described in Example 1.
PAR  The potatoes were subjected to the same procedure as described in Example
      1, paragraphs A, B, and C.
PAR  The potato mash was hand molded into a sausage-shaped loaf having a
      diameter of about 11/2 inches and a length of about 6 inches.
PAR  The molded loaf was contacted with hot (250.degree. F.) air for 3 minutes,
      then with steam for 30 seconds, then with hot (250.degree.F.) air to a
      weight loss of about 30%. During this procedure a case-hardened crust was
      formed about the loaf.
PAR  The case-hardened loaf was fried in hot (375.degree. F.) oil for 30
      seconds, cooled, and then frozen in an air-blast freezer.
PAR  To prepare the frozen loaf for the table, it was baked (without previous
      thawing) in an oven at 450.degree. F. for 12 minutes, yielding an
      excellent tasting product which resembled a good-quality baked potato; it
      had a crispy edible exterior and a mealy interior.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. An intermediate useful for the preparation of fried products, said
      intermediate consisting solely of potato flesh, and comprising a shaped
      body of compressed cooked potato mash enveloped in a thin shell of
      case-hardened potato tissue.
NUM  2.
PAR  2. A fried potato product prepared by frying in hot oil the intermediate of
      claim 1.
NUM  3.
PAR  3. An intermediate useful for the preparation of fried products, said
      intermediate consisting solely of potato flesh, and being a shaped body of
      compressed, cooked potato mash enveloped in a shell of case-hardened
      potato tissue having a thickness of 0.01 to 0.04 inch.
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ABST
PAL  A dressed raw poultry carcass, with its front portion engaging an abutment,
      is pressed from the rear to clamp the carcass against the abutment, and
      side rails carry arms rearwardly to engage the knees of the bird, thus
      positioning the carcass firmly for fluid injection or other treatment.
PARN
PAR  This application is a division of copending application Ser. No. 106,492,
      filed Jan. 14, 1971, entitled "Poultry Carcass-Treating Process and
      Apparatus", now Pat. No. 3,754,302 issued Aug. 28, 1973.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  In the processing of poultry carcasses following cleaning, eviscerating,
      etc., the foot portion is cut away and the ends of the legs at the
      posterior of the carcass are wire-trussed together to provide hock clamps
      above the end of the backbone structure. After the usual chilling, the
      thigh portion over the femur bone and the leg portion over the tibiotarsus
      bone become relatively rigid and the knee joint therebetween projects
      forwardly. The wing portions extend outwardly and slightly downwardly.
PAR  Attempts to treat or streamline process such irregularly-shaped bodies by
      machine and process steps have long presented a problem. Not only are the
      carcasses difficult to handle by reason of the irregular shapes and
      projections, but also during the chilling and storing operations the wing
      and leg portions become further misshapen. Added to this is the fact that
      the carcasses come in varying sizes, both in length and height and other
      body conformations, and it is important that in an injection process
      employing hollow needles, etc. such implements must miss the bone
      structure and accurately penetrate the muscle portion.
PAR  A very real problem is to find a way for positioning the bird carcass for
      the treatment so that it is firmly and accurately held irrespective of
      size or conformation, while at the same time mechanically positioning the
      needles or other treating elements with respect to a key point of the
      carcass portion engaged in the positioning step so that the needles miss
      the bone structure and find proper location in the muscle meat.
PAR  We have discovered that a removable elongated abutment or stop can be
      provided for engaging an anterior portion of the dressed carcass for
      clamping and centering the carcass for the treating operation when the
      carcass is pushed or pressed against the abutment. Further, we have
      discovered that side slide rails can be provided with cam sockets for
      gripping the knees of the bird to further fix it in position for
      treatment. By equipping the rails with needles, etc. and supporting them
      for tilting and play, the hunting action of the rail cam sockets against
      the rigid knees of the carcass aligns the needles so that they miss the
      bone and fine the knee and thigh muscle meat. Moving the abutment away
      permits ejection of the processed bird and restores the apparatus for
      receiving another carcass.
PAR  In the process, a socket pusher engages not only the backbone and hock
      portion of the carcass but also the clamped leg-ends, and thus a
      substantial force can be applied through the bone structure to clamp the
      carcass against the centering abutment or post.
PAR  Forward of the breast bone (sternum) of the bird is a V-shaped recess and
      when this receives the depending generally-vertical locator post and the
      carcass is pressed forwardly against it from the rear, there is an
      accurate alignment of the bird carcass so that the injection needles will
      miss the keel bone and be properly located in the breast muscle meat.
      Thus, irrespective of the bird's length, height, or size, the above
      positioning step rapidly and accurately places the bird in proper position
      with respect to the needles or other treating parts.
DRWD
PAC  DRAWINGS
PAR  In the accompanying drawings,
PAR  FIG. 1 is a side view in elevation of a typical dressed poultry carcass
      held between clamping element;
PAR  FIG. 2, a front view in elevation of apparatus embodying our invention and
      useful in carrying out our treating process;
PAR  FIG. 3, a side view of the apparatus shown in FIG. 2;
PAR  FIG. 4, a top plan view of track means for the conveying of the carcass
      through the treating apparatus;
PAR  FIG. 5, a side view of the apparatus shown in FIG. 4;
PAR  FIG. 6, a broken detail side view in elevation of the side rail structure
      for engaging a knee joint of the carcass and the needle-applying mechanism
      carried by the side rail;
PAR  FIG. 7, a broken detail view of the needle support structure and limit
      switch carried thereby;
PAR  FIG. 8, a view in side elevation of support frame means for the breast
      needle-applying mechanism and means for actuating the hollow needles;
PAR  FIG. 9, a chart showing a preferred sequence in the operation of the timer
      control mechanism;
PAR  FIG. 9A is a detailed diagram of the circuit of the unit IT in FIG. 9; FIG.
      9B is a detailed diagram of the circuit of the unit 2T of FIG. 9; FIG. 9C
      is a detailed diagram of the circuit of the unit 3T of FIG. 9;
PAR  FIG. 10, a perspective view of the apparatus prior to the placing of the
      carcass on the conveyor track;
PAR  FIG. 11, a view similar to FIG. 10 but showing the carcass placed in
      position against the centering post;
PAR  FIG. 12, a view similar to FIG. 11 but showing the pusher element pressing
      the carcass against the centering post;
PAR  FIG. 13, a veiw similar to FIG. 12 but showing the side rails advanced to
      bring the cam sockets against the knees of the carcass;
PAR  FIG. 14 a view similar to FIG. 13 but showing the knee needles moved down
      into injection position;
PAR  FIG. 15, a view similar to FIG. 14 showing the breast needles moved
      downwardly into injection position, thus with all needles in injection
      position;
PAR  FIG. 16, a veiw similar to FIG. 15 but showing the breast needles raised;
PAR  FIG. 17, a view similar to FIG. 16 but showing the thigh needles raised;
PAR  FIG. 18, a view similar to FIG. 17 but showing the side rails retracted;
PAR  FIG. 19, a view similar to FIG. 18 but showing the locator post retracted;
PAR  FIG. 20, a view similar to FIG. 19 showing the pusher element engaging the
      carcass for removing the same;
PAR  FIG. 21, a view similar to FIG. 20 but showing the carcass ejected by the
      pusher element from the injection area and showing also a spray nozzle
      mounted for spraying the rails after the removal of the carcass;
PAR  FIG. 22, a broken detail view of apparatus for supporting the locator post
      in position for engaging the forward portion of the carcass;
PAR  FIG. 23, a view similar to FIG. 22 but showing the post being retracted;
PAR  FIG. 24, a view of the structure shown in FIG. 22 taken as seen from line
      24--24 of FIG. 22;
PAR  FIG. 25, a top plan view of the structure shown in FIG. 23;
PAR  FIG. 26, a schematic top plan view illustrating the action of the cam
      socket member in finding and engaging the knee of the turkey while the
      turkey is held between the centering post and pusher;
PAR  FIG. 27, a perspective view of the top portion of the cam socket advancing
      mechanism;
PAR  FIG. 28, a broken sectional detail view of the spring-supported cam socket
      carrying support;
PAR  FIG. 29, a perspective view of the cam socket and rail advancing mechanism;
PAR  FIG. 30, a schematic view showing the application of air pressure to the
      various operating cyclinders; and
PAR  FIG. 31, a schematic flow sheet of the fluid conduits leading from a source
      to the injection needles.
DETD
PAC  DETAILED DESCRIPTION IN GENERAL
PAR  The apparatus and process are effective for anchoring a carcass in a firm
      position for the injection of fluid into the carcass or for other treating
      operations, while at the same time guiding or maintaining the treating
      needles or other implements so that they are effective in injecting fluid
      into the carcass meat without hitting the bone structure.
PAR  There are many treating processes which may be employed and which require
      for streamline processing a firm and centered positioning. For example, in
      the application through hollow needles, fluids including gases and liquids
      may be introduced. Such fluids may also be injected by pressure guns
      equipped with nozzles through which the material is injected into the
      carcass. The injected material may include seasoning material, such as
      lemon, onion, pepper, butter, smoke, and other flavors and flavor
      enhancers, such as sodium chloride, monosodium glutanate, disodium
      inosinate, disodium guanylate, etc. Solids, as well as liquids and gases,
      may be injected. Examples of solids are crystalline vitamins,
      iron-containing substances, calcium phosphate compounds, etc. Flavored
      water solutions and edible fat may also be injected. The edible fat may
      include edible oils and common edible animal fats, emulsions or mixtures
      thereof, such as, for example, butter, butter oil, corn oil, lard,
      cottonseed oil, corn oil margarine, and other well-known vegetable and
      animal fats and oils and margarines. The edible fat may be heated to a
      temperature at which it is fluid or plastic so that it may be injected by
      the applicator or needles into the meat body.
PAR  As stated above, an important achievement is the positioning of the
      highly-irregular bird carcass so that it is held for mechanical treatment
      such as has been above described, and also for various other treatments,
      such as slicing, quarter- and half-sectioning, etc.
PAR  FIG. 1 shows a typical carcass indicated by the numeral 10, the carcass
      close upon its back and having its keel portion 11 engaged by a centering
      post 12. The wing portions 13 extend downwardly on each side. The
      manifolds of the legs 14 are secured by a wire clamp 14a which brings the
      legs together with their rear surfaces extending close to the posterior
      end of the carcass. A pusher member 15 engages the hock portion and
      backbone of the carcass and also the leg-ends to press the carcass
      forwardly against the locator post 12. The knee portion 16 of each leg is
      engaged by a cam socket 17 which receives and adjusts itself to the knee
      so that the leg bone is thus rigidly held between the pusher member 15 and
      the cam socket 17. There is thus a four-point anchoring of the carcass by
      elements which still leave the meat portion of the carcass exposed for
      treatment with hollow needles or other implements.
PAR  The general layout of the apparatus is shown in FIGS. 2 and 3, for the
      purpose of illustration the apparatus and process are described in
      connection with a turkey carcass, and the treating apparatus by way of
      example is set out as hollow needle injection apparatus for the injection
      of fluids.
PAR  A turkey carcass is placed upon support rods 18 which form a track or
      cradle in the position shown in FIG. 2, with the forward portion in
      contact with the centering post or keel bone locator post 12. The pusher
      element 15 has laterally-extending sides 15a and upwardly- and
      downwardly-flaring sides 15b for engaging the posterior end of the carcass
      including the backbone and the ends of the trussed legs 14. In effect, the
      pusher element forms a pocket which will engage the leg and hock portions
      of the carcass for pressing the same forwardly into clamped position
      against the post 12. Next, the cam socket 17 will be pressed forwardly
      into engagement with the knee portion 16 of the carcass. The socket
      structure carries a bracket 19 in which is mounted a pressure cylinder 20
      actuating a manifold 21 carrying thigh-injection hollow needles 22. The
      cam socket 17 is carried by side rails 23 carried within a casing 24
      pivotally mounted at 25 upon the casing member 26a, thus permitting a
      swinging action of the cam socket to hunt and engage the knee, as shown in
      FIG. 1, for thus centering the socket with respect to the knee and at the
      same time positioning the thigh needles 22 so that they will miss the leg
      bone and pierce the leg and thigh muscles.
PAR  The breast muscle needles 27 are mounted upon manifold 28 carried within
      casing 29, the casing being supported upon an angle arm 30 forming a part
      of the main casing frame 26.
PAR  If desired, electric eye elements (not shown) may be provided on the frame
      arch so that the entire machine becomes inoperative until a carcass 10 is
      placed in position, as shown in FIG. 3, so as to break the light beam.
PAR  The apparatus is preferably provided with a drain pan 26c, as indicated
      best in FIG. 3.
PAR  The foregoing describes the general structure and operation of the process
      and apparatus, and detailed structure will now be set out.
PAC  GUIDE TRACKS
PAR  As shown best in FIGS. 4 and 5, we provide the spaced support rods 18 as
      guide supports adapted to receive the back and back sides of the turkey
      carcass, and mounted for movement between the rods 18 is the pusher
      element 15 which has depending portion 31 secured to the piston rod of the
      hydraulic element 32. In FIGS. 4 and 5, the pusher element is shown in
      advanced position.
PAR  On each side of the pusher element 15 are vertical guide rods 34, and
      between the guide rods 34 is a slide shaft 35 for slidable supporting the
      leg hock pusher element 15. Extending forwardly of the rods 18 are the
      upwardly- and forwardly-inclined guide rods 36 which have
      rearwardly-extending and downwardly-inclined portions 37 for later
      assisting in the ejecting of the injected carcass.
PAC  THIGH-INJECTING MECHANISM
PAR  A detail showing is set out in FIGS. 6 and 7 of the thigh-injecting
      mechanism which includes the cam socket 17 and the support bracket 19 on
      which is mounted the needle manifold 21 and communicating needles 22. The
      needles are depressed by a hydraulic cylinder element 20 and the rods 20a
      and 20b serve as guide rods. The thigh locator or cam 17 is supported by
      rails 23 mounted within a casing 24 carried by frame bracket 38 on the
      main frame 26, and a pair of hydraulic cylinders 39 is effective for
      moving the plate 40 carrying the rails 23 forwardly. 41 designates a
      cylinder bracket support rod, and 42 designates tubular guides in the
      casing 24 for the movement of the rails 23 carrying the locator plate or
      cam forwardly and rearwardly.
PAR  As shown best in FIGS. 29 and 27, the air cylinders 39 face in opposite
      directions and are activated in tandem to provide a long stroke of the cam
      socket 17 on rails 23 sliding in the tubular guides 42. Springs 43 bias
      the casings 24 upon vertical pivot 25 to urge the cam sockets 17 inwardly
      and to bring the pin stop 44 against shoulder 45 on bracket 38.
PAR  As shown more clearly in FIG. 7, 47 designates a switch bracket on support
      48 and supporting the thigh manifold cylinder 20 on the thigh manifold
      guide rods 20a and 20b. Mounted upon the bracket is a switch 49 for the
      thigh manifold switch injection actuator and the same is controlled by a
      spring urged trigger 50 which limits the depth of penetration of the
      needles.
PAR  The side slide rails supporting the cam sockets elements 17 are inclined
      inwardly and rearwardly on both sides so that when moved rearwardly they
      move inwardly into engagement with the bird's knees, while when they are
      retracted they move forwardly and outwardly to free the space ahead of the
      bird so that it can be ejected by the pusher 15.
PAR  FIG. 6 indicates a spray nozzle 51 which preferably is positioned for
      spraying the cradle and guide rods on which the carcass moves after the
      carcass has been ejected so as to clean the tracks for the next carcass.
PAC  BREAST-INJECTION MECHANISM
PAR  In FIG. 8, a detail showing of the breast-injection mechanism is set out.
      Above the casing 29 is a housing 52 in which is mounted a manifold
      cylinder 53 for pressing downwardly the manifold 28 carrying the hollow
      needles 27. Above the manifold is an inlet tube 54 leading from a pressure
      source of fluid, such as, for example, corn oil margarine. 55 indicates
      manifold adjustment rod screws, and 56 indicates one of two manifold
      adjustment rods. At the top of the housing 52 is an air inlet and exhaust
      57 leading to the air pressure operated cylinder 53.
PAR  Extending below the manifold 28 is a an element 58 which on contact with
      the surface of the carcass actuates a switch for stopping further descent
      of the manifold and this serves as a depth penetration limit. The switch
      actuator rod extends upwardly to the switch 59 to stop downward movement
      of the manifold after the element 58 engages the carcass.
PAC  WIRING LAYOUT
PAR  FIG. 9 sets out a wiring layout which utilizes switches and actuators in
      various portions of the apparatus for accomplishing sequential operations
      as described fully in FIG. 9 for a preferred sequence. It will be
      understood that this sequence may be varied as desired, but the sequence
      illustrated is one which has been found satisfactory. The symbols used in
      the wiring layout in FIG. 9 are standard symbols and electrical
      abbreviations known as J. I. C. standard (Joint Industrial Council). In
      addition to such symbols, the operation is described in detail in FIG. 9.
      On the righthand column of the figure, the individual elements shown in
      the lefthand column are shown in enlarged form for clarity.
PAC  SEQUENCE OF OPERATION FOR INJECTION MACHINE
PAR  In FIGS. 10 to 21 are sequential operations similar to the operations
      described in FIG. 9. In FIG. 10, the cradle rods 18 are shown empty, and
      in FIG. 11 a turkey carcass 10 has been placed in position against the
      locator post 12. While the post or abutment 12 may be of any suitable type
      of structure for engaging the anterior part of the bird, we have
      discovered that the anatomy of the bird can be utilized very effectively
      in centering the carcass, irrespective of its size or configuration, so
      that upon the clamping of the bird against the post the injection needles
      can be operated without fear of their penetrating any of the bone
      structure.
PAR  The anatomy of the bird which is utilized is the notch at the forward end
      of the sternum or breast bone. We have discovered that this notch at the
      forward end of the bird can be effectively used as a centering means so
      that when the pusher element is advanced and the notch engages the
      depending vertical locator post, the bird, irrespective of its size and
      configuration, will be held accurately with respect to the injection
      needles. Thus, the notch and centering post serve as a key for guiding the
      needles so that they invariably miss the keel and other bone structure
      while still coming close to the keel to provide the desired injection.
PAR  FIG. 12 shows the pusher element advanced to complete the centering
      operation. FIG. 13 shows the knee locator rails advanced to bring the cam
      socket or thigh locator plate 17 into engagement with the knees 16 of the
      turkey carcass 10.
PAR  FIG. 14 shows the depression of the thigh needles 22, and FIG. 15 shows the
      depression of the breast needles 27.
PAR  The withdrawal of the needles is shown in FIGS. 16 an 17, the breast
      needles 27 being withdrawn in FIG. 16 and the thigh needles 22 being
      withdrawn in FIG. 17.
PAR  FIG. 18 shows the retraction of the thigh locator plate mechanism 17, the
      withdrawal being at an angle outwardly and rearwardly so as to open the
      area in front of the bird to permit its ejection. At this point, however,
      the locator post 12 still retains the carcass 10. FIG. 19 shows the
      locator post 12 raised, and the pusher element 15 is now free for ejecting
      the bird forwardly and down the incline discharge guide 37, the discharge
      being shown in FIGS. 20 and 21. After the discharge, the spray nozzle 51
      delivers wash water for cleaning the track rods.
PAC  OPERATION OF LOCATOR POST
PAR  The locator structure in operation is shown best in FIGS. 22 and 25. The
      post 12 has a flared portion 12a which causes it to engage the support 12b
      and to hold it rigid against the pressure exerted by the pusher element
      through the medium of the carcass. However, the post member swings
      upwardly and freely when the post-actuating mechanism is retracted. The
      post is carried by pivot 60 upon the bracket member 61 which is fixed to a
      pivot pin 62 guided within an arcuate slot 63 in the slide frame members
      64. A piston rod 65 pivotally engages the member 61 and extends within the
      hydraulic cylinder 66 which in turn is pivoted upon the frame 30 at 67.
      FIG. 22 and FIG. 24 show the locating post in lowered position for
      engaging the carcass when it is pushed forward, while FIG. 23 and FIG. 25
      show the post in elevated and inoperative position.
PAR  The operation of the cam socket 17 is shown graphically in FIG. 26, the cam
      socket 17 swinging upon pivots 25 into engagement with the knees 16 of the
      turkey 10 after the turkey has been secured by moving the presser 15
      against the rear of the turkey to move the V recess at the front of the
      turkey into engagement with the post 12.
PAR  We prefer, however, to cause the engagement of the cam with the knee to be
      relatively gentle in the initial contact so that the cam can cause the
      socket to swing into snug contact with the knee, at which time the full
      force of the cylinders will be brought to bear in urging the cam socket
      against the knee. To provide a yielding contact, the rail 23, as shown
      best in FIG. 28, is slidably mounted within a rail member 23a and is urged
      forwardly by spring 60a. The member 23 is preferably slotted at 63a to
      receive a pin 62 limiting the inward movement of member 23. If desired,
      the slide 23 may be provided with a second spring 63. Thus, the engagement
      of the cam socket with the knee is initially a gentle engagement allowing
      the cam socket to adjust itself to the knee before a firm engagement is
      made.
PAR  While a single hydraulic cylinder may be employed, we have shown two
      cylinders 39 having their piston rods 39a and 39b extending in opposite
      directions, and the cylinders are operated in sequence to produce the
      desired long stroke. The casing 24 are each provided with vertical sleeves
      24a welded thereto and vertical pivots extend through the supporting
      brackets 26a so as to mount the casing 24 pivotally upon the frame members
      26a. Thus, the entire support mechanism for the cam socket 17 may swing
      along a relatively vertical pivot to allow the cam socket to hunt and find
      the knee and thus to locate the needle-injecting needles 22 with respect
      to the leg of the turkey. The inwardly extending cam portion 17a of the
      cam socket 17, which is normally urged inwardly by springs 43, first
      engages the knee and guides the support mechanism into firm contact with
      the knee, and in this operation the relatively straight portion 17b of the
      cam socket extends between the knee and the side of the turkey breast, as
      shown best in FIG. 27. With the socket portion 17b extending snugly
      between the knee and the breast of the turkey, as shown best in FIG. 27,
      the needle bracket is held firmly in a position in which the needles must
      miss the leg bone and pass through the leg muscle and thigh muscle
      laterally of the bone.
PAR  Not only is the cam socket member 17 pivotally mounted for lateral movement
      but also, as shown best in FIGS. 6 and 29, the cam socket is elongated so
      that it can fit turkeys or other poultry of widely-varying sizes. Thus,
      both the cam socket 17 and the centering post 12 are vertically elongated
      to adapt the apparatus to poultry carcasses of different sizes.
PAC  FLOW SHEETS
PAR  In FIG. 30, there is set out a diagram of the flow of air to opposite ends
      of cylinders 66, 32, 39, 20 and 53, together with valve means for
      controlling the action of the cylinder pistons.
PAR  In FIG. 31, there is set out a source of fluid, which may be edible fat or
      any of the various fluids heretofore described, through flow lines to the
      manifolds 28 and 21.
PAC  ILLUSTRATIVE OPERATION
PAR  The operation of the apparatus can be carried out in a number of ways, with
      the operations proceeding in different sequendes at the option of the
      operator. One optional procedure may be set out as follows and in
      conjunction with the showing in FIG. 9:
PAR  1. The operator manually slides or places the bird into position on the
      support rods 18 with the forward end of the breast bone pushed against the
      breast bone locator post 12, the notch receiving the post.
PAR  2. The operator depresses two start button switches 1PB1 and 1PB2, as
      indicated on FIG. 3, to start the cycle.
PAR  3. These switches energize and set up delay timer 1TR and the two-position
      double solenoid valve 1SOL which actuates the bird clamp cylinder 32 and
      advances the pusher 15 until the bird is clamped securely against the
      locator post 12.
PAR  4. When the pusher 15 moves forward approximately 2 inches, the device will
      actuate the one-way roller switch 2LS.
PAR  5 Limit switch 2LS momentarily energizes the two-position double solenoid
      valve 2SOL which extends the two sets of thigh manifold transfer cylinder
      rods or side rails 23 and advances the thigh manifolds 19 until the
      manifolds are properly positioned over the bird legs and thighs.
PAR  6. Near the end of the thigh manifold transfer or side rail stroke, the two
      transfer mechanisms will actuate two limit switches 3LS and 4LS which are
      wired in series.
PAR  7. The two limit switches 3LS and 4LS, through the closed contacts of delay
      timer 1TR, will energize the maintained contacts of the three breast and
      thigh manifold three-position double solenoid valves -- 3SOL, 4SOL and
      5SOL -- which extends the cylinder rods and starts the manifolds down to
      the bird injection position.
PAR  8. When the manifolds reach the injection position individually, sensing
      rods 58 and 50, mounted in the breast manifold and in the two thigh
      manifolds, are depressed by contact with the keel bone and the thigh
      joints which in turn actuate the three limit switches 5LS, 6LS and 7LS
      mounted on the three manifolds.
PAR  9. Individual and separate actuation of the switches causes two functions
      to happen simultaneously at each manifold:
PA1  a. The switches 5LS, 6LS and 7LS, which are wired in series with solenoid
      valves 3SOL, 4SOL and 5SOL, will open power circuits from switches 3LS and
      4LS to the solenoid valves 3SOL, 4SOL and 5SOL causing the valves to
      return to center neutral position which in turn stops the down travel of
      the manifolds.
PA1  b. The switches will also close secondary circuits to start injection cycle
      timers 1T and 2T which in turn energize the pressure regulator valve
      solenoids 6SOL and 8SOL and thereby releases the pressurized basting oil
      to the injection manifolds and needles.
PAR  10. When timers 1T and 2T time out, the circuits are opened to solenoid
      valves 6SOL and 8SOL. The valves close and the flow of basting oil to the
      manifolds and needles is stopped.
PAR  11. Timers 1T and 2T also energize and set up "ON" delay timers 2TR and
      3TR.
PAR  12. When timers 2TR and 3TR time out, the timers will energize and set up
      "OFF" delay timers 4TR and 5TR.
PAR  13. When timers 4TR and 5TR set up, the timers will cose contacts and
      energize solenoid valves 9SOL, 10SOL and 11SOL which in turn retracts the
      cylinder rods to the thigh and breast manifolds and return the manaifolds
      to the up position.
PAR  14. Timer 5TR will also energize and set up "ON" delay timer 7TR.
PAR  15. When timer 7TR times out, the timer will close contacts and energize
      solenoid valve 12SOL which in turn retracts the side rails (thigh manifold
      transfer cylinder rods) 23 and returns the thigh manifold mechanisms 21 to
      the start position.
PAR  16. As the high manifolds 21 near the retracted start position, the
      transfer mechanisms will actuate two limit swithces 9LS and 10LS wired in
      series, the first switch 10LS being a maintained contact switch and the
      second switch 9LS being a momentary pulse type.
PAR  17. The momentary pulse from switches 9LS and 10LS energizes solenoid
      valves 13SOL which in turn retracts the breast bone locator post 12.
PAR  18. As the locator post 12 retracts up and back, the maintained pressure
      applied by the clamp cylinder 32 on pusher 15 will move the bird forward
      to the bird discharge chute 37.
PAR  19. At the bird discharge position, the clamp cylinder mechanism 32 will
      actuate switch 11LS.
PAR  20. The pulse from switch 11LS will cause two functions to happen
      simultaneously:
PA1  a. The pulse energizes solenoid valve 14SOl which extends the clamp
      cylinder rod and returns the bird clamp rod to the start position.
PA1  b. The pulse also energizes solenoid valve 15SOL which extends cylinder rod
      32 and returns the locator post 12 to the down start position.
PAR  21. As the bird slides down the ejection chute 37, it trips switch 12LS.
PAR  22. Switch 12LS starts timer first mentioned which in turn energizes and
      sets up "ON" delay timer 6TR.
PAR  23. When timer 6TR times out, the timer contacts close to energize solenoid
      valve 16SOL, releasing hot water to spray nozzles 51. At the start of the
      shift, the operator depresses "ON" master power switch 2PB (push
      button-momentary contact type switch). The operator will maintain pressure
      on the two cycle start switches until a buzzer 1ABU sounds signalling the
      start of the basting oil injection. If the operator releases either one or
      both of the switches before the buzzer sounds, the manifold down stroke
      cycle will be interrupted and the manifolds will come to an immediate
      stop.
PAR  24. When timer T3 times out, the circuit to the water solenoid valve 16SOL
      is opened, stopping flow of water to the wash down nozzles 51. This
      completes the cycle.
PAR  While in the foregoing specification we have set out specific examples of
      the process and apparatus in considerable detail, it will be understood
      that such details may be varied widely by those skilled in the art without
      departing from the spirit of our invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for positioning a poultry carcass having a V-shaped notch to
      facilitate treatment of said carcass comprising supporting said carcass
      from the underneath side, pressing said body rearwardly from within and at
      the apex of said V-shaped notch, pressing said carcass forwardly from the
      rear side thereof whereby said carcass is held between said three points
      of engagement, while said carcass is so held passing hollow needles
      through a surface of said carcass and into the meat thereof at points
      which are at a predetermined distance from said apex, and injecting fluid
      through said needles into said meat.
NUM  2.
PAR  2. In the process for treating a raw-dressed poultry carcass having a
      V-shaped notch at its front end portion and having its leg joint ends wire
      trussed adjacent the rear end of the backbone thereof, the steps of
      placing the carcass on its back with its V notch engaging a fixed
      abutment, simultaneously pressing against said trussed leg ends and said
      backbone to clamp the V notch of said carcass against said abutment,
      pressing hollow needles into the meat of the carcass, and injecting fluid
      through said needles into said meat.
NUM  3.
PAR  3. The process of Claim 2 in which said legs have knee joints and which
      includes the step of holding said knee joints against forward movement
      during said clamping step.
NUM  4.
PAR  4. The process of claim 3 in which said knee joints engage abutments as
      said trussed leg joint ends and said backbone are pressed against said
      first mentioned abutment.
NUM  5.
PAR  5. In a process for injecting fluid into the leg and thigh portions of a
      dressed poultry carcass so as to miss striking the leg bone below the leg
      knee joint, the steps of supporting an injection hollow needle at a
      predetermined distance from a socket member, moving the socket member into
      engagement with said knee joint whereby said needle is supported laterally
      of the leg bone, moving said needle into the meat of said thigh portion,
      and injecting fluid through said needle into the meat of said thigh
      portion.
NUM  6.
PAR  6. The process of claim 5 in which the socket member is moved in an
      inclined path forwardly and inwardly towards said knee and withdrawn
      rearwardly and outwardly from said knee.
NUM  7.
PAR  7. The process of claim 6 in which said carcass is ejected forwardly when
      said socket members are withdrawn.
NUM  8.
PAR  8. In a process for treating a raw dressed poultry carcass having a V notch
      at the anterior portion thereof and in which the leg ends are trussed with
      wire to lock the leg ends adjacent the posterior of the carcass, the steps
      of aligning a stop post with said V notch, pressing forwardly the
      posterior portion of the carcass including said wire-locked leg ends to
      anchor said carcass against said stop post, pressing hollow needles into a
      meat portion of the carcass, and injecting fluid through said needles into
      said meat portion.
NUM  9.
PAR  9. The process of claim 8 in which said stop post is withdrawn and said
      carcass is ejected by the pressure being applied to the posterior portion
      of the carcass.
NUM  10.
PAR  10. In a process for treating a poultry carcass having a V-shaped notch the
      steps of supporting said carcass on its back from the underneath side,
      pressing said carcass against an abutment to cause said abutment to enter
      said notch and become engaged therewith, and while holding a hollow needle
      at a fixed predetermined distance from said abutment, passing said needle
      into the meat of said carcass, and injecting fluid through said needle
      into said meat.
PATN
WKU  039461181
SRC  5
APN  5900166
APT  1
ART  172
APD  19750624
TTL  Process for retaining freshness of fruits, vegetables and cereals
ISD  19760323
NCL  2
ECL  1
EXA  Yoncoskie; R. A.
EXP  Monacell; A. Louis
INVT
NAM  Sakai; Isao
STR  2-11, Nishiogi Minami 1-chome
CTY  Suginam, Tokyo
CNT  JA
PRIR
CNT  JA
APD  19740629
APN  49-74597
CLAS
OCL  426321
XCL  426331
XCL  426419
EDF  2
ICL  A23B  700
ICL  A23B  900
FSC  426
FSS  267;270;321;331;263;312;419
UREF
PNO  3101271
ISD  19630800
NAM  Croall
OCL  426267
UREF
PNO  3545982
ISD  19701200
NAM  Nakatani et al.
XCL  426321
ABST
PAL  The freshness of fruits, vegetables and cereals can be retained by storing
      or transporting these foods in the presence of a minor amount of calcium
      peroxide.
BSUM
PAR  This invention relates to a process for retaining freshness of fruits,
      vegetables and cereals.
PAR  Most fruits, vegetables and cereals produce gaseous ethylene and carbon
      dioxide during storage. It is said that such gaseous ethylene and carbon
      dioxide promote the ripening of the above foods and, thus, hasten the
      deterioration or perishing thereof. For example, Nagano Prefecture
      Horticultural Experimental Station reported that the freshness of apples
      can be retained, i.e. the sarcocarp retains its stiffness and they do not
      turn stale, for a long period of time when carbon dioxide and oxygen are
      present at concentrations of less than 1% and approximately 10%,
      respectively. However, the sarcocarp becomes brown and deteriorated when
      the amount of carbon dioxide increases to a concentration of 12 to 20%.
PAR  In order to retain the freshness of bananas, some proposals have been
      heretofore reported. For example, bananas were transported and stored in
      the presence of potassium permanganate in Australia and active carbon in
      Taiwan. However, these proposals are not satisfactory, because both
      potassium permanganate and active carbon does not selectively absorb or
      remove carbon dioxide and ethylene and the function of absorbing or
      removing carbon dioxide and ethylene does not last for a long period of
      time.
PAR  Therefore, it is an object of the present invention to provide a process
      whereby the freshness of fruits, vegetables and cereals can be retained
      for a long period of time.
PAR  In accordance with the present invention, there is provided a process for
      retaining the freshness of fruits, vegetables and cereals which comprises
      storing or transporting the afore-said foods in the presence of calcium
      peroxide.
PAR  By the term "fruits, vegetables and cereals" used herein is meant fruits,
      vegetables and cereals which produce gaseous ethylene and carbon dioxide
      during storage or transportation and, therefore, their deterioration or
      perishing are hastened. Such foods include, for example, fruits such as
      bananas and apples, vegetables such as green vegetables, potatoes and
      mushrooms, and cereals such as rough rice, wheat and soybean.
PAR  The calcium peroxide used may be either technical or formulated.
      Commercially available are those, for example, CALPER (trade name,
      supplied by NIPPON Peroxide Co., Ltd.), which contain approximately 54% by
      weight of CaO.sub.2 and the active oxygen of which is approximately 12% by
      weight.
PAR  The calcium peroxide used may be either in the form of finely divided
      powders or granules. It is preferable to dehydrate or dry calcium peroxide
      before its use. The manner whereby the finely divided powders or granules
      of calcium peroxide is used is not critical. However, it is preferable
      that these powders or granules are not in contact with the food, although
      calcium peroxide does not exert a special, undersirable influence on the
      food. Usually, these powders or granules are placed in a small bag or
      other vessel prior to use. They may also be used in the form of a thin
      layer, which is placed inside a small bag or which is sandwiched between
      two pieces of paper.
PAR  The calcium peroxide powders or granules in the afore-said forms are placed
      in storehouses and shipholds used for storage or transportation of the
      foods. They also may be placed in bags and other types of containers used
      for storage or transportation of the food. Further, they also may be
      placed in a refrigerator. In such a case, calcium peroxide performs the
      functions of not only retaining the freshness of the foods but also
      deodorizing the foods. If desired, conventional germicides and/or
      insecticides may be used together therewith.
PAR  It is presumed that calcium peroxide removes ethylene and carbon dioxide,
      which are produced from the food, by the following reaction mechanism.
      That is, calcium peroxide produces oxygen and is converted into slacked
      line due to moisture present, and the oxygen reacts with ethylene and the
      calcium hydroxide catches carbon dioxide.
      ##EQU1##
PAR  The convertion of calcium peroxide into calcium hydroxide and oxygen occurs
      by very slow degrees. The amount of oxygen is such that the amount of
      oxygen produced from 1g of calcium peroxide is capable of reacting with
      2.5 ml of gaseous ethylene having a pressure of 0.1 atm. Further, the
      afore-said foods produce ethylene and carbon dioxide at very low rates,
      e.g. it is said that 1kg of banana produces approximately 1 mg of ethylene
      and approximately 1.7 mg of carbon dioxide. Therefore, the freshness of
      the afore-said foods can be retained for a long period of time, usually
      for approximately two months or more.
PAR  The amount of calcium peroxide used varies depending upon the particular
      food and the period for which the food is stored or transported. In
      general its amount may be within the range from 1 to 50 g, preferably 10
      to 30 g, per Kg of the food.
PAR  The invention will be illustrated by the following example.
DETD
PAC  EXAMPLE 1
PAR  Approximately 5 kg of unripened bananas produced in the Philippines were
      placed in each of several rooms having a 3 m.sup.3 volume and maintained
      at 15.degree.C. Various freshness-retaining agents shown in the Table
      below were also placed in the rooms one at a time, each agent being put
      inside a polyethylene bag of a 25 cm .times. 50 cm size. The freshness of
      the bananas was observed. This test was carried out three times for each
      agent, wherein each freshness-retaining agent was used in an amount of 5g,
      10g and 15g, respectively. Averages of the three test results were as
      shown in the following table 1.
TBL                Table 1                                                     
     ______________________________________                                    
     Run  Freshness-                                                           
     No.  retaining agents        Results                                      
     ______________________________________                                    
     1.   Calcium peroxide *1                                                  
                            Greenish tint and stiff after                      
                            62 days                                            
     2.   Potassium permanganate                                               
                            Yellow and soft after 25 days                      
     3.   Potassium permanganate                                               
                            Yellow and soft after 30 days                      
          + soda lime (1:1 by wt.)                                             
     4.   Palladium chloride                                                   
                            Yellow and soft after 16 days                      
     5.   Palladium chloride                                                   
                            Yellow and soft after 18 days                      
          + soda lime (1:1 by wt.)                                             
     6.   none              Yellow and soft after 4 or                         
                            5 days                                             
     ______________________________________                                    
      *1 Finely divided powders having an apparent specific gravity of         
      approximately 0.65, and an effective oxygen content of approximately 12%.
PAC  EXAMPLE 2
PAR  KYOHO (a kind of grapes, grown in Yamanashi Prefecture, Japan) were
      harvested on Sept. 15, 1973 and put into polyethylene bags of 25 cm
      .times. 50 cm size on the same day. The amount of grapes was 20 bunches
      per bag. 5 g of calcium peroxide sandwiched between hygroscopic papers of
      a 20 cm length, a 10 cm width and 1 mm thickness, were placed between the
      bunches of grapes and the bottom of each bag. Each bag was closed by a
      rubber ring and stored at 5.degree.C over a period of 76 days, i.e. until
      Nov. 30, 1973. The percent reduction in weight of grapes and the percent
      separation of grapes were determined according to the following formulae,
      respectively.
PAR  % Reduction in weight = (weight after storage/weight before storage)
      .times. 100
PAR  % Separation = (weight of grapes separated from bunch/total weight of
      grapes) .times. 100
PAL  Results are shown in Table 2.
TBL                Table 2                                                     
     ______________________________________                                    
              Freshness-                                                       
              retaining  % Reduction                                           
     Run No.  agent      in weight   % Separation                              
     ______________________________________                                    
     1.       Calcium                                                          
              peroxide   2.1         4.8                                       
     2.       none       10.3        28.2                                      
     ______________________________________                                    
PAC  EXAMPLE 3
PAR  Sticks of asparagus (Mary-Washington, grown in Nagano Prefecture, Japan)
      were harvested in June and put into bags of 50 cm .times. 15 cm size on
      the same day. The amount of asparagus was 200 g per bag. 3 g of calcium
      peroxide sandwiched between hygroscopic papers of a 10 cm length, a 5 cm
      width and a 1 mm thickness were placed between the sticks of asparagus and
      the bottom of each bag. 20 bags of the sticks of asparagus were packed in
      a corrugated card board box of a 4kg capacity, and stored at a temperature
      of 18.degree. to 20.degree.C for 7 days. The percent of reduction in
      weight and the percent of bruising were determined. The percent of
      bruising is expressed by the following formula.
PAR  % Bruising = (weight of asparagus bruised/total weight of asparagus)
      .times. 100
PAL  Results are shown in Table 3.
TBL                Table 3                                                     
     ______________________________________                                    
              Freshness-                                                       
              retaining  % Reduction                                           
     Run No.  agent      in weight   % Bruising                                
     ______________________________________                                    
     1        Calcium                                                          
              peroxide    5           0                                        
     2        none       50          40                                        
     ______________________________________                                    
PAC  EXAMPLE 4
PAR  Several polyethylene bags were each filled with 500 g of soybeans (Norin
      No. 2). 10 g of calcium peroxide sandwiched between thick hygroscopic
      papers were also put into each of the bags. Each bag was closed by a
      rubber ring and stored over a period of 10 months. The average temperature
      and the average relative humidity were approximately 20.degree.C and 55%
      RH, respectively. After the storing, the soybeans were tested for their
      average percent of germination in a conventional manner. For comparison
      purposes the above procedure was repeated wherein no calcium peroxide was
      used. Results were shown in Table 4.
TBL                Table 4                                                     
     ______________________________________                                    
                   Freshness-                                                  
                             Average                                           
                   retaining % of                                              
     Run No.       agent     germination                                       
     ______________________________________                                    
     1             Calcium                                                     
                   peroxide  92.5                                              
     2             none      70.8                                              
     ______________________________________                                    
PAR  The high percentage of germination means that calcium peroxide was
      effective for retaining the freshness of the soybeans.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for retaining the freshness of fruits, vegetables and cereals
      which comprises storing or transporting the afore-said foods in the
      presence of an amount of calcium peroxide effective to retain their
      freshness.
NUM  2.
PAR  2. A process according to claim 1 wherein said amount of calcium peroxide
      is 1 to 50 g per Kg of said foods.
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ABST
PAL  Hypolipidemic agents of the formula:
      ##SPC1##
PAL  Wherein
PA1  R is hydrogen, alkyl or halo,
PA1  R' and R" are hydrogen, halo, alkyl or alkoxy,
PA1  R'" is alkyl, and
PA1  n is 1 or 2.
BSUM
PAR  The present invention relates to optionally substituted .alpha.-tertiary
      butyl-p-phenoxybenzylamines, acid addition salts thereof and to their use
      as hypolipidemics. The invention also relates to pharmaceutical
      compositions containing the above compounds as an active ingredient
      thereof and to the method of using such compositions for the treatment of
      lipidemia.
PAR  The compounds with which this invention is concerned may be represented by
      the following structural formula:
      ##SPC2##
PAL  Wherein
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms, or halo of atomic weight of
      from 18 to 36,
PA1  R' and R" are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 4 carbon atoms or alkoxy of 1 to 4 carbon atoms,
PA1  R'" is alkyl of 1 to 5 carbon atoms, and
PA1  n is 1 or 2.
PAR  The compounds of formula (I) may be prepared by the following reaction
      scheme:
      ##SPC3##
      wherein R, R', R", R'" and n are as defined above. This process is
      conducted by reacting (II) with NH.sub.2 R'" and sodium cyanoborohydride
      in the presence of a lower alkanol at temperatures in the range of
      10.degree.C. to 35.degree.C., preferably at room temperature, for a period
      of time between 48 and 72 hours. Suitable lower alkanols are methanol,
      ethanol, isopropanol and the like, preferably methanol.
PAR  The compounds (I) are also preparable by the following reaction scheme:
      ##SPC4##
PAL  Wherein R, R', R", R'" and n are as defined above. This process is
      conducted by reacting (II) with NH.sub.2 R'" while hydrogenating the
      reaction system in the presence of a hydrogenation catalyst and an inert,
      organic solvent at a temperature within the range of 10.degree.C. to
      50.degree.C., preferably 35.degree.C. to 50.degree.C., for a period of
      time between 12 and 60 hours. The reaction is conveniently commenced at
      about room temperature in a hydrogen atmosphere at normal pressure for 12
      to 24 hours, and the reaction mixture then heated to a temperature in the
      range of 35.degree.C. to 50.degree.C., for a period of time between 12 and
      48 hours at a hydrogen pressure of between 2 and 5 atmospheres, to effect
      complete reaction. As suitable hydrogenation catalysts, metal
      hydrogenation catalysts, preferably employed in finely dispersed form,
      offering as large an active surface as possible, may be employed,
      particularly noble metal catalysts, e.g., palladium, platinum, ruthenium
      and rhodium, which may be employed with a carrier such as barium sulphate,
      strontium carbonate, calcium carbonate, silicon dioxide, aluminum
      sesquioxide and particularly active charcoal. Suitable inert, organic
      solvents include lower alkanols, e.g., methanol, ethanol, isopropanol and
      the like, dimethyl formamide or dimethyl acetamide, preferably ethanol.
PAR  The compounds of formula (II) may be prepared by reacting a compound of the
      formula (III):
      ##SPC5##
PAL  in which R, R', R" and n are as defined, with a compound of the formula
      (IV):
      ##EQU1##
      and hydrolyzing the resulting product. The reaction may be carried out at
      temperatures in the range of from 0.degree.C. to 100.degree.C. The
      reaction is conveniently carried out in the presence of an inert, organic
      solvent of conventional type including the cyclic and acyclic ethers, such
      as diethyl ether and tetrahydrofuran.
PAR  The hydrolysis may be effected under alkaline, neutral or acid conditions,
      preferably mild acidic conditions, suitably using hydrochloric or sulfuric
      acid, preferably hydrochloric acid. The hydrolysis may be carried out
      conveniently at a temperature of from -40.degree. to 100.degree.C.,
      preferably at a temperature of from 10.degree.C to 30.degree.C.
PAR  The compounds of formula (III) may be prepared by reacting a compound of
      the formula (V):
      ##SPC6##
PAL  in which R, R', R" and n are as defined, with magnesium in a conventional
      manner for preparation of a Grignard compound from the corresponding bromo
      compound.
PAR  Certain of the compounds of the formula (V) are known and may be prepared
      by methods disclosed in the literature. Those compounds not specifically
      disclosed may be prepared by analogous methods from known starting
      materials.
PAR  The compounds of formula (I) may be recovered using conventional techniques
      such as crystallization, filtration or column chromatography.
PAR  Compounds of formula (I) also form non-toxic pharmaceutically acceptable
      acid addition salts. Such salts are prepared by reacting the base with an
      appropriate acid and, accordingly, are included within the scope of the
      invention. Representative of such salts are the mineral acid salts, such
      as the hydrochloride, hydrobromide, sulfate, phosphate and the like, and
      the organic acid salts, such as the succinate, benzoate, acetate,
      p-toluenesulfonate, benzenesulfonate, maleate, malate, tartrate,
      methanesulfonate, cyclohexylsulfamate and the like.
PAR  As previously indicated, the compounds of formula (I) and their acid
      addition salts are useful because they possess pharmacological activity in
      animals, e.g., mammals. In particular, the compounds of formula (I) are
      useful as hypolipidemic agents in the treatment of lipidemia, in
      particular, hyperlipoproteinemia as indicated by the fall in cholesterol
      and/or triglyceride levels in male albino Wistar rats weighing 110-130 g.
      initially. The rats are maintained on drug-free laboratory chow diet for
      seven days and then divided into groups of 8 to 10 animals. Each group
      with the exception of the control is then given the compound orally at a
      dose of 7.5, 30, 250 or 500 milligrams per kilogram of body weight per
      day, p.o. for six days. At the end of this period, the animals are
      anesthetized with sodium hexobarbital and bled from the carotid arteries.
      Serum or plasma samples are then extracted with isopropanol, and the
      cholesterol content of the extracts is estimated on a Technicon
      Autoanalyzer by standard methodology. For example, 1.0 ml. of serum is
      added to 9.0 ml. redistilled isopropanol. Two autoanalyzer cupsful of a
      mixture of zeolite-copper hydroxide and Lloydds reagent (Kessler, G., and
      Lederer, H., 1965, Technicon Symposium, Mediad Inc., New York, 345-347)
      are added; and the mixture is shaken for 1 hour. Cholesterol levels are
      determined using this sample by the standard Technicon N 24A (cholesterol)
      methodology. The mean total serum cholesterol levels are then computed and
      the hypocholesterolemic activity is expressed as the fall in cholesterol
      levels as a percentage of the control level. For the triglyceride
      determination, blood samples are collected as above and 1.0 ml. samples of
      the serum are added to 9.0 ml. redistilled isopropanol. Two autoanalyzer
      cupsful of a mixture of zeolite-copper hydroxide and Lloydds reagent
      (Kessler, G., and Lederer, H., 1965 Technicon Symposium, Mediad Inc., New
      York, 345-347) are added; and the mixture is shaken for 1 hour. After
      centrifugation, 2 ml. of the clear supernates are evaporated to dryness
      and saponified by addition of 0.1 ml. 10% KOH in 90% ethanol and 1.0 ml.
      Skelly B (petroleum ether b.p. 60.degree.-70.degree.C.). After
      acidification and the removal of fatty acids with petroleum ether, the
      aqueous phases are neutralized, suitably diluted with water, and analyzed
      for glycerol by the method of Lofland (Anal. Biochem. 9, 393, 1964) using
      the Technicon Autoanalyzer. The change in serum triglyceride levels
      induced by the drug is computed as a percentage of the control
      triglyceride levels.
PAR  For such usage, the compounds may be administered orally or parenterally,
      preferably orally, and in admixture with conventional pharmaceutical
      carriers. The anti-hyperlipidemic effective dosage of the compounds of
      formula (I) employed for the alleviation of lipidemia may vary depending
      on the particular compound employed and the severity of the condition
      being treated. In general, satisfactory results are obtained when
      administered at a daily dosage of from about 4 milligrams to about 250
      milligrams per kilogram of animal body weight, preferably given orally and
      in divided doses, 2 to 4 times a day, or in sustained release form. For
      most mammals, the total daily dosage is from about 300 milligrams to about
      3000 milligrams of the compound, and dosage forms suitable for internal
      administration comprise from about 75 to 1500 milligrams of the compound
      in admixture with a solid or liquid pharmaceutically acceptable carrier or
      diluent.
PAR  For above usage, the compounds of formula (I) may be administered orally in
      such forms as tablets, dispersible powders, granules, capsules, syrups and
      elixirs; and parenterally as solutions, suspensions, dispersions,
      emulsions, and the like, e.g., a sterile injectable solution such as an
      aqueous suspension. These pharmaceutical preparations may contain 0.5% up
      to about90% of the active ingredient in combination with the carrier or
      adjuvant, more usually between 3% and 50% by weight. Such compositions may
      be prepared according to any method known in the art for the manufacture
      of pharmaceutical compositions, and such compositions may contain one or
      more conventional adjuvants, such as sweetening agents, flavoring agents,
      coloring agents and preserving agents, in order to provide an elegant and
      palatable preparation. Tablets may contain the active ingredient in
      admixture with conventional pharmaceutical excipients, e.g., inert
      diluents such as calcium phosphate, calcium sulphate dihydrate, lactose
      and talc, granulating and disintegrating agents, e.g., starch and alginic
      acid, binding agents, e.g., starch, gelatin, polyvinyl pyrrolidone and
      acacia, and lubricating agents, e.g., magnesium stearate, stearic acid and
      talc. The tablets may be uncoated or coated by known techniques to delay
      disintegration and adsorption in the gastro-intestinal tract and thereby
      provide a sustained action over a longer period. Similarly, suspensions,
      syrups and elixirs may contain the active ingredient in admixture with any
      of the conventional excipients utilized for the preparation of such
      compositions, e.g., suspending agents (methylcellulose, tragacanth and
      sodium alginate), wetting agents (lecithin, polyoxyethylene stearate and
      polyoxyethylene sorbitan monooleate) and preservatives
      (ethyl-p-hydroxybenzoate). Capsules may contain the active ingredient
      alone or admixed with an inert liquid or solid diluent, e.g., calcium
      carbonate, calcium phosphate, kaolin, peanut oil, sesame oil and corn oil.
      The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are solid compositions,
      particularly hard-filled capsules and tablets.
PAR  Capsules containing the ingredients indicated below may be prepared by
      conventional techniques and are useful in treating lipidemia, particularly
      hyperlipoproteinemia, in mammals at a dose of one capsule, 2 to 4 times a
      day.
TBL  ______________________________________                                    
     Ingredients              Weight (mg.)                                     
     ______________________________________                                    
     .alpha.-tertiary butyl-N-methyl-p-                                        
     phenoxybenzylamine        150                                             
     peanut or sesame oil      200                                             
     Total                     350 mg.                                         
     ______________________________________                                    
DETD
PAR  The following examples are merely illustrative of specific compounds of the
      invention and the manner in which they may be prepared.
PAC  EXAMPLE 1
PAC  .alpha.-Tertiary butyl-N-methyl-p-phenoxybenzylamine
PAR  A mixture of 10 g. of 4-phenoxy-pivalophenone, 1.5 g. of sodium
      cyanoborohydride and 7.4 g. of methylamine in 60 ml. of methanol and 2 ml.
      of methanolic 4N hydrochloric acid is stirred at room temperature for 72
      hours. The reaction mixture is then filtered to remove any insoluble
      material and the filtrate is evaporated in vacuo, after which the
      resultant residue is treated with 2N hydrochloric acid solution and ether.
      The resultant water insoluble hydrochloride of the desired product is then
      filtered off and washed well with ether. The hydrochloride is then
      suspended in 2N sodium hydroxide solution and extracted several times with
      ethyl acetate. The combined ethyl acetate extracts are dried over sodium
      sulfate, filtered, and evaporated in vacuo to give the desired crude oil.
      This oil, being a high boiling liquid, is purified by distillation under
      high vacuum to obtain .alpha.-tertiary
      butyl-N-methyl-p-phenoxybenzylamine, b.p. 166.degree.-176.degree.C. at 0.1
      mm/Hg. (m.p. of hydrochloride, 278.degree.-279.degree.C.).
PAC  EXAMPLE 2
PAR  Following essentially the procedure of Example 1, and using in place of
      methylamine, an equivalent amount of:
PAR  a. ethylamine,
PAR  b. isopropylamine, and
PAR  c. propylamine,
PAL  there is obtained
PAR  a. .alpha.-tertiary butyl-N-ethyl-p-phenoxybenzylamine,
PAR  b. .alpha.-tertiary butyl-N-isopropyl-p-phenoxybenzylamine, and
PAR  c. .alpha.-tertiary butyl-N-propyl-p-phenoxybenzylamine, respectively.
PAC  EXAMPLE 3
PAR  Following essentially the procedure of Example 1, and using place of
      4-phenoxy-pivalophenone, an equivalent amount of:
PAR  a. 4-(p-methoxyphenoxy)-pivalophenone,
PAR  b. 4-(m-chlorophenoxy)-pivalophenone,
PAR  c. 4-(p-methylphenoxy)-pivalophenone,
PAR  d. 4-phenoxy-3-methyl-pivalophenone,
PAR  e. 4-phenoxy-3,5-dichloro-pivalophenone, and
PAR  f. 4-(p-methoxyphenoxy)-3-chloro-pivalophenone,
PAL  there is obtained
PAR  a. .alpha.-t-butyl-N-methyl-4-(p-methoxyphenoxy)benzylamine,
PAR  b. .alpha.-t-butyl-N-methyl-4-(m-chlorophenoxy)benzylamine,
PAR  c. .alpha.-t-butyl-N-methyl-4-(p-methylphenoxy)benzylamine,
PAR  d. .alpha.-t-butyl-N-methyl-4-phenoxy-3-methylbenzylamine,
PAR  e. .alpha.-t-butyl-N-methyl-4-phenoxy-3,5-dichlorobenzylamine, and
PAR  f. .alpha.-t-butyl-N-methyl-4-(p-methoxyphenoxy)-3-chlorobenzylamine,
      respectively.
PAC  EXAMPLE 4
PAC  .alpha.-Tertiary butyl-N-methyl-p-phenoxybenzylamine
PAR  To a solution of 25 g. of 4-phenoxy-pivalophenone, and 15 g. of methylamine
      in 500 ml. of ethanol is added 5.0 g. of hydrogenation catalyst (10% Pd on
      active charcoal). The resultant mixture is then hydrogenated under a
      hydrogen blanket at room temperature and atmospheric pressure for about a
      12-hour period. The reaction mixture is then heated to 45.degree.C. and
      hydrogenation continued for an additional 48 hours, or until the
      theoretical uptake of hydrogen is achieved. The reaction mixture is then
      filtered to remove the palladium and the solvent is removed in vacuo. The
      resultant residue is then boiled in 250 ml. of 2N hydrochloric acid for 2
      hours (to hydrolyze any undesired imine) and the water insoluble
      hydrochloride of the desired product is filtered and washed well with
      ether. The hydrochloride is then suspended in 2N sodium hydroxide solution
      and extracted several times with ethyl acetate. The combined ethyl acetate
      extracts are dried over sodium sulfate, filtered and evaporated in vacuo
      to give the desired crude oil. This oil, being a high boiling liquid, is
      purified by distillation under high vacuum to obtain .alpha.-tertiary
      butyl-N-methyl-p-phenoxybenzylamine, b.p. 166.degree.-176.degree.C. at 0.1
      mm/Hg.
PAC  EXAMPLE 5
PAC  Preparation of 4-phenoxy-pivalophenone
      ##SPC7##
PAR  To a flask containing 33.6 g. of magnesium and crystals of iodine, is added
      50-70 ml. of a solution of 300 g. of (p-bromophenyl)phenyl ether in 500
      ml. of tetrahydrofuran. The remainder of the solution is added as need to
      maintain a gentle reflux and the resulting mixture heated to reflux for 30
      minutes. The resulting mixture is then added to a solution of
      trimethylacetyl chloride in 500 ml. of tetrahydrofuran at a rate to
      maintain 40.degree.-50.degree.C. The resulting mixture is then stirred at
      ambient temperature for one hour and then 200 ml. of 2N hydrochloric acid
      is added. The organic layer is washed twice with one liter of 2N sodium
      carbonate solution, dried and evaporated in vacuo to a liquid weighing
      about 290 g. This liquid is distilled under reduced pressure to obtain
      4-phenoxypivalophenone, b.p. 136.degree.-139.degree.C. at 0.1 mm/Hg.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC8##
PAL  wherein
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms, or halo of atomic weight of
      from 18 to 36,
PA1  R' and R" are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 to 4 carbon atoms,
PA1  R'" is alkyl of 1 to 5 carbon atoms, and
PA1  n is 1 or 2,
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1 having the formula:
      ##SPC9##
PAL  wherein R', R" and R'" are as defined in claim 1, or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 2 having the formula:
      ##SPC10##
PAL  wherein R'" is as defined in claim 2, or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  4.
PAR  4. The compound of claim 3 which is .alpha.-tertiary
      butyl-N-methyl-p-phenoxybenzylamine.
NUM  5.
PAR  5. The compound of claim 3 which is .alpha.-tertiary
      butyl-N-isopropyl-p-phenoxybenzylamine.
NUM  6.
PAR  6. The compound of claim 3 which is .alpha.-tertiary
      butyl-N-propyl-p-phenoxybenzylamine.
NUM  7.
PAR  7. A pharmaceutical composition in unit dosage form for treating lipidemia
      in mammals comprising an inert pharmaceutically acceptable carrier and
      from 75 to 1500 milligrams of a compound of the formula:
      ##SPC11##
PAL  wherein
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms, or halo of atomic weight of
      from 18 to 36,
PA1  R' and R" are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 to 4 carbon atoms,
PA1  R'" is alkyl of 1 to 5 carbon atoms, and
PA1  n is 1 or 2,
PAL  or a pharmaceutically accpetable acid addition salt thereof.
NUM  8.
PAR  8. A composition in accordance with claim 7 in which the compound is of the
      formula:
      ##SPC12##
PAL  wherein R', R" and R'" are as defined in claim 7, or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  9.
PAR  9. A composition in accordance with claim 8 in which the compound is of the
      formula:
      ##SPC13##
PAL  wherein R'" is as defined in claim 8, or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  10.
PAR  10. A composition in accordance with claim 9 in which the compound is
      .alpha.-tertiary butyl-N-methyl-p-phenoxybenzylamine.
NUM  11.
PAR  11. A composition in accordance with claim 9 in which the compound is
      .alpha.-tertiary butyl-N-isopropyl-p-phenoxybenzylamine.
NUM  12.
PAR  12. A composition in accordance with claim 9 in which the compound is
      .alpha.-tertiary butyl-N-propyl-p-phenoxybenzylamine.
NUM  13.
PAR  13. The method for treating a mammal having lipidemia comprising
      administering a hypolipidemic effective amount to said mammal of a
      compound of the formula:
      ##SPC14##
PAL  wherein
PA1  R is hydrogen, alkyl of 1 to 4 carbon atoms, or halo of atomic weight of
      from 18 to 36,
PA1  R' and R" are independently hydrogen, halo of atomic weight of from 18 to
      36, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 to 4 carbon atoms,
PA1  R'" is alkyl of 1 to 5 carbon atoms, and
PA1  n is 1 or 2,
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  14.
PAR  14. A method in accordance with claim 13 in which the compound is
      administered in a daily amount of from 300 to 3000 milligrams.
NUM  15.
PAR  15. A method in accordance with claim 13 in which the compound administered
      is a compound of the formula:
      ##SPC15##
PAL  wherein R', R" and R'" are as defined in claim 13, or a pharmaceutically
      acceptable acid addition salt thereof.
NUM  16.
PAR  16. A method in accordance with claim 15 in which the compound administered
      is a compound of the formula:
      ##SPC16##
PAL  wherein R'" is as defined in claim 15, or a pharmaceutically acceptable
      acid addition salt thereof.
NUM  17.
PAR  17. A method in accordance with claim 16 in which the compound administered
      is .alpha.-tertiary butyl-N-methyl-p-phenoxybenzylamine.
NUM  18.
PAR  18. A method in accordance with claim 16 in which the compound administered
      is .alpha.-tertiary butyl-N-propyl-phenoxybenzylamine.
NUM  19.
PAR  19. A method in accordance with claim 16 in which the compound administered
      is .alpha.-tertiary butyl-N-cyclopropyl-p-phenoxybenzylamine.
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ABST
PAL  The present invention concerns a novel low starch high protein bread
      substitute obtained by baking a water-containing dough comprising at least
      15% by weight of milk protein, at least 1% by weight egg protein, at least
      10% by weight lipids and at least 30% by weight carbohydrates wherein at
      least 50% by weight of the carbohydrates are derived from milk.
PARN
PAR  This application is a continuation-in-part of U.S. Pat. Application Ser.
      No. 460,649, filed Apr. 12, 1974, now abandoned.
BSUM
PAR  The present invention relates to low-starch protein-rich foodstuffs.
PAR  The present invention provides a low starch high protein bread substitute
      obtained by baking a water-containing dough comprising at least 15% by
      weight of milk protein, at least 1% by weight egg protein, at least 10% by
      weight lipids and at least 30% by weight carbohydrates wherein at least
      50% by weight of the carbohydrates are derived from milk.
PAR  By the term "bread substitute" is meant a foodstuff resembling bread or
      other bakery products derived wholly or largely from grain flour, e.g.
      rolls, biscuits and buns, in appearance, texture and taste, yet different
      to such products in having a lower or no starch or similar polysaccharide
      content and a high protein content.
PAR  The bread substitute of the present invention may be produced by stirring
      the water-containing dough vigorously to aerate the dough and heating the
      dough to a temperature between 140.degree. and 180.degree.C in an oven
      until a spongy product having an external crust is obtained.
PAR  Preferred components of the water-containing dough are, aside from water,
      powdered defatted milk to provide the milk protein and also the milk
      carbohydrates, egg white in fresh or powder form to provide the egg
      protein, at least one sugar to provide the balance of the carbohydrate,
      for example sucrose, glucose and fructose, and at least one oil, for
      example vegetable oils such as palm oil, sunflower oil, coconut oil and
      peanut oil, or fat, for example butter, to provide the lipids.
PAR  Furthermore, adjuvants may be added to the dough, for example, flavouring
      agents such as lecithin, potassium sorbate and common salt, and
      gelatinizing agents such as sea moss extracts, especially carrageen and
      sulphuric acid esters of polyoses especially polygalactose sulphuric acid
      ester. Other adjuvants may be incorporated as desired for example to
      stabilize the structure of the baked product and to improve the keeping
      quality thereof.
PAR  When a sugar is employed as the balance of the carbohydrate, this is
      preferably sucrose, glucose or fructose, either alone or in admixture.
PAR  When butter is used to provide the lipid content of the product, it is
      preferable to use that amount of butter corresponding to at least 5% by
      weight of unskimmed milk with 25% by weight of fat in the final product.
      As will be appreciated, the butter may also be used to augment the milk
      protein and milk carbohydrate content of the final product.
PAR  The appropriate method for the production of the dough is determined by the
      particular proportions of the various components.
PAR  For example, the production may be effected as follows:
PAR  I. Separate production of a mixture A from milk powder, fat and lecithin by
      adding the latter two components in melted state to the dry powdered milk,
      and of a solution B from sugar and the soluble adjuvants in water,
      subsequent mixing of the solution B with fresh egg white and addition of
      mixture A to the resulting liquid and, finally, vigorous beating of the
      whole mass in order to assure a sufficient take-up of air in the dough.
PAR  II. Production of solution B, addition of the melted fat and lecithin to
      this solution and homogenization, mixing of the resulting liquid with the
      fresh egg white and the powdered milk, and vigorous beating of the whole
      mass.
PAR  III. Production of solution B, addition of the fresh egg white to this
      solution, mixing of the resulting liquid, addition of the powdered milk to
      the liquid, vigorous beating of the resulting liquid dough and subsequent
      addition of the melted fat and lecithin to the dough, and beating of the
      final product.
PAR  IV. Production of suspension C from fat and lecithin in water in the
      presence of the sugar and the further water-soluble adjuvants, and
      homogenization of this suspension, addition of the fresh egg white to the
      homogenized suspension, subsequent thorough mixing and optionally thorough
      beating, and, finally, addition of the powdered milk to the mixture and
      thorough beating of the resulting final product.
PAR  V. Production of a solution B, addition of the previously whipped egg white
      to this solution, beating of the resulting mixture and subsequent addition
      of the melted fat and lecithin, thorough stirring of the mixture once
      more, addition of the powdered milk and beating of the whole mass.
PAR  VI. Production of a solution B, addition of the fresh egg white by mixing
      and beating of the resulting mass, addition of the melted fat and
      lecithin, vigorous beating and, subsequently, addition of the powdered
      milk and beating of the final product.
PAR  VII. Production of a solution of the water-soluble adjuvants in water,
      addition of the previously whipped fresh egg white to the solution,
      stirring of the mixture and addition of the melted fat and lecithin,
      stirring once more and addition of the sugar to the resulting mixture,
      stirring of the mixture and addition of the powdered milk and, finally,
      beating of the entire mass.
PAR  Method number VI generally permits the production of a dough having the
      most convenient consistency for the production of a spongy final product
      after baking, the structure thereof coming nearest to that of fresh bread.
PAR  After the final thorough beating of the dough, the latter is preferably
      formed immediately and rapidly into the desired forms. Actually, a certain
      hardening of the dry dough in the cold may be observed, this being very
      pronounced already after a few minutes.
PAR  The baking of the dough may be effected in known manner, e.g. in an oven or
      using a microwave heating apparatus.
PAR  The optimum baking temperature is about 150.degree. - 160.degree.C. The
      optimum baking time is inversely proportional to the baking temperature.
      At a baking temperature between 150.degree. and 160.degree.C the baking
      time is between 15 and 40 minutes, preferably between 20 and 25 minutes.
PAR  The product obtained after baking has a water content of 15-18 % by weight
      and its spongy structure resembles that of fresh bread. When packed in a
      tight wrapping under aseptic conditions, the product remains unchanged for
      several weeks, but its texture continues developing in the course of time
      and after about 14 days it loses the structure of fresh bread and takes
      the structure of pound-cake or biscuits.
PAR  The change in texture of the product largely depends on the kind of sugar
      used for production.
PAR  In this respect, the best results are obtained with the use of pure
      sucrose. The use of pure fructose leads to a product which does not keep
      so well when stored, and the use of pure glucose or mixtures of at least
      two of the above indicated sugars leads to a product having keeping
      qualities between those obtained with the use of the above first mentioned
      sugars.
PAR  In order to improve the keeping properties of the product, the water
      content of the same may be reduced, after baking, to about 6 % by weight.
      This may, for example, be effected by keeping the product in a drying
      chamber for about 3 hours at a temperature between 50.degree. and
      60.degree.C. The so treated product, packed in a tight wrapping, keeps
      unchanged in taste and consistency for several months.
DETD
PAC  EXAMPLES 1 to 9
PAR  Homogeneous, water-containing doughs are produced by mixing the components
      indicated in the following Table (this Table indicates the amounts of the
      components in per cent by weight, calculated on the total weight of the
      dough).
TBL                                    Table 1                                 
     __________________________________________________________________________
     No. of the Example                                                        
                       1   2   3   4   5   6   7   8   9                       
     __________________________________________________________________________
     Components:                                                               
     Powdered defatted milk                                                    
                       40  40  40  40  40  40  39  40  43,50                   
     Butter            --  --  --  --  --  --  --  --  1,90                    
     Water             6,3 6,3 6,3 6,3 6,3 6,3 6,3 6,3 6,3                     
     White of egg (1)  23  23  23  23  23  23  19  23  23                      
     Sucrose           15  5   5   --  --  5   5   --  14                      
     Glucose           --  10  --  --  --  --  --  --  --                      
     Fructose          --  --  10  --  --  --  --  --  --                      
     Glucose sirup (2) (3)                                                     
                       --  --  --  15  --  10  15  7,5 --                      
     Fructose sirup (2) (4)                                                    
                       --  --  --  --  15  --  --  7,5 --                      
     Vegetable fat (5) 15  15  15  15  15  15  15  15  10,6                    
     Lecithin          0,17                                                    
                           0,17                                                
                               0,17                                            
                                   0,17                                        
                                       0,17                                    
                                           0,17                                
                                               0,17                            
                                                   0,17                        
                                                       0,17                    
     Common salt       0,18                                                    
                           0,18                                                
                               0,18                                            
                                   0,18                                        
                                       0,18                                    
                                           0,18                                
                                               0,18                            
                                                   0,18                        
                                                       0,18                    
     Potassium sorbate 0,23                                                    
                           0,23                                                
                               0,23                                            
                                   0,23                                        
                                       0,23                                    
                                           0,23                                
                                               0,23                            
                                                   0,23                        
                                                       0,23                    
     Polygalactose sulphuric acid                                              
     ester (known under the trade                                              
     name "Aubygel x 52")                                                      
                       0,12                                                    
                           0,12                                                
                               0,12                                            
                                   0,12                                        
                                       0,12                                    
                                           0,12                                
                                               0,12                            
                                                   0,12                        
                                                       0,12                    
     __________________________________________________________________________
     Explanation of Table 1                                                    
      (1) Corresponding to 2.76% of dry mass.                                  
      (2) Percent by weight, calculated on the content of dry mass in the sirup
      the corresponding amount of water is included in the percent by weight of
      water indicated above.                                                   
      (3) Glucose sirup with a content of 86.5% by weight of dry mass.         
      (4) Fructose sirup with a content of 70% by weight of dry mass.          
      (5) Mixture of vegetable oils with the following composition by weight:  
      palm oil = 41.58%, sunflower oil = 42.57%, coconut oil = 14.85%, peanut  
      oil = 1%.                                                                
PAR  In the case of Examples 1, 2 and 3 the mixing of the components and the
      manufacturing and baking of the dough are effected as follows:
PAR  The potassium sorbate, common salt and sulphuric acid ester of
      polygalactose are mixed dry.
PAR  The resulting powder is dispersed in water at room temperature. The sugar
      is added to the resulting dispersion and then the egg white is added and
      the entire material is mixed with a spoon until a  homogeneous, liquid
      dispersion is obtained.
PAR  This dispersion is subsequently mixed for 30 seconds with a mixer having a
      planetary gearing with a stirring speed of 550 revolutions per minute,
      whereby the axis of the stirrer makes a circular movement in the invert
      direction at a speed of 135 revolutions per minute (speed 2) for 30
      seconds, subsequently at 1200 revolutions per minute for the beater and
      300 revolutions per minute for the axis of the stirrer. The dispersion
      takes up air, increases in volume and takes the appearance of snow.
PAR  The fat which has been previously melted by heating to 45.degree.C and the
      lecithin are subsequently added to the resulting air-containing mass.
      During this process having a duration of 15 seconds, beating of the
      mixture is continued, whereby the stirrer is adjusted to speed 3. Beating
      is subsequently continued for 15 seconds at speed 3. Without interrupting
      stirring, but reducing the speed of the stirrer to speed 2, the milk
      powder is added to the mixture within 15 seconds. The whole material is
      then thoroughly beaten for a further 15 seconds at speed 3. The dough is
      subsequently allowed to collapse for 5 seconds and is then beaten for 30
      seconds at speed 3, stirring is again interrupted for 5 seconds and the
      dough is again beaten for 15 seconds at speed 3.
PAR  Immediately after the last beating the dough is poured into small buttered
      boat-form moulds. Approximately 100 g of dough are placed in each mould.
      These moulds are placed in an oven preheated to 155.degree.C and the dough
      is baked for 22 minutes.
PAR  In the case of Examples 4 to 8, the process is effected as described above,
      except that the mixture of components is treated as follows up to the
      addition of the sugar and egg white:
PAR  Potassium sorbate, common salt and polygalactose sulphuric acid ester are
      mixed dry. The resulting powder is dispersed in a quantity of water
      corresponding to 3.75 g of water calculated on 100 g of total weight of
      the ready dough (after the addition of all other components). This step of
      the process is effected at room temperature.
PAR  The glucose and/or fructose are dissolved in the amount of water lacking to
      make up the total water content (or the corresponding sirups are diluted)
      while heating to 45.degree.C, in order to accelerate the solution of the
      sugar. The resulting solution is subsequently cooled to room temperature.
      The dispersion of potassium sorbate, common salt and polygalactose
      sulphuric acid ester is then mixed at room temperature with the aqueous
      solution of glucose and/or fructose.
PAR  The sucrose (if included in the recipe) and the egg white are added to the
      above mixture and the entire material is mixed with a spoon until a
      homogeneous dispersion is obtained.
PAR  The subsequent steps are identical with those described above for Examples
      1 to 3.
PAR  As has already been indicated above, when leaving the oven the resulting
      products have either a spongy structure analogous to that of fresh bread
      (Examples 1 to 6), or a finer structure analogous to that of crisp bread
      (Examples 7 and 8 ).
PAR  The composition of these products is such that their calory value and their
      proportional content of proteins and carbohydrates are similar to those of
      powdered whole milk or skim milk, and in some cases are between those of
      powdered whole milk and those of powdered skim milk.
PAR  This is especially so in the case of the product obtained in accordance
      with Example 9, as indicated in Table 2.
TBL                                    Table 2                                 
     __________________________________________________________________________
                      Proteins                                                 
                           Lipids                                              
                                Carbohydrates                                  
                                        Water                                  
     __________________________________________________________________________
     Product obtained in accordance                                            
     with Example 9                                                            
     (435 calories/100 g)                                                      
     Content in percent by weight                                              
                      25,2 17   49,80.sup.(1)                                  
                                        0.sup.(2)                              
     Distribution of the calory                                                
     content in %     22,3 33,7 44                                             
     Powdered whole milk                                                       
     (489 calories/100 g)                                                      
     Content in percent by weight                                              
                      25,2 26,2 38,1    3,5                                    
     Distribution of the calory                                                
     content in %     20,7 48,2 31,1                                           
     Powdered skim milk                                                        
     (359.5 calories/100 g)                                                    
     Content in percent by weight                                              
                      36,8 0,5  52      3,5                                    
     Distribution of the calory                                                
     content in %     40,9 1,3  57,8                                           
     __________________________________________________________________________
      .sup.(1) 62% of this are carbohydrates derived from milk.                
      .sup.(2) In the case of the product obtained in accordance with Example 9
      the calculation of the percent by weight is based on the dry content.    
PAR  As compared with the values in the above Table, normal bread contains in
      order of value 260 calories per 100 g, and only contains 8 to 9 % by
      weight (dry substance) of proteins. The content of carbohydrates in normal
      bread is between 50 and 55 % by weight. It is remarkable that the content
      of carbohydrates in normal bread is mainly made up of starch, whereas in
      the foodstuff of the present invention at least half of the carbohydrates
      (62 % in the case of the product obtained in accordance with Example 9)
      are derived from milk in the form of lactose.
PAC  EXAMPLE 10
PAR  The process is effected as described in Example 1, except that the spongy
      product, obtained after baking the dough, is dried in a drying chamber
      with increased air circulation for 10 hours at 40.degree.C. A product
      having a rusk-like structure and a water content of 6 % is obtained. This
      product has an excellent flavour and melts readily in the mouth.  After
      taking the product out of the drying chamber, it may be kept, packed in a
      tight wrap, for several months without suffering alterations and
      maintaining its freshness and its pleasant taste properties.
PAR  The foodstuff obtained in accordance with the invention may be used in
      place of normal bread in the case of diets where no starch or only a small
      amount of starch should be consumed, especially in the case of slimming
      diets.
PAR  On the other hand, the foodstuff of the present invention may also be used
      as substitute or supplement for the usual protein rich food-stuffs, e.g.
      in place of meat.
PAR  This food is especially valuable for administration in the case of diets on
      the basis of milk to patients who do not tolerate liquid milk, and also
      for the nourishment of patients suffering from celiac disease.
PAR  In partially dehydrated form, e.g. in accordance with the recipe indicated
      in Example 10, the foodstuff of the invention has the advantage of
      combining a high nutritive value with a small volume and low weight.
      Therefore, it is especially suited for use as emergency provision, e.g.
      for alpinists and seamen.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low-starch, high-protein bread substitute obtained wholly from other
      than grain flour by baking a water-containing dough aerated by vigorous
      stirring comprising at least 15 percent by weight of milk protein, at
      least 1 percent by weight egg protein, at least 10 percent by weight
      lipids, and at least 30 percent by weight carbohydrates wherein at least
      50 percent by weight of the carbohydrates are derived from milk.
NUM  2.
PAR  2. A bread substitute according to claim 1, devoid of starch in the dough
      carbohydrate constituent.
NUM  3.
PAR  3. A bread substitute according to claim 1, wherein the dough milk protein
      and carbohydrate constituents comprise powdered defatted milk.
NUM  4.
PAR  4. A bread substitute according to claim 1, wherein the dough egg protein
      constituent comprises egg white.
NUM  5.
PAR  5. A bread substitute according to claim 1, wherein the dough lipid
      constituent comprises a vegetable oil.
NUM  6.
PAR  6. A bread substitute according to claim 5, wherein the dough lipid
      constituent comprises one or more of palm oil, sunflower oil, coconut oil
      and peanut oil.
NUM  7.
PAR  7. A bread substitute according to claim 1, wherein the dough lipid
      constituent comprises an animal fat.
NUM  8.
PAR  8. A bread substitute according to claim 7, wherein the animal fat
      comprises butter.
NUM  9.
PAR  9. A bread substitute according to claim 1, wherein the dough carbohydrate
      constituent, apart from the milk carbohydrates, comprises at least one
      sugar.
NUM  10.
PAR  10. A bread substitute according to claim 9, wherein the sugar comprises
      one or more of sucrose, galactose or fructose.
NUM  11.
PAR  11. A bread substitute according to claim 1, obtained wholly from other
      than grain cereal by baking at a temperature of between 140.degree. and
      180.degree.C a water-containing dough aerated by vigorous stirring
      comprising at least 15 percent by weight of milk protein, at least 1
      percent by weight egg protein, at least 10 percent by weight lipids, and
      at least 30 percent by weight carbohydrates wherein at least 50 percent by
      weight of the carbohydrates are derived from milk.
NUM  12.
PAR  12. A bread substitute according to claim 1, having a water content in the
      baked product of between 15 and 18% by weight.
NUM  13.
PAR  13. A bread substitute according to claim 11, obtained wholly from other
      than grain cereal by baking at a temperature between 150.degree. and
      160.degree.C for a period of 15 to 40 minutes a water-containing dough
      aerated by vigorous stirring comprising at least 15 percent by weight of
      milk protein, at least 1 percent by weight egg protein, at least 10
      percent by weight lipids, and at least 30 percent by weight carbohydrates
      wherein at least 50 percent by weight of the carbohydrates are derived
      from milk.
NUM  14.
PAR  14. A bread substitute according to claim 1, wherein the water content of
      the spongy product obtained after baking is reduced, to approximately 6%
      by weight, in order to obtain a product having a rusk-like structure.
NUM  15.
PAR  15. A bread substitute according to claim 1 wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 15% by weight
      of sucrose, 15% by weight of an oil/vegetable fat mixture composed of
      41.58% of palm oil, 42.57% of sunflower oil, 14.85% of coconut oil and 1%
      of peanut oil, 0.17% by weight of lecithin, 0.18% by weight of sodium
      chloride, 0.23% by weight of potassium sorbate and 0.12% by weight of
      polygalactose sulphuric acid ester.
NUM  16.
PAR  16. A bread substitute according to claim 1 wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 5% by weight
      of sucrose, 10% by weight of glucose, 15% by weight of an oil/vegetable
      fat mixture composed of 41.58% of palm oil, 42.57% of sunflower oil,
      14.85% of coconut oil and 1% peanut oil, 0.17% by weight of lecithin,
      0.18% by weight of sodium chloride, 0.23% by weight of potassium sorbate
      and 0.12% by weight of polygalactose sulphuric acid ester.
NUM  17.
PAR  17. A bread substitute according to claim 1 wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 5% by weight
      of sucrose, 10% by weight of fructose, 15% by weight of an oil/vegetable
      fat mixture composed of 41.58% of palm oil, 42.57% of sunflower oil,
      14.85% of coconut oil and 1% of peanut oil, 0.17% by weight of lecithin,
      0.18% by weight of sodium chloride, 0.23% by weight of potassium sorbate
      and 0.12% by weight of polygalactose sulphuric acid ester.
NUM  18.
PAR  18. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 15% by weight
      of glucose sirup having 86.5% of dry mass, 15% by weight of an
      oil/vegetable fat mixture composed of 41.58% of palm oil, 42.57% of
      sunflower oil, 14.85% of coconut oil and 1% of peanut oil, 0.17% by weight
      of lecithin, 0.18% by weight of sodium chloride, 0.23% by weight of
      potassium sorbate and 0.12% by weight of polygalactose sulphuric acid
      ester.
NUM  19.
PAR  19. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 15% by weight
      of fructose sirup having 70% by weight of dry mass, 15% by weight of an
      oil/vegetable fat mixture composed of 41.58% of palm oil, 42.57% of
      sunflower oil, 14.85% of coconut oil and 1% of peanut oil, 0.17% by weight
      of lecithin, 0.18% by weight of sodium chloride, 0.23% by weight of
      potassium sorbate and 0.12% by weight of polygalactose sulphuric acid
      ester.
NUM  20.
PAR  20. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 5% by weight
      of sucrose, 10% by weight of glucose sirup having 86.5% by weight of dry
      mass, 15% by weight of an oil/vegetable fat mixture composed of 41.58% of
      palm oil, 42.57% of sunflower oil, 14.85% of coconut oil and 1% of peanut
      oil, 0.17% by weight of lecithin, 0.18% by weight of sodium chloride,
      0.23% by weight of potassium sorbate and 0.12% by weight of polygalactose
      sulphuric acid ester.
NUM  21.
PAR  21. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  39% by weight of powdered skim milk, 6.3% by weight of water, 19% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 5% by weight
      of sucrose, 15% by weight of glucose sirup having 86.5% by weight of dry
      mass, 15% by weight of an oil/vegetable fat mixture composed of 41.58% of
      palm oil, 42.57% of sunflower oil, 14.85% of coconut oil and 1% of peanut
      oil, 0.17% by weight of lecithin, 0.18% by weight of sodium chloride,
      0.23% by weight of potassium sorbate and 0.12% by weight of polygalactose
      sulphuric acid ester.
NUM  22.
PAR  22. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  40% by weight of powdered skim milk, 6.3% by weight of water, 23% by weight
      of fresh hen's egg white having 2.76% by weight of dry mass, 7.5% by
      weight of glucose sirup having 86.5% by weight of dry mass, 7.5% by weight
      of fructose sirup having 70% by weight of dry mass, 15% by weight of an
      oil/vegetable fat mixture composed of 41.58% of palm oil, 42.57% of
      sunflower oil, 14.85% of coconut oil and 1% of peanut oil, 0.17% by weight
      of lecithin, 0.18% by weight of sodium chloride, 0.23% by weight of
      potassium sorbate and 0.12% by weight of polygalactose sulphuric acid
      ester.
NUM  23.
PAR  23. A bread substitute according to claim 1, wherein the water-containing
      dough has the following composition:
PA1  1.9% by weight of butter, 43.9% by weight of powdered skim milk, 6.3% by
      weight of water, 23% by weight of fresh hen's egg white having 2.76% by
      weight of dry mass, 14% by weight of sucrose, 15% by weight of an
      oil/vegetable fat mixture composed of 41.58% of palm oil, 42.57% of
      sunflower oil, 14.85% of coconut oil and 1% of peanut oil, 0.17% by weight
      of lecithin, 0.18% by weight of sodium chloride, 0.23% by weight of
      potassium sorbate and 0.12% by weight of polygalactose sulphuric acid
      ester.
NUM  24.
PAR  24. A process for producing a low-starch, high-protein bread substitute
      according to claim 1 obtained wholly from other than grain flour, which
      comprises baking at a temperature between 140.degree. and 180.degree.C. a
      water-containing dough aerated by vigorous stirring comprising at least 15
      percent by weight of milk protein, at least 1 percent by weight egg
      protein, at least 10 percent by weight lipids, and at least 30 percent by
      weight carbohydrates wherein at least 50 percent by weight of the
      carbohydrates are derived from milk.
NUM  25.
PAR  25. A water containing dough aerated by vigorous stirring suitable for the
      production of a low-starch, high protein bread substitute obtained wholly
      from other than grain flour and comprising at least 15 percent by weight
      of milk protein, at least 1 percent by weight egg protein, at least 10
      percent by weight lipids, and at least 30 percent by weight carbohydrates
      wherein at least 50 percent by weight of the carbohydrates are derived
      from milk.
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ABST
PAL  The invention relates to non-caloric saccharine sweetening compositions
      using only saccharine as the artificial sweetener, with the undesired
      bitter aftertaste of the saccharine being eliminated while avoiding
      sourness present in other calorie-free sweetening compositions. This is
      accomplished according to the invention by a composition of saccharine,
      glucono delta lactone and an edible bicarbonate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of artificial sweeteners in place of sugar for the reduction of
      caloric intake, for medical reasons and for dietary reasons, is well
      known. The most common artificial sweeteners are the saccharines and the
      cyclamates.
PAR  Both of these groups of artificial sweeteners are much sweeter than sugar
      and have no caloric value. However, both groups of substances suffer from
      the disadvantage of leaving bitter aftertaste in the mouth of the user,
      and prior to the ban on cyclamates, saccharine and cyclamate have been
      used together in order to lower the degree of bitter aftertaste of the
      sweeteners. Since the ban on the cyclamates, and due to the fact that the
      saccharines have a relatively high degree of bitter aftertaste, it has
      become much more difficult to provide artificial sweetener compositions
      without any bitter aftertaste.
PAR  I have previously described a composition of saccharine, lactose and cream
      of tartar for achieving satisfactory sweetening using saccharine alone as
      the artificial sweetener, without bitter aftertaste. However, such a
      product contains calories because of the presence of lactose and in fact a
      sweetening composition which is the equivalent in sweetness to 2 teaspoons
      of sugar contains about 3 calories. While this is of course extremely low
      as far as caloric content is concerned, 3 calories are undesirable,
      particularly in the case of diabetics who might use large amounts of
      sweeteners and who would not wish to upset their carbohydrate intake in
      any way. In addition, lactose is also known as milk sugar, and therefore
      persons of orthodox Jewish faith cannot use this composition in
      conjunction with meat products.
PAR  In addition I have previously described a composition of saccharine,
      glucono delta lactone, sodium gluconate and/or potassium gluconate and
      cream of tartar (potassium bipartrate). This composition avoids the bitter
      aftertaste of the saccharine, is completely calorie free and also can be
      used with dairy or meat products by persons of the orthodox Jewish faith.
PAR  However, it has been found that the composition can cause milk, for example
      in coffee to curdle, and also that the use thereof gives rise to a slight
      sour aftertaste.
PAR  Generally speaking, in accordance with the present invention, a composition
      is provided of saccharine, glucono delta lactone and an edible
      bicarbonate. This composition not only avoids the bitter aftertaste of the
      saccharine in a calorie-free product, but it is also free of sourness and
      does not cause milk to curdle.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of the present invention to provide a
      sweetening composition which contains only a saccharine as the artificial
      sweetener but which does not have any bitter aftertaste of the saccharine,
      has no calories, has no sourness, does not curdle milk and can even be
      used by persons of orthodox Jewish faith with either dairy or meat
      products.
PAR  It is yet a further object of the present invention to provide a
      composition of a saccharine, glucono delta lactone and an edible
      bicarbonate which composition has no undesired bitter aftertaste or
      sourness and can be used with all types of food while providing only a
      sweetening effect closely approximating that of natural sugar.
PAR  It is another object of the present invention to provide a calorie-free,
      sodium-free sweetening composition which can be usd by all persons,
      including diabetics and those with high blood pressure and which
      nevertheless has no undesired bitter aftertaste or sourness.
PAR  Other objects and advantages of the present invention will be apparent from
      a further reading of the specification and of the appended claims.
PAR  In accordance with the present invention, the saccharine artificial
      sweetener is mixed with glucono delta lactone and an edible bicarbonate in
      such proportions that the composition contained between about 2-10% of
      saccharine, (preferably about 6%), 2-14% of bicarbonate (preferably about
      7%) and 76-96% of glucono delta lactone (preferably about 87%). All
      percentages and parts herein are by weight. When these components are used
      in these proportions, the most desired effect of sweetness approaching
      that of natural sugar without any bitter aftertaste or any sourness and
      without any undesired effect on the food or beverage to which the
      sweetening composition is added are obtained.
PAR  The term "saccharine artificial sweetener" as used throughout the
      specification and claims of this case is meant to refer to saccharine
      itself and the salts thereof such as sodium saccharine, potassium
      saccharine, calcium saccharine, etc.
PAR  The term "edible bicarbonate" as used herein refers to the bicarbonate
      salts, such as sodium bicarbonate, potassium bicarbonate and sodium
      bicarbonate.
PAR  According to a preferred embodiment of the present invention the
      composition provided is not calorie free but is also sodium free, and in
      such composition it is preferred to use potassium or calcium saccharine,
      preferably calcium saccharine, and it is preferred to use potassium
      bicarbonate or ammonium bicarbonate, preferably potassium bicarbonate.
PAR  It should be noted that all of the components of the composition of this
      invention must be used in combination in order to achieve the desired
      results. Thus, the use of glucono delta lactone alone with the saccharine
      artificial sweetener results in a composition which curdling of milk,
      possible discoloration of the beverages such as coffee or tea, and also
      exhibits a sourness.
PAR  On the other hand, the use of the edible bicarbonate alone with the
      saccharine artificial sweetener has no effect whatsoever in masking the
      bitter aftertaste of the saccharine. It is only by combining the edible
      bicarbonate with the glucono delta lactone that it is possible to
      completely mask the bitter aftertaste of the saccharine while at the same
      time avoiding disadvantages of curdling of milk, sourness, etc.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The following examples are given to further illustrate the present
      invention. The scope of the invention is not, however, meant to be limited
      to the specific details of the examples.
DETD
PAC  EXAMPLE 1
PAR  25.5 pounds of glucono delta lactone, 1.8 pounds of calcium saccharine and
      2.1 pounds of potassium bicarbonate are thoroughly and uniformly mixed.
PAR  The resulting mixture is many times as sweet as natural sugar so that a
      small amount thereof can be used in place of sugar to give a sweetening
      effect without providing any calories. Approximately 0.6 gm of the
      composition will give the sweetening effect of two teaspoons of sugar.
      This composition can be used to sweeten beverages or in cooking, in all
      quantities even to highly sweeten beverages without causing any bitter
      aftertaste, without sourness, and without adversely affecting the taste of
      the food or beverage to which it is applied.
PAR  In addition, the above composition may be freely used by persons with high
      blood pressure because it is totally sodium free.
PAC  EXAMPLE 2
PAR  A sweetening composition is prepared as in Example 1, however using sodium
      saccharine and sodium bicarbonate. The taste effect of the composition is
      the same as in Example 1, however because of the sodium content it should
      be used only with care by persons having high blood pressure.
PAC  EXAMPLE 3
PAR  A sweetening composition is prepared as in Example 1, however using 7.6
      pounds of glucono delta lactone, 1.0 pounds of calcium saccharine and 1.4
      pounds of potassium bicarbonate.
PAR  Approximately 1.36 gms. of the above product gives the sweetening power
      approximating that of two teaspoons of sugar. The composition can
      otherwise be used in the same manner as the composition of Example 1.
PAC  EXAMPLE 4
PAR  A sweetening composition is prepared as in Example 1, however using 96
      pounds of glucono delta lactone, 2 pounds of calcium saccharine and 2
      pounds of potassium bicarbonate.
PAR  Approximately 1.8 gms. of the above product is used to obtain the
      sweetening equivalent of 2 teaspoons of ordinary sugar.
PAR  Any of the above compositions may be used for the sweetening of beverages,
      in baking, preparing cooked fruits, in cooking, in making candies, etc.
PAR  While the invention has been described in particular with respect to
      specific combinations of the components of the composition, it is to be
      understood that variations and modifications thereof can be made.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A sweetening composition consisting essentially of between about 2-10%
      by weight of a saccharine artificial sweetener, about 2-14% by weight of
      an edible bicarbonate, and about 56-96% by weight of glucono delta
      lactone.
NUM  2.
PAR  2. Composition according to claim 1 wherein said saccharine artificial
      sweetener is present in an amount of about 6% by weight, said edible
      bicarbonate is present in an amount of about 7% by weight, and said
      glucono delta lactone is present in an amount of about 87% by weight.
NUM  3.
PAR  3. Composition according to claim 1 wherein said saccharine artificial
      sweetener is selected from the group consisting of potassium saccharine
      and calcium saccharine and wherein said edible bicarbonate is selected
      from the group consisting of potassium bicarbonate and ammonium
      bicarbonate, so that said composition is sodium-free.
NUM  4.
PAR  4. Composition according to claim 1 wherein said saccharine artificial
      sweetener is calcium saccharine and wherein said edible bicarbonate is
      potassium bicarbonate.
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ABST
PAL  A butter-like plastic food spread is based on an emulsion in which a
      proportion of the aqueous composition constituting the continuous phase is
      maintained in the disperse phase constituted by the fat, which is at least
      partly crystallised. This effect is produced by the presence of an
      emulsifier system in the emulsion which while stabilising the emulsion,
      permits a limited degree of destabilisation when the emulsion is cooled at
      rest in the preparation of the product, which closely resembles butter in
      consistency.
PARN
PAR  This application is a continuation of application Ser. No. 178,513, filed
      Sept. 7, 1971, now abandoned, which in turn is a continuation-in-part of
      application Ser. No. 780,897, filed Dec. 3, 1968, also now abandoned.
BSUM
PAR  The present invention relates to food spreads containing fat and to
      processes for their preparation, and especially relates to the production
      of a margarine-like food spread having improved consistency, as far as
      plasticity and elasticity are concerned, in its resemblance to butter.
PAR  Consumer tests have shown that, other things being equal, the more the
      plasticity and elasticity of food spreads such as margarine resemble those
      of butter, the more the product is valued.
PAR  Margarine is commonly prepared by chilling in a closed tubular surface
      scraped heat exchanger an emulsion containing about 80% by weight of fat,
      in which an aqueous component, e.g. milk, is dispersed. During chilling
      and scraping many small crystal nuclei form, so that ultimately at least
      part of the fat blend is in the form of very small crystals. The chilled
      emulsion may be subsequently treated in a resting tube, where
      crystallisation continues and thereafter the margarine may be shaped and
      packed. At the moment of packing the product may resemble butter more or
      less closely in its consistency, according to the fat selected, but
      post-crystallisation may occur, impairing the elasticity and plasticity of
      the final product by the formation of a crystal network.
PAR  It is also possible to prepare margarine in a manner analogous to the
      preparation of butter, by starting from an emulsion resembling cream
      containing 40- 60% by weight of fat dispensed in the aqueous phase. This
      is cooled to 12.degree.- 16.degree.C. and ripened and churned, as in
      butter manufacture. The effect of the churning is to bring about phase
      inversion, so that the aqueous component is dispersed in the fat, and to
      express any surplus aqueous phase as "buttermilk".
PAR  Since this buttermilk cannot be re-used because of the risk of
      microbiological contamination, it is uneconomic to start with a "cream"
      containing 40 - 60% of fat, as in conventional butter-making and it is
      preferable instead to start with a cream containing the same amount of fat
      as that required in the margarine product, i.e. about 80%. In either case,
      however, the product undergoes post-crystallisation during storage as in
      the case of margarine prepared in the previously described method, with
      the result that a change to a less butter-like consistency occurs. This
      change is only partly reduced by using as the fat phase a fat blend which
      has been interesterified with the object of avoiding post-crystallisation.
PAR  The plastic food spread of this invention comprises a substantially
      unworked cooled emulsion comprising 70 - 90% by weight of fat, having
      dilatatic values at 25.degree.C. of from 100 - 400 mm.sup.3 /25 g., which
      is dispersed together with a proportion of an aqueous component of the
      spread in a continuous phase constituted by the remainder of the aqueous
      component.
PAR  The food spread of the present invention is prepared from an emulsion of
      fat dispersed in an aqueous component, and still contains part of the
      aqueous component as the continuous phase.
PAR  Although the food spread of this invention very probably has another
      physical structure than butter, it shows butter-like elasticity and
      plasticity characteristics, even on prolonged storage at ambient
      temperatures.
PAR  The unique structure of this novel food spread is obtained without working
      by means of an emulsifier system providing an emulsion which is partly
      destabilised upon cooling to crystallise the fat. It is essential to avoid
      any substantial working of the emulsion containing an emulsifier system
      with these properties, otherwise phase inversion occurs and the
      butter-like properties characterising the product are lost.
PAR  The invention also provides a method for the manufacture of a plastic food
      spread as described, in which an emulsion containing the emulsifier system
      is prepared by dispersing the melted fat in an aqueous phase and cooling
      the emulsion at rest to a temperature at which at least 5% of the fat
      crystallises and a destabilisation degree of 0.15 - 0.75 is obtained as
      hereinafter defined.
PAR  Although the spread still contains a continuous aqueous phase, part of the
      aqueous component is probably enclosed in clusters of fat crystals in the
      dispersed phase.
PAR  The degree of destabilisation can be calculated from the relative
      electrical conductivity values before and after destabilisation, since
      that part of the aqueous component in the disperse phase is not available
      for conducting electricity.
PAR  The degree of destabilisation may therefore be defined as:
      ##EQU1##
      in which R C before = relative conductivity before destabilisation and R C
      after = relative conductivity after destabilisation. The relative
      conductivity is the ratio of the specific conductivities of the emulsion
      and its aqueous phase at the same temperature.
PAR  The specific conductivity of the aqueous phase and of the product can be
      determined with a conventional conductivity cell containing electrodes.
PAR  Since the conductivity of the product is markedly changed as a result of
      phase inversion, any working of the product caused by the insertion of the
      electrodes into it should be avoided as far as possible. Preferably
      therefore knife-edged electrodes, e.g. not more than about 0.1 mm wide,
      are inserted edgewise into the product. Alternatively the specific
      conductivity of the product may also be determined by a cell containing
      electrodes and inserted into the emulsion before the spread is formed by
      chilling the emulsion, thus eliminating the effect of working of the
      product when the electrodes are inserted into the spread. The relative
      conductivity values of the product obtained from this test, however, are
      somewhat higher than those obtained by the previous method, on which the
      degree of destabilisation specified in the accompanying claims is based.
PAR  The magnitude of this difference is mainly related to the hardness of the
      product, as measured in g/cm.sup.2 by the method of Haighton, described in
      J.Am. Oil Chem. Soc. 36 (1959) pp. 345-348, in accordance with the
      equation:
      ##EQU2##
PAR  The relative conductivity of the emulsion before destabilisation can be
      easily calculated from the specific conductivity values of the emulsion
      and its aqueous phase at a temperature at which the emulsion is not yet
      destabilised, i.e. at a temperature before the fat commences
      crystallisation.
PAR  The aqueous phase of a spread can be obtained by melting it and its
      emulsion may be obtained by re-emulsifying the melt in the aqueous phase.
PAR  The degree of destabilisation should not be so slight that a negligible
      amount of the aqueous component is transferred during cooling of the
      emulsion to the disperse phase, nor on the other hand should it be so
      great that phase inversion, i.e. aggregation of the fat particles in the
      disperse phase to form a continuous fat phase, takes place.
PAR  The emulsifier system should therefore be capable of performing two
      functions:
PA1  1. Stabilising the fatty emulsion, especially during preparation and
      further treatments e.g. homogenization as well as any heat treatment to
      kill micro-organisms;
PA1  2. Maintaining the food spread in the destabilised condition, produced by
      cooling.
PAR  These two functions may be combined in a single emulsifier, but more
      commonly the emulsifier system comprises one or more emulsifiers for each
      of the above functions.
PAR  The emulsifier system in the products of the invention is capable of
      maintaining a degree of destabilisation of 0.15 - 0.75 for a prolonged
      period i.e. 4 weeks or more in the unworked spread stored at a temperature
      of from 15.degree.- 25.degree.C., and preferably 0.3 - 0.6, more
      particularly about 0.5.
PAR  Preferably the emulsifier system includes at least one derivative of a
      fatty acid or alcohol containing 10 - 24 carbon atoms in the alkyl group,
      more preferably a saturated fatty acid or alcohol having 16 - 24 carbon
      atoms, since such emulsifiers may be suitable to perform both the
      functions of stabilising the emulsion during preparation and maintaining
      the spread in a destabilised condition. For the latter purpose at least
      the emulsifier system preferably comprises a nonionic emulsifier having an
      HLB factor of 12.0 - 18.0 or 3.5 - 7.0.
PAR  The action of destabilising emulsifiers can be easily demonstrated by a
      churning test. This test can be carried out as follows:
PAR  An oil-in-water emulsion containing 70 - 90% fat is diluted at a
      temperature above the melting point of the fat to a fat content of 40%.
      This emulsion is cooled until the major part of the fat is crystallised,
      and the dispersion obtained is churned. After churning the fat is
      flocculated if the emulsion is unsuitable as the destabilising emulsifier,
      but otherwise remains in suspension.
PAR  Suitable destabilising emulsifiers include glycerol or sorbitan monoesters
      or a polyoxyethylene derivative thereof, or polyoxyethylene monoesters,
      eg. glycerol monostearate, sorbitan monopalmitate, sorbitan monostearate,
      polyoxyethylene sorbitan monostearate or polyoxyethylene monostearate.
PAR  Monoglycerides, especially those derived from palmitic acid or stearic
      acid, are the preferred destabilising emulsifiers of the class of
      emulsifiers having HLB factors of from 3.5 - 7.0. Commercial
      monoglycerides used in this invention should preferably contain at least
      90% of monoglycerides, the remainder consisting chiefly of di- and
      triglycerides.
PAR  An HLB factor of 11.0 - 18.0 is adequate when the purpose of the emulsifier
      is stabilisation only. The HLB factors are determined either by
      measurement or calculation as described in J. Soc. Cosm. Chem., 1 (1949),
      No. 5, pages 311 - 326.
PAR  Suitable nonionic stabilising emulsifiers having an HLB factor of 11 - 18
      include eg. a polyoxyethylene sorbitan or polyoxyethylene ester or ether
      or a polyglycerol ester or ether. Examples of these classes of emulsifiers
      are: decaglycerol monolaurate, polyoxyethylene sorbitan monolaurate,
      polyoxyethylene monostearate, or stearyl alcohol ethylene oxide ether. The
      last two emulsifiers mentioned and also the polyoxyethylene sorbitan
      monostearate are dual-effect emulsifiers capable of performing both the
      stabilising and the destabilising action. Anionic emulsifiers having a
      stabilising action, which may be used in the compositions of the
      invention, include sodium oleate, and partial citric acid esters of
      monoglycerides of fatty acids containing at least 14 carbon atoms. The
      monoglycerides may be derived from naturally occurring glycerides, eg.
      soybean oil.
PAR  Further suitable stabilising emuslifiers include proteinaceous colloids,
      e.g. phospho-proteins. The phospho-protein emulsifiers may comprise e.g.
      the alkaline salts of phospho-proteins or complexes of phosphatides with
      phosphoproteins. Preferably lipoprotein complexes as present in egg-yolk
      or buttermilk and the alkaline salt of phospho-proteins e.g. caseinate,
      may be used. If egg-yolk is used as a stabilising emulsifier, it must not
      be denatured e.g. by previous heat treatment. Preferably therefore it is
      used in a fresh condition, but it can also be used in a preserved state,
      e.g. by the addition of salt, provided that it is not denatured.
PAR  If alkali caseinate is used, it is preferred to use sodium caseinate, which
      is preferably made in situ in the aqueous phase from skimmed milk by the
      addition of calcium ion sequestering agent in the form of a sodium salt,
      e.g. sodium citrate, condensed phosphates, e.g. sodium tripolyphosphate,
      sodium tartrate or the sodium salt of ethylene diamine tetra acetic acid.
      the emulsifier system should be present in the food spread in minor
      quantities, e.g. from 0.1 - 10% by weight, based on the total emulsion.
PAR  Preferably the stabilising emulsifiers are used in quantities of 0.1 - 5%,
      e.g. egg-yolk 1 - 5%, preferably 1.5 - 3% and sodium caseinate 0.1 - 1%,
      preferably 0.2 - 0.5%.
PAR  The destabilising emulsifiers are preferably used in quantities of 0.25 -
      1% by weight, e.g. 0.3 - 0.6% of glycerol monostearate as destabilising
      emulsifier, with 0.2 - 0.5% of sodium caseinate as the stabilising
      emulsifier. The fat in the plastic food spread according to the invention
      may comprise one or more fatty acid triglycerides which may be of either
      animal or vegetable origin or both and may include normally liquid fat in
      a blend.
PAR  In general all fats and glyceride oils suitable for margarine preparation
      can be applied in the food spread of the present invention, and still
      result in a butter-like behavior of the final product.
PAR  In order to obtain a food spread of the desired structure, the dilatation
      value of the fat used should preferably be from 100 - 400 mm.sup.3 /25 g.
      at 25.degree.C.; more preferably the dilatations of the fat should also be
      from 200 - 1,000 mm.sup.3 /25 g at 5.degree.C. The dilatation values of
      the fat blend described in this specification are determined by the method
      described in H.A. Boekenoogen, "Analysis and characteristics of oils, fats
      and fat products", Vol. 1, 1964, pages 143 - 145.
PAR  The fat in the plastic food spread of the invention may be selected, as in
      margarine, to confer particular properties to the spread, eg. to provide a
      cool-tasting effect by a steep dilatation curve, to provide spreadability
      at low temperatures or to give special dietetic characteristics, eg. by
      the presence in the fat of components having a high essential acid
      content.
PAR  The fat blends for the latter type of food spreads include a substantial
      amount of a vegetable oil containing at least 40% by weight of
      polyunsaturated fatty acids, especially the essential fatty acids. These
      acids are believed to be dietetically advantageous. An important fatty
      acid of the group of essential fatty acids is: cis-9, cis-12,
      octa-decadienoic acid, contained in safflower, cottonseed, wheat germ,
      soyabean, grapeseed, poppyseed, tobaccoseed, walnut, corn and especially
      sunflower oil. The latter is produced in large quantities and has an
      excellent taste due to good oxidation stability. Preferably the
      compositions of the present invention contain about 15% to about 70% by
      weight of a fat which is a vegetable oil of which at least 40% of its
      fatty acid content is cis-9, cis-12-octadecadienoic acid.
PAR  A particular advantage of the present invention is that it includes a food
      spread based on a blend of butter oil and vegetable oils rich in
      polyunsaturated fatty acids. The resulting product, which closely
      resembles butter in consistency and also in composition, is also superior
      in containing more polyunsaturated fatty acid than natural butter.
PAR  Excellent products have been prepared from fat blends comprising 80 - 50%
      of butter oil and 20 - 50% of such vegetable oils.
PAR  In order to avoid contamination of the food spread with micro-organisms it
      is desirable to maintain a pH value below 7 in the aqueous component. For
      this purpose, the aqueous component can be made acid before the emulsion
      is prepared by the addition of lactic acid, citric acid or other suitable
      acids or by the addition of bacteria by means of which lactic acid is
      formed in situ.
PAR  It may further be necessary to adjust the pH to a value at which particular
      emulsifiers present in the emulsifier system are effective. Thus sodium
      caseinate must be maintained in a medium of pH 5.5 - 7.0, egg-yolk at 4.0
      - 7.0 and anionic synthetic emulsifiers in general should of course be
      maintained at an acid pH value sufficient for ionization.
PAR  The product is preferably further protected against micro-biological
      contamination by subjecting it to sterilization treatment or by
      pasteurization combined with the addition of sufficient common salt, e.g.
      0% to about 10%, and 0% to about 0.7% of a preservative, eg. sorbic acid
      or sodium sorbate based on the aqueous phase.
PAR  Common salt may in any event be present to taste.
PAR  The presence of a part of the aqueous component in the continuous phase may
      be demonstrated in the products of the present invention by the behaviour
      of water-soluble dyestuffs admixed with the spread. The dyestuff taken up
      and no sharp boundary appears when a droplet of the dyestuff is added, in
      contrast to the behaviour of conventional margarine in which no diffusion
      of the dyestuff occurs at all.
PAR  A fat-soluble dyestuff on the other hand will not diffuse at all in the
      products of the invention under similar conditions.
PAR  The aqueous component may conform to the usual composition employed for
      this purpose in the manufacture of conventional margarine. Thus water, to
      which may be added other components, may be used, or whole milk,
      buttermilk or skim milk alone or diluted.
PAR  In the preparation of the products of the invention, the emulsifier system
      is usually first dispersed in the aqueous component, but if fat-soluble
      emulsifiers are used, these at least may first be dispersed in the fat
      component, which should be melted when added to the aqueous component. In
      preparing the emulsion the fat is added to the aqueous component. Care
      must be taken to avoid local excess of fat.
PAR  The aqueous component is preferably also heated before the addition of the
      fat to a temperature at which the fat is molten. The emulsion may be
      prepared batchwise or continuously, eg. in the manner in which mayonnaise
      is made industrially. It is highly desirable to provide adequate mixing,
      if necessary by placing more than one stirrer in the emulsifying vessel.
PAR  The emulsion may then be homogenized, preferably in such a way that the
      majority of the oil is in the form of droplets of 3 - 10 microns in
      diameter. This homogenization treatment may be carried out eg. by passing
      the emulsion through a colloid mill, a Willems reactron or a
      homogenization valve.
PAR  The emulsion obtained is then cooled at rest, eg. in tins or tubs, in
      contrast to the usual margarine and butter process, in which the emulsion
      is agitated, ie. in a churn or a scraped surface heat exchanger.
PAR  If one of the aforementioned dual-effect emulsifiers is used it may be
      mixed with either the fat or the aqueous component. The process comprises
      the steps of mixing from 0% to about 10% by weight, total emulsion basis,
      of a first emulsifier which has the property of stabilizing the emulsion,
      with an aqueous medium comprising water, skim milk, milk solids, and
      mixtures thereof to form an aqueous component preparing a fat as described
      hereinbefore in a molten state, mixing from 0% to about 1% by weight,
      total emulsion basis, of a second emulsifier having the property of
      effecting a partial destabilization of the product, with the fat to form a
      fatty component, then adding about 70 - 90 parts by weight of the fatty
      component with mixing, to about 10 - 30 parts by weight of the aqueous
      component, avoiding a local excess of the fat, and forming an emulsion
      having the fatty component as the disperse phase, then cooling the
      emulsion at rest to about 10.degree.C to about -25.degree.C until the
      percentage of solid crystallized material amounts to at least 5%. The
      first and second stabilizers, whether the same agent or a mixture, have
      both stabilizing and destabilizing properties, and are present as an
      emulsifier system in the total amount about 0.1% to about 10%, total
      emulsifier basis.
PAR  The food spreads provided by the present invention are plastic in
      composition, that is to say that while being spreadable they are
      sufficiently stable in shape to retain at ambient temperatures, ie. from
      15.degree.- 25.degree.C, the shape of a mould in which they are prepared.
      While this characteristic does not require a high proportion of the fat to
      be crystallised, there must be from 5% to 30% crystallised, and preferably
      at least 10%, in order to establish a stable equilibrium in the product.
PAR  The emulsion after packing may be cooled by storage in a refrigerated
      chamber or by passage through a cold air blast. The temperature in the
      chilling space should preferably be from 10.degree. to -25.degree.C.
PAR  The cooling time required for obtaining the desired destabilisation degree
      may vary eg. from 45 minutes to 80 hours according to the conditions at
      which the cooling is effected.
PAR  The products of the invention exhibit a remarkable similarity to butter,
      especially in regard to their consistency, ie. plasticity and elasticity,
      which probably represent the most important properties contributing to the
      appeal of butter in its general handling qualities. The plasticity of a
      product can be ascertained by inserting a rod into the product and
      observing the degree of collar formation. It can also be ascertained by
      the fact that the product can be uniformly spread with a knife, this also
      being highly dependent on the hardness of the product. The elasticity can
      be expressed and measured by the elasticity modulus according to the
      method of Haighton described in "Chemisch Weekblad", No. 37, part 60
      (1964), pages 508-511, and if the method is applied to a number of samples
      of butter and commercially availble margarine, it will be observed that
      for butter this modulus is about 5-20 .times. 10.sup.6 dyne/cm.sup.2 and
      for a good quality table margarine about 30-130 .times. 10.sup.6
      dyne/cm.sup.2.
PAR  The invention will now be illustrated by the following examples. In all the
      examples products are described having a destabilisation degree of between
      0.15 and 0.75. All parts and percentages described in the examples are by
      weight.
PAR  The degree of destabilisation of the products of the invention was
      calculated from relative electrical conductivity values of the spread and
      the emulsion from which it is prepared.
PAR  The similarity to butter can of course be enhanced by careful selection of
      flavouring agents, vitamins and other additives such as are used for this
      purpose in margarine.
PAC  Test for the determination of the relative conductivity in the food spread
PAR  A conductivity cell was inserted into a sample of the spread at
      15.degree.C. The cell comprised a pair of very thin metal electrodes, for
      which uncoated razor blades 0.05 mm in width have successfully been used.
      The electrodes were mounted on a plastic block at a distance of 35 mm,
      providing a cell constant of 0.21 cm.sup.-.sup.1.
PAR  The conductivity cell was connected with a Wheatstone bridge (Philips PR
      9500) and the specific conductivity was measured at a frequency of 1000
      cycles/sec.
PAR  Using the same Wheatstone bridge, the specific conductivity of the aqueous
      phase was measured at a temperature of 15.degree.C, with a conventional
      conductivity cell having two stainless steel electrodes, of a surface of
      225 mm.sup.2 and a cell constant of 0.27 cm.sup.-.sup.1.
PAR  The relative conductivity of the food spread is:
DETD
PAC  EXAMPLE 1
PAR  A fat composition was prepared by adding 0.5% of distilled partial
      glyceride esters of a mixture of palmitic and stearic acids containing 90%
      of monoglycerides and having an HLB value of 4.2 and minor proportions of
      colouring oils, vitamins and flavours to a fat blend consisting of:
PA1  15 parts of sunflower oil
PA1  35 parts of sunflower oil hardened to a slip melting point of 34.degree.C.
PA1  35 parts of coconut oil
PA1  15 parts of palm oil hardened to a slip melting point of 45.degree.C.
PAL  and having dilatation values of
PA1  890 at 5.degree.C.
PA1  665 at 15.degree.C.
PA1  420 at 20.degree.C.
PA1  245 at 25.degree.C.
PA1  125 at 30.degree.C.
PA1  25 at 35.degree.C.
PAR  An aqueous composition was prepared consisting of
PA1  90 parts of skim milk containing 2.8% of casein
PA1  8 parts of 10% sodium citrate solution
PA1  2 parts of 8% citric acid solution
PAL  The pH of the aqueous composition was 6.2, and about 2.35% of sodium
      caseinate was formed in situ, corresponding to 0.4% in the ultimately
      formed emulsion.
PAR  83 parts of the fat composition were melted by heating to a temperature of
      about 60.degree.C. and slowly added to 17 parts of the aqueous
      composition, while stirring with a propeller stirrer in a jacketed vessel
      at 60.degree.C., to form an oil-in-water emulsion. The emulsion formed was
      then homogenized in a colloid mill adjusted to a clearance of 0.6 mm and
      with an average circumferential speed of 11 m/sec.
PAR  The homogenized emulsion, in which 80% of the fat particles were in the
      range of 3 - 10 microns, was subjected to heat treatment for sterilisation
      for 15 sec. at 130.degree.C. in a tubular heat exchanger and after cooling
      down to a temperature still above 70.degree.C. was filled into miniature
      tubs each containing 250 grams which were heat-sealed with a lid under
      aseptic conditions.
PAR  After storage for 12 hours at 5.degree.C. the product was assessed at
      15.degree.C., and showed the percentage of solid fat at this temperature
      of 30%. It also exhibited an excellent butter-like consistency and was
      cool and thin in the mouth. Colour diffusion tests showed that the product
      contained a continuous aqueous phase. The elasticity modulus was
      18.5.10.sup.6 dyne/cm.sup.2. The product did not show appreciable collar
      formation, when a rod was inserted into a sample. The relative
      conductivity of the food spread obtained was 0.075, compared with 0.098 in
      the oil-in-water emulsion before cooling. The destabilisation degree of
      the product obtained was
      ##EQU4##
      and remained practically unchanged on storage at temperatures from
      15.degree.- 20.degree.C. for a period of 4 weeks.
PAC  EXAMPLE 2
PAR  Example 1 was repeated with an aqueous composition consisting of:
PA1  15 parts of fresh egg-yolk as the stabilising emulsifier
PA1  2 parts of sodium chloride
PA1  0.5 parts of potassium sorbate as a preservative and 72.5 parts of tap
      water
PAL  and adjusted to pH 5.0 by adding lactic acid. The product showed no collar
      formation and had a pleasant, butter-like, mildly sour and salty taste.
      Its elasticity modulus was 12.10.sup.6 dyne/cm.sup.2, and its
      destabilisation degree was initially 0.31 and after 4 weeks storage at
      15.degree.C. 0.39.
PAC  EXAMPLE 3
PAR  The process according to Example 1 was repeated with the exception that the
      aqueous composition contained 0.7% sorbic acid and was adjusted to pH 5.5
      before emulsifying. In the homogenized emulsion was heat treated instead
      at 80.degree.C. for 15 seconds for pasteurisation before cooling at rest.
PAR  The initial destabilisation degree of the product was 0.55 and remained
      practically unchanged during 4 weeks of storage at a temperature of from
      15.degree.- 20.degree.C. The product practically showed no collar
      formation and was convenient to spread and these properties were not lost
      on storage at 15.degree.- 20.degree.C. for 4 weeks.
PAR  The elasticity modulus of the product was 12.5 .times. 10.sup.6
      dyne/cm.sup.2.
PAC  EXAMPLE 4
PAR  Example 1 was repeated using the following fat blend:
PA1  40 parts of sunflower oil
PA1  35 parts of sunflower oil hardened to a slip melting point of 34.degree.C.
PA1  10 parts of coconut oil
PA1  15 parts of palm oil hardened to a slip melting point of 45.degree.C.
PAL  The blend had a dilatation of:
PA1  710 at 5.degree.C.
PA1  545 at 15.degree.C.
PA1  430 at 20.degree.C.
PA1  275 at 25.degree.C.
PA1  140 at 30.degree.C.
PA1  25 at 35.degree.C.
PAR  After sterilisation the emulsion was filled instead at a temperature of
      75.degree.C. into tins which were sealed and continuously transported
      through a cooling tunnel, in which each tin was subjected for three-fourth
      of an hour to a cold air blast having a temperature of -22.degree.C. and a
      velocity of 3 m/sec.
PAR  At 15.degree.C. the product did not show any collar formation, could be
      spread uniformly with a knife, and had a destabilisation degree of 0.57.
      The elasticity modulus of the product was 20 .times. 10.sup.6
      dyne/cm.sup.2. After 4 weeks of storage both at refrigerator temperatures
      and at temperatures of from 15.degree.- 20.degree.C. these properties
      remained practically unchanged.
PAC  EXAMPLE 5
PAR  Example 1 was repeated except that the entire emulsifier system, including
      the monoglycerides present in the fat composition in Example 1, was
      contained in the aqueous composition, having the following components:
PA1  50 parts of skim milk
PA1  3 parts of the monoglycerides
PA1  5 parts of decaglycerol monolaurate (HLB value 15.7) as the stabilising
      emulsifier
PA1  40 parts of water.
PAL  The pH of the aqueous composition was about 6.4.
PAR  The destabilisation degree of the product was 0.40 and after 4 weeks
      storage at 15.degree.C. 0.55. The product did not show appreciable collar
      formation and had a good elasticity represented by an elasticity modulus
      of 14.3 .times. 10.sup.6 dyne/cm.sup.2. These properties were retained on
      storage.
PAC  EXAMPLE 6
PAR  An emulsion was prepared as in Example 1 from 17.4 parts of the same
      aqueous phase and 82.6 parts by weight of a fat blend, consisting of 70
      parts of molten butterfat and 30 parts of refined sunflower oil and
      containing the same proportion of the destabilising emulsifier as before.
      The fat blend had the following dilatation values:
PA1  930 at 5.degree.C.
PA1  820 at 10.degree.C.
PA1  590 at 15.degree.C.
PA1  315 at 20.degree.C.
PA1  200 at 25.degree.C.
PA1  95 at 30.degree.C.
PA1  20 at 35.degree.C.
PAR  The fat was dispersed at a temperature of 70.degree.C. in the aqueous
      phase, and after the emulsion was homogenized in a Willems reactron high
      frequency generator 80 - 90% of the fat particles had a diameter of 3 - 10
      microns.
PAR  The hot emulsion was filled at a temperature of 70.degree.C. in
      pre-sterilised tubs which were then cooled for 12 hours at 5.degree.C.,
      and subsequently stored at 15.degree.C.
PAR  Before and after a storage period of 4 weeks the samples were compared with
      butter and products of the same composition, but prepared by either a
      "phase inversion process" (as described in British Patent Specification
      No. 801,118) or a conventional "Votator process" as described in
      "Margarine" by Andersen and Williams, Pergamon Press (1965) page 248, in
      which the fat blend together with the aqueous phase is cooled and worked
      in a scraped surface heat exchanger for a residence time of about 6
      seconds and subsequently fed for a residence time of 2 minutes into a
      resting tube.
TBL                      Product of the                                        
                                 Phase inversion                               
                                          Votator                              
                  Butter invention                                             
                                 product  product                              
     __________________________________________________________________________
     Hardness g/cm.sup.2 at 5.degree.C.                                        
                  2200   1550    1285     1820                                 
     10.degree.C. 1700   820     845      1200                                 
     15.degree.C. 1065   495     320      365                                  
     20.degree.C. 280    160     too soft 70                                   
     Elasticity modulus                                                        
     (10.sup.6 dyne/cm.sup.2)                                                  
                  18.0   20.0    23.2     25.6                                 
     Destabilisation degree                                                    
                  &gt; 0.99 0.44    &gt; 0.99   &gt; 0.99                               
     Collar formation                                                          
                  no     no      no       slight                               
     Oil exudation                                                             
     (48 hours at 22.degree.C.)                                                
                  no     no      strong   strong                               
     __________________________________________________________________________
PAR  After 4 weeks storage at 15.degree.C. almost the same values were obtained
      for each of the three products. From the hardness values the spreadability
      of the product can be assessed according to Haighton J.Am.Oil Chem. Soc.
      36 as 8,347 as follows:
PA1  &lt;50 g/cm.sup.2 = very soft to just pourable
PA1  50 - 100 = very soft, not spreadable
PA1  100 - 200 = soft, but already spreadable
PA1  200 - 800 = satisfactorily plastic and spreadable
PA1  800 - 1000 = hard, but satisfactorily spreadable
PA1  1000 - 1500 = too hard, limit of spreadability
PA1  &lt;1500 = too hard.
PAL  The product of the invention thus has a better spreadability range as
      compared with the phase inversion product and the Votator product.
      Moreover it exhibited negligible oil exudation.
PAC  EXAMPLE 7
PAR  A food spread was prepared from 81.2 parts by weight of a fat blend and
      17.8 parts by weight of an aqueous phase. The fat blend consisted of
PA1  40 parts of sunflower oil
PA1  30 parts of coconut oil
PA1  15 parts of sunflower oil hardened to a slip melting point of 34.degree.C.
PA1  15 parts of an interesterified fat blend of 65 parts of fully hydrogenated
      palmkernel oil and 35 parts of fully hydrogenated palm oil.
PAL  The dilatation values of the fat blend were:
PA1  760 at 5.degree.C.
PA1  715 at 10.degree.C.
PA1  525 at 15.degree.C.
PA1  325 at 20.degree.C.
PA1  135 at 25.degree.C.
PA1  45 at 30.degree.C.
PAR  To this fat blend 0.5% by weight of the monoglycerides as used in Example
      were added, and also 25 mg/kg of .beta.-carotene and flavours. The fat
      blend was dispersed at 70.degree.C. in the same way as described in
      Example 1 in an aqueous composition consisting of:
PA1  90 parts of skim milk containing 2.8% of casein
PA1  6.3 parts of a 10% sodium citrate aqueous solution
PA1  3.7 parts of an 8% citric acid solution, providing 0.3% of the emulsion of
      sodium caseinate in situ
PA1  and 10.0 parts of common salt. The pH of the aqueous phase was 6.5.
PAL  The oil-in-water emulsion obtained was filled at 70.degree.C. in tubs and
      after a cooling period at rest of 12 hours at 5.degree.C. a plastic
      product was obtained which was easily spreadable, quick melting in the
      mouth and did not show any collar formation. The salt impression of this
      product corresponded with that of a normal margarine having 1.5% of salt
      in the aqueous phase. The destabilisation degree was 0.33 and the
      elasticity modulus 15 .times. 10.sup.6 dyne/cm.sup.2, which figures were
      retained after 4 weeks of storage at 20.degree.C.
PAC  EXAMPLES 8 - 15
PAR  In these examples several food spreads were prepared from an emulsion of 82
      parts of a fat blend dispersed in 18 parts of an aqueous composition,
      containing a nonionic emulsifier system for stabilising the emulsion
      during preparation and homogenisation. The fat blend consisted of:
PA1  10 parts of sunflower oil
PA1  15 parts of soybean oil, slightly hydrogenated (I.V. 98)
PA1  25 parts of coconut oil
PA1  10 parts of palmkernel oil
PA1  5 parts of palm oil hardened to a melting point of 45.degree.C.
PA1  35 parts of sunflower oil hardened to a melting point of 35.degree.C.
PAL  The dilatation values of this blend were:
PA1  900 at 5.degree.C.
PA1  800 at 10.degree.C.
PA1  650 at 15.degree.C.
PA1  375 at 20.degree.C.
PA1  200 at 25.degree.C.
PAL  The aqueous composition consisted of:
PA1  50 parts of skim milk
PA1  3 parts of the partial glyceride esters, used in Example 1 as a
      destabilising emulsifier.
PA1  5 parts of a nonionic emulsifier
PA1  40 parts of water
PAL  The pH of the aqueous phase was 6.5.
PAR  The total 19 nonionic emulsifiers were compared, out of which 8 emulsifiers
      were selected, all having HLB values of from 12-18, as being suitable for
      use in the invention as stabilising emulsifiers. The emulsions were
      prepared as described in Example 1 and filled at 70.degree.C. into tubs,
      which were then sealed and cooled for 12 hours at a temperature of
      5.degree.C. The plastic properties and the destabilisation degree of the
      products according to the invention were almost completely retained after
      a storage period of 4 weeks at a temperature of 15.degree.- 20.degree.C.
      Further details are shown in the accompanying Table 1.
PAC  EXAMPLE 16 - 21
PAR  Several food spreads were prepared in these examples from an emulsion
      comprising 80 parts of a fat blend containing 1% by weight of a nonionic
      destabilising emulsifier and dispersed in 20 parts of an aqueous
      composition in which 0.4% of sodium caseinate based on the total emulsion
      was formed in situ as the stabiliser emulsifier. The fat blend consisted
      of:
PA1  35 parts of sunflower oil
PA1  10 parts of palm oil hardened to a slip melting point of 45.degree.C.
PA1  20 parts of coconut oil
PA1  35 parts of sunflower oil hardened to a slip melting point of 35.degree.C.
PAL  The dilatation values of the fat blend were:
PA1  860 at 5.degree.C.
PA1  760 at 10.degree.C.
PA1  650 at 15.degree.C.
PA1  450 at 20.degree.C.
PA1  250 at 25.degree.C.
PAL  The aqueous composition consisted of 90 parts by weight of skim milk
      containing 2.8% of casein, 8 parts of a 10% aqueous sodium citrate
      solution and 2 parts of a 8% citric acid solution.
PAL  The pH of the aqueous phase was 6.2.
PAR  The spread was prepared as described in Example 1.
PAR  The samples obtained were tested at 15.degree.C. the next day and after 4
      weeks storage at 15.degree.- 20.degree.C.
PAR  In total 17 nonionic emulsifiers were compared. The results are shown in
      the accompanying Table II, from which it is clear that a satisfactory
      product is obtained in accordance with the invention from destabilising
      nonionic emulsifiers having an HLB value within the ranges 3.5 - 7.0 or
      11.0 - 18.0, and based on saturated fatty acids having 16 - 24 carbon
      atoms.
PAC  EXAMPLE 22
PAR  Food spreads were prepared as described in Example I containing 80% of the
      same fat blend and the same proportion of monoglyceride destabilising
      emulsifier and 20% of an aqueous composition, consisting of
PA1  90 parts of skim milk containing 2.8% of casein.
PA1  7 parts of a 10% sodium citrate solution
PA1  3 parts of an 8% citric acid solution to produce 0.35% of caseinate as
      stabilising emulsifier in situ.
PAL  The pH of the aqueous phase was 5.85.
PAR  The emulsion was divided into three portions and the degree of
      destabilisation of each sample was measured after storage at 10, 15 and
      20.degree.C. for 72 hours and then for 1, 2, 3 and 4 weeks at these
      temperatures.
PAR  Three further samples were prepared in the same way, except that no
      destabilising emulsifier was added. The results are summarised in Table
      III. From the Table it appears that the products according to the
      invention retained the required destabilisation degree even after
      prolonged storage at ambient temperature. They were superior in
      butter-like consistency throughout as compared with the products without
      destabilising emulsifier, and did not show appreciable collar formation,
      or loose moisture.
PAC  EXAMPLE 23
PAR  An emulsion was prepared as in Example 1 from 17.8 parts of the same
      aqueous composition as used in Example 3 and 82.2 parts by weight of a fat
      blend containing the same proportion of the monoglyceride destabilising
      emulsifier as before. The fat blend consisted of:
PA1  70 parts of sunflower oil
PA1  15 parts of sunflower oil hardened to a slip melting point of 34.degree.C.
PA1  15 parts of an interesterified fat blend of 65 parts of fully hydrogenated
      palmkernel oil and 35 parts of fully hydrogenated palm oil.
PAL  The fat blend had the following dilatation values:
PA1  450 at 5.degree.C.
PA1  405 at 10.degree.C.
PA1  315 at 15.degree.C.
PA1  235 at 20.degree.C.
PA1  145 at 25.degree.C.
PA1  70 at 30.degree.C.
PA1  15 at 35.degree.C.
PAL  The amount of polyunsaturated fatty acids in the fat blend was 41.5%.
PAR  The homogenized emulsion was filled at a temperature of 70.degree.C. into
      pre-sterilised tubs, which were cooled for 12 hours at 5.degree.C. and
      subsequently sealed and stored at 10.degree.C. The fresh product did not
      show any collar formation and had an elasticity modulus of 12.5 .times.
      10.sup.6 dyne/cm.sup.2. It was also easily spreadable with a knife, even
      at 10.degree.C., because the hardness value at this temperature was only
      560 g/cm.sup.2.
PAR  The destabilisation degree was 0.36.
PAR  After 4 weeks storage both at 10.degree.C. and at 15.degree.C. no
      substantial change in the consistency was observed, and the
      destabilisation degree was 0.44.
PAC  EXAMPLE 24
PAR  The process of Example 1 was repeated, except that the emulsion was made
      from a different aqueous composition and contained only one emulsifier to
      perform both functions of stabilising the emulsion during preparation and
      destabilising the food spread.
PAR  The aqueous composition consisted of:
PA1  50 parts of skim milk
PA1  5 parts of polyoxyethylene (5) monostearate
PA1  45 parts of water.
PAR  The pH of the aqueous composition was about 6.3. The destabilisation degree
      was 0.47 and after 4 weeks at 15.degree.C. 0.58.
PAR  The product was easy to spread at room temperature, did not show collar
      formation and the elasticity modulus was 18.2 .times. 10.sup.6
      dyne/cm.sup.2. These properties were retained on storage.
PAC  EXAMPLE 25
PAR  The process of Example 24 was repeated, except that 5 parts of
      polyoxyethylene (2) monostearylether were added to the aqueous component
      as the emulsifier system.
PAR  The degree of destabilisation of the fresh product was 0.25 and after 4
      weeks storage at 15.degree.C. 0.40.
PAR  The product was easy to spread at room temperature did not show any collar
      formation and the elasticity modulus was 17.5 .times. 10.sup.6
      dyne/cm.sup.2, which properties were retained on storage.
PAC  EXAMPLE 26
PAR  The process of Example 1 was repeated, except that the emulsion was made
      from a different aqueous composition containing 10 parts of a partial
      citric acid ester of monoglycerides derived from soybean oil fatty acids.
PAR  The aqueous phase was adjusted by 1 N sodium hydroxide to a pH of 6.5.
PAR  The destabilisation degree of the fresh product was 0.23 and after 4 weeks'
      storage at 15.degree.-20.degree.C. 0.36.
PAR  The product was easily spread at room temperature, did not show any collar
      formation and had an elasticity modulus of 15.3 .times. 10.sup.6
      dyne/cm.sup.2. These properties were retained on storage.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Preparation and Properties of Food Spreads containing Nonionic            
     Emulsifiers                                                               
                  emulsion              Visual Assessment    destabilization   
                      HLB preparation                                          
                                collar formation                               
                                        plasticity                             
                                                loose moisture                 
                                                        elasticity             
                                                             degree            
     Example                                                                   
          Emulsifier  value                                                    
                          possible?                                            
                                5.degree.                                      
                                    15.degree.                                 
                                        5.degree.                              
                                            15.degree.                         
                                                5.degree.                      
                                                    15.degree.                 
                                                        15.degree.             
                                                             at                
     __________________________________________________________________________
                                                             15-20.degree.C    
      8   decaglyceryl monolaurate                                             
                      15.7                                                     
                          Yes   None                                           
                                    None                                       
                                        Mod.                                   
                                            Good                               
                                                Mod.                           
                                                    Mod.                       
                                                        Good 0.35              
     --   decaglyceryl dioleate                                                
                      11.2                                                     
                          No            Emulsion coarsens after                
                                        homogenization       --                
     --   decaglyceryl tristearate                                             
                       9.0                                                     
                          No            Emulsion breaks on preparation         
                                                             --                
     --   triglyceryl monoester                                                
                       9.3                                                     
                          No            "                    --                
          of shortening                                                        
     --   triglyceryl hexanoate                                                
                      --  No            "                    --                
     --   triglyceryl monostearate                                             
                       8.8                                                     
                          No.           "                    --                
     --   triglyceryl monodistearate                                           
                      5.2-8.8                                                  
                          No            Emulsion coarsens after                
                                                             --mogenization    
     --   hexaglyceryl octanoate                                               
                      --  Yes   considerable                                   
                                        Poor                                   
                                            Poor    Good                       
                                                        Bad  1                 
     --   hexaglyceryl distearate                                              
                       8.6                                                     
                          No            Emulsion coarsens after                
                                        homogenization       --                
      9   decaglyceryl monolaurate                                             
                      15.7                                                     
                          Yes   None                                           
                                    None                                       
                                        Poor                                   
                                            Mod.                               
                                                Mod.                           
                                                    Good                       
                                                        Good 0.48              
     10   decaglyceryl dilaurate                                               
                      12.9                                                     
                          Yes   None                                           
                                    None                                       
                                        Poor                                   
                                            Good                               
                                                Mod.                           
                                                    Good                       
                                                        Good 0.52              
     --   decaglyceryl distearate                                              
                      11.2                                                     
                          No            Emulsion coarsens after                
                                        homogenization       --                
     --   polyglyceryl ester of                                                
          higher saturated                                                     
          fatty acids --  No.           Emulsion breaks on preparation         
                                                             --                
     11   polyoxyethylene (20)                                                 
          sorbitan monolaurate                                                 
                      16.7                                                     
                          Yes   None                                           
                                    None                                       
                                        Good                                   
                                            Good                               
                                                Some                           
                                                    Some                       
                                                        Good 0.29              
     --   polyoxyethylene (7.5)                                                
          monostearate                                                         
                      11.1                                                     
                          No            Emulsion breaks on preparation         
                                                             --                
     12   polyoxyethylene (40)                                                 
          monostearate                                                         
                      16.9                                                     
                          Yes   None                                           
                                    None                                       
                                        Mod.                                   
                                            Good                               
                                                Good                           
                                                    Mod.                       
                                                        Good 0.40              
     13   polyoxyethylene (50)                                                 
          monostearate                                                         
                      17.9                                                     
                          Yes   None                                           
                                    None                                       
                                        Good                                   
                                            Good                               
                                                Some                           
                                                    Mod.                       
                                                        Good 0.39              
     14   stearyl alcohol (20)                                                 
          ethylene oxide ether                                                 
                      15.4                                                     
                          Yes   None                                           
                                    None                                       
                                        Mod.                                   
                                            Good                               
                                                None                           
                                                    Some                       
                                                        Good 0.52              
     15   polyoxyethylene (7.5)                                                
          monostearate +                                                       
          polyoxyethylene (50)                                                 
          monostearate                                                         
                      14.5                                                     
                          Yes   None                                           
                                    None                                       
                                        Mod.                                   
                                            Good                               
                                                Mod.                           
                                                    Mod.                       
                                                        Good 0.37              
     __________________________________________________________________________
TBL                                    TABLE II                                
     __________________________________________________________________________
                                               Visual assessment at            
                                               15.degree.C                     
                        HLB values                                             
                                  Destabilization degree                       
                                               Collar                          
                                                    Loose                      
     Example                                                                   
          Emulsifier    Calculated                                             
                              Stated                                           
                                  next day                                     
                                       after 4 weeks                           
                                               formation                       
                                                    moisture                   
                                                         Elasticity            
                                                              Plasticity       
     __________________________________________________________________________
          blank         --    --  0.46 1       high very bad                   
                                                         bad  very bad         
     16   glyceryl monobehenate                                                
                        3.6       0.48 0.52    none good good good             
     17   glyceryl monostearate                                                
                        4.1       0.39 0.42    none good very                  
                                                              very good        
          glyceryl monooleate                                                  
                        4.2       0.47 &gt;0.99   high very bad                   
                                                         bad  very bad         
          glyceryl monolaurate                                                 
                        5.3       0.67 1       high very bad                   
                                                         bad  very bad         
     partial polyglyceryl ester                                                
     of tallow fatty acids                                                     
                        6.6                    emulsion failed                 
     partial polyglyceryl ester                                                
     of shortening      9.3                    "                               
     partial polyglyceryl ester                                                
     of stearic acid    9.0                    "                               
     partial polyglyceryl ester                                                
     of oleic acid      8.6                    "                               
          partial polyglyceryl ester                                           
          of lauric acid                                                       
                        15.7      0.55 1       high bad  bad  very bad         
          ethyleneglycerylmono-                                                
          stearate      2.7       0.47 1       high very bad                   
                                                         bad  very bad         
          propyleneglycerylmono-                                               
          stearate      3.4                    none bad  bad  very bad         
          saccharose monostearate                                              
                        7.7                    emulsion                        
                                                    failed                     
          sorbitan monolaurate                                                 
                              8.6 0.50 &gt;0.99   slight                          
                                                    bad  good moderate         
     18   sorbitan monopalmitate                                               
                              6.7 0.71 0.72    none good good rather good      
     19   sorbitan monostearate                                                
                              4.7 0.71 0.69    none good good good             
          sorbitan monooleate 4.3 0.52 1       slight                          
                                                    very bad                   
                                                         too                   
                                                              badt             
     20   polyoxyethylene (20)                                                 
          sorbitan monostearate                                                
                              14.9                                             
                                  0.40 0.52    none good good good             
     __________________________________________________________________________
TBL                Table III                                                   
     ______________________________________                                    
                 After Cooling                                                 
                 Destabilising Degree                                          
                          1       2     3     4                                
     Cooling temperature .degree.C.                                            
                   fresh  week    weeks weeks weeks                            
     ______________________________________                                    
     10  Destabiliser  0.26   0.26  0.29  0.32  0.32                           
         No destabiliser                                                       
                       0.19   0.83  0.91  0.92  1.00                           
     15  Destabiliser  0.18   0.18  0.21  0.25  0.39                           
         No destabiliser                                                       
                       0.31   0.71  0.86  0.91  1.00                           
     20  Destabiliser  0.18   0.18  0.23  0.23  0.24                           
         No destabiliser                                                       
                       0.64   0.68  0.86  0.92  1.00                           
     ______________________________________                                    
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing margarine or margarine-like plastic fatty
      emulsion food spread resembling butter in consistency and containing an
      emulsifier or an emulsifier system exhibiting both stabilizing and
      destabilization functions comprising the steps of:
PA1  a. preparing an aqueous phase from the group consisting of water, skim
      milk, an aqueous phase containing milk solids and mixtures thereof with an
      effective amount of up to about 10% by weight of the spread of a
      stabilizing emulsifier to stabilize the emulsion during homogenization as
      well as any heat treatment;
PA1  b. preparing a molten fat, said fat having a dilatation value at
      25.degree.C of about 100 to 400 mm.sup.3 /25g;
PA1  c. preparing a fatty phase by mixing with said molten fat an effective
      amount of up to about 1% by weight of the spread of a destabilization
      emulsifier to maintain the final food spread in a destabilized condition;
PA1  d. dispersing 70 to 90 parts by weight of said molten fatty phase in 10 to
      30 parts by weight of said aqueous phase and forming an emulsion wherein
      the fatty phase is the dispersed phase; and
PA1  e. cooling said emulsion while at rest to a temperature between 10.degree.C
      and -25.degree.C until the percentage of solid crystallized material
      amounts to at least 5% to form the spread, and wherein during said cooling
      step there is effected a destabilization of said spread to a degree of
      0.15 to 0.75 whereby there is distributed in the dispersed phase a
      proportion of the aqueous component being measured by a decrease in
      electrical conductivity of the product, said decrease being not less than
      5% and not more than 80% of the electrical conductivity of said emulsion
      prior to crystallization, said emulsifier or emulsifier system having
      stabilizing and destabilizing properties, being present in an amount of
      from about 0.1% to about 10% by weight of the total emulsion.
NUM  2.
PAR  2. A process according to claim 1 wherein the said stabilizing emulsifier
      is a proteinaceous colloid selected from the alkaline salts of
      phospho-proteins and complexes of phosphatides with phospho-proteins, and
      the said destabilizing emulsifier is selected from monoglycerides having
      an HLB factor from 3.5 to 7.0.
NUM  3.
PAR  3. A process according to claim 1 wherein the said stabilizing emulsifier
      is selected from egg yolk and sodium caseinate, and the said destabilizing
      emulsifier is selected from monoglycerides of palmitic and stearic acid.
PATN
WKU  039461238
SRC  5
APN  5567181
APT  1
ART  172
APD  19750310
TTL  Canned pet food
ISD  19760323
NCL  19
ECL  1
EXP  Golian; Joseph M.
INVT
NAM  Hanna; Keith L.
CTY  Westminster
STA  CA
ASSG
NAM  Star-Kist Foods, Inc.
CTY  Terminal Island
STA  CA
COD  02
CLAS
OCL  426643
XCL  426641
XCL  426646
XCL  426549
XCL  426560
XCL  426623
XCL  426104
XCL  426802
XCL  426805
EDF  2
ICL  A23K  110
FSC  426
FSS  643;641;646;549;560;623;104;805;802
UREF
PNO  2871127
ISD  19590100
NAM  Barch et al.
OCL  426582
UREF
PNO  3017273
ISD  19620100
NAM  Marvin et al.
XCL  426643
UREF
PNO  3075842
ISD  19630100
NAM  Shaver
OCL  426582
UREF
PNO  3115409
ISD  19631200
NAM  Hallinan et al.
OCL  426641
UREF
PNO  3121014
ISD  19640200
NAM  Jokay
OCL  426550
UREF
PNO  3202514
ISD  19650800
NAM  Burgess
OCL  426532
UREF
PNO  3310406
ISD  19670300
NAM  Webster
OCL  426603
UREF
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ABST
PAL  There is disclosed a pet food containing a significant proportion of
      synthetic cheese or meat chunks which are formed from cereal products. The
      pet food is a canned product and the cereal chunks are stabilized against
      disintegration and agglomeration during retorting in the canning process
      by the incorporation of a minor amount of glycerol monostearate in the
      cereal chunks. The cereal chunks are prepared by mixing a hard or red
      wheat flour or farina with a minor amount of the glycerol monostearate, a
      minor amount of fat, a trace to minor amount of a flavoring agent, such as
      cheese, natural cheese flavor, fish or meat products, and trace to minor
      amounts of a coloring agent. The mixture is blended with sufficient water
      to form a moldable mixture which is extruded and chopped or pelleted into
      molded chunks that can be added directly to the pet food during its
      manufacture or that can be dried to a storage stable product for
      subsequent addition to a pet food. The pet food is prepared by blending an
      aqueous broth, from 15 to about 60 weight percent of a meat having from 20
      to about 100 percent fish, from 0 to about 10 weight percent of a
      high-protein containing cereal meal, and from about 3 to 10 weight percent
      of the aforedescribed flavored cereal chunks, calculated on their dry
      weight. The pet food can contain, as optional ingredients, vitamins and
      vegetables. The pet food is thereafter canned using conventional canning
      and retorting procedures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a pet food, and in particular, to a pet food
      containing a significant quantity of a cereal product in a palatable form
      for carnivorous animals.
PAR  2. Description of the Prior Art
PAR  There has been an increase in popularity of chunky products for pet foods,
      particulary for canned pet foods where chunks of meats, fish or cheese are
      incorporated in aqueous broths containing flavoring and thickening agents,
      vegetables, vitamins and the like. The chunky ingredients of these foods
      are, however, relatively expensive and less expensive substitutes are
      desired.
PAR  Various attempts have been made to produce synthetic cheese or meat solids
      in the form of spreads or chunks by the use of gelatininzed starches and
      the like to coagulate and solidify mixtures of protein and fat. An
      undesirable aspect of these products is that they are not stable to
      cooking and, therefore, are ill-suited for canning, and must be preserved
      by dehydration, maintenance of high concentrations of sugar, and other
      methods which detract from their acceptability. Additionally, these
      products employ relatively minor amounts of starch and the basic or major
      components in these products are usually expensive proteins and fats.
      These synthetic materials are usually more expensive than the natural food
      and find market acceptance for spepcial diets where natural products would
      be objectionable because of the natural products' high cholesterol
      contents, tendencies to spoil, and other shortcomings.
PAR  Although it has been generally known that a minor amount of glycerol
      monostearate imparts non-sticking properties to cereals and cereal pastes,
      and thereby permits these materials to withstand prolonged cooking and
      retorting without becoming sticky or losing firmness, heretofore, there
      has been no application of this knowledge to the preparation of a
      synthetic cheese or meat solid. In particular, there has been no attempt
      to utilize glycerol monostearate to prepare retort-stable cereal chunks
      having a meat, fish or cheese flavoring agent and other components to
      enhance the simulation of a natural meat, fish or cheese product.
      Additionally, there has been no successful attempt to incorporate
      significant quantities of cereal products in pet foods while still
      maintaining a sufficiently high level of a palatability in the final
      product that finds ready acceptance by carnivorous animals trained or
      accustomed to a high-protein meat diet.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a chunky pet food having a significant quantity of
      a flavored cereal chunk product and to a method for the preparation of the
      pet food. The pet food has an aqueous medium or broth and contains from
      about 25 to about 90 weight percent of meat in chunk, flake or comminuted
      form, comprising from 20 to about 100 percent by weight of fish, and from
      2 to about 10 weight percent, on their dry weight, of chunks of a flavored
      cereal product which is constituted of the following components, also
      expressed on a dry weight basis:
PAR  a. 85 to 99 percent by weight of a hard, red or durum wheat flour or
      farina;
PAR  b. 0.05 to about 5 weight percent of glycerol monostearate; and
PAR  c. from 0.05 to 15 weight percent of cheese, cheese flavoring agents, fish
      or fish by-products.
PAR  The pet food can also contain, as optional ingredients, from 0 to about 10
      weight percent of a high-protein cereal meal, vitamins as required to
      satisfy the animals' dietary requirements, and vegetables.
PAR  In its preferred embodiment, the pet food comprises an aqueous suspension
      of about 33 weight percent fish, most preferably tuna; about 5 weight
      percent of soy meal; and about 5 weight percent of cheese flavored chunks
      of a hard, red or durum wheat flour stabilized for cooking and retorting
      by the presence of about 0.2 weight percent of glycerol monostearate.
PAR  The method for manufacture of the aforedescribed pet food comprises:
      forming of flavored chunks of cereal by admixing a hard, red or durum
      wheat flour or farina with glycerol monostearate and a flavoring agent,
      preferably cheese or a natural cheese flavor, in the aforeindicated
      amounts, adding sufficient water to the mixture to prepare a moldable
      mixture, molding the mixture into chunks and admixing the chunks in an
      aqueous medium with meat particles, most preferably fish chunks or flakes,
      canning and retorting the pet food to prepare a canned pet food in which
      the flavored cereal chunks retain their firmness and shape, characteristic
      of a natural food.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The pet food of this invention is an aqueous suspension or broth of meat
      and meat by-products consisting in part or entirely of fish, preferably
      tuna, and flavored cereal chunks. The meat and meat by-product particles
      can be sized from 0.1 to 1.5 inches, preferably from 0.2 to 0.7 inch in
      dimensions and can be in the form of flakes, cubes, pellets, balls, etc.
      The meat and meat by-products are present in an amount from 25 to 90
      weight percent of the final pet food. When the meat particles are entirely
      fish, e.g., red meat tuna flakes, the meat particles are preferably used
      in the higher concentrations of the indicated range, e.g., from 35 to
      about 90 weight percent of the final pet food. The meat and meat
      by-products that may be used in the invention include the meat or meat
      by-products of fowl and fish, as well as that of mammals, such as, for
      example, cattle, swine, goats, horses, whales, etc. In general, animal
      meats containing proteinaceous material suitable for pet animal
      consumption may be used in the practice of the invention. The fish
      suitable for use in the invention include any of the commercial fish and
      fish by-products which, most preferably, are of tuna and tuna-like fish.
      As described herein, the class of tuna and tuna-like fish include:
      albacore, bluefin, southern bluefin, oriental tuna, blackfin tuna,
      northern bluefin, yellowfin, little tunie, kawakawa, skipjack, big-eyed
      tuna, etc. The portions of these fish which commonly find outlets in the
      pet food market comprise the less delectable proteins of the fish,
      typically the red meat portions that are recovered after removal of the
      white meat loins, and the like, for human consumption.
PAR  Regardless of the source, the meat portions are generally precooked
      typically by roasting or baking at temperatures of from 180.degree. to
      450.degree. F. for a sufficient time to prepare a cooked meat product
      suitable for canning.
PAR  The flavored cereal product is employed in an amount expressed on its dry
      weight, from 3 to about 10 weight percent of the final pet food. The
      cereal chunk product is formed, principally, of a cereal flour or farina,
      i.e., a finely ground or subdivided cereal product. Suitable sources of
      cereal for use in the invention are the hard, red or durum wheats which
      are commonly used to manufacture alimentary pastes such as macaroni
      spaghetti and the like.
PAR  The cereal product also includes from 0.05 to 5 weight percent, preferably
      from 0.05 to about 0.3 and, most preferably, about 0.1 to 0.2 weight
      percent glycerol monostearate. Food grade glycerol monostearate is
      commercially available and the preceding amounts are based on use of the
      commercial product. The commercial product is not pure; it commonly is a
      mixture of 30 to 33 percent .alpha.-glycerol monostearate, 45 to 47
      percent glycerol distearate, 20 to 23 percent glycerol tristearate and 3
      to 5 percent glycerine. There is also present a minor amount of
      .beta.-glycerol monostearate. The active component is the .alpha.-glycerol
      monostearate and if a more purified source is used, the amount of the
      additive could be reduced accordingly. The aforementioned amounts of the
      glycerol monostearate are sufficient to stabilize the cereal product
      during the cooking process and prevent the product from becoming sticky
      and agglomerating or disintegrating during the cooking process.
PAR  The cereal chunk product also includes a flavoring agent which imparts a
      meat, poultry, fish or cheese flavor to the product. The flavoring agent
      is employed in an amount from 0.05 to about 15, preferably from 0.1 to
      about 7, weight percent and is sufficient to impart a distinct flavor to
      the cereal product characteristic of meat, fish or cheese. Suitable
      flavoring agents include the natural products, i.e., meat, meat
      by-products, fish, fish by-products, cheese, cheese by-products or
      extracts thereof. It is preferred to use natural flavoring agents such as
      the aforementioned, however, synthetic flavoring agents are also available
      and can be used if desired. The meats, meat by-products, fish or fish
      by-products can be any of the aforementioned and, in addition, can include
      any of the following: clam, clam by-products, scallops, scallop
      by-products.
PAR  Optional ingredients which can be included in the cereal chunk product
      include from 0 to about 5 weight percent, preferably from 0.5 to 2 weight
      percent of a solid animal fat, e.g. lard, beef tallow, a hydrogenated
      vegetable oil, such as hydrogenated palm oil, cottonseed oil, peanut oil,
      etc. Preferably animal fat and, most preferably tallow is used. The fat
      additive can be added to improve the texture and flavor of the chunk
      cereal product.
PAR  The visual simulation of a natural food product can be enhanced by the
      incorporation of a food grade dye in the cereal chunk product. A large
      variety of food grade dyes can be employed, including titanium dioxide,
      beet powder, chlorophyll, alfalfa powder, tomato powder, carotenoids such
      as .beta.-carotene, Roxanthin, etc., as well as the art recognized FD and
      C dispersible, water-insoluble, aluminum lake dyes. The amount of dye
      employed is, of course, that amount necessary to impart the desired color
      to the final product. Generally, this amount ranges from trace amounts to
      about 2 weight percent.
PAR  The cereal chunk product is generally prepared by premixing the flavor
      component, glycerol monostearate, and the optional fat and dye components,
      and blending the premixed components with the flour or farina in the
      proper proportions, as previously indicated. During the blending step, or
      subsequent thereto, sufficient water can be added to prepare a moldable
      mixture. Typically, the amount of water incorporated with these
      ingredients to form a moldable mixture is from 5 to about 30 weight
      percent of the final product.
PAR  The mixture, thus prepared, can be pelleted or extruded in conventional
      food processing equipment such as a pellet mill, extrusion press and the
      like, to prepare cereal chunks having a firm structure with smooth
      exterior skins. Typically, the final moisture content of the chunk product
      is from 10 to about 35 weight percent. Typically, the molded product is
      produced with lengths and diameters from 0.1 to about 1.5 inches,
      preferably from 0.3 to about 0.7 inch.
PAR  The formed chunks as thus described can be added directly to a pet food of
      the invention. If desired, however, the chunks can be dried by heating
      them at a temperature of from 190.degree. to about 250.degree. F. at
      subatmospheric or atmospheric pressure for a period from 10 minutes to
      several hours, sufficient to dehydrate the chunk product to a moisture
      content of from 1 to about 12 weight percent. The resultant products are
      storage stable and can be stored for indefinite periods without
      deterioration or decomposition. These products can readily be rehydrated
      to useful condition by direct addition to the aqueous medium of the pet
      food or by the addition of from 5 to about 30 weight percent water
      thereto.
PAR  The pet food of the invention is prepared by blending together the
      aforementioned cereal chunks, meat particles, water and various optional
      ingredients such as a high-protein content cereal meal, vegetables,
      vitamins and various thickeners to impart the desired viscosity to the
      aqueous medium.
PAR  In the preparation of the preferred fish base pet food, water is added to
      chunks or flakes of red meat tuna and the cereal chunks. If desired, a
      minor amount, from 0.1 to about 10 weight percent, of a proteinaceous
      cereal product having from 25 to about 50 percent protein such as soy meal
      can be added to the mixture to enhance its solids and protein content.
PAR  Water is the preferred aqueous medium which is employed in the preparation
      of the fish base pet food, however, broths can be employed for the other
      pet foods of the invention, if desired, and the aqueous media can be
      thickened by the addition of conventional thickening agents such as
      starches, carboxymethy-cellulose and sodium or potassium salts thereof,
      whey, etc. The amounts of thickening agent employed can be from about 1 to
      about 7 percent, preferably from about 3 to about 5 percent, of the
      aqueous medium.
PAR  Other optional components which can be incorporated in a pet food employing
      the cereal chunks of the invention comprise various vegetables useful, for
      example, when one wishes to prepare a stew-type product. Typically,
      chopped or whole vegetables such as corn, carrots, potatoes, beans, and
      the like, can be incorporated in the pet food in an amount from 5 to about
      40 percent thereof.
PAR  The blended ingredients of the pet food are canned using the conventional
      canning procedures. Typically, the ingredients are introduced into
      conventional size cans, e.g., usually about 6.5 ounces capacity, retorted
      and sealed therein by heating and maintaining the ingredients at
      temperatures in the range from 220.degree. to 275.degree. F. for a
      variable period of time, sufficient to pastuerize the ingredients as
      dictated by the size of the containers. Typically, for a conventional size
      container of 6.5 fluid ounces, the retorting is practiced at 250.degree.
      F. for a period of 60 minutes.
PAR  The invention will be descirbed by reference to specific illustrations that
      will serve to illustrate presently preferred embodiments and demonstrate
      results obtainable therefrom.
DETD
PAC  EXAMPLE I
PAR  A synthetic cheese product is prepared from a cereal flour employing the
      following recipe:
TBL                Table 1                                                     
     ______________________________________                                    
                         Weight                                                
     Component           Proportions                                           
     ______________________________________                                    
     Macaroni Flour      92.83                                                 
     Tallow              1.0                                                   
     Cheese Scraps       5.0                                                   
     Glycerol Monostearate                                                     
                         0.3                                                   
     Dye (Orange Beta Carotene)                                                
                         0.88                                                  
     Roxanthin Red 10    0.44                                                  
     ______________________________________                                    
PAR  The ingredients are admixed by preparing an emulsion of all of the
      ingredients except the flour. The emulsion is prepared using approximately
      20 parts by weight of water for each 80 parts of the total components of
      the aforementioned recipe. The emulsion is then blended into the flour and
      the resulting mixture is compacted into shaped products using a California
      pellet mill having a shaping die to produce particles approximately 1/8
      inch in diameter and approximately 3/8 inch long.
PAC  EXAMPLE II
PAR  The example is repeated with the substitution of approximately 5 weight
      percent of fish scraps comprising chiefly scraps of clams and scallops for
      the cheese scraps employed in Example I. Approximately 1 weight percent of
      titanium dioxide is substituted for the beta carotene and Roxanthin dye
      employed in Example I, thereby closely simulating the natural color of
      clams and scallops. The mixture prepared by blending these components is
      pelleted in a similar pelletizing mill to prepare pellets of a synthetic
      fish product.
PAC  EXAMPLE III
PAR  A fish base pet food is prepared by blending together approximately 30
      parts by weight of red meat tuna subdivided in flake form and
      approximately 5 parts, expressed as dry weight, of the synthetic cheese
      prepared in accordance with the procedure of Example I and 65 parts by
      weight of water. The mixture is placed in cans of 6.5 ounces fluid
      capacity and the cans are retorted at 250.degree. F. for a period of 60
      minutes, and sealed in a conventional canning process. Inspection of the
      canned product immediately after canning, and at extended storage periods
      thereafter, reveal that the synthetic cheese product maintains its chunky
      appearance and a cheese-like texture throughout retorting and subsequent
      storage periods.
PAC  EXAMPLE IV
PAR  A plurality of animal feeding experiments are performed to determine the
      palatability of pet food containing the flavored cereal chunks of the
      invention and to compare its palatability to that of an entirely meat
      product. In these experiments, a test group of approximately 10 cats,
      generally representative of the pet cat population, are fed, free-choice,
      sample of red meat tuna pet food containing the synthetic cheese chunks
      produced in accordance with Example I and unadulterated red meat tuna pet
      food. In this testing each of the test cats is kept in a separate cage and
      fed once a day for five days. The test and control pet foods are placed in
      separate but identical bowls, each bowl containing one of the sample
      feeds. The position of the bowls is randomly changed in the cages to
      prevent bias based on the position of the feeds bowls, and the results are
      observed for all of the cats over the five-day sample period. Separate and
      distinct colonies of test cats are employed for each of the comparative
      feeding experiments.
PAR  The following tables summarize the experiments and report the results,
      indicating the statistical level of confidence in the results.
TBL                Table 2                                                     
     ______________________________________                                    
     (Experiment 1)                                                            
                                       Probability                             
                Red Meat   Same + 5%   of Chance                               
     Identification                                                            
                Tuna       Cheese Chunk                                        
                                       Occurrence*                             
     ______________________________________                                    
     Total weight                                                              
                2326       4528                                                
      eaten                                                                    
     Average weight                                                            
                46.5       90.6                                                
      eaten                                                                    
     Wt/Wt ratio                                                               
                1          1.95        &lt;0.01                                   
     Preferred ratio                                                           
                1          3.5         &lt;0.01                                   
     Table 3                                                                   
     ______________________________________                                    
     (Experiment 2)                                                            
                                       Probability                             
                Red Meat   Same + 5%   of Chance                               
     Identification                                                            
                Tuna       Cheese Chunk                                        
                                       Occurrence*                             
     ______________________________________                                    
     Total weight                                                              
                2987       5399                                                
      eaten                                                                    
     Average weight                                                            
                59.74      107.98                                              
      eaten                                                                    
     Wt/Wt ratio                                                               
                1          1.81        &lt;0.01                                   
     Preferred ratio                                                           
                1          2.57        &lt;0.01                                   
     Table 4                                                                   
     ______________________________________                                    
     (Experiment 3)                                                            
                                       Probability                             
                Red Meat   Same + 5%   of Chance                               
     Identification                                                            
                Tuna       Cheese Chunk                                        
                                       Occurrence*                             
     ______________________________________                                    
     Total weight                                                              
                3344       4663                                                
      eaten                                                                    
     Average weight                                                            
                66.9       93.3                                                
      eaten                                                                    
     Wt/Wt ratio                                                               
                1          1.39        &lt;0.05                                   
     Preferred ratio                                                           
                1          2.5         &lt;0.01                                   
     ______________________________________                                    
      *Determined by statistical analysis of raw data.                         
PAR  The results are expressed in the total weights consumed of each of the test
      and control foods and the average weight of each of the foods eaten per
      cat. The preference of the cats for the pet food of the invention is also
      expressed at the weight ratios of the control and test pet foods consumed.
      The tabulated data also indicate the preference of the cats for the pet
      food of the invention by the ratio of the number of cats preferring the
      pet food of the invention to those preferring the control. The results are
      analyzed statistically and are found to be demonstrative of a significant
      preference of the test animals for the pet food within the indicated
      confidence levels.
PAR  The invention has been described by reference to presently preferred
      embodiments and illustrated with such embodiments. It is not intended that
      the invention be construed as unduly limited by this disclosure. Instead,
      it is intended that the invention be defined by the components, steps, and
      their obvious equivalents set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A canned pet food consisting essentially of an aqueous medium and:
PA1  from 15 to about 60 weight percent of meat comprising from 20 to 100
      percent fish; and
PA1  from 3 to about 10 weight percent, expressed on their dry weight, of chunks
      having a size from 0.1 to 1.5 inches of a flavored cereal product
      consisting of the following components, expressed on their dry weight:
PA1  85 to 99 weight percent of a cereal product selected from the class of
      hard, red and durum wheat flours and farinas;
PA1  0.05 to 5 weight percent of glycerol monostearate; and
PA1  0.05 to 15 weight percent of a flavoring agent selected from the class
      consisting of cheese, cheese flavoring agents, fish and fish by-products.
NUM  2.
PAR  2. The pet food of claim 1 also containing additionally up to about 10
      weight percent of a soy meal having a protein content from 25 to about 50
      weight percent.
NUM  3.
PAR  3. The pet food of claim 2 wherein said soy meal is present in an amount
      from 0.1 to about 10 weight percent.
NUM  4.
PAR  4. The pet food of claim 1 wherein said flavoring agent is cheese and is
      present in an amount from 0.05 to about 15 weight percent.
NUM  5.
PAR  5. A pet food as recited in claim 4 wherein said chunks of flavored cereal
      product additionally containing food grade dye in an amount from trace
      amounts to 2 weight percent.
NUM  6.
PAR  6. The pet food of claim 4 wherein up to about 5 weight percent of a solid
      fat is present in said chunks of cereal product.
NUM  7.
PAR  7. The pet food of claim 6 wherein said fat is tallow.
NUM  8.
PAR  8. The pet food of claim 1 wherein said whole meat is entirely fish.
NUM  9.
PAR  9. The pet food of claim 8 wherein said fish is red meat tuna.
NUM  10.
PAR  10. The pet food of claim 9 wherein said red meat tuna is present in an
      amount from 30 to about 90 weight percent.
NUM  11.
PAR  11. The pet food of claim 1 wherein said meat chunks are present in an
      amount from 20 to about 50 weight percent.
NUM  12.
PAR  12. The pet food of claim 1 wherein said aqueous medium contains from 1 to
      about 7 weight percent of a thickening agent.
NUM  13.
PAR  13. A pet food as recited in claim 12 additionally containing from 5 to
      about 40 weight percent of the total composition of vegetables.
NUM  14.
PAR  14. A method for the manufacture of a pet food which comprises;
PA1  a. preparing a flavored cereal chunk by admixing from 85 to 99 percent of a
      cereal product selected from the class consisting of hard, red and durum
      wheat flours and farinas with 0.05 to about 5 weight percent of the
      glycerol monostearate and from 0.05 to 15 weight percent of a flavoring
      agent selected from the class consisting of cheese, cheese flavoring
      agents, fish, and fish by-products;
PA1  b. compressing the resultant mixture to form chunks having dimensions from
      0.1 to 1.5 inches;
PA1  c. admixing from 3 to about 10 weight percent, expressed on their dry
      weight, of the chunks obtained in step (b) with an aqueous medium and from
      15 to about 60 weight percent of meat comprising from 20 to 100 percent
      fish; and
PA1  d. canning and retorting the pet food at temperatures from 220.degree. to
      about 275.degree. F.
NUM  15.
PAR  15. The method of claim 14 wherein from 5 to about 30 weight percent water
      is admixed with the cereal chunk ingredients in step (a) to prepare a
      moldable mixture.
NUM  16.
PAR  16. The method of claim 15 wherein the moldable mixture is compressed in a
      pellet mill.
NUM  17.
PAR  17. The method of claim 14 wherein from 0.1 to about 7 weight percent of
      cheese scraps are added as the flavoring agent in step (a).
NUM  18.
PAR  18. The method of claim 17 wherein particles of red meat tuna are admixed
      with the pet food ingredients as the whole meat in step (c).
NUM  19.
PAR  19. The method of claim 18 wherein said particles of red meat tuna are
      added in an amount from 35 to about 90 weight percent based on the pet
      food.
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ABST
PAL  A composite consisting of multiple layer structures, the basic structure of
      which is a chemically vapor deposited film on a substrate wafer is,
      disclosed herein. The film is of material which is appropriate for
      creating therein single wall magnetic domains which are capable of being
      moved about in predetermined directions within the thickness of the film
      and in the plane of the film. Devices are adapted to the film for sensing
      the motion of these domains, thereby enabling application of these
      structures to circuits which may be particularly utilized in memory or
      logic applications. A complete family of film on substrate materials is
      fabricated through a unique process. One of the steps of the process
      relates to the establishment within a reactor of the exact location of the
      substrate upon which deposition of the film is to be made. This is done in
      order to obtain desired film characteristics. Included are provisions for
      making multiple film layers as a matrix of films and hence a multitude of
      such circuits. Films used are comprised of at least three and four
      elements.
PARN
PAR  This is a continuation application of copending application U.S. Ser. No.
      16,447, to Jack E. Mee et al., assigned to the common assignee, filed Mar.
      4, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to the field of chemical vapor deposition processes
      for producing films which are useful in magnetic bubble domain devices,
      and products which may be produced by the process.
PAR  2. Prior Art
PAR  The current interest in orthoferrite single crystals has been aroused by
      the ability to produce mobile single wall magnetic or bubble domains in
      thin plates of proper crystallographic orientation. These domains can be
      manipulated by magnetic fields to perform logic and memory functions.
PAR  Bulk orthoferrite crystals have been grown from solution, either by a
      molten flux technique, or a hydrothermal technique. Both methods are prone
      to produce crystals with solvent inclusions or voids. Solvent chemical
      substitution in the crystal can also occur. Single crystals resulting from
      either of these growth processes must be sliced and polished down to thin
      wafers of proper crystallographic orientation. Although very thin
      orthoferrite layers are desired, the limit of mechanical polishing is a
      few thousandths of an inch beyond which breakage becomes excessive. In
      addition, polishing scratches must be eliminated for they impede magnetic
      domain motion.
PAR  Known techniques for obtaining magnetic oxide films on crystalline
      substrates include spraying a suspension of reactants on heated
      substrates, vacuum depositing metal alloys with subsequent oxidation, and
      chemically depositing on a substrate from mixed nitrate solutions followed
      by firing of the material. More recently, certain films have been prepared
      by electron beam evaporation and by r-f sputtering.
PAR  The use of chemical vapor deposition methods to grow epitaxial layers of
      specific materials is known in the art. These techniques have been
      utilized to grow complex metal oxides. In general, chemical vapor
      deposition methods have produced films with desirable properties but the
      films have been difficult to reproduce.
PAR  There is a minimum domain diameter for each orthoferrite which is
      characteristic of that material at room temperature and for which a
      specific sample thickness is required. One way of reducing the
      characteristic domain diameter that has been described in the literature
      is to form solid solutions with samarium orthoferrite which has properties
      that depress the minimum domain diameter.
PAR  Sheets or films of polycrystalline magnetizable metals which may be
      subjected to magnetic influences for the purpose of creating magnetic
      domains have been shown in U.S. Pat. No. 2,919,432 to K. D. Broadbent.
      This patent specifically describes a thin sheet domain wall shift register
      in which a reverse magnetized domain, bounded by leading and trailing
      domain walls, is nucleated at an input position in the sheet and
      propagated along a first axis in the sheet by a step-along multiphase
      propagation field. Such a domain wall device usually requires or is
      characterized by an anis-tropic magnetic sheet wherein propagation of a
      reverse domain is either along the easy or the hard axis. The domain walls
      bounding that reverse domain extend to the edge of the sheet in the
      direction orthogonal to the axis of propagation. Inasmuch as the walls of
      the domain are bounded by the edge of the sheet, propagation of the domain
      is constrained to one of the axes along a transverse direction of the
      sheet.
PAR  In U.S. Pat. No. 3,460,116 to A. H. Bobeck et al.,, it is shown that a
      reverse magnetized domain may be bounded by a single wall domain. Such a
      domain differs from the reverse domain propagated in the Broadbent patent
      in that the single wall domain, encompassing the former, has a
      cross-sectional shape independent of the breadth of the sheet, or in other
      words is not bounded by the edge of the sheet. These domains are referred
      to as single wall domains.
PAR  The major disadvantages of both the Broadbent and Bobeck patents are that
      the former resorts to the use of an anisotropic film or sheet of material
      which results in striped or finger-like domains substantially across the
      entire width or length of the sheet, while the latter patent does not
      utilize a substrate wafer for providing structural support of the sheet of
      material, thereby preventing the formation of very thin sheets of material
      for example thicknesses below 25 microns which offer advantages in high
      domain density applications.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a chemical vapor
      deposition process for epitaxially producing at least one film, containing
      oxide compounds having such structures as the pseudo-perovskite or garnet
      types comprised of at least one element selected from the group consisting
      of the lanthanides, lanthanum or yttrium and having at least another
      element selected from the group consisting of aluminum, gallium, indium,
      scandium, titanium, vanadium, chromium, manganese and iron. The
      pseudoperovskite or perovskite-like type of crystal structure is one
      having atoms with the symmetrical relationship of those in a perovskite
      lattice, but which has been distorted from cubic symmetry. This film is
      deposited by the process described below on an oxide substrate compound
      wafer having at least one element selected from the group consisting of
      the lanthanides, lanthanum, yttrium, magnesium, calcium, strontium,
      barium, lead, cadmium, lithium, sodium or potassium, and having at least
      another element which is selected from the group consisting of gallium,
      indium, scandium, titanium, vanadium, chromium, maganese, iron, rhodium,
      zirconium, hafnium, molybdenum, tungsten, niobium, tantalum or aluminum.
PAR  It is a further object of the invention to provide the stated film on the
      substrate so as to enable extremely thin films to be chemically deposited
      and structurally supported thereon.
PAR  It is still a further object to provide a film compound attached to the
      substrate wafer wherein the film may be suitable for producing single wall
      magnetic domains therein, the single wall magnetic domains behaving in a
      manner attributable to a single wall domain within a virtually isotropic
      medium. The behavior of the single wall magnetic domain and an exemplary
      device showing utility of said domain is described in detail in the Bobeck
      et al., U.S. Pat. No. 3,460,116, noted sufra, and for the purpose of
      describing the theory of operation of the device set forth therein, and
      the principles of creating, propagating and sensing single wall magnetic
      domains in virtually isotropic films, this patent is incorporated herein
      by reference.
PAR  It is therefore also an object of this invention to provide a process and a
      film-on-substrate structure wherein the film and substrate provided will
      be single crystalline in character and where said at least one film will
      have virtually isotropic magnetic characteristics in the plane of the
      film, and alternatively have embedded or attached thereto means for
      providing at least one single wall domain in the film at predetermined
      locations in the film, means for propagating said single wall domains in
      any direction parallel to and within the plane or thickness of the film,
      and sensing means which are responsive to propagation of the single wall
      domain so as to determine the shift or presence of the single wall domain
      within said film.
PAR  It is yet a further object to utilize the properties of the film once
      deposited on the substrate and the single wall magnetic domains therein as
      may be created, for a multitude of purposes, one of which is addressed to
      logic circuitry applications.
PAR  It is a further objective to provide a plurality of such films as
      hereinabove stated inclusive of the several means for creating,
      propagating and sensing single wall domains therein on the same substrate
      for providing integrated logic devices.
PAR  Briefly in accordance with the invention, a plurality of films and
      substrates as hereinabove stated have been determined usable for the
      purpose of creating magnetic domains in predetermined locations,
      propagation thereof in substantially all directions in the plane of said
      at least one film with virtually equal degree of energy applied to move
      said domain and with means for sensing the shift in position of any of
      said magnetic domains for logic circuit applications. The structure of a
      shift register, illustrated and completely described in the Bobeck patent,
      are therefore described hereinbelow with respect to such component
      portions as are adapted to or are in magnetic communication with the film
      itself for execution of the creation, propagation and sensing functions of
      the magnetic domains. The equipment external to the film per se is not
      illustrated, as exemplary equipment used in connection with devices having
      single wall magnetic domains and propagation thereof are completely
      explained in the Bobeck patent. The instant invention, however, utilizes
      specific compounds for both the film and the substrate wafer which provide
      the desired results with added advantages of providing structural support
      for the film so that very thin films of less than 25 microns thick formed
      by the inventive process to provide advantages of very small domain areas
      and hence higher densities of single wall magnetic domains.
PAR  In films of single crystalline rare earth orthoferrites, it is possible to
      establish cylindrical magnetic domains. The net magnetization direction of
      these domains in most orthoferrites is perpendicular to the (001) plane at
      room temperature. With application of an increasing magnetic field to
      oppose the domain magnetization, the cylindrical domains shrink to a
      minimum diameter and then collapse. For many applications, high densities
      of domains, and hence small domain diameters, are desirable.
PAR  One way of reducing the domain diameter results from the type of growth
      described herein which makes use of the magnetostrictive effect in
      epitaxial deposits. On cooling from the deposition temperature, the
      difference in thermal expansion between the deposit and the substrate
      produces mechanical strain in each. The deposit can be properly strained
      so that the magnetostrictive effect reduces the effective anisotropy
      constant in epitaxial (001) orthoferrite films. Since the domain diameter
      is proportional to the anisotrophy constant, the minimum domain diameter
      is reduced. Even if the magnetostrictive effect is not completely
      isotropic, it would not appreciably affect the virtually isotropic motion
      of cylindrical domains in the (001) plane.
PAR  Chemical vapor deposition of orthoferrite (or garnet) films on oriented
      substrates provides quite pure orthoferrites since extraneous chemicals
      which might be incorporated into the crystal are not present. Epitaxial
      films can routinely be controlled to a fraction of a thousandth of an inch
      by controlling the duration of the growth process. Since substrates are
      oriented and polished before being used, no polishing of the orthoferrite
      is necessary. Thus chemical vapor deposition of orthoferrite films yields
      deposits which are purer, more perfect and thinner than those provided by
      bulk crystal growth methods.
PAR  The inventive process includes such steps as are necessary to determine the
      best physical location of the substrate in the reaction chamber in order
      to obtain the desired deposit of film on the substrate. The process also
      includes the steps of elevating the temperature of a substrate (or seed)
      crystal in a reaction chamber and reacting oxidizing gases and/or oxygen
      with gases of certain metal halides at the substrate crystal or wafer
      surface to deposit the film, as well as depositing a multiple number of
      films insulated from each other.
PAR  The process further provides for depositing films on single crystalline
      structure on single crystal substrate wafers in accordance with the
      materials selected, and in accordance with the control steps used towards
      accomplishment of the aforesaid product or group of products.
PAR  The process described herein contains a sequence of steps necessary to
      determine the proper deposition conditions and the best physical location
      of the substrate in the reaction chamber in order to reproduce the desired
      type of deposit.
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PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a cross-section view of the reaction chamber used in the
      inventive process;
PAR  FIG. 2 is a plan view of a shift register illustrative of one type of
      device that may be fabricated by the inventive process;
PAR  FIG. 3 is a cross-section taken at plane 3--3 of FIG. 2 showing details of
      the wires embedded in a layer. These wires are used for connecting to
      external equipments for generating, propagating and sensing motion of the
      single wall magnetic domains created in the film of the device; and
PAR  FIG. 4 is a cross-section taken at plane 3--3 of FIG. 2 showing a
      mirror-image film and layer containing wires embedded therein on both
      major deposition surfaces of the substrate; and
PAR  FIG. 5 is a cross-section view of an auxiliary metal halide chamber and
      heater adaptable to an inlet of the vertical portion of the reaction
      chamber of FIG. 1.
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PAC  EXEMPLARY EMBODIMENT
PAR  In chemical vapor deposition processes, reactant vapors are brought
      together near a crystal substrate (or seed) so that they react to deposit
      a garnet film or an orthoferrite film on a substrate wafer. Chemical vapor
      deposition involves the reaction between a lanthanide, lanthanum or
      yttrium halide and an iron halide and oxygen, but is not limited to these
      elements or compounds. The reaction chamber permits evaporation of the
      individual metal halides and intimate mixing of the vapors before they
      react with oxygen gas.
PAR  FIG. 1 illustrates a T-shaped reactor as shown at 10 for use in film
      deposition. FIG. 5 illustrates an auxiliary chamber under certain
      conditions connected to an inlet of the premix tube 36. FIGS. 2 and 3 are
      illustrative of a logic device created by the process. The reactor is
      designed for relatively high temperatures to accomodate for example the
      low volatility of metallic halide source materials. The T-shaped reactor
      includes horizontal chamber 20 and vertical chamber 30. Disposed about the
      horizontal chamber is reaction zone heater 21. Individual heaters 31, 32,
      and 33 are disposed about the vertical chamber to control source material
      temperatures. Enclosed within the vertical chamber are crucibles 34 and 35
      for retaining source materials therein. These crucibles are inserted in
      premix tube 36, positioned and adjusted to their proper locations, are
      held thereat and are enclosed within premix tube 36. Tubular means 37 has
      an inlet therein for introducing HCl gas therein as an aid in transporting
      the source material in crucible 34 so as to transport the source material
      thereof in gas form to reaction chamber 20. Tubular means 37 is also used
      for raising or lowering crucible 34 within premix tube 36. Crucible 35 is
      adjusted within the premix tube by means of support rod 38. Tubular inlet
      39 is provided in premix tube 36 for injection therethrough of helium
      vapors. The entire premix tube 36 containing crucibles 34 and 35 together
      with ends of members 37, 38, and 39, extending from the premix tube can be
      moved up or down vertically as desired within chamber 30. Premix tube 36
      is provided with an exit opening 40 at the upper end thereof for
      conducting the vaporized source materials mixed with the several carrier
      gases injected into the premix tube 36.
PAR  The flow rate of the source material from crucible 35 can be varied by
      varying the temperature of heater 33 for the particular embodiment shown.
      The flow rate of the source material from crucible 34 can also be varied
      by varying the temperature of heater 31 and, in addition, by varying the
      flow rate of the gas introduced into the crucible from the inlet of means
      37. The horizontal reaction chamber includes inlet 22 through which helium
      and oxygen gases may be injected, and has exhaust output 23 for emitting
      gases from the chamber. The gases from opening 40 transport the premixed
      metal halide vapors into the reaction zone of the reactor.
PAR  The crystal (or seed) substrate 26 is placed on a fused-silica holder 25 in
      horizontal chamber 20. The position of holder 25 may be adjusted during
      the process if desired.
PAR  Generally, during the process, the temperature of the crystal substrate
      wafer is elevated by means of the reaction zone heater 21. The source
      material heaters 31, 32 and 33 are elevated to temperatures which provide
      approximately 0.1 atm. of vapor pressure of each metal halide.
PAR  After each heater has reached the desired temperature the premix tube 36
      containing the source material crucibles 34 and 35 is raised into position
      in the vertical chamber 30. Gases are introduced into the vertical chamber
      through inlet member 37 and through tubular means 39 to conduct the metal
      halide vapors through opening 40 of the premix tube into the horizontal
      reaction chamber 20. Oxygen from inlet 22 of chamber 20 is then reacted
      with the metal halide vapors at the upper portion of the substrate crystal
      surface to produce the desired growth compound thereon. Specifically, an
      example of a typical reaction is expressable in the following approximate
      formulation;
      ##EQU1##
PAR  The substrate crystal for the gadolinium orthoferrite film may be yttrium
      orthocaluminate or one of the other substrate compounds listed
      hereinbelow. Anhydrous gadolinium chloride (GdCl.sub.3) and iron (II)
      chloride (FeCl.sub.2) are contained in individual crucibles in their
      separate temperature zones of chamber 30.
PAR  Dry helium is introduced into the premix tube at inlet 39 to transport the
      GdCl.sub.3 and FeCl.sub.2 vapors, which are the reacting vapors of the
      metal halides, from the crucibles into the reaction zone of the horizontal
      chamber 20. Dry hydrogen chloride (HCl) gas introduced at inlet 37 flows
      directly into crucible 34 which holds the GdCl.sub.3. The HCl gas sweeps
      the heavy GdCl.sub.3 vapors out of the crucible into the helium gas stream
      and prevents the very reactive GdCl.sub.3 vapors from reacting at an
      uncontrollably fast rate with the oxygen gas from inlet 22. Helium is
      injected through inlet 22, along with oxygen into the horizontal chamber
      20.
PAR  The reaction deposition zone is in the downstream portion of the horizontal
      chamber proximate to the T-junction of chambers 20 and 30. The substrate
      wafer 26 is placed on holder 25 which is inserted into the upstream
      portion of chamber 20. The process parameters such as heat from heaters
      31, 32 and 33 and gas flows through 22, 37 and 39 members may be adjusted
      until the desired reaction conditions are obtained, at which time
      substrate seed or wafer 26 on quartz holder 25 may be positioned in the
      downstream portion of chamber 20. To obtain information as to the exact
      location where the desired vapor is ready for deposition on the substrate,
      a test sample material similar to wafer 26 or a fused quartz test plate
      may be inserted on holder 25 proximate to the T-junction. A reddish-brown
      colored film will deposit on the material substituting for wafer 26
      indicative of the orthoferrite deposition zone, when conditions for
      deposition and location of deposition zone are both proper. Only 2 to 4
      minutes of reaction time is used for this test. Thereafter, the
      substituting test-sample is removed and substrate 26 on holder 25 is
      inserted into chamber 20 through inlet 22 and positioned exactly as
      determined by the calibrations on rod 28 which is determinative of the
      test sample positioning, so that vapors of the reaction are permitted to
      be deposited on the upper surface of substrate 26, thereby forming the
      desired monocrystalline film on the monocrystalline substrate wafer.
PAR  Details as to the positioning of the substrate in chamber 20 are important.
      Holder 25 has apertures 27 at either end thereof which are used for
      inserting therein a hooked-end of calibrated rod 28. Rod 28 positions
      holder 25 in its proper location so as to obtain the reddishbrown
      deposition on the test sample. When the reddish-brown color is obtained,
      the marking at rod 28 coinciding with the edge of opening 22 is noted, so
      that holder 25 with actual substrate 26 thereon may be reinserted and
      exactly positioned at the location where the reddish-brown deposition
      occurred. Rod 28 is removed thereafter until the film has been completely
      deposited, at which time rod 28 is again used for removing holder 25
      together with deposited film 29 on substrate 26.
PAR  It should be noted that normally the film will deposit on the surface of
      the substrate 26 which is not contiguous or in contact with holder 25.
      Upon deposition of the film on one surface thereof, the other surface,
      previously in contact with holder 25 may be coated with a similar film by
      simply inverting the substrate so that the now-coated surface is adjoining
      the surface of holder 25.
PAR  It should also be noted that the above-stated process may be used in
      conjunction with a mask for masking such upper portions of the upper
      surface of substrate wafer 26 that are not desired to be coated with film
      29 and leaving such portions that are to be coated uncovered by the mask.
      A plurality of films such as 29 may therefore be produced on any one
      surface of substrate wafer 26 in this manner.
PAR  An orthoferrite film composition having three metals is exemplified in
      column D of table 1, below. A typical reaction which results in one of
      these films is expressed by the following formula:
      ##EQU2##
PAR  The orthorferrite film produced will as in the above test-sampling for
      color also show a reddish-brown color deposit on the test sample material.
PAR  When films such as garnet type preparations are desired an additional inlet
      50 is provided so that dry hydrogen chloride gas may be injected therein
      directly for the purpose of producing proper film deposits on substrate
      material 26.
PAR  A garnet film composition having three metals is exemplified in column E of
      table 1, below. A typical reaction which results in one of these films is
      expressed by the following formula:
EQU  6YCl.sub.3 + GaCl.sub.3 + 9FeCl.sub.2 + 120.sub.2 .fwdarw. 2Y.sub.3
      Ga.sub.0.5 Fe.sub.4.5 O.sub.12 + 39/2 Cl.sub.2
PAR  The garnet film produced will as in the above test-sampling for color show
      a yellow-green color deposit on the test sample material.
PAR  When a third metallic constituent is to be incorporated into a growing
      film, its anhydrous halide vapor must be added to those in premix chamber
      36. The location of the source material container for this metal halide
      depends on the temperature which is required to produce an adequate vapor
      pressure. Thus, if it needs a higher temperature than either of the other
      metal halides, an additional crucible may be added above the location of
      34 (not shown) and the temperatures of heaters 31 and 32 may be adjusted
      accordingly. If it evaporates at a temperature very close to that of one
      of the other constituents, it may be placed in an adjacent crucible (not
      shown) or it may be added in the proper compositional ratio to the
      contents of either 34 or 35. If the metal halide evaporates at a
      temperature between that of the two other constituents, an additional
      crucible (not shown) may be installed between the locations of 34 and 35.
      If the metal halide evaporates at a temperature below that of the lower
      crucible, an additional crucible (not shown) may be installed in tube 36
      but below crucible 35. If the material evaporates at such a low
      temperature that any location within the vertical portion of the
      T-reaction chamber is excessive, the material may be heated to a more
      modest temperature external to the reaction chamber 30. In order to
      accomplish the external heating of a metal halide material, inlet 50 of
      FIG. 1 is connected to outlet tube 54 of chamber 51 of FIG. 5. A material
      55 in chamber 51 may be used. Where the material 55 in chamber 51 is
      GaCl.sub.3, this material has too high a vapor pressure at any temperature
      within premix tube 36. Therefore, external chamber 51 is situated just
      below the reactor chamber 30. Chamber 51 is independently heated by oven
      52. Dry hydrogen chloride gas is introduced through inlet 53 which carries
      gallium chloride vapors through exit tube 54 and into inlet 50 of the
      vertical portion of the T reaction chamber. Thereafter, vapors of gallium
      chloride mix with those of the other metal halides and carrier gas present
      in the premix tube 36. The mixed halides then exit through port 40 and
      react with oxygen in the horizontal portion of the reaction chamber.
PAR  Films are formed on substrates in accordance with the examples in the Table
      1 below, which specifies the control process parameters that were
      considered.
TBL                                    Table 1                                 
     __________________________________________________________________________
     Materials and                                                             
               Composi-                                                        
                     Composi-                                                  
                           Composi-                                            
                                 Composi- Composi-                             
     Conditions                                                                
               tion A                                                          
                     tion B                                                    
                           tion C                                              
                                 tion D   tion E                               
     __________________________________________________________________________
     film      GdFeO.sub.3                                                     
                     YFeO.sub.3                                                
                           YFeO.sub.3                                          
                                 YGa.sub.0.5 Fe.sub.0.5 O.sub.3                
                                          Y.sub.3 Ga.sub.0.5 Fe.sub.4.5        
                                          O.sub.12                             
     material                                                                  
     substrate YAlO.sub.3                                                      
                     CaTiO.sub.3                                               
                           YAlO.sub.3                                          
                                 YAlO.sub.3                                    
                                          Gd.sub.3 Ga.sub.5 O.sub.12           
     material                                                                  
     substrate 1145  1144  1175  1175     1175                                 
     temperatures                                                              
     in degrees                                                                
     centigrade                                                                
     vertical helium                                                           
               11.5  5.5   6.0   11.5     9.5                                  
     flow rate in                                                              
     liters per                                                                
     minute                                                                    
     horizontal                                                                
               4.32  2.75  2.75  3.8      3.8                                  
     helium flow                                                               
     rate in liters                                                            
     per minute                                                                
     hydrogen chloride                                                         
               60    22    16    60       282                                  
     gas flow rate in                                                          
     milliliters per                                                           
     minute                                                                    
     vertical hydrogen                                                         
               None  None  None  123      123                                  
     chloride gas flow                                                         
     in milliliters                                                            
     per minute                                                                
     oxygen flow                                                               
               37    33    33    37       32                                   
     rate in milli-                                                            
     liters per                                                                
     minute                                                                    
     GdCl.sub.3 or YCl.sub.3                                                   
               1.13  1.03  0.516 1.0      1.45                                 
     transport rate                                                            
     in grams per                                                              
     hour                                                                      
     FeCl.sub.2 trans-                                                         
               4.47  1.47  1.18  4.0      18.0                                 
     port rate in                                                              
     grams per hour                                                            
     GaCl.sub.3 flow rate                                                      
               None  None  None  0.5      1.95                                 
     in grams per                                                              
     hour                                                                      
     film thickness                                                            
               4.5   6.6   4.1   3.0      3.0                                  
     in microns                                                                
     run duration                                                              
               15    30    40    20       20                                   
     in minutes                                                                
     deposition                                                                
               18.0  13.2  6.2   9.0      9.0                                  
     rate in microns                                                           
     per hour                                                                  
     crystallographic                                                          
     orientation of                                                            
               (001) (001) (101) (001)    (100)                                
     the film                                                                  
     crystallographic                                                          
     orientation of                                                            
               (001) (010) (101) (001)    (100)                                
     the substrate                                                             
     __________________________________________________________________________
PAR  Although only details of several compositions have been illustrated in
      Table 1, it is understood that all compositions as composed of the element
      formulations given in Table 2, below are applicable to this invention. For
      example, it was shown in column D that equal quantities of gallium and
      iron were present in the film. As shown in Column E, these quantities need
      not be equal and in fact may be varied as desired.
PAR  Several combinations of film and substrate materials have been illustrated
      as examples in Table 1, above. However, a number of other combinations may
      be provided by combining at least two of the elements of the film material
      with at least two of the elements of the substrate material indicated in
      Table 2, below. When, the film material is to be used for providing single
      wall magnetic domains, one of the two elements thereof should be the
      element iron (Fe).
TBL                                    Table 2                                 
     __________________________________________________________________________
     Film Compound Formula JQ-oxide                                            
                       Substrate Compound Formula JQ-oxide                     
     J Portion                                                                 
              Q Portion                                                        
                       J Portion Q Portion                                     
     __________________________________________________________________________
     cerium   aluminum cerium    gallium                                       
     praseodymium                                                              
              gallium  praseodymium                                            
                                 indium                                        
     neodymium                                                                 
              indium   neodymium scandium                                      
     promethium                                                                
              scandium promethium                                              
                                 titanium                                      
     samarium titanium samarium  vanadium                                      
     europium vanadium europium  chromium                                      
     gadolinium                                                                
              chromium gadolinium                                              
                                 manganese                                     
     terbium  manganese                                                        
                       terbium   iron                                          
     dysprosium                                                                
              iron     dysprosium                                              
                                 rhodium                                       
     holmium           holmium   zirconium                                     
     erbium            erbium    hafnium                                       
     thulium           thulium   molybdenum                                    
     ytterbium         ytterbium niobium                                       
     lutetium          lutetium  tantalum                                      
     lanthanum         lanthanum tungsten                                      
     yttrium           yttrium   aluminum                                      
                       magnesium                                               
                       calcium                                                 
                       strontium                                               
                       barium                                                  
                       lead                                                    
                       cadmium                                                 
                       lithium                                                 
                       sodium                                                  
                       potassium                                               
     __________________________________________________________________________
PAR  The elements of the group of lanthanides are herein defined as cerium,
      praseodymium, neodymium, promethium, samarium, europium, gadolinium,
      terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium.
PAR  Following deposition of a single crystalline orthoferrite or garnet layer
      on a substrate, useful devices may be made such as described by U.S. Pat.
      No. 3,460,116. Referring to FIGS. 2 and 3, a shift register is shown at
      100. A similar shift register is substantially depicted in U.S. Pat. No.
      3,460,116 and its manner of operation is discussed in detail therein.
PAR  The device 100 shown in FIGS. 2 and 3 which will therefore be made by this
      process will be comprised of substrate 26 with film 29 deposited thereon.
      When the device at 100 having the capability of producing, propagating and
      sensing single wall domains is completed, the configuration will include
      at least one insulating layer 101 such as silicon monoxide (SiO) or
      Magnesium fluoride (MgF.sub.2) which will be attached to film 29 and have
      the several means for producing, propagating and sensing single wall
      domains embedded therein and held securely thereby.
PAR  One approach to preparing layer 101, includes evaporating a metallic
      conductor 102 on the surface of film 29 through a suitable mask
      superimposed on the surface of film 29, said mask having the pattern of
      conductor 102 therein. This evaporation may be performed in a chamber
      similar to that shown in FIG. 1, wherein the contents of vessel 34 are
      metallic granules such as copper, gold, silver or aluminum, the other
      vessel 35 being removed, temperatures adjusted and oxygen flow eliminated.
      Following this step, the mask is removed and vessel 34 may be loaded with
      the insulating granules such as MgF.sub.2 which are evaporated and
      deposited as a film over conductor 102 and over the remaining unexposed
      surface of film 29. Thereafter, another mask having the pattern of wire
      103 may be superimposed on the insulating surface and, by having suitable
      metallic material in vessel 34, the pattern of wire 103 may be deposited
      in a similar manner to that used for the deposition of the pattern of
      conductor 102. After removing the mask of wire 103, an additional coating
      of insulating material may be deposited over the surface of wire 103 and
      over the remaining portions of the previously deposited insulating film. A
      mask having the pattern of wire 104 may then be laid down over the
      insulating surface and additional conductive material deposited by the
      same evaporation method used to form wire 103. Similarly, wires 105 and
      106 may be formed by using patterns thereof formed in masks and depositing
      additional conductive material through the masks. Also similarly, the
      masks being removed, additional insulating material is deposited over
      wires 104, 105 and 106 and over the unexposed insulating surface upon
      which said wires have been deposited. A mask having the pattern of wire
      107 is then laid down over the surface and wire 107 is formed in a similar
      manner to the formation of the other wires on the insulating surface. The
      mask is then removed and additional insulating material is deposited over
      the wire 107 and the unexposed insulating surface in the same manner as
      previously accomplished. A mask having a pattern of wire 108 is then laid
      over the insulating surface and conductor 108 is formed by the same vacuum
      deposition method. Finally, the mask is removed and insulating material is
      deposited over conductor 108 covering said conductor and possibly portions
      of the remaining unexposed insulating surface, thereby encapsulating all
      the wires within layer 101 which is now firmly attached to the surface of
      film 29.
PAR  It is noted that in connection with the deposition of wires 104, 105 and
      106 and at their cross-over points, and possible cross-over with wires
      102, 103, 107 and 108, that a wire need not be deposited in its entirety
      at one time, which results in the requirements that insulating material be
      deposited between these various wires at their cross-over locations.
      Suitable masks may be used in providing portions of wire depositions and
      insulation depositions so that the total number of individual depositions
      may be reduced.
PAR  It is noted that by using a suitable mask in conjunction with the process
      of providing layer 101 to cover such portions as are not desired to have a
      layer such as 101 formed thereon, and by leaving uncovered by the mask
      such portions as desired to be formed with layers such as layer 101, a
      plurality of layers such as layer 101 on any one surface of film 29 or on
      groups of films such as 29 may be produced in the same manner as layer 101
      was produced.
PAR  FIG. 4 illustrates deposition of a film 29' on the other major unexposed
      surface of wafer 26 and thereon layer 101'. Film 29' is identical in
      substantive matter as film 29, and layer 101', is identical to layer 101.
      Both films 29 and 29' are therefore deposited in the same way, and both
      layers 101 and 101' are also both deposited in the same way and may
      contain the identical wires embedded therein. FIG. 4, is therefore
      illustrative of a multilayer device having magnetic domains. It is also
      conceivable that multiple films having magnetic and non-magnetic materials
      on top of each other may be deposited sequentially on the same side of the
      substrate surface, employing the JQ combination from Table 2 for film
      formation to produce the magnetic and/or non-magnetic layers of films
      and/or substrates.
PAR  A useful orthoferrite or garnet device at 100 will require means 101 for
      generating, propagating and detecting single wall magnetic domains in film
      29. A current pulse in loop 103 provides means for drawing a positive
      region from border 130 of device 100 up to location 110, and a pulse on
      wire 104 at 111, isolates a portion of the positive region at location
      110, thereby generating a single wall magnetic domain thereat. By
      sequentially pulsing wires 104, 105 and 106 respectively at 111, 112, and
      113, the single wall magnetic domain is propagated along the shift
      register shown herein from location 110 to intermediate locations 125 and
      126, ultimately terminating at location 114. At location 114, an
      interrogation pulse in wire 107 collapses the single wall magnetic domain,
      inducing a detection pulse in wire 108.
PAR  The shift register device has been discussed for the purpose of enabling
      the illustration of the types of additional fabrication processes required
      in connection with the orthoferrite or garnet layer on a substrate in the
      form of a useful device. Other types of devices may also require current
      carrying conductors, and in addition, employ magnetic layers,
      semiconductor layers or external optical light source and other detecting
      components. Wire 102 is connected to an initializing circuit for providing
      a pulse therein so as to rearrange the domains in film 29 to provide the
      border thereof as explained in U.S. Pat. No. 3,460,116.
PAR  In another approach to preparing layer 101, the current carrying conductors
      may be metal films laid down by vacuum evaporation. Typically, copper,
      aluminum, or gold may be used. The conductor patterns may be defined by
      masking during evaporation, or the entire area may be coated and the
      patterns defined by photolithographic etching processes, well known in the
      semiconductor device arts. Each of the conductors must be electrically
      isolated from the others so that layers of insulation, such as silicon
      monoxide (SiO) or magnesium fluoride (MgF.sub.2), may be evaporated
      between metal evaporations as hereinabove described. Here again, the
      region covered by the insulating material may be limited by masking during
      evaporation or the entire area may be coated and patterns defined by
      photolithographic etching processes. The number of separate evaporation
      steps will depend on the number of conductor cross-overs, and the
      ingenuity in designing patterns for conductor and insulator depositions.
PAR  For other types of devices which employ magnetic or semiconductor layers on
      the surface of the orthoferrite or garnet films, suitable layers may be
      deposited by vacuum evaporation or chemical vapor deposition. Typically,
      magnetic nickel-iron alloy compositions may be evaporated on certain
      regions of the orthoferrite layer to provide small local fields which
      assist in holding or moving the single wall magnetic domains.
PAR  It should be noted that the wires shown in layer 101 or 101' could have
      also been replaced by magnetic means communicating with the film or films
      to create, propagate and/or sense the change in position of the created
      and propagated single wall magnetic domains.
PAR  It should be also noted that the additional film 29' deposited on the
      substrate as shown or in such other manner as described is also of the
      pseudo-pervoskite type structure and single crystalline.
PAR  Hence, due to the magnetization requirements, the components of film
      formulation would be iron and the remaining metallic component may be one
      or more of the elements detailed in Table 2. The magnetic materials or
      compounds of films 29 or 29' will have a first magnetization direction
      substantially orthogonal to an imaginary plane parallel to the thickness
      of said film and providing for at least one single wall magnetic domain
      with a second magnetization direction opposite to the first magnetization
      direction and having a boundary unconstrained along said second
      magnetization direction, said single wall magnetic domain being free to
      move in a plurality of directions substantially orthogonal to the second
      magnetization direction. At least one of the constituents of the JQ
      combination of the substrate wafer formulation is different from at least
      one of the constituents of the JQ combination of the film formulation.
      Such difference stresses the film which may thereby contribute to a
      substantial reduction in the area of the magnetic domain thus formed. The
      area of the domain, by the means established for creating same, is
      oriented orthogonally to the second magnetization direction, such area
      lying in said imaginary plane.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a composite structure comprising the steps of:
PA1  providing a single crystal substrate; and
PA1  forming a single crystal, iron-containing magnetic film less than 25
      microns thick on said substrate with sufficient mechanical strain in said
      film to provide said film with sufficient uniaxial anisotropy for the
      formation of bubble domains therein,
PA1  whereby said film has a JQ-oxide formulation wherein,
PA1  the J constituent of said film formulation having at least one element
      selected from the group consisting of cerium, praseodynium, neodymium,
      promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
      erbium, thulium, ytterbium, lutetium, lanthanum and yttrium, and
PA1  the Q constituent of said film formulation being taken from the group
      consisting of iron and aluminum, iron and gallium, iron and indium, iron
      and scandium, iron and titanium, iron and vanadium, iron and chromium, and
      iron and manganese.
NUM  2.
PAR  2. A method as described in claim 1 whereby the film is formed by the steps
      of:
PA1  conducting at least one of a plurality of metal halides into a reaction
      chamber;
PA1  injecting at least one reacting gas and at least one carrier gas into the
      reaction chamber for reaction therein with the metal halides thereby
      producing reaction products of the halides and gases;
PA1  inserting a test sample for selecting the location of said substrate within
      said reaction chamber;
PA1  removing said test sample; and
PA1  inserting said substrate at the selected location for deposition of at
      least one of the reaction products on said substrate to form said single
      crystal film thereon.
NUM  3.
PAR  3. A method as described in claim 1 wherein said JQ-oxide film is defined
      as J.sub.1 Q.sub.1 O.sub.3 and where 1 is the sum of the two elements of
      the Q constituent.
NUM  4.
PAR  4. A method as described in claim 1 wherein said single crystal substrate
      has a JQ-oxide formulation wherein:
PA1  the J constituent of said substrate formulation is at least one element
      selected from the group consisting of cerium, praseodynium, neodymium,
      promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
      erbium, thulium, ytterbium, lutetium, lanthanum, yttrium, magnesium,
      calcium, strontium, barium, lead, cadmium, lithium, sodium and potassium;
      and
PA1  the Q constituent of said substrate formulation is at least one element
      selected from the group consisting of indium, gallium, scandium, titanium,
      vanadium, chromium, manganese, rhodium, zirconium, hafnium, molybdenum,
      tungsten, niobium, tantalum, and aluminum.
NUM  5.
PAR  5. A method as described in claim 4 wherein:
PA1  said J constituent of said substrate formulation is at least one element
      selected from the group consisting of cerium, praseodynium, neodymium,
      promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,
      erbium, thulium, ytterbium, lutetium, lanthanum and yttrium; and
PA1  said Q constituent of said substrate formulation is at least one element
      selected from the group consisting of indium, gallium, scandium, titanium,
      vanadium, chromium, manganese, rhodium, and aluminum.
NUM  6.
PAR  6. A method of forming a composite structure comprising the steps of:
PA1  providing a single crystal substrate; and
PA1  forming a first, single crystal, iron-containing magnetic film less than 25
      microns thick on said substrate with sufficient mechanical strain in said
      film to provide said film with sufficient uniaxial anisotropy for the
      formation of bubble domains therein.
PA1  whereby said film has a JQ-oxide formulation wherein,
PA1  the J constituent of said film formulation has at least one element
      selected from the group consisting of cerium, praseodynium, neodymium,
      promethium, samarium, europium, gadolinum, terbium, dysprosium, halmium,
      erbium, thulium, ytterbium, lutetium, lanthanum and yttrium, and
PA1  the Q constituent of said film formulation is taken from the group
      consisting of iron and alumium, iron and gallium, iron and indium, iron
      and scandium, iron and titanium, iron and vanadium, iron and chromium, and
      iron and manganese; and
PA1  forming a second, single crystal, iron-containing magnetic film less than
      25 microns thick having a JQ-oxide formulation wherein said J and said Q
      constituents are taken from the same groups as set forth for said first
      single crystal film, said second film having sufficient mechanical strain
      therein to provide sufficient uniaxial anistropy for the formation of
      bubble domains therein.
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ABST
PAL  A method of and an apparatus for the internal coating of ducts with a
      synthetic resin, especially long steel pipes or tubes, in which
      gas-entrained synthetic-resin particles are passed through the tube while
      the latter is heated progressively by displacing the tube relative to a
      surrounding induction-heating coil. Thereafter, a gas stream free from
      particles is used to clear the interior of the tube.
PARN
PAR  This application is a continuation of application Ser. No. 191,940 filed 22
      Oct. 1971, now U.S. Pat. No. 3,869,300 issued 4 March 1975.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of coating pipes, tubes, ducts
      and conduits with protective coatings, especially thermally flowable or
      thermoplastic synthetic resins. More particularly, the invention is
      concerned with a method of externally and/or internally coating pipes and
      tubes with corrosion-resistant synthetic resins.
PAC  BACKGROUND OF THE INVENTION
PAR  Aside from techniques for dipping a pipe, tube or conduit into a bath of a
      molten or solvent-liquefied synthetic-resin and removing the coated body
      therefrom, several methods have been suggested for the coating of such
      objects with thermoplastic synthetic-resin materials. For example, it has
      been suggested to fill a tube or pipe with synthetic-resin powder and then
      to heat the metal pipe with one or more induction coils which are disposed
      along the exterior of the pipe or are displaced relative thereto. After an
      initial fusion of the particles along the inner wall of the tube or pipe,
      nonadherent particles are removed from the tube and the latter is again
      heated by induction to cause the synthetic-resin to flow or coalesce in a
      more or less continuous layer along the interior of the pipe. This system
      has the disadvantage that the filling of the pipe with synthetic resin
      must take place with the pipe in an erect position, thereby eliminating
      the use of the method for extremely long or relatively narrow pipes.
      Furthermore, the deposition of synthetic resin along the wall of the pipe
      is nonuniform and the reflowing step often yields a nonuniform product.
      There are even adhesion problems in many cases. Finally, it should be
      mentioned that the apparatus required for the internal coating of pipe or
      tubes in this manner is relatively complex and expensive, and it is
      difficult often to remove the particles packed therein.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, the principal object of the present invention to provide
      a method of coating a pipe, tube, duct or conduit (especially a pipe
      composed of iron, steel or other induction-heatable metal), with a
      thermally flowable substance (especially a thermoplastic synthetic resin)
      whereby the aforementioned disadvantages can be obviated.
PAR  Another object of the invention is to provide a system of relatively
      low-cost and low complexity which is especially adapted to the coating of
      a pipe or the like with a thermoplastic synthetic resin so as to yield a
      more uniform, homogeneous and continuous coating than has been attainable
      heretofore.
PAR  Still another object of the invention is to provide a method of internally
      coating an iron or steel pipe with synthetic resin which is effective in
      producing a uniform layer in long and narrow or thin pipe.
PAR  Yet another object of the invention is to provide a system for the internal
      and the external coating of pipes, tubes or the like whereby the
      aforementioned disadvantages can be obviated.
PAC  OBJECTS OF THE INVENTION
PAR  These objects and others which will become apparent hereinafter, are
      attained, in accordance with the present invention, in a system for the
      internal coating of elongated metal pipe, e.g. relatively long but narrow
      or thin steel pipe, which comprises maintaining the cold pipe or tube in a
      generally horizontal orientation, sweeping a gas stream entraining
      synthetic-resin particles through the horizontally oriented pipe,
      induction-heating the pipe progressively by relatively displacing the pipe
      and an induction coil surrounding same during passage of the
      particle-containing gas stream to cause the particles to adhere
      substantially uniformly to the interior of the pipe. Thereafter, in
      accordance with an important feature of the invention, a particle-free gas
      stream is caused to flow through the pipe, thereby sweeping any
      nonadhering particles therefrom while the coil and pipe are relatively
      displaced in the opposite direction to inductively heat the pipe to a
      temperature sufficient to cause flowing of the thermoplastic material and
      the formation of a uniform coating thereof.
PAR  In more general terms, the invention resides in a method of coating metal
      pipe, tube, duct or conduit bodies in which the elongated body is
      contacted by a mobile suspension of thermoplastic synthetic-resin
      particles, fusible to a surface of the body, either interior or exterior,
      so that on heating thereof by relative displacement of the body and an
      induction coil in one direction, the particles are fritted onto the
      surface while the surface coating of the particles is caused to coalesce
      into a uniform film in a subsequent heating stage. When the process is
      carried out within the pipe or tube, a further gas stream free from
      particles, is used to clear nonfritted or nonadherent particles therefrom.
PAR  According to another feature of the invention, the solids concentration or
      density of the particle-entraining gas stream first traversing the pipe is
      held at a level corresponding to the solids transfer to the metal surface.
      In other words, the quantity of particles (synthetic-resin powder) charged
      into the gas stream should equal the quantity deposited therefrom by
      fritting onto the inner wall of the tube.
PAR  Of course, the apparatus aspects of the invention permit numerous
      variations of structure within the basic concept. For example, the
      induction coil may be held stationary, while the steel pipe is displaced
      to effect the relative movement mentioned earlier. This is especially
      advantageous where externally long tubes are involved and problems of
      supporting the tube arise. Of course, the tube may be held stationary
      while the induction coil is displaced and both tube and coil may be
      movable to effect the relative displacement as desired. Furthermore, it
      has been found to be advantageous to provide cooling means on both sides
      of the induction coil, i.e. on both its inlet and discharge sides, the
      cooling means preferably being a water bath, spray head, trickle cooling,
      or like device. Water-circulating means may be provided to cool the liquid
      intended to contact the pipe, the cooling cycle being provided with a
      water tower or the like for dissipating heat into the atmosphere.
PAR  According to yet another feature of the invention, the gas-circulating
      system includes a single blower for both the particle-entraining gas and
      for the particle-free sparging gas. At the intake to this blower, there is
      provided a particle-removing device, e.g. a dust-separating cyclone,
      filter or precipitator, so that the recycled gas bed to the blower is
      substantially free from particles. At the discharge side of the blower,
      two branches may be provided, the first having a venturi for entraining
      solid particles while the other is free from any device designed to
      intoduce particles into the gas stream. Both branches may terminate in a
      distributing valve for selectively connecting a duct feeding the pipe to
      be treated with one or the other branch.
PAR  As mentioned briefly earlier, the present invention contemplates also the
      simultaneous external coating of the pipe using inductive heating and a
      fluidized bed of synthetic-resin particles through which the pipe is
      drawn. According to this aspect of the invention, the mobile particles are
      maintained in a fluidized-bed in a vessel whose perforated or porous walls
      are supplied with fluidizing gas and which also received the induction
      heating coil. The vessel is provided with means for shifting it
      transversely to the pipe, i.e. for raising and lowering it relative to the
      pipe, the exterior of the pipe is thus coated with the particles during
      the first relative displacement of the pipe and the induction-heating coil
      whereby the vessel is lowered on the second pass at which time the
      externally fritted particles are fused together.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages of the present
      invention will become more readily apparent from the following
      description, reference being made to the accompanying drawing in which:
PAR  FIG. 1 is a flow diagram of an apparatus for internally coating a steel
      pipe with synthetic resin according to the invention, the
      induction-heating coil moving with respect to the pipe;
PAR  FIG. 2 is a diagram similar to FIG. 1 but illustrating an embodiment of the
      invention wherein the pipe to be coated is displaced with respect to the
      induction-heating coil;
PAR  FIG. 3 is a diagram of a system for the purposes described wherein only a
      single blower is used for both gas circuits;
PAR  FIG. 4 is a diagram similar to FIG. 3 but showing a system provided with
      means for externally coating the pipe;
PAR  FIG. 5 is a longitudinal cross-sectional view in diagrammatic form,
      illustrating a vessel for the external coating of a pipe;
PAR  FIG. 6 is a cross-sectional view taken along the line VI--VI of FIG. 5; and
PAR  FIG. 7 is a view taken along the line VII -- VII of FIG. 6.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 there is shown a device for the internal coating of a pipe 1
      which comprises a pair of holders 4 and 5 gripping the ends of the pipe
      and diagrammatically shown to be lazytongs or braided-wire seal
      arrangements which clamp the tube 1 axially (arrows A) and register with
      the internal cavity of the tube for delivering fluids thereto. An
      induction coil 2 surrounds the pipe 1 and is movable in the direction of
      arrow B by a motor which may be coupled with the coil via a leadscrew. A
      track 3 supports the horizontally movable induction coil 2 and provides a
      pair of contact rails for the terminals 2a and 2b which are transversely
      spaced aprt on the track.
PAR  A source of induction heating current is represented at 2c and is shown to
      be connected to the induction heating coil 2 although, in actuality, this
      source will be connected to the rails engaged by the shoes 2a and 2b.
PAR  At the downstream side of the pipe 1 to be coated is a gas cooler 18 which
      communicates via a Tee 18a with branches 6 and 7 of a pair of gas-flow
      circuits 6a and 7a. The gas-flow circuit 7a includes a three-way
      distributing valve 15 which communicates with a bypass pipe 20 opening
      into the three-way controlled valve 14. Another branch of the powder-free
      circuit includes a cyclone separator 10 into which the gas stream flows
      tangentially. The powder collected in the dustbin of the separator is
      returned to the particle-circulating path 6a as represented at 10a. The
      powder-free gas is then drawn from the cyclone 10 through the pump 11 and
      forced into the direction of arrow C via a branch 7b of the circuit to
      another port of the valve 14.
PAR  Similarly the powder circuit includes a bypass 19 between valves 12 and 13
      and a branch 6b, downstream of blower 9 which delivers the
      powder-entraining gas to the pipe 1 through a further branch 6c. At 8,
      there is shown a controlled powder-feed device for metering the
      synthetic-resin powder into the gas stream.
PAR  In operation, blowers 9 and 11 are driven continuously and therefore may
      operate with maximum efficiency. At the beginning of a cycle, a cool pipe
      1 is clamped between the seals 4 and 5 and a particle-containing gas
      stream is caused to flow from circuit 6a through the pipe in the direction
      of arrows D. For this purpose, valve 12 is opened to connect lines 6b and
      6c and to close off the bypass 19. Valve 13 is open to connect branch 6 to
      the particle-feed device 8 and the blower 9. The controller 16, which is a
      pulse generator connected to the movement of the induction coil 2,
      triggers the feeder 8 to meter synthetic-resin powder into the gas stream
      in step with movement of the induction coil whereby the quantity of powder
      in the gas stream may be held substantially equivalent to that which is
      deposited from the gas. Meanwhile, valves 14 and 15 have been set to
      recirculate all of the air from blower 11 through the bypass 20. The
      induction heating coil 2 is displaced in the direction of arrow B along
      the pipe 1, thereby heating the latter to a temperature sufficient to frit
      the particles from the gas stream onto the inner surface of the pipe. The
      heated gas stream is cooled at 18 and is recycled through the feeder 8 to
      be replenished with respect to its particle content. A limit-switch
      arrangement or position-generating device 17 is also provided to respond
      to the induction coil 2 so that, when the latter reaches its extreme
      right-hand position, a pulse is produced to switch over the valves 14, 15
      and 12, 13, the induction coil being thereupon moved in the opposite
      direction (arrow E). Upon such switchover, the particle-free gas from line
      7b is fed to the pipe 1 and any loose particles are entrained to the
      cyclone 10. Meanwhile, particle-entraining gas is recirculated through the
      bypass 19. The induction heating coil thus raises the temperature of the
      pipe to a level sufficient to cause the deposited thermoplastic along the
      interior to flow. The result is a smooth uniform coating or film of the
      thermoplastic in the interior of the pipe.
PAR  In FIG. 2, there has been shown a variation of the system of FIG. 1 wherein
      the pipe 101 is held within a pair of sealing sleeves 104 and 105 mounted
      upon a carriage 132 which rolls upon a support 136 constituting a rail
      system of the character previously described. In this case however, the
      induction coil 102 is stationary and is mounted upon its high-frequency
      generator 135 which is flanked by a pair of water spray coolers 133 and
      134. The water from these coolers may be collected in the trough formed by
      the support 132 and recirculated via a pump 133a and a heat exchanger 133b
      to the spray devices 133 and 134. A blower 133c can be used to cool the
      water.
PAR  The gas circulation systems of this embodiment are similar to those of FIG.
      1 but are shown to be connected by flexible hoses 130 and 131 with the
      seals 104 and 105. As in the system of FIG. 1, a blower 109 in the
      particle circulation system feeds the particle-entraining gas to a line
      106b which communicates with the valve 112 and with the hose 130 to feed
      the pipe 1 when the latter is in its extreme left-hand position shown in
      dot-dash lines in FIG. 2. A particle-depleted gas is returned through
      valve 113 and replenished in the metering device 108. Meanwhile the
      particle-free gas is recycled through bypass 120 via blower 111. When the
      limit-switch arrangement 117 registers a complete traversal by the pipe
      101 of the induction coil 102, the valves 112, 113, and 114, 115 are
      switched over to bring into play the particle-free gas stream via the
      recirculating path 107a. The blower 111 thereupon forces the particle-free
      gas through line 107b and via hose 130 into the pipe 101 which is
      displaced to the left through the induction coil for flowing of the
      deposited synthetic resin. A particle-containing gas from blower 109 is
      meanwhile recirculated through the bypass 119. After cooling, the gas
      recovered from the pipe 101 via hose 131 is cooled at 118 and subjected to
      dust separation in cyclone 110. A pulse generator 116 responsive to the
      movement of the pipe through the induction coil, triggers the release of
      synthetic-resin particles into the gas stream. Suitable
      position-indicating systems are described at pages 44 ff. of
      SERVOMECHANISM PRACTICE, McGraw-Hill Book Co., New York, 1960. The
      metering device 8, 108 may be any of those described in Chapter 7 of
      PERRY'S CHEMICAL ENGINEERS' HANDBOOK, McGraw-Hill Book Co., New YOrk,
      1963.
PAR  FIG. 3 shows a variant of the system of the present invention which is
      intended to allow a single blower 209 to serve for both gaa circulations.
      In this embodiment, the pipe 201 to be coated is fixed between the
      clamping seals 204 and 205 and is surrounded by a movable induction coil
      202 which cooperates with the track 203, the limit-switch arrangement 217
      and the position-indicating device 216, all as previously described in
      connection with FIG. 1. In this embodiment, however, the blower 209 feeds
      branches 206 and 207 in parallel, the branches terminating in respective
      ports of a single three-way controlled distributing valve 212. A line 230
      connects the valve 212 with seal 204 and the pipe 201 while a single
      return pipe 231 feeds the blower 209. The discharge side of the pipe 201
      is fitted with a cooler 218 and with a dust-removal cyclone 210, the
      solids of which are supplied to a storage hopper 221 feeding the metering
      device 208. The gas output from the cyclone 210 is, of course, connected
      to line 231. It will be apparent that, in one position of the valve 212,
      the particle-laden gas stream from line 206 is passed through the pipe 201
      as the induction coil is shifted in the direction of arrow F. When the
      induction coil 201 reaches the limit of its traverse, the switching system
      217 reverses the direction of movement of the induction coil and
      simultaneously switches valve 212 to permit particle-free gas to flow via
      line 207 through the pipe. The gases emerging from the pipe, in both
      cases, are cooled, freed from particulates in cyclone 210 and delivered to
      the blower 209.
PAR  FIG. 4 shows a modification of the system of FIG. 3 wherein the pipe 301 is
      permitted to enter a vessel 324 which is carried upon a vertically
      displaceable jack 323 on a carriage 323ashiftable longitudinally along
      rails 322. In the raised position of the vessel 324, which has at least a
      perforated floor at 324a through which a fluidizing gas is forced by a
      blower not shown, the exterior of the pipe 301 is coated with the
      particles while the interior is coated as described with reference to FIG.
      3. In other words, the pipe 301 is fixed between sealing clamps 304 and
      305 which communicate with a valve 312 and a cooler 318, respectively. The
      valve 312 is, of course, controlled by the position generator 317 in
      response to the location of the induction coil 302 which runs along a
      track 303. Another position generator 316 controls the powder-metering
      device 308 as previously described. The single blower 309 is supplied with
      particle-free gas from the cyclone 310 downstream of the coolers 318 and
      the recovered powder is delivered to a hopper 321 feeding the metering
      device 308. In the initial position of the valve 312, controller 317
      drives the carriage 323a to the right with the vessel 324 in its raised
      position, the induction coil 302 being similarly removed to the right to
      heat the pipe 301. Particle-entraining gas is fed from line 306 through
      the valve 312 and the pipe 301 as the latter is heated to internally frit
      synthetic-resin particles to the pipe. Simultaneously, fluidizing gas is
      supplied to the vessel 324 to produce a mobile gas vortex along the
      exterior of the pipe and thereby cause the synthetic-resin particles to
      frit to the latter. When the coil 302 reaches its extreme right-hand
      position, controller 317 reverses the drive for carriage 323a and causes
      the vessel 324 to lower, thereby withdrawing the pipe 301 from the
      fluidized bed. Movement of the induction coil 302 to the left flows the
      synthetic resin into a smooth layer. At the instant of this reversal,
      three-way valve 312 is switched over to connect line 307 of the
      particle-free gas cycle to pipe 301.
PAR  In FIGS. 5 - 7 there is shown a vessel for use in the external coating of
      pipe according to the present invention. In this drawing, the pipe is
      represented at one while the openings 26, 26', 26" and 26' " of the
      double-wall vessel, which are provided with shutters or diaphragm-type
      seals, are shown to accommodate the pipe. The outer chamber 27 serves to
      collect overflowing powder elevator devices are provided at 28 and 28'.
      The operation of this vessel has already been described in connection with
      FIG. 4 and will be apparent therefrom. It is desirable, however, to note
      that the openings 26 etc. are cradles which allow vertical displacement of
      the vessel relative to the pipe. In the coating position shown in FIGS. 5
      - 7, the pipe is disposed below the level of the fluidized bed and is
      coated with the particles, with the aid of an induction heating coil as
      described earlier. Overflowing powder is collected at 27 and is led by
      inclined surfaces to the elevators 28 and 28' from which the powder is
      dumped again into the bed.
PAR  The system described above has numerous advantages, especially because the
      resulting layers are homogeneous, highly adherent and of any required
      thickness. They also are of uniform thickness throughout the length of the
      tube. The invention is applicable to pipes which may be coated in a
      straight condition but are thereafter to be bent or otherwise deformed. It
      has been found to be suitable for pipes with internal diameters as small
      as 8 to 25 mm and of lengths ranging from 7 to 14 meters. The coating has
      been found to be uniform and adherent even at critical locations at the
      ends of the pipes and the handling of the system has been found to be
      simple and convenient, namely because of the horizontal positioning of the
      pipe. The device may operate automatically with minimum supervision and
      works substantially free from loss of synthetic-resin powders. It may make
      use of any thermally fusible powder, especially thermoplastic synthetic
      resins such as polyamides, polyolefins and polyvinyl compounds, and alos
      certain thermosetting resins which, before they harden, possess a flowable
      state. The latter resins include phenolic resins, polyesters and epoxy
      resins. It has also been found to be suitable with elastomers, especially
      butadiene-styrene polymers. The preferred resins are, however, the
      thermoplastic resins mentioned earlier.
PAR  The powders which may be employed can have a wide range of particle size,
      e.g., from 5 to 300 microns although best results are obtained with fine
      powders with a particle size in the range of 5 to 50 microns and which
      cannot be used effectively in fluidized beds. The external coatings may be
      carried out with particles of a particle size at the other end of the
      indicated range. It will be apparent, although not illustrated, that
      several pipes can be coated in parallel to one another using one gas
      circulation system and a single large generator for a number of induction
      coils. In this case, the coils may be held stationary as illustrated in
      FIG. 2. The system of FIGS. 3 and 4 has the additional advantage that
      powder does not reach the blower and encrustation thereof is avoided. The
      inner coating should be of the order of 150 microns while the outer
      coating can have a thickness of 250 microns in the preferred mode of
      operation.
PAC  SPECIFIC EXAMPLES
PAC  EXAMPLE I
PAR  Using the system illustrated in FIG. 1, a cast-steel pipe with a length of
      4000 mm and an internal diameter of 20 mm (wall thickness 2 mm) was
      clamped between a pair of seals composed of braided metal sleeves
      surrounded by polytetrafluorethylene layers. The powder-laden gas stream
      was fed through the pipe and contained polyundecaneamide powder in a
      particle size of 10 - 100 microns and at a rate of 1500 g/m.sup.3 of gas
      (STP). The induction coil was displaced along the pipe 1 at a rate of 2
      m/min. and energized at 400 volts from a generator having an output of 10
      kw. Within the pipe, the temperature reached 250.degree. C. at its inner
      wall and particles of the synthetic resin were fritted onto the inner
      surface. The gases emerging from the pipe were cooled at 18 to the
      starting temperature of about 20.degree. C. Using the pulse generator and
      position-signaling device 16, the metering unit 8 introduced a powder
      quantity of about 40 g substantially continuously. During the return
      movement of the induction coil, using the same conditions but with the
      powder-free air, the fritted coating was converted into a uniform smooth
      and highly adherent layer with a thickness of 150 microns.
PAC  EXAMPLE II
PAR  In an apparatus as illustrated in FIG. 1, a pipe having a length of 4000
      mm, an internal diameter of 20 mm and a wall thickness of 2 mm, was coated
      internally with polyethylene powder using the system generally described
      in Example I. The polyethylene powder had a density of 0.918 g/cm.sup.3
      and a melting index of 1.5 g/10 minutes. The powder had a particle size of
      50 to 150 microns and was charged into the gas stream at a rate of 1800
      g/m.sup.3 (STP). The induction coil 2 was displaced with a linear speed of
      2.5 m/min. and was energized as described in Example I. A temperature of
      240.degree. C was generated along the inner wall of the pipe which was
      coated with a uniform fritted-powder layer. 55 g of the powder was metered
      continuously into the gas stream. The smooth adherent layer of
      polyethylene, formed on reversal of the movement of the induction coil,
      had a thickness of about 220 microns.
PAC  EXAMPLE III
PAR  The pipe of Example II was coated in an apparatus as shown in FIG. 2 with
      polyundecaneamide powder in a particle size of 10 - 100 microns and a
      quantity of 1500 g/m.sup.3 (STP) of the gas. The pipe was displaced at 2
      m/min. through the induction coil which was energized as described in
      Example I. The temperature along the inner wall of the pipe was
      250.degree. C. and water was triggered onto the pipe for cooling to a
      temperature just below the melting point of the synthetic resin. The pipe
      was then reversed in direction and the particle-free gas conducted
      therethrough. The cooling sprays were also cut off for the return pass.
      The resulting smooth highly adherent layer had a thickness of 150 microns.
PAC  EXAMPLE IV
PAR  Using the system illustrated in FIG. 3, a cast-iron pipe as described in
      Example II is internally coated at a rate of 5g/sec. with
      polyundecaneamide powder with a particle size of 10 - 100 microns. The gas
      streams are led through the pipe at rates of about 6 m/second, the
      induction coil being shifted with a linear velocity of 2 m/min. While
      being energized as described in Example II. The temperature at the
      interior of the pipe is found to be about 250.degree. C. During the
      reverse movement of the induction coil the particle-free gas is conducted
      through the pipe, the resulting layer having a thickness of 150 microns.
PAC  EXAMPLE V
PAR  The pipe described in Example I is coated with polyundecameamide powder at
      a rate of 5 g/second, the particle size being 10 - 100 microns. The gas
      velocity through the pipe, both for the particle-laden gas and the
      particle-free gas, is 6 m/sec. and the linear velocity of the induction
      coil is 2 m/min. The coil is energized as described in Example I. A
      temperature of 250.degree. C is achieved at the wall of the pipe and a
      uniform powder layer is fritted thereon.
PAR  Simultaneously, a fluidized bed is raised to surround the pipe (FIG. 4) and
      is charged with polyundecameamide powder with a particle size of 40 to 200
      microns. The fluidized bed is displaced along the pipe with the same speed
      of 2 m/min. A uniform external coating of 250 microns and a uniform
      internal coating of 150 microns in thickness were obtained when the
      induction coil is reversed for the return pass and the fluidized bed
      vessel is lowered.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of internally coating an elongated iron or steel pipe,
      comprising the steps of:
PA1  a. clamping said pipe between seals and incorporating it in a closed
      gas-circulating system;
PA1  b. relatively displacing said pipe in a first direction through an
      induction coil to heat said pipe along the inner surface thereof;
PA1  c. sweeping a gas stream along said heated surface;
PA1  d. charging said gas stream with particles of a synthetic resin flowable at
      an elevated temperature, said particles having a particle size of 5 to 300
      microns and being charged into said gas stream at a rate of up to 2000
      g/m.sup.3 (STP) thereof whereby said gas stream entrains said particles
      and said particles are fritted to said inner heated surface;
PA1  e. cooling said gas stream upon its emergence from said inner heated
      surface;
PA1  f. recharging said cooled gas stream by metering additional synthetic-resin
      particles at substantially the same rate at which said particles are
      fritted to said inner heated surface;
PA1  g. recirculating said recharged cooled gas stream into contact with said
      inner heated surface to frit additional synthetic-resin particles onto
      said surface;
PA1  h. separating excess resin particles nonadherent to said surface from said
      gas stream upon its emergence from contact with said inner heated surface
      to form a particle-free gas stream;
PA1  i. cooling said particle-free gas stream;
PA1  j. recirculating said cooled particle-free gas stream while simultaneously
      induction-heating said pipe with said coil to effect coalescence of said
      resin particles fritted to said inner surface by relatively displacing
      said pipe and said coil in the opposite direction to the movement in step
      (b); and
PA1  k. cooling said resin-coated pipe to room temperature.
NUM  2.
PAR  2. Process of claim 1, wherein said pipe is maintained in a generally
      horizontal orientation while being internally coated.
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ABST
PAL  A method for the electroless deposition of nickel on a substrate without
      pretreatment of the substrate, in which the reducing agent is an amine
      borane compound, the relatively high pH is maintained with NH.sub.4 OH
      plus a strong alkali, and the complexing agent is pyrophosphate anion.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a division of application Ser. No. 778,105, filed Nov.
      22, 1968 now abandoned.
BSUM
PAR  It has been well known that a number of metals may be deposited
      autocatalytically on various substrates, including some which are
      non-metallic, from a plating bath, without the use of an electric current.
      This type of process has become known as "electroless deposition". Some
      substrates require pre-treatment as with a catalyst, such as a palladium
      salt, prior to deposition of the metal. Other substrates themselves exert
      sufficient catalytic action without further preparatory treatment.
PAR  Nickel is one of the metals which have been deposited successfully by
      electroless techniques. One type of bath which has been widely used for
      electroless deposition of nickel contains (a) a salt that furnishes nickel
      ions, (b) a pyrophosphate which functions as a complexing agent for nickel
      ions to prevent formation of undesired precipitates, (c) ammonium
      hydroxide which both provides hydroxyl ions to maintain an alkaline pH and
      also aids in complexing the nickel ions, and (d) a hypophosphite which
      serves as a reducing agent for the nickel compounds.
PAR  For some uses, it is desirable to have a nickel deposit which does not
      contain phosphorus. One such instance is in the manufacture of some types
      of semiconductor devices where nickel is deposited directly on the
      semiconductor. body in the making of an ohmic electrode contact. The
      semiconductor may be silicon, for example. If relatively high temperatures
      are used in later processing steps in manufacturing the device, phosphorus
      may diffuse out of the nickel layer and penetrate the semiconductor. Since
      phosphorus is an N type impurity in silicon, its presence can alter the
      electrical characteristics of the device, and the change may not be
      desired. An example of this is where ohmic contact is being made to a P
      type region.
PAR  Another drawback in using nickel-phosphorus alloy deposits of the prior art
      is that the phosphorus content is usually 5-15% by weight and this is
      sufficient to produce bad ohmic contacts due to separation layers forming
      during heat treatment often needed in device manufacture.
PAR  A higher purity nickel layer is therefore desirable in semiconductor device
      manufacture in order to assure higher uniformity of product and better
      performance.
PAR  Another characteristc of prior art electroless nickel deposition baths
      containing a hypophosphite reducing agent is that the metal will not
      deposit on many metal surfaces without treating the substrate first with a
      catalytic agent or using some other predeposition procedure. It is
      desirable to eliminate such predeposition treatment whenever possible.
PAR  It has also been known to deposit nickel electrolessly using an amine
      borane compound as a reducing agent. However, the deposition has usually
      been carried out at relatively low pH values and at temperatures above
      room temperature, and the deposits have contained appreciable percentages
      of boron derived from the borane.
PAC  SUMMARY OF THE INVENTION
PAR  An important feature of the present invention is the provision of an
      improved electroless plating method using an aqueous alkaline bath for the
      electroless deposition of nickel on a substrate, comprising a nickel salt,
      a pyrophosphate complexing agent for nickel ions, ammonium hydroxide, and
      a substituted amine borane reducing agent having one or more low molecular
      weight side chains such as methyl or ethyl as substituents.
PAR  A further feature of the invention is an improved method of electrolessly
      depositing nickel on certain substrates without subjecting those
      substrates to any activating treatment prior to applying the plating bath
      described above.
DRWD
PAC  THE DRAWING
PAR  FIG. 1 is a graph which compares deposition rate of nickel, using an
      amine-borane reducing agent, (a) where only ammonium hydroxide is present
      to control pH levels, and (b) where sodium hydroxide is present in
      addition to ammonium hydroxide, in the improved baths of the present
      invention;
PAR  FIG. 2 is a graph of deposition rate of nickel vs. concentration of nickel
      salt, with pH held at a particular constant value, using dimethylamine
      borane reducing agent in a plating bath of the invention, and
PAR  FIG. 3 is a graph of deposition rate of nickel vs. concentration of
      dimethylamine borane reducing agent at a particular concentration of a
      nickel salt, and at a particular pH using the plating baths of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the present invention, nickel may be deposited electrolessly on many
      different substrates. Examples of compositions of baths used in the method
      of the invention are given in the following table.
TBL                TABLE                                                       
     ______________________________________                                    
                            Con-                                               
     Bath       Chemical    centration                                         
                                      Preferred                                
     Ingredient Formula     Range     Concentration                            
     ______________________________________                                    
     nickel chloride                                                           
                NiCl.sub.2.6H.sub.2 O                                          
                            10-45g./L 22g./L of bath                           
     or                      of bath                                           
     nickel sulfate                                                            
                NiSO.sub.4.6H.sub.2 O                                          
                            10-50g./L 25g./L of bath                           
                             of bath                                           
     sodium     Na.sub.4 P.sub.2 O.sub.7.10H.sub.2 O                           
                            10-100g./L                                         
                                      50g./L of bath                           
     pyrophosphate           of bath                                           
     ammonium   NH.sub.4 OH 5-40cc./L 20cc./L of bath                          
     hydroxide               of bath                                           
     (58% by wt.)                                                              
     dimethylamine                                                             
                (CH.sub.3).sub.2 NHBH.sub.3                                    
                            0.1-3g./L 1.5g./L of bath                          
     borane                  of bath                                           
     ______________________________________                                    
PAR  In the bath composition of the above Table, the amount of dimethylamine
      borane is based on room temperature operation of the process. If the
      temperature is raised the amount of the borane can be decreased. Also,
      methyl amine borane can be used as the reducing agent and, since this
      substance is a stronger reducing agent than the corresponding dimethyl
      compound, smaller amounts are required. In general, the reducing agent may
      be a mono or di- substituted amine borane where the side chain is of low
      molecular weight such as methyl or ethyl. Other specific examples are
      mono-ethyl- and diethyl amine borane.
PAR  It had previously been known that, using the nickel-phosphorus type bath,
      nickel could be electrolessly deposited at room temperature on iron,
      cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium and
      platinum without pretreating the substrate to make it catalytic. It has
      now been found that, in addition to these metals, when the baths of the
      present invention are used, nickel can also be deposited at room
      temperature on copper, silver, gold, vanadium, chromium and titanium
      without pretreating the substrate to catalyze it. It can also be
      deposited, without pretreatment, on aluminum, tungsten and molybdenum at a
      temperature of 40.degree.C. and above, and on selenium at 90.degree.C. and
      above.
PAR  A desirable feature of any electroless plating bath is that it have a
      constant deposition rate over a substantial range of pH. If the plating
      rate varies too rapidly, it is difficult to deposit a controlled thickness
      of metal in a given period of time. Under normal conditions, where
      ammonium hydroxide is the principal source of hydroxyl ions in a plating
      bath, pH continuously decreases due to evaporation loss of ammonia. It was
      previously observed that this caused wide fluctuations of the rate of
      nickel deposition. However, it was also previously found by the present
      inventor that, if the pH level is first established with the proper amount
      of ammonium hydroxide, and the pH is then raised by addition of any one of
      the strong bases such as lithium hydroxide, sodium hydroxide, potassium
      hydroxide, or tetraethylammonium hydroxide, plating rate of nickel in a
      nickel-phosphorus type bath remains fairly constant over a considerable
      range of pH.
PAR  An illustration of use of a strong base (NaOH) to maintain a constant
      plating rate in the baths of the present invention is shown in the graph
      of FIG. 1. The points plotted with square dots show that a large
      difference of deposition rate of nickel is obtained when the pH is
      established using NH.sub.4 OH as the only source of hydroxyl ions. The two
      series of points plotted with solid, round dots show that if a basic pH
      level is first established with NH.sub.4 OH and then NaOH is added in
      various amounts to increase the pH, the nickel deposition rate remains
      fairly constant over a substantial range of pH. The practical effect of
      this is that, during a lengthy nickel deposition run, it is not necessary
      to be constantly adding a basic substance to maintain the pH constant.
PAR  A method of keeping the nickel deposition rate substantially independent of
      nickel ion concentration, using the amine-borane reducing agent baths of
      the present invention, is illustrated in the graph of FIG. 2. This graph
      shows that if dimethylamine borane concentration is 1.5 g./liter and if
      the Na.sub.4 P.sub.2 O.sub.7.10H.sub.2 O concentration is 50.0 g./liter,
      and pH is 10.8 at 25.degree.C. with NH.sub.4 OH, nickel deposition rate is
      fairly constant as NiSO.sub.4.6H.sub.2 O concentration is varied between
      about 20 g./liter and 50 g./liter.
PAR  The baths of the present invention can also be made up such that nickel
      deposition rate is independent of dimethylamine borane concentration. This
      is illustrated in the graph of FIG. 3. This graph shows that for a bath in
      which NiSO.sub.4.6H.sub.2 O concentration is 10 g./liter, Na.sub.4 P.sub.2
      O.sub.7.10H.sub.2 O concentration is 50 g./liter, and pH is 10.8 at
      25.degree.C. with NH.sub.4 OH, rate of deposition of nickel is
      substantially constant when concentration of dimethylamine borane varies
      between about 1.5 g./liter and 3.0 g./liter.
PAR  Another advantage of using the electroless nickel plating baths of the
      present invention is that they can be used to selectively deposit nickel
      on molybdenum-manganese or on molybdenum conductors disposed on a ceramic
      substrate without depositing nickel on the ceramic. Ceramic wafers having
      molybdenum-manganese or molybdenum conductors and conductor pads (often
      called "flat-packs") are used for mounting integrated circuits. The
      semiconductor chips and external connectors are brazed to the
      moly-manganese or molybdenum areas. Nickel is usually deposited on the
      moly-manganese or molybdenum to improve the brazing quality.
PAR  When hypophosphite type baths were used to deposit the nickel, an
      activator, such as palladium, was needed to catalyze the moly-manganese or
      molybdenum surfaces so that the nickel deposit would be initiated. The
      palladium was applied by immersing the assembly of ceramic and conductor
      areas in a solution containing hydrochloric acid and PdCl.sub.2. Some of
      the solution often became entrapped in the pores of the ceramic causing
      some palladium to deposit thereon. This, in turn, caused nickel to later
      deposit on the ceramic. To eliminate the unwanted palladium, further
      treatment was necessary, such as rinsing in hot, concentrated hydrochloric
      acid.
PAR  With the present baths it has been found that no activation treatment is
      required to deposit nickel on the moly-manganese or molybdenum areas.
      Thus, the deposition of nickel on the metal conductors of the flat-pack is
      greatly facilitated and, at the same time, the unwanted deposition of
      nickel on the ceramic is eliminated.
PAR  An example of a bath that can be used to deposit nickel on the conducting
      areas of a ceramic flat-pack having moly-manganese or molybdenum
      conducting areas is:
TBL  NiSO.sub.4.6H.sub.2 O                                                     
                          -- 25.0 g./L                                         
     Na.sub.4 P.sub.2 O.sub.7.10H.sub.2 O                                      
                          -- 50.0 g./L                                         
     (CH.sub.3).sub.2 NHBH.sub.3                                               
                          --  1.5 g./L                                         
     NH.sub.4 OH to pH    --  9.0 to 11.0                                      
PAL  when this bath is operated at 40.degree.C. and above, nickel deposits
      auto-catalytically on the molybdenum manganese or molybdenum conductors
      and does not deposit on the ceramic. This results in a cost reduction in
      the manufacture of packaged integrated circuits.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of depositing nickel electrolessly on the metallic surfaces
      only of an assembly comprising a ceramic and conducting portions made of
      an alloy of molybdenum and manganese, said method comprising:
PA1  treating said assembly with a bath, at 40.degree. C or higher, which
      contains:
TBL  a nickel salt     10 - 50 g/L                                             
     a pyrophosphate   10 - 100 g/L                                            
     ammonium hydroxide                                                        
                        5 - 40 cc/L (58% by wt.                                
                        solution)                                              
     dimethylamine borane                                                      
                       0.1 - 3 g/L.                                            
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ABST
PAL  A functionally improved tape-like, heterogeneous, strip material for use in
      the fabrication of laminated structural shapes having high value of
      Young's Modulus and high tensile strength, comprising collocated,
      unidirectional, tectonic filaments such as graphite, boron,
      silicon-carbide, S-glass and E-glass, embodied in planar concourse, into
      an organic, thermosetting resin matrix or sheath such as an epoxy or
      polyimide base polymer forming a basal tract having at least one integral
      marginal tract of differing physical character so that a relatively lower
      Young's Modulus is exhibited by the material comprising the marginal tract
      than that exhibited by the basal tract. This difference in structural
      characteristic serves to provide an inherent arrestment barrier against
      fast rupture propagation of fractures which may develop in the basal tract
      material when the composite strip is subjected to sustained overload or
      external damage. Structural composite shapes fabricated from precisely
      oriented strips, in ply-by-ply lamination, acquire this same fracture
      propagation arresting capability when all strips are oriented in such
      manner, during the laminating process or ply-by-ply build-up into a
      multiple layer composite of known toughness and stiffness, that the basal
      tracts or prime portions and the marginal tracts or edge portions of all
      strips disposed in a given direction in one ply of the laminate are in a
      vertically aligned pattern with the strips in all other plies or the
      laminate which extend in the same direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to means for inherently improving
      the structural integrity of filamentary tectonic tape-like strips or sheet
      materials and of shaped structural components which are fabricated
      therefrom by a precisely controlled lamination thereof.
PAR  More particularly the invention relates to the composition and fabrication
      of tectonic tapes, strips and sheet material employed in the lamination of
      structural shapes, hereinafter referred to as filamentary composite strips
      and structural shapes as defined by J. E. Ashton, J. C. Haplin and P. H.
      Petit in their publication: PRIMER ON COMPOSITE MATERIALS, chapter 1,
      pages 1 and 2, Technomic Publishing Company, Inc., Stamford, Conn. 1969,
      which are characterized by an inherent capability for providing protection
      against cataclysmic disintegration of the structure thus fabricated by the
      arrestment of any fast propagating fracture that may develop resultant
      from extrinsically imparted damage or sustained overloading of the tape or
      fabricated shaped article.
PAR  2. Description of the Prior Art
PAR  Conventional filamentary composite tapes, strips and fabricated tectonic
      shapes have little or no tendency toward nucleation and growth of through
      cracks under cyclic loading. However, the brittle static mode of failure
      exhibited by such filamentary composite strips and shapes creates problem
      in the structural integrity of these materials, and particularly in the
      cataclysmic disintegration or complete structural failure thereof in the
      event damage is inadvertently incurred or sustained overloading is
      experienced. It is well recognized, particularly in the aerospace
      industry, that this problem of static mode failure in advanced filamentary
      composite materials exists. Prior to the present invention, however, no
      known means had been devised to employ elastic fracture mechanics for
      predicting behavior of such materials under sustained loading in uniaxial
      tension. Such loading results in fast propagation of a rupture, as may be
      caused by external damage. Neither has a dual modulus, heterogeneous,
      tape-like strip material having residual strength capacity in excess of
      limit design load, even when damaged, been evolved or proposed by those
      having skill in the art.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of the present invention is to provide greatly improved
      laminated structural shapes or articles together with their constituent
      tape-like heterogeneous strip components, fabricated so that structural
      integrity is greatly enhanced by an inherent capability for retarding,
      arresting and substantially containing propagating fractures resultant
      from extrinsic damage or sustained overloading thereof.
PAR  A more specific object of the invention is the fabrication of tectonic
      filamentary composite articles and shapes, usually of tape-like strips,
      which comprise alternately interposed barrier strips having a relatively
      low value of Young's Modulus and made of either filamented, woven or
      matted strip material, between basal load-carrying strip material of
      higher Young's Modulus as an integral part of the structural pattern; the
      barrier strips being oriented and aligned so that they significantly
      reduce the stress intensity at the tip of a fast propagating fracture and
      possess sufficient fracture toughness that an incursive propagating
      fracture is rendered non-critical and the resultant laminate retains a
      residual strength of adequate magnitude. (Fracture toughness as used
      herein is a phrase of the art defined in ASTM-Test Method E399-72, Part 31
      (1972). Such shape may be made for example by laminating boron-epoxy or
      grahite-epoxy prime, high modulus strips. Individual low modulus barrier
      strips may be disposed intermediately and in juxtaposition with strips of
      such high modulus material. However, heterogeneous strips or tapes
      comprised of a basal high modulus tract, if desired, and two marginal
      tracts of low modulus material embodied within a common matrix may be
      employed instead of two separate strips, one of high modulus and the other
      of lower modulus. In use, such heterogeneous strips for making a laminate
      are simply disposed adjacent or in juxtaposition one to the other and the
      resulting pattern inherently provides the requisite high modulus/low
      modulus relationship with the capability for arresting a propagating
      fracture in the material of the high modulus or prime load carrying tract.
PAR  The invention will be better understood and its other objects and
      advantages will become more readily apparent from the following detailed
      description of the appended drawings, wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial representation of a typical high performance aircraft
      whose structure is largely comprised of laminated tectonic filamentary
      composite shapes;
PAR  FIG. 2 is a pictorial example of one of the component shapes of FIG. 1
      being shown detached, enlarged and exemplified in the form of ply-by-ply
      lamination as effected by disposition of tape or strip elements of the
      present invention in an angular pattern;
PAR  FIG. 3 is an enlarged sectional view taken at line III--III in FIG. 2;
PAR  FIG. 4 is a graphic representation of a typical tension specimen of the
      tape-like heterogeneous strip material of the present invention and
      particularly shows a test controlled, crack-like flaw ingrafted into its
      prime tract;
PAR  FIG. 5 is similar to FIG. 4 with the exception that the crack-like flaw is
      shown after propagation and arrestment at barrier tracts;
PAR  FIG. 6 is an exploded schematic illustration of a typical ply-by-ply
      application and angular orientation of the tape-like, heterogeneous strip
      composite as employed in the fabrication of laminated shapes having the
      greatly enhanced structural integrity in accordance with the present
      invention;
PAR  FIG. 7 is a plan view, schematic illustration of the juxtapositioned prime
      load strips and fracture propagation barrier strips employed as typical
      models for the conducting of fracture arrestment and control tests, the
      results of which are hereinafter described; and
PAR  FIG. 8 is a plan view schematic of a test specimen configuration which is
      typical for those used in the fracture arrestment and control tests
      hereinafter described.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawings there is illustrated a high
      performance, highly stressed aircraft 11 having fuselage 13, aerodynamic
      control components 15, and wings 17, the wing being shown as including
      structural panel members 19 and 21, typical of those supersonic aircraft
      that would have a significant proportion of shaped structural components
      such as panels 19 and 21, fabricated from the tectonic filamentary
      composite materials of the present invention. For clarity, wing panel 21,
      in FIG. 2, is shown disengaged, enlarged and sectionalized by ply
      cut-away. It is obvious, of course, that a panel made in accordance with
      the present invention is applicable to any of the aircraft components 13,
      15 or 17. The laminated plies illustrated by the cut-away of FIG. 2 are
      merely indicative of typical orientation; actual orientation and relative
      strip and ply disposition and orientation being dictated and governed by
      computation and preanalysis of stress and strain and by design
      constraints. Relative to panel 21, ply 23 is shown to be oriented at
      0.degree., ply 25 has a +45.degree. orientation, ply 27 has a 90.degree.
      orientation and ply 29 has a -45.degree. orientation for purposes of the
      present disclosure, the plies shown here in their preferred embodiment as
      strips 41 comprising bi-modulus tracts.
PAR  An enlarged cross-section of this preferred embodiment of the invented
      tape-like heterogeneous bi-modulus strip 41, as taken at III--III in FIG.
      2 is shown in FIG. 3. Tract 31 comprises filaments 33 having a high value
      of Young's Modulus or Modulus of elasticity (E), such as boron, graphite
      or silicon-carbide, S-glass and the like, which are collocated in
      substantial planar concourse, tensioned and then embodied into and
      impregnated with a fracture tough, resinous, thermosetting matrix or
      sheath 35 such as an epoxy base polymer or polyimide. Thus, tract 31 of
      strip 41, per se, forms a prime, load carrying, high modulus tract or
      strip. When high modulus filamentary strips 31 made in this manner are
      aligned and combined with a narrower strip or tract 37 having relatively
      lower modulus fibers or filaments 39, such as linear filaments or woven
      S-glass, as shown in FIGS. 2 and 3, and the resultant assembly is
      impregnated, the resinous, heterogeneous strip 41 is formed and
      characterized by a basal or primary tract 31 and at least one integral,
      marginal barrier tract 37.
PAR  In the fabrication of laminated tectonic shaped articles, these strips 41
      are disposed in a predetermined direction and strip length and in
      juxtaposition to form an oriented lamina or ply. As best illustrated in
      FIG. 6 the marginal barrier tracts 37 are thereby intrinsically disposed
      at the proper intervals to form rupture arrestment barriers against
      propagating fractures in the prime or basal tract 31. It is necessary,
      however, when laminating articles in accordance with the present
      invention, that the fracture barrier strips or tracts 37 running in any
      given direction in one ply, here designated by a 37a-37c, be vertically
      aligned with the barrier tracts or strips in all other, plies containing
      strips 37a-c  respectively which are co-extensive therewith and which run
      in the same direction. The basal tract 31a and its barrier tract 37a are,
      for example, thus disposed directly over and in the same direction as
      basal tract 31a and barrier tract 37a in all 0.degree. plies. This
      relationship holds true for all 0.degree. plies, all +.alpha. degree
      plies, all -.alpha. degree plies and .+-. angles intermediate thereto.
PAR  The structural concept and design technique of this invention resulted from
      an analytical study to ascertain whether conventional fracture mechanics
      could be appied to filamentary composite strip and laminated materials,
      particularly to boron/epoxy and graphite/epoxy, where boron or graphite
      filaments were embodied in an epoxy resin matrix or carrier to form tape
      or strip composites. The resultant invention established that, by
      effecting certain technique modifications, linear elastic fracture
      mechanics could be employed advantageously to predict the behavior of such
      materials. This modified technique is herein called Macroscopic Fracture
      Mechanics for Filamentary Composite Material, in order to differentiate it
      from conventional fracture mechanics.
PAR  In order to better understand the invention, attention is directed in the
      specification following to the macroscopic fracture control design
      technique and analytical model employed by the inventors in a given
      situation where local tailoring of stiffness and fracture toughness of
      laminated composite materials are factors.
PAR  The critical applied stress at which a fast crack propagates from an
      existing through-slit of length 2 l in an infinite plate is given by:
      ##EQU1##
      where K.sub.Q is the candidate fracture toughness of the material, and a
      is the characteristic dimension of the intense energy region assumed to
      exist at the ends of the slit. The two parameters which characterize the
      fracture behavior of the material, K.sub.Q and a, are determined from
      tests of control specimens and center-notched specimens such as are shown
      below:
      ##SPC1##
PAR  As indicated in FIG. 8 symbols herein for parameters or values of the basal
      tracts are denominated by a sub-numeral 1 and for the barrier tracts by a
      sub-numeral 2.
PAR  The ability to predict the fracture behavior of advanced composite
      laminates coupled with the freedom to locally tailor stiffness in these
      laminates engendered the concept for a crack-arresting laminate. The
      arrestment model is shown in FIG. 8 and specimen strips in FIGS. 4, 5 and
      7. Here strips of high modulus, load-carrying material 31 of width w.sub.1
      are separated by low modulus barrier strips 37 of width w.sub.2. The
      function of the barrier strips 37 is to provide a region of low stress
      with sufficient fracture toughness to render an entering crack 45 of
      length w.sub.1 noncritical.
PAR  The slit 43 having an initial length 2l in the load-carrying material 31
      will propagate as a fast crack 45 when the following condition is met:
      ##EQU2##
      where K.sub.Q .sbsb.1 and a.sub.1 are the fracture parameters for the high
      modulus material. As the propagating crack 45 enters the low modulus
      barrier strips 37 it has a total length equal to w.sub.1 and will diminish
      and expire if:
      ##EQU3##
      where K.sub.Q .sbsb.2 and a.sub.2 are the fracture parameters for the low
      modulus barrier material 37. For an infinitely wide laminate of the type
      shown in FIG. 8:
      ##EQU4##
      substituting this value of .sigma..sub.2 into equation (3) gives:
      ##EQU5##
      Combining equations (2) and (5) gives the relation:
      ##EQU6##
      Satisfying this condition insures that any slit 43 of initial length 2l
      will arrest under constant load upon entering the low modulus barrier
      strips 37. It should be pointed out that the above approach is based upon
      static considerations only. The barrier strip width, w.sub.2, must be
      adequate to permit the advancing fracture 45 to decelerate to a stop
      before reaching the far side of the barrier strip.
PAR  A fail-safe laminate can be obtained by imposing the condition:
      ##EQU7##
      This condition insures that the laminate containing an arrested crack of
      length w.sub.1 will still sustain limit load. The resulting laminate has
      the capacity to arrest any crack which propagates at load levels below
      limit, and thereafter maintain the residual strength capacity at the limit
      value.
PAR  The analytical values and unique design concept of macroscopic fracture
      mechanics presented above has been verified and validated by experimental
      assay and by critique of the results of a series of tests, examples of
      which follow:
PAR  Referring first to FIG. 7, five tensile specimens were constructed as
      shown. A[ 0/.+-.45/90 ].sub.2S boron-epoxy laminate was employed. Each
      specimen was fabricated in one piece; the .+-.45.degree. or secondary
      plies being continuous across the specimen thus acting to transmit or
      distribute loadings on the laminate across an adjacent or primary ply or
      plies. Each 0.degree. and 90.degree. ply, which would normally occupy the
      area reserved for the barrier strips, was omitted and replaced by either a
      +45.degree. or a -45.degree. ply maintaining symmetry about the laminate
      mid-plane. One of the specimens served as the control, while a different
      type of flaw was chased into the center of each of the four remaining
      specimens (three 0.012 inch wide slits of different lengths and one 0.750
      inch diameter hole). The control specimen was then loaded in a
      TINIUS-OLSEN constant load, hydraulic, tension test instrument and strain
      gaged to measure the strain distribution across the specimen width. A
      summary of strain readings is presented below:
      ##SPC2##
PAR  This confirmed that uniform strain distribution was obtained. The remaining
      four specimens were loaded in the same manner as the control but were not
      instrumented. Each specimen was loaded in tension until a fast crack
      propagated from the initial fracture. If arrestment was achieved, the
      specimen was unloaded to allow visual inspection of the arrested crack.
      These specimens were then reloaded to failure to measure residual strength
      with a 2.0 inch crack present.
PAR  Following the notation in FIG. 8, the stress in the primary laminate is
      given by:
      ##EQU8##
      and the stress in the barrier strips by:
      ##EQU9##
      All specimens were constructed with primary and barrier strips having the
      following properties:
PA1  E.sub.1 = 11.39 .times. 10.sup.6 psi,
PA1  E.sub.2 = 2.42 .times. 10.sup.6 psi,
PA1  W.sub.2 = 2.0 inches,
PA1  W.sub.2 = 1.0 inches,
PA1  t.sub.1 = t.sub.2 = 0.085 inch. (thickness)
PAL  The ultimate strength of the primary strip, .sigma..sub..infin..sbsb.1 has
      been determined as 60,000 psi. Assuming larger stress-strain behavior, the
      primary laminate stress at failure for the control specimen obtained by
      substituting the actual failure load of 35,000 pounds into equation (8) is
      64,100 psi. The close agreement between these two values indicates that
      the specimen was free of significant stress concentration effects. Failure
      originated approximately 1.0 inch below the fiberglass end grip 47, FIG.
      7.
PAR  Data obtained from the control and the specimen containing the 0.650 inch
      long slit was then employed to determine the fracture parameters for the
      primary laminate in accordance with the parameters for fracture behavior
      outlined above on page 10 et seq and applying macroscopic fracture
      mechanics procedures. The initial propagation stress for the 0.450 inch
      and 0.140 inch slits could then be predicted from equation (2). The
      specimen containing the 0.650 slit was statically loaded to 15,900 pounds
      at which time a crack propagated and arrested upon entering the barrier
      strips. The critical stress in the primary laminate, .sigma..sub.c
      .sbsb.1, at the time of crack propagation was, from equation (8), 29,200
      psi.
PAR  Following the procedures of macroscopic fracture mechanics for advance
      composite materials and as shown on page 10 et seq, the fracture
      parameters from the primary laminate can be evaluated:
      ##EQU10##
      and
      ##EQU11##
PAR  The critical propagation stress for any other slit of length 2l in the same
      specimen can now be given by equation (2) with the above values of K.sub.Q
      .sbsb.1 and a.sub.1 :
      ##EQU12##
PAR  The predicted critical stresses for the 0.450 inch and 0.140 inch slits
      are, from equation (10), 33,000 psi and 46,600 psi, respectively. These
      compare very well with the experimental values of 30,700 psi and 48,700
      psi.
PAR  Cracks propagating from the 0.650 inch slit, 0.450 inch slit, and 0.750
      inch diameter hole arrested upon entering the barrier strips. The specimen
      containing the 0.140 inch slit failed catastrophically. The residual
      strength data for the specimens containing an arrested 2.0 inch long crack
      were then evaluated as follows:
PAR  Assuming the stress in the barrier strip 37 with the center strip 31 of
      basal material which failed is given by:
      ##EQU13##
      The specimen containing an initial slit of length 0.650 inch had a
      residual strength after arrestment of 19,000 pounds, and from equation
      (11), .sigma..sub.c .sbsb.2 equals 10,750 psi. The corresponding stress in
      the remaining primary strip can be obtained from equation (4) as 50,600
      psi. Residual strengths for the specimens containing the 0.450 inch slit
      and 0.750 inch diameter hole were 19,350 pounds and 20,700 pounds,
      respectively. These correspond to barrier strip stresses of 10,950 psi and
      11,700 psi which are consistent with the value of 10,750 psi obtained from
      the first specimen. Primary laminate stresses at failure for the specimens
      containing the 0.450 inch slit and 0.750 inch diameter hole were 51,500
      psi and 55,000 psi respectively. All three residual strength tests produce
      primary strip stresses in excess of 40,000 psi, the limit design stress
      for the primary strip, indicating that this arrestment strip configuration
      satisfies the accepted definition of fail-safety.
PAR  Residual strength data for the specimen containing the 0.650 inch slit can
      be used to determine the fracture parameters for the barrier strip
      laminate and to verify that the catastrophic failure of the specimen
      containing the 0.140 inch slit was predictable. The accepted value for the
      ultimate strength of the barrier laminate, .sigma..sub..infin..sbsb.2, is
      20,000 psi. This value and the previously calculated value of c.sub.2,
      10,750 psi, yield:
      ##EQU14##
      ##EQU15##
      Calculated stress in the barrier strip as the propagating crack entered
      was 15,000 psi. This value is 40 percent greater than permitted by the
      inequality expressed in equation (3) using the above values of the
      fracture parameters for the barrier strip laminate, thus rendering the
      catastrophic failure predictable.
PAR  Data obtained from the five arrestment specimens described above is
      summarized in Table below:
TBL  CRACK-ARREST DATA SUMMARY                                                 
     Flaw   Initial Propagation Residual Strength                              
     __________________________________________________________________________
            P    N.sub.X                                                       
                      .sigma..sub.1                                            
                           .sigma..sub.2                                       
                                P    N.sub.X                                   
                                          .sigma..sub.1                        
                                               .sigma..sub.2                   
            (lb) (lb/in.)                                                      
                      (psi)                                                    
                           (psi)                                               
                                (lb) (lb/in.)                                  
                                          (psi)                                
                                               (psi)                           
     Control                                                                   
            35000                                                              
                 4370 64100                                                    
                           13600                                               
                                --   --   --   --                              
     .140 Slit                                                                 
            26600                                                              
                 3320 48700                                                    
                           10350                                               
                                --   --   --   --                              
     .450 Slit                                                                 
            16750                                                              
                 2090 30700                                                    
                           6520 19350                                          
                                     2420 51500                                
                                               10950                           
     .650 Slit                                                                 
            15900                                                              
                 1990 29200                                                    
                           6200 19000                                          
                                     2380 50600                                
                                               10750                           
     .750 Hole                                                                 
            17000                                                              
                 2120 31200                                                    
                           6650 20700                                          
                                     2580 55000                                
                                               11700                           
     __________________________________________________________________________
PAL  and plotted, along with the analytical prediction of specimen behavior:
      ##SPC3##
PAL  The dashed line represents the predicted load at which initial crack
      propagation occurs as expressed in equation (10). This curve is based upon
      test results obtained from the control specimen and the specimen
      containing the 0.650 inch initial slit. Test data for the 0.40 inch slit
      and 0.450 inch slit show agreement with this prediction. The solid line
      represents the average residual strength after arrestment. The three
      results obtained were within five percent of this mean value.
PAC  ADDITIONAL EMBODIMENTS OF THE INVENTION
PAR  It should be noted that while a bi-moduli, i.e., high modulus-low modulus,
      heterogeneus, tape-like strip 41 has been shown and described as the
      preferred form of laminating strip employed in carrying out the invention,
      the various plies of the invented laminated structural article having
      fracture arresting capability may also be fabricated by the alternate
      disposition of separate high modulus strips and low modulus strips placed
      in juxtaposition and agglutinated or otherwise made integral and embodied
      within a common, unitary, resinous matrix. It will also be obvious to
      those skilled in the art that the heretofore described heterogeneous tape
      having a high modulus basal tract and a relatively lower modulus marginal
      tract may be constructed or fabricated, when desired, so as to be
      integrally composed of a single high modulus basal and two relatively
      lower modulus, marginal tracts. In such case (not shown), the constituent
      plies of laminated structural articles or shapes would consist of a first
      strip of heterogeneous tape comprising a basal tract and two integral
      marginal tracts, then an adjacent high modulus strip made of the basal or
      prime material only, then another heterogeneous tape, etc., the net result
      being a ply composed of alternate tracts or strips of high modulus and low
      modulus material to form a laminate having substantially identical
      fracture arresting capabilities as those previously described hereinabove
      as the preferred form of the invention.
PAR  It will also be obvious to those skilled in the art that a compaginated
      sheet material may be fabricated by so disposing constituent materials
      having differing physical characteristics that alternate high modulus and
      low modulus rows or tracts, one adjacent to the other, are resultant
      therefrom and that laminated composite shapes having fracture arresting
      capabilities may be constructed therefrom.
PAR  As thus described, the structural article of the present invention is
      characterized as a laminated composite article composed of a heterogeneous
      material whose constituent elements possess an inherent capability for
      effecting fracture retardation and arrestment where the functional
      character of the article satisfies both of the following mathematical
      expressions:
      ##EQU16##
      ##EQU17##
PAR  Since for all practical design configurations, the initial value of the
      half crack length will lie between 0.0 and W.sub.1 /2, the values of
      a.sub.1 and a.sub.2 are substantially of the same magnitude, consequently
      equation (13) can be rewritten in general form as:
      ##EQU18##
      to thus indicate the range of values of K.sub.Q .sbsb.1, K.sub.Q .sbsb.2,
      E.sub.2 and E.sub.1 for which some degree of arrestment capacity is
      provided.
PAR  It will be appreciated that the invention herein encompasses a
      heterogeneous tape-like strip material, sheet and laminates thereof
      comprising, in combination, a basal tract and horizontally coplanar
      therewith at least one adjacent marginal fracture barrier tract with the
      basal tract possessing a higher value of Young's Modulus in the direction
      parallel to the strip, or to the tracts, than that of the marginal barrier
      tract in the same direction. It will also be appreciated that the
      heterogeneous tape-like strip material, sheet or laminate, as to said
      basal tract, comprises a fiber reinforcing material embodied within a
      resinous polymer matrix material, said reinforcing material serving as the
      load carrying medium and said matrix material serving as a carrier,
      protector, and load splicing medium around the reinforcing material.
      Further, the invention encompasses reinforcing material in said basal
      tract that has a value of Young's Modulus in the direction parallel to the
      strip, or tract, greater than nine million pounds per square inch.
PAR  By reference to the foregoing and the drawings, especially FIG. 6, it will
      be understood that a multiply heterogeneous composite structural laminate
      of this invention having high crack propagation arrestment
      characteristics, comprises: at least one fracture barrier containing
      primary ply having a plurality of generally parallel high modulus fibers
      embedded in a polymer matrix and formed from a plurality of substantially
      flat, strip-like basal tracts and fracture barrier tracts in horizontally
      coplanar edge-to-edge arrangement therewith; said basal tracts possessing
      a higher value of modulus of elasticity in the direction parallel thereto
      than that of the marginally adjacent barrier tracts in the same direction;
      and at least one load distributing secondary ply of generally parallel
      high modulus reinforcing fibers embedded in a resinous polymer matrix and
      united in face-to-face relationship to said fracture barrier containing
      ply; and said load distributing ply having load-transmitting portions
      whose modulus of elasticity as measured in the direction of the basal
      tracts of said first mentioned ply is less than said basal tracts and
      structurally connect across basal tracts of an adjacent ply for
      transmitting of loadings therebetween.
PAR  In practicing the invention a method for making a tapelike strip material
      consists of unidirectionally collocating tectonic filaments in a
      substantially planar array within a resin matrix to form a basal tract
      having a high value of Young's Modulus and high tensile strength in a
      direction parallel to the filaments; forming at least one barrier tract
      functionally directly related to the basal tract and having a Young's
      Modulus of low value relative to that of the basal tract. Forming a
      composite sheet-like article resistant to propagation of fast rupture
      fractures therein comprises: positioning a first tape-like heterogeneous
      strip material which includes unidirectionally oriented filamentary
      material forming a high tensile strength load-carrying basal strip having
      a first Young's Modulus value; and positioning on at least one side
      parallel to the orientation of the filamentary material and adjacent
      thereto a second strip having a Young's Modulus of lower value than that
      of the basal strip and forming a barrier to crack propagation in the basal
      strip; and progressively continuining placement of substantially like
      first and second strips to form the desired composite article; and joining
      the positioned first and second tape-like strips and subsequently
      progressively placed like strips to form a finitely dimensioned composite
      article. Making a laminated structural article having as an inherent
      characteristic crack propagation arrestment capability, comprises:
      positioning plural tape-like load-carrying basal tracts having a first
      predetermined Young's Modulus and high tensile strength in a predetermined
      pattern substantially conforming to design-dictated structural
      requirements; alternately interposing adjacent to and in juxtaposition
      with the thus positioned load-carrying basal tracts a plurality of barrier
      tracts having a second Young's Modulus of lesser value relative to the
      basal tracts; and joining each of the basal and barrier tracts to adjacent
      tracts to form a heterogeneous bi-modulus single ply. Then a laminate may
      be made by forming plural substantially similar plies each comprising
      plural alternately disposed basal-barrier tract plies in intimate cohesive
      relationship one to another; off-setting angularly from the preceding ply
      in the high-tensile strength direction each succeeding ply a predetermined
      amount; and positioning in vertical alignment all barrier tracts in all
      plies having the same angular orientation.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heterogeneous tape-like composite strip having horizontally coplanar
      portions differing in modulus of elasticity for forming structural
      laminates having high crack propagation arrestment characteristics
      comprising in combination:
PA1  a basal tract and at least one fracture barrier tract narrower than said
      basal tract in coplanar edge-to-edge arrangement therewith to form a
      heterogeneous tape-like, composite strip,
PA1  the basal tract adapted to carry the major portion of a load applied to
      said strip and the barrier tract forming a marginal area to said basal
      tract of said strip and acting to arrest propagation of a crack developing
      in said basal tract and extending to said barrier tract,
PA1  each of said tracts being a substantially flat strip containing a plurality
      of generally parallel reinforcement fibers embedded in a fracture tough
      resinous polymer matrix,
PA1  the tracts being disposed in a common horizontal plane and integrally
      united along their adjoining edges,
PA1  the modulus of elasticity of the basal tract fibers being greater than nine
      million pounds per square inch, and
PA1  said basal tract possessing a higher value of modulus of elasticity in the
      direction parallel thereto than that of the marginal barrier tract in the
      same direction.
NUM  2.
PAR  2. The composite strip of claim 1 in which the fibers in said basal tract
      are directionally oriented generally in the direction of said tract and
      the fibers in said barrier tract are directionally oriented generally
      angularly with respect to the fiber of said basal tract.
NUM  3.
PAR  3. The composite strip of claim 2 in which the orientation of the fibers in
      said barrier tract is about 45.degree. with respect to said basal tract
      fibers.
NUM  4.
PAR  4. The composite strip of claim 1 in which the fracture toughness and
      modulus of elasticity of said basal tract and said fracture barrier tract
      are in accordance with the expression:
      ##EQU19##
      where K.sub.Q .sbsb.1 and K.sub.Q .sbsb.2 represent the fracture toughness
      of the basal and fracture barrier tracts respectively, and E.sub.1 and
      E.sub.2 represent the modulus of elasticity of the basal and fracture
      barrier tracts respectively, all quantities measured in a direction
      parallel to said composite strip.
NUM  5.
PAR  5. The composite strip of claim 1 in which the reinforcement fibers are
      selected from the materials group consisting of boron, graphite,
      silicon-carbide and S-glass.
NUM  6.
PAR  6. The composite strip of claim 1 in which the said resinous polymer matrix
      is a thermosetting plastic.
NUM  7.
PAR  7. The composite strip of claim 1 in which said reinforcement fibers are
      provided in a woven material.
NUM  8.
PAR  8. A heterogeneous sheet-like material having horizontally coplanar
      portions of differing modulus of elasticity for fabricating therefrom a
      composite structural laminate having high crack propagation arrestment
      characteristics comprising in combination:
PA1  a plurality of basal tracts and a plurality of fracture barrier tracts in
      horizontally coplanar edge-to-edge arrangement therewith forming a
      heterogeneous composite sheet-like material.
PA1  the basal tracts adapted to carry the major portion of a load applied to
      said sheet and the barrier tracts being narrower than said basal tracts
      and disposed marginally to said basal tracts and acting to arrest
      propagation of a crack developing in one of said basal tracts and
      extending to an adjacent barrier tract,
PA1  each of said tracts being a substantially flat strip containing a plurality
      of generally parallel reinforcement fibers embedded in a fracture tough
      resinous polymer matrix,
PA1  the basal and marginal barrier tracts being alternately disposed in a
      common horizontal plane and integrally united along their adjoining edges,
PA1  the modulus of elasticity of the basal tract fibers being greater than nine
      million pounds per square inch, and
PA1  said basal tracts possessing a higher value of modulus of elasticity in the
      direction parallel thereto than that of the marginal barrier tracts in the
      same direction.
NUM  9.
PAR  9. The sheet-like material of claim 8 in which the fibers in said basal
      tracts are directionally oriented generally in the direction of said tract
      and the fibers in said barrier tract are directionally oriented generally
      angularly with respect to the fiber of said basal tract.
NUM  10.
PAR  10. The sheet-like material of claim 9 in which the orientation of the
      fibers in said barrier tract is 45.degree. with respect to said basal
      tract fibers.
NUM  11.
PAR  11. The sheet-like material of claim 8 in which the fracture toughness and
      modulus of elasticity of said basal tracts and said fracture barrier
      tracts are in accordance with the expression:
      ##EQU20##
      where K.sub.Q .sbsb.1 and K.sub.Q .sbsb.2 represent the fracture toughness
      of the basal and fracture barrier tracts respectively, and E.sub.1 and
      E.sub.2 represent the modulus of elasticity of the basal and fracture
      barrier tracts respectively, all quantities measured in a direction
      parallel to said composite strip.
NUM  12.
PAR  12. The heterogeneous sheet-like material of claim 8 in which the
      reinforcement fibers are selected from the materials group consisting of
      boron, graphite, silicon-carbide and S-glass.
NUM  13.
PAR  13. The heterogeneous sheet-like material of claim 8 in which the said
      resinous polymer matrix is a thermosetting plastic.
NUM  14.
PAR  14. The heterogeneous sheet-like material of claim 8 in which said
      reinforcement fibers are provided in a woven material.
NUM  15.
PAR  15. A multiply heterogeneous composite structural laminate having high
      crack propagation arrestment characteristics formed from a plurality of
      plies one or more of which contains horizontally coplanar portions of
      differing modulus of elasticity, comprising:
PA1  at least one fracture barrier containing primary ply having a plurality of
      generally parallel high modulus fibers embedded in a polymer matrix and
      formed from a plurality of substantially flat, strip-like basal tracts and
      fracture barrier tracts in horizontally coplanar edge-to-edge arrangement
      therewith;
PA1  the basal tracts adapted to carry the major portion of a load applied to
      said laminate and the barrier tracts being narrower than the basal tracts
      and disposed marginally to said basal tracts and acting to arrest
      propagation of a crack developing in one of said basal tracts and
      extending to an adjacent barrier tract;
PA1  the basal and marginal barrier tracts being alternately disposed in their
      ply in a common horizontal plane and integrally united along their
      adjoining edges;
PA1  said basal tracts possessing a higher value of modulus of elasticity in the
      direction parallel thereto than that of the marginally adjacent barrier
      tracts in the same direction; and
PA1  the modulus of elasticity of the basal tract fibers being greater than nine
      million pounds per square inch; and
PA1  at least one load distributing secondary ply of generally parallel high
      modulus reinforcing fibers embedded in a resinous polymer matrix and
      united in face-to-face relationship to said fracture barrier containing
      ply, and
PA1  said load distributing secondary ply having load-transmitting portions
      whose modulus of elasticity as measured in the direction of the basal
      tracts of said first mentioned ply is less than said basal tracts and
      structurally connect across basal tracts of an adjacent ply for
      transmitting of loadings therebetween.
NUM  16.
PAR  16. The structural laminate of claim 15 in which the fibers in each said
      basal tract are directionally oriented generally in the direction of such
      basal tract and the fibers in said barrier tract are directionally
      oriented generally angularly with respect to the fiber of said basal
      tract.
NUM  17.
PAR  17. The structural laminate of claim 16 in which the orientation of the
      fibers of the barrier tracts is about 45.degree. with respect to said
      basal tract fibers.
NUM  18.
PAR  18. The multiply structural laminate of claim 15 in which there are a
      plurality of said primary plies for carrying the major or primary portion
      of a tensile load applied thereto and in which the barrier tracts of each
      primary load-bearing ply extend in the same direction and are positioned
      in vertical alignment with the barrier tracts of the other primary
      load-bearing plies of the laminate.
NUM  19.
PAR  19. The structural laminate of claim 15 in which the fibers in said load
      transmitting portions of said secondary ply are angularly oriented with
      respect to the fibers of the basal tracts of said primary ply.
NUM  20.
PAR  20. The structural laminate of claim 19 in which the load transmitting
      portions of said secondary ply are in alternate coplanar arrangement with
      crack propagation barrier strips integrally joined thereto, the fibers of
      the barrier strips being angled with respect to the fibers of said load
      transmitting portions.
NUM  21.
PAR  21. The structural laminate of claim 15 in which the fracture toughness and
      modulus of elasticity of said basal tract and said fracture barrier tract
      are in accordance with the expression:
      ##EQU21##
      where K.sub.Q .sbsb.1 and K.sub.Q .sbsb.2 respectively represent the
      fracture toughness of the basal and fracture barrier tracts, and E.sub.1
      and E.sub.2 respectively represent the modulus of elasticity of the basal
      and fracture barrier tracts, all quantities measured in a direction
      parallel to said basal tracts.
NUM  22.
PAR  22. The laminate of claim 15 in which the reinforcing fibers are selected
      from the materials group consisting of boron, graphite, silicon-carbide
      and S-glass.
NUM  23.
PAR  23. The structural laminate of claim 15 in which the said resinous polymer
      matrix is a thermosetting plastic.
NUM  24.
PAR  24. The structural laminate of claim 15 in which said reinforcing fibers
      are provided in a woven material.
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ABST
PAL  A laser assembly and a novel glass laser disc having an annular lead borate
      glass coating for use in the assembly is disclosed, the annular coating
      being capable of absorbing energy at a wavelength of 1.06 microns to
      thereby absorb parasitic oscillations. The outstanding glass coating has
      an index of refraction not substantially less than the index of refraction
      of the glass disc, the glass coating containing an effective
      energy-absorbing amount of a heavy metal oxide, such as Sm.sub.2 O.sub.3
      and CuO, for absorbing energy at a wavelength of about 1.06 microns. The
      heavy metal oxides includes oxides of transition metals of the 3d, 4d, 4f
      and 5f orbital series.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a glass laser disc having an annular glass
      coating capable of absorbing energy at a wavelength of about 1.06 microns.
      The present invention also is directed to a laser assembly including the
      glass laser disc. The present invention also relates to the new use of
      glass coatings for glass laser discs in which the new use includes coating
      the disc around the periphery thereof, with a lead borate glass capable of
      absorbing energy at a wavelength of about 1.06 microns, pumping the laser
      disc to cause an energy-inversion, and passing monochromatic light through
      the disc to cause stimulated emission, and absorbing energy at a
      wavelength of 1.06 microns in the glass coating to thereby prevent
      parasitic oscillations.
PAR  It is an object of the present invention to provide a glass laser disc
      having an annular lead borate glass coating, the glass coating having an
      index of refraction not substantially less than the index of refraction of
      the glass disc, the thermal expansion and contraction of the coating being
      sufficiently compatible and matched with the glass disc so as to prevent
      the development of undesirable strains in the disc, the glass coating
      containing an effective energy-absorbing amount of a heavy metal oxide for
      absorbing energy at a wavelength of 1.06 microns to thereby prevent
      parasitic oscillations.
PAR  It is an object of the present invention to provide a glass laser disc
      having an annular lead borate glass coating, the glass coating having an
      index of refraction nearly the same as or greater than the index of
      refraction of the glass disc, the thermal expansion and contraction
      properties of the coating being sufficiently compatible with the disc so
      as to prevent the development of strains therein, the glass coating
      containing an effective energy-absorbing amount of Sm.sub.2 O.sub.3 for
      absorbing energy at a wavelength of about 1.06 microns to thereby prevent
      parasitic oscillations.
PAR  It is an object of the present invention to provide a glass laser disc
      having an annular lead borate glass coating capable of absorbing energy at
      a wavelength of about 1.06 microns, the glass coating having the following
      approximate composition:
     Ingredient        Percent By Weight                                       
     ______________________________________                                    
     SiO.sub.2         1 - 8                                                   
     ZnO                0 - 15                                                 
     PbO               50 - 75                                                 
     B.sub.2 O.sub.3    8 - 16                                                 
     BaO               0 - 3                                                   
     Sm.sub.2 O.sub.3   1 - 10                                                 
     ______________________________________                                    
PAR  It is an object of the present invention to provide a glass laser disc
      having an annular lead borate coating capable of absorbing energy at a
      wavelength of about 1.06 microns to prevent parasitic oscillations, the
      glass coating containing an effective energy-absorbing amount of CuO for
      absorbing energy at a wavelength of about 1.06 microns.
PAR  It is an object of the present invention to provide a glass laser disc
      having an annular lead borate glass coating capable of absorbing energy at
      a wavelength of 1.06 microns, the glass coating having an index of
      refraction the same as or greater than the index of refraction of the
      glass disc, the thermal expansion and contraction properties of the
      coating being sufficiently compatible with the glass disc so as to prevent
      strains from developing in the disc, the glass coating having the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
     SiO.sub.2         1 - 8                                                   
     ZnO                0 - 15                                                 
     PbO               50 - 75                                                 
     B.sub.2 O.sub.3    8 - 16                                                 
     BaO               0 - 3                                                   
     MnO.sub.2          1 - 10                                                 
     Co.sub.2 O.sub.3  0.01 - 10                                               
     ______________________________________                                    
PAL  the sum of Co.sub.2 O.sub.3 and MnO.sub.2 being not substantially greater
      than about 15%.
PAR  It is an object of the present invention to provide a laser assembly
      comprising means for providing a source of pumping light; means for
      defining a cavity for a lasing material including a housing; means for
      holding a glass laser disc in the housing and a glass laser disc located
      within the housing for causing stimulated emission, the disc having an
      annular lead borate glass coating capable of absorbing energy at a
      wavelength of 1.06 microns to effectively absorb any parasitic
      oscillations, the glass coating having an index of refraction that is
      substantially not less than the index of refraction of the glass laser
      disc, the thermal expansion and contraction of the coating being
      sufficiently compatible with the thermal expansion and contraction of the
      glass laser disc so as to prevent the development of undesirable strains
      in the disc, the glass coating containing an effective energy-absorbing
      amount of a heavy metal oxide for absorbing energy at a wavelength of
      about 1.06 microns.
PAR  It is an object of the present invention to provide a laser assembly
      including a glass laser disc having an annular lead borate glass coating
      capable of absorbing energy at a wavelength of 1.06 microns, the glass
      coating having an effective energy absorbing amount of Sm.sub.2 O.sub.3
      for absorbing energy at a wavelength of about 1.06 microns.
PAR  It is an object of the present invention to provide a laser assembly
      including a glass laser disc having an annular lead borate glass coating
      containing an effective, energy absorbing amount of CuO for absorbing
      energy at a wavelength of about 1.06 microns.
PAR  It is an object of the present invention to provide a laser assembly
      including a glass laser disc having an annular lead borate glass coating
      containing an effective energy absorbing amount of a mixture of heavy
      metal oxides comprising MnO.sub.2 and Co.sub.2 O.sub.3 for absorbing
      energy at a wavelength of about 1.06 microns to prevent parasitic
      oscillations.
PAR  It is an object of the present invention to provide the new use of a glass
      coating for a glass laser disc, the new use comprising the steps of:
PA1  a. coating the periphery of the glass laser disc with a lead borate glass
      to provide thereon an annular coating containing an effective, energy
      absorbing amount of a heavy metal oxide for absorbing energy at a
      wavelength of about 1.06 microns;
PA1  b. pumping the disc to cause an energy inversion; and
PA1  c. passing monochromatic light through the disc to cause stimulated
      emission and also preventing any parasitic oscillations by absorbing
      energy at a wavelength of 1.06 microns in the coating.
DRWD
PAR  These and other objects will be apparent from the specification that
      follows, the appended claims, and the drawings in which:
PAR  FIG. 1 is a top plan view of a glass laser disc having an annular lead
      borate glass coating:
PAR  FIG. 2 is a fragmentary elevated view of a laser assembly including a
      plurality of glass laser discs having annular lead borate glass coatings
      within the housing of the laser assembly; and
PAR  FIG. 3 is a perspective exploded view of a glass laser disc having an
      annular lead borate glass coating and means for holding the disc in the
      laser assembly.
DETD
PAR  The present invention provides a glass laser disc having an annular lead
      borate glass coating for absorbing energy at a wavelength of 1.06 microns
      to thereby absorb parasitic oscillations, the glass having an index of
      refraction that is about the same as or greater than the index of
      refraction of the glass disc, the thermal expansion and contraction of the
      coating being sufficiently compatible and matched with the glass disc so
      as to prevent development of undesirable strains therein, the glass
      coating containing an effective energy-absorbing amount of a heavy metal
      oxide for absorbing energy at a wavelength of about 1.06 microns. The
      heavy metal oxides include oxides of transition metals of the 3d, 4d, 4f
      and 5f orbital series.
PAR  The present invention also provides a laser assembly comprising means for
      providing a source of pumping light; means defining the cavity for a
      lasing material including a housing; a glass laser disc located within the
      cavity for causing stimulated emission when monochromatic light is passed
      through the disc; and means for holding the glass disc in the housing, the
      disc having an annular lead borate glass coating, the glass coating having
      an index of refraction that is not substantially less than the index of
      refraction of the glass disc, the thermal expansion and contraction
      properties of the coating being sufficiently compatible with and matched
      with the properties of the glass disc so as to prevent the development of
      undesirable strains therein, the glass containing an effective
      energy-absorbing amount of a heavy metal oxide for absorbing energy at a
      wavelength of about 1.06 microns to thereby prevent the development of
      parasitic oscillations.
PAR  The present invention also provides the outstanding new use of a glass
      coating for a glass laser disc, the new use comprising the steps of:
PA1  a. coating the disc with a lead borate glass around the periphery thereof
      to provide an annular coating that contains an effective energy-absorbing
      amount of a heavy metal oxide at a wavelength of about 1.06 microns; and
PA1  b. pumping the glass laser disc to cause an energy inversion; and
PA1  c. passing monochromatic light through the disc to cause stimulated
      emission, and preventing parasitic oscillations by absorbing energy at a
      wavelength of 1.06 microns in the glass coating.
PAR  As seen in FIGS. 1 and 2, a glass laser disc 5 is provided, having an
      annular glass coating 8 for absorbing energy at a wavelength of 1.06
      microns to absorb parasitic oscillations.
PAR  The undesirable effects of parasitic oscillations is described, for
      instance, in U.S. Pat. No. 3,508,165 to Nicolai. This patent is
      incorporated by reference for its disclosure of the problem of parasitic
      oscillation or a depumping due to the whispering mode of operation in
      which a wave front is internally reflected several times along an internal
      path within the disc.
PAR  As seen in FIG. 2, a laser assembly 10 is provided that includes flash
      tubes 12 as a means for providing a source of pumping light. There is
      provided means for defining a cavity within the flash tubes in the laser
      assembly including a substantially cylindrical housing 15. Also provided
      is means for holding the glass laser disc in the cavity, including a
      plurality of holding members 17 that are attached to the housing and
      adapted for holding the discs 5. As seen in the exploded view (FIG. 3) of
      the disc 5 and the holder 17 in the embodiment the disc is conveniently
      held on one face 19 of the holder by means of fastening members 21.
PAR  The laser assembly is operated usually as an amplifier rather than an
      oscillator, with a source of monochromatic light that provides a beam of
      monochromatic light such as a laser beam indicated by the arrow 23. The
      discs in the assembly are pumped by the flashlight to cause an energy
      inversion, and the monochromatic light beam 23 is passed through each of
      the discs to cause stimulated emission. At the same time, parasitic
      oscillation is prevented by the absorbing of energy at a wavelength of
      about 1.06 microns by the annular glass coating 8 on each of the discs.
PAR  The outstanding glass laser disc, with its annular coating for absorbing
      energy at a wavelength of 1.06 microns, can be prepared by coating a laser
      disc with an easily-processable and formable lead borate glass having an
      effective energy-absorbing amount of a metal oxide, preferably Sm.sub.2
      O.sub.3 or CuO, for absorbing energy at a wavelength of 1.06 microns.
PAR  Suitable heavy metal oxides for use in the energy-absorbing coatings
      include oxides of the transition metals of the 3d, 4d, 4f and 5f orbital
      series. Such suitable energy-absorbing oxides are MnO.sub.2, Co.sub.2
      O.sub.3, Cr.sub.2 O.sub.3, Fe.sub.2 O.sub.3, V.sub.2 O.sub.5, CuO, NiO,
      MoO.sub.3, WO.sub.3 and Sm.sub.2 O.sub.3. Also suitable for oxides of Dy,
      Tm, Tb and U. The oxides are those of transition metals, broadly having an
      atomic number between 23 and 92 that absorb at 1.06 microns and
      specifically those having an atomatic number between 23-29 (V, Cr, Mn, Fe,
      Co and Cu) or 42 (Mo) or 62 (Sm) or 66 (Dy) or 69 (Tm) or 70 (Yb) or 74
      (W) or 92 (U). It is understood that the oxides listed above are present
      in the batch in the form as set forth above but that the oxides are
      usually present in two or more forms in the glass. For instance, it is
      understood that the manganese oxide is present in the glasses and reported
      as MnO.sub.2, but that the oxide is usually present both as MnO.sub.2 and
      Mn.sub.2 O.sub.3 with the MnO.sub.2 probably being the major portion and
      the Mn.sub.2 O.sub.3 being the active energy-absorbing portion of the
      manganese oxide. Likewise, it is understood that, in the case of the other
      heavy metal oxides, the particular oxide probably is present in two or
      more forms. In the case of tungsten oxide, it is reported WO.sub.3,
      although it is usually present both as WO.sub.3 and W.sub.2 O.sub.5 with
      WO.sub.3 probably being the major portion. Cobalt oxide is reported as
      Co.sub.3 O.sub.4, although it might be present as a mixture of CoO and
      Co.sub.2 O.sub.3 in which CoO is probably the major portion. Chromium
      oxide is reported as Cr.sub.2 O.sub.3, but it is usually present both as
      Cr.sub.2 O.sub.3 and CrO.sub.3 with Cr.sub.2 O.sub.3 probably being the
      major portion. Iron oxide is reported as Fe.sub.3 O.sub.4, although it is
      present as a mixture of FeO and Fe.sub.2 O.sub.3 with the Fe.sub.2 O.sub.3
      probably being the major portion. Vanadium oxide is reported as V.sub.2
      O.sub.5, although it is usually present as a mixture of V.sub.2 O.sub.5
      and V.sub.2 O.sub.3 with V.sub.2 O.sub.5 probably being the major portion.
      Copper oxide is reported as CuO, although the oxide is usually present as
      CuO and Cu.sub.2 O with CuO probably being the major portion. Nickel oxide
      is reported as NiO, but it is understood that the oxide is present both as
      NiO and Ni.sub.2 O.sub.3, with NiO probably being the major portion.
PAR  In general, the heavy metal oxides are present in an amount of about 1 to
      10% by weight and preferably 2 to 7% by weight. Although Co.sub.3 O.sub.4
      is preferably used in amounts of 1% or more by weight, it can be used in
      amounts as low as 0.01% by weight. In general, the sum of the heavy metal
      oxides in the annular glass coating should not be substantially greater
      than about 15% by weight and preferably should not be substantially
      greater than about 10% by weight.
PAR  When a mixture of Co.sub.3 O.sub.4 and MnO.sub.2 is used, Co.sub.3 O.sub.4
      is generally present in an amount of about 5 to 6% by weight, and
      MnO.sub.2 is present in an amount of about 4 to 5% by weight.
PAR  Suitable, preferred and optimum glass coatings utilizing Sm.sub.2 O.sub.3
      as the energy-absorbing oxide have the following approximate composition,
      it being understood that the oxides listed are present in the batch:
TBL             General    Preferred  Optimum                                  
     Ingredient % by Wt.   % by Wt.   % by Wt.                                 
     ______________________________________                                    
     SiO.sub.2  1 - 8      2 - 7      4 - 7                                    
     ZnO         0 - 15     0 - 12     6 - 10                                  
     PbO        50 - 75    60 - 75    60 - 68                                  
     B.sub.2 O.sub.3                                                           
                 8 - 16     8 - 15    10 - 14                                  
     BaO        0 - 3      0 - 2      0.1 - 1                                  
     Sm.sub.2 O.sub.3                                                          
                 1 - 10     1 - 10    2 - 7                                    
     CdO        0 - 2      0 - 2      --                                       
     MgO        0 - 2      0 - 2      --                                       
     CaO        0 - 2      0 - 2      --                                       
     SrO        0 - 2      0 - 2      --                                       
     ______________________________________                                    
PAR  Within the above optimum range, excellent results have been obtained in
      which the glass coating has the following approximate composition:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  5                                                       
            ZnO        8                                                       
            PbO        64                                                      
            B.sub.2 O.sub.3                                                    
                       12                                                      
            BaO        0.5                                                     
            Sm.sub.2 O.sub.3                                                   
                       10                                                      
     ______________________________________                                    
PAR  Suitable general, preferred and optimum glass coatings, when CuO is used as
      the energy-absorbing oxide, have the following approximate compositions:
TBL             General     Preferred   Optimum                                
     Ingredient % by Wt.    % by Wt.    % by Wt.                               
     ______________________________________                                    
     SiO.sub.2  1 - 8       2 - 7       4 - 7                                  
     ZnO         0 - 15      0 - 12      6 - 10                                
     PbO        50 - 75     60 - 75     60 - 68                                
     B.sub.2 O.sub.3                                                           
                 8 - 16      8 - 15     10 - 14                                
     BaO        0 - 3       0 - 2       1 - 2                                  
     CuO         1 - 10     2 - 7       2 - 7                                  
     CdO        0 - 2       0 - 2       --                                     
     MgO        0 - 2       0 - 2       --                                     
     CaO        0 - 2       0 - 2       --                                     
     SrO        0 - 2       0 - 2       --                                     
     ______________________________________                                    
PAR  Within the above described optimum range, good results have been obtained
      in which the glass coating has the following approximate composition:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  5.24                                                    
            ZnO        8.39                                                    
            PbO        68.58                                                   
            B.sub.2 O.sub.3                                                    
                       12.58                                                   
            CuO        5.24                                                    
     ______________________________________                                    
PAR  Suitable preferred and optimum glass coatings utilizing manganese oxide and
      cobalt oxide to absorb energy have the following approximate compositions:
TBL            General     Preferred   Optimum                                 
     Ingredient                                                                
               % by Wt.    % by Wt.    % by Wt.                                
     ______________________________________                                    
     SiO.sub.2 1 - 8       2 - 7       4 - 7                                   
     ZnO        0 - 15      0 - 12      6 - 10                                 
     PbO       50 - 75     60 - 75     60 - 68                                 
     B.sub.2 O.sub.3                                                           
                8 - 16      8 - 15     10 - 14                                 
     BaO       0 - 3       0 - 2       0.1 - 1                                 
     MnO.sub.2  1 - 10      2 - 10     2 - 7                                   
     Co.sub.2 O.sub.3                                                          
               0.01 - 10   0.01 - 10   2 - 7                                   
     CdO       0 - 2       0 - 2       --                                      
     MgO       0 - 2       0 - 2       --                                      
     CaO       0 - 2       0 - 2       --                                      
     SrO       0 - 2       0 - 2       --                                      
     ______________________________________                                    
PAL  the sum of Co.sub.2 O.sub.3 and MnO.sub.2 being not substantially greater
      than about 15%.
PAR  The present invention solves a problem in the use of laser discs in laser
      assemblies by providing an easily-processable low-melting lead borate
      glass for providing an annular coating thereon. Advantageously, the low
      melting lead borate coatings can be applied to the outer edge of the disc
      at temperatures as low as about 500.degree.C., and preferably below about
      470.degree.C. or even as low as 450.degree.C. to 435.degree.C., so that
      the properties of the glass disc will be not affected by the application
      of the annular coating.
PAR  A suitable low melting host glass for the energy-absorbing heavy metal
      oxides is disclosed in U.S. Pat. No. 3,654,505, which is hereby
      incorporated by reference for its disclosure of a suitable glass for the
      heavy metal oxide absorber and method for preparing such low melting
      glasses. As disclosed therein, for instance, the lead borate glasses can
      be formed at a temperature of about 400.degree.C. to 475.degree.C., and
      preferably at about 435.degree. to 455.degree.C. In the present invention,
      the annular glass coating preferably is fused to the glass disc and bonded
      thereto at a temperature of about 435.degree. to 455.degree.C.
PAR  The low melting lead borate glasses also provide an index of refraction in
      the annular coating that is the same or greater than the index of
      refraction of the disc. Typically, the resultant lead borate glass
      coatings have an index of refraction in the range of about 1.8 or 1.9 as
      compared to an index of refraction of about 1.55 or 1.56 for a glass laser
      disc made of a lithia-calcia-alumino-silicate glass laser disc.
PAR  The glass laser disc can be made from the glass laser compositions
      disclosed in U.S. Pat. Nos. 3,457,182 and 3,471,409. The U.S. patents are
      hereby incorporated by reference for their disclosure of the preferred
      glass laser disc compositions. Excellent results are obtained with the
      glass compositions set forth in the above incorporated U.S. Pat. No.
      3,471,409 to Lee and Rapp, which discloses glass laser compositions having
      the following ingredients in approximate mole percent:
TBL  Ingredient          Mole Percent                                          
     ______________________________________                                    
             SiO.sub.2   45 - 75                                               
             Al.sub.2 O.sub.3                                                  
                         0 - 8                                                 
             Li.sub.2 O  15 - 35                                               
             CaO         1/2 - 30                                              
             Nd.sub.2 O.sub.3                                                  
                         1/10 - 2                                              
     ______________________________________                                    
PAR  Other glass laser compositions suitable for the preparation of glass discs
      for the present invention are also disclosed in U.S. Pat. Nos. 3,640,890
      and 3,640,891, which are incorporated by reference.
PAR  The laser glass compositions can be melted or formed by methods well known
      in the art, as for instance, described in U.S. Pat. No. 3,656,924, to
      Chapman and LeSueur, which is incorporated by reference. As is well known
      in the art, the molten laser glass can be conveniently cast into the form
      of discs for use in the present invention.
PAR  When Sm.sub.2 O.sub.3 and CuO are used as the energy-absorbing heavy metal
      oxides, it is possible to pump through the annular coatings which provide
      some advantages. The coatings containing Sm.sub.2 O.sub.3 and CuO transmit
      light in the visible range, and so it is possible to pump the discs
      through the coatings, which is in contrast to coatings containing
      manganese oxide and cobalt oxide as the heavy metal oxide energy
      absorbers.
PAR  The melting techniques used to melt the glass laser compositions and the
      low melting lead borate compositions are well known in the art. In
      general, the melting technique for the low melting lead borate glasses
      include the melting of the batch compositions in a platinum crucible or
      platinum lined furnace that is preferably electrically heated. Generally,
      the batch compositions are melted at about 2400.degree.F. and thereafter
      the furnace temperature lowered to around 1700.degree.F. for about 4
      hours. The resultant lead borate glass, when thoroughly heated and
      homogenized, is then quenched by conventional fritting techniques to form
      glass frit. The resultant glass frit is generally ground dry for around 2
      hours in a ball mill using alumina rods to provide a powdered glass that
      is screened to about a 100 mesh size. The powdered glass is prepared for a
      coating for discs by adding isobutyl alcohol and wet milling for about 24
      hours. The material has 100% of its particles less than about 12 microns.
      As is conventional in the art, a binder such as nitrocellulose is added to
      the finely ground material and generally the material is applied to the
      discs by, for instance, dipping or spraying. Thereafter, the coatings can
      be conveniently heated to about 842.degree.F. (about 450.degree.C.) for
      about 1 hour. The temperature employed generally must be sufficient to
      cause the coating glass to melt and flow evenly onto the edges of the
      laser disc. Thereafter, the disc is cooled at a predetermined rate
      sufficient so as not to create any undesirable strains in the glass.
      However, the temperature should not be so high as to cause the material to
      flow over the edge of the disc onto the face thereof. In general, the time
      and temperature employed in fusing the coating onto the disc is dependent
      upon the thickness of the coating and the mass of the disc.
PAR  The discs that are coated according to the present invention are generally
      of a size of from about 4 inches to 20 or more inches in diameter when the
      discs are circular in cross section. The thickness of the disc generally
      varies from about one-fourth inch to about 2 inches. Generally, the discs
      are elliptical in form as shown in FIG. 1 and generally the long axis of
      the ellipse is about 6 to 20 inches and the short axis is about 3 to 10
      inches although as is well known in the art, many sizes and shapes of
      discs can be employed, particularly in laser assemblies where the discs
      are used as amplifiers.
PAR  The lead borate coatings generally have a thickness ranging as low as about
      1 micron to as high as about 1 millimeter (1,000 microns) and preferably
      the coatings are at least 2 to 3 microns in thickness with about 4 to 10
      or 12 microns being a preferred range.
PAR  The following examples are intended to illustrate the present invention and
      not to limit the same in any way.
PAC  EXAMPLE 1
PAR  A laser disc such as shown in FIG. 1 was prepared having a circular shape
      having a 2 inch diameter and a thickness of about one-fourth inch from a
      glass laser composition having the following approximate composition:
TBL  Ingredient          Mole Percent                                          
     ______________________________________                                    
             SiO.sub.2   60                                                    
             Al.sub.2 O.sub.3                                                  
                         2.5                                                   
             Li.sub.2 O  27.5                                                  
             CaO         10                                                    
             Nd.sub.2 O.sub.3                                                  
                         0.5                                                   
             CeO.sub.2   0.16                                                  
     ______________________________________                                    
PAR  The disc was coated with a lead borate glass composition having the
      following approximate composition:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  5                                                       
            ZnO        8                                                       
            PbO        64                                                      
            B.sub.2 O.sub.3                                                    
                       12                                                      
            BaO        0.5                                                     
            Sm.sub.2 O.sub.3                                                   
                       10                                                      
     ______________________________________                                    
PAR  The glass coating composition was prepared from raw batch materials as is
      well known in the art and the coating applied to the outer periphery of
      the disc and fused thereto at a relatively low temperature of about
      455.degree.C. with no damage to the glass disc. The thickness of the lead
      borate coating containing the energy absorbing heavy metal oxide was about
      75 microns (0.003 inch). The resultant disc when used in a laser assembly
      as shown in FIG. 3 performed well and excellent results were obtained
      without excessive damage to the disc from its use. No evidence of damage
      due to parasitic oscillation was observed.
PAC  EXAMPLE 2
PAR  A glass laser disc as described in Example 1 was coated as described in
      Example 1 with a lead borate composition as follows:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  5.24                                                    
            ZnO        8.39                                                    
            PbO        68.58                                                   
            B.sub.2 O.sub.3                                                    
                       12.58                                                   
            CuO        5.4                                                     
     ______________________________________                                    
PAL  The coating procedures and testing procedures were substantially the same
      as described in Example 1 and excellent results were obtained.
PAC  EXAMPLE 3
PAR  A laser disc as described in Example 1 was coated with a low melting lead
      borate glass composition having the following approximate composition:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  5                                                       
            ZnO        8                                                       
            PbO        64                                                      
            B.sub.2 O.sub.3                                                    
                       12                                                      
            BaO        0.5                                                     
            MnO.sub.2  4.6                                                     
            Co.sub.2 O.sub.3                                                   
                       5.4                                                     
     ______________________________________                                    
PAR  In the above examples, other lead borate glass compositions disclosed
      herein as being useful and containing the heavy metal oxides as energy
      absorbers disclosed herein can be used in place of the particular lead
      borate glass coating compositions to provide substantially equivalent
      results.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A glass laser disc having an annular coating, the coating comprising a
      lead borate glass capable of absorbing energy at a wavelength of 1.06
      microns to thereby absorb parasitic oscillations, the glass coating having
      an index of refraction not substantially less than the index of refraction
      of the glass of the laser disc, the thermal expansion and contraction of
      the coating being sufficiently compatible with the glass laser disc so as
      to prevent the developement of undesirable strains in the disc, the glass
      coating comprising PbO, B.sub.2 O.sub.3, and an effective energy absorbing
      amount of a heavy metal oxide that absorbs energy at a wavelength of about
      1.06 microns.
NUM  2.
PAR  2. A disc as defined in claim 1 in which the heavy metal oxide includes
      Sm.sub.2 O.sub.3.
NUM  3.
PAR  3. A disc as defined in claim 1 in which the energy absorbing, heavy metal
      oxide includes CuO.
NUM  4.
PAR  4. A disc as defined in claim 2 in which the Sm.sub.2 O.sub.3 is present in
      an amount of about 1 - 10% by weight of the total glass coating
      composition, and the coating is sufficiently transparent to pumping light
      that the disc can be pumped therethrough.
NUM  5.
PAR  5. A disc as defined in claim 2 in which the Sm.sub.2 O.sub.3 is present in
      an amount of about 2-7% by weight of the total glass composition, and the
      glass laser disc has the following ingredients in approximate mole
      percentages:
TBL  Ingredient          Mole Percent                                          
     ______________________________________                                    
             SiO.sub.2   45 - 75                                               
             Al.sub.2 O.sub.3                                                  
                         0 - 8                                                 
             Li.sub.2 O  15 - 35                                               
             CaO         1/2 - 30                                              
             Nd.sub.2 O.sub.3                                                  
                         1/10 - 2  .                                           
     ______________________________________                                    
NUM  6.
PAR  6. A disc as defined in claim 1 in which the Sm.sub.2 O.sub.3 is present in
      an amount of about 10% by weight of the total glass composition of the
      coating.
NUM  7.
PAR  7. A disc as defined in claim 3 in which CuO is present in an amount of
      about 1 - 10% by weight of the total glass composition.
NUM  8.
PAR  8. A disc as defined in claim 3 in which the CuO is present in an amount of
      about 2 - 7% by weight.
NUM  9.
PAR  9. A disc as defined in claim 3 in which the CuO is present in an amount of
      about 5% by weight of the total glass composition.
NUM  10.
PAR  10. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  1 - 8                                                   
            ZnO         0 - 15                                                 
            PbO        50 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 16                                                 
            BaO        0 - 3                                                   
            Sm.sub.2 O.sub.3                                                   
                        1 - 10.                                                
     ______________________________________                                    
NUM  11.
PAR  11. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  2 - 7                                                   
            ZnO         0 - 12                                                 
            PbO        60 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 15                                                 
            BaO        0 - 2                                                   
            Sm.sub.2 O.sub.3                                                   
                        1 - 10                                                 
            CdO        0 - 2                                                   
            MgO        0 - 2                                                   
            CaO        0 - 2                                                   
            SrO        0 - 2.                                                  
     ______________________________________                                    
NUM  12.
PAR  12. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent by Weight                                       
     ______________________________________                                    
            SiO.sub.2  4 - 7                                                   
            ZnO         6 - 10                                                 
            PbO        60 - 68                                                 
            B.sub.2 O.sub.3                                                    
                       10 - 14                                                 
            BaO        0.1 - 1                                                 
            Sm.sub.2 O.sub.3                                                   
                       2 - 7                                                   
     ______________________________________                                    
PAL  and the laser glass disc having the following ingredients in approximate
      mole percentages:
TBL  Ingredient          Mole Percent                                          
     ______________________________________                                    
             SiO.sub.2   45 - 75                                               
             Al.sub.2 O.sub.3                                                  
                         0 - 8                                                 
             Li.sub.2 O  15 - 35                                               
             CaO         1/2 - 30                                              
             Nd.sub.2 O.sub.3                                                  
                         1/10 - 2  .                                           
     ______________________________________                                    
NUM  13.
PAR  13. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  5                                                       
            ZnO        8                                                       
            PbO        64                                                      
            B.sub.2 O.sub.3                                                    
                       12                                                      
            BaO        0.5                                                     
            Sm.sub.2 O.sub.3                                                   
                       10.                                                     
     ______________________________________                                    
NUM  14.
PAR  14. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  1 - 8                                                   
            ZnO         0 - 15                                                 
            PbO        50 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 16                                                 
            BaO        0 - 3                                                   
            CuO         1 - 10.                                                
     ______________________________________                                    
NUM  15.
PAR  15. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  2 - 7                                                   
            ZnO         0 - 12                                                 
            PbO        60 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 15                                                 
            BaO        0 - 2                                                   
            CuO         1 - 10                                                 
            CdO        0 - 2                                                   
            MgO        0 - 2                                                   
            CaO        0 - 2                                                   
            SrO        0 - 2.                                                  
     ______________________________________                                    
NUM  16.
PAR  16. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  4 - 7                                                   
            ZnO         6 - 10                                                 
            PbO        60 - 68                                                 
            B.sub.2 O.sub.3                                                    
                       10 - 14                                                 
            BaO        1 - 2                                                   
            CuO        2 - 7.                                                  
     ______________________________________                                    
NUM  17.
PAR  17. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  5.24                                                    
            ZnO        8.39                                                    
            PbO        68.58                                                   
            B.sub.2 O.sub.3                                                    
                       12.58                                                   
            CuO        5.24.                                                   
     ______________________________________                                    
NUM  18.
PAR  18. A disc as defined in claim 1 in which the energy-absorbing heavy metal
      oxide is a mixture of MnO.sub.2 and Co.sub.2 O.sub.3.
NUM  19.
PAR  19. A disc as defined in claim 1 in which the glass is a lead-borate glass,
      and the energy-absorbing oxide is a mixture of about 2 to 7% by weight of
      MnO.sub.2 and 2 to 7% by weight of Co.sub.2 O.sub.3.
NUM  20.
PAR  20. A disc as defined in claim 1 in which the energy-absorbing oxide
      comprises a mixture of about 4.6% by weight, based on the weight of the
      glass of MnO.sub.2 and about 5.4% by weight, based on the weight of the
      glass of Co.sub.2 O.sub.3.
NUM  21.
PAR  21. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  1 - 8                                                   
            ZnO         0 - 15                                                 
            PbO        50 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 16                                                 
            BaO        0 - 3                                                   
            MnO.sub.2   1 - 10                                                 
            Co.sub.2 O.sub.3                                                   
                       0.01 - 10                                               
     ______________________________________                                    
PAL  the sum of Co.sub.2 O.sub.3 and MnO.sub.2 being not substantially greater
      than about 15%.
NUM  22.
PAR  22. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  2 - 7                                                   
            ZnO         0 - 12                                                 
            PbO        60 - 75                                                 
            B.sub.2 O.sub.3                                                    
                        8 - 15                                                 
            BaO        0 - 2                                                   
            MnO.sub.2   2 - 10                                                 
            Co.sub.2 O.sub.3                                                   
                       0.1 - 10                                                
            CdO        0 - 2                                                   
            MgO        0 - 2                                                   
            CaO        0 - 2                                                   
            SrO        0 - 2                                                   
     ______________________________________                                    
PAL  the sum of Co.sub.2 O.sub.3 and MnO.sub.2 being not substantially greater
      than about 15%.
NUM  23.
PAR  23. A disc as defined in claim 1 in which the glass coating has the
      following approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  4 - 7                                                   
            ZnO         6 - 10                                                 
            PbO        60 - 68                                                 
            B.sub.2 O.sub.3                                                    
                       10 - 14                                                 
            BaO        0.1 - 1                                                 
            MnO.sub.2  2 - 7                                                   
            Co.sub.2 O.sub.3                                                   
                       0.2 - 7                                                 
     ______________________________________                                    
PAL  the sum of Co.sub.2 O.sub.3 and MnO.sub.2 being not substantially greater
      than about 10%.
NUM  24.
PAR  24. A disc as defined in claim 1 in which the glass has the following
      approximate composition:
TBL  Ingredient        Percent By Weight                                       
     ______________________________________                                    
            SiO.sub.2  5                                                       
            ZnO        8                                                       
            PbO        64                                                      
            B.sub.2 O.sub.3                                                    
                       12                                                      
            BaO        0.5                                                     
            MnO.sub.2  4.6                                                     
            Co.sub.2 O.sub.3                                                   
                       5.4.                                                    
     ______________________________________                                    
NUM  25.
PAR  25. A disc as defined in claim 1 in which the heavy metal oxide is an oxide
      of a transition metal having an atomic number between 23 and 29.
NUM  26.
PAR  26. A disc as defined in claim 25 in which the transition metal is
      vanadium.
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ABST
PAL  There is disclosed a process of the manufacture of reprographic sheets for
      use in electrostatography and papers produced thereby. In this method a
      coating composition is applied to a substrate, generally paper, out of a
      solution of a mixture of mutually miscible organic liquids, one being a
      solvent for the polymer and the other a non-solvent for the polymer and
      removing the organic liquids with most of the solvent being removed before
      a significant amount of non-solvent is removed.
BSUM
PAR  The present invention relates to a process for the manufacture of papers
      for use in electrostatography and electrostatographic papers produced
      thereby. As used herein, the term "electrostatography" is intended to
      refer to any reprographic process using electrostatics and may
      conveniently be divided into two main categories, namely
      electrophotography and electrography.
PAR  In electrophotography, electrostatics are used in conjunction with some
      form of radiation, typically visible or ultraviolet light. One example of
      an electrophotographic process is the well established process in which an
      electrostatic charge is applied to the surface of an electrically
      relatively conducting paper (i.e., having a surface resistivity from about
      10.sup.6 to 10.sup.9 ohms per square) coated with a dispersion of zinc
      oxide, or other photoconductive material, in an electrically relatively
      nonconducting binder (i.e., having a surface resistivity from about
      10.sup.11 to 11.sup.14 ohms per square). The charge is then selectively
      discharged from the surface of the paper by exposing it to light,
      reflected from or transmitted through the non-printed areas of the item to
      be copied thereby leaving charged areas on the surface of the paper
      corresponding to the printed areas on the item to be copied. Finely
      divided colouring matter is then applied to the surface of the paper and
      adheres to the charged areas corresponding to the printed areas of the
      item to be copied. Typically, the finely divided colouring material is
      applied to the surface of the paper by flooding the surface with a
      dispersion of the colouring material in an inert liquid. The image is then
      fixed is then fixed in place by some suitable means, typically by heating.
      Such a process depends on the initial application of an overall
      electrostatic charge to the paper and its subsequent selective discharge
      due to the photoconductive properties of the zinc oxide dispersion. Other
      photoconductive materials which may be used in place of the zinc oxide
      coating include organic photoconductive materials.
PAR  In electrography, electrostatics are used without radiation. An example of
      an electrographic process is the so called "dielectric-printing" process
      in which a charged pattern is applied to the surface of an electrically
      relatively conducting paper coated with a layer of a relatively
      non-conducting polymer. The patterned charged paper is then treated with
      finely divided colouring material in a similar manner as described above
      for the electrophotographic process and fixed so that it adheres to the
      patterned charge and is then fixed thereon in a similar manner to that
      described above. The charged pattern may be applied, for example, from the
      points of a matrix of pins selectively actuated by the output of a
      computer.
PAR  Papers for electrophotographic process are generally prepared by coating an
      electrically relatively conducting paper with a composition comprising a
      dispersion of zinc oxide or other photoconductive material in a solution
      of one or more substantially non-conducting polymers. This dispersion is
      applied to the paper by means of conventional papercoating machines and
      the solvent is allowed to evaporate (optionally with the assistance of
      heat and/or a current of air) to form a layer of the polymer containing
      the photoconductive material on the surface of the paper. Papers for
      electrographic processes are generally prepared in a similar manner except
      that the composition with which the paper is coated contains no
      photoconductive material, that is the coating applied to the paper
      comprises a layer formed of one or more substantially non-conducting
      polymers. Typical dry film weights of known coatings are:
TBL  zinc oxide coating 25 - 35 gms/sq. meter                                  
     dielectric (polymer) coating                                              
                         3 - 9  gms/sq. meter                                  
PAR  In general it may be said that, within practical limits, the greater the
      film weight, the better the performance of the paper in an
      electrostatographic process. Increased film weight, however, naturally
      leads to an increase in cost and, particularly in the case of the dense
      zinc oxide coatings, leads to the production of papers which are
      unacceptably heavy and have an unacceptable handle.
PAR  One method of forming electrographic papers is illustrated by U.S. Pat. No.
      3,399,060. In this patent the coating composition is applied from an
      aqueous system or emulsion, either water in oil or oil in water. On
      drying, the coating layer contains voids which the patentee alleges
      results in a photosensitive coating more responsive to light exposure than
      an equal conventional coating of the same polymer and photoconductive
      particles which contains no voids. The two component system thereof, one
      of which is water, however, while providing a lighter weight coating
      through the voids, possesses disadvantages in that the resulting copy does
      not meet the standards of conventional copy papers.
PAR  British Pat. No. 1,178,612 does not deal with the preparation of
      electrographic papers. The patent, however, does relate to coating of
      substrates resulting in films which are microporous to provide an opaque
      film without the necessity of pigments conventionally used to provide
      opaque films. This process uses a solution of the film forming polymer
      which solution comprises at least two miscible liquids, at least one of
      which is a non-solvent for the polymer and has a lower volatility than the
      other liquid in the mixture. On evaporation the low-volatility non-solvent
      leaves microscopic voids in the structure which cause light scattering and
      opacity, such as to provide a Kubelka-Munk scattering coefficient greater
      than 0.5 reciprocal mils at 4400 angstroms and greater than 0.1 reciprocal
      mils at 5600 angstroms. The patent points that substantially all the voids
      or cells are less than 1 micron and preferably less than 0.5 microns in
      size. With many of the films essentially none of the cells are larger than
      0.1 microns.
PAR  It has now been found, in accordance with the present invention, that the
      performance of a coating in an electrographic paper, at a given film
      weight, may be increased simply by incorporating in the coating
      composition applied to the paper a relatively involatile liquid which is a
      non-solvent for at least one of the polymer components of the composition.
      Thus, it has been found in accordance with the invention, that coating
      film weights may be substantially reduced without loss of reprographic
      performance or, alternatively, it is possible to produce papers which, at
      a given film weight, give improved print density as compared with
      conventionally coated papers.
PAR  According to the invention, therefore, there is provided a process for the
      preparation of a reprographic sheet for use in an electrostatographic
      process by coating the surface of an electrically relatively conducting
      substrate with a coating composition comprising a solution of one or more
      electrically relatively non-conducting polymers in a solvent therefor and
      subsequently allowing the coating to dry, in which the coating composition
      slao contains a relatively involatile liquid which is a non-solvent for at
      least one of the polymer components of the solution. The substrate used in
      the process of the invention will most commonly be a paper but it will be
      understood that other substrates may be employed such a white lined board,
      provided they have the required electrical characteristics. In the
      following description, for the sake of convenience, reference will be made
      only to the use of paper as a substrate but it will, of course, be
      understood that the discussion is applicable to the use of other
      substrates.
PAR  A variety of relatively non-conducting polymers may be used in the coating
      compositions employed in the process of the invention, including, for
      example vinyl modified alkyd resins, silicone modified alkyd resins and
      vinyl or vinylidene polymers and copolymers. It has been found that
      polymers and copolymers of vinyl acetate and and styrene are especially
      useful in the practice of the process of the invention. The preferred
      styrene copolymers are those of styrene and ethyl acrylate wherein either
      monomer is present in the copolymer in an amount of 35-65% by weight. The
      preferred vinyl acetate copolymers are those using the alkyl acrylates
      such as n-butyl acrylate as the comonomer wherein the vinyl acetate
      comprises 80-95%, and preferably about 90% by weight of the copolymer. The
      polymers or copolymers may contain functional groups such as hydroxyl or
      carboxyl groups in order to improve the wetting or adhesion properties of
      the polymer.
PAR  The coating compositions used in the process of the invention contain a
      solvent for the polymer and this solvent may comprise a single compound or
      a mixture of solvents. The solvent must dissolve all the polymer
      components of the coating composition and should be sufficiently volatile
      to evaporate from the coated paper at an acceptable rate having regard to
      the speed of the coating machine and the drying conditions employed.
      Suitable solvents include, for example, toluene, ethanol, isopropanol,
      methyl ethyl ketone and ethyl acetate or mixtures thereof. The non-solvent
      liquid added to the coating composition in accordance with the present
      invention may also comprise one or more compounds and must be appreciably
      less volatile than the solvent, suitably, for example, having a boiling
      point from about 40.degree.C. to about 80.degree.C. above that of the
      solvent, the upper limit being determined by the drying conditions
      employed in the coating process. It has been found that the best results
      are obtained in accordance with the invention when the solvent-nonsolvent
      combination is such that most of the solvent evaporates from the coating
      before significant loss of non-solvent occurs, i.e. such that the bulk of
      the non-solvent evaporates towards the end of the drying process.
      Preferred non-solvents, in view of their low cost and general suitability
      to most of the polymers employed, are the relatively high boiling (about
      300.degree.-400.degree.F.), nonpolar, aliphatic hydrocarbons, high in
      paraffins (.sup.C 10 or longer), Illustrative of those consisting
      substantially of paraffinic hydrocarbons are white spirit, odourless white
      spirit and a commercially available product "Isopar G" believed to be
      composed largely of isododecane (about 93% paraffinic hydrocarbon and
      about 7% naphthenes). Another suitable commercial product is AMSCO's
      Naphthol Spirits 66/3, which is lower in paraffin content and higher in
      naphthene content that Isopar G, i.e. about 50% of each.
PAR  However, other non-solvents may be used and thus, for example, commercial
      trimethyl benzene is a suitable non-solvent for use in conjunction with
      many styrene, vinyl acetate and acrylic copolymers for which it is a
      non-solvent although it is unsuitable for use with conventional vinyl
      modified alkyd resins on account of its relatively high solvent power for
      such polymers.
PAR  Where the reprographic sheet produced in accordance with the invention is
      intended for use in an electrographic process, the coating composition
      will, of course, not contain any zinc oxide or other photoconductive
      material but the composition will contain such photoconductive material
      when the reprographic sheet is intended for use in an electrophotographic
      process. The photoconductive properties of zinc oxide are commonly
      enhanced by incorporating certain dyestuffs into the coating composition
      and, in such cases, the coating composition used in the process of the
      invention is preferably formed by dispersing the zinc oxide and
      dyestuff(s) in all or part of the solvent before adding to the polymer
      thereto, preferably as a concentrated solution. The non-solvent may be
      incorporated at any stage of this process.
PAR  The concentration of the polymer in the solution is determined by
      considerations well known in the art, i.e. 50-60% solids by weight, as are
      the amounts and quantities of the zinc oxide and dyestuffs when such are
      employed, i.e. zinc oxide to polymer ratios of 4-8 and 100-250 ppm based
      on zinc oxide of dyestuff.
PAR  The quantity of non-solvents present in the coating composition should be
      less than that amount which causes precipitation of the polymer from the
      solution at the concentration chosen for application. This limit is
      readily determined by titration of the polymer solution with the
      non-solvent to the point at which the first signs of permanent cloudiness
      are observed. Further, the quantity of non-solvent in the composition
      should be such that the quotient (volume of non-solvent) / (volume of
      non-solvent plus volume of polymer) has a value of from 0.35 to 0.65. Thus
      it has been found that for a value of the above quotient below 0.35, the
      advantages of the use of the non-solvent are not appreciably shown whereas
      for values above about 0.65, the dried film tends to be friable.
DETD
PAR  In order that the invention may be well understood, the following Examples
      are given by way of illustration only. In the Examples all parts and
      percentages are by weight unless otherwise stated. In the Examples the
      saturation potential and light decay rates of the coating were measured at
      55% R.H. on a Dyntest 90 machine (manufactured by E.C.E. G. mbh of
      Giessenr Germany) measured at 55% R.H.
PAC  EXAMPLE 1
PAR  The polymer used in this Example was Synolac 607S (a nominally 60% solution
      in toluene of a styrene copolymer) (about 40% styrene and 60% ethyl
      acrylate), marketed by Cray Valley Products Limited.
PAR  Synolac 607S (50 parts), electrophotographic grade zinc oxide (180 parts),
      and toluene (121 parts) were mixed together and ball-milled to a Hegman
      gauge ("fineness of grind") reading of 5. The resultant dispersion had a
      total solids (zinc oxide + polymer) content of 59.8% and a vehicle solids
      content (concentration of polymer in the binder solution) of 17.5%. The
      pigment: binder ratio was 6:1.
PAR  To this dispersion were added the following dyestuffs at the levels stated,
      addition being in the form of 1% ethanolic solution and followed by
      thorough stirring:
PA1  Bromophenol blue (BPB) -- 50 parts per million calculated on the weight of
      zinc oxide
PA1  Uranine (C.I 45350) -- 100 parts per million calculated on the weight of
      zinc oxide.
PA1  Methylene blue -- 25 parts per million calculated on
PA1  (C.I 52015) -- the weight of zinc oxide
PAR  Part of the dispersion (Example 1A) was thinned with toluene to a vehicle
      solids content of 15%, for use as a control in accordance with the prior
      art.
PAR  Part of the dispersion (Example 1B) was thinned with Isopar G to a vehicle
      solids content of 15%. The liquid phase of this solution contained 70%
      toluene, 15% polymer and 15% Isopar G. The density of the solid polymer
      present in the Synolac 607S solution was found to be 1.05 grams per cubic
      centimeter; the density of Isopar G was found to be 0.75 grams per cubic
      centimeter so that the quotient (volume of non-solvent + volume of
      polymer) had the value of 0.58. The boiling point of toluene is
      111.degree.C.; Isopar G has a boiling range of 160.degree. to
      174.degree.C. Taking the mid-point of the Isopar G boiling range, the
      difference in boiling point between toluene and Isopar G is 56.degree.C.
PAR  The thinned dispersions of Examples 1A and 1B were each applied by hand
      using a wire-wound bar coater to a commercial conductive basepaper and
      dried in a current of warm air. The coated papers were stored in the dark
      at 70.degree.F. and 55% relative humidity for 16 hours and were then
      compared for electrophotographic performance using an SCM 44 copying
      machine and a standard test print.
PAR  The paper coated with the composition 1A gave a clean background at an
      exposure setting one stop lower than the paper coated with the composition
      1B, i.e. it was marginally faster in use. However, prints on the paper
      coated with composition 1A were less dense than those on paper coated with
      composition 1B and where not acceptable by commercial standards. Printes
      on the paper coated with composition 1B were of good quality, having clean
      backgrounds and high print density. Both coatings 1A and 1B were applied
      at a rate of 22 grams per square meter. With regard to electrical
      properties 1A had a saturation potential of 370 volts and light decay rate
      of 37 volts/second while 1B has a saturation potential of 480 volts and a
      light decay rate of 22 volts/second.
PAC  EXAMPLE 2
PAR  A dye solution was prepared consisting of Bromophenol blue (0.75g) and
      Eosin (C.I. 45386) (0.25g) in industrial ethanol (100 ml).
PAR  Coating composition 2A was prepared by ball-milling for 4 hours a mixture
      of toluene (960 g), Isopar G (240 g), electrophotographic grade zinc oxide
      (800 g) and the above dye solution (27 ml) after which Synolac 607S (500
      g) was added and ball-milling continued to a Hegman gauge reading of 5 -
      6.
PAR  Coating composition 2B was prepared in a single stage by ball milling to a
      Hegman gauge reading of 5 - 6, toluene (1200 g), electrophotographic grade
      zinc oxide (800g) dye solution (27 ml) and Synolac 607S (500 g).
PAR  These compositions were each applied to conductive base paper by means of a
      pilot plant coater employing a reverse roll system. The coated papers were
      dried by passage through a hot-air chamber maintained at 90.degree.C. The
      coating machine was adjusted to give dry film weights of 22 grams per
      square meter using composition 2B. Coating 2A had a saturation potential
      of 560 volts and a light decay rate of 51 volts/second while 2B had a
      saturation potential of 640 volts and a light decay rate of 53
      volts/second.
PAR  When tested on the S.C.M. 44 copying machine, both papers required the same
      minimum exposure setting to give a clean backgroung, at which setting the
      densities of the prints were indistinguishable, despite the lower film
      weight of composition 2A.
PAC  EXAMPLE 3
PAR  A dispersion was prepared by ball-milling the following ingredients to a
      Hegman gauge reading of 5 - 6:
PA1  34 grams of Synolac 608S (a 50% solution in toluene of a vinyl acetate
      (about 90%) and n-butyl acrylate copolymer, respectively about 90:10
      ratio)
PA1  23 grams of Synolac 609S (a 60% solution in toluene of a styrene and ethyl
      acrylate copolymer, respectively about a 40:60 ratio)
PA1  110 grams of toluene
PA1  180 grams of zinc oxide, electrophotographic grade.
PAR  The total solids content of this dispersion was 60% and the vehicle solids
      17.7%.
PAR  Coating compositions 3A and 3B were prepared by adding to 50 gram portions
      of the above dispersion 4.2 grams toluene and 4.2 grams commercial
      trimethyl benzene respectively, followed in each case by a dyestuff
      mixture in 1% ethanolic solution to give the following dyestuff
      concentration calculated on the zinc oxide.
TBL  Bromophenol blue        50 ppm.                                           
     Uranine                100 ppm.                                           
PAR  Both coating were each applied to a commercial conductive paper by means of
      a bar coater and dried in a stream of warm air to give dry film weights of
      25 grams per square meter.
PAR  When tested on the S.C.M. 44 copier, the papers coated with composition 3B
      gave prints which were substantially denser at the same machine setting.
      The saturation potential of 3A was 470 volts while 3B had a saturation
      potential of 530 volts.
PAC  EXAMPLE 4
PAR  Two electrographic coating compositions were prepared by ball-milling the
      following ingredients for 3 hours to a Hegman gauge reading of 8+:
TBL                  4A                 4B                                     
     Synolac 620S    215 grams          215 grams                              
     Syloid 165      20 grams           20 grams                               
     Toluene         150 grams          200 grams                              
     Industrial ethanol                                                        
                     65 grams           65 grams                               
     Isopar G        50 grams           --                                     
PAR  Synolac 620S is a 60% solution of a styrene and ethyl acrylate copolymer,
      respectively about a 60:40 ratio. Syloid 165 is a micronized silica
      marketed by W. R. Grace Limited. Its inclusion is merely to give a
      preferred mat finish to the coating -- it is not essential to the working
      of the example.
PAR  Both dispersions were each applied to a commercial conductive base-paper by
      means of a bar coater and dried in a current of warm air to give dry film
      weights: (4A) 3.9 grams per square meter, (4B) 4.2 grams per square meter.
      When the papers were tested on an electrographic facsimile printer
      (marketed by Syntron), the prints on the paper coated with composition 4A
      were greatly superior in density and contrast. The saturation potential of
      4A was 200 volts while 4B had a saturation potential of 100 volts.
PAC  EXAMPLE 5
PAR  The Kubelka-Munk scattering coefficients as defined in British Pat. No.
      1,178,612 were determined on the results obtained with the 608S and 609S
      solutions incorporating nonsolvent. The results were as follows:
TBL           Scatter coefficient (reciprocal mils)                            
     Wavelength (nm)    608S          609S                                     
     ______________________________________                                    
     400                8 .times. 10.sup..sup.-4                               
                                      5 .times. 10.sup..sup.-3                 
     440                8 .times. 10.sup..sup.-4                               
                                      5 .times. 10.sup..sup.-3                 
     500                8 .times. 10.sup..sup.-4                               
                                      4 .times. 10.sup..sup.-3                 
     560                7 .times. 10.sup..sup.-4                               
                                      4 .times. 10.sup..sup.-3                 
     580                7 .times. 10.sup..sup.-4                               
                                      4 .times. 10.sup..sup.-3                 
     ______________________________________                                    
PAC  EXAMPLE 6
PAR  This example serves to compare copy quality of the process and product of
      U.S. Pat. No. 3,399,060 with that of the present ivention. In this work,
      examples 2, 3 and 4 of U.S. Pat. No. 3,399,060 were duplicated using the
      materials as follows:
PA1  Example (2): Polyvinyl alcohol (DuPont type A grade RH-403), zinc oxide
      (Photox 80-New Jersey Zinc), distilled water, ammonium oleate and
      kerosene. This represents an oil-in-water emulsion.
PA1  Example (3): Ethyl cellulose (Hercules K type 45 cps), zinc oxide (Pnotox
      80), benzene, Triton X-405 surfactant (Rohm & Haas), distilled water and
      10 drops of 1% dye sensitizer (3:1 BPB/EOSINE). This is a water in oil
      emulsion.
PA1  Example (4) Acid casein, 28% NH.sub.3, zinc oxide (Photox 80), distilled
      water, uranine dye sensitizer and kerosene. Represents oil-in-water.
PAL  Dispersion and preparation of these samples was done as indicated in the
      patent except that 10 drops of 1% dye solution was also added to Example
      (2). For comparison a coating was prepared following Example 3 above
      except that the polymer was solely the 609 product (no 608) and the zinc
      oxide was Photox 80. Papers were prepared on Weyerhaeuser base paper "M",
      an electroconductive base paper, and run on an APECO copier. Examples (2)
      and (4) of the U.S. patent would not provide a print on the copier.
      Example (3) of the U.S. patent through providing a print which was
      legible, but of poor quality, was not acceptable by commercial standards.
      In contrast the product of this invention provided an acceptable print.
PAC  EXAMPLE 7
PAR  In view of U.S. Pat. No. 3,399,060, four coatings were prepared and void
      sizes studied. The four coatings were (a) Example 3 of U.S. Pat. No.
      3,399,060 as in Example 6 above but without dye sensitizer, (b) a
      conventional film coating with the 609 product without any non-solvent and
      (c) a coating using the AMSCO Naphthol Spirits 66/3 non-solvent at an 8.5%
      non-solvent and (d) a repeat of (c) at a 15.0% non-solvent level. The
      formulation of coatings (b), (c), and (d) were as follows:
TBL                        (b)    (c)     (d)                                  
     Zinc Oxide (Fotofax 661)                                                  
                           50     50      50                                   
     Styrene-ethyl acrylate copolymer (609)                                    
                           12     12      12                                   
     Naphthol Spirits 66/3 --      4.6     8.1                                 
     Toluene               42     37.4    33.9                                 
     % Non-solvent (on total vehicle)                                          
                           none    8.5    15.0                                 
PAR  These coatings were prepared by dispersion in glass jars. Drawdowns were
      made on Weyerhauser "J" base paper and on teflon coated fabric with 3.0
      mil and 1.5 mil wet bar, No. 12, No. 20 and No. 40 Meyer rods. Void size
      was determined on the Scanning Electron Microscope on surface pictures and
      cross section views of free films.
PAR  Coating (a) showed definite voids in the cross-sectional area, however, the
      majority of these appeared to be in the 1.3-1.7 micron area. Coatings (b)
      - (d) showed similar appearances and void sizes. Continuous micro-pores
      appear in the coating rather than discrete closed cells. Measurements
      indicated that the majority of the voids were in the 0.7-1.5 micron range
      with a very small percentage above this.
PAR  As can be seen from the foregoing, improved quality reprographic sheets may
      be produced by applying to the substrate a composition of a film forming
      polymer in a solvent mixture for the polymer, the solvent mixture
      comprising at least two mutually miscible organic liquids, at least one of
      which is a solvent for the polymer and at least one of which is a
      non-solvent for the polymer. The non-solvent has a lower volatility and
      upon removal of the liquid mixture most of the liquid which is a solvent
      for the polymer is removed before a significant portion of the non-solvent
      is removed. The coating composition may contain a photoconductive pigment
      such as zinc oxide. The resulting reprographic sheet, which is suitable
      for electrographic reproduction, comprises a substrate and a
      photoconductive film thereon which was applied as described above. The
      resulting film is such that it will have a maximum Kubela-Munk scattering
      coefficient of 5 .times. 10.sup.-.sup.2 reciprocal mils at 440 and 500 nm
      wavelength respectively. Micro porous voids are found in the film with
      sizes greater than 1 micron and less than 2 microns, resulting from the
      use of the lower volatility non-solvent in the method of application of
      the film forming polymer.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a reprographic sheet suitable for
      electrostatographic reproduction comprising (a) providing an electrically
      relatively conducting substrate, (b) applying to said electrically
      relatively conducting substrate a composition comprising a film forming
      material of an electrically relatively non-conducting polymer and an
      organic liquid mixture comprising at least one solvent for said film
      forming material and at least one non-solvent for said film forming
      material, said non-solvent being miscible with and having a lower
      volatility than that of the other liquids in said mixture, said
      non-solvent being present in an amount less than that which causes
      precipitation of the film forming material from the organic liquid
      mixture, the volume of non-solvent to the volume of non-solvent plus
      volume of polymer being from 0.35 to 0.65, and (c) removing said organic
      liquid mixture from said composition applied to said substrate such that
      substantially all of said solvent for said film forming material is
      removed before any significant portion of said non-solvent is removed,
      thereby forming a sheet of said substrate carrying said film forming
      material, said sheet being a reprographic sheet which possesses the
      necessary electrical characteristics for use in electrostatographic
      reproduction.
NUM  2.
PAR  2. A process as defined in claim 1 wherein said non-solvent has a boiling
      point from about 40-80.degree.C. above the boiling point of said solvent.
NUM  3.
PAR  3. A process as defined in claim 1 wherein said nonsolvent is a non-polar
      aliphatic hydrocarbon having at least 10 carbon atoms and a boiling point
      of about 300.degree.-400.degree.F.
NUM  4.
PAR  4. A process as defined in claim 1 wherein said nonsolvent is a hydrocarbon
      mixture having a boiling point of about 300.degree.-400.degree.F. and
      having a paraffin hydrocarbon content of at least about 50% by weight of
      said mixture, said paraffin hydrocarbon containing at least 10 carbon
      atoms.
NUM  5.
PAR  5. A process as defined in claim 1 wherein said nonsolvent is isododecane.
NUM  6.
PAR  6. A process as defined in claim 1 wherein said film forming material is
      selected from the group consisting of a styrene polymer and a vinyl
      acetate polymer.
NUM  7.
PAR  7. A process as defined in claim 6 wherein said styrene polymer is a
      copolymer of styrene and ethyl acrylate wherein the styrene content of
      said copolymer is about 35-65% by weight of said copolymer.
NUM  8.
PAR  8. A process as defined in claim 6 wherein said vinyl acetate polymer is a
      copolymer of vinyl acetate and n-butyl acrylate wherein said vinyl acetate
      content of said copolymer is about 80-95% by weight of said copolymer.
NUM  9.
PAR  9. The process of claim 1 wherein the composition further includes a
      photoconductor.
NUM  10.
PAR  10. The process of claim 9 wherein the photoconductor is zinc oxide.
NUM  11.
PAR  11. A reprographic sheet prepared in accordance with claim 1 wherein said
      film forming material carried on said substrate upon removal of said
      solvent and non-solvent provide a film having a maximum Kubelka-Munk
      scattering coefficient of 5 .times. 10.sup.-.sup.2 reciprocal mils at 4400
      and 5600 angstroms and micro porous voids greater than one micron and less
      than 2 microns.
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ABST
PAL  Transparent glass microspheres that are based on a ternary system of
      TiO.sub.2, heavy-metal oxide selected from BaO and CdO, and strong
      glass-forming oxide selected from SiO.sub.2, P.sub.2 O.sub.5, and
      GeO.sub.2 are disclosed. The microspheres have improved uniformity in
      optical properties and in handling properties, whereby retroreflective
      products of greater retroreflectivity can be made.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is a continuing effort in the retroreflective industry to produce
      products of greater retroreflectivity. The present invention achieves such
      an increase in retroreflectivity by discovery of transparent glass
      microspheres that have improved optical, physical, and chemical
      properties.
PAR  The superiority of the new microspheres can be seen by comparing them with
      the microspheres used in products that presently achieve industry-setting
      standards of retroreflectivity. One deficiency in the prior-art
      microspheres is that under normal storage conditions they tend to clump
      together, probaby because they absorb moisture. This clumping can reduce
      the uniformity and density of distribrtion of the microspheres in a
      retroreflective product, and the result is a limitation on the intensity
      of retroreflection from the product.
PAR  Another fault of the prior-art microspheres is that they lack stability in
      composition. Thus, the composition of the microspheres, and accordingly
      their properties, varies with small, difficult-to-avoid changes in
      processing parameters. One important variation is a variation throughout a
      batch of the prior-art microspheres as to index of refraction, which
      determines the retroreflective properties of the microspheres and which is
      a design parameter for retroreflective products that include them. The
      larger the diameter of the microspheres in the batch, the lower their
      index of refraction. It is theorized that this difference an index of
      refraction occurs during formation of the microspheres, as a result of a
      tendency for smaller microspheres to lose easily-vaporized low-index
      ingredients.
PAR  Since maximum retroreflectivity is obtained in a retroreflective product
      when all the microspheres in the product have the same predetermined index
      of refraction (in order to obtain precise focusing of incident light rays
      on a reflective surface disposed at the back of the microspheres; for many
      retroreflective sheeting products, an index of refraction of 1.93 is
      optimum), the lack of uniformity in index of refraction reduces
      retroreflectivity.
PAR  Other important consequences of instability in composition are wastage,
      because microspheres are formed that do not satisfy established
      specifications; and a need for more extensive process controls, which
      increases manufacturing costs.
PAR  In summary, while the prior-art microspheres have provided very useful
      retroreflective products, improvement is desired and can lead to advances
      in the retroreflective industry.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides glass microspheres that have improved
      properties, including a more uniform index of refraction and an increased
      ability to flow freely so as to be applicable in a uniform manner, which
      permits retroreflective products of maximum retroreflectivity to be
      obtained. Briefly, these microspheres consist essentially of between about
      20 and 50 weight-percent TiO.sub.2, between about 25 and 70 weight-percent
      of heavy metal oxide selected from BaO and CdO, between 0 and 35
      weight-percent of glass-forming oxide selected from SiO.sub.2, P.sub.2
      O.sub.5 and GeO.sub.2, and up to about 50 weight-percent of constituents
      listed in FIG. 2 of the drawing within proportions as listed in FIG. 2;
      and the proportions of the ingredients define points within polygon ABCDEF
      of FIG. 1 of the drawings. The microspheres are free of alkali oxides,
      they contain less than 5 weight-percent of scattered crystallinity, and
      they are at least 95 weight-percent bubble-free. The microspheres are
      essentially colorless (that is, light transmitted through the glass
      microspheres is essentially colorless); they are transparent, and they
      have a uniform index of refraction between 1.85 and 2.0. They are
      generally less than 2 millimeters in diameter.
PAR  Systems based on T10.sub. 2, BaO, and SiO.sub.2 have been extensively
      studied in the past (see, for example, U.S. Pat. Nos. 2,838,408;
      2,939,797; 2,992,122; 3,022,182; 3,193,401; 3,294,558; and 3,419,403), but
      insofar as known, no one has previously recognized that microspheres
      having the superior features and utilities described above could be made
      from compositions as described. Insofar as known, the prior teachings all
      indicate that glass microspheres should include one or more ingredients in
      addition to the three named basic ingredients, for purposes such as to
      reduce viscosity so as to permit formation of small, bubble-free
      microspheres; to improve glass-formation so as to form clear
      non-crystalline vitreous microspheres; to attain a desired index of
      refraction; or to attain a desired color or freedom from color. We have
      now found that microspheres that do not include those additional
      ingredients may be made using conventional procedures known today, and
      that such microspheres have the significant advantages discussed above.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a ternary diagram showing the proportions of the basic
      constituents included in glass microspheres of the invention; the
      proportion of TiO.sub.2 is shown along one axis of the diagram; the total
      proportion of BaO and/or CdO and of any constituent from FIG. 2 is shown
      along a second axis of the diagram; and the proportion of SiO.sub.2,
      P.sub.2 O.sub.5, and/or GeO.sub.2 is shown along the third axis of the
      diagram; and
PAR  FIG. 2 is a chart showing metal oxides that may be used as substituents for
      the basic constituents in glass microspheres of the invention; the chart
      is organized in accord with the position on a periodic chart of the metal
      elements of the oxides.
DETD
PAC  DETAILED DESCRIPTION
PAR  Preferred glass microspheres of the invention include TiO.sub.2, BaO, and
      SiO.sub.2. SiO.sub.2 is not essential, but its ready ability to form glass
      and its effect of reducing the time for melting of the ingredients makes
      it strongly preferred. One or two percent will effect some reduction in
      melting time, but usually at least five percent of SiO.sub.2 (or one of
      its substituents) will be included. BaO can be partially or wholly
      replaced with CdO, but BaO is preferred because it is less toxic and less
      expensive. SiO.sub.2 can be partially or wholly replaced either with
      P.sub.2 O.sub.5, which is less preferred because it is corrosive and
      violently reacts with barium carbonate, or with GeO.sub.2, which offers
      desired properties but is more expensive than SiO.sub.2.
PAR  (As is common in the glass art, these constituents are described as oxides,
      which is the form in which they are presumed to exist in the completed
      microspheres, and which gives the proportions of chemical elements in the
      composition. In fact the ingredients added to a preparation mixture may be
      in the form of some other chemical compound, such as barium carbonate, and
      the composition becomes modified to the oxide form during melting of the
      ingredients.)
PAR  The broad range for the proportions of ingredients in glass microspheres of
      the invention is generally outlined in FIG. 1 by the polygon labeled
      ABCDEF. Compositions that are outside the polygon ABCDEF of FIG. 1 either
      have indexes of refraction outside the desired range, are difficult to
      melt or otherwise process into suitable glass microspheres, or have other
      undesired characteristics. Within the broad range or proportions defined
      by the polygon ABCDEF lies a more preferred range of proportions, which
      are defined by the polygon MNOP in FIG. 1. Compositions within the
      preferred range have a preferred index of refraction (generally between
      1.90 and 1.95), have more uniform properties, and are easier to process
      into suitable glass microspheres.
PAR  Another ingredient in preferred microspheres of the invention is ZnO, which
      assists in melting of the composition from which the microspheres are to
      be formed. Although ZnO has a higher vapor pressure, so that part of it
      may volatilize in a melt of the composition, the index of refraction of
      ZnO (2.0) is so near the index of refraction desired for the microspheres
      that loss of ZnO during the melting process does not significantly alter
      the index of refraction of the composition. As little as about one
      weight-percent of ZnO is beneficial, 5 weight-percent or more is
      preferred, and generally no more than about 20 weight-percent is included.
PAR  Various other ingredients can also be included in glass microspheres of the
      invention, generally as a substituent for BaO or CdO (although BaO, CdO,
      or the total of BaO and CdO will still account for at least 25
      weight-percent of the composition). The other possible constituents are
      set out in FIG. 2 of the drawing which, as noted above, is organized in
      the form of a partial periodic chart (impurities may also be present in
      minor amounts). The range of proportions for a constituent is given in the
      lower part of the square for the constituent. The box for didymium oxide
      (Di.sub.2 O.sub.3 ; which is a mixture of oxides including 45.5
      weight-percent La.sub.2 O.sub.3, 11 weight-percent Pr.sub.6 O.sub.11, 38
      weight-percent Nd.sub.2 O.sub.3, 4 weight-percent Sm.sub.2 O.sub.3, and
      0.4 weight-percent Y.sub.2 O.sub.3, with the remaining 1.1. weight-percent
      accounted for by rare-earth oxides or impurities) is a part of FIG. 2.
      Less than about 50 weight-percent, and preferably less than about 20
      weight-percent, of constituents from FIG. 2 may be included in
      microspheres of the invention. Each of these ingredients is preferably not
      included in microspheres of the invention, for reasons such as an increase
      in viscosity, an increase in toxicity, an increased tendency to solarize,
      increased cost, and an increased tendency to volatilize, but one or more
      may be included to achieve particular result.
PAR  To assure absence of color, microspheres of the invention may be subjected
      to heat treatment under oxidizing conditions to oxidize reduced metals,
      such as Ti.sup..sup.+3. Although microspheres of the invention are
      essentially colorless, the basic composition used in microspheres of the
      invention can be used in making colored microspheres of useful properties.
      Ingredients that could be added to provide color include Cr.sub.2 O.sub.3
      (generally included in an amount between 0 and 1 weight-percent, MnO.sub.2
      (0-12 weight-percent), Fe.sub.2 O.sub.3 (0-12 weight-percent), NiO (0-12
      weight-percent), CeO.sub.2 (0-6 weight-percent), Nd.sub.2 O.sub.3 (0-6
      weight-percent), and V.sub.2 O.sub.5 (0-6 weight-percent).
PAR  When phosphorous is substituted for silicon in whole or in part, the batch
      should be intimately mixed, as by wet ballmilling, and the phosphorous
      should be present in the form of a high melting compound, such as barium
      phosphate. Barium phosphate may be made by reacting phosphoric acid with
      barium carbonate at room temperature to form barium phosphate, which in
      turn will react with titania at 1400.degree.C to form a liquid that can be
      quenched as a glass. By contrast, if ammonium phosphate were used as the
      source of phosphorous, the ammonium phosphate might decompose upon heating
      to liberate P.sub.2 O.sub.5 as a gas which would escape from the batch. A
      barium titanate composition would be left that might not form a suitable
      glass. If the titania is not thoroughly dispersed in the barium phosphate,
      the titania remains unmelted at 1400.degree.C and the glass is not
      homogeneous nor of the proper refractive index.
PAR  Microspheres of the invention can be prepared by conventional processes. In
      one useful process the ingredients are measured out in particulate form --
      preferably between about 0.01 and 50 micrometers in size -- and intimately
      mixed together. They are then melted in a gas-fired or electrical furnace
      until all the ingredients are in liquid form. The liquid is then quenched
      in water, dried, and crushed to a small particle size, which is the
      desired size for the final microspheres. The particles may be screened to
      assure that they are in the proper range of sizes. The crushed particles
      are then passed through a flame having a temperature generally between
      about 1100.degree.C and 1450.degree.C to spheroidize the particles.
PAR  Alternatively, once the batch has been heated to the point where all
      ingredients are liquid, the liquid batch can be poured into a jet of high
      velocity air which thereby forms glass microspheres of the desired size.
      The velocity of the air is adjusted in this method to cause the
      microspheres formed to have the right dimensions.
PAR  Microspheres of the invention have excellent optical properties; for
      example, they contain no more than 5 weight-percent scattered
      crystallinity (that is, no more than 5 weight-percent of the microspheres
      would be rejected as opaque because of crystallinity) and they are at
      least 95 weight-percent bubblefree. As previously noted, they have a
      uniform index refraction generally between 1.85 and 2.0 and for preferred
      retroreflective sheeting between 1.90 and 1.95.
PAR  Microspheres of various sizes can be made. It is difficult to deliberately
      form microspheres smaller than 10 micrometers in diameter, though a
      fraction of microspheres down to 2 or 3 micrometers in diameter is
      sometimes formed as a by-product of manufacturing larger microspheres.
      Generally the uses for glass microspheres call for the microspheres to be
      less than 2 millimeters in diameter, and most often less than 1 millimeter
      in diameter. Microspheres to be used in retroreflective sheeting are
      generally between about 30 and 150 micrometers in diameter.
PAR  Microspheres of the invention can be used in a variety of retroreflective
      products -- sheeting, coating materials, pavement-marking compositions,
      etc. Retroreflective sheeting is conveniently formed using glass
      microspheres of the invention by methods that are known in the art; see
      U.S. Pat. Nos. 2,407,680 and 3,190,178. Microspheres of the invention may
      also be used in coating materials such as described in U.S. Pat Nos.
      2,963,378 and 3,228,897.
PAR  When incorporated into retroreflective sheeting, products of high
      retroreflectivity are consistently obtained. The good retroreflectivity
      can be illustrated by the following test. A suitable binder material is
      coated onto a black non-reflective flat surface, after which glass
      microspheres that are between 30 and 150 micrometers in diameter and that
      are completely coated with silver are cascaded onto the layer of binder
      material. A densely packed monolayer is formed, with the microspheres
      embedded to about one-half their diameter. The monolayer of microspheres
      is then etched with acid to remove the silver coating from the exposed
      portions of the microspheres.
PAR  The reflective intensity of the sample is then measured with a photometer
      (giving a reading indicated by the abbreviation "PV"), which is positioned
      so that the divergence angle (the angle subtended between straight lines
      connecting the light source to the reflective area and then connecting the
      reflective area to the photometer) is one-third of a degree. The
      reflection intensity is measured at a 5.degree. angle of incidence (the
      angle of incidence is the angle subtended between a straight line
      connecting the light source to the reflective area and a line
      perpendicular to the plane of the reflective area). The photometer used is
      obtained from the Photovolt Corporation, New York (Model 20). In this
      test, a monolayer of glass microspheres of the invention consistently
      provides a photometer reading of at least 105 PV.
PAR  The invention will be further illustrated with the following examples:
PAC  EXAMPLES 1 - 31
PAR  Particles of titania, barium carbonate, and silica having an average
      diameter of about 5 micrometers were measured out in various proportions
      (as shown in Table I) to form 70- gram batches. These raw materials were
      mixed by hand in a mortar and pestle, and the batch was packed into a
      "Coors" Brand, size 03 crucible. The crucible and its contents were then
      preheated for 2 minutes at 800.degree.C and then melted at 1400.degree.C.
      Thereupon the molten liquid was poured into a hot jet of air having a
      gauge pressure of 28 kilograms/square centimeters.
PAR  Glass microspheres were formed having an index of refraction as shown in
      Table I. The time for melting of the ingredients at 1400.degree.C is also
      given in Table I.
TBL                TABLE I                                                     
     ______________________________________                                    
                              Time for                                         
            Constitutents     Melting at                                       
     Example                                                                   
            (weight-percent)  1400.degree.C                                    
                                        Index of                               
     No.    TiO.sub.2                                                          
                     BaO      SiO.sub.2                                        
                                    (minutes)                                  
                                            Refraction                         
     ______________________________________                                    
     1      42       38       20    8:25    1.91                               
     2      33.1     56.9     10    9:30     1.925                             
     3      28       52       20    9:05    1.87                               
     4      38       47       15    8:05    1.95                               
     5      36.5     45.5     18    7:40    1.93                               
     6      39.5     35.5     25    10:10   1.90                               
     7      34       51       15    8:20     1.925                             
     8      33.6     50.4     16    9:20    1.91                               
     9      37       33       30    6:50    1.85                               
     10     32       43       25    7:10    1.85                               
     11     26       54       20    8       1.85                               
     12     23       67       10    11:10   1.85                               
     13     42       38       20    8:25    1.91                               
     14     38       47       15    7:10    1.93                               
     15     36.5     53.5     10    7:20     1.935                             
     16     36.5     58.5     5     7:40     1.935                             
     17     40       60       --    12:20    1.965                             
     18     30.8     59.2     10    8:10    1.90                               
     19     30       65       5     10:05   1.89                               
     20     30.8     59.2     10    7:05    1.91                               
     21     32.4     55.2     12.5  6:15    1.91                               
     22     36.5     45.5     18    6:10    1.93                               
     23     34       51       15    7:05    1.92                               
     24     33.1     51.9     15    8:15    1.89                               
     25     46       32       22    12      1.95                               
     26     45       40       15    8       1.96                               
     27     35       45       20    7       1.91                               
     28     33.3     42.9     23.8  8:30    1.86                               
     29     42.9     38.1     19    12      1.95                               
     30     40.9     36.4     22.7  14      1.92                               
     31     47.65    33.12    19.23 14.25    1.945                             
     ______________________________________                                    
PAC  EXAMPLES 32 - 77
PAR  This set of examples used constant amounts of TiO.sub.2 and SiO.sub.2, but
      various ingredients were substituted for BaO. The method of preparation
      was as described in Examples 1 - 31. The index of refraction of the
      microspheres that were prepared and the time for melting of the
      compositions at 1400.degree.C are given in the following tables. In
      Examples 32 - 43, reported in Table II, the substituent for BaO was ZnO.
      In Examples 44 - 52, reported in Table III, oxides of various metals
      having a valence of two were substituted for BaO. In Examples 53 - 68,
      reported in Table IV, oxides of various metals having a valence of three
      were substituted for BaO. And in Examples 69 - 77, reported in Table V, a
      variety of oxides replaced BaO. In Examples 32 to 39 and 44 to 77, the
      proportions of TiO.sub.2 and SiO.sub.2 were 33.1 and 15, while in Examples
      40 to 43 there was a small variation in these constituents.
TBL                                    TABLE II                                
     __________________________________________________________________________
                             Time for                                          
          Constituents       melting at                                        
     Example                                                                   
          (weight-percent)   1400.degree.C                                     
                                   Index of                                    
     No.  TiO.sub.2                                                            
               BaO  SiO.sub.2                                                  
                         ZnO (minutes)                                         
                                   Refraction                                  
     __________________________________________________________________________
     32   33.1 51.9 15   --  8:15  1.89                                        
     33   33.1 48.9 15   3   6     1.92                                        
     34   33.1 45.9 15   6   5:25   1.925                                      
     35   33.1 42.9 15   9   5:20  1.93                                        
     36   33.1 39.9 15   12  5:35  1.93                                        
     37   33.1 36.9 15   15  5:30  1.93                                        
     38   33.1 33.9 15   18  5:45  1.93                                        
     39   33.1 30.9 15   21  5:15  1.93                                        
     40   31.9 52.6 12.5 3   6:15   1.925                                      
     41   31.9 50.1 12.5 5.5 5:45  1.93                                        
     42    29.15                                                               
                49.35                                                          
                    12.5 9   5:35  1.91                                        
     43    29.15                                                               
                46.35                                                          
                    12.5 12  5:15  1.91                                        
     __________________________________________________________________________
TBL                TABLE III                                                   
     ______________________________________                                    
                             Time for                                          
            Constituents     Melting at                                        
     Example                                                                   
            (weight-percent) 1400.degree.C                                     
                                       Index of                                
     No.    BaO    CdO     MgO  SrO  (minutes)                                 
                                             Refraction                        
     ______________________________________                                    
     44     48.9   3       --   --   7:45    1.92                              
     45     45.9   6       --   --   7:05    1.925                             
     46     39.9   12      --   --   6:10    1.94                              
     47     27.9   24      --   --   5:05    1.955                             
     48     --     51.9    --   --   6:45    1.965                             
     49     48.9   --      3    --   6:35    1.91                              
     50     48.9   --      --    3   7:55    1.91                              
     51     45.9   --      --    6   8:10    1.91                              
     52     39.9   --      --   12   9:30    1.905                             
     ______________________________________                                    
TBL                                    TABLE IV                                
     __________________________________________________________________________
                                           Time for                            
          Constituents                     melting at                          
     Example                                                                   
          (weight-percent)                 1400.degree.C                       
                                                 Index of                      
     No.  BaO La.sub.2 O.sub.3                                                 
                   Bi.sub.2 O.sub.3                                            
                        Di.sub.2 O.sub.3                                       
                             Al.sub.2 O.sub.3                                  
                                  Y.sub.2 O.sub.3                              
                                      Sb.sub.2 O.sub.3                         
                                           (minutes)                           
                                                 Refraction                    
     __________________________________________________________________________
     53   48.9                                                                 
              3    --   --   --   --  --   7:35  1.915                         
     54   45.9                                                                 
              6    --   --   --   --  --   7:40  1.925                         
     55   39.9                                                                 
              12   --   --   --   --  --   7:25  1.935                         
     56   27.9                                                                 
              24   --   --   --   --  --   7:50  1.955                         
     57   48.9                                                                 
              --   3    --   --   --  --   7:05  1.93                          
     58   45.9                                                                 
              --   6    --   --   --  --   6:40  1.94                          
     59   39.9                                                                 
              --   12   --   --   --  --   5:50  1.96                          
     60   48.9                                                                 
              --   --   3    --   --  --   8     1.92                          
     61   45.9                                                                 
              --   --   6    --   --  --   7:20  1.925                         
     62   48.9                                                                 
              --   --   --   3    --  --   7:10  1.895                         
     63   45.9                                                                 
              --   --   --   6    --  --   7:25  1.89                          
     64   39.9                                                                 
              --   --   --   12   --  --   8:25  1.89                          
     65   45.9                                                                 
              --   --   --   --   6   --   8     1.925                         
     66   45.9                                                                 
              --   --   --   --   --  6    6:10  1.94                          
     67   39.9                                                                 
              --   --   --   --   --  12   5:50  1.95                          
     68   27.9                                                                 
              --   --   --   --   --  24   5:50  2.00                          
     __________________________________________________________________________
TBL                                    TABLE V                                 
     __________________________________________________________________________
                                        Time for                               
          Constituents                  melting at                             
     Example                                                                   
          (weight-percent)              1400.degree.C                          
                                              Index of                         
     No.  BaO Ta.sub.2 O.sub.5                                                 
                   Nb.sub.2 O.sub.5                                            
                        ZrO.sub.2                                              
                            SnO.sub.2                                          
                                WO.sub.3                                       
                                    MoO.sub.3                                  
                                        (minutes)                              
                                              Refraction                       
     __________________________________________________________________________
     69   48.9                                                                 
              3    --   --  --  --  --  7:05  1.925                            
     70   45.9                                                                 
              6    --   --  --  --  --  7:05  1.93                             
     71   39.9                                                                 
              12   --   --  --  --  --  6:15  1.95                             
     72   45.9                                                                 
              --   6    --  --  --  --  6:20  1.955                            
     73   39.9                                                                 
              --   12   --  --  --  --  7:15  1.98                             
     74   45.9                                                                 
              --   --   6   --  --  --  8:05  1.93                             
     75   45.9                                                                 
              --   --   --  6   --  --  7:50  1.93                             
     76   48.9                                                                 
              --   --   --  --  3   --  7:10  1.925                            
     77   45.9                                                                 
              --   --   --  --  --  6   7:40  1.935                            
     __________________________________________________________________________
PAC  EXAMPLES 78 - 91
PAR  Titania, barium carbonate, phosphoric acid, and in some examples zinc oxide
      were mixed together in 70-gram batches and prepared into microspheres in
      the way described for Examples 1 - 31. The microspheres prepared had
      characteristics as shown in Table VI.
TBL                                    TABLE VI                                
     __________________________________________________________________________
                              Time for                                         
          Constituents        melting at                                       
     Example                                                                   
          (weight-percent)    1400.degree.C                                    
                                    Index of                                   
     No.  TiO.sub.2                                                            
               BaO  P.sub.2 O.sub.5                                            
                         ZnO  (minutes)                                        
                                    Refraction                                 
     __________________________________________________________________________
     78   28   57.7 11.8 2.5  9     1.89                                       
     79   22.4 61.4 14.2 2    7:40  1.84                                       
     80   42   48.4 5.9  3.7  9:40  2.04                                       
     81   33.6 53.9 9.5  3    9     1.95                                       
     82   32   55.6 9.5  2.9  8:25  1.935                                      
     83   31.25                                                                
               51.91                                                           
                    13.94                                                      
                         2.8  8:25  1.91                                       
     84   30.75                                                                
               52.24                                                           
                    14.26                                                      
                         2.75 7:40  1.905                                      
     85   31   56   13   --   11:10 1.91                                       
     86   15.1 58   26.9 --   6:30  1.7                                        
     87   33.1 51.9 15   --   7:10  1.91                                       
     88   20   65   15   --   7:40  1.81                                       
     89   30   55   15   --   9     1.89                                       
     90   27   53   20   --   7     1.81                                       
     91   35   50   15   --   9     1.91                                       
     Example 92                                                                
     An 80-gram batch was weighed as follows:                                  
                TiO.sub.2                                                      
                        23.1 grams                                             
                BaCO.sub.3                                                     
                        46.5 grams                                             
                GeO.sub.2                                                      
                        10.4 grams                                             
     __________________________________________________________________________
                 Glass microspheres were prepared in the manner described in
      Examples 1-31. The melt time at 1400.degree.C was found to be 6:55 minutes
      and the refractive index of the resulting glass microspheres was 1.955.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Essentially colorless transparent glass microspheres that are less than
      about 2 millimeters in diameter, have an index of refraction between 1.85
      and 2.0, contain less than 5 weight-percent of scattered crystallinity,
      and are at least 95 weight-percent bubble-free, said microspheres being
      free of alkali oxides, having a uniform index of refraction throughout a
      sample, and being free-flowing so as to be applicable in a uniform manner,
      whereby retroreflective products of maximum retroreflectivity are
      obtained, and said microspheres consisting essentially of between about 20
      and 50 weight-percent TiO.sub.2, between about 2.5 and 70 weight-percent
      of heavy metal oxide selected from BaO and CdO, up to about 35
      weight-percent of glass-forming oxide selected from SiO.sub.2, P.sub.2
      O.sub.5 and GeO.sub.2, and up to about 50 weight-percent of substituents
      from the table and within the proportions of FIG. 2 of the drawings; the
      proportions of the constituents in the microspheres defining points within
      the polygon ABCDEF of FIG. 1 of the drawings.
NUM  2.
PAR  2. Microspheres of claim 1 that include between about 1 and 20
      weight-percent of ZnO.
NUM  3.
PAR  3. Microspheres of claim 1 in which the proportions of the constituents in
      the microspheres define points within the polygon labeled MNOP in FIG. 1
      of the drawings.
NUM  4.
PAR  4. Microspheres of claim 3 that further include between about 1 and 20
      weight-percent of ZnO.
NUM  5.
PAR  5. Retroreflective sheeting comprising a support sheet and a uniform
      densely packed monolayer of transparent glass microspheres of claim 1
      carried on the support sheet, said microspheres having a diameter between
      about 30 and 150 micrometers and having an index of refraction between
      1.90 and 1.95 that is uniform throughout the monolayer.
NUM  6.
PAR  6. Retroreflective sheeting of claim 5 in which the transparent glass
      microspheres further include between about 1 and 20 weight-percent of ZnO.
NUM  7.
PAR  7. Retroreflective sheeting of claim 5 in which the proportions of the
      constituents in the microspheres define points within the polygon labeled
      MNOP in FIG. 1 of the drawings.
NUM  8.
PAR  8. Retroreflective sheeting of claim 7 in which the microspheres further
      include between about 1 and 20 weight-percent of ZnO.
NUM  9.
PAR  9. Essentially colorless transparent glass microspheres that are less than
      about 2 millimeters in diameter, have an index of refraction between 1.90
      and 1.95, contain less than 5 weight-percent of scattered crystallinity,
      and are at least 95 weight-percent bubble-free, said microspheres being
      free of alkali oxides, having a uniform index of refraction throughout a
      sample, and being free-flowing so as to be applicable in a uniform manner,
      whereby retroreflective products of maximum retroreflectivity are
      obtained, and said microspheres consisting essentially of between about 25
      and 40 weight-percent TiO.sub.2, between about 42 and 65 weight-percent of
      heavy metal oxide selected from BaO and CdO, between about 10 and 18
      weight-percent of glass-forming oxide selected from SiO.sub.2, P.sub.2
      O.sub.5 and GeO.sub.2, and up to about 20 weight-percent of substituents
      from the table and within the proportions of FIG. 2 of the drawings; the
      proportions of the constituents in the microspheres defining points within
      the polygon MNOP of FIG. 1 of the drawings.
NUM  10.
PAR  10. Microspheres of claim 9 that include between about 1 and 20
      weight-percent of ZnO.
NUM  11.
PAR  11. Microspheres of claim 10 that consist essentially of TiO.sub.2, BaO,
      SiO.sub.2, and ZnO.
NUM  12.
PAR  12. Retroreflective sheeting comprising a support sheet and a uniform
      densely packed monolayer of transparent glass microspheres of claim 11
      carried on the support sheet, said microspheres having a diameter between
      about 30 and 150 micrometers.
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ABST
PAL  Organo silicon compounds having the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.2 are alkyl, R.sub.5 is a hydrocarbon group or
      an unsaturated ester group, R.sub.6 and R.sub.7 are alkoxy, R.sub.5 or
      hydrogen, and R.sub.8 is hydrogen or an organic group such as hydrogen,
      alkyl or a group of the formula
EQU  --CH.sub.2 --O--R.sub.4 --
PAL  where R.sub.4 is aryl, alkyl, alkenyl or a group of the formula
      ##EQU2##
      where R'  is hydrogen or methyl. The compounds of this invention are
      prepared by reaction of a dialkyl hydrazine with an epoxide in the
      presence of an organo silicon compound and are used as coupling agents in
      the treatment of glass fibers. Also disclosed are glass fibers coated with
      aminimide compounds containing aluminum, gallium, phosphorus, arsenic,
      antimony, boron, germanium or tin.
BSUM
PAR  This invention relates to aminimides, and more particularly to aminimide
      derivatives of hydrolyzable metal and metalloid compounds.
PAR  In the April, 1973 edition of Chemical and Engineering News, there is
      described a reaction for producing aminimides by reaction of a dialkyl
      hydrazine with an epoxide in the presence of a carboxylic acid ester. As
      is described in the publication, the reaction between the epoxide and the
      dialkyl hydrazine proceeds in accordance with the following:
      ##EQU3##
      which in turn reacts with the ester present in accordance with the
      following:
      ##EQU4##
PAR  It has now been found that the above procedure can be used to prepare
      aminimide derivatives of compounds of various metals and metalloids.
PAR  It is an object of the present invention to provide aminimide derivatives
      of various metals and metalloid compounds, and it is another object of the
      invention to provide aminimide derivatives for use as coupling agents for
      bonding glass fibers to plastic resins and elastomeric materials.
PAR  It is a more specific object of the invention to provide aminimide
      derivatives of boron, aluminum, gallium, germanium, tin, phosphorus,
      astatine, antimony, and preferably silicon, and to provide glass fibers
      treated with same.
PAR  One of the concepts of the present invention resides in the discovery that
      a dialkyl hydrazine is capable of reaction with an epoxide in the presence
      of an organo silicon compound containing at least one alkoxy group to form
      an aminimide derivative of the organo silicon compound. The resulting
      aminimide derivatives of the organo silicon compounds can be used as
      coupling agents to bond polyester fibers, glass fibers and the like to
      elastomeric materials and thermosetting resins.
PAR  The reaction of the present invention is carried out by contacting a
      dialkyl hydrazine with an epoxide in the presence of the organo silicon
      compound. In carrying out the reaction, use is made of a dialkyl hydrazine
      of the formula
      ##EQU5##
      wherein R.sub.1 and R.sub.2 are each selected from alkyl containing 1 to
      6, and preferably 1 to 3, carbon atoms (e.g., methyl, ethyl, propyl,
      isopropyl, etc.), an epoxide and an organo silicon compound.
PAR  Preferred epoxides for use in the practice of this invention are epoxides
      of the formula
      ##EQU6##
      wherein R.sub.3 is hydrogen or C.sub.1 to C.sub.8 alkyl (e.g., methyl,
      ethyl, propyl, etc.), or epoxides of the formula
      ##EQU7##
      wherein R.sub.4 is an aryl group, such as phenyl or phenyl substituted
      with an amino group, a halogen group, an alkyl group; alkyl containing 1
      to 20 carbon atoms and substituted derivatives thereof; an alkenyl group
      containing 2 to 8 carbon atoms (e.g., vinyl, allyl, etc.); styrene oxide;
      a group having the formula
      ##EQU8##
      wherein R' is hydrogen or methyl. Illustrative of such epoxides are phenyl
      glycidyl ether, cresyl glycidyl ether, allyl glycidyl ether, glycidyl
      acrylate, glycidyl methacrylate, a mixture of n-octyl and n-decyl glycidyl
      ethers (Epoxide No. 7 from Procter and Gamble), and a mixture of n-dodecyl
      and n-tetradecyl glycidyl ethers (Epoxide No. 8 from Procter and Gamble).
PAR  The reaction thus proceeds as follows:
      ##EQU9##
PAR  A number of organo silicon compounds may be used in the practice of this
      invention. Preferred compounds are those having the formula
      ##EQU10##
      wherein R.sub.5 is a monovalent organic group containing 1 to 20 carbon
      atoms. Representative of such groups are C.sub.1 to C.sub.12 alkyl (e.g.,
      methyl, ethyl, propyl, butyl, isobutyl, pentyl, decyl, etc.); aryl
      containing 6 to 12 carbon atoms including phenyl, tolyl, naphthyl, etc.;
      cycloalkyl containing 4 to 7 carbon atoms (e.g., cyclopentyl, cyclohexyl,
      etc.), or alkenyl containing 2 to 6 carbon atoms (e.g., vinyl, allyl,
      etc.). R.sub.5 can also be a C.sub.3 to C.sub.6 acryloxy or
      methacryloxyalkyl group (e.g., methacryloxypropyl). Z is an alkoxy group
      containing 1 to 5 carbon atoms (e.g., methoxy, ethoxy, propoxy, etc.).
      R.sub.6 and R.sub.7 can each be selected from the group of alkoxy as
      described for Z or an R.sub.5 group, or hydrogen.
PAR  Illustrative of such silanes are:
PA1  methyltrimethoxy silane
PA1  ethyltriethoxy silane
PA1  butyltriethoxy silane
PA1  n-octadecyltrimethoxy silane
PA1  dimethyldimethoxy silane
PA1  trimethylethoxy silane
PA1  n-propyldimethoxy silane
PA1  phenylmethyldimethoxy silane
PA1  phenyltriethoxy silane
PA1  tolyldimethoxy silane
PA1  triphenylmethoxy silane
PA1  cyclohexyltriethoxy silane
PA1  cyclopentylethyldimethoxy silane
PA1  vinyltrimethoxy silane
PA1  allyltrimethoxy silane
PA1  vinylethylmethoxy silane
PA1  allylmethyldimethoxy silane
PAR  The reaction can be carried out by contacting the reactants at room
      temperature although higher or lower temperatures can be employed. For
      example, temperatures within the range of 10.degree. to 120.degree.C may
      be employed. The reaction can be carried out in the presence of an inert
      organic solution such as a hydrocarbon solvent or the like, with the
      liquid reactants generally serving as the reaction medium without the need
      to employ such solvents. The proportions of the reactants are not critical
      to the practice of the invention and generally, stoichiometric proportions
      are preferred. However, use can be made of from 0.7 to 1.4 moles of the
      dialkyl hydrazine per mole of the silane, and 0.8 to 1.2 moles of the
      epoxide per mole of the organo silane.
PAR  The compounds of the invention have the general formula
      ##EQU11##
      wherein R.sub.1, R.sub.2, R.sub.5, R.sub.6 and R.sub.7 have the meaning
      set forth above, and R.sub.8 is the residue of the epoxy compound, either
      R.sub.3 or
EQU  --CH.sub.2 --O--R.sub.4
PAL  as described above.
PAR  Examples of compounds prepared in accordance with this concept include:
      ##EQU12##
      Trimethylmethoxy silane; dimethyl hydrazine; ethylene oxide.
      ##EQU13##
      Ethyltrimethoxy silane; dimethyl hydrazine; propylene oxide.
      ##EQU14##
      Phenyltrimethoxy silane; dimethyl hydrazine; glycidyl methyl ether.
      ##EQU15##
      Triphenylethoxy silane; diethyl hydrazine; vinyl glycidyl ether.
      ##EQU16##
      Phenylmethylmethoxy silane; dimethyl hydrazine; glycidyl acrylate.
      ##EQU17##
      Vinyl trimethoxy silane; diethyl hydrazine; allyl glycidyl ether.
      ##EQU18##
      Allyl dimethoxy silane; dimethyl hydrazine; propylene oxide.
      ##EQU19##
      Bis(vinyl)dimethoxy silane; dimethyl hydrazine; ethylene oxide.
      ##EQU20##
      Vinyltrimethoxy silane; diethyl hydrazine; glycidyl methacrylate.
      ##EQU21##
      Cyclohexyltriethoxy silane; dimethyl hydrazine; styrene oxide.
      ##EQU22##
      Cyclohexylethyltrimethoxy silane; dimethyl hydrazine; propylene oxide.
PAR  While not equivalent to the aminimides derived from organo silicon
      compounds described above, it has also been found that alkoxides of
      various polyvalent elements can also be used to prepare the corresponding
      compounds. For example, use can be made of organo derivatives of trivalent
      elements having the formula
EQU  (R.sub.9).sub.x M(OR.sub.10).sub.3.sub.-x
PAL  wherein R.sub.9 is a monovalent organic group such as alkyl containing 1 to
      8 carbon atoms (e.g., methyl, ethyl, isopropyl, butyl, etc.), aryl
      containing 6 to 12 carbon atoms such as phenyl, naphthyl, tolyl, etc.,
      alkenyl containing 2 to 6 carbon atoms (e.g., vinyl, allyl, etc.) or
      cycloalkyl containing 4 to 7 carbon atoms (e.g., cyclopentyl, cyclohexyl,
      etc.); M is a trivalent element selected from aluminum, gallium,
      phosphorus, arsenic, antimony and boron; x is an integer from 1 to 2 and
      R.sub.10 is alkyl containing 1 to 6 carbon atoms (e.g., methyl, ethyl,
      propyl, isopropyl, butyl, etc.).
PAR  Illustrative of such compounds include:
EQU  CH.sub.3 Al(OCH.sub.3).sub.2
EQU  (CH.sub.3 --CH.sub.2 --).sub.2 Al(OCH.sub.3)
      ##SPC1##
EQU  CH.sub.2 =CH--Al(OCH.sub.3).sub.2
EQU  (CH.sub.3 --CH.sub.2 --).sub.2 Ga(OC.sub.2 H.sub.5)
      ##SPC2##
EQU  CH.sub.3 --CH.sub.2 --CH.sub.2 --P(OCH.sub.3).sub.2
      ##SPC3##
EQU  CH.sub.2 =CH--CH.sub.2 --P(OCH.sub.3).sub.2
EQU  CH.sub.3 --(CH.sub.2).sub.4 --As(OCH.sub.3)
      ##SPC4##
EQU  CH.sub.2 =CH--As(OCH.sub.3).sub.2
EQU  CH.sub.3 --Sb(OCH.sub.3).sub.2
      ##SPC5##
EQU  CH.sub.2 =CH--CH--Sb(OC.sub.2 H.sub.5).sub.2
EQU  CH.sub.3 --(CH.sub.2).sub.4 --B(OCH.sub.3).sub.2
      ##SPC6##
EQU  (CH.sub.3 --).sub.2 B(OC.sub.2 H.sub.5)
PAR  The foregoing alkoxy compounds react with a dialkyl hydrazine and an
      epoxide as described to give generally analogous products. These products
      have the formula:
      ##EQU23##
      where R.sub.1, R.sub.2, R.sub.8, R.sub.9, R.sub.10 and x have the meanings
      set forth above.
PAR  Illustrative of compounds which can be prepared with this concept of the
      invention include:
      ##EQU24##
      Diethylmethoxy aluminum; dimethyl hydrazine; propylene oxide.
      ##EQU25##
      Phenyldimethoxy aluminum; diethyl hydrazine; vinyl glycidyl ether.
      ##EQU26##
      Propyldimethoxy gallium; dimethyl hydrazine; ethylene oxide.
      ##EQU27##
      allyldiethoxy gallium; dimethyl hydrazine; glycidyl methacrylate.
      ##EQU28##
      Phenyldimethoxy gallium; dipropyl hydrazine; phenyl glycidyl ether.
      ##EQU29##
      Cresyldimethylphosphate; dimethyl hydrazine; propylene oxide.
      ##EQU30##
      Diethylmethylphosphate; dimethyl hydrazine; allyl glycidyl ether.
      ##EQU31##
      vinyldimethoxy arsenic; diethyl hydrazine; glycidyl acrylate.
      ##EQU32##
      Bis(propyl)methoxy arsenic; dimethyl hydrazine; cresyl glycidyl ether.
      ##EQU33##
      Cyclopentyldiethoxy antimony; diethyl hydrazine; n-decyl glycidyl ether.
      ##EQU34##
      Dimethylmethoxy antimony;diethyl hydrazine; ethylene oxide.
      ##EQU35##
      Vinyldimethylborane; dimethyl hydrazine; vinyl glycidyl ether.
PAR  In addition to the foregoing trivalent alkoxides, use can be made of
      tetravalent alkoxides of germanium or tin; these alkoxides have the
      formula
EQU  (R.sub.9).sub.Y M'(OR.sub.10).sub.4.sub.-y
PAL  wherein R.sub.9 and R.sub.10 are as described above, M' is germanium or tin
      and y is an integer from 1 to 3.
PAR  Representative compounds include
EQU  (CH.sub.3).sub.2 Ge(OC.sub.2 H.sub.5).sub.2
EQU  CH.sub.2 =CH--CH.sub.2 -- Ge(OCH.sub.3).sub.3
      ##SPC7##
EQU  (CH.sub.3 --CH.sub.2).sub.2 Sn(OCH.sub.3).sub.2
EQU  CH.sub.2 =CH -- Sn(OC.sub.2 H.sub.5).sub.3
      ##SPC8##
PAR  The foregoing alkoxide compounds similarly react with a dialkyl hydrazine
      and an epoxide to provide compounds of the general formula
      ##EQU36##
      wherein R.sub.1, R.sub.2, R.sub.9, R.sub.10, M'  and Y have the meanings
      as described above. y
PAR  Representative compounds which can be prepared in accordance with this
      concept of the invention include the following:
      ##EQU37##
      Diethyldimethoxy germanium; dimethyl hydrazine; propylene oxide.
      ##EQU38##
      Vinyltrimethoxy germanium; diethyl hydrazine; glycidyl acrylate.
      ##EQU39##
      Trimethylmethoxy tin; dimethyl hydrazine; styrene oxide.
      ##EQU40##
      Divinyldimethoxy tin; dimethyl hydrazine; vinyl glycidyl ether.
DETD
PAR  Having described the essential concepts of the present invention, reference
      is now made to the following examples which are provided by way of
      illustration, and not of limitation, of the practice of this invention in
      the preparation of the organo silicon compounds and their use in the
      treatment of glass fibers.
PAC  EXAMPLE 1
PAR  Into a round bottom flask equipped with a thermometer, a stirrer, a reflux
      condenser and an addition funnel, 1 mole of triphenylmethoxy silane, 1
      mole of dimethyl hydrazine, and 1 mole of n-butyl glycidyl ether are
      added. The reaction mixture is maintained at 80.degree.C for 4 hours after
      which any unreacted materials present are separated.
PAR  The product is found to have the formula
      ##EQU41##
PAC  EXAMPLE 2
PAR  Using the procedure as described in Example 1, 1 mole of
      tri(n-propyl)methoxy silane is reacted with 1 mole of dimethyl hydrazine
      and 1 mole of allyl glycidyl ether. The product is found to have the
      formula
      ##EQU42##
PAC  EXAMPLE 3
PAR  Using the procedure as described in Example 1, 1.1 mole of vinyltrimethoxy
      silane is reacted with 1 mole of diethyl hydrazine and 1.9 mole of
      glycidyl methacrylate. The product of the reaction is found to have the
      formula
      ##EQU43##
PAC  EXAMPLE 4
PAR  Using the procedure as described in Example 1, 1 mole of
      octadecyltrimethoxy silane is reacted with 1 mole of dimethyl hydrazine
      and 1 mole of cresyl glycidyl ether. The product of the reaction is found
      to have the formula
      ##EQU44##
PAC  EXAMPLE 5
PAR  Again using the procedure as described in Example 1, 1 mole of
      trimethylmethoxy silane is reacted with 1 mole of diethyl hydrazine and 1
      mole of propylene oxide. The product of the reaction is found to have the
      formula
      ##EQU45##
PAC  EXAMPLE 6
PAR  Using the procedure as described in Example 1, 1 mole of triphenylmethoxy
      silane is reacted with 1 mole of dimethyl hydrazine and 1 mole of glycidyl
      methacrylate. The product of the reaction is found to have the formula
      ##EQU46##
PAC  EXAMPLE 7
PAR  Using the procedure described in Example 1, 1 mole of diphenylmethoxy boron
      is reacted with 1 mole of dimethyl hydrazine and 1 mole of phenyl glycidyl
      ether. The product separated from the reaction mixture is found to have
      the formula
      ##EQU47##
PAC  EXAMPLE 8
PAR  Using the procedure described in Example 1, 1 mole of di(n-pentyl)methoxy
      aluminum is reacted with 1 mole of dimethyl hydrazine and 1 mole of nonyl
      glycidyl ether. The product of the reaction is found to have the formula
      ##EQU48##
PAC  EXAMPLE 9
PAR  Using the procedure described in Example 1, 1 mole of trimethoxy gallium is
      reacted with 1 mole of dimethyl hydrazine and 1 mole of allyl glycidyl
      ether. The product is found to have the formula
      ##EQU49##
PAC  EXAMPLE 10
PAR  Using the procedure described in Example 1, 1 mole of tetraethoxy germanium
      is reacted with 1 mole of dimethyl hydrazine and 1 mole of glycidyl
      acrylate. The reaction product is found to have the formula
      ##EQU50##
PAC  EXAMPLE 11
PAR  Using the procedure described in Example 1, 1 mole of tetramethoxy tin is
      reacted with 1 mole of dimethyl hydrazine and 1 mole of glycidyl
      methacrylate. The reaction product is found to have the formula
      ##EQU51##
PAC  EXAMPLE 12
PAR  Using the procedure described in Example 1, 1 mole of
      diphenylmethoxyphosphine is reacted with 1 mole of dimethyl hydrazine and
      1 mole of cresyl glycidyl ether. The product of the reaction is found to
      have the formula
      ##EQU52##
PAC  EXAMPLE 13
PAR  Using the procedure as described in Example 1, 1 mole of
      di(n-propyl)methoxy arsenic is reacted with 1 mole of diethyl hydrazine
      and 1 mole of propylene oxide. The product of the reaction is found to
      have the formula
      ##EQU53##
PAC  EXAMPLE 14
PAR  Using the procedure as described in Example 1, 1 mole of triethoxy antimony
      is reacted with 1 mole of dimethoxy hydrazine and 1 mole of n-decyl
      glycidyl ether. The reaction product is found to have the formula
      ##EQU54##
PAR  As indicated above, the compounds of the present invention can be used as
      coupling agents to bond fibers to elastomeric materials and thermosetting
      and/or thermoplastic resins. For this purpose, the compounds can be used
      in generally the same manner as conventional organosilicon coupling
      agents.
PAR  The term "glass fibers," as used herein, is intended to refer to and
      include (1) continuous fibers formed by rapid attenuation of hundreds of
      streams of molten glass and to strands formed when such continuous glass
      fiber filaments are gathered together as they are being formed; and to
      yarns and cords formed by plying and/or twisting a number of strands
      together, and to woven and non-woven fabrics which are formed of such
      glass fiber strands, yarns or cords, and (2) discontinuous fibers formed
      by high pressure steam, air or other suitable attenuating force directed
      onto multiple streams of molten glass issuing from a glass melting bushing
      or from an orifice containing spinner, and to yarns that are formed when
      such discontinuous fibers are gathered together to form a sliver which is
      drafted into a yarn; and to woven and non-woven fabrics formed of such
      yarns of discontinuous fibers, and (3) combinations of such continuous and
      discontinuous fibers in strands, yarns, cords and fabrics formed thereof.
PAR  The coupling agents of the present invention can be simply formulated into
      an aqueous medium for application to the glass fibers to form a thin film
      coating on the fibers. However, it is frequently preferred to formulate
      the coupling agents of the invention in combination with a film-forming
      material or binder. A wide variety of film-forming binders can be used for
      this purpose and include polyester resins, polyamide resin, polyolefin
      resin (e.g., polyethylene, polypropylene, etc.), polyepoxide resins, vinyl
      resins (e.g., polyvinyl chloride, polyvinyl acetate, polyvinyl alcohol,
      polyvinyl pyrrolidone, etc.), waxes, partially dextrinized starch as well
      as numerous others. Such binders are themselves well known to those
      skilled in the art and are described in U.S. Pat. Nos. 2,931,739,
      2,958,114, 3,040,413, 3,252,278, 3,424,608 and others. Combinations of two
      or more of the above film forming binders can also be used.
PAR  The size compositions can also be formulated to include any of a variety of
      wetting agents, glass fiber lubricants, etc., which are likewise known to
      the art. The size compositions can be formulated in aqueous media or in
      inert organic solvents, depending on the intended use of the treated glass
      fibers and the nature of the film-forming binder or binders employed.
PAR  Examples of such size compositions which can be employed in the treatment
      of glass fibers for use in the manufacture of glass fiber reinforced
      resins and elastomeric materials are represented by the following.
PAC  EXAMPLE 15
TBL  Size Composition                                                          
     ______________________________________                                    
     Compound of Example 1                                                     
                       1.0 % by weight                                         
     Wetting agent (Nopcogen 16L)                                              
                       0.1 % by weight                                         
     Water             98.9 % by weight                                        
     ______________________________________                                    
PAC  EXAMPLE 16
TBL  Size Composition                                                          
     ______________________________________                                    
     Compound of Example 2                                                     
                       1.0 % by weight                                         
     Polypropylene emulsion                                                    
                       5.0 % by weight                                         
     Water             94.0 % by weight                                        
     ______________________________________                                    
PAC  EXAMPLE 17
TBL  Size Composition                                                          
     ______________________________________                                    
     Compound of Example 9                                                     
                       1.1 % by weight                                         
     Epoxy resin (DER 330)                                                     
                       7.0 % by weight                                         
     Diacetone alcohol 91.9 % by weight                                        
     ______________________________________                                    
PAC  EXAMPLE 18
TBL  Size Composition                                                          
     ______________________________________                                    
     Compound of Example 3                                                     
                       1.0 % by weight                                         
     Polyester resin   3.0 % by weight                                         
     Polyvinyl alcohol 1.0 % by weight                                         
     Wetting agent     0.1 % by weight                                         
     Water             94.9 % by weight                                        
     ______________________________________                                    
PAC  EXAMPLE 19
TBL  Size Composition                                                          
     ______________________________________                                    
     Partially dextrinized starch                                              
                       8.0 % by weight                                         
     Hydrogenated vegetable oil                                                
                       1.5 % by weight                                         
     Wetting agent (Nopcogen 16L)                                              
                       0.5 % by weight                                         
     Compound of Example 11                                                    
                       1.0 % by weight                                         
     Water             89.0 % by weight                                        
     ______________________________________                                    
PAC  EXAMPLE 20
TBL  Size Composition                                                          
     ______________________________________                                    
     Compound of Example 14                                                    
                       2.0 % by weight                                         
     Wetting agent (Nopcogen 16L)                                              
                       0.6 % by weight                                         
     Water             97.4 % by weight                                        
     ______________________________________                                    
PAR  In formulating size compositions with the coupling agents of the present
      invention, the coupling agent is generally employed in an amount
      constituting from 0.1 to 10% by weight of the composition, and the
      fiber-forming binder in an amount from 1 to 25% by weight of the
      composition. These amounts are not critical to the practice of the
      invention and can be varied as desired. The compositions of Examples 15 to
      20 can be applied to glass fibers as they are formed, or afterwards, in
      accordance with conventional procedures.
PAR  Glass fibers coated with the silanes of the present invention can be
      incorporated in the form of fibers, yarns, rovings, fabrics and the like
      with resin materials, including epoxy resins, polyester resins, polyamide
      resins as well as numerous other thermoplastic and/or thermosetting
      plastics in amounts such that the treated glass fibers constitute from 1
      to 20% by weight of the plastic laminate or coated fabric formed. The
      coating on the individual glass fibers, comprising as the essential
      component the silanes of the present invention, serves to provide a secure
      bonding relationship between the glass fiber surfaces and the resin.
PAR  Glass fibers sized with a composition embodying the silanes of the present
      invention can also be used in the manufacture of glass fiber-reinforced
      elastomeric products. In the preferred practice of this concept of the
      invention, the glass fibers which have been sized with one of the
      compositions of Examples 15 to 20 are formed into strands, yarns, cords
      formed of strands which are twisted and plied together or threads,
      hereinafter referred to as bundles, are subjected to impregnation with an
      aqueous composition formulated to include a resorcinol-aldehyde resin
      component and an elastomer component.
PAR  A wide variety of such impregnating compositions are well known to those
      skilled in the art and are described in U.S. Pat. Nos. 3,402,064,
      3,424,608, 3,567,671, 3,591,357 and numerous others. This concept may be
      illustrated by way of the following examples.
PAC  EXAMPLE 21
PAR  Using the procedure described in U.S. pat. No. 3,567,671, an impregnating
      composition is formulated as follows:
TBL  Impregnating Composition                                                  
     ______________________________________                                    
                           Parts by weight                                     
                           (solids basis)                                      
     Resorcinol-formaldehyde resin                                             
      (Penacolyte R 2170)    5.0                                               
     Vinyl pyridine-butadiene-styrene terpolymer                               
      (Gentac FS)            30.0                                              
     Vinyl chloride-vinylidene chloride copolymer                              
      (Dow Latex 874)        20.0                                              
     Microcrystalline paraffin wax                                             
                             6.0                                               
     ______________________________________                                    
PAR  Water constitutes the balance of the composition and is present in an
      amount sufficient to adjust the solids content of the composition to
      within the range of 20 to 55% solids by weight. The impregnation can be
      carried out in accordance with the procedure described in U.S. Pat. No.
      3,424,608 whereby the solids of the impregnating composition serve to coat
      the fibers sized with one of the compositions of Examples 15 to 20 and
      serve to separate the fibers and protect the sized fibers from destruction
      by mutual abrasion.
PAC  EXAMPLE 22
PAR  Glass fibers sized with the composition of Example 16 are impregnated with
      the following impregnating composition of the type illustrated in Example
      21 except that the vinyl chloride-vinylidene chloride copolymer component
      is replaced by a dicarboxylated butadiene-styrene resin.
TBL  Impregnating Composition                                                  
     ______________________________________                                    
                           Parts by weight                                     
                           (solids basis)                                      
     Resorcinol-formaldehyde resin                                             
                             5.0                                               
     Vinyl pyridine-butadiene-styrene terpolymer                               
                             30.0                                              
     Dicarboxylated butadiene-styrene resin                                    
      (Pliolite 2106 - Goodyear)                                               
                             20.0                                              
     Microcrystalline paraffin wax                                             
                             6.0                                               
     Water to solids content of 35%                                            
     ______________________________________                                    
PAR  Application of this impregnating composition can be made in an amount
      sufficient to deposit in the glass fiber bundle solids constituting from
      15 to 40% by weight of the glass fiber system.
PAR  As used herein, the term "elastomer" is intended to mean and include
      natural rubber in the cured or uncured stage, vulcanized or unvulcanized
      stage, and synthetic organic elastomeric materials such as nitriles,
      acrylics and esters and terpolymers thereof with styrene and
      acrylonitriles, styrene and vinyl pyridine; and EPDM rubbers as
      represented by butadiene polymers and copolymers with monoolefins such as
      butadiene-styrene-vinyl pyridine terpolymers, chloroprene, isoprene,
      neoprene, isobutyl rubber and the like elastomeric polymers and copolymers
      in their cured or uncured stages, and vulcanized or unvulcanized stages.
      Included also are the EPDM rubbers, such as formed by the
      interpolymerization of ethylene, an alpha-monoolefin having from 3 to 20
      carbon atoms, such as propylene, and polyene, such as dicyclopentadiene,
      1,4-hexadiene and preferably an alkylene or alkylidene norbornene, such as
      5-alkylidene-2-norbornene and the like in which the alkylidene group
      numbers from 2 to 12 carbon atoms, and polysulfone rubbers.
PAR  In facilitating the combination of glass fibers treated in accordance with
      the present invention with elastomeric materials, the individual glass
      fibers containing a coating on the surfaces thereof from Examples 15 to 20
      are mixed with elastomeric material or otherwise laid down in the desired
      arrangement for combination with the elastomeric material, as in the
      manufacture of glass fiber-reinforced belts or in the manufacture of
      rubber tires reinforced with cords of glass fibers. The combination of
      glass fibers and elastomeric material is processed in a conventional
      manner by mold or cure under heat and compression or vulcanized for
      advancement of the elastomeric material to a cured or vulcanized stage
      while in combination with the treated glass fibers or bundles of glass
      fibers whereby the glass fibers or bundles of glass fibers become strongly
      integrated with the elastomeric materials in the glass fiber-elastomeric
      product.
PAR  In the final system, the elastomeric material with which the glass fibers
      or bundles of glass fibers are combined, constitutes a continuous phase.
      Such continuous phase elastomeric materials may comprise elastomers or
      rubbers of the type incorporated into the treating compositions or the
      elastomeric material can differ therefrom. It is believed that the tie-in
      between the individually coated glass fibers or the impregnated bundles of
      glass fibers and the elastomeric materials forming the continuous phase
      occurs primarily during cure or vulcanization of the elastomeric material
      in combination with the treated glass fibers.
PAR  It will be apparent that various changes and modifications can be made in
      the details of procedure, formulation and use without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
NUM  1.
PAR  1.  Glass fibers having a thin size coating thereon, said coating being
      formed from a compound having the formula
      ##EQU55##
      wherein R.sub.1 and R.sub.2 are each alkyl containing 1 to 6 carbon atoms;
      R.sub.5 is selected from the group consisting of alkyl, aryl, cycloalkyl,
      alkenyl and acryloxyalkyl and methacryloxyalkyl, R.sub.5 containing 1 to
      20 carbon atoms; R.sub.6 and R.sub.7 are each selected from the group
      consisting of alkoxy containing 1 to 5 carbon atoms, R.sub.5 and hydrogen;
      and R.sub.8 is selected from the group consisting of hydrogen, alkyl
      containing 1 to 8 carbon atoms and a group of the formula
EQU  --CH.sub.2 -- O -- R.sub.4
PAL  wherein R.sub.4 is selected from the group consisting of phenyl; phenyl
      substituted with an amino group, a halogen group or an alkyl group; alkyl
      containing 1 to 20 carbon atoms; alkenyl containing 2 to 8 carbon atoms
      and a group of the formula
      ##EQU56##
      where R' is hydrogen or methyl.
NUM  2.
PAR  2. Glass fibers as defined in claim 1 wherein the compound has the formula
      ##EQU57##
      wherein Z is alkoxy of 1 to 5 carbon atoms.
NUM  3.
PAR  3. Glass fibers as defined in claim 1 wherein the compound has the formula
      ##EQU58##
      wherein Z is alkoxy of 1 to 5 carbon atoms.
NUM  4.
PAR  4. Glass fibers as defined in claim 1 wherein the coating also includes a
      film forming material.
NUM  5.
PAR  5. A glass fiber bundle formed of a plurality of glass fibers, each of the
      glass fibers having a thin size coating thereon, said coating formed from
      a compound having the formula
      ##EQU59##
      wherein R.sub.1 and R.sub.2 are each alkyl containing 1 to 6 carbon atoms;
      R.sub.5 is selected from the group consisting of alkyl, aryl, cycloalkyl,
      alkenyl and acryloxyalkyl and methacryloxyalkyl, R.sub.5 containing 1 to
      20 carbon atoms; R.sub.6 and R.sub.7 are each selected from the group
      consisting of alkoxy containing 1 to 5 carbon atoms, R.sub.5 and hydrogen;
      and R.sub.8 is selected from the group consisting of hydrogen, alkyl
      containing 1 to 8 carbon atoms and a group of the formula
EQU  --CH.sub.2 -- O -- R.sub.4
PAL  wherein R.sub.4 is selected from the group consisting of phenyl; phenyl
      substituted with an amino group, a halogen group or an alkyl group; alkyl
      containing 1 to 20 carbon atoms; alkenyl containing 2 to 8 carbon atoms
      and a group of the formula
      ##EQU60##
      where R' is hydrogen or methyl.
NUM  6.
PAR  6. A bundle as defined in claim 5 wherein the coating also includes a film
      forming material.
NUM  7.
PAR  7. A bundle as defined in claim 5 wherein the compound has the formula
      ##EQU61##
      wherein Z is alkoxy of 1 to 5 carbon atoms.
NUM  8.
PAR  8. A bundle as defined in claim 5 wherein the compound has the formula
      ##EQU62##
      wherein Z is alkoxy of 1 to 5 carbon atoms.
NUM  9.
PAR  9. A bundle as defined in claim 5 wherein the glass fibers forming the
      bundle are in the form of strands.
NUM  10.
PAR  10. A bundle as defined in claim 5 wherein the glass fibers forming the
      bundle are in the form of strands which have been plied and twisted
      together.
NUM  11.
PAR  11. In a glass fiber reinforced elastomeric product wherein an elastomeric
      material constitutes a continuous phase in which the glass fibers are
      distributed, the improvement in the bonding relationship between the glass
      fibers and the elastomeric material comprising a coating on the glass
      fibers, said coating formed from a compound having the formula
      ##EQU63##
      wherein R.sub.1 and R.sub.2 are each alkyl containing 1 to 6 carbon atoms;
      R.sub.5 is selected from the group consisting of alkyl, aryl, cycloalkyl,
      alkenyl and acryloxyalkyl and methacryloxyalkyl, R.sub.5 containing 1 to
      20 carbon atoms; R.sub.6 and R.sub.7 are each selected from the group
      consisting of alkoxy containing 1 to 5 carbon atoms, R.sub.5 and hydrogen;
      and R.sub.8 is selected from the group consisting of hydrogen, alkyl
      containing 1 to 5 carbon atoms and a group of the formula
EQU  -- CH.sub.2 -- O -- R.sub.4
PAL  wherein R.sub.4 is selected from the group consisting of phenyl; phenyl
      substituted with an amino group, a halogen group or an alkyl group; alkyl
      containing 1 to 20 carbon atoms; alkenyl containing 2 to 8 carbon atoms
      and a group of the formula
      ##EQU64##
      where R' is hydrogen or methyl.
NUM  12.
PAR  12. A product as defined in claim 11 wherein the glass fibers are in the
      form of bundles, with the compound forming a coating on the individual
      glass fibers and an impregnant in the bundle, said impregnant comprising a
      blend of an elastomer and a resorcinol-aldehyde resin.
NUM  13.
PAR  13. In a glass fiber reinforced plastic product wherein a thermosetting or
      thermoplastic resin constitutes a continuous phase in which the glass
      fibers are distributed, the improvement in the bonding relationship
      between the glass fibers and the resin comprising a coating on the glass
      fibers, said coating formed from a compound having the formula
      ##EQU65##
      wherein R.sub.1 and R.sub.2 are each alkyl containing 1 to 6 carbon atoms;
      R.sub.5 is selected from the group consisting of alkyl, aryl, cycloalkyl,
      alkenyl and acryloxyalkyl and methacryloxyalkyl, R.sub.5 containing 1 to
      20 carbon atoms; R.sub.6 and R.sub.7 are each selected from the group
      consisting of alkoxy containing 1 to 5 carbon atoms, R.sub.5 and hydrogen;
      and R.sub.8 is selected from the group consisting of hydrogen, alkyl
      containing 1 to 8 carbon atoms and a group of the formula
EQU  -- CH.sub.2 -- O -- R.sub.4
PAL  wherein R.sub.4 is selected from the group consisting of phenyl; phenyl
      substituted with an amino group, a halogen group or an alkyl group; alkyl
      containing 1 to 20 carbon atoms; alkenyl containing 2 to 8 carbon atoms
      and a group of the formula
      ##EQU66##
      where R' is hydrogen or methyl.
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PAL  An improved textile forming size for glass fibers utilized in the
      preparation of rubber coated glass fiber tire cord is described in which a
      starch based forming size has incorporated therein a non-inoic wetting
      agent, a silane coupling agent and a paraffinic or microcrystalline wax.
      The use of this forming size on glass fibers which are subsequently coated
      with elastomer for use as tire cord results in a tire cord having improved
      flex fatigue properties.
PARN
PAR  This is a division of application Ser. No. 326,740, filed Jan. 26, 1973,
      now U.S. Pat. 3,887,389.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the preparation of glass fibers for use as reinforcement in rubber, for
      example in automotive tires, it is conventional to size the glass fibers
      during forming and subsequently to coat the sized fibers with a coating
      composition containing a rubber adhesive and a latex coating. The rubber
      coated cords or strands of glass fibers are then dried and used to prepare
      fiber glass belts for incorporation into an automotive tire.
PAR  Many forming sizes have been disclosed in the art for use in preparing
      glass fibers into textile strand for various applications. One
      particularly effective textile forming size disclosed in the art is a
      starch weaving size disclosed in U.S. Pat. 3,227,192. This size has found
      particular utility as a textile forming size but is not a particularly
      suitable forming size for glass fibers used to form textile strands which
      are to be utilized in rubber reinforcement applications. An exemplary size
      for use in preparing glass fibers for subsequent coating with elastomeric
      material is described in U.S. Pat. 3,655,353.
PAC  THE PRESENT INVENTION
PAR  In accordance with the instant invention, applicant has improved on the
      textile forming size of U.S. Pat. 3,227,192 rendering that size compatible
      with rubber dip formulations conventionally employed to coat glass fiber
      strand utilized in rubber reinforcement applications such as in the
      formation of automotive tires. Thus, the rubber compatible forming size of
      the instant invention is starch based forming size which contains a
      selected silane coupling agent, a non-ionic wetting agent and preferably a
      paraffinic or microcrystalline wax. Glass fibers having this forming size
      applied thereto and coated with conventional rubber latex dip formulation
      for rubber reinforcement exhibit good flex fatigue properties, acceptable
      strip adhesion properties and strength in rubber.
PAR  The amylose starch mixture utilized in the instant invention has a high
      amylose starch fraction, i.e. one containing about 50 to 60 percent by
      weight of amylose with the greater portion of the remainder being
      amylopectin. The other fraction of the starch mixture is a water repellent
      low amylose starch fraction, i.e. one containing about 20 to 30 percent by
      weight amylose with the greater portion of the remainder being
      amylopectin. These starch fractions are employed in approximately equal
      proportions.
PAR  The basic starch components of the amylose containing starches employed in
      the starch mixture can be derived from any starch sources including corn,
      wheat, potato tapioca, waxy maize, sayo, rice, hybride starches and the
      like. Conveniently, however, the starch component having the high amylose
      content, i.e. 50 to 60 percent by weight, is derived either from potato
      starch or a hybrid corn starch having over 50 weight percent amylose, and
      the starch component having the low amylose content, i.e. 20 to 30 percent
      by weight, is derived from corn starch. The overall amylose content of the
      starch mixture can vary from 35 to 45 percent by weight based on the total
      starch content.
PAR  The low amylose content starch component is a water repellent starch which
      preferably contains from 25 to 27 percent amylose with the remainder being
      amylopectin. Instead of pure starch, the low amylose content component can
      and preferably does contain cross links. Thus, preferably the low amylose
      content component is a lightly cross-linked corn starch having an amylose
      content of from 25 to 27 percent by weight. The low amylose component
      constitutes from 45 to 55 percent by weight of the mixture (based on total
      starch content) and preferably about 50 percent by weight thereof.
PAR  The term "starch mixture" as used herein is intended to be descriptive of
      the fact that a plurality of different starches, each having a different
      amylose content are employed in the forming size composition and not to
      preclude the possibility of chemical interaction between the starch
      molecules of each of the starch components. In fact, some chemical bonding
      can be present between the molecules of both the high amylose starch and
      the low amylose starch, and such starch mixtures possessing intermolecular
      bonding between the starch components are considered to be included in the
      starch mixtures employed with this invention.
PAR  The individual starch components can be blended by mixing in the dry state
      by mechanical mixing and the mixture produced can then be added to water
      and cooked. The starches can also be added dry to a mixing vessel
      containing water, mixed and then cooked in the mixing vessel. The
      individual starch components can also be mixed with water separately, then
      admixed to form an aqueous slurry and then cooked. The individual starch
      components can also be mixed with water separately, cooked separately and
      then admixed.
PAR  An important consideration in preparing the starch based size compositions
      of the instant invention is the inclusion therein of considerable
      quantities of a non-ionic wetting agent. The use of this material in
      substantial concentration not only enhances the wetting of the fiber glass
      strands as size is applied thereto, but also complements the hygroscopic
      nature of the starch to thereby improve the ability of the size to absorb
      elastomeric dip during the subsequent coating operations. In general
      non-ionic wetting agents such as polyalkylene derivatives of esters, fatty
      acids, fatty alcohols, fatty amides and alkyl phenyl ethers may be
      employed with the alkyl phenyl ethers forming the preferred materials.
      Typically the non-ionic wetting agents are used in amounts ranging from
      0.75 to 1.25 percent by weight based on the total weight of the aqueous
      size, preferably 0.8 to 1 percent by weight.
PAR  A microcrystalline wax is also employed in the preferred novel size of the
      instant invention and provides an improvement in flex fatigue properties
      of tire cord made using glass fibers sized with the instant invention. It
      is believed that incorporating a microcrystalline wax in the forming size
      provides a high concentration of wax in the proximity of the
      glass-silane-elastomer bond when the sized strand is coated with elastomer
      dip in the coating operations. The wax employed is a microcrystalline wax,
      having a melting point of about 100.degree.C. or more, preferably above
      135.degree.C. The waxes are typically used in the size formulation of the
      instant invention as water dispersions containing 40 to 60 percent by
      weight wax therein, preferably 50 to 60 percent by weight. In the size
      formulation of the instant invention the wax content is typically between
      0.5 to 3 percent by weight of the aqueous size solution and preferably 1
      to 1.5 percent by weight in order to insure the desirable flex fatigue
      characteristics in the final coated cord product.
PAR  In lieu of microcrystalline waxes, paraffins may also be employed to impart
      desirable flex fatigue properties to glass fibers sized with the instant
      sizing and subsequently coated with elastomeric dip. These materials tend
      to have a lower melting point than the microcrystalline waxes, generally
      being in the range of 50.degree.C. to about 80.degree.C. Formulations
      employing these materials generally have the paraffin present in a range
      of from 0.5 to 3 percent by weight basis the weight of the size,
      preferably between 1 and 1.5 percent by weight.
PAR  Various silanes may be employed in the size formulation of the instant
      invention. In general hydrolyzable vinyl, alkyl, beta chloropropyl,
      phenyl, thio-alkyl, thio-alkaryl, amino-alkyl, methacrylato, epoxy and
      mercapto silanes, their hydrolysis products, polymers of the hydrolysis
      products and mixtures of any of these may be employed. Monoamino and
      diamino silanes have been found particularly suitable in the sizes
      involved in the instant invention. Thus, gamma-aminopropyl triethoxy
      silane, N-(trimethoxy silylpropyl) ethane diamine acrylamide and other
      similar mono and diamino silanes may be used. These silanes are employed
      typically in concentrations ranging between 0.4 and 1 percent by weight
      basis the aqueous size mixture and preferably between 0.5 and 0.7 percent
      by weight basis the aqueous size mixture.
PAR  The size of the instant invention contains other conventional size
      ingredients such as lubricants (vegetable oil), fungicides (tri-butyl-tin
      oxides), wetting agents and softening agents.
DETD
PAR  The invention is further illustrated by the following examples.
PAC  EXAMPLE I
PAR  A size formulation is prepared having the following constituents:
TBL                            Weight                                          
     Ingredients               in grams                                        
     ______________________________________                                    
     Amylon Starch -- (fractionated natural                                    
                               761                                             
     potato starch with 55 percent by                                          
     weight amylose)                                                           
     National HFS Starch -- (corn starch cross-                                
                               761                                             
     linked with phosphorous oxychloride and                                   
     having 27 percent by weight amylose.)                                     
     Pureco Oil (hydrogenated cottonseed oil)                                  
                               340                                             
     Tween 81 (ethylene oxide derivative of a                                  
                               81                                              
     sorbitol ester.                                                           
     Cation X (alkyl imidazoline reaction product                              
                               152                                             
     of tetraethylene pentamine and stearic acid)                              
     Carbowax 300 (polyethylene glycol having a                                
                               180                                             
     molecular weight of about 300).                                           
     Biomet 66 (aqueous dispersion of bis(tri-n-                               
                               0.37                                            
     butyl-tin)oxide)                                                          
     Igepal CA 630 (acetyl phenoxy polyoxyethane                               
                               332                                             
     ethanol)                                                                  
     Mobilcer Q (50% aqueous dispersion of micro-                              
                               800                                             
     crystalline wax)                                                          
     C-600 (modified diamine silane)                                           
                               200                                             
     Glacial acetic acid       50                                              
     Water (sufficient to provide final volume of                              
                               37,854.34 cc                                    
     size of                                                                   
     ______________________________________                                    
PAR  Cold deionized water is added to a mixing tank in a volume of about 12,000
      cc. Both starch components are then added to the tank and agitated, the
      Amylon Starch being added first and the National HFS Starch after the
      Amylon Starch has been added. Agitation is continued until substantially
      all lumps are dissolved. 12,000 cc. of additional water is then added to
      the tank and the resulting slurry is cooked at between 92.degree.C and
      105.degree.C. in a jet cooker for a sufficient period of time to
      thoroughly incorporate the starch into the aqueous system. The Carbowax
      300 is then added to the slurry. The Cation X, previously mixed with 500
      to 600 cc. of water maintained at 76.degree.C. to 83.degree.C. is then
      added to the starch slurry and agitated. The Tween 81 is added to the
      Pureco Oil and mixed therewith. To this mixture is added 250 to 1200 cc.
      of water at temperatures between 60.degree.C. to 83.degree.C. This mixture
      is added to the slurry and agitated therein. The slurry is then cooled to
      a temperature between 25.degree.C. and 35.degree.C. To the cooled
      homogenized slurry the Igepal CA 630 dissolved in 1,000 cc. of water at
      25.degree.C. is added. Then the Mobilcer Q is diluted with 1,000 cc of
      water and is added to the slurry. The C-600 is diluted with 1,200 cc. of
      water to which the acetic acid has been added and this mixture is then
      added to the slurry. Finally the Biomet 66 is added to complete the
      forming size. The size solution is then brought to a final volume of
      37,854.34 cc. by the addition of the requisite amount of water.
PAR  In applying the forming size of the instant invention to glass fibers the
      application follows conventional sizing applications.
PAR  Thus, as shown in the drawing, molten glass 13 is contained in an
      electrically heated bushing 12. The bushing is maintained at temperature
      sufficient to maintain the glass 13 in a molten state. A plurality of
      glass fibers 10 are drawn from the bushing 12 through tips 11 and across
      the face of a roller applicator 19 contained in a housing 22. The housing
      has the forming size 20 of the instant invention maintained therein and
      supply line 18 can be used to add additional size to the tank 22 as
      required. The fibers 10 pass over a gathering shoe 24 after receiving size
      from the applicator 19 and are wound on a package contained on the surface
      of a winder 26. The cords or strands on the package associated with the
      winder 26 are then dried at temperature between 25.degree.C. and
      100.degree.C. and after drying are subjected to a coating step.
PAR  In preparing finished cord the glass fibers sized with the above
      formulation are treated with a coating composition. The following example
      is illustrative of a coating composition with which the size of the
      invention is compatible.
TBL  ______________________________________                                    
     Example II                                                                
        INGREDIENT    RANGE       PREFERRED                                    
     Functional Description                                                    
                      Parts by Weight                                          
                                  Parts by Weight                              
        (Material)                                                             
     ______________________________________                                    
     Vehicle--Deionized Water                                                  
                       89.7 - 139.7                                            
                                  111.7                                        
     pH Control--Ammonium                                                      
                      0.4 - 2.0   0.5                                          
     Hydroxide (28% aqueous                                                    
     solution)                                                                 
     Adhesive--                                                                
      Resin--Novolak Resin                                                     
                      10.7 - 26.7 16.4                                         
          (75% solids)                                                         
         --Formaldehyde (37%                                                   
                       2.7 - 10.8 7.4                                          
          aqueous solution)                                                    
     Latex--Styrene-butadiene-                                                 
                      146 - 244   244.0                                        
     vinylpyridine (15:70:15)                                                  
     (41% solids)                                                              
        --Styrene-butadiene                                                    
                        0 - 97.5  0                                            
         rubber (41% solids)                                                   
     ______________________________________                                    
PAR  On a solids basis the novolak comprises 11.6 to 12.2 percent by weight, the
      formaldehyde 1.4 to 2.5 percent by weight, and the combined latex 85 to 87
      percent by weight, the styrene-butadiene-vinylpyridine being from 61 to 81
      percent by weight, the styrene-butadiene rubber being 0 to 25 percent by
      weight. Solids content of the preferred coating dips shown above range
      from 27.6 percent to 32.2 percent by weight of the solutions, with the
      preferred composition 30 percent by weight solids.
PAR  In solutions having greater solids content, as for instance above 27 weight
      percent solids, the use of a novolak resin is preferred to use of a
      resorcinol-formaldehyde system. Less precipitation or "throwing out"
      occurs from large batches of coating solution when a novolak resin is
      used.
PAR  The mixture is prepared by adding the water to a premix tank followed by
      the addition of ammonium hydroxide while stirring and then adding the
      novolak to this mixture while stirring, continuing stirring until complete
      solution. The particular novolak used in the examples described was that
      marketed by Koppers Company under their tradename Penacolite R-2170. The
      styrene-butadiene-vinylpyridine is added to a batch tank and to it is
      added the styrene-butadiene rubber with stirring followed by continued
      stirring for about five minutes. The particular commercial latices used in
      the examples which follow were, unless otherwise indicated, a
      styrene-butadiene-vinylpyridine sold by General Tire & Rubber Company and
      designated Gentac and a styrene-butadiene rubber sold by General Tire &
      Rubber Company under the designation Genflo. The premix is then added to
      the batch tank with stirring which is continued for five minutes after
      addition. The formaldehyde is then added to the mixture and the mixture
      stirred for ten minutes. The coating mixture is allowed to age for at
      least about six hours before use.
PAR  A further size formulation in accordance with this invention was prepared
      as indicated in the following Example.
PAC  EXAMPLE III
PAR  The size formulation of Example I was used in the amounts indicated except
      that in lieu of the Mobilcer Q a paraffin was used. The paraffin used had
      a melting point of about 52.degree.C. and 400 grams of the wax was used.
      The procedure of Example I was used to add the materials in the same
      sequence except that in adding the paraffin it was first melted. The
      molten paraffin was mixed with additional Tween 81 and this mixture was
      then subjected to homogenizing action in a high speed mixer, the Tween 81
      being added at 15 parts per 100 parts of paraffin. While undergoing
      homogenization, 150 parts of water per 100 parts of paraffin are added to
      the Tween 81 - paraffin mixture. The resulting mixture was then added to
      the starch mixture in the same sequence as the microcrystalline wax.
PAR  The forming size prepared in this manner was then applied to glass fibers
      on an applicator in the same manner as the size of Example I.
PAC  EXAMPLE IV
PAR  The size of Example I was applied to fiber glass strands on equipment of
      the type shown in the drawing using applicator 19 to apply the size
      solution to the fiber drawn from the bushing tips 11 across the face of
      the applicator 19 which face was saturated with the size. The size is
      applied in an amount of about 1.3 percent by weight of the glass. The
      glass fibers employed were ECG-75's. (E indicates electrical glass, C
      indicates continuous forming, G indicates a filament diameter of 0.00036
      and the "75" indicates 7,500 yarns per pound of glass.) The fibers (400 in
      number) are gathered after sizing into a single strand using the gathering
      shoe 24 and wound on the forming package 26. After drying the sized strand
      for about 2 hours at 82.2.degree.C., the strand is twisted onto a bobbin
      at one half turn per inch twist. Bobbins containing twisted and sized
      strands are then fed from a creel to a coater. The coater contains the dip
      formulation of Example II. The dip is applied by rollers contained in the
      dip tank and the strands in contacting the roller surfaces have dip
      applied thereto. The rollers are speed controlled in rotation by a
      suitable motor and are regulated to provide a dip pickup of 30 percent
      basis the weight of the glass. The strands are then combined into cords
      each cord containing five strands and the cords are dried in the manner
      described in U.S. Pat. 3,619,252.
PAC  EXAMPLE V
PAR  Fiber glass strands are sized as in Example IV using ECG-75's and the size
      of Example III. The sized strands containing 1.3 percent by weight of the
      size after drying are then coated with the dip of Example II to a weight
      percent of 30 percent and combined into cords, fine strands to each cord.
      The cords are then dried by the method described in U.S. Pat. 3,619,252.
PAC  EXAMPLE VI
PAR  To compare the fibers sized in accordance with this invention, a series of
      strands were prepared from ECG-75's using the size formulation of U.S.
      Pat. 3,655,353. The strands after sizing contain 0.8 percent by weight
      size thereon. After drying, the sized strands are coated with 30 percent
      by weight of the dip of Example II. The coated strands are then gathered
      into cords, each cord containing five strands and dried in accordance with
      the procedures of U.S. Pat. 3,619,252,
PAR  The cords prepared in Example IV, V and VI were then subjected to the same
      physical tests to determine breaking strength in air and rubber, U-Pull,
      H-Pull and strip rating (adhesion tests) and flex fatigue properties. The
      results of these tests are shown below in Table I:
TBL                Table I                                                     
     ______________________________________                                    
                    Example                                                    
                           Example  Example                                    
                    IV     V        VI                                         
     ______________________________________                                    
      Properties                                                               
     U-Pull (lbs)     25.8     26       18                                     
     H-Pull (lbs)     16.3     16       15                                     
     Strip Rating     3.5      4.0      2.0                                    
     Breaking Strength (lbs)                                                   
      In air          63.0     65.5     63.9                                   
      In rubber       67.0     75.4     74.6                                   
     Flex Fatigue (kilocycles)                                                 
                      749      807      308                                    
     ______________________________________                                    
PAR  As will be readily appreciated from the above Table I, the sizes of the
      instant invention provide cords which have unusually good flex fatigue
      properties rendering them extremely desirable for automotive tire
      applications while still providing cords having acceptable strength and
      adhesion properties. Thus, in the strip adhesion test for example, a
      rating of 5 is considered perfect. A rating of 4 is considered to be
      excellent for cords used in automotive tire products.
PAR  The cords sized with the formulation of the instant invention have also
      been found to be resistant to normal degradation found in conventional
      cords after storage for prolonged periods of time. In general, tire cords
      made of glass fibers tend to degrade in that they lose some of their
      breaking strength properties if stored for prolonged periods prior to
      incorporation into tire stock or for shorter periods at high temperature
      and high humidity.
PAR  Thus for example, a tire cord prepared from the size of Example VI and the
      dip of Example II and having an initial breaking strength in air of 66.5
      pounds is found to have a breaking strength of 41.1 after 14 days storage
      at 49.degree.C. and a 95 percent relative humidity. The cord made with the
      size of Example I and the dip of Example II and having an initial breaking
      strength of 63 pounds under the same time, temperature and humidity had a
      final breaking strength of 59.5. Similarly a cord made with the size of
      Example III and the dip of Example II and having an initial breaking
      strength of 65.7 and subjected to the same time, temperature and humidity
      has been found to have a final breaking strength of 49.1 pounds.
PAR  Thus, in addition to having excellent flex fatigue properties, the cords
      made from stands sized with the sizes of this invention have unusually
      good storage stability.
PAR  In the preferred embodiments of this invention, high amylose starch and low
      amylose starch mixtures have been used. It has been found that other
      modified starches can also be used such as the starches described in U.S.
      Pat. 3,664,855. This latter patent also discloses the use of paraffin in
      starch weaving sizes.
PAR  While the invention has been described with reference to certain specific
      embodiments, it is not intended to be limited thereby except insofar as
      appears in the claims. Thus, while paraffinic and microcrystalline waxes
      form the preferred embodiments of the instant invention, other waxes such
      as vegetable waxes, animal waxes and other synthetic waxes may be used
      provided they are employed in the quantities specified in the instant
      specification and claims. A plurality of these type waxes are enumerated
      in U.S. Pat. 3,664,855.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a glass fiber tire cord comprised of sized glass fibers with a
      coating of an elastomeric latex thereon, the improvement wherein the flex
      fatigue resistance of said glass fiber tire cord is enhanced by having on
      the surface of the individual glass fibers a sizing composition consisting
      essentially of: an aqueous starch mixture consisting essentially of 45 to
      55 percent by weight of a high amylose starch component having an amylose
      content of about 50 to 60 percent by weight, and 45 to 55 percent by
      weight of a water repellent low amylose starch component having crosslinks
      therein having an amylose content of about 20 to 30 percent by weight; 0.5
      to 3 percent by weight of a member of the group consisting of paraffin wax
      and microcrystalline wax; 0.4 to 1 percent by weight of a silane coupling
      agent; and about 0.75 to 1.25 percent by weight of a non-ionic wetting
      agent.
NUM  2.
PAR  2. The glass fiber tire cord of claim 1 wherein the silane coupling agent
      in the size is an amino silane coupling agent.
NUM  3.
PAR  3. The glass fiber tire cord of claim 1 wherein wax constituent of the size
      is present from about 1.0 to 1.5 percent by weight and the non-ionic
      wetting agent is present at about 0.8 to 1 percent by weight.
NUM  4.
PAR  4. The glass fiber tire cord of claim 1 wherein the elastomeric latex is a
      styrene-butadiene-vinylpyridine latex.
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ABST
PAL  A process for simultaneously texturizing a plurality of yarns including
      feeding a plurality of yarns separately through the inlet of a texturizing
      device to a cylindrical chamber, supplying a hot compressed fluid to the
      cylindrical chamber to advance the yarns therein, the hot compressed fluid
      escaping into an outer closed chamber, and maintaining the outer chamber
      at a pressure less than the feed pressure of the hot compressed fluid and
      greater than atmospheric pressure. A texturizing device for use in the
      above described process including a yarn supplying conduit and an intake
      member combined to form a suction nozzle supplying a plurality of yarns to
      be texturized to a cylindrical chamber defined by a tubular member with a
      wall surrounding the tubular member forming a closed chamber maintained at
      a pressure less than the feed pressure of a hot, compressed fluid supplied
      to the intake member and greater than atmospheric pressure, the yarn
      supplying conduit having tubular channels therein to maintain the yarns
      separate during introduction into the cylindrical chamber. A textile
      product formed of an elongated pack of at least two texturized yarns
      having a substantially smooth, uniform, continuous, peripheral surface.
PARN
PAR  This is a division of application Ser. No. 188,775, filed Oct. 13, 1971 now
      Pat. No. 3,827,113.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention pertains to a process and apparatus for high speed
      texturizing of thermoplastic yarns and, more particular, to such process
      and apparatus for simultaneously texturizing a plurality of thermoplastic
      yarns and to the product produced thereby.
PAR  2. Discussion of the Prior Art:
PAR  In the past a great number of processes have been utilized to produce
      springy texturized yarn with such prior art processes being specifically
      described in the above mentioned patent application Ser. No. 56,880, now
      U.S. Pat. No. 3,703,754, the specification of which is incorporated herein
      by reference. In order to more fully appreciate the present invention,
      however, prior art texturizing processes will be briefly described
      hereinafter.
PAR  The false twist process, which is an example of a mechanical texturizing
      process, is utilized for texturizing by subjecting a yarn to an excess
      twist that is thermally fixed and then continuously untwisting the yarn.
      Another mechanical texturizing process is stuffing wherein a heated yarn
      is compressed in a stuffing box in which it remains for varying lengths of
      time. The mechanical texturizing processes as described above have the
      disadvantage of permiting only relatively low rates of production and,
      therefore, have not been as commercially feasible as is desirable.
PAR  U.S. Pat. No. 3,373,470 describes a texturizing process that permits high
      rates of production on the order of 1,000 meters per minute or greater by
      compacting and compressing yarns in a limited space by means of a hot
      fluid under pressure. One portion of the fluid is permitted to escape
      laterally while the remaining portion of the fluid effects the advance of
      the packed yarn within the limited space. The apparatus utilized to effect
      the process of U.S. Pat. No. 3,373,470 basically includes a suction nozzle
      having a yarn passage extending therethrough and a pipe for delivering the
      hot fluid. A tubular chamber communicates with a nozzle receiving the hot
      fluid and the yarn, and the tubular chamber has gaps in its lateral wall
      to permit escape of the fluid. The process of Pat. No. 3,373,470 is
      particularly effective in texturizing of high tex yarns, such as carpet
      yarns, and medium tex yarns, and this process is presently commercially
      utilized for texturizing yarns above 500 dtex.
PAR  The process and apparatus of U.S. Pat. No. 3,373,470 cannot be easily
      utilized to texturize fine yarns, that is yarns below 100 dtex, in that
      the dimensions of the apparatus must be reduced to the size of the yarn to
      be treated. Accordingly, in order to utilize this process for fine yarns
      the apparatus must be miniaturized which, of course, involves the
      disadvantages of precise machining and design of the gaps or piercing of
      the lateral escape holes for the fluid. In many cases the diameter of such
      escape holes must be on the order of 0.1mm. The provision of such small
      holes without leaving burrs inside the tubular chamber is an extremely
      difficult operation and from an economic standpoint is improper.
PAR  The process of U.S. Pat. No. 3,373,470 has been utilized to assemble and
      texturize simultaneously two or more 500 dtex yarns by feeding several
      filament lengths together to the input of the texturizing device. At the
      output of the device a pack formed of a curling or crimped yarn, whose
      number of filaments is the sum of the number of filaments introduced into
      the device, is collected, the pack being normally collected in a skip or
      can. When the treated yarns are on the order of 500 dtex, it is possible
      to separate the different yarns in the pack without great difficulty since
      the yarns have a relatively high tex and are, accordingly, relatively
      heavy. Of course, the yarns have a tendency to stick or cling together,
      however, in the case of high titre yarns, when the yarns are extracted or
      removed from the skip or can the yarns separate due to the weight of the
      pack. In contradistinction; however, when fine yarns are treated, such
      fine yarns have a tendency to cling together even if they are not
      texturized; and, thus when they are texturized, the interengagement due to
      the kinks is stronger and is capable of resisting the effect of the weight
      of the pack. Accordingly, separation of the yarns is extremely difficult;
      and, of course, the degree of difficulty increases with the decrease in
      titre or increase in fineness of the texturized yarns. Furthermore, in
      certain applications the pack of texturized yarns after collection in a
      skip or can is subjected to additional treatments such as passage through
      a dye bath. During such additional treatments or operations the pack is
      subjected to movement which exposes the pack to deformation that could
      cause the pack to loose cohesion and its original configuration, such as
      crushing for example. If such deformation occurs, the difficulty in
      separating the yarns from the pack is greatly increased since the yarns
      are meshed and cling to each other with increased tenacity.
PAR  To increase consistency and firmness of packs produced by the above
      processes an auxiliary yarn has been introduced into the texturizing
      device along with the yarn to be treated. The auxiliary yarn is fed at a
      slower speed than the yarn to be treated and constitutes a core imparting
      firmness to the pack. The use of such an auxiliary yarn has the
      disadvantage of requiring the delivery of a further element to the
      texturizing device, which element must then be removed from the pack by
      chemical, physical or mechanical means. Another manner in which it has
      been attempted to increase consistency and firmness of the pack is to
      incorporate a binder in the yarn substance; however, this solution has the
      disadvantage of effectively providing a compromise between the firmness of
      the produced pack to facilitate further operations and the facility of
      extracting or separating the yarn from the pack for winding. Furthermore,
      the binder must be such as not to have a chemical or physical effect on
      the yarn such as bonding the strands since such an effect produces a yarn
      having irregular bulk or cross section.
PAR  Another problem in the separation of texturized yarns is that in the past
      separation was possible only at low speeds, and, thus, the entire process
      was slowed thereby. Of course, high speeds in the production of texturized
      yarns are greatly desirable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a process
      and apparatus for simultaneously texturizing a plurality of yarns at high
      speeds and, more particularly, for simultaneously texturizing a plurality
      of fine yarns at high speeds to form a crimped pack from which the yarns
      may be easily and quickly separated.
PAR  The present invention is generally characterized in a process for
      simultaneously texturizing a plurality of yarns including feeding a
      plurality of yarns to a texturizing device including a fluid inlet, a
      nozzle communicating with a tubular member having lateral discharge
      apertures therein and a closed outer chamber surrounding the tubular
      member; supplying a hot compressed fluid to the fluid inlet of the
      texturizing device, one portion of the fluid advancing the yarns through
      the tubular member and another portion of the fluid escaping laterally
      through the discharge apertures; and maintaining the pressure in the outer
      chamber less than the pressure of the fluid and greater than atmospheric
      pressure. The present invention is further generally characterized in a
      texturizing device including a tubular member for receiving a plurality of
      yarns and having lateral discharge apertures therein, a closed outer
      chamber surrounding the tubular member, a fluid inlet for receiving a hot
      compressed fluid, and a yarn inlet having a plurality of channels therein,
      each of the channels receiving a yarn to be texturized, one portion of the
      fluid advancing the yarns through the tubular member and another portion
      of the fluid escaping laterally through the discharge apertures into the
      outer chamber, the outer chamber having a pressure therein less than the
      pressure of the fluid at the fluid inlet and greater than atmospheric
      pressure. The present invention is additionally generally characterized in
      a product formed with the above described process and apparatus including
      an elongated pack of at least two crimped yarns having a substantially
      smooth, uniform and continuous outer peripheral surface.
PAR  The present invention has another object in that at least two yarns to be
      crimped are introduced separately into a limited space substantially along
      the generatrix thereof with the yarns being texturized by compressed
      fluid, one portion of which escapes laterally from the limited space and
      the other portion of which effects advancement of the yarn.
PAR  A further object of the present invention is to produce an elongated
      textile product formed of a compact packing of a least two texturized
      yarns with the peripheral portion of the packed product having a
      continuous, uniform and substantially smooth surface.
PAR  Yet another object of the present invention is to form a pack of texturized
      yarns with each yarn being disposed substantially along a generatrix of a
      limited space such that entanglement between strands of adjacent yarns is
      substantially reduced thereby facilitating separation of the yarns after
      texturizing.
PAR  A further object of the present invention is to maintain a plurality of
      yarns separate upstream of a texturizing device such that the yarns enter
      the texturizing device separately.
PAR  The present invention has another object in that a plurality of yarns are
      texturized in a limited space having a circular cross section in order to
      produce a pack having a substantially cylindrical configuration.
PAR  A further object of the present invention is to provide a method of
      texturizing and separating a plurality of yarns either continuously after
      texturizing or some time thereafter wherein the rate of separation depends
      only on the speed at which the texturized yarn is wound.
PAR  Some of the advantages of the present invention are that the number of
      yarns which may be treated is a function of both titre of the yarns and
      the dimensions of the device, in practice this number being advantageously
      between 4 and 8 or higher; a pack of yarns treated according to the
      present invention has sufficient cohesion to permit preservation of
      configuration during movement in a skip or can; the load-to-rupture, that
      is the load that must be applied to the pack to break its cohesion in a
      longitudinal direction as evidenced by cracks that distort the uniformity
      of the peripheral surface, corresponds to the weight of a length of the
      product greater than one meter; when polyamide yarns are treated, the
      specific weight of the pack is greater than 0.3 g/cc; the firmness and
      appearance of the pack render it useful as a semi-finished product able to
      withstand the rigors of transport over long distances and to be delivered
      as is to customers; after texturizing the pack can be collected in a
      conventional manner either in a can or skip for dying and also may be
      suitably packaged for delivery to a manufacturer; the pack may be
      collected by winding the pack on a support such as a cable or a cord; the
      yarns of the pack may be separated either immediately or continuously
      after texturizing or at some later period in time after further treatment
      or movement such as in the course of workup on a machine; for use in
      knitting where the rate of take-off of the yarn is slow, the pack may be
      utilized directly with yarn being separated from the pack in the course of
      take-off of the yarn; the yarns may be wound individually on a winding
      support or, preferably, after separation of the yarns may be assembled
      either in several groups or a single group and wound simultaneously,
      preferably in parallel; and the rate of separation of yarns is limited
      only by the rate of winding.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the preferred embodiments taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagramatic representation of apparatus according to the
      present invention.
PAR  FIG. 2 is a side elevation in section of the texturizing device of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Apparatus according to the present invention is illustrated in FIG. 1 and
      includes a texturizing device 10 having a yarn inlet 12 for separately
      receiving a plurality of yarns 14 to be treated and an outlet 16 for
      dispensing a pack 18 of the crimped or curled yarns 14 after texturizing
      by device 10. A plurality of guides 20 are disposed upstream of inlet 12
      to guide yarns 14 individually from feed spools, not shown, to device 10
      in order to assure that the yarns are separately received at the inlet 12.
PAR  The rate of movement of pack 18 from outlet 16 is controlled by a pair of
      rolls 22 and 24 disposed adjacent the outlet, and pack 18 is delivered to
      a moving endless belt 25 which carries the pack to a plurality of lift
      devices 26. From lift devices 26 the yarns of the pack, which are
      beginning to separate, are moved past a lubricating roll 28 and a
      separating comb 30 to a delivery mechanism 32 that delivers the yarns to a
      peripheral drive winding device 34 under tension controlled by a tension
      regulator 36.
PAR  Texturizing device 10, as shown in FIG. 2, includes a nozzle assembly
      formed of an intake member 38 receiving hot compressed fluid, such as
      steam, at a fluid inlet 40 and a yarn delivery conduit 42 having a tapered
      end cooperating and aligned with a conical opening in intake member 38 to
      form a suction nozzle. Conduit 42 threadedly engages member 38 to permit
      orifice adjustment. The inlet of conduit 42 defines yarn inlet 12, and a
      plurality of tubular channels or passages 44 are formed in conduit 42 to
      receive individual yarns 14 and deliver the yarns separately to a
      cylindrical chamber 46 formed by a tubular member 48, which chamber 46
      defines a limited space communicating with the suction nozzle and conduit
      42 to receive hot, compressed fluid and the plurality of yarns 14.
PAR  Tubular member 48 has a plurality of apertures 50 spaced longitudinally
      therein, and apertures 50 provide communication between cylindrical
      chamber 46 and a closed outer chamber 52 which is defined by a concentric
      wall 54 surrounding tubular member 48. A pressure regulator 56 is
      positioned at an outlet port 58 in order to control the pressure in
      chamber 52 and maintain such pressure above atmospheric pressure during
      operation.
PAR  In operation the yarns 14 are supplied to the inlet 12 of the nozzle and
      are pulled into chamber 46 by the hot, compressed fluid, preferably
      saturated steam, supplied at inlet 40. The hot, compressed fluid serves to
      effect movement or advancement of the yarns 14 in chamber 46 as well as
      performing a curling or crimping function at the orifice and stuffing
      chamber 46 with the yarns. The hot, compressed fluid escapes laterally in
      a controlled manner into chamber 52 since the pressure in chamber 52 is
      maintained above atmospheric pressure. The egress rate of the pack 18
      formed by texturizing device 10 is controlled by rollers 22 and 24; and,
      after exit may be delivered to conveyor 25 for continuous separation of
      the yarns. That is, the yarns experience winding tension as they approach
      the lift devices 26 and begin to separate. The yarns are then lubricated
      by roll 28 and separation is completed as the yarns pass through comb 30.
      The separated yarns are then wound under tension by winding device 34 in a
      parallel configuration. Thus, utilizing the apparatus of FIG. 1 a process
      is provided for continuously crimping a plurality of yarns to form a pack
      18 and then separating the yarns for winding.
PAR  If desired, the pack 18 may be collected in a can provided with a
      reciprocating motion, and the yarns may be separated and wound at any time
      thereafter with the pack 18 providing a firm and stable product. The yarns
      in pack 18 may be easily separated in the same manner as described with
      reference to FIG. 1 at any time after the pack is formed; and,
      accordingly, the pack may be shipped as a product for separation at a
      later time immediately before use in a suitable textile operation.
PAR  The process, product and apparatus of the present invention will be
      described with reference to the following specific examples; however, it
      is understood that the following examples are presented for purposes of
      illustration only and the present invention is not meant to be limited
      thereto.
PAR  The examples 1 and 2 were accomplished with winding of the yarn in a
      relaxed state.
PAC  EXAMPLE 1
PAR  Using the texturizing device of FIG. 2, four yarns, 44 dtex/13 strands,
      demi-matte, round section, are introduced separately into the tubular
      texturizing chamber 46 which is 110mm long and 3 mm in diameter. The
      operating conditions are as follows:
PA1  rate of yarn feed: 1000m/min.
PA1  steam feed pressure at the nozzle: 7 bars
PA1  escape pressure in the closed chamber 52: 3.6 bars
PAR  The pack is collected in a can, and
PA1  separation and winding is effected discontinuously with:
PA1  rate of delivery mechanism 32: 900m/min.
PA1  rate of winding: 780 m/min.
PAR  Four texturized yarns are obtained, each having the following
      characteristics:
PA1  bulk (according to the Koning test): 3.3 cc/g
PA1  curl in half waves to the centimeter: 15
PA1  elasticity: 44%
PAR  The elasticity was measured by the following test.
PAR  A ten meter sample of the yarn to be tested was treated for 5 minutes at
      130.degree.C in saturated steam, in a drying cabinet. Then a 50 cm length
      of yarn taken from this sample had applied to it a load of 0.045 g/dtex
      (0.05 g/denier) of the yarn before texturizing. A length L.sub.1 was
      measured. The load was then replaced by another smaller load of 0.0009
      g/dtex (0.001 g/den) of the yarn before texturizing. This load was
      maintained for one hour, and then a length L.sub.2 was measured. The
      elasticity is given by the following formula:
      ##EQU1##
PAC  EXAMPLE 2
PAR  The apparatus of FIG. 1 is used, introducing separately 6 yarns, 78 dtex/
      23 strands, matte, round section, in the tubular texturizing chamber 46
      having a length of 110mm and a diameter of 4mm.
PAR  The operating conditions are as follows:
PA1  rate of yarn feed: 600 m/min.
PA1  steam feed pressure at the nozzle: 7.5 bars
PA1  steam pressure in the closed chamber 52: 2.1 bars
PA1  average winding speed 520 m/min.
PAR  At the output, after separation, 6 texturized yarns are obtained, each
      having the following characteristics:
PA1  bulk (according to the Koning test): 3.06 cc/g
PA1  curl in half waves to the centimeter: 13
PA1  elasticity: 24%
PAR  The elasticity was measured in the same manner as in example 1.
PAR  Examples 3 and 4 were effected with winding of the yarn under tension.
PAC  EXAMPLE 3
PAR  There are separately introduced into the texturizing device of FIG. 2 4
      polyhexamethylene adipamide yarns, each yarn being constituted by assembly
      of a 78 dtex/23 strand yarn, semi-matte, round section, and a 78 dtex/23
      strand yarn, glossy, multilobed section. The texturizing tubular chamber
      46 has a length of 105mm and a diameter of 3mm.
PAR  The operating conditions are as follows:
PA1  rate of yarn feed: 1000 m/min.
PA1  steam feed pressure at the nozzle: 7 bars
PA1  escape pressure in the closed chamber 52: 2.5 bars
PAR  Separation and winding are performed continuously:
PA1  rate of delivery mechanism 32: 920 m/min.
PA1  rate of winding: 890 m/min.
PA1  winding tension: 45 g
PAR  A slight difference is maintained between the speed of the delivery
      mechanism 32 and the speed of winding to ensure greater regularity of the
      latter, though under tension.
PAR  There are obtained 4 mixed yarns which look practically flat, resembling
      the yarns before texturizing, each mixed yarn having the following
      characteristics:
TBL                  Before    After                                           
                     Revelation                                                
                               Revelation                                      
     ______________________________________                                    
     elasticity        7%          20%                                         
     bulk              2.5cc/g     6.5cc/g                                     
     curl in half wave per cm:                                                 
                       7           14                                          
     ______________________________________                                    
PAL  Revelation is defined as revealing of the texturizing of the yarn after
      thermal treatments for finishing or dying articles composed of the yarns.
PAR  Bulk was measured according to the Koning test, and elasticity was measured
      in the manner of example 1. The mixed yarns thus prepared are used for
      making a knit on an interlock, gauge 20.13 stitches/cm. After knitting,
      the knitted product was steamed at 130.degree.C for revelation of the
      yarn.
PAR  The knit has a slightly glossy mottled appearance, presenting a silky feel
      that contrasts with the dry feel of knits made from non-texturized
      synthetic yarns. Moreover, there is less puckering. The knit is used for
      manufacture of hosiery.
PAC  EXAMPLE 4
PAR  There are introduced separately into the device of FIG. 2 4 yarns each
      constituted by a 20 t/m twist of a 72 dtex/23 strand semi-matte round cut
      polyester yarn and a 78 dtex/23 strand glossy multilobed polyamide yarn.
      The tubular texturizing chamber 46 has a length of 105mm and a diameter of
      4mm.
PAR  The operating conditions are as follows:
PA1  rate of yarn feed: 1000 m/min.
PA1  steam feed pressure at the nozzle: 6 bars
PA1  escape pressure in the closed chamber 52: 1.2 bars
PAR  Separation and winding are effected continuously:
PA1  speed of the delivery mechanism 32: 900 m/min.
PA1  winding rate: 880 m/min.
PA1  winding tension: 30 g
PAR  Four mixed yarns are obtained, with practically flat appearance, like that
      of the yarns before texturizing, each mixed yarn presenting the following
      characteristics:
TBL                 Before     After                                           
                    Revelation Revelation                                      
     ______________________________________                                    
     elasticity       3.5%         13.3%                                       
     bulk             2.5 cc/g     7 cc/g                                      
     curl, half wave to the                                                    
     centimeter       5.5          12                                          
     ______________________________________                                    
PAR  These yarns are used for manufacture of outer clothing such as dresses,
      polo shirts, etc. and are very pleasant to wear.
PAC  EXAMPLE 5
PAR  Simultaneous texturizing of four lengths of polyhexamethylene adipamide
      (nylon 66) 100 dtex, 34 strands, which feed into the device of FIG. 2 with
      the tubular texturizing chamber 46 having a diameter of 3mm. The
      texturizing fluid is saturated steam. The operating conditions are as
      follows:
PA1  rate of yarn feed: 1000 m/min.
PA1  steam feed pressure at the nozzle: 8 bars
PA1  escape pressure in the enclosed chamber 52: 3.5 bars
PA1  rate of output of the pack: 22 m/min.
PAR  An elongated pack is obtained, substantially cylindrical in form, with a
      diameter varying from 2 to 3 mm over its length, and presenting a
      peripheral surface that is uniform and substantially smooth.
PAR  The specific weight of the pack is 0.59 g/cc. The necessary load for
      breaking the cohesion of the pack corresponds to the weight of a product
      length substantially equalling 3m.
PAC  EXAMPLE 6
PAR  With a device substantially the same as that of Example 1, four lengths of
      polyhexamethylene adipamide (nylon 66), 44 dtex/13 strands, are
      texturized. The texturizing fluid is saturated steam. The operating
      conditions are as follows:
PA1  rate of yarn feed: 1000 m/min.
PA1  steam feed pressure at the nozzle: 7.5 bars
PA1  escape pressure in the closed chamber 52: 3.3 bars
PA1  rate of output of the pack: 9.75 m/min.
PAR  An elongated pack is obtained, substantially cylindrical in configuration,
      with a specific weight of about 0.550 g/cc, with a peripheral surface that
      is uniform and smooth. The load required to break the cohesion of the pack
      is equivalent to the weight of a product length substantially equalling
      2m.
PAC  EXAMPLE 7
PAR  With the device of FIG. 2 having a tubular texturizing chamber diameter of
      4 mm, six lengths of polyhexamethylene adipamide (nylon 66), 78 dtex/23
      strands, are texturized under the following conditions:
PA1  texturizing fluid: saturated steam
PA1  rate of yarn feed: 500 m/min.
PA1  steam feed pressure at the nozzle: 8 bars
PA1  escape pressure in the closed chamber 52: 3 bars
PA1  rate of output of the pack: 6 m/min.
PAR  There is obtained an elongated pack which is substantially cylindrical,
      with diameter equal to 4mm and specific weight about 0.300 g/cc. The load
      necessary for breaking the cohesion of the pack is equivalent to the
      weight of a product length of 12m.
PAC  EXAMPLE 8
PAR  With the device of FIG. 2 with the diameter of tubular texturizing chamber
      46 being 4mm, as in example 1, eight lengths of 210 dtex/34 strand yarn
      are texturized. The texturizing fluid is saturated steam. The operating
      conditions are the following:
PA1  rate of yarn feed: 500 m/min.
PA1  steam feed pressure at the nozzle: 8.75 bars
PA1  escape pressure in the closed chamber 52: 3.3 bars
PA1  output rate of the pack: 30 m/min.
PAR  An elongated pack is obtained whose section is substantially elliptical
      with axes respectively 3 and 4mm. The specific weight of the pack is about
      0.31 g/cc and the load required for breaking the cohesion is equivalent to
      the weight of a product length substantially of 1.20m.
PAR  In examples 5, 6, 7 and 8 the pack presents a specific weight that is
      greater than the specific weight of packs heretofore known, which for
      polyamide yarns is generally between 0.1 and 0.25 g/cc.
PAR  Examples 1 through 4 are illustrative of the process of the present
      invention and the results obtained with the apparatus of the present
      invention, and examples 5 through 8 are illustrative of the quality,
      configuration and exterior appearance of the pack produced by the process
      and apparatus of the present invention. Thus, from examples 5 through 8
      the elongated pack textile product of the present invention can be seen to
      constitute a viable product capable of direct delivery to textile
      manufacturers, which pack is extremely stable and resistant to forces
      which might cause deformation in order to maintain the quality of easy
      separation of the texturized yarns therefrom.
PAR  In accordance with the present invention, the yarns 14 to be treated in the
      texturizing device 10 are maintained separated as they enter the
      texturizing chamber 46, and the separation of the yarns prior to
      texturizing may be accomplished by devices disposed upstream of the
      texturizing device as well as by the tubular channels 44 defined in the
      inlet of the conduit 42. The tubular channels 44, however, are extremely
      effective in assuring that the yarns 14 enter the texturizing chamber or
      space 46 separately. That is, the tubular channels 44 assure that the
      yarns 14 are separated at the entrance into the texturizing chamber, and
      the resultant pack 18 is thus formed of a plurality of yarns 14, each of
      which is given a specifically spaced position within the pack
      substantially along the generatrix of the texturizing chamber 46. Thus,
      adjacent yarns are able to become entangled only to a minimum degree and
      separation of the yarns after texturizing is facilitated.
PAR  The number of yarns 14 which may be treated in accordance with the process
      and apparatus of the present invention is a function of both the titre of
      the yarns and the dimensions of the texturizing device 10; however, in
      practice the number of yarns to be treated is advantageously between 4 and
      8 but the number may be considerably higher. Preferably, the yarns 14 to
      be treated are of substantially the same titre, less than 200 dtex and the
      yarns are fed at substantially the same speed to the texturizing device.
PAR  From examples 5 through 8 it can be seen that the rupture strength of the
      elongated pack of texturized yarns corresponds to a length of the pack
      greater than one meter and that when polyamide yarns are treated, the
      specific weight is greater than 0.3 g/cc.
PAR  When the texturized yarns from pack 18 are separated, the yarns are
      advantageously wound simultaneously. Each yarn may be wound separately on
      a winding support; however, it is preferably after separation of the yarns
      to assemble the yarns in one or several groups with each group of yarns
      wound on the same support, preferably in parallel.
PAR  When it is desired to separate the yarns at some time after texturizing,
      the pack produced at the output of the texturizing device is collected in
      a skip or can normally provided with a reciprocating movement. The pack is
      thus temporarily stored in the skip or can, and when desired, the pack is
      transported to a winding machine and the pack is spread out and the yarns
      are separated on lifting devices such as those shown in FIG. 1. The yarns
      are finally separated at a comb and assembled and wound separately each on
      a support or wound separately on the same support. When it is desired to
      provide continuous separation of the pack 18 after texturizing, the pack
      is delivered to belt 25 as illustrated in FIG. 1. The yarns are separated
      by lift devices 26 and comb 30 and then assembled, relaxed and wound on a
      single support.
PAR  The discontinuous or continuous separation of the yarns from pack 18
      depends on the resultant use of the yarns; and, thus, where a dying
      operation is desired, it is preferably to utilize discontinuous separation
      and winding of the yarns since the dying operation can be more effectively
      performed on the pack 18. For other uses such as a grey yarn, it is
      desired to collect the yarn directly on spools; and, thus, the yarns are
      continuously separated and wound. Whether the yarns are separated either
      continuously or discontinuously the winding of the yarns can be effected
      without tension in order to preserve the bulk of the texturized yarns;
      however, of course, the yarns may be wound under tension. If the yarns are
      wound under tension, the curled or crimped appearance of the yarns will be
      temporarily eliminated with the curled or crimped appearance manifesting
      itself again during subsequent thermal treatments. Thus, the yarns
      produced in accordance with the present invention are provided with latent
      texturization.
PAR  The above described latent texturization is extremely advantageous for
      textile manufacturing in that the bulk and elasticity of yarns present
      problems when it is desired to knit, weave or stitch a background
      utilizing texturized yarns. In order to avoid irregular appearance in the
      finished article, the bulkiness and elasticity of the yarns must be taken
      into account especially with respect to tightening and tension. Thus, it
      is advantageous to be able to work with a yarn such as that provided by
      the present invention whose texturizing, curl and elasticity are in a
      latent state such that the yarn has substantially the appearance of
      untreated yarns. In order to reveal the texturization of the yarns, the
      finished article is treated to provide relaxation and the texturized yarn
      it thus returned to its previously texturized state.
PAR  The winding tension required to separate and wind the yarns from the pack
      18 in order to eliminate the texturized appearance thereof is a function
      of the curl or crimp, the rate of winding, the titre of the yarns and the
      strength and structure of the yarn; for those yarns having a great
      elongate-to-rupture, the winding tension may cause a slight drawing;
      however, this drawing will not harm the final appearance of the yarn after
      revelation. The winding tension to be utilized is preferably between 20
      and 50 g, and the revelation of the yarns can be effected in the course of
      thermal treatments for finishing or dying the finished article containing
      the yarns.
PAR  The yarns produced according to the present invention may be utilized for
      the manufacture of fabrics with or without nap, knits, nonwoven fabrics
      for use as floor coverings, wall coverings, furniture, and clothing such
      as outer garments, under clothing and hosiery as well as other articles.
PAR  In particular, with the yarns of the present invention having latent
      texturization obtained by winding under tension, regular or fancy effects
      can be obtained, and it is possible to weave or knit these yarns, which,
      essentially, act like flat yarns, to provide less defects than occur in
      the weaving or knitting of elastic, bulky yarns. Furthermore, there is
      greater uniformity of reaction of the yarns at the time of revelation on
      the woven or knitted article. Articles that are made with the yarns of the
      present invention have an excellent feel; and, moreover, the pucker
      phenomenon is practically eliminated in the knit products.
PAR  The process and apparatus of the present invention may be utilized with any
      thermoplastic yarns of the same or different titre, of the same or
      different nature, of the same or different section, matte or glossy,
      colored or natural. The term thermoplastic yarns includes yarns obtained
      by spinning or extrusion of polymers, copolymers, graft polymers, mixtures
      thereof, mixtures thereof having constituents of the same kind (but not
      the same properties and/or viscosity) or of a different kind, as well as
      yarns with heterogeneous structure in which the components are either
      adhering, concentric, or interdispersed, the yarns being obtained by
      spinning of filamentous products as well as those obtained by spinning or
      simultaneous extrusion through a single spinneret of products of different
      nature and appearance, whether they have the same cross section or not.
      Similarly, the present invention is applicable to simple yarns as well as
      to twisted or assembled yarns which are presented in continuous form or as
      spun materials from filaments that are preponderantly thermoplastic.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A textile product formed of a plurality of texturized, continuous
      filament, polyamide yarns each having a titre of less than 200 dtex, which
      are configured into a cylindrical pack having a substantially smooth,
      continuous peripheral surface, said cylindrical pack having sufficient
      cohesion to resist rupture until stressed by a weight in excess of a
      predetermined weight, said predetermined weight being at least the weight
      of one meter of the pack when the pack has a specific weight greater than
      0.3 grams per cubic centimeter and wherein said yarns composing said pack
      separate into parallel strands, when said pack is stressed with a force in
      excess of said predetermined weight but less than a force required to
      break the yarns.
NUM  2.
PAR  2. The product of claim 1, wherein the pack includes four to eight of said
      texturized yarns and wherein each yarn is a multifilament yarn.
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ABST
PAL  A protective coating consisting of an aluminum or magnesium phosphate
      complex is used to encapsulate a wide variety of organic and inorganic
      particles. The coating is particularly applicable to organic and inorganic
      pigments and serves to improve the light, heat and chemical stability of
      these pigments. The coating is formed in situ by complexing the phosphate
      with the metal, preferably in the presence of ions of fluoride or
      fluoborate and depositing the same onto the surface of the particles.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation in part of Ser. No. 381,640 filed July
      23, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the coating of particles with a continuous,
      dense, protective layer. The invention is particularly applicable to the
      encapsulation of organic and inorganic pigments to impart improved
      chemical, thermal and light stability thereto.
PAR  2. Description of the Prior Art
PAR  Much work has been done on the encapsulation or coating of inorganic and
      organic pigments with silica or a combination of silica and alumina as
      exemplified by a number of patents such as U.S. Pat. No. 3,370,971. The
      particles are encapsulated primarily to improve one or more of the
      properties of the pigment such as heat or chemical stability. However, the
      effectiveness of these coatings is somewhat limited for a number of
      reasons. For example, they tend to be brittle. Furthermore, their use is
      restricted, for the most part, to inorganic pigments. The procedure for
      applying the coatings is somewhat complicated and the heat stability of
      the coated pigments is only marginally acceptable.
PAR  A method of coating pigment particles of TiO.sub.2 with a layer of aluminum
      orthophosphate is described in U.S. Pat. No. 2,668,776. This method
      involves the addition of an alkali metal orthophosphate to a suspension of
      the pigment followed by the addition of aluminum salt to the suspension to
      cause mass precipitation of a gelatinous aluminum orthophosphate onto the
      pigment particles. The porous coating represents between 1 and 3.5% of the
      total weight of the partially coated particle and serves to improve the
      drying rate and stability of the pigment in a paint film.
PAR  The color fastness and weather stability of lead chromates are improved
      according to the teachings of U.S. Pat. No. 3,434,857, by coating the same
      with between 4 and 8% by pigment weight of a mixture of sodium silicate
      and antimony trifluoride or other compound capable of yielding ions of
      antimony and fluoride. The favorable results are achieved only by
      following the precise sequence of addition and by maintaining close
      control of the pH.
PAR  German DAS No. 1,288,714 describes a method of coating lead chromate
      pigment particles with a layer of zinc phosphate for improved H.sub.2 S
      resistance. Zinc in the form of zinc oxide is reacted with phosphoric acid
      at a pH of 6 or more to form the coating. The zinc is known to form a
      simple salt solution with the phosphate and does not normally form a
      complex with the phosphate ion.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that one or more characteristics, such as the
      chemical, thermal or light stability, of a particle such as an inorganic
      chrome pigment or an organic azo pigment is improved by encapsulating each
      of the particles with a continuous layer or skin of a polymeric metal
      phosphate complex, optionally containing up to 30 weight percent of
      fluoride ions or ions of BF.sub.4 .sup.-. The coating, which normally
      constitutes between 5 and 30% by weight of the particle, has a thickness
      of between about 25A and 300A.
PAR  The coating is typically applied by controlled polymerization from a liquid
      medium in which the particles are generally insoluble. The metal salt
      capable of forming the complex, and the fluoride or BF.sub.4 .sup.= ions,
      if used, are mixed together in solution after which the phosphate is added
      while maintaining the pH of the medium in a range of between 1 and 6 where
      the precipitation of the metal salt does not occur prematurely. The
      phosphate is present in solution in an amount that is sufficient to give a
      molar ratio of Al/P in the coating of between 0.8 and 1.8. As the aluminum
      phosphate complex is formed, it slowly insolubilizes, generally in less
      than 20 minutes and forms a fine colloid. The particles are intimately
      contacted and coated by the colloidal metal phosphate complex after which
      the liquid medium is neutralized and the coated particles are separated
      from the liquid medium by filtering or other means. The coated particles
      are then dried, preferably at an elevated temperature but one that is
      below the degradation temperature of the particle.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to an improved particle encapsulated in a
      protective layer of a metal phosphate complex, preferably containing
      fluoride or BF.sub.4 .sup.- ions. The invention also covers a process
      whereby encapsulation is achieved. The novel protective layer is dense and
      continuous and typically serves to improve the chemical, light and thermal
      stability of the particle.
PAR  The process is applicable to a wide variety of inorganic as well as organic
      and metallo-organic particles. The inorganic particles are characterized
      by various inorganic pigments such as (a) inorganic color pigments
      including lead chromates by themselves, as coatings over silica, and as
      solid solutions with lead molybdate and lead sulfate; cadmium sulfides;
      ferrocyanides and various complex pigments such as cobalt aluminate and
      nickel antimony titanate; (b) white hiding pigments such as the
      carbonates, sulfates and silicates of lead, and oxides of titanium, zinc,
      antimony and zirconium; (c) fillers such as calcium carbonate, silicates
      of calcium, magnesium and aluminum, and sulfates of barium and calcium;
      (d) metals such as aluminum, iron and copper and water insoluble salts of
      metals; (e) organic color pigments including nitroso compounds, monoazo,
      diazo compounds, alizarine or dihydroxy anthraquinones, vat dyes and
      phthalocyanine pigments.
PAR  By following the procedures herein described, particles are completely
      coated with a dense protective layer having a thickness of between about
      25A and about 300A, preferably between 100A and 200A, as determined by
      electron micrography. The weight of the coating comprises between about 5
      and about 30% of the total weight of the coated particle. When
      encapsulating very small particles or particles having a high surface area
      or low density, the coating must sometimes be used in an amount as high as
      40 to 50% of the total pigment weight in order to achieve complete
      coverage.
PAR  It has been found, analytically, by nitrogen absorption, that the surface
      area of the particle, after encapsulation, is typically no greater than
      that of the uncoated substrate after an adjustment is made for the
      relative densities of the particles before and after encapsulation.
PAR  The particles to be encapsulated are typically pretreated by passing them
      through a ball mill, micropulverizer, hammer mill, or sand mill or by
      grinding them in a mortar and pestle. This serves to break up the particle
      agglomerates thereby enabling encapsulation of primary or individual
      particles. The particles are dispersed in a fluid carrier, generally one
      in which the particles are insoluble, to form a slurry before or after the
      pretreatment. Water is typically used as the carrier; however, any organic
      or inorganic polar or non-polar liquid can be used as a carrier so long as
      it does not dissolve the particles or adversely affect the formation of
      the phosphate complex or the encapsulation of the particles. The
      mechanical pretreatment in a liquid medium serves to effectively remove
      the molecular layer of air surrounding each particle, thereby facilitating
      complete wetting of the same.
PAR  The organic or inorganic particles, in finely divided form, are made into a
      slurry to which is normally added, aluminum acetate or other soluble basic
      aluminum salt, such as the dibasic formate, which is capable of forming a
      complex with the phosphate, and which has no tendency to dissolve the
      particle or otherwise adversely affect the same. The phosphate ions are
      then added to the slurry as an ortho phosphate or a precursor therof,
      after which the aluminum and the phosphate slowly begin to form a low
      molecular weight colloidal polymeric complex which condenses on the
      surface of the particles as a continuous, dense adherent coating or skin.
      The temperature is preferably maintained below 40.degree.C. to promote the
      controlled precipitation and to prevent flocculation and the formation of
      large particles of the complex. The pH of the slurry during the addition
      of the phosphate ions, the formation of the metal phosphate complex and
      the condensation of the coating on the particle is maintained in a range
      between 1 and 6 to prevent premature preciptitation of the metallic salt.
      After the reaction is complete, the pH of the slurry is adjusted, if
      necessary, to a final value of between about 6 and about 7.5.
PAR  If the colloidal complex is formed in the absence of particles, the colloid
      will remain stable for months without the formation of a floc or gel. The
      slow steady formation of the colloid in solution according to the
      invention can be observed by continuously monitoring the gradual decrease
      in the amount of light transmitted through the solution over a period of
      several minutes as compared to the almost instantaneous decrease in
      transmittance during the formation of a mass precipitate produced, for
      example by mixing together an alkali metal phosphate and an acid aluminum
      salt.
PAR  Although aluminum acetate has been found to be particularly suitable as a
      complexing agent, other aluminum salts including organo aluminum compounds
      can be substituted therefore as long as they are capable of performing the
      same function, do not have an adverse effect upon the pigment, and are
      soluble in an aqueous medium. Inasmuch as the sulfates, chlorides and
      nitrates of aluminum interfere with the formation of complexes with the
      phosphate, these aluminum salts are not usable in the present invention.
      However, it has been found that the dibasic formate of aluminum can be
      used in place of the acetate. It has also been discovered that magnesium
      forms a similar complex with ortho phosphate, with or without fluoride.
      Soluble forms of the magnesium such as magnesium acetate are useful. The
      use of zinc and other metals that are present in simple solution and that
      do not form a complex with phosphate are not covered by the present
      invention.
PAR  The fluoride or fluoborate ions are preferably added to the slurry in
      soluble form. Ammonium bifluoride, hydrofluoric acid and sodium fluoride
      have been found to be suitable for this purpose. The fluoride ions may be
      added to the slurry along with or following the addition of the metal salt
      complexing agent. If BF.sub.4 .sup.- ions are used in place of the
      fluoride ions, these are preferably added as the ammonium salt.
PAR  The phosphate ions should preferably be added to the slurry in the form of
      ortho or meta phosphoric acid or a precursor thereof, such as an ester of
      phosphoric acid.
PAR  Salts of phosphoric acid are generally unsuitable inasmuch as they tend to
      cause precipitation of the complexing agent, particularly aluminum
      acetate. Furthermore, the addition of phosphate as sodium phosphate is
      unsuitable and should be avoided, especially when inorganic chromate
      pigments are being coated inasmuch as the sodium, if present in excess,
      readily reacts with the chromate and solubilizes the pigment.
PAR  The presence of fluoride or fluoborate in the coating improves the light
      stability of the coating and the thermal stability of most inorganic
      pigments as well as some of the pure organic pigments such as Hansa
      yellow. However, the improvement in metal organic pigments is marginal.
      Furthermore, when the coating is used on particles such as aluminum,
      TiO.sub.2 or other materials used for purposes other than pigments, the
      fluoride or fluoborate is unnecessary and may be omitted without
      detracting from the integrity or effectiveness of the coating. However,
      the effect of the fluoride and the coating in improving stability appear
      to be additive and not synergistic.
PAR  The time that is required to form the aluminum phosphate complex and to
      deposit the protective coatings on the particles, is normally 20 minutes
      or less and can be closely regulated by controlling the pH of the
      solution, the ratio of aluminum to phosphorus, and the concentration of
      the components in solution.
PAR  The pH of the solution is maintained in a range of between about 1 and
      about 6, preferably between about 2 and about 3.5 during the formation of
      the colloid. A pH below 1 tends to favor the ionic constituents. On the
      other hand, if the pH is above 6, a detrimental amount of Al(OH).sub.3
      floc is formed.
PAR  The ratio of aluminum to phosphorus in the coating is generally between 0.8
      and 1.8 with a preferred range being between 0.8 and 1.2. The ratio of
      aluminum to phosphorus in solution may vary from as low as 0.2 to about
      2.0. The higher amounts of metal in the complex appear to enhance the
      H.sub.2 S resistance of the coating.
PAR  The formation of the colloidal sol is also dependent upon the concentration
      of the aluminum salt and the orthophosphate or its precursor in solution.
      The formation of the sol can occur in 5 seconds or less at high
      concentrations of 20 mg/ml, whereas a formation time of 20 minutes is not
      uncommon for very dilute solutions, as low as 0.5 mg/ml. Also, undesirable
      floc formation is precluded at low concentrations. The particles in the
      sol are between 50A and 600A in size with high Al/P ratios favoring the
      formation of smaller particles, typically under 200A, considerably smaller
      than the size of particles produced by flocculation.
PAR  When a coating of the desired thickness or weight is achieved, the
      encapsulation is halted by the neutralization of the sol using a suitable
      base such as trisodium phosphate or a compound which decomposes to form a
      base such as urea, acetamide or the like. A particularly effective
      neutralization procedure is first to add dilute ammonium phosphate
      followed by the addition of biammonium phosphate. In addition to
      terminating the formation of the colloid on the particles, neutralization
      appears to fix or anchor the coating onto the particle. The pH is adjusted
      to a value of between about 6.0 and about 7.5 during neutralization. If
      the final pH is above this value, the texture, color and chemical
      resistance of the coating and the coated particle are adversely effected.
PAR  At the completion of the encapsulation, the coated particles are recovered
      by filtration or other suitable means and are then dried by heating to a
      temperature below that likely to cause the substrate to degrade. A
      temperature of 150.degree.C. has been found to be acceptable for lead
      chromate and other inorganic pigments, whereas a temperature of 50.degree.
      to 150.degree.C. for organic pigments is satisfactory.
PAR  The following examples are presented to more fully illustrate the present
      invention:
DETD
PAC  EXAMPLE 1
PAR  50 grams of finely divided lead chromate is blended into water to give a
      500 milliliter slurry. To this is added a solution of 8.37 grams of
      aluminum acetate* and a solution of 3.2 grams of ammonium bifluoride, each
      dissolved in 50 milliliter deionized water. The slurry is then stirred at
      room temperature after which 4.73 grams of H.sub.3 PO.sub.3 (85%) diluted
      to 50 milliliters is added. A colloidal sol of aluminum phosphate slowly
      forms and deposits on the pigment particles in the slurry. Throughout this
      procedure, the pH of the slurry is controlled between 3 and 6 to prevent
      attack and degradation of the lead chromate by acid or alkali, and to
      preclude the pigment from solubilizing. Furthermore, maintaining the pH
      above 3 precludes the undesirable reduction of the hexavalent chromate to
      the trivalent form. After 15 minutes, the pH is adjusted to 7.4 with about
      85 milliliters of 30% (NH.sub.4).sub.2 HPO.sub.3. The slurry is pressure
      filtered to recover the pigment and the pigment is dried at 50.degree.C
      for 16 hours.
FNT  *Sold by the Union Carbide Corporation as Niaproof Aluminum Acetate, basic,
      stabilized with boric acid.
PAR  A portion of the coated pigment is mixed into an alkyd resin vehicle in an
      amount of 15 weight percent of pigment, and a drawdown of the same is
      exposed along with a drawdown of an uncoated pigment in the same vehicle,
      to a fadometer test for 100 hours. One-half of each panel is shielded from
      light. The color retention of the coated pigment is noticeably better than
      that of the uncoated panel.
PAR  Another portion of the coated pigment is blended, in an amount of 1% by
      weight, with styrene granules which are heated and extruded into a first
      test panel which is subjected to a heat test along with a second panel
      containing 1% of the uncoated pigment and a third panel containing 1% of a
      pigment coated with a layer consisting of 20% silica, 4% alumina and
      TiO.sub.2. Each panel is heated to the breaking temperature which is the
      temperature at which visual darkening occurs. The first and third panels
      are heated up to 575.degree.F at which temperature a comparison reveals
      that the panel coated according to the teachings of the present invention
      does not darken as much as the panel coated with SiO.sub.2 /Al.sub.2
      O.sub.3 /TiO.sub.2. In the second panel containing the unencapsulated
      pigment, darkening occurs at about 425.degree.F.
PAR  The chemical stability of the coated pigment is compared with that of the
      uncoated pigment in the presence of H.sub.2 S, NaOH and HCl. In all
      instances, the degradation of the uncoated pigment is much more rapid than
      that of the coated pigment.
PAC  EXAMPLE 2
PAR  A monoazo pigment, BON Maroon 1081 is encapsulated using the method of
      Example 1. Care is exercised during encapsulation to insure that the pH is
      maintained below about 6 to prevent degradation of the pigment. The
      encapsulated pigment is dried at 150.degree.C for 24 hours while retaining
      its texture and most of its color characteristics. An untreated pigment is
      totally degraded to a brown sintered mass at this temperature in 1.5
      hours.
PAC  EXAMPLE 3
PAR  Encapsulation of a monoazo Hansa Yellow pigment is carried out according to
      the following procedure:
PAR  83.6 parts of a presscake containing 30% by weight pigment is diluted to
      300 parts with deionized water. A solution of 5.23 parts aluminum acetate
      and 1.5 parts NH.sub.4 HF.sub.2 in 60 parts of water is added with
      moderate agitation. When the pigment completely dispersed, 3 parts of
      H.sub.3 PO.sub.3 diluted to 28 parts of water is added to the suspension
      with agitation at room temperature.
PAR  After a reaction time of 15 minutes, 12 parts of (NH.sub.4).sub.2 HPO.sub.3
      dissolved in 40 parts water is added slowly with agitation to neutralize
      the suspension. This is followed by filtering and drying at 150.degree.C
      for 16 hours.
PAR  The encapsulated pigment and an untreated sample are dispersed in xylene
      and are checked colormetrically to determine how much of each sample is
      dissolved. The encapsulated pigment demonstrates superior solvent
      resistance.
PAR  The thermal stability of the encapsulated Hansa Yellow is checked by
      dispersing the same in PVC along with a comparable amount of an untreated
      pigment and heating them both to 440.degree.F for 5 minutes. The color
      retention of the treated pigment is considerably better than that of the
      untreated pigment.
PAC  EXAMPLE 4
PAR  Aluminum powder (14.68 parts) is diluted and gently dispersed in 250 parts
      of deionized water after which 5.23 parts of aluminum acetate and 1.6
      parts of ammonium bifluoride dissolved in 60 parts of water are added with
      agitation. Three parts of 85% H.sub.3 PO.sub.4 diluted in 25 parts of
      water is then added with further agitation. At the end of 15 minutes,
      ammonium phosphate is added to neutralize the reaction after which the
      suspension is filtered and dried.
PAR  An examination of the aluminum flakes under an electron microscope
      (20,000x) shows each flake to be substantially completely coated with the
      aluminum fluorophosphate. The coating results in a noticeable improvement
      in the wettability of the aluminum when dispersed in a medium soya alkyd
      vehicle.
PAC  EXAMPLE 5
PAR  Twenty-five grams of chrome yellow pigment is slurried with 200 ml. of
      water. Aluminum acetate stabilized with boric acid is added in an amount
      of 12.5 ml. of a 0.2 g./ml. solution. Ten ml. of 0.1 ml./ml. 85% H.sub.3
      PO.sub.3 is then added to give a molar ratio Al/P of 0.9 in solution.
      Nuclei begin to deposit on the pigment particles after about 5 minutes and
      nucleation is substantially complete in about 30 minutes. Additional
      aluminum acetate and phosphoric acid are added to cause precipitation.
      Crystals of urea then added and the slurry is heated to slowly raise the
      pH. The change in pH serves to precipitate additional coating onto the
      nuclei and to further insolubilize the coating. When incorporated into
      general purpose polystyrene, the encapsulated pigment is found to have
      excellent heat stability.
PAC  EXAMPLE 6
PAR  A solution is prepared by adding 90 g. of Al(OH).sub.3 to 294 ml. deionized
      water followed by the addition of 143 ml. of 85% H.sub.3 PO.sub.4 and 50
      ml. H.sub.3 PO.sub.3 F. Forty milliliters of the solution is added to a
      slurry containing 25 gm. of chrome yellow pigment in 200 ml. of H.sub.2 O.
      Methyl alcohol is added over a half hour period to cause the slow
      insolubilization of the aluminum phosphate complex into a dense colloid
      which is desposited on the particle surface. A dilute solution of ammonium
      phosphate is added to complete the formation of the colloid. The coated
      particles are filtered and dried at 150.degree.C for 4 hours and are found
      to exhibit excellent resistance to H.sub.2 S and good heat resistance.
PAC  EXAMPLE 7
PAR  A saturated solution of magnesium phosphate is prepared by mixing 75 gm of
      magnesium carbonate in 350 ml boiling water. 100 ml of 85% H.sub.3
      PO.sub.4 is then added. To one-half of the solution is added 48% HF to
      form the fluorophosphate complex. The two solutions are each slurried with
      lead chromate pigment after which ethanol is slowly added to each to cause
      formation of the sol which deposits on the particles. The encapsulated
      pigments are filtered and dried at 170.degree.C for 2 hours without
      darkening and when incorporated into general purpose polystyrene both were
      thermally stable at 625.degree.F.
PAC  EXAMPLE 8
PAR  Surface area measurements are carried out on particulate TiO.sub.2 and on
      lead chromate pigments, untreated, coated according to the present
      invention, and coated according to a prior art process such as that
      described in U.S. Pat. No. 2,668,776. The surface area is determined by
      nitrogen adsorption and is calculated using the BET method described on
      pp. 309-19 of J. American Chemical Society, Vol. 60. The net change in the
      product of surface area and particle density between the uncoated and the
      treated particle is then noted. A large positive net change indicates that
      the coating is irregular, incomplete and largely non-adherent, whereas a
      low or negative net change indicates good coverage of the particles.
PAR  According to the prior art method, the TiO.sub.2 is slurried with H.sub.2 O
      and trisodium phosphate is added. The slurry is stirred for 5 minutes
      after which aluminum sulfate in water is added dropwise for 10 minutes and
      the slurry is stirred for 15 minutes. The slurry is neutralized to a pH of
      7.2 with 10% NH.sub.4 OH. The pigment is filtered, heated for one hour at
      60.degree.C and dried at 110.degree. C for 6 hours.
PAR  Samples were prepared using the teachings of the present invention by
      adding aluminum acetate followed by the sequential addition of phosphoric
      acid and diammonium phosphate. The coated pigment was filtered and was
      dried at 110.degree.C for 6 hours.
PAR  The same techniques were also used to coat particles of lead chromate. The
      change in surface area (dS) is calculated as the difference between the
      surface area of the coated product times its density and the surface area
      of the uncoated particle times its density. The values are shown in Table
      I.
TBL                TABLE I                                                     
     ______________________________________                                    
                       % Coating  Surface                                      
     Substrate                                                                 
             Process   (by weight)                                             
                                  Area  Density                                
                                              dS                               
     ______________________________________                                    
     TiO.sub.2                                                                 
             Control              5.2   4.14                                   
             Prior Art 3          7.9   3.82  8.65                             
             Prior Art 20         19.4  3.82  52.54                            
             Present                                                           
             Invention 3          6.0   3.7   0.67                             
             Present                                                           
             Invention 20         11.3  3.7   20.28                            
     PbCrO.sub.4                                                               
             Control              20.5  6.12                                   
             Prior Art 3          31.2  6.02  62.36                            
             Prior Art 20         28.2  5.41  27.10                            
             Present                                                           
             Invention 3          26.4  6.02  33.47                            
             Present                                                           
             Invention 20         12.8  5.41  -56.21                           
     ______________________________________                                    
PAR  Although the exact mechanism or series of reactions involved in this
      invention is not fully understood, the aluminum or magnesium salt, and the
      phosphate appear to form a metal phosphate complex which has a positive
      charge or electrokinetic potential and which is strongly attracted to
      particles that have a negative charge on their surface. The adjustment of
      the final pH to a value of between 6 and 8 appears to inactivate the
      complex, neutralize its electrokinetic charge, and prevent the migration
      of the complex from the pigment surface. Adsorption of the coating on to
      the particle does not appear to be an important factor in the mechanism.
PAR  A compositional analysis of the metal fluorophosphate coating shows the
      same to contain between 5 and 30% by weight of fluoride ion present within
      the aluminum phosphate lattice structure. Optimum heat stability is
      obtained on inorganic pigments when the fluorine is present at or near the
      stoichiometric amount of 19-20 weight percent.
PAR  The present invention has several advantages over prior art coatings,
      although, as applied to a specific encapsulated particle, not all of these
      benefits may be manifested. However, one or more of the following
      advantages have been noted:
PAR  a. The protective layer is, per se, chemically stable and as such,
      contributes to the chemical stability of the particle;
PAR  b. The protective layer does not appear to have the brittleness of other
      types of coatings, and as a result, remains tenaciously adhered to the
      surface of the particle;
PAR  c. The stability of the particle to ultra-violet light and to sunlight is
      improved;
PAR  d. The thermal stability of the particle, i.e., its resistance to darkening
      at elevated temperature, is increased;
PAR  e. The solubility of the particles sensitive to olefin resins and carriers
      is decreased;
PAR  f. The encapsulation can be carried out using conventional equipment.
      Accordingly, the capital investment for new sophisticated equipment is
      minimized;
PAR  g. The encapsulation of the pigment particles involves basically a very
      minor change in the procedure for manufacturing the pigments;
PAR  h. The coatings of the present invention are particularly suitable for use
      with color pigments because of their inherent transparency;
PAR  j. In some instances, the wettability of the coated particle in a
      particular system is enhanced, and
PAR  k. The coating forms a complete, not a discontinuous, skin around the
      particles.
PAR  It should, furthermore, be noted and understood that other variations can
      be made in practicing this invention without deviating from the teachings
      thereof. For example, it is possible to include other additives in the
      metal phosphate complex to further improve properties such as heat and
      chemical stability. Furthermore, additives such as methacrylates can be
      added to the coated pigment to improve the stability of the complex.
PAR  Other methods can be used to control the rate of deposition, or the density
      or thickness of deposit. For example, the pH of the solution can be
      changed by ion exchange to promote gradual insolubilization of the
      complex. Alternatively, a base such as urea can be added to the solution
      and can be decomposed by heating to raise the pH; the rate of
      decomposition being dependent upon the temperature of the solution. Thus
      by regulating the input of heat into the solution, the decomposition and
      thus the pH can be closely controlled.
PAR  The ease of encapsulation depends, at least partially, on the receptivity
      of the particle surface to the coating. The present invention contemplates
      the conditioning of the particle surface prior to or during contact with
      the colloidal sol to facilitate wetting of the surface. Thus, surfactants,
      chemical etchants, ball milling, ultrasonics and the like can be used to
      condition the surface either before or during encapsulation.
PAR  It has been noted that the addition of TiO.sub.2 and/or CeO.sub.2 prior to
      encapsulation appears to further improve the light stability of many
      inorganic color pigments. This and other procedures can be used in
      conjunction with the present invention to achieve even greater chemical
      and physical improvements in the encapsulated particles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of forming a continuous, dense, protective, adherent skin of a
      metal phosphate complex on a solid particulate substrate wherein the metal
      is selected from the group consisting of aluminum and magnesium comprising
PA1  a. blending a water soluble basic salt of the metal with an ortho phosphate
      or a precursor thereof, exclusive of a sodium salt, in an aqueous solution
      to form a complex thereof, the concentration of the blend being less than
      about 20 mg/ml of solution,
PA1  b. maintaining the solution in a pH range of between about 1 and about 6
      for a period of between a few seconds and about 20 minutes in the presence
      of the particulate substrate to slowly insolubilize the complex and to
      deposit it as a colloidal sol completely encapsulating the substrate,
PA1  c. neutralizing the sol to terminate the formation of the complex, and
PA1  d. recovering the encapsulated substrate.
NUM  2.
PAR  2. The process of claim 1 wherein the encapsulated substrate is, after
      deposition, dried at a temperature below the degradation temperature of
      the substrate.
NUM  3.
PAR  3. The process of claim 2 wherein the metal phosphate complex is formed in
      the presence of ions of fluoride, fluoborate or a mixture of the two.
NUM  4.
PAR  4. The process of claim 3 wherein the metal phosphate complex contains up
      to 30 weight percent of fluoride or fluoborate.
NUM  5.
PAR  5. A process of forming a continuous, dense protective and adherent coating
      of aluminum phosphate complex on a solid particulate substrate comprising:
PA1  a. blending an aluminum compound selected from the group consisting of
      aluminum acetate and aluminum formate with an orthophosphate or with a
      phosphorous compound capable of forming an orthophosphate exclusive of
      sodium phosphate in an amount such that the mol ratio of aluminum to
      phosphorous in the coating is between 0.8 and 1.8;
PA1  b. contacting the particulate substrate with a dilute solution containing
      between 0.5 and 20 mg. of the blend per ml of solution;
PA1  c. maintaining the solution at a pH of between about 1 and about 6, at a
      temperature of less than about 40.degree.C for a period of between a few
      seconds and 20 minutes to form a colloidal sol of the complex having a
      particle size below about 600A.
PA1  d. depositing the colloidal sol completely around the substrate to a
      thickness of between 25A and 300A,
PA1  e. neutralizing the sol to terminate the formation of the complex, and
PA1  f. recovering and drying the coated substrate at a temperature below the
      degradation temperature of the substrate.
NUM  6.
PAR  6. The process of claim 5 wherein the aluminum compound is aluminum acetate
      which is stabilized with boric acid.
NUM  7.
PAR  7. The process of claim 5 wherein the sol is deposited on the substrate to
      a thickness of between about 100A and 200A.
NUM  8.
PAR  8. The process of claim 5 wherein the aluminum phosphate complex is formed
      in a solution containing ions of F-, BF.sub.4 .sup.- or mixtures of the
      two.
NUM  9.
PAR  9. The process of claim 8 wherein up to 30 weight percent of the deposit
      consists of fluoride or fluoborate.
NUM  10.
PAR  10. The process of claim 5 wherein the mol ratio of aluminum to phosphorus
      in the coating is between about 0.8 and about 1.2.
NUM  11.
PAR  11. The process of claim 5 wherein the particulate substrate is an
      inorganic material selected from the group consisting of pigments,
      fillers, metals, metal oxides and insoluble metal salts.
NUM  12.
PAR  12. The process of claim 5 wherein the particulate substance is an organic
      color pigment.
NUM  13.
PAR  13. The process of claim 8 wherein the particulate substance is an
      inorganic pigment.
NUM  14.
PAR  14. The process of claim 5 wherein the pH of the solution during the
      formation of the sol is between about 2 and about 3.5.
NUM  15.
PAR  15. The process of claim 5 wherein the surface of the substrate is
      conditioned prior to or during contact with the solution to facilitate
      wetting of the surface by the solution.
NUM  16.
PAR  16. A coated particle comprising a particulate substrate and a continuous,
      dense layer of protective coating completely encapsulating the substrate,
      said coating composed of a metal phosphate complex wherein the metal is
      selected from the group consisting of aluminum, magnesium and mixtures
      thereof; the coating comprising between about 5 and about 50% of the total
      particle weight and having a thickness of between about 25A and about
      300A.
NUM  17.
PAR  17. The particle of claim 15 wherein the metal is aluminum and the molar
      ratio of aluminum to phosphorus is between about 0.8 and about 1.8.
NUM  18.
PAR  18. The particle of claim 17 wherein the molar ratio is between about 0.8
      and about 1.2.
NUM  19.
PAR  19. The particle of claim 15 wherein the substrate is an inorganic pigment
      and the complex contains fluoride or fluoborate in an amount up to 30
      weight percent of the coating.
NUM  20.
PAR  20. The coated particle of claim 16 wherein the surface area of the coated
      particle, when measured by nitrogen absorption method is no greater than
      that of the uncoated substrate when adjusted for density.
NUM  21.
PAR  21. The coated particle according to claim 16, wherein the particulate
      substrate comprises a chromate pigment showing improved stability to
      H.sub.2 S.
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PAL  A release paper which is particularly useful in platen press applications
      and in the casting of self-supporting films which comprises a fibrous base
      having a coating thereon derived from an aqueous coating composition
      containing a release agent, a monomeric polyhydric alcohol and a
      cross-linkable, thermosetting resin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to coatings for paper or other fibrous
      substrates which are generally classified in the art as release coatings
      and which are characterized by their ability to separate intact from a
      surface or material which is normally adherent or adhesive in nature.
      There are many applications for such coatings and bases so coated, ranging
      from packaging materials for tacky products such as asphalt, to press
      release papers which are used in the preparation of decorative laminates.
PAR  2. Description of the Prior Art
PAR  Although there is a large body of prior art relating to release papers and
      coatings, the requirements for such papers and coatings may vary widely,
      depending primarily on the applications in which they are employed. For
      example, a release paper which is adequate for use as a packaging material
      may not satisfy the requirements necessary for a paper used in the
      "casting" of a thermoplastic film or sheet; and, similarly, a release
      paper which is adequate for a casting application may not be suitable in a
      platen press application wherein high temperatures and/or pressures are
      employed. In this latter application it is important for the release paper
      to provide very easy release from the surface of the laminate being
      "pressed", while at the same time enabling the user to maintain or control
      the gloss and surface texture desired in the panel or laminate being
      formed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a coating composition which is useful in
      the preparation of a release paper and to the release paper prepared
      therefrom. The coating composition comprises a release agent, a monomeric
      polyhydric alcohol and a cross-linkable, thermosetting resin, and the
      resulting release paper is highly useful in press release applications
      wherein decorative panels and/or laminates are being formed and it is also
      suitable for casting self-supporting plastic films. The coating
      compositions of this invention exhibit excellent stability and potlife.
      The release papers prepared therefrom provide very easy release in the
      pressing of laminates, such as melamine and polyester panels, wherein a
      wide range of pressures is employed. These papers may be reusable, and
      they permit excellent control over the gloss and surface texture of the
      panels being pressed.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As hereinbefore indicated, the coating compositions of this invention are
      aqueous coating compositions comprising a release agent, a monomeric
      polyhydric alcohol and a cross-linkable, thermosetting resin. Illustrative
      of the types of release agents which can be employed in the coating
      compositions of this invention are the Werner type chromium complexes such
      as those sold under the Tradename "Quilon" by E. I. DuPont de Nemours and
      Company, Inc., c/o Wilmington, Delaware, (e.g., Quilon S -- the stearic
      acid complex, Quilon M -- the myristic acid complex) fatty acid alcohols
      (e.g. 2ethylhexanol, dodecyl alcohol), silicone oils, fatty acids, (e.g.
      neodecanoic acid), and the like.
PAR  Illustrative of the types of monomeric, polyhydric alcohols which are
      useful in the coating compositions of the present invention are alcohols
      such as pentaerythritol, glycerine (glycerol), sugars (e.g., sucrose),
      tartaric acid (didhydroxysuccinic acid), and the like.
PAR  Illustrative of the types of cross-linkable thermosetting resins which are
      useful in the coating compositions of this invention are resins such as
      urea-formaldehyde resin condensates, melamine-formaldehyde resin
      condensates, phenolic resins, and the like.
PAR  The amounts of the various components used in the coating compositions of
      this invention are not narrowly critical, and can range, for example, from
      about 10 parts by weight (dry) to about 30 parts by weight (dry) of
      release agent per 100 parts by weight (dry) of coating, from about 5 parts
      by weight (dry) to about 50 parts by weight (dry) of monomeric polyhydric
      alcohol per 100 parts by weight (dry) of coating, and from about 20 parts
      by weight (dry) to about 60 parts by weight (dry) of cross-linkable
      thermosetting resin per 100 parts by weight (dry) of coating.
PAR  In addition to the essential components set forth above, the coating
      compositions of the present invention may also contain other components
      such as antifoam agents, dyes, colorants, and the like.
PAR  Release papers are prepared from the coating compositions of this invention
      by applying such a composition to a suitable base and then heating the
      resulting coated base until the release coating thereon has been dried and
      cured. The principal requirement for the substrate or base to be suitable
      is that it have a relatively smooth surface which resists substantial
      penetration of the aqueous coating composition into the base. In the case
      of a cellulosic fibrous substrate such as paper, this requirement is
      typically met by providing the paper with a coating which comprises a
      mineral pigment (e.g., clay) and adhesive or binder.
DETD
PAR  The following examples are intended to further illustrate the invention
      disclosed and claimed herein, but they are not intended to limit the scope
      thereof in any way. All parts and percentages are parts and percentages by
      weight, and not by volume, unless specifically stated otherwise in the
      particular example.
PAC  EXAMPLE 1
PAR  A coating formulation was prepared comprising the following components:
TBL  Component          Parts by Weight (Wet)                                  
     ______________________________________                                    
     Pentaerythritol    20.0                                                   
     Water              257.2                                                  
     Resimene X735 (an 80% solution                                            
     in methanol of a methylated                                               
     melamine-formaldehyde resin                                               
     condensate sold by Monsanto                                               
     Co. of St. Louis, Missouri.)                                              
                        62.5                                                   
     Quilon H (a 42% solution in an                                            
     isopropyl alcohol-acetone-water                                           
     mixture of a Werner type                                                  
     chromic chloride complex with                                             
     myristic acid sold by E. I.                                               
     DuPont de Nemours & Co., Inc.                                             
     of Wilmington, Delaware).                                                 
                        71.4                                                   
     Coating solids = 25%                                                      
     ______________________________________                                    
PAR  The resulting coating formulation was then coated on a 53 lbs. per 3,300
      sq. ft. ream bodystock that had been previously base coated (10 lbs. per
      3,300 sq. ft. ream) with a clay-adhesive dispersion to yield, on drying at
      300.degree.F for 11/2 minutes, a release paper having a release coating
      thereon of approximately 3.0 lbs. per 3,300 sq. ft. ream.
PAR  This release paper was then subsequently used to "press" a laminate that is
      generally referred to in the industry as a "low pressure" decorative
      laminate.
PAR  Over a three-fourths inch particle board which is used as a base to impart
      strength and rigidity to the panel, was placed a porous decorative paper
      that was saturated with a partially cured melamine resin. This paper is
      well known in the trade as a lowpressure, melamine "prepreg". Finally the
      release paper was placed over the prepreg with its release surface in
      contact with the prepreg.
PAR  This composite or sandwich was placed in a press at 335 psi. and at a
      temperature of 320.degree.F for 11/2 minutes. Upon removal from the press
      the release paper exhibited excellent release by literally falling off the
      panel which was pressed. The quality of the panel surface was excellent
      with regard to gloss, texture, lack of mottle, etc. As evidence of the
      reuseability of the release paper, as many as four panels were
      subsequently pressed using the same sheet of release paper with no
      observable differences in panel surface quality.
PAC  EXAMPLE 2
PAR  A coating formulation was prepared comprising the following components:
     Component            Parts by Weight (Wet)                                
     ______________________________________                                    
     Glycerine            10                                                   
     Resimene X-735       62.5                                                 
     Water                174.5                                                
     Quilon H             59.5                                                 
     Dodecyl alcohol; 50% in isopropyl                                         
      alcohol             20                                                   
     2-ethylhexyl alcohol, 50% in                                              
      isopropyl alcohol   20                                                   
     Coating solids = 29.5%                                                    
     ______________________________________                                    
PAR  The resulting coating formulation was then coated on a 53 lbs. per 3,300
      sq. ft. ream bodystock that had been previously basecoated (10 lbs. per
      3,300 sq. ft. ream) with a clay-adhesive dispersion, to yield, after
      drying at 300.degree.F for 11/2 minutes, a release paper having a release
      coating thereon of approximately 3 lbs. per 3,300 sq. ft. ream. The two
      additional components, namely the 2-ethylhexanol and the dodecyl alcohol,
      acted both as antifoam agents to reduce foaming in the formulation, and as
      additional release agents to enable a reduction in the amount of the
      Quilon H release agent employed without any substantial reduction in the
      properties or behavioral characteristics of the resulting release paper.
PAR  This release paper was employed in a manner similar to that set forth with
      respect to the release paper obtained in Example 1, and, as in the case of
      Example 1, the quality of the resulting pressed surface was excellent.
PAC  EXAMPLE 3
PAR  A coating formulation was prepared comprising the following components:
     Component           Parts by Weight (Wet)                                 
     ______________________________________                                    
     Resimene X-970 (an 85% solution                                           
     in isobutanol of a urea-                                                  
     formaldehyde resin condensate                                             
     sold by Monsanto Co. of                                                   
     St. Louis, Missouri).                                                     
                         59                                                    
     Quilon S (a 30% solution in                                               
     isopropyl alcohol of a Werner                                             
     type chromic chloride complex                                             
     with stearic acid sold by E. I.                                           
     DuPont de Nemours & Co., Inc.                                             
     of Wilmington, Delaware).                                                 
                         50                                                    
     Dodecyl alcohol, 50% in isopro-                                           
      panol              14                                                    
     2-ethylhexanol, 50% in isopro-                                            
      panol              14                                                    
     Pentaerythritol     20                                                    
     Water               193                                                   
     Coating solids = 28.3%                                                    
     ______________________________________                                    
PAR  The resulting coating formulation was then coated onto a paper web having a
      conventional clay-adhesive base coat in an amount of 10 pounds per 3,300
      sq. ft. ream to yield, after drying at 300.degree.F for 11/2 minutes, a
      release paper having a release coating thereon of approximately 3.5 pounds
      per ream.
PAR  This release paper was superimposed over a particle board overlaid with a
      printed, melamine-saturated, decorative prepreg with the release surface
      in contact with the prepreg. The resulting composite was placed in a press
      for 90 seconds at 335 psi. and at a temperature of 320.degree.F. Upon
      removal from the press, the release paper readily stripped cleanly from
      the decorative laminate. The quality of the panel surface was excellent.
PAC  EXAMPLE 4
PAR  A coating composition was prepared comprising the following components:
     Component             Parts by Weight (Wet)                               
     ______________________________________                                    
     A 65% solution in methanol of a                                           
     phenolic resin sold by Pioneer                                            
     Plastics of Auburn, Maine                                                 
     under the label "FL-415".                                                 
                           77                                                  
     Pentaerythritol       20                                                  
     Quilon S              50                                                  
     Dodecyl alcohol, 50% in isopropanol                                       
                           14                                                  
     2-ethylhexanol, 50% in isopropanol                                        
                           14                                                  
     Isopropanol           10                                                  
     Water                 175                                                 
     Coating solids = 30.3%                                                    
     ______________________________________                                    
PAR  This particular formulation was then applied to the same base as that
      employed in the immediately preceding example, Example 3; and all other
      conditions and testing were the same as those employed in Example 3. The
      results obtained with a release paper prepared from the coating
      formulation of the present Example were as good as those obtained with the
      release paper of Example 3.
PAC  EXAMPLE 5
PAR  A coating formulation was prepared comprising the following components:
TBL  Component        Parts by Weight (Wet)                                    
     ______________________________________                                    
     Water            382                                                      
     Pentaerythritol  40                                                       
     Resimene X-735   125                                                      
     Quilon H         118                                                      
     Hexadecyl alcohol, 50% in                                                 
      isopropyl alcohol                                                        
                      10                                                       
     Neodecanoic acid, 50% in                                                  
      isopropyl alcohol                                                        
                      10                                                       
     Coating solids = 30%                                                      
     ______________________________________                                    
PAR  This formulation was applied to a base identical to that used in Example 3.
      A composite was prepared using this paper and this composite was pressed
      under the same press conditions as Example 3. The quality of the resultant
      panel surface was excellent.
PAC  EXAMPLE 6
PAR  A coating formulation was prepared comprising the following components:
TBL  Component           Parts by Weight (Wet)                                 
     ______________________________________                                    
     Water               297                                                   
     Pentaerythritol     30                                                    
     Resimene X-735      94                                                    
     Quilon H            53.6                                                  
     2-ethylhexanol 50% in isopropyl                                           
      alcohol            30                                                    
     dodecyl alcohol 50% in                                                    
      isopropyl alcohol  30                                                    
     Coating solids = 30%                                                      
     ______________________________________                                    
PAR  The resulting coating formulation was then coated on a 53 lb. per 3,300 sq.
      ft. ream bodystock that had been previously base coated (10 lbs. per 3,300
      sq. ft. ream) with a clay-binder dispersion to yield after drying at
      300.degree.F for 11/2 minutes, a release paper having a release coating
      thereon of approximately 3 pounds per 3,300 sq. ft. ream.
PAR  This release sheet was placed in contact with a composite for pressing a
      high pressure laminate. The composite consisted of three kraft sheets
      saturated with phenolic resin, superimposed by a malamine saturated
      decoratively printed sheet and finally a clear melamine overlay.
PAR  With the release coating of the release paper in contact with the overlay
      this composite was placed in a cold press. The press conditions were then
      adjusted to 1200 psi and 300.degree.F. The composite was pressed for 24
      minutes, after which time the press was allowed to cool and the composite
      was removed. The release paper stripped cleanly from the laminate. The
      surface of the pressed laminate was excellent in all respects.
PAC  EXAMPLE 7
PAR  A coating formulation was prepared comprising the following components:
     Component         Parts by Weight (Wet)                                   
     ______________________________________                                    
     Water             174.5                                                   
     Sucrose           10.0                                                    
     Resimene X-735    62.5                                                    
     Quilon H          35.7                                                    
     Dodecyl alcohol, 50% in                                                   
      isopropyl alcohol                                                        
                       20.0                                                    
     2-ethylhexyl alcohol, 50% in                                              
      isopropyl alcohol                                                        
                       20.0                                                    
     Coating solids = 30.0%                                                    
     ______________________________________                                    
PAR  This formulation was applied to a base identical to that used in Example 3.
      A composite was prepared using this paper and this composite was pressed
      under the same press conditions as Example 3. The quality of the resultant
      panel surface was excellent.
PAC  EXAMPLE 8
PAR  A coating formulation was prepared comprising the following components:
TBL  Component         Parts by Weight (Wet)                                   
     ______________________________________                                    
     Water             197.5                                                   
     Tartaric acid     20.0                                                    
     Resimene X-735    62.5                                                    
     Quilon H          35.7                                                    
     Dodecyl alcohol, 50% in                                                   
      isopropyl alcohol                                                        
                       20.0                                                    
     2-ethylhexyl alcohol 50% in                                               
      isopropyl alcohol                                                        
                       20.0                                                    
     Coating solids = 30.5%                                                    
     ______________________________________                                    
PAR  This formulation was applied to a base identical to that used in Example 3.
      A composite was prepared using this paper and this composite was pressed
      under the same press conditions as Example 3. The quality of the resultant
      panel surface was excellent.
PAR  The release paper of the present invention is also applicable for the
      preparation of self-supporting films. The following example is included to
      demonstrate this use.
PAC  EXAMPLE 9
PAR  A release paper was prepared according to the manner set out in Example 1.
      A polyvinyl chloride plastisol was then cast on the release coated surface
      using a Gardner metering knife to set down a wet film of one millimeter
      thickness. The plastisol was dried for 2 minutes at 100.degree.C and cured
      for 2 minutes at 190.degree.C. The cast film readily stripped from the
      release paper as a self-supporting film. The surface of the film had the
      same quality surface as the release coated paper.
PAC  EXAMPLE 10
PAR  A coating formulation was prepared comprising the following components:
TBL  Component      Parts by Weight (Wet)                                      
     ______________________________________                                    
     Water          297                                                        
     Pentaerythritol                                                           
                    30                                                         
     Resimene X-735 94                                                         
     Quilon H       53.6                                                       
     2-ethylhexanol 50% in                                                     
      isopropyl alcohol                                                        
                    30                                                         
     dodecyl alcohol 50% in                                                    
      isopropyl alcohol                                                        
                    30                                                         
     Coating solids = 30%                                                      
     ______________________________________                                    
PAR  The resulting coating formulation was then coated on a 53 lb. per 3,300 sq.
      ft. ream bodystock that had been previously base coated (10 lbs. per 3,300
      sq. ft. ream) with a clay-binder dispersion to yield after drying at
      300.degree.F for 11/2 minutes, a release paper having a release coating
      thereon of approximately 3 pounds per 3,300 sq. ft. ream.
PAR  This release paper was superimposed over the surface of a polyester
      decorative prepreg on three-fourths inch particle board. This sandwich
      with the release paper in contact therewith was placed in a press at 200
      psi and at a temperature of 285.degree.F for 8 minutes. The quality of the
      resulting pressed surface was excellent.
PAR  It is well known that the gloss, texture and embossure of pressed and cast
      surfaces can be determined and controlled by qualities of the release
      coating and the substrate chosen for the release coating. These qualities
      are typically release coating weight, embossure, smoothness of the
      substrate, finishing of the substrate and the like. While the invention
      has been particularly shown and described with reference to preferred
      embodiments thereof, it is understood that these determinants and other
      changes and modifications will occur to a person skilled in the art
      without departing from the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A release coating formulation which comprises a release agent, a
      monomeric polyhydric alcohol and a cross-linkable, thermosetting resin.
NUM  2.
PAR  2. A release coating formulation as claimed in claim 1 wherein the release
      agent is at least one of the release agents selected from the class
      consisting of Werner-type complexes of fatty acids with chromic chloride,
      fatty acids, fatty acid alcohols, and silicone oils.
NUM  3.
PAR  3. A release coating formulation as claimed in claim 2 wherein the
      monomeric, polyhydric alcohol is selected from the class consisting of
      pentaerythritol, glycerine, a sugar and tartaric acid.
NUM  4.
PAR  4. A release coating formulation as claimed in claim 3 wherein the
      cross-linkable thermosetting resin is selected from the class consisting
      of urea-formaldehyde resin condensates, melamine-formaldehyde resin
      condensates, and phenolic resins.
NUM  5.
PAR  5. A release coating formulation as claimed in claim 4 wherein the release
      agent is a chromic chloride complex of myristic acid, the monomeric
      polyhydric alcohol is pentaerythritol, and the cross-linkable
      thermosetting resin in a melamine-formaldehyde resin condensate.
NUM  6.
PAR  6. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of myristic acid, dodecyl
      alcohol and 2-ethylhexanol, the monomeric polyhydric alcohol is glycerine,
      and the cross-linkable thermosetting resin is a melamine-formaldehyde
      resin condensate.
NUM  7.
PAR  7. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of stearic acid, the
      monomeric polyhydric alcohol is pentaerythritol, and the cross-linkable
      thermosetting resin is a urea-formaldehyde resin condensate.
NUM  8.
PAR  8. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of stearic acid, the
      monomeric polyhydric alcohol is pentaerythritol, and the cross-linkable
      thermosetting resin is a phenolic resin.
NUM  9.
PAR  9. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of myristic acid,
      hexadecyl alcohol and neodecanoic acid, the monomeric polyhydric alcohol
      is pentaerythritol, and the cross-linkable thermosetting resin is a
      melamine-formaldehyde resin condensate.
NUM  10.
PAR  10. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of myristic acid, dodecyl
      alcohol and 2-ethylhexanol, the monomeric polyhydric alcohol is
      pentaerythritol, and the cross-linkable thermosetting resin is a
      melamine-formaldehyde resin condensate.
NUM  11.
PAR  11. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of myristic acid, the
      monomeric polyhydric alcohol is sucrose, and the cross-linkable
      thermosetting resin is a melamine-formaldehyde resin condensate.
NUM  12.
PAR  12. A release coating formulation as claimed in claim 4 wherein the release
      agent is a mixture of a chromic chloride complex of myristic acid, the
      monomeric polyhydric alcohol is tartaric acid, and the cross-linkable
      thermosetting resin is a melamine-formaldehyde resin condensate.
NUM  13.
PAR  13. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 1.
NUM  14.
PAR  14. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 2.
NUM  15.
PAR  15. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 3.
NUM  16.
PAR  16. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 4.
NUM  17.
PAR  17. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 5.
NUM  18.
PAR  18. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 6.
NUM  19.
PAR  19. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 7.
NUM  20.
PAR  20. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 8.
NUM  21.
PAR  21. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 9.
NUM  22.
PAR  22. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 10.
NUM  23.
PAR  23. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 11.
NUM  24.
PAR  24. A release paper comprising a fibrous base having on at least one of the
      outer surfaces thereof an insoluble continuous release coating derived
      from a release coating formulation as claimed in claim 12.
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ABST
PAL  Shaped structures containing polytetrafluoroethylene are connected with
      themselves or with another material stable up to 400.degree.C under
      elevated pressure and temperature using as interlayer between the surfaces
      to be connected at least one copolymer of tetrafluoroethylene and
      perfluoroalkyl-perfluorovinyl units in a determined proportion. The
      composites obtained have a high mechanic strength and the joint has good
      temperature endurance properties.
BSUM
PAR  The present invention relates to a process for connecting shaped structures
      containing polytetrafluoroethylene.
PAR  Owing to its outstanding properties such as high thermal and chemical
      resistance, excellent insulating capacity, very good dielectric values,
      and small coefficient of friction, polytetrafluoroethylene (PTFE) is used
      to an increasing extent in chemical engineering, for bearings and
      armatures and in electrical engineering.
PAR  In many of these applications it is necessary to connect shaped articles of
      PTFE with PTFE or other materials which is rather difficult due to the
      strong anti-adhesive behavior and the high melt viscosity of PTFE. The low
      surface tension of PFTE is the reason why an adhesive does not stick to
      the material so that a bonding of untreated PTFE is not possible. Thermal
      welding of PTFE by the methods generally used for plastic materials is not
      possible either owing to its high melt viscosity.
PAR  Several processes have been described to increase the surface tension of
      PTFE by chemical reactions whereby the bonding properties are improved.
      The preparation of such "activated" PTFE surfaces, either by a treatment
      with an-hydrous solutions of alkali metals, with electric discharges, or
      with activated noble gas ions, requires great expenditure. Moreover, the
      PTFE surface which has been chemically modified in this manner is
      gradually deactivated again under the action of electromagnetic waves
      inclusive of the wave length of infrared light, resulting in a constant
      deterioration of the bonding properties and in part also of the bonds.
      Furthermore, the thermal and chemical resistance of the known adhesives
      is, in most cases, very poor as compared to that of PTFE, so that after
      bonding part of the positive properties of the polymer can no longer be
      utilized.
PAR  Another method used to join plastics parts is the so-called welding. In
      this process an intimate contact of parts heated above their melting point
      or softening point is brought about by compressing which results in a firm
      connection after cooling. As measurement of the mechanic strength of such
      a joint, relative to the mechanic stength of the connected shaped
      structures the so-called welding factor is generally indicated, i.e., the
      quotient of the tensile strength of the joint and the tensile strength of
      the shaped parts to be joined. The maximum measurable welding factor is
      equal to 1, that is to say in a tensile test the sample is not torn at the
      joint.
PAR  Because of the very high melt viscosity of PTFE high pressures and long
      periods of time are required at the temperatures still possible for
      welding in order to achieve the intimate contact and to obtain a
      satisfactory bond. Therefore, many attempts have been made to use
      interlayers of an auxiliary material for the manufacture of joints of PTFE
      with itself or with other materials.
PAR  It has been proposed, for example, to use dispersions of unsintered PTFE,
      of perfluorinated hydrocarbons, of telomers of trifluorochloroethylene and
      of mixtures of pulverulent PTFE with the two latter classes of compounds
      as interlayers to connect PTFE with itself or other materials under the
      action of pressure and high temperatures. Owing to their high costs, the
      required technical expenditure and the relatively low strength of the
      joints obtained, all these processes are, however, seldom used.
PAR  A certain improvement has been achieved by using copolymers of
      tetrafluoroethylene with hexafluoropropylene as welding auxiliary as
      described in German Pat. No. 952,997. The quality of the joints thus
      obtained is, however, not satisfactory as regards their resistance to
      mechanical stress. The welding factor, the shearing strength under tension
      and especially the resistance to peeling are unsatisfactory. A poor
      peeling resistance means that a joint which has been slightly damaged and
      is subjected at this area to an unavoidable peeling stress is torn open so
      that after a short period of time the total joint is disconnected. It is
      therefore the object of the present invention to improve the quality of
      joints of the aforesaid type.
PAR  The present invention provides a process for connecting shaped structures
      containing polytetrafluoroethylene either with one another or with any
      other material which stable at a temperature of up to 400.degree.C, which
      comprises placing between the surfaces of the shaped structures to be
      connected an interlayer of at least one copolymer consisting of 90 to 99.5
      % by weight of tetrafluoroethylene and 0.5 to 10 % by weight of a
      perfluoro-alkyl-perfuorovinyl ether of the formula
EQU  CF.sub.2 = CF -- OR
PAL  in which R stands for a perfluoroalkyl chain having from 1 to 10 carbon
      atoms, and compressing the composite shaped structure under a pressure of
      from 0.1 to 20 kg/cm.sup.2 at a temperature of from 320.degree. to
      400.degree.C.
PAR  The present invention also provides composite structures consisting of
      shaped structures containing polytetrafluoroethylene connected with
      themselves or with another material which is stable up to a temperature of
      400.degree.C and having an interlayer between the surfaces to be connected
      of at least one copolymer of 90 to 99.5 % of tetrafluoroethylene and 0.5
      to 10 % by weight of a perfluoroalkyl-perfluorovinyl ether of the
      aforesaid formula, said composite structures being compressed at
      320.degree. to 400.degree. under a pressure of 0.1 to 20 kg/cm.sup.2.
PAR  The copolymers to be used according to the invention consist of from 90 to
      99.5 % by weight, preferably 95 to 99 % by weight of tetrafluoroethylene
      and 0.5 to 10 % by weight, preferably 1 to 5 % by weight of a
      perfluoroalkyl-perfluorovinyl ether of the formula CF.sub.2 =CF--OR
      wherein R stands for a perfluoroalkyl chain having from 1 to 10 carbon
      atoms, perferably 1 to 5 carbon atoms and more preferably 1 to 3 carbon
      atoms. Such copolymers of tetrafluoroethylene and
      perfluoroalkyl-perfluorovinyl ethers, which can be prepared, for example,
      by the process disclosed in U.S. Pat. No. 3,132,123, shall have a melt
      viscosity of from 0.5 to 500 .times. 10.sup.4 poises, preferably 1 to 100
      .times. 10.sup.4 poises at 380.degree.C. The interlayers can be applied to
      the structures to be connected in any desired manner, preferably in the
      form of a sheet, granules, or powder, or as a dispersion which is
      subsequently dried.
PAR  To obtain a permanently stable bond the surfaces or areas to be connected
      must be subjected during welding to a pressure in the range of from 0.1 to
      20 kg/cm.sup.2, preferably 0.5 to 10 kg/cm.sup.2, depending on the
      material or surface properties of the structures to be connected and the
      type of the interlayer. The time of action of the pressure is in the range
      of from 1 to 60 minutes, preferably 10 to 30 minutes, depending on its
      height, the viscosity of the interlayer and the temperature used. The
      pressure is applied at a temperature of from 320.degree. to 400.degree.C,
      preferably 360.degree. to 390.degree.C.
PAR  The process of the invention permits to bond plane surfaces of structures
      of pure PTFE of different geometrical shape, for example plates, bars,
      squares, sheets, and the like. Especially good results are obtained by
      connecting shaped structures and sheets of mixtures, known as PTFE
      compounds, of PTFE with fillers, for example glass fibers, glass spheres,
      pulverulent ceramic material, coal, carbon black, graphite, asbestos,
      mica, talcum, steel, copper, brass, bronze, lead, molybdenum disulfide,
      lead dioxide, cadmium oxide, titanium dioxide, aluminum oxide, or boron
      nitride with structures of the same material or another filled PTFE
      material or of pure PTFE without filler. Shaped structures of the
      aforesaid materials may also be satisfactorily connected with many other
      metallic and non metallic materials such as steel, iron, copper, aluminum,
      bronze, zinc, brass, glass, or ceramic products.
PAR  To carry out the process of the invention many of the welding methods known
      in plastics industries can be used in accordance with the nature and the
      shape of the structures to be connected and the desired bond. The
      following methods proved to be especially favorable: to produce a linear
      overlapping joint of sheets of PTFE or PTFE compounds with one another or
      with sheets of another high temperature resistant material simple known
      welding apparatus for plastic material is used consisting of two
      horizontal plates connected by a hinge which can be heated up to
      400.degree.C and the upper one of which can be loaded with weights. The
      area where the sheets overlap is provided with an interlayer of one of the
      aforesaid copolymers, the whole is placed between the two plates heated to
      the required temperature and by putting on the upper plate a weight
      corresponding to the desired pressure the sheets are compressed for a
      certain time.
PAR  A flat composite structure of sheets of PTFE or PTFE compounds with each
      other, or with sheets of another high temperature resistant organic
      material, or with flat structures of metallic or non metallic nature as
      defined above can be obtained by compressing or rolling the composite
      structure with the inter-layer laid between the surfaces to be bonded
      under the conditions of pressure, temperature and time as indicated above.
PAR  Structures of complicate shape can be joined, after having inserted a layer
      of at least one of the specified copolymers, by compression under the
      action of a clamp for 1 to 60 minutes at the desired temperature.
PAR  The process of the invention is preferably carried out with sintered
      structures of PTFE and PTFE compounds. It is also possible, however, to
      weld unsintered structures produced by compression or rolling. When a PTFE
      containing material is to be welded with another material in a closed mold
      unsintered powder may be used and the compression sintering step may be
      combined with the welding process.
PAR  As compared with composite structures obtained by known processes, the
      structures according to the present invention are characterized by a
      number of important advantages. They have a high strength as results from
      the values of the tensile shearing strength obtained, which are generally
      in the range of from 40 to 130 kg/cm.sup.2, and above all they are
      extremely resistant to peeling having values not reached so far.
PAR  This resistance to peeling is particularly important with the wide spread
      use of bearings made of PTFE and preferably PTFE compound material. In
      constructions of this type the sliding surface of PTFE or PTFE compound is
      fastened by welding on a metal support where it is subject to a high
      peeling stress. The composite structures in accordance with the invention
      generally have a resistance to peeling of from 4 to 10 kg/cm.
PAR  Furthermore, the composite structures are stable at very high temperatures,
      they have thermal endurance properties of up to 260.degree.C, and are
      resistant to practically all chemicals.
PAR  The copolymers of tetrafluoroethylene and perfluoroalkyl-perfluorovinyl
      ethers are excellent thermoplastic adhesives and can also be used firmly
      to join other materials, for example metals with metals, non metals with
      non metals and metals with non metals. Joints of steel with steel and
      aluminum with aluminum were found to have an extremely good tensile
      shearing strength.
DETD
PAR  The following examples illustrate the invention. The indicated values are
      mean values of three measurements.
PAC  EXAMPLE 1
PAR  Sheet materials of different thickness of PTFE and PTFE compounds were
      welded to the same or an other type of material using a simple welding
      apparatus consisting of two horizontal welding dies having a breadth of 5
      mm, connected by a hinge, and heatable to 400.degree.C. On the area of
      overlapping an interlayer of a sheet 500 or 100 microns thick of a
      copolymer of 97.5 % by weight of tetrafluoroethylene and 2.5 % by weight
      of perfluoro-propyl-perfluorovinyl ether having a melt viscosity of 2.5
      .times. 10.sup.4 poises at 380.degree.C was placed, the whole was inserted
      between the dies heated to 380.degree. - 400.degree.C and for a determined
      period of time the upper die was loaded with the desired welding pressure.
PAR  In the following table I are compared the welding factors of the welds
      obtained with the copolymer of the invention with those of a weld obtained
      with a copolymer of 78 % by weight of tetra-fluoroethylene (TFE) and 22 %
      by weight of hexafluoropropylene (HFP).
PAR  The welding factors were determined as follows: Six test strips according
      to ASTM D-1457 were cut out of the composite sheet in such a way that
      three of them had the weld in the center in transverse direction with
      respect to the longitudinal axis of the strips, while the other three
      strips did not have a weld. The test strips were cut so as to have the
      preferred orientation of the sheet in the direction of the longitudinal
      axis. All test strips were tested on a tensile tester with an advance of
      50 mm/min. The welding factor is the quotient of the mean value of the
      forces required for tearing the strips having a weld and the mean value of
      the forces necessary for tearing the strips without weld.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     Composite                                          PTFE compound/         
     thickness    PTFE/PTFE     PTFE/PTFE   PTFE/PTFE   PTFE compound/         
     of sheets                                          +25% coal/+25% coal    
              .mu.m                                                            
                  500     500   500   500   200   200   500   500              
     __________________________________________________________________________
     thickness of                                                              
     interlayer                                                                
              .mu.m                                                            
                  500           100         100         500                    
     welding                                                                   
     pressure kg/cm.sup.2                                                      
                  0.5     2.2   0.5   2.2   0.5   2.2   0.5   2.2              
     welding                                                                   
     period   min.                                                             
                  10  20  10 20 10 20 10 20 10 20 10 20 10 20 10 20            
     welding                                                                   
     factor with  0.50                                                         
                      0.50                                                     
                          0.50                                                 
                             0.50                                              
                                0.46                                           
                                   0.50                                        
                                      0.46                                     
                                         0.48                                  
                                            0.65                               
                                               0.68                            
                                                  0.68                         
                                                     0.70                      
                                                        0.91                   
                                                           0.93                
                                                              0.95             
                                                                 0.98          
     TFE/HFP                                                                   
     interlayer                                                                
     welding                                                                   
     factor with  0.62                                                         
                      0.69                                                     
                          0.63                                                 
                             0.63                                              
                                0.64                                           
                                   0.66                                        
                                      0.70                                     
                                         0.63                                  
                                            0.87                               
                                               0.85                            
                                                  0.89                         
                                                     1.0                       
                                                        1.0                    
                                                           1.0                 
                                                              1.0              
     TFE/                                                                      
     CF.sub.2 =CFOC.sub.3 F.sub.7                                              
     interlayer                                                                
     __________________________________________________________________________
     Composite     PTFE comp./PTFE comp.                                       
                                     PTFE comp./PTFE comp.                     
                                                     PTFE/PTFE compound        
     thickness     +15% glass fibers +60% bronze     +25% coal                 
     of sheets     +15% glass fibers +60% bronze                               
             .mu.m 500     500       500     500     200     200               
     __________________________________________________________________________
     thickness of                                                              
     interlayer                                                                
             .mu.m 500               500             500                       
     welding                                                                   
     pressure                                                                  
             kg/cm.sup.2                                                       
                   0.5     2.2       0.5     2.2     0.5     2.2               
     welding                                                                   
     period  min.  10  20  10  20    10  20  10  20  10  20  10  20            
     welding                                                                   
     factor with   0.74                                                        
                       0.79                                                    
                           0.80                                                
                               0.64  0.82                                      
                                         0.88                                  
                                             0.90                              
                                                 0.72                          
                                                     0.58                      
                                                         0.61                  
                                                             0.65              
                                                                 0.65          
     TFE/HFP                                                                   
     interlayer                                                                
     welding                                                                   
     factor with   0.89                                                        
                       0.92                                                    
                           1.0 0.95  0.95                                      
                                         0.98                                  
                                             1.0 0.90                          
                                                     0.69                      
                                                         0.70                  
                                                             0.72              
                                                                 0.72          
     TFE/                                                                      
     CF.sub.2 =CFOC.sub.3 F.sub.7                                              
     interlayer                                                                
     __________________________________________________________________________
PAC  EXAMPLE 2
PAR  Sheets were welded as described in Example 1 using as interlayer a sheet of
      a copolymer of 97.2 % by weight of tetrafluoroethylene and 2.8 % by weight
      of perfluoroethyl-perfluorovinyl ether having a melt viscosity of 2.2
      .times. 10.sup.5 poises at 380.degree.C. The particulars are listed in the
      following Table II.
TBL                                    TABLE II                                
     __________________________________________________________________________
     composite PTFE/PTFE                                                       
                       PTFE comp./PTFE comp.                                   
                                    PTFE comp./PTFE                            
                       20% coal /25% coal                                      
                                    25% coal                                   
     sheet                                                                     
     thickness                                                                 
           .mu.m                                                               
               200 200 500   500    500  500                                   
     __________________________________________________________________________
     thickness                                                                 
     of                                                                        
     interlayer                                                                
           .mu.m                                                               
               100     500          500                                        
     welding                                                                   
     pressure                                                                  
           kg/cm.sup.2                                                         
               0.5 2.2 0.5   2.2    0.5  2.2                                   
     welding                                                                   
     period                                                                    
           min.                                                                
               10  10  20    20     20   20                                    
     welding                                                                   
     factor    0.89                                                            
                   0.89                                                        
                       1.0   1.0    0.69 0.69                                  
     __________________________________________________________________________
PAC  EXAMPLE 3
PAR  Sheets were welded under the conditions specified in Example 1 using as
      interlayer a sheet of a copolymer of 97.9 % by weight of
      tetrafluoroethylene and 2.1 % by weight of perfluoromethyl-perfluorovinyl
      ether having a melt viscosity of 2.4 .times. 10.sup.5 poises at
      380.degree.C. The particulars are listed in the following Table III.
TBL                                    TABLE III                               
     __________________________________________________________________________
     composite PTFE/PTFE                                                       
                       PTFE comp./PTFE comp.                                   
                                    PTFE comp./PTFE                            
                       25% coal 25% coal                                       
                                    25% coal                                   
     thickness                                                                 
     of                                                                        
     sheets                                                                    
           .mu.m                                                               
               200 200 500    500   500  500                                   
     __________________________________________________________________________
     thickness                                                                 
     of                                                                        
     interlayer                                                                
           .mu.m                                                               
               100     500          500                                        
     welding                                                                   
     pressure                                                                  
           kg/cm.sup.2                                                         
               0.5 2.2 0.5    2.2   0.5  2.2                                   
     welding                                                                   
     period                                                                    
           min.                                                                
               10  10  20     20    20   20                                    
     welding                                                                   
     factor    0.78                                                            
                   0.79                                                        
                       1.0    1.0   0.71 0.71                                  
     __________________________________________________________________________
PAC  EXAMPLE 4
PAR  Two small plates having the dimensions 30 .times. 20 .times. 4 mm were
      placed one above the other so as to overlap at the small sides for 5 mm
      with insertion of a 500 micron thick sheet of a copolymer of
      tetrafluoroethylene with a perfluoroalkyl-perfluorovinyl ether of the
      formula CF.sub.2 = CF -- OR (2.1 % by weight with R = CF.sub.3, 2.8 % by
      weight with R = C.sub.2 F.sub.5, 2.5 % by weight with R = C.sub.3
      F.sub.7), the lap was clamped in screw clamp and kept for 30 minutes at
      380.degree.C. After cooling the screw clamp was opened and the strength of
      the bond was tested in a tensile tester in the direction of the
      longitudinal axis of the bonded plates with an advance of 50 mm/min. The
      results of the tensile shearing tests obtained with a plurality of
      composites and different copolymer interlayers are listed in Table IV. For
      comparison the results obtained with a sheet of
      tetrafluoroethylene/hexafluoropropylene copolymer (78 % by weight TFE/22 %
      by weight HFP) as interlayer are also indicated.
PAC  TABLE IV
PAR  Tensile shearing strength (kg/cm.sup.2) with a 500 micron thick sheet as
      interlayer of a copolymer of tetrafluoroethylene with a compound CF.sub.2
      = CF --OR composite wherein R represents
TBL                CF.sub.3                                                    
                         C.sub.2 F.sub.5                                       
                                 C.sub.3 F.sub.7                               
                                         with HFP                              
     ______________________________________                                    
     PTFE/PTFE       75      85      84    68                                  
     PTFE/steel      80      89      91    71                                  
     PTFE/aluminum   55      68      60    51                                  
     PTFE/PTFE comp.                                                           
      + 15% glass fibers                                                       
                     79      89      82    48                                  
     PTFE/PTFE comp.                                                           
      + 25% coal                     100   82                                  
     PTFE/PTFE comp.                                                           
      + 60% bronze                   105   71                                  
     PTFE comp./steel                                                          
      + 15% glass fibers                                                       
                     78      88      83    74                                  
     PTFE comp./steel                                                          
      + 25% coal                     107   80                                  
     PTFE comp./steel                                                          
      + 60% bronze                   107   72                                  
     PTFE comp./PTFE comp.                                                     
     15% glass +15% glass                                                      
                     68      76      76    48                                  
       fibers   fibers                                                         
     PTFE comp./PTFE comp.                                                     
     + 25% coal +25% coal            105   60                                  
     PTFE comp./PTFE comp.                                                     
     + 60% bronze + 60%              92    53                                  
     bronze                                                                    
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Two 500 micron thick sheets 200 .times. 50 mm in size were placed one upon
      the other with insertion of a sheet of 180 .times. 50 mm and 100 microns
      thick made of a tetrafluoroethylene/perfluoropropyl-perfluorovinyl ether
      copolymer (97.5 : 2.5 % by weight) and the whole was compressed on a
      heatable press for 30 minutes at 380.degree.C under a pressure of 2
      kg/cm.sup.2. The peeling strength of the composites is listed in the
      following Table V, in comparison to the peeling strength of composites
      made in analogous manner but with an interlayer of TFE/HFP copolymer (78 /
      22 % by weight).
PAR  To test the peeling strength test strips of the dimensions 10 .times. 200
      mm were cut out from the composites, the non bonded ends of the sheets
      were bent upward or downward by 90.degree. and clamped in the gripping
      jaws of a tensile tester in which the strength of the joint was tested
      with an advance of 50 mm/min. The force required to disconnect the
      composite is the peeling resistance expressed in kg/cm.
TBL                                    TABLE V                                 
     __________________________________________________________________________
     Composite   PTFE/PTFE                                                     
                        PTFE/steel                                             
                                PTFE compound/steel                            
                                + 60 % bronze                                  
     __________________________________________________________________________
     peeling resistance                                                        
                 7.5    4.5     6.0                                            
     with interlayer of                                                        
     TFE/perfluoropropyl-                                                      
     perfluorovinyl ether                                                      
     peeling resistance                                                        
                 1.5    very low, not                                          
                                very low, not                                  
     with interlayer of measurable                                             
                                measurable                                     
     TFE/HFP                                                                   
     __________________________________________________________________________
PAC  EXAMPLE 6
PAR  A sheet composite was prepared as described in Example 5 using as
      interlayer a pulverulent
      tetrafluoroethylene/perfluoropropyl-perfluorovinyl ether copolymer
      (composition as in Example 5). The PTFE/PTFE composite had a peeling
      resistance of 7.0 kg/cm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for connecting shaped structures containing
      polytetrafluoroethylene with themselves or with another material stable at
      a temperature of up to 400.degree.C, which comprises placing between the
      structures to be connected an interlayer consisting of at least one
      copolymer of from 90 to 99.5 % by weight of tetra-fluoroethylene and 0.5
      to 10 % by weight of a perfluoroalykl-perfluorovinyl ether of the formula
      CF.sub.2 = CF--OR in which R represents a perfluoroalkyl chain having from
      1 to 10 carbon atoms and compressing the composite structure under a
      pressure of from 0.1 to 20 kg/cm.sup.2 at a temperature of from
      320.degree. to 400.degree.C.
NUM  2.
PAR  2. The process of claim 1, wherein the interlayer consists of at least one
      copolymer of from 95 to 99 % by weight of tetra-fluoroethylene and 1 to 5
      % by weight of the perfluoroalkyl-perfluorovinyl ether.
NUM  3.
PAR  3. The process of claim 1, wherein the perfluoroalkyl-perfluorovinyl ether
      has an alkyl chain of 1 to 3 carbon atoms.
NUM  4.
PAR  4. A composite structure consisting of shaped structures containing
      polytetrafluoroethylene connected with themselves or another material
      stable at a temperature of up to 400.degree.C and an interlayer of at
      least one copolymer of from 90 to 99.5 % by weight of tetrafluoroethylene
      and 0.5 to 10 % weight of a perfluoro-alkyl-perfluorovinyl ether of the
      formula CF.sub.2 = CF-- OR wherein R represents a perfluoroalkyl chain
      having from 1 to 10 carbon atoms, said composite structure being
      compressed at 320.degree. to 400.degree.C under a pressure of from 0.1 to
      20 kg/cm.sup.2.
NUM  5.
PAR  5. A composite structure as claimed in claim 4 wherein the interlayer
      consists of at least one copolymer of from 95 to 99 % by weight of
      tetrafluoroethylene and 5 to 1 % by weight of a
      perfluoro-alkyl-perfluorovinyl ether.
NUM  6.
PAR  6. A composite structure as claimed in claim 4, wherein the
      perfluoroalkyl-perfluorovinyl ether has an alkyl chain of 1 to 3 carbon
      atoms.
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ABST
PAL  This invention relates to a decorative plastic laminate preferably one
      having a high wear resistant decorative surface in which the various
      layers have controlled wear indices so as to provide the laminate with
      improved uniform machineable properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Decorative laminates have been produced commercially in the United States
      and other countries of the world for a substantial plurality of years.
      These decorative laminates contain a plurality of layers that are
      impregnated with thermosetting resins and are heat and pressure
      consolidated together to form a unitary structure. The surface sheet is a
      decorative sheet which is sometimes referred to as a decor sheet which may
      be a solid color such as a white or a pastel or it may carry a decorative
      design thereon such as a wood-grain print, floral designs or geometric
      figures, and the like. The decorative sheet is first impregnated with a
      noble thermosetting resin which resin is recognized in the laminate
      industry as one which does not undergo any significant color deterioration
      during the heat and pressure consolidation step. The thermosetting resin
      in the decor sheet is converted to the thermoset state during the heat and
      pressure consolidation step. The decorative sheet containing the noble
      thermosetting resin, which is preferably a melamine-formaldehyde resin, is
      then superimposed over one or more core sheets which are generally the
      kraft paper sheets that have been impregnated with a thermosetting
      phenol-formaldehyde resin. As before, the thermosetting phenolic resin is
      converted to the thermoset state during the heat and pressure
      consolidation step. The number of core sheets used in the laminate may be
      varied substantially depending on the thickness of the laminate ultimately
      desired. When extremely thin laminates are desired only one or two core
      sheets are used. On the other hand, it is frequently desired to make
      laminates that are one thirty-second inch, one-sixteenth inch or
      one-eighth inch in thickness; or if desired, they may be made in even
      greater thicknesses. Accordingly, the thicker laminates require the use of
      the total number of core sheets varying between about three, five, seven,
      nine or more. If desired and particularly when the decorative sheet is a
      printed design, one may superimpose over the decorative sheet an
      unpigmented overlay sheet which is generally a fine quality
      alpha-cellulose paper sheet impregnated with a noble thermosetting resin
      preferably of the same type that is used to impregnate the decorative
      sheet. After the heat and pressure consolidation step is completed, the
      overlay sheet becomes transparentized during the consolidation operation
      so that the decorative sheet can readily be seen through the overlay
      sheet. Some other protective overlay sheets have been used such as films
      of polyester resins and films of polyvinyl fluoride and the like. Most of
      these decorative laminates have found extensive use as horizontal and
      vertical decorative panels for furniture, kitchen countertops, vanitories,
      wall siding and the like, by bonding or veneering the laminate with an
      adhesive material to a rigid support such as particle board or plywood and
      then fabricating or machining the edges of the veneered assembly with
      tools common to the wood working industry such as saws, drills, shapers
      and routers. These tools are generally made of steel, although certain of
      them, especially those having knife blades are composed of tungsten
      carbide because the steel tools will show a wear rate much faster than
      would be expected when compared with the wear rate of the tungsten
      carbide. When these tools are used to fabricate or machine the edges of
      the veneered assembly containing the decorative laminate, the operation
      must be stopped when any significant chipping is observed which indicates
      that the blade has suffered some significant wear which requires that the
      blades and other cutting edges be resharpened so as to remove the worn
      edge.
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of decorative plastic laminates which are so
      constructed as to provide improved uniform machineable properties. More
      particularly, this invention is directed to decorative plastic laminates
      that are produced by heat and pressure consolidating to a unitary
      structure, a plurality of layers of paper arranged in a superimposed
      assembly wherein the various layers have a controlled wear index depending
      whether they are in the core portion, the decor portion or the overlay
      portion and wherein the total quantity of those layers having unduly high
      wear index features do no constitute more than 5% of the total thickness
      of the laminate. We have discovered certain novel means for producing
      decorative laminates which are especially adapted to these machining
      operations but which yet preserve all of the desirable features of high
      pressure decorative laminates and which may additionally have especially
      good resistance to abrasive wear. These novel discoveries were preceeded
      by certain systematic studies which made the inventive concepts possible.
      It has been stated hereinabove, that the decorative laminates with which
      the present invention is concerned have become widely accepted for use in
      the manufacture of furniture for living rooms and dining rooms. The
      material is especially useful in table tops because of its resistance to
      wear, scratching and staining, and it is often more plentiful than the
      fine wood veneers which it often replaces. In using these decorative
      laminates in the manufacture of furniture, it is frequently necessary to
      finish the edges with some ornate or complex geometrical shape which is
      usually referred to as an "ogee" edge. These contours must be sharply
      defined or "crisp" as the effect is sometimes called. For economic
      reasons, it must be generated by a single accurate machining operation
      without follow-up by additional costly sanding, routing, etc. The machine
      used to produce such an edge is called a shaper, a device that has been
      known for many years. The cutting blades on the shaper head are usually of
      tungsten carbide to provide long life before resharpening becomes
      necessary. Frequent resharpening leads to "down-time" and reduces the life
      of the tool since some of it is irretrievably ground away with each
      resharpening.
PAR  Another popular use of decorative laminates in general, is for the surfaces
      of doors that are used for kitchen cabinets and doors for rooms in homes
      and offices. The doors are usually cut from flat panel stock on a
      well-known device called a double-edge tenoner. Again, it is essential for
      the edge to be cut sharply and "crisply" in a single critical pass through
      the machine. The cutting tool on a tenoner is essentially a saw blade
      again fitted with tungsten carbide teeth. For the same reasons as given
      below, the users of such machines wish to have long, uninterrupted runs.
PAR  For many years, furniture manufacturers have observed that some lots of
      laminates machine well while others machine poorly. This condition is
      known as "poor machine-ability" and has puzzled both laminate and
      furniture manufacturers for many years since it manifests itself by the
      rather sudden appearance of chipping along the edge being machined.
      Typically, the chipping is not observed at the outset with a new tool or
      one which has just been resharpened. However, after machining about 50
      feet of a table edge containing a laminate which machines poorly, the
      chipping appears and continues to worsen until the tool is resharpened;
      this must be done promptly or the chips will soon cause irreparable damage
      to the piece being machined.
PAR  Since it was considered that such mild materials as paper fiber, phenolic
      resins and melamine resins could hardly be expected to attack tungsten
      carbide tools, the tools themselves were suspected to be of inferior
      composition or design. Careful application of the most modern tooling
      techniques by the tool manufacturers showed that the fault had to lie
      elsewhere. Certain people in the field believed that "hard" or brittle
      laminates resulting from over cure of the resins or excess amounts of
      resin were the cause of this chipping. Others were convinced that feed
      rates, and tool geometry among other things were to blame for the
      chipping. In the use of tools made of steel, rather than tungsten carbide,
      it was observed that the wear rate was much faster, as would be expected.
      Since the steel tools wore over 200 times faster, one could readily
      examine the effect of particular laminates upon tool wear much more
      readily. By measuring the depth of the wear scar left on the tool after
      only a few feet of cutting a "wear index" could be established which gave
      a measure of the abrasive attack of the laminate upon the tool. Those
      laminates which attacked the tool rapidly were said to be "aggressive".
      Those laminates which attacked the tool very slowly were classified as
      "non-aggressive". This approach has occurred to other investigators.
      Reference is made to the article entitled "A Quantitative Study of Some
      Factors Affecting the Abrasiveness of Particle Board" in the Forest
      Products Journal, Vol. 21, No. 11, pages 39-41, November 1971 by R. R.
      Bridges. By standardizing the tools and the method of machining, it was
      possible to devise a test which would rank the aggressiveness of each
      laminate constituent and hence could establish its individual contribution
      to tool wear.
PAR  Many laminates are manufactured in so-called "solid colors" "plain colors"
      which have no pattern or printed design thereon whatever. The decorative
      effect of such a laminate consists simply of the same color uniformly
      present over the entire visable surface of the laminate. When such a
      laminate is tested for abrasion resistance, the end point occurs when the
      tester is able to see a substantial amount of the dark color core stock
      through the laminate surface which has been worn away during the test. The
      most popular solid color in these laminates is white. However, slight
      variations from white which are tints, otherwise known as pastels, produce
      light tans, beige, light yellows, pale greens, light pink and the like.
      These pastels may be considered "white-like" for the purposes of
      identification. All of the above "whites" and pastel laminates employ
      substantial quantities of white pigment in the decor paper. The preferred
      pigment is titanium dioxide because of its great hiding power and purity
      of color. Titanium dioxide has supplanted zinc sulfide for this use, the
      latter having been widely used about thirty years ago. A particular
      problem arises, however, from the use of titanium dioxide as a pigment in
      a laminate which is to be machined because the TiO.sub.2 itself happens to
      be a rather abrasive substance. Therefore, white and pastel laminates
      would be expected to show more tool wear than many other colors. Many
      complaints have been received from furniture manufacturers about the
      machine-ability of white laminates. In order to make an appraisal of these
      laminates, a test was set up in which there was utilized a Whitney shaper,
      a Holz-Her feed attachment, a Leitz cutter head with a 1 inch I. D.
      adapter equipped with Leitz high speed steel knives with a 45.degree.
      sharpening angle. The laminate to be tested for wear index was fed into
      the machine for a fixed distance and the steel knife was removed from the
      cutter head and inspected under a microscope, the depth of the scar caused
      by the decor sheet on the blade edge was measured and estimated to the
      nearest 0.0001 inch. The value of the depth of the decor scar is recorded
      in mils and is estimated to 0.1 mil as the wear index. Since the decor
      sheet contains pigment, whereas the overlay sheet and core sheets do not
      contain pigment, the decor sheet imparts wear to the cutting blade more
      quickly than the other two unpigmented types of layers. The definition of
      the decor wear index is the depth in mils of wear scars imparted to a
      steel cutting blade edge by subjecting the blade to cutting 5 linear feet
      of a laminate composed only of the decor stock. The core wear index is the
      depth in mils of wear imparted to a steel cutting blade edge by subjecting
      said blade edge to cutting twenty-five linear feet of a laminate composed
      only of the core stock. The sams is true for the overlay. The overlay wear
      index is also the depth in mils of wear imparted to a steel cutting blade
      edge by subjecting said blade edge to cutting 25 linear feet of a laminate
      composed only of the overlay stock.
PAR  After having conducted a substantial plurality of tests on different
      laminates prepared especially for the testing purpose, it was found that
      the pigments in the decor sheet were in fact responsible for a large
      measure of wear in this portion of the laminate. This is not particularly
      surprising but the difference in the aggressiveness of the pigments was
      larger than anticipated. Wear indices as low as 2 and as high as 15 were
      observed. It became clear that not all pigments were alike. On the other
      hand, the kraft papers were likewise found to be different showing core
      wear indices as low as 4 and as high as 28. It has already been pointed
      out that the wear index for the core stock and the decor sheets are not
      the same, although the range of numerical values for both types of paper
      happens to be close to the same. Nevertheless, the wear index for the
      decor sheets will be identified as the decor wear index, whereas the wear
      index for the core layers and for the overlay layers wll be identified as
      the core wear index and the overlay wear index respectively.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a decorative plastic laminate, provided with
      improved uniform machineable properties, comprising the heat and pressure
      consolidated and cured unitary structure of an assembly of superimposed
      layers comprising:
PAR  a. a core portion of unpigmented kraft paper sheets impregnated with a
      thermosetting phenol-formaldehyde resin, said core portion having a core
      wear index of between about 3 to about 10,
PAR  b. at least one white or pastel opaque pigmented alpha-cellulose decorative
      paper layer impregnated with a thermosetting melamine-formaldehyde resin,
      having a decor wear index of between about 2 to about 7,
PAR  c. wherein the pigmented layers having a decor wear index greater than
      seven or non-pigmented layers having a core wear index greater than 10 are
      present in such a total quantity that they constitute not more than 5% of
      the total thickness of the laminate.
PAR  Still further, this invention relates to a decorative plastic laminate of
      the class just described in which an overlay sheet is positioned on top of
      the decor sheet and in the course of the laminate manufacture the entire
      assembly is heat and pressure consolidated to a unitary structure. The
      overlay sheet is comprised of an unpigmented alpha-cellulose paper layer
      impregnated with a thermosetting melamine-formaldehyde resin, said sheet
      having a overlay wear index of not more than 2. Still further, this
      invention relates to laminates which have an abrasion resistant surface
      which has been accomplished by incorporating into the surface of the
      laminate small parts of silica flour.
DETD
PAR  In order that the concept of the present invention may be more completely
      understood, the following examples are set forth which show the score on
      the tool wear tests actually are related to machining performance in field
      operations.
PAC  EXAMPLE 1
PAR  A plurality of laminates measuring 4 feet .times. 10 feet .times. 1/16 inch
      consisting of an overlay sheet, a print sheet and a plurality of core
      sheets were prepared in the usual commercial fashion. In one set of these
      laminates the decor sheet had a decor wear index of 7.5 while the core
      stock had a core wear index of 12 when tested according to the method set
      forth hereinabove. Another set of laminates was composed of decor sheets
      having a decor wear index of 5.0 and core stock sheets having a core stock
      wear index of 5.5. These laminates were shipped to commercial furniture
      manufacturers for trial. In one instance, the laminates were applied to
      table tops which were 48 inches in diameter and were fitted with maple
      lumber edges 11/18 inch thick. A tungsten carbide tool cut an ogee edge
      around the circumference of the table top on an automatic shaping machine.
      The tops consisted of two semi-circles; one half top was cut at a time.
      Using the first set of laminates, the newly sharpened cutter became dull
      after completing six half-tops; machining was stopped because of the
      chipping resulting from the dull cutter. The cutter was resharpened and
      used to machine half-tops prepared from the second set of laminates. 150
      half-tops were machined from the second set of laminates having no chips
      and exhibiting sharp crisp edges. The second trial was then discontinued
      for lack of further quantity of the second type of laminate. The cutter
      was not in need of sharpening at the end of the second run.
PAR  Another shipment of these laminates was made to another manufacturer of
      tables, who prepared therefrom panels measuring 48 inches .times. 12
      inches .times. 7/8 inch by adhering these laminates to 3/4 inch
      particleboard. The panels were hand fed against a newly sharpened tungsten
      carbide cutter to produce an ogee edge. Repeated cuts, which removed 1
      inch of material per cut, were made to simulate actual production
      operation. After 100 feet of cutting, the first laminated material dulled
      the tool and produced chipping. The tool was resharpened and the second
      class of laminates were run for 650 feet without exhibiting chipping. The
      trial was discontinued but only due to lack of further group 2 material.
      The tool was not in need of sharpening. The above examples show that the
      two wear index tests correlate well with actual experience. However, these
      examples did not show the relative importance of the wear contribution
      made by the core sheets and the print sheets. Accordingly, the following
      example was performed.
PAC  EXAMPLE 2
PAR  Aggressive print sheets having a decor wear index of 10.0 and aggressive
      core stock having a core wear index of 28.0 were selected along with mild
      print sheets having a decor wear index of 5.0 and mild core sheets also
      having a core wear index of 5.0. Laminates of 1/16 inch thickness were
      made of the following combinations and mounted on 3/4 inch particleboard
      and machined with tungsten carbide cutters. The assemblies and the
      distance to first chip are set forth in the following table:
TBL                TABLE I                                                     
     ______________________________________                                    
     No.  Print       Core        Distance to First Chip                       
     ______________________________________                                    
     1    Aggressive  Non-        38 ft.                                       
                      Aggressive                                               
     2    Non-        Non-        50 ft.                                       
          Agressive   Aggressive                                               
     3    Aggressive  Aggressive   4 ft.                                       
     4    Non-        Aggressive   4 ft.                                       
          Aggressive                                                           
     ______________________________________                                    
PAR  The results of these experiments show clearly that the presence of
      aggressive core stock is quite harmful, since laminates 3 and 4 produced
      chipping much sooner than laminates 1  and 2. The aggressive print sheet
      was worse than the non-aggressive print sheet but not greatly so when the
      mild core stock is used. This result was most unexpected since the core
      stock contains only about 0.04% of silica as its active component. The
      presence of the silica is evidently due to incomplete washing of the kraft
      fiber furnish. The active aggressive ingredient in the decor sheet is the
      pigment, which will be present to an amount of at least about 10% and
      often over 20%. This shows that not only the wear index of each
      constituent of the laminate is important, but that its relative total
      abundance in the laminate is also important. In a 1/16 inch laminate about
      10% of the thickness is decor sheet and about 90% is core sheet. In actual
      practice it was found that the mild core stock improved the performance of
      the laminate greatly, even if combined with relatively aggressive decor
      sheet having a decor wear index of 10-12. Of course, mild decor sheet
      having a wear index of about 5.0 gave even better performance, but about
      80% of the improvement was due to the core stock.
PAC  EXAMPLE 3
PAR  The use of abrasive loaded overlay sheets to enhance wear resistance of
      laminates has been disclosed in the U.S. Pat. Nos. 3,373,070 and 3,373,071
      and the earlier U.S. Pat. No. 3,135,643. Each of these patents is
      incorporated herein by reference. In making the present study, it was
      feared that such overlays would attack cutting tools severely and prohibit
      their use on machineable laminates. In order to either confirm these fears
      or surmount them, a laminate was prepared in which a single sheet of 20
      lb./ream overlay paper containing 1% of finely divided silica was used
      wherein said overlay sheet had a decor wear index of 19.0. This scale was
      purposely used in anticipation of an extremely high value. This overlay
      sheet had been preimpregnated with a melamine-formaldehyde resin and the
      process of imparting the finely divided silica to the overlay sheet is
      shown in the U.S. Pat. No. 3,373,070. A single sheet of decorative paper
      which had been preimpregnated wit a melamine-formaldehyde thermosetting
      resin of 90 lb./ream basis weight and having a decor wear index value of
      2.0 together with seven sheets of kraft paper that had been preimpregnated
      with a thermosetting phenol-formaldehyde resin and having a basis of 126
      lbs./ream and a core wear index of 5.0  were assembled in superimposed
      relationship and the assembly was heat and pressure consolidated to a
      unitary structure. It is understood that a basis weight of a particular
      type of paper is the weight of a ream of said paper mounting to 500 sheets
      thereof that measure 24 inches .times. 36 inches each (i.e. 3,000 sq.
      ft.). Another laminate identical with the one prepared immediately
      hereinabove was also prepared except that the overlay sheet was a 28
      lb./ream paper having no silica therein but having been preimpregnated
      with a thermosetting melamine-formaldehyde resin having an overlay wear
      index of less than 1. The laminates were machined with tungsten carbide
      tipped cutters on a conventional wood shaper. No difference in tool wear
      or onset of chipping was noticeable. The very high wear index of the
      overlay in the first sheet is counter balanced by its very small
      proportion relative to the entire laminate. The overlay wear index of the
      second overlay sheets is less than 1.0. This indicates that certain
      limited layers of paper can be used which have relatively high wear
      indices provided that in the total laminate, the pigmented layer having a
      decor wear index greater than 7 or a non-pigmented component having a core
      wear index or a overlay wear index greater than 10 may be present but in
      such a total quantity that it constitutes not more than about 5% of the
      total thickness of the laminate. It is the very small proportion of the
      total laminate thickness which contains the aggressive layer (only about
      3% of the 1/16 inch laminate is made up of the overlay region). This
      further establishes that not only wear index but thickness fraction is
      important in tool wear. This novel and unexpected observation constitutes
      an important part of the present invention.
PAR  A second aspect of the present invention is related to the abrasion
      resistance of the laminate itself. This property is generally measured by
      rotating a specimen against a standard sandpaper as described in NEMA
      Standards, Pub. No. LD-1-1971.
PAR  After the studies had been completed, the manufacturers of white decor
      paper were made aware of these findings and they requested to supply white
      and pastel papers with the lowest possible wear index. The papers were
      supplied in hand sheet form which were tested for wear index and color in
      the research laboratories. When a suitable formulation was accomplished,
      that paper was ordered in commercial quantities and was then converted to
      full scale white or pastel laminates without overlay. It is sometimes
      desirable to make use of two white or pastel papers as decor papers in
      producing a white or pastel laminate. A typical assembly is prepared as
      follows: an assembly is prepared of a plurality of layers reading from top
      to bottom of a white top sheet consisting of an alpha-cellulose paper
      containing from about 10% to about 25% of titanium dioxide pigment wherein
      the paper had a basis weight from about 50 lb./ream to about 90 lb./ream.
      The top sheet had been preimpregnated with a thermosetting
      melamine-formaldehyde resin. Under the top sheet is positioned a barrier
      layer which is a white sub-sheet consisting of similar alpha-cellulose
      paper but containing only about 3% to about 6% of titanium dioxide
      pigment. Other less opaque pigments such as blanc fixe (barium sulfate)
      may be present up to a total ash content of about 10%. This is often
      called a barrier layer since it will help to hide the dark color of the
      core layers below. Below this barrier sheet is positioned a plurality of
      phenolic resin impregnated kraft core sheets in sufficient number to
      produce the desired thickness, namely from about 2 to about 9 core sheets.
PAC  EXAMPLE 4
PAR  Commercial quantities of alpha-cellulose paper sheets containing the amount
      of TiO.sub.2 described hereinabove were secured to act as a top sheet and
      having a decor wear index of 1.7. At the same time, the barrier sheet was
      obtained suitable for sub-sheet use having a decor wear index of about
      5.5. The core wear index of the phenolic kraft core sheets hereinabove is
      7.0. The assembly of these paper sheets were converted to commercial size
      laminates 4 feet .times. 10 feet .times. 1/16 inch in a well known manner
      using the assembly with the sub-sheet described above. The material thus
      produced as sent to a commercial kitchen cabinet manufacturer who produced
      cabinet doors from them on a double end tenoner. The manufacturer reported
      that the distance cut before adjustment was needed increased from 45 ft.
      to more than 225 ft. This was considered to be superior performance for
      white-like laminates.
PAR  The laminates in Example 4 were found to have a NEMA abrasion value of only
      465 cycles. The minimum standard NEMA requirement is 400 cycles. It should
      be noted, however, that the NEMA abrasion resistance, like all other
      physical properties, is subject to small variations due to random process
      fluctuations. For many years, it has been practice to control such
      variables by statistical procedures which are obtained in the body of
      knowledge known as Industrial Quality Control. In order to be certain of a
      95% compliance with standards, it is generally desirable to set the
      average value of the property in question at a point which is two standard
      deviations above the minimum permissible. These limits are often called
      "20.sup.-limits" . In the case of abrasion resistance, it is generally
      desirable to set the average value at 530 cycles in order to be assured
      that no individual value falls below 400 cycles. Thus, the reduction in
      abrasive character of the top decor sheet made it less able to resist the
      attack of the sandpaper used in the NEMA test. It should be noted,
      however, that this condition applied only to the top decor sheet and not
      to the white sub-sheet or barrier layer. Since the barrier layer need not
      resist abrasive wear, in the manner of the top sheet, it can be as
      non-aggressive as possible and still fill its barrier function without
      degrading machineability.
PAC  EXAMPLE 5
PAR  A paper manufacturer was requested to supply white titanium dioxide-bearing
      surface sheets over a range of decor wear indices. These sheets were
      converted into white laminates with barrier sheets and tested for both
      wear index and NEMA abrasion resistance. It was found that one unit on the
      decor wear index scale corresponds to 15 cycles of NEMA abrasion. When the
      decor wear index value declined over an 8 unit range, namely from about 10
      down to about 2, the abrasion resistance declined by about 120 cycles.
      With this knowledge, it was possible to calculate the level of decor wear
      index necessary to increase the abrasion resistance from 465 to the
      desired 530 cycles. This increase is 65/15 or 4.3 units. When added to the
      1.7 already existing in the white decor sheet, the appropriate level of
      6.0 is found for the decor wear index. Addition studies show that the
      paper mills could control this within .+-. 1.0 unit. Hence, decor wear
      index should be 6.0 .+-. 1.0 unit. Meanwhile, a white barrier sheet was
      obtained that had a decor wear index of 2.3. A laminate was prepared from
      the following construction: one white decor sheet, 90 lb./ream decor wear
      index of 6.0, a white barrier sheet, 103 lb./ream with a decor wear index
      of 2.3 and seven sheets of kraft paper, 123 lb./ream, core wear index of
      5.0 Each of these paper sheets had been previously preimpregnated with
      suitable melamine or phenolic resins and the entire assembly consolidated
      to a unitary structure in the conventional manner. The laminate machined
      as well as that of Example 4, but the abrasion resistance was now up to
      530 cycles.
PAC  EXAMPLE 6
PAR  Example 5 was repeated in all essential details except that a 123 lb./ream
      paper was substituted for the 90 lb. decor paper. Because of the greater
      thickness of the decor paper, more material can be worn away before the
      core "show-through" produces failure. The 120 lb./ream paper at at 8.5
      decor wear index yields 14% more wear cycles than the 90 lb./ream paper.
      This is equal to 595 cycles which is 65 cycles in excess of that needed in
      Example 5. Hence, the wear index of 120 lb. paper need only be 8.5 - 65/15
      or 4.2. A laminate made with such a decor sheet (120 lbs./ream having a
      4.2 decor wear index had an abrasion resistance of 510 cycles and machined
      without causing excessive tool wear.
PAC  EXAMPLE 7
PAR  A 90 lb./ream white decor paper with a decor wear index of 2.0 was
      impregnated with a melamine-formaldehyde resin and then overcoated with
      fine silica, paper floc and the melamine resin in the manner of Michl,
      U.S. Pat. No. 3,135,643, Example 1, with a dry coating weight of 0.30
      lb./sq. ft. The resulting laminate surfaced from said white decor paper
      had an abrasion resistance of 510 cycles and showed no excessive wear on a
      tungsten carbide tipped shaper cutter. Thus, attack on the tool is again
      reduced due to the very thin layer which contains the abrasive element.
PAC  EXAMPLE 8
PAR  A decorative laminate was prepared from the following components arranged
      in superimposed relationship:
PAR  1. One sheet of 28 lb./ream overlay paper impregnated only with a
      melamine-formaldehyde thermosetting resin, in a well known fashion and
      free of abrasives or other inclusions and having an overlay wear index
      less than 1.0.
PAR  2. A 90 lb./ream decor sheet impregnated with a thermosetting
      melamine-formaldehyde resin and having a decor wear index of 2.0.
PAR  3. A 102 lb. barrier sheet with a decor wear index of 2.0.
PAR  4. Seven sheets of kraft-phenolic resin impregnated core stock having a
      core wear index of 5.0.
PAR  The above laminate machined well without excessive tool wear because there
      is no component of high wear index contained in it. The abrasion
      resistance was 980 cycles due to the presence of both a standard overlay
      and the white decor sheet.
PAC  EXAMPLE 9
PAR  As indicated in Example 6, a 123 lb./ream white decor sheet with a decor
      wear index of 8.5 and backed up with a 103 lb./ream barrier produced an
      abrasion resistance of about 600 cycles in a 1/16 inch laminate. An
      identical laminate was made but without the 103 lb./ream barrier. The
      color shifted perceptibly to an off-white due to the show-through of the
      core. For the same reason, the endpoint on the abrasion test was reached
      sooner so that only 495 cycles were obtained for abrasion resistance. The
      machineability of the laminate was poor and produced chipping after 100
      ft. of cutting with a tungsten carbide shaper blade. A similar laminate
      which was only 1/32 inch thick produced failure by chipping after only 50
      ft. This is due to the fact that the aggressive layer, namely the white
      decor sheet, is a larger proportion of the total thickness. Since the
      abrasion resistance was already marginal, it was not possible to reduce
      the decor wear index in order to improve machineability.
PAR  From the above examples and the discussions thereof, it should be clear
      that procedures can be used whereby a white or pastel decorative plastic
      laminate can be constructed so that each layer in the assembly is
      optimized with respect to wear resistance and non-aggressive behavior
      toward tools by the proper selection of papers having suitable wear
      indices and the adjustment of the fraction of the total laminate thickness
      occupied by each layer.
PAR  The instant Applicants have established that there is a relationship
      between the abrasiveness of the components and the fraction of the
      laminate which they comprise. For instance, only 0.4% of the silica in the
      core stock (90% of the thickness of the laminate) is as damaging as 25%
      TiO.sub.2 in the decor layer (10% of the thickness of the laminate). Much
      higher silica content, namely about 1.0% in an overlay sheet is not
      damaging because that layer is so thin.
CLMS
STM  We claim:
NUM  1.
PAR  1. A decorative plastic laminate, provided with improved uniform
      machineable properties, comprising the heat and pressure consolidated and
      cured unitary structure of an assembly of superimposed layers comprising:
PA1  a. a core portion of unpigmented kraft paper sheets impregnated with a
      thermosetting phenol-formaldehyde resin, said core portion having a core
      tool wear index of between about 3 to about 10,
PA1  b. at least one white or pastel opaque pigmented alpha-cellulose decorative
      paper layer impregnated with a thermosetting melamine-formaldehyde resin,
      having a decor tool wear index of between about 2 to about 7,
PA1  c. wherein the pigmented layers having a decor tool wear index greater than
      7 or non-pigmented layers having a core tool wear index greater than 10
      are present in such a total quantity that they constitute not more than 5%
      of the total thickness of the laminate.
NUM  2.
PAR  2. A decorative plastic laminate according to claim 1 in which the decor
      sheet is covered with an overlay sheet, said overlay sheet is comprised of
      an unpigmented alpha-cellulose paper layer impregnated with a
      thermosetting melamine-formaldehyde resin, said overlay sheet having an
      overlay tool wear index of not more than about 2.
NUM  3.
PAR  3. A decorative plastic laminate according to claim 1 in which there is
      used two white or pastel opaque pigmented alpha-cellulose decorative paper
      layers that are impregnated with a thermosetting melamine-formaldehyde
      resin, each having a decor tool wear index of between about 2 to about 7.
NUM  4.
PAR  4. A decorative plastic laminate according to claim 1 in which the
      decorative paper layer contains small quantities of finely divided silica
      flour which imparts to the laminate a high wear resistant surface
      characteristic.
NUM  5.
PAR  5. A decorative plastic laminate according to claim 2 in which the overlay
      sheet has in its surface small quantities of silica flour which imparts to
      the laminate a high wear resistant surface characteristic.
NUM  6.
PAR  6. A decorative plastic laminate according to claim 1 in which the
      decorative paper layer has imprinted thereon a decorative design and in
      which said decorative paper layer is covered with an overlay sheet, said
      overlay sheet is comprised of an unpigmented alpha-cellulose paper layer
      impregnated with a thermosetting melamine-formaldehyde resin, said overlay
      sheet having an overlay tool wear index of not more than about 2.
NUM  7.
PAR  7. A decorative plastic laminate, provided with improved uniform
      machineable properties, comprising the heat and pressure consolidated and
      cured unitary structure of an assembly of superimposed layers comprising:
PA1  a. a core portion of unpigmented kraft paper sheets impregnated with a
      thermosetting phenol-formaldehyde resin, said core portion having a core
      tool wear index of between about 3 to about 10,
PA1  b. an alpha-cellulose decorative paper layer having imprinted thereon a
      decorative design, impregnated with a thermosetting melamine-formaldehyde
      resin, having a decor tool wear index of between about 2 to about 7, said
      printed decorative paper layer is covered with an overlay sheet, said
      overlay sheet is comprised of an unpigmented alpha-cellulose paper layer
      impregnated with a thermosetting melamine-formaldehyde resin, said overlay
      sheet having an overlay tool wear index of not more than about 2,
PA1  c. wherein the pigmented layers having a decor tool wear index greater than
      7 or non-pigmented layers having a core tool wear index greater than 10
      are present in such a total quantity that they constitute not more than 5%
      of the total thickness of the laminate.
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ABST
PAL  This invention relates to inks, ink emulsions, and to transfer elements as
      well as their methods of manufacture. The transfer elements provided by
      the invention are useful in providing imprints, including infra-red
      scannable imprints which are sharp, well defined prints with no feathering
      and which have fast dry and have excellent smudge resistance. The transfer
      elements comprise a substantially non-absorbent base having a coating
      comprising a continuous phase containing, as a discontinuous phase, a
      colorant carried by a vehicle comprising at least one C.sub.12 to C.sub.20
      alcohol, said vehicle having a melting point below about 20.degree.C.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been found that transfer elements, such as typewriter ribbons
      and carbon papers especially useful in automatic data printing
      typewriters, as well as serial and line printers producing sharp, clear
      images including infrared scannable images, can be formed which comprise a
      substantially non-absorbent thin base such as treated paper, fabric or
      plastic film base, preferably a polyester film such as Mylar, having a
      coating thereon comprising a continuous phase, which comprises a partially
      hydrolyzed polyvinyl acetate, having dispersed therein as a discontinuous
      phase a pressure expressible mixture comprising a colorant dispersed in a
      vehicle comprising at least one C.sub.12 to C.sub.20 carbon atom
      containing aliphatic alcohol containing an even number of carbon atoms, or
      mixtures thereof, said dispersant having a freezing point less than about
      25.degree.C. and preferably less than about 15.degree.C. Preferably, the
      dispersant comprises oleyl alcohol.
PAR  This invention relates in one aspect to an ink, in another aspect to
      aqueous emulsion comprising a continuous resin containing phase and a
      discontinuous ink containing phase, in yet another aspect to transfer
      elements and their methods of manufacture.
PAR  The prior art transfer elements, while in some cases yeilding useful
      properties, have demonstrated one or more drawbacks, including cost, the
      use of volatile organic solvents, difficulties in preparing the transfer
      elements, poor handling qualities, including narrow ranges of useful
      temperature; the quality of the print formed, for example, lack of
      sharpness due to feathering, or poor drying, or smudging or transferring
      when handled, either manually or mechanically.
PAR  In order to form pressure expressible films, the ink or image forming
      materials must be incompatible with the continuous polymer film so that
      discrete ink filled pores are more or less uniformly dispersed throughout
      the polymer film. When deliberate localized pressure is applied to the
      polymer film, the ink is expressed from these pores to form an image upon
      an image receiving article such as paper. Since the ink is hydrophobic in
      nature, in order to obtain incompatibility, the continuous polymer film is
      preferably a hydrophilic material.
PAR  The polymer employed, as the continuous phase of the ink bearing layer in
      the present image producing transfer elements, is a partially hydrolyzed
      polyvinyl acetate, which may be also considered as a copolymer of vinyl
      alcohol and vinyl acetate. The preferred polymers are hydrolyzed to the
      extent of from about 80 to about 95% and most preferably from about 85 to
      90%. It has been found that these polymers provide both desirable
      characteristics as an ink carrier film, while providing compositions which
      are readily coatable upon the plastic base or support material.
PAR  In the transfer elements, the continuous film, comprising partially
      hydrolyzed polyvinyl acetate, has dispersed therein, as a discontinuous
      phase, a pressure expressible ink or image producing material.
PAR  The inks useful in the transfer elements of the invention comprise at least
      one colorant, that is either a dye or pigment or any combination of two or
      more thereof, including virtually all of the oil soluble dyes or pigments
      conventionally employed in the ink art, dispersed in a dispersant.
PAR  The vehicle comprises at least one C.sub.12 to C.sub.20 carbon atom
      containing aliphatic monoalcohol containing an even number of carbon
      atoms, or mixtures thereof, said vehicle having a freezing point less than
      about 20.degree.C. and preferably less than about 15.degree.C. Preferably,
      the dispersant comprises oleyl alcohol. Useful aliphatic saturated and
      olefinically unsaturated fatty alcohols, cetyl alcohol, myristic alcohol,
      stearyl alcohol, and alcohols derived from linoleic acid and linolenic
      acid.
PAR  The colorants which can be employed include salts of basic azo and
      amino-azo dyes, such as azo-black, the azine dyes, such as the indulines
      and the nigrosines, methyl violet base, fuchsin, anthraquinone dyes, and
      the like, with organic acids, preferably a fatty acid. Pigments, such as
      carbon black or other insoluble inorganic colorants, may be employed
      either alone or in combination with a dye. Examples of such colorants
      include chrome yellow, copper phthalocyanine, iron blue and the like.
PAR  The presently preferred colorant comprises a nigrosine base colorant
      admixed with a fatty acid developer. The preferred fatty acid is oleic
      acid. Other fatty acids include stearic acid, palmitic acid, lauric acid
      and the like.
PAR  Where a fatty acid dye base salt is employed, proportions of the dye base,
      for example, nigrosine, and fatty acid are selected so that at least a
      substantial color developing amount of a dye base fatty acid salt is
      formed, for example, the material known as nigrosine oleate. The amount of
      fatty acid employed, however, should be no more than, and preferably less
      than, that amount which forms a non-separating combination or salt with
      the dye base colorant. Said another way, the amount of fatty acid employed
      is less than that amount necessary to fully develop the dye base colorant.
      The use of excess fatty acid above this amount results in a reduction of
      the sharpness of the image produced by the transfer element. With
      nigrosine and similar materials, the exact amount of fatty acid employed
      varies, in part, on the color intensity desired in the image produced.
      Typically, a weight of fatty acid about one-half the weight of the
      nigrosine base color is employed.
PAR  The colorant, for example, the above dye base-fatty acid combination, is
      dispersed in the alcohol vehicle. The alcohol dispersant provides numerous
      benefits. While substantially non-volatile, therefore, not producing
      objectionable organic solvent vapors, the vehicle remains a fluid
      material, which acts as an efficient carrier, through the temperature
      ranges desirable for use in the transfer elements. Further, for example,
      the nigrosine base-vehicle mixture is relatively colorless so that the
      penetration or migration of vehicle from the image formed by the transfer
      element on a vehicle absorbent image receiving article does not result in
      a diminution of image sharpness. The amount of alcohol vehicle employed in
      the ink or image forming mixture is generally at least about 40% by weight
      of the ink mixture in order to ensure ready expressibility of the ink.
      Typically, between about 40% and about 90% alcohol vehicle and preferably
      between about 40% and about 85% by weight of the ink mixture is vehicle.
PAR  The proportion of the continuous polymer phase and the discontinuous ink
      phase in the image forming layer of the transfer element varies, in part,
      upon the specific material employed and the intended use of the transfer
      element. Generally, however, the weight proportion of continuous phase to
      the ink composition is between about 1:1 and about 1:3 and preferably
      between about 1:1.5 to about 1:2.5.
PAR  The tranfer elements of this invention are prepared by forming an aqueous
      solution of the partially hydrolyzed polyvinyl acetate in water. The
      proportions are not unduly critical. Since, however, a noticeable increase
      in viscosity is noted, it is usually desirable to form a relatively dilute
      solution in the order of about 5 to about 20% solids.
PAR  To the resin solution there is then added, and dispersed therein, the ink
      or image forming material comprising colorant and vehicle, as described
      above. There is formed a stable oil in water emulsion. The amount of the
      ink added is that amount necessary to provide the polymer ink ratios in
      the final deposited film set forth above.
PAR  Likewise, stable emulsions are formed without the aid of an additional
      surfactant or emulsifier, although one may be employed, if desired. There
      may also be employed such amounts of ammonium hydroxide which may, in
      fact, serve as a surfactant, although its function is not fully
      understood. The addition of smaller amounts, in the order of five percent
      or less based on the total composition, of ammonium hydroxide to the
      coating emulsions moderately decreases the ink transfer rate and can be
      used to enhance the quality of a multiple-use sheet.
PAR  The transfer properties of the transfer element, formed as described
      herein, can be modified, if desired, by incorporation into the emulsion of
      minor transfer rate modifying amounts of a modifier resin. For example, it
      has been found that the addition of minor amounts of polyvinyl alcohol
      (fully hydrolyzed polyvinyl acetate), usually added to the initial polymer
      solution, above, increases the ink transfer rate of a given system;
      whereas, the addition of minor amounts of polyvinyl acetate, usually in
      the form of an emulsion added to the emulsion formed above, decreases the
      ink transfer rate of a given system. Usually, when such modifier resins
      are employed, there is employed in a minor effective transfer rate
      modifying amount less than the amount of the primary resin and preferably
      usually less than about 25% by weight of the primary partialy hydrolyzed
      polyvinyl acetate polymer. The preferred amount employed depends, in part,
      on the particular compositions employed and the desired transfer rate.
PAR  Several adjuvants have been found which modify the appearance or properties
      of the transfer elements. The inclusion into the compositions of a
      dispersion of a particulate starch or chemically modified starches confers
      strength, bodying, resilience and desirable texture to the transfer films
      and imparts a clean and dry appearance and feel. Corn starch or other
      similar starches may be employed, as well as chemically modified starches
      such as starch hydroxyalkyl ethers, such as hydroxyether derivatives of
      corn starch prepared in accordance with the teachings of U.S. Pat. Nos.
      2,516,622; 2,516,623, and 2,516,624. Likewise, other particulate filler
      which can be utilized to achieve similar results include inert inorganic
      particulate fillers such as fuller's earth, clays and calcium carbonate.
      The amount of such particulate adjuvants employed in usually an amount up
      to about the weight of the film forming resin employed, although, if
      desired, larger amounts can be employed.
PAR  Other adjuvants which have been found to modify the properties of the
      transfer elements are polyvalent metal salts such as those used to
      coagulate rubber latexes. Examples of such salts are described in U.S.
      Pat. No. 1,908,719 which is hereby incorporated by reference. A
      particularly useful polyvalent metal salt is copper sulfate. The amount of
      a polyvalent metal salt employed is a relatively minor amount which does
      not significantly interfere with the solubility of the partially
      hydrolyzed polyvinyl acetate in the relatively dilute emulsion, yet which
      decreases the solubility of the final resin film upon evaporation of
      water.
PAR  The transfer elements are prepared by applying to plastic sheets or
      ribbons, preferably a polyester, such as Mylar, a continuous coating of
      the aqueous emulsion and allowing the coating to dry. The drying is
      conducted either at room temperature or preferably at modestly elevated
      temperatures up to about 180.degree.F. or higher depending on the specific
      compositions and the length of heating.
PAR  The coatings can be conveniently applied to the plastic substrate by the
      use of the technique known in the art as the use of a Mayer-rod which is
      drawn across the plastic through a supply of the emulsion; thereby
      providing a smooth continuous film. It has been noted, at least in some
      instances, that, when the emulsions are slowly Mayer-rod coated on a
      hydrophobic plastic substrate, such as Mylar, the emulsion may not
      completely wet the surface and a discontinuous film is encountered.
      However, when the same emulsion is applied to the same plastic substrate
      by the same Mayer-rod, but when the Mayer-rod is more rapidly moved across
      the substrate, the coating wets the substrate and there results a smooth,
      uniform, continuous coating. Apparently, application properties of the
      emulsions are enhanced where the emulsion is coated in a manner which
      creates turbulence or agitation of the emulsion sufficient to increase the
      contact of the surface of substrate with the dispersed hydrophobic ink
      phase of the emulsion, thereby enhancing the wetting out of the
      hydrophobic plastic substrate by the aqueous emulsion.
PAR  There follows several examples which describe embodiments of the invention.
      These examples should be considered illustrative rather than limiting. All
      parts and percentages in the examples are by weight unless otherwise
      specified. All temperatures are degrees Fahrenheit unless otherwise
      specified.
DETD
PAC  EXAMPLE I
PAR  An ink composition was formed by admixing 30 parts of dodecyl alcohol
      (Procter and Gamble S-1298), 40 parts of oleyl alcohol (Ashland Oil-Adol
      320), 20 parts of nigrosine base (GAF-Nigrosine NB Base) and 10 parts of
      oleic acid (Emery Industries-Emersol 211).
PAC  EXAMPLE II
PAR  An ink composition was formed by admixing 55 parts of oleyl alcohol
      (cosmetic grade-Adol 90 -- cloud point 5.degree.C. max.), 30 parts of
      Nigrosine NB Base and 15 parts of oleic acid.
PAC  EXAMPLE III
PAR  An ink composition was formed by admixing 62.5 parts of oleyl alcohol
      (cosmetic grade-Adol 90), 25 parts of nigrosine base, and 12.5 parts of
      oleic acid.
PAC  EXAMPLE IV
PAR  An ink composition was formed by admixing 70 parts of oleyl alcohol
      (cosmetic grade-Adol 90), 20 parts of nigrosine base, and 10 parts of
      oleic acid.
PAC  EXAMPLE V
PAR  An ink composition was formed by adding to the ink of Example IV 1% carbon
      black (Mogul L) and grinding the mixture in a ball mill for two days in
      the presence of Burundum grinding media (aluminum oxide) until a suitable
      dispersion was obtained.
PAC  EXAMPLE VI
PAR  An ink composition was formed by admixing 86 parts of oleyl alcohol, 6
      parts Nigrosine NB Base, 3 parts oleic acid and 5 parts carbon black
      (Mogul L) and grinding the composition in a ball mill for two days until a
      suitable dispersion was obtained.
PAC  EXAMPLE VII
PAR  An ink composition was formed by admixing 76 parts of oleyl alcohol, 12
      parts of Nigrosine NB Base, 6 parts oleic acid, 6 parts of carbon black
      (Mogul L) and grinding the mixture in a ball mill for two days until a
      suitable dispersion was obtained.
PAC  EXAMPLE VIII
PAR  A 10% solution of partially hydrolyzed polyvinyl acetate (DuPont-Elvanol
      50-42) was formed by adding 10 parts of the polymer to 90 parts of water
      and heating in a hot water bath. The solution was quite viscous.
PAR  An emulsion was formed by admixing one part of the ink of Example IV with
      nine parts of the above polymer solution.
PAR  The resulting emulsion was coated on a 0.3 mil Mylar sheet with a No. 12
      Mayer-rod and the continuous films formed were both air dried and dried at
      122.degree.F. The resultant transfer sheets gave good prints and appeared
      to be a true two phase system having ink dispersed in a continuous polymer
      phase.
PAC  EXAMPLE IX
PAR  In the manner of Example VIII, a series of transfer sheets were prepared
      employing the polymer solution of Example VIII and the ink of Example III,
      varying the ink polymer ratio in the dry image producing layer. The
      coatings were applied to a 2 mil Mylar substrate.
TBL  __________________________________________________________________________
         Ink-Dry Weight of                                                     
                        Weight of 10%                                          
                                     Dried                                     
     Trial                                                                     
         Resin Ratio                                                           
                 Ink (parts)                                                   
                        Resin Solution (parts)                                 
                                     Coating Quality                           
                                               Transfer                        
     __________________________________________________________________________
     1   1.5/1   13     87           Continuous                                
                                               Good                            
     2   2.0/1   16.7   83.3         "         Good, Darker                    
                                               than 1                          
     3   2.5/1   20     80           "         Good, Darker                    
                                               than 2                          
     4   3.0/1   23     77           "         Good, Darker                    
                                               than 3                          
     __________________________________________________________________________
PAR  To the emulsion of Trial 4 there were added varying amounts of water, i.e.
      2, 4, 6 and 10 parts and additional transfer sheets prepared from each. In
      each case, satisfactory transfer was obtained.
PAC  EXAMPLE X
PAR  14 parts of a 10% solution of a partially hydrolyzed polyvinyl acetate
      (87.2-89.2% hydrolysis-DuPont Evanol 50-42) was admixed with 4.6 parts of
      a preformed dispersion of a hydroxyethyl ether of starch (Penick and Ford
      Ltd.-Penford 380) (3:4 Penford 380/H.sub.2 O), 2 parts of the ink of
      Example V, and 2 parts of the ink of Example VI to form an emulsion. To
      the emulsion was then added 0.5 drop of 28% ammonium hydroxide per 10
      grams of emulsion.
PAR  The emulsion was coated upon a Mylar sheet using a No. 16 Mayer-rod. A
      Monarch Marking Systems, Inc. (Dayton, Ohio) high speed drum line printer
      produced characters on paper having good character form, dark color, and
      excellent smudge resistance.
PAC  EXAMPLE XI
PAR  An ink emulsion comprising 3500 parts of a 10% solution of partially
      hydrolyzed polyvinyl acetate (Elvanol 50-42), 720 parts of the ink of
      Example IV and 10 parts of 28% ammonium hydroxide were coated upon a .3
      mil Mylar ribbon to provide a 0.3-0.6 mil dried coating. The resultant
      transfer element was utilized in a Monarch Marking Systems, Inc. high
      speed drum line printer at a pressure of 9 (11 lightest-1 hardest
      pressure), 21 passes were made. Kidder densitometer readings (100 perfect
      reflectance -- 0 perfect absorption) were made at 1, 4, 7, 10, 13, 16 and
      19 passes.
PAR  On the samples measured there was very little difference bewteen the No. 1
      and No. 19 Kidder readings (measuring in the infra-red), although the No.
      1 prints were visually darker than the No. 19 prints.
TBL  ______________________________________                                    
     Pass No.                                                                  
             Kidder Reading                                                    
     ______________________________________                                    
     No.  1  28       24       26     33    15   23                            
     No. 10  22       30       29     17    23   34                            
     No. 19  36       26       26     29    25   25                            
     ______________________________________                                    
PAC  EXAMPLE XII
PAR  An emulsion was formed by admixing 4.5 parts of a 10% solution of partially
      hydrolyzed polyvinyl acetate (Elvanol 50-42) .8 part of a polyvinyl
      acetate emulsion (DuPont Elvacet 81-900, 55% solids) and 1.5 parts of the
      ink of Example IV.
PAR  The resultant emulsion was coated on 0.3 mil Mylar with a No. 24 Mayer-rod
      and dried in an oven at 120.degree.F. Adhesion was excellent and good
      sharp pencil transfers were obtained on paper. The transfer did not
      smudge.
PAC  EXAMPLE XIII
PAR  10 grams of an emulsion were formed by admixing 75 parts of a 10% solution
      of partially hydrolyzed polyvinyl acetate (Elvanol 50-42), 5 parts of
      cornstarch (Argo starch), 20 parts of the ink of the Example VII, and 20
      drops of a 1% aqueous solution of copper sulfate containing one drop of
      28% ammonium hydroxide per ml. of copper sulfate solution.
PAR  Highly useful transfer elements were prepared from this emulsion by
      application of the emulsion to a Mylar film followed by drying the
      resultant article.
PAR  In the above examples other materials, such as those described hereinabove,
      may be substituted for those exemplified to achieve results within the
      scope of this invention. Likewise, the proportions of the materials
      employed may be varied as described above. While the image receiving
      material exemplified is paper, other preferably ink dispersant absorbent
      image receiving materials may be used as image receiving material. While
      the base material for the transfer element is preferably Mylar, preferably
      0.3-0.5 mil thick, other base materials and/or thickness may be employed.
      As recognized in the art, the thinner the base material, the sharper the
      image that can be expected. While the image forming coating on the base is
      preferably between about 0.3 to about 0.8 mil dry film, thinner or thicker
      coats may be formed and employed depending on the intended use.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An image producing transfer element comprising a non-absorbent treated
      paper, fabric or plastic film base having a coating comprising:
PA1  a. a continuous phase comprising a partially hydrolyzed polyvinyl acetate
      polymer hydrolyzed to the extent of between about 80% and about 95%,
PA1  b. a pressure expressible image forming discontinuous phase comprising:
PA2  i. at least about 40% by weight of a vehicle comprising at least one
      C.sub.12 to C.sub.20 aliphatic alcohol having an even number of carbon
      atoms, said vehicle having a freezing point below about 20.degree.C.,
      having dispersed therein
PA2  ii. a colorant which is a dye, a pigment or a combination thereof, and
      wherein the ratio of polymer to the discontinuous phase (b) is between
      about 1:1 and about 1:3.
NUM  2.
PAR  2. An image producing transfer element, as in claim 1, comprising a plastic
      film having a coating comprising:
PA1  a. a continuous phase comprising a partially hydrolyzed polyvinyl acetate
      polymer, hydrolyzed to the extent of between about 80% and about 95%,
PA1  b. a pressure expressible image forming discontinuous phase comprising:
PA2  l. a vehicle comprising at lease one C.sub.12 to C.sub.20 aliphatic alcohol
      having an even number of carbon atoms, said vehicle having a freezing
      point below about 20.degree.C., having dispersed therein
PA2  ii. a dye base colorant combined with
PA2  iii. a fatty acid, the amount of said fatty acid being a color developing
      amount less than the amount which combines with all said dye base, and
      wherein the ratio of polymer to the discontinuous phase (b) is between
      about 1:1 and about 1:3.
NUM  3.
PAR  3. A transfer element, as in claim 2, wherein the vehicle comprises oleyl
      alcohol.
NUM  4.
PAR  4. A transfer element, as in claim 2, which contains, in the continuous
      phase, a minor transfer rate effecting amount of a resin selected from the
      group consisting of polyvinyl alcohol and polyvinyl acetate.
NUM  5.
PAR  5. A transfer element, as in claim 2, which contains a particulate filler
      in the continuous phase.
NUM  6.
PAR  6. A transfer element, as in claim 5, where the particulate filler is
      selected from the group consisting of starch and chemically modified
      starch.
NUM  7.
PAR  7. A transfer element, as in claim 2, which contains, in the continuous
      phase, a minor amount of a polyvalent metal salt.
NUM  8.
PAR  8. A transfer element, as in claim 2, comprising a polyester resin film
      having a coating thereon comprising:
PA1  a. a continuous phase comprising a partially hydrolyzed polyvinyl acetate
      polymer, hydrolyzed to the extent of between about 80% and to about 95%,
PA1  b. a discontinuous pressure expressible image forming dispersed phase
      comprising:
PA2  i. about 40% to about 85% by weight of oleyl alcohol,
PA2  ii. a nigrosine base colorant combined with
PA2  iii. oleic acid, the amount of said oleic acid being a color developing
      amount less than the amount which forms a salt with all said nigrosine
      base, (a) and (b) being present in a ratio of (a) to (b) of about 1:1 to
      about 1:3.
NUM  9.
PAR  9. A transfer element, as in claim 8, where the ratio (a) to (b) is between
      about 1:1.5 to about 1:2.5.
NUM  10.
PAR  10. A transfer element, as in claim 8, which contains, in the continuous
      phase, a minor transfer rate effecting amount of a resin selected from the
      group consisting of polyvinyl alcohol and polyvinyl acetate.
NUM  11.
PAR  11. A transfer element, as in claim 8, which contains a particulate filler
      in the continuous phase.
NUM  12.
PAR  12. A transfer element, as in claim 11, where the particulate filler is
      selected from the group consisting of starch and chemically modified
      starch.
NUM  13.
PAR  13. A transfer element, as in claim 8, which contains, in the continuous
      phase, a minor amount of a polyvalent metal salt.
NUM  14.
PAR  14. A method of forming a transfer element which comprises coating a
      non-absorbent base material with an emulsion comprising:
PA1  a. a continuous aqueous phase comprising a solubilized partially hydrolyzed
      polyvinyl acetate polymer, hydrolyzed to the extent of between about 80%
      and about 95%, having dispersed therein
PA1  b. a discontinuous dispersed phase comprising:
PA2  i. at least about 40% by weight of a vehicle comprising at least one
      C.sub.12 to C.sub.20 aliphatic alcohol containing an even number of carbon
      atoms, said vehicle having a freezing point below about 20.degree.C.,
      having dispersed therein
PA2  ii. a colorant which is a dye, a pigment or a combination thereof and
      wherein the ratio of polymer to discontinuous phase (b) is between about
      1:1 and about 1:3 and drying the resultant coated article.
NUM  15.
PAR  15. A method, as in claim 14, wherein the emulsion is coated in a manner
      and at a rate to cause wetting out of the base material to provide a
      continuous coating.
NUM  16.
PAR  16. A method of forming a transfer element which comprises
PA1  a. forming an ink comprising
PA2  i. at least about 40% by weight of a vehicle comprising at least one
      C.sub.12 to C.sub.20 aliphatic alcohol containing an even number of carbon
      atoms, said vehicle having a freezing point below about 20.degree.C.,
      having dispersed therein
PA2  ii. a dye base which has been reacted with a fatty acid, the amount of
      fatty acid present in the ink being a dye base color developing amount
      less than the amount which reacts with all of the dye base present,
PA1  b. forming an emulsion of said ink in an aqueous solution comprising a
      partially hydrolyzed polyvinyl acetate polymer hydrolyzed to the extent of
      between about 80% and about 95%, the ratio of polymer to ink (a) being
      between about 1:1 and about 1:3,
PA1  c. coating said emulsion upon a non-absorbent treated paper, fabric or
      plastic film base material,
PA1  d. drying the resultant coated article.
NUM  17.
PAR  17. A method, as in claim 16, wherein the dye base is a nigrosine dye base
      and the fatty acid is oleic acid.
NUM  18.
PAR  18. A method, as in claim 17, wherein the base material is a polyester
      film.
NUM  19.
PAR  19. A method, as in claim 16, where the emulsion contains about 5% or less
      based on the total composition of ammonium hydroxide.
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ABST
PAL  New vinylidene chloride copolymer latexes have been prepared with a
      hydroxyalkyl ester comonomer and acrylamido-2-methylpropane sulfonic acid.
      These products can be used to coat unprimed polyolefin film and yield
      laminates having dynamic peel strengths as high as 2400 g/in, that is
      equivalent to or greater than the peel strength of laminated uncoated
      polyethylene film itself.
BSUM
PAC  THE PRIOR ART
PAR  Vinylidene chloride copolymer latexes can be formulated to provide
      excellent coatings for materials such as paperboard, glassine and
      polyolefin films, particularly packaging materials. These coated materials
      possess, along with flexibility, high resistance to grease and oil and to
      the passage of oxygen and moisture vapor.
PAR  When the substrates to be coated are synthetic polymer films, however,
      polyvinylidene latexes have a tendency not to wet such substrates
      adequately. This is particularly true of polyethylene and polypropylene.
      Coatings obtained in these instances are discontinuous and not very
      adherent and thus unsatisfactory. Wetting can naturally be improved by the
      addition of surface active agents but, unfortunately, the anionic
      emulsifiers used in latexes seem to act as release agents reducing the
      adhesion of the deposited film. Priming the substrate with some material
      that improves the adhesion of the polyvinylidene chloride layer can be
      resorted to, of course, but only at the expense of greatly reducing or
      eliminating the advantages that could otherwise be expected. Pre-treatment
      of the film surface by corona discharge has also failed to solve the
      adhesion problem.
PAR  The heat sealed polyolefin laminates that can be prepared from the
      polyvinylidene latexes of the art have dynamic peel strengths generally
      ranging between 10 to 300 grams per inch under ambient conditions of
      temperature and humidity. The best of these have been achieved by the
      introduction into the copolymer of internal wetting agents such as
      hydroxyalkyl esters and sulfoalkyl esters of alpha,beta-ethylenically
      unsaturated acids, as taught in Canadian patents 893,159 and 893,160. In
      spite of such improvements, which can be quite useful in many common
      applications, there exists a need for a latex that can provide the
      conventional benefits of polyvinylidene copolymers without interfering
      with the heat sealing capacity of, for instance, polyethylene film to
      itself. Such a latex must yield laminates with a dynamic peel strength at
      the 2400 g/in level.
PAC  SUMMARY OF THE INVENTION
PAR  A low-emulsifier, stable polyvinylidene chloride latex with good primerless
      adhesion to polyolefin film has been developed. When coated onto low
      density polyethylene film for instance, and impulse sealed, adhesion
      levels are obtained which are equivalent to the polyethylene to
      polyethylene heat seal. This performance is achieved by incorporating into
      the polyvinylidene copolymer, in addition to the minor proportions of
      conventional acrylic acid and ester type of monomers, about 0.5 to 25%,
      based on the total monomer, of a hydroxyalkyl ester of an
      alpha,beta-ethylenically unsaturated carboxylic acid having from 3 to
      about 5 carbon atoms, and from about 0.1 5% acrylamido-2-methylpropane
      sulfonic acid.
PAC  DETAILED DESCRIPTION
PAR  The vinylidene chloride copolymers of this invention may contain, depending
      on the use for which they are intended, from about 70 to 95% by weight of
      vinylidene chloride units, preferably from about 86 to 92% of the total
      monomer weight. The proportion actually selected for a given latex can be
      determined according to considerations well known to the art so that a
      balance may be established between the properties desired from the
      copolymer. Thus, for example, decreasing the net quantity of the monomer
      within the limits already stated will decrease the barrier properties of
      the polymer without necessarily affecting its capacity to adhere to
      various substrates.
PAR  Similarly, although the latexes of this invention can be restricted to
      copolymers which contain nothing but polyvinylidene chloride, a
      hydroxyalkyl ester and the acrylamido-alkylsulfonic acid already
      mentioned, other monomers are preferably added to the composition for
      their conventional contribution to such a system, be it as internal
      plasticizers or emulsifiers to prevent premature crystallization of the
      polymer and to increase the stability of the latex. Suitable comonomers of
      this type include ethylenically unsaturated carboxylic acids such as
      acrylic acid, methacrylic acid, itaconic acid, monobutyl itaconate,
      itaconic anhydride, and the like, which can constitute from about 0.1 to
      5% of the copolymer and preferably from 1.5 to 4.0%. Other suitable
      monoethylenically unsaturated comonomers that can be used belong to the
      type containing no free acid or hydroxyalkyl groups. This category
      includes: alkyl esters of alpha,beta-ethylenically unsaturated
      monocarboxylic acid containing from 1 to 18 carbon atoms in the alkyl
      group such as methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethyl
      hexyl acrylate, ethoxyethyl acrylate, methyl methacrylate, ethyl
      alpha-cyanoacrylate; alpha,beta-ethylenically unsaturated nitriles, such
      as acrylonitrile, methacrylonitrile, ethacrylonitrile;
      alpha,beta-ethylenically unsaturated amides, such as methacrylamide,
      acrylamide; monovinyl aromatics such as styrene, vinyltoluene; vinyl
      halides, such as vinyl chloride, vinyl bromide; diesters of
      alpha,beta-ethylenically unsaturated dicarboxylic acids, such as dimethyl
      itaconate, diethyl fumarate, dimethyl maleate; alkyl vinyl ethers, such as
      methyl vinyl ketone and so on. About 1 to 29% of said monomers or mixtures
      of said monomers may be used, although about 1 to 10% is preferred.
PAR  As intimated earlier, the copolymer of the invention must contain some
      hydroxy alkyl ester of an alpha,beta-ethylenically unsaturated carboxylic
      acid. Such compounds should have from about 2 to 4 carbon atoms in the
      alkyl group and up to about 5 carbon atoms in the acid moiety.
      Illustrative compounds are hydroxyethyl acrylate, 2-hydroxypropyl
      acrylate, 4-hydroxybutyl-1-acrylate, hydroxyethyl methacrylate,
      2,3-dihydroxy-propyl methacrylate, di(hydroxyethyl) itaconate, ethyl
      hydroxyethyl maleate, di(2,3-dihydroxypropyl) fumarate, hydroxyethyl
      crotonate, hydroxyethoxyethyl methacrylate, and the like. This type of
      monomer may constitute from about 0.5 to 25% of the copolymer although a
      1.5 to 4% range is preferred. In addition, the copolymer of the invention
      must also contain between about 0.1 and 5% of acrylamido-2-methylpropane
      sulfonic acid, the best results, from the adhesion aspect, being obtained
      within a 0.5 to 1% range.
PAR  Any emulsifier capable of operating in an acid medium may be used in
      preparing the latex of this invention. For example, the soluble salts of
      an aryl sulfonic acid or of a long chain alkyl or aryl sulfate such as
      sodium dodecylbenzene sulfonate and sodium lauryl sulfate are
      satisfactory. The emulsifier is generally employed in an amount of 1 to 10
      percent of the weight of the water-immiscible materials present. As
      pointed out elsewhere, however, the lower levels of this range are
      preferred for optimization of adhesion to polyolefins. In the case of the
      dodecylbenzene sulfonate, the preferred concentration has proved to be
      about 0.1 to 0.6%.
PAR  Any of the conventional peroxides, persulfates, or azo compounds can be
      utilized as catalysts. Among the suitable catalysts may be mentioned
      potassium persulfate, sodium persulfate, hydrogen peroxide, peracetic
      acid, benzoyl peroxide, azo-bis-isobutyronitrile, cumene hydroperoxide,
      tertiary butyl perbenzoate, redox catalysts such as a combination of any
      of the peroxygen catalysts mentioned above together with reducing agents
      such as sodium sulfite, sucrose, ferrous gluconate, ascorbic acid, etc.
      The amount of the catalyst may be varied over a relatively wide range;
      generally about 0.1 percent to about 0.5 percent by weight of the
      materials to be polymerized is used.
PAR  The latex of the invention is formed by the polymerization of the selected
      monomers according to techniques known to the art which may involve the
      use of a seed latex or of a preshot polymerization. The rate of addition
      of the monomer mix may be programmed over a fixed period of time or it may
      be set according to the pressure prevailing in the reactor. As to the
      monomers and emulsifiers which remain when the preshot technique is
      employed, they may be fed into the reactor in one stream with the
      emulsifier solution added as a separate stream or, in the case of plant
      size polymerization, there may be used one stream consisting of an aqueous
      solution of the sulfonic acid monomer together with the emulsifier and
      another separate stream consisting of the rest of the monomers. Other
      variations known to the art may also be employed in this process.
      Polymerization can be carried out at any of a wide range of temperatures,
      although temperatures in the vicinity of 104.degree.F are much preferred.
PAR  The polymeric latexes prepared according to this invention are
      characterized by having an average particle size of about 800 to 2200 A, a
      surface tension of about 38 to 58 dynes/centimeter, preferably 38 to 44,
      and a viscosity at 55% total solids of 10 to 55 cps (Brookfield No. 1
      spindle, 23.degree.C, 60 rpm). The latexes may be utilized over a wide
      range of total solids, e.g. as low as 20% or as high as 60%, with the
      range of 40 to 50% being favored for coating polyolefin film. Solids
      content may be adjusted by conventional vacuum stripping or by dilution,
      as the case may require.
PAR  Film formation can be accomplished by depositing a coating of the latex on
      any suitable substrate and heat drying it. As to the deposition, any type
      of mechanism or device capable of placing a uniform quantity in the
      desired thickness on the substrate may be employed. This includes: air
      knife coater, horizontal and vertical size presses, trailing blade,
      transfer rolls, gravure, bead coat, metering bar, spray coater and curtain
      coater. Deposition may be carried out in one or more applications. The
      lamination of the coated substrates will be illustrated later in terms of
      polyolefin film assemblies.
DETD
PAR  The following non-limiting examples will illustrate in greater detail the
      compositions, precesses and properties of the latexes of the present
      invention.
PAC  EXAMPLE 1
PAR  The following ingredients were used to prepare a typical latex according to
      this invention:
TBL                            Parts by                                        
     Material                  Weight                                          
     ______________________________________                                    
     Vinylidene chloride       87.5                                            
     Methyl acrylate           5.5                                             
     Hydroxyethyl acrylate     3.0                                             
     Methacrylic acid          3.0                                             
     Acrylamido-2-methylpropane sulfonic acid                                  
                               1.0                                             
     Sodium dodecylbenzene sulfonate                                           
                               0.8                                             
     Sodium bisulfite          0.07                                            
     Ammonium persulfate       0.037                                           
     Demineralized water       253.9                                           
     ______________________________________                                    
PAR  To prepare a latex from these ingredients, the water is charged into a
      reactor with the sodium bisulfite and a portion of the sodium
      dodecylbenzene sulfonate (about 4.7%). The batch is heated to 112.degree.F
      while stirring and it is purged for 30 minutes at that temperature under a
      vacuum of about 27 inches. The resulting aqueous phase is then cooled to
      about 104.degree.F.
PAR  A preshot of monomer mix (about 9% of the first four ingredients listed
      above) is then added, immediately followed by part of the ammonium
      persulfate (about 50% of the total required) in aqueous solution (0.8%
      solids). After the pressure has returned to about 2 to 3 psi and the
      temperature to about 104.degree.F, continuous addition of a mix of all the
      remaining monomers, including the sulfonic acid and the sulfonate
      emulsifier, is begun and maintained for a period of five hour. If desired,
      the sulfonic acid monomer in aqueous solution at about 18.2% solids may be
      added as a separate stream simultaneously with the rest of the monomers
      during the five hour period. After completion of monomer addition, the
      batch is stirred for one more hour at the same temperature. The latex
      resulting is then stripped in vacuo to a solids content of about 50 to 54%
      by weight. It is ready for dilution to the concentrations desired for
      various applications.
PAC  EXAMPLE 2
PAR  Another latex was prepared with the ingredients and proportions listed in
      Example 1 except for the sulfonate and the persulfate proportions which
      were changed from 0.8 parts to 0.115 parts and from 0.037 parts to 0.0185
      parts respectively. The polymerization was carried substantially in the
      same manner but with the first addition of ammonium persulfate being
      reduced to 5% of the total required.
PAC  EXAMPLE 3
PAR  In a large scale polymerization operation involving about 10,000 pounds of
      monomer mix in the proportions specified in Example 2, processing
      conditions were optimized by adding the sulfonic acid monomer and the
      sulfonate emulsifier in aqueous solution in one stream and, simultaneously
      during the five-hour period, the rest of the monomers as a second stream.
      The procedure otherwise remained unchanged. The solids contents of the
      sulfonic acid -- sulfonate aqueous solution stream were 18.2% and 0.115 by
      weight respectively. There was obtained by this procedure a latex with
      application properties substantially equal to those of the latex of
      Example 2. This latex was free, however, of the greater part of the grits
      and coagulum which would have been produced in a batch of this size by the
      procedure of Example 2.
PAR  In the table below are provided further illustrations of various vinylidene
      chloride copolymer compositions representative of this invention, as well
      as of the performance which distinguishes them from those of the prior
      art.
PAR  Performance, reported in terms of dynamic peel strength of a polyethylene
      film laminate, was measured by first coating the latex to be tested,
      diluted to about 46% solids by weight, onto a 1.8 mil corona discharge
      treated polyethylene film by means of a wire wrapped rod. After drying,
      e.g. at 74.degree.C for 2 to 5 minutes, two pieces of film were brought
      together, coated sides facing each other, and heat sealed at a powerstat
      setting of 11 for two seconds under 40 psi on a Sentinel impulse sealer.
      After standing at room temperature in ambient conditions, the peel
      strength of the heat seal was determined on an Instron tester. It is
      reported in the table in terms of grams per inch. The effect of ageing of
      the coated film on the peel strength of the bond ultimately obtained from
      coated material that has been stored, has also been tested by storing the
      coated films at 50.degree.C for a period of 16 hours, followed by
      subsequent heat sealing in the manner just described.
TBL  ADHESION OF POLYVINYLIDENE LATEXES TO POLYETHYLENE FILM                   
                            Examples                                           
     Composition            1   2&3  4   5   6   7   8    9    10.sup.2        
     __________________________________________________________________________
     Vinylidene chloride    87.5                                               
                                87.5 87.5                                      
                                         87.5                                  
                                             87.5                              
                                                 87.5                          
                                                     86.4 86.4 87.0            
     Methyl acrylate        5.5 5.5  5.5 5.5 5.5 5.5 8.16 6.24 5.0             
     Methyl methacrylate    --  --   --  --  --  --  --   --   5.0             
     Hydroxyethyl acrylate.sup.1                                               
                            3.0 3.0  3.0 3.0 3.0 3.0 --   1.92 --              
     Methacrylic acid       3.0 3.0  3.0 3.0 3.0 3.0 --   --   --              
     Acrylonitrile          --  --   --  --  --  --  --   --   3.0             
     Acrylic acid           --  --   --  --  --  --  0.96 0.96 --              
     Emulsifier             0.8 0.115                                          
                                     0.9 0.15                                  
                                             0.15                              
                                                 0.15                          
                                                     1.0  1.0  3.75            
     Acrylamido-2-methyl-propane sulfonic acid                                 
                            1.0 1.0  1.0 1.0 0.5 --  --   --   --              
     Sodium 2-sulfoethyl methacrylate.sup.1                                    
                            --  --   --  --  --  --  0.48 0.48 --              
     % solids, as applied   39.2                                               
                                39.1 36.5                                      
                                         30.5                                  
                                             36.7                              
                                                 38.6                          
                                                     55   55   40              
     Surface tension (dynes/cm)                                                
                            55  52.3 34.9                                      
                                         53.6                                  
                                             38.9                              
                                                 35.5                          
                                                     --   58   32.5            
     Adhesion, initial (g/in)                                                  
                            2000                                               
                                2300 1600                                      
                                         1890                                  
                                             1920                              
                                                 1260                          
                                                     90   220  &lt;250            
      aged (g/in)           2500                                               
                                2350 1550                                      
                                         1900                                  
                                             1900                              
                                                 1300                          
                                                     90   130  250             
     __________________________________________________________________________
      .sup.1 Monomer mix of composition of Examples 8 and 9 are shown to       
      illustrate effect of hydroxymethyl acrylate and sulfoalkyl ester monomers
      on adhesion to polyolefin films, as disclosed in Canadian patents 893,159
      and 893,160.                                                             
      .sup.2 Example 10 shows a conventional polyvinylidene chloride latex (U.S
      Patent 3,328,330) for comparison purposes.                               
PAR  Several interesting conclusions can be drawn from the adhesion data
      reported in the above table. If one considers for instance that heat
      sealed uncoated polyethylene film of the type used for the laminates in
      the table has a peel strength of 1800 to 2100 g/in when sealed and tested
      in the manner used in Examples 1 to 6, then one must conclude that the
      coating of said film with the compositions of the present invention does
      not interfere with the sealing ability of polyethylene, as demonstrated by
      the peel strengths of 1890 to 2300 g/in of the laminates of Examples 1, 2,
      3, 5 and 6. In other words, the polyethylene-copolymer-polyethylene bond
      is just as strong or stronger than the polyethylene-polyethylene bond.
PAR  This is a rather surprising and unexpected contribution to an art which
      could only achieve, without film surface priming, peel strengths of 90 to
      250 g/in as shown in Examples 8 to 10. In terms of film to film adhesion,
      the results in the table also bring out the decrease occasioned by
      increases in emulsifier concentration, with the optimum concentration
      range being about 0.115% to 0.8% of emulsifier based on total monomer.
      Similarly an optimum concentration of acrylamido-2-methylpropane sulfonic
      acid is indicated at levels ranging from 0.5% to 1% of the monomer charge.
PAR  As to the effect of ageing of polyolefin film coated with a polyvinylidene
      chloride composition of this invention, it becomes apparent on comparison
      of the peel strengths reported that laminates made from aged coated film
      are just as tightly sealed as laminates made from freshly coated film.
PAR  The coating of unprimed polypropylene film with the latexes just described
      will also impart heat seal strength equivalent to or greater than the
      tensile strengths of uncoated film.
PAC  EXAMPLE 11
PAR  In terms of latex storage stability, as measured by an accelerated storage
      test at 50.degree.C, the compositions of this invention were found to be
      quite satisfactory when compared to conventional polyvinylidene chloride
      latexes.
PAR  This was determined by preparing several compositions with the monomer mix
      and the emulsifier content of the compositions of Examples 5 to 7. The
      only variation between these batches was the sulfonic acid monomer content
      which ranged from 0% (as in Example 7) to 1% (as in Example 5). The
      latexes were stored at 50% solids and the stability at 50.degree.C was
      noted in terms of days. In assessing the results reported in the following
      table, it should be kept in mind that one day at 50.degree.C is equivalent
      to three to four months at room temperature, with two weeks at 50.degree.C
      equalling more than one year at room temperature. The concentrations of
      the sulfonic acid tested and the resulting stabilities are summarized
      below.
TBL  ______________________________________                                    
     STABILITY OF POLYVINYLIDENE CHLORIDE                                      
     LATEX ON STORAGE                                                          
     Acrylamido-2-methylpropane                                                
     sulfonic acid content of                                                  
                      Latex Stability                                          
     copolymer        at 50.degree.C                                           
                               at room temperature                             
     ______________________________________                                    
     0%               1 day    3-4 months                                      
     0.5%             3        4-6 months                                      
     0.75%            6        6-9 months                                      
     1.0%             15       1 year                                          
     1.0%             25       1 year                                          
     Example 10 latex 24       1 year                                          
     ______________________________________                                    
PAR  As the data points out, the shelf life of the latexes increases with the
      concentration of the sulfonic acid monomer. The optimum level appears to
      be about 1%, which gives aged latex stability equivalent to the standard
      high emulsifier polyvinylidene latexes of the art as illustrated by the
      composition of Example 10.
PAC  EXAMPLE 12
PAR  The effect of buffering agents on the adhesion capacity of the compositions
      of the invention was studied using preparations according to those of
      Examples 1 and 3. The acidity of the original latexes was altered by
      addition of common buffers such as tetrasodium pyrophosphate and ammonium
      hydroxide. The buffered latexes were then used to make polyethylene
      laminates in the usual manner. The results of these operations are
      reported in the next table in terms of peel strength.
TBL  ______________________________________                                    
     EFFECTS OF LATEX BUFFERING ON LAMINATE                                    
     PEEL STRENGTH                                                             
     Latex          pH           Peel Strength                                 
     ______________________________________                                    
     Example 1 type     1.3          2050 g/in                                 
     + Na.sub.4 P.sub.2 O.sub.7                                                
                to      1.5           500                                      
                to      2.0           460                                      
                to      2.5           320                                      
     + NH.sub.4 OH                                                             
                to      3.4           220                                      
     Example 3 type     1.8          2150 g/in                                 
     + Na.sub.4 P.sub.2 O.sub.7                                                
                to      3.5           255                                      
     ______________________________________                                    
PAR  It becomes apparent from this data that the adhesion capacity of the
      polyvinylidene chloride latexes of this invention decreases as the level
      of buffering agents in them increases.
PAR  It will be appreciated by the man skilled in the art that the compositions
      that have now been disclosed can undergo many variations in nature and
      proportion of components, as well as in processing detail, and still
      remain within the scope of the present invention as defined by the
      following claims. It will be appreciated also that the instant latexes
      possess great utility for the coating industry in that, in addition to
      their particular capacity for wetting and adhering to unprimed polyolefin
      film, they retain, to a high degree, the other properties such as
      flexibility and low moisture vapor and gas transmission rate for which
      conventional polyvinylidene latexes are prized.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A laminate comprising at least one layer of unprimed polyolefin film
      bonded to a vinylidene chloride copolymer coating obtained from a
      composition comprising an aqueous dispersion of a copolymer which
      comprises, on a weight basis:
PA1  a. about 70 to 95% vinylidene chloride,
PA1  b. about 0.5 to 25% of an hydroxyalkyl ester of an alpha,
      beta-ethylenically unsaturated carboxylic acid having at up to 5 carbon
      atoms,
PA1  c. about 0.1 to 5% 2-acrylamido-2-methylpropane sulfonic acid,
PA1  d. about 0.1 to 5% of an ethylenically unsaturated carboxylic acid having
      up to 5 carbon atoms, and
PA1  e. about 1 to 29% of copolymerized ethylenically unsaturated monomer
      containing no free acid or hydroxyalkyl groups.
NUM  2.
PAR  2. A laminate comprising two layers of polyethylene film separated by a
      layer of vinylidene chloride copolymer, said copolymer having been applied
      to unprimed polyethylene film as an aqueous dispersion of the type
      described in claim 1 in which the copolymer comprises about 86 to 92%
      vinylidene chloride, about 1.5 to 4% hydroxyethyl acrylate, 1.5 to 4%
      methacrylic acid, 0.5 to 1% 2-acrylamido-2-methylpropane sulfonic acid,
      about 1 to 10% methyl acrylate and on monomer basis, 0.1 to 0.6% of an
      anionic emulsifier.
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ABST
PAL  A non-photoconductive insulating layer for use in an electrographic
      recording material comprises a copolymer of 50 to 91 % by weight of vinyl
      acetate, 8 to 50 % by weight of a vinyl ester of a fatty acid of 12 to 18
      carbon atoms, and 0 to 2 % by weight of crotonic acid.
BSUM
PAR  This invention relates to an electrographic recording material adapted for
      use in electrographic printing processes, and to a method of making such
      an electrographic recording material.
PAR  Different electrographic printing processes have been described by R. M.
      Schaffert in Electrophotography, The Focal Press, London and New York
      (1965), p. 111-125. They include the electrostatic recording by electrical
      discharge or with an electron beam, xeroprinting, and stencil printing
      with electrostatics. In the same book, on pages 87-96, Schaffert also
      described the different processes for the transfer of electrostatic
      images, wherein electrostatic surface charges are transferred to, or
      reproduced on other dielectric surfaces. J. J. Rheinfrank and L. E. Walkup
      at the Thirtheenth Annual Meeting of the Technical Association of the
      Graphic Arts, June 12-14, 1961 have given a survey of the "current status
      of electrostatic reproduction processes" (Preprints, pages 112-138).
      Herein also the different processes of electrostatic electrophotography
      have been described.
PAR  According to a special method of electrographic printing a paper support
      carrying a dielectric or insulating layer is moved over an earthed support
      under electroconductive styli, which are mounted in such a way that they
      are insulated from one another. The paper moves in close proximity to the
      styli. To these styli a voltage is applied pulsatingly in accordance with
      a controlled pattern, which is supplied by a measuring apparatus or a
      computer, so that charges can be generated on the dielectric or insulating
      layer. The charged areas of the dielectric layer can be made visible e.g.
      by means of a coloured resin powder sticking to the charged areas. This
      resin powder can be melted in situ as a result of heating of the paper and
      thus forms a permanent image of the charged areas.
PAR  It is obvious that in this method the surface of the paper support has to
      be sufficiently insulating to retain the electrostatic charges applied
      thereto for at least several minutes. The electrical properties of the
      surface should hardly alter with changing relative humidity.
PAR  The invention provides an electrographic recording material containing an
      insulating layer that is free from photoconductive substances and that
      retains electrical charges for at least several minutes and for a
      sufficiently long time to yield a visible image of the electrostatic
      charges applied thereto by known development of the latent electrostatic
      image.
PAR  According to the invention there is provided a non-photoconductive
      insulating layer for use in an electrographic recording material, said
      insulating layer comprising a copolymer of 50 to 91 % by weight of vinyl
      acetate, 8 to 50 % by weight of a vinyl ester of a fatty acid of 12 to 18
      carbon atoms, and 0 to 2 % by weight of crotonic acid. Preferably,
      however, the copolymer comprises between 80 and 91 % by weight of vinyl
      acetate, between 8 and 20 % of a vinyl ester of a fatty acid of 12 18
      carbon atoms, and between 0 and 2 % by weight of crotonic acid.
PAR  Suitable vinyl esters of fatty acids of 12 to 18 carbon atoms are vinyl
      laurate and vinyl stearate. The monomeric compounds can be converted into
      addition copolymers by conventional addition polymerisation reactions.
      Solvent, dispersion, and emulsion polymerisation techniques can be used
      with the aid of the usual addition polymerisation initiators. Moreover,
      copolymers of vinyl acetate, vinyl laurate, or vinyl stearate and possibly
      crotonic acid are commercially available in a great variety of relative
      ratios, which makes their use very economical.
PAR  The copolymer is applied to a support in the form of a continuous film from
      organic solvent solutions by means generally known in the art, such as by
      spray, brush, roller, wire-rod, doctor blade, air-brush, and wiping
      techniques.
PAR  Appropriate organic solvents for the copolymer are chlorinated aliphatic
      hydrocarbons such as 1,2-dichloroethane and mixtures of chlorinated
      aliphatic hydrocarbons and other organic solvents such as ethanol or
      toluene. As generally known the use of high boiling solvents may prevent
      the formation of drying structures in the drying area.
PAR  An inert, non-photoconductive pigment may be added to the solution. A fine
      distribution of the pigment can be obtained by grinding the mixture of
      copolymer and pigment in a sandmill at a previously adapted viscosity of
      e.g. 100 to 500 cP, either or not with the aid of a dispersing agent.
      Afterwards the viscosity can be adjusted e.g. by the addition of solvents.
      This depends, of course, on the nature of the coating system used. In
      certain cases it may be useful to add small amounts of other polymers to
      the coating composition of the insulating layer. In this way the viscosity
      of the coating composition can be adjusted easily, e.g. by the addition of
      small amounts of high molecular weight polyvinyl acetate.
PAR  Suitable non-photoconductive pigments are organic as well as inorganic
      substances such as silicon dioxide, zinc oxide, titanium dioxide, talcum,
      calcium carbonate, and diatomaceous earth. Other pigments are described in
      the United Kingdom Patent No. 908,779 filed Mar. 4, 1959 by Agfa A.G. and
      United Kingdom Patent No. 1,007,349 filed Oct. 12, 1961 by Gevaert
      Photo-Production N.V. and in the United Kingdom Patent Application No.
      34,046/71 filed July 20, 1971 by Agfa-Gevaert N.V. The grain size of the
      pigments preferably should not exceed 20 micron in the case of layers that
      have a thickness of approximatively 15 microns. Preference is given to
      pigments having a thickness of at most 1 micron.
PAR  The use of non-photoconductive pigments in an electrostatic recording paper
      according to the invention has many advantages. For instance by the
      addition of pigments a mat aspect can be given to the electrographic
      recording material. This mat aspect is a result of the rather rough
      surfaces of the insulating layer caused by the presence of the pigments.
PAR  Also in cases where by the presence of a relatively high number of
      plasticizing groups in the copolymer, as will be described more detailedly
      hereinafter, the insulating layer would become rather tacky, this could be
      remedied by the addition of pigments. Furthermore, the presence of
      pigments in the insulating layers during the development of the
      electrostatic latent image improves the adhesion of the toner particles to
      the insulating layer so that a more homogeneous development is obtained.
      The range of the amounts of pigments is rather large. Depending on the
      nature of the copolymer used, the size of the pigment particles, and the
      intended use 0.1 to 400 % of pigment calculated on the weight of copolymer
      present can be added.
PAR  The coated amount of copolymer varies between approximatively 2 and 20 g of
      dry weight per sq.m., preferably between 4 and 10 g, and even more
      preferably between 5 and 8 g/sq.m. However, smaller amounts may suffice if
      a sufficient electrostatic charge can be applied without the risk of
      breakdown. Thicker layers are less favourable because processing
      difficulties may arise during charging and development.
PAR  The copolymers described have very favourable properties so that they can
      be used in a dielectric layer instead of the known polymers such as
      polystyrene, polyvinyl acetate or copolymers of vinyl acetate and crotonic
      acid. Indeed, the copolymers contain internal plasticizing groups,
      viz.vinyl laurate or vinyl stearate groups. When coated these copolymers
      give very smooth surfaces without need of any special drying technique.
      The flowing properties of the copolymer itself improve this smoothness
      also during the drying. The induction of a charge during the recording
      occurs in a far more homogeneously and more uniformly than with a material
      having a rough surface and a burst structure.
PAR  The presence of internal plasticizing groups in the copolymer reduces the
      curling tendency in the processed material. An internal plasticizer of the
      above-mentioned type is far more favourable for recording the retaining
      charges than external plasticizers.
PAR  Also the presence of vinyl acetate groups and occasionally of crotonic acid
      groups may improve the adhesion of the copolymer to the paper support.
      Crotonic acid groups, whenever present, also improve the dispersing effect
      towards the pigments very favourably.
PAR  The high insulating resistance of layers composed of the copolymers makes
      it possible to apply very thin insulating coatings to a conductive
      support, so that during charging the insulating layer still possesses
      sufficient resistance to block the charge carriers of the conductive
      support. So, a weak ohmic current but also a high polarisation current are
      obtained, which results in favourable charging characteristics. Thus, an
      electrographic recording material according to the invention shows
      favourable charging characteristics. Moreover, it has a very good
      half-life period, so that a recorded image can be developed even after
      several minutes and sometimes even after several hours.
PAR  Further, it is noteworthy that the static charges applied to the insulating
      layer cannot be eliminated by the application of tension peaks of an
      opposite sign. So, it is possible to apply alternating voltages instead of
      direct current voltage pulses. It appears from the dielectric properties
      that the insulating coating shows a high signal to noise ratio so that a
      quick development with high contrast can be realized. Because of the
      presence in the copolymers of groups having long alkyl chains, an
      electrophoretic developer dispersed in a chlorinated aliphatic hydrocarbon
      will show a favourable adhesion. For the development in aqueous medium the
      amount of the long chain alkyl component in the copolymer can be selected
      in such a way that an optimal equilibrium of hydrophobic and hydrophilic
      groups is reached between the uncharged and charged areas.
PAR  In general, paper is used as support for the insulating layer, although
      other supports such as metal foils or sheets, glass, textile materials,
      and plastic films such as films of cellulose triacetate or of polyesters
      e.g. of polyethylene terephthalate can also be used. In comparison to the
      insulating layer, the support must have a much higher electric conductance
      as will be described more clearly hereinafter.
PAR  When used as the support for the insulating layer paper should have a
      relatively high electroconductivity. This property is determined by
      measurement of the surface resistance. This measurement is performed by
      means of a cell, whose electrodes have a width of 1 cm and are placed at a
      distance of 1 cm from each other. In this way there is a square area of
      the paper limited at two sides by the electrodes and at the other sides by
      imaginary lines connecting the edges of opposite electrodes. When a
      voltage is applied to both electrodes, the current passes through the
      square of paper and the surface resistance of the paper can be measured.
      In this case the surface resistance of the paper will be measured in ohms
      per sq.cm. If the thickness of the paper and its composition are uniform
      the surface resistance will be the same for measured squares of any size
      and the surface resistance is then expressed in ohms per square.
PAR  The electroconductivity of normal paper is rather low, especially when it
      has been coated with a covering layer e.g. of polyolefins such as
      polyethylene or polypropylene. Therefore, the electroconductivity of the
      paper should be enhanced to obtain an appropriate electrostatic recording
      material. This can be accomplished e.g. by the addition of salts such as
      potassium nitrate and/or conductive polymers to the wood pulp during the
      paper making.
PAR  A favourable electroconductivity of the paper can also be obtained by
      impregnating the paper already formed with solutions of salts and/or
      conductive polymers e.g. a solution of the conductive polymers described
      in the United Kingdom Patent Application No. 2134/72 filed Jan. 17, 1972
      by Agfa-Gevaert N.V.
PAR  Good results were obtained also with paper carrying on at least one side a
      conductive layer serving as an intermediate layer between the support and
      the insulating layer. This conductive layer may be composed e.g. of
      conductive polymers described in the United Kingdom Patent Specification
      No. 1,271,513 filed June 21, 1968 by Gevaert Photo-Producten N.V., Belgian
      Patent Specification No. 745,027  filed Jan. 28, 1970 by Gevaert-Agfa N.V.
      and in the above said United Kingdom Patent Application No. 2134/72 and in
      the United Kingdom Patent No. 1,208,474 filed Apr. 29, 1968 by
      Gevaert-Agfa N.V.
PAR  Parchment paper as described in the United Kingdom Patent No. 995,491 filed
      Mar. 16, 1962 by Gevaert Photo-Producter N.V.
PAR  In general, the surface resistance of the support at the moment of the
      recording in fast running devices may amount to at most 1 .times. 10.sup.7
      ohm/square. Materials recording more slowly may satisfy, however, if the
      surface resistivity does not exceed 1 .times. 10.sup.10 ohm/sq.
PAR  Moreover, the surface resistance of the paper may be lowered temporarily by
      operating at high relative humidity or by wetting the rear side of the
      paper by means of water or a polar solvent.
PAR  Surface resistance values between 1 .times. 10.sup.7 and 1 .times.
      10.sup.10 ohm/sq. for the support are not too high to allow a normal
      charging of the insulating surface. Indeed, it should be taken into
      account, that the surface resistance values of the insulating layer, when
      measured in the same way, are normally much higher and will show values of
      1 .times. 10.sup.14 ohm/sq or even more.
PAR  What has been said above concerning the improvement of the conductivity of
      paper by the application thereto of conductive polymers also applies to
      other supports. By the application of conductive polymers to at least one
      side these supports can also obtain a satisfactory electroconductivity. Of
      course, it may sometimes be necessary, for example when highly hydrophobic
      films are used as supports e.g. films of polyethylene terephthalate, to
      provide these film supports first with a known subbing layer or
      combination of layers to secure a sufficient adhesion of the layers coated
      thereon.
PAR  The electrographic recording material of the invention can be used in an
      electrostatic printing apparatus wherein an electrostatic charge pattern
      is built up on the insulating layer by moving the material in close
      contact with electroconductive styli. The electrostatic charges can be
      generated by a modulated electron beam, by a modulated corona-charging, or
      by friction charging.
PAR  The electrostatic latent charge pattern formed on the insulating layer can
      be developed according to techniques known in the art, e.g. by means of a
      two-component developer composed of a toner and a carrier material as
      described in United Kingdom Patent No. 679,715 filed Apr. 26, 1949 by
      Battelle Memorial Institute, by the known cascade development as described
      in U.S. Pat. No. 2,618,552 of Edward N. Wise issued Nov. 18, 1952 and the
      French Patent No. 2,120,948 filed Dec. 27, 1971 by Agfa-Gevaert N.V.
PAR  Liquid electrophoretic development as described by Metcalfe and Wright in
      J.Scientific Instruments 33 (1956) p. 194-195 and in J. of Oil & Colour
      Chemists' Association, 39 (1956), p. 845-856, in the U.S. Pat. No.
      2,907,674 of Kenneth A. Metcalfe and Robert J. Wright issued Oct. 6, 1959
      and in the United Kingdom Patent No. 1,143,840 filed Jan. 2, 1967 by Agfa
      A.G. and United Kingdom Patent No. 1,151,141 filed Feb. 4, 1966 by
      Gevaert-Agfa N.V. can also be used. Aqueous developing agents as described
      in the United Kingdom Patents Nos. 1,020,503, 1,020,505 both filed Nov. 8,
      1961, and United Kingdom Patent No. 1,033,420 filed Nov. 26, 1962 all by
      Gevaert Photo-Producter N.V. can also be used. Sometimes the powder cloud
      development as described in the U.S. Pat. No. 2,725,304 of Richard
      B.Landrigan and Ray E. Tom issued Nov. 29, 1955 can be applied too.
PAR  Development of the latent charge pattern can be carried out simultaneously
      with the formation of the latent charge pattern, or after the formation
      thereof on the insulating layer.
PAR  The developed electrostatic charge pattern can be transferred to an
      image-receiving layer.
PAR  The electrographic recording material of the invention can be used in
      techniques such as those described by R. M. Schaffert in Electrography,
      The Focal Press, London and New York (1965) pages 111-126 and by J. J.
      Rheinfrank and L. E. Walkup at the Thirtheenth Annual Meeting of the
      Technical Association of the Graphic Arts, June 12-14 (1961) Preprints,
      pages 112-138, and also as described in the U.S. Pat. No. 3,121,375 of
      Richard A. Fotland and Virgil E. Straughan issued Feb. 18, 1964 and in
      microfilm printers and oscilloscope cameras of the electrographic type as
      described in the United Kingdom Patent No. 1,160,818 filed Dec. 4, 1967 by
      Varian Associate.
DETD
PAR  The invention is illustrated by the following examples.
PAC  EXAMPLE 1
PAR  A parchment paper of 70 g/sq.m having a surface resistance at 50 % of
      relative humidity of 1.10.sup.8 ohm/sq was obtained by impregnating the
      paper in a paper machine with a solution of potassium nitrate.
PAR  To the impregnated paper a layer was applied with a wire-rod applicator at
      a ratio of 8 g/sq.m of dried product from a 3.5 % by weight solution in
      dichloroethane of FLEXBOND Exp. D-13, which are beads of a copolymer of
      vinyl acetate and vinyl stearate (85:15 % by weight) marketed by Colton
      Chemical Co., Cleveland, Ohio, U.S.A.
PAR  The insulating layer thus formed on the paper base was capable of accepting
      an electrostatic charge pattern built up on the layer by means of a
      modulated electron beam. The charge pattern was held on the insulating
      layer for several minutes. It could be made visible by means of an
      electrophoretic developer. A clear sharp image was obtained.
PAC  EXAMPLE 2
PAR  A paper support was treated so as to give it a good solvent-resistance and
      to improve its surface resistance. CALGON CONDUCTIVE POLYMER 261, trade
      name of Calgon Corporation Inc., Pittsburgh, Pa., U.S.A., for a solution
      containing 39.1 % by weight of active conductive solids, and containing a
      conductive polymer having recurring units of the following type was used :
      ##EQU1##
      100 ml of this solution was diluted with 500 ml of a mixture of water and
      ethanol (1:1 by volume). Another solution was made of 400 ml of the same
      mixture of water and ethanol containing 7 g of POLYVIOL W 48/20, which is
      the trade name for a polyvinyl alcohol by Wacker Chemie, Munich,
      West-Germany. Both solutions were mixed and applied to the paper support
      at a ratio of 3.6 g/sq.m of dried product. The thus coated paper had a
      surface resistance of 5.10.sup.6 ohms/sq. at 50 % of relative humidity.
PAR  The electroconductive layer was coated at a ratio of 10 g/sq.m. of dried
      product with a 7 % by weight solution in dichloroethane of a copolymer of
      vinyl acetate, vinyl laurate, and crotonic acid (90.5:8:1.5 % by weight).
PAR  The electrographic recording paper thus formed could be used in a recording
      apparatus wherein dielectric images were recorded at a voltage of -500
      Volt.
PAC  EXAMPLE 3
PAR  200 g of VULKASIL S, a silicon dioxide pigment having an average particle
      size of 20 nm, sold by Farbenfabriken Bayer, Leverkusen, West-Germany,
      were ball-milled for 16 h in dichloroethane.
PAR  2 ml of a 100 % by weight solution in ethanol of a mixture of phosphoric
      acid esters according to the following formulae were added as dispersing
      agent :
      ##EQU2##
      and   Meanwhile 200 g of copolymer of vinyl acetate, vinyl laurate, and
      crotonic acid, as described in Example 2,  were dissolved in 1.4 liter of
      dichloroethane, which had been mixed with 100 ml of ethanol. To this
      solution 30 ml were added of the above pigment dispersion.
PAR  This insulating coating composition was applied at a ratio of 10 g/sq.m of
      dried product to the same paper support as described in Example 2.
PAR  The electrographic recording paper thus formed was well adapted for the
      recording of electrostatic charges. It excels especially in showing no
      fringe effect at all and in homogeneous recording properties.
PAC  EXAMPLE 4
PAR  In a mixture of 1.4 liter of dichloroethane and 100 ml of ethanol were
      dissolved 200 g of VINNAPAS B 100/20 VL, which is a copolymer of vinyl
      acetate and vinyl laurate (80:20 % by weight) sold by Wacker Chemie,
      Munich, West-Germany. In this solution 12 g of talcum powder were finely
      dispersed.
PAR  The dispersion formed was applied to a paper base as described in Example 3
      and the resulting electrographic recording paper could be used for the
      recording of electrostatic charges.
PAC  EXAMPLE 5
PAR  The process of example 4 was repeated with the difference that instead of
      talcum powder, there was added to the coating composition of the
      dielectric layer a same amount of calcium carbonate having a particle size
      lower than 1 micron.
PAR  The same favourable results were obtained.
PAC  EXAMPLE 6
PAR  A wet-strength paper of 60 g/sq.m was impregnated with the reaction product
      of polyethyleneimine and N-trimethyl-N-glycidyl ammonium chloride at a
      ratio of 5 g/sq.m. This reaction product was described in the above said
      United Kingdom Patent Application No. 2134/72.
PAR  An aqueous dispersion of 100 g of titanium dioxide having a particle size
      of 0.12 micron, 50 g of starch, and 150 g of the same reaction product of
      polyethyleneimine and N-trimethyl-N-glycidyl ammonium chloride was applied
      at a ratio of 4 g/sq.m of dried product for each side, to both sides of
      the impregnated paper.
PAR  200 g of the copolymer of vinyl acetate, vinyl laurate, and crotonic acid
      (90.5:8:1.5 % by weight) were dissolved in a mixture of 1.4 liter of
      dichloroethane and 100 ml of ethanol. 12 g of HYFLO SUPER-CEL, a
      diatomaceous earth marketed by Johns-Manville, New-York, U.S.A. was added
      to this solution and the whole mass was ground for a few hours in a
      ball-mill. The fine dispersion was applied to the above paper support as
      described in Example 1 at a ratio of 9 g/sq.m of dried product.
PAR  With the electrographic recording paper thus formed good results were
      obtained even at very low relative humidity and with very short pulsating
      periods in the charging apparatus.
PAC  EXAMPLE 7
PAR  The process of example 1 was repeated by replacing the copolymer used
      therein by a copolymer comprising 70 % by weight of vinyl acetate and 30 %
      by weight of vinyl stearate. Beads of FLEXBOND Exp. B-63 marketed by the
      above-mentioned Colton Chemical Co. were used.
PAR  The same good results were obtained.
PAC  EXAMPLE 8
PAR  One side of a paper support commonly used in photography was coated at a
      ratio of 6 g/sq.m of dried product with a mixture containing 2 parts by
      weight of gelatin, 8 parts by weight of barium sulphate, and 2 parts by
      weight of CALGON CONDUCTIVE POLYMER (see example 2).
PAR  This coating was covered with the insulating layer described in Example 3
      at a ratio of 7g/sq.m. of dried product.
PAR  With the electrographic recording paper thus formed, electrostatic images
      could be obtained, which showed no fringe effect at all thanks to the use
      of a very smooth precoat.
PAC  EXAMPLE 9
PAR  A longitudinally stretched polyethylene terephthalate film was provided on
      both sides with a subbing layer consisting of a copolymer of vinyl
      chloride, vinylidene chloride, n-butylacrylate, and itaconic acid as
      described in the United Kingdom Patent No. 1,234,755 filed Sept. 28, 1967
      by Gevaert-Agfa N.V. The thus coated film was stretched in transverse
      direction until a film having a thickness of 0.1 mm was obtained. The
      subbed polyester film was provided on both sides with a conductive coating
      from a solution in a mixture of methanol and water (1:1 by volume) of
      polystyrene sulphonic acid, at a ratio of 4 g/sq.m of dried product. A
      fully sulphonated polystyrene that had been neutralized completely with
      sodium hydroxide, was used.
PAR  One side of the resulting film was covered with the insulating coating
      composition described in Example 3 at a ratio of 8 g/sq.m of dried
      product.
PAR  The electrographic recording film thus formed was charged electrostatically
      and developed electrophoretically as described in Example 1.
PAR  A very contrasty image, which could be used with transmitted light, was
      obtained.
PAC  EXAMPLE 10
PAR  The process of Example 9 was repeated with the difference that the subbing
      layer and the conductive layer was applied to but one side of the
      polyethylene terephthalate film.
PAR  The same good results were obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electrographic recording material comprising a conductive sheet
      support having a surface resistivity not exceeding about 1 .times.
      10.sup.10 ohm/sq. and carried on said support a non-photoconductive
      insulating layer consisting essentially of about 2-20 gms dry weight per
      sq.m. of a copolymer of about 50-91% by weight of vinyl acetate, about
      8-50% by weight of a vinyl ester of a C.sub.12-18 fatty acid, and about
      0-2% by weight of crotonic acid, and up to 400% by weight of said
      copolymer of a finely divided non-photoconductive pigment.
NUM  2.
PAR  2. A recording material according to claim 1, wherein the copolymer
      comprises 80 to 91 % by weight of vinyl acetate, 8 to 20 % by weight of a
      vinyl ester of a fatty acid of 12 to 18 carbon atoms, and 0 to 2 % by
      weight of crotonic acid.
NUM  3.
PAR  3. A recording material according to claim 1, wherein the copolymer
      comprises 90.5 % by weight of vinyl acetate, 8 % by weight of vinyl
      laurate, and 1.5 % by weight of crotonic acid.
NUM  4.
PAR  4. A recording material according to claim 1, wherein the insulating layer
      comprises a finely divided non-photoconductive pigment in an amount
      between 0.1 and 400 % by weight with respect to the weight of the
      copolymer.
NUM  5.
PAR  5. An electrographic recording material according to claim 1, wherein the
      support is a paper web.
NUM  6.
PAR  6. An electrographic recording material according to claim 1, wherein the
      support is a paper web that has been impregnated with potassium nitrate.
NUM  7.
PAR  7. The material of claim 1 wherein said pigment has a grain size not in
      excess of 20 micron.
NUM  8.
PAR  8. The material of claim 1 wherein said pigment has a grain size not about
      1 micron.
NUM  9.
PAR  9. The material of claim 1 wherein said insulating layer contains about
      4-10 gm dry weight per sq.m. of said copolymer.
NUM  10.
PAR  10. The recording material of claim 1 wherein said vinyl ester is vinyl
      laurate or vinyl stearate.
NUM  11.
PAR  11. The recording material of claim 1 wherein said support is a paper web
      carrying a conductive intermediate layer.
NUM  12.
PAR  12. An electrographic recording material according to claim 11 wherein said
      conductive layer is a conductive polymer formed of recurring units of the
      formula :
      ##EQU3##
NUM  13.
PAR  13. In an electrographic recording method in which an electrostatic charge
      pattern is formed on an electrically insulating non-photoconductive layer,
      the improvement wherein said insulating layer consists essentially of a
      copolymer of about 50-91% by weight of vinyl acetate, about 8-50% by
      weight of a vinyl ester of a C.sub.12-18 fatty acid, and about 0-2% by
      weight of crotonic acid, and up to 400% by weight of said copolymer of a
      finely divided non-photoconductive pigment.
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ABST
PAL  The invention concerns apparatus for cooling an electric cable which
      comprises superconducting inner and outer conductors, is subdivided into
      at least two cable sections and is provided with cable terminations in
      which these inner and outer conductors are connected with respective inner
      and outer ordinary conductors. According to the invention, a common
      coolant stream for the inner conductors and inner ordinary conductors as
      well as for the outer conductors and outer ordinary conductors is provided
      for each cable termination and the cable section associated with it, the
      coolant being fed-in at that end of the cable section which is not
      connected with the cable termination. With this simple arrangement,
      quantities of dissipation heat produced can be removed to refrigeration
      machinery with relatively high efficiency.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 513,746 filed on even
      date herewith and assigned to the same assignee as the present invention.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns an arrangement for cooling an electric cable which
      comprises concentrically arranged inner and outer conductors at
      high-voltage and zero potential, respectively; is cooled by a coolant to a
      low temperature; is subdivided into at least two cable section; and is
      provided at its ends with a cable termination each, in which said inner
      and outer conductors are connected with the respective inner and outer
      ordinary conductors.
PAR  2. Description of the Prior Art
PAR  In order to make the transmission of large amounts of electric power by
      means of a cable with conductors cooled to a low temperature, particularly
      by means of superconductors, as economical as possible, high transmission
      voltages must be provided. They are particularly necessary for a.c.
      transmission, because the transmission currents are limited by the fact
      that the magnetic induction at the surface of these conductors should not
      exceed a given flux density, the so-called "critical" flux density, in
      order to keep the a.c. losses of these conductors relatively low. To
      achieve a further increase of the transmitted power, with a conductor
      arrangement of concentrically arranged, superconducting inner and outer
      conductors the surface areas and therefore, also the conductor diameter,
      must then also be increased proportionally with the current. On the other
      hand, it is advisable to keep the conductor diameter as small as possible,
      because the thermal losses of the deep-cooled conductor arrangement
      increase with the surface area because of radiation and thermal inflow by
      way of the customary mounting and support devices. Also the relatively
      high cost of the superconductive material of the conductors and the desire
      to keep the right-of-way for the cable as narrow as possible lead to small
      conductor diameters.
PAR  The cooling losses of the cable terminations for such cables are determined
      essentially by the operating current of the cable, because the latter
      determines in the terminations the cross sections of the ordinary
      conductors to be optimized on the basis of the Joule losses and thermal
      inflow from about 300.degree. to 4.degree. K. For this reason it is
      advisable to choose the transmission voltage for a given transmission
      power as high as possible, so that the current can be kept as low as
      possible.
PAR  The maximum operating voltage of a cable with a coaxial conductor
      arrangement, particularly an a.c. cable, and of the cable terminations
      connected with it is determined not only by the attainable dielectric
      strength of the conductor insulation and its dielectric losses, but also
      by the requirements of the cooling loops necessary therefor. In a cooling
      loop for cooling the superconductors of this cable, it must be taken into
      consideration that the inner conductor is at high-voltage potential. As
      the coolant advantageously cools the superconductors by direct contact, it
      also assumes this potential. When feeding in the coolant for the inner
      conductor, the full voltage must therefore be overcome. Similar conditions
      supply also to the cable terminations. Their inner ordinary conductors,
      which are at high-voltage potential, and which are connected with the
      superconductors as well as also with a high-voltage feed line, are cooled
      by direct contact with the coolant. This insures good heat transfer and
      favorable heat removal. These cable terminations therefoe require coolant
      supply and discharge lines which must be laid out for the full potential
      difference.
PAR  The temperature range for cooling the superconductors of such an a.c. cable
      is relatively small, because the a.c. losses increase with temperature and
      must in general be limited. For niobium, for instance, a cooling range
      between 4.2.degree. and 6.degree. K must be provided, while the cooling
      range for niobium-tin, where the a.c. losses are higher, can extend from
      about 4.5.degree. to 10.degree. K. In contrast, the temperature range for
      cooling the ordinary conductors of the cable terminations is from about
      4.2.degree. to about 300.degree. K, corresponding to the temperature
      gradient of these normal conductors. Such a temperature transition can be
      accomplished, for instance, by a bath of boiling helium, the evaporating
      helium of which rises at the ordinary conductors, which may have the form
      of wires or laminations, and cools them. Such a design is known, for
      instance, from The Review of Scientific Instruments, vol. 38, no. 12,
      December 1967, pages 1776 to 1779.
PAR  Because of the different temperature ranges and the different state and
      pressure conditions, one starts out generally with providing separate
      cooling loops for the cable line as well as for the cable terminations, in
      order to obtain favorable matching to the refrigeration machines necessary
      to operate the cable line. The coolant for the cable is generally fed from
      one end of the cable. At the cable termination of the cable line at the
      output end, however, one therefore has othehr operating temperatures and
      operating conditions than at the cable terminations at the input side. As
      good thermal contact axists, furthermore, with the normal conductors of
      the terminations by means of the leads to the superconductors of the
      cable, special measures must be taken that these contact points in the
      cable terminations have the same temperature as the cooling loop for the
      superconductors of the cable has at these points. Otherwise, nonuniformity
      of the cooling of the superconductors or the ordinary conductors of the
      cable terminations can occur. The cable terminations would then be cooled
      by means of the cooling loop for the superconductors of the cable, or vice
      versa, this cooling loop would be cooled by way of the cable terminations.
      For this purpose, pressure regulating devices can, for instance, be used
      for controlling the temperature of the coolant baths required for the
      normal conductors of the cable terminations as well as control devices for
      influencing the coolant flow rate for the inner and outer conductors of
      the cable line.
PAR  It is therefore an object of the invention to simplify the arrangement for
      cooling the cable mentioned at the outset with a cable termination at each
      end as described above, and in particular, to eliminate the difficulties
      mentioned and to make economical operation of the cable line possible.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, this problem is solved by providing for each
      cable termination and the cable section connected with it a common coolant
      stream for the inner conductors and inner ordinary conductors, and also
      arranging the outer conductors and the outer ordinary conductors in a
      common coolant stream and by feeding-in the coolant always at that end of
      the cable section which is not connected with the cable termination.
PAR  With this embodiment of the invention, the temperatures of the cooling
      loops required for the operation of the cable line can be adjusted in a
      simple manner so that the dissipiation heat produced can be conducted to a
      refrigeration machine with relatively good efficiency. In the arrangement
      according to the invention, identical cable terminations can be used at
      the start and the end of the cable. Control of the temperatures of the
      coolant baths for the ordinary conductors of the terminations is no longer
      necessary, as the coolant for cooling the cable can be used, at least in
      part, for the cooling of the ordinary conductors. Thus, auxiliary
      equipment such as filling devices for these coolant baths of the normal
      conductors becomes unnecessary, and the number of coolant loops is reduced
      accordingly.
PAR  According to a further embodiment of the arrangement for cooling a cable
      according to the invention, return lines may be provided into which the
      streams of coolant are partly fed at about the junction between the cable
      termination and the cable section connected with it. These return lines
      can advantageously be connected in a thermally conducting manner with a
      radiation shield arranged around the inner and outer conductors.
      Particularly for large lengths of the cable line, additional cable cooling
      can be achieved and the efficiency of refrigeration machines improved.
PAR  The pressure in the coolant streams for the inner or outer conductors of
      the cable can, furthermore, be controlable. To this end, throttle valves
      may be provided which are preferably arranged at the junction between the
      cable termination and the cable section connected with it. The temperature
      in the cable can be regulated by means of this pressure control, and in
      this manner a pressure of, for instance, more than 2.3 atmospheric
      barometric pressure can be maintained in the entire cable line, at which
      helium can be held in a single phase in supercritical condition. Faultless
      cooling of the conductors, particularly of the superconductors, is insured
      thereby.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically shows a longitudinal cross section through a section
      of cable, to each end of which a cable termination is connected, with an
      arrangement for cooling.
PAR  FIG. 2 shows a cooling loop diagram, for an expanded arrangement for
      cooling larger cable transmission lines.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The coaxial cable shown in FIG. 1 has two concentric tubular conductor
      layers, which can serve as the outgoing and the return conductor of a
      phase of a three-phase system and are designated as the inner conductor 2
      and the outer conductor 3. They consist, for instance, of a multiplicity
      of individual superconducting wires which are stabilized by a
      normal-conducting metal, e.g., copper or aluminum. The superconductive
      material, e.g., niobium, may be applied to the normal-conducting
      stabilizing metal in the form of a thin film.
PAR  The arrangement of these individual wires, which lie side by side on the
      circular circumference in the two conductor layers of the inner and outer
      conductor 2 and 3, respectively, can be made in a manner known in the
      prior art such that the overall conductor retains its constant length
      regardless of temperature changes (U.S. Pat. 3,835,239). The inner
      conductor 2 for instance, the outgoing superconducting conductor of the
      phase of the three-phase system, is at high-voltage potential. It is
      concentrically surrounded by the outer conductor 3, the superconducting
      return conductor, at zero potential and is electrically separated from the
      latter by an insulating layer 4.
PAR  The superconducting cable line is subdivided into two cable sections 5 and
      6 of approximately equal length, to the other ends of which a cable
      termination each is connected. These cable terminations, designated A and
      B, are of identical design. In them, the superconducting inner conductors
      2 are connected to inner ordinary conductors 7 and the superconducting
      outer conductors 3 are connected to outer ordinary conductors 8. The inner
      ordinary conductors 7 are also surrounded concentrically by the outer
      ordinary conductors 8 and are electrically insulated from them by means of
      a layer of insulation 10.
PAR  For cooling, the cable line and its cable terminations A and B are served
      by closed cooling loops, which are indicated in the figure by arrows. The
      superconductors of the cable are advantageously cooled with single-phase
      helium, e.g., supercritical helium, which is under a pressure higher than
      2.3 atmospheric barametric pressure. The helium is pumped in a coolant
      feed line 13 from a cooling station 12 to the center of the cable line,
      where the two cable sections 5 and 6 meet, and is divided there into four
      coolant streams a to d. The helium for the coolant streams of the outer
      conductors 3, which are designated with a and b, enters at an inlet 14
      about in the center of the cable line into a tube 16 enclosing the outer
      superconductor, where it is divided into two coolant streams, flowing off
      to both sides toward the cable terminations A and B. The coolant stream
      through the cable section 5 is designated with a, and that through the
      cable section 6 with b.
PAR  The helium for the coolant streams of the inner conductor 2, designated
      with c and d, gets from the inlet point 14 by way of a spiral-shaped canal
      18 through the cable insulation 4 with increased diameter and the slightly
      flared, tubular surface of the inner conductor 2, which consists of
      individual wires, into the interior of the latter and is divided, like the
      two coolant streams a and b, into the two coolant streams c and d, flowing
      likewise off to both sides through the cable sections 5 and 6 to the cable
      terminations A and B. The spiral design of the canal 18 serves for
      overcoming the potential drop between the inner and the outer conductor 2
      and 3, respectively.
PAR  The coolant streams a and c, as well as b and d, now arrive at the two
      cable terminations A and B with the same temperature and in the same
      condition. They enter into the respective cable termination A or B by way
      of a throttling valve 20 each and cool the junctions between the
      superconductors of the cable and the ordinary conductors of the
      terminations. Depending on the cable losses, the helium is here in the
      liquid or gaseous state. Advantageously, it serves at the same time for
      cooling the current-carrying ordinary conductors 7 and 8 and is warmed up
      in the precess to about 300.degree. K, i.e., room temperature. The coolant
      streams c and d of the inner normal conductors 7, which are at
      high-voltage potential, are brought to ground potential by means of high
      voltage-resistant lead-offs 22 for helium gas, which are designed for room
      temperature and arrive, like the helium gas of the coolant streams a and
      b, which are conducted through pipelines 25, back at the cooling station
      12 by means of uninsulated pipelines 24.
PAR  Such simple coolant loops are usable to advantage only for relatively short
      cable lines, because the ratio of the cable losses to the looses of the
      terminations is given by the ratio of the specific heat to the sum of the
      heat of evaporation and the specific heat of the helium. This leads to a
      limitation of the cable length which, however, can be removed if one lets
      the helium in the coolant streams a to d enter only partially into the
      cable terminations through the throttle valves 20. This flow rate can be
      controlled, for instance, by controllable valves 27 and 28, which are
      advantageously arranged in the return lines 24 and 25 at ground potential.
      The valves 27 and 28 are advantageously controlled by monitoring the
      temperature of the ordinary conductors 7 and 8 in the cable terminations A
      and B. One or several temperature sensors which are placed along the outer
      ordinary conductor 8, may serve for this purpose. Corresponding
      temperature sensors along the inner normal conductor 7, which is at
      high-voltage potential, are generally not necessary if the temperature
      conditions for the inner and outer normal conductor 7 and 8 are
      approximately the same. Then, the valves 27 can be adjusted at the same
      time by these temperature sensors at zero potential.
PAR  If however, as shown in the figure, the conditions at the inner and the
      outer normal conductor 7 and 8 of the cable terminations A and B are not
      the same, a flow rate control can be accomplished, for instance, in such a
      manner that the temperature of the helium at the inner and the outer
      normal conductor 7 and 8 is measured by means of temperature sensors 33
      and 34, which may, for instance, be germanium or carbon resistors. Their
      measured values are fed to a control 36, only indicated in the fugure, by
      way of transmission paths shown in the figure by dashed lines. By means of
      the control, positioning motors 38 and 39 can be actuated, which can set
      the valves 27 and 28 accordingly.
PAR  Additional measures are necessary to measure the temperature of the helium
      at the inner normal conductor 7, as the temperature sensor 33 is at
      high-voltage potential. The measured value of this sensor is brought from
      the measuring point in the interior of the inner normal conductor 7, which
      is in a field-free space, for instance to a static shielding cap 41 of the
      cable termination A or B and is brought to zero potential there by means
      of a measuring transducer 43, only suggested in the figure, e.g., by means
      of an analog-to-digital coverter, a laser diode or a light guide as an
      insulating element. There, it can be converted again by means of a
      light-sensitive element and an digital-to-analog converter and applied to
      the control 36.
PAR  Instead of the interposed members, laser-diode or light-guide sensitive
      element, a high-frequency oscillator at high-voltage potential and a
      receiver at zero potential can also be used to bridge the voltage.
PAR  The helium streams held back by the throttle valves 20, which are
      designated in the figure with e, are conducted from the cable section
      shortly ahead of the throttling valves 20. It is additionally required for
      the cooling of cables of larger cable length that the helium in stream e
      be returned by way of a helium line 30 to the cooling station 12, which
      may be connected, for instance, with a radiation shield 44. A high voltage
      transition element is required for returning that part of the coolant
      stream c which flows inside the inner conductor 2 and is at high-voltage
      potential, back to the cooling station 12. This can be an embedded plastic
      line, a plastic labyrinth or also a high voltage-resistant coolant
      lead-off. In the figure, an embedded plastic line 31 is shown, by means of
      which the part of the coolant stream c is also led into the return line
      30.
PAR  The supply and discharge lines for the collant to the inner conductor 2
      which are shown in the figure as a spiral-shaped canal 18 or as a plastic
      line 31, may consist of a plastic tube with a round or also flat,
      rectangular cross section which is made of the same insulating material as
      the cable insulation 4 or 10. One can also wrap a plastic body which has a
      labyrinth-like canal, into the cable insulation 4 or 10. This plastic body
      advantageously consists of the same material as the cable insulation 4 or
      10, which may additionally also be provided with potential shields. At the
      cable terminations A and B, there is furthermore the possibility to
      provide a deflection of the part to be branched-off of the coolant streams
      c or d by way of the cable terminations A or B and additional high
      voltage-resistant lead-offs which conduct the coolant to ground potential,
      and to feed the branched-off part only then into the helium return line
      30.
PAR  The arrangement for cooling a cable with two cable terminations at its
      ends, as described in FIG. 1, is possible also for longer cable lengths.
      In FIG. 2, a suitable schematic with two cooling stations 46 and 47 and
      the necessary cooling loops is given. It can logically be supplemented for
      more cooling stations with corresponding cooling loops without cable
      termination. The arrangement consists of two identical halves, which each
      comprise two cable sections 50,5 and 51,6 and divide the cable into two
      approximately equal parts. With each cable half, a cooling station 46 and
      47 respectively, is associated, from which the coolant, particularly
      helium, is applied to the cable by way of a respective coolant line 13.
      The coolant enters approximately at the end of the first quarter of the
      cable section at the junction 53 between the cable sections 50 and 5 and
      approximately at the end of the third quarter of the cable section at the
      junction 54 between the cable sections 51 and 6. There, the coolant is
      divided directly into two coolant streams a and b for cooling the outer
      conductor and, after passing a spiral-shaped canal 18 to the inner
      conductor, into two further coolant streams c and d for the inner
      conductor. The coolant streams b and d flow toward the center of the cable
      section, where the coolant stream d, after passing through a high-voltage
      transition element, e.g., a plastic line 31 embedded in the insulation
      layer between the inner and outer conductor, joins the coolant stream b at
      zero potential and is returned as the coolant return stream f to the
      cooling station 46 or 47. The coolanat return stream f can be used here to
      advangtage for cooling a radiation shield surrounding the cable. The outer
      cable section 5 and 6 of the cable, i.e., the first and fourth quarter of
      the cable section with the cable terminations A and B and the coolant
      streams a and c, which are returned in part as the coolant stream e to the
      cooling station 46 or 47, are to correspond to the parts shown in FIG. 1.
      Thus, a further high-voltage transition element 31 is indicated at the
      beginning or end, respectively, of the cable, ahead of the throttling
      valves 20, e.g., a plastic line embedded in the insulation layer, which
      serves to bridge the voltage for the part of the coolant stream which
      branches off into the coolant stream e.
PAR  The two cable halves with their terminations A and B and the cooling
      systems associated with them are constructed symmetrically to their
      junction, which is designated with 55. They therefore have at least
      approximately the same temperatures at the junction 55 between the cable
      section 50 and 51. In this arrangement, too, the conditions for the two
      cable terminations A and B are therefore the same.
PAR  The throttling valves 20 which are arranged approximately at the junction
      between the cable terminations A and B and the cable section may, for
      instance, be continuously adjustable or may be designed for open/closed
      operation in connection with an on-off control. The difficult actuation of
      the exciter winding of the valves at high-voltage potential can be
      accomplished in each case by means of a small generator under the
      shielding cap 41, by driving it by a motor at ground potential through an
      insulating shaft. To the extend that the flow conditions in the cable and
      the cable terminations permit, other throttling devices, e.g., nozzles or
      orifices, can also be used, however, instead of the throttling valves 20.
PAR  For the high-voltage transition elements for helium gas near room
      temperature, which has a particularly low dielectric strength in this
      case, two known methods are available for instance: For one, the
      dielectric strength of gaseous helium can be increased by admixing an
      electronegative gas (U.S. Pat. No. 3,835,239); on the other hand, the
      gaseous helium can be led off through capilaries of an electrically
      insulating material (U.S. Pat. No. 3,835,589).
PAR  In the examples of the embodiments, cables with two cable terminations for
      superconductors were chosen, which are cooled with helium. However,
      similar arrangements for other conductors cooled to low temperatures, for
      instance, of aluminum or beryllium, can be provided, which are cooled with
      other coolants, e.g., hydrogen.
PAR  Terminations of different design can also be used, besides cable
      terminations described in the embodiment example, for arrangements
      according to the invention. These may be equipped with special devices
      which create a potential transition zone for the coolant within the
      termination (previous proposal: (U.S. Pat. No. 3,900,699) and thereby make
      unnecessary corresponding high-voltage transition elements in the coolant
      lead-offs, at least in part.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cooling an electrical cable, having connectrically
      arranged inner and outer superconductor conductors at high voltage and
      zero voltage respectively, to a low temperature, said cable including
      means at each end terminating said superconductor conductors, each cable
      termination having concentric inner and outer ordinary conductors,
      comprising:
PA1  a. means dividing the electrical cable into at least two cable sections
      whereby each cable section will have its ends defined respectively by said
      means dividing and one of the cable terminations;
PA1  b. first coolant stream means for commonly forcing coolant past the inner
      superconductor conductor of said electrical cable in both of said sections
      and past each inner ordinary conductor in each of said cable terminations;
PA1  c. second coolant stream means for commonly forcing coolant past the outer
      superconductor conductor of both sections of said electrical cable and
      past each outer ordinary conductor in said cable terminations;
PA1  d. a cooling station for maintaining a supply of coolant;
PA1  e. means for applying coolant from said cooling station to said first and
      second coolant stream means commonly at said means dividing said cable
      into two cable sections; and
PA1  f. return means for returning the coolant to said cooling station after
      said coolant passes through said superconductor conductors and said
      ordinary conductors of said cable terminations.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first and second coolant stream
      means are each provided with branch point means for returning a portion of
      said coolant to said coolant station through a return channel provided
      with a radiation shield.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said branch point means are positioned
      at the junctions between said cable sections and said cable terminations.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the pressure in said first and second
      coolant stream means is controlled.
NUM  5.
PAR  5. The apparatus of claim 4 wherein throttling valves are positioned within
      said first and second coolant stream means approximately at the junction
      between each cable section and each cable termination.
NUM  6.
PAR  6. The apparatus of claim 4 wherein pressure control valves are placed in
      said return means.
NUM  7.
PAR  7. The apparatus of claim 5 wherein temperature sensors are placed within
      said first and second coolant stream means to generate signals which are
      applied to said throttling valves.
NUM  8.
PAR  8. The apparatus of claim 6 wherein temperature sensors are placed within
      said first and second coolant stream means to generate signals which are
      applied to said pressure control valves.
NUM  9.
PAR  9. The apparatus of claim 7 wherein said temperature sensors are carbon
      resistors.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said temperature sensors are carbon
      resistors.
NUM  11.
PAR  11. The apparatus of claim 7 wherein said temperature sensors are germanium
      resistors.
NUM  12.
PAR  12. The apparatus of claim 8 wherein said temperature sensors are germanium
      resistors.
NUM  13.
PAR  13. The apparatus of claim 7 wherein said temperature sensors placed within
      said first coolant stream means is connected to a measuring transducer.
NUM  14.
PAR  14. The apparatus of claim 8 wherein said temperature sensor placed within
      said first coolant stream means is connected to a measuring transducer.
NUM  15.
PAR  15. The apparatus of claim 13 wherein said measuring transducer comprises
      an analog-to-digital converter and laser diode followed by a
      digital-to-analog converter.
NUM  16.
PAR  16. The apparatus of claim 14 wherein said measuring transducer comprises
      an analog-to-digital converter and laser diode followed by a
      digital-to-analog converter.
NUM  17.
PAR  17. The apparatus of claim 13 wherein said measuring tranducers comprises a
      high-frequency oscillator followed by a receiver.
NUM  18.
PAR  18. The apparatus of claim 14 wherein said measuring tranducers comprises a
      high-frequency oscilator followed by a receiver.
NUM  19.
PAR  19. The apparatus of claim 1 wherein said coolant is helium.
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ABST
PAL  An apparatus for cooling underground power cables situated in a tubular
      cable enclosure. Cooling of underground power cables is presently effected
      by the circulation of water or oil through pipes within which the cables
      are situated. The oil or water is then circulated through air or
      water-cooled heat exchangers which are uniformly spaced along the
      transmission line. However, a substantial flow of liquid is required to
      extract a useful quantity of heat, and extensive equipment is necessary to
      effect this flow of liquid. The subject invention proposes a relatively
      inexpensive and more efficient apparatus to cool underground cables. The
      apparatus comprises an enclosed chamber adapted to enclose a portion of a
      length of underground power cables. A liquid supply inlet is provided to
      the enclosed chamber, as well as an evaporated liquid outlet from the
      enclosed chamber. Means are provided to distribute liquid entering the
      enclosed chamber through the inlet within the enclosed chamber whereby
      evaporation of the liquid by heat generated within the underground power
      cables effects the cooling thereof. Means are also provided to initiate
      removal of evaporated liquid through the evaporated liquid outlet. The
      process according to the subject invention comprises the supplying of
      liquid along a length of an enclosed chamber extending along a portion of
      a length of the power cables, such that the liquid is distributed within
      the enclosed chamber. A flow of pressurized air is directed along the
      length of the enclosed chamber to assist the evaporation process of the
      liquid and to carry evaporated liquid away from the power cables. The
      pressurized air carrying the evaporated liquid is then removed from the
      enclosed chamber.
BSUM
PAR  This invention relates generally to the cooling of underground power
      cables, and more particularly, to an apparatus and method for effecting
      the cooling of the power cables by inducing the evaporation of a liquid
      within an enclosed chamber in which portions of lengths of the power
      cables are situated, and by removing the vapour which is generated
      therein.
PAR  In underground power cables, the electrical power transmission capability
      is limited by the maximum operating temperature of the cable. The
      temperature of the cable is directly related to the amount of heat
      generated by the cable and the ability of its surrounding to dissipate
      this heat. Regardless of the method of installation of the power cable,
      the surrounding soil has conventionally been relied upon for the
      dissipation of the heat energy generated by the power cable. However, the
      low thermal conductivity of the soil and the variation in conductivity
      with locale, weather conditions and moisture content of the soil generally
      require that a high safety factor be utilized in relation to the current
      ratings of underground power cables. Higher current ratings have been
      achieved by the use of special back-fill materials having improved thermal
      conductivity and moisture retention. Nevertheless, even with the use of
      such materials, the heat dissipation capacity of the soil has almost
      reached its practical limit while demands persist for underground power
      cables with increasing current ratings.
PAR  It is known that underground power cables can be cooled by the circulation
      of water or oil through pipes either buried adjacent to the length of the
      cables or through large diameter pipes within which the cables are
      situated. The oil or water is then circulated through air or water-cooled
      heat exchangers which are uniformly spaced along the transmission line.
PAR  In order to overcome the drawbacks inherent in known systems of cooling
      underground power cables, the subject invention utilizes the evaporation
      of a liquid within an enclosed chamber in which a portion of a length of
      the power cables is situated. By maintaining liquid within the enclosed
      chamber, heat generated within the cables induces evaporation of the
      liquid, the resulting evaporated liquid being removed from the enclosed
      chamber.
PAR  According to the subject invention, the apparatus for cooling the
      underground power cables comprises an enclosed chamber adapted to enclose
      a portion of a length of the underground power cables. A liquid supply
      inlet and an evaporated liquid outlet are attached to the enclosed
      chamber. Means are adapted to distribute liquid entering the enclosed
      chamber through the supply inlet within the enclosed chamber whereby
      evaporation of the liquid by heat generated within the underground power
      cables effects the cooling thereof, and means are provided which initiate
      removal of evaporated liquid through the evaporated liquid outlet.
PAR  Further, according to the subject invention, the process for the
      evaporative cooling of underground power cables comprises the supplying of
      liquid along a length of an enclosed chamber extending along a portion of
      a length of the power cables, such that the liquid is distributed within
      the enclosed chamber. A flow of pressurized air is directed along the
      length of the enclosed chamber to assist the evaporation process of the
      liquid and to carry evaporated liquid away from the power cables. The
      pressurized air carrying the evaporated liquid is then removed from the
      enclosed chamber.
DRWD
PAR  In drawings which illustrate embodiments of the subject invention:
PAR  FIG. 1 is a schematic drawing of a power cable circuit incorporating a
      cooling apparatus according to the subject invention;
PAR  FIG. 2 is an enlarged vertical section of the enclosed chamber portion of
      the embodiment according to FIG. 1 taken along the line II--II;
PAR  FIG. 3 is an end view of a diagrammatic representation of a manhole
      including the power cable cooling apparatus incorporating a vacuum pump;
PAR  FIG. 4 is a side view of the cooling apparatus of FIG. 3;
PAR  FIG. 5 is an enlarged perspective view of a further embodiment of the
      enclosed chamber portion of the apparatus according to the subject
      invention, partly broken away to illustrate the interior construction
      thereof; and
PAR  FIG. 6 is a vertical cross section of the embodiment according to FIG. 5,
      taken along the line VI--VI.
DETD
PAR  While the preferred embodiment described below relates to individually
      sheated cables, the subject invention is equally applicable to other types
      of underground power cable installations, such as an oil filled pipe-type
      construction.
PAR  As best illustrated in FIGS. 1 and 2, the apparatus according to the
      subject invention is applied to a 3-phase high-voltage transmission
      circuit comprising three individually sheathed cables 10 situated within
      an enclosed chamber 12. While three cables are shown as being located in
      the enclosed chamber, the apparatus according to the subject invention can
      be applied to any number of cables, depending on the size of the enclosed
      chamber 12 utilized. The cables 10 have segmented copper conductors 14, a
      central oil duct 16, oil impregnated paper insulation 18, a metallic
      sheath 20 and an extruded polyethylene sheath 22.
PAR  According to the embodiment of FIG. 2, each power cable 10 includes an
      outermost layer of porous material 24 which is applied to the cables
      during the final stages of manufacture. A skid wire may further be applied
      to the outer surface of layer 24. The porous layer 24 may be made up of
      jute, fibreglass or other materials possessing good water retentiveness
      while being chemically stable.
PAR  The lower portion of the enclosed chamber 12 defines a first passageway,
      extending along this entire length of the chamber, the first passageway
      containing liquid 26. The upper portion of the chamber defines a second
      passageway, extending along the entire length of the chamber, for carrying
      vapor. Since portions of the layers of porous material 24 are in contact
      with the liquid 26, as shown in FIG. 2, it is clear that certain of the
      power cables and associated porous layers intersect both the first and
      second passageways. The capillary action of the porous layer distributes
      the liquid 26 over the outer surfaces of the power cables. The liquid 26
      is preferably water which has been de-ionized and chlorinated in order to
      avoid build-up of salts or growth of living organisms within the enclosed
      chamber 12 and over the outer surfaces of the cables 10. A small water
      pump 28, situated within a manhole 30, is used to pump the liquid 26 from
      a reservoir 32 within the manhole, through a liquid supply inlet 34
      attached to the enclosed chamber and into the enclosed chamber 12. The
      liquid 26 flows along the length of the enclosed chamber 12 by gravity
      flow, the enclosed chamber being sloped downwardly away from the supply
      inlet 34 to an overflow reservoir 36 located at an opposite end of the
      enclosed chamber 12. A liquid outlet 39 is attached to the bottom of the
      overflow reservoir and leads liquid which has accumulated within the
      overflow reservoir 6 to a reservoir 32 within the manhole 30. The liquid
      26 is constantly being evaporated within the enclosed chamber 12 at a rate
      dependent directly on the rate of heat generation within the cables 10 and
      partly on other operating conditions within the system. Water within the
      main reservoirs 32 may be replenished from central reservoirs located at
      substations by means of a pipe buried adjacent to the enclosed chamber 12
      or running inside of the enclosed chamber.
PAR  Cable joints 38 between individual lengths of cables are situated within
      the manholes 30, the manholes being spaced approximately 400 to 600 m.
      apart along the circuit length. In order to simplify the present
      description, the cooling of cable joints and terminations has been
      omitted, although a similar system of cooling according to the subject
      invention can be adapted to these sections of the circuit. End plates 40
      of the enclosed chambers 12 are located within the manholes 32 and are
      sealed onto the cables 10, thereby rendering the enclosed chamber 12
      between the manholes relatively air tight.
PAR  Also situated within the manholes 30, according to the embodiment of FIG.
      1, are blowers 42 comprising high-capacity, low-pressure fans. The blowers
      42 constitute means initiating removal of cooling liquid evaporated by
      heat generated within the underground power cables through evaporated
      liquid outlets 44. Intake air for the blower 42 enters the manhole 30 by
      means of ports 46 within the manhole cover. A filter 48 may be located at
      either the intake to or the discharge from the blower 42. The filter 48 is
      used to remove contaminants from the air entering enclosed chamber 12,
      thereby maintaining reasonable cleanliness of the interior of the enclosed
      chamber 12, as well as the outer surfaces of the cables 10. Pressurized
      air discharged from the blower 42 passes through a duct 43 and enters the
      enclosed chamber 12, creating a turbulent air stream therein which flows
      along the length of the enclosed chamber 12, thereby assisting in the
      evaporation of liquid within the enclosed chambers and transporting the
      resulting evaporated liquid out of the enclosed chamber 12 through the
      evaporated liquid outlet 44 located within the manhole 30. The air-vapor
      mixture is thereby exhausted to atmosphere, thus dissipating the heat
      generated within the cables 10.
PAR  The pressurized air enters the enclosed chamber 12 with a low specific
      humidity; but quickly becomes saturated as it accumulates liquid vapor
      while sustaining a slight drop in temperature. As the pressurized air
      advances along the enclosed chamber, its temperature rises due to forced
      convection and the evaporation-condensation processes. This rise in
      temperature results in a substantial increase in the specific humidity of
      the air, that is, the ability of the air to contain an increased amount of
      vapor per unit volume thereof. As a result, the air is able to transport
      greater quantities of heat while sustaining a minimum rise in temperature,
      thus providing a suitable medium for the cooling of the power cables 10.
      Furthermore, heat transfer and vapor condensation occur at the inner
      surface of the enclosed chamber 12, the heat being dissipated through the
      surrounding soil which acts in its normal capacity as a cooling medium.
PAR  As best illustrated in FIGS. 3 and 4, evaporation of the liquid within the
      enclosed chamber 12 may be induced by maintaining a negative pressure
      therein. In order to provide this negative pressure, a vacuum pump 50 is
      utilized in place of the blower 42. The vacuum pump 50 is situated within
      the manhole 30 and has an inlet 52 which is connected to the enclosed
      chambers 12. In this embodiment, the enclosed chamber 12 includes end
      plates 40 which are sealed onto the cables 10 so as to provide an
      air-tight enclosure. In addition, the use of the vacuum pump compensates
      for leaks in the system. Liquid is supplied to the enclosed chamber 12 and
      distributed within the enclosed chamber 12 in the manner as previously
      outlined. The liquid supply inlet 34 and the overflow reservoir 36 may
      both be installed at the lower end of the downwardly sloping enclosed
      chamber 12, the liquid being pumped along a small tube within the enclosed
      chamber and being discharged at the opposite end of the enclosed chamber
      12.
PAR  Vacuum pump 50 is employed to reduce the pressure within the enclosed
      chamber to 50 to 100 mm. of mercury absolute, whereby rapid evaporation of
      the liquid can be achieved. For example, when water is utilized as the
      liquid, the water boils at temperatures of 38.degree. to 52.degree. C. The
      generated vapor is pumped by the vacuum pump 50 and exhausted through its
      exhaust duct 54 to atmosphere, thus dissipating the heat generated by the
      cables. In addition, a certain amount of condensation takes place at the
      inner surface of the enclosed chamber 12 with the released heat being
      dissipated through the surrounding soil. When a reasonably large enclosed
      chamber is utilized, variations in vapor pressure along the chamber,
      required to induce flow of the vapor, are small. The respective vapor
      temperature and cable surface temperature are thus reasonably uniform
      along the enclosed chamber 12. The surface temperature of the cables may
      further be controlled by varying the pumping rate of the vacuum pump 50
      and the associated pressure within the enclosed chamber 12.
PAR  As best illustrated in the embodiment of FIGS. 5 and 6, the layer of porous
      material may be replaced by a system utilizing a flexible tubing 56 which
      is supported along the inner surface of the enclosed chamber 12 by means
      of a cylindrical channel 58 having a slit along its length and being
      attached to the inner surface of the enclosed chamber 12. The channel is
      so constructed as to support the flexible tubing 56 therein above the
      power cable within the enclosed chamber 12. The flexible tubing 56
      includes fog nozzles 60 extending downwardly therefrom at equal intervals
      along the length of the tubing. The flow of liquid within the flexible
      tubing is provided by a small pump within the manhole, the pump having a
      suction line connected to the main reservoir within the manhole 30. The
      nozzles 60 generate a water mist within the enclosed chamber which is
      carried by the flow of forced air. Cooling is achieved by evaporation of
      small liquid droplets entrained in the air stream. Further, evaporation of
      the liquid may be achieved by use of the embodiment of the invention
      including the vacuum pump 50.
CLMS
STM  We claim:
NUM  1.
PAR  1. An underground power cable system comprising:
PA1  a. a plurality of elongated, closed chambers arranged sequentially in
      substantially end-to-end relationship;
PA1  b. a plurality of stations, one station being disposed between each pair of
      adjacent ends of elongated chamber pairs;
PA1  c. a reservoir in each station, each reservoir having a supply of water
      therein;
PA1  d. a pump in each station, said pump communicating both with said reservoir
      and one of said elongated chambers;
PA1  e. each elongated chamber having at least one electrical power cable
      passing therethrough and having a first portion defining a first
      passageway for liquid water, said first passageway extending along the
      entire length of said chamber, each chamber also having a second portion
      defining a passageway for water vapor, said second passageway extending
      along the entire length of said chamber;
PA1  f. means, comprising a layer of porous material surrounding said cable, for
      distributing water by drawing liquid from said first passageway by
      capillary action and thereby providing uniform wetting of a surface of
      said distributing means, said power cable and distributing means
      intersecting both said first and said second passageways;
PA1  g. means connected with each elongated chamber for forcibly moving water
      vapor from said enclosed chamber to the atmosphere;
PA1  h. whereby water drawn from said first passageway by said distributing
      means is evaporated into said second passageway to cool the power cable,
      and the water vapor thus formed is moved downstream through said elongated
      chamber by moving means and is heated by said cable to further increase
      evaporation and to cool the downstream portion of the cable.
NUM  2.
PAR  2. An underground power cable system according to claim 1, including a
      liquid supply inlet adjacent one end of each enclosed chamber, each liquid
      supply inlet effecting communication between one enclosed chamber and the
      pump of the associated upstream station and a vapor outlet adjacent the
      other end of said enclosed chamber, said vapor outlet effecting venting of
      said enclosed chamber to the atmosphere, and wherein the means for
      forcibly moving water vapor comprises a blower connected to the end of the
      enclosed chamber adjacent the liquid supply inlet, the blower adapted to
      create a flow of turbulent air along the duct which carries evaporated
      liquid out of the enclosed chamber through the vapor outlet.
NUM  3.
PAR  3. An apparatus for cooling underground power cables according to claim 2,
      wherein the enclosed chamber being sloped downwardly away from the liquid
      supply inlet in order to facilitate distribution of liquid along the
      length of the enclosed chamber.
NUM  4.
PAR  4. An apparatus for cooling underground power cables according to claim 1,
      wherein the water is de-ionized and slightly chlorinated in order to avoid
      build-up of salts or growth of living organisms within the enclosed
      chamber and over surfaces of the power cables therein.
NUM  5.
PAR  5. An underground power cable system according to claim 1, wherein the
      means for forcibly moving water vapor comprises a vacuum pump having an
      inlet end connected to the enclosed chamber and an outlet exhausted to
      atmosphere, the vacuum pump creating a low pressure region within the
      enclosed chamber, thereby inducing low temperature evaporation of the
      water, whereby heat generated by the power cables is dissipated.
NUM  6.
PAR  6. An underground power cable system according to claim 1, including water
      outlet means connected between each elongated chamber and one of said
      reservoirs, each outlet means directing excess water supplied by the
      reservoir of one station to the reservoir of the next succeeding
      downstream station.
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ABST
PAL  A heat recoverable article for shielding junctions in cables or conduits
      comprised of a corrugated sheath capable of radial deformation disposed
      within a member of heat-recoverable material. A sheath made of conductive
      material may function to protect the junction from radio frequency
      interference. The end of the member may be provided with adhesive to
      render the junction impermeable to water, gases, etc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a recoverable, especially to a
      heat-recoverable, article and a method for protecting or shielding a
      junction or discontinuity in cables or conduits and in particular relates
      to shielding coaxial cables and other cables having a conductive outer
      shield from external radio frequency interference.
PAR  Heat recoverability is characterized by the ability to undergo a permanent
      change in dimensions with the application of heat. In general, the
      property of heat recoverability can be imparted to a material having a
      plastic or elastic memory by expanding the material at an elevated
      temperature to a size greater than its normal size and then cooling while
      maintaining the material in the expanded size.
PAR  The prior art methods of shielding cables from external radio frequency
      interference have been plagued by the problem of leakage. The problem is
      particularly acute at a junction between two or more such cables where it
      is important that the continuity of the outer conductive shield be
      maintained in both longitudinal and circumferential directions in order to
      provide adequate screening against stray radiation.
PAR  The use of heat-recoverable tubing in connection with the shielding and
      protecting of cable junctions and the like is known. Also, the use of a
      heat-shrinkable tubing "sandwiched" with conductive braid is known as
      described in U.S. Pat. No. 3,253,619, the disclosure of which is
      incorporated herein by reference. Although braided shields have been used
      to protect coaxial cables from radio frequency interference, I have
      perceived that the utility of these shields could be greatly enhanced if
      the shield could be formed to protect the cable from high frequency
      radiation which is capable of penetrating the interstices between the
      strands of a braided shield and shaped so that it is capable of deforming
      uniformly when the tubing with which it is sandwiched is caused to be
      recovered.
PAR  It is thus an object of the present invention to provide a recoverable,
      especially a heat-recoverable article for effectively protecting or
      shielding a junction or discontinuity in conduits or cables from radio
      frequency interference, water, gas, solvents etc.
PAR  This and other objects are accomplished by shielding or protecting a
      junction or discontinuity in conduit or cable with an article comprised of
      a member of heat-recoverable material having a corrugated sheath disposed
      therein.
DRWD
PAR  A more thorough disclosure of the objects and advantages of the invention
      is presented in the detailed description which follows and in the
      accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view showing a heat-recoverable article
      positioned over a junction of a coaxial cable with the heat-recoverable
      member in an expanded state.
PAR  FIG. 2 is a cross sectional view of the junction with the heat-recoverable
      member in a recovered state as it would appear if viewed along line 2--2
      of FIG. I.
PAR  The heat-recoverable article of the present invention finds particular
      application in the protection of junctions in coaxial and other types of
      electric cables having a conductive outer shield. However, the article is
      also very useful for rendering conduit junctions waterproof or impervious
      to gases, solvents etc.. The heat-shrinkable member may be made of any
      suitable material, for example those described in British patent
      specifications numbers 990,235, and 1,062,043. The modulus and/or the
      recovery stress of the member should be sufficient to crush, and deform
      the corrugated sheath into the desired shape. Polyolefines, especially
      polyethylene, and polyvinylidene fluoride may be used. The polymers may be
      cross-linked by chemical means or by irradiation and may also contain the
      conventional additives (fillers, flame retardants, anti-oxidants etc.).
PAR  The heat-shrinkable member is preferably formed as a sleeve, but can be
      formed as a boot or breakout. When the heat-recoverable member is a boot
      it is formed as a substantially straight tube but upon recovery the tube
      becomes bent. The heat-shrinkable member can also be used to compress only
      part of a sheath disposed only partially therein. In the case where the
      heat recoverable article is used as a barrier against moisture, gases or
      solvents, the ends of the heat recoverable sleeve preferably extend beyond
      the ends of the sheath. The ends of the sleeve are then coated entirely or
      in part on the inside with sealant, for example mastic or a hot-melt
      adhesive, such that, when the sleeve is shrunk down, the ends are sealed
      to the conduits to form a waterproof bond.
PAR  The heat-recoverable sleeve is provided with a sheath which is disposed
      therein and positioned so that the sheath is coaxial and proximate to the
      sleeve. The sheath is provided with a plurality of other end. These
      corrugations are capable of collapsing inwardly when the sleeve is
      recovered by the addition of heat. During the recovery process, the sleeve
      imposes a radially inwardly directed force on the sheath resulting in a
      decrease in the mean diameter of the sheath. The mean diameter of the
      sheath is defined by points located midway between the radial extremes of
      the corrugations. The corrugations enable the sheath to be pushed into a
      predetermined shape when the surrounding sleeve is recovered. The
      corrugations are preferably disposed in a longitudinal array parallel to
      the axis of the sheath but may also be for example, zigzag or in the form
      of a sine curve. If the sheath has regular zigzag corrugations, the angle
      between the phases is preferably from 70.degree. to 120.degree.. A copper
      sheath may have, for example, folds at intervals of about 0.3 cm. with an
      angle between the phases of approximately 110.degree.. When the
      heat-recoverable member is a boot, it is preferable for the sheath to be
      transversely corrugated, at least in the region of bending, as well as
      longitudinally corrugated along its whole length. With more complex
      shrinkable parts, it may be necessary to use more than one appropriately
      shaped sheath, each with suitable corrugations.
PAR  Preferably the sheath completely surrounds the junction. The sheath may be
      a continuous seamless tube, or it may be made from sheet capable of being
      wrapped around the junction provided there is sufficient overlap to ensure
      continuity. However, any seam in the sheath formed from a sheet should be
      rendered waterproof, for example, by welding or soldering, if the purpose
      of the sheath is to prevent moisture ingress.
PAR  When the article is to be used to provide radio frequency interference
      shielding, the sheath is made of a conductive material. Metal foil is
      particularly suitable because of its ductility and any soft metal having
      good electrical and thermal properties may be used, such as coppr,
      aluminum, gold, tin, silver, or platinum. The foil may be pre-tinned to
      facilitate soldering.
PAR  Metal foil may also be used in applications where electrical conductivity
      is not required, for example, when the article is primarily used as a
      barrier against water vapor. For vapor barrier applications aluminum foil
      is especially suitable. However, any material possessing suitable
      properties of deformability and impermeability to water, gases, solvents,
      etc., as required, may also be used.
PAR  When the sheath is comprised of metal foil, the thickness is preferably
      within the range of from 0.001 to 0.015 cm. Thinner foils tend to tear in
      use and are also somewhat difficult to obtain. Metal foils thicker than
      0.015 cm are difficult to corrugate and tend to recover non-uniformly. The
      preferred thickness of a particular application depends on various
      factors, for example the amount of recovery required, the shape of the
      joint after recovery, the metal used, the size of the joint, the shape of
      the sheath and the modulus of the heat-shrinkable sleeve.
PAR  Preferably the corrugated sheath has disposed within it an inner
      heat-shrinkable sleeve, such that the sheath is sandwiched between two
      heat-shrinkable sleeves. The inner sleeve is positioned so that it is
      coaxial and proximate with the sheath. The inner sleeve provides
      protection to the conduits from the collapsing sheath during the recovery
      process. For example, the inner sleeve may prevent injury to the foam
      dielectric in a coaxial cable from the sharp edges of a metal-foil sheath
      as it is compressed by the shrinkage of the outer sleeve.
PAR  When the article is used for a junction in an electric cable having an
      outer shield, the corrugated sheath is of such a length that, when the
      article is in position, it forms a complete and ocntinuous conductive
      shield around the junction. Preferably, means are incorporated for
      ensuring a good and permanent electrical contact between the sheath and
      the outer shield of the or each cable, for example, solder rings,
      preferably pre-fluxed solder rings, may be placed under or adjacent to the
      ends of the sheath such that, during shrink-down, soldering occurs between
      the metal of the sheath and the outer shield of the cables. Where such a
      soldered attachment is to be made, the sheath is most suitably made of
      copper or tin.
PAR  Referring now to FIGS. 1 and 2, two coaxial cables 1,1' to be joined each
      consist of a central conductor 2, dielectric material 3, a shield 4 of
      conductive braid, and an insulative jacket 5. The central conductors 2 are
      joined by means of a solder joint 6 which is surrounded by dielectric
      filler 7. The junction is surrounded by a sandwich consisting of an inner
      heat-shrinkable sleeve 8, a corrugated copper sheath 9, and an outer
      heat-shrinkable sleeve 10. A soft solder ring 11 is positioned at each end
      of the copper sheath 9. Alternatively, solder rings could be attached to
      the inner wall of outer sleeve 10. Hot-melt adhesive 12 is provided at the
      end regions of the outer sleeve 10.
PAR  When the article is heated, the sleeves 8 and 10 shrink and the corrugated
      sheath is radially deformed. The ends of the sheath become soldered to the
      conductive braid 4 by means of the solder rings 11 and a continuous
      conductive shield is thereby formed over the length of the junction. The
      ends of the outer heat-shrinkable sleeve 10 become sealed to the outer
      jacket 5 of the coaxial cables by means of the hot-melt adhesive 12, thus
      rendering the joint waterproof.
PAR  The impedance of the joint described above was 700.mu. .omega. immediately
      after assembly and 740.mu. .omega. after passing 100 amps for three hours.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat-recoverable article comprising a first heat-recoverable member
      and at least one generally tubular sheath disposed therein having a
      plurality of corrugations formed in said sheath each being predisposed to
      collapse inwardly upon the imposition of the radially inwardly directed
      force of heat recovery of said first heat-recoverable member so as to
      diminish the mean diameter of the sheath.
NUM  2.
PAR  2. A heat-recoverable article as in claim 1, wherein said corrugations are
      disposed in a longitudinal array parallel to the axis of said sheath.
NUM  3.
PAR  3. A heat-recoverable article as in claim 1, wherein a second
      heat-recoverable member is disposed within said sheath.
NUM  4.
PAR  4. A heat recoverable article as in claim 1, wherein said sheath is formed
      of a conductive material.
NUM  5.
PAR  5. A heat-recoverable article as in claim 4, wherein said conductive
      material is a metal foil.
NUM  6.
PAR  6. A heat-recoverable article as in claim 1, wherein the inner wall of the
      ends of said sheath are provided with solder rings.
NUM  7.
PAR  7. A heat-recoverable article as in claim 1, wherein the inner wall of the
      ends of said first member are provided with an adhesive.
NUM  8.
PAR  8. A heat-recoverable article as in claim 1, wherein said heat-recoverable
      member is comprised of a crosslinked polymer.
NUM  9.
PAR  9. A heat-recoverable article as in claim 1, wherein said heat-recoverable
      member is comprised of an irradiated polymer.
NUM  10.
PAR  10. An article comprising a dimensionally unstable hollow member capable of
      recovering toward an original dimension, and a sheath having generally
      longitudinal corrugations disposed within said member, said corrugations
      being collapsible by recovery of said member toward said original
      dimension.
NUM  11.
PAR  11. A heat-recoverable article comprising a first polymeric
      heat-recoverable sleeve having adhesive disposed in the ends thereof, at
      least one generally tubular metal sheath disposed therein having solder
      rings disposed on the ends thereof and a plurality of longitudinally
      corrugations formed in said sheath, each said corrugation being
      predisposed to collapse inwardly upon the imposition of the radially
      inwardly directed force of heat recovery of said sleeve so as to diminish
      the mean diameter of the sheath and a second polymeric heat-recoverable
      sleeve disposed within said sheath.
PATN
WKU  039461440
SRC  5
APN  4834402
APT  1
ART  213
APD  19740626
TTL  Sealed cable junction
ISD  19760323
NCL  14
ECL  1
EXP  Clay; Darrell L.
NDR  1
NFG  2
INVT
NAM  Quante; Hermann
CTY  Wuppertal
CNT  DT
ASSG
NAM  Wilhelm Quante Spezialmaschinenfabrik fur Apparate der Fernmeldetechnik
CTY  Wuppertal
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730628
APN  2332847
CLAS
OCL  174 92
XCL  174 21R
XCL  174 88R
EDF  2
ICL  H02G 1508
FSC  174
FSS  91-93;88 R;76;77 R;21 R
UREF
PNO  3240868
ISD  19660300
NAM  Ets-Hokin et al.
OCL  174 21R
UREF
PNO  3636240
ISD  19700100
NAM  Quante et al.
OCL  174 92
FREF
PNO  1,378,723
ISD  19641000
CNT  FR
OCL  174 76
LREP
FR2  Striker; Michael J.
ABST
PAL  A cable junction has a longitudinally subdivided housing having two
      connected shell sections which together surround an interior splicing
      chamber. A pair of shell inserts of fluid-impermeable material is
      accommodated in the housing about the splicing chamber and they have
      respective outwardly projecting juxtaposed marginal flanges which are
      jointly formed with a longitudinal channel bounded at its opposite lateral
      sides by respective juxtaposed surface portions of the flanges. A strand
      of sealing material is accommodated in compressed state in this channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a cable junction, and more
      particularly to a sealed cable junction. Still more specifically, the
      invention relates to a sealed cable junction which is usable to particular
      advantage for splicing-together of communications cables, but is not
      limited to use with this type of cables.
PAR  Cable junctions are devices into which the end portions of two or more
      cables enter through openings provided in the device, and which devices
      have an interior chamber wherein these end portions are spliced together
      to provide an electrical connection between the cables. It is known to
      provide a type of cable junction having a housing wherein a pair of shell
      sections is accommodated as a separate installation unit. These shell
      sections, which together define and surround the splicing chamber within
      the housing, are formed with longitudinally extending flanges projecting
      from the edges of the shells and having a substantially U-shaped
      configuration. These flanges are sealed with respect to one another and to
      the housing by a plastically deformable rope of sealing material when the
      cable junction is assembled. The flanges extend to the ends of the cable
      junction where the inlet and outlet openings for the cables are located,
      and they merge with seals provided in these regions and serving to seal
      the outer surface of the cable with respect to the housing. It is also
      known from this prior-art construction to make the shell inserts of
      low-pressure polyethylene or of metal.
PAR  Basically, this approach of the prior art to the construction of the cable
      junction is more advantageous than the prior art which preceded it.
PAR  However, even this type of construction still has certain disadvantages
      which are not yet overcome. In particular, the cables extending through
      the inlet and outlet openings of these junctures are not tightly enough
      engaged and are therefore not properly sealed. From this it follows that
      the splicing chamber itself is also not properly sealed with respect to
      the ambient atmosphere. The reason for this probably is the result of the
      mechanical stresses acting in the region of the inlet and outlet openings,
      and also the permanent stresses which act in the region of the
      aforementioned flanges.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, a general object of the invention to overcome the
      disadvantages of the prior art.
PAR  More particularly, it is an object of the invention to provide an improved
      cable junction which is reliably sealed and which avoids the disadvantages
      of the prior art.
PAR  Another object of the invention is to provide such an improved cable
      junction which is simple and comparatively inexpensive to operate and to
      use.
PAR  In keeping with these objects, and with others which will become apparent
      hereafter, one feature of the invention resides in a sealed cable junction
      which, briefly stated, comprises a longitudinally subdivided housing
      having two connected shell sections which together surround an interior
      splicing chamber. A pair of shell inserts of fluid-impermeable material is
      accommodated in the housing and has respective outwardly projecting
      juxtaposed marginal flanges which are jointly formed with a longitudinal
      channel bounded at its opposite lateral sides by respective juxtaposed
      surface portions of the flanges. A strand or sealing material is
      accomodated in compressed state in this channel.
PAR  For the strand of sealing material to be accommodated in the channel in
      compressed state, it is necessary that the cross-section of the strand be
      in excess of the cross-section of the channel. It does not only provide a
      reliable seal, but also causes some of the material of the strand to be
      squeezed out of the channel and into the space between the juxtaposed
      surface portions which are located at opposite lateral sides of the
      channel. This provides a particularly good sealing effectiveness, and an
      especially effective barrier against the entry of moisture that might
      otherwise creep along the respective surfaces, since in effect it
      constitutes a labyrinthine path for such moisture which would have to
      first creep between the juxtaposed surfaces and the sealing material at
      the outwardly located side of the channel, then around the channel between
      the walls of the same at the sealing material therein, and then again
      between the sealing material and the juxtaposed surfaces of the flanges at
      the inward side of the channel before it could enter into the splicing
      chamber.
PAR  The sealing effectiveness of the juncture according to the present
      invention is particularly reliable when the juxtaposed surface portions
      which laterally bound the channel are formed with one or more additional
      grooves or depressions which extend along the channel, and into which the
      sealing material that has been squeezed out of the channel can also enter.
      This increases the length of the labyrinthine path. In many instances it
      will already be sufficient if such an additional groove is provided only
      at the inwardly located side of the main channel, that is that side which
      faces towards the splicing chamber.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a fragmentary axial section through a portion of a novel junction
      according to the present invention, some parts not being shown in section;
      and
PAR  FIG. 2 is an enlarged-scale detail view, illustrated as a section taken on
      line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  A consideration of a portion of the novel juncture according to the present
      invention will suffice for an understanding of the invention. Therefore,
      FIG. 1 shows, partially in section, only a portion of such a juncture, in
      the region of one end wherein a cable inlet and outlet opening 11 is
      provided. The cable itself is identified with reference numeral 14.
PAR  The junction has a housing which is longitudinally subdivided and composed
      of two identical shell sections 15, 16. Located in the space surrounded by
      these shell sections is a pair of similarly longitudinally subdivided
      shell inserts 18, 19 which are also identical. The regions of contact 24,
      25 of the shell sections 15, 16 are formed with outwardly extending
      flanges 21, 22 which are firmly drawn together by screw connections 56.
      Longitudinally extending outwardly projecting flanges 12, 13 on the shell
      inserts 18, 19 are juxtaposed with one another and extend between these
      flanges 21, 22 of the shell sections 15, 16 so as to be squeezed together
      as the shell sections 15, 16 are drawn together by the screw connections
      56.
PAR  Details of the flanges 12, 13, and their cooperation with the flanges 21,
      22, are shown more clearly in the enlarged-scale view of FIG. 2. It will
      be seen that each of the flanges 12, 13 is of substantially T-shaped
      cross-section. Since the shell sections 15, 16 are identical with one
      another, and the same is true of the shell inserts 18, 19, it will suffice
      for an understanding of the invention to illustrated and describe only the
      portion shown in FIG. 2.
PAR  A cross-bar 17 of the T-shaped composite flanges 12, 13 has two
      longitudinally extending rib portions, that is the portions which extend
      outwardly beyond the center bar of the T-shape, and these are each
      received in a recess 26 of a longitudinally extending groove 10 formed in
      a respective one of the shell sections 15, 16; this groove 10 extends
      parallel to the circumference of the respective shell inserts 18, 19. This
      assures a reliable mechanical connection between the shell inserts and the
      shell sections. The outwardly extending portion 32 of the respective
      flanges 12, 13 is slightly shorter in outward direction than the
      corresponding recess in the associated shell sections 15, 16, so that a
      space 33 remains into which the sealing material can be squeezed, as will
      be subsequently discussed. This space 33 increases to the gap between the
      two areas of contact 24, 25 to form an arrowhead-shaped groove 34 when the
      shell sections 15, 16 are connected with one another. To assure a proper
      alignment of the shell sections 15, 16 with reference to the shell inserts
      18, 19, the ribs 17 are formed on the outwardly directed sides with
      projections 35 which can be located at relatively large spacing from one
      another.
PAR  The flanges 12, 13 are formed with juxtaposed surfaces 36, 36' which extend
      longitudinally of the junction and which are formed with a similarly
      longitudinally extending main channel 30 composed of two juxtaposed
      grooves formed in the surfaces 36, 36', and at least one auxiliary passage
      or channel 31 which is spaced from and extends substantially parallel to
      the channel 30. At opposite lateral sides of the channels 30, 31 are
      located juxtaposed contact zones 53, 58, 59 in which the surfaces 36, 36'
      can contact one another when the juncture is assembled.
PAR  During the assembly a rope-like or cord-like strand of sealing material --
      for instance a suitable synthetic plastic -- is placed into the channel
      30. This strand of sealing material has a diameter which exceeds that of
      the channel 30 by a sufficient amount to assure that when the shell
      inserts 18, 19 are squeezed together, the sealing material in the insert
      will be squeezed out of the channel 30 through the zones 53, 58 into the
      channel 31 and the gap 34, so that the channel 31 and the gap 34 are also
      filled with the sealing material. Moreover, there must be sufficient
      sealing material to assure that some of it will also be pressed through
      the zone 59 and reach the edge of the splicing chamber 23. The same is
      true also at the gap 34 where, due to the arrowhead-shaped configuration,
      the material is squeezed into the outwardly directed gap between the
      flanges 21, 22. Some of the material will also be squeezed into the space
      33, into the region adjacent the noses 35 and into the groove 10, and
      finally also into the recess 26.
PAR  It will be appreciated that this takes place when the shell sections 15, 16
      have been placed about the shell inserts 18, 19 and are drawn together by
      the screw connections 56. It will also be appreciated that the sealing
      material thus provides a labyrithien seal which is fluid impermeable, and
      which will be automatically established as the juncture is assembled,
      without requiring any special measures other than to place the sealing
      material initially into the channel 30.
PAR  It is advantageous if the material of the shell sections 15, 16 is of glass
      fiber-reinforced polyester resin, this being a material that has been
      found to have sufficient mechanical strength for most applications. In
      order to provide an improved sealing effect, and in particular to prevent
      the permeation of fluid through the shell inserts 18, 19 it is
      advantageous if these shell inserts are made of a polyolefin resin, for
      instance polypropylene. While in many instances the seal obtained by the
      construction described with respect to FIG. 2 will be entirely sufficient,
      the sealing effect can be further improved, and the labyrinthine path
      which prevents fluid travel through the seal be increased, by providing
      one or more additional auxiliary channels 31 into which the sealing
      material would then also be squeezed. It will be appreciated that the seal
      will be effective not only to prevent the entry of fluids from the
      exterior, but also to prevent the escape of fluids from the interior, for
      instance if an air pressure valve 50 is provided as shown in FIG. 1, by
      means of which the interior of the chamber 23 can be pressurized with air
      (or another gas under pressure) to provide a further protection (due to
      the interior overpressure) to the entry of contaminants. The various zones
      59, 58, 53, 24 and 25, wherein squeezing of the sealing material takes
      place, assure that the sealing material cannot creep back or receed and
      open some of all of the portions of the labyrinthine path outside the
      channel 30.
PAR  Returning to FIG. 1 it will be seen that the ends of the shell inserts 18,
      19 terminate in a space 20 located between two sealing washers 40, 42. The
      space 20 serves to accommodate the terminal seals between the inserted
      cables (here the cable 14) and the shell sections 15, 16. The sealing
      material which would be accommodated in this space 20 is not illustrated
      for the sake of clarity, but should be understood to be present. This
      space 20 is located in the region of the cable inlet and outlet openings
      (here the opening 11). The inner sides of the inserts 18, 19 are formed
      with circumferentially extending radial ribs 38, which serve to compress
      the plastically deformable sealing material intermediate the sealing
      washers 40, 42 extending vertically thereto, but the circumferential inner
      surface of the annular zone 61 of the two surrounding shell sections 15,
      16 is smooth, so that the sealing material can be pressed in at this
      region. This construction has, inter alia, the advantage that in case of
      differential shrinkage during the manufacture of the shell sections and
      shell inserts, no difficulties will be experienced in assembling the
      junction. The seals established by the presence of the sealing material in
      the channel 30 and the associated auxiliary channel or channels and
      juxtaposed surface portions, extend without interruption into the sealing
      material provided in the spaces 20, so that a circumferentially complete
      seal is established. Moreover, a mechanical stress relief device 37 is
      provided in conjunction with each of the openings (one shown for the
      opening 11), and the arrangement of the stress relief devices 37 is such
      that stresses transmitted by them or to them cannot disadvantageously
      influence the seal which has been so established, even though unavoidable
      movements of the cable 14 transmits stresses via the device 37.
PAR  For this purpose, the device 37 is located outside the space 20. The device
      37 itself is composed of one of the sealing washers, namely the sealing
      washer 42 which together with the sealing washer 40 may be of a deformable
      synthetic plastic sealing material, both of the washers having a central
      opening corresponding to the outer diameter and cross-section of the
      respective cable, here the cable 14. The inner sealing washer 40 is
      accommodated in a radial groove 39 of the inserts 18, 19, whereas the
      outer sealing washer 42 is located in a radial groove 41 of the shell
      sections 15, 16. This means that any movements of the sealing washer 42
      are no longer transmitted to the inserts 18, 19 and thus cannot influence
      the seal between them.
PAR  The washer 42 is connected with a crown-shaped holding ring 43, for
      instance due to a rigid connection or by making them of one piece with one
      another. In any case, the ring 43 is of one piece and is composed of a
      plurality of bendable tongues 44 which can be moved radially towards one
      another and are provided with punched-out blade portions 45 at their free
      ends, which can be pressed into the outer circumference of the jacket of
      the cable 14 by means of a clamping ring 46 which can be tensioned by the
      screw 47. It is clear that all mechanical stresses originating in the
      cable and being transmitted to the cable junction are intercepted by the
      device 37 before they can be transmitted to the seal that has been
      established between the inserts 18, 19, and are thus transmitted directly
      to the shell sections 15, 16. Torsional stresses upon the washer 42 are
      simply absorbed due to the fact that the washer 42 is non-circular in
      configuration, by being provided with the flattened sections 62, for which
      purpose the groove 41 is correspondingly configurated.
PAR  The ring 43 is made of a one-piece strip of sheet material which should be
      corrosion resistant or an appropriate synthetic plastic material, and the
      tongues 44 are stamped out of this material. Projections 63 on the ring 43
      are passed through openings in the washer 42 and bent over at the reverse
      side of the latter, to connect the ring 43 with the washer if it is not
      already of one piece with the same. If they are of one piece, then of
      course the ring would be of the same synthetic plastic material as the
      washer 42.
PAR  In the region of the inlet and outlet openings for the cables, that is in
      FIG. 1 the illustrated opening 11, the shell sections 15, 16 surround a
      closed annular space 48 which accommodates the respective ring 43 and the
      clamp 46. A pointed edge 27, 28 formed on the respective shell sections
      15, 16 is pressed into a layer 29 of sealing material, such as natural or
      synthetic rubber strip, or synthetic plastic sealing material, which is
      placed about the cable jacket and into which the edges 27, 28 are
      sealingly pressed, so that no contaminants can enter into the space 48
      even though the juncture might be directly buried in the ground.
PAR  In some instances the sealing washer 40 might be omitted and a further
      sealing washer 42 having another ring 43 might be employed in its place,
      for instance in order to obtain an electrical contact between metallic
      cable jackets of the cables which are being spliced together. Such an
      electrical contact can be obtained in a simple manner if one of the rings
      43 is provided with a contact portion 64. This can then be inserted into
      appropriate connectors which extend to the respective cable jackets. On
      the other hand, a contact portion 65 can be provided, in which case the
      jacket of the respective cable, here the cable 14, is provided with a
      longitudinal slot and bent out, and the contact portion 65 is fixed at
      this point by means of a screw connection 66. At the other end the contact
      portion 65 may be provided with a tongue on which a member 67 can be
      pushed, which is connected with a conductor 68 extending to a further
      cable in the interior of the splicing chamber 23, which further cable is
      not illustrated.
PAR  The valve 50 extends through a cutout 51 of the shell section 15 which can
      be sealingly closed by a cover 52, and serves to admit compressed air or
      other gas into the splicing chamber 23 so that the latter can be
      maintained at interior overpressure, to prevent the entry of contaminants
      even more reliably. The valve 50 also serves to connect a measuring
      instrument when the interior pressure in the splicing chamber 23 is to be
      measured from time to time to see whether any of the admitted pressurized
      air or gas has leaked out.
PAR  Steps 54 are formed in the flanges 21, 22 of the shell sections 15, 16, and
      are provided with openings 55 through which the screw connections 56
      extend. These steps receive polygonal nuts 57 which, due to the
      configuration of the steps and of the nuts themselves, are prevented from
      turning. A retaining ring can be used to hold the screws 56 in place.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      sealed cable junction, it is not intended to be limited to the details
      shown, since various modifications and structural changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can by applying current knowledge
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims.
NUM  1.
PAR  1. A sealed cable junction sealing a splice connection between cables,
      comprising a longitudinally subdivided housing having two connected shell
      sections which together surround an interior splicing chamber wherein
      spliced-together cable end portions are located; a pair of shell inserts
      of fluid-impermeable material accommodated in said housing and having
      respective outwardly projecting juxtaposed marginal flanges which are
      jointly formed with a longitudinal channel bounded at its opposite lateral
      sides by respective juxtaposed surface portions of said flanges; a strand
      of sealing material accommodated in compressed state in said channel; and
      at least one auxiliary passage formed in said juxtaposed surface portions
      and adapted to accommodate sealing material that might be squeezed out of
      said channel.
NUM  2.
PAR  2. A cable junction as defined in claim 1, wherein said passage is located
      intermediate said channel and said chamber.
NUM  3.
PAR  3. A cable junction as defined in claim 1, said housing having openings
      through which said cables extend; and further comprising a mechanical
      stress-relief device at each of said openings cooperating with a
      respective one of said cables.
NUM  4.
PAR  4. A cable junction as defined in claim 3; further comprising radial
      washers of synthetic plastic material at each of said openings; and
      wherein said devices each comprise an annular holding ring disposed
      outwardly of but adjacent said washers at a respective opening and
      provided with radially deflectable tongues engaging the surrounded cable.
NUM  5.
PAR  5. A cable junction as defined in claim 4, wherein said holding ring has a
      ring portion which is connected with one of said washers.
NUM  6.
PAR  6. A cable junction as defined in claim 5, wherein said holding ring is of
      one piece with one of said washers.
NUM  7.
PAR  7. A cable junction as defined in claim 1, wherein the cables have
      electrically conductive jackets; and further comprising means in said
      splicing chamber conductively connecting said jackets of respective cables
      which are spliced together in said chamber.
NUM  8.
PAR  8. A sealed cable junction sealing a splice connection between cables,
      comprising a longitudinally subdivided housing having two connected shell
      sections which together surround an interior splicing chamber wherein
      spliced-together cable end portions are located; a pair of shell inserts
      of fluid-impermeable material accommodated in said housing and having
      respective outwardly projecting juxtaposed marginal flanges which are
      jointly formed with a longitudinal channel bounded at its opposite lateral
      sides by respective juxtaposed surface portions of said flanges, said
      juxtaposed mated flanges having a composite cross-section resembling a T,
      the cross-bar of which is received in respective juxtaposed grooves formed
      in said shell sections and the upright bar of which is provided with said
      surface portions.
NUM  9.
PAR  9. A cable junction as defined in claim 8, wherein said cross-bar has
      slight play in its direction of elongation in said grooves in which it is
      received.
NUM  10.
PAR  10. A cable junction as defined in claim 8, wherein said grooves are
      bounded by bevelled edge portions on said shell sections at a side of said
      grooves facing inwardly towards said chamber.
NUM  11.
PAR  11. A sealed cable junction sealing a splice connection between cables,
      comprising a longitudinally subdivided housing having openings through
      which the cables extend and two connected shell sections which together
      surround an interior splicing chamber wherein the spliced-together cable
      end portions are located, said shell sections having smooth surface
      portions; a pair of shell inserts of fluid-impermeable material
      accommodated in said housing and having respective outwardly projecting
      juxtaposed marginal flanges which are jointly formed with a longitudinal
      channel bounded at its opposite lateral sides by respective juxtaposed
      surface portions of said flanges, said shell inserts being formed with
      radially projecting ribs in the region of said respective openings, and
      facing said smooth surface portions of said shell sections in said
      regions; and a strand of sealing material accommodated in compressed state
      in said channel.
NUM  12.
PAR  12. A sealed cable junction sealing a splice connection between cables,
      comprising a longitudinally subdivided housing having openings through
      which said cables extend and having two connected shell sections which
      together surround an interior splicing chamber wherein the
      spliced-together cable end portions are located; a pair of shell inserts
      of fluid-impermeable material accommodated in said housing and having
      respective outwardly projecting juxtaposed marginal flanges which are
      jointly formed with a longitudinal channel bounded at its opposite lateral
      sides by respective juxtaposed surface portions of said flanges, said
      surface portions defining a labyrinthine path with said surrounding shell
      sections; a strand of sealing material accommodated in compressed state in
      said channel and also at least partially filling said labyrinthine path
      formed between said shell sections and said inserts, so as to establish a
      circumferentially complete seal; radial washers of synthetic plastic
      material at each of said openings, at least one of said washers being of
      noncircular configuration, said shell sections being provided at each of
      said openings with a surrounding groove which accomodates said one washer
      in mating relationship; and further comprising a mechanical stress-relief
      device at each of said openings cooperating with a respective one of said
      cables, each of said devices comprising an annular holding ring disposed
      outwardly of but adjacent to said washers at a respective opening and
      provided with radially deflectable tongues engaging the surrounded cable.
NUM  13.
PAR  13. A cable junction as defined in claim 12, wherein said shell sections
      form at each of said openings an annular space in which a respective one
      of said holding rings is received.
NUM  14.
PAR  14. A cable junction as defined in claim 12, wherein said holding ring has
      a contact portion in conductive engagement with a respective one of said
      cables.
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ABST
PAL  A system for electrically terminating two or more insulated or uninsulated
      wires comprising forming a terminal about the wires with a ram and die
      cavity such that the terminal and wire configuration cross sectional
      profile is elongated in one direction, withdrawing the ram and die and
      engaging the terminal with a pair of electrodes to fuse the same under
      pressure and heat such that the terminal and wire configuration cross
      sectional profile becomes elongated in a direction generally perpendicular
      to said first direction.
PARN
PAC  RELATED APPLICATION
PAR  This is a divisional application of Ser. No. 290,244, filed Sept. 19, 1972,
      now U.S. Pat. No. 3,793,503.
BSUM
PAR  BACKGROUND
PAR  The present invention relates to forming lead wire terminations and more
      particularly to a method and apparatus for forming a terminal around lead
      wires which are to be connected and then fusing the terminal and the wires
      together.
PAR  Various techniques have long been known for forming lead wire terminations.
      There has developed recently great interest in the use of mechanical
      connectors (crimp connectors) that cut through lead wire insulation
      sufficiently to make electrical contact with the conductor. Since the
      crimp requires application of extremely high pressure, this type connector
      has been restricted to use with copper or other high strength wire of such
      diameter to withstand the inherent shearing forces resulting during
      crimping. Efforts are being made to develop complex pressure control
      systems to extend the crimp connector use to including soft materials,
      such as aluminum and its alloys. Another approach is disclosed in U.S.
      Pat. No. 3,636,611, in which the terminal is crimped under extreme
      pressure within the confines of a die cavity.
PAR  However, a wide variety of technical problems remain to be solved when
      using mechanical crimping techniques. Since the connection is made by cold
      crimping metals, all parts remain within their elastic limits so that the
      terminal, upon application of heat or current, tends to withdraw to its
      original condition. If the heating of parts is cyclical there is a
      tendency for the contacting surfaces to separate, thus undermining the
      electrical and mechanical properties of the connection. Furthermore, in
      joining magnet wire the orientation or location of the wires within the
      clip must be precise or severing or mechanical weakening of the smaller
      wires can result. Specifically, when a large or high strength wire is to
      be connected to a smaller or soft wire, the heavier wire must be located
      at the bottom of the clip. This requirement reduces production time and
      introduces chance of human error.
PAR  Another common approach to forming terminations for lead wire includes the
      hot fusion process of enclosing insulated or bare lead wire within a
      tube-like terminal clip and engaging the same with a pair of active high
      resistance electrodes to soften the parts and bond the engaging surfaces
      by adhesion. A machine employing this principle is disclosed in U.S. Pat.
      No. 3,441,707. This apparatus and its procedure of forming and fusing the
      clip are not free from problems. Because one of the electrodes comprises
      the clip support, the adjacent components must be made of non-conducting
      (phenolic or ceramic) material. Movement of the electrode and clip forming
      devices into and out of the work zone may chip or wear the edges thereof
      causing maintenance problems and possibly interference with the electrical
      connection. Also, the action to form the clip is complex requiring several
      strokes to fold the free ends into a tubular shape around the lead wires
      and the machine is limited to front insertion of wires and cannot make an
      "opposed" connection.
PAC  SUMMARY OF INVENTION
PAR  It is a primary object of the present invention to provide a new and
      improved terminal fusing machine that solves the foregoing problems and
      avoids the above disadvantages in the art. Furthermore, it is an object of
      the present invention to provide a new method of fusing a wire terminal
      and enclosed leads so as to enhance the electrical and mechanical
      properties of the termination.
PAR  Briefly, the machine according to present invention includes an upper
      assembly that forms a severed piece of stock material into a U-shaped
      terminal by means of a pair of apposed guides and a central ram carries
      the terminal down onto two or more wires placed in alignment with a die
      cavity. The ram drives the terminal home into the die cavity which turns
      the free legs of the terminal inward and upward to enclose the lead wires.
PAR  Thereafter, in accordance with one aspect of the invention, the upper
      assembly withdraws upward and the die plate bearing the die cavity
      withdraws downward leaving the terminal and enclosed wires in free space.
      A pair of opposed electrodes, aligned in a direction preferably
      perpendicular to the axis of the upper assembly, move into the space
      previously occupied by the die cavity to fuse the terminal on application
      of current, heat, and pressure. Thereafter, the electrodes withdraw and
      the die plate returns to its zero or ready position.
PAR  According to another aspect of the invention the terminal and lead wire
      configuration after the terminal is formed about the lead wires is
      elongated in profile in the direction extending toward the opposed pair of
      electrodes. Accordingly, when the electrodes come together about the
      terminal and lead wires, then heated to their plastic state, are pressed
      so that the respective surfaces contact as much as possible and the
      terminal and lead wire configuration profile elongates in a direction
      perpendicular to the initial profile elongation. Furthermore, the
      electrodes are provided with spaced portions to permit a small amount of
      terminal material to flow outward from the aligned direction of the
      electrodes, thereby providing a greater pressure to the surfaces being
      fused.
PAR  Another aspect of the invention is that the dimension of the electrode
      surface that contacts the terminal is smaller than the aligned terminal
      dimension, thereby permitting the end of the terminal to flare.
PAR  A further aspect of the invention is the provision of concentrated heat
      zones on the inside face of the terminal at the time the fusing current is
      first applied. The zones are created by ridges grooved into the face of
      the ribbon stock forming the terminal material, which ribbons serve to
      enhance flashing or burning of wire insulation. The ridges also penetrate
      the surface of the lead wires during the application of pressure and
      heating of the wires to their plastic state. Upon cooling, the female
      grooves in the lead wires and male ridges as described serve to enhance
      the mechanical integrity of the joint.
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PAR  Other and further objects of the present invention will become apparent
      with the following detailed description of the invention taken in view of
      the appended drawings in which:
PAR  FIG. 1 is the front elevation view of a terminal machine according to the
      invention;
PAR  FIG. 2 is an enlarged fragmentary view of a portion of FIG. 1 depicting the
      stock serration wheel and drive mechanism;
PAR  FIG. 3 is an enlarged sectional view taken along the line 3--3 of FIG. 2
      depicting the serrating wheels;
PAR  FIG. 4 is an enlarged section along line 4--4 depicting the stock in
      section;
PAR  FIG. 5 is a sectional view along line 5--5 of FIG. 2 showing the stock
      drive mechanism;
PAR  FIG. 6 is a side elevational view along line 6-6 of FIG. 1 with parts
      enlarged and in section;
PAR  FIG. 6A is a front sectional view of FIG. 6 taken along the broken line
      6a--6a of FIG. 6;
PAR  FIG. 7 is a longitudinal sectional view similar to FIG. 6, with various
      parts in moved positions;
PAR  FIG. 7A is a front elevation view of FIG. 7;
PAR  FIG. 8 is an exploded perspective view of parts shown in FIGS. 6 and 7 with
      certain parts rotated 90.degree. for clarity of illustration;
PAR  FIG. 9 is an enlarged plan section along the lines 9--9 of FIG. 6A;
PAR  FIG. 10 is a fragmentary enlarged portion of the operating station of FIG.
      1;
PAR  FIG. 11 is a plan section taken along line 11--11 of FIG. 1;
PAR  FIG. 12 is a front elevation view of FIG. 11;
PAR  FIG. 13 is a transverse section view taken along line 13--13 of FIG. 12;
PAR  FIGS. 14 through 20 are diagrammatic views showing the steps of operation
      of the embodiment of FIGS. 1 through 13 and certain steps of the method of
      the invention;
PAR  FIG. 21 is a plan section along line 21--21 of FIG. 20;
PAR  FIG. 22 is a view similar to FIG. 21 of a modification of the present
      invention capable of joining ends of two leads fed from the front and back
      of the fusing station.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1 terminal fusing machine, according to the
      invention comprises a stationary support frame 10 mounting a terminal
      forming and fusing assembly 12 having a terminal forming and fusing
      station generally indicated at 14 formed by the lower terminal guide and
      electrode assembly 16 and an upper terminal forming and ram assembly 18.
      Frame 10 also carries the mechanical drive and gear box mechanism
      generally indicated as 20 and the electrode power circuits 22. Timing
      control circuits 24 are also provided to control application of the fusing
      current in time relation with the movement of various parts as further
      described below. Further circuits may be provided at 24 that automatically
      test for the quality of the electrical connection made at the fusing
      station 14 and to generate a reject alarm for any termination that fails
      to meet predetermined standards. The mechanical drive and gearing
      arrangement 20 (which may be driven by an electric motor and flywheel),
      the power circuits 22 and the control circuits 24 are known in the art or
      may be configured without the use of invention and further description
      thereof is not considered necessary for a full understanding of the
      present invention.
PAR  Also supported on frame 10 is a rotating reel 26 of stock ribbon made of
      copper steel alloy or other suitable material for forming into and
      functioning as a lead terminal. Disc 26 is mounted for rotation at axle 30
      that is supported ultimately to fixed frame 10. Ribbon 28 is fed by a
      stock feed assembly 32 through a stock guide channel 34 which communicates
      with the upper assembly 18 as further described below.
PAR  In operation, an operator places two or more insulated and/or uninsulated
      leads intended to be joined in an electrical termination into the terminal
      forming and fusing station 14 and operates a foot pedal or other suitable
      mechanism to activate the control circuits to initiate the terminal
      forming and fusing operation. Upon actuation, the upper assembly 18 shears
      a predetermined length of stock from the exposed end thereof extending
      into the assembly 18 and forms a U-shaped staple or clip facing towards
      the bottom assembly 16. Assembly 18 carries the clip toward bottom
      assembly 18 where the legs of the clip engage a die plate that turns them
      inward about the leads. Once the clip is closed in a staple shape about
      the leads, the ram mechanism of assembly 18 and die plate of assembly 16
      withdraw from the terminal forming station 14 leaving the terminal and
      enclosed leads in free space for engagement by a pair of opposed
      electrodes in assembly 16 to fuse the terminal and lead assembly under
      controlled pressure and temperature conditions. The leads may be insulated
      or uninsulated, solid or stranded wire as desired inasmuch as the fusing
      operation by the electrodes will burn away the insulation to enhance the
      electrical integrity of the connection. Furthermore, fusion of the
      terminal parts by the electrodes causes the various parts to lose metallic
      memory so that deterioration of the mechanical properties of the
      termination does not evolve. Further description of the benefits and
      advantages of fusing electrical terminals, in general, appear in
      "Commutator Fusing" by Allan Warner, I.E.E.E., Pub. No. 69C 33-EI, Paper
      No. 71C38 EI-34, Sept. 20, 1971.
PAR  After the fusion step is completed the electrodes in assembly 16 withdraw
      and the stock feed assembly 32 feeds a predetermined length of ribbon 28
      into the upper assembly 18. The operator removes the completed terminal,
      releases the foot pedal, and the apparatus is ready for the next
      termination.
PAR  With reference to FIGS. 2 through 5, the stock drive assembly 32 comprises
      a pair of stock drive wheels 34 and 36 each mounted to a respective drive
      shaft 38 and 40. A pair of pinion gears 42 and 44 are provided each
      respectively held to drive shafts 38 and 40 by pins 46 and 48. Shaft 38 is
      mechanically coupled by any suitable means (not shown) to the mechanical
      drive and gearing assembly 20 such that shaft 38 is rotated through 360
      degrees in the counter-clockwise direction when viewed in FIG. 2.
      Simultaneously therewith gears 42 and 40 rotate shaft 40 and drivewheel 36
      in a clock-wise direction as seen in FIG. 2 and also through one complete
      revolution. Wheels 34 and 36 are shaped so that they both engage stock 28
      therebetween for advancing the same only when and for a duration
      determined by the length of arc 37 on drive wheel 36. The length of this
      arc 37 is generally equal to the amount of stock intended to be fed
      through guide channel 34 into assembly 18 and the start of stock feed is
      dependent upon the relative angular settings or relationship between
      wheels 34 and 36.
PAR  A stock serration assembly 50 is provided just ahead of the drive wheels 34
      and 36 and serves to impart rounded ridges or serrations within the plane
      of stock generally indicated as in FIG. 4. Assembly 50 comprises a pair of
      continuous serration imparting rollers 52 and 54 contiguously oriented in
      a plane perpendicular to the plane of ribbon 28. Roller 52 is rotatably
      mounted on pin 53 secured in block 55. Block 55 is seated within housing
      56 better seen in FIG. 3. Also seated within housing 56 is block 57
      securing pin 58 acting as an axis for roller 54. Block 57 is pressed
      against the stock in alignment with roller 52 to a pressure pre-determined
      by the setting of the pressure bolt assembly 59 pressing against wall 60
      which is fixed relative to housing 56.
PAR  The stock material can comprise any suitable material such as copper, rich
      brass, stainless steel or nickel alloy. One example of a width for stock
      28 is 0.150 inches.
PAR  Turning now to FIGS. 6 through 8, upper assembly 18 includes a housing
      casting 62 fixed relative to the stationary frame 10. Housing 62 comprises
      an upper cavity 64 housing an eccentric drive assembly 66 and a lower
      guide slot 68 housing an anvil assembly 70 further described below.
      Housing 62 also includes an elongated right block 72 that cooperates with
      the housing front cover 74 to form a vertical slide way for the guide
      carrier assembly 76 and the ram assembly 78. A cutting block 80 is mounted
      to housing 62 contiguous to the bottom of the slide way and is provided
      with a cutting guide portion 82 that extends into the path of the bottom
      of the slide way. Bloock 80 is further provided with a stock feed channel
      84 better seen in FIGS. 6A and 7A which channel communicates with channel
      34 of FIG. 2 to receive the stock ribbon 28 and which channel 84 feeds the
      stock through its outlet port 86 across the plane of the slide way.
PAR  The eccentric assembly 66 is driven by shaft 88 which is coupled to the
      mechanical drive and gear box assembly 20 and which shaft 88 upon
      actuation rotates clock-wise in FIGS. 6A and 7A through about 180 degrees
      and then rotates counterclockwise to its first position. Assembly 66
      includes a drive wheel 90 mounted coaxially with shaft 88 and a drive pin
      92 offset from the axis of wheel 90 and offset above the same a
      pre-determined distance along the axis of the slide way. Ram assembly 78
      is held in the slide way for vertical reciprocation and is driven by the
      ram drive link 94 having a top opening 96 seating drive pin 92 and a
      bottom hole 98 seating pin 99 fixed to the ram assembly 78. Guide carrier
      78 is also held for vertical reciprocation within the slide way by cover
      74 and housing 62. Guide carrier 76 is driven by the guide carrier link 97
      having a bottom hole 95 receiving pin 92 and a top hole 93 receiving pin
      91 which is secured to carrier 76.
PAR  The bottom of carrier 76 forms a pair of mounting channels 11 and 13 which
      receive and have secured therein left and right guides 15 and 17
      respectively. Right guide 17 includes an elongated vertical channel 19
      having a profile complimentary to the profile of extending portion 82 of
      cutting block 80, such that the bottom face of guide 17 acts as a cutting
      surface in cooperation with the bottom surface of port 86 of cutting block
      80. Guides 15 and 17 are further provided with inward facing channels 21
      and 23 serving to receive ram 25 of assembly 28.
PAR  As better seen in FIGS. 6 and 7 anvil assembly 70 is mounted for rotation
      on pin 27 and is spring biased by spring 29 against stop 31 of housing 62.
      In this position (FIG. 6) anvil 31 extends into the slide way in alignment
      with the bottom face of ram 25. Assembly 70 further comprises a flipper or
      cam surface 33 that extends into the slide way in alignment with the
      bottom face of ram 25. Assembly 70 further comprises a flipper or cam
      surface 33 that extends into the longitudinal plane of left guide 15.
      Guide 15 is provided with shoulder 35 that engages flipper 33 upon the
      downward movement of assembly 76 so as to force assembly 70 clockwise
      against spring 29 thereby withdrawing anvil 31 from the plane of the slide
      way, better seen in FIG. 7.
PAR  In operation, stock is fed through channel 84 until a pre-determined length
      protrudes from port 86 across and just above anvil 31. This stock may be
      in the ready position as a result of the last step of the operation from
      the previous actuation of the equipment. Upon actuation of assembly 18,
      drive 90 begins to rotate from its position shown in FIG. 6 so as to drive
      the ram and guide carrier assemblies through links 94 and 97 respectively.
      By reason of the respective angular starting positions of these links and
      their relation to pin 92 and the axis of drive 88, guide carrier 76 has a
      greater initial downward travel per degree of rotation of disc 90 than
      does ram assembly 78. On the other hand, as shaft 88 nears its 180 degrees
      half-cycle, ram assembly 78 has a greater downward movement than guide
      carrier 76 per degree of rotation of drive wheel 90. Accordingly, the
      action between FIGS. 6A and 7A is that guides 15 and 17 first lower to
      sever the end of ribbon 28 that extends within the slide way and continue
      downward to force the ends of the cut ribbon downward about either side of
      anvil 31 before any appreciable downward movement is made by ram 25. As
      assembly 76 continues its downward movement shoulder 35 engages flipper 33
      to drive anvil 31 out of the plane of the slide way leaving the U-shaped
      terminal segment secure between left and right guides 15 and 17. After the
      segment has been forced into the die about the leads in a manner further
      described below, assemblies 76 and 78 begin to withdraw up the slide way
      by reason of the reverse rotation of shaft 88 and continue until all parts
      return to their zero or ready positions depicted in FIG. 6.
PAR  The bottom assembly 16 (FIGS. 11, 12, and 13) comprises a terminal forming
      die assembly 41 mounted for vertical reciprocation on frame 10 and
      positioned in vertical alignment with ram 25. The die assembly 41 includes
      a die plate 43 having an upstanding cavity and said die plate is removably
      mounted to a die plate carrier 45 further described below. A cutter blade
      47 is removably carried on cutter carrier 49 mounted for independent
      vertical reciprocation behind die plate carrier 45. A pair of guide blocks
      51 and 53 are provided in fixed relation to frame 10 to act as a slide way
      for the carriers 45 and 49. In the event it is intended to join leads
      entering from the front and rear of die plate 43, cutter 47 is merely
      removed so that no cutting takes place upon upward movement of cutter
      carrier 49. Lead guide plate 111 is fixed to frame 10 and serves to close
      the front face of carrier 45 to retain pin 61 and also has an upper
      portion provided with a V-shaped notch 113 in alignment with the die
      cavity. Notch 113 indicates to the operator where to place the leads and
      serves to support the leads for proper alignment relative to die cavity
      43.
PAR  As better seen in FIG. 12 a cam plate 55 mounted for horizontal
      reciprocation is provided with die cam slot 57 and cutter cam slot 59.
      Carriers 45 and 49 are supported by pins 61 and 63 respectively which in
      turn are held in rollers 65 and 67 respectively riding in cam slots 57 and
      59 respectively. In the zero or staple forming position, cam plate 55 has
      the position as shown in FIG. 12 which positions die carrier 45 in its
      operating (staple forming) position. Upon leftward displacement of plate
      55, roller 67 is displaced upward by cam slot 59; however, roller 65
      remains at the same level by reason of the horizontal configuration of
      slot 57. This leftward movement of plate 55 is sequenced with ram 25
      coming to its lowermost position. Accordingly, cutter blade 47 moves
      upward to sever the exposed lead ends in cooperation with the back face of
      ram 25 acting as a cutting surface. Thereafter, plate 55 is withdrawn to
      the right, thus lowering carrier 49 to the position shown in FIG. 12.
      However, plate 55 continues to the right so that carriers 45 and 49 are
      lowered under the control of cam slots 57 and 59. In this way, die plate
      43 and cutter 47 are withdrawn (lowered) from the forming and fusing
      station as ram 25 and guides 15 and 17 are withdrawn in the upward
      direction, as described below.
PAR  Movement of plate 55 is controlled and actuated by rocker arm 69 driven by
      the drive and gearing arrangement 20 by way of any suitable mechanical
      coupling to arm 69. Arm 69 is in turn coupled to plate 55 by linkage 71,
      the length of which is adjusted by adjusting nuts 73.
PAR  A pair of electrodes 75 and 77, initially positioned spaced from and on
      either side of the staple forming station, are removably mounted to
      respective left and right electrode slide carriers mounted for horizontal
      reciprocation on frame 10. Each electrode has four electrode surfaces, one
      on each side of its square configuration. Upon damage or wear of an
      electrode surface, a new surface is available simply by rotating the
      electrode 90 degrees. Each electrode is made of any suitable material. If
      the ribbon 28 is of low resistant material (such as copper), the
      electrodes should be of high resistance, and if the ribbon is of high
      resistant material, the electrodes should be of low resistant material.
      For purposes of the present example, a high resistant electrode will be
      assumed. Horizontal movement of slide 79 is controlled by slide block 83
      coupled to slide 79 and having a slot 85 receiving pin 87 of an eccentric
      drive wheel 89. Slide 81 is coupled to a rear slide block 101 having slot
      103 receiving a second pin 105 of the eccentric drive 89. Also coupled to
      slide block 101 is coupled to slide block 101 is contact switch S which
      controls application of fusing current. Electrode pressing force during
      the fusion step in controlled by adjustment of the nuts 107 to adjust the
      initial spring bias on the connecting link 109. Fixedly coupled to slide
      block 101 is contact Switch S that controls application of fusing current.
      Eccentric drive 89 is actuated by drive shaft 107 coupled to the drive
      gearing arrangement 20 by any suitable means (not shown). Upon actuation,
      eccentric drive 89 is first rotated in the counter-clockwise direction
      (FIG. 12) to drive electrodes 75 and 77 together to pressure the staple
      and leads together in the manner described below. After a predetermined
      pressure is built up on link spring 101, switch S closes upon contact with
      the through rod K. At the appropriate time interval fusing current is
      applied to the electrodes under control of the timing and control circuits
      24. Upon completion of the fusion step, drive 89 rotates clockwise to
      withdraw electrodes 75 and 77 to the position shown in FIG. 12.
PAR  With reference to FIG. 10 and FIGS. 14 through 21 prior to actuation the
      respective parts have the position shown in FIG. 14 but upon actuation
      left and right guides 15 and 17 lower to sever the forward exposed end of
      stock 28 and continue downward to press the severed portion 28a into
      staple-shape about anvil 31, better seen in FIG. 15. With reference to
      FIGS. 15 and 16, ram 25 follows in behind the movement of guides 15 and 17
      as the assembly lowers. As movement continues, the shoulder on guide 17
      engages flipper 33 to withdraw anvil 31 from the slide way. The ram and
      guide assembly continues downward until guides 15 and 17 nearly abut the
      top surfaces of die plate 43 with a separation, for example, of 0.002
      inches. However, ram 25 continues its relative movement downward driving
      the free ends of staple 28a into engagement with the curved side and
      bottom portions of the die cavity. At this time outward movement of the
      side portions of terminal 28a is confined by guides 15 and 17. Ram 25
      continues until the position shown in FIG. 17 is reached at which terminal
      28a has been closed and pressed about the lead wires generally as shown.
      It should be understood that the terminal and wire assembly at this point
      has no practical value as a final termination.
PAR  If trimming is desired, cutter moves up the back face of die plate 43 and
      serves the wire against the back face of ram 25. See FIG. 18.
PAR  Thereafter, ram 25 and guides 15 and 17 withdraw upward and die plate 43
      and cutter carrier withdraw downward leaving the terminal and leads free
      to receive the electrodes. Note that the general profile of the terminal
      and lead configuration is elongated in the horizontal plane (FIG. 19)
      prior to the fusion step. As electrodes 75 and 77 come together about the
      terminal, the application of fusing current and heat burns off insulation
      to at least the extent necessary for a good electrical connection and
      heats the terminal and lead wires to their plastic state. As fusion
      begins, the ridges of staple 28a serve to concentrate heat as current
      passes through the terminal 28a. The heat concentration is applied by the
      ridges to the insulation to enhance burning the same to expose the ridge
      to the metallic wire. As pressure is applied, the ridges engage the wire
      to heat and conduct current internally to the wire. Another function of
      the ridges is that during the fusion step they are driven into the soft
      surface of the wire when the latter is in its plastic state. Upon cooling
      and hardening of the wire and staple, the ridges enhance the mechanical
      integrity of the termination by assisting all the fused surfaces in
      resisting a longitudinal displacement between the terminal and the wire.
PAR  During fusion, application of electrode pressure squeezes the terminal and
      leads in the direction along its formerly elongated profile so as to
      recompress the internal leads and terminal along a new pressure direction.
      Pressure and heat continue causing the terminal to take an elongated
      vertical profile, better seen in FIG. 20. To obtain the greatest
      efficiency upon application of pressure, spaces are provided between the
      electrodes to permit formation of a minor amount of flash generally
      indicated at 120 and 122. Also, the contacting surfaces of the electrodes
      are arcuate to direct the forces toward a common center zone.
PAR  As better seen in FIG. 21 the thickness (e.g. 0.09 inches) of the electrode
      that makes contact with the terminal is less than the thickness of the
      terminal. Furthermore, the electrodes engage the terminal at the free ends
      of the enclosed leads thus permitting the other end of the terminal to
      flare as at 124. This is desirable inasmuch as the flare 124 permits
      spreading of the leads for extension in different directions without
      having the terminal edge cut or tear the lead insulation or surface.
PAR  During the fusion step automatic testing circuits within the control
      circuit 24 automatically conduct a test by sensing secondary current. This
      test may indicate the nature or equality of the material being fused, the
      time for application of peak current and the change in electrode quality
      so that if the properties of secondary current fall below prescribed
      limits, an alarm sounds to indicate that corrective maintenance or steps
      should be taken.
PAR  In the event an opposed connection of wires is to be made, electrodes 77
      and 75 are replaced by electrodes 128 and 130 of FIG. 22. These electrodes
      are shaped to contact the terminal 28a in the central region so as to fuse
      the enclosed wires and terminal 28a thereat. This causes terminal 28a to
      flare at its forward and rear ends generally as shown. As described above,
      cutter 47 is removed when this type of connection is made. Note also that
      the alignment and movement of parts in upper assembly 18 and lower
      assembly is in a common (vertical) plane facilitating operator access on
      both sides of this plane for wire insertion.
PAR  It is apparent that the method and apparatus according to the present
      invention affords great benefit in making wire insulated and uninsulated
      terminations and can accomodate aluminum, steel copper alloys, or any
      other material of wire, in any size or combination of sizes, (e.g. from
      No. 45 through 150 thousandths or larger diameter) desired to be joined.
      It is also apparent that various modifications can be made to the herein
      disclosed examples of the present invention without departing from the
      spirit and scope thereof. Any configuration of terminal can be accomodated
      by proper selection of the contacting electrode surface.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of electrically connecting two or more wires comprising forming
      a terminal about the wires elongating the terminal and wire in one
      direction, applying heat and current to the terminal and wires causing
      softening of the same, applying pressure to the softened terminal and
      wires fusing the contacting surfaces thereof and elongating a portion of
      the terminal and wire in a direction generally perpendicular to said one
      direction.
NUM  2.
PAR  2. A method according to claim 1 wherein the step of applying heat includes
      applying the heat and current to the wires in a predetermined concentrated
      zone.
NUM  3.
PAR  3. A method according to claim 1 wherein the step of applying pressure
      includes applying pressure to less than the full length of the terminal
      causing at least one end of the terminal through which one of the wires
      extends to be flared.
NUM  4.
PAR  4. A method according to claim 1 wherein the step of applying pressure
      includes applying pressure to less than the full circumference of the
      terminal permitting a flash of terminal material to form.
NUM  5.
PAR  5. A termination made by the method of claim 4.
NUM  6.
PAR  6. A termination connecting two or more wires made by the method of claim
      1.
PATN
WKU  039461467
SRC  5
APN  5418321
APT  1
ART  232
APD  19750117
TTL  Discrete ringing detector for use in key telephone systems
ISD  19760323
NCL  8
ECL  1
EXP  Robinson; Thomas A.
NDR  2
NFG  3
INVT
NAM  Brown; Wallace G.
CTY  Bloomington
STA  IL
INVT
NAM  Lloyd; Thomas C.
CTY  Bloomington
STA  IL
ASSG
NAM  GTE Automatic Electric Laboratories Incorporated
CTY  Northlake
STA  IL
COD  02
CLAS
OCL  179 99
XCL  179 84R
EDF  2
ICL  H04M  100
FSC  179
FSS  18 HB;81 R;81 A;84 R;84 A;84 L;99;81 C;81 L;18 F;18 FA;18 BE;27 F
UREF
PNO  2187499
ISD  19400100
NAM  Langer et al.
OCL  179 27F
UREF
PNO  2753403
ISD  19560700
NAM  Caracciolo
OCL  179 84R
UREF
PNO  3176082
ISD  19650300
NAM  Nilsson
OCL  179 84R
UREF
PNO  3653018
ISD  19720300
NAM  Budrys
OCL  179 84R
UREF
PNO  3816670
ISD  19740600
NAM  Marshall
OCL  179 99
LREP
FR2  Black; Robert J.
ABST
PAL  A circuit for use with key telephone systems for detecting the presence of
      either of two different distinctive ringing signals received over a
      telephone line. After detection a separate distinct visual signal is
      provided to indicate which of the two signals was received.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to key telephone systems and more
      particularly to a line circuit for use in key telephone systems, that
      includes means for detecting the presence of one or the other of two
      distinctively different ringing signals and in response to said detection
      provides at one or more associated key telephone subsets a visual signal
      distinctive only to the received signal.
PAR  2. Description of the Prior Art
PAR  Extensive use has been made in recent years of key telephone systems. Key
      telephone systems are customer controlled switching systems which
      conventionally provide access for a key telephone subset user to two or
      more telephone lines. Often several key telephone subsets are connected to
      a common group of two or more lines which are connectible to each of the
      key telephone subsets.
PAR  More recently key telephone systems have been employed in conjunction with
      large private automatic branch exchanges (PABX's) to provide a high degree
      of flexibility and convenience of telephoning service. For example in a
      large business many telephones may be provided as part of a private
      automatic branch exchange system, all of which may communicate with each
      other through an internally provided switching system which is operated by
      means of dial or push-button calling units associated with individual
      telephone subsets. Calls to and from an associated telephone central
      office are made and received through the locally provided switching
      equipment. In such a system it has been found expedient to include key
      telephone systems in addition to the private automatic branch exchange so
      that several telephone users in a common area or department may have
      access to a common group of lines in the branch exchange. In this manner
      each of the several users provided with key system service may make or
      answer telephone calls over any of the groups of lines dedicated to the
      key system.
PAR  A recent innovation in private automatic branch exchange service is the
      provision of inward calling. In inward calling each telephone line in the
      private automatic branch exchange may be dialed directly by central office
      subscribers through the private automatic branch exchange switching
      equipment, by the dialing of a number distinctive to the desired line.
PAR  When inward dialing service is provided the stations in the private
      automatic branch exchanges receive a distinctive ringing signal to
      indicate the presence of an inward dialed trunk call or a different
      distinctive signal to indicate the presence of a call originating from
      within the PABX. As long as the telephone subset connected to a PABX line
      in this arrangement is of the single line type, the local ringer included
      therein provides an audible indication of either of the distinctive tones
      received, so that the user can easily determine that the call originated
      locally or is an incoming central office call.
PAR  To date in PABX telephone systems with inward dialing it has been
      impossible to determine the nature of the incoming call at key telephone
      type subsets since typically such arrangements use a common signaling
      feature which prohibits the subset user from distinguishing a local
      intra-PABX call from an incoming trunk call. In such key telephone systems
      the line circuit conventionally converts all incoming ringings to a common
      visual and audible signal. The common audible signal once activated
      presents a single ring and typically a 60 impulse per minute signal to
      flash a lamp associated with the incoming line at each of the connected
      key telephone subsets. An example of a private automatic branch exchange
      useful for receiving inward dialed calls from a telephone central office
      as well as intra-PABX calls is the Type 311 Centrex PABX, manufactured by
      GTE Automatic Electric Incoporated. A key telephone system of the type
      which would be used with such a private automatic branch exchange is like
      that designated as a Type 10A2 Key Telephone System also manufactured by
      GTE Automatic Electric Incoporated. In the PABX referenced above a single
      ring of 2 second duration is provided for intra-PABX calls and two, 1/2
      second rings separated by a 1/2 second period of silence, are provided on
      incoming trunk calls.
PAR  A suggested solution counted the one or two rings to provide identification
      of incoming calls. However since the PABX ringing singals are applied at
      random during the ringing cycle it would be possible to receive one ring
      of a two ring code and thus display an incorrect visual signal at a key
      telephone subset lamp. No other solutions are known to solve the problem
      presented in the system outlined above. Accordingly it is the object of
      the present invention to provide means for detecting the presence of
      either an intra-PABX call or an incoming trunk call received over a key
      telephone system line and provided a distinctive visual signal to indicate
      the characteristic of the incoming call.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention a standard key system telephone line circuit such
      as that manufactured by GTE Automatic Electric Incorporated and designated
      WA-1400D is provided with additional circuitry capable of distinguishing
      incoming ringing signals of a two second duration or incoming ringing
      signals consisting of two 500 millisecond rings with a 500 millisecond
      period of silence between the two rings. In each case the ringing signals
      are repeated on 6 second cycles.
PAR  The present circuitry times the duration of one and two ring signals.
      Ringing signals of a total duration of 1500 milliseconds or less are
      detected and a visual signal is provided to the lamps in associated key
      telephone subsets to indicate an incoming trunk call. In the case of
      ringing signals of 1500 to 2000 milliseconds duration, detection and
      display to the subset user provides an indication of a local intra-PABX
      call. Separation of the ring detection into two time periods (1-1500
      milliseconds and 1500-2000 milliseconds) overcomes the possibility of
      false display due to random access of the interrupter circuitry provided
      with the PABX described above.
PAR  In the 10A2 Key Telephone System noted above and in most similar systems,
      three visual lamp conditions are provided at each key telephone subset
      that the user must be able to recognize. These include a BUSY indication
      which is shown as a steady lamp associated with the connected telephone
      line, a RING signal which is characterized by a visual flashing of the
      associated lamp at a rate of 60 flashes per minute and a HOLD signal which
      provides 120 flashes per minute. The present discrete ring detection
      circuitry adds a fourth lamp signal consisting of one short and one long
      lamp flash at a rate of 60 times per minute. The signal to the lamp that
      provides this latter special indication is derived fron standard
      interrupter circuitry by combining 60 flash per minute signals with 120
      flash per minute signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 of the drawings appended hereto is a schematic circuit diagram of a
      standard key system telephone line circuit modified to provide discrete
      detection of two different incoming ringing signals.
PAR  FIG. 2 shows the PABX ringing cycle waveforms associated with local and
      trunk calls.
PAR  FIG. 3 shows the waveforms associated with the various outputs of the
      interrupter unit provided with the key telephone system described and
      utilized in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the FIG. 1 of the accompanying drawing, the circuitry
      shown is similar to that of the standard WA-1400D line card manufactured
      by GTE Automatic Electric Incorporated and used in the 10A2 Key Telephone
      System manufactured by the same manufacturer. This line card provides for
      all the normal features of key telephone system lines and is similar in
      operation to those found in U.S. Pat. No. 3,816,670, issued to Richard A.
      Marshall, on June 11, 1974. The principal difference between the circuitry
      shown and that of standard key telephone line cards is the inclusion of
      the necessary circuitry for detection of incoming ringing signals of
      various types on a discrete basis.
PAR  As shown in FIG. 1 the present line circuitry connects at terminals T and R
      to the private automatic branch exchange. The talking path from the
      private automatic branch exchange is connected at terminals T' and R' to
      one or more associated key telephone subsets. Also connected to the
      associated key telephone subset are circuit conductors at terminals A,
      RING, and LAMP. Connected at terminals 120, 60/120, 60, and INT are
      circuit leads to an associated interrupter of conventional design. This
      interrupter is like that provided with the 10A2 key telephone systems
      described above and provides signaling pulses at appropriate rates for
      operation of the lamp circuitry associated with those key telephones
      connected to the line circuitry shown in FIG. 1. Those leads connected to
      terminals ST, RV, GRD, and BATT are connected to an associated power
      supply of conventional design which provides the necessary power for the
      subject line circuit as well as appropriate ringing voltage to operate the
      ringer included in one or more associated key telephone stations and a
      start lead for initiation of operation of the associated interrupter.
PAR  The circuitry added to the known line circuit includes relay 140,
      transistors Q4 through Q6 inclusive, and the associated resistors,
      capacitors, and diodes. For an understanding of the present invention a
      description of the operation of the line card circuitry as it pertains to
      the additional circuitry added for detection of discrete ring signals will
      be presented. Other details of the operation of the line circuit will not
      be treated inasmuch as they do not form a portion of the present
      invention.
PAR  Referring now to FIG. 1 partial operation of the basic line circuitry and
      complete operation of the discrete ring detector from the start of an
      incoming call until the called party answers or is timed out will be
      presented. Initially ringing current from the private automatic branch
      exchange is applied to terminals T and R. This ringing current signals the
      presence of an incoming call for a connected key telephone subset. In
      response to the incoming ringing signal relay 110 through its upper and
      lower windings 110A and 110B operates over a path from the PABX to
      terminal R through coil 110A, break contact 132, lower winding 110B,
      resistor R3, capacitor C3, and over the intervening conductors to terminal
      T and then returned to the private automatic branch exchange. The same
      ringing current is applied to capacitor C1 and C2 and resistors R1 and R2,
      through break contact 134, diode D1, and resistor R11, through operated
      contacts 111 associated with relay 110 and break contact 133 to capacitor
      C5. When capacitor C5 is charged to 18 volts, potential is available
      through resistor R9 at the base of transistor Q1, to turn normally
      operated transistor Q1 off. When transistor Q1 turns off transistor Q2
      turns on. When transistor Q2 turns on, transistor Q3 likewise turns on to
      operate relay 120.
PAR  The operation of relay 120 at its associated contacts 124 provides power
      from the associated power supply to initiate operation of the associated
      interrupter. Placed in operation the interrupter provides 60 IPM lamp
      flashing signals to the associated key telephone subset. Contact 125 of
      relay 120 connects ringing voltage from the power supply to the subset
      ringer. Relay 120 remains operated until the called station is answered or
      until a time out occurs, if the incoming call is abandoned by the calling
      party.
PAR  The operation of relay 110 at contact 111 also closes a path to the
      discrete ring detector circuitry included and forming a portion of the
      present invention. Incoming ringing signals through diode D2 and resistors
      R21 and R22 are applied to the base of transistor Q4. The same ringing
      signal is also employed to charge capacitor C9 by negative half cycles and
      maintain a negative charge on the base of transistor Q4 during positive
      half cycles of the ringing current. Transistor Q4 turns on and applies a
      positive charge to the base of transistor Q5 via resistor R24. Transistor
      Q5 then turns off and allows capacitor C10 to start charging.
PAR  If the incoming ringing signal being received is of a 1500 millisecond or
      less duration, capacitor C10 will not charge to a level of 8.6 volts.
      Accordingly during the silent portion of the ring cycle transistor Q4 will
      turn off, with transistor Q5 turning on and capacitor C10 will by fully
      discharged. This cycle of charge and discharge of capacitor C10 continues
      for all rings received of 1500 or less milliseconds duration, with the
      voltage at zener diode Z3 never reaching 8.6 volts with respect to ground.
      Relay 140 thus will not operate on short rings. Relay 120 will apply an
      incoming trunk call signal (one short, one long flash per second) from
      terminals 60/120 through make contact 126 and break contact 135 to the
      lamp terminal which is connected to the associated key telephone subsets.
      At the associated key telephone subsets that lamp designated as associated
      with the subject line circuit will flash at the one short, one long flash
      per second rate.
PAR  When the duration of incoming ringing signal is 1500 to 2000 milliseconds
      long, capacitor C10 will charge to 8.6 volts. Zener diode Z3 will then
      apply this voltage to the base of transistor Q6. At this time transistor
      Q6 turns on and in turn operates relay 140. Relay 140 operates and locks
      up over its associated contacts 141, in parallel with relay 120 under
      control of transistor Q3. At contacts 142, relay 140 transfers the
      incoming flash signal extended to the associated subset from the lamp
      terminal, from the 60/120 to the 60 flash per minute incoming signal to
      indicate an incoming local intra-PABX call. When the call is answered or
      an abandoned call is timed out, transistor Q3 will release restoring both
      relays 120 and 140.
PAR  The ring detection circuitry of the line circuit and the discrete ringing
      detector of the present invention are both disabled after answer or time
      out. Complete release of the line circuit by both the central office and
      the station prepares the circuit for receipt of another call.
PAR  While but a single embodiment of the present invention has been shown it
      will be obvious to those skilled in the art that numerous modifications
      may be made without departing from the spirit and scope of the present
      invention which shall be limited only by the scope of the claims appended
      hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A key telephone line circuit adapted for connection between a branch
      telephone exchange and at least one key telephone subset including
      signaling means, said line circuit further connected to a source of first
      and second signals and including ring detection means operable in response
      to incoming signals from said branch exchange representing a call
      originating in said branch telephone exchange to connect said first
      signals from said signal source to said key telephone signaling means
      whereby said signaling means are operated in a first distinctive mode and
      operable in response to incoming signals from said branch exchange
      representing a call originating outside said branch telephone exchange to
      connect said second signals from said signal source to said signaling
      means, whereby said signaling means are operated in a second distinctive
      mode, said ring detection means comprising: switching means normally
      completing a circuit path for said first signals from said signal source
      to said signaling means; and timing means connected between said branch
      exchange and said switching means operated in response to incoming signals
      received from said branch telephone exchange in excess of a predetermined
      minimum duration to operate said switching means to break said signal
      source first signal circuit path to said signaling means and complete a
      circuit path for said signal source second signals to said signaling
      means.
NUM  2.
PAR  2. A key telephone line circuit as claimed in claim 1 wherein: said timing
      means include, a first capacitor, charged to a predetermined voltage level
      in response to incoming signals received from said branch exchange
      representing a call originating in said exchange; and said switching means
      operated in response to said capacitor being charged to said predetermined
      level.
NUM  3.
PAR  3. A key telephone line circuit as claimed in claim 2 wherein: said timing
      means further include a first transistor connected between said capacitor
      and said switching means, said transistor operated in response to said
      capacitor being charged to said predetermined level to operate said
      switching means.
NUM  4.
PAR  4. A key telephone line circuit as claimed in claim 3 wherein: said timing
      means further include a zener diode connected between said capacitor and
      said first transistor, said zener diode rendered conductive in response to
      said capacitor being charged to said predetermined level, to operate said
      first transistor.
NUM  5.
PAR  5. A key telephone line circuit as claimed in claim 2 wherein: said timing
      means further include a second transistor connected to said first
      capacitor, said second transistor normally operated; and a third
      transistor connected between said branch exchange and said second
      transistor, said third transistor operated in response to incoming signals
      from said branch exchange representing an incoming call, said second
      transistor rendered non-conductive in response to said third transistor
      being operated, and said first capacitor charged in response to said
      second transistor being rendered non-conductive.
NUM  6.
PAR  6. A key telephone line circuit as claimed in claim 5 wherein: said timing
      means further include a second capacitor including circuit connections to
      said third transistor and to said branch exchange, said second capacitor
      charged in response to said incoming signals to maintain said third
      transistor operated during alternate half cycles of said incoming signals.
NUM  7.
PAR  7. A key telephone line circuit as claimed in claim 1 wherein: said
      switching means comprise a relay including an operating circuit connected
      to said timing means and a plurality of switching contacts connected
      between said signal source and said subset.
NUM  8.
PAR  8. A key telephone line circuit as claimed in claim 7 wherein: said relay
      includes latching means operated in response to operation of said relay to
      retain said relay means operated and said latching means rendered
      inoperative and said relay restored in response to operation of said
      connected subset to answer an incoming call.
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PAL  A longitudinal scan transducing apparatus for use with a television
      receiver comprising a magnetic transducer head having transverse
      conductors for supplying high frequency bias, high frequency bias
      synchronized with the horizontal line rate, head shifting and tape
      reversal features, and television set adapter circuitry for supplying a
      wide-band video signal and for stabilizing reproduced sync signals.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS:
PAR  The present application is a continuation of my pending application Ser.
      No. 347,649 filed Apr. 4, 1973, now abandoned.
PAR  Reference is made to my earlier applications Ser. No. 344,075 filed Feb.
      11, 1964 (now U.S. Pat. No. 3,681,526 issued Aug. 1, 1972), Ser. No.
      401,832 filed Oct. 6, 1964 (now U.S. Pat. No. 3,495,046 issued Feb. 10,
      1970), Ser. No. 439,340 filed Mar. 12, 1965 (now U.S. Pat. No. 3,502,795
      issued Mar. 24, 1970), Ser. No. 528,934 filed Feb. 21, 1966 (now
      abandoned) Ser. No. 848,992 filed Aug. 11, 1969 (now abandoned), Ser. No.
      62,601 filed Aug. 10, 1970 (now U.S. Pat. No. 3,683,107 issued Aug. 8,
      1972), Ser. No. 199,977 filed Nov. 18, 1971 (now U.S. Pat. No. 3,824,619
      issued July 16, 1974) and Ser. No. 213,696 filed Dec. 29, 1971 (now
      abandoned).
BSUM
PAR  This invention relates to an improved transducer system and method for
      recording and/or reproducing electrical signals particularly both audio
      and video signals. Also, this invention relates to an improved transducer
      system which is adapted to receive intelligence signals to be recorded
      from a television receiver during a recording operation and/or plays back
      the recorded intelligence signals by means of a standard television
      receiver during a playback operation.
PAR  In one type of magnetic recording system, a lengthy magnetizable record
      medium, such as a tape having a magnetizable layer, is drawn across an
      electromagnetic transducer head assembly at substantially a uniform linear
      velocity. A preferred head assembly for such a system includes a magnetic
      core having a non-magnetic gap over which the medium passes and which is
      provided with suitable elements to produce a magnetic field across the gap
      which field varies in accordance with a first intelligence signal. A
      second form of intelligence may be impressed on the magnetizable record
      medium transverse and on either side of the first intelligence signal.
      This is accomplished by a second magnetic core so positioned and arranged
      as to provide two non-magnetic gaps over which the medium passes. The pole
      portions of the first core are preferably so positioned and arranged that
      the medium passes over first one pole and then across the gap and then
      over the other pole, while the pole portions of the second core are
      preferably so positioned and arranged that the medium simultaneously
      passes over the two transverse gaps.
PAR  The present invention is also concerned with a video playback system
      wherein the record medium travels at relatively high speeds and the video
      signal is recorded on each of a substantial number of narrow audio-video
      channels extending lengthwise of the direction of travel of the record
      medium. An embodiment in accordance with the present invention is capable
      of producing an hour or more of recording on a 7 inch reel of 1/4 inch
      wide magnetic record tape while avoiding the complexity and expense of a
      rotating type scanning head such as previously employed in the art.
PAR  During the recording operation, current is caused to flow in the exciting
      elements in accordance with the time variation of the intelligence to
      produce a timevarying magnetic field in the core. The lengthy magnetizable
      medium is subjected to an influence of this field as it is drawn
      therethrough, and magnetization is imparted to incremental lengths of the
      medium in accordance with the time variations of the intelligence, thus
      causing variations in the degree of magnetization of the medium along its
      length in accordance with the time variations of the intelligence. Also
      during recording of audio-video intelligence signals and sweep
      synchronizing signals an appropriate high frequency biasing signal is
      preferably applied to the transducer head. A similar arrangement may
      however be used with direct current bias, or in special cases without
      bias.
PAR  During reproduction, the lengthy magnetizable medium is drawn across the
      same or a similar head assembly to set up a flux in the core member
      thereof in accordance with the degree of magnetization of the medium along
      successive incremental lengths as it is passed across the gap of the
      magnetic core. The resultant time varying flux induces a voltage in the
      coil or other flux sensitive means with which the flux is coupled. This
      voltage may be amplified and suitably reproduced to provide audio and
      video intelligence and synchronizing signals suitable for the operation of
      a commercially available television set.
PAR  The present invention is also concerned with providing a transducer system
      having a sufficiently broad frequency response as to enable a high degree
      of accuracy in the reproduction of video signals applied thereto. To
      realize the full advantages afforded by the electromagnetic transducer
      head, improved electronic circuitry is also provided. For example, the
      electromagnetic transducer head may be provided with a high frequency bias
      winding on either side of the non-magnetic gap used for recording video
      intelligence. Although other methods of providing high frequency signals
      to an electromagnetic transducer head are well known in the art, the
      method employed by the present invention allows a higher a.c. bias
      frequency than could otherwise be used which gives a lower noise level and
      avoids "beating" with the signal. This is of special advantage with video
      and other wide band recording. The transducer head which is preferably
      employed in the system of the present invention shows a substantial
      savings in space and material while maintaining the same or better results
      than electromagnetic transducer heads constructed heretofore.
PAR  Since the electromagnetic transducer head is to be used in a recording
      system having a plurality of longitudinal channels impressed on the record
      medium, the head is advantageously provided with substantially symmetrical
      recording properties so that recording can take place in each direction of
      movement of the record medium across the head.
PAR  The present invention is also concerned with providing means for
      automatically and selectively positioning an electromagnetic transducer
      head in scanning relation to successive channels as the direction of
      movement of a lengthy record medium is successively reversed. Preferably,
      means are also provided so that the transducer head may be positioned
      manually with respect to a desired channel on the record medium, and a
      suitable tape channel indicator is incorporated with and responsive to
      transducer head movement.
PAR  The transducer system of the present invention is also concerned with an
      end-of-tape control means whereby tape movement may be stopped and
      reversed at desired intervals.
PAR  The tape sensing system of the present invention is also concerned with
      providing improved electronic circuitry having a broad frequency response
      and capable of receiving intelligence signals from, and applying
      intelligence signals to a television receiver and which utilizes existing
      television receiver circuitry with a minimum of modification.
PAR  It is therefore an object of the present invention to provide a novel
      method and means for recording intelligence on a record medium and/or
      reproducing recorded intelligence.
PAR  Another object of the present invention is to provide a novel
      electromagnetic transducer head.
PAR  Yet another object of the present invention is to provide a novel
      electromagnetic transducer head which is constructed and arranged so as to
      scan an audio track on either side of the video track.
PAR  Another object of the present invention is to provide a novel means by
      which effective high frequency bias in the megacycle range can be applied
      to a magnetic transducer head to improve the characteristics of video
      recording. This means can also be used with heads or other lower frequency
      recordings, particularly to allow a very high frequency bias which is
      advantageous in achieving lowest noise levels.
PAR  Another object of the present invention is to provide a transducer head of
      improved symmetrical construction so as to be operable in either direction
      of travel of the record medium.
PAR  Still another object of the present invention is to provide an improved
      means for recording and playback of video signals having a wide frequency
      response.
PAR  Yet another object of the present invention is to provide novel means by
      which hum-bucking is provided during playback of the record medium.
PAR  A further object is to provide a playback head for television signals
      having a means for suppressing cross-talk between adjacent audio and video
      tracks.
PAR  A more specific object of the present invention is to provide an improved
      electromagnetic transducer head consisting of two or more magnetic cores,
      all of which lie in different planes and which may or may not have
      electromagnetic interaction therebetween.
PAR  A further more specific object of the present invention is to provide a
      novel transducer system in which the intelligence applied thereto may be
      received directly from a commercially available television set, and in
      which the playback signal from the transducer system may be applied to the
      same or a different commercially available television set.
PAR  A still further more specific object of the present invention is to provide
      a transducer system of improved characteristics for recording intelligence
      with high frequency components of a magnitude such as is required for
      proper reproduction on commercial television receivers and the like.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following detailed description taken in connection with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a somewhat diagrammatic view of an electromagnetic transducer
      head with certain parts broken away and indicating an embodiment in
      accordance with the present invention;
PAR  FIG. 2 is a somewhat diagrammatic top plan view of the embodiment of FIG.
      1;
PAR  FIG. 3 is a somewhat diagrammatic vertical sectional view of the embodiment
      of FIG. 1;
PAR  FIG. 4 is a diagrammatic fragmentary plan view of a magnetic record tape
      and illustrates diagrammatically the recorded fields of a composite
      audio-video channel and the relationship of adjacent channels having such
      recorded fields.
PAR  FIG. 5 is an enlarged fragmentary view of the magnetic recording gap region
      of the head of FIG. 1;
PAR  FIG. 5A is a diagrammatic view showing preferred details of construction
      for the embodiment of FIG. 5 and illustrating the magnetic field
      components. produced by energization of one of the cross field conductors
      of FIG. 5;
PAR  FIG. 6 is an enlarged fragmentary view of an embodiment of the present
      invention showing another arrangement of biasing conductors for the head
      of FIG. 1;
PAR  FIG. 7 is a circuit diagram illustrating an audio-video recording and
      playback circuit for the electromagnetic transducer head of FIG. 1;
PAR  FIG. 8 is a diagrammatic plan view of a tape transport system for the
      embodiments of FIGS. 1-7;
PAR  FIGS. 9 and 9A are graphical representations showing the phase shift
      obtained from respective video coils of the transducer head shown in FIGS.
      1-3 as the frequency applied thereto increases, and showing the output as
      a function of frequency, respectively;
PAR  FIG. 10 is a schematic wiring diagram showing circuit connections and
      component arrangement used during a playback operation with the recording
      system of FIG. 8;
PAR  FIG. 11 is a schematic wiring diagram showing an alternate embodiment for
      use in place of the circuit of FIG. 10;
PAR  FIG. 12 is a schematic wiring diagram of a preferred horizontal sweep
      control circuit for a television receiver to be used for recording and
      playback of video signals in conjunction with the system of the present
      invention;
PAR  FIG. 13 is a schematic wiring diagram of an alternative horizontal sweep
      output circuit for use in place of the circuit of FIG. 12;
PAR  FIG. 14 is a diagrammatic elevational view of a transducer head positioning
      and tape channel indicating device for use in the transducer system of
      FIG. 8;
PAR  FIG. 14A and 14B are diagrammatic plan views showing details of the
      embodiment of FIG. 14;
PAR  FIG. 15 is a somewhat diagrammatic representation of an end-of-tape
      signalling arrangement;
PAR  FIG. 16 is a diagrammatic view illustrating a circuit diagram of a
      transducer system for color signals and associated audio signals and
      corresponding to the third figure of my U.S. Pat. No. 3,502,795; and
PAR  FIG. 17 is a diagrammatic view showing circuitry for comprising the video
      bias source and the audio bias source of FIG. 16 (as described in U.S.
      Pat. No. 3,502,795, column 4, lines 19-30).
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a composite audio-video magnetic transducer head
      generally designated by reference numeral 10, and which is energized to
      produce a composite video and synchronizing track between two audio tracks
      on the record medium 11 as described hereinbelow. The composite head is
      constructed and arranged so as to have an outer protective casing 12
      surrounding the magnetic core members 13 and 14 and the electric windings
      thereon. The magnetic core member 14 is utilized for the recording the
      reproduction of the audio tracks and is provided with a pair of windings
      17 and 18 which, by way of example, can have 1500 turns of conductive
      material each to provide an overall substantially flat frequency response
      over the audio frequency range. The non-magnetic gap spacers 20 and 21,
      FIG. 2, which are disposed between the end portions 14a and 14b of the
      magnetic core 14 and portions of the side walls of the magnetic core 13
      are so arranged as to produce an audio frequency record track of 2 mils
      width on either side of the magnetic core member 13. Holding the record
      medium 11 in movable contact with the transducer head 10 is a pressure pad
      15 of resilient material which is movable toward and away from the
      transducer head by suitable mechanical or electromechanical means and in
      operative position is resiliently urged toward the head.
PAR  Provided between the polar portions of the magnetic core member 13 is a
      non-magnetic gap spacer 23. The gap defined by the gap spacer 23 provides
      a video signal track midway between the audio signal tracks. By way of
      example, the gap spacer 23 may have a dimension of 50 micro-inches in the
      direction of movement of the record medium.
PAR  The magnetic core member 13 has located thereon video frequency signal
      coils 27 and 28 which have different and overlapping frequency
      characteristics, thereby providing the broader frequency response required
      for video signals. By way of example, the coil 27 may comprise 1000 turns
      of conductive material while the coil 28 may comprise 200 turns of a
      similar conductive material, and one lead of each coil 27 and 28 may be
      connected together while the output signal is obtained from the other
      leads of the respective coils.
PAR  In the preferred embodiment, however, only the coil having 200 turns is
      used for recording video signals, while the coil having 200 turns together
      with the coil having 1000 turns are used in series for playback of the
      video signal. To further increase the frequency response of the transducer
      head during playback, coils 27 and 28 are connected so that their induced
      voltages at low frequencies are opposing each other. The coil 27 will
      provide an adequately strong signal output at the lower frequencies
      because the opposing output of coil 28 is too small to appreciably affect
      the output of coil 27. However, at the high frequencies, above the
      resonance of coil 27 (with its own and with circuit capacitances), the
      phase of the output signal from the coil 27 is shifted by an amount
      approaching 180.degree. and thus adds to the output of the high frequency
      coil 28, which is below its own resonance at this higher frequency. If
      still a broader frequency response is required from the transducer head
      10, a third coil may be added to the magnetic core 13, which may have
      fewer turns than coil 28 and which will also be assisted by the phase
      reversal of the coils resonant at lower frequencies. To still further
      increase the high frequency response of this transducer head 10, a ferrite
      shunt 47 may be placed centrally of the magnetic core 13 with one end
      thereof in proximity to the gap 23.
PAR  The transducer head 10 has extending along the opposite side walls of the
      pole piece 30, FIG. 5, a pair of conductors 31 and 32, which are
      preferably No. 22 A.W.G. enamel coated conductors. Connected between the
      upper ends of conductors 31 and 32 is a No. 32 to No. 36 A.W.G. conductor
      35, which is inserted into a recessed portion 36 of the pole piece 30. The
      conductor 35 has a diameter which is about 100 times the longitudinal
      dimension of the gap 23. The recessed portion 36 is provided with rounded
      edges 38 and 39 which serve to prevent unwanted recording fields due to
      the conductor 35 at the corners of the recessed portion 36. A pair of
      conductors 41 and 42 are provided along the side walls of the pole piece
      43 and have connected between their upper portions a conductor 45, which
      is inserted into a groove 46 of the pole piece 43. The conductors 35 and
      45 and preferably polished to give a continuous surface for the tape as
      indicated at 35a in FIG. 5A.
PAR  The conductors 35 and 45 are symmetrically arranged on the pole pieces 30
      and 43 in such a manner as to provide symmetrical recording
      characteristics in either direction of travel of the record medium. Also
      the conductors 35 and 45 can be arranged in such a manner as to allow the
      application of biasing currents of lower amplitude to both conductors 35
      and 45 simultaneously while the record medium moves in either direction.
PAR  Preferably one or the other of conductors 35 or 45 is energized, depending
      on the direction of travel of the record medium, by a high frequency bias
      current which by way of example, may have an amplitude of approximately 1
      ampere at a frequency between 3 and 15 megacycles; preferably a frequency
      is used which itself and the harmonics of which will not interfere with
      the operation of the television set. During one mode of operation, the
      conductor 35 may have generated thereabout a magnetic field which enters
      the pole piece 43 substantially at right angles thereto as indicated in
      FIG. 5A. This establishes an arc shaped magnetic field in the region above
      the gap as indicated at A in FIG. 5A, modified by a semicircular field of
      greater curvature due to the component of flux of the conductor which is
      carried by the core which traverses the gap, such as indicated at B in
      FIG. 5A. The magnetic field generated by the intelligence signal to be
      recorded resembles the B component. Therefore a composite magnetic field
      is produced by both the bias magnetic field and the intelligence signal
      magnetic field. The composite magnetic recording field has a relatively
      sharp gradient as to the longitudinal bias frequency component thereof at
      the trailing side of gap 23. An alternative method for applying high
      frequency bias to the signal magnetic field is to introduce the high
      frequency signal to the video recording coils 27 and 28 and this component
      may be in addition to the field supplied by the conductor 35. If both
      fields are used it may be advantageous to select the polarity of the two
      components or to shift the phase of one with respect to the other.
PAR  The flux produced by the bias conductor 35 is preferably of a frequency at
      least several times that of the intelligence frequency. Alternatively, a
      direct current bias may be supplied to the conductor 35 and/or windings 27
      and 28 so as to cause the video frequency component of the applied signal
      to be recorded on the relatively linear, positively sloping portion of the
      Br versus H curve of the magnetic material of the tape 11. In this case
      the tape may be presaturated before reaching the recording head. The high
      frequency bias for the audio portion of the transducer head 10 is obtained
      from the horizontal sweep generator of the television set and is applied
      directly to the audio coils 17 and 18.
PAR  Alternately, the biasing conductors of the present invention may be
      constructed and arranged in a manner as shown in FIG. 6. The magnetic core
      member 13 has located at each side of the recording gap 23 a pair of
      transverse slots 55 and 56. Inserted in slots 55 and 56 is a rectangular
      cross-sectioned conductor 57 arranged as shown in FIG. 6. When a current
      is passed through the conductor 57 a magnetic field is produced about the
      conductor 57 in such a manner as to provide a cross field biasing effect
      in the region of recording gap 23. The magnetic cross field biasing which
      is produced in the region of the gap 23 is proportioned to the difference
      between the magnetic field produced by conductor portion 57a and the
      magnetic field produced by conductor portion 57b. That is, the magnetic
      field in the region of gap 23 in oersteds (H) is equal to
      ##EQU1##
      wherein I is equal to the amount of current in amperes passing through the
      conductor portions 57a and 57b and R.sub.1 and R.sub.2 are the respective
      distances of the conductor portions 57a and 57b from the gap 23 in
      centimeters.
PAR  One of the primary advantages realized by the loop configuration of biasing
      conductor 57 is that a greater ratio of cross field m.m.f. to recording
      gap m.m.f. is obtainable. In certain practical configurations the
      recording gap m.m.f. would otherwise be too great. Another advantage is
      that the cross field falls off as 1/R.sup.2 instead of 1/R, where the
      average distance R from conductors to gap is large. This gives a better
      cross field and reduces its erasing tendencies beyond the record gap.
PAR  The inverse square relation may be seen from:
      ##EQU2##
      In a given head the spacing between the conductors is R.sub.2 -  R.sub.1
      which is a fixed constant A. When R.sub.1 and R.sub.2 becomes large
      compared to their spacing they may each be replaced in the denominator by
      their average R. We then have
      ##EQU3##
      showing that H varies inversely with R.sup.2. This compares with a single
      conductor where
      ##EQU4##
      Similarly if the conductors are looped back and forth n times, the field
      falls off as 1/R.sup.n.
PAR  In the above examples the core permeability is assumed infinite, so that
      the field about the conductors above the head is twice as great as if the
      core were absent. By way of example, the conductor portions 57a and 57b
      may each be 4 mils across, and the distance from gap 23 to conductor
      portion 57a may be 4 mils, the distance between conductor portions 57a and
      57b also being 4 mils. Although the hairpin 57 is shown herein as being a
      rectangular cross section conductor it is not to be constructed in a
      limiting sense. By using a rectangular conductor, a greater cross
      sectional area is realized thereby allowing a larger current to flow in
      the conductor portions 57a and 57b. However, a circular or ribbon cross
      section conductor will work equally well. Also, the hairpin loop
      construction as shown in FIG. 6 is not limited to use in recording video
      intelligence; it can work equally advantageously on the magnetic core 14,
      FIG. 3, for the recording of audio intelligence. When high frequency
      biasing of audio intelligence is obtained in this manner, a greatly
      improved signal to noise ratio can be had, biasing frequencies in the
      megacycle range being practical. In the preferred embodiment of the
      present invention the magnetic core member 13 may have located thereon
      slots and loop hairpins, similar to hairpin 57, on both sides of the
      recording gap 23. In this manner recording of video intelligence is
      obtainable on one track while the record medium moves in the direction of
      arrow 58 and then on another track while the record medium moves in the
      direction opposite to the direction of arrow 58.
PAR  Another advantage realized by the use of the multiple cross field
      conductors such as 57a and 57b is that the concentrated magnetic flux in
      the area 59, between conductor portions 57a and 57b, serves to erase a
      given channel of the record medium before it passes over the recording gap
      23.
PAR  The net bias field produced by the conductor portions 57a and 57b is thus
      superimposed on the flux produced by the video coils 27 and 28 in the
      region of the record gap 23. Because of the very close proximity of the
      erase flux, in area 59, to the record gap 23 it will be noted that there
      is a semicircular field set up by the combined fields about conductor
      portions 57a and 57b which extends over into the region of the record gap
      23. It can be seen therefore that the loop hairpin configuration shown in
      FIG. 6 serves not only to erase the record medium just before recording
      thereon but also to provide an advantageous biasing field in the region of
      record gap 23.
PAR  As shown in FIG. 2, the outer casing member 12 can be constructed of three
      portions 47', 48 and 49. Case member 47' is provided with a cavity 50 to
      receive one end of the magnetic core pole piece 43 and coil 28, while the
      case members 48, 49 have symmetrical cavities 52 and 53 to receive the
      audio frequency magnetic core 14, audio coils 17 and l8, part of the video
      core 30 and video coil 27. Although the electromagnetic transducer head 10
      has both audio and video recording sections and also provides a high
      frequency bias cross field, the construction is such as to allow the
      transducer head 10 to be of minimum physical dimensions.
PAR  FIG. 4 illustrates a portion of the magnetic record medium 11, which in its
      entirety may be 1/4 inch wide and form a 7 inch diameter reel of tape. The
      tape may have recorded thereon a series of ten channels two of which are
      indicated at 61 and 62. Channel 61 comprises two audio tracks 64 and 65
      and one video track 66 between the audio tracks. The recorded fields of
      the video track 66 are directed longitudinally of the direction of
      movement of the record medium 60 as indicated by the arrow 67, while the
      recorded fields of the audio tracks 64 and 65 are preferably directed at
      right angles to the direction of travel of the record medium 60 as
      indicated by arrow 68. By way of example, the width of the audio tracks 64
      and 65 may be 2 mils each, while the width of the video track 66 may be 15
      mils, providing a total width of 19 mils for the tracks recorded on one
      channel of the record medium 11. The unused portion of the tape between
      adjacent channels such as 61 and 62 is represented by the blank area 69
      and is 6 mils in width. With the dimensions mentioned hereinabove the
      center to center distance between tracks is 0.025 inches thereby providing
      ten channels on a 1/4 inch tape. To obtain the necessary channels from the
      tape 11, the transducer head 10 is moved in the directions indicated by
      arrow 19, which is transverse to the direction of tape travel.
PAR  In order to produce a video track portion 66 having a width of about
      fifteen mils, the width of the magnetic pole pieces 30 and 43, FIG. 5, and
      the transverse dimension of the gap 23 defined by the pole pieces should
      be approximately fifteen mils. The transverse gap, defined between poles
      14a and 14b of audio core 14 and the adjacent portion of video core 13,
      should have a dimension at right angles to the direction of travel of the
      record medium of about two mils to provide audio tracks of two mils width
      as described in connection with FIG. 1. The thickness dimension of the
      pole 14 which dimension is in the direction of tape travel is preferably
      selected to provide a null in response to recorded wavelengths
      corresponding to the horizontal sweep frequency of the video signal being
      recorded. Thus if .lambda. is the recorded wavelength on the record tape
      corresponding to the line frequency and n is an integer, the effective
      thickness of the pole 14 in the direction of travel of the record medium
      should be n .lambda.. This gives a null in the response of the head of
      FIG. 1 in the audio circuit which tends to prevent interferences between
      the audio and video signals on the tape. If the thickness of the pole 14
      is presented by the letter W, the tape velocity by the letter V, and it is
      assumed that the line frequency is 15,750 cycles per second, then W equals
      ##EQU5##
PAR  The record tape 11 is driven in the direction of the arrow 16 across the
      transducer head of FIG. 2 by any suitable tape transport mechanism. By way
      of example, if a 1/4 inch wide tape of audio grade material is moved at a
      speed of 110 inches per second, with 20 tracks and a 7 inch reel, the
      playing time will be between 40 and 120 minutes depending on the tape
      thickness. Picture quality will be improved further by proper use of
      microgap and cross field heads. Higher tape speeds are also feasible since
      the playing time is still adequate aven when reduced by a factor of 2 or
      3.
PAR  The thickness dimension of the audio recording poles 14a and 14b in FIG. 2
      is selected to give a null in response at the line frequency so as to tend
      to prevent interference between the audio and video signals on the tape
      during playback. The audio circuit bias may be derived from the television
      receiver sweep circuits so as to avoid interference and eliminate the need
      for an oscillator. In the specific circuit illustrated, a capacitor can be
      used to tune the head windings 17 and 18 to resonance preferably at a
      harmonic of the sweep frequency, for example 47.25 kilocycles per second
      for a line frequency of 15,750 cycles per second; or to the fundamental
      frequency of 15,750 cycles per second.
PAR  the drive for the tape may comprise any suitable drive for translating the
      tape 11 first in the direction of the arrow 16 while one channel on the
      tape is being scanned and then for translating the tape in the opposite
      direction as an adjacent channel on the tape is scanned in the opposite
      direction and so forth. The head 10 is preferably shifted laterally, as
      indicated by arrow 19, between the scanning of the successive channels at
      successive reversals of the direction of drive of the tape 11 so that only
      a single head assembly is required. The tape drive preferably includes an
      automatic reversal system having switches actuated by means near the
      opposite ends of the tape 11 to initiate a reversal cycle. The actual
      reversal preferably automatically takes place during a vertical blanking
      interval so that it is not visible in the reproduced picture. The
      changeover is preferably controlled by the vertical synchronizing signal
      recorded on the tape. The reproduced vertical sync signal which causes
      tape reversal would be the one following actuation of the tape sensing
      switch. Each tape sensing switch may be actuated by electrical contact
      material adhered to the tape near one of the opposite ends thereof. An
      electronic gate circuit could be opened by a flip-flop circuit if placed
      in a "set" condition in response to actuation of one of the end of tape
      sensing switches; the gate would then transmit the next reproduced
      vertical sync pulse to effect tape drive reversal. Instead of electrical
      contact material on the tape to signal the approach of an end of the tape,
      a special changeover signal may be recorded on the tape which when
      reproduced will be transmitted to the electronic flip-flop circuit to set
      the flip-flop.
PAR  In a simple version the recorder can be reversed and moved to the next
      channel by manual control such as a pushbutton, in which case it is
      convenient to have a warning indicator to alert the operator of impending
      changeover. This can be a neon lamp voltage divider. Resistors Rx and Ry
      (FIG. 15) are adjusted to give a voltage such as 75 volts which will not
      ignite the neon lamp but which will keep it on once ignited. When the tape
      conductive tab shorts out Rx the lamp has 150 volts (or more) across it,
      igniting it easily. The operator then has a minute for example, to choose
      an opportune time for changeover. The light is extinguished whenever the
      changeover button is operated.
PAR  Suitable channel width erase heads may be provided at each side of the
      transducer head 10 and may be energized alternately in accordance with the
      direction of tape movement so as to insure an erased channel prior to
      recording regardless of the direction of tape movement. Such channel type
      erase heads would have a width of about twenty-three mils for the example
      given. An additional demagnetizing head of width to erase the entire tape
      could be provided for reducing the noise level between tracks. In the
      example given such an erase head would have a width of at least about 250
      mils.
PAR  FIG. 7 is a circuit diagram illustrating an audio-video recording and
      playback circuit for use in conjunction with the transducer head 10 of
      FIG. 1. As shown in FIG. 7, the record medium 11 is moved across the
      transducer head, which is represented by the video magnetic core 100 and
      the audio magnetic core 101, to induce audio or video intelligence in
      appropriate signal coils during the playback operation, or to have the
      magnetic particles on the record medium 11 magnetized in response to
      magnetic fields produced by the signal coils during recording operation. A
      commercially available television set 104 is used to supply a video signal
      to coil 105. Also provided by the television set 104 is the audio signal
      which is applied to coils 111 and 112 of the audio magnetic core 101
      through the line 115. The coils 111 and 112 are series aiding to provide
      the audio recorded pattern on the audio tracks shown in FIG. 4. Providing
      the high frequency biasing signal to the magnetic core 100 is a high
      frequency oscillator 117. The oscillator 117 may have a fundamental
      frequency in the range between 3 and 15 megacycles per second, and
      preferably has an output whose fundamental and harmonic components will
      not interfere with the operation of the television set 104.
PAR  As illustrated in FIG. 7, the high frequency bias for the audio signal is
      generated by the horizontal output circuit 119 of the television set 104.
      The high voltage saw tooth waveform of the television horizontal sweep
      generator transformer of circuit 119 is applied to audio coils 111 and 112
      through resistor 121, selector switch 122 and line 115. The sawtooth
      waveform of the television sweep output circuit 119 has a frequency of
      15,750 cycles per second, which is well above the usable audio frequency
      range of the commercially available television set 104. The resistor 121
      provides for an adjustment of bias amplitude to the optimum level in
      accordance with known principles and also in conjunction with capacitor
      128 shapes the bias waveform closer to a sine wave. The capacitor 128 in
      conjunction with the inductance of the audio coils 111 and 112 provides a
      tuned circuit which is preferably resonant at a harmonic of the sweep
      frequency, for example at the third harmonic or 47.25 kilocycles per
      second. As an alternative, the circuit comprising capacitor 128 and
      windings 111 and 112 may be tuned to the fundamental frequency which under
      present standards is 15,750 cycles per second. As a further alternative, a
      series of pulses may be applied to the windings 111 and 112 of a constant
      amplitude and of a relatively high frequency substantially above the audio
      range to provide the bias signal. In any event a high frequency bias
      signal may be superimposed on the audio signal from the amplifier stage
      130 of television set 104. The output of the audio amplifier stage 130 is
      connected to the coils 111 and 112 through variable resistor 132, switch
      122 and line 115. During the playback operation of the recording system,
      switch 122 is actuated and makes contact with the contact 133, thereby
      providing an audio playback signal through an auxiliary audio amplifier
      135 to the audio circuit of the television receiver 104 including speaker
      136.
PAR  For purposes of illustration, the selector switches 122, 137, 138, 140,
      141, 142, 143 and 144 are shown in the record position and may either be
      separately actuated or preferably ganged together for simultaneous
      actuation. The high frequency bias conductors 150 and 151 are selectively
      connected to the high frequency oscillator 117 by means of forward and
      reverse switch 139. The high frequency bias signal is removed from the
      video transducer head core 100 during playback operation by means of
      switch 137.
PAR  The video intelligence applied to the video winding 105 of core 100 is
      obtained from a video output amplifier 154 of receiver 104 which in turn
      has its input connected to a composite signal detector 155. The signal
      received by the television set is amplified by a video intermediate
      frequency amplifier stage 156 in the television receiver 104. The video
      output from amplifier 154 is applied to a basic correcting network
      comprising capacitor 158 and resistor 159 and through a resistor 160. The
      voltage developed across resistor 160 is applied to a correcting network
      comprising capacitor 162 and resistor 163. After the video intelligence
      has passed through the correcting networks, it is applied to coil 105
      through switch 140 to produce a video frequency magnetic field in the path
      of the record medium 11.
PAR  The synchronizing circuit 165 located inside the television receiver 104
      will provide the necessary horizontal synchronizing signals for the
      horizontal output stage 119.
PAR  The video output amplifier 154 transmits the vertical and horizontal
      synchronizing signals which are received from the composite signal
      detector 155 so that the synchronizing signals are recorded on the video
      track by the video core 100. In this manner the television receiver 104
      can then again be synchronized during playback to obtain a steady video
      reproduction on the television receiver 104.
PAR  During the playback operation of the audiovideo recording system, all the
      selector switches are placed in the playback position indicated by the
      letter P in FIG. 7. This action will remove the high frequency bias from
      conductors 150 and 151. Also during the playback operation the video
      amplifier 154 is disconnected from coil 105, and coil 170 is connected in
      series with the coil 105. Coil l70 is resonant at a lower frequency than
      coil 105.
PAR  As the record medium 11 moves over the transducer head during playback the
      audio signal received from the record medium is transmitted by coils 111
      and 112 to the standard audio amplifier 135 and then to the audio
      amplifier stage 130 of the television receiver 104. However, the video
      portion of the playback signal in coils 105 and 170 is coupled to the
      amplifier 110 whose output is in turn connected to video output amplifier
      154 and synchronizing circuit 165 of the television set 104.
PAR  A resistor 180 may be connected in series with winding 170 of the video
      core 100 to prevent undesired resonance effects during recording. For
      convenience the resistor 180 may actually be connected across windings 105
      and 170 in series. A resistor 181 may be connected across winding 105 of
      the video core 100 by means of switch 144 during playback to prevent
      undesired resonance effects of the winding 105.
PAR  The audio intermediate frequency amplifier and discriminator component 172
      serves to supply an audio frequency input to amplifier 130 during
      recording, but is not utilized for playback in the illustrated embodiment.
PAR  The video playback amplifier 110, shown in FIG. 7, illustrates a circuit
      for use in cooperation with the transducer head represented by cores 100
      and 101. In this circuit, video intelligence from the coils 105 and 170 in
      series is applied through a line 175 and capacitor 176 to the base
      electrode of transistor 178, which is the first stage of the wide band
      video amplifier 110. A low B+ voltage is connected to a terminal 179 and a
      portion thereof is applied to the base electrode of transistor 178 through
      the voltage divider network comprising resistors 182, 183 and 184. The low
      B+ voltage from terminal 179 is also applied to the collector electrode of
      a transistor 178 through equalizing circuit 187, which comprises a
      parallel network consisting of a resistor 189 and a capacitor 190
      connected to a series circuit consisting of a resistor 192 and an inductor
      193. The output of transistor 178 is then applied to the grid electrode of
      tetrode tube 200 through capacitor 201. A resistor 203 is connected
      between the grid electrode of tube 200 and ground. The screen grid of
      tetrode 200 has applied thereto a substantially higher voltage through a
      terminal 205; however, the voltage applied to the screen grid is
      preferably lower than the plate voltage of tetrode 200. A biasing network
      comprising a resistor 207 and a capacitor 208 in parallel is connected in
      the cathode circuit to tetrode 200. The high voltage for the plate
      electrode of tetrode 200 is obtained from terminal 210. The terminal 210
      is connected to tube 200 through an equalizing circuit 212 consisting of
      an inductor 213, a series resistor 213' and a parallel resistor 214 and
      capacitor 215.
PAR  The output from the second stage of amplification is then applied through
      capacitor 220 and through network 221 which comprises a capacitor 222 and
      resistor 223, to the grid electrode of tetrode 225. The grid electrode of
      tetrode 225 has connected thereto an equalizing circuit 227, which
      comprises a parallel combination of capacitor 229 and resistor 230 and a
      series combination of inductor 232 and resistor 233. A biasing network
      which comprises a parallel combination of capacitor 237 and resistor 238
      is connected between the cathode of tetrode 225 and ground. Connected to
      the screen electrode of tetrode 225 is a reduced B+ voltage through
      terminal 240. The B+ voltage applied to the plate electrode of tetrode 225
      is obtained from terminal 241 which connects with tetrode 225 through
      inductor 242 and resistor 243 in series.
PAR  The output from the third and final stage of amplification of the video
      amplifier 110 is applied through capacitor 245 and to a diode 247 and
      inductor 248 in series and to a resistor 249 shunting the diode and
      inductor. The output from this shunt arrangement is coupled to the video
      input of the television receiver 104 by line 250 and switch 141.
PAR  Although the first stage of amplification of the video amplifier 110 is
      shown herein as a transistorized circuit, it will be understood that a
      vacuum tube amplifier can be used equally well. In the embodiment of FIG.
      7, the first stage transistorized amplifier has component values as
      follows:
TBL  Component           Component Values                                      
     ______________________________________                                    
     Capacitor 176       .15 microfarads                                       
     Capacitor 201       .05 microfarads                                       
     Capacitor 190       .02 microfarads                                       
     Resistor 184        10k ohms                                              
     Resistor 183        10k ohms                                              
     Resistor 182        150k ohms                                             
     Inductor 193        250 microhenries                                      
     Resistor 192        3.3k ohms                                             
     Resistor 189        18k ohms                                              
     Resistor 186        1000 ohms                                             
     ______________________________________                                    
PAR  FIG. 8 illustrates a particularly low cost tape transport system for the
      video recorder of the present invention. In the illustrated embodiment,
      the record medium 11 travels from a supply reel 301 to a take-up reel 302.
      The tape path between the reels is past tape guides 304 and 305, past the
      transducer head 10, between a capstan 307 and pinch roller 308 and past
      tape guides 309 and 310. The supply spindle 320 is preferably driven by an
      induction motor 321, the mechanical coupling between the motor and the
      spindle 320 being indicated at 322. Similarly an induction motor 324 is
      preferably coupled to the take-up spindle 325 by means diagrammatically
      indicated at 326. A reversible motor 330 preferably has the capstan 307
      and capstan flywheel 331 directly on its shaft indicated at 333.
PAR  Brake means are indicated at B.sub.1 and B.sub.2 for supplying a braking
      force to the supply and take-up spindles 320 and 325. The brake shoes such
      as diagrammatically indicated at B.sub.1 and B.sub.2 may act on brake
      disks secured to the shafts 320 and 325, for example. A brake for the
      capstan motor 330 is indicated at B.sub.3, and preferably the brake
      B.sub.3 is automatically applied, for example by means of a compression
      spring when the capstan motor is deenergized, the brake being
      automatically released, for example by means of solenoid 340 upon
      energization of the capstan motor in either direction of operation.
PAR  The system is operated in the forward direction by placing the double pole,
      double throw reversing switch means 342 in its left hand forward position
      as viewed in FIG. 8 and by closing the forward switch 343. Under these
      conditions, the capstan motor 330 is energized to drive the capstan 307 in
      a counterclockwise direction of rotation so as to move the record medium
      11 at constant speed from the supply reel 301 to the take-up reel 302. The
      take-up motor 324 is energized to drive the reel 302 in the
      counterclockwise direction so as to wind the tape 11 on the reel 302 as it
      is delivered thereto from the capstan 307. The supply motor 321 receives a
      unidirectional current from alternating current supply lines L1 and L2
      through rectifier 345 and resistor 346. The direct current energization of
      the motor 321 is in such a direction as to provide a drag tending to
      resist rotation of the supply reel 301 in the counterclockwise direction.
PAR  In the illustrated embodiment, when a stop button is depressed, the stop
      switch 340 and forward switch 343 are opened, brakes B1, B2 and B3 are
      applied, and the pinch roll 308 is shifted in the direction of arrow 348
      to disengage the tape 11 from the capstan 307.
PAR  When a reverse button is actuated, switches 340 and 350 may be closed, and
      reversing switch 342 placed in the right hand position. At the same time,
      brakes B1, B2 and B3 are released and the pinch roll 308 is actuated to
      engage the tape 11 with the capstan 307. The supply motor 321 is now
      energized with alternating current through reversing switch 350 to drive
      the reel 301 in the clockwise direction, while the capstan 307 is also
      driven by motor 330 in the clockwise direction so as to feed the tape 11
      at uniform speed past the transducer head 10. The motor 324 is energized
      with direct current under the control of rectifier 345 and resistor 346 so
      as to resist rotation of the take-up reel 302 in the clockwise direction.
PAR  It has been found that tape motion is actually steadier when the tape is
      driven in such a direction that the capstan 307 precedes the head 10, as
      compared to the normal arrangement where the capstan pulls the tape past
      the transducer head. It is found that a half wave silicon rectifier such
      as indicated at 345 furnishing 150 to 300 milliamperes gives a smooth drag
      even without filtering and without any overheating of the motor. Filtering
      can be added, if desired, however.
PAR  In the pushbutton operation described, only one operating button can be
      pressed at a time, and must be reset by the stop button before a further
      button can be depressed. The stop button engages brakes B1, B2, B3 and
      releases the pinch roll 308. The head is shifted to the next channel each
      time the motion of the tape 11 is reversed. Thus in the illustrated
      system, the head is indexed to channel 2 at the completion of the forward
      motion of the tape, to channel 3 at the end of reverse motion of the tape
      and so forth. After the tenth channel has been played, the tape 11 is
      fully wound on the supply reel 301, and the head 10 may be returned to its
      initial position for engagement with channel No. 1 of a succeeding tape.
      The resistor 346 serves to provide an adjustment for the tension of the
      tape between the reel from which the tape is being unwound and the
      capstan. The guides 304, 305, 309 and 310 may have grooves therein with a
      dimension substantially corresponding to the width of the tape 11, i.e.
      1/4 inch, so as to determine accurately the position of the tape for each
      position of the head 13. As illustrated in FIG. 2, the head assembly 10
      may have a tape contacting surface of sufficient width so that the tape 11
      is supported in each of the 10 positions of the head corresponding to
      scanning of the 10 channels on the tape 11. A channel indicator may be
      coupled with the transducer head 13 so as to indicate the channel being
      scanned by the transducer head.
PAR  The tape recording system of the present invention has a preferred video
      recording and playback circuit which is shown in the FIG. 10. The circuit
      of FIG. 10 is primarily concerned with the video intelligence and
      synchronizing signals and therefore the audio portion of the transducer
      head is not shown. The audio portion of the system and the details of the
      video head may be considered as substantially the same as for the
      corresponding parts of the system shown in FIGS. 1-7.
PAR  As shown in FIG. 10, the magnetic record medium 11 is moved across the
      transducer head, which is represented by the video magnetic core 400 and
      which has mounted thereon a pair of video coils 401 and 402. The record
      and playback circuit of FIG. 10 is utilized with a commercially available
      television receiver indicated at 404.
PAR  Referring to FIG. 10, record-playback selector switches 405, 406 and 407
      are shown in the playback position so as to connect the coils 401 and 402
      in the series. With the switches 405-407 in the playback position, the
      coil 401 is shunted by a resistor 410, while the coil 402 is shunted by a
      resistor 411. Resistors 410 and 411 are connected across the coils 401 and
      402 respectively to suppress undesirable "ringing" or resonance
      oscillations which may occur in the coils during the playback operation.
      When the switches 405-407 are placed in the record position, the coil 402
      has a resistor 412 connected thereacross by switch 407 through line 414
      and 415, and only the coil 401 is energized through the line 414 from the
      television receiver of 404. Alternatively, coil 402 may be short circuited
      during recording.
PAR  A video amplifier tube 416 of the television receiver 404 has the output
      signals thereof connected to the record terminal of a selector switch 418
      through a capacitor 419. The signal from the tube 416 is applied to a
      parallel network comprising capacitor 420 and resistor 421 through a line
      422 during the record operation of the system.
PAR  A high frequency bias signal is applied to the primary winding 425a of a
      transformer 425 from a high frequency oscillator 426. A capacitor 423 is
      connected across the primary winding 425a. The oscillator 426 is energized
      when a selector switch 427 is placed in the record position, to supply the
      necessary direct current operating voltage to the high frequency
      oscillator 426. The secondary 425b of transformer 426 is connected to a
      cross field conductor 429 of head 400 which preferably is arranged as
      shown in FIG. 6. Also during the record operation of the tape recording
      system, a switch contact 428 is connected to a line 430 in the television
      receiver 404 to supply the usual composite video signal to the tube 416
      from the broadcast receiving circuits of receiver 404.
PAR  To facilitate construction of the tape recording system of the present
      invention, as adaptor box 433 is provided for connection to the television
      receiver 404 preferably as a plug-in unit although the components within
      box 433 may alternatively be individually wired into the circuit of set
      404. Plug-in connections are diagrammatically indicated at 435-439.
PAR  During the playback operation of the system, all the selector switches
      405-407, 418, 427 and 428 are placed in the playback position indicated by
      the letter P in FIG. 10. This action will remove the high frequency bias
      from the transformer 425 and will also prevent the television receiver 404
      from receiving any intelligence signal other than that from the record
      medium 11.
PAR  As the record medium 11 moves over the transducer head 400 during a
      playback, the video and synchronizing intelligence from the coils 401 and
      402 is applied through a line 441 and a capacitor 442 to a base electrode
      of the transistor 443, which is the first stage of amplification of the
      wide band amplifier shown in FIG. 10. A low direct current supply voltage
      is developed at circuit points 445 by means of a voltage divider 469, 471
      in conjunction with a filter capacitor 472. This voltage is applied to the
      base electrode of the transistor 443 from a voltage divider network
      comprising resistors 448 and 449 via a resistor 450. The low supply
      voltage at circuit point 445 is also applied to the collector electrode of
      the transistor 443 through a compensating circuit 452 which comprises a
      parallel network consisting of a resistor 454 and a capacitor 455
      connected in series with a resistor 457 and an inductor 458.
PAR  A biasing resistor 460 and a feedback capacitor 461 are connected to the
      emitter electrode of the transistor 443 to provide the necessary operating
      bias. The output of transistor 443 is then applied to the grid electrode
      of a pentode tube 464 through a capacitor 465 and an inductor 466.
PAR  A grid return resistor 468 is connected between the grid electrode of the
      tube 464 and ground. The screen grid of the pentode 464 is supplied with
      positive voltage by virtue of the connection of a resistor 473 between the
      screen grid circuit and power supply terminal 475'. The pentode 464 is
      biased by a cathode resistor 474. A capacitor 475 shunting resistor 474 is
      shown in dotted outline since it may be omitted from the circuit with some
      reduction in gain, or a small value of capacitance (about 0.001
      microfarads) may be used for high frequency emphasis while accepting
      reduced gain at lower frequencies. A direct current supply voltage for the
      tube and transistor circuits is obtained from a terminal 475'. The
      terminal 475' is connected to the plate electrode of tube 464 through a
      compensating circuit 476 consisting of an inductor 478, a series resistor
      479 and a parallel network including a resistor 481 and a capacitor 482.
PAR  The output of the second stage of amplification is then applied through a
      parallel network consisting of an inductor 483 and a resistor 484 and
      therefrom through a capacitor 485 to the control grid electrode of a
      pentode 487. The parallel network consisting of inductor 483 and resistor
      484 comprise a compensating or correcting circuit. Connected between the
      control electrode of pentode 487 and ground is a grid return resistor 488.
      In the cathode circuit of pentode tube 487 is a variable biasing resistor
      490 which serves as a gain control for the output of the amplifier circuit
      shown in FIG. 10. Shunting the variable resistor 490 is a capacitor 491,
      which may be omitted entirely with some reduction of gain, or a small
      capacitance may be used for high frequency emphasis. The screen grid
      electrode of pentode 487 is also connected to the resistor 469. A
      capacitor 492 is connected between the screen grid electrodes of pentodes
      464 and 487 and ground for bypassing the screen grid electrodes. The
      supply voltage is applied to the plate electrode of pentode 487 through a
      compensating circuit 493 comprising an inductor 494, a series resistor 495
      and a parallel network consisting of a capacitor 496 and a resistor 497.
      Both the pentodes 464 and 487 have their suppressor grid electrodes
      connected directly to their respective cathode electrodes as shown in FIG.
      10.
PAR  The output from the third and final stage of amplification of the amplifier
      shown in FIG. 10 is applied to the television receiver 404 through a
      capacitor 498, an inductor L2 (not shown) and a conductor 500a of cable
      500. Connected between capacitor 498 and inductor L2 is a clamping network
      502 including a series diode 503 connected to a parallel circuit including
      a resistor 505 and a capacitor 506, and a diode 507 connected in series to
      a resistor 508 which, in turn, is connected to a winding 510 on the
      flyback transformer 511 of television receiver 404.
PAR  To minimize the effects of stray signals in the amplifier circuit, the
      chassis of the television receiver 404 is connected to the chassis of the
      amplifier circuit through a conductor 500b of the cable 500. The amplified
      signal from the last stage of amplification is applied to the control grid
      of tube 416 of the television set 404 through a parallel network
      consisting of a resistor 515 and an inductor 516 when switch 428 is in the
      playback position.
PAR  In the preferred embodiment of amplifier circuit described hereinabove, the
      component values are as follows:
TBL  COMPONENTS            COMPONENT VALUE                                     
     ______________________________________                                    
     Capacitor  442        0.15 microfarad                                     
     "          461        50 microfarads                                      
     "          455        .01 microfarad                                      
     "          465        .01 microfarad                                      
     "          475        .001 microfarad                                     
     "          485        .005 microfarad                                     
     "          492        10 microfarads                                      
     "          491        .001 microfarad                                     
     "          498        .002 microfarad                                     
     "          496        .05 microfarad                                      
     "          506        .05 microfarad                                      
     "          419        1 microfarad                                        
     "          420        85 micromicrofarads                                 
     "          472        50 microfarads                                      
     Resistor   412        22,000 ohms                                         
     "          410        3,300 ohms                                          
     "          411        33 K ohms                                           
     "          421        22 K ohms                                           
     "          450        10 K ohms                                           
     "          449        10 K ohms                                           
     "          448        150 K ohms                                          
     "          460         1 K ohm                                            
     "          457        200 ohms                                            
     "          454         18 K ohms                                          
     Resistor   468        150 K ohms                                          
     "          474        68 ohms                                             
     "          469        47 K ohms                                           
     "          471        65 K ohms                                           
     "          479        5,200 ohms                                          
     "          488        150 K ohms                                          
     Variable                                                                  
     Resistor   490        50 to 250 ohms                                      
     Resistor   495        1.5 K ohms                                          
     "          497        10 K ohms                                           
     "          508        10 K ohms                                           
     "          505        470 K ohms                                          
     "          515        10 K ohms                                           
     Inductor   458        100 microhenries                                    
     "          466        250 microhenries                                    
     "          478        100 microhenries                                    
     "          483        250 microhenries                                    
     "          494        100 microhenries                                    
     "          L2         250 microhenries                                    
     "          516        250 microhenries                                    
     Transistor 443        Type 2 N 708                                        
     Tube       464        Pentode 6 GM6                                       
     Tube       487        Pentode 6 GM6                                       
     Diode      503        1N34A                                               
     Diode      507        1N34A                                               
     ______________________________________                                    
      B+(Voltage applied at terminal 475') equals about 250 volts d.c.
PAR  An alternate embodiment of recording and playback circuitry is shown in
      FIG. 11. FIG. 11 is primarily concerned with transducing video
      intelligence and synchronizing signals and therefore the audio portion of
      the transducer head is not shown. The audio portion of the system and
      details of the video head may be considered as substantially the same as
      the arrangement shown in FIGS. 1-7.
PAR  As shown in FIG. 11, the magnetic record medium 11 is moved across a
      transducer head, which is represented by a video magnetic core 550 having
      mounted thereon a coil 551 and a coil 552. During recording a commercially
      available television receiver 554 is used to supply video intelligence and
      synchronizing signals to the coils 551 and 552. The signal from television
      receiver 554 is applied to the head via a line 553 a secondary winding 555
      of a transformer 556, and a parallel network consisting of resistor 558
      and capacitor 559. A variable capacitor 560 and an inductor 561 in series
      are connected between line 553 and ground. A resistor 562 is connected
      between the lower terminal of coil 552 and ground. Record playback
      selector switches 566 and 567 are connected to coils 551 and 552 for
      selecting different operating conditions during recording and playback.
PAR  A high frequency bias oscillator 568 has the output thereof applied to the
      primary winding 569 of the transformer 556. A portion of the high
      frequency energy applied to transformer 556 is coupled to a biasing coil
      570 on the video magnetic core 550 from a secondary winding 571 on the
      transformer 556. Operating voltage is applied to the high frequency bias
      oscillator 568 through a record playback selector switch 574. The coil 570
      is preferably arranged as indicated in FIG. 5A at 35 or in FIG. 6 at 57.
PAR  In the playback mode of the circuit shown in FIG. 11, video intelligence
      and synchronizing signals from the coils 551 and 552 are applied through a
      line 576 and capacitor 578 to the base electrode of a transistor 577,
      which is the first stage of a wide band video amplifier. A low direct
      current supply voltage is applied to a line 579 and a portion of the
      supply voltage is applied to the base electrode of the transistor 577
      through a network comprising resistors 580, 581 and 582. The low supply
      voltage from line 579 is also applied to the collector electrode of
      transistor 577 through a compensating circuit 585 which comprises a
      parallel network consisting of a resistor 586 and a capacitor 587 and a
      series circuit consisting of a resistor 589 and an inductor 590.
PAR  The output of transistor 577 is applied to the control grid of a pentode
      tube 592 by means of a coupling capacitor 593 and a compensating network
      consisting of a resistor 595 and a capacitor 596 in parallel and a circuit
      599 which comprises an inductor 601, a resistor 602, and a resistor 604
      and a capacitor 605 in parallel. The screen grid of tube 592 is connected
      to resistors 607 and 608 and to a resistor 609. A capacitor 611 is
      connected across the resistor 608 to ground potential for removing any
      unwanted high frequency components from the line 579, while a capacitor
      613 is connected between a line 614 and ground potential for bypassing the
      screen grid of tube 592. A biasing network comprising a resistor 615 and a
      capacitor 616 in parallel is connected to the cathode circuit of tube 592.
      The pentode tube 592 has the screen suppressor grid thereof connected
      directly to the cathode electrode as shown in FIG. 11.
PAR  A direct current supply voltage is applied to a terminal point 620 and
      therefrom to a compensating circuit 621 through a resistor 622. Connected
      to a point intermediate the compensating circuit 621 and resistor 622 is a
      capacitor 625 for shunting alternating current signals to ground which
      might otherwise be impressed on the supply voltage source. Compensating
      circuit 621 comprises a parallel network consisting of a resistor 626 and
      a capacitor 627 which is connected to a series network consisting of a
      resistor 628 and an inductor 629.
PAR  The output from the second stage of amplification is then applied through a
      coupling capacitor 631 and an inductor 632 to the control electrode of a
      pentode 635. Connected between the coupling capacitor 631 and ground
      potential is a resistor 636. Connected to the cathode circuit of tube 635
      is a biasing network consisting of a resistor 638 and a bypass capacitor
      639. The substantially reduced direct current potential on line 614 is
      applied to the screen grid to tube 635 through a line 640, while the
      suppressor grid of tube 635 is connected directly to the cathode electrode
      as shown in FIG. 11.
PAR  The output from the third and final state of amplification of the video
      amplifier shown in FIG. 11 is applied to a compensating circuit 642
      comprising a parallel network consisting of a resistor 643 and a capacitor
      644 and a series network consisting of a resistor 646 and an inductor 647.
      The output signal from tube 635 which has been developed across the
      compensating network 642 is propagated through a coupling capacitor 650 to
      a clamping circuit 652, which clamps the amplified video signal at a
      predetermined level for optimum operation of the television receiver 554.
      The clamping circuit 652 comprises a resistor 653, a capacitor 654, an
      inductor 655 and a diode 656. The substantially reduced supply voltage
      from line 614 is applied to the clamping circuit 652 through a resistor
      657. The output signal from clamping circuit 652 is applied to the control
      grid of a video amplifier 660 of the television receiver 554 via a
      coupling capacitor 661, a line 662, selector switch 663 and a control grid
      resistor 644. Also connected to the resistor 664 is a capacitor 666 and a
      resistor 667. The resistor 653 may be a variable resistor to provide a
      suitable video gain control. However, if automatic video gain control is
      desired, the automatic gain control voltage from the television receiver
      554 can be applied to the grid of tube 635 through resistor 636.
PAR  As is shown in FIG. 11, when the tape recording system is in the record
      position a selector switch 668 is connected to the plate electrode of tube
      660 through a coupling capacitor 669, thereby applying video and
      synchronizing signals to the winding 551 through the transformer secondary
      winding 555. Also applied to the winding 551 is a high frequency bias
      signal from secondary winding 555 which cooperates with the high frequency
      biasing signal from transformer coil 571 in producing an effective bias
      field.
PAR  In the alternate embodiment of the amplifier circuit shown in FIG. 11 as
      described hereinabove, the component values are preferably as follows:
TBL  COMPONENT   COMPONENT VALUE                                               
     ______________________________________                                    
     Capacitor                                                                 
             559     85           micromicrofarads                             
     "       578     0.15         microfarads                                  
     "       584     50           "                                            
     "       587     .02          "                                            
     "       593     .047         "                                            
     "       596     50           micromicrofarads                             
     "       605     .003         microfarads                                  
     "       616     100          "                                            
     "       611     50           microfarads                                  
     "       627     .05          microfarads                                  
     "       631     .01          "                                            
     "       613     10           "                                            
     Capacitor                                                                 
             639     100          microfarads                                  
     "       625     8            "                                            
     "       650     .05          "                                            
     "       644     0.1          "                                            
     "       654     50           "                                            
     "       661     .25          "                                            
     "       669     4            "                                            
     "       560     5 micromicrofarads-80 micromicrofarads                    
     Resistor                                                                  
             562      24 K ohms                                                
     "       581      10 K ohms                                                
     "       582      10 K ohms                                                
     "       580      150 K ohms                                               
     "       583      1 K ohms                                                 
     "       586      18 K ohms                                                
     "       589      3.3 K ohms                                               
     "       595      12 K ohms                                                
     "       602      270 ohms                                                 
     "       604      47 K ohms                                                
     "       615      68 ohms                                                  
     "       607      47 K ohms                                                
     "       608      65 K ohms                                                
     "       609      22 K ohms                                                
     "       628      4.7 K ohms                                               
     "       636      150 K ohms                                               
     "       638      60 ohms                                                  
     "       600      4.7 K ohms                                               
     "       626      7.5 K ohms                                               
     "       622      1 K ohm                                                  
     "       646      3 K ohms                                                 
     "       643      5 K ohms                                                 
     "       657      300 K ohms                                               
     Resistor                                                                  
             653      0-150 K ohms                                             
     "       558      22 K ohms                                                
     "       665      470 K ohms                                               
     Inductor                                                                  
             590      250 microhenries                                         
     "       601      250 microhenries                                         
     "       629      250 microhenries                                         
     "       632      500 microhenries                                         
     "       647      100 microhenries                                         
     "       655      250 microhenries                                         
     "       561      250 microhenries                                         
     Transistor 577                                                            
                  2N708                                                        
     Tube 592     Pentode 6GM6 or 6CB6                                         
     Tube 635     Pentode 6GM6                                                 
     ______________________________________                                    
PAR  For optimum operation of the television receiver used with the tape
      recording system of the present invention, a synchronizing signal of
      sufficient amplitude and of proper phase is necessary to provide a uniform
      horizontal sweep signal for the deflection system. By way of example, and
      not by way of limitation, FIG. 12 shows a preferred modification of the
      horizontal control circuit of a Zenith television receiver Model No. 14L30
      for the purposes of the present invention. Horizontal synchronizing pulses
      from a sync-pulse separator of the television receiver are applied to a
      line 700. These sync-pulses may have an amplitude of 50 volts negative. A
      record-playback selector switch 701 has one stationary contact thereof
      connected to the control grid of a triode tube section 703. The triode
      tube section 703 forms a part of the horizontal sweep oscillator circuit
      used in the television receiver. During playback operation, the negative
      horizontal synchronizing pulses on line 700 are applied to the control
      grid of tube section 703 through a capacitor 705, a resistor 706 and the
      selector switch 701 as indicated in FIG. 12. However, when the movable
      contactor of selector switch 701 is in the record position, the horizontal
      control circuit of FIG. 12 operates under relatively normal conditions to
      synchronize the horizontal sweep oscillator of the television receiver by
      means of broadcast signals received from a television transmitting
      station.
PAR  During playback operation of the system, the negative synchronizing signal
      from the sync-separator is also applied to a phase detector 708,
      comprising a pair of end-to-end diodes 710 and 711, a pair of resistors
      713 and 714, and a capacitor 715. An input capacitor 716 is connected
      between the line 700 and a terminal point 717, and capacitors 718 and 719
      are connected between the anodes of the respective diodes 710 and 711 and
      ground potential.
PAR  The diodes 710 and 711 are preferably of a configuration used by certain
      manufacturers of television receivers, that is, two diodes in a single
      container having their cathodes connected together and a lead connected
      intermediate the cathodes to provide a single encapsulated unit having
      three leads extending therefrom. The symbol used in FIG. 12 represents
      such a three terminal unit. However, it can be seen that two individual
      diodes can be used in the horizontal control circuit of FIG. 12 by
      connecting their cathodes together and to terminal point 717.
PAR  To increase the speed of response of the horizontal control circuit, a
      capacitor 721 is connected in the circuit and has one end thereof
      connected to the switch 701 and the other end thereof connected to the
      output of the phase detector 708 at a terminal point 722. The capacitor
      721 is shunted by a resistor 725 through the selector switch 701, while
      one end of resistor 725 is connected to ground through a first series
      network consisting of a resistor 726 and a capacitor 727 and through a
      second series network consisting of a resistor 728 and a capacitor 729.
      The tube section 703 has the cathode electrode thereof connected to ground
      potential while the plate electrode thereof is connected to a direct
      current supply potential through a plate load resistor 730.
PAR  The output of tube section 703 is applied to the control grid of a pentode
      tube section 733 through a pair of capacitors 734 and 735. The tube
      section 733 forms the other part of the horizontal sweep oscillator of
      FIG. 12. A portion of the direct current bias developed on the grid of the
      pentode 733 is fed back to a terminal point intermediate resistor 726 and
      capacitor 727 through a resistor 737. From a point intermediate capacitors
      734 and 735 the output signal of tube 703 is also applied to a tuned
      circuit 738 consisting of a capacitor 740 and an inductor 741. The tuned
      circuit 738 is also connected to the grid electrode of pentode 733 through
      a resistor 743. The cathode of pentode 733 is connected to ground
      potential through a portion of inductor 741, which is defined by a tap
      745, thereby providing the necessary feedback to the tuned circuit to
      sustain oscillation thereof. The screen grid electrode of pentode 733 is
      connected to a positive voltage which is somewhat less than the positive
      voltage applied to the plate electrode of the same tube. The plate
      electrode of the oscillator tube section 733 is connected to a voltage
      source, one having a potential of about 600 volts DC, through a plate load
      resistor 747. A wave form shaping circuit consisting of the resistor 747,
      a capacitor 748 and a resistor 749 forms a sawtooth wave for driving the
      horizontal output tube to which the circuit is coupled by means of
      capacitor 751.
PAR  Indicated at 753 is a portion of a flyback transformer incorporated in the
      horizontal deflection system of the television receiver. Highly positive
      pulses of approximately 300 volts are generated at winding 753a of the
      flyback transformer 753. Winding 753a is connected to a terminal point 754
      of the phase detector 708 through a line 755 and a parallel network
      consisting of a capacitor 756 and a resistor 757.
PAR  The operation of the horizontal control circuit of FIG. 12 when the
      selector switch 701 is in the record position is virtually unchanged from
      that which the manufacturer had intended for receiving television signals
      which have been transmitted by a television transmitting station. However,
      when the selector switch 701 is in the playback position, as shown in FIG.
      12, the speed of response of the horizontal control circuit is greatly
      increased to enable compensation for any high speed flutter in the motion
      of the record medium. The positive 300 volt pulses from flyback
      transformer 753 represents the horizontal oscillator sweep frequency and
      this is compared by the phase detector 708 with a synchronizing pulse
      applied to the phase detector from line 700. If the horizontal sweep
      oscillator of FIG. 12 tends to run too fast, the phase comparison circuit
      708 causes the control grid of tube segment 703 to become more positive
      which, in turn, increases the effectiveness of capacitor 734, which is
      shunted across the oscillator tuning capacitor 740 through the plate to
      cathode circuit of tube segment 703. The increased tuning capacity tends
      to decrease the oscillator frequency in a corrective manner to the
      synchronizing frequency of the horizontal synchronizing pulses applied to
      line 700.
PAR  To provide proper compensation for flutter in the tape recording system,
      the capacitor 721 and resistor 728 are incorporated. These components
      enable the grid electrode of tube segment 703 to sense the effect of phase
      errors between the 300 volt pulses from the flyback transformer 753 and
      the 50 volt negative pulses from the sync-separator circuit almost
      immediately. To further increase the speed of response to phase errors, it
      is preferable that the capacitor 705 and resistor 706 be connected between
      the line 700 and the grid electrode of tube segment 703 for superimposing
      a direct trigger pulse through the horizontal control tube 703 and
      therefrom to the grid electrode of horizontal oscillator tube section 733.
      A change in phase of the pulse from phase detector 708 will immediately
      affect the discharge point of the horizontal oscillator to give a higher
      speed correction of flutter in the tape recording system. For optimum
      stability of horizontal control circuit in FIG. 12 the ratio R1/R2 should
      preferably equal the ratio C2/C1, where R.sub.1 and R.sub.2 refer to the
      resistance values of resistors 706 and 728 and C1 and C2 refer to the
      capacitance values of capacitors 705 and 729.
PAR  The horizontal control circuit of FIG. 12 has great economy since only two
      resistors and two capacitors are required to modify the original
      horizontal control circuit of the television receiver. The added resistors
      are resistor 706 and resistor 728, while the added capacitors are
      capacitor 705 and capacitor 729. In some instances, it may be desirable to
      reduce the values of capacitors 718 and 719 to further increase the speed
      of response of the horizontal control circuit.
PAR  In the horizontal control circuit of FIG. 12 the component values are
      preferably as follows:
TBL  COMPONENTS       COMPONENT VALUES                                         
     ______________________________________                                    
     Capacitor 705    100     micromicrofarads                                 
     Capacitor 715    51      micromicrofarads                                 
     Capacitor 716    51      micromicrofarads                                 
     Capacitor 718    390     micromicrofarads                                 
     Capacitor 719    390     micromicrofarads                                 
     Capacitor 721    200     micromicrofarads                                 
     Capacitor 727    .047    microfarads                                      
     Capacitor 729    470     micromicrofarads                                 
     Capacitor 734    1000    micromicrofarads                                 
     Capacitor 735    470     micromicrofarads                                 
     Capacitor 740    3300    micromicrofarads                                 
     Capacitor 748    .005    microfarads                                      
     Capacitor 751    .005    microfarads                                      
     Capacitor 756    4.7     micromicrofarads                                 
     Resistor 713     330     K ohms                                           
     Resistor 714     330     K ohms                                           
     Resistor 706     750     K ohms                                           
     Resistor 725     1       megohm                                           
     Resistor 726     150     K ohms                                           
     Resistor 728     150     K ohms                                           
     Resistor 743     100     K ohms                                           
     Resistor 730     68      K ohms                                           
     Resistor 737     10      megohms                                          
     Resistor 747     120     K ohms                                           
     Resistor 749     12      K ohms                                           
     Resistor 757     150     K ohms                                           
     Tube segments                                                             
     703 and 733      Type    6 KD8                                            
     ______________________________________                                    
PAR  Still another method of reducing the effects of flutter in the tape
      recording system of the present invention is shown in FIG. 13. Here a
      compensating signal is applied to the beam deflection circuit of the
      television receiver for correcting the beam deflection signal. Negative
      horizontal synchronizing pulses are applied to the horizontal deflection
      circuit of FIG. 13 through a line 800 and therefrom to a balanced phase
      detector 801 through a capacitor 802. The balanced phase detector 801
      consists of a pair of end-to-end diodes 805 and 806, a pair of resistors
      807 and 808 shunting the diodes 805 and 806 respectively, a capacitor 809,
      and a pair of capacitors 811 and 812 connected between the anodes of the
      respective diodes 805 and 806 and ground potential.
PAR  The output of phase detector 801 is applied to the control grid of a tube
      815 through a variable resistor 816. Connected to one end of variable
      resistor 816 is a resistor 817 which is connected to a negative bias
      supply. The variable resistor 816 and resistor 817 form a voltage divider
      network which provides the necessary width control of the horizontal sweep
      signal from tube 815. A filter capacitor 819 is connected between a point
      intermediate the variable resistor 816 and fixed resistor 817, and ground
      potential thereby preventing high frequency signals from appearing across
      the negative bias supply. The cathode and suppressor grid of tube 815 are
      connected to ground, as shown in FIG. 13, while the screen grid electrode
      of tube 815 is connected to a positive voltage which is of some potential
      less than the supply potential applied to the plate of the same tube.
PAR  The horizontal sweep signal from the output of tube 815 is applied to a
      primary winding 821 of an output transformer 822. Connected between the
      primary winding 821 and supply terminal 824 is a filter capacitor 825 for
      preventing high frequency signals from appearing across the supply. A
      secondary winding 827 of the transformer 822 has one end thereof connected
      to a capacitor 828 while the other end of winding 827 is connected to a
      high voltage positive supply through terminal 829. Also connected to the
      terminal point 829 is one end of a flyback transformer 831 and one lead of
      a capacitor 832, while the other lead of capacitor 832 is connected to
      capacitor 828 and to the horizontal deflection yoke 835. Connected between
      a tap 836, of the deflection yoke 835, and one end of the deflection yoke
      835 is a capacitor 837. The capacitor 837 and the horizontal deflection
      yoke 835 are connected to a tap 839 on the flyback transformer 831 through
      a line 840.
PAR  The upper lead of the horizontal flyback transformer 831 is connected to a
      high voltage rectifier, not shown, the output of which supplies the
      necessary high voltage for the picture tube of the television receiver. A
      lead 843 from the flyback transformer 831 is connected to the damper
      circuit of the television receiver, while a lead 844 of the flyback
      transformer 831 is connected to the horizontal output circuit of the
      television receiver.
PAR  The signal to be compared with the horizontal synchronizing pulses applied
      to line 800 is derived from a winding 846 on the flyback transformer 831
      and positive pulses therefrom, corresponding to the horizontal oscillator
      frequency, are applied to the phase comparator circuit 801 through a line
      847 and a parallel network 848 consisting of a capacitor 849 and a
      resistor 850. As the phase comparator 801 senses a difference in phase
      relationship between the two horizontal rate signals applied thereto, the
      charge on capacitor 811 will vary thereby changing the bias applied to the
      grid electrode of tube 815 which, in turn, will vary the amplitude of the
      compensating signal applied to the output transformer 822.
PAR  Although the flutter compensation circuit shown in FIG. 13 is more complex
      than that shown in FIG. 12, it can be used in television receivers in
      which flutter compensation such as provided by capacitor 721 in FIG. 12 is
      impractical. The flutter compensating circuit shown in FIG. 13 is
      preferably used in addition to a usual horizontal control circuit, or in
      addition to a modified horizontal control circuit such as illustrated in
      FIG. 12. Where the control circuit of FIG. 12 is also utilized, the
      critical resistance and capacitance values for the components of FIG. 13
      may be chosen to complement the deficiencies of the other control circuit.
      For example the circuit of FIG. 13 can respond to the higher range of
      flutter frequencies above the range that is controlled by the control
      circuit of FIG. 12. By way of example in the embodiment of FIG. 13,
      capacitor 832 may have a value of 0.15 microfarads while capacitor 828 may
      be a 5,000 microfarad low voltage electrolytic capacitor.
PAR  The curves 675 and 676 in FIG. 9 illustrate the relative phase of the
      signals obtained for example from the coils 402 and 401, respectively, of
      the magnetic core 400, FIG. 10, as a function of frequency. The same
      relationship preferably applies to the playback heads of the other
      embodiments. Curve 680 shows the desired characteristics of the playback
      amplifier for providing a zero phase difference at the output of the head
      - amplifier system over the frequency range of interest. The curve 675 may
      represent the response of a winding such as 402 having 1000  turns where
      the curve 676 represents the phase relationship for a winding such as 401
      having 200 turns.
PAR  In FIG. 9A, curve 683 represents the output from a coil such as 402 as a
      function of frequency while curve 684 represents the output amplitude from
      a coil such as 401 as a function of frequency, of course assuming a
      constant amplitude input to the head 400. The dash line 685 indicates in a
      general way the total response of the windings 401 and 402 together in the
      frequency range between the resonant frequency of coil 402 indicated by
      the vertical mark 686 and the resonant frequency of the coil 401 indicated
      by the vertical mark 687. It will be observed that the output amplitude is
      substantially higher than would be the case with the coil 402 alone.
PAR  As indicated by comparison of FIGS. 9 and 9A, the phase reversals of curves
      675 and 676 occur at the respective resonance frequencies of the coils
      (where the amplitude of the signals induced in the coils is at a maximum).
      The region 678 of the curve 675 corresponds to the resonant frequency of
      the coil 402, for example, while the region 679 of curve 676 corresponds
      to the resonant frequency of the coil 401.
PAR  In the compensating circuit 452 at the output of transistor 443, FIG. 10,
      for example, the inductor 458 in conjunction with capacitor 455 is
      especially selected to provide a phase reversal in curve 680 at the
      resonance frequency of winding 402 as indicated at 682. The relative
      values of resistor 457, capacitor 455 and inductor 458 are critical for
      proper amplitude and phase correction. The resistor 457 and capacitor 455
      may be provided with a trimmer adjustment means so as to adjust the
      frequency and amplitude characteristics at region 682 of curve 680. Also,
      the inductor 458 may be provided with a trimmer adjustment so as to be
      adjustable to a precise value giving the optimum changeover frequency in
      coincidence with the phase shift obtained by the coil 402.
PAR  It may be noted, that means for compensating for the phase reversal
      obtained from the coils such as 401 and 402 may be provided in any one or
      more of the amplifier stages in the playback amplifier. As shown in FIG.
      7, the second amplification stage of tube 200 has a resistor 213' and a
      capacitor 215 which control the position of the changeover region 682 of
      the curve 680, while the inductance value of the inductor 213 in the
      second amplification stage also affects the position of the region 682 of
      the curve 680 in FIG. 9. The location of region 681 of the curve 680 is
      affected by the parallel network consisting of capacitor 222 and resistor
      223 in the input circuit of the third and final amplification stage of the
      playback amplifier shown in FIG. 7 and also by the values of inductors
      193, 213, 232 and 242. Either or both of the compensating network 187 and
      the compensating network 227, FIG. 7, may be provided with trimmer
      adjustments as mentioned hereinabove in connection with FIG. 10.
PAR  To illustrate another means for compensating for phase reversal of signals
      from the transducer head, the capacitor 596 and resistor 595 in
      conjunction with inductor 601 and resistor 600, in the input circuit of
      tube 592, FIG. 11, will control the location of the region 681 of the
      curve 680.
PAR  Shown in FIG. 14 is means for automatically positioning the transducer head
      10 in alignment with successive channels on a record medium. The
      transducer head may include a casing generally designated by reference
      numeral 850 secured to a threaded body member 852; or the transducer head
      casing 850 and the threaded body member 852 can be constructed in a single
      unit. A threaded adjusting screw 855 is threaded through the body member
      852 and rotatably mounted through a chassis member indicated at 856. At
      the upper end of the adjusting screw 855 is a knurled knob 857, which is
      provided for manually positioning the transducer head in alignment with
      the first or any desired channel on a record medium.
PAR  To prevent undesirable rotational movement of the transducer head while the
      adjusting screw 855 is rotating, a tang 859 is provided on the body member
      852 and in slidable engagement with a slot 861 located in a stationary
      member 862 of the tape recorder. However, other means for preventing
      rotational movement of the transducer head during rotation of the
      adjusting screw 855 may be provided.
PAR  Secured at the lower end of the adjusting screw 855 is a ratchet wheel 865
      which is engageably aligned with a locking pawl 866. The locking pawl 866
      is pivotedly secured to the chassis member 856 by a pin 868. As shown in
      FIG. 14B, the locking pawl 866 can move about the pin 868 in the
      directions indicated by double headed arrow 869 between a position
      engaging a stop 869a and a position engaging a stop 869b.
PAR  A driveshaft 870 of a spring operated drive motor 871 extends through the
      chassis 856 and is secured to a shaft portion 872 of adjusting screw 855.
      Mounted on the shaft 870 is a gear 873 which engages gear teeth 875a of an
      indicator assembly 875 which is rotatable on a shaft 874. As the
      transducer head is positioned at a given tape channel by the drive motor
      871, the gear 873 rotates the geared indicator 875. The gear ratio between
      gear 873 and the indicator 875 is such that the indicator will rotate
      about 36.degree. during the movement of transducer head 850 between each
      successive channel on the record medium. The tape channel indicator 875 is
      preferably provided with a disk portion 875b having numerals to indicate
      the tape channel position of the transducer head, as shown in FIG. 14A. An
      indicating pointer 876 is used to indicate the numberal of the indicator
      875 which is to be read. To place the transducer head in alignment with
      tape channel number 1, the knurled knob 857 is rotated clockwise to rotate
      the geared indicator 875 counter-clockwise until the first tape channel is
      indicated by the pointer 876. This action winds the spring of motor 871.
      When the transducer head is being positioned manually by rotation of knob
      857 in the clockwise direction the ratchet 865 is rotated clockwise as
      seen in FIG. 14B so that the arcuate portions 865a are turned toward the
      pawl fingers 866a and 866b and come in slidable contact therewith. When
      the rotation of the knurled knob 857 is discontinued, the spring motor 871
      will rotate the ratchet 865 in the opposite direction a slight amount
      until one of the radial faces 865b of the ratchet teeth becomes engaged
      with the pawl finger 866b on the pawl 866. This action will lock the
      ratchet wheel 865 against the pawl 866 and prevent the adjusting screw 855
      from turning further in the counterclockwise direction and will accurately
      position the transducer head.
PAR  By way of example, when the transducer head is in the first tape channel
      position, and the record medium may be moving in the forward direction
      with the pawl finger 866b abutted against one of the ratchet tooth radial
      faces 865b which one face may be specifically designated 865c.  When the
      record medium reaches a point near its end of travel, a signal is
      generated to call for a reversal in the direction of travel of the record
      medium. Actuation of the tape drive control to reverse mode may
      momentarily shift pawl 866 in the counterclockwise direction against the
      action of a tension spring 877. In so doing, the member 866b is brought
      out of locking engagement with the one face 865c of the ratchet 865 while
      another face 865d is engaged by pawl finger 866a as spring motor 871
      drives the wheel 865 in the counterclockwise direction. Release of pawl
      866 allows spring 877 to return the pawl to a position against stop 869b
      as spring motor 871 completes the rotation of the wheel 865 to the
      position where pawl finger 866b engages radial face 865e.
PAR  The ratchet 865 and pawl 866 are constructed so that each oscillation of
      the pawl 866 as just described allows a predetermined rotation of the
      ratchet wheel 865 corresponding to movement of the transducer head between
      successive channels. As the transducer head reaches the second channel
      position, for example, the radial face 865e of wheel 865 will engage the
      pawl member 866b to stop further rotation of the adjusting screw 850 by
      the spring motor 871. As the record medium reaches a point near the end of
      travel in the reverse direction a signal is again generated calling for a
      change in the direction of travel of the record medium. The pawl 866 once
      again is momentarily moved to its position against 869a and then released,
      advancing the transducer head to the next successive tape channel
      position. This action will continue until all channels of the record
      medium have been scanned.
PAR  The transducer head 10 is preferably provided with a plurality of grooves
      878 which are separated by lands 879. The number of grooves 878 on either
      side of the magnetic recording area 880 is preferably equal to one less
      than the number of channels provided on the record medium. The
      center-to-center distance between adjacent grooves 878 may be 0.025 inch
      in the case of ten channels on a 1/4 inch wide tape. In this manner, the
      width of the groove 878 may be equal to the width of the recorded track on
      the record medium 11, FIG. 1, while the width of the lands 879 may be
      equal to the width separating adjacent tracks of the record medium.
      Therefore, as the record medium moves across the transducer head, one
      track of the record medium will be passing exactly over the magnetic
      recording area 880 defined by poles 30 and 43 of the core 13 and poles 20
      and 21 of the core 14, FIGS. 3 and 5, while the remaining tracks of the
      record medium will be passing exactly over the grooves 878, thereby
      reducing the amount of wear of the record medium in the area of the
      recorded intelligence. By way of example, and not by way of limitation,
      the preferred embodiment of the above invention incorporates a transducer
      head wherein the grooves 878 are 0.019 inch across, while the lands 879
      are 0.006 inch across.
PAR  FIG. 15 illustrates diagrammatically a warning indicator circuit for
      indicating the approach of the end of the tape. A guide member with a tape
      engaging face 885 of metal is incorporated in the transport mechanism
      shown in FIG. 8 and may correspond to one of the tape guides 304, 305, 309
      or 310. Flush with the guide member surface 885 are electrical contactors
      886, 887 and 888. The forward and reverse selector switch 890 has one
      stationary contact thereof connected to the electrical contact 888 through
      a line 891, while the other stationary contact of selector switch 890 is
      connected to the electrical contact 886 through a line 892. The electrical
      contact 887 is connected to ground potential through a line 893. Actually
      the entire surface 885 is preferably grounded. The contacts 886 and 888
      may be insulated from surface 885 as indicated at 889a and 889b. The
      contact 887 may be an integral part of surface 885.
PAR  One end of a record medium indicated at 895 has a metallic contact 896,
      which when passing over the guide 885 will bridge the electrical contacts
      887 and 888 thereby indicating the approach of one end of the record
      medium and provide a signal to call for reversal of the direction of
      travel of the record medium and positioning of the transducer head 10,
      FIG. 14, for cooperation with the next succeeding tape channel. The
      opposite end of the record medium indicated at 897 has a metallic contact
      898 which when passing over the surface 885 will bridge the contacts 886
      and 887, thereby providing a signal calling for a further reversal in the
      direction of movement of the record medium.
PAR  A direct current supply voltage is applied to a terminal 900 and therefrom
      to a neon lamp 901 through a resistor which has a value of resistance Ry
      and is designated by the reference numeral 903. A resistor 905 having a
      value of resistance Rx is connected in series with the neon lamp 901 and
      the resistor 903 across the potential source connected to terminal 900.
      The values Ry and Rx of resistors 903 and 905 may each be one megohm, for
      example. Shunting the neon lamp 901 is a resistor 902 which provides for
      current flow through resistors 903 and 905 prior to the time when resistor
      905 is short circuited by one of the contacts 896 or 898 on the tape. The
      resistance value of resistor 902 may be such in comparison with values Rx
      and Ry that the voltage drop across resistor 902 is insufficient to
      initiate conduction in neon lamp 901, but will maintain conduction in lamp
      901 once initiated by the tape contact 896 or 898. Switch 907 is
      momentarily actuated each time a forward button 908 or a reverse button
      909 is depressed to change the direction of movement of the tape and/or
      each time a stop button 910 is actuated. The momentary closure of switch
      907 removes the holding voltage across lamp 901 and thus renders the lamp
      nonconducting. Contact 890 is shifted to its righthand position indicated
      by the letter R in response to actuation of reverse button 909 to cause
      the tape to be moved in the direction of arrow 16.
PAR  Thus in a manual system, the operator may depress stop button 910 when the
      lighting of lamp 901 indicates the approach of an end of the tape. The
      tape movement is thereafter reversed by depressing the appropriate button
      908 or 909 to unlatch the stop button and thus close contact 340, to close
      switch 343 or 350, respectively, and to place switch 342 in forward or
      reverse position, respectively. By way of example actuation of stop button
      910 may close contact 907 against the action of a compression spring 910
      and unlatching of the stop buttom 910 may allow contact 907 to open.
PAR  Referring to the circuit of FIG. 7, while as previously described the
      values of inductor 213, resistor 213' and capacitor 215 may control the
      position of the changeover region 682 of the curve 680 shown in FIG. 9, in
      a circuit in accordance with FIG. 7 which was actually constructed, the
      values of inductor 232, resistor 233 and capacitor 229 were the critical
      values for determining the frequency at which the changeover region 682 of
      curve 680 occurred. In the embodiment of FIG. 7 as in the other
      embodiments, all of the switches necessary to place the system in
      condition for recording or playback mode may be coupled for simultaneous
      actuation in response to manual operation of a single record-playback
      lever or knob or may be under the control of respective manually operated
      play and record buttons of the momentary type or of the latched type
      (where operation of one button unlatches the other button). In the record
      mode, the broadcast television receiver 104 is preferably in condition for
      receiving and displaying a broadcast television signal whether or not a
      magnetic recording operation is also actually taking place.
PAR  Referring to FIG. 7, a mixer component 915 is provided which is arranged to
      couple energy from the audio circuit to the video circuit, from the video
      circuit to the audio circuit, or to couple energy in both of those
      directions simultaneously. The mixer component 915 may also include
      suitable phase adjustment means and amplitude adjustment means in each
      direction of coupling so as to serve to counteract any stray coupling from
      the audio circuits of the transducer head into the video amplifier 110
      and/or to counteract any coupling from the video portion of the magnetic
      head into the audio circuits.
PAR  Referring to FIG. 8, the reference numeral 920 illustrates an erase head
      which may be selectively energized with high frequency erasing current to
      erase all ten channels of the record medium simultaneously, for example in
      advance of the recording on a first channel of the record medium as the
      tape is wound from the supply reel 301 to the take-up reel 302. A guide
      pin may be provided as indicated at 921 so that the tape 11 does not touch
      the pressure roller 308 after the tape leaves contact with the capstan
      307. A dampling pad is preferably located as indicated at 922 in FIG. 8 in
      sliding contact with the tape between the capstan 307 and the head 10. The
      damping pad 922 may be of felt or other absorbent material for damping out
      high frequency vibrations in the length of tape between the capstan 307
      and the head 10. Such vibrations are harmful in video picture
      reproduction. The damping pad 922 may be in sliding contact with the
      magnetizable surface of the tape 11 as illustrated in FIG. 8 or may be in
      engagement with the non-magnetic backing material of the tape. The pad 922
      may be impregnated with molybdenum disulfide and/or graphite.
PAR  It has also been found advantageous to impregnate the pressure pad 15 shown
      in FIG. 1 with molybdenum disulfide and/or graphite.
PAR  The capstan motor 330 may operate at a speed of the order of 3600
      revolutions per minute and may have the flywheel 331 directly on the motor
      shaft which shaft is integral with the rotor of the capstan motor. The
      capstan roller 307 may be immediately adjacent the surface of the flywheel
      331 at the side of the flywheel remote from the capstan motor 330.
PAR  In an actual embodiment the capstan brake B3 was mechanically linked to the
      push buttons for actuation to released condition upon depressing of button
      908 or 909 and to braking position upon depressing of push button 910.
PAR  A single winding such as provided by conductor 35 supplies both the A and B
      components of the cross field, referring to FIG. 5A of the present
      application. Further, with the head of the present invention a hum bucking
      construction may be used during playback. The core 13 shown in FIG. 1 may
      be formed of two identical core halves abutting at the gap spacer 23 and
      at the junction indicated at 190, for example, for economical tooling. The
      head of the present invention provides effective high frequency bias in
      the multi-megacycle range which is especially important for video
      recording. The head of the present invention can be made to operate in
      both directions of tape travel preferably with selection of the X-field
      winding 150 or 151 by means of switch 139; however a conductor such as 35
      at only one side of the gap may be used to supply bias for recording in
      either direction of movement of the record medium across the gap. Using a
      conductor such as 150 at the trailing side of the gap as the tape travels
      in the reverse direction still has an advantage over a conventional head
      since a higher bias frequency can be effectively used with a conductor
      such as 35 or 150 near the tape path than with a conventional bias
      winding.
PAR  The embodiment of FIG. 6 hereof is specifically disclosed as incorporating
      the audio magnetic circuit 14 of FIG. 1 and the other components of the
      embodiment of FIGS. 1-5. As previously described, the use of very high
      frequency bias in the megacycle range gives lower noise in the recording
      of audio frequency signals and other signals.
PAR  It will be understood that an important concept of the present invention
      resides in that frequency components may be supplied to the winding 105
      during recording which are above the resonant frequency of the head coil
      170 taken with its self-capacitance and any parallel circuit capacitance.
      Also during playback, the coils 105 and 170 supply frequency components
      above the resonant frequency of coil 170 to the amplifier 110 which is
      responsive to such frequency components and transmits the same to the
      cathode ray tube of the receiver 104 for effective reproduction. By way of
      example, frequency components may be effectively recorded which are at
      least 3 times the resonant frequency of the winding 170 and may, for
      example, effectively record components having a frequency of 5 or more
      times the resonant frequency of the coil 170. Similarly, during playback,
      the coils 105 and 170 may respond to frequency components equal to at
      least three times the resonant frequency of the coil 170 and including
      frequency components equal to five times the resonant frequency of the
      coil 170, for example.
PAR  During recording frequency components above the resonance frequency of head
      coil 170 could be supplied to head coils 105 and 170 connected as for
      playback in FIG. 7, that is in series with coil 105 producing a magnetic
      field opposing that of coil 170 at frequencies below the resonance
      frequency of coil 170; but the use of a coil having only a few turns and a
      high resonance frequency such as coil 105 alone is preferred during
      recordoperation of the head.
PAR  Where the winding 170 has the relatively large number of turns, the winding
      105 will provide the relatively greater voltage during playback at the
      higher frequencies, while the winding 170 will predominate at the lower
      frequencies. The resonance frequencies of the two windings may be such
      that the windings are effectively connected in series bucking relation
      with respect to low frequencies. A shunt path may be provided in the
      magnetic circuit for the small winding by-passing the larger winding. If
      the windings 105 and 170 are made with equal turns they may be connected
      in parallel during recording and in series during playback. Or one may be
      used for recording, and both in series for playback. Magnetic keepers of
      magnetically soft material may be provided in contact with the adjacent
      inactive channels on each side of the gap 23 so as to reduce cross talk.
PAR  With respect to the audio magnetic core arrangement illustrated in FIGS.
      1-3, will be observed that the audio fields recorded on the record medium
      as indicated in FIG. 4 while producing aiding output voltages in the audio
      coils 17 and 18 tend to cancel each other with respect to the video coils
      27 and 28.
PAR  To summarize by way of example suitable parameters for the illustrated
      embodiments, the tape 11 may have a magnetizable layer indicated at 11a in
      FIG. 3 with a thickness of 3 to 12 microns or 0.12 to 0.5 mil. The tape
      coercive force may be approximately 275 oersteds and the remanence B.sub.R
      may be approximately 1000 gauss. The tape may move at constant speed in
      the range between 60 and 120 inches per second. The pressure pad 15 may be
      of a smooth felt and may be urged against the inactive surface of the tape
      11 by means of a spring arm 15a with a light pressure. The gap 23 may have
      a dimension in the direction of tape movement of 50 micro inches and the
      core 13 may be formed of 1/2 mil permalloy laminations having a width of
      1/16 inch and stacked 1/64 inch high. The core may provide a magnetic
      circuit of approximately square configuration having a dimension of 7/16
      inch on each side. The winding 27 may have 1000 turns of No. 44 A.W.G.
      wire and the winding 28 may have 200 turns of No. 40 A.W.G. wire. The
      inductance of the 200 turn coil may be approximately 1 millihenry while
      the inductance of the one thousand turn coil may be approximately 25
      millihenries. The bias field conductors 35 and 45 may comprise No. 34
      (A.W.G.) wire polished at the top surface as indicated at 35a in FIG. 5A
      and disposed at a distance from the gap 23 of 4 mils. A bias frequency
      between 2 and 15 megacycles per second may be utilized and the current
      supplied to the conductor 35 or 45 may be in the range from 1/2 ampere to
      2 amperes. The signal current supplied to the winding 28 may be in the
      range of 1 to 4 milliamperes measured peak to peak of the current
      waveform. The embodiment of FIG. 6 may be entirely similar in utilizing
      No. 34 wire flattened as indicated at 35a in FIG. 5A and with the surfaces
      such as indicated at 35a in sliding engagement with the active
      undersurface of the magnetizable layer of the tape 11. For the case of two
      conductors as indicated at 57a and 57b in FIG. 6 with a center to center
      distance from the gap 23 of 6 mils and 14 mils, respectively, the current
      supplied to the conductor 57 may be in the range of from four to ten
      amperes measured peak to peak of the current waveform. The frequency is
      again between 2 and 15 megacycles per second. Of course, it will be
      understood that the cross field conductors such as 35, 45 and 57 may be of
      ribbon configuration, or may have multiple turns so long as the proper
      relationship is established between the cross field component indicated at
      A in FIG. 5A and the gap field component indicated at B. Generally for
      recording of video frequencies such as television signals the gap 23 may
      have a dimension in the direction of tape movement in the range between
      about 30 and 90 microinches. The audio core section 14 may be formed from
      permalloy laminations 0.014 inches thick and 1/16 inch wide (the width
      dimension being in the horizontal direction for the vertical legs
      associated with windings 17 and 18 in FIG. 3, for example). The
      laminations forming the video core may also be 1/16 inch wide, referring
      to the horizontal dimension of the vertical legs associated with coils 27
      and 28 as viewed in FIG. 1, for example. The windings 17 and 18 may each
      have 1500 turns of No. 46 (A.W.G.) wire.
PAR  By way of example, the housing parts 47', 48 and 49 indicated in FIG. 2 may
      be of non-magnetic metal such as bronze or non-magnetic stainless steel.
      The conductors such as 35, FIG. 5A, may be secured in the grooves such as
      39 by means of a layer 417 of epoxy resin, for example. The imbedding
      material 417 may be undercut at each side of the conductor 35 so that only
      the surfaces 30a and 35a are exposed for sliding contact with the
      undersurface of the magnetizable layer 11a of the tape 11.
PAR  It is considered preferable to polish the surfaces such as indicated at
      30a, 35a and 43a in FIG. 5A with a heating current supplied to the
      conductor 35 or to the conductor 57 in FIG. 6 or with the head otherwise
      heated to its operating temperature.
PAR  Referring to FIG. 10, the primary winding 425a of transformer 425 is
      preferably part of the tank circuit of the oscillator 426. The primary
      winding 425a and the capacitor 423 are tuned to resonate at the frequency
      of operation of the oscillator 426 and are brought close to the head core
      400 so that the secondary circuit including secondary winding 425b and
      cross field conductor 429 may have substantially the minimum practical
      impedance. In other words, the leads connecting the secondary winding 425b
      and the cross field conductor 429 have a minimum length, the long leads
      being in the primary circuit between the tank circuit and the remainder of
      the oscillator indicated at 426.
PAR  It has been found advantageous, although optional, to connect a capacitor
      930 across resistor 411. The capacitor 930 when employed is connected
      across the winding 402 during playback.
PAR  by way of example, capacitor 930 may have a value of 35 micro microfarads.
PAR  During recording operation, a resistor 412 is connected across the winding
      402. Resistor 412 may have a value of 22,000 ohms, for example.
PAR  In FIG. 10 if the head characteristics are controlled closely taking into
      account the effect of resistors 410 and 411 and capacitor 930, if present,
      the values of capacitor 455, resistor 457 and inductor 458 may be fixed at
      appropriate values relative to such head characteristics and trimmer
      components omitted.
PAR  The parallel network of inductor 483 and resistor 484 in the circuit of
      FIG. 10 are preferably selected to provide a high frequency series peaking
      circuit.
PAR  In the circuit of FIG. 10, during playback operation, the output of the
      playback amplifier is supplied via a capacitor 666 and a resistor 667 to a
      conventional automatic gain control circuit 933 which may be that of the
      Zenith 14L30 Chassis previously referred to. The plate of the automatic
      gain control section of the automatic gain control and sync.clip tube of
      said 14L30 Chassis (Type 6HS8) may be connected to lead 935 indicated in
      FIG. 10 which leads to one contact of a switch 937. A capacitor 938 is
      connected between line 935 and a line 939 of the circuit. When the switch
      937 is in its upper position, the lower end of resistor 488 is grounded,
      while when the switch 937 is in the lower position, the lower end of the
      resistor 488 is connected to line 935 to receive gain control signals from
      the automatic gain control circuit 933 of the television set 404.
PAR  The clamping circuit of FIG. 10 has the following features:
PAR  1. It provides bias for the video amplifier tube 416 of the television set
      404.
PAR  2. It allows transients in the signal to pass without substantial
      rectification. Such rectification would cause picture and sync.
      distortion.
PAR  3. The clamping circuit is non-critical as to shift in clamping interval
      due to flutter in the signal reproduced from the record medium.
PAR  4. The circuit operates stably in conjuction with the flutter stabilizing
      circuit of FIG. 12.
PAR  5. The circuit uses a minimum of inexpensive parts.
PAR  6. The circuit does not require additional transformers, amplifier stages,
      delay lines, trigger circuits or the like.
PAR  7. The clamping circuit does not shift the picture portion of the signal
      appreciably or require a special setting of the horizontal operator hold
      control (controlling the inductance of inductor 741, FIG. 12) for playback
      as compared to normal operation of the television set 404.
PAR  The circuit point indicated at 942 in FIG. 10 within the television set 404
      is connected with a source of 250 volts d.c. voltage through variable
      resistor 965 (FIG. 11) which may have a value of about 1 to 5 megohms, a
      120,000 resistor 966, and a 22,000 ohm resistor 967. A further resistor is
      indicated at 944 in FIG. 10 in shunt with the branches of the clamping
      circuit 502. Registor 944 may have a value of 300,000 ohms to provide a
      net shunting resistance of about 250,000 ohms taking into account the
      loading of resistor 944 by the components within the television set 404
      previously referred to. The value of resistor 944 of 300,000 ohms is
      selected where capacitor 498 has a value of .003 microfarads, inductor 499
      has a value L1 of 6.2 millihenries, resistor 505 has a value of 470,000
      ohms, capacitor 506 has a value of 0.047 microfarads, resistor 508 has a
      value of 22,000 ohms and the pulses from the output transformer 511 via
      winding 510 have peaks of minus 7 volts occurring at the horizontal line
      rate.
PAR  Components 503, 499 and 506 of the first branch of the clamping circuit 502
      may be in series in any sequence. Resistor 505 may be placed across
      inductor 499 and capacitor 506 instead of across capacitor 506 only. In
      the second branch of the clamping circuit components 507 and 508 may be
      interchanged in position in the circuit. Resistor 505 and capacitor 506
      may be omited (shorted out) if a bias voltage is not required for the
      video amplifier stage 416.
PAR  The foregoing examples of specific values of the various components of the
      clamping circuit and of various rearrangements and modifications are, of
      course, by way of example only and not by way of limitation.
PAR  In operation of the circuit of FIG. 10 in the playback mode, the winding
      510 of output transformer 511 of the television set 404 supplies a
      waveform as indicated at 946. The seven volt negative peaks of the
      waveform occur at the line rate and produce a negative current flow
      through the series circuit including components 508, 507, 499, 503, and
      component 505 and 506 in parallel. Circuit point 947 in FIG. 10 becomes
      negatively charged with respect to ground by approximately 2.5 volts.
      Circuit point 948 is momentarily driven to about minus 2.75 volts due to
      the negative current pulse through diode 503. Circuit point 947 remains
      essentially at minus 2.5 volts at all times, while circuit point 948 drops
      to minus 2.5 volts after the negative current pulse has terminated. The
      presence of diode 503 clamps circuit point 948 which is directly coupled
      to the grid of tube 416 in the television set to 2.5 volts negative at the
      end of the negative actuating pulse of current produced by the peaks of
      the waveforms 946. The end of each actuating pulse occurs approximately at
      the end of the horizontal blanking period, after which a positive going
      picture signal is transmitted through coupling capacitor 498. The picture
      signal can change the potential of circuit point 948 in a positive
      direction up to a potential of zero volts at which diode 507 becomes
      conducting. Similarly the signal is not restricted if it does not swing
      below minus 2.5 volts. Thus picture signals up to 2.5 volts peak potential
      can be accommodated. Each horizontal line of the picture signal starts
      with respect to a minus 2.5 volt reference potential which is established
      by the clamping circuit at circuit point 948. The bias or reference
      potential may be made more negative by increasing resistor 505, by
      decreasing the value of resistor 508, or increasing the amplitude of the
      pulse voltage waveform 946; and the bias or reference potential may be
      made less negative by oppositely changing the aforementioned values. The
      inductance of inductor 499 offers a high impedance to composite signal
      transients which are present in the type of video system described (due to
      high frequency emphasis, phase shifts, etc.) thus minimizing rectification
      by diode 503. Rectification by diode 503 would otherwise cause distortion
      and sync. shift. The inductance 499 also reduces clipping of the sync.
      peak amplitudes when the clamping circuit 502 is actuated at time
      intervals corresponding to the back porch of the video waveform.
PAR  A resistor for example having a value of 5000 ohms may be used in place of
      inductor 499, but the inductor has been found to give better results.
      Resistor 508 has an effect for positive peaks of the composite video
      signal similar to that provided by inductor 499.
PAR  The resistor 944 together with the parallel resistance of the television
      circuit 404 discharges coupling capacitor 498 to some extent during the
      line scan interval. A time constant of about 750 microseconds for
      capacitor 498 and its discharge resistance including resistor 944 is a
      good compromise, (corresponding to the product of 250,000 ohms and 0.003
      microfarads), with a range from 200 to 2000  microseconds being practical.
      The discharge circuit provided by the resistance including resistor 944
      reduces low frequency noise, shades the picture and has been found to
      reduce distortion and sync. shift.
PAR  The degree of clamping action may be increased by reducing the value of
      resistor 508 or by increasing the pulse peaks of waveform 946, the value
      of resistor 505 being reduced correspondingly to maintain the specified
      bias.
PAR  The proportions set forth in the above example have been found
      advantageous, since too strong a clamping action may affect the sync.
      adversely by suppressing the vertical sync. for example.
PAR  The clamping circuit of FIG. 10 may be inverted and positive pulses
      supplied by means of a winding such as 510 if clamping of a negative going
      picture signal is desired.
PAR  The resistor 412 which may have a value of about 22,000 ohms is shown as an
      alternative to short circuiting the winding 402 which has the relatively
      large number of turns, during the recording operation.
PAR  Referring to FIG. 10, and particularly to the television circuit 404
      utilized during recording operation, it will be observed that resistor 664
      associated with the grid of tube 416 is connected with certain components
      of the television circuit only when the selector switch 428 is in the
      record position. These components associated with line 430 have been
      indicated as comprising the detector circuit 950 which is a standard part
      of chassis 14L30 and has its input 951 connected to the third I.F. stage
      of Chassis 14L30. Line 430 is also connected to component 953, 954 and 955
      of Chassis 14L30. In Chassis 14L30, resistor 953 has a value of 1500 ohms
      and resistor 955 has a maximum value of 2500 ohms. The television set is
      in condition for normal operation whenever switch 428 is in the record
      position, whether or not switch 418 is also actuated to record position. A
      broadcast television signal may be viewed on the television set 404
      whenever switch 428 is in the record position, and the received broadcast
      signal may be simuultaneously recorded on the record medium 11 when switch
      418 is in the record position also.
PAR  In Chassis 14L30 output line 958 of the video amplifier 416 is connected to
      the cathode ray tube of the set 404 without further amplification stages.
PAR  Referring to FIG. 10, the tank circuit comprising capacitor 423 and
      transformer 425 may be tuned to the bias frequency which, for example may
      be 2.75 megacycles per second.
PAR  Referring to FIG. 10, resistor 481 may typically have a value between 3,000
      ohms and 10,000 ohms. Capacitor 482 may be adjustable between 0.001
      microfarads and 0.5 microfarads to correct for various individual heads
      associated with the circuit of FIG. 10. In other words capacitor 482 may
      be adjusted to take account of manufacturing tolerances and the like in
      the manufacture of individual heads as generally illustrated, for example,
      in FIG. 1, FIG. 6 or FIG. 10 and associated with the circuit of FIG. 10.
PAR  With respect to the circuit of FIG. 10 where clamping is to occur at the
      back porch of the composite video signal, it is desirable to increase the
      intensity and/or width of the pulses supplied to the clamping circuit 502
      from the winding 510 during the vertical sync. intervals, thereby keeping
      the sync. level of the clamped composite picture signal more nearly
      constant.
PAR  Referring to the circuit of FIG. 11, the movable plate of capacitor 560 is
      preferably grounded. Capacitor 560 and inductor 561 are tuned to the
      frequency of the high frequency bias oscillator component 568 to keep the
      high frequency bias signal out of the circuits of the television set 554.
      By way of example, capacitor 560 and inductor 561 may be resonant at 2.75
      megacycles per second where this is the frequency of oscillator component
      568.
PAR  A resistor 960 which may, for example, have a value of 500,000 ohms is
      preferably connected between the record terminal of selector switch 668
      and ground.
PAR  In the circuit of FIG. 11, resistor 600 may be omitted, depending on the
      compensation characteristic required.
PAR  The resistor 653 in FIG. 11 is used mainly for adjusting the low frequency
      phase shift (although it does affect the gain of the video circuit).
PAR  In one embodiment in accordance with FIG. 11, capacitor 605 had a value of
      0.003 microfarads while resistor 602 had a value of 270 ohms, giving a
      time constant of 0.81 microseconds. This represented the minimum time
      constant for the various compensating circuits of the specific embodiment.
      Capacitor 605 may, however, have a value as low as from about 0.001 to
      0.002 microfarads.
PAR  Various components of the conventional circuit identified as the 14L30
      Chassis have been indicated in FIG. 11 including a resistor 962 and
      capacitor 963 in the cathode circuit of tubes 660, and resistance elements
      965, 966 and 967 leading to a source of B+ voltage (supplying a voltage
      value of 250 volts D.C. Resistor 967 and and B+ source connected therewith
      are bypassed by a 4 microfarad capacitor (not shown).
PAR  Referring to FIG. 12, a capacitor 970, a resistor 972 and a diode 973 are
      indicated as being connected to the input line 700 of the circuit. This
      circuit when interposed between the minus 50 volt sync. pulses and the
      horizontal control circuit attenuates the vertical pulses which otherwise
      tend to affect the modified control circuit of FIG. 12 during the vertical
      blanking interval. The original circuit of Chassis 14L30 responds too
      slowly for the vertical pulses to change its frequency appreciably.
PAR  In FIG. 12, components 737, 726 and 727 serve to supply negative bias
      voltage to the grid of tube section 703, this negative bias being tapped
      from the negative grid voltage of the oscillator section 733. It will be
      understood by those skilled in the art that the tube section 703 serves as
      a reactance tube for controlling the oscillator frequency of the
      oscillator tube section 733. Section 733 is a Hartley type sine wave
      oscillator, with coil 741 tapped at 745 and a capacitor 740 forming the
      frequency determining circuit tuned to approximately 15,750 cycles per
      second. A movable permeable core in the coil 741 enables trimming of the
      frequency, this core being moved by the "horizontal hold" knob of the
      television set. The upper part of coil 741 is coupled to the grid of tube
      section 733 through capacitor 735, with a grid leak resistor 743, for
      example of 100,000 ohms, developing the negative bias. Resistor 737 may
      have a value of 10 megohms, for example. The lower part of the coil 741
      which is grounded forms part of the anode or screen portion of the
      oscillator circuit, with the cathode connected to 745 being at an
      intermediate potential.
PAR  The winding 753a of transformer 753 corresponds to the winding connected to
      resistor 121 in FIG. 7 for supplying line rate pulses to the audio core
      section of the head which may correspond to the head of FIGS. 1-3. This
      has been indicated in FIG. 12. It will be understood that FIG. 12 may be
      associated with the head of FIGS. 1-3 or FIG. 6 including the audio core
      section and additionally with the circuit of FIG. 10 or FIG. 11. The
      winding 753a gives 300 volt positive pulses, but these pulses are
      integrated by capacitor 719 in conjunction with resistor 757 so that the
      wave shape at circuit point 754 is a sawtooth. The small capacitor 756
      sharpens the sawtooth peak to give more sensitivity.
PAR  With respect to the relationship R1/R2 should preferably equal C2/C1 as
      previously mentioned with respect to FIG. 12, it should be understood that
      the presence of resistance 726 and capacitor 727 will modify this
      relationship to some extent.
PAR  Where the values of capacitors 718 and 719 have been reduced compared to
      their values in the 14L 30 Chassis, the decreased values have been found
      to have a negligible effect on the normal operation of the television
      receiver when the switch 701 is in the upper record or inactive position.
PAR  Although it is most economical to use a modified circuit such as that
      indicated in FIG. 12 in the television set as indicated, a separate
      horizontal stabilizing circuit along the lines of that shown in FIG. 12
      may be utilized instead. As previously indicated resistor 743 is a grid
      leak resistor and does not have much coupling effect between coil 741 and
      the grid of tube section 733.
PAR  For maximum pleasure in viewing without using keepers, the head of FIG. 14
      would be indexed two or three channels for example about 75 mils at each
      reversal of tape movement, using a wider tape or using a fewer number of
      active channels for a given width of tape. Where keepers such as 978 are
      used, grooves may be provided in the keeper material as indicated in solid
      outline at 878 in FIG. 6, preferably spaced to clear recorded tracks in
      all positions of the head as previously described with respect to FIG. 14.
PAR  To reduce the interference where closely spaced channels are used, the
      keepers may be ungrooved to provide a continuous tape-contacting surface
      completely contacting the recorded areas (both audio and video) of
      adjacent channels. For example keeper strips on respective sides of the
      video core 13 may preferably cover the entire tape confronting surface of
      the head casing and be separated by a distance only 11 mils greater than
      the active channel width. Thus for an active channel width of 19 mils, the
      spacing between the keeper strips may be about 30 mils. For example, the
      audio pole faces such as indicated at 14a and 14b in FIG. 6 which actually
      contact the tape may have a dimension of about 2 mils to leave a space of
      about 3.5 mils from the edge of the adjacent keeper. The pole faces 14a
      and 14b may have dimensions in the direction of tape movement of about 20
      mils. The curved ends 980 and 981 of conductors 57 and 57' may be ground
      off to fit within the 5.5 mil space between the audio gap spacer 20 and
      the edge of the adjacent keeper strip. Similarly the portions such as 982,
      983 and 984 of conductors 57 and 57' may be ground off to fit the 5.5 mil
      space. The keeper strips may be formed of 2 mil thick "Permalloy". A
      shield case of similar material may surround the remaining sides of
      housing parts 47, 48 and 49 and overlap the outer margins of the keeper
      strips which margins would be clear of the tape path.
PAR  By way of example, the head may be indexed only 25 mils at a time where
      such keeper strips and magnetic shielding of the transducer head are
      employed.
PAR  With the embodiment actually illustrated in FIG. 6, with or without keepers
      the conductor length 57a may be four mils from gap 23, and may itself have
      a width of 6 mils. The layer 417 shown in FIG. 5A may add another mil so
      that the receiving grooves for conductor lengths 57a and 57b may each have
      a width of 7 mils. The spacing between the grooves for conductors lengths
      57a and 57b may be 4 mils, so that the outer or remote edge of the groove
      receiving conductor length 57b may be 22 mils from gap spacer 23. Audio
      cores 14a and 14b may be spaced about 1/16 inch from the gap spacer 23 and
      may have a width of about 15 mils, so that the outer or remote edge of the
      audio core is about 62 mils from the gap spacer 23. Each half of the video
      core 13 has a dimension in the direction of tape movement of about 156
      mils, in this example. It will be understood that FIG. 6 is not in exact
      proportion since the audio poles 14a and 14b are actually about twice as
      wide as conductor 57 and are spaced from conductor 57b by about 3/64 inch
      (40 mils or about 6 times the width of conductor 57).
PAR  In FIGS. 8, 14B and 15, pushbuttons 908, 909 and 910 have been indicated
      diagrammatically with dash lines indicating a mechanical coupling of the
      push buttons with switches 340, 343 and 350 in FIG. 8 and with switch 907
      in FIG. 15. Similarly in FIG. 15, solid lines 969 and 970 represent a one
      way coupling between pushbuttons 908 and 909 and switch contact 890. From
      the position shown in FIG. 15 it may be assumed that if the stop button
      910 is depressed, reverse button 909 will be released, but contact 890
      will remain in the reverse position shown. Thereafter, when forward
      pushbutton 908 is depressed, switch contact 890 will be moved by
      mechanical link 969 to its left hand or forward position. When the stop
      button 910 is next depressed, forward pushbutton 908 will be unlatched,
      but the contact 890 will remain in the forward position. Of course,
      movable switch contact 890 could be replaced by two contacts one coupled
      with the forward button 908 and the other coupled with the reverse button
      909 to establish the same circuit conditions when the respective buttons
      are depressed.
PAR  The lever 866 may be suitably coupled to the pushbuttons so that it is
      moved from its position against stop 869b to its position against stop
      869a and then allowed to return under the impetus of tension spring 877
      whenever the drive is changed from the forward to the rewind direction or
      vice versa, to the next channel by this oscillation of the lever 866. By
      way of example, if the stop button must always be actuated before reversal
      of the direction of movement of the record medium, the stop button 910 may
      be mechanically coupled to the lever 866 as indicated by the dash line 971
      in FIG. 14B. Provision may be made to uncouple or lock out the mechanical
      coupling 971 in in case it is desired to drive back and forth while the
      head remains in scanning relation to a given channel.
PAR  Of course a relay may be utilized in place of the neon lamp circuit of FIG.
      15 so as to automatically actuate the stop button 910 and then the other
      of the forward and reverse buttons so as to automatically reverse the
      direction of movement of the tape and index the scanning head.
      Alternatively, automatic reversal during playback may take place in
      response to cues placed on the record medium during recording for
      governing the automatic playing of a succession of channels. Where the
      record medium is in the form of an endless loop, the tape drive need not
      be reversed, and the head may be indexed between successive channels in
      the manner disclosed in our U.S. Pat. No. 2,857,164 issed Oct. 21, 1958,
      the disclosure whereof is incorporated herein by reference.
PAR  In an apparatus which has been constructed and successfully operated, which
      may be termed the demonstration apparatus, the head configuration
      corresponded to that described with respect to FIG. 1, but utilizing a
      pair of cross field conductors as indicated at 57 and 57' in FIG. 6. That
      is, the casing conformed with the one shown in FIGS. 1, 2 and 3 and the
      audio core arrangement conformed with that shown in FIGS. 1, 2 and 3. The
      winding 27 comprised 1000 turns of No. 42 A.W.G. wire, while winding 28
      consisted of 200 turns of No. 40 A.W.G. wire. The winding 28, however, had
      a shorter axial extent than the winding 27 and was arranged near the pole
      piece 974 on the leg 975 so that the center with respect to the axial
      direction of the winding 28 was closer to the scanning gap 23 than the
      center of the winding 27. The winding 27 had an inductance of about 27
      millihenries and a resonant frequency in the range from 200 to 400
      kilocycles per second. The winding 28 had an inductance of about 1.1
      millihenries and a resonant frequency of about 2 megacycles per second.
      The gap spacer 23 had a dimension in the direction of tape movement of
      about 50 microinches. The video core 13 was formed of 1/2 mil Permalloy
      laminations as indicated in FIG. 6. The two pole pieces 974 and 976
      together defined a length dimension of the core 13 of about 7/16 inch,
      while the legs 975 and 977 each had a long dimension of about 7/16 inch.
PAR  The cross field conductors 57 and 57' were arranged symmetrically with
      respect to the gap spacer 23 with the first length portion such as 57a
      being spaced 4 mils from the gap, and the two length portions such as 57a
      and 57b having a separation of 4 mils. The conductors were substantially
      semicircular in cross section and had a diameter corresponding to that of
      No. 34 A.W.G. wire, or approximately 6 mils. The detailed arrangement of
      the cross field conductors with respect to the video core is as
      illustrated in FIG. 5A with epoxy resin imbedding material as indicated at
      417 undercut as indicated at 979 in FIG. 5A. The active face of the
      magnetizable layer 11a of the tape record medium was in sliding contact
      with the surfaces of the cross field conductors corresponding to surface
      35a in FIG. 5A.
PAR  The core part indicated at 47 in FIG. 1 was not present in the
      demonstration apparatus. The video core 13 had a transverse dimension of
      about 15 mils to provide a 15 mil wide video track such as indicated at 66
      in FIG. 4.
PAR  The audio core 14 comprised a single lamination about 15 mils thick. The
      audio gap spacers 20 and 21 were each 2 mils thick and of brass material.
      The audio windings were 1500 turns each of No. 46 A.W.G. wire. The audio
      track such as indicated at 64 and 65 were thus approximately 2 mils thick
      to provide an overall track width of about 19 mils.
PAR  The pressure pad indicated at 15 was of smooth felt material and pressed
      against the inactive surface of the record medium 11 with a light spring
      pressure.
PAR  The tape transport for the demonstration apparatus was as illustrated in
      FIG. 8 using a damping pad 922 of felt impregnated with graphite and
      molybdenum disulfide. A pin as indicated at 921 was also utilized as well
      as the electric circuit shown in FIG. 8 and the brakes B1, B2 and B3.
PAR  The audio bias was supplied to the audio windings 17 and 18 as illustrated
      in FIG. 7 and in FIG. 12 at 121, 122. The audio bias frequency was thus
      15,750 cycles per second.
PAR  The video bias was supplied as illustrated in FIG. 11 both to the selected
      cross field conductor 57 or 57' depending on the direction of tape
      movement and to the video winding 28. In other words, the secondary
      winding 571 in FIG. 11 was connected to the cross field conductor 57 in
      FIG. 6 when this conductor was crossed first by the record medium, and the
      winding 571 was connected to the cross field conductor 57' when the tape
      moved in the opposite direction and crossed the cross field conductor 57'
      first.
PAR  The current supplied to the active cross field conductor was approximately
      2 amps peak to peak at 2.75  megacycles per second as measured by a
      commercial current probe in conjunction with an oscilloscope. The bias
      frequency current supplied to the winding 28 during recording had a value
      of about 20 milliamperes peak to peak at 2.75 megacycles per second as
      measured by the commercial current probe in conjunction with the
      oscilloscope. The video current supplied to the winding 28 including the
      synchronizing pulses had a value of from 1 to 4 milliamperes peak to peak
      as measured by the current probe in conjunction with the oscilloscope. The
      frequency spectrum measured by the commercial probe extended from about 20
      cycles per second to more than 10 megacycles per second.
PAR  The record media used with the demonstration machine were 1/4 inch premium
      grade audio and instrument tapes having a coercive force of about 275
      oersteds and a B.sub.R of about 1000 gauss. The tape was moved at a speed
      of about 120 inches per second.
PAR  The electric circuitry utilized during recording and playback corresponded
      to that illustrated in FIGS. 11 and 12 except that the clamping circuit of
      FIG. 10 was utilized in place of the clamping circuit of FIG. 11. More
      specifically, the component of FIG. 11 between points 980, 981 and 982
      were omitted, and the clamping circuit arrangement beyond point 984 in
      FIG. 10 substituted therefore. The components 944, 515, 516 of FIG. 10 as
      well as the components 510 and 511 from FIG. 10 were also utilized. The
      automatic gain control line 935 was not, however, utilized in the
      demonstration apparatus. The recording circuit including components 669,
      960, 560 and 561 of FIG. 11 were utilized in the demonstration apparatus
      instead of the corresponding component of FIG. 10.
PAR  In the modified embodiment of the amplifier circuit of FIG. 11 which has
      been adopted for demonstration purposes, the component values are
      preferably as follows:
TBL  COMPONENT   COMPONENT VALUE                                               
     ______________________________________                                    
     Capacitor                                                                 
             559     85      micro microfarads                                 
     Capacitor                                                                 
             560     5-80    micro microfarads                                 
     Capacitor                                                                 
             578     0.15    microfarads                                       
     Capacitor                                                                 
             584     50      microfarads                                       
     Capacitor                                                                 
             587     .02     microfarads                                       
     Capacitor                                                                 
             593     .047    microfarads                                       
     Capacitor                                                                 
             596     50      micro microfarads                                 
     Capacitor                                                                 
             605     .003    microfarads                                       
     Capacitor                                                                 
             616     100     microfarads                                       
     Capacitor                                                                 
             611     50      microfarads                                       
     Capacitor                                                                 
             627     .05     microfarads                                       
     Capacitor                                                                 
             631     .01     microfarads                                       
     Capacitor                                                                 
             613     10      microfarads                                       
     Capacitor                                                                 
             639     100     microfarads                                       
     Capacitor                                                                 
             625     8       microfarads                                       
     Capacitor                                                                 
             644     .1      microfarads                                       
     Capacitor                                                                 
             669     4       microfarads                                       
     Resistor                                                                  
             562      24 K ohms                                                
     Resistor                                                                  
             581      10 K ohms                                                
     Resistor                                                                  
             582      10 K ohms                                                
     Resistor                                                                  
             580      150 K ohms                                               
     Resistor                                                                  
             583      1 K ohm                                                  
     Resistor                                                                  
             586      18 K ohms                                                
     Resistor                                                                  
             589      3.3 K ohms                                               
     Resistor                                                                  
             595      12 K ohms                                                
     Resistor                                                                  
             602      270 ohms                                                 
     Resistor                                                                  
             604      47 K ohms                                                
     "       615      68 ohms                                                  
     "       607      47 K ohms                                                
     "       608      65 K ohms                                                
     "       609      22 K ohms                                                
     "       628      4.7 K ohms                                               
     "       636      150 K ohms                                               
     "       638      60 ohms                                                  
     "       626      7.5 K ohms                                               
     "       622      1 K ohm                                                  
     "       646      3 K ohms                                                 
     "       643      4.7 K ohms                                               
     "       558      22 K ohms                                                
     Inductor                                                                  
             590      250 microhenries                                         
     "       601      250 microhenries                                         
     "       629      250 microhenries                                         
     "       632      500 microhenries                                         
     "       647      100 microhenries                                         
     "       561      100 microhenries                                         
     Transistor 577                                                            
                  2N708                                                        
     Tube 592     Pentode 6GM6 or 6CB6A                                        
     Tube 635     Pentode 6GM6 or 6CB6A                                        
     (Parts from Figure 10 substituted in place of Parts 650,                  
     654, 661, 653, 657, 656, 655, 665 in Figure 11)                           
     COMPONENT   COMPONENT VALUE                                               
     ______________________________________                                    
     Capacitor 506                                                             
                 .047 microfarads                                              
     Capacitor 498                                                             
                 .003 microfarads                                              
     Capacitor 656                                                             
                 .01 microfarads                                               
     Resistor 508                                                              
                 22,000 ohms                                                   
     Resistor 505                                                              
                 470,000 ohms                                                  
     Resistor 515                                                              
                 4,700 ohms                                                    
     Resistor 667                                                              
                 68,000 ohms                                                   
     Resistor 664                                                              
                 330 ohms                                                      
     Inductor L1 6.2 millihenries                                              
     Inductor 516                                                              
                 250 microhenries                                              
     Diode 503   IN34A                                                         
     Diode 507   IN34A                                                         
     Inductor 12 omitted                                                       
     ______________________________________                                    
PAR  It will be noted that in the actual demonstration circuit, resistor 600 of
      FIG. 11 is omitted. The capstan motor in FIG. 8 in the demonstration
      apparatus operates at the same speed in each direction of rotation. The
      indexing means illustrated in FIG. 14 is not used in the demonstration
      apparatus, and the spacing between channels is selected as desired. With a
      close channel spacing, without the use of keepers as described in
      connection with FIG. 6, some interference may be observed between the
      channels, although the video information is accurately reproduced. The
      interference between channels is, of course, avoided by choosing an
      adequate spacing between adjacent channels as described in connection with
      FIG. 6.
PAR  The playback frequency response for the demonstration apparatus including
      the head (but not the tape) was flat from about 16 kilocycles per second
      to the resonant peak frequency of the head, the response thereafter rising
      at an increasing rate to the upper useful frequency limit of the system.
      Thus, the playback frequency response was flat from about 16 kilocycles
      per second to approximately 300 kilocycles per second, the response
      thereafter rising at an increasing rate to approximately 2 megacycles per
      second. The head had irregularities (peaks and valleys) in its response
      curve due to pickup at points other than the main gap (such as edges of
      the head core) and the dimensions of the head core were such that these
      irregularities occurred at frequencies below 15,750 cycles per second. In
      the demonstration apparatus, the clamp circuit of FIG. 10 operated with a
      signal polarity such that the sync. pulses were negative. Of course the
      clamp circuit can be reversed for an opposite polarity signal.
PAR  To illustrate the flutter reduction obtained in the demonstration apparatus
      using the circuit of FIG. 12, the following tabulation may be given
      indicating generally the results observed.
TBL  ______________________________________                                    
                   Ratio of Reproduced Flutter                                 
                   with Circuit of Figure 12/Flutter                           
     Flutter Frequency,                                                        
                   with Original Circuit in same                               
     Cycles Per Second                                                         
                   TV Set                                                      
     ______________________________________                                    
      10           0.14                                                        
      20           0.13                                                        
      30           0.06                                                        
      60           0.05                                                        
     120           0.07                                                        
     180           0.12                                                        
     300           0.15                                                        
     600           0.23                                                        
     900           0.50                                                        
     1200          0.75                                                        
     3000          0.80                                                        
     10,000        0.80                                                        
     ______________________________________                                    
PAR  The motor 330 having the capstan 307 on the shaft thereof may be of the
      hysteresis synchronous type, but where economy is paramount an induction
      type may be used, in which case the induction motor is preferably operated
      with an air gap flux density of about 7500 gauss or less, being less than
      about half the normal operating density of such motors. This has been
      found to eliminate rotor speed fluctuations at harmonics of the power line
      frequency, which speed fluctuations were otherwise so severe that a
      satisfactory picture could not be recorded.
PAR  In FIG. 1, the 200 turn winding 28 is physically shorter and is placed
      higher on the core legs than the 1000 turn winding 27. That is, the top of
      the winding 28 as viewed in FIG. 1 is above the top of the winding 27 as
      viewed in FIG. 1.
PAR  The capacitor 990 in FIG. 8 is, of course, for the purpose of shifting the
      phase of the energizing current in one winding of the motor 330 as
      compared to the phase of the energizing current in the other winding of
      the motor. Actuation of the switch 342 from one position to the opposite
      position changes the phase relationship by about 180.degree. to cause
      rotation of the motor in the opposite direction.
PAR  The playback circuit of the demonstration apparatus including the head
      provides a substantial useful low frequency response down to at least
      about 800 cycles per second. The response below this relatively low
      frequency drops off at an increasing rate which reaches a rate higher than
      6 decibels per octave. There is a substantial boost in low frequency
      response in the region between about 800 cycles per second and about 8000
      cycles per second. Thus there is a substantial boost in low frequency
      response at frequencies directly above the low frequency response at
      frequencies directly above the low frequency cutoff value of about 800
      cycles per second.
PAR  It will be observed that the time constant for capacitor 721 and resistor
      728 in FIG. 12 is about 30 microseconds. The time constant for capacitor
      705 and resistor 706 is about 75 microseconds. The time constant for
      capacitor 719 and resistor 714 is about 130 microseconds, and the time
      constant for capacitor 718 and resistor 713 is about 130 microseconds
      also. Capacitor 729 and resistor 728 have a time constant of about 75
      microseconds, matching 705 and 706.
PAR  In the demonstration apparatus it is considered that the time constant
      provided by capacitor 721 and resistor 728 is of greatest importance.
PAR  It has been found that interference between the high frequency bias and the
      television picture signal during recording is reduced if the bias
      oscillator frequency is adjusted to certain exact values where beats are
      minimized. (For this reason capacitor 423 in FIG. 10 is preferably a
      variable capacitor.)
PAR  With a balanced audio head arrangement as illustrated in FIGS. 1-3 of the
      present case, the audio balance may be established by shifting the tape
      laterally and a laterally adjustable tape guide is indicated at 993, 994
      in FIG. 2 for this purpose.
PAR  In general the time constants of the correction networks in the various
      embodiments are considered of substantial importance and the illustrated
      values given herein represent good choices for such time constants.
PAR  Compensation is preferably provided in the earliest stage as in FIGS. 10
      and 11 to prevent distortion of high level signals by the amplifier.
      Although the equalizing circuits in FIGS. 10 and 11 resemble video
      amplifier coupling networks in some respects, the values of resistance,
      capacitance and inductance chosen for the illustrated circuits as given
      herein are widely different from conventional video amplifier circuits,
      and give sharp changes in frequency response over the useful spectrum; in
      contrast to a relatively flat response which is the objective of ordinary
      video compensating networks.
PAR  The time constants chosen in FIG. 10, 11 and 12, for example, are unique
      and important for television recording and the like.
PAR  In FIG. 7, the peaks of the reproduced signal prior to integration are so
      high that they are clipped, with consequent distortion.
PAR  Bias frequencies from 3 to 15 megacycles per second have been
      advantageously employed with the configuration of FIG. 6.
PAR  It is contemplated that the demonstration apparatus may be successfully
      operated at a lower speed such as 60 inches per second, for example.
PAR  In the circuit of FIG. 10 diode 507 may be shorted out.
PAR  A head such as shown in FIG. 1 may have appreciable pickup during playback
      near the core ends where the tape 11 makes first and last contact with the
      video core 13. This is minimized by the use of keepers as previously
      described with reference to FIG. 6, by sloping the head at an angle and
      lifting the tape out of contact with the core ends, rounding the core
      ends, etc. If the core dimension from gap to end are made long enough, the
      effects of this pickup occurs at frequencies below the line frequency,
      causing minimum interference with the reproduced signal. Thus the core
      should be long enough so that a recorded wavelength corresponding to
      15,750 cycles per second is not picked up appreciably by the core ends
      compared to the pickup at the main gap. For a tape speed of 120 inches per
      second this corresponds to a recorded wavelength of 0.0075 inches
      approximately.
PAR  Compensation for flutter may be effected by using the output of a
      discriminator or frequency comparison circuit as in FIG. 13 or FIG. 12 to
      control the width of the horizontal scan in the display tube, as by
      narrowing the width when the playback is too slow, and increasing the
      width when the signal is too fast. The width may be controlled by
      modulating the screen voltage of the horizontal output tube, or by
      modulating the high voltage applied to the display tube, according to the
      output from the frequency comparison circuit.
PAR  In FIG. 11 the circuit point b common to 650 and 661 assumes a positive
      potential with respect to ground, depending on the potential of 614 and
      the relative values of 657 and 653. Capacitor 654 also assumes practically
      the same potential. The composite video and negative going sync. applied
      to this circuit point b through 650 may swing the circuit point b in the
      positive direction with minimum loading since this places a reverse
      voltage across diode 656. However when the signal swings in the negative
      direction, diode 656 becomes conducting and offers a low impedance to
      ground through 654. The signal is thus clamped at its negative sync.
      level.
PAR  Rectification of the negative sync. tips lowers the potential of 654 (and
      of b) momentarily, but 654 regains its charge through 657 during the
      interval between sync. pulses. The discharge rate of point b through 653
      is nearly independent of the signal because it is determined mainly by the
      bias which is added to the signal. The bias may be 5 to 10 times as great
      as the signal, or even higher. This arrangement gives a clamping action
      independent of variations in the picture, especially in portions of the
      cycle where the signal is becoming more positive; and provides uniform
      shading of the picture. The degree of discharge may be regulated by
      adjustment of 653. Inductor 655 minimizes clipping the leading edge of the
      sync. pulses. Coupling network 661, 665 transfers the clamped signal to
      the TV set without substantial distortion.
PAR  The recording circuits are essentially flat to below 10 cycles per second
      in voltage response, with negligible phase shift to below 60 cycles per
      second. At low and medium frequencies the picture voltage waveform
      including normal sync. pulses is transformed faithfully into a current
      waveform by 558, 421, or 163; into a magnetic flux waveform by head 550,
      400 or 100; and recorded as a variation in flux on tape 11.
PAR  At the highest frequencies, capacitors 559, 420, 158, and 162 compensate
      for shunt capacity of the head, impedance rise in its windings, core
      losses, losses in the recording circuits, etc. to maintain the recording
      flux wave as a faithful reproduction of the composite signal.
PAR  A preferred condition of recording head response is when the voltage across
      the head winding rises in direct proportion to frequency at frequencies
      high enough so that head winding resistance is negligible compared with
      its reactance. When this condition is achieved the current in the heads
      described in this specification rises with frequency to a certain degree.
PAR  The 6GM6 tube is suitable for A.G.C. operation, as its amplification varies
      with grid bias.
PAR  The demonstration apparatus used a hysteresis synchronous type capstan
      motor.
PAR  As an alternative to driving the head from the output of the TV set video
      amplifier, the amplifier in the recorder could be used for this purpose.
      For example, during recording the grid of 635 can be connected to the TV
      set at its video detector or to the cathode circuit of its video
      amplifier, or to its plate circuit through a step down voltage divider.
      Line 553 would then be connected to the plate circuit of 635 during
      recording, instead of to the plate circuit of the TV set video amplifier.
      This arrangement reduces loading of the TV video amplifier, eliminates
      some connections, and reduces the impedance level of the signals in the
      cable.
PAR  In addition to the warning signal indicator of FIG. 15, one may record a
      special signal on the tape at the end of each channel at the time the
      record is made, to mark the various points of reversal and channel
      changeover. During playback these signals may automatically actuate the
      reversal and channel changeover, to give continuous playback without any
      manipulation on the part of the operator.
PAR  The simplest clamping circuit, shown in FIG. 7, comprises 245, 248, 247,
      249. This is poled for a picture signal with positive-going sync. pulses.
PAR  While the audio pole pieces have been illustrated as directly recording the
      audio frequencies, they can be used instead for recording a carrier
      modulated by the audio signal, which carrier would be demodulated for
      playback.
PAR  In place of the vacuum tubes, transistors could be used without altering
      the function of the associated circuits.
PAR  The neon lamp is actuated well in advance of the tape ends and remains lit,
      so that during recording the operator may choose an appropriate reversal
      point depending upon the program material. A relay should operate
      automatically before reaching the very ends of the tape in case the
      operator neglects the changeover. During playback the reversals preferably
      take place automatically at the points where changeover was made in the
      recording process.
PAR  In regards to reducing the reflected capacitance across the head to the
      lowest possible value, it may be desirable to omit 458 and/or 466 and
      obtain an equivalent effect elsewhere in the circuit.
PAR  If no additional grid bias is desired from the clamping circuit, 505 may be
      reduced to zero, and 506 eliminated.
PAR  A.G.C. line 935 may similarly be connected to 468, or to both 468 and 488.
PAR  The following are objects of the invention;
PAR  1. Circuit and head combination that gives high output and signal-noise
      ratio even with a very narrow track width, allowing more tracks on a given
      width of tape.
PAR  2. Single circuits that give adequate correction for video (and radar)
      recording, using direct recording.
PAR  3. Faithful reproduction of recorded waveforms over a video frequency
      spectrum.
PAR  4. Economy of tape usage as well as of mechanism and of circuitry to give a
      practical home recorder for video.
PAR  5. Stabilization of picture signal that enables the use of an inexpensive
      drive.
PAR  6. Stabilization that tolerates considerable flutter during recording
      and/or playback.
PAR  7. Treatment of signal that compensates for defects in the magnetic
      recording and/or playback process of a video signal including hum pickup,
      inherent tape noise, amplifier noise, deficiencies of heads and tapes,
      rate of change playback effects, phase shifts, etc.
PAR  8. Reproduction of a steady picture from a video signal which has a
      relatively high degree of frequency or amplitude modulation due to drive
      instability.
PAR  The time constants of the RC and L networks in the amplifier circuits of
      FIGS. 7, 10 and 11 and in the stabilizing circuits of FIGS. 12 and 13 are
      important in producing the desired results in recording and reproduction
      of the picture. These may be calculated readily from the tabulated values,
      and important limits of these are indicated in some of the appended
      claims.
PAR  It will be apparent that many modifications and variations may be effected
      without departing from the scope of the novel concepts of this invention.
PAC  DESCRIPTION OF FIGS. 16 and 17
PAR  FIG. 16 corresponds to the third figure of my U.S. Pat. No. 3,502,795
      issued Mar. 24, 1970, and FIG. 17 is based on the description of said
      patent at column 4, lines 19-30.
PAR  The following description corresponds identically to the description of the
      third figure of U.S. Pat. No. 3,502,795 except for the change of figure
      number and reference numerals.
PAC  Description of FIG. 16 from U.S. Pat. No. 3,502,795
PAR  Referring to FIG. 16, the reference numeral 16-60 may designate a suitable
      source of color signals such as the video circuits of a conventional color
      television receiver. By way of example, the component 16-60 may provide a
      signal varying in accordance with the red color component of a visual
      image at line 16-61, the green component at line 16-62 and blue color
      component at line 16-63. In a conventional color television set, these
      signals may be supplied directly to respective control grids of a multigun
      color television tube as indicated by lines 16-64-16-66. The same color
      signals may be supplied to amplifier components 16-71, 16-72 and 16-73
      which during recording operation are conditioned to supply suitable
      recording currents to the windings of the respective video head units
      16-16, 16-17 and 16-18. Thus amplifier component 16-71 supplies recording
      current to windings 16-57'  and 16 -58' in series so as to produce a
      longitudinally directed field at the longitudinal gap fluctuating in
      accordance with the red component of a visual image. The amplifier
      component 16-72 produces a recording current in the windings 16-75 and
      16-76 of head unit 16-17 in series to produce a longitudinal field
      component at the gap varying in accordance with the green color component
      of the visual image. The amplifier component 16-73 produces a recording
      current in the windings 16-27 and 16-28 in series to produce a
      longitudinal field component at the gap of the head unit 16-18 varying in
      accordance with the blue color component of the visual image. At the same
      time, suitable audio sources 16-81 and 16-82 may supply audio recording
      currents to windings 16-41 and 16-42 in series, and windings 16-43 and
      16-44 in series, respectively. The windings 16-41 and 16-42 may be
      connected so as to produce aiding magnetomotive forces with respect to the
      loop magnetic circuit including the core 16-47, pole face 16-32a, portion
      16-30a, and pole face 16-32b. Similarly, the windings 16-43 and 16-44 may
      be connected so as to produce aiding magnetomotive forces with respect to
      the loop magnetic flux path including the core 16-48, pole face 16-33a,
      portion 16-30b, and pole face 16-33b.
PAR  Suitable video and audio biasing means are preferably provided as indicated
      by components 16-91 and 16-92 in FIG. 16. While any conventional biasing
      arrangement may be employed by way of example, cross field bias windings
      may be located as indicated at 16-93, 16-94 and 16-95 in FIG. 16 for the
      video head units 16-16, 16-17 and 16-18, and may operate on the cross
      field principle in conjunction with windings 16-57'-16-58', 16-75-16-76
      and 16-27-16-28, respectively. Bias windings 16-100 and 16-101 are
      indicated for the audio head units 16-32 and 16-33 in FIG. 16. With
      respect to the longitudinally disposed video head units 16-16-16-18,
      during forward movement of the record medium 16-20, windings 16 -93, 16-94
      and 16-95 are energized with high frequency constant amplitude bias
      current of one phase from bias source 16-91 for example; while during
      reverse movement of the record medium 16-20, windings 16-93, 16-94 and
      16-95 are energized with high frequency bias current of opposite phase
      from the bias source 16-91. Since the audio heads units 16-32 and 16-33
      are laterally directed and do not utilize cross field type biasing, the
      energization of bias windings 16-100 and 16-101 need not be altered in
      dependence on the direction of movement of the record medium. Preferably,
      the bias currents are of a frequency at least several times greater than
      the highest frequency component to be recorded by the associated head and
      are of a frequency so as not to interfere or beat with the frequency
      components being recorded.
PAC  Description of FIG. 17 from U.S. Pat. No. 3,502,795
PAR  By way of example, components 16-91 and 16-92 may comprise frequency
      multipliers 17-10 and 17-11, FIG. 17, coupled to the horizontal deflection
      generator indicated at 17-12 of a conventional color television set as
      represented by component 16-60, FIG. 16. For audio bias frequency, the
      horizontal line rate frequency of 15,750 cycles per second may be
      multiplied by a factor of the order of 5, while for the video circuits,
      the horizontal line rate may be multiplied by a factor of the order of
      200. The components 16-91 and 16-92 may include suitable filtering and
      amplification means at the output of the frequency multipliers as
      indicated at 17-14 and 17-15 in FIG. 17 so as to provide substantially
      sine wave constant amplitude bias currents to the respective head units.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a video transducer system comprising a magnetic transducer head for
      scanning cooperation with a magnetic record medium, a video recording
      circuit connected with said transducer head during recording operation for
      supplying a video signal to be recorded to said transducer head and for
      producing a video signal magnetic field acting on the record medium to
      record the video signal thereon, and a high frequency bias circuit
      connected with said transducer head during recording operation for
      producing a high frequency bias magnetic field which is superimposed on
      the video signal magnetic field to assist in the recording of the video
      signal, wherein the improvement comprises means determining the bias
      frequency of said high frequency bias magnetic field so as to avoid beat
      notes with frequency components of the video signal.
NUM  2.
PAR  2. A system according to claim 1 wherein the video recording circuit
      supplies a video signal having a given horizontal line frequency, and said
      determining means produces a bias frequency equal to a multiple of the
      horizontal line frequency of the video signal.
NUM  3.
PAR  3. A system according to claim 2 wherein said determining means produces a
      bias frequency equal to a multiple of the order of 200 times said
      horizontal line frequency.
NUM  4.
PAR  4. A system according to claim 2 wherein a video color signal source
      includes a horizontal deflection signal, and said determining means
      comprises a frequency multiplier connected to said source for receiving
      said horizontal deflection signal and connected to said transduced head
      for supplying a high frequency bias signal thereto with a frequency equal
      to a multiple of the frequency of said horizontal deflection signal.
NUM  5.
PAR  5. A video transducer system comprising a magnetic transducer head arranged
      to scan a moving magnetic record tape for recording a video signal along a
      longitudinal channel thereof, a video recording circuit for supplying a
      video signal to be recorded to said magnetic transducer head, and a high
      frequency bias circuit for generating a megacycle frequency bias signal
      and for supplying the same to said magnetic transducer head during
      recording, said video recording circuit providing a bias frequency value
      of from 2 to 8 megacycles per second avoiding beat notes with the video
      signal, and superimposed on the video signal to assist recording thereof.
NUM  6.
PAR  6. A television recording system comprising circuit means for receiving
      video signal information together with audio signal information with the
      video signal information including a synchronizing signal at a horizontal
      line frequency, audio and video signal recording means for recording the
      audio and video signal information and coupled to said circuit means for
      receiving said audio and video signal information therefrom, and means
      coupled to said audio and video signal recording means and to said
      receiving means for generating a high frequency bias signal having a
      frequency synchronized with the frequency of said synchronizing signal for
      producing a bias frequency field component at said recording means which
      is mixed with a signal field generated by said recording means to assist
      in the recording of the signal information.
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PAL  A color television receiver has a tuner converting the received signal to
      an intermediate frequency and fine tuning means for varying the converted
      frequency. An intermediate frequency filter couples the converted signal
      to a synchronous demodulator which includes a variable frequency reference
      oscillator in a closed loop control system which tracks the IF frequency
      thereby providing an extended range of tuning adjustment. A two pole
      switch is operable to couple the DC component of the closed loop control
      system error signal to the tuner and the AC component of the error signal
      to the reference oscillator thereby providing an "exact tuning" operation.
BSUM
PAC  RELATED PATENTS AND APPLICATIONS
PAR  This invention is related to U.S. Pat. No. 3,760,094 entitled AUTOMATIC
      FINE TUNING WITH PHASE-LOCKED LOOP AND SYNCHRONOUS DETECTION, abandoned
      application Ser. No. 494,448, filed Aug. 5, 1974, entitled COLOR
      TELEVISION RECEIVER WITH IMPROVED TUNING CHARACTERISTICS and Ser. No.
      503,220, filed Sept. 5, 1974, entitled OSCILLATION SYSTEM FOR INTEGRATED
      CIRCUIT all of which are in the name of Peter C. Skerlos and assigned to
      Zenith Radio Corporation and all of which are hereby incorporated by
      reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to color television receivers and in particular to
      those which incorporate synchronous demodulators. The typical television
      receiver has a tuner which frequency converts the received information
      bearing signal by the familiar heterodyning process. A local oscillator is
      adjusted to produce an oscillatory signal a given frequency above that of
      a received television signal for converting the sound and video carriers
      in the received signal to corresponding intermediate frequency carriers
      which are supplied to frequency selective intermediate frequency
      amplifiers. The output of these amplifiers drives a detector which
      recovers the modulation from the carriers.
PAR  Due to its close frequency relationship to the suppressed chrominance
      subcarrier sidebands, the sound carrier in receivers not employing
      synchronous demodulation must be drastically attenuated in the video IF
      channel prior to detection of the video IF signal to preclude the
      production of the well known 920 kHz beat resulting from the presence in
      the detector of the chrominance and sound information. The effect of this
      interference on the displayed picture is highly objectionable and such
      color receivers generally include separate detectors for the
      luminance-chrominance information, and for the sound information.
PAR  The separate detection permits substantial trapping or attenuation of the
      sound information in the luminance-chrominance channel and minimization of
      the chrominance-sound beat. The sound trap is typically located in the
      frequency selective portion of the intermediate frequency amplifier at a
      point after the sound information has been coupled to the sound detector.
      The arrangement yields satisfactory reproduction of the televised picture
      provided the frequency conversion of the tuner is precise enough to insure
      accurate positioning of the sound carrier within the sound trap. However,
      significant limitation on the degree of mistuning which may be tolerated
      is imposed.
PAR  While "exact tuning" of a television receiver generally suffices, it is
      often desirable to adjust the tuner and alter the frequency of the
      intermediate frequency signal. For example, preferential adjustment of the
      picture characteristics may be obtained by changing the effect of the
      intermediate frequency amplifiers on the luminance components or on local
      extraneous interference signals; or relaxed tuning requirements may be
      obtained.
PAR  As is well known, mistuning of the tuner oscillator moves the intermediate
      frequency signals, and their corresponding modulation components, within
      the intermediate frequency filter response characteristic. In receivers
      employing conventional envelope-type detectors this results in severe
      chrominance-sound (920 kHz) beat in one direction and loss of color in the
      other direction.
PAR  With currently used highly selective non-linear sound traps phase
      distortions are produced in signals coupled through them. These phase
      distortions are, of course, of little significance for the sound
      information being trapped. However, for chrominance information, which
      must be accurately reproduced in both phase and amplitude, the effects of
      these phase distortions are highly objectionable in the displayed picture.
PAR  Synchronous demodulators achieve significant reduction in the amount of
      chrominance-sound beat and are distinguishable from the more conventional
      envelope demodulators in that they are gated or switched at the carrier
      frequency by a separate reference carrier. They require close frequency
      correlation between the demodulator switching signal and the IF carrier.
PAR  A television receiver with a synchronous demodulator, as described in the
      above mentioned U.S. Pat. No. 3,760,094, includes a fixed reference
      oscillator which produces a reference signal, free of harmonics and
      modulation components for switching the detectors. Such synchronous
      demodulators minimize the chrominance-sound beat to such an extent that
      sound trapping is not required and the television system of the patent
      does not include sound trapping in the IF amplifier. It does, however,
      include a frequency control system, operative on the receiver tuner, for
      maintaining the intermediate frequency signal at the same frequency as the
      reference oscillator. Therefore, no significant mistuning of the tuner
      oscillator, whether for preferential tuning reasons or for relaxed tuning
      requirements, is possible with the system of the above mentioned patent.
PAR  Another television receiver system with a synchronous demodulator,
      described in copending application (Skerlos II), includes a variable
      frequency reference oscillator to switch the detectors. The reference
      signal is maintained, by the action of a closed loop APC system, in
      frequency synchronization and at a predetermined phase with the IF carrier
      despite its frequency variations. The receiver includes an intermediate
      frequency amplifier having a response curve which is not distorted by the
      presence of sound carrier trapping and thus permits substantial deviations
      in the IF signal frequency without introducing objectionable color
      distortion or 920 kHz sound beat. The resulting advantage is two-fold.
      Firstly, the viewer may be provided with a control for preferentially
      adjusting the characteristic of the color picture reproduced on the
      receiver without introducing noticeable distortion therein, and secondly
      the receiver produces an acceptable color picture even though not
      "accurately tuned". The television receiver may be corrected to a
      conventional "exact tuning" receiver if desired by incorporating one of
      the many currently used AFC systems, which however, require additional
      components that must be properly aligned.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved color television receiver.
PAR  It is a more particular object of the present invention to provide an
      improved synchronous detector-type color television receiver operable in
      either an "exact tuning" mode or in an "extended tuning" mode which
      requires a minimum of additional components and adjustments.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularlity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connnection
      with the accompanying drawing(s), in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a block diagram representation of a color television receiver
      constructed in accordance with the present invention;
PAR  FIG. 2 is a partial block diagram, partial schematic diagram of a portion
      of the color television receiver of FIG. 1; and
PAR  FIG. 3 is a schematic diagram of another portion of the color television
      receiver of FIG. 1.
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PAC  SUMMARY OF THE INVENTION
PAR  A television receiver includes a voltage controllable tuner having a
      variable frequency local oscillator converting a received modulation
      bearing signal to an intermediate frequency signal and modulation recovery
      means including, variable frequency oscillation means producing a
      reference carrier, and a synchronous detector, responsive to the reference
      carrier and the intermediate frequency signal, recovering the modulation.
      The television receiver may be operated in either a first mode in which
      the frequency of the local oscillator is determined by the variable
      frequency oscillation means or in a second mode in which the frequency of
      the variable frequency oscillation means is determined by the local
      oscillator.
PAR  When operating in the first mode the television receiver has independent
      gain adjustable AC and DC control loops for the variable frequency
      oscillation means and the local oscillator, respectively which provide for
      enhanced pull in and system locking characteristics.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, a tuner 10 includes a radio frequency amplifier
      (R.F. Amp.), a mixer (MIX) and a variable frequency local oscillator
      (L.O.) for receiving a television signal, converting it to an intermediate
      frequency signal and supplying the connected signal to an intermediate
      frequency filter 11. A fine tune block 8 indicates a viewer adjustable
      control coupled to tuner 10 for preferentially adjusting the frequency of
      the local oscillator. It will be appreciated that for one aspect of the
      invention, i.e., exact tuning, this block may be eliminated. The frequency
      selective circuitry in filter 11 couples the intermediate frequency signal
      to a synchronous detector 14 and to a limiter 12. A reference oscillator
      15 generates a constant amplitude sinusoidal voltage which is coupled to
      synchronous detector 14. The output signal of limiter 12, comprising a
      portion of the intermediate frequency signal free of amplitude variations,
      and a sample of the output voltage of reference oscillator 15 are applied
      to an APC detector 13. APC detector 13 is coupled, via a low pass filter
      16 and an AC coupling means 7 to reference oscillator 15. A switch SB
      bypasses AC coupling means 7. A low pass filter (LPF) 6 is coupled
      directly to detector 13 and via a switch SA to tuner 10. Switches SA and
      SB are shown separately but jointly operable, as indicated by the dashed
      line joining them and are of the "make before break" variety for best mode
      transition, but it should be understood that a single two pole switch
      mechanism may be used. The output of synchronous detector 14, comprising
      recovered modulation components of luminance, chrominance, deflection
      synchronizing signals and a sound signal is coupled to a signal processor
      17, wherein the luminance and chrominance components are further processed
      and applied to the control electrodes of a CRT 22. A sound processor 23
      recovers the sound information and amplifies it to a level sufficient to
      drive a speaker 24. A sync system 18 recovers the deflection synchronizing
      signals for controlling a conventional deflection system 19. Deflection
      system 19 supplies vertical and horizontal rate deflection voltages to a
      yoke 21 for scanning a CRT 22. A high voltage generator 20 responds to the
      horizontal rate portion of the output of deflection system 19 to produce
      the required accelerating voltages for CRT 22.
PAR  The intermediate frequency signal at the output of filter 11 comprises a
      "composite signal" having a video carrier amplitude modulated with
      components of luminance, chrominance and deflection synchronization and a
      frequency modulated sound carrier. As is well known, this composite signal
      has a maximum modulation level of 87.5 percent leaving a 12.5 percent
      portion of the video carrier which is free of amplitude variations.
      Limiter 12 contains circuitry which recovers this unmodulated portion of
      the video carrier by limiting its output signal excursions to less than
      the variations due to modulation components. The well-known limiter
      circuits fulfilling this function typically include an amplifier having
      such gain and output capability that the input signal derived from
      intermediate frequency filter 11 causes limiting or clipping of the output
      signal excursions. Also included within limiter 12 is a phase shifting
      network causing the output signal to be 90.degree. output of phase with
      the output signal of intermediate frequency filter 11 to compensate for a
      90.degree. offset inherent in APC detector 13 which will be explained
      below in detail.
PAR  For proper operation of a synchronous detector the switching signal has the
      same frequency and phase as the amplitude modulated carrier. In the
      present invention receiver reference oscillator 15 is synchronized to the
      intermediate frequency signal by virtue of the closed loop control system
      fed by limiter 12, or alternatively, the frequency of the local oscillator
      tuner 10 is synchronized to the output of reference oscillator 15. These
      two synchronization methods define the alternate modes of operation for
      the receiver of the present invention.
PAR  The first mode, defined by the intermediate frequency signal controlling
      the frequency of reference oscillator 15, results when switch SA is open
      and SB is closed. Under these conditions AC coupling 7 is shorted and the
      closed loop system (indicated by dashed line 9) formed by APC detector 13,
      low pass filter 16 and reference oscillator 15 maintains the output of
      reference oscillator 15 in frequency synchronization and at a fixed place
      with the output signal of limiter 12.
PAR  The frequency and phase synchronization results from the well-known process
      of product detection, performed by detector 13, in which signals of
      different frequencies generate a "beat signal" output. The beat signal
      varies in amplitude at a rate determined by the frequency difference
      between the two input signals and is non-symmetrical. It therefore
      contains AC and DC components both of which are applied to oscillator 15.
      The DC components cause the oscillator to change frequency to reduce the
      frequency difference between input signals until synchronization or "lock"
      results. Because the beat signal is applied exclusively to oscillator 15
      during first mode operation, the phase and frequency of oscillator 15 will
      "track" or follow that of the intermediate frequency signal. When the
      frequency of the intermediate frequency signal is varied (e.g., by fine
      tuning the receiver or as a result of tuning system errors), the required
      synchronization of the switching signal is maintained.
PAR  It is a characteristic of such closed loop automatic phase control systems
      that synchronization or lock is achieved when the compared signals are of
      the same frequency and in phase quadrature. Closed loop system 9,
      therefore, locks or synchronizes reference oscillator 15 at a phase
      90.degree. from that required to correctly switch synchronous detector 14.
      Phase shifting the limiter signal by 90.degree. cancels the inherent
      offset of closed loop system 9.
PAR  The second mode of operation of the present invention is defined when
      switch SA is closed and SB is open. AC coupling 7 applies only the AC
      components of the beat signal produced by detector 13 to reference
      oscillator 15 and only the DC components pass through LPF 6 for
      application to the local oscillator of tuner 10. The exclusion of the DC
      component from reference oscillator 15 allows it to vary about its natural
      oscillation frequency of 45.75 MHz (corresponding to the video IF carrier)
      as a function of the AC beat signal, which effectively frequency modulates
      the oscillator output.
PAR  In a manner similar to that described above, APC detector 13 produces the
      non-symmetrical beat signal having both AC and DC components in response
      to limiter 12 and reference oscillator 15. The DC component, being a
      function of the average frequency difference, alters the frequency of the
      local oscillator in tuner 10 until the intermediate frequency signal
      corresponds to the natural frequency of reference oscillator 15. As a
      result, the receiver intermediate frequency is locked to 45.75 MHz and
      exact tuning results.
PAR  It should be noted that splitting the AC and DC components for application
      to separate oscillators yields attractive operational and design
      advantages over conventional automatic frequency control systems.
PAR  It is well known that the oscillator pull-in range, that is, the frequency
      difference which can be overcome, in a conventional automatic frequency
      control system is determined in part by the system's AC loop gain while
      hold-in or lock characteristics are determined substantially by DC loop
      gain. Since both the AC and DC components are active upon a common
      oscillator, both loop gains cannot be simultaneously optimized. As a
      result, conventional designs are generally a compromise between the
      desired AC and DC loop gains. Another significant limitation in pull-in
      range arises in conventional automatic frequency control systems because
      the AC loop is operative on the tuner and therefore includes the IF
      amplifiers which, due to their delay characteristics, severely limit
      pull-in range.
PAR  In contrast, the separate AC and DC control loops in accordance with the
      present invention permit optimization of both loop gains. Further, because
      the AC control loop does not include the IF amplifier, the delay
      characteristics inherent in the intermediate frequency amplifier are
      immaterial. This is of particular importance where acoustic surface wave
      devices, which have even greater delay characteristics than the more
      conventional filters, are used as intermediate frequency filters.
PAR  FIG. 2 shows a detailed circuit schematic of limiter 12 and synchronous
      detector 14. Closed loop control system 9 is shown in FIG. 2 in block
      diagram form (it is shown in detail in FIG. 3) to simplify the
      explanations of the limiter and synchronous detector. Limiter 12, closed
      loop control system 9 and synchronous detector 14 are preferably
      fabricated on a single monolithic integrated circuit, but should be
      obvious that similar discrete component apparatus can be constructed.
PAR  Limiter 12 comprises a differential amplifier formed by a pair of
      differentially connected transistors 28 and 29 having a common emitter
      connection coupled to ground by a transistor 30 and its emitter resistor
      42. The base of transistor 30 is maintained at a fixed potential V.sub.2
      causing it to function as a constant current source. The intermediate
      frequency signal from intermediate frequency filter 11 is applied via a
      terminal 46 and an emitter follower transistor 35 to the base of
      transistor 29. Because the base of transistor 28 is held at a fixed
      potential by the combined actions of transistors 25, 26 and 27 and
      resistor 39 and capacitor 43, signal variations at the base of transistor
      29 cause differential conduction variations in transistors 28 and 29. The
      differential current hus developed flows through load resistors 36 and 37
      producing a differential output signal.
PAR  A pair of transistors 31 and 32 having their respective base collector
      junctions shorted form a pair of cross coupled diodes between the
      collectors of differential transistors 28 and 29 which conduct on
      alternate polarity signal excursions to limit the amplitude of signal
      developed. As a result, while the full extent of amplitude variations
      present in the intermediate frequency signal are coupled to differential
      transistors 28 and 29 the output signals produced are limited or clipped.
      A broadly tuned parallel resonant circuit, formed by an inductor 49 and a
      capacitor 50, is coupled between the collectors of transistors 28 and 29
      for filtering the output signal. Thus a portion of the intermediate
      frequency signal substantially free of amplitude variations is coupled to
      terminals 44 and 45 of closed loop control system 9.
PAR  By actions to be described below in conjunction with FIG. 3, closed loop
      control system 9 produces a reference oscillator output identical in phase
      and frequency to the applied limiter signal. The reference oscillator
      output is coupled to terminals 191 and 192 of synchronous detector 14.
      Transistors 171-177 together with resistors 182-187, all within
      synchronous detector 14, form a doubly balanced multiplier circuit in
      which the respective differential currents through load resistors 180 and
      181 develop the output voltage of the detector. The reference oscillator
      signal is applied with one phase to the bases of transistors 171 and 174
      and with an alternate phase to the bases of transistors 172 and 173.
PAR  Transistors 171 and 174 operate together during one interval of the
      reference signal and transistors 172 and 173 during the alternate
      interval. Because the collectors of the transistor pairs thus formed are
      cross coupled, both load resistors (180 and 181) are alternately coupled
      to the collectors of the differential transistors 175 and 176, the
      emitters of which are coupled to ground by transistor 177. The base of
      transistor 177 is maintained at a fixed potential, V.sub.2, causing it to
      function as a constant current source. During the first portion of the
      oscillator signal, transistors 171 and 174 are in conduction and couple
      load resistors 180 and 181 to the collectors of transistors 176 and 175,
      respectively. The intermediate frequency signal applied to the base of
      transistor 176, while transistor 175 remains at a fixed potential, causes
      a differential current flow developing voltages across resistors 180 and
      181. During the alternate portion of the oscillator signal, transistors
      172 and 173 are driven conductive, coupling load resistors 180 and 181 to
      transistors 175 and 176, respectively (in effect switching the
      connections). Again, the intermediate frequency signal applied to the base
      of transistor 176 causes a differential current to flow developing
      voltages across resistors 180 and 181. As discussed below the output
      signal of the reference oscillator is maintained at a constant amplitude,
      causing the voltages developed across resistors 180 and 181 to be solely a
      function of the amplitude variations of the intermediate frequency signal.
PAR  It should be noted that current flows only during selected intervals within
      each period of the video carrier, therefore, only those signal components
      which are in phase with the applied reference oscillator signal cause
      current variations through load resistors 180 and 181. As a result, the
      differential voltage developed comprises recovered modulation components
      of luminance, chrominance and sound together with deflection synchronizing
      signals, essentially free of chrominance-sound beat.
PAR  In FIG. 3, closed loop control system 9 is shown in detail. APC detector 13
      comprises a doubly balanced multiplier circuit similar that that described
      for synchronous detector 14 in which transistors 63-69 form the dual
      differential amplifier configuration and the respective differential
      currents in load resistors 93 and 99 are controlled by cross coupled
      transistors 63 and 65 and transistors 64 and 66. The output of reference
      oscillator 15, coupled by emitter followers 79 and 80 with one phase to
      the bases of transistors 66 and 63 with an alternate phase to the bases of
      transistors 64 and 65, respectively, switches load resistors 93 and 99
      between the collectors of transistors 67 and 68. In contrast to the
      above-described synchronous detector, the limiter output signal at
      terminals 44 and 45 is coupled to the bases of both differential
      transistors (67 and 68) by emitter followers 61 and 62, respectively.
      Resistors 92 and 98, together with the input capacities of transistors 61
      and 62, phase shift the limiter signal and in combination with the effect
      of the limiter tank circuit (inductor 49 and capacitor 40 in FIG. 4)
      provide a 90.degree. phase shift to insure proper keying of synchronous
      detector 14.
PAR  Because the differential current flow in resistors 93 and 99 is a function
      of the relative phase and frequency relationship between the limiter and
      reference oscillator signals, it is a balanced control voltage suitable
      for synchronizing the reference oscillator. A transistor 70 couples one
      portion of the control signal through a transistor 73 and a resistor 108,
      causing one phase inversion, to the parallel combination of a capacitor
      139 and switch SB. The alternate portion of the control signal is coupled
      through transistors 71, 72 and 75 and resistor 108 to capacitor 139 and
      switch SB, causing two phase inversions. The signal portions thus coupled
      are in phase or additive and are combined and coupled to a low pass filter
      16 formed by the series combination of a resistor 134 and a capacitor 135,
      which is coupled to the base of transistor 83.
PAR  Reference oscillator 15 and its associated frequency control circuitry
      described below are the subject of the above mentioned copending
      application Ser. No. 503,220.
PAR  Three transistors 81, 82 and 85 comprise a differential amplifier
      configuration in which the collector of transistor 82 is coupled to the
      base of transistor 81 and the collector of transistor 81 is coupled to the
      base of transistor 82 to form a cross coupled differential oscillator
      circuit. The collectors of transistors 81 and 82 are each coupled to a
      source of positive voltage by resistors 118 and 119, respectively. A tank
      circuit 140 formed by an inductor 136 and the series connected capacitors
      137 and 138, is coupled between the respective collectors of transistors
      81 and 82. The junction of capacitors 137 and 138 is coupled to ground.
      Transistor 85 coupled the emitters of transistors 81 and 82 to ground
      through a resistor 122. The base of transistor 85 is connected to source
      of constant potential +V.sub.2 causing a constant current to flow in
      transistor 85.
PAR  Transistors 84, 87 and 86 form a differential control amplifier in which
      current is alternatively conducted around or through the oscillator. The
      control signal at the junction of low pass filter 16 and the base of
      transistor 83 is applied to the base of transistor 84. In the absence of
      control signal the conduction of transistor 83 is determined by resistor
      141 coupling its base to the emitter of transistor 78. Since the base of
      transistor 87 is maintained at a fixed potential, transistor 84
      differentially determines the relative conductions between transistors 82
      and 84 and hence the amount of current flow through oscillator transistors
      81 and 82, thus controlling the oscillator frequency. The differential
      oscillator output signal developed between the collectors of transistors
      81 and 82 is filtered by the action of tank circuit 140 to remove any
      harmonic components. Emitter followers 89 and 90 are buffer stages which
      couple the derived oscillator signal to terminals 191 and 192 of
      synchronous detector 14 to provide the keying signal.
PAR  What has been shown is a novel television receiver, operable in an exact
      tuning mode or an extended range variable frequency mode which provides
      the benefits of synchronous demodulation. The receiver also provides for
      optimization of automatic frequency control pull-in and holding
      characteristics.
PAR  While particular embodiments of the invention have been shown and described
      it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A television receiver comprising:
PA1  a voltage controllable tuner, including a variable frequency local
      oscillator, converting a received modulation bearing signal to an
      intermediate frequency signal;
PA1  modulation recovery means including variable frequency oscillation means
      producing a reference carrier, a synchronous detector, responsive to said
      reference carrier and said intermediate frequency signal, recovering said
      modulation, and discriminating means, operative upon said variable
      frequency oscillation means, comparing said reference carrier to said
      intermediate frequency signal and generating a feedback control signal
      having AC and DC components;
PA1  said television receiver operable in a first mode in which the frequency of
      said local oscillator is determined by said variable frequency oscillation
      means or in a second mode in which the frequency of said variable
      frequency oscillation means is determined by said local oscillator; and
PA1  mode selection means, permitting operation of said television receiver in
      either said first or said second mode, including means, operable in said
      first mode, separating said AC and DC components of said feedback control
      signal and supplying said DC components to said local oscillator and said
      AC components to said variable frequency oscillation means, and means,
      operable in said second mode, supplying said DC and AC components
      exclusively to said variable frequency oscillation means.
NUM  2.
PAR  2. A television receiver as set forth in claim 1, wherein said means
      operable in said first mode include:
PA1  a low pass filter having a maximum transmission characteristic for DC
      signals, coupled to said local oscillator and said closed loop control
      means; and
PA1  Ac coupling means, having a substantially zero transmission characteristic
      for DC signals, interposed between said variable frequency oscillation
      means and said discriminating means.
NUM  3.
PAR  3. A television receiver as set forth in claim 2, wherein said mode
      selection means includes:
PA1  a switch making a first conductive connection in said first mode and
      opening said first connection to said second mode, and a second conductive
      connection in said second mode and opening said second connection in said
      first mode, said first conductive connection coupled serially within the
      signal path including said low pass filter and said second conductive
      connection coupled substantially in parallel with said AC coupling means.
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ABST
PAL  An apparatus for receiving electronic signals and embossing modulated
      grooves on a carrier medium as a function of the received signals,
      includes a support for supporting an embossing assembly and a carrier
      medium in spaced relationship therewith, as well as apparatus for causing
      relative motion between the carrier medium and the embossing assembly. In
      accordance with the invention there is provided a wafer of piezoelectric
      material affixed to the mount, the wafer having electrodes for application
      of the electronic signals. Further provided is a horn-shaped stylus member
      having a relatively blunt end affixed to one side of the wafer and
      tapering to a relatively pointy stylus end, the stylus end being
      positionable in contact with the medium. The horn-shaped member serves to
      match the mechanical impedence as between the wafer and the carrier. A
      dummy horn on the other side of the wafer adds a vibration reducing load
      to the structure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for embossing modulated grooves on a
      carrier medium as a function of received electronic signals and, more
      particularly, to such an apparatus wherein the electronic signals may
      represent video information. The subject matter of this application is
      related to subject matter disclosed in the copending U.S. application Ser.
      No. 517,529 of William Glenn entitled "Apparatus and Method For Embossing
      Information on a Disc".
PAR  There have been recently developed a number of systems for storing video
      and audio information on a carrier medium which, ideally, could be
      purchased by consumers at a reasonable cost and reproduced in conjunction
      with their conventional home television receivers. Typically, the consumer
      would purchase a "player" which would recover electronic video signals
      from a recording medium and these signals would be applied to the antenna
      terminals of a television set for display. There has been widespread
      disagreement as to what type of recording medium provides the maximum
      overall advantage of cost, performance, and reliability, with systems
      using magnetic tape, film, and discs similar to long playing records, all
      receiving support from different technical factions. During the last five
      years it has been demonstrated that video discs, which are in some respect
      similar to conventional sound recording discs, are capable of producing
      reasonable quality picture information. It is generally thought that these
      discs, which can be pressed from vinyl in a manner similar to conventional
      audio disc pressing, offer a great advantage of economy to the consumer,
      but disc systems present a number of new technical problems when it is
      attempted to record the relatively high frequencies required for video
      information thereon. For example, it is necessary that the video disc
      store about one hundred times the capacity of information of an audio
      record, and that the video disc reproducer handle a flow of information
      that is of the order of one hundred times faster than a phonograph pickup.
      Accordingly, the undulations in the disc grooves are much smaller than
      those of a conventional audio record and the necessarily small dimensions
      lead to problems in making the discs and in playback. Various types of
      playback systems have been proposed, for example playback employing an
      electrostatic capacitivedischarge technique or playback employing a
      pressure-type transducer which "slides" over the record grooves. In most
      systems, however, there is a common problem in producing the discs and,
      more specifically, in fabricating master discs from which relatively high
      quality duplicates can be pressed.
PAR  Two known types of "master" fabrication techniques for recording
      wavelengths on the order of one-half micron are electron beam processes
      and mechanical embossing processes. In the electron beam process a carrier
      is coated with an electron-sensitive material and selectively exposed
      using a modulated electron beam. This type of recording has been performed
      successfully although electron beam recording is a relatively expensive
      technique which requires a stringently controlled environment. Also, there
      has been difficulty in achieving electron beam recording in "real time"
      since at video frequencies this would require the beam to expose the
      electron-sensitive material at a high rate of relative motion which limits
      the amount of exposure time for each elemental area of electron-sensitive
      material and aggravates tracking problems. Therefore, it is the present
      practice to record using an electron beam at about one twentieth of real
      time, which is typically achieved by reducing the frequency of input
      signals by a factor of 20 and slowing the relative motion between the beam
      and the carrier by the same factor of 20.
PAR  The mechanical cutting process has also apparently been performed with some
      success. A company which is introducing a commercial video disc system
      claims to make masters using a mechanical cutting process similar to that
      used for conventional records. However, they acknowledge that the
      mechanical cutting process is not performed in real time, which is not
      surprising since conventional cutters cannot be satisfactorily operated at
      the megahertz frequencies necessary for real time recording.
PAR  It is accordingly one object of the present invention to provide an
      improved technique of mechanically embossing relatively high frequency
      information on a record medium, the embossing being capable of being done
      in real time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention employs a piezoelectric element as a "driver" for an
      embossing assembly. In the past, piezoelectric elements have been widely
      used in conjunction with pickup assemblies but, to applicant's knowledge,
      these elements have not been considered as suitable drive elements in
      cutters for various reasons. At audio frequencies, a conventional
      coil-driven cutter performs adequately and readily yields whatever
      displacement excursions are required to fabricate a master recording. A
      piezoelectric drive element, on the other hand, does not produce a
      relatively large displacement excursion, so this type of drive element is
      generally not envisioned as being advantageous for mechanical embossing.
      This need for a relatively large displacement would seemingly be even more
      defeating at very high frequencies where, if the element was driven "hard"
      to obtain the maximum excursion, the resultant velocity (which is a
      function of frequency times displacement) would be so great as to likely
      destroy the piezoelectric element in a very short time. The present
      invention is believed to solve this problem and, in doing so, provide a
      system which can successively emboss video frequencies in real time.
PAR  The present invention pertains to an apparatus for receiving electronic
      signals and embossing modulated grooves on a carrier medium as a function
      of the received signals, the apparatus including means for supporting an
      embossing assembly and a carrier medium in spaced relationship therewith
      as well as means for causing relative motion between the carrier medium
      and the embossing assembly. In accordance with the invention there is
      provided a wafer of piezoelectric material affixed to the supporting
      means, the wafer having electrodes for application of the electronic
      signals. Further provided is a horn-shaped stylus member having a
      relatively blunt end affixed to one side of the wafer and tapering to a
      relatively pointy stylus end, the stylus end being positionable in contact
      with the medium. The horn-shaped member serves to match the mechanical
      impedence between the wafer and the carrier. Stated another way, the
      horn-shaped member acts as a mechanical transformer which serves to
      increase the displacement excursions of the stylus end.
PAR  In the preferred embodiment of the invention a horn-shaped "dummy" load is
      affixed to the other side of the piezoelectric wafer to improve mechanical
      performance.
PAR  Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified diagram of an embossing apparatus which includes the
      present invention.
PAR  FIG. 2 is an enlarged perspective view of an embodiment of an embossing
      assembly in accordance with the invention.
PAR  FIG. 3 is a sectional view as taken through arrows 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a simplified diagram of an embossing
      apparatus which includes the present invention. A carrier medium, such as
      a thin plastic disc 20, is mounted over a suitable surface 21 which has a
      chuck 22 that grasps the disc center and is adapted for rotation by a
      motor 23. The disc 20 may be formed of any suitable material which is
      deformable, such as lexan, mylar, vinyl or lacquer. The metals aluminum
      and silver are also found to offer reasonable results when deposited as a
      film on a plastic base. The disc is preferably thin enough to be
      considered "floppy", and when it is spun at a relatively high rotation
      rate the layer of air between the disc bottom and surface 21 acts as an
      "air bearing". During such rotation the forces on the disc tend to cause a
      desirable degree of flatness.
PAR  A mounting means 25, which includes a support arm 26, supports an embossing
      assembly 30 in spaced relationship with the surface 21. The support arm 26
      is slidable radially, in conventional fashion, so as to form the familar
      spiral groove on the disc 20. It will be understood that the radial motion
      is synchronized with the rotation of the turntable as a function of the
      desired groove geometries. This technique is known in the art and will not
      be discussed in detail, but it can be noted at this point that for "real
      time" recording the rotation of the turntable typically coincides with the
      rotation rate at which duplicated recordings are expected to be rotated
      during playback. The embossing assembly 30 includes a stylus, to be
      described, which is driven as a function of the electronic signals which
      are to be embossed on the disc 20. The signals are coupled to the assembly
      30 via conductors which are not visible in the FIG. 1 diagram.
PAR  From an overview system standpoint, operation of the apparatus of FIG. 1 is
      similar to a conventional record cutter. Specifically, the blank disc 20
      is rotated in synchronism with the radial motion of embossing assembly 30.
      The application of electrical signals to the embossing assembly causes
      motion of its stylus, in a manner to be described, which results in a
      spiral groove in recording disc 20 that is modulated in accordance with
      the applied electrical signals. After embossing, the disc can be plated
      with an appropriate metal to produce a "metal master" which, in turn, can
      be used to ultimately fabricate reproductions, for example using
      conventional vinyl pressing techniques.
PAR  Referring to FIGS. 2 and 3 there is shown an enlarged perspective view of
      the embossing assembly 30 in accordance with the present embodiment. A
      wafer of piezoelectric material 31 is provided, preferably in the shape of
      a disc. As used herein, the term "piezoelectric material" is intended to
      include any material which exhibits a piezoelectric effect; i.e., a
      mechanical strain resulting from the application of electricity.
PAR  A disc of piezoelectric ceramic material that is purchased commercially,
      such as from Transducer Products, typically has thin metal electrodes, for
      example silver electrodes, deposited on its opposite faces. A metal disc
      32, which may be aluminum, is attached to the underside of wafer 31, an
      exceedingly thin layer of contact cement being suitable for this purpose.
      The disc 32 serves as an electrode, so electrical contact with the
      underside of wafer 31 is needed. This contact is achieved by the
      asperities on the respective surfaces when a very thin layer of cement is
      employed.
PAR  A stylus member 33 is cemented to the underside of the metal disc 32, a
      thin layer of contact cement again sufficing for this purpose. The stylus
      member 33 may be sometimes referred to herein as being "affixed" to the
      wafer 31, although its attachment to the wafer is via the metal disc 32.
      This is consistent with the intended meaning of "affixed" which, as used
      herein, is defined as a fastening that may be direct or indirect through
      one or more media. In the present embodiment the stylus member comprises a
      horn-shaped tapered section 34, preferably formed of glass, and a stylus
      tip 35 embedded in the glass and preferably formed of a very hard
      material, such as sapphire or diamond. The member 33 may, however, be made
      of a single material. The horn 34 can be molded from glass with the tip 35
      in position, so that the tip is permanently embedded in the glass.
PAR  A member 40, referred to as a "dummy horn", which can be molded from a
      metal such as aluminum, is provided in the shape of a horn and cemented to
      the top surface of wafer 31. In the present embodiment the support arm 26
      is affixed to wafer 31 via the dummy horn 40; i.e., support arm 26 is
      fastened to dummy horn 40 which, in turn, holds the wafer 31 and the rest
      of the embossing assembly 30. The dummy horn 40 serves, inter alia, as an
      electrode, a voltage being applied across the wafer 31 by virtue of
      signals applied over insulated conductors 46 and 47. If desired, the arm
      26 could act as one of the conductors.
PAR  For operation (referring to all FIGURES) the mounting means 25 is
      positioned such that, without a signal applied, the stylus tip 35 will
      make a groove of desired depth in the disc 20. A typical groove depth may
      be less than one micron. During operation, electrical signals are applied
      to the electrodes 32 and 40 (via conductors 46 and 47), and the wafer 31
      contracts and expands as a function of the applied signal. This causes a
      compressional wave to be established in the horn 34, the wave propagating
      vertically downward toward the stylus tip 35. As a result, the tip 35
      vibrates and causes modulations in the groove, the groove being formed as
      the disc moves with respect to tip 35 (as is depicted in the sketch of
      FIGS. 2 and 3). The stylus tip may be of any suitable shape, but a tip
      having a relatively sharp trailing edge is preferred to obtain the
      necessary resolution.
PAR  The excited piezoelectric wafer's excursions can be categorized, for
      purposes of the intended application, as being of relatively small
      vertical displacement with a relatively great force. In other words, the
      total force over the piezoelectric wafer area is greater than is needed to
      deform an elemental area of the recording disc material with the stylus
      tip, but the vertical displacement is less than the desired level of
      modulation in the groove. The horn 34 serves to transform a compressional
      wave (acoustic in nature) having a relatively high force and a relatively
      low velocity into a compressional wave of reduced force and increased
      velocity (i.e., rate of displacement). The result is a motion of the
      stylus tip that is compatible with the recording objective. In this
      manner, the high frequency deformations of a piezoelectric wafer can be
      advantageously utilized without the need for driving the wafer beyond its
      capabilities. This allows heretofore unattainable mechanical recording at
      megahertz frequencies.
PAR  The described phenomenon can be alternatively visualized in terms of
      mechanical impedances. The piezoelectric wafer 31, which supplies the
      driving force, can be considered as a relatively high mechanical impedance
      whereas the stylus tip working on a small area of recording disc 20
      presents a relatively low mechanical impedance to be driven. Accordingly,
      the horn 34 serves the function of matching the dissimilar impedances.
PAR  The present disclosed embodiment is found to overcome additional problems
      which arise when attempting to record megahertz frequencies in real time.
      One objective is to obtain a reasonably stable frequency response over a
      frequency range of the order of five megahertz or more. Unlike some
      mechanical driving systems wherein a particular mechanical resonance can
      be used to advantage, the present system is necessarily designed to
      prevent severe perturbations in the frequency response curve while still
      delivering power with reasonable efficiency over the frequency range of
      interest. The dummy horn 40, which is preferably similar in shape to the
      horn 34, is found to reduce undesirable acoustic resonances, a result
      which is believed due, at least in part, to its acting as a proper
      mechanical load on the back side of the piezoelectric driver 31. It can be
      noted that the tapering of the dummy horn serves to reduce the effect of
      undesired acoustic resonances that would normally be aggravated by an
      abrupt termination plane. The dummy horn also serves as a heat sink and an
      electrode in the present embodiment.
PAR  A tapered horn characteristically exhibits a lower cutoff frequency for a
      compressional wave propagating therein, and it is desirable in the present
      system to have a cutoff frequency that is below about one megahertz. A
      curved taper, such as an exponential or hyperbolic surface is found to be
      an advantageous shape for the horn 34 in providing a suitable frequency
      response with a well defined relatively low cutoff frequency. It is
      impractical to expect that resonancefree response can be obtained over the
      wide intended operating frequency range. Rather, it is found that a large
      number of closely spaced small resonances over the frequency range of
      interest can provide acceptable operation, and the curved tapered horn 34
      facilitates obtainment of this characteristic.
PAR  The invention has been described with reference to a particular embodiment,
      but it will be appreciated that variations and additions within the spirit
      and scope of the invention will occur to those skilled in the art. For
      example, a "cap" of acoustic damping material may be provided over the
      dummy horn to obtain a desired degree of controlled damping.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for receiving electronic signals at frequencies in the
      megahertz region of the spectrum and embossing modulated grooves on a
      carrier medium as a function of the received signals, said apparatus
      including means for supporting an embossing assembly and said carrier
      medium in spaced relationship and means for causing relative motion as
      between said carrier medium and said embossing assembly; an embossing
      assembly comprising:
PA1  a wafer of piezoelectric material affixed to said supporting means;
PA1  means for applying said electronic signal across said wafer;
PA1  a horn-shaped tapered stylus member having a relatively blunt end coupled
      to one side of said wafer and tapering to a relatively pointy stylus end,
      said stylus end being positionable in contact with said medium; and
PA1  a horn-shaped load member affixed to the other side of said wafer.
NUM  2.
PAR  2. The embossing assembly as defined by claim 1 wherein said horn-shaped
      tapered stylus member has a body formed of glass.
NUM  3.
PAR  3. In an apparatus for receiving electronic video signals at frequencies in
      the megahertz region of the spectrum and embossing modulated grooves on a
      carrier medium as a function of the received signals, said apparatus
      including means for supporting an embossing assembly and said carrier
      medium in spaced relationship and means for causing relative motion as
      between said carrier medium and said embossing assembly; an embossing
      assembly comprising:
PA1  a wafer of piezoelectric material;
PA1  a metal electrode affixed to one side of said wafer;
PA1  a horn-shaped tapered stylus member having a relatively blunt end affixed
      to said electrode and tapering to a relatively pointy stylus end, said
      stylus end being positionable in contact with said medium;
PA1  a metal horn-shaped load member affixed to the other side of said wafer,
      said load member being mounted on said supporting means; and
PA1  means for applying said electronic signals between said electrode and said
      load member.
NUM  4.
PAR  4. The embossing assembly as defined by claim 3 wherein said tapered stylus
      member comprises a horn-shaped section formed of glass, said section
      having a relatively blunt end affixed to said electrode and tapering to a
      relatively narrow end, and a stylus tip formed of a relatively hard
      material, said tip being embedded in said narrow end.
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ABST
PAL  A flux scanner which is comprised of a rotating polygon for scanning a beam
      of radiated flux transverse a photoreceptive medium. In the beam path
      between the flux source and the polygon, an astigmatic-beam expander lens
      is employed to focus the flux distributions to a spot at an image plane.
      The astigmatic lens is configured so as to produce a very narrow beam of
      flux to control the size of the spot in a direction orthogonal to the
      transverse direction, without any loss of efficiency. Between the
      photoreceptive medium and the polygon, a cylindrical lens and linear
      optical elements are positioned to focus the beam to control the size of
      the spot along the transverse direction. The transverse direction is
      designated optically as the tangential plane; whereas the direction
      orthogonal to the transverse direction is designated optically as the
      sagittal plane. These optical elements are configured to cause the
      sagittal and tangential planes of best focus to coincide at the image
      plane even though the object effectively emanates from two separate
      locations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a spot scanning system which utilizes a
      multifaceted rotating polygon for deflection of the scanning cycles
      depositing information upon recording media at video rates.
PAR  Much attention has been given to various optical approaches relating to
      spot scanning techniques which involve the imparting of information by
      means of modulating radiated flux incident upon recording media.
      Galvanometer driven movements have been used to scan the flux across a
      document for recording its information content thereon. Such arrangements
      have included planar reflecting mirrors which are driven in an oscillatory
      fashion. Other approaches have made use of multifaceted mirrors which are
      driven continuously. Various efforts have been made to define the spot
      size in order to provide for an optimum utilization of the scanning
      system.
PAR  One such effort is that described in U.S. Pat. No. 3,675,016. The approach
      used was to make the spot size invariant and as small as possible by
      defining the dimensions of the focused beam so that only part, preferably
      half, of a mirror facet is illuminated during scanning. This teaching
      alludes to generalized techniques for assuring the constancy of the size
      of the aperture of a rotating mirror scanning system. By either
      illuminating several facets of the mirror or by directing light in a beam
      that is sufficiently narrow to assure that less than a full facet is the
      most that can ever be illuminated by the beam and limiting scanning to
      that portion of the rotary travel of the facet when such facet is
      illuminated by all of such light beam. However, such system apertures are
      dimensionally invariant because the dimensions of the rotating facets have
      no influence on such apertures.
PAR  While the system as described in U.S. Pat. No. 3,675,016 may have
      advantages over the prior art, nevertheless, various constraints must be
      imposed upon the spot size and other relationships of optical elements
      within the system which are not always desirable.
PAR  In copending U.S. patent application, Ser. No. 309,874, filed on Nov. 27,
      1972, and assigned to the assignee of the present invention, a spot
      scanning system is provided which does not have constraints imposed upon
      the spot size and other relationships of optical elements within the
      system which are not always desirable. As taught therein, a finite
      conjugate imaging system may be in convolution with the light beam and the
      rotating polygon. A doublet lens, in series with a convex imaging lens
      between the light source and the medium provides such an arrangement.
      Additionally, a cylindrical lens is positioned in the optical path between
      the polygon and the scanned medium to compensate for runout and polygon
      facet errors which may be undesirable.
PAR  It is thus an object of the present invention to further improve spot
      scanning systems which may tolerate substantial runout or facet errors.
PAR  It is a further object of the present invention to provide a spot scanning
      system which utilizes a multifaceted rotating polygon for achieving
      transverse spot deflection.
PAR  It is yet another object of the present invention to provide a spot
      scanning system which maintains an effective uniform spot size along the
      transverse scan direction and within a depth of focus normal to the
      recording medium.
PAR  It is still another object of the present invention to provide a spot
      scanning system which utilizes a rotating polygon for scanning a spot over
      a recording medium such that angular rotation of the polygon is linearly
      related to the transverse direction at the recording medium.
PAR  It is also an objective of the present invention to provide a flying spot
      scanning system which includes as its optical imaging elements a
      cylindrical lens in convolution with an astigmatic lens.
PAR  Other objects of the invention will be evident from the description
      hereinafter presented.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a scanning system which employs a multifaceted
      rotating polygon as the element for directing a beam of radiated flux to
      focus to a spot upon a medium and for enabling the spot to traverse the
      medium throughout a scan width. A flux source, such as a laser, generates
      a beam of flux substantially orthogonal to the facets of the polygon which
      in turn reflect the impinging flux toward the medium in successive
      transverse scanning cycles. Additional optical elements are provided in
      convolution with the light source and the polygon to provide a desirable
      depth of focus of the spot and a sufficient resolution of the optical
      system.
PAR  Another feature of the invention is the inclusion of a cylindrical lens in
      the optical path between the polygon and the scanned medium. The flux
      reflected from the facets of the polygon impinge upon the convex surface
      of the cylindrical lens to focus at a predetermined position on the
      surface of the scanned medium regardless of runout and facet errors.
PAR  Yet another feature of the invention is the inclusion of an astigmatic
      anamorph lens in the optical path between the light source and the
      polygon, such lens comprising at least two cylindrical elements. One of
      the elements has no power in the tangential direction, and another has no
      power in the sagittal direction.
PAR  Still another feature of the invention is the modulation of the radiated
      flux by a signal which thereby imparts its information content to the beam
      of flux. The medium to be scanned is one which is responsive to the
      modulated beam and records its information content as contained within the
      scanning spot in a usable form on its surface across the scan width.
PAR  Yet another feature of the invention includes an embodiment of the spot
      scanning system for utilization in high speed xerography. The scanned
      medium in such an embodiment would consist of a xerographic drum which
      rotates consecutively through a charging station, an exposure station
      where the spot traverses the scan width of the drum causing the drum to
      become selectively discharged by the scanning spot, through a developing
      station, and a transfer station where a web of copy paper is passed in
      contact with the drum and receives an electrostatic discharge to induce
      the transfer of the developed image from the drum to the copy paper. A
      fusing device then fixes the images to the copy paper as it passes to an
      output station.
PAR  These and other features which are considered to be characteristic of this
      invention are set forth with particularity in the appended claims. The
      invention itself, however, as well as additional objects and advantages
      thereof, will best be understood in the following description when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric illustration of a scanning system in accordance with
      the invention.
PAR  FIG. 2 is a schematic drawing of the triplet lens shown in FIG. 1 in either
      the tangential or sagittal plane.
PAR  FIG. 3(a) is a top perspective view of the utilization of the correction
      lenses in the tangential plane, which is an integral part of the scanning
      system shown in FIG. 1.
PAR  FIG. 3(b) is a side perspective view of the utilization of the correction
      lenses in the sagittal plane.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an embodiment of a spot scanning system in accordance with the
      invention is shown. A flux source 1 provides the beam of flux for
      utilization by the scanning system. The flux source 1 is preferably a
      laser which generates a collimated beam 3 of monochromatic radiation which
      is reflected by a mirror M1 to be modulated by modulator 4 in conformance
      with the information contained in an electrical signal.
PAR  Modulator 4 may be any suitable electro-optical modulator for imparting the
      information to the beam 3. The modulator 4 may be, for example, a Pockel's
      cell comprising a potassium dihydrogen phosphate crystal, whose index of
      refraction is periodically varied by the application of the varying
      voltage which represents the electrical signal. The signal may contain
      information either by means of binary pulse code modulation or wideband
      frequency code modulation.
PAR  The beam 3 is reflected from a mirror M2 in convolution with an astigmatic
      lens configuration 10. The lens 10 is preferably comprised of three
      elements, which elements are in spaced relation to each other as shown in
      FIG. 3. Each of the elements are cylindrical lenses which provide a
      different function for the configuration 10, as to be described
      hereinafter. The configuration 10 focuses the beam 3 to a controlled
      energy distribution which is reflected from mirrors M3 and M4 to impinge
      upon one or more facets of a scanning polygon 16.
PAR  In the preferred embodiment, the rotational axis of polygon 16 is
      orthogonal to the plane in which light beam 3 travels. The facets of the
      polygon 16 are mirrored surfaces suitable for the reflection of any
      radiated flux impinging upon them. Alternatively, flying spot scanning
      could be provided by any other suitable device, such as mirrored
      piezoelectric crystals or planar reflecting mirrors which are driven in an
      oscillatory fashion.
PAR  At a distance from the leading illuminated facet of the polygon 16 is
      positioned an imaging lens 20. As shown, the lens 20 is located in the
      optical path between the polygon 16 and the medium 25. Alternatively, the
      lens 20 may be located between the polygon 16 and the lens 10
      configuration 10. In this embodiment, the lens 20 is of a diameter to
      cooperate with the respective reflected light beams throughout each scan
      to focus them to a spot in a focal plane F proximate the surface a
      recording medium 25, after being reflected from a mirror M5. In the
      preferred embodiment, the imaging lens 20 is a triplet lens comprised of
      three air spaced optical elements 21, 22, and 23, as shown in FIG. 2.
PAR  For a scanning system where the scan length x is 14 inches, the element 21
      is a positive lens made of Schott BAK5 optical glass whose vertex is
      located 2.0 inches from a scanning facet defined by its plane S. The
      thickness of the element 21 is 0.49 inch. The element 22 is a negative
      lens made from Schott optical glass SF6 and has a thickness of 0.99 inch.
      The element 21 is separated 1.84 inches from the element 22. The element
      23 is a positive lens made from Schott BK7 optical glass and has a
      thickness of 0.75 inch. The element 22 is separated from the element 23 by
      3.122 inches. This combination of the optical elements 21, 22, and 23 is
      configured so that the effective focal length of the imaging lens 20 is
      12.41 inches. The curvature of the optical elements 21, 22 and 23 are as
      follows:
TBL  element surface      curvature                                            
     ______________________________________                                    
     21(m)                .1973                                                
     21(n)                0.0                                                  
     22(m)                .1858                                                
     22(n)                .3174                                                
     23(m)                .1478                                                
     23(n)                .0685                                                
     ______________________________________                                    
PAR  The surface of the recording medium 25 is located approximately 27.67
      inches from surface 23(n).
PAR  The triplet lens 20 is thus optimally designed to insure that it provides a
      linear relationship between the rotation of the polygon 16 and the
      deflection of the spot in the transverse direction at the recording medium
      25. This linearization by optical means prevents barrel or pincushion-type
      distortion effects without the need for electrical compensation.
PAR  In order to compensate for runout errors and polygon facet errors, a
      cylindrical lens 36 is positioned in the optical path between the polygon
      and the scanned medium with its plane of no power in the tangential plane.
      The combination of lenses 20 and 36 as configured in FIG. 3(b) causes the
      facet plane S to be imaged at a plane of perfect motion compensation F.
      Small angular deviations of the beam introduced by mirror facet errors
      merely cause the rays to take a slightly different beam path via lenses 20
      and 36; however, with respect to just the sagittal plane, lenses 20 and 36
      always focus at the same point in the plane F. In this manner, at plane F
      perfect compensation of the image spot due to small facet mirror errors is
      achieved. The lens 36 may be either bi-convex, plano-convex, or meniscus.
PAR  A substantially uniform spot size is assured throughout a scan width x. The
      lens configuration 10 in convolution with the imaging lenses 20 and 36
      provides an imaging system which combines the tangential focal plane
      (associated with the direction of scan) and the sagittal focal plane
      (associated with the direction perpendicular to the spot scan) with the
      plane of perfect motion compensation.
PAR  As shown in FIG. 3(a) (tangential plane) and (b) (sagittal plane), the lens
      configuration 10 is an astigmatic anamorph comprised of three air-spaced
      cylindrical elements 40, 44, and 48. The element 48 is a plano-convex
      cylinder lens with power active in only the tangential plane. The elements
      44 and 40 are plano-concave, and plano-convex cylinder lenses,
      respectively, with power active in only the sagittal plane. The elements
      40, 44, and 48 are all fabricated from spectacle crown glass.
PAR  As shown in FIG. 3(a), the element 48 produces one object point O.sub.1 for
      the transverse scan direction which becomes imaged at the medium 25 via
      the triplet lens 20. The power of the element 48 is chosen so that it
      spreads the radiated flux over several facets of the polygon 16. The
      effective location and linear dimension of a single facet is designated by
      a facet plane S. in FIG. 3(a). The facet plane S restricts the effective
      fraction of the beam 3 utilized to the dotted line portion shown.
PAR  The elements 40 and 44 combine to produce an object point O.sub.2 located
      at plane S in the sagittal configuration shown in FIG. 3(b). As previously
      described, the imaging lens 20 in combination with the cylinder lens 36
      images this object point O.sub.2 to a spot at the focal plane F coincident
      with the surface of the recording medium 25.
PAR  Thus, in the tangential direction, the first two elements of the anamorph
      configuration 10, lenses 40 and 44 have no power. The third lens 48
      focuses the beam 6 at the object point O.sub.1. In the sagittal direction
      the beam flux is converged by the lens 40, diverged by the negative lens
      element 44 just prior to coming to a focus, and becomes refocused by the
      no-power plane of the element 48 to the object point O.sub.2 at the
      scanning facet of the polygon 16. The f/number of this converging cone at
      the scanning facet of the polygon 16 controls the sagittal dimension of
      the spot in the focal plane F.
PAR  The polygon 16 is continuously driven by a motor (not shown) and may be
      synchronized in rotation to a synchronization signal representative of the
      scan rate used to obtain the original video signal. In the case of the
      utilization of a xerographic drum, the rotation rate of the drum
      determines the spacing of the scan lines. The rotation of the polygon 16
      off-axis from that desired causes runout errors or, in this case, a
      deflection of the scanned beam in the vertical direction away from the
      desired scan line. Assuming an angular deviation from the desired axis of
      rotation for the polygon 16, a runout angle defines the deflection from
      the intended direction of scan. Other misalignments of optical elements
      within the system, such as facet misalignment, also may cause the same
      runout effect. The positioning of the cylindrical lens 36 in the optical
      path, though, compensates for such effects, as has been discussed.
      Additional features of the lens 36 are discussed in copending U.S. patent
      application Ser. No. 309,874 already identified herein.
PAR  Medium 25 may be a xerographic drum (not shown) which rotates consecutively
      through a charging station depicted by corona discharge device, an
      exposure station where the beam from the rotating polygon 16 would
      traverse a scan width x on the drum, through a developing station depicted
      by a cascade development enclosure, a transfer station where a web of copy
      paper is passed in contact with the drum and receives an electrostatic
      discharge to induce a transfer of the developed image from the drum to the
      copy paper. A fusing device fixes the images to the copy paper.
PAR  Usable images are provided in that the information content of the scanning
      spot is represented by the modulated or variant intensity of light
      respective to its position within the scan width x. As the spot traverses
      a charged surface through a given scan angle, the spot dissipates the
      electrostatic charge in accordance with its light intensity. The
      electrostatic charge pattern thus produced would be developed in the
      developing station and then transferred to the final copy paper. The
      xerographic drum would be cleaned by some cleaning device such as a
      rotating brush before being recharged by the charging device. In this
      manner, the information content of the scanned spot is recorded on a more
      permanent and useful medium. Of course, alternative prior art techniques
      may be employed to cooperate with a scanned spot in order to utilize the
      information contained therein.
PAR  Obviously, many modifications of the present invention are possible in
      light of the above teaching. It is therefore to be understood that, in the
      scope of the appended claims, the invention may be practiced other than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for recording information onto a scanned medium comprising:
PA1  laser means for generating a collimated beam of radiation,
PA1  means for modulating the beam in accordance with the information content of
      an electrical signal,
PA1  first optical means for imaging said modulated beam to a spot in a focal
      plane at the surface of said medium, said medium being sensitive to said
      radiation beam,
PA1  scanning means positioned between said laser means and said medium for
      scanning the spot across said medium to impart the information content of
      said spot to said medium,
PA1  second optical means positioned between said laser means and said scanning
      means for focusing said beam to a predetermined spot size, said second
      optical means comprising first and second cylindrical lens elements, said
      first cylindrical lens element being positioned with its power plane
      substantially orthogonal to the scan direction and said second cylindrical
      lens element being positioned with its power plane substantially parallel
      to the scan direction, and
PA1  a cylindrical lens positioned in the optical path of the imaged beam
      between said first optical means and said medium with its power plane
      substantially orthogonal to the direction of scan whereby said beam is
      focused to maintain the spot in said focal plane.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said second optical means
      further includes a third cylindrical lens element interposed between said
      first and second cylindrical lens elements with its power plane
      substantially orthogonal to the scan direction.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said first and second
      cylindrical lens element are plano-convex and said third cylindrical lens
      element is plano-concave.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said scanning means includes
      a multifaceted polygon having reflective facets for reflecting the
      modulated beam incident to it onto said medium and means for rotating said
      polygon such that the spot is scanned in successive traces across said
      medium.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said first optical means
      comprises a plurality of lens elements selected such that a linear
      relationship between the angular position of the rotating polygon and the
      position of the scanning spot is provided.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said plurality of lens
      elements comprise a first positive lens element, a second negative lens
      element and a third positive lens element.
NUM  7.
PAR  7. Apparatus for recording information onto a scanned medium comprising:
PA1  laser means for generating a collimated beam of radiation,
PA1  means for modulating the beam in accordance with the information content of
      an electrical signal,
PA1  first optical means for imaging said modulated beam to a spot in a focal
      plane at the surface of said medium, said medium being sensitive to said
      radiation beam, said first optical means comprising a plurality of lens
      elements selected such that a linear relationship between the angular
      position of the rotating polygon and the position of the scanning spot is
      provided.
PA1  a rotating multifaceted polygon positioned between said laser means and
      said medium for scanning the spot across said medium in successive traces
      to impart the information content of said spot to said medium,
PA1  second optical means positioned between said laser means and said scanning
      means for focusing said beam to a predetermined spot size, and
PA1  a cylindrical lens positioned in the optical path of the imaged beam
      between said first optical means and said medium with its power plane
      substantially orthogonal to the direction of scan whereby said beam is
      focused to maintain the spot in said focal plane.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said plurality of lens
      elements comprise a first positive lens element, a second negative lens
      element and a third positive lens element.
NUM  9.
PAR  9. The apparatus as defined in claim 7 wherein said second optical means
      comprises:
PA1  first and second cylindrical lens elements, said first cylindrical lens
      element being positioned with its power plane substantially orthogonal to
      the scan direction and said second cylindrical lens element being
      positioned with its power plane substantially parallel to the scan
      direction.
NUM  10.
PAR  10. The apparatus as defined in claim 9 wherein said second optical means
      further includes a third cylindrical lens element interposed between said
      first and second cylindrical lens elements with its power plane
      substantially orthogonal to the scan direction.
NUM  11.
PAR  11. The apparatus as defined in claim 10 wherein said first and second
      cylindrical lens elements are plano-convex and said third cylindrical lens
      element is plano-concave.
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ABST
PAL  In an image sensor having a large scale array of semiconductor
      photodetectors, only the noise component is delivered from a first
      photodetector subsequent to the readout of a stored signal, in synchronism
      with the readout of a signal of a second photodetector, so that the noise
      component may be utilized for the cancellation of the noise component in
      the output from the second photodetector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a semiconductor image sensor and, more
      particularly, to a low noise semiconductor image sensor.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In a linear photosensor array for facsimile reproduction and an area
      photosensor array for a television camera or a holographic optical memory,
      it is generally necessary to have a high integration density and for the
      constituent elements to have no defects. Therefore, semiconductor image
      sensors fabricated by means of MOS integrated circuit technology, which
      has become highly developed, offer great promise in the art. The image
      sensors now being developed are constructed by integrating photosensors,
      each of which includes a photodiode or phototransistor as the
      photodetector element and an metal-oxide-semiconductor
      field-effect-transistor (hereinbelow abbreviated MOSFET) connected thereto
      as a switching element. In this type of sensor, there is the problem that
      spike noise is generated due to the fact that a voltage pulse applied to
      the gate of the MOSFET for reading out a signal in order to turn the
      transistor "on", leaks through the gate-drain capacitance onto the load
      resistance side. Furthermore, where the optical input to the photodetector
      element is small, it is sometimes the case that during signal read-out,
      the spike noise component is larger than the information signal component
      and that the signal component is "buried" in the spike noise. The spike
      noise must accordingly, be eliminated. To this end, there have been
      proposed the so-called delayed sampling system in which only the signal
      component is derived by sampling, and a system in which only the spike
      noise is eliminated by a differential amplifier. The former is effective
      where the signal component lags the spike noise, while the latter is
      effective where the spike noise and the signal component overlap each
      other.
PAR  An image sensor has also been proposed in which the spike noise of a
      parallel readout type photodiode -- MOSFET area photosensor array, adapted
      to operate in the photo-charge storage mode (the integration mode), is
      eliminated by the use of a differential amplifier. In such a device, m
      .times. n p.sup.+ - n photodiodes are respectively connected to the
      sources of m .times. n p-channel enhancement MOSFETs. N digit lines
      interconnect the drains of the MOSFETs at the first to n-th columns,
      respectively. An array of n load resistors, each having the same
      resistance, is connected to the respective digit lines. M word lines
      interconnect the gates of the MOSFETs at the first to m-th rows,
      respectively. Address pulses are applied to the word lines from a scan
      generator. The gates of n-numbers of p-channel enhancement MOSFETs for
      differential operation, the respective sources of which serve as p.sup.+
      -n photodiodes, i.e. n diodes, are connected to a common reference pulse
      line. N load resistors for the differential operation, having the same
      resistance as the array of load resistors, are connected to the drains of
      the respective MOSFETs for differential operation. To one terminal of each
      of the array of load resistors and the load resistors for differential
      operation, a negative potential is applied from a DC power source. Outputs
      from the two types of load resistors are supplied to n differential
      amplifiers.
PAR  The spike noise eliminating operation of such an image sensor is effected
      as follows. When reading out optical information which is stored in, for
      example, the photodiodes of the second row on the word line of the second
      row negative voltage pulses are fed to the word line W.sub.2 and the
      reference pulse line from the scan generator, to turn the MOSFETS of the
      second row and the respective MOSFETs for differential operation on. Read
      outputs appearing in the respective load resistors RL.sub.1 to RL.sub.n
      are combinations of signal components which correspond to optical
      information stored in the respective photodiodes with spike noise
      components which are equal in principle, in all the array load resistors.
      On the other hand, only the spike noise components appear in the
      respective load resistors for the differential operation because the
      corresponding photodiodes are in the dark state. Therefore, when the
      outputs appearing in the load resistors and the outputs appearing in the
      resistors for differential operation are delivered to the respectively
      corresponding differential amplifiers, only the information signal
      components are delivered therefrom, insofar as the spike noise components
      of the array of load resistors and the load resistors for differential
      operation are equal. This is a standard operation of the differential
      amplifiers.
PAR  It is a necessary condition for the elimination of the spike noise that the
      spike noise components to be delivered to each differential amplifier be
      equal to each other. In such a device, however, the digit lines, for
      example, have stray capacitances, and the circuit part of the array of
      load resistors and that of the load resistors for differential operation
      do not have identical circuit parameters, so that it is extremely
      difficult to make the spike noise components from both circuit parts
      equal. As a simple measure for removing this difficulty, there may be
      provided a system in which two photosensor arrays of the same type are
      arranged, one of the arrays used for optical information detection and the
      other for differential operation, and equal spike noises are derived from
      the respective arrays and are cancelled in a differential amplifier. With
      this system measure, however, the number of photodetector elements and
      MOSFETs to be employed is doubled. When producing a large scale device,
      this inevitably involves the disadvantage that the entire system becomes
      complicated and that integration is difficult.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing, the present invention has as an object the
      provision of a low noise semiconductor image sensor which can eliminate
      spike noises substantially perfectly without a substantial increase in the
      number of necessary photodetector elements, so that a large scale array
      can be easily constructed.
PAR  In order to accomplish this object, the image sensor according to the
      present invention consists of first and second pairs of field-effect
      transistors, the field-effect transistors of each pair having common
      sources, the field-effect transistors of the respective pairs reading out
      signals from first and second photosensitive elements (for example,
      photodiodes, phototransistors, or the like) through the common sources.
      The drains of the field-effect transistors on one side of the respective
      pairs are interconnected by a first output line, while the drains of the
      field-effect transistors on the other side are interconnected by a second
      output line; differential amplifier means is provided to which outputs
      read out at the first and second output lines are delivered, the gate of
      the one-side field-effect transistor of the first pair and the gate of the
      other-side field-effect transistor of the second pair are interconnected
      by an input line; when no stored signal is present in the first
      photosensitive element, a signal readout pulse is applied to the input
      line, and equal spike noise outputs which are then generated in the first
      and second output lines are cancelled by the differential amplifier means,
      so as to obtain only the information signal.
PAR  According to the above construction of the present invention, in the first
      place, only noise components are extracted from the first photosensitive
      element subsequent to readout of the stored signal, in synchronism with
      the readout of a signal in the second photosensitive element, and this
      noise component is utilized for elimination of the noise component in the
      output from the second photosensitive element. As a result, at most, one
      or two auxiliary photosensitive elements for eliminating the noise may be
      sufficient per word line or per linear photosensor array. The fact that
      the number of the photosensitive elements may be small, in this manner,
      facilitates the high density integration of the photosensor array.
      Secondly, since the number of the field-effect transistors connected to
      the first and second output lines are equal, it is easy to equalize both
      the output lines with respect to their electrical characteristics, such as
      stray capacitance. Accordingly, substantially equal noise components are
      obtained at the output lines, and the cancellation of the noise components
      in a differential amplifier or the like is achieved substantially
      perfectly. Thirdly, since the sources of the paired field-effect
      transistors are disposed in common, this construction is readily adapted
      for integration. It is also possible to easily manufacture a large scale
      array by utilizing such a common source as a part of the photodiode.
PAR  Hereunder, the present invention will be described in detail in connection
      with its preferred embodiments. Although the description will be made of
      the p.sup.+ -n photodiode -p-channel MOSFET system, the essential
      operation applies also to the n.sup.+ -p photodiode -n-channel MOSFET
      system.
PAR  It is a matter of course that the construction, the signal processing
      system etc. of the image sensor according to this invention can be subject
      to various modifications without departing from the spirit and scope of
      the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of an image sensor in which the spike noises of
      word organized mode photodiode-MOSFET area photosensor arrays adapted to
      operate in the photo-charge storage mode are eliminated by differential
      amplifiers.
PAR  FIG. 2 is a diagram showing the circuit arrangement of a linear photosensor
      array for facsimile reproduction;
PAR  FIGS. 3a and 3b are sectional views of elements of an integrated
      photosensor array each including a photodiode, which array is utilized for
      the practical application of the present invention;
PAR  FIGS. 4a and 4b are sectional views of another integrated photosensor array
      including a phototransistor, which array is utilized for the practical
      application of the present invention;
PAR  FIG. 5 is a circuit diagram of an image sensor according to the present
      invention;
PAR  FIG. 6 is a timing chart showing horizontal address pulses and vertical
      address pulses which serve to sequentially read out optical information
      having come into incidence on photodiodes in the image sensor in FIG. 5,
      and readout outputs which are provided from a differential amplifier;
PAR  FIGS. 7a and 7b are partial diagrammatic views of a photosensor portion,
      showing a modification in which a phototransistor is employed in place of
      the photodiode in FIG. 5; and
PAR  FIG. 8 is a partial diagrammatic view showing a modification of a portion
      of clearing MOSFET pairs in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  Referring to FIG. 1, D.sub.11 to D.sub.1n ; D.sub.21 to D.sub.2n . . . ;
      D.sub.m1 to D.sub.mn designate photodiodes for optical information
      detection, which are respectively connected to the common sources of
      MOSFET pairs (RM.sub.21 and M.sub.11) to (RM.sub.2n and M.sub.1n);
      (RM.sub.31 and M.sub.21) to (RM.sub.3n and M.sub.2n) . . . (RM.sub.1 ' and
      M.sub.m1) to (RM.sub.n ' and M.sub.mn). The first group of auxiliary
      MOSFETs RM.sub.11 to RM.sub.1n having the first group of auxiliary
      photodiodes RD.sub.1 ' to RD.sub.n ' connected to the sources,
      respectively, are used together with the MOSFETs RM.sub.21 to RM.sub.2n ;
      RM.sub.31 to RM.sub.3n (; etc. in the detection of spike noise for
      differential operation. To the sources of the second group of auxiliary
      MOSFETs M.sub.1 ' to M.sub.n ', there are respectively connected the
      second group of auxiliary photodiodes LD.sub.1 ' to LD.sub.n ' . The
      second group of photodiode-MOSFET pairs are provided in correspondence
      with the above-mentioned first group of photodiode-MOSFET pairs. For
      example, the pair of the photodiode LD.sub.1 ' and the MOSFET M.sub.1 '
      functions to equalize the electrical characteristics, such as stray
      capacitances, of the digit line D.sub.1 ' for the differential operation
      which commonly connects the drains of the MOSFET RM.sub.11 to RM.sub.1 '
      at the first column and the digit line D.sub.1 which commonly connects the
      drains of the MOSFETs M.sub.11 to M.sub.m1 and M.sub.1 ' at the first
      column. Such a function applies to the other digit lines D.sub.2 ' and
      D.sub.2. . . ; D.sub.n ' and D.sub.n. W.sub.1 to W.sub.m denote word lines
      at the first to m-th rows, which are adapted to commonly drive the gates
      of sets of MOSFETs (RM.sub.11 and M.sub.11) to (RM.sub.1n and M.sub.1n);
      (RM.sub.21 and M.sub.21) to (RM.sub.2n and M.sub.2n) . . . at the
      respective rows. The MOSFETs RM.sub.1 ' to RM.sub.n ' are switching
      MOSFETS for clearing the photodiodes D.sub.m1 to D.sub.mn corresponding to
      the word line W.sub.m. Shown at W' is a drive line for these clearing
      MOSFETs. The word lines W.sub.1 to W.sub.m and the clearing drive line W'
      receive predetermined pulses from a scan generator 12. Load resistors
      R.sub.R1 to R.sub.Rn for differential operation are connected to the
      respective digit lines D.sub.1 ' to D.sub.n ', for differential operation,
      while array load resistors RL.sub.1 to RL.sub.n are connected to the
      respective digit lines D.sub.1 to D.sub.n. A negative potential is
      supplied to these two types of resistors from a DC power source 11. Signal
      outputs are delivered from the respective sets of resistors (R.sub.R1 and
      R.sub.L1) to (R.sub.Rn and R.sub.Ln) to differential amplifiers DA.sub.1
      -DA.sub.n. Output pulses from output terminals 13.sub.1, 13.sub.2 . . . ,
      13.sub.n of the respective differential amplifiers are delivered to an
      electronic computer or the like.
PAR  The circuit operation of the device in FIG. 1 will now be explained. After
      optical information is incident on, and stored in, the m .times. n matrix
      of photodiodes D.sub.11 to D.sub.mn, the scan generator 12 is rendered
      operative. In the first place, a negative voltage pulse is applied to the
      first word line W.sub.1. Then the readout MOSFETs M.sub.11 to M.sub.1n and
      the differential operation MOSFETs RM.sub.11 to RM.sub.1n turn on.
      Consequently, in the respective array of load resistors RL.sub.1 to
      RL.sub.n, output signals appear which are the sums of signals
      corresponding to the optical information stored in the corresponding
      photodiodes D.sub.11 to D.sub.1n and spike noise. On the other hand, only
      spike noise appears in the differential operation load resistors R.sub.R1
      to R.sub.Rn because the corresponding photodiodes RD.sub.1 ' to RD.sub.n '
      have in the dark state and, hence, have no stored signal component. Here,
      each set of the two types of digit lines, for example, D.sub.1 and D.sub.1
      ' coupled to the corresponding set of the two types of load resistors is
      symmetrical in the circuit, as is apparent from FIG. 1. For this reason,
      the stray or parasitic capacitances, etc. in both lines are equal, and
      spike noise components appearing in the two types of load resistors are
      substantially equal. Accordingly, the spike noise components are
      substantially eliminated by the differential amplifiers DA.sub.1 to
      DA.sub.n, and only the amplified pulses corresponding to the optical
      information stored in the photodiodes D.sub.11 to D.sub.1n on the word
      line W.sub.1 is delivered from the output terminals 13.sub.1, 13.sub.2 (.
      . . 13.sub.n.
PAR  The photodiodes D.sub.11 to D.sub.1n having had the readout completed are
      charged to be placed in the same dark state as the differential operation
      photodiodes RD.sub.1 ' to RD.sub.n '. When the voltage pulse output of the
      scan generator 12 is subsequently shifted to the second word line W.sub.2,
      the readout MOSFETs M.sub.21 to M.sub.2n and the differential operation
      MOSFETs RM.sub.21 to RM.sub.2n turn on. At this time, optical information
      signals are stored in the photodiodes D.sub.21 to D.sub.2n, while the
      photodiodes D.sub.11 to D.sub.1n are charged and act similarly to the
      photodiodes RD.sub.1 ' to RD.sub.n '. Therefore, as in the case where the
      negative voltage pulse was applied to the first word line W.sub.1, only
      the amplified pulses corresponding to the optical information stored in
      the photodiodes D.sub.21 to D.sub.2n are delivered from the differential
      amplifiers DA.sub.1 to DA.sub.n.
PAR  In this way, the output voltage pulse trains corresponding to the optical
      information incident on the sets of photodiodes D.sub.11, D.sub.12 . . .
      D.sub.1n ; D.sub.21, D.sub.22 . . . D.sub.2n . . . D.sub.m1, D.sub.m2 . .
      . D.sub.mn corresponding to the word lines W.sub.1, W.sub.2 . . . W.sub.n
      can be sequentially read out in the state in which spike noise is
      eliminated. Thus, the photodiodes, for which stored optical information
      has been read out, are operated as differential operation photodiodes at
      the time when the optical information stored in the photodiodes of the
      succeeding stage are to be read out. Thus, the complexity of employing two
      area arrays of the same type for the elimination of the spike noise is
      avoided.
PAR  Simultaneously therewith, the previous difficulty in eliminating spike
      noise due to the difference between the spike noise components as in the
      foregoing prior-art device is solved. A further feature is that since the
      same photodiode is subjected to the readout operation twice, a small
      component of stored information remaining after the first operation can be
      cleared by the second operation. According to experiments, it has been
      known that such a component read out during the second operation exerts
      almost no influence on the information signal, read out from the
      succeeding stage photodiode. The clearing word line W' in FIG. 1 clears
      the foregoing components remaining unread by the first operation, for the
      array of photodiodes D.sub.m1 - D.sub.mn.
PAR  It will be understood from the above explanation that the image sensor in
      FIG. 1 has the function of the word organized mode area photosensor array
      which operates in the photo-charge storage mode and which can perfectly
      eliminate the spike noise. Due to the perfect elimination of spike noise,
      the image sensor is very useful as a photosensor for detecting optical
      inputs at low levels, for example, an image sensor for holographic optical
      memory. As is apparent to those skilled in the art, that part 14 in FIG. 1
      which is enclosed by chain lines can be easily integrated on one chip by
      the use of present day MOSIC technology.
PAC  EXAMPLE 2
PAR  Referring to FIG. 2, PD.sub.1 to PD.sub.n designate photodiodes for
      detecting optical information. A photodiode RD for differential operation
      is always in the dark state. M.sub.1 to M.sub.n indicate MOSFETs for
      readout, among which M.sub.1 to M.sub.(n.sub.-1) have their sources in
      common with the sources of MOSFETs RM.sub.2 to RM.sub.n for differential
      operation, respectively. The photodiodes PD.sub.1 to PD.sub.(n.sub.-1) are
      connected to the respective common sources. An auxiliary MOSFET RM.sub.1
      having the auxiliary photodiode RD connected to the source is provided in
      order to aid the readout operation of the MOSFET M.sub.1. CM is a clearing
      MOSFET which is paired with the readout MOSFET M.sub.n and which receives
      a clear pulse. The photodiode PD.sub.n is connected to the common source
      of the clearing MOSFET CM, while load resistor 20 is connected to the
      drain. To power source lines 26 and 27, the drains of the readout MOSFETs
      M.sub.1 to M.sub.n and the drains of the differential operation MOSFETs
      RM.sub.1 to RM.sub.n are connected, respectively, and load resistors 28
      and 29 are also connected, respectively. Readout outputs from the load
      resistors 28 and 29 on which a negative potential is applied from a DC
      power source 21 are delivered to a differential amplifier 25. Pulse lines
      SP.sub.1 to SP.sub.n connected to a scan generator 22 serve to drive the
      commonly-connected gates of the sets of MOSFETs (RM.sub.1 and M.sub.1),
      (RM.sub.2 and M.sub.2) . . . (RM.sub.n and M.sub.n).
PAR  The circuit operation of the device in FIG. 2 is the same, in principle, as
      in the previous example. The scan generator 22 applies a negative voltage
      pulse at first to the line SP.sub.1. Then, the MOSFETs RM.sub.1 and
      M.sub.1 turn on, with the result that an output signal made up of the sum
      of a signal corresponding to optical information stored in the photodiode
      PD.sub.1 and spike noise appears in the load resistor 28, whereas only
      spike noise appears in the load resistor 29 since the differential
      operation photodiode RD is in the dark state. The two spike noise
      components are essentially equal because, as seen in FIG. 2, the types and
      numbers of the elements connected to the lines 26 and 27 are the same.
      Consequently, the spike noise is perfectly eliminated by the differential
      amplifier 25, and only the information signal amplified is provided from
      an output terminal 23 of the differential amplifier 25.
PAR  Subsequently, when the address pulse is shifted to the line SP.sub.2, the
      MOSFETs RM.sub.2 and M.sub.2 turn on. At this time, optical information is
      stored in the photodiode PD.sub.2, while the photodiode PD.sub.1 has
      already had the information readout completed and is in the same state as
      that of the differential operation photodiode RD. Therefore, similarly to
      the operation of the preceding stage, only an amplified output pulse
      corresponding to the optical information stored in the photodiode PD.sub.2
      appears at the output terminal 23 of the differential amplifier 25. The
      optical information stored in the photodiodes PD.sub.1 to PD.sub.n is
      sequentially read out in this manner. The spike noise components are
      therefore eliminated. Upon completion of the readout of the optical
      information stored in the photodiode PD.sub.n, the address pulse returns
      to the pulse line SP.sub.1 again, and the above operation is repeated.
PAR  The feature of the device of Example 2 is that two MOSFETs connected to the
      same photodiode are sequentially turned on one of the MOSFETs operating
      for reading out the information signal and the other for deriving spike
      noise. Accordingly, the storage of the optical information in the
      photodiode must be effected after the completion of the readout from the
      particular diode by the first signal readout MOSFET and in a period from
      the time at which the second noise deriving MOSFET turns "off" to the time
      at which the first MOSFET turns on again. In view of this point, in order
      to establish the same operative condition for all the photodiodes, the
      clearing MOSFET CM is connected to the last photodiode PD.sub.n. At the
      same time that the address pulse is applied through the pulse line
      SP.sub.1 to the MOSFETs RM.sub.1 and M.sub.1, the same voltage pulse as
      the address pulse is applied through the clear pulse line CP to the
      clearing MOSFET CM.
PAR  As explained above, the image sensor shown in FIG. 2 is a linear image
      sensor which can essentially eliminate spike noise with simple structure
      and which can effect signal amplification. It is useful when employed for
      facsimile reproduction, etc. As is apparent to those skilled in the art,
      that part of the device in FIG. 2 which is enclosed by chain lines 24 can
      be easily integrated using present-day MOSIC technology.
PAR  In the circuits in FIGS. 1 and 2, two MOSFETs and one photodiode are
      included in the unit construction of the photosensor. Although this adds
      one MOSFET to those used in the foregoing prior-art device, integration is
      not especially difficult by the added element.
PAR  FIGS. 3a and 3b are sectional views of an integrated photosensor array
      which are utilized in a practical application of the present invention. In
      FIG. 3a, a p.sup.+ -n junction made of an n-type semiconductor single
      crystal substrate 31 and a p.sup.+ -type diffused region is used as a
      photodiode. A switching MOSFET is formed by p.sup.+ -type diffused region
      (source) 32 along with another p.sup.+ -type diffused region (drain) 33
      having a metal electrode 36, an insulating layer 34 and a gate electrode
      35. The semiconductor device shown in FIG. 3a can, accordingly, be
      employed as the auxiliary photodiode -- MOSFET pair (for example, RD.sub.1
      ' to RM.sub.11) previously discussed. FIG. 3b shows, in section, an
      example of the integrated MOSFET pair-- photodiode structure which is
      utilized in the present invention. One MOSFET is formed by p.sup.+ -type
      diffused region (source) 32 of a photodiode along with another p.sup.+
      -type diffused region (drain) 33 having a metal electrode 36, an
      insulating layer 34 and a gate metal electrode 34, and simultaneously
      another MOSFET is formed by region 32 with still another p.sup.+ -type
      diffused region (drain) 38 having a metal electrode 39, the insulating
      layer 34 and a gate electrode 37. The p.sup.+ -type region 32 constitutes
      the source common to both the MOSFETS. One MOSFET can be used for the
      readout of the information signal, and the other for differential
      operation (for the derivation of noise). It is to be understood that the
      semiconductor device in FIG. 3b is formed by, for example a single and
      simultaneous diffusion step, and that the number of manufacturing steps is
      not especially increased over a process for forming the structure in FIG.
      3b by a single diffusion step.
PAR  As a modification of the embodiment in FIG. 3b, a phototransistor can be
      used in lieu of the photodiode. FIGS. 4a and 4b are sectional views
      showing such modification. FIG. 4b is taken along a line A-A' in FIG. 4a.
      Referring to these figures, a p.sup.+ -type diffused region 42 as a common
      source, a p.sup.+ -type diffused region 43 as a base, and p.sup.+ -type
      regions 49, 49' as drains are formed at the same time in the surface of a
      substrate 41 by, for example, impurity diffusion. Within the p.sup.+ -type
      region 43, an n-type diffused region 44 is provided as an emitter. The
      regions 43 and 44 constitute a phototransistor whose collector is the
      substrate 41. The emitter region 44 is connected by an interconnection 45
      to the region 42 forming the source common to the two MOSFETs. Numeral 46
      represents an insulating film. One of the MOSFETs comprises the drain
      region 49, the source region 42, an insulated-gate electrode 48 and a
      drain electrode 47, while the other MOSFET comprises drain region 49,
      source region 42, insulated-gate electrode 48' and drain electrode 47'. As
      described above, one MOSFET can be utilized for deriving the information
      signal and the other for deriving the noise. Where the phototransistor is
      used in this manner, the photosensitivity can be made higher than in the
      case of the photodiode, and the operating principle for spike noise
      elimination does not essentially differ.
PAC  EXAMPLE 3
PAR  FIG. 5 shows a circuit diagram of a sequential readout image sensor
      according to the present invention. Referring to the figure, D.sub.11,
      d.sub.12 . . . D.sub.1n ; D.sub.21, D.sub.22 . . . D.sub.2n . . . ;
      D.sub.m1, D.sub.m2 . . . D.sub.mn (where m and n denote positive integers,
      m .gtoreq. 2 and n .gtoreq. 2) designate photodiodes for detecting optical
      information, which are respectively connected to the sources of MOSFETs
      M.sub.11, M.sub.12 . . . M.sub.1n ; M.sub.21 M.sub.22 . . . M.sub.2n . . .
      ; M.sub.m1, M.sub.m2 . . . M.sub.mn. Auxiliary photodiodes D.sub.10,
      D.sub.20 . . . D.sub.m0 are respectively connected to the sources of
      auxiliary MOSFETs M.sub.10, M.sub.20 . . . M.sub.m0. Y.sub.1, Y.sub.2 . .
      . Y.sub.m indicate vertical address pulse input lines of MOSFET groups
      (M.sub.10, M.sub.11 . . . M.sub.1n), (M.sub. 20, M.sub.21 . . . M.sub.2n)
      . . . (M.sub.m0, M.sub.m1 . . . M.sub.mn), respectively. The pulse input
      lines interconnect the gates of the MOSFETs of the corresponding groups,
      and serve to sequentially switch the respective groups. Further, they are
      connected to output lines at the respective bits of an m-bit vertical scan
      generator 52Y.
PAR  Transmission lines T.sub.0, T.sub.1, T.sub.2 . . . T.sub.n interconnect the
      drains of MOSFET groups (M.sub.10, M.sub.20 . . . M.sub.m0), (M.sub.11,
      M.sub.21 . . . M.sub.m1), (M.sub.12, M.sub.22 . . . M.sub.m2) . . . ,
      (M.sub.1n, M.sub.2n . . . M.sub.mn), respectively, and function to
      sequentially transmit optical information, incident on photodiode groups
      (D.sub.10, D.sub.11, D.sub.12 . . . D.sub.1n), (D.sub.20, D.sub.21,
      D.sub.22 . . . D.sub.2n). . . , (D.sub.m0, D.sub.m1, D.sub.m2, D.sub.m3 .
      . . D.sub.mn), to the common sources of the corresponding horizontal scan
      switching MOSFET groups (M.sub.0 ', M.sub.0, M.sub.1 '), (M.sub.1, M.sub.2
      '), (M.sub.2, M.sub.3 '), (M.sub.3, M.sub.4 ') . . . , (M.sub.n, M.sub.0
      "', M.sub.0 "). An output line for the signal readout 53 interconnects the
      drains of the horizontal switching MOSFETs M.sub.0, M.sub.1, M.sub.2,
      M.sub.3 . . . M.sub.n, M.sub.0 ". An output line 53' for differential
      operation interconnects the drains of the horizontal scan switching
      MOSFETs M.sub.0 ', M.sub.1 ', M.sub.2 ', M.sub.3 ', M.sub.4 ' . . . ,
      M.sub.0 "'. Shown at 54 and 54' are an output terminal for the signal
      readout and an output terminal for the differential operation,
      respectively.
PAR  X.sub.0, X.sub.1, X.sub.2, X.sub.3 . . . X.sub.n, X.sub.0 ' designate
      horizontal address pulse input lines which interconnect the gates of
      horizontal scan switching MOSFET pairs (M.sub.0 ', M.sub.0), (M.sub.1 ',
      M.sub.1), (M.sub.2 ', M.sub.2), (M.sub.3 ', M.sub.3) . . . (M.sub.n ',
      M.sub.n), (M.sub.0 "', M.sub.0 "), respectively and which are connected to
      output lines at the respective bits of an (n + 2) -bit horizontal scan
      generator 52X.
PAR  A part enclosed by a chain line 51 can be integrated on an n-type
      semiconductor single crystal substrate. It is possible to impart
      essentially equal electrical characteristics to all the photodetector
      elements, the MOSFETs M.sub.10, M.sub.11, M.sub.12 . . . M.sub.1n,
      M.sub.20, M.sub.21, M.sub.22 . . . M.sub.2n . . . , M.sub.m0, M.sub.m1,
      M.sub.m2 . . . M.sub.mn, the MOSFETs M.sub.0 ', M.sub.0, M.sub.0 "',
      M.sub.0 ", and the MOSFETs M.sub.1 ', M.sub.1, M.sub.2 ', M.sub.2 . . . ,
      M.sub.n ', M.sub.n, respectively. In particular, essentially equal
      electrical characteristics can be imparted to the respective MOSFET pairs
      adjacent to each other and having the gates connected to each other,
      (M.sub.1 ', M.sub.1) . . . , (M.sub.n ', M.sub.n). Reference numeral 56
      represents a driver which functions to drive the horizontal scan generator
      52X and the vertical scan generator 52Y, and from which drive lines 55X
      and 55Y for the respective generators 52X and 52Y are led. The output
      terminals 54 and 54' are connected through the respective load resistors
      R.sub.L and R.sub.L ' to a common DC bias power source 57, and are also
      connected to two input terminals of a differential amplifier 58. The
      differential amplifier has an output terminal 59.
PAR  The operation of the circuit of FIG. 5 will now be described in detail.
PAR  The horizontal scan generator 52X and the vertical scan generator 52Y are
      rendered operative by means of the driver 56, to generate horizontal
      address pulses shown at (X) in FIG. 6 and vertical address pulses shown at
      (Y), respectively. They are respectively applied to the corresponding
      horizontal address pulse input lines and vertical address pulse input
      lines in FIG. 5. Consider where the vertical address pulse input line
      Y.sub.1 in FIG. 5 has been applied with the corresponding vertical address
      pulse Y.sub.1 in FIG. 6. All the MOSFETs M.sub.10, M.sub.11, M.sub.12 . .
      . M.sub.1n become conductive. Optical information stored in the respective
      photodiodes D.sub.10, D.sub.11, D.sub.12 . . . D.sub.1n in the form of
      charges is transmitted through the respective MOSFETs mentioned above and
      through the respective transmission lines T.sub.0, T.sub.1, T.sub.2 . . .
      T.sub.n to the common sources of the respective MOSFET groups (M.sub.0 ',
      M.sub.0, M.sub.1 '), (M.sub.1 M.sub.2 '), (M.sub.2, M.sub.3 ') . . . ,
      (M.sub.n, M.sub.0 "', M.sub.0 ").
PAR  As is illustrated in FIG. 6, at the same time that the vertical address
      pulse is applied to the vertical address pulse input line Y.sub.1, the
      horizontal address pulses are sequentially applied to the horizontal
      address pulse input lines X.sub.0, X.sub.1, X.sub.2 . . . X.sub.n, X.sub.0
      '. Accordingly, the paired MOSFETs M.sub.0 ' and M.sub.0 are first turned
      on. The stored charges of the auxiliary photodiode D.sub.10, transmitted
      to the transmission line T.sub.0, flow through the output lines 53' and 53
      in a branched manner and are read out from the output terminals 54' and
      54. Here, since the paired MOSFETs M.sub.0 ' and M.sub.0 have
      substantially equal electrical characteristics, the readout signals
      appearing at the output terminals 54' and 54 consist of a spike noise
      component and a signal component which have the same wave forms. Thus, a
      zero output is provided from the output terminal 59 of the differential
      amplifier 58.
PAR  The charges of the auxiliary photodiode D.sub.10 and the transmission line
      T.sub.0 are cleared by this operation. When the paired MOSFETs M.sub.1 '
      and M.sub.1 are subsequently turned on, the storage charges of the
      photodiode D.sub.11 transmitted to the transmission line T.sub.1 are fed
      through the MOSFET M.sub.1 and the output line 53 and are read out from
      the output terminal 54. The readout output contains the signal component
      corresponding to the stored charges of the photodiode D.sub.11 and the
      spike noise component. On the other hand, since the charges of the
      auxiliary photodiode D.sub.10 and the transmission line T.sub.0 have been
      already cleared, an output read out from the output terminal 54' through
      the MOSFET M.sub.1 ' and the output line 53' contains only spike noise.
      Here, since the paired MOSFETs M.sub.1 ' and M.sub.1 also have
      substantially equal electrical characteristics, the spike noise components
      appearing at the output terminals 54 and 54' are equal. Therefore, only
      the signal component contained in the readout output from the output
      terminal 54 is provided from the output terminal 59 of the differential
      amplifier 58 at an amplified level, and the spike noise is essentially
      eliminated. The magnitude of the output corresponds to the quantity of
      optical information incident on the photodiode D.sub.11. When the paired
      MOSFETs M.sub.2 ' and M.sub.2 are thereafter turned on, the stored charges
      of the photodiode D.sub.12 transmitted to the transmission line T.sub.2
      are read out from the output terminal 54 through the MOSFET M.sub.2 and
      the output line 53. The readout output contains the signal component
      corresponding to the stored charges of the photodiode D.sub.12 and the
      spike noise component.
PAR  On the other hand, the stored charges of the photodiode D.sub.11 and the
      transmission line T.sub.1 have already been read out, so that a readout
      output read out from the output terminal 54' through the MOSFET M.sub.2 '
      and the output line 53' contains only spike noise. Consequently, as in the
      above explanation, only the amplified signal component of a magnitude
      corresponding to the quantity of optical information injected into the
      photodiode D.sub.12 is provided from the output terminal 59 of the
      differential amplifier 58, and the spike noise is likewise essentially
      eliminated. In this way, only the amplified signal components having
      magnitudes corresponding to the quantities of optical information injected
      into the photodiodes D.sub.13, D.sub.14 . . . , D.sub.1n are thereafter
      provided from the output terminal 59 of the differential amplifier 58 in
      sequence, and spike noises are essentially eliminated.
PAR  As is apparent from the above description, each of the
      photodiode-transmission line sets (D.sub.10, T.sub.0), (D.sub.11,
      T.sub.1), (D.sub.12, T.sub.2) . . . effects immediately after the signal
      readout operation, the spike noise-generating operation for the
      differential operation of the next set. At this time, the clearing of the
      charges left unread is simultaneously carried out. Since the charges left
      unread are usually of a very small quantity, they exert only a negligible
      influence on the differential amplification of the readout output of the
      next set. In contrast, they have a great effect on the prevention of a
      residual image.
PAR  The paired MOSFETs M.sub.n ' and M.sub.n turn on, and the readout of the
      stored charges of the photodiode D.sub.1n transmitted to the transmission
      line T.sub.n is completed. Then, the paired MOSFETs M.sub.0 "' and M.sub.0
      " turn on and the unread charges of the set of the photodiode D.sub.1n and
      the transmission line T.sub.n flow through the output lines 53' and 53 in
      a branched manner and read out from the output terminal 54' and 54. This
      operation is similar to the clear operation for the auxiliary photodiode
      D.sub.10 and the transmission line T.sub.0, and only the zero output
      appears from the output terminal 59 of the differential amplifier 58.
      Through the operation stated above, only the amplified signal components
      of the magnitudes corresponding to the quantities of optical information
      injected into the respective photodiodes D.sub.11, D.sub.12 . . . D.sub.1n
      are sequentially read out from the output terminal 59 of the differential
      amplifier 58, and the spike noise is substantially eliminated.
PAR  Subsequently, when the vertical address pulse is shifted to the input line
      Y.sub.2, the readout of optical information incident on the respective
      photodiodes D.sub.21, D.sub.22 . . . D.sub.2n is carried out in the same
      way as the foregoing operation. Thereafter, the readout is likewise
      effected. Finally, the vertical address pulse is applied to the input line
      Y.sub.m, and the readout of optical information incident on the respective
      diodes D.sub.m1, D.sub.m2 . . . D.sub.mn is effected. Then, the readout of
      optical information injected on all the photodiodes in FIG. 5 is
      completed. The vertical address pulse returns to the input line Y.sub.1
      again, and repeats the same operation. The auxiliary photodiodes D.sub.10,
      D.sub.20 . . . D.sub.m0 are used in order to generate spike noise for the
      differential operation at the readout of the optical information injected
      on the photodiodes D.sub.11, D.sub.21 . . . D.sub.m1, respectively.
      Whatever optical information may be incident on the respective auxiliary
      photodiodes, only the zero output appears from the output terminal 59 of
      the differential amplifier 58 due to the foregoing branched flow and
      differential amplification operation at the clearing operation, based on
      the application of the horizontal address pulse X.sub.0.
PAR  Part (A) in FIG. 6 schematically shows output voltages from the output
      terminal 59 of the differential amplifier 58 where determined optical
      information is incident on all the photodiodes in FIG. 5.
PAR  As is apparent from the above detailed description, the image sensor in
      FIG. 5 according to the present invention is an extraordinarily excellent
      low noise image sensor which can easily eliminate spike noise and can
      amplify and sequentially read out only the signal components corresponding
      to the quantities of optical information injected on the photodiodes, with
      very simple construction and merely by connecting the output terminal for
      the signal readout and the output terminal for the differential operation
      to the two input terminals of the differential amplifier. In particular,
      spike noise components generated by two adjacent MOSFETs of equal
      electrical characteristics are cancelled by the use of the differential
      amplifier means, so that the influence of difference of elemental
      structure characteristics within the image sensor are extremely small,
      which facilitates the manufacture of a large scale image sensor. The
      effect is, therefore, very great.
PAR  While the embodiment in FIG. 5 relates to the photodiode -- MOSFET system,
      each photodiode may be substituted by a phototransistor as illustrated in
      FIGS. 7a and 7b as a modification of this embodiment. FIG. 7a shows any
      photodiode -- MOSFET set (D.sub.kj, M.sub.kj) (where k and j denote
      integers, 1 .ltoreq. k .ltoreq. m and O .ltoreq. j .ltoreq. n) used in the
      image sensor in FIG. 5, while FIG. 7b shows a modified embodiment
      employing a phototransistor PT.sub.kj in place of the photodiode in FIG.
      7a. Even when m .times. n phototransistor -- MOSFET sets as in FIG. 7b are
      arrayed in the form of a matrix as in FIG. 5, an operation similar to that
      of the circuit in FIG. 5 can be effected.
PAR  As another modification of the embodiment in FIG. 5, the parts of the
      clearing MOSFET pairs (M.sub.0 ", M.sub.0) and (M.sub.0 "', M.sub.0 ") in
      FIG. 5 may be changed as in FIG. 8. Referring to FIG. 8, M.sub.c and
      M.sub.c ' indicate clearing MOSFETs which belong to the transmission lines
      T.sub.0 and T.sub.n, respectively. The drain terminals 84" and 84"' of the
      MOSFETs M.sub.c and M.sub.c ' are connected through load resistors R.sub.L
      to a DC bias power source 87. Consequently, even when the horizontal
      address pulses X.sub.0 and X.sub.0 ' are applied to the gates of the
      respective MOSFETs M.sub.c and M.sub.c ' to thereby clear the stored
      charges of the transmission lines T.sub.0 and T.sub.n and the photodiode
      groups respectively belonging thereto (D.sub.10, D.sub.20 . . . D.sub.m0)
      and (D.sub.1n, D.sub.2n . . . D.sub.mn), outputs from output terminals 84
      and 84' are not affected. The operating principle for the elimination of
      spike noise is the same as in the case of FIG. 5.
PAR  As explained above, in detail, in connection with the embodiments, the
      present invention provides a low noise image sensor which is of simple
      construction, which can easily and substantially eliminate spike noise by
      the use of a differential amplifier and which permits a large scale
      integration. It is very useful when employed for a television camera etc.
      in which a large signal-to-noise ratio is required and which requires a
      large scale integration.
CLMS
STM  We claim:
NUM  1.
PAR  1. A semiconductor image pick-up device comprising: first and second
      photodetectors;
PA1  a first pair of field-effect transistors having their sources connected to
      said first photodetector;
PA1  a second pair of field-effect transistors having their sources connected to
      said second photodetector;
PA1  a first output line which interconnects the drains of each respective one
      of the transistors of said first and second pairs of field-effect
      transistors;
PA1  a second output line which interconnects the drains of each respective
      other of the transistors of said first and second pairs of field-effect
      transistors;
PA1  an input line which interconnects the gate of the one transistor of said
      first pair of transistors to the gate of the other transistor of said
      second pair of transistors;
PA1  first circuit means which is connected to said first and second output
      lines for generating a signal representative of the difference of signals
      appearing on said first and second output lines; and
PA1  second circuit means for applying a signal readout pulse to said input line
      when said first photodetector has no optical input stored therein.
NUM  2.
PAR  2. A semiconductor image pick-up device according to claim 1, wherein said
      photodetectors comprise photodiodes the ends of which, opposite the
      sources of the field-effect transistors to which they are connected, are
      connected to a source of reference potential.
NUM  3.
PAR  3. A semiconductor image pick-up device according to claim 1, wherein each
      of said photodetectors and field-effect transistors is integrated in a
      common substrate.
NUM  4.
PAR  4. A semiconductor image pick-up device comprising:
PA1  at least one column of image pick-up elements which includes:
PA2  first to n.sup.th photodetectors, where n is an integer greater than two;
PA2  first to n.sup.th pairs of field-effect transistors the sources of each
      transistor of each respective first to n.sup.th pair being connected to
      said first to n photodetectors;
PA2  a first output line which interconnects the drains of each respective one
      of the transistors of said first to (n-1).sup.th pairs of field-effect
      transistors;
PA2  a second output line which interconnects the drains of each respective
      other of the transistors of said first to n.sup.th pairs of field-effect
      transistors;
PA2  a first input line which is connected to the gate of the other of the
      transistors of said first pair of field-effect transistors;
PA2  second to n.sup.th input lines which interconnect the gates of each of the
      transistors of said first to (n-1).sup.th pairs of field-effect
      transistors to the gates of each other of the transistors of said second
      n.sup.th pairs of field-effect transistors, respectively;
PA2  an (n+1).sup.th input line which is connected to the gate of one of the
      transistors of said n.sup.th pair of field-effect transistors;
PA2  a differential amplifier circuit connected to said first and second output
      lines; and
PA1  circuit means for applying signal readout pulses sequentially to said first
      to n.sup.th lines.
NUM  5.
PAR  5. A semiconductor image pick-up device according to claim 4, where said at
      least one column comprises m of said columns, where m is an integer
      greater than one, the respective, and first to (n+1).sup.th input lines of
      each column being connected together, so as to form a matrix of image
      pick-up elements.
NUM  6.
PAR  6. A semiconductor image pick-up device comprising
PA1  at least one column of image pick-up elements which includes:
PA2  first to n.sup.th photodetectors, where n is an integer greater than two,
PA2  first to n.sup.th pairs of field-effect transistors, the source of each
      transistor of each respective first to n.sup.th pair being connected to
      said first to n.sup.th photodetectors;
PA2  first and second auxiliary photodetectors,
PA2  first and second auxiliary field effect transistors the sources of which
      are respectively connected to said first and second auxiliary
      photodetectors,
PA2  a first output line which interconnects the drains of each respective one
      of the transistors of said first to n.sup.th pairs of field-effect
      transistors and the drain of said first auxiliary field-effect transistor,
PA2  a second output line which interconnects the drains of each respective
      other of the transistors of said first to n.sup.th pairs of field-effect
      transistors and the drain of said second auxiliary field-effect
      transistor.
PA2  a first input line which interconnects the gate of said first auxiliary
      field-effect transistor and the gate of the other transistor of said first
      pair of field-effect transistors,
PA2  second to n.sup.th input lines which interconnect the gates of each
      respective one of the transistors of said first to (n-1).sup.th pairs of
      field-effect transistors and the gates of each respective other of the
      transistors of said second to n.sup.th pairs of field effect transistors,
      respectively,
PA2  a clearing drive line which interconnects the gate of the one of the
      transistors of said n.sup.th pair of field-effect transistors and the gate
      of said second auxiliary field-effect transistor, and
PA2  a differential amplifier circuit connected to said first and second output
      lines; and
PA1  circuit means for applying signal readout pulses sequentially to said first
      to n.sup.th input lines.
NUM  7.
PAR  7. A semiconductor image pick-up device according to claim 6, wherein said
      photodetectors comprise photodiodes the ends of which, opposite the
      sources of the field-effect transistors to which they are connected, are
      connected to a source of reference potential.
NUM  8.
PAR  8. A semiconductor image pick-up device according to claim 6, where said at
      least one column comprises m of said columns, where m is an integer
      greater than one, the respective clearing drive line, and first to
      n.sup.th input lines of each column being connected together, so as to
      form a matrix of image pick-up elements.
NUM  9.
PAR  9. A semiconductor image pick-up device according to claim 6, wherein each
      of said photodetectors and field-effect transistor is integrated in a
      common substrate.
NUM  10.
PAR  10. A semiconductor image pick-up device comprising:
PA1  a matrix of m rows by n columns of photodetectors, where m and n are
      positive integers greater than one and three, respectively;
PA1  a matrix of m rows by n columns of field-effect transistors, the source of
      each respective transistor for each respective row and column being
      connected to the photodetector in that row and column;
PA1  first to m.sup.th vertical address pulse input lines which interconnect the
      gates of the field-effect transistors of the first to m.sup.th rows,
      respectively;
PA1  first to n.sup.th transmission lines which interconnect the drains of the
      field effect transistors of the first to n.sup.th columns; respectively;
PA1  first, second and third field effect transistors, the sources of which are
      connected in common to said first transmission line;
PA1  first to (n-2).sup.th pairs of field effect transistors, the sources of
      which are connected in common to said second to (n-1).sup.th transmission
      lines, respectively;
PA1  fourth, fifth and sixth field-effect transistors, the sources of which are
      connected in common to said n.sup.th transmission line;
PA1  a first output line which interconnects the drain of said second
      field-effect transistor, the drains of one of the transistors of said
      first to (n-2).sup.th pairs of field-effect transistors, and the drains of
      said fourth and sixth field effect transistors;
PA1  a second output line which interconnects the drains of said first and third
      field-effect transistors, the drains of the other of the transistors of
      said first to (n-2).sup.th pairs of field-effect transistors, and the
      drain of said fifth field-effect transistors;
PA1  a first horizontal address pulse input line which interconnects the gates
      of said first and second field-effect transistors;
PA1  a second horizontal address pulse input line which interconnects the gate
      of said third field-effect transistor and the gate of the one transistor
      of said first pair of field-effect transistors;
PA1  third to (n-1).sup.th horizontal address pulse input lines which
      interconnect each respective gate of the other transistor of said first to
      (n-3).sup.th pairs of field-effect transistors and each respective gate of
      the one of the transistors of said second to (n-2).sup.th pairs of
      field-effect transistors, respectively;
PA1  an n.sup.th horizontal address pulse input line which interconnects the
      gate of the other of the transistors of said (n-2).sup.th pair of
      field-effect transistors and the gate of said fourth field-effect
      transistor;
PA1  an (n+1).sup.th horizontal address pulse input line which interconnects the
      gates of said fifth and sixth field effect transistors;
PA1  a differential amplifier circuit connected to said first and second output
      lines;
PA1  first circuit means for applying vertical address pulses sequentially to
      said first to m.sup.th vertical address pulse input lines; and
PA1  second circuit means for applying horizontal address pulses sequentially to
      said first to (n+1).sup.th horizontal address pulse input lines,
PA1  so that the photodetectors of said matrix of photodetectors are
      sequentially subjected to readout.
NUM  11.
PAR  11. A semiconductor image pick-up device according to claim 10, wherein
      said photodetectors comprise photodiodes the ends of which, opposite the
      sources of the field-effect transistors to which they are connected, are
      connected to a source of reference potential.
NUM  12.
PAR  12. A semiconductor image pick-up device according to claim 10, wherein
      each of said photodetectors comprises a phototransistor, the emitter of
      which is connected to the source of a respective field effect transistor,
      and the collector of which is connected to a source of reference
      potential.
NUM  13.
PAR  13. A semiconductor image pick-up device according to claim 12, wherein
      each of said photodetectors and field-effect transistor is integrated in a
      common substrate.
NUM  14.
PAR  14. A semiconductor image pick-up device comprising:
PA1  a matrix of m rows by n columns of photodetectors, where m and n are
      positive integers greater than one;
PA1  a matrix of m rows by n columns of field-effect transistors, the source of
      each respective transistor for each respective row and column being
      connected to the photodetector in that respective row and column;
PA1  first to m.sup.th vertical address pulse input lines which interconnect the
      gate of the field-effect transistors of the first to m.sup.th rows,
      respectively;
PA1  first to n.sup.th transmission lines which interconnect the drains of the
      field-effect transistors of the first to n.sup.th columns, respectively;
PA1  first to n.sup.th pairs of field-effect transistors, the sources of which
      are connected in common and are respectively connected to the first to
      n.sup.th transmission lines;
PA1  a first output line which interconnects the drains of each respective one
      of the transistors of said first to n.sup.th pairs of field-effect
      transistors;
PA1  a second output line which interconnects the drains of the other of the
      transistors of said first to n.sup.th pairs of field-effect transistors;
PA1  a first horizontal address pulse input line connected to the gate of the
      one transistor of said first pair of field-effect transistors;
PA1  a second horizontal address pulse input line which interconnects the gate
      of said other of the transistors of said first pair of field-effect
      transistors and the gate of the one of the transistors of said second pair
      of field-effect transistors;
PA1  third to n.sup.th horizontal address pulse input lines which interconnect
      the gates of each respective other transistor of said second to
      (n-1).sup.th pairs of field-effect transistors and the gates of each
      respective one transistor of said third to n.sup.th pairs of field-effect
      transistors, respectively;
PA1  an (n+1).sup.th horizontal address pule input line connected to the gate of
      the other transistor of said n.sup.th pair of field-effect transistors;
PA1  a differential amplifier circuit connected to said first and second output
      lines;
PA1  first circuit means for applying vertical address pulses sequentially to
      said first to m.sup.th vertical address pulse input lines;
PA1  second circuit means for applying horizontal address pulses sequentially to
      said first to (n+1).sup.th horizontal address pulse input lines;
PA1  so that said matrix of m rows by n columns of photo-detectors are
      sequentially subjected to read-out.
NUM  15.
PAR  15. A semiconductor image pick-up device according to claim 14, wherein
      said photodetectors comprise photodiodes the ends of which, opposite the
      sources of the field-effect transistors to which they are connected, are
      connected to a source of reference potential.
NUM  16.
PAR  16. A semiconductor image pick-up device according to claim 14, wherein
      each of said photodetectors comprises a phototransistor, the emitter of
      which is connected to the source of a respective field effect transistor,
      and the collector of which is connected to a source of reference
      potential.
NUM  17.
PAR  17. A semiconductor image pick-up device according to claim 16, wherein
      each of said photodetectors and field-effect transistor is integrated in a
      common substrate.
NUM  18.
PAR  18. A semiconductor image pick-up device according to claim 10, wherein
      each of said photodetectors and field-effect transistors are integrated in
      a common substrate.
NUM  19.
PAR  19. A semiconductor image pick-up device according to claim 14, wherein
      each of said photodetectors and field-effect transistors are integrated in
      a common substrate.
NUM  20.
PAR  20. A semiconductor image pick-up device comprising:
PA1  first to n.sup.th photodetectors, where n is an integer greater than two;
PA1  first to n.sup.th pairs of field-effect transistors, the sources of each
      transistor of each respective first to n.sup.th pair being connected to
      said first to n.sup.th photodetectors;
PA1  a first output line which interconnects the drains of each respective one
      of the transistors of said first to n.sup.th pairs of field-effect
      transistors;
PA1  a second output line which interconnects the drains of each respective
      other of the transistors of said first to n.sup.th pairs of field-effect
      transistors;
PA1  a first address-pulse input line connected to the gate of the one
      transistor of said first pair of field-effect transistors;
PA1  second to n.sup.th address-pulse input lines which interconnect the gates
      of each respective other transistor of said first to (n-1).sup.th pairs of
      field-effect transistors and the gates of each respective one transistor
      of said second to n.sup.th pairs of field-effect transistors;
PA1  an ( n + 1 ).sup.th address pulse input line connected to the gate of the
      other transistors of said n.sup.th pair of field-effect transistors;
PA1  a differential amplifier circuit connected to said first and second output
      lines; and
PA1  circuit means for applying address-pulses sequentially to said first to ( n
      + 1 ).sup.th input lines.
NUM  21.
PAR  21. A semiconductor image pick-up device according to claim 20, wherein
      said photodetectors comprise photodiodes the ends of which, opposite the
      sources of the field-effect transistors to which they are connected, are
      connected to a source of reference potential.
NUM  22.
PAR  22. A semiconductor image pick-up device according to claim 20, wherein
      each of said photodetectors and field-effect transistors is integrated in
      a common substrate.
NUM  23.
PAR  23. A semiconductor image pick-up device comprising:
PA1  first and second photodetectors disposed adjacent each other;
PA1  a first pair of field-effect transistors having their sources connected to
      said first photodetector and disposed to receive an optical information
      input;
PA1  a second pair of field-effect transistors having their sources connected to
      said second photodetector and disposed to receive an optical information
      input;
PA1  an auxiliary photodetector, disposed adjacent and first photodetector;
PA1  an auxiliary field-effect transistor, having its source connected to said
      auxiliary photodetector and disposed to receive no optical information
      input;
PA1  a first output line which interconnects the drains of one of the
      transistors of each of said first and second pairs of field-effect
      transistors;
PA1  a second output line which interconnects the drains of the other of the
      transistors of each of said first and second pairs of field-effect
      transistors, and the drain of said auxiliary field-effect transistors;
PA1  a first input line which interconnects the gate of said auxiliary
      field-effect transistor and the gate of the one transistor of said first
      pair of field-effect transistors;
PA1  a second input line which interconnects the gate of the other transistor of
      said first pair of field-effect transistors and the gate of the one
      transistor of said second pair of field-effect transistors;
PA1  first circuit means, connected to said first and second output lines, for
      generating a signal representative of the difference of the signals
      appearing on said first and second output lines;
PA1  second circuit means, coupled to said first input line, for applying a
      first signal readout pulse to the gates of said auxiliary field-effect
      transistor and the one transistor of said first pair of field-effect
      transistors, so as to couple said first photodetector and said auxiliary
      photodetector to said first and second output lines, respectively, whereby
      said first circuit means will generate a signal representative of the
      difference of the signals corresponding to the outputs of said first
      photodetector and said auxiliary photodetector; and
PA1  third circuit means, coupled to said second input line, for applying a
      second signal readout pulse, subsequent to said first signal readout
      pulse, to the gates of the other transistor of said first pair of
      field-effect transistors and the one transistor of said second pair of
      field-effect transistors, so as to couple said photodetector and said
      first photodetector to said first and second output lines, respectively,
      whereby said first circuit means will generate a signal representative of
      the difference of the signals corresponding to the outputs of said second
      photodetector and said first photodetector.
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ABST
PAL  The video signals are applied to a standard aperture correction circuit and
      also to a non-linear circuit. The output of the non-linear circuit and the
      output of the standard aperture correction circuit are applied to the two
      inputs of a modulator whose output is combined in a summing circuit with
      video signals delayed by a time delay corresponding to the time delay in
      the non-linear circuit and modulator. In a preferred embodiment the
      non-linear transfer function corresponds to A.sup.2 -A and is achieved by
      a double-balanced modulator the DC level at whose inputs is adjusted to
      yield the desired transfer function.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a system for correcting video signals
      having a limited amplitude range, wherein the correction signal is to be
      combined with the video signals to be corrected.
PAR  The present invention relates specifically to aperture correction circuits
      wherein errors arising both on the transmitting and the receiving side are
      to be eliminated or greatly reduced. A standard aperture correction of
      video signals generally comprises a correction for errors arising from
      distortion of the video signals as a result of the finite size and lack of
      uniformity in the impingement of the scanning dot both on the signal
      electrode on the pick-up side as well as on the screen on the receiving
      side. In known aperture correction circuits, an optimum visual correction
      is carried out only for the portions of the video signal having a medium
      brightness. This results in an overdriving of the circuits in response to
      sudden amplitude changes in the video signal. This in turn results in a
      widening of the discontinuity and a resultant loss of picture quality. In
      order to eliminate these particular correction errors and others, it has
      been suggested that the correction signal should be modulated as a
      function of video signal amplitude prior to heterodyning with the video
      signal in such a manner that overdriving of the heterodyned signal into
      the blacker than black or whiter than white region is eliminated.
PAR  One known system of the above-described type is shown in FIG. 2 of U.S.
      Pat. No. 3,536,826. The system shown there is a system for vertical
      aperture correction. As becomes evident from the description of this known
      circuit, only the oscillations due to overdriving in the heterodyned video
      signal are limited. A substantial amount of circuitry is required to
      achieve this purpose. No correction takes place between the video signal
      amplitude levels of 0% (black) and 100% (white). Thus with the known
      circuit arrangement, the amplitude range of the video signal can be
      selected and the vertical correction signal is cut off at the limits of
      this signal.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to overcome the disadvantages of
      the known circuits and to furnish a system for correcting video signals
      having a determined amplitude range both with respect to vertical and
      horizontal aperture correction and by means of reduced circuitry relative
      to the known systems.
PAR  In accordance with the present invention, video signals are applied to a
      standard aperture correction means which furnishes aperture correction
      signals at an aperture correction output. The video signals are also
      applied to non-linear circuit means having a non-linear transfer
      characteristic and an output for furnishing a modified video signal.
      Modulator means have a first input connected to the output of said
      aperture correction means and a second input connected to the output of
      said non-linear circuit means and furnish a modulated signal corresponding
      to the signals applied at said first and second inputs at a modulator
      output. Delay circuit means are provided for delaying the incoming video
      signals for a determined time interval corresponding to the delay
      introduced by said non-linear circuit means and said modulator means. A
      summing circuit is provided having a first input connected to the output
      of said delay circuit means, a second input connected to said modulator
      output and a summing amplifier output for furnishing a corrected video
      signal.
PAR  In a preferred embodiment of the present invention, the non-linear circuit
      means further operate to surpress signals having an amplitude within a
      determined amplitude range of the amplitude representative of signal
      black. This causes a complete surpression of noise components in this
      region.
PAR  The system of the present invention has the advantage that the correction
      signals affect not only the amplitude range of the video signals but also
      the signals of intermediate amplitude. The transfer function P of the
      non-linear circuit means in a preferred embodiment of the present
      invention corresponds to P=A.sup.2 -A, where A is the amplitude of the
      video signal.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the system of the present invention;
PAR  FIG. 2 is a block diagram for a first preferred embodiment of the
      non-linear circuit means;
PAR  FIG. 3 is a circuit diagram of a second preferred embodiment of the
      non-linear circuit means; and
PAR  FIG. 4 shows the transfer function of the non-linear circuit means of FIG.
      3 as a function of the amplitude of the applied video signals.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawing.
PAR  In FIG. 1 the video signal is received at terminal 1 and is applied to
      delay circuit means 2, a standard aperture correction circuit 3, and via
      terminal 4, to non-linear circuit means 5. The aperture correction means
      3, in the embodiment of FIG. 1, comprise a horizontal aperture correction
      circuit 6 as well as a vertical aperture correction circuit 7. The
      correction signals furnished by the two standard aperture correction
      circuits are combined in a summing stage 8. This type of aperture
      correction circuit may be found in U.S. Pat. No. 2,922,965. The signal at
      the output of summing stage 8 is applied to the first input of a modulator
      stage 9. The second input of the modulator stage 9 is connected via a
      terminal 10 to the output of the non-linear circuit means 5. The
      non-linear circuit means 5 have a transfer characteristic shown in the
      diagram which forms a part of FIG. 1. The ordinate therein is the
      amplification factor of stage 5, while the abscissa corresponds to the
      amplitude values with the black level being at minimum amplitude and the
      white level at maximum amplitude. It will be noted that signal amplitudes
      which lie in the black or white region are not amplified, while amplitudes
      which correspond to a medium picture brightness are maximally amplified.
      The so modulated video signals at the output of stage 5 are applied
      through a limiter stage 5a (unless the limiting is carried out in stage 5
      as will be described below) to a terminal 10 which serves as the second
      input of a modulator stage 9. Modulator stage 9 is a well known amplitude
      modulator. The resulting modulated signal at the modulator output is
      furnished to one terminal of a summing stage 11 at whose other input is
      applied the output of a delay circuit 2. The inputs to the delay circuit 2
      are the video signals. The reason for delay circuit 2 is that the
      correction stages delays the video signals by a determined time delay
      which is compensated for by stage 2. A corrected video signal then appears
      at the output 12 of summing stage 11.
PAR  FIG. 2 shows a preferred embodiment of the non-linear circuit means 5. The
      video signals at terminal 4 are simultaneously applied to the input of an
      inverter stage 14 which inverts the polarity of said video signals and a
      stage 13 which has a parabolic transfer characteristic. The output of
      stages 13 and 14 are applied to the first and second input of a summing
      stage 15 at whose output is furnished the modified video signal. A
      sawtooth signal as shown in FIG. 2 is applied at terminal 4, and causes
      the signals pictured at the outputs of stages 13 and 14 to be generated,
      whose sum results in the signal pictured at terminal 10. It will be noted
      that the signal at terminal 10 has an amplitude characteristic
      corresponding to the function A.sup.2 - A. With an appropriate threshold
      of the amplitude characteristic it is possible to suppress signals having
      a small amplitude, that is signals in the black region. Alternatively, in
      a preferred embodiment of the present invention, the signal furnished at
      the output of stage 15 can be put through a limiter stage 5a prior to
      application to terminal 10.
PAR  FIG. 3 shows a second preferred embodiment for non-linear stage 5. Enclosed
      in dash lines is a circuit 16 which is a known integrated circuit of a
      double-balanced modulator. In this integrated circuit, terminals 17, 18
      and 19 are used to apply the operating voltage. The output signal may be
      derived at terminals 20 or 21, the latter of which is shown to be directly
      connected to terminal 10. Terminals 22 and 23 serve as input terminals for
      a first signal, while terminals 24 and 25 serve as input terminals for a
      second signal. The first and second signals are herein referred to as
      signal A and signal B respectively.
PAR  Modulator 16 as shown in the Figure has two pairs of transistors namely
      transistors 26 and 27 and transistors 28 and 29. An input transistor 30 is
      connected to transistors 26 and 27, while an input transistor 31 is
      connected to transistors 28 and 29. Transistors 32, 33 and 34 in
      association with resistors 35-38 serve as a constant current source. The
      emitters of transistors 30 and 31 are connected to each other through a
      resistor 39 in such a manner that a differential amplifier type of
      operation results. A resistor 40 serves as a load resistor for transistors
      26 and 28, while a resistor 41 serves as load resistor for transistors 27
      and 29. The modified video signals are available at resistors 40 and 41.
      The signals derived from terminal 20 will have the inverse polarity as
      those derived from terminal 21.
PAR  Under normal operation in this type of circuit, the modulating signal B is
      applied at terminals 24 and 25, while a carrier signal A is applied at
      terminals 22 and 23. Carrier signal A switches transistors 26 and 29 to
      the conductive state, while simultaneously switching transistors 27 and 28
      to the non-conductive state in a first half period. In the subsequent half
      period, transistors 26 and 29 are blocked, while transistors 27 and 28 are
      switched to the conductive state. This process repeats in each period of
      the carrier signal so that transistors 26, 27 and 28, 29 alternately
      become conductive. This alternate symmetrical and synchronous control of
      transistors 26 - 29 causes signals applied inversely at the bases of
      transistors 30 and 31 a modulated signal which suppressed carrier to be
      developed across collector resistors 40 and 41.
PAR  This type of operation is a multiplicative processing of two signals in
      which in general it is desired that only the product of the two signals
      appear at the output. If now a signal A is applied to the first input
      (terminals 22 and 23) and a signal B is applied to the second input
      (terminals 24 and 25) then the signal at terminal 10 is not one of the two
      signals A or B, but the product P = k .times. A .times. B where k is a
      constant amplification factor. However, this product results only if
      terminals 22 and 23 and terminals 24 and 25 are at the same DC level. If
      the DC voltage balance at terminals 24 and 25 or 22 and 23 is disturbed,
      then an additive or subtractive component of B and/or signal A can result.
      In general, the signal at terminal 10 is a signal which corresponds to the
      equation P = k.sub.1 .times. A .times. B .-+. k.sub.2 .times. A .-+.
      k.sub.3 .times. B. If the DC potential at terminals 24 and 25 is equal
      k.sub.2 becomes zero, while an equal DC potential at terminals 22 and 23
      results in k.sub.3 becoming zero. Of particular importance for the present
      application is the case where signal at A is equal to signal B and k.sub.3
      is equal to zero, so that the modulator transfer function is equal to
EQU  P = k.sub.1 .times. A.sup.2 35  k.sub.2 .times. A
PAR  if k.sub.1 = k.sub.2 = 1, the transfer function of the modulator is seen to
      be P = A.sup.2 - A.
PAR  The functioning of circuit of FIG. 3 is illustrated in FIG. 4. In this
      Figure the abcissa corresponds to video signal amplitude or brightness,
      while the ordinate represents the transfer function P of stage 5 as shown
      in FIG. 3. If potentiometer 42 is so adjusted that terminals 22 and 23 are
      at the same DC potential, then a quadratic function results, namely P =
      H.sup.2. Resistor 43 serves to set the operating points of transistors 26
      and 29. Changing the DC potential at terminal 22 by means of potentiometer
      42 towards the positive potential 17, causes an unbalance of the circuit
      of FIG. 3 so that a subtractive portion of the signal appears at terminal
      10. The amplitude of this portion depends upon the amplitude of the
      difference in DC potential at terminals 22 and 23. Since the signal
      applied at terminals 22 and 23, and 24 and 25, respectively, is identical
      for purposes of the present invention, the same results can be achieved by
      creating a potential difference between terminals 24 and 25 by changing
      resistors 44 to 46 which serve as voltage dividers.
PAR  In a further preferred embodiment of the present invention, modulator stage
      9 is also embodied in a circuit 16 as shown in FIG. 3. For this stage,
      i.e. for the circuit of FIG. 3 serving as modulator 9, the signal A
      applied at terminals 22 to 23 is the signal derived from summing stage 8,
      while the signal derived from terminal 10 serves as input at terminals 24,
      25.
PAR  While the invention has been illustrated and described as embodied in
      utilizing particular forms of non-linear circuits, it is not intended to
      be limited to the details shown, since various circuit and structural
      changes may be made without departing in any way from the spirit of the
      present invention.
PAR  Whithout further analysis, the foregoing will so fully reveal the gist of
      the present invention that other can by applying current knowledge readily
      adapt it for various applications without omitting features that, from the
      standpoint of prior art fairly constitute essential characteristics of the
      generic or specific aspects of this invention and, therefore such
      adaptations should and are intended to be comprehended within the meaning
      and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended:
NUM  1.
PAR  1. In an aperture correction system including aperture correction means
      having an input for receiving video signals and an output for furnishing
      aperture correction signals varying as a function of said video signals,
      an additional correction system comprising, in combination, non-linear
      circuit means having an input for receiving said video signals, a
      non-linear transfer characteristic, and an output, for furnishing a
      modified video signal varying as a function of said video signals and said
      non-linear transfer characteristic at said output; modulator means having
      a first input connected to said output of said aperture correction means,
      a second input connected to said output of said non-linear circuit means
      and a modulator output, for furnishing a modulator signal corresponding to
      signals applied at said first and second inputs at said modulator output;
      and summing circuit means having a first input for receiving said video
      signals, a second input connected to said modulator output, and a summing
      output, for furnishing corrected video signals corresponding to the sum of
      the signals at said first and second inputs at said summing output.
NUM  2.
PAR  2. A system as set forth in claim 1, wherein said non-linear circuit means
      and said modulator means delay said video signals by a determined time
      delay; further comprising delay circuit means having an input connected to
      receive said video signals and an output connected to said first input of
      said summing circuit means, for furnishing delayed video signals
      corresponding to said video signals delayed by said determined time delay
      to said first input of said summing circuit means.
NUM  3.
PAR  3. A system as set forth in claim 2, wherein said transfer function
      corresponds to the difference between the amplitude of said video signals
      and the square of said amplitude.
NUM  4.
PAR  4. A system as set forth in claim 1, wherein said video signals have a
      first determined amplitude signifying picture black and a second
      determined amplitude signifying picture white; further comprising limiter
      circuit means connected to said output of said non-linear circuit means
      for surpressing modified video signals having an amplitude within a
      determined amplitude range of said first determined amplitude.
NUM  5.
PAR  5. A system as set forth in claim 1, wherein said non-linear circuit means
      comprise an inverter stage having an input connected to said input of said
      non-linear circuit means; a second stage having a parabolic transfer
      function connected to said input of said non-linear circuit means; and a
      summing circuit having a first input connected to the output of said
      inverter stage, a second input connected to the output of said second
      stage and a summing circuit output constituting said output of said
      non-linear circuit means.
NUM  6.
PAR  6. A system as set forth in claim 1, wherein said non-linear circuit means
      comprise a double-balanced modulator having a first and second pair of
      transistors, each transistor in said pairs of transistors having a base, a
      first and second control input terminal respectively connected to
      corresponding ones of said bases of said first and second pair of
      transistors, a first and second input transistor respectively connected to
      said first and second pair of transistors, each of said input transistors
      having a base; and means for adjusting the DC level of said first and
      second control input terminals in such a manner that the output of said
      double-balanced modulator corresponds to a determined non-linear function
      of the input to said double-balanced modulator.
NUM  7.
PAR  7. A system as set forth in claim 6, wherein said determined non-linear
      function is a function corresponding to the difference between the square
      of the amplitude of signals applied at said modulator input and the
      amplitude of said signals.
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PAL  Correction signals for aperture correction of video signals are generated
      in such a way that the peak values of the correction signal produced in an
      aperture corrector which are dependent upon the frequency of the video
      signal to be corrected are maintained constant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention related to a system for producing a correction signal for the
      aperture correction of video signals.
PAR  2. Description of the Prior Art
PAR  Aperture correction of video signals comprises correction of the distortion
      produced by the finite dimension and non-uniform flux distribution of the
      scanning point, in the camera as well as in the reproduction screen. Thus,
      for example, the frequency spectrum of the video signals obtained by means
      of known camera tubes falls off more or less intensely toward the high
      frequencies, still within the bandwidth of 6 MHz. Such an aperture
      distortion, caused by amplitude distortion, causes a symmetrical
      obliteration of the pulse edges in the video signal. For the elimination
      of such aperture distortions, horizontal and vertical aperture correctors
      are used to reamplify the higher frequencies of the video signal.
PAR  Devices for amplifying the higher frequencies of the video signal in
      aperture correctors are known from Dillenburger, Einfuhrung in die
      Fernsehtechnik (Introduction to Television Technology), Volume 2, pages
      312 to 324. These known aperture correctors, however, are dependent on the
      bandwidth of the video signal to be corrected. Thus, a video signal to be
      corrected, with pulses of differing rise time, will itself only be
      differentially corrected. Pulses with a short rise time are given a
      steeper pulse-edge slope than are pulses with a long rise time.
PAR  A picture is considered distinct when some sharply defined edges are
      contained in the reproduced image. Since known aperture correctors supply
      correction signals whose amplitude depends upon the rise time of the
      black-to white-amplitude changes contained in the video signal, the pulses
      of a video signal in whose picture patterns there are only long rise times
      are reproduced in an entirely uncorrected or only slightly corrected
      manner. The reproduced picture appears blurred. Assuming that during the
      time period of a picture-scanning at least one black-to white-amplitude
      change is contained in the video signal, a reference value can be derived
      for other signal amplitudes in the video signal by means of this black-to
      white-amplitude change for one or more partial pictures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention therefore provides a system for producing a
      correction signal for the aperture correction of video signals, in which
      systems the correction signal is independent of the bandwidth, that is,
      the correction signal is independent of the prevailing rise time of the
      pulses in the video signal to be corrected.
PAR  This is accomplished in the invention by keeping constant the peak values
      of the correction signal produced in an aperture corrector. The peak
      values are dependent upon the frequency of the video signal to be
      corrected.
PAR  The system of the invention presents, in contrast to known devices for the
      production of a correction signal for aperture correction of video
      signals, the advantage that by a simple additional regulation or control
      of the correction signal an improved correction signal is obtained whose
      peak values are independent of the frequency, that is, independent of the
      rise time of the pulses in the video signal. The invention provides for
      taking correction signals from known aperture correctors and keeping their
      amplitudes constant, indepenent of their frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an automatic control system according to the
      system of the invention.
PAR  FIG. 2 is a block diagram of a control circuit according to the system of
      the invention.
PAR  FIG. 3 is a block diagram of an aperture corrector according to the
      crispening method with an automatic control circuit according to the
      system of the invention.
PAR  FIG. 4 includes voltage-time diagram for explanation of the block diagram
      of FIG. 3.
PAR  FIG. 5 is a diagram of a rectifier stage which can be used in the present
      invention.
PAR  The same symbols used in several figures are provided with the same
      reference symbols.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 the correction signal produced by a known prior art aperture
      corrector is fed via a terminal 1 to an automatic controllable amplifier
      2. This amplifier may be of the type for automatic gain control. One such
      amplifier is described in RCA Transistor, Thyristor and Diode Manual,
      April 1971, pages 98-99. The correction signal received at the output of
      amplifier 2 can be tapped by way of a terminal 3. A part of the correction
      signal received at terminal 3 is fed to a rectifier stage 4. By means of
      this rectifier stage 4, a control potential dependent upon the peak values
      of the correction signal received at terminal 3 is obtained. This control
      potential readjusts amplifier 2 in such a way that correction signals with
      constant peak values can be tapped at terminal 3. By storing the greatest
      peak value of the correction signal in the rectifier stage 4, the result
      is achieved that the amplitude of the correction signal at terminal 3
      remains constant for a certain length of time. As a store for the greatest
      peak value of the correction signal, a capacitor can advantageously be
      employed.
PAR  FIG. 2 shows the block diagram of a control circuit according to the system
      of the invention. Here the correction signal produced by an aperture
      corrector is fed, by way of a terminal 1', to a controllable amplifier 2'
      and to a rectifier stage 4'. The correction signals fed by way of terminal
      1' are rectified by rectifier stage 4'. From the rectified correction
      signal a signal with the greatest peak value is stored for the duration of
      one or more partial pictures and is fed to a control input of amplifier
      2'. By controlling the gain of the amplifier 2', the correction signal
      which can be fed out at terminal 3' from the output of amplifier 2' is
      controlled in such a way that the amplitude of the correction signal is
      approximately constant.
PAR  FIG. 3 shows a block diagram of a crispening circuit expanded according to
      the system of the invention. The video signal of a video source to be
      aperture-corrected is fed, by way of a terminal 5, in parallel to a
      differentiating stage 6 and to a delay stage 7. The first differential
      video signal from the output of the differentiating stage 6 is subjected,
      by means of an amplifier stage 8, to a non-linear amplification. The
      characteristic of this non-linear amplifier 8 is shaped in such a way that
      signals with small amplitudes are not amplified. Due to this device,
      disturbing noise levels in the video signal are less visible in the
      reproduction on a picture screen. By an additional differentiation of the
      non-linearly amplified signal in a second differentiating stage 9, a
      second differential video signal is derived from the video signal to be
      corrected and is fed, by way of a terminal 1, to an automatic-gain control
      amplifier 2. By feedback regulation, the correction signal present at the
      output of amplifier 2 on terminal 3 is regulated, by means of rectifier
      stage 4, in such a way that the peak values of the correction signal are
      kept constant. This new correction signal is added to the delayed video
      signal to be corrected from delay stage 7 in an adding stage 10. Delay
      stage 7 is provided for the purpose of equalizing the travel time of the
      two signals to adding stage output terminal 11.
PAR  FIG. 4a shows the voltage-time diagrams of two different pulse edges of
      video signals to be corrected. In this structure the pulse edge shown in
      dashed lines has a longer rise time than the pulse edge shown in solid
      lines. A differentiation of the various pulse edges according to FIG. 4a
      in differentiating element 6 results in a curve shaped according to FIG.
      4b. By a subsequent non-linear amplification by means of non-linear
      amplifier 8, signals reduced in amplitude according to FIG. 4c are
      obtained. A further differentiation in element 9 of the signals according
      to FIG. 4c results in a correction signal with a curve shaped as in FIG.
      4d. By the repeated differentiation, correction signals are obtained at
      terminal 1 (FIG. 3) whose peak values, with rise times of the pulse edges
      according to FIG. 4a, are varied. Series connection of the control circuit
      with stages 2 and 4 in the structure keeps the varied peak values of the
      correction signals at terminal 1 constant. When then, by means of adding
      stage 10, the signals of FIG. 4a as delayed and the corresponding
      correction signals of FIG. 4e are added, the pulse edges become steeper,
      as in FIG. 4f. As the curve shape of FIG. 4f shows, also pulses of a video
      signal with long rise time to be corrected are provided with much steeper
      pulse edges. If the control circuit with elements 2 and 4 were dispensed
      with, a corrected video signal could be tapped at terminal 1 which
      presents in pulse edges with a long rise time the curve shape shown in
      pointed-dashed lines in FIG. 4f.
PAR  FIG. 5 is a diagram of a rectifier stage which can be used as element 4 or
      4' in FIGS. 1, 2, or 3. See the above cited RCA book at page 98, FIG. 145.
      Input terminal m and output terminal n of the rectifier stage are
      connected as illustrated. A diode 20 has a charging capacitor 22 in series
      connection therewith as illustrated. The charging capacitor 22 stores
      rectified voltage peaks of the signal applied to terminal m, so that the
      voltage on the capacitor always corresponds to the highest voltage peak of
      the signal applied to terminal m. The size of capacitor 22 and a resistor
      24 determine the length of time a previouly detected peak will be stored,
      which should amount to one or more picture scanning periods.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for producing an output correction signal for aperture
      correction of video signals, comprising:
PA1  A. a video amplifier having a controllable amplification characteristic and
      input and output terminals,
PA1  B. an aperture corrector for supplying to the input terminal of the
      amplifier a correction signal which is dependent upon the time derivative
      of the video signal from a video source to be corrected,
PA1  C. means for detecting peak values of correction signals at one of the
      amplifier terminals, and
PA1  D. means for using the detected peak values to control said amplification
      characteristic for causing the output correction signal to appear with a
      constant amplitude at the output terminal.
NUM  2.
PAR  2. A system according to claim 1, wherein the means for detecting peak
      values detects the peak values of correction signals at the output
      terminal of the video amplifier.
NUM  3.
PAR  3. A system according to claim 1, wherein the means for detecting peak
      values detects the peak values of correction signals at the input terminal
      of the video amplifier.
NUM  4.
PAR  4. A system according to claim 1, wherein the aperture corrector for
      supplying the correction signal further comprises:
PA1  A. first differentiating means for deriving a first time-differential
      signal from a video signal supplied at the output of a video source,
PA1  B. means for non-linear amplification of the first time-differential signal
      to provide an amplified signal,
PA1  C. second differentiating means for deriving a second time-differential
      signal from the amplified signal and for applying said second signal to
      the input terminal of the video amplifier,
PA1  D. means for delaying said video signal supplied at the output of the video
      source to supply a delayed video signal, and
PA1  E. means for adding the output correction signal at the output of the video
      amplifier and the delayed video signal to provide a corrected video
      signal.
NUM  5.
PAR  5. A system according to claim 1, wherein from correction signal produced
      in known aperture correctors a reference signal is derived which serves
      for controlling the video amplifier.
NUM  6.
PAR  6. A system according to claim 5, wherein the reference signal is
      proportional to the maximum peak value of the correction signal during one
      or more picture scannings.
NUM  7.
PAR  7. A system according to claim 6, wherein the reference signal is
      proportional to the maximum peak value of the correction signal is stored
      in a storage device for the duration of one or more picture scannings.
NUM  8.
PAR  8. A system according to claim 7, wherein the storage device is a
      capacitor.
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ABST
PAL  Elapsed time from turn-on of a fluid light valve to the time when the
      initial, turbulent fluid has settled to a quiescent condition on which a
      noise free image may be inscribed by an electron beam is reduced by
      expanding vertical sweep size of the raster, expanding horizontal sweep
      size of the raster, or reducing electron beam current. These operations,
      which may be controlled individually or in combination during the turn-on
      period, sweep out excess fluid from the raster area to ensure that fluid
      depth is adjusted to less than critical depth over the entire desired
      raster area so as to establish a smooth and uniform fluid surface by the
      time the turn-on sequence has been completed.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to light valves for optically projecting images
      generated electronically on a light-controlling fluid layer, and more
      particularly to a method and apparatus for reducing delay in ability to
      begin projecting high quality images from the fluid layer.
PAR  One form of light valve suitable for optical projection of electronically
      generated images onto a remote display surface comprises an evacuated
      enclosure containing an electron gun in predetermined alignment with a
      transparent disk. The disk is slowly rotated through a reservoir of light
      modulating fluid to deposit a continously-replenished layer of fluid on
      the disk surface. An electron beam, generated by the electron gun, is
      directed through beam deflecting and focusing means and is scanned across
      a portion of the light modulating fluid layer so as to selectively deform
      the layer. The fluid deformations thus formed constitute optical
      diffraction gratings which, in conjunction with a Schlieren optical
      system, selectively control passage from a light source through the disk
      and through an output window in the enclosure envelope in order to create
      visible images at the remote display surface on which the light impinges.
      A system of this type is described and claimed in W. E. Good et al. U.S.
      Pat. No. 3,325,592, issued June 13, 1967 and assigned to the instant
      assignee.
PAR  In a typical light valve, with the electron beam turned off, depth of the
      fluid layer on the disk is 50 microns. There exists, however, a "critical
      depth", which may be defined as a fluid depth above which turbulent
      breakup of the fluid surface occurs, impairing the image or creating a
      "noisy" image. Operation of the light valve when the fluid layer depth
      exceeds the critical depth produces a churning surface of nonuniformly
      undulating topography, which diffracts and refracts light through the
      Schlieren optical system onto the screen. A very bright display replete
      with random disturbances is thus produced on the screen, and the intensity
      of such spurious display is sufficient to override and obscure or
      completely obliterate the desired video information.
PAR  To avoid such loss of information, light valves have heretofore typically
      employed the electron beam therein to impinge upon fluid flowing toward
      the raster and electrostatically regulate the level of such incoming fluid
      to a depth below the critical depth. When thus regulated, the surface of
      the fluid on which charge patterns are to be deposited by the electron
      beam becomes uniformly calm and smooth.
PAR  In the system sometimes referred to as an "electronic dam", described and
      claimed in W. E. Good et al. U.S. Pat. No. 3,155,871, issued Nov. 3, 1964
      and assigned to the instant assignee, the active area (i.e. area on which
      the raster is generated) of the light modulating medium is scanned by the
      light valve electron beam in a manner to cause an increase in charge
      density deposited on the medium at the initiation of each horizontal scan
      line. This is achieved by increasing electron beam current intensity at
      one end of the horizontal retrace period. The increased charged density
      forms an electrostatic field at the vertical leading edge of the raster
      which causes most of the incoming fluid flowing toward the raster to flow
      to either side of the raster and allows only a thin layer of fluid, less
      than the critical depth in thickness, to continue into the raster.
PAR  Additional control on current density of the electron beam as described in
      the aforementioned Good et al. patent may be applied in accordance with
      the teachings of T. T. True U.S Pat. No. 3,250,948, issued May 10, 1966
      and assigned to the instant assignee. The invention of the True patent
      permits deposition of a precise amount of charge on the fluid over a
      precise time interval, so as to optimize the smoothing and leveling effect
      such charge has on the fluid modulating medium without compromising
      uniformity of beam current during the trace interval.
PAR  The inventions of the latter two patents provide for display of high
      quality images, therefore, by utilizing the electron beam at the raster
      edge to meet incoming fluid and electrostatically regulate the incoming
      fluid depth to a level below the critical depth. Hence the period of time
      required to regulate the fluid depth to the proper level over the entire
      width of the raster is dependent on disk rotational velocity. In a typical
      light valve, the raster width and rotational velocity combine to produce a
      suitable surface for display of high quality images in approximately 4.5
      minutes after the electron beam is turned on. For some applications,
      however, 4.5 minutes of waiting time to obtain a high quality image over
      the entire raster area constitutes an undesirably lengthy operational
      delay.
PAR  Accordingly, one object of the invention is to provide a fluid light valve
      having a shortened interval between the time when the light valve electron
      beam is turned on and the time when high quality images may first be
      displayed by the light valve.
PAR  Another object is to provide a method and apparatus for controllably
      expanding vertical sweep size of the raster in a fluid light valve from
      the time the light valve electron beam is turned on in order to establish
      a smooth and uniform fluid surface quickly over the total raster area.
PAR  Another object is to provide a method and apparatus for controllably
      expanding horizontal sweep size of the raster in a fluid light valve from
      the time the electron beam of light valve is turned on in order to
      establish a smooth and uniform fluid surface quickly over the total raster
      area.
PAR  Another object is to provide a method and apparatus for controllably
      altering electron beam current in a fluid light valve from the time the
      light valve electron beam is turned on in order to establish a smooth and
      uniform fluid surface quickly over the total raster area.
PAR  Briefly, in accordance with a preferred embodiment of the invention, an
      optical projection system is described wherein an electron beam impinges
      on a light-modulating fluid medium. The electron beam is deflected over
      the surface of the medium in raster fashion in accordance with a signal so
      as to modulate the medium as by forming optical diffraction gratings on
      the medium representing the image to be displayed by projecting light on
      the medium. Apparatus is provided for quieting turbulence of the medium so
      as to render the surface of the medium uniformly calm and smooth, and
      comprises electron beam generating means for generating the beam with
      controllable intensity, and means coupled to the electron beam generating
      means for decreasing electron beam current at a controlled time rate until
      modulation of the medium has decreased to a predetermined operating level.
PAR  In accordance with another preferred embodiment of the invention, an
      optical projection system is described wherein an electron beam impinges
      on a light-modulating fluid medium. The electron beam is deflected over
      the surface of the medium in accordance with a signal so as to modulate
      the medium to control light energy directed upon the medium. Apparatus is
      provided for quieting turbulence of the medium so as to render the surface
      of the medium uniformly calm and smooth, and comprises electron beam
      deflection means for sweeping the beam over the medium in a raster of size
      controllable between a predetermined operating size and a smaller initial
      size, and means coupled to the electron beam deflection means for
      expanding the raster from the initial size at a controlled time rate by
      enlarging the sweep of the beam at the controlled time rate until the
      raster has increased to the predetermined operating size.
PAR  In accordance with another preferred embodiment of the invention, an
      optical projection system is described wherein an electron beam impinges
      on a light-modulating fluid medium, the electron beam being deflected over
      the surface of the medium in accordance with a signal so as to modulate
      the medium to control light energy directed upon the medium. A method for
      reducing turbulence of the medium so as to render the surface of the
      medium uniformly calm and smooth with minimum delay comprises altering, at
      a controlled time rate, the extent of modulation of the medium by the
      electron beam until the modulation has reached a predetermined extent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention believed to be novel are set forth with
      particularity in the appended claims. The invention itself, however, both
      as to organization and method of operation, together with further objects
      and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic diagram of a first embodiment of the invention,
      wherein vertical sweep size of a raster generated in a light valve is
      controlled;
PAR  FIG. 2 is a graphical illustration of typical performance by the apparatus
      of FIG. 1;
PAR  FIG. 3 is a schematic diagram of a second embodiment of the invention,
      wherein horizontal sweep size of a raster generated in a light valve is
      controlled;
PAR  FIG. 4 is a schematic diagram of a third embodiment of the invention,
      wherein electron beam current amplitude in a light valve is controlled;
      and
PAR  FIG. 5 is a graphical illustration of performance by the apparatus of FIG.
      4.
DETD
PAC  DESCRIPTION OF TYPICAL EMBODIMENTS
PAR  In FIG. 1, apparatus for controlling the rate of vertical sweep expansion
      within a light valve is illustrated. This apparatus comprises first and
      second transistors 10 and 11 of the NPN and PNP types, respectively,
      having their collector electrodes connected to each other. A timing
      circuit 42 includes transistor 10 having a base bias resistance 12
      connected between the base electrode of transistor 10 and ground. The
      emitter electrode of transistor 10 receives positive voltage from a switch
      18, when in the "operate" position, through a series combination of
      resistances 13 and 14 and diode 15, with the diode cathode connected to
      the emitter electrode of transistor 10. A negative potential is applied to
      the cathode of diode 15 through an emitter bias resistance 16 and to the
      base of transistor 10 through a base bias resistance 17. A pair of
      resistances 20 and 21 are connected in series between the negative
      potential and switch 18, while a capacitance 22 is connected between the
      negative potential and the junction of resistances 13 and 14. A diode 23
      has its anode connected to the junction of resistances 13 and 14 and its
      cathode connected to the junction of resistances 20 and 21.
PAR  A constant current generator 40 includes transistor 11 having its base
      electrode grounded through a base bias resistance 25 and connected to a
      source of low amplitude positive voltage through a reverse-biased zener
      diode 27. The emitter electrode of transistor 11 is connected to the
      source of low amplitude positive voltage through a resistance 28 in series
      with a potentiometer 29 having a controllable portion thereof
      short-circuited. Once a setting on potentiometer 29 has been established,
      the collector electrode of transistor 11 functions as the output of
      constant current generator 40.
PAR  The collector electrodes of transistors 10 and 11 are connected to one side
      of integrating capacitance 26. This capacitance is employed in a feedback
      path about a high gain amplifier 30 which, in combination with capacitance
      26, comprises a Miller integrator circuit 33 of the type shown and
      described in section 18-12 of F. E. Terman, Electronic and Radio
      Engineering, fourth edition, McGraw-Hill, 1955, and on pages 11-8 and 11-9
      of R. W. Landee et al., Electronic Designers' Handbook, McGraw-Hill, 1957.
      The output of Miller integrator circuit 33 drives the light valve vertical
      deflection plates 41 for vertically deflecting the electron beam within
      the light valve. A gate circuit 31, triggered by a positive-going pulse
      coincident with the vertical retrace pulse, essentially connects the
      collectors of transistors 10 and 11 to ground during the vertical retrace
      interval. During vertical sweep or trace, however, gate 31 is
      nonconductive.
PAR  High voltage direct current is supplied from a high voltage power supply 34
      to the output of amplifier 30. Input voltage to power supply 34 is
      furnished from switch 18 through a current limiting resistance 35 so as to
      charge a storage capacitance 36. An inductance 37, and a diode 38 poled in
      the forward direction, are connected in series with resistance 35 and
      capacitance 26. A gate circuit 39, triggered by a negative pulse
      coincident with the vertical retrace pulse, is connected between the
      junction of inductance 37 and diode 38, and ground.
PAR  When the light valve is in standby operation, the electron beam is off, the
      electron acceleration fields of the light valve are off, and the focus and
      deflection fields of the light valve are also off. The disk carrying the
      fluid layer is rotated through a reservoir of fluid so as to remain coated
      with fluid. This coating is often described as being of a turbulent nature
      at this time, and is therefore not amenable to orderly production of
      diffraction gratings thereon. Switch 18 is in the "standby" position,
      leaving zero voltage across capacitance 22 due to the discharge path
      through diode 23 and resistance 21. A second discharge path for
      capacitance 22 is provided by resistances 13, 20 and 21 in series, and a
      third discharge path is provided by resistance 14, diode 15 and resistance
      16 in series. The emitter electrode of transistor 10 is negatively-biased
      through resistance 16, thus causing transistor 10 to conduct at a
      collector current value determined by the sizes of resistances 16, 17 and
      12, and the negative supply voltage.
PAR  In normal operation, Miller integrator 33 provides vertical trace pulses,
      in the form of sawtooth waves, to the light valve vertical deflection
      plates 41. These sawtooth waves are generated when switch 18 is in the
      "operate" position, so that capacitance 36 is fully charged. The time
      required for capacitance 36 to charge is relatively short, due to the low
      time constant resulting from resistance 35 being of relatively low ohmic
      value. Hence, very shortly after switch 18 is actuated to the "operate"
      position, capacitance 36 is fully charged. Gate 39 is conductive in
      absence of a negative input signal. Thus, during each vertical retrace
      interval, the ground connection to one side of choke 37 is removed by gate
      circuit 39 being rendered nonconductive by a negative input pulse. Gate 31
      is nonconductive in the absence of a positive input signal so that, during
      the vertical retrace interval, the input to Miller integrator circuit 33
      is connected to ground through gate circuit 31.
PAR  During each vertical retrace interval, interruption of the heavy current
      flow through inductance 37 and gate 39 in series induces a high potential
      on the inductor at its connection to the anode of diode 38. Charge stored
      on capacitance 36 contributes to generation of the high potential by
      permitting a lower maximum current capability of the positive bias supply.
      The high voltage induced at the anode of diode 38 is thus applied across
      capacitance 26 by current flow through the diode in series with conductive
      gate 31. Upon termination of the vertical retrace interval, gate 39 again
      becomes conductive and gate 31 again becomes nonconductive. A large charge
      thus remains stored on capacitance 26, so that a large output voltage is
      produced by Miller integrator circuit 33 at the start of the vertical
      trace interval. No further high voltage pulse is furnished to capacitance
      26 from inductance 37 until start of the next vertical retrace interval.
PAR  At start of the vertical trace interval, capacitance 26 applies a large
      negative voltage to the input of amplifier 30, which is of the inverting
      type. However, the input of amplifier 30 also receives current from
      constant current generator 40. This constant current arises since constant
      base bias is maintained on transistor 11 by the voltage drop across
      back-biased zener diode 27, which maintains a constant voltage across
      resistance 25. Typical of junction transistors, emitter-to-base voltage on
      transistor 10 is constant for any given setting of potentiometer 29.
      Varying the setting of potentiometer 29 simply varies the resistance of
      the emitter circuit to establish another desired level of constant
      collector current through transistor 11.
PAR  Current furnished by constant current generator 40 reduces voltage stored
      on capacitance 26 at a rate determined by the current amplitude supplied
      to Miller integrator 33. By thus reducing amplitude of negative voltage at
      the input to amplifier 30, output voltage produced by amplifier 30 is
      reduced proportionately. By proper control of current supplied to
      amplifier 30, minimum output voltage of amplifier 30, occuring precisely
      at the instant that the next vertical sweep retrace interval is to be
      initiated, may gradually be reduced to the level that produces rasters of
      normal vertical height; that is, the vertical sweep voltage excursions are
      produced between gradually increasing or widening amplitude limits.
PAR  In order to control vertical sweep size and hence vertical raster size when
      operation of the light valve is initiated, timing circuit 42 is employed
      to draw current to controllable amplitude from the current produced by
      constant current generator 40. Control of current drawn from constant
      current generator 40 is achieved by controlling emitter voltage on
      transistor 10. A positive-going change in emitter voltage renders
      transistor 10 less conductive and a negative-going change in emitter
      voltage renders the transistor more conductive.
PAR  Specifically, when switch 18 is actuated into the "operate" position,
      capacitance 22 charges at a rate determined primarily by the sizes of
      capacitance 22, resistance 13 and voltage supplied by switch 18. Diode 23
      essentially prevents resistance 20 from reducing the charging time
      constant of capacitance 22 because, during charging of capacitance 22, the
      diode is reverse-biased and hence in its high resistance condition. In
      addition, the emitter of transistor 10 becomes biased slightly positive,
      due to voltage drop caused by current flow from switch 18 through
      resistors 13 and 14, diode 15 and resistor 16. Voltage on capacitance 22,
      however, has no effect on collector-to-emitter current flow through
      transistor 10 until it has risen in amplitude above the positive voltage
      at the cathode of diode 15 so as to forward bias the diode. The charging
      time constant for capacitance 22 is thus selected to provide a typical
      interval of about 20 seconds after switch 18 has been actuated into the
      "operate" position before conduction of transistor 10 is affected thereby.
PAR  As voltage amplitude on capacitance 22 continues to increase, driving the
      anode of diode 15 increasingly positive, current flow through resistance
      16 increases. As a result, emitter voltage on transistor 10 moves in a
      positive direction, rendering the transistor progressively less
      conductive. Consequently, transistor 10 draws less current through its
      collector from transistor 11, thereby causing an increase in amplitude of
      current furnished from constant current generator 40 to Miller integrator
      33. This increased current flow to integrator 33 causes capacitance 26 to
      discharge at a more rapid rate during each vertical trace interval,
      thereby increasing steepness or slope of the sawtooth waves furnished by
      the integrator to light valve vertical deflection plates 41. This
      increasing steepness results in a widening vertical sweep which
      progressively increases until voltage on capacitance 22 is of sufficiently
      large amplitude to drive transistor 10 substantially out of conduction.
      When this condition is reached, the vertical sweep is at its full size.
      Typical elapsed time between the initial increase in vertical sweep size
      and the vertical sweep size reaching its full value may be about 45
      seconds. Thus the interval allowed for the light valve to progress from
      its standby condition to its normal operating condition is typically about
      65 seconds. This interval may be adjusted by altering the charging time
      constant of capacitance 22.
PAR  In an NTSC type television system, field frequency is 60 per second. When
      used in an NTSC system, therefore, capacitance 26 is discharged and
      recharged 60 times per second. In addition, slope of the output voltage
      produced by integrator 33 during each vertical trace period becomes
      increasingly steep as timing circuit 42 draws less current from constant
      current generator 40, until the slope reaches a constant value when
      transistor 10 is driven essentially into nonconduction.
PAR  If the apparatus of FIG. 1, after having been operated, should be switched
      back into its standby condition, capacitance 22 discharges primarily
      through diode 23 and resistance 21 in series. The discharge time of
      capacitance 22 is determined essentially by the sizes of resistance 21 and
      capacitance 22, even though there exist parallel discharge paths through
      resistances 13, 20 and 21 in series, and through resistance 14, diode 15
      and resistance 16 in series, since resistance 21 is relatively small. When
      switch 18 is once again actuated to its "operate" position, the vertical
      sweep will resume at a size depending upon the amplitude of voltage
      remaining on capacitance 22 assuming the voltage on capacitor 22 exceeds
      the voltage at the cathode of diode 15. Of course, if the switch 18 is in
      the standby position for a sufficient period to discharge capacitor 22,
      the voltage on this capacitor would be zero. Diode 23 and resistor 21
      provide a fast reset for rapidly discharging capacitor 22.
PAR  FIG. 2 is a curve showing vertical sweep size as a typical function of time
      after the "operate" condition has been initiated in the circuitry of FIG.
      1. From FIG. 2, it is evident that for about 2 units of time after the
      operate condition has been initiated, vertical sweep size is approximately
      25% of its full value. Thereafter, vertical size begins to increase at a
      rate determined by the rate at which capacitance 22 in the circuity of
      FIG. 1 charges. After about 6.5 units of time following initiation of the
      operate condition, transistor 10 in the circuit of FIG. 1 is driven into
      nonconduction, at which time the entire collector current from transistor
      11 is furnished to Miller integrator circuit 33. At that time, vertical
      sweep size reaches 100% of its full value.
PAR  In FIG. 3, apparatus for controlling the rate of horizontal sweep expansion
      within a light valve is illustrated. This apparatus comprises timing means
      58 which includes a PNP transistor 50 with its base electrode connected to
      ground through a pair of series-connected resistances 51 and 52. A switch
      53 furnishes positive bias, when in the operate condition, to the emitter
      electrode of transistor 50 through a resistance 59 and a potentiometer 54
      in series, and to the cathode of a zener diode 55 having its anode
      connected to the junction of resistances 51 and 52. A controllable portion
      of potentiometer 54 is short-circuited. A capacitance 56 and resistance 57
      are connected in series between the base electrode of transistor 50 and
      switch 53.
PAR  The collector electrode of transistor 50 is connected to the control grid
      of a vacuum tube 60, which may typically comprise a pentode, through a
      pair of coupling resistances 61 and 62 in series. The anode of a diode 63
      is connected to the junction of resistances 61 and 62, while the cathode
      of diode 63 is grounded.
PAR  Horizontal sync pulses, applied to the primary winding of a transformer 65,
      are coupled to tube 60 through a diode 66 having its cathode connected to
      the anode of the tube while the anode of diode 66 is connected to one side
      of the transformer secondary. The opposite side of the transformer
      secondary is grounded. Charge storage means comprising an integrating
      capacitance 67 is connected between the anode of tube 60 and the anode of
      diode 63, while the suppressor grid of the tube is grounded. Thus tube 60
      and capacitance 67 together comprise a Miller integrating circuit.
      Horizontal sweep pulses, appearing at the anode of tube 60, are furnished
      to the light valve horizontal deflection plates 68 for deflecting the
      light valve electron beam in the horizontal direction.
PAR  As long as switch 53 is in the "standby" position, transistor 50 is
      essentially nonconductive. At this time, horizontal sync pulses, which in
      the NTSC system occur at a frequency of 15,750 Hz, cause only enough
      current flow through a path comprising diode 66, capacitance 67 and diode
      63, to maintain capacitance 67 fully charged. Initially, current from
      diode 66 also flows through tube 60. However, capacitance 67 is charged to
      its maximum value quickly, because resistance in the series charging path
      for the capacitance is kept low. Due to the polarities of diodes 63 and
      66, the charge thus acquired by capacitance 67 is held almost constant
      during the interval between successive horizontal sync pulses, so that the
      amount of current required during each horizontal sync pulse to restore
      capacitance 67 to its fully charged condition is very slight.
      Additionally, tube 60 is driven into cutoff by the stored charge on
      capacitance 67, due to the negative bias thereby applied to the control
      grid of the tube.
PAR  When switch 53 is actuated to the operate position, zener diode 55 becomes
      back-biased, establishing a constant, predetermined positive potential at
      the junction of resistances 51 and 52. At the same time, current flow
      through resistance 57, capacitance 56, resistance 51 and resistance 52 in
      series produces a voltage across resistance 51 tending to bias the base of
      transistor 50 positive with respect to its emitter, and causes capacitance
      56 to acquire a charge. At first, the base bias on transistor 50 is
      insufficient to produce full conduction of the transistor, so that tube 60
      remains essentially nonconductive, with its control grid voltage held at
      negative cutoff potential, and capacitance 67 essentially retains its
      charge between horizontal sync pulses. Thus, sawtooth waves of but small
      amplitude differential are produced at the anode of tube 60 and, since
      these sawtooth waves constitute the horizontal sweep voltage of the light
      valve, they result in drastically shortened horizontal sweeps by the
      electron beam.
PAR  After a predetermined time interval, the charge on capacitance 56 has
      increased to a level where transistor 50 has acquired sufficient negative
      bias on its base, with respect to its emitter, to become slightly more
      conductive. This produces a small current flow through resistance 61,
      resistance 62, capacitance 67 and the anode-to-cathode path within tube
      60, in series, thereby slightly biasing the control grid of tube 60 in a
      positive direction. Consequently, tube 60 is driven slightly into
      conduction, producing a more conductive discharge path or leakage path to
      ground for the voltage on capacitance 67 so that each time capacitance 67
      is recharged by a pulse through diode 66, the charge can leak off, to a
      slightly greater extent each time, through tube 60. The effect of this
      charge leakage through tube 60 is to produce voltage waves at the anode of
      tube 60 which, between sync pulses, diminish in amplitude to progressively
      lower final values of voltage; that is, the horizontal sweep voltage
      excursions are produced between gradually increasing or widening amplitude
      limits. As these sawtooth waves increase in amplitude differential they
      produce increasingly larger horizontal sweeps.
PAR  As capacitance 56 continues to charge, less current flows through
      resistance 51. Consequently, transistor 50 is driven further into
      conduction, since its base voltage becomes less positive as it approaches
      the constant voltage at the junction of resistances 51 and 52.
      Accordingly, transistor 50 collector current increases, the anode of diode
      63 becomes slightly less negative, and the charge on capacitance 67 is
      discharged at a more rapid rate between successive sync pulses. This
      causes a progressively greater change in voltage amplitude between
      initiation and termination of successive horizontal sweep pulses, which
      continues in the aforementioned manner until capacitance 56 becomes fully
      charged. At this time, transistor 50 collector current is at its steady
      state value, and capacitance 67 is thus discharged an equal amount through
      tube 60 during each trace interval. As a result, horizontal sweep pulses
      of maximum amplitude differential between initiation and termination are
      produced, yielding full horizontal sweep in the raster produced by the
      light valve.
PAR  FIG. 4 illustrates apparatus for controlling the rate at which intensity of
      the electron beam within the light valve is decreased from an initially
      high level to its normal operating value. This apparatus includes a
      comparator 90 which comprises first and second transistors 70 and 71,
      typically of the PNP type. Each emitter receives low positive bias through
      a common bias resistance 72 and a pair of emitter bias resistances 73 and
      74 connected to the emitter electrodes of transistors 70 and 71,
      respectively. The collector electrode of transistor 70 is connected to a
      source of low negative potential.
PAR  Positive base bias is supplied to transistor 70 from a timing circuit 92
      including a voltage divider network comprising resistances 86, 87 and 88
      connected between a source of low positive voltage and ground, from the
      junction of resistances 86 and 87. Resistances 86 and 87 also function in
      combination as a collector load resistance for a transistor 75 of the PNP
      type in timing circuit 92. Base bias for transistor 75 is developed across
      a voltage divider comprising a resistance 77 in series with the parallel
      combination of a resistance 78 and capacitance 80, when connected between
      a high positive potential source and the low negative potential source. A
      switch 81 is connected in series with resistance 77 and applies high
      positive potential to resistance 77 only when in the operate position.
      When switch 81 is in the standby position, base bias for transistor 75 is
      furnished from the low negative potential source through resistance 78, as
      modified by whatever voltage is stored on capacitance 80 at that time.
      Negative emitter bias is furnished to transistor 75 from the low negative
      potential source through an emitter bias resistance 89. The cathode of a
      diode 82 is connected to the junction of resistances 87 and 88, while the
      anode of diode 82 is grounded.
PAR  An electron beam current sensor 83, responsive to intensity of electron
      beam current in the light valve, furnishes a signal to the base of
      transistor 71 through a stable, high gain DC amplifier 84 shunted by a
      feedback resistance 91. Sensor 83 may typically comprise a thin conductive
      film on which the light valve fluid layer is supported, connected to
      circuitry producing an output signal of amplitude proportional to the rate
      at which electrons impinge on the fluid layer, such as shown and described
      in Lee et al. U.S. Pat. No. 3,619,717, issued Nov. 9, 1971 and assigned to
      the instant assignee.
PAR  Collector bias for transistor 71 is furnished through a collector load
      resistance 85 from a source of high negative potential. The collector
      electrode of transistor 71 is connected to the grid electrode of the light
      valve electron gun 79 in order to control amplitude of electron beam
      current by controlling grid voltage. A typical electron gun for use in a
      light valve and having a grid to which a control voltage may be applied is
      described and claimed in B. A. Findeisen U.S. Pat. No. 3,587,901, issued
      June 22, 1971 and assigned to the instant assignee.
PAR  Although controlled electron beam initiation may be used in conjunction
      with either a vertical or horizontal sweep expansion rate, or both, in
      order to sweep excess fluid out of the raster area in the light valve so
      as to obtain a quiet mode raster for operation in minimal elapsed time
      subsequent to initiation of the operate condition of the apparatus, the
      description that ensues, for simplicity, is concerned only with
      controlling intensity of the electron beam.
PAR  During standby operation, the high positive voltage is not applied to
      resistance 77 since switch 81 is open. The base and emitter electrodes of
      transistor 75 at this time are both held at negative potential, so that
      the transistor is essentially nonconductive. This leaves a positive
      potential at the junction of resistances 86 and 87, essentially determined
      by resistances 86, 87 and 88 and voltage across the series combination
      thereof, which maintains transistor 70 at a predetermined level of
      conduction.
PAR  When the light valve is in the operate condition, the light valve anode is
      energized and an electron beam is produced in the light valve. Current
      sensor 83 controls base voltage of transistor 71 through amplifier 84 so
      as to adjust the voltage across collector load resistance 85 and thereby
      furnish a properly-selected voltage to the grid of light valve electron
      gun 79 so as to maintain electron beam intensity at the predetermined
      value. Thus sensor 83 acts in a negative feedback loop which includes
      transistor 71 and the grid of light valve electron 79 to maintain a proper
      level of electron beam current intensity. This level is selected by
      comparison of voltage on the base of transistor 71 with voltage on the
      base of transistor 70. Feedback resistance 91 determines amplitude of
      voltage supplied to the base of transistor 71 by converting current from
      sensor 83 into a voltage in the manner common to operational amplifiers
      and described in Korn and Korn, Electronic Analog Computers, Second
      Edition, McGraw-Hill, 1956, such as in Section 1.3. The circuitry of
      comparator 90 is selected so that, when the electron beam is first
      produced, electron beam current will be at an amplitude determined by
      collector voltage on transistor 71. Thus, for any given value of base
      voltage on transistor 71, collector current through transistor 71 controls
      light valve electron beam intensity since, as collector current increases,
      electron beam intensity increases, and vice-versa. Any increase in
      electron beam intensity, however, tends to produce a positive-going
      increase in base voltage on transistor 71, thereby reducing transistor 71
      collector current so as to reduce electron beam intensity. The negative
      feedback signal thus furnished to the grid electrode of light valve
      electron gun 79 by transistor 71 and its associated collector load
      resistance 85 tends to stabilize electron beam intensity at a level
      depending upon size of resistance 85 and emitter-to-collector current flow
      through transistor 71.
PAR  Emitter-to-collector current flow through transistor 71 is dependent, in
      part, on amplitude of emitter voltage on transistor 71 which, in turn,
      depends on voltage at the junction of resistances 72, 73 and 74. Since
      transistor 70 draws emitter current through resistances 72 and 73, voltage
      at the junction of these resistances is dependent upon transistor 70
      emitter current amplitude which is controlled by base voltage amplitude on
      transistor 70. Additionally, comparator 90 requires that base voltage on
      transistor 71 be substantially equal to base voltage on transistor 70,
      since transistors 70 and 71 are selected to be of identical types which
      exhibit substantially identical parameters, resistances 73 and 74 are
      selected to be of essentially the same sizes, and the range of voltage
      drop across collector load resistance 85 is selected to provide transistor
      71 with a collector voltage that approximates the grid operating voltage
      of the light valve gun 79.
PAR  The light valve electron beam current intensity is directly proporational
      to base voltage on transistor 70. Specifically, any increase in transistor
      70 emitter current increases the voltage drop across resistance 72,
      thereby lowering emitter-to-collector voltage across transistor 71 and
      decreasing the voltage drop across collector load resistance 85 so as to
      reduce light valve electron beam current by driving the grid of light
      valve electron gun 79 in a negative direction. Similarly, any decrease in
      transistor 70 emitter current tends to increase light valve electron beam
      current. Accordingly, if the positive base voltage on transistor 70 should
      be decreased by a given amount, light valve electron beam current will
      decrease proportionately.
PAR  During standby operation, as previously mentioned, switch 81 is open and
      transistor 75 is essentially nonconductive. This leaves transistor 70 in
      relatively light conduction due to the relatively high voltage applied to
      its base from the junction of resistances 86 and 87. Consequently,
      transistor 71 is in conduction and there is minimal voltage drop across
      resistance 85, biasing the grid of light valve electron gun 79 less
      negative than its steady state operating voltage.
PAR  Thereafter, when switch 81 is actuated to its operate position, capacitance
      80 in timing circuit 92 begins to charge at a rate determined by amplitude
      of positive voltage supplied through switch 81 and by the sizes of
      resistances 77 and 78 and capacitance 80. As charge on capacitance 80
      increases, base voltage on transistor 75 becomes increasingly positive,
      causing the transistor to draw collector current through resistors 86 and
      87 and finally also through diode 82 in shunt with resistance 88. As
      transistor 75 draws increasing collector current, voltage at the junction
      of resistances 86 and 87 decreases, and hence on the base of transistor
      70. As positive base voltage on transistor 70 decreases, a proportional
      decrease in electron beam current intensity occurs. When sufficient
      current is drawn through diode 82 to achieve essentially a constant
      forward voltage drop thereacross even as diode current may increase
      further, no further decrease in voltage occurs at the junction of
      resistances 87 and 88; thereafter, electron beam current in the light
      valve remains regulated at a constant value. Diode 82 thus acts as a clamp
      to keep the collector of transistor 75 from going negative and holds the
      voltage at the junction of resistors 86 and 87 constant.
PAR  Base voltage on transistor 75 stabilizes when the voltage amplitude on
      capacitance 80 equals that of the high positive voltage source. Thus it is
      evident that when switch 81 is actuated to its operate position, electron
      beam intensity initially exceeds the required final intensity, and is
      gradually reduced from its high initial value to its required final value
      over a predetermined period of time and at a predetermined rate, as
      controlled by timing circuit 92. Typically, the electron beam may be
      initiated at about a 9.5 microamp intensity which gradually decreases to
      4.8 microamps over a 12 microsecond period, in conjunction with a raster
      that is gradually expanding in both vertical and horizontal sizes at
      predetermined rates in the manner described, supra.
PAR  FIG. 5 is a graphical illustration of a typical light valve electron beam
      intensity change upon initiation of the operate condition at time zero. In
      12 microseconds, electron beam current settles smoothly from an initial
      amplitude of about 9.5 microamps to a constant operating value of 4.5
      microamps. Different rates of change in beam current during the initial 12
      microseconds of the operate condition can be obtained, if desired, by
      selecting different sizes for capacitance 80 and resistances 77, 78, 86,
      87 and 88, shown in FIG. 4. The parameters of elapsed time to reach
      constant operating electron beam current, initial amplitude of electron
      beam current, and slope of the electron beam current curve between
      initiation of the operate condition and attainment of constant operating
      electron beam currrent, are preferably selected in conjunction with the
      vertical or horizontal sweep expansion rate, or both, to achieve the
      shortest elapsed time to a normal raster on a nonturbulent
      light-modulating fluid medium. If electron beam current intensity is
      controlled independently of raster size, a different curve than that shown
      in FIG. 5 may be selected to achieve the shortest elapsed time to a normal
      raster on a nonturbulent light-modulating fluid medium.
PAR  The preceding description treats expansion of horizontal sweep size,
      expansion of vertical sweep size, and decreasing electron beam intensity,
      for simplicity of explanation, as separate and distinct operations for
      achieving a nonturbulent condition of the light-modulating medium. Those
      skilled in the art will recognize, however, that each of these operations
      may be performed in combination with either or both of the other two
      operations in order to optimize early overall performance of the light
      valve.
PAR  The foregoing describes a fluid light valve having a shortened interval
      between the time when the light valve electron beam is first turned on and
      the time when high quality images may first be displayed by the light
      valve. A method and apparatus are described for controllably expanding
      vertical sweep size, horizontal sweep size, and both horizontal and
      vertical sweep sizes of the raster in a fluid light valve from the time
      the light valve electron beam is turned on, in order to establish a smooth
      and uniform fluid surface quickly over the total raster area. A method and
      apparatus are also described for controllably altering electron beam
      current in a fluid light valve independently, or in conjunction with
      controllably expanding sweep size of the raster, from the time the light
      valve electron beam is turned on, in order to establish a smooth and
      uniform fluid surface quickly over the total raster area.
PAR  While only certain preferred features of the invention have been shown by
      way of illustration, many modifications and changes will occur to those
      skilled in the art. It is, therefore, to be understood that the appended
      claims are intended to cover all such modifications and changes as fall
      within the true spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an optical projection system wherein an electron beam is deflected in
      accordance with a signal to impinge in a raster over the surface of a
      light-modulating fluid medium, apparatus for controlling the charge
      deposited by said electron beam on said medium during an initial start-up
      period, comprising:
PA1  electron beam generating means, and
PA1  means coupled to said electron beam generating means for altering electron
      beam current to control the charge density throughout said raster so as to
      sweep out excess fluid from the raster area until said medium reaches
      operating condition.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means coupled to said electron
      beam generating means comprises:
PA1  comparator means having an output and first and second inputs;
PA1  electron beam sensing means coupled to the first input of said comparator
      means, said electron beam sensing means producing a signal in accordance
      with intensity of said electron beam; and
PA1  timing means coupled to the second input of said comparator means, said
      timing means producing a time varying signal of predetermined
      characteristics upon initiation of said electron beam,
PA1  said output of said comparator means being coupled to said electron beam
      generating means for adjusting amplitude of electron beam current in
      accordance with any difference in signals produced by said electron beam
      sensing means and said timing means.
NUM  3.
PAR  3. In an optical projection system wherein an electron beam impinges on a
      light-modulating fluid medium, said electron beam being deflected over the
      surface of said medium in raster fashion in accordance with a signal so as
      to control light energy directed upon said medium, apparatus for quieting
      turbulence of said medium so as to render said surface uniformly calm and
      smooth, comprising:
PA1  electron beam generating means for generating said beam with controllable
      intensity; and
PA1  means coupled to said electron beam generating means for decreasing
      electron beam current at a controlled time rate from an initial higher
      intensity level to a predetermined operating level.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said means coupled to said electron
      beam generating means comprises:
PA1  comparator means having an output and first and second inputs;
PA1  electron beam sensing means coupled to the first input of said comparator
      means, said electron beam sensing means producing a signal in accordance
      with intensity of said electron beam; and
PA1  timing means coupled to the second input of said comparator means, said
      timing means producing a time varying signal of predetermined
      characteristics upon initiation of said electron beam,
PA1  said output of said comparator means being coupled to said electron beam
      generating means for adjusting amplitude of electron beam current in
      accordance with any difference in signals produced by said electron beam
      sensing means and said timing means.
NUM  5.
PAR  5. In an optical projection system wherein an electron beam impinges on a
      light-modulating fluid medium, said electron beam being deflected over the
      surface of said medium in accordance with a signal so as to control light
      energy directed upon said medium, apparatus for quieting turbulence of
      said medium so as to render said surface uniformly calm and smooth,
      comprising:
PA1  electron beam deflection means for sweeping said beam over said medium in a
      raster of size controllable between a predetermined operating size and an
      initial size smaller than said predetermined operating size; and
PA1  means coupled to said electron beam deflection means for expanding said
      raster from said initial size at a controlled time rate by enlarging the
      sweep of said beam at said controlled time rate until said raster has
      increased to said predetermined operating size.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said means coupled to said electron
      beam deflection means comprises means for producing vertical sweep voltage
      excursions between gradually widening amplitude limits.
NUM  7.
PAR  7. The apparatus of claim 5 wherein said means coupled to said electron
      beam deflection means comprises means for producing horizontal sweep
      voltage excursions between gradually widening amplitude limits.
NUM  8.
PAR  8. The apparatus of claim 6 including additional means for producing
      horizontal sweep voltage excursions between gradually widening amplitude
      limits.
NUM  9.
PAR  9. The apparatus of claim 6 including electron beam generating means for
      generating said beam with controllable intensity, and means coupled to
      said electron beam generating means for decreasing electron beam current
      at a controlled time rate while the amplitude limits of said vertical
      sweep voltage excursions are gradually widening.
NUM  10.
PAR  10. The apparatus of claim 7 including electron beam generating means for
      generating said beam with controllable intensity, and means coupled to
      said electron beam generating means for decreasing electron beam current
      at a controlled time rate while the amplitude limits of said horizontal
      sweep voltage excursions are gradually widening.
NUM  11.
PAR  11. THe apparatus of claim 8 including electron beam generating means for
      generating said beam with controllable intensity, and means coupled to
      said electron beam generating means for decreasing electron beam current
      at a controlled time rate while the amplitude limits of each of said
      vertical and horizontal sweep voltage excursions are gradually widening.
NUM  12.
PAR  12. The apparatus of claim 6 wherein said means for producing vertical
      sweep voltage excursions between gradually increasing amplitude limits
      comprises:
PA1  an integrator circuit;
PA1  constant current generator means having an output coupled to the input of
      said integrator circuit so as to furnish current to said integrator
      circuit; and
PA1  timing means coupled to the output of said constant current generator
      means, said timing means gradually receiving less current from said
      constant current generator means so as to gradually divert more current to
      said integrator circuit and thereby permit said integrator circuit to
      produce vertical sweep voltage excursions between said gradually
      increasing amplitude limits.
NUM  13.
PAR  13. The apparatus of claim 7 wherein said means for producing horizontal
      sweep voltage excursions between gradually increasing amplitude limits
      comprises:
PA1  charge storage means;
PA1  means coupled to said charge storage means for supplying charge pulses
      thereto at a constant frequency;
PA1  circuit means coupled to said charge storage means for controllably
      supplying a leakage path for said charge storage means; and
PA1  timing means coupled to said circuit means for gradually increasing
      conductivity of said circuit means to permit horizontal sweep voltage
      excursions on said charge storage means between said gradually widening
      amplitude limits.
NUM  14.
PAR  14. In an optical projection system wherein an electron beam is deflected
      to impinge in a raster over the surface of a light-modulating fluid
      medium, a method for sweeping out excess fluid from said raster area with
      minimum delay during an initial start-up period, comprising:
PA1  establishing a control signal varying at a predetermined rate, and
PA1  altering flow of said electron beam toward said medium under control of
      said control signal to adjust the charge density throughout said raster
      until said medium reaches operating condition.
NUM  15.
PAR  15. The method of claim 14 wherein the step of altering said electron beam
      comprises increasing, at a controlled time rate, the area of said surface
      over which said electron beam is deflected.
NUM  16.
PAR  16. The method of claim 14 wherein the step of altering said electron beam
      comprises increasing, at a controlled time rate, the distance over which
      said electron beam is deflected vertically.
NUM  17.
PAR  17. The method of claim 14 wherein the step of altering said electron beam
      comprises increasing, at a controlled time rate, the distance over which
      said electron beam is deflected horizontally.
NUM  18.
PAR  18. The method of claim 14 wherein the step of altering said electron beam
      comprises increasing, at separately determined time rates, the horizontal
      and vertical distances, respectively, over which said electron beam is
      deflected.
NUM  19.
PAR  19. The method of claim 14 wherein the step of altering said electron beam
      comprises decreasing to a predetermined operating level, at a controlled
      time rate, the intensity of said electron beam.
NUM  20.
PAR  20. The method of claim 15 including the step of decreasing electron beam
      current, at a controlled time rate, to a predetermined operating level.
NUM  21.
PAR  21. In an optical projection system wherein an electron beam is deflected
      in accordance with a signal to impinge in a raster over the surface of a
      light-modulating fluid medium, apparatus for controlling the charge
      deposited by said electron beam on said medium during an initial start-up
      period, comprising:
PA1  electron beam generating and deflecting means, and
PA1  means coupled to said electron beam generating and deflecting means for
      altering electron beam flow toward said medium to control the charge
      density throughout said raster, thereby sweeping out excess fluid from the
      raster area until said medium reaches operating condition.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said means alters electron beam
      current to decrease charge density from an initial high value to the value
      required for normal operation.
NUM  23.
PAR  23. The apparatus of claim 21 wherein said means alters said signal to
      increase the size of said raster from an initial small size to the size
      required for normal operation.
NUM  24.
PAR  24. The apparatus of claim 21 wherein said means alters electron beam
      current and alters said signal to decrease the charge density throughout
      said raster from an initial value to a predetermined operating value.
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PAL  An infra-red scanning system with raster scan display unit operating in the
      visible spectrum, in which the image is scanned across a linear array of
      detector elements to provide a signal multiplexer with electrical signals
      related to the detected radiation pattern. The operation of the raster
      scan display unit is synchronised to the operation of the scanning system
      so that the horizontal time base integrator is gated according to the
      speed of the scanning system, and the vertical time base is gated to
      operate in synchronism with the multiplexer in order to minimise optical
      distortion in the display.
BSUM
PAR  This invention relates to optical scanning systems.
PAR  A known optical scanning system comprises a scanning head incorporating a
      stationary linear array of radiationdetecting elements and a rotatable
      member arranged to scan radiation emanating from a field of view onto the
      array, the output signals from the array being sampled sequentially by a
      multiplexer and fed to a cathode ray tube (CRT) for visual presentation of
      the field of view. In this system the rotatable member is designed and
      controlled to rotate at an accurately constant speed, the multiplexer is
      timed from a fixed frequency oscillator and the time bases for the
      horizontal and vertical spot-deflection coils of the CRT are invariable. A
      signal output from the rotatable member upon commencement of a scan of the
      field of view causes initiation of the signal multiplexer and of the CRT
      time bases.
PAR  This known form of scanning system relies upon the speed of the rotatable
      scanning member remaining accurately constant to provide a visual display
      which is undistorted and to achieve this the rotatable member has
      sufficient angular momentum to render the effect of retarding couples
      insignificant. In the event of rotational speed not being maintained
      constant the visual presentation on the CRT becomes optically distorted
      both in shape and in clarity.
PAR  It is an object of the present invention to provide an improved form of
      optical scanning system.
PAR  According to the present invention there is provided an optical scanning
      system comprising a scanning head incorporating an array of
      radiation-detecting elements, a rotatable member arranged to scan
      radiation entering the head along a predetermined line of sight onto the
      said array, and a visual display system coupled to the output of the
      array, said visual display system incorporating a signal multiplexer
      coupled sequentially to sample the signal outputs of the detecting
      elements in the array, and a scanned raster device having a spot-intensity
      modulator coupled to the output of the multiplexer, the raster for said
      device being generated by first and second time bases of which the first
      time base is timed to operate in synchronism with the signal multiplexer
      and the rotatable member co-operates with synchronising means coupled to
      control the second time base in relation to the speed of rotation of the
      rotatable member.
PAR  Preferably the signal multiplexer receives an initiating signal from said
      synchronising means.
PAR  Preferably also, the synchronising means comprises a reflection grating on
      said rotatable member, a source of light, a condensing lens system, a
      focussing reflector, a semi-reflector and a photo-electric detector, the
      arrangement being such that the detector is located to produce an output
      in response to a moire fringe pattern which is produced by superimposition
      of an image of the reflection grating on the reflection grating.
PAR  Alternatively said synchronising means may comprise a prerecorded magnetic
      tape and a pick-up head arranged to output a train of signals indicative
      of angular position of the rotatable member. In other forms the
      synchronising means may include an electrical current conducting path of
      zig-zag formation and a magnetic pick-up head; glass gratings for forming
      moire fringes; a capacitive device adapted to alternate the value of
      capacitance between two levels at a pick-up head; or a tacho generator.
PAR  In order to scan the radiation onto the array of detector elements the
      rotatable member may carry a number of reflectors, prisms or lenses.
DRWD
PAR  Embodiments of the present invention will now be described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of an optical scanning system according to
      the present invention;
PAR  FIG. 2 shows a first form of scanning head which can be used in the system
      of FIG. 1;
PAR  FIG. 3 is a sectional view taken on the lines 3--3 of FIG. 2;
PAR  FIG. 4 shows a second form of scanning head which can be used in the system
      of FIG. 1;
PAR  FIG. 5 is a sectional view taken on the lines 5--5 of FIG. 4; and
PAR  FIG. 6 is a block diagram of one form of visual display system which can be
      used in the system of FIG. 1.
DETD
PAR  As is shown in FIG. 1 of the drawings an optical scanning system comprises
      a scanning head 10 which incorporates a rotatable member 11 supporting one
      or more mirrors from which radiation entering the head 10 through a
      focussing lens 13 is reflected onto an array of detector elements linearly
      arranged to form a detector 14. The member 11 is rotated by a mechanical
      drive which, conveniently, is in the form of an electric motor (not shown)
      and is controlled to rotate at a sensibly constant speed.
PAR  The detector 14 is preferably sensitive to radiation in the infra-red
      waveband and hence the system is capable of detecting thermal images from
      an object 15.
PAR  In order to present the image visually the scanning system includes a
      visual display system 16 incorporating a scanned raster device in the form
      of a cathode ray tube (CRT) 17. The CRT 17 is controlled by a unit 18
      which is coupled to receive the outputs from the detector 14 and from a
      synchronising control device 19 within the head 10.
PAR  The form of head 10 which is depicted in FIGS. 2 and 3 of the drawings
      comprises a hollow drum 20 on the outer periphery of which are located
      eight reflecting surfaces or mirrors 21 forming a regular octagon having
      its axis coincident with the axis of the drum 20 and radiation received
      from the object 15 is reflected sequentially from the mirrors 21 to the
      detector 14, each mirror 21 scanning the image-forming radiation across
      the individual elements of the detector 14.
PAR  In order to synchronise the visually presented representation of the image
      on the CRT 17 with the scanning rate resulting from rotation of the drum
      20 the control device 19 of FIG. 1 is embodied, in FIG. 2, in the form of
      first and second reading units 22, 23. The unit 22 comprises a light
      source 22A, a knife-edge device 22B, colimating lens 22C, reflector 22D
      and photo-electric sensor 22E. The image of the knife-edge formed by the
      lens 22C is transmitted towards the drum 20 and, intermittently, is
      reflected towards the sensor 22E from one of eight mirrors 24 mounted on
      the external periphery of the drum 20 at the junction between adjoining
      ones of the mirrors 21. Thus, in operation, the sensor 22E is caused to
      emit signals indicative of the commencement of the scanning motion of each
      of the mirrors 21 with respect to the image-forming radiation.
PAR  The second reading head 23 comprises a light source 23A, condenser lens
      system 23B, a spherical concave mirror 23C, a partially reflecting mirror
      23D and a photo-electric detector 23E. The light emitted by the source 23A
      is focussed by the lens system 23B onto a reflection grating tape 25
      carried around the outer periphery of the drum 20 and the reflected image
      of a portion of the grating is re-imaged back by the mirror 23C to
      coincide with the actual tape 25. As a result a moire fringe pattern is
      formed between the actual grating on the tape 25 and the image thereof and
      this moire fringe pattern is directed by the mirror 23D to be detected by
      the detector 23E which provides an output in the form of a pulse train.
      The pulse train results because, in the case of a grating tape 25 having
      lines etched thereon, when the illuminated lines of the image grating
      coincide with the reflecting lines of the actual grating a maximum
      reflection of energy occurs and this corresponds to a bright fringe, but
      when the illuminated lines of the image grating coincide with the etched
      lines of the grating the energy is scattered and a dark fringe is formed.
      Also, because the movements of the actual grating and of the image thereof
      are in opposite directions the moire fringes formed move at twice the
      speed of the grating tape 25.
PAR  A second form of scanning head 10 is illustrated in FIGS. 4 and 5 and the
      main difference from the embodiment of FIGS. 2 and 3 is that the scanning
      mirrors 21 of FIG. 2 are replaced by internally mounted mirrors 29 in FIG.
      4.
PAR  In FIG. 6 the visual display system 16 is shown in block diagram form,
      including a preamplifier 30 having channels equal in number to the
      elements of the detector 14 and outputing from each channel a signal to a
      multiplexer 31 which in turn controls the spot-intensity modulator 32 for
      the CRT 17 at each instant in time. The multiplexer 31, which is self
      resetting, operates sequentially to sample the signals at the output of
      each of the channels of the preamplifier 30 and is initiated by a pulse
      from a control unit 33. Simultaneously, a pulse is emitted from the unit
      33 to initiate operation of a vertical time base unit 34 which drives the
      CRT vertical deflection coil to move the spot from the top to the bottom
      of the screen. At the end of this vertical scan automatic resetting takes
      place and the unit 34 is returned to an off-state until receipt of a
      further pulse from the unit 33.
PAR  The control unit 33 is connected to the output from the reading head 23 and
      as such receives a train of pulses but these pulses have a relatively low
      repetition rate in comparison to the operating speed of the multiplexer
      31. In order to compensate for the frequency doubling effects of the moire
      fringe generation the unit 33 incorporates a divide by two circuit.
PAR  The output from the reading head 22 is fed to a drive circuit 35 which
      controls the operation of a gate 36 and on receipt of a signal from the
      head 22 the gate 36 is opened and this permits pulses from the unit 33 to
      drive the horizontal integrator unit 37 which in turn drives the
      horizontal deflection coil of the CRT 17. Each such pulse fed to the unit
      37 produces an equal increment in the output signal level of the unit 37
      and consequently the horizontal position of the spot is indexed from left
      to right across the CRT 17. These horizontal position increments
      correspond to different angular positions of each scanning mirror 21 and
      consequently a complete frame is provided on the CRT 17 from the scanning
      action of a single mirror 21 and is dependent upon angular position of the
      mirror 21 which is constantly monitored.
PAR  On completion of a complete frame on the CRT 17 the integrator 37
      automatically resets, the gate 36 closes and remains so until receipt of a
      further pulse from the head 22 denoting commencement of a further scan by
      the succeeding mirror 21.
PAR  By virtue of the present invention it is possible to provide an optical
      display on the CRT which is undistorted in shape because the horizontal
      time-base integrator is driven by a signal emanating from the scanning
      head itself so that if the angular speed of the head is caused to vary the
      CRT presentation remains registered with the radiation actually being
      sampled by the array of detector elements. Furthermore because the
      multiplexer and vertical time bases are each triggered from the scanning
      head the presentation of information on the CRT display is maintained
      evenly distributed.
PAR  Also, by virtue of the present invention it is possible to increase the
      signal to noise ratio of the detector output to thereby obtain increased
      temperature resolution in thermally-produced images because utilising a
      detector 14 having two hundred detecting elements it is possible to drive
      the member 11 of FIG. 1 at a low speed of, say, 200 r.p.m. and still
      maintain synchronism between the scanned image and the visual display. Due
      to the provision of eight scanning mirrors flicker on the visual display
      can be reduced to become imperceptible. Furthermore, the FIG. 4 embodiment
      permits a compact system to be designed to incorporate a tape diameter of
      about 160 mm.
PAR  Although the described embodiments disclose the two reading heads 22, 23
      mutually diametrically disposed, and also angularly displaced from the
      instantaneously effective scanning mirror 21 it is envisaged that the two
      heads 22, 23 could be mutually adjacent and they could be adjoining the
      instantaneously effective scanning mirror 21.
PAR  The grating tape 25 requires to have its joint in a dead area between two
      scanning mirrors, at a point where the field of view is not being scanned.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical scanning system comprising a scanning head incorporating a
      linear array of radiation-detecting elements, a rotatable member arranged
      to scan radiation entering the head along a predetermined line of sight
      across the said array, and a visual display system coupled to the output
      of the array, said visual display system incorporating a signal
      multiplexer coupled sequentially to sample the signal outputs of the
      detecting elements in the array, and a scanned raster device having a
      spot-intensity modulator coupled to the output of the multiplexer, the
      raster for said device being generated by first and second time bases of
      which the first time base provides movement of the spot in a first
      direction corresponding to the longitudinal axis of the linear array of
      detecting elements and is gated to operate in synchronism with the signal
      multiplexer and the rotatable member cooperates with synchronizing means
      coupled to control the second time base to move the spot in a second
      direction at a rate determined by the speed of rotation of the rotatable
      member.
NUM  2.
PAR  2. An optical scanning system as claimed in claim 1, wherein said
      synchronising means comprises a reflection grating on said rotatable
      member, a source of light, a condensing lens system, a focussing
      reflector, a semi-reflector and a photo-electric detector, the arrangement
      being such that the detector is located to produce an output in response
      to a moire fringe pattern which is produced by superimposition of an image
      of the reflection grating on the actual reflection grating.
NUM  3.
PAR  3. An optical scanning system as claimed in claim 2, wherein the
      synchronising means includes a further photo-electric detector arranged to
      emit a signal indicative of initiation of a scan of said radiation by said
      rotatable member.
NUM  4.
PAR  4. An optical scanning system as claimed in claim 1, wherein said rotatable
      member includes a plurality of reflective members arranged sequentially to
      scan said radiation.
NUM  5.
PAR  5. An optical scanning system as claimed in claim 4, wherein said rotatable
      member carries said reflective members on the outer periphery thereof.
NUM  6.
PAR  6. An optical scanning system as claimed in claim 4, wherein said rotatable
      member is hollow, said reflective members are inwardly facing and are
      carried on the inner periphery of the rotatable member.
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PAL  The adapter is for insertion into a conventional recording-reproducing
      machine, is in the form of a tape cassette, and is for adapting the
      machine for use as part of a public address system. A microphone couples
      to the adapter and the adapter comprises amplifier means for amplifying
      the audio signal and tranducer means for coupling the amplified audio
      signal to the conventional transducer head of the machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates, in general, to an adapter for a
      recording-reproducing machine. More particularly, this invention relates
      to an adapter that is in the form of a tape cassette and that can be
      inserted into the machine for permitting the machine to be operated as
      part of a public address system.
PAR  There are many tape recorders that use tape cassettes presently in use.
      Some of the more expensive machines have the capability of being used as a
      small public address system by providing proper modifications within the
      machine itself. However, most of the machines that are sold nowadays do
      not have this capability.
PAR  Accordingly, one object of the present invention is to provide an adapter
      for a conventional tape recorder that permits the recorder to be used as a
      public address system.
PAR  Another object of the present invention is to provide an adapter as set
      forth in the preceding object and that is in the form of a tape cassette
      to which is coupled a microphone.
PAR  A further object of the present invention is to provide an adapter for a
      tape recorder as set forth in the preceding objects and wherein the
      machine need not be modified for use of this adapter.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention, there is
      provided a device for use with an audio recording-reproducing machine. The
      machine itself, includes a receiving station for a cassette, a transducer
      head and usually a switch array of control buttons. The device of the
      present invention is for enabling the machine to operate as part of a
      public address system. The device comprises a housing which is at least
      partially in the form of a cassette and fits into the cassette receiving
      station of the machine. Means are provided associated with the housing for
      receiving an audio input signal which may come from a microphone or other
      input device. Normally, a lead extends from the housing and terminates in
      a jack into which may be plugged a microphone or other input device.
      Within the housing there is an amplifying means and a transducer means.
      The transducer means is in juxtaposition to the transducer head of the
      machine. The audio signals coupled to the device are amplified by the
      amplifier means and coupled to the transducer means. The transducer means
      couples the signals to the transducer head of the machine where they may
      be further amplified and the output audio signal is normally heard through
      the speaker of the machine.
PAR  In the preferred embodiment that is disclosed herein the housing also
      contains a power source which may be in the form of a small battery and
      switch means responsive to the cassette being inserted into the machine
      for coupling power to the amplifier means. When the cassette is removed
      from the machine then the switch means opens and power is terminated to
      the amplifier means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention will now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a typical tape recorder having the adapter
      of the present invention inserted therein;
PAR  FIG. 2 is a perspective view that is partially cut-a-way and showing the
      adapter of the present invention; and
PAR  FIG. 3 is a circuit schematic diagram concerned with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a tape recorder 10 which may be of conventional design. The
      tape recorder includes a switch of button array 12, and an on-off switch
      14 which may also be a switch that controls volume, and a well for
      receiving a conventional tape cassette. However, in FIG. 1, within the
      well 16 there is disposed the device 20 of the present invention which is
      in the form of a cassette so that it is readily accommodated by the well.
      A lead 22 extends from the device 20 and has a jack 24 attached to the
      opposite end thereof. FIG. 1 also shows the microphone 26 coupling into
      the jack 24. The microphone 26 can be used as an input device or other
      input devices could be used for coupling audio signals via the device 20
      to the machine where the speakers (not shown) of the machine can be used
      as the audio output device. Thus, this arrangement can be used as a small
      public address system or the device can be used in a more general sense
      allowing an open well recorder to be used as a general utility amplifier.
PAR  In FIG. 1 the switch array 12 typically includes a record button, a
      playback button, a stop button and a forward button. In accordance with
      the present invention it is preferred that the machine be inserted into
      the playback mode when used with device 20. In this way the transducer
      head of the machine is conditioned to receive audio signals. Normally,
      when a tape cassette is in the machine, the signals are coupled from the
      tape itself. Alternatively, with the present invention, these signals are
      coupled from the transducer means of the adapter to the transducer head of
      the machine.
PAR  For a more thorough understanding of the operation of the device shown in
      FIG. 1, reference is now made to the perspective view of the device 20
      shown in FIG. 2. The device 20 includes a housing 30 which is in the form
      of a tape cassette. However, in accordance with this invention there is no
      tape within the housing. The housing contains an amplifier 32, a
      transducer head 34, and a battery 36. The housing 30 is preferably a
      rectangular plastic housing and is shown in FIG. 2 as being partially
      cut-a-way to expose the components therein. The amplifier 32 may be a one
      or two stage transistor amplifier and may be of conventional design. The
      amplifier 32 is shown in FIG. 2 as being potted and has extending from one
      end and embedded therein a pair of phosphor bronze spring contacts 40 and
      42. Spring contact 40 is normally biased or loaded in the direction of
      arrow 44 and when the housing 30 is not placed in the recorder the
      contacts 40 and 42 are open. In the position shown in FIG. 2 these
      contacts are closed because the device has been inserted into a recorder
      and the head 34 which is in juxtaposition to the head 35 has been moved
      rearwardly to cause the contacts 40 and 42 to close.
PAR  The transducer head 34 is preferably a radiating coil and is faced with a
      plastic separator 37 at one end and a contact actuator 39 at the other
      end. The actuator 39 has wings which extend outwardly from the body of the
      transducer 34. There are provided two stationary stops 46 which are
      connected to the cassette housing and limit the movement of the transducer
      34 in the direction of arrow 44. These stops actually limit the position
      of the transducer head 34 when the cassette is not in the machine. As
      previously mentioned, when the cassette is placed in the machine, the
      separater 37 is urged against the stationary transducer head of the
      machine and the transducer head 34 is urged rearwardly so that the
      contacts 40 and 42 close. Preferably, the transducer 34, separater 37 and
      actuator 39 are constructed in a one piece structure and move slidingly
      toward and away from the contact 40.
PAR  In operation, the cassette is inserted into the well of the recorder and
      when the machine is inserted into the play mode, the head of the tape
      recorder moves into the cassette, comes in contact with the transducer
      head 34 pushing it in the direction opposite to the direction shown by
      arrow 44 and the contacts 40 and 42 close. The closure of the contacts 40
      and 42 couples the power from the battery 36 to the amplifier 32.
PAR  FIG. 2 shows the battery 36 and the associated contacts 50 and 51 which
      couple from opposite sides of the battery. The battery 36 may be a
      conventional disc dry cell battery. The contacts 50 and 51 make a solid
      contact with the battery especially when the housing is in place and the
      two halfs of the cassette are screwed into place. FIG. 2 also shows a
      number of conductor wires which couple between the amplifier 32 and
      contacts 50 and 51. In FIG. 2 there is also shown an output lead 52
      coupling from the amplifier and externally coupling to the lead 22, shown
      in FIG. 1.
PAR  For a more thorough understanding of the circuit connection of the device
      of the present invention, reference is now made to the schematic diagram
      shown in FIG. 3. In FIG. 3 like reference characters will be used as they
      apply to the components shown in FIGS. 1 and 2. FIG. 3 shows the
      microphone 26 coupling to amplifier 32. One of the leads from the
      microphone 26 is the signal lead and the other may be a ground shield, as
      shown. The amplifier 32 is powered from battery 36 by way of contacts
      40-42 discussed in detail previously with reference to FIG. 2. The output
      from the amplifier couples to transducer head 34 and the signal is from
      there coupled to the machine transducer head 35. The remainder of the
      circuitry shown in FIG. 3 is also conventional machine circuitry including
      an amplifier 56 which may have a volume control associated therewith and a
      speaker 58.
PAR  Having described one embodiment for the device of the present invention, it
      should now become apparent to those skilled in the art that there can be
      made other embodiments and modifications of the one shown herein, all of
      which are contemplated as falling within the scope of the present
      invention. For example, the contacts 40 and 42 are shown as extending from
      the amplifier casing. Alternatively, these contacts could be supported by
      other means. Also, a different type of a battery could be used than the
      one shown herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for use with an audio recording-reproducing maching having
      means defining a cassette receiving station and a transducer head, said
      device for enabling said machine to operate as at least part of a public
      address system and comprising;
PA1  means defining a housing at least partially in the form of a cassette for
      fitting into said cassette receiving station,
PA1  means associated with the housing for receiving an audio input signal which
      may come from a microphone or other input device,
PA1  means disposed in the housing for amplifying the audio signal,
PA1  a self-contained active source of DC power disposed in the housing,
PA1  means for selectively coupling the source of DC power to the amplifier
      means,
PA1  a transducer means disposed in the housing in juxtaposition to said
      transducer head of the machine,
PA1  and means for coupling the amplified audio signal to the transducer means,
PA1  said transducer means coupling the signal to the transducer head of the
      machine.
NUM  2.
PAR  2. A device as set forth in claim 1 wherein said means for selectively
      coupling is entirely contained in the housing.
NUM  3.
PAR  3. A device as set forth in claim 1 including means for slideably mounting
      the transducer means so that the transducer head is moved against the
      transducer means to occasion selective coupling of power.
NUM  4.
PAR  4. A device for use with an audio recording-reproducing machine having
      means defining a cassette receiving station and a transducer head, said
      device for enabling said machine to operate as at least part of a public
      address system and comprising;
PA1  means defining a housing at least partially in the form of a cassette for
      fitting into said cassette receiving station,
PA1  means associated with the housing for receiving an audio input signal which
      may come from a microphone or other input device,
PA1  means disposed in the housing for amplifying the audio signal,
PA1  a power source disposed in the housing and capable of providing power to
      the amplifier means,
PA1  means responsive to the device being inserted in the machine and the
      machine being in the play mode for only then permitting coupling of power
      to the amplifier means,
PA1  a transducer means disposed in the housing in juxtaposition to said
      transducer head of the machine,
PA1  and means for coupling the amplified audio signal to the transducer means,
PA1  said transducer means coupling the signal to the transducer head of the
      machine.
NUM  5.
PAR  5. The device of claim 4 wherein the means for coupling power includes a
      set of contacts.
NUM  6.
PAR  6. The device of claim 5 including means for slideably mounting said
      transducer means, one of said contacts normally biasing said transducer
      means toward the transducer head of the machine.
NUM  7.
PAR  7. A device for use with an audio recording-reproducing machine having
      means defining a cassette receiving station and a transducer head, said
      device for enabling said machine to operate as at least part of a public
      address system and comprising;
PA1  means defining a housing at least partially in the form of a cassette for
      fitting into said cassette receiving station,
PA1  means associated with the housing for receiving an audio input signal which
      may come from a microphone or other input device,
PA1  means disposed in the housing for amplifying the audio signal,
PA1  a power source disposed in the housing and capable of providing power to
      the amplifier means,
PA1  means for selectively coupling the power source to the amplifier means,
PA1  means for slideably mounting said transducer means whereby when the machine
      is in the play mode the transducer head of the machine urges against the
      transducer means to occasion selective coupling of power,
PA1  a transducer means disposed in the housing in juxtaposition to said
      transducer head of the machine,
PA1  and means for coupling the amplified audio signal to the transducer means,
PA1  said transducer means coupling the signal to the transducer head of the
      machine.
NUM  8.
PAR  8. The device of claim 7 wherein said means for selectively coupling
      includes a set of contacts and means supporting the contacts so that one
      of the contacts biases the transducer means toward the transducer head of
      the machine.
NUM  9.
PAR  9. The device of claim 8 wherein said means for mounting includes stop
      means for limiting the movement of the transducer means in one direction.
NUM  10.
PAR  10. The device of claim 9 wherein the transducer means includes a radiating
      coil and said amplifier means includes a transistor amplifier circuit that
      is potted and functions as a support for said contacts.
NUM  11.
PAR  11. A device for use with an audio recording-reproducing machine having
      means defining a cassette receiving station and a transducer head, said
      device comprising;
PA1  means defining a housing at least partially in the form of a cassette for
      fitting into said cassette receiving station,
PA1  means associated with the housing for receiving an audio input signal,
PA1  means disposed in the housing for amplifying the audio signal,
PA1  a self-contained active source of power disposed in the housing,
PA1  a transducer means disposed in the housing in juxtaposition to said
      transducer head of the machine,
PA1  means for coupling the amplified audio signal to the transducer means,
PA1  and means responsive to movement of the transducer head toward the cassette
      for selectively coupling the power source to the amplifier means.
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ABST
PAL  In an apparatus for speech recognition, intended for controlling machines,
      spoken words are synthesized from two to twelve phoneme classes. Phonemes
      are recognized by analysis of speech sounds, measuring and comparing
      energy and time-rate of change of energy in certain frequency bands. Words
      are recognized by further logic means analyzing phoneme classes.
PAL  One particular feature determines the plosive class "T" versus the
      fricative class "S" by measuring energy rise-time.
PARN
PAC  CROSS-REFERENCE TO RELATED CASE
PAR  This application is a continuation-in-part application of my copending U.S.
      application Ser. No. 280,723, filed Aug. 14, 1972 and entitled
      "Speech-Recognition Device For Controlling A Machine", now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of speech
      recognition device intended to control machines by means of words composed
      of phonetic elements.
PAR  It is known that certain prior art speech recognition devices operate with
      natural speech or with speech codes. These codes can consist of, for
      instance, combinations of vowels. However, the heretofore known speeches
      or codes have the following drawbacks:
PAR  1. They cannot be equally pronounced by individuals of different mother
      tongue. An Englishman, a Frenchman, a German, a Russian, an Arab and a
      Japanese cannot pronounce the known languages or codes with the same ease
      and precision;
PAR  2. The prior art speech recognition devices are complicated in construction
      and cannot detect such speech or codes without previous individual
      learning;
PAR  3. The known languages or codes are not capable of detecting whispered
      speech. The recognition of whispered speech is particularly then important
      for individuals which because of possible illness are inflicted with a
      temporary or continual loss of speech. Furthermore, whispered speech is
      necessary in order to maintain secrets during voice transmission. In
      principle there are no strict limits between whispered and normal
      (unvoiced and voiced) speech, so that with the heretofore known devices
      additional errors occur;
PAR  4. The known codes are not capable of being enlarged, something which is
      then particularly discernible when it is intended to use vowels;
PAR  5. The words and sentences of the known codes cannot be spoken with maximum
      speed and minimum effort, since the phonetic and linguistic rules are not
      designed for this purpose.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved speech recognition device for controlling a machine which is not
      associated with the aforementioned drawbacks and limitations.
PAR  Another and more specific object of the present invention aims at an
      improved construction of speech recognition device for controlling a
      machine which is capable of reliably and accurately recognizing spoken
      words.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      invention contemplates the provision of a speech recognition apparatus or
      device for controlling the machine, the apparatus receiving words, these
      words being classified in a reduced plurality of three through twelve
      phoneme classes, said apparatus including:
PA1  a. an input means for receiving said words,
PA1  b. first means responsive to said words indicating short-time energy values
      of said words, said first means producing a first output signal
      representing rising temporal energy flanks, nearly constant energy levels
      and zero levels of said words;
PA1  c. second means responsive to said words and producing a second output
      signal representing a steepness of said rising temporal energy flanks
      exceeding a determined limit value;
PA1  d. a first logic means
PA2  i. responsive to said first output signal segmenting said words into
      phonetic elements, indicated by both the rising temporal energy flanks and
      the ends of the nearly constant energy levels and indicating an end of
      each word only by a zero level which exceeds a determined value of time
      duration producing a third output signal;
PA2  ii. responsive to said second output signal separating a class of the
      plosive phonetic elements from the class of the fricative phonetic
      elements and producing a fourth output signal;
PA1  e. second logic means for detecting a sequence of the occurrence of said
      phonetic elements within one word; and
PA1  f. output means for controlling a machine as a result of detected words.
PAR  According to further details of the invention there is provided a
      speech-recognition system for controlling a machine, said system receiving
      words, said words being classified in a reduced plurality of three through
      twelve phoneme classes, said system including:
PA1  a. an input means for receiving said words;
PA1  b. first means responsive to said words indicating short-time energy values
      of said words, said first means producing a first output signal
      representing rising temporal energy flanks, nearly constant energy levels
      and zero levels of said words;
PA1  c. second means responsive to said words and producing a second output
      signal representing a steepness of said rising temporal energy flanks
      exceeding a determined limit value;
PA1  d. third means responsive to said words producing at least three output
      signals representing said short-time energy values distributed in at least
      three ranges of frequency;
PA1  e. first logic means
PA2  i. responsive to said first output signal segmenting said words into
      phonetic elements, indicated by both the rising temporal energy flanks and
      the ends of the nearly constant energy levels, and indicating an end of
      each word only by a zero level which exceeds a determined value of time
      duration producing a third output signal,
PA2  ii. responsive to said second output signal separating a class of the
      plosive phonetic elements from the class of the fricative phonetic
      elements and producing a fourth output signal,
PA2  iii. responsive to said three output signals for detecting the plosive
      class, the fricative class and at least one vowel class and producing a
      fifth, sixth and seventh output signal,
PA1  f. second logic means for detecting a sequence of the occurrence of said
      phonetic elements within one word; and
PA1  g. output means for controlling a machine as a result of the detected words
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 illustrates optical and acoustic shapes of the numerals from 0 to 9;
PAR  FIG. 2 is a basic block diagram of the speech recognition device of this
      development;
PAR  FIGS. 3a and 3b is a detailed illustration of the apparatus shown in FIG.
      2;
PAR  FIG. 4 illustrates the damping curves for the filters portrayed in the
      arrangement of FIGS. 3a and 3b;
PAR  FIG. 5 is a variant construction of the apparatus from that shown in FIGS.
      3a and 3b;
PAR  FIG. 6 illustrates recognition matrixes for the devices shown in FIG. 4 or
      FIG. 5;
PAR  FIG. 7 is a geometric, colored and symbolic illustration of the basic
      classes of speech elements and phonetc codes; and
PAR  FIG. 8 illustrates a number of examples of phonetic codes for the main or
      basic numerals.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, in FIG. 1, line 101, there are illustrated the
      optical shapes or configurations of the numerals 0 to 9. These numerals
      are generally known and are equally understood by practically all
      individuals. In contrast to the international standardized optical form or
      shape of the numerals there acoustic "form or shape" has been shown in
      lines 102 to 120 of FIG. 1 in different languages. These examples, which
      only show the smallest amount of the acoustical multiplicity of forms,
      possess more than 60 different phonemes. A code, which has been spoken in
      the same manner by individuals of different mother tongue, has been
      illustrated in line 121 of FIG. 1. This code designated as "SOTINA" is
      used by way of example with the apparatus construction of this
      development. The individual constructional circuit features of the
      inventive apparatus, and which are thereby considerably simplified, have
      been illustrated in FIG. 2. In FIG. 1, line 122, there is shown a still
      simpler code, known as "SETE" and is only whispered. In contrast to the
      other code described in line 121, it possesses only both of the classes S
      and T of the phonemes. The "SOTINA" phonocode is based on both the
      simplicity of the visual or optical shapes (line 101) and the roots of
      Sanskrit (lines 103 and 104).
PAR  Before considering in greater detail an exemplary embodiment of the
      inventive apparatus as shown in FIG. 2, there will be initially defined
      the definitions of the classes of the speech elements or phonemes. In the
      following Table I there have been listed the classes of the speech
      elements of phonemes which have been internationally defined. These are
      classes which generally are easiest to speak.
TBL                TABLE I                                                     
     ______________________________________                                    
     Consonants Sym-   Phonetic Vowels  Sym- Phonetic                          
                bol    Values           bol  Values                            
     ______________________________________                                    
     1. Plosives                                                               
                T      p,t,k    1. low  O    o, u                              
     2. Fricatives                                                             
                S      s, sch,  2. medium                                      
                                        A    a                                 
                       f                                                       
     3. Nasal   N      n, m     3. high I    i, e                              
                                4. whis-                                       
                                        E    O, A, I                           
                                  pered                                        
     ______________________________________                                    
PAR  The classes defined in Table I are designated by upper case letters. The
      phonetic values of the individual phonemes or speech elements are
      designated by lower case letters. The vowels also may be whispered. These
      are generally designated by the letter E. Under whispering there is to be
      understood that the vowels are spoken in a voiceless manner. The
      individual vowel classes O, A, I are designated by O, A, I when they are
      whispered. All vowel classes, irrespective whether they are spoken in a
      voiced or voiceless manner, are designated by E.
PAR  Based upon the showing of FIG. 2 there will initially be discussed a
      simplified example of the inventive apparatus. The input 131 may be a
      microphone, a magnetic tape or a vocoder. In the embodiment under
      discussion it is assumed that the input 131 is constituted by a
      microphone. The operator now speaks or whispers the word "SASOTI" or
      "SESETE" into the microphone. The electrical signals which are thus
      generated arrive at the subsequently arranged circuit stages. The
      extractor 132 delivers the entire speech energy of the signals, with a
      standardized frequency spectrum, for example in the telephone band
      frequency of between 200 Hz and 3400 Hz, as shown for instance by the
      damping curve 133. If, for instance, the word "SASOTI" has been
      pronounced, then there prevails the energy curve as a function of time
      i.e. temporal energy curve or characteristic 134 at which there is plotted
      the course or evolution of the entire energy E as function of time t. The
      ascending and descending time-constants are in the order of magnitude of 1
      to 10 milliseconds (ms). The curve 134 determines the different time
      sections of the phoneme signals t.sub.s, t.sub.a, t.sub.s.sub.', t.sub. o,
      t.sub.t, t.sub.i as well as the pauses t.sub.z, t.sub.z.sub.'  between
      such signals. The discriminator 135 determines the steepness of the
      ascending flanks or slopes within a temporal energy curve or
      characteristic in a telephone frequency band which characterizes the class
      T of the plosive consonants and the class S of the fricative consonants.
      Consequently both of these classes are separated from one another. At the
      output of the discriminator 135 there appears the differential curve 136
      as a function of time i.e. the time derivative dE/dt of the energy as a
      function of the time t and such is delivered via the conductor or line 138
      to the first logic control circuit or logic component 139. In this control
      circuit there are carried out the time measurements in that there are
      detected both the time sections of the individual classes as well the time
      sections between the classes. On the basis of such time measurements and
      the phonetic rules the logic means provides a clear separation of both
      elementry words TE and SE. By means of the conductors 140, 141 these
      electrical signals of both classes are delivered to a second logic control
      circuit or logic component 142 where they are used linguistic rules and
      there are detected certain combinations of the elementry words TE and SE.
      These combinations are designated as non-elementary words. At this point
      it is to be mentioned that logic circuits suitable for the purpose of the
      invention are well known to the art, as exemplified for instance in
      applicant's U.S. Pat. No. 3,838,217, granted Sept. 24, 1974, and
      hereinafter mentioned publications. According to the invention the
      following requirements should be fulfilled so that the individual
      non-elementary words must be separated from each other by "external"
      pauses or intervals. These "external" pauses have a value which is greater
      than, for instance, 0.2 or 0.5 second. In contrast thereto the "internal"
      pauses or intervals between the elementary words, such as for instance
      t.sub.z, t.sub.z.sub.', are smaller than 0.2 or 0.5 second and are
      appropriately taken into account in the first logic control circuit or
      logic component 139 as already explained. The operator is capable of
      selecting between three different pronunciations of the word "SASOTI":
PAR  a. voiced "SASOTI",
PAR  b. voiceless with vowel timber or sound color "SASOTI",
PAR  c. voiceless without vowel timber "SESETE".
PAR  These three pronunciation possibilities are designated by "SESETE" or in an
      abbreviated written form by "SST". Consequently, it should be recognized
      that the separate recognition of vowel classes, such as O, A, I is
      superfluous. As already mentioned in conjunction with the description of
      FIG. 1 a word such as "SST" can represent part of a phonocode. This
      phonocode is fixedly arranged in the second logic control circuit 142. As
      an example herefor there is illustrated in FIG. 2 a phonocode which can be
      used both in binary as well as decimal form, as shown by the Table 143.
      The phonocode is extensively simplified since the pauses or intervals
      between the elementary words and the nonelementary words can be separately
      detected. This simplification is provided in that there is only used the
      phonocode located at the right of the line 145. The second logic control
      circuit detects or recognizes the code SST as the numeral 9. This is
      indicated by the indicator 144. The device 146 is controlled as a function
      of the recognized numeral. As already mentioned the device 146 can be a
      machine for recording or writing or for controlling further installations.
PAR  If the equipment of this invention is to be further refined then there can
      be connected parallel to the extractor 132 and the discriminator 135 a
      further discriminator 151. This discriminator determines the spectrum
      distribution of the speech energy in at least two of three frequency
      bands. These frequency bands have been illustrated to the left of the
      discriminator 151 in the form of the curves 152, 153, 154 with the
      associated frequencies 200 Hz to 800 Hz, 800 Hz to 1600 Hz, 1600 Hz to
      3400 Hz. These individual curves correspond to the low, medium and high
      vowel classes O, A, I.
PAR  Now if the operator pronounces for instance the word "SASOTI", i.e. without
      whispering, then there is formed by means of the extractor 132 the
      previously described curve 134. Furthermore, the first discriminator 135
      delivers via the conductor or line 138 the curve 136. i.e. a signal
      corresponding to such curve. At the discriminator 151 there is determined
      according to the three frequency bands 152, 153, 154 the spectrum
      distribution and delivered as the curves 155, 156, 157 at the conductors
      158, 159, 160 to the supplementary component 161 of the first logic
      control circuit 139. In the first logic control circuit the phonetic rules
      are employed and the classes S and T as well as the classes O, A, I, S are
      recognized. This occurs in that in such control circuit there is detected
      the time sections of the individual speech elements or phonemes in each
      class and the time intervals between the individual phonemes or speech
      elements. This is so both for the signals delivered via the conductors
      137, 138 as well as also for the curves 155, 156, 157 appearing at the
      conductors or lines 158, 159, 160. The signals which are associated with
      the classes S and T arrive from the first logic control circuit 139 at the
      second logic control circuit 142. The signals which are associated with
      the classes O, A, I, S arrive through the agency of the conductors 162,
      163, 164 likewise at the second logic control circuit 142. In this control
      circuit there are employed the linguistic rules which determine the
      elementary words and the non-elementary words.
PAR  The end of one of each vowel such as O, A, I determines the end of each
      elementary word such as SA, SO, TI. In this way there become insignificant
      "internal" pauses (shorter than 0.2 or 0.5 second) for the elementary
      segmentation. The end of one of each non-elementary word such as "SASOTI"
      is determined by an "external" pause which is greater than 0.2 or 0.5
      second. A word such as "SASOTI" is part of the phonocode which is stored
      in the control circuit 142, according to the Table 163, wherein SA = 7, SO
      = 5, TI = 3 and the word "SASOTI" = 753. This thus recognized numeral 753
      can control a device 146 in desired manner. To improve the understanding
      this number has been illustrated in the output 164. Such output unit can
      form part of the second logic control circuit 142 or can be arranged at a
      certain distance from such control circuit.
PAR  It should be mentioned that different phonocodes can be stored at the
      second logic control circuit 142. A great advantage of a phonocode
      consisting of at least five phoneme classes resides in the fact that it
      can be randomly expanded upon and it is possible to develop entire
      languages thereby which can be internationally and easily spoken. As
      already mentioned the inventive apparatus can easily detect such code.
PAR  In FIGS. 3a and 3b there is depicted in detail the principal illustration
      of the inventive apparatus of FIG. 2. The electrical speech signals are
      delivered via the input switch 200 shown in FIG. 3a either by means of a
      microphone 201 or a telephone line 202 or a magnetic tape recorder 203 or
      a vocoder 204 which function as the input means 131. By means of the
      switch 200 it is possible to selectively connect in circuit the
      aforementioned different input devices. These devices are equipped at the
      connection conductor with the filters 205, 206, 207 and 208. The function
      of such filters is to standardize the frequency components of the
      different signal sources or devices in the same manner as with the human
      ear, i.e. to ensure that the frequency components between 200 Hz and 3400
      Hz arrive in a normal form at the switch 200. These speech signals arrive
      through the agency of the input 209 of a plosive-discriminator channel C8
      as well as via the inputs 211 to 217 at the spectrum-discriminator
      channels C1 to C7. As already described in conjunction with FIG. 2 the
      channel C8 responds to the speed of the energy change of the speech
      signals in a frequency band above 1000 Hz. The plosive-phoneme class T, to
      which belong the phonemes or speech elements p, t, k, builds-up in 5
      milliseconds, and specifically after a pause of at least 50 milliseconds.
      The fricative-phoneme class S, to which belong the phoneme or speech
      elements s, f, sch, require at least 20 milliseconds to build-up and is
      characterized from the plosive sounds by the different buildup time. The
      discrimination between the plosive- and fricative-phoneme classes T, S can
      be carried out in different ways, such as for instance in analog or
      digital manner. In the detailed exemplary embodiment of FIG. 3a there has
      been illustrated analog discrimination. This analog device contains a
      band-pass filter 218 in the channel C8 which passes the frequency band of
      1000 Hz to 4000 Hz, the rectifier arrangement 219, the low-pass filter
      220, which passes the frequencies below 70 Hz, and the energy time
      differentiator 229. This differentiator 229 contains a capacitor 221, the
      resistors 222, 223 and the rectifier arrangement 224. The rectifier
      arrangement or rectifier sorts the ascending flanks of the curve 225 which
      should correspond to the word "SATI". It is assumed that this word has
      been infed from one of the four input devices 201 to 204 via the switch
      200 to the entire apparatus.
PAR  The channels C1 to C7 sort the characteristic quasistationary energy bands
      of the non-plosive phoneme classes T. The symbol T is defined for the
      non-plosive phoneme classes, such as for instance S, N. The channels C1 to
      C7, the inputs 211 to 217 of which are located parallel to the input 209
      of the channel C8, are associated with the spectrum extractor. The channel
      C7 consists of the phonetic equalization filter 227 for the frequencies
      100 Hz to 4000 Hz, the rectifier or rectifier arrangement 228 and the
      low-pass filter 229 with the throughpass frequency below 50 Hz. In this
      channel C7 there is developed the curve 261 of the word "SATI". This
      channel C7 indicates the entire dynamics or stated in another way the
      presence of the spoken word and corresponds to the extractor 132 of FIG.
      1. At this point it is to be mentioned that the channel C8 and the curve
      260 of FIG. 3a corresponds to the discriminator 135 and the curves 134 and
      136 respectively of FIG. 1. The channels C1 to C6 of FIG. 3a, which
      correspond to the discriminator 151 with the output conductors or lines
      158, 159, 160 of FIG. 1, determine the different non-plosive phoneme
      classes T. These channels C1 to C6 of FIG. 3 contain band-pass filters for
      different frequency bands. These frequency bands i.e. the throughpass
      ranges for the frequencies in Hz have been illustrated in the band-pass
      filters 231 to 236. These band-passes correspond to the characteristic
      frequency ranges or formants of the vowel classes O, A, I and the
      consonant class S, with which there are associated the phoneme class of
      the fricative speech elements. In contrast to FIG. 1 in FIG. 3a there is
      provided a further channel for the nasal phoneme class N. It is intended
      to be indicated that with the detailed showing of equipment of FIG. 3a it
      is possible to readily incorporate further supplementary or additional
      channels for additional phoneme classes. In this way the inventive
      apparatus can be constructed for the speech recognition of, for instance,
      up to 12 phoneme classes. The channels C1 to C6 are provided for the
      frequency range or formants of the five phoneme classes O, A, I, S N.
      Furthermore, in the aforementioned channels C1 to C6 there are also
      arranged the rectifiers 237, 238, 339, 240, 241, 242 and the low-pass
      filters 243, 244, 245, 246, 247, 248, whcih only pass the frequencies
      below 50 Hz. The channel C0 sorts the fundamental frequency of the speech
      which is between 80 Hz and 400 Hz. This channel C0 contains the band-pass
      filter 249 with a throughpass range of 90 Hz to 150 Hz, and the
      frequencies above 150 Hz are damped with only about 9 dB/octave.
      Furthermore, the channel C0 contains the rectifier 250 and the low pass
      filter 251 with a throughpass frequency below 50 Hz. This "pitch"-channel
      indicates the degree and possibly the amplitude or level of the voicing.
      Thus it permits altering the speech code as a function of the voicing,
      whereby there is also possible the separate recognition of the vowel
      classes such as for instance O, A, I if such are whispered.
PAR  The band-pass filters 231, 232, 233, 234, 235, 236, 249 of the channels C1,
      C2, C3, C4, C5, C6, C0 possess determined damping which has been plotted
      in FIG. 4 in the form of the curves 252, 253, 254, 255, 256, 257, 258. The
      curves 252 to 258 symbolically portray the damping per octave dB/octave,
      such as for instance, 24 or 30 dB/octave. The numerical values 90 Hz, 150
      Hz, 100 Hz and so forth up to 3400 Hz indicate the manner in which the
      damping curves 252 to 258 are distributed. The vertical extending numbers
      300 Hz, 400 Hz, 500 Hz, 600 Hz, 700 Hz, 800 Hz indicate the width of the
      damping curves. The other vertically extending numbers such as 300 Hz, 600
      Hz, 1100 Hz, 1200 Hz, 2300 Hz, 3100 Hz indicate the average or mean
      frequency of each damping curve. The sequence of the damping curves shown
      in FIG. 4 is as follows: The curve 252 is associated with the band-pass
      filter 231 of the channel C1, the curve 253 with the band-pass filter 232
      of the channel C2, the curve 254 with the band-pass filter 233 of the
      channel C3, the curve 255 with the band-pass filter 234 of the channel C4,
      the curve 256 with the band-pass filter 235 of the channel C5, the curve
      257 with the band-pass filter 236 of the channel C6 and the curve 258 with
      the band-pass filter 249 of the channel C0. The boundaries of the
      throughpass regions of the individual bandpass filters 249, 231, 232, 233,
      234, 235, 236 correspond to the formant ranges or regions 259 of the
      phoneme classes O, A, I, E Y, S, SH, the phonetic words of which are
      elucidated by the matrix 279. The formant range 259 of the phoneme classes
      are plotted at the left-hand side of FIG. 4 and the individual damping
      curves 253 to 258 are associated with the band-pass filters 231 to 236 of
      FIG. 3a. Such also show the matrix in the logical circuit 272 of FIG. 3b
      as well as the matrixes 421, 422, 423 illustrated in FIG. 6.
PAR  In order to explain the mode of operation of the arrangement of FIGS. 3a
      and 3b it is assumed that the microphone 201 is connected via the switch
      200 to the channels C0 to C8. If, for instance, there is spoken into the
      microphone 201 the word "SATI", then there appears at the output of the
      discriminator 229, which, as already explained, is arranged in the channel
      C8 and serves for recognizing the plosive phoneme class T, the curve 260.
      Since in FIG. 3a the curve 225, which portrays the entire word "SATI" has
      been shown for the sake of improving the illustration above the
      discriminator 229, it can be easily recognized that the curve 260, which
      appears at the output of the aforementioned discriminator, indicates the
      slope dE/dt of the ascending energy flank of the plosive phoneme class in
      the word "SATI". In similar manner there appear at the outputs of the
      other low-pass filters 249, 248, 247, 246, 245, 244, 243, 251 the curves
      267, 266, 265, 264, 263, 262, 261 and 268. In the circuit arrangement of
      FIG. 3a no discriminators are connected following the low-pass filters 243
      to 249. These last-mentioned curves, which are illustrated in FIGS. 3a
      below the curve 225 portraying the entire word "SATI", represent the most
      important information elements regarding the spectrum frequency
      distribution of the phoneme classes contained in such word. Further
      channels C11, C12, C13 and so forth have been shown in broken lines in
      FIGS. 3a and are intended to indicate that the equipment is not limited to
      those channels which have been previously discussed. In a very simple
      manner it is also possible to expand upon the equipment in order to thus
      recognize or detect words in which there are present up to about 12
      phoneme classes. Finally, it is still to be mentioned that the filters
      described in conjunction with the equipment of FIG. 3a can be constructed
      as passive, active or digital filters. Instead of using such filters it is
      possible to also employ suitable devices and methods such as zero- or
      null-crossover detectors, peak detectors, Fourier analysers,
      auto-correlators, "cepstrum", "predictive coding" and so forth. Further
      information in this regard can be found in the Journal "IEEE Audio and
      Electroacoustics", June 1973, vol. AU-21, No. 3.
PAR  The information elements of the word "SATI" which are present in the curves
      260 to 268 now arrive via the connection line between the outputs of the
      low-pass filters and the discriminators respectively, at a first logic
      circuit arrangement 271, 272. The first logic circuit arrangement 271,
      272, which corresponds to the logic circuit 139, 162 of FIG. 2, has been
      divided in the exemplary embodiment of FIG. 3b into both sections 271,
      272. The first section 271 serves for comparing the energy distribution as
      well as the time duration of each individual speech element or phoneme and
      for determining the pauses or intervals between such individual speech
      elements. Thus, the first section 271 of the first logic circuit
      arrangement 271, 272 of FIG. 3b is equipped with at least one clock
      generator 274 which carries out a quantization of the curves 260 to 268
      corresponding to its clock frequency. The clock generator 274 quantizes
      the plosive phoneme class T with 200 Hz and the non-plosive phoneme
      classes T with 50 Hz. Furthermore, in the first section 271 of the first
      logic circuit there is provided an analog-digital converter 275 or a
      trigger circuit. At this location there occurs a linear logarithmic
      transformation of the electrical signals defined by the curves 260 to 268,
      so that the curves are divided into for instance four levels. These levels
      have been shown for the sake of clarity in illustration already at the
      curves 260 to 268 and have been designated by 0 to 3. Additionally, the
      first section 271 contains a time measurer 276 which measures the duration
      of each individual speech element or phoneme and the pause between the
      individual speech elements or phonemes. Moreover, there is provided at the
      first section 271 a sampler 277. The sampler 277 samples the curves 260 to
      268. This sampling has been symbolically portrayed in the curves by the
      vertical lines. Additionally, in the first section 271 there is provided a
      multiplexer 278 for the input of the data into the second section 272 of
      the first logic circuit. The multiplexer 278 can be dispensed with in the
      event that the data transmission should not take place in a time-sharing
      operation or multiplex operation, rather according to another mode of
      operation. The thus determined values concerning the time duration of the
      individual speech elements and phonemes and the intervals or pauses
      between the individual speech elements and phonemes are introduced from
      the first section 271 into the second section 272 of the first logic
      circuit arrangement 271, 272. The connection between both such sections
      has been indicated by the arrow 2711.
PAR  In FIG. 3b there are illustrated the first and the second logic circuits
      271, 272 and 273 respectively. The first logic circuit or circuit
      arrangement 271, 272 corresponds to the first logic circuit 139, 161 of
      FIG. 2. The second logic circuit 274 of FIG. 3b corresponds to the second
      logic circuit 142 of FIG. 2. The second section 272 of the first logic
      circuit arrangement 271, 272 is programed according to phonetic rules.
      There is provided thereat the matrix 279 for distinguising the
      international phoneme classes L. The phoneme classes 280 are divided into
      vowels V and into consonants C. The vowels V contain low, medium, high and
      other vowels such as O, A, I. E. The consonants C contain plosive,
      fricative, nasal and other phoneme classes T, S, N, R. Furthermore, it is
      possible to distinguish between accentuated phoneme classes L, whispered
      phoneme classes L, phoneme classes with ascending or descending pitch L,
      L. These differentiations are undertaken at the matrix 279 which is
      connected with the channels C0, C1, C2, C3, C4, C5, C6, C7, C8 of FIG. 3a.
      The differentiation or distinguishing operation is portrayed below the
      matrix 279 with the just-mentioned symbols and is available in the
      arrangment 280 for the further processing. In the arrangement for the time
      classes 281 there are undertaken the following distinguishing operations
      for the time duration. This has been shown in the following Table II.
TBL                TABLE II                                                    
     ______________________________________                                    
     Symbol                    Time                                            
                               Duration                                        
     ______________________________________                                    
     Explosion of plosive phonemes or speech                                   
                            T       5 -  40 ms                                 
     elements (p,t,k,b,d,g) of the phoneme                                     
     class T internal silences before the                                      
     explosion (or pitch at b,d,g)                                             
                            --     65 - 200 ms                                 
     total time duration of the plosive                                        
     phonemes or speech elements                                               
                            -T     70 - 240 ms                                 
     complete time duration                                                    
     of the non-plosive                                                        
     phoneme classes T such as vowels, fric-                                   
     ative, nasal and other phoneme classes                                    
     (V,S,N,R)              T      100 - 300 ms                                
     ______________________________________                                    
PAR  Exploded vowels possess a shorter time between the start of the explosion
      and the vowel than exploded consonants such as k, t with following vowels.
      Due to the division into time classes false information including
      disturbing noises, such as static in the transmission lines or mouth
      noises, are separated from the useful information, so that there are
      eliminated false decisions. The sub-division of the phoneme classes into
      time classes which is present in the arrangement 281 is used in the manner
      that in the subsequently arranged arrangement 282 such phonemes or speech
      elements are segmented. Such segmentation constitutes a change in the
      spectrum in conjunction with its physical effect (energy x time), with or
      without explosion. In the subsequently arranged arrangement 283 there are
      detected the phonemes. Such detection or recognition is undertaken by a
      majority decision in the matrix 279 or by calculating extreme values of
      the so-called vectorial distances between the individual phonemes and
      speech elements respectively. The technical details for carrying out such
      speech recognition have been described in the following publications
      incorporated herein by reference:
PA0  Flanagan, J., "Speech Analysis, Synthesis and Perception", 2nd Ed.
      Springer-Verlag, New York 1972,
PA0  Dreyfus-Graf, J., "Reconnaissance de signaux et regulation d'information",
      Revue d'Acoustique, Paris, No. 18, 1972,
PA0  Dreyfus-Graf, J., "Actuateur phonetique (phonacteur) et calculatour" Revue
      d' Acoustique, Paris, No. 9, 1970,
PA0  "IEEE Transactions on Audio and Electroacoustics", June 1973, Vol AU-21,
      No. 3.
PAR  In the second logic circuit 273 of FIG. 3b, which corresponds to the logic
      circuit 142 of FIG. 2, there are programmed the linguistic rules of the
      phonocode. This can be for instance a phonocode "SOTINA", which will be
      described more fully hereinafter.
PAR  The following Table III illustrates the combinations, i.e. the maximum word
      number W = K.sup.L which can be theoretically formed when K = 4 to 10
      phoneme classes should be recognized and when there should be formed words
      with L = 1 to 4 phoneme classes. Approximately one-half of the
      theoretically possible number W of the words can be easily spoken or
      pronounced.
TBL                TABLE III                                                   
     ______________________________________                                    
     L   K =     4      5    6    7     8     9     10                         
     ______________________________________                                    
     1       4      5      6    7     8     9     10                           
     2       16     25     36   49    64    81    100                          
     3       64     125    216  343   512   729   1000                         
     4       256    626    1296 2401  4096  6561  10000                        
     5       -      3125   7776 16807 32768 59049 100000                       
     ______________________________________                                    
PAR  The alphanumeric phonocode "SOTINA", which has been described more fully in
      the Tables IV to XIII, uses three consonant classes T, S, N and three
      vowel classes O, A, I, that is to say, K = 6 phoneme classes, by means of
      which it is possible to theoretically build up to 6.sup.5 = 7776 words
      with L = 5 phoneme classes per word. The phonocode "SOTINA" is based upon
      ten elementary words O, I, TO, TI, TA, SO, SI, SA, NI, NA, which express
      the cardinal numbers 0 to 9. Furthermore, this phonocode is based upon
      five classes of non-elementary words. All of the words follow logic
      linguistic rules, as will be explained hereinafter:
PAR  a. Randomly successively arranged elementary words express the cardinal
      numbers from 10 to infinity; Example: INASATA = 1974;
PAR  b. Random successively arranged elementary words, to which there is added a
      final N, express ordinal numbers; Example: INAN = 19 (the nineteenth);
PAR  c. Elementary words which end with S, express arithmetic or logical
      operations; Example: TOS = + (plus);
PAR  d. Words which contain two successive consonants CC constitute instruction
      words; Example: ASTASO means that the subsequent numbers 1 to 26 are
      intended to espress the 26 letters of the alphabet; and
PAR  e. Special words which exhibit at the start or after another vowel O or I
      an "A" save on repetition; Example: IANAO = 1 billion = 10.sup.9 (the
      number 1 followed by nine zeros).
PAR  The logical linguistic rules which are given when using the phonocode
      "SOTINA" permit explaining the mode of operation of the second logic
      circuit 273 of FIG. 3a which corresponds to the logic circuit 142 of FIG.
      2. The second lgoic circuit 273 receives via the conductor or line 2721
      the digital information elements regarding the 6 phoneme classes T, S, N,
      O, A, I. In the second logic circuit 273 there are provided 12 logical
      switching circuits 284 to 295. The logical switching circuits 284 to 295
      contain digital registers and decision circuits. In the logical switching
      circuit 284 there are stored in sequence the phoneme classes and divided
      into individual words, the ends of which are characterized by external
      word pauses which are greater than 0.5 second. In the logical switching
      circuit 285 there is determined whether a word does or does not contain
      two successive consonants. If two successive consonants are detected then
      such is an instruction word which determines the further operation until
      the next instruction word. If the logical switching circuit 285 is not
      able to detect two successive consonants, then the logical switching
      circuit 286 finds out whether the word begins with "A" or contains "OA" or
      "IA" or "AA". If the logical switching circuit 286 decides with "No" then
      in the following logical switching circuit 287 there is determined whether
      the word ends with a vowel V or with a consonant C or S. If the word ends
      with a vowel then such is a cardinal number which is stored in the
      register 288. If there is determined at the logical switching circuit 287
      that the word ends with a consonant C then such is an ordinal number which
      is stored in the register 289. If the logical switching circuit 287
      determines that the word ends with a consonant S then such is an
      arithmetic or logical operator which is stored in the register 290. In the
      logical switching circuit 291 the operation is carried out and
      subsequently stored. If there is determined in the logical switching
      circuit 285 an instruction word with successive consonants CC, then such
      is an alphabet. In this case in the logical switching circuit 292 the
      numbers 1 to 26 are replaced by the letters A to Z and stored. A pause
      which is smaller or greater than one second signifies the end of a letter
      or an alphabetic word. If the logical switching circuit 286 determines
      that the word begins with "A" or contains "IA" or "OA" or "AA", then this
      means --as already mentioned-- repetition of certain numbers. Such is
      stored in the register 293 and arrives from that location at the cardinal
      numbers already stored in the register 288. The result of the data
      processing in the second logic circuit 273 is stored in the register 294
      and can be rendered visually or acoustically discernible by the indicator
      device 295. This device 295 corresponds to the output device 146 of FIG.
      2.
PAR  The inventive apparatus of FIG. 5 illustrates an analyser component which
      is different from FIG. 3a, and which according to the showing of FIG. 5
      simulates the non-linear law of the ear with regard to the signal energy.
      According to the showing of FIG. 5 a microphone 301, a magnetic tape
      recorder 302 and a vocoder 303, which have different frequency bands, can
      be selectively connected via a switch 300 with the inventive apparatus.
      The different frequency ranges have been plotted in FIG. 5 exactly as was
      the case for FIG. 3a in the corresponding blocks. The different input
      devices such as, for instance, microphone, magnetic tape recorder,
      vocoder, are selectively connectable with the switch 300 via their filters
      304, 305, 306, which normalize the speech spectrum between about 200 Hz
      and 3400 Hz. The filters 304, 305, 306 therefore have a filter action
      which is accommodated to the associated input devices. This has been shown
      in FIG. 5 by the different curves in the blocks representing the filters.
      In the description to follow it is assumed that a magnetic tape 302 is
      connected via the switch 300 with the inventive apparatus. The speech
      signals from the magnetic tape device 302 arrive at the parallel connected
      inputs of the selective amplitude compressors 307, 308, 309, 310 and 311.
      Details of a suitable selective amplitude compressor have been disclosed
      in applicant's British Pat. No. 1,346,327 and in the corresponding U.S.
      application Ser. No. 122,612, filed Mar. 1, 1971, now U.S. Pat. No.
      3,838,217, granted Sept. 24, 1974 and entitled "Amplitude Regulator Means
      For Separation Of Frequency Variation and Amplitude Variation of
      Electrical Signals", and the disclosure of which is incorporated herein by
      reference. Hence, in the following description the different amplitude
      compressors will be only discussed to such an extent in conjunction with
      FIG. 5 as is necessary for fully understanding the concepts of this
      development. The compressor 307 serves for separating the plosive and
      fricative phoneme classes T and S. In the other amplitude compressors 308,
      309, 310 there are separated the characteristic spectrum of the phoneme L
      from the dynamics. The compressor 311 serves to separate the fundamental
      frequency (pitch) from the other frequency components. The plosive
      compressor 307 contains a filter 312 which is constructed as a high-pass
      filter with 800 Hz, as well as a gain variable amplifier. The variable
      amplifier consists of a constant amplifier 313 with a multiplier 314, a
      backward loop with a filter 315, the throughpass or pass frequency of
      which amounts to 500 Hz to 3500 Hz, an amplifier 316, a rectifier 317 and
      a low-pass filter 318. The variable amplifier possesses approximately an
      ascending time-constant T.sub.1r1 = 10ms and a descending time-constant
      T.sub.1r2 = 30 ms. This compressor regulates in different ways slowly
      ascending phonemes, such as for instance the phonemes of the fricative and
      the plosive class S, T. If, for instance, a signal which corresponds to
      the word "SATI", is further processed by the band-pass filter 318
      (frequency 800 Hz to 3500 Hz), the rectifier 319 and the low-pass filter
      320 (frequency 0 to 70 Hz), then there appears the curve 321 which
      indicates the distribution of the energy E as a function of time. The
      curve 321 shows that the compressor 307 with the channel C28 separates the
      plosive phoneme class T from the fricative phoneme class S. The amplitude
      compressor 307 can possess a second variable amplifier which is
      illustrated by the following elements: A constant amplifier 322 with
      multiplier 323, a forward loop with amplifier 324, a rectifier 325 and a
      low-pass filter 326. This low-pass filter possesses an ascending and
      descending time-constant T.sub.1v1 = T.sub.1r1 = T.sub.1v2 = T.sub.1r2.
      The compressor with the single loop, which is also designated as a
      backward loop ("r" = backward), delivers a simple logarithmic law of the
      amplitude regulation. The compressor with double loop, which possesses
      both the backward loop "r" as well as also the forward "v", delivers a
      double logarithmic or potential law, which corresponds to the behaviour of
      the ear. Depending upon the position of the switch means 327 and 328 the
      compressor 307 works with a single or double loop. The forward loop 324,
      325, 326 possibly can be replaced by the broken connection with the
      transmission means 329, which can facilitate the balancing of the backward
      and forward loops.
PAR  Arranged after the selective amplitude compressor 307 are the band-pass
      filters 331, 332, 333, 334, 335, 336 and the corresponding rectifier means
      including the low-pass filters in the same manner as the rectifier 319 and
      the low-pass filter 320 of the channel C28. The band-pass filters 331 to
      336 of the channels C21' to C26' separate the spectrum of the plosive
      phoneme class T from the spectrum of the vowels V. This differentiation
      occurs also then in the event that the vowels V should suddenly appear and
      should have a certain similarity with the plosive phonemes and speech
      elements respectively. The selective amplitude compressors 308, 309, 310
      are constructed in the same manner as the above-described selective
      amplitude compressors 307. The compressors 308, 309, 310 possess the input
      filters 337, 338, 339, the amplifiers 341 to 346, the multipliers 347 to
      352, the forward loops with the band-pass filters 354 to 355, the
      amplifiers 356 to 358, the rectifiers 359 to 361, the low-pass filters 362
      to 364 and the corresponding forward loops 365 to 373 or the transmission
      means 374 to 376. As concerns the aforementioned low-pass filters 362,
      363, 364, 371, 372, 373 the ascending and descending time-constants
      T.sub.2r1, T.sub.2v1 and T.sub.2r2, T.sub.2v2 respectively, are different.
      The ascending time-constants amount to approximately 1 ms and the
      descending time-constants amount to approximately 10 ms. Consequently, the
      explosions of the plosive phonemes or speech elements of the class T are
      suppressed. After processing by the band-pass filters 381 to 387, the
      rectifier 388 and the low-pass filter such as 389 (0 to 50 Hz) there
      appears at the channels C21 to C27 the word "SATI" corresponding to the
      energy curve as such has been shown, for instance, only for the channel
      C27 in FIG. 5 as the energy curve 380. Consequently, the quasi-stationary
      spectrum (formants) are separated from the dynamics 377, which for
      instance appears through the error signal at the output of the low-pass
      filter 362 (channel C29).
PAR  The selective amplitude compressor 311 serves to extract the fundamental
      frequency (pitch). This compressor contains an input filter 391 (with the
      throughpass frequency of 95 Hz to 100 Hz), amplifiers 393, 394,
      multipliers 392, 395, backward loops and forward loops with the common
      band-pass filter 397, the amplifiers 399, 410, the rectifiers 398, 411,
      the low-pass filters 396, 407. The ascending time-constant amounts for
      this compressor to approximately 4 ms and the descending time-constant
      amounts to approximately 20 ms. The just-mentioned components 410, 411,
      407 can be replaced by the transmission means 412. Connected after the
      compressor 311 are the channels C20 and C20'. The channel C20 contains a
      band-pass filter 401 for the throughpass frequency of 95 Hz to 150 Hz, a
      rectifier 402 and a trigger 403, so that there can be indicated an
      indication "YES - NO" for the fundamental frequency. In this way there can
      be separated voiced phonemes L from voiceless or whispered phonemes L. The
      channel C20' contains a zero or null crossover detector 404 and a counter
      405, so that the fundamental frequency (pitch or melody) for instance of
      80 Hz to 400 Hz can be measured and indicated. The compressor 311
      regenerates the energy of the fundamental frequency. The higher components
      are removed from the fundamental frequency by the compressor 311 and the
      subsequently arranged elements of the channels C20, C20' such as the
      band-pass filter 401, rectifier 402, trigger 403, null crossover detector
      404, counter 405.
PAR  The information elements obtained by the previously described apparatus
      (compressors 307, 308, 309, 310, 311, channels C20, C20', C21, C22, C23,
      C24, C25, C26, C27, C21', C22', C23', C24', C25', C26', C28') are
      delivered either to the trigger circuits or logic circuits 408, 409. The
      trigger circuits are arranged in each channel, such as for instance shown
      for the trigger circuit 390, 402, 406 and the channels C20, C27, C28. Both
      of the logic circuits 408, 409, which only have been symoblically shown in
      FIG. 5, correspond to both of the circuits 139, 142 of FIG. 2 and the
      logic circuits 271, 272, 273 of FIGS. 3a and 3b. As already stated above
      in conjunction with FIGS. 2, 3a and 3b, the information elements are
      processed in the logic circuits 408, 409 of FIG. 5 in the same manner and
      serve to control certain machines.
PAR  Finally, it is to be still mentioned that during the discussion of FIG. 5
      it was assumed that the input occurs by means of the magnetic tape
      recorder device 302. If the input is to take place by means of the
      microphone 301, then there is employed a microphone which is practically
      insensitive to surrounding noises. Furthermore, threshold values at the
      individual amplitude compressors 307 to 311 and threshold values in the
      logical circuits 408, 409 eliminate the acoustical energy which does not
      correspond to the speech.
PAR  FIG. 6 illustrates four decision matrixes 421, 422, 423, 424 of the first
      logic circuit 139, 161, 272, 400, and which matrixes evaluate the binary
      information of the plosive- and spectrum-channels C21, C22, C23, C24, C25,
      C26, C27, C28 as well as the channels C21', C22', C23', C24', C25', C26'
      of FIG. 5. Such information arrives at the lines 425 to 433 of the
      decision matrixes depicted in FIG. 6. As shown in FIG. 6 it is possible to
      separate from one another by means of the matrix 421 the six phoneme
      classes O, A, I, S, T, N. The matrix 422 separates the eight phoneme
      classes O, A, I, E, S, SH, T, N. If the channel C30 of FIG. 5 is employed
      according to line 434 of FIG. 6, then the time spacing between the plosive
      phoneme or speech elements of the class T and the subsequent vowels of the
      class V can be given. This time spacing is smaller after the phonemes "p"
      and "t" (10 ms to 20 ms) than after the phoneme "k"  (30 ms to 40 ms). The
      matrix 423 therefore separates the phonemes p and t (class P) from the
      phoneme k (class K). There can also be added the vowel U (u), which
      however is difficult to separate from "o", or the vowel Y (y), which
      however is not internationally valid. Now if there is added the channel
      C20 of FIG. 5 according to line 435 of FIG. 6 into the decision matrix
      (pitch: YES - NO), then it is possible to also code whispered speech by
      means of the arrangement of the matrix 424. It is possible for a further
      channel C20' (line 436 of FIG. 6) to indicate up to 128 pitches of the
      fundament frequency (7 bit), and channel C29 (line 437) up to 64 degrees
      of accentuation (6 bit) of the dynamics. Reference character E' designates
      the whispered phoneme class E, in contrast to E which in Table I
      designates generall whispered vowels.
PAR  FIG. 7 illustrates a geometric and timber or sound color of four speech
      codes 425 to 428, which codes are designated as follows: OTISA, SOTINA,
      SOTINAE, SOTINASHE. Such codes have 5, 6, 7, 8 phoneme classes, which has
      been designated by L = 5, 6, 7, 8. These classes are illustrated in a
      pentagon 429, a hexagon 430, a heptagon 431 or in an octagon 432. The
      vowel square 433 O, A, I, E can be illustrated by the light colors rosa,
      yellow, yellow-green, green. The consonant square 434 N, SH, ST can be
      illustrated by the dark colors brown, turquoise, blue, violet. The hexagon
      430 can be divided into a vowel triangle 435 and a consonant triangle 436.
      A color code can facilitate the learning of a speech code. The phonemes of
      code "SOTINA" can be spoken as "sotina". It can also be spoken as
      "shupema" and so forth. What is important in this regard is that only the
      classes of the phonemes are respected.
PAR  FIG. 8 illustrates a possible fundamental word of number code from null to
      9, such as O, I, TO, TI, TA, SO, SI, SA, AI, AO or NO, I, TO, TI, TA, SO,
      SI, SA, NI, NA and so forth according to the lines 437 to 442.
PAR  On the basis of the following Tables IV to XIII there is indicated that the
      inventive apparatus of FIGS. 2, 3a, 3b and 5 can be employed for many
      fields of application of speech recognition. In these Tables there have
      been indicated an expanded system of the already mentioned code "SOTINA".
      With this expanded system it is possible to code all alphabetic languages.
TBL                                    TABLE IV                                
     __________________________________________________________________________
     1. Cardinal numbers:                                                      
                 ending with V, composed of O, I or T, S, N + A, O, I          
                 A = with (avoids repetitions);                                
                 NO = free (possibly = null)                                   
     __________________________________________________________________________
     0 1 2  3  4  5  6  7  8  9  10 20  100 124  1972                          
     O I TO TI TA SO SI SA NI NA IO TOO 100 ITOTA                              
                                                 INASATO                       
     __________________________________________________________________________
TBL                TABLE V                                                     
     ______________________________________                                    
     1.000 =  10.000 =   100.000 =      10.sup.12 =                            
     1 with 3 Nulls                                                            
              1 with 4 Nulls                                                   
                         1 with 5 Nulls 1 with 12 Nulls                        
     IATIO    IATAO      IASOO          IAITOO                                 
     ______________________________________                                    
TBL                                    TABLE VI                                
     __________________________________________________________________________
     2. Ordinal numbers: Cardinal numbers + N + Pause (Pause = (.)&lt;0.5         
     __________________________________________________________________________
     sec)                                                                      
     0. 1.                                                                     
          2.  3. 4.  5. 6. 7. 8. 9. 10.                                        
                                       1000. 342222.                           
     ON.sup..                                                                  
        IN.sup..                                                               
          TON.sup..                                                            
              TIN.sup..                                                        
                 TAN.sup..                                                     
                     SON.sup..                                                 
                        SIN.sup..                                              
                           SAN.sup..                                           
                              NIN.sup..                                        
                                 NAN.sup..                                     
                                    ION.sup..                                  
                                       LATAON.sup..                            
                                             TITAATATON.sup..                  
     __________________________________________________________________________
TBL                                    TABLE VII                               
     __________________________________________________________________________
     3. Arithmetic Operators: basic word + S + Pause                           
     __________________________________________________________________________
     Equal                                                                     
         greater                                                               
              smaller                                                          
                   plus                                                        
                       times                                                   
                           power                                               
                               minus                                           
                                   divided                                     
                                        comma                                  
         than than                                                             
     =   &gt;    &lt;    +   .times. -   :    ,                                      
     OS.sup..                                                                  
         AS.sup..                                                              
              IS.sup..                                                         
                   TOS.sup..                                                   
                       TIS.sup..                                               
                           TAS.sup..                                           
                               NOS.sup..                                       
                                   NIS.sup..                                   
                                        NAS.sup..                              
     __________________________________________________________________________
TBL  4. Pauses: point or spacing                                               
     after a word (.) &gt;0.5 sec.   after a sentence (..) &gt;2 sec.                
TBL                                    TABLE VIII                              
     __________________________________________________________________________
     5. Instruction word: initial A, two adjacent consonants CC                
     cardinal                                                                  
          ordinal                                                              
               alphabet                                                        
                    stop start                                                 
                              mountain                                         
                                   cancel                                      
                                       telephone number                        
     ASTA.sup..                                                                
          ASTAN.sup..                                                          
               ASTASO.sup..                                                    
                    ASTOT.sup..                                                
                         ASTAT.sup..                                           
                              ANANT.sup..                                      
                                   ASNO.sup..                                  
                                       ASTANO.sup..                            
     binary  octal                                                             
     ASTAI.sup.. TO TI                                                         
             ASTAO.sup..  NO NI TO TI TA SO SI SA                              
     __________________________________________________________________________
TBL                                    TABLE IX                                
     __________________________________________________________________________
     6. Alphabet I (numerical system for spelling) Instruction: ASTASO.sup..   
     IN.sup..                                                                  
     a   b   c   d   e   f   g   h   i   j   k   l    m    n    o              
     1   2   3   4   5   6   7   8   9   10  11  12   13   14   15             
     I   TO  TI  TA  SO  SI  SA  NI  NA  IO  II  ITO  ITI  ITA  ISO            
     p   q   r   s   t   u   v   w   x   y   z                                 
     16  17  18  19  20  21  22  23  24  25  26                                
     ISI ISA INI INA TOO TOI TOTO                                              
                                 TOTI                                          
                                     TOTA                                      
                                         TOSO                                  
                                             TOSI                              
     __________________________________________________________________________
TBL                                    TABLE X                                 
     __________________________________________________________________________
     7. Alphabet II:                                                           
               phonetic system for spelling.                                   
               instruction: ASTASO.sup.. TON.sup..                             
     __________________________________________________________________________
     a e  i o u  l  m n   r   c  f  s  h                                       
     A IA I O IO NO NA                                                         
                      NI  NAO SO SA SI STA                                     
     __________________________________________________________________________
     j   v   w    z   p  k  q   t  b   g   d   x   y                           
     SOO SAO SAOSA                                                             
                  SIO TO TA TIA TI TOO TAO TIO TAS II                          
     __________________________________________________________________________
TBL                                    TABLE XI                                
     __________________________________________________________________________
     8. Examples: a) Cardinal numbers. Instruction ASTA.sup..                  
     __________________________________________________________________________
     60  700 9000 1 Billion = 10.sup.9                                         
                            0.000.002 = 2.10.sup.-.sup.6                       
     SIO SAOO                                                                  
             NAATIO                                                            
                  IANAO     O.NAS.SOOTO                                        
     Telephone number:                                                         
               00 3 3 1 3 2 6                                                  
                             5 7 1 2                                           
               00 TITI                                                         
                      I TITOSI                                                 
                             SOSAITO                                           
     __________________________________________________________________________
TBL                                    TABLE XII                               
     __________________________________________________________________________
     b) Spelling,                                                              
                 alphabet I,                                                   
                         Instruction ASTASO.sup.. IN                           
                 alphabet II,                                                  
                         Instruction ASTASO.sup.. TON                          
     __________________________________________________________________________
         G   e  n   e  v   e  N   e  w    Y   o   r   k                        
      I. SA  SO ITA SO TOTO                                                    
                           SO ITA SO TOTI TOSO                                 
                                              ISO INI II                       
     II. TAO IA NI  IA SAO IA NI  IA SAOSA                                     
                                          II  O   NAO TA                       
     __________________________________________________________________________
         B   o   s   t   o   n                                                 
      I. TO  ISO INA TOO ISO ITA                                               
     II. TOO O   SI  TI  O   NI                                                
     __________________________________________________________________________
TBL                                    TABLE XIII                              
     __________________________________________________________________________
     c) Names of mountains by altitude (m), Instruction ANANT.sup..            
     __________________________________________________________________________
            4 8 0 7      4 6 3 8       4 5 5 4                                 
     Mont-Blanc                                                                
            TANIOSA                                                            
                  Monte Rosa                                                   
                         TASITINI                                              
                               Mischabel                                       
                                       TASOSOTA                                
                               (Dom)                                           
            4 4 8 2      4 4 7 8       4 3 6 4                                 
     Matterhorn                                                                
            TATANITO                                                           
                  Lysskamm                                                     
                         TATASANT                                              
                               Dent-Blanche                                    
                                       TASISITA                                
            4 1 6 6      4 1 0 5                                               
     Jungfrau                                                                  
            TAISISI                                                            
                  Monch  TAIOSO                                                
     __________________________________________________________________________
PAR  If the word is spoken into a telephone line and if there is present a
      disturbing noise level, which is a number of dB below the level of the
      useful information, then it is significantly better for the plosive class
      to select the sound "k" instead of the sound "t". Furthermore it is
      advantageous for the frictative class to select the sound "sch" (= sh = S)
      instead of the sound "s". Additionally, in this case the vowel "O" should
      be spoken closed as in the French sound "o". For the sound "sh" there can
      be written the expression "S". Hence, the entire expression "SOTINA" can
      be spoken as "sokina", which can be written as "SOKINA".
PAR  The subsequent Table XIIII illustrates a detailed example of the code SETE
      (line 122 of FIG. 1 and Table 143 of FIG. 2). In this way it is also
      possible to code the letters of the alphabet, for instance, as
      demonstrated by the following:
TBL                                    TABLE XIV                               
     __________________________________________________________________________
     (phonocode SETE, (binary-decimal); S,T spoken as SE, TE (E=E              
     __________________________________________________________________________
     whispered)                                                                
     1. Cardinal numbers                                                       
     __________________________________________________________________________
     0 1 2   3   4   5   6   7   8   9   10   20 ....                          
                                                    100 ....                   
                                                          1972                 
     S.sup..                                                                   
       T.sup..                                                                 
         TS.sup..                                                              
             TT.sup..                                                          
                 SS.sup..                                                      
                     ST.sup..                                                  
                         TTS.sup..                                             
                             TTT.sup..                                         
                                 SSS.sup..                                     
                                     SST.sup..                                 
                                         T.sup.. S.sup...                      
                                              TS.sup.. S.sup...                
                                                    T.sup.. S.sup.. S.sup...   
                                                          T.sup.. SST.sup..    
                                                          TTT.sup.. TS.sup...  
     __________________________________________________________________________
     2. Alphabet I (numerical)                                                 
     __________________________________________________________________________
     1 2   3   4   5   6   7   8   9   10  11  12   13   14   15               
     T.sup..                                                                   
       TS.sup..                                                                
           TT.sup..                                                            
               SS.sup..                                                        
                   ST.sup..                                                    
                       TTS.sup..                                               
                           TTT.sup..                                           
                               SSS.sup..                                       
     SST.sup..                                                                 
       T.sup.. S.sup..                                                         
           T.sup.. T.sup..                                                     
               T.sup.. TS.sup..                                                
                   T.sup.. TT.sup..                                            
                       T.sup.. SS.sup..                                        
                           T.sup.. ST.sup..                                    
     a b   c   d   e   f   g   h   i   j   k   l    m    n    o                
     16    17   18    19     20    21   22   23   24   25    26                
     T.sup.. TTS.sup..                                                         
           T.sup.. TTT.sup..                                                   
                T.sup.. SSS.sup..                                              
                      T.sup.. SST.sup..                                        
                             TS.sup.. S.sup..                                  
                                   TS.sup.. T.sup..                            
                                        TS.sup.. TS.sup..                      
                                             TS.sup.. TT.sup..                 
                                                  TS.sup.. SS.sup..            
                                                       TS.sup.. ST.sup..       
                                                             TS.sup.. TTS.sup..
                                                             7                 
     p     q    r     s      t     u    v    w    x    y     z                 
     __________________________________________________________________________
     3. Alphabet II (Morse)                                                    
                   a) (.) = S, (-) = T                                         
                               ; S,T spoken as SE, TE                          
                   b) (.) = T, (-) = S                                         
     __________________________________________________________________________
       a   b    c    d   e f    g    h    i   j    k   l    m   n              
     a)                                                                        
       ST.sup..                                                                
           TSSS.sup..                                                          
                TSTS.sup..                                                     
                     TSS.sup..                                                 
                         S.sup..                                               
                           SSTS.sup..                                          
                                TTS.sup..                                      
                                     SSSS.sup..                                
                                          SS.sup..                             
                                              STTT.sup..                       
                                                   TST.sup..                   
                                                       STSS.sup..              
                                                            TT.sup..           
                                                                TS.sup..       
     b)                                                                        
       TS.sup..                                                                
           STTT.sup..                                                          
                STST.sup..                                                     
                     STT.sup..                                                 
                         T.sup..                                               
                           TTST.sup..                                          
                                SST.sup..                                      
                                     TTTT.sup..                                
                                          TT.sup..                             
                                              TSSS.sup..                       
                                                   STS.sup..                   
                                                       TSTT.sup..              
                                                            SS.sup..           
                                                                ST.sup..       
       o   p    q     r  s   t u    v    w    x    y    z                      
     a)                                                                        
       TTT.sup..                                                               
           STTS.sup..                                                          
                TTST.sup..                                                     
                     STS.sup..                                                 
                         SSS.sup..                                             
                             T.sup..                                           
                               SST.sup.                                        
                                    SSST.sup..                                 
                                         STT.sup..                             
                                              TSST.sup..                       
                                                   TSTT.sup..                  
                                                        TTSS.sup..             
     b)                                                                        
       SSS.sup..                                                               
           TSST.sup..                                                          
                SSTS.sup..                                                     
                     TST.sup..                                                 
                         TTT.sup..                                             
                             S.sup..                                           
                               TTS.sup..                                       
                                    TTTS.sup..                                 
                                         TSS.sup..                             
                                              STTS.sup..                       
                                                   STSS.sup..                  
                                                        SSTT.sup..             
     __________________________________________________________________________
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speech recognition apparatus for controlling a machine, said apparatus
      receiving words, said words being classified in a reduced plurality of
      three through twelve phoneme classes, said apparatus including:
PA1  a. input means for receiving said words;
PA1  b. first means responsive to said words indicating short-time energy values
      of said words, said first means producing a first output signal
      representing rising temporal energy flanks (slopes), nearly constant
      energy levels and zero levels of said words;
PA1  c. second means responsive to said words and producing a second output
      signal representing a steepness of said rising temporal energy flanks
      exceeding a determined limit value;
PA1  d. first logic means
PA2  i. responsive to said first output signal segmenting said words into
      phonetic elements, indicated by both the rising temporal energy flanks and
      the ends of the nearly constant energy levels and indicating an end of
      each word only by a zero level which exceeds a determined value of time
      duration producing a third output signal,
PA2  ii. responsive to said second output signal separating a class of the
      plosive phonetic elements from the class of the fricative phonetic
      elements and producing a fourth output signal,
PA1  e. second logic means detecting a sequence of the occurrence of said
      phonetic elements within one word; and
PA1  f. output means for controlling a machine as a result of the detected
      words.
NUM  2.
PAR  2. A speech recognition apparatus as defined in claim 1, wherein said first
      and second logic means includes circuit means responsive to said zero
      levels of said first output signal to determine an end of a word by
      exceeding the time duration value in an area between 0.2 sec. and 0.5
      sec., and to determine an end of a phonetic element by dropping below the
      time duration value in an area between 0.2 sec. and 0.5 sec.
NUM  3.
PAR  3. A speech recognition apparatus as defined in claim 2, wherein said
      circuits responding to said zero levels of said first output signal
      determine an end of a group of a plurality of words by exceeding the time
      duration value in an area between 2 sec. and 5 sec. and to determine an
      end of a word by falling down below the time duration value in an area
      between 2 sec. and 5 sec.
NUM  4.
PAR  4. A speech recognition system for controlling a machine, said system
      receiving words, said words being classified in a reduced plurality of
      three through twelve phoneme classes, said system including:
PA1  a. input means for receiving said words;
PA1  b. first means responsive to said words indicating short-time energy values
      of said words, said first means producing a first output signal
      representing rising temporal energy flanks, nearly constant energy levels
      and zero levels of said words;
PA1  c. second means responsive to said words and producing a second output
      signal representing a steepness of said rising temporal energy flanks
      exceeding a determined limit value;
PA1  d. third means responsive to said words producing at least three output
      signals representing said short-time energy values distributed in at least
      three frequency ranges;
PA1  e. first logic means
PA2  i. responsive to said first output signal segmenting said words into
      phonetic elements, indicated by both the rising temporal energy flanks and
      the ends of the nearly constant energy levels, and indicating an end of
      each word only by a zero level which exceeds a determined value of time
      duration producing a third output signal,
PA2  ii. responsive to said second output signal separating a class of the
      plosive phonetic elements from the class of the fricative phonetic
      elements and producing a fourth output signal,
PA2  iii. responsive to said three output signals for detecting the plosive
      class, the fricative class and at least one vowel class and producing a
      fifth, sixth and seventh output signal;
PA1  f. second logic means detecting a sequence of the occurrence of said
      phonetic elements within one word; and
PA1  g. output means for controlling a machine as result of the detected words.
NUM  5.
PAR  5. A speech recognition apparatus related to claim 4, wherein said third
      means embody additional circuit means to determine a class of nasal
      phonetic elements.
NUM  6.
PAR  6. A speech recognition apparatus as defined in claim 4, wherein said first
      logic means include a circuit means responsive to zero levels of said
      first output signal indicating the time duration of the silences between
      all phonetic elements, said circuit means delivering a signal to eliminate
      a noise from said phonetic elements when said silence before a non plosive
      phonetic element exceeds a determined time duration value or when said
      silence before a plosive phonetic element drops below said determined time
      duration value.
NUM  7.
PAR  7. A speech recognition apparatus as defined in claim 4, wherein said
      second logic means includes circuit means for segmenting a composed word
      in its elementary words, each of them composed of a single vowel or a
      single consonant followed by a single vowel, said segmentation being
      operated by said end of each vowel indicated by said first logic means.
NUM  8.
PAR  8. A speech recognition apparatus as defined in claim 4, wherein said
      second logic means includes circuit means for recognizing an instruction
      word having an end with a consonant followed by a silence or including two
      adjacent consonants.
NUM  9.
PAR  9. A speech recognition apparatus as defined in claim 4, wherein said
      second logic means includes circuit means responsive to two following and
      adjacent vowels, the second vowel belonging to a selected vowel class
      recognizing a special elementary word for avoiding a repetition of the
      same phonetic element.
NUM  10.
PAR  10. A speech recognition apparatus as defined in claim 4, wherein said
      second logic means includes circuit means responsive to an initial vowel
      of a selected vowel class recognizing a special elementary word for
      avoiding a repetition of the same phonetic element.
NUM  11.
PAR  11. A speech recognition apparatus as defined in claim 4, wherein said
      first, second and third means includes a plurality of amplitude
      compressors consisting of one backward loop for controlling both the
      backward amplifier and a forward amplifier.
NUM  12.
PAR  12. A speech recognition apparatus as defined in claim 4, wherein said
      first logic means includes a first matrix for recognizing both three
      classes of consonants and three classes of vowels.
NUM  13.
PAR  13. A speech recognition apparatus as defined in claim 4, wherein said
      first logic means includes a second matrix for recognizing both four
      classes of consonants and four classes of vowels.
NUM  14.
PAR  14. A speech recognition apparatus as defined in claim 4, wherein said
      first logic means includes a third matrix for recognizing subclasses of
      consonants and vowels.
NUM  15.
PAR  15. A speech recognition system for controlling a machine, said system
      receiving elementary words, each of which are constituted by a voiced or
      whispered consonant followed by a vowel, said consonant being chosen among
      two phoneme classes, a first class of which has an energy evolution of
      sudden initial transition, a second class of which has an energy evolution
      of soft transition, said system including:
PA1  a. input means for receiving said words and shaping the frequency spectrums
      of said words;
PA1  b. first means responsive to said shaped frequency spectrums of said words
      and producing a first output signal representing a temporal energy
      evolution of said words within a general frequency range;
PA1  c. second means responsive to said shaped frequency of said vowels and
      producing a second output signal representing the rising steepness of the
      temporal energy variations within a high frequency range;
PA1  d. first logic means
PA2  i. responsive to said first output signal to produce a third output signal
      which indicates segmenting said elementary words;
PA2  ii. responsive to said second and third output signals producing a fourth
      output signal indicating the sudden or soft initial transition of said
      elementary words; and
PA1  e. second logic means responsive to both the third and the fourth output
      signals for counting combinations of at least two classes of said
      elementary words.
NUM  16.
PAR  16. A speech recognition system for controlling a machine, said system
      receiving elementary words each of which are constituted by one vowel
      preceded by one consonant, said vowel being chosen among two phoneme
      classes, one of which class has high vowels and the other class has low
      vowels, said consonant being chosen among two phoneme classes, a first
      class of which has an energy evolution of sudden initial transition, a
      second class of which has an energy evolution of soft initial transition,
      said system including:
PA1  a. input means receiving said words and shaping the frequency spectrums of
      said words;
PA1  b. first means responsive to said shaped frequency spectrums of said words
      and producing a first output signal representing a temporal energy
      evolution of said words within a general frequency range;
PA1  c. second means responsive to said shaped frequency of said vowels and
      producing a second output signal representing the rising steepness of the
      temporal energy variations within a high frequency range;
PA1  d. first logic means
PA2  i. responsive to said first output signal to produce a third output signal
      which indicates segmenting said elementary words;
PA2  ii. responsive to said second and third output signals producing a fourth
      output signal indicating the sudden or soft initial transition of said
      elementary words; and
PA1  e. second logic means responsive to both the third and the fourth output
      signals for counting combinations of at least two classes of said
      elementary words.
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ABST
PAL  Improvement to video-telephone systems allowing a called subscriber to have
      at his disposal on his television receiver screen, before he takes off his
      handset, information about the person who has initiated the call. Each
      subscriber station has a handset, a television camera, a television
      receiver and a character generator and is connected to a switching network
      by a telephone line, an incoming video line and an outgoing video line.
      Means are provided in the calling station for connecting to the outgoing
      video line the character generator when the calling subscriber takes down
      the handset and the television camera when video signals are detected on
      the incoming video line and in the called station for supplying with
      current the television receiver when ringing tone signals are detected on
      the telephone line.
BSUM
PAR  The present invention concerns an improved video-telephone communication
      system in which information concerning a telephone subscriber caller, for
      example his name or his telephone number, is caused to appear on a
      television receiver screen at the called subscriber's location, before the
      latter takes down his handset.
PAR  At present, a subscriber called on video-telephone system does not know the
      identity of the caller when the ringing is taking place. It may happen,
      for various reasons, such a work time schedule, inconvenience and so on,
      the person called does not wish to accept the incoming call. The person
      called can make a decision in this connection if the name of the caller or
      any information defining him appears on the television screen when the
      telephone receiver rings.
PAR  It is known to arrange for the caller's number to be displayed visually on
      the telephone apparatus at the called subscriber's station. In such a
      system, a transmission device is located in the exchange connecting the
      calling subscriber and the called subscriber, and a receiving device is
      located in the stations of the subscribers using the service. In fact, in
      this system, the call to the called subscribers, instead of being made by
      the common usual ringing tone generator, comprises two signals: (i) an
      identification pulse signal in the form of an audio carrier modulated by
      the number of the calling subscriber and (ii) the usual ringing tone. The
      pulses of the identification signal are received and displayed on the
      telephone apparatus of the person called. In such a system, it is clear
      that the switching network has to be largely modified in order to
      substitute, after the step of connecting the calling and called
      subscribers ' stations, a selective call process of the called
      subscriber's station to the non-selective usual call process which
      consists in connecting the ringing tone generator and the ringing back
      tone generator respectively to the called subscriber's line and calling
      subscriber's line. Further in this system of the prior art the information
      supplied to the called subscriber can only be the caller's number.
PAR  The object of the invention is to furnish information about the caller to
      the called party, before the latter accepts the call by taking off his
      receiver, by only slightly modifying the stations of a video-telephone and
      not at all the video-telephone switching network.
PAR  Character generators have been developed in the prior art for allowing
      alphanumeric characters to be displayed on a cathode ray tube in rows and
      columns. These character generators essentially comprise a random access
      memory (RAM) having stored therein at predetermined addresses first binary
      data words each representing a character in known codes such as the ASCII
      code and a read only memory (ROM) having stored therein at adresses
      defined by said first binary data words a plurality of second binary data
      words whose bits represent, according to the binary value of the bit, a
      dark or blank crosspoint in a character matrix of rows and columns. The
      character matrices have generally seven rows and five columns and are
      stored in the read only memory in the form of seven five-bit words. A
      matricial character read only memory is for example manufactured by the
      National Semiconductor Inc. Company under the commercial type designation
      MN 5240.
PAR  According to the invention, in a video-telephone network comprising a
      video-telephone switching network and a plurality of video-telephone
      stations each having a telephone handset, an audio bell associated
      thereto, a television camera, a television receiver and a character
      generator, and connected to said video-telephone switching network by a
      bidirectional telephone line conveying speech and ringing signals and by
      unidirectional incoming and outgoing video lines conveying video signals,
      there is provided in each station, first means for detecting the taking
      down of the handset, means responsive to said first detecting means for
      connecting the character generator to the outgoing video line, second
      means for detecting the ringing signals on the bidirectional telephone
      line, means responsive to said second detecting means for activating the
      associated television receiver, third means for detecting the video
      signals and means responsive to said third detecting means for connecting
      the television camera to the outgoing video line.
DRWD
PAR  The invention will be better understood by referring to the following
      description and the attached drawings, in which:
PAR  FIG. 1 shows, in diagram block form, the terminals respectively of a
      calling subscriber and a called subscriber, and also shows the connecting
      lines and the switching network;
PAR  FIG. 2 shows in diagrammatic form, the method of formation of the matricial
      characters to be displayed on the television receiver screen of the called
      subscriber;
PAR  FIG. 3 is a diagram showing the character generator and its associated
      circuits; and
PAR  FIG. 4 shows a table and a sketch for explaining the formation of the
      matricial character representative signals.
PAR  In all of the figures, the same elements carry the same reference numerals.
DETD
PAR  Referring now to FIG. 1, the caller's terminal station A comprises a
      telephone set 11 with an audio bell 17, a television camera 12, a
      television receiver 13 and a character generator 10. The terminal station
      B of the person called comprises a telephone set 21 with an audio bell 27,
      a television camera 22, a television receiver 23 and a character generator
      20. Each terminal is connected to a switching network 100 by a
      bidirectional telephone line, respectively T.sub.1 and T.sub.2, and two
      unidirectional video lines, respectively V.sub.1 and W.sub.1, and V.sub.2
      and W.sub.2.
PAR  Ringing tone detectors 16 and 26 are respectively inserted in lines T.sub.1
      and T.sub.2 and video signal detectors 15 and 25 are inserted in incoming
      lines W.sub.1 and W.sub.2. Further outgoing line V.sub.1 can be
      selectively connected to the outputs of character generator 10 and
      television camera 12, under the control of relay 14 and, in a similar way,
      outgoing line V.sub.2 can be selectively connected to the outputs of
      character generator 20 and television camera 22 under the control of relay
      24. Relays 14 and 24 are controlled by the telephone switchhook of
      telephone sets 11 and 21.
PAR  When the calling subscriber in station A takes off his handset, his
      television camera and receiver are not immediately supplied with current
      by supply current circuit 18 as in the prior art. Only the television
      camera is supplied with current through closed contact 112 and,
      additionally, relay 14 operates through closed contact 111, contacts 111
      and 112 being contacts of the switchhook of telephone set 11. Relay 14
      connects character generator 10 to outgoing video line V.sub.1 through
      contact 141. The calling subscriber then dials the called subscriber's
      number and consequently lines T.sub.1, V.sub.1, W.sub.1 are connected
      respectively to lines T.sub.2 V.sub.2, W.sub.2 in switching network 100.
      When the connection is achieved, switching network 100 connects ringing
      back tone generator 131 to telephone line T.sub.1 and ringing tone
      generator 132 to telephone line T.sub.2 in order to complete the call.
PAR  The ringing tone signal is detected by ringing tone detector relay 26 which
      is energized and closes contact 261, thus supplying with current
      television receiver 23. It is clear that, at this time, when the called
      subscriber has not yet taken down, the characters transmitted by character
      generator 10 are notwithstanding received by television receiver 23.
PAR  If the called subscriber decides to accept the call and takes off his
      handset, his television camera is normally supplied with current through
      contact 212 while television receiver 23 continues to be supplied through
      contact 261 at rest. Camera 22 begins transmitting video signals in video
      line V.sub.2. These video signals are detected by video detector relay 15
      inserted on video line V.sub.1 which opens contact 151. Relay 14 is thus
      de-energized and contact 141 connects again video line V.sub.1 to
      television camera 12. At this time, speech signals and image signals are
      transmitted and received as usual in video-telephone networks.
PAR  Referring now to FIG. 2, the characters C.sub.ij (1.ltoreq.i.ltoreq.22;
      1.ltoreq.j.ltoreq.10) formed on the television screen of the called
      subscriber are matricial characters consisting of selectively dark and
      blank spots located at the crosspoints of seven horizontal lines and five
      vertical columns. Subscripts i and j designate respectively the abscissa
      and the ordinate of a character on the screen. It will be assumed that the
      number of television lines per character row is equal to 12 comprising 7
      significative lines and 5 dark lines defining the intervals between
      successive rows.
PAR  FIG. 3 represents in block diagram form the character generator 10 or 20 of
      FIG. 1. It comprises a read only memory 101 having as its address register
      a random access memory 102 and four counters 103-106. Counter 103 counts
      the television lines per character row up to 12 that is from 0 to 11.
      Counter 104 counts the character rows per frame up to 10 that is from 0 to
      9. Counter 105 counts the number of columns per character up to 6 that is
      from 0 to 5 (five character columns and one interval column). Counter 106
      counts the character per row up to 22 that is from 1 to 21. Counter 103
      receives from time base generator 130 timing pulses at the television line
      frequency, say 8 kHz and counter 105 receives from time base generator 130
      timing pulses at the character column frequency. As there are six columns
      per character (including the between character interval) and 22 characters
      per row, the character column frequency must be at least 6 .times.22
      .times.8 = 1,056 mHz.
PAR  Counter 106 and counter 104 successively produce respective character
      abscissa addresses of five bits and character ordinate addresses of four
      bits which are applied to address register 107. Address register 107
      compresses the nine bits of a pair of abscissa address and ordinate
      address into an eight bit address which serves to address random access
      memory 102. In response to address register 107, memory 102 generates six
      bit words representing the alphanumeric characters to be displayed in the
      ASCII code. These binary words are applied as addresses to read only
      memory 101 which issues five bit words on leads 120-124 which are entered
      into read out register 108.
PAR  Line counter 103 produces on leads 110-113 four bit words defining the
      television line number from 0 to 11. These four bit words are shown in the
      table of FIG. 4. The three low weight bits are applied to read only memory
      101 in order to activate the same during seven television lines. The high
      weight bit is applied to AND-gate 115 in order to open it during seven
      lines and close it during five lines. Within the duration of a line the
      codes of the characters of the row produced by memory 102 are applied
      twelve times in sequence to read only memory 101.
PAR  The output of AND-gate 115 is connected to adder circuit 109 in which the
      synchro signal generated by the camera is added to the video pulses issued
      from read out register 108.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a video-telephone system comprising a switching network and
      subscriber stations each including a telephone handset and an associated
      audio bell actuated by a ringing tone signal, a television camera, a
      television receiver and a character generator, and connected to said
      switching network by a bidirectional telephone line and by an incoming and
      outgoing unidirectional video line conveying video signals, the
      improvement allowing a called subscriber to receive on his television
      receiver, before he has taken off his telephone handset, characters
      transmitted by a calling subscriber, the said improvement comprising in
      each subscriber stations means controlled by the handset taking off for
      connecting the character generator to the outgoing video line, means
      controlled by the handset taking off for supplying with current the
      television camera, means for detecting the ringing tone signal on the
      telephone line, means controlled by said ringing tone signal detecting
      means for supplying with current the television receiver, means for
      detecting the video signals on the incoming video line and means
      controlled by said video signal detecting means for connecting the
      television camera to the outgoing video line.
NUM  2.
PAR  2. The improvement to a video-telephone system as claimed in claim 1, in
      which the character generator is a generator producing seven words of five
      bits representing matricial alpha-numeric characters to be displayed on
      the screen of the television receiver, said characters being defined by
      the crosspoints of seven rows and five columns and a one bit in a five bit
      word corresponding to an illuminated crosspoint on a crosspoint row, while
      a zero bit in said five bit word corresponds to a non-illuminated
      crosspoint in said crosspoint row.
NUM  3.
PAR  3. The improvement to a video-telephone system as claimed in claim 1, in
      which the means for detecting the ringing tone signal on the telephone
      line is a relay and the means controlled by the ringing tone signal
      detecting means for supplying with current the television receiver is a
      contact of said relay. .
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ABST
PAL  A communication system that uses a separate single coaxial cable to link a
      nurse's station to each of a plurality of patient rooms is disclosed. Each
      cable carries DC message signals from the patient rooms to the nurse's
      station to alert the nurse on duty that her assistance is needed either on
      an emergency or on a non-emergency basis. The coaxial cables also carry AC
      power to power TV receivers located in the patient rooms. In addition, the
      coaxial cables carry normal video signals to the receiver; audio and
      visual communication signals between patients and the nurses station; and,
      telemetry from patient sensors to the nurses station. Further, the system
      is adapted to automatically allow a patient to view the nurse at the
      nurses station on the TV receiver located in the patient's room when the
      patient is communicating with the nurse regardless of whether or not the
      TV receiver was on or off at the time such communication commences.
PARN
PAR  This is a continuation of application Ser. No. 344,361, filed Mar. 23,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to communication systems and more particularly to a
      communication system for communicating between hospital room patients and
      a central nurses' station.
PAR  Many hospitals, because of communication problems, do not use their
      personnel (primarily nurses) in the most efficient manner. The present
      preferred way of best utilizing a nurse's time is for one or more nurses
      to be stationed at a central nurses station. From this station, the nurse
      services a floor, a wing, or a plurality of rooms of a hospital, depending
      upon the size and layout of the hospital, by continuously rotating through
      the rooms assigned to her to check on "her" patient's condition. This
      method of operation has several disadvantages. It requires that the nurse
      be constantly moving and, thus, is physically exhausting. In addition, a
      nurse may be checking on one patient when an emergency occurs to another
      patient, and, thus, she may not be alerted in time to assist the patient
      with the emergency. To alleviate this undesirable situation, most
      hospitals have installed what is commonly known as a "nurse call" system.
      such a system provides a means of signal communication between a patient
      and a nurse located at a central station. In addition, such a system
      usually provides two-way audio communication between the nurse and the
      patient. While these systems somewhat improve the communication between a
      nurse and her patients, they are not entirely satisfactory for a variety
      of reasons.
PAR  Generally speaking, "nurse call" systems do not include different levels of
      urgency. Hence, the nurse receiving a call does not know whether a call is
      an emergency call or a non-emergency call. Thus, she must immediately
      communicate with the patient to determine the nature of the call. If she
      receives several different calls at one time, she is in a quandary and may
      miss an emergency call while checking out non-emergency calls.
PAR  Nurse call systems are also inadequate because they do not allow a patient
      to visually view the nurse while orally communicating with her. While oral
      communications are adequate in some situations, in other situations, it is
      desirable that the nurse be able to demonstrate visually to the patient
      one or more of her instructions. If she has no visual communication with
      the patient, she must walk to the patient's room to provide the necessary
      visual information.
PAR  Another area wherein "nurse call" systems are inadequate relates to their
      inability to carry information from sensors attached to the patient to
      either the nurse or to remote recording and analyzing equipment. Hence,
      localized analyzing and recording equipment must be available near each
      patient or, as has been suggested in some cases, provision must be made to
      transmit sensed information from the patient to a remote recording and
      analyzing device.
PAR  With respect to wires, hospital walls contain literally hundreds of wires.
      Power wires and RF video wires for TV sets located in patient rooms, wires
      for the nurse call system referred to above, telemetry wires and wires for
      communication between patients and the nurses stations are all contained
      in hospital walls. It will be appreciated that it would be desirable to
      eliminate as many of these wires as possible and utilize only a minimum
      number of wires to carry a plurality of information signals.
PAR  While some attempts have been made to reduce the number of wires in
      hospital walls for communication and other purposes they have not been
      entirely successful. Examples of prior art systems proposing solutions to
      this and other hospital communication problems are described in U.S. Pat.
      Nos. 3,423,521, 3,517,120 and 3,534,161. While the systems described in
      these patents appear to improve hospital communications over a simple
      nurse call system, they still have disadvantages. For example, U.S. Pat.
      No. 3,517,120 utilizes a complicated oscillator arrangement to notify the
      nurse at the nurses station that communication is desired. In addition, at
      the nurses station, there is a means for sensing oscillations at
      predetermined frequencies to control indicating lights. Such an
      arrangement is undesirable because oscillators must be tuned and
      maintained at predetermined frequencies. In addition, detectors must be
      maintained so that they will detect predetermined frequencies. All these
      requirements lead to a relatively complicated nurse call arrangement. The
      other patents (U.S. Pat. Nos. 3,423,521 and 3,534,161) noted above
      disclose relatively complicated systems for determining exactly which one
      of a plurality of patients is attempting to communicate with the nurses
      station. Because of their complexity, such arrangements are expensive to
      manufacture and install. In addition, because they include a large number
      of components, they are less reliable than a system using a smaller number
      of components.
PAR  Therefore, it is an object of this invention to provide a new and improved
      communication system.
PAR  It is also an object of this invention to provide a hospital communication
      system that includes a provision for a patient calling a nurse at a nurses
      station on either an emergency or a non-emergency basis.
PAR  It is another object of this invention to provide a communication system
      suitable for allowing a patient to view a nurse at a nurses station while
      the patient is communicating with the nurse.
PAR  It is a further object of this invention to provide a new and improved
      hospital communication system that includes a single coaxial connector for
      carrying a variety of signals between a patient and a nurse located at a
      nurses station.
PAR  It is a still further object of this invention to provide a new and
      improved hospital communication system that utilizes the TV receiver which
      is normally located in a patient's room as a means of visually
      communicating between a patient and a nurse regardless of whether or not
      the TV set is energized when communication commences.
PAR  It is yet another object of this invention to provide an uncomplicated
      system for signaling between a patient and a nurse located at a nurses
      station.
PAR  It is a still further object of this invention to provide a nurse call
      system combined with a communication system that utilizes DC as the basis
      for the nurse call system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention a communication system that
      uses a separate single coaxial cable to link a nurses station to each of a
      plurality of patient rooms or beds is described. DC is used as the basis
      for signaling between the rooms or beds and the station to "call" a nurse
      either on an emergency or on a non-emergency basis.
PAR  In accordance with further principles of this invention the coaxial cable
      between each room or bed and the nurses station also carries AC power to
      power TV receivers located in the patient's room. Further, the same
      coaxial cable carries RF video (and audio) signals to the receivers.
PAR  In accordance with other principles of this invention, the coaxial cables
      between the beds or rooms and the nurses station also carry communication
      signals between the patients and the nurses station. If desired,
      communication can be visual, as well as oral. Further, the coaxial cables
      can be adapted to carry telemetry from patient sensors to the nurses
      station and then to remote recording or analyzing devices.
PAR  In accordance with still further principles of this invention, the
      inventive system is adapted to automatically cause the patient to view the
      nurse on "his" TV receiver, regardless of whether the TV receiver was on
      or off at the time communication commences.
PAR  It will be appreciated from the foregoing brief summary of the invention
      that a new and improved communication system is provided by the invention.
      Because the communication system utilizes a single coaxial cable to carry
      a plurality of different types of information signals, the bundles of
      wires previously utilized in hospital communication, telemetry and other
      systems can be eliminated. In addition, because the system uses DC as the
      basis for nurse call signaling, complicated oscillators or other devices
      previously used to identify the location of a particular communication
      signal are not required. Thus, both the complexity and the expense of the
      system is greatly reduced. Yet, the system is adaptable to provide a wide
      variety of information either to the nurse or other remote locations.
      Further, the system makes use of normally available equipment, such as TV
      receivers which are usually located in patient's rooms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes
      understood by reference to the following detail description when taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a schematic diagram of a power supply suitable for use in the
      preferred embodiment of the invention;
PAR  FIG. 3 is a schematic diagram of a nurse control unit suitable for use in
      the preferred embodiment of the invention;
PAR  FIG. 4 is a schematic diagram of a single patient unit suitable for use in
      the preferred embodiment of the invention;
PAR  FIG. 5 is a schematic diagram of a flasher unit suitable for use in the
      preferred embodiment of the invention; and,
PAR  FIG. 6 is a schematic diagram of a nurse communication unit suitable for
      use in the preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram that illustrates a preferred embodiment of the
      invention and comprises a power supply 11; a nurse control unit 13; a
      flasher unit 15; a nurse communication unit 17; and four patient units 19.
      The power supply 11 receives conventional 120 V 60 cycle AC power. The
      power supply provides power for the nurse control unit 13, the flasher
      unit 15 and the nurse communication unit 17. In addition, the nurse
      control unit receives a TV signal from an antenna or other suitable source
      via an input terminal 21. And, the nurse control unit includes a telemetry
      output terminal 23 for transmitting telemetry to a suitable recording or
      analyzing device.
PAR  The flasher unit 15 and the nurse communication unit 17 are both connected
      to the nurse control unit 13. In addition, the nurse control unit is
      connected to the four patient units 19 via four separate coaxial cables
      25. It will be appreciated that while only four patient units 19 are
      illustrated in FIG. 1, more or less than this number can be utilized in an
      actual embodiment of this invention.
PAR  The power supply 11 as stated above provides power to the nurse control
      unit, the flasher unit and the nurse communication unit. The nurse control
      unit relays power, as will be better understood from the following
      description, to TV sets forming part of the patient units 19. In addition,
      the nurse control unit includes means for passing visual and oral
      communication signals from the nurse communication unit 17 to the patient
      units 19. Further, the nurse control unit is under the control of the
      flasher unit in the sense that when desired the flasher unit can cause the
      nurse control unit to generate a flashing signal, rather than a constant
      signal to alert the nurse to the reception of a call.
PAR  FIG. 2 is a schematic diagram of a power supply suitable for use in the
      embodiment of the invention illustrated in FIG. 1. The power supply
      comprises a power transformer designated T1 having a primary winding
      designated P1 that receives 120 V 60 cycle AC power. T1 is a stepdown
      transformer and also includes a plural tap secondary winding designated
      S1. The tap at one end of S1 is grounded. The remaining taps moving from
      the grounded end of S1 to the other end in order of voltage levels are
      designated V1, V2, V3, V4, and V5. By way of explanation in this
      description, V designates a voltage source or voltage source connection. A
      V without a prefix (either + or -) designates an AC voltage. A V with a
      prefix (either + or -) designates a DC voltage of either positive or
      negative polarity, as the case may be.
PAR  The power supply illustrated in FIG. 2 also comprises two diodes designated
      D1 and D2; a zener diode designated ZD1; three capacitors designated C1,
      C2 and C3; and, two resistors designated R1 and R2. The anode of D1 is
      connected to V3 and the cathode of D1 is connected through C1 to ground.
      The junction between D1 and C1 is connected through R1 to a terminal
      designated +V7. The cathode ZD1 is connected to +V7 and the anode of ZD1
      is connected to ground. The cathode of D2 is connected to V2. The anode of
      D2 is connected through R2 to a terminal designated -V6. Connected in
      parallel with R2 are series connected C2 and C3. The junction between C2
      and C3 is connected to V4. It will be appreciated from this description of
      the power supply circuit illustrated in FIG. 2 that the AC power between
      V2 and V4 is rectified by D2 and filtered by C2, C3 and R2 to provide a
      negative DC voltage at the terminal designated -V6. It will also be
      appreciated that D1 rectifies the voltage between V3 and ground. The
      latter rectified voltage is filtered by C1 and R1 to provide a positive DC
      voltage at +V7. This latter voltage is regulated by ZD1 to a desired
      level.
PAR  FIG. 3 is a schematic diagram illustrating a nurse control unit suitable
      for use in the preferred embodiment of the invention. The nurse control
      unit illustrated in FIG. 3 comprises: five diodes designated D3, D4, D5,
      D6, and D7; a zener diode designated ZD2; two silicon controlled
      recitifiers designated SCR1 and SCR2; six capacitors designated C4, C5,
      C6, C7, C8 and C9; two single pole double throw switches designated SW1
      and SW2; four resistors designated R3, R4, R5 and R6; a relay having a
      coil designated K1 and a set of normally open contacts designated K1-1;
      and, three signal transformers designated T2, T3 and T4 having primary
      winding designated P2, P3, and P4 and secondary windings designated S2, S3
      and S4, respectively. Also illustrated in FIG. 3 are a pair of indicator
      lights L1 and L2. Preferably, L1 is a red indicator light and L2 is a
      white indicator light.
PAR  Terminal V4 of the power transformer (FIG. 2) is connected through C4 to
      one end of P2. The other end of P2 is connected to one end of S3 and the
      other end of S3 is connected to one end of S4. The other end of S4 is
      connected by a suitable connector (not shown) to the signal wire of a
      coaxial cable designated CC. The shield of the coaxial cable is connected
      to ground. The junction between C4 and P2 is connected through C7 to
      ground. The junction between P2 and S3 is connected through C8 to ground
      and the junction between S3 and S4 is connected through C9 to ground.
PAR  One end of S2 is connected to ground and the other end is connected to a
      telemetry output terminal. One end of P3 is connected to ground and the
      other end is connected to a terminal designated "from nurse communication
      unit." This means that the latter terminal is connected to the nurse
      communication unit illustrated in FIG. 5 and hereinafter described. One
      end of P4 is connected to ground and the other end is connected to a TV
      input terminal adapted to be connected to a TV antenna or other source of
      conventional TV signals.
PAR  The anode of D7 is connected to terminal V5 of the power transformer (FIG.
      2) and the cathode of D7 is connected through K1-1 to one of the switch
      terminals of SW1. The other switch terminal SW1 is connected to -V6 (FIG.
      2). The common terminal of SW1 (the one connected to the movable element)
      is connected to the end of C4 remote from V4.
PAR  The end of C4 remote from V4 is also connected to the cathode of ZD2. The
      anode of ZD2 is connected through R3 in series with C5 to V4. The junction
      between R3 and C5 is connected to the anode of D3. The cathode of D3 is
      connected to the gate of SCR1 and through R4 to V4. The cathode of SCR1 is
      also connected to V4. The anode of SCR1 is connected through L1 to a
      terminal designated "to flasher unit." The latter terminal is connected to
      the flasher unit illustrated in FIG. 5 hereinafter described. In addition,
      this terminal is connected to one of the switch terminals of SW2. The
      other switch terminal of SW2 is connected to V3 (FIG. 2), and to one end
      of K1. The other end of K1 is connected to the anode of D6. The cathode of
      D6 is connected to the anode of SCR2 and to the cathode of D5. The anode
      of D5 is connected through L2 to the common terminal of SW2. The cathode
      of SCR2 is connected to V4. The gate of SCR2 is connected through R6 to V4
      and to the cathode of D4. The anode of D4 is connected through R5 to the
      side of C4 remote from V4, and through C6 to V4.
PAR  FIG. 4 is a schematic diagram illustrating a patient unit. The patient unit
      illustrated in FIG. 4 comprises four zener diodes designated ZD3, ZD4, ZD5
      and ZD6; 12 diodes designated D7 through D18; 15 resistors designated R7
      through R21; two potentiometers designated PT1 and PT2; 16 capacitors
      designated C10 through C25; an earphone jack designated J1; an inductor
      designated I1; two NPN transistors designated Q1 and Q2; a loudspeaker
      designated LS1; four switches designated SW3, SW4, SW5 and SW6; and, a
      microphone designated M1. Also illustrated in FIG. 4 is a first relay
      designated K2 having three sets of normally closed contacts designated
      K2-2, K2-4, and K2-7 and four normally open contacts designated K2-3,
      K2-5, K2-6 and K2-8; and, a second relay designated K3 having two sets of
      normally open contacts designated K3-1 and K3-2. Further illustrated in
      FIG. 4 are three signal transformers designated T5, T6, T7 having primary
      windings designated P5, P6 and P7 and secondary windings designated S5,
      S6, and S7, respectively. In addition, illustrated in FIG. 4 is a power
      transformer designated T8 having a primary winding designated P8 and a
      secondary winding designated S8. Finally, three indicator lights
      designated L3, L4 and L5 are illustrated in FIG. 4; L4 is preferably red.
PAR  The shield of the coaxial cable designated CC is connected to ground and
      the signal wire of CC is connected to one end of P7. The other end of P7
      is connected through P6 to one end of S5. The other end of S5 is connected
      to one end of P8. This end of P8 for ease of description purposes is
      herein designated point A. The junction between P7 and P6 is connected
      through C23 to ground. The junction between P6 and S5 is connected through
      C24 to ground and the junction between S5 and P8 is connected through C25
      to ground. The junction between S5 and P8 is also connected to the anode
      of D7. The cathode of D7 is connected through R7 to ground.
PAR  D8, D9, D10 and D11 comprise a full-wave rectifying bridge connected to S8.
      More specifically, one end of S8 is connected to the cathode of D8 and to
      the anode of D11, and the other end of S8 is connected to the cathode of
      D9 and to the anode of D10. The anode of D9 and the anode of D8 are
      connected to ground. The cathode of D10 and the cathode of D11 are
      connected through C10 to ground. The ungrounded end of C10 is also
      connected to the collector of Q1. R8 is connected between the collector
      and the base of Q1. The emitter of Q1 is connected through C11 to ground.
      The base of Q1 is connected to the cathode of ZD4, and the anode of ZD4 is
      connected to ground. The emitter of Q1 is also connected to one end of I1
      and one end of C12. The other ends of I1 and C12 are connected together
      and through C13 to ground. The ungrounded end of C13 is connected through
      R9 to a terminal designated "to picture tube heater." This latter terminal
      is connected to the picture tube of the TV set located in the patient's
      room and is also connected to the cathode of D12. The anode of D12 is
      connected to a terminal designated +V8.
PAR  SW3 is a single pole single throw switch. The anode of D12 is also
      connected to the movable element of SW3. The switch terminal of SW3 is
      connected to the junction between R9 and C13.
PAR  It will be appreciated from the foregoing description that the diode bridge
      rectifies the AC signal across S8. This signal is smoothed by C10. In
      addition, Q1 and ZD4 comprise a series voltage regulator circuit that
      controls the level of the rectified voltage. In this manner, the power for
      the patient's TV receiver is carried from the nurses station to the TV
      receiver via the coaxial cable.
PAR  The other end of P8 is designated point B for ease of description purposes
      and is connected through K2 to the cathode of D13. The anode of D13 is
      connected to ground. Point B also connected to the cathode of D14. The
      anode of D14 is connected to the cathode of ZD5. The anode of ZD5 is
      connected through diode D18 to ground. The junction between D14 and ZD5 is
      connected to one end of R10. SW4 is a momentary contact (push button)
      single pole single throw switch. The switch terminal of SW4 is connected
      to the other end of R10.
PAR  SW5 is ganged with SW6 to provide a double pole double throw switch.
      However, one of these switch terminals of SW5 is unconnected. The common
      terminal of SW5 is connected to the movable contact terminal of SW4. In
      addition, the other switch terminal of SW5 is connected through R11 to the
      cathode of D14 (point B).
PAR  Point B is further connected through C14 to ground and through R12 in
      series with C15 to ground. The junction between R12 and C15 is connected
      to the anode of D15. The cathode of D15 is connected through R13 to
      ground, and through C16 to ground. The anode of D15 is also connected to
      the base of Q2. The emitter of Q2 is connected to ground, and the
      collector of Q2 is connected through K3 to +V8. One end of K3-1 is
      connected to point B. The other end of K3-1 is connected to the common
      terminal of SW6. One of the switch terminals of SW6 is connected through
      L5 to point A. The other switch terminal of SW6 is connected through L4 to
      point A. One end of K3-2 is connected to point B and the other end of K3-2
      is connected through L3 to point A.
PAR  Returning now to the signal transformers, one end of S6 is connected to
      ground. The other end of S6 is connected through C18 in series with R19
      and R20, in that order, to ground. The junction between C18 and R19 is
      connected to the anode of D17. The cathode of D17 is connected through R18
      to the cathode of ZD3. The anode of ZD3 is connected to ground. C21 is
      connected in parallel with R20. The cathode of D17 is connected through
      C20 and C19, connected in series, to the cathode of D16. The anode of D16
      is connected through R16 to the cathode of ZD3. The anode of D16 is also
      connected through C17 to the signal output of a tuner 31. The tuner 31 is
      the tuner of the patient's TV receiver.
PAR  The signal input to the tuner 31 is connected to one end of S7. The other
      end of S7 is connected to ground. A control input to the tuner 31 is
      connected to one end of K2-4. The other end of K2-4 is connected to the
      junction between C13 and R9. The other end of K2-4 is also connected to
      one side of K2-5 and through R15 to the cathode of ZD3. The other end of
      K2-5 is connected to +V8.
PAR  The junction between D16 and C19 is connected through R17 to one end of
      K2-8. The other end of K2-8 is connected to the collector of Q1 and to one
      end of K2-7. The other end of K2-7 is connected to the junction between
      SW4 and SW5. The same end of K2-8 that is connected to R17 is also
      connected to the point where R19 and R20 join. Further, that same point is
      connected through R21 to the control input of a patient talk unit 33.
PAR  The patient talk unit 33 is basically a transmitter connected to M1 to
      amplify the input from M1. The output from the patient talk unit is
      connected through C22 to the signal wire of CC. In addition, the control
      input of the patient talk unit 33 is connected to the cathode of ZD6. The
      anode of ZD6 is connected to ground.
PAR  The junction between C19 and C20 is connected to the signal input of an IF
      and sound detector 35 which also forms part of the patient's TV receiver.
      The output from the IF and sound detector is connected through PT2 to
      ground, and through PT1 to ground. The movable contact terminal of PT2 is
      connected to one end of K2-2. The movable contact terminal of PT1 is
      connected to one end of K2-3. The other ends of K2-2 and K2-3 are
      connected together and to the input of the audio amplifier 37 of the
      patient's TV receiver.
PAR  The output of the audio amplifier 37 is connected through R14 to the signal
      terminal of J1 and through the coil of LS1 to one end of K2-6. The other
      end of K2-6 is connected to ground. In addition, J1 includes an internal
      switch connection to the end of LS1 connected to K2-6.
PAR  Finally, one end of P5 is connected to ground and the other end is
      connected to an input terminal designated "telemetry in." This latter
      terminal receives telemetry from sensors connected to the patient (not
      shown).
PAR  FIG. 5 is a schematic diagram of a flasher unit suitable for use in the
      embodiment of the invention illustrated in FIG. 1. The flasher unit
      illustrated in FIG. 5 comprises a diode designated D19; a unijunction
      transistor designated UJT; an NPN transistor designated Q3; a silicon
      controlled recitifier designated SCR3; two capacitors designated C26 and
      C27; and, seven resistors designated R22 through R28. V2 (FIG. 2) is
      connected to the anode of D19 and to the anode of SCR3. The cathode of D19
      is connected through C26 to V4 (FIG. 2). Connected in parallel with C26
      are R22 and C27 connected in series. The junction between R22 and C27 is
      connected to the emitter of UJT. B1 of UJT is connected through R24 to V4
      and B2 of UJT is connected through R23 to the junction between the cathode
      of D19 and C26. The junction between R22 and C27 is also connected through
      R25 to V4, and to the base of Q3. The collector of Q3 is connected to the
      junction between D19 and C26. The emitter of Q3 is connected through R26
      to the gate of SCR3. The cathode of SCR3 is connected through R27 and R28
      (connected in parallel) to V4. The cathode of SCR3 is also connected to a
      terminal designated "to nurse control unit." This terminal is connected to
      the terminal designated "to flasher unit" in FIG. 3.
PAR  Basically, FIG. 5 illustrates a UJT oscillator circuit wherein the
      oscillations of the circuit are utilized to control the on and off
      switching of SCR3. This on and off switching is utilized, as will be
      better understood from the following description, to control the flashing
      of L1.
PAR  FIG. 6 illustrates, in block form, a nurse communication unit suitable for
      use in the embodiment of the invention illustrated in FIG. 1. The nurse
      communication unit comprises a TV camera 41, a modulator 43, a hand set
      45, and a TV receiver 47. In addition, FIG. 6 illustrates a microphone
      designated M2, a loudspeaker designated LS2 and a switch designated SW7.
      SW7 is a single pole double throw switch.
PAR  The TV camera 41 is pointed at a nurse sitting in a suitable position at
      the nurse control station. Thus, the TV camera is adapted to generate a
      picture of the nurse. The output from the TV camera is connected to the TV
      receiver 47. The TV receiver is located at the nurse control station so
      that the nurse can see that her image is being transmitted. The TV camera
      also applies a picture signal to the modulator 43. The modulator 43
      modulates this signal and applies it to an output terminal designated "to
      nurse control unit." This output terminal is connected to the terminal
      designated "from nurse communication unit" in FIG. 3. The modulator is
      connected to the +V7 voltage source as is the TV receiver 47. In addition,
      the modulator and TV receiver are suitably grounded. The TV receiver, if
      desired, also receives a picture signal from a camera (not shown) viewing
      the patient. Such an arrangement, while not illustrated and described in
      detail herein, is an obvious modification of the instant invention.
PAR  In any event, SW7 includes two switch terminals and a common terminal. The
      common terminal is connected to the modulator 43. One terminal of the
      switch terminal is connected to M2 and the other terminal is connected to
      the handset 45. The handset 45 is also connected to one end of the coil of
      LS2. The same end of the coil of LS2 is also connected to the TV receiver
      47. The other end of LS2 is grounded. In this way, either M2 in
      combination with LS2 can be utilized for oral communications or the
      handset 45 can be utilized for oral communications. In operation, the
      picture signal from the TV camera 41 is viewed on the TV receiver 47 and
      is modulated. The modulated signal is transmitted through CC to the
      patient's receiver for viewing as hereinafter described. In addition, the
      audio input from M2 or the handset is modulated and transmitted via CC.
PAR  Turning now to a more complete description of the operation of the
      invention, as previously indicated, the V4 voltage level is adequate to
      meet all the requirements of a conventional hospital TV receiver 24 volts
      RMS, for example. The V4 voltage is applied to the coaxial cable CC via
      the nurse control unit 13. With regard to the transmission of power it is
      pointed out that while T1 acts as a heavy duty stepdown transformer which
      supplies voltage to the TV receiver of all of the patient units, T8 merely
      acts as an isolation voltage adjusting transformer which serves only one
      such receiver. C4 and C14 are non-polarized capacitors that have
      negligible reactance at 60 cycles. If it is assumed that load represents
      about 12 watts, the load current through CC is about 1/2 ampere. Under
      these conditions the voltage drop across both capacitors will be only
      about 1 1/3 volts -- assuming their (C4 and C14) size to be 2,000 Mfd.
      Thus, the ripple voltage across these capacitors will only be about 2/3
      volt, an acceptable level. For these conditions DC signaling can be
      readily accomplished along the same line, i.e., CC. Preferably signaling
      is accomplished using +6 volts DC for one type of a nurse call situation
      (i.e., a nonemergency call) and +12 volts DC for a second type of a nurse
      call situation (i.e., an emergency call). The following description
      describes how the invention accomplishes this result using these voltage
      levels. However, it is to be understood that other voltage levels could be
      used.
PAR  SW4 is, preferably, a spring loaded momentary contact switch and forms the
      nurse call switch for a "normal" call. When SW4 is momentarily closed a
      voltage is applied to CC via K2-7, SW4, R10, D14, P8, S5 P6 and P7.
      Assuming that ZD5 is choosen to limit this voltage to +6 volts, 6 volts is
      applied to CC. K2 at this point remains in its non-energized state because
      D13 is back biased by the +6 volts. The +6 volts on CC is applied through
      R5 (of the nurse control unit -- FIG. 3) to the anode of D4 and triggers
      SCR2 on. Assuming that the common terminal of SW2 is connected to V3 at
      this time L2 is lit to inform the nurse of a normal call. If SW2 is in its
      other position (i.e., connected to flasher unit when SW4 is closed) L2
      will flash on and off at the frequency of oscillation of the UJT
      oscillator circuit described above and illustrated in FIG. 5. Thus, by
      controlling the position of SW2 the nurse controls whether a normal cell
      creates a constant light or a flashing light.
PAR  In addition to energizing L2, K1 is also energized when SW4 is closed to
      place +6 volts on CC. When K1 is energized, contacts K1-1 close and a
      holding voltage of approximately +6 volts is applied to the gate of SCR2
      via D4 assuming SW1 is completing the circuit therebetween as it should be
      at this point, More specifically, the voltage difference between V4 and V5
      is rectified by D7. This rectified DC voltage is about +6 volts and
      applied via a closed SW1 through D4 to the gate of SCR2 so that SCR2
      remains energized. It would be appreciated that SCR2 would end conduction
      on the back bias cycle from V3 if this "holding" voltage were not
      provided. The +6 volts on CC in addition to keeping L2 lit also causes the
      patient's light (L4) and one of the corridor lights (L5) to be lit, as
      hereinafter described.
PAR  Turning now to a description of what occurs when an emergency call
      situation occurs, when an emergency occurs the patient changes the
      position of SW5 rather than closes SW4. SW5 is normally open, when it
      changes position it applies a +12 rather than a +6 volt DC voltage to CC.
      This voltage is applied to CC via R11, P8, S5, P6 and P7. Since ZD5 is now
      bypassed it has no effect. When +12 volts is applied to CC, not only is L2
      energized but the breakdown voltage of ZD2 is also overcome. Since ZD2 is
      now triggered, a voltage is applied to the gate of SCR1 via D3 and L1 is
      also lit. L1 is constantly flashing on and off since it is connected
      directly to the flasher unit. Since L1 is preferably a colored light, such
      as red, the nurse monitoring system is automatically notified of the
      existence of an emergency. Knowning which light of several (there is one
      related to each patient unit) is lit immediately informs her of which
      patient needs her attention in a hurry.
PAR  It is desirable that a light be lit adjacent to the patient, either in a
      patient control handset (which houses SW4 or SW5) or adjacent to his bed
      to indicate that a signal of one type or another (normal or emergency) has
      been generated and transmitted to the nurses station. Such a light is
      provided by the invention. More specifically, when either +6 or +12 volts
      is applied to CC, the same voltage is applied to Q2 via D15. Either of
      these voltages causes Q2 to energize K3. When K3 is energized, K3-2 closes
      and a current flows through L3. Assuming L3 is located at a suitable
      position near the patient it provides the desired patient signal.
PAR  It is also desirable that corridor lights outside of a patient's room be
      lit to indicate that either a normal or an emergency call has been sent to
      the nurses station. Such lights are useful to alert "roving" nurses of the
      patients need for attention. Such lights are also provided by the
      invention because K3-1 closes at the same time that K3-2 closes. Depending
      upon the position of SW6 when K3 is energized to close K3-1 and K3-2,
      either L4 or L5 is energized. If SW4 is closed, 6 volts is applied to CC
      and a "normal" call is produced and L5 is lit. Since this is a "normal"
      call, L5 should be a white light. On the other hand, if SW5 and SW6 are
      positioned such that +12 volts is being applied to CC, then L4 is lit.
      Since this is the emergency call situation, L4 should be red light. It
      will be appreciated that SW5/SW6 is a gang switch which must be manually
      reset.
PAR  It should be noted that R10 and R11 are provided to limit the current in
      the system when the call is answered in the manner as will now be
      described and permit the nurses station to apply negative voltage to the
      line. In order to answer a call the nurse switches SW1 to its other
      position i.e. from connection to K1-1 to connection to -V6. This action
      opens the holding circuit and L1, L2, L3, L4 and L5 go out. More
      specifically, even if the patient maintains either SW4 or SW5 closed, the
      line voltage drops below zero because the value of -V6 is above +6 to +12
      volts, such as -15 volts, for example. Because this voltage is negative,
      it overcomes the positive voltage caused by SW4 or SW5 being closed. Since
      the voltage on the gates of SCR1 and SCR2 is now negative L1 and L2 go out
      on the back bias cycle of V3. In addition K1 is de-energized and K1-1
      opens. Further the base of Q2 is reverse biased and thus K3 is
      de-energized, and K3-1 and K3-2 open.
PAR  In addition to de-energizing the lights, switching SW1 to its -V6 status
      also causes current to flow through K2. Energization of K2 causes the
      normal states of K2-2 through K2-8 to reverse. Because K2-2 opens and K2-3
      closes, the output of the IF and sound detector circuit 35 is switched
      from a patient control condition wherein PT2 controlled the audio level of
      LS1 to a preset condition wherein PT1 controls the audio level of LS1. In
      other words, PT1 is preset to a predetermined volume setting which cannot
      be changed by the patient. On the other hand, PT2 is a patient controlled
      potentiometer which allows the patient to control the volume of LS1 (or
      the earphone connected to J1). When K2 is energized, PT2 is taken out of
      the audio circuit and PT1 is put into the audio circuit.
PAR  When K2 is energized, K2-4 is opened and K2-5 is closed. Closure of K2-5
      bypasses the on-off switch (SW3) of the TV receiver. Thus, the TV receiver
      is automatically energized regardless of whether or not it was energized
      at the time SW1 changed position. Opening K2-4 disables the tuner 31 so
      that it no longer applies to the picture tube of the TV receiver the
      signal across S7. As will be hereinafter described this is a conventional
      TV input signal. The tuner selects the desired channel in a conventional
      manner.
PAR  Energization of K2 causes K2-6 to close. Closure of K2-6 applies the output
      from the audio amplifier 37 to LS1 regardless of whether or not J1 (the
      earphone jack) was being used by the patient. In addition, the position
      changing of K2-7 and K2-8 causes the diode switch comprising the circuitry
      in and around and including D16 and D17 to switch its output. Previously,
      the output from the tuner of the TV set was being applied to the IF and
      sound detector 35 via D16. However, when K2-7 opens and K2-8 closes, the
      output from signal transformer T6 is applied via D17 to IF and sound
      detector 35. Thus, the TV receiver is automatically "tuned" to the
      frequency of the signal generated by the modulator 43 in the nurse
      communication unit. Consequently, the system has now been automatically
      conditioned so that the nurse can orally communicate with the patient via
      the loudspeaker of the TV receiver. In addition, the patient, via the
      patient talk unit 33 can now communicate with the nurse. He could not do
      this previously because that unit was disabled via K2-8 being open. In
      addition, the Tv picture of the nurse taken by TV camera 41 is
      automatically applied to the picture of the TV set regardless of whether
      or not the TV set was previously energized.
PAR  At the end of communication, restoration of SW1 to its previous state
      leaves the line in an essentially zero signal voltage state whereby the
      indicating lights are out and the system is ready for the next call,
      either normal or emergency.
PAR  Turning now to a more general discussion of the application of a TV signal
      to the patient's TV receiver, under normal circumstances the TV signal is
      received at the TV input illustrated in FIG. 3. It is coupled via T4 to
      the signal line of CC. Via CC the signal is applied to T7. This signal is
      thus applied to tuner 31. Tuner 31 is tuned to the desired channel in a
      conventional manner and the signal from the desired channel is applied via
      D16 to the IF and sound detector and thence to other circuits for picture
      display and sound emission is a conventional manner. When the system is
      seized in the manner previously described, portions of the TV receiver
      circuitry are changed so that the nurse can be viewed on the screen of the
      picture tube and communicate with the patient.
PAR  In a similar manner, telemetry from sensors attached to the patient are
      applied to the telemetry terminal illustrated in FIG. 4. This terminal is
      coupled via T5 to CC. On the othe end of CC it is detected by T2 in
      combination with C7 and applied to an output terminal. The output terminal
      is connected to suitable recording and analyzing devices. Alternatively,
      the output terminal can be connected to a further coaxial conductor for
      transmission to a remote location.
PAR  With respect to frequency ranges, and only by way of example, 50 - 250 MHz
      is an adequate bandwidth for transmitting video signals. Thus, if C9 and
      S4 and P7 and C23 are selected to be series resonant about 50 MHz signals
      in the 50 - 250 MHz range can be carried by CC, as will be understood by
      those skilled in the art. If S3 and C8, and P6 and C24 are adapted to
      resonate at about 20 MHz then T3 can feed energy into the communications
      line between 20 MHz and 50 MHz. This bandwidth is adequate to transmit the
      nurse's TV picture to the patient's receiver and handle communication
      between the patient and the nurse. Similarly, if P2 and C7, and S5 and C25
      are chosen to resonate at 2 MHz then 2  to 20 MHz is available for
      telemetry purposes. This makes approximately 360 channels of wide band
      telemetry available. Thus, telemetry, TV communication and TV reception
      are all available on one coaxial cable, in addition to DC signaling.
      Further, other frequency bands are available if desired. All that is
      needed are suitable filtering signal transformers.
PAR  It will be appreciated from the foregoing description of a preferred
      embodiment of the invention a new and improved communication system
      suitable for use in hospitals and other locations is provided. The
      communication system utilizes Dc to provide a signalling. Thus,
      complicated oscillators and location indicating devices are not necessary.
      In addition, the invention uses a single coaxial cable for signaling
      purposes as well as for communication purposes. Moreover, the same
      conductor is utilized for telemetry transmission and for conventional TV
      reception. Hence, the invention provides an overall uncomplicated system
      with wide flexibility for communication and other signaling purposes. Yet
      only a single cable is used.
PAR  It will be appreciated by those skilled in the art and others that while
      the preferred use of the invention is in a hospital, it can be utilized in
      other environments where similar communication problems exist. It will
      also be appreciated that while a preferred embodiment of the invention has
      been illustrated and described, various changes can be made therein
      without departing from the spirit and scope of the invention. For example,
      the various lights could be replaced by audio indicators, if desired. In
      addition, the ordinary call-emergency call circuitry can be modified, as
      will be apparent to one skilled in the art, to provide a third signal,
      such as a fire or smoke signal which could operate another light, which
      might be yellow. This could be accomplished, for example, by activation of
      a heat sensitive bimetallic switch which would generate a +18V signal
      which would trigger a zener diode which breaks down at a voltage greater
      than +12V and is connected to circuitry similar to that associated with
      ZD2. Hence, the invention can be practiced otherwise than as specifically
      described herein.
PAR  The invention has been described in detail with particular reference to a
      preferred embodiment thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A communication system suitable for use in a hospital and the like to
      provide communication between patients and a central nurse station, said
      communication system comprising:
PA1  1. a nurse unit including:
PA2  a. a first indicator means suitable for activation by a patient generated
      DC signal of a first magnitude to indicate a request for assistance on a
      non-emergency basis;
PA2  b. a second indicator means suitable for activation by a patient generated
      DC signal of a second magnitude to indicate a request for assistance on an
      emergency basis;
PA2  c. a power supply means suitable for powering the nurse unit and suitable
      for supplying power to at least one patient unit; and,
PA1  2. at least one patient unit including:
PA2  a. a patient controllable first DC signal means for generating a DC signal
      of a first magnitude for activating said first indicator means of said
      nurse unit;
PA2  b. a patient controllable second DC signal means for generating a DC signal
      of a second magnitude for activating said second indicator means of said
      nurse unit; said first and second magnitudes being different; and,
PA2  c. patient communication means suitable for transmitting audio
      communication signals and suitable for receiving audio communication
      signals; and
PA1  3. a single coaxial cable connecting said nurse unit to said at least one
      patient unit, said single coaxial cable adapted to carry: power from said
      nurse unit to said at least one patient unit; DC signals from said patient
      unit to said nurse unit for activation of said first and sdcond indicator
      means; and, audio communication signals between said nurse unit and said
      at least one patient unit.
NUM  2.
PAR  2. A communication system as claimed in claim 1 wherein said patient unit
      includes an indicator light, said indicator light being lit when said
      patient unit generates one of said patient controllable first or second DC
      signals.
NUM  3.
PAR  3. A communication system as claimed in claim 1 including as part of said
      patient unit first and second corridor indicator means adapted to be
      located in the hall adjacent to the room housing said patient unit, said
      first corridor indicator means being active when said first indicator
      means of said nurse unit is active and said second corridor indicator
      means being active when said second indicator means of said nurse unit is
      activated.
NUM  4.
PAR  4. A communication system as claimed in claim 1 including means for
      transmitting telemetry signals from said patient unit to said nurse unit
      along said coaxial cables.
NUM  5.
PAR  5. A communication system as claimed in claim 1 including as part of said
      patient unit first and second corridor indicator lights adapted to be
      located in the hall adjacent to the room housing said patient unit, said
      first corridor indicator light being lit when said first indicator means
      of said nurse unit is activated and said second corridor indicator light
      being lit when said second indicator means of said nurse unit is
      activated.
NUM  6.
PAR  6. A communication system as claimed in claim 1 wherein said nurse unit
      includes means for selectively energizing said first and second indicator
      means in accordance with whether said patient unit generates a first or a
      second DC signal.
NUM  7.
PAR  7. A communication system as claimed in claim 1 wherein:
PA1  said nurse unit includes a television transmitter including a TV camera
      mounted so as to view a nurse; and,
PA1  said patient unit includes a TV receiver, said communication system
      including means for automatically transmitting a video picture of said
      nurse to said patient TV receiver when said nurse is in audio
      communication with a patient whereby said patient receives visual as well
      as audio communication from said nurse unit.
NUM  8.
PAR  8. A communication system as claimed in claim 7 wherein said nurse unit is
      adapted to receive commercially generated TV signals and transmit them to
      said patient TV receiver via said coaxial cable and wherein said patient
      TV receiver is adapted to normally receive said commerical TV signals,
      said patient TV receiver being adapted to automatically switch from
      displaying said commercial TV signals to a view of said nurse when said
      nurse is in communication with a patient.
NUM  9.
PAR  9. A communication system as claimed in claim 1 wherein said first and
      second indicator means are lights and including a flasher unit connected
      to said lights so as to cause said first and second lights to flash on and
      off when either of said first and second lights are activated by an
      appropriate DC signal from said patient unit.
NUM  10.
PAR  10. A communication system as claimed in claim 9 wherein said nurse unit
      includes means for selectively energizing said first and second indicator
      lights in accordance with whether a patient unit generates a first or a
      second DC signal.
NUM  11.
PAR  11. A communication system suitable for use in a hospital and the like to
      provide communication between patients and a central nurse station, said
      communication system comprising:
PA1  a nurse unit including:
PA2  a first indicator means suitable for activation by a patient generated DC
      signal to indicate a request for assistance on a non-emergency basis;
PA2  a second indicator means suitable for activation by a patient generated DC
      signal to indicate a request for assistance on an emergency basis;
PA2  a power supply means suitable for powering the nurse unit and suitable for
      supplying power to at least one patient unit; and,
PA1  at least one patient unit including:
PA2  a patient controllable first DC signal means for generating a DC signal
      suitable for activating said first indicator means of said nurse unit;
PA2  a patient controllable second DC signal means for generating a DC signal
      suitable for activating said second indicator means of said nurse unit;
      and,
PA2  a patient communication means suitable for transmitting audio communication
      signals and suitable for receiving audio communication signals; and,
PA1  a single coaxial cable connecting said nurse unit to said at least one
      patient unit, said signal coaxial cable adapted to carry: power from said
      nurse unit to said at least one patient unit; DC signals from said patient
      unit to said nurse unit for activation of said first and second indicator
      means; and, audio communication signals between said nurse unit and said
      at least one patient unit,
PA1  said nurse unit including a television transmitter including a TV camera
      mounted so as to view a nurse;
PA1  said patient unit including a TV receiver, said communication system
      including means for automatically transmitting a video picture of said
      nurse to said patient TV receiver when said nurse is in audio
      communication with a patient whereby said patient receives visual as well
      as audio communication from said nurse unit;
PA1  said nurse unit being adapted to receive commercially generated TV signals
      and transmit them to said patient TV receiver via said coaxial cable and
      wherein said patient TV receiver is adapted to normally receive said
      commercial TV signals, said patient TV receiver being adapted to
      automatically switch from displaying said commercial TV signals to a view
      of said nurse when said nurse is in communication with a patient; and
PA1  said means for automatically switching from a regular or normal TV program
      to display a nurse's image on the receiver of said patient TV receiver
      comprising a relay means activated by said nurse unit, said relay means
      when activated automatically: turning on said patient TV receiver, if said
      patient TV receiver was not previously on; tuning said patient TV receiver
      to receive the frequency of the video transmission from the nurse unit;
      switching the loudspeaker of said patient TV receiver to an active state;
      and, controlling the volume of the sound emitted from said patient TV
      receiver.
NUM  12.
PAR  12. A communication system suitable for use in a hospital and the like to
      provide communication between patients and a central nurse station, said
      communication system comprising:
PA1  a nurse unit including:
PA2  a plurality of indicator means suitable for activation by a patient
      generated DC signal to indicate a request for assistance on a
      non-emergency basis;
PA1  a plurality of second indicator means suitable for activation by a patient
      generated DC signal to indicate a request for assistance on an emergency
      basis;
PA2  a power supply means suitable for powering the nurse unit and suitable for
      supplying power to at least one patient unit; and
PA1  a plurality of patient units each of which includes:
PA2  a patient controllable first DC signal means for generating a DC signal
      suitable for activating a related first indicator means of said nurse
      unit;
PA2  a patient controllable second DC signal means for generating a DC signal
      suitable for activating a related second indicator means of said nurse
      unit; and,
PA2  patient communication means suitable for transmitting audio communication
      signals to and suitable for receiving audio communication signals from
      said nurse unit;
PA1  a single coaxial cable connecting said nurse unit to each patient unit,
      said coaxial cables adapted to carry: power from said nurse unit to said
      patient units; DC signals from said patient units to said nurse unit for
      activation of said first and second indicator means; and, audio
      communication signals between said nurse unit and said patient units,
PA1  said nurse unit including a television transmitter including a TV camera
      mounted so as to view a nurse; and,
PA2  each of said plurality of patient units including a TV receiver, said
      communication system including means for automatically transmitting a
      video picture of said nurse to a patient TV receiver when said nurse is in
      audio communication with a patient whereby said patient receives visual as
      well as audio communication from said nurse unit;
PA2  said nurse unit being adapted to receive commercially generated TV signals
      and transmit them to all of said patient TV receivers via said coaxial
      cables and wherein said patient TV receivers are adapted to normally
      receive said commercial TV signals, said patient TV receivers being
      adapted to automatically switch from displaying said commercial TV signals
      to a view of said nurse when said nurse is in communication with a
      patient; and,
PA2  said means for automatically switching from a regular or normal TV program
      to displaying a nurse's image on said patient TV receiver comprising a
      relay means activated by said nurse unit, said relay means when activated
      automatically: turning on said patient TV receiver, if said patient TV
      receiver was not previously turned on; tuning said patient TV receiver to
      receive the frequency of the video transmission from the nurse unit;
      switching the loudspeaker of said patient TV receiver to an active state;
      and, controlling the volume of the sound emitted from said patient TV
      receiver.
NUM  13.
PAR  13. A communication system suitable for use in a hospital and the like to
      provide communication between patients and a central nurse station, said
      communications system comprising:
PA1  a nurse unit including,
PA2  a microphone,
PA2  a video transmitting means having a camera which may be directed toward a
      nurse at said nurse station, and,
PA2  a control means;
PA1  a plurality of patient units each including a television receiver having
      audio reception means and patient controlled volume control means; and,
PA1  a coaxial cable interconnecting said nurse unit with each said patient
      station for transmitting, video, audio and control signals from said nurse
      unit to said television receivers,
PA1  said control means disabling the patient controlled volume control means
      when connecting said microphone means to said audio reception means.
NUM  14.
PAR  14. A communications system as claimed in claim 13 wherein each said
      television receiver includes a fixed volume control, and switch means
      responsive to said control means for connecting said fixed volume control
      into said audio reception means while disconnecting said patient
      controlled volume control means.
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PAL  The speed of either the feed reel or the take-up reel of a tape cassette is
      detected as an indication of the amount of recording time left on the
      message recording tape. When about five minutes or less of recording time
      is left, and when no incoming messages are being received over the
      telephone line, a control circuit switches the recording operation over to
      another available cassette.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to an automatic telephone-answering and
      message-recording apparatus capable of maintaining a calling state in
      response to a calling signal coming over a telephone line, transmitting
      previously recorded answer messages over the telephone line, and recording
      incoming messages received over the telephone line, and, more
      particularly, to such an apparatus for automatically switching from a
      first track to another on a multi-track message recording tape or for
      switching from a first independent message recording tape to another, when
      the first recording medium has run to a position near the end thereof.
PAR  2. Description of the Prior Art
PAR  As the tape (or recording time) used for a telephone-answering apparatus is
      limited in length, a plurality of recording sections for recording
      incoming messages on tracks or separated tapes must be provided and must
      be operated sequentially in order to record a large volume of incoming
      messages. Moreover, it is desirable to control each recording section so
      that the next recording section may be operated for the first time when
      the tape in the first recording section has reached a predetermined
      position near its end and when the incoming messages have ended after the
      predetermined position has been reached.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved automatic telephone-answering
      apparatus which reliably achieves switchover from one recording medium to
      another as a function of the rotational speed of either the tape supply
      reel or the tape take-up reel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of a part of an automatic telephone-answering
      apparatus in accordance with a preferred enbodiment of the invention;
PAR  FIG. 2 is a schematic diagram of a preferred electric circuit forming the
      important part of the apparatus illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the present invention which is available for the
      apparatus shown in copending application Ser. No. 367,929 will be
      explained with reference to the accompanying drawing. In the device of
      FIG. 1, a counter 1 is provided for counting the pulses supplied by a
      reference frequency generator 2 which provides a train of clock pulses
      with a constant repetition cycle. The count stored in the counter is
      cleared whenever a reset pulse is applied thereto by a reset-pulse
      generator 3, as shown in U.S. Pat. Nos. 3,779,483 or 3,730,453, which
      generates reset pulses in a cycle proportional to the reel shaft rotation
      speed on either the feeding or winding side of the message recording tape.
      If the reset-pulse generator 3 generates reset pulses in a cycle
      propotional to the feeding reel shaft rotation speed, the interval between
      reset pulses is long at the beginning of the tape feeding, but it becomes
      short as the tape approaches the end of the feeding. Thus, the number
      stored in the counter 1 just before it is cleared will be smaller near the
      end of tape feeding than near its beginning.
PAR  More specifically, the counter 1 counts 88 during a period of about 1.47
      seconds which is the time required for the feeding reel shaft to make one
      complete rotation at the point when the tape is 5 minutes from its end,
      provided the frequency of the signal generated by the reference frequency
      generator 2 is 60 Hz which is the frequency of the power source and the
      cassette tape used is a "C-90," i.e., a 90-minute tape. The counter 1
      indicates its counted number with a binary code appearing on seven output
      terminals. When the counter counts up to 88 (i.e., 64 + 16 + 8), it
      produces mark signals on three specific counter output terminals
      corresponding to 88. This condition is detected by a NAND gate 4 and
      stored in a memory circuit 5. If the cassette tape used is "C-60," the
      time or period required for the reel shaft to make one rotation at the 5
      minute point is about 1.87 sec., and the corresponding counted number for
      this period is 112; thus, counter 1 would provide mark signals on the
      specific terminals corresponding to 112; i.e., 64 + 32 + 16.
PAR  On the other hand, when incoming messages from the telephone line cease or
      a predetermined operation time period passes, so that the line and
      answering apparatus are released from the calling state, a detection
      circuit 6 as shown in U.S. Pat. No. 3,688,043 gives an output signal. This
      signal is fed to one input 7a of a control circuit 7 having another input
      7b connected to the output of memory circuit 5. The control circuit 7
      operates when it receives both the output (indicative of a count of 88,
      for example) of the memory circuit 5 and that of the detection circuit 6.
      The control circuit already then stops the operation of the first recorder
      section 8-1 and simultaneously brings state capable of driving the second
      recorder section 8-2 to the apparatus. This operation is repeated until
      the last recorder section 8-n stops.
PAR  If each of the recorder sections 8-1 to 8-n is assigned to an independent
      recording tape, the scanning of recorder section 8-1 to 8-n may be done in
      such a way as to skip any unavailable recorder (e.g., a recorder which is
      in a playback operation, or one which does not have a tape placed in
      position ready for recording). Thus, the switch-over from one recorder
      section to another takes place only when the control circuit 7 detects the
      absence of an incoming message coincidentally with the condition that the
      recording time remaining on the tape is less than a predetermined value
      (e.g., about 5 min). Consequently, switch-over of recorder sections 8-1 to
      8-n does not occur when an incoming message is being received over the
      telephone line, and hence, any inconvenience, e.g., loss of a part of an
      incoming message, does not occur.
PAR  FIG. 2 shows a specific circuit construction of the main part of the
      present automatic telephone-answering apparatus. Three independent
      recording tapes (not shown) are assumed to be available for recording
      incoming or calling messages. A tape recorder TR comprising motor, a
      solenoid, and other mechanisms for playing back each tape are connected
      between a power source and terminals 101, 102 and 103. The pulses
      corresponding in number to the period of one reel shaft rotation are fed
      to terminals 111, 112 and 113, respectively. A reference signal with a
      constant frequency is supplied to terminal 12. Switches 131, 132 and 133
      are for selecting a function mode of the apparatus and stay at their
      positions shown in FIG. 2 while the apparatus is in automatic answering
      operation.
PAR  The reference signal supplied to a terminal 12 is amplified by an amplifier
      consisting of transistor Tr1 before it is fed to an input of counter
      comprising three integrated circuits 141, 142 and 143 where the reference
      frequency is counted. On the other hand, a pulse supplied to one of
      terminals 111, 112 and 113 is fed through a wave shaper circuit consisting
      of transistors Tr2 and Tr3 and applied as a reset pulse to another input
      of the counter. Therefore, every time a reset pulse is fed to the latter
      input, the counter resets. When the counted number reaches a predetermined
      value (e.g., 88), the output level of the counter becomes low and turns
      OFF transistor Tr4 coupled through a tape selector switch 15 to the output
      of the counter. As the pulse width fed to terminals 111 to 113 becomes
      narrower as the length of remaining tape decreases, the counter will
      eventually be reset before the counted number reaches the predetermined
      value. Under this condition, the transistor Tr4 remains in its ON state
      and transistor Tr5 turns OFF, thereby preventing capacitor C1 from
      discharging. This condition continues for a period determined by the time
      constant formed by resistance R1 and capacitor C1, and accordingly, when
      the voltage across capacitor C1 reaches the zener voltage of a zener diode
      D1, a trigger current flows to the gate electrode of a thyristor SCR. The
      current turns ON the thyristor SCR, and thereby the transistor Tr6 turns
      OFF, but the collector voltage thereof will not rise because the collector
      is grounded through switches 131 to 133 and relay contacts 16 and 17
      controled by the detection circuit 6. The time constant circuit consisting
      of the resistor R1 and the capacitor C1 serves to prevent an erroneous
      operation by providing a delay time until the transistor Tr6 turns OFF due
      to a low level output from the counter. The delay time is established to
      be around 10 seconds. Under the condition described hereinbefore, the
      feeding reel shaft of a "C-90" cassette makes about seven rotations every
      10 seconds when 5 minutes of recording tape remains. If the counter output
      level remains low during that 10 second delay, then the tape length left
      for message recording will be less than a given length. The tape selector
      switch 15 is provided for changing the number to be counted by the counter
      for the variation in the number of reel shaft rotations due to the
      thickness of tapes to be used, e.g., C-60 and C-90. If the incoming
      message ceases or the predetermined time period passes and relay contact
      17 is switched to the opposite side while the transistor Tr6 is in the OFF
      state, the collector voltage of the transistor Tr6 rises and appears on
      one of the terminals 111, 112 and 113, where it is used for actuating a
      switch element (not shown) to drop the voltage at one of the terminals 181
      to 183. Switches S1 to S4 are controlled by the solenoid SD in such a way
      as to close one of them at a time. The thyristor SCR is turned OFF only
      when the positive potential at terminal 19 is removed in the middle of a
      recording operation. When any one of terminals 181 to 183 is placed at
      zero potential, transistor Tr7 is OFF and its collector voltage is raised,
      and hence the diode D2 is reversely biased. Therefore, transistor Tr8 is
      turned OFF, and a transistor Tr9 is turned ON; thus, the multivibrator
      consisting of these two transistors starts to oscillate. The output of the
      multivibrator drives transistors Tr10 and Tr11 to turn ON and OFF
      periodically and actuate the solenoid SD. The multivibrator also delivers
      it output to transistor Tr12 to keep the transistor Tr7 OFF.
PAR  If the solenoid SD is operated under the condition that switch S1 is being
      closed, solenoid SD opens the switch S1 and closes the next switch S2. If
      the second tape is ready for recording, a positive voltage is applied to
      corresponding terminal 182. This voltage is fed through closed switch S2
      to the base of the transistor Tr7. The base bias voltage caused by this
      positive voltage turns ON the transitor Tr7. The multivibrator stops
      oscillating and releases the solenoid, thereby the apparatus is brought to
      the state capable of recording newly coming messages. However, if the
      second tape is unable to operate, the transistor Tr7 remains OFF because
      of the low voltage at the terminal 182. At that time, the solenoid SD
      operates in similar sequence to that described above, and opens the switch
      S2 and closes the next switch S3. This serarching or hunting operation
      proceeds automatically, and available tapes are found and used for message
      recording. When the switch S4 is closed, the base of the transistor Tr7 is
      biased to turn ON and that condition is maintained, so that the hunting
      operation stops.
PAR  As described above, the apparatus according to the present invention
      reliably produces and detects a signal indicating that the tape has
      approached a certain distance from its end, and starts a new independent
      tape or a new track only when the incoming messages cease later than the
      detection of the signal. Therefore, an inconvenience, such as a part of a
      message being lost, does not occur.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic telephone-answering and message-recording apparatus adapted
      to be connected to a telephone line and comprising:
PA1  a plurality of recording tape media selectively connectable to the
      telephone line for recording incoming messages received over the telephone
      line, each tape medium being fed from a supply reel to a take-up reel
      during a recording operation;
PA1  reference signal generator means for generating a reference signal having a
      constant frequency;
PA1  counter means coupled to said generator means for counting the cycles of
      said reference signal;
PA1  reset pulse generator means for generating reset pulses for said counter
      means at intervals proportional to the rotational speed of one of the
      reels during a recording operation;
PA1  detector means coupled to said telephone line for producing a release
      signal upon the cessation of incoming messages being recorded or the pass
      of predetermined operation time period during a recording operation on a
      first of said recording media; and
PA1  control means connected to said plurality of recording tape media, and
      responsive to a coincidence of said release signal and a predetermined
      count in said counter means, for switching subsequent incoming messages
      from said first recording medium to a second of said recording media.
NUM  2.
PAR  2. An apparatus as defined in claim 1, further comprising memory means
      coupled between said counter means and said control means for storing an
      indication of said predetermined count in said counter menas.
NUM  3.
PAR  3. An apparatus as defined in claim 1, further comprising switch means
      connected between said counter means and said memory means for selecting
      said predetermined count to be proportional to a reel speed corresponding
      to predetermined amount of recording time remaining in said first tape
      medium.
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ABST
PAL  A stuff decision code word of multiple bit length is transmitted over a
      number of frames equal to the number of bits per stuff decision code word.
      Advantage is made of a unique word used for burst synchronization wherein
      a common code word is used for both stuff decision and burst
      synchronization. A hierarchy of bursts is established to identify the
      particular channel of information to which the stuff decision is
      associated.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract or subcontract thereunder, with the Department of the Army.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a Time Division Multiplexed (TDM)
      digital communications satellite system and more particularly to a
      technique for transmitting bit-stuffing decisions in an asynchronous TDM
      satellite system.
PAR  2. Description of the Prior Art
PAR  In a TDM digital satellite communications system having a plurality of
      earth stations each earth station may be required to accept data inputs
      from several terrestrial sources whose information rate varies relative to
      the TDM system information rate. Though the difference in information rate
      may vary the system design insures that the TDM system information rate is
      higher than the data information rate. To accommodate the difference in
      information rate the TDM system inserts extra pulses (pulse stuffing) in
      the incoming data in order to equalize the bit rates. At a receiver the
      stuffed pulses, which carry no information, are removed when the signal is
      demultiplexed.
PAR  The decision to stuff or not to stuff must be conveyed to the receiver. If
      the decision to stuff is made, then the receiver must be so instructed in
      order that the stuffed pulses may be properly removed. The stuff decision
      is binary (yes or no) and can be conveyed by only one bit. However, there
      is a finite probability that channel noise would corrupt this bit so that
      the stuff decision bit will be received in error. When an error occurs in
      the transmission of stuff decision, blocks of data will be processed
      incorrectly thereby degrading the communication channel performance
      significantly.
PAR  To reduce the probability of error in transmitting the stuff decision below
      the probability of channel noise corrupting a bit, i.e., below the
      probability of channel bit error, a standard approach is to encode the
      stuff decision into a digital word of multiple bit length. The receiver
      will detect this multiple bit word if the number of bit errors is below a
      threshold determined by the desired probability of detecting the stuff
      decision correctly. However, in a TDM digital satellite communications
      system wherein each earth station transmits, in one time frame, a burst of
      information, each bit that is allocated to the stuff decision word
      (signalling) is a bit in the burst time slot that is no longer available
      to carry information. If the efficiency of the system is defined as the
      ratio of available information bit time slots in a burst to the length of
      the burst then every bit added to the stuff decision word will decrease
      the efficiency of the system.
PAR  The present invention has the advantage of transmitting stuff decision
      information through a TDM digital satellite communications system with a
      probability of error much less than the bit error probability of the
      communication channel while requiring a minimum of one information bit per
      burst for each earth station.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention each earth station utilizes a stuff
      decision code word of relatively long bit length. However, rather than
      transmitting the entire stuff decision code word every frame period, i.e.,
      with each station burst, only one bit of the stuff decision word is
      transmitted every frame period so that the stuff decision word is
      distributed over a multiplicity of frames equal to the number of bits in
      the stuff decision code word. At a receiver a coded sequence identical to
      the transmitted stuff decision code word is generated and compared with
      the received code word. If the two code words correlate with some
      allowable error tolerance the receiving station would decide that the
      distributed stuff decision code word has been identified.
PAR  The decision that a stuff has been made or has not been made is conveyed by
      the complement or no-complement of the distributed stuff decision code
      word. The detector that compares the received stuff decision code word
      with the stuff decision code generated at the receiver determines whether
      pulse stuffing has occurred by detecting a minimum correlation between the
      code words (transmitted stuff decision code word complemented) while
      maximum correlation would indicate that there is no pulse stuffing
      (transmitted stuff decision code word not complemented).
PAR  In an earth station burst which is transmitted to the satellite there are a
      number of channels (sub-bursts) of information intended for different
      subscribers. These sub-bursts must be stuffed individually in order to
      equalize the data rate of these individual channels with the TDM
      transmission system. Since the present system can convey a stuff decision
      only with respect to one channel in a burst every N frames, wherein N is
      the bit length of the stuff code, a technique is provided, hereinafter
      described, for identifying the channel of information to which the stuff
      decision applies. Also, as will hereinafter be described, advantage will
      be taken of the technique of acquiring burst synchronization via a
      distributed unique word as disclosed in application Ser. No. 84,084, now
      abandoned, by Loffredo filed on this date, wherein rather than
      transmitting a distributed pulse stuffing decision code word and a
      separate distributed unique word, only one common code word is used for
      both the pulse stuffing decision and burst synchronization.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of a frame burst and preamble format in a TDM system.
PAR  FIG. 2 is a block diagram of a transmitter.
PAR  FIG. 3 is a block diagram of a distributed code word detector.
PAR  FIG. 4 is a diagram of a frame-burst hierarchy.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring to FIG. 1 there is shown a typical frame format for 10 earth
      stations A-J. During one frame period each earth station transmits a
      single burst comprising a preamble and a number of channels of
      information. The preamble will include, for example, 10 bits for carrier
      recovery, 10 bits for bit timing recovery, one bit for the distributed
      unique word used in the previously mentioned Loffredo application and, in
      the present invention, one bit of the distributed stuff decision code
      word. To insure a high probability of properly detecting the stuff pulse
      decision a stuff decision code word of predetermined length must be
      chosen. For example, if the probability of improperly detecting the stuff
      decision code word should be &lt; 1 .times. 10.sup.-.sup.20 in a system
      wherein the probability of bit error = 1 .times. 10.sup.-.sup.4 then a
      stuff decision code word of 128 bits could provide this stuff decision
      protection with ample margin. Under these conditions it is possible to
      allow bit errors of up to 10 bits per code word and still be assured of
      properly detecting the stuff decision code word. The distributed stuff
      decision code word of 128 bit length is then distributed over 128 frames.
      The information portion of the burst could comprise, for example, four
      distinct channels of information intended for different subscribers.
PAR  In a system requiring a pulse stuffing scheme it is necessary to instruct
      the receiver as to (1) whether there has been stuffing, (2) where in the
      burst the pulses have been stuffed and (3) how many pulses have been
      stuffed. The decision as to how many pulses to stuff is dependent on the
      difference in information rate between the incoming data rate and the
      information rate of the system. The difference in rates is then equal to
      the number of bits stuffer per decision multiplied by the number of stuff
      decisions.
PAR  In the present invention the location in the burst of the stuffed pulses is
      preassigned so that information as to where in the burst the pulses are
      stuffed need not be transmitted. The number of bits stuffed in any stuff
      decision is constant and preassigned, therefore this information need not
      be transmitted. The only information needed to be transmitted then is
      whether there will be stuffing (yes or no) for this also indicates the
      number of stuff decisions.
PAR  The preamble format has been shown to include both one bit of a distributed
      stuff decision code word and one bit of a distributed unique word for
      burst synchronization. However, since the only information required to be
      transmitted with respect to the pulse stuffing decision is whether or not
      there is a stuff decision (yes or no) advantage is made of the distributed
      unique word so that only one common distributed code word need be
      transmitted. The distributed unique word will contain the stuff decision
      (yes or no) in the following manner. If there is no decision to stuff then
      the distributed unique word would be transmitted not complemented. At the
      receiver, the detector will detect the transmitted distributed unique word
      and compare it to a stored replica of the unique word. If there is maximum
      correlation then the receiver will know it has properly detected the
      unique word for purposes of burst synchronization and since there is
      maximum correlation it will know that no pulses have been stuffed. If
      there is a decision to stuff then the logic complement of the distributed
      unique word will be transmitted. At the receiver, the detector will
      compare the stored replica with the transmitted complemented unique word
      and will detect a minimum correlation. Detection of this minimum
      correlation will still indicate burst synchronization, however, the
      minimum correlation will indicate that pulse stuffing will occur. Though a
      separate burst time slot may therefore be used for transmission of a
      distributed stuff decision code word the remainder of the discussion will
      assume that the distributed unique word will contain information both as
      to pulse stuffing and burst synchronization.
PAR  Referring to FIG. 2 there is shown a transmitter used in the present
      invention. At the transmitter the burst to be transmitted as one burst in
      the frame is generated in the following manner. A frame timing pulse from
      pulse generator 1 is fed to carrier and bit timing generator 2. The
      carrier and bit timing information is then clocked into multiplexer 3 by
      clock 4 in a manner well known in the art. Then unique word generator 5 is
      clocked at the frame rate by frame timing generator 1 to generate one bit
      of the distributed unique word. This one bit is then clocked into
      multiplexer 3 via clock 4.
PAR  Whether the distributed unique word is transmitted complemented or not
      complemented is determined in the following manner. Data to be transmitted
      is written or clocked into pulse stuffing memory 6. This data is then read
      out of memory 6 at a higher clock rate determined by the information rate
      of the transmission system. Assuming initially that the memory 6 is filled
      then when data is read out due to the higher read out rate of the data the
      amount of data stored in memory 6 will decrease. If this decrease in
      storage continues eventually the memory will not be storing any data. To
      prevent this, the state when the memory is half full, for example, is
      detected and a stuff request pulse is tranmitted to distributed unique
      word generator 5. Upon reception of the stuff request pulse the generator
      5 will during the proper time, as hereinafter discussed, transmit the
      complement of the distributed unique word thereby indicating that the
      stuff decision has occurred. Upon completion of transmission of the
      complemented distributed unique word a stuff gate pulse is fed to memory 6
      from generator 5 which enables memory 6 to stuff a predetermined number of
      pulses in a predetermined place in the burst. The data including the
      stuffed pulses is then fed into burst forming memory 7 where the data is
      formed into bursts, as is known in the art, and then clocked into
      multiplexer 3 via clock 4.
PAR  One unique word generator 5 may be a pseudo noise generator of a type shown
      in the Loffredo application but also having the capacity to generate the
      complement of the unique word.
PAR  At a receiver, after recovering the carrier and clock, the distributed
      unique word would be detected in the manner disclosed in the Loffredo
      application with one difference which would enable detection of the
      complemented distributed unique word. Referring to FIG. 3, there is shown
      the distributed unique word detector of the Loffredo application including
      one extra threshold detector. Assuming the complemented distributed unique
      word is being received at gate 8 it will be compared with the stored
      replica of the distributed unique word which is not complemented and which
      is stored in register 9. The counter 10 will then count a minimum
      correlation from comparator 11 set by threshold 12 which not only will
      indicate burst synchronization but will also indicate the decision to
      pulse stuff. As a result a destuff pulse from threshold 12 is sent to
      destuff memory 13.
PAR  At memory 13 incoming data including the stuffed pulses is being written in
      at a rate which is higher than the rate at which data is being read out.
      Upon receipt of the destuff pulse memory 13 ceases to write in data for
      the duration of the destuff pulse which is generated at a time determined
      by the preassigned stuff format. As a result the data being written in
      this data without the stuffed pulses. If the received distributed unique
      word is not complemented then counter 10 will count to a maximum set by
      threshold 14 and memory 13 will not be instructed to stop writing since no
      pulse stuffing has occurred.
PAR  As noted previously, the burst of each station contains channels of
      information destined for individual subscribers. The data rate of each
      individual subscriber may differ from each other and therefore may differ
      individually from the information rate of the transmission system. For
      this reason a separate stuff decision must be transmitted for each
      specific subscriber.
PAR  The system of the present invention can convey only one stuff decision per
      burst every N frames where N is the bit length of the stuff decision code
      word. That is, every N frames one stuff decision can be transmitted which
      refers to the stuff decision concerning one channel or subscriber. To
      identify the particular subscriber to which the stuff decision applies the
      following scheme may be used. Referring to FIG. 4 there is shown a
      hierarchy of bursts. This hierarchy would consist of a superframe defined
      as a group of consecutive frames required to convey one complete
      distributed code word. If there are 128 bits in the distributed code word
      then it requires 128 frames to transmit the entire distributed code word,
      therefore, 128 frames would equal one superframe. Then, for every channel
      in a burst there is a superframe. If there are 100 channels in a burst
      then there are 100 superframes which constitute a masterframe. Having
      established this hierarchy if a stuff decision is made as to channel
      number 5 in the burst (the channels being ordered) then the distributed
      stuff decision code word will be transmitted in superframe number 5 and
      the receiving station will know to associate the stuff decision with
      channel number 5. Establishing superframe timing which is needed to
      identify the beginning of each superframe in the masterframe would be
      known in the art.
PAR  The size of pulse stuffing memory 6 at the transmitter should now be
      considered. If the data stored in memory 6 (which receives data from a
      specific subscriber) falls below a predetermined amount (e.g. half full)
      then, as discussed previously, the decision is made to pulse stuff.
      However, pulse stuffing cannot occur until the superframe associated with
      that channel occurs or else the stuff decision will be incorrectly
      associated. For example, during superframe 80 (assuming 100 superframes)
      channel 5 generates a stuff request 25 superframes must elapse before an
      associated complemented stuff decision code can be sent. During the time
      needed to reach superframe 5 the data stored in memory 6 continues to
      decrease. Therefore, in order to prevent memory 6 from being emptied it
      must be sized accordingly. For example, if the stuff decision is made just
      after the start of a superframe associated with that channel then during
      that superframe the complement of the distributed stuff decision code word
      cannot be transmitted and the particular channel may have to wait a period
      of time equal to a masterframe before it can transmit the complemented
      code word and the stuffed pulses. Therefore, the memory 6 must be large
      enough to account for the emptying of memory 6 during this time period.
      However, if it is known that a particular subscriber constitutes a high
      data traffic channel thereby indicating that it will have to pulse stuff
      at a frequency above the average, then the size of memory 6 may be reduced
      by assigning that channel more than one superframe in the masterframe for
      pulse stuffing and spacing them over the masterframe. In this manner the
      complemented stuff decision code word may be transmitted more often
      thereby allowing the use of a smaller memory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a time division multiplexed (TDM) communications system wherein the
      incoming data rate differs from the TDM information rate and wherein the
      data to be transmitted is formed in bursts a method for transmitting the
      decision to stuff comprising the steps of:
PA1  a. generating the complement of a stuff decision code word in response to a
      decision to stuff or the nocomplement of a stuff decision code word when
      there is no decision to stuff;
PA1  d. distributing said code word over a number of frames in a burst from one
      station;
PA1  c. transmitting said distributed code word;
PA1  d. receiving said distributed code word; and
PA1  e. detecting either the complement or the noncomplement of the distributed
      stuff decision code word.
NUM  2.
PAR  2. The method of claim 1 wherein said stuff decision code word is
      distributed over a number of frames equal to the number of bits in the
      code word.
NUM  3.
PAR  3. The method of claim 2 wherein the step of detecting the complement of
      the distributed stuff decision code word comprises storing the received
      complement of said code word; storing a replica of the stuff decision code
      word; comparing said complement code word and said stored replica of the
      code word; and generating a decision to stuff pulse in response to a
      minimum correlation.
NUM  4.
PAR  4. The method of claim 2 wherein the step of detecting the no-complement of
      the distributed stuff decision code word comprises storing the received
      no-complement of said code word; storing the replica of the stuff decision
      code word; comparing said no-complement code word and said stored replica
      of the code word; and generating a pulse in response to a maximum
      correlation.
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ABST
PAL  A system for transmitting wideband signals, for example speech, over a
      narrow band is proposed. Lower frequency range signals are directly
      transmitted and amplitude information of partial upper frequency ranges is
      transmitted on pilot frequencies. At a receiver, "equivalent" signals from
      oscillators having frequencies approximately equal to the mid range
      frequencies of the partial upper frequency ranges are modulated with the
      amplitude information of the corresponding partial upper frequency ranges
      to produce "synthetic" signals. The synthetic signals are modulated with
      narrow band noise to crreate a more pleasing and realistic sound. Means
      are provided for controlling at the pick-up end the "modulation factor" of
      the noise modulation at the reproducing end. This is achieved by
      controlling the level of the third harmonic of a sync signal transmitted
      from the pick-up end. The level of the third harmonic may be automatically
      or manually adjusted to conform to the type of sound being transmitted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a system for transferring wideband sound
      signals and more particularly to a system wherein a lower frequency range
      is transmitted directly and a higher frequency range is divided into
      partial bands of which only amplitude information is transmitted on pilot
      signals.
PAR  2. Description of the Prior Art
PAR  My U.S. Pat. Nos. 3,875,341 and 3,894,190 describe systems for transferring
      wideband sound signals wherein, at the input end of the system, the sound
      signal is divided into a lower and a higher frequency range. The partial
      signal of the lower frequency range is transferred directly and instead of
      the partial signal of the higher frequency range being transferred, the
      amplitude information of the partial frequency ranges obtained by
      splitting up said higher frequency range by means of bandpass filters is
      transferred. For reproducing the total signal, the amplitude information
      of the partial frequency ranges serves as a modulating signal for
      equivalent signals lying approximately in the middle of the individual
      partial frequency ranges to produce a synthetic signal, and said synthetic
      sound signals of the partial frequency ranges of the higher frequency
      range are added to the directly transferred partial signal of the lower
      frequency range.
PAR  During the practical operation of such a system, it has become apparent
      that at the reproducing end, the restoration of the sound signals of
      certain tone sources, which include the human voice in particular, does
      not sufficiently meet the requirements placed on high-quality
      reproduction.
PAR  Subsequent investigations have shown that this phenomenon is connected with
      the peculiar characteristic of these tone sources, such as the human
      voice, for the latter is a tone source whose sound signals have a
      continuous spectrum at least in the upper frequency range.
PAR  Bandwidth compression of speech signals has been proposed in U.S. Pat. Nos.
      3,030,450 and 3,431,362 and these patents propose the use of noise signals
      to create a more realistic reproduction of speech signals. These systems
      are satisfactory for telephone speech reproduction but do not provide hi
      fidelity reproduction.
PAR  I have already proposed, in my previously mentioned patents, providing at
      the input end of the system, i.e., e.g., at the transmitting end, a second
      pick-up channel to which those sound signals are applied which have a
      predominantly continuous spectrum in the upper frequency range. In this
      channel, a split-up into an upper and a lower frequency range takes place,
      with the partial signal of the lower frequency range being added to that
      of the first pick-up channel and the partial signal of the upper frequency
      range being applied to a single rectifier circuit for the formation of an
      amplitude information. At the reproducing end, this amplitude information
      serves to modulate a noise voltage which has approximately the same
      frequency spectrum as the upper frequency range of the second pick-up
      channel.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its object to eliminate the need for a second,
      separate pick-up channel at the input end of the system, while maintaining
      the quality of the sound signal to be reproduced.
PAR  The solution according to the invention is characterized in that, at the
      reproducing end, the synthetic signals, before being added to the partial
      signal of the lower frequency range, are additionally modulated with
      narrowband noise signals.
PAR  Besides reducing the circuit complexity at the pick-up end, the
      simplification has the much more important advantage that, during pick-up,
      complete freedom of movement is insured and tone sources can be grouped
      under musical aspects as usual.
PAR  In the simplest case, for example, the synthetic signals are added together
      and the total synthetic signal obtained is amplitude-modulated with the
      output signal of a noise generator.
PAR  In another embodiment of the invention, which permits better sound
      reproduction, the synthetic signals are quadrature-modulated with the
      output signals of two noise generators which are independent of each
      other.
PAR  As regards the circuit design, this solution can be realized in a
      particularly simple manner by dividing each synthetic signal into two
      components shifted in phase by 90.degree. with respect to each other,
      adding the corresponding components of all synthetic signals into two
      total equivalent signals, amplitude-modulating, in a modulator using
      carrier suppression, each of the two total synthetic signals with the
      noise signals, which are independent of each other, and subsequently
      adding the two total synthetic signals together.
PAR  In a further embodiment, the modulation factor of the modulation of the
      synthetic signals with the narrow-band noise signals is controllable at
      the reproducing end, and that a signal transferred from the pick-up end
      can be evaluated as a criterion for the control. This solution has the
      advantage that the improvement in the quality of the sound signal is
      maintained during the transmission of the total pilot signal even in case
      of wide bandwidth variations.
PAR  A system of the kind referred to by way of introduction has been proposed
      wherein, at the input end, a pilot signal containing the amplitude
      information of the individual partial ranges of the upper frequency range
      is positively modulated in such a manner that, on a time average, the
      amplitude of the pilot signal is lowered with respect to the amplitude of
      the signal of the lower frequency range by a factor P which represents the
      so-called limit of perceptibility, wherein the amplitude of the sync
      signal does not exceed the level of the system noise in the equipment
      being considered for compatibility, and wherein, at the receiving or
      reproducing end, the sync signal is selectively evaluated in such a manner
      that the signal-to-noise ratio of the selected sync signal is
      substantially equal to the signal-to-noise ratio of the signal of the
      lower frequency range.
PAR  In such a system it is particularly advantageous if the signal for
      controlling the modulation factor is the amplitude value of a harmonic of
      the fundamental frequency of a sync signal which is transferred or stored
      as a trapezoidal voltage simultaneously with the amplitude information of
      the upper frequency range and has a frequency corresponding to one-half
      the repetition frequency of the sequential transfer of the amplitude
      information, because the additional intelligence must be transferred by
      merely changing an otherwise subordinate characteristic of the sync signal
      and not in a separate time or frequency channel.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further details and advantages of the invention will be apparent from the
      following description of the embodiment of the invention exemplified by
      the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of the reproducing end wherein the combined
      synthetic signal of the upper frequency range is amplitude-modulated with
      the output signal of a noise generator;
PAR  FIG. 2 is a block diagram of the reproducing end if quadrature modulation
      is used;
PAR  FIG. 3 is a block schematic of the input end of the system using sequential
      transfer of the amplitude information and simultaneous transfer of the
      sync signal;
PAR  FIG. 4 shows one embodiment of a tunable rejector circuit;
PAR  FIG. 5 is a block schematic of the reproducing end;
PAR  FIG. 6 shows one embodiment of the rotating switch, and
PAR  FIG. 7 shows voltage waveforms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, which is similar to FIG. 2b of my U.S. Pat. No.
      3,875,341 and has identical reference numerals, the reference numeral 22
      designates the input terminal for the transmitted total signal. If this
      signal has been transmitted in modulated form, 22 is the output of the
      demodulator (not shown) for the total signal. 23 is a low-pass filter at
      the reproducing end. Connected in parallel therewith is a bandpass filter
      24 which only passes the frequency range of the pilot signal. Connected in
      series therewith is a demodulator 25. If the pilot signal has been
      frequency-modulated, the demodulator is a frequency discriminator. A
      following logarithmic deemphasis network 26 cancels any logarithmic
      pre-emphasis picked-up at the transmitting end. From the output of the
      logarithmic deemphasis network 26 the signal is applied to the rotating
      switch 27, from whose "contacts" the volume information associated with
      the individual time channels is taken and applied to the storage
      capacitors 28, 29, and 30 and to further storage capacitors (not shown).
      From the storage capacitors the volume information of the indivudal
      channels is applied to the modulators 31, 32, 33, etc., which, in turn,
      modulate the equivalent signals of the local oscillators 34, 35, and 36 to
      provide synthetic signals. Local oscillators 34, 35 and 36 generate the
      equivalent frequencies for the respective partial range. Behind the
      demodulator 25, the demodulated pilot signal is additionally fed to an
      amplitude filter 40 which responds to the sync signal. The signal
      appearing at the output of this amplitude filter 40 serves to restore the
      rotating switch 27 to the position corresponding to the synchronization,
      from which position the switch is advanced step by step with the clock
      generator 41. In an adder circuit 371 the synthetic signals of the
      modulators 31, 32, 33, which simulate signals of the individual partial
      frequency ranges, are added into a total synthetic signal. This total
      synthetic signal is amplitude modulated, in a noise modulator 373, with
      narrow band noise voltage generated in a noise generator 372, and limited
      in bandwidth with the lowpass filter (not shown). The total signal,
      modulated in this way, is finally amplitude-modulated, in the adder
      circuit 37, with the baseband delivered by the lowpass filter 22 before
      being fed through reproducing amplifiers (not shown) to loudspeaker 42.
      The bandwidth of the noise signal appearing behind the lowpass filter (not
      shown) is to be equal to one-half the bandwidth of the frequency spacings
      of the equivalent signals. If the frequency spacings are graded
      logarithmically, the bandwidth of the noise signal should be greater than
      one-half the frequency spacing of the lowest equivalent tones, but smaller
      than one-half the frequency spacings of the highest equivalent tones. In
      special cases, however, it may be expedient to permit overlapping with,
      and thus crosstalk to, adjacent ranges by choosing the bandwidth of the
      noise signal to be greater than one-half the frequency spacing of the
      equivalent signals.
PAR  FIG. 2 shows a block diagram of the reproducing end in case of quadrature
      modulation being used. To this end, the synthetic signals leaving the
      modulators 31, 32, 33 are shifted, in the phase shifters 380, by, e.g.,
      45.degree. in the negative direction and, in the phase shifters 381, by
      45.degree. in the positive direction, so that synthetic signals associated
      with each other will be in quadrature. Synthetic signals shifted in phase
      in the same direction are added together and the two total synthetic
      signals obtained in this way are amplitude-modulated, in two modulators
      using carrier suppression, with the noise signals of the two independent
      noise generators 372 and 374. The two total synthetic signals, modulated
      in this manner, are finally added together and thus form a single
      quadrature-modulated total signal, which is added to the baseband signal
      leaving the lowpass filter 22. These additions are performed in the adder
      circuit 370, whose outputs are fed via amplifiers (not shown) to a
      loudspeaker 42. The circuit of FIG. 2 is particularly economical in
      components. However, the ear-physiological effect may be considerably
      further improved by quadrature-modulating each individual synthetic signal
      instead of the total signals. This adds to the expense, which, however, is
      of no importance in professional applications.
PAR  Alternatively, instead of forming total signals which are
      quadraturemodulated, the ear-physiological effect may be improved in
      professional applications, where the expense is no essential
      consideration, by separately amplitude-modulating the two components of
      each synthetic signal, shifted by 90.degree., with two amplitude
      modulators having independent noise sources and then adding all signals,
      amplitude-modulated with noise in this way, to the signal of the lower
      frequency range.
PAR  FIG. 3 shows the transmitter of an improved embodiment wherein the
      modulation factor of the noise modulation may be controlled at the
      transmitter. The wideband sound signal to be transferred is applied to the
      input terminal 1 in FIG. 3. This terminal 1 is connected to a lowpass
      filter 3 whose bandwidth or cut-off frequency lies in the range of about 4
      to 7 kHz depending on the qualitative requirements imposed on the sound
      signal. Connected in parallel with the lowpass filter 3 are bandpass
      filters 4, 5 and 6 and, if necessary, further bandpass filters (not
      shown), which divide the higher frequency range, which does not pass the
      lowpass filter 3, into partial ranges.
PAR  This may be done, for example, by dividing an octave into 12 partial ranges
      according to the semitones of this octave. The filters 4, 5 and 6 are
      followed by rectifiers 7, 8 and 9, respectively, at whose outputs appears
      a volume-dependent amplitude information of the associated partial
      frequency range. In the present example, the amplitude information is
      successively and cyclically taken off an electronic, so-called rotating
      switch 11. It is assumed that the rotational frequency of the switch 11
      has the value f1. Accordingly, if the number of switch terminals 110 is n,
      the frequency of the sample values of the amplitude information will be fT
      = n .sup.. f1. The clock generator 51 determines the step frequency fT of
      the switch 11. Via an adder circuit 50, whose function will be explained
      hereinbelow, the successive amplitude information is fed to a modulator 13
      where this amplitude information modulates the pilot frequency delivered
      by a pilot generator 14. In an adder circuit 17 the modulated pilot signal
      and the sound signal appearing at the output of the lowpass filter 3 are
      added into a common output signal 19.
PAR  For generating the simultaneously transmitted sync signal, a frequency
      divider 52 is connected to the clock generator 51. It divides the clock or
      step frequency fT at a 1:2n ratio, this division being effected so that
      the divided voltage has a fixed phase relationship to the respective
      position of the rotating switch. Via a tunable rejector circuit 521, which
      will be explained below, this divided square-wave or trapezoidal voltage
      is added as a sync signal to the pilot signal in the adder circuit 50.
PAR  According to the invention, the tunable rejector circuit 521 is used to
      reduce one harmonic, preferably the third harmonic, of this sync signal.
      The measure of the reduction of this harmonic serves as information for
      controlling the modulation factor of the noise modulation of the
      equivalent signals at the reproducing end.
PAR  FIG. 4 shows one embodiment of such a tunable rejector circuit for reducing
      a harmonic of the sync signal. 52 is the frequency divider for generating
      the sync signal, and 50 the adder circuit with which the sync signal is
      added to the pilot signal. The actual filter circuit consists of an RC
      lowpass filter and an RC highpass filter in a bridge configuration which
      together are so proportioned in known manner that the harmonic to be
      reduced is completely suppressed. Connected in parallel with this filter
      network are a changeover switch and various resistors in series, through
      which the filter is rendered ineffective in different steps. It is
      possible, of course, to replace the switch and the fixed resistors by a
      continuously adjustable potentiometer.
PAR  The transferred total signal is applied to the input terminal 22 of FIG. 5.
      It consists of the directly transferred sound signal of the lower
      frequency range and the pilot signal, which has been modulated with the
      amplitude information of the partial ranges of the upper frequency range
      and lowered by the factor P with respect to the sound signal of the lower
      frequency range and which contains the sync signal, whose amplitude is
      very small compared with the possible maximum amplitude of the total pilot
      signal. Its frequency corresponds to half the repetition frequency of the
      sequential transfer of the amplitude information.
PAR  The reproduction unit has a bandpass filter 24 which passes only the
      frequency range of the pilot signal and is followed by a demodulator 25.
      The demodulated sequence of amplitude information is fed to the rotating
      switch 27, from whose "contacts" the volume information associated with
      the individual time channels is taken and applied to storage capacitors
      28, 29 and 30 and to further storage capacitors (not shown). From the
      storage capacitors the volume information of the individual channels is
      applied to modulators 31, 32, 33 etc., which, in turn, modulate the
      signals of the oscillators 34, 35 and 36, which generate the equivalent
      frequencies for the respective partial range.
PAR  The sync signal is evaluated by feeding the total output signal of the
      demodulator 25 to a symmetrical multiplicative mixer 53, to whose second
      input the output signal of a frequency divider 54 is applied. This
      frequency divider 54 divides the frequency of the clock generator 55, in
      the same way as the frequency divider 52, at a ratio of 1 : 2n. In the
      synchronized condition, the DC voltage component of the output voltage of
      the multiplicative mixer 53 thus depends only on the phase difference
      between the sync signal and the divided signal. For example, the amplitude
      of the sync signal is positive in case of positive phase deviation. With
      the following lowpass filter 56, which has a bandwidth of about 0.5 Hz,
      this DC voltage component is separated from the considerably
      higher-frequency AC components. In the non-synchronized condition, instead
      of the DC voltage, an AC voltage is obtained according to the frequency
      deviation, but, in the present case, this deviation must not appreciably
      exceed 0.5 Hz. The filtered voltage is used to synchronize the clock
      generator 55.
PAR  To evaluate the amplitude information of the sync-signal harmonic, whose
      amplitude has been reduced at the pick-up end by means of the tunable
      rejector circuit 521, the clock frequency of the clock generator 55 is
      divided, in a second frequency divider 552, to a frequency which
      corresponds to the respective harmonic of the sync signal. The reference
      voltage obtained in this way is fed to a multiplicative mixer 551, to
      which the sync-signal-containing pilot signal is applied as well. The
      output voltage of this multiplicative mixer is filtered with a very
      narrow-band lowpass filter 553. The bandwidth of this filter 553 should be
      smaller than that of the lowpass filter 56. The amplitude of the voltage
      delivered by the filter 553 is proportional to the amplitude of the
      harmonic passed by the rejector circuit 521 at the transmitting end. This
      voltage, which serves as a control signal, is applied to an attenuator
      554, which reduces the noise voltage of the noise generator 372 to the
      level which a sound engineer, for example, has preselected at the pickup
      end by adjusting the rejector circuit 521. The noise voltage, attenuated
      in this way, is limited in bandwidth in a lowpass filter 555 and applied
      to a noise modulator 373 where the total signal of all synthetic signals,
      which was generated in the adder circuit 371, is additionally modulated
      with this noise. 564 is an adder circuit where the total signal of the
      synthetic signals, processed in this way, is added to the transmitted
      partial signal of the lower frequency range.
PAR  Since the phase relationship between the 3rd harmonic of the sync signal
      and the reference voltage provided by the frequency divider 552 must be
      such that, in the synchronized condition, the full amplitude of the 3rd
      harmonic appears behind the filter circuit 553, the details of the
      frequency dividers 552 and 54 as well as of the clock generator 55 and of
      the rotating switch 27 are not shown in FIG. 6.
PAR  FIG. 6 shows an embodiment of the rotating switch in electronic design for
      6 channels. 60 is a five-stage shift register whose outputs 601 to 605 are
      connected via the NOR-gate 61 to its input 600. The clock generator 55
      advances the shift register step by step. As a result of the outputs
      reacting via the NOR-gate 61 on the input, a control pulse always appears
      only either at the input terminal 600 or at the output terminals 601 to
      605; this control pulse is used to successively switch the individual
      switches 62 to 67 of the rotating switch. The outputs of these switches
      are connected to the storage capacitors 68 to 73, whose function
      corresponds to that of the storages 28 to 30 of FIG. 5 from whose outputs
      the modulators of the individual channels, e.g. 31 to 33 in FIG. 5 are
      driven.
PAR  For generating the reference signal for the multiplicative mixer 53, which
      signal is to be compared with the sync signal, the clock frequency at the
      output of the NOR-gate 61, divided at a 1 : 6 ratio in relation to the
      clock frequency fT, is again divided 1 : 2 with a flip-flop 74. The
      voltage having the frequency divided in this way is the reference voltage
      for the synchronization. The sync signal is contained in the pilot signal,
      which is applied from the demodulator 25 to the multiplicative mixer 53.
      The function of the frequency divider designated 54 in FIG. 3 is performed
      here by the frequency division with the shift register 60 and by the
      frequency division of the flip-flop 74 at the ratio 1 : 2.
PAR  In FIG. 6 the frequency divider 552 of FIG. 5 is realized by the flip-flops
      741 and 742. With these flip-flops the clock frequency fT is divided at
      the ratio 1 : 4.
PAR  The phase of the thus obtained reference signal for the multiplicative
      mixer 551 must be identical with the phase of the 3rd harmonic of the sync
      signal. To achieve this phase relationship, the output voltage of the
      flip-flop 74 is applied via a monostable multivibrator 743 to the set
      inputs of the flip-flops 741 and 742.
PAR  Referring to FIG. 7, the reference character a designates the waveform of
      the voltage of the clock generator 55 with the frequency fT, while b is
      the waveform of the reference voltage applied from the flip-flop 74 to the
      multiplicative mixer 53. The curve c is the synchronizing voltage
      contained in the pilot signal and having the frequency f syn; in the
      synchronized condition, it is shifted in phase by 90.degree. with respect
      to the reference voltage with the frequency f'syn and offers a control
      voltage of O V via the filter 56 to the clock generator 55. The reference
      character d designates the waveform of the 3rd harmonic contained in the
      square-wave sync signal, and the waveform e is the reference voltage with
      the frequency 3 f'syn, applied in FIG. 6 from the flip-flop 742 to the
      multiplicative mixer 551. The special manner of resetting the two
      flip-flops 741 and 742 with the monostable multivibrator 743 insures that
      the phase relationship between the voltages according to curves e and d is
      0 or 180.degree. and prevents any 90.degree. phase shift between the two
      signals. Thus, the output voltage of the filter 553, with which the output
      voltage of the multiplicative mixer 551 is filtered, is proportional to
      the amplitude of the 3rd harmonic according to waveform d of FIG. 6.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A receiver for use in a system having a transmitter of the type that
      transfers lower frequency range sound signals directly and at least one
      pilot frequency signal modulated by an amplitude signal corresponding to
      the amplitude of the sound signals in a higher frequency range, said
      receiver comprising:
PA1  means for receiving and demodulating the pilot frequency signal to provide
      an amplitude signal corresponding to the amplitude of the signal in the
      higher frequency range;
PA1  means for providing an equivalent signal having a frequency approximately
      equal to the mid range frequency of the higher frequency range;
PA1  means for modulating the equivalent signal with the amplitude signal to
      provide a synthetic signal;
PA1  means for dividing the synthetic signal into a pair of quadrature signals;
PA1  first and second means for providing noise signals;
PA1  first and second means for modulating the pair of quadrature signals with
      the noise signals;
PA1  means for receiving and reproducing the noise modulated quadrature signals
      and the directly transferred lower frequency range sound signal.
NUM  2.
PAR  2. A transmitter for transferring wideband sound signals over a narrow
      frequency range, comprising:
PA1  means for receiving the sound signals;
PA1  means for dividing the received sound signals into a lower frequency range
      and a plurality of higher frequency ranges;
PA1  means for providing amplitude signals corresponding to the amplitudes of
      the signals in each higher frequency range;
PA1  means for providing a pilot frequency signal;
PA1  means for providing a sync signal;
PA1  means responsive to the sync signal for sequentially sampling said
      amplitude signals at a repetition rate corresponding to the sync signal;
PA1  means for reducing a harmonic of the sync signal in accordance with a
      desired noise modulation factor and for modifying said sync signal;
PA1  means for modulating the pilot frequency signal with the modified sync
      signal and the sequentially sampled amplitude signals; and
PA1  means for transferring the signals of the lower frequency range, and the
      modulated pilot frequency signal.
NUM  3.
PAR  3. A system for transferring and receiving wideband sound signals over a
      narrow frequency range, comprising:
PA1  means for receiving the sound signals;
PA1  means for dividing the received sound signals into a lower frequency range
      and a plurality of higher frequency ranges;
PA1  means for providing amplitude signals corresponding to the amplitudes of
      the signals in each higher frequency range;
PA1  means for providing a pilot frequency signal;
PA1  means for providing a sync signal;
PA1  means responsive to the sync signal for sequentially sampling said
      amplitude signals at a repetition rate corresponding to the sync signal;
PA1  means for reducing a harmonic of the sync signal in accordance with a
      desired noise modulation factor and for modifying said sync signal;
PA1  means for modulating the pilot frequency signal with the modified sync
      signal and the sequentially sampled amplitude signals;
PA1  means for transferring the signals of the lower frequency range and the
      modulated pilot frequency signal;
PA1  means for receiving and demodulating the sequentially modulated pilot
      frequency signal to provide sequential amplitude signals corresponding to
      the amplitudes of the signals in the higher frequency ranges;
PA1  means for providing equivalent signals having frequencies approximately
      equal to the mid range frequency of each higher frequency range;
PA1  means for modulating the equivalent signals with the amplitude signals to
      provide synthetic signals;
PA1  means for distributing the sequential amplitude signals to the modulating
      means;
PA1  means responsive to the sync signal for controlling and synchronizing said
      distributing means to assure proper distribution of the sequential
      amplitude signals;
PA1  means responsive to the sync signal for providing a noise modulation factor
      signal corresponding to the harmonic suppression of the sync signal;
PA1  means for providing a noise signal;
PA1  means for attenuating said noise signal in accordance with the noise
      modulating factor signal so that the noise signal has an amplitude
      corresponding to the desired noise modulation factor;
PA1  means for combining said synthetic sound signals and for providing a total
      synthetic signal;
PA1  means for modulating the total synthetic signal with the attenuated noise
      signal and for providing a noise modulated total synthetic signal; and
PA1  means for receiving and reproducing the noise modulated total synthetic
      signal and the directly transferred low frequency range sound signal.
NUM  4.
PAR  4. A receiver for use in a system having a transmitter of the type that
      transfers lower frequency range sound signals directly and the higher
      frequency range signals are divided into a plurality of partial higher
      frequency ranges and amplitude signals corresponding to the amplitudes of
      the sound signals in the partial higher frequency ranges are transmitted
      on at least one modulated pilot frequency, said receiver comprising:
PA1  means for receiving and demodulating the pilot frequency signal to provide
      amplitude signals corresponding to the amplitudes in the higher frequency
      ranges;
PA1  means for providing equivalent signals having frequencies approximately
      equal to the mid range frequencies of the partial higher frequency ranges;
PA1  means for modulating the equivalent signals with the amplitude signals to
      provide synthetic signals;
PA1  means for dividing each synthetic signal into two components shifted in
      phase by 90.degree. with respect to each other;
PA1  means for combining the corresponding components of each synthetic signal;
PA1  first and second means for providing noise signals;
PA1  first and second means for modulating the two components of the phase
      shifted synthetic signals with the first and second noise signals; and
PA1  means for receiving and reproducing the noise modulated synthetic signals
      and the directly transferred low frequency range sound signals.
NUM  5.
PAR  5. A receiver for use in a system having a transmitter of the type that
      transfers lower frequency range sound signals directly and at least one
      pilot frequency signal modulated by an amplitude signal corresponding to
      the amplitude of the sound signals in a higher frequency range and that
      provides a signal corresponding to a desired noise modulating factor, said
      receiver comprising:
PA1  means for receiving and demodulating the pilot frequency signal to provide
      an amplitude signal corresponding to the amplitude of the signal in the
      higher frequency range;
PA1  means for providing an equivalent signal having a frequency approximately
      equal to the mid range frequency of the higher frequency range;
PA1  means for modulating the equivalent signal with the amplitude signal to
      provide a synthetic signal;
PA1  means for providing a noise signal;
PA1  means for receiving the noise modulating factor signal;
PA1  means responsive to the noise modulating factor signal for controlling the
      level of the noise signal;
PA1  means for modulating the synthetic signal with the level controlled noise
      signal; and
PA1  means for receiving and reproducing the noise modulated synthetic signal
      and the directly transferred lower frequency range sound signal.
NUM  6.
PAR  6. In a receiver of the type that receives a pilot signal sequentially
      modulated with amplitude signals corresponding to the amplitudes of sound
      signals in a predetermined number of partial frequency ranges and
      reproduces the sound signals in said partial frequency ranges by
      simulating said partial frequency ranges with equivalent frequency signals
      having frequencies approximately equal to the mid range frequencies of the
      partial frequency ranges, said equivalent signals being amplitude
      modulated to correspond to the amplitude of the signals in the partial
      frequency ranges, the improvement comprising:
PA1  means for providing a noise signal having a bandwidth approximately equal
      to one-half the bandwidth of the frequency spacing between the equivalent
      signals; and
PA1  means for modulating the amplitude modulated signals with said noise signal
      to produce more realistic and pleasing simulation of the partial frequency
      ranges.
NUM  7.
PAR  7. A receiver for use in a system having a transmitter of the type that
      transfers lower frequency range sound signals directly, a pilot frequency
      signal sequentially modulated by amplitude signals corresponding to the
      amplitudes of sound signals in a predetermined number of partial higher
      frequency ranges, a sync signal corresponding to the repetition rate of
      the sequential modulation of the pilot frequency signal and a signal
      containing noise modulation factor information, said receiver comprising:
PA1  means for receiving and demodulating the sequentially modulated pilot
      frequency signal to provide sequential amplitude signals corresponding to
      the amplitudes of the signals in the partial higher frequency ranges;
PA1  means for providing equivalent signals having frequencies approximately
      equal to the mid range frequency of each partial higher frequency range;
PA1  means for modulating each equivalent signal with the appropriate amplitude
      signal to provide synthetic signals for each partial higher frequency
      range;
PA1  means for distributing the sequential amplitude signals to the modulating
      means;
PA1  means for providing a noise signal;
PA1  attenuation means responsive to the noise modulation factor signal for
      attenuating the noise signal in accordance therewith;
PA1  means for combining the synthetic signals to provide a total synthetic
      signal;
PA1  means responsive to the attenuated noise signal for modulating the total
      synthetic signal therewith; and
PA1  means for receiving and reproducing the noise modulated synthetic signals
      and the directly transferred low frequency range sound signals.
NUM  8.
PAR  8. A receiver as described in claim 7, wherein the noise modulation factor
      signal is transmitted as a component of the sync signal.
NUM  9.
PAR  9. A receiver as described in claim 8, wherein the noise modulation factor
      signal corresponds to the amplitude level of a harmonic of the sync
      signal.
NUM  10.
PAR  10. A receiver as described in claim 9, wherein the noise modulation factor
      signal is transferred as a trapezoidal voltage simultaneously with the
      amplitude information of the partial higher frequency ranges and as a
      frequency corresponding to one-half the repetition frequency of the
      sequential transfer of amplitude information.
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ABST
PAL  A link is connected between each linefinder/first selector combination of a
      telephone system. The links, in turn, are selectively connected to a group
      of ports, several links to one port, and the ports are connected to one or
      more telephone signal processors. When a telephone goes OFF HOOK, the
      sleeve or C lead of the linefinder at which that telephone's scanning
      switch is then pointing (determined by the associated link being connected
      to an available port) is grounded. When the address of this link next
      occurs in a time multiplex cycle, the link is latched, and the telephone's
      tip and ring leads are connected to the link's port. After signal
      processing has ended, or some other release action occurs, the port
      generates a release signal that disconnects the link from the port. While
      any link is connected to its associated port, a make-busy ground circuit
      forming part of eack link applies a false busy signal to the linefinders
      associated with the other links common to the same port. The false busy
      signals prevent the linefinders associated with the other links from
      attempting to seize the busy port via those links. Termination of a
      conversation flowing through one link creates a WINK signal that causes a
      release of its associated linefinder, even though another link may be
      connected to the associated port at the time the conversation is
      terminated. In the case where two links associated with the same port
      attempt to seize that port at substantially the same time, the link having
      the earlier address in the time multiplex cycle actually seizes the port.
      The second link, upon sensing the creation of a false busy signal (causes
      by the seizing of the port by the first link) is dumped. Dumping the
      second link causes the dumped link's linefinder scanning switch to route
      the second call to a linefinder having a link whose associated port is
      available for signal processing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to telephone systems and, more particularly, to
      telephone signal processing systems, such as tone-to-pulse converters, for
      example.
PAR  In many telephone systems, it is necessary to perform signal processing for
      one reason or another. One of the most common forms of signal processing
      presently in use is the conversion of DTMF signals generated by touch tone
      telephones into rotary dial-type pulses suitable for use by "downstream"
      switching systems. Such conversion is often necessary because many
      downstream switching systems are not operable by DTMF signals directly.
      The telephone signal processor, or in this case, tone-to-pulse converter,
      may be allotted to a plurality of telephone lines. In such a case, the
      circuit providing access to the telephone lines is usually referred to as
      a port. Each port includes an array of electronic circuitry adapted to
      route signals, in this case DTMF signals, from associated linefinders to
      the tone-to-pulse converter, and from the tone-to-pulse converter to
      associated first selectors. The port may, in this context, be either
      dedicated to a specific signal converter, or be constructed to operate in
      conjunction with a pool of converters via some type of allotter switch.
PAR  In the past, the ports have been dedicated to associated linefinders and
      first selectors on a one-to-one basis. However, this arrangement has been
      more expensive than desirable because in many instances port use is only
      required for a small portion of the time that a particular telephone line
      is seized. For example, if tone-to-pulse signal processing is required,
      port usage only occurs during the dialing interval, not during the
      conversation interval of a total line seizure interval. Thus, in the past,
      ports have been idle for extended periods of time. Obviously, idle
      equipment is not cost effective, i.e., it is not cost effective on a
      cost-per-use basis. In the case of ports, idleness is particularly
      undesirable because ports are relatively expensive electronic circuits.
PAR  Therefore it is an object of this invention to provide an apparatus for
      reducing the number of ports needed in a telephone signal processing
      system, such as a tone-to-pulse conversion system.
PAR  It is a further object of this invention to provide a port multiplexer
      suitable for utilizing ports in a more efficient manner.
PAR  It is a still further object of this invention to provide an apparatus for
      use in a telephone signal processing system that reduces the idle time of
      the ports forming a portion of such a system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with principles of this invention a port multiplexer for a
      telephone signal processing system is provided. The port multiplexer
      includes a plurality of time shared links, one adapted for connection
      between each linefinder and its associated first selector of the telephone
      system to which the telephone signal processor is to be connected. Groups
      of links are connected to common ports, whereby the number of required
      ports is substantially less than the number of required links.
PAR  In a conventional manner, the linefinders are scanned by scanning switches.
      When a scanning switch finds a linefinder connected to a link with an
      available port, it stops. Thereafter, when a telephone related so that
      linefinder goes OFF HOOK, the linefinder's sleeve or C lead is grounded.
      (As will be understood by those skilled in the telephone art, the terms
      "sleeve lead" and "C lead" are generally used to define connections or
      wires performing the same function--carrying busy status information
      between linefinders and first selectors.) If the available port is
      "seized" by another linefinder connected to it prior to the denoted
      telephone going OFF HOOK, the telephone's scanning switch stops "pointing"
      and scans for another link with an available port. When such a link is
      found, scanning again stops. Thus, the denoted telephone is immediately
      connected to an available port, if any port to which its links are
      connected is available when the telephone goes OFF HOOK.
PAR  When a telephone's going OFF HOOK causes a sleeve lead ground to occur, the
      associated link is temporarily seized, and it attempts to seize the port
      to which it is connected. Seizure, if it is to occur, occurs the next time
      the link's address turns up in the link time multiplex cycle. Normally
      seizure does occur, and when it does, a latch forming part of the link is
      set. The latch maintains port seizure until it is reset. When port seizure
      occurs, the OFF HOOK telephone's tip and ring leads are split and
      connected to the available port, and thence, to the telephone signal
      processor.
PAR  At the same time that port seizure occurs, a false busy signal (ground) is
      applied to the sleeve leads of all of the other links associated with the
      seized port. Thus, if any of the scanning switches associated with the
      linefinders of one of those other links is pointing at any of them when
      the port is seized, those scanning switches immediately scan (look) for
      another link with an available port.
PAR  After the link connection between the port and the subscriber's tip and
      ring leads is made, signal processing occurs. (As used herein, signal
      processing covers a variety of electronic functions that can be performed
      on telephone signals. One of the most common signal processing functions
      is tone-to-pulse conversion. However, the invention is equally suitable
      for use with other types of telephone signal processing systems--for
      example, computer-type signal processing systems adapted to process
      signals in various manners.) At the end of signal processing, a release
      signal is generated by the port. The release signal resets the latch of
      the link that seized the port. Resetting the latch disconnects the link
      from the port, and terminates the false busy signal. Thereafter, the port
      becomes available for seizure by the other links to which it is connected.
PAR  In accordance with other principles of this invention, when a port is
      seized by one of its links, it generates a P AVAIL signal. The P AVAIL
      signal is applied to all links connected to the seized port and causes
      each link to activate a make-busy ground circuit. The make-busy ground
      circuits apply a false ground to the sleeve or C leads connected to their
      associated links and, thus, to all linefinders associated with a seized
      port. The false grounds form the false busy signals, and prevent other
      linefinders from attempting to seize the seized port via the other links.
PAR  In accordance with further principles of this invention, when a telephone
      conversation terminates, a wink circuit forming a portion of the link
      carrying the conversation causes any false ground generated by the
      make-busy ground circuit of that link to be interrupted for a short (wink)
      interval. The wink interval enables the linefinder to release the
      subscriber's or customer's line. After the wink interval, the false ground
      created by the make-busy ground circuit is returned to insure that the
      scanning switch ignores the wink creating link because it is not available
      for service until the P AVAIL signal is removed following release of the
      port.
PAR  In accordance with still further principles of this invention, an attempt
      by two links to seize their common port at substantially the same period
      of time results in the link whose address occurs first in the link
      multiplex cycle actually seizing the port. As noted above the other link
      is requested to generate a false ground when seizure occurs, by the P
      AVAIL signal. This P AVAIL signal in combination with link seizure causes
      tip and ring line splitting to occur, but not port connection. Such line
      splitting without port connection releases the first selector and
      associated linefinder of the non-seizing link. Release of these items
      causes the related linefinder scanning switch to scan for another link
      having an available port. Once the scanning switch has moved on, the false
      ground is applied, as in the normal situation.
PAR  It will be appreciated from the foregoing brief summary that the invention
      comprises an apparatus for multiplexing at least one port to a plurality
      of links. Preferably, a plurality of ports are multiplexed to a plurality
      of links with the number of ports being substantially less than the number
      of links. Thus, the idle time of the ports is greatly reduced when
      compared to prior art systems wherein a port is dedicated to each
      linefinder/first selector combination of a telephone system. Because the
      number of ports required is substantially reduced, the cost per port use
      is also substantially reduced. Preferably, the connections between
      multiple links and multiple ports is chosen in accordance with a traffic
      analysis so that all ports are connected to both high and low traffic
      linefinders, rather than some being connected to only high (and others to
      low) traffic linefinders. Such a choice of connections obviously will
      result in averaging traffic over all of the ports whereby, statistically,
      a port will be available to any telephone whenever it is needed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and many of the attendant advantages of this
      invention will become more readily appreciated as the same becomes better
      understood by reference to the following detailed description when taken
      in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a simplified block diagram illustrating a prior art arrangement
      wherein a port is dedicated to each linefinder/first selector combination;
PAR  FIG. 2 is a simplified block diagram of the port multiplexer of the
      invention;
PAR  FIG. 3 is a block diagram illustrating three links adapted to connect three
      linefinders and first selectors to a common port;
PAR  FIG. 4 is a block diagram of a link formed in accordance with the
      invention;
PAR  FIG. 5 is a schematic and logic diagram of a link formed in accordance with
      the invention;
PAR  FIG. 6 is a timing diagram illustrating an attachment and release sequence
      of operation of a link formed in accordance with the invention;
PAR  FIG. 7 is a timing diagram illustrating the wink aspect of the invention;
      and
PAR  FIG. 8 is a timing diagram illustrating the dump aspect of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram generally illustrating a prior art telephone
      system that includes provision for access to the system's telephone lines
      in order for signal processing of telephone signals to be performed. The
      incoming lines 11 of a plurality of telephones are connected to
      linefinders 15 (1,2--N) in a conventional manner. A scanning switch 13 is
      also connected to the linefinders 15. The output of each linefinder 15 is
      connected to a port 17 (1,2--N) and the output of each port is connected
      to a first selector 19 (1,2--N). Thus, N linefinders, N ports and N first
      selectors are included in the total system, and related on a one-to-one
      basis. The outputs of the first selectors are connected to subsequent
      switching hardware (not shown).
PAR  In a conventional manner, the scanning switch 13 scans the linefinders
      until it finds one with an available port 17. It then stops scanning and
      "points" to that linefinder. The next telephone of the plurality of
      telephones to go OFF HOOK is connected via that linefinder to its first
      selector 19 via the associated port 17. When the associated first selector
      receives loop current across associated tip and ring leads, indicating
      that a connection is being sought, it returns a ground to the linefinder
      15 via the port 17 to complete the attachment sequence. Thereafter, the
      signals generated by the OFF HOOK telephone are applied to the "seized"
      port 17 via the associated linefinder 15. The port diverts these signals
      to a signal processor. The signal processor may, for example, be a
      dedicated signal processor (such as a dedicated tone-to-pulse converter)
      or an allotted signal processor (i.e., one common to all of the ports, or
      a plurality thereof). In any event, the signal processing circuitry
      recognizes whether or not signal processing is necessary. If so, the port
      is instructed to split the line (if necessary) and signal processing takes
      place. Processed output signals are applied by the "seized" port 17 to the
      associated first selector 19. By way of example, if the OFF HOOK telephone
      is a DTMF telephone, the port will divert the first DTMF signal to the
      signal processor. Assuming that the signal processor is adapted to convert
      DTMF signals into pulse signals, it will cause the port to split the line,
      perform necessary tone validity tests and then outpulse rotary dial-type
      telephone pulses. These pulses are then applied by the same port to its
      associated first selector 19.
PAR  It will be appreciated from viewing FIG. 1 that, in the past, a port has
      been required between each linefinder and each first selector. This
      requirement has led to an undesirable level of cost-per-use because ports
      are relatively sophisticated, and, therefore, relatively expensive
      electronic circuits that often include DTMF receivers, modulators,
      buffers, gating circuits, etc. In many cases, such as tone-to-pulse
      conversion, their use is only required during a short period of the total
      time that a particular linefinder/first selector combination is seized by
      a telephone. More specifically, in a tone-to-pulse conversion situation, a
      port is only needed during dialing. It is not needed during voice
      communication. Hence, it is desirable to reduce the total number of ports
      utilized in an overall telephone system. The present invention is directed
      to accomplishing this result.
PAR  FIG. 2 is a block diagram of a port multiplexer formed in accordance with
      the present invention and comprises: one or more scanning switches 13; a
      group of linefinders 15 associated with each scanning switch; a group of
      links 23 connected to each group of linefinders; a group of first
      selectors 19 connected to each group of links; a plurality of ports 17; a
      clock 24; and an address generator 25. It is pointed out here that FIG. 2
      is a simplified block diagram of a port multiplexer formed in accordance
      with the invention. In this regard, only three scanning switches 13 are
      illustrated, one connected to each group of three groups of linefinders
      (1aA-20A, 1B-20B and 1C-20C). However, it will be appreciated that
      additional numbers of scanning switches and groups of linefinders may be
      included in an actual embodiment of the invention. Similarly, additional
      groups of links and first selectors may be included in an actual
      embodiment of the invention.
PAR  The groups of linefinders are connected through associated groups of links
      (1A-20A, 1B-20B and 1C-20C) to associated groups of first selectors
      (1A-20A, 1B-20B and 1C-20C), all on a one-to-one basis. Thus, each
      linefinder is connected through a link to a first selector. The links are
      formed in accordance with the invention and hereinafter described, whereas
      the linefinders and first selectors are conventional prior art devices,
      and thus, not described herein.
PAR  The links 23 are selectively connected to the ports 17. For purposes of
      discussion, only three links of each group of links are illustrated in
      FIG. 2. Moreover, only three ports are illustrated for purposes of clarity
      and simplicity. It is pointed out, however, that each port could be
      connected to more links and more ports could be included, if desired,
      depending upon the telephone traffic carried by the telephone lines 11.
      For example, in one actual embodiment of the invention each link "group"
      includes, as illustrated, twenty linefiner/first selector combinations,
      and six links, spread among the various link groups, are connected to each
      port. In the simplified illustrated embodiment of the invention, links 1A,
      11B and 20C are connected to the first port (PORT 1); links 5A, 1B and 15C
      are connected to the second port (PORT 2); and links 20A, 20B and 1C are
      connected to the third port (PORT 3).
PAR  It will be appreciated from viewing FIGS. 1 and 2 and the foregoing
      description, that the number of ports included in the port multiplexer of
      the invention is substantially less than the number of ports utilized in
      prior art systems.
PAR  The clock 24 and the address generator 25 are connected to all of the
      links. The simultaneous occurrence of a clock pulse and the address of a
      link allows the addressed link to take the action hereinafter described.
      It should be noted that the clock and address generator could form part of
      a signal processor, or at least their functions could be performed by a
      suitable signal processor. In any event, the address generator is
      preferably "hard wired" to each link. In one form, the address generator
      may take the form of a counter and a decoder for decoding the count state
      of the counter, each count state defining the address of a particular
      link.
PAR  In operation, rather than the scanning switches 13 looking for a linefinder
      having an available port, as has been done in the past, the scanning
      switches look for linefinders connected to links with available ports. As
      will be better understood from the following description, any time a
      scanning switch is pointing at a linefinder connected to a link with an
      available port, and that port is seized by another linefinder connected to
      the same port via another link, the scanning switch associated with the
      first linefinder scans for another linefinder connected to a link with an
      available port. Because the ports are common to a plurality of links,
      obviously, their idle time is greatly reduced over the idle time of ports
      utilized in the manner illustrated in FIG. 1 and heretofore described. By
      analyzing the amount of telephone traffic on the incoming lines 11, and
      connecting them to links and ports in a statistical manner, the total
      traffic load can be spread over the ports in a manner such that,
      statistically, a port will always be available to any telephone
      immediately after it goes OFF HOOK.
PAR  FIG. 3 is a block diagram of three links common to a single port. Links 1A,
      11B and 20C, common to PORT 1, are illustrated in FIG. 3. Each link
      includes a pair of sleeve or C lead terminals designated C-IN and C-OUT.
      These terminals are connected for the C or sleeve leads commonly
      associated with linefinders and first selectors. C-IN is connected to the
      associated first selector and C-OUT is connected to the associated
      linefinder. In addition, each link includes terminals designated T-IN,
      R-IN, T-OUT and R-OUT terminals. The T and R refer, as is common in the
      telephone art, to the tip and ring leads. T-IN and R-IN are connected to
      the tip and ring terminals of the associated linefinder and T-OUT and
      R-OUT are connected to the tip and ring terminals of the associated first
      selector. Also, each link includes an address terminal designated ADDRESS
      connected to a suitable address generator, as described above, that scans
      all links in a sequential manner during a time multiplex cycle of
      operation. Further, all of the links are connected to: a clock terminal
      designated CLOCK; and, a release terminal designated RELEASE. CLOCK is
      connected to a suitable clock source, also as discussed above, and RELEASE
      is connected to the associated port so as to receive a release signal
      therefrom when signal processing is complete.
PAR  All of the links are also connected to four terminals designated PT-IN,
      PR-IN, PT-OUT and PR-OUT, which are connected to the associated port, in
      this case PORT 1. PT-IN and PR-IN stand for port tip and ring input
      terminals. PT-OUT and PR-OUT stand for port tip and ring output terminals.
      In addition, in the manner hereinafter described each link is adapted to
      generate an output signal designated ACTIVE. All ACTIVE outputs are
      connected to the inputs of a NOR gate designated NOR 1, having the number
      of its inputs equal to the number of links, in the illustrated case,
      three. The output of NOR 1 is inverted by an inverter designated I1. The
      output of I1 is designated P AVAIL and stands for the complement of port
      available (P AVAIL). The P AVAIL output of NOR 1 is connected to each link
      to cause the actions hereinafter described, when one of the links seizes
      their common port.
PAR  In operation, when an address pulse and a clock pulse simultaneously occur,
      the addressed link is activated, in the manner hereinafter described, to
      perform certain functions, if it has been previously conditioned to
      perform those functions by an associated telephone going OFF HOOK. When
      any of the illustrated links is activated by these conditions occurring,
      it creates an active signal, i.e., its ACTIVE output achieves a binary one
      state. This active signal causes the output of I1, P AVAIL, to achieve a
      binary one state and force all of the other links to apply a false busy
      (ground) signal to their C-OUT terminal. This false busy signal informs
      their associated linefinders that the port to which they are connected is
      busy, and thus, not available. This action, as previously described,
      causes the scanning switch associated with these other linefinders to scan
      for other linefinder with a link connected to an available port, if they
      were pointing at one of the illustrated links when the false busy signal
      was initiated.
PAR  FIG. 4 is a block diagram of a preferred embodiment of a link formed in
      accordance with the invention, and FIG. 5 is a schematic and logic diagram
      of the same embodiment. These figures include: a linefinder detector 31; a
      control circuit 33; a selector detector 35; a coupler 36; a wink circuit
      37; a busy indicator 38; a make-busy ground circuit 39; a current sensor
      41; and inhibitor 43; a line split relay circuit 45; and, a link relay
      circuit 47.
PAR  C-IN and C-OUT are connected to the coupler 36. The coupler is also
      connected to the busy indicator 38 and the selector detector 35. C-OUT is
      also connected to the make-busy ground circuit 39 and the linefinder
      detector 31.
PAR  The P AVAIL output of I1 is connected to the make-busy ground circuit 39
      and to the control circuit 33. RELEASE, CLOCK and ADDRESS are connected to
      inputs of the control circuit 33. T-IN, R-IN, T-OUT and R-OUT are
      connected through the line split relay circuit 45 and the link relay
      circuit 47 to PT-IN, PR-IN, PT-OUT and PR-OUT, respectively, as most
      clearly illustrated in FIG. 5 and hereinafter described.
PAR  The control circuit generates the ACTIVE signal that, in addition to being
      applied to NOR 1, is also applied to the link relay circuit 47. The
      control circuit also generates a signal designated ACTIVE, which is the
      complement of ACTIVE. ACTIVE is applied to the link relay circuit 45 and
      to the linefinder detector 31. Finally, the control circuit generates a
      signal designated DUMP, which is applied to the line split relay circuit
      45 and to the selector detector 35.
PAR  The make-busy ground circuit is also connected to the current sensor 41.
      The current sensor is connected by the inhibitor 43 to the linefinder
      detector 31. The selector detector is connected to the linefinder detector
      31 and to the wink circuit 37. The wink circuit 37 generates a signal
      designated WINK and applies it to the make-busy ground circuit 39. The
      linefinder detector 31 generates two signals designated NEWCALL and
      NEWCALL and applies them to the control circuit 33. NEWCALL is the
      complement (opposite binary state) of NEWCALL.
PAR  Prior to describing the operation of the link illustrated in FIG. 4, a
      brief description of two telephone system operation sequences is set
      forth, because the invention is useful with either sequence. In one
      sequence, when a customer or subscriber goes OFF HOOK, C-OUT is
      immediately grounded. The OFF HOOK telephone also creates a tip/ring loop,
      which draws current from a battery supply in the first selector. This loop
      current causes the first selector to return a ground potential via its C
      lead (C-IN). It is this sequence of operation that is used to assist in
      describing the operation of the present invention. In the second telephone
      sequence of operation, a C-OUT ground is not immediately created when a
      subscriber goes OFF HOOK. Rather, tip/ring loop current causes the first
      selector to return a ground (on C-IN) before the C-OUT ground occurs. The
      present invention compensates for this time delay by forming the selector
      detector in a manner such that it reacts slower than the linefinder
      detector, the time delay being adequate for the linefinder detector to
      react to a C-OUT ground before the selector detector reacts to a C-IN
      ground. The circuit illustrated in FIG. 5 and hereinafter described has a
      built in time delay that accomplishes this result.
PAR  Turning now to a description of the operation of the link illustrated in
      FIG. 4, assuming that the linefinder associated with the illustrated link
      is being pointed at when a related telephone goes OFF HOOK, C-OUT is
      grounded. Shortly thereafter the tip/ring loop current causes the first
      selector to return a ground via C-IN, i.e., C-IN is grounded. The C-OUT
      ground is detected by the linefinder detector and causes NEWCALL to
      achieve a binary one state. NEWCALL is generated by a C-OUT ground and the
      failure of the selector detector to create an output indicating that C-IN
      is at ground. At the same time that NEWCALL achieves a binary one state,
      NEWCALL achieves a binary zero state. Thus, the control circuit 33 is
      advised that the telephone has gone OFF HOOK.
PAR  When the link's CLOCK and ADDRESS inputs simultaneously achieve binary one
      states during the time multiplex cycle, a latch in the control circuit 33
      latches, causing ACTIVE to achieve a binary one state and ACTIVE to
      achieve the complementary (binary zero) state. ACTIVE becoming a binary
      one causes P AVAIL to achieve a binary one state also. In addition, an
      ACTIVE binary one state causes the link relay circuit 47 to link T-IN,
      T-OUT, R-IN and R-OUT to PT-IN, PT-OUT, PR-IN and PR-OUT, respectively.
      The ACTIVE zero causes the line split relay circuit 45 to split the line
      between T-IN and R-IN, and T-OUT and R-OUT, respectively. In this manner,
      the tip and ring input and ouput leads are connected to the port tip and
      ring input and output leads, and then split. This connection allows the
      port to convey the telephone signals to an associated signal processing
      system in a conventional manner.
PAR  When signal processing is complete, the port causes RELEASE to achieve a
      binary one state. This state resets the latch of the control circuit 33
      causing ACTIVE and ACTIVE to return to binary zero and one states,
      respectively. These states cause the line split relay circuit to first
      couple T-IN and R-IN to T-OUT and R-OUT, respectively, and then the line
      relay circuit to disconnect T-IN, R-IN, T-OUT and R-OUT from PT-IN, PR-IN,
      PT-OUT and PR-OUT, respectively. The ACTIVE binary zero also causes P
      AVAIL to return to a binary zero state.
PAR  The make-busy ground circuit 39 of each link common to a "seized" port
      establishes a false ground on its C-OUT terminal that, as previously
      discussed, informs their associated linefinders that the common port is
      not available. In this regard P AVAIL causes the make-busy ground circuits
      39 to generate the false ground signal. The generation of the false ground
      signal by the make-busy ground circuit is sensed by the current sensor 41
      and, through the inhibitor 43, prevents the linefinder detectors 31 of all
      links, other than the link that has seized the port, from generating
      NEWCALL and NEWCALL.
PAR  It will be appreciated that several common port links could be carrying a
      conversation at the same time other links are indicating that the port is
      available. These latter links can seize the port, as needed, and allow the
      desired coupling to a signal processor to take place. In some instances,
      the port may be "seized" by one link when a conversation carried by
      another link terminates. It will be appreciated by those skilled in the
      art that it is desirable to immediately free the linefinder and first
      selector associated with the conversation terminated link. Obviously, such
      release action must take place without the seizing link being required to
      release the port. The wink circuit performs this function. Specifically,
      when the conversation terminates and the telephone goes ON HOOK, the
      selector detector 35 generates a signal that causes the wink circuit 37 to
      generate a wink signal. The wink signal (illustrated as WINK) is basically
      a short time period binary zero level square wave that inhibits the
      make-busy ground circuit 39 of the conversation terminated link only for a
      short time period. The time period is adequate for the linefinder to
      release the subscriber's or customer's line before the false ground is
      returned to signify to the scanning switch that the linefinder is not
      available for subsequent use.
PAR  It is possible for two links connected to a common port to have their C-OUT
      terminals grounded at substantially the same point in time. Should this
      occur, the link whose address first turns up in the link time multiplexing
      sequence will seize the port. The other link, upon sensing that P AVAIL
      has achieved a binary one state will apply a false ground to its C-OUT
      terminal. In this case, however, the current sensor of the non-seizing
      link does not prevent the linefinder detector from generating NEWCALL;
      rather, it allows NEWCALL to remain in the binary one state caused by the
      initial simultaneously occurring OFF HOOK action of the two telephones.
      The control circuit 33, upon sensing the one state of P AVAIL and NEWCALL,
      generates a DUMP signal (DUMP goes to zero). The DUMP zero activates the
      line split relay circuit 45 to split the line. Splitting the line without
      creating a prior connection to the port prevents the first selector from
      creating a C-IN ground, whereupon the linefinder subsequently removes the
      C-OUT ground. This action, in turn, causes the NEWCALL and DUMP signals to
      return to zero. DUMP returning to one activates the wink circuit via the
      selector detector, briefly removing the false make-busy ground signal. The
      end result of this sequence of actions, which is more fully described
      below, causes the associated linefinder scanning switch to route the
      incoming call to another linefinder with a link whose associated port is
      available for signal processing.
PAR  FIG. 5 illustrates in more detail a link circuit formed in accordance with
      the invention. The linefinder detector 31 comprises: a capacitor
      designated C1; two diodes designated D1 and D2; a three-input NAND gate
      designated NAND 1; an inverter designated I2; and, four resistors
      designated R1 through R4. R1, R2 and R3 are connected in series between
      C-OUT and one input of NAND 1. The junction between R2 and R3 is connected
      to the cathode of D2. The anode of D2 is connected to ground. C1 is
      connected in parallel with D2. C-OUT is also connected to the anode of D1.
      The cathode of D1 is connected to the junction between R1 and R2. The
      output of NAND 1 is connected to the input of I2. The output of I2 is
      connected through R4 to the junction between R3 and its associated input
      of NAND 1. The output of NAND 1 is the signal designated NEWCALL and the
      output of I2 is the signal designated NEWCALL. These signals are applied
      to components of the control circuit hereinafter described. Also connected
      to C-OUT, through a resistor designated R0, is a voltage source designated
      -V1.
PAR  The control circuit 33 comprises: two two-input NAND gates designated NAND
      2 and NAND 3; a two input NOR gate designated NOR 2; and, a JK flipflop
      designated FF1. NEWCALL is applied to one input of NAND 2 and NEWCALL is
      applied to one input of NOR 2. P AVAIL is applied to the second inputs of
      NAND 2 and NOR 2. NAND 3 receives the CLOCK and ADDRESS inputs previously
      described. The output of NAND 2 is the signal designated DUMP. The output
      of NOR 2 is connected to the J input of FF1. The output of NAND 3 is
      connected to the CLOCK input of FF1. RELEASE is applied to the k input of
      FF1. The Q output of FF1 is the signal designated ACTIVE and the Q output
      of FF1 is its complement, ACTIVE. ACTIVE is applied to the second input of
      NAND 1 of the linefinder detector.
PAR  The coupler 36 comprises: two capacitors designated C2 and C3; a diode
      designated D3; a zener diode designated ZD1 and a resistor designated R5.
      C-OUT is connected to the cathode of ZD1. The anodes of ZD1 and D3 are
      connected together and to C-IN. C2 is connected in parallel with ZD1. The
      junction between ZD1 and D3 is connected through R5 in series with C3 to
      ground.
PAR  The selector detector 35 comprises: six resistors designated R6-R11; four
      diodes D4-D7; two capacitors designated C4 and C5; two inverters
      designated I3 and I4; and, a two-input NAND gate designated NAND gate 4.
PAR  The cathode of D3 is connected through R6 in series with R7 and R8 to the
      cathode of D5. The anode of D5 is connected to a second voltage source
      designated -V2. The cathode of D3 is also connected to the anode of D4,
      and the cathode of D4 is connected to the junction between R6 and R7. The
      junction between R7 and R8 is connected to the anode of D6. The cathode of
      D6 is connected to ground; and, C4 is connected in parallel with D6. The
      cathode of D5 is also connected to the input of I3. The output of I3 is
      also connected to one input of NAND 1 (of the linefinder detector 31).
PAR  The output of NAND 4 is connected through R9 to the cathode of D5. Further,
      the output of NAND 4 is connected through R10 in series with C5 to the
      input of I4. The input of I4 is also connected through R11 to ground, and
      to the cathode of D7. The anodes of D7 and D5 are connected to -V2.
PAR  The line split relay circuit comprises: two two-input NAND gates designated
      NAND 5 and NAND 6; four resistors designated R12-R15; a capacitor
      designated C6; a PNP transistor designated Q1; two diodes designated D8
      and D9; and, a relay having a coil designated K1 and two pair of normally
      closed contacts designated K1-1 and K1-2.
PAR  DUMP is applied to one input of NAND 5 and ACTIVE is applied to the second
      input of NAND 5. The output of NAND 5 is connected to one input of NAND 6
      and through R12 in series with C6 to -V2. The junction between R12 and C6
      is connected to the second input of NAND 6. The output of NAND 6 is
      connected to the cathode of D8. The anode of D8 is connected through R13
      in series with R14 to ground. The junction between R13 and R14 is
      connected to the base of Q1. The emitter of Q1 is connected to ground. The
      collector of Q1 is connected to the cathode of D9. The anode of D9 is
      connected through R15 to -V1. K1 is connected in parallel with D9. K1-1 is
      connected between R-IN and R-OUT; and K1-2 is connected between T-IN and
      T-OUT.
PAR  The link relay circuit comprises: four resistors designated R16-R19; a
      capacitor designated C7; a two-input NOR gate designated NOR 3; two diodes
      designated D10 and D11; a PNP transistor designated Q2; and, a relay
      comprising a coil designated K2 and four normally open contacts designated
      K2-1, K2-2, K2-3 and K2-4.
PAR  ACTIVE is applied to one input of NOR 3 and through R16 in series with C7
      to -V2. The junction between R16 and C7 is connected to the second input
      of NOR 3. The output of NOR 3 is connected to the cathode of D10. The
      anode of D10 is connected through R17 in series with R18 to ground. The
      junction between R17 and R18 is connected to the base of Q2. The emitter
      of Q2 is connected to ground. The collector of Q2 is connected to the
      cathode of D11. The anode of D11 is connected through R19 to -V1. K2 is
      connected in parallel with D11. K2-1 is connected between T-IN and PT-IN;
      K2-2 is connected between R-IN and PR-IN: K2-3 is connected between T-OUT
      and PT-OUT; and, K2-4 is connected between R-OUT and PR-OUT.
PAR  It will be appreciated from viewing FIG. 5 and the previous description
      that the line split relay circuit is quite similar to the link relay
      circuit. That is, ignoring NAND 5, the circuits are identical with the
      exception that one includes a NAND gate and the other includes a NOR gate.
      It will be appreciated that these gates, in combination with their input
      resistors and capacitors (which form time delay circuits) merely operate
      in opposite modes. In one case, the output of the gate shifts immediately
      upon the occurrence of the opposite input signal and in the other case,
      the output shifts after the capacitor voltage has achieved a suitable
      level state. The purpose of the circuits is to allow K1 and K2 to open and
      close their associated relay contacts in the right sequence. That is, as
      will be appreciated by those skilled in the art it is necessary to supply
      a substitute voltage to a telephone prior to its associated tip and ring
      lines being split, the line splitting function in this case being
      performed by K1-1 and K1-2 and the port supplying the substitute voltage.
      In order for this voltage to be supplied prior to line splitting, K2 must
      be activated to close its associated contacts before K1 is activated to
      open its associated contacts. In reverse (line restoring), it is necessary
      that K1 close its associated contacts prior to K2 opening its associated
      contacts. These sequences are controlled by NAND 6 and NOR 3, and their
      respective delay circuits. In this way, the oscillators of the associated
      telephone are always maintained energized and erroneous signals are not
      caused by the occurrence of step switching transients.
PAR  The make-busy ground circuit 30 comprises: a two-input NAND gate designated
      NAND 7; three resistors designated R21-R23; a PNP transistor designated
      Q3; two diodes designated D12 and D13; and, a zener diode designated ZD2.
      P AVAIL is applied to one input of NAND 7. WINK, generated by the wink
      circuit hereinafter described, is applied to the second input of NAND 7.
      The output of NAND 7 is connected to the cathode of D12. The anode of D12
      is connected through R21 to the base of Q3. R22 is connected across the
      emitter-base terminals of Q3. The collector of Q3 if connected to the
      anode of ZD2 and, through R23 to the anode of D13. The cathode of D13 is
      connected to C-OUT.
PAR  The current sensor 41 comprises: a PNP transistor designated Q4; and, a
      resistor designated R24. The base of Q4 is connected to the emitter of Q3
      and through R24 to ground. The emitter of Q4 is connected to ground and to
      the cathode of ZD2.
PAR  The inhibitor 43 comprises: a NPN transistor designated Q5; three resistors
      designated R25, R26 and R27; and, a diode designated D14. The collector of
      Q4 is connected, through R27, to the base of Q5. The base of Q5 is also
      connected through R25 to -V2. The collector Q5 is connected through R26 to
      the junction between R2 and R3 of the line finder detector 31. The emitter
      of Q5 is connected to -V2 and to the anode of D14. The cathode of D14 is
      connected to the junction between R2 and R3.
PAR  The wind circuit 37 comprises: a diode designated D15; two resistors
      designated R27 and R28; a capacitor designated C8; and, an inverter
      designated I5. The output of I4 of the selector detector 35 is connected
      to the anode of D15. The cathode of D15 is connected through R27 to -V2.
      The cathode of D15 is also connected to the input of I4 and through C8 in
      series with R28 to -V2. The output of I4 is the signal designated WINK and
      is applied to the second input of NAND 7 of the make-busy ground circuit
      39.
PAR  The link illustrated in FIG. 5 operates in the manner setforth above with
      respect to FIG. 4. This operation is clearly illustrated in the FIGS. 6, 7
      and 8 timing diagrams. Assume first that the link is quiescent, i.e., its
      associated port is available. When quiescent, C-OUT is at a binary zero
      state, C-IN is zero, NEWCALL is zero, NEWCALL is one, ACTIVE is zero,
      ACTIVE is one, P AVAIL is zero, WINK is one and DUMP is one. Under this
      set of conditions, all of the inputs to NAND 1 are one, except for its
      C-OUT input (on R3).
PAR  Assuming that the associated linefinder's scanning switch is pointing at
      the illustrated link when a related telephone goes OFF HOOK, the grounding
      of C-OUT caused by the OFF HOOK state of the telephone causes the third
      input of NAND 1 to achieve a binary one state whereby NEWCALL changes to a
      binary zero state and NEWCALL becomes a one, see the third and fourth
      lines of FIG. 6. The next scan clock signal (combination of CLOCK and
      ADDRESS simultaneously achieving one states) clocks the now one output of
      NOR 2 into FF1 causing ACTIVE to achieve a one state and ACTIVE to achieve
      a zero state. ACTIVE achieving a zero state terminates NEWCALL, i.e., it
      returns to its zero state. The sensing of a C-IN ground by the selector
      detector after a short, built-in time delay causes its input to NAND 1 to
      prevent the generation of a second NEWCALL when signal processing is
      complete and ACTIVE returns to a binary one state. The setting or latching
      of FF1 also causes the line split and link relay circuits to operate in
      the manner described above whereby the port is connected to the input and
      output tip and ring lines, and those lines are split.
PAR  Signal processing now takes place. At the end of signal processing the port
      causes RELEASE to achieve a one state. The next scan clock clocks the one
      into FF1 causing it to reset, whereby ACTIVE returns to zero and ACTIVE
      returns to one. This reversal of ACTIVE and ACTIVE causes the line split
      and link relay circuits to disconnect the port and restore the tip and
      ring input and output connection.
PAR  As discussed above, during the period of time that one link is connected to
      a common port, the other links apply a false busy ground to their C-OUT
      terminals. This action is accomplished by the P AVAIL one state causing
      the output of NAND 7 to achieve a zero state, WINK being in a one state.
      The zero output of NAND 7 turns Q3 on, grounding C-OUT through D13, R24,
      Q3 and R23. The current flow through Q3 switches Q4 on which, in turn,
      switches Q5 on. Turning Q5 on clamps the "C-OUT" input of NAND 1 to a
      binary zero level, preventing newcall from achieving a one state.
PAR  As also discussed above, the termination of a conversation carried by one
      link during the period of time that its make-busy ground circuit is
      adapted to generate a ground results in a WINK signal. The WINK signal
      allows its associated linefinder to be released. FIG. 7 illustrates WINK
      timing. When the conversation terminates, C-IN drops to a binary zero
      state. This condition is sensed by the selector detector, and causes the
      output of NAND 4 to place a zero on the input of I4. I4 thus places a one
      on the input of I5. This one causes the output of I5 to achieve a zero
      state, and thus, terminate the zero on the output of NAND 7 switching Q3
      off and removing the ground from C-OUT, thereby allowing the associated
      linefinder to be released. The output of I4 stays in a zero state until
      the zero on C5 is discharged through R11 and the one on C8 is discharged
      through R27 to a zero level whereas the output of I4 returns to a one
      state and the output of NAND 7 returns to a zero state. Consequently, the
      time of the WINK pulse is determined by the values of R27, C8 and R28 and
      -V2. It is pointed out here that the values of -V2 and -V1 are different.
      In one actual embodiment of the invention, -V1 is equal to -48 volts, the
      voltage normally applied via a resistance to the oscillators of a touch
      tone-type telephone. In that same embodiment, -V2 is equal to -15 volts.
PAR  As previously indicated, DUMP goes to a zero state when P AVAIL and NEWCALL
      are in one states. This condition occurs when two links are both
      attempting to seize their common port at the same time and the other
      address has turned up first in the link address sequence. The second link
      continues to generate NEWCALL after the first link has seized the port
      because the C-OUT ground caused by its line finder prevents the false
      ground generated by its make-busy circuit from creating a current flow
      through Q3. Thus, Q4 doesn't sense a current flow and the inhibitor
      doesn't clamp the "C-OUT" input to a zero level, whereby NEWCALL remains
      in a one state. The control circuit, upon sensing the one states of P
      AVAIL and NEWCALL generates a DUMP signal (DUMP goes to zero). The zero
      state of DUMP activates the line split relay circuit by causing the output
      of NAND 5 to achieve a one state. Splitting the line without creating a
      prior connection to the port causes the link's linefinder to remove the
      ground from C-lead which action, in turn, causes NEWCALL and DUMP to
      return to zero states. The temporary switching of DUMP from a one state to
      a zero state also activates the wink circuit causing the false make-busy
      ground to be briefly removed. The end result of these actions is to cause
      the linefinder scanning switch to route the second incoming call to
      another linefinder with a link whose associated port is available for
      signal processing.
PAR  The busy indicator comprises: a light emitting diode designated LED and a
      resistor designated R29. The anode of LED is connected to the cathode of
      D3 of the coupler 36. The cathode of LED is connected through R29 to -V1.
      In operation, when the link is busy, current flows through LED causing it
      to emit light in a conventional manner.
PAR  It will be appreciated from the foregoing description of a preferred
      embodiment that the invention provides a port multiplexer suitable for use
      in telephone systems wherein telephone lines are connected to signal
      processing circuitry. Signal processing circuitry may take on a variety of
      forms, including a tone-to-pulse conversion system. The tone-to-pulse
      conversion system may be a dedicated system or an allotted system. In any
      event, the invention reduces the number of ports necessary for inclusion
      in an overall system. The invention does this in a manner such that actual
      port use time is increased (and, conversely, port idle time is reduced)
      over prior art systems. Yet, an adequate amount of port availability time
      remains, particularly if the connections between links and ports is chosen
      in a manner such that traffic is averaged over the entire number of ports
      available. Because the number of ports is reduced, the invention greatly
      decreases the overall port cost-per-use.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, it will be appreciated by those skilled in the art and others
      that various changes can be made therein without departing from the spirit
      and scope of the invention. For example, other types of control circuits
      other than one including a JK flipflop latch can be utilized, if desired.
      In addition, gates other than NOR and NAND gates can be utilized. Further,
      other types of current sensors and related circuitry can be used, if
      desired. Hence, the invention can be practiced otherwise than as
      specifically described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A port multiplexer suitable for use in a telephone signal processing
      system to couple telephone lines to a signal processor comprising:
PA1  at least one port suitable for converting telephone signals into a form
      suitable for receipt by a signal processor; and,
PA1  a plurality of links, each suitable for connection between an associated
      linefinder and first selector of a telephone system, said plurality of
      links being connected to said at least one port for seizing said at least
      one port and selectively routing signals from their associated linefinders
      to said at least one port and from said at least one port to their
      associated first selectors, each of said plurality of links including
      make-busy means for creating a false busy signal when any of the other of
      said plurality of links seizes said at least one port and is selectively
      routing signals from its associated linefinder to said at least one port
      and from said at least one port to its associated first selector.
NUM  2.
PAR  2. A port multiplexer as claimed in claim 1 wherein each of said links also
      includes:
PA1  a coupler adapted to be connected to the C leads of the linefinder and
      first selector associated with said link;
PA1  a linefinder detector connected to said coupler for detecting the creation
      of a ground on the C lead of the linefinder associated with said link;
PA1  a control circuit connected to said linefinder detector for generating an
      output signal, said output signal containing information related to the
      detection of a ground on the C lead of said associated linefinder by said
      linefinder detector;
PA1  a line split circuit adapted to be connected between the tip and ring leads
      of said associated first selector and linefinder for connecting and
      disconnecting said tip and ring leads of said associated first selector
      and linefinder, said line split circuit being connected to said control
      circuit in a manner such that when said output signal contains information
      indicating the detection of a ground by said linefinder detector, said
      line split circuit disconnects said tip and ring leads of said associated
      linefinder and first selector; and,
PA1  a link circuit adapted to be connected between said tip and ring leads of
      said associated linefinder and first selector and tip and ring input and
      output terminals of said at least one port, for connecting and
      disconnecting said tip and ring leads of said first selector and
      linefinder associated with said link to said tip and ring input and output
      terminals of said at least one port, said link circuit being connected to
      said control circuit in a manner such that when said output signal
      contains information indicating the detection of a ground by said
      linefinder detector, said link circuit connects said tip and ring lead of
      said associated linefinder and first selector to said tip and ring input
      and output terminals of said at least one port.
NUM  3.
PAR  3. A port multiplexer as claimed in claim 2 wherein each of said link
      circuits also includes a selector detector connected to said coupler for
      sensing a ground on the C lead of said associated first selector and
      applying a signal to said linefinder detector in accordance therewith.
NUM  4.
PAR  4. A port multiplexer as claimed in claim 3 wherein each of said link
      circuits also includes a wink circuit connected to said selector detector
      and to said make-busy means for temporarily terminating any false busy
      signal being created by said make-busy means when said selector detector
      senses the termination of a ground signal on the C lead of said associated
      first selector.
NUM  5.
PAR  5. A port multiplexer as claimed in claim 4 wherein said make-busy means
      includes:
PA1  a make-busy ground circuit adapted to apply a false ground to the C lead of
      said associated linefinder;
PA1  a current sensor connected to said make-busy ground circuit for sensing
      when said make-busy ground circuit is applying a false ground to the C
      lead of said associated linefinder; and,
PA1  an inhibitor connected to said current sensor and to said linefinder
      detector for applying an inhibit signal to said linefinder detector that
      inhibits the operation of said line-finder detector when said false ground
      is being applied to the C lead of said associated linefinder.
NUM  6.
PAR  6. A port multiplexer as claimed in claim 2 wherein said make-busy means
      includes:
PA1  a make-busy ground circuit adapted to apply a false ground to the C lead of
      said associated linefinder;
PA1  a current sensor connected to said make-busy ground circuit for sensing
      when said make-busy ground circuit is applying a false ground to the C
      lead of said associated linefinder; and,
PA1  an inhibitor connected to said current sensor and to said linefinder
      detector for applying an inhibit signal to said linefinder detector that
      inhibits the operation of said line-finder detector when said false ground
      is being applied to the C lead of said associated linefinder.
NUM  7.
PAR  7. A port multiplexer as claimed in claim 5 wherein each of said links
      selectively connected to said at least one port generates an active binary
      signal when its selector detector detects a ground on the C lead of its
      associated first selector; and, including a gate, connected to receive the
      binary signals generated by each of said links, for generating a
      port-not-available binary signal when any of said links generates an
      active signal, said port-not-available binary signal being applied to all
      of said links so as to cause their make-busy ground circuits to generate
      false grounds.
NUM  8.
PAR  8. A port multiplexer as claimed in claim 1 wherein each of said links
      selectively connected to said at least one port generates an active binary
      signal when it detects a ground on the C lead of its associated first
      selector; and, including a gate, connected to receive the binary signals
      generated by each of said links, for generating a port-not-available
      binary signal when any of said links generates an active signal, said
      port-not-available binary signal being applied to all of said links so as
      to cause their make-busy means to generate false busy signals.
NUM  9.
PAR  9. A link suitable for connection between the C, tip and ring leads of an
      associated linefinder/first selector combination of a telephone system for
      routing signals between said combination and a port having tip and ring
      input and output terminals, said link comprising:
PA1  a coupler for sensing the grounding of the C leads of said associated
      linefinder/first selector combination;
PA1  a linefinder detector connected to said coupler for detecting when said
      coupler senses the grounding of the C lead of the linefinder of said
      associated linefinder/first selector combination;
PA1  a control circuit connected to said linefinder detector for generating
      binary control signals whose state is related to whether said linefinder
      detector is detecting that said coupler has sensed the grounding of the C
      lead of the linefinder of said associated linefinder/first selector
      combination;
PA1  a line split circuit connected to said control circuit for receiving a
      binary control signal from said control circuit and for splitting the tip
      and ring connection between said line-finder and said first selector of
      said associated linefinder/first selector combination when said binary
      control signal is in a predetermined state; and,
PA1  a link circuit connected to said control circuit for receiving a binary
      control signal from said control circuit and for connecting the tip and
      ring leads of said linefinder and first selector of said linefinder/first
      selector combination to the tip and ring input and output terminals of
      said port when said binary control signal is in a predetermined state.
NUM  10.
PAR  10. A link as claimed in claim 9 including a make-busy circuit adapted to
      apply a false ground to said associated linefinder/first selector
      combination upon receipt of an external control signal.
NUM  11.
PAR  11. A link as claimed in claim 10 also including a selector detector
      connected to said coupler for sensing the grounding of the C lead of the
      first selector of said associated linefinder/first selector combination
      and applying a signal to said linefinder detector in accordance therewith.
NUM  12.
PAR  12. A link as claimed in claim 11 also including a wink circuit connected
      to said selector detector and to said make-busy circuit for temporarily
      terminating said false ground created by said make-busy circuit when said
      selector detector senses the termination of a ground signal on the C lead
      of the first selector of said associated linefinder/first selector
      combination.
NUM  13.
PAR  13. A link as claimed in claim 12 wherein said make-busy circuit includes:
PA1  a make-busy ground circuit adapted to apply a false ground to the C lead of
      the linefinder of said associated linefinder/first selector combination;
PA1  a current sensor connected to said make-busy ground circuit for sensing
      when said make-busy ground circuit is applying a false ground to the C
      lead of the linefinder of said associated linefinder/first selector
      combination; and,
PA1  an inhibitor connected to said current sensor and to said linefinder
      detector for applying an inhibit signal to said linefinder detector that
      inhibits the operation of said line-finder detector when said false ground
      is being applied to the C lead of the linefinder of said associated
      linefinder/first selector combination.
NUM  14.
PAR  14. A link as claimed in claim 10 wherein said make-busy circuit includes:
PA1  a make-busy ground circuit adapted to apply a false ground to the C lead of
      the linefinder of said associated linefinder/first selector combination;
PA1  a current sensor connected to said make-busy ground circuit for sensing
      when said make-busy ground circuit is applying a false ground to the C
      lead of the linefinder of said associated linefinder/first selector
      combination; and,
PA1  an inhibitor connected to said current sensor and to said linefinder
      detector for applying an inhibit signal to said linefinder detector that
      inhibits the operation of said line-finder detector when said false ground
      is being applied to the C lead of the linefinder of said associated
      linefinder/first selector combination.
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ABST
PAL  A circuit for generating precise tone signals for use in telecommunications
      systems, such as dial tone, busy tone, ringback tone, etc. the circuit
      provides tone signals at a level suitable for application for distribution
      throughout a telephone central office. A facility for providing interrupt
      of the signals at either a 60 or 120 IPM rate is included.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to telecommunication systems and particularly
      to circuitry for supplying precise tone signals in a telephone central
      office.
PAR  2. Description of the Prior Art
PAR  Since the requirement for use of precise tones in telephone central office
      equipment has existed, the circuitry most commonly used employs two L/C
      oscillators to produce two precise tone frequencies. These two tones are
      then mixed and fed to an output amplifier to drive the distribution paths
      for use throughout the telephone central office. A level adjustment
      permits the output level and therefore the final tone level at the main
      distributing frame to be established. Thus by controlling the level of the
      supply circuit the output is controlled.
PAR  A transfer circuit is frequently incorporated into the design so that each
      of two tone circuits, for any given signal, is fed to about half of the
      telephone central office load. Upon failure of one of the circuits, the
      portion of the load that is supplied, is transferred to the other circuit.
      Circuitry like that described is provided along with telephone central
      office equipment as manufactured by major telephone communication
      manufacturers such as GTE Automatic Electric and Western Electric.
PAR  The desired approach has several shortcomings. Because the oscillators are
      of the L/C type, they are known to drift in frequency, with time,
      temperature and voltage variations.
PAR  In the present invention the output of the frequency dividers selected, are
      summed and fed through a low pass filter to an output amplifier, which
      includes a certain amount of gain variable over a small range, to
      compensate for component variation and losses within the telephone central
      office. If required, failure detectors and transfer circuitry of various
      types well known in the telephone communications field may be included to
      operate in a manner similar to previous circuits. The present circuitry
      typically is used in conjunction with several different attenuator pads,
      all of which have a 900 OHM output impedance, but which may have different
      amounts of loss. Through the use of such pads, signals consisting of the
      same combination of tones but differing in amplitude may be generated by
      the same cards, rather than having to use a separate set of cards for each
      different amplitude of each tone combination.
PAR  By means of the present invention a universal circuit is provided so that
      upon installation into the telephone central office equipment the precise
      tone and correct signal combination will be provided as long as the card
      is properly strapped or programmed. With the present arrangement only one
      circuit card will be required for each frequency combination and external
      interruption will not be required. No frequency drift problem exists.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing is a combined logic block and schematic circuit
      diagram of a precise tone generator including interrupter circuitry, in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the accompanying drawing, the included circuitry comprises
      a 1 MHZ crystal oscillator 10 whose output is connected to four frequency
      dividers 11, 12, 13 and 14. Divider 11, divides the 1 MHZ signal output of
      the crystal oscillator 10 by 1,612 to produce an output frequency of 620
      HZ. Divider 12 divides the crystal oscillator output frequency by 2,082
      providing an output of 480 HZ. Divider 13 divides by 2,272 to provide an
      output of 440 HZ. Divider 14 divides by 2,856 to produce an output
      frequency of 350 HZ.
PAR  The output signals from the four dividers are coupled to two different
      groups of tone selector circuits each of the four tones being coupled to a
      tone selector group consisting of gates 21 through 24 inclusive as well as
      being coupled to a second group of tone selector circuits including gates
      31 through 34. It should be noted that even though two groups of tone
      selector circuits are shown in the preferred embodiment, it would be
      equally within the scope of the present invention to include but a single
      group of tone circuits or alternately more than the two shown.
PAR  The signal outputs connected to the AND gates that form the tone selectors
      are gated in combination through the AND gates with tone control inputs
      corresponding to the signals applied to each individual gate, from
      selection circuitry normally included as a portion of the telephone
      central office equipment. The means whereby these signals are applied does
      not form a portion of the present invention, it would only be required
      that an appropriate gating signal be provided to select a desired tone.
PAR  Also included in the circuitry of the present invention is a summing
      circuit for each group of tone selectors. One of these summing circuits
      includes resistors 25, 26, 27 and 28, amplifier 20 and feedback resistor
      29 all associated with the tone selectors comprised of gates 21 through
      24. For the second group of tone selectors consisting of gates 31 through
      34, the summing circuitry consists of resistors 35 through 38 and
      amplifier 30 and feedback resistor 39.
PAR  The output of amplifier 20 which forms the output of one of the summing
      circuits described above is connected through a low pass filter 50 then
      reamplified by output amplifier 60 to provide a precise tone output
      generated by the present circuitry. The output of amplifier 30 which
      provides the output of the summing circuit associated with gates 31
      through 34 is connected to AND gate 70. At AND gate 70 the other input
      comes from the interrupter circuitry which consists of a type D flip-flop
      41 whose inputs are connected to the outputs of the frequency dividers 12
      and 13 and whose output is connected to a frequency divider 42 which
      divides the output of flip-flop 41 by 20. The output of divider 42
      provides an output of 120 impulses-per-minute. This same output may be
      further divided by a divider 43 which divides by two, to provide a 60
      impulse-per-minute output. As shown in the accompanying drawing the 120
      impulse-per-minute output has been strapped to the input of AND gate 70.
      Alternately the 60 IPM output could have been strapped to provide that
      interrupt rate. The output of gate 70 is then connected to a low pass
      filter 80 whose output is connected to amplifier 90 which will then
      amplify and extend to the telephone central office equipment the selected
      tone output at the 120 IPM interrupted rate.
PAR  The above circuitry has been generally shown in either symbolic or block
      form because the individual detailed circuitry does not form a portion of
      the present invention. Rather it is only required that each of the
      circuits operate to provide the functions described hereinafter. Many
      forms of conventional circuitry could be employed to function as described
      and fall within the scope of the present invention, such circuitry being
      well within the capabilities of those skilled in the art.
PAR  As noted above a preferred embodiment of the present invention provides
      circuitry for generating two different tone combinations. There is
      included however only one interruption generator and only one summing
      circuit capable of being interrupted on the card because in telephone
      central office requirements relatively few of the tone signals have a
      requirement to be supplied on an interrupted basis.
PAR  As may be obvious in referring again to the accompanying drawing, the 1 MHZ
      crystal oscillator 10 generates signals at its output frequency on a
      constant basis and provides these tone signals to the divider circuits 11,
      12, 13 and 14 which continually supply signals at their respective output
      frequencies to the tone selector gates 21 through 24 and 31 through 34.
      The tones then desired for use are selected by telephone central office
      circuitry external to the present tone generators over the input leads
      designated 350, 440, 480, 620 HZ etc., associated with Group One if there
      is no desire that the tone be interrupted.
PAR  For example if the selection equipment requests that the tone to be
      provided to the central office equipment, be dial tone. Inputs will be
      placed on the 350 HZ input terminal and the 440 HZ input terminal causing
      operation of gates 21 and 22 respectively whose outputs will then be
      summed through the summing circuitry via resistors 25 and 26 and amplifier
      20 where they will be extended through low pass filter 50 which will
      remove the harmonic content and change the square-waves generated, into
      sine-waves. These summed sine-waves will then be amplified by output
      amplifier 60 and applied to the telephone central office circuitry as
      required.
PAR  If the selection circuitry wanted a reorder tone to be applied to the
      telephone central office equipment, input signals on the tone control
      inputs for 480 HZ and 620 HZ in Group Two would be applied causing
      operation of gates 33 and 34 permitting the associated tone signals of 480
      HZ and 620 HZ to be extended to the summing circuitry through resistors 37
      and 38 with the resultant signal available at the output of amplifier 30.
      The combined tone is then applied to the input of AND gate 70 to be gated
      by the interrupt circuitry.
PAR  As noted previously the interrupt circuitry consists of a D type flip-flop
      41 whose inputs C and D are connected to the 440 HZ and 480 HZ signal
      leads. The operation of the flip-flop in response to this combination of
      inputs would produce on the Q output a "true" condition at the rate of 40
      pulses-per-second or 2,400 pulses-per-minute. This output signal is then
      applied to frequency divider 42 which divides by 20 producing an output of
      two pulses-per-second or 120 impulses-per-minute. As shown in the
      accompanying drawing this 120 impulse-per-minute output is also strapped
      to AND gate 70 which therefore provides the summed output of the 480 HZ
      and 620 HZ signals (at a rate of 120 times-per-minute) to the low pass
      filter 80. Low pass filter 80 and amplifier 90 operate in the manner
      described above in connection with the description of low pass filter 50
      and amplifier 60, to provide the desired reorder tone to the telephone
      central office equipment.
PAR  It should be noted at this time that if it had been desired to interrupt
      the output signal at the rate of 60 impulses-per-minute, the output from
      frequency divider 42 would have been divided again by 2, by divider 43, to
      produce a 1 pulse-per-second output or 60 impulse-per-minute. This output
      would then have been coupled to gate 70 to provide appropriate
      interruption.
PAR  While but a single embodiment of the present invention has been disclosed
      it will be obvious to those skilled in the art the numerous modifications
      may be made without departing from the spirit of the present invention
      which is limited only by the scope of the claims appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. Tone signal generating means operable to generate selected tone signals
      for use in an associated telecommunication system comprising: an
      oscillator circuit operated to generate signals at a first frequency; a
      plurality of different frequency divider circuits each connected to said
      oscillator circuit and each operated in response to said oscillator
      circuit output signals to generate different output signals at frequencies
      different than that of said oscillator circuit; at least one summing
      circuit; a plurality of tone selector circuits each including a first
      input connected to a different one of said frequency divider circuits, a
      second input connected to selection circuitry of said telecommunications
      system and an output connected to said summing circuit, selectively
      operated in response to a signal from said telecommunication system
      selection circuitry to couple said selected connected frequency divider
      circuit output signals to said summing circuit; first filter means
      connected between said summing circuit and the output of said tone signal
      generating means; said summing circuit operated in response to one or more
      selected frequency divider circuit output signals coupled from said tone
      selector circuits to couple the sum of said signals to said filter means;
      said filter means operated to condition said sum signal and couple said
      conditioned signal to said telecommunications system.
NUM  2.
PAR  2. Tone signal generating means as claimed in claim 1 wherein: there is
      further included interrupter means connected to a plurality of said
      frequency divider circuits, operated in response to output signals from
      said connected frequency divider circuits to generate periodic signals for
      interruption of said sum signals; and gating means connected between said
      summing circuit and said filter means operated in response to said
      interruption signals to periodically interrupt the coupling of signals
      from said summing means to said low pass filter at a predetermined rate.
NUM  3.
PAR  3. Tone signal generating means as claimed in claim 2 wherein: said
      interrupter means comprise a flip-flop circuit with inputs connected to
      said plurality of frequency divider circuits, operated in response to
      output signals from said connected frequency divider circuits to
      periodically generate an output pulse at a frequency less than that of any
      of said frequency divider circuit tone signals; and frequency divider
      means connected to said flip-flop circuit output and operated in response
      to said flip-flop circuit to generate a periodic signal for interruption
      of said summed signals.
NUM  4.
PAR  4. Tone signal generating means as claimed in claim 1 wherein: said
      oscillator circuit is crystal controlled.
NUM  5.
PAR  5. Tone signal generating means as claimed in claim 1 wherein: said
      plurality of tone selector circuits each comprise an AND gate.
NUM  6.
PAR  6. Tone signal generating means as claimed in claim 1 wherein: said summing
      circuit comprises a linear amplifier, and a plurality of resistors each
      connected to a different one of said tone selector circuits and each
      connected to the input of said linear amplifier.
NUM  7.
PAR  7. Tone signal generating means as claimed in claim 1 wherein: said filter
      means comprise a low pass filter.
NUM  8.
PAR  8. Tone signal generating means as claimed in claim 1 wherein: there is
      further included amplifying means connected between said filter means and
      said tone signal generating means output operated to amplify said
      conditioned signals and couple said amplified conditioned signals to said
      tone signal generating means output.
NUM  9.
PAR  9. Tone signal generating means as claimed in claim 2 wherein: said gating
      means comprise an AND gate.
NUM  10.
PAR  10. Tone signal generating means as claimed in claim 1 wherein: there is
      further included; a second summing circuit; a second plurality of tone
      selector circuits each including a first input connected to a different
      one of said frequency divider circuits, a second input connected to said
      telecommunication system selection circuitry and an output connected to
      said second summing circuit, selectively operated in response to a signal
      from said telecommunication system selection circuitry to couple said
      selected connected frequency divider circuit output signals to said second
      summing circuit; second filter means connected to said tone signal
      generating means output; gating means connected between said second
      summing circuit and said second filter means; and interrupter means
      connected between a plurality of said frequency divider circuits and said
      gating means operated in response to output signals from said connected
      frequency divider circuits to periodically generate an output pulse at a
      frequency less than that of any of said frequency divider circuit output
      signals connected to said interrupter means; said gating means operated in
      response to said periodic signals to periodically interrupt the coupling
      of signals from said second summing means to said second filter means;
      said second filter means operated to condition said interrupted sum
      signals for use in said telecommunication systems and couple said
      periodically interrupted conditioned signals to said tone signal
      generating means output.
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ABST
PAL  A method and apparatus is disclosed for reducing distortion between signals
      that are recorded on a recording medium in a multiple-frequency manner.
      More specifically, the present invention is directed to reducing or
      eliminating crosstalk from a main channel signal to a sub-channel signal
      that is caused by tracing distortion produced in a higher frequency range
      of the sub-channel signal. The reduction of crosstalk is achieved by
      reverse compensating a sub-channel signal during recording by an
      anticipated amount of tracing distortion.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 187,065,
      filed Oct. 6, 1971, and now Pat. No. 3,856,992, and application Ser. No.
      288,873, filed Sept. 13, 1972, and now Pat. No. 3,906,156.
BSUM
PAR  The present invention relates generally to recording and reproducing
      systems, and more specifically to a method and apparatus for controlling
      distortion in multi-dimensional audio signals which have greater
      directional characteristics and improved ambience as compared with
      conventional stereo apparatus.
PAR  The present invention is generally directed to the sound recording and
      reproducing art which is popularly known as "four-channel stereo", which
      in the prior art is generally classified into three groups, such as a
      discrete system (4-4-4), a matrix system (4-2-4), and an artificial
      4-channel system (2-2-4). Recently, the applicant of the present invention
      has proposed a "universal matrix system" (hereinafter referred to as the
      UM-system) which has many advantageous and desirable attributes when
      compared to the above mentioned prior art systems. The UM-system which is
      described in the above identified parent applications has many desirable
      features, such as good compatibility with monaural and ordinary 2-channel
      systems, faithful reproduction of sound sources, well positioned sound
      images and variable locations of loud speakers.
PAR  Referring to the drawings, an application of the UM-system will be
      described as applied to a 4-channel stereo apparatus. Referring
      specifically to FIG. 1, there is illustrated a block diagram including a
      recording-disc cutting system having a sound source 1. Four signals,
      namely, S.sub.LF, S.sub.RF, S.sub.LB are derived from the sound source
      from microphones which correspond to loud speakers LF, RF, LB, and RB
      located at four corners to form a square (2+2 disposition) and a listening
      space surrounding a listener 20 at a recording-disc reproducing system,
      such as shown in FIG. 5. The signals derived from the microphones
      corresponding to the loud speakers LF, RF, LB and RB are defined as
      S.sub.LF, S.sub.RF, S.sub.LB, and S.sub.RB, respectively. These four
      signals are applied to encoder 2 from which are derived signals TL, TR,
      TT, and TQ having the following relationships:
EQU  TL = 0.924 S.sub.LF /+22.5.degree. +0.383 S.sub.RF /+67.5.degree. +0.383
      S.sub.RB /-67.5.degree. +0.924 S.sub.LB /-22.5.degree.
EQU  TR = 0.383 S.sub.LF /-67.5.degree. +0.924 S.sub.RF /-22.5.degree. +0.924
      S.sub.RB /+22.5.degree. +0.383 S.sub.LB /+67.5.degree.
EQU  TT = 1.414 S.sub.LF /+135.degree. +1.414 S.sub.RF /+45.degree. +1.414
      S.sub.RB /-45.degree. +1.414 S.sub.LB /-135.degree.
EQU  TQ = 1.414 S.sub.LF /+90.degree. +1.414 S.sub.RB /- 90.degree. +1.414
      S.sub.RB +90.degree. +1.414 S.sub.LB /-90.degree.
PAL  the signals TL and TR are referred to the main-channel signals while the
      signals TT and TQ are sub-channel signals. These transmission signals are
      expressed in vector form in FIG. 2.
PAR  The main-channel signals TL and TR derived from the encoder 2 are fed
      through a recording equalizer 4 to the mixer 5. The characteristic of the
      recording equalizer is standardized in accordance with the RIAA recordng
      characteristic shown by a curve 3 in FIG. 3. The sub-channels TT and TQ
      are applied to an angular modulator 6 to angularly modulate a carrier
      frequency signal f.sub.c. Thus, the angular-modulated carrier frequency
      signals f.sub.c are referred to as modulated sub-channel signals TT' and
      TQ'. These modulated channel signals TT' and TQ' are mixed with the main
      channel signals by mixer 5 to form two transmission signals TL + TT' and
      TR + TQ'. These two transmission signals are thereafter supplied through a
      recording amplifier 7 to a 45-45 cutter 8, similar to that used for
      producing a conventional stereo recording disc. The 45-45 cutter 8
      engraves one face of a groove with a signal TL + TT' and the other face
      with the signal TR + TQ' as shown in FIG. 4. In other words, the groove is
      recorded at its one groove wall 9L with the main-channel signal TL and
      modulated sub-channel signal TT' and the other groove wall 9R is recorded
      with a main-channel signal TR and a modulated sub-channel signal TQ'.
PAR  Referring to FIG. 5, which illustrates a block diagram of a reproducing
      system for reproducing a recording disc, it should be understood that a
      reproducing signal from a pickup 21 is applied to a preamplifier 22. The
      main-channel signals TL and TR derived from the preamplifier 22 are
      supplied to a decoder 24 through a reproducing equalizer 23 with a
      characteristic that is reversed with respect to the recording equalizer 4.
      The modulated sub-channel signals TT' and TQ' supplied by the preamplifier
      22 are passed through a bandpass filter 25 and are thereafter demodulated
      by an angular demodulator 26 to produce the sub-channel signals TT and TQ.
      The sub-channel signals TT and TQ are then fed to the decoder 24 together
      with the main channels TL and TR to produce the same signals as the audio
      signals S.sub.LF, S.sub.RF, S.sub.LB, and S.sub.RB that were generated by
      the sound source 1. These four signals are then supplied to an amplifier
      27 and thereafter to corresponding loudspeakers LF, RF, LB, and RB which
      are arranged in 2 + 2 disposition.
PAR  It is an object of the present invention to eliminate or substantially
      reduce crosstalk from a main-channel signal to a sub-channel signal that
      is caused by tracig tracing distortion produced in a higher frequency
      range of the sub-channel signal.
DRWD
PAR  Other objects and advantages will become apparent upon reading the
      following detailed description, while referring to the attached drawings
      in which:
PAR  FIG. 1 is a block diagram showing one example of a recording-disc cutting
      system for multi-dimensional audio signals;
PAR  FIG. 2 is a series of vector diagrams of sub-channel signals encoded by the
      recording-disc cutting system;
PAR  FIG. 3 is a graph illustrating a RIAA-type recording characteristic for the
      main-channel signal;
PAR  FIG. 4 is a schematic view illustrating a recording-disc tracking system
      for producing multi-dimensional audio signals;
PAR  FIG. 5 is a block diagram of one example of a recording-disc reproducing
      system for multi-dimensional audio signals;
PAR  FIG. 6 is a graph illustrating various disturbance characteristics for the
      sub-channel signals and a modulation curve of the same;
PAR  FIG. 7 is a vector diagram of the difference between the encoded
      sub-channel signals TT and TQ;
PAR  FIG. 8 is a block diagram showing one embodiment of the recording-disc
      cutting system of the present invention; and
PAR  FIG. 9 is a block diagram illustrating a recording-disc reproducing system
      that may be used to reproduce or play a recording disc made in accordance
      with the present invention.
DETD
PAR  In keeping with the present invention, the various problems that can occur
      when recording and reproducing multi-dimensional audio signals of the type
      mentioned herein are described. There is a limit to the amount of
      frequency deviation that can be permitted. Overmodulation of a carrier
      signal which is mixed with a lower frequency range signal may be caused
      when the frequency deviation exceeds the frequency limit that is
      determined with respect to the modulated sub-channel. However, when the
      carrier signal is modulated by a higher frequency range signal, the
      modulated sub-channel will have a frequency spectrum which is wider than
      the frequency deviation. The largest frequency deviation that is
      permissible so that 5% of the carrier energy is spread beyond the bands of
      10 K Hz at both ends is formed in a step-shape shown by the curve 30a in
      FIG. 6. The curve 30b of FIG. 6 illustrates the carrier frequency from
      which the deviation curve 30a is based. When the modulated sub-channel
      signals pass through the bandpass filter 24 shown in FIG. 5, which is used
      to separate the sub-channel signals in the reproducing system, the
      modulation distortion occurs.
PAR  When respect to harmonic distortion, a limit of, for example, 5% results in
      a stepped-shape as shown by the curve 31a in FIG. 6. In the event a
      symmetrical filter is used, the harmonic distortion becomes an odd-order
      type, while a single band type filter would produce an even-ordered
      harmonic distortion, the straight line 31b illustrating its general
      characteristic. The modulation curve of a sub-channel signal cannot exceed
      the curves 30a and 30b without producing unacceptable distortion.
PAR  Additionally, when crosstalk is present between modulated sub-channel
      signals, beat distortion occurs in the demodulated sub-channel signals.
      Crosstalk occurs in general when a signal is recorded on and reproduced
      from a recording disc and is generated from the cutter head, cutting
      stylus and the like. To substantially eliminate crosstalk during the
      recording of a disc, it is generally necessary to employ a high quality
      cutter head cutting stylus and the like. During reproduction, crosstalk is
      produced when a signal is picked up from a groove of the recording disc by
      a pickup device and it is difficult to record a disc during production
      that will result in virtual removal of crosstalk produced by the pickup
      device. Moreover, the generation of beat distortion produced by crosstalk
      of the carrier frequency band that is nonlinear and gives rise to complex
      harmonic and inter-modulation distortions if the relative phase deviations
      are large. That is, if the crosstalk between groovewalls is in phase, the
      distortion is of an odd order and is proportional to J.sub.2n.sub.-1 (x)/x
      (n indicates a positive integer), if x is the peak phase difference. If
      the crosstalk between groovewalls is quadrature phase, the distortion is
      of even order and is proportional to J.sub.2n (x)/x, where n indicates a
      positive integer and J.sub.n (x) is a first-kind n-order Bessel Function.
      In these cases, the distortion is proportional to the magnitude of the
      crosstalk. As examples, for an x value of 3.6 the component J.sub.3 (x)/x
      becomes maximum, while for an x value of 2.3 the component J.sub.2 (x)/x
      becomes maximum, and the component J.sub.2 (x )/x is equal to the
      component J.sub.3 (x)/x at a value of 3.8. The harmonic distortion in this
      case is about 2% with the crosstalk being -20dB. The low and high order
      distortions are critically generated at the modulation index of 3.8
      radians, which is the modulation index difference of the critical level
      and it is half the difference that is shown by the line 32 in FIG. 6. When
      the modulation curve of the sub-channel signal exceeds the line 32, the
      beat distortion is increased.
PAR  There is also crosstalk from the main-channel signal to the sub-channel
      signal which is caused during reproduction, and this type of crosstalk is
      referred to as uptalk, which is produced by both tracking angle-error an
      tracing error. The other type of crosstalk, i.e., from a sub-channel
      signal to a main-channel signal, is referred to as downtalk. The downtalk
      is significant in the tracing-error process, but is no significant when
      the modulated sub-channel signal is recorded at a constant velocity.
PAR  Uptalk produced from tracking angle-error is produced if displacement of
      the modulated sub-channel signal is small as compared with that of the
      main-channel signal and the modulated sub-channel signal is subjected to
      phase modulation of 2.pi./.lambda.c am tan .phi., where am denotes
      displacement of the main channel signal, .lambda.c is the wavelength of
      carrier signals and .phi. is the tracking error angle. Uptalk caused by
      vertical tracking error angle, for example, is produced mainly by the
      vertical or difference signal component of the main-channel signal. If the
      main-channel signal is recorded according to the RIAA-recording
      characteristics shown by the curve 3 of FIG. 3, uptalk from vertical
      tracking angle of 5.degree. would be produced with a limit shown by 33 in
      FIG. 6.
PAR  Further, the demodulated signal produces a rumble-type distortion caused by
      revolving irregularity, i.e., flutter independent of the influence of the
      main-channel signal, which is analogous to uptalk. The distortion of, for
      example, 0.1% flutter of the sub-channel is shown by line 34 in FIG. 6
      and, accordingly, the modulation curve of the sub-channel signal should be
      separated from the lines 33 and 34. Additionally, tracing error uptalks
      are produced from the main-channel signals to the sub-channel signals,
      respectively, at two groove walls and the total sum of these uptalks are
      shown by curve 35 of FIG. 6. The curve 35 results when the recording speed
      is at 11.15 mm/sec and the stylus radius is 5 microns.
PAR  As previously mentioned, the sub-channel signal is affected by the
      rumble-type distortion (characteristic 34) in the demodulated signal
      caused by revolving irregularity, tracking angle-error uptalk (line 33)
      and beat distortion (line 32) by crosstalk between sub-channel signals.
      Further, in intermediate- and higher-frequency ranges, the sub-channel
      signals are affected by tracing-error uptalk (line 35) and clipping
      distortion (line 31b) due to frequency-band limit. The uptalks (lines 33
      and 35) produced by the main-channel signal, the beat distortion (line 32)
      caused by crosstalk between the sub-channel signals and the clipping
      distortion (line 31b) by frequency-band limit are generally called as
      cross-over modulation distortion.
PAR  As previously mentioned, the present invention involves a method and
      apparatus particularly adapted to reduce uptalk (line 35) due to tracing
      distortion produced in a higher frequency range of the sub-channel signal.
PAR  The uptalk by tracing distortion is produced due to the fact that the tip
      of pickup stylus has some finite radius when the pickup reproduces a
      recording disc. The tracing distortion uptalk is a function of the
      recording-disc groove speed S (cm/sec), the peak velocity v(cm/sec) of the
      main-channel signal at a groove and reproducing stylus tip spherical
      radius r (cm). If the amount of sub-channel signal subjected to phase
      modulation is expressed by phase modulation index m, the following
      equation is satisfied:
      ##EQU1##
      where .omega. indicates carrier angular frequency. If the groove diameter
      is taken as D (cm) and its revolving number per minute as N, the groove
      speed S is expressed as follows:
      ##EQU2##
PAR  In the case when the main-channel signal is equalized by the recording
      RIAA-type characteristic shown in FIG. 3 and the recording-disc diameter
      is constant, the phase modulation index m is increased according to the
      main-channel signal frequency.
PAR  Based upon the above considerations, the present invention involves
      subtracting an estimated amount of uptalk that should be caused by tracing
      distortion at the recording-disc cutting system when the sub-channel
      signal is phase-modulated, to thereby remove this uptalk when the recorded
      disc is thereafter played or reproduced.
PAR  One embodiment of the recording-disc cutting system of the present
      invention is shown in FIG. 8 to use two sub-channel signals TT + kTQ and
      TT - kTQ which are formed by a matrix circuit 10. These sub-channel
      signals TT + kTQ and TT - kTQ are respectively applied to emphasis
      circuits 11a and 11b which characteristics are selected so that the
      modulation curve of the sub-channel signal will be identical to line 36 in
      FIG. 6. and thereby remove the aformentioned cross-modulation distortion.
PAR  In other words, the modulation line or curve 36 of the sub-channel signal
      is compensated such that it is separated from lines 32, 33 and 34 in a
      lower-frequency range and located at an intermediate value between lines
      31b and 35 in intermediate- and higher-frequency ranges. As a whole, the
      characteristics of emphasis circuits 11a and 11b for obtaining such a
      modulation curve 36 are made similar to the recording RIAA-type
      characteristic of the main-channel signal shown in FIG. 3 to achieve good
      separation during reproducing.
PAR  It is for the purpose of reducing the above-mentioned influence due to beat
      distortion that the two signals TT + kTQ and TT - kTQ are used as the
      sub-channel signals. That is, the sub-channel signals TT and TQ in the
      case of UM-system are produced as shown in FIG. 2, so that difference
      level of TT-TQ corresponding to the relative phase deviation of these two
      sub-channel signals as shown in FIG. 7. In this case, generation of the
      beat distortion is varied according to sound source positions.
      Accordingly, if the two signals TT + kTQ and TT - kTQ are selected as the
      sub-channel signals, their relative phase deviation becomes 2kTQ. As a
      result, the relative phase deviation becomes uniform in distribution
      according to the sound source positions and becomes small in amplitude as
      compared with that in the case of TT - TQ.
PAR  In consideration of the above aspects, the present invention involves
      selecting the two sub-channel signals to increase the same-phased
      component and to decrease the reversely-phased component, the modulation
      curve being shown by a line 36.
PAR  Further, in FIG. 6, line 37 denotes a modulation curve for the case of k =
      1/3 with respect to the same-phased component TT between these sub-channel
      signals TT + kTQ and TT - kTQ, and line 38 a modulation curve for the case
      of k = 1/3 with respect to their reversely-phased component kTQ.
PAR  These sub-channel signals TT + kTQ and TT - kTQ are supplied to adder
      circuits 12a and 12b to which are supplied the main-channel signals for
      correction. These main-channel signals are corrected by the following
      process, i.e., the main-channel signals TL and TR from an equalizer 4 are
      supplied to level control circuits 13a and 13b, respectively. The control
      circuits are also supplied with a control voltage in association with
      operation of cutter lathe of 45-45 cutter 8. The outputs of these level
      control circuits 13a and 13b compensated so that they are equal to the
      above described tracing distortion component expressed by the equation m =
      rv.omega./S.sup.2. These outputs of level control circuits 13a and 13b are
      then supplied to inversion circuits 14a and 14b, respectively. The output
      of inversion circuit 14a, i.e., the main-channel signal for correction, is
      applied to the adder circuit 12a for addition to the sub-channel signal TT
      + kTQ which is recorded on the same groovewall of recording disc.
      Concurrently, the output of the inversion circuit 14b, i.e., the
      main-channel signal for correction, is applied to the adder circuit 12b
      for addition to the sub-channel signal TT - kTQ which is recorded on the
      same groovewall.
PAR  Thus, the anticipated tracing distortion is reversely corrected or
      compensated to form sub-channel signals (TT + kTQ)' and (TT - kTQ)' which
      are then applied to a phase modulator 6. The modulated sub-channel signals
      (TT + kTQ)" and (TT - kTQ)" from the phase modulator 6 are added to the
      main-channel signals at a mixer 5 to produce two signals TL + (TT + kTQ)"
      and TR + (TT - kTQ)". These signals are supplied through an amplifier 7 to
      the 45-45 cutter 8 and recorded on right and left groovewalls of the
      groove.
PAR  A recording-disc reproducing system for reproducing a recording disc on
      which a signal is recorded by the embodiment of this invention is shown by
      a block diagram of FIG. 9. The modulated sub-channel signal separated by a
      band-pass filter 25 from a reproducing signal derived from a pickup 21 is
      applied to an FM demodulator 26. A demodulated output from the FM
      demodulator 26 is supplied to a matrix circuit 28 through emphasis
      circuits 27a and 27b which are the reverse characteristic to those of the
      emphasis circuits 11a and 11b of the recording-disc cutting system. The
      matrix circuit 28 produces sub-channel signals TT and TQ which are applied
      to a decoder 24 together with the main-channel signals TL and TR. The
      decoder 24 delivers audio signals S.sub.LF, S.sub.RF, S.sub.LB and
      S.sub.RB corresponding to the specifically disposed sound sources which
      are respectively amplified and supplied to loudspeakers LF, RF, LB and RB.
PAR  Thus, in accordance with the present invention, when a recording disc is
      cut, a sub-channel signal is reversely compensated by an anticipated
      amount of tracing distortion, so that uptalk is substantially prevented
      from being generated when the recorded disc is reproduced or played.
PAR  When the main-channel signals for correction are formed it is necessary
      that the main-channel signals supplied to the level control circuits 13a
      and 13b be equal to those finally recorded on groovewalls of a groove.
      Accordingly, in order to insure the above equality the main-channel
      signals may be supplied through equalizers or the like to the level
      control circuits 13a and 13b. It will be easily understood that the
      present invention is applicable to the other systems than the UM-system.
      Moreover, while the present invention is susceptible to various other
      modifications and alternative constructions, certain preferred embodiments
      are shown and described herein. It should be understood however, that it
      is not intended to limit the invention to the specific forms disclosed. On
      the contrary, it is intended that all substitutions, equivalents and
      modifications be covered as may be included within the spirit and scope of
      the present invention as expressed in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for recording 4-channel signals as main channel and frequency
      modulated subchannel signals on two groovewalls of a recording disc with
      compensation for main channel to subchannel crosstalk resulting from
      playback tracing distortion, comprising
PA1  matrixing means for providing first and second main channel signals and
      first and second subchannel signals, said matrixing means having
      directional coefficients of differing amplitude and phase characteristics
      for providing differing linear combinations of directional audio signals
      for encoding at least three of the audio signals in each of said main
      channel and said subchannel signals,
PA1  first main channel input means for said first main channel signal,
PA1  second main channel input means for said second main channel signal,
PA1  first subchannel input means for said first sub-channel signal to be
      recorded on a first recording disc groovewall with said first main channel
      signal,
PA1  second subchannel input means for said second subchannel signal to be
      recorded on a second recording disc groovewall with said second main
      channel signal,
PA1  first subtracting means for subtracting a predetermined amount of said
      first main channel signal from said first subchannel signal to provide a
      first compensated subchannel signal,
PA1  second subtracting means for subtracting a predetermined amount of said
      second main channel signal from said second subchannel signal to provide a
      second compensated sub-channel signal,
PA1  means for angularly modulating a carrier signal with said first and second
      compensated subchannel signals to provide a first angularly modulated
      subchannel signal and a second angularly modulated subchannel signal,
PA1  means for adding said first angularly modulated signal and said first main
      channel signal to provide a recording signal for said first groovewall,
PA1  means for adding said second angularly modulated sub-channel signal and
      said second main channel signal to provide a recording signal for said
      second groovewall, and
PA1  recording means for recording said first and second recording signals on
      the first and second groovewalls of a recording disc.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein said first and second
      subtracting means subtract an amount, in terms of phase modulation index
      m, of the respective first and second main channel signals which
      respectively correspond to rv.omega./S.sup.2 where r is the reproducing
      stylus tip spherical radius, v is the peak velocity of the respective main
      channel signal at a groovewall, .omega. is the carrier angular frequency,
      and S is the recording disc groove speed.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 further including matrixing means
      for providing main channel signals TL and TR and subchannel signals TT and
      TQ in accordance with the UM matrixing system.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 further including means for
      matrixing signals TT and TQ to provide said first and second subchannel
      signals as TT + kTQ and TT-kTQ where k is 1/3.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 further including a recording
      equalizer for the main channel signals standardized in accordance with the
      RIAA recording characteristic and emphasis circuits for said first and
      second subchannel signals which have a characteristic corresponding to the
      RIAA recording characteristic.
NUM  6.
PAR  6. A two groovewall, uptalk compensated recording disc having 4-channel
      signals recorded thereon as main channel and frequency modulated
      subchannel signals matrixed with directional coefficients of differing
      amplitude and phase characteristics providing differing linear
      combinations of directional audio signals, at least three of the audio
      signals being encoded in each of said main channel and subchannel signals,
      and in which one main channel and one frequency modulated subchannel are
      recorded on each groovewall of the recording disc, wherein each of said
      recorded subchannel signals is compensated for anticipated tracing
      distortion error by a predetermined inverse amount of the main channel
      signal recorded on the same groovewall therewith as a modulation index
      component.
NUM  7.
PAR  7. A recording disc in accordance with claim 6 wherein the predetermined
      amount of each main signal which is inversely compensated as a modulation
      index component in the respective frequency modulated subchannel signal in
      terms of phase modulation index m, corresponds to rv.omega./S.sup.2 where
      r is the reproducing stylus tip spherical radius, v is the peak velocity
      of the respective main channel signal at a groovewall, .omega. is the
      carrier angular frequency and S is the recording disc groove speed.
NUM  8.
PAR  8. A recording disc in accordance with claim 7 wherein the main channel
      signals are TL and TR and wherein the subchannel signals are TT + kTQ and
      TT - kTQ where k is 1/3, matrixed in accordance with the UM matrixing
      system.
NUM  9.
PAR  9. A recording disc in accordance with claim 8 wherein the recorded main
      channel signals are emphasized in accordance with the RIAA recording
      characteristic and wherein the modulation index of the recorded subchannel
      signals is emphasized with a characteristic corresponding to the RIAA
      characteristic.
NUM  10.
PAR  10. A method for recoding 4-channel signals on a two groovewall record disc
      as main channel and frequency modulated subchannel signals comprising
PA1  providing first and second main channel signals and first and second
      subchannel signals by matrixing source signals with directional
      coefficients of differing amplitude and phase characteristics for
      producing differing linear combinations of directional audio signals, and
      encoding at least three of the audio signals in each of the main channel
      and subchannel signals,
PA1  subtracting a predetermined amount of said first main channel signal from
      said first subchannel signal to provide a first compensated subchannel
      signal,
PA1  subtracting a predetermined amount of said second main channel signal from
      said first main channel signal to provide a second compensated subchannel
      signal,
PA1  angularly modulating a carrier signal with said first and second
      compensated subchannel signals to provide a first angularly modulated
      subchannel signal and a second angularly modulated subchannel signal,
PA1  adding said first angularly modulated signal and a first main channel
      signal to provide a recording signal for a first groovewall,
PA1  adding said second angularly modulated subchannel signal and a second main
      channel signal to provide a recording signal for a second groovewall, and
PA1  recording said first and second recording signals on the first and second
      groovewalls of a recordin disc.
NUM  11.
PAR  11. A method in accordance with claim 10 wherein said predetermined amounts
      of the first and second main channel signals which are respectively
      subtracted from the first and second subchannel signals, in terms of phase
      modulation index m, correspond to rv.omega./S.sup.2 where r is the
      reproducing stylus tip spherical radius, v is the peak velocity of the
      respective main channel signal at a groovewal, .omega. is the carrier
      angular frequency, and S is the recording disc groove speed.
NUM  12.
PAR  12. A method in accordance with claim 11 further including the steps of
      providing main channel signals TL and TR and subchannel signals TT + kTQ
      and TT- kTQ where k is 1/3, matrixed in accordance with the UM matrixing
      system.
NUM  13.
PAR  13. A method in accordance with claim 12 wherein the main channel signals
      are emphasized in accordance with the RIAA recording characteristic and
      wherein the modulation index of the subchannel signals is emphasized with
      a characteristic corresponding to the RIAA characteristic.
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ABST
PAL  Correction is provided for errors in radial tracking and timing in a video
      disc playback system of the optical type. A large ring magnet, and a
      smaller ring magnet carrying a mirror on one face, are coaxially aligned
      with the smaller magnet supported on a universal pivot and held against
      its support by a magnetic field. Two pairs of electromagnets, responsive
      to error or correction signals, cause controlled tilting of the smaller
      magnet about two orthogonally related axes to maintain tracking
      registration of a reading beam with a video disc.
BSUM
PAC  RELATED PATENT APPLICATIONS
PAR  The subject invention is a further development of the tracking arrangement
      described and claimed in concurrently filed application Ser. No. 456,917
      of Robert Adler, assigned to the assignee of the present invention; the
      Adler application now stands abandoned.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to improved tracking arrangements for
      optical image reproducing systems which read a video disc to develop an
      electrical signal, representative of program information stored in the
      disc and suitable for image reproduction.
PAR  A video disc has information stored in a spiral-shaped track to be read by
      a reading beam in retrieving the stored information. That information is
      stored in the disc under the control of a carrier signal modulated with
      the program. In most cases of general interest the program combines
      luminance, chroma, audio and synchronizing components that are angular
      velocity (frequency) modulated on the carrier and the storage track may be
      comprised of two sets of elemental track segments arranged in alternation
      along a spiral path and having different effects (e.g. with respect to
      transmissivity or diffration) on the reading beam to modulate that beam as
      it reads the track. A popular form of disc employes concavities or pits,
      as they are referred to, alternating with lands or flat segments along the
      path. The pits have a uniform width although the length of the pits and
      lands varies along the path to constitute a spatial representation of the
      temporal variations of the frequency-modulated carrier under the control
      of which the disc has been prepared. The pits diffract light of the
      reading beam so that the light emerging through the disc functioning in a
      transmissive mode, or reflected from a disc operating in the reflective
      mode, is modulated in accordance with the stored information.
PAR  Since there can be no mechanical coupling between the disc and reading
      beam, there is a distinct possibility of radial tracking misregistration
      and, accordingly, arrangements have been proposed which develop an error
      or tracking correction signal having a polarity that denotes the sense of
      radial misregistration and an amplitude related to the extent of
      misregistration. A variety of mechanisms have been employed to respond to
      the correction signal and adjust an optical element, such as a mirror or
      lens, to maintain tracking registration. The well-known galvanometer motor
      is a simple and attractive mechanism used for radial tracking.
PAR  Additionally, timing variations caused by fluctuations of the rotational
      speed, by eccentricity or mechanical distortion of the disc introduce
      another error that may be compensated by adjusting the reading beam along
      a tangential path, that is to say, an adjustment along an axis or path
      orthogonally related to the path of beam displacement required for radial
      tracking adjustments. Accordingly, it is desirable that the tracking
      arrangement of the system be able to accomplish both sets of adjustments
      but this is not possible with a simple galvanometer structure. It has been
      necessary, prior to the development of the Adler tracking arrangement, to
      resort to two separate tracking arrangements or to use complex structures
      less suitable for productizing than those described herein. The only
      published prior arrangement, to applicant's knowledge, is disclosed in
      U.S. letters Pat. No. 3,381,086 issued on Apr. 30, 1968 in the names of D.
      L. DeMoss et al. It features a wedge-shaped mirror adjustable in two
      directions, normal to one another, by mechanical linkages.
PAR  It is a principal object of the invention to provide a novel tracking
      arrangement, utilizing the principles of the Adler proposal, for
      controlling the reading beam of an optical image reproducing system.
PAR  It is a specific object of the invention to provide an improved tracking
      arrangement for accomplishing both radial tracking and timing corrections.
PAR  It is still another particular object to provide a simplified tracking
      arrangement that has the capability of making either or both types of
      correction in an optical image reproducing system.
PAR  An optical image reproducing system to which the tracking arrangement of
      the invention has especial application employs a video disc having program
      information stored in a generally circular, or spiral, track to be derived
      by reading the track with a beam of energy. The system develops a pair of
      tracking correction signals related to radial tracking and timing
      relationships, respectively, of the beam relative to the track. The
      improved tracking arrangement comprises a first ring-shaped axially poled
      magnet and a second axially poled magnet carrying an optical element
      disposed in the path of the beam. A non-magnetic support positions the
      second magnet in coaxial parallel relation with the first magnet but at
      the same time permitting the second magnet to be pivoted or tilted about
      its support. There are a pair of electromagnetic means individually
      positioned along as assigned one of orthogonally related axes in close
      proximity to the second magnet. These electromagnetic means are
      individually responsive to an assigned one of the correction signals to
      develop a magnetic field, having a magnitude and direction determined by
      the amplitude and polarity of the applied signal, for reacting with the
      field of the second magnet to effect controlled displacement of the
      optical element with respect to the associated one of the orthogonal axes.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a schematic representation of an optical image reproducing system
      to which the tracking arrangement of the invention has particular
      application;
PAR  FIGS. 2 and 3 are two views of one embodiment of the tracking arrangement;
PAR  FIG. 4 is a plot of the magnetic fields of a ring magnet; and
PAR  FIGS. 5 and 6 are curves used in explaining properties of the improved
      tracking arrangement.
DETD
PAR  Referring now more particularly to FIG. 1, the image reproducing system
      there represented derives information from a video disc 10 by scanning or
      reading the disc with a light beam. Disc 10 is a medium, such as polyvinyl
      chloride, that has the capability of storing program information. For
      convenience, it will be assumed that the disc is transmissive to light and
      that program material is stored therein in the from of a spiral track
      comprised of pits and lands in alternation. The track has a uniform width
      but the length of the pits and lands varies to be a spatial representation
      of the temporal variations of a carrier signal frequency modulated with
      luminance, chroma, audio and synchronizing components. Each convolution of
      the track comprises the two image fields characteristic of interlaced
      image transmission employed in commercial braodcasting. It will be further
      assumed that the pit depth is selected to introduce a phase change of
      .pi./2 radians between portions of the reading beam that enter pits and
      portions that enter adjacent lands. This gives advantages in tracking, as
      explained and claimed in a co-pending application Ser. No. 439,680 of
      Adrianus Korpel, assigned to the assignee of the present invention. Disc
      10 is supported for rotation across the path of the reading beam as
      indicated by a spindle 11 for receiving the disc and a synchronous motor
      12 for driving it.
PAR  The reading beam 13 issues from a source 14, such as a heliumneon laser,
      and is directed by an adjustable mirror 15 to a lens 16 which focuses the
      beam on the storage track of disc 10. Mirror 15 may be adjusted about a
      pivot 17 by a driver 18 coupled to the mirror as indicated by construction
      line 19. In past practices, mirror 15 is adjusted to maintain radial
      tracking but, in accordance with the present invention and utilizing the
      structure to be desecribed hereafter, it is utilized to compensate for
      both tracking and timing errors.
PAR  Since disc 10 is transmissive, a photodetector or photoreceptor arrangement
      22 is positioned below the disc on the path of beam 13 to intercept the
      modulated light beam as it emerges from disc 10. A frequency modulated
      signal conveying the information stored in the disc is developed in unit
      22 and supplied to an output terminal 23 by way of an amplifier 24. That
      signal, after suitable transcoding, may be delivered to the antenna
      terminals of a color receiver for utilization.
PAR  Unit 22 also develops error or correction signals necessary to compensate
      irregularities in radial tracking and in timing. Electromechanical
      arrangements for developing such signals are disclosed in the above
      identified DeMoss el al patent but other ways are known for accomplishing
      that end. For example and as explained in the Korpel application Ser. No.
      439,680 a pair of photodiodes may be symmetrically positioned on opposite
      sides of a reference plane that is normal to the major dimension of the
      disc, tangential to the storage track at the reading point an bisecting
      the reading beam in its position at proper tracking registration. By
      feeding their outputs to a differential amplifier, a radial tracking
      correction signal is developed, having an amplitude related to the degree
      of misregistration and polarity determined by the sense of
      misregistration. The second correction signal, for compensating errors in
      timing attributable to the disc or to the driving system of the disc
      playback apparatus, may be derived in any of a variety of known ways. For
      example, it may be produced in a phase comparision device which compares
      the phase of the horizontal synchronizing components derived from reading
      the disc, or sample portions thereof, with a phase reference developed
      from a crystal controlled 3.58 MHz generator (not shown) normally included
      in or associated with the playback installation. The phase comparision
      develops a signal having an amplitude related to the degree of timing
      error and a polarity determined by the sense (advanced or retarded) of the
      error. Both correction signals, after amplification in an amplifier 25,
      are used to compensate errors by energizing driver 18 to selectively
      position mirror 15 in respect of two orthogonally-related axes. An
      improved tracking arrangement for responding to such a pair of correction
      signals will now be described.
PAR  The tracking arrangement of FIGS. 2 and 3 comprises a first ring-shaped
      magnet 30 that is axially polarized as indicated by the pole designation
      N-S. The magnet is carried by a threaded plastic bushing 31. A second
      ring-shaped and axially poled magnet 33 of substantially smaller diameter,
      with its poles oriented the same way, is supported by a non-magnetic
      support means shown as a pointed tungsten pin 34 projecting axially
      forward of a plastic, threaded post 35. The threaded engagement of post 35
      with bushing 31 affords an adjustment of the axial separation of magnets
      30 and 33 which, when selected, may be secured by locknuts 36 and 37. The
      mechanical coupling of pin 34 to magnet 33 is by means of plastic insert
      38, having a conical opening 39 that leads to a jewel bearing 40 for
      receiving the pointed end of post 34 to constitute therewith a universal
      pivot for magnet 33 along with an optical element, specifically a mirror
      41, affixed by an adhesive to one face of magnet 33 and insert 38. The
      coupling is preferably made at the center of gravity of the sub-assembly
      including magnet 33 and permits pivotal or tilting movement of mirror 41
      but precludes lateral movement in the plane of magnet 33.
PAR  Controlled displacement of mirror 41 along with magnet 33 about pin 34 is
      effected by selective energization of a pair of electromagnetic means,
      shown as electromagnets 45, 45 and 46, 46. Electromagnets 45, 45 are
      positioned along the X--X axis (FIG. 3) while the remaining pair 46, 46
      are positioned along an orthogonally related axis Y--Y. As indicated in
      the drawing, each such electomagnet comprises a ferrite core which
      supports an energizing coil and, in turn, is received by an opening in a
      housing 47 which holds the cores in place and encloses the remainder of
      the assembly. The inwardly projecting termination of each core serves as a
      pole piece which is as close a practical to the exterior surface of magnet
      33 for enhanced sensitivity. The coils of each pair of electromagnets are
      electrically connected so that the fields produced upon the application of
      an energizing signal assist one another in tilting mirror 41 about one of
      the axes X--X and Y--Y.
PAR  In a manner presently to be explained, the sub-assembly of mirror 41 and
      magnet 33 is pivotally retained and biased upon pivot pin 34. The tracking
      arrangement is located so that mirror 41 corresponds in position and
      function to mirror 15 of FIG. 1. The arrangement is oriented about its
      central axis so that electromagnets 45, 45 for example, are assigned to
      radial tracking adjustment while electromagnets 46, 46 are are assigned to
      timing adjustments. The corresponding correction signals from unit 22 of
      FIG. 1 are applied to the energizing coils by way of amplifier 25.
      Energization of electromagnets 45, 45 by the radial tracking correction
      signal produces a magnetic field having a direction and intensity
      determined by the polarity and amplitude, respectively, of the correction
      signal. The resulting field reacts with the field of magnet 33 to tilt the
      magnet and mirror 41 a controlled amount and in the proper direction about
      axis Y--Y to maintain radial tracking. In like fashion the application of
      the timing correction signal to electromagnets 46, 46 causes tilting of
      magnet 33 and mirror 41 about axis X--X to compensate for speed or timing
      fluctuations, for example, of the playback apparatus. This operation is
      essentially the same as that of the tilting embodiment described in the
      Adler application. Both systems are mechanical resonant devices but the
      Adler structure features a mass plus a resilient mechanical support
      whereas the described structure embodying the subject invention employs a
      principle in which the mass is provided by magnet 33 and mirror 41, while
      the stiffness is supplied by the magnetic field interaction resulting from
      ring magnets 30 and 33. This will be explained with reference to FIG. 4
      which represents the flux filed of magent 30.
PAR  The flux distribution of a ring magnet is represented in FIG. 4 which is
      based on the usual convention that flux lines emerge from a north pole and
      re-enter at a south pole. Curve 1 of FIG. 5 is a plot of the axial
      magnetic field vs. position along the central axis of the magnet,
      designated for convenience of Z axis. From this plot it is clear that the
      field is strongest and is in one direction in the central aperture of the
      magnet, decreases gradually to zero with distance along the axis and then
      reverses, increasing with distance to a smaller maximum and then again
      decreasing toward zero. The intercept of the curve with the zero axis
      indicates a plane in which the magnetic field is zero.
PAR  The first point of interest in understanding the operation of the described
      tracking arrangement is the nature of the force that such a field
      distribution, which of course has rotational symmetry about the Z axis,
      exerts on the small magnet 33 positioned along the Z axis. If magnet 33 is
      small compared with ring magnet 30, having an external diameter less than
      the interal diameter of the ring magent, its response to the field of the
      ring magnet may be likened to that of a probe magnet of infinitesimal
      demensions. It may be shown that the axial outward force F exterted on the
      probe is proportional to the product of the magnetic moment M of the probe
      and the rate of change in the field along the Z axis, or expressed
      mathematically:
      ##EQU1##
      If the field were uniform, its derivative would be zero and, of course, no
      force would be exerted on the probe to displace it in either direction
      along the Z axis but, as revealed by curve I, the field of the ring magnet
      is distinctly non-uniform and its first derivative varies with distance Z
      as plotted in curve II. This curve has positive values for positions along
      the Z axis up to the ordinate line O where the curve crosses the axis.
      Accordingly, for this region of the curve there is a force exerted on the
      probe and, if it be assumed that the probe is oriented with its north pole
      extending away from the ring magnet, that force is directed outwardly
      along the axis and serves to repel the probe away from the magnet.
      Consequently, this region is identified "repel" in FIG. 5.
PAR  From the O position outward, however, curve II has negative values and the
      force exerted on the probe is directed inwardly, serving to displace the
      probe in the direction of the magnet. It is an attractive force which
      exists over the region denominated "attract" in FIG. 5. Curve II reflects
      that the attractive force increases relatively rapidly to a maximum and
      then decreases more gradually with distance in a somewhat similar fashion
      to the reduction in field with distance shown by the corresponding portion
      of Curve I.
PAR  In the O plane, where the derivative of the magnetic field is zero, no
      force is exerted to either repel or attract the probe relative to the ring
      magnet. It may, therefore, be considered a float space in which the probe
      may rest undisturbed by the field of magnet 30.
PAR  Magnet 33 in the tracking arrangement is subject to essentially the same
      type of repelling and attractive force pattern with distance along the
      axis of the structure and its specific location therealong may be fixed by
      adjustment of pivot pin 34. The pivot pin must be adjusted to locate
      magnet 33 within the "attract" region so that the field of ring magnet 30
      retains magnet 33 against its pivot. In positioning magnet 33, it is
      necessary to take into consideration the specific orientation of the
      tracking arrangement within the playback system in order to allow for the
      force of gravity acting upon magnet 33. Gravity may assist or oppose the
      attractive force established by magnet 30.
PAR  Another important consideration in positioning magnet 33 along the axis of
      the tracking structure concerns tilting stiffness which is the tendency of
      the magnet to return to its reference position if it has been angularly
      displaced or tilted about its pivot support. This property may be shown to
      be related to the magnetic and geometric parameters in accordance with the
      following:
      ##EQU2##
      where the derivative of the restoring torque T with respect to tilt angle
      .alpha. is the torsional stiffness, M is the magnetic moment, B is the
      field strength of magnet 30, and R is the radius of disc or ring magnet
      33. .phi. is a numerical factor between unity and zero which depends on
      the geometrical shape of magnet 33. For example, .phi. is 1/4 for a disc
      of uniform thickness. Curve III of FIG. 5 is a plot of the second
      derivative of the field with respect to distance and it too has a region
      of negative values for which equation (2) would indicate that a positive
      restoring torque is always developed. However, where this region overlaps
      regions of curve II in which the first derivative is greater than O, a
      lift-off condition exists because the field exerted by the ring magnet
      repels magent 33, lifting it off its support pivot 34. Useful restoring
      torques are encountered over the region of curve III that has negative
      values and overlaps regions of curve II for which the first derivative of
      the field is less than O, indicating the presence of an attractive force
      retaining magnet 33 against its support pivot. For this region, extending
      generally between ordinate lines O and 1, the attractive force gets
      stronger with increasing distance along the Z axis and magnet 33 is pulled
      back by a restoring torque whenever it has been displaced or tilted. It
      exhibits a positive stiffness in the range of useful attractive force.
      Actually, this range does not extend quite to ordinate O because that
      borders the area in which magnet 33 lifts off pin 34. Additionally, the
      region of useful restoring torque may, as a matter of practice, extend
      beyond ordinate 1 because there will be an extension of the region along
      the Z axis for which the value of B in equation (2) exceeds the other term
      within the brackets. In other words, the tracking structure under
      consideration exhibits a positive stiffness against being tilted if
      supported within the proper region of the magnetic field of ring magnet
      30. Its function is the counterpart of the resilient support diaphragm
      disclosed in the reference Adler application in that it exerts a restoring
      torque on magnet 33 which is essential to its tracking function.
PAR  The curve of FIG. 6 shows the variation in mechanical resonant frequency of
      the sub-assembly including magnet 33 with position along the principal
      axis of the tracking structure. The resonant frequency varies from a
      maximum at one end of the useful restoring range toward lower values near
      the other end of that range. The legends along the abscissa relate to the
      support of the magnetic sub-assembly on pivot 34. At the end of the range
      designated "no support" the lift-off condition exists for which the
      sub-assembly is not supported or retained on its pivot by the force of the
      magnetic field. At the opposite end of the range some support is afforded
      by the field of the magnet but it is quite weak as evidenced by the
      decreasing value of curve II of the first derivative of the field. The
      midpoint of the range is best in terms of support of the magnetic
      subassembly on its pivot.
PAR  Tracking motions required of the sub-assembly include the fundamental
      frequency of the video disc rotation, usuallly 30 Hertz, and harmonics of
      this frequency at smaller amplitudes, with the most important harmonic
      components occurring at 60 and 120 Hertz. A mechanical resonant frequency
      in the range of 30 to 60 Hertz is desirable to minimize the required
      driving torque.
PAR  The structure as described exhibits very low mechanical damping, and thus
      has a pronounced resonance. When connected into a high-gain servo loop,
      this resonance, of course, disappears. If additional mechanical damping
      should be desired for any reason, such damping may be provided by
      introducing a viscous fluid (e.g. Dow Corning 200 fluid) into the pivot
      bearing.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an optical image-reproducing system in which program information
      stored in a generally circular track is derived by reading the track with
      a beam of optical energy and in which a pair of tracking correction
      signals is developed related to the radial tracking and timing
      relationships, respectively, of said beam relative to said track, an
      improved tracking arrangement which comprises:
PA1  a first ring-shaped, axially poled magnet;
PA1  a second axially-poled magnet having a pivot bearing associated therewith
      and poled in the same direction as said first magnet;
PA1  support means comprising a pivot support pin mating with said pivot bearing
      for pivotally positioning said second magnet coaxially with and in such
      proximity to said first magnet as to magnetically captivate said bearing
      against said support pin while permitting tilting displacement of said
      second magnet with respect to two orthogonally related axes;
PA1  a mirror disposed in the path of said beam and mechanically coupled to said
      second magnet for concurrrent displacement therewith; and
PA1  a pair of electromagnetic means individually positioned along an assigned
      one of said axes in close proximity to said second magnet and individually
      responsive to an assigned one of said correction signals to develop a
      magnetic field, having a magnitude and direction determined by the
      amplitude and polarity of the applied signal, for reacting with the field
      of said second magnet to effect controlled displacement of said mirror
      with respect to the associated one of said axes.
NUM  2.
PAR  2. A tracking arrangement in accordance with claim 1 in which said second
      magnet is also ring shaped.
NUM  3.
PAR  3. A tracking arrangement in accordance with claim 2 in which the axial
      separation of said first and second magnets is adjustable.
NUM  4.
PAR  4. A tracking arrangement in accordance with claim 3 which said support
      means positions said second magnet in a region of the magnetic field of
      said first magnet which affords to said second magnet a positive tilting
      stiffness.
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ABST
PAL  In a pickup for the playback of a high density signal recording stored at
      the surface of a record carrier, which pickup includes a scanning element
      and a mechanical-electrical pressure transducer connected to the scanning
      element by a layer of adhesive, undesired vibrations of structural parts
      of the pickup during playback are prevented by providing at least that
      part of the surface of the pickup where the pressure transducer is
      connected to the scanning element with a layer of a hardened casting mass,
      which is applied in the liquid state in which it has a viscosity of
      between 5 and 50 cP at 20.degree.C. Preferably, the remainder of the
      surface of the pickup is also covered with such a coating, with the
      exception of the scanning surface of the scanning element.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a pickup for a high density signal
      recording which is stored by modulating the structure at the surface of a
      record carrier, particularly for a video record, the pickup including a
      mechanical-electrical pressure transducer, a scanning, or guide, element
      fastened to the transducer, a damping element supporting the pressure
      transducer, and a preferably tubular support fastened to the damping
      element to serve as a mount for the pickup.
PAR  Pickups for the above-mentioned type are presently being used to scan the
      signal recordings of color television picture recordings with accompanying
      sound on so-called video records and to convert them to an electrical
      signal which can be reproduced by a conventional television receiver. With
      the principle of pressure scanning employed in this case, the deflections
      of the scanning surface of the pickup, which is in contact with the
      surface relief of the record carrier, always remain much smaller than the
      corresponding compressions of the structural elements of this relief in
      the direction of force. This is accomplished by giving the deflectable
      pickup part a very high spring hardness together with a very small mass so
      that the natural resonant frequency lies above the signal frequency range
      which extends up to 4 or 5 MHz.
PAR  Although, accordingly, the main resonance lies above the useful frequency
      range, extensive practical testing of such pickups has shown that
      interference with the oscillating characteristics can nevertheless occur.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to eliminate these interferences.
PAR  These and other objects according to the invention are achieved, in a
      pickup for a high density signal recording including a
      mechanical-electrical pressure transducer and a scanning element fastened
      thereto and presenting a scanning surface, by the provision of a coating
      on that part of the surface of the pickup where the pressure transducer is
      connected to the scanning element, the coating being constituted by a
      layer of a hardened casting mass of a material which, in the liquid state,
      has a viscosity of from 5 to 50 cP.
PAR  According to preferred embodiments of the invention, the casting mass has,
      in the liquid state, a viscosity of between 20 and 50 cP at 20.degree.C
      and a preferred material for this mass is a cyanacrylate adhesive.
PAR  The objects according to the invention are also achieved by a method for
      producing a pickup of the type defined above which involves wetting at
      least that part of the surface of the pickup where the pressure transducer
      and the scanning element are joined together with the casting mass while
      in its liquid state, in such state the material of the mass having the
      property of penetrating into any remaining crevices between the scanning
      element and the pressure transducer, and permitting the mass to harden,
      after wetting, as a coating layer on that part of the pickup surface.
PAR  The prevention of vibrations of structural parts by the present invention
      results in a smoother frequency response; in particular, high frequency
      overshooting phenomena are strongly reduced during playback of amplitude
      jumps and interferences in the sound reproduction are also avoided.
PAR  Further advantages are the improvement of the connection of the individual
      components with one another. Short circuits in the connecting wires of the
      pressure transducer are dependably avoided in the region enclosed by the
      coating. Sensitive parts are better protected against extraneous
      influences, such as drafts, pressure, cold, humidity.
PAR  It has surprisingly been found that the main resonant frequency of the
      transducer system with the appended masses is even increased by the use of
      the present invention, i.e., for a main resonant frequency of about 5 MHz,
      an increase of 200 to 500 kHz has been noted.
PAR  At the production level, the use of the present invention has resulted in a
      reduction in the number of rejects. The costs involved in incorporating
      the invention into the production process are very low. The application of
      the layer can be effected by immersing the interconnected parts or by
      spraying on the casting mass or by other suitable means.
PAR  The reason for an increase in the main resonance seems to be that, on the
      one hand, the adhesive or glue which is used to fasten the scanning
      element to the pressure transducer does not completely fill the groove
      provided for the adhesive so that voids or crevices remain and the
      connection of both parts to one another does not always have the
      sufficient spring hardness, and that, on the other hand, the liquid
      casting mass fills these remaining voids or crevices in the adhesive
      groove by capillary action, i.e., capillary ascension, so that after
      hardening the spring hardness of the connection between pickup element and
      pressure transducer is increased.
PAR  In practice, a casting mass has found acceptance which in the fresh, i.e.,
      still liquid, state has a viscosity of from 20 to 50 cP (centipoise) at
      20.degree.C. It is also advantageous for the casting mass to have the
      characteristic that it shrinks when hardening. The commercially available
      adhesive sold under the trademark "Sicomet 85" has been found to be very
      satisfactory as such a casting mass. This is a solvent-free, rapidly
      polymerizing, cold-hardening, single component adhesive having, in its
      liquid state at 20.degree.C, a viscosity of 20 cP, its main component
      being cyanacrylate to which small quantities of film formers and
      stabilizers have been added. The manufacturer of the adhesive sold under
      this trademark is the firm Sichel-Werke GmbH, in Hannover, Germany.
PAR  It would also be in order to mention that it is not feasible to use such
      adhesive at the outset for attaching the scanning element to the pressure
      transducer because the adhesive used as the casting mass hardens too
      rapidly. The type of adhesive which is used for initially attaching the
      scanning element to the transducer hardens more slowly than the casting
      mass. Suitable adhesives for initially attaching of the parts of the
      pickup one to another are mentioned in the German patent publication
      (Auslegeschrift) No. 21 64 423.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional side view along the axis of the tubular support
      of a pickup formed according to the invention taken along the line y--y of
      FIG. 2.
PAR  FIG. 2 is a cross-sectional end view, perpendicular to the axis of the
      tubular support, taken along the line x--x of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show a pickup for a video record which operates according to
      the pressure scanning principle and in which the present invention is
      employed. A mechanical-electrical transducer 1 is constituted by a
      block-shaped piece of a piezoceramic and serves to convert the pressure
      pulses obtained during pressure scanning into corresponding electrical
      signals. Lead wires 2 which are connected to the transducer at contact
      surfaces 8 serve to connect the transducer with an amplifier, not shown.
      The transducer 1 is permanently connected to a scanning element 3, for
      example by means of a layer of adhesive. The scanning element is made of a
      wear-resistant material, for example a diamond, and is intended to glide
      with its scanning surface 9 along the signal track formed at the surface
      of the record carrier.
PAR  On the side facing away from the scanning element 3 the transducer 1 is
      fastened by means of an adhesive layer 7 to a damping element 4 which is
      made of a material, for example a plastic, which at room temperature has
      high internal damping. A suitable substance is a fluoroelastomer which is
      commercially available in Germany under the trademark "Viton" and is
      produced by E. J. Dupont De Nemours & Co. Inc., Wilmington, Delaware
      19898, U.S.A. The damping element 4 is fastened to the flattened part of a
      tubular support 5 which holds the pickup in its operating position.*)
FNT  *) The construction of the pickup may be modified in accordance with said
      German patent publication No. 21 64 423.
PAR  According to the present invention, the structural unit as a whole, which
      includes the substantial components of the pickup, is coated with a layer
      6 of a casting mass which after hardening effects that mechanical
      resonances in the signal frequency range are damped because the coated
      parts are rigidly jointed one to another. The damping effect may reach 10
      decibels. Excepted from the covering by the casting mass is the region
      occupied by the scanning surface 9. As noted above, this mass can be
      constituted by the material sold under the trademark "SICOMET 85." For
      wetting, the pickup, including the scanning element, the transducer, the
      damping element, and a part of the support, is dipped in the liquid
      casting mass of room temperature, i.e., about 20.degree. C. After wetting,
      the pickup is turned in the position shown in the figures so that the
      liquid casting mass flows down from the scanning surface of the scanning
      element. The casting mass then hardens in the same position, the time
      required to achieve hardening under the conditions of average room
      temperature being about 5 minutes. After hardening the scanning surface is
      ground for forming a rounded surface and for grinding off casting mass
      which remained on this surface.
PAR  The thickness of the mass is, on even surfaces, less than 10 .mu. thus
      avoiding a too great increase of the weight of the pickup which increase
      would reduce the resonance frequency. But at the location of indentations
      the thickness is greater, for example where the scanning element is
      attached to the transducer. An indentation is present at that location
      because the scanning element is narrower than the transducer. At that
      location, and around the wires the thickness is about some tenth of a
      millimeter. To provide a better understanding of the relations of the
      dimensions of the pickup and the hardened casting mass, exemplary
      dimensions of the pickup are set forth below in order of size: flattened
      support: breadth at most 0.4 mm; height 0.1 or 0.2 mm; damping element:
      breadth 250 .mu.; height 210 .mu.; length 600 .mu.; transducer with its
      electrodes: breadth and length 200 .mu.; height 150 .mu.; scanning
      element: breadth and length 130 .mu.; height 70 .mu.; wire: diameter 25
      .mu.coating mass in liquid state: weight 200 micrograms; volume 0.18
      mm.sup.3.
PAR  Other examples of suitable kinds of casting mass are "LOCTITE 290" or
      "LOCTITE 601" (trademarks) which are liquid, solvent-free, single
      component adhesives which are anaerobic, i.e., do not harden in cold state
      if only air is present, but harden for cxample in the presence of metals.
      These adhesives are products of the firm Loctite, Munich 81,
      Arabellastrabe 5, Germany. Another suitable adhesive of this firm is
      "JS-Kleber 03" or "JS-Kleber 06" both cyanacrylate adhesives.
PAR  All used kinds of casting mass should be at least approximately as hard as
      the adhesive 7 used for initially attaching together the parts of the
      pickup, which adhesive 7 may have a diamond pyramid hardness
      (Vickers-Harte) in the order of 15 or 20 kg(force)/mm.sup.2. In addition,
      the relative dielectric constant should be small, i.e., not much more than
      5, in the used frequency range, but the specific resistance should be
      high, i.e., in the order of 10.sup.9 m.OMEGA. mm or more.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a pickup for a high density signal recording including a
      mechanical-electrical pressure transducer and a scanning element fastened
      thereto and presenting a scanning surface, the improvement comprising a
      layer of a hardened casting mass forming a coating on that part of the
      surface of said pickup where said pressure transducer is connected to said
      scanning element, said mass being of a material which, in the liquid state
      prior to becoming hardened, has a viscosity of from 5 to 50 cP.
NUM  2.
PAR  2. Pickup as defined in claim 1 wherein said casting mass in the liquid
      state prior to becoming hardened has a viscosity of from 20 to 50 cP at
      20.degree.C.
NUM  3.
PAR  3. Pickup as defined in claim 2 wherein said pressure transducer has output
      lead wires connected thereto and said pickup constitutes a structural unit
      which further includes said transducer, said scanning element, part of the
      lead wires connected to said transducer, a damping element and part of a
      support fastened to said damping element, and wherein said mass covers
      said structural unit except for the scanning surface of said scanning
      element, said layer of casting mass, after hardening, rigidly
      interconnecting adjacent parts of the pickup and thus producing an
      internal damping for mechanical vibrations in the frequency range of the
      recorded signal.
NUM  4.
PAR  4. Pickup as defined in claim 3 wherein said casting mass is of a material
      which shrinks when hardening.
NUM  5.
PAR  5. Pickup as defined in claim 1 further comprising a layer of adhesive
      joining said scanning element to said transducer and wherein said casting
      mass is of a material which, in the liquid state, has wetting properties
      relative to said scanning element, said pressure transducer and said layer
      of adhesive, such that capillary ascension occurs when any remaining
      crevices in said pickup are wetted.
NUM  6.
PAR  6. Pickup as defined in claim 5 wherein said casting mass is constituted by
      a cyanacrylate adhesive.
NUM  7.
PAR  7. Method for producing a pickup as defined in claim 1 comprising wetting
      at least that part of the surface of said pickup where the pressure
      transducer and the scanning element are joined together with a casting
      mass in its liquid state, the mass being of a material which, in its
      liquid state, has a viscosity of from 5 to 50 cP and has the property of
      penetrating into any remaining crevices between the scanning element and
      the pressure transducer, and permitting the mass to harden, after wetting,
      as a coating layer on such part of the pickup surface.
NUM  8.
PAR  8. Method as defined in claim 7 wherein the casting mass is constituted by
      a cyanacrylate adhesive.
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ABST
PAL  A miniature hearing aid unit to be fitted to and carried on a person's
      head; there being a directional microphone in the housing which has front
      and rear sound admitting openings to respectively supply sounds to the
      fore and aft ports of the directional microphone; the rear opening in the
      hearing aid housing being located significantly closer to the inner side
      of the housing than the forward opening so that the alignment between
      front and rear openings is at an oblique angle of approximately 20.degree.
      relative to the frontal direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Head worn miniature hearing aids have been provided with a directionality
      feature in recent years so as to provide relatively greater amplification
      of sounds originating from sources in front of the person wearing the aid
      as compared with sounds originating generally behind the person.
PAR  The directionality feature is obtained through the use of a directional
      microphone in the miniature head worn hearing aid unit. Such a directional
      microphone has a diaphragm confined within a case which has a front sound
      port and also a rear sound port providing a significant acoustic
      resistance. Various factors have been found to influence the degree of
      directionality obtained through the use of such a hearing aid unit
      containing a directional microphone. Such factors include the magnitude of
      the acoustic resistance at the rear port of the microphone; other acoustic
      resistance within the hearing aid housing between the microphone ports and
      the atmosphere at the exterior of the openings in the hearing aid housing;
      the total length of the acoustic path from one face of the microphone
      diaphragm to the other face of the diaphragm; the size of the chamber
      within the microphone between the diaphragm and the acoustic resistance;
      and the frequencies of the sounds of dominant interest to the person
      wearing the aid.
PAR  By varying the physical dimensions of the microphone and the hearing aid
      housing the directivity of the hearing aid may be changed, and, if
      desired, may be increased.
PAC  SUMMARY OF THE INVENTION
PAR  The ability of a hearing aid to accept or reject sounds originating from
      different directions may be illustrated by plotting the hearing aid
      response on a polar graph. Variations on cardioid shaped response curves,
      with the largest lobe oriented to the forward direction, show desirable
      directional operating characteristics of the hearing aid for the purpose
      of rejecting noise or other sounds originating from the rear.
PAR  In determining the overall ability of the hearing aid to accept sounds from
      the front and to reject sounds from the rear, the overall area confined
      within the front part of the polar response curve from 270.degree.
      forwardly around to 90.degree. is compared to the area confined in the
      rear part of the curve from 90.degree. rearwardly around to 270.degree..
PAR  It has been found that the ability of the hearing aid to reject sounds
      originating from the rear is significantly enhanced by changing the
      relative location or orientation of the two front and rear sound openings
      in the hearing aid housing. The front and rear sound openings are
      relocated so that, relative to each other, the rear opening is inwardly
      closer to the person's head, and the front opening is outwardly farther
      from the person's head.
PAR  It has been found that nearly maximum effect of the opening relocation is
      obtained when the openings are arranged so that a line extended through
      both front and rear openings will be oriented approximately twenty degrees
      to the side from the true frontal direction. Such oblique orientation of
      the front and rear openings, relative to each other and to the frontal
      direction will increase the rejection of sounds from the rear by about 15
      to 20 percent.
PAR  Accordingly the relative area of the rear part of the polar response curve
      is decreased by approximately 20 percent.
PAR  Such reorientation of the front and rear sound receiving openings in the
      hearing aid housing is applicable to behind the ear or post auricle
      hearing aids, to eyeglass aids wherein the hearing aid is incorporated in
      one or both the temples of a pair of eyeglasses, or to other hearing aids
      wherein the microphone is carried in a separate housing on or adjacent the
      person's ear. In referring to head worn hearing aid units herein it is
      intended to include the several different variations mentioned above.
PAR  It is believed that the reorientation of the sound openings in the housing
      accents or emphasizes the head shadow effect which reduces the response to
      sounds from a direction obliquely to the rear and from the side opposite
      to the location of the hearing aid on the person's head.
PAR  In adapting the hearing aid to have the sound openings reoriented as
      prescribed, it is important that the rear opening remain unobstructed by
      the person's head. The changing of the orientation will change the
      opening-to-opening path length, and, accordingly, the acoustic resistance
      or microphone chamber size at the rear of the diaphragm may have to be
      adjusted. In order to maximize the relative ability of the hearing aid to
      receive sounds from the front and reject sounds from the rear, it has been
      found that the change in opening orientation should be coordinated with
      the other physical factors which affect directivity so that its polar
      frequency response curve has an ultracardioid shape.
PAR  By tuning the microphone of the hearing aid so that the voltage response
      curve of the hearing aid, plotted on polar coordinates will have an
      ultracardioid shaped pattern, sounds of uniform intensity from anywhere
      within the hemisphere in space to the front of the hearing aid will
      produce a marked voltage response or output from the microphone
      considerably in excess of the voltage response or output from the
      microphone owing to sounds of the same intensity and originating from
      locations within the hemisphere in space to the rear of the hearing aid.
PAR  Because the ultracardioid pattern of voltage response contemplates a lobe
      in the pattern of voltage response at a location of 180.degree. sound
      incidence, or to the rear, relative to the 0.degree. incidence of sound
      sources originating to the front, it is not expected that the response of
      the hearing aid to sounds originating directly to the rear will be as
      minimal as the corresponding response to such sounds originating at
      180.degree. incidence in the case of a hearing aid with a microphone tuned
      to the cardioid pattern. However, as compared to a hearing aid having a
      microphone tuned to produce a cardioid response curve, a hearing aid with
      the microphone tuned to produce an ultracardioid pattern response curve
      will have a significantly reduced response to sounds originating from
      other locations within the hemisphere in space to the rear of the hearing
      aid, and particularly from such wide angle locations with an angle of
      incidence of approximately 130.degree. and 230.degree.. On the whole, the
      response to the hearing aid microphone tuned to produce an ultracardioid
      pattern of response will have an overall significantly less response to
      sounds originating from random locations within the hemisphere in space to
      the rear of the hearing aid, and, accordingly, the overall front to back
      ratios of responses to sounds originating from locations within the
      hemispheres in space to the front and rear, respectively, of the hearing
      aid will be much improved.
PAR  In coordinating the use of the microphone tuned to have an ultracardioid
      pattern of voltage response in the directional hearing aid hereinbefore
      described to have the front to back orientation of the front and rear
      openings in the housing oriented approximately 20.degree. to the side from
      the true frontal direction, the ultracardioid pattern of voltage response
      will be oriented to have its 0.degree. to 180.degree. axis in alignment
      with the oblique alignment of the front and rear openings in the hearing
      aid housing, and, accordingly, the entire ultracardioid pattern of voltage
      response of the hearing aid will be rotated by approximately 20.degree. to
      the side. As a result, there is a significant improvement in the relative
      responses of the hearing aid to sounds originating from the front and rear
      as compared to previously known hearing aids.
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PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view, partly broken away, of a pair of hearing aid
      units incorporated into eyeglasses to be worn on a person's head;
PAR  FIG. 2 is a bottom plan view of one of the hearing aid units of FIG. 1;
PAR  FIG. 3 is a side elevation view, partly broken away for clarity of detail,
      of a hearing aid unit to be worn behind a person's ear and incorporating
      the present invention;
PAR  FIG. 4 is a rear elevation view of the hearing aid unit of FIG. 3;
PAR  FIG. 5 is a top plan view of the hearing aid unit illustrated in FIG. 3;
PAR  FIG. 6 is a side elevation view of another form of hearing unit to be worn
      behind a person's ear and incorporating the present invention;
PAR  FIG. 7 is a front elevation view of the hearing aid unit illustrated in
      FIG. 6;
PAR  FIG. 8 is a top plan view of the hearing aid unit of FIG. 6;
PAR  FIG. 9 is a longitudinal section view through a directional microphone;
PAR  FIGS. 10.1, 10.2, 10.3 and 10.4 are polar response characteristic curves of
      various microphones with various characteristics:
PAR  FIGS. 10.1a and 10.4a are diagrammatic section views of pressure and
      pressure gradient microphones, respectively, the response characteristics
      of which are shown in FIGS. 10.1 and 10.4, respectively; and
PAR  FIG. 11 is a polar response characteristic curve shown superimposed upon a
      top plan view of a directional hearing aid to which the curve relates.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIGS. 1 and 2, a pair of hearing aid units 10 and 11 are incorporated in
      elongate slender housings 12 and 13 which are connected by hinges 14 to
      the front frame 15 of eyeglasses to be worn by the person. The hearing aid
      units 10 and 11 are essentially the same except as herein noted, and each
      of the hearing aid units 10 and 11 will operate independently of the
      other. The description of hearing aid unit 10 will suffice for an
      understanding of each of the hearing aid units. The hearing unit 10
      incorporates a directional microphone 16 of the type illustrated and
      described in U.S. letters Patent No. 3,777,079 which has fore and aft
      ports 17 and 18 to admit sound into the interior of the microphone to
      opposite sides of the diaphragm. The aft port 18 of the microphone has a
      screen defining a plurality of extremely small apertures 19 which provide
      a significant acoustic resistance at the aft port 18. The microphone 16 is
      confined in the chamber 20 of the housing 12 and is surrounded by a belt
      21 of soft cushion material which prevents sound from passing through the
      interior chamber 20 from the port 17 to the port 18. The housing 12 also
      defines a pair of front and rear openings 22 and 23 which provide access
      into the chamber 20 so as to admit sound to the fore and aft ports 17 and
      18 of the microphone. The ports 22 and 23 offer essentially no resistance
      to passage of sounds therethrough, and may be regarded as being
      substantially acoustically transparent. The ports 22 and 23 may be
      entirely open or may be provided with an acoustically transparent grill or
      cloth covering to exclude debris and objects to avoid any damage to the
      microphone 16.
PAR  The hearing aid unit 10 is particularly adapted to be fitted to the side of
      the head adjacent the right ear, the person's head being diagrammatically
      illustrated in FIG. 2 by the dotted line H.
PAR  The hearing aid unit 10 also includes other portions of the hearing aid as
      a whole, including the battery 24, the receiver or sound producing
      transducer 25 from which sound is transmitted through a flexible tube 26
      to an ear mold 27, and a volume control 28 which is part of the
      conventional transistor amplifier for receiving the electric signals from
      the microphone 16, and amplifying such signals which are applied to the
      output transducer whereupon the signals are reconverted to sound for
      transmission through the tube and ear mold into the person's ear.
PAR  According to the present invention, the rear opening 23 is disposed
      significantly closer to the inner side 12a of the case than the front
      opening 22, and, in this particular version, the front opening 22 is
      actually located substantially closer to the outer side 12b of the housing
      than the inner side. According to this designation, the alignment between
      the front and rear openings 22 and 23, as indicated by dash-dot line A, is
      at an oblique angle relative to the true frontal direction indicated by
      arrow F. It has been found that the alignment of the front and rear
      openings 22 and 23 relative to the true frontal direction will improve the
      ability of the hearing aid unit to reject sounds originating from the rear
      by approximately 15 to 20 percent. It has been experienced that the
      maximum benefit occurs when the alignment between front and rear openings
      relative to the true frontal direction is approximately 20.degree. as
      illustrated in FIG. 2. In considering the alignment of the front and rear
      openings 22 and 23 relative to each other, reference is particularly made
      to the approximate centers of these openings 22 and 23, both of which have
      substantially regular shapes, the opening 22 being substantially circular
      and the opening 23 being rectangular. More specifically, it may be
      described that the centers of the front and rear openings 22 and 23 lie in
      an upright plane, when the hearing aid unit 10 is carried on the person's
      head, such that the upright plane is oriented at an oblique angle relative
      to another vertical reference plane that extends in a truly fore and aft
      direction. The angle between the reference plane and the oblique plane may
      be in the range of 10.degree. to 45.degree., but it has been found that,
      at an angle of approximately 20.degree., the nearly maximum effect of the
      oblique orientation is attained for the purpose of increasing the ability
      of the hearing aid to reject sounds originating from the rear. This
      measured angle was determined in careful tests with the hearing aid
      mounted on and carried by a rubber mannequin head which very nearly
      resembles a human head in all important respects.
PAR  It should be noted that the rear opening 23 should be maintained at a
      distance from the inner side 12a of the housing so that it is unlikely
      that the skin of the person's head or other medium will obstruct entrance
      of sounds into the opening 23.
PAR  It will be recognized that, whereas hearing aids have had front and rear
      openings previously to supply sound into the directional microphone, the
      reorientation of the front and rear openings 22 and 23 relative to each
      other may slightly change the path length of sound from the front side of
      the diaphragm and around the exterior to the acoustic resistance at the
      rear inlet of the microphone, and, accordingly, some slight adjustment in
      the magnitude of the resistance at the rear port 18 of the microphone may
      be needed.
PAR  Preferably, in this type of hearing aid wherein the alignment of front and
      rear openings 22 and 23 is at an oblique angle to the true frontal
      direction, the several physical factors including acoustic resistance at
      the rear port of the microphone, path length, and interior volume of the
      microphone adjacent the aft port 18 should be coordinated with each other
      such that the frequency response of the hearing aid unit when plotted on a
      polar graph for sounds originating from various peripheral locations,
      front and back, will have a shape approximating that of an ultra-cardioid
      shape. This particular shape of response curve will indicate an overall
      maximizing of the relative ability of the hearing aid to reject sounds
      which originate from sources behind the person wearing the hearing aid.
PAR  It should be understood that the hearing aid unit 11 is essentially the
      same as hearing aid unit 10, except that the unit 11 is adapted for
      positioning adjacent the left side of the person's head. The rear opening
      in the housing 13 is positioned significantly closer to the inner side 13a
      of the housing than the front opening to the microphone chamber; and the
      front opening is disposed significantly farther from the inner side 13a of
      the housing than the rear opening. As in the case of hearing aid unit 10,
      the alignment between front and rear openings of the microphone chamber is
      at an oblique angle to the true frontal direction, the angle diverging in
      a forward direction.
PAR  The hearing aid unit 30 in FIGS. 3 - 5 has an elongate case or housing 31
      which is shaped to fit confortably behind the pinna P of the person's ear.
      The hearing aid unit may incorporate all of the essential parts of a
      hearing aid in the housing 31, including a battery drawer 32 to contain
      the battery therein, an output transducer 33 for generating sounds from
      electric signals, a sound tube 34 receiving sounds from the transducer 33
      and delivering such sounds to an ear mold 35 carried in the person's ear.
      Of course, the hearing aid unit may include an amplifier of which the
      volume control 36 is a part. This particular hearing aid unit 30 as
      illustrated is to be carried on the person's head H adjacent his right
      ear. The housing defines a microphone chamber 37 to confine a directional
      microphone 38 therein. The microphone has fore and aft sound receiving
      ports 39 and 40 in the case wall and the rear port is covered by a screen
      with a plurality of minute openings 41 defining a significant acoustic
      resistance. The microphone 38 is enclosed within a soft rubber belt-like
      cushion 42 which also prevents the sounds from migrating from one end of
      the chamber 37 to the other end. In this housing 31, the rear opening 43
      into the chamber 37 is formed in a nearly upright portion of the case wall
      which faces generally rearwardly of the person. The front opening 44 is
      formed through an upright wall portion which faces transversely outwardly
      away from the person's head H and faces away from the inner side 31a of
      the housing. In this particular construction, as compared to the form
      illustrated in FIGS. 1 and 2 wherein both front and rear openings 22 were
      formed through the bottom wall of the housing, the openings 44 and 43 are
      formed through differently oriented wall portions of the housing, but with
      the same effect as is obtained in the hearing aid unit 10 as previously
      described.
PAR  Although the midpoint of front opening 44 is slightly higher than the
      midpoint of rear opening 43, the alignment, A' between the front and rear
      openings is at an oblique angle relative to the true frontal direction.
      Again, the angle may vary anywhere from 10.degree. to 45.degree., but it
      has been found that a preferred angle is approximately 20.degree.. The
      centers of openings 44 and 43 lie in a vertical plane when the hearing aid
      unit 30 is carried on the person's head, which plane extends obliquely and
      at approximately 22.degree. relative to a vertical reference plane
      indicated by the dotted line L extending in a truly fore and aft
      direction.
PAR  In the form illustrated in FIGS. 6, 7 and 8, the hearing aid unit 50
      includes an upper portion of the housing 51 defining an interior
      microphone chamber. The upper portion 51 of the housing confines the
      directional microphone therein and has front and rear openings 52 and 53,
      respectively, which supply sound to the directional microphone contained
      within the microphone chamber of housing 51. In this particular
      construction, the upper portion 51 of the houing is connected by a
      swiveling neck 54 to the main housing 55 so that the upper portion 51 of
      the housing may be turned at various oblique angles with respect to the
      main housing 55. The housing 55 is shaped to fit snugly and comfortably
      against the side of a person's head and behind the pinna P of his ear. The
      housing 51 may be turned to one side or the other relative to the housing
      55 so as to orient the front and rear openings 52 and 53 in an alignment
      A" at an oblique angle relative to true frontal direction F, as desired.
      This construction permits the oblique alignment between front and rear
      openings 52 and 53 to be set at a desirable twenty degrees, or at such
      other angle as may be comfortable and efficient for the user of the
      hearing aid. Likewise, this version may be adaptable to either the right
      or left ear by simply swinging the housing 51 to the opposite position.
PAR  According to the present invention, the orientation of the alignment
      between front and rear openings of the housing so that the rear opening
      into the microphone chamber of the housing is significantly closer to the
      person's head than is the front opening causes a significant increase in
      the ability of the hearing aid to reject sounds originating at the rear of
      the person. It has been found that there is a significant improvement in
      instances wherein the angle of orientation of the alignment between front
      and rear openings is in the range of 10.degree. to 45.degree. from true
      frontal direction, but it has been found that maximum effect is attained
      when the angle of orientation is approximately 20.degree. as illustrated.
PAR  In FIG. 9 the microphone 38 which is employed in the behind-the-ear hearing
      aid 30 of FIGS. 3 - 5, is depicted in longitudinal section. This
      microphone 38 is oftentimes referred to as a ceramic type of microphone,
      and has a Piezoelectric ceramic element 60 which is attached at its free
      end to the diaphragm 61 so as to flex slightly and generate electric
      signals which constitute the output of the microphone. The ceramic element
      is mounted on a frame ring 60.1 which is rigid with the housing 38.1 The
      output is amplified in the amplifying circuitry of the hearing aid. The
      housing 38.1 defines the front port 39 which has no significant resistance
      or impedance to sound entering into the adjoining chamber 39.1 of the
      microphone. The rear port 40 in the housing is covered with a foil screen
      40.1 which has the plurality of minute apertures 41 therein to admit sound
      into the adjacent chamber 40.2 of the microphone, but the minute apertures
      41 provide significant resistance or impedance to the entry sounds into
      the rear chamber 40.2 of the microphone.
PAR  By adjusting the physical characteristics of the microphone, its operating
      characteristics change, and it has been found desirable to adjust the
      physical characteristics of the microphone when employed in the hearting
      aid in the manner illustrated in FIGS. 3 - 5 and 11 so that the polar
      response curve when plotted on a polar graph will have an ultracardioid
      shape as depicted in FIG. 10.3. The ultracardioid shaped response pattern
      is one of a number of response patterns that are obtained when the
      physical characteristics of a microphone are changed between a
      substantially true pressure type microphone which is depicted in FIG.
      10.1a, and a pressure gradient microphone or cosine microphone which is
      depicted in FIG. 10.4a.
PAR  The pressure microphone 60 of FIG. 10.1a has a housing 61 which entirely
      encloses and excludes sound from one side of the diaphragm 62 which is
      carried on the housing and connected to a suitable transducer 63. The
      opposite face of the diaphragm 62 is fully open to the source of sound,
      and, accordingly, the microphone has no directional characteristics at
      all. As seen at FIG. 10.1 the polar response characteristic curve is a
      circle showing equal response to sounds from all directions. This pressure
      type of microphone may be considered a microphone with an infinite
      resistance or impedance to entry of sound into the chamber 61.1 at the
      rear side of the diaphram.
PAR  At the other extreme is a pressure gradient or cosine microphone 65, the
      housing 66 of which mounts the diaphragm 67 in an arrangement wherein both
      surfaces of the diaphragm are fully exposed, and there is no impedance or
      resistance to the sound travelling to either side of the diaphram. The
      output from transducer 67.1 plotted into a response curve on a polar graph
      for the pressure gradient microphone 65 is illustrated in FIG. 10.4; and
      the response curve has the shape of a FIG. 8, the microphone being equally
      responsive to sounds originating to the front (0.degree.) and to the rear
      (180.degree.); and the microphone being substantially nonresponsive to
      sounds originating from the sides, that is, 90.degree. to 270.degree.
      incidence. The microphone does not distinguish between sounds originating
      from the front or from the rear, and accordingly has limited value as a
      directional microphone.
PAR  In the past, it has been considered desirable to tune a directional
      microphone of a hearing aid such as microphone 38 to characteristics to
      produce a cardioid response curve as illustrated in FIG. 10.2. When a
      microphone is tuned accordingly, the microphone does have a maximum front
      to back ratio at 0.degree. and 180.degree. sound incidence, respectively;
      that is to say, relative to the microphone output or response to sounds
      originating at zero degrees incidence, or to the front, the microphone
      output or response to sounds originating at the rear or 180.degree. sound
      incidence are most substantially attenuated. However, when the microphone
      is tuned to produce the cardioid pattern of response as illustrated in
      FIG. 10.2, the response to sounds originating from other rear locations,
      such as an angle of 130.degree. or 135.degree. incidence, will not be
      minimal.
PAR  It has been discovered that a hearing aid microphone, when incorporated
      into a hearing aid, and when tuned so that the microphone output or
      response pattern produces an ultracardioid pattern as illustrated in FIG.
      10.3, the front to back ratio of the hearing aid is, from an overall
      standpoint, substantially improved as compared to the output response
      pattern produced when the unit is tuned to a cardioid pattern as
      illustrated in FIG. 10.2. Although, in the ultracardioid pattern of FIG.
      10.3, the front to back ratio of microphone response to sounds originating
      directly to the front and directly to the rear (0.degree. and
      180.degree.), the response to sounds originating from the rear is not
      attenuated quite as well as in the case of a cardioid response pattern,
      there is a marked reduction in response to sounds originating from other
      rearward locations, rearwardly between 90.degree. and 270.degree.. This
      condition has been particularly measured in a free field with the
      microphone tuned as described.
PAR  In the ultracardioid pattern of FIG. 10.3, there is a significantly reduced
      overall area within the curve to the rear side of the 90.degree.  to
      270.degree. axis as compared to the comparable area in the cardioid
      pattern of response of FIG. 10.2, to the rear side of the 90.degree. to
      270.degree. axis. It has been experienced that the front to back ratio of
      the hearing aid, from an overall standpoint, and considering sounds
      originating from diverse and random locations in the hemisphere to the
      front of the hearing aid as compared to the similar sounds originating
      from diverse and random locations in the hemisphere to the rear of the
      hearing aid, is improved by 30 to 50 percent through the tuning of the
      microphone of the hearing aid to produce the ultracardioid response
      pattern of FIG. 10.3. This significant improvement has been measured in
      careful tests with the hearing aid mounted on and carried by a rubber
      mannequin head which very nearly resembles a human head in all important
      respects.
PAR  It should be recognized that there are three principal indexes or ratios
      which are extremely useful in measuring the effectiveness of a directional
      microphone or a directional microphone contained in a hearing aid.
PAR  With respect to these ratios, none of the ratios, measuring the
      effectiveness of a directional hearing aid, will maximize when the hearing
      aid is tuned to the cardioid pattern of response as illustrated in FIG.
      10.2. Significant improvements in all of the indexes are noted when the
      microphone of the hearing aid is tuned to produce ultracardioid response
      pattern.
PAR  One important index to measure effectiveness is the Unidirectional Index
      which indicates the relative ability of the microphone or hearing aid to
      accept sounds arriving from the front hemisphere and to reject sounds
      originating from the rear hemisphere. This Unidirectional Index is
      measured in the form of a ratio of the energy response from the microphone
      to sounds of equal intensity randomly located in the front hemisphere, to
      energy response from the microphone to sounds of equal intensity randomly
      located in the hemisphere to the rear of the microphone or hearing aid.
      This Unidirectional Index peaks at the condition of tuning to the
      ultracardioid pattern and therefore this pattern of response
      characteristics is best for suppression of extraneous noise as compared to
      the desired signal to the front of the person wearing the hearing aid. For
      the microphone or hearing aid tuned to the ultracardioid pattern of
      response, the Unidirectional Index is approximately 14; as compared to 7
      for the unit tuned to the cardioid pattern of characteristics; and as
      compared additionally to unity (1) for both of the pressure and pressure
      gradient microphones of FIGS. 10.1a and 10.4a.
PAR  Another important indicia is the Directivity Factor. The Directivity Factor
      is the ratio of power transmitted by the microphone owing to frontal
      sounds at 0.degree. incidence, as compared to power transmitted by the
      microphone owing to random sounds of equal intensity originating from all
      different directions including the frontal direction. This directivity
      factor is approximately 3.7 for the unit tuned to the ultracardioid
      response pattern; as compared to 3.0 for the unit tuned to the cardioid
      pattern; and as compared to 1.0 for a pressure microphone; and as compared
      to 3.0 for a cosine or pressure gradient microphone of FIG. 10.4a.
PAR  The third important indicator is the Distance Factor which is the ratio of
      distance between the microphone and the source of sounds at the front, and
      the distance between the microphone and the source of randomly located
      sounds, and assuming that the sounds are of equal intensity at their
      sources. This Distance Factor varies with the square root of the
      Directivity Factor, and is nearly maximum for the microphone or hearing
      aid tuned to the ultracardioid pattern of response, the Distance Factor
      being approximately 1.9; as compared with a Distance Factor of
      approximately 1.7 for the unit tuned to the cardioid pattern of response;
      and as compared to a Distance Factor of 1.0 for the pressure microphone;
      and as compared to a Distance Factor of approximately 1.7 for the cosine
      or pressure gradient microphone.
PAR  It should be understood that the curve of voltage response (F) in all of
      the response curves of FIGS. 10.1, 10.2, 10.3, and 10.4 are produced from
      sounds of equal intensity originating at various polar angles (.theta.)
      and is defined by the equation F = (1.0 - K) + K cos .theta.. As indicated
      in the FIGS. 10.1 - 10.4, K varies between 0 for the pressure microphone
      and unity (1.0) for the pressure gradient or cosine microphone; and K is
      related to the magnitude of the phase shift-inducing components of the
      microphone adjacent the rear side of the diaphragm, such components
      including the magnitude of the acoustic resistance or impedance defined by
      the minute apertures 41 in the screen, the volume of the adjoining chamber
      40.2 and also the distance from the front face of the diaphragm at its
      center adjoining chamber 39.1 outwardly through the port 39 and thence
      around the exterior of the microphone, or if the microphone is confined in
      a hearing aid as illustrated in FIG. 3, then the distance is measured
      outwardly through the port 44, and around the exterior surface of the
      hearing aid and inwardly through the port 43 and to the rear port 40 of
      the microphone.
PAR  It has been determined that for a microphone or hearing aid tuned to
      produce a cardioid pattern of voltage response, K = 0.50; and for a
      microphone or hearing aid unit tuned to produce an ultracardioid curve, K
      = 0.63.
PAR  It has been found most expedient to adjust K by adjusting the impedance or
      resistance provided by the resistance element or screen 40.1. Originally
      when constructed, the screen 40.1 will have an excess of apertures 41
      therein and, in order to tune the microphone so that an ultracardioid
      curve is produced, a number of the apertures 41 are simply closed with
      epoxy or similar material. Of course, there is a possibility also of
      changing the path length or distance from the front of the diaphragm to
      the rear port, and there is also a possibility, depending upon microphone
      design, to change the volume of the rear chamber 40.2.
PAR  More specifically, K is represented as a ratio,
      ##EQU1##
      where .phi..sub.e is the external phase shift in radians of the audible
      sound moving between the front of the diaphragm and the rear port owing to
      the time delay caused by the additional distance the sound must travel
      therebetween; and wherein .phi..sub.i is the internal phase shift in
      radians of the sound moving from the exterior of the microphone adjacent
      the rear port 40 to the rear side of the diaphragm 61 in chamber 40.2
      owing to the internal phase shifting components of the microphone
      including the resistance and the chamber volume.
PAR  It should be recognized that the fore and aft axis, that is, the 0.degree.
      to 180.degree. axis, of the polar response curve coincides with the fore
      and aft axis of the hearing aid which extends through the ports through
      which sound is received for the microphone. In such instances wherein the
      fore and aft ports of the hearing aid are simply oriented in a true fore
      and aft direction, the axis of the polar response curve coincides with the
      true fore and aft axis of the hearing aid, as carried on the person's
      head.
PAR  However, with reference to FIG. 11, which depicts the polar response curve
      of the hearing aid 30 of FIGS. 3 - 5, it will be understood that the axis
      of the plar response curve must coincide with the line A.1 which depicts
      the alignment between the front and rear ports 44, 43 of the hearing aid,
      and, in this instance, the alignment between these fore and aft ports is
      approximately 20.degree. from the true frontal direction depicted by the
      line F in FIG. 11. Accordingly, the combined advantages of the oblique
      alignment of the fore and aft openings of the hearing aid relative to the
      true frontal direction, and the tuning of the microphone so that the polar
      response curve of the hearing aid has an ultracardioid shape are both
      incorporated into this hearing aid as depicted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A miniature hearing aid unit to be worn on a person`s head, comprising;
PA1  a miniature housing having means to be fitted to a side of a person's head
      adjacent an ear to be carried thereon in predetermined orientation
      relative to the front of the person's head, the housing having an inner
      side to face the person's head and an outer side facing away from the head
      and the housing also having an interior microphone chamber;
PA1  a directional microphone within said microphone chamber and having spaced
      fore and aft ports respectively admitting sounds to opposite sides of the
      diaphragm within the microphone, the aft port having a significant
      acoustic resistance therein; and
PA1  the housing also having front and rear sound admitting openings
      communicating between the interior chamber and the exterior of the housing
      for freely supplying sound to the fore and aft ports, respectively, of the
      microphone, the rear opening to the chamber being disposed rearwardly of
      the front opening and the rear opening being spaced significantly closer
      to the inner side of the housing than said front opening so that the
      alignment between front and rear openings is at an oblique angle relative
      to the frontal direction.
NUM  2.
PAR  2. The miniature hearing aid unit according to claim 1 wherein said
      alignment is at an angle of approximately 20.degree. and is forwardly
      diverging from the frontal direction.
NUM  3.
PAR  3. The miniature hearing aid unit according to claim 1 and said housing
      having variously oriented walls defining the microphone chamber, said
      front and rear sound admitting openings being located in certain of the
      walls such that the openings will be intersected by a vertical plane which
      diverges obliquely in a forward direction away from the inner side of the
      housing.
NUM  4.
PAR  4. The miniature hearing aid unit according to claim 3 wherein said
      vertical plane is oriented approximately twenty degrees with respect to
      another vertical reference plane which lies in a true fore and aft
      direction.
NUM  5.
PAR  5. The miniature hearing aid unit according to claim 1 wherein the housing
      has an elongate and generally upright shape to fit behind the pinna of the
      person's ear, the microphone chamber and sound admitting openings being
      disposed adjacent the upper end of the housing.
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ABST
PAL  A bilateral transmission system for bilateral signal transmission through a
      two-way transmission line, in which a plurality of first bilateral
      transmission circuits and a plurality of second bilateral transmission
      circuits are alternately inserted in the two-way transmission line at
      substantially regular intervals. The first bilateral transmission circuit
      is formed by a first amplifier for transmitting the signal in the forward
      direction, a first by-pass line for transmitting the signal in the reverse
      direction and at least one first hybrid circuit for connecting the first
      amplifier and the first by-pass line to the two-way transmission line. The
      second bilateral transmission circuit is formed by a second amplifier for
      transmitting the signal in the reverse direction, a second by-pass line
      for transmitting the signal in the forward direction and at least one
      second hybrid circuit for connecting the second amplifier and the second
      by-pass line to the two-way transmission line.
BSUM
PAR  This invention relates to a bilateral transmission system for bilateral,
      simultaneous signal transmission over the entire frequency band of a
      two-wire transmission line.
PAR  For bilateral transmission on a conventional two-wire, cable transmission
      system, there is known a method in which the frequency band is divided by
      a band-pass filter into two parts for the transmission in the forward
      direction and that in the reverse direction, and another method in which
      transmission is achieved over the entire frequency band in both directions
      by the use of hybrid circuits such as three-winding transformers. However,
      the former method is defective in that a complicated band division circuit
      is required and in that only one half the frequency band is utilized. On
      the other hand, the latter method is simple in the construction of a
      circuit therefor but defective in that impracticability of complete
      matching in the hybrid circuit leads to crosstalk, which results in the
      impossibility of sufficient enhancement of the gain of a repeater and,
      also, in the deterioration of signal quality.
PAR  An object of this invention is to provide a bilateral transmission system
      which ensures stable bilateral transmission over the entire frequency band
      by the use of a simple circuit construction.
PAR  In accordance with the principle of this invention, the function of an
      ordinary bilateral amplifier used in a two-wire transmission line is
      divided into two. First bilateral transmission circuits are each provided
      to transmit signals through an amplifier and a by-pass line in forward and
      reverse directions, respectively. Second bilateral transmission circuits
      are each provided to transmit the signals through a bypass line and an
      amplifier in the forward and reverse directions, respectively. The first
      bilateral transmission circuits and the second bilateral transmission
      circuits are alternately inserted in a two-way transmission line at
      regular intervals. As a result of the above construction, the loop gain of
      each closed circuit of the first bilateral transmission circuit and the
      second bilateral transmission circuit is lowered to reduce the level of
      the crosstalk therein.
DRWD
PAR  The principle, construction and operations of this invention will be
      clearly understood from the following detailed description taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a circuit diagram illustrating an example of a conventional
      bilateral repeater;
PAR  FIG. 2 is a connection diagram illustrating an example of a transmission
      system using conventional bilateral amplifiers;
PAR  FIG. 3A is a circuit diagram illustrating an example of a first bilateral
      transmission circuit employed in this invention;
PAR  FIG. 3B is a circuit diagram illustrating an example of a second bilateral
      transmission circuit employed in this invention;
PAR  FIG. 4 is a connection diagram illustrating an example of this invention;
PAR  FIG. 5 is a connection diagram illustrating an example of this invention at
      one end connected to terminal equipment; and
PAR  FIG. 6 is a circuit diagram illustrating an example of a repeater employed
      in a bilateral transmission system of this invention.
DETD
PAR  This invention will hereinafter be described in detail in comparison with a
      conventional system.
PAR  FIG. 1 illustrates an example of a conventional bilateral transmission
      circuit using three-winding transformers. Namely, a pair of three-winding
      transformers T.sub.1 and T.sub.2 and a pair of three-winding transformers
      T.sub.3 and T.sub.4 have the same construction and are provided at the
      input side X and the output side Y of a line, respectively, so that
      transmission is effected by amplifiers A.sub.1 and A.sub.2 in the forward
      direction and the reverse direction. Reference character R indicates
      matching resistances equivalent to the line impedance. As is known in the
      art, such bilateral amplifier is intended to achieve transmission only in
      the four-wire paths but to prevent crosstalks in a closed loop circuit
      provided at the four-wire section.
PAR  FIG. 2 shows a two-wire line where the conventional bilateral transmission
      circuits mentioned above are inserted in the line at predetermined
      intervals L.sub.1 for bilateral transmission. In FIG. 2, hybrid circuits
      are identified by small circles (the same is true of the following). If
      the line impedance is regarded as a constant resistance while matching is
      sufficiently achieved by the matching resistances R, there is no problem
      in bilateral transmission. In practice, however, crosstalks result from
      incomplete matching of the hybrid circuits and inequality of the
      characteristics of the circuit elements so that an oscillation is caused
      in the closed loop circuit including the amplifiers. This imposes a
      limitation on the gain of each amplifier, so that an optimum design of the
      overall transmission system cannot be obtained. This will hereinbelow be
      theoretically described.
PAR  In the conventional system shown in FIG. 2, if a signal voltage at the
      input of a certain bilateral transmission circuit is taken as Er, if the
      amplification factors of the amplifiers A.sub.1 and A.sub.2 are taken as G
      and if the amount of crosstalk loss of each hybrid circuit is taken as H,
      a crosstalk voltage E.sub.c at the input of each amplifier is expressed by
      the following equation in the form of decibel indication:
EQU  Ec = Er + 2 (G - H) (dB)
PAL  Accordingly, in order to prevent oscillation, it is necessary to design the
      circuit under at least a condition: Ec &lt; Er, that is, G &lt; H and there
      exists in a realizable value of G a limit value G = H.
PAR  To overcome the above defect in accordance with this invention, the
      bilateral transmission circuit is divided into a first bilateral
      transmission circuit, in which transmission in the forward direction is
      effected through a first amplifier and that in the reverse direction is
      effected through a by-pass line, and into a second bilateral transmission
      circuit, in which transmission in the reverse direction is achieved
      through a second amplifier and that in the forward direction is achieved
      through a by-pass line, as shown in FIGS. 3A and 3B, respectively. These
      two kinds of bilateral transmission circuits are alternately inserted in a
      two-way transmission line at regular intervals as shown in FIG. 4.
PAR  In FIG. 4 exemplifying this invention, a voltage E.sub.c1 which directly
      crosstalks to the input terminal of a closed circuit of a certain
      bilateral transmission circuit inserted in the line is given as follows:
EQU  E.sub.c1 = Er + G - 2H (dB)
PAL  Namely, the limited value of the amplification factor is such that G=2H and
      the maximum condition for the amplifier is higher by a value H than in the
      case of the conventional system.
PAR  However, it must be noted that the crosstalk voltage is composed mainly of
      such a component that a signal amplified by one amplifier is transmitted
      to the bilateral transmission circuit of an n-th preceding or succeeding
      stage inserted in the line after being attenuated while one portion of the
      transmitted signal is amplified therein as a crosstalk voltage and fed
      back to the input side of the instant amplifier through the same line
      after being attenuated.
PAR  In FIG. 2 showing the conventional system, if the attenuation of the line
      of the length L.sub.1 is taken as L.sub.1 dB and if the amplification
      factor G.sub.1 of each amplifier is equal to the line loss, that is,
      G.sub.1 = L.sub.1, a crosstalk voltage E.sub.c2 of each amplifier is given
      as follows:
EQU  E.sub.c2 = Er + 2 (L.sub.1 - H)
PAL  Next, in FIG. 4 showing this invention, if the loss of the line of a length
      L.sub.2 is taken as L.sub.2 dB, the voltage E.sub.c2 is given as follows:
EQU  E.sub.c2 = Er + 2(L.sub.2 - H)
PAL  because the amplification factor G2 of each amplifier is such that G.sub.2
      = 2L.sub.2.
PAR  In a case where the amplifiers are inserted in the line at regular
      intervals according to the prior art and this invention, respectively,
      that is, in a case where L.sub.1 = L.sub.2 = L and in a case where G.sub.2
      = 2G.sub.1, the oscillation condition is that L= H in both cases. This
      indicates that the system of this invention can double the gain of each
      amplifier and reduce the number of the amplifiers by 1/2 as compared with
      the prior art system.
PAR  In a case where the total numbers of amplifiers used in the prior art
      system and the system of this invention are equal to each other, that is,
      in a case where L.sub.1 = 2L.sub.2 = 2L or G.sub.1 = G.sub.2, the
      oscillation conditions are 2L = H and L = H in the prior art system and in
      this invention system, respectively. This indicates that the system of
      this invention makes the oscillation condition margin easier than the
      prior art system to facilitate the design and fabrication correspondingly.
PAR  This invention utilizes the line loss L and it is not always necessary to
      insert the amplifiers in the line at exactly the same intervals but
      sufficient only to place them at substantially the same intervals. As
      described above, this invention is capable of attaining its object with
      much ease as compared with the prior art.
PAR  Next, a discussion will be made in connection with the signal amplitude
      separation degree, that is, the signal to interference wave ratio, in the
      case where signals of the same frequency are simultaneously transmitted
      from and received at both ends of the line. At the both ends of the line,
      the transmitted and received signals are usually separated by three-wire
      transformers from each other. FIG. 5 illustrates an example of its
      circuit. In FIG. 5, reference characters T.sub.x and T.sub.r denote
      transmitting and receiving terminals, respectively. Assume that a first
      transmission circuit from an end is disposed at a distance L.sub.x
      (&lt;L.sub.3) therefrom and that the other transmission circuits are all
      disposed at regular intervals L.sub.3. It is considered that interference
      waves sent out from the terminal T.sub.x enter into the terminal T.sub.r
      through several paths, but the interference wave passing through the
      bilateral transmission circuit is a main one of them. If its intensity is
      taken as E.sub.i, the ratio of the interference wave to the received
      signal of an intensity E.sub.r, that is, (E.sub.r - E.sub.i), is given as
      follows regardless of the distance L.sub.x :
EQU  E.sub.r - E.sub.i = H - L.sub.3 (dB)
PAL  This relation also holds true in the part of each bilateral transmission
      circuit of the transmission line. Namely, for enhancement of the
      separation degree, it is the most important to increase the amount of loss
      H but it is also effective for enhanced separation degree to design the
      overall transmission system to thereby reduce the line loss L and the
      amplification factor G.
PAR  The separation degree in the conventional system of FIG. 3 is H - 2L.sub.3
      and, therefore, the system of this invention is also excellent in respect
      of the separation degree.
PAR  The presence of the interference waves at the ends of the transmission line
      leads to deterioration of the quality of communication but, on the other
      hand, by utilizing this property, it is possible to confirm the operative
      condition of the transmission system or to find a malefunctioning point
      when the transmission system is faulty, for example, when the line is
      broken and grounded. Namely, this can be achieved by transmitting a train
      of sharp pulses from the ends of the line and observing the pulses of
      substantially constant amplitude fed back from each transmission circuit
      at intervals of t = n.2L/v (where v is the propagation speed of the pulses
      in the line and n is an integer) or pulses reflected back from the
      malefunctioning point. This function cannot be obtained with the
      conventional system employing a band-pass filter and is a feature
      obtainable with this invention only.
PAR  Finally, a description will be given of the bilateral transmission circuit
      which is required for the practice of this invention. The bilateral
      transmission circuit can also be realized by the fundamental circuit shown
      in FIG. 3 but, from the viewpoint of increasing the value of H, it is
      desired to make the characteristics of the bilateral transmission circuits
      uniform and, also, to minimize their loss. Therefore, it is inadvisable to
      employ such a hybrid circuit system which uses many transformers or
      resistance elements.
PAR  FIG. 6 illustrates a hybrid circuit which is simple in structure but
      excellent in performance, and in which only one transformer 10 having
      neutral points 10-1-0 and 10-2-0 in its primary and secondary windings
      10-1 and 10-2, respectively, is employed. Moreover, its input and output
      circuits are provided in the form of a bridge circuit with balancing
      networks 11 and 12, which are equivalent to the respective line impedances
      of lines X and Y, respectively. Namely, by the coupling of the primary and
      secondary windings 10-1 and 10-2 of the transformer 10, transmission is
      effected through the by-pass line between two lines X and Y and, at the
      same time, a signal is applied to an amplifier 13 through the neutral
      point 10-1-0 of the primary winding 10-1 and amplified by the amplifier so
      that the amplified signal is transmitted to the right through the neutral
      point 10-2-0 of the secondary winding 10-2, as will be seen from the
      circuit diagram of FIG. 6. Since the amplifier 13 is adapted to utilize
      the two neutral points 10-1-0 and 10-2-0 of the single transformer 10, the
      amount of crosstalk loss can be enhanced sufficiently high. The by-pass
      line or signal path, which is a passive transmission path for transmitting
      the signal in the reverse direction without amplification is defined, in
      FIG. 6, by a path through the primary winding 10-1 to the secondary
      winding 10-2 of the transformer 10.
PAR  As described above, the circuit of this invention is designed for efficient
      transmission with a very simple circuit system by putting together two
      hybrid circuits which are originally required in the prior art.
PAR  The bilateral transmission system of this invention realizes bilateral,
      simultaneous transmission over the entire frequency band and, also, has
      advantages from the manufacturing point of view, such as non-use of any
      complicated band-pass filter and simple circuit construction. In the case
      of applying this system to the transmission through a submarine cable,
      since the line characteristics are stable and uniform, it is easy to
      provide the characteristic that H&gt;45dB and, by selecting that, for
      example, L = 10 to 20dB, that is, G=20 to 40dB, it is possible to effect
      transmission whose quality is also practical in the separation degree, in
      particular, PCM transmission. Further, this invention has also such an
      advantage that monitoring of the operative condition of the cable system
      and detection of a malefunctioning point in the case of the line being
      broken and grounded can be achieved by transmitting pulses from the both
      ends of the line, and by observing reflected and fed-back pulses,
      utilizing the crosstalk in the amplifier circuits.
PAR  Moreover, this invention is advantageous, in that even if the amplification
      gain at a certain point in the transmission line is lost by some cause,
      the circuit is maintained in its connected conductive state through the
      by-pass line. If the line loss L is designed to be low, to some extent
      transmission is still maintained when the line is faulty. Therefore, it is
      effective for enhancement of reliability of the communication circuit.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A bilateral transmission system for bilateral signal transmission
      through a two-wire transmission line, including a plurality of first
      bilateral transmission circuits and a plurality of second bilateral
      transmission circuits which are alternately inserted in the two-way
      transmission line at substantially regular intervals; said first bilateral
      transmission circuits each comprising a first amplifier for transmitting
      the signal in the forward direction, a first passive by-pass line for
      transmitting the signal in the reverse direction and a first pair of
      hybrid circuits for connecting said first amplifier and said first by-pass
      line in parallel and to the two-way transmission line; and said second
      bilateral transmission circuits each comprising a second amplifier for
      transmitting the signal in the reverse direction, a second passive by-pass
      line for transmitting the signal in the forward direction and a second
      pair of hybrid circuits for connecting said second amplifier and said
      second by-pass line in parallel and to the two-way transmission line.
NUM  2.
PAR  2. A bilateral transmission system according to claim 1, in which each
      hybrid circuit of said first pair of hybrid circuits and said second pair
      of hybrid circuits comprises two three-winding transformers, which are
      inserted in the two-way transmission line in pairs to form four-wire
      transmission lines respectively connected to a corresponding one of said
      first and second amplifiers and one of said first and second by-pass
      lines, and to said two-wire transmission line.
NUM  3.
PAR  3. A bilateral transmission system for bilateral signal transmission
      through a two-wire transmission line, including a plurality of first
      bilateral transmission circuits and a plurality of second bilateral
      transmission circuits which are alternately inserted in the two-way
      transmission line at substantially regular intervals; said first bilateral
      transmission circuits each comprising a first amplifier for transmitting
      the signal in the forward direction, a first passive by-pass signal path
      for transmitting the signal in the reverse direction and a first pair of
      hybrid circuits for connecting said first amplifier and said first bypass
      signal path in parallel and to the two-way transmission line; and said
      second bilateral transmission circuits each comprising a second amplifier
      for transmitting the signal in the reverse direction, a second passive
      by-pass signal path for transmitting the signal in the forward direction
      and a second pair of hybrid circuits for connecting said second amplifier
      and said second by-pass signal path in parallel and to the two-way
      transmission line, and wherein each pair of the hybrid circuits are
      comprised of a transformer having a primary winding with a neutral tap and
      a secondary winding with a neutral tap, and a pair of balancing networks
      for connecting the primary and secondary windings to the two-way
      transmission line, wherein the primary and secondary windings jointly
      define said passive by-pass signal path and an amplifier is connected
      between the neutral taps of the primary and secondary windings for
      transmitting the signal.
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ABST
PAL  A self regulating telephone apparatus wherein an individual's speech is
      converted to a representative electrical signal. This signal is
      represented by a product wave or waves of the form f(A)t x f(B)t where
      f(A)t represents the amplitude of the informational signal f(B)t. The
      signal is separated by demodulation of the cross product into its
      components. The relative amplitudes of the terms are changed as desired
      and the cross product re-established by remodulation. Since the term f(A)t
      represents the amplitude and its frequency range is removed from f(B)t,
      amplification can be provided at frequencies exhibiting low coupling
      between the receiver and transmitter transducer in a hand telephone set to
      permit increasing the signal volume output as required.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present invention is related to the improvement patent application
      entitled "FOUR-WIRE INTERFACE REGULATOR FOR LONG DISTANCE TRUNK CIRCUITS",
      by Fred A. Brooks, filed even date herewith.
PAC  BACKGROUND OF THE INVENTION
PAR  The object of this invention is to provide an increased and more constant
      output volume telephone set for a universe of long distance talkers within
      a fixed range of sound pressures. The present telephone set and universe
      of local offices are deficient in volume output when sending to long
      distance trunk circuits through local plant cable losses. The extent of
      the deficiency was indicated by a limited Bell System volume survey in the
      1950-1960 decade. The survey indicated a mean reduction from previous
      information to which the transmission systems was designed by about 12 vu.
      The output of the standard telephone is limited by local loop gain or
      "howl" margin in the two-wire telephones and loop around gain in four-wire
      transmission systems. A carbon granular transducer receives excitation
      current from the nearest switching office or it is supplied locally. When
      the current is supplied from the switching office, it is used to establish
      a request for service by a switchhook signal. The direct current path thus
      established is systematically interrupted to transmit the desired calling
      number to establish a connection at the switching office. The requirement
      for switchhook and calling number circuit limit the resistance permitted
      and provided in the local loop circuit to the switching office. The
      current delivered to the more distant transmitting transducer is but a
      fraction of that supplied on short calling loop circuits. In order to
      provide increased output with the longer local loop circuits, a dynamic
      type transducer can be used to reduce the current delivered from the
      switching office. Increased transducer response can be obtained by using
      transistor ampifiers for voice, switchhook and touch tone dialing. The
      object of this invention is to obtain increased sensitivity in the
      transducer circuit of the telephone and obtain increased output at a more
      constant volume with adequate and necessary howl and four-wire loop around
      margins. The output of the present telephone set could be increased by
      reducing the sensitivity of the receiver or receiving circuit and
      increasing the gain of the transmitting transducer and/or removing the
      so-called "equalizer" which introduces about 5 db of loss for shorter
      loops. A material reduction in the receiving sensitivity could be made to
      permit adequate transmitting signals but decreased receiving gains.
PAR  This invention permits increased and more constant volume from a hand set
      made up of a sound pressure to electrical signal transducer and a receiver
      to convert electrical signals to sound pressure waves. The talker signal
      either acoustic or electric is generally accepted as consisting of a
      convolution of components representing vocal cord timing, glottal pulses
      and vocal tract impulse responses that is f(A)t .times. f(B)t. The
      convoluted signal is separated by demodulation of the cross product into
      its components and selecting either component by appropriate filters. The
      frequency content of the demodulated voice signals extended from near
      direct current to those frequencies normally considered essential to
      understand the talker were measured. The amplitude of the informational
      signal is contained in the term f(A)t. When separated the individual terms
      can be relatively increased or decreased in amplitude as desired.
PAC  SUMMARY OF THE INVENTION
PAR  Self regulating telephone sets are provided. A talker's sound pressure wave
      is generally accepted as represented by a convolution of components
      contributed by vocal cord timing, glottal pulses and voice tract impulses.
      That is, the signal can be represented by a product wave or waves of the
      form f(A)t .times. f(B)t. f(A)t represents the amplitude of the
      informational signal f(B)t. The frequencies of the two components are
      separated by some region or overlap slightly, the major terms are
      recovered and separated by a process of demodulation and filtering. The
      relative amplitude of the terms are changed and the cross product
      reestablished by remodulation without serious degradation of the voice
      signal quality. Since the term f(A)t represents the amplitude and its
      frequency range is removed from f(B)t, amplification can be provided at
      frequencies exhibiting low coupling between the receiver and the
      transmitting transducer in a hand set or through an air path to permit
      increasing the signal volume output as required. Increased margin to
      "howling" can be provided by inserting a loss at low amplitudes (center
      clipping) and by decreasing the receiver sensitivity during local talker
      activity. Further, a deconvolution circuit can be included in the receiver
      lead to increase the howl margin, or loop around gain and provide a more
      constant output for the received signal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows an embodiment of a self regulating telephone set; and
PAR  FIG. 2 shows a second embodiment of a self regulating telephone set.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is noted that the electrical voice signal is made up of relatively high
      frequencies in transmitting voiced signals and hiss signals in unvoiced
      components. Both types of signals are controlled by frequencies of about
      30 Hertz. The high frequencies are transmitted directly and carry
      sidebands modulated by the low frequency control signals. In order to
      control and reduce the difference between talkers, the signal is
      demodulated to separate the components to reduce the range of the
      informational signal. The relative amplitude of the signal amplitude is
      changed by the demodulating to obtain the signals at base band from 0 - 30
      Hertz and 200 to about 4 K Hertz. That is, the signal transmitted is of
      the form a sin w.sub.1 t .times. b cos w.sub.2 t, separating components to
      a sin w.sub.1 t and b cos w.sub.2 t and modifying the relative amplitude
      of the terms. This changes the range required in the medium when the low
      frequency component is changed (reduced) relative to the informational
      content contained in the second term.
PAR  Now referring in detail to FIG. 1, there is shown an improved telephone set
      exclusive of a conventional power supply with appropriate voltages. It is
      noted that the system may be utilized for two-wire and four-wire telephone
      circuits. An acoustical wave is applied to electrical transducer 10 to
      furnish a voice signal through high pass filter 11 to amplifier 12 to
      apply a signal containing a convolute wave in the form of f(A)t .times.
      f(B)t. This signal out of the transmitting transducer is applied to
      democulator 13 to separate the components of the voice signal into f(A)t
      and f(B)t. The term f(A)t is representative of the amplitude of the f(B)t
      term, it occurs at a low frequency in the range below about 100 Hertz, the
      informational term occupies the frequency range from about 0.2 to 3.4 kilo
      Hertz. This range is usually taken for voice band and represents the
      informational content of the convolutional wave. The amplitude of the
      components can now be changed relatively as they appear in different
      frequency bands. If the gain in the voice band of an ordinary telephone
      were materially increased to deliver added signal volume, a howl or
      oscillations due to coupling in the hand set or through an air path would
      take place. The howl and margin limits the amount of gain that can be
      introduced in the output of the transducer. The mean signal generated in
      the transducer from a universe of talkers making long distance calls is
      down from volumes measured to establish carrier systems load capacity in
      some areas of the Bell System by as much as 12 vu. The gain in low
      frequency branch 14 is set to raise the output by enhancement required to
      deliver the desired output as determined by the limiter or regulator. When
      the signal applied is removed, the voltages in low frequency branch 14 are
      reduced to that of the noise present. Low frequency branch 14 is comprised
      of low pass filter 15 receiving an output from demodulator 13. Low pass
      filter 15 passes a range of frequencies below 100 Hertz. Conventional
      center clipper 16 center clips the output of low pass filter 15 which is
      then passed through amplifier 17 to limiter 18. In place of limiter 18
      there may be substituted a regulator. The output of limiter 18 is received
      by modulator 30 by way of low pass filter 19.
PAR  Noise voltages below the effective center clipping level and hence the low
      amplitude signal experience a substantial loss, the signal voltages will
      not build up and howl as long as the gain around the loop or loops are
      below the critical value. The applied signal as indicated hereinbefore is
      made up of two parts, f(A)t and f(B)t. The relative amplitude of f(B)t is
      maintained by providing amplification in high pass branch 20 to nullify
      the incidental losses and deliver the informational signal as one of the
      inputs to output modulator 30. High pass branch 20 is comprised of high
      pass filter 21, amplifier 22, and high pass filter 23. The amplitude term
      f(A)t is maintained by providing amplification in the low pass branch to
      nullify the incidental losses and deliver the amplitude signal as one of
      the inputs to output modulator 30. The output of modulator 30 is fed to
      output line 33 by way of bandpass filter 31 and amplifier 32.
PAR  The amplitude term f(A)t in the frequency range below about 100 Hertz has
      been center clipped to add losses at low voltages. The signal amplitude
      above the clip level has been amplified to drive a limiter circuit or
      amplitude regulator to deliver a signal when modulated with the
      informational signal from the high pass branch to that required to obtain
      the necessary volume in the local plant, to the long distance trunk
      circuits and to the distant listeners circuit at the desired volume.
PAR  The combined gains and losses in the two branches are below that required
      to make the telephone set howl in either the informational or amplitude
      component circuit, with no input in the informational branch the gain is
      well below the howl gain. With no input in the low pass amplitude branch
      the loss in the circuits is determined by the gain at low amplitudes
      limited by the loss inserted by the center clipping circuit.
PAR  When the near talker is active, a control signal is generated which is
      available at the output of limiter 10 and it is fed to conventional
      voltage controlled attenuator 40 which is inserted in the receiver circuit
      to reduce the sensitivity in receiver 41 during busy periods at the near
      end. This reduces loop around gain. Attenuator 40 may be a voltage
      controlled amplifier whose initial gain is less than 1.
PAR  The telephone set may be connected to hybrid 42 for two-wire operation or
      the individual lines may be connected to a four-wire telephone trunk
      circuit. When connected to a four-wire telephone circuit, the control lead
      and loss control element reduces the loop around loss in the four-wire
      circuit.
PAR  Referring to FIG. 2, there is shown the second preferred embodiment with
      like components bearing the same characters as in FIG. 1 and operating in
      the same fashion. Self regulation is provided in receiving telephone 41 to
      regulate the received signal and control the howl gain. Demodulator 42 is
      introduced in the receiver circuit to remove the amplitude term and
      deliver a constant volume to the listener and reduce the return signal
      from the local talker through the hybrid coil from the enhancing circuit.
      The loss introduced in the receiving lead depends upon the relative
      amplitude of the informational signal and the amplitude term, which may
      have been enhanced in the transmitting transducer branch circuit. Signals
      received from the transmission trunk circuit will contain low frequency
      amplitude terms of the originating talker as modified by changes due to
      transmission loss stability.
PAR  Losses introduced in the return path in demodulator 42 and high pass and
      low pass filters 43 and 44 will increase the loop loss and can be made to
      counteract the enhanced amplitude introduced by the transmitting
      transducer circuit. The demodulator and filter set will introduce loss to
      the signal received and can be adjusted to furnish a more nearly constant
      received volume. It is noted adjustable resistor 45 terminates low pass
      filter 44 and the signal frequencies passed thereby may be adjustably
      terminated. The output of high pass filter 43 is passed through amplifier
      45 to telephone receiver 41.
PAR  FIG. 2 shows the application of the invention to increase the telephone set
      output and to deliver approximately constant volume to the outgoing line
      and to the receiver. In addition to providing increased howl margin with
      increased telephone set output, the circuit shows a means of providing the
      same receiver sensitivity as well as regulating the volume delivered to
      the listener. This figure shows self regulation at the telephone set
      output and regulation of the signal delivered to the listener. The loss
      introduced by demodulator 42 and high and low pass filters 43 and 44 can
      adjust for the signal amplitude dissipated in the modulator and low pass
      filter output. The loss introduced by the demodulator and high pass
      filters can be nullified by the gain introduced by amplifier 45 to deliver
      the desired volume to the telephone set receiver. The loss introduced by
      the demodulator filters and amplifier 45 can be set to increase howl
      margin in addition to the margin provided in the transmitting transducer
      circuit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A self regulating telephone set for a telephone system having a local
      plant and long distance trunk circuits comprising a transmitting
      transducer receiving voice signals represented by product waves of the
      form f(A)t .times. f(B)t where f(A)t represents the amplitude of
      informational signal f(B)t and a high frequency wave f(B)t, said voice
      signals being converted to representative electrical signals, a first
      demodulator receiving said representative signals, said first demodulator
      providing output signals permitting separation thereafter of the signal
      representative of f(B)t and the signal representative of f(A)t, a high
      frequency branch including a first high pass filter, a first amplifier of
      preselected gain to nullify losses, and a second high pass filter in a
      series arrangement in the recited sequence, said high frequency branch
      passing exclusively the signal representative of f(B)t, a low frequency
      branch including a first low pass filter, a center clipper, a second
      amplifier, a limiter, and a second low pass filter in a series arrangement
      in the recited sequence, said low frequency branch passing only the signal
      representative of f(A)t, said second amplifier having a preselected gain
      to nullify incidental losses, a modulator simultaneously receiving the
      output signals at predetermined magnitudes from said high and low pass
      branches to provide a constant output transmission signal therefrom to
      obtain a preselected volume for said local plant and long distance trunk
      circuits.
NUM  2.
PAR  2. A self regulating telephone set as described in claim 1 further
      including a receiving transducer associated with said transmitting
      transducer, said receiving transducer converting electrical signals into
      representative voice signals, a receiving line for said receiving
      transducer, a voltage controlled attenuator interposed in said receiving
      line, said voltage controlled attenuator receiving a control signal from
      said limiter.
NUM  3.
PAR  3. A self regulating telephone set as described in claim 2 further
      including a third high pass filter in a series arrangement with a third
      amplifier, said series arrangement being interposed between said
      transmitting transducer and said first demodulator.
NUM  4.
PAR  4. A self regulating telephone set as described in claim 1 further
      including a receiving transducer associated with said transmitting
      transducer, a receiving line, a voltage controlled attenuator interposed
      in said receiving line, said voltage controlled attenuator receiving a
      control signal from said limiter, a second demodulator receiving an output
      signal from said voltage controlled attenuator, a third high pass filter
      interconnecting said second demodulator and said receiving transducer.
NUM  5.
PAR  5. A self regulating telephone set as described in claim 4 further
      including a third low pass filter receiving the output signal from said
      second demodulator, and an adjustable resistor connected between the
      output of said third low pass filter and ground to adjustably dissipate
      low frequency signal components.
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ABST
PAL  For telephone sets and similar forms of apparatus in which pushbuttons are
      mounted more or less flush with the outside surface and actuated by
      pivoting, a series of such pushbuttons are mounted on a shaft secured in a
      housing. The pushbuttons are mounted on the shaft at one end and at the
      other end rest on pushbutton switch mechanisms. Each button is identical
      and interchangeable. Locating formations on buttons and housing
      interengage to locate the pushbuttons. The switch mechanisms are spring
      loaded and urge pushbuttons to a non-actuated position. Indicator windows
      for removable and interchangeable indicators can be provided.
BSUM
PAR  This invention relates to pushbutton switch assemblies such as for
      telephones and communication equipment, and in particular to such
      equipment in which the pushbutton switches are actuated by pivotally
      mounted pushbuttons. The invention also relates to telephone housings and
      the like, including pushbutton switches.
PAR  Pushbutton switches are used in many types of telephone sets, such as for
      connecting the telephone set to one of a series of available lines, for
      selectively actuating different circuits and the like. Generally, the
      pushbutton switches are actuated with pushbuttons which extend up through
      the cover of the telephone set. Such buttons tend to detract from the
      appearance of the set, may collect dirt and in themselves are not very
      attractive.
PAR  The present invention provides for pivotally mounted pushbuttons which can
      be mounted so as to be flush with the cover of the telephone set or other
      apparatus. The buttons are interchangeable, can have provision for
      indicator windows, are easily installed and removed, and are attractive
      looking.
PAR  Broadly a series of pushbuttons are each pivotally mounted at one end on a
      shaft secured in a housing and rest on a pushbutton switch mechanism. The
      switch mechanism is itself spring loaded and acts to hold the related
      pushbutton in a non-operated position. Locating positions on each button
      and on the set housing provide for accurate location of the pushbutton
      relative to the housing.
DRWD
PAR  The invention will be readily understood by the following description of an
      embodiment in use in a telephone set, by way of example only, in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a top cover of one form of a telephone set,
      illustrating the use of a series of three pushbutton switches;
PAR  FIG. 2 is an underneath view of a pushbutton.
PAR  FIG. 3 is a cross-section on the line III--III of FIG. 4, with additional
      parts of the telephone set in position,
PAR  FIG. 4 is an underneath view of part of the top cover of FIG. 1, to a
      larger scale.
PAR  FIG. 5 is a cross-section on the line V--V of FIG. 4;
PAR  FIG. 6 is a cross-section on the line VI--VI of FIG. 2; and
PAR  FIG. 7 is a plan view of an indicator member for a pushbutton.
DETD
PAR  FIG. 1 shows the top cover or housing 10 of a telephone set, the set
      provided with a speaker beneath the grill 11. A microphone is mounted in
      the base of the telephone set and is not seen. The telephone set
      illustrated in the particular embodiment is for use with a conventional
      telephone set having a handset and is intended to permit use of the
      conventional set without removal of the handset.
PAR  The cover 10 is provided with three pushbuttons 12. Each button is
      identical and is seen in more detail in FIGS. 2-5. Specifically
      considering one pushbutton, the button is rectangular in plan form, as
      seen in FIGS. 1 and 2. The button has a top surface or web 14, the forward
      end of which curves round and down at 15 to match the profile of the
      cover, and a front face or web 16 which is recessed, or set back. At the
      bottom of the recessed web 16 is a projection 17 the purpose of which will
      be described later. At the rear end the pushbutton has two spaced apart
      bosses 18. The outer edges of the bosses are inset a very small amount
      from the edges 19 of the button to provide a small degree of clearance
      between buttons and between the outer button and the aperture in which the
      buttons are set. The tops of the bosses are recessed at 20.
PAR  Formed in the top web 14, at a position just rearward of the curved portion
      15, is a recess 21. The recess 21 extends for a major distance across the
      pushbutton, as seen in FIG. 1. At each end of the recess 21 is a small
      aperture 22 which extends right through the web 14. On the undersurface of
      the web 14 are two spaced apart ribs 23, the ribs extending parallel to
      each other and parallel to and on either side of the longitudinal axis of
      the pushbutton. Along each side of the button and extending from the
      undersurface of the web 14 are two further ribs 24. Ribs 24 strengthen the
      pushbutton and also act to prevent a user from looking into the interior
      of the telephone set when a button is depressed. This improves the
      appearance and also avoids inadvertent entry of foreign matter.
PAR  Turning to the cover 10, this has a top web portion 28 and a front web or
      flange 29 which, viewed in cross-section as in FIG. 1, gives a curved
      profile. Formed in the top surface 28 and extending into the front web of
      flange 29, is an aperture 30 for reception of the pushbuttons 12. As seen
      in FIG. 3, the aperture 30 is of a length, front to back, that the buttons
      can extend through and be positioned flush with the outer surface of the
      cover. The bosses 18 are below the cover, the cover fitting into the
      recess 20 on each button. The forward edge of the aperture 30 has an
      inwardly extending lip 31. The undersurface of the lip 31 is contacted by
      the upper surface of the projection 17 on each pushbutton. This provides
      for accurate positioning location of the pushbuttons relative to the
      cover.
PAR  The assembly of pushbuttons into the cover is simple and quick. Considering
      FIG. 2, this shows the cover in an upside down position. Extending along
      each side of the aperture 30 in the cover are ribs 34 and 35. These ribs
      strengthen the cover at the edges of the aperture 30 and also provide
      support for a shaft on which the pushbuttons pivot. Additionally they
      prevent seeing into the interior of the telephone set when one of the
      outer buttons is depressed. Rib 34 has a hole in alignment with the bores
      of the bosses 18. Rib 35 also has a hole in alignment with the bores of
      the bosses; but a small web 36 provides an endwise location for the shaft.
      As seen in FIG. 2 the shaft is indicated at 37.
PAR  To assemble pushbuttons and cover, the cover is positioned upside down, as
      in FIGS. 4 and 5. The three pushbuttons 12 are placed in position. The
      pushbuttons are located readily by the recesses 20 on the buttons engaging
      with the periphery of the aperture 30 in the cover and by the projections
      17 resting on the lip 31. The shaft 37 is inserted by pushing through the
      hole in the rib 34 then through the bosses 18 of the pushbuttons 12, and
      then into the hole in rib 35. The end of the shaft butts against the web
      36. The shaft 37 can be left unsecured, but for certainty a further rib 40
      is spaced a short distance from rib 34. The rib 40 also has a hole through
      which the shaft passes completely. When the shaft is in place it is clear
      of the rib 40. A spring clip 41 is then pushed over the rib 40 and this
      prevents any substantial endwise movement of the shaft.
PAR  It is usual to provide some indication of the function of each pushbutton.
      Such indication can be obtained by suitable marking molded into the cover
      at appropriate positions. An alternative way is to provide some form of
      identification on each pushbutton. With the buttons being identical and
      interchangeable, such marking or identification should be changeable. Also
      as the particular function of the pushbutton may vary depending upon the
      installation, the ability to remove and insert identification numbers is a
      distinct advantage.
PAR  In the embodiment illustrated small removable indicators are fitted into
      the recess 21 in each button. FIG. 6 is a cross-section along the
      longitudinal axis of a recess 21, with an indicator in position. In the
      particular example illustrated, the indicator comprises a thin member 45,
      for example of thin cardboard or of paper, on which is printed or
      otherwise impressed an identifying symbol. Over the member 45 is inserted
      a transparent member 46. Member 46 is typically of fairly rigid plastic
      and can be colourless, or of a pertinent colour to aid in identification.
PAR  The transparent member 46 is a close fit in the recess 21 but to firmly
      retain it in the recess, the recess has two small indents or cavities 47,
      one at each end. Each member 46 has a small tab at each end which clips
      into an indent or cavity 47. This is seen in FIG. 7 which is a plan view
      of a member 46, the tabs indicated at 48. The indicator, composed of
      members 45 and 46, can readily be inserted from the top or outside of the
      pushbutton and the tabs 48 readily clip into the cavities 47. However, it
      can only be removed readily from underneath the button. This is done by
      pushing on the indicator through one of the apertures 22.
PAR  FIG. 3 illustrates the inter-relationship of the pushbuttons with the
      pushbutton switches. Indicated at 50 is a casting which holds the
      switches, plus other items. In contact with the two ribs 23 is a sliding
      plunger 51. Plunger 51 is hollow and slides over a guide member 52 which
      is a fixed member of a switch block. Plunger 51 has one or more lobes or
      extensions 53. When the plunger moves down, the lobes or extensions 53
      actuate spring contacts, indicated at 54. A compression spring 55 acts to
      maintain the plunger 51 in an upward position and this in turn maintains
      the related pushbutton 12 in the upward position flush with the cover.
PAR  It will be seen that the bosses 18 do not completely enclose the shaft 37
      for the full lengths of the bosses. Each boss 18 extends in contact with
      the shaft for approximately 180.degree., extending over the top of the
      shaft 37 as seen in FIG. 4. Between the bosses 18 each button has a
      formation 60 which can be conveniently considered as a half-boss, being of
      a channel cross-section. This formation is in contact with the lower half
      of the shaft 37 as seen in FIG. 4. This form of construction facilitates
      considerably the molding of the buttons as side coring is avoided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A push button switch assembly for pushbutton actuation of switches,
      comprising:
PA1  a housing, an aperture in said housing, and a plurality of pushbuttons
      pivotally mounted in said aperture, each of said pushbuttons of
      rectangular plan form and including pivotting means at a rear end, the
      pushbuttons extending side-by-side in said apertures;
PA1  parallel spaced apart ribs in said housing, said ribs extending one along
      each side of said aperture and normal to and away from an outer surface of
      the housing;
PA1  a shaft extending through said ribs on said housing and through said
      pivotting means on each of said push-buttons, and
PA1  locating means on each of said pushbuttons to locate each button relative
      to the housing in a direction corresponding to the pivotal movement of the
      pushbutton,
PA1  a plurality of switches in said housing beneath said pushbuttons, a switch
      beneath each pushbutton, each switch including a movable member and
      resilient means biasing said movable member into contact with an under
      surface of the related pushbutton, and said movable member biasing said
      pushbutton to an initial position having a top surface flush with a top
      surface of said housing.
NUM  2.
PAR  2. An assembly as claimed in claim 1, said locating means on each
      pushbutton comprising a formation on a forward end of the pushbutton and
      adapted to engage with a formation on said housing in an upward,
      nonoperated position.
NUM  3.
PAR  3. An assembly as claimed in claim 1, each pushbutton including a recess in
      an upper surface thereof, and an indicator positioned in said recess.
NUM  4.
PAR  4. An assembly as claimed in claim 1, said housing comprising a cover for a
      telephone set, said cover including a top web portion and a front flange,
      said web portion and front flange having a curved profile, in
      cross-section, at the junction of web and flange, said aperture in said
      housing formed at a forward position in said web portion and extending
      into said front flange, said pushbuttons having a curved front portion to
      match the profile of said cover.
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PAL  A latching apparatus including a housing having an aperture therein for
      receiving a key. Insertion of the key into the housing aperture rotates an
      actuating member from an open position to a closed position.
BSUM
PAR  The foregoing abstract is neither intended to define the invention
      disclosed in the specification, nor is it intended to be limiting as to
      the scope of the invention in any way.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a latching apparatus and more
      particularly concerns an apparatus for actuating electrical switches or
      locking members such as doors or windows.
PAR  In a typical electrical switch, an electrical conducting path between two
      contacts is made or broken according to the position of the actuating
      mechanism. Hereinbefore, mechanisms of this type could easily be operated
      by a pencil or finger so that they were not secure and might be energized
      by someone without a special key. Moreover, a locking mechanism of this
      type is frequently left in the closed position with the key withdrawn
      therefrom. It would be highly desirable to automatically return the
      locking mechanism to the open position as the key is removed therefrom.
      Thus, the locking mechanism would not remain in the actuated condition
      unless the key was present therein. This would provide a visual indication
      to the operator of the state of the locking mechanism.
PAR  Accordingly, it is a primary object of the present invention to improve
      latching mechanisms utilized as an electrical switch for making or
      breaking a conductive path between two electrical contacts, or, in lieu
      thereof, as a door or window lock.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, and in accordance with the present invention, there is
      provided a latching apparatus.
PAR  Pursuant to the features of this invention, the latching apparatus includes
      a key member, a housing, and an actuating member. An aperture is located
      in the housing and arranged to receive the key member therein. The
      actuating member is mounted rotatably in the housing and has a recessed
      portion therein for receiving the key member. When the actuating member is
      in the open position, the recessed portion therein is substantially
      aligned with the aperture in the housing. In the open position, the key
      member may be inserted into the housing aperture to engage the recessed
      portion of the actuating member. Engagement of the actuating member by the
      key member rotates the actuating member from the open position to the
      closed position. In the closed position, a portion of the actuating member
      blocks the aperture in the housing with the key member secured therein and
      extending outwardly therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed description and upon reference to the
      drawings, in which:
PAR  FIG. 1 is a sectional plan view illustrating the latching apparatus of the
      present invention;
PAR  FIG. 2 is an elevational view of the FIG. 1 latching apparatus;
PAR  FIG. 3 is a perspective view depicting the key employed in the FIG. 1
      latching apparatus;
PAR  FIG. 4 is a plan view of the FIG. 1 key; and
PAR  FIG. 5 is an elevational view of the FIG. 1 key.
DETD
PAR  While the present invention will be described in connection with a
      preferred embodiment thereof, it will be understood that it is not
      intended to limit the invention to that embodiment. On the contrary, it is
      intended to cover all alternatives, modifications and equivalents as may
      be included within the spirit and scope of the invention as defined by the
      appended claims.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  For a general understanding of the illustrated latching apparatus,
      continued reference is had to the drawings wherein like reference numerals
      have been used throughout to designate like elements. FIG. 1 depicts the
      latching apparatus of the present invention employed as a switch to
      electrically connect a pair of spaced terminals. Although the latching
      apparatus of the present invention is particularly well adapted for use as
      a switch, it should become evident from the following discussion that it
      is equally well suited for use in a wide variety of devices and is not
      necessarily limited in its application to the particular embodiment shown
      herein.
PAR  Turning now to FIGS. 1 and 2, the latching apparatus includes a
      substantially rectangular housing 10 preferably made from an insulating
      material such as a molded plastic material and having a key aperture 12 in
      one wall thereof. Positioned within housing 10 is an actuator member 14.
      Actuator member 14 is similar to a Geneva device. Shaft 16, in housing 10,
      secures actuating member 14 rotatably therein. Preferably, actuating
      member 14 is provided with two cut-out sections or recessed portions,
      generally designated by the reference numerals 18 and 20, respectively.
      Preferably, actuating member 16 is made from an insulating member having a
      semi-circular portion 22 with a rectangular portion 24 extending outwardly
      therefrom. An electrically conducting disc 26 is mounted in the
      semi-circular portion 14 and extends through the thickness thereof. A pair
      of electrical contacts 28 and 30, are positioned such that semi-circular
      portion 22 is interposed therebetween. In the non-actuated position as
      shown by the reference letter A, disc 26 is positioned to contact only one
      of the electrical contacts, i.e., contact 30. Contrawise, in the closed
      position disc 26 is interposed between and in contact with electrical
      contacts 28 and 30 forming an electrically conductive path therebetween.
      Electrical contacts 28 and 30 are connected to terminals 32 and 34 on the
      exterior of housing 10. Insulating shield 36 surrounds terminals 32 and 34
      forming a recessed socket for receiving a plug therein. In the open or
      non-actuated position, rectangular portion 24 of actuating member 14 mates
      with recessed portion 38 of leaf spring 40. Insertion of the key (FIGS. 3
      through 5, inclusive) in aperture 12 disengages leaf spring 40 from
      rectangular portion 24 of actuating member 14 permitting the relatively
      free rotation thereof from the opened position to the closed position.
PAR  As shown in FIGS. 1 and 2, the latching apparatus is in its non-actuated
      position with cut-out section 18 adjacent aperture 12. Disc 26 is located
      remote from contact 28, isolating terminal 32 from terminal 34. Cut-out
      section 20 serves to cooperate with cut-out section 18 to define
      rectangular portion 24 extending outwardly from semi-circular portion 22
      of actuating member 14. Rectangular portion 24 is arranged to mate with
      recess 38 of leaf spring 40 in the non-actuated position. Leaf spring 40
      has a tapered surface 42 adjacent to recess 38. Insertion of the key
      member through aperture 12 causes tapered surface 42 to be depressed
      releasing rectangular portion 24 from recessed portion 38, thereby
      permitting actuating member 14 to rotate. As the key is inserted further
      through aperture 12, it engages the wall of rectangular portion 24 causing
      actuating member 14 to rotate about shaft 16, thereby interposing
      conducting disc 28 between contacts 28 and 30. Thus, in the actuated
      position an electrically conductive path is formed between terminals 32
      and 34. Rotation of actuating member 14 results in cut-out section 18
      being misaligned from aperture 12 while semi-circular portion 22 extends
      across aperture 12. In this position, i.e., the closed or actuated
      position, the key member is retained in the latching apparatus.
PAR  Referring now to FIG. 3 through 5, inclusive, the special key member
      employed as part of the latching apparatus hereinbefore described is shown
      therein schematically. The key includes an elongated cylindrical rod 44
      secured to one marginal portion of blade 46. The longitudinally extending
      axis of rod 44 is substantially normal to the surface of blade 46 and
      parallel to the thickness thereof. The diameter of rod 44 is substantially
      equal to the width of blade 46.
PAR  Referring once again to FIG. 2, the height of aperture 12 is sufficient to
      permit passage of the marginal region of the key having rod 44 secured to
      blade 44 therethrough. Surface 48 of actuating member 14 is spaced from
      the opposed surface 50 of aperture 12 a distance intermediate the
      thickness of blade 46 and the sum of the thickness of blade 46 and the
      height of rod 44. In this manner, blade 46 may be interposed between
      actuating member 14 and housing 10 when actuating member 14 has rotated to
      the closed position. At this time, the key member is secured therein and
      may not be removed therefrom.
PAR  In the closed position, the key member is retained in the latching
      apparatus since rod 44 is captured in cut-out section 18 with blade 46
      being interposed between surface 48 of actuating member 14 and surface 50
      of housing 10. When the key member is withdrawn from aperture 12 of
      housing 10, actuating member 14 returns therewith to the non-actuated or
      open position, as shown in FIG. 1. When the actuating member 14 is
      returned to the non-actuated position, rectangular portion 24 once again
      is positioned in alignment with recess 38 of leaf spring 40. Thus, when
      the key member is withdrawn from cut-out section 18, leaf spring 40 is no
      longer depressed and recessed portion 38 thereof engages rectangular
      portion 24 of actuating member 14. This prevents actuating member 14 from
      rotating in the absence of the key.
PAR  With the configuration described hereinbefore, actuating member 14 can only
      be rotated by a key having a blade sufficiently thin to pass between
      surface 48 of actuating member 14 and surface 50 of housing 10. In
      addition, the key member must have an upturned portion complementary in
      configuration to that of cut-out portion 18 so as to engage rectangular
      portion 24 of actuating member 14, thereby rotating it from the open
      position to the closed position. By shaping rod 44 complementary to the
      configuration of cut-out section 18, there is little lost motion between
      actuating member 14 and the key member. Leaf spring 40 is prevented from
      moving too close to actuating member 14 by a lug 52 on housing 10 which
      engages end 54 of spring 40.
PAR  In operation, blade 46 of the key is held by the user. The key is inserted
      into aperture 12 until rod 44 engages rectangular portion 24 of actuating
      member 14. As rod 44 passes into aperture 12 it depresses spring 40 by
      engaging tapered surface 42 to free rectangular portion 24. The operator
      continues to insert the key into aperture 12 while grasping blade 46 until
      rod 44 engages rectangular portion 24. This causes actuating member 14 to
      rotate counterclockwise. The operator continues to insert the key pressing
      rod 44 against rectangular portion 24 to continue the rotation of
      actuating member 14 until semi-circular portion 22 blocks aperture 12. At
      this time, blade 46 is interposed between the lower surface of
      semi-circular portion 22 and surface 50 of housing 10 with rod 44 being
      located in cut-out region 18. Actuating member 14 has now rotated such
      that conducting disc 26 is interposed between contacts 28 and 30 forming
      an electrical connection between terminals 32 and 34. Moreover, the key is
      locked in position in that cut-out portion 18 retains rod 44 while blade
      46 is interposed between surface 50 and the opposed surface of
      semi-circular portion 22. Removal of the key rotates actuating member 14
      clockwise positioning cut-out portion 18 in aperture 12 permitting rod 44
      to be removed from housing 10.
PAR  Although the latching apparatus hereinbefore described has been disclosed
      in the form of an electrical switch, actuating member 14 can be used to
      operate a conventional locking device such as a door or window lock,
      amongst others. In embodiments of this type actuating member 14 would
      include a catch adapted to secure the door or lock preventing the movement
      thereof. In addition, actuating member 14 may be provided with an indent
      which is engaged by a spring catch adapted to retain actuating member 14
      in its actuated position. The foregoing is particularly useful when the
      latching apparatus is employed as a door or window lock.
PAR  In recapitulation, it is evident that the apparatus of the present
      invention may be employed to electrically connect a pair of spaced
      terminals as well as locking a door or window. The foregoing apparatus
      employs a special key arranged to be retained therein when the actuating
      member thereof is moved from the opened position to the closed position.
      In this manner the actuating member may only be positioned in the closed
      position with the key member secured therein. At all other times, the
      actuating member is disposed in the open position.
PAR  It is, therefore, evident that there has been provided in accordance with
      the present invention a latching apparatus that fully satisfies the
      objects, aims and advantages hereinbefore set forth. While this invention
      has been described in conjunction with a specific embodiment thereof, it
      is evident that many alternatives, modifications and variations will be
      apparent to those skilled in the art. Accordingly, it is intended to
      embrace all such alternatives, modifications and variations as fall within
      the spirit and broad scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A latching apparatus, including:
PA1  a key member;
PA1  a housing having an aperture therein to receive said key member, said
      housing defining a chamber in communication with the aperture therein; and
PA1  an actuating member mounted rotatably in the chamber of said housing and
      having a recessed portion therein for receiving said key member, said
      actuating member being rotated from an opened position with the recessed
      portion therein substantially aligned with the aperture in said housing to
      a closed position wherein a portion of said actuating member substantially
      blocks the aperture in said housing, said key member being arranged to
      engage the recessed portion of said actuating member to rotate said
      actuating member from the opened position to the closed position securing
      said key member in the aperture of said housing with a portion thereof
      extending outwardly therefrom so that removal of said key member returns
      said actuating member to the opened position.
NUM  2.
PAR  2. An apparatus as recited in claim 1, wherein said key member includes:
PA1  a blade; and
PA1  a rod secured to one of the marginal regions of said blade and extending
      substantially normal to the surface of said blade, said rod cooperating
      with the recessed portion of said actuating member to rotate said
      actuating member from the opened position to the closed position with said
      blade being interposed between said housing and said actuating member in
      the closed position.
NUM  3.
PAR  3. An apparatus as recited in claim 2, further including means for
      retaining said actuating member in the opened position, said retaining
      means being disengageable from said actuating member by insertion of said
      key member through the aperture in said housing.
NUM  4.
PAR  4. An apparatus as recited in claim 3, wherein the shape of the recessed
      portion of said actuating member complements the shape of said rod.
NUM  5.
PAR  5. An apparatus as recited in claim 4, wherein said retaining means
      includes resilient means for returning said retaining means into
      engagement with said actuating member upon withdrawal of said key member
      from the aperture in said housing and the return of said actuating member
      to the opened position.
NUM  6.
PAR  6. An apparatus as recited in claim 5, further including a pair of
      electrical contacts spaced from one another, said actuating member
      electrically connecting said contacts to one another in the closed
      position and isolating said contact from one another in the opened
      position.
NUM  7.
PAR  7. An apparatus as recited in claim 6, wherein said actuating member
      includes:
PA1  an insulating member interposed between said pair of contacts when said
      actuating member rotates to the opened position to isolate said contacts
      from one another; and
PA1  a conducting member interposed between said pair of contacts when said
      actuating member rotates to the closed position electrically connecting
      said contacts to one another.
NUM  8.
PAR  8. An apparatus as recited in claim 7, wherein:
PA1  said insulating member includes a substantially semi-circular portion
      having a substantially rectangular portion extending outwardly therefrom
      and arranged to engage said resilient means in the opened position; and
PA1  said conducting member includes a disc mounted in said semi-circular
      portion of said insulating member and extending therethrough so as to be
      interposed between said pair of contacts in the closed position to
      electrically connect said pair of contacts to one another.
NUM  9.
PAR  9. An apparatus as recited in claim 8, wherein said resilient means
      includes a leaf spring having a substantially rectangular recess therein
      adapted to mate with the rectangular portion of said insulating member in
      the opened position.
NUM  10.
PAR  10. An apparatus as recited in claim 9, wherein the height of the aperture
      in said housing is greater than the sum of the thickness of said blade and
      the height of said rod secured thereto enabling said rod to pass therein
      to engage the rectangular portion of said insulating member in the opened
      position, and the space between one surface of the aperture of said
      housing and the surface of said insulating member opposed therefrom is
      intermediate the thickness of said blade and the sum of the thickness of
      said blade and the height of said rod secured thereto enabling said blade
      to be interposed between said housing and insulating member when said
      actuating member rotates to the closed position.
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ABST
PAL  Terminals within a digital wristwatch which normally require closure by
      pressing a button on the side of the watch in order to render visible the
      display are arranged to be automatically closed by a magnetic inertial
      device within the watch casing. The magnetic inertial device includes a
      guide tube and a conducting ball held at one end of the tube by a
      permanent magnet. The terminals to be closed and thus render visible the
      display on the watch are positioned in the other end of the guide tube so
      that by flicking the wrist, the ball is shaken loose from the magnet and
      will make momentary contact with the terminals, thereby rendering the
      display visible. A reading can thus be taken without requiring use of the
      other hand to operate the normal manual press-button switch on the side of
      the watch.
BSUM
PAR  This invention relates to wrist instruments such as wristwatches and the
      like and more particularly to an improved actuating means for rendering
      the instrument display visible.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic quartz watches have become very popular in recent times
      primarily because of their ability to provide a digital read-out coupled
      with accuracy beyond that heretofore possible with conventional type
      watches. Essentially, a quartz crystal is used as an oscillator and the
      output frequency which is extremely stable is divided down into suitable
      clock pulses for actuating a digital display on the face of the watch.
PAR  The display can be provided by light emitting diodes (LED) or liquid
      crystal displays (LCD).
PAR  With either of the foregoing types of displays, no moving parts are
      required but in each event, an actuating means is required to render the
      display visible. In the case of the light emitting diode display, the
      diodes normally remain deenergized since energization thereof is the
      greatest source of power drain and if they remain illuminated, the power
      cells would have to be replaced too frequently. On the other hand, the
      liquid crystal displays are visible at all times but they do not exhibit a
      great deal of contrast and a light is typically incorporated to increase
      the contrast of the display. Again, the light does not remain on at all
      times since this would be too great a power drain.
PAR  Thus, with both of the foregoing types of displays, it is necessary and
      desirable to provide a switch which will close the necessary terminals to
      effect the desired actuation or illumination as the case may be. The
      conventional approach accordingly has been to incorporate a manual switch
      on the watch housing which is pressed to activate or illuminate the
      display. Unfortunately, the use of a manual switch, which must be actuated
      by the hand other than the one on which the watch is positioned is often
      inconvenient and many times impractical or impossible to operate. For
      example, when driving a car, carrying packages, and so forth it is very
      inconvenient to attempt to reach over with one hand to actuate the
      wristwatch switch carried on the wrist of the other hand.
PAR  In my copending patent application Ser. No. 516,688 filed Oct. 21, 1974 now
      U.S. Pat. No. 3,911,666 and entitled ACTUATING MECHANISMS FOR WRIST
      INSTRUMENTS, I have disclosed and claimed a switch arrangement which may
      be incorporated in watches of the type which require an actuating means to
      render the display visible and wherein such switch is operable by a flick
      of the wearer's wrist so that he need not use his other hand. More
      particularly, in my referred-to copending application, an electrical
      contact between appropriate terminals within the watch casing is effected
      by a hammer-like slug which engages against a springtype contact when the
      wrist is accelerated and/or decelerated deliberately a sufficient amount
      to cause a momentary contact between the spring contact and one terminal
      of the power source in the casing. This same copending application also
      discloses a pressure type switch which can be actuated by only one hand by
      pressing a portion of the watch band against a surface.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  Bearing the foregoing in mind, the present invention contemplates a
      different type of switch arrangement for use in watches as described above
      which is somewhat more reliable in certain respects in assuring that a
      momentary contact can be effected in response to a simple and deliberate
      flicking of the wrist on which the watch is worn. Further, in one
      embodiment of the present invention, the improved magnetic inertial switch
      is designed to maintain terminals closed for as long as desired rather
      than to simply effect a momentary closure of the terminals to actuate the
      electrical means rendering the display visible.
PAR  Briefly, the invention contemplates in combination with a wrist instrument
      requiring closure of electrical terminals within the instrument to render
      visible the instrument reading, an actuating means for closing the
      terminals including: an inertial mass of conducting material within the
      instrument; magnet means holding the mass in a first position critically
      spaced from the terminal; and a guide structure within the instrument for
      guiding the mass towards and into physical contact with the terminals to
      close the same when the mass is shaken loose from the magnet by a
      deliberate rapid acceleration and/or deceleration movement of the wrist.
PAR  A second magnet may be provided adjacent the point that the mass closes the
      terminals to hold the mass in engagement with the terminals and thus
      maintain the circuit until the mass is shaken loose by a second or
      subsequent flicking of the wrist.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of this invention will be had by now referring to
      the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a typical quartz watch exemplary of the
      type of wrist instrument with which the present invention is utilized and
      wherein the watch shown incorporates the improved actuating mechanism of
      the present invention;
PAR  FIG. 2 is an enlarged fragmentary cross-section taken in the direction of
      the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is another fragmentary cross section taken in the direction of the
      arrows 3--3 of FIG. 2;
PAR  FIG. 4 is a perspective view of the device in FIG. 3 but illustrating a
      second position of one of the components; and,
PAR  FIG. 5 is a view similar to FIGS. 3 and 4 but illustrating a second
      embodiment of the actuating mechanism.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring first to FIG. 1, there is shown an electronic quartz watch
      including a casing 10 and a display 11. As discussed heretofore, the
      display 11 may be effected either by light emitting diodes or by
      illuminated liquid crystal displays. In either event, the actuation or
      illumination of the display is effected by a small push-button knob 12
      disposed on the side of the casing 10 as shown. With this conventional
      arrangement, there is minimized the drain on the power cell within the
      watch casing since most power is drawn whenever the display is actuated.
      However, it will also be appreciated that with the conventional
      arrangement described, when the watch is worn on a person's wrist, it is
      necessary for him to use his other hand to actuate the button 12 so that
      both hands must be relatively free in order to tell the time.
PAR  The watch shown in FIG. 1 is normally secured to a person's wrist as by a
      suitable watchband 13. When so worn, the direction of the wrist is
      generally in the direction of the axis A--A shown in FIG. 1.
PAR  In accord with the present invention, there is provided an actuating means
      incorporated in the instrument casing for actuating the electrical means
      for rendering the display visible which electrical means would normally be
      actuated by operation of the push-button 12. This actuating means is
      indicated by the dotted lines generally at 14 in FIG. 1 and is elongated
      in construction, the axis of elongation being generally at right angles to
      the direction of the wearer's wrist. The reason for this orientation will
      become clearer as the description proceeds.
PAR  Referring now to the enlarged fragmentary cross section of FIG. 2, there is
      partially shown inside the casing 10 of the watch a power cell or source
      15 normally in the form of a battery in which the outer casing of the
      battery constitutes one terminal and the inner casing a second terminal.
      Also shown within the casing of the watch schematically is the electronic
      timer circuit 16 and an electrical means 17 for either actuating light
      emitting diodes or illuminating liquid crystals as the case may be in
      order to render the display visible.
PAR  Referring to details of the actuating means 14, this switch includes an
      elongated tube 18 of electrically conductive material secured in the
      casing 10 with its longitudinal axis spaced from and generally tranverse
      to the axis A--A of the forearm when the instrument is worn all as
      described in FIG. 1. One terminal of the power source 15 such as the outer
      casing of the battery indicated at 19 is connected to the conductive tube
      18 as indicated at 20. This same terminal of the power cell is also
      connected to the casing 10 of the watch as indicated at 21. The conducting
      leads 20 and 21 are purely schematic in FIG. 2 to illustrate the
      electrical connection of the cell to the watch casing. Actually, the cell
      terminal need not be connected to the watch casing in which event a direct
      electrical connection such as shown at 20 would be made to the elongated
      electrically conducting tube 18. When the terminal of the power cell is
      connected to the watch casing, the elongated tube 18 may be connected to
      the watch casing as by the electrical lead 21, or by any other suitable
      contact such as through a conducting casing plug 22 covering the opening
      through which the tube 18 is inserted into the casing and a compression
      conducting spring 23 making contact with one end of the tube 18 and the
      conducting plug 22.
PAR  The one end of the elongated tube 18 connected to the casing or the one
      terminal 19 of the power cell includes a magnet 24. An inertial mass in
      the form of a conducting ball 25 within the tube 18 is normally held by
      the magnet 24 in this one end portion of the tube.
PAR  The opposite end portion of the tube includes an insulative sleeve 26
      within which there is supported a conducting body 27. The body 27 is thus
      electrically insulated from the elongated tube 18 by the insulative sleeve
      26.
PAR  A conducting lead 28 includes a contact 29 arranged to be engaged by the
      push button 12 on the side of the watch casing. It will be clear that when
      this contact 29 is engaged by the push button 12, it is electrically
      connected to the casing thereby completing a circuit from the one terminal
      19 of a power cell 15 through the casing, the push button 12, contact 29
      and lead 28 through the electrical means 17 and timer circuit 16 to a
      second contact 30 of the power cell 15. Actuation of the electrical means
      17 as described will thus activate the light emitting diodes or illuminate
      the liquid crystals depending upon the type of watch involved. Normally, a
      momentary contact only is necessary, the timer 16 including a delay
      control which will maintain the electrical means 17 energized for a given
      length of time such as one or two seconds.
PAR  It will be noted that in accord with the present invention, the conductor
      28 and contact 29 also connect directly to the conducting body 27 in the
      elongated conducting tube 18. Accordingly, it will be clear that if the
      conducting ball 25 is shaken loose from the magnet 24, and momentarily
      engages the conducting body 27 it will effect a direct electrical
      connection between the body 27 and the conducting tube 18 the latter in
      turn being connected to the casing so that a momentary contact will be
      effected the same as though the push button 12 were caused to engage the
      contact 28.
PAR  In the cross section of the actuating means as shown in FIG. 3, it will be
      noted that the conducting body 27 has a flat surface 31 facing at an angle
      to the one end of the tube 18 supporting the magnet 24. By this
      arrangement, the lower interior wall of the tube 18 defines with the
      angulated face 31 of the conducting body 27 a V-shaped entrance into which
      the ball 25 can seat to effect the electrical connection between the body
      27 and tube 18.
PAR  FIG. 4 shows this seated position of the ball 25 wherein the electrical
      contact is made between the body 27 and wall of tube 18.
PAR  In certain types of watch constructions, a delay circuit is not included in
      the timer arrangement so that in order to render visible the display, it
      is necessary to maintain the electrical means 17 actuated as by holding
      the push button 12 in contact with the contact 29 for the length of time
      desired to view the display releasing of the button 12 then de-actuating
      the electrical means 17.
PAR  If the foregoing type of watch is used, the actuating means of the present
      invention would take the form illustrated in FIG. 5 which is similar to
      that already described with the exception that a modified conducting body
      32 is provided with a cavity receiving a magnet 33. The magnet 33 would
      normally be weaker than the magnet 24 but would be sufficient to hold the
      ball 25 in its electrical-making contact position as shown until a second
      deliberate flick of the wrist is effected to shake the ball loose.
PAC  OPERATION
PAR  The operation of the inertial type switch actuating means will be evident
      from the foregoing description. With the elongated conducting tube 18
      positioned in the watch casing as described in conjunction with FIGS. 1
      and 2, and with the ball 25 normally held in one end of the tube by the
      magnet 24, the watch will function in the usual manner. Thus, a user can
      depress the actuating button 12 to illuminate the display anytime he
      desires.
PAR  In those instances, however, where the wearer's other hand is not free or
      for some other reason it is inconvenient for the user to depress the
      button 12 with his other hand, he can effect a deliberate acceleration
      and/or deceleration of his wrist by flicking the same generally in the
      direction of the elongated tube 18; that is, in a direction generally at
      right angles to the direction of his wrist through the band 13 as
      described in FIG. 1. This deliberate action will result in the ball 25
      being shaken loose from the magnet 24 and moving to the other end of the
      tube to effect at least a momentary contact between the conducting body 27
      and the casing 18 thereby completing a circuit through the electrical
      means 17 all as described in FIG. 2.
PAR  The momentary completion of the circuit will actuate the normal delay means
      in the timing circuit so that the display will be visible for a time
      period, depending upon the time delay in the timing circuit. The display
      will then automatically extinguish, the ball in the tube returning to the
      magnet 24 where it is held.
PAR  In the event the watch involved does not incorporate a delay means to hold
      the display, the modified structure illustrated in FIG. 5 may be used
      wherein there is provided the second magnet 33 so that after the user
      flicks his wrist, the ball will be held on the second magnet until a
      deliberate further flicking shakes the ball loose from the second magnet
      and returns it to the first magnet.
PAR  From the foregoing description, it will thus be evident that there has been
      provided an improved acceleration/deceleration actuating mechanism for
      wristwatches which can be easily installed even in existing watches or,
      introduced at the time of manufacture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination:
PA1  a. an instrument adapted to be worn on the wrist and including a casing
      incorporating a power source, a display and electrical means for rendering
      the display visible when actuated; and
PA1  b. an actuating means incorporated in said casing for actuating said
      electrical means in response to a deliberate, rapid acceleration and/or
      deceleration of the wrist, said actuating means including:
PAR  1. an elongated tube of electrically conductive material secured in the
      casing with its longitudinal axis generally at a right angle to the
      direction of the wrist when the instrument is worn, said casing being
      electrically connected to one terminal of said power source;
PA2  2. a resilient conducting means bearing against one end of said tube, the
      other end of said resilient conducting means engaging said casing to
      provide an electrical connection between said elongated tube and casing;
PA2  3. a magnet secured in said tube at said one end portion of the tube;
PA2  4. a conducting ball normally held in said one end portion of the tube by
      said magnet;
PA2  5. an insulating sleeve in the other end portion of said tube; and
PA2  6. a conducting body in said other end portion held in said insulated
      sleeve so as to be electrically isolated from said tube, said conducting
      body being connected to said electrical means and having an inclined
      surface facing said one end of said tube such that said body and lower
      interior wall of the tube define a V-shaped entrance into which said ball
      seats to effect electrical contact between the body and tube whereby
PA1  when said deliberate, rapid acceleration and/or deceleration of the wrist
      is effected, said ball is shaken free of said magnet to travel to said
      other end of said tube and make at least one momentary contact with said
      conducting body so that a circuit is completed from said one terminal
      through said casing, tube, ball and said conducting body to said
      electrical means.
NUM  2.
PAR  2. The combination of claim 1, in which said conducting body incorporates a
      second magnet embedded therein with an exposed face on said inclined
      surface of less strength than said first mentioned magnet such that said
      ball will be held by said second magnet to maintain said circuit until the
      wrist is accelerated and/or decelerated deliberately sufficiently to shake
      the ball loose from said second magnet and have it captured and held by
      the first magnet.
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ABST
PAL  This disclosure is directed to a positive and negative pressure operated
      control device for use as a breath control device. The device includes a
      plurality of micro switches which can be sequentially actuated or rendered
      responsive to a person blowing or sucking on an expandible chamber whereby
      the change in pressure effected thereby will actuate the respective
      switches accordingly.
BSUM
PAC  PROBLEM & PRIOR ART
PAR  Many handicapped persons, particularly those who are paralyzed, and/or who
      have suffered injuries to one or both hands and/or who suffered the loss
      of both arms or who are quadopedics, and/or are otherwise rendered
      physically helpless, are dependant upon other persons for their simplest
      needs, e.g., controlling or directing a wheelchair, turning the pages of a
      book, etc. Heretofore, efforts have been made to provide such handicapped
      persons with mechanical aids which can be entirely controlled by the
      handicapped person himself. Control means for such mechanical aid have
      been conceived whereby such aids are controlled by touch. However,
      severely handicapped persons, such as quadrapedics and/or totally
      paralyzed persons, cannot satisfactory operate such touch type control
      devices.
PAC  OBJECTS
PAR  It is an object of this invention to provide a positive and negative
      pressure sensitive control device whereby mechanical aids can be
      controlled by a totally handicapped or helpless person.
PAR  Another object is to provide a breath control device for a mechanical aid
      in which a totally paralyzed person can personally control a device by
      blowing and sucking only.
PAR  Another object is to provide a breath control device which is rendered
      responsive to a plurality of different negative or positive pressure
      conditions.
PAR  Another object is to provide a breath control device in which the
      mechanical advantage necessary for actuation of the control device is
      reduced as either the positive or negative pressure respectively is
      increased.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The foregoing objects and other features and advantages are attained by a
      pressure sensitive control device which is particularly adapted for use as
      a breath control device whereby a handicapped person can readily control a
      mechanical aid. The breath control device comprises essentially of a base
      member having a lever pivotally connected at one end to the base member. A
      chamber capable of expanding and contracting is disposed between the base
      member and the free end of the lever. A suitable hose or conduit is
      connected in communication with the chamber whereby blowing into the hose
      causes the chamber to expand and by sucking on the hose causes the chamber
      to contract. By controlling the air pressure exerted by blowing or sucking
      the lever is pivoted relative to the base member.
PAR  A bracket is mounted on the base and it is provided with an opening. An
      actuating arm pivotally connected at one end to the lever is extended
      through the opening, and in the neutral or inoperative position the arm is
      centered within the opening.
PAR  A plurality of micro switches having an actuating plunger are disposed on
      opposite sides of the actuating arm. The switches are arranged so that a
      soft blow and hard blow switch are diagonally disposed on opposite sides
      of the actuating arm. The switches also include a soft suck and a hard
      suck switch which are also diagonally disposed on opposite sides of the
      actuating arm. The arragement is such that the hard blow switch functions
      as the pivot for the actuating arm when the expandible chamber is expanded
      to a first soft blow position whereby the lever arm provides a mechanical
      advantage greater than 1, and whereby the bracket because the falcrum or
      pivot for the actuating arm when the chamber is expanded to a second or
      hard blow position whereby the lever effect of the actuating arm produces
      a leverage of 1 to 1. When a negative pressure is applied to the chamber,
      a converse result is achieved; i.e., a soft suck effects the displacement
      of the actuating arm with a mechanical advantage greater than 1, and
      whereby a hard suck effects displacement of the actuating arm with a 1 to
      1 mechanical advantage.
PAC  FEATURES
PAR  A feature of this invention resides in the provision of a breath control
      device in which appropriate switches are rendered responsive in
      predetermined sequence in which multiple postive and negative pressure
      positions are obtainable.
PAR  Another feature resides in the provision of a pneumatic control device in
      which the mechanical advantage of the switch actuator can be varied in a
      predetermined manner in response to the applied negative or positive
      pressure.
DRWD
PAR  Other features and advantages will become more readily apparent when
      consiered in view of the drawings and specifications in which:
PAR  FIG. 1 is a side elevation view of a control device embodying the invention
      illustrating a plurality of positive pressure conditions.
PAR  FIG. 2 is a top plan view of FIG. 1.
PAR  FIG. 3 is a sectional view taken along line 3--3 on FIG. 2.
PAR  FIG. 4 is an enlarged detail of construction having portions shown in
      section.
PAR  FIG. 5 is an end view taken along line 5--5 on FIG. 3.
PAR  FIG. 6 is a side elevation view of the control device illustrating a first
      and second positive pressure position.
PAR  FIG. 7 is a side elevation view similar to that of FIG. 6 illustrating a
      first and second negative pressure position.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, there is shown in FIGS. 1 to 5 a positive and
      negative pressure sensitive control device 10. The control device is
      particularly useful as a breath control device for controlling a
      mechanical aid simply by one's breath; i.e., by a person sucking and
      blowing. The mechanical aids have reference to wheelchairs, page turning
      devices and other aids useful to handicapped person. The breath control
      device 10 is particularly adapted as a control for person who are severely
      handicapped; e.g., paralyzed persons, quadrapedic and the like. With the
      control device 10 to be described, a handicapped person can control a
      particular air; e.g., a wheelchair simply by lowing and sucking on the
      control device, which it will be understood is operatively connected to
      the drive of a wheelchair.
PAR  The control device 10 comprises a base member 11 having a horizontal leg
      11A and a connected vertical leg 11B to define a generally L shaped base.
      As best seen in FIG. 5, the vertical leg 11B is provided with opposed
      slots 11C adjacent the upper end thereof. A pivoting lever 12 is pivotally
      connected to leg portion 11B. As seen in FIGS. 1 to 5, the pivoting lever
      12 is pivotally connected to the vertical leg 11B by the interengagement
      of complementary slots 11C formed in leg 11B and notches 13 formed in the
      bifurated ends 14--14 of pivot lever 12.
PAR  The pivoting lever 12 includes a free end portion 12A which is connected to
      an overlie expandible chamber formed in the form of a bellows 15. As best
      seen in FIGS. 1 and 2, the bifurated ends 14--14 of lever 12 is connected
      to the free end 12A portion by an offset 12B.
PAR  Connected to the base member is a U shaped bracket 16. Mounted on each of
      the arms 16A, 16B of the bracket 16 are a pair of micro switches S.sub.1,
      S.sub.2, S.sub.3 and S.sub.4 respectively. Each micro switch S.sub.1,
      S.sub.2, S.sub.3, and S.sub.4 is provided with an actuating button or
      plunger 17 which closes or opens to circuit in which the respective micro
      switches are connected.
PAR  Each arm 16A, 16B of the bracket intermediate the ends thereof is provided
      with an opening 18 which is disposed in alignment.
PAR  On the free end 12A of the pivoting lever 12 there is provided a bracket 19
      to which an actuating arm 20 is pivotally connected. As best seen in FIGS.
      1 to 3, the actuating arm extends through aligned opening 18, 18 in the
      arms 16A, 16B of bracket 16 and between the plunger 17 of switches S.sub.1
      to S.sub.4.
PAR  In the neutral position as shown in FIG. 2, i.e., when the bellows 15 is
      neither expanded or contracted, the actuating arm is centered in openings
      18, 18 with the plunger 17 of the respective switches S.sub.1 to S.sub.4
      in an inactive or inoperative position.
PAR  Connected to the bellows 15 which defines an expandible chamber when
      subjected to a positive pressure and a collapsed position when subjected
      to a negative pressure in a hose 21.
PAR  The control device 10 described is arranged so as to effect sequential
      opration of switches S.sub.1, S.sub.2, S.sub.3, and S.sub.4 by either one
      blowing or sucking on hose 21 to subject the chamber or bellows 15 to
      either a positive or negative pressure.
PAR  In accordance with this invention, provisions are provided for the
      actuation of the control device by either a soft blow or hard blow or by a
      soft suck or a hard suck, i.e., the control device is rendered responsive
      to a first or second positive pressure condition or a first or second
      negative pressure condition. This is attained by subjecting the actuating
      arm to predetermined mechanical advantages so as to insure positive
      actuation between the respective position of soft and hard blow position
      and the soft and hard suck position.
PAR  Referring to FIGS. 1, 6 and 7, the operation of the control device is as
      follows:
PAR  In the neutral position as seen in FIG. 1, the actuating arm 20 is centered
      in opening 18, 18 and the switch plungers 17 are in an inoperative
      position. As shown S.sub.1 is a soft blow switch, S.sub.2 is a hard blow
      switch. Conversely, S.sub.3 and S.sub.4 are soft suck and hard suck
      switches respectively.
PAR  If one softly blows into hose 21, the bellows is expanded to a first
      position as shown by the solid line showing in FIG. 6. In this position,
      the actuating arm is displaced so that the soft positive pressure switch
      S.sub.1 is actuated. In this position, the plunger 17 of switch S.sub.2
      acts as fulcrum for actuating arm to produce a 2:1 mechanical advantage
      for for the bellows 15 with respect to switch S.sub.1. When switch S.sub.1
      is actuated, the actuating arm engages the edge of the opening 18 in arm
      16A whereby the edge of hole 18 in arm 16A becomes the fulcrum for
      continued displacement of the actuating arm 20. The arragement is such
      that greater positive pressure is required to activate switch S.sub.2
      since the shifting of the fulcrum for the actuating arm reduces the
      mechanical advantage to 1:1. Thus, upon blowing hard on hose 21, the
      bellows 15 is expanded to the dotted line position to activate the hard
      blow switch S.sub.2.
PAR  Conversely, when a soft suck or first negative pressure position is
      imparted on the bellows 15 to cause it to contract to a first position A
      as seen in FIG. 7, plunger 17 of switch S.sub.3 becomes the fulcrum of the
      actuating arm 20 to produce a 2:1 mechanical advantage in actuating the
      soft blow switch S.sub.3. When switch S.sub.4 is actuated, the actuating
      arm engages the upper edge of hole 18 in arm 16B so that this edge now
      becomes the fulcrum for any continued displacement of the actuating arm
      20. Because of the shifting of the fulcrum as described, the mechanical
      advantage of the arm in effecting the actuating of switch S.sub.3 has been
      reduced to 1:1. Thus a greater negative pressure or hard suck is required
      to be imparted on the bellows to effect displacement thereof of a
      sufficient amount for the actuating arm 20 to activate the hard suck
      switch S.sub.3.
PAR  With the control device described it will be noted that the arrangement is
      such that a definite positive displacement of the actuating arm 20 can be
      effected to distinguish between a soft and hard blow and a soft and hard
      suck so as to control a mechanical aid accordingly.
PAR  While the invention has been described with respect to a particular
      embodiment thereof, it will be appreciated and understood that variations
      and modifications may be made without departing from the spirit or scope
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A positive and negative pressure sensitive switching device comprising a
      base member, a pivot lever, pivot means pivotally mounting said pivot
      lever to said base, expandible chamber means interconnected between said
      base member and said pivot lever, said chamber means being expanded when
      subjected to a positive pressure and being contracted under negative
      pressure whereby said pivot lever is displaced about said pivot means
      accordingly, switch means mounted on said base member, said switch means
      including at least a pair of switches, an actuating arm, means pivotally
      connecting said actuating arm on said pivot lever, said actuating arm
      operating one of said switches when said chamber means is expanded under
      positive pressure, and whereby said actuating arm operates another of said
      switches when said chamber means is contracted under a negative pressure.
NUM  2.
PAR  2. A device as in claim 1 wherein said switch means comprises two pairs of
      switches, each pair of switches including a first switch and a second
      switch.
NUM  3.
PAR  3. A device as in claim 2 and including means for varying the mechanical
      advantage of said actuating arm in operating on said first and second
      switch of each of said pair of switches.
NUM  4.
PAR  4. A device as in claim 3 wherein said last mentioned means comprises
      fulcrum means disposed between the ends of said actuating arm and defining
      a pivot thereof for decreasing the mechanical advantage of said arm in
      actuating the second switch of said respective pair of switches.
NUM  5.
PAR  5. A positive and negative pressure sensitive switching device comprising a
      base member, a pivoting lever, pivot means pivotally connecting said
      pivoting lever to said base member, expandible chamber means
      interconnected between said base member and said pivoting lever, means for
      selectively subjecting said chamber means to positive and negative
      pressures whereby said chamber means is expanded under positive pressure
      and contracted under negative pressure to thereby effect displacement of
      said pivoting lever accordingly, a bracket mounted on said base member,
      said bracket having an opening therein, an actuating arm, means pivoting
      one end of said actuating arm on said pivoting lever, the other end of
      said actuating arm extending through the opening in said bracket, at least
      two pairs of switches mounted on said bracket with a pair of switches
      disposed to either side of said actuating arm, one pair of said switches
      being selectively actuated when said chamber means is subjected to a first
      or a second positive pressure, and whereby the other pair of said switches
      are selectively actuated when said chamber means is subjected to a first
      or second negative pressure.
NUM  6.
PAR  6. A pneumatic switching device comprising a base member, a pivot lever,
      pivot means pivotally connecting said pivot lever to said base member,
      expandible chamber means interconnected between said base member and said
      pivot lever, said chamber being subjected to a negative and positive
      pressure, switch means mounted on said base member, said switch means
      comprising at least two pairs of switches, an actuating arm, pivot means
      connecting said actuating arm to said pivot lever, said actuating arm
      selectively operates on one pair of said switches in a first and second
      position of said expandible chamber means when subjected to a positive
      pressure and selectively operating the other pair of said switches in a
      first and second position of said expandible chamber means when subjected
      to a negative pressure.
NUM  7.
PAR  7. A positive and negative pressure sensitive switching device comprising a
      base member, a pivot lever pivoted at one end thereof to said base member,
      expandible and contractable chamber means interconnected between said base
      member and said pivot lever, wherein said chamber means is expanded when
      subjected to a positive pressure and contracted when subjected to a
      negative pressure to thereby effect displacement of said pivot lever
      relative to said base member accordingly, an actuating arm, means
      pivotally connecting said actuating arm on said pivot lever, two pairs of
      switches, one pair being disposed on opposite sides of said actuating arm,
      each of said pairs of switches including a positive pressure sensitive
      switch and a negative pressure sensitive switch, fulcrum means for said
      actuating arm located between the ends of said actuating arm and between
      said positive and negative pressure switches, whereby the positive
      pressure sensitive switch on one side of said pivot lever is actuated
      under a predetermined mechanical advantage when the chamber means is
      expanded to one position and whereby the positive pressure sensitive
      switch on the other side of the actuating arm is actuated with a lesser
      mechanical advantage when said chamber means is expanded to another
      position and whereby said negative pressure sensitive switches are
      similarly actuated in converse manner when said chamber means is subjected
      to negative pressures to assume one position and another position.
NUM  8.
PAR  8. A device as in claim 7 wherein said switches each include a depressible
      operating member, whereby the operating member of one switch functions as
      a fulcrum means for said actuating arm in the one position of said chamber
      means and whereby said fulcrum means defines the fulcrum for said
      actuating arm operating on the other switch in the other position of said
      chamber means.
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ABST
PAL  A temperature compensated pressure indicator adapted to be mounted within a
      pressure container includes a reservoir housing and housing member welded
      together to form a secondary pressure chamber. A bellows member is
      hermetically mounted within the secondary pressure chamber and
      communicates with the exterior pressure of the container. Mounted on the
      bellows member is a movable magnetic member adapted to slide on a hollow
      guide post as a result of any pressure differentials. A reed switch
      assembly is held stationary in the guide post by a pair of band springs.
      The switch assembly is electrically connected to a source of power and an
      external indicator such as a light. When the bellows member moves the
      magnetic member close to the switch assembly due to a pressure
      differential, the magnetic field closes the switch assembly to activate
      the light. The indicator is substantially non-responsive to wide
      variations in the ambient temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to apparatus for measuring leakage of
      fluids from a closed container and more particularly to a temperature
      compensated pressure indicator adapted to be mounted within a pressurized
      container.
PAR  2. Description of the Prior Art
PAR  A large number of applications utilizing a closed vessel or a pressurized
      container require an indication of the pressure level within the
      container. Frequently, these vessels or containers are employed to
      maintain a relatively high pressure; e.g., 7000 psi over a long period of
      time and are subject to sudden temperature changes. For example, in the
      field of fire extinguishers, it is quite common to utilize a conventional
      fire extinguisher having a pressure of about 600 psi or greater that can
      be subject to losses of pressure due to leakages of the fluid in the
      container. Other applications exist in a large number of fields such as
      monitoring floatation and impact bags in aircraft and other vehicles. Such
      leakages may occur due, for example, to accidental droppage of the
      container by a maintenance man or for numerous other reasons. Such a
      container may be rendered useless if its fire extinguishing fluid leaks
      appreciably. If the fire extinguisher containers are utilized, for
      example, in aircraft or other vehicles, it is quite apparent that a
      hazardous condition can develop on account of such leakage.
PAR  Other sources of leakage from a container may be due to microscopic
      openings in the metal from which the container is made, flaws in the
      welding material which are not readily detectable, fatigue of the material
      of the container because of the stresses and strains, and numerous other
      factors. Any or all these factors may be coexistent and may materially
      effect adversely the operativeness and utility of the container for its
      primary and essential functions.
PAR  One particular leakage indicator for fire extinguishers is shown in U.S.
      Pat. No. 3,735,376 issued on May 22, 1973, and assigned to the assignee of
      the present application. The device of the U.S. Pat. No. 3,735,376
      provided a temperature compensation alarm mechanism for a fire
      extinguisher suitable for use on aircraft or other vehicles.
PAR  The mechanism included in addition to the main container, a miniaturized
      container which was inserted into the main container and was effectively
      separated by a diaphragm between the two containers. The diaphragm was
      responsive to a predetermined droppage in pressure of the main container
      to produce a signal indicative that the fire extinguisher was leaking.
      Since both the miniature container and the main container were filled with
      fluids having similar pressure temperature responses, the device was
      essentially temperature independent.
PAR  This device solved the problem of providing apparatus that could
      automatically determine a leakage or inoperative condition in a fire
      extinguisher or other pressure containers. The arrangement could serve to
      inform the staff of an aircraft that a defective condition had developed
      and in commercial use, the staff of the aircraft could signal the nearest
      landing field that the fire extinguisher may need prompt replacement or
      repair.
PAR  Other forms of pressure sensor devices have existed in the patents of the
      prior art such as the U.S. Pat. No. 3,576,412 issued Apr. 27, 1971.
      Problems existed in these devices of the prior art; for example, it was
      difficult to calibrate the pressure sensitivity and further to determine
      the operativeness of the switching mechanism of the leakage detector when
      it was installed or after a prolonged period in service. In addition, most
      prior art switches added an additional failure component to the pressure
      system and provide a thermal lag factor when subject to sudden temperature
      changes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a pressure indicator having a primary
      pressure chamber connected to a source of  pressure and a hermetically
      sealed secondary pressure chamber housing wall formed from a high thermal
      conductive material. A metal bellows member formed of welded rings
      connects the primary and secondary pressure chambers and is responsive to
      their pressure differentials. Attached to the bellows member is a movable
      member capable of generating a magnetic force field. Switch means are
      responsive to a predetermined positioning or strength of the magnetic
      force field for providing an output signal representative of the pressure
      differential. The pressure indicator can be temperature compensated by
      providing the sealed secondary pressure chamber with a fluid having
      substantially the same temperature-pressure characteristic as the fluid in
      the primary pressure chamber.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIG. 1 is a cross sectional view of the present invention installed within
      a pressurized container;
PAR  FIG. 2 is a plan view of the present invention taken along lines 2--2 of
      FIG. 1; and
PAR  FIG. 3 is a partial cross sectional view of the switch assembly of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 of the drawings, a container 2 can be a conventional
      pressurized tank such as a fire extinguisher which may, for example,
      embody an elliptical, spherical or cylindrical metal housing and is
      frequently 4 to 20 inches in diameter and of any length. If the fire
      extinguisher tank 2 is to be mounted alone or in series adjacent an
      aircraft engine, it will frequently be spherical and subject to relatively
      high pressures. It should be understood that the present invention is not
      limited to the environment of fire extinguishers but is rather being
      described in this environment as one practical application of the present
      invention. Exemplary of other applications are impact and floatation
      pressure containers that can experience pressures of 10,000 psi or greater
      and sudden temperature changes of several hundred degrees Fahrenheit.
PAR  Tank 2 may contain a quantity of fire extinguishing fluid, such as freon
      1301, and a quantity of nitrogen gas as a pressurizing fluid. Frequently,
      a tracer gas such as helium will be added to the tank 2. The temperature
      compensated pressure indicator 4 of the present invention includes a
      reservoir housing member 6 closed at one end by a cap end 8. While not
      shown, it is common to utilize a bushing for mounting the indicator 4 in
      the tank 2. The cap end 8 and the reservoir housing 6 are appropriately
      welded or brazed together and can be made from a material such as
      stainless steel or beryllium copper. The use of a material such as
      beryllium copper is important, particularly in applications that are
      subject to rapid temperature changes, since it has a relatively high
      thermal conductivity characteristic. Thus, any fluid within the reservoir
      housing member 6 will experience the same temperature range as the
      exterior fluid without any appreciable temperature lag, even during
      temperature rate of changes of 150.degree.F per minute. The cap end 8
      contains a centrally located bore 10 that is adapted to accommodate a
      capillary tube 12. Appropriate pressurizing fluid can be inserted into the
      cavity of the housing member 6 through the capillary tube 12. The
      capillary tube 12 can be closed or sealed by any appropriate method such
      as crimping and welding. Frequently, the indicator 4 will be calibrated by
      monitoring the pressure of the fluid applied through the capillary tube
      12.
PAR  At the other end of the reservoir housing 6, a bellows plate 14 is affixed
      by any appropriate means that insures a fluid tight connection. The
      bellows plate 14 includes a series of concentric shoulders 16 terminating
      in an annular cone shape end 18. At the base of the cone end 18 is a
      plurality of ports 20 that communicate through straight passages that
      extend through the bellows plate 14 to provide fluid communication with
      the reservoir housing 6. The number of ports 20 are a matter of design,
      and can include seven ports located at 45 degree positions about the
      center of the bellows plate 14.
PAR  In the center of the bellows plate 14 is a port 22 which communicates
      through an L-shape passage 24 to extend to an opening 26 on one side of
      the bellows plate 14. Welded on the first shoulder of the bellows plate 6
      is a housing 28 which terminates at the other end in an enlarged flange
      30. The housing 28 has a threaded outside surface 76 which can be utilized
      in alternative mounting arrangements with tanks.
PAR  Appropriately welded to the cone end 18 of the bellows plate 14 is a
      bellows 32 which can be made of a stainless steel that is heat treated and
      is relatively thin. Generally, the bellows 32 will include a series of
      rings that are welded together. The illustration of the bellows 32 in FIG.
      1 is essentially schematical. Alternatively, the bellows 32 may be any
      impermeable flexible diaphragm readily responding to relatively small
      pressure differentials of the fluids on either side of the diaphragm;
      e.g., 100 psi in a 7000 psi pressure system and capable of withstanding
      the applied pressure during operation. A magnetic post member 34 has a
      cone end 36 which is likewise welded to the bellows 32.
PAR  A peripheral groove 35 on the surface of the magnetic post member 34 is
      adapted to receive a washer 38 and a retaining ring 40. The retaining ring
      40 serves as one seat for a helical, circular cross section spring 42.
      Another shoulder 16 on the bellows plate 14 serves as the other seat for
      the spring 42. The spring 42 not only places the bellows 32 in a slight
      tension, it further is designed with an inside coil diameter that prevents
      a bellows expansion that could damage the bellows 32. The other end of the
      magnetic post member 34 includes an enlarged cylindrical flange 44 with a
      peripheral lip which supports a magnetic ring 46 made from a material such
      as Alnico-8.
PAR  Alternatively, an electro-magnetic coil (not shown) may be mounted on the
      post member 34. For the purposes of the present invention, it is only
      necessary to provide a device capable of generating a magnetic force
      field. Likewise, other switch mechanisms (not shown) responsive to a
      predetermined magnetic force field could be utilized.
PAR  The magnetic post member 34 has a hollow bore 37 and is adapted to slide
      over a post guide 48 which has been welded so that it is cantilevered from
      the housing flange 30 into the housing 28. Bleed ports 50 are provided in
      the central portion of the magnetic post member 34 to prevent any fluid or
      pressure locking between the post guide 48 and the magnetic post member
      34. The bleed ports 50 insure a free relative movement of the magnetic
      post member 34 over the post guide 48. The end of the post guide 48 serves
      the further function of providing a positive safety stop or limit to the
      movement of the magnetic post member 34; e.g., reservoir housing cavity
      was not pressurized.
PAR  The post guide 48 has a hollow, circular configuration for receiving a reed
      switch assembly 52. The reed switch assembly 52 includes a reed switch 54
      having a cylindrical glass envelope 56 and a pair of magnetizable
      electrodes 58 and 60 that are cantilevered into the interior of the glass
      envelope 56 and extend outward of the respective ends of the glass
      envelope 56. Mounted over the reed switch 54 is an electrically conductive
      sleeve member 62 made from a material such as brass. The outwardly
      extending portion of electrode 58 is affixed with solder to the brass
      sleeve member 62. Electrode 60 is attached to a wire 61 and electrically
      insulated from the brass sleeve by shrink tubing. An epoxy 63 is
      introduced into the brass sleeve 62 to isolate the reed switch electrode
      60 from the brass sleeve 62.
PAR  An insulating tubing 64 that can be made from a polyvinylidedene fluoride
      or irridated polyvinyl chloride is shrink mounted over the brass sleeve
      member 62. The insulating tubing 64 electrically insulates the sleeve
      member 62 from both the post guide 48 and the other components of the
      temperature compensation indicator 4.
PAR  A terminal house 66 can be mounted on the housing flange 30 with an
      undercut groove 67 adjacent the housing flange 30 for positioning a pair
      of band springs 68. The band springs 68 are independently mounted in the
      groove 67 and are adapted to hold the reed switch assembly 52 in an
      operative fixed position while at the same time permitting, if desired,
      movement of the reed switch assembly 52 into and out of the housing 28 for
      calibration of its pressure sensitivity.
PAR  The reed switch 54 is connected to an appropriate electrical circuit
      schematically shown which may include a visual and/or audible indicator
      (not shown) such as a lamp 70 that may be mounted in the cockpit of a
      vehicle or airplane. The electrodes 58 and 60 can be connected to the
      circuit by appropriate lead wires 59 and 61 that are ultimately connected
      to a plug 65. The circuit may be powered by any source of voltage such as
      a battery 72 or any common DC or AC source. An additional ground
      connection such as the terminal wire 74 may be optionally provided to help
      eliminate any electrical interference so that a computerized monitoring
      operating can be employed.
PAR  The interior of the housing 28 along with the cavity of the reservoir
      housing 6 forms a secondary pressure chamber for the temperature
      compensated pressure indicator 4. The interior of the bellows 32
      communicates with the pressure within the tank 2 through the passage 24 to
      form a primary pressure chamber. An equilibrium force equation would
      basically balance the force of the spring 42 and the primary chamber
      pressure force exerted on the magnetic post member cone end 36 against the
      secondary chamber pressure force exerted on the magnetic post member cone
      end 36. Generally, the spring 42 is maintained in tension during normal
      operation since the pressure force of the primary pressure chamber is
      usually greater or at least equal to that of the secondary pressure
      chamber.
PAR  Quite frequently, in a fire extinguisher application, the charging fluids
      within both the secondary chamber and the primary chamber will be
      substantially identical fluid components; namely, freon 1301 and nitrogen
      gas, in the same general proportions. This insures that temperature
      variations will not effect the operation of the indicator 4. Actually,
      fluidic components that generate the same pressure temperature response
      over the operative range of the indicator 4 would be acceptable,
      particularly in applications outside of the fire extinguishing field. It
      should, however, be realized that the advantages of the present invention
      are not limited to this temperature compensation function since the unique
      construction of the present apparatus can be simply used as a pressure
      indicator. For example, the present invention is capable of monitoring
      continuously and promptly any substantial deviation in the pressure of the
      primary chamber. The bellows 32 is hermetically sealed, for example, by
      welding or brazing to completely isolate the relative fluids in the
      primary and secondary chamber. Furthermore, the bellows 32 is so oriented
      that it can be flexed many times in testing or otherwise during operation
      of the equipment without substantially effecting its long range durability
      and operability. In particular, the spring 42 is positioned so that after
      a predetermined travel, its respective coils will close on each other and
      prevent any permanent deformation of the bellows 32. This arrangement
      provides a fail-safe construction in case the pressure within the primary
      chamber is lost, for example, due to leakages, etc.
PAR  If desired, the primary and secondary chambers of the leakage indicator 4
      can be coupled to different containers. In such an arrangement, the fluids
      of both containers will be kept apart by the bellows 32 and the fluids
      would normally apply pressure against the opposite side of the magnetic
      post member 34. Variations in the respective pressures in the containers
      will activate the reed switch assembly 52.
PAR  Since both the primary and secondary chambers will be subjected to
      approximately the same ambient temperatures, particularly with the use of
      high thermal conductivity material, the relative pressures will be
      approximately the same. For example, a container filled with substantially
      identical fluid components, namely freon 1301 and nitrogen gas of the same
      general proportions, at a pressure of 600 psi at 68.degree.F will drop to
      approximately 180 psi at a minus 65.degree.F. In that event, the bellows
      32 will remain essentially undeflected and the reed switch assembly 52
      will remain inactive. Accordingly, the signal circuit will not activate
      the lamp 70.
PAR  In operation, the secondary chamber is filled with a reference fluid which
      is frequently of the same or substantially identical fluid components as
      that of the primary chamber. When the pressure in the primary chamber is
      lost, for example, due to leakage, the bellows 32 will retract towards the
      bellows plate 14. The magnetic post member 34 that is firmly attached to
      the bellows 32 and its attached magnet 46 will likewise be moved a
      corresponding distance. The reed switch assembly 52 remains relatively
      stationary within the post guide 48. When the magnet 46 reaches a
      predetermined position or magnetic field strength relative to the
      electrodes such as shown in FIG. 3, the magnetic flux or force field of
      the magnet 46 will drive the respective centilevered electrodes 58 and 60
      together to close the electrical circuit and activate a signal device such
      as lamp 70. When the magnet 46 is removed from the predetermined position
      relative to the electrodes 58 and 60, the spring force of the respective
      electrodes will separate them and open the electrical circuit as shown in
      FIG. 1. Obviously, the same result can be achieved by positioning the
      magnet 46, or some other device capable of generating a magnetic field, to
      maintain a closed electrode position during a balanced pressure state with
      leakage being indicated when the circuit is opened.
PAR  The calibration of the indicator 4 in a tank 2 can be accomplished with a
      number of variables, such as, the pressure of tank 2 can be monitored
      independently, the pressure of the secondary chamber can be monitored or
      the exact position of the contact point of the reed switch assembly 52 can
      be adjusted by moving the switch assembly 52 within the guide post 48.
      Thus, for a given pressure in the primary and secondary chambers, the
      sensitivity of the indicator 4 can be adjusted by movement of the switch
      assembly 52.
PAR  Generally, an epoxy 78 such as General Electric Co. RTV silicone compound
      will be applied to fill the terminal housing 66 to hold the switch
      assembly 52 in position after calibration.
PAR  An important advantage of the present invention is that the operativeness
      of the reed switch assembly 52 and the electrical circuit can be tested
      with a minimum of effort and equipment. For example, the application of a
      very strong magnetic field to the reed switch assembly 52 while the
      indicator 4 is within the tank 2 can cause the electrodes 58 and 60 to
      contact and thereby test the system. A simple but strong bar magnet (not
      shown) could be utilized for testing purposes by placing it adjacent the
      tank 2 near the indicator 4.
PAR  Also, if the reed switch assembly 52 is found to be inoperative, a new one
      can be simply installed within the guide post 48 without losing the entire
      leakage indicator 4. Finally, if the bellows 32 of the indicator 4 fails
      or ruptures, the pressure system is still operable.
PAR  It should be noted that various modifications can be made to the apparatus
      while still remaining within the purview of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a pressurized fluid container system subject to temperature
      variations having a temperature compensated pressure indicator for
      determining any fluidic leaks from a pressurized storage container of a
      first fluid such as fire extinguisher fluid in an aircraft and a primary
      pressure chamber connected to the first fluid pressure in the storage
      container, the improvement comprising:
PA1  a housing having a secondary pressure chamber adjacent the primary pressure
      chamber and containing a quantity of a second fluid having substantially
      the same pressure temperature response characteristics as the first fluid
      in the storage container, the secondary pressure chamber housing primarily
      formed from a material having a high thermal conductivity capable of
      transmitting thermal changes in the first fluid of approximately
      150.degree. F per minute to the second fluid within the secondary pressure
      chamber whereby the pressure temperature response characteristics of both
      fluids will be substantially the same;
PA1  a movable metal bellows formed of welded metal rings sealed in the housing
      between the primary and secondary pressure chambers and repetitively
      responsive to their relative pressure changes throughout a temperature
      range of at least 68.degree. F to a minus 65.degree. F;
PA1  a magnetic member operatively connected to the metal bellows; and
PA1  switch means operatively controlled by the movement of said magnetic member
      and fluidically isolated from the primary and secondary pressure chambers,
      including a hollow guide post member attached to the housing and a
      relatively movable and replaceable switch assembly positioned within the
      hollow guide post member, the switch assembly including a pair of
      cantilevered electrodes, the switch means responsive to a predetermined
      strength of the magnetic force field for moving the cantilevered
      electrodes to provide a signal representative of any pressure differential
      in the primary and secondary pressure chambers indicating a leak in the
      storage container, wherein the metal bellows connected between the primary
      and secondary pressure chambers includes a post member movably mounted
      around the guide post member.
NUM  2.
PAR  2. The invention of claim 1 further comprising a safety means for
      preventing a destructive deformation of the bellows member including a
      spring encircling and biasing the bellows member towards an expanded
      position.
NUM  3.
PAR  3. The invention of claim 1 wherein the magnetic member is mounted on the
      post member.
NUM  4.
PAR  4. The invention of claim 3 wherein a secondary pressure chamber wall is
      primarily formed from beryllium copper.
NUM  5.
PAR  5. The invention of claim 1 further including safety means operatively
      contacting the metal bellows for preventing any deformational movement of
      the metal bellows.
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ABST
PAL  A differential pressure module is secured in switching relation to the
      actuating plunger of an electrical switching mechanism. Comprising the
      differential pressure module are two piston/cylinder assemblies connected
      together in back-to-back configuration by secured cross members forming a
      floating yoke. Each of the assemblies includes a diaphragm in
      communication with a separate oppositely directed fluid inlet and through
      which a force differential effective from the separate forces acting in
      opposition to each other is applied via the yoke against the switch
      actuator. A cast body intervening between the assemblies defines the fluid
      inlets while maintaining the pressure of each isolated from the other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. The field of art to which the invention pertains includes the art of
      electrical switching actuated by a pressure input.
PAR  2. Electrical switches adapted to operate in response to fluid pressures
      are widely used for an endless variety of industrial applications.
      Exemplifying pressure switches of the type commercially available is the
      disclosure of Gorgens et al U.S. Pat. No. 3,393,612 in which the switching
      mechanism is responsive to a single source pressure input. Likewise used
      widely are electrical switches operatively responsive to a pressure
      differential as might be used to operate a control function in correlation
      to a difference in pressure between taps such as, for example, those
      existing on either side of an orifice plate for measuring pressure drop
      across the plate.
PAR  In its simplest form, differential pressure switches of the prior art
      frequently employ a flexible diaphragm unit of sorts separating the
      opposing fluids as disclosed, for example, in U.S. Pat. No. 3,566,060. The
      respective pressures of each fluid are thereby permitted to bias the
      diaphragm in one direction or the other as a function of their net
      pressure differential. Sufficient movement of the diaphragm in either
      direction then operates via an actuating mechanism to effect appropriate
      triggering of an electrical switch mechanism with which it is associated.
      While operatively effective and appearing sound in principle, a
      significant drawback of such constructions is the potential mixing of
      pressures in the event of diaphragm failure. Still other differential
      pressure switch constructions are available which avoid the potential
      problem of fluid mixing through diaphragm failure by utilizing more costly
      features enabling the opposing fluids to be isolated by an intervening
      structure of substance. Exemplifying the latter are the disclosures of
      U.S. Pat. Nos. 3,626,813 and 3,751,988.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a differential pressure switch and more
      particularly to such a switch of relatively compact, uncostly construction
      for providing the safety of fluid isolation even in the event of diaphragm
      failure. This is achieved in accordance herewith by use of a differential
      module mounted in operative relation with the actuator of a switch
      mechanism. The module, in turn, is formed of two piston/cylinder
      assemblies each exposed to an oppositely directed fluid of different
      pressure through a flexible diaphragm. Secured cross members forming a
      floating yoke connect the assemblies embraced together in back-to-back
      configuration. Supported intervening between the piston/cylinders is a
      capsule-like cast body having displaced inlets for receiving and directing
      the fluids of differing pressure. One of the fluid inlets directs received
      fluid pressure from an underside outlet in the body toward one of the
      piston/cylinders and the other directs received fluid pressure from a
      topside outlet in the body toward the other of the piston/cylinders. In
      this manner, the piston/cylinder assemblies are maintained pressure
      isolated from each other as to preclude pressure mixing therebetween while
      at the same time affording a compact and relatively uncostly assembly
      operably acting against the switch actuator via the differential force
      exerted by the yoke.
PAR  It is, therefore, an object of the invention to provide a differential
      pressure switch of novel construction.
PAR  It is a further object of the invention to provide a differential pressure
      switch affording pressure isolation between the respective fluid supplies
      by means of a relatively compact construction minimizing space
      requirements therefor.
PAR  It is a still further object of the invention to achieve the foregoing
      objects with a relatively uncostly construction as compared to similar
      purpose devices of the prior art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of a switch and module construction in
      accordance herewith partially sectioned substantially along the lines 1--1
      of FIG. 5;
PAR  FIG. 2 is an elevation view half-sectioned of the pressure module of FIG. 1
      as viewed substantially 90.degree. displaced therefrom;
PAR  FIGS. 3 and 4 are fragmentary enlargements of the respective encircled
      portions of FIG. 1;
PAR  FIG. 5 is a sectional view taken substantially along the lines 5--5 of FIG.
      1;
PAR  FIG. 6 is a sectional view taken substantially along the lines 6--6 of FIG.
      5;
PAR  FIG. 7 is a fragmentary view similar to FIG. 5 for an alternative
      embodiment; and
PAR  FIG. 8 is a sectional elevation similar to FIG. 6 for the alternative
      embodiment of FIG. 7.
DETD
PAR  Referring now to FIGS. 1-6, the pressure differential switch in accordance
      herewith is comprised of a pressure operable switching mechanism 10 and a
      differential pressure module 12 secured together along a joint line 14.
PAR  Switching mechanism 10 may, for example, be comprised of a type disclosed
      in Gorgens et al patent, supra, in which a cast box-like housing 16
      includes an electrical switch 18 operably actuated by a vertically
      dependent actuator plunger 20. On the underside of housing 16 is an
      integrally cast neck 22 terminating at joint line 14 and having a central
      bore defining a through passage 24. Within the passage is contained a
      coiled range spring 26 compressed between an adjustable cap 28 and a disc
      30 tending to displace push rod 32 away from plunger 20. The preload of
      the spring determines the operating set point of the switch.
PAR  For operating switch 10 in accordance herewith, there is provided a
      differential pressure module 12 as will now be described. Comprising
      module 12 at the axially central portion thereof is an annular
      capsule-like body 34 intervening between a top spacer 50 and a bottom
      spacer 54 secured together by bolts 56. Body 34 is of machined finish
      having fluid inlets 36 and 38 180.degree. displaced and providing
      connections for piping 37 and 39 supplying fluid thereto from appropriate
      sources. For reasons as will be understood, inlet 36 is adapted to receive
      fluid of the higher pressure being supplied. Forming an outlet for inlets
      36 and 38 to discharge fluid received thereat are reduced diameter end
      bores 40 and 42, respectively. The end bores, in turn, communicate with
      obliquely angled passages 44 and 46, which extend to a central port
      opening in the upper and lower end faces of body 34. (FIG. 6)
PAR  Top spacer 50 is supported superposed over body 34 via an intermediate
      gaskeet 48 and extends to a juxtaposed position at joint line 14 for
      matchup with the underside of switch housing neck 22. Formed in the top
      spacer at its underside is a central bore 58 terminating inward at a
      radial shoulder 60 in turn merging centrally with a bore 61 and transverse
      slot 62. Close fitting within bore 58 is a ring-like cylinder 64 of
      substantially T-shaped wall section compressing at its underside an
      annular O-ring gasket 68. Secured in turn by gasket 68 is a flexible
      diaphragm 66 exposed to the port opening of body passage 44 for responding
      to the level of fluid pressure supplied thereat. Centrally supported
      inward of the cylinder is a T-shaped piston 70 engaged at its underside by
      diaphragm 66 while its topside is contained in the annular pocket beneath
      spacer shoulder 60. A stud 72 projects centrally upward therefrom beyond
      the top face of the spacer for supporting a nut 78 while an annular spider
      spring 73 functions to maintain piston alignment. Overlying piston 70 and
      a washer 74 on stud 72 is an inflexible beam 76 generally supported
      unsecured and loose in transverse spacer slot 62 but secured in place to
      piston 70 by nut 78. The nut is conically cupped inward at 79 to
      accommodate and be engaged by cone 80 on the underside of disc 30.
PAR  Bottom spacer 54 is similarly supported subtending body 34 and separated
      therefrom by an intermediate gasket 52. The bottom spacer 54 is
      essentially similar but arranged generally opposite-hand to top spacer 50
      and likewise includes a central bore 82 extending inward to a radial
      shoulder 84 which, in turn, merges centrally with a bore 85 and transverse
      slot 86. Contained in bore 82 in the pocket above shoulder 84 is a
      ring-like cylinder 88 similar to cylinder 64 above to support a T-shaped
      piston 90 inverted but similar to piston 70. Secured about its edges
      overlying the topside of the piston via an annular compressed O-ring
      gasket 94 is a flexible diaphragm 92 exposed to the opening of body port
      46 for responding to the level of fluid pressure supplied thereat. A stud
      96 supporting a Bellville washer 98 depends from the underside of the
      piston at which transverse beam 100 contained unsecured and loose in
      transverse slot 86 is supported by a nut 103. An annular spider spring 102
      similarly functions to maintain piston alignment.
PAR  By means of a pair of vertical bolts 104 extending loosely through a body
      sleeve 105, transverse beams 100 and 76 are joined to form a rigid yoke
      embracing the piston/cylinder assemblies and able to float with the
      assemblies as a unit in slots 62 and 86. The yoke in this arrangement is
      responsive to the differential in pressure exposed to the diaphragms for
      transmitting via its floating action a correlated net differential force
      against disc 30 in opposition to spring 26. A total yoke travel of about
      0.015 inches is permitted in the spacing defined between radial shoulders
      60 and 84. In the event of excessively high pressure being applied to
      either one or the other of the pistons, the diaphragms are protected
      against overpressure by the built in stops afforded by the shoulders. A
      cap 107 secured via a plurality of screws 109 encloses the underside of
      the module.
PAR  Where bleed connections are required, body 34 may alternatively be
      constructed as illustrated in FIGS. 7 and 8 in which oblique passages 44
      and 46 communicate with vertical bores 111 and 113 exposed to diaphragms
      66 and 92, respectively. Further connecting with the latter bores are bore
      passages 115 and 117 which can be operably opened and closed via valves
      119 and 121.
PAR  In operation, fluid of the higher pressure is supplied via pipe 37 to inlet
      36 and fluid of the lower pressure is supplied via pipe 39 to inlet 38.
      Fluid of the former is in turn exposed against the underface of diaphragm
      66 to urge piston 70 and beam 76 upward against disc 30 in opposition to
      the downward force being imposed by range spring 26. Simultaneously
      therewith, fluid pressure at inlet 38 acts downwardly against diaphragm
      92, piston 90 and beam 100 concurrently aiding the imposed force of spring
      26. By virtue of the yoke flotation afforded beams 76 and 100 as a unit,
      only the net difference in fluid pressure imposed by the respective fluids
      against the opposed pistons is transmitted by the yoke to nut 78 in
      opposition to the force of range spring 26. Since the effective areas of
      the two pistons are equal, the net force developed by the yoke against the
      range spring is equal only to the difference between the two applied
      pressures multiplied by the effective piston area. If high static pressure
      is supplied equally to both pistons, the resulting forces are confined
      within the yoke. Because of the separation and isolation afforded the
      pressure elements by intervening body 34, failure of either diaphragm
      cannot cause mixing of the pressure fluids thereby enhancing safety of the
      unit.
PAR  By the above description there is disclosed a novel differential pressure
      switch of compact design affording the virtues of pressure isolation in
      the event of diaphragm failure in one or other of the pressure responsive
      assemblies. By virtue of the overload protection, the device incorporates
      high overpressure capability. Since all the wetted surfaces are contained
      in body 34, only that portion of the module need be of relatively
      expensive corrosion-resistant material as to permit the use of aluminum or
      other less expensive material for the remaining components.
PAR  Since many changes could be made in the above construction and many
      apparently widely different embodiments of this invention could be made
      without departing from the scope thereof, it is intended that all matter
      contained in the drawings and specification shall be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A pressure switch including an electrical switching mechanism, a
      pressure movable actuator for operating said switching mechanism between
      on-off positions, a range spring operatively effective to oppose pressure
      induced movement of said actuator, and a differential pressure unit
      comprising in combination:
PA1  a. body means having a pair of separated fluid inlets in which to receive
      pressurized fluid from different sources, a first of said inlets
      communicating with a first fluid outlet opening in said body means and a
      second of said inlets communicating with a second fluid outlet opening in
      said body means;
PA1  b. a pair of spaced apart diaphragm-piston assemblies supported with said
      body means intervening therebetween, one of said assemblies being exposed
      in pressure-tight relation to the first of said fluid outlet openings and
      the second of said assemblies being exposed in pressure-tight relation to
      the second of said fluid outlet openings; and
PA1  c. a unitary force transmitting means concomitantly engaged by each of said
      diaphragm-piston assemblies for operably transmitting a pressure induced
      force against said actuator in opposition to said range spring correlated
      to the difference in pressures exerted against said assemblies by the
      different fluid pressures received at said inlets.
NUM  2.
PAR  2. A pressure switch according to claim 1 in which said outlet openings are
      located on opposite surfaces of said body means and said pistons are
      supported in back-to-back relation to each other.
NUM  3.
PAR  3. A pressure switch according to claim 2 including bleed connections
      communicating with each of said outlet openings to exterior of said body
      means and valve means for opening and closing said bleed connections.
NUM  4.
PAR  4. A pressure switch according to claim 2 in which said force transmitting
      means comprises a floating yoke embracing the pressure responsive movement
      of said assemblies.
NUM  5.
PAR  5. A pressure switch according to claim 4 in which the higher pressure of
      the fluids received at said inlets is exposed to a diaphragm-piston
      assembly operationally opposing the force of said range spring and the
      lower pressure of the fluids received at said inlets is exposed to a
      diaphragm piston assembly operationally aiding the force of said range
      spring.
NUM  6.
PAR  6. A pressure switch according to claim 5 in which said body means includes
      a rigid mass of body composition effectively isolating the received fluids
      from each other.
NUM  7.
PAR  7. A pressure switch according to claim 6 including means defining an
      overload stop associated with each of said assemblies effective against a
      fluid overpressure received at either of said inlets.
NUM  8.
PAR  8. A pressure switch according to claim 6 including a pair of spacers
      housing said assemblies, one of said spacers being supported juxtaposed to
      one outlet surface of said body means and the other spacer being supported
      juxtaposed to the other outlet surface of said body means.
NUM  9.
PAR  9. A pressure switch according to claim 8 in which said spacers and said
      body means are assembled as a module for detachable mounting on said
      switching mechanism.
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ABST
PAL  The invention is directed to a liquid-level sensor utilizing a
      ferromagnetic fluid. The magnetic characteristics of the fluid are
      utilized in a magnetic circuit which generates the output signal and are
      also useful in the mechanical operation of the sensor. The magnetic
      characteristics of the ferromagnetic fluid, therefore, serve a twofold
      purpose in the inventive sensor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various forms of liquid level sensors utilizing float actuated mechanisms
      are presently available in the art. In one such sensor a ring is coaxially
      disposed about a cylindrical member. Either the annular member or the
      cylindrical member can be mechanically fixed so that the other member is
      free to move with respect to the fixed member. The entire device is then
      submerged into the liquid, the level of which is to be measured and the
      fixed member remains stationary irrespective of the level of the liquid.
      However, the other member floats so that the relative positions of two
      members change and these changes are detected as an indication of the
      level of liquid. Because the two members must move relative to one
      another, it is necessary that there be clearance space between the two
      members. This creates a problem at low temperatures because the fluid, the
      level of which is being measured, fills the space between the two members
      and because the fluid tends to become viscous at low temperatures, the
      relative movement of the two members is impeded. The sticking problem at
      low temperatures can be partially alleviated by increasing the spacing
      between the two members. However, disadvantages arise from the increased
      spacing. For example, the accuracy of the sensor is decreased because the
      larger spacing allows a greater latitude of transverse movement between
      the two elements so that the repeatability of the sensor is substantially
      decreased. Also, in sensors utilizing magnets and a magnetic circuit, the
      increased spacing results in the requirement for a much stronger magnet
      and the accuracy of the device is decreased because of the increased
      fringing of the magnetic field.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a sensor which alleviates the above enumerated
      problems. In the invention a ring magnet or toroid is coaxially disposed
      with respect to a closed right cylinder. The relative movement of the ring
      magnet and cylinder is indicative of the level of fluid in which the
      sensor is submerged. Magnetic detecting means are enclosed within the
      cylinder to yield an output signal representative of the liquid level. The
      fluid being measured is prohibited from entering the clearance space
      between the toroid and cylinder by a ferromagnetic fluid which is used to
      fill the space. Because the fluid is ferromagnetic, it is held in the
      space between the two members by the magnetic field of the ring magnet.
      Ferromagnetic fluids are a colloidal suspension of ferric particles in an
      appropriate carrier solution. Typically, the carrier solution is a
      dielectric, such as kerosene, and accordingly, the fluid acts as an
      excellent lubricant. A detailed description of such fluids is found in an
      article entitled "Magnetic Fluids" by R. E. Rosenweig, published in
      International Science and Technology, July 1966, at pages 48 through 56.
      The space between the magnet and cylinder can be maintained very small
      because the ferromagnetic fluid acts as a lubricant between the two moving
      members. The accuracy of the device, therefore, is substantially
      increased. Also, because the ferromagnetic fluid is selected so that it
      has adequate viscosity at low temperatures, the sticking problem mentioned
      hereinabove is totally eliminated. It must be recognized, however, that
      the ferromagnetic fluid must be one which will not be soluable in, or
      react with, the fluid, the level of which is being measured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preferred embodiment shown in the FIGURE includes a closed cylindrical
      Container 11 coaxially disposed within a ring magnet or Toroid 12. Casing
      11 and Toroid 12 are free to move relative to one another. The relative
      movement is restrained by Flanges 13 and 14, respectively, disposed on
      ends of Casing 11 to retain Casing 11 within Toroid 12.
PAR  The spacing between Casing 11 and Ring Magnet 12 is filled with a
      Ferromagnetic Fluid 21. The Fluid 21, therefore, serves as a lubricant to
      assist in the relative movement of Casing 11 and Ring Magnet 12 and also
      prevents transverse movement of the two members so that the accuracy of
      the device is quite high. Ring Magnet 12 is a permanent magnet, and
      therefore, Fluid 21 is maintained within the spacing by the magnetic flux
      of the magnet. Accordingly, as relative movement between Magnet 12 and
      Casing 11 occurs, the ferromagnetic fluid moves along with the magnet. As
      is known to those skilled in the art, a ferromagnetic fluid is a colloidal
      suspension of submicron ferrite particles in a suitable carrier fluid.
      Such fluids behave as fluids per se under all conditions. However, because
      of the ferrite particles, the fluids are responsive to magnetic fields.
PAR  A sensing means is enclosed in Casing 11 so that the relative position of
      Ring Magnet 12 with Casing 11 is sensed. As an example, the sensing
      mechanism can include a Coil 16 which is coaxially disposed with respect
      to Casing 11. Coil 16 is provided with three output Leads 17, 18, and 19.
      A suitable AC or DC energizing source can be used to create a magnetic
      field for Coil 16. Accordingly, as Ring Magnet 12 moves with respect to
      Casing 11 and Coil 16, the magnetic field of the coil is changed and the
      change can be detected across the Leads 17, 18, and 19, giving an
      indication of the relative position of the two members. As an example,
      Lead 19, which represents a center tap of Coil 16, can be grounded.
      Accordingly, as Ring Magnet 12 changes position with respect to the
      grounded lead, the polarity and value of signal present across Leads 18
      and 17 will be indicative of the location of Ring Magnet 12 with respect
      to Center Lead 19. The output Leads 17, 18, and 19 can be coupled to any
      suitable detecting circuitry, such as differential transformers or bridge
      network, to directly indicate the position of Ring Magnet 12 with respect
      to Center Tap 19. Also, if desired, other magnetic detecting means can be
      used, such as for example, magnetic responsive reed switches 22,
      Hall-effect switches, and other detecting means.
PAR  In operation, the entire sensor is submerged in the liquid, the level of
      which is to be measured. Either the Casing 11 or Ring Magnet 12 will be
      permanently affixed within the container so that relative movement between
      the fixed member and the container cannot occur. The other member will be
      free to move with respect to the fixed member and will float in the liquid
      in accordance with the level thereof. As an example, if Ring Magnet 12 is
      fixed within the liquid container, Casing 11 is free to move linearly with
      respect to Magnet 12. Accordingly, the level of liquid will determine the
      position of Casing 11 with respect to Magnet 12 and be a direct indication
      of the level of liquid within the container. As the liquid level varies,
      the relative position of Casing 11 and Ring Magnet 12 will vary, thereby
      directly indicating the level of fluid within the container.
PAR  Because of the magnetic characteristics of Ferromagnetic Fluid 21 within
      the spacing between Casing 11 and Ring Magnet 12 as the two members move
      relative to one another, Fluid 21 will move with Magnet 21, thereby
      remaining within the spacing. The presence of the ferromagnetic fluid
      within the spacing prevents the ingress of the liquid, the level of which
      is being measured, into the space so that the viscosity changes due to
      temperature changes and the attendant sticking are substantially
      eliminated. Also, because of the presence of Fluid 21, the spacing can be
      relatively small so that the relative transverse movement of Casing 11 and
      Ring Magnet 12 is substantially decreased and greatly improved
      repeatability of measurements is achieved.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid level detector comprising:
PA1  a magnetic member;
PA1  a casing member, said magnetic member and said casing member being arranged
      for relative movement and having a clearance space between said members;
PA1  a ferromagnetic fluid disposed in said clearance space and retained by the
      magnetic field of said magnetic member; and
PA1  sensor means supported by said casing member for providing a signal
      representative of the relative position of said members.
NUM  2.
PAR  2. The detector of claim 1 wherein said casing member is cylindrical and
      said magnetic member is a toroid coaxially disposed with respect to said
      casing member so that relative movement of said members occurs along the
      longitudinal axis of said casing member.
NUM  3.
PAR  3. The detector of claim 2 wherein said sensor means includes a coil
      coaxially disposed with respect to said casing member so that relative
      movement of said members changes the magnetic characteristics of said coil
      to provide an output signal representative of said relative movement.
NUM  4.
PAR  4. The detector of claim 3 wherein said coil is center tapped and said
      center tap is grounded.
NUM  5.
PAR  5. The detector of claim 2 wherein said sensor means includes a magnetic
      field responsive switch.
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ABST
PAL  A device for indicating the loading of a seat, particularly an automobile
      passenger seat, comprises a seat having a spring suspension with a pull
      switch mounted on a rigid plate held to the underside of the suspension.
      The pull switch includes an actuating member which is biased in a first
      switch position by a resilient element which is secured to a laterally
      remote part of the spring suspension and it operates on the actuating
      element to move it to a second switch position when the seat is loaded and
      the switch is moved with the spring suspension as it is flexed on the
      load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates in general to the construction of safety devices for
      vehicles and, in particular, to a new and useful device for indicating the
      load on the seat of an automobile vehicle.
PAR  2. Description of the Prior Art
PAR  In order to increase the safety of persons conveyed in vehicles, it has
      been considered advisable to provide the driver with a signal when a
      person has occupied a passenger seat and has not yet fastened his safety
      belt. In order to produce this signal, a switch device is necessary, which
      is actuated when the automobile vehicle seat is loaded. The known devices
      are unsatisfactory because of their expense, unreliability and their
      complicated nature.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a device which is adapted to be incorporated
      in a seat frame, which includes a rigid frame structure and a spring
      suspension system secured to the structure which has at least a horizontal
      portion which sags or flexes when the seat is loaded. The present
      invention provides a switch device which may be easily secured to the
      underside of the resilient spring suspension and which may be actuated
      when the spring suspension is flexed in order to indicate the loading of
      the seat. The device includes a pull switch which is mounted on a rigid
      plate which is held against the underside of the spring suspension. The
      spring housing is secured at one end to one end frame member of the spring
      frame of the seat suspension, and the opposite end includes an actuating
      member which is held by resilient elements which are engaged with remote
      portions of the spring frame, for example, the corner portions. The
      resilient spring suspension sags when the seat is loaded to cause
      actuation of the actuation member by the pulling of the resilient elements
      engaged therewith. The resilient elements which are engaged with the
      actuating member convert the deflection of the switch into an actuating
      movement of the member. The switch may also have a make, a break or a
      changeover contact depending upon the particular actuating circuit which
      is employed. With the invention arrangement, one end of the spring switch
      housing is advantageously secured to the spring suspension by a rigid
      support bar and the opposite end containing the actuator member, which is
      movable, is advantageously suspended by obliquely extending resilient
      members, or elastic bands, which extend to respective corners of the
      spring suspension from a central location of the actuating switch housing.
      A deflection of the pull switch is not impeded by a pivotal connection
      between the support bars of the spring suspension and the switch. In order
      to ensure high response sensitivity of the switch, with any unequal
      loading of the seat, it is proposed that the switch housing be secured on
      a contact plate which is supported in the central area of the seat and
      that the housing itself be secured by a rigid support bar connected to a
      rear spring bar member of the spring suspension system. The opposite end
      is supported by two rubber bands which extend outwardly from the actuating
      member to the respective corners of the spring suspension frame. The rigid
      support bar for securing one end of the switch housing is angled at an end
      and secured to the spring frame by a clamping sleeve. The elastic or
      rubber bands which are secured to the actuator element are preferably
      O-shaped and are secured in eyelets of the actuating member of the pull
      switch. The attachment of the free ends of these bands on the frame of the
      seat suspension is achieved by passing them through a bore in a
      double-bore disc plate which has another bore which is secured on the
      spring suspension frame. The plates are secured in a fixed position on the
      spring frame by means of holding or fixing discs arranged on each side.
      These fixing discs are formed of a plastic material and may be constructed
      as engaging hooks which may be engaged over the spring frame. The
      arrangement makes it possible to attach the device to the known seat frame
      constructions.
PAR  Accordingly, it is an object of the invention to provide an improved device
      for indicating the loading of a seat which comprises a seat having a
      resilient spring suspension frame forming the horizontal seat portion of
      the seat with a pull switch secured to the underside of the frame by a
      rigid connection at one end of the housing and by resilient elements which
      engage the actuating member of the switch in a manner such that the switch
      actuating member is displaced when the seat suspension frame is flexed
      under loading.
PAR  A further object of the invention is to provide a device for indicating the
      loading of a seat which is simple in design, rugged in construction and
      economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the invention
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a longitudinal sectional view of a seat having a load indicating
      device constructed in accordance with the invention; and
PAR  FIG. 2 is a partial bottom plan view of the spring suspension of the seat
      frame indicated in FIG. 1.
DETD
PAC  GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein
      comprises, an automobile vehicle seat, generally designated 50, which
      includes a seat frame base 14 formed of a relatively large diameter
      tubular member with a seat frame 52 mounted thereon of generally U-shaped
      cross-section with a front substantially vertical leg portion 52a, a rear
      substantially vertical leg portion 52b, and a horizontal portion 52c
      having a spring frame suspension 12. The seat frame is covered by
      upholstery 11, and a seat cover 10 and a rear portion of the seat 13 is
      secured above the rear leg 52b. The suspension 12 includes an outermost
      member or encircling frame element 20.
PAR  In accordance with the invention, a pull switch 16 is held to the spring
      suspension 12 on the underside thereof by means of a contact plate 15
      which is arranged in a central area of the seat. The contact plate 15 is
      connected to the switch housing which carries at one end a plate member or
      eyelet 22. A rigid support bar 18 is pivotally engaged in the eyelet 22
      and has an angled opposite end which is engaged in a clamping sleeve 21
      carried at the rear end of the encircling member 20 of the spring frame
      suspension 12. The switch 16 includes an opposite front end with an
      actuating member 23 which is mounted to extend laterally therefrom and
      which may be moved backwardly and forwardly to respective switch
      positions. The actuating member terminates in two eyelets which are
      engaged by two O-shaped rubber bands or elastic members 17 and 17' . The
      rubber bands 17 and 17' extend obliquely outwardly to the respective
      corners of the encircling member 20 and they are looped through bores of
      double-bore disc members or plates 19 which are engaged over the
      encircling member 20 at the respective corners. The plates 19 are anchored
      in a fixed position on the encircling member 20 by holding discs 24 of a
      plastic material which are arranged at each side. The members 19 are
      advantageously formed as engaging hooks in the region of the guide
      recesses for the spring frame encircling member 20.
PAR  The pull switch 16 is pressed by the expanding rubber bands 17 and 17'
      against the underside of the seat surface, that is, against the underside
      of the spring suspension 12. When the seating surface is loaded, it sags
      downwardly to cause the downward movement of the switch 16, together with
      the contact plate 15. The actuating member 23 is actuated transverse to
      the movement of the switch housing 16 and is moved to the opposite switch
      position from that which it holds when the seat is unloaded. The sagging
      of the seat causes a movement which exceeds the control movement of the
      normal pull switch but the rubber bands 17 and 17' provide extensible
      support elements for the switch. When the pull switch has reached a second
      operative position or end position, the rubber bands 17 and 17' absorb the
      other sagging movements and extend accordingly. Thus, the switch is not
      overloaded despite the limited switch movement. The response sensitivity
      may be adjusted by this resilient suspension of the pull switch in a
      manner such that it will respond even when it is only slightly loaded, for
      example, even by the use of a seat by a child. When the load on the seat
      surface varies to cause a result in change in the sagging, the switch
      position of the actuator pull switch is not changed.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for indicating the loading of a seat, particularly an
      automobile seat, comprising a seat having a spring suspension with an
      encircling frame, a plate connected to the underside of said spring
      suspension, a pull switch mounted on said plate, said pull switch having
      an actuator member extending outwardly from one end of said switch housing
      and being movable inwardly and outwardly in respect to said switch housing
      between at least two switch positions, and resilient means supporting said
      pull switch at the underside of said spring suspension and including a
      first resilient part connected to said actuator member and to one side of
      said spring suspension frame and a second resilient part connected to said
      switch housing in the opposite side of said spring suspension frame from
      said one side, said switch being movable upon loading and sagging of said
      spring suspension to cause movement of said actuator from the first switch
      position to the second switch position, said switch including means for
      returning said actuator to a first position when the load is removed from
      said spring suspension.
NUM  2.
PAR  2. A device for indicating the loading of a seat part of an automobile
      passenger seat, comprising a seat having a rigid frame with a horizontally
      extending spring suspension frame portion and a central resilient portion,
      a switch having a housing with a contact plate portion engaged on the
      underside of said central resilient portion and having one housing free
      end and an opposite housing end with an actuating member, and at least one
      first and second resilient member stretchable between said actuating
      member and one side of said spring suspension frame and said housing free
      end and the opposite side of said spring suspension frame.
NUM  3.
PAR  3. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 2, wherein said second resilient member
      comprises a rigid member connected to said housing free end and having an
      angle portion secured to said spring suspension frame.
NUM  4.
PAR  4. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 2, wherein said resilient means
      comprises two elastic members extending obliquely from said actuating
      member to respective corners of said spring suspension frame.
NUM  5.
PAR  5. A device for indicating the loading of a seat part of an automobile
      passenger seat, comprising a seat having a rigid frame with a horizontally
      extending spring suspension frame, a switch having a contact plate portion
      engaged on the underside of said suspension frame and having one end
      secured to one end of said suspension frame and having an actuating member
      at the opposite end, resilient means secured to said actuating member and
      to said spring suspension frame adjacent the opposite end thereof, said
      resilient means comprising two elastic members extending obliquely from
      said actuating member to respective corners of said spring suspension
      frame, said resilient support means comprising rubber bands of O-shaped
      configuration forming loops at each end which are engaged with said
      suspension frame and said actuating member respectively.
NUM  6.
PAR  6. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 5, including a disc member having two
      spaced apart bores, one of said bores being engaged over the end of said
      spring suspension frame and the other one accommodating said elastic
      bands.
NUM  7.
PAR  7. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 6, including a fixing disc arranged
      around the suspension frame on each side of said disc members.
NUM  8.
PAR  8. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 7, wherein said fixing discs are made
      of resilient plastic material.
NUM  9.
PAR  9. A device for indicating the loading of a seat part of an automobile
      passenger seat, according to claim 6, wherein said disc member comprises a
      member forming an engaging hook around said bores which may be engaged
      over said spring frame.
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PAL  A vacuum interrupter includes a small-sized, light-weight, rigid coil
      electrode located behind a main electrode having a plurality of straight
      slits provided therein and extending from the periphery toward the central
      portion thereof, wherein magnetic field is created in a direction
      perpendicular to the surface of the main electrode by arc current flowing
      through the coil electrode, thereby causing arc produced on the surface of
      the main electrode to be uniformly and stably distributed, while
      preventing weakening of the magnetic field by arc current flowing along
      the surface of the main electrode and eddy current developed on the main
      electrode by the magnetic field.
BSUM
PAR  This invention relates to a vacuum interrupter, and more particularly to an
      improved vacuum interrupter having a pair of main electrodes and a coil
      electrode effective to create magnetic field in a direction perpendicular
      to the electrode surface of the main electrode, the main electrode being
      effective to prevent the magnetic field from being weakened by arc current
      and eddy current both flowing through the main electrode.
PAR  A pair of main electrodes are generally kept in contact with each other
      when load current is flowing through a vacuum interrupter. Where at this
      time the main electrodes are moved away from each other by a suitable
      operation mechanism, there occurs an arc between the main electrodes which
      is maintained by plasma emitted from a cathode. In an ordinary case, the
      occurrence of plasma is stopped when electric current comes to a zero.
      Therefore, the arc can not be maintained and electric current is
      interrupted. Where, however, large load current flows, an intense arc
      occurs. In this case, a resultant magnetic field consisting of a magnetic
      field created by the arc per se and magnetic fields created by the other
      circuits (for example, exterior conductors to which each of a pair of
      current carrying rods is connected) acts on the arc per se to render it
      unstable. This causes the arc to be localized at the periphery, or its
      neighborhood, of the electrode surface, causing the corresponding
      electrode surface portion to be locally overheated to produce a large
      amount of plasma. As a result, the degree of vacuum within a vacuum
      receptacle is lowered and thus an interrupting capability is lowered.
PAR  To avoid such disadvantages attempts have been made to make the surface of
      a main electrode wider to cause the density of electric current to be
      lowered or to provide spiral cuts in the surface of the main electrode to
      cause arc to be moved outward along the spiral groove. In the former case,
      there is still the possibility that arc will be localized at the
      peripheral surface of the main electrode, while in the latter case arc
      cannot be uniformly distributed over the entire surface of the main
      electrode. In either case, it is impossible to obtain a stable, uniformly
      distributed arc.
PAR  Where plasma escapes outward from between the main electrodes no sufficient
      plasma to maintain the arc in a stable way is obtained, the surface of the
      main electrode is locally overheated with the resultant localized fusion.
      That is, when a plasma between the main electrodes is escaped as mentioned
      above, arc voltage is raised so as to maintain electric current. As a
      result, a large amount of energy is supplied to the main electrode to
      cause the main electrode to be locally overheated or locally fused.
PAR  To prevent such phenomenon, it is known to apply magnetic field in a
      direction perpendicular to the surface of the main electrode. It is said
      that electrons, neutral atoms and ionized atoms are emitted at a ratio of
      about 100:10:1 from the cathode spot of arc. Out of these, the electrons
      and ionized atoms are necessary to maintain arc. Magnetic field applied in
      a direction perpendicular to the surface of the main electrode traps
      electrons and ionized atoms to prevent them from being dispersed outward
      from between the electrodes.
PAR  When electrons are so trapped between the main electrodes, electrons
      escaping outward from between the main electrodes are decreased to render
      arc stable. The movement of electrons causes the travel of electrons to
      the anode to be extended. During the travel of electrons to the anode the
      probability that the electrons cause neutral atoms to be ionized is
      increased, thus replenishing deficient plasma to render arc stable. The
      ionized atoms moving toward the cathode also serves to render arc stable.
      In this way, arc is defined, under the influence of magnetic field, within
      between the electrodes.
PAR  In an attempt to apply a magnetic field in a direction perpendicular to the
      surface of a main electrode, an exciting coil is provided around the outer
      periphery of a vacuum vessel and connected between the main electrodes and
      a current carrying rod, or the portion of the current carrying rod is
      wound in the form of a coil within a vacuum vessel and is connected to the
      main electrode. In the former case, however, it is difficult to obtain a
      magnetic field exhibiting a sufficient effect, since the exciting coil and
      electrode are spaced far away from each other. Furthermore, a fairly
      large-sized exciting coil is required, resulting in an expensive, bulky
      and weighty vacuum interrupter. In the latter case, the current carrying
      rod is complicated in construction and difficult to manufacture. Moreover,
      an inner construction becomes bulky and a vacuum interrupter as a whole
      becomes weighty and large-sized.
PAR  It is also observed that, when magnetic field is created in a direction
      perpendicular to the surface of the main electrode, eddy current is
      developed in the main electrode due to the magnetic field to cause the
      main electrode to be overheated or a magnetomotive force created by the
      eddy current causes the magnetic field to be weakened.
PAR  It is accordingly the object of this invention to provide a vacuum
      interrupter free from drawbacks as encountered in the prior art, in which
      a rigid, compact and light-weight coil electrode and a pair of main
      electrodes are provided, the coil electrode serving to cause magnetic
      field to be created in a direction perpendicular to the electrode surface
      of the main electrode to render stable and uniform an arc confined between
      the main electrodes, while the main electrode serves to decrease the
      generation of eddy current flowing through the main electrode and restrict
      the flow of arc current flowing through the main electrode, thereby
      preventing the magnetic field to be weakened due to the eddy current and
      arc current.
PAR  To attain this object, there is provided a vacuum interrupter comprising a
      vacuum vessel; a pair of current carrying rods arranged in a manner
      aligned with each other and having one end extending into the interior of
      the vacuum vessel, at least one of said current carrying rods being
      axially movable; a pair of main electrodes each connected to the end of
      the current carrying rod and having a plurality of slits extending from
      the periphery toward the center thereof; a coil electrode connected
      between the main electrode and the current carrying rod; the coil
      electrode comprising a plurality of first conductors extending
      substantially radially from the central portion thereof to permit currents
      branched from arc current to flow toward the periphery thereof, a
      plurality of second conductors arcuately extending in the same direction
      from the forward end of the first conductor toward the forward end portion
      of the adjacent first conductor with a space left therebetween and a
      plurality of third conductors extending from the free end of the second
      conductor and connected to the main electrode; said first, second and
      third conductors being effective to create a magnetic field in a direction
      perpendicular to the electrode surface of the main electrode by the
      branched currents flowing therethrough; said slits being effective to
      reduce eddy current to be developed on the surface of the main electrode
      by the magnetic field while leading the branched currents on the main
      electrode to flow through the center portion of the main electrode, thus
      preventing the magnetic field from being weakened by the eddy current and
      branched currents.
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PAR  This invention will be further described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1A is a partial, cross-sectional view showing the construction of a
      vacuum interrupter;
PAR  FIG. 1B is a partial, cross-sectional view showing the construction of
      another vacuum interrupter;
PAR  FIGS. 2A and 2B are a front view and a plan view, respectively, showing one
      embodiment of a composite electrode;
PAR  FIGS. 3A and 3B are a front view and a plan view, respectively, showing a
      coil electrode associated with the composite electrode shown in FIGS. 2A
      and 2B;
PAR  FIG. 4 is a plan view showing one example of the main electrode;
PAR  FIG. 5 is a plan view showing one example of a spacer;
PAR  FIG. 6 is a front view for explaining the path of arc current flowing
      through a main electrode having no slits;
PAR  FIG. 7 is a plan view for explaining the path of arc current flowing
      through a main electrode having slits;
PAR  FIG. 8A is a front view showing another composite electrode;
PAR  FIG. 8B is a plan view of a coil electrode shown in FIG. 8A;
PAR  FIG. 9 shows a plan view of another coil electrode having spiral slits;
PAR  FIGS. 10A and 10B are a front view and a plan view showing another
      composite electrode;
PAR  FIGS. 11A and 11B are a front view and a plan view showing a coil electrode
      used in the composite electrode shown in FIGS. 10A and 10B;
PAR  FIGS. 12 to 14 are plan views each showing another composite electrode;
PAR  FIGS. 15-15B, 16A-16B, 17A-17B, 18A-18B and 19A-19B are front
      cross-sectional views and plan views, respectively, showing a composite
      electrode with reinforcing member, the front views being taken along
      X.sub.1 --X.sub.1, X.sub.2 --X.sub.2, X.sub.3 --X.sub.3, X.sub.4 --X.sub.4
      and X.sub.5 --X.sub.5 of the plan views, respectively;
PAR  FIG. 20 is a front view showing another composite electrode;
PAR  FIGS. 21, 22 and 23 are plan views showing a coil member, external
      electrode and main electrode shown in FIG. 20, respectively;
PAR  FIG. 24 is a plan view showing a coil electrode with a reinforcing member;
PAR  FIG. 25 is a fragmentary perspective view showing the portion of the
      reinforcing member of FIG. 24; and
PAR  FIG. 26 is an explanatory view showing a pair of composite electrodes
      located in a desired position.
DETD
PAR  The embodiment of this invention will be explained by referenece to the
      accompanying drawings.
PAR  FIG. 1A shows a vacuum interrupter according to one embodiment of this
      invention, in which a vacuum vessel 30 has a cylindrical body 32 made of
      an insulating material and upper and lower closures 34A and 34B, and
      composite electrodes 38A and 38B are mounted to the free ends of current
      carrying rods 36A and 36B, respectively, which extend through the upper
      and lower closures, respectively. The current conducting rod 36B and thus
      the composite electrode 38B are driven by an operation mechanism (not
      shown) so as to cause it to be reciprocably moved into and out of contact
      with the associated composite electrode 38A to permit the load current of
      the vacuum interrupter to be passed or interrupted. When arc occurs
      between the electrodes 38A and 38B, arc current flows through the current
      carrying rods 36A and 36B. The up and down movement of the current
      carrying rod 36B is effected through a bellows 44 so that the vacuum of
      the vacuum vessel is maintained. Reference numerals 46A-46C each
      represents a shield surrounding the composite electrodes 38A and 38B. The
      composite electrodes 38A and 38B are substantially identical in structure
      with each other and an explanation is, therefore, restricted only to one
      composite electrode 38A.
PAR  FIGS. 2A and 2B show the composite electrode 38A. The composite electrode
      38A includes a coil electrode 40 and a main electrode 42. FIGS. 3A and 3B
      show the coil electrode 40. The coil electrode 40 comprises first
      conductors (in this case, arms 50) having a circular mounting section 48
      mounted to the free end of the current carrying rod 36A and extending in
      four directions; second four conductors (in this case, arcuate sections
      54) extending in the same direction with a clearance 52 left between the
      free end thereof and the adjacent arm 50, and along a circle described
      with the current carrying rod 36A as a center; and third conductors (in
      this case, projections 56) projecting from the free end portion of the
      arcuate section and on the side opposite to the side on which the current
      carrying rod 36A is present. The main electrode 42 is a circular member
      having substantially the same outer diameter as that of the coil electrode
      40 and has six slits 58, as shown in FIG. 4, which extend from the outer
      periphery thereof toward the central portion thereof. As shown in FIGS. 2A
      and 2B, the main electrode 42 is mounted on the side opposite to the side
      on which the projections 56 of the coil electrode are provided. The
      mounting of the main electrode 42 to the coil electrode 40 is effected
      with a spacer 60 centrally located therebetween and with the four
      projections 56 abutted against the main electrode 42. The current carrying
      rod 36A, coil electrode 40, projections 56 are all made of copper and main
      electrode 42 are made of copper alloy, and connection between the current
      carrying rod 36A and the coil electrode 40 and connection between the
      projections 56 and the main electrode 42 are effected so as to have a low
      electric resistance. The spacer is rigidly mounted between the coil
      electrode 40 and the main electrode 42 so as to have a high electrical
      resistance. For this reason, the spacer 60 is made of a mechanically
      rigid, high electrical resistive material such as stainless steel. As
      shown in FIG. 2A, the main electrode 42 is so coupled to the coil
      electrode 40 that at least one slit is disposed between the projections 56
      of the coil electrode 40 and any slit 58 is not spanned with the
      projection 56 of the coil electrode 40. Therefore, the number of slits 58
      may be equal to, or greater than, the number of the arms 50 of the coil
      electrode 40. FIG. 5 shows one form of the spacer 60 by way of example.
PAR  With the vacuum interrupter so constructed, when the current carrying rod
      36B is opened, by the operating mechanism (not shown), to cause the
      electrode 38B to be moved out of engagement with the electrode 38A, arc is
      generated between the electrodes 38A and 38B. As shown in FIGS. 2A and 2B,
      arc current flows from the current carrying rod 36A ino the coil electrode
      40. That is, the arc current is branched into substantially equal currents
      and flows from the mounting section 48 through the four respective arms 50
      to the four respective arcuate sections 54 and then through the respective
      projections 56 into the main electrode 42, as indicated by arrows.
PAR  Since the electric current flows through the four individual arcuate
      sections 54, a magnetic field created, as a whole, by the branched
      currents in a direction perpendicular to the electrode surface of the main
      electrode 42 is substantially equal to a magnetic field created by causing
      the branched current flowing through the respective arcuate sections 54 to
      be passed through an imaginative coil of one turn which is obtained by
      connecting together the respective arcuate sections. The electrode current
      so flowing into the main electrode 42 further flows through arc into the
      other electrode 38B where a magnetic field is created in the same manner
      as the electrode 38A. The magnetic field is created between both the
      electrodes 38A and 38B confines the arc and prevents an escape of plasma
      from the arc with the result that no insufficient plasma is involved.
      Consequently, the arc is stably and uniformly distributed over the surface
      of the main electrode 42, leading to the improved interrupting capability
      of the vacuum interrupter.
PAR  However, the magnetic field so created is weakened by the electric current
      to cause the interrupting capability of the vacuum interrupter to be
      reduced. In an attempt to avoid such drawback, the slits 58 are provided
      in the main electrode 42.
PAR  The magnetic field is caused to be weakened, for example, by the following
      electric currents:
PAR  1. An eddy current flows through the main electrode 42 to create magnetic
      field opposite in direction to the above-mentioned magnetic field, thereby
      weakening the latter magnetic field. Since the slits 58 are provided in a
      direction to traverse a path through which the eddy current flows,
      occurrence of eddy current is restricted, thus preventing the
      above-mentioned magnetic field from being weakened.
PAR  2. Out of branched currents flowing from the coil electrode 40 through the
      respective projections 56 into the main electrode 42, some flows through
      the main electrode 42 in a direction anti-parallel to the direction in
      which the electric current flows through the arcuate sections 54 of the
      coil electrode 40. This branched current serves to weaken the
      above-mentioned magnetic field.
PAR  The current mentioned in (2) will be explained below in more detail by
      reference to FIGS. 6 and 7. For brevity of explanation, FIGS. 6 and 7 show
      the case where arc current flows through the main electrode 42, arc
      current is branched into four currents and further flows through the four
      projections 56 into the coil electrode 40.
PAR  Even if the electric current is opposite in sense, the same cancelling
      effect of magnetomotive force as will be explained later will be
      presented. FIG. 6 shows the case where arc is generated at a hatched
      circular portion a of the main electrode having no slit and the arc
      current flows through the portion a into the main electrode 42. The arc
      current is then branched into four currents, flows through the projections
      56 and then through the respective arcuate sections 54 in the same sense,
      and is collected through the respective arms 50 into the mounting section
      48 of the coil electrode 40 where it is further directed toward the
      current carrying rod. A magnetic field created on the electrode surface of
      the main electrode by the four branched currents flowing through the
      respective four arcuate sections 54 is substantially equal to a magnetic
      field created by causing a branched current to flow through an imaginative
      coil of one turn which is obtained by connecting the respective arcuate
      sections together. As already set out above, this magnetic field is
      weakened by arc current flowing through the surface of the main electrode
      42. Let us now show representative two of the four branched currents
      flowing through the four projections 56. One branched current flows
      counterclockwise from the portion a through the periphery section of the
      main electrode 42 to the projection 56 indicated by b and then turned back
      into the arcuate section 54 in a clockwise direction and flows through a
      point c and then through the arm 50 in a direction of d into the current
      carrying rod. The other branched current flows clockwise from the portion
      a to the projection 56 indicated by e and then clockwise through the
      arcuate section 54 to a point f where it further flows through the arm 50
      in a direction of g into the current carrying rod.
PAR  In the current path a-d, the sub-paths a-b and b-c are close to each other,
      and the branched current flowing counterclockwise through the sub-path a-b
      and the branched current flowing clockwise through the sub-path b-c cancel
      each other. As a result, magnetomotive forces induced at the corresponding
      arcuate section 54 almost cancel each other, causing a magnetic field
      created perpendicular to the main electrode to be weakened. In the other
      current path a-e-f-g no such cancellation effect is involved.
PAR  In the composite electrode 38A shown in FIG. 7, four slits 58 are provided
      in the main electrode 42. These four slits 58 are located in a position
      clockwise displaced a little from the respective projectors 56 and extend
      rectilinearly from the periphery of the main electrode 42 toward the
      central portion thereof. In general, it is necessary that the number of
      slits 58 be equal to, or greater than, the number of projections 56. These
      slits 58 are so arranged that at least one slit 58 is present between the
      projections 56 and that any of these slits is not spanned with the
      projection 56. A hatched portion h is a location where arcing is produced.
PAR  One arc current branched flows from the portion h into the main electrode
      42, i.e., through the inner extremity i of the slit 58 into the projection
      56 shown at j, then through the arcuate section 54 to a forward end k of
      the arm, and finally through the arm 50 in a direction of l to the
      mounting section 48, the path of which is hereinafter referred to as a
      first path. The other branched current flows from the portion h into the
      projection 56 shown at m, then through the arcuate section 54 to a forward
      end n of the arm 50 and finally through the arm 50 in a direction of o to
      the mounting section 48, the path of which is hereinafter referred to as a
      second path. Since the first path is long while the second path is short,
      the branched current flowing through the second path is greater than the
      branched current flowing through the first path. Since the branched
      current passing through the first path, unlike the flow of arc current
      shown in FIG. 6, flows from the portion h through the portion i near to
      the central portion of the main electrode into the projection j, a
      magnetomotive force created by the branched current flowing through the
      arcuate section 54 is less subject to cancellation. On the other hand, the
      branched current flowing through the second path is subject to no
      cancellation. Since the branched currents passing through the other two
      projections 56 flow through the respective extremities of the respective
      slits 58, magnetomotive forces created at the corresponding arcuate
      sections 54 are subject to less cancellation.
PAR  As will be evident from the foregoing explanation, provision of slits 58 in
      the main electrodes 42 prevents the above-mentioned magnetic force from
      being weakened by eddy current as well as by arc current flowng through
      the main electrode 42. This assures a high interrupting capability of a
      vacuum interrupter. To obtain a full current interrupting capability the
      slit is so dimensioned as to have a length corresponding to 50-70% of the
      radius of the main electrode 42 and as many slits as can be allowed from
      the designing consideration are provided in the main electrode.
PAR  With the composite electrode 38A, the coil electrode 40 simple in
      construction is located immediately behind the main electrode 42 to permit
      magnetic field to be created on the electrode surface of the main
      electrode 42, and, since the main electrode 42 is provided so as to
      prevent magnetic field from being weakened by the above-mentioned unwanted
      electric currents flowing through the main electrode, the coil electrode
      40 may be easily formed in compact form, resulting in a light-weight
      compact vacuum interrupter exhibiting a high interrupting capability.
PAR  The coil electrode 40 and the main electrode 42 which, together, constitute
      the composite electrode 38A may take a variety of forms as will be
      explained below.
PAR  In a composite electrode 38A shown in FIGS. 8A and a coil electrode 40
      shown in FIG. 8B, a coil electrode 40 has four straight slits 62. These
      slits 62 are cut to equal length and are open at its periphery of the coil
      electrode and are spaced equidistantly away from the center of the coil
      electrode and at right angles to each other with four arcuate sections
      left therebetween. Projections 56 are provided at those acute-angled
      extreme portions of the arcuate sections of the coil electrode which are
      located adjacent to the open ends of the slits 62. Each projection 56 of
      the coil electrode 40 is connected, upon assembly, to the main electrode
      42. Electric current from the current carying rod 36A radially flows along
      arcuate sections of the coil electrode 40 and then through the respective
      projections 56 into the main electrode 42. This simple coil electrode 40
      can be easily formed merely by cutting four straight slits so that those
      sections corresponding to the arms 50 and arcuate sections 54 shown in
      FIGS. 2A and 2B are simultaneously provided.
PAR  A coil electrode 40 shown in FIG. 9 has four spiral slits 64 curvilinearly
      extending in the same directions and open at its periphery with four
      arcuate sections left therebetween. Projections 56 are provided at those
      acuteangled extreme portions of the arcuate sections of the coil electrode
      40 which are located adjacent to the open ends of the slits 64. Each
      projection 56 of the coil electrode 40 is connected, upon assembly, to the
      main electrode (not shown). Electric current from the current carrying rod
      (not shown) is branched into four currents and the branched currents
      radially flow along the arcuate sections of the coil electrode 40 and then
      through the respective projections 56 into the main electrode. In this
      case, the arcuate section between the slits 64 serves as the arm 50 and
      arcuate section 54 shown in FIGS. 2A and 2B.
PAR  The pair of composite electrodes 38A, 38B may be provided as shown in FIG.
      1A or a single composite electrode (for example, 38A) may be provided as
      desired as shown in FIG. 1B.
PAR  With the vacuum interrupter, since the movable current carrying rod is
      connected through a flexible conductor to a bus, a heat generated within
      the interrupter is poorly dissipated. The fixed current carrying rod is
      connected through a large clamp to a bus and, therefore, a heat generated
      with the interrupter is better dissipated. The composite electrode
      generates a greater amount of heat due to the presence of the coil
      electrode than a main electrode. Where a composite electrode and a main
      electrode are used in a pair in the vacuum interrupter, it is advised that
      the composite electrode 38A be connected to the fixed current carrying rod
      36A while the main electrode 42 be connected to the movable current
      carrying rod 36B. This arrangement assures a balanced heat dissipation and
      permits a raise in temperature to be kept to lower level.
PAR  The coil electrode 40 can create a magnetic field substantially equal to a
      magnetic field created by causing the branched current flowing through the
      arcuate section of the coil electrode to flow through an imaginative coil
      of one turn which is obtained by connecting the respective arcuate
      sections together. Where it is desired to alter the intensity of the
      magnetic field, it is almost achieved by varying the number of arcuate
      sections 54. With I representing an electric current flowing through the
      current carrying rod 36A, an electric current flowing through the arcuate
      section 54 will become I/4. If the arcuate sections are provided in
      numbers of 2, 3 ....... n, then a magnetic field to be created on the coil
      electrode will have an intensity corresponding to 4/2, 4/3 .......... 4/n
      times, respectively.
PAR  The shape, number and position of slits 58, as well as the position at
      which the projections 56 are connected to the main electrode, may be
      varied as will be later described.
PAR  FIGS. 10A and 10B show a composite electrode 38A in which a coil electrode
      40 shown in FIGS. 11A and 11B is employed. The shape of slits 58a and 58b
      provided in a main electrode 42 is clearly shown in FIG. 10B. As shown in
      FIG. 11B, a third conductor for connecting the projecting ends of arcuate
      sections 54 to the main electrode 42 consists of sections 66 extending
      parallel to adjacent arms 50 and projections 56 extending from the free
      end portion of the section 66 toward the main electrode 42. Respective
      branched currents flowing through the respective arcuate sections 54 of
      the coil electrode 40 flow, through the respective projections 56 directed
      from the marginal portion toward the central portion of the main
      electrode, into the main electrode 42. The slit 58 consists of the
      equi-angularly arranged four relatively long, straight slits 58a and four
      sets of slits 58b, each set being comprised of three short, straight slits
      arranged between the straight slits 58a. Each projection 56 is positioned
      between the slits 58a and is connected, in a position nearer to the
      central portion of the main electrode than the short slit 58b, to the main
      electrode 42. The projections 56 are so arranged that any of slits 58a and
      58b is not spanned with the respective projection 56. The coil electrode
      40 and slits 58a, 58b of the composite electrode 38A are similar in
      operation and effect to the counterparts of the composite electrode shown
      in FIGS. 2A and 2B. With the composite electrode 38A shown in FIGS. 10A
      and 10B, a plurality of slits 58a, 58b have the advantage of suppressing
      the generation of eddy current. Furthermore, no current branched from arc
      current flows along the arcuate section 54 of the coil electrode 40 due to
      the presence of the plurality of slits 58a, 58b and due to the position in
      which the projections 56 are located. Even if arc occurs at any portion of
      the main electrode 42, the weakening of magnetic field by the
      above-mentioned currents if effectively prevented. As a result, arc is
      distributed, uniformly and in a stable way, over the electrode surface of
      the main electrode 42. When the coil electrode 40 and the main electrode
      42 are employed in a pair in the vacuum interrupter, the associated
      composite electrodes are so connected to the respective current carrying
      rods 36A and 36B that the slits 58a of one main electrode align with the
      slits 58a of the other main electrode.
PAR  FIG. 12 shows a modified from of the composite electrode 38A shown in FIG.
      10B. In this modification, those sections corresponding to the sections 66
      of the coil electrode 40 shown in FIG. 11A are connected, in a position
      further extending toward the central portion of a main electrode 42, to
      the main electrode 42. Slits 58 of equal length are cut in the main
      electrode 42 and extend toward the central portion of the main electrode
      42. This arrangement presents an improvement in effect over the
      arrangement in FIG. 10B.
PAR  With a composite electrode shown in FIG. 13, projections 56 are located,
      like the modification shown in FIG, 12, close to the central portion of a
      main electrode. In a main electrode 42, long slits 58a and short slits 58b
      are radially arranged in an alternating fashion.
PAR  FIG. 14 shows a main electrode 42 having spiral slits 58 extending in a
      curvilinear fashion. The main electrode 42, if used in combination with,
      for example, the coil electrode 40 shown in FIGS. 12 and 13, will exhibit
      the same effects as realized in the above-mentioned embodiments.
PAR  In the above-mentioned embodiments, the coil electrode, 40 is connected
      through the spacer 60 (FIGS. 2A and 5) or the projections 56 to the main
      electrode 42 with a gap left therebetween. The spacer 60 is usually made
      of a high mechanical strength, high resistance material such as stainless
      steel. In contrast, the electrode 40 is formed of copper and main
      electrode 42 is formed of copper alloy showing good electric conductivity
      and, therefore, have a low mechanical strength. When the vacuum
      interrupter is opened and closed, there arise the situations in which the
      coil electrode 40 is deformed due to impact forces imparted by the
      composite electrode 38A with the result that it partially contacts with
      the main electrode 42. In order to avoid such failure a reinforcing member
      may be disposed, together with the spacer 60, between the main electrode
      42 and the coil electrode 40. As the reinforcing material use is made of
      stainless steel. By forming the spacer and reinforcing material using a
      high resistant material and making slender these members disposed between
      the main electrode 42 and the coil electrode 40, only a small amount of
      arc current is made to flow through these members. In other words, a great
      amount of arc current is made to flow through the projections into the
      coil electrode 40.
PAR  FIGS. 15A and 15B, 16A and 16B, 17A and 17B, 18A and 18B and 19A and 19B
      show composite electrodes in which reinforcing members are inserted.
PAR  The composite electrode 38A shown in FIGS. 15A and 15B has at its central
      portion a spacer 60 located between a coil electrode 40 and a main
      electrode 42 and around the spacer 60 the reinforcing member 68 located in
      a spaced apart relation to the spacer 60. The spacer 60 is fitted at both
      ends into associated recesses 70 and 72 provided in the coil electrode 40
      and main electrode 42, respectively. The spacer 60 is reduced in diameter
      at its intermediate portion so as to provide a high electrical resistance
      between the ends thereof. The reinforcing member 68 is ring-like in
      configuration and T-shaped in cross section and has one end fitted into
      the associated annular recess of the main electrode 42 and the other end
      74 abutted against the surface of the coil electrode 40. The shape of the
      reinforcing member prevents the coil electrode 40 from being contacted
      with the main electrode 42 due to deformation. Since the reinforcing
      member 68 has the reduced wall portion, a high resistance is assured
      between the coil electrode 40 and the main electrode 42.
PAR  With the composite electrode 38A shown in FIGS. 16A and 16B, the
      reinforcing member 76 is formed integral with a spacer 60 shown in FIGS.
      15A and 15B with an annular recess left around the spacer. The combination
      insert is embedded at one end in a main electrode 42. At the other end of
      the insert, the insert is fitted at the central portion into a coil
      electrode 40 and abutted at the annular marginal portion against the coil
      electrode.
PAR  With the composite electrode shown in FIGS. 17A and 17B, the reinforcing
      member is formed integral with a spacer. This combination insert is
      disk-like in shape and simple in construction and easy to manufacture.
PAR  With the composite electrode 38A shown in FIGS. 18A and 18B the reinforcing
      member 80 is formed integral with a spacer. This combination insert is
      disposed between a main electrode 42 and a coil electrode 40 and has arms
      formed along the arms of the coil electrode 40. This combination insert 80
      permits a saving of material used and is relatively simple in
      construction.
PAR  With the composite electrode 38A shown in FIGS. 19A and 19B the reinforcing
      material is formed integral with a spacer. This combination insert
      substantially wholly covers the surface of a coil electrode 40 or a main
      electrode 42 except that those portions corresponding to the projections
      56 of the coil electrode 40 are semi-circularly cut out. The insert is
      effective to form the composite electrode 38A rigidly.
PAR  The other modification of the reinforcing member may be made. In any case,
      the use of these reinforcing members assures a durable vacuum interrupter
      capable of withstanding an impact load, an impact load tending to deform
      the coil electrode, imparted at the time of opening and closing the
      interrupter.
PAR  FIG. 20 shows another modification of the composite electrode 38A. This
      composite electrode 38A comprises a coil electrode 84, a main electrode 86
      and a contact 98 provided on the electrode surface of the main electrode
      86 so as to prevent the main electrode 86 from being locally welded. The
      coil electrode 84 has an external electrode 88 and coil member 93 each
      consisting of an arcuate section 92 extending in the same direction in a
      parallel relation to the external electrode 88, a first projection 90
      extending from one end portion of the arcuate section and connected to the
      external electrode 88, and a second projection 94 extending from the other
      end portion of the arcuate section 92 and connected to the main electrode
      86. In this embodiment, the arcuate sections 92 are four in number. FIG.
      21 shows the shape and position of first projections 90a to 90d, arcuate
      sections 92a to 92d and second projections 94a to 94d, all of which are
      disposed between an external electrode 88 and a main electrode 86. FIG. 22
      is a plan view showing the external electrode 88, while FIG. 23 is a plan
      view showing the main electrode 86. FIGS. 21 to 23 are views as viewed
      from the side of the current carrying rod 36A. These members are assembled
      in a direction shown. The external electrode 88 shown in FIG. 22 has four
      straight slits 96 which are equiangularly arranged and extend toward the
      center thereof. In FIG. 22, shaped rectangles 190a to 190d
      counterclockwise described adjacent to the open end of the slit indicate
      the position in which the first projections 90a-90d are connected to the
      external electrode 88. The main electrode 86 of FIG. 23 has four straight
      slits 100 which are equiangularly arranged and extend toward the center
      thereof. In FIG. 23, shaded rectangles 194a to 194d clockwise described
      adjacent to the open end of the slit indicate the position in which the
      second projections 94a to 94d are connected to the main electrode 86. In
      FIGS. 21 to 23, reference numerals bearing suffixes a to d are employed to
      facilitate an understanding of the detailed arrangement of the composite
      electrode 38A. The external electrode 88 is mounted on the forward end of
      the current carrying rod 36A. The coil members 93 are disposed between the
      external electrode 88 and the main electrode 86 with the first projections
      90a, 90b, 90c and 90d connected to the shaded portions 190a, 190b, 190c
      and 190d of the external electrode 88, respectively and the second
      projections 94a, 94b, 94c and 94d connected to the shaded portions 194a,
      194b, 194c and 194d, respectively. The composite electrode 38A is so
      assembled. Consequently, arc current from the current carrying rod 36A
      flows into the external electrode 88 where it is branched into four
      currents. The branched current flows along the periphery of the external
      electrode 88 and then through the first projections 90a-90d into the
      arcuate sections 92a-92d. The branched current, after clockwise flowing
      through the arcuate sections 92a-92d enters through the second projections
      94a-94d into the main electrode 86 and flows from there through arc into
      the associated main electrode. A magnetic field created on the electrode
      surface of the main electrode 86 by the branched currents flowing through
      the arcuate sections 92a-92d is substantially equal to a magnetic field
      created by causing the branched current to flow through a coil of one turn
      placed in a position in which the arcuate sections 92a-92d are located.
      Straight slits 96 and 100 provided in the external electrode 88 and main
      electrode 86, respectively, serve to cause electric current flowing
      through the electrodes 88, 86 to flow in the radial direction of the
      external electrode 88 and main electrode 86, and decrease the generation
      of eddy current. In this embodiment, the composite electrode 38A comprises
      the external electrode 88, main electrode 86 and coil member 93 disposed
      between the external electrode 88 and the main electrode 86 and consisting
      of the arcuate sections 92, the first and second projections 90 and 94.
      Since the coil member 93 is formed separately from the external electrode
      88 and main electrode 86, the composite electrode 38A is easily assembled.
      Where it is desired to vary the intensity of magnetic field, it is only
      necessary that the coil member 93 and associated members be replaced with
      desired ones.
PAR  In the embodiment shown in FIG. 2B, for example, the free end of the
      arcuate section 54 of the coil electrode 40 is disposed adjacent to the
      first conductor or arm 50 of the coil electrode with a clearance 52 left
      therebetween. This provides a weakening spot from the structural
      viewpoint. In order to reinforce the weakening spot, a reinforced portion
      102 (FIG. 24, FIG. 25) is added to the coil electrode 40 shown in FIGS. 3A
      and 3B. In this embodiment, the free end of the arcuate section 54 is
      connected through the reinforced portion 102 to the adjacent arm 50, thus
      reinforcing the coil electrode 40 as a whole. In FIG. 25, the reinforcing
      portion 102 is shown. The reinforcing portion 102 is provided between the
      free end of the arcuate section 54 and the forward end of the adjacent arm
      50 with a recess 104 left therebetween. Consequently, the reinforcing
      portion 102 forms a bridge at the bottom of the recess 104. The position,
      thickness etc. of the reinforcing portion 102 may be suitably selected.
      since the arcuate section 54 and the adjacent arm 50 are short circuited
      through the reinforcng portion 102 and, consequently, magnetic field is
      decreased by that extent, the cross section of the reinforcing portion 102
      is determined taking into consideration the decrease of magnetic field and
      the extent to which the coil electrode 40 is reinforced. Where no intense
      magnetic field is required, the cross section of the reinforcing portion
      102 is made wider so that, even if short-circuit current flows through the
      reinforcing portion 102, desired magnetic current can be obtained.
PAR  The reinforcing portion 102 can be added to the electrode 40 shown in FIGS.
      3A and 3B.
PAR  FIG. 26 shows a positional relation between paired composite electrodes 38A
      and 38B as shown in FIG. 1A which is effective for forming magnetic field
      when an interrupter having the composite electrodes 38A and 38B is
      employed. It has already been explained that magnetic field is created
      between the associated main electrodes by the branched current flowing
      through the arcuate section 54 of the coil electrode 40. Since the
      branched current creates, upon flowing through the arm 50, a magnetomotive
      force, it is desirable to decrease or cancel the magnetomotive force to
      maintain magnetic field undisturbed. A simple method for attaining the
      above-mentioned object will be explained in connection with the composite
      electrodes shown in FIGS. 2A and 2B. For ease of explanation, in FIG. 26
      the coil electrode 40 is shown spaced apart from the main electrode 42,
      and the slits of the main electrode have been omitted. FIG. 26 shows the
      case where electric current flows from the current carrying rod 36B into
      the composite electrode 38B and then through arc Q into the composite
      electrode 38A and flows away through the current carrying rod 36A. The
      composite electrodes 38A and 38B are located with the arms 50 of one
      composite electrode arranged in alignment with the arms 50 of the other
      composite electrode. Electric current flows through the current carrying
      rod 36B in the direction of P1 and is branched at the arms 50 of the coil
      electrode 40 into four currents. The branched current flows through the
      arms 50 in the direction P2 and then through the arcuate sections 54 of
      the coil electrode 40 in a counterclockwise direction i.e. in the
      direction of P3. The current further flows from the arcuate section 54
      through the projection 56 in a direction of P4 into the lower main
      electrode 42, then through arc Q into the associated upper main electrode
      42. It flows from the upper main electrode 42 through the projection 56 of
      the coil electrode 40 in the direction of R1 into the arcuate section 54
      of the coil electrode 40. It further flows through the arcuate section 54
      in a counterclockwise direction, i.e. in the direction of R2, into the arm
      50. After flowing through the arm 50 in the direction of R3, the branched
      currents meet at the current carrying rod 36A. All the branched currents
      flowing through the arcuate sections 54 of the composite electrodes 38A
      and 38B in the counterclockwise direction are cooperated to create a
      magnetic field. Since the branched current flowing through the arm 50 of
      the composite electrode 38B is opposite in direction to the branched
      current flowing through the arm 50 of the composite electrode 38A, the
      corresponding magnetomotive forces created at the arms 50 of the composite
      electrodes 38B and 38A cancel each other. As a result, the magnetic field
      is prevented from being disturbed by these magnetomotive forces.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A vacuum interrupter comprising a vacuum vessel; a pair of current
      carrying rods arranged in a manner aligned with each other and having one
      end extending into the interior of the vacuum vessel, at least one of said
      current carrying rods being axially movable; a pair of main electrodes
      each connected to the end of one current carrying rod and having a
      plurality of slits extending from the periphery toward the center thereof;
      at least one coil electrode connected between one main electrode and the
      corresponding current carrying rod; the coil electrode comprising a
      plurality of first conductor arms extending substantially radially from
      the central portion thereof to permit currents branched from arc current
      to flow toward the periphery thereof, a plurality of second conductors
      each arcuately extending in the same direction from the forward end of one
      of the first conductor arms toward the forward end portion of the adjacent
      first conductor arm with a space left therebetween, and a plurality of
      third conductors extending from the free ends of the second conductors and
      connected to the main electrode; said first, second and third conductors
      being effective to create a substantially uniformly distributed magnetic
      field in a direction perpendicular to the electrode surface of the main
      electrode by the branched currents flowing therethrough; said slits being
      effective to reduce eddy current to be developed on the surface of the
      main electrode by the magnetic field, while leading the branched currents
      on the main electrode to flow through the center portion of the main
      electrode, thus preventing the magnetic field from being weakened by the
      eddy current and branched currents.
NUM  2.
PAR  2. A vacuum interrupter according to claim 1, in which the slits of the
      main electrode are provided at least one between the third conductors and
      not spanned with the third conductor.
NUM  3.
PAR  3. A vacuum interrupter according to claim 1, in which the third conductor
      is a projection extending from the forward end of the second conductor
      toward the main electrode.
NUM  4.
PAR  4. A vacuum interrupter according to claim 1, in which the third conductor
      consists of an extension extending from the forward end of the second
      conductor toward the current carrying rod and a projection provided at the
      free end of the extension and connected to the main electrode.
NUM  5.
PAR  5. A vacuum interrupter according to claim 1, in which there is further
      provided at least one reinforcing member made of high resistance material
      which is disposed at a clearance formed between the main electrode and the
      coil electrode.
NUM  6.
PAR  6. A vacuum interrupter according to claim 1, in which there are further
      provided a plurality of reinforcing portions interconnecting the free end
      of the second conductor and the forward end portion of the first
      conductor.
NUM  7.
PAR  7. A vacuum interrupter according to claim 1, in which one of the current
      carrying rods is movable and the other unmovable, the coil electrode is
      provided between the other current carrying rod and the corresponding main
      electrode.
NUM  8.
PAR  8. A vacuum interrupter according to claim 1, in which a pair of coil
      electrodes having the same configuration are connected between the main
      electrodes and the corresponding current carrying rods and are so arranged
      that the first conductor arms of one coil electrode are parallel with the
      first conductor arms of the other coil electrode and the second conductors
      of one coil electrode extend in a direction opposite to that in which the
      second conductors of the other coil electrode extend.
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ABST
PAL  The nozzle of a puffer type breaker is provided with a plurality of ports
      of different downstream lengths having different diameters and angles of
      entry which communicate from the region at generated high pressure into
      the arcing region within the nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to single pressure, puffer type gas interrupters for
      circuit breakers, and more specifically relates to a novel nozzle
      construction for such interrupters which provide relief against a rapidly
      increasing pressure within the nozzle throat which thereafter provides for
      the turbulent mixing of heated gas within the nozzle with a radial blast
      of cold gas jets.
PAR  Single pressure puffer type gas interrupters are well known in the art. In
      these interrupters, a pair of contacts is separated in the region of a
      nozzle which directs a gas flow through the separating contacts. The gas
      flow is in turn produced by the relative movement of a piston and
      cylinder, one of which is connected to and moves with the movable contact
      of the interrupter. The heat of the arc drawn between the separating
      contacts produces a high gas pressure which acts in opposition to the
      operating mechanism force which moves the movable contact and pressure
      generating piston (or cylinder). Thus, the operating mechanism must be
      increased in size in order to overcome arc-generated gas pressure. This
      same arc-generated gas pressure is known to increase exponentially if the
      arc plasma blocks the nozzle throat to prevent cold gas or gas which flows
      from the pistoncylinder region from mixing with the arc.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the nozzle is provided with a
      plurality of ports or openings through the nozzle wall and which
      communicate with the piston-cylinder volume which is being compressed in
      order to allow cool gas flow to the interior of the nozzle. These ports
      may have varying diameters and varying angles of entry into the nozzle
      interior and may have varying downstream lengths. Thus, the ports will act
      to cause a turbulent mixing of the arc generated pressure plasma with a
      radial blast of a number of jets of cold deionized gas. This then prevents
      the rapid increase of generated blast pressure which might otherwise block
      the movement of new gas through the nozzle throat. Thus, relatively small
      operating mechanisms can be used to operate the breaker, while the mixing
      of cold fresh gas with the arc plasma will assist in the interruption of
      the arc.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a puffer type interrupter which uses
      the novel nozzle of the present invention.
PAR  FIG. 2 is an end view of the nozzle of the present invention which is used
      in FIG. 1.
PAR  FIG. 3 is a cross-sectional view of FIG. 2 taken across section line 3--3
      in FIG. 2.
PAR  FIG. 4 is a right-hand end view of the nozzle of FIG. 3.
PAR  FIG. 5 is a cross-sectional view of a second embodiment of the invention
      wherein the gas injection path is external to the nozzle.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, there is schematically shown a conventional
      puffer interrupter which could be of any desired type and which is adapted
      with the nozzle of the present invention. Thus, in FIG. 1 the interrupter
      is contained within a cylindrical insulation housing or tube 10 which has
      an upper end cap 11 secured thereto in any desired manner and which
      carries a hollow elongated stationary contact tube 12. Note that the
      stationary contact tube 12 may have ports, such as ports 12a and 12b,
      which permit circulation of gas during the operation of the interrupter
      through the center of the contact tube 12 and then back to the interior
      volume within housing 10. One interrupter terminal 13 will be connected to
      the stationary contact 12. Preferably the cap 11 will be sealed to both
      the upper end of tube 10 and to the stationary contact 12 so that there
      can be no gas leakage from the interior of tube 10.
PAR  The tube 10 is filled with a suitable gas such as sulfur hexafluoride which
      can be at atmospheric pressure. Other gases can also be used as desired by
      the designer.
PAR  The bottom of tube 10 then carries a conductive disk 15 which is sealed to
      the periphery of tube 10 in any desired manner and which slidably receives
      a conductive operating rod 16. The conducting operating rod 16 is
      electrically and mechanically connected to the movable contact 17 which
      may terminate in segmented contact fingers, such as fingers 18 and 19
      which slidably engage the end of the stationary contact tube 12.
PAR  A transfer contact 20 is then provided between operating rod 16 and the
      conductive disk 15 so that the disk 15 can serve as the second terminal 21
      of the interrupter.
PAR  A conventional operating mechanism 22 of any desired type is connected to
      the operating rod 16 and is capable of moving the operating rod 16
      downwardly and to move the various components to a disengaged position as
      will be later described.
PAR  A nozzle 30, made of a material such a polytetrafluoroethylene (Teflon), or
      the like, which is the subject of the present invention, is then
      mechanically connected to the rod 16 through the intermediaries of
      insulation disk 31, which is connected by a plurality of rods including
      rods 32 and 33 to the insulation disk 34 which is secured directly to rod
      16. The disk 34 contains apertures, such as apertures 35 and 36, which
      permit copious gas flow therethrough as the movable structure moves
      downwardly to the dotted-line position shown for the open circuit
      condition of the interrupter.
PAR  The disk 31 is sealed to the interior diameter of tube 10 by a sliding seal
      40 which enables sealed but ready sliding action between disk 31 and the
      wall of tube 10. Thus, the disk 31 serves as a piston within a cylinder
      defined by the walls of tube 10 and the conductive disk 15. Therefore,
      when the contacts move to their disengaged position by moving the
      operating rod 16 downwardly, the disk 31 reduces volume beneath it thereby
      to force a blast of gas under pressure through apertures 35 and 36 and
      thence through the nozzle 30. This gas flows between the separating
      contacts and through the arc drawn between the contacts and continues to
      flow to sweep the arcing space free of ionization products after arc
      extinction so that the open contact gap can withstand the recovery voltage
      of the circuit which is interrupted.
PAR  During an interruption action, the contact fingers such as fingers 18 and
      19 move downwardly and draw an arc to the bottom of the stationary contact
      12 which may have a special arcing contact material at the end thereof.
      The downward movement of disk 31 compresses the gas below it to begin a
      gas blast through the nozzle but, at the same time, the high temperature
      arc within the nozzle throat 31a causes the generation of a blast pressure
      which increases exponentially, particularly when the arc plasma blocks the
      nozzle throat 31a. This then opposes the motion of fresh gas into the
      nozzle from beneath disk 31 to mix with the arc plasma to assist in its
      extinction. Moreover, this generated blast pressure sets up a force in
      opposition to the operating force on operating rod 16 which attempts to
      move the entire movable structure downwardly. An increased size operating
      mechanism is therefore needed to overcome this additional restraining
      force.
PAR  In accordance with the invention, a plurality of injection ports are formed
      in the nozzle 30 to permit the flow of cool gas from beneath disk 31 into
      regions which may be both upstream and downstream of the nozzle throat
      31a.
PAR  A first embodiment of a nozzle constructed in this manner is shown in FIGS.
      1 to 4 where the nozzle 30 has a plurality of axially directed vents
      extending from the bottom of the nozzle 30 in FIGS. 1 and 3 into radially
      directed venting regions which lead into the interior of the nozzle. Thus,
      in FIG. 4 it is seen that the bottom of the nozzle is provided with a
      plurality of axially directed channels including channels 50 and 51 where
      alternate channels terminate in downstream ports, such as ports 52 (FIGS.
      2 and 3) and 53 and 54 (FIG. 2). Alternate channels such as channel 51
      terminate in the ports in the nozzle 30 which are upstream of ports 52, 53
      and 54 and include ports 55, 56 and 57 of FIGS. 2 and 3. Still further
      ports may be defined in each of the elongated or axially directed
      channels, such as channels 50 and 51, including ports 60 and 61 in FIG. 3
      which feed into regions upstream of the nozzle throat 31a.
PAR  It will thus be seen that the nozzle 30 constructed in the manner best
      shown in FIGS. 2, 3 and 4 will form a downstream injection path internally
      of the nozzle 30 with the injection ports at different downstream
      positions as shown for the different downstream locations of the exits of
      ports 52 and 55 in FIG. 3. Moreover, these various ports may have varying
      diameters and will have different angles of entry. This will then provide
      relief against rapidly increasing pressure within the nozzle throat 31a
      and ensures that there will be a turbulent mixing of the arc plasma with
      the cold gas from the various radial blast injection ports.
PAR  In the arrangement of FIGS. 1 to 4, the nozzle 30 derives gas from directly
      beneath the disk or piston 31. FIG. 5 shows a second embodiment of the
      invention for a nozzle 130 which has a nozzle throat 131 wherein radial
      gas is introduced from regions exterior of the nozzle. The nozzle 130 is
      the full equivalent of nozzle 30 in FIG. 1 and could be assembled into an
      interrupter in the manner generally shown for nozzle 30 in FIG. 1. In FIG.
      5, however, the nozzle 130 is supported by an intermediate insulation
      nozzle support member 132 which is threaded to the exterior of nozzle 130
      with support 132 being ultimately supported on a disk 133 which is the
      equivalent of the disk 31 in FIG. 1. Nozzle 130 and disk 133 move with the
      movable contact structure of the interrupter.
PAR  A ring 134 having apertures therethrough such as apertures 135, 136 and 137
      is captured between support 132 and disk 133. Note that apertures 135 and
      136 are two apertures of a ring of apertures which are distributed around
      the ring 134. The nozzle support 132 and the nozzle 130 have aligned
      openings which are generally axially directed including aligned openings
      140-141 and 142- 143 respectively. These openings are further aligned with
      openings 135 and 136 in disk 137 to define a full channel extending from
      the bottom of the disk or piston 133 and into the interior of the nozzle
      130 but slightly downstream of nozzle throat 131. Clearly, a large number
      of channels such as channel openings 141 and 143 will be distributed
      around the circumference of the nozzle 130.
PAR  A plurality of pairs of injection ports are further provided in the nozzle
      and include ports 150 and 151 in FIG. 5 which each have different angles
      of entry into a region which is downstream of the nozzle throat 131. A
      plurality of such ports are provided in a manner analogous to the various
      ports 52 to 57 in FIG. 2 where ports at different downstream locations
      alternate with one another.
PAR  Each of the various ports is then coupled to conduits, such as conduits 160
      and 161, which are connected to ports 150 and 151 by nipple connectors 162
      and 163, respectively. Conduits 160 and 161 have their bottom ends
      connected to ports such as 165 and 166 in disk 133 by the nipple
      connectors 167 and 168, respectively.
PAR  It will be noted from a consideration of FIGS. 1 and 5 that, as the
      interrupter contacts separate, a pressure is built up beneath the piston
      133 of FIG. 5. Gas will then flow through the various apertures in disk
      134 and into the interior of the nozzle 130 while a further gas passage is
      provided through the various conduits such as conduits 160 and 161 to
      produce a turbulent gas flow of relatively cold gas downstream of the
      nozzle throat 131.
PAR  It will be noted that the injection path which contains ports 150 and 151
      in FIG. 5 is external of the nozzle 130 as contrasted to the path shown in
      the embodiment of FIGS. 2, 3 and 4, where the gas flows through channels
      directly in the nozzle.
PAR  By using an externally directed path as in FIG. 5, the entrance of gas into
      the ports 165 and 166 is further from the area of arc plasma generation
      and will, therefore, be in a less excited state than the gas which might
      enter the various ports in the embodiments of FIGS. 2, 3 and 4.
PAR  Although this invention has been described with respect to preferred
      embodiments, it should be understood that many variations and
      modifications will now be obvious to those skilled in the art, and it is
      preferred, therefore, that the scope of this invention be limited, not by
      the specific disclosure herein, but only by the appended claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows.
NUM  1.
PAR  1. A nozzle structure for a puffer type interrupter; said puffer type
      interrupter including a pair of separable contacts, a gas flow directing
      nozzle of insulation material which concentrically surrounds said pair of
      separable contacts for directing a flow of gas through arcs drawn between
      said pair of separable contacts as they separate; said gas flow directing
      nozzle having open opposite ends; gas pressure generating means connected
      to one of said opposite ends for producing a flow of gas in a single
      direction, and through said nozzle from said one of its said opposite ends
      to the other of said opposite ends at least while said pair of separable
      contacts are opening; said flow of gas in a single direction being
      generally along the axis of said nozzle and said pair of contacts moving
      generally along the axis of said nozzle when said pair of contacts
      separate; said nozzle having a throat restriction generally upstream of
      the region of contact separation between said pair of separable contacts;
      and a plurality of ports extending into the interior surface of said
      nozzle at an axial location generally downstream of said throat
      restriction; one end of said ports being connected to regions upstream of
      said nozzle restriction and injecting a turbulent flow of relatively cool
      gas downstream of said nozzle during the separation of said pair of
      contacts; the other end of said ports being connected to said gas pressure
      generating means; said gas pressure generating means including a
      relatively movable piston and cylinder connected to said pair of separable
      contacts, whereby a flow of gas is produced through said nozzle when said
      pair of separable contacts is operated; said nozzle including generally
      axially extending channels therein for connecting said other end of said
      plurality of ports to said gas pressure generating means.
NUM  2.
PAR  2. The nozzle structure of claim 1 wherein said gas includes sulfur
      hexafluoride as at least one component thereof.
NUM  3.
PAR  3. The nozzle structure of claim 1 which includes a second plurality of
      ports in said nozzle which are positioned alternately with said plurality
      of ports and which have port exits in the interior of said nozzle which
      are axially between said plurality of ports and said nozzle throat
      restriction.
NUM  4.
PAR  4. The nozzle structure of claim 1 wherein said nozzle includes external
      conduit means for connecting said plurality of ports to said regions
      upstream of said nozzle restriction.
NUM  5.
PAR  5. The nozzle structure of claim 3 wherein said second plurality of ports
      have a different entrance angle to the axis of said nozzle than the
      entrance angle of said plurality of ports.
NUM  6.
PAR  6. The nozzle structure of claim 1 which further includes a plurality of
      upstream ports connected through said nozzle and extending from the
      interior of said nozzle at a region upstream of said throat restriction to
      regions further upstream of said nozzle.
NUM  7.
PAR  7. The nozzle structure of claim 3 which further includes a plurality of
      upstream ports connected through said nozzle and extending from the
      interior of said nozzle at a region upstream of said throat restriction to
      regions further upstream of said nozzle.
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ABST
PAL  A push button-type switch comprising a rectangular casing having parallel
      end walls, parallel side walls and a bottom wall and opening at the top,
      said end walls, side walls and bottom wall defining a switching chamber
      therebetween, a key stem extending vertically within and projecting
      upwardly of said switching chamber for upward and downward movement; a
      return spring disposed about said key stem for normally urging the key
      stem upwardly, a movable spring contact carried by said key stem within
      said switching chamber for movement between engaging and disengaging
      positions; and stationary contact means on said side walls to be engaged
      by said movable spring contact.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a push button-type switch and more particularly,
      to a push button-type switch adapted to be suitably employed in connection
      with an electronic desk computer.
PAR  There have been proposed and practically employed a great variety of push
      button-type switches for use with electronic desk computers and in one
      most common type one of the conventional push button-type switches for
      electronic desk computers, since the position of the point where the
      circuit associated with the switch is switched on coincides with that of
      the point where the circuit is switched off, when the user intends to
      actuate the switch to switch on or off by pushing the button of the switch
      down, if his finger trembles or springs, vibration corresponding to such
      movement of the finger is directly transmitted to the movable switching
      spring contact to thereby cause the contact to engage the mating
      stationary contact so as to erroneously actuate the switch against his
      intended operation mode. Furthermore, in such a conventional push
      button-type switch, one pushing-down operation may cause a number of
      cycles of switching operations to take place which impede proper operation
      of the electric circuit associated with the switch. Such disadvantages are
      due to the fact that the switch is not provided with means for absorbing
      any excess amount of the movement of the user's finger.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, one principal object of the present invention is to provide a
      novel and improved push button-type switch which can effectively eliminate
      the disadvantages inherent in the conventional push button-type switch
      referred to above.
PAR  Another object of the present invention is to provide a novel and improved
      push button-type switch which is provided with means for absorbing any
      excess movement of the operator's finger to thereby eliminate any
      erroneous actuation of the switch.
PAR  Another object of the present invention is to provide a novel and improved
      push button-type switch in which a movable spring contact has positively
      defined switching on and switching off positions to thereby eliminate
      possible erroneous actuation of the switch.
PAR  A still further object of the present invention is to provide a novel and
      improved push button-type switch in which the movable spring contact moves
      in response to the pushing down force by the user's finger in a time lag
      relationship to the finger's movement.
PAR  A still further object of the present invention is to provide a novel and
      improved push button-type switch which has a relatively simple
      construction with no special parts added thereto for attaining the
      above-mentioned objects.
PAR  According to the present invention, there is provided a push button-type
      switch which comprises in combination a rectangular casing including
      parallel side walls, parallel end walls and a bottom wall and opening at
      the top, said side, end and bottom walls defining a switching chamber
      therebetween, a key stem received within said switching chamber with a
      portion thereof extending upwardly through said open top of the casing for
      limited upward and downward movement, a return spring disposed about said
      extension of the key stem for normally urging the key stem in its
      uppermost position, a movable spring contact received within said
      switching chamber to be driven by said key stem and stationary contact
      means secured to said side walls to be engaged by said movable spring
      contact, characterized by that said key stem includes a bifurcated base
      portion with opposite legs at the lower end of the key stem received
      within said switching chamber and a cross bar extending between said legs
      in a spaced relationship to the underside of said base portion and said
      movable spring contact comprises a substantially U-shaped leaf spring
      having a pair of legs connected at the upper ends and embracing said cross
      bar, said legs of the spring each having an outwardly warped contacting
      portion at the lower end adapted to engage said stationary contact means,
      whereby when said key stem is in its uppermost position a clearance is
      present between the underside of said base portion of the key stem and the
      top of said spring contact and when said key stem is in its lowermost
      position a clearance is present between the underside of said spring
      contact and said cross bar.
PAR  The above and other objects and attendant advantages of the present
      invention will be more readily apparent to those skilled in the art from a
      reading of the following detailed description in conjunction with the
      accompanying drawings which illustrate one preferred embodiment of the
      invention for illustration purpose only, but not for limiting the scope of
      the same in any way.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show one preferred form of push button-type
      switch constructed in accordance with the present invention and in which;
PAR  FIG. 1 is a front elevational view of said push button-type switch showing
      the switch in its "OFF" position;
PAR  FIG. 2 is an end elevational view in vertical section of said push
      button-type switch as seen from one side of FIG. 1;
PAR  FIG. 3 is a front elevational view in vertical section of said push
      button-type switch of FIG. 1;
PAR  FIG. 4 is a view similar to FIG. 2, but shows said push button-type switch
      in its "ON" position;
PAR  FIG. 5 is a view similar to FIG. 3, but shows said push button-type switch
      in its "ON" position;
PAR  FIG. 6 is a perspective view of the key stem employed in the illustrated
      embodiment of push button-type switch of the invention;
PAR  FIG. 7 is a perspective view of the leaf spring-type movable contact
      employed in the illustrated embodiment of push button-type switch of the
      invention; and
PAR  FIG. 8 is a perspective view of stationary contact terminals employed in
      the illustrated embodiment of push button-type switch of the invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The present invention will be now described referring to the accompanying
      drawings and more particularly, to FIGS. 1 through 5 inclusive thereof.
      The push button-type switch of the invention is generally shown by
      reference numeral 1 in these Figures. The switch 1 generally comprises a
      casing 2 which is formed of a dielectric material such as plastic or the
      like and which includes a rectangular main body or lower portion 3
      extending uprightly and a recessed rectangular flange or upper portion 4
      integrally extending outwardly and horizontally from the top of the main
      body portion and then upwardly so as to define a recess 4a in the upper
      surface of the flange for receiving a return spring of which description
      will be made hereinafter. An elongated opening 4b is formed in the top of
      the main body 2 along the longitudinal axis of the main body extending by
      a substantial distance of the length of the main body. The opening 4b
      opens into the interior of the casing main body and recess 4a,
      respectively. The upright interior of the main body 3 serves as a
      switching chamber 5 which is defined by parallel side walls each including
      a relatively thicker upper portion 5a and a relatively thinner lower
      portion 5b and parallel end walls 5d connected to the upper portion by a
      slanted shoulder 5c. The switching chamber 5 opens into the opening 4b at
      the top and is closed at the bottom by the bottom wall 6 of the main body
      3.
PAR  A vertically movable key stem 7 formed of a dielectric material such as
      plastic or the like extends upwardly through the opening 4b and recess 4a.
      As more clearly shown in FIG. 6, the key stem 7 includes a thicker and
      wider bifurcated base portion 7a comprising a pair of legs 7b and a cross
      bar 8 extending between the legs 7b below the arm connecting the legs at
      their upper ends in a spaced relationship to the underside of the arm so
      as to define a clearance 9 therebetween for the purpose to be described
      later. The width of the base portion 7a is larger than that of the opening
      4b so that the base portion is prevented from passing through the opening.
      The key stem 7 further has a thinner and narrower upper portion 7c which
      extends upwardly from the base portion 7a and passes through the opening
      4b. The width of the upper portion 7c is smaller than that of the opening
      4b and a square window 7e is formed in the thinner and narrower upper
      portion 7c. A coiled spring 10 is wound about the thinner and narrower
      upper portion 7c of the key stem 7 with the lower end received in the
      recess 4a in the flange 4 and the upper end anchored to the window 7e so
      as to normally urge the key stem 7 upwardly. The upward movement of the
      key stem 7 is limited by the abutment of the arm of the base portion 7a of
      the key stem 7 against the underside of the flange 4.
PAR  A substantially U-shaped leaf spring contact 11 embrasses loosely and
      depends from the cross bar 8. As best shown in FIG. 7, the leaf spring
      contact 11 has a pair of legs 11a connected at the upper ends each having
      an outwardly warped contacting portion 11b at the lower end. The leaf
      spring contact 11 is normally urged upwardly (when the switch is in its
      "OFF" position) by the action of the return spring 10 so that the
      outwardly warped contacting portions 11b will be positioned above the
      thinner lower portions 5b of the side walls of the main body 3. For the
      purpose, the length of the leaf spring 11 is so selected that when the
      switch is in its "OFF" position the contacting portions 11b are positioned
      above the lower thinner side wall portions 5b and when the switch is in
      its "ON" position the contacting portions are received in the lower side
      wall portions 5b. When the switch is in its "OFF" position or more
      particularly, when the contact switch 11 is in its upwardly urged position
      by the action of the return spring 10, the clearance 9 is present between
      the underside of the arm of the base portion 7a of the key stem 7 and the
      top of the leaf spring contact 11 for the playing of the key stem 7.
PAR  Stationary contacts 12 formed of a conductive metal are secured to the
      lower thinner portions 5b of the main body side walls. As best shown in
      FIG. 8, each of the stationary contacts 12 is in the form of a rectangular
      metal plate having a depending terminal 12a extending from the lower edge
      of the plate at a point more adjacent to one end than to the other end of
      the plate. When the contact 12 is held in position on the associated lower
      side portion 5b, the terminal 12a extends downwardly through the bottom
      wall 6 of the main body 3 for connection with a mating contact of the
      associated electric circuit.
PAR  In operation, it is assumed that the push button-type switch is initially
      in its "OFF" position in which the return spring 10 is not loaded or
      allowed to extend so as to urge upwardly to and hold the key stem 7 in its
      uppermost position as shown in FIGS. 1 through 3 inclusive. In the "OFF"
      position of the push button-type switch, the movable leaf spring contact
      11 hangs over the cross bar 8 of the now raised key stem 7 and is
      disengaged from the stationary contacts 12 on the thinner lower portions
      5b of the main body side walls whereby the switch is maintained in its
      "OFF" position and the electric circuit (not shown) leading to the switch
      is electrically opened.
PAR  When it is desired to actuate the push button-type switch from the "OFF"
      position, the user pushes down the key stem 7 against the force of the
      return spring 10 with his finger until the underside of the arm of the
      base portion 7a of the key stem 7 abuts against the top of the movable
      leaf spring contact 11 and thereafter, as the user continues to push down
      the key stem 7, the descending key stem 7 in turn pushes down the movable
      leaf spring contact 11 which then slides down the slanted shoulders 5c and
      snaps into contact with the stationary contacts 12 on the thinner lower
      portions 5b of the main body side walls as shown in FIGS. 4 and 5
      whereupon the switch assumes the "ON" position to close the electric
      circuit associated with the switch.
PAR  Thereafter, when the pushing force is removed from the key stem 7, the key
      stem 7 is pushed back to the original upper position by the force of the
      return spring 10. The upward movement of the key stem 7 is not transmitted
      to the movable spring contact 11 until the cross bar 8 abuts against the
      underside of the juncture between the pair of legs 11a of the contact 11
      because of the presence of the clearance or play 9. Therefore, there is no
      possibility of erroneous or inadvertent actuation of the switch 1 due to
      any chattering or bounce of the return spring 10. When the cross bar 8 of
      the key stem 7 abuts against the underside of the juncture between the
      legs 11a of the movable spring contact 11 as the key stem 7 continues to
      move upwardly, the spring contact 11 follows the upward movement of the
      key stem 7 whereupon the outwardly warped contacting portions 11b
      disengage themselves from the stationary contacts 12 and slide along the
      slanted shoulders 5c onto the thicker upper portions 5a of the main body
      side walls whereby the switch 1 is again returned to the "OFF" position.
      The upward movement of the key stem 7 is arrested when the base portion 7a
      of the key stem abuts against the underside of the top of the main body 3
      and the movable spring contact 11 also terminates its upward movement. The
      key stem 7 and spring contact 11 are held in their upper position by the
      return spring 10. From the foregoing description, it will be understood
      that when the push button-type switch 1 moves from the "OFF" position to
      the "ON" position and vice versa, the outwardly warped contacting portions
      11b on the legs 11a of the movable spring contact 11 always move between
      the two discrete positions through the intermediate slanted shoulders 5c.
      In one of the two positions, the outwardly warped contacting portions 11b
      are in contact with the thicker upper portions 5a of the main body side
      walls and positively held in position and in the other position, the
      contacting portions 11b are in contact with the stationary contacts 12 on
      the thinner lower portions 5b of the main body side walls and also
      positively held in position whereby the switch 1 is positively held in
      each of the "OFF" and "ON" positions. Furtheremore, the movement of the
      spring contact 11 between the two positions is assisted by the slant of
      the shoulders 5c on the main body side walls.
PAR  According to the present invention, the movable spring contact 11 is
      imparted thereto such resilience that the legs 11a are always urged
      outwardly or away from each other so as to bring the outwardly warped
      contacting portions 11b at their lower ends into contact with the thicker
      upper portions 5a of the main body side walls or stationary contacts 12 on
      the thinner lower portions 5b of the main body side walls under a constant
      contact pressure. Therefore, even if the key stem 7 is pushed down with
      the switch 1 in the "OFF" position, the movable spring contact 11 will not
      move downwardly until the base portion 7a of the key stem 7 abuts against
      the juncture between the legs 11a of the spring contact 11. More
      particularly, since the clearance or play 9 is still present between the
      juncture between the legs 11a of the movable spring contact 11 and the
      underside of the base portion 7a of the key stem 7 until the key stem 7
      will abut against the leaf spring contact 11, even if the key stem 7 is
      pushed down with a slight finger pressure, the movable spring contact 11
      will not immediately move downwardly and thus, the switch 1 will not be
      immediately moved to the "ON" position with such a slight finger pressure
      applied on the key stem 7. In addition, since the movable spring contact
      11 is formed separately from the key stem 7, at the moment the key stem is
      moved in the "ON" or "OFF" direction, the movement of the key stem will
      not be immediately transmitted to the spring contact whereby even if the
      user's finger trembles or springs as he moves the key stem in the "ON" or
      "OFF" direction there will be no possibility to erroneously operate the
      switch. Therefore, the switch 1 can be positively protected against
      inadvertent actuation upon any erroneous application of force on the key
      stem 7 which may occur during the handling of the switch.
PAR  It is to be understood that variations and modifications of the invention
      may be made without departing from the scope of the invention. It is also
      to be understood that the scope of the invention is not to be interpreted
      as limited to the specific embodiment disclosed herein, but only in
      accordance with the appended claims when read in light of the foregoing
      disclosure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A push button-type switch comprising in combination:
PA1  a rectangular casing including parallel side walls, parallel end walls, and
      a bottom wall, and opening at the top, said side, end and bottom walls
      defining a switching chamber therebetween,
PA1  a key stem received within said switching chamber with a portion thereof
      extending upwardly through said open top of the casing for limited upward
      and downward movement,
PA1  a return spring disposed externally of said casing about said extension of
      the key stem for normally urging the key stem in its uppermost position,
PA1  a movable spring contact received within said switching chamber to be
      driven by said key stem and stationary contact means secured to said side
      walls to be engaged by said movable spring contact,
PA1  said key stem including a bifurcated base portion with opposite legs at the
      lower end of the key stem disposed and received within opposite ends of
      said switching chamber and a cross bar extending between said legs in a
      spaced relationship to the underside of said base portion, and
PA1  said movable spring contact comprises a substantially U-shaped leaf spring
      having a pair of legs connected at the upper ends and embracing said cross
      bar, said legs of the spring each having an outwardly warped contacting
      portion at the lower end adapted to engage said stationary contact means,
PA1  whereby when said key stem is in its uppermost position a clearance is
      present between the underside of said base portion of the key stem and the
      top of said spring contact and when said key stem is in its lowermost
      position a clearance is present between the underside of said spring
      contact and said cross bar.
NUM  2.
PAR  2. The push button-type switch as set forth in claim 1, each of said side
      walls of the casing includes an upper thicker wall portion against which
      the associated outwardly warped contacting portion of each of the legs of
      the spring contact abuts when said key stem is in its uppermost position,
      a lower thinner wall portion to which said stationary contact means is
      secured to be engaged by the associated outwardly warped contacting
      portion of each of the legs of the spring contact when said key stem is in
      its lowermost position and a slanted shoulder connecting between said
      upper thicker and lower thinner wall portions.
NUM  3.
PAR  3. The push button-type switch as set forth in claim 1, in which said
      stationary contact means comprises a rectangular conductive metal plate
      having a depending terminal contacting portion which extends downwardly
      through said bottom wall of the casing.
NUM  4.
PAR  4. The push button-type switch as set forth in claim 2, in which said
      movable spring contact has such resilience that the outwardly warped
      contacting portions at the lower ends of the legs of the spring contact
      are urged outwardly from each other whereby when said key stem is in its
      uppermost position the outwardly warped portions abut against said upper
      thicker wall portions of the casing side walls and when said key stem is
      in its lowermost position the outwardly warped portions abut against said
      stationary contact means secured to the thinner wall portions of the
      casing side walls.
PATN
WKU  039461823
SRC  5
APN  5326656
APT  1
ART  217
APD  19741213
TTL  Pushbutton actuator switch with pop-in head
ISD  19760323
NCL  12
ECL  1
EXA  Ginsburg; M.
EXP  Schaefer; Robert K.
NDR  1
NFG  3
INVT
NAM  Holder; Paul Dalton
CTY  Richardson
STA  TX
ASSG
NAM  Texas Instruments Incorporated
CTY  Dallas
STA  TX
COD  02
CLAS
OCL  200159B
XCL  200 52R
XCL   58 50R
EDF  2
ICL  H01H  312
FSC  200
FSS  340;159 B;159 R;159 A;52 R
FSC   58
FSS  50 R
UREF
PNO  3141945
ISD  19640700
NAM  Juggins
OCL  200159R
LREP
FR2  Levine; Harold
FR2  Connors, Jr.; Edward J.
FR2  Sadacca; Stephen S.
ABST
PAL  A diaphragm type pushbutton actuator switch with self-contained contacts
      includes a pop-in head. The main switch body is mountable in a substrate
      or housing with an opening provided for the head. The head is then
      press-fittable into the main switch body for retention therein. With the
      head retained in the main switch body, it is movable therein to make or
      break electrical contact upon actuation.
BSUM
PAR  This invention relates to electrical pushbutton switches and, more
      particularly, to a pushbutton switch adapted with a pop-in head.
PAR  In certain instances, it is desirable to mount the main body of a
      pushbutton switch on a substrate and place a housing thereover before the
      actuator button is included in the switch assembly with the actuator
      button being insertable from the exterior of the housing. This is
      particularly useful where, for example, the actuator button when in place
      extends considerably beyond the main switch body and would otherwise be in
      the way of placing the housing thereover. In other instances, it is
      desirable because of the configuration of the housing to insert the main
      body of the switch into the substrate or housing from the outside of the
      housing with the actuator button removed and the actuator button inserted
      into the main body after the main body has been affixed with respect to
      the substrate or housing. This alternate arrangement is particularly
      useful where the opening for insertion of the main body is of such close
      tolerance that insertion would be extremely difficult if the main body of
      the switch were inserted with the actuator button already in place. For
      example, if the actuator button of the head is the same size or larger
      than or of a different shape than the main switch body such actuator
      button would be in the way of mounting or affixing the main switch body to
      a substrate or housing. As will be seen from the detailed description,
      pushbutton actuator switches in accordance with the present invention are
      utilized in the fabrication of electronic wrist watches to provide a
      display of time upon demand. The main switch body is affixable from the
      outside of the housing in an opening provided therefor. The pop-in head
      having an actuator button of close tolerance with respect to the opening
      and essentially larger than and of different shape than the main switch
      body is simply popped in after the main switch body has been affixed to
      the housing.
PAR  It is therefore an object of the present invention to provide an electrical
      pushbutton switch in which the actuator button is insertable and
      retainable by the main switch body after the main switch body has been
      mounted with respect to a housing.
PAR  It is another object of the invention to provide a pushbutton switch in
      which the actuator button is insertable, self-retainable and movable in a
      main body of the switch.
PAR  It is a further object of the invention to provide a novel pushbutton
      switch with self-contained contacts including an actuator button which is
      insertable into the main body after the main body and contacts and bias
      means have been assembled.
PAR  These and other objects are achieved in accordance with the present
      invention by providing a pushbutton actuator switch with self-contained
      contacts and a pop-in head. The main switch body is mountable on a
      substrate or in a housing, preferably within a cavity provided therefor.
      The head, which includes a shaft and retention member such as retaining
      ring, is press-fittable into the main switch body which includes spring
      members which bias in response to force applied by one edge of the
      retaining ring to allow passage of the retaining ring and spring back to a
      normal unbiased position for retention of the pop-in head by means of the
      opposite edge of the retaining ring. Once the head is retained in the main
      switch body, the head is movable therein to make or break electrical
      contact upon actuation.
PAR  A preferred embodiment includes a conductive diaphragm member which is
      self-biasing and makes electrical contact with a contact member upon
      actuation of the actuator button of the pop-in head which applies force
      thereupon. In one embodiment, contact is provided to the casing of the
      main switch body to the conductive diaphragm member which makes or breaks
      a conductive path between the main switch body and the contact member. The
      main body of the pushbutton switch may be mounted in a housing or
      substrate and it is preferably press-fit in a close tolerance cavity
      within the housing or substrate. If the main body is mounted on a
      substrate, a housing having an opening for the pushbutton actuator may be
      placed over the main switch body before insertion of the pop-in bead.
DRWD
PAR  These and other objects and advantages of the invention will become more
      apparent from the detailed description and claims and from the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view of an embodiment of a pushbutton actuator
      switch in accordance with the present invention;
PAR  FIG. 2 is an exploded view in perspective showing individual parts of the
      embodiment of FIG. 1 in detail; and
PAR  FIG. 3 is a cutaway view of an electronic wrist watch showing the mounting
      of the switch of FIG. 1 from the exterior of the watch housing.
DETD
PAR  Referring then to FIGS. 1 and 2, an embodiment of a diaphragm type
      pushbutton actuator switch with self-contained contacts in accordance with
      the present invention is illustrated. The switch includes a main body
      designated by the numeral 10 and a pop-in head designated by the numeral
      18. In this particular embodiment, the outer shell or casing 11 of the
      main switch body 10 is comprised of conductive material, preferably a
      metal such as copper or a copper alloy and the like to serve as a first
      switch terminal conductively coupled to a conductive diaphragm member 14
      comprised of, for example, a copper-nickel alloy. A second conductor
      member 13 is insulated from the conductive outer casing 11 by an
      insulative washer member 12. The flexible conductive diaphragm member 14
      is normally biased away from contact 13 by diaphragm member 14 to provide
      an open connection between the housing 11 and the conductor 13. Upon
      actuation of the pushbutton 19 of the head 18, the lower shaft portion 22
      of the pop-in head applies force to the diaphragm member 14 to provide an
      ohmic path between housing 11 and conductor 13. In this particular
      embodiment, the pop-in head is comprised of an electrically conductive
      metal and therefore a flexible insulative diaphragm member 15 is provided
      between the pop-in head and conductive diaphragm member 14. Another
      insulating member 17 insulates the pop-in head 18 from making contact with
      the conductive casing 11. The head 18 includes a retaining member 20
      between the shaft portion 21 and the shaft portion 22. The retaining
      member 20 is preferably a larger diameter portion of the shaft 21 and it
      is easily seen that the pop-in head 18 is machinable from a single piece
      of metal such as steel, copper, brass or the like. A detent member 16
      having springable prong members is provided in the main switch body 10.
      Once the pop-in head has been inserted into the main spring body, the
      prongs 27 of the detent member 16 in conjunction with the retention member
      20 retains the head and prevents it from being detached from the main
      switch body while the head is movable within the main switch body to
      selectively make or break electrical contact upon activation of the
      pushbutton 19. In the embodiment in which the outer casing 11 is comprised
      of a metal and thereby utilized as a terminal, the member 16 is comprised
      of a non-conductive material such as plastic. Where the housing 11 is
      comprised of an insulator material and contact is made with the diaphragm
      member through the housing, for example, the member 16 may be comprised of
      any spring type metal.
PAR  It is readily seen from the switch embodied in FIG. 1, that the main body
      10 of the switch may be mounted on a substrate and a housing having an
      opening in the area 28 placed over the body 10 before the head 18 is
      inserted therein. The pop-in head is then insertable from the exterior of
      the housing through an appropriately placed opening. Insertion of the head
      into the main body 10 causes the prongs 27 of the detent member 16 to
      expand for passage of the retaining member 20 and then contract for
      retention of the head by means of member 20. Once the head 18 is retained
      in the main switch body 10, the head 18 is movable therein to selectively
      make or break electrical contact between the housing 11 or other terminal
      means coupled to the diaphragm member 14 and the contact member 13.
PAR  In other instances such as the electronic wrist watch shown in FIG. 3, it
      is desirable, because of the configuration of the housing 25, to insert
      the main body 10 of the switch into a cavity in the housing provided
      therefor from outside of the housing with the actuator button removed. The
      main body may be press-fit, adhesively bonded or otherwise affixed to the
      housing 25. The conductive diaphragm member 14 is preferably ohmically
      coupled to the housing 25 by means of a conductive casing 11. When the
      main body has been placed within the cavity 26 of the housing 25 the
      pop-in head 18 is inserted in the main body and retained therein by member
      16 and retention member 20. Once the head is retained in the main switch
      body, the head is movable therein to make electrical contact between the
      housing 25 and the contact 13 which are coupled to an electronic watch
      circuit in such a manner that whenever the pushbutton 19 is actuated a
      display of time or date, for example, is provided.
PAR  Various embodiments of a pushbutton actuator switch in accordance with the
      present invention have been described in detail. Since it is obvious that
      many additional changes and modifications can be made in the
      abovedescribed details without departing from the nature and spirit of the
      invention, it is understood that the invention is not to be limited to
      said details except as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pushbutton actuator switch comprising:
PA1  a. a cylindrical housing having an opening at either end thereof;
PA1  b. an electrically conductive contact member in said housing extending
      through the opening at one end thereof;
PA1  c. an electrically conductive bias member mounted in said housing;
PA1  d. an electrically insulative spacer member mounted in said housing
      separating said electrically conductive bias member from normally making
      ohmic contact with said contact member;
PA1  e. a pop-in actuator member including a shaft with a pushbutton on one end
      thereof and a retention member on said shaft spaced from said pushbutton;
      and
PA1  f. a unilateral detent member mounted in said housing and having a
      plurality of bendable spring prong members for passing the shaft and
      retention member of said actuator member only from the direction of the
      opening at the other end of said housing; wherein
PA1  g. said actuator member is retained within said housing by said prong
      members in cooperation with an edge of said retention member and is
      movable within said housing to apply force against said conductive bias
      member for selectively causing said bias member to make ohmic contact with
      said contact member upon actuation thereof.
NUM  2.
PAR  2. The switch according to claim 1 wherein said housing is comprised of an
      electrically conductive material in ohmic contact with said conductive
      bias member and wherein said spacer member extends through the opening at
      the one end of said housing, insulating said contact member from said
      housing.
NUM  3.
PAR  3. The switch according to claim 2 wherein said actuator member is
      comprised of electrically conductive material and said switch includes
      first insulator means electrically insulating said actuator member from
      said housing and second flexible insulator means electrically insulating
      said actuator member from said conductive bias member.
NUM  4.
PAR  4. The switch according to claim 3 wherein said detent member is comprised
      of electrically insulative material.
NUM  5.
PAR  5. The switch according to claim 4 wherein said detent member is comprised
      of plastic.
NUM  6.
PAR  6. The switch according to claim 1 wherein said detent member is comprised
      of a hollow cylindrical body having said prong members cut therein angled
      toward the center line of such cylindrical body.
NUM  7.
PAR  7. The switch according to claim 6 wherein said edge of said retention
      member extends from a face of said retention member which is beveled at an
      angle of 90.degree. with respect to the angle of said prong members.
NUM  8.
PAR  8. The switch according to claim 1 wherein said retention member and said
      shaft comprised a single body with the retension member portion having a
      greater diameter than the shaft portion.
NUM  9.
PAR  9. A switch assembly including a switch comprising:
PA1  a. an electrically conductive housing having a main chamber formed therein
      and a cylindrical cavity extending from the exterior of said housing to
      said main chamber;
PA1  b. an electrically conductive cylindrical casing having an opening at
      either end thereof within said cavity and being in ohmic contact with said
      housing;
PA1  c. an electrically conductive contact member in said casing extending
      through the opening at one end thereof and into the main chamber of said
      housing;
PA1  d. an electrically conductive bias member mounted in said casing and
      ohmically coupled thereto;
PA1  e. an electrically insulative spacer member mounted in said casing
      separating said electrically conductive bias member from normally making
      ohmic contact with said contact member and extending through the opening
      at the one end of said casing, insulating said contact member from said
      casing;
PA1  f. a pop-in actuator member including a shaft with a pushbutton at one end
      thereof and a retention member on said shaft spaced from said pushbutton;
      and
PA1  g. a unilateral detent member mounted in said casing and having a plurality
      of bendable spring prong members for bending to pass the shaft and
      retention member of said actuator member only from the exterior of said
      housing through the opening at the other end of said casing; wherein
PA1  h. said actuator member is retained within said casing by said prong
      members in cooperation with said retention member and is movable within
      said casing to apply force against said conductive bias member for
      selectively causing said bias member to make ohmic contact with said
      contact member upon actuation of the pushbutton thereof.
NUM  10.
PAR  10. The switch assembly according to claim 9 wherein the pushbutton of said
      actuator member extends within the cavity of said housing and is movable
      therein.
NUM  11.
PAR  11. The switch assembly according to claim 9 wherein said casing is
      press-fit in the cavity of said housing.
NUM  12.
PAR  12. The switch assembly according to claim 9 wherein said housing is a
      watch housing and said switch is actuatable to display time.
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PAL  A gas blast circuit interrupter of the puffer piston type is provided
      having one relatively solid contact and one vented contact which make
      valve closed engagement in the closed position. In all embodiments of the
      invention, the insulating nozzle and the vented contact are fixedly
      interconnected by means of a vented electrically conducting ring. The
      vented contact comprises a cluster nozzle for venting gas during contact
      parting and for grasping the solid conductor during contact. The
      cooperating arrangement among the parts allows the puffer gas to vent
      through parallel paths.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a puffer or piston type fluid blast circuit
      interrupter in which a piston structure provides a desirable fluid
      blasting action during contact separation with the fluid flow passing over
      the arc to effect its extinction. Cromer et al, U.S. Pat. No. 3,095,490
      teaches generally a fluid blast circuit interrupter of a type in which the
      separation in the contact structure is deliberately delayed until a
      predetermined pressure buildup occurs. Frink et al, U.S. Pat. No.
      3,588,407 teaches a gas blast circuit interrupter of the puffer type where
      gas is vented in parallel paths but where both parallel paths are internal
      to a pair of hollow conductors. Saffold et al, U.S. Pat. No. 3,555,225
      teaches a gas blast circuit interrupter similar to that which is taught in
      the previously described Frink et al patent but where the insulating
      nozzle is always relatively stationary. Baker, U.S. Pat. No. 2,933,575
      teaches a circuit interrupter of the gas blast type where the nozzle or
      the insulating portion may move not only relative to the separable
      contacts but also relative to other fixed portions of the circuit breaker
      which in turn are fixedly attached to at least one of the separable
      contacts. It would be advantageous to provide a circuit interrupter of the
      gas blast puffer piston type wherein a hollow electrical contact and an
      electrically insulating puffer nozzle are provided in fixed relationship
      with each other for engagement with a relatively solid electrical
      conductor and where compressed insulating arc-extinguishing gas is
      provided between the annular conductor and the solid conductor during an
      interrupting operation. It would be further advantageous if the gas was
      provided with dual or parallel paths for venting into ambient pressure
      regions of the circuit interrupter after the interruption operation has
      begun. It would be further advantageous to provide one of these latter
      parallel paths for gas venting through the annular conductor and the other
      parallel path for gas venting around the outer surface of the solid
      conductor rather than through it.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a circuit interrupter of the gas blast puffer
      piston type is taught which includes a number of useful embodiments. In
      one embodiment of the invention, a relatively fixed annular electrical
      contact is provided. The opening provides a contiguous gas venting path
      between the region of arc extinction and a region of ambient gas pressure.
      Fixedly disposed upon the latter named contact, in an electrically
      insulating nozzle member which is held in fixed relationship with the
      latter named contact by way of an electrically conducting support member
      having openings or port holes therein for allowing gas to flow
      therethrough from a region of high gas pressure to the region of the arc
      of interruption and thence to the region of ambient gas pressure. A
      relatively solid or non annular electrical conductor which is movable by
      the linkages of the circuit breaker is provided to engage with clustered
      fingers that are disposed in the annular fixed contact in a gas sealing
      relationship. When circuit breaker or circuit interrupter opens an arc is
      drawn as the solid conductor is moved away from the cluster fingers of the
      fixed conductor and accumulated pressurized gas is provided to the region
      of the interrupting arc of interruption whereafter it is provided by way
      of dual venting paths into a region of ambient gas pressure. The first of
      the dual gas venting paths is through the annular portion of the
      previously described fixed conductor. The second of the paths for gas
      venting is through the annular portion of the insulating shield or nozzle
      but around the outer periphery of the relatively solid moving conductor
      during a portion of the opening operation. In another embodiment of the
      invention, the relatively solid conductor is maintained in a fixed
      position but the annular conductor, the previously described electrically
      conducting ring, the electrically insulating fixedly attached nozzle, and
      the cylinder member are all interconnected for movement relative to the
      solid conductor. The parallel gas paths for arc extinction and venting,
      however, function the same as in the formerly described embodiment of the
      invention because of the structural and motion relationships of the
      elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention, reference may be had to the
      preferred embodiments exemplary of the invention shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a view of a three phase circuit interrupter of the type capable
      of utilizing the invention described herein;
PAR  FIG. 2 (as shown in portions 2A and 2B) is a side elevation in section of a
      circuit interrupter of the type disclosed as the invention where the
      circuit interrupter is in the open position;
PAR  FIG. 3 is a view of an embodiment similar to the embodiment shown in FIG. 2
      but in the closed or electrically conducting position; and
PAR  FIG. 4 is a view similar to that shown in FIGS. 2 and 3 but utilizing a
      different embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, and more particularly to FIG. 1 thereof, a
      reference numeral 1 generally designates a three-pole fluid-blast circuit
      interrupter comprising three spaced pole assemblies A, B and C. As will be
      apparent from FIG. 1, each pole assembly includes, generally, an upper end
      plate 2, a generally upstanding cylindrical housing 3, and a lower end
      plate and mechanism housing 4. Disposed exteriorly of the mechanism
      housing 4 is a drive crank 5 affixed to an operating shaft 6, and a
      generally horizontally reciprocally movable insulating operating rod 7 is
      pivotally secured to the external operating crank 5, as at 8, and is
      connected to a drive crank 9 through a pivotal connection 10. The three
      drive cranks 9, only one of which is shown, are affixed and rotatable with
      an operating drive shaft 11, which is connected to a suitable mechanism
      12, which constitutes no part of the present invention, and may be of the
      type set forth in U.S. Pat. No. 3,183,332, issued May 11, 1965, to Russell
      E. Frink and Paul Olsson, and assigned to the assignee of the present
      invention.
PAR  It will be apparent from FIG. 1 that a suitable supporting grounded
      framework 14 is utilized comprising vertical channel members 15 with
      interbracing structural steel members 16, 16a having horizontally
      extending insulating support straps 16b secured thereto, which assist in
      supporting the interrupting assembles assemblies. Additionally, lower
      insulator supports 17 may be employed extending generally horizontally
      from a channel support member 16c, the latter being affixed to the
      vertical support channels 15.
PAR  Referring now to FIG. 2, one embodiment of the invention is shown. At the
      top or one end of the embodiment shown in FIG. 2, the end plate 2 (which
      may be an upper end plate) having tapped holes therein for the attachment
      of an electrode from an electrical circuit to be protected by the circuit
      interrupter. There is also shown an annular circular flange 2B which is
      disposed transverse to the end plate 2 and is conveniently attached
      thereto such as by bolting or welding. Disposed in a spaced relationship
      from the end plate 2 is the mechanism housing 4 which comprises a terminal
      portion 4A having a hole therein for the acceptance of an electrode or
      terminal from another portion of the previously described external circuit
      to be protected by the circuit interrupter. The mechanism housing 4 has a
      part thereof, an annular tubular flange 4C similar to flange 2B. Flange 4C
      is conveniently disposed upon terminal portion 4A of mechanism housing 4.
      Shown within the mechansim housing 4 is an operating shaft 6 and attached
      levers 5 and 19, lever 5 representing the operating crank 5 and lever 19
      representing the lever for moving a pivotally interconnected driving rod
      21, the use of which will be described hereafter. Mechanism housing 4 has
      a tapped hole or similar fastening or securing means 4B for adapting the
      housing 4 to an insulating means such as 17 shown in FIG. 1. At the end
      portion of the interrupter, is shown a generally tubular copper alloyed
      electrically conducting electrode 30, electrode 30 is fixed to terminal 2
      in a convenient manner such as by brazing or bolting. Electrode 30 has an
      annular inner portion 34 connected at one end thereof to two oppositely
      disposed venting holes 34A and 34B which provide a contiguous opening or
      path between the annular axially aligned hole or opening 34 and an ambient
      gas pressure region 61 within the circuit interrupter. An annular tubular
      metal nozzle 36 is provided to be brazed and/or screwed into a tapped
      portion of the conductor 34 at a point 36C. The metal nozzle 36 comprises
      electrically conductive material such as copper or copper alloy and is
      formed into the shape of a hub from which protrude circumferentially
      disposed elongated fingers generally designated 36B having at the tip or
      end portions thereof highly conductive arc resistant portions 36A, which
      may otherwise be known as the finger tips of the fingers 36B. The finger
      tips 36A may comprise a tungsten or copper alloy material which is highly
      arc resistive. It is at this portion of the circuit interrupter that an
      arc root is likely to strike or reside during an opening or interrupting
      operation. It will be noted that the slotted finger portions 36B are
      flexible in a transverse or radial direction relative to the axis of the
      conductor member 30. Disposed at one end of the annular electrical
      conductor 30 is a widened or trumpeted portion 38 which extends radially
      outward around the outer portion of the conductor 30. The trumpeted
      portion or cooler casting 38 comprises a plurality of ribbed sections
      circumferentially disposed around the outer conductor 30 in a spoke-like
      manner. In the drawing of FIG. 2, the openings between adjacent spoke-like
      ribs are designated 38A and these openings provide a contiguous path
      between a pressurized gas chamber 60 and a region of arc interruption 74.
      In a preferred embodiment of the invention the cooler casting 38 may
      comprise thirty generally equally spaced, radially disposed ribs having
      venting or contiguous ducts 38A disposed therebetween.
PAR  An electrically insulating and arc resistant horn or shielding member 40,
      which may be Teflon, is provided to be conveniently attached to an inner
      portion of the cooler casting 38 at a region 42. The electrically
      insulating and arc resistant enclosure or horn 40 may be conveniently
      screwed into the casting 38 at the region 42. The horn 40 has a trumpeted
      or outward flaring or tapered annular central opening which is contiguous
      with the previously described region of arc interruption 74. This widened
      region is designated 40A. The annular conical inner portion of the member
      40 comprises slotted axially spaced grooves 44 which are useful for
      providing increased electrical insulation along the inner surface of the
      horn member 40. This is described in a U.S. Pat. No. 3,291,948 issued Dec.
      13, 1966 by J. M. Telford. The previously described links or linkage
      members 21 which are pivotally attached to the lever member 19 are pinned
      at one portion thereof by means of a pin 22 to an aluminum alloy spider
      casting generally designated 24. Spider casting 24 has a hub portion 25
      through which is disposed a generally solid electrically conducting copper
      or copper alloy contact rod 28 which is not movable in relationship with
      the previously described spider member 24. Also fixedly attached to spider
      member 24 by way of pins 25 is an electrically insulating thin wall
      cylindrical tube 23 which is utilized for developing the previously
      described necessary gas pressure for causing the gas blasting of an arc in
      region 74 during an interruption operation. Cylindrical member 23 has at
      one end thereof an enclosing integral annular disc portion 54 which has a
      round or circular hole 56 therein through which the outer periphery of the
      previously described electrically conducting rod 30 may slidably protrude.
      There is at the innerface region between the annular surface 56 of the
      integral disc 54 and the electrically conducting rod 30 a gas seal against
      the escape of gas from the chamber 60 to the region of ambient gas
      pressure 61. The previously described casting member 38 has provided at
      the outer periphery thereof a gas seal gasket 52 which prevents the
      leakage of pressurized gas under normal operating conditions from the high
      pressure gas chamber 60 to another region of ambient gas pressure 61A.
PAR  In the embodiment shown in FIG. 2, the circuit interrupter is shown in a
      partly open state, that is, with a gap between the electrical conductor 30
      and the electrical conductor 28. Gas flow arrows are shown which generally
      designate the paths through which puffer gas flows during the arc
      extinguishing operation. The gas flows start in the high pressure region
      60 where an insulating gas such as sulfur hexafluoride SF.sub.6 is
      compressed during an opening operation between the piston member 54 and
      the outer surface of the electrode 28 as electrode 28 moves out of contact
      with the fingers 36A of the cluster 36 from a position generally
      designated 80 in FIG. 3. As the tip 46 of the contact 28 clears the
      opening 72, compressed gas rushes through duct or ducts 38A into region 74
      where an arc may be playing between the tungsten carbide or arc resistant
      tip 46 of the solid electrode 28 and the finger tips 36A of the cluster or
      metal nozzle 36. The path for the onrushing gas through the duct or port
      38A is generally designated by the reference numeral 84. Once in the arc
      extinguishing region 74 however, the gas is provided with two parallel
      paths for venting to relatively low or ambient gas pressure regions 61 and
      61A each of which comprise part of a common volume. One parallel path is
      generally designated 88 and is provided upwardly through the annular
      portion of the electrode 30 to the previously described exit ports 34A and
      34B. The other path is downwardly and as indicated by the reference
      numeral 86 downwardly across the outer surface of the tungsten tip 46 of
      the electrode 28 through the widened region of the electrically insulating
      horn or shield member 40 to the other lower region of ambient gas pressure
      61A. A relatively short round or annular opening 48 is provided axially in
      the relatively solid electrode 28. A cross opening 50 communicates between
      the latter mentioned round opening 48 and the outer circumference of the
      electrode 28. This region is not provided for significant gas flow such as
      indicated by the arrow 86 but is rather provided for thermodynamic
      purposes.
PAR  The previously described operation generally occurs as the generally solid
      lower electrode 28 is being moved in a direction generally designated 82
      in FIG. 2B. This corresponds to an opening operation of the circuit
      interrupter. When the circuit interrupter contact 28 is upwardly in the
      direction 58, corresponding to a closing operation, the chamber 60
      increases in volume. A valve 62 is provided in the annular piston member
      54 which is unidirectional and allows ambient gas to flow into the chamber
      60 as the linkage members of the circuit interrupter cause the contact 28
      to move in the closing direction 58. This prevents a vacuum from occurring
      in chamber 50 which would act to retard the movement of the contact 28 in
      the closing direction and ensures that volume 60 is filled with gas in
      readiness for an opening operation which may occur immediately upon
      completion of closing operation. It should be clearly noted that the
      contact 28 is fixedly attached to the hub member 25 of the aluminum alloy
      spider casting 24 which in turn is fixedly attached to the thin walled
      electrically conducted insulating cylinder 23. It should be understood
      that insulating cylinder 23 may comprise any of a number of standard
      insulating materials such as but not limited to, insulating fiberglass,
      dacron epoxy, glass epoxy or polycarbonate. It should also be noted with
      respect to the embodiment of FIG. 2 that the insulating shield or horn
      member generally designated 40 as well as the cooler casting generally
      designated 38 and the relatively fixed electrode generally designated 30
      are all attached together. It should also be especially noted with respect
      to the embodiment of FIG. 2 that the gas flow path generally designated 86
      provides arc interrupting gas puffer action around the outer surface of
      the tungsten or arc resistant tip 46 of the movable contact 28.
PAR  Referring now to FIG. 3, a cutaway portion of the embodiment of the
      invention shown in FIGS. 2A and 2B is shown with the circuit breaker in
      the closed or electrically conducting position. For purposes of
      simplicity, the mechanism housing portion 4 of FIG. 2 is broken away in
      FIG. 3. The outer electrically insulating housing 3 as well as the upper
      terminal 2 (in simplified form) is once again shown. Also shown is the
      generally stationary electrode 30 having disposed in an annular portion
      thereof the metal cluster nozzle 36. In this embodiment of the invention,
      the linkage 21 is presumed to have moved upwardly to cause the generally
      solid contact 28 to protrude into the fingered portion 36B of the
      stationary contact 36 and well into the inner region of the hollow
      electrode 30. The foremost extension of travel of the movable contact 28
      upwardly is indicated by the termination line 80. It will be noted that
      the fingered portions of the hollow electrode 30 and the solid electrode
      28 are in intimate electrical contact for the transmission or transfer of
      electrical current between the electrode 30 to the electrode 28. It will
      also be noted that the piston chamber 60, formed by the generally hollow
      cylindrical electrically insulating casing 23, is expanded. In this
      position, compression chamber 60 is filled with insulating gas, such as
      sulfur-hexafluoride (SF.sub.6) gas at an ambient pressure. It will also be
      noted that the transient gas blocking solid electrode 28 abuts the narrow
      neck portion of the nozzle 40 at a restriction 70 to temporarily seal the
      duct 38A at the port hole 72. As the movable contact 28 is caused to move
      downwardly such as would occur during an interrupting operation, the
      cylinder 23 moves in direction 82 causing the gas seal 56 on the annular
      disc member 54 to travel past the vent openings 34A and 34B so that gas
      may be puffed out or pushed out of the chamber 60 through the duct 38A
      into the region to cause interruption of an arc, which may be established
      between the stationary contact fingers 36A and the movable contact
      extremity 46.
PAR  Referring now to FIG. 4, another embodiment of the invention is shown. In
      this embodiment of the invention, the external appearance of the
      interrupter may be very similar to that shown in FIG. 2, although it is to
      be realized that the external appearance is not limiting. An upper line
      terminal 12 is provided having suitable holes for interconnection with an
      electrical circuit to be protected. A bottom line terminal 4A' is also
      shown. An electrically insulating hollow cylindrical tubular casing member
      3' is disposed between the previously mentioned line terminals 12 and 4A'.
      Terminals 12 and 4A' are sealed or joined respectively in this embodiment
      of the invention with neoprene rubber gaskets 113 and 114 respectively.
      There is also provided at least two holes 106 in one portion of the
      terminal 12 in which a metallic tapped portion 106 of a generally
      electrically insulating tie rod 108 is disposed and secured by way of nuts
      104. The lower end of the tie rod 108 is not shown. In this embodiment of
      the invention the tie rod 108 is utilized for keeping the stacked portions
      of the interrupter securely held together. This embodiment of the
      invention differs from the embodiment illustrated in FIG. 3 in that the
      generally solid contact 28' remains fixed in this case, but the generally
      hollow venting contact 30' is movable along with the rigidly affixed
      cooler casting 38', and the rigidly affixed horn or electrically
      insulating orifice nozzle generally designated 40'.
PAR  In this embodiment of the invention, unlike the embodiment of the invention
      of FIG. 3, the thin walled electrically insulating cylinder 23' is movable
      with the other movable portions of the invention. A generally fixed
      annular disc member 102 allows for compression of gas within the region
      60'. In this embodiment of the invention, the generally fixed solid
      electrode 28' has a hole 48' with communicating transverse holes 50' for
      the purpose previously described. The generally fixed or solid contact 28'
      is brazed or screwed into a copper pad 110, which is, in turn, brazed upon
      or screwed into a bottom portion of the line terminal plate 12. In all
      embodiments of the invention, the terminals such as 12, 2A, 4A and 14 may
      comprise an aluminum or an aluminum alloy, copper or a copper alloy
      material. The nozzle 40' has the previously described axially spaced
      grooves 44' which serve the same purpose as the slots or grooves 44
      depicted in the embodiment of FIG. 2. In addition, the trumpeted or opened
      end of the horn or shield 40' is generally designated 40A' in this
      embodiment of the invention. There is provided between the outer portion
      of the horn 40' and the inner portion of the cooler casting an epoxy
      fastening portion generally designated 39A. This causes the horn 40' to be
      held in fixed relationship with the cooler casting 38'. In a similar
      manner, the outer portion of the cooler casting 38' is held in fixed
      relationship with the thin walled compression cylinder 23' by a similar
      cement portion 39. The cooler casting 38' is disposed in integral fixed
      relationship with the movable annular electrode 30'. Annular electrode 30'
      has a metal cluster nozzle 36 disposed in the annular portion of the
      electrode 30 and secured thereto at a region 36C by screwing, brazing or
      both. It is to be understood that the electrode 30' may comprise a copper
      or copper alloy material. As was the case with respect to the embodiment
      of FIGS. 2 and 3, the cluster nozzle region 36' includes fingers generally
      designated 36A' having an arc resistant material, such as a tungsten
      matrix material infiltrated with copper or silver, 36B' disposed thereon.
      It is to be recalled that the finger tips 36B' are adapted to enclose the
      arc resistant surface 46' of the generally fixed electrode 28' as the
      movable electrode 30' is brought in contact therewith. The previously
      described annular fixed disc shaped member 102 is disposed upon an
      elongated rectangular support member 96 with keyway 98. Member 96 is
      secured to terminal 4A' by bolts or similar fastener means. There may be
      two members 96 disposed annularly within the electrically conducting
      cylinder 3'. The stationary piston member 102 is disposed at the other end
      of the support member 96 by way of bolts or similar fastening means 102E.
      There is a sandwich combination of members 102A and 102B which generally
      extend between the electrode 30' and the inner surface of the thin walled
      tube 23' and which partially enclose a smaller laminate portion 102C. The
      three latter mentioned members 102A, 102B, 102C act to support gas seal
      member 102D therein which in turn provides an effective gas seal for the
      chamber 60' between the member 102 and the cylinder 23' to the ambient gas
      pressure region 61B. Bolt 102E acts to hold in place a valve strip member
      102F. Valve member 102F provides unidirectional gas flow in the direction
      68' which is a similar function to that provided by the valve 62 in FIG.
      2. In the member 92, connected to the bottom portion or end portion of the
      electrode 30, is a U-shaped member generally designated 92 which may be
      otherwise designated as a clevis member which interconnects the bottom
      portion of the electrode 30 with a linkage member generally designated 21'
      by way of a pin member generally designated 94, it being realized that
      there are two linkage members 21' on either side of the bight portion of
      the U-shaped clevis member 92 which are interconnected with the pivotal
      pin member 94. The clevis member 92 has a key portion 100 which moves
      longitudinally in the previously described keyway 98 in the support member
      96 to prevent rotation of the electrode 30' and to provide support
      therefor.
PAR  The operation of the circuit interrupter depicted in FIG. 4 in regard to
      the flow of puffer gases is similar to the operation of the puffer
      described with respect to FIG. 2 inasfar as relative motion of the
      elements are concerned. The difference is that the movable and stationary
      members are interchanged between the embodiments of FIG. 2 and FIG. 4. In
      addition, in the embodiment of FIG. 2, the cylinder member generally
      designated 23, is fixedly attached to the spider 24, while in the
      embodiment of FIG. 4 it is fixedly attached to the cooler casting 38'.
      During an opening operation for the circuit contacts of the circuit
      interrupter, i.e., when contacts 30 is moved away from contact 28, the
      corresponding motion of the horn and cooler casting 40' and 38'
      respectively toward the relatively fixed gas sealed annular disc 102
      causes gas to flow out of the compressed gas region 60' through the ducts
      38A' between the rib portions of the cooler casting 38'. The flow of gas
      is generally designated 84'. As the flow of gas 84' enters the region of
      arc extinction 74, it splits into two parallel gas venting paths namely
      path 88, which causes the venting gas to flow downwardly through the
      hollow portion of the electrode 30' to the open end thereof where it vents
      past opened portions of the clevis 92 as indicated by the arrow 88A'. The
      other parallel gas path is generally designated 86 and it flows outwardly
      to the wider portion of the horn 48' past the outer peripheral surface of
      the generally fixed solid electrode 28A' past which the horn 40' is moving
      in a direction 82. In this embodiment of the invention there is provided a
      stationary copper alloyed spring loaded current conducting member or
      stationary collector finger 110a, which makes intimate electric contact
      with the movable contact 30' at a portion or place 110b. It is preferred
      to have four or more of the member 110a. The previously described finger
      or electrically conducting member 110a is secured to the terminal 4A' by a
      bolt or other similar fastening means 114. This provides for a path of
      high electrical conduction which is in series with the main body of the
      electrode 30' for carrying current from electrode 30' to terminal 4A'. The
      electrical interconnecting relationship between the electrode 30' and the
      fixed electrode 28' are the same as described with respect to FIG. 3. The
      gas sealing interrelationship is also the same.
PAR  It is to be understood with respect to the embodiments of this invention,
      that the linkage means are not limiting nor is the electrical contact
      means limiting. As an example, the contact means 110 shown in FIG. 4 is
      not limiting as far as the embodiment of FIG. 4 is concerned, nor is the
      fixed sliding contact means 26 shown in the embodiment of FIG. 2 limiting.
      It is also to be understood with respect to the various embodiments of
      this invention that contacts such as 112 shown in FIG. 3 may be applied
      for the useful purpose in all the embodiments of the invention of shunting
      the contacts 36 and 28 to enable the device to carry a high value of
      continuous current. However they do not enter into the interrupting of the
      arc or completing of the circuit. It is also to be understood with respect
      to the embodiments of the invention that the various sealing and
      connecting means are not limiting. It is also to be understood with
      respect to the various embodiments of the invention that the unique
      arrangement of the insulating and arc resistant arc horn, cooler casting,
      and annular metal electrode and a metallic cluster nozzle in a fixed
      relationship with respect to each other is novel and its cooperation with
      respect to the other portions of the circuit interrupter provides for a
      novel circuit interrupter arrangement.
PAR  The apparatus embodying the teachings of this invention have several
      advantages. One advantage lies in the fact that the fixed
      interrelationship of the horn, cooler casting and annular electrode
      provide for a convenient shielding of the arc when the electrodes are
      drawn away from each other in an interrupting operation while at the same
      time providing dual venting paths for arc extinguishing gas blast puffer
      gas. In the embodiments of the invention an advantage lies in the fact
      that one of the dual paths is provided around the outside portion of an
      arcing electrode to more easily sweep the arc or interrupt the arc rather
      than through a central portion where the arc may not be conveniently
      interrupted. Another advantage lies in the fact that this latter
      arrangement of gas path flow provides for insulation between the outer
      portion of the electrodes once the arc has been extinguished. This type of
      insulation is most likely in the opinion of the inventor to prevent
      restrikes. The inventor has found with respect to the embodiments of this
      invention that the interrupting qualities of this invention are increased
      by at least a factor of two or more in terms of interrupted electrical
      current and rate of rise of recovered voltage which may be interrupted by
      the circuit breaker merely by providing a cooperating insulating arc horn
      and cluster nozzle arrangement as is specifically shown in the embodiments
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas-blast type of circuit-interrupter including, in combination:
PA1  a. a vented hollow contact having a plurality of circumferentially disposed
      inner contact fingers provided therewithin;
PA1  b. a cooperable relatively-solid non-vented contact extending interiorly
      within said plurality of circumferentially disposed inner contact fingers
      an appreciable extent in the closed-circuit position of the
      circuit-interrupter;
PA1  c. means defining an insulating hollow gas-flow nozzle member fixedly
      secured to said one vented hollow contact and through which said
      non-vented contact projects in the closed-circuit position of the
      interrupter;
PA1  d. piston means providing high gas pressure conditions externally of said
      vented hollow contact; and,
PA1  e. the contacting interengagement between the non-vented contact and the
      vented hollow contact providing a closed-valve condition during a
      predetermined portion of the opening operation preventing gas flow from
      said high pressure source, whereby the gas pressure has adequate time to
      be built up.
NUM  2.
PAR  2. The combination according to claim 1, wherein a perforated metallic
      cooler member (38A) is interposed between the vented hollow contact and
      the surrounding insulating hollow nozzle member.
NUM  3.
PAR  3. The combination according to claim 2, wherein a relatively tight fit is
      provided between the non-vented contact and the orifice restriction (70)
      of the insulating hollow nozzle member to prevent gas flow.
NUM  4.
PAR  4. The combination according to claim 1, wherein the vented hollow contact
      is stationary and the cooperable relatively solid non-vented contact is
      movable.
NUM  5.
PAR  5. The combination according to claim 4, wherein the piston means comprises
      a movable piston member (54) which is fixedly secured to the movable
      non-vented contact.
NUM  6.
PAR  6. The combination according to claim 1, wherein the vented hollow contact
      is movable and has a piston member fixedly secured thereto, and wherein
      the cooperable relatively solid non-vented contact is stationary.
NUM  7.
PAR  7. A gas-blast type of circuit-interrupter including, in combination, means
      defining a tubular nonperforated metallic contact-holder carrying a
      ring-shaped metallic perforated cooler member adjacent one open end
      thereof, the other end of said metallic contact-holder being open to
      provide a gas-exhaust passage therethrough, an insulating hollow
      nozzle-member for directing gas flow disposed adjacent said ring-shaped
      metallic perforated cooler member for receiving a flow of high-pressure
      gas through said perforated metallic cooler member, means defining an
      annular cluster of circumferentially disposed contact-fingers disposed
      internally of said tubular nonperforated metallic contact-holder disposed
      closely adjacent the inner wall thereof, a substantially nonvented solid
      contact-rod making contacting engagement with said annular cluster of
      circumferentially disposed contact-fingers in the closed-circuit position
      of the circuit-interrupter, means for simultaneously separating said
      contacts to draw an arc and additionally creating high-pressure gaseous
      conditions externally of said tubular non-perforated metallic
      contact-holder during the opening operation of the interrupter, the
      substantially non-vented solid contact extending an appreciable distance
      into the interior of said annular cluster of contact-fingers in the
      closed-circuit position of the circuit-interrupter and additionally making
      a relatively tight fit within said orifice opening, thereby providing a
      valve-action therewith for closing the orifice opening in the nozzle
      during the initial portion of the opening operation of the interrupter to
      halt gas flow therethrough, separating motion of said contacts opening the
      aforesaid valve during arc establishment and thereby releasing a flow of
      high-pressure gas through the opened orifice opening and around the end
      tip of the substantially non-vented solid contact, and additional
      high-pressure gas being vented in the opposite direction through the
      annular cluster of contact-fingers and out through said gas-exhaust
      passage provided in the tubular contact-holder, whereby the arc will
      become extinguished by the gas flow in opposite directions.
NUM  8.
PAR  8. The combination according to claim 7, wherein the tubular non-perforated
      metallic contact holder and the annular cluster of circumferentially
      disposed contact fingers are stationary, and the substantially non-vented
      solid contact rod is movable.
NUM  9.
PAR  9. The combination according to claim 7, wherein piston means is utilized
      to provide the high-pressure gaseous conditions, said piston means
      including a movable piston member, and the movable piston member being
      fixedly secured to the substantially non-vented solid contact rod and
      movable therewith.
NUM  10.
PAR  10. The combination according to claim 7, wherein the tubular
      non-perforated metallic contact holder and the annular cluster of
      circumferentially disposed contact-fingers are movable, and the
      substantially nonvented solid contact rod is stationary.
NUM  11.
PAR  11. The combination according to claim 7, wherein piston means including a
      movable piston member is provided to create the high-pressure gaseous
      conditions, and the movable metallic contact holder and the annular
      cluster of circumferentially disposed contact-fingers are movable and
      fixedly attached to the movable piston.
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ABST
PAL  A circuit breaker having a pair of circuit breaking units electrically
      insulated from ground by supporting means of electrical insulator, an
      actuator disposed on ground, and an actuating force transmission path
      including a single actuating rod of electrical insulator for connecting
      the actuator to the movable contacts in the circuit breaking units. In the
      circuit breaker, an electromagnetic actuating unit is disposed between the
      supporting means of electrical insulator and the circuit breaking units in
      electrically insulated relation from the circuit breaking units. This
      electromagnetic actuating unit comprises a current conducting path portion
      for electrically connecting the circuit breaking units in series with each
      other, means disposed in parallel with this current conducting path
      portion for producing an electromagnetic repulsive force, and means for
      transferring current flow to the repulsive force producing means from the
      current conducting path portion in response to the operation of the
      actuator so that the electromagnetic repulsive force produced by the
      repulsive force producing means can be used as an actuating force for
      driving the movable contacts in the circuit breaking units in the circuit
      breaking direction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR   1. Field Of The Invention
PAR  This invention relates to circuit breakers and more particularly to a
      circuit breaker of large capacity in which a pair of circuit breaking
      units are connected in series with each other.
PAC  2. Description Of The Prior Art
PAR  The voltage rating and current capacity of circuit breakers are
      progressively increasing with the increase in the electric power demand in
      recent years. Especially, in order to deal with the increase in the
      voltage rating, a pair of circuit breaking units of the same structure are
      connected in series with each other to restrict the voltage applied to a
      single circuit breaking unit.
PAR  In a circuit breaker having such a pair of circuit breaking units, the
      moving part of one of these circuit breaking units is disposed opposite to
      that of the other circuit breaking unit, and an actuating force
      transmission path for operatively connecting an actuator on ground to the
      moving parts of the circuit breaking units is disposed to extend between
      these circuits breaking units. Therefore, the construction of the
      actuating force transmission path can be simplified and the number of
      parts thereof can be reduced since the actuating force transmission path
      can be constituted by parts which are common to both these circuit
      breaking units.
PAR  In some circuit breakers, a large actuating force is required for breaking
      associated circuits. An example of such circuit breakers is a puffer type
      circuit breaker in which an arc extinguishing gas is compressed as soon as
      the circuit breaking operation takes place so as to supply a puff of this
      compressed gas to the space between the parted contacts.
PAR  In a circuit breaker of this kind, an especically large actuating force is
      required frequently in the circuit breaking operation as when an
      excessively large current such as a short-circuit current is interrupted.
      In such a case, the pressure in the vicinity of the arc makes an unusual
      rise due to the strong energy of the arc. This unusually high pressure
      acts as a reaction force against the actuating unit carrying out the
      circuit breaking operation and acts also to obstruct puffing of fresh arc
      extinguishing gas toward the arc. In such a case, therefore, the actuating
      force must be large enough to overcome the reaction force.
PAR  The actuating unit for causing the circuit breaking operation of the
      circuit breaker must thus be required to produce an actuating force which
      overcomes such a reaction force. However, the service life of various
      mechanical parts thereof would be reduced due to the fact that this
      actuating unit produces a large actuating force even when the reaction
      force is small, that is, when the current to be interrupted is small.
PAR  An improved circuit breaker which obviates such a defect is known. In this
      improved circuit breaker, an electromagnetic actuating unit is combined
      with the existing actuating unit. An actuating force proportional to a
      current to be interrupted can be obtained when the current flowing through
      the circuit breaker is utilized as a source for energizing the
      electromagnetic actuating unit. Further, the existing actuating unit in
      this improved circuit breaker is such that it ensures reliable
      interruption of a current for which the actuating force produced by the
      electromagnetic actuating unit cannot be solely relied upon.
PAR  However, according to the common practice, the electromagnetic actuating
      unit is provided for each of the circuit breaking units, or the
      electromagnetic force produced by such unit is utilized for operating the
      existing actuating unit. Thus, in the former case, the electromagnetic
      actuating unit is required in a number equal to the number of the circuit
      breaking units, while in the latter case, an arrangement for maintaining
      electrical insulation between the electromagnetic actuating unit and
      ground is additionally required due to the fact that the existing
      actuating unit is situated on ground.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      circuit breaker which includes means for producing an actuating force
      proportional to a current to be interrupted and which is small in overall
      size by virtue of a unique construction.
PAR  Another object of the present invention is to provide a circuit breaker
      which eliminates impartation of an unnecessary force to an actuating rod
      of electrical insulator which constitutes a part of an actuating force
      transmission path between the moving parts of a pair of circuit breaking
      units and an actuator situated on ground while maintaining electrical
      insulation therebetween.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front elevational view of an embodiment of the circuit breaker
      according to the present invention.
PAR  FIG. 2 is a partial view of the circuit breaker of FIG. 1 with parts shown
      in section.
PAR  FIG. 3 is an enlarged sectional view of parts of FIG. 2.
PAR  FIG. 4 is a sectional view taken on the line IV--IV in FIG. 3.
PAR  FIG. 5 is a graph showing the contact parting distance relative to time.
PAR  FIG. 6 is a graph showing the internal pressure of a puffer chamber
      relative to time.
PAR  FIG. 7 is a graph showing the relation between the contact parting distance
      and the electromagnetic repulsive force.
PAR  FIG. 8 is a partly sectional front elevational view of parts of another
      embodiment of the circuit breaker according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows a circuit breaker of the so-called grounded tank type.
      Referring to FIG. 1, a grounded tank 1 at ground potential is provided
      with a pair of axially opposite end openings which are tightly closed by
      respective end covers 2 and 3. An arc extinguishing gas, for example,
      SF.sub.6 is charged in this tank 1. A part of circuit breaking units (not
      shown) are housed within this tank 1 in an electrically insulated
      relationship from the tank 1. A base 4 is secured to the foundation to
      fixedly support various elements including the tank 1 thereon. A pair of
      bushings 5 and 6 are erected on opposite end portions respectively of the
      tank 1. In actuator 7 is disposed on ground beneath the tank 1 for
      actuating the circuit breaking units which make and break the circuit
      within the tank 1. This actuator 7 comprises an actuating unit 7a for
      actuating the circuit breaking units in the circuit breaking direction and
      a making unit 7b for restoring the circuit breaking units to the circuit
      making position.
PAR  FIG. 2 is a partial view of the circuit breaker of FIG. 1 with parts shown
      in section. Referring to FIG. 2, a central cylindrical portion 1a extends
      downward from the bottom of the grounded tank 1. A cylindrical supporting
      member 12 of electrical insulator is erected on the inner bottom surface
      of the cylindrical extension 1a of the tank 1, and an electromagnetic
      actuating unit 13, an annular member 14 of electrical insulator and a
      bracket 23 are stacked up in the above order on the cylindrical supporting
      member 12. A pair of pistons 18 are fixed to the opposite arms of the
      bracket 23 through electrical insulating members 28 respectively, and the
      moving parts 16 of the circuit breaking units are arranged to make sliding
      movement by being guided by the respective pistons 18. The moving part 16
      of each circuit breaking unit is composed of a puffer cylinder 19 arranged
      for sliding movement relative to the piston 18 and a movable contact 20
      fixed to the puffer cylinder 19. The puffer cylinder 19 and piston 18 in
      each circuit breaking unit define a puffer chamber 25 therebetween so that
      an arc extinguishing gas contained within this puffer chamber 25 can be
      compressed in response to the parting movement of the movable contact 20
      in the moving part 16 of the circuit breaking unit away from a stationary
      contact 26. This compressed gas acts to puff out the arc generated across
      the movable and stationary contacts 20 and 26. The stationary contacts 26
      in the circuit breaking units are connected to the respective central
      conductors in the bushings 5 and 6 shown in FIG. 1. Further, these circuit
      breaking units are electrically connected in series with each other by a
      pair of connecting conductors 27a and 27b connected to the electromagnetic
      actuating unit 13.
PAR  These two circuit breaking units are arranged in such a manner that the
      moving parts 16 thereof are disposed opposite to each other. A pair of
      rods 24 of electrical insulator are connected at one end thereof to the
      confronting ends of the moving parts 16 of the circuit breaking units
      respectively and at the other end thereof to one end of a pair of L-shaped
      levers 21 respectively. These L-shaped levers 21 are swingably supported
      within the bracket 23. A pair of connecting rods 11 are connected at one
      end thereof to the respective L-shaped levers 21 and at the other end
      thereof to the upper end of a single actuating rod 22 of electrical
      insulator. The lower end of this actuating rod 22 is connected to an
      L-shaped lever 10 which is operatively connected to the actuator 7 for
      making arcuate movement.
PAR  As will be apparent from the above description, only one actuating rod 22
      of electrical insulator is provided in the path for transmitting the
      actuating force from the actuator 7 to the pair of the movable contacts
      20. Thus, the actuating force produced by the actuating unit 7a in the
      actuator 7 is transmitted to the moving parts 16 of the two circuit
      breaking units through the single actuating rod 22.
PAR  As described with reference to FIG. 2, the electromagnetic actuating unit
      13 is disposed beneath the bracket 23. By virtue of the disposition of the
      electromagnetic actuating unit 13 in such a location, the circuit breaker
      according to the present invention is relatively compact in construction
      and small in overall size due to the fact that the electromagnetic
      actuating unit 13 can be accommodated within the cylindrical extension 1a
      of relatively short axial length extending from the tank 1. Further, the
      structure of the remaining portions may be substantially the same as that
      of the prior art structure, and this prior art structure may be utilized
      without any substantial alteration. The internal structure of the grounded
      tank 1 may remain the same as the prior art structure when an
      electromagnetic actuating unit of this kind may be incorporated in the
      actuator 7 located on ground. However, a complex structure is required for
      electrical insulation from ground when the current flowing through the
      circuit breaking units is utilized as a source for energizing the
      electromagnetic actuating unit. In the form shown in FIG. 2, the
      electromagnetic actuating unit 13 is electrically insulated from ground by
      the cylindrical supporting member 12 of electrical insulator. This single
      cylindrical supporting member 12 is effectively utilized for ensuring
      electrical insulation between the circuit breaking units and ground.
PAR  The circuit breaking operation of the circuit breaking units shown in the
      circuit making state in FIG. 2 will be briefly described while especially
      referring to the left-hand one since the right-hand one is symmetrical
      with the left-hand one. In breaking the circuit, the actuating rod 22 is
      urged downward by the actuating force produced by the actuating unit 7a in
      the actuator 7. The downward movement of the actuating rod 22 actuates the
      electromagnetic actuating unit 13 the structure of which is described in
      detail later. An electromagnetic repulsive force is produced in the
      electromagnetic actuating unit 13 and the L-shaped lever 21 is caused to
      swing clockwise to urge the puffer cylin cylinder 19 and movable contact
      20 rightward in FIG. 2. The arc generated due to the parting movement of
      the movable and stationary contacts 20 and 26 is extinguished by the puff
      of the arc extinguishing gas compressed in the puffer chamber 25. This
      electromagnetic repulsive force is produced in the electromagnetic
      actuating unit 13 by the current to be interrupted by the circuit breaking
      unit, and the pressure rise in the puffer chamber 25 is a function of the
      current to be interrupted so that a stable circuit breaking performance
      can be exhibited.
PAR  Referring now to FIGS. 3 and 4, the structure of the electromagnetic
      actuating unit 13 will be described in detail. FIG. 3 is an enlarged
      sectional view of parts of FIG. 2 to show the arrangement of elements
      constituting the electromagnetic actuating unit 13 as well as those
      disposed in the vicinity of the electromagnetic actuating unit 13.
PAR  A pair of conductors 30a, 30b and another pair of conductors 31a, 31b are
      fixed to the lower surface of the annular insulating member 14 and to the
      upper surface of the cylindrical supporting member 12 respectively by
      bolts 32. Each of these conductors 30a, 30b, 31a and 31b is in the form of
      a semiannular member obtained by splitting an annulus into halves in the
      direction of the diameter. A coil 33 is disposed between the spaced pairs
      of these semiannular conductors 30a, 30b and 31a, 31b. This coil 33 is
      molded within a cylindrical member 34 of electrical insulator. The
      semiannular conductors 31a and 31b are electrically connected to the
      circuit breaking units by the connecting conductors 27a and 27b
      respectively. The coil 33 is electrically connected at the opposite ends
      thereof to respective supporting fixtures 35 and 36. On the other hand, a
      rod 41 and a cylinder 37 both of conductive metal are mechanically secured
      by a rib 42 to an upper portion or a portion of the actuating rod 22
      opposite to the coil 33. This conductive cylinder 37 is covered with an
      electrical insulator layer 38 except the portion opposite to the
      semiannular conductors 31a and 31b. The semiannular conductors 31a and 31b
      are electrically connected to the conductive cylinder 37 by a plurality of
      Z-shaped current collecting elements 39. The inner wall surface of the
      cylindrical supporting member 12 is also partly covered with an electrical
      insulator layer 40.
PAR  FIG. 4 is a sectional view taken on the line IV--IV in FIG. 3. As shown in
      FIG. 4, the connecting conductors 27a and 27b connecting the semiannular
      conductors 31a and 31b to the circuit breaking units respectively are
      electrically isolated from each other by the gap defined between the
      semiannular conductors 31a and 31b. These connecting conductors 27a and
      27b are electrically connected to each other by the current collecting
      elements 39 and conductive cylinder 37. The semiannular conductors 30a and
      30b are also electrically isolated from each other by the gap defined
      therebetween.
PAR  It will thus be seen that the circuit breaking units are mechanically
      connected to the electromagnetic actuating unit 13 by means including the
      electrical insulating members 14 and 28 and are electrically connected to
      the electromagnetic actuating unit 13 by the connecting conductors 27a and
      27b only. In the circuit making state shown in FIG. 3, therefore, current
      flows through the path which is traced from the left-hand circuit breaking
      unit -- connecting conductor 27a -- semiannular conductor 31a -- current
      collecting elements 39 -- cylinder 37 -- current collecting elements 39 --
      semiannular conductor 31b -- connecting conductor 27b to the right-hand
      circuit breaking unit. Although the current path consisting of the coil 33
      and supporting fixtures 35, 36 exists between the semiannular conductors
      31a and 31b in this electromagnetic actuating unit 13, the greater portion
      of current flows through the current path above described due to the
      impedance of the coil 33.
PAR  The circuit breaking operation is carried out by urging the actuating rod
      22 downward by the actuating force produced by the actuating unit 7a in
      the actuator 7. The downward movement of the actuating rod 22 causes
      corresponding movement of the cylinder 37 away from the current collecting
      elements 39. The arc produced due to the movement of the cylinder 37 away
      from the current collecting elements 39 is extinguished by the narrow gap
      defined between the electrical insulating layers 38 and 40. Therefore, the
      current to be interrupted flows now through the coil 33 between the
      semiannular conductors 31a and 31b. In other words, the current flow is
      transferred to the coil 33 in the early stage of circuit breaking
      operation by the current transfer means such as the narrow-gap arc
      extinguishing means consisting of the electrical insulating layers 38 and
      40. The operation of this current transfer means is caused by the
      actuating force of the actuating unit 7a in the actuator 7.
PAR  Upon completion of the current transfer to the coil 33, current is induced
      in the cylinder 37 by the magnetic flux generated by the coil 33 and flows
      through the cylinder 37 so that an electromagnetic repulsive force, which
      is proportional to the second power of the current to be interrupted, is
      produced between the coil 33 and the cylinder 37. The cylinder 37 is urged
      downward by this electromagnetic repulsive force to cause clockwise and
      counter-clockwise swinging movement of the respective L-shaped levers 21
      thereby compressing the arc extinguishing gas in the puffer chambers 25.
      This compressed arc extinguishing gas is directed to the arc generated due
      to the parting movement of the conducts 20 and 26 to extinguish the arc,
      and at the same time, the circuit breaker is placed in the circuit
      breaking position.
PAR  The power of the arc increases with the increase in the current to be
      interrupted, and the internal pressure of the puffer chambers 25 may rise
      an unusually high level. This unusual rise in the pressure is considered
      to be attributable to a blocking phenomenon which occurs in the flowing
      path of the arc extinguishing gas which exerts the arc extinguishing
      action on the arc. This pressure rise appears as a reaction force against
      the circuit breaking operation. However, in the electromagnetic actuating
      unit 13 in the present invention, an actuating force which overcomes such
      reaction force is produced due to the fact that the electromagnetic
      repulsive force generated thereby is proportional to the second power of
      the current to be interrupted. Therefore, in interrupting a large current
      by the circuit breaking units, the parting speed of the movable contacts
      20 is sufficiently high and the pressure of the arc extinguishing gas
      directed to the arc is also sufficiently high. On the other hand, the
      actuating unit 7a in the actuator 7 may be such that it provides a
      sufficient parting speed of the movable contacts away from the stationary
      contacts when the current to be interrupted, hence the reaction force is
      relatively small.
PAR  Further, the strong electromagnetic force produced by the electromagnetic
      actuating unit 13 does not act as a tensile force for the actuating rod
      22. In other words, the actuating rod 22 is subject only to the actuating
      force produced by the actuating unit 7a in the actuator 7. The cylinder 37
      is fixed to the rod 41 connected to the actuating rod 22. Therefore, any
      excessive force is not imparted to the actuating rod 22. The compressive
      force imparted to the actuating rod 22 by the electromagnetic actuating
      unit 13 can be absorbed by providing, for example, a movable connection
      having a play due to an elongate hole at a lower part of the actuating rod
      22.
PAR  The stroke of the movable contact relative to the stationary contact and
      the pressure built up within the puffer chamber will be described with
      reference to two cases in which a no-load current and a large current are
      interrupted by a circuit breaker which is not provided with the
      electromagnetic actuating unit 13. The stroke varies relative to time as
      shown in FIG. 5 in which the vertical and horizontal axes represent the
      contact parting distance L and time T respectively. In FIG. 5, the curve a
      represents the case in which a no-load current is interrupted, while the
      curve b represents the case in which a larage current is interrupted. The
      pressure built up within the puffer chamber varies relative to time as
      shown in FIG. 6 in which the vertical and horizontal axes represent the
      pressure P and time T respectively. In FIG. 6, the curve a represents the
      case in which a no-load current is interrupted, while the curve b
      represents the case in which a large current is interrupted. It will be
      apparent from FIG. 6 that the pressure within the puffer chamber varies in
      a manner as shown by the curve b in the case of interruption of a large
      current, and a reaction force due to this pressure is imparted to the
      actuating unit. Thus, the stroke varies in a manner as shown by the curve
      b in FIG. 5, and the contact parting speed is reduced.
PAR  However, when a large current is interrupted by the circuit breaker of the
      present invention which is provided with the electromagnetic actuating
      unit 13, a strong actuating force can be obtained and no reduction occurs
      in the contact parting speed as shown by the curve c in FIG. 5. Further,
      the pressure built up within the puffer chamber can be improved as shown
      by the curve c in FIG. 6.
PAR  FIG. 7 illustrates the relation between the electromagnetic repulsive force
      F shown on the vertical axis and the contact parting distance L shown on
      the horizontal axis. It will be seen from FIG. 7 that, according to the
      present invention, a large electromagnetic repulsive force is produced
      after the movable contact moves away from the stationary contact by about
      50% of the full parting distance so as to prevent this electromagnetic
      repulsive force from providing a reaction force against the actuating
      force applied for breaking the circuit. Such an improved characteristic
      can be easily obtained by suitably selecting the shape of the cylinder 37
      and the manner of winding the coil 33.
PAR  In the embodiment above described, the coil 33 in the electromagnetic
      actuating unit 13 is arranged to be stationary relative to the cylinder
      37. However, the coil 33 may be movable and the cylinder 37 may be
      stationary. Further, the cylinder 37 may be replaced by an electromagnetic
      repulsive element in coil form.
PAR  FIG. 8 shows another embodiment of the present invention in which an arc
      extinguishing gas is filled within a pair of insulating tubes, and a pair
      of circuit breaking units are disposed within the respective insulating
      tubes. In FIG. 8, like reference numerals are used to denote like parts
      appearing in FIG. 2.
PAR  Referring to FIG. 8, an insulating tube 90 is erected on ground to support
      thereon a stack consisting of a cylindrical supporting member 12 of
      electrical insulator, an electromagnetic actuating unit 13, an annular
      member 14 of electrical insulator, and a bracket 15 arranged in vertical
      series. An arc extinguishing gas is charged in each of a pair of
      insulating tubes 91, and a pair of circuit breaking units are housed
      within the respective insulating tubes 91.
PAR  The circuit breaking units are electrically breaking units are electrically
      connected in series with each other by connecting conductors 27a, 27b and
      electromagnetic actuating unit 13. In breaking the circuit, an actuating
      unit (not shown) located on ground urges an actuating rod 22 of electrical
      insulator downward as in the embodiment shown in FIG. 2. The effect of
      this second embodiment is similar to that of the first embodiment. In the
      second embodiment, the arc extinguishing gas filled within the insulating
      tubes 91 may leak through the space between semiannular conductors 30a and
      30b and through the space between semiannular conductors 31a and 31b. This
      undesirable leakage of the arc extinguishing gas can be obviated by
      sealing the insulating tubes 91 against leakage. Alternatively, each pair
      of the semiannular conductors may be molded in a tubular mass of suitable
      material such as a resin so as to seal the space from which the arc
      extinguishing gas tends to leak.
CLMS
STM  We claim:
NUM  1.
PAR  1. A circuit breaker comprising at least a pair of circuit breaking units
      (18, 19, 20, 25, 26) having their movable contacts (20) disposed opposite
      to each other, a bracket (23) connecting mechanically said circuit
      breaking units to each other, supporting means (12 or 90) of electrical
      insulator for mechanically supporting and fixing said bracket in position
      in electrically insulated relation from ground, an actuator (7) disposed
      on ground, an actuating force transmitting means (10, 11, 21, 22, 24) for
      connecting said actuator to the movable contacts in said circuit breaking
      units, an electromagnetic actuating unit for driving said circuit breaking
      units in the circuit breaking direction by being energized by a current
      flowing through said circuit breaking units to be interrupted thereby, a
      member (14) of electrical insulator for mechanically connecting said
      electromagnetic actuating unit to said bracket while electrically
      insulating said electromagnetic actuating unit from said bracket, and
      members (28) of electrical insulator for mechanically connecting said
      bracket to said circuit breaking units while electrically insulating said
      bracket from said circuit breaking units.
NUM  2.
PAR  2. A circuit breaker as claimed in claim 1, wherein said electromagnetic
      actuating unit comprises a current conducting path portion (27a, 27b, 31a,
      31b, 37, 39) arranged to connect said circuit breaking units in series
      with each other, means (33, 34, 35, 36, 38, 40) for producing an
      electromagnetic repulsive force in response to the transfer of current
      flow thereto from said current conducting path portion, and means (37, 41)
      for transmitting the electromagnetic repulsive force produced by said
      electromagnetic repulsive force producing means to the movable contacts in
      said circuit breaking units.
NUM  3.
PAR  3. A circuit breaker as claimed in claim 1, wherein said actuating force
      transmitting means comprises at least one actuating rod (22) of electrical
      insulator, and said electromagnetic actuating unit (13) comprises a
      current conducting path portion (27a, 27b, 31a, 31b, 37, 39) arranged to
      connect said circuit breaking units in series with each other, means (33,
      34, 35, 36, 38, 40) for producing an electromagnetic repulsive force in
      response to the transfer of current flow thereto from said current
      conducting path portion, a member (37) actuated by the electromagnetic
      repulsive force produced by said electromagnetic repulsive force producing
      means, and means (41, 42) for mechanically connecting said member to a
      portion of said actuating rod nearer to the movable contacts in said
      circuit breaking units.
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ABST
PAL  A subminiature switch structure particularly adapted for cooperation with
      integrated circuits as may, for example, be employed in an electronic
      watch including a restrained spring wire manually movable by resilient
      bending from normal spring loaded engagement with a first terminal into
      wiping engagement with a second terminal.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  Various applications of integrated circuits such as, for example, in the
      field of electronic watches required incorporation of manually operable
      switches. In order to obtain the benefit of the size reduction afforded by
      integrated circuits, it is necessary to employ very small switches of this
      type and this causes various mechanical difficulties. It is recognized
      that an integrated circuit having a dimension, for example, of a fraction
      of an inch square may incorporate a very large number of elements and
      functions and yet hybrid devices that may be necessarily employed
      therewith are much larger than the circuit itself and perform but a single
      function. As an example, certain types of electronic watches have a
      digital display which may employ light emitting diodes, for example, which
      are energized to become visible for reading the time by manual operation
      of an actuator or button extending from the watch case. It has been
      conventional to provide single pole, single throw switches for this
      purpose even though the circuitry benefits from the incorporation of a
      single pole, double throw switch. Difficulties have also arisen in
      connection with the reliability of very small mechanical switches employed
      for purposes such as that set forth above.
PAR  The present invention provides a subminiature mechanically actuated switch
      having highly improved reliability from both the mechanical and electrical
      standpoints.
PAC  SUMMARY OF INVENTION
PAR  The electronic switch of the present invention, which is particularly
      adapted for utilization with integrated circuits, such as those employed
      in electronic watches, incorporates a fine spring wire which is wrapped in
      part about a first terminal and extends into engagement with a captive
      post. The wire has an otherwise free end restrained in order to
      resiliently urge the wire adjacent the opposite end into engagement with a
      second terminal. A third terminal is provided in close proximity to the
      wire adjacent the captive post and on the opposite side of the wire from
      the second terminal so that application of pressure to the wire between
      the first and second terminals will resiliently deflect the wire into
      engagement with the third terminal. As the wire is moved into engagement
      with the third terminal there occurs a wiping action for cleaning
      electrically contacting surfaces therebetween.
PAR  Provision is made herein for retaining the resiliently deformed wire about
      the first terminal of the switch by disposing the wire in a groove about
      such terminal and furthermore by initially deforming the wire or kinking
      the wire at the first terminal so that the wire cannot become disengaged
      from the first terminal. A first end of the wire of the present switch
      extends from the first terminal alongside and in engagement with the
      second terminal and terminates at a groove or depression in a captive
      post. A second end of the wire on the other side of the first terminal is
      bent back toward the first end to thus resiliently deflect the spring wire
      and the wire is held in such deflected position by restraining means so
      that the switch provides electrical connection between the first and
      second terminals in normal unoperated or unactuated condition. The switch
      may include an insulator about the spring wire between the first terminal
      and captive post and also the switch may include an insulated base plate
      upon which there are mounted the various terminals and posts of the
      switch.
PAR  In order to achieve maximum electrical conductivity between terminal and
      switching elements of the present invention, it is provided that the
      spring wire shall preferably be formed as a steel wire and for
      subminiaturization this is comprised as a steel music wire. The terminals
      or terminal posts of the switch hereof are preferably formed of brass with
      a rhodium plating. The extremely small size of the present invention
      requires only very small sized terminals which consequently require but an
      extremely small amount of plating so that the cost of rhodium plating is
      not a disadvantage hereof.
PAR  The present invention is preferably formed as an extremely small switch
      which may, for example, have a length less than one-half inch and a width
      less than two-fifths of an inch.
DRWD
PAC  DESCRIPTION OF FIGURES
PAR  The present invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is a perspective view of a switch formed in accordance with the
      present invention;
PAR  FIG. 2 is a plan view of the switch of FIG. 1;
PAR  FIG. 3 is a side elevational view of the switch of FIG. 2;
PAR  FIG. 4 is a vertical sectional view taken in the plane 4--4 of FIG. 3;
PAR  FIG. 5 is a vertical sectional view taken in the plane 5--5 of FIG. 2; and
PAR  FIG. 6 is a plan view of the wire of the switch hereof before assembly in
      the switch.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  A preferred embodiment of the present invention, as illustrated in FIG. 1
      of the drawings, includes as a major component thereof a short length of
      spring steel wire 11 of the grade music wire. This wire 11 comprises the
      movable contacts of the present invention and the spring loaded force
      providing the double throw function of the invention. The wire 11 extends
      from a first end 12 thereof about a first terminal 13 into engagement with
      a captive post 14. Second and third terminals 16 and 17 comprised as posts
      are disposed on opposite sides of the wire 11 between the first terminal
      13 and captive post 14. The wire 11 extends in substantially a straight
      line between the first terminal 13 and captive post 14 and bears against
      the terminal post 16. The spring wire 11 is compressed to be urged
      outwardly against the second terminal post 16 by deflecting the wire end
      12 inwardly toward the wire end 14 and the wire may be maintained in this
      deflected position by an upright or restraining post 18. In this condition
      the wire 11 is constrained to bear against the second terminal post 16
      while being wound partially about the first terminal post 13. Application
      of an inward force upon the wire 11 between the first terminal post 13 and
      captive post 14 will deflect the wire and move it away from terminal 16
      and into engagement with terminal 17. The switch will thus be seen to
      provide for controlled connection between the first terminal 13 and either
      of the terminals 16 and 17.
PAR  Considering now a preferred structure of the present invention in somewhat
      greater detail and referring to FIGS. 2 to 5, it will be seen that the
      posts of the present invention are preferably mounted upon an insulated
      base 21. The restraining post 18 may be integrally formed with the base.
      The first terminal post 13 is formed as a metallic cylinder having a
      peripheral groove 23 within which the wire 11 is wrapped partially about
      the post and includes a depending portion 24 extending through the
      insulating base 21. Preferably the terminal post 13 is formed of brass
      having a rhodium plating 26 thereon. Although other metals or combinations
      of metals may be employed for the terminals, it has been found that
      superior electrical contact is obtained between the steel wire and a post
      formed of rhodium plated brass.
PAR  The second and third terminal posts 16 and 17 may be identically formed as
      cylinder with each having a reduced cross section portion extending
      through the insulating base 21 to depend therefrom. The terminal posts 16
      and 17 are also preferably formed of rhodium plated brass. All of the
      terminals are securely mounted upon the base 21 as by cementing the
      terminals thereto. The depending portions 28 and 29 of terminal posts 16
      and 17 respectively are preferably formed of the same size as the
      depending protion 24 of terminal post 13 so that all of these depending
      portions comprise prongs or male elements of the connector for pluging the
      switch into a printed circuit board, for example.
PAR  The captive post 14 may be formed the same as the first terminal post 13
      and includes a peripheral groove 31 in which an end of the wire 11 rests.
      In the illustrated embodiment of the present invention, the captive post
      serves only as a retainer or restraining means for an end of the wire 11
      however, it is possible for this post to be employed as a terminal if
      desired. Also it is noted that the captive post may include a depending
      portion extending through the base much in the manner of the structure of
      the first terminal post 13 if desired. By disposing the wire end in the
      groove 31 the wire is prevented from vertical movement.
PAR  The first terminal post 13 and captive post 14 are disposed in spaced
      relation on the base 21 with the second and third terminal 16 and 17
      disposed on opposite sides of the wire 11 between these elements and
      adjacent post 14. The wire 21 preferably comprises a fine resilient steel
      wire such as music wire which has been permanently deformed as illustrated
      in FIG. 6. The wire may be considered as a first straight leg or portion
      41 extending from a first end 42 to a generally U-shaped bend 43 and a
      second straight leg 44 extending at an angle to the first leg. The joinder
      of the second leg 44 and U-shaped bend 43 is comprised as a reverse bend
      46 as related to the direction of curvature of the U-shaped bend 43. The
      wire illustrated in FIG. 6 will thus be seen to somewhat resemble a hair
      pin with one leg being kinked outwardly at the top thereof.
PAR  The wire 11 is placed on the switch by slipping the U-shaped bend 43 into
      the groove 23 in the first terminal post 13 with the first leg of the wire
      extending along the front of the switch between the terminal posts 16 and
      17. The second or rear leg 44 of the wire is then resiliently sprung over
      the restraining post 18 to urge the U-shaped bend more tightly about the
      terminal post 13 and swing the sharp bend 46 of the wire toward the first
      leg 41 so that the separation therebetween is less than the diameter of
      the post 13 at the groove 23 thereabout. This is clearly shown in FIG. 2
      and will be seen to firmly lock the wire on the post 13. Placement of the
      wire about the post, as described above, resiliently urges the first leg
      41 of the wire toward the front of the switch into firm engagement with
      the second terminal post 16. The posts 13 and 14 are disposed generally in
      alignment so that the end 42 of the wire at the captive post remains in
      the groove 31 thereabout but actually out of engagement with the interior
      of the post at the groove. This also is illustrated in FIG. 2. In the
      position illustrated in FIG. 2 the switch of the present invention
      provides electrical connection between terminal post 13 and terminal post
      16. This is the normal unactuated position of the switch.
PAR  Actuation of the switch of the present invention is accomplished by
      applying a force to the front or first leg 41 of the wire 11 in a
      direction generally toward the second leg of the wire. This is indicated
      by the arrow 51 of FIG. 2 and an insulator 52 may be formed about the wire
      in this area. Application of an inward force as indicated by the arrow 51,
      resiliently deflects the wire 11 to move the first or front leg 41 thereof
      inwardly of the switch into engagement with the third terminal 17 and out
      of engagement with the second terminal 16. The switch itself does not
      provide a fixed stop to terminate movement of the switch arm comprised of
      the wire 11 but instead relies upon the resiliency of the wire to apply a
      return force and also contemplates the force applying means as having a
      mechanical limitation upon the distance over which the force may be
      applied. As the wire engages the terminal 17 there occurs a minute wiping
      action, i.e. lateral motion of the wire with respect to the terminal and
      this is highly advantageous in maintaining a clean electrical contact.
      Release of the force applied to the wire will cause the wire to
      resiliently move back into the position illustrated in FIG. 2 wherein the
      wire engages the second terminal 16 rather than the third terminal 17.
PAR  It has been noted above that the present switch is very small and in fact a
      switch formed in accordance with the present invention for utilization in
      an electronic watch had a total length of 0.403 inch and a maximum width
      of 0.14 inch. The music wire employed as a switch element had a diameter
      of the order of 1/64 inch. The separation between the wire and the third
      terminal 17 in the normal switch position was of the order of 0.005 inch.
      This switch was operated for more than 1,2500,000 cycles without signs of
      wear of failure.
PAR  It is noted that the present invention is particularly adapted to
      utilization in an electronic watch, for example, wherein the switch is to
      be manually operated. Preferably, the actuator or operator employed to
      apply the force to the spring of the switch has its own mechanical stop so
      that it can only be depressed a limited distance. Such a conventional
      actuator or pushbutton would normally be mounted on the case of the watch
      and total button or actuator movement upon depression thereof might be of
      the order of 0.025 inch. Because of the extremely minute nature of
      elements employed in an electronic watch, for example, the engagement of a
      mechanical actuator such as noted above with elements of the watch might
      easily cause physical damage. The foregoing occurs by virtue of the fact
      that there are substantially unavoidable tolerances in manufacture of
      parts and in the area of the switch actuator such tolerances may well
      result in variations in location or placement of elements by .+-. 0.012
      inch. With the present invention, these tolerances do not pose a problem,
      for if the switch arm is physically located somewhat closer to the
      actuator than intended, full movement of the actuator will only
      resiliently deflect the switch arm further rather than apply a substantial
      force to some element of the switch which might then cause mechanical
      damage to either the switch or a printed circuit or the like upon which
      the switch may be mounted. Stated in another way, the present switch
      allows over travel, i.e. movement of a switch arm beyond the contact
      position without damage to the switch structure. The above noted wiping
      action of the switch arm upon the terminal may comprise but a very minute
      movement such as 0.0005 inch, however, this is sufficient to clean the
      contacts for insuring good electrical connection upon each switch
      actuation.
PAR  In use of the present invention in an electronic watch, for example, the
      terminal 17 might be connected to plus battery and the terminal 16 to
      minus battery with the terminal 13 then connected to the integrated
      circuit of the watch. It will be seen that by the present provision of a
      single throw double pole switch the circuit may then be connected to
      either plus or minus battery while conventional single pole single throw
      switches employed in electronic watches do not provide this capability.
      Without attempting to further describe electronic watches it is noted that
      the capabilities of the present invention are highly advantageous in
      connection with circuitry employed therein.
PAR  Although the present invention has been described above in connection with
      a single preferred embodiment thereof it is not intended to limit the
      invention to the precise details of illustration or exact terms of
      description for it will be apparent to those skilled in the art that
      variations in the invention may be made within the scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic switch comprising:
PA1  a first terminal post,
PA1  second and third terminal posts spaced from said first post and closely
      separated from each other,
PA1  a spring wire extending between said second and third terminal posts and
      wrapped partially about said first terminal post,
PA1  means disposed on the opposite side of said second and third terminal posts
      from said first terminal post engaging said wire and limiting lateral
      movement of said wire thereat,
PA1  said wire being adapted for deflection to normally resiliently hold same
      against said second terminal post and further deflection by the
      application of an operating force between said first terminal post and
      said second and third terminal posts to deflect the wire out of contact
      with the second terminal post and into contact with the third terminal
      post.
NUM  2.
PAR  2. The switch of claim 1 further defined by an insulating base mounting
      said terminal posts and having a restraining post spaced from said
      terminal posts with an end of said wire bearing thereon to resiliently
      deflect said wire and hold the wire resiliently about said first terminal
      post and normally against said second terminal post.
NUM  3.
PAR  3. The switch of claim 1 further defined by said means restraining said
      wire from movement longitudinally of said terminal posts.
NUM  4.
PAR  4. The switch of claim 3 further defined by said means restraining the wire
      including a captive post having a peripheral groove therein disposed on
      the opposite side of said second and third terminal posts from said first
      terminal post in position to engage the wire in said groove and said first
      terminal post having a groove thereabout in which said wire is disposed.
NUM  5.
PAR  5. An improved miniature switch comprising:
PA1  an insulating base plate,
PA1  a first terminal post mounted on top of said base at a first end thereof
      and having a groove thereabout,
PA1  a captive post having a groove thereabout mounted on top of said base at a
      second end thereof,
PA1  a second terminal post mounted on top of said base between said first
      terminal post and said captive post adjacent the latter and forwardly of
      the base from a line between said first terminal post and captive post,
PA1  a preformed spring wire curved about said first terminal post and
      resiliently compressed between said second terminal post and an upright on
      said base toward the rear thereof with a wire end extending into the
      groove in said captive post, and
PA1  a third terminal post mounted on top of said base slightly rearwardly of
      said base from said second terminal post on the opposite side of the wire
      from said second terminal post whereby application of a force to the wire
      rearwardly of the base between said first and second terminal posts
      actuates the switch to resiliently deflect the wire into engagement with
      the third terminal post and out of engagement with the second terminal
      post.
NUM  6.
PAR  6. The switch of claim 5 further defined by said terminal posts each having
      a portion extending through said base to form depending prongs for
      attachment of the switch to another element.
NUM  7.
PAR  7. The switch of claim 5 further defined by said wire being formed of steel
      music wire having a first substantially straight leg extending between
      said first terminal post and said captive post, a central preformed curved
      portion extending about said first terminal post in the groove thereabout
      and a second leg extending at an angle to the end of the curved portion
      away from said first leg whereby resilient wire deflection between said
      upright and second terminal post locks said wire on said first terminal
      post.
NUM  8.
PAR  8. The switch of claim 5 further defined by said terminal posts being
      formed of rhodium plated brass at least in the areas thereof contacted by
      said wire.
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PAL  An actuating mechanism which can be adapted for use in devices such as a
      rocker type electrical switch assembly. The rocker can be inserted in a
      housing through an opening in one side thereof. The rocker is held for
      rotation about a fixed axis by the combination of the closure member for
      the housing opening and parts of the housing which engage the rocker.
BSUM
PAC  Summary of the Invention
PAR  This invention is directed to a rocker type actuating mechanism and more
      particularly to an actuating mechanism which may be adapted for use in an
      electrical switch.
PAR  An object of this invention is a rocker type actuating mechanism in which
      the rocker is slid into its housing through an opening therein and is held
      in position by a closure member for the opening.
PAR  Another object is a rocker type actuating mechanism in which it is not
      necessary to fix the rocker to the housing before completion of the
      assembly.
PAR  Another object of a rocker type actuating mechanism in which the rocker is
      inserted in a housing from an opening in one side thereof and is held by
      the housing against movement in all directions except towards its opening
      with movement in this direction limited by a closure member.
PAR  Another object is a rocker type actuating mechanism in which the rocker is
      held in the housing for rotation about a fixed axis by engagement of the
      peripheral wall of the rocker with the walls of the housing and with the
      closure member.
PAR  Another object is a rocker type actuating mechanism having a rocker which
      is held in a housing for rotation about a fixed axis by means of
      engagement of the trunnions of the rocker with the walls of slots formed
      in the housing and by engagement of the peripheral wall of the rocker with
      a closure member for an opening in the housing.
PAR  Another object is a rocker type actuating mechanism in which the rocker is
      held for rotation about a fixed axis by means of trunnions which engage
      portions of the housing and by engagement of the peripheral wall of the
      rocker with the housing and with a closure member for the housing.
PAR  Another object is a rocker type electrical switch assembly in which the
      switch holds the rocker in the housing.
PAR  Other objects may be found in the following specification, claims and
      drawings.
DRWD
PAC  Brief Description of the Drawings
PAR  The invention is illustrated more or less diagrammatically in the following
      drawings wherein:
PAR  FIG. 1 is a front elevational view of a rocker type actuator of this
      invention embodied in an electrical switch;
PAR  FIG. 2 is a cross-sectional view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 is a partial front elevational view of another embodiment of this
      invention;
PAR  FIG. 5 is a cross-sectional view taken along line 5--5 of FIG. 4;
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5;
PAR  FIG. 7 is a cross-sectional view of another embodiment of this invention;
      and
PAR  FIG. 8 is a cross-sectional view of yet another embodiment of this
      invention.
DETD
PAC  Description of the Preferred Embodiments
PAR  The rocker type actuating mechanism of this invention is shown embodied in
      electrical switch assemblies, but it should be understood that this
      showing is by way of illustration and the invention is susceptible of
      other applications.
PAR  One embodiment of the rocker type electrical switch assembly of this
      invention is shown in FIGS. 1 through 3 of the drawings. The assembly
      includes a housing 11 having end walls 13, side walls 15 and a front wall
      17. These walls define a cavity 19. Openings 21 and 23 lead into the
      cavity respectively from the front and rear of the housing. Aligned guides
      in the form of slots 25 extend through the side walls 15 of the housing
      and are continuous from the rear of the housing to the rear face of the
      front wall 17.
PAR  An arcuate rocker 29 is equipped with integral trunnions 31 which fit into
      the slots 25. The diameters of the trunnions may be less than the width of
      the slots. The rocker has a concave face portion 33 which extends
      outwardly through the opening 21 in the housing when the trunnions are
      located at the front end of the slots 25 as shown in FIG. 2. A portion of
      the rocker 29 located diametrically opposite to the concave face 33 is cut
      away at least partially through the thickness of the rocker at 35 to form
      fingers 37 and 39 and to leave a side wall 41.
PAR  A slide switch 43 is positioned in the rear opening 23 of the housing 11.
      This switch has an operating lever 45 which extends into the cavity 19 and
      into the cut away portion 35 of the rocker 29 where it can be engaged by
      the fingers 37 and 39. When the slide switch is located in the housing in
      the manner shown in FIG. 2, it will engage the peripheral edge 47 of the
      rocker 29 thereby holding the roller in the cavity with its trunnions 31
      located at the front end of the slots 25. This may be accomplished by
      proper dimensioning of the rocker, slots and cavity.
PAR  For clarity of illustration, the means for fastening the slide switch to
      the housing 11 and the electrical wires connected to the switch have been
      omitted since these may be conventional. Also, some of the details of the
      slide switch have been omitted for the same reason.
PAR  A modified form of actuating mechanism embodied in a rocker type switch is
      shown in FIGS. 4 through 6 of the drawings. The switch includes a housing
      51 having end walls 53, side walls 55 and a front wall 57. These walls
      define a cavity 59. Openings 61 and 63 lead into the cavity respectively
      from the front and rear of the housing. Aligned guides in the form of
      slots 65 extend through the side walls 55 of the housing and are
      continuous from the rear of the housing to the rear face of the front wall
      57.
PAR  An arcuate rocker 69 having integral trunnions 71 is located in the cavity
      with its trunnions positioned in the slots 65. Formed integrally with the
      arcuate rocker is an operating lever 73 which extends out of the housing
      through the front opening 61. A portion 75 of the arcuate rocker is cut
      away at least part way through the thickness of the rocker to form fingers
      77 and 79. The cut away portion stops short of the thickness of the
      arcuate rocker leaving a side wall 81.
PAR  A slide switch 83 is positioned in the rear opening 63 of the housing. This
      switch has an operating lever 85 which extends into the cavity of the
      housing and into the cut away portion 75 of the arcuate rocker 69 where it
      can be engaged by the fingers 77, 79. When the slide switch is located in
      the housing in the manner shown in FIG. 5, it will engage the edge of the
      rocker 69 thereby holding the rocker in the cavity with its trunnions 71
      locoated at the front end of the slots 65. This may be accomplished by
      proper dimensioning of the rocker, slots and cavity.
PAR  The means for fastening the slide switch to the housing and the electrical
      wires connected to the slide switch have been omitted for clarity of
      illustration since they may be conventional. Also, some of the details of
      the slide switch have been omitted for the same reason.
PAR  Another modified form of actuating mechanism embodied in a rocker type
      switch is shown in FIG. 7 of the drawings. The switch includes a housing
      91 having end walls 93, side walls 95 and a front wall 97 defining a
      cavity 99. Openings 101 and 103 lead into the cavity respectively from the
      front and rear of the housing. The front wall is formed with facing
      arcuate surfaces 105 which act as bearings.
PAR  An arcuate rocker 109 is located in the cavity with its peripheral surface
      111 contacting the end walls 93 and the arcuate surfaces 105. The rocker
      has a concave face portion 113 which is located outwardly of the opening
      101 when the rocker is located completely in the cavity. A portion of the
      rocker located generally diametrically opposite to the concave face
      portion is cut away at least partially through the thickness of the rocker
      at 115 to form fingers 117 and 119 and leave a side wall 121.
PAR  A slide switch 123 is positioned in the rear opening 103 of the housing 91.
      This switch has an operating lever 125 which extends into the cavity 99
      and into the cut away portion 115 of the rocker 109 where it is engaged by
      the fingers 117 and 119. When the slide switch is positioned at the
      opening of the housing in the manner shown in FIG. 7, it will engage the
      peripheral edge surface 111 of the rocker 109 thereby holding the roller
      in position in the cavity so that the peripheral edge will also contact
      and bear upon the facing arcuate surfaces 105 of the front wall 97. The
      peripheral edge surface of the rocker may also contact the end walls 93
      but this is not absolutely necessary if the rocker bears against the
      arcuate surfaces 105 and the slide switch 123.
PAR  As in the other example, the means for fastening the slide switch to the
      housing 91 and the electrical wires normally connected to the switch have
      been omitted since these may be of conventional construction. Also, some
      of the details of the slide switch have been omitted for the same reason.
PAR  Yet another modified form of actuating mechanism embodied in a rocker type
      switch is shown in FIG. 8 of the drawings. This switch includes a housing
      131 having end walls 133, side walls 135 and a front wall 137 defining a
      cavity 139. Openings 141 and 143 lead into the cavity respectively from
      the front and rear of the housing. Inwardly extending flanges 145 are
      formed on the front wall 137 surrounding the opening 141. These flanges
      are formed with inwardly oppositely facing arcuate bearing surfaces 147.
PAR  A rocker 149 having a trunnion portion 151 is located in the cavity with
      its trunnion seated on the arcuate bearing surfaces 147. Formed integrally
      with the rocker is operating lever 153 which extends out of the housing
      through the front opening 141. A portion 155 of the rocker is cut away at
      least part way through the thickness thereof to form fingers 157 and 159.
      The cut away portion is short of the thickness of the rocker leaving a
      side wall 161.
PAR  A slide switch 163 is positioned in the rear opening 143 of the housing.
      This switch has an operating lever 165 which extends into the cavity of
      the housing and into the cut away portion 155 of the rocker 149 where it
      is engaged by the fingers 157 and 159. When the slide switch is located in
      the housing in the manner shown in FIG. 8. It will engage a peripheral
      edge of the rocker 149 thereby holding the roller in the cavity with its
      trunnion portion 159 held against the arcuate bearing surfaces 147.
PAR  The means for fastening the slide switch to the housing and the electrical
      wires connected to the slide switch have been omitted for clarity of
      illustration since they may be conventional. Also, some of the details of
      the slide switch have been omitted for the same reason.
PAR  The use, operation and function of this invention are as follows:
PAR  This invention provides an actuating mechanism of the rocker type which is
      easily manufactured and assembled. The actuating mechanism has been shown
      and described as embodied in a rocker type switch but it should be
      understood that this is only one use of the actuator and the showing is by
      way of example and not limitation. One of the many advantages of this
      invention is obtained by providing a rocker which does not have to be
      fixed in position in the housing before final assembly. This invention
      utilizes the closure member for the housing, which in the examples has
      been the switch, to hold the roller in its proper position for rotation
      about a fixed axis. The opening in the housing for insertion of the rocker
      has been called the rear opening for convenience of explanation and is the
      opening closed by the switch. The front opening, which is the opening
      opposite the rear opening, generally is smaller to allow no more than a
      portion of the rocker to extend outwardly of the housing where it can be
      contacted for actuating purposes.
PAR  In the first embodiment of the invention, the restraining means includes
      trunnions 31 which ride in the slots 35 and engage the rear face of the
      front wall 17 of the housing. The peripheral edge 47 of the rocker engages
      the opposed end walls 13 of the housing forming a three point contact for
      the roller which holds the rocker in position and prevents movement in any
      direction except towards the rear opening 23. When the switch 43 is
      installed, it engages the rocker and holds the rocker fixed about its axis
      of rotation.
PAR  In the embodiment of FIGS. 4 through 6, the engagement of the trunnions 71
      with the walls of the slots 74 and the contact with the front wall 57 of
      the housing holds the rocker in position against movement in all
      directions except towards the rear opening. Here again, the switch 83
      engages the peripheral edge of the rocker to fix the roller for rotation
      about the trunnions 71.
PAR  In the embodiment of FIG. 7, trunnions are omitted and the arcuate surfaces
      105 of the front wall 97 hold the rocker against movement in all
      directions except towards the rear opening 103 during assembly. Again, the
      switch 123 engages the peripheral surface 111 of the rocker to hold the
      roller for rotation about a fixed axis.
PAR  In the embodiment shown in FIG. 8, the engagement of the trunnion portion
      151 with the arcuate bearing surfaces 147 seats the rocker and prevents
      movement in all directions except towards the rear opening 143 during
      assembly. Again, the switch 163 engages the peripheral edge of the rocker
      to hold the rocker in position for rotation about a fixed axis.
PAR  Whereas, the preferred forms of the invention have been described and
      shown, it should be understood that there are modifications, alterations
      and changes which may be made without departing from the teachings of the
      invention. Therefore, the scope of the invention should be determined by
      the claims attached hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. An actuating mechanism including:
PA1  a housing having side, front and rear walls defining a cavity,
PA1  front and rear openings formed in said front and rear walls and leading
      into said cavity,
PA1  a rocker positioned in said cavity,
PA1  said rear opening being dimensioned to allow said rocker to be inserted
      therethrough into said cavity,
PA1  means engaging said rocker to permit no more than a portion of said rocker
      to project out of said housing through said front opening and to limit
      movement of said rocker in directions other than towards said rear
      opening,
PA1  a member closing said rear opening and having an inner wall engaging said
      rocker to limit movement of said rocker towards said rear opening thereby
      holding said rocker for rotation of about a fixed axis, and
PA1  actuating means formed as a part of said rocker.
NUM  2.
PAR  2. The actuating mechanism of claim 1 in which said means engaging said
      rocker to restrain movement of said rocker other than towards and away
      from said front and rear openings includes opposed end walls engaging the
      periphery of said rocker.
NUM  3.
PAR  3. The actuating member of claim 1 in which trunnions are formed on said
      rocker, and
PA1  said means engaging said rocker to restrain movement of said rocker other
      than towards and away from said front and rear openings includes trunnion
      receiving grooves formed in said side walls.
NUM  4.
PAR  4. The actuating mechanism of claim 1 in which said means engaging said
      rocker to limit movement of the rocker towards said front opening and said
      means engaging said rocker to restrain movement of said rocker other than
      towards and away from said front and rear openings includes spaced,
      arcuate surfaces engaging the periphery of said rocker with said surfaces
      formed as parts of said housing.
NUM  5.
PAR  5. An electrical switch assembly including:
PA1  a housing having side, front and rear walls defining a cavity,
PA1  front and rear openings formed respectively in said front and rear walls
      and leading into said cavity,
PA1  a rocker positioned in said cavity,
PA1  said rear opening being dimensioned to allow said rocker to be inserted
      therethrough into said cavity,
PA1  means engaging said rocker to limit movement of the rocker towards said
      front opening and to allow no more than a portion of said rocker to
      project out of said housing through said front opening,
PA1  means engaging such rocker to restrain movement of said rocker other than
      towards and away from said front and rear openings,
PA1  a member closing said rear opening and engaging said rocker and cooperating
      with said other means to hold said rocker in said cavity for rotation of
      about a fixed axis,
PA1  a switch having an operating member extending into said cavity, and
PA1  means formed as a part of said rocker for engaging and moving said switch
      operating member upon rotation of said rocker.
NUM  6.
PAR  6. The switch assembly of claim 5 in which said member closing said rear
      opening and contacting said rocker and cooperating with said other means
      to hold said rocker in said cavity for rotation about a fixed axis is a
      housing enclosing said switch.
NUM  7.
PAR  7. The switch assembly of claim 5 in which said means engaging said rocker
      to restrain movement of said rocker other than towards and away from said
      front and rear openings includes opposed end walls engaging the periphery
      of said rocker.
NUM  8.
PAR  8. The switch assembly of claim 5 in which trunnions are formed on said
      rocker, and
PA1  said means engaging said rocker to restrain movement of said rocker other
      than towards and away from said front and rear openings includes trunnion
      receiving grooves formed in said side walls.
NUM  9.
PAR  9. The switch assembly of claim 5 in which said means engaging said rocker
      to limit movement of the rocker towards said front opening and said means
      engaging said rocker to restrain movement of said rocker other than
      towards and away from said front and rear openings includes spaced,
      arcuate surfaces engaging the periphery of said rocker with said surfaces
      formed as parts of said housing.
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ABST
PAL  A microwave browning and searing utensil for microwave ovens is provided
      having a plurality of conductive metal members each folded in such a
      manner as to provide a continuous apex portion and two substantially
      equidistant adjacent legs spaced apart and defining two free ends. The
      legs are substantially one-quarter of a wavelength in height. The induced
      electric currents along the legs results in a total current excursion of
      one-half of a wavelength to establish a 180.degree. phase reversal plus
      and minus mode adjacent to the exposed ends. Planar microwaves radiated
      within an oven enclosure are converted by the array of conductive members
      to provide an intense fringing electric field 180.degree. out-of-phase in
      close proximity to the material being heated. The fringing electric fields
      decay exponentially a short distance away from the exposed ends. A low
      dielectric constant dielectric material such as Silastic reduced the
      length of the conductive leg members for the quarter wavelength dimension
      to result in a thinner browning member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to microwave heating and means for producing a
      browned and seared surface.
PAR  2. Description of the Prior Art
PAR  Microwave heating has now become widely accepted for the preparation of
      industrial as well as domestic products. Electromagnetic waves at
      microwave frequencies are radiated within an enclosure from an energy
      source such as a magnetron. The microwaves are radiated and reflected
      within the enclosure in free space and are distributed by such means as
      mode stirrers and the like to uniformly surround and be absorbed by the
      load within the enclosure. The microwaves set up high frequency
      oscillatory movements of the molecules in the load to cause heating by
      molecular friction. The allocated frequencies for the microwave apparatus
      are assigned by federal regulatory agencies and are 915.+-.13 MHz and
      2450.+-.50 MHz. The term microwaves is defined as electomagnetic energy
      radiation having wavelengths in the order of 1 meter to 1 millimeter and
      frequencies in excess of 300 MHz.
PAR  Materials exposed to microwave radiation have differing dielectric constant
      and loss tangent characteristics which results in heating in a varying
      pattern. As a result the varying absorption of the radiated energy causes
      the depth of penetration and surface coloration of the load to vary.
      Desirably a browned surface, similar to that produced by broiling, should
      be produced in loads radiated with microwave energy without requiring long
      exposure which results in overcooking of the interior regions. A browned
      and seared surface is difficult to attain without long exposure because
      the microwave oven enclosure is cooler during cooking compared to the
      electric and gas type prior art devices. Typically a surface temperature
      of approximately 350.degree. to 400.degree. F is required for a browned
      and seared surface. Prior art techniques for browning include the
      incorporation of electric or gas broiling elements in the microwave oven.
      Another method involves the coating of the outer surfaces with a food
      additive having a high energy absorbing characteristic which will lead to
      more rapid heating of the outer surfaces. Still another example of prior
      art teachings involves the use of lossy oven ware or utensils having
      selective heating capability by means of the use of conductive materials.
      Such conductive materials become heated from the absorbed energy and
      transfer this energy thermally to the supported load to function as a heat
      exchanger. Conductive materials have also been incorporated in a shelf of
      a dielectric material supporting a load within a microwave oven.
PAR  Still another example of a prior art teaching is the utensil described in
      U.S. Pat. No. 3,857,009 issued Dec. 24, 1974 to G. MacMaster et al and
      assigned to the assignee of the present invention. This structure
      incorporates a load supporting means for converting and transforming the
      free space energy waves into a fringing electric field pattern having a
      substantially 180.degree. phase differential in close proximity to the
      exterior surfaces of the load. The means for converting and transforming
      the planar energy comprises alternating regions of high and low dielectric
      constant material. While the embodiments of this structure are efficient,
      easy to clean and relatively light weight, the cost of providing such high
      dielectric constant materials as those having a value of K38 or K50 tends
      to be costly. Further, in the patented structure the waves are directed
      through the dielectric material in varying degrees to evolve the
      180.degree. phase differential pattern. The 180.degree. phase differential
      requires the use of plates having a predetermined height, typically,
      one-quarter of a wavelength and in certain dielectric materials this
      dimension can be higher than desired.
PAR  A continuing need is evidenced in the microwave heating field for new and
      improved means for providing the browned and seared surfaces particularly
      in such items as steaks, chops, fish fillets and the like.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teaching of the invention a utensil is provided
      having a plurality of conductive members with each being folded on itself
      to provide a continuous apex section and two substantially equidistant
      adjacent leg portions. A modified V-shaped member will provide an induced
      current along the leg portions to result in a 180.degree. out-of-phase
      pattern at the free ends. The members have a height of one-quarter of a
      wavelength. The disclosed structure closely resembles a three port hybrid
      device used in microwaves with the input port being disposed at the apex
      or continuous portion of the folded member. The output port appears at the
      spaced free ends of the leg portions to define the induced fringing
      electric fields. The spacing between members referred to as pitch
      determines the depth of penetration of the energy. Closer spacings result
      in a field pattern for primarily browning and searing. Wider spacings
      provide for an increased depth of penetration of the fringing electric
      field for internal cooking along with the exterior surface cooking. The
      members are supported by end members and may be embedded in a dielectric
      material such as Silastic, a heat stable organo-silicon elastomer. The
      introduction of a dielectric material within the confines of the leg
      portions results in a lowering in the overall height of each of the
      conductive leg portions. In an exemplary embodiment the use of a material,
      such as Silastic, which provides for ease in cleaning of the utensil
      resulted in a reduction in the height of the individual V-shaped members
      from 1.3 inches to only 0.8 inches for the quarter wave dimension. The
      resultant utensil may be utilized for searing on one surface while a
      second similar member is disposed on the opposing surface of the load to
      provide for simultaneous searing on two sides.
PAR  The confines or interior surfaces of the V-shaped members will thereby
      provide for a third port which can be compared to a plunger arrangement
      since the variation of the dielectric materials disposed within the
      confines will determine the overall height of the utensil. The array of
      individual members may be provided in any desired length as well as width
      to accommodate the loads to be heated and space requirement for microwave
      oven enclosures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention will be readily uderstood after consideration of
      the following description of an illustrative embodiment and reference to
      the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view of the illustrative embodiment of the
      invention;
PAR  FIG. 2 is a vertical cross-sectional view of a microwave heating apparatus;
PAR  FIG. 3 is a detailed cross-sectional view of a portion of the embodiment
      shown in FIG. 1 showing the reverse or cooking side of the utensil;
PAR  FIG. 4 is a diagrammatic representation for use in understanding the
      operation of the utensil; and
PAR  FIG. 5 is a diagrammatic representation of an illustrative embodiment of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 the browing and searing utensil 10 will provide an
      intense fringing electric field pattern in close proximity to the surfaces
      contacted of the load to be cooked. An array of conductive members 12 of a
      lightweight metal, such as aluminum is provided by folding over each of
      the members to have two adjacent leg portions 16 and a continuous apex
      portion 14 with the leg portions terminating in free ends 18. The article
      to be cooked is in contact with the ends 18. The leg portions 16 have a
      height dimension of substantially one-quarter of a free space wavelength
      of the microwave energy. The planar space waves distributed within the
      microwave oven induce currents in each of the leg portions 16 with the
      currents flowing 180.degree. out-of-phase to provide a plus and minus
      operating mode at the free ends 18 in contact with the article being
      cooked. The currents then having a total excursion of approximately
      one-half of a wavelength. All of the conductive members 12 are provided
      with a space therebetween which may be filled with a dielectric material
      used in supporting the conductive members in the desired array. The
      embodiment of the invention provides for the transmission of the induced
      currents. There is no appreciable heating of the individual metallic
      members which may be present in the prior art devices which operate on the
      heat exchanger principle. The term "heat exchanger" denotes a device which
      requires heating of a component such as conductive rods or plate members
      and the transfer of the heat by conduction to a cold load surface.
PAR  The embodiment of the invention shown in FIGS. 1 and 3 comprises a
      plurality of the conductive members 12 which are supported at each end by
      members 20 and 22 which may be metal or dielectric. A material such as
      Silastic has been employed and this material may also be utilized in the
      spaces within the confines of the members 12 as well as the spaces between
      the respective members. The dielectric material 24 is between the
      conductive members 12 and 26 is within the confines defined by the leg
      portions of the conductive members 12.
PAR  The utensil may be utilized with the free ends 18 contacting the load which
      may either be superimposed on top of the utensil or the utensil may be
      positioned on top of the load. For rapid searing or browning two identical
      utensils may be employed one above and one below the load. The use of the
      Silastic material as well as any material having a dielectric constant
      higher than air will permit the shortening of the legs 16 to arrive at a
      thinner utensil for the quarter wavelength dimensional requirement.
PAR  Referring to FIGS. 4 and 5 the new heating concept will be described. Each
      V-shaped conductive member 12 provides a path for the induced electric
      currents from the waves impinging from free space radiated within an oven
      enclosure. The structure may be compared to a three port waveguide hybrid.
      The space between the conductive plate members is the input port for the
      free space waves designated by the arrow 30. In FIG. 4 the spacing between
      the conductive members 12 is designated as being air. The plane waves
      induce currents along the sides traveling therealong in a first direction
      and then in a reverse direction to provide substantially a 180.degree.
      phase differential at the ends 18. The output section comprises the ends
      18 disposed adjacent to the load 32 where the fringing electric field
      patterns are of sufficient intensity to result in browning and searing.
      The spacing between the conductive members 12 is determined by the desired
      depth of penetration of the microwave energy to result in internal cooking
      of the load in addition to the browning and searing.
PAR  The third port 36 comprises the interior spaces defined within the leg
      portions 16 and by control of the materials having the desired dielectric
      constant within this area a variable reactance is provided for tuning the
      overall induced currents in the utensil. Use of a dielectric material
      having a dielectric constant value of around 8 or 9 results in the overall
      height dimensions of the members 12 being substantially reduced. In an
      exemplary embodiment adapted for use in microwave ovens having a frequency
      of 2450 MHz the dimension of each leg 16 was reduced from 1.3 inches to
      0.8 inches for the one-quarter wave height dimension. The spacing between
      the conductive members 12 in the exemplary embodiment was determined to be
      three-sixteenth of an inch which provided a satisfactory depth of
      penetration as well as the browned and seared surfaces. There is no
      restriction in the length of the members nor the width of the utensil
      which can be designed for the conventional oven enclosure dimension.
PAR  Referring to FIG. 2 an applicable microwave oven apparatus utilizing the
      embodiment of the invention is shown. The microwave oven apparatus 38
      shown comprises parallel top and bottom conductive walls 40 together with
      side walls 42 to define the resonant oven enclosure 44. A door (not shown)
      is provided to enclose the access opening in one of the side walls. A case
      46 is provided having a front panel 48 which supports the controls 50, 52
      and 54 including push button controls and timers.
PAR  The magnetron energy generator 56 is of the well known type which is
      energized by rectified line voltages for DC operation and generates
      between 500 to 750 watts for conventional domestic types. The microwave
      energy is coupled to the enclosure by means of an antenna 58 and a
      launching rectangular waveguide 60. The planar waves 62 are launched
      through the open end 64 of the waveguide. The launched waves are
      efficiently distributed within the enclosure in a cyclical varying manner
      by such means as a mode stirrer 66 having a plurality of vanes 68 which
      are rotated by means of a motor 70. The launched planar waves bounce off
      the conductive walls at the top, side, rear and bottom of the oven
      enclosure.
PAR  The utensil 10 is supported on a dielectric plate member 72 which rests on
      shoulders 74 of a pan arrangement in bottom wall 40. In this embodiment
      the utensil is provided with the free ends 18 for supporting a load while
      the apex end 14 is disposed near the bottom wall of the oven. The utensil
      is very versatile and may be supported on top of a load to provide for the
      browning and searing. A shelf may also be provided incorporating the
      structure of the invention.
PAR  While the invention has been illustrated in connection with a plate-type
      utensil the invention may also be incorporated in conveyor belts or the
      utensil may be fixed and the material to be treated transported by a
      conveyor with a predetermined dwell time at each station to permit the
      browning and searing of the exterior surfaces. Such an arrangement is
      suited for large volume food processing such as hamburgers, french fries
      or chicken.
PAR  Numerous modifications will be evident to those skilled in the art. The
      foregoing description of the embodiment of the invention is, therefore, to
      be considered broadly and not in a limiting sense.
CLMS
STM  It is claimed that:
NUM  1.
PAR  1. A utensil for use in cooking with microwave energy comprising:
PA1  a plurality of conductive members each having a configuration defining two
      substantially equidistant adjacent leg portions terminating in free ends
      and a continuous apex portion;
PA1  each conductive member leg portion having a height of substantially
      one-quarter of a wavelength of said energy; and
PA1  means for supporting said members in an array whereby upon exposure to said
      energy induced currents flow which are substantially 180.degree.
      out-of-phase between adjacent leg portions with a resultant fringing
      electric field adjacent to said free ends.
NUM  2.
PAR  2. A utensil according to claim 1 wherein said conductive members are
      substantially V-shaped.
NUM  3.
PAR  3. A utensil according to claim 1 wherein said support means comprise a
      dielectric material having a dielectric constant value exceeding the value
      of air and low energy losses disposed between said members.
NUM  4.
PAR  4. A utensil according to claim 1 wherein a dielectric material having a
      dielectric constant value exceeding the value of air and low energy losses
      is disposed within the region defined between the leg portions of each
      member.
NUM  5.
PAR  5. The combination comprising:
PA1  an enclosure;
PA1  means for radiating microwave electromagnetic energy within said enclosure;
      and
PA1  means for receiving and converting said energy into a substantially
      fringing electric field pattern having a 180.degree. phase differential
      adjacent to one surface;
PA1  said energy receiving and converting means comprising an array of a
      plurality of conductive members each having a configuration defining two
      substantially equidistant adjacent leg portions terminating in free ends
      and a continuous apex portion;
PA1  each conductive member having a height of substantially one-quarter of a
      wavelength of said energy; and
PA1  means for supporting said conductive members in the desired array.
NUM  6.
PAR  6. The combination according to claim 5 wherein said conductive members are
      substantially V-shaped.
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ABST
PAL  Apparatus for heating with microwave energy is disclosed comprising a
      plurality of spaced microwave elements in a flexible webbing adapted to
      fit the contour of any object to be cooked. The microwave elements, such
      as cups, have a height of substantially one-quarter of a wavelength. An
      intense fringing electric field pattern results with the electric field
      being 180.degree. out of phase in close proximity to the open ends of the
      elements. The material contacted by these ends will be suitably browned or
      seared. An impedance matching dielectric member may also be provided in
      contact with the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to apparatus for use in microwave heating.
PAR  2. Description of the Prior Art
PAR  Microwave heating has become increasingly popular in the preparation of,
      particularly, foodstuffs. The microwave energy is radiated within an
      enclosure from an energy source, such as a magnetron. The waves are
      radiated and reflected within the enclosure and result in high frequency
      oscillatory movement of the molecules in a load to cause heating by
      molecular friction.
PAR  The materials being heated absorb energy from the waves in a manner that
      varies inversely as the distance from the surface to the interior. This
      variation in loss is usually not sufficient to cause significant change in
      the coloration from the surface to the interior. For this reason, some
      technique is desired which will permit higher field concentrations that
      decrease rapidly with distance to be presented to the surface of the
      materials being heated. Prior art techniques for controlling the surface
      coloration have included the incorporation of electric or gas broiling
      elements in the microwave oven. A coating of a food additive having high
      energy absorption characteristics as a coating of the outer surfaces has
      also been suggested. Another example of a prior art teaching is U.S. Pat.
      No. 3,591,751 issued July 6, 1971 to C. E. Goltsos which discloses a
      plurality of half-wavelength rods to cause rapid absorption of the energy
      by the rods. The absorbed heat is then transferred by conduction to a
      supported load. The heating of the rods by the absorbed energy can lead to
      problems if the rods are accidentally touched before they are sufficiently
      cooled.
PAR  Another example of a prior art apparatus is described in U.S. Pat. No.
      3,857,009 issued Dec. 24, 1974 to G. MacMaster et al. and assigned to the
      assignee of the present invention. This structure utilizes high and low
      dielectric constant materials to provide a fringing electric field pattern
      having a 180.degree. phase differential in close proximity to the exterior
      surfaces of the load. All of the foregoing prior art teachings are
      difficult to apply in the case of irregularly contoured loads such as a
      meat roast or fowl. A need arises, therefore, for microwave apparatus to
      be utilized for bulky or irregular contoured objects.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention a webbing of a
      suitable dielectric material is provided having sufficient flexibility to
      permit the placement on any contoured surface. A plurality of conductive
      microwave elements are supported in the flexible means. Each of the
      conductive elements comprises a cup-shaped member having a closed end and
      open end. The walls have an overall height of approximately one-quarter of
      a wavelength of the operating frequency of the microwave energy. The waves
      traveling along the conductive walls of the metallic members result in a
      fringing electric field pattern adjacent the open ends of the members. The
      intense electric field has a substantially 180.degree. phase differential.
      The disclosed device does not absorb energy but arranges it for absorption
      by the material being heated for a more efficient technique. The surfaces
      contacted by the open ends of the conductive members will become
      effectively browned or seared as desired.
PAR  An alternative embodiment incorporates shorted sections of parallel plate
      transmission line which are spaced throughout the flexible webbing
      material. The shorted sections of parallel plate line provide a similar
      fringing electric field pattern adjacent the open ends of the line
      elements.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the invention will be readily understood after consideration of
      the following description of an illustrative embodiment and reference to
      the accompanying drawings, wherein:
PAR  FIG. 1 is an isometric view of the illustrative embodiment of the
      invention;
PAR  FIG. 2 is a cross-sectional view of a metallic element of the invention;
PAR  FIG. 3 is a cross-sectional view of the illustrative embodiment with an
      impedance matching structure; and
PAR  FIG. 4 is an isometric view of an alternative embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 an embodiment 10 of the invention is shown. A web
      member 12 of a flexible microwave permeable material is provided having a
      substantial area to encompass an article to be heated. A plurality of
      microwave heating elements 14 of a conductive material are disposed
      withing the web member 12 and provide for the concentration within the
      microwave energy in the region adjacent to the ends of the heating
      elements which contact a load to be heated. The combined web member and
      heating elements may be referred to as a blanket.
PAR  Numerous plastic dielectric materials such as Teflon may be utilized for
      the web member 12. This material is approved for use with foods by the
      Food and Drug Administration. Any other similar approved materials may be
      provided.
PAR  Each of the heating elements 14 as shown in FIGS. 1 and 2, is substantially
      cup-shaped and is of a conductive material. In this configuration the
      element has a closed end 20 and a circular body portion 22 extending
      perpendicular to this end and defining an open end 24. The body portion 22
      has a height of approximately one-quarter of a free space wavelength of
      the microwave energy which is radiated within the oven enclosure. The
      cup-shaped heating elements are supported within the web member 12 which
      is provided with a plurality of apertures dimensioned to provide a snug
      fit for the microwave element circular bodies 22. As shown in FIG. 2 each
      of the microwave element circular bodies 22 is provided with circular
      protrusions 28 and 30. The elements 14 are pushed through the apertures in
      the web member in such a manner that the webbing material is disposed
      between the protrusions.
PAR  The item to be heated, such as a roast 16, is supported in a roasting
      utensil 18. The heating blanket, comprising web member 12 and the
      microwave heating elements 14, is positioned in contact with the load 16
      and the web member 12 makes it possible for irregular contoured objects to
      be efficiently heated as well as browned or seared. The microwave energy
      radiated within an enclosure of the type well known in the art impinges on
      the cup elements 14. The radiated energy consists of numerous complex wave
      mode patterns and it is difficult to uniformly heat a load without some
      uniformity in the pattern of the energy. In the practice of the invention
      the energy fields are converted to result in an electric field
      distribution 180.degree. out of phase providing a fringing electric field
      adjacent the outer end 24 of the cup member as shown in FIG. 3 and
      designated by the vectors 26. The complex mode distribution of the
      microwave energy is thereby convected and concentrated in the region
      closely adjacent to the ends of the microwave elements and the field
      decreases rapidly exponentially a short distance away from the ends. This
      concentrated energy is available for heating the load contacted by the
      ends of the elements. The foregoing heating pattern results in very little
      direct heating of the microwave elements which differentiates this
      apparatus from the prior art where the elements are directly heated and
      then the energy is transferred by thermal conduction to the article being
      heated.
PAR  Referring next to FIG. 3 means for the matching of the impedance of the
      load to be heated to assist in the coupling in the free space waves is
      disclosed. A body of a dielectric material 42 having a predetermined
      dielectric constant is selected and is disposed between the heating
      elements and the free space waves. The load impedance matching means will
      assure efficient conversion of the free space energy to the predetermined
      fringing field electric pattern adjacent the ends of the heating elements.
PAR  Referring to FIG. 4 an alternative embodiment of the invention is
      illustrated. A plurality of shorted parallel plate transmission lines 32
      are disposed in an array supported by flexible web member 34. The parallel
      plate sections each include a pair of side members 36 and 38 joined
      together by a common wall 40. The parallel plate embodiment is a
      conductive material and the fringing fields will be disposed adjacent the
      open ends of the side members 36 and 38. This linear configuration will
      provide substantially similar intense fringing electric field patterns as
      the cup shaped elements.
PAR  There is thus disclosed a microwave heating apparatus for irregular shaped
      objects which will be blanketed by a large number of heating elements each
      providing a fringing electric field heating pattern. Numerous
      modifications or alterations will be evident to those skilled in the art.
      For example, the cup members may be square, oval or rectangular as well as
      round. The foregoing detailed description of the preferred embodiment is,
      therefore, intended to be interpreted broadly.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for heating with microwave energy comprising:
PA1  a flexible member of a microwave permeable material;
PA1  a plurality of spaced conductive elements supported by said flexible
      member;
PA1  each of said elements defining wall structure having a height of
      substantially one-quarter of a wavelength of the microwave energy;
PA1  said elements defining adjacent one end thereof a fringing electric field
      pattern in the presence of microwave radiated energy for heating of
      surfaces in close proximity to said ends.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said conductive elements are of a
      cup-shaped configuration having a closed end and a circular body portion
      extending perpendicular to the closed end.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said conductive elements comprise
      parallel plate wall members joined together by a common wall member.
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ABST
PAL  An electroerosion apparatus utilizing a wire electrode supported at
      opposite sides of a workpiece is adapted to cut a given profile in the
      workpiece with a rake by shifting the electrode supports and thereby
      inclining the electrode with respect to the cutting plane. The electrode
      supports are at the end of two arms which can move in coordinate axes in
      conjunction with the movement of the workpiece table to define the profile
      by means of orthogonal coordinate control.
PARN
PAR  This is a continuation of application Ser. No. 304,708 filed Nov. 8, 1972,
      abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a machine for cutting metal workpieces by
      electroerosion, comprising a cutting wire supported at two points on
      opposite sides with respect to the piece to be cut.
PAR  Known electroeroding machines generally cut a workpiece being machined
      along cylindrical surfaces by means of a wire which is kept taut between
      the ends of two arms, the wire being continuously fed while maintaining
      the taut condition. Between the arms is placed the workpiece, which can
      moved, controlled numerically, along two axes X and Y.
PAR  These arms are normally rigid and keep the wire perpendicular to the plane
      in which the workpiece moves, as a result of which these machines can only
      cut the piece along surfaces which are perpendicular to said plane.
PAR  The problem of forming surfaces with generatrices inclined with respect to
      the perpendicular to the aforesaid plane arisen frequently. This is the
      case, for example, with the lower sections of blanking dies, which are
      constituted by a plate provided with a through opening, the surface of
      which has a rake of the order of some ten minutes to allow the expulsion
      of the blanked pieces from the body of the die. This rake is generally
      obtained by means of a grinding operation following the cutting, as a
      result of which the construction of dies becomes very costly.
PAR  The object of the present invention is to overcome this problem.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a machine for cutting metal
      workpieces by electroerosion, comprising two wire supports on opposite
      side of a cutting zone, means for tensioning a cutting wire between the
      two supports, a workpiece table for supporting a workpiece, feed means for
      effecting relative movement between the table and the wire supports in
      directions which are transverse with respect to the wire and are contained
      in the cutting plane, to cause the wire to cut a profile through a
      workpiece on the table, and means for adjusting the positions of the wire
      supports relative to each other in directions parallel to the cutting
      plane to enable the cutting angle of the wire to be inclined relative to
      the perpendicular to the cutting plane.
PAR  If it is desired to form the rake of a die directly with the electroeroding
      machine, it is necessary that the wire be suitably inclined at every point
      with respect to the perpendicular to the plane of movement of the
      workpiece. It is also necessary that this inclination does not produce
      variations in the profile of the cutting edge of the die, which is
      required to be defined exclusively by the movements of the table of the
      electroeroding machine along the axes X and Y. In order to obtain this
      profile with the rake, it is preferred that the said points are movable
      simultaneously in opposite directions so that the wire turns about the
      point of contact with the lower surface of the workpiece, the said points
      being each movable in accordance with two co-ordinates as a function of
      the movement of the table.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The following description illustrates two preferred embodiments of the
      invention, given by way of example, with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a front view of an electoerosion machine;
PAR  FIG. 2 is a partial vertical section of the machine on a larger scale in
      accordance with a first embodiment of the invention;
PAR  FIG. 3 is a section taken on the line III--III of FIG. 2;
PAR  FIG. 4 is a section taken on the line IV--IV of FIG. 2;
PAR  FIG. 5 is a section on the line V--V of FIG. 2;
PAR  FIG. 6 is a section on a further enlarged scale taken on the line VI--VI of
      FIG. 5;
PAR  FIG. 7 is a block diagram of the control apparatus of the machine of FIG.
      2;
PAR  FIG. 8 is a diagrammatic representation of a movement of the connection or
      attachment points of the cutting wire of the machine of FIG. 2;
PAR  FIG. 9 shows the various cutting stages of the machine of FIG. 2;
PAR  FIG. 10 is a partial vertical section of the machine on a larger scale in
      accordance with another embodiment of the invention;
PAR  FIG. 11 is a section taken on the line XI--XI of FIG. 10;
PAR  FIG. 12 is a section taken on the line XII--XII of FIG. 10;
PAR  FIG. 13 is a section on a larger scale taken on the line XIII--XIII of FIG.
      10;
PAR  FIG. 14 is a section on a larger scale taken on the line XIV--XIV of FIG.
      10;
PAR  FIG. 15 is a block diagram of the control apparatus of the machine of FIG.
      10;
PAR  FIG. 16 is a diagrammatic representation of the resolver shown in FIG. 15;
PAR  FIG. 17 shows the various cutting stages of the machine of FIG. 10;
PAR  FIG. 18 is a diagrammatic representation of a movement of the connection or
      attachment points of the cutting wire of the machine.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In the following description, the workpiece being machined is the lower
      section of a blanking die.
PAR  Referring to FIG. 1, the electoerosion machine comprises a bed 1 on which
      there are fixed a standard 2 and a crosspiece 3. A first table 4 is
      slidable transversely on this crosspiece slidable on the first table, in a
      direction perpendicular to the crosspiece 3, is a second table 5. This
      bears a right-angled support 6 on which there is fixed in known manner a
      plate 7 to be cut. The tables 4 and 5 are controlled numerically along two
      axes X and Y in manner known per se.
PAR  On the standard 2 there is fixed a frame 8 bearing two projections 10 and
      11. At the ends of the projections 10 and 11 there are disposed two
      wire-guiding heads 12 and 13 between which is stretched a wire 15
      constituting the cutting wire of the machine. The wire 15 is unwound from
      a reel 16 and, guided by means of a series of rollers 17, arrives at the
      head 13. From the head 12 the wire 15 is guided between two rollers 18
      carried by a bracket 19 fixed on the standard 2. The rollers 18 control
      the feed of the wire 15 in known manner at a rate predetermined according
      to the workpiece 7 to be cut. The used wire 15 is thereupon rewound on
      another reel 20 arranged on the standard 2 and rotated through a friction
      clutch.
PAR  The two heads 12 and 13 are disposed on opposite sides and at the same
      distance with respect to the upper surface 21 of the support 6. The lower
      surface of the workpiece 7 to be cut is therefore always in correspondence
      with the mid-point of the segment of wire 15 between the two heads 12 and
      13.
PAR  The machine is moreover provided with a supply unit 22 comprising a battery
      of capacitors adapted to establish a difference of voltage at a
      predetermined frequency between the wire 15 and the piece 7, thus
      effecting the cutting of the piece 7 by electroerosion. The working feed
      is effected by means of a displacement of the tables 4 and 5 along the two
      axes X and Y at a speed such as to keep the wire substantially equidistant
      from the piece.
PAR  According to a first embodiment of the invention the two heads 12 and 13
      are carried by two arms 24 and 25 (FIG. 2) which are of equal lenght and
      are movable in two corresponding openings 26 and 27 in the projections 10
      and 11. More particularly, each of the arms 24 and 25 is guided in an
      opening of a corresponding pair of bearings 28 and 29 of cylindrical form.
      The arms 24 and 25 are respectively pivoted by means of two slotted holes
      30 and 31 on two pins 33 and 34 fixed by their ends in the oepnings 26 and
      27 of the projections 10 and 11.
PAR  Inside the frame 8 there are rotatably mounted the ends of two vertical
      shafts 35 and 36 located one beside the other. Two corresponding gears 37
      and 38 are fixed on the shafts 35 and 36. The shaft 35 has two cams 39 and
      40 each approximately in correspondence with the mid line of the
      projections 10 and 11. The cams 39 and 40 are alike, but are turned or
      offset through 180.degree. one with respect to the other. The shaft 36
      (FIGS. 3 and 4), in turn, has two cams 42 and 43 which are alike, but
      offset through 180.degree. and respectively situated in the same planes as
      the cams 39 and 40. Both the shafts 35 and 36 are retained axially by two
      shoulder or abutment flanges 44 (FIG. 2).
PAR  The arm 24 (FIG. 4) is provided at the end remote from the head 12 with a
      window 45 having a surface 46 perpendicular to the axis of the arm 24
      itself. The surface 46 is normally held bearing against the cam 39 of the
      shaft 35 by means of a spring 47 stretched between a pin 48 on the
      projection 10 and a pin 49 on the arm 24 extending through a hole 50 in
      the said projection 10. The window 45 is moreover provided with a surface
      51 parallel to the axis of the arm 24 and normally bearing against the cam
      42 of the shaft 36 with the aid of a compression spring 53 disposed in a
      recess 54 of the projection 10 between the base of the recess 54 and a
      flange of a pin 56 fixed to the arm 24 and extending through a hole in the
      base itself of the recess 54.
PAR  The arm 25 (FIG. 3), in turn, is provided with a surface 57 perpendicular
      to the axis of the arm itself and normally bearing against the cam 40 of
      the shaft 35 with the aid of a spring 58 stretched between a pin 59 on the
      projection 11 and a pin 60 on the arm 25 extending through a hole 62 in
      the said projection 11. The arm 25 is moreover provided with a surface 63
      perpendicular to the surface 57 and normally bearing against the cam 43 of
      the shaft 36 with the aid of a compressing spring 64 disposed in a recess
      65 inside the projection 11 between the arm 25 itself and the base of the
      recess 65.
PAR  The gears 37 and 38 can be rotated in both directions by two hydraulic
      cylinders indicated generally by the reference 66 and 67 (FIG. 2) and
      disposed along the axes 68 and 69 (FIG. 4). Since the two cylinders 66 and
      67 are identical, only the cylinder 67 will be described in relation to
      the gear 37. The cylinder 67, in which a slide 70 is slidably housed, is
      formed in the frame 8 (FIG. 5) in correspondence with the gear 37. On the
      said slider is formed a rack 72 meshing with the gear 37, while at its
      ends are fixed two pistons 73 and 74. The two ends of the cylinder 67 are
      closed and define two chambers 75 and 76 into which oil under pressure can
      be introduced to cause the slide 70 to slide along the cylinder 67.
PAR  The maximum stroke of the slide 70 in the two directions is defined by a
      stop pin 77. This pin 77 has a flange 78 against which a compression
      spring 79 acts. At the outer end of the pin 77 there is arranged a knob
      80, while in a diametral hole 82 in the pin 77 there is securely inserted
      a cotter pin 83.
PAR  The pin 77 can slide in a hole 84 in the frame 8 and in a nut 85 fast with
      the frame 8. The nut 85 (FIG. 6) has three slots 86,87 and 88 of different
      depths into which the cotter pin 83 can be inserted. The action of the
      spring 79 presses the cotter pin 83 against the base of the slots 86,87
      and 88. When the cotter 83 is inserted in the slot 86, the pin 77 is
      located outside the cylinder 67. When the cotter 83 is inserted in the
      slot 87, the pin 77 can co-operate with a slot 89 in the slide 70, while
      by inserting it in the slot 88 the pin 77 can introduce itself into a hole
      90 (FIG. 5) in the slide 70.
PAR  The entry of the oil under pressure into the chamber 75 or the chamber 76
      of the hydraulic cylinder 67 is controlled by two electric valves 95 and
      94, respectively, (FIG. 7).
PAR  The hydraulic cylinder 66 (FIG. 2) is controlled by means of another two
      electric valves 92 and 93 (FIG. 7). The electric valves 92,93,94,95 act in
      a logical relation with the movements of the tables 4 and 5. FIG. 7 shows
      the block diagram of the control appartus of this logical relation.
PAR  This apparatus is substantially of the type described in detail in the
      Applicants' Italian Patent No. 728.204. More particularly, the apparatus
      comprises a punched tape reader 96 which is adapted to supply periodically
      the co-ordinates x,y, recorded on the tape, of the points that the
      workpiece 7 must reach. These co-ordinates are received by a linear
      interpolator 97 known per se which is adapted to compute for each length
      of movement or distance of displacement of the piece 7 the quantities hx
      and hy which indicate in numeric form the acceleration which each table 4
      and 5 can assume in that length or distance.
PAR  Moreover, the interpolator 97 is adapted to compute in numeric form with a
      given frequency, that is at predetermined time interval, the increment of
      movement of the two tables, which is indicated here by .DELTA.x and
      .DELTA.y. More particularly, in the (N+1)th time interval there are the
      increments
PA1  .DELTA.xn+1 = .DELTA.xn .+-. hx
PA1  .DELTA.yn+1 = .DELTA.yn .+-. hy
PAR  Suitable analogue numeric converters transform these increments into
      analogue speeds of the tables 4 and 5 and command the corresponding
      servomechanisms.
PAR  When the permitted maximum speed is reached along each axis, the summing of
      the quantities hx and hy is inhibited, as a result of which the tables 4
      and 5 move at constant speed. To effect the stopping of the tables 4 and
      5, the increments are gradually reduced in each interval by the quantities
      hx and hy until the new position is reached, in the manner described in
      the patent referred to. The quantities hx and hy are indicative both of
      the movement and of the sign of the movement of the tables along the two
      axes.
PAR  In fact, the movement increments .DELTA.x and .DELTA.y are computed by the
      above-mentioned apparatus as the repeated sum of the quantities hx and hy.
      Moreover, the quantities hx and hy issue from the interpolator in direct
      form or in the form of a complement, respectively, if the direction of
      movement of the tables is positive or is negative.
PAR  The maximum feed rate of the table is controlled by an adaptive control
      unit 98 for the electroerosion cutting, which has the task of establishing
      at each time interval a relation of dependence between the speeds computed
      by the interpolator 97 and the values of the voltage of the wire 15 with
      respect to the workpiece 7 being machined.
PAR  As is known, this voltage may vary from a minimum admissible value,
      corresponding to the minimum distance between the wire and the workpiece
      below which there would be a short circuit, to a maximum value Vm.
PAR  The adaptive control unit 98 receives as input the signals V, Vo which are
      respectively proportional to the effective voltage, suitable reduced and
      smoothed, and to the minimum admissible voltage. It then computes the
      signal .DELTA.V = V-Vo, amplifies it and converts it into a digital
      signal. If .DELTA.V is zero, it conditions the interpolator 97 in such
      manner as to arrest the tables, so that it causes the speed computed by
      the interpolator 97 to be reduced by 100%, thus avoiding a short circuit
      between the wire 15 and the workpiece 7.
PAR  If .DELTA.V is the maximum, that is signifying that the voltage of the wire
      V is equal to the maximum voltage Vm, the control unit 98 does not effect
      any reduction in the speed of the tables computed by the interpolator 97.
      It .DELTA.V is intermediate between the two aforesaid values, the adaptive
      control unit 98 effects a reduction in the speeds computed by the
      interpolator 97 which is substantially inversely proportional to the value
      .DELTA.V, so as to allow the voltage of the wire V to increase in value.
PAR  The quantity hx computed by the interpolator 97 is input to a decoder 99,
      which presents as output only two possible configurations: a zero output
      signal if the input quantity hx is zero, an output signal at level 1 if
      the input quantity hx is different from zero.
PAR  The quantity hx is moreover input to a sign decoder 100 which, according to
      whether the sign of hx is positive, or hx is in direct form, or negative,
      or hx is in the form of a complement, enables corresponding gates 103 and
      102, respectively. The output of the decoder 99 is connected through the
      gate 102 to a circuit 104 commanding the electric valve 92 and through the
      gate 103 to a circuit 105 commanding the electric valve 93. The quantity
      hy, in turn, constitutes the input of a system entirely similar to the
      preceding one and comprising a decoder 106 for the value of hy, a decoder
      107 for the respective sign, two gates 108 and 109 and two circuits 110
      and 111 commanding the electric valves 94 and 95.
PAR  The machine of FIG. 2 operates in the following manner.
PAR  Let it be assumed that it is necessary to cut in a plate 7 (FIG. 9) a
      window or opening having a mixed-line profile 113. FIG. 9 shows the plate
      as seen from above. The profile 113 is composed of sections or lenghts
      which have their ends at the points A,B,C,D,E,F,G,H, with the sections
      AB,CD,FG, rectilinear and parallel to the axis Y, the sections BC,EF,HA
      rectilinear and parallel to the axis X, the section DE rectilinear and
      inclined with respect to the axes X and Y, while the section GH is a
      circular arc.
PAR  The plate 7 moreover has a through hole 114 inside the profile 113 and
      located at the side of a mid point P1 of the section AB, from which it is
      desired to commence the cutting, the same being then executed following
      the profile 113 clockwise. The axes X and Y have their origin at the point
      O, the centre of the die of which the plate 7 forms part and to which the
      co-ordinates recorded on the punched programme tape are referred.
PAR  In a first stage, the point O is positioned on the vertical passing through
      the heads 12 and 13, these being in their rest or inoperative position,
      both disposed on the same perpendicular to the plane XY. The wire 15 is
      not yet mounted on the machine. Moreover, the stop pin 77 (FIG. 5) is
      fixed with its ends in correspondence with the slot 89, the cotter pin 83
      being inserted in the slot 87 (FIG. 6). The machihe is then started with
      the supply unit 22 (FIG. 1) cut out.
PAR  The tape reader 96 (FIG. 7) reads the first block of instructions, which
      supplies the co-ordinates of a point PO (FIG. 9) inside the hole 114 and
      located at the same distance as the point P1 from the axis X. The
      interpolator 97 (FIG. 7) computes the quantities hx and hy corresponding
      to the movement of the tables 4 and 5 adapted to bring the point PO to O.
PAR  The movement of the table 5 takes place in the positive direction along the
      axis Y. The sign decoder 107 therefore activates the gate 109, which
      allows the output signal of the decoder 106 to energize the circuit 111,
      which commands the opening of the electric valve 95. This actuates the
      hydraulic cylinder 67 (FIG. 2), introducing oil under pressure into the
      chamber 75 of the same cylinder 67 (FIG. 5). The oil under pressure moves
      the piston 73, which shifts the slide 70 until the lower wall of the slot
      89 is arrested against the pin 77.
PAR  During the movement of the slide 70, the rack 72 rotates the gear 37
      anticlockwise together with the cams 39 and 40 (FIGS. 3 and 4). The cam 39
      allows the spring 47 to shift the arm 24 to the right in a direction
      perpendicular to the axis Y, while the cam 40 allows the spring 58 to
      shift the arm 25 to the left by the same amount also in a direction
      perpendicular to the axis Y. The arms 24 and 25 shift the heads 12 and 13
      by the same amounts indicated by .DELTA.Sy and -.DELTA.Sy in FIG. 8, in
      which the heads are represented by a point.
PAR  The movement of the table 4 is also positive, but along the axis X. The
      sign decoder 100 (FIG. 7) therefore activates the gate 103, which allows
      the output signal of the decoder 99 to energize the circuit 105, which
      commands the opening of the electric valve 93. This valve actuates the
      hydraulic cylinder 66 (FIG. 2), which acts in a manner perfectly similar
      to that described hereinbefore in the case of the hydraulic cylinder 67,
      ultimately producing the clockwise rotation of the gear 38. This gear
      rotates the cams 42 and 43 (FIGS. 3 and 4), the first of which turns the
      arm 24 clockwise about the pins 33, while the second turns the arm 25
      about the pin 34 by the same amount, but anticlockwise. The arms 24 and 25
      shift the heads 12 and 13 by the amounts .DELTA.Sx and -.DELTA.Sx
      indicated in FIG. 8. It should be noted that, the arms 24 and 25 being
      considerably longer that the arcs described by the ends of the arms
      themselves and, therefore, by the two heads 12 and 13, the said arcs can
      be assimilated to two rectilinear sections or lenghts .DELTA.X and -
      .DELTA.Sx perpendicular to the axis X.
PAR  The two movements of translation and rotation of each of the arms 24 and 25
      are obviously simultaneous, the quantites hx and hy being computed by the
      interpolator 97 substantially at the same instant.
PAR  FIG. 8 shows the movements .DELTA.S and -.DELTA.S which the heads 12 and 13
      perform from the initial position located on the vertical to the plane XY
      to the new position, when the tables 4 and 5 (FIG. 1) initiate the
      movement of the point PO towards the point O. The arms 24 and 25 hold the
      heads 12 and 13 in the new position for the whole of the movement of the
      tables 4 and 5 adapted to bring the point PO to O.
PAR  This movement having been performed, the control unit causes the tables 4
      and 5 to stop on the basis of the programme. The operator then mounts the
      wire 15 on the machine, causing it to pass through the hole 114 (FIG. 9).
      The wire 15 mounted in this way now passes exactly through the point PO
      and is inclined with respect to the perpendicular to the plane XY in
      consequence of the movements of the heads 12 and 13 seen hereinbefore. In
      fact, as has already been stated hereinbefore, the two heads 12 and 13 are
      disposed on opposite sides and at the same distance with respect to the
      upper surface 21 of the support 6 (FIG. 2) and, therefore, the lower
      surface of the plate 7 is always in corresondence with the mid point of
      the segment of the wire 15 between the heads 12 and 13. It will readily be
      understood that the wire 15 is turned about the point of contact with the
      lower surface of the plate 7, and therefore the position that this point
      of contact assumes instant by instant is independent of the movements of
      the arms 24 and 25 and depends exclusively on the programme on the tape.
PAR  To facilitate the understanding of this description the axis perpendicular
      to the plane XY will be indicated by the reference Z. The various
      inclinations that the wire 15 may assume may therefore be defined by means
      of its rotations in the coordinated planes XZ and YZ, there being
      understood as positive a rotation in the plane XZ when this takes place
      clockwise with respect to an observer positioned in the positive direction
      of the axis Y. Anticlockwise rotation will be negative. Similarly, a
      rotation in the plane YZ will be positive when this takes place clockwise
      with respect to an observer positioned in the positive direction of the
      axis X. Anticlockwise rotation will be negative.
PAR  The movements Sx and Sy may vary within wide limits and may be equal or
      different to one another. This obviously depends on the proportioning of
      the parts of the mechanism which achieve the same. However, in order to
      simplify the following part of the description, it will be assumed that
      the two movements are equal. As has already been said, at the point PO the
      wire 15 is inclined both with respect to the plane XZ and with respect to
      the plane YZ (FIG. 8) by an angle which will be indicated as .alpha. and
      is negative with respect to both planes. In a second stage, the operator
      applies a voltage to the wire 15 by switching on the supply unit 22 (FIG.
      1) and starts the machine again. The tape reader 96 (FIG. 7) reads the
      second block of instructions, which supplies the co-ordinates x and y of
      the point P1 to the interpolator 97, which computes the quantities hx and
      hy corresponding to the new length of movement P1 PO of the tables 4 and
      5. The quantity hx is now positive, while the quantity hy has zero value.
      The preceding conditions being maintained, the electric valve 93 will
      remain open and therefore the wire 15 will preserve its negative
      inclination .alpha. with respect to the plane YZ.
PAR  In view of the zero value of hy, the gate 109 is deactivated and therefore
      the electric valve 95 closes. This, however, does not nullify the
      inclination of the wire 15 with respect to the plane XZ, inasmuch as the
      frictional forces keep the slide 70 and the cam shaft 35 in the position
      reached in the preceding stage. The slide 70 can shift only by means of
      the inlet of oil under pressure into the chamber 76 of the cylinder 67
      through the electric valve 94, which intervenes when the reader 96 reads
      on the punched tape a negative movement on the axis Y. This naturally also
      applies to the inclinations of the wire with respect to the plane YZ.
PAR  The wire 15 therefore cuts the section PO-P1 forming a surface raked by a
      constant negative angle. In spite of the wire 15 being inclined by the
      angle .alpha. with respect to the two planes XZ and YZ, the raked surface
      will have an inclination with respect to the axis Z equal to the
      inclination of the wire 15 with respect to the plane YZ only, that is will
      be inclined by the angle .alpha.. In FIG. 9, a line 115 indicates the line
      described by the point of contact of the wire 15 with the upper surface of
      the plate 7. This line 115 shows that the aforesaid point of contact has
      shifted from the point M corresponding to the point PO to the point N
      corresponding to the point P1. In the zone between the two lines 113 and
      115 there are marked segments 116 indicating in various positions the
      segment of wire 15 between the two surfaces, that is the upper and lower
      surfaces, of the plate 7.
PAR  When the point of contact of the wire 15 with the lower surface of the
      plate 7 has reached P1, he interpolator 97 (FIG. 7) computes for the
      section P1B a zero hx value and a negative hy value. The electric valve 93
      closes, but the wire 15 maintains the previous inclination with respect to
      the plane YZ, because the inlet of oil under pressure into the cylinder 66
      (FIG. 2) through the electric valve 92 (FIG. 7) is lacking, as already
      explained hereinbefore.
PAR  Since hy is negative, the sign decoder 107 (FIG. 7) activates the gate 108,
      which allows the output signal of the decoder 106 to the decoder 106 to
      energize the circuit 110, which commands the opening of the electric valve
      94. This introduces oil under pressure into the chamber 76 of the cylinder
      67 (FIG. 5), shifting the slide 70 until it is arrested with the upper
      wall of the slot 89 against the stop pin 77.
PAR  During the movement of the slide 70, the rack 72 rotates the gear 37
      clockwise together with the cams 39 and 40 (FIGS. 3 and 4), the first of
      which shifts the arm 24 to the left in a direction perpendicular to the
      axis Y in opposition to the action of the spring 47, while the second
      shifts the arm 25 to the right also in a direction perpendicular to the
      axis Y in opposition to the action of the spring 58.
PAR  At the end of the movement of the slide 70, the wire 15 has reversed its
      inclination with respect to the plane XZ, being now inclined with respect
      to this plane by a positive angle .alpha..
PAR  Throughout the time in which the wire 15 reverses its inclination, the
      tables 4 and 5 remain substantially stationary and therefore, while the
      point of contact of the wire 15 with the lower surface of the plate 7
      (FIG. 9) remains at P1, the point of contact with the upper surface shifts
      from the point N to the point Q. In fact, the wire 15, turning about the
      point P1, still finds material to be cut and, therefore, the adaptive
      control unit 98 will substantially impose a stop on the tables 4 and 5.
      The turning of the wire 15 about the point P1 having been completed, the
      wire cuts the section P1B, reaching the position indicated by the points B
      and R.
PAR  To cut the section BC, the interpolator 97 computes a negative value of hx
      and a zero value of hy. The wire 15 maintains the inclination hwich it had
      with respect to the plane YZ. In fact, the sign decoder 100 (FIG. 7)
      activates the gate 102, which allows the output signal of the decoder 99
      to energize the circuit 104, which commands the opening of the electric
      valve 92. This actuates the hydraulic cylinder 66 (FIG. 2) with a
      consequent anticlockwise rotation of the gear 38 and of the cams 42 and 43
      (FIGS. 3 and 4). The cam 42 causes the arm 24 to turn anticlockwise under
      the action of the spring 53, while the cam causes the arm 25 to turn
      clockwise under the action of the spring 64.
PAR  The wire 15 therefore turns with respect to the plane YZ, reversing its
      inclination until it is inclined with respect to this plane by the
      positive angle .alpha.. Similarly to what has been said hereinbefore, the
      tables 4 and 5 remain substantially stationary during this turning action
      and the wire 15 turns about a point B until it brings its point of contact
      with the upper surface of the plate 7 to the point S.
PAR  The tables 4 and 5 now resume their movements and the cutting of the
      profile 113 continues as far as the point F without the wire 15 changing
      its positive inclination with respect to both planes XZ and YZ. This is
      obvious inasmuch as the quantities hx and hy appertaining to the sections
      BC, CD, DE and EF are maintained negative or zero, whereas, as has been
      seen hereinbefore, a reversal of the movement of the coordinated axes X
      and Y is necessary so that the wire 15 may reverse its inclination.
PAR  It is necessary to note that in the profile sections parallel to the
      coordinated axes X and Y the rake of the cut surface is equal to the angle
      through which the wire 15 turns with respect to each of the planes XZ and
      YZ, while in the section DE not parallel to the axes X and Y the rake
      obtained is greater than this angle. In fact, for each profile section,
      the wire 15 cuts the plate 7 keeping itself inclined with respect to the
      profile itself. Therefore, in the inclined sections, like the section DE,
      there is an increase in the rake .alpha., which is at the maximum when the
      inclination of the inclined section is 45.degree..
PAR  When the wire reaches the position FT, the interpolator 97 computes the
      quantity hy corresponding to the section FG, which is positive. The wire
      15 therefore turns about the point F and its point of contact with the
      upper surface of the plate 7 shifts from the point T to the point U. The
      cutting continues in a similar manner in the sections FG, GH, HA AP1, with
      the wire 15 inclined in the various sections as indicated in FIG. 9.
PAR  In curvilinear profile sections, like the section GH, there is a gradual
      increase in the rake which will be at a maximum when the tangent to the
      profile is inclined by 45.degree. to the said axes.
PAR  It is necessary to note that the range of values of the rake which can be
      obtained with the machine is substantially unlimited, it being possible to
      vary the maximum stroke of the slide 70 at will by suitably dimensioning
      the cylinders 66 and 67 and the slot 89 or other parameters which have an
      effect on the movement of the heads 12 and 13, such as the profile of the
      cams, the length of the arms 24 and 25, etcetera.
PAR  By way of example, in the above-described machine, two values of the rake
      can be obtained according to whether the cotter 83 is inserted in the slot
      86 or 87 (FIG. 6).
PAR  In one case relating to the foregoing description, the cotter 83 is
      inserted in the slot 87 and the rake .alpha. produced by the machine is
      10'.
PAR  In the other case, the cotter 83 is inserted in the slot 86 and the slide
      70 can slide substantially as far as the ends of the cylinder 67. In this
      instance, the machine produces a rake of 2.degree.. Finally, by placing
      the cotter 83 in the slot 88, the movement of the slides 70 is prevented,
      as a result of which the cutting is effected without a rake.
PAR  The wire 15 can also be returned to the inoperative position perpendicular
      to one of the axes X and Y or to both, by inserting the cotter 83 manually
      in the slot 88 in the cylinder 66 or 67 or in both, during the operation
      of the machine. In fact, at the first stage of reversal of a coordinated
      axis X or Y following this operation, during the movement of the slide 70
      it presents the hole 90 in front of the stop pin 77, which is introduced
      therein by the action of the spring 79, locking the slide 70 in the medium
      inoperative position, as a result of which the rake can be excluded on one
      or more edges of the cut.
PAR  The return of the slide 70 to the median inoperative position can be
      entrusted to two compression springs. In this case, the return of the
      slide 70 can be obtained automatically in the cylinder 66 or 67 whenever a
      quantity hx or hy is cancelled. In consequence, in the profile sections
      parallel to the axis X or Y, the wire 15 will be inclined only with
      respect to the plane YZ or XZ, that is a substantial modification of the
      rake with respect to the preceding version is not entailed.
PAR  According to another embodiment of the invention, on the standard 2 (FIGS.
      1 and 10) there is fixed a frame 148 at the ends of which are fixed two
      hollow projections 149 and 150 (FIG. 10). Inside the frame 148 there is
      mounted a sleeve 151 rotatable in two rolling bearings 153 and 154 housed
      in the frame 148.
PAR  On the sleeve 151 there is fixed a worm wheel 155, which is in mesh with a
      worm 156 (FIG. 11).
PAR  Inside the sleeve 151 there is housed a shaft 158 which is normally fast
      with the sleeve 151 through the medium of a cotter pin 159 inserted in a
      hole 160 in the shaft 158 itself. More particularly, the cotter pin 159 is
      slidable in the hole 160 and is urged radially outwards by a compression
      spring 164 to engage with one or the other of two diametrically opposite
      holes 162 and 163 in the sleeve 151. The cotter 159 is provided with a
      stud 165 which there can engage an inclined surface 166 of a pin 168
      slidable in an axial hole 169 of the shaft 158. The upper end of the pin
      168 is shaped in the form of a key 170 having a cavity 171 in which a
      compression spring 172 is housed.
PAR  The pin 168 is provided with an opening 173 through which extends a cotter
      pin 174 fast with the shaft 158 and with a knob 175. This knob is provided
      with a cavity 176 in which the key 170 can move. The shaft 158 is in
      effect constituted by two half shafts, an upper half shaft 178 and a lower
      half shaft 179 interconnected by a joint 180 known per se and adapted to
      allow a certain offset between the two half shafts 178 and 179. The upper
      half shaft 178 has two eccentric portions 181 and 182, the first of which
      is located in correspondence with a hollow space 184 of the frame 148,
      while the second is housed rotatably in a corresponding eccentric seat 185
      of the sleeve 151. The lower half shaft 179 also has two eccentric
      portions 186 and 187, the first of which is located in correspondence with
      a hollow space 189 of the frame 148, while the second is housed rotatably
      in a corresponding eccentric seat 190 of the sleeve 151.
PAR  When the cotter 159 is inserted in the hole 162 as in FIG. 10, the axis of
      the eccentric portion 182 (FIG. 13) is eccentric to the left by an amount
      q with respect to the axis of the sleeve 151, while the axis of the
      eccentric portion 181 is also eccentric to the left by an amount 2q with
      respect to the axis of the sleeve 151. Similarly, the axis (FIG. 14) of
      the eccentric portion 187 is eccentric to the right by an amount p with
      respect to the axis of the sleeve 151, while the axis of the eccentric
      portion 186 is also eccentric to the right by an amount 2p with respect to
      the axis of the sleeve 151. The quantities or amounts q and p are in a
      predetermined relation to one another to which reference will be made
      hereinafter.
PAR  When the cotter 159 (FIG. 10) is inserted in the hole 163, the shaft 158 is
      rotated through 180.degree. with respect to the sleeve 151 and the axes of
      the eccentric portions 181 and 186 coincide with the axis of the sleeve
      151 (FIGS. 13 and 14).
PAR  Mounted on the eccentric portion 181 of the shaft 158 (FIG. 10) through the
      medium of a rolling bearing 200 is an arm 199 housed in the hollow space
      184 of the frame 148 and in a cavity 204 of the projection 149. Mounted in
      turn on the eccentric portion 186 through the medium of another rolling
      bearing 202 is an arm 201 housed in the hollow space 189 of the frame 148
      and in a cavity 205 of the projection 150. The arms 199 and 201 are also
      of equal length.
PAR  Each of the arms 199 and 201 has a cylindrical portion 196 having a slotted
      hole 206 which bears slidably on two prismatic guides 207 and 208 (FIG.
      12) formed integrally in the cavities 204 and 205 of the projections 149,
      150 (in FIG. 12 only the arm 199 is indicated in section). The guide 207
      is provided with a vertical track 210 parallel to the axis of the
      respective arm 199, 201, while the guide 208 is provided with two tracks
      211 and 212 which are also vertical and parallel to the first-mentioned
      track. On the tracks 210, 211, 212 there can roll three bearings 213, 214
      and 215 mounted on a pin 217 (FIG. 10) fixed to the respective arm 199,
      201 and the ends of which are fixed to the arms 199, 201 halfway along the
      length thereof. Finally, each of the arms 199 and 201 is guided between
      two vertically adjustable ball-bearing guide blocks 218.
PAR  At the ends of the arms 199 and 201 there are fixed two wireguiding heads
      222 and 223. More particularly, the head 222 comprises a guide pin 225
      having a groove 227 (FIG. 11) which guides the cutting wire 15, and a
      roller 229 (FIG. 10) on which the wire 15 bears slidably. The pin 225 and
      the roller 229 are fixed to a support 230 which is fixed on a dovetail
      guide 232 and is insulated with respect to the latter by an insulating
      plate 233. The guide 232 can move in a corresponding recess of a support
      235 of the head 222 by means of an adjusting screw 236 which can be
      screwed into the body of the guide 232 (FIG. 11) and is retained axially
      by a lug 237 of the support 235. A locking screw 239 fixes the guide 232
      in the desired position through the medium of a shoe 240.
PAR  The support 235 is movable in turn on the end of the arm 199 in the
      direction of the axis of the latter by means of a second adjusting screw
      242 which can be screwed into the end of the arm and is retained axially
      by the same support 235. The support is then locked by means of a locking
      screw 244. The dovetail guide 232 is moreover provided with a through hole
      245 in correspondence with the screw 242 for the purpose of acting on this
      screw.
PAR  The head 223 (FIG. 10) also comprises a guide pin 247 and a roller 248
      similar to the corresponding elements 225 and 229 of the head 222 and
      fixed to a support 249. The support 249 is fixed at the end of the arm 201
      by means of a ceramic inusulating cotter pin 250. The support 249 is
      moreover insulated from the arm 201 by means of an insulating layer 251.
PAR  The two heads 222 and 223 are disposed on opposite sides with respect to
      the lower surface of the plate 7 to be cut and the wire 15 is divided by
      the said lower surface into two sections the length of which is indicated
      in FIG. 10 by the references Q and P and is proportional to the
      above-described eccentricities q and p.
PAR  The worm 156 (FIG. 11) is rotated by a direct-current motor 257 through a
      flexible coupling 258 and a speed reducer 259 which are known per se. The
      machine comprises a resolver 260 having two fixed coils 271 and 272 (FIG.
      16) and a movable coil 273. The rotor of the resolver 260 (FIG. 11),
      bearing the movable coil 273, is fast with a gear 262 meshing with a
      toothed wheel 157 fixed on the sleeve 151 (see also FIG. 10). The gear 262
      is provided with a play take-up device known per se.
PAR  The rotary movements of the sleeve 151 are controlled by a negative
      feedback servosystem to which the motor 257 is subordinate.
PAR  This servosystem also comprises the punched tape reader 96 (FIG. 15), the
      adaptive control unit 98 and the linear interpolator 97.
PAR  The quantities hx and hy computed by the interpolator 97 are sent to two
      staticizing registers 266 and 267, respectively, of the flip-flop type.
      Each of the registers 266 and 267 has five hundred and twelve possible
      configurations, since it must store the 8-bit digits hx and hy, plus their
      positive or negative sign. The digits stored in the registers 266 and 267
      are converted into analogue signals V.sub.1 and V.sub.2, proportional to
      hx and hy, respectively, by two digital-to-analogue converters 268 and
      269, which are timed by an oscillator 270. The signals V.sub.1 and V.sub.2
      are then input to the resolver 260 and go to supply the two fixed coils
      271 and 272, respectively, of the resolver (FIG. 16).
PAR  As is known, the coils 271 and 272 produce the two components of a
      resultant magnetic field which are proportional to the signals V.sub.1 and
      V.sub.2 and therefore to .DELTA.x and .DELTA.y, which are the movement
      increments of the tables 4 and 5. In fact, .DELTA.x and .DELTA.y are
      proportional to hx and hy, being obtained by repeated addition of these
      quantities. The resultant field forms with the coils 271 and 272 two
      angles equal to the angles which the perpendicular to the profile of the
      workpiece obtained by the movement increment of the tables 4 and 5 forms
      with the coordinated axes X and Y.
PAR  The resolver 260 (FIG. 15) supplies as output an error signal E1 which
      represents in value and sign the angular deviation between the movable
      coil 273 (FIG. 16) and the resultant field. A demodulator 275 (FIG. 15)
      converts the signal E1 into the continuous signal E2, which is amplified
      by an amplifier 276 and feeds the motor 257. The motor causes the sleeve
      151 (FIG. 11) to rotate by means of the worm 156 and the worm wheel 155.
      The rotary movements impressed by the motor 257 on the sleeve 151 are of
      the same sign and proportional to the aforesaid angular deviation. The
      speed of rotation of the motor 257 and the transmission ratio of the pair
      of elements consisting of the worm 156 and the worm wheel 155 are
      predetermined so that the speed of the rotary movements of the sleeve 151
      is compatible with the electrical cutting conditions existing between the
      wire 15 and the plate 7 (FIG. 10). Through the medium of the pair of
      toothed wheels 157 and 262 (FIG. 11), the sleeve 151 causes the resolver
      260 to rotate in turn in the sense in which the aforesaid deviation is
      reduced, until this deviation is nullified.
PAR  More particularly, since the toothed wheels 157 and 262 have an equal
      number of teeth and the resolver 260 has five hundred and twelve possible
      positions, there is a resolving power of the rotary movements of the
      sleeve 151 of about 42'. Moreover, the mutual position between the sleeve
      151 and the resolver 260 is such that, when the quantity hx is nullified
      and the quantity hy is negative, the position of the shaft 158, with the
      cotter 159 inserted in the hole 162, is that indicated in FIGS. 13 and 14.
      In this position, the axes of the eccentric portions 181 and 186 are
      disposed on the axes of the arms 199 and 201, to the left and right,
      respectively, by the amounts 2q and 2p with respect to the axis of
      rotation of the sleeve 151. This position will be referred to hereinafter
      as the reference position.
PAR  The machine of FIG. 10 operates in the following manner.
PAR  FIGS. 13 and 14 show two circumferences 281 and 282 described respectively
      by the axis of the eccentric portion 181 and by the axis of the eccentric
      portion 186 in a complete revolution of the sleeve 151. FIG. 18 shows the
      circumferences 283 and 284 described by the heads 222 and 223 because of
      the rotations and movements that the arms 199 and 201 perform following
      the movement of the eccentric portions 181 and 186. More particularly, the
      circumferences 283 and 284 have a radius equal to 2q and 2p and are
      respectively equal to the circumferences 281 and 282, the pins 217 being
      located halfway along the arms 199 and 201. Moreover, the circumferences
      281, 282, 283, 284 are located in the plane XY, the various movements of
      the arms 199 and 201 taking place in this plane. The wire 15 is therefore
      turned each time about the point of contact with the lower surface of the
      plate 7. This is due to the proportion obtaining between the lengths Q and
      P of the segments into which this surface divides the wire 15 and the
      legth of the radii of the circumferences 283 and 284 (FIG. 18). It will
      readily be understood that the wire 15 turns describing two cones having
      the circles 283 and 284 as bases. The apex about which the wire 15 turns
      is the point of contact with the lower surface of the plate 7. The rake
      that the wire 15 produces is now constant and is defined by the equation
      tg .alpha.=2q/Q, in which .alpha. is the rake itself.
PAR  Let it now be assumed that it is necessary to cut in the plate 7 (FIG. 17)
      an opening having a mixed-line profile 280. FIG. 17 shows the plate 7 as
      seen from above. The profile 280 is composed of sections with ends at the
      points A, B, C, D, E, F, with the sections AB, DE rectilinear and parallel
      to the axis Y, the sections CD, FA rectilinear and parallel to the axis X,
      the section EF rectilinear and inclined with respect to the axes X and Y,
      while BC is a circular arc. The plate 7 moreover has a through hole 114
      located at the side of the mid point P1 of the section AB from which it is
      desired to begin the cutting, which is then executed following the profile
      280 clockwise.
PAR  First of all, the heads 222 and 223 (FIG. 10) are brought on to the same
      vertical by inserting the cotter 159 in the hole 163 of the sleeve 151. To
      this end, it is necessary to lower the pin 168 by depressing the key 170
      in opposition to the action of the spring 172. The inclined surface 166 of
      the pin 168, co-operating with the stud 165 of the cotter 159, shifts the
      latter to the left, withdrawing it from the hole 162. The knob 175 is then
      rotated, the key 170 being released at the same time. The pin 168 returns
      upwardly through the action of the spring 172, releasing the cotter 159,
      as a result of which when it is in correspondence with the hole 163 it is
      inserted therein by the spring 164.
PAR  When the cotter 159 is inserted in the hole 163, the axes of the eccentric
      portions 181 and 186 coincide with the axis of the sleeve 151 (FIGS. 13
      and 14) and, therefore, the arms 199 and 201 (FIG. 10) being of equal
      length, the heads 222 and 223 will be located on the same vertical to the
      plane XY.
PAR  As is known, the point 0, the centre of the plate 7, is now positioned on
      the vertical passing through the heads 222 and 223 (FIG. 10). The machine
      is then started with the supply unit 22 (FIG. 1) cut out. The tape reader
      96 (FIG. 15) reads the first block of instructions, which supplies the
      co-ordinates of the point P0 (FIG. 17) inside the hole 114 and located at
      the same distance as the point P1 from the axis X. The interpolator 97
      (FIG. 15) computes the quantities hx and hy corresponding to the movement
      of the tables 4 and 5 adapted to bring the point P0 to 0.
PAR  The positive quantities hx and hy are stored by the registers 266 and 267.
      Through the digital-to-analogue converter 268, the register 266 transmits
      the signal V.sub.1 to the coil 271 (FIG. 16) of the resolver 260 and a
      field proportional to hx is therefore generated in this coil 271.
      Similarly, through the converter 269, the register 267 (FIG. 15) transmits
      the signal V.sub.2 to the coil 272 (FIG. 16), in which a field
      proportional to hy is generated. The resolver 260 then supplies as output
      the positive signal E1 proportional to the angular deviation between the
      movable coil 273 and the resultant field. The signal E1, demodulated and
      amplified by the demodulator 275 and the amplifier 276, respectively,
      feeds the motor 257. The motor, by means of the worm 156 (FIG. 11) and the
      worm wheel 155, rotates the sleeve 151 anticlockwise. This, in turn,
      rotates by the same amount, but in the opposite sense, the movable coil
      273 of the resolver 260, reducing the angular deviation thereof until it
      is nullified. The rotation of the sleeve 151 is followed by the shaft 158
      (FIG. 10), but this does not cause any shifting of the arms 199 and 201
      and the heads 222 and 223, the axes of the portions 181 and 186 being in
      coincidence with the axis of the sleeve 151. When the point P0 (FIG. 17)
      reaches 0, the tables 4 and 5 stop.
PAR  The operator then mounts the wire 15 on the machine, causing it to pass
      through the hole 114. The wire 15 mounted in this way now passes exactly
      through the point P0 and should be vertical, the heads 222 and 223 not
      having shifted. If the wire 15 is not exactly vertical, a further
      adjustment of the position of the heads 222 and 223 can be made by means
      of the adjusting screws 236 and 242, with which the upper head can be
      moved perpendicularly and parallel to the axis of the arm 199.
PAR  Before beginning the cutting of the section P0-P1, the cotter 159 (FIG. 10)
      is inserted in the hole 162 by an operation similar to that already
      described for inserting it in the hole 163. The shaft is now rotated
      through 180.degree. with respect to the previous position, while the
      sleeve 151 remains stationary. The eccentric portions 181 and 186 then
      cause the arms 199 and 201 to move and they incline the wire 15 in
      accordance with the rake which should be required by the movement P0-0.
      This movement can take place freely, since the wire 15 is in the hole 114.
PAR  In a second stage, the operator switches on the supply unit 22 (FIG. 1) and
      starts the machine. The tape reader 96 (FIG. 15) now supplies the
      co-ordinates of the point P1 (see also FIG. 17) to the interpolator 97,
      which computes the quantities hx and hy corresponding to the distance of
      movement of the tables 4 and 5. The quantity hx  is positive and is stored
      by the register 266, while the quantity hy is zero. Through the
      digital-to-analogue converter 268, the register 266 transmits the signal
      V.sub.1 to the fixed coil 271 (FIG. 16) of the resolver 260, while no
      signal reaches the coil 272.
PAR  The position of the movable coil 273 at the instant when the signal V.sub.1
      arrives depends on the direction of the segment P0-0 previously travelled
      by the plate 7. Since, as has already been seen, this movable coil 273 is
      disposed with respect to the fixed coils 271 and 272 in accordance with
      the perpendicular to the profile, the coil 273 is now disposed
      perpendicularly to the segment P0-0. There is therefore an angular
      deviation between the coil 273 and the direction of the resultant field,
      which coincides for the section P0-P1 with the field of the coil 271. This
      angular deviation is obviously equal to the angle between the segment P0-0
      and the segment P1-P0.
PAR  The resolver 260 supplies as output a positive signal E1 proportional to
      the angular deviation. The signal E1, demodulated by the demodulator 275
      and amplified by the amplifier 276, feeds the motor 257. By means of the
      worm 156 and the worm wheel 155, the motor rotates the sleeve 151
      anticlockwise and, by means of the wheels 157 and 262, the sleeve causes
      the coil 273 of the resolver 260 to rotate by the same amount but
      clockwise, reducing the angular deviation thereof until it is nullified.
      When this angular deviation is nullified, the sleeve 151, which has
      performed the same rotation as the resolver 260, is rotated clockwise
      through 90.degree. with respect to the mentioned reference position,
      together with the shaft 158 (FIG. 100, so that the eccentric portions 181
      and 186 cause the arms 199 and 201 to be shifted correspondingly.
PAR  In FIG. 17, a line 286 indicates the line described by the point of contact
      of the wire 15 with the upper surface of the plate 7. This line 286 shows
      that the aforesaid point of contact has shifted from the point S
      corresponding to the section 0-P0 to the point G corresponding to the
      section P0-P1. In the zone between the two lines 280 and 286 there are
      marked segments 287 which indicate in various positions the segment of
      wire 15 between the two surfaces, that is the upper and lower surfaces, of
      the plate 7 in which the wire 15 is rotated through a negative rake with
      respect to the plane ZY and perpendicular to the section P0-P1 of the
      profile 280. The wire 15 therefore cuts the section P0-P1 (FIGS. 15 and
      17) as far as the point P1, keeping itself constantly inclined by the same
      rake. This is the case inasmuch as the quantities hx and hy remain equal
      for the whole of the section P0-P1.
PAR  When the wire 15 has reached P1, the interpolator 97 computes for the
      section P1-B the two values hx equal to zero and hy negative which
      correspond to the mentioned reference position. The servosystem which
      controls the rotations of the sleeve 151 therefore brings the axes 181 and
      186 of the eccentric portions into the reference position by means of an
      anticlockwise rotation of the same sleeve 151 through 90.degree.. The
      heads 222 and 223 (FIG. 18) rotate clockwise along the circumferences 283
      and 284, rotating the wire 15 in their turn by the same amount. The wire
      15 is finally inclined positively with respect to the plane XZ by the
      angle .alpha..
PAR  Throughout the time in which the wire 15 rotates or turns, the tables 4 and
      5 remain substantially stationary owing to the intervention of the
      adaptive control unit 98 (FIG. 15), and therefore the point of contact of
      the wire 15 with the lower surface of the plate 7 remains substantially at
      P1 (FIG. 17), while the point of contact with the upper surface shifts
      from the point H to the point I. The wire 15 then cuts the section P1-B,
      reaching the position indicated by the points B and L.
PAR  The section BC is covered through a segmentation. To form the segments into
      which the section BC is divided, the interpolator computes the quantities
      hx and hy of each segment at the end of the cutting of the preceding
      segment, in known manner. For the nth segment, the resolver 260 (FIG. 15)
      detects a negative angular deviation with respect to the preceding
      segment, translating it into the error signal E1, which is always negative
      in this case. This signal acts on the servosystem, which causes the sleeve
      151 to turn anticlockwise through an angle equal to the angular deviation.
      The sleeve 151, in turn, rotates clockwise through the same angle the
      heads 222 and 223 bearing the wire 15 perpendicular to the aforesaid nth
      segment. This is repeated for the n + 1th segment and so on. The section
      BC is therefore cut with a constant rake, the wire 15 being kept always
      perpendicular to the segments into which this section is subdivided. The
      cutting continues in similar manner in the sections CD, DE, EF, FA, AP1
      with the wire 15 inclined in the various sections as indicated in FIG. 17.
PAR  It is clear from the foregoing that the cutting wire 15 is supported at two
      points 12, 13 and 225, 247 on opposite sides with respect to the workpiece
      to be cut and that these points are movable so as to effect a cutting
      inclined variably with respect to the surface of the piece 7. More
      particularly, as regards the machine of FIG. 10, with variation in any
      manner whatsoever of the inclination of the profile to be cut with respect
      to the coordinated axes X and Y, the wire 15 is maintained constantly
      perpendicular to the profile throughout the cutting of the plate 7 and
      produces a constant rake along the whole of the said profile.
PAR  It is understood that various other modifications, improvements and
      additions of parts may be made in the machines for cutting metal
      workpieces which have been described hereinbefore without departing from
      the scope of the invention. For example, the interpolator 97 may be of
      circular type instead of linear type. In this case, the quantities hx and
      hy are variable from point to point, without substantial differences in
      the execution of the rake. Moreover, the machine programme may be
      prearranged so that when there is a sudden change of direction in the
      profile to be cut, for example at the angles of the profile, the
      interpolator 97 is inhibited during the turning of the wire 15, so that in
      these zones the regulation of the speed of movement of the wire 15 is
      effected by the adaptive control unit 98, which controls the electric
      valves 92-95 (FIG. 7) of the machine of FIGS. 2-7, or the motor 257 of the
      machine of FIGS. 10-17.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for cutting a metal workpiece by electroerosion, comprising:
PA1  an electrode tool maintained by two tool supports on opposite sides of a
      workpiece to be cut;
PA1  controllable means for adjusting the position of at least one of said tool
      supports for variably inclining said tool with respect to a reference
      plane associated with said workpiece to position said tool at a cutting
      angle;
PA1  means for relatively displacing said workpiece and said one tool support
      along a pair of coordinates for cutting said workpiece along a
      predetermined path defined by variable acceleration components of the
      predetermined path; and
PA1  means solely responsive to said variable acceleration components for
      controlling said adjusting means in accordance with said variable
      acceleration components to maintain the tool at a cutting angle during the
      cutting along said predetermined path.
NUM  2.
PAR  2. Apparatus for cutting a metal workpiece by electroerosion in which an
      electrode tool is maintained by two tool supports on opposite sides of a
      workpiece to be cut, comprising:
PA1  a movable workpiece support for moving said workpiece relative to said
      electrode tool on a reference plane associated with said workpiece and
      defined in accordance with two orthogonal coordinate axes;
PA1  feed means responsive to position signals for effecting said relative
      movement of said workpiece support and said tool for enabling a
      predetermined profile to be cut in said workpiece;
PA1  adjusting means responsive to command signals for adjusting the position of
      at least one of said tool supports relative to the other for enabling said
      electrode tool to have a cutting angle with respect to the perpendicular
      to said reference plane;
PA1  interpolating means fed on the basis of a path defined in digital form on a
      record member and on the basis of the voltage between the tool and the
      workpiece for generating said position signals defining the movements of
      said workpiece support with respect to said orthogonal coordinate axes as
      a function of variable acceleration components along said axes to effect
      the cutting of the workpiece along said profile according to the defined
      path; and
PA1  intermediate means solely responsive to said variable acceleration
      components for generating said command signals which are supplied to said
      adjusting means for adjusting the position of said tool supports to
      maintain the electrode tool at a cutting angle as said workpiece is cut
      along the profile.
NUM  3.
PAR  3. Apparatus according to claim 2, further comprising means responsive to
      the potential between said tool and the workpiece to arrest temporarily
      movement of said workpiece support during the intervals in which the
      adjusting means are effecting the movements of said tool supports.
NUM  4.
PAR  4. Apparatus as set forth in claim 2, wherein the positions of said tool
      supports are adjustable in directions parallel to said reference plane.
NUM  5.
PAR  5. Apparatus as set forth in claim 2, wherein said tool comprises a wire
      member tensioned between said tool supports and adapted to be excited by a
      voltage for effecting cutting of said profile in said workpiece.
NUM  6.
PAR  6. Apparatus as set forth in claim 2, wherein said tool supports are
      adjustable in opposite directions for causing said tool to always
      intersect said reference plane and said profile.
NUM  7.
PAR  7. Apparatus as set forth in claim 2, wherein said adjusting means rotates
      said tool about each of said coordinate axes by an angle from the
      perpendicular to said reference plane whose sense is determined by the
      feed direction of said workpiece support along that axis.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the magnitude of said angle is
      constant in respect of each axis.
NUM  9.
PAR  9. Apparatus according to claim 7, wherein said adjusting means maintains
      the angle of rotation about either axis as long as the feed direction of
      said workpiece support along that axis is constant or there is no feed
      along that axis and only reverses the sense of the angle when feed along
      that axis in the opposite direction is instituted.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said adjusting means restores
      said tool to a position in which the angle from the perpendicular about
      either axis is zero when there is no feed along that axis.
NUM  11.
PAR  11. Apparatus according to claim 7, wherein said tool supports are disposed
      at the ends of two corresponding arms movable in two planes parallel to
      said reference plane, whereby said tool supports are shifted in opposite
      directions.
NUM  12.
PAR  12. Apparatus according to claim 11, wherein the movements of the arms are
      produced by means of two pairs of cams, each of the pairs being formed by
      cams of like profile but mutually offset through 180.degree., the said two
      planes being equidistant from said reference plane and the two cams of
      each pair acting on the two arms respectively.
NUM  13.
PAR  13. Apparatus according to claim 12, wherein the rotation of each of the
      pairs of cams is obtained by means of a corresponding hydraulic device
      controlled in conjunction with the movement of said workpiece support.
NUM  14.
PAR  14. Apparatus according to claim 13, wherein the hydraulic device comprises
      a cylinder and a piston fixed with a rack meshing with a pinion, the cams
      of the corresponding pair being coaxial and fixed with the pinion.
NUM  15.
PAR  15. Apparatus according to claim 14, wherein each of the arms comprises a
      slider slidable on and pivoting on an element carried by an associated
      fixed support, one pair of the cams engaging the corresponding sliders in
      such manner as to cause each of them to slide on the said element, the
      other pair of cams engaging the sliders in such manner as to cause each of
      them to pivot about the said elements.
NUM  16.
PAR  16. Apparatus according to claim 15, wherein each of said elements is
      constituted by a pin engaging a slotted hole disposed longitudinally in
      the corresponding slider, spring means being provided to urge each slider
      into engagement with the corresponding cams of the two pairs.
NUM  17.
PAR  17. Apparatus according to claim 16, wherein the two pairs of cams are
      disposed on cam axes parallel to one another and perpendicular to the
      sliders, the two cylinders being disposed in two different planes
      perpendicular to the cam axes.
NUM  18.
PAR  18. Apparatus according to claim 17, comprising means capable of being
      preset manually to limit the stroke of the hydraulic piston so as to
      select the angle of said tool.
NUM  19.
PAR  19. Apparatus according to claim 7, wherein the adjusting means cause the
      angles of rotation about the two axis to be such that the magnitude of the
      angle of rotation of said tool about the actual feed direction of the
      table, compounded of the feed along the two axes, is constant.
NUM  20.
PAR  20. Apparatus according to claim 19, wherein the adjusting means comprise
      two first eccentric members acting on the two tool supports respectively
      to displace said two tool supports in opposite directions by constant
      amounts proportional to the distance of said tool supports from said
      reference plane, which directions are parallel to a line in said reference
      plane with an orientation determined by the rotational angle of the
      eccentric members, the adjusting means including a servomechanism adapted
      so to rotate the eccentric members that the said line is perpendicular to
      the actual cutting direction.
NUM  21.
PAR  21. Apparatus according to claim 20, wherein the servomechanism comprises a
      resolver with stator windings energized by signals proportional to the
      table velocities along the two coordinate axes and a rotor winding
      providing an error signal controlling a motor which drives the first
      eccentric members to null out the error signal.
NUM  22.
PAR  22. Apparatus according to claim 21, wherein the two first eccentric
      members are each fixed with respect to a shaft, each shaft having a second
      eccentric member fixed thereto with an eccentricity of one half that of
      the corresponding first eccentric member and which is in phase therewith.
NUM  23.
PAR  23. Apparatus according to claim 22, wherein each second eccentric member
      is housed in a corresponding hole of a common sleeve, each hole being
      offset with respect to the axis of the sleeve by an amount equal to the
      eccentricity of the corresponding second eccentric member.
NUM  24.
PAR  24. Apparatus according to claim 23, wherein said shift is adapted to be
      fixed to the sleeve in two positions mutually offset through 180.degree.,
      in one of which the first eccentric members are coaxial with the sleeve.
NUM  25.
PAR  25. Apparatus according to claim 24, wherein the motor is adapted to rotate
      the eccentric members by use of a worm and a worm wheel.
NUM  26.
PAR  26. Apparatus according to claim 25, wherein the rotor of said resolver is
      connected to the sleeve by use of a pair of gears with a one-to-one
      transmission ratio.
NUM  27.
PAR  27. Apparatus according to claim 26, wherein each tool support is carried
      by an arm which comprises a slider slidable and pivoting on guide means
      carried by a corresponding fixed support, the first eccentric members
      engaging the corresponding sliders so as to cause them each to slide and
      pivot on the said elements.
NUM  28.
PAR  28. Apparatus according to claim 27, wherein the guide means comprise a pin
      on which the corresponding arm can pivot and slide and which is located
      halfway between the two ends of the corresponding arm.
NUM  29.
PAR  29. Apparatus according to claim 2, wherein said workpiece support is moved
      along the two axes under the control of interpolator means controlled on
      the basis of a path recorded in digital form a recording member and on the
      basis of the voltage between said tool and the workpiece, said
      interpolator means being adapted to generate command signals for the
      movement of said tool supports in planes parallel to the cutting plane.
NUM  30.
PAR  30. Apparatus according to claim 29, further comprising adaptive control
      means for controlling the speed of said workpiece support relative to said
      tool in accordance with the voltage between said tool and the workpiece at
      predetermined time intervals.
NUM  31.
PAR  31. Apparatus according to claim 30, wherein said interpolator means
      comprises means responsive to an element indicating the existence of the
      movement of said workpiece support along the corresponding coordinate
      axis, and by an element indicating the direction of movement of said
      workpiece support.
NUM  32.
PAR  32. Apparatus according to claim 31, wherein the element indicating the
      direction of movement of said workpiece support is controlled by speed
      increment signals of the corresponding coordinate axis computed by the
      interpolator for each section of the profile defined by the dimensions
      recorded on the recording member.
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ABST
PAL  A conductive hermetic sealing cover for a container is fabricated by
      disposing the cover with a superimposed preformed heat-fusible conductive
      ring having outer dimensions similar to those of the cover in a shallow
      cavity of a nonconductive supporting member, the cavity having dimensions
      only slightly larger than those of the cover to secure registration
      between the ring and the periphery of the cover. A plurality of pairs of
      spaced electrodes are resiliently engaged with the ring with substantially
      equal contact pressures and a separate pulse of current is passed between
      the electrodes of each pair and through the ring and the cover, thereby
      producing an effective spot weld between the ring and the cover adjacent
      each of the electrodes. The term "ring" is used herein and in the appended
      claims in its generic sense to include a closed loop of conductive
      material of any configuration corresponding to the periphery of the cover,
      usually round or rectangular. The cover so fabricated is then applied to
      seal a container consisting of a body having a cavity therein by
      assembling the cover on the body with the sealing ring in contact with the
      body surrounding the cavity and then heating the assembly to a temperature
      sufficient to fuse the ring to the cover and to the body.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of pending application Ser. No. 454,773,
      filed Mar. 25, 1974, now U.S. Pat. No. 3,874,549, issued Apr. 1, 1975
      entitled "Method of Fabricating an Hermetically Sealed Container and a
      Sealing Cover Therefor" which, in turn, is a division of application Ser.
      No. 257,390, filed May 26, 1972, now U.S. Pat. No. 3,823,468, issued July
      16, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of fabricating a sealing cover for use
      in fabricating an hermetically sealed container including a semiconductor
      device.
PAR  As is well known, it has become conventional hermetically to seal a
      semiconductor device in the cavity of a metallic or ceramic body to
      protect the device from adverse atmospheric effects and to provide
      physical protection. In the case of a ceramic body, a metallic ring is
      usually imbedded in or fused into the body surrounding the cavity
      containing the semiconductor device.
PAR  Heretofore it has been the practice hermetically to seal the semiconductor
      device in the cavity of the body by placing a preformed ring of
      heat-fusible material, such as a gold-tin eutectic solder, on the body and
      surrounding the cavity and, in the case of a ceramic body, with an
      imbedded metallic ring in registry with that ring, and heating the
      assembly to fuse the ring to the cover and to the body.
PAR  The solder material of the ring may be brittle and its dimensions are so
      small that the ring is very fragile and extremely difficult to handle
      during assembly. Because of the difficulty of handling such sealing rings,
      it has also been difficult to ensure accurate registration between the
      ring and the periphery of the cover and of the cavity in which the
      semiconductor device is mounted. As a consequence, there has been a
      substantial yield loss in the finished semiconductor assemblies due to the
      defects in the hermetic seal.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the method of fabricating an hermetic
      sealing cover for a container comprises superimposing a preformed ring of
      heat-fusible material upon the sealing cover and in registry with the
      periphery thereof and locally heating the ring to a fusing temperature at
      a plurality of spaced points, thereby producing an effective attachment
      between the ring and the cover at each of the points.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following
      description, taken in connection with the accompanying drawing, while its
      scope will be pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a block diagram of an apparatus for fabricating an hermetically
      sealed container including the fabrication of a sealing cover in
      accordance with the method of the invention;
PAR  FIG. 2 is a perspective view of an apparatus for attaching a preformed
      solder ring to a cover for the container in accordance with the invention;
      while
PAR  FIG. 3 is a perspective exploded view of an hermetically sealed
      semiconductor device illustrating the method of its fabrication.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, in FIG. 1 are represented, in schematic form,
      the three basic steps in fabricating an hermetically sealed container. In
      unit 10, a preformed sealing ring is attached to the cover, as described
      hereinafter. In unit 11, the cover-ring unit is assembled with the body
      and in unit 12, which may be a baking oven, the temperature of the
      assembly is raised to a value at which the sealing ring is fused to the
      cover and to the body, completing the hermetic seal.
PAR  Referring to FIG. 2, there is shown an apparatus suitable for performing
      the method of fabricating the hermetic sealing cover in accordance with
      the invention as represented by unit 10 of FIG. 1. In this figure, a flat
      cover 13 with a superimposed heat-fusible conductive ring 14 is disposed
      in a shallow cavity 15 of a nonconductive supporting member 16, the cavity
      having dimensions only slightly larger than those of the cover 13 and the
      ring 14 to secure registration between the ring 14 and the periphery of
      the cover. The cover 13 may be, for example, a cobalt-nickel-iron alloy
      commercially available under the trademark "KOVAR" having a thickness of
      the order of 0.010 inch while the ring 14 is typically, for example, a
      gold-tin eutectic alloy having a thickness of the order of 0.002 inch and
      the same outer dimensions as those of the cover 13. In the drawing, the
      thickness dimensions of the elements 13 and 14 are greatly enlarged for
      the sake of clarity.
PAR  The assembling apparatus of FIG. 2 further comprises a plurality of pairs
      of spaced electrodes 17,18 and 19,20, the latter being hidden from view.
      The electrodes 17-20 are slidably supported in holders 21-24, inclusive,
      and biased downwardly by enclosed springs 25-28, respectively, depending
      from an actuating plate 29. The plate 29 is connected to an actuating
      cylinder 30 of any conventional type so that, when in normal position and
      depressed downwardly, the electrodes 17-20, inclusive, resiliently engage
      the sealing ring 14 with substantially equal pressures. A separate pulse
      of current is then passed between the electrodes of each pair.
      Specifically, a current pulse from a source 31 is applied between
      electrodes 17 and 18, the source 31 being excited from power supply
      terminals 32 through a switch 33. Similarly, a pulse of current is passed
      between the electrodes 19 and 20 from a current pulse source 34 energized
      from supply terminals 35 through a switch 36. It is also possible to
      perform the spot welding by using one power supply where current is passed
      through the pairs of electrodes as indicated above.
PAR  In the operation of the apparatus of FIG. 2, after the cover 13 and sealing
      ring 14 have been disposed in the cavity 15 as illustrated, the member 29
      is depressed by the actuating cylinder 30 so that the electrodes 17-20
      resiliently engage the sealing ring 14 at the points 37-40, respectively.
      In this manner, current flows from one electrode of a pair through the
      cover and the sealing ring and out of the other electrode. Actually, the
      current path is divided between the sealing ring and the cover but
      sufficient current passes through the point where the electrode engages
      the sealing ring to form a spot weld between the ring and the cover, as
      indicated. If all of the electrodes were attached to a single power
      supply, the current would divide between the several electrodes in
      proportion to the several resistance paths, some electrodes carrying more
      current than others so that certain of the electrodes might not form a
      reliable spot weld.
PAR  After the sealing ring 14 has been attached to the cover 13 as just
      described, air is applied through a conduit 41 and a passage 42 through
      the supporting member 16 to the under side of the cover 13 to blow the
      cover from the cavity 15, for example into a receiving funnel of an
      automatic assembling apparatus.
PAR  In FIG. 3 is illustrated the method of attachment of the cover-sealing ring
      unit 13-14, fabricated as described, to a container 43 having a cavity 44
      in which is disposed a semiconductor device 45. As indicated, the
      container 43 is carried by an enlarged supporting member 46 which may be
      of ceramic material and carries terminal pins 47,48 sealed in the ceramic
      support 46 and terminating in the leads to the semiconductor device 45.
      The container 43 may be either of ceramic material or metallic; if
      ceramic, a conductive ring 49 is fused to the container surrounding the
      cavity 44.
PAR  The assembly represented in FIG. 3 with the cover 13 in place is then
      passed through a suitable belt furnace, such as the unit 12 of FIG. 1, for
      fusing the sealing ring 14 to both the cover 13 and the sealing ring 49,
      hermetically to seal the semiconductor device 45 in the cavity 44.
PAR  By the use of the assembling method described, the handling of the
      unsupported and fragile preformed sealing ring 14 is avoided, the cover 13
      being of sufficient rigidity to support this member. Further, there is no
      possibility that the preformed sealing ring will move out of registry with
      the lid and with the periphery of the cavity in the body during the
      sealing operations. Further, there is less likelihood that contamination
      will reach the sealing area. The method of fabrication described thus
      realizes lower cost because of lesser manual handling, higher yields,
      improved performance because of better registry, and minimized loss of
      parts. It also facilitates the automating of the assembly process for
      hermetic sealing with the attendant economic advantages of automatic
      production.
PAR  While there has been described what is, at present, considered to be the
      preferred embodiment of the invention, it will be obvious to those skilled
      in the art that various changes and modifications may be made therein,
      without departing from the invention, and it is, therefore, aimed in the
      appended claims to cover all such changes and modifications as fall within
      the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of fabricating an hermetic sealing cover for a container
      comprising:
PA1  superimposing a preformed ring of heat-fusible material upon a cover and in
      registry with the periphery thereof;
PA1  and locally heating said ring to a fusing temperature at a plurality of
      spaced points, thereby producing an effective attachment between said ring
      and said cover at each of said points.
NUM  2.
PAR  2. The method of fabricating an hermetic sealing cover for a container
      comprising:
PA1  superimposing a preformed ring of heat-fusible material upon a sealing
      cover and in registry with the periphery thereof;
PA1  and locally heating said ring to a fusing temperature at a plurality of
      spaced points by a plurality of spaced heat-generating elements, thereby
      producing an effective attachment between said ring and said cover at each
      of said points.
NUM  3.
PAR  3. The method of fabricating a metallic hermetic sealing cover for a
      container comprising:
PA1  superimposing a preformed ring of heat-fusible material upon a cover and in
      registry with the periphery thereof;
PA1  and locally heating said ring to a fusing temperature at a plurality of
      spaced points by engaging said ring with a plurality of spaced electrodes
      and passing a pulse of current through each of said electrodes, said ring,
      and said cover, thereby producing an effective attachment between said
      ring and said cover at each of said points.
NUM  4.
PAR  4. The method of fabricating a metallic hermetic sealing cover for a
      container comprising:
PA1  superimposing a preformed ring of heat-fusible material upon a cover and in
      registry with the periphery thereof;
PA1  and locally heating said ring to a fusing temperature at a plurality of
      spaced points by engaging said ring with one or more pairs of spaced
      electrodes and in which a pulse of current is passed through said ring,
      said cover, and through the electrodes of each pair in series, thereby
      producing an effective attachment between said ring and said cover at each
      of said points.
NUM  5.
PAR  5. The method of fabricating a metallic hermetic sealing cover for a
      container comprising:
PA1  disposing the cover with a superimposed preformed ring in a shallow cavity
      of a nonconductive supporting member, said cavity having dimensions only
      slightly larger than those of said cover to secure registration between
      said ring and the periphery of said cover;
PA1  and locally heating said ring to a fusing temperature at a plurality of
      spaced points, thereby producing an effective attachment between said ring
      and said cover at each of said points.
NUM  6.
PAR  6. The method of fabricating a metallic hermatic sealing cover for a
      container comprising:
PA1  disposing the cover with a superimposed preformed ring in a shallow cavity
      of a nonconductive supporting member, said cavity having dimensions only
      slightly larger than those of said cover to secure registration between
      said ring and the periphery of said cover;
PA1  locally heating said ring to a fusing temperature at a plurality of spaced
      points, thereby producing an effective attachment between said ring and
      said cover at each of said points;
PA1  and applying a jet of air to the bottom of said cavity after the fusing
      process to remove the cover from the cavity.
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ABST
PAL  Apparatus is described for welding a tube to a tube sheet in which the
      angular relationship of a weld torch supported in a rotor may be adjusted
      with respect to the rotor axis by changing or rotating a bushing in which
      the weld torch is supported in the rotor. The distance of the weld
      electrode from the axis of rotation of the rotor may also be separately
      adjusted.
BSUM
PAR  This invention relates generally to apparatus useful in the manufacture of
      steam generators, condensers, heat exchangers, and similar devices. More
      particularly, the invention relates to an improved apparatus for welding a
      tube to a tube sheet.
PAR  Steam generators, condensers, heat exchangers and similar types of devices
      sometimes incorporate a tube sheet. Generally, a tube sheet comprises a
      flat or curved wall which may face on or define a chamber. The tube sheet
      has a plurality of holes therein for accommodating a corresponding
      plurality of heat exchanger tubes. The tubes communicate with the chamber
      to pass fluid into the chamber or to carry fluid from the chamber,
      depending upon the particular design of the device.
PAR  Typically, the tubes are secured to the tube sheet, with their ends flush
      or approximately flush with the tube sheet, by means of a weld. The weld
      extends around the end of the tube at the periphery of the hole into which
      the tube is inserted.
PAR  Steam generators or similar apparatus may have a large number of tubes to
      be joined to the tube sheet and it is therefore preferred that some
      automated or semi-automated means be available to perform this task. The
      design of automated means for welding a tube to a tube sheet is difficult
      due to the necessity for precisely locating the welding electrode with
      respect to the area to be welded, and for maintaining a high electrical
      current to the weld electrode.
PAR  One particularly satisfactory means of welding tubes to tube sheets
      involves the so-called tungsten inert gas (T.I.G.) process, wherein a
      shroud of inert gas is maintained in the region being welded, and wherein
      a tungsten welding electrode is utilized. The problem of conveying the
      inert gas to the weld area and maintaining it there further complicates
      the design of efficient and reliable automated apparatus for welding a
      tube to a tube sheet. In the event it is also desired to provide a filler
      material in the weld region, additional design problems arise.
PAR  A tube to tube sheet weld generally takes one of three forms. In one form,
      a tube is inserted in a hole in a plate with the tube flush with the top
      surface of the plate. In a second form, a tube is inserted in a hole in a
      plate with the tube projecting above the surface of the plate. In a third
      form, the tube is inserted in a hole in a plate with the tube recessed
      below the surface of the plate. While the welding of the tube to the tube
      sheet is similar in all three forms described above, in each case the
      preferred orientation or attitude of the tip of the welding torch with
      respect to the annular region of the weld is different. Where the tube is
      flush with the top surface of the plate, the weld tip or tungsten
      electrode attitude should be at a right angle to the surface of the plate.
      Where the tube projects beyond the plane of the plate, the axis of the
      weld tip should be inclined away from the center or axis of the tube.
      Where the tube is recessed from the surface of the plate, the axis of the
      electrode should be inclined toward the axis of the tube.
PAR  Prior art tube to tube sheet welding apparatus typically employs a locator
      which enters the tube being welded to position the weld torch in relation
      to the tube. The weld torch is then orbited around the region of the weld
      during the welding process. Additional welding wire may be provided to the
      area to either build up the weld for structural considerations or to
      provide the addition of material not available in the metal of the parts
      being joined to alloy the weld for strengthening purposes. Such prior art
      devices often have made no provision for varying the distance and attitude
      of the weld torch tip with respect to the weld region. Even where such
      provision is made, adjustment has often been difficult and of limited
      scope. In addition, provision for feeding welding wire into the weld area
      in such prior art devices has often been complex and relatively
      unsatisfactory in operation.
PAR  It is an object of the present invention to provide improved apparatus for
      welding a tube to a tube sheet.
PAR  Another object of the invention is to provide tube to tube sheet welding
      apparatus wherein the attitude of the weld torch electrode may be easily
      selected with respect to the weld region.
PAR  Another object of the invention is to provide tube to tube sheet welding
      apparatus having provision for positive feed of weld wire at an infinitely
      variable rate.
PAR  A further object of the invention is to provide tube to tube sheet welding
      apparatus which is of relatively simple construction and low in cost and
      yet provides high versatility in the type and size of weld accommodated.
DRWD
PAR  Other objects of the invention will become apparent to those skilled in the
      art from the following description, taken in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a full section side view of apparatus constructed in accordance
      with the invention;
PAR  FIG. 2 is a side elevational view of the apparatus of FIG. 1;
PAR  FIG. 3 is a bottom end view of the apparatus of FIG. 1;
PAR  FIG. 4 is a top end view of the apparatus of FIG. 1 with parts in section;
PAR  FIG. 5 is a perspective view of a bearing support used in the apparatus of
      the invention;
PAR  FIG. 6 is a partly sectional view illustrating a further embodiment of the
      invention;
PAR  FIG. 7 is a perspective view of a part used in the embodiment of FIG. 6;
      and
PAR  FIG. 8 is a perspective view of a modified element of the apparatus of the
      invention.
DETD
PAR  Very generally, the apparatus of the invention includes a rotor 11 and
      means 12 for supporting and rotating said rotor about a rotor axis.
      Locator means 13 are provided for positioning the rotor axis with respect
      to the tube being welded. The rotor axis is indicated at 14. A bushing
      support 15 is mounted to the rotor for radial adjustment with respect to
      the rotor axis. A bushing 16 is supported offset from the rotor axis by
      the bushing support and is interchangeable therein. A weld torch 18 is
      supported in the bushing for rotation with respect thereto. The weld torch
      has a weld electrode 19 projecting therefrom on a tip axis 21. The
      relationship of the tip axis with respect to the bushing axis 17 is
      selectable by interchanging the bushing or by rotary adjustment of the
      bushing 16 with respect to the bushing support 15. This allows selection
      of the angular relation between the rotor axis 14 and the tip axis 21.
PAR  Referring now in greater detail to the invention as illustrated, the rotor
      11 is formed in two parts or sections 23 and 25. The two sections mate
      together at an annular step 27 and are mounted by a pair of axially spaced
      annular ball bearings 29 and 31 for rotation in a main housing 33.
PAR  The main housing 33 supports the rotor and is provided with a replaceable
      water-cooled purge cover 35. The purge cover 35 is located in a machined
      recess 37 in the main housing 33 and is provided with a plurality of
      internal coolant passages 39. A suitable coolant, such as water, is
      circulated through the passages 39 to assist in conducting heat from the
      weld region and weld torch during the welding operation. Suitable
      connectors 41 and 42 are provided in the purge cover to conduct coolant to
      the passages in the purge cover.
PAR  An annular wear plate 43 is bolted to the lower terminus of the purge cover
      35. The bottom side of the plate 43 establishes a fixed reference plane
      for the weld torch tip 19 and the surface of the tube sheet being welded.
      The plate 43 bears directly against the surface of the tube sheet and the
      spacing of the weld tip 19 from the surface of the tube sheet may be
      adjusted by loosening its clamp in the torch body.
PAR  The housing 33 is mainly of generally cylindrical shape but is provided
      with an appendage 45 from which extends an integral handle portion 47.
      Thus, the operator of the apparatus may support the apparatus manually by
      means of the handle portion 47. As may be seen in FIG. 2, a suitable
      control button 49, operable to actuate a microswitch 51, is provided to
      enable the operator to control the apparatus. A connector plug 53 is
      provided to connect the apparatus to a control console, not shown, of a
      type generally known in the art.
PAR  In order to provide power for rotating the rotor and thus orbit the weld
      tip 19 around the weld area, a drive motor 55 is provided mounted in the
      handle portion 47. Power to operate the motor 55 is carried by leads 57
      extending from the plug 53 to the motor. The rotational speed of the motor
      55 is adjustable by varying the voltage applied thereto. A motor shaft
      housing 58 projects from one end of the motor 55 and supports a motor
      shaft 59. The motor shaft rotates a miter gear 61 mounted on the motor
      shaft by a mounting collar 63. The miter gear 61 meshes with a miter gear
      65 mounted at right angles thereto on a gear shaft 67. The gear shaft 67
      is supported in the housing appendage 45 in bearings 69 and 71 axially
      spaced along the shaft. The bearings 69 and 71 are supported in suitably
      machined recesses in the housing appendage 45. A spacer sleeve 73
      surrounds the shaft 67 between the bearing 69 and the miter gear 65.
PAR  Also fixed to the shaft 67 is a drive gear 75 which is rotatable on the
      shaft and is drivingly connected to the miter gear 65. The drive gear 75
      engages a main rotor gear 77 which is secured to the rotor between the two
      sections 23 and 25 thereof at the stepped region 27. Suitable bolts and
      dowel pins, not shown, may be provided for attaching the gear 77 to the
      rotor. Thus, energization of the motor 55 causes rotation of the rotor 11
      through the gear train.
PAR  The rotor 11 is provided with a large slot 79 of rectangular cross section
      machined therein. The slot 79 extends axially all the way through the
      rotor 11 and also extends radially with respect to the axis of rotation 14
      of the rotor, being radially asymmetric with respect thereto. The bushing
      support 15 is mounted in the slot 79. The bushing support 15, as may be
      seen in FIG. 5, is of circular cross section, being sufficiently small to
      move freely within the more narrowly spaced walls of the slot 79. Axial
      and rotational displacement of the bearing support 15 is prevented by a
      mounting flange 81 which is provided with straight sides mating in a
      rectangular recess or ledge 82 machined in the top of the housing 33. The
      recess 82 is made sufficiently large in the radial dimension so as to
      allow adjustment of the position of the bearing support 15 radially in the
      rotor with respect to the axis of rotation of the rotor. Accordingly, the
      bearing support 15 is restrained from being adjustable in any direction
      except radially with respect to the axis of rotation 14 of the rotor 11.
      Bolts, not shown, passing through slots 84, in the flange 81 and into the
      rotor may be used to lock the bushing support 15 in position.
PAR  A hole 83 of circular cross section is machined in the bushing support 15
      on the axis 17 (FIG. 1). In the illustrated embodiment, the axis 17 is
      non-parallel with the axis of rotation 14 of the rotor 11, although this
      is not essential. The bushing 16 mates in the hole 83, seating against a
      shoulder 84, and is held in position by a set screw 85. The bushing 16 is
      capable of rotational adjustment and may be retained in a chosen
      rotational position by the tightening of the set screw 85. The bushing 16
      may also be readily removed from the bushing support for replacement.
PAR  The bushing 16 is of electrically non-conductive material and supports the
      welding torch 18 within the opening 86 machined in the bushing. The axis
      of the opening 86 is aligned with the axis 21 of the tip 19 of the weld
      torch 18. In the illustrated apparatus, the axis 21 is non-parallel with
      the axis 17 of the bushing 16. The weld torch may be of any suitable
      construction, but is preferably a tungsten inert gas torch assembly of a
      type generally known in the art. The diameter of the torch body is
      selected to provide a clearance with its mating fit in the insulator
      bushing 16 to allow the torch 18 to rotate freely in the insulator. At the
      same time, axial movement of the torch in the insulator bushing is
      restrained through the engagement of a pin 87 which is threadably adjusted
      into a space defined between two axially spaced collars 89 and 91 on the
      torch body. As the rotor 11 rotates about the axis 14, thus orbiting the
      torch 18, the torch is free to rotate within the insulator bushing. The
      torch thereby maintains a fixed orientation with respect to the stationary
      main housing 33. Thus, the cables that connect the welding power supply
      with the electrical power leads and gas hose, not shown, and which connect
      to the assembly indicated generally at 93 do not twist as the rotation of
      the rotor is under way.
PAR  In order to locate the apparatus with respect to the tube being welded, a
      locating counter bore is machined concentric with the axis of rotation of
      the rotor 11 to accept a replaceable locator arm 95. The locator arm has a
      diameter to accept a replaceable locator sleeve 97 having a pair of
      axially spaced locators 99 and 101 thereon which are sized to mate with
      the interior diameter of the tube being welded. The locator sleeve 97 may
      be readily slipped off the locator arm 95 by depression of a spring loaded
      detent 103 on the far end of the locator arm 95. At the same time, the
      locator sleeve 97 may rotate freely on the locator arm.
PAR  As previously mentioned, the welding torch 18 is of a suitable conventional
      design which provides for water cooling of the torch body and inert gas
      infeed to the welding area. A tungsten weld electrode 19 is held in
      position by suitable collets and holders, not shown. An insulator ring 105
      is provided to isolate the torch body from adjacent metal surfaces. A
      ceramic cup 107 at the lower end of the torch surrounds the electrode 19
      for the purpose of directing purge gas to the point of arc impact, as is
      known in the art.
PAR  The foregoing arrangement allows adjustment of the distance between the
      electrode 19 and the axis of rotation 14 of the rotor to thereby adjust
      the diameter of the orbiting path of the electrode through suitable
      adjustment of the position of the bushing support 15 in the rotor 11. At
      the same time, the attitude of the electrode 19 may also be selected by
      utilizing a bushing 16 having a desired angle of the opening 86. The
      opening 86 may also be at an angle with respect to the bushing axis 17.
      For example, the angle of the opening 86 may be machined so that the axis
      17 is 3.degree. from being parallel with the axis 14.
PAR  Three interchangeable insulator bushings may be provided for a given
      apparatus, having angled holes of 0.degree. , 3.degree. and 7.degree.. A
      weld torch assembly 18 set in the insulator bushing with a 3.degree. angle
      that is in turn set in the bushing support 15 with the angles aligned in
      the same direction would position the torch tip axis 21 at a 6.degree.
      angle relative to the axis of the rotor. If the insulator bushing and
      bushing support angles were coplanar in opposition to each other, the axis
      21 would be parallel with the axis 14. Combinations of insulator and
      carrier angles allow the choice of any preselected torch inclination with
      respect to the axis of the rotor. The aforementioned 7.degree. insulator
      bushing could be positioned such that the torch inclination could be
      10.degree. toward the center of the tube being welded or 4.degree. away
      from the center.
PAR  If desired, fine adjustment may be accomplished by rotating the bushing 16
      in the bushing support 15 so the bushing axis - tip axis and bushing axis
      - rotor axis angles are not coplanar. Although the weld tip, in such a
      case, may not lie in a plane including the rotor axis 14, this deviation
      may be tolerable in operating the device.
PAR  The lower portion 25 of the rotor 11 is provided with a series of deep fins
      109 machined in its outer diameter. These fins increase the surface area
      of the rotor body for the purpose of facilitating the dissipation of heat
      to the atmosphere. A series of ports 111 are machined in the main housing
      33 spaced to coincide with the fins to allow direct access to the exterior
      and allow heat to escape to the atmosphere.
PAR  As previously mentioned, it is desirable to direct a wire filler metal to
      the arc impact area. To this end, a wire feed motor 113 is mounted on the
      upper section 23 of the rotor 11. Current to operate the motor 113 is
      conducted to the motor from the plug 53 through leads 115 which pass
      through the handle portion 47 and appendage 45 in an opening 117 therein.
      An electrical insulator ring 119 surrounds the upper portion 23 of the
      rotor 11 and supports two electrical conductor rings 121 and 123. The
      conductor rings are internally wired to a coaxial insulated plug
      receptacle 125, shown in FIG. 4. The receptacle 125 is permanently located
      in the upper rotor portion 23. Two carbon brushes 127 are held in position
      in the main housing 33 by an electrically insulated brush holder 129. The
      carbon brushes are wired to the leads 115. Thus, current to drive the wire
      feed motor 113 passes from the plug 53 through the leads 115, brushes 127,
      rings 121 and 123 to the lead plug receptacle 125. A short detachable two
      lead phono jack plug 127 (FIG. 2) connects the motor to the receptacle
      125.
PAR  The wire feed assembly itself includes a housing 131 which fits into a
      pocket in the upper rotor portion 23 and which may be removed in a
      situation where feed wire is not required. The wire feed motor 113 is
      mounted on the housing 131 and drives an output shaft 133 to which a worm
      135 is mounted. The worm engages a worm gear 137 which is attached to a
      common shaft 139 supported in axially spaced roller bearings 141. Suitable
      spacers 143 and 145 maintain spacing of the gear 137 from the bearings on
      the shaft.
PAR  A guide groove 147 is machined on the outboard end of the shaft 139 and is
      provided with serrations therein. A cam shaft 149 carries a roller bearing
      151 which is mounted in the rotor such that the roller bearing can be
      adjusted to pinch a wire between the bearing and the serrated groove 147.
      Suitable inlet guides, 153 and 155, FIG. 2, are provided attached to the
      rotor to guide a weld filler wire to engage the drive mechanism. A wire
      outlet guide 157, FIG. 3, and a clamp 159, are provided mounted on the
      lower portion 25 of the rotor 11 to direct the exiting wire to the welding
      arc impact area.
PAR  The wire feed rate may be set by adjusting the voltage input to the direct
      current motor 113 which thereby varies its rotational speed. Wire may be
      supplied to the weld area in a number of ways. Where small quantities are
      required, it is sufficient to feed individual pieces of a given length.
      Where usage is greater, it may be more convenient to locate a reel of wire
      on a stanchion to the upper portion 23 of the rotor 11 to provide a more
      continuous supply in longer runs.
PAR  The angle of the bushing support 15 with respect to the motor axis may be
      made adjustable. This is shown in FIGS. 6 and 7 by means of a wedge 161.
      The wedge is of generally U-shape tapering toward the open end. Slots 163
      are provided in the parallel tynes of the U-shaped wedge to align with the
      slots 84 in the flange 81 of the support 15.
PAR  By means of the wedge 161, a high degree of versatility is introduced
      insofar as selection of the angle of the weld tip with respect to the
      rotor axis. A selection of wedges of different angles, in combination with
      bushing and torch body angles, enables the use of any tip angle desired.
PAR  Under certain circumstances, the weld between the tube and the tube sheet
      may become "rolled over". This condition occurs when, after the weld is
      completed, welding metal extends over the inside edge of the welded tube,
      thus reducing the clearance diameter of the tube at its end adjacent the
      tube sheet. In such a case, it may be difficult or impossible to remove
      the locator sleeve 97 from the tube. The spring plunger 103 allows the
      welding head to be withdrawn from the sleeve and the protruding metal may
      then be filed or ground away in order to remove the sleeve 97.
PAR  In FIG. 8, a locator sleeve which may be used advantageously in the
      presence of rolled over welds is shown. The sleeve 171 is split
      longitudinally into two segments and is provided with expanded diameter
      sections 173 and 175 at each end. Wedge-shaped sectors 177 are machined in
      the sleeve 171 and the section of the sleeve between the two expanded
      diameter portions 173 and 175 is surrounded by a coil spring 179. The coil
      spring 179 holds the two separate parts of the sleeve 171 together.
PAR  When the sleeve 171 is installed on the locator arm 95, the two
      longitudinal segments operate in the same manner as the solid sleeve 97 of
      the earlier described embodiment. When, however, the locator arm 95 is
      removed from the sleeve 171, the sleeve may now "collapse" radially and
      the smaller diameter of the collapsed sleeve will permit it to be
      withdrawn from the blocked tube.
PAR  It may therefore be seen that the apparatus of the invention is capable of
      readily locating itself in relation to the central axis of the tube to be
      welded to the tube sheet. The position of the weld torch may be adjustable
      both as to its distance from the axis of rotation of the rotor and to its
      inclination and position with respect to the weld region itself. The
      height of the torch above the weld area may also be adjusted. Filler wire
      may be readily incorporated into the weld at an infinitely variable rate
      of speed and heat is readily dissipated from the apparatus. When coupled
      with conventional power supplies and motor drive controls, it is possible
      to preprogram a complete weld cycle and thereby achieve substantially
      automatic welds.
PAR  Various modifications of the invention in addition to those shown and
      described herein will become apparent to those skilled in the art from the
      foregoing description and accompanying drawings. Such modifications are
      intended to fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for welding a tube to a tube sheet, comprising, a rotor, means
      for supporting and rotating said rotor about a rotor axis, locator means
      for positioning said rotor axis with respect to the tube being welded, a
      weld torch having a non-consumable weld electrode projecting therefrom,
      means supporting said weld torch in said rotor for rotation with respect
      thereto with said weld electrode positioned spaced from said rotor axis, a
      weld filler wire feed mechanism mounted on said rotor, a feed mechanism
      drive motor mounted on said rotor, and brush means and commutator means
      mounted on said rotor and said rotor supporting means for conducting
      electricity to said drive motor on said rotor.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said rotor means are provided
      with a plurality of cooling fins thereon.
NUM  3.
PAR  3. Apparatus for welding a tube to a tube sheet, comprising, a rotor, means
      for supporting and rotating said rotor about a rotor axis, locator means
      for positioning said rotor axis with respect to the tube being welded, a
      bushing support mounted to said rotor for radial adjustment with respect
      to said rotor axis, a bushing, means interchangeably supporting said
      bushing offset from said rotor axis in said bushing support, and a weld
      torch supported in said bushing for rotation with respect thereto, and a
      weld filler wire feed mechanism mounted on said rotor, a feed mechanism
      drive motor mounted on said rotor, and brush means and commutator means
      mounted on said rotor and said rotor supporting means for conducting
      electricity to said drive motor on said rotor.
NUM  4.
PAR  4. Apparatus for welding a tube to a tube sheet, comprising, a rotor, means
      for supporting and rotating said rotor about a rotor axis, locator means
      for positioning said rotor axis with respect to the tube being welded, a
      bushing support mounted to said rotor for radial adjustment with respect
      to said rotor axis, a bushing, said bushing support comprising a bushing
      block having an opening therethrough for carrying said bushing, said rotor
      having a slot therein extending radially with respect to said rotor axis,
      said bushing block being mounted to said rotor in said slot for adjustment
      therein radially with respect to said rotor axis, means interchangeably
      supporting said bushing offset from said rotor axis in said bushing
      support, and a weld torch supported in said bushing for rotation with
      respect thereto, said weld torch having a weld electrode projecting
      therefrom on a tip axis which is non-parallel with the axis of said
      bushing to allow selection of the angular relation between said rotor axis
      and said tip axis by the position of said bushing with respect to said
      bushing support.
NUM  5.
PAR  5. Apparatus according to claim 4 including a wedge mounted between said
      bushing block and said rotor for supporting said bushing block at an angle
      with respect to said rotor.
PATN
WKU  039461920
SRC  5
APN  4709349
APT  1
ART  213
APD  19740517
TTL  Method of manufacturing a friction disc
ISD  19760323
NCL  13
ECL  1
EXA  Herkamp; N. D.
EXP  Truhe; J. V.
NDR  2
NFG  5
INVT
NAM  Allen; Brian Robert
CTY  Birmingham
CNT  EN
INVT
NAM  Harrison; Anthony William
CTY  Birmingham
CNT  EN
ASSG
NAM  Girling Limited
CTY  Birmingham
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730519
APN  23965/73
PRIR
CNT  UK
APD  19730904
APN  41403/73
CLAS
OCL  219149
XCL   294205
XCL  188218XL
XCL  219 85
EDF  2
ICL  B21J  106
FSC   29
FSS  420;420.5
FSC  188
FSS  218 XL
FSC  219
FSS  85 CM;85 D;85 F;149
UREF
PNO  2986252
ISD  19610500
NAM  DuBois
XCL  188218
UREF
PNO  3214271
ISD  19651000
NAM  Halberg et al.
XCL   29420.5
UREF
PNO  3335256
ISD  19670800
NAM  Miller
OCL  219 85CM
UREF
PNO  3343955
ISD  19670900
NAM  Talmage
XCL   29420.5
UREF
PNO  3435935
ISD  19690400
NAM  Warman
XCL  188218
UREF
PNO  3459915
ISD  19690800
NAM  Swazy et al.
XCL  219149
UREF
PNO  3778586
ISD  19731200
NAM  Breton et al.
XCL  219149
UREF
PNO  3857469
ISD  19741200
NAM  Stimson
XCL  188218
LREP
FRM  Kane, Dalsimer, Kane, Sullivan and Kurucz
ABST
PAL  A method of manufacturing a friction disc for use, inter alia, in a disc
      brake, the friction disc including a metal backing plate and a plurality
      of friction pads carried by the backing plate. The method comprises the
      steps of providing a plurality of powder compacts of friction material at
      the required positions on the backing plate, and resistance heating the
      powder compacts to sinter the compacts into the required friction pads and
      to bond the pads to the backing plate.
BSUM
PAR  This invention relates to a method of manufacturing a friction disc for
      use, inter alia, in a disc brake.
PAR  In one aspect, the invention resides in a method of manufacturing a
      friction disc of the kind including a metal backing plate and a plurality
      of friction pads carried by the backing plate, the method comprising the
      steps of providing a plurality of powder compacts of friction material at
      the required positions on the backing plate, and resistance heating the
      powder compacts to sinter the compacts into the required friction pads and
      to bond the pads to the backing plate.
PAR  In a further aspect, the invention resides in a method of manufacturing a
      friction disc of the kind including a metal backing plate formed with a
      centrally disposed bore therein, with the wall of the bore being of
      splined form, and a plurality of friction pads carried by the backing
      plate on each major surface thereof and angularly spaced about said bore,
      the method comprising the steps of providing a plurality of powder
      compacts of friction material at the required positions on the backing
      plate, and resistance heating the powder compacts to sinter the compacts
      into the required friction pads and to bond the pads to the backing plate.
PAR  Preferably, each friction pad on one major surface of the backing plate is
      aligned with a respective friction pad on the opposite major surface of
      the backing plate.
PAR  Preferably, said powder compacts are received in respective recesses formed
      in the backing plate. Conveniently where the friction pads are aligned on
      opposite major surfaces of the backing plate, the recesses which receive
      the powder compacts necessary to produce a pair of aligned friction pads
      extend into and meet within a hole extending through the backing plate,
      the friction pads becoming bonded together through said hole during the
      resistance heating step.
PAR  Preferably, the backing plate is steel and is provided with brazing
      material at each of the positions on the backing plate where a friction
      pad is to be bonded thereto so that the resistance heating step produced a
      brazed joint between the friction pads on the backing plate.
DRWD
PAR  In the accompanying drawings,
PAR  FIG. 1 is a sectional view of a friction disc manufactured by a method in
      accordance with a first example of the invention,
PAR  FIG. 2 is a plan view of the friction disc shown in FIG. 1.
PAR  FIG. 2a is a sectional view illustrating one stage during a method
      according to the first example,
PAR  FIG. 3 is a plan view of part of a friction disc produced according to a
      modification of the first example.
PAR  FIG. 4 is a sectional view of part of a friction disc manufactured in
      accordance with a second example of the invention, and
PAR  FIG. 5 is a sectional view of part of a friction disc manufactured in
      accordance with a modification of the second example.
DETD
PAR  Referring to FIGS. 1 and 2 of the drawings, the friction disc includes a
      circular mild steel backing plate 11 having a diameter of 9 inches and a
      thickness of 0.125 inch. On each major surface of the plate 11 there is
      provided a plurality of equi-angularly spaced friction pads 12 positioned
      adjacent the periphery of the plate 11 equally radially spaced from the
      center of the plate. Each friction pad on one major surface of the disc is
      aligned with a respective friction pad on the opposite major surface of
      the disc. Moreover, each friction pad has a thickness of about 0.05 inch
      and is substantially rectangular in plan with its shorter side having a
      length of 0.35 inch and its longer side having a length of 0.70 inch and
      extending substantially radially inwardly.
PAR  The friction disc described above is intended for use in a road vehicle
      disc brake, and when in use is mounted, together with a further identical
      disc, in a housing (not shown) connected to a fixed part of the vehicle. A
      rotatable shaft (not shown), which is to be controlled by the brake,
      extends through the housing and is received in a centrally disposed bore
      13 in the backing plate 11 of each friction disc. The wall of each bore 13
      is of splined form and the portion of the shaft received in each bore is
      complementarily shaped so that the friction discs are rotatable with the
      shaft, but are also capable of axial movement relative to the shaft. The
      arrangement of the brake is then such that, when it is required to impart
      a braking force to the shaft, cam means (not shown) is operated to move
      the friction discs axially in opposite directions relative to the shaft so
      that the friction pads 12 engage friction surfaces on the housing.
PAR  In making the friction disc shown in the drawing, a powdered friction
      material having the following composition by weight is initially prepared:
PAR  60% copper, 12% tin, 2% lead, 9% zinc, 4% carbon and 13% silica. The
      friction material is prepared by mixing the components together in a
      Nautamix mixer for approximately 30 minutes, whereafter the material is
      removed from the mixer and then re-mixed for a further 30 minutes to
      ensure uniform distribution of the components. The mixture is to be used
      to produce the friction pads 12 and, for each friction pad 1.1gm of the
      mixture is placed in a suitably shaped die cavity and is compressed into a
      pellet at 15,000 (lb.f.).
PAR  After removal from the die cavity, a pair of the compacted pellets are then
      placed on the plate 11 on the required positions to produce a pair of
      aligned pressure pads 12 on opposite sides respectively of the plate 11,
      the whole plate having been previously plated with a 0.001 inch thick
      layer of a brazing material, such as copper, brass, bronze, tin, tin/zinc,
      zinc or nickel. Thus the plate 11 is provided with the brazing material at
      all the positions on the plate where the friction pads 12 are to be
      affixed. A pair of electrodes 10 are then pressed into contact with the
      pellets respectively, each electrode 10 having a molybdenum tip defining a
      substantially planar free end surface which engages its associated pellet.
      The electrodes 10 are used to apply a force of 132 lb.f. to the pellets
      and a current of 5,200 amps is passed through the electrodes to resistance
      heat the pellets. The heating operation is continued for 11 seconds,
      during which time the pellets are sintered into the required friction pads
      and simultaneously become bonded to the backing plate 11 by way of the
      brazing material. This operation is then repeated until all the pressure
      pads 12 have been produced on the plate 11.
PAR  During resistance heating of the pellets, the elemental constituents of the
      friction material form alloys which become sintered together in the
      friction pads 12. However, using the friction material having the
      composition defined above, it is found that during resistance heating of
      the pellets there is a tendency for the lower melting point elements in
      the friction material to melt and be expelled from the pellets before
      alloying takes place. Thus, it is preferable to perform an initial heating
      and pressing operation on the pellets at a lower temperature than is to be
      employed in the subsequent resistance heating so that the lower melting
      point elements form alloys before the resistance heating takes place.
      Alternatively, the friction material used to produce the pellets could be
      composed of alloys of the required elements.
PAR  It is also found that substantial temperature gradients exist in the
      pellets during the resistance heating operation so much so that the end
      position of each pellet remote from the plate 11 may only become partially
      sintered. Thus, to cater for this problem, it is preferable to arrange
      that the pellets are oversize and, after the resistance heating operation,
      to machine the resultant friction pads so as to remove the partially
      sintered end portions of the pads. Alternatively, this problem can be
      overcome by performing a final heating and pressing operation on the
      friction pads after the main resistance heating step and at a reduced
      temperature and pressure so as to complete sintering of said end portions
      of the friction pads.
PAR  It is to be appreciated that in the above example a plurality of pairs of
      friction pads on opposite sides respectively of the plate 11 could
      simultaneously or progressively be sintered and brazed in position on the
      plate by employing a plurality of separate pairs of electrodes.
PAR  As shown in FIG. 3 in a friction disc produced according to a modification
      of the first example, the backing plate 11 is provided on each major
      surface with a plurality of circular friction pads 14 instead of the
      rectangular pads of the first example. In this modification the plate 11
      has a diameter of 8.8 inches and a thickness of 0.125 inch and extending
      radially into the plate from its periphery are eight equi-angularly spaced
      slots 15 (only four shown in FIG. 3) of length 0.625 inch and width 0.125
      inch. The friction pads 14 are aligned on opposite major surfaces of the
      plate and on each major surface, extend continuously around the plate 11
      adjacent its periphery in first and second circular rows 16, 17
      respectively. The pads 14 are arranged so that there are sixteen pads in
      the first row 16 and twenty-four pads in the second row, there being 5
      pads between adjacent slots 15.
PAR  The rows 16, 17 bound first and second circular, concentric annuli on each
      major surface the plate 11, the external diameter of the first annulus
      being less than the external diameter of the second annulus, which is in
      turn less than the external diameter of the plate 11 by between 0.025 and
      0.03 inch. However, the external diameter of the first annulus is greater
      than the internal diameter of the second annulus so that the annuli
      overlap by an amount such that the radial distance between the internal
      periphery of the first annulus and the external periphery of the second
      annulus is greater than 0.8 inch and less than 1.2 inch, and preferably is
      0.96 inch. Moreover, by varying the overlap between the rows 16, 17 within
      these limits, it is possible to vary the braking characteristics of the
      friction disc.
PAR  Each pad 14, has a diameter of 0.6 inch and a thickness of about 0.05 inch
      and is produced by compressing into a pellet 1.3gm of the powdered
      friction material described above at 17,000 lb.f. Resistance heating of
      the resultant pellet into the required friction pads is effected by the
      technique described above using a current of 4000 amps and an applied
      pressure of 110 lb.f.
PAR  Referring to FIG. 4 in a second example of the arrangement of the friction
      disc and the method of producing the disc are essentially as in the first
      example, but now a projecting portion of each pellet is received in, and
      conforms to, a respective recess 18 formed in the backing plate 11 so that
      the pellet is located in the required position on the backing plate.
      Moreover, the walls and base of each recess 18 are plated with a suitable
      brazing material, such as those described above, so that after the
      resistance heating step the resultant friction pad 12 is bonded in
      position in the recess. It will be appreciated that in the second example,
      each recess 18 could receive the full diameter of its respective pellet
      which could be of discoidal form as in the first example, joining then
      being effected at the base of each recess 18.
PAR  As shown in FIG. 5, in a modification of the second example, the recesses
      18 which receive a respective pair of pellets aligned on opposite major
      surfaces respectively of the backing plate 11 are arranged so as to extend
      into a hole 19 extending through the backing plate, the pellets conforming
      to their respective recesses 18 and to the hole 19 so as to meet within
      the hole. The arrangement is then such that when the pellets are sintered
      into the required friction pads by the resistance heating operation, the
      pads become bonded together through the hole in the backing plate.
PAR  It is to be appreciated that in conventional techniques for producing
      friction discs, the required friction material is bonded to the backing
      plate by sintering the entire assembly of the backing plate and the
      friction material in a furnace. Moreover, it is to be appreciated that
      when this technique is employed with a backing plate having a bore of
      splined form, such as is used in the method described above, a problem
      arises in that the sintering in the furnace tends to weaken the splines by
      the wall of the bore. However, by employing the resistance heating
      operation of the method described above, it is found that the friction
      material can be bonded to the backing plate with substantially no adverse
      effects on the strength of the splines.
PAR  Further, it is to be appreciated that in the above examples, after the
      friction pads have been bonded in position on the backing plate 11,
      grooves are formed in the exposed free end surfaces of the pads by means
      of a tool which is moved relative to the pads along a spiral path or in
      concentric circles whose centre is offset from the centre of the plate 11.
      Moreover, further grooves of width greater than the spiral or concentric
      grooves and normally termed "wagon tracks" may be provided in said free
      end surfaces of the pads in addition to the spiral or concentric grooves.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a friction disc of the kind including a metal
      backing plate and a plurality of friction pads carried by the backing
      plate on at least one major surface thereof, the method comprising the
      steps of providing a plurality of powder compacts of friction material at
      the required positions on said major surface of the backing plate, and
      resistance heating each of the powder compacts to sinter the compacts into
      the required friction pads and to bond the pads to the backing plate, the
      resistance heating of each powder compact being effected by urging one
      electrode of a pair of electrodes against said compact to press the
      compact against said major surface of the backing plate and then passing a
      heating current through the compact between said pair of electrodes.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the backing plate is steel and is
      provided with brazing material at each of the positions on the backing
      plate where a friction pad is to be bonded thereto so that the resistance
      heating step produces a brazed joint between the friction pads and the
      backing plate.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein the brazing material is copper,
      brass, bronze, tin, zinc, a tin/zinc alloy, or nickel.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein the backing plate is circular and
      the friction pads are located on at least one major surface of the backing
      plate so as to be equally radially spaced from the centre of the plate.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the backing plate is circular and
      the friction pads extend in first and second circular rows adjacent the
      periphery of the backing plate, the first and second rows defining
      respective overlapping, concentric, circular annuli.
NUM  6.
PAR  6. A method as claimed in claim 1 wherein said one electrode presents a
      substantially planar end surface to the compacts.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein, prior to the resistance heating
      step, the compacts are subjected to an initial heating and pressing
      operation at a lower temperature than said resistance heating step.
NUM  8.
PAR  8. A method as claimed in claim 1 and including the further step of
      resistance heating the sintered compacts at a lower temperature than that
      employed in said first mentioned resistance heating step.
NUM  9.
PAR  9. A method of manufacturing a friction disc of the kind including a metal
      backing plate formed with a centrally disposed bore therein, with the wall
      of the bore being of splined form, and a plurality of friction pads
      carried by the backing plate on each major surface thereof and angularly
      spaced around said bore, the method comprising the steps of providing a
      plurality of powder compacts of friction material at the required
      positions on the backing plate, and resistance heating each of the powder
      compacts to sinter the compacts into the required friction pads and to
      bond the pads to the backing plate, the resistance heating of each powder
      compact being effected by urging one electrode of a pair of electrodes
      against said compact to press the compact against the adjacent major
      surface of the backing plate and then passing a heating current through
      the compact between said pair of electrodes.
NUM  10.
PAR  10. A method as claimed in claim 9 wherein each friction pad on one major
      surface of the backing plate is aligned with a respective friction pad on
      the opposite major surface of the backing plate.
NUM  11.
PAR  11. A method as claimed in claim 10 wherein at least a portion of each of
      said powder compacts is received in a respective recess formed in the
      backing plate.
NUM  12.
PAR  12. A method as claimed in claim 11 wherein said portion of each compact
      conforms to its respective recess.
NUM  13.
PAR  13. A method as claimed in claim 11 wherein the powder compacts necessary
      to produce a pair of aligned friction pads extend into and meet within a
      hole extending through the backing plate, the friction pads becoming
      bonded together through said hole during the resistance heating step.
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ABST
PAL  A heated inner sole for use in a boot where the inner sole comprises a
      cellular plastic material overlaid by a fabric material having heating
      elements therebetween. The opposite side of the cellular material has a
      pressure sensitive adhesive thereon by which the inner sole may be affixed
      to the inside of a boot. The heating elements are connected by wiring to a
      battery contained in a battery case carried by slide means attached to the
      boot heel.
PARN
PAR  This is a division of application Ser. No. 416,209 filed Nov. 15, 1973, now
      U.S. Pat. No. 3,859,496.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been numerous constructions proposed for electrically heating
      boots or inner soles for use in boots in order that the wearer's feet may
      remain warm in low temperature conditions. Examples of such constructions
      are illustrated in a number of patents including U.S. Pat. Nos. 1,274,451,
      1,430,404, 2,028,347, 2,692,326 and 3,621,191. None of the constructions
      of which I am aware however provide a means for conveniently attaching a
      battery to a boot where the means contains a switch by which the battery
      may be conveniently switched on and off in order to provide current to
      electrical resistance wires contained within an inner sole of the boot and
      where the switch may be operated notwithstanding snow or ice conditions.
PAR  Further much of the prior art has required considerable alteration to the
      boot structure or has required a particular special boot construction. In
      many instances, such as with ski boots, there are many different types of
      boots available and usually the wearer is accustomed and desires a
      particular type of boot. Thus it is desirable that any heated inner sole
      means for use with boots, and particularly ski boots, be easily adaptable
      for use in a boot without any major alteration of the boot structure.
PAR  An object of my invention is to provide an inner sole which may fit into
      any boot and which may be connected by wiring to a battery carrying in
      turn adapted to be attached to the heel portion of the boot.
PAC  GENERAL SUMMARY OF THE INVENTION
PAR  Broadly my invention comprises a plastic foam inner sole having heating
      elements thereon which are overlaid by a further fabric layer. The side of
      the inner sole opposite the heating elements has thereon a pressure
      sensitive adhesive such that the inner sole may be easily secured within a
      boot. A movable slide means is mounted in the exterior heel portion of the
      boot and includes means for engaging a case which may slide up and down on
      the slide means. The casing contains a battery and has thereon contact
      means adapted to engage contacts contained on the slide and which in turn
      are attached to wiring leading to the inner sole. Latch means are
      contained on the slide means for locking the case against movement and
      into positions where the contacts on the case connect or disconnect with
      the contacts on the slides.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of a ski boot showing the placement of a battery
      carrying case constructed according to the invention;
PAR  FIG. 2 is a partial sectional plane view of an inner sole for use in the
      boot of FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view of FIG. 2 taken along lines
      3--3;
PAR  FIG. 4 is an enlarged cross-sectional view of the battery carrying case of
      FIG. 1 taken along lines 4--4;
PAR  FIG. 5 is a view of FIG. 4 taken along lines 5-5 illustrating a slide means
      for supporting the battery carrying case;
PAR  FIG. 6 is a view of the battery carrying case of FIG. 4 taken along lines
      6--6; and
PAR  FIG. 7 is a cross-sectional view of FIG. 6 taken along lines 7--7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated a conventional ski boot 1 having
      thereon a combined battery carrying case and switch 2 where a battery in
      the case provides energy for a heated inner sole 3 adapted to be contained
      in the boot. The inner sole 3 comprises a layer of high density cellular
      polyurethane foam material 4 having a pressure sensitive adhesive 5 on one
      side thereof. The other side of the layer of foam material has a layer of
      fabric material 6 applied thereto where the material preferably comprises
      a plastic or a mixture of plastic and cotton. The fabric layer 6 is held
      to the foam material by pressure sensitive adhesive 7. Electrical
      resistance elements 8 are interposed between the foam material 4 and the
      fabric material 6 and connect with a lead wire 9.
PAR  As shown in FIG. 2, the elements 8 are disposed in the toe area of the
      inner sole and are so arranged that there is a greater concentration of
      the elements towards the foreward end of the inner sole to provide more
      heat in the toe area. It has been found that in cold weather situations,
      the portion of a foot most sensitive to cold is the toe portion rather
      than other portions such as the heel.
PAR  The lead wire 9 may extend along the bottom of the boot to the rear thereof
      to connect with clamping screws 10 and 10' which extending through the
      boot and are threaded into metallic brackets 12 and 12'. In some boots, or
      example ski boots having a double wall construction comprising inner and
      outer boots, the wire 9 may extend out through the tongue area of the
      inner boot and around the inner boot to the heel area of the outer boot to
      connect with the clamping screws.
PAR  As shown in FIGS. 4-7 the metallic brackets 12 and 12' have a non-metallic
      slide 14 attached to the brackets by means of screws 15--15' and 16--16'.
      The slide 14 has a tongue portion 18 which is movable in the direction of
      the double ended arrow 20 as shown in FIG. 7. The tongue 12 has a ledge 22
      thereon which acts as a locking latch described in greater detail
      hereafter.
PAR  Referring to FIG. 4, there is illustrated the battery carrying case 2 which
      carries therein a battery 24. The case 2 has a plastic container 26 which
      is adapted to be closed by a plastic cover 28. The cover has a reduced
      shoulder portion 30 which snaps into the outer shoulder portion 32 of the
      container whereby the cover may be secured to the container.
PAR  The cover 28 has rails 34 and 34' thereon to form a track which may
      slidably engage the slide 14.
PAR  Cooper strips 36 and 36' are contained within cutouts on the cover 28 and
      are held in the cutouts by means of rivets 38 and 38'. Each strip has a
      raised contact or shoulder portion 40 and 40' adapted to engage screws 15
      and 15' where the screws likewise act as contacts. Conventional wiring,
      not shown, extends from the poles of the battery 24 to the rivets 38 and
      38'. When the case 2 is in the position shown in FIG. 7, a contact will be
      made between the raised portion 40 and the screw 15 to complete one leg of
      an electrical circuit between the battery and the heating elements 8 by
      way of the rivet 38, contact 40, contact 15 of the slide, through the
      metallic bracket 12, screw 10 and to the lead wire 9. Similar contact is
      made through the similarly numbered elements to complete the circuit back
      to the battery.
PAR  The cover 28 has a first indentation 42 and a second indentation 44 adapted
      to engage the shoulder 22 on the tongue 18 to lock the case against
      movement relative to the slide. In FIG. 7 the shoulder 22 is shown
      engaging the first indentation 42 and latching or locking the battery case
      in the first or on position.
PAR  The cover 28 further has a cutout portion 46 which acts in connection with
      the tapered portion 50 of the tongue 18 as a guide and cam to assist in
      positioning the rails 34 to engage the slide 14. Stops 48 and 48' are
      included at the end of the rails 34 and 34' and limit the downward
      movement of the case on the slide.
PAR  Preferably the battery 24 is of the rechargable type. In the construction
      shown, the battery may be easily removed from the track and applied to a
      recharger.
PAR  The operation of the device is as follows. The tongue is moved towards the
      boot and the battery case is applied to the slide 14. The tapered portion
      50 will engage the cam 46 to assist in directing the rails of the case
      into engagement with the slide as the case is slid down onto the slide.
      The tongue 18 is then released. As the case is moved down the slide, the
      shoulder 22 will engage the indentation 44 thus latching or locking the
      case into its off or second position. As shown in FIG. 7, the tongue has
      on the end thereof "on" and "off" notations. When the latch engages the
      indentation 44, only the "off"  notation will show above the case. When it
      is desired to warm a foot, the tongue 18 is again moved to the right as
      shown in FIG. 7 allowing the case to be moved down the slide until the
      shoulder 22 engages the indentation 42 where the tongue is allowed to
      return to its position as shown in FIG. 7. At this position the contacts
      40 and 40' on the copper strips engage the contacts 15 and 15' on the
      slide thus completing an electrical circuit with the inner sole.
PAR  An inner sole and battery case construction according to my invention may
      be easily applied to conventional boots. All that is required is to drill
      four small holes in the heel area of the boot so as to receive the screws
      10--10' and 11--11' by which the metallic brackets 12 and 12' are held to
      the boot and the electrical connection between the interior and exterior
      of the boot is made. The inner sole may be conveniently cut to fit in the
      boot. The use of a pressure sensitive adhesive allows easy placement of
      the inner sole in the boot as all that is required is to place the inner
      sole in the boot, put the boot on, and step on it whereby the weight of
      the wearer will then assure sufficient pressure to make the inner sole
      stick to the boot. For packaging purposes, the pressure sensitive adhesive
      would have a slip paper protective covering overlying the adhesive which
      would be stripped off prior to use.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically heated inner sole adapted to be applied to the interior
      of a boot, comprising a layer of cellular polyurethane foam material, a
      pressure sensitive adhesive on one side of said layer of foam material, a
      layer of fabric material on the other side of said layer of foam material
      opposite said pressure sensitive adhesive, heating elements positioned
      between said layer of foam material and said layer of fabric material and
      an electrical lead connected to said heating elements and extending
      exteriorly of said inner sole adapted to be connected to a source of
      energy.
NUM  2.
PAR  2. An electrically heated inner sole according to claim 1 wherein the
      portion of the inner sole adapted to be positioned in the toe area of the
      boot has a greater concentration of heating elements positioned between
      said layer of foam material and said layer of fabric material than the
      remainder of the inner sole.
NUM  3.
PAR  3. An electrically heated inner sole adpated to be applied to the interior
      of a boot, said inner sole comprising a layer of insulating material
      substantially conforming in shape to the bottom of a boot with said inner
      sole having a toe area, heating elements overlying said toe area with the
      remainder of said layer of insulating material being free of heating
      elements, a lining layer overlying said heating elements and said layer of
      insulating material, a layer of pressure sensitive adhesive underlying
      said insulating layer whereby said inner sole may be affixed in a boot,
      and electrical leads connected to said heating elements and extending
      exteriorly of said inner sole adapted to be connected to a source of
      energy.
PATN
WKU  039461947
SRC  5
APN  5248736
APT  1
ART  213
APD  19741118
TTL  Building comprising one or more rooms or confined spaces equipped with
      an electric heating installation, and/or an electric heating
      installation for this building, equipped with a heating device
ISD  19760323
NCL  4
ECL  1
EXP  Albritton; C. L.
NDR  2
NFG  4
INVT
NAM  de la Bretonieri; Andre B.
STR  Beethovenlaan 29
CTY  Doorwerth
CNT  NL
PRIR
CNT  NL
APD  19731121
APN  7315916
CLAS
OCL  219213
XCL  219345
XCL  219545
XCL  219549
XCL  338208
EDF  2
ICL  H05B  100
FSC  219
FSS  213;345;545;549
FSC  338
FSS  208
UREF
PNO  2327756
ISD  19430800
NAM  Adamson
OCL  219545
UREF
PNO  2533409
ISD  19501200
NAM  Tice
OCL  219213
UREF
PNO  2678993
ISD  19540500
NAM  DeBoer
XCL  219545
UREF
PNO  3410336
ISD  19681100
NAM  Eisler
UCL  219213
UREF
PNO  3413439
ISD  19681100
NAM  Eisler
OCL  219213
UREF
PNO  3539768
ISD  19701100
NAM  Eisler
OCL  219213
UREF
PNO  3721799
ISD  19730300
NAM  Carlstrom
XCL  219545
LREP
FR2  Drucker; William A.
ABST
PAL  A building comprising a number of confined spaces, at least one of which
      being provided with an electric heating installation provided on, in or in
      front of at least part of the walls, floor, ceiling and/or windows, said
      electric heating installation consisting of singular layers comprising
      electrically conductive heating wires and electrically insulating wires.
BSUM
PAR  The invention relates to a building comprising one or more rooms or
      confined spaces equipped with an electric heating plant, and furthermore
      relates to a heating plant for this building as well as to a curtain
      equipped with a heating device.
PAR  By far the majority of devices for the heating of enclosed spaces, such as
      rooms, halls and similar apartments operate by the use of heated
      circulating air, which means that heat transmission is effected by
      convection. Examples of such heating devices are afforded by central
      heating installations and by installations operating with conditioned air.
PAR  Pot-type stoves, fire places, radiators and similar heating devices
      likewise have a radiation component. As, however, with these latter there
      is powerful air circulation, the heating of the room or confined space is
      in these cases effected by radiation and convection.
PAR  The invention is based on the problem of providing, for the particular room
      or for each room of a building which is to be heated, an electric heating
      device of such a design that the room or rooms concerned are thereby
      heated exclusively, or substantially by radiation.
PAR  This problem is solved by the invention in that the walls, or parts
      thereof, which form the boundaries of the said room or of every room are
      provided with a thin layer of electrically conductive heating wires
      installed in electrically insulating material, which layer has heating
      wires placed inside it in such a scheme of distribution that the amount of
      heat delivered by the said walls in unit time per unit of surface area is
      substantially the same, which amount of heat depends upon the amount of
      electrical energy that is fed to the said layer.
PAR  Walls of a building or parts thereof shall here be understood to means the
      walls, floor and ceiling of the room, compartment or other space to be
      heated. The layer with its equipment of heating wires may, if so desired
      by provided with an electrically insulating, heat-conducting layer or
      covering so as to be concealed from view. As the heating wires are
      installed over the whole or substantially the whole surface of the layer,
      the outer surface of the covering radiates in a substantially uniform
      manner. Perfectly uniform radiation is obtained when the electrically
      insulating material used is a good conductor of heat, as for instance
      borium nitride, as in this way the layer acquires an identical temperature
      over its entire surface.
PAR  According to the invention the heating wires of the heating installation
      are subdivided into groups and equipped with switches between these groups
      in such a manner that the said groups can be switched into parallel,
      series or series-parallel connection, so that rapid and effective control
      of the temperature of the room is achieved.
PAR  According to the invention heat sensors are preferably provided for
      automatic operation of the switches.
PAR  The layer with its equipment of heating wires may, according to the
      invention, consist of a flexibly woven base of fabric having warp and weft
      threads of electrically insulating material in which electrically
      conductive feed wires are placed parallel to the warp threads, the said
      feed wires having heating wires placed between them which are electrically
      connected with these feed wires either integrally or in groups. A layer
      composed of a fabric of this kind offers the advantage that it is flexible
      and that the wires composed of electrically conductive material can be so
      installed that they are well distributed throughout the fabric. A still
      more advantageous heating installation according to the invention is
      characterized in that the layer consists of flexible fabric composed of
      electrically conductive material and having thin weft wires composed of
      electrically insulating material installed in the manner of alternate
      adjacent strips, wherein the borders of the fabric which are transverse to
      the weft wires of the fabric are composed of electrically conductive
      material and serve as current-feed wires, with which the electrically
      conductive weft threads make electrical contact, the said borders of the
      fabric having warp wires passing between them which consist of
      electrically insulating material. In this scheme, the borders of the
      fabric which are perpendicular to the weft threads are composed of thin,
      electrically conductive warp threads. A layer of this kind can be
      manufactured as a fabric composed entirely of textile material applying
      fabric techniques of prior art. By the removal of parts of the borders
      composed of electrically conductive material between the strips of weft
      threads composed of electrically conductive material, these weft threads
      can be brought into both series and parallel connection as well as into
      any desired form of series-parallel connection.
PAR  In order to obviate heat losses as far as is possible, the invention
      provides that a heat-insulating layer or a radiant-heat reflecting layer
      may be interposed between the heating layer and the walls of the
      particular room or of each room that is to be heated.
PAR  According to the invention any window inserted in the walls may be fitted
      with electric heating wires inserted in one or more curtains. In that case
      the invention also relates to a curtain provided with electric heating
      wires. An advantage afforded by the use of such a curtain is that any cold
      air between the window and the curtain is heated, so that it cannot
      produce any cold air current in the room to be heated. This provision also
      obviates the possibility that any dampness in the room to be heated might
      form a condensation film on the window panes, as the curtains hang close
      to the window pane and any water condensing on the window pane is
      therefore at once evaporated.
PAR  The invention will be further elucidated below with the aid of the
      drawings, in which a cross-section of a room in a building equipped with a
      heating installation according to the invention, part of a layer provided
      with heating wires and two schemes of connection according to the
      invention are shown diagrammatically by way of example.
DRWD
PAR  The drawings show:
PAR  FIG. 1 part of a fabric equipped with heating wires;
PAR  each of FIGS. 2 and 3 part of a scheme of connection of the heating
      installation according to the invention, and
PAR  FIG. 4 part of a building, showing an apartment provided with a heating
      installation according to the invention.
DETD
PAR  The fabric shown in FIG. 1 consists of warp threads 1 of electrically
      insulating textile composed of synthetic material, fibre glass, rayon or
      other known weaving threads, such material being selected in accordance
      with the purpose for which the fabric is intended. An electrically
      high-insulating material that may find application is boron nitride, from
      which thin wires are made. Wires made of boron nitride not only possess
      good electrical insulation properties but are also good heat conductors,
      as a result of which the entire surface of the fabric can deliver heat in
      a uniform manner.
PAR  The warp wires 1 are installed between thin, electrically conductive bare
      wires 7 extending over the entire length of the fabric within its
      selvedges, to which wires the current-feed wires can be connected. The
      material used for these warp wires may for instance be copper.
PAR  The fabric further consists of weft wires 3 of electrically insulating
      material, which material may be the same as that used for the warp wires 1
      of insulating material. The weft wires are installed in strips 4 of the
      fabric which are spaced at a distance from each other. In between these
      strips 4 are strips 5, which contain a plurality of thin, bare weft wires
      composed of electrically conductive material. These weft wires have a
      thickness which is preferably equal to or less than 0.05 mm. The material
      used for these weft wires may, for instance, be bare stainless steel or
      other conductive material. These thin, bare weft wires 6, by being woven,
      make good electrical contact with the continuous warp wires 7 of
      electrically conductive material.
PAR  When the electrically conductive warp wires 7 are connected to a source of
      electric current, all the strips 5 that are provided with weft wires
      composed of electrically conductive material are in parallel. By the
      removal of such portions of the warp wires 7 as are situated between the
      strips 4 of electrically insulating material, any desired scheme of
      series-parallel connection of a series connection of strips 5 can be
      achieved. In this way the fabric can be manufactured as a mass product and
      be made suitable for a variety of applications necessitating a very low or
      very high heat production per unit of surface area at a given voltage; it
      can, moreover, be adapted so as to conform to existing safety regulations,
      for instance the regulation whereby the required heat production has to be
      delivered at a "safe" voltage (42 V), or whereby the heat production
      itself must not be so great as to cause danger of fire.
PAR  FIG. 2 gives a diagrammatic representation of the particular part of the
      heating installation which is intended for heating the floor and ceiling
      of room 9 of a building, shown in FIG. 4. As can be seen from FIG. 2, the
      part of the heating installation that series for heating the floor 10 is
      subdivided into parts 11,12 which consist of a fabric according to FIG. 1
      and are directly connected to a different phase of an A.C. mains supply
      15, whilst the heating installation 13 for ceiling 14 of room 9 is
      connected to the third phase of the A.C. mains supply 15.
PAR  Parts 11,12 and 13 of the heating installation are each provided with a
      heat sensor which interacts with a regulator 17 having an adjusting knob
      for regulating the temperature of the apartment and for automatically
      disconnecting these parts. Devices of this kind operated by heat sensors
      are common knowledge in prior art and therefore need not be described in
      detail, as their construction does not per se form part of the invention.
PAR  FIG. 3 shows diagrammatically an embodiment of the particular part of the
      heating installation that is intended for heating the inner walls 18 of
      room 9. Each of these inner walls is equipped with a part 19,20,21 of the
      heating installation, which parts are constructed in the same way as parts
      11,12 and 13 of FIG. 2 and are provided with heat sensors 16 and
      temperature controls 17. Parts 19,20 and 21, however, which do involve a
      risk of being touched on walls are not connected to the A.C. mains supply
      15 directly but are each connected via a safety transformer 22 and a
      star-delta-switch 23 to one phase of a feed network 24 which has a lower
      voltage in accordance with the relevant safety regulations.
PAR  It will be obvious that for the feed of current to parts 11, 12 and 13 of
      the heating installation one may again use a lower voltage and that these
      parts may likewise be equipped with a different form of heating layer as
      shown in FIG. 1.
PAR  FIG. 4 shows diagrammatically a room 9 of a building equipped with a
      heating installation according to the invention. In this Figure the layer
      25 of the ceiling and the walls are covered by an electrically insulating
      layer 26 which is provided with a decoration or to which a decorative
      layer, not shown in the drawing, can be applied, or the insulating and
      protecting decorative layer is interwoven with the heating fabric by the
      application of prior art weaving techniques. Between walls 27 and layer 25
      a thermally insulating and/or radiant-heat reflecting layer 28 is
      provided, as a result of which little or no heat is lost by the heating of
      wall 27.
PAR  The floor 10 of room 9 consists of a layer of concrete 29 in which a
      heating fabric 29' is embedded. This layer of concrete is covered over
      with tiles 30. Under the layer of concrete 29 a honeycomb construction 31
      of insulating material of sufficiently high mechanical strength is
      provided, which honeycomb construction has on its underside a layer of
      radiant-heat reflecting material, for instance aluminium foil.
PAR  In front of the window 32 there hangs a curtain 33 consisting of a fabric
      provided with heating wires, which fabric may for instance be of the form
      shown in FIG. 1.
PAR  As is evident from the foregoing, the invention aims at obtaining a heating
      installation with which the capacity required for operation is as low as
      possible and with which heat losses are reduced to a minimum, whilst
      optimum comfort to the persons in the room thus heated is ensured.
PAR  This endeavour runs concurrently with the achievement of a low power
      consumption, i.e. low costs for heating the room or rooms of a building.
      By using a heating installation according to the invention in a building
      constructed in accordance with the invention, a substantial saving of
      costs and power for heating the building is achievable as compared with a
      gas-fuelled central heating plant.
PAR  On the basis of tests with a heating installation carried out according to
      the invention in a building constructed in accordance with the invention,
      it can be calculated that in comparison with a 100% fuel consumption in
      the case of a gas-fuelled central heating plant, the fuel consumption can
      be cut down to 5-20% in terms of electric power.
PAR  To users, this unexpected result means that 75-5% can be saved annually on
      power costs, notwithstanding the fact that according to the invention
      "expensive" electricity is used.
PAR  For the power supply of a country, this means that 85-15% can be saved for
      generating electricity for heating purposes, with the result that the
      power supplies of that country will not only last longer, but also that
      the living environment will be less polluted. Therefore, the invention is
      not only economical to users but also to the whole country.
PAR  For further elucidation of this, the following example is given:
PAR  Taking as basis a cost price of 6 cents per kWh of day-time current and a
      3.4 cents per kWh of night-time current, the average cost price under
      normal distribution of day-time and night-time current will be 4.5 cents
      per kWh.
PAR  Suppose that 1 m.sup.3 of natural gas is supplied at 7 cents per m.sup.3.
      With a central heating installation having maximum, minimum and nominal
      combustion values of 8000, 7200 and 6500 kcal per m.sup.3 of gas, the
      amount of thermal energy nominally obtained for 1 m.sup.3 of gas is 7.5
      kWh, so that 1 kWh of heat generated by means of electricity is 4.5/0.95 =
      4.75 dearer than gas.
PAR  Therefore, a decrease in consumption up to 5% means a decrease in cost of 5
      .times. 4.75 = 24%, i.e. a saving in cost of about 75%.
PAR  For the generation and distribution of electricity it can roughly be
      calculated that from 1 m.sup.3 of natural gas approximately 3 kWh of
      electricity can be delivered. A decrease in consumption up to 5% on the
      part of the consumer thus means a reduction in fuel consumption at the
      electric power station of 15%, so that a saving of 85% in fuel consumption
      is obtained.
PAR  It will be evident that the invention is not limited to the embodiment
      described in the foregoing, but that it will permit a modification in
      numerous ways without departing from the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric heating system for at least one confined space of a building
      provided with an electric current source connectable therewith, said
      heating system consisting of thin heating layers comprising electrically
      conductive heating wires and interposed insulating wires, said heating
      layers distributed covering the entire boundary of said space so that each
      part of said boundary radiates the same amount of heat radiation in unit
      time per unit surface area, said amount of heat being controlled by the
      amount of electrical energy delivered to said heating system.
NUM  2.
PAR  2. An electric heating system according to claim 1, characterized in that
      said thin heating layers comprise parallel strips of electrically
      conductive heating weft threads, said strips being separated from one
      another by strips of electrically insulating weft threads, the
      electrically conductive heating wires of each strip being connected at
      each of their ends with a strip of electrically conductive warp threads,
      warp threads of electrically insulating material being provided between
      said strips of electrically conductive warp threads.
NUM  3.
PAR  3. An electrical heating system according to claim 2, wherein the boundary
      is provided with at least one window, characterized in that at least one
      said heating layer is provided at a small distance from and in front of
      said window.
NUM  4.
PAR  4. An electric heating system according to claim 2 wherein the electrically
      insulating weft threads are of heat conductive material.
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ABST
PAL  A tennis ball marker which has no moving parts in operation and in which a
      plurality of removable and interchangeable heating imprint modules are
      mounted in a housing containing an electric circuit for controlling the
      supply of power from a source to heat the imprint modules. The imprint
      modules comprise a ceramic body having an electric heating element
      embedded therein. The top surface of the ceramic body provides raised
      portions in the shape of letters or other identifying indicia which are
      seared onto the surface of a tennis ball placed in contact therewith. The
      imprint modules are readily interchangeable and are removably plugged into
      electrical receptacles in the housing to permit the identifying indicia to
      be readily changed. The housing includes window means through which the
      imprint modules are exposed. The window is of such size and shape as to
      receive and position the ball to be marked and to limit the depth that the
      ball can be inserted into the housing so that the indicia are seared onto
      the ball to a uniform desired depth.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to tennis ball markers which apply a marking to a
      tennis ball for identifying its ownership.
PAR  Tennis courts are usually built in groups with several courts located side
      by side. During a tennis game, a ball in play will often enter an
      adjoining court. This may result in a disturbance while the tennis ball is
      recovered and identified and returned to its owner. The problem of
      identification is increased in the situation, which often occurs, where
      players have tennis balls of the same brand and color.
PAR  While a player may rely on the condition of the ball to claim ownership,
      this is an unreliable system and may result in controversy when two
      players have the same brand and color tennis ball. Accordingly, some
      players mark their tennis balls by the use of pen and ink in some manner
      to differentiate them from other similar tennis balls. This procedure is
      unsatisfactory because the ink markings become illegible as the ball wears
      with use and can smudge and stain clothing, hands, rackets and strings.
PAR  Thus, there is in the prior art no satisfactory tennis ball marker which
      overcomes the problem of identification of intermixed tennis balls of the
      same brand, color and condition.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the invention to provide a tennis ball marker
      which provides for immediate identification of the ownership of a tennis
      ball in all situations including where tennis balls of the same color,
      age, brand and condition may be intermixed. To this end, there is provided
      a tennis ball marker which sears or brands identifying indicia of
      ownership, such as the initials of the owner, onto the surface of the
      tennis ball to thereby clearly identify the ownership of the ball.
PAR  Briefly stated, the tennis ball marker in accordance with the invention
      comprises a heating means for searing a marking on the surface of a tennis
      ball, such heating means having an electrical resistance heating element
      and presenting a heating surface in the shape of an identifying indicia of
      ownership. The heating means is supported on a housing means so as to face
      outwardly for contact by a tennis ball. The housing means also contains
      circuit means for connecting the electrical resistance heating element to
      a power supply for causing the heating of the heating means whereby a
      tennis ball placed in contact with the surface is seared or branded with a
      marking in the shape of the identifying indicia.
PAR  More specifically, the heating means comprises a plurality of imprint
      modules removably mounted in the housing and being provided with surfaces
      in the shape of letters. By this arrangement, the marking means may be
      arranged to provide a monogram corresponding to the name of the owner of
      the tennis balls. Such an arrangement will serve to immediately identify
      the owner of the ball even in the case where two parties involved may be
      using tennis balls of the same color, age, brand and condition. Moreover,
      by reason of the searing type of marking, there is no problem with wear,
      ink smudging, or ink staining of clothes or the like.
PAR  The invention possesses other advantages and features which, together with
      the foregoing, will be pointed out specifically hereinafter. It is to be
      understood that the invention is not to be limited to the scope of the
      specific form thereof herein shown and described and that various
      embodiments thereof may be employed within the scope of the claims set
      forth hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of the tennis ball marker in accordance with
      the invention shown in the position in which it is normally used;
PAR  FIG. 2 is an isometric view of the marker shown in FIG. 1 with the marker
      being turned upside down and broken away to illustrate the interior
      thereof;
PAR  FIG. 3 is a top plan view of the marker shown in FIG. 1;
PAR  FIG. 4 is a sectional view taken on the line 4--4 of FIG. 3;
PAR  FIG. 5 is an isometric view of an imprint module used in the marker shown
      in FIG. 1;
PAR  FIG. 6 is a sectional view taken on line 6--6 of FIG. 5;
PAR  FIG. 7 is an end view of the imprint module shown in FIG. 5; and
PAR  FIG. 8 is a diagram of the electrical circuitry employed in the marker in
      accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The tennis ball marker in accordance with the invention comprises a housing
      10 made of a ceramic casting and providing a window opening 12 in the top
      wall thereof. The housing 10 has a divider wall 14 extending between the
      sides of the housing 10 beneath the window opening 12. The divider wall 14
      has a pair of inclined portions extending inwardly and downwardly from the
      side walls of the housing 10 to join with an intermediate horizontal
      portion. A chamber 16 is formed beneath the wall 14 and is enclosed by a
      fiberboard bottom wall 18 extending across the bottom of the housing 10.
PAR  There are provided a plurality of imprint module assemblies 20 for use in
      providing a marking which will identify the tennis ball. Each module 20
      comprises a ceramic body 22 which has embedded therein a pair of
      electrical contact prongs 24 and 26 of different sizes, prong 24 being
      larger than the prong 26. The prongs 24 and 26 are split axially for a
      portion of their length for assuring good electrical contact as will be
      described hereafter. The prongs 24 and 26 are interconnected by a nichrome
      wire 28 which is embedded in the body 22 and serves as an electrical
      resistance heating element. The top surface 30 of the module 20 is
      spherical and has a raised portion projecting upwardly therefrom. The
      raised portion 32 presents a surface 34 which is spherical and has a
      radius of curvature corresponding to that of a standard tournament tennis
      ball. The spherical contact surface on the indicia portion 34 of the
      module serves to insure uniform contact and pressure on the fabric
      covering of the tennis ball during a marking operation as will be
      described hereafter.
PAR  The raised portion 32 is in the shape of a letter (such as "D" in FIG. 5)
      or other suitable indicia for indicating identification. Preferably, there
      is provided an imprint module for each letter of the alphabet so as to
      provide a monogram marking as will be described hereafter. Of course,
      other identifying indicia may be utilized.
PAR  As is best shown in FIG. 2, a pair of bus bars 40 and 42 are mounted on the
      underside of the divider wall 14 by means of tubular rivets 44 and 46,
      respectively. The bus bars 40 and 42 extend along the underside of each of
      the three wall portions of the divider wall 14 and there is provided a
      rivet 44 and a rivet 46 which extend through each of these wall portions
      from the underside to the top thereof. The tubular rivets 44 are a size so
      as to receive the large prong 24 of the imprint module 20. The tubular
      rivets 46 are of a size to receive a small prong 26 of the imprint module
      20. The internal diameter of the rivets 44 and 46 is such that the prongs
      24 and 26 are received in tight frictional engagement to insure good
      electrical contact. The rivets 44 and 46 are spaced apart and arranged on
      each of the three wall portions of divider wall 14 so as to receive the
      prongs 24 and 26 of one of the imprint modules 20 as is best shown in
      FIGS. 3 and 4. Thus, each pair of associated rivets 44 and 46 on a divider
      wall portion serve as an electrical receptacle for the prongs 24 and 26 of
      an imprint module 20.
PAR  Circuit means are provided within the housing 10 for connecting a power
      supply to the prongs 24 and 26 of each imprint module 20 to cause current
      to flow through the electrical resistance wires 28 for heating the module
      body 22. Such means includes the bus bars 40 and 42 and the associated
      rivets 44 and 46 as well as a two cord conductor 50 and a momentary push
      on/off switch 52. The cord 50 extends through a side wall of the housing
      10 and the switch 52 is mounted in the back wall of the housing 10 as is
      best shown in FIG. 2. Suitable wires are provided to interconnect the
      switch 52 and the bus bars 40 and 42 in the manner illustrated in the
      circuit diagram in FIG. 8. As is shown in this figure, one line of the
      cord 50 extends from a conventional plug 56 to the switch 52 which is
      connected in series with the bus bar 40. The other line of the conductor
      50 is connected between the plug 56 and the bus bar 42. The plug 56 is
      adapted to be received in a conventional house receptacle for connection
      to a power supply.
PAR  It will thus be apparent that when the plug is connected to a power supply
      and the switch 52 is moved to the closed position, current will be
      supplied to the resistance elements 28 of the modules 20 which are plugged
      into the socket providing rivets 44 and 46 of the bus bars 40 and 42,
      respectively.
PAR  In the use of the tennis ball marker in accordance with the invention, the
      first step is to select the appropriate identification marking that is to
      be placed on the tennis ball. In the illustration in the drawings, the
      monogram "D D L" has been selected. To this end, imprint modules 20 having
      these letters have been plugged into the appropriate prong receiving
      rivets 44 and 46 in each of the wall portions of the divider wall. The
      electrical resistance heating element 28 of each module 20 is thus
      connected between the bus bars 40 and 42 as is shown in the circuit
      diagram in FIG. 8.
PAR  After the plug 56 is plugged into a suitable receptacle for connecting the
      circuitry to a power supply, switch 52 is moved to the closed position to
      energize the circuitry and cause the heating up of the body 22 and the
      raised portion 32 of impact modules 20. When the impact modules 20 are in
      a heated condition sufficient to burn or scorch the cover of a tennis
      ball, a tennis ball is inserted through the window 12 and pressed against
      the surfaces 34 of the impact modules 20. The curved surface portions
      provide for a good support for the tennis ball and for good contact
      therewith to achieve a good branding-type action. Moreover, the opening 12
      provides guide portions for holding the ball in a steady position during
      the branding operation and to restrain the inward movement of the ball so
      that only the raised portion 32 of the module will come into contact with
      the ball fabric. The tennis ball is pressed gently against the imprint
      modules 20 for a short time to allow the imprint to be scorched deeply
      into the cover thereof.
PAR  The tennis ball is thus marked clearly and decisively with identifying
      indicia without harming the playing value thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. An object marker comprising a housing, removable imprint means enclosed
      in said housing for searing identifying indicia onto the surface of the
      object,
PA1  heating means associated with the imprint means for heating the imprint
      means to searing temperature,
PA1  electrical circuit means mounted in said housing and adapted to be
      connected to a source of electrical power,
PA1  electrical connecting means extending from said heating means for removably
      connecting said heating means to said electrical circuit means,
PA1  said electrical circuit means including electrical receptacle means mounted
      in said housing for removably receiving said electrical connecting means,
PA1  and window means formed in said housing for exposing said imprint means and
      for providing access for connection of said electrical connecting means to
      said electrical receptacle means and said window being such size and shape
      as to receive and position an object which is pressed down against the
      imprint means to thereby mark the object with identifying indicia.
NUM  2.
PAR  2. The marker of claim 1 wherein said object is spherical and said imprint
      means includes a heating surface generally spherical in shape for
      contacting the surface of the object.
NUM  3.
PAR  3. The marker of claim 1 wherein said imprint, heating and connecting means
      comprises at least one interchangeable imprint module with a ceramic body,
      with the imprint means comprising a raised portion projecting upwardly
      from the top surface of the ceramic body, with the heating means
      comprising an electrical resistance heating element embedded in the
      ceramic body, and with the connecting means comprising a pair of
      electrical contact prongs connected to the electrical resistance heating
      element and extending downwardly from the ceramic body, said imprint
      module being removably mounted in said electrical receptacle means, said
      prongs being connected in electrical circuit with said electrical circuit
      means when engaged with said electrical receptacle means.
NUM  4.
PAR  4. The marker of claim 3 wherein its provided a plurality of removable and
      interchangeable imprint modules.
NUM  5.
PAR  5. The marker of claim 4 wherein said electrical circuit means includes a
      pair of bus bars connecting the receptacle means in parallel electrical
      relationship, and a switch connected in series in the electrical circuit
      means for turning the marker on and off.
NUM  6.
PAR  6. The marker of claim 4 wherein said raised portions are generally
      spherical in shape for contacting the surface of a spherical object, the
      radius of curvature of said spherical shape approximating that of the
      spherical object, said modules being mounted in said housing relative to
      each other so as to be contiguous to the circumference of a tennis ball.
NUM  7.
PAR  7. The marker of claim 6 wherein said object is a tennis ball.
NUM  8.
PAR  8. The marker of claim 6 wherein said window means extends around the
      imprint modules and permits insertion of the object to contact said raised
      portions and limits the depth of insertion of the object so that each
      object is seared to a uniform desired depth.
NUM  9.
PAR  9. An object marker for heat searing identifying indicia onto the surface
      of spherical objects, comprising a housing,
PA1  a plurality of removable imprint modules enclosed in said housing, each
      having a ceramic body and provided with a raised imprint portion,
PA1  an electrical resistance heating element means embedded in each ceramic
      body for heating said raised imprint portion to searing temperature,
PA1  a pair of electrical contact prongs connected to the electrical resistance
      heating element means and extending downwardly from the ceramic body,
PA1  an electrical circuit means mounted in said housing and adapted to be
      connected to a source of electrical power,
PA1  said electrical circuit means including electrical receptacle means mounted
      in said housing for removably receiving said electrical contact prongs,
PA1  window means formed in said housing for exposing the imprint portion and
      for providing access for connection of said electrical contact prongs to
      said electrical receptacle means and of such size and shape as to receive
      and position an object which is pressed down against the imprint modules
      to thereby mark the object with identifying indicia,
PA1  said window means extending around the imprint modules and limiting the
      depth of insertion of the objects so that each object is seared to a
      uniform desired depth,
PA1  said raised imprint portion of said imprint modules being generally
      spherical in shape for contacting the surface of the spherical object, the
      radius of curvature of said spherical shape being approximately that of a
      standard size tennis ball,
PA1  said modules being mounted in said housing relative to each other so as to
      be contiguous to the circumference of the spherical object,
PA1  said electrical circuit means including a pair of bus bars connecting the
      receptacle means in parallel relationship,
PA1  and a switch connected in series in the electrical circuit means for
      turning the marker on and off.
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ABST
PAL  A hair curling appliance includes two hair curling wands and a base
      assembly for heating the wands to a desired temperature. The base assembly
      includes two overlapping plate-like retention members having trough-like
      end portions which coact to form sockets for receiving the wands, and
      center portions which coact to form a cavity for holding an electrical
      heating element. The wands include hair retaining clamps operable from the
      handles of the wands, and heat insulating end caps which reduce the
      possibility of a user coming into accidental contact with the heat
      transfer portions of the wands.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to hair curling appliances, and
      more particularly to a hair curling appliance providing improved operating
      convenience and manufacturing economy.
PAR  Hair curling appliances, which ordinarily consist of one or more curling
      irons or wands and a base for receiving the wands, have long provided an
      effective means for imparting curls to hair. The curling wands associated
      with these appliances have been either of the internally heated type,
      wherein a heating element, generally electrically powered, is situated
      within the working portion of the wand to heat the hair as it is looped
      over the iron, or of the externally heated type, wherein the wand is
      formed of a material having a high heat coefficient and the base is
      provided with an electrical heating element for bringing the wand up to a
      predetermined temperature prior to use.
PAR  Of the two types of hair curling appliances, the internally-heated type has
      the disadvantage of requiring a separate internal heating element for each
      curling wand and, therefore, is more costly to manufacture. Furthermore,
      the presence of an electrical connection to the hand-held wand has proven
      discomforting to some users. For these reasons, the externally-heated type
      of hair curling appliance has proven more popular for non-commercial
      consumer use.
PAR  Unfortunately, prior-art hair curling appliances of the externally-heated
      type have been unnecessarily bulky and expensive to construct. This has
      largely been a result of complications in constructing a suitably compact
      and inexpensive socket assembly in the appliance base for removably
      receiving the heating wands, and for heating the wands from a common
      electrical heating element. Thus, the need has developed for a hair
      curling appliance which does not require a large, complicated and
      expensive base assembly, and which provides tapered, easy-to-handle wand
      assemblies which can be easily manipulated by a user during hair curling
      operations.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved hair curling appliance.
PAR  It is another object of the present invention to provide a new and improved
      hair curling appliance which can be more economically produced.
PAR  It is another object of the present invention to provide a new and improved
      hair curling appliance which is smaller in size and which utilizes small,
      tapered easy-to-maneuver hair curling wands.
PAR  It is another object of the present invention to provide a new and improved
      hair curling appliance which has a base assembly requiring a minimum
      number of component parts.
PAR  It is another object of the present invention to provide a new and improved
      hair curling appliance which provides improved protection against
      inadvertent burns to a user.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a hair curling appliance comprising a pair of
      curling wands, each having a thermally insulated handle portion and a
      tapered heat retaining working portion, a housing having a pair of spaced
      apertures dimensioned to receive substantially the entire working portions
      of respective ones of the curling wands, an electric heating element, and
      means comprising a pair of heat-conductive retaining members in thermal
      communication with the heating element, the members having center portions
      forming a cavity for receiving the heating element and trough-like
      inwardly facing end portions extending coaxially to respective ones of the
      wand-receiving apertures substantially the length of the working portions
      of the wands to form a pair of sockets within the housing for receiving
      the curling wands.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention, which are believed to be novel, are
      set forth with particularity in the appended claims. The invention,
      together with the further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a perspective view of the hair curling appliance of the invention
      showing one curling iron seated in its receptacle in the base and the
      other curling iron removed from its receptacle for use.
PAR  FIG. 2 is a side elevational view of the hair curling appliance of FIG. 1.
PAR  FIG. 3 is a rear elevational view of the hair curling appliance of FIG. 1.
PAR  FIG. 4 is a top plan view of the hair curling appliance of FIG. 1.
PAR  FIG. 5 is a cross-sectional view taken along lines 5--5 of FIG. 3.
PAR  FIG. 6 is a cross-sectional view taken along line 6--6 of FIG. 5.
PAR  FIG. 7 is a cross-sectional view taken along lines 7--7 of FIG. 5.
PAR  FIG. 8 is an enlarged cross-sectional view taken along lines 8--8 of FIG. 7
      showing one of the curling wands seated in its socket assembly.
PAR  FIG. 9 is a top elevational view of one of the curling wands utilized by
      the appliance.
PAR  FIG. 10 is a cross-sectional view taken along lines 10--10 of FIG. 9.
PAR  FIG. 11 is a cross-sectional view taken along lines 11--11 of FIG. 10
      showing the pivotal attachment between the hair retaining clamp and the
      handle of the curling wand.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the hair curling appliance of the invention is seen to
      comprise two hand-held curling wands 10 and a pedestal-mounted base
      assembly 11 for heating the wands to a temperature suitable for curling
      hair. The curling wands 10 each include a heated cylindrical work portion
      12 around which the hair is wrapped during the curling operation, a
      heat-insulated handle portion 13 with which the user holds the wand, a
      pivotally mounted hair clamp member 14 for gripping loose ends of hair
      prior to wrapping the hair around the wand, and an insulated tip portion
      15 for guarding against inadvertent burns to the user. When the wands are
      not being used to curl hair, the working portions 12 are normally inserted
      through respective ones of two wand-receiving apertures 16 and 17 in the
      base 11 to be received by a socket assembly therein.
PAR  The main or body portion of the base 11 is held in an upwardly inclined
      position by means of a flat pedestal which extends between the underside
      of the body portion and an underlying supporting surface. The temperature
      to which the working portions 12 of the curling wands 10 are heated is
      controlled by a temperature control knob 18 located on the front face of
      the base assembly.
PAR  Referring now to FIGS. 5 and 6, the housing 20 for base assembly 11
      comprises a front housing section 21 and a rear housing section 22, each
      of which may be molded from an impact-resistant high-temperature plastic.
      The two sections are held together by threaded fasteners 23 which extend
      through apertures in the rear section 22 and into threaded bores in the
      front section 21. A power cord 24 for supplying power to the appliance
      passes through the rear housing section 22 and is attached thereto means
      of a grommet 25 or similar fastener.
PAR  To transfer heat to the working portions of the two curling wands, base
      assembly 11 includes, in accordance with the invention, a novel socket
      assembly 26 for receiving and transferring heat to the working surfaces 12
      of respective ones of the two curling wands 10. This assembly comprises
      brackets or wand retaining members 30 and 31, each formed from a thin
      rectangular sheet of heat-conductive material such as steel. Each of the
      retaining members includes a flat center portion and trough-like end
      portions, the spacing between the end portions corresponding substantially
      to that of the wand-receiving apertures 16 and 17 in the base housing, as
      viewed in FIGS. 1-3. The trough-like end portions of the two retaining
      members face inwardly to form individual cylindrically-shaped sockets 32
      and 33 for receiving the working portions 12 of the hair curling wands 10.
      Since the end portions on the respective brackets are spaced identically
      to the wand-receiving apertures 16 and 17 in the base housing, the wands
      when inserted through these apertures automatically fall into alignment
      with the sockets and are slidably received therein.
PAR  To obtain optimum heat transfer to the hair curling wands the inside
      surfaces of the trough-like end portions of retaining members 30 have a
      radius of curvature which corresponds substantially to the outside radius
      of the working portion 12 of the wands. Close uniform engagement is
      assured between retaining member 30 and the wands by providing
      longitudinally extending spring steel strips 34 and 35 on the inside
      surfaces of the trough-like portions of the other retaining member 31. As
      can be seen in FIGS. 7 and 8, these spring strips bear against the clamp
      members 14 of the wands to force the opposite surfaces of the working
      portions 12 into engagement with the inside surface of retaining members
      30. The margins of the wand-receiving apertures in the base housing are
      keyed with a semi-circular portion of reduced diameter to assure that the
      wands will always be inserted into the sockets with the correct
      orientation so that the spring strip will bear against the clamp 14 and
      not against the working surfaces 12 of the wands. This prevents
      unnecessary wear of the working surfaces during repeated use.
PAR  In further accord with the invention the central portion of wand retaining
      member 31 is formed away from the central portion of member 30 to define a
      space or cavity between the two brackets. This cavity is dimensioned to
      receive an electrical heating element 36, which, by reason of its close
      physical proximity to the two retaining members, serves to heat both of
      the brackets and any curling wands contained in the socket assemblies
      formed by the members.
PAR  Retaining members 30 and 31 are mounted to the rear section 22 of the base
      housing by means of three threaded fasteners 40, which engage
      complementarily threaded bores 41 on posts 42 molded into the inside
      surface of the housing. To protect housing 20 from the deformation or
      discoloration from exposure to the heated retaining members, the fasteners
      are preferably attached to the retaining members by means of
      heat-insulating grommets 43 formed of a flexible high-temperature
      material. The mounting holes provided in members 30 and 31 for receiving
      fasteners 40 are preferably over-sized to accommodate grommets 43 and to
      avoid contact between the members and the fasteners.
PAR  For optimum versatility the temperature to which the hair curling wands 10
      are heated is preferably user-adjustable to accommodate different types of
      hair and different hair setting conditions. To this end, the base 11 of
      the appliance includes an electrical thermostat assembly 45
      user-controllable from the front of the appliance. This thermostat
      assembly includes a pair of spring contacts 46 and 47 electrically
      connected in series with heating element 36, and a bimetallic strip 48
      attached at one end to the front surface of bracket 31. The other end of
      strip 48 includes an electrically non-conductive spacer 50 which bears
      against contact 47, so that as the temperature of heating element 36, and
      hence members 30 and 31 and the working portions 12 of curling wands 10,
      increases, contact 47 is bent away from contact 46 as strip 48 expands
      outwardly until the contacts eventually open and power is removed from the
      heating element. As strip 48 subsequently cools, contacts 46 and 47
      eventually close to restore power to the heating element and begin the
      heating cycle anew.
PAR  To enable the user to adjust the operating temperature of the thermostat
      the position of contact 46, and hence the point or temperature at which
      the contacts will separate, is made user-adjustable from the front panel.
      This is accomplished by means of a shaft 51, which is connected to the
      temperature control knob 18, and a cam bearing block 52 which causes the
      shaft to move either inwardly and outwardly, depending on the position of
      knob 18. Since the free end of shaft 51 bears against contact 46, rotation
      of knob 18 repositions contact 46 and sets the temperature at which the
      contacts open.
PAR  The two hair curling wands 10 have been previously described as each
      comprising a handle portion 13, a working or body portion 12, a protection
      cap 15, and a hair clamp member 14. Referring to FIGS. 9-11, the handle
      portion 13, which may be fabricated of a heat-insulating plastic material,
      is preferably tapered so as to increase in diameter adjacent the working
      portion 12 to provide a more convenient gripping surface and to protect
      the user from inadvertent contact with the heated working surface. The
      working portion 12 in the illustrated embodiment is preferably cylindrical
      and formed of a metal having a high heat conductivity, such as aluminum.
      However, it will be appreciated that the working portion may be oval or
      multi-faceted in cross section, and may be formed of other materials, such
      as stainless steel, or have a shell of such material filled with a
      material such as wax having a high heat retention capability. The
      cylindrical working portion 12 and/or the protector cap 15 may be provided
      with a taper for ease of insertion into the wand-receiving sockets 32 and
      33, and to provide a more aesthetically pleasing appearance. It will be
      understood that the wand-receiving sockets 32 and 33 and the trough-like
      portions of wand-retaining members 30 and 31, would be dimensioned as
      required by the particular shape of the working portions 12 for smoothly
      receiving the wands.
PAR  Referring to FIG. 10, the handle portion 13 of the hair curling wand 10
      preferably comprises a hollow housing consisting of an upper housing
      section 60 and a lower housing section 61. The two sections are fastened
      together by means of threaded fasteners 62 which extend through apertures
      in section 61 and into threaded bores in section 60.
PAR  The hair retaining clamp 14, which extends the entire length to the working
      portion of the wand, is preferably pivotally mounted to the wand near
      handle portion 13 so that it can be opened and closed at will by the user
      to hold loose hair ends prior to twisting the wand to initiate the curling
      operation. The hair retaining clamp consists of an elongated metal strip
      formed at one end to substantially correspond to the outside surface of
      the working portion 12 of the wand, so that as the clamp lies retracted
      against the wand a substantially uniform rounded surface is presented. A
      portion of the working surface may be recessed to receive the clamp,
      thereby forming a more uniform surface when the wand is retracted.
PAR  The clamp 14 is pivotally mounted to the housing sections of the handle so
      that it can be conveniently opened to receive or release hair from the
      wand. To this end, the clamp is provided with a flanged portion 64 which
      extends back into the hollow inside portions of the handle housing
      sections 60 and 61. The flat center of portion 64 is attached to an
      actuator bar 63 which provides a heat-insulated surface which the user can
      conveniently depress to pivot the clamp away from the working portion of
      the wand. The vertically-extending flanges on either side of portion 64
      each includes an aperture for receiving a transversely-extending pivot pin
      66, which is seated in recesses molded into housing sections 60 and 61 to
      provide a pivotal axis for clamp 14. A wire spring 65, disposed around pin
      66 biases clamp 14 into its retracted position against the surface of the
      working or heat transfer portion 12. One end of this spring bears against
      the flanged rear portion 64 of clamp 14 and the other end bears against
      the handle end of portion 12.
PAR  The tip of the heat transfer portion 12 is provided with cap 15 to lessen
      the possibility of accidental burns from unintentional user contact with
      the heat transfer surface. This cap, which comprises a hollow generally
      cylindrical member formed of a suitable high-temperature low heat
      conductivity plastic, is attached to the end of the working portion or
      body of the wand by means of a threaded fastener 67 or other appropriate
      fastening means.
PAR  In use the two curling wands 10 are inserted into respective ones of the
      receptacles 16 and 17 and the temperature control 18 is set to the desired
      temperature. After the desired temperature has been reached, one of the
      wands may be removed and utilized in a conventional manner by wrapping the
      loose ends of hair to be curled around the working portion of the wand.
      The clamp may be utilized to assist in this operation by holding the loose
      ends in position prior to initiating the wrapping.
PAR  When the first-used wand has cooled to the point where it is no longer at a
      sufficiently high temperature for hair curling, the wand is returned to
      its receptacle and the other wand, which in the meantime has been
      maintained at the desired temperature, is removed for use. While the
      second wand is being used the first wand is being reheated for subsequent
      use.
PAR  The present appliance provides an efficient and convenient-to-use appliance
      for curling hair. By reason of its unique construction, which requires a
      minimum number of component parts, the appliance is convenient to use, and
      economical to construct and manufacture. Furthermore, since the base of
      the appliance has no exposed heated surfaces, and since a protector cap is
      provided to prevent accidental contact with the ends of the heat transfer
      portion of its curling wands, the danger of unintentional burns to a user
      is minimized.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hair curling appliance comprising, in combination:
PA1  a pair of curling wands, each having a thermally insulated handle portion
      and a heat retaining working portion;
PA1  a housing having a pair of spaced apertures dimensioned to receive
      substantially the entire working portions of respective ones of said
      curling wands;
PA1  an electric heating element in said housing; and
PA1  means comprising a pair of juxtaposed heat-conductive retaining members in
      said housing in thermal communication with said heating element, said
      member having center portions forming a cavity wherein said heating
      element is received in captive engagement when said retaining members are
      joined, and trough-like inwardly facing end portions extending coaxially
      to respective ones of said wand-receiving apertures substantially the
      length of said working portions of said wands to form a pair of sockets
      within said housing for receiving said curling wands.
NUM  2.
PAR  2. A hair curling appliance as defined in claim 1 wherein said trough-like
      end portions are substantially semicylindrical, and said working portions
      of said curling wands are cylindrical and tapered.
NUM  3.
PAR  3. A hair curling appliance comprising, in combination:
PA1  a pair of curling wands, each having a thermally insulated handle portion
      and a heat-retaining work portion;
PA1  a base including a housing having a pair of apertures for receiving the
      work portions of said curling wands, said apertures having a predetermined
      center-to-center spacing;
PA1  an electric heating element in said housing;
PA1  a first retaining member in said housing of thin heat-conductive plate
      material having a center portion and first and second trough-like end
      portions, said end portions being located at opposite ends of said plate
      and having a spacing between their axes corresponding to said
      predetermined spacing between said wand-receiving apertures;
PA1  a second retaining member in said housing of thin heat conductive plate
      material having a center portion and first and second trough-like end
      portions, said end portions being located at opposite ends of said plate
      and having a spacing between their axes corresponding to the spacing
      between said wand-receiving apertures, said center portion of said second
      retaining member adapted to form in conjunction with said center portion
      of said first retaining member a cavity therebetween for receiving in
      captive engagement said heating element; and
PA1  means for mounting said first and second retaining members within said
      housing in overlapping relationship with said trough-like end portions
      inwardly concave and in axial alignment with said wand-receiving apertures
      and said electric heating element contained within said defined space
      between said members whereby a combination retaining socket and heat
      transfer assembly is formed for said curling wands.
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ABST
PAL  A high-voltage hot water boiler includes a plurality of fluid heating units
      arranged parallel to each other. Each fluid heating unit includes a
      cylindrical housing which serves as a counter-electrode. Each housing is
      provided with a fluid inlet and a fluid outlet so that fluid to be heated
      can be conducted therethrough and the housing is supported so that the
      fluid flow path is closer to the horizontal than to the vertical. An
      electrode extending in the flow direction is provided in each housing for
      cooperation with the counter-electrode to electrolytically heat the fluid
      flowing through the flow path. A nozzle, which may be electrically
      conductive, is associated with the electrode to direct incoming fluid
      towards the latter. An electrically-insulating sleeve surrounds the
      electrode and is movable by an adjusting means both in and opposite to the
      flow of the fluid to modify the flow of current between the electrode and
      counter-electrode. The adjusting means also simultaneously adjusts the
      position of the nozzle means relative to the electrode. Manifolds connect
      the fluid inlets and the fluid outlets of the units together for parallel
      fluid flow. The adjusting means of the units are ganged together for
      simultaneous operation.
BSUM
PAR  This invention relates to an improved water heater operating at high
      tension (by which I mean a voltage in excess of 1 KV) and heating the
      water by direct passage of current between an electrode at high voltage
      and a counter electrode at earth potential, both immersed in the water.
      Throughout this specification the term "boiler" will be used to describe
      such a water heater although it should be understood that in its normal
      intended mode of operation it will be water and not steam which leaves the
      boiler.
PAR  According to the present invention a high tension electrode hot water
      boiler comprises an electrically conducting boiler casing forming a
      counter electrode, an inlet adjacent one end of the casing for feeding
      water to be heated to the boiler, an outlet adjacent to the opposite end
      of the casing for passing heated water from the boiler, means to support
      an electrode within the casing so that the electrode is electrically
      insulated from the casing and extends in the direction of flow of water as
      it passes from end to end of the casing, and means to support the casing
      so that the flow direction is closer to the horizontal than to the
      vertical.
PAR  Preferably, the casing is of circular cylindrical shape and is mounted so
      that its axis is horizontal. Axes inclined at angles less than 45.degree.
      to the horizontal are not ruled out, although the advantages afforded by
      the invention increase as the angle of inclination approaches zero.
PAR  Preferably, the boiler comprises a tubular current modifying means mounted
      within the casing for movement both in the opposite to the water flow
      direction to or through a position in which it at least partly surrounds
      the electrode and modifies the electric current flow between the electrode
      and the counter electrode as a function of its position, and control means
      for moving the modifying means to or through said position.
PAR  Suitably the modifying means is a sleeve of electrically insulating
      material mounted on a carrier movable within the casing. Conveniently the
      end of the carrier adjacent to the inlet supports a flow-controlling
      nozzle arranged to ensure that inlet water flows directly towards the
      electrode, particularly when the modifying means is in its position for
      maximum power output. The nozzle may be of conducting material and be
      electrically connected to the counter electrode to form a part of the
      counter electrode.
PAR  Normally the boiler will be designed to operate on a three-phase supply and
      in this case three similar casings each with its own electrode would be
      provided. Preferably, the three casings are connected in parallel so far
      as water flow is concerned, there being a common water inlet to the
      casings and a common water outlet therefrom. When such a three-phase
      boiler is provided with the above-mentioned modifying means, each casing
      would be provided with its own modifying means and control means therefor,
      the three control means being suitably ganged together to ensure that the
      electrical load does not become unbalanced as power adjustments are made.
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PAR  One embodiment of high tension electrode hot water boiler will now be
      described, by way of example, with reference to the accompanying drawings,
      in which:
PAR  FIGS. 1, 2 and 3 are a plan, end view and side view, respectively, of the
      boiler.
PAR  FIG. 4 is a sectional schematic view of part of one of the casings of the
      boiler of FIGS. 1-3 showing a minimum load position, and
PAR  FIG. 5 is a view corresponding to FIG. 4 showing the other end of the
      casing and indicating a maximum load position.
DETD
PAR  The boiler shown in FIGS. 1 to 3 comprises three tubular steel casings 1, 2
      and 3 mounted on supports 31 and 32 so that the casing axes are
      substantially horizontal. Supported in each casing is an axially disposed
      cast iron electrode 4 (see FIGS. 4 and 5). The three electrodes are
      electrically insulated from the casings and are connected to phase lines
      R, S and T. A typical operating voltage is in the range 11 to 13 KV, so
      that ceramic insulators 5 are employed to withstand the high voltage
      difference between the phase lines and the casings. Each end of each
      casing is provided with an enlarged annular collar, these defining inlet
      collars 6 at the ends remote from the insulators 5, and outlet collars 7
      at the ends adjacent to the insulators 5. The inlet collars 6 are
      connected in parallel to an inlet manifold 8 and the outlet collars 7 are
      connected in parallel to an outlet manifold 9. FIG. 4 shows how
      communication between an inlet collar 6 and the interior of the casing is
      achieved via inlet openings 10 and FIG. 5 shows the communication from the
      casing to the outlet collar 7 via outlet openings 12.
PAR  Slidably located in each casing is a tubular member 13 supporting a
      porcelain pipe 14 and a flow-controlling nozzle 15. The member 13 is
      terminated at its end facing the inlet end of the casing by an annular
      plate 16 and an array of arms 17 connecting the member 13 to a stainless
      steel tube 18. The tube 18 is slidably received in a gland 19 in an end
      wall 20 of the casing.
PAR  A rotatable lead screw 21 is housed within the tube 18, the latter engaging
      the former by means of a threaded nut 22 non-rotatably secured to the tube
      18. A load control motor 23 (see FIG. 1) is provided which acts, via a
      shaft 24, to turn the three screws 21 in synchronism, when an adjustment
      has to be made in the power output from the boiler. As the shaft 24
      rotates in one direction or the other, the three screws turn and cause the
      tubes 18 to be pushed into or pulled out of the casings, moving the
      members 13, pipes 14 and nozzles 15 between the limiting positions shown
      in FIGS. 4 and 5.
PAR  In the position shown in FIG. 4 the pipe 14 surrounds the electrode 4
      screening it, to a major extent, from the counter electrode (formed by the
      casing and conducting parts of the member 13). The position shown in FIG.
      4 represents the minimum load position.
PAR  In the position shown in FIG. 5, the nut 22 has moved close to the end wall
      20 and the pipe 14 no longer surrounds the electrode, thus permitting more
      current to flow between the electrode and the earthed counter electrode.
      FIG. 5 represents the maximum load position.
PAR  The nozzle 15 may be of electrically insulating material or of cast iron.
      If of the latter, it acts as a part of the counter electrode and has an
      effect on power output which increases as it moves closer to the electrode
      4.
PAR  Since the only way for water to pass into the mid region of the casing is
      through the nozzle 15, the nozzle ensures that the water flow impinges on
      the electrode particularly in the maximum load position shown in FIG. 5.
      The pipe 14 is supported coaxially in the member 13 by two annular plates
      13a and 13b. Small holes are formed in these plates but the only
      substantial flow path for water from the inlet to the outlet of any casing
      is through the pipe 14.
PAR  The electrode 4 is shown threaded on the end of a steel conducting rod 25
      which is connected to the phase lead R, S or T. Within the casing, the rod
      25 is surrounded by a ceramic tube 26, held in place by an annular collar
      27. The electrode 4 is urged against the adjacent end of the tube 26 by
      means of a helical spring 28 acting between a flange 29 secured to the rod
      25 and a sleeve 30 pressing against an outer ceramic tube 31.
PAR  Conventional three-phase high tension electrode hot water boilers have the
      flow direction sensibly vertical, the three electrodes being housed in a
      common vertical tubular casing which gives a tall structure (15 feet or
      more is not uncommon) which is difficult to service the heavy top of the
      large casing has to be removed for this purpose. By the simple expedient
      of mounting each electrode in its own tubular casing and disposing these
      casings side by side with their axes substantially horizontal, I have
      provided a boiler which is much shorter than prior art boilers of
      comparably power output and is short enough to be accommodated in a
      standard height room, and which is easier to service (since only the
      casing housing the defective component need by opened).
PAR  By mounting the casings side-by-side in the horizontal direction I find I
      can simplify the control means and the modifying means to give more
      reliable operation and more precise control. Using a water distribution
      nozzle mounted on the modifying means, to move with the latter, has a
      significant advantage in that it improves water distribution to the
      electrode throughout the load range and, where the nozzle is part of the
      counter electrode, it permits the obtaining of a higher maximum load.
PAR  By mechanically coupling the three lead screws 21 together I can obtain
      very precise control of load output. The individual phases can be balanced
      initially by making independent adjustments of the nuts 22 and once the
      boiler is adjusted in this way between phases, control over the entire
      power range can be effected by operating the motor 23 without appreciable
      unbalance between the phases occurring.
PAR  The boiler illustrated has a maximum height of 7 feet, an overall length of
      13 feet and an overall width of 10 feet. It has a rating of 10 Megawatts
      and is capable of raising the temperature of 70,000 lbs of water per
      minute through from 5.degree. to 8.degree.F.
PAR  The main advantages of the design of boiler described with reference to the
      drawings are thought to be:
PA1  1. Low headroom required. Boiler can be installed in a standard height
      room.
PA1  2. Very positive water circulation around the electrode.
PA1  3. Very easy adjustment of the load in each shell to get perfect load
      balance.
PA1  4. Very easy servicing.
PA1  5. No vibration of the load control tube.
PA1  6. The moving nozzle, if of metal, helps to obtain heavier loads.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for heating fluids, particularly a high-voltage hot water
      boiler, comprising at least one fluid-heating unit, each of said fluid
      heating units including a housing formed of electrically conductive
      material and serving as a counter electrode, said housing having an inlet
      for conducting fluid to be heated in a path through said housing and an
      outlet for conducting heated fluid from said housing; means for supporting
      said housing so that the flow direction of said fluid path is closer to
      the horizontal than to the vertical; an electrode electrically insulated
      from said housing and extending in said flow direction and cooperating
      with said counter electrode so as to electrolytically heat the fluid
      flowing in said path; modifying means for modifying the electric current
      flow between said electrode and said counter electrode as a function of
      position, said modifying means comprising a carrier movable within said
      housing, a sleeve of electrically insulating material mounted on said
      carrier so as to move with the latter both in and opposite to the
      direction of fluid flow to or through a position in which said sleeve at
      least partly surrounds said electrode, and adjusting means connected to
      said carrier for moving the same to or through said position in which said
      sleeve surrounds said electrode; and flow control means including a nozzle
      located at one end of said carrier adjacent to said inlet for directing
      incoming fluid substantially towards said electrode.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein a plurality of said
      fluid-heating units are provided parallel to each other, each of said
      units being energized by being connected to one phase of a three-phase
      electrical energy source; an inlet manifold connecting the housing inlets
      of said units in parallel; an outlet manifold connecting the housing
      outlets of said units in parallel; and means for ganging the respective
      adjusting means associated with each of said fluid-heating units together
      for simultaneous operation.
NUM  3.
PAR  3. An apparatus as claimed in claim 2, wherein said plurality of
      fluid-heating units comprises three units connected in parallel with
      respect to fluid flow.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said nozzle is made of
      electrically conducting material and is electrically connected to said
      counter electrode to form a part of said counter electrode.
NUM  5.
PAR  5. An apparatus for heating fluids, particularly a high-voltage hot water
      boiler, comprising at least one fluid-heating unit, each of said fluid
      heating units including a housing formed of electrically conductive
      material and serving as a counter electrode, said housing having an inlet
      for conducting fluid to be heated in a path through said housing and an
      outlet for conducting heated fluid from said housing; means for supporting
      said housing so that the flow direction of said fluid path is closer to
      the horizontal than to the vertical; an electrode electrically insulated
      from said housing and extending in said flow direction and cooperating
      with said counter electrode so as to electrolytically heat the fluid
      flowing in said path; flow control means provided in said fluid path for
      directing the flow of fluid substantially towards said electrode, said
      flow control means being formed of electrically conductive material and
      being electrically connected with said housing; and means for varying the
      spacing between said flow control means and said electrode so as to vary
      the flow of electrical current between said electrode and said counter
      electrode and thereby handle different loading requirements.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, said fluid-heating unit further
      comprising a tubular current modifying means mounted within said housing
      for movement both in and opposite to the fluid flow direction to or
      through a position in which it at least partly surrounds said electrode
      and modifies the electric current flow between said electrode and said
      counter electrode as a function of its position, and adjusting means for
      moving said modifying means to or through said position.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, wherein three of said fluid-heating
      units are provided parallel to each other and means for ganging each of
      the adjusting means associated with the respective fluid-heating units
      together for simultaneous operation so that the electrical load is free
      from imbalance as a power adjustment is made.
NUM  8.
PAR  8. An apparatus as claimed in claim 6, wherein said modifying means is a
      sleeve of electrically insulating material mounted on a carrier movable
      within said housing.
NUM  9.
PAR  9. An apparatus as claimed in claim 5, wherein said housing is of circular
      cylindrical shape and is mounted so that its axis is substantially
      horizontal.
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ABST
PAL  A system for controlling the application of heat energy to a ceramic
      exhaust gas sensor and for linearizing the output signal from the sensor
      is disclosed. The system compares, electrically, the resistance of a
      conductive heater winding against a fixed reference and permits a flow of
      electrical current through the heater whenever the comparison indicates
      that the temperature of the heater is below the desired level. By
      periodically establishing a flow of electrical energy through the heater
      and terminating that flow whenever the heater temperature reaches the
      desired level, the temperature of the heater may be held at the desired
      level with great accuracy. In order to periodically reestablish the flow
      of electrical energy through the heater, the system further provides an
      oscillator arranged to reestablish current flow through the heater a fixed
      time period following termination of current flow through the heater.
PAL  The system also provides a linearizing amplifier connected to the sensor to
      provide an output signal which is linear with respect to changes in the
      air/fuel ratio of the mixture being combusted.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is related to co-pending commonly assigned patent
      application Ser. No. 483,723 filed June 27, 1974 in the names of Gordon L.
      Beaudoin et al. and titled "Exhaust Gas Sensor Probe and Method of
      Manufacture".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to the field of internal combustion
      engine control systems and primarily to that portion of the above-noted
      field which is concerned with the chemical analysis of the composition of
      the exhaust gases produced by the internal combustion engine. More
      particularly, the present invention is concerned with an electrical system
      for maintaining the temperature of an exhaust gas sensor at a closely
      controlled value so that signals produced by the sensor may be accurately
      and reliably related to the concentration of oxygen in the exhaust gases.
      The present invention is also concerned with a system for providing an
      exhaust gas sensor output signal which is linear with respect to changes
      in the air/fuel ratio of the combustible mixture being provided to the
      engine and producing the exhaust gas environment of the sensor.
PAR  2. Description of the Prior Art
PAR  Ceramic sensors for electrically reacting to the partial pressure of oxygen
      within the exhaust gases produced by an internal combustion engine are
      known. One such sensor is described in co-pending, commonly assigned
      patent application Ser. No. 391,424 -- "Air Fuel Ratio Sensing System" and
      filed in the names of H. L. Stadler et al. The sensor there described
      relies upon changes in the electrical resistance of titania ceramic
      material in response to changes in the partial pressure of oxygen in the
      environment of the sensor. These sensors operate at elevated temperatures
      on the order of about, for example, 600.degree. to 900.degree.C. Other
      sensor ceramic materials having a variable electrical resistance are
      known. Since the resistance of the ceramic material may vary with
      variations in the temperature within the operating range, as well as with
      variations in the partial pressure of oxygen, it has become apparent that
      accurate control of the temperature of the sensor is desirable when
      partial pressure of oxygen determination is desired.
PAR  One prior art system relies upon a platinum heater wire embedded within the
      ceramic element and an embedded thermocouple operating a control system to
      maintain a substantially constant flow of electrical current of variable
      magnitude through the heater wire consonent with maintaining the
      temperature of the ceramic material at a selected level. By way of
      example, temperatures of 700.degree.C., plus or minus 2.degree.C are
      desired so that the electrical resistance of the sensor ceramic may be
      directly translated into a partial pressure of oxygen for the exhaust
      gases and, concomitantly, an accurate measure of the air/fuel ratio of the
      combustion mixture generating the exhaust gases.
PAR  This structure, that is, one in which an embedded thermocouple is used to
      variably control the current through a heater winding, has produced a
      variety of problems. Firstly, the embedded thermocouple, if it is to be
      accurate within the desired range of accuracy, is an expensive element.
      Secondly, the continuous control of a variable flow of electrical current
      through a heater winding requires expensive electronic or
      electromechanical components and results in consumption of electrical
      energy which occurs remote from the sensor and which is wasteful. It is
      therefore a specific object of the present invention to provide a system
      for controlling the heating of a wafer of ceramic material which does not
      require the use of a thermocouple. It is also an object of the present
      invention to provide such a system which does not dissipate substantial
      amounts of electrical energy in structures remote from the sensor ceramic.
      More particularly, it is an object of the present invention to provide
      such a system which dissipates only minor amounts of electrical energy in
      components other than the heater.
PAR  In the control of an internal combustion engine to provide an exhaust gas
      having a precisely controlled chemical composition for subsequent
      treatment by exhaust gas treatment devices, the maintenance of the
      air/fuel ratio of the combustion mixture at a precisely controlled value
      is of cardinal importance. The known exhaust gas sensor ceramic materials
      which demonstrate a variable resistance in response to variations in the
      partial pressure of oxygen in the exhaust gases and which are compatible
      in terms of response time and life capacity with an automotive environment
      show a resistance variation such that the logarithm of resistance is
      approximately linear in terms of variation in air/fuel ratio. In order to
      provide an output signal for modulating either the air or the fuel content
      of the air/fuel mixture it is desirable to match the resistance variation
      of the sensor, the output signal, and the response of the modulating
      mechanism. It is therefore an object of the present invention to provide
      an electrical system for generating an exhaust gas sensor output signal
      which varies approximately linearly with respect to variation of the
      air/fuel ratio of the combustion mixture. More particularly, it is an
      object of the present invention to provide an electrical system for
      converting the normally logarithmic sensor signal to an approximately
      linear sensor signal for use by a controller having an approximately
      linear response for small sensor signals for modulating either the air or
      the fuel content of the combustion mixture.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides an electrical circuit for intermittently
      energizing an electronic switch such that an electrical current will be
      intermittently applied to a heater wire. Comparison means are provided
      responsive to the flow of electrical current through the heater wire for
      comparing the voltage drop across the heater wire with a preselected ratio
      in output voltage representative of heater wire temperature at a selected
      level. The present invention also contemplates the implementation of an
      electronic oscillator responsive to the termination of flow of electrical
      current through the heater wire to actuate the switch means to the "on" or
      conductive mode a selected interval of time thereafter to reinitiate the
      flow of electrical current to the heater wire.
PAR  The present invention also contemplates the provision of electronic means
      for modulating the magnitude of the current applied to a resistive ceramic
      exhaust gas sensor so that a voltage signal may be derived therefrom which
      varies linearly with respect to variations in the air-to-fuel ratio of the
      combustion mixture producing the exhaust gases of the sensor environment.
      An electronic comparator is arranged to compare the voltage across the
      ceramic exhaust gas sensor with an established reference value and is
      provided with feedback means for varying the voltage signal applied to the
      comparator by the ceramic exhaust gas sensor thereby modulating the
      comparator output signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram illustrating an internal combustion engine
      having an exhaust responsive feedback fuel control mechanism with which
      the present invention is of utility.
PAR  FIG. 2 illustrates, in a block diagram form, the electronic fuel control
      feedback circuit of the present invention.
PAR  FIG. 3 is an electronic circuit diagram illustrating one aspect of the
      instant invention.
PAR  FIG. 4 is an electronic circuit diagram illustrating a second aspect of the
      present invention.
PAR  FIG. 5 is an electronic circuit diagram of an air/fuel ratio modulation
      means usable with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an internal combustion engine 10 is illustrated.
      Internal combustion engine 10 is provided with an intake manifold 12 and
      an exhaust manifold 14. Exhaust manifold 14 communicates with an exhaust
      gas conduit 16. A fuel metering and delivery device 18, which may be for
      example a fuel injection system or a carburetor is illustrated
      schematically communicating with the intake end of intake manifold 12.
      Fuel metering and delivery device 18 is provided with an air cleaner 20
      such that air injected by engine 10 through intake manifold 12 may be
      drawn from the atmosphere through air cleaner 20 and through at least a
      portion of the fuel metering and delivery device 18. Fuel metering and
      delivery device 18 is further provided with an air/fuel ratio modulator
      means 22. Air/fuel ratio modulator means 22 may be for example, in the
      case of an electronic fuel injection system, a variable resistor arranged
      to control the quantity of fuel delivered to engine 10 in relation to a
      given quantity of air or, in the case of a carburetor, may be a variably
      positionable metering orifice arranged to control the quantity of fuel
      delivered to engine 10 in respect of a given quantity of air. The air/fuel
      ratio modulator means 22 may alternatively be arranged to control a
      variably positionable air valve so that the quantity of air injected by
      engine 10 in respect of a given quantity of fuel delivered by fuel
      metering and delivery device 18 may be modulated.
PAR  Exhaust gas conduit 16 is provided with an exhaust gas sensor 10 which is
      mounted to conduit 16 so as to place an exhaust gas chemistry responsive
      element within the stream of exhaust gases flowing through conduit 16. The
      presently preferred form of this device is that of a variably resistive
      ceramic exhaust gas sensor formed of, for example, titania or cobalt
      monoxide. Other forms of this device are suitable and are contemplated.
      Electronic control means 26 communicates with exhaust gas sensor 24
      through a plurality of sensing leads 28, 30, 34 and heater power lead 32.
      Electronic control means also communicates with the air/fuel ratio
      modulator means 22 over conductive lead 36. As described hereinbelow, the
      electronic control means 26 is arranged to respond to changes in the
      exhaust gas chemistry sensed by exhaust gas sensor 24 to provide a control
      signal for receipt by air/fuel ratio modulator means 22 which control
      signal may be arranged to modulate either the fuel or the air content of
      the air/fuel ratio mixture being provided to internal combustion engine 10
      to maintain a desired exhaust gas chemistry.
PAR  Referring now to FIG. 2, electronic control means 26 is shown in a block
      diagram form. Electronic control means 26 is comprised of sensor
      temperature controller 38, the sensor signal generator 40 and the
      modulator control signal generator 42. These devices are energized by a
      source of electrical energy which may be for example battery 44 or any
      convenient source of electrical energy. As here illustrated, battery 44 is
      electrically connected so that its negative terminal is grounded and this
      corresponds to the present conventional automotive implementation wherein
      the chassis and body of the vehicle provide a negative common ground.
      Sensor temperature controller 38 communicates with exhaust gas sensor 24
      through leads 28, 30 and 32 while sensor signal generator 40 communicates
      with sensor 24 through lead 34. The signal from sensor signal generator 40
      is communicated to the modulator control signal generator 42 by conducting
      lead 46.
PAR  As illustrated in FIG. 2, exhaust gas sensor 24 is arranged to support a
      wafer 48 of ceramic sensor material within the exhaust gas stream flowing
      within exhaust conduit 16. Such structure is disclosed, for example in
      co-pending commonly assigned patent application Ser. No. 483,723 filed in
      the names of Gordon L. Beaudoin et al. and titled "Exhaust Gas Sensor
      Probe and Method of Manufacture". The sensor temperature controller 38,
      sensor signal generator 40 and modulator control signal generator 42 are
      illustrated as receiving positive voltage from battery 44 through positive
      bus or conductor 50.
PAR  Referring now to FIG. 3, the sensor temperature controller 38 according to
      the present invention is illustrated in its presently preferred electronic
      embodiment. In view of the fact that resistive type ceramic exhaust gas
      sensors have a resistance value which varies both as a function of
      temperature and as a function of the partial pressure of oxygen within the
      gas of the environment of the sensor it is necessary to maintain the
      sensor at a substantially constant temperature so that resistance
      variations of the sensor are indicative solely of the partial pressure of
      oxygen within the exhaust gases and hence of the complete chemistry of the
      exhaust gases. To this end, a heating means usually in the form of a
      heater wire is arranged in close proximity to the sensor element per se in
      order to establish and maintain a fixed level of temperature. The above
      noted co-pending commonly assigned patent application Ser. No. 483,723 to
      Gordon L. Beaudoin et al. illustrates one construction wherein the heater
      wire comprises a coil of platinum resistance wire in surrounding relation
      to the active ceramic sensor element. In this embodiment, the heater means
      is denoted as the winding 52 of resistance wire. Power is applied to the
      circuit of FIG. 3 from the positive bus 50 through transistor switch 54.
      Transistor switch 54 is illustrated as a PNP transistor having its emitter
      connected to positive bus 50 and its collector connected to a common
      conductor 56. Common conductor 56 is provided with a first voltage divider
      network comprising resistances 58, 60 and having a common point 62. Common
      conductor 56 is also connected to a second voltage divider comprised of
      adjustable resistance 64 and heater winding 52. A junction 66 is formed
      intermediate variable resistance 64 and heater winding 52. Common point 62
      is connected to the negative terminal of amplifier 68 through resistance
      70. Junction 66 is connected to the positive terminal of amplifier 70
      through a pair of fixed trim resistors 72, 74 and adjustable trim resistor
      76. The output of amplifier 68 is communicated to the base of transistor
      switch 54 through diode output network 78.
PAR  Oscillator amplifier 80 is arranged to have its output connected to the
      diode output network 78. The negative terminal of amplifier 80 is
      communicated to the junction 83 of a voltage divider network comprising
      resistances 82, 84 connected in series and resistance 86 connected between
      junction 83 and common conductor 56. The positive terminal of amplifier 80
      is connected to one plate of capacitor 88 and, through resistance 90 to
      common conductor 56.
PAR  In addition, the circuit of FIG. 3 illustrates various electronic
      components such as Zener diode 92 which is operative to turn on transistor
      switch 54 in order to pass voltage spikes and capacitor 94 in series with
      indicator lamp 96 connected between the common conductor 56 and ground
      which may be operative to give an indication that the circuit is
      operational. Furthermore, various other components are illustrated, though
      no identified, in order to assure that the circuit will turn on and turn
      off properly and that various voltage levels which may exist within the
      circuitry will not be of sufficient magnitude to cause damage to the
      delicate electronic components connected thereto.
PAR  The circuit of FIG. 3 maintains control of the temperature of heater 52 by
      regulating heater resistance. The heater, which may be for example
      platinum conductive wire, has a high temperature coefficient of
      resistance, which makes its resistance change to temperature a convenient
      control variable. With transistor switch 54 in the on, or conductive, mode
      full bus voltage is applied to the series connection of adjustable
      resistance 64 and heater winding 52. Transistor switch 54 is maintained in
      the on or conductive mode by amplifier 68 which draws current through the
      base lead 54b of transistor 54. As current continuous to flow through
      winding 52, the resistance of winding 52 will increase with increasing
      temperature causing the voltage appearing at junction 66 to increase
      relative to ground. When the heater resistance rises to the value
      corresponding to the set value, that is the value when the voltage at
      junction 66 equals to that at common point 62, the voltage at the positive
      terminal of amplifier 68 will equal the voltage at the negative terminal
      of the amplifier and the voltage at the output terminal of the amplifier
      will rise to a high value approximating that on bus 50. Thus, base current
      will not be allowed to flow out of the base terminal of the transistor 54
      and the voltage on common conductor 56 will approach the ground or zero
      value. The voltage established by voltage divider 98, 100 operating
      through diode 102 will maintain the bias of the positive terminal of
      amplifier 68 sufficiently high to hold the switch 54 in the off or
      non-conducting mode.
PAR  Resistances 82, 84, 86 provide a voltage divider applied to the negative
      input of amplifier 80. This voltage may be for example about 8 volts with
      12 volts applied across the bus and ground and with common conductor 56
      also at a positive 12 voltage through transistor switch 54. Conversely, as
      common conductor 56 approaches ground potential, the voltage appearing at
      the negative input of amplifier 80 will drop to approximately 4 volts
      under the same conditions. Capacitor 88 in conjunction with resistances 90
      and 104 forms an RC oscillatory circuit such that the positive terminal of
      amplifier 80 will be held at about 10 volts which value will decay to
      approximately 4 volts as capacitor 88 is charged through resistance 90.
      The output of amplifier 80 will remain high during this time period and
      will switch to a low value when the voltage at the positive terminal goes
      below the 4 volt value established at the negative terminal of amplifier
      80. When the output of amplifier 80 goes to a low value base current will
      be drawn from the base 54b of transistor switch 54 and transistor switch
      54 will be turned to the on or conducting mode. At this time, current will
      again flow through the first and second voltage dividers and amplifier 68
      will operate to compare the voltage at junction 66 with the voltage
      appearing at common point 62. Assuming that the temperature of the heater
      winding 52 has drifted from the set value, the amplifier 68 will provide a
      relatively low voltage output at its output terminal holding transistor
      switch 54 in the on or conducting mode until such time as the temperature
      has risen to the desired value.
PAR  Resistance 64 is here shown to be an adjustable resistance since it is
      desired to accurately match the ratio of resistance 64 to the resistance
      of the winding 52 to equal the ratio of resistance 58 and resistance 60 to
      provide for accurate control. In one form, adjustable resistance 64 may be
      a piece of manganin wire or other very low temperature coefficient of
      resistance resistor. The wire may be covered with an electrically
      insulating sleeve and may be made physically a part of the cable of wires
      extending from sensor temperature controller 38 to exhaust gas sensor 24.
      The temperature of the environment of winding 52 may be set at the desired
      value and the terminal of variable resistance 64 may be varied by use of a
      brass ferrule. The resistance of variable resistor 64 may be adjusted
      while the heater is powered from a suitable source. The two sensing wires
      28, 30 which extend from the heater allow the controller to respond to
      heater resistance only with negligable temperature dependent on the
      resistance of the various leads extending to the heater 52. This is
      important as the heater leads may have a resistance which is on the same
      order of magnitude as resistance of the heater itself. The voltage drop
      from the heater winding to ground is eliminated by sensing lead 28 which
      places this lead voltage drop outside the comparison bridge. The voltage
      drop to the heater itself is compensated for by the potential divider
      composed of resistances 72, 74 and 76.
PAR  Referring now to FIG. 4, the sensor signal generator 40 is illustrated.
      Sensor signal generator 40 receives voltage from common conductor 50. Load
      resistance 106 is arranged to be in series between common conductor 50 and
      the remainder of the portion of sensor signal generator 40. The voltage
      divider comprise resistances 108 and 110 in conjunction with amplifier 112
      is operative to provide a regulated voltage bus 114 at about for example 9
      volts. A comparison voltage divider comprised of resistances 116, 118 such
      that the junction 120 of resistances 116 and 118 is communicated to the
      positive input terminal of amplifier 122. Sensor 48 is arranged to be
      excited through lead 34 from variable resistance 123 so that the junction
      124 intermediate resistance 123 and sensor 48 is communicated to the
      negative input terminal of amplifier 122. Amplifier 122 is provided with a
      linearizing feedback network 126 which interconnects the output of
      amplifier 122 with the negative input of amplifier 122.
PAR  Referring now to FIG. 5, the modulator control signal generator 42 is
      illustrated in a presently preferred embodiment. Signal generator 42 is
      arranged to receive the signal generated by the sensor signal generator 40
      over conductor 46 and is also arranged to receive the positive voltage on
      bus 50. Potentiometer 128 is connected between bus 50 and ground and is
      arranged so that its center tab communicates with the positive terminal of
      amplifier 130. The signal appearing on conductor 46 is applied, through
      variable resistance 132 to the negative input terminal of amplifier 130.
      Potentiometer 128 is adjusted so that, when the exhaust gas mixture
      contains a partial pressure of oxygen indicative of engine operation at
      the proper air/fuel ratio of signals applied to the positive input
      terminal of amplifier 130 and on signal lead 46 will be equal in
      magnitude. Modulator control signal generator 42 is provided with limit
      signal means 138, 140, which include resistances 134, 136 and which are
      operative to saturate amplifier 130 for extreme signal conditions and to
      prevent the application of control signals to the air/fuel ratio modulator
      means 22 which are of excessive magnitude. Amplifier 130 is also provided
      with the integrating feedback means 138 which modulates the speed of
      response of the amplifier 130 to avoid a transient oscillation from
      building and which integrates air/fuel ratio to provide effectively zero
      error after sufficient time. Feedback means 142 may be adjusted by use of
      suitably sized components to provide an integrating time period
      approaching the internal combustion engine transport time to permit the
      effects of an error correction signal to be seen by sensor 24.
PAR  It will thus be seen that the present invention readily accomplishes its
      stated objectives. By providing pulse operation of heater winding 52 and
      by varying the on time of the winding in relation to a predetermined off
      time, the temperature of the winding may be closely controlled.
      Furthermore, the substantially full heater winding energization voltage
      may be applied to heater winding 52 at all times when heating of the
      winding is desired. The present invention also provides an electronic
      circuit for generating a sensor output signal which is substantially
      linear with respect to variations in the air/fuel ratio of the mixture
      being provided to the internal combustion engine and which is generating
      the exhaust gases of the environment of the sensor.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for controlling the application of heat by a platinum heater
      wire to a ceramic exhaust gas sensor to maintain a selected temperature at
      the sensor comprising in combination:
PA1  a source of electrical energy;
PA1  switching means having an on and an off state for applying electrical
      energy from said source to the heater wire;
PA1  amplifier means having input and output terminals, said output terminal
      connected to said switch means for controlling the state of said switch
      means;
PA1  first voltage divider circuit means connected to said switch means for
      establishing a reference voltage value;
PA1  first means for applying said reference voltage value to one of said input
      terminals;
PA1  second voltage divider circuit means, which includes the heater,
      electrically connected in parallel with the first voltage divider circuit
      means for establishing a heater voltage value;
PA1  second means for applying said heater voltage value to another of said
      input terminals;
PA1  timer circuit means connected to said switch means operative to cause said
      switch means to be switched to a selected one of said switch states from
      the other of its switch states a predetermined period of time after
      entering the other of its switch states; and
PA1  said amplifier means operative to cause said switch means to enter the
      other switch state whenever the heater voltage value as compared with the
      reference voltage value, indicates a temperature in excess of the selected
      temperature.
NUM  2.
PAR  2. The system of claim 1 wherein the switching means are operative, in the
      selected one state, to apply substantially constant electrical power to
      the heater.
NUM  3.
PAR  3. The system of claim 1 wherein said predetermined period of time is
      selected to be less than about 40 milliseconds.
NUM  4.
PAR  4. The system of claim 3 wherein said predetermined period of time is
      greater than about 20 milliseconds.
NUM  5.
PAR  5. The system of claim 1 wherein said timer circuit means comprise:
PA1  second amplifier means having input and output terminals, the output
      terminal of the second amplifier means connected to the output terminal of
      the first amplifier means; and
PA1  Rc oscillator circuit means connected to one of said second amplifier means
      input terminals for establishing said predetermined period of time.
NUM  6.
PAR  6. A circuit for generating a predetermined temperature from an electrical
      heating winding comprising in combination:
PA1  a source of electrical energy;
PA1  means communicating said source with the winding;
PA1  switch means having an "on" state and an "off" state for congrollably
      establishing and terminating a flow of electrical energy through the
      winding;
PA1  reference means;
PA1  voltage comparison means connected to said reference means and to the
      winding, operative to compare the voltage across the winding with a
      voltage developed by the reference means and to bias said switch on when
      said comparison indicates a temperature below the predetermined
      temperature and to bias the switch off when the voltage equals or exceeds
      the voltage developed by reference; and
PA1  oscillator means for periodically biasing said switch on.
NUM  7.
PAR  7. A circuit for controlling the average electric power delivered to a
      heater winding comprising:
PA1  controllable switch means for establishing a power delivering circuit
      relationship between a source of electric power and the winding;
PA1  comparison means, including reference means, operative to compare an
      electrical parameter indicative of power delivery against a reference and
      to control said switch means to terminate the circuit relationship when
      power delivery reaches a preselected level; and
PA1  oscillator means responsive to the termination of the power delivery to the
      winding operative to control said switch means to establish the circuit
      relationship between the source and the winding a fixed time interval
      following termination of the circuit relationship whereby the average
      power delivery to the winding may be controlled by controlling the
      duration of power delivery to the winding followed by periods of
      nondelivery.
NUM  8.
PAR  8. The circuit of claim 7 wherein said oscillator means comprise:
PA1  amplifier means having at least one input terminal and an output terminal;
PA1  means communicating said output terminal to said switch means; and
PA1  an oscillator circuit connected to said input terminal for changing the
      level of the signal appearing at said output terminal.
NUM  9.
PAR  9. The circuit of claim 7 wherein said controllable switch means comprise a
      solid state switch having a control electrode and said comparison means
      comprise:
PA1  amplifier means having a pair of input terminals and an output terminal,
      one of said pair of input terminals connected to the winding;
PA1  a voltage divider in parallel electrical circuit relation with the winding
      and having an intermediate voltage junction connected to the other of said
      input terminals;
PA1  means communicating said output terminal with the control electrode of said
      switch means whereby said switch means may be biased to maintain the
      circuit relationship between the source and the winding while the voltage
      across the winding is in a first relation to the voltage at the voltage
      divider junction and the switch means may be biased to terminate the
      circuit relationship between the winding and the source when the first
      relation between the voltage drop across the winding and the voltage
      divider junction terminates.
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ABST
PAL  A temperature control network for a toner fusing device in an electrostatic
      copier, includes a temperature sensing member located within the toner
      fusing device generating an electric signal corresponding to the
      temperature within the toner fusing device to control the electric power
      supplied to the fusing device heating unit by way of a bridge and
      differential amplifier circuit to maintain the temperature in the toner
      fusing device constant, while the electric signal from the temperature
      sensing member controls other devices in the electrophotographic
      reproducing apparatus, when the temperature in the fusing device reaches a
      toner fusible temperature upon starting the operation of the electrostatic
      copier or when the toner fusing device is cooled to a temperature below a
      given temperature upon the termination of the operation of the
      electrostatic copier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a temperature control network for a toner
      fusing device in an electrostatic copier, which has a heating unit such as
      an infrared lamp and a transporting means such as a conveyor, roller and
      the like, and is adapted to heat and fuse a copy image made visible by
      means of a fusible resin toner.
PAR  In the toner fusing device, it is imperative to maintain the temperature in
      the toner fusing device at a given temperature, hereinafter referred to as
      the toner fusing temperature, in order to produce a uniform fusing of a
      copy image and to prevent the toner fusing device from overheating. To
      this end, temperature control means such as disclosed in U.S. Pat. No.
      3,553,429 or U.S. Pat. No. 3,558,853 and the like, have been proposed, in
      which there is provided a thermistor to control the electric power to be
      supplied to a heating unit. However, the electrostatic copier having the
      aforesaid fusing device suffers from disadvantages in that the toner image
      remains unfused, until the toner fusing device at the start of operation
      reaches a toner fusible temperature, hereinafter referred to as the toner
      fusible temperature, so that the copying operation should be suspended
      during heat-up and on the termination of copying, when all functions of
      the copier have been stopped, thereby the heated air residing within the
      fusing device effects an adverse influence on the other devices in the
      copier, such as the photosensitive member and the like, so that such
      heated air should be rapidly discharged to the exterior of the copier,
      until the toner fusing device reaches a temperature which would not
      adversely effect the other devices, such temperature being hereinafter
      referred to as a safe rest temperature. As a result, it is desirable that
      the temperature control means for use in a toner fusing device in the
      electrostatic copier be provided with the above functions. However, since
      the aforesaid toner fusing temperature, toner fusible temperature and safe
      rest temperatures are different relative to each other, the prior art
      copier should use a plurality of temperature sensing members for
      separately detecting three temperatures to control the other devices in
      the copier. This leads to the use of a complicated circuit in the
      temperature control means in the prior art electrostatic copier, with the
      accompanying need to provide a plurality of temperature sensing members in
      the toner fusing device.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a temperature
      control network for a toner fusing device in an electrostatic copier.
PAR  It is another object of the present invention to provide a temperature
      control network in a toner fusing device in an electrostatic copier, which
      is economical and simple in construction because of the provision of a
      single temperature sensing member which functions for various controls.
PAR  It is a further object of this present invention to provide a temperature
      control network for use in a toner fusing device in an electrostatic
      copier, which may independently set the toner fusing temperature, toner
      fusible temperature and safe rest temperature.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of the invention.
PAR  These and other objects of the present invention may be readily attained in
      a temperature control network for a fusing device in an electrostatic
      copier, which network receives an electric signal from a temperature
      sensing member provided within a toner fusing device corresponding to the
      temperature prevailing within the toner fusing device to thereby control
      the electric power supplied to a heating unit located within the toner
      fusing device by way of bridge, differential amplifier and other circuit
      components, thereby regulating the temperature within the toner fusing
      device at a predetermined value, while the network receives an electric
      signal from the temperature sensor to control other devices in the
      electrostatic copier, when at the start of the operation of the
      electrostatic copier, the temperature in the toner fusing device reaches a
      toner fusible temperature, or when upon termination of the operation of
      the electrostatic copier, the temperature in the toner fusing device is
      lowered below the safe rest temperature. More specifically, the
      temperature control network features a single temperature sensing member,
      which senses the fusing temperature, fusible temperature and safe rest
      temperature to control a heating unit located within the toner fusing
      device, a cooling device in the toner fusing device and a main control
      circuit in the electrostatic copier.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view showing the essential part of a toner
      fusing device in an electrostatic copier using a temperature control
      network according to the present invention;
PAR  FIG. 2 is a graph showing the characteristics of a thermistor; and
PAR  FIG. 3 is an electric circuit of a temperature control network for use in a
      toner fusing device in an electrostatic copier according to the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, a copying paper 2 carrying a toner image 1
      thereon is transported by means of a conveyor belt 3 onto a conveyor belt
      5 traversing a toner fusing device 4. The conveyor belt 5 has a width
      larger than that of the copying paper 2 and is driven by means of rollers
      6a, 6b rotating clockwise in the direction of the arrows. The conveyor
      belt 5 functions as a heating member for the copying paper, and is formed,
      for example, of a stainless steel screen or mesh, and there is provided an
      infrared ray lamp 9a in the space delineated by the runs of the conveyor
      belt 5, the energizing current to infrared ray lamp 9a being controlled by
      means of a temperature control mechanism to be hereinafter described.
      Located above the conveyor belt 5 is a heat-conductive guide belt 7 having
      a width corresponding to the width of the copy paper, the belt 7 being
      guided and driven by rollers 8a, 8b and 8c rotating counter clockwise in
      the direction of the arrows. Disposed in the space defined by the runs of
      guide belt 7 are an infrared ray lamp 9b whose energizing current is
      controlled as in the case with the infrared lamp 9a, and a
      thermo-reflecting mirror 10 whose reflecting surface faces the conveyor
      belt 5. The toner fusing device 4 is thermally insulated by means of heat
      insulating plates 11a and 1b, while the temperature in the toner fusing
      device may be sensed by a temperature responsive or sensor element such as
      a thermistor 13 which is located in the position below the conveyor belt 5
      and where it undergoes the thermal influence from the infrared ray lamps
      9a, 9b. The copy paper 2, whose toner image has been heated and fused by
      means of infrared ray lamps 9a, 9b, is transported by means of the rollers
      12a, 12b to the exterior of the copier. An air shutter or gate 15 provided
      in an air duct 14 is swingably journalled on a shaft 15' and swung by
      means of a solenoid 16. The air shutter 15 is positioned in the position
      shown by the broken line at the operating time of the copier, i.e., when
      the solenoid 16 is in elecctrically conductive condition. The shutter 15
      is adapted to guide air flow through the air duct 14 under the action of
      an air fan 17 in the direction of arrow A, thereby preventing the adverse
      influence on the other devices, of the heat radiated from the toner fusing
      device, for instance, by cooling the photosensitive member.
PAR  On the other hand, at the non-operating time of the copier, i.e., when the
      current flow to solenoid is interrupted, the shutter 15 is located in the
      position shown by the solid line in the drawing, whereby the air from the
      air fan 17 is directed toward the toner fusing device 4 to rapidly
      discharge the heated air residing in the toner fusing device 4 to the
      exterior of the copier, thereby cooling the toner fusing device 4. The
      thermistor 13 is interposed between or encompassed by metal meshes of
      screens 18a and 18b made of a stainless steel or brass having a small
      thermal capacity and good thermal conductivity, and there is provided a
      reflecting mirror 19, such as is formed of aluminum, which gives good
      thermal reflectability and is located on the opposite side of the conveyor
      belt 5 with respect to the thermistor 13.
PAR  FIG. 2 is a graph illustrating the characteristic of a typical thermistor
      in the detection of temperature. TA represents a toner fusible temperature
      in a toner fusing device, TB represents the toner fusing temperature and
      TC represents the safe rest temperature, with resistances RA, RB and RC of
      the thermistor for the respective temperature TA, TB and TC being
      represented by RA, RB and RC respectively.
PAR  An electric network for the temperature control in a toner fusing device in
      an electrostatic copier, according to the present invention, is shown in
      FIG. 3, in which, when the mainswitch in the electrostatic copier, i.e.,
      an electric power source switch 21 is closed, then the contacts 21', 21"
      will be closed in association therewith, so that electric current flows
      through the infrared ray lamps 9a, 9b to thereby heat the toner fusing
      device 4, while the electric current will flow through the motor M-1 for
      driving the air fan 17, and solenoid 16 to thereby locate the air shutter
      in the position shown by broken line in FIG. 1 in a manner that air from
      the fan 17 will be guided in the direction of arrow A shown in FIG. 1,
      thus preventing the adverse effect on the other devices, of the heat
      radiated from the toner fusing device. At the same time, voltage is
      applied to the temperature control circuit, the D.C. energized circuit 22.
      A bridge 26 consisting of the thermistor 13 and resistors 23, 24 and 25 in
      the respective legs of the bridge circuit is so designed that a
      temperature in the toner fusing device is balanced at a temperature
      slightly higher than TA. Thus, when the temperature in the toner fusing
      device 4 is lower than TA, i.e., when the resistance of the thermistor 13
      is higher than RA, the bridge is unbalanced, so that the voltage at the
      inverted input a of a differential amplifier 27 is higher than the voltage
      of the non-inverted input b, thereof, and the output of the differential
      amplifier 27 is substantially at the same potential with the minus line.
      On the other hand, the base of a transistor 30 is connected by way of a
      diode 29 to the junction of resistors 24 and 25, so that the base voltage
      of the transistor 30 is at the same level with the partial voltage between
      the resistor 24 and resistor 25. This voltage is converted by means of
      transistor 30 into electric current to thereby charge a condensor 31. When
      the voltage across the condensor 31 exceeds the peak or trigger voltage
      (which is lower than the partial voltage of the resistor 24 and the
      resistor 25) of the uni-junction transistor (U.J.T.) 32, then the
      condensor 31 is discharged by way of a pulse transformer 33. In this
      respect, there will be produced a pulse on the secondary side 33' of the
      pulse transformer to control a current flowing through a triac 34',
      thereby controlling the phase angle of the current fed to the infrared ray
      lamps 9a, 9b.
PAR  In other words, when the resistance of the thermistor 13 is higher than RB,
      the collector current in the transistor 30 is high and a controlling phase
      angle will be small, so that A.C. voltage of 100% that of the electric
      power source voltage will be impressed on the infrared ray lamps 9a, 9b,
      simultaneously with the actuation of an electric power source switch 21.
      When the temperature in the toner fusing device 4 is increased, then the
      resistance of thermistor 13 will approach RB, so that the bridge 26 will
      reach equilibrium. At this time, the emitter voltage of the transistor 28
      is at the same potential as that of the divided voltage of resistor 25 and
      resistor 26, as well as with the potential of the base voltage of
      transistor 30, and the phase control of the triac will be such that a
      voltage of substantially 100% of the electric power source voltage is
      impressed on the infrared ray lamps, as in the case where the temperature
      in the toner fusing device is lower than the toner fusing temperature TB.
      When the temperature in the toner fusing device 4 is further increased,
      then the resistance of the thermistor 13 is further decreased, so that the
      equilibrium of the bridge is overcome. As a result, the emitter potential
      of transistor 28 is higher than the voltage between the terminals of
      resistor 25, and the collector current of the transistor 30 is gradually
      decreased. For this reason, the oscillating frequency of UJT 32 is
      decreased, and the control phase angle of the triac is increased. When the
      temperature is further increased to exceed the toner fusing temperature
      TB, then the resistance of the thermistor 13 is further decreased, the
      output of the differential amplifier 27 is increased, and the emitter
      voltage of the transistor 28 is approximately equal to the electric power
      source voltage. In this case, the collector current of the transistor 30
      is almost zero, and the oscillating frequency of UJT 32 is very much less
      than the frequency of the A.C. electric power source, and the electric
      power to be supplied to the infrared ray lamps 9a, 9b according to the
      phase control of the triac 34' becomes zero. The provision of the electric
      power control circuit to the infrared ray lamps 9a, 9b and the maintenance
      of the temperature in the toner fusing device 4 at the toner fusing
      temperature TB causes the toner fusing device 4 to effect the uniform
      fusing of a copy image and to prevent it from being overheated.
PAR  If the temperature in the toner fusing device is the toner fusible
      temperature TA in the course of the rise of temperature in the toner
      fusing device in the aforesaid manner, then the emitter voltage of the
      transistor 28 is increased over the Zener voltage of a Zener diode 34,
      whereby the base current of transistor 35 flows by way of a resistor to
      thereby actuate the relay 36. When the relay 36 is actuated, and the relay
      contact 36a is thus closed and then the main control circuit 37 in the
      copier will be brought into an electrically conductive condition, so that
      the copier is enabled and is in a copy producing condition. This
      eliminates the possibility of the copy image failing to be fused at the
      time of a copying operation.
PAR  Turning now to the off-condition of the electric power source switch 21 of
      the copier after the completion of the copying operation, the electric
      current to the infrared ray lamps 9a, 9b as well as to the main control
      circuit 37 are interrupted at the same time. However, since the
      temperature in the toner fusing device 4 is left in a high temperature
      condition as compared with the safe rest temperature TC, the resistance of
      thermistor 13 remains lower than the resistance RC. At this time, a bridge
      40 consisting of resistors 23, 38, 39 and thermistor 13 so as to be
      equalized when the resistance of thermistor 13 is RC, is maintained in a
      non-equilibrium condition. In addition, since the base potential of the
      transistor 41 is lower than the emitter potential, the collector current
      of transistor 41 flows as a base current of the transistor 42, so that the
      relay 43 is maintained in an electrically excited condition. As a result,
      the contact 43a of the relay 43 is kept closed so as to maintain the air
      fan 17 and drive motor M-1 in an electrically energized condition, as well
      as the circuit 22. At this time, however, the contact 21" has been in its
      open condition simultaneously with the electric power switch 21 being
      turned off, so that the electric current to the solenoid 16 is
      interrupted. As a result, the air shutter 15 as shown in FIG. 1 is
      transferred to the position shown by the solid line, whereby the air from
      fan 17 is directed in the direction of arrow B, i.e., into the interior of
      the toner fusing device 4, whereupon the heated air residing in the toner
      fusing device 4 is discharged out of the copier. This prevents any adverse
      influence on the other devices, of the heated air from the toner fusing
      device 4 in the copier. When the temperature in the toner fusing device 4
      is lowered below the safe rest temperature TC, then voltage across the
      base emitter of the transistor 41 is inversely biased, and the collector
      current does not flow, so that the transistor 42 is turned off, with the
      accompanying interruption of electric current flowing to the relay 43. As
      a result, contact 43a returns to its open position, and the electric
      current to the motor M-1 as well as circuit 22 is interrupted, so that all
      functions of the copier are stopped.
PAR  The toner fusible temperature TB may be arbitrarily set by varying the
      resistances of resistor 24 or 25, at least one of which may be adjustable,
      the toner fusing temperature TA may be set by varying the amplification
      gain of the differential amplifier 27, and the safe rest temperature TC
      may be set by varying the resistance of the resistor 38 or resistor 39, at
      least one of which may be adjustable.
PAR  As is apparent from the foregoing description, the temperature control
      network according to the present invention controls the cooling device in
      the toner fusing device as well as the main control circuit of the copier
      by means of a single thermistor, so that circuits may be simplified and
      only a single thermistor is required within the toner fusing device, thus
      presenting considerable economy.
PAR  While there have been described and illustrated preferred embodiments of
      the present invention, it is apparent that numerous alterations, omissions
      and additions may be made without departing from the spirit thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature control network for a toner fusing device having an
      electrical heater in an electrostatic copier including copying motivating
      means, comprising:
PA1  a temperature sensing member responsive to the temperature prevailing
      within the toner fusing device,
PA1  a toner fusing device temperature regulating circuit including a
      temperature control bridge having therein said temperature sensing member
      and a resistor for setting a toner fusing temperature and controlling the
      current supplied to the heater in the toner fusing device for regulating
      the temperature in the toner fusing device at a first predetermined level
      in response to said temperature sensing member,
PA1  and another circuit for sensing a toner fusible temperature including a
      differential amplifier having an input connected to said temperature
      control bridge, and means responsive to the output of said amplifier for
      disabling said copying motivating means until said fusing device
      temperature reaches a second predetermined level as detected by said
      temperature sensing member,
PA1  thereby, sensing two different temperatures through the medium of one
      temperature sensing member, and as the result maintaining the temperature
      in the toner fusing device substantially constant and causing the copying
      operation of the copier operable upon starting of the operation of the
      copier.
NUM  2.
PAR  2. A temperature control network according to claim 1 wherein said
      disabling means includes a relay which has a switch connected in series
      with an electric circuit for controlling an operation of the copying
      motivating means and is actuated in response to an electric signal from
      the differential amplifier, thereby rendering the electrostatic copier
      operable as said circuit senses the toner fusible temperature.
NUM  3.
PAR  3. A temperature control network for a toner fusing device having an
      electrical heater and including a cooling means in an electrostatic copier
      comprising:
PA1  a temperature sensing member responsive to the temperature prevailing
      within the toner fusing device,
PA1  a toner fusing device temperature regulating circuit including a
      temperature control bridge having therein said temperature sensing member
      and a resistor for setting a toner fusing temperature and controlling the
      electric current supplied to the heater in the toner fusing device for
      regulating the temperature in the toner fusing device at a first
      predetermined level in response to said temperature sensing member,
PA1  a second circuit for sensing a third predetermined fuser temperature
      including a bridge having said temperature sensing member and a resistor
      for setting said third predetermined temperature, and means responsive to
      said second circuit for disabling said cooling means upon the temperature
      in the toner fusing device falling below said third predetermined fuser
      temperature after said heater is deenergized on the termination of
      copying,
PA1  thereby, sensing two different temperatures through the medium of one
      temperature sensing member, and as the result maintaining the temperature
      in the toner fusing device substantially constant and causing the cooling
      means non-operable on the terminationn of copying.
NUM  4.
PAR  4. A temperature control means according to claim 3 wherein said disabling
      means further includes a relay which has a switch connected in series with
      an electric circuit controlling the operation of the cooling means, and is
      actuated by an electric signal generated by the bridge, thereby disabling
      the cooling means in response to said temperature sensing member sensing
      said third predetermined temperature.
NUM  5.
PAR  5. A temperature control network for a toner fusing device having an
      electrical heater in an electrostatic copier including copying motivating
      means and cooling means comprising:
PA1  a temperature sensing member responsive to the temperature prevailing
      within the toner fusing device,
PA1  a toner fusing device temperature regulating first circuit including a
      temperature control bridge having therein said temperature sensing member
      and a resistor for setting a toner fusing temperature, and controlling the
      electric current supplied to the heater in the toner fusing device for
      regulating the temperature in the toner fusing device at a first
      predetermined level in response to said temperature sensing member,
PA1  a second electric circuit for sensing a toner fusible temperature including
      a differential amplifier having an input connected to said temperature
      control bridge, means responsive to the output of said amplifier for
      disabling said copy motivating means until said fusing device temperature
      reaches a second predetermined level as detected by said temperature
      sensing member, and
PA1  a third circuit for sensing a third predetermined fuser temperature
      including a bridge having said temperature sensing member and a resistor
      for setting said third predetermined temperature, and means responsive to
      said third circuit for disabling said cooling means upon the temperature
      in the toner fusing device falling below said third predetermined
      temperature after said heater is deenergized on the termination of
      copying,
PA1  thereby, sensing three different temperatures through the medium of one
      temperature sensing member, and as the result maintaining the temperature
      in the toner fusing device substantially constant, causing the copying
      operation of the copier operable upon starting of the operation of the
      copier and causing the cooling means non-operable on the termination of
      copying.
NUM  6.
PAR  6. A temperature control network according to claim 5 wherein said copying
      motivating disabling means includes a relay which has a switch connected
      in series with an electric circuit for controlling an operation of the
      copying motivating means and is actuated in response to an electric signal
      from the differential amplifier, and said cooling means disabling means
      further includes a relay which has a switch connected in series with an
      electric circuit controlling the operation of the cooling means and is
      actuated by an electric signal generated by the bridge.
NUM  7.
PAR  7. A temperature control means according to claim 5 wherein said first
      circuit further includes a triac which is connected in series with the
      heater in the toner fusing device and controls the phase angle of
      alternating current applied to the heater in accordance with the electric
      signal from said temperature sensing member, thereby controlling an
      electric power to be supplied to the heater for maintaining the
      temperature in the toner fusing device substantially constant.
NUM  8.
PAR  8. In a xerographic copying machine, means for effecting a copying
      operation, a toner fuser including an electrical heater, a temperature
      sensor disposed to respond to the temperature of said toner fuser, means
      including a first circuit responsive to said temperature sensor for
      controlling the current to said heater to regulate the temperature of said
      toner fuser at a first predetermined value and means including a second
      circuit responsive to said temperature sensor to disable said means for
      effecting a copying operation in response to said sensor sensed toner
      fuser temperature being below a second predetermined value.
NUM  9.
PAR  9. The xerographic copying machine of claim 8 comprising a motor driven
      blower means for connecting said blower motor to a source of current and
      means including a third circuit responsive to said temperature sensor for
      opening said connecting means to deenergize said blower motor in response
      to the temperature sensed by said sensor falling below a third
      predetermined value.
NUM  10.
PAR  10. The copying machine of claim 8 including means for independently
      adjusing said first and second predetermined temperature values.
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ABST
PAL  A temperature controller for use with an electrical heater for precisely
      maintaining the temperature within a system at a selected set point, and
      employing an improved bridge circuit. A temperature sensitive resistor
      forms one of the two variable arms of the bridge circuit. The resistor
      varies in value as a function of temperature exhibiting a temperature
      coefficient of resistance which is not constant but which varies,
      decreasing with increasing temperature. The other variable arm, the
      setting arm, is in the form of a network, including a linear setting
      resistor and a pair of fixed resistors arranged in a series-shunt circuit.
      The setting resistor is linearly calibrated in terms of temperature, the
      series-shunt arrangement providing a composite resistance-set point
      temperature characteristic which closely corresponds to that of the
      sensing arm. The temperature controller further includes an operational
      amplifier which provides an output signal dependent upon the degree of
      bridge imbalance and a zero voltage switch responsive to the operational
      amplifier for providing trigger pulses to a triac coupled in the load
      circuit of the heater. A ramp generator is preferably included as a
      supplemental input to the zero voltage switch thereby to produce a control
      system in which the heat released is proportional to the degree the bridge
      is unbalanced.
BSUM
PAR  This invention generally relates to temperature controllers, and more
      specifically to those wherein it is desired to precisely maintain the
      temperature in a defined area or system at a selected set point, and
      utilizing a bridge circuit as an input device, the bridge having two
      variable arms--one related to the measurement of the actual temperature,
      the other to the selection of the set point temperature.
PAR  A temperature sensitive resistor, such as a platinum resistance temperature
      sensor, finds general application as the sensing element in such a bridge
      circuit being effectively bucked against an adjustable setting resistor in
      the opposed arm of the circuit, the bridge being balanced when the
      resistances of the two arms correspond. A conventionally available
      platinum sensor, although providing a resistance which accurately and
      reproduceably responds to the temperature to which it is subjected,
      possesses a resistance-temperature characteristic which is, unfortunately,
      non-linear. Because of this, setting resistors in conventional prior art
      temperature controllers have not permitted calibration directly in terms
      of temperature, and reference to a calibration chart relating resistance
      to set point temperature has been necessary. "Linearizing" a bridge has
      generally required the inclusion in the setting arm of non-linear
      components, such as a non-linear setting resistor or a non-linear setting
      indicator. While a linear setting arm might be adequate to approximate the
      temperature sensor characteristic over a narrow range, the wide range of
      temperature encountered in a laboratory and the necessity for a high order
      of accuracy, economically achieved, has called for a special solution.
PAR  With the foregoing in mind, it is a general object of the present invention
      to provide an improved bridge circuit for use with a temperature
      controller which is accurate, economical, and simple to use. It is a more
      specific object to provide a bridge circuit which is inexpensive to
      manufacture, including use of a linearly calibrated variable resistor in
      the setting arm in which the resistance scale, calibrated in resistance
      units, is readable, and settable, directly in units of temperature. In
      this connection, it is an object to provide a bridge which is highly
      accurate over a wide temperature range but which does not require custom
      built elements to achieve linearity but which enables use of a linearly
      tapped "decade" resistor under the control of a bank of display type
      thumbwheel switches.
PAR  It is an object of the present invention to provide a procedure for use in
      constructing a controller bridge circuit having a non-linear sensing
      resistor which utilizes a linear setting resistor in a resistor network,
      which results in a characteristic curve which precisely tracks the curve
      of the sensing resistor. More specifically, it is an object to provide a
      bridge wherein the characteristic of the setting arm is caused to exactly
      coincide with that of the sensing resistor at three widely spaced
      temperatures and to conform with only minimal error at all other
      intermediate temperatures.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description when taken in conjunction with the accompanying
      drawings, in which:
PAR  FIG. 1 is a circuit diagram for a temperature controller utilizing the
      teachings of the present invention;
PAR  FIG. 2 is an illustrative set point control panel for use with the circuit
      of FIG. 1;
PAR  FIG. 3 is a circuit diagram of a portion of a tapped resistor for use with
      the set point control panel of FIG. 2; and
PAR  FIG. 4 is a diagram illustrating waveforms in the circuit of FIG. 1 when
      used as a proportional controller.
DETD
PAR  While the invention will be described in connection with certain preferred
      embodiments, it will be understood that there is no intention to limit it
      to those embodiments. On the contrary, the intent is to cover all
      alternatives, modifications and equivalents as may be included within the
      spirit and scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and particularly to FIG. 1, attention will
      initially be focused upon the bridge circuit, and the novel means for
      achieving linearization thereof. A Wheatstone bridge, generally indicated
      at 10, has a suitable supply of DC voltage coupled across two opposite
      terminals. The remaining two terminals, which thereby carry the bridge
      output, are coupled, in the illustrated embodiment, to the inputs of
      operational amplifier 30. Two adjacent arms of the bridge are comprised of
      fixed resistors 11, 12 whose ratio, in a manner well known in the art,
      determines a bridge constant N for balancing the bridge. The two remaining
      arms, the sensing arm 13 and the setting arm 14 will cause the bridge to
      balance when their resistances are in the same ratio N. For example, if N
      is selected as 1, the resistances of the setting and sensing arms must be
      equal for bridge balance. The term "proportionately" is used herein to
      indicate the correspondence between the setting and sensing arm
      resistances as adjusted by such constant.
PAR  The sensing arm 13 includes temperature sensitive resistor 15 which is
      connected to the bridge circuit by leads 16, intended to illustrate the
      remote location of such resistor, i.e., within the area whose temperature
      is to be controlled. It should therefore be understood that the
      temperature sensitive resistor is subjected to the conditions within the
      controlled area or system, and accordingly its resistance varies as a
      function of actual temperature.
PAR  Temperature sensitive resistor 15 is of the class of sensors of which a
      platinum resistance element is a common example, having a positive
      temperature coefficient which decreases with increasing temperature
      resulting in inherent non-linearity over wide temperature swings. The
      resistance-temperature characteristic of this class of sensors may be
      described by the following generalized expression:
EQU  R(T) = R.sub.0 (1 + AT + BT.sup.2)
PAL  where
PA1  R is the resistance of the element as a function of temperature T,
PA1  r.sub.o is the resistance of the element at 0.degree.C.,
PA1  a is a constant greater than 0, and
PA1  B is a constant less than 0.
PAL  For the example of a platinum resistance element, the constants assume the
      following values:
PA1  R.sub.0 = 100 ohms
PA1  A = 3.9078 .times. 10.sup.-.sup.3
PA1  b = -0.578 .times. 10.sup.-.sup.6
PAL  it will be understood from the foregoing that at low temperatures the
      relationship is reasonably linear and that non-linearity becomes a problem
      because of progressing reduction in temperature coefficient at relatively
      higher temperatures.
PAR  The remaining arm of the bridge, the setting arm 14, is made up of a
      resistance network, which, when the bridge is balanced by the resistance
      of the sensing arm 13, assures that the actual and set point temperatures
      agree. In accordance with the invention, the setting arm network is
      comprised of only fixed or linear compounds arranged to provide a
      composite resistance whose characteristic closely corresponds to that of
      the sensing arm. This is achieved by providing a linearly variable setting
      resistor 17 having an adjustment means which may be linearly calibrated in
      units of temperature. The requisite non-linearity is achieved by shunting
      the adjustable resistor 17 with a resistor 18 whose value is selected, as
      will be described below, to introduce a curvature to the resistance-set
      point temperature characteristic, the degree of curvature increasing with
      increasing set point temperature. In addition, a series resistor 19 is
      provided, having a value selected to correspond to the resistance of the
      sensing resistor at a minimum temperature, as adjusted by the bridge
      constant. The value of resistor 19 may, for example, be chosen as NR.sub.0
      if the minimum temperature for operation of the controller is 0.degree.C.
PAR  The following analysis is offered to develop the relationships necessary to
      practice the invention:
PAR  As set forth above, the resistance temperature sensor is characterized by
      the expression
EQU  R(T.sub.a) = R.sub.0 (1 + AT.sub.a + BT.sub.a.sup.2)       (1)
PAL  where T.sub.a is used to indicate the actual or sensed temperature.
      Initially, assume that the bridge circuit will operate at any temperature
      T between temperatures T.sub.min. and T.sub.max.. The resistance of the
      temperature sensor at temperature T.sub.min. is
EQU  R.sub.min. = R.sub.0 (1 + AT.sub.min. + BT.sup.2.sub.min.) (2)
PAL  Let us next define a new variable M(T) which is equal to the resistance of
      the temperature sensor at any temperature T.sub.a less the resistance of
      the sensor at temperature T.sub.min.. In other words, M(T) defines the
      resistance change of the sensor from minimum temperature to any actual
      temperature. Thus
EQU  M(T) = R.sub.0 [A (T.sub.a -T.sub.min.) + B(T.sub.a.sup.2
      -T.sup.2.sub.min.)]                                       (3)
PAL  For convenience, a new variable X is introduced, defined as
      ##EQU1##
      It will become apparent that X is not only related to the temperature of
      the sensing resistor T.sub.a, but, due to the linear correspondence
      between set point temperature and the resistance of the setting resistor,
      is also related to set point temperature T.sub.sp. It should be further
      realized that, within the range of T.sub.min. to T.sub.max., X may vary
      between 0 and 1. Rearranging equation (4) yields
EQU  T.sub.a - T.sub.min. = (T.sub.max. - T.sub.min.) X         (5)
PAL  substituting this relationship into equation (3) yields
EQU  M(X) = R.sub.0 [A(T.sub.max. - T.sub.min.) X + B(T.sup.2d max. -
      T.sup.2.sub.min.)X.sup.2 - 2B(T.sup.2.sub.min. -T.sub.max.
      T.sub.min.)X](6)
PAL  normalizing the expression for M(X) by dividing the generalized expression
      by M.sub.max. - M.sub.min. yields a normalized expression for the sensing
      element resistance as a function of X, hereinafter r.sub.D (X). This
      expression becomes
      ##EQU2##
PAR  Having thus developed an expression for the resistance of the sensing
      element as a function of X, attention may now be directed toward the
      setting arm. The set point resistor, whose resistance is linearly variable
      between zero and R.sub.1, is included in the setting arm for selecting the
      set point temperature. The indicating means associated with the setting
      resistor is linearly graduated, for example, in degrees centigrade. In
      addition, the series resistor is selected to balance the bridge at
      T.sub.min., in other words being equal to NR.sub.min.. In light of the
      foregoing, it should be appreciated that the variable X, defined above in
      terms of temperature, may also be related to the selected value of
      adjustable resistor R.sub.1. More specifically, for any set point
      temperature T.sub.sp, the resistance of the adjustable resistor will be
      equal to XR.sub.1. A factor K will be defined to relate the value of the
      shunt resistor to the value of the adjustable resistor. The value of the
      shunt resistor is selected to be KR.sub.1, the K factor to be defined
      below. An equivalent resistance of the shunt circuit as a function of X is
      seen to be the parallel combination of KR.sub.1 with XR.sub.1. Stated
      mathematically
      ##EQU3##
      Normalizing this expression for the equivalent resistance of the shunt
      circuit by dividing the generalized expression by R.sub.eq max. - R.sub.eq
      min. yields a normalized expression for the equivalent resistance of the
      shunt circuit as a function of X, hereinafter r.sub.SP (X):
      ##EQU4##
PAR  Comparing the expression for the normalized value of the sensing resistor
      as a function of X with the normalized value for the setting resistor as a
      function of X discloses several important factors. Initially, it is seen
      that the two functions are equal when X = 0 and when X = 1, in other words
      at T.sub.min. and T.sub.max.. This demonstrates that the characteristics
      of the sensing and setting resistors exactly correspond at the minimum and
      maximum design temperatures. In addition, as both functions are
      non-linear, a third point of coincidence may be selected. This is
      accomplished by selecting a value of X between 0 and 1 and equating the
      normalized set point and sensing element resistances for this value of X.
      The result will be a value for the factor K which will cause the
      characteristic of the composite setting arm to correspond to that of the
      sensing arm at the temperature corresponding to X.sub.C. Performing the
      operation yields
      ##EQU5##
PAR  In summary, using the procedures taught above, a group of fixed or linear
      components may be combined in the setting arm of a bridge, and their
      values selected so that the characteristic of the setting arm is caused to
      accurately match the non-linear characteristic of a platinum resistance
      temperature sensor or the like. More specifically, the values of the
      various resistors are chosen so that the curves correspond exactly at
      three selected temperatures. Stated mathematically,
      ##EQU6##
      at temperatures T.sub.min., T.sub.max., and T.sub.c. In addition, as the
      influence of the shunt resistor becomes more pronounced with increasing
      set point temperature, the characteristic of the setting arm may be
      described as one whose resistance varies as a function of temperature,
      with the rate of variation decreasing with increasing temperature. It is
      recalled that this also describes the characteristic of the temperature
      sensing element. As an example of the ability of the composite setting arm
      to track the non-linear sensing arm, a bridge has been designed for use
      with a platinum resistance temperature sensor, and for operation between
      0.degree. and 400.degree.C., with a resolution of 0.1.degree.C., wherein
      the maximum deviation between set point and actual temperature at bridge
      balance is .+-. 0.075.degree.C.
PAR  As a further feature of the present invention, the selecting of a set point
      temperature may be further simplified by providing an adjustable resistor
      17 in the form of a tapped resistor controlled by a series of display type
      thumbwheel switches. FIG. 2 shows an exemplary control panel, including a
      series of four thumbwheel switches, for adjusting such a tapped resistor
      arrangement. The exemplary control panel includes four thumbwheel switches
      20-23 for setting the hundreds, tens, units, and tenths digits
      respectively. The associated indicators digitally display the selected
      temperature in degrees centigrade, for example the 167.3.degree.C. setting
      illustrated. A portion of the tapped resistor for use with such a control
      panel is illustrated in FIG. 3. Two tapped resistors, corresponding to the
      tens and units digits, and forming a portion of adjustable resistor 17 are
      illustrated along with selectors 21 and 22. The units column includes nine
      resistors 24, and the tens column nine resistors 25. It should be
      appreciated that all resistors 24 are identical in value and all resistors
      25 are identical in value and weighted with respect to resistors 24. More
      specifically, the value of each resistor 25 should be 10 times the value
      of each resistor 24 to account for the digit weighting. For example, if
      the bridge were designed with the value of the adjustable resistor chosen
      such that 1 ohm of resistance corresponds to 1.degree.C. of temperature,
      then resistors 24 would each be of 1 ohm and resistors 25 would each be of
      10 ohms. The position of the selectors 21 and 22 in FIG. 3 corresponds to
      their settings in FIG. 2. It is seen that in this position there are six
      resistors 25 in series with seven resistors 24, the entire series circuit
      being connected to the bridge at the terminals of resistor 17. In the
      example given above, this would correspond to a resistance of 67 ohms,
      which in turn would correspond to a set point temperature of 67.degree.C.
      While a tapped resistor corresponding to the entire four digits of FIG. 2
      has not been illustrated, it is believed that the pattern demonstrated
      above makes obvious the inclusion in a series circuit of further weighted
      resistors corresponding to the entire four digits of FIG. 2. In addition,
      if T.sub.max. is chosen, for example, at 199.9.degree.C., the tapped
      resistor corresponding to thumbwheel 20 need only have one resistor and a
      two position tap, the resistor weighted at 10 times the value of resistors
      25, or in the example 100 ohms.
PAR  Referring again to FIG. 1, a temperature controller adapted to function
      with the aforementioned bridge circuit will be described.
PAR  Connected to the bridge output terminals is an operational amplifier 30
      which forms a buffer between the bridge and the remaining circuitry. It
      converts any current imbalance in the bridge to a proportional voltage
      output. This is accomplished, in a known manner, using feedback resistor
      31 coupled between the amplifier output and its inverting input. More
      specifically, the operational amplifier generates an output voltage which
      causes a current flow through resistor 31 to maintain the inverting input
      of the amplifier at the same voltage as the non-inverting input. Any
      imbalance in the bridge caused by a proportional difference between the
      resistances of the setting and sensing arms will be reflected as a change
      in voltage at the non-inverting input of amplifier 31. This change in
      voltage will cause the output of the operational amplifier to
      correspondingly change such that the current flow through resistor 31 is
      increased or decreased, depending upon the direction of change, to bring
      the inverting input to the same voltage as the non-inverting input.
PAR  In the configuration illustrated in FIG. 1, it is noted that the
      temperature controller is operated with only a single supply of DC
      voltage. For that reason, it becomes desirable to bias the operational
      amplifier such that, for the condition defined as "bridge balance," the
      output of the amplifier is slightly positive. This can be accomplished,
      for example, by the addition of variable resistor 32 coupled between the
      inverting input of the amplifier and circuit common. This resistor forms a
      secondary path for current flow at the inverting summing junction causing
      the output of the amplifier to rise slightly to supply the additional
      current. It is realized that, in fact, resistor 32 causes a deliberate
      imbalance of the bridge; however, this condition, when used in the
      illustrative embodiment of FIG. 1, may be defined as bridge balance for
      the temperature controller.
PAR  The bridge-operational amplifier combination operates in the following
      manner. When the set point and actual temperatures are equal, the
      condition described above as bridge balance, the output of the amplifier
      is slightly positive. This condition will be interpreted by circuitry, to
      be described below, to prevent the addition of heat to the system. If the
      actual temperature falls below the set point, the resistance of the
      temperature sensing element decreases becoming proportionately less than
      the setting arm resistance. The bridge imbalance thus created causes the
      voltage at the amplifier non-inverting input to decrease. The resulting
      decrease in the output voltage of the amplifier causes a reduction in the
      current flow through resistors 31 and 12, decreasing the voltage dropped
      across resistor 12 thus bringing the inverting and non-inverting inputs to
      the same voltage level. The decrease in the operational amplifier output
      voltage will be interpreted by the remaining circuitry to cause the
      addition of heat to the system. The temperature will rise causing the
      resistance of the sensing element to increase, raising the output voltage
      of the amplifier until bridge balance is again achieved. It should be
      apparent that a bridge imbalance resulting from a setting arm resistance
      which is proportionately less than the sensing arm resistance (indicating
      that the actual temperature is greater than the set point temperature)
      causes the amplifier output to further increase thereby preventing the
      addition of heat to the system.
PAR  The output of the operational amplifier is coupled through adjustable
      resistor 33 to input 34 of a zero voltage switch 35. Various means for
      zero voltage switching are known to the art, the object being the
      generation of a trigger pulse at each zero crossing of an AC wave. The
      particular switch illustrated is an integrated circuit commercially
      available from RCA and carrying RCA identification No. CA3059. Terminals
      34 and 36 form opposed inputs to a differential amplifier which enables
      the circuit for generating a brief positive pulse at each zero crossing of
      an AC input wave, when input 34 is at a lower voltage than input 36. No
      output pulses are generated when input 34 is at a higher voltage than
      input 36. The AC input wave is provided via transformer 37 to terminal 38
      of the zero voltage switch. The output pulses, which appear at terminal
      39, are ultimately used to drive an output thyristor.
PAR  It should be understood therefore that when terminal 34 is positive with
      respect to terminal 36, the zero voltage switch maintains its output
      terminal 39 at a low level. However, when terminal 34 becomes more
      negative than terminal 36, a zero crossing detector within the zero
      voltage switch, which samples the AC wave on terminal 38, generates a
      brief positive pulse at each zero crossing of such wave, the pulse
      appearing at terminal 39. For biasing the zero voltage switch, resistors
      40 and 41 are coupled in series across the DC supply. Their common
      terminal is coupled to terminal 36 of the zero voltage switch, thereby
      setting a reference level for comparison with the voltage level on
      terminal 34. If desired, resistor 42 may be coupled between the secondary
      of transformer 37 and terminal 38 of the zero voltage switch, and
      capacitor 43 may be coupled from terminal 38 of the zero voltage switch to
      circuit common. These components introduce a slight phase shift in the AC
      input signal thereby affording the capability to compensate for any phase
      shift in the controller, such as that which might be introduced by
      transformer 37.
PAR  To sum up thus far, what has been described is a bridge circuit which
      continually compares an actual temperature with a set point temperature
      and, acting through an operational amplifier, produces a voltage whose
      level is responsive to the difference between the actual and set point
      temperatures. When the output of the operational amplifier, which is
      coupled to one of the inputs of a zero voltage switch, decreases below a
      predetermined reference level, the zero voltage switch will emit a brief
      positive pulse at every zero crossing of the AC wave sampled through
      transformer 37.
PAR  Neglecting for the moment the additional components in the input circuit to
      the zero voltage switch, which will be described below with reference to
      proportional control, the operation of the circuit as an on-off control
      will be described. The output of the circuitry described thus far is
      coupled to an electrically isolated circuit by photocoupled SCR 44. That
      circuit is comprised of a light emitting diode 45 which is optically
      coupled to a photosensitive SCR 46. The operation is such that when a
      positive pulse is emitted by zero voltage switch 35, current flows through
      resistor 62 and light emitting diode 45. This causes light emitting diode
      45 to radiate, the radiation being imposed on photosensitive SCR 46. The
      photosensitive SCR is thereby driven into conduction when the signal on
      its anode exceeds that on its cathode. Recalling that the positive pulses
      are emitted at zero crossings, or in other words at the initiation of each
      half wave of AC voltage, it should be appreciated that SCR conduction will
      be initiated at the start of every positive half cycle. It should be
      further understood that due to the unidirectional nature of the current
      flow through SCR 46, no condition will occur during the negative half
      cycle.
PAR  The output of the SCR is coupled to an integral cycle triac trigger 49.
      This circuit may be implemented by various means known to the art, for
      example, by a circuit illustrated as FIG. 17 of RCA publication ICAN-6158.
      The purpose of this integral cycle triac trigger is to trigger triac 47
      for conduction, and also to assure that the triac will conduct only full
      waves of AC current. In other words, the triac is triggered directly by
      the initiating pulse through SCR 46 on the positive half cycle; the
      integral cycle triac trigger then assures that the triac will be triggered
      on the succeeding negative half cycle. This operation is advantageous in
      relatively high current temperature controllers wherein, if integral cycle
      triggering were not assured, an appreciable DC component would be
      introduced into the power transformer supplying the AC voltage, possibly
      causing overheating of such transformer. However, if such overheating is
      not a major concern, integral cycle triac trigger 49 may be eliminated as
      indicated by alternative connection 48, directly coupling the output of
      SCR 44 to the gate of the triac 47. However, as will be apparent to one
      skilled in the art, if the integral cycle triac trigger is eliminated, a
      bidirectional coupling device should be substituted for photocoupled SCR
      44. Various means for accomplishing this are well known, for example
      certain of the circuits illustrated in the aforementioned RCA publication,
      and also the simple reed relay device.
PAR  The load circuit of triac 47 is coupled in series with a heater element 50,
      the series combination being coupled across the AC line. It is therefore
      seen that whenever the triac is caused to conduct, current will be
      supplied to the heater, thereby increasing the temperature in the
      controlled area or system. It is further noted that the primary of
      transformer 37 is coupled to the heater supply, thereby allowing the zero
      voltage switch to assure triac gating at zero crossings. This is important
      in temperature controllers used, for example, in scientific areas where
      the generation of transients would be undesirable due to their effect on
      nearby equipment. It is well known that minimum transients are generated
      when a triac or other thyristor device is triggered when the voltage
      across it is at or near a zero level. This, coupled with the fact that the
      triac is a latching device which will only turn off when the current
      through it falls to zero, avoids the generation of unwanted transients.
PAR  In summary, the circuit thus far described is seen to trigger the triac for
      supplying current to the load whenever the voltage on terminal 34 of the
      zero voltage switch decreases below the reference level on terminal 36. It
      is further recalled that this occurs whenever the resistance of the
      setting arm proportionately exceeds that of the sensing arm, in other
      words, when the temperature in the controlled system is below the set
      point temperature. The on-off control thus described, however, produces a
      certain amount of hunting about the set point temperature; such hunting
      may be undesirable in certain applications and may be minimized by
      circuitry to be described below. The temperature controller of FIG. 1
      provides means for achieving a proportional control wherein the amount of
      power supplied to the heater is a function of the difference between the
      set point and sensed temperatures. This is accomplished by producing a
      ramp voltage and combining such ramp voltage with the output signal of the
      operational amplifier.
PAR  The ramp generator comprises a programmable unijunction transistor (PUT) 51
      and its environmental components. Resistors 52 and 53 are coupled in
      series across the DC power supply, with their common terminal coupled to
      the gate of PUT 51. Similarly, resistor 54 and capacitor 55 are coupled in
      series across the DC supply having their common terminal connected to the
      anode of PUT 51. Resistor 56 is conducted between the PUT cathode and
      ground for purposes of current limiting. Resistors 52 and 53 form a
      voltage divider for setting a reference level at the gate of the PUT.
      Resistor 54 provides a path for charging capacitor 55. In a well known
      manner, when the voltage on capacitor 55 exceeds the voltage at the gate
      of the PUT, the PUT will conduct current from anode to cathode. This
      action rapidly discharges the capacitor, which in turn causes the PUT to
      resume its non-conducting mode. It should therefore be appreciated that
      the voltage present at the junction of resistor 54 and capacitor 55 is a
      ramp function, characterized by a relatively slow capacitor charge and a
      rapid discharge. This voltage is coupled through resistor 57 to terminal
      34 of the zero voltage swtich 35. In this way, the ramp voltage generated
      by the PUT 51 is combined with the output signal of operational amplifier
      30.
PAR  Such voltage combination provides the proportional control which may be
      illustrated with reference to FIG. 4, which is a plot of voltage versus
      time for the zero voltage switch inputs 34 and 36. The horizontal line
      V.sub.ref is the constant voltage present at terminal 36 by virtue of the
      voltage divider action of resistors 40 and 41. The voltage levels V.sub.1,
      V.sub.2 and V.sub.3 represent three different output levels from
      operational amplifier 30. It is seen that added to each of the levels is a
      ramp signal which is generated by PUT 51. Bar graph 60 is included on the
      chart to illustrate the reaction of the heater, the crosshatched portions
      of the bar graph indicating power being supplied to the heater. With the
      operational amplifier output at V.sub.1 volts, the heater remains
      deenergized, as that voltage level with the addition of the ramp signal
      always remains higher than the reference voltage. It is recalled that this
      condition prevents the zero voltage switch from generating pulses at the
      zero crossing of the AC wave. When the operational amplifier output is at
      V.sub.3 volts or below, it is seen that the heater is continuously
      supplied with power. This is because the output signal has decreased to a
      point where, even with the addition of the ramp signal, the combined
      signal does not exceed the reference voltage. Therefore it should be
      appreciated that the zero voltage switch continues to emit a trigger pulse
      at every zero crossing, which, in combination with the integral cycle
      triac trigger, maintains the triac in conduction. An intermediate level of
      output voltage is illustrated at V.sub.2. It is seen that the voltage
      level is initially below the reference voltage causing the zero voltage
      switch to generate trigger pulses which ultimately supply power to the
      heater. However, the addition of the ramp voltage to the output voltage
      causes the combined voltage to exceed the reference voltage at some point.
      On this occurrence, the zero voltage switch will cease generating trigger
      pulses, removing the gate signal from the triac and thereby interrupting
      the supply of power to the heater. When the PUT conducts to discharge the
      capacitor, the voltage again falls to the V.sub.2 reference level, again
      initiating the supply of power to the heater. It should therefore be
      appreciated that, utilizing the proportional control, full power is
      supplied to the heater at initial turn-on when there is a large difference
      between the set point and sensed temperatures. However, as the actual
      temperature approaches the set point temperature, the output signal of the
      operational amplifier approaches the reference voltage. As the voltages
      converge, the addition of the ramp voltage will cause the combined voltage
      to begin to exceed the reference voltage. Thus, during a portion of each
      of the ramp cycles, the supply of power to the heater will be interrupted.
      This period of interruption will increase as temperature continues to
      rise, ultimately causing the actual and set point temperatures to converge
      without considerable overshoot.
PAR  As previously noted, adjustable resistor 33 is interposed between the
      output of the operational amplifer and terminal 34 of the zero voltage
      switch. This resistor, which may be termed the bandwidth resistor, is
      utilized to set the proportional control. Bandwidth may be defined as the
      required temperature change, as sensed by the sensing arm, which causes
      the heat output to change between 0 and 100%, when the set point is held
      constant. Referring again to FIG. 4, it is seen that a change in output
      signal from the operational amplifier from V.sub.1 to V.sub.3 results in
      such a 0 to 100% change in heat output. In a practical temperature
      controller, a bandwidth adjustment has been provided which varies the
      bandwidth between a minimum of 0.25.degree.C. and a maximum of
      2.0.degree.C.
PAR  Worthy of note, is the fact that the period of the ramp signal should be
      relatively long with respect to the period of the power supply, but
      relatively short when compared to the thermal time constant of the system.
      The PUT ramp generator provides a convenient means for regulating such a
      ramp signal. More specifically, the values of resistors 54 and capacitor
      55 may be adjusted or selected to achieve the required rate of charge. In
      addition, the values of resistors 52 and 53, which set the "program point"
      for the PUT, the voltage at which the PUT will conduct, may be used to
      adjust both the time period and the maximum value of the ramp signal.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a bridge circuit and a temperature controller for use therewith
      which fully satisfy the objects, aims and advantages set forth above.
      While the invention has been described in conjunction with a specific
      embodiment thereof, it is evident that many alternatives, modifications
      and variations will be apparent to those skilled in the art, in light of
      the foregoing description. Accordingly, it is intended to embrace all such
      alternatives, modifications and variations as fall within the spirit and
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A temperature controller for a controlled space comprising in
      combination, a bridge having four resistive arms defining pairs of input
      and output terminals, the first and second arms having first and second
      resistors having a predetermined ratio, the third arm having a temperature
      sensitive resistor with a temperature coefficient of resistance which
      gradually varies with increasing temperature to produce inherently
      non-linear response, the fourth arm including an adjustable setting
      resistor, a fixed shunt resistor in parallel with the setting resistor, a
      fixed series resistor interposed in series with the paralleled setting
      resistor and shunt resistor, the adjustable setting resistor being in the
      form of a linearly tapped decade resistor in which the taps are settable
      by a bank of display type thumbwheel switches providing a display of set
      resistance directly in units of temperature, the values of the fixed shunt
      and series resistors being so chosen that the variation of the setting
      resistor produces a non-linear variation in the resistance of the setting
      arm which tracks, and thus compensates for, the non-linear response of the
      temperature sensitive resistor so that the bridge is balanced at a sensed
      temperature which corresponds to the temperature displayed on the
      thumbwheel switches, a source of heat in the space, and control circuitry
      connected to the output terminals of the bridge and responsive to a
      condition of unbalance of the bridge for correctively energizing the
      source of heat for maintenance of the temperature at the set value.
NUM  2.
PAR  2. The combination as claimed in claim 1 further including an operational
      amplifier having its input terminals coupled to the bridge output
      terminals for producing a voltage dependent upon the degree of bridge
      imbalance, means for generating a ramp voltage, means for generating a
      reference voltage, means for combining the amplifier output voltage, the
      ramp voltage, and the reference voltage to provide a control signal in
      which the ON time is proportioned in accordance with the bridge output, a
      heating element, a solid state switch connected in series with the heating
      element for turning on and off a flow of current thereto, and means for
      coupling the control signal to the solid state switch for corrective
      energization of the heating element so that the temperature is maintained
      at the value set on the thumbwheel switches.
NUM  3.
PAR  3. The combination as claimed in claim 1 wherein the values of the shunt
      and series resistors are so chosen that the bridge is balanced at three
      widely spaced temperatures within a temperature range.
NUM  4.
PAR  4. The combination as claimed in claim 3 wherein the value of the series
      resistor is chosen so that the bridge is balanced at a minimum
      temperature, and the value of the shunt resistor is chosen so that the
      bridge is balanced at a maximum temperature and at an intermediate
      temperature.
NUM  5.
PAR  5. A temperature controller for a controlled space comprising in
      combination, a bridge having four resistive arms defining pairs of input
      and output terminals, the first and second arms having first and second
      resistors having a predetermined ratio, the third arm having a temperature
      sensitive resistor with a temperature coefficient of resistance which
      gradually varies with increasing temperature to produce inherently
      non-linear response, the fourth arm including an adjustable setting
      resistor, a fixed shunt resistor in parallel with the setting resistor, a
      fixed series resistor interposed in series with the paralleled setting
      resistor and shunt resistor, the adjustable setting resistor being in the
      form of a linearly tapped decade resistor, means for setting the taps of
      the decade resistor and for directly displaying the selected temperature,
      the values of the fixed shunt and series resistors being so chosen that
      the variation of the setting resistor produces a non-linear variation in
      the resistance of the setting arm which tracks, and thus compensates for,
      the non-linear response of the temperature sensitive resistor so that the
      bridge is balanced at a sensed temperature which corresponds to the
      displayed selected temperature, a heating element in the space, means for
      generating a reference voltage, means for generating a ramp voltage, means
      for combining the bridge output with the ramp voltage and for comparing
      the combined voltage with the reference voltage to produce a control
      signal in which the ON time is proportioned in accordance with the bridge
      output, and means for coupling the control signal to the heating element
      for correctively energizing the heating element for maintenance of the
      temperature at the selected value.
NUM  6.
PAR  6. A temperature controller for use with an electrical heater for
      controlling the temperature within a system comprising in combination, a
      resistive bridge having four arms defining pairs of input and output
      terminals, the first and second arms having first and second resistors
      having a predetermined ratio, the third arm being a sensing arm, the
      fourth arm being a setting arm, a source of d.c. power coupled across the
      input terminals, an operational amplifier having its input coupled across
      the bridge output terminals for providing an output signal dependent upon
      the relative resistance between the sensing and setting arms, a source of
      a.c. power, a power switch for coupling the a.c. power source to the
      heater, means for coupling the operational amplifier output signal to the
      power switch so as to apply a.c. power to the heater when the resistance
      of the setting arm proportionately exceeds the resistance of the sensing
      arm, the sensing arm of the bridge including a temperature sensitive
      resistor disposed within the system for measuring the temperature within
      the system, the temperature sensitive resistor having a resistance which
      varies directly as a function of temperature with the rate of variation
      decreasing with increasing temperature, the setting arm including an
      adjustable setting resistor, a fixed shunt resistor in parallel with the
      setting resistor, a fixed series resistor interposed in series with the
      paralleled setting resistor and shunt resistor, the adjustable setting
      resistor being in the form of a linearly tapped decade resistor in which
      the taps are settable by a bank of display type thumbwheel switches
      providing a display linearly graduated in units of temperature, the
      setting arm thereby provided with a resistance which varies directly as a
      function of displayed temperature with the rate of variation decreasing
      with increasing displayed temperature, the value of the series resistor
      selected to balance the bridge at a minimum temperature, the value of the
      shunt resistor selected to balance the bridge at a maximum temperature and
      at an intermediate temperature, whereby the bridge is compensated for the
      non-linearity of the sensing resistor causing selective application of
      a.c. power to the heater to accurately maintain the temperature of the
      system at the displayed temperature.
NUM  7.
PAR  7. The combination as claimed in claim 6 wherein the means for coupling the
      operational amplifier to the power switch includes a zero voltage switch
      for closing the power switch only when the instantaneous value of a.c.
      voltage in near zero volts.
NUM  8.
PAR  8. The combination as claimed in claim 7 further including means for
      generating a reference voltage, means for generating a ramp voltage, and
      means for combining the ramp voltage with the output signal of the
      operational amplifier and for comparing the combined voltage with the
      reference voltage to produce a control signal in which the ON time is
      proportioned in accordance with the degree of bridge imbalance.
NUM  9.
PAR  9. The combination as claimed in claim 8 wherein the means for coupling the
      output signal from the operational amplifier to the power switch further
      includes optical coupling means for electrically isolating the resistive
      bridge from the power switch.
NUM  10.
PAR  10. A temperature controller for use with an electrical heater for
      maintaining the temperature within a system at a selected set point
      between minimum and maximum temperatures T.sub.min and T.sub.max
      comprising in combination, a bridge having four resistive arms defining
      pairs of input and output terminals, the first and second arm having first
      and second resistors for establishing a bridge constant N, the third arm
      including a temperature sensitive resistor with a temperature coefficient
      of resistance which gradually varies with increasing temperature to
      produce inherently non-linear response, the resistance of the temperature
      sensitive resistor being R.sub.min at T.sub.min, R.sub.max at T.sub.max
      and R.sub.c at an intermediate temperature T.sub.c, the fourth arm
      including an adjustable setting resistor, a fixed shunt resistor in
      parallel with the setting resistor, a fixed series resistor, a fixed
      series resistor interposed in series with the paralleled setting resistor
      and shunt resistor, the adjustable setting resistor being in the form of a
      linearly tapped decade resistor in which the taps are settable by a bank
      of display type thumbwheel switches providing a display linearly graduated
      in units of temperature, the value of the series resistor selected as
      NR.sub.min, the value of the shunt resistor selected so that the
      resistance of the setting arm is NR.sub.max when the adjustable resistor
      is set at T.sub.max and NR.sub.c when the adjustable resistor is set at
      T.sub.c, and control circuitry connected to the output terminals of the
      bridge for selectively energizing the heater for maintenance of the
      temperature at the set point value.
NUM  11.
PAR  11. A temperature controller for use with an electrical heater for
      maintaining an actual temperature T.sub.a within a system at a selected
      set point temperature T.sub.sp and operational between temperatures
      T.sub.min. and T.sub.max. comprising in combination, a bridge having four
      resistive arms defining pairs of input and output terminals, first and
      second adjacent arms having first and second fixed resistors for
      establishing a bridge constant N, a sensing arm including a temperature
      sensitive resistor disposed within the system and having a resistance
      responsive to T.sub.a, a setting arm for establishing T.sub.sp and
      including an adjustable setting resistor, a fixed shunt resistor in
      parallel with the setting resistor, and a series resistor interposed in
      series with the paralleled setting resistor and shunt resistor, and
      control circuitry coupled to the output terminals of the bridge for
      controlling a supply of power to the electrical heater, the temperature
      sensitive resistor having a non-linear resistance-temperature relationship
      characterized by the expression
EQU  R(T.sub.a) = R.sub.0 (1 + AT.sub.a + BT.sub.a.sup.2)
PAL  where R is the resistance as a function of temperature T.sub.a, R.sub.0 is
      the resistance at T.sub.a = 0.degree.C., A is a constant greater than 0
      and B is a constant less than 0, the adjustable resistor being in the form
      of a linearly tapped decade resistor variable in resistance between 0 and
      R.sub.1, the taps of the adjustable resistor settable by a bank of display
      type thumbwheel switches providing a display linearly graduated in units
      of temperature, the series resistor having a value of R.sub.series
      selected as NR.sub.min. where R.sub.min. is the resistance of the
      temperature sensitive resistor at T.sub.min., the value of the shunt
      resistor selected as KR.sub.1 where K is a constant determined by
      ##EQU7##
      where X is a variable of temperature T defined by
      ##EQU8##
      where T may be taken as either T.sub.a or T.sub.sp, and X.sub.c is a
      particular value of X corresponding to temperature T.sub.c selected
      between T.sub.min and T.sub.max where T.sub.c = T.sub.a =T.sub.sp, whereby
      the resistance-set point temperature characteristic of the setting arm is
      made non-linear making the expression
      ##EQU9##
      exactly valid at temperatures T.sub.min, T.sub.c and T.sub.max and valid
      with only minimal error at all other temperatures between T.sub.min and
      T.sub.max so that the heater is energized when T.sub.a is less than
      T.sub.sp.
NUM  12.
PAR  12. The combination as claimed in claim 11 wherein R.sub.0 equals
      approximately 100, A equals approximately 3.9078 .times. 10.sup.-.sup.3
      and B equals approximately -0.578 .times. 10.sup.-.sup.6.
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PAL  A sensor, located to respond to the temperature of the cooking platform and
      having a positive temperature coefficient of resistance throughout a range
      of temperatures up to the maximum selected safe operating temperature of
      the platform, is connected to a thermal cycling control switch and
      provides an increasing resistance with an increasing platform temperature
      to effect a wattage limiting control of the heating element supplying heat
      to the platform.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to the art of limiting glass-ceramic cooking
      platform temperatures through limiting the wattage supplied to the heater
      associated with the platform.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,798,416 discloses a temperature control system stated to
      provide relatively economical temperature control using solid-state
      components and which is stated to be especially suitable for use with the
      electrically heated glass-ceramic cook-tops and providing temperature
      limiting of both the electric heating element and the cook-top. This
      patent also refers to prior art temperature control systems of other than
      the solid-state type. This patent is mentioned mainly because it shows one
      arrangement for obtaining temperature control for a glass cook-top but in
      a form considered to be relatively expensive as compared to my
      arrangement.
PAR  U.S. Pat. No. 3,005,896 discloses an arrangement for temperature control of
      a cooking vessel in which a positive temperature coefficient of resistance
      sensor is associated with a heater for a bimetal to obtain the control.
      While the arrangement there shown has superficial similarities to my
      invention, it differs in a number of ways including being a full range
      temperature control as distinguished from a wattage limiting control which
      is capable only of limiting the rate of input to the heater element in a
      direction to limit the temperature of a glass cook-top. Because the last
      noted patent arrangement is for the purpose of obtaining full range
      temperature control, it is substantially more complicated than an
      arrangement according to my invention. Finally, and most importantly, the
      patented arrangement would not be capable of functioning as a temperature
      limiting control for a cooking platform since its temperature range as
      disclosed is coupled to the temperature range of the cooking vessel, which
      is very substantially less than the temperature which the glass-ceramic
      cooking platform will achieve in normal operation. Thus a typical nickel
      or nickel alloy of the type used as the sensor in such an application has
      a temperature coefficient of resistance which changes from positive to
      negative in a range between about 900.degree.F. and  1100.degree.F
      (482.degree.C and 593.degree.C). Such a temperature sensor would cause a
      runaway if applied to limit a glass platform temperature since the glass
      platform temperature will at times, be in the neighborhood of
      1300.degree.F (704.degree.C) or higher.
PAC  SUMMARY OF THE INVENTION
PAR  An adequate summary of the invention is considered to be expressed in the
      Abstract of the Disclosure.
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a schematic view of a circuit incorporating the invention;
PAR  FIG. 2 is a partly broken top view of a glass cooking platform and
      underlying heater assembly; and
PAR  FIG. 3 is a vertical sectional view corresponding to one taken along the
      line III--III of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The environment in which the invention finds its most suitable application
      is in connection with a glass-ceramic cook-top platform 10 having an
      underlying heating element 12 which heats the platform. The heated
      platform in turn supplies heat to a cooking vessel 14 supported on the
      platform. The heater 12 (FIGS. 2 and 3) is supported at the bottom of a
      recess 16 in a support block 18 molded of alumina-silica. The heater 12 is
      typically a helically wound, open coil arranged in a spiral in the recess
      16. The terminal ends of the heater exit through the side of the block 18
      and are identified by the numerals 20 and 22 in FIGS. 1 and 2.
PAR  The upper rim of the block has a groove 24 (FIGS. 2 and 3) extending around
      it, with a sensor wire 26 lying in the groove. A ring 28 of high
      temperature fiber paper overlies the rim of the mold and the groove 24 and
      is sandwiched between the rim and the platform 10 when the mold 18 is
      supported in its final position closely underlying the platform 10. Thus
      the sensor wire 26 is physically located to sense the temperature of the
      platform 10 near the heater.
PAR  The material of the sensor wire 26 has a positive temperature coefficient
      of resistance throughout a range of temperatures up to the maximum
      selected safe operating temperature of the platform 10. A nickel-cobalt
      alloy of the type disclosed in U.S. Pat. No. 3,454,748 is a suitable
      material for constructing the sensor wire 26. In this connection it is
      noted that while most nickel and nickel alloys have a temperature
      coefficient of resistance which changes from positive to negative between
      about 900.degree. to 1100.degree.F the cobalt-nickel wire of the patent
      has a relatively linear resistance curve portion up to about 1800.degree.F
      (982.degree.C). For many of the glass platforms 10 it is desirable to
      limit the temperature to around 1300.degree.F (704.degree.C) although it
      is believed that improved platforms capable of withstanding 1500.degree.F
      (816.degree.C) may be available soon. In either event, the noted material
      is satisfactory for use as a sensor wire.
PAR  Limiting the temperature of the glass cook-top 10 is most important under
      conditions of a high heat setting and in the absence of a load such as the
      vessel 14 receiving heat from the cook-top. In the preferred mode of the
      invention, it is considered desirable to provide a temperature limiting
      wattage control giving a reduction in the heater 12 wattage of about 50%
      so that in a stable condition with no load and at a maximum temperature
      setting the heater 12 wattage will be reduced to about 50% of its maximum
      wattage.
PAR  The control arrangement includes a temperature control component in the
      form of a thermal cycling switch of the general type disclosed in U.S.
      Pat. No. 3,634,802. The essential parts of the thermal cycling switch of
      particular interest in its application in this invention are the
      user-adjusted spring arm 30 carrying contact 32, and being adjustable by
      cam 34, main bimetal 36, carrying its cycling contact 38 at one end for
      making and breaking with contact 32, and the bimetal resistance heater 40.
      The noted elements of the thermal cycling switch are basically
      conventional and details as to their construction may be had by reference
      to the noted patent. The bimetal heater 40 is connected between the
      cycling contact 38 and the one side of the main heater 12 so that it is in
      series with the main heater 12. The sensor wire 26 is connected in
      parallel with the bimetal heater 40 as shown in the FIG. 1 circuit.
PAR  The thermal cycling switch operates in the conventional way with the
      bimetal deflecting, upon heating, in a direction toward opening the
      cycling contacts and, upon cooling, moving back toward a closed contact
      position.
PAR  While the connection between the sensor wire 26 and the cycling contact 38
      is shown as being around the bimetal other than through it, the connection
      can be made through the bimetal 36 so long as the bimetal has a
      sufficiently low resistance as to provide negligible heating of the
      bimetal by the current passing through it.
PAR  The resistances of the bimetal heater 40 and the sensor wire 26 are chosen
      so that the input range for the thermal cycling switch, depending on the
      switch setting, is the same as a standard, unbiased thermal cycling switch
      when the heater 12 is at normal room temperature. As the heater 12 heats
      up on energization and thereby heats the platform and sensor wire 26, the
      positive temperature coefficient of resistance of the sensor wire results
      in its increased resistance. This causes less current to bypass the
      bimetal heater 40 which thereby increases the heating of the bimetal and
      reduces the percent On time of the thermal cycling switch which runs at a
      percent On time inversely proportional to the instantaneous wattage in the
      bimetal heater 40. Thus the arrangement offers a rapid preheat when the
      heater 12 starts out cold, a negative feedback which cannot turn the
      heater 12 off entirely, and thus a steady state wattage input on the
      average responding to the setting of the thermal cycling switch.
PAR  The heater 12 wattage is determined by the maximum allowable temperature on
      the glass 10 and the condition of a steady state turndown of about 50%.
      Thus with the thermal cycling switch set at its high heat position it will
      call for 100% On time with the heater 12 and sensor 26 at room
      temperature; but when the system is stabilized either with or without a
      cooking load, it will deliver only about one-half of the full wattage of
      heater 12 and that saturated condition will produce a temperature of the
      glass no higher than its selected safe temperature such as 1300.degree.F
      (704.degree.C).
PAR  Among the advantages of the invention is that while a pure temperature
      control, where the input responds to temperature, will not control a boil
      operation satisfactorily, a temperature limiting wattage control as herein
      disclosed will control the boil rate with a potential temperature limiting
      effect at any setting. Additionally, the arrangement is extremely simple
      and of moderate cost in that the conventional type thermal cycling switch
      presently used with such glass cook-tops may be used and requires only
      that a low resistance shunt wire around the bimetal heater 40 and an
      additional terminal be provided. The arrangement also permits the sensor
      wire 26 to be located peripherally of the heater 12 (FIGS. 2 and 3) rather
      than in a central location between the heater and glass as is commonly now
      done with expanding rod controls.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A temperature limiting wattage control for a cooking platform which is
      itself heated by an underlying main heating element to supply heat for
      transfer to a cooking vessel supported on the platform, comprising:
PA1  a thermal cycling, user-operated control switch including a bimetal
      carrying a cycling contact and a heater associated with the bimetal for
      controlling the position of said bimetal and cycling contact, said bimetal
      heater being connected in series between said cycling contact and one side
      of said main heater; and
PA1  a sensor having a positive temperature coefficient of resistance throughout
      a range of temperatures up to the maximum selected safe operating
      temperature of said platform, said sensor being electrically connected to
      said one side of said main heater and in parallel with said bimetal
      heater, and located to respond to the heat of said cooking platform to
      provide an increasing resistance with an increasing platform temperature.
NUM  2.
PAR  2. A control according to claim 1 wherein:
PA1  said sensor comprises a cobalt-nickel alloy.
NUM  3.
PAR  3. A control according to claim 1 wherein:
PA1  said sensor comprises a cobalt-nickel alloy wire arranged peripherally of
      said main heating element.
NUM  4.
PAR  4. A temperature limiting wattage control for a glass-ceramic cooking
      platform having a main heating element underlying the platform,
      comprising:
PA1  a thermal cycling, user-operated control switch including a bimetal
      carrying a cycling contact and a bimetal heater associated with the
      bimetal for controlling the positioning of said bimetal and cycling
      contact;
PA1  a resistance wire sensor element having a positive temperature coefficient
      of resistance throughout a range of temperatures up to the maximum
      selected safe operating temperature of said platform, said sensor being
      connected in parallel with said bimetal heater and in series with said
      main heating element and responsive to the glass platform temperature to
      provide an increasing resistance with an increasing platform temperature
      and thereby shunting additional current through said bimetal heater to
      provide increasing quantities of heat to said bimetal and decreasing On
      times of said thermal cycling switch.
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ABST
PAL  An information writing device is used to write information on a card such
      as magnetic card. Information to be written on a card is manually fed into
      the device through a keyboard. The card may be reciprocated through a
      driving unit to write information thereon during its forward stroke and to
      read out the information during its backward stroke. The information read
      out is collated with the input one to visually indicate resulting
      coincidence or non-coincidence thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an information writing device and more
      particularly to an information writing device having a novel construction
      that, on writing information on the card and after having written
      information, can instantly confirm and determine whether correct
      information is written or not.
PAR  2. Description of the Prior Art
PAR  Recording media, in general, include magnetic tapes, punched tapes,
      magnetic discs, punched cards and magnetic cards. Among them, information
      recording media of the card type find extensive applications such as
      deposite cards, credit cards, certificate cards, etc., and are expected to
      meet the trend toward labor-saving and not using cash. However, the
      aforementioned card type of information recording media, generally record
      information in the form of coded signals instead of characters or
      numerical figures that are used daily, and in addition, it is usually
      unable at a glance to know what contents are written owing to its
      necessity to keep the contents secret. Therefore, it is necessary to
      confirm whether the information is recorded correctly or not by reading
      out the recorded contents of the card by a card reader after information
      is written on the card. As for the magnetic card particularly, since the
      packing density of information is high, the presence of dust between the
      writing head and the magnetic card often invites the trouble of failure to
      write correct information, thus necessitating to confirm the contents by
      the card reader after the information is written on the card. This,
      however, prevents quick processing of information and also requires
      attendance of man power to process great deal of information, imposing a
      problem in view of labor-saving.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a novel setup to improve the
      aforementioned defects.
PAR  Another object of the invention is to provide an effective device for
      determining whether the information is written correctly or not by
      immediately reading the written information during the backward movement
      of the card and comparing the written information with the read
      information in the system of writing information on the card during
      forward movement of the card in which the card is to be moved
      reciprocally.
PAR  A further object of the invention is to provide a convenient device that
      can display the result visually, in which the information is written on
      the card, said information is memorized and the written information is
      read out without being destroyed and compared with said memorized
      contents.
PAR  Yet further objects of the invention will become clear from the following
      descriptions with reference to the accompanying drawings which deal with
      embodiments where the magnetic card is used as a recording medium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a general appearance of the information recording device
      according to this invention;
PAR  FIG. 2 shows an embodiment of the inner construction of the device
      according to this invention;
PAR  FIG. 3 is an example of the card applied to the device of this invention;
      and
PAR  FIG. 4 shows another embodiment of the device of this invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, referential number 1 represents the body of the
      information recording device which, shown here, may be used as an
      independent unit or may be used as a part being incorporated in the card
      register, etc. Numeral 2 represents a card insertion port into which the
      operator will insert the card in the direction of arrow 3 according to the
      mark described on the card. Numeral 4 represents keyboard for feeding
      information signals; by pressing desired numerical keys, the information
      corresponding to said keys will be memorized temporatily by the shift
      register mentioned later and then magnetically written on the card.
      Numeral 5 is an indicator for indicating input information and may be made
      of Nixy tube, fluorescent indication tube, light-emitting diode, or liquid
      crystal, and by which the operator can push the keys with reference to
      said indication so that incorrect information will not be fed. Numerals 6
      and 7 are indicators to indicate whether the written information signals
      are coincident with the read information signals, in which the characters
      of either "CHECK" or "ERROR" are displayed on the semitransparent covering
      by the burning of lamp installed therein. CHECK indication 6 will be
      displayed when the aforesaid two signals are coincided, and ERROR
      indication 7 will be displayed when the two signals are out of
      coincidence. The device of this embodiment is so constructed as to display
      both the coincident indication and the not-coincident indication. This
      construction is not absolutely necessary for the present invention, but if
      only one indication were made, other indication which should have been
      displayed might not often be displayed due to possible breakage in lines,
      resulting in incorrect collating. In view of such a possibility, by making
      the construction as in this embodiment, either one of indications is
      necessarily displayed, eliminating such a mistake. Also by making the
      covering of CHECK indication 6 in blue color and covering of ERROR
      indication in red color, the operator will be able to readily determine
      whether the writing is done correctly or not correctly by referring to the
      color illuminated, dispensing with reference to confirming the characters.
      It is of course possible that the characters are directly illuminated like
      the light-emitting diode and Nixy tube.
PAR  Referring to FIG. 2, the referential numeral 8 represents a magnetic card
      having information writing track 9 and timing track for obtaining time
      synchronism on writing or reading the information; 11 is a motor that
      reciprocates said magnetic card 8 through pulley 12, belt 13, pulley 14
      and roller 16 fastened to said pulley 14 through shaft 15; 17 is a
      magnetic head that writes information on the writing track 9 or reads the
      information when said magnetic card 8 is being reciprocated; 18 is a
      magnetic head which recovers the synchronizing signals from the timing
      track 10 when said magnetic card 8 is being reciprocated; 19 is a motor
      controller which, when said magnetic card 8 is inserted in the direction
      of arrow 3, receives with its terminal FIN the output of microswitch 20
      actuated by the edge a of said magnetic card 8 and produces rotation
      control signal from the terminal CON to said electric motor 11 to move the
      magnetic card 8 forward, and which, when said magnetic card 8 has finished
      forward movement, receives with its terminal RIN the output of the
      microswitch 21 actuated by the edge b of said magnetic card 8 and produces
      reverse rotation control signal from the terminal CON to said electric
      motor 11 to move said magnetic card 8 backward; 22 corresponds to the
      keyboard 4 of FIG. 1 and is an input means to introduce information that
      is to be written on the magnetic card 8; 23 is a circulation type shift
      register having terminal WIN that reads the information from said input
      means 22 in the coded form through the encoder 24, reading terminal ROUT
      that effects reading at the time of right-shift mode, reading terminal
      LOUT that effects reading at the time of left-shift mode, shift-pulse
      input terminal SCO that receives the input of shift pulse, and a gate
      control terminal GC that receives selection signals of gate at the time of
      input and output; 25 is a selector which selects the input-output paths at
      the time when the magnetic head 17 is writing or reading and which, when
      the terminal WC has received the output of the microswitch 26 actuated by
      the forward movement of the magnetic card 8 inserted along the arrow
      direction 3 being driven by the roller 16, sends the information signal
      received at the input terminal IN to the magnetic head 17 via terminal H
      to effect writing of information on the writing track of the magnetic card
      8, and which, when the terminal RC has received the output of microswitch
      27 actuated by the finish of the forward movement of the magnetic card 8,
      allows the magnetic head 17 to read information written on the magnetic
      card 8 and produces the read signal received from said magnetic head 17
      via terminal H out of the output terminal OUT; 28 is a mode selector which
      receives the output of said microswitch 26 with the terminal L, receives
      the output of said microswitch 27 with the terminal R, selects the modes
      of right shift or left shift of the shift register 23, sends the selection
      signal of gate corresponding to each mode to the gate control terminal GC
      of said shift register via terminal GS, and produces the selection control
      signal of shift pulse corresponding to each mode from the output terminal
      SM; 29 is a pulse controller which receives the input synchronizing signal
      from the terminal IP of said input means 22 when the information is
      introduced from said input means 22 to said shift register 23, receives a
      synchronizing signal with its terminal DP from the timing track 10 of the
      magnetic card 8 via magnetic head 18 when the information to the magnetic
      card 8 is being written or being read and receives with its terminal MODE
      a selection control signal of each mode of right-shift or left-shift to
      give appropriate shift pulse to said shift register 23; 30 is a
      coincidence detector circuit which receives with terminal IN.sub.1 the
      output from the terminal ROUT of the shift register 23, receives with
      terminal IN.sub.2 the output from the terminal OUT of the selector 25, and
      produces a coincidence signal when the signals of both terminals are the
      same, and produces a non-coincidence signal from the terminal OUT when the
      signals of both terminals are different; 31 is an indicator which
      correspond to indicators 6 and 7 of FIG. 1, and makes indication according
      to the signals of coincidence or non-coincidence produced by said
      coincidence detector circuit 30, and burns a lamp (not shown) on the side
      of CHECK indication 6 in the case of coincidence and burns the lamp (not
      shown) on the side of ERROR indication 7 in the case of non-coincidence.
      Also, as for display means of collating, there may be provided a
      warning-sound producing means together with said indication means, or only
      the sound may be produced.
PAR  Magnetic card 8 is an oblong plastic board, for example, as shown in FIG.
      3. Said magnetic card 8 is coated with magnetic films forming said
      information track 9 and timing track 10 and is embossed with numbers 33
      specific to the individual such as name 32 or account number and valid
      term 35, and is further printed with the name of retail shop 34. The
      information track 9 is also written with special numbers which are
      different from the numbers embossed and are not intelligible for the third
      person. Further the cards used in card registers which operate "off line"
      are designed to be written with final balance after payment has been done
      (but in this case, the apparatus needs a calculation means to calculate
      the final balance). Synchronizing signals have been recorded on the timing
      signal track beforehand.
PAR  Operation of the setup constructed as mentioned above is illustrated below.
      Microswitchs 20, 21, 26 and 27 initially are not actuated. At this moment,
      the mode selector 28 produces from its terminal GS a gate control signal
      to the gate control terminal GC of the shift register 23 to select input
      terminal WIN, and produces from the terminal SM a signal that specifies
      the shift pulse as to right-shift to the terminal MODE of the shift pulse
      controller 29 in synchronism with the input synchronizing signal from the
      terminal IP of the input means 22. Under the abovementioned condition, if
      now the information input signals, A, B, C - - - J from the input means 22
      are put through the encoder 24 and through terminal WIN to the shift
      register 23 by turn, the information signals A, B, C - - - J starting from
      the right as shown will be stored on said shift register 23. At this
      moment, the input information will be displayed on the input information
      indicator 5. Where the information signals stored on the shift register 23
      are to be written on the magnetic card 8 through the aforesaid process,
      said magnetic card 8 should be inserted in the direction of arrow 3. The
      microswitch 20 at this moment is actuated, and the output signal is put
      into the terminal FIN of the motor controller 19, resulting in the
      production of a control signal from the terminal CON. The motor 11 then
      works to move said magnetic card 8 forward; said magnetic card 8 is sent
      in the direction of arrow by the roller 16. As said magnetic card 8 is
      moved, the microswitch 26 is actuated and the output signal is put into
      the terminal WC of the selector 25. Therefore, said selector 25 is so set
      as to transmit the input from terminal IN to terminal H, causing the
      magnetic head 17 to assume the state of writing. Also at the same time,
      the output signal of said microswitch 26 is put into the terminal L, of
      the mode selector 28, so that said mode selector 28 produces a signal that
      specifies the output from the terminal LOUT to the gate selection control
      terminal GC of the shift register 23, and also produces a signal that
      specifies the left-shift to the terminal DP of the shift pulse controller
      29 in synchronism with the synchronizing signal read through the magnetic
      head 18 from the timing track 10 of the magnetic card 8. Said signal is
      applied from the terminal SP to the terminal SCO of the shift register 23,
      and information A-J stored on the shift register 23 is read out from the
      terminal LOUT in order of J, I, H - - - A and are written by turns on the
      magnetic card 8 which is moving forward through the magnetic head 17. The
      synchronizing signal being written on the card may depend on the signals
      fed from the external source in place of signals recorded in the timing
      track 10. Until the magnetic card 8 comes to actuate the microswitchs 21
      and 27 through the aforementioned steps, the information signal A, B, - -
      - J fed from the input means will have been finished. Here, since the
      shift register 23 is of a circulation type, there is memorized the
      information A-J as before when writing to the magnetic card 8 has just
      finished. Next, when said magnetic card 8 reached the line A--A and the
      microswitches 21 and 27 are actuated, the output signal of said
      microswitch 21 causes the motor 11 to rotate in the reverse direction to
      move said magnetic card 8 backward; hence the magnetic card 8 is moved in
      the reverse direction by the roller 16. At the same time, the output
      signal of the microswitch 27 is fed to the terminal RC of the selector 25,
      and said selector 25 allows the magnetic head 17 to perform reading; the
      signal read from the writing track 9 of said magnetic card 8 is read via
      magnetic head 17 and fed to terminal H and then produced from terminal
      OUT. Also at the same time, the output signal of said microswitch 27 is
      fed to terminal R of the mode selector 28. The mode selector 28 then gives
      a signal that specifies the output from the terminal ROUT to the gate
      control terminal GC of the shift register 23, and gives a signal that
      specifies the right-shift to the terminal DP of the shift pulse controller
      29 in synchronism with the synchronizing signal read from the timing track
      10 of magnetic card 8 via magnetic head 18. Through the above-mentioned
      operation, the output signals A, B, C - - - J are produced by turns from
      the terminal ROUT of the shift register 23 and fed to terminal IN.sub.1 of
      the coincidence detector means 30. But here the written information A, B -
      - - J are read out by turns via magnetic head 17 from the writing track 9
      on which is written information of the magnetic card 8 which is moving in
      the direction opposite to that at the time when information is written in
      synchronism with the output of the output signals of said information A,
      B, C - - - J, and are fed to terminal IN.sub.2 of said coincidence
      detector means 30. Here if the signals fed in turn from IN.sub.1 and
      IN.sub. 2 of the coincidence circuit 30 are the same, said coincidence
      detector means 30 will produce coincidence output from the terminal OUT to
      indicate that both inputs are coincident; indication means will display a
      coincidence indication, i.e., CHECK indication 6. But if the inputs from
      both input terminals IN.sub.1 and IN.sub.2 are not coincident, said
      coincidence detector means 30 produces non-coincidence output from the
      terminal OUT to indicate non-coincidence; the indication means displays
      non-coincidence indication, i.e., ERROR indication 7. The operator will
      then be able to confirm that information was not written correctly on the
      magnetic card 8.
PAR  Whether information was written correctly on the magnetic card 8 or not is
      thus confirmed through the aforementioned steps, and the card is
      recovered. And at this moment, all microswitches 20, 21, 26 and 27 are
      liberated from the state of being actuated, and the system restores to the
      state where the magnetic card 8 is not yet inserted. Here if it is
      confirmed that the information was not written correctly onto the magnetic
      card 8, new magnetic card 8 or the magnetic card 8 of which writing track
      9 being erased may again be inserted in the direction of arrow 3, to
      effect writing of information again.
PAR  The present invention can also be materialized in a manner shown in FIG. 4.
      Referring to FIG. 4, numerals 36 and 37 represent gates that give timing
      signals read by the magnetic head 18 to the shift register 23 upon receipt
      of the output signal from the microswitch 26. The shift register 23
      performs left-shift operation by the signal of gate 36 and right-shift
      operation by the signal of gate 37. Numeral 38 represents a counter that
      commences counting from the moment the gate 36 has produced output,
      produces output signal as the capacity of the shift register 23, i.e., 10
      is counted, and closes the gate 36. 39 is a flip-flop which, upon receipt
      of the output signal from microswitch 26, produces a high-level signal on
      the side of terminal LG (the terminal RG side at this moment is at a
      low-level) to allow reading of information from the terminal LOUT of the
      shift-register 23, and which, upon receipt of output signal from
      microswitch 27, produces a high-level signal on the side of terminal RG
      (the terminal LG side at this moment is at a low-level) to allow reading
      of information from the terminal ROUT.
PAR  Being constructed as mentioned above, the card 8 inserted causes the signal
      to be produced by the microswitch 26, and this signal causes the terminal
      LG side of the flip-flop 39 to assume a high-level. Also the gate 36 is
      opened to give the timing signal of left-shift to the shift register 23;
      information of said shift register 23 is read from the terminal LOUT and
      written on the card 8. At this moment the counter 38 counts the timing
      signal. As the reading of information is finished, the output signal is
      produced from the counter 38 to close the gate 36. Next as the card 8
      reaches the position A--A to hit the microswitch 27, a signal is produced
      from said microswitch 27; said signal causes the terminal RG side of the
      flip-flop 39 to assume a high-level. The gate 37 is then opened to give a
      timing signal of right-shift to the shift register 23. Information of said
      shift register 23 is read from the terminal ROUT and fed to the
      coincidence detector circuit 30.
PAR  As mentioned above, this invention was devised in view of the fact that in
      general practice, on writing information on the card type information
      recording medium, the card is moved reciprocally, information is written
      during forward movement of the card, and the card is recovered after the
      backward movement, thus accompanied by dead time of backward movement. And
      according to this invention however, by reading the contents of
      information written on the card during backward movement of the card, the
      so read information is compared to the information contents initially
      written to confirm whether writing was done correctly or not, thus
      contributing to effective use of backward movement or time, making it
      possible to confirm written information with a very simple construction.
PAR  The above embodiments have dealt with the cases of writing the input
      information directly, but it should be understood that this invention is
      not limited to such embodiments only. The input information may be written
      after being processed appropriately. Processing means may comprise, in the
      case where the input information is of numerals, replacing the numerals by
      other numerals under a determined rule, or interchaning the order of
      numerals. Also there may be provided an operation function to operate the
      input information and to write the results. In the case of writing the
      input information by processing it, the information that is to be written
      finally should, of course, be memorized in the memory means.
PAR  Further, although the foregoing embodiments have dealt with the case of
      using a magnetic card as a card information recording medium, it should be
      noted that the card information system of this invention is applicable to
      any other card information recording media, such as bar, code card, mark
      card, punched card, etc., thus providing very wide utility.
CLMS
STM  We claim:
NUM  1.
PAR  1. An information writing device comprising;
PA1  a roller which moves the card on which is to be written information;
PA1  a motor to drive said roller;
PA1  keyboard which feeds information input that is to be written on said card;
PA1  a shift register which memorizes the input information;
PA1  first switch which detects the initiation of forward movement of said card;
PA1  second switch which detects the finish of forward movement of said card;
PA1  a motor controller which causes said motor to rotate in the direction of
      forward movement of said card upon receipt of the output signal of said
      first switch and causes said motor to rotate in the direction of backward
      movement of said card upon receipt of the output signal of said second
      switch;
PA1  a mode selector which selects the shifting direction of information in said
      shift register responsive to the output signals of said first and second
      switches;
PA1  a read head which reads out the synchronizing signals recorded on said
      card;
PA1  a read-write head which writes information on said card and reads out
      information from said card;
PA1  a selector which selects the state of said read-write head depending on the
      output signals of said first and second switches;
PA1  means which applies said synchronizing signal to said shift register
      depending on the selection of said mode selector to produce information
      from said shift register;
PA1  means which collates the information read out by said read-write head with
      the information produced by said shift register; and
PA1  means which display the collating.
NUM  2.
PAR  2. An information writing device according to claim 1, which is further
      comprising means to display input information.
NUM  3.
PAR  3. An information writing device according to claim 1, wherein said
      collating display means has means for displaying coincidence as well as
      means for displaying non-coincidence.
NUM  4.
PAR  4. An information writing device according to claim 1, wherein the display
      color of said coincidence display means is different from the display
      color of said non-coincidence display means.
NUM  5.
PAR  5. An information writing device comprising;
PA1  means which reciprocates the card on which is to be written information;
PA1  means which feeds information input that is to be written on said card;
PA1  a shift register which memorizes the input information;
PA1  first means which detects the initiation of forward movement of said card;
PA1  second means which detects the finish of forward movement of said card;
PA1  a flip-flop which selects the information reading terminal of said shift
      register depending on the output signals of said first and second
      detecting means;
PA1  means which detects the synchronizing signals recorded on said card;
PA1  means which writes information on said card;
PA1  means which reads out information from said card;
PA1  a selector which selects writing information on said card or reading
      information depending on the output signals of said first and second
      detecting means;
PA1  a gate means which is opened and closed by the output signals of said first
      and second detecting means and give the synchronizing signals read from
      said card to said register;
PA1  means which collates the information read out by said reader means with the
      information produced from said shift register; and
PA1  means which display the collating.
NUM  6.
PAR  6. An information writing device according to claim 5, which is further
      comprising means which controls said reciprocating means in such a manner
      that said card is moved forward by the output signal of said first
      detecting means and said card is moved backward by the output signal of
      said second detecting means.
NUM  7.
PAR  7. An information writing device according to claim 5, which is further
      comprising means which displays input information.
NUM  8.
PAR  8. An information writing device according to claim 5, wherein said
      collating display means has means for displaying coincidence as well as
      means for displaying non-coincidence.
NUM  9.
PAR  9. An information writing device according to claim 8, wherein the display
      color of said coincidence means is different from the display color of
      said non-coincidence display means.
NUM  10.
PAR  10. An information writing device comprising:
PA1  reciprocating means for reciprocating a card, on which is to be written
      information, along a card guide line;
PA1  memory means for storing information to be written on said card;
PA1  instructing means for detecting the card moving forward along said card
      guide line to instruct said memory means to provide the information being
      stored in the memory means;
PA1  writing means for writing the information extracted from said memory means
      on said card while said card is being moved forward along said card guide
      line by said reciprocating means;
PA1  reading out means for reading out the information having been written on
      the card by said writing means, while said card is being moved backwardly
      along said card guide line by said reciprocating means; and
PA1  collating means for collating the information read out by said reading out
      means with the information being stored in said memory means.
NUM  11.
PAR  11. An information writing device according to claim 10, which is further
      comprising;
PA1  first means which detects initiation of forward movement of said card;
PA1  second means which detects finish of forward movement of said card; and
PA1  means which selects extracting direction of information from said memory
      means responsive to the output signal of said first and second detection
      means.
NUM  12.
PAR  12. An information writing device according to claim 11, which is further
      comprising;
PA1  means which detects synchronizing signals recorded on said card; and
PA1  means which applies the synchronizing signals detected by said detection
      means to said memory means responsive to the selection of extracting
      direction of said extraction-direction selecting means.
NUM  13.
PAR  13. An information writing device according to claim 12, which is further
      comprising;
PA1  means which selects either writing the information of said memory means on
      said card or reading out the information from said card to transmit it to
      said collating means, depending on the output signal from said first
      detecting means and output signal from said second detecting means.
NUM  14.
PAR  14. An information writing device comprising:
PA1  means which reciprocates a card on which is to be written information;
PA1  a shift register in which information to be written on said card is stored;
PA1  input means which provides said shift register with information to be
      written on said card;
PA1  first means to detect the initiation of forward movement of said card;
PA1  second means which detects the finish of forward movement of said card;
PA1  a mode selector which selects the shifting direction of information in said
      shift register depending on the output signals of said first and second
      detecting means;
PA1  means which detects the synchronizing signal recorded on said card;
PA1  means which writes information on said card;
PA1  means which reads out information from said card;
PA1  a selector which selects writing information on said card or reading
      information depending on the output signals of said first and second
      detecting means;
PA1  means which applies said synchronizing signal to said shift register
      depending on the selection of said mode selector, in order to produce
      information from said shift register;
PA1  means which collates the information read out by said reading means with
      the information produced by said shift register; and
PA1  means which displays the collating.
NUM  15.
PAR  15. An information writing device according to claim 14, which is further
      comprising;
PA1  means which controls said reciprocating means in such a manner that the
      output signal from said first detecting means moves said card forward and
      the outpt signal of said second detecting means moves said card backward.
NUM  16.
PAR  16. An information writing device according to claim 14, which is further
      comprising means to display input information.
NUM  17.
PAR  17. An information writing device according to claim 14, wherein said
      collating display means has means for displaying coincidence as well as
      means for displaying non-coincidence.
NUM  18.
PAR  18. An information writing device according to claim 17, wherein the
      display color of said coincidence displaying means is different from the
      display color of said non-coincidence displaying means.
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ABST
PAL  A method and system for improving the signal-to-noise ratio in an automatic
      electro-optical reader of bar codes, wherein fluorescent ink bars arranged
      in coded configurations on a document are excited by a narrow band of
      visible radiation in the blue region of the electromagnetic spectrum, and
      an adjacent but not overlapping visible red region of the spectrum
      emanating from the ink bars is optically focused onto a light sensitive
      detector.
BSUM
PAR  This invention relates to bar code readers, and more particularly to
      improvement in the signal-to-noise ratio of an automatic reading operation
      by control of the wavelength of excitation of fluorescent materials
      relative to the wavelength of emissions by the fluorescent materials.
PAR  Bar code readers are provided to sense the presence or absence of bars
      recorded on financial documents where the documents are moved past a
      reading station at speeds ranging up to 400 inches per second. The bars in
      the form of short fluorescent ink strips may appear at intervals of the
      order of a 1/32 inch center to center. Fluorescent ink or other
      fluorescent substances must be excited by energy of lower wavelength than
      the emission energy wavelengths. Fluorescent energy emitted from a surface
      which has fluorescent ink deposited on it consists not only of fluorescent
      ink emission but also fluorescent emissions from extraneous fluorescent
      substances on the surface or in the materials forming the document. Most
      documents contain some substances which fluoresce. Thus, the problem of
      providing a high signal-to-noise ratio is a significant one. Excitation
      energy wavelengths must be blocked or eliminated below the emission energy
      wavelength to allow separation between the excitation and emission
      wavelengths. Similarly, the emission energy wavelengths must be minimized
      on the low wavelength side to allow the separation. Heretofore,
      fluorescent ink bar code reading methods consisted of the use of
      fluorescent inkk excitation with ultraviolet energy and receiving
      fluorescent ink emissions by filtering and focusing the energy onto an
      aperture plate and then refocusing the energy onto a detector in the form
      of a photomultiplier tube. The first stage of bar code reading of the
      fluorescent ink duly excited was accomplished by energy of a low
      wavelength much lower than the fluorescent ink emission wavelength. This
      caused background emissions in the wavelength region between the
      excitation and the ink emission wavelengths as well as in the ink emission
      wavelength region. A background emission resulted which varied with the
      amount of extraneous fluorescent substances in or on the surface on which
      the bar codes were printed. Thus, a series of receiving filters and
      aperture plates with refocusing was employed.
PAR  Applicant has found that bar code reading can be optimized as to
      signal-to-noise ratio by the control of three features: the excitation
      frequency, the fluorescent emission frequency, and the photomultiplier
      spectral response curve. In accordance with the present invention,
      optimization of the fluorescent excitation is accomplished by fixing the
      excitation energy wavelength not in the ultraviolet region but in the blue
      light region which serves to lower the background emission from the
      surface on which the bar codes appear. More particularly, in accordance
      with the invention a light sensitive detector optically is focused to
      respond to light emanating from ink at a read station in the visible red
      portion of the electromagnetic spectrum. Means are then provided to excite
      the ink at the read station with radiation in a narrow visible band in the
      blue electromagnetic portion of the spectrum immediately below the red
      portion. Preferably the excitation radiation is in a narrow blue band
      which does not significantly overlap the narrow red band of fluorescent
      emanations from the excited ink.
PAR  In a more specific aspect, the source of a tungsten halogen lamp with a
      lens system which includes ultraviolet, infrared and blue filters to
      restrict the excitation frequency to a narrow pass band in the region of
      about 470 millimicrons wavelength.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a side view of a light source-detector assembly embodying the
      present invention;
PAR  FIG. 2 is a top view of the unit of FIG. 1;
PAR  FIG. 3 is a front view of the unit of FIG. 1;
PAR  FIG. 4 is a plot of excitation and emitted radiation employed herein;
PAR  FIG. 5 is a sectional view of a lens system utilized in the present
      invention;
PAR  FIG. 6 is a top view of the lens system of FIG. 5; and
PAR  FIG. 7 is a front view of the lens system of FIG. 5.
DETD
PAR  In FIG. 1, a photomultiplier tube 11 is mounted in a housing 12. Light from
      a drum surface is directed by means of a lens system 13 onto the
      photomultiplier tube 11. The present invention is involved with the
      reading of fluorescent ink bar codes on documents traveling at high speed.
      Thus, the present invention is directed particularly to supplying a
      desired illumination system for bar codes which are to be read as they
      travel past a reading station.
PAR  In FIG. 2, the photomultiplier tube, together with the reading lens system
      13, are arrayed along an axis 14. Documents to be read are moved past the
      axis 14 on the surface of a drum 15 typically at a rate approaching 400
      inch/second.
PAR  The present invention is directed to utilization of a particular band of
      excitation from the surface of documents on drum 15 such that the emitted
      energy detected by the photomultiplier tube 11 is enhanced over the
      background.
PAR  The present invention is directed to ultilization of a suitable light
      source. In accordance with this invention, a pair of tungsten halogen
      lamps 20 and 21 are mounted equidistant from the drum 15 along axes 20a
      and 21a that are approximately 90.degree. apart. Excitation radiation thus
      impinges the surface of the drum 15 at approximately 45.degree.. The
      invention involves the use of a lens system housed within the structure 22
      such that the wavelengths of the incident radiation optimize for the
      wavelength of the emmision band of the fluorescent ink on the document. At
      the same time, the excitation must be of a wavelength substantially
      different from that emitted by the fluorescent materials in order to avoid
      detecting solely the light from sources 20 and 21.
PAR  FIG. 3 is a front view of the system where the axis 14 is shown as a dot
      with the faces 23 and 24 of a suitable lens system embodying the present
      invention being visible.
PAR  In accordance with the present invention, the lens system employed with the
      tungsten halogen lamp light source is a filter system which causes the
      excitation radiation to be within a pass band which is optimized for
      excitation of the inks employed.
PAR  For example, in FIG. 4, there is illustrated a curve 30 which represents
      typical emission band for a suitable fluorescent ink used in bar code
      systems peaked at a wavelength of about 600 millimicrons. It will be noted
      that the emission is in the lower red region of the electromagnetic
      spectrum. Conventional sources of ultraviolet excitation radiation
      heretofore used are represented by the curve 31. This curve peaks at about
      350 millimicrons wavelength. In accordance with the present invention, the
      light sources are so arranged that the excitation emission is of
      wavelength represented by curve 32 which peaks at about 470 millimicrons.
PAR  Such a pass band source is made possible through the use of the tungsten
      halogen lamps 20 and 21 and a lens system such as shown in FIGS. 5-7
      positioned between each lamp and the read station. Each lens system
      includes a first cylindrical lens 40 which has its longitudinal axis
      parallel to the filament in the lamp 20. Lens 40 is mounted in a heat sink
      portion of the housing 12 which surrounds lamp 20. The curved portion of
      the cylindrical lens 40 extends into a housing section 41 of the lens
      system which provides for a mounting of the additional lens and filter
      elements on a heat resistant structure 42. The lens system then includes
      four filter plates 43-46 and an output cylindrical lens 47 mounted in
      housing 42. Housing 42 preferably is of a heat resistant material.
PAR  The first filter element 43 is an ultraviolet filter which serves to block
      passage of any ultraviolet light. Filter element 44 is an infrared
      absorbing filter. Element 44 absorbs heat. Element 44 is spaced
      substantially from filters 43 and 45 by gaps 48 and 49. A fan then is
      utilized to maintain coolant flow such as air through gaps 48 and 49 to
      remove heat from the infrared absorbing element 44.
PAR  Element 45 is a blue absorption filter. Element 45 serves to block passage
      of blue wavelengths but over a fairly wide band. Therefore, an
      interference filter 46 is employed in conjunction with filter 45 to narrow
      the pass band. Thus, the interference filter 46 serves to provide greater
      blocking of the high end of the blue portion of the spectrum. Lens 47 is a
      cylindrical lens whose axis is parallel to the axis of lens 40. Lens 40
      serves to spread the light from lamp 20 to maximize use of the area of the
      filters 43-46. Lens 47 then serves to focus the light passing through the
      filters into a line at the read station on drum 15 on which the lens
      system 13 is focused.
PAR  Further improvement in the signal-to-noise ratio in operating the system
      thus far described was achieved by utilizing an ink and a photomultiplier
      tube having a response specially compatible with the emissions from such
      ink excited as above described. The preferred ink is manufactured and sold
      by Day-Glo Color Division Switzer Bros. Inc., Cleveland, Ohio 44103 and
      identified as Blaze Orange. This ink preferably is used with the
      photomultiplier tube manufactured and sold by RCA Tube Type No. 1P21-S4,
      i.e., an RCA tube having an S-4 photocathode.
PAR  In accordance with the invention, there is provided a method and system for
      enhancing the signal-to-noise ratio in an automatic reader of fluorescent
      bars recorded on a document. More particularly, a light source comprising
      a lens system is employed to restrict the radiation impinging the surface
      of the document to the visible blue region of the electromagnetic spectrum
      adjacent to but not overlapping a visible red region of the spectrum
      emanating from the ink bars. A light sensitive detector is optically
      focused to be responsive to the red region of radiation to diminish the
      effects of background emissions.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an automatic reader of information recorded on a document in
      fluorescent ink where the document is propelled at high speed past a
      reading station, the combination which comprises:
PA1  means to excite said ink at said read station with radiation in a first
      pass band of excitation energy in the blue portion of the electromagnetic
      spectrum;
PA1  a light sensitive detector at said read station; and
PA1  means for optically focusing light in a second pass band in the visible red
      portion of the electromagnetic spectrum emanating from said ink onto said
      detector, said second pass band separate from the first pass band of said
      blue portion.
NUM  2.
PAR  2. The combination set forth in claim 1 in which the said second pass band
      is centered at about 600 millimicrons wavelengths and said first pass band
      is centered at about 470 millimicrons.
NUM  3.
PAR  3. The combination set forth in claim 1 in which the excitation means
      comprises a tungsten halogen lamp and a lens system to concentrate light
      from said lamp at said reading station with ultraviolet, infrared and the
      blue filters to provide a narrow pass band of excitation energy in the
      region of about 470 millimicrons wavelength.
NUM  4.
PAR  4. The combination set forth in claim 3 in which said lens system includes
      a cylindrical spreading lens and a like cylindrical converging lens with
      said ultraviolet, infrared and blue filters therebetween.
NUM  5.
PAR  5. The combination set forth in claim 3 in which an air space is provided
      on both faces of said infrared filter and wherein means are provided to
      maintain flow of coolant fluid to remove heat from said infrared filter.
NUM  6.
PAR  6. A method of improving the signal-to-noise ratio in an automatic,
      electro-optical reader of bar codes recorded on a document in a
      flourescent ink, which comprises:
PA1  a. applying electromagnetic radiation to said document to excite
      fluorescent substances in said ink;
PA1  b. restricting wavelengths of excitation radiation to those within a first
      pass band in the visible blue region of the electromagnetic spectrum
      adjacent to but not overlapping the visible red region having a longer
      wavelength; and
PA1  c. optically passing all radiation emanating from said ink in a second band
      pass in said red region separate from the first pass band in said blue
      region.
NUM  7.
PAR  7. A system for minimizing the effect of background emissions in an
      automatic, electrooptical reader of fluorescent ink codes, which
      comprises:
PA1  a. a radiation source;
PA1  b. a first optical band-pass means interposed between said source and a
      reader station for focusing radiation in a first pass band of excitation
      energy in the blue portion of the electromagnetic spectrum upon ink codes
      to be read;
PA1  c. a light sensitive detector; and
PA1  d. a second optical band-pass means located between said reader station and
      said detector for focusing energy in a second pass band in the visible red
      portion of the electromagnetic spectrum emanating from the ink codes at
      said reader station onto said detector.
NUM  8.
PAR  8. The combination set forth in claim 7, wherein said radiation source is a
      tungsten halogen lamp.
NUM  9.
PAR  9. The combination set forth in claim 8, wherein said first optical means
      comprises a cylindrical spreading lens adjacent to said source and a
      cylindrical converging lens adjacent to said reader station, with an
      ultraviolet filter, an infrared absorption filter, a wide band-pass blue
      absorption filter, and a narrow band-pass blue absorption filter
      interposed between said cylindrical lenses.
NUM  10.
PAR  10. The combination set forth in claim 9 wherein said infrared filter is
      removed from said ultraviolet filter and said wide band-pass blue filter
      by air gaps through which air flows to remove heat from said infrared
      filter.
NUM  11.
PAR  11. The combination set forth in claim 7 wherein said radiation source
      comprises a pair of tungsten halogen lamps mounted equidistant from an
      optical reading axis leading from said reader station to said detector.
NUM  12.
PAR  12. The combination set forth in claim 11 wherein said first optical means
      comprises two identical filter systems, each interposed between one of
      said pair of lamps and said reader station to direct blue radiation toward
      said station.
NUM  13.
PAR  13. The combination set forth in claim 7 wherein said detector is a
      photomultiplier tube.
NUM  14.
PAR  14. The combination set forth in claim 7 wherein said first optical means
      is a narrow band-pass filter centered in the region of about 470
      millimicrons wavelength.
NUM  15.
PAR  15. The combination set forth in claim 7 wherein said second optical means
      is a band-pass filter which blocks the region below about 600 millimicrons
      wavelength.
NUM  16.
PAR  16. In an automatic reader of information recorded on a document in
      fluorescent ink where the document is propelled at high speed past a
      reading station, the combination which comprises:
PA1  a light sensitive detector optically focused to respond to light emanating
      from said ink at said read station in the visible red portion of the
      electromagnetic spectrum centered about 600 millimicrons wavelength; and
PA1  means to excite said ink at said read station with radiation in a narrow
      visible band in the blue electromagnetic spectrum centered at about 470
      millimicrons and immediately below said red portion.
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ABST
PAL  A card reader protecting device is provided which prevents any wrong card
      or foreign substance from being pushed thereinto by providing a material
      to be detected such as metal foil for indicating the authenticity of any
      normal card, and detecting adaptive signals produced by such a material,
      said device comprising a detection circuit for detecting said material,
      and a control circuit for controlling feed of said normal card to the card
      reader.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a card reader protecting device, and more
      particularly to a protecting device for preventing any card other than a
      normal card from being inserted into the card reader provided in a cash
      dispenser and the like.
PAR  2. Description of the Prior Art
PAR  Magnetic lock, which permits only a right person identified by a magnetic
      card to perform a desired operation thereof, is now used for locking the
      door of a safe, a laboratory or a cash dispenser for automatic payment of
      cash, since the magnetic lock has such advantages that it is excellent in
      security and secrecy, and in addition, the magnetic card used in
      cooperation with said magnetic lock is suitable for portability and
      usability of card in combination, for example with ID card and the like.
      In other words, almost numberless keys may be produced by use of key codes
      variable only little by little. Furthermore, as electrical signals are
      produced when card codes are read, it is possible to record cash payment
      such as amount of payment, date of payment etc. or to obtain recording as
      to door operation such as a frequency of opening and closing door, time at
      the operation of the door and operators or users identification by means
      of reading personal codes. Still furthermore, key codes may be hardly
      copied by a third person due to unreadability thereof in magnetic cards
      under normal conditions. Such a device as to permit the reading of any
      necessary information out of a magnetic card is called generally a card
      reader. In this invention the word "card" means a recording medium in a
      broader sense in view of possible substitution of the card by any other
      same type of recording medium.
PAR  Now such a card reader must be protected against possible use intentional
      or accidental of any wrong card. Here the wrong card means not a card with
      a wrong key code number (which may be found in code reading) but any card
      specified for other devices or a name card. For example, if a card short
      in length is used, it cannot be taken out as it remains beyond feed
      rollers. (Generally a card carried through such feed rollers may be fed
      back by reverse running of a motor controlled by a microswitch for reverse
      motor operation provided in inner position and actuated when it is struck
      before the card leaves the feed rollers.) If a card much thinner than a
      normal card is used, jamming may occur, and if a card too wide is used, it
      may fail to move on in the entrance. In some cases the function may get
      out of order as a result of clogging a slot with butt, paper trash,
      chewing gum or other foreign material by wanton mischief. Thus, whenever
      any wrong card of no standards or any foreign substance is found by means
      of a detector of card authenticity, before the card slot that is, before a
      card reader section including card feed rollers, reading head etc., their
      farther insertion must be prevented.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a protecting device having
      operating means for preventing any card other than a normal card or any
      foreign substance from being inserted in the section of a card reader,
      considering such trouble as described above.
PAR  Another object of this invention is to provide a protecting device for
      sending alarm, whenever any wrong card or foreign substance has been
      inserted or when being inserted. A still another object of this invention
      is to provide a protecting device for permitting reduction of an error
      rate in code reading by minimizing an area occupied by a material to be
      detected, contained or bonded to a magnetic card and avoiding reduction of
      a recording area for a key code. A still further object of this invention
      is to provide a protecting device having time limit closing means for
      preventing any wrong card or foreign substance from being pushed into a
      slot, when unlocking is made by use of a normal card, and said card is
      left there. All other objects of this invention will be clear from the
      following embodiments to be described with reference to the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a protecting device for detecting the authenticity of any
      magnetic card when it is being inserted and opening a shutter by operating
      means for permitting insertion of said magnetic card only when it is a
      card with a material for normal detection, said magnetic card having such
      material as metal foil put therein;
PA1  Fig. 2 shows a circuit arrangement for realizing related functions of
      individual mechanisms of FIG. 1;
PAR  FIG. 3 shows a protecting device including alarming means in addition to
      the protecting device of FIG. 1;
PAR  FIG. 4 shows a circuit arrangement of the protecting device of FIG. 3; and
PAR  FIG. 5 shows a circuit arrangement in which momentary delay means and time
      limit closing means are added to the protecting device shown in FIG. 1,
      the former means being used for keeping said operating means open for a
      while until open-state holding means to be described subsequently starts
      operation, and the latter means being used for making said operating means
      closed by said control means when said open-state holding means fails to
      operate in a certain given time even after the card is found normal.
PAR  FIG. 6 is a block diagram of one embodiment of a proximity switch used as
      detecting means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, which shows a first embodiment of this invention 101 represents
      a card reader body for reading a card code, 102 a proximity switch as a
      detector of the authenticity of the card for detecting a material such as
      metal foil contained therein. The proximity switch 102 is so arranged as
      shown in FIG. 6. In FIG. 6, 601 represents a sensing coil which inductance
      may vary as a metal foil approaches it, 602 an oscillation circuit, which
      is normally in oscillation, with said sensing coil 601 forming part of
      said oscillation circuit 602, 603 a rectifier for rectifying output from
      the oscillation circuit, 604 a Schmidt trigger circuit for producing the
      output of shaped square wave trigger signals by operating the Schmidt
      trigger circuit 604 when output voltage is decreased and goes down below a
      certain level at the time of suspension of oscillations in said
      oscillation circuit, 605 a switching circuit for operating a relay RL1 to
      be described later when it receives said trigger signals. 103 operating
      means to be described hereunder, which is a solenoid plunger to control
      operation of a shutter so as to close the shutter when not energized and
      open it when energized, and 104 the shutter to be locked normally by means
      of a head 120 on said plunger 103 and disabled to open, and to be released
      and opened when said plunger is activated with output from said proximity
      switch by use of any normal magnetic card. 105 represents a microswitch as
      open-state holding means, which is turned on as said shutter 104 is pushed
      up to open so as to keep an electrical circuit closed during the opening
      of the shutter and thus hold said shutter open, 106 a protecting cover for
      protecting the shutter from dust, forced insertion of any foreign
      substance, or damage by strike, 107 a hinge for supporting said shutter
      rotatably, 108 a holder for holding said proximity switch as a detector,
      109 a holder for holding said plunger 103, 110 a card which is usually in
      the form of a plastic plate having magnetic film for recording coated
      fully on the back side thereof or magnetic stripes bonded thereon, 111 a
      compression coil spring for pushing up a head 120 on said plunger 103 so
      as to lock the shutter 104 again by help of its compressive force released
      when the plunger 103 is deenergized, 112 a cover for covering the
      proximity switch 102 and other part as a detector, 113 and 114 nuts for
      fixing the proximity switch 102 on said holder 108, 115 a screw for
      fastening said holder 108 of the proximity switch 102 on said card reader
      body 101, 116 a screw for fastening said plunger holder on said card
      reader body 101, 117 screws for fixing the microswitch, 118 an actuator of
      the microswitch 105 for turning on when it is pressed with the shuter
      opened, 119 a shutter arm provided on the shutter 104 for pushing said
      actuator 118, 120 the head on the plunger for locking the shutter 104,
      121, 122, 123, 124, 125 and 126 lead wires for connecting the microswitch
      105 and the plunger 103 to the electrical circuit, 127 a material such as
      metal foil to be detected contained in said magnetic card 110 or bonded
      thereon, said metal foil 127 being provided properly in relation to the
      proximity switch 102 and the shutter 104 in terms of position, size, and
      arrangement in the card.
PAR  In FIG. 2, S represents a detector for detecting the authenticity of any
      magnetic card, which is equivalent to the sensing coil 601 in the
      proximity switch 102 of FIG. 1 in this embodiment, RL1 and RL2 relays, MG
      a solenoid plunger equivalent to 103 in FIG. 1, M a motor for driving card
      feed rollers, MS1 a microswitch equivalent to 105 in FIG. 1, and E a power
      source. 2-1 and 2-2 represent contacts controlled by the relay RL2.
      Between the detector S and the relay RL1 are inserted oscillator, Schmidt
      trigger circuit, and switching circuit, where oscillations may continue in
      the oscillator until any magnetic card is inserted.
PAR  With such arrangement as described above, the magnetic card 110 is pushed
      by hand into a slot (under the protecting cover 106), passing over the
      proximity switch 102. When the metal foil 127 reaches a point over the
      proximity switch 102, it is detected and a signal is fed therefrom through
      the lead wires 123 and 124. With this signal the oscillator stops
      osillations, and the switching circuit operates so as to actuate the relay
      RL1. Thus the contact 1-1 is closed, and the contacts 2-1 and 2-2 are
      closed to energize the plunger 103 (MG) and start operation of the motor M
      for driving the card feed rollers. Energizing the plunger 103 (MG) results
      in unlocking the shutter 104, in FIG. 1, by attracting the head 120 on the
      plunger 103 (MG) downward, which serves as a stopper for keeping the
      shutter 104 closed normally. Under this condition the magnetic card 110
      may go farther into the body (to the right with respect to the protecting
      cover 106 in FIG. 1), pushing the shutter 104 upward. At this time the
      shutter arm 119 may swing around the hinge 107 within a period of
      operation of the proximity switch 102 controlled with the metal foil 127
      in the magnetic card 110, which length is long enough for the period, and
      strike against the actuator 118 on the microswitch 105 (MS1) so as to turn
      it on. When the metal foil 127 in the magnetic card 110 leaves the
      proximity switch 102 (S) and is coming into a non-detecting area, the
      relay RL1 is put out operation, and the contact 1-1 is opened. On the
      other hand, the microswitch 105 (MS1) is kept closed as long as the
      shutter 104 is pushed upward with the magnetic card 110 thus inserted, and
      the relay RL2 remains to work, and consequently, the plunger 103 (MG) and
      the motor M continue to operate. Thus the magnetic card 110 is then taken
      into feed rollers (not shown here) and is fed automatically to the right.
      The card code is read through a code reader (not shown), and its
      authenticity is proved. In case the code is acceptable, operation as
      required may be achieved such as cash supply from a cash dispenser or
      opening the door of a safe and the like.
PAR  The magnetic card 110 may pass farther to the right in FIG. 1, or may be
      ejected to the left in FIG. 1 by reversing operation of the motor M with
      another actuator on a separate microswitch (not shown), which may be
      provided in inner position and controlled by the striking of the leading
      edge of the magnetic card 110 before the rear edge is completely inserted
      into the slot. Such two cases will be called case 1 and case 2.
PAR  In case 1, when the magnetic card 110 has moved on farther than a certain
      point, the shutter 104 is released from the magnetic card 110 on which it
      rides and by which it is obstructed on the slant, and is returned to the
      original position by pressure of the actuator 118. In this case the
      resilient force of the actuator 118 may be imparted as it is. A separate
      spring may also be employed for this purpose. When the shutter 104 is
      returned to the original position, the microswitch 105 (MS1) is turned
      off. The switch 1-1 is already turned off, and thus the relay RL2 becomes
      inoperative to open the contacts 2-1 and 2-2. As a result the plunger 103
      (MG) is deenergized, and the head 120 on the plunger 103 goes up by help
      of the resilient force of the compression coil spring 111 so as to lock
      the shutter 104 again. At this time the motor M stops running. If the
      magnetic card 110 cannot be fed completely without a little further
      operation of the card feed rollers due to timing for operation of the
      relay RL2, a delay circuit may be added to the contact 2-2 alone.
PAR  In case 2, after reversing the feed of the magnetic card 110, the leading
      edge moves on the the left, and the card leaves the shutter 104 at a
      certain point. Generally in this case the magnetic card 110 must be
      ejected from the feed rollers, already leaving them. Thus, releasing the
      magnetic card 110 from the shutter 104 is done by pulling out by hand. The
      shutter 104 is returning, following the leading edge of the magnetic card
      110, and before the microswitch 105 (MS1) is turned off, the metal foil
      127 in the magnetic card 110 may pass again over the proximity switch 102
      (S) so as to turn on the relay RL1 and close the contact 1-1. Then, even
      when the shutter has been returned and the microswitch (MS1) is opened,
      the plunger 103 (MG) and the motor M may continue to operate as long as
      the contact 1-1 is kept closed. By pulling out the magnetic card 110
      farther to the left, the metal foil 127 in the card 110 cannot remain any
      more over the proximity switch 102 (S). Thus, the switch 102 becomes
      inoperative to stop operation of the relay RL1, and the contact 1-1 is
      opened. The relay RL2 becomes inoperative, too so as to open the contacts
      2-1 and 2-2. Consequently the head 120 on the plunger 103 is returned to
      the original position with the result of locking the shutter 104 again and
      stopping operation of the motor M. In the event any magnetic card 110 is
      found not acceptable because of no presence of the metal foil 127, the
      proximity switch 102 (S) may not operate and consequently the plunger 103
      (MG) may not operate either. The shutter 104 is then kept in its locked
      state, and cannot be pushed upward by means of any foregin matter such as
      a name card or a pencil other than a normal magnetic card.
PAR  FIGS. 3 and 4 show a second embodiment of this invention, in which an
      alarming buzzer is added to the first embodiment as described above. In
      FIGS. 3 and 4, like reference numerals represent like parts or components
      in FIGS. 1 and 2 for clarity of explanation. 328 represents alarming means
      such as a second microswitch for controlling a buzzer and the like, which
      is a sort of switching means to be operated whenever anything other than a
      normal material to be detected is attempted to use, 329 a second actuator
      on the microswitch for turning on in relation to said shutter 104 when it
      swings around said hinge 107, 330 and 331 lead wires for connecting said
      second microswitch 328 to an electrical circuit, 332 a portion coil spring
      for returning the shutter 104 to the original position, which may not
      necessarily required by making use of resilient forces of said first and
      second actuators 118 and 329, but is provided for positive operation of
      the shutter 104 and 333 screws for fixing the second microswitch on the
      card reader body. There is a gap between the head 120 on the plunger 103
      and the shutter 104 so that when any foreign object is attempted to use,
      the shutter 104 may be moved a little inward so as to turn on the second
      microswitch 328 with the actuator 329 in relation to the shutter 104.
PAR  In FIG. 4, BZ represents alarming means such as a buzzer for sending alarm
      whenever any object other than the normal material to be detected is tried
      to use, which may be substituted by some alarm lamps or used together
      therewith in parallel or provided with a signal transmitter to a
      concentrated control system. MS2 represents the second microswitch, and
      2-3 a contact controlled by the relay RL2, which is provided additionally
      in this embodiment. Contacts 1-1, 2-1 and 2-2 are normally opened, while
      the contact 2-3 is normally closed, which may be brought into their
      opposite states by the function of related relays.
PAR  With such arrangement as described above, the magnetic card 110 is pushed
      to the slot by hand. When the metal foil 127 is passing over the proximity
      switch 102 after the leading edge of the magnetic card 110 has passed
      over, the proximity switch 102 detects the metal foil 127 and transmits a
      signal through the lead wires 123 and 124. With this signal the oscillator
      stops ocillations so as to operate the switching circuit and the relay
      RL1. When the relay RL1 is actuated, the contact 1-1 is closed, and the
      relay RL2 is operated so as to close the contacts 2-1 and 2-2 and open the
      contact 2-3. Thus the plunger 103 is energized to start operation of the
      motor M for driving card feed rollers. Energizing the plunger 103 (MG)
      results in unlocking the shutter 104, in FIG. 3, by attracting the head
      120 on the plunger 103 (MG) downward, which serves as a stopper for
      keeping the shutter 104 closed normally. Under this condition the magnetic
      card 110 may move on into the body, pushing the shutter 104 upward. At
      this time the contact 2-3 is opened by the relay 2, and the buzzer BZ may
      not send alarm even when the second microswitch 28 is turned on with the
      actuator 329 in mechanical relation. The arm 119 of the shutter 104 is
      turned around the hinge 107 within a period of operation of the proximity
      switch 102 controlled by the metal foil 127 in the magnetic card 110,
      which is long enough for the period so as to strike against the actuator
      118 on the microswitch 105 (MS1) and turn on. When the metal foil 127 in
      the magnetic card 110 moves far from over the proximity switch 102 (S) and
      enters a non-detecting area, the relay RL1 becomes inoperative so as to
      open the contact 1-1. However, as long as the shutter 104 is kept pushed
      upward with the magnetic card 110, the first microswitch 105 (MS1) is
      closed, and consequently the relay RL2 remains operative and the plunger
      103 (MG) and the motor M continue to operate. Thus, the magnetic card 110
      is taken into feed rollers (not shown) and moved automatically to the
      right. Then, the card code is read through a card reader (not shown), and
      examined for acceptance. When it is found normal, the device may work as
      desired, for example, a cash dispenser may supply cash as wanted or the
      door of a safe may be opened. The magnetic card 110 may move through to
      the right in FIG. 3 or may be ejected to the left in FIG. 3 by reversing
      operation of the motor M with another actuator (not shown) on a separate
      microswitch to be mounted in inner position, said actuator being
      controlled by striking with the leading edge of the magnetic card 110
      before the rear edge is completely inserted. Such two cases will be called
      case 1 and case 2.
PAR  In case 1, when the magnetic card 110 has moved on farther than a certain
      point, the shutter 104 is released from the magnetic card 110 on which it
      rides and by which it is obstructed on the slant, and is returned to the
      original position by pressure of the actuator 118. With the shutter 104
      returned to the original position the first microswitch 105 (MS1) is
      turned off. As the contact 1-1 is already opened, the relay RL2 becomes
      inoperative with the result of opening the contacts 2-1 and 2-2 and
      closing the contact 2-3. Thus the plunger 103 (MG) is deenergized, and the
      head 120 on the plunger 103 (MG) goes up by help of the resilient force of
      the compression coil spring 111 so as to lock the shutter 104 again. In
      this case a delay circuit may be added to the contact 2-2 alone if the
      magnetic card 110 cannot be fed to the end without operating the card feed
      rollers a little longer due to timing for operation of the relay RL2.
PAR  In case 2, the leading edge of the magnetic card 110 moves to the left, and
      may leave the shutter 104 at a certain point. Generally in this case the
      magnetic card 110 must be ejected from the feed rollers, already leaving
      them. Thus, releasing the magnetic card 110 from the shutter 104 is done
      by pulling out by hand. The shutter 104 is returning, following the
      leading edge of the magnetic card 110, and before the microswitch 105
      (MS1) is turned off, the metal foil 127 in the magnetic card 110 may pass
      again over the proximity switch 102 (S) so as to turn on the relay RL1 and
      close the contact 1-1. Then, even when the shutter has been returned and
      the microswitch (MS1) is opened, the plunger 103 (MG) and the motor M may
      continue to operate as long as the contact 1-1 is kept closed. By pulling
      out the magnetic card 110 farther to the left, the metal foil 127 in the
      card 110 cannot remain any more over the proximity switch 102 (S). Thus,
      the switch 102 becomes inoperative to stop operation of the relay RL1, and
      the contact 1-1 is opened. The relay RL2 becomes inoperative, too. The
      contacts 2-1 and 2-2 are then opened, and the contact 2-3 is closed.
      Consequently the head 120 on the plunger 103 is returned to the original
      position so as to lock the shutter 104 again, and the motor M stops
      running.
PAR  Heretofore, operation of one embodiment of this invention has been
      described with a normal magnetic card used. In the event any wrong card of
      foreign object is attempted to use forcibly, no signal is produced from
      the proximity switch 102 (S) for operating the relay RL1. Thus the plunger
      103 (MG) is kept inoperative, and the head 120 on the plunger 103 remains
      in its rising position, serving as a stopper for the shutter 104.
PAR  On the other hand, when any foreign object is being inserted, the shutter
      104 may be pushed therewith to turn on the second microswitch 328 (MS2),
      and the buzzer BZ may send alarm with the buzzer circuit closed along with
      the contact 2-3 closed normally. Meanwhile the first microswitch 105 may
      not be operated with the actuator 118 thereon even though it may swing a
      little within a gap, (a), and the relay RL2 is left inoperative. Thus the
      plunger 103 (MG) and the motor M for driving the card feed rollers are not
      operated with the contacts 2-1 and 2-2 kept open (and the contact 1-1 kept
      open, too because of no operation of the relay RL1).
PAR  Here the buzzer circuit may be more simplified as follows: the shutter and
      the solenoid plunger are made of some conductor and are connected in
      series with a power source and a buzzer, so that the buzzer may be
      operated by contacting the shutter with the head of the plunger when the
      former is pushed without operation of the plunger.
PAR  In the above first and second embodiments the metal foil 127 such as
      aluminum foil is contained as a material to be detected in the magnetic
      card 110. It is required that at least part of said metal foil 127 be
      present within the detecting area of said proximity switch 102 until the
      microswitch 105 is turned on when the magnetic card 110 moves on to the
      slot. To this end the metal foil 127 must have a certain given length.
      However, this may not be often realized due to limitation in the formation
      of the magnetic card 110 or in the structure of the device. For example,
      if a piece of metal is contained in the magnetic card 110, that portion
      alone may become too thick to do magnetic recording or reproduction of any
      key code. If the metal piece 127 has a good length, it may overlap a
      region for magnetic recording on the card 110, causing possible errors in
      reading such a code. It is disadvantageous to make the region for magnetic
      recording narrower for avoiding this, in terms of recording capacity. To
      retain such recording capacity unchanged the magnetic card 110 itself
      should be made larger in size.
PAR  Furthermore, if the magnetic card 110 is not inserted into the card reader
      body intentionally or accidentally with the shutter 104 kept unlocked, or
      if the magnetic card 110 is left over the proximity switch 102, a wrong
      card or some foreign object may be pushed into the shutter 104 as it is
      kept open.
PAR  FIG. 5 shows a third embodiment, which is improvements in the first
      embodiment, considering the above disadvantage. They are two new
      additional functions: one is to avoid reduction of a recording region for
      a key code and any error in reading such a code through the card reader
      body, and one is to prevent any wrong card or foreign object from being
      pushed thereinto by time limit closing means for making operating means
      closed whenever said means for keeping the opened condition fail to work
      in a certain period of time or the magnetic card is not inserted into the
      card reader body even after is has been found normal.
PAR  In FIG. 5, represents a detector for checking the authenticity of the
      magnetic card 110, which is equivalent to sensing coil 601 (FIG. 6) the
      proximity switch 102 in FIG. 1, and RL1, RL2, RL3, RL4 and RL5 relays. The
      relay RL1 is operated with output from the detector S. MG represents a
      solenoid plunger, M a motor for driving card feed rollers, MS1-1 to MS1-4
      microswitches for keeping the shutter 104 opened (equivalent to 105 in
      FIG. 1), MS2 a microswitch for reversing operation of the motor M (not
      shown in FIG. 1), E a power source, BZ alarming means such as a buzzer and
      alarm lamps to be provided usually in a concentrated control room, SW a
      manual switch for stopping operation of said alarming means, which is
      provided so as to be operated in the concentrated control room here, T1
      and T2 timers (delay circuits) to be described later for operating relays
      RL3 and RL4 in a certain period of time after the closing of the contacts
      2-3 and 2-4 of the relay RL2, T2 having the operating time t2 longer than
      that t1 of the timer T1, for example, about 10 seconds set for T2 and
      about one second for T1, 529 a proximity switch circuit (102) component
      including oscillator, rectifier, Schmidt trigger circuit, and switching
      circuit, 530 a circuit for reversing operation of the motor M. 1-1
      represents a normally opened contact of the relay RL1, 2-1, 2-2, 2-3, 2-4
      and 2-5 normally opened contacts of the relay RL2, 3-1 a normally closed
      contact of the relay RL3, 4-1 a normally closed contact of the relay RL4,
      4-2 a normally opened contact of the relay RL4, 5-1 and 5-2 normally
      opened contacts of the relay RL5, MS1-1 and MS1-4 contacts to be closed
      with the microswitch 105 turned on, MS1-2 and MS1-3 contacts to be opened
      with the microswitch 105 turned on, and MS2-1 a contact to be closed with
      the microswitch MS turned on. The mechanical structure is the same as in
      FIG. 1.
PAR  With such arrangement as described above, now assume that the magnetic card
      110 or some other object is being inserted into the card reader body, as
      shown in FIG. 1. If the normal material to be detected 27 is not contained
      in any magnetic card 110 or bonded thereon, or arranged properly in
      position, or if any foreign object other than the magnetic card 110 is
      attempted to use, the proximity switch 102 (detector S in FIG. 5) will not
      work. Thus the relay RL 1 is not operated, and the solenoid plunger 103
      (MG in FIG. 5), which is a circuit element governed by this relay, is not
      operated either. The shutter 104 remains locked with the head 120 on the
      plunger 103 and prevents such a card or foreign object from being farther
      pushed into the body.
PAR  When any authentic magnetic card 110 is being inserted, the proximity
      switch 102 (detector S) may detect the presence of the normal material 27
      and operate the relay RL1 so as to close the contact 1-1. Thus the relay
      RL2 is operated to close the contacts 2-1, 2-2, 2-3, 2-4 and 2-5. With the
      contact 2-2 closed, the solenoid plunger 103 (MG in FIG. 5) is actuated so
      as to pull the head 120 downward against the compression force of the coil
      spring 11. The shutter 104 is unlocked and the magnetic card 110 is now
      allowed to move on, pushing the shutter 104 upward with the leading edge
      thereof.
PAR  If the magnetic card 110 is taken out right after detection of the normal
      material 27 therein by the proximity switch 102 (detector S), the contact
      1-1 is one closed with the relay RL1 operated then but is opened again in
      a moment. Meantime, with the contact 1-1 closed the relay RL2 is operated
      to close the contact 2-3 and then start operation of the timer T1, and at
      the same time close the contact 2-4 and start operation of the timer T2.
      As described above, operating time t2 of the timer T2 is set longer than
      that t1 of the timer T1 (for example, T1 is one second and T2 is ten
      seconds). Thus the timer T1 will stop operation earlier than the timer T2,
      and the realy RL3 starts operation. With the relay RL3 operated the
      contact 3-1 is opened so as to stop operation of the relay RL2. As a
      result, the contact 2-2 is opened, and the plunger 103 (MG) going to
      operate is made incapable to move. The shutter 104 can remain locked
      without interruption in this manner. At this time the contact 2-4 is
      opened, and the relay RL4 and the buzzer BZ connected in series with the
      timer T2 are made inoperative. In this case, operation of the alarming
      means BZ is not required as the cause of trouble is eliminated right away.
PAR  Now assume that the magnetic card 110 is not removed, and the shutter 104
      is not attempted to open. Then, the relay RL1 may continue to operate. The
      timer T1, which started operation with the contact 2-3 on the relay RL2
      closed will stop operation after a period of t1, when the relay RL3 is
      operated to open the contact 3-1. The relay RL2 may still be kept
      operative with the contact 1-1 remaining closed. On the other hand, the
      timer T2, which started operation with the contact 2-4 closed, will stop
      after a period of t2 as the same contact 2-4 is not opened. The relay RL4
      is operated and at the same time the alarming means BZ is operated. With
      the relay RL4 operated the contact 4-1 is opened to stop operation of the
      plunger 103 (MG) and the shutter 104 is locked therewith. Meanwhile, with
      the contact 4-2 closed the relay RL4 is self held, and the alarming means
      BZ continues to work. The operation of the alarming means BZ is released
      by pressing a manual switch provided in a concentrated control room, for
      instance, after removing the magnetic card 110 causing the operation by a
      watchman who noticed such trouble. The magnetic card 110 is removed, and
      the relays RL1 and RL2 are not operated. When the relay RL4 stops
      operation, the contact 4-1 is closed, but the plunger 103 (MG) is kept
      inoperative. Then, when the magnetic card 110 is inserted into the body,
      pushing the shutter 104 upward or when it is used normally, the leading
      edge of the magnetic card 110 pushes the shutter 104, and the microswitch
      105 (MS1) is actuated by swinging the actuator 118 mounted thereon with
      the arm 119 of the shutter 104. At this time the relay RL1 stops operation
      so as to open the contact 1-1 in a very short time, before the microswitch
      105 (MS1) starts operation, while the normal material 127 in the magnetic
      card 110, which area is extremely small, may move away from over the
      proximity switch. On the other hand, the relay RL2 is operated when the
      contact 1-1 is closed, and the contacts 2-1 and 2-3 are closed, while the
      contact 3-1 remains closed too due to delayed operation of the relay RL3
      by means of the timer T1. Thus the relay RL2 is self held for a while with
      the contact 2-1 closed and the contact 3-1 normally closed on the relay
      RL3. Meanwhile the microswitch 105 (MS1) is turned on so as to close the
      contact MS1-1, and thus the relay RL2 is continuously operated. With the
      microswitch 105 (MS1) turned on, the contact MS1-4 is closed to operate
      the motor M, and the magnetic card 110 is fed into the body through
      rollers (not shown). At this time the contacts MS1-2 and MS1-3 are broken
      so as not to operate the timers T1 and T2 and the relays RL 3 and RL 4. A
      code on the magnetic card 110 is read through a code reader (not shown
      here) in the body so that any desired operation may be accomplished such
      as opening the door of a safe or of a laboratory and the like, or carrying
      out cash, ticket and the like.
PAR  The magnetic card 110 may be returned in two ways after it was used: it may
      be carried out from other slot after passing through the body or it may be
      carried back from the slot by reversing the movement in the body. In the
      former case, when the magnetic card 110 has passed through the shutter
      104, the microswitch 105 (MS1) is turned off, and the timer T1 is
      operated. Then the relay RL 3 is operated to open the contact 3-1, and the
      relay RL 2 stops operation, as it cannot be self held, to open the contact
      2-3, The relay RL 3 stops operation, too. Thus all operation is suspended
      for restoration of the initial condition of the device. In this manner may
      not be required contact 2-3 on relay RL 2, microswitch MS 2 for reversing
      operation of the motor M, relay RL 5 and contacts 5-1 and 5-2, and
      reversing circuit 530, as readily understood.
PAR  In the latter case, when the magnetic card 110 turns on the microswitch MS2
      for reversing motor operation provided in inner position in the body (not
      shown in FIG. 1), the relay Rl 5 is operated to close the contacts 5-1 and
      5-2, and is self held. At the same time the motor M starts reverse driving
      through the reversing circuit 530. If the microswitch MS2 is so arranged
      as to be turned on with the leading edge of the magnetic card 110 before
      it passes out under the shutter 104, the microswitch 105 (MS1) may be kept
      in its on-state. When the magnetic card 110 is fed back, it is imparted
      some frictional force by the shutter (strictly speaking by the actuator
      118 producing some resilience), and may stop as it is caught by the
      shutter 104. This magnetic card 110 is taken out by hand, when the
      microswitch 105 (MS1) is turned off, and the timer T1 is kept in operation
      for a little time before the normal material 27 to be detected passes away
      from over the proximity switch 102 (detector S). During this time the
      contact 2-1 on the relay RL 2 is closed to hold itself. Thus, such
      complicated operation as stopping operation once and starting it again
      with the contact 1-1 closed when the normal material 27 passes over the
      proximity switch 102 (detector S) is not required. On the other hand, the
      contact 1-1 is closed, but no operation is restarted. The device may stop
      all operation when the magnetic card 110 is completely taken out. In case
      the normal material 127 stays over the proximity switch 1-2 (detector S)
      for a long time even with the magnetic card 110 drawn out, the timer T2
      may work so as to operate the alarming means BZ after a period of time t2
      for sending alarm, as already described.
PAR  As has been described, in accordance with this invention the device can
      protect the card reader equipment against all possible forced insertion or
      use of any wrong card or foreign object therein with the shutter closed
      whenever such a thing is attempted to use intentionally or accidentally.
      This is a great advantage in view of protection of the card reader body.
      Furthermore, confidence may be secured satisfactorily by attaching any key
      code recorded invisibly in the magnetic card or containing the metal foil
      to be detected hidden therein. Still furthermore, a dust proof effect is
      given to the card reader of this type, which may be installed indoors or
      outdoors relatively often, with operating means, that is, the shutter in
      this invention to prevent dust from coming into the inner mechanism. This
      is of vital importance to the card reader.
PAR  As in the second and third embodiments, any person attempting to use a card
      not prepared normally or a foreign object may be found immediately by
      alarming means. This means that any person trying to insert his card not
      right for use innocently can be aware of his misuse and stop insertion at
      once. When any foreign object is being inserted maliciously, a watchman
      may be alarmed and run to see the device. In this manner the device can be
      protected from all possible damage or theft.
PAR  Furthermore, as in the third embodiment, operating means such as the
      shutter 104 and the like may be kept open for a while by self holding the
      relay RL 2 and with some time delay be means of the timer T1, until the
      microswitch 105 (MS1) is turned on after detection of the normal material
      27 to be detected. Thus the area occupied by the material 127 can be
      extremely narrowed without requiring reduction of the recording region of
      a key code, and errors in reading such a code in the card reader body can
      be prevented from occurrence.
PAR  Also as in the third embodiment, the shutter 104 may be closed again by
      means of the timers T1 and T2, and relays RL 3 and RL 4 in case of no
      insertion of the magnetic card into the body in a certain period of time
      after detection of the normal material 127. Thus, even when the shutter is
      opened by use of a normal magnetic card for forced insertion of a wrong
      card or foreign matter, it cannot be attained.
PAR  For detecting the authenticity of a magnetic card may be considered some
      other methods than that by use of the proximity switch in the above
      embodiments, for example, detection by means of a magnetic sensor such as
      a Hall element for detecting ferromagnetic foil contained in the card or a
      magnetic layer itself in the foregoing magnetic card, and detection by
      throwing light such as infra-red rays upon a light emitting element or by
      cutting off the light. In the above embodiments, the proximity switch and
      the metal foil are employed as detecting means and a material to be
      detected respectively with the detector cover 112 made of nonmetal such as
      plastic. If a Hall element or magnetic sensor head is used as a detector,
      soft magnetic piece may be used as a material to be detected. In this case
      the detector cover 112 may be made of plastic, too. For optical detection
      may be employed a source of infra-red rays and lead sulfide PbS as its
      receptor in combination with a card having a hole or part extremely thin
      or part made thinner and filled with a material transparent to infra-red
      rays alone such as silicone.
CLMS
STM  We claim:
NUM  1.
PAR  1. A protecting device for a card reader equipment in which key codes
      written on a card and the like are read including detecting means for
      detecting a normal material contained in said card, a shutter provided in
      a passage of said card, a first relay adapted to close its normally opened
      contact in response to any output signal from said detecting means, a
      second relay adapted to close its normally opened contacts in accordance
      with closing of the normally opened contact on said first relay, a plunger
      operated in accordance with closing of the normally opened contacts on
      said second relay for making said shutter open, said plunger leaving said
      shutter close when not operated, and a switch adapted to close its opened
      contact in accordance with movement of said shutter for holding said
      second relay in operation until said card passes through at least said
      shutter after output from said detecting means has disappeared.
NUM  2.
PAR  2. A protecting device for a card reader equipment according to claim 1
      further comprising a second switch for closing its normally opened contact
      when said shutter is pressed with said card, a normally closed contact
      connected in series with the normally opened contact on said second switch
      to be opened in accordance with the actuation of said second switch, and
      alarming means connected in series with the normally opened contact on
      said second switch and said normally closed contact for sending alarm when
      the normally opened contact on said second switch is closed and said
      normally closed contact is kept close due to non-operation of said second
      relay.
NUM  3.
PAR  3. A protecting device for card reader equipment in which information on a
      recording medium such as a card and the like is read, comprising:
PA1  an aperture portion provided in a passage of the recording medium and
      adapted to lead said recording medium to said card reader equipment;
PA1  detecting means for detecting a normal material in said recording medium
      and developing an electrical output signal responsive to the detection
      thereof, said detecting means being disposed in the passage of the
      recording medium before said aperture portion with respect to a forward
      transporting direction of said recording medium;
PA1  shutter means for inhibiting the recording medium from passing through said
      aperture portion when no output signal is developed by said detecting
      means, said shutter means being disposed in the passage of the recording
      medium after said aperture portion with respect to the forward
      transporting direction of said recording medium;
PA1  control means for controlling said shutter means to permit said recording
      medium to pass through said aperture portion when said detecting means
      detects the normal material in said recording medium, and to inhibit said
      recording medium from passing through said aperture portion when said
      detecting means does not detect the normal material in said recording
      medium; and
PA1  holding means for developing a hold signal to be applied to said control
      means to hold such a state that said control means permits said recording
      medium to pass through said aperture portion as long as said recording
      medium is placed upon said shutter means.
NUM  4.
PAR  4. A protecting device for card reader equipment according to claim 3
      wherein said shutter means comprises:
PA1  a movable member adapted to be placed in the passage of said recording
      medium to inhibit said recording medium from being inserted in said
      aperture portion when said detecting means does not detect the normal
      material in said recording medium, and to be removed from the passage of
      said recording medium to allow said recording medium to be inserted in
      said aperture portion when said detecting means detects the normal
      material in said recording medium, and
PA1  supporting means for supporting said movable member in the passage of said
      recording medium when said detecting means does not detect the normal
      material in said recording medium.
NUM  5.
PAR  5. A protecting device for card reader equipment according to claim 4
      wherein said holding means comprises:
PA1  position detecting means for detecting whether said movable member is
      placed in the passage of said recording medium.
NUM  6.
PAR  6. A protecting device for card reader equipment in which information on a
      recording medium such as a card and the like is read, comprising:
PA1  detecting means for detecting a normal material in said recording medium
      and developing an electrical output signal responsive to the detection
      thereof;
PA1  shutter means provided in a passage of the recording medium for inhibiting
      the recording medium from passing therethrough when no output signal is
      developed by said detecting means;
PA1  control means for controlling said shutter means to permit said recording
      medium to pass through a station, in which said shutter means is provided,
      when said detecting means detects the normal material in said recording
      medium, and to inhibit said recording medium from passing through said
      station in the passage of the recording medium when said detecting means
      does not detect the normal material in said recording medium;
PA1  holding means for developing a hold signal to be applied to said control
      means to hold such a state that said control means permits said recording
      medium to pass through said station in the passage of the recording medium
      as long as said recording medium is placed upon said shutter means; and
PA1  temporary holding means for holding the output signal from said detecting
      means for a predetermined time at least until said holding means develops
      its output signal.
NUM  7.
PAR  7. A protecting device for card reader equipment according to claim 6
      wherein said shutter means comprises:
PA1  a movable member adapted to be placed in the passage of said recording
      medium to inhibit said recording medium from passing through said station
      in the passage of the recording medium when said detecting means does not
      detect the normal material in said recording medium, and to be removed
      from the passage of said recording medium to allow said recording medium
      to pass through the station in the passage of the recording medium when
      said detecting means detects the normal material in said recording medium,
      and
PA1  supporting means for supporting said movable member in the passage of said
      recording medium when said detecting means does not detect the normal
      material in said recording medium.
NUM  8.
PAR  8. A protecting device for card reader equipment according to claim 6
      wherein said holding means comprises:
PA1  position detecting means for detecting whether said movable member is
      placed in the passage of said recording medium.
NUM  9.
PAR  9. A protecting device for card reader equipment according to claim 6
      further comprising:
PA1  an aperture portion adapted to lead said recording medium to said card
      reader equipment, said aperture portion being disposed after said
      detecting means and before said shutter means with respect to the forward
      transporting direction of said recording medium.
NUM  10.
PAR  10. A protecting device for card reader equipment in which information on a
      recording medium such as a card and the like is read, comprising:
PA1  detecting means for detecting a normal material in said recording medium
      and developing an electrical output signal responsive to the detection
      thereof;
PA1  shutter means provided in a passage of the recording medium for inhibiting
      the recording medium from passing therethrough when no output signal is
      developed by said detecting means;
PA1  first control means for controlling said shutter means to permit said
      recording medium to pass through a station, in which said shutter means is
      provided, when said detecting means detects the normal material in said
      recording medium, and to inhibit said recording medium from passing
      through said station in the passage of the recording medium when said
      detecting means does not detect the normal material in said recording
      medium;
PA1  holding means for developing a hold signal to be applied to said control
      means to hold such a state that said control means permits said recording
      medium to pass through said station in the passage of the recording medium
      as long as said recording medium is placed upon said shutter means;
PA1  means for delaying the output signal from said detecting means by a
      predetermined time;
PA1  means for disenabling said delay means to operate responsive to an output
      signal from said holding means; and second control means for controlling
      said shutter means to inhibit said recording medium from passing through
      said station in the passage of the recording medium responsive to an
      output signal from said delay means.
NUM  11.
PAR  11. A protecting device for card reader equipment according to claim 10
      further comprising:
PA1  an alarm means responsive to an output signal from said delay means for
      developing an alarm signal.
NUM  12.
PAR  12. A protecting device for card reader equipment in which information on a
      recording medium such as a card and the like is read, comprising:
PA1  detecting means for detecting a normal material in said recording medium
      and developing an electrical output signal responsive to the detection
      thereof;
PA1  shutter means provided in a passage of the recording medium for inhibiting
      the recording medium from passing therethrough when no output signal is
      developed by said detecting means;
PA1  control means for controlling said shutter means to permit said recording
      medium to pass through a station, in which said shutter means is provided,
      when said detecting means detects the normal material in said recording
      medium, and to inhibit said recording medium from passing through said
      station in the passage of the recording medium when said detecting means
      does not detect the normal material in said recording medium;
PA1  holding means for developing a hold signal to be applied to said control
      means to hold such a state that said control means permits said recording
      medium to pass through said station in the passage of the recording medium
      as long as said recording medium is placed upon said shutter means;
PA1  first sensing means for sensing that said shutter means is pressed by the
      recording medium in the passage;
PA1  second sensing means for sensing that said first sensing means is
      developing its sensing output while said detecting means is not developing
      an output signal; and
PA1  alarm means responsive to the sensing output of said second sensing means
      for developing an alarm signal representing that the normal material is
      not present in said recording medium.
NUM  13.
PAR  13. A protecting device for card reader equipment in which information on a
      recording medium such as a card and the like is read, comprising:
PA1  detecting means for detecting a normal material in said recording medium
      and developing an electrical output signal responsive to the detection
      thereof;
PA1  shutter means provided in a passage of the recording medium for inhibiting
      the recording medium from passing therethrough when no output signal is
      developed by said detecting means;
PA1  first control means for controlling said shutter means to permit said
      recording medium to pass through a station, in which said shutter means is
      provided, when said detecting means detects the normal material in said
      recording medium, and to inhibit said recording medium from passing
      through said station in the passage of the recording medium when said
      detecting means does not detect the normal material in said recording
      medium;
PA1  holding means for developing a hold signal to be applied to said control
      means to hold such a state that said control means permits said recording
      medium to pass through said station in the passage of the recording medium
      as long as said recording medium is placed upon said shutter means;
PA1  temporary holding means for holding the output signal from said detecting
      means a predetermined time at least until said holding means develops its
      output;
PA1  means for delaying the output signal a predetermined time longer than the
      predetermined holding time of said temporary holding means;
PA1  means for disenabling said delay means to operate responsive to an output
      signal from said holding means; and
PA1  second control means for controlling said shutter means to inhibit said
      recording medium from passing through said station in the passage of the
      recording medium responsive to an output signal from said delay means.
NUM  14.
PAR  14. A protecting device for card reader equipment according to claim 13
      wherein said shutter means comprises:
PA1  a movable member adapted to be placed in the passage of said recording
      medium to inhibit said recording medium from being inserted in said
      aperture portion when said detecting means does not detect the normal
      material in said recording medium, and to be removed from the passage of
      said recording medium to allow said recording medium to be inserted in
      said aperture portion when said detecting means detects the normal
      material in said recording medium, and
PA1  supporting means for supporting said movable member in the passage of said
      recording medium when said detecting means does not detect the normal
      material in said recording medium.
NUM  15.
PAR  15. A protecting device for card reader equipment according to claim 13
      wherein said holding means comprises:
PA1  position detecting means for detecting whether said movable member is
      placed in the passage of said recording medium.
NUM  16.
PAR  16. A protecting device for card reader equipment according to claim 13
      further comprising:
PA1  an aperture portion adapted to lead said recording medium to said card
      reader equipment, said aperture portion being disposed after said
      detecting means and before said shutter means with respect to the forward
      transporting direction of said recording medium.
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ABST
PAL  In a system for optically scanning and reading data printed in transversely
      extending lines longitudinally spaced apart on a document and comprising a
      scanning head including an electro-optical arrangement for scanning and
      reading the data, friction drive rollers for engaging and moving the
      document longitudinally past the scanning head, a motor drivingly
      connected to the rollers, and controls for the motor, the improvement in
      which the motor is a stepper motor having an output shaft which is
      advanced one step about its axis each time the motor is pulsed. The
      controls include a pulse generator, an optical system for detecting such
      lines of data on the document and stopping the longitudinal movement of
      the document, the optical system being operatively connected to the
      generator and effective to control the pulse output of the generator. The
      generator preferably provides pulses at a first predetermined frequency
      and pulses at a second and lower frequency. The controls include a speed
      selector circuit for selecting which of the first and second frequency
      pulses are to be fed to the motor. The optical system which finds the
      lines of data on the document controls the selector to switch the selector
      to the second and lower frequency pulses when the field of view of the
      optical system crosses the leading edges of the line of data to be read,
      thereby slowing the stepping speed of the motor. The controls also include
      circuitry responsive to the output of the line-find optical system to stop
      the pulsing of the motor and thereby to stop the longitudinal movement of
      the documents when the field of view crosses the trailing edge of a line
      of data. Other inputs are provided to the controls to control the speed
      selector.
BSUM
PAR  The present invention relates to document feeders and more particularly to
      the provision of a system for optically reading data printed in
      transversely extending lines longitudinally spaced apart on a document and
      means for feeding the document longitudinally past a scanning head
      including electrooptical means for scanning and reading data.
PAR  Reference is made to U.S. Pat. Nos. 3,600,557; 3,639,730 and 3,738,643, all
      of which are assigned to the assignee of the present application, and the
      various patent references cited therein. Reference is made also to the
      pending application Ser. No. 401,935 filed Sept. 28, 1973, now U.S. Pat.
      No. 3,857,020, also assigned to the same assignee. These prior U.S.
      patents disclose the type of data reader with which the present invention
      is ideally used to feed a document longitudinally past a transversely
      reciprocable scanning head, the document having a plurality of
      longitudinally spaced apart, transversely extending lines of data typed or
      printed thereon. As clearly described in U.S. Pat. No. 3,600,557, the bar
      code data to be read may be placed upon the documents or sheets of paper
      by using typewriters which are modified to provide, as well as
      conventional letters or symbols, a bar code representing the letters or
      symbols. Preferably, each type carrier or type ball will be modified so
      that there will be printed below each character (letter or symbol) marks
      which can be read by optical scanning.
PAR  In such apparatus as disclosed in the above-said U.S. patents, two basic
      drive systems are involved, one for driving the document longitudinally
      past the transversely movable scanning head and the other to reciprocate
      the scanning head. In order to produce a viable data reader, it is
      necessary to drive both the document and the scanning head at high speed
      to provide a sufficient output of the reader.
PAR  The U.S. Pat. No. 3,639,730 discloses one system for moving the document
      longitudihally under the scanning head. That system has worked well in the
      past and is still working well. The system includes a continuously running
      motor which is drivingly connected to the friction drive rollers by means
      of electrically-operated clutch means and brake means. When the line-find
      optics finds a line of data to be read, the clutch means is disengaged to
      break the driving connection between the motor and the feed rollers while
      the brake means is engaged quickly to stop the document so that the line
      of data is accurately under the scanning head. This requirement, of
      course, is of extreme importance. The accuracy with which a document can
      be stopped from its high-speed movement, for instance, 3.13 inches per
      second, is an important factor in determining the height of the bar code
      to be scanned. Because of the accuracy of the very much improved system of
      the present invention, and because of the automatic line tracking feature
      disclosed in the said patent application Ser. No. 401,935, the bar code
      need only be 0.035 inch tall.
PAR  The type of motor used in the system of the present invention is preferably
      a stepper motor having an output shaft which is advanced one step about
      its axis each time the motor is pulsed. At full speed, for instance, the
      motor may be pulsed at a frequency of 1,333 cycles per second. At half
      speed or slow speed, the motor may be pulsed at half that frequency. Each
      time the motor is pulsed, its output shaft moves 1.8.degree. about its
      axis. Gear reduction means is provided for drivingly connecting the output
      shaft to the friction drive rollers such that each step of the motor
      amounts to a 0.36.degree. step of the drive rollers.
PAR  Since the stopping accuracy of the feed system is very important, the
      present invention provides means for slowing the motor stepping rate down
      to one-half its full speed stepping rate just before it is necessary to
      stop the document to scan a line. The manner in which the motor is slowed
      down initially by the optical means for detecting lines of data and then
      subsequently stopped will be discussed in detail hereinafter.
PAR  It is an object of the present invention, therefore, to provide, in such a
      data reader, the improvement in which the motor is a stepper motor having
      an output shaft which is advanced one step about its axis each time the
      motor is pulsed, the control means including means for generating motor
      energizing pulses, and optical means for detecting lines of data on the
      document and stopping the longitudinal movement of the document. The
      optical means is operatively connected to the generating means and
      effective to control the pulse output of the generating means. The
      generating means preferably includes means for providing pulses at a first
      predetermined frequency and pulses at a second and lower frequency, and a
      speed selector circuit for selecting which of the first and second
      frequency pulses are to be fed to the motor.
PAR  Another object of the present invention is to provide such an improvement
      in which the control means includes means for operatively connecting the
      optical means to the selector circuit, the optical means defining a field
      of view and including light-responsive means for providing an output
      effective to switch the selector circuit to the second and lower frequency
      pulses when the field of view crosses the transversely extending leading
      edge of a line of data to be read, thereby slowing the stepping speed of
      the motor. Then, the control means includes means responsive to the output
      of the light responsive means to stop the pulsing of the motor and thereby
      to stop the longitudinal movement of the document when the field of view
      crosses the transversely extending trailing edge of a line of data.
PAR  Another object of the present invention is to provide such an improvement
      in which the motor includes a plurality of coils which are sequentially
      energized to move the motor output shaft each step, the control means
      including a ring counter having a plurality of outputs associated
      respectively with the coils, a driver for connecting each ring counter
      output to its associated motor coil, and circuit means for connecting the
      selector circuit to the ring counter.
PAR  In the preferred system of the present invention, the motor is always
      started by the selector circuit at the slower stepping rate, and a slow
      speed time-out circuit is provided and effective to switch the selector
      circuit to the faster stepping rate a predetermined time after the motor
      is started at its slower stepping rate.
PAR  Other objects and features of the present invention will become apparent as
      this description progresses.
DRWD
PAR  To the accomplishment of the above and related objects, this invention may
      be embodied in the form illustrated in the accompanying drawings,
      attention being called to the fact, however, that the drawings are
      illustrative only, and that changes may be made in the specific
      construction illustrated and described, so long as the scope of the
      appended claims is not violated.
PAR  In the drawings:
PAR  FIG. 1 is a block diagram of the system of the present invention;
PAR  FIG. 2 is a logic diagram of the system of the present invention including
      FIGS. 2A and 2B with the connections between the two FIGS. being made at
      the terminals indicated A-F.
PAR  FIG. 3 is an elevational view of the friction drive roller and motor
      arrangement;
PAR  FIG. 4 is a diagrammatical view of the optical scanning head including the
      line-find optics; and
PAR  FIG. 5 is a diagrammatical view showing the manner in which the lines of
      data are found to stop the feeding of the document.
DETD
PAR  Referring now specifically to the block diagram of FIG. 1, it will be seen
      that the stepper motor is indicated generally by the reference numeral 100
      while each of the four drivers (driver transistors) for the four coils of
      the motor are indicated respectively by the reference numerals 102, 104,
      106, 108. The four drivers are energized in pairs sequentially by the ring
      counter 110 when a delay after paper circuit 112 is in proper condition.
      There is a speed selector circuit 114, a slow speed time out circuit 116,
      a paper feed clock or oscillator 118, and a pulse divider or frequency
      divider 120.
PAR  Turning now to FIG. 2, it will be seen that the motor 100 is shown with
      four coils 124, 126, 128, 130 with a resistor 132, 134, 136, 138 connected
      in series with each coil and between the coil and the positive 28 volt
      input terminal. The other side of each coil 124 - 130 is connected to the
      collector of its driver transistor 102, 104, 106, 108. The emitter of each
      driver transistor 102 - 108 is connected through another transistor 202
      which comprises a part of the delay after paper circuit 112 to ground or
      the negative 28 volt source. Thus, when the transistor 202 is conducting
      each of the coils 124 - 130 can be energized by current flow from its
      respective positive 28 volt terminal when its driver transistor 102 - 108
      is switched to its conductive state by an output from the ring counter
      110. The ring counter 110, which will be discussed in detail hereinafter,
      provides its sequencing output when it receives pulses originating
      initially in the paper feed clock circuit 118 which, in the illustrative
      embodiment, comprises a pair of one shots 140, 142, each having its own
      input gate 144, 146. Basically, in the illustrative embodiment, the two
      one shots 140, 142 are wired back-to-back to oscillate at 1,333 cycles per
      second. That oscillation occurs when the document being read is in motion,
      and the paper feed clock 118 is controlled by a logic signal called paper
      in motion (PIM) applied to terminal 150 and processed through an inverter
      151 to the input 146 for the one shot 142. When the PIM is at a high
      voltage level, the paper is in motion because the oscillator is on and
      when the PIM is at a low level, the paper is stopped, for instance, for
      document reading by the optical scanner. The paper feed clock circuit 118,
      therefore, is a controlled source of output pulses.
PAR  The divider 120 which, in the illustrative embodiment comprises a flip-flop
      154, divides the pulse rate from the clock by one-half to provide a slower
      pulse rate for stepping the motor 100. In other words, in the illustrative
      and preferred system, because of the divider 120, there are two pulse
      rates, one for fast movement of the motor and one for slower movement of
      the motor.
PAR  Then, the speed selector circuit 114 is provided for selecting which of the
      two pulse rates is to be fed to the motor 100, the illustrative selector
      circuit 114 comprising a pair of control Nand gates 156, 158, a Nor gate
      160 and a flip-flop 162. Each Nand gate 156, 158 is, of course, an
      inverted And gate which will provide an output if it has a logic "1" on
      both of its inputs, the output being an inverted "1" or a logic "0". The
      Nor gate 160 is an inverted Or gate which will provide a logic "1" output
      when there is a logic "0" on either of its inputs. One output of the
      flip-flop 154 of the divider 120 is fed directly to the Nand gate 156
      while the output of the clock 118, i.e., its high pulse rate, is fed
      directly to an input of the Nand gate 158. The flip-flop 162 provides two
      outputs which are fed respectively to the two Nand gates 156, 158. Thus,
      the condition of the flip-flop 162 determines which of the two Nand gates
      156, 158 will be operative i.e., whether a fast pulse rate or a slow pulse
      rate will be supplied to the motor 100.
PAR  The condition of the flip-flop 162 is determined by, or may be determined
      by, a plurality of inputs. There is an input representing PAPER PRESENT,
      another input representing EJECT COMMAND, another input representing
      MANUAL EJECT, another input representing POWER ON DELAY, and finally,
      another input representing LINE FIND. These input and the manner in which
      they may be obtained are discussed in the said prior U.S. Pat. Nos.
      3,600,557; 3,639,730; and 3,738,643. As will be more fully discussed
      hereinafter, these inputs to the flip-flop 162 are effective to cause the
      motor 100 to be fed the slower pulse rate for slower stepping when the
      system is being started up, when a line is first located to be read, when
      the document is first being advanced to a new line, etc. The power on
      delay circuit 166 which, in the illustrative embodiment includes a pair of
      gates 167, 168, provides an output to the flip-flop 162 so that the motor
      100 will always start at its slower rate. That is, the circuit 166 keeps
      the flip-flop 162 in a condition such that it will always cause the motor
      to be started at its slower pulse rate. The other logic inputs and command
      signals applied to the flip-flop 162, in the illustrative embodiment, are
      fed through gates such as indicated at 169a, 169b to the flip-flop 162.
PAR  The slow speed time out circuit 116, in the illustrative embodiment,
      comprises one shots 170, 172 with their respective inputs 174, 176. The
      circuit 116 basically is a one shot delay circuit which resets the speed
      selector 114 flip-flop 162 to the fast mode or full pulse rate after a
      predetermined time period for starting up. The circuit 116 permits
      movement of the motor 100 at the slower pulse rate for ten pulses. The one
      shot 170 provides an output of one pulse which is a ten millisecond pulse
      giving a ten millisecond delay. The second one shot 172 reacts to the end
      of that ten millisecond pulse to provide a signal which will flip the
      condition of the flip-flop 162 to provide a logic "1" on both inputs of
      the Nand gate 158. The circuit 116 gets its starting signal from the PIM
      terminal 150 through a gate 178 or from the MANUAL EJECT input through a
      gate 179 and the gate 178.
PAR  With the above description of how the ring counter 110 is pulsed, it can be
      seen that the illustrative ring counter includes a pair of flip-flops 180,
      182, the four outputs of which are connected respectively to open
      collector inverters 184, 186, 188, 190. The inverters 184 - 190 are
      connected respectively to the base electrodes of the driver transistors
      102, 104, 106, 108.
PAR  Finally, after a document has been fed completely through the machine, the
      motor will continue to operate for a short period of time so that another
      document can be fed into the machine to be scanned. This is accomplished
      by the delay after paper circuit 112 which, in the illustrative
      embodiment, includes a one shot 192 with its input 194 connected to the
      device which provides a signal when paper is present. When a paper is not
      present, that input to the one shot 192 will provide an 8 second output
      from the one shot which is fed through gates 196, 198, 200 to a transistor
      202 which was discussed previously and which connects the emitter
      electrodes of transistors 102, 104, 106, 108 to ground or to the negative
      28 volt source. When the transistor 202 is not conducting, of course, the
      coils of the motor 100 cannot be energized to drive the motor.
PAR  The motor 100 may be, for instance, a motor such as the RAPID-SYN STEPPER
      motor manufactured and sold by Computer Devices Corp., 11925 Burk St.
      Santa Fe Springs, Cal. 90670 which is a 4-phase, bi-filar, 1.8.degree. low
      inertia motor which includes the 4-phase coil windings as shown in the
      drawings. In the illustrative embodiment, that 1.8.degree. stepping motor
      is geared down by a gear 220 so that each step of the motor 100 produces a
      0.36.degree. step of the document feed roller 222 (FIG. 3). The feed
      roller 222 is proportioned such that the full speed stepping of the motor
      100 moves the document 3.13 inches per second while the half-speed
      stepping of the motor moves the document 1.5 inches per second. The motor
      100 can be very accurately started and stopped at the slower pulse rate
      provided by the speed selector circuit 114, but it cannot be so accurately
      stopped at the faster pulse rate, i.e., the full rate provided by the
      clock circuit 118. In fact, because of the motor design, it cannot be
      started usually at the faster pulse rate. As pointed out previously,
      accurate stopping of the longitudinal document feed so that a transversely
      extending line of data can be scanned is of extreme importance.
PAR  Referring further to FIG. 3, the relationship of the motor 100 and the
      document feed roller 222 will be discussed. Reference is made to the
      aforesaid U.S. pat. No. 3,639,730 which shows document feed rollers 22, 24
      driven by a continuously running electric motor 28 through electrically
      operated clutch means and brake means 30, 32. In the present invention,
      the stepping motor 100 replaces the earlier continuously running motor and
      clutch and brake means. The present system does include an upper roller
      224 which idles against the drive roller 222. The paper document is
      gripped between and moved by the rollers 222 and 224. The two rollers 222,
      224 are journalled at their ends in frame brackets 226, 228 while the
      motor 100 is mounted on the bracket 226 by conventional techniques.
PAR  Above and parallel with the rollers 222, 224 is a transversely extending
      cylindrical rod 240 upon which a block 242 is mounted for transverse
      reciprocation in the direction of the arrow 224. Above that rod 240 is
      another rod 246 which is engaged by roller bearings 248 mounted on the
      block 242. Such a structure is shown in the U.S. Pat. No. 3,639,730. In
      the aforesaid patent application Ser. No. 401,935 filed Sept. 28, 1973 by
      Roy F. Higginbotham et al, an automatic line tracker is disclosed. That
      device includes a motor 250 and cam 252 which shifts the rod 246 to tilt
      the block 242 about the axis of the rod 240 to track the bar code line
      being scanned.
PAR  Mounted upon the block 242 is a scanning head of the type generally shown
      in the said prior patents, for instance, in FIG. 3, of U.S. Pat. No.
      3,639,730 as well as in FIGS. 3 and 7 of patent application Ser. No.
      401,935. Such as scanning head 260 is shown diagrammatically in FIG. 4. It
      will be appreciated that, within the scope of the present invention, the
      design of the scanning head and its optics may be changed rather
      significantly. FIG. 4 shows a plate 262 providing an upper surface on
      which a document 264 is resting. The rollers 222, 224 move the document
      264 longitudinally on the upper surface of plate 262. The scanning head
      260 includes light sources 266, 268 for projecting light at the document
      264, optics means 270, 272 for directing the light reflected from the
      document toward light-responsive semi-conductor devices 274, 276 which are
      connected respectively to the line find circuitry and an output device
      which processes the information being scanned. Such output devices are
      discussed in the said prior patents.
PAR  As discussed in the said prior patents, each line of data to be scanned may
      begin with a line find mark positioned adjacent the left-hand edge of the
      document. Such marks are shown diagrammatically in FIG. 5 and indicated by
      the reference numeral 10, 12, 14, 16. Extending transversely to the right
      from each such mark is the bar code to be read. Because of the accuracy
      with which the motor 100 can be stopped, the line find marks and the bar
      code to be scanned can be only 0.035 inch in the longitudinal direction,
      i.e., in the direction in which the document is fed under the scanning
      head as indicated by the arrow 17.
PAR  Assume that the data in line 10 has been read and that the document is
      moving at full speed, i.e., 1,333 pulses per second or steps per second,
      in the direction of the arrow 17. When the viewing area of the optics
      means 270 moves over the upper edge of the mark 12 as indicated at 18, the
      line find circuitry associated with the semiconductor device 274 provides
      an output which is effective to switch the speed selector circuit 114 over
      to the slow pulse rate. When the viewing area of the line find optics
      reaches the position indicated by the reference numeral 20, the document
      feed motor 100 is stopped by the control circuitry so that the scanning
      head 260 can be moved transversely along the line of data beginning with
      the mark 12. At the end of that line, the document feed is started again
      at the slow pulse rate until the slow speed time out circuitry 116 is
      effective as discussed previously to operate the speed selector circuit
      114 to apply the fast pulse rate to the motor 100. Then, the document
      moves in the direction of the arrow 17 until the viewing area of the line
      find optices again reaches the upper edge of the next adjacent mark 14 as
      indicated by the reference numeral 24. The process is repeated to slow
      down the feed of the document to the slow pulse rate or stepping rate
      until the viewing area reaches the position indicated by the reference
      numeral 26 which stops the motor 100 so that the line of data beginning
      with the mark 14 can be scanned.
PAR  In this description and in the claims appended thereto, the upper edges of
      such marks 10, 12, 14 16 are the leading edges of lines of data to be read
      and the lower edges are trailing edges of the lines to be read.
PAR  In recapitulation to this point, the motor 100 is pulsed or stepped at the
      lower rate when its starts to move the document, moves at that slow speed
      until the circuit 116 provides an output, then it moves at the higher
      speed until the line find optics finds the upper edge of a start mark, and
      then moves at the slower speed so that the document can be stopped
      accurately when the viewing area of the line find optics is at the bottom
      edge of the start mark. The motor 100, in the illustrative and preferred
      system, is always started at the slow stepping rate because of the power
      on delay circuit 166 which provides an input to the flip-flop 162. After a
      document has been fed through the machine, the circuit 112 will keep the
      motor driving or stepping at the full pulse rate for approximately ten
      seconds or until a new document is placed in the machine. When the new
      document is placed in the machine, the motor 100 is slowed initially to
      its slow stepping rate for ten steps or so. Thereafter, the document is
      driven at the full speed until the viewing area of the line find optics
      arrives at the upper edge of the uppermost mark starting a line to be
      scanned.
PAR  The manner in which the clock 118 is stopped to stop the motor 100 when a
      line is found, i.e., when the field of view of the line-find optics
      crosses the trailing edge of a mark, will now be discussed. The output of
      the light-responsive means 274 is connected to the terminal LF shown in
      FIG. 2. That terminal LF is connected as an input to gate 169a and through
      that gate 169a and gate 169b to the flip-flop 162 to slow the pulse rate
      fed to the motor 100 when the field of view crosses the leading edge of a
      line mark. The terminal LF is also connected through logic circuitry (not
      shown) to the terminal 150. In the illustrative system, when the field of
      view of the line-find optics crosses the trailing edge of a line mark, the
      voltage or terminal 150 goes to its high level. When terminal 150 goes
      high, the gate 151 conducts the signal to the input gate 146 which stops
      the clock 118 from generating pulses, thereby to stop the motor 100.
PAR  Thus, the clock 118 runs to generate pulses when the terminal 150 is at its
      low level and stops when the terminal 150 is at its high level. As soon as
      the terminal 150 goes low after it has been high, the clock 118 will start
      generating pulses. This may happen, for instance, when the scanning head
      260 returns to its home position. There are some conditions where that
      won't happen such as, for instance, when the system receives a stop
      command.
PAR  It will be appreciated that the circuit elements described and illustrated
      in the accompanying drawings may well be conventional and commercially
      available circuit elements which are arranged in the unique manner shown
      in the drawings. A detailed description of each such element, therefore,
      need not be included in this description.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for optically reading data printed in transversely extending
      lines longitudinally spaced apart on a document comprising a scanning head
      including electro-optical means for scanning and reading data, means for
      supporting said scanning head for transverse movement relative to such a
      document and along each line of data, drive means for moving such a
      document longitudinally relative to said scanning head, said drive means
      including friction drive roller means for engaging and moving such a
      document, a motor, means for drivingly connecting said motor to said
      roller means, and control means for said motor, the improvement in which
      said motor is a stepper motor having an output shaft which is advanced one
      step about its axis each time said motor is pulsed, said control means
      including generating means for producing pulses at a first predetermined
      frequency and at a second and lower frequency, and a speed selector
      circuit operatively connected to said generating means for selecting which
      of said first and second frequency pulses are to be fed to said motor, and
      optical means for detecting lines of data on such a document and stopping
      longitudinal movement of such document, said optical means being
      operatively connected to said generating means and effective to control
      the pulse output of said generating means.
NUM  2.
PAR  2. The improvement of claim 1 in which said generating means includes an
      oscillator for producing pulses at a first predetermined frequency, a
      divider circuit for receiving such pulses and providing an output of
      pulses at a second and lower frequency, and said speed selector circuit is
      operatively connected to said oscillator and said divider circuit.
NUM  3.
PAR  3. The improvement of claim 1 in which said control means includes means
      for operatively connecting said optical means for detecting lines of data
      to said selector circuit, said optical means defining a field of view and
      including light-responsive means for providing an output effective to
      switch said selector circuit to said second and lower frequency pulses
      when said field of view crosses the transversely extending leading edge of
      a line of data to be read, thereby slowing the stepping speed of said
      motor.
NUM  4.
PAR  4. The improvement of claim 3 in which said control means includes means
      responsive to the output of said light-responsive means to stop the
      pulsing of said motor and thereby to stop the longitudinal movement of
      said document when said field of view crosses the transversely extending
      trailing edge of a line of data.
NUM  5.
PAR  5. The improvement of claim 1 including a slow speed time out circuit
      operatively connected to said selector circuit and effective to switch
      said selector circuit to the first frequency pulse output a predetermined
      time after the motor is started at its slower stepping rate.
NUM  6.
PAR  6. The improvement of claim 2 in which said control means includes means
      for operatively connecting said optical means for detecting lines of data
      to said selector circuit, said optical means defining a field of view and
      including light-responsive means for providing an output effective to
      switch said selector circuit to said second and lower frequency pulses
      when said field of view crosses the transversely extending leading edge of
      a line of data to be read, thereby slowing the stepping speed of said
      motor.
NUM  7.
PAR  7. The improvement of claim 1 in which said optical means defines a field
      of view and includes light-responsive means for providing an output
      effective to stop the pulsing of said motor and the movement of said
      document when said field of view crosses the trailing edge of a line of
      data to be read.
NUM  8.
PAR  8. The improvement of claim 1 in which said motor includes a plurality of
      coils which are sequentially energized to move said output shaft each
      step, said control means including a ring counter having a plurality of
      outputs associated respectively with said coils, and circuit means for
      connecting the input of said ring counter to said generating means and the
      outputs of said ring counter respectively to said coils.
NUM  9.
PAR  9. In a system for optically reading data printed in transversely extending
      lines longitudinally spaced apart on a document comprising a scanning head
      including electro-optical means for scanning and reading data, means for
      supporting said scanning head for transverse movement relative to such a
      document and along each such line of data, drive means for moving such a
      document longitudinally relative to said scanning head, said drive means
      including friction drive roller means for engaging and moving such a
      document, a motor, means for drivingly connecting said motor to said
      roller means, and control means for said motor, the improvement in which
      said motor is a stepper motor having an output shaft which is advanced one
      step about its axis each time said motor is pulse and including a
      plurality of coils which are sequentially energized to move said motor
      output shaft each step, said control means including a ring counter having
      a plurality of outputs associated respectively with said coils, a driver
      for connecting each ring counter output to its associated motor coil and
      including means for producing pulses at a first predetermined frequency
      and pulses at a second and lower frequency, and a speed selector circuit
      for selecting which of said first and second frequency pulses are to be
      fed to said motor, and optical means for detecting lines of data on such a
      document and stopping longitudinal movement of such document, said optical
      means being operatively connected to said generating means and effective
      to control the pulse output of said generating means.
NUM  10.
PAR  10. The improvement of claim 4 in which said control means includes means
      for operatively connecting said optical means for detecting lines of data
      to said selector circuit, said optical means defining a field of view and
      including light-responsive means for providing and output effective to
      switch said selector circuit to said second and lower frequency pulses
      when said field of view crosses the transversely extending leading edge of
      a line of data to be read, thereby slowing the stepping speed of said
      motor.
NUM  11.
PAR  11. The improvement of claim 10 in which said control means includes means
      responsive to the output of said light-responsive means to stop the
      pulsing of said motor and thereby to stop the longitudinal movement of
      said document when said field of view crosses the transversely extending
      trailing edge of a line of data.
NUM  12.
PAR  12. In a system for optically reading data printed in transversely
      extending lines longitudinally spaced apart on a document comprising a
      scanning head including electro-optical means for scanning and reading
      data, means for supporting said scanning head for transverse movement
      relative to such a document and along each such line of data, drive means
      for moving such a document longitudinally relative to said scanning head,
      said drive means including friction drive roller means for engaging and
      moving such a document, a motor, means for drivingly connecting said motor
      to said roller means, and control means for said motor, the improvement in
      which said motor is a stepper motor having an output shaft which is
      advanced one step about its axis each time said motor is pulsed and
      including a plurality of coils which are sequentially energized to move
      said motor output shaft each step, said control means including a ring
      counter having a plurality of outputs associated respectively with said
      coils, a driver for connecting each ring counter output to its associated
      motor coil and means for generating motor energizing pulses including an
      oscillator for producing pulses at a first predetermined frequency, a
      divider circuit for receiving such pulses and providing an output of
      pulses at a second and lower frequency, and a speed selector circuit for
      selecting which of said first and second frequency pulses is to be fed to
      said motor, said selector circuit being operatively connected to said
      oscillator and said divider circuit, and optical means for detecting lines
      of data on such a document and stopping longitudinal movement of such
      document, said optical means being operatively connected to said
      generating means and effective to control the pulse output of said
      generating means.
NUM  13.
PAR  13. In a document feeding system including friction drive roller means for
      engaging the document and moving its longitudinally, a motor drivingly
      connected to said driver roller means, and control means for said motor,
      the improvement in which said motor is a stepper motor having an output
      shaft which is advanced one angular step about its axis each time said
      motor is pulsed, said control means including generating means for
      providing pulses at a first predetermined frequency and pulses at a second
      and lower frequency and a speed selector circuit for selecting which of
      said first and second frequency pulses are to be fed to said motor, means
      for projecting light at such a document, optical means defining a field of
      view on the document, and light-responsive means for providing an output
      each time said field of view crosses one of a plurality of longitudinally
      spaced apart marks on the document, said light-responsive means being
      operatively connected to said pulse generating means and effective to
      control the output of said generating means.
NUM  14.
PAR  14. The improvement of claim 13 in which said light-responsive means is
      connected to said selector circuit and effective to switch said selector
      circuit to said second and lower frequency pulses when said field of view
      crosses the leading edge of such a mark on the document.
NUM  15.
PAR  15. The improvement of claim 14 in which said control means includes means
      responsive to the output of said light-responsive means to stop the
      pulsing of said motor and thereby to stop the longitudinal movement of
      said document when said field of view crosses the trailing edge of such a
      mark on the document.
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ABST
PAL  A flexible resilient magnetic particle type information card capable of
      correctly reading information thereon after such card has been bent double
      on itself and creased, said card comprising a flexible base, a layer of
      uniformly distributed magnetic particles thereon, and a flexible overlayer
      of nonmagnetic material, said over layer having a thickness of at least 2
      mils, said layer of magnetic particles being magnetically encoded, the
      magnetic flux transitions of such encoding being at least 0.02 inch apart
      and said magnetic particle layer being enclosed between the base layer and
      over layer and spaced from the edges of the card.
PAL  A method of storing information in binary data form comprising magnetically
      recording information on a magnetic strip that has an over layer of at
      least 2 mils by inducing transitions in the magnetization of the strip at
      a minimum spacing of 0.02-0.1 inch.
PAL  A magnetic information card and card reader system comprising the magnetic
      information card described above in combination with a card reader having
      a slot accommodating the card in a tight but not binding fit and a
      structural portion of the reader having a hole forming a relief opposite
      the reading head of the reader.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to magnetic-type information cards and to a method
      and apparatus for encoding and reading magnetic-type information cards.
      More particularly the invention relates to mag-stripe information cards
      which are capable of withstanding the abusive and rough treatment of
      everyday use, such as of students who use them in magnetic-flux-type
      readers to determine whether they are entitled to a meal under various
      meal plans which are encoded on the card together with the identification
      of the student.
PAR  The rough treatment for example which students give to identification and
      meal plan mag-stripe cards is really unbelievable until one has seen such
      cards after being used by a large number of students over long periods of
      use, such as several weeks or months and for two or three times per day.
      In many cases the cards are bent back and, if a rigid type card, are
      broken; and if flexible, they are often bent double and creased on the
      magnetic stripe. The flexible cards are often crumpled and creased.
      Moreover the users often do not carry the cards in their wallets but
      instead carry them in their pockets where they may come in contact with
      keys, coins and the like material which can physically affect the magnetic
      stripe if it is not protected by an adequate overlay.
PAR  While the above such treatment may be particularly prevalent among
      students, similar rough treatment also occurs with hospital cards,
      industry and commerce card use and other uses where the cards are used
      several times per day for months at a time.
PAR  An object of this invention is to provide a flexible resilient information
      card which can withstand treatment such as above described and which can
      be read after such treatment, including creasing on the magnetic stripe,
      by magnetic-type readers with a first rejection rate because of an error
      in reading of less than one percent of the cards.
PAR  Another object is to provide an information card having a protective layer
      of 2 mils (0.002 inch) or greater thickness over the magnetic layer and
      which provides the maximum amount of information in a small space and with
      the least number of tracks without reading error.
PAR  Another object is to provide improved methods and means for recording
      information on mag-stripe cards which have a coating of thickness of 2
      mils (0.002 inch) or greater over the magnetic stripe and for thereafter
      reading said information.
PAR  A further object is to provide improved means and methods for reading
      flexible resilient mag-stripe cards having a flexible resilient over
      layer.
PAR  2. Prior Art
PAR  Flexible mag-stripe information cards are known to the art, for example see
      Engelhardt et al. U.S. Pat. No. 3,308,010, but so far as I know such cards
      are not in commercial use. Such cards have a layer over the magnetic oxide
      layer of approximately 0.5 mils (0.0005 inch). A flexible card with such a
      thin overlay will not give adequate protection against rubbing by keys and
      the like. Such cards, with the normal prior art magnetic transition
      spacing, when bent double and creased on the magnetic stripe and then
      flattened, will give erroneous readings.
PAR  So far as I know the mag-stripe cards in present commercial use are so
      rigid that they cannot be bent double and creased without breaking. Also
      they all have either no overlay or an extremely thin overlay of about 0.5
      mils (0.0005 inch) or less. The standard mag-stripe card used by the
      American Bankers Association is relatively rigid and brittle in bending.
      It has the magnetic stripe on or very near the surface and is encoded at
      approximately 225 flux transitions per inch using one track.
PAR  The present trend for information cards appears to be in the direction of
      mag-stripe cards which are relatively rigid and which have as thin a layer
      as possible over the magnetic particle layer, since the thinner the
      overlay the better the resolution and the greater the information density.
PAR  The recently issued Kramer U.S. Pat. No. 3,811,977 shows an information
      card analogous to a punch card having magnetized spots that have a thick
      overlay of a thickness like that of applicant's invention but such a card
      is made of rigid vinyl and is not sufficiently flexible to be bent and
      creased without breaking. Further, the spacing of the magnetized spots,
      due to the Kramer system of simultaneous stationary encoding is not
      desirable or economical when a considerable amount of information is
      needed on a card.
PAC  SUMMARY OF THE INVENTION
PAR  I have discovered that in order to provide a suitable information card
      which will satisfy the above objects and advantages of my card invention
      it is necessary that the magnetic particle layer on the card has an
      overlayer of a nonmagnetic material of at least 2 mils (0.002 inch)
      thickness and that the magnetic layer be magnetically encoded, the
      magnetic flux transitions of such encoding being at least 0.02 inches
      apart such as, for example, 0.02 to 0.10 inches apart.
PAR  Any thickness of overlayer of between 2 and 30 mils is suitable for
      adequate reading with a spacing of flux transitions of 0.02 - 0.1 inch,
      the larger spacings preferably being used with the greater thicknesses of
      overlayer. However, a thickness of overlayer of 30 mils and more may be
      used with flux transition spacing of over 0.1 inch but such thicknesses
      are generally unnecessary and such larger spacings of flux transitions
      give less information per card than is usually desirable.
PAR  I have also found that for flexible mag-stripe cards which are subject to
      bending that the magnetic particle layer or stripe should be enclosed
      between the base layer or layers and the overlying layer and preferably
      spaced away from the edges of the card in order to avoid separation of the
      laminations and error in reading which I have found sometimes occur during
      use when students and others bend and otherwise roughly treat the cards.
PAR  For information cards for use in wallets and in the pocket, such as 21/8
      .times. 33/8 inch cards and generally for any normal size information
      card, and sometimes for even larger cards, the information should
      preferably be recorded in at least two tracks.
PAR  Also, I have found that the double track code with data and complimentary
      bits representing 1 and 0, such bits being at the interface of changes in
      polarity in either direction gives particularly satisfactory results with
      my thick overlay. Such a double track code is shown in Phelps U.S. Pat.
      No. 2,774,646 for magnetic tape with flux transition of 1000 per inch and
      in Mitchell U.S. Pat. No. 2,952,018 for a mag-stripe information card with
      no overlying layer and with flux transitions of 100 per inch.
PAR  As used in this specification, the term magnetic transitions per inch
      refers to the number of times in a one inch space along a magnetic track a
      substantial change in magnetization occurs. Such a substantial change in
      magnetization, i.e. a magnetic transition, may involve a transition from
      one magnetic polarity to the opposite polarity, as in a non-return to zero
      system, or it may involve a transition from zero magnetization to a
      magnetization of either polarity, or a transition from a magnetization of
      either polarity back to zero. The quantitative relationship between flux
      density (flux transitions per inch) and bit density (bits per inch)
      depends upon the encoding scheme used, the Phelps scheme having only one
      transition space per bit, and the American Banking Association card
      requiring three transition spaces per bit.
PAR  I have found that I can provide satisfactory magnetization of the magnetic
      stripe, even though covered with an overlay having a thickness of between
      2 and 30 mils, by employing an ordinary commercial encoding head designed
      for intimate contact recording, but using a forcing current about one
      order of magnetic greater than the design value. I have found that such
      heads have sufficient excess current carrying capacity that they will not
      burn out under such conditions.
PAR  The information card in accordance with one embodiment of my invention
      comprises a flexible and preferably resilient base sheet which may be of
      any material which is flexible and preferably resilient in sheet form, a
      strip of homogeneously or uniformly distributed magnetic particles
      thereon, and a flexible overlayer thereon of nonmagnetic flexible and
      preferably resilient material having a thickness of at least 2 mils (0.002
      inch), preferably 3-10 mils (0.003-0.010 inch).
PAR  Besides being especially durable under rigorous use, my card is also
      extremely difficult to read and/or reproduce without my special reading
      and/or encoding apparatus, and is therefore very difficult to counterfeit
      or alter.
PAR  The preferred card of this invention is sufficiently flexible so that it
      can be bent back on itself and creased without breaking and is so
      resilient that it will spring back at least part way to its original
      position. For this purpose at least the base or overlayer sheet, and
      preferably both, should be flexible and resilient.
PAR  The overlying sheet may be one or more sheets of any nonmagnetic material,
      preferably an organic material such as polyethylene terephthalate,
      polyethylene, polypropylene, polyamides, polytetrafluoroethylene,
      polyvinyl chloride, polyvinyl acetate, cellulose acetate, cellulose, paper
      and even thin sheets of nonmagnetic metal foil such as aluminum foil.
      Flexible water insoluble organic plastic sheets give better protection
      than water permeable sheets such as paper. In some cases the organic
      plastic compound is too brittle in the 2 mil (0.002 inch) thickness or
      greater and must be plasticized or otherwise molded to obtain the desired
      flexibility and resiliency, but this is all within the state of the art.
PAR  I have also found it to be of advantage in obtaining good resolution on
      reading, particularly after bending and creasing of the card, to have the
      card made of a material which is so resilient and flexible that it will
      bend into an indent or hold on pressure of, for example, 8 pounds per
      square inch, and spring back after release of the pressure. Many materials
      known in the art have this property in sheet form of at least 2 mils
      thickness, one such material which has been found particularly
      satisfactory is a laminate of polyethylene terephthalate and polyethylene.
PAR  The base sheet may also be of this laminated material and the overlay sheet
      and base sheet may be heat sealed together by heat and pressure with the
      two polyethylene coatings in heat sealing contact; the magnetic strip
      being sandwiched therebetween and enclosed thereby so it is spaced from
      the edges of the card. A photographic film having a picture thereon may
      also be adhered to the base sheet between the base sheet and the magnetic
      particle layer, and this also is spaced from the edges of the card.
PAR  The information is encoded by a magnetic flux method through the overlayer
      on and into the layer of magnetic particles so that the flux transitions
      on the magnetic tracks are never closer to each other than 0.02 inch.
      Preferably, for a thickness of 2-10 mils (0.002-0.010 inch) of organic
      plastic overlay, the minimum spacing between magnetic transitions should
      be in the range 0.02 to 0.10 inch. Preferably two tracks are used in our
      system.
PAR  The information is preferably encoded on at least two tracks in order to
      get a suitable amount of information with the required magnetic transition
      spacing on ordinary size information cards. For multiple tracks a return
      to zero coding is suitable but preferably the nonreturn to zero reversal
      of polarity type coding of Phelps U.S. Pat. No. 2,774,646 is used.
PAR  The magnetic particles may be any of those known to the art including
      ferromagnetic particles such as ferric oxide particles. These may be
      coated directly in a layer or stripe on the top of the base sheet and
      laminated to the nonmagnetic overlying sheet, but preferably the particles
      are coated on a flexible strip of polyethylene terephthalate and this
      strip with the particles either toward or away from the overlayer,
      laminate to the base sheet and overlayer as in a sandwich. The thickness
      of the layer of magnetic particles is not important and suitably may be
      0.2 - 1.0 mil or greater.
PAR  Preferably the multi tracks are two tracks or multiples of two. Those
      tracks are preferably encoded by a magnetic flux method of recording as
      will hereafter be described, preferably using a code system where one
      track is designated "zero" and the other "one." In the preferred system
      only one track changes polarity at a time. When the zero track changes
      polarity a zero is signified. When the "one" track changes polarity a one
      is signified.
PAR  In one card having a polyethylene terephthalate upper layer of, for example
      5 mils (0.005 inch), laminated over a layer of ferric oxide magnetic
      particles of thickness of 0.2 mils the two tracks on the magnetic particle
      layer have minimum spacing between magnetic flux transitions of 0.031
      inch. The bits are at the interface between changed polarities, such
      alternate changes of positive and negative polarities being obtained by
      the magnetic recording system used to encode the cards.
PAR  I prefer to use a reader with a single reading head which is curved and has
      two magnetic gaps to read the two magnetic strips. A significant factor of
      my reader is that the card has a very close fit in the slot into which it
      is inserted for reading and the reading head projects somewhat into the
      slot so as to force the card to be deformed into a relief hole opposite
      the reading head, thereby maintaining a constant pressure between reading
      head and card and tending to straighten out any bends or creases in the
      card.
PAR  The limits of thickness of overlay and magnetic transitions per inch to
      give suitable readability on abusive use have been determined by
      experimental evidence and theoretical considerations. I have also
      considered excessive speed of withdrawing the information card from the
      reading apparatus, as well as readability after bending back and creasing.
PAR  The type of material has been considered. The minimum thickness of overlay
      of 2 mils holds for all types of nonmagnetic flexible material, including
      organic plastics and cellulose. Even nonmagnetic metal foil should not be
      thinner than 2 mils for optimum results. However for a thickness of
      overlay of over 2 mils, for any purpose, the problem of resolution exists
      and is solved by the means disclosed in this applied specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a magnetic card constituting one embodiment of
      this invention and showing the magnetic stripe before recording.
PAR  FIG. 2 is an expanded sectional view of FIG. 1.
PAR  FIG. 3 is a plan view of the recorded magnetic card of FIG. 1 showing in
      schematic form a two-track recorded magnetic stripe.
PAR  FIG. 4 is an expanded sectional schematic view of the recorded card of FIG.
      3.
PAR  FIG. 5 is a sectional view of the magnetic card of FIG. 1 and FIG. 2
      showing the sheets laminated together.
PAR  FIG. 6 is an expanded sectional view of another embodiment of the invention
      showing another type of magnetic stripe information card.
PAR  FIG. 7 is a sectional view of the embodiment of FIG. 6 showing the top and
      bottom sheets laminated together.
PAR  FIG. 8 is an expanded sectional view of another embodiment of the invention
      showing the magnetic oxide layer in reverse of that shown in FIG. 6.
PAR  FIG. 9 is a sectional view showing the card of FIG. 8 with the sheets
      laminated together.
PAR  FIG. 10 is a fragmentary sectional view of the information card of my
      invention bent double on itself and creased.
PAR  FIG. 11 is a fragmentary plan view of the lower portion of FIG. 1 with the
      two magnetic tracks schematically indicated.
PAR  FIG. 12 is a representation of the binary bit information encoded on the
      card for a typical use system.
PAR  FIG. 13 is a schematic and wiring diagram of the apparatus for magnetically
      encoding the magnetic information card.
PAR  FIG. 14 illustrates wave forms generated on particular lines of FIG. 13.
PAR  FIG. 15 is a block diagram of the three main components of the meal plan
      system which forms and is part of the environment for the present
      invention.
PAR  FIG. 16 is a schematic and wiring diagram of the reading apparatus of FIG.
      15 and the initial input portion of the central processor of FIG. 15.
PAR  FIG. 17 illustrates wave form generated on particular lines of FIG. 16.
PAR  FIG. 18 is an elevation view of the molded portion of the reading apparatus
      which forms the slot and supports the reading head.
PAR  FIG. 19 is a sectional view taken along lines 19-19 of FIG. 18.
PAR  FIG. 20 is a magnified fragmentary sectional view showing the forced local
      deformation of the magnetic card in the direction of card travel.
PAR  FIG. 21 is a magnified fragmentary sectional view showing the forced local
      deformation of the magnetic card in a direction normal to that of FIG. 20.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  1. The Information Card
PAR  Referring to FIG. 1, FIG. 2 and FIG. 5 there is shown a simple type of
      magnetic type information card which differs from the information card
      shown in Engelhardt et al. U.S. Pat. No. 3,308,010 in that the overlay
      sheet 8 has a thickness of at least approximately 2 mils (0.002 inch), as
      for example 5 mils instead of the 1/2 mil overlay of the patent, and the
      powdered magnetic substance, such as ferric oxide (Fe.sub.2 O.sub.3) is
      contained in a stripe 2 which is completely enclosed by the base sheet 1
      and the overlay sheet 8. The substrate 1 also has a thickness of at least
      2 mils when made of organic material and like the substrate of the patent
      may be made of polyethylene terephthalate material of a thickness of 5
      mils. It also may be made of or include a positive film having a
      photograph thereon, said film for example being cellulose triacetate of a
      thickness of 5 mils. The overlay may be made of polyethylene terephthalate
      such as Mylar having the required thickness to give a tough protective
      covering of for example 3-20 mils. With this thickness the crystaline
      alignment of U.S. Pat. No. 3,308,010 is unnecessary. The magnetic material
      and the sandwich of magnetic material between the plastic sheets may be
      made as described in U.S. Pat. No. 3,308,010. However, instead of coating
      the magnetic layer directly on the substrate there may be used a strip of
      tape having the oxide coated on it. This is laminated between two plastic
      sheets of suitable thickness of at least 2 mils.
PAR  So long as at least one sheet of the information card is made of non
      magnetic material such as organic plastic of a thickness of 3-10 mils a
      recording such as a double track encoding can be made through the sheet by
      a method of recording which will be described herein; this recording
      giving a double track with between 10 and 50 bits per inch, for example 32
      bits per inch. Such multi-track encoding with such bit spacing allows
      suitable resolution during reading through the thick overlay on the
      information cards, even when creased or crumpled, as described herein. The
      encoded information card with the double track is shown with the parallel
      tracks and imaginary bits as dots in FIGS. 3 and 4.
PAR  FIGS. 6-9 show more sophisticated embodiments of information cards both of
      which have given highly satisfactory results from the point of view of
      wear resistance and readability.
PAR  Referring to FIG. 6, the information card of a preferred embodiment of the
      invention includes a base sheet 1 which may illustratively have a
      thickness of 3 mils having a polyethylene heat sealable layer 3 laminated
      to it, of preferably a thickness of 2 mils. The base sheet 1 may be made
      of polyethylene terephthalate material. The base sheet 1 may have a
      generally rectangular configuration, illustratively 2 inches by 33/8
      inches, and may be transparent or not. Secured to the polyethylene layer 3
      of the base sheet 1 is a positive film 5 having a photograph and other
      information thereon, the photograph and information facing the
      polyethylene layer 3 so they are visible through the base sheet 1. The
      positive film may be of a cellulose acetate such as cellulose triacetate.
      Preferably a curable acrylic glue or other adhesive 4 is coated on both
      sides of the positive film 5. Secured to the positive film 5 on the
      nonphotographic side is magnetic oxide stripe 2 which does not extend to
      the edges of the underlying and overlying sheets as shown in FIG. 1. This
      magnetic oxide stripe 2 may comprise a layer of ferric oxide particles
      mixed with an adhesive and wetting agent as is well known in the art and
      described in U.S. Pat. No. 3,308,010. The layer 2 may illustratively have
      a thickness of 0.8 mil and is, for the preferred embodiment, coated on a
      polyethylene terephthalate (Mylar) sheet 6. The oxide layer 2 is the
      embodiment shown in FIG. 6 and FIG. 7 is against the positive film layer 5
      adhered to it by the adhesive layer 4. Laminated to and extending beyond
      the Mylar layer 6 and oxide layer 2 of the mag-stripe is a polyethylene
      layer 7 coated on the under side of polyethylene terephthalate layer 8.
      Illustratively the Mylar sheet 6 has a thickness of 2 mils, the
      polyethylene layer 7 a thickness of 2 mils and the top Mylar sheet 8 a
      thickness of 3 mils so that the total thickness of plastic over the
      magnetic oxide layer is approximately 7 mils.
PAR  FIG. 7 shows the layers of FIG. 6 laminated and secured together. It will
      be noted that the polyethylene coated Mylar layers 8, 7 and 1, 3 are
      brought together and seal in the magnetic stripe 2 and the positive film
      5. The magnetic stripe 2 on base 6 with adhesive 4 on both sides of the
      film 5 are indicated by the numeral 9 in FIGS. 5, 6, 7 and 8. The sealing
      together may readily be accomplished by heat and pressure to produce a
      heat seal because of the character of the polyethylene layers 3 and 7. It
      is preferable, from the standpoint of desirability, that the mag-stripe be
      sealed on all sides as shown in FIG. 1 and FIG. 3.
PAR  FIGS. 8 and 9 show the same arrangement as in FIGS. 7 and 8 except that the
      mag-stripe is reversed so that oxide layer 2 is against the polyethylene
      layer 7, and the Mylar base 6 of the mag-stripe is against the adhesive 4
      and positive film layer 5. This makes a plastic overlay or covering for
      the magnetizable oxide of 5 mils instead of the 7 mils of FIGS. 6 and 7.
PAR  FIG. 10 shows the card of FIG. 2 doubled back on itself and creased, the
      crease being on the magnetic stripe length or transverse to it. Such a
      card, if constructed and encoded pursuant to the principle of my
      invention, may be read satisfactorily in the reading apparatus of my
      invention. The relatively thick overlay on the magnetic stripe does not
      appear to reduce the readability of a bent or creased card as much as one
      would expect. While I do not wish to be bound by this theory, it is
      hypothesized that the creasing is primarily a surface effect, and that the
      distortion effect of creasing on the actual magnetic stripe is greater
      when the magnetic stripe is at or near the surface of the card than when
      the stripe has a relatively thick overlay as in our invention. In other
      words, the overlay may diffuse the distortion effect of a crease on the
      actual magnetic medium. This effect would tend to reduce the change in
      magnetic intensity which would normally be severe in the case of bent or
      creased cards, and I believe, to a large extent, accounts for the
      unusually high readability I obtain with my bent or creased cards.
PAR  2. The Encoding Apparatus And Method
PAR  Referring to FIG. 11, the lower portion of the information card 10 of FIG.
      1 is shown in enlarged form. The homogeneous magnetic medium forming
      magnetic stripe 2 is disposed inwardly on the side and bottom edges of the
      cards, that is, it does not extend to any edge of the card. This aspect of
      my invention contributes substantially to the durability of the card under
      the rigorous conditions of use. In the preferred embodiment, the magnetic
      stripe 2 is 0.5 inch wide and 3.19 inches long, and the card extends
      beyond the ends of the stripe 0.0925 inch and beyond the bottom of the
      stripe 0.3125 inch. These dimensions assume a standard 2.125 inch by 3.375
      inch card. Similar dimensions are arrived at when using other standard
      sizes such as 2.3125 inches by 3.250 inches.
PAR  Reference numerals 11 and 12 schematically represent the two magnetic data
      tracks where the information is magnetically recorded, the upper track 11
      being reserved for binary zero's and the lower track 12 being reserved for
      binary one's. As indicated, in the preferred embodiment, the two tracks
      are each 0.08 inch wide and 0.08 inch apart. Although the entire length of
      the magnetic stripe is potentially capable of carrying magnetic data, in
      the particular card of my specific embodiment only the right-most (in FIG.
      11) two inches can be used since the left side of the card is used to hold
      the card while it is being read. In one information system where I employ
      the card, only that one inch length of each track indicated in FIG. 11 as
      a "data recording area" is employed, since this length is sufficient to
      record the desired information in this particular system. In another
      system I employ the full usable 2 inches.
PAR  FIG. 12 shows the use which is made in my system of the space for the 32
      bits afforded by the one inch length of data recording area. Bit No. 1,
      the left most bit in FIG. 12, is a flag bit, always a one, the purpose of
      which will be described hereinafter. A hexadecimal even parity five bit
      system is employed, the parity bits being zero or one as is necessary to
      make the total number of ones in each five bit byte an even number. Each
      parity bit and the following four bits constitute one byte, either a
      decimal digit from zero to nine or a letter from A to F. Bits 2 through 21
      are used to identify a four digit account number individual to the user to
      whom the card is issued, for example, account number 3094. In the case of
      student boarding plans bits 22 through 31 are used to define the
      particular meal plan to which the student has subscribed, for example,
      meal plan 3F. In my particular system, the space for a thirty-second bit
      is not needed and is not used. Accordingly, a total of 31 bits are
      actually recorded and later read from each card.
PAR  FIG. 13 is a schematic representation of the recording apparatus employed
      in my system, the arrows denoting the direction of flow of information.
      FIG. 13 is best understood when taken together with FIG. 14 which
      indicates the wave forms transmitted on lines A, B, C, D, C' and D' of
      FIG. 13 in the exemplified situation where the bit series being recorded
      is 11000110010.
PAR  A standard manual hexadecimal keypad 13 is used to introduce the account
      number and plan information, e.g. 3c943F, into the recording apparatus
      where it is stored in a standard storage register 14 until the card
      recording is made and verified. Simultaneously, the information punched
      into the keypad is displayed, as indicated at 15, so that the operator may
      verify his punching operation.
PAR  The card is inserted in a track in the recording apparatus and is caused to
      move from left to right, along the path indicated by reference numeral 16,
      by a constant speed drive indicated schematically by drive rollers 17,
      17'. As the card traverses the track, its two magnetic tracks 11 and 12
      first pass adjacent a two gap recording head 18 and then a two gap reading
      head 19. A card position sensing system consists of a directional lamp 20
      which directs a narrow beam of light across the path of the card at a
      light sensitive sensor 21 such as a photoelectric cell. The spatial
      arrangement is such that when the card interrupts the light beam, the
      magnetic recordings area of the two tracks is just beginning to pass under
      the respective gaps of recording head 18. The interruption of the light
      beam is signalled to the control circuit 22 and storage register 14, as on
      line E, thus initiating the serial release of the stored information from
      storage register 14 to control circuit 22, as on line A.
PAR  A clock circuit 23 generates a constant frequency square wave clock pulse
      as indicated at B of FIG. 14, which pulse is fed to the storage register
      14 and the control circuit 22. The frequency of the clock pulse is
      coordinated in the initial design with the constant speed of travel of the
      card such that, in our specific example, there are exactly 32 evenly
      spaced bit spaces on the one inch lengths of data recording area which is
      used. The bit spaces are thus 0.03125 inch long, or to state it
      differently, the bits are 0.03125 inch apart. As will later be clear, in
      the particular two track encoding system I use (Phelps U.S. Pat. No.
      2,774,464), there is a one to one relationship between bit spacing and the
      smallest possible spacing between magnetic transitions on a magnetic
      track, such as occurs when a binary number repeats itself, such as in a
      zero-zero series or a one-one series. Thus the smallest possible spacing
      between magnetic transitions on a track is 0.03125 inch, or to state it
      another way, the magnetic transitions on a track are at least 0.03125 inch
      apart in the particular card I use. As explained elsewhere, the spacing of
      the magnetic transitions on a track is an important aspect of my
      invention. In accordance with the invention, the magnetic transitions
      should be at least 0.02 inch apart, corresponding, in the Phelps two track
      encoding system, to an information density of 50 bits per inch. As
      indicated this magnetic transition spacing is physically determined in the
      recording apparatus by the frequency of the clock pulse and the speed of
      the card drive system.
PAR  Referring particularly to FIG. 14 wave form A represents the manner in
      which the stored binary data is sent from the storage register 14 to the
      control circuit 22. It will be noted that the ones and the zeros are
      distinguished at this point solely by a difference in signal amplitude in
      the normal manner. The control circuit 22 generates, from signal A and the
      clock pulse, write current signals C and D which latter signals are fed
      respectively to the one and zero coils of recording head 18. In accordance
      with the afore-mentioned Phelps encoding system, the write current signal
      C reverses direction each time a binary 1 appears and at no other time.
      Similarly, the write current signal D reverses direction each time a
      binary zero appears and at no other time. Thus, a binary one will result
      in a reversal of polarity of the magnetization of the "one" track 12 and a
      binary zero will result in a reversal of polarity of the magnetization of
      the "zero" track 11. It should be noted that the direction of the reversal
      is of no significance, and that there is a reversal, either on the one
      track of zero track for each bit spacing, i.e. for each full wave length
      of the clock pulse.
PAR  C' and D' in FIG. 14 represent the wave forms of the read current signals
      induced in the respective coils of reading head 19 by the magnetization
      resulting from writing signals C and D, respectively. Since C' and D' are
      therefore the time derivatives of C and D, respectively, a pulse occurs on
      line C' of FIG. 13 wherever a one appears, and a pulse occurs on line D'
      wherever a zero appears. Here again the polarity of the pulse is of no
      significance, and a pulse occurs on either line C' or D' for each bit. The
      read signals C' and D' are fed to a comparator 24 where the binary series
      represented thereby is compared with the binary series received from the
      storage reservoir to verify that the recording operation has been free of
      error.
PAR  The Phelps U.S. Pat. No. 2,774,646 may be referred to for details of
      suitable conventional circuitry for generating the write current C and D
      of the two track system.
PAR  An important aspect of my invention has to do with the severe problem of
      producing satisfactory magnetization of a magnetic stripe which is covered
      with an overlay having a thickness of 2 mils or more. Recording heads on
      the market are designed for recording on immediately adjacent or nearly
      adjacent magnetic stripes since the magnetic information cards in use have
      little or no coating. The problem was solved by utilizing a forcing
      writing current about an order of magnitude greater than the normal design
      writing current of the recording head. For example, I use a Nortronics
      Encoding Head model DQ21GO48S19 to encode magnetic cards having a 5 mil
      overlay on the magnetic stripe. The recommended write current for this
      head is 12 milliamps. (Nortronics Design Digest, Mini-Digital Magnetic
      Recording, 3rd edition, page 24.) Recording through the 5 mil overlay
      could not be accomplished at or near the recommended writing current.
      Surprisingly, I found that when I used a forcing current of 100 milliamps,
      not only was satisfactory recording effected but the recording head did
      not burn out or suffer any other ill effect.
PAR  3. The Reading Apparatus And Method
PAR  Referring to FIG. 15, in the interests of completeness, there is shown in
      block form the complete meal plan system which forms and is part of the
      environment for the present invention. In the case of a meal plan system
      application a card reader 25 is located at the dining room entrance to
      verify that the student is entitled to the meal currently being served.
      The magnetic card 10 is inserted into the slot, indicated at 26, and
      signals that it has been inserted all the way by depressing the button 27
      of switch 28 to thereby effectively activate the reading head in the card
      reader so that the card is read upon its subsequent withdrawal. The card
      could be read upon insertion or upon withdrawal, but I prefer to read it
      upon withdrawal since it is found that the speed of manual withdrawal
      tends to be more constant than the speed of manual insertion.
PAR  The signal that the card has been inserted is sent to the memory and
      central processor 29 by way of transmission channel 30 and such signal
      clears a shift register in processor 29 so that it can receive and store
      the information as to student identification and meal plan which is read
      as the card is being withdrawn and transmitted serially to the processor
      via transmission channel 30.
PAR  A keyboard and control terminal 31 is provided for the cafeteria business
      office to initially put into the memory of the control processor, by way
      of transmission channel 32, information as to the meal plans to which the
      individual students have subscribed and to revise such information as may
      be necessary thereafter for one reason or another. The operator of the
      keyboard and control terminal, besides adding, deleting or revising
      information in the memory, can also query the memory as to the status of
      an individual account, total current meals eaten by all students, etc.,
      and such information is transmitted back to the control terminal 31 from
      the processor 29 and displayed as indicated at 33.
PAR  Receipt by the processor 29 from card reader 25 of the account number and
      meal plan information read from a card automatically initiates a query of
      the memory as to whether the memory contains any information under the
      particular account number, and if so, the status of the account. The
      processor 29 sends back to the card reader 25 any one of five responses,
      as indicated by signal lights 36, namely (1) "pass" -- the account is
      valid and entitled to the current meal; (2) "meal eaten" -- the account is
      valid but the current meal has already been eaten; (3) "card invalid" --
      the meal privileges for this account have been withdrawn; (4) "max meals
      eaten" -- the account is valid but the maximum number of meals to which
      entitled under the particular meal plan have been eaten; and (5) "reinsert
      card" -- this direction appears if parity on the card or in the
      communication link shows an error or if an account number is read for
      which there is no record in the memory of the central processor. When the
      central processor reports "pass" to the reader, it also automatically
      appropriately revises the memory by adding one to the number of meals
      eaten.
PAR  The card reader also receives from the central processor information as to
      total current meals eaten by all students, as indicated at 34 and also
      information as to the number of meals eaten by the individual student in
      the current week or other meal plan period, this latter information being
      flashed momentarily at 34.
PAR  In the usual installation, the memory and central processor 29 is a special
      purpose digital computer designed and wired using conventional data
      processing techniques for this particular application, and it and the
      keyboard and control terminal 31 are located at or near the cafeteria
      together with the card reader. However, the memory and central processor
      29 and/or the keyboard and control terminal 31 may be remotely located,
      and the memory and central processor may be a time-shared general purpose
      computer, e.g. in IBM SYSTEM/7, which is especially programmed for this
      application. In a situation where the central processor 29 and/or keyboard
      and control terminal are located remotely from the card reader or from one
      another, the transmission channels 30 and 32 may consist of an ordinary
      telephone line having a MODEM termination at each end over which line
      digital information is transmitted as a constant amplitude signal of two
      different frequencies associated respectively with zeros and ones. A
      single telephone line will suffice in each case since information is being
      transmitted in only one direction at a time.
PAR  Referring now to FIG. 16, wherein the electrical system for the reading and
      initial processing of the information magnetically encoded on the two
      tracks is shown, reference numeral 19' represents a reading head in card
      reader 25 having two gaps 40 and 41. The reading head is spatially related
      to slot 26 such that the "one" magnetic track of card 10 passes over the
      zero gap 41, as card 10 is withdrawn from its fully inserted position in
      the reader. As with the recoding head 19 of FIG. 13, I prefer to use a
      single reading head having two magnetic gaps, although two separate
      reading heads could be used if desired. In the preferred form of my
      system, I use a Nortronics Model B2H2K-NO reading head as heads 19 and 19'
      of FIGS. 13 and 16.
PAR  Coils 42 and 43 associated with gaps 40 and 41, respectively, feed the
      amplifier and integrators 44 and 45, respectively, the outputs C" and D"
      of which feed respective full wave rectifiers 46 and 47, respectively. The
      output C'" of full wave rectifier 46 provides one input to the "OR"
      circuit 48, the other input to the "OR" circuit being provided by the
      output D'" of full wave rectifier 47. The output C'" of full wave
      rectifier 46 can be considered as the "data" line and it provides the data
      input to a conventional 32 bit shift register 49 at the input side of the
      central processor 29. The output of the "OR" circuit 48 provides, as will
      hereinafter be apparent from FIG. 17, a clock pulse for the shift register
      49.
PAR  In FIG. 17, the wave forms of the various signals C", D", C'", D'", and
      clock signal E are shown for the same illustrative case as was used in
      connection with FIG. 14, namely a binary series 11000110010. In recorder
      of FIG. 13, the speed of the card was constant and therefore the signals
      C' and D' generated in the respective coils of reading head 19 were of a
      constant amplitude, as indicated in FIG. 14. In the case of the reader
      19', however, the speed of the card 10 may change as it is manually
      withdrawn from the reader. Amplifiers and integrator 44 and 45, acting as
      clipper circuits, are therefore used to process the variable amplitude
      signals (not shown) from coils 42 and 43 into constant amplitude signals
      C" and D" identical to signals C' and D' of FIG. 14. The full wave
      rectifiers and shapers 46 and 47 transform the bipolar signals C" and D"
      into unidirectional square wave signals C'" and D'", respectively, a
      positive square wave pulse appearing on line C'" at every bit space
      containing a "one " and an identical positive square wave pulse appearing
      on line D'" at every bit space containing a zero. Inasmuch as in the
      illustrated system of decoding (the aforesaid Phelps system) a "zero" or a
      "one" appears at every bit space, the output E of the "OR" circuit 48
      necessarily exhibits a pulse at every bit space, and it can therefore be
      used as the clock pulse input to shift register 49. It will be apparent
      that the present data reading and processing system is self clocking
      irrespective of variation in the speed of card 10 during withdrawal from
      the reader.
PAR  As card 10 is withdrawn from the reader, the shift register is serially
      filled up with, for example, the 31 bit binary series recorded on the
      card, "one" being entered at every bit space where a clock pulse and a
      "one" simultaneously occur on lines E and C'", respectively, and a "zero"
      being entered at every bit space where a clock pulse occurs on line E and
      no signal appears on line C'". The transferral of the complete binary
      series from the card 10 to the shift register 49 is signaled by the entree
      of the "one" flag bit from bit space No. 1 of the card (see FIG. 12) in
      the 31st bit space of the shift register. The complete binary series can
      then provide the conventional parallel date input to the remainder of the
      central processor on output lines 50, as indicated.
PAR  Also shown in FIG. 16 is the operating button 27 of switch 28 described in
      connection with FIG. 15. When the card 10 is fully inserted in reader 25,
      the closing of switch 28 effectively activates the reading head 19' by
      providing a signal which resets register 49 so that it is ready to receive
      a new binary series as the card is withdrawn.
PAR  Referring to FIGS. 18 through 22, there is shown a molded portion 51 of
      reader 25 which forms slot 26 and supports reading head 19' in a position
      underneath the card. The slot 26 has dimensions only the slightest bit
      greater in width and thickness than the width and thickness of the card
      itself. Thus, very little play of the card is possible laterally or up and
      down when it is inserted into the slot. In view of this relatively tight,
      but not binding fit, a larger (in both directions) opening 52, is provided
      in the front face of the molded portion 51, and the inwardly slanting
      planes 53 connecting this longer opening with slot 26 form a kind of
      funnel to facilitate the manual insertion of the card into the slot. The
      relatively tight, but not binding fit, of the card in the slot, when taken
      with the previously described flexibility and resiliency characteristics
      of the card itself, has the important beneficial effect of tending to
      straighten out and remove creases from bent and/or creased cards.
PAR  An important feature of the invention is that the reading head 19' is
      positioned so that its operating end (which contains the magnetic gap)
      extends an appreciable distance into the slot 26, as best seen in FIGS. 19
      and 20. For example, assuming a card thickness (and slot width) of 22
      mils, the reading head should extend into the slot about 7 mils. In order
      to accomodate the thickness of the card at the reading head a rectangular
      relief hole, indicated at 54, is provided in the molding on the opposite
      side from the reading head. As indicated in FIGS. 19 and 20, the hole is
      the same dimension as the reading head along the direction of travel of
      the card. In a direction normal to the direction of travel of the card,
      the dimension of the hole must be somewhat greater than that of the
      reading head, preferably about 1/16 inch, as best seen in FIGS. 18 and 21.
PAR  When the card is inserted into the slot, its leading edge strikes the
      rounded surface of the reading head 19'. Sufficient force must then be
      applied to force the portion of the card in contact with the reading head
      up and around the curved portion so that it conforms to the curved
      surface, and its upper side extends in the same curved fashion into hole
      54, as best seen in FIG. 20. In the direction normal to the direction of
      travel of the card, the fact that the hole has a greater dimension than
      the reading head provides sufficient leeway to permit the card to extend
      up into the hole, as best seen in FIG. 21. Thus, there is effected a
      localized region of stress and deformation of the card about equal in area
      to that of the reading head, which region travels along the length of the
      card as the card is inserted and withdrawn from the reader. When taken in
      association with the flexibility and resilience characteristics of the
      card, this localized deformation has two important advantageous effects:
      (1) the card maintains a continuous and repeatable pressure over about a
      one-half square inch surface of the reading head of an appropriate value
      of about eight pounds per square inch, and (2) any bends or creases in the
      card in the area containing the magnetic medium tend to be removed as the
      card is inserted.
PAR  In summary, a number of features of my overall system cooperate in a unique
      way to provide an information card and associated apparatus which are
      especially durable and reliable under rigorous conditions of use in the
      field, the more important of these features being the following:
PA0  1. the provision of a margin on all sides of the sealed magnetizable
      medium;
PA0  2. the thickness and composition, as described, of the various layers
      making up the cards;
PA0  3. the provision of a protective overlay of at least 2 mils over the
      magnetic stripe;
PA0  4. use of a self-clocking encoding system, such as the Phelps system, which
      has a high information content per magnetic transition;
PA0  5. the maintenance of a minimum spacing between magnetic transition of at
      least 0.02 inch on any track;
PA0  6. the use of a very high forcing current in the recording head used to
      encode the magnetic stripe through the overlay; and
PA0  7. the provision of a relief hole opposite the reading head in association
      with a unique spatial relationship between card, card slot, and reading
      head, such that a portion of the card is locally stressed and deformed
      into the relief hole as it is inserted into the slot.
CLMS
STM  I claim:
NUM  1.
PAR  1. A card reader for reading information magnetically recorded on a
      magnetic stripe extending lengthwise on a flexible resilient generally
      rectangular information card, comprising structural means forming a
      rectangular slot adapted to receive said card as it is manually inserted
      lengthwise into said slot, said slot having a width and thickness
      substantially equal to but greater than, the width and thickness,
      respectively of said card and such as to accommodate said card in a close
      but not binding fit, said slot having a length such as to accommodate all
      of said card except for a finger held portion at the end of said card, a
      magnetic reading head mounted on said structural means at a position along
      the width of said slot corresponding to the position of the magnetic
      stripe along the width of said card, the magnetic gap end of said reading
      head extending into one side of said slot to a point such that the
      remaining distance from said magnetic gap end to the other side of said
      slot is less than the thickness of said card, and means forming a relief
      hole in said structural means disposed at the other side of said slot at a
      position opposite the gap end of said reading head, said relief hole
      having a dimension in the direction of the width of said slot greater than
      the dimension of said reading head in that direction and less than the
      width of said card in that direction, and having a dimension in the
      direction of the length of said slot at least as great as said reading
      head in that direction, the gap end of said reading head having a curved
      surface extending along the lengthwise direction of said slot, whereby, as
      the card is pushed into said slot and past said reading head, the said
      curved surface forces a portion of said card to form an indented localized
      area of deformation and stress at said relief hole.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 further including an electrical switch
      disposed at the inner end of said slot and adapted to be actuated by the
      card when fully inserted, and means responsive to the actuation of said
      switch for activating said magnetic reading head to read the magnetically
      encoded information from the card as the card is being withdrawn from the
      reader.
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PAL  The present invention relates to a time card computer that is adapted to
      compute or calculate the total time worked by a worker over a specified
      time period and in the process compensates or subtracts for interim time
      out periods. The time card computer of the present invention is of the
      circular or disc type and includes a stationary total time worked scale, a
      movable time reference scale disposed radially inward of said total time
      worked scale and a movable time out or subtracting scale disposed radially
      inwardly of said time reference scale.
PAL  In computing the total time worked by a worker over a specified period of
      time, the time reference and time out scales are indexed relatively to the
      stationary total time worked scale. In computing the total time worked
      over a specified period of time, the total time worked scale and time out
      scale are so scaled that equal increments of time inscribed upon each
      corresponds such that the total time worked appears on the total time
      worked scale opposite the final stopping time on the time out scale. To
      compensate for time out periods that occur within the specified time
      periods, the time out scale can be moved relative to the time reference
      scale which effectively subtracts the time of any interim time out period.
BSUM
PAR  The present invention relates to time calculators and more particularly to
      time calculators of the circular or disc type having sliding time
      incremented scales associated therewith.
PAR  Today the "punch-in and punch-out" time clock is widely used by employers
      in keeping accurate daily time records of employees. Although such has and
      continues to be an effective and efficient means of recording time worked,
      nevertheless there always remains the difficult and time consuming task of
      converting the starting and stopping times between breaks and time outs in
      to actual hours worked. In this regard, the "time outs or breaks"
      especially are troublesome in that they require converting the start-stop
      times into actual hours worked and then adding the actual hours worked
      before and after the time out to arrive at the total time worked for a
      certain period of time.
PAR  In view of the difficulty in converting start-stop times into actual hours
      worked and compensating for any interim time out periods, the present
      invention has been devised and presents a time computing calculator in the
      form of a circular or disc type slide calculator. Basically, the time
      calculator of the present invention comprises three basic scales: (1) a
      total time worked scale having an index point and consecutive time
      increments inscribed around the scale; (2) a time reference scale disposed
      adjacent the total time worked scale and including daily time increments
      inscribed thereon and extending along side the various time increments on
      said total time worked scale; and (3) a "time out" subtracting scale
      having daily increments of time corresponding to the increments of time on
      said time reference scale inscribed thereon, the daily time increments of
      both the time out and time reference scales being disposed adjacent each
      other and both scales being movable relative to said total time worked
      scale.
PAR  Generally, the circular or disk type time computer is utilized by
      ascertaining the start time and moving the time reference and time out
      scales to where the ascertained start time is aligned with the index point
      on said total time worked scale. Next, the stopping and starting times
      between a "time out" or "break" is ascertained. The time out scale is then
      moved relative to the time reference scale to where the starting time
      after the time out on the time out scale aligns with the stopping time
      before the time out on the time reference scale. The effect of this is
      that the elapsed time during the time out is effectively substantial
      because of the proper scaling of the time reference and time out scales.
      Finally, the final stopping time is ascertained by using an indicating
      pointer, radius hairline or simply from close observation, the total hours
      worked over the particular time period is indicated on the total time
      worked scale opposite the final stopping time on the time out scale.
      Consequently then, it is seen that the slide or disc type calculator of
      the present invention allows one to readily ascertain the total hours
      worked over a specified period of time given the respecting
      starting-stopping times, and allows the user thereof to readily subtract
      "time out" or "break" periods by mechanical adjusting the time reference
      and time out scales.
PAR  It is, therefore, an object of the present invention to provide a time
      calculator that is adapted to compute the actual total worked time of a
      worker over a specified period of time compensating or deducting the "time
      out" or "break" periods during the specified time.
PAR  A further object of the present invention resides in the provision of a
      time computer for computing the actual worked time of a worker over a
      specified period of time wherein the time computer is of a circular or
      disc type sliding scale instrument.
PAR  Still a further object of the present invention is to provide a time
      computer for converting the starting and stopping times of a worker over a
      specified period of time into actual total hours worked during that time,
      and to provide means for compensating or deducting for time out or break
      periods that may occur during the specified period of time.
PAR  A further object of the present invention is to provide a time computer
      that is simple to operate, relatively inexpensive, and readily lends
      itself to conventional means of recording starting-stopping times of a
      worker over a specified period of time.
PAR  Still a further object of the present invention is to provide a time
      computer that is adapted to compute total time worked giving the
      respective starting-stopping times of a worker, and wherein the computer
      is so scaled such that the total time worked can be determined to the
      nearest minute, thereby giving rise to an extremely accurate and precise
      time computing instrument.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      and obvious from a study of the following description and accompanying
      drawings.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the multi-scale time calculator of the present
      invention illustrating a first example of computing actual time worked
      from a given set of start-stop times.
PAR  FIG. 2 is also a top plan view of the same time calculator illustrating a
      second example of computing actual time worked from a given set of
      start-stop times.
PAR  FIG. 3 shows the same time calculator illustrating a third example of
      computing actual time worked from a third given set of start-stop times.
PAR  FIG. 4 is a cross sectional view of the time calculator shown in FIG. 1
      taken along the lines 4--4 of FIG. 1.
PAR  FIG. 5 is an enlarged fragmentary plan view of a portion of the multi-scale
      time calculator shown in FIG. 1, this enlarged fragmentary view
      particularly illustrating the relationship of the various radially spaced
      scales on a larger scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings, the circular or disc type time calculator
      of the present invention is shown therein and indicated generally by the
      numeral 10. Viewing the disc type calculator type 10 in greater detail, it
      is seen that the same comprises a base disc 12 having an outer terminal
      circular edge 12a, an intermediate disc 14 having an outer terminal
      circular edge 14a, and an inner disc 16 having an outer circular terminal
      edge 16a.
PAR  The base disc 12, intermediate disc 14, and inner disc 16 are all three
      concentrically oriented and secured together in overlying relationship by
      a pivot pin 18 extending axially through each and having a retaining nut
      20 secured to one end thereof adjacent the back side of the base disc 12.
      Therefore, it is appreciated that the base disc 12 is generally
      stationary, while the intermediate and outer discs 14 and 16,
      respectively, can be rotated about the axis of the pivot pin 18.
PAR  Pivotably mounted about pivot pin 18 is a radius sliding indicator arm 22,
      the radius arm 22 extending from the center of the time calculator 10
      radially outwardly across all three discs 12, 14 and 16. Sliding indicator
      18 basically comprises a back arm 24 pivotably mounted about pivot pin 22
      and extending adjacent the back side of the base disc 12. The outer edge
      of the back arm 24 is turned up and has a hairline 26 fixed thereto and
      extending inwardly therefrom where the inner end of the hairline pivots
      about the axis of the pivot pin 18. It will be appreciated by those
      skilled in the art that the radius arm 22 could include a clear plastic
      arm like member about the top side of the time computer 10 with the
      hairline 26 incubed thereon.
PAR  Inscribed circumfentially about the outer portion of the base disc 12 is a
      series of stationary scales denoted C.sub.1, C.sub.2 and C.sub.3. All
      three of these C scales are what is referred to as total time worked
      scales and only differ in the number of equal time graduations between
      even hourly marks.
PAR  More specifically, each C scale includes an index point 28 and 12 hourly
      divisions inscribed around the respective scale; the hourly divisions
      beginning at 1 and continuing consecutively clockwise, as viewed in FIGS.
      1-3, to 12. It is seen that the 12th hourly division coincides with the
      index point 28. Scale C.sub.3, the outer scale on disc 12 is divided into
      quarter hour segments between respective hourly divisions. Scale C.sub.2,
      the intermediate stationary actual time worked scale, is divided into
      tenths of hours between respective hourly divisions. Finally Scale
      C.sub.1, the inner scale on disc 12, is divided into minutes (1/60 hr.)
      between respective hourly divisions. Thus, it is appreciated that by using
      Scales C.sub.1, C.sub.2, or C.sub.3 actual worked time can be determined
      to the nearest quarter-hour, tenth hour or minute.
PAR  Inscribed circumfentially around the outer face edge of the intermediate
      disc 14 is Scale B which is referred to as a "Time Reference" scale. Scale
      B includes daily time increments that range from 1 to 12, these time
      increments representing daily hourly time. Between each hour of time there
      are sixty (60) equal divisions, each division representing one minute of
      time.
PAR  Finally, inscribed circumfentially about the outer face edge of the inner
      disc 16 is Scale A which corresponds to Scale B. Scale A is referred to as
      a "time out" scale since it is used in conjunction with Scale B to
      compensate for time out periods of a worker during the specified working
      day or period.
PAR  Viewing all scales together it is noted that each scale is so scaled that
      equal increments of time occupy the same radial angle. Expressed
      differently, 15 minutes on either scale correspond to 15 minutes on any
      other scale.
PAC  OPERATION
PAR  With reference to FIG. 1 and Example 1, assume that an employee began work
      at 8:00 o'clock A.M., and stopped working at 4:00 o'clock P.M., and had no
      time out periods. To determine the total actual worked time, Scales A and
      B would be moved to where the starting time (8:00 o'clock A.M.) aligned
      with the index point 28 (FIG. 1). Next the radius arm 22 is moved to where
      it aligns with the stopping time (4:00 o'clock P.M.) on Scale A, the time
      out scale. The computed total worked time is 8 hours indicated on either
      Scales C.sub.1, C.sub.2, or C.sub.3 under the hairline 26.
PAR  FIG. 3 illustrates a second example of computing actual time worked by a
      worker over a specified period of time. In this example, assume that the
      employee begun work at 7:30 o'clock A.M. and stops at 5:08 o'clock P.M.,
      taking out 30 minutes for lunch from 12:30 P.M. to 1:00 o'clock P.M. To
      determine the total actual time worked from 7:30 o'clock A.M. to 5:08
      o'clock P.M., both scales A and B would be moved such that the starting
      time of 7:30 o'clock A.M., appearing on each, would be aligned with the
      index point 28 on the stationary C scales. Scale A would then be moved
      counterclockwise, as viewed in FIG. 3, until the 1:00 o'clock reading
      thereon was aligned with the 12:30 o'clock reading on Scale B, this scale
      manipulation being done while carefully holding scale B stationary. Thus,
      it can be seen that the effect of moving Scale A relative to Scale B is to
      subtract the time out period between 12:30 o'clock P.M. and 1:00 o'clock
      P.M. Finally, to determine the total actual time worked between 7:30
      o'clock A.M. and 5:08 o'clock P.M., the radius arm 22 is moved to where
      the hairline 26 aligns with the stopping time 5:08 o'clock P.M. on scale
      A. Now, the total worked time can be found opposite the hairline on either
      one of the C scales, and can, therefore, be read to the nearest quarter
      hour, tenth hour, or minute.
PAR  Lastly, turning to FIG. 2 and a third example of computing the time over a
      specified period of time, assume that the employee began work at 7:12
      o'clock A.M., and stopped work at 5:40 o'clock P.M. Also, assume that the
      employee punched out for lunch at 11:53 o'clock A.M., and punched in after
      lunch at 1:06 o'clock P.M. To determine the total actual hours worked
      between the starting time 7:12 o'clock A.M. and the final stopping time
      5:40 o'clock P.M., scales A and B would be indexed relative to the C
      scales such that the starting time of 7:12 o'clock A.M., on both scales A
      and B are aligned with the index point 28. Scale A would then be rotated
      counterclockwise, as viewed in FIG. 2, until the start back time of 1:06
      o'clock on Scale A is opposite the stop time (before the time out) of
      11:53 o'clock on Scale B. As can be appreciated, this has the effect of
      subtracting the hour and 13 minutes taken out for lunch. To determine the
      total actual worked hours then between 7:12 o'clock A.M. and 4:40 o'clock
      P.M., the sliding radius indicator 22 is moved to where the hairline 26
      thereof aligns with 4:40 o'clock, the final stopping time, on Scale A and
      the total worked time appears on Scale C.sub.3 as 81/4 hours, on Scale
      C.sub.2 as 8.2 hours, and on Scale C.sub.1 as 8 hours 15 minutes.
PAR  From the foregoing, it is apparent that the circular time calculator of the
      present invention has the advantage of being easy and simple to operate
      while providing a precise and accurate means for computing time over a
      selected work day. Another principal advantage of the time computer of the
      present invention is its ability to compensate for "time out" periods that
      may occur during the work day. By taking into account these time out
      periods, the user of the time computer of the present invention can
      determine the total hours worked for a day by simply knowing the beginning
      or starting time and the final stopping time, and the starting and
      stopping times of any time outs or breaks. The use of the time computer
      enables the user to compute the time to the nearest quarter hour, the
      nearest tenth of an hour, or to the nearest minute without having to
      convert hours to quarter hours or to tenths of hours or to minutes; and
      allows the user to compute the total worked time without having to first
      determine the total time worked prior to break, the total work subsequent
      to a break, and then having to add the two and make whatever conversions
      are necessary to come up with the final total hours worked.
PAR  The present invention, of course, may be carried out in other specific ways
      than those herein set forth without departing from the spirit and
      essential characteristics of the invention. The present embodiments are,
      therefore, to be considered in all respects as illustrative and not
      restrictive, and all changes coming within the meaning and equivalency
      range are intended to be embraced herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-scale circular disc time computer comprising: a first circular
      disc having three separate radially spaced total time worked scales
      inscribed thereon, said total time worked scales including a first
      circular scale divided into minute increments, a second circular scale
      divided into tenth-hour increments and a third scale divided into
      quarter-hour increments; a second circular disc rotatively mounted above
      said first circular disc about an axis that is concentric with said total
      time worked scale, and wherein the outer peripheral edge of said second
      circular disc is spaced radially inwardly from at least one total time
      worked scale inscribed on said first circular disc, and wherein said
      second circular disc includes a reference time scale having consecutive
      minute increments of time circumferentially inscribed about a circular
      path on the front outer side thereof inwardly of the outer peripheral edge
      of said second circular disc such that when selectively set and viewed
      together equal increments of time on said time reference and total time
      worked scales are radially aligned; a third circular disc centrally
      disposed over said first and second discs and of a less diameter than
      either, said third circular disc being rotatively mounted about the same
      axis as said second circular disc and having an outer peripheral edge
      spaced inwardly of said time reference scale inscribed on said second
      circular disc, said third circular disc having a time out scale including
      minute increments of time corresponding to increments of time on said time
      reference scale circumferentially disposed about the front outer portion
      thereof whereby the total actual worked time may be calculated by moving
      either said reference time scale relative to said time out scale or vice
      versa to effectively subtract "time-out," and reading the actual time
      worked for a specified period indicated on any one of said total time
      worked scales opposite the stop time on the particular scale moved; and a
      radius indicating arm pivotably mounted about the axis of said first and
      second circular discs and extending radially therefrom over said first,
      second and third circular discs and the various scales inscribed on such
      discs, said radius arm including a back arm pivotally mounted about the
      axis of said first and second circular discs and extending radially
      therefrom adjacent the back side of said first circular disc, and wherein
      said back arm includes a turned outer end that generally extends around
      the outer periphery of said first circular disc, and a hairline extending
      radially inwardly from said outer turned end to said axis and aligned with
      said back arm and movable therewith as said back arm is pivoted about its
      axis of rotation.
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ABST
PAL  A utility or service meter including print-out means stored in a
      tamper-proof zone of a housing and presentable to a record card insertable
      in the housing to print the accumulated total of the units of the service
      consumed.
BSUM
PAR  This invention relates to a pulse counter, particularly for dispensing
      consumption meters of the kind in which the consumed amount is printed, by
      means of numeral symbols, on a card which is insertable into a slot formed
      in the meter housing, said meter comprising an accumulating
      counting-mechanism which, upon actuation by a manual control means, is
      movable from an inoperative position concealed and protected in the
      housing to an operative card-stamping position adjacent said slot, in
      which position the counting mechanism prints with ink onto the card the
      consumption amount or value accumulated in the counting mechanism.
PAR  Measurement values from electricity, oil, water and heat meters usually are
      collected in such a manner, that a meter reader at least once a year calls
      upon the consumers and records the meter readings. The resulting meter
      values then require a certain manual procedure for invoicing. The supplier
      usually distributes invoices to the consumers three or four times a year,
      of which invoices the second and third are based on a consumption, which
      is estimated from the consumption in the preceding year, or stated by the
      consumer on a card provided for this purpose and to be mailed to the
      supplier. Outside Sweden, furthermore, a system has been tested in which
      the meter reader carries a tape recorder, which is connected at the
      consumer's place to the meter in question for recording the meter reading
      on tape, whereafter the values thus obtained are processed mechanically
      for invoicing.
PAR  The object of the invention is the improved collection of consumption
      values from meters of the aforesaid kind.
PAR  This object is achieved by a pulse counter for consumption meters.
PAR  The application of the invention, in practice, contemplates that the
      consumer reads the meter, but does not manually record the meter reading
      on a card intended for this purpose, with the errors which thereby may
      arise. The customer inserts a special card into the meter and the meter
      reading then is automatically stamped on the card. This involves, for the
      supplier, the advantage of being able to process these special cards
      mechanically in an optical reader and in a data processing machine for
      direct typing of invoices without labor being engaged. For the consumer,
      it involves the advantage that the invoiced charge is based on the
      electric energy, oil quantity and, respectively, water or heat quantity
      which is indicated on the stamped card and which actually had been
      consumed at the date of payment in question, and is not based on a
      consumption estimated by guessing.
DRWD
PAR  The invention is described in greater detail in the following description,
      with reference to the accompanying drawing showing an embodiment, in which
      drawing
PAR  FIG. 1 shows a meter provided with the special pulse counter according to
      the invention, which meter is shown from the side with a short wall
      removed, the inoperative position of the counting mechanism being shown in
      solid lines and its operative stamping position being indicated by
      dash-dotted lines.
PAR  FIG. 2 shows the meter according to FIG. 1 seen from above with a removed
      upper wall.
PAR  FIG. 3 shows the electric wiring diagram for the pulse counting part of the
      meter shown in FIGS. 1 and 2.
DETD
PAR  In FIG. 1 a service meter is shown which is provided with the special pulse
      counter according to the invention. The meter is enclosed in a housing 23
      provided with a slot 26 for inserting therein a stamp card to be stamped.
      A stamp pad 27 is rigidly mounted at the upper wall of the card insert
      slot in the housing 23. A counting mechanism 10 comprising a plurality of
      counting wheels which are movable on a shaft 24 can be moved from an
      inoperative position, shown by solid lines, to an operative stamping
      position shown by dash-dotted lines. In the inoperative position, the
      counting mechanism 10 is located at a great distance from the slot 26, so
      that the counting mechanism wheels are not accessible from outside through
      the slot by means of a foreign object intended to manipulate the counting
      wheels. For the stamping operation, the counting mechanism 10 is impelled
      forward from its inoperative position; strikes with its printing types
      against the stamp card, and returns to its inoperative position. The
      stamping operation proper is released manually. The counting mechanism 10
      is arranged in a counting mechanism stand 25, which is rotatably supported
      on a shaft 22 mounted in the housing 23 (FIG. 2), which shaft constitutes
      a torsion spring. The counting mchanism stand 25 has a U-shaped
      cross-section, as best shown in from FIG. 2. The lower wall of the
      card-insert slot 26 includes an aperture 28, through which the counting
      mechanism wheels, during the stamping operation, strike against the stamp
      card.
PAR  For releasing the stamping movement, a push-button 18 is actuated which can
      be pulled-out and pressed-in, relative to the meter housing. At the
      push-button end located within the housing, a lever link 19 is slidably
      and pivotally connected, which link, at its other end, is rockable at a
      shaft rigidly mounted in the housing. A second link 29 is rotatable at one
      end in a point between the ends of the link 19. The opposed end of the
      link 29 is rotatable with a tension link 21 adapted to tension the torsion
      spring 22 of the counting mechanism stand 25. A weak spring 20 holds the
      push-button 18 in inoperative position against the housing, after the
      stamping operation is effected. When stamping operation is desired, the
      button 18 is first pulled out to the position shown in FIG. 2. Thereby the
      toggle mechanism formed by the links 21 and 29 is straightened. For
      effecting stamping, the button 18 is thereafter forcefully moved inward
      toward the housing and thereby releases the stamping operation.
PAR  A toothed ratchet wheel 8 according to FIG. 1 is provided to advance the
      number wheels in the counting mechanism 10 by means of a feed-hook member
      9, which is a pawl mounted on a lever and which is rockable about a pivot
      or shaft 30 and limited in its clockwise movement by a stop shoulder 12.
      The opposed end of the rockable feed-hook member 9 is actuated by a
      solenoid plunger 6, which at each pulse to be counted is advanced to the
      position shown by dash-dotted lines and thereby moves the feed-hook member
      9 to its position, also shown by dash-dotted lines, against the action of
      a spring 7, one end of which is fastened to the feed-hook member with
      other end fastened to the counting mechanism stand 25. In operation, the
      spring 7 urges the lever of the feed-hook member 9 to rotate about the
      pivot or shaft 30 in a clockwise direction. Consequently, when the plunger
      6 projects or advances, it rotates the feed-hook member 9 counterclockwise
      disengaging it from the ratchet wheel 8 and tensioning the spring 7. When
      the plunger 6 retracts back into the solenoid from which it projects, the
      spring 7 causes the feed-hook member to positively engage the ratchet
      wheel 8 and rotate the ratchet wheel clockwise. The plunger 6 is made of
      iron and slides in a magnet coil 3 held by a magnetic strap 14. A sleeve
      or pipe 15 of non-magnetic material, for example brass, extends through
      the strap 14 and magnet coil 3 and forms a slide surface for the plunger
      6. Said pipe 15 is open at the end facing towards the feed-hook member 9.
      When the coil 3 has received a current pulse, and the plunger 6 has
      performed its work whilst tensioning the spring 7, the plunger is not
      stopped against the strap 14 as in a conventional electromagnet, but it
      can freely continue to deliver its excess kinetic energy to the spring 7.
      This effects the result that the kinetic energy is not transformed to
      impact energy, which would give rise to noise with a disturbing effect,
      for example in a dwelling. In order to improve the device still more so as
      to operate silently, the plunger 6 is provided with a plastic stud 13 at
      its end acting against the hook member 9. The pipe 15, furthermore, at the
      opposite end, is provided with a plug 16 and a damper 17 of a
      rubber-elastic material. When the plunger 6 has performed its work and is
      being returned by the spring 7 at a relatively high speed to its original
      position, the plunger is braked by the air cushion formed in the
      closed-end, damping chamber of the pipe 15 and finally by the damper 17.
      The braking, thus, takes place also in this direction softly and
      noiseless.
PAR  In FIG. 3 a wiring diagram for the electric components of the device is
      shown. The electric circuit comprises, in addition to the aforementioned
      magnet coil 3 with plunger 6, a number of components, which in FIG. 1 are
      indicated within the housing 23 farthest upwardly to the right.
PAR  The energy or volume consumed, for example kWh in an electricity meter or
      water or oil in a water-and-oil meter, respectively, controls a
      symbolically-shown pulse emitter or transmitter 2, which, of course, may
      be a component being conventionally incorporated in a consumption meter.
      The components incorporated in the device according to the invention, of
      course, can be so integrated with the known meter components that it
      results in an entirely new consumption meter design. In order to simplify
      the description, however, the meter according to the invention is assumed
      to be an addition to an existing consumption meter, for example, for
      consumed electric energy. The transmitter comprises a cam disc 31, which
      rotates proportionally to a predetermined number of service units
      representing the energy consumed. For each revolution of this cam disc a
      contact 32 is closed. The pulse meter 33 proper is supplied with current
      from the alternating-current mains between the terminals 34, 35 when the
      contact 32 is closed. The alternating current (220 V) is rectified in a
      rectifier bridge 1. In a consumption meter of the kind indicated, the
      consumption can be imagined to stop for a longer or shorter time when the
      contact 32 had been closed, so that this contact remains closed for a
      longer time. In other words, the pulses to the pulse meter 33 from the
      transmitter 2 can have a widely varying duration relative each other. In
      order to prevent the flow of current from the mains for a longer time
      through the pulse meter, and thereby heating of the magnet coil 3 and
      useless energy consumption, a capacitor 4 and a resistance 5 are inserted
      into the electric circuit between the rectifier bridge 1 and magnet coil
      3. The coil thereby carries only a current which corresponds to the energy
      amount consumed for charging the capacitor 4. The capacitor and magnet
      coil are so dimensioned that the plunger 6 is capable to tension the
      spring 7 before the capacitor is fully charged. The charging time may be
      as short as 30 ms. After the plunger 6 has performed a forward stroke and
      thereafter reassumed its inoperative position, by action of the spring 7,
      and when the contact 32 then still is closed, (i.e., when the pulse to the
      pulse meter still remains), then only a small current of the magnitude 2
      mA flows through the resistance 5 and coil 3. When the pulse from the
      transmitter 2 gradually ceases, the capacitor 4 is discharged within some
      seconds through the resistance 5, and the pulse counter 33 is ready to
      receive a new pulse from the transmitter 2 for recording in the counting
      mechanism 10 via the toothed wheel 8. A diode 11 connected in parallel
      with the magnet coil 3 has as its function to smooth the rectified,
      alternating-current pulse. This provides the possibility of selecting a
      smaller capacitor 4. If the pulse transmitter 2, instead of
      alternating-current pulses delivers direct-current pulses, the rectifier
      bridge 1 as well as the diode 11 are, of course, superfluous.
PAR  The invention has been described above in relation to a speial embodiment,
      but it can, of course, be modified in various ways within the scope of the
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A service meter including
PA1  a housing having
PA1  totalling means for accumulating a total of service units consumed, said
      totalling means including:
PA1  a pulse counter,
PA1  pulse emitting means responsive to the consumption of a predetermined
      number of service units for emitting a pulse, said pulse emitting means
      including a contact and means for opening and closing said contact,
PA1  a solenoid including:
PA1  a coil connected to said pulse emitter and
PA1  a plunger advanced by said coil positioned to engage said pulse counter,
      said pulse counter including:
PA1  transmission means including a resistance-capacitance circuit in series
      with said pulse emitting means and said coil, whereby a current pulse from
      the pulse emitting means is applied to said coil immediately upon closing
      said contact, and a current is applied to said coil as long as said
      contact remains closed,
PA1  printing means, said printing means being mounted inaccessibly in said
      housing,
PA1  a card slot in said housing, and
PA1  means for selectively displacing said printing means toward said card slot
      to cause an imprint of the pulse counter total upon a card entered
      therein.
NUM  2.
PAR  2. A meter as set forth in claim 1 in which said pulse counter includes a
      ratchet and a lever mechanism, and said plunger is positioned to engage
      said lever.
NUM  3.
PAR  3. A meter as set forth in claim 2 including an elastic damper between said
      lever and said plunger.
NUM  4.
PAR  4. A meter as set forth in claim 2 including a non-magnetic sleeve
      surrounding at least a portion of said plunger, said sleeve being closed
      at its end remote from the lever to form a damping chamber with said
      plunger.
NUM  5.
PAR  5. A meter as set forth in claim 4 including an elastic damper between said
      lever and said plunger.
NUM  6.
PAR  6. An apparatus for monitoring an amount of service units consumed
      comprising:
PA1  means for periodically generating pulses indicative of consumed service
      units;
PA1  solenoid means including a coil and a plunger movable by said coil upon
      energizing said coil;
PA1  means for applying said pulses to said coil to energize said coil;
PA1  tubular means for mounting said plunger for reciprocation within said coil,
      said tubular means being closed at one end, and said plunger being freely
      slidable with respect to said tubular means, except when engaging said
      closed end,
PA1  lever means having pawl means thereon, said lever means being engaged by
      said plunger, and pivoted to rotate from a first position to a second
      position, as the plunger advances away from said closed end,
PA1  a ratchet wheel engaged by said pawl means, said pawl means restraining
      said ratchet wheel from rotation, when said lever is in said first
      position, and rotating said wheel as said lever moves from said second
      position to said first position,
PA1  biasing means for urging said lever to said first position from said second
      position to thereby drive said ratchet wheel in rotation,
PA1  accumulating means indexed by said ratchet wheel for totalling the service
      units indicated by said pulses,
PA1  printing means organized by said accumulating means,
PA1  means for mounting said accumulating means printing means and lever means
      for displacement relative to said solenoid means,
PA1  a housing enclosing said apparatus, and having a slot therein for receiving
      a card to be printed upon, and
PA1  means for displacing said mounting means to register said printing means
      with said slot, to cause said printing means to record the accumulated
      amount of service units on a card inserted in said slot.
NUM  7.
PAR  7. The apparatus of claim 6 wherein an elastic damper is disposed between
      said plunger and said lever to insure quiet cooperation therebetween.
NUM  8.
PAR  8. The apparatus of claim 6 wherein said plunger and said tube form a
      pneumatic damper, in which air is compressed between the plunger and said
      closed end, as said biasing means returns said lever to said first
      position.
NUM  9.
PAR  9. The apparatus of claim 8 wherein an elastic damper is disposed between
      said plunger and said lever to insure quiet cooperation therebetween.
NUM  10.
PAR  10. The apparatus of claim 8 wherein said closed end is formed of resilient
      material.
NUM  11.
PAR  11. The apparatus of claim 6 wherein said means for periodically generating
      pulses is an electrical contact, which when closed generates a pulse, and
      wherein said means for applying generated pulses to said coil includes a
      resistance-capacitance circuit in series with said electrical contact and
      said coil, whereby a current pulse from the pulse emitting means is
      applied to said coil immediately upon closing said contact, and a current
      is applied to said coil as long as said contact remains closed.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said resistance-capacitance circuit
      is comprised of a resistor and capacitor in parallel with one another.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the pulse is applied through an
      alternating current circuit, which includes rectifying means for
      converting alternating current to direct current for application to said
      coil.
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ABST
PAL  An improved circuit at the input of a high frequency counter includes a
      bias-sensitive binary divider in the input stage and includes circuitry
      for altering the bias on the binary divider to change sensitivity
      automatically as a function of applied signal level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Certain known high frequency counting circuits utilize Schmitt trigger
      circuits for toggling following counter stages in response to each event
      of the applied signal level crossing selected reference signal levels. One
      difficulty encountered with trigger circuits of this type which use
      contemporary components is that reliable triggering operation is impaired
      at the upper frequency limit of the Schmitt trigger circuit. In addition,
      recurring gating signals and associated counteroperating signals in
      conventional counters make it difficult to determine the frequency of
      signals appearing in bursts.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention utilizes a binary divider in the input
      stage, and includes a control circuit for altering the bias on the binary
      divider stage in response to applied signal of adequate amplitude for
      proper divider and count-gate operation. At insufficient levels of applied
      signal, the present circuit maintains sufficient bias on the binary
      divider stage to prevent random divider operation. This obviates improper
      divider operation due, for example, to noise appearing on a low-level
      signal, while permitting proper counter operation on intermittent, higher
      level signals.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the counter of the present invention;
PAR  FIG. 2 is a graph showing the application of varied bias signal to the
      input binary divider; and
PAR  FIG. 3 is a graph showing various operating waveforms present in the
      circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a binary divider stage 9 having a
      pair of inputs 13 and 15 and including a pair of transistors 17 and 19
      connected in a differential amplifier configuration to serve as the
      steering mechanism for the following master-slave flip-flops 11, 12. Input
      signal is applied to the input 13 via amplifier 21 and bias signal is
      applied through input 15 via feedback circuit 18, later described.
PAR  The binary divider stage 9 is followed by a prescaler 23 which thus applies
      the divided input signal to the clock input 27 of the J-K type arming
      flip-flop 29. Flip-flop 29 also receives an inhibit signal (FIG. 3b) at
      the J input 31 and a reset signal (FIG. 3a) at the R input 25. These
      signals (FIGS. 3a and 3b) are derived from a logic network 30 which also
      receives the output from prescaler 23. The Q output of J-K flip-flop 29 is
      applied back to the input 15 of the binary stage 9 via feedback circuit
      18, and is also applied to gate 32 to control application of the divided
      time-base oscillator signal to the logic network 30. This means that the
      gate 32 will not open unless the arm flip-flop 29 is actuated, and the
      divided input signal does not arrive at the arming flip-flop 29 in order
      to actuate it unless the bias conditions on the input stage 9 are
      overcome. If the input signal overcomes the bias condition on the input
      stage 9, then the divided signal (FIG. 3e) arriving at the input of the
      arming flip-flop 29 will latch up this flip-flop until reset by the reset
      signal (FIG. 3a) that is applied to the reset input 25. The Q output of
      the arm flip-flop 29 will thus remain in the "high" state during the
      interval before reset signal is applied, and this "high" state controls
      both the condition of gate 32 and the bias condition at the input stage 9.
PAR  The Q output from flip-flop 29 enables the gate 32 to pass the divided
      reference pulses from reference oscillator 35 to the logic network 30. The
      time-base divider circuit 33 may be selectively set, for example by
      decadic steps, to establish the countgate interval and may include a stage
      of division-by-sixteen to match the signal division attributable to the
      binary divider 9 and prescaler divider 23.
PAR  The logic network 30 includes a count gate 37 which controls the counting
      interval (FIG. 3c) and is connected to pass the prescaled signal at the
      output of prescaler 23 in response to the divided reference pulses from
      oscillator 35 and divider 33 that are passed by the armed gate 32. The
      gated, prescaled pulses 39 are then applied to the counting decades 41,
      43, 45, etc. for counting therein in conventional decadic manner. After
      the gated counting interval expires, the logic network 30 produces a
      transfer pulse (FIG. 3f) of line 47 for application to the row of
      count-transfer gates 49. When thus enabled, these count-transfer gates
      transfer the count state of the associated count decade to the
      corresponding one of the row of display devices 51 in a conventional
      manner. The logic network 30 also produces in a conventional manner an
      inhibit signal (FIG. 3b) in the timed sequence with respect to the
      count-gate interval (FIG. 3c), which inhibit signal is applied to the J
      input of the J-K type arm flip-flop 29 in order to "lock" the flip-flop so
      that it cannot toggle back on recurring applied signals. Additionally, the
      logic network produces in a conventional manner a reset signal (FIG. 3e)
      which is applied to the reset input of the arm flip-flop 29 in the timed
      sequence shown in FIG. 3. The logic network 30 may therefore include a
      series of monostable multivibrations successively triggered, starting with
      the closing of the count gate, in order to generate the requisite
      transfer, reset, and inhibit pulses in the sequence shown in FIG. 3.
PAR  Thus, the Q output from the arm flip-flop 29 enables the decade counters
      41-45 to count for a gated counter interval, after which interval the bias
      conditions on the input stage 9 must again be overcome by the input
      signal. As previously indicated, this bias condition on the input stage is
      determined by the feedback circuit 18 from the Q output of flip-flop 29.
      The feedback circuit includes an adjustable voltage divider circuit 53
      which applies a small offset bias to input 15 of the differential
      amplifier stages 17 and 19. These stages, which serve to steer triggering
      signals to the master and slave flip-flops 11 and 12, will thus prevent
      the binary stage from triggering on low level noise in a manner which
      causes oscillation of the input stage. The offsetting bias applied to
      input 15 may only be overcome to allow binary division by the input stage
      9 in response to an input signal of sufficient magnitude, as shown in FIG.
      2, applied to input 13. When the input signal exceeds the level 55 of the
      offsetting bias, then the input stage is actuated to divide by two and the
      resulting output therefrom is applied through prescaler 23 to the clock
      input of arming flip-flop 29 to trigger the same, as previously described.
      The "high" state Q output is then fed back with a magnitude determined by
      adjustment of resistor 57 to decrease the offsetting bias to a new lower
      level 59 during the count-gate interval (FIG. 3c). This bias adjustment on
      input stage 9 thus occurs in each count-gate interval for which the
      applied input signal has sufficient magnitude to overcome the offset bias
      on input 15. If the input signal amplitude subsequently decreases below
      the offset bias level 55, then the input stage 9 will not trigger and gate
      32 will therefore not be enabled. The logic network 30 will not receive
      reference pulses from the oscillator 35 and time-base divider 33, and will
      therefore not produce new reset, inhibit and transfer signals on lines 25,
      31 and 47, respectively. The last count displayed on the display devices
      51 will therefore be retained unaltered until input signal of sufficient
      amplitude to overcome the offsetting bias is again applied to input 13.
CLMS
STM  I claim:
NUM  1.
PAR  1. Trigger circuitry comprising:
PA1  trigger means having one input connected to receive a source of bias signal
      and having another input connected to receive input signal and being
      operable in one logic state identified by an output of one logic level and
      in another logic state identified by an output of another logic level,
      said trigger means being actuated to operate in either one of two logic
      states in response to input signal applied to said other input with an
      amplitude greater than a signal level proportional to the amplitude of
      bias signal applied to said one input;
PA1  bistable means connected to receive the output of said trigger means and
      operable in one logic state identified by an output of one logic level
      until reset to another logic state identified by an output of another
      logic level, said bistable means being actuated to operate in said one
      logic state in response to an output received from said trigger means, and
      being actuated to operate in said other logic state in response to a reset
      signal applied thereto;
PA1  biasing means connected to apply to said one input of the trigger means a
      bias signal of one level in response to operation of said bistable means
      in said other logic state, and of another level lower than said one level
      in response to operation of said bistable means in said one logic state;
PA1  a source of reference signals;
PA1  gate means responsive to the output of the bistable means for passing
      reference signals therethrough in response to operation of the bistable
      means in said one logic state;
PA1  logic means coupled to receive the reference signals passed by said gate
      means for transmitting therethrough the outputs from said trigger means
      for a selected gate period, and for applying to said bistable means a
      reset signal after said selected gate period to reset said bistable means
      to said other logic state; and
PA1  counting means connected to said logic means for providing an indication of
      the accumulated number of pulses transmitted through said logic means
      during a gate period.
NUM  2.
PAR  2. Trigger circuitry as in claim 1 wherein said bistable means comprises a
      J-K type multivibrator circuit having a Q output coupled to said biasing
      means.
NUM  3.
PAR  3. Trigger circuitry as in claim 1 wherein said trigger means includes a
      pair of bistable multivibrators connected to receive triggering signals in
      common from the collector circuits of a pair of transistors connected as a
      differential amplifier in common emitter configuration and including a
      base circuit of one transistor connected to receive the input signal, and
      a base circuit of the other transistor connected to receive bias signal
      from said biasing means.
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ABST
PAL  A resettable electronic counter employing an integrated solid state
      calculator circuit element, or chip, includes counter reset circuitry for
      automatically resetting the counter. The calculator circuit provides
      timing signals and is responsive to timing signals selectively connected
      to an arithmetic and control section thereof for clearing a count stored
      in registers thereof and display means external thereto, for storing a
      selected count in the registers, and for cumulatively adding indexing
      signals to the stored count. The counter reset circuitry includes control
      logic and a sequence counter actuated by a reset signal to generate a
      series of step signals. The step signals and certain timing signals are
      connected to the control logic which is in turn connected to the
      arithmetic and control section of the calculator circuit. The reset
      circuitry is operable to apply, to the arithmetic and control section, in
      predetermined sequence, those timing signals for clearing and for storing
      a count, and additionally to control the application of count indexing
      signals.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to electronic counters and more particularly to
      resettable electronic counters.
PAR  It is a primary object of the invention to provide a low cost electronic
      counter.
PAR  It is another object of the invention to provide an improved electronic
      counter of reduced cost and size relative to a comparable
      electromechanical counter.
PAR  It is a further object to provide an improved counter according to the
      invention which exhibits longer life and greater accuracy than a
      comparable electromechanical counter.
PAR  It is an even further object to provide an improved counter according to
      the invention which is easily reset.
PAR  It is still another object of the invention to provide an improved counter
      according to the invention which employs LSI circuitry.
PAR  It is a still further object to provide an improved counter according to
      the invention which includes reset sequencing circuitry for automatically
      clearing a previous count and conditioning the counter for counting in
      preselected steps or increments.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
DRWD
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawing of an illustrative
      application of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  The FIGURE is a functional diagram or schematic of the counter of the
      invention including conventional logic elements.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing in detail wherein like numerals and/or letters
      are used to designate like parts or logic signals, the FIGURE shows a
      counter 100 according to the invention which receives electrical count
      input or indexing signals from some pulse source 10. Pulse source 10
      typically provides count pulses caused by contact closures, photoelectric
      beam interruptions or the like, as indications of events or quantities to
      be counted. The indexing signal pulses IP from source 10 are connected
      with and applied to the counter 100 through an input circuit, generally
      designated 80, which includes an isolating circuit 12 typically including
      light emitting and light responsive circuit elements, for electrically
      isolating the pulse source circuitry 10 from the counter while serving to
      couple the input pulses thereto. A DC power supply 14, such as a small
      battery, provides a positive DC potential of 9 volts and is connected to
      the isolating circuit 12. Isolating circuit 12 outputs a positive signal
      symbolic of the logic 1 state, and also designated IP, each time an input
      pulse is generated by pulse source 10. The output of isolating circuit 12
      is connected as one of the inputs to AND gate 16 for controlling
      introduction of count-indexing signals to an electronic calculator circuit
      18 following conditioning of the circuit 18 to begin a counting operation.
      Calculator circuit 18 forms a core counter circuit for incrementally
      counting input signal pulses IP.
PAR  Calculator circuit 18, shown here in block diagram form in the interest of
      brevity, is in the form of a single LSI solid state element, commonly
      referred to as a "chip," of the type commonly used in electronic
      calculators. Circuit 18, hereinafter referred to as "chip 18," uses state
      of the art LSI technology employing PMOS, CMOS or the like. In the
      embodiment being described, chip 18 comprises a PMOS/LSI 6 digit
      calculator circuit (MM5736) by National Semiconductor Corporation.
PAR  Chip circuit 18 includes an arithmetic and control circuit section 66
      (hereinafter A and C section) and an internal clock 68. A and C circuit 66
      receives data signals for entry via the conductor circuits of chip input
      terminals K.sub.1, K.sub.2 and K.sub.3. A and C section 66 includes, in
      addition to control logic, several (in this instance three) registers,
      generally designated as register group 70. Registers 70 serve a count
      storage function for counts entered directly and for those resulting from
      an arithmetic operation of previously entered counts, both capable of
      concurrent storage in separate registers.
PAR  Clock or timing generator 68 provides the synchronizing signals required to
      enter, process and display a count. Clock 68 repetitively generates a
      sequence of six binary signals in the logic 1 state. Each of these timing
      or digit signals appears respectively at a corresponding one of the
      terminals D.sub.1, D.sub.2, D.sub.3, D.sub.4, D.sub.5 and D.sub.6 on chip
      18. Similarly, these timing signals, which will be referred to by the
      terminals D.sub.1-6 at which they appear, always are internally connected
      to the registers 70 of A and C section 66. The word D.sub.1 to D.sub.6)
      cycle frequency is about 1-2 KHz, corresponding with a word time or period
      of about 1/2 - 1 millisecond. Each digit or timing signal D.sub.1-6 has a
      period of slightly less than one-sixth of the full word period.
PAR  At least one of the registers of register group 70 of chip 18 is connected
      to seven output connectors or terminals S.sub.1, S.sub.2, S.sub.3,
      S.sub.4, S.sub.5, S.sub.6 and S.sub.7 for outputting, to a display panel
      or register 22, binary coded signals indicative of the number or digit
      counts of a count stored in the registers 70. The data signals S.sub.1-7,
      designated in accordance with the terminals at which they appear, are all
      connected to corresponding binary inputs of each of six digit display
      devices 20 which comprise the readout display of regiser 22. Each display
      device 20 comprises an LED seven segment display, each of the seven LED
      segments being connected to a corresponding terminal S.sub.1-7 of chip 18.
      Accordingly, in this embodiment, the binary coded signals S.sub.1-7
      collectively comprise a seven segment coded decimal representation.
PAR  Entry and display at register 22 of each particular digit of a count stored
      in a register of group 70 is affected by sequentially providing groups of
      segment signals S.sub.1-7, each group corresponding with a particular
      digit of the count stored in the register and being coded to energize the
      appropriate segments of a particular display device 20. Each particular
      display device 20 is sequentially enabled to receive and display the
      appropriate group of segment signals S.sub.1-7 by means of a different one
      of the timing signals D.sub.1-6 respectively connected thereto through
      driver circuits 24. Each group of segment signals S.sub.1-7 which
      corresponds with a particular digit is in synchronism with one of the
      timing signals D.sub.1-6. In this manner, the segment signals S.sub.1-7
      corresponding with a particular digit of a stored count will be outputted
      from chip 18 and entered into the appropriately positioned display device
      20 through the control timing of a particular corresponding one of the
      timing signals D.sub.1-6.
PAR  Referring more specifically to the arithmetic and control section 66 of
      chip 18, selective application of timing signals D.sub.1-6 to the data
      entry terminals K.sub.1 and K.sub.2 thereof is effective to store a
      selected count in the registers 70 and to display it on display register
      22. Further, such selective application of signals D.sub.1-6 to terminal
      K.sub.3 is effective to enter mathematical operation instruction signals
      to A and C section 66. The particular chip used in the preferred
      embodiment is capable of entering any digit from 0-9 by selective
      connection of a timing signal D.sub.1-6 to one of the terminals K.sub.1 or
      K.sub.2. The operation instructions, which include add, subtract,
      multiply, divide and clear, are entered via a terminal K.sub.3. The digit
      1 is entered by applying timing signal D.sub.2 to terminal K.sub.1.
      Because the counter 100 is intended, in this instance, to count in steps
      or increments of one, the 1 digit is the only digit requiring entry and
      the K.sub.2 input is accordingly blocked by connection to ground. It will
      be appreciated, however, that an input pulse IP to counter 100 might be
      indicative of some quantity other than 1 and that such pulse, through
      association with the appropriate one of digit signals D.sub.1-6 and with
      chip input K.sub.1 or K.sub.2, may advance the count by that of the
      quantity. Power terminals Vss and Vdd of chip 18 are respectively
      connected to the positive DC potential of power supply 14 and to ground.
PAR  The A and C section 66 converts a count input into BCD form and processes
      the count in the BCD form. A count to be displayed is transcoded from BCD
      form to the requisite binary seven segment coded decimal form. For use as
      a counter and particularly in the preferred embodiment thereof, only the
      "add" instruction of the four aforementioned basic arithmetic operators is
      employed. The "clear" instruction is also required. The "add" instruction
      is entered by applying timing signal D.sub.4 to terminal K.sub.3. The
      "clear" instruction is entered by applying timing signal D.sub.1 to
      terminal K.sub.3. In fact, to enter any digit or instruction into chip 18,
      the appropriate timing signal must be repeated for eight consecutive word
      cycles, this being required to avoid errors which might be introduced by
      contact noise, as during keying or switch actuation. Accordingly, when it
      is said that the occurrence of a timing signal at an input to the chip is
      effective to enter some number or instruction, it is implied that the
      required eight occurrences of that timing signal do occur. Also, the
      inputs (K.sub.1 and K.sub.3) to chip 18 must be "open" with no input
      signal present between each successive digit or instruction to be entered.
      This permits recognition of successive digits and is obtained by
      maintaining the "open" status for at least eight word periods.
PAR  Generally speaking, a number consisting of one or more digits (up to six)
      may be entered into a register of group 70, with that number being
      displayed on display register 22. To add two numbers, it is generally
      necessary to enter the first number; enter the "add" instruction; enter
      the second number; and again enter the "add" instruction to effect the
      arithmetic addition, the sum being displayed on display register 22.
      However, in the particular chip 18 used in the embodiment described
      herein, if the successive counts or numbers to be added are all the same,
      as is the case, it is only necessary to enter the selected number or count
      radix one time and an auto summing capability of the chip serves to
      arithmetically add the count radix to any previous sum, stored in
      registers 70, and to display the new count sum upon the second and each
      successive time the "add" instruction is entered, so long as no other
      number or instruction is entered therebetween. The initial entry of the
      "add" function serves to condition the registers 70 to receive the next
      number or count entry and, in the arrangement of the invention, will also
      redisplay the count radix following its removal from display by a single
      intermediate "clear" instruction.
PAR  In order to clear a number from display register 22 and the associated
      storage register in the A and C section 66 of chip 18, a "clear" function
      instruction must be entered through input terminal K.sub.3. If the entry
      of the "clear" instruction comes immediately after entry of another
      instruction, as opposed to a number, it will clear all registers in the C
      and A section 66. However, if the "clear" instruction is entered
      immediately after entry of a number, it clears only that register of group
      70 which contains and displays that number immediately previously entered,
      and does not clear the other register or registers of group 70. The
      registers of group 70 which are not cleared by the single "clear"
      instruction contain either that number immediately previously entered, if
      it was the first number entered following clearance of all registers, or
      else an earlier entered number. In this latter situation, it then is
      necessary to provide two consecutive entries of the "clear" instruction in
      order to clear all registers.
PAR  Referring now to the reset sequence circuitry of counter 100, generally
      designated 26, a reset sequencing binary counter 28 is operative, with
      associated control logic, generally designated 60, to clear all of the
      registers 70 of chip 18 to an "empty," or zeroed, state and to
      subsequently enter a selected number, in this instance a "one," into the
      chip to establish the integer by which the count is advanced with receipt
      of each input counting pulse. In this manner, counter 28 automatically
      establishes and controls several data entry modes during the reset mode.
      To facilitate an understanding of counter 28, it is depicted and described
      as a compound counter comprising a first, lower order, divide-by-8, or 8
      step, counter 30, and a second, higher order, divide-by-16, or 16 step,
      counter 32 connected serially to the output of counter 30 and having a
      four conductor binary output. In fact, counter 28 is preferably a seven
      stage electronic counter having outputs from each of the last four stages
      (i.e. counter 32) and employing MOS integrated circuitry. The first three
      stages of counter 28 (i.e., counter 30) are needed to permit each
      particular selected digit signal to appear eight successive times at an
      input in order to be entered in chip 18, as earlier noted.
PAR  Counters 30 and 32 of counter 28 are set to an initial zeroed condition by
      application thereto of a reset signal, or pulse, R. Pulse R is selectively
      provided by closing a normally open push button switch 34 having one
      contact connected to ground and the other contact connected to counter 30
      through reset pulse circuit 36. Circuit 36 and logic negation element 37
      are operative to apply the R signal in the logic 1 or positive potential
      state to the several stages of counters 30 and 32 when and while the push
      button switch 34 is closed and to remove the R signal when the push button
      is released. Application of the R signal to counters 30 and 32 results in
      all of their stages being set (or reset) to a zero count condition.
PAR  More specifically, reset pulse circuit 36 includes capacitor 57 connected
      to ground at one side and through resistor 58 to power supply 14 at the
      other side. The ungrounded contact of push button switch 34 is connected
      to the junction of resistor 58 and capacitor 57 as is the input to
      negation element 37. This arrangement is operative to filter any noise
      which might be picked up on the ungrounded contact of push button switch
      34 and which otherwise might generate false reset signals. Also, it
      retards the rate of voltage rise at the input to negation device 37 when
      power is turned on, thereby providing a transitory reset pulse R which
      automatically disappears shortly after power is applied. Diode 59 is
      connected in parallel with resistor 58 to rapidly discharge capacitor 57
      during any brief power losses, thereby ensuring the transitory reset pulse
      described in the previous sentence.
PAR  The input stepping pulses to counter 30 of sequencing counter 28 are
      provided by timing signal D.sub.5 from chip 18. Signal D.sub.5 is
      connected to one input of a two-input AND gate 38. The output conductor
      from the last stage of counter 32 having the binary encoded value of 8 is
      connected to the other input of AND gate 38 through a logic negation
      element 40. When the counters 30 and 32 are set to a logic 0 level by
      reset pulse R, negation element 40 is operative to apply a logic 1 at that
      input to AND gate 38, thereby enabling each D.sub.5 pulse in the logic 1
      state to be passed by the AND gate, the output of which is connected to
      the input of counter 30. Each D.sub.5 signal passed by AND gate 38 steps
      counter 30. The output or final stage of .div. 8 counter 30 is connected
      to the input or first stage of .div. 16 counter 32. Following receipt of
      eight D.sub.5 signals by counter 30, that counter is effective to provide
      a stepping signal or pulse to the input of counter 32. Similarly, for each
      eight D.sub.5 signals thereafter, counter 32 is stepped an additional
      step. Further reference to the steps of counter 32 will inherently infer
      the presence of eight times as many steps of counter 30. The stepping of
      counter 32 continues until its eighth step at which point its output
      having the binary encoded value of 8 changes from the logic 0 to the logic
      1 state. This attainment of the logic 1 state is effective, through logic
      negation element 40, to prevent further transmission of D.sub.5 signals
      through AND gate 38 to counter 30 and thus represents completion of the
      reset sequence for counter 100.
PAR  In addition to AND gate 16, the reset sequence control logic includes NAND
      gate 42, AND gate 44, AND gate 46 and OR gate 48. NAND gate 42 receives,
      at its three inputs, the binary encoded outputs 1, 2 and 4 of counter 32.
      Outputs 1 and 4 are applied to NAND gate 42 in the normal state, whereas
      the binary encoded 2 output is inverted by logic negation element 50 prior
      to its connection as an input to the NAND gate.
PAR  Table I appearing hereinafter correlates the several counter resetting
      operations to be discussed with the various outputs or steps of the .div.
      16 reset counter 32.
TBL                                    TABLE I                                 
     __________________________________________________________________________
     STEP    BINARY STATE OF EACH                                              
     (of .div. 16                                                              
             OUTPUT OF COUNTER 32                                              
     Counter 32)                                                               
             8   4   2   1 RESET SEQUENCE OPERATIONS                           
     __________________________________________________________________________
     0       0   0   0   0 Reset Counters 30 and 32 and                        
                            Open Input to Counter 30                           
     1       0   0   0   1 Clear (Display Register)                            
                            (D.sub.1 -K.sub.3)                                 
     2       0   0   1   0 Open                                                
     3       0   0   1   1 Clear (All Registers)                               
                            (D.sub.1 -K.sub.3)                                 
     4       0   1   0   0 Open                                                
     5       0   1   0   1 Enter 1 (D.sub.2 -K.sub.1)                          
     6       0   1   1   0 Open                                                
     7       0   1   1   1 Clear (Display Register)                            
                            (D.sub.1 -K.sub.3)                                 
     8       1   0   0   0 Close Input to Counter 30                           
     __________________________________________________________________________
PAR  From Table I, it is readily determined that the output of NAND gate 42 will
      be logic 1 for steps 1-4 and 6-8 of counter 32 and a logic 0 only for step
      5. The output of NAND gate 42 is connected as one of the three inputs to
      AND gate 44. The binary encoded 1 output of counter 32 is connected as
      another of the inputs of AND gate 44 and the D.sub.1 digit signal is
      connected as the remaining input to the AND gate. Signal D.sub.1, as a
      logic 1, is passed to the output of AND gate 44 during each odd numbered
      step of counter 32 except step 4, or in other words, it appears as an
      output during steps 1, 3 and 7 of the counter.
PAR  The output of AND gate 44 is connected as an input to OR gate 48.
      Accordingly, each D.sub.1 signal passed by AND gate 44 is also passed by
      OR gate 48 and appears at its output for connection via conductor 54 to
      input K.sub.3 of chip 18. In this manner, a logic 1 signal corresponding
      in time with signal D.sub.1 is applied to the K.sub.3 input of chip 18
      during steps 1, 3 and 7 of counter 32. As hereinbefore discussed, a
      D.sub.1 signal applied to the K.sub.3 input of chip 18 is effective in the
      first instance to clear either some or all of the registers 70 of the chip
      18 and to remove the display from register 22, and in the immediately
      succeeding instance to clear any remaining registers not initially
      cleared.
PAR  The output of NAND gate 42 is additionally inverted by logic negation
      element 52 and then applied as one of the two inputs to AND gate 46. The
      other input to AND gate 46 is provided by the D.sub.2 digit signal
      connected thereto from chip 18. The inverted output of NAND gate 42 will
      exist as a logic 1 only during the fifth step of .div. 16 counter 32 and
      accordingly, D.sub.2 as a logic 1 is passed by AND gate 46 to its output
      only during that fifth step of the counter 32. Conductor 56 is connected
      from the output of AND gate 46 to the K.sub.1 input of chip 18 for
      applying the D.sub.2 signal to the K.sub.1 input during the fifth step of
      counter 32. As earlier discussed, a D.sub.2 signal applied to the K.sub.1
      input is effective to enter the selected count digit one (1) in the
      registers of chip 18 and to display the 1 on display panel 22.
PAR  The "clear" operation resulting from the D.sub.1 signal on the K.sub.3
      input during the seventh step of counter 32 is effective to clear that
      register of A and C section 66 which provides the output display, thereby
      removing display of the digit 1 from register 22; however, as earlier
      mentioned, it does not entirely clear the digit from storage in chip 18,
      but allows it to remain in storage in another of the registers 70 of the A
      and C section preparatory to the subsequent auto summing of the digit in
      response to the input pulses to be counted. It will be noted that steps 2,
      4 and 6 (as well as 0 and 8) provide the requisite "open" status at inputs
      K.sub.1 and K.sub.3 between each digit or function input.
PAR  The input pulses IP from isolating circuit 12 are connected to one of the
      three inputs of AND gate 16. The binary encoded 8 output of .div. 16
      counter 32 is connected to another input of AND gate 16 and the D.sub.4
      timing signal is applied to the remaining input. The output from counter
      32 serves to maintain gate 16 closed during the reset sequencing of
      counter 28, thereby preventing passage of a D.sub.4 signal even though an
      input pulse IP may be present. However, upon completion of the reset
      sequencing of counter 28 (at the eighth step of counter 32), gate 16 is
      conditioned to pass a D.sub.4 signal each time a count indexing input
      pulse exists concurrently therewith. The input pulses IP are scaled to be
      at least eight word periods in duration in order to permit the requisite
      eight successive D.sub.4 timing signals to input to chip 18 in order to
      effectively input a digit, or in this instance, a mathematical operation
      instruction. The D.sub.4 signal passed by AND gate 16 is connected from
      the output thereof to the input of OR gate 48. The output of OR gate 48 is
      connected via conductor 54 to the K.sub.3 input of chip 18. The
      application of the D.sub.4 timing signal to the K.sub.3 input serves to
      input the "add" or "+" instruction to chip 18. As previously indicated,
      the selected radix count, "one," was entered in chip 18 during the fifth
      step of counter 32 and was retained during the seventh step. An
      "add"instruction occurring immediately thereafter serves to display the
      initially entered "one" on display register 22. Because of the auto
      summing capability of chip 18, each consecutively succeeding "add"
      instruction input serves to advance the count displayed on register 22 by
      one. Thus, each succeeding input pulse IP inputs an "add" instruction to
      chip 18, thereby advancing the count in unit increments. This continues
      until such time as counter 100 is reset by temporarily closing switch 34
      to activate reset counter 28, as previously described.
PAR  Recapitulating, actuation of switch 34 results in the application of a
      reset signal R to counters 30 and 32 of sequencing counter 28 to set them
      to an initially zeroed condition. Upon removal of the R signal, counter 30
      begins stepping in response to D.sub.5 timing signals and steps counter 32
      one step for each eight D.sub.5 signals received.
PAR  That output of counter 32 having the binary encoded value of "8" operates
      to block further operation of sequencing counter 28 after eight steps of
      the counter 32. The outputs of counter 32 which have the binary encoded
      values of 1, 2 and 4 operate through NAND gate 42 and AND gates 44 and 46
      to gate a D.sub.1 -K.sub.3 "clear" signal to chip 18 during steps 1, 3 and
      7 of counter 32 and a D.sub.2 -K.sub.1 "one" signal to the chip during
      step 5 of the counter. No input is made to chip 18 during the resetting of
      counter 28 to the zeroed condition and during steps 2, 4 and 6 of counter
      32 thereafter. When counter 32 reaches step 8, AND gate 16 is conditioned
      to apply a D.sub.4 -K.sub.3 "add" pulse to chip 18 each time a count input
      pulse appears at the input to gate 16, thereby advancing the count
      displayed on display panel 22 in increments of "one."
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an electronic counter having an input circuit for receiving a train
      of electrical indexing signals for indexing the counter to accumulate a
      count therein; a display register with a plurality of digit indicators of
      ascending order of significance for displaying a count, control input
      means for sequentially activating the digit indicators for sequentially
      entering digit counts therein respectively, and a binary input for
      receiving binary coded input signals for entering digit counts into the
      digit indicators respectively; and an integrated solid state calculator
      circuit element comprising an arithmetic and control circuit with register
      means for storing a plurality of separate multiple digit counts therein,
      including a selected count entered into the register means and an
      arithmetic count resulting from an arithmetic operation of the arithmetic
      and control circuit, and a binary output connected to the binary input of
      the display register and operable, to sequentially provide binary coded
      output signals indicative of the digit counts of a count stored in the
      register means for sequentially entering the digit counts into
      corresponding digit indicators of the display register respectively, for
      displaying the count with the display register, synchronizing circuit
      means for repetitively generating a sequence of timing signals, the
      synchronizing circuit means being connected to the arithmetic and control
      circuit and to the control input means of the display register for
      synchronously entering a count stored in the register means into the
      display register for display thereby, the arithmetic and control circuit
      having data entry circuit means and operable by selectively applying
      timing signals to the data entry circuit means for storing a selected
      count in the register means and displaying the selected count with the
      display register, the arithmetic and control circuit being further
      operable by selectively applying timing signals to the data entry circuit
      means for entering mathematical operation instruction signals into the
      arithmetic and control circuit for respectively effecting predetermined
      mathematical operations between the separate counts stored in the register
      means and storing in the register means the results of the selected
      mathematical operation as a new arithmetic count and displaying the new
      arithmetic count with the display register, and including entering an
      addition instruction signal for adding the selected count stored in the
      register means to any arithmetic count stored in the register means and
      storing, in the register means, the summation thereof as a new arithmetic
      count and displaying the new arithmetic count with the display register,
      the arithmetic and control circuit being further operable by selectively
      applying timing signals to the data entry circuit means for clearing any
      arithmetic count and any selected count stored in the register means; the
      improvement wherein the electronic counter comprises counter reset means
      having reset switch means operable for generating a reset signal and
      sequencing circuit means connected to the reset switch means and to the
      synchronizing circuit means and data entry circuit means and operable by a
      reset signal generated by the reset switch means to be automatically
      cycled through a reset sequence for sequentially and selectively applying
      timing signals to the data entry circuit means for sequentially operating
      the arithmetic and control circuit to clear any selected and arithmetic
      counts from the register means and clear the display register and to store
      a predetermined selected count in the register means; and wherein the
      counter input circuit comprises an input for receiving the train of
      electrical indexing signals and is operable by each indexing signal to
      selectively apply a timing signal to the data entry circuit means to enter
      an addition instruction signal to add to any arithmetic count stored in
      the register means the predetermined selected count stored in the register
      means during the reset sequence and store the summation thereof as a new
      arithmetic count in the register means and display the new arithmetic
      count with the display register.
NUM  2.
PAR  2. The electronic counter of claim 1 wherein the arithmetic and control
      circuit is further operable by selective application of timing signals to
      the data entry circuit means for selectively clearing the display register
      without clearing the selected count stored in the register means, said
      predetermined selected count is displayed with the display register when
      stored, and said sequencing circuit means selectively apply timing signals
      to said data entry circuit means during said reset sequence following
      storage of said predetermined selected count to clear the display register
      without clearing the selected count from the register means.
NUM  3.
PAR  3. The electronic counter of claim 1 wherein said sequencing circuit means
      comprise a multiple step electronic sequence counter having a drive input
      selectively connected to receive a particular timing signal in the
      sequence of timing signals for stepping the sequence counter, said
      sequence counter having output means providing output signals indicative
      of various steps thereof, and control logic means connected to said
      sequence counter output means, to said synchronizing circuit means, and to
      said data entry circuit means for said selective application of timing
      signal to said data entry circuit means in a said sequence controlled by
      said sequence counter.
NUM  4.
PAR  4. The electronic counter of claim 3 including reset gate means connected
      to said synchronizing circuit means to receive said particular timing
      signal, to said sequence counter output means to receive a reset cut-off
      step signal therefrom, and to the drive input of said sequence counter,
      said reset gate means operable to selectively pass said particular timing
      signal to said sequence counter drive input until a said cut-off step of
      said sequence counter occurs.
NUM  5.
PAR  5. The electronic counter of claim 4 including count gate means connected
      to said synchronizing circuit means to receive the timing signals
      providing the addition instruction, connected to the data entry circuit
      means, connected to receive the train of electrical indexing signals and
      operatively connected to said sequence counter output means providing said
      cut-off step signal, said count gate means operable to selectively block
      passage of said addition instruction timing signal to said data entry
      circuit means during stepping of said sequence counter and to pass said
      addition instruction timing signals to said data entry circuit means upon
      occurrence of each electrical indexing signal following occurrence of said
      cut-off step signal thereby to enter an addition instruction.
NUM  6.
PAR  6. The synchronous counter of claim 4 wherein said reset signal connected
      to said sequence counter is operable to set said sequence counter to an
      initial zeroed condition.
NUM  7.
PAR  7. In an electronic counter having an integrated solid state calculator
      circuit including synchronizing circuit means repetitively providing a
      plurality of sequenced timing signals at a plurality of corresponding
      output conductor means thereof, and having input conductor means for
      receiving certain of said timing signals selectively coupled thereto for
      respectively providing separate input control signals to the circuit for
      clearing a count therein, for conditioning the circuit to count in
      particular increments, and for advancing the count by the particular
      increments established, the improvement wherein said counter includes
      reset means comprising multi-step electronic sequence counter means
      selectively coupled to a particular said circuit output conductor means
      for stepping operation responsive to timing signals received therefrom and
      having output means providing output signals indicative of various steps
      thereof, said sequence counter means being selectively conditioned for
      said stepping operation and coupled to said particular output conductor
      means of said circuit in response to reset signal means selectively
      applied thereto and being uncoupled from said particular output conductor
      means upon reaching a predetermined cut-off step of the counter means
      control logic means coupled to the circuit output conductor means for said
      certain timing signals and to certain of said sequence counter output
      means, said control logic means being responsive to said sequence counter
      output signals and coupled to said circuit input conductor means for
      transmitting thereto the timing signal providing said count clearing
      control signal during one output step of said sequence counter and the
      timing signal providing said conditioning control signal during another
      output step of said sequence counter subsequent to said one; and count
      indexing signal logic means receiving count indexing signals and being
      coupled to said sequence counter output means, to the circuit output
      conductor means for said certain timing signals and to said circuit input
      conductor means for selectively connecting the timing signal providing
      said count advancing control signal to said circuit input conductor means
      during count indexing input signals occurring after both said one and said
      another steps of said sequence counter and upon attaining said
      predetermined cut-off step of said sequence counter.
NUM  8.
PAR  8. The counter of claim 7 including reset gate means having said timing
      signals from said particular circuit output terminal coupled as an input
      thereto and having its output coupled to the input of said sequence
      counter to provide said selective coupling of timing signals to the
      sequence counter, a particular said sequence counter output means being
      coupled to an input of said reset gate means for opening said gate when
      said sequence counter is conditioned for stepping by reset signal means
      and for closing said gate when said sequence counter attains a particular
      count, said particular count comprising the predetermined cut-off step.
NUM  9.
PAR  9. The counter of claim 7 wherein said sequence counter output means and
      said control logic means are operable to couple the timing signal
      providing said count clearing signal to the input conductor means
      additionally during a second step of said sequence counter intermediate
      said one step and said another step and during a third step following said
      anoher step and before said cut-off step.
NUM  10.
PAR  10. The counter of claim 7 wherein each said input control signal means
      comprises at least a certain number of consecutive repetitions of said
      timing signal from a certain circuit output conductor means, and said
      sequence counter is a compound binary counter having a multi-stage lower
      order section and a multi-stage higher order section, said lower order
      section adapted to count said certain number of consecutive repetitions of
      digit signals and said step output means being associated with said higher
      order section.
NUM  11.
PAR  11. The counter of claim 8 wherein said lower order section of the sequence
      counter is an 8-step counter and said higher order section is a 16-step
      counter.
NUM  12.
PAR  12. In an electronic counter having an input circuit for receiving a train
      of electrical indexing signals for indexing the counter to accumulate a
      count therein; a display register with a plurality of digit indicators of
      ascending order of significance for displaying a count, control input
      means for sequentially activating the digit indicators for sequentially
      entering digit counts therein respectively, and a binary input for
      receiving binary coded input signals for entering digit counts into the
      digit indicators respectively; and a large scale integrated solid state
      calculator circuit element comprising an arithmetic and control circuit
      with register means for storing a plurality of separate multiple digit
      counts therein, including a selected count entered into the register means
      and an arithmetic count resulting from an arithmetic operation of the
      arithmetic and control circuit, and a binary output connected to the
      binary input of the display register and operable, to sequentially provide
      binary coded output signals indicative of the digit counts of a count
      stored in the register means for sequentially entering the digit counts
      into corresponding digit indicators of the display register respectively,
      for displaying the count with the display register, synchronizing circuit
      means for repetitively generating a sequence of timing signals, the
      synchronizing circuit means being connected to the arithmetic and control
      circuit and to the control input means of the display register for
      synchronously entering a count stored in the register means into the
      display register for display thereby, the arithmetic and control circuit
      having data entry circuit means and operable by selectively applying
      timing signals to the data entry circuit means for storing a selected
      count in the register means and displaying the selected count with the
      display register, the arithmetic and control circuit being further
      operable by selectively applying timing signals to the data entry circuit
      means for entering mathematical operation instruction signals into the
      arithmetic and control circuit for respectively effecting predetermined
      mathematical operations between the separate counts stored in the register
      means and storing in the register means the results of the selected
      mathematical operation as a new arithmetic count and displaying the new
      arithmetic count with the display register, and including entering an
      addition instruction signal for adding the selected count stored in the
      register means to any arithmetic count stored in the register means and
      storing, in the register means, the summation thereof as a new arithmetic
      count and displaying the new arithmetic count with the display register,
      the arithmetic and control circuit being further operable by selectively
      applying timing signals to the data entry circuit means for selectively
      clearing any arithmetic count and any selected count stored in the
      register means and clearing the display register without clearing the
      selected count stored in the register means, each said selective
      application of timing signals to the data entry circuit means requiring at
      least eight consecutive repetitions of a particular said timing signal;
      the improvement wherein the electronic counter comprises counter reset
      means having a compound electronic binary sequence counter having a lower
      order section of at least three stages and a four stage, 16-step higher
      order section, each of said four higher order stages having a step signal
      output means for providing a binary step signal corresponding with the
      sequence step count of said higher order counter section, said sequence
      counter responsive to a reset signal to attain an initial zeroed
      condition; a reset gate connected to the synchronizing circuit means to
      receive a predetermined one of the timing signals in each said sequence
      thereof, to the signal output means of the fourth stage of said higher
      order counter section, and to the input of said lower order counter
      section for passing said predetermined one of the timing signals to said
      sequence counter for stepping operation thereof when said sequence counter
      is zeroed for sequence counting and for blocking said predetermined one of
      the timing signals at the eighth step of said higher order counter section
      to terminate said stepping operation, reset switch means connected to said
      sequence counter and selectively operable for generating a reset signal
      for zeroing said sequence counter, and control logic means connected to
      said synchronizing circuit means, to the step signal output means for each
      of the first three stages of said sequence counter higher order section,
      and to the data entry circuit means and operable to selectively apply
      timing signals to the data entry circuit means during the first and third
      steps of said higher order counter section for operating the arithmetic
      and control circuit to clear any selected and arithmetic counts from the
      register means and clear the display register, during the fifth step of
      said higher order section to store a predetermined selected count in the
      register means, and during the seventh step of said higher order counter
      section to clear the display register without clearing the selected count
      from the register; and wherein the counter input circuit comprises count
      indexing logic means for receiving the train of electrical indexing
      signals, said count indexing logic means connected to said synchronizing
      circuit means, to said fourth stage of said higher order counter section
      and to the data entry circuit means and selectively operable by each
      indexing signal only during the eighth step of said higher order section
      to selectively apply a timing signal to add to any arithmetic count stored
      in the register means the predetermined selected count stored in the
      register means during the reset sequence and store the summation thereof
      as a new arithmetic count in the register means and display the new
      arithmetic count with the display register.
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ABST
PAL  A filter is provided to substantially nullify the effect of process noise
      of less than a preset amplitude limit on the measurement of a process
      variable. The filter passes on to a controller or other device all signal
      changes greater than this amplitude. Within the amplitude limit the signal
      is damped by a first order lag with a filter time constant typically at
      least an order of magnitude greater than the average period of the noise
      to be filtered, but outside the amplitude limit, signal changes are passed
      immediately with no lag to a device such as a controller. The filter
      functions by generating a compensating signal essentially duplicating the
      process noise and then subtracting this compensating signal from the
      filter input signal, thus canceling this noise from the signal passed to
      the controller or other device. By subtracting only a limited value of
      this compensating signal from the filter input, changes of input greater
      than this limit are not compensated, and are thus immediately passed with
      no lag. On a sustained change of the input signal, the unlimited
      compensated signal will decay toward zero at the filter time constant, so
      that noise centering about the new sustained value of the input will be
      filtered.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to noise filters for electrical measurements of
      process variables, and primarily to filters for filtering the noise from
      signals to controllers so as to prevent controller response to noise in
      signals. The prior art has utilized standard filter techniques to filter
      out of signals to controllers all high frequency components which are
      uncontrollable. In addition, the prior art has also utilized the
      arrangements of U.S. Pat. Nos. 3,419,772 and 3,633,009 in minimizing the
      response of controllers to noise signals. Those arrangements use a joint
      probability function of signal amplitude and duration with the joint
      probability function being used to modify the gain of the control system,
      for example.
PAR  The present invention provides a means for filtering noise signals from a
      controller input with apparatus which is considerably simplified with
      respect to that required in the joint probability approach and which is
      more selective than the standard filter techniques. There is, therefore,
      provided by the invention an improved controller input filter which
      provides improved filtering action at a minimum cost.
PAC  SUMMARY OF THE INVENTION
PAR  In providing an improved filter the present invention utilizes a method and
      means for filtering the noise within a limited amplitude range in a
      measurement signal. That method includes the production of a canceling
      signal of limited amplitude, which canceling signal represents the lagged
      rate of change of the signal to be filtered. The time constant of the lag
      involved in typically at least an order of magnitude longer than the
      period of the noise which is to be filtered, thus the canceling signal
      substantially duplicates the noise content to be filtered. The canceling
      signal is then subtracted from the signal to be filtered so as to cancel
      those portions of the signal being filtered which are of a magnitude
      within the chosen amplitude range.
PAR  It will be evident that the filter system for carrying out the above method
      may utilize any of a number of means for producing the canceling signal as
      required and the means for subtracting the canceling signal from the
      signal itself may be any of a number of well known circuits for
      subtracting signals. The means described are shown as electrical circuits,
      but the invention may also be executed by pneumatic devices or by a
      digital computer.
PAR  With the present invention the low amplitude signals are not passed to the
      controller when they are in a frequency range which tends to indicate that
      they are noise signals, however, the controller is allowed to respond to
      all changes in the controller input signals when those changes are of an
      amplitude above the limited amplitude range of the filter. Such amplitudes
      are indicative that the signals are not changes which result from noise.
      For the purposes of this invention, noise may be considered as those
      changes in the controlled variable which result from random uncontrollable
      process disturbances or from unwanted variations in the system for
      measuring the controlled variable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 are block diagrams of several configurations of the novel
      filter system.
PAR  FIG. 4 is a circuit diagram showing one circuit for carrying out the
      filtering system described in FIG. 1 as it may be applied to an input
      signal of a process controller.
PAR  FIGS. 5a, 5b, 5c and 5d are all waveforms of the controller input signal at
      the various points in its passage through the circuit of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows one form of the filter system of the present invention wherein
      an electrical signal x is the signal to be filtered with the filtering
      being accomplished by the subtraction of the signal z produced by one
      branch of the circuit from the signal x to produce the filtered signal y.
      In FIG. 1 the signal x is processed in a first branch of the filter in
      that the signal x is introduced by way of the connection 10 to a circuit
      shown as block 12. The circuit represented by block 12 may be any circuit
      which produces an output on the output line 14 which is related to the
      input from line 10 by the Laplace transform Ts/(1+Ts). Thus, the signal x'
      on line 14 represents the lagged rate of change of the signal x where the
      time constant of both the rate and the lag is T.
PAR  The x' signals on line 14 are passed through a limiting circuit indicated
      as block 16 so that there is produced on line 18 a canceling signal z,
      which is subtracted by subtractor 19 from the signal x supplied by way of
      another branch of the filter represented by connector 20, so that there is
      produced at the output of the filter on line 22, the filtered signal y.
PAR  When the canceling signal z does not exceed the limit established by the
      limiting circuit indicated as block 16, and hence is equal to x', the
      relationship between the signals x and y for the arrangement of FIG. 1 may
      be mathematically developed as follows:
EQU  y = x - z
      ##EQU1##
PAR  When z equals x' and hence is not limited, it will be evident that the
      output signal y is related to the input signal x by a first order lag as
      represented by the Laplace transform 1/(1+Ts).
PAR  FIG. 2 shows another configuration for executing the filtering method. In
      FIG. 2 the input signal x is introduced through conductor 10 to one branch
      of the filter which itself includes another branch including conductor 26
      and the circuit represented by the block 28 and its output lead 30. That
      branch serves to modify the signal x in accordance with the Laplace
      transform 1/(1+Ts). Still another branch is shown as lead 32 which forms
      an input to subtractor 34 along with the signal on line 30 from block 28
      with the signal on line 30 being subtracted from that on line 32 so as to
      produce on line 14 a signal x' comparable to that on line 14 of FIG. 1.
      That signal is similarly introduced into a limit circuit 16 to produce on
      line 18 the canceling signal z which is then subtracted from the signal on
      line 20, namely, x, to produce on line 22 the filtered signal y.
PAR  The configuration of FIG. 2 produces a relationship between the signal y
      and the signal x similar to that of FIG. 1 in that the signal z is related
      to the signal x by a Laplace transfom which is the same as that in FIG. 1.
      This will be evident from the following mathematical derivation.
EQU  y = x - z
      ##EQU2##
PAR  FIG. 3 is another modification of the circuit for carrying out the
      filtering method of this invention. In FIG. 3 the signal x is introduced
      over line 20 to the subtractor 19 and the output of the subtractor 19,
      signal y, which appears on line 22, is introduced through conductor 38 to
      a circuit represented by the block 40 so as to produce on the output line
      14 a signal x' similar to that produced on line 14 in FIGS. 1 and 2. As
      shown in FIG. 3 the circuit represented by block 40 will be a rate circuit
      which can be represented by the Laplace transform Ts. As in FIGS. 1 and 2,
      the signal x' is passed through the limiting circuit 16 to produce on line
      18 the canceling signal z which is subtracted in subtractor 19 from the
      signal x to produce the signal y.
PAR  The mathematical derivation below will demonstrate that the signal z when
      equal to the signal x' is related to the signal x in the circuit of FIG. 3
      by a transform similar to that of the relationship of those signals in the
      configurations of FIGS. 1 and 2 so that the signal y has the same
      relationship in FIG. 3 to signal x as in FIG. 1.
EQU  y = x - z
EQU  z = yTs
EQU  y = x-yTs
EQU  y(1+Ts) = x
      ##EQU3##
PAR  In FIG. 4 there is shown a preferred circuit for providing a filtering of
      the input signal to a controller in accordance with the filter
      configuration of FIG. 1. There is thus shown in FIG. 4 a detailed circuit
      diagram of the circuit represented in FIG. 1 by block 12. That circuit is
      shown as receiving a signal x on line 20. The signal x is a measured
      variable of the process 50 which may, for example, be a variable such as
      flow. The arrangement of FIG. 4 is designed to filter the measurement of
      the variable so as to produce a filtered signal on line 22 as an input to
      controller 52 where the signal is compared with the set point for the
      variable being measured, as supplied on line 54 to controller 52. The
      difference between the set point supplied on line 54 and the filtered
      signal supplied on line 22 provides an error signal in the controller to
      which the controller can respond to modify the process by way of a control
      signal on line 56.
PAR  While in FIG. 4 the filter circuit is interposed in the line for
      transmitting the variable to be controlled, it will be evident to those
      skilled in the art that the filter circuit may be interposed in a line
      transmitting the error signal to the controller where the measured
      variable is compared with the set point external to the controller. In
      that arrangement the filter would be filtering the error signal, however,
      assuming a constant set point, the result in either arrangement would be
      the same.
PAR  In FIG. 4 the line 10 supplies the signal x to a circuit for producing on
      line 14 a signal x' which represents the lagged rate of change of x. That
      circuit includes the capacitor 60 connected to receive the signal x on
      line 10. The capacitor 60 thus connects the signal x to the non-inverting
      input of differential amplifier 62. The output of the amplifier 62 on line
      14 is connected by way of a feedback resistor 64 to the inverting input of
      the amplifier and there is likewise a connection to ground through the
      resistor 66 and the potentiometer 68. The potentiometer 68 is arranged to
      have its contact 68a connected through a resistor 70 to the non-inverting
      input of the amplifier 62. As will be evident from the table of suggested
      values for the various components of the circuit of FIG. 4, set forth
      subsequently, the resistor 70 is desirably of a high resistance, for that
      resistance and the potential established at the potentiometer contact
      68aestablishes with capacitor 60 the time constant T of the lag which is
      introduced in this circuit. It is necessary that the time constant
      introduced by these components should be longer than the expected period
      of the noise and preferrably an order of magnitude longer so that signals
      in the frequency range of the noise expected will pass through the circuit
      to conductor 14 essentially unchanged in phase with respect to the signal
      on line 20.
PAR  The signal x' on line 14 is introduced to a limiting circuit which is made
      up of the differential amplifier 72 and its associated circuit components.
      One of those circuit components is the input resistor 74 which connects
      the input signal to the non-inverting input of amplifier 72. Amplifier 72
      produces an output on line 78 through potentiometer 80 to ground. The
      potential derived from the potentiometer contact 80a provides over line 84
      through feedback resistor 86 a feedback to the inverting input of
      amplifier 72 which is also connected by way of resistor 88 to ground. The
      amplifier 72 and its associated circuitry operates as a limit circuit in
      that the amplifier goes into saturation when the signal on line 14 is
      outside a limited amplitude range as established by the positioning of
      contact 80a on potentiometer 80. Means other than by amplifier saturation
      may also be used as a limit circuit. Such means as the use of diode
      limiting are well known to those skilled in the art. There may also be
      supplied to the inverting input of amplifier 72 a bias potential on line
      90 which is derived from the potentiometer 92 whose tap 92a is connected
      through resistor 94 to line 90 so as to supply whatever small potential is
      needed at the inverting input to correct for offsets in the amplifiers 72
      and 62. As shown in FIG. 4 the potentiometer 92 is supplied by positive
      and negative potential sources +E and -E so that the contact 92a may be
      adjusted to a ground potential or some small negative or positive
      potential as required.
PAR  The signal derived from the contact 80a of potentiometer 80 on line 18 may
      be considered the signal z. The potential representing the signal z is
      supplied through the potentiometer 96 and the fixed resistor 98 to ground
      so that there may be derived from the potentiometer contact 96a when
      desired, a fractional part of the signal z where it is desired to subtract
      only a portion of the signal z from the signal x so that there is only a
      partial cancellation of the noise signals in signal x within the limits
      established by the limiting circuit.
PAR  The signal z or a portion of it as determined by the setting of contact 96a
      then appears on line 18aas an input to the inverting input of the
      differential amplifier 100. That input is supplied through the input
      resistor 102 and is effectively subtracted from the input from line 20
      which is introduced to the non-inverting input by way of the input
      resistor 104. The output on line 22 is then the signal y and that output
      supplies the necessary feedback through the feedback resistor 106 to the
      inverting input of amplifier 100. The non-inverting input of amplifier 100
      is connected to ground through a fixed resistor 108.
PAR  FIGS. 5a, 5b, 5c and 5d show in graphic form the operation of the circuit
      of FIG. 4. For example, assuming that the waveform of FIG. 5a represents
      the signal x, then the limited amplitude range established by the
      amplifier 72 and its associated components can be illustrated in FIG. 5b
      by the solid lines 110 and 112 which are shown as being the bounds of the
      limiting range. FIG. 5b shows the signal x' and shows how the relatively
      high frequency noise which is usually of a relatively low amplitude
      generally falls within the band established by the limit circuit and
      bounded by the lines 110 and 112. Those noise signals will be transmitted
      to the non-inverting input of amplifier 100 to be subtracted from x since
      they are of sufficiently high frequency to pass substantially unchanged
      through the lagged rate of change circuit of amplifier 62 and they are of
      sufficiently low amplitude to pass through the limiting circuit of
      amplifier 72, thus, only the larger amplitude signals such as represented
      by the peaks 114, 116, 118, 120 and 122 are of sufficient amplitude to
      drive the amplifier 72 to saturation. It will be noted from FIG. 5b that
      after reaching the peak 120 the effect of the RC network at the input of
      amplifier 62 causes the signal level on line 14, for example, to diminish
      as the capacitor 60 becomes charged. With regard to FIG. 5b it may be
      assumed that the waveform is that derived from line 14 of FIG. 4.
PAR  In FIG. 5c the waveform shown representing the canceling signal z is that
      which would appear on line 18 or on line 18a if the contact 96a is at its
      limit such that the full signal on line 18 is transmitted to line 18a. It
      will be noted that the waveform of FIG. 5c shows the effect of the limit
      caused by the saturation of amplifier 72 in the region of the peaks
      mentioned above. The waveform shown in FIG. 5d then represents the
      waveform which would result on line 22 after the waveform of FIG. 5c has
      been subtracted from the waveform of FIG. 5a and thus represents the
      signal y. It will be evident that what occurs is that the noise signals
      cancel each other out in the amplifier 100 as long as those noise signals
      are within the limit amplitude established by the saturation point for
      amplifier 72 as determined by the contact 80a. Whenever the signal x', and
      hence x, exceeds that limited amplitude range, that portion of x which
      exceeds the range is transmitted to line 22 since it cannot be canceled
      out by the signal z on line 18a. Thus, the peaks 114, 116, 118, 120 and
      122 appear in the waveform of FIG. 5d as does the noise following the peak
      120 which is in that part of the waveform which occurs before the
      capacitor 60 has charged sufficiently to bring the amplitude of the signal
      on line 14 below the saturation point for the amplifier 72.
PAR  The components of the circuit of FIG. 4 may desirably have the following
      values:
TBL  COMPONENT             VALUE                                               
     ______________________________________                                    
     capacitor 60          23 .mu.f                                            
     resistor 64           1 meg                                               
     resistor 66           20 ohms                                             
     potentiometer 68      2 k                                                 
     resistor 70           1 meg                                               
     resistor 74           20 k                                                
     potentiometer 80      2 k                                                 
     resistor 86           200 k                                               
     resistor 88           22.1 k                                              
     potentiometer 92      10 k                                                
     resistor 94           39 M                                                
     potentiometer 96      5 k                                                 
     resistor 98           20 k                                                
     resistor 102          200 k                                               
     resistor 104          20 k                                                
     resistor 106          20 k                                                
     resistor 108          200 k                                               
     operational amplifiers                                                    
                           308 A                                               
     ______________________________________                                    
PAR  It will be understood by those skilled in the art that the noise filters
      disclosed may be connected in cascade, for example, with the first having
      a relatively small amplitude limit and a long time constant providing the
      input to a second filter with a larger amplitude limit and a shorter time
      constant.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for filtering from process controller input signals the noise
      within a limited amplitude range to prevent unnecessary control action in
      response to said noise comprising:
PA1  means for producing a filtering signal related to said input signal by the
      Laplace transform function Ts/(1+Ts) where T is long with respect to the
      period of said noise, said filtering means including a differential
      amplifier having said input signal introduced into its non-inverting
      inputs through a capacitor and having the non-inverting input connected
      through a high impedance to ground to establish the time constant T at a
      value with respect to the period of said noise
PA1  means for limiting the magnitude of said filtering signal which includes a
      differential amplifier whose noninverting input receives the output of
      said filtering means and whose output circuit includes a potentiometer
      from which is tapped a feedback potential connected to the inverting input
      for adjustment of the level of the input signal at the non-inverting input
      necessary to drive the amplifier to saturation and thereby establish said
      limited amplitude range, and
PA1  means for subtracting said filtering signal from said input signal.
PATN
WKU  039462129
SRC  5
APN  4803612
APT  1
ART  236
APD  19740618
TTL  Automatic quality control system
ISD  19760323
NCL  13
ECL  1
EXP  Gruber; Felix D.
NDR  5
NFG  6
INVT
NAM  Nakao; Hisaji
CTY  Toyota
CNT  JA
INVT
NAM  Fukuma; Nobuo
CTY  Toyota
CNT  JA
INVT
NAM  Matsubara; Hideyuki
CTY  Toyoake
CNT  JA
INVT
NAM  Takasu; Tadahiro
CTY  Nishio
CNT  JA
INVT
NAM  Yoneda; Takao
CTY  Kariya
CNT  JA
ASSG
NAM  Toyota Jidosha Kokyo Kabushiki Kaisha
CTY  BOTH OF
CNT  JA
COD  03
ASSG
NAM  Toyota Jidosha Kokyo Rabushiki Kaisha
CTY  BOTH OF
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730618
APN  48-68584
CLAS
OCL  23515113
XCL  2351511
XCL  444  1
EDF  2
ICL  G06F 1536
ICL  G06F 1546
FSC  235
FSS  151;151.1;151.11;151.13;151.3
FSC  444
FSS  1
UREF
PNO  3147370
ISD  19640900
NAM  Lowman
OCL  235151.13
UREF
PNO  3242321
ISD  19660300
NAM  Chope
OCL  235151.13
UREF
PNO  3515860
ISD  19700600
NAM  Fitzgerald, Jr.
OCL  235151.13
UREF
PNO  3657926
ISD  19720400
NAM  Munson et al.
OCL  235151.13
UREF
PNO  3809870
ISD  19740500
NAM  Auble et al.
OCL  235151.3
FREF
PNO  1,915,293
ISD  19701000
CNT  DT
OCL  444  1
OREF
PAL  Smith: Role of Statistical Computation in Machine-Tool Feedback Gaging,
      Control Engineering Sept. 1957 pp. 190-196.
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  An automatic quality control system for a machine which measures workpieces
      processed by the machine. An estimated value to be obtained from an
      unprocessed workpiece depending upon information obtained from previously
      processed workpieces is calculated and is compared with a predetermined
      control limit. An instruction signal is generated when the estimated value
      is beyond the control limit to indicate a need for adjustment of the
      machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an automatic quality control system, and
      more particularly to an automatic quality control system useful for work
      processed under quality control according to estimated characteristics and
      trends of processing machines based on measured values of processed works.
      The invention relates more particularly to an automatic quality control
      system capable of operating control elements to maintain quality standards
      thereby permitting a reduction in the cost and labor of control
      processing.
PAR  2. Description of the Prior Art
PAR  All or most quality control procedures such as measurement of processed
      work, data processing, estimation of characteristics of processing
      machines, and inspection of quality deviation have been dependent upon
      human skill. In such a system, control limits computed on the basis of
      measured values collected from work portions are used without modification
      over a certain period until defective quality is encountered. In other
      words, the prior art has failed to take into consideration the variation
      in the characteristic and trends of processing machines as they are
      operated. As a result, the processed work does not always meet
      predetermined quality standards with the result that productivity is
      lowered. One solution to this problem has been to narrow the range of
      control limits. This, however, has necessitated frequent positional
      adjustment or even change of tools with the result that the processing
      cost increases. In the prior art, the range of adjustment of tool
      positions is fixed and it is therefore difficult to adequately compensate
      for the processing machine characteristics which vary during operation. If
      the available adjustments are inadequate, the occurrence of defective
      quality becomes frequent, the tool position must be adjusted often and
      down time increases causing processing efficiency to be lowered. The need
      for extra labor in a prior art automated process line arises in most cases
      from the lack of an efficient feedback system associated with a group of
      machine tools.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide an automatic
      quality control system capable of operation wherein the measurement of all
      work which has been processed is automated. The acquisition of data
      concerning measured work is similarly automated. The processing of data
      concerning machine characteristics and trends plotted by regression line
      approximation in a time sequence over a period covering the past, present
      and future is similarly automated. The processing dimensions are estimated
      according to the result of the data processed so that the acceptable work
      being processed does not become inconsistent with the quality standards.
PAR  According to the invention, the position of a tool can be adjusted by
      instruction, control limits can be automatically set or modified to meet
      varying trends of machines and the optimum position of a tool can be
      adjusted by instruction under on-line control.
PAR  Other objects, features and advantages of the invention will become
      apparent hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram showing the system of the invention,
PAR  FIG. 2 is a diagram showing the relationship between the trend of measured
      data, tolerance and control limits,
PAR  FIG. 3 is a flow chart of a program used to control the system of the
      invention,
PAR  FIG. 4 is a flow chart of a processing routine used in connection with the
      measuring device,
PAR  FIG. 5 is a flow chart of a key-in processing routine used in connection
      with the measuring device, and
PAR  FIG. 6 is a flow chart of another key-in processing routine.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIGS. 1 through 6, reference numeral 10 denotes a computer, 11 a
      magnetic disk, 12 a teletypewriter, 13 a paper tape reader, 14 a line
      printer, M.sub.1 M.sub.2 process machines, 20 and 21 measuring devices, 15
      through 18, 24, 25, 28, 29, 33 through 35 and 37 interfaces, 22 and 23 A-D
      converters, and 26, 27, 30 and 31 terminal devices.
PAR  With reference to FIG. 1, there is shown a block diagram illustrating an
      automatic quality control system according to the invention wherein the
      reference numeral 10 denotes a mini-computer performing central data
      processing functions in relation to other constituent system components.
      The numerals 11 through 14 represent a magnetic disk, a teletypewriter, a
      paper tape reader and a line printer, respectively, operated as peripheral
      devices for the mini-computer 10 through interfaces 15 to 18. The symbols
      M.sub.1 and M.sub.2 stand for processing machines for the first and second
      process steps. The numerals 20 and 21 denote measuring devices capable of
      automatically measuring the work at each successive portion of the
      workpiece performed by processing machines M.sub.1 and M.sub.2. The
      measured values are supplied to computer 10 by way of A-D converters 22
      and 23 and interfaces 24 and 25. Terminal devices 26 and 27 are connected
      to the computer 10 by way of interfaces 28 and 29 and are operated to
      control, by control commands from computer 10, the operation of machines
      M.sub.1 and M.sub.2, particularly the operation of the automatic tool
      position adjusting device, or to display control data or a measured
      result. In FIG. 1, the dotted lines indicate the supply of control
      commands from terminal devices 26 and 27 to processing machines M.sub.1
      and M.sub.2. Terminal devices 30 and 31 for the measuring devices 20 and
      21 are connected to computer 10 by interfaces 32 and 33 and display
      measured results for every measured item. The measuring devices 20 and 21
      are provided with masters in order to preclude measuring errors inherent
      in the measuring devices. Thus, the measured value of work at each portion
      is compensated by comparing the measured value and the mean master value,
      the mean master value being the average of the values which are obtained
      by measuring the master three or more times.
PAR  The terminal devices 30 and 31 can display the measured result of the
      master for each measuring item. The numerals 34 and 35 denote interfaces
      for the work identification signals from measuring devices 20 and 21. The
      numeral 36 is a central display panel connected to the computer 10 by
      interface 37 for centrally displaying abnormal states of processing
      machines M.sub.1 and M.sub.2 and of measuring devices 20 and 21.
PAR  The processing machine M.sub.1 is responsible for the first process step.
      After processing by the machine M.sub.1, the work W is automatically
      transferred to the measuring device 20. The processed portions of the
      workpiece are measured by measuring devices installed for the processed
      portions and the measured values are converted into digital values by the
      A-D converter 22 and stored in the memory of the computer 10. In the
      computer, it is determined whether or not the measured value accords with
      a required value which is registered in the computer. The result is
      displayed on the terminal device 26 of the processing machine M.sub.1 and
      also on the terminal device 30 of the measuring device 20. When a
      predetermined number of measured values has been collected the trend
      change of measured values in accordance with the progress of the
      processing is calculated and is extended toward the future and an
      extension is treated as an estimated value to be obtained on the next
      work. This processing is referred to as trend processing during which it
      is determined whether the estimated value is within control limits. With
      reference to FIG. 2, the gradient a of a regression line or a trend line
      plotted by approximating the measured values, the intercept b, and the
      estimate value Ex are values computed in the course of the trend
      processing. Also computed is the deviation .sigma.m by which the upper and
      lower control limits can be determined. The tool position adjusting value
      V is also computed when the estimated value exceeds the control limit.
      Details of the computation will be described hereinafter.
PAR  The estimated value Ex for the next work can be found from the gradient a
      and intercept b. When the estimated value Ex is off the control limit
      range, tool position adjustment is instructed by the terminal device 26
      and the adjustment value V obtained depending upon the presently computed
      value is delivered from the terminal device 26. By this instruction, tool
      position of machine M.sub.1 may be adjusted. Thus, in the trend
      processing, an estimated value is found by extension of the trend obtained
      from actually measured values. This estimated value is used to control
      processing dimensions and accuracy. After being measured, the work is fed
      to processing machine M.sub.2 for second step machining. After the second
      step machining, the work is transferred to measuring device 21 wherein the
      portions processed on the work are measured. As in the first step of the
      process, the work is subjected to trend processing based on the past
      measured values.
PAR  Although the number of data points may be arbitrarily determined, 18 data
      points are assumed for the sake of explanation. The computation for
      gradient a, deviation .sigma.m and other factors does not start unless
      data is completed for 18 points. After 18 points of data are collected,
      computation is continued until defective quality, cutting tool
      abnormality, or need for tool position adjustment is indicated. Trend
      processing is carried out using the gradient a = 0 (zero) and the previous
      dispersion .sigma.m until 18 data points are collected after the
      occurrence of defective quality, cutting tool abnormality or the need for
      tool position adjustment. At the beginning of operation, the gradient a =
      0 and the deviation .sigma.m of the previous day are applied directly to
      the trend processing.
PAR  Generally, on the condition that a proper amount of data is collected, the
      data may be expressed as an equation of regression, X = at + b, since
      there is a linear relationship among the individual measured values.
PAR  1. The gradient a of the equation of regression is approximated by the
      method of least squares where the square root of the deviation between the
      measured value Xt and the value X estimated from the above linear
      relationship is at a minimum. The gradient a is expressed generally as
      follows:
      ##EQU1##
      where
      ##EQU2##
PAR  t : the number of data; t = 1, 2, 3, . . . N
PAR  II. The intercept b is given as follows by the method of least squares.
EQU  b = mx - mt.sup.. a                                        (2)
PAR  III. The estimated value Ex is found by substituting the gradient a and the
      intercept b which have been derived from Eq. (1) and (2) for the above
      equation of regression and by designating the parameter t specifying the
      number of works to be measured.
PAR  IV. The deviation .sigma.m is determined in general by the following
      equation.
      ##EQU3##
      where
      ##EQU4##
      number of groups of measured values: j = 1, 2, 3, . . . l number of
      measured values in a group: s = 1, 2, 3, . . . k
PAR  d.sub.2.sup.s : coefficient depending on the number of measured values in
      group s: d.sub.2.sup.s is generally computed by the following formula:
      ##EQU5##
      where .sigma.m = standard deviation
PA1  x = arithmetic mean of measured values
PA1  x = measured value
PAR  For example, d.sub.2.sup.s equals 1.128, 1.693, 2.059 for s = 2, 3, 4,
      respectively.
PAR  d.sub.2.sup.s merely indicates the coefficient for a number s of measured
      values in a group and does not indicate the s power of d.sub.2.
PAR  Rj is the differential between the maximum and minimum measured values in
      the group.
PAR  V. The upper control limit UCL and the lower control limit LCL can be
      determined depending upon either mechanical deviation .sigma.m or
      processing deviation .sigma.p. (FIG. 2)
PA1  a. Where the limits UCL and LCL are determined on the basis of .sigma.m:
EQU  UCLm = UL - .gamma. .sigma. m
EQU  LCLm = LL + .gamma.  .sigma.m
PA1  b. Where the limits are determined on the basis of .sigma.p:
EQU  UCLp = CL + K .sigma.p
EQU  LCLp = CL - K .sigma.p
PAL  wherein
PA1  UL: upper tolerance
PA1  LL: lower tolerance
PA1  CL: (UL + LL) /2
PA1  .sigma.p: (UL - LL)/6.sup.. Cp
PA1  Cp; processing capability coefficient (For example, Cp = 1.33)
PA1  .gamma., K: parameters predetermined according to the process step.
PAL  The values UCL and LCL are determined in relation to UCLp versus UCLm, and
      LCLp versus LCLm, in the following manner.
PA1  UCLp is taken as UCL when UCLp .gtoreq. UCLm
PA1  UCLm is taken as UCL when UCLm .gtoreq.  UCLp
PA1  LCLp is taken as LCL when LCLp .ltoreq. LCLm
PA1  LCLm is taken as LCL when LCLm .ltoreq. LCLp
PAL  If UCL and LCL are larger than UL and LL respectively, then UL is taken as
      UCL, and LL as LCL.
PAR  VI. The tool position adjustment instruction is delivered in the following
      events.
PA1  1. Ex + .alpha..sub.1 .sup.. .sigma.m .gtoreq. UCL, Ex - .alpha..sub.1
      .sup.. .sigma. m .gtoreq. LCL
PA1  2. when the measured values are beyond UCL or LCL at n points in
      succession.
PAL  In FIG. 2, the adjustment instruction is delievered when Ex + .alpha..sub.1
      .sup.. .sigma.m exceeds the upper control limit UCL, or the measured
      values exceed the lower control limit LCL at two points in succession.
      (The symbols .alpha..sub.1, and n denote parameters given by the operator
      according to process step.)
PAR  VII. The tool position adjustment value V is determined as follows.
PA1  1. When Ex + .alpha..sub.1 .sup.. .sigma.m .gtoreq. UCL: V = - .vertline.Ex
      - (LCL + .alpha..sub.2 .sup.. .sigma.m).vertline.
PA1  If a = 0, then V = - .vertline. UCL - (LCL + .alpha..sub.2 .sup..
      .sigma.m).vertline.
PA1  2. When the measured values exceed LCL:
EQU  v = .vertline.cl - ex.vertline.
PA1  if a = 0, then V = .vertline. CL - LCL.vertline.
PAL  the above conditions are based on the assumption that the direction from LL
      to UL is positive, and from UL to LL negative. The symbol .alpha..sub.2 is
      a parameter given by the operator according to the process step.
PAR  VIII. The tool position adjustment test is performed to find out if the
      tool position adjustment has been correctly carried out and is performed
      after work has been processed immediately after the tool position
      adjustment is measured. In the case of FIG. 2, where the size of the work
      increases in accordance with the progress of the machine processing, the
      tool position adjustment is determined not to have been correctly carried
      out if the measured value of the work processed immediately after the tool
      position adjustment is larger than (X.sub.b - .alpha..sub.3 .sigma.m) and
      is determined to have been correct if the measured value is smaller than
      (X.sub.b - .alpha..sub.3 .sigma.m).
PAR  In the case where the size of the work decreases in accordance with the
      progress of the machine processing, the tool position adjustment is
      determined to have been correctly carried out when the measured value is
      larger than (X.sub.b + .alpha..sub.3 .sigma.m). X.sub.b indicates the
      value on the regression line corresponding to the work immediately before
      the tool position adjustment is performed. The parameter .alpha..sub.3 for
      the range of .+-. .alpha..sub.3 .sup.. .sigma.m is selected so that this
      range is larger than the range of normal distribution of deviation of
      actually measured values and so that an actually measured value exceeds
      this range only when an artificial factor and/or abnormal factor is
      exerted on the processing. The parameters .gamma. and K which determine
      the control limits, the parameters .alpha..sub.1 and n which determine the
      critical region, the parameter .alpha..sub.2 which determines the
      adjustment value, and the parameter .alpha..sub.3 for the tool position
      adjustment test may be modified on-line by a parameter modification
      instruction through teletypewriter 12 which can effect an interruption
      even during data processing. These parameters will hereinafter be termined
      collectively "control coefficients" on which the control characteristic of
      the trend processing depends.
PAR  A control program used in a system capable of processing various data for
      various purposes including trend processing computation will be described
      below. Referring to FIG. 3, there is shown a general chart. The main
      program is a main processing routine for the outputs from the
      teletypewriter and the line printer. Measurement processing routines which
      are available by interrupting the main program are provided for the
      measuring devices 20 and 21. Also, a key-in processing routine of
      interrupt level higher than the measurement processing routine is
      provided.
PAR  These routines are controlled on-line. If an interrupt is initiated by the
      measurement processing routine for the measuring device 20 during
      execution of the main program, the execution of the main program is halted
      and the data being processed in accordance therewith is temporarily
      restored in the memory of the computer 10.
PAR  After the interrupt the data that was being processed is transferred to a
      predetermined portion of the memory of the computer. Thereafter, the data
      for the processing routine which has priority is prepared for processing
      and the measurement processing routine is executed. During this routine,
      the foregoing trend processing routine can be performed. If an interrupt
      is required by the key-in processing routine during execution of the
      measurement processing routine for the measuring device 20, the key-in
      processing routine is executed after the interrupt treatment whereby
      parameters .gamma., K, .alpha..sub.1, .alpha..sub.2, .alpha..sub.3 and n
      are modified. Then the processing returns to the interrupted point of the
      measurement processing routine whereupon the execution thereof is resumed.
      When interrupts are required from the processing routines of the same
      level, for example, the measurement processing routines, the earlier one
      is processed in preference to the other. Then, after return to the main
      program, the other processing routine is executed.
PAR  FIGS. 4 and 5 show flow charts of measurement processing routines for the
      values measured by measuring device 20. Similar flow charts may be
      available for the measuring device 21, but a description thereof is
      omitted in order to avoid repetition. When an interrupt (i) of this
      routine occurs, the interrupt treatment (ii) of the main program is
      executed and the values measured by the measuring device 20 are read in
      the step (iii) to be stored in the memory in a predetermined order
      according to the measuring items. In step (iv), the measured values are
      examined for errors due to processing machine M.sub.1 and measuring device
      20.
PAR  If an error is detected, a data error signal is delivered from the
      teletypewriter 12 and the processing is directed to the main program
      return treatment in the step (xv) so as to re-start the main processing
      routine. When no error is detected, step (v) is reached in which an item
      counter which is provided to count the number of the measuring items is
      set to zero. In step (vi), the measured value of the first measuring item
      is read-out from the memory to cause the counter to count up by 1. In step
      (viii), it is determined whether the read value overflows the A-D
      conversion region. In the event of overflow, an output is delivered from
      the teletypewriter and the routine goes to step (xiii). When there is no
      data over-flow, the routine goes to step (ix) in which the need for trend
      processing is examined. If necessary, trend processing is executed
      according to the trend processing program Pk shown in FIG. 5. If the trend
      processing is not required, step (x) examines whether the measured data is
      within the upper and lower control limits UCL and LCL.  If it is not
      within the limits, an off-limit signal is delivered from the
      teletypewriter 12 and the work is indicated as defective in step (xii). In
      the next step (xiii), according to the contents of the item counter, it is
      determined whether the measured data of the last item has been processed.
      When it is determined to be complete, the end of the measurement
      processing routine is displayed on terminal device 30 in step (xiv) and
      the processing returns to the main program in step (xvi). If the
      processing of the measured data is not complete, the value of the next
      measuring item is read from the memory in step (xiii-i) and the routine
      goes back to step (vii) to cause the item counter to count up by another
      1. Thus, data processing is repeated in the foregoing manner. When the
      data of the last item is completed, the processing returns to the main
      program.
PAR  More details of trend processing program Pk will now be described by
      referring to FIG. 5. When the trend processing is required in step (ix) as
      in FIG. 4, the processing goes to the processing routine of FIG. 5, and
      program execution starts in step (i). First, the routine is initialized
      for preparing the start of trend processing in step (ii). Then, in step
      (iii), a determination is made whether the data read in steps (vi) and
      (xiii-i) of FIG. 4 are within the tolerances UL and LL. If the data are
      not within the range of UL and LL, an off-tolerance signal is generated by
      the teletypewriter 12 whereby the data used in the trend processing are
      cleared and are directed to step (iii-ii).
PAR  Step (xiii) is next. When the data is within the tolerance range, the need
      for a cutting tool check is examined in step (iv). It is to be noted that
      step (iv) is provided to determine whether the relevant cutting tool is of
      the breakable type, since the following steps (v), (vi) and (vii) are not
      necessary for unbreakable tools. If it is determined that these steps are
      unnecessary, step (iv-i) determines whether the tool position adjustment
      is proper. This determination is performed according to the state of a
      flip-flop which stores the data that the estimated value Ex which is
      tested in step (xi-i) is beyond the control limit or that the measured
      value has been beyond the control limit a predetermined number of times,
      in this particular case, 2 times. If not, the routine goes to step (viii).
      If so, the tool position adjustment test is performed to examine in step
      (vi-i) whether the tool position adjustment was correctly carried out as
      previously described in (VIII).
PAR  If the cutting tool check is found to be necessary in step (iv), the
      deviation R is found by computing the difference between the previously
      measured value X.sub.t.sub.-1 and the presently measured value X.sub.t. In
      the next step (vi), it is determined whether the tool position adjustment
      instruction was given. When the tool position adjustment is found to be
      given, the routine again moves to step (vi-i) to perform the tool position
      adjustment test.
PAR  If the tool position adjustment is found to have been correctly carried
      out, the data are initialized in step (iv-ii) and, thereafter, the tool
      position adjustment instruction is cleared in step (vi-iii). When the tool
      position adjustment is found not to be required in step (vi), the routine
      goes to step (vii) in which it is determined whether the range R exceeds a
      predetermined tolerable limit L(R). If so, this signifies that the cutting
      tool has been broken or has been chipped. In such an event, an output
      signal indicating "chipping" is delivered from the teletypewriter 12 and
      such chipping of the cutting tool is displayed on the terminal devices 26
      and 30. At the same time, the data are reinitialized. When the deviation R
      is smaller than the predetermined limit L(R), it is determined in step
      (viii) whether the measured value is within the range of control limits
      UCL and LCL. If the measured value is without the range, it is determined
      in step (viii-i) whether the measured value has been without the control
      range a given number of times.
PAR  If the measured value is shown to be outside the acceptable range more than
      2 times, tool position adjustment is instructed and adjustment value V is
      computed. By the instruction of tool position adjustment, the automatic
      tool position adjusting device is operated so that the tool position is
      automatically corrected by the computed adjustment value V. In the case of
      a grinding machine having an automatic sizing device, the sizing device is
      operated by the position adjusting instruction so that the probes thereof
      are automatically corrected by the computed adjustment value V. In a
      system for manual adjustment, the operator is informed of the need for the
      tool position adjustment through an alarm such as a flashing lamp. At the
      same time, the adjustment value V is directed to the terminal devices 26,
      30 and the central display device 36. In case a work or works are stored
      between the processing machine and the measuring device, an initial
      adjustment amount V is displayed on the terminal devices 26, 30 and the
      central display panel 36 or is directed to the processing machine when the
      value Ex + .alpha..sub.1 .sigma.m first exceeds the upper control limit
      UCL. Thereafter, a differential between presently and previously measured
      values is displayed or instructed as an adjustment amount until the
      adjustment is made on the work. Thus, all the works between the processing
      machine and the measuring device are completed to be measured. When the
      measured value is not without the acceptable a given number of times or
      more the processing moves to step (ix) to determine whether the gradient a
      is equal to 0.
PAR  When a = 0, the processing moves to step (xii) to effect a display on the
      terminal devices 26, 30 and the central display panel 36. It is to be
      noted that the gradient a is set to be 0 as long as the data of the l8
      points are not collected. If a .noteq. 0, the estimated value Ex is
      calculated in step (x) and it is determined in step (xi) whether the
      estimate value Ex is within the range of control limits UCL and LCL. If
      the value Ex is within the range, the processing proceeds to the next step
      (xii) to display the normality of measured values. If not within the
      range, the processing moves to step (xi-i) to instruct the tool position
      adjustment and to calculate the amount V of the tool position adjustment.
      In step (xiii), it is determined whether 18 points of measured values have
      been collected for each individual measuring item. If collected, the
      gradient a and the deviation .sigma. m are computed on the basis of such
      collected values in step (xiv). If not collected, the gradient a is taken
      as 0 in step (xiii-i) and the deviation .sigma. m is left as it is in step
      (xiii-ii).
PAR  In step (xv), the control limits UCL and LCL are set according to the
      deviation .sigma. m computed. For this setting, the process capability
      coefficient Cp is taken into consideration as described in (V) above.
      Then, after the trend processing, the processing moves to step (xiii-i) of
      FIG. 4 to read out the data of the measured value of the following item
      from the memory. Another trend processing is then performed in the
      foregoing manner. Thus, .sigma. measured values covering a large number of
      measuring items are processed in succession. When the trend processing of
      the data of the last item is completed, the processing moves to step (xiv)
      from step (xiii) of FIG. 4 and thereafter, returns to the main program.
      Each time an interrupt is effected in the processing program of FIG. 4,
      one point of data is stored for each measuring item in the step (iii).
      Therefore, to make 18 points of data ready, an interrupt must occur at
      least 18 times. The number of interrupts is counted for each measuring
      item and, in step (xiii), it is determined whether the count value reaches
      18 for each measuring item and the need for the computation of a.sup..
      .sigma.m is determined.
PAR  The parameters .gamma. and K used when the control limits are computed in
      step (xv) in the trend processing program, the parameter .alpha..sub.1
      used when the estimate value Ex is computed in step (x), the parameter n
      for setting in step (viii-i), the parameter .alpha..sub.2 used when the
      adjustment value is computed in step (xi-i), and the parameter
      .alpha..sub.3 used when tool position adjustment is tested in the step
      (vi-i) can be modified by the key-in processing routine whose interrupt
      level is higher than that of the foregoing processing routines.
PAR  FIG. 6 shows an example of this key-in processing routine. An interrupt is
      effected in step (i) each time the key of teletypewriter 12 is depressed.
      The interrupt treatment is performed so as to halt the interrupted
      processing routine and to store the data being used in the interrupted
      processing routine in a predetermined portion of the memory. In step
      (iii), the keyed-in data of one character is read in by the computer 10
      and the data which has been read in is immediately typed out. In steps (v)
      and (vi), the characters contained up to CR which follow the symbol * are
      recognized as meaningful characters by keying in the symbol*. When the
      symbol * keyed in at the head of meaningful characters is recognized, the
      data in predetermined addresses and an item counter are cleared in steps
      (vi-i) and (v-ii).
PAR  When a meaningful character is keyed in, data of the meaningful characters
      are stored in predetermined addresses of the memory, and the number of the
      meaningful characters are counted by the counter. In step (viii), it is
      determined whether the counter is overflowing. If so, a key-in error
      signal is generated. When all the meaningful characters are keyed in and
      stored in the memory of the computer, a return treatment is performed so
      that the interrupted processing routine is restored. When the last
      keyed-in character CR is recognized in step (vi), the processing moves to
      steps (vi-i), (vi-ii) whether the recognized data is an operation end
      request or a parameter modification request. All the data other than these
      requests are regarded as a key-in error so as to output a key-in signal in
      step (vi-iii) whereby return treatment is performed and the interrupted
      processing routine is restored. When an operation end request is read, the
      computer automatically assumes the interrupt inhibit state and no on-line
      data processing is performed. When a parameter modification request is
      sensed, the processing moves to step (vi-ii-ii) to examine input errors.
      When no error is found, the data stored in the individual parameter
      storage registers are rewritten in step (vi-ii-ii) by the data of the
      newly modified parameters. Thus, the interrupt is reset. In this manner,
      parameters can be modified on-line by key-in operation of the
      teletypewriter to meet specific mechanical characteristics thereby
      establishing desirable conditions for control.
PAR  According to the invention, as has been described in detail, all works are
      automatically measured, the series of characteristic change of the
      processing machines is extended towards the future based on the measured
      values, and the need for tool position adjustment is determined according
      to the trend of dimension and accuracy of the work processed. For work not
      yet processed, tool position adjustment is instructed if it is estimated
      that the work will not fall within the control limits. Therefore the
      occurrence of defective work can be efficiently prevented. Furthermore,
      the optimum adjusting value is determined on the last processed work in
      order to adjust the tool position with the result that a maximum number of
      works can be precisely processed when the tool position is adjusted but
      once and whereby the process cost can be markedly reduced. Still further,
      the control limits are automatically modified according to ever varying
      characteristics and the control coefficients are modified on-line instead
      of depending on fixed control limits as in the prior art. This minimizes
      the occurrence of defective works and reduces the frequency of need for
      tool position adjustment. Still further, the use of the system of the
      invention will no doubt contribute to the achievement of complete
      automation of a machine tool system which will not need a feedback
      function for quality control.
PAR  While the principles of the invention have been described above in
      connection with a specific embodiment and particular modifications
      thereof, it is to be clearly understood that this description is made only
      by way of example and not as a limitation on the scope of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An automatic quality control system for a machine for processing
      discrete workpieces wherein a parameter of processed workpieces varies in
      accordance with a trend comprising:
PA1  measuring means separately disposed from said machine for generating
      information by measuring a plurality of workpieces processed thereby;
PA1  converting means for converting information obtained from said processed
      workpieces into digital values;
PA1  computing means responsive to said converting means for calculating by
      trend processing an estimated value for a yet unprocessed workpiece
      depending upon said digital values obtained from a plurality of preceding
      workpieces, for comparing said estimated value with a predetermined
      control limit and for generating an instruction signal when said estimated
      value is beyond the control limit; and
PA1  instruction means for indicating a need of adjustment of said machine in
      response to said instruction signal.
NUM  2.
PAR  2. An automatic quality control system according to claim 1, further
      comprising a device connected to said instruction means for adjusting the
      machine.
NUM  3.
PAR  3. An automatic quality control system according to claim 1, wherein said
      computing means generates an instruction signal when measured values
      obtained from the processed workpieces are beyond said control limit more
      than a predetermined number of times in succession.
NUM  4.
PAR  4. An automatic quality control system according to claim 1, wherein said
      instruction means is a display device for indicating the need of machine
      adjustment to a machine operator.
NUM  5.
PAR  5. An automatic quality control system according to claim 1, wherein said
      computing means is operable to calculate deviation of said information and
      to determine said control limit according to said deviation.
NUM  6.
PAR  6. An automatic quality control system according to claim 5, wherein said
      computing means is operable to test if an adjustment amount of said
      machine is within said deviation and to initialize said information
      utilized for calculating said estimated value when said adjustment amount
      is within said deviation.
NUM  7.
PAR  7. An automatic quality control system for a machine for processing
      discrete workpieces wherein a parameter of successively processed
      workpieces varies in accordance with a trend comprising:
PA1  measuring means separately disposed from said machine for generating
      information by measuring a plurality of workpieces processed thereby;
PA1  converting means for converting information obtained from said processed
      workpieces into digital values;
PA1  computing means for trend processing the digital values obtained from a
      plurality of said preceding workpieces;
PA1  instruction means for indicating a need of adjustment of said machine in
      response to said computing means;
PA1  said computing means operating to store measured values obtained from the
      processed workpieces, to calculate by trend processing the trend of said
      measured values, to calculate by trend processing an estimated value for a
      yet unprocessed workpiece in accordance with said trend, to determine if
      said estimated value is within predetermined control limits and to
      instruct adjustment of said machine when said estimated value is beyond
      said control limits.
NUM  8.
PAR  8. An automatic quality control system according to claim 7, wherein said
      computing means calculates the deviation of said measured values and
      determines said control limits according to said deviation.
NUM  9.
PAR  9. An automatic quality control system according to claim 8, wherein said
      computing means determines if an adjustment amount of said machine is
      within said deviation after said adjustment is instructed, and initializes
      measured values utilized for calculating said estimated value when said
      adjustment amount is within said deviation.
NUM  10.
PAR  10. An automatic quality control system according to claim 7, wherein said
      computing means examines if each of said measured values is within said
      control limits and instructs an adjustment to said machine when said
      measured values are beyond said control limits more than a predetermined
      number of times in succession.
NUM  11.
PAR  11. An automatic quality control system according to claim 7, wherein the
      adjustment instruction is performed in such a manner that an initial
      adjustment amount is instructed to said machine when said estimated value
      first exceeds said control limits and thereafter, a differential between
      presently and previously estimated values is instructed as an adjustment
      amount until said adjustment instruction is first reflected in said
      measured value.
NUM  12.
PAR  12. An automatic quality control system according to claim 7, wherein said
      computing means changes control coefficients for determining said control
      limits.
NUM  13.
PAR  13. An automatic quality control system according to claim 7 wherein said
      computing means tests if a tool of said machine is breakable, if said tool
      is found to be breakable, examines if a differential between two
      successive values is within a predetermined value and initializes measured
      values utilized for calculating said estimated value when said
      differential is not within said predetermined value.
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ABST
PAL  A taximeter in which taxi speed is represented by an analogue signal, the
      analogue signal controlling the frequency of a variable frequency
      oscillator and an indicated taxi fare read out being obtained by counting
      pulses from the oscillator to display a fare charge the rate of
      advancement of which is thus dependent upon the magnitude of the analogue
      signal.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to taximeters.
PAR  2. Description of Prior Art:
PAR  Mechanical taximeters generally employ two rotatable elements, one of which
      is driven by a motor at a constant rotational speed, and the other of
      which is driven usually indirectly, from the taxi wheels or gear box or
      speedometer cable at a rate which is proportional to the speed of the
      vehicle. Clutch means is provided operating to couple an output shaft to
      whichever of the two rotatable elements is rotating at the greater speed.
      This shaft drives a metering and display mechanism to display a fare
      charge corresponding to the number of rotations of the output shaft. The
      indicated fare will thus advance at a constant rate when the vehicle is
      stationary as the output shaft will be driven at a constant speed or
      "time" rate by the rotatable element which is coupled to a motor. On the
      other hand, when the vehicle is travelling at a speed greater than a
      predetermined speed, the fare is advanced at a rate proportional to the
      distance or "mileage" being travelled by the vehicle, the output shaft in
      this case being driven by that rotatable element which is coupled to the
      taxi wheels, gear box or speedometer cable.
PAR  Mechanical taximeters are somewhat disadvantageous in that they employ
      numerous parts which are prone to wear and require constant servicing.
      This difficulty has been sought to be overcome by providing electronic
      digital taximeters which replace the mechanical clutch, the rotatable
      elements and the motor for driving one of the elements by a fixed
      frequency oscillator, to represent the time rate, and a variable frequency
      generator, generating a signal the frequency of which is varied in
      proportion to the speed of the vehicle. These oscillators produce pulse
      streams, and suitable electronic selector means is provided to select
      whichever of the two pulse streams is at the highest frequency and apply
      this to advance a fare couter. Whilst these arrangements require virtually
      no moving parts, and are inherently quite reliable, they are still
      disadvantageous in that it is possible to lose a pulse from each pulse
      stream during transitions caused by switching of the selected pulse stream
      from the mileage pulse stream to the time pulse stream. Such lost pulses
      result in loss of revenue and the loss can be significant in cases where
      frequent mileage time transitions occur, such as in city driving. An
      object of the invention is to at least substantially avoid this
      difficulty.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the invention there is provided a taximeter comprising
      generator means for generating a generator analogue signal representing
      the speed of a taxi with which the meter is to be used, and fare read-out
      means coupled to said generator means for displaying a fare charge which
      is advanced in dependence upon said analogue signal at a rate which, when
      the taxi meter is coupled to a taxi, is proportional to the speed of the
      taxi.
PAR  The fare read-out means may be arranged such that the displayed fare charge
      is not advanced in dependence upon said analogue signal when the condition
      of the analogue signal is such as to correspond to movement of a taxi to
      which the taxi meter is fitted at less than a predetermined speed.
      Alternatively, the fare read-out means may be arranged such that the
      displayed fare charge is not advanced in dependence upon said generator
      analogue signal when the generator analogue signal has not been in a
      condition indicative of motion of a taxi to which the meter is fitted for
      more than a predetermined time period.
PAR  In the first case, the fare read-out means preferably includes a reference
      source for generating a reference analogue signal representative of said
      predetermined speed of said vehicle and selector means coupled to receive
      and compare the analogue signals generated by said generator means and by
      said source to control the rate of fare advanced in dependence upon the
      reference analogue signal when the generator analogue signal is indicative
      of a lesser speed than said predetermined speed and in dependence upon the
      generator analogue signal when the speed represented thereby is greater
      than said predetermined speed. Preferably, too, in this case, the fare
      read-out means further comprises a taxi meter wherein said fare read-out
      means includes an oscillator coupled to receive the selected one of said
      analogue signals from said selector means and operates to generate an
      output signal having a frequency which is fixed when said reference
      analogue signal is passed thereto and which is at a frequency proportional
      to the speed indicated by the generator analogue signal when this is
      passed thereto, counter and display means also being provided in said fare
      read-out means and coupled to receive said output signal and operating to
      count individual pulses thereof and to display visually said fare in
      accordance with pulses so counted. In the second case, the fare read-out
      means preferably includes an oscillator coupled to receive said generator
      analogue signal via time delay circuit means which delays said generator
      analogue signal by said predetermined time period, said oscillator
      generating an output having a frequency which is fixed, when said analogue
      signal is indicative of zero taxi speed, and which is at a frequency
      proportional to taxi speed when the generator analogue signal is
      indicative of taxi speed above zero, counter and display means also being
      provided in said fare read-out means and coupled to receive said output
      signal and operating to count individual pulses thereof and displaying
      visually said fare in accordance with pulses so counted.
PAR  In either instance, the generator analogue signal is preferably a DC
      voltage directly proportional to the taxi speed, and the oscillator is a
      voltage controlled oscillator.
PAR  The invention also provides a taxi meter including a variable frequency
      oscillator, counter and display means for counting output pulses from the
      oscillator and displaying a fare charge in proportion to pulses counted,
      generator means for generating an analogue signal representing the speed
      of a taxi to which the meter can be fitted and control means controlling
      the frequency of said oscillator in accordance with said analogue signal,
      at least when said signal is above a predetermined level or has been above
      a predetermined level for a predetermined time.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE ACCOMPANYING DRAWING
PAR  The invention is further described with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a block schematic diagram of one form of taxi meter constructed
      in accordance with the invention;
PAR  FIG. 2 is a diagram of the electrical circuit of a DC tacho generator
      incorporated into the taxi meter of FIG. 1;
PAR  FIG. 3 is a diagram of the electrical circuit of a DC voltage selector
      incorporated into the taxi meter of FIG. 1;
PAR  FIG. 4 is a diagram of the electrical circuit of a voltage controlled
      oscillator incorporated into the taxi meter of FIG. 1; and
PAR  FIG. 5 shows a modification to the taxi meter of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  The taxi meter 10 shown in FIG. 1 includes a direct current tacho generator
      12 having an input shaft coupled to, for example, the speedometer cable of
      the taxi or to the gear box or to the wheels thereof so that the shaft is
      driven at a rate proportional to the vehicle speed. The tacho generator
      provides a direct current output proportional to the speed of the vehicle.
      A fixed direct current voltage source 14 is also provided, the output of
      this representing time. The outputs from the tachometer 12 and source 14
      are fed to a direct current voltage selector 16 which selects whichever of
      the two voltages generated by tacho generator 12 and source 14 is highest
      and passes this to a voltage controlled oscillator 14. The voltage
      controlled oscillator has a variable frequency output, the frequency being
      proportional to the output voltage from selector 16. Output pulses
      produced by the oscillator are fed to a counter 21 which operates to
      advance a fare readout display means 22 to display a fare which is
      advanced at a rate proportional to the pulse rate on line 20.
PAR  When the taxi to which the taxi meter 10 is attached is stationary, the
      tacho generator 12 produces zero output and voltage selector 16 thus
      provides, at its output, the voltage provided by source 14. Thus, when the
      taxi is stationary, the output frequency of oscillator 18 is constant and
      the fare displayed by the display means is advanced at a constant "time"
      rate. When the taxi accelerates from rest, the voltage provided by tacho
      generator 12 increases until, at a predetermined vehicle speed, it exceeds
      the voltage provided by source 14. In this case, then, the counter
      advances the displayed fare at a rate proportional to the speed of travel
      of the taxi.
PAR  Tacho generator 12 is shown in FIG. 2. It includes a disc 40 secured to an
      axle 42, which axle comprises the input shaft of the generator. Disc 40
      has a plurality of radial slots 44 extending inwardly from its periphery
      and a light source 46 positioned to one side of the disc so that light can
      pass to the other side only when a slot 44 is positioned in the path of
      light from the source 46. Light source 46 comprises a light emitting diode
      which is coupled to electrical source 14 via a positive supply rail 52 and
      a ground line 50. A photocell 48 is positioned to the side of disc 40
      remote from source 46 so that it receives light only each time a slot 44
      is positioned in the path of light from source 46. Electric current pulses
      produced by the photocell 48 pursuant to successive illuminations thereof
      as disc 40 rotates, are passed to an amplifier 54 and thence to a
      monostable multi-vibrator 56. Amplifier 54 and multi-vibrator 56 are
      powered from line 50 and rail 52.
PAR  Multi-vibrator 56 is triggered off the trailing edges amplified pulses from
      photocell 48 and produces a pulse train on an output line 58 therefrom.
      Pulses of this pulse train are of constant amplitude and are of the same
      freguency as pulses fed to the multi-vibrator but have constant pulse
      width. These pulses are passed to a three stage RC filter 60 which
      comprises three series connected resistors 62 and three capacitors 64 each
      coupled to rail 52 and respectively to the successive resistors 62 at
      sides of the resistors remote from multi-vibrator 56. Output from filter
      60, as measured between rail 52 and line 66 from filter 60, comprises a
      smoothed analogue signal voltage, the amplitude of which is directly
      proportional to the frequency of signal applied on line 58 and thus also
      directly proportional to the speed of rotation of disc 40.
PAR  DC voltage selector 16 (FIG. 3) comprises an operational amplifier 68 one
      input of which is coupled to line 66 to receive signal from generator 12.
      The output side of the amplifier is coupled to one side of a diode 70, the
      other side of the diode being connected via a line 72 in a feed-back loop
      to the other input of amplifier 68. Line 72 is coupled to an output line
      90, to positive supply rail 52 via a variable resistor 74 and to ground
      line 50 via a resistor 76. The operation of DC selector 62 is such that in
      the event that the voltage between rail 52 and line 66 is less than that
      which line 72 would assume if this voltage were to be determined only as
      the proportion of the supply voltage between rail 52 and line 50 as
      established by the division ratio of resistors 74 and 76, then line 90
      will assume the latter voltage. On the other hand, if voltage between rail
      52 and line 66 exceeds such voltage, then lines 72 and 90 will assume the
      voltage of line 66. Thus, the operation is such that when the taxi is
      stationary, and disc 40 is also consequently stationary, line 90 will
      assume the fixed proportion of the supply determined by the ratio of
      resistors 74 and 76 and will remain at this voltage, as the taxi
      accelerates from rest, until a stage is reached at which the voltage
      between rail 52 and line 66 is greater, whereupon voltage of line 90 will
      be proportional to speed of the taxi. It is in this way that the
      transition from computing of fares at a time rate to computing them at a
      distance travelled rate is accomplished.
PAR  It is possible to so adjust resistor 74 that immediately any substantial
      voltage is present on line 66 pursuant to the taxi beginning to move from
      rest, the voltage on line 90 will follow that on line 76. This mode of
      operation is sometimes desirable to give a distance only fare computation
      with no time rate fare charge.
PAR  Referring now to FIG. 4, the voltage-controlled oscillator 18 comprises a
      precision current source 100 which operates to provide a current on an
      output line 110 therefrom which is directly proportional to the voltage on
      line 90 from voltage selector 16. Source 100 includes an operational
      amplifier 112, one input of which is coupled to line 90 and a transistor
      114. Transistor 114 has its emitter connected to supply rail 52 via a
      resistor 116 and its collector connected to line 110. The base is
      connected via a line 120 to the output from amplifier 112 and the emitter
      of the transistor is coupled in a feed-back line 124 to the second input
      of amplifier 112. The interconnection of the amplifier 112 and transistor
      114 is such that current flow from line 52 through transistor 114 to line
      110 is regulateed so as to be proportional to the magnitude of the voltage
      difference between rail 52 and line 90.
PAR  Line 110 is coupled to an astable multi-vibrator 102 which forms a second
      part of voltage controlled oscillator 18. This includes a transistor 132
      having its emitter connected to ground line 50, its base connected to
      positive supply rail 52 via a resistor 134 and having its collector
      connected to a resistor 136. A second transistor 130 has its emitter
      coupled to rail 52 and its collector connected to a resistor 138.
      Resistors 138 and 136 are connected, at ends remote from the collectors of
      the respective transistors 130 and 132, at a junction 133. Junction 133 is
      connected to one side of a capacitor 140. The other side of the capacitor
      is connected both to line 110 from current source 100 and to the base of a
      third transistor 142. Transistor 142 has its emitter connected to ground
      line 50 and its collector connected to one side of a resistor 144, the
      other side of resistor 144 being coupled to rail 52 via a resistor 146. A
      diode 150 is connected from the collector of transistor 142 to one side of
      a capacitor 154, the other side of capacitor 154 being connected to the
      base of transistor 132. The junction 135 between diode 150 and capacitor
      154 is coupled to ground line 50 via resistor 160 and to rail 52 via a
      resistor 162. The base of transistor 130 is coupled to the junction 137
      between resistors 144 and 146.
PAR  The operation of multi-vibrator 102 will be described as beginning from a
      state in which transistors 130 and 142 are both off and transistor 132 is
      on. It is assumed, firstly, that capacitor 140 has just been charged to a
      voltage approaching the voltage between line 50 and rail 52, with the side
      thereof coupled to junction 133 being substantially at ground potential,
      owing to transistor 132 being on, and with the other side thereof being
      below ground potential. In this condition, capacitor 140 will receive
      current from line 110 and will charge at a rate proportional to current
      flow therefrom. After a time which will be proportional to the rate of
      current flow on line 110, capacitor 140 will be charged such that the
      voltage at the side thereof connected to the base of transistor 142 will
      be sufficient to turn transistor 142 on, since the collector of this
      transistor is coupled directly to the positive supply via resistors 144
      and 146 and the emitter is coupled to ground at line 50. Prior to this
      turning on of transistor 142, transistor 130 is held in the off condition
      by virtue of there being no voltage applied to the base thereof, however,
      when transistor 142 is turned on, the end of resistor 144 which is coupled
      to the collector of transistor 142 assumes substantially ground potential
      and resistors 144 and 146 thus act as a voltage divider across line 50 and
      rail 52 so that junction 137 and the base of transistor 130 assume a
      voltage which turns transistor 130 on.
PAR  Resistor 160 is substantially greater than resistor 162 and the side of
      capacitor 154 which is coupled to the junction 135 of these therefore
      assumes, prior to turning on of transistor 142 when no current flow
      through the diode 150 occurs, a substantial positive voltage which is
      arranged to be somewhat greater than the potential of the other side of
      capacitor 154 which is coupled to the base of transistor 132. Capacitor
      152 thus assumes a charged state. When transistor 142 is turned on, the
      junction between diode 150 and capacitor 154 is immediately placed at
      substantially ground potential because current flow from rail 52, through
      resistor 162 the diode and transistor 142 to ground can occur and the
      charge voltage of the capacitor is applied to the base of transistor 132
      thus causing the base to assume a voltage which is well below ground
      potential thereby turning off transistor 132. The charge on capacitor 154
      is dissipated relatively quickly, the capacitor then charging in the
      reverse polarity from supply rail 52. As this charging occurs, the voltage
      of the base of transistor 132 rises until it is sufficient to again turn
      on transistor 132. The time interval for which transistor 132 is on is
      arranged to be a very small period, of the order of 1 millisecond.
PAR  In the period when transistor 132 is turned off, capacitor 140 can charge
      from rail 52 via transistor 130 and resistor 138. It will thus assume a
      charge voltage approaching the supply voltage, the side of the capacitor
      being coupled to junction 135 reaching approximately the supply voltage
      and the side coupled to the base of transistor 142 being substantially at
      ground potential. The time constant of the charging circuit for the
      capacitor is arranged such that the capacitor can reach a steady fully
      charged voltage within the short period in which transistor 132 is off.
PAR  When transistor 132 is turned on pursuant to charging of capacitor 154, the
      side of capacitor 140 which is connected to the collector of transistor
      132 via resistor 136 is effectively placed at a voltage close to earth
      potential so that the charge voltage of capacitor 140 is effectively
      applied across the emitter base junction of transistor 142 to cause the
      base to assume a negative voltage relative to the emitter thereby to turn
      off transistor 142. As soon as transistor 142 is turned off, transistor
      130 is likewise turned off and the circuit is readied for another cycle.
PAR  Output from multi-vibrator 102 is taken from the collector of transistor
      132. This output comprises a series of output pulses, produced at each
      interval when transistor 132 is off. These pulses are of short duration
      and are separated by periods directly proportional to the applied voltage
      between line 90 and rail 52. By this means it is assured that the
      oscillator possesses linear input voltage frequency characteristics.
PAR  The counter 21 and display 22 may be of a type known well in the art
      employing, for example, decade counters which drive conventional numeral
      display devices. The rate of fare advancement may be varied by appropriate
      selection, in the counter, of the number of pulses which need to be
      received from oscillator 18 before advancement of the indicated fare is
      effected by one unit.
PAR  In the taxi meter 25 of FIG. 5, the output from tachometer 12 is fed,
      instead of to selector 16, to a voltage delay device 24 which operates to
      delay the output from the tacho generator. This delayed output, on line
      26, is passed to an oscillator 30 of the kind having an output frequency
      which is fixed when there is no voltage on line 26, but which is
      proportional to the output voltage on line 26 when such voltage is
      present. Output from the voltage controlled oscillator is passed to
      counter 21 and display 22. The arrangement of FIG. 5 operates in an
      analogous way to the embodiment of FIG. 1, except that as output from
      tacho generator 12 rises upon acceleration of the taxi from rest, the rise
      in voltage is delayed so that the switching of the oscillator to the
      condition where its output is dependent upon the tacho generator output is
      delayed to correspond to occurrence of a predetermined taxi speed.
PAR  Voltage delay 24 may comprise a simple RC circuit such as that provided by
      the filter 60 of FIG. 2. The RC circuit should have a relatively long time
      constant sufficient to delay rise in voltage on line 26 by a short time
      interval. Oscillator 30 may be of the same form as oscillator 18 except
      for modification of current source 100 in a manner known per se to provide
      a constant current flow on line 110 when there is no signal on line 90
      thereto and to provide a proportionally rising output current on line 110
      when voltage on line 90 increases. Alternatively, it could, of course,
      merely comprise the oscillator 18 together with the source 14 and voltage
      selector 16 described.
PAR  In both described embodiments, the tacho generator 12 may be electronic or
      electromechanical but in any event preferably has an output which is a
      direct current voltage proportional to angular velocity of an input shaft
      thereof.
PAR  Because the oscillators 18 or 30 operate continuously, there is no loss of
      pulses when switching between the two operative conditions thereof is
      effected. Whilst the described arrangement utilises a direct current
      analogue voltage to represent the speed of the taxi this speed could be
      represented, for example, by a direct current.
PAR  The described construction has been advanced merely by way of explanation
      and many modification may be made thereto without departing from the
      spirit and scope of the invention as defined in the appended claims.
CLMS
STM  The claims defining the invention are as follows:
NUM  1.
PAR  1. A taximeter comprising:
PA1  generator means for generating a generator analog signal representing the
      speed of a taxi with which the meter is to be used;
PA1  a reference source for generating a reference analog signal representative
      of a predetermined speed of said vehicle;
PA1  selector means coupled to receive and compare the analog signals generated
      by said generator means and by said source; and
PA1  fare read-out means coupled to said selector means for displaying a fare
      charged which is advanced in dependence upon the reference analog signal
      when the generator analog signal is indicative of a lesser speed than said
      predetermined speed and in dependence upon the generator analog signal
      when the speed represented thereby is greater than said predetermined
      speed.
NUM  2.
PAR  2. A taximeter is claimed in claim 1 including an oscillator coupled to
      receive the selected one of said analog signals from said selector means
      and operable to generate an output signal having a frequency which is
      fixed when said reference analog signal is passed thereto and which is at
      a frequency proportional to the speed indicated by the generator analog
      signal when the generator analog signal is passed thereto; and
PA1  wherein the fare read-out means includes counter and display means coupled
      to receive said output signal and operating to count individual pulses
      thereof and to display visually said fare charge in accordance with pulses
      so counted.
NUM  3.
PAR  3. A taximeter is claimed in claim 2 wherein:
PA1  said generator means generates said generator analog signal as a
      unidirectional electrical signal the magnitude of which is directly
      proportional to the speed of the vehicle;
PA1  said reference analog signal is generated by said source as a
      uni-directional electrical signal of constant magnitude;
PA1  said selector means is operative to pass whichever of these electrical
      signals is the greater to said oscillator; and
PA1  said oscillator is of the kind in which the frequency of generation of
      output signals therefrom is directly dependent upon the magnitude of the
      electrical signal applied thereto.
NUM  4.
PAR  4. A taximeter as claimed in claim 3 wherein:
PA1  said analog signals are generated in the form of DC voltages; and
PA1  said oscillator is a voltage controlled oscillator.
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PAL  A multi-level digital filter system applicable to modems is provided. The
      incoming data is read serially into M shift registers and read out in
      parallel by M further shift registers under the control of an M-bit clock,
      where M=log.sub.2 N and N is the number of levels. After appropriate
      conditioning by a logic control circuit, the parallel outputs are filtered
      separately by M digital shaping filters. The shaping filters each comprise
      a chain of shift registers the outputs of which are weighted by a resistor
      network and summed to produce a desired time response, which in an
      exemplary embodiment is the inverse Fourier transform of an ideal low-pass
      filter. Summing of the filter outputs produces an N-level signal. Specific
      examples of three-, four-, five-, six- and eight-level systems are
      disclosed.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      269,048, filed July 5, 1972 and now U.S. Pat. No. 3,883,727.
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PAC  FIELD OF THE INVENTION
PAR  The present invention relates to digital filters for data modems and the
      like, and more particularly, to digital filter systems for generating
      multilevel bandlimited signals.
PAC  BACKGROUND OF THE INVENTION
PAR  Single sideband and double sideband transmitters for data modems
      characteristically include a plurality of filters as well as other shaping
      and delay networks, for example, many conventional modems utilize a
      shaping filter, a vestigal sideband filter and a phase equalizer in the
      data transmitter. These circuits are expensive and relatively difficult to
      control insofar as producing a precise time response is concerned. Hence,
      given the increased emphasis on the reduction in the hardware required in
      data communication systems, any system which eliminates such circuits has
      obvious advantages as compared with the systems of the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a multi-level digital filter
      system is provided which is applicable to data modems and which can be
      used in a single sideband or double sideband transmitter. The filter
      system can be used to eliminate the necessity of a shaping filter, VSB
      filter and phase equalizer, the filter providing a fixed delay and having
      no intersymbol interference at sampling points. The invention also
      involves techniques of generating band limited waveforms and enables the
      synthesizing of a preselected controlled time response.
PAR  According to a presently preferred embodiment of the invention, means are
      provided whereby the incoming data is read serially into clocl-controlled
      shift registers and is read out in parallel using an M-bit clock, where M
      = Log.sub.2 N and N is the number of levels. Logic controls convert the
      parallel outputs into a desired form and the resultant output bits are
      filtered separately by M, two-level input digital filters. It is noted
      that if M is a fraction, it is rounded to the next higher integer so that
      the number of possible levels is greater than desired, the logic control
      being designed so that only the desired levels are generated. The digital
      filters comprise an n-stage shift register having a common clock. The
      number of shift registers, n, is given by the expression n = r(m-l) + 2,
      where r is the ratio of the clock rate to the data rate and m is the
      equivalent number of pulses which can be accommodated with the period of
      the shaping function. The output of each shift-register is weighted by a
      resistor network and summed to produce a desired time response. In a
      specific embodiment this desired time response is the inverse Fourier
      transform of an ideal low-pass filter, the filter serving to delay,
      symmetrically truncate and shape the time response such that the frequency
      response produced is that of an ideal low-pass filter within specified
      error limits. The window function, K.sub.0 - K.sub.1 cos (.pi./T.sub.1
      .sup.. t), is used for shaping a truncated sin x/x waveform, where K.sub.0
      and K.sub.1 are constants having optimum values of 0.538 and 0.462,
      respectively. The outputs of the filters, after suitable smoothing, are
      summed to produce the N-level filtered analog signal.
PAR  The digital filter system of the invention can adapt to a change of data
      rate as long as the ratio of the data rate to filter clocking frequency is
      held constant.
PAR  Specific embodiments of 3-level, 4-level, 5-level, 6-level, and 8-level
      systems are discussed hereinbelow.
PAR  Other features and advantages of the invention will be set forth in or
      apparent from a detailed description of a preferred embodiment found
      hereinbelow.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram, largely in block form, of a
      four-level digital filter system in accordance with one embodiment of the
      invention.
PAR  FIG. 2 is a table indicating the values at various points in the circuit of
      FIG. 1;
PAR  FIG. 3 is a schematic circuit diagram of the digital shaping filters of
      FIG. 1;
PAR  FIG. 4 is a schematic circuit diagram largely in block form, of an
      eight-level digital filter system;
PAR  FIG. 5 is a schematic circuit diagram of the logic control circuit of FIG.
      4;
PAR  FIG. 6 is a schematic circuit diagram, largely in block form, of the series
      to parallel converter of FIG. 4;
PAR  FIG. 7 is a schematic circuit diagram, largely in block form, of a
      three-level digital filter;
PAR  FIG. 8 is a schematic circuit diagram, largely in block form, of the
      control logic of FIG. 7;
PAR  FIG. 9 is a schematic circuit diagram, largely in block form, of a
      six-level digital filter;
PAR  FIG. 10 is a schematic circuit diagram, largely in block form, of the
      control logic of FIG. 9.
PAR  FIG. 11 is a schematic circuit diagram, largely in block form, of a
      five-level digital filter;
PAR  FIG. 12 is a schematic circuit diagram of an N-level digital filter system
      in accordance with a further embodiment of the invention;
PAR  FIG. 13 is a schematic circuit diagram of an alternate embodiment of the
      N-level digital filter system of FIG. 4;
PAR  FIG. 14 is a schematic circuit diagram of an alternate embodiment of the
      digital shaping filter of FIG. 3;
PAR  FIG. 15 is a schematic circuit diagram of an alternate embodiment of a
      four-level digital filter system of FIG. 1;
PAR  FIG. 16 is a voltage-time diagram of the output of the digital filter of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As mentioned hereinabove, the present invention is applicable to N-level
      systems and, in fact, a generalized N-level system is considered
      hereinbelow. However, it is thought that the present invention can be
      perhaps best understood by considering a number of concrete examples
      before considering the generalized N-level system. Hence, a four-level
      system, which is shown in FIG. 1, will be investigated first.
PAR  Referring to FIG. 1, a data input indicated at 10 is read serially into
      first and second shift registers 12 and 14, the output of register 12
      forming an input of register 14. The clock inputs of registers 12 and 14
      are connected to a clock, indicated at 16, which is divided in a divider
      network 18 to produce a dibit clock. The outputs of registers 12 and 14
      are connected to registers 20 and 22, respectively. The clock inputs of
      registers 20 and 22 are connected to the output of divider network 18 so
      that the data input is read out in parallel under the control of the dibit
      clock.
PAR  One parallel output bit is used to control the sign of the resulting
      waveform whereas the other parallel output bit is used to control the
      amplitude. The output of register 20 corresponds to the sign bit in the
      example under consideration whereas the amplitude bit is derived in a
      manner described hereinafter. As illustrated, shift registers 20 and 22
      are connected to a logic control network 24 indicated in dashed lines. As
      mentioned above and as shown in FIG. 1, the output of register 20 forms a
      first, sign bit output of the logic control network 24. Network 24
      includes an exclusive OR gate 24a which performs a Modulo-2 addition of
      the outputs of registers 20 and 22 to generate the second, amplitude bit
      output. The rules for Modulo-2 addition are familiar to those skilled in
      the art and the truth table of FIG. 2 illustrates the relationship between
      the second, amplitude bit output, denoted E2, and the outputs of registers
      20 and 22. The two outputs of logic network 24 are respectively connected
      to first and second digital filters 26 and 28 described hereinbelow.
PAR  The levels "0" and "1" at the input of first or sign bit digital filter 26
      are equivalent to logical "0"s and "1"s respectively. As explained
      hereinbelow, digital filter 26 is used to produce a step approximation of
      the desired time response. In the specific application under consideration
      this response is the inverse Fourier transform of an ideal low-pass
      filter. The step output of sign bit digital filter 26 is smoothed by
      smoothing circuit 30 formed by a series resistor 32 and a shunt capacitor
      34, and is buffered by an operational amplifier 36. The inverting input of
      amplifier 36 is connected to the output of smoothing circuit 30 through an
      input resistor 38 whereas the non-inverting input is connected to the tap
      of potentiometer 40 to provide a predetermined reference voltage. A
      feedback resistor 42, of a value equal to that of input resistor 38, is
      connected between the output of amplifier 36 and the inverting input
      thereof. The output of operational amplifier 36 is denoted E1 in FIG. 1
      and, as is shown in the truth table of FIG. 2, is equal to minus the
      output voltage of the digital filter 26.
PAR  Digital filter 28 is similar to digital filter 26 and produces a step
      output which is an approximation of the desired time response and which is
      processed by a smoothing filter 44 formed by a series resistor 46 and a
      shunt capacitor 48. The smoothed analog output of filter 44 is connected
      through an input resistor 50 to the inverting input of an operational
      amplifier 52. An equal-valued feedback resistor 54 is connected between
      the output of amplifier 52 and the inverting input thereof as shown, the
      non-inverting input of amplifier 52 being connected to a further
      potentiometer 56. The output of amplifier 52 is denoted E'2 as is
      indicated in FIG. 1 and, as shown in the truth table of FIG. 2, is equal
      to minus the output voltage of the digital filter 28, plus a fixed 1.5
      volt bias or reference voltage provided at the tap of potentiometer 56.
PAR  The output, E1, of amplifier 36 is connected through a resistor 58 to the
      inverting input of an operational amplifier 60 whereas the output, E'2, of
      amplifier 52 is connected to the same input through a second resistor 62.
      The value of resistor 62 is twice that of resistor 58 and equal to that of
      feedback resistor 64. The non-inverting input of amplifier 60 is connected
      to ground through a further resistor 66 and the output thereof, denoted
      E.sub.0, is the desired multilevel signal as indicated in the table of
      FIG. 2.
PAR  Referring to FIG. 3, the make-up of the digital filters 26 and 28 of FIG. 2
      is shown. Filters 26 and 28 basically comprise a multi-state shift
      register, generally denoted 70, the shift-registers of the individual
      stages having a common clock as indicated. FIG. 3 shows a generalized,
      exemplary n-stage shift-register made up of individual registers X1, X2, .
      . . Xi, Xi+1, . . . Xn-1, Xn. The output of each shift-register is
      weighted by a corresponding resistor R1 and Rn which forms part of a
      resistor ladder network generally denoted 72, these outputs being summed
      together to produce a step approximation of the desire time response. As
      mentioned hereinabove, in the specific application under consideration the
      desired time response is the inverse Fourier transform of an ideal
      low-pass filter. The digital filters 26 and 28 serve to delay,
      symmetrically truncate and shape this response such that the frequency
      response thereof approaches that of an ideal low-pass filter within
      specified error limits. The shaping or window function utilized is of the
      general form K.sub.0 -K.sub.1 cos (.pi.t/T1) where K0 and K1 are constants
      having optimum values of 0.538 and 0.462 respectively, and the function
      exists for the truncated period t = 0 to 2T.sub.1. The resulting waveform
      for a single input pulse is symmetrical about the point t = T.sub.1 with
      equally spaced zero crossings. The spacing between two successive zero
      crossings is the same as the width of a single input pulse, which is the
      reciprocal of the input data rate. The clock rate is decided by the number
      of samples in a single input pulse. The ratio of the clock rate to the
      data rate is 8 in the present instance although this ratio can be any
      integer greater than 2. The number of shift registers, n, is given by the
      expression n = r(m-1) + 2 wherein r is the ratio of the clock rate to data
      rate and m is the equivalent number of pulses which can be accommodated
      within the period t = 0 to 2T.sub.1.
PAR  The values of the individual resistors R.sub.1 to R.sub.n referred to above
      is given by the following equations:
      ##EQU1##
      where S.sub.1, S.sub.2, S.sub.3, . . . ,S.sub.N are the sampled values of
      the desired time response and C.sub.1, C.sub.2, C.sub.3, . . . ,C.sub.n
      are the coefficient values. The sign in the last expression is positive
      for even functions and and negative of odd functions. The resistor values,
      R.sub.i 's, are inversely proportional to the coefficients C.sub.I and are
      given by the expression R.sub.i = 1/C.sub.i = .+-. R(N-r-i+3), for i = 1
      to n/2.
PAL  The sign in this expression is positive for even functions and negative for
      odd functions. For N = 128, m = 16, and r = 8 the resistor values are
      shown in the table set forth at the end of the specification. These values
      produce the step approximated pulse response shown in FIG. 16.
PAR  The same technique is followed in determining the resistor values used in
      generating an equivalent Hilbert transform which is equally delayed,
      symmetrically truncated and shaped.
PAR  Referring to FIG. 4, an eight-level digital filter is shown. Serial data is
      read into a 3 bit serial to parallel converter 111 through input 110. The
      outputs from the converter 111 which appear at terminals 112, 113, and 114
      are 3 bit words that are clocked out at one-third the data input rate. A
      detailed description of converter 111 is given below. The 3 bit words from
      converter 111 form the input to logic control circuit 115. In order to
      provide eight discrete levels, only 3 binary bits are needed, i.e., there
      is exact one to one correspondence between the possible input permutations
      and the desired output levels as is shown by the following listing:
TBL  3 bit binary word      level                                              
     ______________________________________                                    
     000                    1                                                  
     001                    2                                                  
     010                    3                                                  
     011                    4                                                  
     100                    5                                                  
     101                    6                                                  
     110                    7                                                  
     111                    8                                                  
     ______________________________________                                    
PAL  Thus, in the 3 bit - 8 level transformation, no special conditioning is
      necessary. Thus, referring to FIG. 5, in this embodiment control logic
      circuit 115 merely consists of three direct, hard wired connections. More
      complex conditioning will be required in the 3, 5, and 6 level embodiments
      described below. While in this simple case, no conditioning is needed, if
      a different one-to-one correspondence between input words and output level
      were desired, control circuit 115 would include the appropriate gates to
      realize the Boolean equations for the desired coding. Again, an example of
      this approach is discussed below.
PAR  Returning to FIG. 4, the three output lines 124, 125 and 126 of logic
      control circuit 115 form the inputs for three digital filters 116. The
      digital filters 116 are used to provide a step approximation of a desired
      time response and the make-up of these circuits is described hereinabove.
      The step outputs from the digital filters 116 are applied to respective
      ones of three summing resistors 117, 118, and 119. Resistors 117, 118, and
      119 have the values R, 2R, and 4R respectively so that an analog sum of
      the three digital filters 116 is presented at the inverting input of an
      operational amplifier 120. Operational amplifier 120 has a feedback
      resistor 121 with a value of kR connected from its inverting input to its
      output 123. A reference potentiometer 122 provides a reference voltage to
      the non-inverting input of the operational amplifier 120. Output 123 from
      the operational amplifier 120 is the desired eight level signal with the
      time response of the three digital filters 116.
PAR  Referring now to FIG. 6, there is shown an exemplary embodiment of a 3 bit
      serial to parallel converter corresponding to converter 111 of FIG. 4. The
      converter 111 includes a three bit shift register, denoted 139, which is
      comprised of three D-type flip-flops 130, 131 and 132 having a common
      clock provided by a clock input line 137. Input data appears at flip-flop
      130 on an input line 110 at a rate R. The clock pulses on line 137 clock
      the shift register 139 at the same rate R so that as data appears at input
      110, the data is shifted through the register 139 serially. Each 3 bit
      string that is presented at input 110 makes up one 3 bit word. A storage
      register 140 is comprised of three D-type flip-flops 133, 134, and 135 and
      is clocked at a rate of R/3 by a clock signal appearing on line 138. The
      result is that as each 3 bit word is shifted into flip-flops 130, 131, and
      132, the word is stored in parallel by register 140 under the control of
      clock line 138. Thus, register 140 will contain the last complete 3 bit
      word to pass through the shift register 139. The outputs of the three
      storage flip-flops 133, 134, and 135 are denoted 112, 113, and 114 and
      form the inputs to control logic circuit 115 of FIG. 4.
PAR  The converter of FIG. 6 is expandable into an n-bit serial to parallel
      converter by setting the number of flip-flops in shift register 139 equal
      to n and the number of flip-flops in storage register 140 equal to n, and
      providing clocking pulses on the storage clock line 138 at a rate of R/n.
PAR  Referring to FIG. 7, an exemplary three-level digital filter is shown. In
      this case, to provide three discrete levels, only 2 binary bits are
      needed. So as to make comparison to the previously discussed eight-level
      filter more apparent, a 3 bit binary word will be used in the three-level
      filter rather than a 2 bit word. These 3 binary bits will determine eight
      discrete levels. However, nine discrete levels are needed to provide two
      three-level signals. Thus, it has been arbitrarily chosen to make one of
      the nine possible pairs of three-level signals "illegal" so as to allow
      two three-level signals to be determined by the three binary bits. A
      conversion table follows:
     INPUT       OUTPUT                                                        
     3 bit binary word                                                         
                 lst 3 level signal                                            
                                2nd 3 level signal                             
     ABC                                                                       
     ______________________________________                                    
     000         0              0                                              
     001         2              1                                              
     010         0              1                                              
     011         0              2                                              
     100         1              0                                              
     101         2              2                                              
     110         1              1                                              
     111         1              2                                              
     (Not allowed                                                              
                 2               0)                                            
     ______________________________________                                    
PAR  This conversion table is only an example of possible desired outputs from
      the 3 bit word input. As an extreme example, it is possible to have the
      three binary bits determine a single three-level signal and "waste" the
      other five possible outputs:
TBL  3 bit binary input                                                        
                       3 level signal output                                   
     ______________________________________                                    
     000               0                                                       
     001               1                                                       
     010               2                                                       
     011               No output                                               
     100               No output                                               
     101               No output                                               
     110               No output                                               
     111               No output                                               
     ______________________________________                                    
PAR  Thus, the selection of the length of the binary word input, the number of
      levels of output and, the number of N-level output signals that result
      from the chosen binary bit word, are all arbitrary. It is the function of
      the logic control circuit 15' to convert the selected binary bit word into
      corresponding N-level signals. Continuing with the example of three binary
      bits into two three-level signals:
TBL  1st       2nd                                                             
     3 level signal                                                            
               3 level signal                                                  
                           D'      E'   D.sub.1 E.sub.1                        
                                               D.sub.2 E.sub.2                 
     ______________________________________                                    
     0         0           2       2    1 1    1 1                             
     2         1           0       1    0 0    0 1                             
     0         1           2       1    1 1    0 1                             
     0         2           2       0    1 1    0 0                             
     1         0           1       2    0 1    1 1                             
     2         2           0       0    0 0    0 0                             
     1         1           1       1    0 1    0 1                             
     1         2           1       0    0 1    0 0                             
     2         0           Not allowed                                         
              2.fwdarw.0    0.fwdarw.00                                        
              1.fwdarw.1    1.fwdarw.01                                        
              0.fwdarw.2    2.fwdarw.11                                        
     ______________________________________                                    
PAR  The Boolean equations that represent logical definitions of D.sub.1,
      E.sub.1, D.sub.2, E.sub.2 in terms of the three binary inputs A, B, and C
      are:
TBL  D.sub.1 = (A .sup.. C) + (A .sup.. B)                                     
                           E.sub.1 = B + C                                     
     D.sub.2 = B .sup.. C  E.sub.2 = B .sup.. A + C                            
PAR  The 2 bit pair of D.sub.1 E.sub.1 represents the first three-level signal
      and the 2 bit pair D.sub.2 E.sub.2 represents the second three-level
      signal. The output two bit pair, denoted F.sub.1 F.sub.2, must alternate
      between D.sub.1 E.sub.1 and D.sub.2 E.sub.2. A clock signal CL is used to
      alternately select which of the two two-bit pairs is to appear as output
      pair F.sub.1 F.sub.2. The resulting Boolean equations for F.sub.1 and
      F.sub.2  are:
EQU  F.sub.1 = D.sub.1 CL + D.sub.2 CL
EQU  f.sub.2 = e.sub.1 cl + e.sub.2 cl
PAR  referring to FIG. 8, a logic control circuit 115' is shown that will
      perform the desired three bit binary into F.sub.1 F.sub.2 output
      conversion. All of the gates shown in FIG. 8 are conventional AND, NAND,
      OR, NOR, and INVERT gates. The method of operation of the circuit shown in
      FIG. 8 so as to realize the Boolean equations set forth above will be
      readily evident to those skilled in the art and hence a detailed
      description of FIG. 8 is deemed unnecessary and will be dispensed with.
      The output signals appearing on output lines 150 and 151 of logic control
      circuit 115' are three-level signals which are then transferred into a
      desired time response by first and second digital filters 152 and 153 of
      FIG. 7.
PAR  Again referring to FIG. 7, the outputs from digital filters 152, 153 pass
      through respective summing resistors 154 and 155 to the inverting input
      160 of operational amplifier 157, summing resistors 154 and 155 each
      having the value R. A feedback resistor of kR ohms is provided between the
      output 159 of operational amplifier 157 and the inverting input 160. A
      potentiometer 158 is connected to the non-inverting input 161 of
      operational amplifier 157 to provide a voltage reference. The output
      signal at output 159 provides two three-level band limited signals for
      each three bit binary word that appears on input line 110'.
PAR  Referring to FIG. 9, a six-level digital filter is shown. In this case, a 5
      bit binary word length was chosen to determine two six-level signals. The
      5 binary bits will determine thirty-two discrete states. Two six-level
      signals require thirty-six discrete states, so that the selection of 5
      binary bits requires that four of the thirty-six possible pairs of
      six-level signals be illegal.
PAR  As shown in FIG. 9, serial data is fed into a five bit serial to parallel
      converter 180 on line 110". Converter 180 is a five bit expansion of the 3
      bit serial to parallel converter shown in FIG. 3 and discussed above.
PAR  Referring to the truth table set forth below, correspondence between each
      five bit binary input, ABCDE, and a pair of six-level outputs F.sub.1
      G.sub.1 H.sub.1, F.sub.2 G.sub.2 H.sub.2 is given. Output pairs (4, 0),
      (3, 0), (2, 5), (1, 5) are "illegal" as there is no 5 bit binary word to
      represent them. Thus, a pair of six-level signals can be derived from each
      5 bit binary word input.
TBL  INPUT       6-LEVEL OUTPUTS                                               
               DECIMAL      BINARY                                             
                     1st      2nd     1st    2nd                               
                     6-level  6-level 6-level                                  
                                             6-level                           
     Decimal                                                                   
            Binary   output   output  output output                            
            ABCDE                     F.sub.1 G.sub.1 H.sub.1                  
                                             F.sub.2 G.sub.2 H.sub.2           
     ______________________________________                                    
     0      00000    5        3       1 0 1  0 1 1                             
     1      00001    5        4       1 0 1  1 0 0                             
     2      00010    4        3       1 0 0  0 1 1                             
     3      00011    4        4       1 0 0  1 0 0                             
     4      00100    2        3       0 1 0  0 1 1                             
     5      00101    2        4       0 1 0  1 0 0                             
     6      00110    3        3       0 1 1  0 1 1                             
     7      00111    3        4       0 1 1  1 0 0                             
     8      01000    0        5       0 0 0  1 0 1                             
     9      01001    5        5       1 0 1  1 0 1                             
     10     01010    3        5       0 1 1  1 0 1                             
     11     01011    4        5       1 0 0  1 0 1                             
     12     01100    1        3       0 0 1  0 1 1                             
     13     01101    1        4       0 0 1  1 0 0                             
     14     01110    0        3       0 0 0  0 1 1                             
     15     01111    0        4       0 0 0  1 0 0                             
     16     10000    5        2       1 0 1  0 1 0                             
     17     10001    5        1       1 0 1  0 0 1                             
     18     10010    4        2       1 0 0  0 1 0                             
     19     10011    4        1       1 0 0  0 0 1                             
     20     10100    2        2       0 1 0  0 1 0                             
     21     10101    2        1       0 1 0  0 0 1                             
     22     10110    3        2       0 1 1  0 1 0                             
     23     10111    3        1       0 1 1  0 0 1                             
     24     11000    2        0       0 1 0  0 0 0                             
     25     11001    1        0       0 0 1  0 0 0                             
     26     11010    5        0       1 0 1  0 0 0                             
     27     11011    0        0       0 0 0  0 0 0                             
     28     11100    1        2       0 0 1  0 1 0                             
     29     11101    1        1       0 0 1  0 0 1                             
     30     11110    0        2       0 0 0  0 1 0                             
     31     11111    0        1       0 0 0  0 0 1                             
     ______________________________________                                    
PAL  The following Boolean equations define output pairs F.sub.1 G.sub.1 H.sub.1
      and F.sub.2 G.sub.2 H.sub.2 in terms of the binary inputs A, B, C, D, and
      E:
EQU  f.sub.1 = b .sup.. c + a .sup.. b .sup.. c .sup.. e + b .sup.. c .sup.. d(a
      .sym. e)
EQU  f.sub.2 = a .sup.. b .sup.. e + a .sup.. b .sup.. c + a .sup.. c .sup.. e
EQU  g.sub.1 = b .sup.. c + b .sup.. c .sup.. e(a .sym. d)
EQU  g.sub.2 = e(a .sup.. b + a .sup.. c + b .sup.. c + b .sup.. c)
EQU  h.sub.1 = (d .sym. e)b .sup.. c + (b .sym. d)c + b .sup.. c .sup.. d
EQU  h.sub.2 = a .sup.. b .sup.. e + a .sup.. b .sup.. c + a .sup.. b .sup.. e +
      a .sup.. c .sup.. e
PAR  referring to FIG. 10, combinatorial logic represented by block 210 performs
      the function of realizing, logically, the abovementioned Boolean equations
      for output pairs F.sub.1 G.sub.1 H.sub.1 and F.sub.2 G.sub.2 H.sub.2.
      Combinatorial logic circuit 210 is comprised of conventional gates such as
      shown in FIG. 8 and those skilled in the art will appreciate that the
      specific design thereof follows directly from the Boolean equations given
      above.
PAR  Logic circuit 210 has as its input a 5 bit binary word, provided by the
      outputs 181 to 185 of the 5 bit serial to parallel converter 180 shown in
      FIG. 9, and produces a pair of 3 bit outputs, (F.sub.1 G.sub.1 H.sub.1),
      (F.sub.2 G.sub.2 H.sub.2), each representing a six-level signal. The two
      pairs of outputs (F.sub.1 G.sub.1 H.sub.1), (F.sub.2 G.sub.2 H.sub.2) are
      fed into a triple two line to one line multiplexer 220, whose outputs 187,
      188, 189 alternate between F.sub.1 G.sub.1 H.sub.1 and F.sub.2 G.sub.2
      H.sub.2, as clocked by clock 230 at a rate of 2R/5. Thus control logic
      circuit 186 performs the function of producing two six-level codes for
      each 5 bit binary word presented at its input. As discussed above, since
      the truth table described hereinabove represents an arbitrary choice, so
      does the implementing circuitry. The control logic 186 is designed to
      perform whatever transformations are desired and as discussed above in the
      eight-level digital filter, in some instances no such transformations are
      needed.
PAR  Returning to FIG. 9, the outputs 187, 188, 189 from control circuit 186
      feed into digital filters 190, 191, 192 to achieve the desired time
      response. The outputs from the digital filters 202, 203, 204 are connected
      to summing resistors 193, 194, 195 with values R, 2R and 4R respectively.
      These resistors are each connected to the inverting input 200 of an
      operational amplifier 197. A feedback resistor 196, with value kR is
      connected from the output 199 of operational amplifier 197 to the
      inverting input 200. A potentiometer 198 is connected to the non-inverting
      input 201 of operational amplifier 197 and provides a voltage reference.
      Thus, a pair of six-level band-limited signals are produced at output 199
      for every 5 bit word that serially enters the 5 bit serial to parallel
      converter 180 on input line 110".
PAR  Referring now to FIG. 11, a five-level digital filter is shown. A 4 bit
      binary input word has been selected to produce pairs of five-level
      signals. Four binary bits will determine sixteen of the twenty-five
      possible pairs of five-level signals, so that nine pairs of five-level
      signals will be illegal. Similarly to the embodiments discussed above,
      serial input data is converted to 4 bit parallel data by converter 250.
      Logic control circuit 260 will produce a pair of five-level codes for each
      4 bit word presented at its inputs. Digital filters 270 provide the
      desired time response and their outputs are summed through resistors 280
      to form the input into an operational amplifier 290. The output 295 of
      operational amplifier 290 is a pair of band-limited five-level signals for
      each 4 bit binary word to enter converter 250 on input line 110'".
PAR  Referring to FIG. 12, a generalized N-level digital filtering system is
      shown. In this system the incoming data is read serially into M
      shift-registers A.sub.1, A.sub.2, . . . , A.sub.M, wherein M = log.sub.2 N
      and if M is a fraction it is rounded to the next higher integer. The data
      read into registers A.sub.1 to A.sub.M is read out in parallel by a second
      series of shift registers B.sub.1, B.sub.2, . . . , B.sub.M under the
      control of an M-bit clock produced by dividing the clock by M in a divider
      380. A logic control circuit 382 transforms the parallel outputs of
      registers B.sub.1 to B.sub.M into the desired parallel outputs B'.sub.1,
      B'.sub.2, B'.sub.M in a manner similar to that discussed hereinabove in
      connection with the specific exemplary embodiments previously considered.
      The logic circuit can be as simple as straight hard wired connections
      between inputs and outputs of control circuit 382 as illustrated by the
      aforementioned eight-level system. The input to the logic control circuit
      382 can be "gray" coded, or any other desired code can be used to modify
      the data. In general the maximum number of levels that can be generated by
      using M digital filter is 2.sup.M. The number of levels generated would be
      less than 2.sup.M if some of the combinations of M bits are inhibited by
      the logic control circuit 382. Each output of this logic control circuit
      382 is filtered by one of M, binary input digital filters D.sub.1,
      D.sub.2, . . . , D.sub.M as illustrated. The outputs of filters D.sub.1 to
      D.sub.M are weighted by a binary weighted ladder resistor network 384 and
      summed to form the input to a summing amplifier 386. The relationship
      between the resistor values is indicated in FIG. 12, and a bias term is
      provided by summing amplifier 386 to make the output bipolar. As shown,
      the summing amplifier network includes a reference or equivalent resistor
      Req. and a feedback resistor KR. The arrangement of ladder network 384 and
      the operational amplifier 386 with feedback resistor KR and equivalent
      resistor Req. results in different gains for the digital filters D1, D2,
      D3, . . . , D.sub.M, namely, -K, -K/2, -K/4, . . . , -K/2 (M-1),
      respectively. Req. is equivalent to the parallel combination of all
      resistors in ladder network 384 and feedback resistor kR. Considering a
      numerical example, suppose eight levels are to be generated, with the
      result that M = log.sub.2 8 = 3. Let the outputs of D1, D2, D3 be e1, e2,
      e3 and their values be either +1 or -1 at the sampling instants, then the
      output of the operational amplifier 386, e.sub.o, can be expressed as
      e.sub.o = -K (e1 + e2/2 + e3/4). The eight possible levels are shown in
      the following table:
TBL                                    e2      e3                              
     e1     e2       e3       -e0 =  e1 +  +         K                         
                                       2       4                               
     1      1        1        +1.75K                                           
     1      1        -1       +1.25K                                           
     1      -1       1        + .75K                                           
     1      -1       -1       + .25K                                           
     -1     1        1        - .25K                                           
     -1     1        -1       - .75K                                           
     -1     -1       1 -1.25K                                                  
     -1     -1       -1       -1.75K                                           
PAL  Thus the output of summing amplifier 386 is an N-level filtered analog
      signal.
PAR  Referring to FIG. 13, a system similar to that of FIG. 12 is shown and like
      elements are given the same numbers with primes attached. The principal
      difference between the system of FIGS. 12 and 13 is that in the latter a
      conventional R-2R ladder network 390 replaces the binary ladder network of
      FIG. 12.
PAR  Referring to FIG. 14, an alternate embodiment of the digital filter of FIG.
      3 is shown. As illustrated, resistors R.sub.a are connected to the outputs
      of all of the registers X.sub.1 to X.sub.n and the outputs of registers
      X.sub.1 and X.sub.n, X.sub.2 and X.sub.n-1, . . . , Xn/2 - 1 and Xn/2 + 2,
      and Xn/2 and Xn/2 + 1 are summed. These outputs are connected through
      resistors R.sub.a1, R.sub.a2, . . . , R.sub.an/2 - 1, R.sub.an/2 to form
      the desired f(t) output.
PAR  Finally, referring to FIG. 15, an alternate embodiment of the four-level
      digital filter arrangement of FIG. 1 is shown. The sign and amplitude data
      are separated as described hereinabove and a dibit clock, derived in the
      manner discussed above, controls the sampling times of first and second
      chains of registers 1X.sub.1 to 1X.sub.n and 2X.sub.1 to 2X.sub.n. As
      illustrated, a first resistor network 392 is formed by resistors R
      individually connected to the outputs of registers 1X.sub.1 to 1X.sub.n
      and a second resistor network 394 is formed by resistors 2R individually
      connected to the outputs of registers 2X.sub.1 to 2X.sub.n. The individual
      outputs of the networks are summed and are respectively connected through
      resistors R.sub.1, R.sub.2, . . . , R.sub.i, . . . , R.sub.n.sub.-1,
      R.sub.n to a common input to an operational amplifier 96 through a
      resistor 397. A capacitor 390 connects the input to ground and the circuit
      of operational amplifier 396 includes a feedback resistor KR and a
      reference or biasing input formed by potentiometer 399 and resistor Req.
      connected between the tap of potentiometer 399 and the noninverting input
      to operational amplifier 398. The values for the resistors in the example
      referred to above where N=128, m=16, and r=6 are given in the following
      table, negative resistances indicating that the outputs of the
      corresponding stages are inverted:
TBL  Resistor values             Resistor values                               
     ______________________________________                                    
     R.sub.1 open          R.sub.60  10.6K                                     
     R.sub.2 -1224.8K      R.sub.61  9.9K                                      
     R.sub.3 -1333.5K      R.sub.62  9.9K                                      
     R.sub.4 -1702.0K      R.sub.63  10.6K                                     
     R.sub.5 -3032.9K      R.sub.64  12.0K                                     
     R.sub.6 1329.8K       R.sub.65  14.7K                                     
     R.sub.7 2394.5K       R.sub.66  19.9K                                     
     R.sub.8 1192.5K       R.sub.67  32.1K                                     
     R.sub.9 823.5K        R.sub.68  77.3K                                     
     R.sub.10                                                                  
             1529.2K       R.sub.69  -345.1K                                   
     R.sub.11                                                                  
             1279.8K       R.sub.70  -65.8K                                    
     R.sub.12                                                                  
             1355.5K       R.sub.71  -43.1K                                    
     R.sub.13                                                                  
             1895.2K       R.sub.72  -37.4K                                    
     R.sub.14                                                                  
             7836.9K       R.sub.73  -38.2K                                    
     R.sub.15                                                                  
             -2497.4K      R.sub.74  -47.0K                                    
     R.sub.16                                                                  
             -1031.6K      R.sub.75  -66.9K                                    
     R.sub.17                                                                  
             -680.7K       R.sub.76  -133.9K                                   
     R.sub.18                                                                  
             -384.3K       R.sub.77  -21475.6K                                 
     R.sub.19                                                                  
             -388.6K       R.sub.78  158.4K                                    
     R.sub.20                                                                  
             -473.0K       R.sub.79  92.0K                                     
     R.sub.21                                                                  
             -815.8K       R.sub.80  75.6K                                     
     R.sub.22                                                                  
             54882.3K      R.sub.81  75.0K                                     
     R.sub.23                                                                  
             680.4K        R.sub.82  81.5K                                     
     R.sub.24                                                                  
             342.8K        R.sub.83  112.7K                                    
     R.sub.25                                                                  
             234.2K        R.sub.84  215.4K                                    
     R.sub.26                                                                  
             250.8K        R.sub.85  3462.7K                                   
     R.sub.27                                                                  
             247.8K        R.sub.86  -281.6K                                   
     R.sub.28                                                                  
             298.0K        R.sub.87  -156.4K                                   
     R.sub.29                                                                  
             512.1K        R.sub.88  -125.7K                                   
     R.sub.30                                                                  
             -30835.6K     R.sub.89  -122.4K                                   
     R.sub.31                                                                  
             -428.9K       R.sub.90  -156.6K                                   
     R.sub.32                                                                  
             -218.2K       R.sub.91  -218.2K                                   
     R.sub.33                                                                  
             -156.6K       R.sub.92  -428.9K                                   
     R.sub.34                                                                  
             -122.4K       R.sub.93  -30835.6K                                 
     R.sub.35                                                                  
             -125.7K       R.sub.94  -512.1K                                   
     R.sub.36                                                                  
             -156.4K       R.sub.95  -298.0K                                   
     R.sub.37                                                                  
             -281.6K       R.sub.96  -247.8K                                   
     R.sub.38                                                                  
             -346.2K       R.sub.97  -250.8K                                   
     R.sub.39                                                                  
             -215.4K       R.sub.98  -243.2K                                   
     R.sub.40                                                                  
             -112.7K       R.sub.99  342.8K                                    
     R.sub.41                                                                  
             -81.5K        R.sub.100 680.4K                                    
     R.sub.42                                                                  
             -75.0K        R.sub.101 54882.3K                                  
     R.sub.43                                                                  
             -75.6K        R.sub.102 -815.8K                                   
     R.sub.44                                                                  
             -92.0K        R.sub.103 -473.0K                                   
     R.sub.45                                                                  
             -158.4K       R.sub.104 -388.6K                                   
     R.sub.46                                                                  
             -21475.6K     R.sub.105 -384.3K                                   
     R.sub.47                                                                  
             -133.9K       R.sub.106 -680.7K                                   
     R.sub.48                                                                  
             -66.9K        R.sub.107 -1031.6K                                  
     R.sub.49                                                                  
             -47.0K        R.sub.108 -2497.4K                                  
     R.sub.50                                                                  
             -38.2K        R.sub.109 7836.9K                                   
     R.sub.51                                                                  
             -37.4K        R.sub.110 1895.2K                                   
     R.sub.52                                                                  
             -43.1K        R.sub.111 1335.5K                                   
     R.sub.53                                                                  
             -65.8K        R.sub.112 1279.8K                                   
     R.sub.54                                                                  
             -345.1K       R.sub.113 1529.2K                                   
     R.sub.55                                                                  
             77.3K         R.sub.114 823.5K                                    
     R.sub.56                                                                  
             32.1K         R.sub.115 1192.5K                                   
     R.sub.57                                                                  
             19.9K         R.sub.116 2394.5K                                   
     R.sub.58                                                                  
             14.7K         R.sub.117 73298.1K                                  
     R.sub.59                                                                  
             12.0K                                                             
     ______________________________________                                    
PAR  Although the invention has been described with respect to exemplary
      embodiments thereof, it will be understood that variations and
      modifications can be effected in these embodiments without departing from
      the scope and spirit of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multilevel digital filter system comprising a first set of shift
      registers, means including a clock for reading the incoming data serially
      into said first set of shift registers, means including a second set of
      shift registers connected to the outputs of said first set of shift
      registers for reading out the data stored in said first set of shift
      registers in parallel; logic control means for conditioning the parallel
      outputs of said second set of shift registers; a plurality of digital
      shaping filters individual to the outputs of said logic control means for
      shaping said logic control outputs into a predetermined time response and
      summing means for summing the outputs of said digital filters to produce a
      bandlimited multilevel signal.
NUM  2.
PAR  2. A system as claimed in claim 1 wherein said digital filters each
      comprise a chain of shift registers and resistor means for weighting the
      outputs of said shift registers.
NUM  3.
PAR  3. A system as claimed in claim 2 wherein said resistor means comprises a
      resistor ladder network for weighting and summing the outputs of the chain
      of shift registers such as to force the time response to be the inverse
      Fourier transform of an ideal lowpass filter.
NUM  4.
PAR  4. A system as claimed in claim 3 wherein the number, n, of shift registers
      in said chain of shift registers is given by the expression n = r (m - 1)
      + 2 wherein r is the ratio of the clock frequency to the data rate and m
      is the number of pulses which can be accommodated within the truncated
      period determined by the digital filter.
NUM  5.
PAR  5. A system as claimed in claim 1 wherein the number, M, of digital shaping
      filters is given by the expression M = log.sub.2 N where N is the number
      of levels.
NUM  6.
PAR  6. A system as claimed in claim 5 wherein said means for reading out the
      data in said first registers further comprises an M-bit clock connected to
      each shift register of said second set of shift registers.
NUM  7.
PAR  7. A three-level digital filter system comprising a first set of shift
      registers, means including a clock for reading the incoming data serially
      into said first set of shift registers, means including a second set of
      shift registers connected to the outputs of said first set of shift
      registers for reading out the data stored in said first set of shift
      registers in parallel; logic control means for conditioning the parallel
      outputs of said second set of shift registers; two digital shaping filters
      individual to the outputs of said logic control means for shaping said
      logic control outputs into a predetermined time response and summing means
      for summing the outputs of digital filters to produce a bandlimited
      three-level signal.
NUM  8.
PAR  8. An N-level digital filter system, where N=5, 6, or 8, said system
      comprising a first set of shift registers, means including a clock for
      reading the incoming data serially into said first set of shift registers;
      means including a second set of shift registers connected to the outputs
      of said first set of shift registers for reading out the data stored in
      said first set of shift registers in parallel; logic control means for
      conditioning the parallel outputs of said second set of shift registers;
      three digital shaping filters individual to the outputs of said logic
      control means for shaping said logic control outputs into a predetermined
      time response and summing means for summing the outputs of digital filters
      to produce a bandlimited N-level signal.
NUM  9.
PAR  9. An N-level digital filter system as claimed in claim 8, wherein N=8 and
      said logic control means comprises three direct connections between said
      logic control inputs and said three digital filters.
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PAL  A pseudo-random bit generator forms a portion of the pseudo-random code
      generator, and provides square wave output bits over a defined frequency
      spectrum on a plurality of parallel output lines. The bits present on a
      selected number of output lines in sequence define a binary number, which
      is compared with an accumulated count present in a counter driven by a
      clock running at a predetermined frequency. A correct comparison resets
      the counter, shifts the pseudo-random bit generator, and shifts a
      past-history shift register which contains a portion of the output of the
      pseudo-random code generator. The output from the past-history shift
      register, and the square wave output bits on certain other parallel output
      lines from the random bit generator are applied as inputs to respective
      logic probability circuits. The logic probability circuits are connected
      to an output logic circuit, the output of which is the pseudo-random code
      signal, a series of square waves occurring pseudo-randomly over a
      frequency spectrum which is adjustable by altering the parameters of the
      various logic probability circuits.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the art of random code generation, and
      more specifically concerns pseudo-random code generators which alter the
      output frequency spectrum of a pseudo-random bit generator to accomplish
      the pseudo-random code output.
PAR  Pseudo-random code generators of varying degrees of sophistication are
      well-known in the art. A common approach uses one or more shift registers
      with various combinations of feedback loops to provide a series of
      pseudo-random output bits. Since the bits are generated by a device
      operating on fixed feedback loop principles, the output of the device is
      only pseudo-random, i.e., the bit series will be repeated after a certain
      number of output bits have occurred. However, by selecting appropriate
      feedback combinations through special tables available in the art for a
      specified length of shift register, the random bit series may be quite
      extended. THe pseudo-random bit output of such devices using linear shift
      registers, however, occurs over a certain defined frequency spectrum. For
      different applications it may be desirable to change the frequency
      spectrum of the pseudo-random output. Conventional means for changing the
      output frequency spectrum of such a pseudo-random bit generator use output
      filters, although this technique has the significant disadvantage of
      distorting the square wave output so that it is no longer acceptable to
      drive follow-on logic circuits, or in other applications requiring a
      square wave signal.
PAR  In view of the above, it is a general object of the present invention to
      provide a pseudo-random code generator which overcomes the disadvantages
      of prior art code generators discussed above.
PAR  It is another object of the present invention to provide such a code
      generator which functions to shift the frequency spectrum of the output of
      a standard pseudo-random bit generator without distorting the waveform
      thereof.
PAR  It is a further object of the present invention to provide such a code
      generator which uses selected portions of the code generator output as
      feedback to influence the succeeding output of the code generator.
PAR  It is yet another object of the present invention to provide such a code
      generator in which the shift of frequency spectrum of the output of the
      code generator is controllable.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the present invention includes a first circuit which is
      operative to produce a plurality of first output bits which define a
      pseudo-random bit sequence. A probability-altering circuit, including at
      least one logic gating means responsive to more than one first output bit,
      is provided which has an output defining a first count. A clock circuit is
      provided for generating a clock signal having a predetermined frequency
      and a counter operative to count from a reference count is responsive to
      the clock signal. In operation, the counter count is continuously compared
      with the first count by a comparator circuit, and is operative to generate
      a comparator signal when the first count and the counter count are equal.
      The comparator signal is then used to reset the counter to the reference
      count, to produce a new pseudo-random bit sequence in the first circuit
      means, and to control a second circuit which is operative to produce the
      pseudo-random code signal, the level of magnitude of the code signal
      varying between at least two different levels in a pseudo-random manner,
      depending upon the pseudo-random bit sequence of the first circuit and the
      configuration of the probability-altering circuit and the second circuit.
PAR  More specifically, the second circuit includes a storage means which has a
      series of output connections, a portion of the output code signal being
      applied as an input to the storage circuit. A logic circuit is provided
      responsive to signals on the output connection of the storage means and to
      selected first output bits for shifting the magnitude of the output code
      signal.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more thorough understanding of the invention may be obtained by a study
      of the following detailed description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention;
PAR  FIG. 2 is a schematic diagram of the preferred embodiment of the invention
      shown in block form in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a standard pseudo-random bit generator 12 provides
      square wave output bits on a plurality of parallel output lines 13.
PAR  The remainder of the circuit shown in FIG. 1 operates on the output bits of
      bit generator 12 to generate a square wave pulse train at code generator
      output connection 14 having a pulse width and pulse interval which varies
      pseudo-randomly to produce a selected output frequency spectrum which may
      differ from the frequency spectrum of the output of bit generator 12. The
      pseudo-random bit generator 12 is preferably a linear shift register which
      generates output signals on a plurality of parallel outputs 13, with each
      output signal having an equal probability of being a one or a zero. A
      selected number of the parallel outputs 13 from bit generator 12 are
      applied to probability logic circuit 16, which comprises a series of
      individual logic circuits corresponding in number to the number of logic
      output lines 15 from probability logic 16 to comparator 18. Each
      individual logic circuit in probability logic 16 is responsive to at least
      one input from the bit generator 12 to generate an output on one logic
      output line 15 to comparator 18, the combined signals on logic output
      lines 15 having a probability of being a one or a zero determined by
      probability logic 16.
PAR  The output lines 15 from the probability logic 16 are applied as a first
      set of parallel inputs to comparator 18. The signals present in the first
      set of parallel inputs define a first binary count. A second set of
      parallel inputs 19 to comparator 18 is provided by a counter 20 which
      comprises a plurality of series-connected bistable elements, the counter
      being driven by a clock 22 which is running at a predetermined rate. When
      the accumulated count in counter 20 reaches the value of the first binary
      count, comparator 18 generates a signal on comparator output line 24 which
      results in a shifting of the pseudo-random bit generator 12, and a
      resetting of the counter 20 after a time delay provided by delay circuit
      26, which insures that pseudo-random bit generator 12 is shifted before
      counter 20 is reset. The output of comparator 18 is also applied as a
      shift input to past-history shift register 28 to which are applied as
      inputs those code generator output pulses which appear at circuit output
      connection 14 when the shift input from comparator 18 occurs. The
      past-history shift register 28 comprises a plurality of series-connected
      bistable elements, providing output signals on parallel output connections
      21 to a probability logic circuit 30, which is similar in general concept
      to probability logic 16, but which has its own selected arrangement of
      individual logic circuits for output lines 31. The output lines 31 from
      probability logic 30 are applied as one set of inputs to output logic
      circuit 32. The other set of inputs to output logic 32 originates from the
      pseudo-random bit generator 12, with a certain number of the output lines
      thereof, other than those applied to probability logic 16, being applied
      to probability logic circuit 34, which is again similar in general concept
      to probability logic circuits 16 and 30, but which has its own selected
      configuration of individual logic circuits for output lines 33. Each of
      the output lines 33 from probability logic circuit 34 has a preselected
      probability of having a one or a zero impressed upon it, depending upon
      the configuration of the individual logic circuits associated with each
      output line 33, and the number of inputs thereto. Output logic circuit 32
      combines the signals from probability logic circuits 30 and 34 to provide
      the square wave pseudo-random code output at circuit output connection 14.
      The selected signal portions of the output at 14 fed back to past-history
      shift register 28 and then through probability logic 30 are modified to
      increase code output signal randomness by the signals from probability
      logic 34. The pulse interval and duration of the signals at output 14 are
      determined by the immediate state of probability logic circuits 16, 30, 34
      and the frequency of the clock 22. By altering the condition of these
      circuits relative to one another, the frequency spectrum and the
      randomness of the output signal at circuit output connection 14 may be
      conveniently altered while preserving the square wave waveform thereof.
PAR  Referring now to FIG. 2, the pseudo-random bit generator 35 provides
      parallel logic one or logic zero outputs on output lines 36 through 49. A
      standard linear shift register 24 comprising a plurality of
      series-connected bistable elements provides the required plurality of
      parallel outputs. Selectively coupling each output of linear shift
      register 54 to an odd/even parity generator 56 are a plurality of
      individually controllable slide switches 58 which, in a first position,
      connect the respective lines 36 through 49 of the linear shift register 54
      to the inputs of parity generator 56, and in a second position connect the
      inputs of the parity generator 56 to ground. In operation, the parity
      generator 56 sums the signals on those lines from linear shift register 54
      which are connected to it by selected slide switches 58 being in their
      first position, and then generates a parity signal on parity generator
      output line 60. The parity signal is a logic one if the sum of the logic
      signal levels from shift register 54 is even, and generates a zero if the
      sum of the logic levels is odd. The parallel arrangement of linear shift
      register and odd/even parity generator results in a probability of
      one-half that each output of shift register 54 will be a one or a zero.
PAR  The parity signal is applied to the input connection 62 of shift register
      54 at the time that the shift register 54 is shifted. The parity generator
      56 thus generates the new bits which are serially shifted into the shift
      register 54. The pseudo-random pattern of the bits present at parity
      generator output line 60 is determined by the position of slide switches
      58. Each permutation of the overall positional condition of slide switches
      58 will result in a different pseudo-random sequence at the output line
      60. Tables of pseudo-random sequences corresponding to shift register
      lengths and slide switch positions have been computed and are well-known
      in the art, and thus a particular sequence may be generated by referring
      to these tables.
PAR  The initial condition of each bistable element in shift register 54 is
      established by a 5 volt initialize line 64 connected through resistor 66.
      When initialize line 64 is connected to a bistable element, a logic one is
      initially displayed at the output of that element. Several of the bistable
      elements in shift register 54 may be connected to the initialize line 64
      through slide switches 68. This provides a capability of selectively
      varying the initial condition of the shift register 54. Any combination of
      the series-connected bistable elements may be connected to the initialize
      line 64 through sliide switches 68, depending upon the desires of the
      operator.
PAR  In operation, shift register 54 will remain in its initial condition until
      a shift command is applied on shift input line 70. When a shift command is
      received, the parity signal from odd/even parity generator 56 is applied
      to the input 62 of shift register 54. The information already present in
      the shift register will simultaneously be shifted one position to the
      right, the information previously existing in the last position to the
      right being shifted out of the shift register 54.
PAR  In the preferred embodiment a selected number of outputs of linear shift
      register 54 defining a first output sequence are connected in sequence to
      a first plurality of exclusive OR gates 72a through 72i, while other
      outputs thereof, defining a second output sequence are connected in
      sequence to a second plurality of exclusive OR gates 72j through 72k.
      Preferably, the first two outputs of linear shift register 54 in each
      output sequence are applied to the two inputs, respectively, of the first
      exclusive OR gate in the respective first and second pluralities of
      exclusive OR gates. Thereafter, the output of each exclusive OR gate is
      applied as one input to the next successive exclusive OR gate, the other
      input being the signal on the next successive output line in the sequence
      from shift register 54. The exclusive OR gates 72a through 72k, although
      not mandatory for proper operation of the circuit, tend to make the bit
      signal present on any one of exclusive OR gate output lines 74a through
      74k statistically independent of the other gate output lines, so that it
      becomes impossible to predict what the condition of the other gate output
      lines are if the statistical properties of one or more gate output lines
      are known. This is accomplished by using n + 1 output lines from linear
      shift register 54 to generate an n number of gate outputs for each
      plurality of exclusive OR gates. The outputs of exclusive OR gates 72a
      through 72k are applied on gate output lines 74a  through 74k, with gate
      output lines 74a through 74i being applied to a first probability logic
      circuit 76 and gate output lines 74j and 74k being applied to a second
      probability logic circuit, comprising in the preferred embodiment NAND
      gate 110. Other numbers of gate output lines may, of course, be used,
      depending upon the application.
PAR  As explained above, the probability of each output 36 through 49 of shift
      register 54 being a logic one or a logic zero is one-half, and hence
      outputs 74a through 74k also have a probability of one-half of being a one
      or a zero. The probability logic circuit 76 uses inputs 74a through 74i to
      generate signals on a plurality of output lines 77a through 77h, each
      output line having a probability of a one or zero determined by the
      individual logic circuit associated therewith in probability logic circuit
      76. In the preferred embodiment, output lines 74a and 74b from exclusive
      OR gates 72a and 72b are applied as inputs to a NAND gate 80, the output
      of which is applied to an inverter 82. The output of the inverter 82 is
      applied on output line 77a as one input to a comparator 84. The
      probability of the output signal from inverter 82 being a one is hence
      three-out-of-four and the probability of a zero one-out-of-four, due to
      the operation of NAND gate 80 in response to two equal probability inputs.
      Output lines 74c through 74h are all applied directly as inputs to
      comparator 84, and thus the probability of each of those output lines is
      equal between one and zero. Different configurations of probability logic
      circuits may be used depending upon the frequency spectrum to be generated
      at the output of the code generator.
PAR  The other input to the comparator 84 is from counter 86, which is driven by
      a 255 KHz clock 88. The length of the counter 86 and the frequency of the
      clock 88 both have a significant effect on the frequency spectrum of the
      output pseudo-random code signal. In the preferred embodiment, for purpose
      of clarification, the criteria has been established that successive shifts
      of the code generator must occur within 1 millisecond. That is, the
      interval between successive zero crossings, where a logic one is defined
      as being above the zero or reference line, and a logic zero below the
      reference line, must be no greater than one millisecond. The 1 millisecond
      interval has been selected for purposes of illustration in the preferred
      embodiment. Such an interval does, however, have significant advantages
      when the code generator is used as a frequency scrambler. Using the 1
      millisecond interval and proper filtering, the output of the pseudo-random
      code generator becomes sufficiently "smeared" such that it is not easily
      reconstructed with an oscilloscope or similar equipment. It should be
      understood, however, that intervals other than 1 millisecond can easily be
      used.
PAR  Assuming for purposes of explanation that the interval between code
      generator shifts has been determined to be never more than one
      millisecond, the frequency of the clock 88 relative to the length of the
      counter 86 and the number of inputs from the probability logic 76 to the
      comparator 84 must be chosen such that counter 86 can count up the maximum
      count represented by the input signals from probability logic 76 within
      the 1 millisecond interval. Thus, for the preferred embodiment shown in
      FIG. 2, there are eight inputs to the comparator 84 from probability logic
      76, and eight inputs from counter 86, indicating that counter 86 must be
      at least 8 bits in length and that 256 counts are necessary to cycle the
      counter 86 through every possible count from probability logic 76. In
      accordance with preferred eight bit counter 86, the frequency of clock 88
      is chosen to be 255 KHz, so that within 1 millisecond, 255 pulses will be
      generated by clock 88 and hence, that counter 86 will count completely
      through one cycle within the prescribed 1 millisecond interval. The
      counter 86 counts until the count established from probability logic 76 is
      reached.
PAR  Line 77a contains the most significant digit in the binary count from
      probability logic circuit 76, while line 77h the least significant digit.
      Thus, the probability of a one on input line 77a determines the relative
      probabilities of the zero crossing or generator shift occurring within the
      first half or last half of the 1 millisecond interval. Since in the
      preferred embodiment, the probability of a one on line 77a is
      three-out-of-four, the probability then that the zero crossing will occur
      in the first half of the 1 millisecond interval is one-quarter, while the
      probability that the zero crossing will occur in the last half is
      three-quarters, because the signal on line 77a represents the most
      significant digit in the count from probability logic 76. The 1
      millisecond interval is divided successively by two by lines 77b through
      77h, for a total of 255 discrete segments. Since there are 255 possible
      discrete time slots within the 1 millisecond interval for an 8 bit
      counter, each increment or time slot in the first half millisecond will in
      the preferred embodiment have a probability of 0.5/255 of the zero
      crossing occurring therein, while each time slot in the last half of the 1
      millisecond interval will have a probability of 1.5/255 that the zero
      crossing will occur in that portion. The probability of the zero crossing
      occurring in any one of the segments is thus adjustable by changing the
      configuration of probability logic circuit 76.
PAR  When a correct comparison occurs between the count from counter 86, and the
      count from probability logic 76, the comparator 84 generates an output on
      comparator output line 92. This comparator output signal is applied to the
      shift input 70 of the shift register 54, resulting in a shifting of the
      information contained therein one position to the right, and a new bit
      from parity generator 56 being applied to the lefthandmost position of
      shift register 54, as explained above.
PAR  The output signal from comparator 84 is also applied, after a short time
      delay due to delay 90, to counter 86, and the comparison process explained
      above is repeated. The output signal from comparator 84 is also applied as
      a shift input to a two-bit past-history shift register 94. The input to
      shift register 94 is taken from circuit output connection 96 and applied
      on feedback line 98 to the input 100 of shift register 94. The pulse
      information which is at the circuit output connection 96 at the time
      coincident with the occurrence of a shift pulse from comparator 84, is
      applied on feedback line 98.
PAR  The shift register 94 has its two output bits connected to a third
      probability logic circuit. This circuit comprises in the preferred
      embodiment an exclusive OR gate 106. The output of exclusive OR gate 106
      is then applied as one input to exclusive OR gate 108 which forms the
      output logic circuit in the preferred embodiment. It should, of course, be
      recognized that shift register 94 may be various bit lengths, and that the
      third probability logic circuit may comprise a plurality of gate circuits,
      again depending on the circuit application.
PAR  Outputs 74j and 74k from exclusive OR gates 72j and 72k are provided as
      inputs to a second probability logic circuit, which in the preferred
      embodiment NAND gate 110, which provides a three-out-of-four probability
      that a one will appear at the output thereof and a one-out-of-four
      probability that a zero will occur at the output thereof. The output of
      NAND gate 110 is applied as the other input to exclusive OR gate 108,
      which is the output logic circuit in the preferred embodiment. The effect
      of the output from NAND gate 110 on the output of exclusive OR gate 108 is
      to provide a probability of three-out-of-four that the output of exclusive
      OR gate 106 (third probability logic circuit) will be present at the
      output connection 96 and a one-out-of-four probability that the output of
      the exclusive OR gate 106 will be changed. This probability may, of
      course, be altered by altering the configuration of the second probability
      logic circuit, shown in FIG. 2 as a two-input NAND gate 110. The effect of
      NAND gate 110 (the second probability logic circuit) is to add a degree of
      randomness to the selected past-history at the circuit output connection
      96 which is present in shift register 100. Without the introduction of the
      signal from NAND gate 110, the output from exclusive OR gate 106 tends to
      have a relatively short cycle before it repeats. NAND gate 110 acts to
      disrupt the periodicity of the signal from exclusive OR gate 106, and
      tends to spread it out in accordance with the randomness of its own
      output. The outputs from exclusive OR gate 106 and NAND gate 110 are
      applied as inputs to exclusive OR gate 108, the output of which is the
      pseudo-random code output of the circuit, having a frequency spectrum
      which can be altered by varying the logic functions of the first, second
      and third probability logic circuits. It should be understood that both
      the second and third probability logic circuits can be configured to have
      multiple outputs, with the output logic circuit accomodating the plurality
      of inputs thereto with a complex gate configuration to provide the
      pseudo-random output signal. Such changes in the configuration of the
      individual probability output circuits are within the ordinary skill of
      the art, and would depend upon the application of the code generator.
PAR  Thus, pseudo-random code generator has been disclosed which utilizes a
      well-known random bit generator in the form of a linear shift register and
      parity generator, with the code generator of the present invention having
      the capability of altering the frequency spectrum of the output of the
      random bit generator in accordance with the desires of the operator,
      without distorting the square wave output, so that the output of the
      pseudo-random code generator can be used to drive follow-on logic circuits
      or the like.
PAR  It should, or course, be understood that configurations of random bit
      generators other than that specifically disclosed above can be effectively
      utilized, as well as different specific configurations of the probability
      determining logic circuits, the length of the counter, and the frequency
      of the clock. It should be recognized, however, that the rate of the
      clock, the length of the counter, and the number of inputs to the
      comparator from the first probability determining logic circuit must be
      controlled in accordance with a specified time period so as to provide
      proper control over the randomness and the frequency spectrum of the
      square wave output signals of the circuit. It should also be understood
      that other possible changes, modifications, and substitutions may be
      incorporated in the embodiments specifically disclosed herein without
      departing from the spirit of the invention as defined by the claims which
      follow:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for generating a pseudo-random code signal, comprising:
PA1  first circuit means operative to produce a plurality of first output bits
      which define a pseudo-random sequence;
PA1  at least one logic gating means responsive to more than one of said first
      output bits, said logic gating means providing a logic output bit, said
      logic output bit and selected other first output bits defining a first
      count;
PA1  clock means generating a clock signal of predetermined frequency;
PA1  counter means responsive to said clock signal and operative to count from a
      reference count;
PA1  means operative to compare the count of said counter means with said first
      count, and to generate a comparator signal in response to an equality
      therebetween;
PA1  means responsive to said comparator signal for resetting said counter means
      to said reference count;
PA1  means coupling said comparator signal to said first circuit means, said
      first circuit means producing in response to said comparator signal a new
      pseudo-random bit sequence; and,
PA1  means controlled by said comparator signal to produce successive second
      output bits defining the pseudo-random code signal.
NUM  2.
PAR  2. An apparatus of claim 1, wherein said second output bit producing means
      includes storage means having a series of outputs, and means for applying
      a portion of said code signal to said storage means, and further includes
      second logic means responsive to said storage means outputs, and to
      selected ones of said first output bits for producing successive output
      bits under the control of said comparator signal.
NUM  3.
PAR  3. An apparatus of claim 2, wherein said storage means is a linear shift
      register, and wherein said linear shift register is responsive to said
      comparator signal to enter the portion of the code signal then presented
      to said storage means by said applying means.
NUM  4.
PAR  4. An apparatus of claim 1, wherein said counter means has a counting cycle
      at least equal to the largest possible first count.
NUM  5.
PAR  5. An apparatus of claim 1, wherein said first output bits are square
      waves, and wherein the code signal is a square wave signal.
NUM  6.
PAR  6. An apparatus of claim 1, wherein said first circuit means includes a
      linear shift register having an input and output, and an odd/even parity
      generator, wherein said linear shift register is in parallel connection
      with said odd/even parity generator, wherein said odd/even parity
      generator is responsive to selected ones of said first output bits to
      produce a bit series, the bits in said bit series being applied to the
      input of said linear shift register in response to said comparator signal.
NUM  7.
PAR  7. An apparatus of claim 6, wherein said odd/even parity generator is
      operative to sum the number of selected first output bits having a first
      magnitude, and to produce a bit having a first magnitude when said sum is
      even, and a second magnitude when said sum is odd.
NUM  8.
PAR  8. An apparatus of claim 6, including means for selectively coupling each
      of said first output bits to said odd/even parity generator.
NUM  9.
PAR  9. An apparatus of claim 1, including means for delaying the resetting of
      said counter means until said new pseudo-random bit sequence has been
      produced.
NUM  10.
PAR  10. An apparatus for generating a pseudo-random code signal, comprising:
PA1  first circuit means operative to produce a plurality of first output bits
      which define a pseudo-random sequence, each of said first output bits
      varying between two levels of magnitude according to a known first
      probability;
PA1  second circuit means responsive at its input to selected first output bits
      for generating a plurality of counter input bits, at least one of which
      varies between two levels of magnitude according to a probability
      different than said known first probability, said counter input bits
      defining a first count;
PA1  clock means generating a clock signal of predetermined frequency;
PA1  counter means responsive to said clock signal and operative to count from a
      reference count;
PA1  means operative to compare the count of said counter means with said first
      count, and to generate a comparator signal in response to an equality
      therebetween;
PA1  means responsive to said comparator signal for resetting said counter means
      to said reference count;
PA1  means coupling said comparator signal to said first circuit means, said
      first circuit means producing in response to said comparator signal a new
      pseudo-random bit sequence; and,
PA1  means controlled by said comparator signal to produce successive second
      output bits defining the pseudo-random code signal.
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ABST
PAL  An electronic calculator system implemented in MOS/LSI semiconductor chips
      which contain data memory, an arithmetic unit, a read-only-memory for
      storing instruction words, and control circuitry for operating the system,
      all in monolithic semiconductor units. Parts of the instruction word are
      decoded at different locations on the chip to produce control functions,
      using logic arrays. To save space on the chip, the instruction word is
      transferred serially from an instruction register to the decode arrays
      where parts of the instruction word are stored and loaded into the arrays
      in parallel.
BSUM
PAC  RELATED CASES
PAR  The subject matter of this application is related to that disclosed and
      claimed in the following U.S. Pat. applications:
PAR  Ser. No. 400,437, filed Sept. 24, 1973, by Jerry L. Vandierendonck, Roger
      J. Fisher, and Glenn A. Hartsell, entitled "Electronic Calculator With
      Display And Keyboard Scanning Signal Generator In Data Memory."
PAR  Ser. No. 400,299, filed Sept. 24, 1973, by John D. Bryant and Glenn A.
      Hartsell, entitled "Electronic Calculator Chip Having Test Input And
      Output."
PAR  Ser. No. 400,473, filed Sept. 24, 1973, now U.S. Pat. No. 3,892,957, by
      John D. Bryant, entitled "Digit Mask Logic Combined With Sequentially
      Addressed Memory In Electronic Calculator Chip."
PAR  Ser. No. 400,438, filed Sept. 24, 1973, by Charles W. Brixey, Glenn A.
      Hartsell, and Jerry L. Vandierendonck, entitled "Electronic Calculator
      Having Internal Timing Means For Turning Off Display."
PAR  Ser. No. 400,471, filed Sept. 24, 1973, by Roger J. Fisher and Gerald D.
      Rogers, entitled "Read-Only-Memory For Electronic Calculator."
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic calculator systems of the type wherein all of the main
      electronic functions are integrated in a single large-scale-integrated
      semiconductor chip, or a small number of chips, are described in the
      following prior applications which are assigned to the assignee of this
      invention:
PAR  Ser. No. 317,493, filed Dec. 21. 1972 (originally filed Sept. 29, 1967,
      Ser. No. 671,777) by Jack S. Kilby et al, for "Miniature Electronic
      Calculator", now U.S. Pat. No. 3,819,921, issued June 25, 1974.
PAR  Ser. No. 163,565, filed July 19, 1971, by Gary W. Boone and Michael J.
      Cochran, for "Variable Function Programmed Calculator", now abandoned,
      continuation filed Dec. 3, 1973 as Ser. No. 429,999.
PAR  Ser. No. 255,856, filed May 22, 1972, by Michael J. Cochran and Jerry L.
      Vandierendonck, for "Electronic Calculator", now abandoned, continuation
      filed Feb. 20, 1974 as Ser. No. 444,226.
PAR  The concepts of these prior applications have made possible vast reductions
      in cost of small personal sized calculators. Continuing efforts to reduce
      the cost of these products include reducing the power drain so that the
      battery requirements are minimized and incorporating more of the external
      circuits into the semiconductor chip, as well as making the chip more
      versatile for performing different functions with a minimum change in the
      manufacturing steps. The purpose of the system of this application is
      generally related to lowering the power used by a calculator chip,
      simplifying the system to save space on the chip to facilitate
      manufacture, simplify programming, incorporate more of the functions such
      as clock generators and segment drivers into the chip, and/or provide
      improved functions from a user's standpoint.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment, when
      read in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial view of a portable, batteryoperated electronic
      calculator which may employ features of the invention;
PAR  FIG. 2 is a simplified block diagram of the calculator system of the
      invention;
PAR  FIGS. 3A-3C are timing diagrams showing voltage vs. time graphs for timing
      signals used in various parts of the system of the invention;
PAR  FIGS. 4A-4B are diagrams and tables of the display output format;
PAR  FIG. 5 is a representation of the makeup of the instruction word used in
      the system of the invention;
PAR  FIG. 6 is a layout map for FIGS. 6A-6U;
PAR  FIGS. 6A-6U are a composite electrical diagram of the circuit of the
      calculator system of the invention;
PAR  FIGS. 7A-7S are detail electrical diagrams of logic functions used in the
      diagram of FIG. 6A-6U;
PAR  FIG. 8 is a representation of the keyboard input matrix used with the
      system of FIGS. 2 and 6A-6U;
PAR  FIG. 9 is a table of digit and flag masks which may be used in one
      embodiment of the invention;
PAR  FIG. 10 is an enlarged view of a photomask used for the metallization level
      in the manufacture of an MOS/LSI semiconductor chip incorporating the
      entire electronic system of the invention.
DETD
PAC  INTRODUCTION
PAR  The calculator system of the invention is designed primarily for use in a
      hand-held, battery-powered, pocketsized electronic calculator generally as
      seen in FIG. 1. The calculator is contained within a small housing 10 of
      molded plastic or the like, and includes a keyboard 11 of the ten-key type
      having ten decimal number keys 0 to 9 along with a decimal point key and
      several function keys such as plus (+), minus (-), equal (=), multiply
      (.times.), divide (.div.), clear (C), etc. A display 12 is provided,
      usually in the form of a segmented light emitting diode (LED), gas
      discharge panel, or fluorescent type display. Eight digits plus a ninth
      "annotator" digit for minus sign, error or overflow indication are shown,
      this being typical for personal calculators. Each digit includes seven
      segments plus a decimal point in a typical design; usually the calculator
      would operate in floating point mode so the decimal point could be in any
      of the eight digit positions. An off-on switch 13 would be conveniently
      located on the top face or side of the housing.
PAR  The design of the electronic system of the invention is primarily for the
      purpose of minimizing power drain so that long battery life is provided
      and a minimum of batteries are needed. Ideally, non-rechargeable
      throw-away batteries are used; this saves on initial cost of the batteries
      and saves the cost of the battery charge circuit or AC/DC implementation
      which would include cord, plug, transformer, rectifier, switch, etc. Of
      course, the electronic system or MOS chip to be described may be used in
      desk top, AC powered calculators, even though the design objective is for
      personal calculators with throw-away batteries. A large part of the power
      drain in a calculator of this type is in the display 12; little can be
      done to reduce the basic power drain inherent in the LED's or other
      display elements, at least within the scope of this invention. However,
      various features as will be described assure that the display is turned on
      a minimum of time and the display drive circuitry is optimized. The main
      way of minimizing power according to the invention is in the design of the
      main electronic system as implemented in a single MOS/LSI chip.
PAC  SYSTEM BLOCK DIAGRAM
PAR  The major components of the calculator system of the invention are shown in
      block diagram form in FIG. 2. All of the system components to the right of
      dotted line 15 are within a single MOS/LSI chip which contains perhaps
      5,000 transistors, mounted in a standard twenty-eight pin package. An
      important factor in system design is minimizing the pin count for the
      package, and the present design allows several extra pins compared to
      prior chips. The main input/output pins at the interface 15 are eight
      display outputs 16, labeled SA et seq., nine keyboard/display strobe or
      scan outputs 17, labeled D1 to D9, and three keyboard inputs 18, labeled
      KN, KO and KP. The display outputs 16 are applied directly (without
      segment drivers) to the segments of the display 12. All similar segments
      in the various digits are connected together, and all decimal points are
      connected together, in the usual manner. The digits of the display are
      actuated one at a time by a scanning arrangement using the outputs 17, and
      these scan signals D1 to D9 are also used to poll the keyboard which is in
      the form of a matrix of key switches. All of the number keys 1 to 9 are on
      a single one of the input lines 18 called the KN line, the number key 0 is
      on the KO line, and the operation keys are on KO and KP lines. So, all of
      the keyboard information comes in encoded on three lines 18, correlated
      internally with the "D-times" or keyboard/display strobes D1 to D9 on
      lines 17.
PAR  The calculator chip includes three working registers, called registers A, B
      and C, located within a sequentially addressed memory 20 which is referred
      to as a S.A.M. This device, as described in copending application, Ser.
      No. 163,683, filed July 19, 1971, is a random access memory array which is
      addressed in sequence by a state counter 21. The state counter is a ring
      counter which generates "state times" or "S times" used to address the
      rows of cells in the memory array and also for other purposes. Various
      calculations are made by processing the numerical data in the registers
      through an arithmetic logic unit 22, which basically consists of a
      bit-parallel serial-digit binary adder, a carry/borrow circuit, and a
      binary-coded-decimal (BCD) corrector. The latter is needed because numbers
      are stored in the SAM 20 in BCD, yet the adder works in binary, so the
      output of the adder must be corrected before re-entering a result into the
      registers of the SAM 20. Selector gates 23 on the right-hand side of the
      SAM 20 control which registers of the SAM are fed into the ALU 22 and what
      register the result is entered into. Also, the selector gates 23 provide a
      right-shift function for any register if desired. Left shift may be
      implemented by a shift left circuit in the ALU 22. Selector gates 24 on
      the left side of the SAM 20 provide for recirculation of the data in the
      registers or exchange of data from one register to another. All of these
      selector gates and the parts of the ALU 22 are under control of the
      outputs from arithmetic control programmable logic array 25.
PAR  In addition to the working or data registers A, B and C, the SAM contains
      two eleven bit flag registers 26 and 27, or Flag A and Flag B. These are
      used for temporary storage of status information during the program. The
      bits in the flag registers may be set, zeroed, exchanged, recirculated,
      etc., under control of flag logic array 28 which is connected to the SAM
      via lines 29.
PAR  The program for operating the calculator is stored in a read-only memory or
      ROM 30 which contains 3,520 bits of storage, arranged in 320 words with 11
      bits per word. One word at a time is read out of the ROM into an
      instruction register 31, and the 11 bit word existing in this register
      defines what happens in the calculator during a given instruction cycle. A
      part of the instruction word is applied serially from register 31 via line
      32 to a register 33 which is connected to both the arithmetic control
      array 25 and the flag logic array 28 in common. Another part of the
      instruction word is applied via line 34 to a register within a digit mask
      logic array 35 in the SAM 20, as will be explained. The particular
      instruction word read out of the ROM at a given time is defined by X and Y
      address registers 36 and 37. The X and Y registers 36 and 37 control X and
      Y address decoders 38 and 39. The ROM is partitioned into eleven segments
      so that for a given 6 bit X address and 3 bit Y address, 11 bits are
      addressed and read out from the ROM into the instruction register 31. The
      word in the instruction register 31 defines the current operation of the
      system and, along with input and condition logic 40, produces the next
      address for the ROM. The address registers 36 and 37 may be incremented,
      one location at a time, or may jump or branch to a specified location
      (loaded from the instruction register 31) under control of input and
      condition logic 40. This logic unit 40 receives the keyboard inputs 18 and
      generally initiates control or operation of the various parts of the
      system and provides for data input, along with the program in the ROM. In
      general terms, operation of the system is totally defined by generating a
      ROM address by the logic arrangement 40 in conjunction with the
      instruction register 31, in response to a particular key in the keyboard
      11 having been pressed, then jumping to that address in the ROM and
      reading out the instruction word into the register 31 and implementing it.
      Then, the X and Y address registers are incremented to the next address or
      perhaps caused to branch to a remote address until the function
      represented by that key has been completed, which may take several or a
      dozen instruction words, then the system goes back into a wait mode until
      another key is punched. In the wait mode, the system is cycling through
      instruction works which in effect scan the keyboard and at the same time
      cause the number entered or the result to be shown on the display 12.
PAR  The A register in the SAM 20 is always the source of data displayed in the
      display 12. A number being entered is always displayed, so it is entered
      in the A register; a result from a calculation is displayed, so it goes
      into the A register upon completion of a calculation. So, output from the
      SAM 20 to the display 12 is from the A register and is coupled via lines
      41 through a segment decoder and output PLA 42 which functions to change a
      BCD number, one digit at a time, to a selected combination of segments on
      the lines 16 going to decimal digit display 12. This is accomplished
      generally by means of a programmable logic array. Zero suppression means
      43 is included in the output PLA.
PAR  The D-times used for keyboard/display strobe via the lines 17 are generated
      in a digit scan register 44 which operates in conjunction with a D-scan
      register 45 that is part of the SAM 20. The display 12 is strobed most
      significant digit or MSD first to allow leading zero suppression, whereas
      the registers in the SAM are sequentially addressed beginning with least
      significant digit or LSD because the adder or ALU 22 must operate
      digit-by-digit starting with LSD. So, the digit scan arrangement must
      count in one direction while the state counter 21 is counting in the other
      direction.
PAC  SYSTEM TIMING
PAR  The basic timing element of the system is the clock input .phi. as seen in
      FIG. 3A. This clock is at a rate of about 100 to 160 KHz. A clock
      generator 46 within the chip (see FIG. 2) generates four clocks .phi.1,
      .phi.2, .phi.3, .phi.4 as illustrated in FIG. 3A. A set of four clocks
      represents one state time or S time, so state times are at a 25 to 40 KHz
      rate or 24 to 40 microseconds in length. The state times are generated
      from the clocks .phi.1 to .phi.4 in the SAM address counter 21. There are
      eleven state times S.sub.0 to S.sub.10 as seen in FIG. 3B, corresponding
      to the eleven digits per data word in the SAM registers, one state time
      for each digit. A full set of eleven state times represents one "digit
      time" or D time, and also corresponds to one instruction cycle. So, an
      instruction cycle is about 264 to 400 microseconds long, or instruction
      cycles occurring at a rate of roughly 2 to 4 KHz. D times are used for
      keyboard and display scan, and there are nine digits in the display; FIG.
      3C illustrates the sequence of D times used for strobing the display and
      keyboard. Note that there is one dead time, D10. A complete scan of the
      display and keyboard referred to as a "scan time" occurs once every ten D
      times or instruction cycles, i.e., once every 2,640 to 4,000 microseconds
      or 2.6 to 4 milliseconds. That is, the display or keyboard is completely
      scanned about 200 to 400 times a second. A person operating the calculator
      would manually depress a key for at least a few tenths of a second or
      more, so it is seen that at least about fifty or more complete scans would
      occur during the time a key is down. This would represent more than 500
      instruction cycles, so almost any calculation or operation within the
      calculator would be completed faster than a person could punch the keys.
      Considering the display 12, a given digit such as the righthand digit
      which is LSD will be turned on or lit up only during D9 or once every scan
      time, i.e., for say 300 microseconds every 3,000 microseconds, a duty
      cycle of one-tenth. It will blink on and off 200 to 400 times a second,
      which is far above the rate which the eye can perceive, so the display
      seems to be steady rather than being scanned in sequence.
PAR  In FIG. 3C, it is seen that the digit times progress from MSD to LSD, going
      from D1 to D9 as seen in FIG. 2. The data in one digit of the A register
      in the SAM 20 is brought out through the segment decoder 42 for display
      during each D time. FIG. 3C shows that the information at S10 of register
      A comes out during D1, S9 during D2 and proceeding on to S2 at D9. S10 is
      the annotator; that is, the minus sign, low-battery indicator, etc. S9 is
      the MSD and S2 the LSD. S1 is dead or blanked; only eight numerical digits
      are displayed. The SAM contains eleven digits per register in locations
      S10 to S0. Thus, since the scan repeats every ten instruction cycles, but
      there are eleven locations, S0 is never brought out. And the scan sequence
      precesses or counts backwards, S10 to S1 or MSD to LSD, while the SAM is
      addressed S0 to S10, or in a direction of LSD to MSD. This arrangement
      readily permits leading zero suppression in the segment decoder 42. It is
      desirable that the display show no zeros to the left of the first non-zero
      digit or the decimal point. Thus, if the number 6.25 is entered, the
      display shows 6.25 and not 000006.25. The zero suppress circuit 43
      functions to blank the display in this example for the first five digits
      coming out since these are zeros, then unblank when the "six" is detected
      which is the first non-zero digit it sees.
PAR  Ordinarily, (depending upon programming) the information in the S0 position
      in each of the A, B and C registers in the SAM 20 is the decimal point or
      DPT position, the S1 position contains an exponent, S2 to S9 is the
      mantissa with S10 for overflow. So, when the number 6.25 is entered by the
      keyboard, the A register will contain 00000625; as a mantissa in positions
      S9 to S2, and a "2" in S0 meaning that the decimal point is two places to
      the left. As seen in FIG. 3C, there is no S0 brought out for display, nor
      S1. The exponent at S1 is used internally, and the DPT is accounted for,
      as will be explained.
PAC  THE DISPLAY
PAR  Referring to FIG. 4A, the display 12 is shown in more detail. Three of the
      nine digits are shown. Each digit is made up of seven segments A to G plus
      a decimal point P. The outputs 16 from the chip are labeled SA to SP
      corresponding to the segments in the display. All of the A segments are
      connected together by a line 47, all B's are connected together by a line
      48, etc., and all decimal points P are connected together by a line 49.
      The segments represent cathodes in a LED unit, or in a gas discharge
      panel. The D-scan outputs D1 to D9 are separately connected to anodes 50
      which represent transparent metal film covering the cathodes in a gas
      discharge panel display or anodes common to all cathode segments in a
      digit for LED displays. Digit drivers 51 couple the D lines 17 to the
      anodes 50; these are merely amplifiers to provide the proper voltage
      levels for actuating the display elements. All of the drivers 51 may be
      contained in a pair of bipolar integrated circuits.
PAR  In FIG. 4B, one code for actuating the display of FIG. 4A is shown. For
      example, to show a zero, all segments except SG are actuated. To show a
      one, segments SA and SB are actuated. The code of FIG. 4B is programmed
      into the segment decoder output PLA 42; this PLA is gate programmable so
      that different codes could be used for different types of displays. In a
      preferred embodiment, overflow is indicated by blinking the entire
      display, instead of the symbols shown.
PAC  THE INSTRUCTION SET
PAR  The instruction words stored in the ROM 30 and read into the instruction
      register 31 are of the format shown in FIG. 5. The eleven bits of the word
      are labeled I0 to I10. For jump instructions, 9 bits are used for the jump
      address. For register and flag operations, the word contains three fields,
      a mask field made up of I0 to I3 called Ma to Md, an OPCODE field made up
      of I4 to I8 called Oa to Oe, and a class field made up of I9 and I10
      called Ca and Cb. The bits from the mask field are connected from the
      instruction register 31 via line 34 to a register in the mask logic 35
      seen in FIG. 2. The OPCODE field is connected to a register 33 via line 32
      from which the flag logic 28 and the arithmetic control logic 25 are both
      driven. This is an important feature of the system, as it greatly
      simplifies the layout and programming. The class field is connected to
      input and condition logic 40 as it is concerned with branch and
      conditional branch instructions. The input and condition logic 40 contains
      a condition latch 47 which is responsive to various operating situations
      in the system such as a flag condition or a keyboard input, and a branch
      is executed if the condition latch is set but not if the latch is not set
      or at reset. If the class field is 00, i.e., I9 and I10 are 00, the
      instruction word is for a "jump" if the condition latch has not been set,
      that is, at reset. If the class field is at 01, a jump is executed if
      condition is set. For jump instructions, the I0 to I8 bits are the address
      of the next instruction word, so these bits are loaded from the
      instruction register 31 to the address registers 36, 37. If the class
      field is 11, the instruction is for a register operation, and the OPCODE
      and mask fields are used as mentioned above. A class field of 10 indicates
      either a flag instruction or a "jump if key down" operation; the first two
      bits of the OPCODE field determine which type of operation is executed.
      1000 causes a jump to the address of I0 to I8 if a key is down on the KO
      line. 1001 causes a jump to the I0-I8 address if a key is down on the KP
      line. 101 results in a flag operation, i.e., the OPCODE field gives a flag
      instruction which is decoded in the flag logic array 28. In Table I at the
      end of this specification, a more detailed list of program instructions
      possible within the constraints of the format of FIG. 5 is given for
      illustration. Note that the flag logic unit 28 is also referred to as a
      program logic unit. These instructions will be referred to in more detail
      later.
PAC  DETAILED DESCRIPTION OF SYSTEM LOGIC DIAGRAM
PAR  The various parts of the system of FIG. 2 will now be described with
      reference to FIGS. 6A through 6U which in composite is a complete logic
      diagram of the calculator chip.
PAC  THE S.A.M. AND SELECTOR GATES
PAR  The main A, B and C registers of the calculator system are contained within
      a random access memory arrangement 20 which is operated in a manner
      similar to a set of shift registers, as set forth in copending
      application, Ser. No. 163,683. The SAM 20 includes an A register which is
      comprised of four separate rows A1, A2, A4 and A8, in BCD format.
      Likewise, the B and C registers each comprise four rows B1, B2, etc.;
      these are interleaved to save space in interconnecting the registers and
      the ALU through the selector gates on the chip. Each row includes eleven
      cells 100, or one for each digit or character, with each cell being a
      conventional three-transistor MOS RAM memory cell. All of the memory cells
      100 in the SAM are exactly the same, and there are a total of 11 .times. 4
      .times. 4 or 132 cells in the main A, B and C registers. The SAM also
      includes two flag registers 26 and 27 and a D-scan register 45, each of
      which are eleven bit rows, or 33 more cells, for a total of 165  cells in
      the SAM. Vertical lines in the SAM are address lines 101 of which there
      are twelve, these bit address lines being driven by a commutator 21 made
      up of an eleven stage ring counter which circulates a zero in synch with
      state times. Indeed, the commutator 21 generates the state times S0-S10
      for use throughout the system. Only one of the address lines 101 is
      energized at any one time (except S0 as will be explained), and the
      energized line shifts from right to left in the order S0, S1, S2, . . .
      S10, S0, etc., one at a time, producing the signals seen in FIG. 3B. In
      the commutator 21, a recirculate signal is coupled back to the beginning
      stage by a line 102 when the zero propagating through the commutator
      reaches S10; this indication on line 102 is also used in the power up
      clear circuit as will be explained.
PAR  When an S0 energizing voltage or 0, a negative voltage, appears on the S0
      address line, all of the MOS transistors 103 (looking now at the S0 cell
      for the A1 row in the A register) which act as the output switches for the
      memory cells 100 in the S0 vertical column will be made conductive, so the
      gate storage capacitor of a cell will, if it is charged negative, cause
      the transistor 104 of the cell to be also conductive, and the output line
      105 will be grounded. Thus, if an 0 is stored, a 1 will appear on output
      line 105. Throughout the system; 1 is ground or V.sub.SS, 0 is a negative
      voltage or V.sub.DD. This output line 105 is inverted or is in "false"
      rather than "true" logic; bits are stored in true and read out in false or
      complementary logic. Input to the cell is on a line 106 through a
      transistor 107. When the S1 address line 101 goes negative, the transistor
      107 cuts on and a negative voltage on line 106 will be stored as a charge
      in the gate of transistor 104. The inputs to the line 106 may be from the
      ALU 22, from a recirculate path in the selector gates 24, or from a
      transfer path from another register via the gates 24. The output line 105
      may go to the ALU 22, to a right shift path in selector gates 23, to a
      recirculate path in gates 24, or to a transfer path in the gates 24. For
      recirculate, the left-hand end of the output line 105 goes into a one-bit
      delay circuit 108. Each one-bit delay includes two inverters clocked at
      .phi.2, .phi.3 and .phi.4, .phi.1, respectively. Depending upon the
      settings of the selector gates 23 and 24 and other conditions, the bit on
      line 105 can be either recirculated, or passed through the ALU,
      left-shifted, right-shifted, etc. If the bit is to be merely recirculated,
      the gates 24 are set by the OPCODE field of the then-present instruction
      word in the I-Reg 31 via ALU logic 25 so the bit will pass through a
      complex gate 109 to appear inverted on line 106, delayed by one and
      one-half state times; that is, the bit leaves its storage capacitor in
      cell 100 on .phi.1 of a given state time, then that state time proceeds
      through .phi.1-.phi.2-.phi.3-.phi.4 as defined in FIG. 3A as the bit
      propagates through the delay 108. The S0 address line becomes de-energized
      or goes to ground at the end of .phi.3, and S1 goes negative on .phi. 1 of
      the next state time as the commutator 21 switches to the next stage to the
      left. On .phi.3 of this next state time, gate 109 is enabled by .phi.3
      which is one of its inputs, so the bit can proceed to line 106. Back at
      the cell, the transistor 107 is now conductive, and the bit will be
      re-entered into the same cell it came out of, i.e., the S0 cell. All bits
      in all cells 100 of this first vertical column S0 will be recirculated or
      refreshed during S0-S1 time, during every instruction cycle, unless they
      are being transferred or operated on in the ALU or shifted. If the bits in
      B register are being transferred to the A register, the gates 24 are
      activated by part of the decoded instruction word appearing on line 110 in
      such manner that the bit on output line 105 will not go through gate 109
      for the A1 row, but instead will go by line 111 through gates 109 in the
      B1 row to the B1 input line 112. As before, when line S1 comes on in the
      next state time, the bit will go back into a memory cell, but this time it
      will go into cell 113 in B1. The bit that was in cell 113 will, during
      this same time, travel via output line 114 for B1 through a delay circuit
      108 then into gate 109 for A1 by a line 115. Transfer of all bits in A1 to
      B1, and all in B1 to A1, would thus proceed for a cycle of S0 to S10. The
      remainder of the A and B registers, i.e., A2-B2, A4-B4 and A8-B8 would be
      exchanged during the same cycle by the same mechanism.
PAR  The gates 109 have the function of defining which output lines from the
      rows of the SAM are connected to the row input lines. For the A register,
      the gates 109 pass either the output of delay 108 of the A1, A2, etc. rows
      for recirculate, or the delayed outputs from the B1, B2, etc. rows for
      "exchange A and B" or A &lt;---&gt; B. The same applies for the B register. The
      C register cannot be exchanged and so gates 116 for rows C1, C2, etc. only
      receive delayed C output lines and a recirculate command from a line 117.
      A decoder 118 produces the recirculate commands A ---&gt; A, B ---&gt; B, C ---&gt;
      C from T ---&gt; C, T ---&gt; B, T ---&gt; A signals on lines 119 which come
      directly from the arithmetic control PLA 25. The exchange command A &lt;---&gt;
      B on line 110 comes directly from PLA 25, and also goes into decoder 118.
      Logically, the effect of this control arrangement is that the A, B and C
      registers will be recirculated when not being exchanged A &lt;---&gt; B or the
      ALU output T is not being written into the register. That is, if a
      register is not being written into, it defaults to recirculate.
PAR  At all times, the output lines 105, etc. from rows A1, A2, A4, A8 are
      connected via lines 120 to the inputs of the segment decoder 42. One digit
      from register A is selected during each instruction cycle, as set forth in
      FIG. 3C, to be gated into the decode 42 as will be later explained, but
      the register A outputs always appear at the decoder 42 inputs 120. The B1
      and B2 row output lines are also connected to the decoder 42 inputs and
      these are used for outputting the decimal point and outputting a blanking
      signal, as for overflow indication. During calculations, the decimal point
      position is in the S0 bit locations in each register, then upon display
      the DPT position is manifested by a 1 in the row B1, which is thus fed to
      the segment decoder 42 via line 121. Row B2 output is connected via line
      122 to the decoder 42 to permit an indication such as flashing the display
      to be implemented.
PAR  The selector gates 23 on the right-hand side of the SAM 20 control the
      output of the A, B and C registers into the ALU 22 and the entry of data
      from the ALU 22 back into the A, B and C registers. Also, constants are
      selected by the gates 23, and right shift may be performed. The adder
      inputs to the ALU 22 are X1, Y1, X2, Y2, X4, Y4, X8 and Y8. Register A or
      register C outputs can be applied to the X inputs to the adder, and
      register B output can only be applied to the Y inputs; X input select
      gates 122 and Y input select gates 123 determine this in response to
      controls on lines 125, 126 and 127 which represent C ---&gt; X, A ---&gt; X and
      B ---&gt; Y commands that are produced in the arithmetic control logic array
      25. The gates 123 also control entry of a constant K into the Y inputs to
      the adder, and for this purpose receive a K ---&gt; Y command on line 128
      which is generated in array 25. The constants K, which may be K1, K2, k4
      or K8, are generated in the digit mask logic 35 on lines 129. The K1 line
      goes only to the gate 123 for the B1 row, K2 line goes only to the gate
      123 for the B2 row, etc. Thus, to perform the function of "add one to A",
      the K ---&gt; Y line 128 would be energized and the logic 35 would produce K1
      on one line 129, while the data from B1 row output 114 on line 130 would
      be blocked at gate 123, since B ---&gt; Y command would not appear on line
      127. Usually a digit mask would occur during this operation, but
      regardless of the mask the constant is to be added on only the first
      digit, not all digits. This is accomplished by the gates 218 which receive
      a 'DM or leading edge of digit mask signal on line 219.
PAR  The outputss from the ALU 22 are on lines 131 labeled T1, T2, T4, T8. These
      are applied as inputs to 12 identical complex gates 132, each of which has
      its output directly connected to the input line of one of the twelve rows
      of the SAM 20. The T1 line goes to gates 132 for the A1, B1, C1 rows, the
      T2 line goes to gates 132 for the A2, B2, C2 rows, etc. These gates
      receive commands T ---&gt; A, T ---&gt; B, T ---&gt; C on lines 119 to define
      whether the ALU output T is entered into the A, B or C register. Each gate
      arrangement 132 also receives an input 133 from one of the row output
      lines, for right shift purposes.
PAR  A right shift command SRM on line 134 causes the gates 132 to complete the
      connection from lines 133 back to the row input lines 106, etc. with only
      one-half state time delay. A particular register is selected for right
      shift by a command on one of the lines 119, e.g., T ---&gt; A, along with a
      SRM command on the line 134, SRM is generated from SR line 135 in the
      arithmetic control array 25 via gate 136 in the ALU 22. SR on line 137,
      which is inverted as an input to gate 136, is also applied as an input 138
      to complex gates 140 which determine the T outputs from the ALU. The input
      138 functions to disenable the T output upon a right shift command so
      nothing in the adder gets applied back into the SAM. The gate 136 which
      generates SRM also receives a timing signal DM' on line 141 which is a
      modified digit mask. DM' occurs at the falling edge of the digit mask
      which may be S2 to S10 or mantissa mask, for example, and lasts for one
      state time or S0 in this example. The function here is to insert a zero in
      MSD upon right shift; in the right shift operation the LSD is lost and is
      not coupled back to be inserted in the MSD position. During calculations,
      numbers are stored in the register "left justified", meaning that the most
      significant digit is in the leftmost position; this is to preserve MSD,
      since the LSD is always truncated upon overflow. Then, upon display, a
      number is shifted all the way to the right, to eliminate insignificant
      trailing zeros. Also, right shift is used to normalize two numbers being
      added, e.g., 123.45 plus 6.789 would be left-justified and normalized to
      123.45000 and 006.78900. These are merely examples of right shift
      operations.
PAR  The flag registers 26 and 27, the D-scan register 45, the state timing
      matrix and the digit mask 39 are also part of the SAM, and will be
      described later.
PAC  THE ARITHMETIC LOGIC UNIT
PAR  The ALU 22 basically consists of a bit-parallel, serial-digit, binary adder
      150 and a BCD corrector 151, along with the left shift arrangements 138 as
      noted above. Each parallel stage of the adder includes a carry/borrow
      circuit 152. The adder performs subtraction by twos complement addition.
PAR  The four parallel stages 153, 154, 155, 156 process the 1 bit on inputs X1,
      Y1, the 2 bit on inputs X2, Y2 from the SAM, the 4 bit on X4, Y4 and the 8
      bit on X8, Y8, respectively, and ultimately produce the outputs T1, T2, T4
      and T8 on lines 131 going back to the SAM. Each stage 153-156 receives a
      subtract command SUB on line 157, and SUB on line 158. SUB is generated in
      arithmetic control array 25 as output 159. The stages 153-156 perform
      straight binary addition unless SUB is present, then they perform
      subtraction by two's complement addition. Considering stage 153 for the 1
      bit, a complex gate 160 produces an output 161 which is logically X1
      .sup..  Y1, i.e., the inverse of X1 "and" Y1. A complex gate 162 produces
      an output 163 which is in logic notation X, + Y1, i.e., the inverse of X1
      "exclusive OR'd" with Y1. The Y inputs to the complex gates 160 and 162
      are selected between Y and Y for addition or subtraction. The outputs 161
      and 163 go through a precharge-discharge carry/borrow circuit 152, which
      receives a carry input on line 164 from a prior digit (if any) and
      propagates a carry output C1 to the next stage or bit 2 on line 165, and
      carries are propagated from bit 2 to bit 4 on line 166 and from bit 4 to
      bit 8 on line 167. A true carry indication appears on line 164 for bit 1,
      which is an input to complex gate 168 that produces an output on line 170
      as the adder output. The complex gate 168 produces the inverse of the
      "exclusive OR" of information on lines 163 and 164, that is X + Y and Cin.
      The adder stage 153 including complex gates 160, 162, 168 and carry
      circuit 152 produces a binary 1 output at 170 when X or Y inputs are 1 and
      Cin is 0, or when X and Y are 0 and Cin is 1, or X and Y are 1 and Cin is
      1, this being standard binary addition. Likewise, a binary 0 is produced
      at 170 when X and Y are 0 and Cin is 0, when X and Y are 1 and Cin is 0,
      and if X or Y is 1 and Cin is 1. Stages 154, 155 and 156 operate the same
      way, with complex gates the same as 160, 162, 168, to produce sums on
      lines 171, 172, 173. A carry or borrow output is produced at line 174 as
      an output of gate 175. The gate 175 receives the carry output 176 from the
      precharge-discharge carry/borrow circuit 152 of the bit 8 stage 156 of the
      adder, and also receives SUB on line 158, so that gate functions to
      produce an inverted carry (which is a borrow) for subtraction and a true
      carry for addition. The adder outputs 171-173 and the carry output 174 are
      applied as inputs to a complex gate 177 which examines the adder output to
      see if a valid BCD code appears. If not, it causes the BCD corrector to
      add 6 for addition or add 10 for subtraction. For example, addition of
      decimal numbers X = 5 and Y = 3 in the adder 150 produces binary output
      1,000 on lines 170-173, which is a valid 8 in BCD. But adding X = 5 and Y
      = 7 produces an output 1100, which is invalid in BCD. Adding six or 0110
      to 1100 in BCD corrector 151 produces an output on T1-T8 lines of 10010
      with the MSD being a carry and executed via C/B circuitry. So, two plus a
      carry is the result, this being proper for BCD. The BCD corrector 151
      includes three binary adder stages 178, 179, 180. Note that the 1 bit
      never needs to be BCD corrected so the output 170 from 1's bit adder stage
      153 goes directly to complex gate 140 or T output (with delays and
      clocking, of course). Stage 178 includes a carry generator 181 but no
      carry in, and the carry out from this stage goes to a carry generator 182
      in stage 179 via line 183. A carry out from stage 179 goes to stage 180
      via line 184. Stage 180 includes no carry generator since this function is
      accounted for in the BCD control and C/B generator. Outputs 185, 186 and
      187 from the BCD generator adder stages 178, 179, 180 are applied to
      inputs to the complex gates 140, to produce T2, T4, T8 outputs.
PAR  A zero, six or ten is added in the corrector 151 by circuits 188 at the
      inputs of adder stages 178-180. If line 189 is actuated by BCD corrector
      control 190, then all the stages receive a V.sub.DD or 0 input; this
      happens when circuit 177 detects a valid BCD output, i.e., when the
      numbers added do not exceed nine or 1001, or when a "corrector kill"
      command is present on line 191 from the arithmetic logic array. Corrector
      kill would be used when the floating minus sign, e.g., a hexadecimal 14
      (1110) or 15 (1111), is processed through the ALU, or when the exponent
      digit is processed since this might be in hexadecimal. SUB line 157, gated
      at .phi.4, is another input to control 190, and is inverted as an input to
      one gate and is a direct input to the other, so that one of the lines 192
      and 193 is actuated to turn on a combination of transistors in the
      circuits 188 to add in either 1010 (ten) or 0110 (six) by connecting
      selected inputs of the adder stages 178-180 to V.sub.SS or 1, or to
      V.sub.DD, which is 0.
PAR  The carry or borrow input 164 to the 1's stage 153 of the adder is
      generated in a complex gate 195 which is responsive to SUB input 157, to
      an input 196 which is the .phi.1-clocked output 197 of the circuit 177
      that detects a carry out at 174 or an invalid BCD code, and to 'DM on line
      198 which is the leading edge of digit mask. The circuit 195 produces a
      Cin when the prior digit produced a carry in addition, and also adds a 1
      to the first bit by introducing a carry Cin upon subtraction to implement
      the 2's complement. The 2's complement is done by inverting all of input
      bits and adding a 1 to the 1's stage 153 of the adder. Also, the circuit
      195 implements "borrow" in subtraction by inverting the add 1 just
      described, so in effect 1 is subtracted.
PAR  Shift left is implemented in the complex gates 140 by causing the BCD
      corrector outputs 179, 185, 186 and 187 from the adder to go through the
      .phi.3, .phi.4 and .phi.1, .phi.2 clocked gates, in response to actuation
      of SL command on line 199 from the arithmetic control array 25. This
      delays the adder output bits for one state time, making two and one-half
      state times delay for left shift.
PAR  Timiing through the ALU may be understood by tracing a bit from a location
      in the SAM to the ALU and back. A bit stored on the gate of transistor 104
      in the A1 row of the SAM is read out through transistor 103 at S0.phi.1
      when the S0 address line 101 goes negative. The bit comes out on line 105
      inverted or false. It goes into gate 122 where it is delayed one clock
      time; that is, it leaves gate 122 on S0.phi.2 since this gate is clocked
      .phi.1.phi.2. Then the bit goes into the X1 inputs to complex gates 160
      and 162 in bit 1 stage 153; these gates are not clocked so it subsists in
      the adder for S0.phi.2 through S0.phi.4 when it is clocked out of output
      line 170. The carry circuits 152 are clocked or precharged on .phi.3, as
      the output must subsist through .phi.4 to be valid, i.e., to allow the
      carry circuit to conditionally discharge. Some delay occurs in the complex
      gates 160, 162, 168 of the adder. The output 170 of the adder goes through
      an inverter clocked at .phi.4.phi.1 so the bit arrives at the input of
      gate 140 at S1.phi.1. With no left shift command, there is no delay in the
      gate 140, so the bit comes back on T1 line 131 to the selector gate 132
      for row A1, and this gate is clocked at .phi.2.phi.3, so the bit reaches
      the row A1 input line 106 at S1.phi.3 which is one and one-half state
      times after it left. Now the S1 address line 101 is negative, which turns
      on the transistor 107 and writes the bit back into the gate capacitance of
      the same transistor 104 that it left at S0.phi.1. Data is always read out
      of the SAM on .phi.1, and written into the SAM on .phi.3. If a shift right
      operation is being implemented, the bit would leave a cell such as S5 in
      A1 row at S5.phi.1, go into input 133 of gate 132 at S5.phi.1, be delayed
      as gate 132 is clocked .phi.2.phi.3, then appear on input line 106 at
      S5.phi.3 which is only one-half state time delay. S5 address line is still
      actuted, so the bit cannot be written into the S5 position. Thus, it would
      be right shifted and go into the S4 cell. For shift left, the bit would
      leave at S5.phi.1 and be delayed two and one-half state times so it would
      come back at S7.phi.3 and be written into the S6 cell.
PAR  Upon right shift, the LSD is lost rather than "endaround"shifted. The S0
      digit is used for DPT or EXP, so it should never be shifted to S10 in
      shift right. Thus, the circuit 136 causes a zero to be inserted as S0 on
      right shift, or at the end of digit mask, so the S0 bit is not written
      into the S10 cell.
PAC  THE DIGIT MASK LOGIC
PAR  The digit mask logic 35 is a part of the SAM or is tied to it and uses the
      same S0-S10 lines 101. This circuitry generates 16 possible masks M0-M15
      as seen in FIG. 9 each of which may have one of 16 possible constants
      associated with it, as produced on lines K1, K2, K4, K8, and all masks and
      constants are gate programmable. The sixteen masks and constants are
      defined by 4 bits of the instruction word; in instruction register 31.
      These four bits I0, I1, I2, I3 are read out of the instruction register
      into a four bit register 200 which is interleaved with the bit address
      lines 101 of the SAM. The shift register consists of a sequence of eight
      conventional inverters 201 with coupling between stages being clocked at
      .phi.1, .phi.2 to read in four bits in four state times as supplied
      serially on input line 202 from I Reg 31. The shift register produces true
      and inverted representations of I0-I3 on parallel output lines 203; these
      output lines are labels I0, I0, I1, I1, I2, etc. The outputs 203 are gated
      into the encoder portion 204 of the PLA by devices 205 by an S10.phi.3
      signal generated in gate 206. The encoder portion 204 includes sixteen
      horizontal lines 207 which are P-diffusions, while the vertical lines 203
      represent metallization stripes, as do the bit address lines 101 for the
      SAM with which the lines 203 are interleaved. Each of the lines 207 is
      connected to a separate load on the left end, and the right end is gated
      at .phi.3 into a decoder array 208. A four bit code on I0 to I3 selects
      one of the 16 lines 207, defined by the pattern of gates 209 of "thinned
      oxide" which forms operable MOS transistors between the P-diffusions 207
      and V.sub.SS. For example, if the digit mask part of the instruction word
      is 13 or 1101, the line 210 coded 1101 will be actuated and no others will
      be. This line will be actuated only when certain state times are present,
      however, as defined by gates 211 on the lines 101. For example, mask 13 or
      M13 may be for the exponent at S0 and S1, so gates would be all the and
      address lines except S10 and S0; this produces an output on line 212 in
      the decoder 208 only during S0 and S1 time when I0 to I3 are at 1101. A
      line 213 produces an output for any of the digit mask signals on the lines
      207 since gates are at all locations. This output is gated at .phi.1 and
      becomes a DM or digit mask signal on line 214 which goes to digit mask
      logic gates 215 and other locations. Also, a constant or K input to the
      lines 129 in the selector gates 23 is produced. In this example, a
      constant of 1 or K1 is generated by a gate 216 above line 217; line 212
      represents a metallization stripe and line 217 is a P-diffusion. The
      output on line 217, clocked at .phi.1, is applied to one of a set of NAND
      gates 218 and thence to K1 line 129. Another input 219 to gates 218 is a
      digit mask signal. Usually the constant should only be added in during the
      first digit of the mask, so this gating arrangement prevents entry of the
      constant at unwanted times.
PAR  An ungated digit mask signal is provided on line 220 which is connected to
      line 213. This signal goes to flag logic 28.
PAR  The digit mask logic 35 can produce sixteen different masks, each with a
      selected constant K1, K2, K4, K8 or no constant, in any combination. The
      masks and constants are gate-programmable in the encoder and decoder
      arrays 204 and 208. FIG. 7 shows one way that the digit mask logic 35 may
      be programmed.
PAC  THE STATE TIMING MATRIX
PAR  The state matrix 222 is also an integral part of the SAM 20. This device
      generates timed signals like the mask generator, but these occur every
      instruction cycle rather than only on command from the I0 to I3 part of
      the instruction word. A line 223 produces an S10 signal which is used at
      several points in the system, such as an inverted input 224 to the digit
      mask logic gate 215 to provide mask-to-mask protection and as inputs to
      the flag logic 28. A line 225 provides an S9 signal which is inverted and
      gated at 226 to provide an input 227 to the digit scan 44. An S10 signal
      produced on line 229 is used in the input and condition logic circuit 40.
      An S10 to S7 signal on line 230 is used in the display output arrangement.
      An SBL or S blank signal on line 231 is a 0 at S10 to S0 and a 1 at S1 to
      S9; this is used as the display scan and output as will be explained. An
      important point is that all of these signals are gate programmable in
      manufacture, so the timing may be selected in accord with system
      requirements. The structure of the state timing matrix is set forth in
      application, Ser. No. 255,856, filed May 22, 1972, by Michael J. Cochran
      et al. This device is referred to as a push-pull matrix. The output lines
      223, 225, etc., are P-diffusions which may be connected to V.sub.SS or
      V.sub.GG by programmable gates at each intersection with metallization
      lines 101. A circle represents a gate or area of thinned oxide under the
      metal line 101 between the P-diffusion line 223, et seq., and an adjacent
      P-diffusion line which is connected to V.sub.SS. A square represents a
      gate to a P-diffusion line which is connected to V.sub.GG. Thus, the
      output line is driven to either V.sub.SS or V.sub.GG (1 or 0) during each
      state time depending on the position of the gate.
PAR  Note that signals such as S10 may be obtained directly from the address
      lines 101, such as at line 232, but such connections are not
      gate-programmable and do not provide high level signals.
PAC  THE S.A.M. ADDRESS COUNTER
PAR  The address counter 21 is made up of eleven identical stages 235, each of
      which contains two inverters stages 236 with interstage clocking at .phi.2
      and .phi.4. The output of the second inverter is connected to a device 237
      and also through a clocked inverter 238 to a device 239. The devices 237
      and 239 alternately connect the output or address line to .theta. or
      V.sub.SS. .theta. is generated in a circuit 240 such that it is a level
      near V.sub.GG except during .phi.4; this circuit prevents power drain
      during .phi.4 when .theta. is at ground.
PAR  The gates on the line 102 cause the address counter to circulate a 0 which
      advances from right to left and starts over after it reaches the S10 line.
      The state line signals produced on lines 101 or S0 to S10 subsist only
      during .phi.1, .phi.2, .phi.3 of a state time cycle.
PAC  DIGIT SCAN GENERATION
PAR  The digit scan is generated in the digit scan register 44 along with the
      D-scan register 45 which is part of the SAM. The register 45 contains
      eleven bits, like the flag registers, and is sequentially addressed by
      S0-S10 signals like the remainder of the SAM. This register functions to
      circulate a single bit, right shifting each D time, to generate the
      display scan or data out sequence of FIG. 3C. Right shift is implemented
      by connecting output line 241 from the SAM cells of this row through gate
      242 clocked at .phi.2, .phi.3 so that a bit read out of a cell on line 241
      is written back into the adjacent cell via line 243 during the same state
      time that it was read out, so it right shifted. Only one bit in the
      register will contain a 0; this is part of the function of the power up
      clear circuit which produces inputs on lines 244 and 245. Once each D
      time, a bit will come out on line 241 at an S time dependent on the status
      of register 45. This state signal on line 241 is connected through two
      inverters to a line 246 which is connected to three places. First, it is
      used to gate digits into the segment decoder by devices 247. That is, as
      the SAM is sequentially addressed, all of the digits in the A register are
      presented to the input lines 120 to the segment decoder 42, but only one
      digit gets gated through the devices 247 to go into the decoder. The
      particular digit depends upon the S time at which an output from register
      45 appears on output line 241 and thus on line 246. Secondly, the signal
      on line 246 is used to start the digit scan register 44. When an output
      occurs on line 246 at S9 in concidence with S9.phi.3 on line 248, a bit is
      started into the first stage of a nine stage register 250 made up of
      stages 251. The bit does not generate an output on D1 until S0.phi.1 when
      the other gating line 252 of the shift register stages 251 is actuated.
      All other outputs from the D-scan register 45 except at S9 do not affect
      the digit scan register 44. The third function of the output on line 246
      is to generate a D10 signal for use in the segment decoder on a line 253
      in the output PLA 42. D10 is generated by first detecting coincidence
      between the output on line 246 and S10 by device 254, then gating at (S0
      ---&gt; S8).phi.1 and S10.phi.3 at devices 255 and 256. A D1 signal is also
      generated from D10 on a line 257. These D1 and D10 signals and their
      complements are used to reset the zero suppress latch and other functions
      such as assuring blanking on certain digits.
PAR  The digit scan register 44 includes nine shift register stages 251 with
      interstage clocking at S9.phi.3 on line 248 and (S1 ---&gt; S8).phi.1 on line
      252. The register counts to nine, beginning after coincidence of an output
      on line 246 from the D-scan register 45 and S9, to produce D1 ---&gt; D9
      signals on outputs 258. Output buffers 259 are needed to provide a proper
      signal level to drive the large capacitance of the keyboard switch matrix,
      the output connections, etc. A D10 signal on line 410 is also generated in
      the register 44 at output stage 260; this signal does not exist during
      time out, so it differs from the D10 generated at 253. Inputs to the NAND
      gates in the stages 251 for D3 to D9 from a line 261 function to blank D3
      to D9 during "Wait DK", so none of the key switches except on D1 and D2
      will function to produce inputs on the K lines. A wait DK signal is
      produced on line 262 which originates in decoder 263 for the four special
      instructions in logic array 28. Wait DK and the SBL signal on line 231 are
      used as inputs to a gate 264.
PAR  The wait DK buffer 265 generates a DK signal during time out or wait DK in
      response to a signal on line 262. DK is a continuous or D.C. voltage
      rather than a timed signal. A single key switch is thus actuated during
      time out to restore the display. This saves power by eliminating the need
      to drive all the D output circuitry. This pin out may also be used in the
      test mode. When TEST exists on line 266, then the word in the instruction
      register may be read out via line 336.
PAC  THE SEGMENT DECODER
PAR  The output to the display is provided through a segment decoder 42 which is
      a programmable logic array having a first encode portion 268 and a second
      decode portion 269. The programmable logic array is of the type described
      in U.S. Pat. No. 3,702,985, assigned to the assignee of this invention.
      The encoder 268 of the PLA receives as inputs the A register outputs on
      lines 120, and B1, B2 on lines 121, gated in at S10.phi.3, with specific
      digits being selected in decending order as mentioned above. Thus, the
      input data and its complements appear as inputs 270 to the encoder portion
      268. Also, D10 and D1 inputs appear on lines 253 and 257 along with
      complements. Other inputs include wait DK on line 271 from line 262, and
      part of the zero suppress latch on line 272, along with complements of
      these. A direct low voltage indication, such as an L on the display, is
      provided by a line 273. The array is programmed by gates to actuate
      selected ones of the lines 274 depending upon the desired output segment
      code such as set forth in FIG. 4B. To conserve power, the lines 274 are
      energized only at S10.phi.3 by clocked loads 275, and the lines 274 are
      only connected to decode part 269 on S10.phi.3 which turns on devices 276.
      S10.phi.3 is generated on line 277 from the S10 output 223 from the
      push-pull matrix 222. The zero suppress function is implemented by a latch
      including a line 278 in decoder part 269 which feeds back to line 272 and
      blanks everything until a zero or decimal point code occurs then the latch
      flips to display everything after that on the particular scan cycle. Zero
      suppress is reset every scan cycle, and also is inoperative at the left
      most digit so that a minus sign or other annotator is shown, as well as on
      D9 so that a zero will show in the last place if nothing is in the A
      register except zeros. The output 269 is gateprogrammed to produce the
      code of FIG. 4B. The low battery indication is provided via line 273 on
      the SH segment through an output buffer 279.
PAR  Segment outputs are provided by segment buffers 280 which provide signal
      levels high enough so that no segment drivers are needed. These are
      programmable to provide either 1 or 0 outputs. Display blanking is
      provided by both series devices 281 and shunt devices 282 which are driven
      from a blanking signal on line 283. Output is permitted only when series
      devices 281 are on, i.e., o is on line 283, and shunt devices 282 are off.
      The blanking signal is generated in logic gate 284 which is responsive to
      wait DK on line 271 or D1 on line 257, and a "display on" signal on line
      285 which is generated in the input and condition logic 40 from a display
      on latch 286 responsive to special instruction SNO and branch on KO or KP
      (as well as TEST), and SBL on line 231.
PAC  POWER UP CLEAR
PAR  A power up clear latch 288 functions to cause the address register 36, 37
      to go to all zeros and to place a bit in the D-scan register 45. The latch
      always comes up in the set condition when power is turned on, producing
      CLEAR on line 244 and CLEAR on line 289. Also, the and of D1 on line 257
      and K0 on line 290 sets the clear latch. That is, the clear key C appears
      on the keyboard matrix at D1K0. The clear latch 288 is reset by the
      occurrence of CLEAR on line 289, S10 on line 232, feedback to the SAM
      address counter 21 on line 102, and S9 on line 291. Thus, to reset, the
      state counter must cycle through more than one complete sequence. This
      gives time for all zeros to be added into the address register 36, 37 via
      CLEAR line 289 which cause the gate 292 in the Add-1 or recirculate loop
      for the address register to add in zeros. After the address register is
      returned to the all zero position, the program is such that it cycles
      through a series of instructions which zero the A-Reg, B-Reg, flags, etc.
PAC  THE READ ONLY MEMORY
PAR  The ROM 30 consists of 3,520 identical memory elements 300, each of which
      is defined by the presence or absence of a gate or thin oxide at a
      location where an X line 301 intercepts a Y line 302. The X lines 301 are
      metallization stripes, and the Y lines are P-diffusions. In conventional
      ROMs, a ground line is provides for each pair of Y lines or output lines,
      but in this invention, there is only one ground or V.sub.SS line 303 for
      five (or 10 if shared) Y lines 302. Thus, the ROM can be much smaller in
      area because perhaps 40% of the P-diffusion lines are not needed. The
      Y-decode logic 39 provides the usual function of selecting one of the Y
      lines in a group, and also provides the function of connecting the
      selected Y-line to an output line 304, and connecting an adjacent
      P-diffusion line 302 to the V.sub.SS line 303. These functions are
      produced in the Y-decode logic 39 by a number of MOS transistors 305
      arranged in an appropriate pattern, with the gates of these transistors
      being connected to receive outputs from the Y address register 37 on lines
      306. The three Y address bits A6, A7, A8 are used to select one-of-five of
      the Y lines 302 in each of the eleven portions of the ROM; to this end,
      these address bits and their complements A6, A7 and A8 appear on six
      output lines 307 from the Y address register 37. The address signals on
      line 307 are gated into the lines 306 via inverters 308 which are clocked
      at S3.phi.4 to S4.phi.3 by a signal appearing on line 309. The lines 307
      are forced to V.sub.DD or 0 at all times except S3.phi.4 to S4.phi.3 by
      devices 310. The X decode section 38 functions to select one out of 64 X
      lines 301 using 6 X address bits and their complements existing at twelve
      X address lines 312. These are gated into the lines 312 of the X decode
      section 38 at S4.phi.1 by devices 313. The lines 312 are metallization,
      overlying 64 P-diffusion lines 314. The lines 314 are are charged to
      V.sub.GG through devices 315 which are turned on at all times except
      S5.phi.3 to S4.phi.3, using the signal from line 316 which has been twice
      inverted to appear on line 317. The timed signal on line 317 also
      functions to connect all of the lines 312 to V.sub.SS at all times except
      during S3.phi.4 to S4.phi.3 via devices 318. This timed signal on line 317
      also functions to precharge all of the Y-lines 302 to V.sub.DD via devices
      319 during all times except S3.phi.4 to S4.phi.3. During S3.phi.4 to
      S4.phi.3, the Y-lines 302 are floating, i.e., devices 319 are off and the
      selected are conditionally discharged. The X-lines 301 are not all
      precharged, thus saving power. Only one of the X-lines 301 will be at
      logic 0 or a negative voltage, depending upon which one of the lines 314
      was selected in X-decode 38, and this will occur only during
      S4.phi.2.phi.3 when a line 320 is at V.sub.GG level. The X-lines 301 are
      connected to line 320 via devices 321. P-diffusion lines 314 are connected
      to metallization on the gates of devices 321, then p-diffusion drains of
      the devices 321 become metallization as lines 301. Only one of the devices
      321 will have V.sub.GG on it for a given X address, the remainder will be
      shorted to V.sub.SS via the pattern of gates in the decoder. The line 320
      is switched between V.sub.SS and V.sub.GG by logic 322 which receives the
      S3.phi.4-S4.phi.3 signal on line 316 and a signal on line 323 which is at
      V.sub.SS on .phi.2.phi.3 and at V.sub.DD on .phi.4.phi.1.
PAR  The cycle of operation of the ROM will now be explained. During each
      instruction cycle or D time, at a point just prior to S3.phi.4, all of the
      lines 314 will be charged to a 0 or V.sub.GG, all of the lines 312 will be
      at a 1 or V.sub.SS, all of the Y-lines 302 will be at a 0 or V.sub.DD, all
      of the X-lines 301 will be at 1 or V.sub.SS via line 320, all the lines
      306 will be at 1 or V.sub.SS, and all of the Y-decode transistors 305 will
      be turned off. At S3.phi.4 the line 316 goes to a 1 or V.sub.SS, isolating
      lines 314 from V.sub.GG by devices 315, isolating lines 312 from V.sub.SS
      by devices 318, isolating Y-lines 302 from V.sub.DD by devices 319, and
      removing V.sub.DD and lines 317 by devices 310. The X-lines 301 are all
      still at 1 or V.sub.SS so none of the cells 300 will conduct. Next, at
      S4.phi.1, the X and Y addresses will be applied to lines 312 and 307 via
      devices 313 and 325. The X address on lines 312, due to the pattern of
      gates 326, will cause all of the lines 314 to be connected to V.sub.SS
      except one which is the selected one-of-64 X line that remains charged to
      V.sub.GG. Thus, the gate of only one of the devices 321 will have a 0 or
      V.sub.GG on it. At this time, the lines 306 in Y-decode 39 will have 1's
      and 0's on them to selectively turn on devices 305 in a pattern to select
      one-of-five of the Y-lines 302 in each of the eleven Y segments of the
      ROM. Four of the lines 302 will discharge to V.sub.SS at this point, i.e.,
      those on the V.sub.SS side of the selected Y-line. The remainder will
      still be charged to V.sub.DD. Next, at the beginning of S4.phi.2.phi.3,
      the line 320 goes to V.sub.GG as determined by logic 322, and so the
      selected X line 301 will go to V.sub.GG or 0, the remainder staying at
      V.sub.SS because all but one of the devices 321 are turned off. This will
      turn on the gates 300 in each of the eleven parts of the ROM 30 for this
      particular X line 301. As determined by the pattern of gates 300, some of
      the output lines 304 will be discharged to 1 or V.sub.SS through gates 300
      and devices 305 and others will remain at V.sub.DD or logic 0, producing
      an eleven bit instruction word on lines 304 which stays through the time
      period S4.phi.2.phi.3. This word is loaded into the instruction register
      31 via devices 328 upon the occurrence of a Load I signal on line 329.
      Load I occurs at S4.phi.3 of every instruction cycle, unless a special
      instruction exists which prevents a word from being read out of the ROM
      and allows the existing word in the instruction register to recirculate.
      At the end of the S3.phi.4-S4.phi.3 signal, the ROM goes back into the
      mode that existed just prior to the beginning of S3.phi.4. That is, all
      the lines 306 are at 1, all devices 305 are turned off, all the devices
      315, 318 and 319 are turned on, the line 320 is at V.sub.SS, etc. Thus,
      the ROM and its address circuitry operates only during the
      S3.phi.4-S4.phi.3 window, and operates in a unique precharge-discharge
      mode, which along with the conservation of space for ground lines,
      provides a good compromise of speed, size and power requirements.
PAC  THE INSTRUCTION REGISTER
PAR  The instruction register or I REG 31 comprises eleven identical shift
      register stages 330, with each stage including two inverters, the first of
      which is clocked at .phi.1, .phi.2 and the second is clocked at .phi.3,
      .phi.4. The stages are labeled I0 to I10 corresponding to the eleven bits
      of the instruction word as illustrated in FIG. 5. The register 31 will
      recirculate via a path 331, with the bits advancing one stage for each
      state time, so the same word remains in the I Reg until a new word is
      forced in from the ROM 30 on output line 304 via devices 328. Outputs from
      the I Reg include lines 332 which connect I1 to I5 to the X address
      register 36 as address bits A1 to A5, and lines 333 which connect I6, I7
      and I8 to Y address register 37 as address bits A6, A7, A8; these lines
      332 and 333 are coupled to the address register through devices 334 which
      are gated on only when a JUMP signal occurs on line 335. JUMP occurs
      during S3.phi.1.phi.2 so that the address may be loaded into the address
      register, shifted one stage at S3.phi.3.phi.4, and then gated into the X
      and Y decode on S4.phi.1. Other outputs from I Reg include a connection
      from I0 via line 336 which is an input to the wait DK logic, by which an
      instruction may be read out of the I Reg during Test, via the DK pin.
      Also, I3 is connected via line 337 to a five stage shift register 336 for
      flag and arithmetic control logic arrays 28 and 25, so that bits I4 to I8
      can be read out serially from I Reg to be decoded in these logic arrays;
      this read out operation requires five state times, S6.phi.1 to S10.phi.1,
      then at S10.phi.3.phi.4 a signal on line 339 gates the bits I4 to I8 into
      the flag and arithmetic logic arrays for decoding. Another output from I
      Reg is a set of four lines 340 connecting I7, I8, I9 and I10 to the input
      and condition logic circuits 40 to implement the class functions of FIG.
      5. I9 is also connected via line 341 to the input 202 of the register 200
      in the digit mask logic 35 so that I0, I1, I2 and I3 may be read into this
      register for decoding; I0 comes out on line 341 at S7.phi.1, and this
      continues to I3 at S10.phi.1, then the bits are gated into the array 204
      at S10.phi.3 by devices 205. The other output from I Reg is a line 342
      connecting I9 to an input to the Y address register 37; note that the nine
      bit address is loaded from I Reg 31 to the address register 36, 37 on
      S3.phi.1.phi.2, then shifted once before loading into the address decode.
      Thus, no bit is loaded directly to A0.
PAR  The sequence of operation of the instruction register will now be
      described. At S10 of each instruction cycle, an instruction word will have
      been serially read into the registers 200 and 338, and so is dumped into
      the decode portions of the mask, flag and ALU logic arrays 35, 28 and 25,
      respectively, at S10.phi.3 for decoding and execution beginning at S0 of
      the next instruction cycle. Then at S3.phi.1.phi.2, if a jump is to occur,
      the address to which the program is to jump to is transferred from I Reg
      to the address registers 36 and 37 via lines 332, 333 and 342. The address
      is shifted once, decoded starting at S4.phi.1, and the 11-bit instruction
      word found in the ROM at the decoded address is loaded into I Reg via
      lines 304 at the occurrence of Load I at S4.phi.3. Or, if a jump is not to
      be executed, the address register is incremented by one starting at
      S4.phi.1 and finishing just prior to S4.phi.1, and the new address is
      decoded in the same manner, a new instruction word is loaded into I Reg on
      S4.phi.3, etc. The remainder of the cycle is used for serially loading the
      instruction word from the I Reg into the registers 200 and 338 as the word
      recirculates in I Reg.
PAC  THE ADDRESS REGISTER
PAR  The address register is made up of two parts, the X address register 36 and
      the Y register 37, which operate as one eleven stage shift register, each
      stage having two inverters 343 with interstage clocking at .phi.3 and
      .phi.4. The output of the last stage of Y register 37 is connected
      directly to the input of the first stage of register 36 via line 344; a
      bit entered at the LSD or A0 will eventually propagate to the MSD of Y
      register 37. The address register is usually incremented by one, except
      when a jump or branch is executed, and incrementing is accomplished by
      connecting the output of the LSD stage or A0 stge of the X register 36 via
      a line 345 to a logic arrangement 346 in the input and condition logic 40,
      and connecting the output of logic 346 via a line 347 to the input of the
      Y register 37. An important feature of this sytem is that the address
      register 36, 37 may be repeatedly incremented until it overflows while the
      same instruction stays in the I Reg 31; this permits the address register
      to be used as a counter to provide the display timeout function.
PAC  THE INPUT AND CONDITION LOGIC
PAR  The input and condition logic circuitry 40 receives the keyboard inputs 18
      and the four MSD bits of the instruction word on lines 340, and controls
      branch operations and functions of this nature. The keyboard inputs 18
      include KN on line 350, on which all numbers 1 to 9 appear, the KO line
      351, on which zero and function keys appear, and the KP line 352 which is
      unused in some versions depending on programming. Each of these is
      inverted to produce KN, KO and KP on lines 353, 354 and 355, respectively.
      This keyboard input information is used in various places as will be
      explained. The lines 340 apply I7, I8, I9 and I10 to a set of inverters,
      the outputs of which are gated at devices 356 by a timed signal on line
      357 which is generated from the S3.phi.4 to S4.phi.3 signal on line 316,
      inverted and clocked at .phi.2 and .phi.4 to produce an S4.phi.4 gating
      signal. The gated I7 to I10 signals appear on lines 358 which go to logic
      arrangements 359 and 360 that determines "branch on 1" and branch on KO or
      branch on KP. Another input to the "branch on 1" logic 359 is from a
      condition latch 361. The condition latch is a latch or bistable circuit
      which is set by a number of possible inputs. One is a C/B signal on line
      362 from gate 363 in the ALU 22; the condition latch is set by this path
      at the falling edge of a mask if there is a carry (or borrow), as for
      example if there is overflow or in checking to see if the mantissa is
      zero. Another input to set condition latch is a F signal on line 364 from
      flag logic 28, as when a certain flag exists. The third input 365 to set
      condition latch is from gate 366 which is responsive to SNO and an
      indication of any key down from line 367. The condition latch is reset via
      an input 368 which is I10; that is, the latch is reset by an instruction
      for branch. I9 and I10 from lines 358 are also applied as inputs to a
      control circuit 370 which functions to actuate the ACU PLA 25 via line 371
      and the flag PLA 28 via line 372; as explained in reference to FIG. 5, if
      I10 and I9 are 00 to 01, a branch operation is executed, if they are at 10
      it is a flag operation, and if they are at 11 it is an arithmetic
      operation. These signals on lines 371 and 372 are gated by an S0.phi.1
      timing signal on line 373, so that the control is implemented at the
      beginning of an instruction cycle. The ACU control on line 371 is applied
      along with the mask signal on line 214 to a gate 374 in the ALU 22 to
      generate a signal on line 375 to disenable certain outputs from the ACU
      logic 25. Specifically, shift left, shift right, exchange A and B, and T
      to A, B or C are all disenabled, while A, B or C to X or Y, etc., need not
      be disenabled because these functions do not disturb data in the
      registers. The flag logic control on line 372 is applied to a gate 376 in
      flag logic 28, the output 377 of which functions to disenable all flag
      operations except the operation of "recirculate flags A and B"; which is
      disenabled by line 378 only when other flag operations are enabled. The
      flag enable gate 376 also receives the mask on line 220 from the mask
      logic 35.
PAR  The jump logic will now be described. The JUMP signal on line 335 is
      generated in a gate 380 which is clocked by a timed signal on line 381 so
      JUMP occurs at S3.phi.1.phi.2. Timing is also determined by input 382
      which is at V.sub.SS at .phi.1, .phi.2 and at V.sub.DD at .phi.3, .phi.4.
      The main input 383 to gate 380 is from gate 384 which is responsive to a
      large number of conditions including the following: overflow of address
      register indicated on line 385; an indication of any key down on line 386;
      "Wait NO" instruction on line 387; "Wait DK" on line 388; the output of
      "branch on KO or KP" logic 360 appearing on line 389; and the output of
      branch on 1 or 0 logic 359 appearing on line 390. The output on line 389
      is responsive to a number of conditions including:
PAL  Ko on line 391 from line 354 gated at S2.phi.2; I7 on line 392 and I7 on
      one of the lines 358; KP on line 355 gated at S2.phi.2; I8 on one of the
      lines 358; I9 and I10 from lines 358. This arrangement causes JUMP to
      occur if I10, I9, I8, I7 is at 1000 and a key is down on KO, or if I10,
      I9, I8, I7 is at 1001 and a key is down on KP. Likewise, the output 390 of
      branch on 1 or branch on 0 logic 359 is responsive to the following:
      output 393 from condition latch 361; I9 and I10 on the lines 358. Thus,
      when I10, I9 are 00, JUMP will occur if condition latch is reset, when
      I10, I9 are 01, JUMP will occur if condition latch 361 is set.
PAR  Another part of the input and condition logic 40 is an arrangement for
      generating the Load I command on the line 329 which allows the instruction
      word read out of the ROM 30 at the addressed location to be loaded into
      the instruction register. Load I is generated from a gate 400 which is
      responsive to the S3.phi.4-S4.phi.3 timing signal on line 316 and to the
      output of read logic 401. The inputs to read logic 401 include the
      following: an input 402 from gate 403 responsive to address register
      overflow indication on line 385 or any key down indication on line 386;
      Wait NO on line 387; Wait DK on line 388; any key down indication on line
      367; the inverted indication on line 404 from gate 405. Gate 405 is
      responsive to: an indication on line 406 from gate 407 in the ACU PLA 25
      (gated by S0.phi.1 from line 373) which is responsive to ACU enable on
      line 371 and Scan N on line 408; an indication of SYNC or SCAN NO on line
      409; D10 on line 410 from the digit scan generator 44; and an indication
      on line 411 of a KN key down from line 353 gated at S2.phi.2.
PAR  The control arrangement 346 for the address register 36, 37 is responsive
      to the indication on line 404 which indicates whether or not to add one.
      When SYNC is decoded in logic 263, add-1 is not done until D10, so the
      address register stays on the address of one past the SYNC address until
      D10. The same occurs for special instruction SNO. Likewise, the same
      occurs for SN except incrementing starts again if a KN input occurs, i.e.,
      if a number key is down.
PAC  THE FLAG REGISTERS AND FLAG LOGIC
PAR  The flag A register 26 and flag B register 27 contained in the SAM 20 are
      eleven bit registers which contain one-bit status information. The output
      lines 440 and 441 from the SAM 20 are directly connected to Flg A and Flg
      B inputs to the flag logic 28, thus the flags are continuously read out
      each instruction cycle, one at a time, in synchronization with the state
      times. Likewise, Flg A and Flg B outputs 442 and 443 are connected from
      flag logic to input lines 444 and 445 in the SAM. So, during each
      instruction cycle, the flags are transmitted through flag logic, to be
      set, reset, compared, etc., or merely recirculated, depending upon the
      flag instructions on bits I4 to I8 on lines 446 which are metallization.
      The horizontal lines such as 447 are P-diffusions which are broken where a
      diamond is shown and continuous where none is shown. Set Flg A and Flg B
      are provided by separate lines 447, Reset A and B by lines 448, toggle A
      and B by lines 449, recirculate by all of the lines 450, B to A by line
      451, A to B by line 452, compare A and B by lines 453, test A by line 454
      and test B by line 455. The result of a flag test or compare produces an F
      signal on line 364 going to the condition latch 361, by logic 456.
PAR  Special instructions Wait NO, Wait DK, SYNC and SCAN NO are handled in the
      logic 263 which produces outputs 460 going to input and condition logic
      40.
PAC  THE ARITHMETIC CONTROL LOGIC
PAR  The ACU logic array 25 consists of a programmable logic array having inputs
      446 which are I4 to I8 and their complements. The gates on line 446 in
      first portion 470 of the array function to select one of two lines 471.
      These lines 471 have loads 472 clocked at S10.phi.4 on line 473 generated
      from S10 output 223 from the push-pull matrix 220, to conserve power. The
      lines 471 which are P-diffusions, become input metallization lines 474 to
      second part 475 of the array. Gates are selectively positioned under the
      lines 494 to produce outputs on lines 476 to provide the controls to the
      selector gates and arithmetic unit 22 as on lines 125-128, etc. The lines
      476 are clocked at either S0.phi.1 on line 477 or S1.phi.1 on line 478, by
      devices 479 or 480 on both input and output, again to conserve power.
PAC  TIME OUT
PAR  The display output is turned off after a given period of time such as 15 to
      20 seconds to save power and extend battery life. This is accomplished by
      disenabling the Load I signal on line 329 so that the same instruction
      will stay in I Reg 31, while the address register continues to increment,
      once each instruction cycle, until it overflows. This counts to 2.sup.11 D
      times or about one-half second. Upon overflow, the I Reg is loaded into
      the address register 36, 37 as the next address which will cause a
      location in one of the SAM registers to be incremented and the cycle to
      repeat for perhaps 40 times, thus 20 seconds.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a calculator system of type having: keyboard input means, display
      means, and electronic circuitry including a monolithic semiconductor unit
      having therein a memory for storing data to be operated on, an arithmetic
      unit included in the semiconductor unit for receiving data from the memory
      and executing arithmetic functions thereon and returning the data to the
      memory, the keyboard input means being connected to the semiconductor unit
      for entering data and functional commands into the calculator system, the
      display means being connected to the semiconductor unit for providing a
      visual display of selected data from the memory, and a read-only-memory
      included in the semiconductor unit for storing a large numer of
      instruction words for defining the operation of the calculator:
PA1  an instruction register connected to receive instruction words from the
      read-only-memory in parallel upon existence of a load command and to
      thereafter circulate in serial such instruction word, control means
      including a first mask programmable logic array located at a position on
      said semiconductor unit remote from the instruction register for defining
      the operation of the arithmetic unit in response to a first part of the
      instruction word, a first register having a serial input and parallel
      output, a single conductor connecting a part of the instruction register
      to the serial input of the first register whereby the first part of the
      instruction word is transferred serially to the first register when the
      instruction word is circulated in the instruction register, a plurality of
      parallel conductors connecting the parallel outputs of the first register
      to the first logic array, the control means also including a second
      mask-programmable logic array located at a position on said semiconductor
      unit remote from the instruction register and from the first logic array
      for defining operation of another unit of the system in response to a
      second part of the instruction word, a second register having a serial
      inpuut and a parallel output, another single conductor connecting a part
      of the instruction register to the serial input of the second register
      whereby the second part of the instruction register is transferred
      serially to the second register when the instruction word is circulated in
      the instruction register, a plurality of parallel conductors connecting
      the parallel outputs of the second register to the second logic array.
NUM  2.
PAR  2. In an electronic calculator according to claim 1, an address register
      for defining the location of instruction words in the read-only-memory and
      parallel conductor means for connecting part of the instruction register
      to the address register.
NUM  3.
PAR  3. In an electronic calculator according to claim 2, means for circulating
      the address register serially while circulating the instruction register
      serially.
NUM  4.
PAR  4. In an electronic calculator according to claim 1, the second logic array
      functioning to generate timing mask signals for the arithmetic unit.
NUM  5.
PAR  5. In an electronic calculator system using a large-scale-integrated
      metal-insulator-semiconductor chip, a plurality of instruction word decode
      logic arrays positioned at spaced apart locations on the chip, each of the
      logic arrays having a plurality of parallel inputs for receiving parts of
      the instruction word in parallel, a plurality of registers spaced apart on
      the chip for receiving said parts of the instruction word in serial and
      providing parallel outputs to the parallel inputs of the logic arrays, and
      single conductor means on the chip for transferring in serial the parts of
      the instruction word into the plurality of registers.
NUM  6.
PAR  6. In an electronic calculator according to claim 5, an instruction
      register located on said chip with the conductor means being connected to
      the instruction register.
NUM  7.
PAR  7. In an electronic calculator according to claim 6, a read-only-memory on
      the chip and means for loading instruction words into the instruction
      register in parallel from the read-only-memory.
NUM  8.
PAR  8. In an electronic calculator according to claim 6, the instruction
      register comprising a plurality of stages and means connecting the stages
      to provide a shift register.
NUM  9.
PAR  9. In an electronic calculator: keyboard input means for entering numbers
      and operational commands into the calculator; display means for displaying
      multidigit numbers; electronic circuitry for performing calculations
      including large-scale-integrated semiconductor means, the circuitry
      including as part of the large scale integrated semiconductor means
PA1  data memory means for storing numbers entered and intermediate and final
      results of calculations, the data memory having selectable input/output
      means,
PA1  arithmetic means for receiving numbers from the data memory means, the
      arithmetic means performing calculations and coupling the results back to
      the memory means,
PA1  a permanent store memory containing a large number of multibit instruction
      words for defining the operation of the calculator, the instruction words
      being read out of the permanent store memory one word at a time in bit
      parallel,
PA1  a plurality of separate decoder arrays spaced from one another on the
      semiconductor means, the decoder arrays having parallel outputs connected
      to the arithmetic means and the selectable input/output means of the data
      memory means,
PA1  the improvement comprising
PA2  instruction register means included in said circuitry and connected to
      receive said instruction words from the permanent store memory in
      parallel, and including a plurality of stages connected in sequence to
      define a shift register, whereby the multibit instruction words may be
      shifted serially out of the instruction register means,
PA2  separate register means associated with each of the plurality of separate
      decoder means, having input means to receive parts of the instruction
      words and parallel output means connected to inputs of the decoder means,
      and
PA2   single conductor means connecting the instruction register means to the
      input means of the separate register means to transfer parts of the
      instruction words serially from the instruction register means.
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ABST
PAL  A system and method for calculating a sales tax imposed upon a total amount
      of sales based on a predetermined sales tax collection schedule in an
      electronic cash register, which schedule comprises a series of the
      imposable tax values and the corresponding ranges of the taxable sales
      amounts, a first portion of which comprises a pattern of widths of
      successive said ranges in for the successively increasing, respectively
      corresponding tax values which does not occur again in the remainder of
      the schedule and a second portion of which comprises a pattern of widths
      of successive said ranges for successively increasing, respectively
      corresponding tax values which pattern repeats in a regular fashion while
      the tax value becomes higher. The first and second patterns of width are
      in advance stored in a storage of said electronic cash register; a usual
      registering operation is carried out to provide a taxable total amount of
      sales; an arithmetic operation is carried out to deduct the largest
      possible integral number of full cycles of the taxable amount of the
      repeated pattern in said second portion from the taxable total amount of
      sales; the stored schedule of said first and second portions is indexed
      for determining a first imposable tax corresponding to said total amount
      of sales, as deducted; a second corresponding sales tax imposable upon
      said deducted integral number of full cycles of taxable amount of sales is
      obtained by multiplication of a full cycle of the imposable tax amount of
      the repeated pattern in said second portion by said integral number; and
      the imposable total amount of sales tax is obtained by addition of said
      first and second tax amounts thus obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an electronic cash register capable of
      calculating a sales tax. More specifically, the present invention relates
      to an improved system and method for calculating a sales tax imposed upon
      the total amount of sales based on a predetermined sales tax collection
      schedule, in an electronic cash register.
PAR  2. Description of the Prior Art
PAR  In certain countries such as the United States a retail sales tax is
      imposed upon the total amount of retail sales, based on a predetermined
      retail sales tax collection schedule. It is desired to provide a
      electronic cash register that can calculate the sales tax as well as a
      total amount of sales upon entering various data therein such as a
      commodity code, a unit price, the number of the commodities, etc.
PAR  For that purpose those skilled in the art might think of an electronic cash
      register capable of calculating the sales tax based on a predetermined
      sales tax collection schedule, as comprising a pin board and an operating
      circuit provided, in addition to a common electronic cash register, for
      the purpose of selectively setting the said predetermined collection
      schedule and calculating the sales tax, respectively, in accordance with
      the entered data and the set data. Usually the pin board is provided
      independently of the cash register and is adapted for storing various data
      necessary for calculating the sales tax and there also is provided an
      information entering or setting means for such data.
PAR  FIG. 1 illustrates a block diagram of such an exemplary electronic cash
      register capable of calculating the sales tax. Basically, the cash
      register shown comprises a keying input means 1, a data processing unit 2,
      a storage 3, a printer 4 and a display 5. The cash register further
      comprises an additional storage 7 such as a pin board as mentioned above
      and an information setting means 6 for the storage 7, which are provided
      for the purpose of storing the data necessary for calculating the sales
      tax based on the predetermined sales tax collection schedule.
PAR  In operation of the FIG. 1 system, the full data associated with the said
      predetermined sales tax collection schedule necessary for calculating the
      sales tax is entered in advance through the setting means 6 to the storage
      7. In a common registering operation for various commodities, various data
      such as a commodity code, a unit price, the number of the commodities,
      etc. are registered, i.e., entered, through the keying input means 1 so
      that such data are stored in the storage 3. Then the data processing unit
      2 makes various arithmetic operations thereon based on the data stored in
      the storage 3. The results of the operation including a total of the sales
      are printed out by the printer 4 and displayed by the display 5. The data
      processing unit 2 performs a further arithmetic operation to calculate the
      sales tax to be imposed upon the total amount of sales, based on the said
      total amount of sales and with reference to the data stored in the storage
      7. The sales tax as thus calculated is also printed out by the printer 4
      and displayed by the display 5.
PAR  One problem encountered in connection with the abovementioned exemplary
      electronic cash register is that it is necessary to provide an additional
      storage 7 such as a pin board, independently of a common electronic cash
      register, for the purpose of storing full information concerning the sales
      tax collection schedule, which requires a relatively large capacity of
      storage and thus increases the cost of the electronic cash register.
      Another problem encountered in the abovementioned register is that full
      information concerning the sales tax collection schedule must be entered
      or set for each electronic cash register, which is tiresome and time
      consuming. This is aggravated by the fact that particularly in the United
      States the sales tax collection schedule is different from state to state.
PAR  Thus it would be desirable if there would be provided an improved system
      and method for calculating the sales tax imposed upon the total amount of
      sales based on a predetermined sales tax collection schedule in an
      electronic cash register wherein the operation of setting, or entering the
      information or data concerning the sales tax collection schedule is
      simplified.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, any retail sales tax collection
      schedule which comprises a series of tax values applicable to respectively
      corresponding ranges of taxable sales amounts is analyzed to discern a
      first portion, if any, in which a pattern of the widths of the said ranges
      for a succession of respectively corresponding tax values does not occur
      again in any other portion of the schedule, and a second portion in which
      such a pattern of widths of the ranges for a succession of respectively
      corresponding tax values is repeated in a regular fashion for increasing
      tax values.
PAR  One aspect of the present invention is to provide an electronic cash
      register for a registering a total amount of sales and for calculating the
      sales tax imposed upon that total amount of sales in accordance with the
      applicable sales tax collection schedule. The register comprises means for
      selecting an operation mode of the selectable cash register, said
      operation modes comprising a tax schedule information entry mode and a
      registering operation mode. Storage means, in said schedule entry mode has
      written thereinto, in advance, said first, if any, and second patterns of
      widths of ranges through keying input means and operation means, in said
      registering mode, calculates said total amount of sales and said sales tax
      imposed upon said total amount of sales based on said sales tax collection
      schedule.
PAR  Another aspect of the present invention is to provide a system and method
      for calculating a sales tax imposed upon a total amount of sales based on
      a predetermined sales tax collection schedule in an electronic cash
      register wherein first, if any, and second patterns of widths of ranges
      are in advance stored in a storage of said electronic cash register; a
      usual registering operation is carried out to provide said taxable total
      amount of sales; an arithmetic operation is carried out to deduct the
      largest possible integral number of full cycles of the taxable amount of a
      repeated pattern in said second portion of the schedule from said taxable
      total amount of sales; the stored schedule of said first, if any, and
      second portions is indexed for determining a first imposable tax
      corresponding to that part of the total amount of sales remaining after
      the deduction, and a second corresponding sales tax imposable upon said
      deducted integral number of full cycles of the taxable amount of sales,
      the latter being obtained by multiplication of a full cycle of the
      imposable tax amount of the repeated pattern in said second portion by
      said integral number; and, finally, the imposable total amount of sales
      tax is obtained by addition of said first and second tax amounts thus
      obtained.
PAR  Accordingly, a primary object of the present invention is to provide an
      improved system and method for calculating a sales tax imposed upon the
      total amount of sales based on a predetermined sales tax collection
      schedule in an electronic cash register, wherein setting or entering of
      information or data concerning the sales tax collection schedule is
      simplified.
PAR  Another object of the present invention is to provide an electronic cash
      register for performing a registering operation for providing a total
      amount of sales and for calculating a sales tax imposed upon said total
      amuont of sales based on a predetermined sales tax collection schedule,
      wherein the storage of the information or data concerning the sales tax
      collection schedule is simplified.
PAR  These objects, and other objects and features of the present invention will
      be better understood when taken in conjunction with the following detailed
      description made with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a block diagram of an exemplary electronic cash register
      capable of calculating the sales tax,
PAR  FIG. 2 illustrates a flow chart showing a basic concept of the inventive
      method of calculating the sales tax to be imposed upon the taxable sales
      amount based upon a predetermined sales tax collection schedule in an
      electronic cash register,
PAR  FIG. 3 illustrates a block diagram of an exemplary electronic cash register
      combined with a rather small sized computer capable of executing the FIG.
      2 flow chart, and
PAR  FIG. 4 illustrates a block diagram of an electronic cash register having an
      additional hardware specially designed for the purpose of executing the
      FIG. 2 flow chart.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before entering into a detailed description of the embodiments of the
      present invention, it would be appropriate to consider in detail several
      sales tax collection schedules out of those now adopted individually in
      the respective states in the United States. The reason is that, as
      mentioned previously, in the United States each state adopts individually
      a unique and different sales tax collection schedule for the purpose of
      imposing a sales tax upon the sales and this fact makes it difficult to
      input or set the data associated with the collection schedule in a storage
      of the electronic cash register.
PAR  Tables 1, 2 and 3 show Retail Sales Tax Collection Schedules now adopted in
      the states of Oklahoma, Washington and Georgia, respectively. In each of
      these Tables, the right column indicates a series of different values of
      the retail sales tax to be imposed listed in an increasing order at
      intervals of one cent, while the left and middle columns indicate a range
      of the retail sales upon which the tax of the corresponding row is imposed
      each successive range corresponds to a unit increase of one cent, the left
      column indicating the lower limit of the range and the middle column
      indicating the upper limit of the range. With particular reference to
      Table 1, for example, no retail sales tax is imposed upon an amount of
      retail sales from zero to fourteen cents and a retail sales tax of one
      cent is imposed upon an amount of retail sales from 15 to 39 cents.
      Similar lists are also seen in Tables 2 and 3.
PAR  For the purpose of calculating the retail sales tax, an appropriate retail
      sales tax collection schedule is set or entered into an electronic cash
      register such that the register can calculate the retail sales tax based
      on the schedule of the state where the register is used. As discussed in
      the section of Description of the Prior Art, such entering or setting of
      full information of one schedule is tiresome and time consuming and
      requires a large capacity of storage.
TBL                TABLE 1                                                     
     ______________________________________                                    
     STATE OF OKLAHOMA                                                         
     RETAIL SALES TAX                                                          
     COLLECTION SCHEDULE                                                       
     SALES TAXABLE                                                             
     LOWER LIMIT  UPPER LIMIT   TAX IMPOSABLE                                  
     ______________________________________                                    
     .00          .14           .00                                            
     .15          .39           .01                                            
     .40          .64           .02                                            
     .65          .89           .03                                            
     .90          1.14          .04                                            
     1.15         .39           .05                                            
     .40          .64           .06                                            
     .65          .89           .07                                            
     .90          2.14          .08                                            
     2.15         .39           .09                                            
     .40          .64           .10                                            
     .65          .89           .11                                            
     .90          3.14          .12                                            
     3.15         .39           .13                                            
     .40          .64           .14                                            
     .65          .89           .15                                            
     .90          4.14          .16                                            
     4.15         .39           .17                                            
     .40          .64           .18                                            
     .65          .89           .19                                            
     .90          5.14          .20                                            
     5.15         .39           .21                                            
     .40          .64           .22                                            
     .65          .89           .23                                            
     .90          6.14          .24                                            
     6.15         .39           .25                                            
     ______________________________________                                    
TBL                TABLE 2                                                     
     ______________________________________                                    
     STATE OF WASHINGTON                                                       
     RETAIL SALES TAX                                                          
     COLLECTION SCHEDULE                                                       
     SALES TAXABLE                                                             
     LOWER LIMIT  UPPER LIMIT   TAX IMPOSABLE                                  
     ______________________________________                                    
     .00          .10           .00                                            
     .11          .24           .01                                            
     .25          .45           .02                                            
     .46          .64           .03                                            
     .65          .83           .04                                            
     .84          1.02          .05                                            
     1.03         .21           .06                                            
     .22          .40           .07                                            
     .41          .59           .08                                            
     .60          .78           .09                                            
     .79          .97           .10                                            
     .98          2.16          .11                                            
     2.17         .35           .12                                            
     .36          .54           .13                                            
     .55          .73           .14                                            
     .74          .92           .15                                            
     .93          3.11          .16                                            
     3.12         .30           .17                                            
     .31          .49           .18                                            
     .50          .67           .19                                            
     .68          .86           .20                                            
     .87          4.05          .21                                            
     4.06         .24           .22                                            
     .25          .43           .23                                            
     .44          .62           .24                                            
     .63          .81           .25                                            
     .82          5.00          .26                                            
     5.01         .18           .27                                            
     .19          .37           .28                                            
     .38          .56           .29                                            
     .57          .75           .30                                            
     .76          .94           .31                                            
     .95          6.13          .32                                            
     6.14         .32           .33                                            
     .33          .50           .34                                            
     .51          .69           .35                                            
     .70          .88           .36                                            
     .89          7.07          .37                                            
     7.08         .26           .38                                            
     .27          .45           .39                                            
     ______________________________________                                    
TBL                TABLE 3                                                     
     ______________________________________                                    
     STATE OF OKLAHOMA                                                         
     RETAIL SALES TAX                                                          
     COLLECTION SCHEDULE                                                       
     SALES TAXABLE                                                             
     LOWER LIMIT  UPPER LIMIT   TAX IMPOSABLE                                  
     ______________________________________                                    
     .00          .10           .00                                            
     .11          .35           .01                                            
     .36          .66           .03                                            
     .67          1.10          .04                                            
     1.11         .35           .05                                            
     .36          .66           .07                                            
     .67          2.10          .08                                            
     2.11         .35           .09                                            
     .36          .66           .11                                            
     .67          3.10          .12                                            
     3.11         .35           .13                                            
     .36          .66           .15                                            
     .67          4.10          .16                                            
     4.11         .35           .17                                            
     .36          .66           .19                                            
     .67          5.10          .20                                            
     5.11         .35           .21                                            
     .36          .66           .23                                            
     .67          6.10          .24                                            
     6.11         .35           .25                                            
     ______________________________________                                    
PAR  In an attempt to simplify the entering or setting of such information
      concerning the retail sales tax collection schedule, the present inventors
      made the following detailed analysis of all of the sales tax collection
      schedules now adopted in various states in the United States. As a result
      it was observed that every sales tax collection schedule now adopted in
      the United States comprises a first portion encompassing a first set of
      rows, referred to as Part A hereinafter, in which there exists a pattern
      of widths of the ranges, the difference between the lower and upper
      limits, for each of successive ranges and thus for each of successive rows
      and corresponding tax values, which is unique or exceptional and never
      occur again in any other portion of the schedule, and a second portion or
      a second set of rows, referred to as Part B hereinafter, in which there
      exists a pattern of widths of the ranges for successive rows and
      corresponding tax values, which is repeated in a regular fashion while the
      rows proceed toward higher values of sales tax.
PAR  Table 4 shows a symbolized retail sales tax collection schedule adopted in
      the United States in which various symbols are adapted for facilitating an
      explanation of the abovementioned Parts A and B. Referring to Table 4, a
      pattern of increase of the upper limit value, i.e., the value in the
      middle column in each row throughout the Part A and thus the pattern of
      the values A.sub.1 to A.sub.m, is not repeated again in any other portion
      of the schedule, while a pattern of increase of the upper limit value,
      i.e., the value in the middle column in each row throughout the Part B and
      thus the pattern of the values B.sub.1 to B.sub.M, is repeated again and
      again as the rows proceed toward higher values of the tax. Namely, there
      are relations,
TBL                TABLE 4                                                     
     ______________________________________                                    
     GENERAL SYMBOLIZED                                                        
     RETAIL SALES TAX                                                          
     COLLECTION SCHEDULE                                                       
     SALES TAXABLE                                                             
     LOWER LIMIT  UPPER LIMIT   TAX IMPOSABLE                                  
     ______________________________________                                    
     A.sub.0        A.sub.1       X.sub.A0                                     
     A.sub.2        A.sub.3       X.sub.A1                                     
     A.sub.4        A.sub.5       X.sub.A2                                     
     A.sub.m.sub.-3 A.sub.m.sub.-2                                             
                                  X.sub.Am.sub.-1                              
     A.sub.m.sub.-1 A.sub.m       X.sub.Am                                     
     B.sub.0        B.sub.1       X.sub.B0                                     
     B.sub.2        B.sub.3       X.sub.B1                                     
     B.sub.4        B.sub.5       X.sub.B2                                     
     B.sub.6        B.sub.7       X.sub.B3                                     
     B.sub.8        B.sub.9       X.sub.B4                                     
     B.sub.10       B.sub.11      X.sub.B5                                     
     B.sub.12       B.sub.13      X.sub.B6                                     
     B.sub.M.sub.-3 B.sub.M.sub.-2                                             
                                  X.sub.BM.sub.-1                              
     B.sub.M.sub.-1 B.sub.M       X.sub.BM                                     
     B.sub.M.sub.+1 B.sub.M.sub.+2                                             
                                  X.sub.BM.sub.+1                              
     B.sub.m.sub.+3 B.sub.m.sub.+4                                             
                                  X.sub.BM.sub.+2                              
     B.sub.M.sub.+5 B.sub.M.sub.+6                                             
                                  X.sub.BM.sub.+3                              
     B.sub.M.sub.+7 B.sub.M.sub.+8                                             
                                  X.sub.BM.sub.+4                              
     B.sub.M.sub.+9 B.sub.M.sub.+10                                            
                                  X.sub.BM.sub.+5                              
     B.sub.M.sub.+11                                                           
                    B.sub.M.sub.+12                                            
                                  X.sub.BM.sub.+6                              
     ______________________________________                                    
PAL  B.sub.1 - a.sub.m = B.sub.M.sub.+2 - B.sub.M, B.sub.3 - B.sub.1 =
      B.sub.M.sub.+4 - B.sub.M.sub.+2, B.sub.5 - B.sub.3 = B.sub.M.sub.+6 -
      B.sub.M.sub.+4, . . . , B.sub.2n.sub.+1 - B.sub.2n.sub.-1 =
      B.sub.M.sub.+2(n.sub.+1) -  B.sub.M.sub.+2n, . . . It is understood that
      Part B is repeated throughout the schedule at an interval of (M + 1)/2
      rows. In observing the schedule of Table 2 in accordance with a
      generalized expression in Table 4, the difference between the upper limit
      values in the first and second rows is 14, the difference between the
      upper limits values in the second and third rows is 21, and the difference
      between the upper limits values in any other two adjacent rows, up to the
      row having an upper limit value of 3 dollars and 30 cents, is nineteen.
      This pattern of the difference between the upper limit values of adjacent
      rows is not repeated any more in the schedule of Table 2. Thus in Table 2
      Part A comprises that portion of the schedule starting from the first row
      and ending at the row having an upper limit value of three dollars and
      thirty cents, at which row the tax imposable is 17 cents. In closely
      observing the schedule of Table 2, in a portion of the schedule starting
      from the row having an upper limit value of 3 dollars and 49 cents and
      ending at the row having an upper limit value of six dollars and 13 cents,
      a difference of eighteen exists both between the upper limit value in the
      row of three dollars and forty-nine cents and the higher adjacent row, and
      also between the upper limit value in the row of five dollars and the
      higher adjacent row while the difference between the upper limit values of
      any other two adjacent, i.e., successive, rows is nineteen. In all rows of
      higher upper limit values, the pattern of the last mentioned portion is
      repeated as the rows proceed. Thus it is understood that in Table 2 the
      last mentioned portion corresponds to Part B.
PAR  In summarizing, let it be assumed that
EQU  a.sub.n =  A.sub.n.sub.+2 - A.sub.n  (n = 0, 1, )          (1)
EQU  B.sub.n = B.sub.n.sub.+1 - B.sub.n.sub.-1  (n = 0, 1, . . . ) (2)
EQU  A.sub.m = B - 1
PAL  then, the upper limit value in any row exceeding B.sub.M is expressed as
      follows,
      ##EQU1##
      where n =  0, 1, .
EQU  t = 0, 1, . . . .
      ##EQU2##
PAR  From the above discussed analysis, it is understood that it is only
      necessary to store a certain limited amount of information concerning
      Parts A and B, such as the upper limit values in Parts A and B, in an
      electronic cash register by way of an initial setting data. This then can
      enable calculation of the tax to be imposed, based on the taxable sales
      amount calculated in the register and the data stored as mentioned above,
      by means of rather simplified hardware or software. It is pointed out that
      the present invention was accomplished based on the abovementioned
      analysis.
PAR  FIG. 2 illustrates a flow chart showing a basic concept of the inventive
      method of calculating the sales tax to be imposed upon a taxable sales
      amount based upon a predetermined sales tax collection schedule, in an
      electronic cash register. For the purpose of executing the operation
      shown, an electronic cash register combined with a small sized computer is
      prepared, as is more fully described subsequently.
PAR  The first step of the operation comprises the step S1 of comparing the
      taxable amount of retail sales, simply referred to as TXBL, with the
      highest upper limit value B.sub.M in the first cycle of Part B to check
      whether the taxable amount of sales (TXBL) exceeds the highest upper limit
      value B.sub.M in the first cycle of Part B. Since Part B is repeated in
      the higher portion of the schedule, as described previously, it is
      understood that a full cycle of the repeated pattern of the upper limit
      values in Part B, B.sub.m, may be expressed as B.sub.m = B.sub.M -
      A.sub.m.
PAR  First let it be assumed that the taxable amount of retail sales exceeds the
      highest upper limit value in the first cycle of Part B, B.sub.M = B.sub.m
      + A.sub.m, or TXBL&gt;B.sub.m + A.sub.m, then the next step S2 comprises the
      step of calculating a sum of the highest upper limit value in Part A,
      A.sub.m, and a remainder resulting from division, by the said value of
      full cycle B.sub.m of the taxable amount, of a quantity comprising the
      said retail sales TXBL subtracted by the highest upper limit value in Part
      A, A.sub.m. The step S2 may be expressed as S.sub.A = MOD(TXBL - A.sub.m
      /B.sub.m) + A.sub.m in accordance with the high level computer language of
      PL 1. It is understood that the result of step 2 is the remainder after
      subtraction of the largest possible integral number of full cycles of Part
      B, B.sub.m, from the taxable amount of retail sales TXBL, where the
      taxable amount of retail sales includes an integral number of full cycles
      of Part B, B.sub.m.
PAR  The third step S3 comprises the step of multiplication of the full cycle of
      imposable tax in Part B, X.sub.B, by the said largest possible integral
      number of full cycles of Part B, that largest possible integral number
      being obtained as a result of the said division, by the said value of full
      cycle B.sub.m, of the said quantity comprising the taxable amount of
      retail sales TXBL less the highest upper limit value in part A, A.sub.m.
      The step S3 may be expressed as T.sub.X = FLOOR(TXBL - A.sub.m
      /B.sub.m)*X.sub.B in accordance with the computer language of PL 1.
PAR  The fourth step S4 comprises a search of Table 4 to determine to which row
      the value of S.sub.A corresponds, and calculation of the corresponding
      imposable tax TXSEARCH based on the row of the Table 4 schedule as
      determined by the search.
PAR  The next step S5 is to calculate a sum of the value T.sub.X at the step S3
      and the value TXSEARCH at the step S4, which sum is the imposable retail
      sales tax to be imposed upon the total amount of retail sales.
PAR  Next let it be assumed that the taxable amount of retail sales does not
      exceed the highest upper limit value in the first cycle of Part B,
      B.sub.M, or TXBL .ltoreq. B.sub.m + A.sub.m, then in the steps S6 and S7,
      a setting is made of S.sub.A = TXBL and T.sub.X =  0.00, respectively, and
      in the step S4 the value TXSEARCH is searched, which is the imposable
      retail sales tax, itself, in the assumed instance. The imposable retail
      sales tax thus obtained is supplied as the output by any suitable means
      such as a printer or a display.
PAR  The operation in accordance with the flow chart shown in FIG. 2 can be
      executed by a typical electronic cash register combined with a rather
      small sized computer programmed for that purpose. FIG. 3 illustrates a
      block diagram of such an exemplary electronic cash register. The register
      shown comprises a keying input means 8, a data processing unit 9, a
      storage 10, a display 11 and a printer 12. It is pointed out that the
      storage 10 and unit 9 have a capacity of storing information concerning
      the Parts A and B of the Table 4 schedule and executing the abovementioned
      operation, in addition to the capacity thereof for performing the usual
      registering operations of a cash register.
PAR  In a usual registering operation, various data such as a commodity code, a
      unit price, the number of the commodities, etc are made input through the
      keying input means 8 and stored in the storage 10 and the registering
      operation is carried out by the unit 9. As a result the taxable total
      amount of retail sales TXBL is obtained as usual. The information
      concerning the Parts A and B of the Table 4 schedule and a program for
      execution of the FIG. 2 operation are entered in advance in the storage
      10. Subsequently, therefore, the imposable tax for the said taxable retail
      sales total TXBL is calculated in the unit 9, based on the retail sales
      TXBL and the information concerning Parts A and B of the Table 4 schedule
      and in accordance with the program stored in the storage 10. The imposable
      retail sales tax as calculated as well as the result of the register
      operations is displayed by the display 11 and printed out by the printer
      12.
PAR  The operation in accordance with the flow chart shown in FIG. 2 can also be
      executed by an electronic cash register having additional hardware
      specially designed for that purpose. FIG. 4 illustrates a block diagram of
      such an electronic cash register. In the FIG. 4 system, portions similar
      to those in the FIG. 3 system are designated by the same reference
      characters.
PAR  For the purpose of writing or loading in advance the information concerning
      Parts A and B of the Table 4 schedule, a preset mode key PS is depressed,
      so that a flip-flop FF is set to keep a control CTL enabled in a preset
      mode. Then a signal is obtained at a line AL to enable an address
      generator AG to generate an initial address in an area 101 for storing the
      upper limit value of the Table 4 schedule, as adopted in the state where
      the present electronic cash register is to be used. Upon depression of a
      setting key ST, a control signal a is obtained from the control CTL to
      enable a gate G1 so that the generated address is loaded in an address
      register AR. A further control signal b is then produced to enable a gate
      G2 so that the address signal loaded in the register AR enables an
      addressing circuit AS to address a location where the data of the first
      row of the schedule is to be stored. In such a situation the upper limit
      value of the first row of the Table 4 schedule is inputted by means of a
      set of numeral keys NM. The control CTL enables a data generator DG in
      response to the entered, upper limit value of the schedule to generate
      corresponding data in a format suitable for processing in the system
      shown. The data thus generated is loaded in a data register DR. Then a
      control signal c is produced by CTL to enable a gate G3, so that the data
      loaded in the register DR is written in the location of the area 101 which
      is addressed by the addressing circuit AS in accordance with the address
      signal loaded in the register AR. Then a control signal e is produced by
      the control CTL to enable a counter CT to step up by one the address
      generated by the address generator AG. Accordingly, upon depression of the
      setting key ST again, an address signal as stepped up by one is loaded in
      the address register AR in response to the control signal a and the
      addressing circuit AS addresses a location of one step higher address. In
      such a situation the upper limit value of the second row of the Table 4
      schedule again is entered by means of the set of numeral keys NM, so that
      the value is written in a new location. Thereafter, similar operations are
      repeated until all the upper limit values listed in Parts A and B in the
      Table 4 schedule are written in the storage 10.
PAR  In the present embodiment of the invention, a few extra values such as the
      full cycle of the repeated pattern of the upper limit values in Part B,
      B.sub.m and the full cycle of imposable tax in Part B, X.sub.B are
      preferably written in the area 101 of the storage 10, besides the
      information concerning the upper limit values in Parts A and B of the
      Table 4 schedule, as described previously. The purpose of such extra
      writing will be better understood as the description of the embodiment
      proceeds.
PAR  For the purpose of a usual registering operation in the cash register, a
      register mode key RG is depressed, so that the flip-flop FF is reset to
      keep the control CTL enabled in a register mode. In a registering
      operation, a commodity code is entered by means of a commodity code key CC
      and a unit price of the commodity is entered by means of a set of numeral
      keys NM. The commodity code as entered enables through a line AM the
      address generator AG to generate an address signal corresponding to a
      location for the said commodity in an area 102 of the storage 10. The
      address signal thus generated is loaded in response to a control signal a
      and enables in response to a control signal b the addressing circuit AS to
      address the said location in the area 102 of the storage 10. On the other
      hand the unit price, as entered enables the control CTL and thus the data
      generator DG to generate a corresponding data in a format suitable for
      data processing in the system. The data thus generated is loaded in the
      data register DR. Then a control signal f is produced to enable a gate G4,
      so that the data of the unit price loaded in the register DR is
      transferred through the gate G4 to a register BR. Then a control signal g
      is obtained to enable a gate G5, so that a cumulative amount of sales of
      the said commodity as stored in the corresponding location as addressed,
      as described above, is read and is loaded in the data register DR. Then a
      control signal h is produced to enable a gate G6, so that operation is
      carried out in an operating circuit OP to provide a sum of the cumulative
      amount of the sales of the said commodity loaded in the register DR and
      the unit price of the commodity loaded in the register BR and this is
      again loaded in the data register DR. Then a control signal c is produced
      to enable the gate G3, so that the said sum or a renewed cumulative amount
      of the sales is written in the corresponding location of the area 102 of
      the storage 10 as addressed, as described above.
PAR  Then a control signal d is produced to enable the address generator AG to
      generate an address signal for a location of a taxable sales amount area
      103, in which the taxable amount of the sales for each purchaser in each
      purchase is cumulatively stored. The address signal thus generated is
      loaded, in response to the control signal a, in the address register AR
      and enables, in response to the control signal b, the addressing circuit
      AS to address the said location of the taxable sales amount area 103. Then
      a control signal g is produced to enable the gate G5, so that the taxable
      amount of the sales by a particular purchaser, as so far entered, is read
      out and loaded in the data register DR. It is recalled that in the
      description made in the preceding paragraph, the unit price as last
      entered remains loaded in the register BR. Then again a control signal h
      is produced to enable the gate G6, so that a sum of the last entered unit
      price and the cumulative taxable sales amount read from the area 103 of
      the storage 10 is again loaded in the data register DR. Then a control
      signal c is produced to enable the gate G3, so that the said sum or a
      renewed cumulative taxable sales amount is written in the area 103 of the
      storage 10. If two or more of the same commodities are purchased, the same
      operation is repeated. If different commodities are purchased, a similar
      operation is carried out with respect to a different location of the area
      102 of the storage 10. More specifically, as the registering operation is
      repeated, a cumulative amount of the sales is written in the same location
      in the area 102 for each commodity and throughout a plurality of different
      purchasers, while a cumulative amount of the sales is written in the area
      103 for each purchaser for covering a plurality of different commodities.
PAR  At the end of the registering operation for one purchaser, the tax
      operation in accordance with the present invention is carried out. For the
      purpose of the inventive tax operation mode a tax operation mode key TX is
      depressed, so that the control CTL is placed in a tax operation mode.
      First a control signal d is produced to enable the address generator AG to
      generate the address signal for the location of taxable sales amount area
      103. Then a control signal a is produced so that the address signal thus
      generated is loaded in the register AR and, in response to a control
      signal b, enables the addressing circuit AS to address the said location
      of the area 103. Then a control signal g is produced so that the taxable
      amount of the sales is read out and loaded in the data register DR. A
      control signal i is then produced to enable the gate G7, so that the
      taxable amount of sales TXBL as read out is made input to a compare
      circuit 13 and operation circuits 15 and 16. Similarly a control signal j
      is produced to enable the address generator AG and a gate G8 so that the
      location in the area 101 where the maximum upper limit value of Part A,
      A.sub.m, is stored is read out and the read value A.sub.m is supplied to
      an adder 14 and the operation circuit 16. Then a control signal k is
      produced to enable the address register AR and a gate G9, so that the
      location in the area 101 where the full cycle of the repeated pattern of
      the upper limit values in Part B, B.sub.m, is stored is read out and the
      read value B.sub.m is supplied to the adder 14, and the operation circuits
      15 and 16. A further control signal l is produced to enable the address
      register AR and a gate G10, so that the location in the area 101 where the
      full cycle of imposable tax in Part B, X.sub.B, is stored is read out and
      the read value X.sub.B is supplied to the operation circuit 16. In the
      adder 14, addition of the values A.sub.m and B.sub.m is carried out and
      the sum A.sub.m + B.sub.m is supplied to the compare circuit 13. The
      compare circuit 13 compares the said sum A.sub.m + B.sub.m and the taxable
      amount of sales TXBL.
PAR  Assuming that the taxable amount of sale TXBL exceeds the said sum of
      A.sub.m + B.sub.m, i.e. TXBL&gt;A.sub.m + B.sub.m, as shown in the step S1 in
      the FIG. 2 flow chart, then a high output is obtained from the compare
      circuit 13 to enable the operation circuits 15 and 16 and to disable an
      operation circuit 19 through an inverter 18. The operation circuit 15 is
      supplied with the values A.sub.m, B.sub.m and TXBL and is so adapted to
      perform the operation of SA = MOD(TXBL - A.sub.m /B.sub.m) + A.sub.m, as
      shown in the step S2 in the FIG. 2 flow chart. The resultant ouput from
      the circuit 15 is supplied to a search circuit 21 through an OR gate 22,
      whereby the nearest larger upper limit value of the value SA is searched
      for, in Parts A and B of the Table 4 schedule as stored in the area 101 of
      the storage 10 and accordingly the corresponding tax value is obtained by
      means of an operation circuit 17. Although no list of the tax value has
      been stored in the area 101, the corresponding tax value is readily
      obtained based on the said nearest larger upper limit value, in view of
      the fact that in almost all the sales tax collection schedules the tax
      column is listed in an increasing order at an interval of one cent, as
      pointed out previously. The tax value corresponding to the said nearest
      larger upper limit value, thus obtained by the operation circuit 17, is
      applied to an adder 20. The operation circuit 16 is supplied, as inputs
      thereto, with the values A.sub.m, B.sub.m, XB and TXBL and is so adapted
      to perform the operations of TX = FLOOR (TXBL A.sub.m /B.sub.m)*X.sub.B,
      as shown in the step S3 in the FIG. 2 flow chart. The resultant output
      from the circuit 16 is supplied to the adder 20. The adder 20 performs an
      addition of the said values of SA and TX to provide the desired value of
      the imposable retail sales tax. The tax thus obtained is displayed by the
      display 11 and printed out by the printer 12.
PAR  Next let it be assumed that the taxable amount of sales TXBL does not
      execeed the said sum of A.sub.m + B.sub.m, i.e. TXBL.ltoreq. A.sub.m +
      B.sub.m. Then a low output is obtained from the compare circuit 13 to
      disable the operation circuits 15 and 16 and to enable the operation
      circuit 19 through the inverter 18. The operation circuit 19 is supplied
      with only the value TXBL, which is further applied through the OR gate 22
      to the search circuit 21, so that again the nearest larger upper limit
      value of the value TXBL is searched for in Parts A and B of the Table 4
      schedule, as stored in the area 101 of the storage 10, and the
      corresponding tax value is obtained by means of the operation circuit 17.
      Since the operation circuit 16 has been disabled, no output therefrom is
      applied to the adder 20. Therefore only the tax value thus obtained by the
      preparation circuit 17 is produced as an output from the adder 20 and
      displayed and printed out, as described previously.
PAR  In the abovementioned embodiment several extra values such as the full
      cycle of the repeated pattern of the upper limit values in Part B, B.sub.m
      and the full cycle of imposable tax in Part B, X.sub.B, were written in
      the area 101 of the storage 10, besides the information concerning the
      upper limit values in Parts A and B of the Table 4 schedule.
      Alternatively, however, these values B.sub.m and X.sub.B may be calculated
      in the system, using rather simple hardware for making the calculation of
      B.sub.m = B.sub.M - A.sub.m, and for performing the count of the number of
      rows in Part B, in view of the fact that in almost all the sales tax
      collection schedules the tax column is listed in an increased order at an
      interval of one cent, as pointed out previously.
PAR  With particular reference to the Table 3 schedule for the state of Georgia,
      in certain portions in the tax column the tax increases at an interval of
      two cents. In order to eliminate an inconvenience which might be caused by
      this irregularity, the upper limit values such as 35 cents, one dollar and
      35 cents, two dollars and 35 cents, etc. may be written twice in
      presetting the upper limit values of Parts A and B, whereby counting of
      the number of rows can provide the corresponding amount of the tax.
PAR  It is to be pointed out that in the foregoing description only the upper
      limit values in the respective ranges of the taxable amount of sales
      corresponding to the imposable sales tax amounts throughout Part A and the
      first cycle of Part B are stored in advance stored for the purpose of
      initial setting of the information or data concerning the Parts A and B of
      the sales tax collection schedule, so that the patterns of width of the
      range in each tax value throughout the Part A and the first cycle of Part
      B are initially stored. The reason is that a difference between the upper
      limit value in a certain row and that in a lower adjacent row constitutes
      a width of the range of the taxable amount of sales in the corresponding
      row or corresponding imposable sales tax amount. Therefore, this
      difference and thus the width of the range is readily obtained in the
      register from only the stored upper limits. Thus it is understood that it
      is not necessarily required to store both of the upper and lower limits of
      the range in the storage for the purpose of initial storing of the pattern
      of widths of the ranges in each tax value throughout the Parts A and B. It
      is apparent that alternatively of storing the upper limit values of the
      range only the lower limit values of the range may be stored in the
      storage.
PAR  While specific preferred embodiments of the present invention have been
      described, it will be apparent that obvious variations and modifications
      of the invention will occur to those skilled in the art from a
      consideration of the foregoing description. It is therefore desired that
      the present invention be limited only by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for calculating a sales tax imposed upon a total mount of sales
      based on a predetermined sales tax collection schedule in an electronic
      cash register which performs a registering operation and provides an
      electrical signal output representative of said taxable total amount of
      sales, and which schedule comprises a series of imposable tax values and
      respectively corresponding ranges of taxable sales amounts including
      therein a portion comprising a pattern of widths of successive said ranges
      for corresponding, successive said tax values, said system comprising
PA1  storage means for storing said pattern of widths of successive said ranges
      and corresponding tax values throughout said portion of said collection
      schedule,
PA1  means responsive to an output from said storage means and said electrical
      signal output of said register representative of said taxable total amount
      of sales for deducting the largest possible integral number of full cycles
      of the taxable amount of the repeatedly occurring pattern of said portion
      from said total amount of sales,
PA1  means responsive to an output from said storage means and an output from
      said deducting means for determining a first imposable tax value
      corresponding to said total amount of sales, as deducted by said deducting
      means,
PA1  means responsive to an output from said storage means and an output from
      said deducting means for multiplying the imposable tax amount for a full
      cycle of the repeatedly occurring pattern of said portion by said largest
      possible integral number for providing a second corresponding sales tax
      value imposable upon said deducted integral number of full cycles of
      taxable amount of the repeatedly occurring pattern of said first portion,
      and
PA1  means responsive to an output from said determining means and an output
      from said multiplying means for adding said first and second imposable tax
      values for providing as an output the total amount of sales tax imposable
      upon said taxable total amount of sales.
NUM  2.
PAR  2. A system in accordance with claim 1, in which
PA1  said predetermined sales tax collection schedule further comprises a
      further, lower portion of said total amount of sales comprising a further
      pattern of widths of successive ranges for corresponding, successive tax
      values not occurring again in the remainder of the schedule, and
PA1  said storage means stores said further pattern of widths of said ranges and
      corresponding tax values throughout said further portion of said schedule.
NUM  3.
PAR  3. An electronic cash register in accordance with claim 1, in which said
      deducting means comprises:
PA1  means for comparing said taxable total amount of sales with the highest
      value of the range of values for each cycle of the pattern thereby to
      determine the said largest possible integral number of full cycles,
PA1  means for determining the remainder from the taxable total amount of sales
      of the highest value of the range in said first portion, and
PA1  means for determining a further remainder from said remainder of the
      highest value of said range corresponding to the highest tax value of said
      further portion.
NUM  4.
PAR  4. A system in accordance with claim 1, in which
PA1  said pattern of widths of successive ranges and respectively corresponding
      tax values throughout said portion of said collection schedule as stored
      in said storage means comprises a pattern of the upper sales amount value
      of each said successive range for each corresponding tax value.
NUM  5.
PAR  5. A system in accordance with claim 1, in which
PA1  said pattern of widths of successive said ranges and respectively
      corresponding tax values throughout said portion of said collection
      schedule as stored in said storage means comprises a pattern of the lower
      sales amount value of each said successive range for each corresponding
      tax value.
NUM  6.
PAR  6. An electronic cash register in accordance with claim 1, in which said
      deducting means comprises:
PA1  means for comparing said taxable total amount of sales with the highest
      value of the range of values for each cycle of the pattern thereby to
      determine the said largest possible integral number of full cycles, and
PA1  means for determining the remainder from said taxable total amount of sales
      of the highest value of said sales corresponding to said largest possible
      integral number of full cycles.
NUM  7.
PAR  7. A method for calculating a sales tax imposed upon a total mount of sales
      based on a predetermined sales tax collection schedule in an electronic
      cash register which performs a registering operation and provides an
      electrical signal output representative of said taxable total amount of
      sales, and which schedule comprises a series of imposable tax values and
      respectively corresponding ranges of taxable sales amounts including
      therein a portion comprising a pattern of widths of successive said ranges
      for corresponding, successive said tax values, said method comprising the
      steps of
PA1  storing said pattern of widths of said successive ranges and respectively
      corresponding tax values throughout said portion of said collection
      schedule,
PA1  deducting from said total amount of sales the largest possible integral
      number of full cycles of the taxable amount of the repeatedly occurring
      pattern of said portion, as stored,
PA1  indexing a first imposable tax corresponding to said total amount of sales,
      as deducted, by referring to said stored pattern of said widths of said
      ranges for the corresponding tax values throughout said portion of
      repeatedly occurring patterns of said collection schedule,
PA1  multiplying the imposable tax amount for a full cycle of the repeated
      pattern of said portion by said largest possible integral number of full
      cycles of the repeated pattern for providing a second corresponding sales
      tax imposable upon said integral number of full cycles of the taxable
      amount for the repeated pattern in said portion, and adding said first and
      second imposable tax amounts for providing as an output the total amount
      of sales tax imposed upon said taxable total amount of sales.
NUM  8.
PAR  8. A method in accordance with claim 7, in which
PA1  said predetermined sales tax collection schedule further comprises a
      further, lower portion of said total amount of sales comprising a further
      pattern of widths of successive ranges for corresponding, successive tax
      values not occurring again in the remainder of the schedule, and
PA1  said storing step further comprises the step of storing said further
      pattern of widths of said ranges and corresponding tax values throughout
      said further portion of said schedule.
NUM  9.
PAR  9. A method in accordance with claim 7, in which
PA1  said pattern of widths of successive ranges and respectively corresponding
      tax values through said portion of said collection schedule as stored in
      said storage means comprises a pattern of the upper sales amount value of
      each said successive range for each corresponding tax value.
NUM  10.
PAR  10. A method in accordance with claim 7, in which
PA1  said pattern of widths of successive said ranges and respectively
      corresponding tax values throughout said portion of said collection
      schedule as stored in said storage means comprises a pattern of the lower
      sales amount value of each said successive range for each corresponding
      tax value.
NUM  11.
PAR  11. A method in accordance with claim 7, in which said deducting step
      comprises:
PA1  comparing said taxable total amount of sales with the highest value of the
      range of values for each cycle of the pattern thereby to determine the
      said largest possible integral number of full cycles, and
PA1  determining the remainder from said taxable total amount of sales of the
      highest value of said sales corresponding to said largest possible
      integral number of full cycles.
NUM  12.
PAR  12. A method in accordance with claim 7, in which said deducting step
      comprises:
PA1  comparing said taxable total amount of sales with the highest value of the
      range of values for each cycle of the pattern thereby to determine the
      said largest possible integral number of full cycles,
PA1  determining the remainder from the taxable total amount of sales of the
      highest value of the range in said first portion, and
PA1  determining a further remainder from said remainder of the highest value of
      said range corresponding to the highest tax value of said further portion.
NUM  13.
PAR  13. An electronic cash register for performing a registering operation for
      providing a total amount of sales and for calculating a sales tax imposed
      upon said total amount of sales based upon a predetermined sales tax
      collection schedule which comprises a series of imposable tax values for
      respectively corresponding ranges of the taxable sales amounts and
      includes therein a portion comprising a pattern of widths of successive
      said ranges for successively increasing, respectively corresponding tax
      values occurring repeatedly in successive cycles and in a regular fashion
      for increasing tax values, said electronic cash register comprising:
PA1  keying input means for manual entry of numerical information,
PA1  means for manually selecting an operation mode of said cash register, said
      cash register having a schedule information entering mode, a registering
      mode, and an imposable sales tax calculating mode,
PA1  storage means having locations for storing at least data concerning said
      pattern of widths of said successive ranges and the respectively
      corresponding tax values thereof, throughout said portion of said
      collection schedule,
PA1  means responsive to an output from said operation mode selecting means
      representative of the selection of said schedule information entering mode
      and an output from said keying input means representative of said data to
      be stored, in accordance with manual entry on said keying input means of
      that data as numerical information, for storing said data in said storage
      means,
PA1  means responsive to an output from said operation mode selection means
      representative of the selection of said registering mode and an output
      from said keying input means representative of an amount of sales for each
      commodity, in accordance with manual entry of the amount of sales on said
      keying input means as numerical information, for calculating said total
      amount of sales,
PA1  means responsive to an output from said operation mode selection means
      representative of selection of said imposable sales tax calculating mode,
      for reading said data from said storage means,
PA1  means responsive to an output from said means for calculating said total
      amount of sales and an output from said means for reading said data, for
      calculating said sales tax imposed on said total amount of sales, based on
      said predetermined sales tax collection schedule, said sales tax
      calculating means comprising
PA2  means responsive to an output from said storage means and the output
      representative of said total amount of sales for deducting the largest
      possible integral number of full cycles of the taxable amount of the
      repeatedly occurring pattern of said portion from said total amount of
      sales,
PA2  means responsive to an output from said storage means and an output from
      said deducting means for determining a first imposable tax corresponding
      to the remainder of said total amount of sales after said deducting
      therefrom by said deducting means,
PA2  means responsive to an output from said storage means and an output from
      said deducting means for multiplying the imposable tax amount for a full
      cycle of the repeated pattern of said portion by said largest possible
      integer number of full cycles of the repeated pattern for providing a
      second corresponding sales tax imposable upon said integer number of full
      cycles of the taxable amount for the repeated pattern in said portion, and
PA2  means responsive to an output from said determining means and an output
      from said multiplying means for adding said first and second imposable tax
      amounts and providing as an output the total amount of sales tax imposed
      upon said taxable total amount of sales.
NUM  14.
PAR  14. An electronic cash register in accordance with claim 13, in which said
      deducting means comprises:
PA1  means for comparing said taxable total amount of sales with the highest
      value of the range of values for each cycle of the pattern thereby to
      determine the said largest possible integral number of full cycles, and
PA1  means for determining the remainder from said taxable total amount of sales
      corresponding to said largest possible integral number of full cycles.
NUM  15.
PAR  15. An electronic cash register in accordance with claim 13, in which
PA1  said predetermined sales tax collection schedule further comprises a
      further, lower portion of said total amount of sales comprising a further
      pattern of widths of successive ranges for corresponding, successive tax
      values not occurring again in the remainder of the schedule, and
PA1  said storage means stores said further pattern of widths of said ranges and
      corresponding tax values throughout said further portion of said schedule.
NUM  16.
PAR  16. An electronic cash register in accordance with claim 15, in which said
      deducting means comprises:
PA1  means for comparing said taxable total amount of sales with the highest
      value of the range of values for each cycle of the pattern thereby to
      determine the said largest possible integral number of full cycles,
PA1  means for determining the remainder from the taxable total amount of sales
      of the highest value of the range in said first portion, and
PA1  means for determining a further remainder from said remainder of the
      highest value of said range corresponding to the highest tax value of said
      further portion.
NUM  17.
PAR  17. An electronic cash register in accordance with claim 13, in which
PA1  said data concerning said pattern of widths of successive ranges and
      respectively corresponding tax values throughout said portion of said
      collection schedule as stored in said storage means comprises a pattern of
      the upper sales amount value of each said successive range for each
      corresponding tax value.
NUM  18.
PAR  18. An electronic cash register in accordance with claim 13, in which
PA1  said data concerning said pattern of widths of successive said ranges and
      respectively corresponding tax values throughout said portion of said
      collection schedule as stored in said storage means comprises a pattern of
      the lower sales amount value of each said successive range for
      corresponding tax value.
NUM  19.
PAR  19. An electronic cash register in accordance with claim 13, which further
      comprises:
PA1  means for generating address signals, and
PA1  means responsive to said address signals for addressing locations in said
      storage means for storing data concerning said pattern of widths of said
      successive ranges and respectively corresponding tax values, throughout
      said portion of said collection schedule.
NUM  20.
PAR  20. An electronic cash register in accordance with claim 19, in which
PA1  said means for writing in said storage means comprises means for manually
      advancing said locations in said storage means, and
PA1  said address signal generating means comprises means responsive to an
      output from said means manually advancing said locations, for advancing
      said address signals generated by said address signal generating means.
NUM  21.
PAR  21. An electronic cash register in accordance with claim 20, in which
PA1  said means for calculating said total amount of sales comprises means for
      calculating a total amount of sales for each commodity, and
PA1  said storage means further comprises locations for storing said total
      amount of sales for each commodity.
NUM  22.
PAR  22. An electronic cash register in accordance with claim 21, in which
PA1  said cash register further has a commodity code entering operation mode,
      and
PA1  said means for calculating a total amount of sales for each commodity
      comprises means for manually selecting said commodity code entering
      operation mode.
NUM  23.
PAR  23. An electronic cash register in accordance with claim 22, in which
PA1  said storage means further comprises locations for storing said total
      amount of sales.
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ABST
PAL  A battery-powered, hand-held, calculator employs MOS/LSI calculator
      circuits to perform arithmetic and financial calculations. Data and
      commands are input to the calculator from a keyboard having shift key to
      double the functions of selected keys. A 15-digit, seven-segment light
      emitting diode (LED) display serves as the output for the calculator. The
      calculator circuits include a read-only memory circuit in which the
      algorithms for performing the arithmetic and financial calculations are
      stored; a control and timing circuit for scanning the keyboard, retaining
      status information about the condition of the calculator or of an
      algorithm, and generating the next read-only memory address; and an
      arithmetic and register circuit containing an adder, a group of working
      registers, a group of data storage registers forming a stack for roll down
      operation, and a constant storage register. These circuits are
      interconnected by a multiple line buss system.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a division of allowed U.S. Pat. application Ser. No.
      302,371 entitled "General Purpose Calculator with Capability for
      Performing Interdisciplinary Business Calculations" filed by France Rode,
      et al. on Oct. 30, 1972, and now U.S. Pat. No. 3,863,060 and which is
      hereby incorporated by reference as amended as if fully set forth herein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates generally to calculators and improvements therein
      and more particularly to non-programmable business calculators.
PAR  Owing to the high cost and the limited capabilities of the available
      business calculators, and sometimes, simply because there is no calculator
      available to perform certain calculations, the majority of the everyday
      business calculations are still made with the aid of published tables.
      Published tables are the only convenient means available for solving
      certain financial problems. The main disadvantage of using tables is the
      inherent restriction to the discrete values given in the table. The
      accuracy of the calculation is limited to the accuracy of the tables and
      the need for interpolation further compromises the calculation. For
      example, a widely used bond value table has discrete values for bond yield
      to two decimal places and the interest rate is given in one-eighth of one
      percent increments. The use of tables with this limited accuracy could
      lead to errors of several thousands of dollars in a fifty million dollar
      bond issue.
PAR  Conventional business calculators for bond price and bond yield
      calculations have a manual switch to initiate different bond price and
      bond yield algorithms for bonds maturing in less than 181 days (these are
      considered as notes rather than bonds). The present calculator has an
      automatic feature to check the maturity period and initiate the proper
      algorithm. The algorithms traditionally used in conventional business
      calculators to solve bond price and bond yield are very complex and
      require extensive hardware capability. This has made these calculators
      large, complicated, and expensive. In the present calculator, therefore,
      the complex bond price and bond yield problems (and the solutions thereof)
      was simplified to make either problem solvable using only five registers.
      This simplification provides an explicit term that eliminates the
      complexity of a series of summations, which would otherwise require
      substantially more hardware. Thus, two new algorithms requiring
      significantly less hardware for bond price and bond yield calculations are
      provided in a small, general purpose calculator at a fraction of a special
      bond calculator price.
PAR  The algorithms are stored in a read-only memory circuit including seven
      serial-address in, serial-instruction out read-only memories regulated by
      a control and timing circuit. This control and timing circuit includes a
      microprogrammed controller, which receives status conditions from
      throughout the calculator and sequentially outputs signals to control the
      flow of data. The control and timing circuit also scans the keyboard to
      obtain a six-bit read-only memory address, which is generated at the
      keyboard each time a key is actuated as required to initiate one or more
      algorithms for performing the functions associated with the actuated key.
PAR  Information from the addressed read-only memory is transmitted serially to
      an arithmetic and register circuit where a serial, binary-coded decimal
      (BCD) adder/subtractor performs the basic computations. The results of the
      computations are transmitted to registers in this circuit where they are
      either stored temporarily or outputted via a seven-segment, 15-digit, LED
      display.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top-view of a calculator according to the preferred embodiment
      of the invention.
PAR  FIG. 33 is a flow diagram of a price of a bond algorithm employed in the
      calculator of FIG. 1.
PAR  FIG. 34 is a flow diagram of the yield to maturity of a bond algorithm in
      the calculator of FIG. 1.
PAR  FIGS. 2-32 inclusive and FIGS. 35A and B may be found in the above
      incorporated U.S. Patent.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Refer to U.S. Pat. No. 3,863,060.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electronic calculator for calculating the yield to maturity of a bond
      having a maturity period, a bond price and a coupon rate, said calculator
      comprising:
PA1  a first register for initially storing a first number representing the
      coupon rate divided by the bond price multiplied by a first selected
      value;
PA1  a second register for initially storing a second number representing the
      inverse of the bond price multiplied by a second selected value;
PA1  a third register for storing a third number having a magnitude greater than
      one and representing the normalized value of days in the maturity period;
PA1  a fourth register for initially storing the contents of the first register;
PA1  a fifth register for storing the results of calculations;
PA1  a first means coupled to the first, second, third, and fourth registers for
      combining the contents thereof in accordance with the relation
      ##EQU1##
      where R is the contents of the fourth register, N is the contents of the
      third register, P is the contents of the second register, and K is the
      contents of the first register, said first means being coupled to the
      fifth register for storing the result of this combination therein;
PA1  flag means, coupled to the third register, having set and reset states for
      indicating when the interest portion of the bond yield has been
      calculated;
PA1  said flag means being set when the accrued interest portion of the bond
      yield has been calculated;
PA1  said flag means being reset in response to the contents of the third
      register when those contents are greater than a third selected value;
PA1  second means coupled to the fourth and fifth registers for subtracting the
      contents of the fifth register from the contents of the fourth register
      and for storing the difference in the fourth register, said last-stored
      contents of the fourth register representing the calculated yield to
      maturity of the bond;
PA1  accruing means coupled to the first means and the first, second, third, and
      fourth registers for calculating an accrued interest portion of the bond
      price, for adjusting the contents of the first and second registers to
      account for the accrued interest portion of the bond price, and for
      thereafter causing the first means to combine the contents of the third
      register and the last-stored contents of the first, second, and fourth
      registers in accordance with said relation and store the result of this
      combination in the fifth register;
PA1  third means, coupled to the flag means and responsive to the contents of
      the fifth register, for initiating operation of the accruing means when
      those contents are less than a fourth selected value and when the flag
      means is in the reset state; and
PA1  output means coupled to the fourth and fifth registers and to the flag
      means for providing a visual output indication of the contents of the
      fourth register in response to the contents of the fifth register when the
      contents of the last-mentioned register are less than the fourth selected
      value and when the flag means is in the set state.
NUM  2.
PAR  2. An electronic calculator as in claim 1 wherein the third means is also
      coupled to the first means, and responsive to the last stored contents of
      the fifth register when those contents equal or exceed the fourth selected
      value, for causing the first means to recombine the contents of the first,
      second, and third registers and the last-stored contents of the fourth
      register in accordance with said relation and store the result of this
      combination in the fifth register.
NUM  3.
PAR  3. An electronic calculator as in claim 1 wherein the accruing means
      comprises:
PA1  fourth means coupled to the third means and the third register for
      operating on the contents of the third register in accordance with the
      relation J = 1-FRAC.vertline.N.vertline. and for storing the result of
      this operation in another register;
PA1  fifth means coupled to the first and fourth registers and said other
      register and operable, after operation of the fourth means, for combining
      the contents of the first register and the last-stored contents of the
      fourth register with the last-stored contents of said other register in
      accordance with the relation
      ##EQU2##
      where J is the last-stored contents of said other register, and for
      storing the result of this combination in said other register; and
PA1  sixth means coupled to the first means, the first and second registers, and
      said other register and operable, after operation of the fifth means, for
      multiplying the contents of the first and second registers by the result
      last stored in said other register and for thereafter causing the first
      means to combine the contents of the third register and the last-stored
      contents of the first, second, and fourth registers in accordance with
      said relation and store the result of this combination in the fifth
      register.
NUM  4.
PAR  4. An electronic calculator as in claim 3 wherein said other register
      comprises the fifth register.
NUM  5.
PAR  5. An electronic calculator as in claim 4 wherein the third means is also
      coupled to the first means, and responsive to the last-stored contents of
      the fifth register when those contents equal or exceed the fourth selected
      value, for causing the first means to recombine the contents of the first,
      second, and third registers and the last-stored contents of the fourth
      register in accordance with said relation and store the result of this
      combination in the fifth register.
NUM  6.
PAR  6. A calculator as in claim 1 for calculating the yield to maturity of a
      bond when the contents of the third register is equal to or less than a
      one wherein the first means combines the contents of the first, second and
      third registers in accordance with the relation
      ##EQU3##
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ABST
PAL  An electronic counting system with a solid state chip circuit having a
      multiple purpose counting and control system with an input signal operated
      control circuit selectively operable by input control signals from
      external circuitry for providing multiplication, division and rate
      computation functions and counting and two-stage predetermining functions,
      and also selectively operable by input control signals for selectively
      operationally partitioning a BCD RAM of the chip circuit into two separate
      RAM sections having selected numbers of BCD decade sets and operable to
      provide independent functions or interrelated functions. Data may be
      entered into each BCD decade of each of two BCD decade registers of the
      RAM directly by BCD and entry select signals applied to the chip circuit
      or by push button and entry select signals applied to the chip circuit.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates generally to electronic counting systems and
      more particularly to a new and improved multiple purpose electronic
      counting system useful in a variety of applications and for a variety of
      purposes and having notable use, for example, in totalizing and
      predetermining systems and, in its preferred embodiment, also in rate and
      multiplication computation systems.
PAR  It is a primary aim of the present invention to provide a new and improved
      multiple purpose electronic counting system having a multiple purpose core
      circuit which can be manufactured as a large scale integrated (LSI) solid
      state chip (e.g. CMOS/SOS).
PAR  It is another aim of the present invention to provide an LSI chip having a
      new and improved multiple purpose logic circuit which may be employed as a
      core component and with a minimum number of peripheral components in a
      variety of counting and controlling applications.
PAR  It is a further aim of the present invention to provide a new and improved
      core circuit useful in providing independent or interrelated counting and
      predetermining functions for a plurality of separate input devices.
PAR  It is another aim of the present invention to provide a core circuit
      employing a bank of registers and a new and improved control circuit for
      selectively using the bank of registers for counting, predetermining and
      multiplication and rate computation functions. In accordance with the
      present invention, the registers are adapted to be selectively operated by
      the control circuit to provide independent register sections with selected
      numbers of decades and whereby the register sections may be operated
      independently or be interconnected in a variety of ways to provide great
      flexibility of operation and selectivity of application.
PAR  It is a further aim of the present invention to provide a new and improved
      multiple purpose core logic circuit design which may be constructed as an
      LSI chip utilizing state-of-the art LSI technology.
PAR  It is another aim of the present invention to provide a new and improved
      multiple purpose LSI chip core logic circuit having an output useful as an
      input for operating an LED or other suitable display device and/or as an
      input to external data handling equipment such as a special or general
      purpose computer. For example, the LSI chip core logic circuit of the
      present invention could be employed in a fluid dispensing system for
      counting and controlling the cost and/or volume amounts of fluid dispensed
      and be connected to a suitable display for displaying the cost and/or
      volume amounts of fluid dispensed and also to a suitable computer for
      storing the amount of each fluid delivery, for example, for totalizing the
      amount of the fluid delivered to each customer for credit billing
      purposes.
PAR  It is another aim of the present invention to provide a new and improved
      multiple purpose core counting circuit operable by primary and backup
      battery power sources and providing for data retention in the event of
      primary power loss.
PAR  It is another aim of the present invention to provide a new and improved
      multiple purpose core counting circuit having a plurality of separate data
      storage registers and a new and improved data input control circuit for
      writing data into the storage register decades.
PAR  It is a further aim of the present invention to provide a new and improved
      LSI chip multiple purpose core counting circuit having a plurality of
      separate storage registers and an efficient data handling logic system for
      selectively reading the storage register decades and writing data into the
      storage register decades.
PAR  Other objects will be in part obvious and in part pointed out more in
      detail hereinafter.
PAR  A better understanding of the invention will be obtained from the following
      detailed description and the accompanying drawings of illustrative
      applications of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-4 collectively provide a functional diagram or schematic, employing
      Boolean logic notation symbols, of a counting and predetermining system
      incorporating an embodiment of a multiple purpose electronic counting
      system of the present invention;
PAR  FIG. 5 is a timing chart showing nonvariable and representative variable
      logic signals of the system of FIGS. 1-4;
PAR  FIG. 6 is a partial diagram or schematic of a modified data input circuit
      for the system of FIGS. 1-4;
DETD
     DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail wherein like numerals and/or
      letters are used to designate like parts or logic signals and referring
      particularly to FIGS. 1-5, there is shown a counting and predetermining
      system incorporating an embodiment of a multiple purpose electronic
      counting system of the present invention. The multiple purpose electronic
      counting system employs an electronic core logic circuit 100, which in
      accordance with the present invention is preferably constructed in the
      form of an LSI chip (e.g., CMOS/SOS using state-of-the-art LSI
      technology). The LSI core logic circuit 100 is designed as hereinafter
      described to provide a highly versatile counting system core circuit
      useful in numerous applications requiring relatively few peripheral
      components. The shown LSI core circuit 100 has a standard number of 40
      connector pins or contacts for making electrical connections between the
      core logic circuit 100 and the peripheral or external circuitry. 23 of the
      LSI chip connector pins or contacts are used for input connections to the
      LSI chip and the remaining seventeen LSI chip connector pins are used for
      LSI chip output connections, both as hereinafter described.
PAR  Referring now particularly to FIG. 2, the LSI chip 100, and also the
      remaining peripheral components, are shown supplied with 10 volt DC power
      by a primary power supply 102 and a 10 volt DC backup battery powder
      supply 104 which is isolated by diode 105 from certain circuits as desired
      and such that the battery 104 maintains only selected circuits active if
      the primary power supply 102 fails.
PAR  The primary and battery power supplies 102, 104 are connected to the LSI
      chip 100 to supply power to the chip circuits including an LSI chip
      internal oscillator section 106. The primary power supply 102 is also
      connected to the LSI chip to provide a power logic signal designated PWR
      to provide for deactivating certain LSI chip circuits when the primary
      power supply 102 fails. The chip oscillator section 106 is also connected
      to an external oscillator section 108 which incorporates resistance and
      capacitor components (not separately shown) which can be chosen without
      regard to the limitations of LSI chip technology and which can be selected
      to establish the oscillator frequency desired for the particular
      application of the LSI chip. If desired, the entire oscillator circuit
      could be provided on the LSI chip 100 or externally of the LSI chip;
      however, the described combination of internal and external oscillator
      sections 106, 108 provides the optimum combination of flexibility and LSI
      chip economy.
PAR  In the shown embodiment, the oscillator generates a clock signal designated
      .phi. having a frequency of 80 kHz and which is supplied as shown to
      various components of the LSI chip 100 for timing and synchronizing
      various logic functions of the LSI chip. Also, the oscillator is connected
      to a divide-by-eight counting circuit 110 having a three conductor binary
      output and operated by the clock signal .phi. to be repetitively stepped
      through its cycle to eight steps to provide a repetitive eight step binary
      readout.
PAR  The eight step cycle established by the divide-by-eight circuit 110 is the
      basic operating cycle of the circuit and which in the shown embodiment has
      a 10 kHz frequency. During each such operating cycle, a 1 of 8 digit
      selector 114 generates eight sequential digit logic signals designated D0
      through D7, which are used as digit select signals etc. as hereinafter
      described for controlling and timing certain internal functions of the LSI
      chip during each chip operating cycle. In addition, the D0-D7 digit
      signals are supplied via a data entry and display inhibit logic circuit
      116 to generate corresponding DS0-DS7 digit select or timing signals for
      use in the external circuit as hereinafter described. The DS7 digit signal
      is also connected internally to a mode selector logic circuit 120 for the
      purpose described hereinafter. The data entry and display inhibit logic
      circuit 116 is operated by the primary power signal PWR such that the
      DS0-DS7 signals are not generated when the primary power supply 102 fails
      and so that certain external components are thereupon deactivated to
      conserve backup battery power.
PAR  The output conductor from the divide-by-eight circuit 110 having the binary
      encoded value of 4 is also connected to a divide-by-two circuit 122 to
      provide a register select logic signal designated RS. The register select
      logic signal RS remains at the logic 0 level during alternate chip
      operating cycle and at the logic 1 level during the intermediate alternate
      chip operating cycles. FIG. 5 shows the timing relationship of certain
      logic signals described and to be described hereinafter.
PAR  Referring to FIG. 3, the LSI chip circuit comprises a random access memory
      (RAM) 130 having a bank of three substantially identical eight word or
      eight decade BCD storage registers 131-133, designated the A, B and C
      registers respectively, and an eight digit increment storage register 134
      designated the D register. The RAM 130 also has suitable decade read and
      write address circuits 135, 136 respectively operated by the D0-D7 digit
      signals to address the corresponding decades and digits of the A, B, C and
      D registers together and to address the eight decades and digits of the
      registers in sequence. The A, B and C storage registers have respective
      BCD inputs, respective BCD outputs, and respective write inputs for
      selectively writing their BCD inputs into the respective words of the RAM
      as they are sequentially addressed or activated by the write address
      circuit 136.
PAR  Similarly, the eight digit increment register D (which comprises a single
      binary storage bit for each digit) has a binary input, a binary output and
      a write input for selectively writing its input into its storage digits as
      they are sequentially addressed or activated by the write address circuit
      136. The read and write address circuits 135 and 136 are connected to be
      operated by the .phi. clock signals and D0-D7 digit signals for
      simultaneously addressing corresponding decades and digits of the A, B, C
      and D registers. The addressed or activated decades and digits are
      automatically read during the first half or read phase of each digit cycle
      D0-D7 (i.e., during .phi. ) and the readouts are simultaneously stored in
      corresponding readout storage circuits or latches 142. The register inputs
      are adapted to be selectively written into the register decades or digits
      during the last half or write phase of each digit cycle D0-D7 (i.e.,
      during .phi. ) and therefore after the prior data has been read and stored
      in the readout storage latches 142.
PAR  The BCD outputs from the A, B and C registers storage latches 142 are
      connected via a display selector logic circuit 146 and four BCD readout
      pins of the LSI chip 100 for operating an eight digit display register 150
      utilizing suitable digit display devices 152, such as LED seven bar of
      FIG. 8 display devices, and suitable decoder-driver circuits 154. The
      DS0-DS7 digit select pins are also connected to the display register 150
      for strobing the digit display devices 152 in sequence and in synchronism
      with the sequential reading of the decades of the selected register.
      Accordingly, the eight digit readout of each internal register A, B and C
      may be selectively displayed with the external register 150 in accordance
      with the operation of the selector circuit 146. Similarly, the BCD readout
      pins and the DS0-DS7 digit select pins may be connected to a suitable data
      storage installation utilizing, for example, a special or general purpose
      computer to enter the BCD data stored in the internal registers A, B and C
      into an external data storage device, for example, for obtaining a record,
      printed or otherwise, of the internal register readouts for accounting or
      other purposes.
PAR  The display selector circuit 146 has three control inputs for respectively
      selecting the A, B and C register inputs and a fourth control input for
      selecting a readout test selection where the BCD output is held at binary
      8 to register 8 in all of the digit displays and thereby test the
      operation of all of the register display elements (e.g. LED display
      elements). Referring to FIG. 2, the four control inputs to the display
      selector circuit 146 are selectively established via the mode selector
      logic circuit 12 by a binary input signal from two external mode selector
      switches 156 and 157. The external mode selector switches 156, 157 and a
      third external latch select switch 158 having a function hereinafter
      described, are connected to the mode selector circuit 120 via a single LSI
      chip contact pin. The selector switches 156-158 are connected to be
      individually strobed by the DS5, DS6 and DS7 digit signals. The mode
      selector circuit 120 is similarly simultaneously clocked by the D5, D6 and
      DS7 digit signals and contains suitable logic control and storage
      circuitry to provide the following:
PAR  a. When the mode selector switch 156 is closed and the mode selector switch
      157 is open, an A register logic 1 select signal is applied to an A output
      of the mode selector circuit 120 to operate the display selector circuit
      146 to display the A register readout.
PAR  b. When the mode selector switch 157 is closed and the mode selector switch
      156 is open, a B register logic 1 select signal is applied to a B output
      of the mode selector circuit 120 to operate the display selector circuit
      146 to display the B register readout.
PAR  c. When both mode selector switches 156, 157 are closed, a readout test
      logic 1 select signal is generated by the mode selector circuit 120 to
      operate the display selector circuit 146 to display an "8" in each of the
      digit display devices 152.
PAR  d. When both mode selector switches 156, 157 are open, a C register logic 1
      select signal is applied to a C output of the mode selector circuit 120 to
      normally operate, via an AND gate 159, the display selector circuit 146 to
      display the C register readout. The AND gate 159 is controlled by the PWR
      signal so that when the primary power supply 102 fails, the display
      selector circuit 146 is switched to produce a BCD 0000 output to save
      power. In that regard, the mode selector switches 156, 157 are sensed as
      being open when the primary power 102 fails (since the DS5 and DS6 digit
      signals would not then be generated) whereby the display selector circuit
      146 would otherwise be operated to display the C register readout when the
      primary power fails.
PAR  e. When the latch selector switch 158 is closed, a latch select logic 1
      control signal designated LS is generated by the selector circuit 120 for
      use as hereinafter described. In that regard, the digit signal DS7 instead
      of the digit signal D7 is employed as the internal clock input to the mode
      selector circuit 120 so that the selector circuit 120 is retained in the
      LS mode if the primary power 102 fails after that mode has been selected.
PAR  A register partition select logic circuit 160 is connected to be
      selectively operated by three external partition selector switches 161-163
      for selectively applying an input binary partitioning signal to the
      partition select logic circuit 160. The partition select circuit 160 is
      employed for generating partitioning logic signals (i.e., digit signals
      designated DP; D(P+1); and D(P+1)+DO; and register section signals
      designated S1; and S2) for operationally partitioning the RAM 130 into two
      independent RAM sections which are then individually and separately
      operable to provide in effect two separate C register sections hereinafter
      designated the C1 and C2 registers, and corresponding separate A and B
      register sections hereinafter designated the A1, A2 and B1, B2 registers
      respectively. The partition select circuit 160 is suitably designed so
      that the input binary partitioning signal is operable to establish a digit
      logic 1 select signal designated DP during any digit D0-D7, from digit D0
      (where none of the switches 161-163 are closed) to digit D7 (where all of
      the switches 161-163 are closed). As hereinafter described, the DP digit
      partition signal establishes the last decade of the first section of the
      RAM 130. Thus, for example, where only the switches 161 and 162 are closed
      as shown in FIG. 2 to establish a binary input partition signal having a
      binary encoded value of 3, the DP digit signal will occur at digit D3
      (i.e., the fourth decade of the RAM 130) and the RAM partitioning will
      occur between its fourth and fifth decades. In that event, the C1 register
      will be a four decade register, and the corresponding A1 and B1 registers
      will be four decade registers. Similarly, the C2 register will then be a
      four decade register (i.e. having the remaining fifth through eighth
      decades) and the corresponding A2 and B2 registers will be four decade
      registers. The partition select logic circuit 160 also has suitable logic
      circuitry to produce the following outputs:
PAR  a. a digit signal designated D(P+1) establishing the first decade of the
      A2, B2 and C2 registers;
PAR  b. a first section logic 1 signal designated S1 occurring during the first
      section;
PAR  c. a second section logic 1 signal designated S2 occurring during the
      second section; and
PAR  d. a logic 1 digit signal designated D(P+1)+DO occurring during the first
      decade of each section.
PAL  The foregoing signals generated by the partition select logic circuit 160
      are shown in FIG. 5 for the exemplified partitioning shown in FIG. 2 where
      the partition switches 161 and 162 are closed and the remaining partition
      switch 163 is open and the RAM 130 is thereby operationally partitioned
      into two four-decade register sections.
PAR  The partitioning select circuit 160 would similarly provide partitioning
      signals for operationally partitioning the RAM into first and second RAM
      sections respectively having (a) one and seven decades (where all the
      switches 161-163 are open); (b) two and six decades (where switches 161 is
      closed and switches 162, 163 are open); (c) three and five decades (where
      switch 162 is closed and switches 161, 163 are open); (d) five and three
      decades (where switch 163 is closed and switches 161, 162 are open); (e)
      six and two decades (where switches 161, 163 are closed and switch 162 is
      open); and (f) seven and one decades (where switches 162, 163 are closed
      and switch 161 is open). Where all of the switches 161-163 are closed,
      there would be no operational partitioning of the RAM 130 and in effect
      the first section would have eight decades.
PAR  A counting control logic circuit 170 is provided for receiving separate
      input counting signals or pulses designated CT1 and CT2 and for receiving
      corresponding count direction control signals designated DR1 and DR2
      established by a pair of count direction control switches 171, 172. In the
      embodiment shown in FIGS. 1-5 two separate devices designated by the
      numerals 173, 174 are mechanically connected for operating separate pulse
      generators 175 which are designed for generating input pulse trains of
      suitable input or count pulses CT1 and CT2 to the counting control logic
      circuit 170. The devices 173, 174 may be the same or similar or be
      completely different. Also, the devices may operate independently or be
      interrelated parts of the same system, machine or installation. For
      example, the devices 173, 174 may be separate fluid pumps for
      independently delivering fluid to customers and be connected for driving
      the respective pulse generators for generating count pulses CT1, CT2 for
      each one cent of fluid delivered by the respective pump and whereby the
      cost amount of the fluid delivered by each pump could be accumulated or
      stored within the chip 100 and selectively read with the display register
      150. In contrast, the devices 173, 174 could be different sections of the
      same machine, for example, a knitting machine and wherein one pulse
      generator 175 is driven to generate a pulse for each pre-established
      length of yarn used by the knitting machine and the other pulse generator
      175 is driven to generate a pulse for each cycle of the knitting machine
      and such that the counts could be compared (automatically by the circuit
      if desired) to determine the length of yarn used for each machine cycle
      and the knitting machine then adjusted as desired. Such applications of
      the chip 100 are exemplary and, as will become more evident hereinafter,
      the logic circuit of the chip 100 may be employed as the core circuit in
      numerous counting, predetermining, controlling and computing applications,
      and the external circuitry used will depend on the application. Also, it
      is contemplated that at least some of the external switches shown (e.g.,
      switches 161-163) would be hard wired as desired in those applications in
      which those inputs would not be changed.
PAR  Also, as will be more fully described hereinafter, where the LSI chip 100
      is used with two count inputs CT1 and CT2, the RAM 130 is then divided
      into two RAM sections for the two inputs (with the partition switches
      161-163 and with the partitioning selected in accordance with the desired
      maximum count to be accumulated in each RAM section). Thus, where the
      devices 173, 174 are the same or similar but are independently operated,
      the partition switches 161-163 may be set as in the shown embodiment to
      partition the RAM into two RAM sections having equal decade storage
      capacity.
PAR  As hereinafter more fully explained, the applied CT1 count pulses are
      accumulated in the first section of the RAM 130 and the applied CT2 count
      pulses are accumulated in the second RAM section (and if the RAM 130 is
      not partitioned only the CT1 pulses are accumulated and any CT2 pulses are
      ineffective).
PAR  The counting control logic circuit 170 is connected to receive the digit
      signals DO, DP, D(P+1) and D7, the clock signal .phi., and an additional
      reset signal designated R1 hereinafter described. Also, an external
      multiply selector switch 178 is provided for conditioning the chip circuit
      100 for performing a multiplication operation as hereinafter described.
PAR  The maximum available input or counting frequency with the described 80 kHz
      oscillator is nominally 10 kHz (i.e. the D0-D7 digit cycle frequency) and
      such that a CT1 and/or CT2 pulse may be applied during each D0-D7
      operating cycle of the RAM 130. However, as will become evident
      hereinafter, the counting frequency must be at least slightly less than
      the nominal 10 kHz frequency to provide "open" operating cycles for
      entering data into the A and B registers by external push buttons.
PAR  The counting control circuit 170 is suitably designed so that a logic 1
      count signal designated CT is generated during an entire first RAM section
      cycle or digit sequence by the application of a corresponding CT1 pulse.
      Similarly, a logic 1 count signal CT is generated during an entire second
      RAM section cycle or digit sequence by a CT2 pulse. Also, a DR logic 1
      signal is generated during a RAM section cycle if the corresponding count
      direction switch 171, 172 is closed, whereas the DR signal is held at
      logic 0 for a RAM section cycle if the corresponding switch 171, 172 is
      open. Also, the DR signal is held at logic 1  by an increment signal
      designated INC for push button data entry into the RAM 130 as hereinafter
      described.
PAR  The counting control circuit 170 is operated by each CT1 and CT2 input
      pulse upon an initial logic 0 to logic 1 transition of the pulse and each
      CT1 and CT2 input pulse is suitably temporarily stored in the counting
      control circuit 170 until the commencement of the next corresponding
      section cycle established by the respective D0 and D(P+1) digit signals.
      Thus, when a CT1 input pulse is applied to the circuit 170, a CT logic 1
      signal is generated (along with an appropriate DR logic signal) during the
      first RAM section for indexing the C1 register in the additive or
      subtractive direction depending on the DR1 input (all as hereinafter
      described). Similarly, when a CT2 input pulse is generated, a CT logic 1
      signal is generated (along with an appropriate DR logic signal) during the
      second RAM section cycle to index the C2 register.
PAR  A reset logic circuit 180 of the LSI chip 100 is connected internally to
      receive the clock signal .phi., the digit signals DP and D7, and the RAM
      section signals S1 and S2. In the shown embodiment, a pair of external
      push button reset switches 181, 182 are connected to the reset logic
      circuit 180 via a pair of chip connector pins or contacts to provide for
      resetting the C1 and C2 registers respectively. For that purpose, a logic
      1 reset signal designated R1 is generated during the first RAM section
      cycle to reset the C1 register when the reset switch button 181 is
      depressed, and a separate logic 1 reset signal designated R2 is generated
      during the second RAM section cycle to reset the C2 register when the
      reset button 182 is depressed. Exemplary R1 and R2 logic 1 reset signals
      are shown in the timing diagram of FIG. 5.
PAR  The R1 reset signal is also applied to the counting control circuit 170,
      and the circuit 170 is suitably designed so that when the multiply
      selector switch 178 is closed, the CT2 input is inhibited (and is
      therefore not used while the multiply select switch 178 is closed) and a
      CT1 input pulse provides a continuous CT logic 1 signal during the
      succeeding first and second RAM section cycles until an R1 signal is
      generated and which then resets only the C1 register. Consequently, a CT1
      input pulse will provide for indexing the C1 and C2 registers one count
      for each RAM cycle (i.e. at 10 kHz in the described embodiment) until an
      R1 signal is generated. As hereinafter described, the multiply selector
      switch 178 can then be used for accumulating in the C2 register the
      product of a first variable number equal to the number of CT1 input pulses
      and a second fixed number stored in the A1 or B1 register (and employed
      for generating an R1 reset signal when the C1 register count equals the
      number stored in the selected register A1 or B1).
PAR  The external circuit also includes a combination BCD and push button data
      entry circuit generally denoted by the numeral 200 for entering counts
      into the A and B register decades. The data entry circuit 200 employs a
      BCD/push button (PB) entry select circuit 201 for automatically generating
      logic 1 entry select digit signals designated ES for permitting push
      button entry into selected A and B register decades as hereinafter
      described. Also, as hereinafter described, during each A and B register
      decade the ES digit signal is at logic 0, BCD data is automatically
      entered into the register decade.
PAR  The data entry circuit 200 also comprises A register and B register entry
      networks 202, 204 respectively, each having eight separate digit entry
      switching circuits for the eight RAM decades respectively and strobed by
      the DS0-DS7 digit signals for steering their binary outputs into
      corresponding decades of the A and B registers. The entry networks 202,
      204 have four lead binary outputs adapted to be selectively connected to a
      four lead binary input of the LSI chip 100 by a data entry selector logic
      circuit 208 to selectively transmit their binary outputs as binary input
      signals designated I0-I3 to the chip. The data entry selector 208 is
      controlled in part by the RS register select signal so that the A register
      entry network 202 normally provides the binary input to the LSI chip 100
      for entering data into the A register when RS is at logic 0, and the B
      register entry network 204 normally provides the binary input to the LSI
      chip 100 for entering data into the B register when RS is at logic 1.
      Thus, excepting as hereinafter described, during the alternating register
      cycles when RS is at logic 0,  data is or may be entered into the A
      register and during the intermediate alternating register cycles when RS
      is at logic 1, data is or may be entered into the B register.
PAR  The shown A register entry network 202 comprises four manually settable BCD
      selector switches 210 for the first four decades of the A register (and
      therefore for all four of the decades of the A1 register in the described
      embodiment). The BCD selector switches 210 may, for example, be BCD
      switches of the type shown and described in U.S. Pat. No. 3,445,636 of
      Joseph A. Richards entitled "Single Wheel Counter Circuit" and dated May
      20, 1969,  and having a number wheel (not shown) providing a numerical
      readout of the binary switch position and suitable means (not shown) such
      as a push button for selectively setting the switch and number wheel. The
      BCD switches 210 are suitably isolated, as by the provision of diodes 209
      in each output lead of each switch, to prevent feedback through inactive
      switches and such that the BCD output generated during the corresponding
      digit cycle is dependent solely on the setting of the active BCD switch
      210.
PAR  The four BCD switches 210 of the A register input network 202 are strobed
      by the corresponding DS0-DS3 digit select signals to individually apply
      their BCD outputs via the data entry selector 208 as BCD inputs I0-I3 to
      the LSI chip 100 (when the control signal to the data entry selector 208
      is at the logic 0 level). Similarly, four non-settable or hard wired BCD
      switches 211-214 of the A register input network 202 are strobed by the
      corresponding DS4-DS7 digit signals to individually apply their BCD
      outputs via the data entry selector 208 as BCD inputs 10-I3 to the LSI
      chip 100 (also when the control signal to the selector 208 is at the logic
      0 level). The four non-settable switches 211-214 which are shown provide
      BCD outputs for the numbers 5, 9, 9, 5 respectively, whereby those amounts
      are entered in BCD form into the corresponding A register decades.
PAR  The B register entry network 204 could be the same or similar to the A
      register entry network 202. In the embodiment shown in FIG. 1, the B
      register network 204 comprises four manually settable BCD switches 210
      strobed by the DS0-DS3 digit signals respectively for entering their
      manually settable BCD outputs into the first four decades of the B
      register (when the control signal to the selector 208 is at the logic 1
      level). The remaining entry switches 220 for the last four decades of the
      B register are single pole, double throw (form C) push button switches
      having a normally closed (NC) fixed contact and a normally open (NO) fixed
      contact adapted to be energized by manually depressing the push button
      switch 220. The push button switches 220 are break-before-make switches
      and each NO switch contact is connected to apply a logic 1 signal to the
      BCD 2 output of the network 204 by the corresponding DS4-DS7 digit signal
      when the push button is depressed. With a push button switch 220 in its
      normal position in engagement with its NC contact, a logic 1 signal is
      applied to the BCD 1 output of the network 204 by the corresponding digit
      signal DS4-DS7. The resulting I0 and I1 signals transmitted to within the
      LSI chip provide the logic control signals for individually indexing the
      decades of the A and/or B registers.
PAR  As previously described, an entry select signal ES is applied to the LSI
      chip 100 to selectively establish either push button or BCD entry into the
      A and B registers digits during each register digit cycle. An ES logic 1
      digit signal permits push button entry and inhibits BCD entry, and an ES
      logic 0 digit signal provides for automatic BCD entry and inhibits push
      button entry. For the purpose of generating the ES logic 1 digit signals
      for push button entry, the DS0-DS3 digit signals are applied via a NOR
      gate 224 and an AND gate 226 (and the register select signal RS is also
      applied to the AND gate 226 via an OR gate 228) to generate ES logic 1
      digit signals during the last four digit cycles of the B register cycle,
      thereby permitting push button entry into the last four decades of the B
      register with the respective digit push buttons 220.
PAR  The digit push buttons 220 can also be used to provide push button entry
      into the A register by switching an A register entry select switch 230
      from its open or BCD position shown to its push button or closed position.
      In that event, the entry select circuit 201 is operated to generate ES
      logic 1 signals during the last four digit cycles of the A register cycle
      to inhibit BCD entry into the A register. The data entry selector 208 is
      also operated so that the push button entry switches 220 are then used
      instead of the switches 211-214 to enter data into the last four digits of
      the A register. As described hereinafter, push button entry is made during
      only one of the two alternating register cycles (established during the B
      register cycle by the AND gate 231 (FIG. 3) in the shown embodiment) and
      the push button increment entered into the selected register digit is also
      simultaneously entered into the corresponding digit of the increment or D
      register and stored there through the following D register cycles and
      until the push button is released. The D register is connected so that the
      selected digit is incremented only once each time the corresponding push
      button is depressed. Push button entry into the A register is selected by
      closing the A register mode switch 156 and opening the B register mode
      switch 157. Likewise, push button entry into the B register is selected by
      closing the B register mode switch 157 and opening the A register mode
      switch 156. Accordingly, each push button entry switch 220 can then be
      used for selectively entering data into the corresponding decade of the A
      and B registers as desired (and in accordance with the operation of the
      external mode switches 156, 157).
PAR  Of course, each data entry network 202, 204 could include any combination
      of non-settable switches and manually settable BCD and push button
      switches as desired, it being understood that the entry select circuit 201
      would be designed accordingly to properly establish an ES logic 1 digit
      signal during each digit of each register cycle during which push button
      entry is to be made. Also, for example as shown in FIG. 6, a manually
      operable switch--either a push button entry switch 220 or a manually
      settable BCD switch 210, or both, could be employed with a suitable
      manually settable digit selector circuit 240, an entry select push button
      switch 242, and a BCD/PB entry mode switch 246 for entering data into each
      of the decades of each of the A and B registers (the A & B registers being
      individually selected with the mode selector switches 156, 157
      respectively as described).
PAR  The external circuitry also includes preset control switches 250, 251 for
      controlling how the C1 and C2 registers are reset. The C1 and C2 preset
      control switches 250, 251 when closed establish PS1 and PS2 logic 1 preset
      control signals for (a) resetting the C1 and C2 registers to the counts
      stored in the B1 and B2 registers respectively (when they are reset by the
      R1 and R2 logic 1 reset signals) and (b) generating predetermining signals
      (designated B1P and B2P respectively) when the C1 and C2 registers are
      indexed (in either direction as established by the direction control
      switches 171, 172 respectively) to zero. The preset control switches 250,
      251 when open establish PS1 and PS2 logic 0 control signals for (a)
      respectively resetting the C1 and C2 registers to zero (when they are
      reset by the R1 and R2 logic 1  reset signals) and (b) generating
      predetermining signals (B1P and B2P respectively) when the C1 and C2
      registers are indexed to the counts stored in the B1 and B2 registers
      respectively. (Also, as hereinafter described, A register predetermining
      signals designated A1P and A2P are generated when the C1 and C2 register
      counts equal the counts stored in the A1 and A2 registers respectively).
PAR  Where necessary, suitable resistor circuits 258 are provided with the
      external switches for connecting the LSI contacts to ground or zero
      potential for switching the LSI contacts to the logic 0 level when the
      respective external switch is opened.
PAR  Referring to FIGS. 3 and 4, the BCD outputs from the A, B and C registers
      are adapted to be selectively connected via an arithmetic unit input
      selector logic circuit 260 to an arithmetic unit logic circuit 270.
      Separate A, B and C register control inputs to the input selector 260 are
      provided for selecting the A, B and C register outputs respectively, and
      the selector 260 provides for entering a BCD 0000 input into the
      arithmetic unit 270 (for resetting the C1 and C2 registers to zero) when
      the A, B and C register outputs are not selected. The selection of the A,
      B and C register outputs can be determined by consideration of the input
      logic control circuitry 262 to the input selector 260. Briefly, the C
      register output is selected by CT (excepting during an R1 or R2 reset
      signal) and therefore during a RAM section cycle the C1 or C2 register is
      indexed. As will be seen hereinafter, the C register output is selected
      for indexing the C1 or C2 register by a corresponding CT1 or CT2 input
      pulse.
PAR  The A and B register outputs are respectively selected for push button
      entry into the A and B registers by the combination of INC, hereinafter
      described, and (a) a SET A logic 1 signal (established by the mode
      selector 120 when the A register is selected with the mode selector switch
      156) or (b) a SET B logic 1 signal (established by the mode selector 120
      when the B register is selected with the selector switch 157). An INC
      logic 1 signal adapted to be generated by an external push button is not
      generated during a CT logic 1 signal and such that the A and B registers
      cannot be selected when the C register is selected with the CT signal;
      excepting, however, that the B1 and B2 registers are selected during R1
      and R2 respectively when the C1 and C2 preset control switches 250, 251
      respectively are closed. In that event, the amounts stored in the B1 and
      B2 registers are transferred via the selector 260 and arithmetic unit 270
      to the C1 and C2 registers respectively. More particularly the B1 register
      is selected by R1 and PS1 (and therefore when the C1 preset control switch
      250 is closed) for presetting the C1 register with the count stored in the
      B1 register. The B2 register is selected by R2 and PS2 (and therefore when
      the C2 preset control switch 251 is closed) for presetting the C2 register
      with the count stored in the B2 register.
PAR  The arithmetic unit logic circuit 270 comprises a suitable bidirectional
      summation or adder logic circuit 272 having a BCD input from the input
      selector 260, a DR input for establishing its direction of operation (plus
      or minus) and an "add one" input signal provided by a control logic
      circuit 274. The BCD output signal of the summation circuit 272 is the
      same as its BCD input signal when an add one input signal is not applied
      to the summation circuit 272. The summation circuit 272 is suitably
      designed to generate a carry signal (i.e., when the BCD input is 9 and a
      count one is added or when the BCD input is zero and one count is
      substracted) and any carry signal generated during a digit cycle is
      temporarily stored in a suitable carry hold logic circuit 276 until the
      next digit cycle where it can be selectively added to the next register
      decade. In that regard, the carry hold logic circuit 276 is shown clocked
      by .phi. for temporarily storing any carry signal during the read phase of
      each digit cycle and for then transmitting any stored carry signal via an
      AND control gate 278 as an add one signal to the summation circuit 272
      during the read phase of the succeeding digit cycle.
PAR  An add one signal is applied to the summation circuit 272 during the first
      digit cycle D0 or D(P+1) of CT when a CT logic 1 signal is applied to the
      AND gate 280. Accordingly, an additional count is added or subtracted
      (depending upon DR) to the BCD amount stored in the first digit of the
      corresponding C1 or C2 register during the read phase of the digit cycle
      when a corresponding CT signal is generated. The BCD output of the
      summation circuit 272 is connected directly to the C register input for
      writing the summation into the same register decade during the immediately
      following write phase (i.e. .phi. ) of the digit cycle. Similarly, any
      carry signal temporarily stored in the carry hold circuit 276 is
      transmitted to the summation circuit 272 via the AND control gate 278 to
      be added or substracted (according to DR) to the BCD amount stored in the
      succeeding C register decade. However, a carry signal is not carried from
      the last decade of the C1 register to the first decade of the C2 register
      or from the last decade of the C2 register to the first decade of the C1
      register because the carry control gate 278 is made non-conductive during
      the first decade of the C1 and C2 registers.
PAR  Also, for push button entry into selected A and B register decades, the
      summation circuit 272 is adapted to be operated to add one (DR being held
      at the logic 1 level by an INC logic 1 signal) to the BCD amount stored in
      the selected register decade by the application of an INC signal to the
      control circuit 274 (during the read phase (i.e. .phi. ) of the register
      decade cycle). The BCD output of the summation circuit 272 is then
      transmitted via an arithmetic unit output selector logic circuit 279
      (operated by INC) to the A and B register inputs to be written into the
      selected register decade during the write phase (i.e. .phi. ) of the digit
      cycle. Any resultant carry signal generated by an INC signal is inhibited
      during the succeeding digit cycle by the control gate 278 (since an INC
      logic 1 signal cannot be generated during a CT logic 1 signal).
PAR  An A register BCD input is adapted to be selectively written into an A
      register decade during the write phase (.phi. ) of the corresponding digit
      cycle by an A register write signal established by an A register write
      control logic circit 290. Similarly, a B register BCD input is adapted to
      be selectively written into a B register decade during the write phase
      .phi. of the corresponding digit cycle by a B register write signal
      established by a B register write control logic circuit 300. A C register
      BCD input is adapted to be selectively written into a C register decade
      during the write phase .phi. of the corresponding digit cycle by a C
      register write signal established by a C register write control logic
      circuit 310. Finally, a D register write signal is adapted to be
      selectively applied to the D register by a D register write control logic
      circuit 320. Of course, as the write address circuit 136 provides for
      addressing the decades and digits during .phi. , data written into each of
      the registers A, B, C and D is entered during the write phase .phi. and
      after the corresponding decade or digit has been read and the read data is
      stored in the corresponding latch 142.
PAR  Upon reference to the write control circuits 290, 300, 310 and 320, it can
      be seen that a write signal is applied to the A register (a) when the A
      register mode switch 156 is closed (to generate a SET A signal) and by an
      INC signal to increment a selected A register digit with an external push
      button; (b) when the latch selector switch 158 is closed (to generate an
      LS signal) and by R2 while the C2 register is being reset (and to
      therefore transfer the amount stored in the C2 register (via a C register
      output selector logic circuit 295) to the A2 register as the C2 register
      is being reset); and (c) by the combination of a BCD Set logic 1 signal
      (provided automatically when not inhibited by an ES entry select signal or
      by the combination of LS and S2 signals), a PWR power on signal and an RS
      signal (and therefore during the alternate A register cycles), upon which
      occurrence the externally generated BCD digit inputs I0-I3 are applied to
      the corresponding A register decades for automatically updating or
      refreshing the A register decades. The B register write control circuit
      300 is similarly designed (a) for automatically entering the externally
      generated BCD digit inputs I0-I3 for updating or refreshing the B register
      decades during the B register cycle RS, and (b) for incrementing the B
      register decades via the arithmetic unit 270 when the B register mode
      switch 157 is closed and by an INC signal generated by an external push
      button.
PAR  The C register write select circuit 310 is operated to apply a write signal
      to the C register by CT (to index or step the corresponding C1 and C2
      registers) and by R1 and R2 for respectively resetting the C1 and C2
      registers. A write signal is applied to the D register by the combination
      of ES (i.e., during register digits programmed externally for push button
      entry), a PWR power on signal and RS (i.e., only during the B register
      cycle). RS is employed as a control so that any D register input entered
      into a digit of the D register during the B register cycle is not altered
      during succeeding A register cycles and can be read during succeeding B
      register cycles until erased.
PAR  An increment control logic circuit 330 is provided for generating the
      increment signal INC for selectively incrementing the A and B register
      decade counts with the external push buttons as previously described. The
      increment control circuit 330 is connected to be inhibited via the OR gate
      312 of the C register write control circuit 310 by CT, R1 and R2 and so
      that the C1 and C2 register counting and resetting functions have priority
      over the push button entry of data into the A and B registers. When not
      inhibited by the C register write control circuit 310, when an external
      push button is depressed, an I1 signal is transmitted via an AND gate 332
      and OR gate 334 as an input to the corresponding digit of the D register,
      and if the D register digit during the immediately preceding digit read
      phase of the B register cycle held a logic 0, an INC signal is generated
      during the read digit phase and a logic 1 is written into the D register
      digit during the immediately succeeding write phase of the digit cycle.
      After a logic 1 is written into the D register digit, the AND control gate
      336 is made non-conductive to avoid generating repetitive INC logic 1
      signals when the digit is read again during succeeding B register cycles.
      Also, I0 in combination with the D register digit output stored in the
      respective latch 142 cooperate to retain the logic 1 in the D register
      digit until the push button is released and I0 returns to logic 0.
      Accordingly, if switch bounce occurs when the push button is depressed and
      repetitive I1 logic 1 signals are generated (I0 remaining at logic 1), the
      corresponding D register digit will be incremented or indexed only once.
      Similarly, if a CT, R1 or R2 logic 1 signal is applied to the OR gate 312
      while the AND gate 332 is conductive, the AND gate 339 will be made
      conductive to retain the logic 1 in the D register digit. The foregoing
      operation of generating an INC logic 1 signal and incrementing the D
      register is controlled by the entry select signal ES through the D
      register write control circuit 320. The entry signal ES provides as
      described for selecting the digits which are activated for push button
      entry.
PAR  Thus, each A register decade can be incremented via an external push button
      circuit (depending upon the external circuitry employed) by closing the A
      register mode selector switch 156 (to transmit the A register output to
      the arithmetic unit 270) and by depressing the appropriate push button to
      generate an INC logic 1 signal during the selected digit cycle. Likewise,
      each decade of the B register section is adapted to be incremented via an
      external push button circuit (depending upon the external circuit
      provided) by closing the B register mode selector switch 157 and
      depressing the appropriate push button. In both cases, the count of the
      selected register would be simultaneously displayed by the external
      display register 150 to facilitate incrementing the selected register to
      the desired count.
PAR  Referring to FIG. 4, the LSI chip 100 incorporates a comparison circuit 350
      adapted for generating A1P, and B1P predetermining signals when the count
      stored in the C1 register equals the count stored in the A1 and B1
      registers respectively. Similarly, the comparison circuit 350 is adapted
      for generating A2P and B2P predetermining signals when the count stored in
      the C2 register equals the count stored in the A2 and B2 registers
      respectively. Alternatively, as previously described, the B1P and B2P
      predetermining signals are generated when the respective C1, C2 registers
      are indexed to zero (in either the adding or subtracting direction) and
      the respective preset control switches 250, 251 are closed.
PAR  A predetermining signal is generated during the write phase .phi. of the
      last digit cycle of the applicable C1, C2 register during which the CT
      count signal is applied to index the applicable C1, C2 register to the
      count stored in the corresponding A and B registers respectively. Thus,
      the B1 and B2 registers can be preset for generating predetermining
      signals B1P and B2P for de-energizing or deactivating the respective
      devices 173, 174 after a predetermined operation thereof determined by the
      rate of pulse generation by the respective pulse generators 175 and the
      counts stored in the B1 and B2 registers. Similarly, the A1P and A2P
      predetermining signals can be employed for slowing the respective devices
      173, 174 at a predetermined point before the devices are de-energized as
      determined by the counts stored in the A1 and A2 registers. It can be seen
      that the A register and B register predetermining signals can be used in
      the reverse manner depending on the counts stored in the A1, B1 and A2, B2
      registers, and the predetermining signals can be used in many different
      ways for performing, controlling, predetermining and calculating
      functions. Also, the primary power signal PWR is shown employed to control
      the A2P and B2P predetermining signals to save power when the primary
      power supply 102 fails.
PAR  The A1P, A2P, B1P and B2P LSI chip outputs can also be used as inputs to
      the LSI chip for controlling the logic functions of the chip. For example,
      the C1 register predetermining outputs A1P, B1P can be selectively used as
      C1 or C2 register reset inputs to the reset circuit 180 for resetting the
      C1 and C2 registers respectively. Likewise, the C2 register predetermining
      outputs A2P, B2P can be selectively used as C1 or C2 register reset inputs
      to the reset circuit for resetting the C1 and C2 registers respectively.
      As previously described, the predetermining logic 1 signals are generated
      during the last digit cycle of the respective C1, C2 register cycle at
      which the register is indexed to the preset count. Therefore, the reset
      circuit 180 is suitably designed for temporarily storing any such C1 and
      C2 register input reset pulses for generating corresponding R1 and R2
      logic 1 reset signals during the immediately succeeding C1 and C2 register
      cycles respectively.
PAR  When the multiply selector switch 178 is closed to provide for accumulating
      a count in the C2 register equal to the product of the number of CT1 input
      pulses and a number stored in the A1 register (or alternatively, in the B1
      register), the A1P predetermining output (or alternatively, the B1P
      predetermining output where the B1 register is employed for storing the
      predetermined amount) is connected directly to the C1 register reset input
      to automatically timely reset the C1 register and discontinue stepping the
      C2 register at the 10 kHz RAM cycle frequency as previously described.
      Also, it can be seen that as the C1 and C2 registers are reset via the
      arithmetic unit and by applying a BCD 0000 input to the arithmetic unit
      summation circuit 272, the CT1 and CT2 input pulses are effective to step
      the C1 and C2 registers during the same RAM cycle during which the
      registers are reset. Thus, the C1, C2 register resetting cycles will not
      momentarily slow down the counting speed of the LSI chip or result in
      inadvertently dropping CT1 or CT2 input pulses.
PAR  The latch select switch 158 can be used, for example, to compute and
      display a tachometer or other rate output (e.g. number of units per
      second, minute or other time interval or number of units of one input
      relative to a fixed number of units of another input such as the number of
      inches of yarn used in a predetermined number of operating cycles of a
      knitting machine). Where a rate output based on a time interval is to be
      provided, a predetermined time interval input pulse such as a second pulse
      (i.e. one pulse per second) is supplied as the CT1 input for accumulation
      in the C1 register. A second input pulse for which the rate computation is
      desired is supplied as the CT2 input to be accumulated in the C2 register.
      The base time interval (e.g. 60 seconds) is preset in the A1 register (or
      B1 register as desired) and such that an A1P logic 1 predetermining signal
      (or B1P predetermining signal as appropriate) is generated at the end of
      the base time interval. The A1P output (or B1P output as appropriate) is
      connected to the C1 and C2 register reset contacts for resetting both the
      C1 and C2 registers to zero at the end of the predetermined interval for
      initiating a succeeding rate computation. While the C2 register is reset
      (with the latch selector switch 158 closed), the accumulated count in the
      C2 register is transferred to the A2 register for storing and displaying
      the computed rate. Also, the display selector 146 is automatically
      operated (with the A and B register select switches 156, 157 closed to
      select the C register) to display the C1 register output and the A2
      register output and thus to respectively display the time interval in
      process and the prior rate computation stored in the A2 register. Thus,
      rate computations are being continuously successively made and each
      computed rate is written into the A2 register at the end of the
      computation cycle for storing and displaying the rate, whereby, external
      adjustment of the rate is facilitated. Also, it can be seen that any
      automatic loading of the A2 register digits with any corresponding BCD
      inputs I0-I3 is inhibited by the combination of LS and S2 to free the A2
      register for receiving and storing the rate computation as described.
PAR  As can be seen, the LSI chip core counting circuit 100 can therefore be
      used in a variety of applications and for a variety of purposes. The LSI
      chip core counting circuit can be used for predetermining and controlling
      functions and for product and rate or other division computation and for
      displaying the desired date with an external display. Of course, the
      external circuitry employed with the LSI chip core counting circuit will
      depend upon the application and where flexibility is not needed, the
      switch controlled inputs for mode selection, preset selection, count
      direction selection, partition selection and reset selection can be left
      open or hard wired, closed or connected to the predetermining output
      contacts as desired to eliminate unnecessary switches.
PAR  As will be apparent to persons skilled in the art, various modifications,
      adaptations and variations of the foregoing specific disclosure can be
      made without departing from the teachings of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical core counting circuit comprising count storage means
      having a plurality of multiple decade BCD storage registers collectively
      providing a plurality of BCD decade sets, each comprising a plurality of
      corresponding BCD storage decades of the plurality of BCD storage
      registers respectively, core circuit input connector means for
      transmitting input signals to the core circuit; and input signal operated
      control circuit means connected to the input connector means and
      selectively operable by partitioning input signals applied to the input
      connector means for selectively operationally dividing the count storage
      means into a plurality of operationally separate sections thereof, each
      comprising a selected number of BCD decade sets of ascending order of
      significance forming BCD storage register sections of the plurality of BCD
      storage registers respectively each with BCD decades of ascending order of
      significance; the input signal operated control circuit means being
      selectively operable by count entry input signals applied to the input
      connector means for selectively entering a count into each BCD storage
      register section of a first of said storage registers, and being
      selectively operable by a plurality of count input trains, of count input
      signals applied to the input connector means, for the plurality of
      sections respectively of the count storage means for accumulating separate
      counts in the register sections respectively of a second of said storage
      registers by stepping the accumulated count of each second storage
      register section with each respective count input signal, the input signal
      operated control circuit means comprising comparator circuit means
      operable in accordance with the partitioning input signals applied to the
      input connector means for generating a predetermining signal when the
      accumulated count in each second storage register section equals the count
      entered into the respective first storage register section.
NUM  2.
PAR  2. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means is selectively operable by a
      plurality of reset input signals, applied to the input connector means,
      for the plurality of second register sections respectively for selectively
      resetting the respective second storage register sections to zero.
NUM  3.
PAR  3. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means is selectively operable by a
      plurality of count direction input signals, applied to the input connector
      means, for the plurality of second register sections respectively for
      selectively establishing the direction the accumulated count in each
      respective second storage register section is stepped with the respective
      count input signal.
NUM  4.
PAR  4. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means comprises sequencing means
      providing decade sequencing signals for simultaneously activating the
      corresponding BCD storage decades of each BCD decade set and activating
      the BCD decade sets of each section of the count storage means in an
      ascending order sequence, and core circuit output connector means
      connected to the sequencing means for supplying the decade sequencing
      signals externally of the electrical core counting circuit, the input
      signal operated control circuit means being selectively operable by count
      entry input signals applied to the input connector means and timed with
      the decade sequencing signals for selectively and separately entering a
      count into each BCD decade of said first storage register.
NUM  5.
PAR  5. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means is selectively operable by the
      partitioning input signals applied to the input connector means for
      selectively providing a single operational BCD storage unit composed of
      all of said plurality of BCD decade sets and dividing the count storage
      means into two of said operationally separate sections thereof.
NUM  6.
PAR  6. An electrical core counting circuit according to claim 1 wherein the
      count storage means comprises a plurality of said BCD storage registers
      collectively providing a plurality of n said BCD decode sets, and wherein
      the input signal operated control circuit means is selectively operable by
      the partitioning input signals applied to the input connector means for
      selectively operationally dividing the count storage means into two said
      operationally separate sections with a first of said separate sections
      having a selected number a of said BCD decade sets where a is any number
      between 1 and n-1 and with a second of said separate sections having a
      remaining number b of said BCD decade sets equal to n-a.
NUM  7.
PAR  7. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means comprises an arithmetic unit
      having a BCD input and a BCD output and selectively alternatively operable
      to provide a BCD output count equal to the BCD input count and to an
      incremented count thereof and hold any resulting carry for a succeeding
      incremented count operation of the arithmetic unit, and wherein the input
      signal operated control circuit means is operable by each count input
      signal, applied to the input connector means, of each count input train
      for stepping the accumulatd count in the respective second storage
      register section by successive operations of the arithmetic unit for the
      BCD decades of ascending order respectively thereof, and entering an
      incremented output count from the arithmetic unit into the lowest order
      BCD decase of the second storage register section of the prior count
      therein and entering an incremented output count from the arithmetic unit
      in any higher order BCD decade of the prior count thereof where a carry
      results from the arithmetic unit operation for the adjacent lower order
      BCD decade.
NUM  8.
PAR  8. An electrical core counting circuit according to claim 7 wherein the
      input signal operated control circuit means is selectively operable by
      count entry input signals applied to the input connector means for
      selectively entering a count into each BCD storage decade of said first
      storage register by selectively operating the arithmetic unit to enter
      into the BCD decade an incremented count output of the arithmetic unit of
      the prior count of the BCD decade.
NUM  9.
PAR  9. An electrical core counting circuit according to claim 1 wherein the
      comparator circuit means is alternatively operable for generating a
      predetermining signal when the accumulated count in each second storage
      register section equals zero and the count entered into the corresponding
      first storage register section, wherein the input signal operated control
      circuit means is selectively alternatively operable by reset input signals
      and preset control input signals, applied to the input connector means,
      for each second register section for selectively alternatively resetting
      each second storage register section to zero and to the count entered into
      the respective first storage register section and operate the comparator
      circuit means in conjunction therewith to generate a predetermining signal
      when the count in the respective second register section equals the count
      entered into the corresponding first storage register section and zero
      respectively.
NUM  10.
PAR  10. An electrical core counting circuit according to claim 1 wherein the
      count storage means comprises at least three of said multiple decade BCD
      storage registers, wherein the input signal operated control circuit means
      is selectively operable by the count entry input signals applied to the
      input connector means for selectively entering a count into each first
      storage register section and into each storage register section of a third
      storage register, and wherein the comparator circuit means is operable for
      generating a predetermining signal when the accumulated count of each
      second storage register section equals each count entered into the
      corresponding first and third storage register sections.
NUM  11.
PAR  11. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means comprises decade sequencing
      means for activating the corresponding BCD storage decades of each BCD
      decade set together and activating the BCD decade sets of each section of
      the count storage means in an ascending order sequence, wherein the count
      storage means comprises, for each of said BCD storage registers, a BCD
      input for writing a BCD count into the active BCD decade of the storage
      register and a BCD output for reading the BCD count of the active BCD
      decade of the storage register, and wherein the input signal operated
      control circuit means comprises write control means for each BCD storage
      register selectively operable for writing the respective BCD input count
      into the active BCD decade of the storage register, an arithmetic unit
      having a BCD input and a BCD output and selectively alternatively operable
      to provide a BCD output count equal to the BCD input count and to an
      incremented count thereof and hold any resultant carry for a succeeding
      incremented count operation of the arithemetic unit, and BCD decade
      selector means selectively operable for operatively connecting the
      arithmetic unit and second storage register and operating the second
      register write control means for selectively incrementing the BCD count of
      each BCD decade of the second storage register, the input signal operated
      control circuit means being operable by each count input signals, applied
      to the input connector means, of each count input train for selectively
      operating the decade selector means in synchronism with the decade
      sequencing means to increment the count of the lowest order BCD decade of
      the respective second register section and increment any higher order
      decade of the respective second register section where a carry results
      from the operation of the arithmetic unit for the adjacent lower order
      decade.
NUM  12.
PAR  12. An electrical core counting circuit according to claim 11 wherein the
      decade selector means is selectively operable for operatively connecting
      the arithmetic unit and first storage register and operate the first
      storage register write control means for selectively incrementing the BCD
      count of each BCD decade of the first storage register, and is selectively
      operable by the count entry input signals applied to the input connector
      means, in synchronism with the decade sequencing means, for selectively
      incrementing the count of each BCD decade of the first BCD storage
      register.
NUM  13.
PAR  13. An electrical core counting circuit according to claim 12 wherein the
      count storage means comprises at least three of said multiple decade BCD
      storage registers, wherein the decade selector means is selectively
      operable for operatively connecting the arithmetic unit and a third
      storage register and operate the third storage register write control
      means for selectively incrementing the BCD count of each BCD decade of the
      third storage register, and is selectively operable by the count entry
      input signals applied to the input connector means, in synchronism with
      the decade sequencing means, for incrementing the count of each BCD decade
      of the third BCD storage register.
NUM  14.
PAR  14. An electrical core counting circuit according to claim 13 wherein the
      count entry input signals comprise register select input signals applied
      to the input connector means for selectively operating the decade selector
      means for selectively operatively connecting said first and third storage
      registers to the arithmetic unit for incrementing the BCD decade counts of
      the selected BCD storage register.
NUM  15.
PAR  15. An electrical core counting circuit according to claim 14 further
      comprising readout connector means and readout selector means for
      selectively connecting the BCD outputs of the plurality of BCD storage
      registers to the readout connector means for selectively reading the count
      stored in each storage register, the readout selector means being operable
      by the register select input signals applied to the input connector means
      for reading the BCD storage register operatively connected to the
      arithmetic unit.
NUM  16.
PAR  16. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means comprises means providing high
      frequency clocking signals and counting control circuit means adapted to
      be selectively cycled for selectively stepping the accumulated count of
      each second register section with the clocking signals; the input signal
      operated control circuit means being selectively operable by each count
      input signal of each count input train for cycling the counting control
      circuit means through a count cycle for stepping the accumulated count of
      the respective second storage register section.
NUM  17.
PAR  17. An electrical core counting circuit according to claim 16 wherein the
      counting control circuit means is adapted to be selectively conditioned by
      multiply input signals applied to the input connector means to e
      repetitively cycled by the clocking signals for each count input signal,
      applied to the input connector means of one count input train, for
      repetitively stepping the accumulated counts of the respective second
      storage register section and an additional second storage register section
      with the clocking signals, and wherein the input signal operated control
      circuit means is selectively operable by reset input signals applied to
      the input connector means, for selectively terminating said repetitive
      stepping of the accumulated counts of the second storage register sections
      with the clocking signals and resetting said respective storage register
      section.
NUM  18.
PAR  18. An electrical core counting circuit according to claim 1 wherein the
      input signal operated control circuit means comprises sequencing means for
      activating the corresponding BCD storage decades of each BCD decade set
      together and activating the BCD decade sets of each section of the count
      storage means in an ascending order sequence, wherein each multiple decade
      BCD storage register has a BCD input for entering a BCD count into the
      active BCD decade of the storage register and a BCD output for reading the
      BCD count of the active BCD decade of the storage register, and wherein
      the input signal operated control circuit means comprises write control
      means for each BCD storage register selectively operable for writing the
      respective BCD input into the acctive BCD decade of the storage register,
      an arithmetic unit having a BCD input and a BCD output and selectively
      alternatively operable to alternatively provide a BCD output count equal
      to the BCD input count and an incremented count thereof and hold any
      resulting carry for a succeeding incremented count operation of the
      arithmetic unit, and arithmetic unit selector means for selectively
      operatively connecting the arithmetic unit to each of the plurality of BCD
      storage registers for selectively incrementing the BCD decade counts
      thereof, the input signal operated control circuit means being operable by
      each count input signal of each count input train for selectively
      operating the arithmetic unit and arithmetic unit selector means in
      synchronism with the sequencing means to index the accumulated count of
      the respective second storage register section, and being selectively
      operable by the count entry input signals applied to the input connector
      means for selectively operating the arithmetic unit and arithmetic unit
      selector means in synchronism with the sequencing means to selectively
      increment the accumulated count of each BCD decade of the first storage
      register.
NUM  19.
PAR  19. An electrical core counting circuit according to claim 18 wherein the
      arithmetic unit selector means is selectively operable to connect the BCD
      input of the arithmetic unit to BCD zero, and wherein the input signal
      operated control circuit means is selectively operable by a plurality of
      reset input signals, applied to the input connector means, for the
      plurality of second storage register sections respectively, for
      selectively operating, in synchronism with the sequencing means, the
      arithmetic unit selector means to connect the BCD input of the arithmetic
      unit to BCD zero and the arithmetic unit to selectively reset the
      respective second storage register section to zero.
NUM  20.
PAR  20. An electrical core counting circuit according to claim 18 wherein the
      input signal operated control circuit means is selectively operable by
      reset signals applied to the input connector means for selectively
      operating, in synchronism with the sequencing means, the arithmetic unit
      selector means, arithmetic unit and second register write control means
      for selectively transferring the count from at least one of the first
      register sections via the arithmetic unit to the corresponding second
      register section.
NUM  21.
PAR  21. An electrical core counting circuit according to claim 18 wherein the
      input signal operated control circuit means comprises register selector
      means for selectively connecting the second register output to the first
      register input and is selectively operable by latch select and reset
      signals applied to the inner connector means for selectively operating, in
      synchronism with the sequencing means, the register selector means and
      first register write control means for transferring the accumulated count
      from at least one second register section to the corresponding first
      register section and simultaneously reset the second register section to
      zero.
NUM  22.
PAR  22. An electrical counting circuit comprising a bank of a plurality of
      multiple decade BCD storage registers collectively providing a plurality
      of BCD decade sets, each comprising a BCD storage decade of each of the
      plurality of BCD storage registers, sequencing means for activating the
      BCD storage decades of each BCD decade set together and activating the BCD
      decade sets in a predetermined sequence, each multiple decade BCD storage
      register having a BCD input for entering a BCD count into the active BCD
      decade of the storage register and a BCD output for reading the BCD count
      of the active BCD decade, input connector means for transmitting input
      signals to the electrical counting circuit, and input signal operated
      control circuit means connected to the input connector means comprising
      write control means for each BCD storage register selectively operable for
      writing the respective BCD input into the active BCD decade of the storage
      register, an arithmetic unit having a BCD input and a BCD output and
      selectively operable to provide an incremented BCD output count of the BCD
      input count thereof and hold any resultant carry for a succeeding
      incremented count operation of the arithmetic unit, and arithmetic unit
      selector means for selectively operatively connecting the arithmetic unit
      to each storage register for selectively incrementing the count of each
      BCD decade thereof, the input signal operated control circuit means being
      operable by a count input train of count input signals applied to the
      input connector means to operate the arithmetic unit and arithmetic unit
      selector means in synchronism with the sequencing means to increment the
      count of a first storage register with each count input signal means, and
      being selectively operable by BCD entry signals applied to the input
      connector means to selectively enter a BCD count into each BCD decade of a
      second of said BCD storage registers and being selectively operable by
      increment entry signals applied to the input connector means to operate
      the arithmetic unit and arithmetic unit selector means is synchronism with
      the sequencing means to selectively increment the BCD count of each BCD
      decade of said second storage register.
NUM  23.
PAR  23. An electrical counting circuit according to claim 22 further comprising
      BCD entry means connected to the sequencing means for operation in
      synchronism therewith and operable for applying to the input connector
      means a BCD entry signal for at least one BCD decade of the second storage
      register in synchronism with the activation thereof for operating the
      input signal operated control circuit means for entering a BCD count into
      the BCD decade, and increment entry means connected to the sequencing
      means for operation in synchronism therewith and selectively operable for
      generating an incrementing signal for at least one BCD decade of the
      second storage register in synchronism with the activation thereof for
      operating the input signal operated control circuit means to increment the
      BCD decade through incremented count operation of the arithmetic unit.
NUM  24.
PAR  24. An electrical counting circuit according to claim 23 wherein the BCD
      entry means and increment entry means are operable to provide dual entry
      into at least one BCD decade of said second BCD storage register to
      provide a dual entry decade, and further comprising switch entry selector
      means for selectively connecting the BCD entry means and increment entry
      means for operating the input signal operated control circuit means for
      selective entry into each said dual entry decade during activation
      thereof.
NUM  25.
PAR  25. An electrical counting circuit according to claim 24 wherein the BCD
      entry means and increment entry means are operable to provide dual entry
      into each of the BCD decades of the second storage register.
NUM  26.
PAR  26. An electrical counting circuit comprising an integrated solid state
      circuit portion with at least one multiple decade BCD storage register
      with a plurality of BCD storage decades for storing BCD counts therein,
      decade operating means for sequentially activating the BCD storage decades
      of each BCD storage register and read the BCD count of and write a BCD
      count into the active BCD storage decade, an arithmetic unit selectively
      operable with the decade operating means to increment the BCD count of the
      active BCD storage decade of each BCD storage register and hold any
      resulting carry for incrementing the BCD count of the succeeding active
      decade of the storage register, entry connector means, and decade selector
      means connected to the entry connector means and selectively operable by
      entry input signals applied to the entry connector means for selectively
      operating the arithmetic unit with the decade operating means to increment
      the count of selected BCD decades of each storage register; and an entry
      circuit portion connected to the entry connector means of the solid state
      circuit portion for applying entry input signals thereto, the entry
      circuit portion comprising BCD count entry means operable for applying to
      the entry connector means, a BCD count entry signal for at least one of
      the BCD decades in synchronism with the activation thereof for operating
      the decade operating means for writing the BCD count of the BCD count
      entry signal into the BCD decade, and increment entry means operable for
      applying to the entry connector means an increment signal for at least one
      of the BCD decades in synchronism with the activation thereof for
      operating the decade selector means with the arithmetic unit for
      incrementing the BCD count of the BCD decade.
NUM  27.
PAR  27. An electrical counting circuit according to claim 26 wherein the entry
      circuit portion comprises entry select means for applying to the entry
      connector means individual decade increment select signals for operating
      the decade operating means for individually selecting each BCD decade of
      said storage register for incrementation of the count thereof with the
      corresponding increment signal.
NUM  28.
PAR  28. An electrical counting circuit according to claim 27 wherein the
      integrated solid state circuit portion comprises a plurality of said
      multiple decade BCD storage registers, wherein the entry select means
      comprises storage register select means for applying to the entry
      connector means register select signals for individually selecting the BCD
      storage registers for incrementation of the BCD decade counts thereof with
      the increment signals; and wherein the integrated solid state circuit
      portion comprises readout connector means and readout selector means
      operable by the register select signals applied to the input connector
      means for selectively connecting the plurality of storage registers
      respectively to the readout connector means for selectively reading the
      storage registers; and further comprising a register readout circuit
      portion connected to the readout connector means of the integrated circuit
      portion for providing a readout of the selected storage register.
NUM  29.
PAR  29. An electrical core counting circuit comprising an integrated circuit
      portion with a plurality of BCD storage registers, each having a plurality
      of BCD storage words for storing a plurality of BCD counts therein,
      sequencing means for activating the storage words of each BCD storage
      register in a predetermined sequence, write means selectively operable for
      writing a BCD count into the active storage word of each storage register,
      entry connector means, and input signal operated control means selectively
      operable by entry signals applied to the entry connector means for
      selectively operating the write means for writing a BCD count established
      by the entry signals into each BCD storage register word; and an entry
      circuit portion connected to the entry connector means of the solid state
      circuit portion for supplying entry signals thereto, the entry circuit
      portion comprising BCD switch means operable for generating BCD count
      entry signals for at least one word of each storage register, and entry
      select means selectively operable for generating storage register word
      select signals for individually selecting the words of each storage
      register for entry of a BCD count therein with the corresponding BCD count
      entry signals; the input signal operated control means of the integrated
      circuit portion being operable by the word select signals and the BCD
      count entry signals to operate the write means for writing the BCD count
      entry signals into the respective storage register decade.
NUM  30.
PAR  30. An integrated solid state core counting circuit comprising count
      storage means with at least one multiple decade BCD storage register
      having a plurality of BCD storage decades, core circuit input connector
      means for transmitting input signals to the core circuit; and input signal
      operated control circuit means connected to the input connector means and
      selectively operable by partitioning input signals applied to the input
      connector means for selectively operationally dividing the count storage
      means into a plurality of operationally separate sections thereof, having
      respective sections of each BCD storage register with selected numbers of
      BCD storage decades established by the partitioning signals, the input
      signal operated control circuit means being selectively operable by a
      plurality of count input trains of count signals, applied to the input
      connector means, for the plurality of separate sections of the count
      storage means respectively for accumulating separate counts in the
      respective storage register sections of said one BCD storage register by
      stepping the accumulated count of section of said one BCD storage register
      with each respective count signal.
NUM  31.
PAR  31. An integrated solid state core counting circuit comprising count
      storage means with a plurality of multiple decade BCD storage registers
      collectively providing a plurality of BCD decade sets composed of
      corresponding BCD decades of the plurality of BCD storage registers
      respectively, core circuit input connector means for transmitting input
      signals to the core circuit; and input signal operated control circuit
      means connected to the input connector means and selectively operable by
      partitioning input signals applied to the input connector means for
      selectively operationally dividing the count storage means into two
      operationally separate sections thereof, each comprising a BCD storage
      register section of each of the plurality of BCD storage registers and a
      selective number of BCD decade sets; the input signal operated control
      circuit means being selectively operable by count entry signals applied to
      the input connector means for selectively entering a count in each storage
      register section of a first of said BCD storage registers, and being
      selectively operable by two separate count input trains of count input
      signals, applied to the input connector means, for the two separate
      sections respectively of a second of said storage registers for
      accumulating separate counts in the respective second storage register
      sections by stepping the accumulated count of each second storage register
      section with each respective count input signal, the input signal operated
      control circuit means being selectively operable by latch select and reset
      input signals applied to the input connector means for selectively
      resetting one of said two second storage register sections and
      simultaneously transfer the count of said one second storage register
      section to the corresponding first storage register section.
NUM  32.
PAR  32. An integrated solid state core counting circuit comprising count
      storage means with a plurality of multiple decade BCD storage registers
      providing a plurality of BCD decade sets of corresponding BCD storage
      decades of the BCD storage registers respectively, core circuit input
      connector means for transmitting input signals to the core circuit; and
      input signal operated control circuit means connected to the input
      connector means and selectively operable by partitioning input signals
      applied to the input connector means for selectively operationally
      dividing the count storage means into at least two operationally separate
      sections thereoff, each comprising sections of said plurality of registers
      respectively, with selective numbers of BCD decade sets respectively, and
      input signal operated control circuit means being adapted to be
      selectively alternatively set by multiply/non-multiply select control
      signals applied to the input connector means to multiplication and
      non-multiplication modes of operation, the input signal operated control
      circuit means in its non-multiplication mode being selectively operable by
      entry input signals applied to the input connector means for selectively
      entering a count into each storage register section of a first of said
      storage registers, and being selectively operable by a plurality of
      external count input trains of relatively low frequency count signals,
      applied to the input connector means, for the plurality of sections
      respectively of a second storage register for accumulating separate counts
      in the respective second storage register sections by indexing the
      accumulated count of each second storage register section with each
      respective count signal, the input signal operated control circuit means
      in its multiplication mode being operable for a multiplication indexing
      operation of first and second sections of said second storage register
      together at a relatively high rate upon the occurrence of each count
      signal of the count input train for the first section of said second
      storage register, the input signal operated control circuit means
      comprising comparator circuit means operable for generating predetermining
      signals when the accumulated count in the first section of the second
      storage register equals the count entered into the corresponding first
      storage register section, the input signal operated control circuit means
      being operable in its multiplication mode by the predetermining signals
      for terminating the multiplication indexing operation and resetting the
      first section of the second storage register to zero.
NUM  33.
PAR  33. An electrical counting circuit comprising an integrated solid state
      core circuit having count storage means with at least one multiple decade
      BCD storage register, core circuit input connector means for transmitting
      input signals to the core circuit, and input signal operated control
      circuit means connected to the input connector means and selectively
      operable by partitioning input signals applied to the input connector
      means for selectively operationally dividing the count storage means into
      a plurality of operationally separate sections thereof, each having a BCD
      storage register section of each storage register of the count storage
      means, the input signal operated control circuit means being selectively
      operable by a plurality of count input trains of count signals, applied to
      the input connector means, for the plurality of BCD storage register
      sections respectively of said one BCD storage register for accumulating
      separate counts in the storage register sections of said one BCD storage
      register by stepping the accumulated count of each storage register
      section thereof with each respective count signal.
NUM  34.
PAR  34. An electrical counting circuit according to claim 33 wherein the input
      signal operated control circuit means comprises decade sequencing means
      for repetitively activating the BCD storage decades of each BCD storage
      register of the count storage means in a predetermined sequence for
      accumulating counts in the storage register sections of said one BCD
      storage register in a corresponding sequence, and partitioning select
      circuit means connected to the input connector means and selectively
      operable by the partitioning input signals applied to the input connector
      means for establishing the BCD decade sequence of each register section of
      said one BCD storage register and thereby set the number of BCD decades in
      each register section.
NUM  35.
PAR  35. An electrical core counting circuit comprising count storage means
      having a plurality of multiple decade BCD storage registers collectively
      providing a plurality of BCD decade sets, each comprising a plurality of
      corresponding BCD storage decades of the plurality of BCD storage
      registers respectively, core circuit input connector means for
      transmitting input signals to the core circuit; and input signal operated
      control circuit means connected to the input connector means and
      selectively operable by entry input signals applied to the input connector
      means for selectively entering a count into a first of said storage
      registers, and being selectively operable by a count input train of count
      input signals applied to the input connector means, for accumulating a
      count in a second of said storage registers by stepping the accumulated
      count of the second storage register with each count signal, the input
      signal operated control circuit means comprising comparator circuit means
      operable to generate a predetermining signal when the second storage
      register equals the count entered into the first storage register, the
      input signal operated control circuit means comprising decade sequencing
      means for activating the corresponding BCD storage decades of each BCD
      decade set together and activating the BCD decade sets in an ascending
      order sequence, the count storage means comprising, for each of said BCD
      storage registers, a BCD input for writing a BCD count into the active BCD
      decade of the storage register and a BCD output for reading the BCD count
      of the active BCD decade of the storage register, and the input signal
      operated control circuit means comprising write control means for each
      said BCD storage register selectively operable for writing the respective
      BCD input count into the active BCD decade of the storage register, an
      arithmetic unit having a BCD input and a BCD output and selectively
      alternatively operable to provide a BCD output count equal to the BCD
      input count and to an incremented count thereof and hold any resultant
      carry for a succeeding increment count operation of the arithmetic unit,
      and arithmetic unit selector means for selectively operatively connecting
      the arithmetic unit to the second storage register for incrementing the
      BCD count of each BCD decade thereof, the input signal operated control
      circuit means being operable by each count input signal, applied to the
      input connector means, for stepping the accumulated count of the second
      storage register by operating the arithmetic unit, arithmetic unit
      selector means and second register write control means in synchronism with
      the decade sequencing means to increment the count of the lowest order BCD
      decade of the second storage register and increment any high order decade
      of the second register where a carry results from an increment operation
      of the arithmetic unit for the adjacent lower order decade.
NUM  36.
PAR  36. An electrical core counting circuit according to claim 35 wherein the
      comparator circuit means is alternatively operable for generating a
      predetermining signal when the accumulated count in the second register
      equals zero and the count entered into the first storage register, wherein
      the input signal operated control circuit means is selectively operable by
      reset input signals and preset control input signals, applied to the input
      connector means, for selectively alternatively resetting the second
      storage register to zero and presetting the second storage register to the
      count entered into the first storage register and operate the comparator
      circuit means in conjunction therewith to generate a predetermining signal
      when the count in the second register equals the count entered into the
      first storage register and zero respectively.
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ABST
PAL  A point-of-sale terminal system including one or more keyboard terminals
      and associated cash drawers in communication with a control chassis having
      a micro-computer, a printer and power supply. Each keyboard terminal has
      manually operable keys for designating the various items for sale and
      associated display devices which, under the guidance of the computer,
      display the number of each item ordered. Function keys are provided for
      instructing the computer to total the sales price of each order with
      automatic tax calculation. Provision is made for the temporary storage of
      one or more orders with a recall feature that redisplays the order.
      Numeral keys are provided at the keyboard to give an alternate method of
      incrementing and decrementing item quantities and to provide means for
      effecting price and tax changes. Order changes may be effected at any time
      prior to the total sales price calculation that enters the sales price and
      item quantities into the computer's permanent memory.
BSUM
PAR  The invention relates to a system for entering customer orders at
      point-of-sale stations, processing and recording said orders in a central
      computer and returning processed order information to said station for
      display.
PAR  In brief, the invention comprises a system having one or more keyboard
      terminals at point-of-sale stations in communication with a central
      computer. Each keyboard terminal has a plurality of manually operable keys
      for designating the various items offered for sale. A plurality of display
      devices are provided on the keyboard and each item key has an associated
      display device for displaying the number of items being ordered. Means are
      also provided for generating an identifying signal specific to each key
      when said key is actuated. Logic means in the computer act in response to
      said signals to cause the display devices associated with the actuated
      keys to display the number of items ordered. The keyboards may also be
      provided with numeral keys and, in such case, item quantities may be
      entered by successive actuation of the item keys, or, alternatively, by
      the actuation of a numeral key followed by the actuation of an item key.
      In the latter case, the computer logic means will cause the associated
      display device to display a number corresponding to the particular numeral
      key actuated. Provision is also made for a plurality of function keys on
      the keyboard terminal for designating such steps as cancel order, total
      sales price or store and recall order.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a plan view of one form of a keyboard terminal, partly in
      section;
PAR  FIG. 2 is a sectional view through the keyboard terminal of FIG. 1;
PAR  FIG. 3 is a schematic representation of one cycle of computer operation;
PAR  FIG. 4 is a transverse sectional view through the keyboard terminal of FIG.
      1;
PAR  FIG. 5 is a front view of the control switch on the control chassis for the
      system;
PAR  FIG. 6 is a plan view of one form of menu sheet that may be used with the
      keyboard terminal of FIG. 1;
PAR  FIG. 7 is a plan view of the upper circuit board of the keyboard terminal
      shown in FIG. 1;
PAR  FIG. 8A is the left hand portion of a schematic diagram of the lower
      circuit board of the keyboard terminal shown in FIG. 1;
PAR  FIG. 8B is the right hand portion of a schematic diagram of the lower
      circuit board of the keyboard terminal;
PAR  FIG. 9 is a wiring diagram of one form of display device which may be used
      in the keyboard terminal;
PAR  FIG. 10 is a block diagram of the system; and
PAR  FIG. 11 is a plan view of the circuit board for the computer showing the
      central processor unit and the read-only memory (ROM) and random-access
      memory (RAM) banks.
DETD
PAC  GENERAL DESCRIPTION
PAR  The point-of-sale system of the present invention (FIG. 10) includes one or
      more keyboard terminals 10 with associated cash drawers 12 in
      communication with a control chassis 14 having a micro-computer 16,
      printer 18 and power supply 20.
PAR  The keyboard terminals 10 are adapted for use at a point-of-sale counter
      window or station and function to record, display and price customer
      orders as received. In the preferred form of the invention shown and
      described herein, the system is intended for use in a so-called fast food
      retail outlet.
PAR  As seen from FIGS. 1, 2 and 4, each of the keyboards 10 comprises a
      generally rectangular casing 22 having a desired number of individually
      operable keys or buttons 24 provided thereon. The casing 22 is adapted to
      be positioned on a counter immediately in front of the clerk or operator
      and between the clerk and a customer on the opposite side of the counter.
      As shown, the casing 22 is of a type commonly used in desk top
      calculators. The upper surface 26 of the casing has two oppositely sloping
      portions 28, 30. The larger portion 28 slopes downwardly toward the
      operator and contains the keys or buttons 24 operated by the clerk when
      taking the customer's order. The smaller portion 30 slopes toward the
      customer, away from the operator, and contains a display window 32 in
      which is shown the price of the order.
PAR  In the embodiment shown in the drawings the keyboard is arranged so as to
      provide 10 numeral keys 34, 40 item keys 36 and 8 function keys 38. There
      is an associated display window 40 for each item key and for certain
      function keys. The particular number of keys and the specific arrangement
      of the keys on the keyboard may be varied as desired. In the device shown,
      the numeral keys 34 are arranged in a single row at the operator's left.
      The item keys 36 are arranged in five rows and occupy the center of the
      keyboard. The function keys 38 are positioned in a single row at the
      operator's right. Additionally, a display window 42 is provided above the
      keyboard facing the operator so that the operator may also see the price
      of the order when displayed therein. As is more fully described hereafter,
      the keyboard is constructed and sealed against the entry of spilled
      drinks, condiments, salt, and other food items.
PAR  Each keyboard terminal 10 is associated with a cash drawer 12 that is
      preferably mounted underneath the counter upon which the keyboard rests.
      The cash drawer 12 is controlled by the keyboard terminal so that access
      to the cash drawer is under the control of the keyboard at all times. For
      the present invention the cash drawer need not be modified from its
      standard form as the cash drawer serves the same purpose in the present
      invention as it customarily does in other systems. It is preferred that
      the cash drawer be magnetically operated, that is, that the cash drawer
      ordinarily be maintained in its closed condition by an electrically
      operated magnetic system which is under the control of the point-of-sale
      system.
PAR  The keyboards 10 and their associated cash drawers 12 are each electrically
      connected to a control chassis 14. In the preferred form of the invention
      shown in the drawings, two keyboards and cash drawers may be operated off
      one control chassis. However, the number of keyboards and cash drawers
      which can be operated from a particular chassis can be varied as desired.
      For example, each keyboard terminal and its associated cash drawer can be
      interconnected and arranged to run with only one control chassis provided
      the control logic capability of the computer utilized in the chassis is
      sufficient to handle the number of keyboard terminals. Alternatively, the
      components making up the chassis may be modified. For example, one control
      chassis may be provided with a printer while additional control chassis
      may omit this component. In such an arrangement the control chassis not
      incorporating a printer would be connected to the printer component in the
      master control chassis so that the information fed into each control
      chassis could be retrieved in the form of a printout. In any event, it is
      necesssary that the control chassis arrangement provide the necessary
      control logic function, printout capability and emergency power supply for
      the keyboard terminals and cash drawers used in the system.
PAR  In the preferred embodiment shown and described herein, the micro-computer
      16 is made up of a single chip MOS 8-bit parallel central processor unit
      that is interfaced with standard semi-conductor memory units of both the
      random-access and read-only types. These components are combined on a
      single printed circuit board 44 (FIG. 11) to form a computer assembly
      capable of performing the functions of a digital computer. The
      micro-computer works with 8-bit numbers and can add, subtract, perform
      logic and counting functions on and with these 8-bit numbers or bytes. It
      is preferred to use the 8008-1 8-bit parallel central processor unit
      manufactured and sold by Intel Corporation. The features and operation of
      this central processor unit are described and illustrated in a "User's
      Manual" entitled "8008 8-bit Parallel Central Processor Unit, MCS-8
      Micro-Computer Set" published November 1972 by Intel Corporation. This
      central processor unit can directly address more than 16,000 bytes of
      external memory of any kind, such as magnetic core, magnetic drum, or
      semi-conductor memories. In the preferred embodiment semi-conductor
      memories of the read-only type 46 (ROM) and random-access type 48 (RAM)
      are employed. The read-only memory units are employed for program
      instructions and the random-access units are employed for data storage and
      certain control functions.
PAR  The central processing unit contains internal data registers which are used
      for counting and operation. The unit also controls the external devices of
      the present system such as the keyboard terminal readings, printer control
      and the display windows associated with the item keys. The central
      processor units requires approximately 12.5 micro-seconds per instruction,
      which means that it can process in the neighborhood of 80,000 instructions
      per second.
PAR  The printer 18 in the control chassis 14 may be of any suitable commercial
      type. In the preferred form of the invention shown and described herein
      the printer is a SEIKO series 101. This model is a two-tape printer with a
      split drum and there are 10 columns of characters for each tape. The split
      drum rotates continuously and carries the typeface for printing the
      desired characters. Printing is effected by pressing the paper tape and
      character ribbon against the typeface by means of actuating hammers. The
      hammers are driven by electromagnets powered by transistor amplifiers
      under the control of the computer. Magnetic pick-ups sense the drum
      position and inform the computer when the hammer magnets are to be pulsed
      to print desired figures in the desired columns.
PAR  A power supply 20 in the chassis 14 supplied power for all of the circuits.
      In addition, a storage battery is included in order to maintain the
      information in the RAM memory units in case of a power failure of limited
      duration.
PAC  OPERATION OF THE KEYBOARD TERMINAL
PAR  As seen from the preferred embodiment of the invention shown in the
      drawings, the manually operable keys are arranged with 10 numeral keys 34
      in a single row at the left-hand edge of the keyboard. These keys provide
      10 single unit numerals, 0 through 9.
PAR  At the center of the keyboard, 40 food item keys 36 are provided in 5 rows
      of 8. These food item keys 36 are covered with a menu sheet 39 (FIG. 6)
      that carries abbreviations for a selected group of food items. For
      example, the position for the first food item key 36 at the upper left
      corner of the menu sheet bears the abbreviation "HAMB." This stand for the
      food item -- hamburger. The food item key position immediately below bears
      the abbreviation "CHB." This stands for the foot item -- cheeseburger.
      Other key positions are provided with similar notations to indicate
      regular and large orders of french fries, regular and large orders of
      Coke, regular and large orders of an orange drink, regular and large
      orders of root beer, orders for chocolate, vanilla, or strawberry
      milkshakes, one-quarter pound hamburgers, one-quarter pound cheeseburgers,
      fish, apple pie, milk, coffee, and other similar food items. In the menu
      sheet for the keyboard shown in the drawings, 40 food item keys are
      provided but, as previously indicated, additional key positions may be
      provided and arranged as desired. It will also be noted that certain key
      positions bear no notation. These key positions may be used for special
      food items that are added after the system is installed. All notations can
      be changed by store personnel in a simple and easy manner.
PAR  The position of each food item key 36 is covered by a colored circle 50
      which indicates to the operator the point to press in order to actuate the
      key. Each food item key 36 is also provided with an associated display
      device 52. As shown in the accompanying drawings, the display device 52 in
      the preferred embodiment of the invention comprises a digital numeral
      display. One particular numeral display device which may be used in the
      invention comprises seven incandescent lighting strips or bars 54. When
      the strips 54 are lighted in proper combinations, the device 52 can
      display the numerals 0 through 9. The display device 52 also incorporates
      a small dot 56 positioned beneath the numeral display for the indication
      of numerals in excess of 9.
PAR  Other combinations of keys and displays can be used. Keys using a flexible
      conducting sheet, keys using reed switches or switches with mercury-wetted
      contacts, keys using metal contacts in air such as leaf-spring or
      cross-bar switches, keys operated by the movement of magnets or capacity
      sensitive keys may be used.
PAR  Correspondingly there are many types of numerical displays than can be
      used. These include displays formed of individual lamps, displays using
      projection of images of numerals, light-emitting diode and liquid-crystal
      displays and gas discharge displays.
PAR  At the right-hand edge of the keyboard 22 a series of function keys 38 are
      provided. The top three keys are designated "grill 1," "grill 2," and
      "grill 3." Beneath these keys are additional keys for the following
      functions: "cancel order"; "clear error"; "no tax" item; "total" and "open
      drawer." The four function keys, "grill 1," "grill 2," "grill 3," and "no
      tax" also have associated display devices, however, the display devices do
      not display digital numerals. The display devices 58 associated with these
      function keys are merely lights to indicate when the function keys has
      been actuated. There are no display devices associated with the numeral
      keys 34 nor with the function keys: "cancel order," "clear error," "total"
      and "open drawer."
PAC  ORDER ENTRY
PAR  As previously mentioned, the keyboard 22 is adapted to rest on a counter in
      front of the clerk and between the clerk and a customer placing an order.
      As the customer gives the clerk the order, the clerk enters the order by
      pressing selected key positions on the keyboard terminal. When an item,
      such as hamburger, is ordered the item is entered by pressing the
      hamburger key position. This entry mode applies to all food item keys,
      hence, to enter an order for a hamburger regular french fries, and a
      vanilla milkshake, the clerk or operator will press the hamburger, regular
      fries, the vanilla shake food item keys. As each food item key is pressed
      for the first time, the numeral 1 will appear in the associated display
      device 52.
PAR  Multiple quantities of food items may be entered by the clerk or operator
      in either of two ways. The clerk may depress the foot item key 36 as many
      times as the item is ordered. Thus, if the customer wishes 5 hamburgers
      the clerk may enter 5 hamburgers by pressing the hamburger food item key 5
      successive times. As the hamburger food item key is depressed
      successively, the associated display device will sequentially show the
      numerals 1, 2, 3, 4, and 5. Alternatively, an order for 5 hamburgers can
      be entered by first pressing the numeral key 5 and then the hamburger food
      item key. When these keys are pressed in this sequence the numeral 5 will
      appear in the associated display window 40 at the time food item key is
      depressed.
PAR  In the preferred form of the invention shown and described herein, the
      maximum quantity that can be ordered is 15. This is true even though the
      display device utilized in the preferred embodiment only displays single
      digit numbers. For quantities 10 to 15 the device displays the second
      digit in the number as well as a dot 56 beneath the display. The dot
      signifies a first digit of 1. Thus, the quantity 10 is indicated by the
      display of the 0 numeral and the lighted dot beneath the display. The
      quantity 15 is indicated by a display of the numeral 5 with a dot beneath
      the number. In entering orders for quantities in excess of 9 the clerk
      first presses the numeral 1 key, then the second digit of the number. A
      zero quantity is indicated by a black space. The 0 numeral key must be
      accompanied by the actuation of another number in order to light the
      display device.
PAR  In the above described manner, the clerk enters the quantity and food items
      selected by the customer until the customer's order is complete. When the
      order is complete and the customer is ready to pay, the clerk depresses
      the "open drawer" function key. When the "open drawer" function key is
      depressed the total price of the customer's order, including tax, is
      displayed both to the customer and to the clerk and the cash drawer
      beneath the counter is automatically opened. The clerk may then take the
      customer's money, make change and close the cash drawer. If the clerk
      wishes to display the total price of the customer's order but is not yet
      ready to collect the money, the clerk may alternatively press the "total"
      function key. Pressing the "total" function key will cause the total price
      of the customer's order, including tax, to be displayed to the customer
      and the clerk but the cash drawer will not be opened. At this time, the
      sale is recorded and the various items incremented to the running totals
      maintained in the computer memory. When the clerk is ready to collect the
      customer's money the "open drawer" button is pressed and the cash drawer
      beneath the keyboard terminal is opened as previously described. When the
      "total" key is actuated, the sale is recorded by incrementing the
      appropriate running totals; the audit tape prints the keyboard number (1
      or 2 in the preferred embodiment), the amount of tax, the amount of sale
      including tax; and the display windows 32, 42 display the amount of sale
      including tax. When the "open drawer" key is actuated without the
      preceding actuation of the "total" key, a "total" key is internally
      simulated before the "open drawer" key is acted upon. The result is the
      same as though a "total" key had been physically actuated before the "open
      drawer" key. The "open drawer" and "total"  function keys will not operate
      until a food item key is depressed subsequent to the last actuation of the
      "open drawer" function key. A new order is started by pressing either a
      quantity key or a foot item key. When this is done, the displays are
      cleared to black and the cycle starts anew.
PAC  ORDER CHANGES
PAR  The above description assumes that quantities and food items are entered
      without change. Provision is made for changes in orders, either because
      the customer has changed his mind or because the clerk makes a mistake in
      entering the customer's order. Changes can be made up to the time the
      "total" or "open drawer" function keys are actuated. No entries are
      recorded in the computer memory until either the "total" or "open drawer"
      key is actuated.
PAR  If the order change involves increasing the quantity of a food item ordered
      this may be accomplished either by actuating the food item key again until
      the additional quantities have been entered, or by first pressing a
      numeral key corresponding to the new quantity and then again pressing the
      desired food item key. In either of these ways, additional quantities can
      be added to the quantities previously ordered.
PAR  If it is desired to decrease or decrement the quantity of the previously
      ordered food item, this can be done by first depressing the correct
      numeral key and then the proper food item key. This procedure will enter
      the new decremented quantity for that particular food item. Depression of
      a numeral key and then a food item key can be used to change the quantity
      ordered either up or down.
PAR  Individual food items may be cancelled without affecting the remainder of
      the order by depressing the 0 numeral key and then the food item key. The
      display device associated with the food item will then go black.
PAR  The entire order may be cancelled by pressing the "cancel order" function
      key at the right edge of the keyboard terminal. When this function key is
      actuated all displays go black and the revised order may then be entered
      in the manner described above.
PAC  ORDER STORAGE AND RECALL
PAR  The keyboard terminal has the capability of storing orders for later
      recall. This capability is desirable if the order includes a food item
      that will require extra time in preparation. In the present invention,
      orders may be entered and stored indefinitely without interrupting or
      interferring with the use of the keyboard for subsequent customer orders.
PAR  Once a customer's order is entered on the keyboard in the manner previously
      described, it may be stored for later recall either before or after
      payment. If the order is to be stored prior to payment, one of the "grill"
      function keys is pressed after the order is taken and entered but before
      the "total" function key is pressed. If no previous order is in storage,
      the operator will press the "grill 1" function key. When the "grill 1"
      function key is pressed, the displays for the ordered food items will go
      black. At the same time, the display light 58 associated with the "grill
      1" key will come on to indicate that a food order has been stored in the
      "grill 1" location.
PAR  The keyboard may then be used to take, price and record additional customer
      orders. These orders may be take and cleared in the normal manner
      previously described. Several orders may be taken and cleared while the
      stored order is retained in "grill 1" location. If it becomes necessary to
      store another order, the operator stores the order by pressing the "grill
      2" function key. The associated display light comes on to indicate that
      there is now a stored order at the "grill 2" location. Inasmuch as there
      are three order storage function keys, up to three orders may be stored at
      a time. If desired, additional storage capacity can be provided.
PAR  An order may also be stored after payment. In such a case, the order is
      processed as previously described and the "open drawer" function key is
      pressed to open the cash drawer. The operator takes the customer's money
      and places it in the cash drawer. The operator then presses the
      appropriate "grill" function key to store the order while it is being
      prepared.
PAR  To recall a stored order, the operator presses the appropriate lighted
      "grill" function key. The associated display light goes out indicating
      that that particular "grill" location is available for the storage of
      another order. At the same time, the stored order will be redisplayed by
      the various food item display devices exactly as it was taken prior to
      storage. If the order was stored prior to payment, it is completed by the
      operator as though it has not been stored. Ordinarily, this will only
      involve the pressing of the "total" or "open drawer" function keys.
      Additional food items or quantities may be added, however, if necessary.
      If the order was stored after payment, the total order is again displayed,
      but the dollar amount which would normally appear in the price display
      window 32, 42 is replaced by the notation "PPP" indicating that the order
      has been paid for.
PAR  The price of an order cannot be stored and redisplayed. An order can be
      recalled only if the keyboard has been cleared. If the operator attempts
      to store an order in one of the "grill" locations where an earlier order
      is stored, pressing that function key has not effect.
PAC  ERROR DISPLAY
PAR  The operation sequences described above, as well as certain other sequences
      described later, constitute "legitimate" sequences which the computer is
      programmed to recognize. Any other sequences are "illegitimate" and are
      not recognized by the computer. Illegitimate sequences resulting from
      error or unfamiliarity with the operation of the keyboard terminal are
      indicated by the display of the notation "EEE" in the order price display
      window 42. For example, if the operator attempts to store an unpaid order
      after pressing the "total" key, the error display "EEE" will appear since
      this is an illegitimate sequence. The order will not be stored.
PAR  When the operator sees the error display, he or she is informed that an
      illegitimate sequence has been attempted and the desired operation has not
      been carried out. The error display condition can be corrected in either
      of two ways. The operator may press the "order cancel" function key to
      clear all displays to black. This clears the keyboard terminal for any
      legitimate sequence. Alternatively, the operator may press the "clear
      error" function key. This cancels the attempted illegitimate sequence
      without clearing any of the previous legitimate sequences. The keyboard is
      then returned to the same condition it was in immediately prior to the
      attempted sequence. Additional entries and sequences may then be performed
      as though the erroneous function has never been tried.
PAC  MANAGERIAL FUNCTIONS
PAR  The control chassis 14 for the point-of-sale system is adapted to permit a
      number of managerial functions to be performed on random occasions as
      desired. For the most part, these manager functions involve the printout
      of various data accumulated and stored in the computer. Provision is also
      made for correcting cash drawer errors and changing both prices and the
      automatic tax computation.
PAR  For these purposes the control chassis 14 is provided with a control switch
      60. Accesss to the panel is limited to the manager by a multiposition key
      switch which is operable solely by a special key in the possession of the
      manager. Insertion of the key into the switch 60 is necessary to move the
      switch to the various control positions.
PAR  Five control positions of the keyswitch 60 are provided in the preferred
      embodiment of the invention, shown and described herein. These positions
      are designated "Manager," "Normal," "Correction 1," "Correction 2" and
      "Standby." When the system is in use the keyswitch is turned to the
      "Normal" position. In this position the system is connected to the power
      supply of the store and power is supplied to the keyboard terminals, the
      computer, the printer and the cash drawers. When the store is closed the
      keyswitch is turned to the "Standby" position. This cuts off all power to
      the system except for the computer to which power is always maintained.
      Moving the keyswitch out of "Standby" restarts the computer program at
      address OOO OOO.
PAR  The manager's key may be removed when the switch is in either the "Normal"
      or "Standby" positions, but may not be removed when the switch 60 is
      turned to the other switch positions.
PAC  ERROR CORRECTIONS
PAR  Provision is made for the correction of erroneous entries on the part of
      keyboard operators. Erroneous entries can be deleted when the manager's
      control switch is turned to the appropriate correction position. A
      correction switch position is provided for each keyboard terminal
      connected to the control chassis. To make a correction the manager inserts
      his key into the control switch 60 and turns the switch to the proper
      keyboard correction position. In this position the key cannot be removed
      from the switch. "Cor" is displayed in the price display window 32, 42 of
      the keyboard terminal. The order to be corrected must be displayed on the
      keyboard. Pressing the "8" and then "9" numeral keys automatically
      corrects the cumulative data in the computer since the incorrect amount is
      subtracted from each of the individual items being totalled by the
      computer. Corrections also appear on computer printouts with a minus sign.
      A cumulative corrected sales value is maintained and this total is
      adjusted every time a correction is made.
PAR  Since the key cannot be removed from the switch 60 in any of the correction
      positions, the switch must be returned to the "Normal" position before the
      manager can retrieve his key. This procedure guards against the chance the
      control chassis will inadvertently be left in an inappropriate operating
      condition.
PAC  DATA MODE
PAR  A data mode switch location is provided which the manager may use to
      retrieve data stored in the computer, to clear certain registers and to
      change the price and automatic tax computation functions of the keyboard
      terminals. Each of these operations is initiated by a particular submode
      programmed into the computer and carried out at the keyboard terminals.
      Initiation of these submodes is effected by turning the manager's key to
      the "Manager" switch position and then by pressing selected terminal keys.
      To obtain an hourly report the "grill 1" function key is pressed. This
      puts the keyboard into an hourly report submode and the letters "Hly" are
      displayed in the price display window. To obtain a daily report submode
      the "grill 2" function key is depressed. The display window 42 will show
      the letters "dLY." To obtain the produce mix submode the "grill 3"
      function key is actuated. This action causes the letters "Pro" to appear
      in the price display window. When the desired submode is obtained, the
      designated report is printed by pressing the "total" key. The report is
      cleared by use of the "open drawer" key.
PAR  The hourly report gives the total gross sales and the total net
      transactions which have occurred since the last hourly report was taken.
      The daily report gives the gross sales, non-taxed sales, tax collected and
      customer count for each keyboard since the last clearing operation. It
      also shows the prior year-to-date gross sales, the prior year-to-date tax
      collected, the prior year-to-date non-taxed sales and the number of
      manager deletions for the keyboards. The produce mix report shows the
      quantity of each item sold since the last clearing operation was
      performed.
PAC  PRICE CHANGE
PAR  The "Manager" position is also used to make price and tax changes. To make
      a price change the keyswitch is turned to the "Manager" position.
      Thereafter, the "spcl. 3" food item key is pressed to place the keyboard
      in the price change mode. The display will show "PCh" to indicate that the
      keyboard is in the price change mode.
PAR  Entry of a new price is accomplished by pressing the proper quantity keys
      and then the food item key representing the item being changed. When this
      is done the new price will appear in the total price display window 42
      and, at the same time, the letter "P" will appear in the display device 52
      associated with that food item key. To read the old price being changed
      prior to entry of the new price, the particular food item key is pressed
      before the new price is entered through the quantity keys.
PAR  If the item being changed was a no tax item, the "no tax" function key
      display device will light up. If it was a taxed item but is to be changed
      to a no tax item the "no tax" function key will not be lighted. If it is
      then pressed, the key will light and the item will be entered as a no tax
      item when the price is changed. If the change is the opposite, that is,
      from a no tax status to a taxable item, the "no tax" function key will
      light up. To change the tax status the "no tax" function key is pressed.
      The lighted key will go dark and the item will then be entered as a
      taxable item when the new price is entered.
PAR  A printout of the food item prices can be obtained any time during the
      price change mode by pressing the "total" function key. Any price changes
      will be indicated by the letter "c." To leave the price change mode, the
      manager presses the "cancel order" function key. This causes the prices to
      be printed if a change were made.
PAC  TAX CHANGE
PAR  To enter a change in the automatic tax computation function, the manager's
      keyswitch is first turned to the "Manager" position. The "no tax" function
      key in the keyboard terminal is then pressed to put the keyboard into the
      tax change mode. This is indicated in the price display window 42 which
      displays the letter "tCh". When the keyboard goes into the tax change
      mode, the visual display devices associated with the first fifteen food
      item keys will show the numbers 1 through 15 in sequence. At the same
      time, the letter "r" will appear in the top display device in the center
      row of the keyboard and the letter "d" will appear just below it.
PAR  To set the initial tax bracket, whatever it may be, the manager enters the
      lowest amount upon which the tax is one cent. To do this, the manager
      enters the amount by pressing the proper numeral keys at the left of the
      keyboard. He then presses the food item key opposite the display device
      showing the numeral 1. The lowest tax bracket amount figure will then
      appear in the total price display window and the numeral 1 will be
      displayed opposite the food item key at the upper right corner of the
      keyboard. This display informs the manager as to which tax bracket is
      being displayed. This procedure is then repeated for the other 14 tax
      brackets.
PAR  The lowest taxable amount for any tax bracket can be displayed without
      change by simply pressing the appropriate food item key. In such a case,
      the amount will be displayed in the total price display window. Hence, by
      first displaying the amount in this manner and then comparing it against
      the applicable tax table or chart, the proper tax computation function for
      the store can be visually checked by the manager. If the taxable amount
      for any particular bracket needs to be changed, it may be done in the
      manner described.
PAR  To set the applicable tax above the 15th bracket, the manager enters the
      tax on $4.00 by pressing the proper numeral quantity keys. He then presses
      the food item key opposite the display with the letter "r. " The manager
      next enters the lowest amount of the next tax bracket above $4.00 by using
      the quantity keys and by then pressing the food item key opposite the
      display with the letter "d."
PAR  Entry of these items into the computer enables the computer to apply the
      proper tax computation for almost every tax jurisdiction in the United
      States. It has been found that existing tax structures above $2.54, or the
      lowest taxable amount in the 15th bracket, whichever is less, apply the
      authorized tax rate calculated to the nearest 1/4 of 1 per cent in one of
      three ways.
PAR  1. In one method, the tax on whole dollars is calculated by application of
      the tax rate. The tax on any remaining fraction of a dollar is determined
      according to the particular tax bracket breakdown between $1.00 and $2.00,
      minus the amount of tax on $1.00.
PAR  2. In another method, the tax is calculated according to the authorized
      rate and, when the result is a fraction, always rounds up to the next
      whole cent.
PAR  3. In the third method, the tax is calculated by applying the authorized
      rate but when the result is a fraction, the tax is rounded, up or down, to
      the nearest whole cent.
PAR  Entering the tax on $4.00 determines the authorized tax rate. Since the tax
      rate is calculated to the nearest 1/4 of 1 per cent, the use of $4.00 will
      always determine the rate to the necessary accuracy.
PAR  Entry of the next lowest tax bracket amount above $4.00 determines which of
      the three methods of application is being used. If that amount is $4.01,
      this identifies the second method--one where the fractional tax is always
      rounded up to the next whole cent. If the amount is equal to $4.00 plus
      the quotient of 0.5 divided by the tax rate expressed as a percentage, or
      equal to that amount rounded up to the next whole cent, the method being
      used is the third method. If the amount of the tax bracket about $4.00
      does not indicate either the second or third method then by the process of
      elimination, the first method is being used.
PAR  In this way, the computer is able to identify the tax method used with
      respect to amounts over $2.00 and can apply whichever method is indicated.
      By reason of this capability, the present point-of-sale system can be used
      without modification almost anywhere in the United States. This is an
      important feature for chain or franchise operations that are nationwide in
      scope. However, in the particular embodiment of the invention shown and
      described herein, the computer is programmed only for the second
      method--the round up method.
PAR  A printout of the tax table can be obtained any time during the tax change
      mode by pressing the "total" function key. Any tax bracket changes will be
      indicated by the letter "c."
PAR  To leave the tax change mode, the manager presses the "cancel order"
      function key. This causes the tax table to be printed if a change were
      made.
PAC  CONSTRUCTION OF KEYBOARD TERMINALS
PAR  Each keyboard terminal consists of a stainless steel casing or housing 22
      of the type normally utilized in desk top calculators. The casing 22 has
      sides 62 and a top 64 but no bottom. All corners and edges are rounded.
      The upper surface 26 of the housing 22 is inclined in two directions. One
      inclined surface 28, the greater of the two, inclines downwardly, toward
      the operator. The other inclined surface 30 slopes in an opposite
      direction, toward the customer. The front, back and sides of the casing
      are generally vertically disposed. There are three openings in the upper
      inclined surfaces of the housing. One opening 66 is located in the
      inclined surface facing the customer. This opening accommodates a total
      price display device 32 and forms therewith a window wherein the customer
      can observe the price of his order. A similar opening 68 is formed at the
      upper or outer edge of the surface 28 sloping toward the operator. This
      opening likewise accommodates a visual display unit 42 which operates
      concurrently with the first display device to simultaneously display the
      price of the order to the keyboard operator. Additionally, the keyboard
      housing has a large rectangular opening 70 which accommodates the various
      keys and their associated visual display devices.
PAR  The keyboard construction, in the preferred embodiment of the invention
      shown in the drawings, comprises a three-tiered assembly adopted to fit
      within and underneath the rectangular opening 70 in the housing 22. The
      lower and middle tiers comprise printed circuit boards 72, 74 connected
      together in parallel spaced relationship by screws 76 and cylindrical
      posts or spacers 78. Rectangular bars 80 formed from an electrical
      insulating material are mounted along the peripheral edges of the upper
      surface of the upper printed circuit board 72. The bars 80 locate the
      keyboard assembly relative to the housing 22 by bearing against the under
      surfaces of the housing 22 defining the rectangular opening 70. A sponge
      rubber gasket 82 is placed between the housing 22 and the bars 80 to
      effect a liquid-tight seal that protects the keyboard assembly against
      penetration by spilled beverages.
PAR  The third, or uppermost, tier 84 of the keyboard assembly comprises the
      switches and the display devices for the keyboard as well as the covering
      sheets which protect and identify them. There is a switch 34, 36, 38 for
      each key in the keyboard and for most of the keys there is an associated
      display device 52. The particular form of the switches and display devices
      is not of critical importance since many different types may be used. As
      previously explained the keyboard in the preferred embodiment contains ten
      numeral keys, forty food item keys and eight function keys. There is an
      associated display device 52 for each of the food item keys 36. These
      display devices are adapted to display the numerals 0 through 15 and also
      certain letters. In the form of the invention shown and described herein,
      the switches employed are of the snap-action type. These switches comprise
      circular metallic disks that are normally bowed upwardly. Downward
      pressure on the disk, however, brings the center of the disk into
      engagement with electrical contacts to complete a circuit and generate an
      identifying signal specific to that particular key. Removal of the
      pressure causes the disk to snap upwardly to its normal bowed condition
      and interrupts the engagement with the contact. As shown, the switches 34,
      36, 38 for the keys are mounted in longitudinal strips on narrow printed
      circuit boards 88. There is a strip of switches for each row of keys. The
      strips are fastened to the upper printed circuit board 72 in spaced
      relationship by means of screws 90 and spacing posts 92.
PAR  Immediately adjacent the switches are the visual display devices 52. The
      display device utilized in the preferred embodiment of the invention
      employs seven separate incandescent lighting filaments which can be
      selectively lighted to form the numerals 0 through 9 (FIG. 9). Each
      display device is a separate unit and is inserted into a socket strip 94
      soldered to the upper surface of the upper printed circuit board 72.
      Additional display devices 52 are mounted on the upper printed circuit
      board beneath the operator's price display window 42. Similarly, still
      other display devices 52 are mounted upon another printed circuit board 96
      positioned below the customer's price display window 32. This display
      device is sealed against the entry of liquids in the same way as the
      operator's keyboard.
PAR  The keyboard is covered with three layers of plastic sheeting (not shown)
      so as to present a smooth wear surface to the operator. A clear plastic
      sheet forms the bottom layer and an intermediate plastic menu sheet is
      positioned over this. The intermediate menu sheet 39 is a translucent
      white with clear window portions 40 positioned over the display devices
      52. Printed legends for the identification of the various keys are carried
      by the menu sheet. Yellow circles 50 are also placed on the menu sheet.
      These circles overlie the snap-action switches and serve to locate for the
      operator the operable switch portion of each key. A top sheet of a clear,
      tough plastic is provided over the menu sheet to take the wear from the
      operator's use of the keyboard.
PAR  The keyboard assembly is secured to a closure plate 98 for the bottom of
      the terminal housing 22. The closure plate is arranged so as to permit the
      keyboard assembly to be dropped a short distance downwardly away from the
      housing to permit the changing or replacement of the protective covering
      sheets of plastic.
PAC  INTERROGATION OF THE KEYBOARD TERMINALS AND COMPUTER OPERATION OF THE
      ASSOCIATED DISPLAY DEVICES
PAR  The central processor unit and its associated memory banks are programmed
      to handle several uses on an allocation basis. Allocation is accomplished
      in a manner which permits the simultaneous use of two keyboards and a
      printer without any noticeable delay in the functioning of the individual
      units being served. Thus, the central processor unit and memory banks
      function to sense key actuations on both keyboards, light all display
      devices as required, operate the printer and perform all calculations and
      other logic sequences called for by the keyboard operators and/or store
      manager, without causing any noticeable delays at the printer or either
      keyboard.
PAR  To accomplish this, the computer is programmed to service the keyboards and
      the printer on a time-sharing basis. Because of the necessity of servicing
      the keyboards and printer separately, the operation of the computer
      consists in continuous repetitions of the cycle shown in FIG. 3. That
      cycle consists of a first scanning sequence 100 having two phases; a first
      phase in which the keys and display devices of keyboard 1 are scanned, and
      a second phase in which the keys and display devices of keyboard 2 are
      scanned. After the scanning sequence 100 is completed the computer next
      carries out a processing step 102 in which various logic sequences for
      keyboard 1 are done as required. The processing step 102 is followed by a
      second scanning sequence 104 just like the first in which the keys and
      display devices of keyboard 1 are scanned and then the keys and display
      devices of keyboard 2 are scanned. This second scanning sequence is then
      followed by a second processing step 106 in which logic sequences for
      keyboard 2 are performed. A third scanning sequence 108 follows and,
      again, the keys and display devices of the two keyboards are scanned. In
      the final step of the cycle, the computer executes a printing operation
      110 in which any demands for the printer are satisfied. At the end of the
      printing operation, the computer starts on a repetition of the cycle by
      initiating another scanning sequence 100. A complete cycle of operations
      is made 213 times a second. One scanning sequence and the following
      process or printing step occurs 640 times a second. A scanning sequence
      lasts approximately 0.975 milliseconds and a processing or printing
      operation lasts approximately 0.525 milliseconds.
PAR  As shown in FIG. 9, the lighting displays used in the preferred embodiment
      of the invention consist of seven separate incandescent strips, or bars
      54, which can be selectively lighted to form the numerals 0 through 9.
      There is also a dot 56 at the bottom of the device which is used to
      indicate a number greater than 9. For example, the dot 56 is lighted with
      the strips or bars 54 defining the numeral 1 whenever the numeral 11 is
      intended. Any or all of the eight display elements may be selectively
      lighted to thereby form a visual display of any desired numeral up to 15.
      The strips or bars 54 may also be selectively lighted to form certain
      letters.
PAR  The keys and their associated display devices are identified and located
      for the computer by means of three sets of letter coordinates (see FIG.
      7). Each of the keys has an X coordinate and a Z coordinate. There are 16
      X coordinates starting with X.sub.0 and ending with X.sub.15. There are 4
      Z coordinates, Z.sub.1 through Z.sub.4. For the display devices, there are
      16 X coordinates and 3 Y coordinates. Each Y coordinate is further divided
      into eight separate segments identified by the letters a, b, c, d, e, f,
      g, and t. These letter segments are keyed to the seven incandescent strips
      54 and dot 56 making up the individual display devices 52.
PAR  Scanning of the keys of a keyboard and the lighting of the associated
      display devices is initiated by an output signal from the computer to the
      keyboard. The computer output signal carries 32 bits of data which serve
      to interrogate the keyboard and to designate which display devices are to
      be lighted. The first 24 data bits are used to carry the instructions
      designating the Y coordinates and the letter segments of the display
      devices that are to be lighted. The next four data bits (through the use
      of a 4 to 16 decoder) designate one of the 16 X coordinates. This
      designated X coordinate then serves to identify the keys being
      interrogated by the computer on each output signal as well as the
      particular display devices to be lighted in response to previously sensed
      key actuations. The final four data bits of the output signal are blank so
      that the keyboard may impress upon these data positions the Z coordinate
      of any key being actuated by the keyboard operator.
PAR  From the computer, the output signal passes in steps through seven TTL
      shift registers 112 (FIGS. 8A and 8B) and is then returned to the
      computer. The first 8 data bits, or byte, will carry the Y.sub.1
      coordinates for those display devices identified by a Y.sub.1 coordinate.
      If no Y.sub.1 display devices are to be lighted all 8 data bits will have
      a zero voltage. Since a positive voltage is required to designate a
      particular display device, 8 blank data bits will pass through the shift
      registers 112 and return to the computer without turning on any display
      devices.
PAR  If one or more of the first 8 data bits have been impressed with a positive
      voltage, that voltage will serve as an instruction that a display device
      having a Y.sub.1 coordinate is to be lighted. Which Y.sub.1 display device
      is to be lighted will not be known until the X coordinate is also
      identified. The X coordinate will be identified by the first 4 bits of the
      last 8 bit byte of the computer output signal. At the time the Y.sub.1
      coordinate instruction is given to the keyboard, the particular letter
      segments required to light the necessary strips or dot of the designated
      display device are also given.
PAR  The second 8 data bits, or byte, of the computer output signal carries the
      designating instruction for all display devices having a Y.sub.2
      coordinate. Similarly, the third set of 8 data bits of the output signal
      carries the designating instruction for all display devices having a
      Y.sub.3 coordinate. As mentioned above, the next 4 bits carries the
      instruction which will supply the X coordinate necessary to identify the
      display devices to be lighted and the particular keys to be interrogated.
      These 4 bits of data are fed into a 4 to 16 decoder 114 so that one of the
      16 X coordinates is designated by each computer output signal. The first
      output signal of 32 bits will designate the X.sub.0 coordinate. There are
      three display devices that have this X coordinate. They are the devices
      having the coordinates X.sub.0 Y.sub.1, X.sub.0 Y.sub.2 and X.sub.0
      Y.sub.3. If any of the three Y coordinates are also designated, the
      devices so identified will be lighted. The maximum number of display
      devices that can be lighted by one output signal from the computer is
      three.
PAR  The sixteen output lines from the decoder 114 are not only connected to the
      matrix 116 of the pin sockets 118 for the display devices 52, but are also
      connected to the matrix 120 of pin sockets 122 for the keys on the
      keyboard terminal. The designated X coordinate, in addition to identifying
      the display devices to be lighted, also identifies the particular keys to
      be interrogated. Since there are four keys with the same X coordinate,
      each output signal from the computer serves to interrogate four keys. As
      described earlier, there are 640 scanning sequences for each keyboard per
      second. It takes sixteen scans (sixteen computer output signals) to
      interrogate all keys (coordinates X.sub.0 through X.sub.15). A complete
      interrogation of all of the keys in a keyboard is completed in 1/40th of a
      second. This is a sufficiently short time to insure that all depressions
      of the keys will be detected.
PAR  When a key is depressed, a circuit is completed which impresses an input
      signal on the last four data bits of the computer output signal. If, for
      example, the operator presses the hamburger key, a circuit is completed
      between points 9 and 3 on the pin socket 2A (FIG. 7). Completion of this
      circuit sends a positive pulse through line 5 (FIG. 8A) to shift register
      6B. This pulse impresses a positive voltage in the position of the 32nd
      data bit, thereby identifying the coordinate, Z.sub.4. When the output
      signal returns to the computer, the locating coordinates X.sub.0 Z.sub.4
      are sensed and the computer knows that the "hamburger" key has ben
      actuated. It will then send out an instruction to light the associated
      display device, X.sub.0 Y.sub.1, the next time the computer sends out an
      X.sub.0 output signal.
PAR  With the make up of the keyboard shown in the drawings, there are 40
      logical display devices for the food item keys, an additional 4 logical
      display devices for the price display and 4 simple, single element
      lightbulbs 58, making a total of 48 display devices. Inasmuch as three
      displays can be lighted during each scanning phase, only 16 scans are
      required to cover all displays. In one second, any particular display
      device will be lighted 40 separate times since there are 640 available
      scanning phases per keyboard per second. This lighting frequency is fast
      enough to make the display appear continuous to the human eye without any
      objectionable flicker.
PAR  During each scanning sequence four keys can be interrogated. In 16 scans a
      total of 64 keys will be interrogated. There are 40 food item keys, 8
      function keys and 10 numeral keys in the keyboard shown in the drawings.
      Accordingly, each key on the keyboard is interrogated in every 16 scans
      or, to put it another way, 45 times a second.
PAR  The computer output signal imparts instructions to the keyboard for
      lighting the display devices and receives data on the Z coordinate of
      depressed keys only when the 32 data bits are located in the proper shift
      registers 112. A transfer of information occurs only when the first 8 bit
      byte is in the position corresponding to the Y.sub.1 connections from the
      display matrix (FIG. 8B). At the same time, the next 8 bits of data will
      be aligned with the Y.sub.2 connections and the third 8 bit byte aligned
      with the Y.sub.3 connections. The next 4 bits of data, carrying the
      determining X coordinate for both the displays and the keys, will be in
      shift register 4B (FIG. 8A) which is interconnected with the 4 to 16
      decoder 4C. The final 4 blank data bits will be in register 6B ready to
      receive an output signal in the event an interrogated key has been
      depressed. With the computer output signal so positioned, the "one shot"
      circuit 124 is actuated and the information carried by the signal is
      communicated to the keyboard and any input from the keyboard is impressed
      upon the last four blank data bits. The signal then is shifted in steps
      through the shift registers 112 to the computer. The next following
      signal, bearing its instructions and determining X coordinate, follows
      behind. Its information will not be released to the keyboard, however,
      until the signal is properly aligned as described above. When so aligned,
      the "one shot" circuit 124 will be energized again and another transfer of
      instructions effected.
PAR  An enabling circuit 126 is provided to protect the display devices 52.
      Since the incandescent strips or bars 54 are lighted intermittently, a
      higher voltage is impressed upon them to compensate for a decay in
      brightness during the unlighted periods. Should movement of the computer
      output signal through the shift registers 112 be interrupted and a signal
      left in the actuating position, the lights could be burned out.
      Accordingly, the enabling circuit clears the registers 112 in such an
      event to protect the display lights.
PAR  It should be noted that the X coordinates for the keys are not necessarily
      the same as the X coordinates for the display devices. The hamburger key
      used as an example herein happens to have the same X coordinate as its
      associated display device. However, the X coordinates for the remaining
      keys are, for the most part, different from the X coordinates for their
      associated display devices.
PAR  All pin sockets for keys having the same coordinates are interconnected in
      parallel. Thus, contact 9 on pin socket 2A, having the coordinate X.sub.0,
      is connected in parallel to point 11 on socket 1A, point 10 on socket 6A,
      point 16 on socket PG 3 and point 4 on socket 4A.
PAR  Actuation of the food item and numeral keys calls for the lighting of the
      associated display devices. When the computer receives a signal that a
      food item key has been depressed, it first looks to see if more than one
      key has been depressed at the same time. If so, the computer lights the
      error display. If only one key has been depressed the computer next looks
      to see if a numeral key has been depressed. If one has been actuated, the
      display device associated with the food item lights the number
      corresponding to the particular numeral key actuated. If the next
      preceding key actuation was not a numeral key, the pressing of the food
      item key will cause the quantity for that food item to be incremented by
      one. As explained previously, any quantity of a particular food item can
      be incremented by use of the numeral key corresponding to the new desired
      quantity followed by actuation of the food item key. Alternatively, the
      quantity can be incremented sequentially through repetitive actuations of
      the food item key. Decrementing can be accomplished only by going to a
      lower quantity numeral key and then actuating the food item key. A
      particular food item can be cancelled completely by pushing the zero
      numeral key and then the food item key.
PAC  COMPUTER PROCESSING STEPS
PAR  Each scanning sequence of the computer is followed with either a processing
      step or a printing step. In the processing steps, the computer carries out
      the logic sequences called for by the keyboard terminals. The time elapse
      for each processing step is 0.525 milliseconds and, in this time period,
      the computer can pass through 210 states.
PAR  Many of the operations involved in the processing step can be accomplished
      in 210 states or less, but the more complicated operations, such as the
      total price calculation, require many more states. In such cases, the
      processing operation has to be carried out over a number of processing
      steps. This means that an operation once begun is interrupted by further
      scanning sequences, by the processing step for the other keyboard and by
      the printing step. The program for the computer is designed to allow this
      interruption of the processing operation and is, accordingly, divided into
      separate parts called quanta. Each quantum is a part of the program
      operation that can be accomplished within 210 states. Each quantum must be
      self-contained so at its conclusion, no information is left in the central
      processor unit. The start of the next succeeding quantum in the operation
      must be set up so that the operation can be picked up and continued during
      the next processing step for that keyboard.
PAR  To do this, three reference points or locations are provided in the random
      access memory. One location is provided for the first keyboard processing
      step, another location is provided for the second keyboard processing step
      and a third location is provided for the printing operation. At the end of
      the first scanning sequence -- the one preceding the process step for
      keyboard 1 -- the computer is instructed to jump to the reference point,
      or location, for keyboard 1. The information stored at this address will
      tell the computer what it is to do next. If, during the previous
      processing step, a logic sequence was completed and there is no pending
      operation, the computer will be free to start on a new demand should one
      be called for. However, if the operation in the last processing step was
      not completed, an instruction to carry on with another part or quantum of
      the operation would have been left in the random access memory and the
      computer will be told to initiate the next quantum in the operation. In
      the same way, the reference locations for the other keyboard processing
      step and the printing operation are programmed to either carry on with
      their respective operations or to tell the computer to start upon another
      processing or printing operation.
PAR  To carry out the computer program, additional read-only memory is required
      over that provided for on the printed circuit board of the central
      processor unit. Accordingly, nine additional ROM units 128 were mounted at
      the left side of the printed circuit board 44 (FIG. 11).
PAR  During idle periods, the processor compares three identical copies of the
      price and tax tables, correcting any discrepancies that arise by majority
      logic. A cumulative count of detected errors is maintained and printed
      with the hourly report.
PAR  The complete computer program is set forth in Appendix 1 and the various
      internal processor operating instructions of the central processor unit
      are set out in Appendix II.
      ##SPC1##
      ##SPC2##
      ##SPC3##
TBL  APPENDIX II                                                               
     __________________________________________________________________________
     INDEX REGISTER INSTRUCTIONS                                               
     LOAD DATA TO INDEX REGISTERS - One Byte                                   
      Data may be loaded into or moved between any of the index registers,     
     or memory registers.                                                      
     Lr.sub.1 r.sub.2                                                          
                   11 DDD  SSS (r.sub.1) .rarw. (r.sub.2) Load register        
                               r.sub.1                                         
     (one cycle --PCI)         with the content of r.sub.2. The con-           
                               tent of r.sub.2 remains unchanged. If           
                               SSS=DDD, the instruction is a                   
                               NOP (no operation).                             
     LrM           11 DDD  111 (r) .rarw. (M) Load register r with             
     (two cycles--             the content of the memory location              
     PCI/PCR)                  addressed by the contents of                    
                               registers H and L. (DDD.noteq.111 --            
                               HALT instr.)                                    
     LMr           11 111  SSS (M) .rarw. (r) Load the memory                  
     (two cycles --            location addressed by the con-                  
     PCI/PCW)                  tents of registers H and L with                 
                               the content of register r. (SSS.noteq. 111      
                               --HALT instr.)                                  
     LOAD DATA IMMEDIATE --Two Bytes                                           
      A byte of data immediately following the instruction may be loaded into  
     the processor or into the memory.                                         
     Lrl           00 DDD  110 (r) .rarw. &lt;B.sub.2 &gt; Load byte two of the      
     (two cycles --   &lt;B.sub.2 &gt;                                               
                               instruction into register r.                    
     PCI/PCR)                                                                  
     LMl           00 111  110 (M) .rarw. &lt;B.sub.2 &gt; Load byte two of the      
     (three cycles -- &lt;B.sub.2 &gt;                                               
                               instruction into the memory                     
     PCI/PCR/PCW)              location addressed by the contents              
                               of registers H and L.                           
     INCREMENT INDEX REGISTER --One Byte                                       
     INr           00 DDD  000 (r) .rarw. (r)+1. The content of re-            
     (one cycle --PCI)         gister r is incremented by one.                 
                               All of the condition flip-flops                 
                               except carry are affected by the                
                               result. Note that DDD.noteq.000 (HALT           
                               instr.) and DDD.noteq.111 (content of           
                               memory may not be incremented).                 
     DECREMENT INDEX REGISTER --One Byte                                       
     DCr           00 DDD  001 (r) .rarw. (r)-1. The content of re-            
     (one cycle --PCI)         gister r is decremented by one.                 
                               All of the condition flip-flops                 
                               except carry are affected by the                
                               result. Note that DDD.noteq.000 (HALT           
                               instr.) and DDD.noteq.111 (content of           
                               memory may not be decremented)                  
     __________________________________________________________________________
TBL  ACCUMULATOR GROUP INSTRUCTIONS                                            
     Operations are performed and the status flip-flops, C,Z,S,P, are set      
     based                                                                     
     on the result of the operation. Logical operations (NDr, XRr, ORr) set    
     the                                                                       
     carry flip-flop to zero. Rotate operations affect only the carry          
     flip-flop.                                                                
     Two's complement subtraction is used.                                     
     ALU INDEX REGISTER INSTRUCTIONS - One Byte                                
     (one cycle - PCI)                                                         
     Index Register operations are carried out between the accumulator and     
     the                                                                       
     content of one of the index registers (SSS=000 through SSS=110). The      
     previous content of register SSS is unchanged by the operation.           
     ADr           10 000  SSS (A) .rarw. (A)+(r) Add the content of           
                               register r to the content of register           
                               A and place the result into register            
                               A.                                              
     ACr           10 001  SSS (A) .rarw. (A)+(r)+(carry) Add the              
                               content of register r and the con-              
                               tents of the carry flip-flop to the             
                               content of the A register and                   
                               place the result into Register A.               
     SUr           10 010  SSS (A) .rarw. (A)-(r) Subtract the con-            
                               tent of register r from the con-                
                               tent of Register A and place the                
                               result into Register A. Two's                   
                               complement subtraction is used.                 
     SBr           10 011  SSS (A) .rarw. (A)-(r)-(borrow) Subtract            
                               the content of register r and the               
                               content of the carry flip-flop                  
                               from the content of register A                  
                               and place the result into register              
                               A.                                              
     NDr           10 100  SSS (A) .rarw. (A) (r) Place the logical            
                               product of the register A and                   
                               register r into register A.                     
     XRr           10 101  SSS (A) .rarw. (A) (r) Place the "exclu-            
                               sive - or" of the content of re-                
                               gister A and register r into re-                
                               gister A.                                       
     ORr           10 110  SSS (A) .rarw. (A) V (r) Place the "inclu-          
                               sive - or" of the content of re-                
                               gister A and register r into re-                
                               gister A.                                       
     CPr           10 111  SSS (A)-(r) Compare the content of                  
                               register A with the content of                  
                               register r. The content of re-                  
                               gister A remains unchanged. The                 
                               flag flip-flops are set by the re-              
                               sult of the subtraction. Equality               
                               or inequality is indicated by the               
                               zero flip-flip. Less than or greater            
                               than is indicated by the carry flip-            
                               flop.                                           
     ALU OPERATIONS WITH MEMORY - One Byte                                     
     (two cycles - PCI/PCR)                                                    
     Arithmetic and logical operations are carried out between the             
     accumulator                                                               
     and the byte of data addressed by the contents of registers H and L       
     ADM           10 000  111 (A) .rarw. (A)+(M) ADD                          
     ACM           10 001  111 (A) .rarw. (A)+(M)+(carry) ADD with             
                               carry                                           
     SUM           10 010  111 (A) .rarw. (A)-(M) SUBTRACT                     
     SBM           10 011  111 (A) .rarw.  (A)-(M)-(borrow) SUB-               
                               TRACT with borrow                               
     NDM           10 100  111 (A) .rarw. (A) (M) Logical AND                  
     XRM           10 101  111 (A) .rarw. (A) (M) Exclusive OR                 
     ORM           10 110  111 (A) .rarw. (A) V (M) Inclusive OR               
     CPM           10 111  111 (A)-(M) COMPARE                                 
     ALU IMMEDIATE INSTRUCTIONS - Two Bytes                                    
     (two cycles - PCI/PCR)                                                    
     Arithmetic and logical operations are carried out between the             
     accumulator                                                               
     and the byte of data immediately following the instruction.               
     ADI           00 000  100 (A) .rarw. (A)+ &lt;B.sub.2 &gt;                      
                      &lt;B.sub.2 &gt;                                               
                               ADD                                             
     ACI           00 001  100 (A) .rarw. (A)+&lt;B.sub.2 &gt; +(carry)              
                      &lt;B.sub.2 &gt;                                               
                               ADD with carry                                  
     SUI           00 010  100 (A) .rarw. (A)- &lt;B.sub.2 &gt;                      
                      &lt;B.sub.2 &gt;                                               
                               SUBTRACT                                        
     SBI           00 011  100 (A) .rarw. (A)- &lt;B.sub.2 &gt;-(borrow)             
                      &lt;B.sub.2 &gt;                                               
                               SUBTRACT with borrow                            
     NDI           00 100  100 (A) .rarw. (A) &lt;B.sub.2 &gt;                       
                      &lt;B.sub.2 &gt;                                               
                               Logical AND                                     
     XRI           00 101  100 (A) .rarw. (A) &lt;B.sub.2 &gt;                       
                      &lt;B.sub.2 &gt;                                               
                               Exclusive OR                                    
     ORI           00 110  100 (A) .rarw. (A) V &lt;B.sub.2 &gt;                     
                      &lt;B.sub.2 &gt;                                               
                               Inclusive OR                                    
     CPI           00 111  100 (A)-&lt;B.sub.2 &gt;                                  
                      &lt;B.sub.2 &gt;                                               
                               COMPARE                                         
     ROTATE INSTRUCTIONS - One Byte                                            
     (one cycle - PCI)                                                         
     The accumulator content (register A) may be rotated either right or       
     left,                                                                     
     around the carry bit or through the carry bit. Only the carry flip-flop   
     is                                                                        
     affected by these instructions; the other flags are unchanged.            
     RLC           00 000  010 A.sub.m.sub.+1 .rarw. A.sub.m, A.sub.o .rarw.   
                               A.sub.7, (carry) .rarw. A.sub.7                 
                               Rotate the content of register A left           
                               one bit. Rotate A.sub.7 into A.sub.o and into   
                               the carry flip-flop.                            
     RRC           00 001  010 A.sub.m .rarw. A.sub.m.sub.+1 , A.sub.7 .rarw.  
                               A.sub.o (carry) .rarw. A.sub.o                  
                               Rotate the content of register A                
                               right one bit. Rotate A.sub.o into A.sub.7 and  
                               into the carry flip-flop.                       
     RAL           00 010  010 A.sub.m.sub.+1 .rarw. A.sub.m, A.sub.o .rarw.   
                               (carry),(carry)                                 
                               .rarw. A.sub.7 Rotate the content of Register   
                               A left one bit. Rotate the content of           
                               the carry flip-flop into A.sub.o. Rotate        
                               A.sub.7 into the carry flip-flop.               
     RAR           00 011  010 A.sub.m .rarw. A.sub.m.sub.+1, A.sub.7 .rarw.   
                               (carry),(carry)                                 
                               .rarw. A.sub.o Rotate the content of Register   
                               A right one bit. Rotate the content             
                               of the carry flip-flop into A.sub.7. Ro-        
                               tate A.sub.o into the carry flip-flop.          
     __________________________________________________________________________
     PROGRAM COUNTER AND STACK CONTROL INSTRUCTIONS                            
     JUMP INSTRUCTIONS - Three Bytes                                           
     (three cycles - PCI/PCR/PCR)                                              
     Normal flow of the microprogram may be altered by jumping to an address   
     specified by bytes two and three of an instruction.                       
     JMP           01 XXX  100 (P) .rarw. &lt;B.sub.3 &gt;&lt;B.sub.2 &gt; Jump            
                               uncondition-                                    
     (Jump Unconditionally                                                     
                      &lt;B.sub.2 &gt;                                               
                               ally to the instruction located in              
                      &lt;B.sub.3 &gt;                                               
                               memory location addressed by byte               
                               two and byte three.                             
     JFc           01 0C.sub.4 C.sub.3                                         
                           000 If (c) = 0, (P) .rarw. &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;.    
                               Other-                                          
     (Jump if Condition                                                        
                      &lt;B.sub.2 &gt;                                               
                               wise, (P) = (P)+3. If the content of            
     False)           &lt;B.sub.3 &gt;                                               
                               flip-flop c is zero, then jump to the           
                               instruction located in memory lo-               
                               cation &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;; otherwise, exe-    
                               cute the next instruction in sequence.          
     JTc           01 1C.sub.4 C.sub.3                                         
                           000 If (c) = 1, (P) .rarw. &lt;B.sub.3 &gt; &lt;B.sub.2 &gt;.   
                               Other-                                          
     (Jump if Condition                                                        
                      &lt;B.sub.2 &gt;                                               
                               wise, (P) = (P)+3. If the content of            
     True)            &lt;B.sub.3 &gt;                                               
                               flip-flop c is one, then jump to the            
                               instruction located in memory lo-               
                               cation &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;; otherwise, exe-    
                               cute the next instruction in sequence.          
     CALL INSTRUCTIONS - Three Bytes                                           
     (three cycles - PCI/PCR/PCR)                                              
     Subroutines may be called and nested up to sevel levels.                  
     CAL           01 XXX  110 (Stack) .rarw. (P), (P) .rarw. &lt;B.sub.3         
                               &gt;&lt;B.sub.2 &gt;.                                    
     (Call subroutine &lt;B.sub.2 &gt;                                               
                               Shift the content of P to the push-             
     Unconditionally) &lt;B.sub.3 &gt;                                               
                               down stack. Jump unconditionally                
                               to the instruction located in memory            
                               location addressed by byte two and              
                               byte three.                                     
     CFc           01 0C.sub.4 C.sub.3                                         
                           010 If (c) = 0, (Stack) .rarw. (P), (P) .rarw.      
     (Call subroutine &lt;B.sub.2 &gt;                                               
                               &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;. Otherwise, (P) =          
     if Condition False)                                                       
                      &lt;B.sub.3 &gt;                                               
                               (P)+3. If the content of flip-flop c            
                               is zero, then shift contents of P to            
                               the pushdown stack and jump to the              
                               instruction located in memory lo-               
                               cation &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;; otherwise,         
                               execute the next instruction in se-             
                               quence.                                         
     CTc           01 1C.sub.4 C.sub.3                                         
                           010 If (c) = 1, (Stack) .rarw. (P), (P) .rarw.      
     (Call subroutine &lt;B.sub.2 &gt;                                               
                               &lt;B.sub.3 &gt;&lt;B.sub.2 &gt;. Otherwise, (P) =          
     if Condition True)                                                        
                      &lt;B.sub.3 &gt;                                               
                               (P)+3. If the content of the flip-              
                               flop c is one, then shift contents of           
                               P to the pushdown stack and jump                
                               to the instruction located in memory            
                               location &lt;B.sub.3 &gt; &lt;B.sub.2 &gt;; otherwise,      
                               execute the next instruction in se-             
                               quence.                                         
     In the above JUMP and CALL instructions &lt;B.sub.2 &gt; contains the least     
     signifi-                                                                  
     cant half of the address and &lt;B.sub.3 &gt; contains the most significant     
     half of the                                                               
     address. Note that D.sub.6 and D.sub.7 of &lt;B.sub.3 &gt; are "don't care"     
     bits since the CPU                                                        
     uses fourteen bits of address.                                            
     RETURN INSTRUCTIONS - One Byte                                            
     (one cycle - PCI)                                                         
     A return instruction may be used to exit from a subroutine; the stack is  
     popped-up one level at a time.                                            
     RET           00 XXX  111 (P) .rarw. (Stack). Return to the in-           
                               struction in the memory location                
                               addressed by the last value shifted             
                               into the pushdown stack. The -    stack pops up 
                               one level.                                      
     RFc           00 0C.sub.4 C.sub.3                                         
                           011 If (c) = 0, (P) .rarw. (Stack); otherwise,      
     (Return Condition         (P) = (P)+1. If the content of the              
     False)                    flip-flop c is zero, then return to             
                               the instruction in the memory lo-               
                               cation addressed by the last value              
                               inserted in the pushdown stack.                 
                               The stack pops up one level. Other-             
                               wise, execute the next instruction              
                               in sequence.                                    
     RTc           00 1C.sub.4 C.sub.3                                         
                           011 If (c) = 1, (P) .rarw. (Stack); otherwise,      
     (Return Condition         (P) = (P)+1. If the content of flip-            
     True)                     flop c is one, then return to the in-           
                               struction in the memory location -    addressed 
                               by the last value inserted                      
                               in the pushdown stack. The stack                
                               pops up one level. Otherwise, exe-              
                               cute the next instruction in sequence.          
     RESTART INSTRUCTION - One Byte                                            
     (one cycle - PCI)                                                         
     The restart instruction acts as a one byte call on either specified       
     locations                                                                 
     of page 0, the first 256 instruction words.                               
     RST           00 AAA  101 (Stack) .rarw. (P), (P) .rarw. (000000          
                               00AAA000)                                       
                               Shift the contents of P to the push-            
                               down stack. The content, AAA, of                
                               the instruction register is shifted             
                               into bits 3 through 5 of the P-counter.         
                               All other bits of the P-counter are             
                               set to zero. As a one-word "call",              
                               either eight-byte subroutines may be            
                               accessed in the lower 64 words of               
                               memory.                                         
     __________________________________________________________________________
     INPUT/OUTPUT INSTRUCTIONS                                                 
     One Byte                                                                  
     (two cycles - PCI/PCC)                                                    
     Eight input devices may be referenced by the input instruction.           
     INP           01 00M  MM1 (A) .rarw. (input data lines). The con-         
                               tent of Register A is made available            
                               to external equipment at state T1 of            
                               the PCC cycle. The content of the               
                               instruction register is made avail-             
                               able to external equipment at state             
                               T2 of the PCC cycle. New data for               
                               the accumulator is loaded at T3 of              
                               the PCC cycle. MMM denotes input                
                               device number. The content of the               
                               condition flip-flops, S,Z,P,C, is               
                               output on D.sub.o, D.sub.1, D.sub.2, D.sub.3    
                               respective-                                     
                               ly at T4 on the PCC cycle.                      
     Twenty-four output devices may be referenced by the output instruction.   
     OUT           01 RRM  MM1 (Output data lines) .rarw. (A). The con-        
                               tent of register A is made available            
                               to external equipment at state T1               
                               and the content of the instruction              
                               register is made available to ex-               
                               ternal equipment at state T2 of the             
                               PCC cycle. RRMMM denotes output                 
                               device number (RR.noteq.00).                    
     __________________________________________________________________________
     MACHINE INSTRUCTION                                                       
     HALT INSTRUCTION - One Byte                                               
     (one cycle - PCI)                                                         
     HLT           00 000  00X On receipt of the Halt Instruction,             
                      or       the activity of the processor is                
                   11 111  111 immediately suspended in the                    
                               STOPPED state. The content of all               
                               registers and memory is unchanged.              
                               The P-counter has been updated and              
                               the internal dynamic memories con-              
                               tinue to be refreshed.                          
     __________________________________________________________________________
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for entering customer orders at point-of-sale stations,
      processing and recording said orders in a computer and returning processed
      order information to said stations for display, said system comprising:
PA1  a. a keyboard terminal at each point-of-sale station, each of said keyboard
      terminals having
PAR  1. a plurality of manually operable keys for designating various sales
      items as ordered,
PA2  2. a plurality of display devices, each of said devices being associated
      with one manually operable item key,
PA2  3. means for generating identifying electrical signals specific to
      individual keys whenever one of said keys is actuated, and
PA1  b. a computer interconnecting said keys and said associated display devices
      and having logic means operative in response to said key identifying
      signals to cause the display devices associated with the actuated item
      keys to display the number of sales items ordered.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein said display devices have the
      capability to selectively display a series of individual numerals and the
      logic means of said computer increments each display numeral by one upon
      each successive actuation of the associated sales item key.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein:
PA1  a.
PA2  4. each of said keyboard terminals also has a plurality of manually
      operable numeral keys in addition to said manually operable sales item
      keys,
PA2  5. said display devices are provided with means for selectively displaying
      a series of individual numerals, and
PA1  b. the logic means of said computer operates in response to said electrical
      signals generated by the sequential actuation of a numeral key and a sales
      item key to cause the associated display device to display a number
      corresponding to the number of said numeral key.
NUM  4.
PAR  4. A system as set forth in claim 1 wherein the logic means of said
      computer operates in response to electrical signals generated by the
      successive actuation of an item key, to cause said associated display
      device to increment each display numeral by one upon each successive
      actuation of said item key, and operates in response to the electrical
      signals generated by the sequential actuation of a numeral key and an item
      key, to cause the associated display device to display a number
      corresponding to the number of said numeral key.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein said computer is provided with
      a memory and said keyboard terminal is provided with at least one manually
      operable function key whose signal causes the logic means of the computer
      to store an order temporarily in the computer memory and to extinguish all
      display devices.
NUM  6.
PAR  6. A system as set forth in claim 5 wherein a next succeeding actuation of
      said function key causes the logic means of the computer to relight the
      previously lighted display devices to redisplay the temporarily stored
      order.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein said keyboard terminal has
      three function keys for causing the logic means of the computer to
      temporarily store up to three separate orders.
NUM  8.
PAR  8. A system as set forth in claim 4 wherein said keyboard terminal is also
      provided with at least one function key whose signal causes the logic
      means of the computer to total the price of the sales items ordered.
NUM  9.
PAR  9. A system as set forth in claim 8 wherein said keyboard terminal is
      provided with a second function key whose signal causes the logic means of
      the computer to cancel all items ordered and to extinguish all display
      devices associated with the item keys.
NUM  10.
PAR  10. a system as set forth in claim 8 wherein said keyboard terminal is also
      provided with at least one function key whose signal causes the logic
      means of the computer to total the price of the sales items ordered and
      automatically calculate and include the amount of tax due.
NUM  11.
PAR  11. A system as set forth in claim 10 wherein said computer has a permanent
      memory and the sales order price and item quantities are entered into the
      permanent memory of the computer by said logic means only upon the
      actuation of said function key.
NUM  12.
PAR  12. A system for entering and pricing customer orders at point-of-sale
      stations, processing and recording said orders in a computer and returning
      processed order information to said stations for display, means for
      reprogramming the computer for price changes, said means comprising:
PA1  a. a keyboard terminal at each point-of-sale station, each of said keyboard
      terminals having,
PAR  1. a plurality of manually operable sales item keys for designating various
      sales items as ordered,
PA2  2. a plurality of manually operable numeral keys,
PA2  3. a display device for displaying at least one-digit numerals,
PA2  4. means for generating identifying electrical signals specific to
      individual keys whenever one of said keys is actuated,
PA1  b. a computer interconnecting said manually operable sales item and numeral
      keys and said display device and having logic means responsive to said key
      identifying signals for automatically computing the total price of the
      sales items ordered as indicated by the operation of said keys, and
PA1  c. control means for said computer including a manually operable price
      change key on the terminal, said control means being responsive to the
      operation of said price change key to place the logic means of said
      computer into a reprogramable condition, whereby price changes for each
      sales item are entered into the computer logic means by operating said
      manually operable price change key, and then sequentially actuating the
      numeral keys and a sales item key to set the new price for said sales
      item, said new price being displayed in said display device.
NUM  13.
PAR  13. In a system for entering, pricing and computing the tax on customer
      orders at point-of-sale stations, processing and recording said orders in
      a computer and returning processed order information to said stations for
      display, means for reprogramming the tax computation function of the
      computer, said means comprising:
PA1  a. a keyboard terminal at each point-of-sale station, each of said keyboard
      terminals having,
PA2  1. a plurality of manually operable sales item keys for designating various
      sales items as ordered,
PA2  2. a plurality of manually operable numeral keys,
PA2  3. a display device for displaying dollars and cents,
PA2  4. means for generating identifying electrical signals specific to
      individual numeral and item keys whenever one of said keys is actuated,
PA1  b. a computer interconnecting said manually operable sales item and numeral
      keys and said display device and having logic means responsive to said key
      identifying signals for automatically computing the tax due on the sales
      items ordered as indicated by the operation of said keys, and
PA1  c. control means for said computer including a manually operable tax change
      key on the terminal, said control means being responsive to the operation
      of said manually operable tax change key to place the logic means of said
      computer into a reprogramable condition wherein actuation of the manually
      operable tax change key, and the subsequent actuation of the numeral and
      item keys serve to set new tax schedules in the logic means of the
      computer.
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ABST
PAL  An orientable lighting fixture comprising a central support carrying the
      light bulb sockets, a plurality of flexible rods connected to the central
      support and flexibly converging in pairs each pair toward a common
      clamping terminal, and a pair of screens or shades for the fixture
      removably connected to the said terminals.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to an orientable lighting fixture comprising
      a plurality of rods which are engaging a central supporting member and are
      flexibly converging in pairs each pair toward a common terminal connector
      so as to form the supporting frame for a pair of screens which serve as
      light-diffusors. The said central supporting member contains the bulb
      sockets and is orientable by means of a flange-stem combination suitably
      associated with the central support member so as to permit the location of
      the fixture on a wall or on the ceiling or on a column and to enable the
      positioning at will of the bulbs.
DRWD
PAC  THE DRAWINGS
PAR  The invention will become more apparent from the following detailed
      description of the embodiments thereof and from the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of the assembled lighting fixture, one screen
      having been removed;
PAR  FIG. 2 is a side elevational view of the fixture in assembled condition;
PAR  FIG. 3 is a perspective view of the central supporting member of the
      fixture;
PAR  FIG. 4 shows the method of mounting the flexible rods on the central
      supporting member;
PAR  FIG. 5 shows the flexible rods of FIG. 4 convergingly assembled and with
      one screen connected thereto; and
PAR  FIG. 6 is a partially cross-sectional view of the terminal connector for
      each pair of flexible rods, with one screen shown attached to the
      connector.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With reference now to the accompanying drawings, the device of the
      invention comprises a central supporting member, generally indicated at 1,
      which comprises two identical portions, each consisting of a hollow stem
      2, a base flange 3 and a rod-connector 4 (hereinafter referred to as the
      central rod connector 4) positioned perpendicularly with respect to the
      longitudinal axis of central stem 2. The two identical portions are
      fixedly attached to each other by means of fasteners, such as screws 5
      (see FIG. 3) engaging the two base flanges 3 with a ring 6 positioned
      therebetween. On this ring 6 is furthermore mounted a number of bulb
      sockets 7 of conventional type. The two portions of the central support
      member are oppositely facing each other and are oriented angularly in such
      a way that their rod connectors 4 are perpendicularly mounted not only
      with respect to the longitudinal axis of stem 2 but also with respect to
      each other, so that, when the rods 10 are inserted into the connectors 4,
      a cross-like configuration will result, as it can be seen from FIG. 4. In
      each of the two central rod connectors 4, there are provided two pairs of
      longitudinal apertures 8, 9 open to the outside and each containing
      removably therein one extremity of one flexible rod 10 of suitable
      material, preferably plastic.
PAR  Each of the rods 10 associated with one of the two central rod connectors 4
      is flexed or bent so as to converge, (see FIGS. 4, 5), together with a
      corresponding rod associated with the opposite central rod connector,
      toward a terminal or corner rod connector 11 (see FIG. 6) of V shape, and
      form consequently all together four pairs of corner rods. The terminal or
      corner rod connector 11 has a pair of longitudinal tubular seats 12 to
      accept therein the extremities of the rods 10 and, opposite thereto, a
      two-hook hanger 13.
PAR  The flexible rods 10, associated with the central support member 1, form
      all together four pairs of rods, the converging extremities of which,
      retained by the four V-shaped corner rod connectors 11, appear out of
      phase among themselves by 90 degrees with respect to the axis of the
      central support member and, furthermore, they appear positioned in
      correspondence with the apexes of a rectangle enclosing therein the entire
      lighting fixture. Furthermore, these rods thus assembled and mounted,
      constitute the supporting and tensile frame for a pair of screens 14, of
      suitable material, transparent or semi-transparent, held by means of rings
      15 onto the hooks of the hanger 13. These two screens enclose therebetween
      the entire device and serve the purpose of light-diffusors.
PAR  The lighting fixture hereabove described is easily and rapidly assembled
      through the use of simple, easly interconnected, elements. A combination
      flange-stem (not referenced, but generally shown in FIG. 2) of
      conventional type is readily pivotably seated in the outer cavity
      centrally located in the central rod connectors 4, so as to permit the
      mounting of the device on a wall, on the ceiling or on a column or on any
      supporting base, thus resulting in a concurrently light-orientable and
      light-diffusion-controlled installation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Orientable lighting fixture comprising:
PA1  a. a central support member having a plurality of light bulb sockets
      connected thereto:
PA1  b. a plurality of elongated flexible rods connected to said central support
      member;
PA1  c. a plurality of terminal connectors for coupling pars of said flexible
      rods at the extremity thereof that is remote from said central support
      member, each said pair of rods converging towards said terminal connector
      to define a corner; and
PA1  d. a pair of screens attached removably onto said terminal connectors, said
      screens enveloping the entire lighting fixture and functioning as
      light-diffusors.
NUM  2.
PAR  2. Lighting fixture according to claim 1, wherein said central support
      member comprises a central socket-bearing element and a pair of opposedly
      mounted portions, each said portion comprising a base flange removably
      fastened to said socket-bearing element, a hollow stem connected to said
      base flange, and a central connector connected to said hollow stem, the
      long axis of said central connector of one portion being perpendicular to
      the long axis of said central connector of said other opposedly mounted
      portion.
NUM  3.
PAR  3. Lighting fixture according to claim 2, wherein each said central
      connector has two pairs of oppositely located apertures for accepting said
      flexible rods.
NUM  4.
PAR  4. Lighting according to claim 3, wherein each said flexible rod which is
      associated with one aperture of one said central connector converges
      towards said flexible rod which is associated with one aperture of said
      opposite central connector and also toward a terminal connector common
      thereto, said two converging rods being connected with said common corner
      connector by means of tubular seats provided therein.
NUM  5.
PAR  5. Lighting fixture according to claim 1, wherein said terminal connectors
      for the said converging pairs of flexible rods are positioned so as to
      form the apexes of a quadrilateral and be out of phase by 90.degree. among
      themselves with respect to the axis of the central supporting member of
      the device.
NUM  6.
PAR  6. Lighting fixture according to claim 1, further including mounting means
      pivotably connected with said central supporting member for orientably
      mounting the lighting fixture.
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ABST
PAL  A system for automatically focusing images of different magnifications to
      be reproduced onto a light sensitive medium. First and second optical
      patterns of a wavelength to which the light sensitive medium is not
      responsive are projected from first and second displaced light pattern
      producing means to the projection plane of the images to be reproduced and
      back to the light pattern producing means. The light pattern producing
      means have transparent portions therein such that when the returned
      optical patterns are defocused portions of the defocused optical patterns
      are transmitted through the transparent portions. The transmitted light is
      then mechanically modulated and then converted to an electrical signal
      which is amplified, filtered and then demodulated to provide a signal
      having the polarity needed to drive a servo system such that focus of the
      images to be reproduced is achieved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In microfiche blowback systems it is highly desirable to use a
      magnification that can be varied readily. This is because various forms of
      microfiche use different reduction ratios, and also because specific users
      of the system have various preferences in the blowback magnifications that
      are utilized. The magnification of the system adheres to the fundamental
      relationship
      ##EQU1##
      WHERE D.sub.2 IS THE IMAGE-TO-LENS LENGTH (THE LONG CONJUGATE LENGTH) AND
      D.sub.1 IS THE OBJECT-TO-LENS LENGTH (THE SHORT CONJUGATE LENGTH). The
      lens equation
      ##EQU2##
      RELATES FOCUS TO THE LONG AND SHORT CONJUGATE LENGTHS. In systems where
      the focal length (f) of the lens is fixed, magnification is often achieved
      by changing the long conjugate length d.sub.2. From equation (2) it is
      seen that changes in the long conjugate length will affect focus and that
      to maintain focus such a change will require a corresponding change in the
      short conjugate length.
PAR  Generally, magnification control is achieved by manual control of one of
      the path lengths d.sub.1 or d.sub.2 with automatic control of the second
      path length being maintained. In this type of magnification control of the
      prior art, the second path length is moved in strict accordance with the
      lens equation (1), it being assumed in those systems that focus will be
      achieved if the relationships of the lens equation (1) are maintained. A
      disadvantage of this type of system is, for example, a lack of
      compensation for variations, such as temperature expansion or contraction
      of the support structure for the projection lens or the object. Since at
      high magnification and low f/numbers, tolerances may be very small between
      the lens and the object plane, on the order of 0.001 inches, systems which
      rely solely on the solution of lens equation (1) are not always
      satisfactory.
PAR  In automatic focus systems, such as described in the U.S. Pat. Nos.
      2,968,994 and 3,421,815, means are provided to evaluate the focus of an
      actual image and to control the movement of some element of the optical
      system to maintain a focus condition once it has been achieved regardless
      of extraneous movement. These systems, known as optical probe focus servo
      systems, utilize a light source which projects a target image of high
      resolution backward through the optical system to the object plane, with
      the target image reflected from the object being projected back through
      the image system and reimaged at the target plane. If the long and short
      conjugate lengths are correct in relation to the optical probe imaging
      lens focal length, the return image will be superimposed on the target and
      no focus adjustment need be made. If the conjugate lengths are incorrect,
      that is, not in accordance with lens equation (1), the condition occurs in
      which the returned target image is in a defocused condition at the target
      plane. This condition can be sensed, and used to generate a servo-control
      signal to effect repositioning of the image plane.
PAR  Several problems relate to the auto focus system described in the
      referenced patents. One problem is that the system only maintains focus
      after it has been manually set, and that it must be manually set each time
      magnification is changed. A second problem involves the focus control
      system, which varies the optical path length between lens and object by
      direct movement of the object plane. Within the tolerances of the system,
      this direct movement may be difficult to control. A third problem which
      exists is stray light, there being no means to differentiate between light
      arriving at the sensor as a result of a focusing condition and light that
      arrives at the sensor due to extraneous sources of light such as light
      which will be scattered in the optical system.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the invention to provide an improved system
      for achieving automatic focus with variable magnification.
PAR  It is a further object of the invention to provide an improved system for
      achieving automatic focus with variable magnification which is
      substantially insensitive to extraneous motion.
PAR  It is still a further object of the present invention to provide an
      improved system for achieving automatic focus with variable magnification
      which is insensitive to stray light.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, the optical path used for focus sensing
      is essentially the optical path used for imaging. When a defocused
      condition is sensed, which may be due to a change in the optical path
      length of the long conjugate in order to achieve a different
      magnification, the optical path length of the short conjugate is
      automatically changed. Changes in the optical path length of the short
      conjugate are achieved by movement of optical wedges which are located
      between the projection lens and the object to provide very fine and
      accurate control of the projection lens-to-object distance. Additional
      advantages are achieved by using a projection lens which is telecentric.
PAR  The focused detection system utilizes two mirror grids with alternate clear
      (light transparent) and light reflecting portions and a rotating optical
      modulator which is comprised of spaced opaque and transparent bars of
      onehalf the width of the clear and reflecting portions of the grids. In a
      slightly defocused system condition, an image of the grid pattern will
      have a light distribution pattern such that light will pass through the
      edges of the clear portions of the mirrored grids. The modulator scans
      across the clear portions and alternately blocks light at the edges of the
      clear portions and then light at the central sections of the clear
      portions. This will produce a modulation of the defocused light that is
      passing through the clear portions. The mirrored grids are displaced
      relative to the modulator such that the modulation signals produced by
      each mirrored grid in association with the modulator disk will be
      180.degree. out of phase with each other. The composite signal will carry
      a modulation which has a phase relationship corresponding to the channel
      which is furthest from focus. The composite signal is demodulated to
      provide a direct current control signal which is used to drive a motor
      which in turn drives one of the optical wedges in a direction toward
      focus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of the automatic focus with variable
      magnification system.
PAR  FIGS. 2, 3 and 4 are illustrative plane views of components of the system
      of FIG. 1.
PAR  FIG. 5 is a schematic representation of the interaction between components
      of the system of FIG. 1.
PAR  FIGS. 6A and 6B, and 7A, 7B and 7C are waveforms appearing at designated
      points of the system of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there is shown a system for projecting an image
      located at an object plane, such as one of the microimages on microfiche
      2, onto a light responsive image plane, which may be the surface of a
      photoreceptor 4. The microfiche is supported by a clear platen 6 which has
      on regions of its top surface a light reflecting coating 7 in the form of
      a grid, as shown in FIG. 2. In lieu of coating 7, a dichroic mirror may be
      provided over the entire platen glass. The dichroic mirror passes
      wavelengths used for projecting the microfiche image but reflects
      wavelengths used for the auto focus probe.
PAR  During reproduction, the microimages of microfiche 2 are positioned over
      the apertures 8 in the coating 7 such that light from a source 10 can be
      projected through one of the microimages to the photoreceptor 4 via the
      optical path including the optical wedges 12, the projection lens 14, the
      mirrors 16 and 17, the trombone mirrors 60 and 61, and the beam splitter
      18. By a mechanical arrangement well known in the prior art, one of the
      trombone mirrors is moved, as shown graphically by the double headed arrow
      labeled magnification control, to change the distance between the lens 14
      and the surface of photoreceptor 4, that is, to change the long conjugate
      length of the optical path, to thereby change the magnification of the
      optical projection system in accordance with the reduction rate of the
      microimages of microfiche 2. The light from the source 10 is of a
      wavelength to which the photoreceptor 4 is responsive, for example, blue
      light.
PAR  As noted, changing the long conjugate length without changing the short
      conjugate length will result in a defocused image at the photoreceptor 4.
      Focus control is achieved by movement of one of the optical wedges which
      movement changes the short conjugate length. Movement of the optical wedge
      is controlled by a signal provided by spaced, identical mirrored grids 20
      and 21 and adjacent, rotating optical modulator 22 which is driven by a
      synchronous motor 23. The mirrored grids are preferably disc-shaped and
      each is comprised of a plurality of light reflective surfaces 24 supported
      by a clear glass base 25, such that light transparent portions 26 exist
      between light reflective surfaces 24, as shown in FIG. 3 which is a plane
      view of a portion of one of the grids. Surfaces 24 are of equal size and
      preferably in the form of truncated sections of a circle, as shown, with
      each portion 26 occupying an angular segment of base 25 equal to that
      angular segment occupied by each surface 24, i.e., .theta..sub.1 =
      .theta..sub.2. The light modulator 22 is preferably disc-shaped and
      consists of a grid of alternate opaque and light transparent pi-shaped
      segments 89 and 90, respectively, of equal size, which segments 89 and 90
      have twice the spatial frequency (one-half the width) of the reflective
      surfaces 24 of the mirrored grids. FIG. 4 is a plane view of modulator 22
      with only a small percentage of the alternate opaque and transparent
      segments 89 and 90 shown. The mirrored grid 20 is positioned in relation
      to the modulator 22 such that is occupies a phase relationship with the
      modulator segments which is 180.degree. different from the phase
      relationship that the mirrored grid 21 has with the modulator segments.
      That is, referring to FIG. 5 which is a view of the grids 20 and 21
      looking back through the modulator 22 with the surfaces 24 and the
      segments 89 and 90 shown as rectangles for ease of illustration, the
      opaque segments 89 of the modulator 22 obstruct the middle portions of the
      reflective surfaces 24 of grid 21 when they obstruct only the edge
      portions of the reflective surfaces 24 of grid 20. This phase relationship
      will provide, following demodulation, an output signal of one polarity
      from channel one (the channel including grid 20) and a signal of the
      opposite polarity from the other or second channel (the channel including
      grid 21). The composite output signal will indicate the direction in which
      one of the wedges 12 must be moved to achieve focus.
PAR  Each of the mirrored grids 20 and 21 is illuminated via a condenser lens 31
      and a beam splitter 32 by light from a source 30 which has a wavelength to
      which the photoreceptor 4 is not responsive, for example, red light. The
      mirrored grids form the object or target which is projected by the
      reflective surfaces 24 back to the reflective coating 7 on the surface of
      the platen 6. For grid 20, the projection path includes mirror 40, beam
      splitter mirror 18, trombone mirrors 60 and 61, mirrors 17 and 16, lens 14
      and wedges 12, whereas the projection path for grid 21 includes the same
      elements of the projection path for grid 20 except that it utilizes mirror
      41 in lieu of mirror 40. The mirrored grids 20 and 21 are equidistant from
      a point A which point is the same distance from beam splitter 18 as the
      surface of photoreceptor 4 is from beam splitter 18. This placement of the
      grids provides for measurement of the focus condition on either side of
      the plane of best focus.
PAR  Situated on the side of the rotating modulator 22 remote from the grids 20
      and 21 is a photodetector 50 which is responsive to light from source 30
      and which, due to the orientation of the mirrors 40 and 41, receives light
      from both channels 1 and 2. The spectral filter 51 blocks light not of the
      wave length of the light from source 30.
PAR  The output signal of the detector 50 is amplified by an amplifier 52 and
      the amplified signal is supplied to a band pass filter 54 which is tuned
      to the modulation frequency, that is, for example, filter 54 is tuned to 6
      KC when modulator disk 22 is rotated at 60 revolutions per second and has
      100 interspersed opaque and transparent sections. The filtered signal is
      supplied to a demodulator 56 which has a reference signal which is
      generated when the opaque sections of the rotating modulator 22 block the
      flow of light from light emitting diode 80 to photodiode 81. In the
      example specified, the reference signal is a 6 KC signal. The output of
      the demodulator 56 is supplied to a filter 58 to remove noise,
      specifically, for the example given, 6 KC modulation noise, with the
      output of the filter 58 supplied to the control circuit 59.
PAR  The output of the amplifier 52 is also supplied to a low pass filter 62
      whose band pass is a function of the speed at which the focus control
      system can drive through focus, which, for the example given, would be
      less than 10 hertz. The output of the low pass filter 62 is supplied to a
      conventional peak detector-comparator circuit 64, with the output of the
      peak detector-comparator circuit 64 being supplied as an input to a logic
      circuit 66 which also receives a focus search command input signal of the
      type to be described later. The output of the control logic circuit 66 is
      supplied as a control signal to control circuit 59. Control circuit 59 and
      logic circuit 66 are conventional circuits and may be a conventional
      comparitor and electronic switch circuit and a conventional comparitor and
      flip flop, respectively. The output of the control circuit 59 is amplfied
      by amplifier 68 and the amplified signal is supplied to a motor 70 which
      is coupled to one of the wedges to move the wedge to the right or to the
      left, as shown by the double headed arrow, to achieve variation of the
      short conjugate  length and hence focus.
PAR  In operation, the mirrored grids 20 and 21, illuminated from the light
      source 30, form the object or target which is projected through the
      optical system. Images of the reflective surfaces 24 of grids 20 and 21
      are formed by the projection lens 14 at the reflecting surface 7 of the
      platen 6. This light is then reflected back through the projection lens 14
      and mirror system to be reimaged at the source, that is, the mirror grids
      20 and 21. If this second image is in focus at the mirrored grids, all
      reimaged light will be reflected back to the illuminating source 30. If
      the image is out of focus at the mirrored grids 20 and 21, portions of the
      light will pass through the light transparent portions 26 of these grids.
      As noted, the modulator has alternate transparent and opaque portions
      which opaque portions occupy 50% of the area of light transparent portions
      26. Thus, if a uniform illumination passes through the light transparent
      portions 26, the transmitted light intensity does not vary as the
      modulator 22 scans across the light passing through light transparent
      portions 26. As previously stated, an image of the mirror grids 20 and 21
      which is in focus will fall superimposed with the mirror grids and no
      reimaged light will pass through the portions 26. However, in a slightly
      defocused condition, the reflected image will have a light distribution
      pattern such that some reimaged light will pass through the portions 26 at
      the edges thereof as shown in FIG. 3. Referring to FIG. 5, it can be seen
      that as the modulator 22 scans across the portions 26 (the portions
      between surfaces 24) the opaque portions 89 of the modulator 22 will
      alternately block the edges of the portions 26 and then the central
      portion of the portions 26. In effect, it will produce a modulation of the
      defocused light that is passing through the portions 26. In addition, the
      two sensor channels, i.e., grids 20 and 21, have a reflective surface and
      modulator positional relationship such that when portions 26 of one grid
      are being blocked by the modulator grids at its edges, the other set of
      portions 26 of the other grid are being blocked by the modulator grids in
      the central area thereof. Thus, the defocused light is modulated such that
      the modulations will be 180.degree. out of phase with each other. If these
      light levels are of equal amplitude, recombining the two light beams will
      produce a resultant light beam which is not modulated. This condition
      implies that the images of both grids 20 and 21 are equally out of focus
      -- a condition which can only exist when the plane of best focus falls at
      a point which is halfway between the mirrored grids, 20 and 21, that is,
      at point A. A shift of this focus position one way or the other (either
      due to an adjustment of the magnification control or due to uncontrolled
      movement of a system component) will cause the defocused condition at one
      grid to be reduced and the defocused condition at the other grid to be
      increased. Under this condition, the modulated level of the light passing
      through the portions 26 of the other grid will increase. The sum of these
      two light beams will thus carry a modulation which has a phase
      relationship corresponding to the channel which is furthest from focus.
PAR  This modulated light falls on detector 50 and generates a proportional
      signal. This signal is amplified by bandpass amplifier 52 which amplifies
      at the modulation frequency. The amplified signal is then synchronously
      demodulated using the reference signal which is generated by light
      emitting diode 80 whose light is modulated by the modulator disk 22 and
      then detected by detector 81. The demodulated signal is further filtered
      to remove modulation noise and amplified to provide a positive DC signal
      when the plane of best focus falls closest to one mirrored grid and a
      negative DC signal when the plane of best focus falls closest to the other
      mirrored grid. This DC control signal is used to drive motor 70 which in
      turn controls the movement of one of the optical wedges 12 across the
      projection axis. The optical wedges 12 in turn adjust the optical path
      length between the projection lens 14 and the platen reflective surface 7
      causing the plane of best focus to shift back to point "A" located
      half-way between the two mirrored grids 20 and 21. At this point, signal
      modulation will be zero, and the motor 70 no longer drives.
PAR  In order to best understand the operation of the automatic focus system
      control circuits, it is best to examine the distribution of light which is
      reimaged at one of the mirrored grids. This is best done by describing
      what one would view through a portion 26 of one of the grids, in terms of
      light intensity and distribution passing through that portion, as the
      system is focused from one extreme of defocus, through focus, and into the
      other extreme of defocus. Starting at an extreme defocus condition, the
      light passing through the portion 26 will have a relatively low intensity.
      This is due to the fact that image blurr is so extreme that the returned
      light, the light reflected from surface 7, is distributed over a large
      area, several times larger than the mirrored grid size. As focus is
      approached, the area covered by the returned light decreases resulting in
      an increase of energy which passes through the portion 26. As focus is
      approached, the total light passing through the portion 26 reaches a peak
      at which time the light distribution will start to change, getting darker
      in the central section of the portion 26 and brighter at the edges.
      Continuing toward focus, this light redistribution will become more
      apparent, with the total light energy decreasing. When focus is reached,
      the light passing through the portion 26 is confined to the immediate
      vacinity of the edge (with the exception of a uniform, unchanging
      background light caused by scattering). In the focused condition, the
      total light passing through the portion 26 has reached a minimum. Passing
      through focus toward the opposite extreme defocus condition, the change in
      light level and light distribution passes through the phases described
      above, but in the reverse order.
PAR  As previously explained, the light modulator 22 consists of a grid of
      opaque and transparent bars, which have twice the spatial frequency
      (one-half width) as the portions 26 of the mirrored grids. As the
      modulator scans across the grid portions 26, light which is distributed
      near the edges of the portions 26 is modulated, whereas uniform light is
      not modulated. If the light passing through the portions 26, and through
      the modulator 22 is detected, and the system is scanned through focus as
      described above, the single channel detector output signal will appear as
      shown in FIG. 6A, which, for the example given, has a 6 KC modulation. The
      output of bandpass amplifier 54, tuned to the modulation frequency, is
      shown in FIG. 6B. The dc output of the demodulator 56, after filtering,
      will have a form, which corresponds to the positive or negative envelope
      shown in FIG. 6B, the polarity being dependent on the phase of the
      modulation with respect to the phase of the demodulator reference signal.
PAR  In the above description only one of the mirrored grids, and its resultant
      signal, have been considered. The second channel operates in an identical
      manner, with the exception that the focused condition is offset (due to a
      different optical path length) and the modulation phase is 180.degree.
      different, resulting in the opposite polarity output. If the output of the
      demodulator is first plotted with only one optical channel operating, then
      plotted with only the other channel operating, the two plots will appear
      as shown in FIG. 7A. When both channels are operating, the output of the
      demodulator will appear as shown in FIG. 7B. Referring to FIG. 7B, it can
      be seen that there are three intervals of the signal as the system is
      moved through a wide range of focus. The proper focus condition is located
      at the central crossover point "F". The focus control motor 70 is
      therefore connected such that a positive output from the demodulator 56
      will drive the focus toward the left (referring to FIG. 7B) while a
      negative signal would drive the focus toward the right. It can thus be
      seen from FIG. 7B, that if the system has been preset within the "lock in"
      range, the system will automatically focus to the best focus condition;
      however, if the system has been preset to a point outside the "lock in"
      range, the system will drive away from the point of best focus.
      Accordingly, the system must determine when it is focused within the "lock
      in" range. This determination is made by means of the combination of the
      filter 62, peak detector-comparator 64, and logic circuit 66. As
      previously mentioned, the total light transmission through the portions 26
      of the grids 20 and 21 reaches a peak on either side of focus. This
      condition provides a means to locate the "lock in" range, as shown in FIG.
      7C which is the unprocessed signal from detector 50 with both channels
      operative. As can be seen, the amplitude of the signal reaches a peak
      outside the "lock in" range, and passes through a minimum at the focus
      null.
PAR  The signal 7C is processed to determine the focus "lock in" range. When the
      system is in a standby condition, such as when changing microfiche, the
      focus control is driven to one extreme position (by means not shown).
      Initiation of the operate cycle supplies the focus search command signal
      to control logic 66 and causes the focus control to scan toward the
      opposite extreme focus condition. The detector circuit 64, monitoring the
      signal of FIG. 7C, generates a "lock in" control signal when the signal
      passes through a peak, such as peak B of the signal of 7C. In the
      meantime, a zero crossing detector 80 monitors the demodulated signal 7B,
      i.e., the output of demodulator 56, and generates a logic signal when the
      zero crossing point C is reached. These logic signals, in turn, control
      circuit 59 such that the signal of 78 is passed by the control circuit 69
      only when the signal of FIG. 7B has a value between zero crossing points C
      and C'. Once within the "lock in" range, the system maintains focus by
      virtue of the closed loop servo control.
PAR  An important feature in the proposed system utilizes the optical wedges 12
      which provide the means to vary one of the optical path lengths. Since it
      is necessary to provide a very fine and accurate control of the
      lens-to-object distance, any mechanism which moves the lens or film plane
      must be smooth operating, free of backlash, and also free of movement
      which may be orthogonal to the optical axis. The optical wedges provide
      this capability. First, movement of the wedges (as a pair) in a direction
      orthogonal to the optical axis, or parallel with the optical axis, will
      not cause a change of focus or displacement of the image. It is only the
      relative motion of one wedge with respect to another, which causes an
      effective change in the glass thickness placed in the optical path. The
      ratio of glass thickness variation to actual wedge movement is
      proportional to the wedge movement times the sine of the wedge angle.
      Also, the variation in path length is proportional to the effective glass
      thickness multiplied by the difference of the index of refraction of the
      glass and the external medium (air). The mechanical and optical advantage
      (between wedge motion and optical path length change) reduces the
      sensitivity of mechanical error. With a wedge angle of about 6.degree.,
      and an index of refraction of about 1.5, this mechanical advantage is 36
      to 1. Thus, a 0.0001 inch change in the optical path length (through the
      wedges) is achieved by a 0.0036 inch relative motion of two wedges. This
      is a tolerance which can be easily maintained and controlled.
PAR  Another aspect of the optical system which provides improvement is the use
      of a projection lens 14 which is telecentric. The characteristic of the
      telecentric lens which is important here is that the principle rays at the
      microfiche side of the lens are all parallel and normal to the fiche's
      surface. This characteristic allows slight variations in the focus which
      may be within the depth of focus, but would cause variations of
      magnification with other types of lenses. Since it is intended that the
      automatic focus system be operated during the print cycle, the autofocus
      system will be continually operating, and although maintaining focus
      within the depth of focus, may actually vary slightly causing minor but
      noticeable changes in the magnification if a non-telecentric lens were
      used. A second characteristic of a telecentric lens is that it is less
      sensitive to color aberrations caused by the various thicknesses of the
      glass path. This allows the use of the wedges for focus control. A third
      characteristic of the telecentric lens which makes it more suitable for
      use with the type of focus described, is that the focus probe can be
      placed off axis in the optical system without vignetting on the return
      path. With a telecentric lens, the principle ray incident thereon is
      refracted in such a manner that it strikes the other plane normal to the
      surface. The reflected ray thus reenters the lens, and vignetting does not
      occur.
PAR  It should be noted that the focus detector system utilizes a single light
      source which is split into two optical paths of differing lengths. This
      provides for measurement of focus condition on either side of the plane of
      best focus. The light returning from the platen via the two optical paths
      is recombined and imaged on a single detector. It is this concept, the use
      of both a single light source and a single detector, which makes the
      system insensitive to changes in light intensity and changes in detector
      sensitivity.
PAR  As noted, the system is extremely insensitive to stray light. The ability
      of the system to discriminate between the light energy of the image and
      stray light due to forward scatter results in a much improved sensitivity,
      as the percentage of light passing through the portions 26 due to defocus
      is actually only a small percentage of the total light due to the high
      level scattering in such system. It has been found that a slight change in
      focus will produce only a one percent or two percent change in the total
      light passing through the grid portions 26. This small change could not be
      reliably detected without the modulator technique as described. As
      previously stated, the change in light level due to focus conditions is
      distributed at the edges of the portions 26, and it is only this light
      that is being modulated. The frequency selective amplification, and
      synchronous detection of the modulation signal, provide a means to extract
      the desired signal from the noise. Tests indicated that this system has an
      ability to detect the position of best focus with a precision which is an
      order of magnitude greater than depth of focus of the projection system.
PAR  Another aspect of the optical system which provides improvement is that the
      optical probe focus system light path follows through the optical path
      used for projection and therefore does not require manual focus adjustment
      when magnification changes are made.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for automatically focusing images having different
      magnifications onto a light sensitive medium comprising:
PA1  first means for projecting a light image of a wavelength to which the light
      sensitive medium is responsive along a first optical path from a
      projection plane to said light sensitive medium, said first optical path
      including magnification control means for changing the magnification of
      said light image by changing the length of said first optical path,
PA1  second means for automatically focusing said image on said light sensitive
      medium regardless of changes in the magnification of said light image,
      said second means including
PA2  a. focusing means in addition to said magnification control means situated
      in said first optical path for changing the length of said first optical
      path to achieve focus,
PA2  b. means for projecting a first light pattern of a wavelength to which said
      light sensitive medium is not responsive along a second optical path from
      a first light pattern producing means to approximately said projection
      plane and back to said first light pattern producing means,
PA2  c. means for projecting a second light pattern of a wavelength to which
      said light sensitive medium is not responsive along a third optical path
      from a second light pattern producing means to approximately said
      projection plane and back to said second light pattern producing means,
PA2  d. said second and third optical paths each including a substantial part of
      said first optical path including said magnification control means, and
      said first and second light pattern producing means each having light
      transmissive portions, and
PA2  e. servo means coupled to said focusing means and oriented to receive any
      portions of said first and second light patterns which have followed said
      second and third optical paths, respectively, and have passed through the
      light transmissive portions of said first and second light producing
      means, respectively, for producing movement of said focusing means in a
      direction to bring said light image into focus on said light sensitive
      medium.
NUM  2.
PAR  2. The system of claim 1 wherein said first and second light producing
      means are equally displaced from a point which is the same distance from
      said projection plane as said light sensitive medium is from said
      projection plane.
NUM  3.
PAR  3. The system of claim 2 wherein said focusing means is a pair of optical
      wedges with one of said wedges coupled to said servo means and moving to
      achieve focus of said image.
NUM  4.
PAR  4. The system of claim 3 wherein said first optical path includes a
      telecentric projection lens.
NUM  5.
PAR  5. The system of claim 3 wherein said magnification control means is a pair
      of trombone mirrors.
NUM  6.
PAR  6. The system of claim 2 wherein means are provided adjacent to said first
      and second light pattern producing means for modulating said portions of
      said first and second light patterns.
NUM  7.
PAR  7. The system of claim 6 wherein said servo means includes means for
      combining said portions of said first and second light patterns into an
      electrical signal, and means for demodulating said electrical signal to
      determine the direction of movement of said focusing means to achieve
      focusing of said optical image on said light sensitive medium.
NUM  8.
PAR  8. The system of claim 6 wherein said servo means includes means for
      combining said modulated portions of said first and second light patterns
      to provide a proportional signal, means for amplifying said proportional
      signal at the modulation frequency, means for synchronously demodulating
      said amplified proportional signal to provide a signal which indicates the
      direction of motion that said focusing means must move to achieve focus of
      said image, and drive means coupled to said focusing means and said
      demodulating means for moving at least a component of said focusing means
      to achieve focus of said image.
NUM  9.
PAR  9. The system of claim 8 further including additional means to determine
      whether said proportional signal is within the lock-in range of said servo
      means, said additional means including a peak detector / comparitor
      circuit coupled to receive said proportional signal and operative when the
      proportional signal is within the lock-in range of said servo system to
      permit activation of said drive means.
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ABST
PAL  A charge transfer device having control means for its photoelectric
      conversion characteristics comprises means for applying a first
      integration voltage having a prescribed level to integration electrodes of
      the device during a prescribed initial time length of a given carrier
      integration period of one frame period, and means for applying during the
      remaining integration period a second integration voltage having a level
      higher than the level of the first integration voltage at the terminating
      time point of said initial period to said integration electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a charge transfer device constituting an image
      pickup apparatus, and more particularly to a charge transfer device
      provided with means for controlling the photoelectric conversion
      characteristics so as to obtain an output made suitable for the image
      pickup apparatus in accordance with the intensity of light from a
      foreground subject.
PAR  The charge transfer device has already been proposed as a "Charge Coupled
      Device" (which is hereinafter abbreviated to "CCD") or "Bucket Brigade
      Device" (which is hereinafter abbreviated to "BBD"). The "CCD" is proposed
      by W. S. Boyle et al in the treatises "Charge Coupled Semiconductor
      Device" and "Experimental Verification of the Charge Coupled Device
      Concept" appearing at pages 587 to 600 of "The Bell System Technical
      Journal" issued April 19, 1970.
PAR  For convenience of explanation of this invention, the fundamental
      construction and the operation principle of a prior art "CCD" will
      hereinafter be described by reference to FIGS. 1 and 2. FIG. 1-A shows the
      construction of the "CCD" of an N channel type-3 phase driving system. As
      shown in FIG. 1-A, an insulating film 2 is provided on a P type
      semiconductor substrate 1. On the insulating film 2 are arranged a
      plurality of electrodes 3a, 4a, 5a, 3b, 4b, 5b, ... 3n, 4n and 5n in the
      order mentioned. Electrode conductors .phi.1, .phi.2 and .phi.3 are
      connected to the electrodes (3a, 3b, ... 3n), (4a, 4b, ... 4n) and (5a,
      5b, ... 5n), respectively. Each electrode conductor is supplied with a
      voltage having such a waveform as is illustrated in FIG. 2 from a driving
      voltage source 6. The maximum level V.sub.2 and the minimum level V.sub.0
      of each voltage waveform are both positive and bear the relationship of
      V.sub.0 &lt; V.sub. 2. T1, T2 and T3 represent one frame period, integration
      period and transfer and readout period, respectively. In the integration
      period T.sub.2, when a voltage V.sub.2 is applied to the electrode
      conductor .phi.1 and a voltage V.sub.0 to the remaining electrode
      conductors .phi.2 and .phi.3, potential wells 7a, 7b, ... 7n are produced
      in the semiconductor substrate below the integration electrodes 3a, 3b,
      ... 3n (FIG. 1-A). When, under this condition, the optical image of a
      foreground subject (not shown) is focussed on the semiconductor substrate
      1 via a lens not shown, electron-hole pairs 8a, 8b, ... 8n corresponding
      to the brightness of the optical image are produced in the substrate 1.
      The minority carriers of the electron-hole pairs, namely, electrons 9a,
      9b, ... 9n are shifted by diffusion to the potential wells in the
      proximity of the electron-hole pairs and are integrated therein.
PAR  When, after completion of said integration, the voltages V.sub.1, V.sub.2
      and V.sub.0 (V.sub.0 &lt; V.sub.1 &lt; V.sub.2) are applied to the electrode
      conductors .phi.1, .phi.2 and .phi.3, respectively, such a potential
      distribution as is indicated by a numeral 10 of FIG. 1-B is obtained with
      the result that the integrated electrons 9a, 9b, ... 9n start to be
      shifted to the potential wells produced below the electrodes 4a, 4b, ...
      4n as shown by arrows. When the voltage V.sub.0 is applied to the
      electrode conductors .phi.1 and .phi.3 and the voltage V.sub.2 to the
      electrode conductor .phi.2 (FIG. 1-C) after the substantial completion of
      electron shifting, transference of the electrons 9a, 9b, ... 9n to the
      potential wells 11a, 11b, ... 11n is completed. Through applying a voltage
      having such a waveform as is shown in, for example, FIG. 2 to the
      electrode conductors .phi.1, .phi.2 and .phi. 3 during the transfer and
      readout period T3 the integrated electrons 9a, 9b, ... 9n are sequentially
      drawn out as video signals from the output terminal 16 by readout means
      including, for example, a diode 13 consisting of an N.sup.+ region and an
      electrode 12, DC source 14 and output resistor 15. A reference numeral 18
      denotes an amplifier. The video signals from the output terminal 16 are
      transmitted to the image display means of the image pickup apparatus via
      amplifier means thereof, and the displayed image is monitored there.
PAR  In some cases, the ratio of the brightness of the lightest portion of a
      foreground subject to be displayed as an image of a television camera to
      the brightness of the darkest portion of the foreground subject, that is,
      the contrast ratio (or contrast range) indicates more than 10.sup.3 : 1.
      However, the contrast ratio of a reproduced television image is normally
      limited to 20 : 1 to 30 : 1. In other words, in the television, the
      reproduced image bearing part of the contrast ratio of a foreground
      subject can only be obtained.
PAR  However, where it is desired to make a reproduced image easy to see, the
      image reproduction has to be so performed as to cause the foreground
      subject to fall for the most part within said reproducible contrast ratio.
      To this end, for example, adjustment of the iris diaphragm of an image
      pickup lens is generally carried out. That portion of the foreground
      subject which has a brightness exceeding the upper limit of said
      reproducible contrast ratio causes production of an image signal output
      having a large amplitude, so that excess modulation is caused in the
      transmitter, or the video amplifier is saturated to cause the amplifying
      function thereof to be temporarily stopped. Consequently, contrast
      depression is required in effecting the image pickup.
PAR  As the methods for effecting the contrast depression there are known (1)
      the method of performing the image pickup through an optical element whose
      light transmissivity is varied in accordance with the intensity of light
      incident into the camera from a foreground subject, (2) the method of
      effecting the contrast depression within an image signal processing
      circuit, and (3) the method of effecting the contrast depression by an
      image pickup element itself. As the last-mentioned method (3) there are
      known the method of utilizing the knee pattern of the photoelectric
      conversion characteristic of an image orthicon and the method of utilizing
      the Anti-Comet Tail Operation of the "Plumbicon."
PAR  When the contrast depression is carried out by the image pickup element, it
      is desirable that the intensity of an incident light corresponding to the
      knee point of the photoelectric conversion characteristic of said element
      is controllable and that the inclination of the photoelectric conversion
      characteristic portion beyond said knee point of the photoelectric
      conversion characteristic (the contrast compression ratio varies with said
      inclination) is controllable.
PAR  Where image pickup is performed by three pickup tubes of R.G.B. (Red;
      Green; Blue), the respective operating points (the respective levels of
      the knee points) of the three pickup tubes do not coincide with each
      other. Accordingly, the respective levels of the output signals of the
      three pickup tubes are not equalized. Under these circumstances, the level
      correction is usually performed by controlling the gain of the video
      amplifier. When said knee point levels and inclinations of said three
      pickup tubes are different, an undesirable coloring takes place in the
      reproduced image owing to the contrast depression. In other words, a good
      color reproducibility is not achieved. The foregoing description was made
      by taking the image pickup tube as an example. But a charge transfer
      device having satisfactory means for satisfactorily controlling the
      photoelectric conversion characteristic has not yet been proposed.
PAR  Accordingly, the object of the invention is to provide a charge transfer
      device having new satisfactory means for controlling the photoelectric
      conversion characteristic as desired.
PAC  SUMMARY OF THE INVENTION
PAR  The charge transfer device of the invention comprises a semiconductor
      substrate provided with a plurality of electrodes for carrier integration
      and transference, means for integrating carriers produced in said
      substrate in accordance with the intensity of light irradiated thereto by
      applying an integration voltage to said electrodes for carrier integration
      during a given length of period for carrier integration, and carrier
      transfer and readout means for transferring the integrated carriers by
      applying a transfer voltage to said electrodes for carrier transference
      and sequentially reading out the transferred carriers as video signals,
      and further comprises control means for controlling the photoelectric
      conversion characteristic having means for applying a first integration
      voltage having a prescribed level to said integration electrodes during a
      prescribed length of initial period of said given length of period for
      carrier integration and means for applying a second integration voltage
      having a level higher than the level of said first integration voltage at
      the terminating time point of said initial period to said integration
      electrode during the remaining period of said given length of period for
      carrier integration.
PAR  According to the invention, desired photoelectric conversion
      characteristics can be obtained by previously setting the period during
      which the first integration voltage is applied, the amplitude of the first
      integration voltage and that of the first integration voltage at said
      terminating time point to a prescribed length and levels, respectively.
      Further, in accordance with the intensity of light irradiated to the
      substrate positions corresponding to the potential wells produced before
      the light irradiation, the amount of carriers being finally integrated in
      said potential wells can be limited to a prescribed value. That is, the
      contrast control can be effected per potential well position in accordance
      with the intensity of lights irradiated to the potential well position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1-A, 1-B and 1-C show a typical constructive example of a prior art
      "CCD" explaining the principle of integrating, transferring and reading
      out carriers;
PAR  FIGS. 2-A, 2-B and 2-C respectively illustrate the waveform of a driving
      voltage for driving the "CCD" of FIG. 1;
PAR  FIG. 3 illustrates an embodiment of a charge transfer device of the
      invention;
PAR  FIGS. 4-A, 4-B and 4-C respectively illustrate an embodiment of waveforms
      of a driving voltage for driving the charge transfer device illustrated in
      FIG. 3;
PAR  FIGS. 5-A and 5-B respectively illustrate a waveform for obtaining the
      integration voltage waveform illustrated in FIG. 4-A;
PAR  FIG. 6 illustrates an example of the photoelectric conversion
      characteristic obtained from the charge transfer device of the invention;
PAR  FIG. 7 illustrates the relationship of the amount of carrier integrated
      with time, per condition of irradiated light intensity, which is
      established where carrier integration is performed by applying a driving
      voltage having the waveform illustrated in FIG. 4-A to the charge transfer
      device illustrated in FIG. 3;
PAR  FIG. 8 is a graphic diagram for explaining the condition for making the
      knee characteristic curve of the present device and an example of the knee
      characteristic curve of a prior art image pickup tube similar to each
      other;
PAR  FIG. 9-A illustrates a modification of the integration voltage waveform
      illustrated in FIG. 4-A and FIG. 9-B shows a waveform for obtaining the
      waveform of FIG. 9-A;
PAR  FIG. 10-A illustrates another modification of the integration voltage
      waveform illustrated in FIG. 4-A and FIG. 10-B shows a waveform for
      obtaining the waveform of FIG. 10-A; and
PAR  FIG. 11-A illustrates still another modification of the integration voltage
      waveform illustrated in FIG. 4-A, and FIG. 11-B shows a waveform for
      obtaining the waveform of FIG. 11-A.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A charge transfer device illustrated in FIG. 3 is the same as a prior art
      "CCD" illustrated in FIG. 1 except for an integration voltage being
      applied to integration electrodes 3a, 3b, ... 3n. Therefore, the same
      parts and sections as those of FIG. 1 are denoted by the same reference
      numerals, and description thereof is omitted. The voltage waveforms being
      supplied to electrode conductors .phi.2 and .phi.3, illustrated in FIGS.
      4-B and 4-C are the same as those illustrated in FIGS. 2-B and 2-C. Since,
      however, an electrode conductor .phi.1 (which is supplied with a voltage
      whose waveform is shown in FIG. 2-A) connected to a driving voltage source
      is connected through a mixer 20 to the integration electrodes 3a, 3b, ...
      3n. A control power source 21 for supplying voltage of the waveform
      illustrated in FIG. 5-B to the mixer for the purpose of allowing the
      output of the mixer to have the waveform illustrated in FIG. 4-A is
      provided. The type and output waveform of the control power source 21 will
      later be described. For the purpose of varying the width and height
      -(V.sub.2 - Vp) of a pulse 22 illustrated in FIG. 5-B, a monomultivibrator
      circuit can be used. For the purpose of varying the phase of the pulse 22,
      a Pulse Phase Modulation Circuit (which is hereinafter abbreviated to
      "P.P.M" circuit) using the monomultivibrator circuit can be used. When the
      mixer 20 is supplied with the output (FIG. 5-A) of a driving voltage
      source 6 and the output (FIG. 5-B) of the control power source 21, the
      integration electrodes 3a, 3b, 3n are respectively impressed with a
      voltage having the waveform illustrated in FIG. 4-A.
PAR  In the voltage waveform illustrated in FIG. 4-A, when the starting point
      and terminating point of a fixed length of integration period T2 (which is
      hereinafter referred as "to") are represented by P1 and P4, respectively,
      and points of time P2 and P3 are set therebetween, the period from P1 to
      P2 and the period from P3 to P4 can be expressed by tp and .DELTA.tp,
      respectively. In this invention, the period from P1 to P3, namely the
      period expressed by (to - .DELTA.p) is termed the "initial period" of the
      integration period. As seen from FIG. 4-A, the level V.sub.2 of an
      integration voltage during the period .DELTA.tp is chosen to be higher
      than the level Vp of an integration voltage at the terminating point P3 of
      the initial period. If the level of the pulse 22 illustrated in FIG. 5-B
      is chosen to have a value -(V.sub.2 - Vp), the voltage level within the
      period from P2 to P3 of FIG. 4-A will have a value of Vp.
PAR  The amount of integrated carriers at the point P4 of time is transferred
      during the period T3. Accordingly, if the relationship between the
      effective intensity of light irradiated from a foreground subject and the
      amount of carriers integrated during the period to is determined, the
      reason will be understood that the photoelectric conversion characteristic
      can be controlled by the integration voltage illustrated in FIG. 4-A.
PAR  Reference notes utilized upon explanation of the above-mentioned
      relationship are defined as follows.
PAR  I: the effective intensity of light irradiated from a foreground subject.
PAR  Q: the amount of carriers integrated in the potential well, as generally
      expressed.
PAR  Qp: the maximum amount of carriers integrated during the period from P2 to
      P3 of FIG. 4-A.
PAR  Qo: the maximum amount of carriers capable of being integrated in a
      potential well during the integration period to. After parameters adopted
      in manufacturing a semiconductor element constituting the "CCD" are
      determined, the maximum amount Qo is determined by the maximum level of
      the integration voltage.
PAR  Qf: the amount of integrated carriers at the terminating point (P4) of the
      period to of FIG. 4-A.
PAR  Cox: the capacitance of an oxide film below the integration electrode.
PAR  V.sub.2 : the maximum level of a voltage during the period T2 of FIG. 4-A.
PAR  V.sub.0 : the minimum level of a voltage during the period T2 of FIG. 4-A.
PAR  Vp: the voltage level during the period from P2 to P3 of FIG. 4-A, bearing
      the relationship of V.sub.0 &lt; Vp &lt; V.sub.2.
PAR  Before explanation of the action of the charge transfer device according to
      the invention, the photoelectric conversion characteristic of a prior art
      "CCD" will hereinafter be described by reference to FIG. 2. Where the
      voltage level V.sub.0 illustrated in FIG. 2-A is higher than the inversion
      voltage Vth, the following equation (1) will result.
EQU  Qo = Cox (V.sub.2 - V.sub.0) ...                           (1)
PAR  where the amount of carriers .DELTA.Q integrated in a potential well for a
      unit time .DELTA.t within the integration period to is kept constant,
      namely, where I presents no variation throughout the integration period
      to, the amount of integrated carriers Qf at the terminating point of time
      of the period to will be expressed by the equation:
EQU  Qf = I .times. to ...                                      (2)
PAL  provided that
      ##EQU1##
      If
      ##EQU2##
      the potential well will be saturated before arrival at the point of time
      P4, so that Qf = Qo. Said Qf is drawn out from the terminal 16 of FIG. 1-A
      as a video signal. As apparent from the photoelectric conversion
      characteristic line R1 of FIG. 6 illustrating the relationship between I
      and Qf, the amount of integrated carriers Qf at the point of time P4 is
      increased proportionally to I, and when I becomes larger than
      ##EQU3##
      the potential well becomes saturated. The knee point K1 (see FIG. 6) of
      the photoelectric conversion characteristic curve in this case is shown as
      an intersection between Qo and I' max.. In the range of line R1, the
      .gamma. (gamma) value is substantially 1. As seen also from the equation
      (2), unless the integration period to given for the respective integration
      electrodes is independently varied relative to I, the .gamma. value
      remains 1. However, since, as shown in FIG. 1-A, the electrode conductor
      .phi.1 is connected in common to the respective integration electrodes and
      I varies with a variation in the substrate portion where image focussing
      is effected, it is impossible to vary the integration period to for each
      such substrate portion. Accordingly, the prior art "CCD" fails to allow
      the photoelectric conversion characteristic to have a knee pattern.
PAR  Next, the function of the charge transfer device of the invention is
      described. In FIG. 4-A, the amount of carriers Qp integrated during the
      period from P2 to P3 can be expressed by Cox (Vp - V.sub.0). FIG. 7
      illustrates the relationship between the amount of carriers Q integrated
      in a potential well during the period from P1 to P4 and time, showing four
      characteristic curves corresponding to four conditions of I as later
      described.
      ##EQU4##
PAR  The integration process of Q in this case is indicated by a dotted line R2.
      Since the amount of carriers Q integrated is smaller than the maximum
      permissible amount of carriers Qo integrated throughout the period to, the
      amount of integrated carriers Qf at the point of time P4 can be expressed
      by the following equation (3).
EQU  Qf = I .times. to ...                                      (3)
PAR  Unless the inequality of
      ##EQU5##
      is satisfied, the I - Qf characteristic becomes a prior art one (R1 of
      FIG. 6) wherein the potential well is saturated when
      ##EQU6##
      Accordingly where, in the present invention, it is desired to allow the
      photoelectric conversion characteristic to have a knee pattern, it is
      necessary that there exists a relationship satisfying said inequality in
      between Qp and .DELTA.tp.
      ##EQU7##
PAR  This case corresponds to a curve R3 of FIG. 7. As a result of carrier
      integration during the period from P1 to P2, the amount of integrated
      carriers at the point of time P2 is Qp, and the amount of carriers
      integrated during the period from P2 to P3 is maintained to be Qp and is
      again increased after the point of time P3. Thus, the amount of integrated
      carriers Qf at the point of time P4 can be expressed by the equation:
EQU  Qf = I.DELTA.tp + Qp ...                                   (4)
      ##EQU8##
PAR  The integration process of Q in this case is indicated by a curve R4 of
      FIG. 7. The amount of integrated carriers at the point of time P2 is
      larger than the amount of carriers Qp. The carriers of the amount
      exceeding Qp at the point of time P2 are diffused into the semiconductor
      substrate, while the amount of carriers integrated during the period from
      P2 to P3 is maintained to be Qp. Accordingly, the amount of integrated
      carriers Qf at the point of time P4 can be expressed by the same equation
      as the above-mentioned equation (4). Namely,
EQU  Qf = I.DELTA.tp + Qp
PAR  From this equation it is seen that the position of P2 has no relevance to
      the amount of integrated carriers Qf at the terminating point P4.
      ##EQU9##
PAR  The integration process of Q in this case is indicated by a curve R5 of
      FIG. 7. The amount of carriers integrated reaches Qo within the period
      from P1 to P2, but is maintained to be Qp during the period from P2 to P3,
      and is again increased after P3 to reach the saturation value Qo before
      arrival at P4, and thereafter is maintained to be Qo. Accordingly, Qf can
      be expressed by the equation:
EQU  Qf = Qo ...                                                (5)
PAR  Qualitatively synthesizing the foregoing equations (3) to (5), the
      photoelectric conversion characteristic curve (0 - K2 - K3) indicated by a
      solid line of FIG. 6 is obtained. The knee point K2, when
      ##EQU10##
      is produced, and the amount of integrated carriers Qf at P4 in that case
      is equal to Qp' which is expressed by the following equation (6) obtained
      from substitution of said Ip' for the I of the equation (3).
      ##EQU11##
PAR  As above described, Qp is expressed by the previously expressed equation Qp
      = Cox (Vp - V.sub.0). Further, the amount of the knee pattern (the
      inclination of the line K2 - K3 of FIG. 6) is determined by .DELTA.tp of
      the equation (4). Further, the amount of integrated carriers Qp' (the
      equation (6)) at the knee point K2 is determined by the voltage amplitude
      (Vp of FIG. 4-A) at the terminating point P3 of the previously mentioned
      initial period. Accordingly, where it is desired to obtain a prescribed
      photoelectric conversion characteristic having a knee pattern, .DELTA.tp
      is first so set as to allow the knee pattern to have a predetermined
      inclination (line K2 - K3 of FIG. 6) and then the voltage amplitude at the
      terminating point P3 of the initial period has only to be set to a
      prescribed value so as to determine the knee point (Qp' of FIG. 6).
PAR  The other knee point K3 of FIG. 6 is produced correspondingly to the
      above-mentioned saturation value Qo, and I at the knee point K3 is
      expressed by I max.. The saturation characteristic indicated by a
      dot-and-dash line is obtained where the period .DELTA.tp is zeroed, that
      is, where the voltage having a level of Vp is continuously applied to the
      integration electrodes also during the period .DELTA.tp, and the amount of
      integrated carriers Qf corresponding to said saturation characteristic is
      equal to Qp.
PAR  FIG. 8 is a graphic diagram for obtaining by the present device the
      substantially same photoelectric conversion characteristic as that (which
      is indicated by a solid line 0 - K4 - K5) obtainable by a prior art color
      television camera. The knee point K4 is situated at a level equal to 95%
      of the level QA (which is expressed by the amount of integrated carriers
      at the point P4 of FIG. 4-A) of the average output signal QA. The dotted
      line 26 corresponds to the case where the .gamma. value is assumed to be
      1. If, in case I = Io, saturation is achieved wherein the output signal
      has a level of 1.1QA, the knee point K5 will be produced at the point (Io,
      1.1QA). If, as above described, the .gamma. value is assumed to be 1, the
      signal level at the time of I = Io becomes QA. Where it is desired to
      obtain the foregoing photoelectric conversion characteristic (0 - K4 -
      K5), the voltage level V.sub.2 of FIG. 4-A has only to be so determined as
      to satisfy the equation of Qo = 1.1QA = Cox (V.sub.2 - V.sub.0). If, in
      case the voltage level V.sub.2 is determined as such,
      ##EQU12##
      Qf = Qo. The QA can be expressed as follows.
      ##EQU13##
PAR  The amount of integrated carriers Qp' at the knee point K2 of the equation
      (6) and FIG. 6 corresponds to the amount of integrated carriers 0.95QA at
      the knee point K4 of FIG. 8. Accordingly, the following equation is
      obtained using the equation (6).
      ##EQU14##
PAR  Substituting the equation (8) in the equation (7), the data .DELTA.tp and
      Qp for determining the waveform of the integration voltage illustrated in
      FIG. 4-A can be expressed as follows.
      ##EQU15##
PAR  Let's consider the waveform of the integration voltage illustrated in FIG.
      4-A. The period tp form P1 to P2 has no relevance to the position of the
      knee point of the photoelectric conversion characteristic and the
      inclination of the characteristic curve portion succeeding said knee
      point. Accordingly, the period from P2 to P3 may have a small length.
PAR  Next, another modification of the integration voltage waveform of the
      present invention is described by reference to FIG. 9. This waveform is
      one obtained by zeroing the period tp of the integration voltage waveform
      illustrated in FIG. 4-A. The waveform of FIG. 9-A is obtained by mixing
      the waveform illustrated in FIG. 5-A with that illustrated in FIG. 9-B by
      the mixer 20. In this case, the knee pattern can be varied by varying the
      level and width of the pulse 26 illustrated in FIG. 9-B. A pulse width
      modulation circuit (PWM circuit) using a multivibrator circuit is used as
      corresponding to the control source 21 (FIG. 3). In this embodiment, the
      integration voltage having the level Vp meeting the requirement of V.sub.0
      &lt; Vp &lt; V.sub.2 is applied during the initial period (to - .DELTA.tp), and
      the voltage having the maximum level V.sub.2 of a driving voltage is
      applied during the remaining integration period .DELTA.tp. The waveform of
      this embodiment produces the same effect as that attainable by the
      waveform illustrated in FIG. 4-A.
PAR  A still another modification of the waveform of the integration voltage is
      illustrated in FIG. 10-A. This waveform includes a plurality of pulses
      which vary from the maximum level V.sub.2 to the minimum level Vp during
      the initial integration period (to - .DELTA.tp). The waveform including
      said plurality of pulses can be obtained simply by using in replacement of
      the control source 21 (FIG. 3) a pulse generator for generating pulses
      each varying from 0V to -(V.sub.2 - Vp) as illustrated in FIG. 10-B and
      mixing the pulse from said pulse generator with the voltage waveform
      illustrated in FIG. 2-A.
PAR  A still another modification of the waveform of the integrating voltage is
      illustrated in FIG. 11-A. As shown, the integration voltage waveform
      applied during the initial period (to - .DELTA.tp) is linearly varied from
      the amplitude level V.sub.2 at P1 to the amplitude level Vp at P3. In this
      case, the waveform to be mixed with the waveform illustrated in FIG. 2-A
      is given by the waveform varying from the amplitude level 0 at P1 to the
      amplitude level -(V.sub.2 - Vp) at P3 in a linear fashion.
PAR  The foregoing description referred to the case with the P channel -3 phase
      driving type "CCD", but this invention is not limited to the foregoing
      type of channel and the foregoing phase of the driving source. Further,
      this invention is applicable to a charge transfer device having
      two-dimensional electrode arrangement as well as to that having one
      dimensional electrode arrangement.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An operation system to control the photoelectric conversion
      characteristics of a charge transfer device comprising a semiconductor
      substrate provided with a plurality of electrodes for carrier integration
      and transference, integration means for integrating within an integration
      period the carriers produced in said substrate in increasingly
      corresponding relationship to the intensity of light incident into said
      substrate by applying an integration voltage to said electrodes for
      carrier integration, and transfer and readout means for transferring the
      integrated carriers by applying when carrier transferring is performed, a
      transfer voltage to said electrodes for carrier transference and
      sequentially reading out the transferred carriers as video signals,
      characterized in that it further comprises means for applying a first
      integration voltage having a prescribed level to said electrodes for
      carrier integration during a prescribed length of initial period of said
      integration period, and means for applying during the remaining
      integration period a second integration voltage having a level higher than
      the first integration voltage level at the terminating time point of said
      initial period to said electrodes for carrier integration.
NUM  2.
PAR  2. An operational system to control the photoelectric conversion
      characteristics of a charge transfer device according to claim 1 wherein
      said transfer voltage has the maximum and minimum voltage levels
      represented by V.sub.2 and V.sub.0, respectively, and the voltage level
      V.sub.p of said first integration voltage at the terminating time point of
      said initial period satisfies the condition of V.sub.0 &lt;V.sub.p &lt;V.sub.2.
NUM  3.
PAR  3. An operation system to control the photoelectric conversion
      characteristics of a charge transfer device according to claim 2 wherein
      said first integration voltage is maintained to have said maximum voltage
      level V.sub.2 during a first prescribed period beginning with the starting
      point of said initial period and maintained to have said voltage level
      V.sub.p during a second period immediately succeeding said first period.
NUM  4.
PAR  4. An operation system to control the photoelectric conversion
      characteristics of a charge transfer device according to claim 2 wherein
      said first integration voltage is maintained to have said voltage level
      V.sub.p during said initial period.
NUM  5.
PAR  5. An operation system to control the photoelectric conversion
      characteristics of a charge transfer device according to claim 2 wherein
      said first integration voltage consists of a plurality of pulses whose
      maximum and minimum voltage levels are said V.sub.2 and said V.sub.p,
      respectively and has said voltage level V.sub.p at the terminating time
      point of the initial period.
NUM  6.
PAR  6. An operation system to control the photoelectric conversion
      characteristics of a charge transfer device according to claim 2 wherein
      said first integration voltage has said voltage level V.sub.2 and said
      voltage level V.sub.p at the starting point and terminating point,
      respectively, of said initial period and has its voltage level varying
      from said V.sub.2 to said V.sub.p in a linear fashion.
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ABST
PAL  The method consists in causing objects to pass in front of a background
      having a distinctly different brightness, in aligning a collimator by
      means of a sighting telescope in a direction of observation such that the
      path of the objects intersects a line defining the direction of
      observation of the collimator, in eliminating light from all directions
      other than the direction of observation, in detecting the variation of
      light intensity corresponding to the passage of the object by means of an
      electrical signal which is delivered by a photoreceiver and is a function
      of the luminous flux picked up by the photo-receiver and in
      differentiating the signal with respect to time by means of an electronic
      circuit so as to obtain an output signal which is a function of the
      variations of luminous flux on the photoreceiver.
BSUM
PAR  This invention relates to a method for detecting the passage of objects
      across a predetermined line and to a device for carrying out said method.
PAR  The invention is also concerned with a method and a device for counting
      objects and for measuring the speed of passage of said objects.
PAR  It is often useful to detect the passage of an object across a
      predetermined line for the purpose of synchronizing an operation with
      respect to the instant of passage of said object, to count the number of
      objects which pass across said line, or to measure the speed of the
      detected object.
PAR  As is already known in the prior art, devices employed for the purposes
      just mentioned detect the passage of an object across a line by
      interrupting a light beam which travels from a light source to a
      photosensitive receiver. The light source can be a simple lamp or, in more
      precise applications, a continuous-emission laser. In the case of outside
      use, the independence of operation of these systems is governed by the
      power consumption of the light source and this affects the convenience of
      use of such systems. For example, provision must be made for a power of 30
      watts by means of a 12-volt supply in order to obtain a range of 50 meters
      (distance between the light emitter and the light receiver). The devices
      which make use of lasers are very accurate but costly and also entail the
      need for a cumbersome supply system which is not conducive to easy
      transportation of the equipment.
PAR  Furthermore, provision is not usually made for any special device which
      takes the speed of passage of the object into account.
PAR  The present invention relates to a method for detecting the passage of
      objects which dispenses with the need for auxiliary lighting during
      daytime use.
PAR  In more precise terms, the method in accordance with the invention
      essentially consists in causing said objects to pass in front of a
      background whose brightness is distinctly different from that of the
      objects, in aligning a collimator by means of a sighting telescope for
      example in a direction of observation such that the path of the objects
      intersects a line defining the direction of observation of the collimator,
      in eliminating the light which comes from directions other than the
      direction of observation, in detecting the variation of light intensity
      corresponding to the passage of the object by means of an electrical
      signal which is delivered by a photoreceiver and is a function of the
      luminous flux picked up by said photoreceiver and in differentiating said
      electrical signal with respect to time by means of an electronic circuit
      so that there is consequently obtained an output signal which is a
      function of the variations of said luminous flux on the photoreceiver.
PAR  The presence of a collimator in front of the photodetector permits
      reception of the light derived from the line defined by the selected
      direction of observation. The passage of the object is then detected as a
      result of the abrupt variation of light (increase or decrease) received by
      the photodetector. It is possible by design to make a choice between an
      increase in light on the photodetector and a decrease in light; it may
      also be found necessary to detect either the passage of a bright object
      against a background having a low level of illumination or the passage of
      a dark object against a bright background; depending on the combination of
      these two factors, either the front or the rear of the object will
      accordingly be detected.
PAR  In order to prevent the detection of the light derived from objects other
      than those whose passage is to be detected, the unwanted light which comes
      from directions other than the direction of observation is eliminated by
      means of diaphragms and absorbent coatings within the interior of the
      collimator.
PAR  Depending on the sighting accuracy which it is desired to obtain, the
      characteristics of the photoreceiver and in particular the sensitivity of
      this latter, the speed of the object whose passage is to be detected and
      the contrast of the object with respect to the background, it is possible
      to limit to a greater or lesser extent the solid angle corresponding to
      the field of view of the photoreceiver. As greater accuracy of detection
      is required, so the solid angle just mentioned must be of smaller value.
PAR  The light receiver delivers a signal which is a function of the luminous
      flux picked up by this latter and since the variations of luminous flux
      correspond to a passage of the object, the output signal of the receiver
      is differentiated in order to obtain essentially two peaks at each passage
      of an object; one peak corresponds to the case of a bright object against
      a dark background to a positive peak which precedes a negative peak and is
      related to the variation of intensity corresponding to the appearance of
      the luminous object against a dark background which gives rise to an
      increase in the light intensity received by the receiver; the second peak
      corresponds to a reduction in the light intensity and therefore to the
      disappearance of the object.
PAR  In a preferential mode of application of the method according to the
      invention, only the variations of luminous flux of a given sign are
      detected by placing a polarity discriminator in the electronic circuit.
PAR  Thus, after discrimination and differentiation of the signal delivered by
      the photoreceiver, one peak alone corresponds to the passage of an object;
      the amplitude of this peak is a function of the speed of passage of the
      object in front of the photoreceiver (the amplitude will be proportional
      for example to the speed of passage of the object).
PAR  An alternative embodiment of the invention consists in detecting the
      differentiated signals corresponding to the variations of light intensity
      within a preselected range of amplitude by placing an amplitude
      discriminator in the electronic circuit. Said amplitude discriminator
      makes it possible to have at the output only signals which correspond to
      speeds of passage of objects within a range of predetermined velocities;
      this alternative embodiment makes it possible to eliminate the signals
      corresponding to variations which are either slower or faster than the
      passage of the objects to be detected and accordingly permits a better
      transfer of information by increasing the signal-to-noise ratio.
PAR  In another alternative embodiment of the invention, the light rays derived
      from the collimator are caused to converge on the sensitive entrance face
      of the photoreceiver by means of a lens, for example. It is thus possible
      to employ a collimator having a large diameter in the case of an
      environment which has a low level of illumination and to collect on the
      photoreceiver only the signal which corresponds to the passage of the
      object.
PAR  The invention also makes provision for a device which serves to carry out
      the method and which comprises:
PA1  a Collimator formed of a cylindrical tube which is closed at each end by a
      transparent window and the external wall of which is non-reflecting;
PA1  a plurality of absorbent diaphragms disposed in alignment within the
      interior of the collimator;
PA1  a light receiver located at one end of the exit B of the collimator;
PA1  electronic means for differentiating, amplifying and discriminating the
      electrical signal at the output of the receiver, depending on the
      polarity.
PAR  The device preferably comprises in addition either a sighting telescope
      which is parallel to the axis of the cylinder or a sun-masking device
      fixed at the extremity A of the collimator, or both of these latter.
PAR  The collimator is fitted with a non-reflecting wall and with a set of
      aligned non-reflecting diaphragms which permit observation in a given
      direction and eliminate unwanted light. The collimator can be made
      leak-tight across the two windows in order to prevent any condensation of
      steam and to prevent the introduction of dust particles which diffuse the
      light and reduce the sensitivity of the apparatus. The problem of
      condensation of steam is particularly important if the apparatus is
      employed in damp locations since the appearance of water droplets on the
      photoreceiver or even within the interior of the apparatus results in
      diffusion of unwanted light which is detrimental to the good performance
      of the apparatus.
PAR  The photoreceiver can be either a phototransistor, a photodiode, a
      photomultiplier or any light-intensifying system.
PAR  The windows, the lens and the photoreceivers can be adapted to operate in
      the infrared range; this entails the need to ensure that the windows and
      the lens which may be provided are chosen in such a manner as to be
      transparent to wavelengths exceeding one micron (and made of germanium,
      for example).
PAR  In another alternative embodiment of the invention, a lens is placed in
      proximity to the rear face of the collimator in order to focus the light
      onto the photoreceiver; said lens may constitute the exit window of the
      collimator if so required.
PAR  In accordance with the invention, the electronic means whereby the signal
      delivered by the photoreceiver is differentiated with respect to time,
      amplified and discriminated consist of a preamplifier, a differentiating
      circuit, a polarity-discriminating circuit and an impedance matching
      circuit, these different elements being disposed in series in the order
      which has just been given. These circuits are of known type and one
      example of application which is described hereinafter will serve to gain a
      better understanding of the operation of the electronic chain.
PAR  In an alternative embodiment of the invention in which it is desired to
      observe the passage of objects only within a predetermined speed range,
      the electronic circuit comprises at the end of the chain an amplitude
      discriminator which permits the transmission only of signals which are
      within a given range of amplitude.
PAR  In accordance with the invention, the diaphragms and the internal wall of
      the collimator tube are made of metal on which a mat black coating has
      been deposited. In consequence, the unwanted light which is admitted into
      the collimator and is located outside the preferential direction of
      observation is absorbed by the walls and does not reach the photoreceiver.
PAR  It is readily apparent that the material constituting the diaphragms and
      the wall can also be of absorbent plastic material or made of a metal to
      which a surface treatment has been applied; special care must be taken to
      prevent the rays which impinge unpon the collimator walls at a large angle
      of incidence from being directed towards the photoreceiver: reflections
      which have a large angle of incidence are dangerous since the greater part
      of the light is reflected and it is for this reason that a succession of
      diaphragms is introduced so that, if the angle of incidence on the wall is
      large, the complementary angle of the wall located at right angles to the
      diaphragm is small; thus the unwanted light is reflected only to a small
      extent and is therefore absorbed.
PAR  In accordance with an alternative embodiment of the present invention,
      there is placed at the output of the electronic chain a counting unit for
      delivering a signal which is proportional to the number of peaks
      corresponding to the number of objects detected.
PAR  This alternative embodiment is particularly advantageous when it is desired
      to count a large number of identical objects without incorporating with
      the electronic circuit a unit for recording the different peaks.
DRWD
PAR  Further properties and advantages of the invention will become more readily
      apparent from the following description of exemplified embodiments which
      are given by way of explanation without any limitation being implied,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a diagram of the collimator;
PAR  FIG. 2 is a diagram of the sighting telescope and shows the method adopted
      for fixing this latter on the collimator;
PAR  FIG. 3 is a block diagram of the electronic circuit which is associated
      with the photodetector;
PAR  FIG. 4 shows one example of electronic construction of the circuit.
DETD
PAR  As has already been mentioned, the invention consists in detecting the
      passage of objects by aligning a collimator in a direction of observation
      which intersects the line of passage of said objects; a measuring chain
      processes the signal delivered by the photoreceiver according to the
      measurement which it is desired to perform on the object: synchronization
      of an auxiliary apparatus, measurement of the speed of the object,
      counting of the number of said objects or timing of displacements.
PAR  The diagram of FIG. 1 shows a collimator consisting of a cylinder 2 which
      comprises two windows 4 and 6 and is fitted internally with diaphragms
      constituted by elements such as the element 8, said diaphragms being
      formed of blackened metal, for example, and inserted into the cylinder in
      adjacent relation. The sun-masking device 10 prevents the light rays from
      impinging upon the window in directions other than the direction of
      observation and from being diffused by the window glass so as to produce
      unwanted illumination of the photodetector 12. It is readily apparent that
      the photodetector can be placed either within the interior of the cylinder
      in front of the window or after the window as shown in the figure. The
      wire 14 connects the photoreceiver to the electronic circuit for the
      measurement of light intensity. The unit containing the electronic
      measuring circuit can be screwed onto the frame 16 which is attached to
      the cylinder of the collimator 2. In an alternative embodiment of the
      invention which is not illustrated in the figure, the window 6 has convex
      opposite surfaces and constitutes a lens which forms an image of the
      object whose passage is to be detected on the surface of the
      photodetector.
PAR  There is shown in FIG. 2 the collimator on a mounting support 18 associated
      with the sighting lens 20 which is fixed on the cylinder 2 of the
      collimator by means of two fastening-collars 24 and 26. The photodetector
      12 is shown at the exit of the collimator.
PAR  FIG. 3 is a block diagram of the electronic measuring circuit with the
      photoreceiver which consists of a phototransistor 12 in this case and the
      electronic output signal of which is amplified at 28 in a preamplifier,
      then differentiated with respect to time in the unit 30. The signal
      delivered from the unit 30 undergoes a polarity discrimination within the
      unit 32 which is followed by an impedance matching system at 34, then at
      the output by an amplitude discriminator as shown at 36.
PAR  FIG. 4 is an electronic diagram of construction of an electronic circuit in
      accordance with the invention, the unit 28 being the preamplifier
      comprises a transistor; the differentiating unit 30 is constituted solely
      by a capacitor 60 in series; and the unit 32 is the discriminating
      circuit. The polarity-discriminating unit 32 comprises a shaping element
      associated with a photodiode 39 with a monostable device. Finally, the
      unit 34 is formed of an emitter-follower transistor and delivers the
      output signal at 70. The signal delivered at 70 corresponding to the
      passage of an object is a potential peak.
PAR  An amplitude discrimination element (not shown in the figure) can be
      connected in series after the output 70 in order to determine the speed of
      the object or to count only those objects which come within a range of
      predetermined speeds. Likewise a counting element not shown in the figure
      but of known type is capable of counting the number of peaks. This number
      is proportional to the number of objects which occult the collimator. The
      resistor 40 has a value of 10 kilohms, the capacitor 60 has a value of 0.1
      microfarad, the resistor 42 has a value of 22 kilohms, the resistor 41 is
      a variable resistor, the capacitor 61 has a value of 100 microfarads, the
      resistor 44 has a value of 150 ohms, the resistor 43 has a value of 15
      kilohms, the resistor 45 has a value of 1500 ohms, the capacitor 63 has a
      value of 10 microfarads, the resistor 46 has a value of 5.8 kilohms, the
      capacitor 62 has a value of 10 microfarads, the resistor 47 has a value of
      47 kilohms, the resistor 48 has a value of 15 kilohms, the resistor 51 has
      a value of 15 kilohms, the resistor 52 has a value of 5.6 kilohms, the
      resistor 53 has a value of 22 kilohms, the resistor 54 has a value of 5.6
      kilohms, the capacitor 64 has a value of 10 microfarads, the resistor 50
      has a value of 1 kilohm and the resistor 55 has a value of 1 kilohm.
PAR  Apart from the photoconducting transistor, the transistors employed are of
      type 2N 2484 whereas the photoconducting input transistor 12 is of type
      ESM S3.
PAR  The invention is particularly suited to the detection and timing of the
      passage of skiers across a finishing line, to the counting of vehicles on
      a road or to a measurement of delivery of products at the end of a
      production line.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for detecting the passage of objects, wherein said method
      comprises the steps of: causing said objects to pass in front of a
      background whose brightness is distinctly different from that of the
      objects, aligning a collimator in a direction of observation such that the
      path of the objects intersects a line defining the direction of
      observation of the collimator, eliminating the light which comes from
      directions other than the direction of observation, detecting the
      variation of light intensity corresponding to the passage of the object by
      means of an electrical signal which is delivered by a photoreceiver and is
      a function of the luminous flux picked up by said photoreceiver, and
      differentiating said electrical signal with respect to time by means of an
      electronic differentiating circuit so that there is consequently obtained
      an output signal which is a function of the variations of said luminous
      flux on said photoreceiver.
NUM  2.
PAR  2. A method according to claim 1, further comprising the step of detecting
      the polarity of the output signal obtained from the electronic
      differentiating circuit.
NUM  3.
PAR  3. A method according to claim 1, further comprising the step of detecting
      only those output signals obtained from the electronic differentiating
      circuit which are within a preselected amplitude range.
NUM  4.
PAR  4. A method according to claim 1, further comprising the step of focusing
      the light from the collimator on the photoreceiver.
NUM  5.
PAR  5. A device for detecting the passage of objects comprising:
PA1  a collimator formed of a cylindrical tube which is closed at each end by a
      transparent window;
PA1  a plurality of absorbent shields disposed within the interior of the
      collimator so as to form a baffle-plate system;
PA1  a photoreceiver located at the exit end of the collimator; and
PA1  electronic means connected to said photoreceiver for differentiating,
      amplifying and discriminating the electrical signal at the output of the
      receiver according to polarity to obtain an ouput signal which is a
      function of the variations of the luminous flux on said photoreceiver.
NUM  6.
PAR  6. A device according to claim 5, wherein said device further comprises a
      sighting telescope parallel to the axis of the cylinder.
NUM  7.
PAR  7. A device according to claim 5, wherein said device further comprises a
      sun shield attached to the entrance end of the collimator.
NUM  8.
PAR  8. A device according to claim 5, wherein the photoreceiver is selected
      from the group consisting of phototransistors, photodiodes,
      photomultipliers and light-intensifying tubes.
NUM  9.
PAR  9. A device according to claim 5, wherein said device further comprises a
      lens between the exit of the collimator and the photoreceiver.
NUM  10.
PAR  10. A device according to claim 5, wherein the diaphragms are formed of
      metal on which a mat black coating has been deposited.
NUM  11.
PAR  11. A device according to claim 5, wherein the electronic chain further
      comprises a counting element for delivering a signal which is proportional
      to the number of objects detected.
NUM  12.
PAR  12. A device according to claim 5, wherein the electronic means for
      differentiating, amplifying and discriminating the signal comprises a
      preamplifier, a differentiating circuit, a polarity-discriminating circuit
      and an impedance matching circuit, these different elements being disposed
      in the order aforesaid and in series.
NUM  13.
PAR  13. A device according to claim 10, wherein said device further comprises
      an amplitude discriminator placed at the output of the electronic circuit.
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ABST
PAL  A light actuated switch apparatus is described in which no movable switch
      contacts are employed. The switch uses a light source and shutter to
      activate an array of light sensitive devices to generate a binary code
      that provides the switching function. One embodiment of the switch
      apparatus is employed inside a control knob providing a binary code
      generated by shutter action of a light source on an array of
      phototransistors. Another embodiment employes the above control knob
      including switch apparatus as well as a second knob and printed board to
      form a dual switch apparatus. As no switch contacts are employed there is
      considerable reduction in electrical components. Additionally, this also
      greatly reduces the space required for mounting the switch, is readily
      serviceable or replaceable as no parts are located within an instrument,
      and is less expensive as no contacts eliminate any wear and potential
      problems associated with movable through stationary contacts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Previously, several switches have been made which relate in general to
      electrical circuits whether singular or in a dual assembly in which two
      different switches are operated independently by means of a common shaft
      or which can be operated together. In these switches, their exists a
      stationary stator plate and a movable rotor plate properly positioned to
      change the electrical connections of the switch contacts by rotational or
      longitudinal movements of a knob device secured to the common shaft. Thus,
      a disadvantage arises due to wear of moving parts, namely between the
      stationary stator plate and the movable rotor plate as the knob device is
      moved. Another disadvantage inherent to these switches is that many
      require elaborate provisions be made if they are to intrude into an
      instrument and occupy significant space. Another disadvantage is that
      three dimensional cabling is required. Typical of the above described
      switches are the switches fully described in U.S. Pat. Nos. 3,074,011;
      3,181,086; 3,187,118 and 3,207,861 all of which are assigned to the
      assignee of the present invention. Another type switch apparatus employs
      its movable and fixed switch contacts on a printed circuit board providing
      the electrical circuit to which the switch contacts are connected as fully
      described in U.S. Pat. No. 3,562,464 by Charles Howard Vollum et al and
      assigned to the assignee of the present invention. Such apparatus,
      however, requires significant space, and is subject to wear.
PAR  The application of encoding-decoding by light source, mask and
      photoreceptors is also well known in the art. For example, U.S. Pat. No.
      3,491,244 by V. E. Stewart, Jr. describes an encoder for use in an
      automatic remote meter reading system which includes a plurality of photo
      cells disposed between a pair of coded discs and are arranged to be
      selectively energized from their opposite sides by individual illuminating
      means associated with each disc. Typical of the encoders and decoders
      employing coded discs having light openings in a radial array
      representative of the binary code, such that the position to which the
      disc is rotated relative to a fixed light source provides an indication in
      binary form are taught by U.S. Pat. Nos. 3,489,907; 3,740,721; 3,399,297;
      3,237,012; and 3,512,006. Thus a disadvantage is that such use of
      encoding-decoding by light source, mask and photoreceptors are not applied
      to a switch.
PAC  SUMMARY OF INVENTION
PAR  The switch apparatus of the present invention relates generally to
      electrical switches and in particular to optoelectronic switches in which
      light from a light source is directed by means of a baffle and is
      interrupted by a shutter having a preselected pattern to pass the light in
      the form of a binary code onto an array of photo sensitive devices that
      uses the binary coded light to thus generate a binary code used to drive
      associated circuitry such as, for example, TTL logic circuits. The switch
      apparatus is built inside a control knob and uses no movable contacts.
PAR  It is therefore an object of the present invention to provide a new and
      improved electrical switch having no movable contacts.
PAR  It is another object of the present invention to provide a switch apparatus
      within a knob.
PAR  It is yet another object of the present invention to provide an
      optoelectronic switch requiring a minimum of space.
PAR  It is still another object of the present invention to provide switch
      apparatus of long, useful lifetime having no movable contacts.
PAR  It is still yet another object of the present invention to provide a
      plurality of switches within a plurality of control knobs.
PAR  The subject matter of the present invention is particularly pointed out and
      distinctly claimed in the following description. The invention, however,
      both to organization and method of operation together with further
      advantages and objects thereof may best be understood by reference to the
      following description taken in connection with the accompanying drawings.
      It is to be understood, however, that these embodiments are not intended
      to be exhausting nor limiting of the invention but are for the purposes of
      illustration in order that others skilled in the art may fully understand
      the invention and principles thereof and the manner of applying it in
      particular use so that they may modify it in various forms, each as may
      best be suited to the conditions of the particular use.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a partial side elevation of a typical electrical switch in
      accordance with the prior art;
PAR  FIG. 2 is a partial cross-section view of an apparatus using a plurality of
      photo cells, light sources and coded discs in accordance with prior art;
PAR  FIGS. 3A-3E are an exploded isometric drawing of the optoelectronic switch
      according to the present invention;
PAR  FIG. 4 is an isometric view of the optoelectronic switch in accordance with
      FIG. 3 mounted on, say, the front-panel portion of an instrument; and
PAR  FIG. 5 is an isometric view of a dual optoelectronic switch according to
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Referring now to the drawings, and in particular to FIG. 1, there is shown
      a side elevation of an electrical switch assembly in accordance with the
      prior art, namely U.S. Pat. No. 3,187,118 previously mentioned. The switch
      includes knob devices 1 and 2, connected to a first switch shaft 3 and a
      second switch shaft 4. The first shaft 3 is such that second shaft 4 can
      rotate inside the first shaft. Each of these shafts actuate different
      switch devices and such switch devices may be of any type where electrical
      connections can be controlled by the rotation of a switch shaft. In the
      example shown, a first switch device 5 is actuated by the first switch
      shaft 3 and the second switch device 6 is actuated by the second shaft 4.
      The two shafts 3, 4 are supported in an L-shaped support bracket 7 by a
      sleeve member 8 in which the shaft 3 is journaled for rotation and also
      held against endwise movement with respect to the sleeve member. The
      sleeve member 8 has a screw-threaded end extending through the bracket 7.
      A nut 9 on such end secures the sleeve member in position in the support
      bracket. The support bracket 7 is mounted in an instrument chassis by
      means of a pair of nut, bolt and lock washer assemblies 10 so that the
      switch shafts extend through an opening 11 in the control panel 12 of the
      instrument and are connected to the knob devices 1, 2 on the front of such
      panel.
PAR  Shown in FIG. 2 is a cross-sectional view of an apparatus utilizing a coded
      disc having light openings, in a radial array disposed between a light
      source and a plurality of photo cells in accordance with the prior art,
      namely U.S. Pat. No. 3,399,297 previously mentioned. A central shaft 20
      has its outer end supported in a bearing block 22. Secured to the shaft 20
      is a nylon gear 24 which is secured to the shaft by means of a set screw
      26. The gear 24, in turn, meshes with gear 28 which is slideably received
      on a main drive shaft 30, the main drive shaft 30 being driven by means of
      say, a control knob, etc. Secured to its hub portion, the gear 24 carries
      a coded disc 31. Radially spaced along one side of the coded disc 31 are a
      plurality of light sources or lamps A1-A5. These lamps are such as to
      direct beams of light against a photocell element 32 positioned on the
      side of the disc 31 directly opposite the lamps A1-A5. The photocell will
      conduct an electrical current in accordance with the amount of light
      received from the lamps A1-A5 via the coded disc 31, such current being in
      a binary code and can be used to drive associated circuitry.
PAR  As can be discerned from the above described prior art switches and
      optoelectric devices, a combination optoelectric switch could be made by
      those skilled in the art. However, the disadvantages of such a combination
      i.e., space requirements great and wear of gear elements, etc., have not
      been overcome. Thus, in order to satisfy a concept of instrumental design
      to provide a switch which overcomes the disadvantages of the prior art,
      there is shown in FIG. 3 an isometric exploded drawing of the
      optoelectronic switch according to the present invention; FIG. 4 is an
      isometric drawing of the switch shown in FIG. 3 mounted on, say, the
      front-panel portion of an oscilloscope. Briefly considering the drawings
      shown in FIGS. 3 and 4, the entire switch assembly is mounted within a
      knob shell 50 and attached to the panel portion 52 of an instrument via
      securing members 51 such as screws, etc., received by connection members
      54. A plurality of stationary contact members 53 are provided for inputing
      and outputing the electric switching current used to drive or to be
      received by associated circuitry.
PAR  Referring specifically to FIG. 3A, for disposal into knob shell 50 are the
      components of the optelectronic switch including a shaft assembly 55,
      detent follower and stop assembly 65, spring member 73, light holder
      assembly 75, baffle member 90, coded disc member 95, spring and spacer
      member 100, light collector assembly 125 and a retaining spring member
      140. Thus, the length of the knob shell 50 is determined by the components
      required. In the particular embodiment shown, it has been found that a
      length of 3/4 inch provides a knob shell compatable with other traditional
      knob shells. Knob shell 50 is preferably formed as a single unit from a
      suitable plastic such as glass filled polycarbonate. FIG. 3B shows that
      the knob shell 50 includes a plurality of recessed areas 200, 201, 202 and
      203. A guide portion 204 protrudes towards the knob center in the recess
      area 201 and will be discussed shortly. A plurality of guide stubs 205
      protrudes upwards in the recess area 202, such stubs will also be
      described later in this description. The recess area 203 accepts the
      already mentioned retaining spring member 140. The recess area 200 is
      provided for receiving the shaft assembly 55, such shaft assembly having a
      ridge area 57 and an elongated area 58 extending orthogonally from the
      ridge area 57. Disposed into the elongated area 58 and traversing
      therealong are a plurality of grooves 59 and 60. As will be described
      later, a dual switch apparatus is provided which uses a similar, but
      longer shaft. Alternatively, however, the area of the elongated area 58 of
      shaft member 55 can be determined so that such area is suitable to allow a
      coaxial shaft inside it. Thus, ridge area 57 and the recess area 200 of
      knob shell 50 are dimensionally established. Disposed into the groove 60
      is a contact blade 61 which forms one of a plurality of stationary
      contacts 53 (see FIG. 4) for the optoelectronic switch. Such blade is a
      conductive member, preferably metal, molded to an insulator member 62,
      which is preferably plastic, then attached to the shaft in the groove 60.
      Electrically, the contact blade 61 will not be at the same potential as
      the shaft due to the insulative characteristics of the plastic insulator
      member 62. As contact blade 61 forms a stationary contact, it is indeed
      obvious that when ridge area 57 is disposed into the recess area 200 of
      knob shell 50, no mechanical rigidity will exist therebetween. Disposed
      into the second groove 59 is a machine key 63, such key extending above
      the surface of the elongated area 58 and traversing therealong for
      providing a guide and lock assembly for the switch components. The use of
      a machine key is quite well known to those in the field and therefore will
      not be described in detail.
PAR  A detent follower and stop assembly 65 is next provided and is shown in
      detail in FIG. 3C. Included are a housing member 66, detent roller member
      67, detent gear member 68 and a detent locking spring member 69. Housing
      member 66 is preferably a single unit formed from thermoplastic such as
      nylon, and includes a hub portion 70, a plurality of spring member
      supports 71 alternately spaced around the periphery edges of the member
      and a spring slot 72. An alignment member of semicircle shape extends
      across the outer surface of the member and includes a groove 74. The inner
      portion of the housing member, shown in FIG. 3D, includes a second hub
      portion 81 and a wedge shaped gear stop member 82. An aperture 77 is
      provided in the housing member and extends from the inner surface to the
      outer surface, such aperture for accepting the detent roller member 67.
      Detent gear member 68 is provided with a plurality of protuberences 79 for
      contacting the wedge gear stop member 82 and a groove 80 for accepting the
      machine key way discussed; such member preferably a single unit molded
      from an acetal-plastic such as DELRIN. The outer periphery of the gear is
      provided with a plurality of spaced indentations to define gear teeth.
      Detent lacking spring member 69 is a circular shaped spring member having
      one of its ends turned in a direction for disposal into the slot 72. Such
      spring will positively secure detent roller member 67 into one of the gear
      teeth.
PAR  The entire detent follower and stop assembly 65 is then placed over the
      elongated area 58 of the shaft assembly 55 and made to contact the ridge
      area 57 via hub portion 70. As the shaft assembly 55 is disposed into the
      recess area 200 of knob shell 50, the guide portion 204 engages the groove
      74. As can now be discerned, the detent follower assembly 65 will advance
      with rotation of knob shell 50 whereas shaft assembly 55 remains
      stationary relative thereto. A next conventional spring member 73 of
      circular shape insures gear member 68 remains fixed within the housing
      member 66.
PAR  Light holder assembly 75 including a light source 76 is next carried by
      shaft assembly 55 and is held into position by the machine key 63 via the
      groove 77 provided in the assembly. As is well known from prior art, the
      light source must be accurately positioned in relation to the light
      collector (to be described later). In the present invention, the light
      source is provided by light emitting diodes (LED's) installed on a lead
      frame and encapsulated by transfer molding in transparent epoxy with
      integrally molded focusing lenses. The LED's thus packaged are secured
      onto a carrier base 85 via a clip means 78 and soldered in place
      permanently, one lead onto the metal circular shaped carrier base 85 and
      the other lead to contact blade 61. A plurality of tabs 87 provide
      electrical contact between carrier base 85 and the elongated area 58 of
      shaft assembly 55. Although the preferred embodiment uses an LED array for
      providing electromagnetic radiation, another arrangement can be a lamp and
      colluminating mirror, etc., all of which are well known. A next unit
      carried by and keyed to shaft assembly 55 is a light source baffle member
      90. Baffle 90 is preferably formed as a single unit whose composition is
      similar to the housing member 66 and includes an opening 91 of desired
      shape therethrough so that when properly keyed on the shaft assembly, will
      funnel the electromagnetic radiation through the aperture from the light
      source means and block such electromagnetic radiation otherwise.
PAR  A binary coded shutter disc member 95 has therein chemically milled holes
      96 in a preselected pattern to selectively pass the funneled
      electromagnetic radiation via baffle 90. Shutter disc member 95 therefore
      can be considered as a means to selectively damp, or mask, the
      electromagnetic radiation in accordance with a preselected pattern
      required for the desired switching. Around the periphery such disc are a
      plurality of alignment means 97 which engage with guide stubs 205 located
      in knob shell 50. Thus, the binary coded shutter disc member 95 also
      rotates with knob shell 50. It should be noted that the disc is preferably
      a metal which is processed after the chemical milling of the holes to
      provide a black oxide coating for light purposes, but that such preferable
      structure is not intended to be limiting and that any structure to provide
      the damping required would be possible.
PAR  Next provided within the switch apparatus is a spacer spring member 100
      which holds shutter disc 95 in engagement with the guide stubs 205 located
      in knob shell 50. In addition such spacer spring provides electrical
      isolation between such shutter disc and an electromagnetic radiation
      collector, or detector or sensitive, means which will be discussed
      shortly. In order to accomodate both of the aforementioned criterion,
      spacer spring member 100 is preferably a chemically milled "MYLAR"
      polyester and shown in detail in FIG. 3E. Two parallel support members 101
      and 102 are connected together via a plurality of V-shaped truss members
      103. Each of the parallel supports has one end which is truncated inwardly
      towards each other a minute amount, then again parallel. The truncated end
      portion provides the spacer-spring member with a connecting means. As
      shown in FIG. 3A, such spring is circular in shape and provided as such by
      weaving the connecting means first between two of the plurality of
      V-shaped truss members, then over one, and back between any adjacent two.
      Thus, connecting requires that the truncated end portion have a width
      slightly less than the width of the V-shaped truss members. It has been
      determined that the V-shaped truss members provide a spring whose
      stress-strain relationship follows a linear path and has good spring-back
      characteristics as required. It is to be understood however, that the
      spring as shown is one of many forms and is the preferred form. For
      instance, the V-shaped truss members can take various shapes and the
      truncated end portion can traverse outwardly, etc. The spring can be
      formed, a plurality at a time, very simply and inexpensively.
      Additionally, the length of such member can vary depending upon the design
      characteristics required.
PAR  A next portion of the switch apparatus which is keyed to and guided by
      shaft assembly 55 is the light collector assembly 125 which includes a
      radiation collector, or detector or sensitive, means 126 mounted thereon.
      A plurality of openings 127 through a metal disc portion 128 enable
      contact means 130 (stationary contact means 53 shown in FIG. 4), which are
      a portion of the radiation collector, or detector or sensitive means 126,
      to be received through an insulator and support member 129. A plurality of
      connection members 54 are provided for mounting the entire switch assembly
      onto an instrument panel or the like as previously shown and described.
      The radiation collector, or detector or sensitive, means 126 collects the
      masked electromagnetic radiation and provides an output proportional to
      such masked radiation. In the present invention, such radiation collector,
      or detector or sensitive, means 125 is is an array of 5 phototransistor
      chips mounted on a lead frame, wired in parallel and encapsulated by
      transfer molding in transparent epoxy with integrally molded focusing
      lenses as well as mounting stubs in a manner resembling a dual-in-line DIP
      package suitable for pluging into an etched circuit board, soldering or
      other conventional connection means. Other types of collector means can be
      used which are well known in the art such as, for example, charge coupled
      devices (CCD's). The requirement for such substitution radiation
      collector, or detector or sensitive means requires that an output
      porportional to the masked electromagnetic radiation be produced. The
      entire switch apparatus is completed when a conventional retaining spring
      member 140 is disposed into the recessed area 203 of knob shell 50.
PAR  In the preferred embodiment of the above described switch apparatus, the
      knob switch is made with five elements in the optoelectronic array, thus
      is capable of 25 or 32 coded positions; a switch having 32 positions would
      have 111/4.degree. per step. A switch having, say, 18 positions or
      20.degree. per step would, of course, have the detent steps more defined
      relative to the 32 position switch. The desired number of switch positions
      are determined by the number of teeth provided on the detent gear member
      68 and the traverse of the switch is determined by the stop protuberancies
      79.
PAR  Shown in FIG. 5 is an isometric view of a dual optoelectronic switch
      according to the present invention. Such switch apparatus includes the
      previously mentioned knob shell 50, shaft assembly 55', detent follower
      and stop assembly 65, spring member 73, light holder assembly 75, baffle
      member 90, coded disc 95, spring and spacer 100, light collector assembly
      125 and the retaining spring 140. In addition, a second knob shell 50',
      indicator panel 145, a second detent follower and stop assembly 150,
      circuit board member 160, insulator 165, and additional mounting member
      170, and a second retaining spring member 180. A minor difference exists
      however, between the shaft assembly 55 and shaft assembly 55' of FIG. 5,
      the latter having an elongated area of greater length to accommodate the
      extra components of the dual switch. As previously mentioned, another
      alternative would be a coaxially mounted shaft within the elongated area
      to accommodate the extra components of the dual switch. Knob shell 50'
      includes a recess area into which a retaining spring 180 is disposed and
      as such, must be of sufficient length and area so that knob shell 50 can
      be rotated when disposed therein as in any type dual switch. Indicator
      panel 145 when secured by, say, contact cement or other conventional
      securing means to the second detent and stop assembly 150 provides an
      indication as to the switch position defined by rotation of inner knob
      shell 50. Detent follower and stop assembly 150 consists of a housing
      member 151, a spring member 152, a roller member 153, a detent wheel
      member 154 and a contact member 155. Detent wheel member 154 is provided
      with a plurality of holes 157 which have one end beveled (not shown), such
      holes for receiving the connection members 54 (see FIG. 3A) on the light
      collector assembly 125. A plurality of securing means such as the screw
      158 connects the units together, such a screw being disposed into the
      beveled end for obvious reasons. In addition, the detent wheel member
      includes gear teeth members 156 into which the detent roller 153 is
      engaged. As the assembly differs only slightly from that already described
      no further description will be given. A switch contact member 155 is
      carried by the housing member 151 for contacting circuit board conductive
      areas or a circuit board member to be next discussed; as the contact is
      well known it will not be discussed in detail. The remainder of the detent
      and stop assembly 150 is similar to the detent follower and stop assembly
      65 and as such will not be discussed.
PAR  A circuit board member 160 is next carried by the shaft assembly 55' and
      includes a plurality of etched circuit board conductive areas 161. These
      areas or paths are preselected to provide the desired switching functions.
      The circuit board also includes a plurality of aperatures 162 for
      receiving the contact members of the light collector, or detector or
      sensitive means already discussed. A plurality of conductive members 163
      are also provided on the circuit board to provide the electric path
      required by such switch for inputing and outputing the desired switching
      currents. An insulator member 165 provides insulation between circuit
      board member 160 and the mounting member 170. Mounting member 170 is
      similar to light collector assembly 125 except no light collector, or
      detector or sensitive member is provided. Again, a spring member 180 when
      placed into the recess area of knob shell 50' completes the assembly.
PAR  While there has been shown and described the preferred embodiments of the
      present invention, it will be apparent to those skilled in the art that
      many changes and modifications may be made without departing from the
      invention in its broader aspects. For example, two complete optoelectronic
      switches, say as described in FIG. 3 could be connected in a dual switch
      assembly. Therefore, the appended claims are intended to cover all such
      changes and modifications that fall within the true spirit and scope of
      the invention.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. An optoelectronic switch, comprising:
PA1  a movable housing member,
PA1  stationary radiation source means disposed inside said movable housing
      member, said stationary radiation source means for providing
      electromagnetic radiation;
PA1  movable masking means operably disposed in said movable housing member,
      said masking means for selectively masking said electromagnetic radiation
      to provide a coded electromagnetic radiation; and
PA1  stationary radiation sensitive means disposed inside said movable housing
      member, said stationary radiation sensitive means for collecting said
      coded electromagnetic radiation to provide an output electrical signal
      proportional to said coded electromagnetic radiation.
NUM  2.
PAR  2. The switch according to claim 1 further comprising:
PA1  connecting means disposed within said movable housing member, said
      connecting means for connecting said movable housing means and said
      movable masking means together.
NUM  3.
PAR  3. The switch according to claim 2 wherein said movable housing member
      defines a knob member.
NUM  4.
PAR  4. The switch according to claim 1 wherein said stationary radiation source
      means defines a light member.
NUM  5.
PAR  5. The stationary radiation source member according to claim 4 wherein said
      light member defines a light emitting diode.
NUM  6.
PAR  6. The switch according to claim 1 wherein said movable masking means
      defines a shutter means.
NUM  7.
PAR  7. The movable masking means according to claim 6 wherein said shutter
      means defines a coded shutter member coded in a preselected pattern.
NUM  8.
PAR  8. The switch according to claim 1 wherein said stationary radiation
      sensitive means defines a light sensitive member.
NUM  9.
PAR  9. The switch according to claim 8 wherein said light sensitive member
      defines a phototransistor.
NUM  10.
PAR  10. The switch according to claim 8 wherein said light sensitive member
      defines a charge coupled device.
NUM  11.
PAR  11. An optoelectronic switch, comprising:
PA1  a first movable housing member;
PA1  a second movable housing member operatively disposed within said first
      movable housing member;
PA1  stationary radiation source means disposed within said second movable
      housing member, said stationary radiation source means for providing
      electromagnetic radiation;
PA1  movable masking means operatively disposed in said second movable housing
      member, said movable masking means for selectively masking said
      electromagnetic radiation to provide a coded electromagnetic radiation;
PA1  stationary radiation sensative means disposed inside said second movable
      housing member, said stationary radiation sensitive means for collecting
      said coded electromagnetic radiation to provide an electrical signal
      proportional to said coded electromagnetic radiation; and
PA1  means operatively disposed inside said first housing member, said means for
      selectively receiving said electricl signal to provide a selectable
      electrical signal.
NUM  12.
PAR  12. The switch according to claim 11 wherein said first and said second
      movable housing members move independently from one another.
NUM  13.
PAR  13. The switch according to claim 11 wherein said means operatively
      disposed inside said first movable housing member defines a circuit board
      means including selectable connection members.
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ABST
PAL  Methods and apparatus are provided for making improved pulsed neutron
      derived measurements of the carbon: oxygen ratio in subsurface earth
      formations. Plural radiation measurements are made as a function of time
      from the initiation of the neutron pulse to distinguish inelastic and
      thermal neutron interactions. These measurements are also within their
      respective time functions, energy dependent. The time and energy dependent
      radiation measurements are then combined in several different manners to
      provide an improved carbon: oxygen ratio measurement and multiple porosity
      and formation lithology indication measurements.
PARN
PAR  This application is a division of application Ser. No. 322,573, filed Jan.
      10, 1973, now issued as U.S. Pat. No. 3,796,877 which patent was a
      continuation of application Ser. No. 145,815 filed May 21, 1971 now
      abandoned.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to radiological well logging methods and apparatus
      for investigating the lithological characteristics of subsurface earth
      formations traversed by a borehole and, more particularly, related to
      improved neutron-gamma ray logging methods and apparatus.
PAR  It is well known that oil and gas are more likely to be found in
      commercially recoverably quantities in those earth formations which are
      relatively porous and permeable than in the more highly consolidated
      formations. It is also well known that an oil or gas-filled strata may be
      located by passing a neutron source through the borehole and measuring the
      intensity of secondary gamma radiations which are produced at various
      depths in the borehole. A chlorine nucleus has a thermal neutron capture
      cross section which is much higher than that of nuclei of most of the
      other elements which are found in greatest abundance in the earth, and
      thus a salt water filled limestone or sandstone layer will have a greater
      macroscopic thermal neutron capture cross section than will an oil
      saturated layer. Accordingly, this difference can be observed by measuring
      either chlorine capture gamma rays or the life-time of the thermal neutron
      population in the layer.
PAR  Although these logging techniques have long been used, and although a great
      many oil or gas-bearing formations have been found in this manner, they
      have also produced a great many spurious indications. This is because many
      porous earth formations contain low salinity water, which is
      indistinguishable from oil using these methods. Thus, the intensity of the
      capture gamma radiation which is detected at various borehole depths is an
      indication of fluid salinity and porosity, and is not necessarily
      conclusive evidence that a oil-bearing formation has been discovered. An
      inelastic gamma ray spectrum, however, is independent of salinity since
      chlorine has a small inelastic cross section.
PAR  The carbon nuclei in the oil will, to a limited extent, also engage in
      capture interactions with bombarding neutrons, although the thermal
      neutron capture cross section of carbon is extremely low, and this is also
      true for oxygen nuclei. However, the inelastic scattering reaction cross
      section is appreciable for both carbon and oxygen if the collision energy
      of the neutron is sufficiently high. Furthermore, the initial energies of
      the gamma rays resulting from carbon are distinctively different from that
      of gamma rays resulting from oxygen when this reaction occurs.
      Accordingly, it has long been assumed that a measurement of inelastic
      scattering gammas could provide the basis for a technique for detecting
      and identifying an oil or gas-bearing earth formation as opposed to a
      water-bearing formation as such.
PAR  Many attempts have been made to employ this concept in well logging. Thus
      far, however, none of the methods and apparatus which utilize this concept
      have been reliable.
PAR  One of the principal reasons for this lack of success is that carbon is one
      of the most common elements in the earth's crust. Moreover, a limestone
      formation is largely composed of calcium carbonate, and thus a
      water-bearing limestone formation will frequently emit more carbon gammas
      than will an oil-filled sand or shale.
PAR  Another problem is that a gamma ray tends to readily engage in scattering
      reactions itself and further tends to lose energy to some extent with each
      scattering. The initial energy of a gamma which results from the inelastic
      scattering of a neutron by an oxygen nucleus is only a little higher than
      the initial energy of a gamma resulting from inelastic scattering of a
      neutron by a carbon nucleus. Thus, many of the gammas which emanate from
      fast neutron bombardment of a water-bearing formation will frequently have
      declined in energy by the time they are actually detected, whereupon they
      may be mistaken for non-degraded gamma rays which have emanated from
      carbon nuclei.
PAR  Not all oxygen-emitted gamma rays will be degraded before they are
      detected, however, and thus it has been proposed to log a well with the
      detector signal being applied to a "two-window" analyzer. More
      particularly, one window is set to accept only pulses attributable to
      detected gammas having terminal energies which approximate the initial
      energies of oxygen-emitted gamma rays, and the other window is set to
      accept only pulses comparable to gammas with terminal energies
      corresponding to carbon-emitted gammas. Thus, the counting rates of the
      two windows may be compared to provide an indication of whether a
      particular formation contains oil or water.
PAR  Although such a log has been performed with some success, it nevertheless
      is often unreliable and has therefore never been universally accepted by
      the petroleum industry. A principal reason for its lack of reliability is,
      again, the fact that gamma rays tend to quickly lose energy, and this is
      especially true when the gamma radiation encounters a relatively dense
      medium. Thus, a high count rate for the lower of the two windows may
      actually be due to the fact that most of the oxygen-emitted gamma rays
      have become degraded before detection, by reason that the gammas were
      required to pass through the formation, the liquid-filled borehole, the
      sonde case, and possibly a cemented casing before they could reach the
      detector in the logging tool. Furthermore, most oil-bearing formations
      also contain at least an appreciable amount of water, and the oil/water
      interface is extremely difficult to detect merely by a qualitative
      measurement of the number of carbon-emitted gammas which manage to reach
      the detector.
PAR  Many attempts have been made to improve the foregoing technique. For
      example, the degrading effect of the drilling fluids in the borehole has
      been reduced by decentralizing the logging instrument in the borehole.
      Also, the size of the phosphor used in the detector has been increased
      substantially in order to sense a greater proportion of the gamma rays
      sought to be detected, whereby the measurement has been improved from a
      statistical standpoint. Although most if not all of these changes have
      been of some benefit, no change has been found which would make any log
      fully acceptable to the petroleum industry which is based principally on
      this concept.
PAR  These and other disadvantages of the prior art are overcome with the
      present invention, however, and novel well logging methods and apparatus
      are provided for simultaneously and correlatively measuring the gamma
      radiation resulting from the inelastic scattering of neutrons by carbon
      and oxygen nuclei as a function of the lithological characteristics of a
      subsurface earth formation.
PAC  SUMMARY OF INVENTION
PAR  In one embodiment of the present invention, a well logging tool is employed
      which contains a conventional source of fast neutrons and at least one
      gamma ray detector. Any neutron source capable of producing inelastic
      interactions with carbon and oxygen may be used for this purpose, such as
      an encapsulated mixture of radium and beryllium, plutonium and beryllium,
      or the like. All alpha-emitters such as radium or plutonium will also emit
      gamma rays in large numbers, however, and thus an especially suitable
      neutron source as the wellknown deuterium/tritium accelerator or the like
      since such a source can be operated to produce timed bursts of neutrons
      and other capabilities as will hereinafter be referred to in detail.
PAR  The detector which is most appropriate to the purposes of the present
      invention is one that provides an indication of the terminal energy of
      each detected gamma ray, whereby those gammas which originate from carbon
      or oxygen nuclei may be identified and distinguished from gamma radiation
      originating from other sources such as silicon nuclei or from the neutron
      source itself. Accordingly, an especially suitable detector is a
      conventional scintillation counter having a large thallium-activated
      crystal which is composed of sodium iodide or cesium iodide or the like.
PAR  The neutron source and detector are preferably spaced apart from each other
      within a fluid-tight instrument housing which is preferably urged
      continually against one side of the casing or borehole wall, whereby
      neutrons from the source may bombard the earth formation without having to
      first pass through the drilling fluid and other liquids which usually
      accumulate in the borehole or casing, and whereby the gamma rays emanating
      from the neutron-irradiated formation may travel to the detector without
      first having traveled through such liquid.
PAR  A conventional scintillation counter operates to provide an electrical
      pulse upon the occurrence of each gamma ray detected by the crystal and to
      provide each such pulse with an amplitude which is a function of the
      terminal energy of the gamma ray to which it corresponds. Thus, other
      conventional electrical circuitry may be included within the instrument
      housing for eliminating noise pulses and other spurious signals from the
      train of pulses generated by the detector and for suitably amplifying the
      genuine pulses, whereby they can be transmitted to the surface of the
      earth by way of the logging cable.
PAR  In addition to the various signal processing and recording equipment which
      is conventionally employed at the surface, a multichannel pulse height
      analyzer having four or more windows may be included for the purpose of
      separating the incoming detector pulses according to four preselected
      energy ranges. More particularly, two of the four windows will preferably
      be set to pass only those pulses which correspond to carbon and oxygen
      gammas, respectively, and the other two windows will preferably be set to
      pass those background pulses which have heretofore been accepted as carbon
      and oxygen gammas but which are actually primarily degraded gammas,
      capture gammas, gammas originating in the instrument housing, or gammas
      from other elements in the formation.
PAR  Accordingly, window No. 1 is preferably set to pass only pulses having
      amplitudes in the range of 3.0 Mev. to 4.7 Mev., window No. 2 to pass only
      pulses in the range of 4.7 Mev. to 5.0 Mev., window No. 3 to pass only
      pulses in the range of 5.0 Mev. to 6.5 Mev., and window No. 4 to pass only
      pulses in the range of 6.5 Mev. to 7.5 Mev. amplitude. The counting rate
      of the pulses from each of these windows may be determined by conventional
      circuitry and may be indicated by signals C, C.sub.B, O, and O.sub.B,
      respectively, whereby signals (C-C.sub.B) and (O-O.sub.B) will represent
      the carbon gamma and oxygen gamma counting rate, respectively, and whereby
      signals C.sub.B and O.sub.B will represent the two background counting
      rates, respectively.
PAR  As hereinbefore stated, the carbon and oxygen signals heretofore derived
      for the purpose of determining the ratio of carbon to oxygen are actually
      composites or summations of signals due to the carbon and its background,
      and of signals due to the oxygen and its background, respectively.
      Accordingly, it will now be readily apparent that signals (C-C.sub.B) and
      (O-O.sub.B) are more precise indications of the carbon and oxygen content
      of the formations being irradiated. Further, the background signals
      C.sub.B and O.sub.B can be used to provide a better signal-to-background
      ratio.
PAR  As will hereinafter be apparent, the slope of the entire gamma ray spectrum
      is dependent upon the composition as well as the porosity of the
      formation. Thus, a better indication of the carbon-to-oxygen ratio will be
      obtained by the ratio C' : O', where C' is the difference between C and
      C.sub.B, and where O' is the difference between O and O.sub.B, since C'
      and O' are obviously less dependent on the intensity of the background
      gamma rays which are sought to be eliminated from the carbon and oxygen
      measurements. Even if C' and O' are treated merely as qualitative
      indications or representations of the carbon and oxygen in the formations
      of interest, fractional changes in the hydrocarbon content of these
      formations will produce greater and more easily observed variations in C'
      and O', and the ratio C' : O' will be less dependent on the porosity and
      type of formation.
PAR  As hereinbefore explained, a water-bearing limestone contains a substantial
      amount of carbon, due to the calcium carbonate character or composition of
      the formation matrix. Nevertheless, the output signals from the
      aforementioned four windows in the pulse height analyzer provides a clear
      basis for distinguishing between increases in the carbon : oxygen ratio
      which are due to the presence of oil or gas and those increases which
      occur when the logging instrument passes from a sandstone matrix to a
      limestone matrix.
PAR  Since the nuclear interactions which occur in a sandstone matrix are
      necessarily different from those which occur in a limestone matrix, these
      differences are usually distinctive in the slopes of their secondary gamma
      ray spectra because of different capture and inelastic scattering cross
      sections of calcium and silicon. Thus, the ratio of O.sub.B : C.sub.B will
      usually provide a sufficient indication of whether the formation matrix is
      limestone or sandstone.
PAR  The inelastic scattering reactions in the matrices occur substantially only
      as long as the neutrons are "fast"; however, whereas most of the capture
      reactions occur when the neutrons have slowed to thermal energy. If the
      neutron source is an accelerator, and if the logging tool is provided with
      suitable detector gating circuitry, the accelerator may be pulsed so as to
      generate fast neutrons in discrete bursts. Thus, the output signal from
      the detector may be correlatively gated to select only the pulses which
      occur during each neutron burst from the accelerator, and during which a
      maximum number of inelastic scattering reactions will occur. A second
      time-dependent portion may also be selected, after termination of each
      such neutron burst from the accelerator, and preferably also after all or
      most of the thermal neutrons in the borehole have been captured, to
      provide a second signal which will be heavily dependent on gamma radiation
      resulting from neutron capture in the irradiated formation.
PAR  The use of the aforementioned four windows and only one gate will generally
      provide a simultaneous measurement of both the type of formation matrix
      and the C' : O' ratio for the formation. If additional information is
      needed, however, capture gamma rays in the second time dependent interval
      might also be utilized for lithology and porosity determination.
PAR  It will be recognized that changes in the porosity of the adjacent earth
      materials will produce changes in the C' : O' ratio measurement, even in
      those instances when the actual carbon and oxygen concentrations have not
      changed, and thus it is preferable to also derive a supplemental
      indication of porosity which may be used to better interpret the C' : O'
      ratio signal. Also, porosity measurements are desirable in determining
      water saturation. A measurement which is indicative of porosity is the
      count rate of either or both of the two background signals, and preferably
      (because of statistics) a summation of the signals from all four windows
      of the analyzer.
PAR  These and other advantages and features of the present invention will
      become apparent from the following detailed description wherein reference
      will be made to the figures in the accompanying drawings.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a simplified and substantially functional representation of one
      form of apparatus which is especially suitable for the purposes of the
      present invention.
PAR  FIG. 2 is a graphic representation of a suitable operating sequence for the
      apparatus depicted in FIG. 1, and more particularly illustrating how the
      appropriately time-dependent detection of gamma radiation in the borehole
      will provide a more accurate and dependable measurement of the
      carbon:oxygen ratio for an irradiated earth formation.
PAR  FIG. 3 is a graphic representation of the rate of occurrence of radiations
      detected at various energies throughout the composite inelastic spectrum
      of such radiations and providing an illustrative representation of the
      variations in intensity which may appear at measurable energy levels for
      radiation resulting from certain preselected nuclear reactions of interest
      in the present invention.
PAR  FIG. 4 is a graphic representation of the composite inelastic radiation
      spectrum illustrated in FIG. 3, and showing in particular the relative
      proportions of unwanted background radiation which is necessarily obtained
      when an energy-dependent measurement is made of variations in intensity of
      gamma radiations emanating from the irradiated formation depicted in FIG.
      1.
PAR  FIG. 5 is a graphic representation of the irradiation and detection
      intervals obtained by use of an operating sequence other than that
      illustrated in FIG. 2, and more particularly depicting how a subsequent
      time-dependent radiation measurement can be obtained which is functionally
      related to the porosity of the formation matrix.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there may be seen a simplified functional and
      partly pictorial representation of the basic features of a well-logging
      system which is illustrative of features of the present invention. More
      particularly, the system may be seen to be composed of a subsurface probe
      or sonde 2 which is suspended at one end of a conventional logging cable
      18 and which provides data in the form of electrical signals to surface
      instrumentation which is connected to the other or upper end of the cable
      18.
PAR  Referring to the system in greater detail, the sonde 2 is illustrated as
      being composed of a fluid-tight elongated steel housing 2, which is
      adapted to be passed longitudinally through a borehole 4 in the earth 3,
      and which contains a neutron source 6 and a radiation detector which, for
      present purposes, is preferably a scintillation counter 10. As previously
      explained, the function of the neutron source 6 is to bombard adjacent
      sections of the earth 3 and borehole 4 with high energy neutrons as the
      sonde 2 is lifted through the borehole 4 by the cable 18, and the function
      of the scintillation counter 10 is to detect a representative number of
      the gamma rays emanating from the earth 3 as a result of such neutron
      bombardment. Accordingly, a radiation shield 9 of suitable composition is
      preferably interposed between the scintillation counter 10 and the neutron
      source 6 to prevent direct irradiation of the scintillation counter 10 by
      the source 6.
PAR  As also previously explained, the neutron source 6 may be any suitable
      means for generating neutrons of sufficient energy to produce inelastic
      scttering reactions in the adjacent earth 3. Accordingly, the neutron
      source 6 may be an encapsulated quantity of material such as radium or
      plutonium mixed with a light metal such as beryllium or lithium. A neutron
      source 6 also produces a substantial amount of unwanted gamma radiation
      which is detected by the scintillation counter 10, however, and is also
      less desirable for present purposes since neutron emission from this type
      of source 6 cannot conveniently be interrupted. Furthermore, neutrons
      produced by a capsule-type source 6 tend to be emitted at various energies
      which is also detrimental to the meaningfulness of the measurements sought
      to be obtained. Accordingly, for present purposes the neutron source 6
      which is preferred is a static ion accelerator 7 of the type which employs
      the well known deuterium-tritium reaction to generate a substantially
      gamma-free supply of 14.4 Mev. neutrons. In addition, an actuating circuit
      8 of conventional design is preferably included whereby the accelerator 7
      may be selectively activated and inactivated on command.
PAR  Referring again to the structure generally illustrated in FIG. 1, the
      scintillation counter 10 may be of conventional design and thus may
      include a phosphor or crystal 11 which is preferably optically coupled to
      the appropriate end of an end-window photomultiplier tube 12, and which is
      also preferably composed of a suitable inorganaic material such as
      thallium-activated sodium or cesium iodide or the like. As is well known,
      each gamma ray stopped by the crystal 11 tends to create a momentary light
      flash or scintillation within the crystal 11 of an intensity substantially
      proportional to the terminal energy of the stopped gamma ray. The
      photomultiplier tube 12 is adapted to produce a voltage pulse for each
      such scintillation which is of an amplitude substantially proportional to
      the intensity of the scintillation, and thus the output signal which is
      generated by the photomultiplier tube 12 is a train of pulses tending to
      indicate the rate of occurrence and the terminal energies of the gamma
      radiation existing within the adjacent section of the borehole 4.
PAR  Not all of the gamma rays which occur in the borehole 4 arise because of
      fast neutron interactions within the adjacent earth 3, of course, and thus
      the crystal 11 tends to produce a certain proportion of unwanted
      scintillations which are due to the occurrence of thorium and other
      naturally radioactive substances which tend to accumulate in shales and
      other like strata. In addition, some of the voltage pulses which are
      generated in the photomultiplier tube 12 are merely due to circuit noise.
      Most of these spurious or unwanted signals are relatively low voltage,
      however, and thus the output signal from the photomultiplier tube 12 may
      be conveniently "cleaned up" by coupling it to a pulse height
      discriminator 13 having its trigger level set to pass only pulses of a
      preselected minimum voltage. This discriminator might also assist in
      alleviating any pulse pile-up problems in the transmission of signals over
      the logging cable 18.
PAR  The sonde 2 may be required to be positioned deep in the earth 3, and thus
      it may be necessary to employ a logging cable 18 which is several thousand
      feet long to deliver the output pulses from the discriminator 13 to the
      surface of the earth 3. Accordingly, a conventional voltage amplifier 14
      is preferably included within the sonde 2, which has its input coupled to
      receive pulses from the discriminator 13, and which may have its output
      coupled to a suitable conductor 17 in the cable 18. Alternatively, a
      conventional cable driving circuit 15 may be coupled between the amplifier
      14 and the cable 18 as indicated in FIG. 1.
PAR  As previously indicated, it is a principal feature of the present invention
      to detect and measure those gamma rays which arise from inelastic neutron
      scattering reactions with carbon and oxygen nuclei in the earth materials
      surrounding the sonde 2. The fast neutron which is inelastically scattered
      also tends to be slowed to thermal energy and thereafter captured,
      however, and this also generates a gamma ray which may be detected. If the
      neutron source 6 depicted in FIG. 1 is an encapsulated neutron-emitter,
      this creates a relatively steady outflow of fast neutrons which are
      constantly and continuously being elastically and inelastically scattered
      in the materials surrounding crystal 11, and which are also being
      continuously slowed and captured by such materials. Consequently, the
      radiation surrounding the crystal 11 is composed of gamma rays being
      continuously produced by capture reactions as well as inelastic scattering
      reactions, and since capture-produced gamma rays have initial energies
      within the same general range as those resulting from inelastic
      scattering, this is a principle reason why it has heretofore been
      substantially impossible to use a continuously emitting neutron source to
      make a meaningful measurement of the carbon and oxygen adjacent a borehole
      4.
PAR  On the other hand, if the neutron source 6 is an accelerator 7, as
      indicated in FIG. 1, and if the actuating circuit 8 is arranged and
      adapted to cause the accelerator 7 to sequentially and intermittently
      generate the fast neutrons in discrete bursts, a time-dependent gamma ray
      measurement may be made which emphasizes the gamma rays arising from fast
      neutron processes and which de-emphasizes the gamma radiation produced by
      slow or thermal neutron capture.
PAR  Each fast neutron burst produced by the accelerator 7 will, if properly
      timed, tend to create a corresponding discrete fast neutron population in
      the materials surrounding the crystal 11, and each discrete fast neutron
      population thus tends to decline away at a rate which is dependent upon
      the macroscopic inelastic and elastic scattering cross section of such
      materials. Each disappearing fast neutron population is replaced by a
      discrete thermal neutron population, however, which thereafter declines at
      a rate which is dependent upon the macroscopic capture cross section of
      the surrounding material. Accordingly, if the accelerator 7 is actuated to
      generate each fast neutron burst at a rate which is such that each
      resulting thermal neutron population substantially disappears before the
      next succeeding fast neutron burst is produced, it will be apparent that
      there will be a measurable time interval during which a much heavier
      proportion of the gamma radiation at the detector 4 will be attributable
      to fast neutron reactions in the materials surrounding the crystal 11 and
      housing 5.
PAR  The actuating circuit 8 depicted in the sonde 2 may be arranged and adapted
      to independently energize the accelerator 7 according to a predetermined
      operating sequence. As indicated in FIG. 1, however, the surface equipment
      may conveniently include a pulse generator 24 of suitable design which is
      arranged to be triggered or activated by a variable timing circuit 23, and
      which provides a suitable trigger pulse 21 to an appropriate conductor 16
      in the cable 18.
PAR  As will be apparent from the foregoing, the measurement sought to be
      obtained is preferably time dependent as well as energy dependent, and
      thus it is only the gamma rays which occur during a particular portion of
      the system operating cycle which are of principal importance in the
      practice of the present invention. A convenient technique for making a
      time dependent radiation measurement is to activate and inactivate the
      scintillation counter 10 in cyclic relationship to the operation of the
      accelerator 7, and circuitry is available in the prior art for suitably
      performing this function, either independently according to a
      predetermined sequence, or in synchronism with the operation of the
      accelerator 7. An especially convenient technique for making a time
      dependent radiation measurement, however, is to synchronously gate the
      output signal from the amplifier 14 substantially concurrently with the
      operation of the actuating circuit 8, for the reason that most of the fast
      neutron processes will occur while the accelerator 7 is actuated to
      produce neutrons.
PAR  As indicated in FIG. 1, however, the surface equipment may conveniently
      include a gating circuit 25 having its input 20 coupled to the cable 18 to
      receive the pulse train arriving uphole from the sonde 2, and having its
      output 20A coupled to the input of a suitable multichannel pulse height
      analyzer 26 of conventional design. The gate 25 is, of course, arranged
      and adapted to be normally closed and to open only in conjunction with the
      production of neutron bursts by the accelerator 7. Accordingly, the timing
      signal 22 which is generated by the timing circuit 23, and which is
      applied to the input 22B of the pulse generator 24, is also simultaneously
      applied to the input 22A of the gate 25.
PAR  As hereinafter explained in detail, the pulse height analyzer 26 is
      preferably adjusted to establish four different energy ranges or
      "windows," and thus pulses received from the output 20A of the gate 25
      will be sorted into four different outputs 26A-D. As will also be
      explained in detail, output 26A will be composed of pulses with amplitudes
      commensurate with gamma rays produced by carbon nuclei, and output 26B
      will include pulses with amplitudes corresponding to carbon background
      signals which are only a little higher than the upper level of the
      so-called "carbon window." Similarly, output 26C will include pulses
      corresponding to gamma rays generated by inelastic scattering reactions
      with oxygen nuclei, and output 26D will include pulses with amplitudes
      only a little higher than the upper level of the so-called "oxygen
      window." Accordingly, signal 26B will derive from the "carbon background
      window" in the analyzer 26, and signal 26D will derive from its "oxygen
      background window."
PAR  As may further be seen in FIG. 1, outputs 26A-D are each connected to a
      different one of four separate count rate meters 32-35. It is a feature of
      the present invention to provide a measurement of the sum of these four
      count rates, and thus the four outputs 26A-D are also preferably coupled
      to a fifth count rate meter 31. It is also a function of the present
      invention to derive a corrected carbon : oxygen ratio, and thus a
      difference circuit 28 is preferably included to provide an electrical
      voltage 28A which is functionally related to the difference between the
      carbon count rate 32A and the carbon background count rate 33A. Similarly,
      another difference circuit 29 may be included to provide a voltage 29A
      which is functionally related to the difference between the oxygen count
      rate voltage 34A and the oxygen background count rate voltage 35A.
PAR  A conventional ratio circuit 30 may be included to derive a ratio signal
      30A from the two difference voltages 28A and 29A, and the ratio signal 30A
      may be conveniently applied to one of the inputs of a suitable chart
      recorder 27 or the like. The summation signal 31A from the count rate
      meter 31 may also be applied simultaneously to the recorder 27.
PAR  It is desirable that both signals 31A and 30A be recorded in correlation
      with an indication of the depth of the sonde 2 in the borehole 4, as well
      as in correlation with each other. This may be accomplished in any of
      several well known ways, however, such as by connecting the driving
      mechanism of the chart recorder 27 to a sheave wheel 19 which is rotated
      by movement of the cable 18.
PAR  As hereinbefore stated, it is a feature of the present invention that a
      more representative measurement of the carbon and oxygen content of the
      earth 3 be provided by making a time-dependent measurement of the
      radiation emanating from the earth 3 as a result of the neutrons generated
      by the accelerator 7. The fast neutron population which is produced by
      each actuation of the accelerator 7 will tend to disappear very quickly,
      since a fast neutron tends to slow to thermal energy within a very short
      time interval. Thus, it is preferable that the actuator 8 be adapted to
      "turn on" the accelerator 7 for an interval which is sufficient to extend
      through the average lifetime of the fast neutron population but which is
      preferably terminated before the resulting slow or thermal neutron
      population grows to appreciable size.
PAR  Referring now to FIG. 2, there may be seen a simplified functional
      illustration of the operating cycle 59 of the system depicted in FIG. 1
      and, more particularly, an illustration of a preferred operating sequence
      for both the neutron source 6 and the gate 25. Specifically, the
      accelerator 7 is preferably actuated to produce a series of discrete fast
      neutron bursts 55 which each tends to create a discrete fast neutron cloud
      or population 56.
PAR  For example, the accelerator 7 may be turned on for an irradiation interval
      of about 5-10 microseconds to produce the fast neutron population 56 which
      permeates the section of borehole 4 and earth 3 immediately surrounding
      the section of the sonde 2 which contains the accelerator 7 and crystal
      11. As indicated in FIG. 2, the rise time of the fast neutron population
      56 may be almost instantaneous if the accelerator 7 is operating
      effectively.
PAR  The irradiation or activation interval 55 should be long enough to produce
      an adequate number of fast neutrons. However, the interval 55 should
      otherwise be kept as short as is reasonably possible since the average
      slowing time of a fast neutron in the earth 3 is very short and is even
      shorter for those fast neutrons which are in the fluids in the borehole 4.
      This is illustrated in FIG. 2 by the fact that the rise rate of the
      thermal neutron population 57 is only a little slower than the rise rate
      or time of the fast neutron population 56.
PAR  It should be understood that, as indicated in FIG. 2, the rise rates or
      times for both the fast and slow (thermal) neutron populations 56 and 57
      will be the same whether the accelerator or irradiation interval 55 is
      long or short in duration. This is because the fast neutron population 56
      tends to reach an equilibrium once the rate of decline of the fast
      neutrons tends to equal the output rate of the accelerator 7. As further
      indicated in FIG. 2, however, the irradiation interval 55 of the system
      operating sequence 59 may be terminated before the thermal neutron
      population 57 reaches its peak, whereupon the majority of the neutrons
      which are present in the borehole 4 and earth 3 adjacent the sonde 2
      during the irradiation interval 55 will be fast neutrons.
PAR  As hereinbefore explained, the fast neutrons in the fast neutron population
      56 undergo fast neutron reactions with the nuclei in the borehole 4 and
      earth 3, since this is why these fast neutrons are slowed to thermal
      energy to create the thermal neutron population 57. Thus, there will be a
      corresponding population of gamma rays created in the borehole 4 and earth
      3 as a result of these fast neutron processes, and this gamma ray
      population (not depicted in FIG. 2) will be substantially coincident in
      rise and decline rate with the rise and decline of the fast neutron
      population 56.
PAR  The slow or thermal neutron population 57 will also decline away during a
      measurable interval due to capture reactions in the borehole 4 and earth
      3, albeit over a much longer time interval than that required to
      accomplish the disappearance of the fast neutron population 56. These
      capture reactions are also evidenced by the production of gamma rays, and
      thus there will be a capture gamma ray population (not depicted) created
      which will be substantially coincident in rise and decline with the rise
      and decline of the thermal neutron population 57. Thus, it will be
      apparent that there will be a measurable interval during which the gamma
      ray population in and around the sonde 2 will be substantially composed of
      gamma rays arising from inelastic scattering of fast neutrons, provided
      that, as indicated in FIG. 2, each irradiation interval 55 is scheduled to
      commence only after the preceding thermal neutron population 57 (and
      capture gamma population) has substantially disappeared.
PAR  It will be recognized that 14.4 Mev. neutrons are capable of producing many
      threshold-type reactions other than inelastic scattering reactions with
      carbon and oxygen nuclei. In particular, many oxygen nuclei will be
      transformed to the unstable nitrogen-16 isotope which tends to emit gamma
      rays as it reverts to its stable form. As is well known, nitrogen-16 has a
      half-life of about 8 seconds. Accordingly, even if the accelerator 7 is
      actuated for only about 5-10 microseconds out of each one-thousand
      microseconds of system operating time, it will nevertheless be apparent
      that a substantial amount of gamma radiation will soon be existent in the
      borehole 4 which is due neither to capture or inelastic scattering of
      these 14.4 Mev. neutrons.
PAR  The number of neutron events will at all times be dependent upon the
      distance from the neutron source 6 in the sonde 2. It is also customary to
      log any borehole 4 in an upward direction in order to compensate for cable
      stretch in determining depth in an accurate manner. Accordingly, the
      neutron source 6 is conventionally located below the scintillation counter
      10 or other detector, and in the lower end of the sonde 2, whereby the
      scintillation counter 10 will tend to move from and not toward these
      activated nuclei. This, in turn, tends to reduce the proportion of the
      gamma ray population which is attributable to nuclei which have been
      activated during the irradiation interval 55.
PAR  Referring again to FIG. 2, it will be seen that the gate 25 depicted in
      FIG. 1 may be opened and closed to provide for a detection interval 58
      which is substantially coincident with the occurrence and duration of the
      irradiation interval 55, whereby the gamma rays which bombard the crystal
      11 during this period will have primarily resulted from inelastic
      scattering of fast neutrons generated by the accelerator 7. A detection
      interval 58 which is only 5-10 microseconds in duration will permit only a
      relatively small number of gamma rays to be counted, however, and thus it
      is desirable to employ as large a crystal 11 as is practical, and also to
      establish a reasonably close spacing between the neutron source 6 and the
      crystal 11, in order to maximize the number of gamma rays which are
      detected in this manner. As further indicated in FIG. 2, it may also be
      desirable to even extend the detection interval 59 a little beyond the
      termination of the irradiation interval 55, since some fast neutrons will
      still be present in the earth 3 during the 2 or 3 microseconds following
      termination of the irradiation interval 55.
PAR  Referring now to FIG. 3, there may be seen a simplified representation of a
      typical composite spectrum 40 of the gamma ray population which permeates
      the borehole 4 and earth 3 as a result of each actuation of the
      accelerator 7. As indicated, gamma ray counting rate tends to increase as
      the trigger level of the analyzer 26 is decreased, which is due not only
      to the fact that more gamma rays are initiated with lower rather than
      higher energies, but also because the gamma rays having higher initial
      energies tend to be slowed by Compton scattering reactions before
      disappearing.
PAR  It is well known that a gamma ray which is produced by an inelastic
      scattering reaction may have almost any initial energy. Nevertheless,
      there are predictable resonances in the counting rates for gamma rays
      emanating from specific types of nuclei, and if such nuclei are present in
      an irradiated material in sufficient amounts, these resonances will
      manifest themselves as "peaks" on the spectrum 40 to indicate the presence
      of an excessive or abnormal number of such nuclei.
PAR  For example, the composite spectrum of gamma radiation emanating from an
      irradiated mass or quantity of pure carbon will show characteristic gamma
      ray and escape peaks at 3.4 Mev., 3.9 Mev., and at 4.4 Mev. values.
      Similarly, the gamma ray spectrum from an irradiated quantity of pure
      oxygen will show characteristic gamma ray and escape peaks at 5.1 Mev.,
      5.6 Mev., and 6.1 Mev. values.
PAR  Referring again to FIG. 3, it will be seen that the composite spectrum 40
      of the gamma rays which are detected during the detection interval 58
      exhibits six characteristic peaks 46-51 which, for purposes of
      illustration, may be attribured to the two characteristic gammas at 4.4
      and 6.1 Mev. Thus, the height of these peaks 46-51 may be taken as a
      functional representation of the proportion of carbon and oxygen which are
      present in the borehole 4 and earth 3 immediately surrounding the sonde 2.
PAR  Not all gamma rays which are detected with a terminal energy of 3.4 Mev.
      will, of course, have issued from a carbon nucleus which has engaged in an
      inelastic scattering reaction with a fast neutron, and the total count
      rate at the 3.4 Mev. energy level will obviously include radiations which
      had higher initial energies. Nevertheless, if the carbon peaks 46-48 are
      predominant in size, this can only be interpreted as an indication that an
      abnormal amount of carbon has been encountered by the sonde 2 at that
      particular depth in the borehole 4.
PAR  The shape of the composite spectrum 40 will be affected to a considerable
      degree, of course, by whether the gamma radiation which is detected is
      predominantly composed of gamma rays arising from inelastic scattering
      reactions, or whether a substantial number of capture gamma rays are also
      present. In other words, if the accelerator 7 is permitted to operate
      steadily rather than intermittently, as hereinbefore explained, the shape
      of the composite spectrum 40 may be altered to the extent that the carbon
      peaks 46-48 may not be discernible even though the sonde 2 is kept at the
      same depth in the borehole 4.
PAR  It will be apparent, therefore, that it is an important feature of the
      present invention that the accelerator 7 be actuated to produce discrete
      bursts of neutrons as hereinbefore explained. It is also important that
      the gate 25 be actuated or opened selectively as explained, since the
      pulses in the detector signal 20 which arrive within the period
      immediately following each irradiation interval 55 will, as illustrated in
      FIG. 3, be almost entirely attributable to gamma rays occurring for
      reasons other than inelastic scattering of fast neutrons.
PAR  It will also be apparent that even if the system is operated according to
      the sequence 59 illustrated in FIG. 2, and even if the composite spectrum
      40 is composed substantially of inelastic scattering gamma radiation, much
      if not most of this radiation is unwanted insofar as the purposes of the
      present invention are concerned. Accordingly, it is preferable that the
      pulse height analyzer 26 be adjusted to establish a so-called "carbon
      window" which will encompass the portion of the spectrum 40 which is
      attributable to gamma rays issuing from carbon nuclei, and also a similar
      "oxygen window" to encompass the portion of the spectrum 40 attributable
      to oxygen gamma rays. In the prior art techniques which have been sought
      to be used for this purpose, the carbon window has been established
      between the energy levels 41 and 43 indicated in FIG. 3, and the oxygen
      window has been established between levels 43 and 45. More particularly,
      the lower energy level 41 of the carbon window has usually been
      established at about 3.0 Mev., and the upper level 43 at or about 5.0 Mev.
      Similarly, the upper and lower levels 45 and 43 chosen for the oxygen
      window have usually been established at or about 7.0 Mev. and 5.0 Mev.,
      respectively.
PAR  In both the carbon and oxygen windows, and especially in a relatively
      narrow energy range at or near the upper portions of each of these two
      windows, much of the detector signal 20 is attributable to unwanted
      radiation arising from thermal neutron capture and from fast neutron
      processes such as inclastic scattering by nuclei of the housing 5, to
      Compton degraded carbon and oxygen gamma radiation from the surrounding
      earth 3, and to inelastic gammas from other elements in the earth 3.
      Although these components of the detection signal 20 can be useful in the
      determination of the character of the matrix of the adjacent earth 3, as
      will hereinafter be explained, a measurement of capture and inelastic
      gamma radiation originating in the borehole 4, in the wall of the housing
      5, or from earth elements other than carbon and oxygen, has little or no
      relationship to whether oil is present in the earth 3. Thus, such
      radiation constitutes an unwanted factor in any measurement based on the
      ratio of carbon and oxygen. Accordingly, if the outputs from the carbon
      and oxygen windows in the analyzer 26 can be adjusted so as to delete or
      at least neutralize these unwanted signal factors, it will be apparent
      that a determination of the ratio of carbon to oxygen which incorporates
      such adjustment will be less dependent on the porosity and composition of
      the matrix of the adjacent earth 3, and will accordingly be more a
      function of the oil content of such matrix.
PAR  In addition, it will be apparent that the shape of the composite spectrum
      40 is dependent to a considerable extent on the hydrogen content of the
      irradiated earth 3, and therefore on the porosity of the matrix, and this
      is especially true if the gate 25 is opened for a longer rather than a
      shorter period, and if a larger rather than a smaller proportion of the
      detected gamma radiation is composed of capture gamma radiation. Deletion
      of this special background component from the signals obtained from the
      carbon and oxygen windows will obviously increase resolution of the
      remaining portions of the composite spectrum 40 and will therefore clearly
      improve or enhance any measurement of the carbon:oxygen ratio which may be
      obtained in this manner.
PAR  Accordingly, the pulse height analyzer may be further adjusted to establish
      a minimum carbon background trigger level 42, and a similar minimum oxygen
      background trigger level 44, whereby four separate windows will be
      provided. The trigger level 42 should be chosen so that it is low enough
      to encompass as much carbon background as is practical, but also high
      enough so that valid carbon gamma pulses will not be included within the
      background component. The highest energy oxygen peak 51 is found at or
      about 6.1 Mev., as hereinbefore stated, and thus the lower oxygen
      background trigger level 44 may appropriately be set at or about 6.5 Mev.
PAR  Referring again to FIG. 1, it may be seen that if the pulse height analyzer
      26 is set with four different windows as hereinbefore proposed, signal 26A
      will correspond to the pulses falling within the carbon window defined by
      the energy range of 3.0 Mev.-4.7 Mev. as indicated in FIG. 3 by trigger
      levels 41-42. Thus, signal 26B will be composed of the pulses falling
      within the carbon background window defined by the energy range of 4.7
      Mev.-5.0 Mev. as indicated by trigger levels 42-43 depicted in FIG. 3.
      Similarly, output signal 26C will be composed of the pulses falling within
      the oxygen window defined by the energy range 5.0 Mev.-6.5 Mev. as
      indicated by trigger levels 43-44, and the output signal 26D will
      constitute those pulses in signal 20 which fall within an energy range of
      6.5 Mev.-7.5 Mev. which is the oxygen background window defined in FIG. 3
      by trigger levels 44-45.
PAR  It will readily be apparent from the foregoing explanation that the ratio
      of signal 26A to signal 26C will provide an accurate representation of the
      carbon:oxygen ratio in the matrix of the earth 3, and this is especially
      true when the accelerator 7 is actuated as indicated in FIG. 2 and the
      gate 25 is cycled to provide a time dependent measurement as hereinbefore
      explained. Accordingly, signals 26B and 26D may be discarded (except for
      purposes of deriving lithology information, and the summation obtained by
      count rate meter 31), and an accurate and dependable measurement of
      carbon:oxygen may be obtained by merely coupling signals 26A and 26C
      directly to the inputs of a third ratio meter 230. This ratio meter 230
      produces an output signal 230A which is directly proportional to the
      uncorrected carbon:oxygen ratio.
PAR  As hereinbefore stated, a gamma ray is highly susceptible to loss of energy
      as a result of experiencing Compton scattering, and thus at least a
      portion of the pulses in signals 26A and 26C will be caused by degraded
      gamma radiation. Another portion will be caused by capture gamma rays and
      gammas from the formation matrix and borehole casing. The number of
      unwanted pulses in signals 26A and 26C will be greater or lesser depending
      upon whether the pulse rate of signals 26B and 26D, respectively, is
      greater or lesser. Accordingly, it can be assumed that the unwanted
      component of signal 26A is proportional to the size of signal 26B, and the
      unwanted component of signal 26C is also proportional to the size or
      magnitude of signal 26D.
PAR  Referring now to FIG. 4, there may be seen a representation of the
      composite spectrum 40 depicted in FIG. 3, but wherein horizontal lines 52
      and 53 have been drawn between trigger levels 41-42 and 43-44,
      respectively. The purpose and vertical location of line 52 is to define
      the number of pulses (above line 52) which would have been counted if no
      carbon background signals were present in signal 26A, and to define below
      line 52 the number of carbon background signals which nonetheless are
      present and must be deleted. Similarly, the vertical location of line 53
      defines the number of oxygen background pulses (below line 53) which have
      been included in signal 26C.
PAR  A realistic basis for determining the appropriate vertical locations of
      lines 52 and 53 in FIG. 4, and therefore the number of unwanted pulses in
      signals 26A and 26C, is to merely assume that the unwanted pulses in
      signals 26A and 26C are equal to the magnitudes of signals 26B and 26D,
      respectively. Accordingly, and as indicated in FIG. 1, signals 26A and 26B
      are preferably coupled to a difference circuit 28, which provides a
      difference in signal 28A which is applied to one of the inputs of the
      aforementioned ratio meter 30. Similarly, signals 26C and 26D are coupled
      to a difference circuit 29 having its output 29A coupled to the other
      input of the ratio meter 30. In this manner, the ratio signal 30A which is
      applied to the recorder 27 (assuming statistics to be adequate) provides
      an extremely accurate representation of the ratio of the carbon and oxygen
      surrounding the crystal 11 in the sonde 2. This is because the signal 30A
      is now much less dependent on the amount of background radiation which may
      be present. Furthermore, fractional variations in the carbon:oxygen ratio
      will be more apparent with signal 30A.
PAR  The gamma ray which appears when a fast neutron is inelastically scattered
      by a carbon nucleus in an oil molecule is indistinguishable from the gamma
      which appears when the scattering carbon nucleus is in the matrix of a
      limestone formation. Thus, the type of formation matrix which is present
      is important to the present invention, not only insofar as the slope or
      shape of the composite spectrum 40 is concerned, but also insofar as the
      size (and therefore the significance) of the carbon peaks 46-48 are
      concerned.
PAR  Since limestone and sandstone formations have basically different chemical
      compositions, it may be expected that they will also have different
      characteristics for nuclear interactions. Further, they may be reasonably
      expected to have different composite secondary gamma spectra. It is known
      that when a fast neutron is inelastically scattered by a silicon nucleus,
      the resulting radiation may be expected to have an energy distribution
      with a higher mean value than a corresponding distribution from calcium.
      Accordingly, the counting rate of the pulses composing signal 26B may
      reasonably be expected to be significantly higher when the formation in
      question has a limestone matrix than when it is composed of sandstone.
      Similarly, the so-called "oxygen background" signal 26D may include a
      larger number of radiations resulting from inelastic scattering of
      neutrons by silicon nuclei than by calcium.
PAR  It will be apparent from the foregoing that a measurement of the ratio of
      the carbon background radiation to the oxygen background radiation may
      provide a basis for determining whether the formation in question is
      sandstone or limestone, and that such a measurement is therefore
      especially useful in correlation with an improved carbon:oxygen log
      according to the principles of the present invention. Referring again to
      FIG. 1, therefore, it may be seen that the output signals 33A and 35A may
      also be conveniently coupled to the input side of another ratio meter 130
      having its output signal 130A separately but correlatively coupled to the
      recorder 27 along with signals 30A and 31A to provide this information.
PAR  It should be noted, however, that the magnitude of signals 30A and 130A
      will also be dependent upon the porosity of the formation in question. The
      inelastic gamma ray counting rate is to some degree dependent on the
      hydrogen content of the formation, since, with more hydrogen present,
      gamma rays originate further from the detector. Count rates are therefore
      lower in high porosity formations, and thus the composite inelastic
      scattering spectrum 40 or, as an approximation, the sum of signals 26A,
      26B, 26C, and 26D from the formation in question can be employed, signal
      31A, to indicate the porosity of the formation. Thus, it is desirable to
      correlate the aforementioned carbon:oxygen signal 30A, and the background
      ratio signal 130A, with a measurement of the sum of the inelastic gamma
      radiation 31A which results from each actuation of the accelerator 7.
PAR  Referring now to FIG. 5, there may be seen a representation of a different
      system operating sequence or cycle 60, wherein the accelerator 7 is pulsed
      during the same or substantially the same irradiation interval 55 as
      illustrated in FIG. 4. However, in the case of this sequence 60, there is
      in addition to a first detection interval 58A, which is directed to the
      inelastic scattering gamma radiation, a second detection interval 58B
      following each irradiation interval 55. Moreover, as further illustrated
      in FIG. 5, this second detection interval 58B is preferably timed to
      commence only after the inelastic scattering gamma rays have substantially
      all been absorbed, whereby the gamma rays occurring during this second
      later detection interval 58B will largely be composed of gamma rays
      resulting from capture of the neutrons in the slow or thermal neutron
      population 57.
PAR  Although the duration of this second detection interval 58B is indicated in
      FIG. 5 to be the same as that of the first detection interval 58A, the
      second interval 58B may be of any duration provided it does not extend
      into the next succeeding irradiation interval 55. Of course, it should be
      appreciated that not all of the fast neutrons produced by the accelerator
      7 during each irradiation interval is inelastically scattered, and that
      many will translate stable nuclei into unstable nuclei having a measurable
      half-life. Moreover, gamma radiation from naturally occurring radioactive
      materials can always be anticipated to be present in the earth 3, and this
      radiation is detectable at any time. Accordingly, it is frequently
      preferable to terminate the second detection interval 58B before the
      thermal neutron population 57 declines to insignificant proportions,
      whereby the gamma rays which are detected during the second interval 58B
      are predominately those which result from thermal neutron capture.
PAR  It should also be noted that most wells are normally filled with fluids
      such as drilling mud, brine, and even oil. Hydrogen is well known to be
      much more efficient at slowing down neutrons than any other element, and
      thus the time required to slow down neutrons in the borehole to thermal
      energy will usually be much less than that of any fluid-bearing formation
      in the earth 3. In addition, the hydrogen and chlorine in the borehole are
      more efficient at capturing thermal neutrons than the elements in most
      typical formations. Accordingly the portion of the thermal neutron
      population 57 which occupies the borehole 4 may be expected to disappear
      earlier than the portion of such population 57 which permeates the earth
      3.
PAR  It is the capture gamma radiation which emanates from the earth 3 which is
      of interest and not the capture gamma radiation which originates in the
      borehole 4. Accordingly, if the initiation of each of the later detection
      intervals 58B is delayed until the thermal neutrons in the borehole 4 have
      substantially disappeared, the capture gamma radiation which is thereafter
      counted may reasonably be attributed entirely to the lithological
      characteristics of the earth 3, and the effect of the borehole 4 will
      thereby be substantially eliminated.
PAR  The second detection interval 58B may be obtained by causing the timer
      circuit 23 in FIG. 1 to actuate twice, whereby the gate 25 will be caused
      to open twice during each operating cycle. The four windows in the pulse
      height analyzer 26 will still pass only pulses as defined by the window
      however, and thus the signals 30A and 130A which would appear as a result
      of the second detection interval 58B would not only be meaningless but
      would tend to confuse the meaning of the signal 30A and 130A generated
      during the first interval 55A, and should not be allowed to contribute to
      signals 30A and 130A.
PAR  Referring again to the system depicted in FIG. 1, there may be seen certain
      additional components and circuitry which have not previously been
      discussed but which are included for the purpose of making another
      porosity measurement in addition to 31A, in correlation with the
      measurements represented by signals 30A and 130A. In particular, there may
      be seen a second gate 39 having its input side connected to receive the
      detection pulses 20 directly from the cable 18, and which has its output
      39A coupled to another count rate meter 36. It will further be seen that a
      suitable delay circuit 37 is included which has its input 22C coupled to
      receive the timing signal 22 from the timing circuit 23, whereby it will
      transmit a suitable actuating signal 38 to the second gate 39 at an
      appropriate time following receipt of the timing signal 22C. Accordingly,
      the second gate 39 will now open for the predetermined second detection
      interval 58B following the initiation of each irradiation interval 55 by
      the timing signal 22.
PAR  As thus arranged, the count rate meter 36 will receive all of the pulses
      which occur in the detection signal 20 during the second detection
      interval 58B. Accordingly, the voltage signal 36 which is preferably
      recorded by the recorder 27 separately but in correlation with the ratio
      signals 30A and 130A, as well as the summation porosity signal 31A, will
      provide a functional representation of the count rate for the capture
      gamma ray population generated as a result of each irradiation interval
      55. This information 36A will be used as a porosity indicator.
PAR  Moreover, it may be desired to provide a signal indicative of lithology
      which is derived from thermal neutron capture data to go along with the
      thermal capture porosity indicator signal 36A whose derivation has just
      been described. To this end the output signal 39A from the thermal time
      gate 39 is provided to another pulse height analyzer 40 for breakdown into
      another energy spectral analysis similar to that previously described with
      respect to the pulse height analyzer 26. In this instance, however, it is
      sought to obtain an indicator of the relative amounts of silicon, Si, and
      calcium, Ca, to aid in distinguishing the lithology as being either
      basically sandstone or basically limestone.
PAR  It is known, for example, that silicon exhibits a thermal capture gamma ray
      peak at approximately 3.54 Mev. It is also known that calcium exhibits a
      thermal neutron capture gamma peak at approximately 6.41 Mev. Discrete
      energy windows to measure the relative magnitude of these two known peaks,
      in pulse height analyzer 40, however, are preferably not chosen
      symmetrically about these energies. Interference from capture gammas from
      other formation and borehole elements has led to the choice of an energy
      window in the 2.5 to 3.2 Mev. range to detect the Si peak and an energy
      window in the 5.2 to 6.25 Mev. range to detect the Ca peak.
PAR  The output of the counts in each of these respective energy windows from
      pulse height analyzer 40 are supplied to a ratio meter 43 which produces
      an output signal 43A proportional to the Si/Ca ratio based on this two
      energy window measurement. The lithology signal 43A may then be recorded
      on a recorder 27 in depth correlation with the previously discussed
      signals 30A, 130A, 31A and 36A.
PAR  Various other modifications may be made in the methods and apparatus
      hereinbefore discussed without significantly departing from the essential
      concept of the present invention. Accordingly, it should be clearly
      understood that the structures and techniques which are described herein
      and depicted in the accompanying drawings are illustrative only and are
      not intended as limits on the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a first discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  detecting, during a second, later discrete time interval, energy dependent
      distribution of gamma radiations attributable to the capture of thermal
      neutrons by the elements calcium and silicon in the formations and
      generating signals representative of calcium capture gamma rays and
      silicon capture gamma rays;
PA1  generating a first ratio signal comprising a ratio of said carbon and
      oxygen inelastic gamma ray representative signals;
PA1  generating a second ratio signal comprising a ratio of said calcium and
      silicon capture gamma ray representative signals; and
PA1  recording said first and second ratio signals as a function of borehole
      depth.
NUM  2.
PAR  2. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a first discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  generating a first ratio signal comprising a ratio of said carbon and
      oxygen inelastic gamma ray representative signals;
PA1  detecting during said first discrete time interval associated with said
      fast neutron pulses second different energy dependent distributions of
      gamma radiations attributable to carbon and oxygen background radiations
      in energy regions near the energy regions of gamma radiations attributable
      to the inelastic scattering of fast neutrons by the elements carbon and
      oxygen in the formations and generating signals representative of said
      carbon background and said oxygen background inelastic gamma rays;
PA1  generating a signal representative of the sum of said carbon inelastic
      gamma rays, said oxygen inelastic gamma rays, said carbon background
      inelastic gamma rays and said oxygen background inelastic gamma rays as
      indicative of the porosity of earth formations in the vicinity of the
      borehole; and
PA1  recording said carbon and oxygen ratio signal and said porosity indicative
      signal as a function of borehole depth.
NUM  3.
PAR  3. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a first discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  detecting, during a second, later discrete time interval, energy dependent
      distributions of gamma radiations attributable to the capture of thermal
      neutrons by the elements calcium and silicon in the formations and
      generating signals representative of calcium capture gamma rays and
      silicon capture gamma rays;
PA1  generating a first ratio signal comprising a ratio of said carbon and
      oxygen inelastic gamma ray representative signals;
PA1  generating a second ratio signal comprising a ratio of said calcium and
      silicon capture gamma ray representative signals;
PA1  detecting during said first discrete time interval associated with said
      fast neutron pulses second energy dependent distributions of gamma
      radiations attributable to carbon and oxygen background radiations in
      energy regions near the energy regions of gamma radiations attributable to
      the inelastic scattering of fast neutrons by the elements carbon and
      oxygen in the formations and generating signals representative of said
      carbon background and said oxygen background inelastic gamma rays;
PA1  generating a signal representative of the sum of said carbon inelastic
      gamma rays, said oxygen inelastic gamma rays, said carbon background
      inelastic gamma rays and said oxygen background inelastic gamma rays as
      indicative of the porosity of earth formations in the vicinity of the
      borehole; and
PA1  recording said first and second ratio signals and said porosity indicative
      signal as a function of borehole depth.
NUM  4.
PAR  4. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formation and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  generating a ratio signal comprising a ratio of said carbon and oxygen
      inelastic gamma ray representative signals;
PA1  detecting during said discrete time interval associated with said fast
      neutron pulses second different energy dependent distributions of gamma
      radiations attributable to carbon and oxygen background radiations in
      energy regions near the energy regions of gamma radiations attributable to
      the inelastic scattering of fast neutrons by the elements carbon and
      oxygen in the formations and generating signals representative of said
      carbon background and said oxygen background inelastic gamma rays;
PA1  generating a signal representative of a ratio of said carbon background
      inelastic gamma ray signal and said oxygen background inelastic gamma ray
      signal as indicative of the lithology of the earth formations in the
      vicinity of the borehole; and
PA1  recording said ratio signal and said lithology indicative signal as a
      function of borehole depth.
NUM  5.
PAR  5. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  generating a ratio signal comprising a ratio of said carbon and oxygen
      inelastic gamma ray representative signals;
PA1  detecting during said first discrete time interval associated with said
      fast neutron pulses second different energy dependent distributions of
      gamma radiations attributable to carbon and oxygen background radiations
      in energy regions near the energy regions of gamma radiations attributable
      to the inelastic scattering of fast neutrons by the elements carbon and
      oxygen in the formations and generating signals representative of said
      carbon background and said oxygen background inelastic gamma rays;
PA1  generating a signal representative of the sum of said carbon inelastic
      gamma rays, said oxygen inelastic gamma rays, said carbon background
      inelastic gamma rays and said oxygen background inelastic gamma rays as an
      indicator of the porosity of earth formations in the vicinity of the
      borehole;
PA1  generating a signal representative of a ratio of said carbon background
      inelastic gamma ray signal and said oxygen background inelastic gamma ray
      signal as an indicator of the lithology of the earth formations in the
      vicinity of the borehole; and
PA1  recording said ratio signal, said lithology indicative signal and said
      porosity indicative signal as a function of borehole depth.
NUM  6.
PAR  6. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a first discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  generating a first ratio signal comprising a ratio of said carbon and
      oxygen inelastic gamma ray representative signals;
PA1  detecting during said first discrete time interval associated with said
      fast neutron pulses second different energy dependent distributions of
      gamma radiations attributable to background radiations in energy regions
      near the energy regions of gamma radiations attributable to the inelastic
      scattering of fast neutrons by the elements carbon and oxygen in the
      formations and generating signals representative of said carbon background
      and said oxygen background inelastic gamma rays;
PA1  generating a second ratio signal representative of a ratio of said carbon
      background inelastic gamma ray signal and said oxygen background inelastic
      gamma ray signal as indicative of the lithology of the earth formations in
      the vicinity of the borehole;
PA1  generating a third signal representative of the sum of the total gamma ray
      count rate at all energies in a second, later discrete time interval
      during which the gamma rays present in the borehole are substantially
      attributable to the capture of thermal neutrons by nuclei in the earth
      formations in the vicinity of the borehole, as indicative of the porosity
      of the formations; and
PA1  recording said first ratio signal, said lithology indicative signal and
      said porosity indicative signal as a function of borehole depth.
NUM  7.
PAR  7. A method of investigating subsurface earth formations traversed by a
      borehole comprising the steps of:
PA1  repetitively irradiating earth formations in the vicinity of a borehole
      with pulses of fast neutrons which engage in inelastic scattering
      interactions with formation nuclei and which are thereafter slowed to
      thermal energy and engage in further neutron capture interactions with
      formation nuclei;
PA1  detecting, during a first discrete time interval associated with said fast
      neutron pulses, energy dependent distributions of gamma radiations
      attributable to the inelastic scattering of fast neutrons by the elements
      carbon and oxygen in the formations and generating signals representative
      of carbon inelastic gamma rays and oxygen inelastic gamma rays;
PA1  detecting, during a second, later discrete time interval, energy dependent
      distribution of gamma radiations attributable to the capture of thermal
      neutrons by the elements calcium and silicon in the formations and
      generating signals representative of calcium capture gamma rays and
      silicon capture gamma rays;
PA1  generating a first ratio signal comprising a ratio of said carbon and
      oxygen inelastic gamma ray representative signals;
PA1  generating a second ratio signal comprising a ratio of said calcium and
      silicon capture gamma ray representative signals;
PA1  detecting during said first discrete time interval associated with said
      fast neutron pulses second different energy dependent distributions of
      gamma radiations attributable to carbon and oxygen background radiations
      in energy regions of gamma radiations attributable to the inelastic
      scattering of fast neutrons by the elements carbon and oxygen in the
      formations and generating signals representative of said carbon background
      and said oxygen background inelastic gamma rays;
PA1  generating a third ratio signal representative of a ratio of said carbon
      background inelastic gamma ray signal and said oxygen background inelastic
      gamma ray signal as indicative of the lithology of the earth formations in
      the vicinity of the borehole;
PA1  generating a fourth signal representative of the sum of the total gamma ray
      count rate at all energies in said second, later discrete time interval
      during which the gamma rays present in the borehole are substantially
      attributable to the capture of thermal neutrons by nuclei in the earth
      formations in the vicinity of the borehole, as indicative of the porosity
      of the formations; and
PA1  recording said first and second ratio signals, said lithology indicative
      signal and said porosity indicative signal as a function of borehole
      depth.
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ABST
PAL  To provide electrical outputs from very closely spaced ion collectors in a
      mass spectrograph, use is made of appropriately positioned wires or tapes
      which emit secondary electrons when struck by ions. The secondary
      electrons in turn strike respective scintillators to generate light.
      Lightguides, such as glass fibres, conduct the light from the
      scintillators to respective photomultipliers, which can therefore be
      spaced as necessary, the bulk of the photomultipliers being much greater
      than the spacing of the ion collector wires.
PAL  The wires or tapes can be in a single row in the focal plane, or in rows
      staggered about the focal plane.
BSUM
PAR  This invention relates to mass spectrographs and ion collector systems
      therefor.
PAR  It is well known in the use of mass spectrographs, for example of the type
      employing Mattauch-Herzog geometry, to use a photographic plate as an ion
      detector. Such an arrangement is exemplified by the MS7 mass spectrograph
      sold of AEI Scientific Apparatus Ltd. However, it is considered desirable
      in certain circumstances for the output of mass spectrograph to be
      available as an electrical signal. Sensitive ion detectors with electrical
      outputs are known but they have a certain bulk and so cannot be arranged
      to intercept ion beams which are very close together unless special
      arrangements are employed, for example as shown in FIG. 2 of United
      Kingdom Pat. Specification No. 1250942. However this previously described
      arrangement would be impracticable where a large number of ion beams of
      adjacent mass numbers have to be studied during operation of a mass
      spectrograph, these ion beams of adjacent mass numbers being clearly
      separated from each other (and from the original ion beam containing ions
      of all mass-to-charge ratios) and more or less focused only in or nearly
      in the focal plane of the spectrograph.
PAR  It is therefore an object of the invention to provide an improved mass
      spectrograph, and an improved ion collector system for a mass spectograph.
PAR  According to a first aspect of the invention, a mass spectrograph comprises
      magnetic means for creating a magnetic field, ion source means for forming
      an ion beam from a substance to be analyzed and for directing the ion beam
      through the magnetic field such that ions of different mass-to-charge
      ratios are deflected by different amounts and are focussed substantially
      in a focal plane, a plurality of ion sensitive means disposed in or
      adjacent to the focal plane so as to intercept ions which are respectively
      substantially only of a single mass-to-charge ratio, these ratios being
      different for each of the ion sensitive means, the ion sensitive means
      being sensitive to the interception of ions to emit secondary electrons, a
      plurality of scintillators disposed and charged (in use) to attract
      secondary electrons each substantially only from an individual one of the
      ion sensitive means, each scintillator having a respective one of a
      plurality of light guide means associated therewith to guide light
      substantially only from the respective scintillator to a respective one of
      a plurality of light-to-electricity converters, whereby the output of each
      converter during use of the mass spectrograph is a measure of the presence
      in the ion beam of ions of a particular mass-to-charge ratio.
PAR  The scintillators may be any suitable devices which emit light when
      impacted by the secondary electrons. The light guides may be totally
      internally reflecting glass fibres. The light-to-electricity converters
      may be photomultipliers.
PAR  The ion sensitive means may be in the form of wires or tapes, and are
      preferably dimensioned so that in use they intercept ions substantially of
      only a single mass-to-charge ratio. In this latter respect, the width of
      the ion sensitive means along the focal plane in the direction of changing
      mass-to-charge ratios can be equated to the width of a slit for passing
      ions of substantially only the same mass-to-charge ratio and with the same
      resolution between different mass-to-charge ratios.
PAR  The mass spectrograph may have an electrostatic sector for energy filtering
      of the ion beam, and may thus be double focussing.
PAR  According to a second aspect of the invention, an ion collector system for
      a mass spectrograph comprises a plurality of ion sensitive means disposed
      in or adjacent to a plane, the ion sensitive means being sensitive to the
      interception of ions to emit secondary electrons, a plurality of
      scintillators so disposed that in use and with the scintillators
      maintained at suitable potentials relative to the ion sensitive means, the
      scintillators attract secondary electrons each substantially only from an
      individual one of the ion sensitive means, a light guide means associated
      with each scintillator to guide light substantially only from the
      respective scintillator to a respective one of a plurality of
      light-to-electricity converters.
PAR  The combination of the ion collector system and a mass spectrograph having
      the ion collector system mounted therein with said plane substantially
      coincident with the focal plane of the spectograph may from a mass
      spectrograph according to the first aspect of the invention.
DRWD
PAR  Embodiments of the invention will now be described by way of example, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a schematic diagram of the essential elements of a mass
      spectrograph;
PAR  FIG. 2 is a schematic diagram showing the operation of part of a mass
      spectrograph and ion collector system in accordance with the invention;
PAR  FIG. 3 is a view taken on the line III--III in FIG. 2;
PAR  FIG. 4 is a schematic diagram showing operation of part of an embodiment of
      the invention;
PAR  FIG. 5 is a schematic diagram showing operation of another embodiment of
      the invention; and
PAR  FIG. 6 is a schematic diagram showing operation of a further embodiment of
      the invention.
DETD
PAR  Referring first to FIG. 1, this is an explanatory diagram to make clear the
      context of the invention. FIG. 1 schematically shows the essential
      elements of a mass spectrograph 10, comprising a magnet 12 between whose
      pole faces a uniform steady magnetic field is created in use, an ion
      source 14 within which a substance to be analyzed is ionized and an ion
      beam 16 formed therefrom and directed through the magnetic field, and an
      ion detector system 18 disposed along the focal plane of the spectrograph
      10. An enclosure 20 forms a vacuum tight envelope so that at least those
      parts of the spectrograph 10 through which ions travel can be maintained
      at a high vacuum. Airlocks or other suitable devices 22 in the enclosure
      20 enable introduction of the substance to be analysed to the ion source
      14, and also enable access to the detector system 18 without destroying
      the vacuum in the spectrograph 10. An electrostatic sector (not shown),
      providing a part-cylindrical steady electrostatic field in use, may be
      disposed between the source 14 and the magnet 12 whereby to energy filter
      anad velocity focus ions in the ion beam 16, and thereby make the
      spectograph 10 double focussing. Such a spectrograph is exemplified by the
      aforementioned MS7, which employed a photographic plate as the ion
      detector system.
PAR  As shown in FIG. 1, and as provided with an electrostatic sector, the ion
      beam geometry of the spectrograph 10 is generally that of Reutersward, but
      the geometries of Mattauch and Herzog, Bainbridge and Jordan, Dempster,
      and others may be employed within the scope of the invention.
PAR  In operation of the spectograph 10, the ion beam 16 is deflected by the
      magnetic field produced by the magnet 12. Assuming equal energy ions
      (which can be ensured by the use of an electrostatic sector as aforesaid,)
      the deflection of any ion is according to the mass-to-charge ratio of the
      ion. Lighter ions are deflected more than heavier ions. With the correct
      dimensions and fields, deflected ions are focused in a focal plane, ions
      of different mass-to-charge ratios being focused at different points along
      the plane. Thus a suitable ion detector system 18 can give information as
      to the constitution of the substance that was ionized in the source 14.
PAR  Referring now to FIG. 2, this schematic diagram shows a plurality of
      deflected beams 24 of ions of adjacent mass numbers passing through the
      focal plane 26 of the spectrograph 10. Two of the beams 24 are intercepted
      by ion sensitive means 28 constituted by narrow wires. The diameter of the
      wires 28 is approximately equal to the width of a hypothetical slit (not
      shown) disposed in the focal plane 26 to pass only ions of one mass
      number. FIG. 3 shows the arrangement of FIG. 2 in the direction III--III,
      these parts of the ion beams 24 not in the focal plane 26 being omitted
      for clarity. The wires 28 are made of a suitable material which emits
      adequate quantities of secondary electrons when struck by ions. The wires
      28 are maintained at ground potential by means not shown, but if ions
      striking the wires 28 were not energetic enough to produce secondary
      electrons, or if the production of secondary electrons was inefficient,
      the wires 28 could be maintained at some negative potential. Means for
      mounting the wires 28 is not shown, and could take any suitable form; for
      example, the wires 28 could be strung across a frame. The positions of the
      wires 28 are preferably individually adjustable.
PAR  Referring now to FIG. 4, this shows an individual one of the wires 28,
      together with its associated apparatus. When struck by ions 24, the wire
      28 emits secondary electrons 30. A scintillator 32 is disposed in relation
      to the wire 28, and suitably positively charged, to attract these
      secondary electrons 30. Light produced by secondary electrons 30 striking
      the scintillator 32 are conveyed along a light-guide 34 (e.g. one or a
      bundle of totally internally reflecting glass fibres) to a photomultiplier
      36 which converts received light to an electrical signal. The electrical
      output signal from the photomultiplier 36 is displayed on a suitable
      instrument 38 or otherwise utilised to give an indication of the quantity
      of ions being intercepted by the wire 28, which due to the positioning of
      the wire 28 to intercept ions of substantially only a single
      mass-to-charge ratio, is a qualitative and quantitative indication of one
      constituent of the ion beam 16. The light guides 34 enable conventional
      bulky photomultipliers to be employed and to be disposed at positions
      where their bulk can be readily accomodated.
PAR  It will be appreciated that while it is possible to arrange the wires 28
      (which are of small diameter) close together without mutual interference,
      even where adjacent wires have to intercept ions of adjacent mass numbers,
      this is not necessarily the case for practicable scintillators, especially
      if each scintillator 32 is to attract secondary electrons 30 from only a
      single wire 28. FIGS. 5 and 6 are concerned with practicable arrangements
      for spacing the wires 28 and their respective scintillators 32, where ions
      of adjacent mass number have to be collected.
PAR  In FIGS. 5 and 6, the wires which formed the ion sensitive structures 28 in
      FIGS. 2, 3, & 4 are replaced by tapes which emit secondary electrons in
      like manner to the wires. It will be seen from FIGS. 5 and 6, and their
      specific description how the tapes tend to give directional emission of
      secondary electrons, the respective scintillator being arranged along this
      direction in each case.
PAR  Dealing first with FIG. 5, (whose direction of view corresponds with that
      of FIG. 2) this shows an ion collector system for collecting ion beams 24
      of six adjacent mass numbers. The separation of the nominal paths ion
      beams 24 is of the order of fourteen thousandths of an inch at the focal
      plane 26, while scintillators 32 having a diameter of eighty thousandths
      of an inch are employed. Thus not all the scintillators can be accomodated
      in the focal plane 26, and so they are staggered on either side of the
      focal plane 26 as shown. Six metal tapes 28 are disposed alternately in
      the focal plane 26, and in planes 40 fifty thousandths of an inch on
      either side of the focal plane 26, so that each of the tapes 28 intercepts
      one, and one only, of the ion beams 24. The tapes 28 are in each case
      aligned so that the broad face which intercepts a respective ion beam 24
      is approximately at right angles to a diameter of the respective
      scintillator 32, so as to increase the exclusiveness of capture of
      secondary electrons from the appropriate tape 28.
PAR  In FIG. 5, the tapes 28 are shown disposed in the nominal paths of the ion
      beams 24. The actual paths followed by the ions in two adjacent beams are
      shown on the right of FIG. 5. It will be seen that the composite ion paths
      are narrowest in the focal plane 26, i.e. the ion beams 24 are focused in
      the plane 26. However, the ion beams are still reasonably separated in the
      planes 40, as may be seen from the plot 42 of ion intensity versus
      displacement along the focal plane 26 and the corresponding plots 44 for
      the planes 40.
PAR  FIG. 6 shows an alternative arrangement to that of FIG. 5. In FIG. 6
      smaller scintillators 32 are used, and are disposed so that as far as
      possible, the paths of the ion beams 24 do not pass over scintillators
      associated with tapes 28 which are not intended to intercept that
      particular ion beam. The scintillators 32 may be of transparent plastic
      incorporating an organic material such as anthracene.
PAR  While various particular devices have been mentioned in the above
      description of exemplary embodiments, functional equivalents thereof may
      be employed within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ion collector system for a mass spectrograph in which ions of
      different mass-to-charge ratios in an ion beam passing through the
      spectrograph are focused at different points in a focal plane, comprising
      a plurality of ion sensitive means that are elongated in a direction
      generally transverse to said ion beam and are disposed generally parallel
      to one another in or adjacent to said focal plane, each in the path of
      ions of substantially only a single mass-to-charge ratio at any given
      time, said ion sensitive means being responsive to the interception of
      ions to emit secondary electrons, a plurality of scintillators each
      disposed adjacent a respective one of the ion sensitive means and
      substantially alongside the path of said ions, means to bias said
      scintillators to attract said secondary electrons each substantially only
      from a respective one of said ion sensitive means, a plurality of light to
      electricity converters, and a plurality of light-guide means associated
      one with each scintillator to guide light substantially only from the
      respective scintillator to a respective one of said light to electricity
      converters.
NUM  2.
PAR  2. A ion collector system in accordance with claim 1 wherein the light
      guides are totally internally reflecting glass fibres.
NUM  3.
PAR  3. A ion collector system in accordance with claim 1 wherein the
      light-to-electricity converters are photomultipliers.
NUM  4.
PAR  4. A ion collector system in accordance with claim 1 wherein the ion
      sensitive means are in the form of wires.
NUM  5.
PAR  5. A ion collector system in accordance with claim 1 wherein the ion
      sensitive means are in the form of tapes.
NUM  6.
PAR  6. The ion collector system in accordance with claim 1 and further
      including means for creating a magnetic field, ion source means for
      forming an ion beam and for directing said ion beam through the magnetic
      field such that ions of different mass-to-charge ratios are deflected by
      different amounts and are focused substantially at different points in a
      focal plane, thereby providing a mass spectrograph.
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ABST
PAL  A method and apparatus for determining the gas content of inorganic
      conductive and semiconductive elements and compounds having a low
      sublimation temperature, in which a melt of the substance in a crucible
      has a pressure approximately equal to the saturation vapor pressure
      maintained above the melt with a high vacuum maintained in the extraction
      chamber. In the disclosed embodiment, this is accomplished in a gas
      extraction system which can be evacuated and in which is contained a
      graphite crucible used as a sample vessel with means for heating the
      crucible by direct passage of current with the crucible having a conically
      fitted and drilled graphite cover into which a sintered filter is pressed
      for maintaining the pressure above the melt.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the measurement of the gas content in substances
      and more particularly to the measurement of such gas content in inorganic
      conductive and semiconductive elements and compounds having a low
      sublimation temperature.
PAR  The gas content in metals can be measured using the well known high-vacuum
      gas extraction method or through gas extraction in a protective gas also
      referred to as the carrier gas method. These methods and the apparatus
      developed in connection therewith are essentially limited to substances
      whose sublimination temperature is close to or above 1000.degree.C, i.e.,
      to high melting metals or their alloys. When using the high vacuum
      extraction method for example, and with a mass spectrometer as an
      analyzer, the material to be investigated is melted. The degassing
      temperature is short and sufficiently high to ensure an adequately high
      diffusion velocity of all components of interest in the melt, with the
      evaporation rate of the material being investigated low during the
      degassing. With this method, it is theoretically possible to detect
      qualitatively and quantitatively all the components given off by the
      sample using a single measurement. However, these criteria required for
      gas content determinations using this method are met only by materials
      having a sublimation temperature from 1000.degree.C on up. The high vacuum
      extraction method is not suitable for substance having a low sublimation
      temperature such as those having sublimation temperature from 200.degree.C
      on up. Furthermore, use of the carrier gas method for determination of the
      gas content in such substances is not possible since, at the necessary
      high temperature, the sublimation rate of the sample to be investigated is
      still too high.
PAR  Thus, it can be seen that there is a need for a method and apparatus which
      permits making reliable qualitative and quantitative measurements of the
      gas content in inorganic conductive and semiconductive elements and their
      compounds having a low sublimation temperature in a simple manner.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such a method and apparatus. The sample is
      placed in a sample vessel of graphite associated with which are means for
      heating by direct passage of current. That is, the graphite crucible is
      arranged between two moveable current supply electrodes in an extraction
      chamber which includes means for evacuation. In accordance with the
      present invention, the melt situated in the crucible has a pressure
      maintained above it which is equal to or approximately equal to the
      saturation pressure generated, with the extraction chamber evacuated and a
      high vacuum maintained therein. The method has been found extremely well
      suited for the determination of the H.sub.2, O.sub.2 and N.sub.2 content
      of such materials, but may also be used for determining the presence and
      amounts of other gases and vapors. All components given off can be
      determined qualitatively and quantitatively in a single measurement. The
      method of the present invention has been found suitable for measuring the
      gas content of the elements arsenic, antimony, bismuth, selenium,
      tellurium and lead along with gallium arsenide, with which the prior art
      method using high vacuum gas extraction failed because of excessive
      evaporation rates of the substances and their getter action.
PAR  In the disclosed embodiment, the saturation vapor pressure is maintained by
      a filter designed so that the substance being measured cannot sublimate
      through the filter but that gas can be extracted therethrough for
      measurement. The filter is placed over the crucible and for that reason,
      the present method is referred to as the crucible-filter method. Filters
      which may be used for practicing the present invention have as an
      essential property, a semipermeable wall, i.e., the filter must be of a
      substance which is permeable for gas molecules and impermeable for the
      vapor particles of the substance being investigated. Surprisingly, it has
      been discovered that the filters of the present invention can be reused
      over and over again, without danger of clogging up for filters to a mean
      pore width of approximately 3 .mu.m.
PAR  Particularly suitable filter materials are porous materials, such as
      quartz, ceramics, porous graphite or aluminum silicate. Furthermore,
      sintered metal filters such as sintered FeNi material were found to be
      suitable in certain cases. A particularly well suited filter material is
      sintered SiO.sub.2 with a mean pore diameter of about 20 .mu.m and an
      Al.sub.2 O.sub.3 filter with a mean pore diameter of 3 to 5 .mu.m.
PAR  In accordance with the method of the present invention, the substance to be
      investigated is placed in a graphite crucible which is covered by a
      conically fitted and drilled graphite filter. A sintered filter is pressed
      into the graphite cover. The covered crucible is placed in a highly
      evacuated vessel between two current supply electrodes and is heated by
      direct passage of current. The substance sublimates and the pressure in
      the crucible rises to a value which is approximately equal to the
      saturation vapor pressure of the substance.
PAR  In the apparatus of the present invention, the graphite crucible has a
      conically fitted and drilled graphite cover into which a sintered filter
      is pressed. Teflon rings are used for establishing a high vacuum resistant
      seal in the evacuation chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional schematic view of an embodiment which may be
      used for carrying out the method of the present invention.
PAR  FIG. 2 is an enlarged cross section of the crucible of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates an apparatus for carrying out the method of the present
      invention. On the figure, copper electrodes for supplying heating current
      to a crucible are designated 1, with one electrode provided at the bottom
      of the apparatus and another at the top. A steel enclosure 2 having an
      upper flange 3 and a lower flange 4, which is a double flange, define the
      evacuation chamber 10. The upper flange 3 holds and guides the upper
      electrode along with closing off the extraction chamber 10. It is mounted
      rigidly on four cylindrical rods 15 or V2A steel. A high vacuum resistant
      seal is established through the use of a teflon ring 15. The double flange
      4 is provided with holes through which the cylindrical rods 15 pass so
      that it may slide thereon. Lifting rods 14 along with springs 17 are used
      to press the lower flange 4 against the lower sealing surface at which a
      teflon ring 15 is installed. Like the flange 3, the flange 4 also guides
      the electrodes. In conventional fashion, the copper electrodes 1 are
      water-cooled and sealed against the atmosphere and the extraction chamber
      using squeezed and sheared teflon rings.
PAR  In accordance with a further feature of the invention, intermediate
      molybdenum pieces 12 are provided containing internal threads, into which
      the graphite crucible 6 and the graphite cover 7 having a built-in
      sintered filter 8 can be screwed. These then comprise the end faces of the
      electrodes 1, at least the lower of which is moveable so that the graphite
      cover may be moved up to come in sealing contact with the graphite
      crucible 6. As is more clearly illustrated by FIG. 2, the sealing surface
      between the crucible and the cover is conical so that adequate tightness
      is insured even after the parts have been used several times. Suitable
      dimensions for the filter are 7.0 mm diameter and 6 mm height. The
      crucible has an inside diameter of 8 mm and a depth of 8 mm. The weight of
      the sample, designated 11 is approximately 0.1 to 0.1 g. In accordance
      with the present invention, the crucible 6 and cover 7 are brought
      together and heated by the direct passage of current through the crucible
      and cover.
PAR  This arrangement is particularly suited for determination of the gas
      content of inorganic, conducting and semiconducting elements and their
      compounds with a low sublimation temperature. In particular, in
      determining H.sub.2, O.sub.2 and N.sub.2 in such substances, the
      arrangement was found to be insensitive to interference. It is easy to
      operate and results in short measuring times. The entire degassing time of
      the sample is only approximately 5 minutes. Furthermore, it is readiy
      movable and is small. The detection threshold is determined in each case
      by the uncharged reading of the apparatus. For O.sub.2 and N.sub.2 it is
      about 0.5 .times.  10.sup..sup.-4 percent by weight and for H.sub.2 about
      0.1 .times.  10.sup..sup.-4 percent by weight. A further advantage of the
      apparatus results in the fact that it can be connected directly with a
      device for determining the gases and vapors, such as a mass spectrometer.
      If a suitable analyzer is chosen, a single measurement can determine all
      the gaseous substances given off by the sample. Such a direct connection
      is shown. A bore 18 in the steel enclosure 2 is provided leading to an
      appropriate flange 19 to which is coupled the flange from a line 21
      leading to a spectrometer or other conventional type of analyzer 22.
PAR  Referring again to FIG. 2, the sintered filter 8 which is pressed into the
      drilled graphite cover 7 is clearly shown. As illustrated, passages are
      provided above the filter 8 to permit the escape of the gaseous substances
      given off by the material in the crucible 6 so that they may be measured
      by a suitable analyzer.
PAR  The following examples described measurements made using apparatus
      according to FIGS. 1 and 2.
PAC  EXAMPLE 1
PAR  Into the graphite crucible, 0.15 g of selenium was placed and heated to
      1000.degree.C using a current of 180A. The gases or vapors given off by
      the sample were analyzed and recorded using a directly coupled mass
      spectrometer (Varian MAT, Type CH5). The gas content determination
      resulted in readings of 23 .times. 10.sup..sup.-4 percent by weight of
      oxygen and 13 .times. 10.sup..sup.-4 percent by weight of nitrogen.
PAC  EXAMPLE 2
PAR  With the same arrangement as described in Example 1, the oxygen content of
      GaAs in a sample of 0.1 g was determined. The reading was 11 .times.
      10.sup..sup.-4 percent by weight of oxygen in the GaAs sample.
PAC  EXAMPLE 3
PAR  Using an arrangement the same as that used in Examples 1 and 2, oxygen
      emission was measured for lead with and without surface oxidation. As
      samples, 0.26 g of surface-oxidized lead and 0.30 g of non-surface
      oxidized lead were used. The respective nitrogen and oxygen emissions for
      the oxidized sample were respectively 19 .times. 10.sup..sup.-4 percent by
      weight and 72 .times. 10.sup..sup.-4 percent by weight and for the
      non-oxidized sample 21 .times. 10.sup..sup.-4 percent by weight and 8.5
      .times. 10.sup..sup.-4 percent by weight.
PAR  In each case, the correctness of the results obtained was subsequently
      checked using samples with known O.sub.2 contents. The agreement of the
      values can be seen from the following Table.
TBL                TABLE                                                       
     ______________________________________                                    
     Measurement                                                               
              Substance  Oxygen Content (Emission                              
                         .times. 10.sup..sup.-4 % by weight                    
                   by gas extraction                                           
                               by activation                                   
                   with the crucible-                                          
                               analysis                                        
                   filter method ac-                                           
                   cording to the in-                                          
                   vention                                                     
     ______________________________________                                    
     1        Se (Fluka) 10.7          10.5 - 11.2                             
     2        Se (Fluka)  9.8          10.5 - 11.2                             
     3        Se (Fluka) 10.1          10.5 - 11.2                             
     ______________________________________                                    
PAR  It is evident from the above table that the values determined by the method
      of the present invention agree well with their results of similar
      measurements made by activation analysis.
PAR  Thus an improved method for determining the gas content of inorganic
      substances having a low sublimation temperature has been shown. Although
      specific method and apparatus for carrying out that method have been
      illustrated and described, it will be obvious to those skilled in the art
      that various modifications may be made without departing from the spirit
      of the invention which is intended to be limited solely by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the gas content of inorganic, conducting and
      semiconducting elements and their compounds having a low sublimation
      temperature, by heating a sample vessel of graphite by direct passage of
      current, with the sample vessel arranged in an evacuated extraction
      chamber between two movable current supply electrodes, and analyzing the
      gas given off by a sample placed in the sample vessel by mass spectrometry
      wherein the improvement comprises generating and maintaining a pressure
      above the sample in the sample vessel which is approximately equal to the
      saturation vapor pressure of the substance being measured by placing a
      filter over said sample vessel while maintaining a high vacuum in the
      extraction chamber.
NUM  2.
PAR  2. A method according to claim 1 wherein said filter comprises a porous
      material.
NUM  3.
PAR  3. A method according to claim 2 wherein said filter comprises a material
      selected from the group consisting of quartz, graphite and sintered metal.
NUM  4.
PAR  4. Apparatus for determining the gas content of inorganic, conducting and
      semiconducting elements and their compounds having a low sublimation
      temperature comprising:
PA1  a. an extraction chamber;
PA1  b. first and second movable electrodes extending into said chamber;
PA1  c. a sample vessel of graphite;
PA1  d. a conically fitted and drilled graphite cover for said sample vessel;
PA1  e. a sintered filter pressed into said graphite vessel;
PA1  f. mass spectrometer means coupled to said extraction chamber for the
      direct determination of gases and vapors and
PA1  g. wherein said graphite vessel and cover are arranged between said current
      supply electrodes whereby by placing a sample in said vessel and passing a
      current therethrough gases contained in said sample will be emitted and
      can be measured by said means for direct determination.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said evacuation chamber is sealed
      by a Teflon seal to thereby establish a high vacuum resistant seal.
NUM  6.
PAR  6. Apparatus according to claim 4 wherein said electrodes comprise copper
      electrodes having intermediate molybdenum pieces on their end faces which
      molybdenum end faces contact the graphite sample vessel and graphite cover
      respectively.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein said electrodes comprise copper
      electrodes having intermediate molybdenum pieces on their end faces which
      molybdenum end faces contact the graphite sample vessel and graphite cover
      respectively.
NUM  8.
PAR  8. Apparatus according to claim 6 wherein said molybdenum pieces contain
      internal threads and said graphite vessel and cover have, on their ends,
      matching threads whereby said vessel and cover may be screwed into said
      molybdenum pieces.
NUM  9.
PAR  9. Apparatus according to claim 4 wherein said means for direct
      determination comprises means for the direct determination of H.sub.2,
      O.sub.2, N.sub.2 and other gases and vapors.
NUM  10.
PAR  10. Apparatus according to claim 8 wherein said means for direct
      determination comprise means for the direct determination of H.sub.2,
      O.sub.2, N.sub.2 and other gases and vapors.
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ABST
PAL  A quadrupole mass spectrometer gain control system for continually
      analyzing a gas mixture with accuracy. A quadrupole mass filter is located
      in the system to receive the gas mixture output from an ionization source.
      The quadrupole mass filter is operated in such a manner as to sequentially
      select the mass channel, detect mass peak amplitudes, and compensate for
      mass dependencies of individual channels through which an output signal
      representative of the percentages of an individual gas in the mixture is
      transmitted to a display. To compensate for system gain variations
      occurring in the ionization source, mass filter, ion detector, and
      detector preamplification function, a system gain control is provided in
      which the sum of the constituent gas amplitudes is compared with a 100%
      amplitude reference, and the error signal used to control the system gain.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The compositional analyses of blood gases and respiratory gases can provide
      vital information relating to the operational parameters of the several
      subsystems contributing to the pulmonary function, to the response to
      anesthetics, to therapy, and to the environment, is taught in U.S.
      application Ser. No. 318,152, filed Dec. 26, 1972. As disclosed in U.S.
      Pat. No. 3,712,111 these gases can be continually analyzed through the use
      of a mass spectrometer in a laboratory. Mass spectrometers are complex
      machines traditionally found in research laboratories where technical
      operator skills are readily available and frequent recalibration is not a
      handicap. The contribution of mass spectrometry to general pulmonary
      health will be enhanced if reliable operation can be achieved in a
      clinical environment to provide information in a continuous or on-line
      breath-by-breath analyses with high long-term accuracy. On-line analyses
      can be performed by introducing a micro-sample of the respiratory gas into
      the spectrometer through a controlled leak and continuously pumping to
      maintain the required working vacuum. This type of operation degrades the
      system sensitivity by causing irreversible effects in the gas ionization
      process, deposition of ions on the mass filter insulators, mechanical
      abrasion of the impact area in the ion detector, and gradual loss of
      detector gain. Frequent recalibration with known mixtures has been an
      operational necessity with systems of the prior art. In an effort to
      reduce the need for calibration and assure continual quality control, many
      gain control mechanisms have been suggested. An obvious method of gain
      control in a mass spectrometer is to vary the ion detector gain by varying
      the voltage applied to the input end of the detector. However, this
      introduces a mass dependent effect due to the field between the
      spectrometer and the detector. This is produced by the fringing field of
      the spectrometer and the acceleration field of the detector. The former
      changes with mass because of the scanning, and the latter changes with the
      detector gain since the voltage at the detector input is adjustable.
      However, variation of voltage at the exit end of the ion detector
      introduces additional operational difficulties such as, sample
      consistency, unknown temperature and pressure effects on gas, etc. Another
      method of gain control is to use the familiar all-ion peak of a quadrupole
      spectrometer, i.e., (V.sub.dc = 0) to understand its limitation.
PAR  Consider an n-component system of gases. The corresponding signals are:
      ##EQU1##
      where the subscript denotes the species, G is the detector gain, .alpha.
      is a constant containing the ion source parameters (electron current and
      source dimensions), C.sub.i is the concentration, and .gamma..sub.i
      involves the ionization efficiency, gas transport, transmission
      efficiency, detection efficiency, and pump speed.
PAR  Also, there is the constraint
      ##EQU2##
PAR  Assuming that .alpha. and the .gamma..sub.i 's are known, equations (1) and
      (2) constitute a set of n + 1 linearly independent equations in the n + 1
      unknown G and C.sub.i 's. Thus, this set can be solved uniquely. In
      particular, the expression for the gain is:
      ##EQU3##
PAR  Returning Equation (1) to explain inherent limitations with an all-ion peak
      system, the all-ion peak control signal is calculated from the following:
      ##EQU4##
      If this all-ion peak signal is used to control the detector gain, then
      Sig.sub.AIP has to be a constant, i.e.,
EQU  Sig.sub.AIP  = K                                           5.
PAL  substituting this into equation (4) the expression for the gain is as
      follows:
      ##EQU5##
      and the detector signal for the i.sup.th constituent will be
      ##EQU6##
      From equation (7) it can be seen that the signal for a given molecular
      constituent will depend on the concentrations of the other gases present.
      Thus, it is not possible to use the AIP as the control signal.
PAR  Another means of stabilizing the output from the spectrometer is to use a
      tracer gas of "standard concentration" (C.sub.j) giving an output
      (Sig.sub.j) which is mixed with the sample to be analyzed. This approach
      is rendered impracticable by the difficulty of maintaining a "standard
      concentration" of the tracer gas which is independent of temperature,
      pressure and time.
PAR  Another method of gain control is as follows. An output signal
      corresponding to the j.sup.th molecular species present in the ion source
      would be represented as such:
EQU  Sig.sub.j = G .gamma..sub.j C.sub.j                        8
PAL  where:
PAR  .gamma. .sub.j represents system parameters dependent on the type of gas
      detected, and C.sub.j is the concentration. The ratio of signals for
      different molecular species, say i and j, produces the following
      relationship:
      ##EQU7##
      Note that this ratio is independent of the signal gain, however, it is
      assumed .gamma., does not depend on the concentration. From Equation (9),
      the ratio will change with time if the concentrations change. This
      behavior is used in an automatic gain system in which the signal control
      for a given molecular species is used as the control signal, and the
      signal corresponding to the ratio (Equation 9) of the signals for two
      given species serves to abort the control change if the ratio changes.
      Thus, gain adjustments are made only during those periods of time in which
      the ratio (Equation 9) is a constant. A condition which occurs only when
      the concentrations remain constant. This method is impractical since the
      intensity of the signal is directly controlled by the stability of the
      contraction.
PAC  SUMMARY OF THE INVENTION
PAR  We have devised a means for providing a spectrometer with an automatic gain
      control to maintain an accurate control for the system gain resulting from
      conditional changes in a gas which is to be analyzed. A feedback from the
      output of the individual component signals generated in the spectrometer
      is relayed to the automatic gain control. The automatic gain control will
      sum the outputs to assure that the components of the analyzed gas equal
      100% by evaluation in a comparator means. Any error signal developed in
      the comparator means is transmitted to an integrator where a corrective
      signal is developed to control the output of the spectrometer. If an
      unknown molecular species (which is not being monitored as one of the
      component parts of analyzed mixture) is introduced into the sample, the
      displayed percentages of the monitored constituents will be erroneous.
      However, we have provided a means to alert the operator that such an error
      is in the system.
PAR  It is therefore an object of this invention to provide a spectrometer with
      an automatic gain control to accurately analyze a gas mixture.
PAR  It is another object of this invention to provide an automatic gain control
      with a series of component signals the sum of which is compared with a
      reference signal to develop a corrective signal for modifying the
      component signals so that this sum equals the reference signal. It is a
      further object of this invention to provide a means for alerting the mass
      spectrometer operator of the advent of a non-monitored gas species of
      sufficient concentration to cause errors in the displayed percentage of
      the monitored constituents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a diagrammatic illustration of the components of an
      automatic gain control for a spectrometer.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, a quadrupole mass spectrometer 10 for continuous
      quantitative analysis of mixtures of N principle constituents is shown
      with an automatic gain control means 46. The mass spectrometer 10 consists
      of a gas ionizer 12 which produces ions from gas molecules. These ions are
      injected into a mass filter 14. The filter 14 has four rods of such shape
      and spacing connected to a source of electric voltage to develop and shape
      a linear electric field pattern through which the ions migrate. A portion
      of the original ions will arrive at an ion detector-amplifier 16 where an
      electrical signal, proportional to the rate of ion arrivals, is generated.
      The electric field which the ions encounter in mass filter 14 is
      controlled in such a manner by a quadrupole driver 18 and a gas selection
      multiplexer 20 that the migrating ions will be subjected to tins-dependent
      transverse forces and experience periodic transverse accelerations. The
      amplitude of transverse ion motion is made stable for any given mass to
      charge ratio (m/e) by appropriately adjusting the field parameters
      V.sub.ac, V.sub.dc, and .omega. in the mass filter 14. The transverse
      oscillations will grow without limit for ions having other than the
      selected m/e ratio. These ions are not transmitted through the quadrupole
      filter 14 and hence are not received at the ion detector 16. A vacuum pump
      22 maintains a satisfactory pressure within the mass filter 14 and thus
      balances the gas sample being continuously vented through conduit 15 into
      the ionization section 12. A preamplifier 24 converts the minute electron
      current signals provided by the ion detector-amplifier 16 into a voltage
      which is transmitted through a gain control amplifier 26 to produce an
      output signal. A gas selection demultiplexer 28 directs the output signal
      which is sequentially proportional to the concentrations of the various
      constituents of the gas mixture being sampled into parallel channels or
      circuits 30, 32, 34 and 36 for Gas No. 1, Gas No. 2, Gas No. 3 and Gas No.
      N. Each gas channel or circuit 30, 32, 34 and 36 has a corresponding gain
      adjustment range(38, 40, 42 and 44) sufficient to compensate for
      ionization, gas transport, transmission and detection efficiencies for the
      constituent gases of the mixture being analyzed. The gain adjustments (38,
      40, 42 and 44) are made with a calibration standard mixture and are not
      changed until recalibration is necessary.
PAR  The output communicated to each channel or circuit 30, 32, 34 and 36 is
      transmitted to corresponding indicator dials where an operator can
      visually read or a recorder will make a record of the percentage of the
      individual gas in the mixture.
PAR  Through the mass spectrometer 10 described thus far, a quantitative
      analysis of a gas mixture can be made. However, it is an open loop system
      and the various processes involved in ionization, filtering, detection and
      amplification have varying time, pressure, and temperature dependencies.
      The result is a degradation in measurement accuracy commencing with the
      end of the calibration procedure. The open loop system is converted into a
      closed loop system by the addition of an automatic gain control means 46.
      The automatic gain control means 46 has a series of parallel resistors 48,
      50, 52 and 54 connected to correspondingly sample the output from each
      channel going to the indicators. A current proportional to the
      concentration of each constituent gas is presented through a summing
      junction 56 of summing amplifier 58. The output of summing amplifier 58,
      as modified by gain setting resistor 64, will be proportional to the total
      of constituent gas amplitudes and is compared with a reference voltage
      V.sub.r representing 100% amplitude of the constituent gas sum in a
      comparator 60 to produce an error signal. This error signal, generated in
      the comparator 60 which is representative of total degradation in system
      gain, is transmitted to an integrator 62. The integrator 62 includes a
      ramp amplifier 66 which is parallel to a capacitor 68. The output from the
      integrator 62 is used to control the gain of an amplifier 26 in such a
      manner to return the summation of constituent gas amplitude signals to the
      equivalence of 100%. Periodically the sequencer 21 substitutes a voltage
      ramp generator 80 for the gas select multiplex 20 and thereby causes the
      mass filter to scan the entire mass range of the instrument. During this
      scanning period a mass peak detector 90 is connected to the output of ion
      detector 16 preamp 24 through the gain controlled amplifier 26. For each
      mass peak above minimum value set by threshold control 91 an output pulse
      is sent to the mass peak counter 92. The number of mass peaks recorded by
      the mass peak counter 92 is balanced in a comparator 93 with the criterion
      being number of known constituent gases 94. If the number of detected mass
      peaks exceeds the number of known constituents, an alarm 95 alerts the
      operator of the condition.
PAC  MODE OF OPERATION OF THE PREFERRED EMBODIMENT
PAR  A sample of the gas mixture under investigation is continually transmitted
      through conduit 15 into the mass filter 14. Sequencer or timer 21 will
      send an appropriate timing signal to both the gas select multiplex 20 and
      the gas select demultiplex 28. The output from the gas select multiplex
      will switch the driver 18 into a first mode of operation wherein the
      electric field created in the mass filter will allow only one type of ion
      to pass into the detector and amplifier 16. At the same time, the timing
      signal will operate the gas select demultiplex 28 in a corresponding first
      mode wherein the voltage signal from the amplifiers 24 and 26 is directed
      to the appropriate channel or circuit, i.e., 30. The voltage signal
      presented to the channel 30 is relayed to a voltmeter or other appropriate
      indicator for indicating the percentage of the one type of ion in the gas
      sample at this period of time. A portion of the voltage signal is relayed
      through resistor 48 to the summing junction 56.
PAR  The sequencer 21 will sequentially provide an operational signal to the gas
      select multiplex 20 and gas select demultiplex 28 to sequentially scan the
      Gas No. 2, Gas No. 3, . . . , and Gas No. N in the same manner as
      described with Gas No. 1 above. The timing signal for each gas in the
      mixture will vary but normally for most samples about 30 scans will occur
      in a second for each gas to essentially present a continuous and
      uninterrupted output from the channels or circuits 30, 32, 34 and 36. This
      will permit the output voltage from the summing junction 56 to supply the
      comparator 60 with a summed voltage which is measured against the
      reference voltage V.sub.r to create the error signal for operating the
      integrator 62. The error signal will be modified in the integrator 62 to
      automatically create a gain control signal which will regulate the
      operation of the gain control amplifier in such a manner that the sum of
      the component part voltage is equated with the reference voltage.
PAR  If, during the periodic scan of the entire mass range of the spectrometer,
      the number of mass peaks exceeds the minimum number previously selected by
      the instrument operator, an alert signal 95 is provided.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a quadrupole mass spectrometer wherein a gaseous mixture is
      sequentially scanned to obtain a measurement of the relative abundance of
      each component thereof, control means for automatically compensating for
      variations in ionization, gas transportation and detection efficiencies of
      said gaseous mixture to continually obtain an accurate analyzation, said
      control means comprising:
PA1  first amplifier means for generating an ion detection signal representative
      of each component in said gaseous mixture as established through the
      scanning of the gaseous mixture;
PA1  demultiplex means for converting said ion detection signal for each
      component into a corresponding output signal in synchronization with the
      sequential scan of the gaseous mixture;
PA1  channel means for communicating said output signal to an indicator means to
      inform an operator of said relationship of each component in said gaseous
      mixture;
PA1  adjustment means associated with said channel means for modifying the
      output signal of a known gas sample presented to an ionizer to calibrate
      said indicator means;
PA1  first resistor means connected to said channel means for reducing each of
      said output signals to produce a proportional output signal corresponding
      to the concentration of each gas in the gaseous mixture;
PA1  junction means connected to said first resistor means for combining said
      proportional output signal of each of said components to produce a
      component signal;
PA1  second amplifier means connected to said junction means for increasing the
      amplitude of said component signal;
PA1  second resistor means associated with said second amplifier means for
      controlling the gain of the component signal;
PA1  comparator means connected to said second amplifier means for comparing
      said component signal with a reference signal to establish an error
      signal; and
PA1  integrator means having a ramp amplifier and a capacitor means responsive
      to said error signal for establishing a gain signal for proportionally
      modifying each of said ion detection signals from said first amplifier
      means in a manner such that the component signal is brought into
      equalization with said reference signal in a series of uniform steps.
NUM  2.
PAR  2. In the quadrupole mass spectrometer, as recited in claim 1, wherein said
      control means includes:
PA1  mass peak detecting and counting means for periodically monitoring the
      input gas mixture for changes in constituency to produce an evaluation
      signal representative thereof.
NUM  3.
PAR  3. In the quadrupole mass spectrometer, as recited in claim 2, wherein said
      control means further includes:
PA1  means for comparing the evaluation signal with a reference signal to
      produce an alarm signal and thereby inform an operator of the operational
      parameter.
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PAL  An original and a heat sensitive member are inserted as a sandwich into a
      copying machine and fed past a combined imaging and transfixing or fusing
      station where radiation is applied to the sandwich to thermally impart a
      latent image of the original to the heat sensitive member. Thereafter, the
      original is separated from the heat sensitive member and ejected from the
      machine. The heat sensitive member on the other hand, continues onwardly
      to a developing station where toner particles are applied to develop the
      latent image. Next, the heat sensitive member loops back towards the
      imaging and transfixing station, and a copy medium is brought into
      engagement with the developed image. The copy medium and the heat
      sensitive member are then passed into the imaging and transfixing or
      fusing station. There, the developed image is transfixed (transferred and
      fused) to the copy medium by applying heat to the sandwich subsequently
      the sandwich is discharged from the machine, and the operator then
      separates the copy medium from the heat sensitive member to obtain his
      copy. Alternatively, the transfixing step may be omitted in favor of
      fusing the developed image directly to the heat sensitive member at the
      imaging and transfixing or fusing station.
BSUM
PAC  DESCRIPTION OF INVENTION
PAR  It is an object of this invention to provide a thermographic copying
      apparatus which has simple controls and a minimum number of parts.
PAR  It is a further object of this invention to provide a machine which not
      only has those characteristics, but which also is capable of producing a
      quality copy in a minimum amount of time.
PAR  To carry out these and other objects, the thermographic copier here
      disclosed relies on the same source of radiant energy and a single energy
      transmission path for the two fold purpose forming a thermal image of an
      original on a heat sensitive intermediate member and for transfixing
      (transferring and fusing) a devloped image from the intermediate to a copy
      medium or for fusing the devloped image to the heat sensitive member.
      Hence, the controls may be simplified and parts, which are usually
      duplicated when two radiant sources are used, are eliminated. Obviously
      this allows a more compact unit to be constructed. Furthermore, the system
      design is flexible since the transfixing or fusing function takes place
      after the imaging and development functions with the result that the
      design is not constrained by the transfixing or fusing function being
      dependent upon the controls applied to the imaging and development
      functions or vice versa.
DRWD
PAR  Other objects of the invention will become apparent from the following
      description with reference to the drawing wherein:
PAR  FIG. 1 is a schematic view of a copying machine showing an original and a
      heat sensitive member passing through an imaging and transfixing station;
      and
PAR  FIG. 2 is a schematic view similar to FIG. 1, except that the process has
      advanced to the point at which a developed heat sensitive member and a
      copy medium are passed through the imaging and transfixing station to
      effect transfer of the developed image to the copy medium.
DETD
PAR  Referring to the drawings, the copying apparatus therein has three sets of
      guide moldings 4, 6 and 8, which run inwardly from the outer surface of
      the copier. The molding 4 serves as an inlet guide for a sandwich
      containing an original sheet 10 and a heat sensitive sheet 12 and an
      outlet guide for a sandwich containing the heat sensitive sheet 12 and a
      copy sheet 14. The molding 6 serves as an outlet guide for the original
      sheet 10, and the molding 8 serves as an inlet guide for the copy sheet
      14.
PAR  The heat sensitive sheet 12 comprises a support and a heat sensitive
      coating. For example, the support may be an organic film such as a
      polyester film, cellulose acetate or triacetate film. The coating, on the
      other hand, is a delayed tack adhesive which is normally hard and
      non-tacky at room temperature, but which, upon being activated by heat to
      a tacky condition and subsequently cooled to room temperature, thereafter
      remains tacky for considerable periods of time varying from at least 30
      seconds to several days or more depending upon the particular composition
      involved. Such delayed tack coatings are well known and can be a mixture
      of discrete particles or resin, such as indene resin or esterified resin,
      and discrete particles of crystalling plasticizer, such as diphenyl
      phthalate or N-cyclohexyl paratoluene sulfonamide. The particles are bound
      together into the supporting film by a binder such as styrene-butadiene
      copolymer. Generally speaking, the crystalline plasticizer component of
      the mixture is in excess of the resin component.
PAR  An idler roll 16 and a conveyor mechanism comprising a drive roll 18 and an
      idler roll 20 and a conveyor belt 22 are located at the inner end of the
      guide 4. A driven radiation transparent quartz cylinder 24 is arranged on
      the frame of the copying apparatus to rotate in opposite directions, and
      located within the cylinder 24 is a radiant source, such as an
      incandescent lamp 26. The idler roll 16 is arranged to contact the belt
      22, thereby forming a nip 27 therebetween for receiving and forwarding the
      sandwich of the original sheet 10 and the heat sensitive sheet 12. The
      cylinder 24 is arranged to contact the belt 22 at the idler roll 20
      whereby a slight pressure is applied to the sandwich as it passes through
      a nip 19 between the cylinder 24 and the roll 20. Located downstream of
      the idler roll 20 is a vacuum source 28 which serves to separate the
      original from the heat sensitive member. Next, there is guide member 31
      which has one portion 32 for guiding the original sheet 10 to a conveyor
      mechanism 34 which grabs the original sheet and conveys it through the
      guide 6 out of the machine. Concurrently, another portion 35 of the guide
      31 directs the heat sensitive member 12 to a developed station which
      comprises a housing containing ferromagnetic toner particles 36 and a
      magnetic brush 38.
PAR  The toner particles comprise iron oxide particles mixed with thermoplastic
      particles which are pigmented with carbon black or other radiation
      absorbing dyes or pigments. The magnetic developer brush 38 is rotatably
      mounted on the housing so that successive segments of its surface advance
      through a supply of toner particles 36 and then bring the toner particles
      into engagement with the heat sensitive member 12 to develop the latent
      image. A guide member 40 has a portion 41 which is spaced from the outer
      surface of the developer brush 38 a distance approximately equal to the
      thickness of the heat sensitive member 12 to ensure that the toner
      particles 36 are brought into engagement with the heat sensitive member as
      it passes through the developer station. Next, there is a guide 42 for
      leading the heat sensitive member to a conveyor mechanism comprising a
      belt 44 which is trained around a drive roll 46 and a pair of idler rolls
      48 and 50. Also at the downstream end of the guide 42 there is a conveyor
      mechanism which comprises another belt 52 which is trained around a drive
      roll 54 and an idler roll 56. The belt 52 works in conjunction with the
      belt 44 to pull the heat sensitive sheet 10 past the developer station and
      to advance it forwardly around a path reversal guide 58. There the leading
      edge of the heat sensitive sheet engages a portion 60 of the guide 40 so
      that the heat sensitive sheet 12 is directed back to the nip 19 between
      the cylinder roll 24 and the belt 22.
PAR  Located within the copy guide 8 are a pair of nip rolls 62 which are
      located to grip the leading edge of the copy sheet 14 upon insertion
      thereof into the guide 8. At the proper time, the nip rolls 62 forward the
      copy sheet 14 through the downstream portion of the guide 8 into the path
      between the guide 58 and the belt 44 where the leading edges of the heat
      sensitive sheet 12 and the copy sheet 14 become aligned and the sheets
      form a sandwich which is conveyed past guide 60 to the nip 19 between the
      cylinder 24 and the belt 22. The sandwich continues past the lamp 26 and
      is finally fed out of the copying machine via guide 4.
PAR  A reversible motor (not shown) is operably connected to drive the drive
      roll 18 and the cylinder 24 in opposite directions. A separate motor (not
      shown) is operably connected to drive the conveyor mechanism 34, the
      magnetic brush 38 and the drive rolls 54 and 56. These motors are all
      operated by a control system (not shown) which operates the machine as
      follows:
PAR  Referring to FIG. 1, the heat sensitive sheet 12 and an original sheet 10
      bearing an image thereon are placed together and then inserted as a
      sandwich into the guide passage 4, which directs them to the nip 27
      between the rolls 16 and 18. A copy sheet 14 is inserted into the guide 8,
      which directs it to the nip formed by rolls 62. A switch 70 is actuated to
      start the control mechanism whereupon the idler roll 16 and the conveyor
      belt 22 grab the leading edge of the sandwich and move the same to the nip
      19 between the cylinder 24 and the belt 22. At this time, the lamp 26 is
      energized and the sandwich is exposed thereto as it travels therepast to
      create a tacky image on the heat sensitive member 12 corresponding to the
      image on the original sheet. The sandwich then advances downstream where
      the original and the heat sensitive sheet are separated by the vacuum
      source 28. The original 10 continues around the guide 32 to the conveyor
      mechanism 34 and out of the machine through the guide 6 while the heat
      sensitive member continues to the developer station. There, the magnetic
      brush 38 dusts the tacky image with toner particles 36 to develop the
      same. The control mechanism contains cams to turn off the lamp 26 after
      the trailing edge of the sandwich passes through the nip 19 between the
      cylinder 24 and the belt 22.
PAR  Referring to FIG. 2, the developed heat sensitive sheet 12 continues beyond
      the developer station and around the guide 58 whereupon the control system
      actuates the nip rolls 62 to bring the leading edges of the copy sheet 14
      and the heat sensitive sheet 12 into aligned engagement. The sandwich thus
      formed is fed by the belts 52 and 44 and the nip rolls 62 back to the
      imaging and transfixing station. At the same time, the control mechanism
      has cut off the vacuum supply to separator 18 and has actuated the motor
      driving the drive roll 18 and the cylinder 24 to reverse the direction of
      rotation thereof hence, the leading edge of the copy sheet 14, heat
      sensitive member 12 sandwich reaching the nip 19, and the sandwich is then
      pulled past the lamp 26. The lamp 26 is energized just prior to the
      sandwich reaching the nip 19. The sandwich is heated until a substantial
      portion of the toner particles become transfixed (transferred and fixed)
      to the copy sheet to provide a reproduction of the original image. The
      image transfers under the influence of the pressure between the sheets
      effected by the pressure contact between the rolls 20 and 24 combined with
      a corresponding proper temperature. The sandwich is finally fed out of the
      machine through the guide 4 by the belt 22. The control system has cams
      which turn off all motors and the lamp 26 after the trailing edge of the
      heat sensitive sheet, copy sheet sandwich is passed between the belt 22
      and the idler roll 16. The operator of the machine then removes the
      sandwich from the machine and separates the copy sheet 14 from the heat
      sensitive sheet 12 to obtain his copy of the original.
PAR  Rather than transfer the developed image, the developed image may be fused
      onto the intermediate. In that event, the belt 22 must comprise a material
      to which melted toner particles will not stick. Alternatively, a release
      sheet could be substituted for the copy sheet 14, in which case it is a
      heat sensitive sheet, release sheet sandwich that is fed past the lamp 26.
      In that embodiment, the release sheet will be of a material to which the
      toner particles will not stick.
PAR  Rather than inserting a copy sheet into a slot in the machine, an automatic
      paper feeder could be provided.
PAR  The control system and the components thereof for operating the machine in
      the manner described are all well known and well within the grasp of one
      having ordinary skill in the art and therefore have not been shown.
PAR  Since the imaging and developing functions are separate from the image
      transfer function, the intensity of the lamp 26 and the speed of travel of
      the sheet 12 independently optomized for the imaging and transfixing or
      fusing process.
PAR  From the above, it can be seen that the described machine eliminates parts,
      which are usually duplicated when two lamps are used at different
      stations, and permits of a relatively straight forward control system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for thermographically reproducing a copy of an image borne by
      an original; said method comprising the steps of:
PA1  forming a sandwich containing a heat sensitive member and said original;
PA1  advancing the sandwich past a radiant source to thermally impart said image
      to said heat sensitive member in response to radiant energy supplied by
      said source via a predetermined path;
PA1  separating the original from said heat sensitive member;
PA1  advancing the heat sensitive member through a development station to
      develop the image imparted thereto;
PA1  looping the heat sensitive member back toward said radiant source while
      retaining a predetermined edge of said heat sensitive member as its
      leading edge; and
PA1  advancing the heat sensitive member past said radiant source for a second
      time to expose the developed image thereon to radiant energy supplied by
      said source via said predetermined path.
NUM  2.
PAR  2. The method of claim 1 wherein said heat sensitive member becomes tacky
      in an image configuration when said sandwich is exposed to said radiant
      energy.
NUM  3.
PAR  3. A method as recited in claim 2 wherein the tacky image imparted to the
      heat sensitive member is developed with toner particles.
NUM  4.
PAR  4. The method as recited in claim 2 wherein the heat sensitive member is
      advanced past said radiant source for the second time to fuse the
      developed image to said heat sensitive member.
NUM  5.
PAR  5. The method as recited in claim 2 wherein the development of said image
      is followed by the additional step of bringing a copy medium into
      engagement with the developed image, and the exposure of said developed
      image to said radiant energy is carried on while said copy medium is in
      engagement with said image, whereby said image is transfixed on said copy
      medium.
NUM  6.
PAR  6. A method as recited in claim 5 comprising the additional step of
      discharging said heat sensitive member and said copy medium after the
      transfixing of the developed image onto the copy medium.
NUM  7.
PAR  7. A method as recited in claim 2 wherein the heat sensitive member is
      looped back toward said radiant source after passing through the
      development station.
NUM  8.
PAR  8. A thermographic copier for reproducing a copy of an image borne by an
      original, said copier comprising the combination of
PA1  a heating station,
PA1  means for feeding a sandwich containing said original in registration with
      a heat sensitive member through said heating station to thermally impart
      said image to said heat sensitive member,
PA1  a development station,
PA1  means for advancing the imaged heat sensitive member from said heating
      station to and through said development station and for looping said
      member back toward said heating station while retaining a predetermined
      edge of said member as its leading edge,
PA1  means at said development station for developing the image on said heat
      sensitive member as said member is advanced therethrough, and
PA1  means for feeding the heat sensitive member with the developed image back
      through said heating station to produce said copy.
NUM  9.
PAR  9. The copier of claim 8 wherein said heat sensitive member becomes tacky
      in an image configuration as said sandwich is fed through said heating
      station.
NUM  10.
PAR  10. The copier of claim 9 wherein said heating station includes a source of
      radiant energy, and said heat sensitive member is heated each time it is
      fed through said heating station by the radiant energy emanating from said
      source along a predetermined path.
NUM  11.
PAR  11. The copier of claim 10 further including means for bringing a copy
      medium into contact with the developed image on said heat sensitive
      member, said heat sensitive member being fed back through said heating
      station while said copy medium is engaged therewith, whereby the developed
      image is transfixed onto the copy medium at the heating station.
NUM  12.
PAR  12. The copier of claim 10 further including means for automatically
      registering said original with said heat sensitive member to form said
      sandwich.
NUM  13.
PAR  13. The copier of claim 10 wherein the developed image is fused to said
      heat sensitive member as that member is fed back through said heating
      station.
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PAL  Automatic liquid scintillation counting apparatus including a scintillating
      medium in the elevator ram of the sample changing apparatus. An
      appropriate source of radiation, which may be the external source for
      standardizing samples, produces reference scintillations in the
      scintillating medium which may be used for correction of the gain of the
      counting system.
BSUM
PAR  In a co-pending patent application of Laney, "Error Correction in
      Radioactive Sample Measurements," Ser. No. 703,938, filed Feb. 8, 1968,
      now U.S. Pat. No. 3,609,362, the need for automatic gain correction in a
      liquid scintillation counting system is disclosed. As discussed in that
      co-pending application, one of the necessary aspects of a gain correction
      feature is the provision of standard or reference scintillations within
      the counting chamber at periodic intervals. It is, of course, desirable
      that such provision of reference scintillation be accomplished in an
      advantageous manner.
PAR  Therefore, the principal object of this invention is to provide an improved
      automatic liquid scintillation counting system wherein system gain
      correction is automatically accomplished.
PAR  A further object of this invention is to provide an advantageous
      arrangement for providing reference scintillations for gain correction
      purposes in an automatic liquid scintillation counting system.
PAR  Another object of this invention is to provide an arrangement wherein a
      means providing reference scintillations or gain correction is
      advantageously associated with the sample changing apparatus of an
      automatic liquid scintillation counting system.
PAR  A preferred embodiment of this invention features a body of scintillating
      phosphor mounted in an elevator ram which is part of the sample changing
      apparatus. Thus, in the process of sample changing, the body of
      scintillating phosphor is automatically brought into the counting chamber.
      Reference scintillations in the scintillating phosphor may be produced,
      alternatively, by internal or external radioactive sources or other
      sources of radiation which produce an appropriate scintillation intensity
      spectrum. For example, the phosphor may be a liquid scintillating medium
      with a radioactive source of alpha particles dissolved therein, or it may
      be a solid scintillating medium with a radioactive source of alpha
      particles dispersed therein. On the other hand, the phosphor may be a
      solid scintillation crystal with an external radioactive source of gamma
      rays exposed thereto when the crystal is within the counting chamber. This
      radioactive source of gamma rays may be advantageously the same external
      radioactive source used for standardizing liquid scintillation samples
      introduced into the counting chamber. One such external gamma ray source
      often employed for standardization is Ba.sup.133. This isotope produces a
      scintillation intensity spectrum in a thallium-activated sodium iodide
      crystal which includes a spectral peak in the 355-380 KEV range that may
      conveniently be used as a reference scintillation spectrum for gain
      correction purposes.
PAR  The advantages of associating the sample transfer and reference
      scintillation functions of the apparatus in the manner of this invention
      include the full automation of the gain correction function and the
      relative integration of that function with the sample counting and
      standardization function. That is, the reference scintillations are
      available during every sample changing, counting and standardizing cycle
      so that a simple timer can control the interval between gain correction
      operations. Operator handling of the reference scintillation medium is not
      required, and no reduction of the sample handling capacity of the
      apparatus is involved.
DRWD
PAR  Other objects, features, and advantages of this invention and a complete
      understanding thereof will be obtained from a consideration of the
      following detailed description in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 is an essentially schematic diagram of a portion of the mechanical
      apparatus of an automatic liquid scintillation counting system
      illustrating one embodiment of this invention;
PAR  FIG. 2 is a section view of a scintillation crystalelevator ram assembly
      taken along the lines 2--2 in FIG. 1;
PAR  FIG. 3 is a section view of a scintillation crystalelevator ram assembly
      taken along the lines 3--3 in FIG. 1;
PAR  FIG. 4 is an isometric view of the scintillation crystal shown in section
      in FIGS. 2 and 3;
PAR  FIG. 5 is an essentially schematic view of an alternate embodiment of this
      invention corresponding in part to the apparatus shown in FIG. 1;
PAR  FIG. 6 is an essentially schematic diagram of a second alternate embodiment
      of this invention with a partial correspondence with the apparatus shown
      in FIG. 1;
PAR  FIG. 7 is a block schematic diagram of an automatic liquid scintillation
      counting system which may incorporate this invention; and
PAR  FIG. 8 is a graph of a portion of a scintillation intensity spectrum useful
      in explaining the gain correction operation involved in this invention.
DETD
PAR  In FIG. 1 portions of the sample conveying, sample changing and external
      standardization mechanisms of an automatic liquid scintillation counting
      system are shown in conjunction with a reference scintillation arrangement
      according to this invention. Sample conveyor 10 conveys a plurality of
      liquid scintillation samples 20 on a table 30. These liquid scintillation
      samples are brought by conveyor 10 to a sample transfer station above
      passageway 41 in shield 40. Sample conveyor 10 may be any of the wellknown
      sample conveying mechanisms in use today, such as, for example, the
      conveyor described in detail in Meeder et al U.S. Pat. No. 3,206,006,
      which issued on Sept. 14, 1965. The liquid scintillation samples 20 are
      typically sample-containing vials comprising a light transparent bottom
      portion 22 and a screw-on cap 21. The vials will usually contain a liquid
      scintillating phosphor with a sample dissolved therein, the sample
      typically being a matrix of some sort, such as human or animal tissue,
      which is labelled with a radioactive tracer material such as tritium or
      carbon-14.
PAR  Shield 40 defines an internal counting chamber 42 and a passageway 41
      connecting counting chamber 42 to the sample transfer station. Typically,
      shield 40 includes a large volume of high density material, such as lead,
      to eliminate substantially the impingement of external radiation on any
      scintillating media within counting chamber 42. Reference numeral 43
      refers to a light shutter which opens and closes alternately to permit the
      passage of samples 20 into passageway 41 and to prevent light from
      entering passageway 41 after the entry of a sample 20 into counting
      chamber 42. This shutter cooperates with an annular light sealing ring 63
      on elevator ram 60. This lighttight sample transfer apparatus is more
      completely described in Meeder et al U.S. Pat. No. 3,163,756, issued on
      Dec. 19, 1964.
PAR  Various types of sample changing mechanisms involving elevator ram 60 and
      light shutter 43 can be utilized. Particular embodiments of various sample
      changing apparatus are shown in Rowan et al U.S. Pat. No. 3,283,151,
      issued Nov. 1, 1966, and a co-pending application of Hausser entitled,
      "Scintillation Counter," Ser. No. 541,763, filed Apr. 11, 1966. As shown,
      elevator ram 60 has a platform 61 on which a liquid scintillation sample
      20 rides. Closely beneath platform 61 is an aperture 62 traversing the
      diameter of elevator ram 60. As noted above, an annular light sealing ring
      63 surrounds elevator ram 60 to prevent light entering passageway 41 while
      shutter 43 is open from entering counting chamber 42. A distance beneath
      aperture 62 and light sealing ring 63 is a scintillation crystal assembly
      70 which is shown positioned within counting chamber 42. Closely beneath
      scintillation crystal assembly 70 is a second aperture 65 through ram 60
      and an aperture 64 which connects aperture 65 with the bottom of
      scintillation crystal assembly 70.
PAR  Radioactive source assembly 80 includes a radioactive source 81 mounted in
      an elongated cylindrical rod 82 which is attached to a drive rod 83. Both
      of the rods 82 and 83 ride in track 84 which extends through an auxiliary
      shield 88 and shield 40. A rack and pinion mechanism 87 operated by a
      reversible motor 86 moves rods 82 and 83 back and forth and in track 84,
      thereby positioning source 81, alternatively, in a remote location, shown
      in dotted line, and an operative location, shown in solid line. Rod 82 may
      be inserted either through aperture 65 or aperture 62 in elevator ram 60
      so that source 81 may be located either under sample 20 or crystal
      assembly 70. End 85 of track 84 stops the travel of rod 82 to position
      source 81 precisely with respect to either sample 20 or crystal assembly
      70. Additional details regarding the construction and operation of this
      source positioning apparatus with respect to its sample standardizing
      function are given in a co-pending application of Meeder et al entitled,
      "Liquid Scintillation Sample Standardization Apparatus," Ser. No. 541,767,
      filed Apr. 11, 1966.
PAR  The operation of the apparatus shown in FIG. 1 will now be described in
      conjunction with FIGS. 7 and 8. Sample conveyor 10 transports samples 20
      one by one to a sample transfer position above passageway 41. At such time
      as samples 20 are being conveyed, elevator ram 60 is in an uppermost
      position such that platform 61 is aligned with table top 30. Naturally,
      source rod 82 is in its remote location at this time, and shutter 43 is
      open. When a sample 20 is positioned on platform 61, the sample changing
      apparatus is activated to lower sample 20 into passageway 41 past shutter
      43. With sample 20 wholly within passageway 41, shutter 43 closes to
      prevent light from entering passageway 41. The sample changing apparatus,
      which includes elevator ram 60, may be programmed such that sample 20 is
      brought to rest at a position within passageway 41 beneath shutter 43
      whereat crystal assembly 70 is positioned within counting chamber 42. An
      appropriate mechanism can be employed to signal the proper closing of
      shutter 43 at this time. With ram 60 in this position, source rod 82 may
      be driven through aperture 65 to locate source 81 beneath crystal assembly
      70. Radiation from source 81 will thus impinge upon a scintillation
      crystal in crystal assembly 70 and produce reference scintillations which
      are then presented to a pair of photomultipliers 50 (only one shown)
      associated with counting chamber 42.
PAR  System gain correction on the basis of the reference scintillations
      produced within counting chamber 42 during a programmed gain correction
      interval may be performed by any appropriate electronic circuitry
      associated with photomultipliers 50. For example, the gain correction
      circuitry described in the above-mentioned co-pending Laney application
      may be employed.
PAR  In FIG. 7 the basic electronic components of an automatic liquid
      scintillation counting system with a gain correction feature are shown in
      block diagram form. Photomultipliers 50 transduce light pulses or
      scintillations from any light pulse source within counting chamber 42 into
      electrical pusles which are sent to appropriate circuitry 100. Typically,
      the separate electrical pulses from the pair of photomultipliers are
      summed to produce a single electrical pulse which corresponds in amplitude
      to the intensity of the light pulse or scintillation. This correspondence
      between pulse amplitude and scintillation intensity varies as the gain of
      the system varies. This variance will be exhibited in the pulse amplitude
      spectrum which is produced by reference scintillations in counting chamber
      42 as is demonstrated in FIG. 8.
PAR  In FIG. 8 a reference pulse amplitude spectrum which exists at a reference
      gain value is shown to be shifted in response to a change in the value of
      system gain. This reference spectrum is only a portion of the complex
      total spectrum of a gamma emitting isotope such as Ba.sup.133 in a
      scintillation crystal such as NaI (T1), and it is segregated for purposes
      of illustration since it is the portion utilized for gain correction
      purposes. The shift in the reference spectrum may be ascertained, as
      discussed in the co-pending Laney application, by detecting count rate
      imbalance between two "windows" positioned on opposite sides of the peak
      of the spectrum at reference gain value. Gain correction may then be
      accomplished by adjusting the gain in the proper direction to bring the
      count rates in windows "A" and "B" back into balance. As shown in FIG. 7,
      gain correction may be performed by an appropriate gain correction signal
      to a variable high voltage supply 52 powering photomultipliers 50.
PAR  After gain correction has been completed, a signal to the source location
      apparatus may be used to produce withdrawal of source rod 82 into its
      remote location. Elevator ram 60 may then continue its downward travel
      until sample 20 is positioned within counting chamber 42. At this time,
      the scintillations produced in sample 20 will be presented to
      photomultipliers 50 and counting of the sample activity by associated
      electronic circuitry may be effected. After counting of the sample, source
      rod 82 may then be inserted through aperture 62 in ram 60 so that source
      81 produces scintillations in sample 20 for sample standardizing purposes.
      After a standardizing counting period, source rod 82 may again be
      withdrawn to its remote position, and the sample changing apparatus may
      cause elevator ram 60 to return sample 20 through passageway 41 to
      conveyor 10. Conveyor 10 may then index the next sample 20 in position on
      platform 61 of ram 60, and the whole process of sample changing, counting,
      and standardizing may be repeated.
PAR  Typically, the gain correction period need not be instituted during every
      sample changing operation so that some of the samples 20 may pause in
      passageway 41 only briefly enough to permit the closure of shutter 43 and
      the ascertaining of such closure. Source rod 82 would not be inserted, and
      no reference scintillations would be produced within counting chamber 42.
PAR  It should be understood that the production of reference scintillations
      within counting chamber 42 may be accomplished during the sample changing
      cycle merely by calling for the introduction of source rod 82 at any time
      that crystal assembly 70 is properly positioned within counting chamber
      42. Thus it should be apparent that many variations in this operation
      could easily be implemented. For example, the production of reference
      scintillations could just as easily take place by stopping elevator ram 60
      in its upward travel as it is returning sample 20 to conveyor 10.
      Moreover, scintillation crystal assembly 70 and apertures 65 and 64 in
      elevator ram 60 could be located such that scintillation crystal assembly
      70 would be within counting chamber 42 when elevator ram 60 has fully
      returned a sample 20 to conveyor 10. Thus, many variations of the general
      technique for producing reference scintillations described above could be
      implemented by either changing the position of the scintillation crystal
      assembly in elevator ram 60 or by programming the insertion of rod 82 at
      various different times in the sample changing cycle.
PAR  The constructional details of the scintillation crystal assembly 70 and its
      mounting within elevator ram 60 will now be described with reference to
      the various section views shown in FIGS. 2 and 3 and the isometric view
      shown in FIG. 4. Scintillation crystal assembly 70 includes a
      scintillation crystal 71 which may be a solid block of thallium-activated
      sodium iodide. As can best be seen in FIG. 4, scintillation crystal 71 is
      enclosed on two of its sides and its top by a metallic wall 74 which may
      be of aluminum. A thin wall 76 (also of aluminum) covers the bottom of
      crystal 71 and a portion of wall 74 extends over the end portions of thin
      wall 76, as can best be seen in FIG. 4.
PAR  A pair of optical windows 72 are mounted to opposing sides of crystal 71 by
      a surrounding epoxy material 73. A pair of metallic spring shims 75 may be
      mounted on the side walls and another such shim 77 on the top wall to
      mount crystal assembly 70 securely in elevator ram 60. As shown best in
      FIG. 3, radioactive source 81 can be inserted in aperture 65 of elevator
      ram 60 beneath crystal assembly 70. Radiation from source 81 will traverse
      aperture 65 and penetrate thin wall 76 into crystal 71 thereby producing
      scintillations within crystal 71. Crystal 71 and windows 72 are
      transparent to the scintillations produced so that the light photons
      associated with said scintillations will travel out of crystal 71 through
      the windows 72 and will impinge upon the pair of photomultiplier tubes
      (not shown) viewing windows 72.
PAR  In FIG. 5 an alternative embodiment of this invention is shown. In this
      embodiment, a body of scintillating phosphor 170 is mounted in elevator
      ram 160. This body of scintillating phosphor has internally associated
      with it a source of radiation for producing scintillations therein. As
      such, the scintillating phosphor may be a liquid scintillator with a
      radioactive source of alpha particles at least partially dissolved in the
      liquid scintillator. Alternatively, the scintillating phosphor may be a
      solid scintillation crystal, such as thallium-activated sodium iodide with
      a radioactive source of alpha particles at least partially dispersed
      therein. Other types of scintillating material and other types of
      radioactive source material associated therewith may also be employed,
      provided only that the source and scintillating media together must
      produce a reference scintillation intensity spectrum having an appropriate
      peak for gain correction purposes. It will be noted that, in this
      embodiment, no calling
PAR  It play of an external radioactive source is required and, accordingly, no
      aperture in elevator ram 160 is provided. The operation of the embodiment
      shown in FIG. 5 is essentially the same as that shown in FIG. 1 except
      that reference scintillations will always be presented to photomultiplier
      150 within counting chamber 142 during the up and down movement of
      elevator ram 160. However, elevator ram 160 must still pause in a position
      such that scintillation crystal assembly 170 remains in counting chamber
      142 during an appropriate gain correction interval.
PAR  In FIG. 6 a second alternative embodiment is shown. In this embodiment a
      body of scintillating phosphor 270 is mounted in a separate reciprocatiing
      mechanism 290 which is operatively associated with elevator ram 260.
      Reciprocating assembly 290 defines its own chamber 291 which is moveable
      with respect to photomultipliers 250. A liquid scintillation sample 220
      may be brought into chamber 291 when assembly 290 is in its left hand
      position. A plurality of fingers 292, loaded by springs 293, grip the cap
      221 of a liquid scintillation sample introduced into chamber 291 to
      maintain the sample in a fixed position within the chamber when the
      chamber and sample are moved. Some mechanism for restraining fingers 292
      during entry of a sample 220 may be required if the weight of the samples
      is insufficient to overcome the friction otherwise presented.
PAR  A rod 295 which is reciprocal in a track 294 may be used to shift assembly
      290 from left to right and back again as desired. Any appropriate
      mechanism such as a rack and pinion similar to the one shown in FIG. 1 for
      driving the external source rod may be used in conjunction with rod 295
      for this purpose. When assembly 290 is moved to its right hand position,
      scintillation assembly 270 will be presented to photomultiplier tubes 250.
      At the same time, sample 220 will move into a remote location, sliding off
      elevator ram 260.
PAR  Any number of the alternative ways of producing reference scintillations
      may be employed in this embodiment. Thus, scintillation assembly 270 may
      be essentially the same as assembly 70 shown in FIGS. 2 through 4, and
      radioactive source 281 mounted in rod 282 may be used to produce
      scintillations within the sodium iodide crystal in the same fashion as it
      produces scintillations within a sample 220. On the other hand,
      scintillation assembly 270 may comprise the combination of a liquid
      scintillating medium with a radioactive source of alpha particles
      dissolved therein or a solid scintillation crystal with a radioactive
      source of alpha particles dispersed herein, or any other combination of a
      radiation source and a scintillating medium. If scintillation assembly 270
      involves a radioactive source permanently associated with a scintillating
      medium, reference scintillations would automatically be presented to
      photomultipliers 250 upon moving assembly 290 into its right hand
      position.
PAR  It should be understood that this invention is not limited to the
      particular embodiments described above. For example, other mechanisms and
      arrangements for bringing an external radioactive source into operative
      relationship with a scintillator in the counting chamber of a liquid
      scintillation counting system are presently known and could be employed in
      a manner similar to the embodiment shown in FIG. 1. In addition, it should
      be noted that the embodiments shown in FIGS. 5 and 6 can be employed in a
      system wherein no provision for standardization of samples is made. In
      this same connection, the embodiment of FIG. 1 could be varied to exclude
      aperture 62 in ram 60 if no standardization of samples is to be performed.
PAR  Thus, it is apparent that numerous modifications in the above-described
      embodiments could be made without departing from the scope of this
      invention as claimed in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an automatic liquid scintillation counting system,
PA1  conveyor means for delivering a plurality of liquid scintillation samples
      to a sample transfer station;
PA1  shielding means positioned adjacent same sample transfer station and
      defining a counting chamber spaced from said station and a passageway
      interconnecting said station and said chamber;
PA1  transducer means associated with said counting chamber for converting
      scintillations within said chamber into electrical pulses corresponding in
      amplitude to the intensities of said scintillations;
PA1  sample transfer means operatively associated with said counting chamber and
      said passageway and including an elevator ram adapted to traverse said
      counting chamber and said passageway for transporting said samples between
      said sample transfer station and said chamber;
PA1  scintillation means operatively associated with said sample transfer means
      for automatically producing reference scintillations in said counting
      chamber when said samples are positioned outside said chamber by said
      sample transfer means and including a body of scintillating phosphor
      mounted in said elevator ram in a position such that said body is exposed
      to said transducer means in said counting chamber when an upper portion of
      said elevator ram is positioned within said passageway; and
PA1  circuit means operatively associated with said transducer means for
      automatically adjusting the gain of said counting system in accordance
      with said reference scintillations.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said scintillation means
      further includes a source of reference radiation permanently associated
      with said body of scintillating phosphor to produce said reference
      scintillations therein on a continuous basis.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein said scintillating phosphor is
      a liquid scintillating phosphor, and said source of reference radiation is
      a radioactive source of alpha particles at least partially dissolved in
      said liquid scintillating phosphor.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, herein said scintillating phosphor is a
      solid scintillating medium, and said source of reference radiation is a
      radioactive source of alpha particles at least partially dispersed in said
      solid scintillating medium.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said scintillation means
      further includes a source of reference radiation adapted to produce said
      reference scintillations in said body of scintillating phosphor, and means
      for exposing said body of scintillating phosphor to said reference
      radiation when said body is within said counting chamber.
NUM  6.
PAR  6. Apparatus as claimed in claim 5, wherein said body of scintillating
      phosphor is a solid scintillation crystal; said source of reference
      radiation comprises a rod having a radioactive source mounted thereto; and
      said elevator ram includes a first aperture receiving said crystal and a
      second aperture communicating with said first aperture and removably
      receiving said rod; said means for exposing including means for inserting
      said rod in said second aperture when said crystal is positioned within
      said counting chamber.
NUM  7.
PAR  7. In an automatic liquid scintillation counting system,
PA1  conveyor means for delivering a plurality of liquid scintillation samples
      to a sample transfer station;
PA1  shielding means positioned adjacent said sample transfer station and
      defining a counting chamber spaced from said station and a passageway
      interconnecting said station and said chamber;
PA1  transducer means associated with said counting chamber for converting
      scintillations therein having a spectrum of intensities into electrical
      pulses having a spectrum of amplitudes directly corresponding to said
      spectrum of intensities in accordance with the gain value of said
      transducer means;
PA1  sample transfer means for transporting said samples between said sample
      transfer station and said counting chamber, including an elevator ram
      traversing said chamber and said passageway; said elevator ram having a
      platform on the top thereof on which said samples ride and having a solid
      scintillation crystal mounted therein at a location beneath said platform
      such that said crystal is positioned within said chamber when a sample on
      said platform is without said chamber; and
PA1  means for alternatively exposing said samples and said crystal to a source
      of penetrating reference radiations when said samples and said crystal are
      within said sample counting chamber to produce efficiency-correction
      scintillations in said samples and reference scintillations in said
      crystal.
NUM  8.
PAR  8. Apparatus as claimed in claim 7, wherein said elevator ram defines a
      first aperture beneath said platform and a second aperture beneath said
      solid scintillation crystal; and said means for alternatively exposing
      said samples and said crystal includes means for supporting a radioactive
      source in disoperative association with respect to said samples and said
      crystal, and means for alternatively inserting said radioactive source
      into said first and second apertures when said samples and said crystal,
      respectively, are positioned within said counting chamber.
NUM  9.
PAR  9. Apparatus as claimed in claim 7, further comprising circuit means
      operatively associated with said transducer means to produce a sample
      activity count and an efficiency-correction count for each of said samples
      and to adjust the overall gain of said counting system in accordance with
      said reference scintillations in said crystal.
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ABST
PAL  A pyroelectric camera tube having a high resistivity target is operated by
      applying an increasing ramp voltage to the target so as to provide a
      pedestal potential which permits objects producing a negative change in
      temperature to be viewed and then pulsing the target to neutralise the
      resultant electric field established between the signal and electron beam
      scanned surfaces of the target. Thus during the rising ramp voltage the
      tube operates in a cathode potential stabilised mode and at the end of the
      ramp the target is pulsed to operate the tube in an anode potential
      stabilised mode. Since the pedestal voltage is provided by the ramp
      voltage the tube may be substantially evacuated.
BSUM
PAR  This invention relates to pyroelectric camera tubes.
PAR  It is known that a pyroelectric camera tube has a target electrode that is
      sensitive to temperature changes of viewed optical scenes and such targets
      may be formed from, for example, triglycine sulphate. The target may be
      considered as a plurality of elemental capacitors which are charged in
      dependence upon the change in temperature of the viewed optical scene
      projected onto the front surface of the target and which elemental
      capacitors are discharged to a predetermined reference potential by an
      electron beam which scans the rear surface of the target. The resulting
      elemental capacitor discharging current is taken from a signal plate on
      the front surface of the target and fed to a video amplifier for
      utilization in the customary fashion. For satisfactory tube operation, so
      that the beam lands on the target orthogonally, a mesh electrode is
      disposed a small distance from the rear surface of the target.
PAR  Before the target can be used it must be "poled" either "black-moving," in
      which condition hot viewed objects appear black, or "white-moving," in
      which condition hot objects appear white. The target, which comprises a
      plurality of internal electric dipoles, is poled black-moving by applying
      an electric field between the front and rear surfaces thereof such that
      the front surface is raised positively with respect to the rear surface; a
      converse polarity of electric field is applied to pole the target
      white-moving.
PAR  Normally pyroelectric camera tubes are operated in one of two modes, of
      which the first mode is known as "anode potential stabilized" (APS). In
      this mode the tube is operated with the target at substantially the same
      potential as the mesh (approximately 240v) and with the electrons in the
      scanning electron beam generating secondary electrons at the target and
      mesh. A "dynamic" balance is set up at the target between primary
      electrons arriving, secondary electrons leaving the target and secondary
      electrons from the mesh which arrive at the target.
PAR  The second mode of operation is known as "cathode potential stabilized"
      (CPS) in which mode the electron beam side of the target is maintained at
      near the electron beam producing cathode potential and the target is
      stabilized due to being driven negatively towards the cathode potential by
      the electron beam until no more electrons are able to land thereon. This
      mode tends to suffer from the defect that only objects producing a
      positively charged image on the target can be read. Thus, to take as an
      example a target that is poled white-moving, objects thermally greater
      than romm temperature will produce a positive charge on the target
      resulting in a white image, but on removal of the hot object the target
      falls below cathode potential, and objects producing a negative change iin
      temperature also produce a negative charge on the target, that cannot be
      discharged by the scanning electron beam and so cannot be viewed.
PAR  A known method for reducing the forementioned disadvantage of the CPS mode
      of operation when the target has a high resistivity (greater than
      10.sup.11 .OMEGA. cm) is to fill the tube volume at the rear of the target
      with a gas, usually of hydrogen or helium, which is ionised by the
      electron beam to produce a small positive "pedestal" potential on the
      target (typically 0.05v). Thus, viewed objects which produce a negative
      change in temperature of the target now provide a small decrease in the
      positive charge on the target due to the pedestal potential which can be
      discharged to produce a signal output and resulting optical image. It is
      of course desirable to increase the pedestal potential since, as will be
      shown later, the output efficiency of the tube may be increased but a
      serious practical defect arises that it is not readily possible to
      introduce a sufficiently greater quantity of gas into the tube so as to
      effect this measure. Furthermore, the gas tends not to be evenly
      distributed over the target surface resulting in picture distortion and
      uneven shading. Also, because of impurities that are introduced with the
      gas the operating life of the tube is lessened due to the impurities
      collecting on the tube electrodes and ion bombardment of the cathode
      caused by the gas being ionised by the electron beam.
PAR  One object of the present invention is to provide a method of operating a
      pyroelectric camera tube which is able to produce output signals whilst
      operating in the CPS mode but in which the forementioned defects of CPS
      mode operation are at least substantially reduced.
PAR  According to this invention in its broadest aspect a method of operating a
      pyroelectric camera tube having a high resistivity target and means for
      producing an electron beam includes the steps of applying to the target
      for a predetermined time an increasing ramp voltage which is capable of
      providing a pedestal voltage, and then substantially neutralising the
      resultant electric field established between the signal and electron beam
      scanned surfaces of the target.
PAR  According to a feature of this invention a method of operating a
      pyroelectric camera tube having a high resistivity target and means for
      producing an electron beam includes the steps of applying to the target
      for a predetermined time an increasing ramp voltage which is capable of
      providing a pedestal voltage of substantially the same magnitude as the
      energy spread in the electron beam, and then substantially neutralising
      the resultant electric field established between the signal and electron
      beam scanned surfaces of the target.
PAR  Preferably the increasing voltage is a linearly rising ramp voltage.
PAR  During the period of the linearly rising ramp voltage the tube is connected
      such that it is capable of operating in the CPS mode and at the
      termination of the ramp voltage the target is pulsed to operate the tube
      in the APS mode prior to returning to CPS mode operation before the
      restart of the ramp voltage.
PAR  Preferably at the termination of the ramp voltage and only during APS mode
      operation the electron beam intensity is increased so that the electric
      field is rapidly neutralised.
PAR  Advantageously after the completion of the APS mode of operation, but
      before restarting the ramp voltage, when the target is again operating in
      the CPS mode, the electron beam intensity is again increased to
      substantially neutralise positive charge occuring on the electron beam
      side of the target.
PAR  During operation in the APS mode preferably either one of the tube anodes
      is pulsed by a sufficient potential to defocus the electron beam.
PAR  A circuit arrangement includes a pyroelectric camera tube having a high
      resistivity target and which is substantially evacuated of gas, means for
      generating an increasing ramp voltage so as to provide a pedestal voltage
      of substantially the same order of magnitude as the energy spread in the
      electron beam, and means for substantially neutralising the electric field
      produced by the ramp voltage between the signal and electron beam scanned
      surfaces of the target.
PAR  A pyroelectric camera tube for operating in accordance with this invention
      includes means for producing a scanning electron beam, a high resistivity
      target and means for projecting onto the target a thermal image, wherein
      the tube is substantially evacuated of gas.
PAR  Preferably the tube is pumped to a pressure of 10.sup.-.sup.6 torr.
DRWD
PAR  The invention will now be described, by way of example, with reference to
      the accompanying drawings, in which,
PAR  FIG. 1 shows a schematic diagram of a pyroelectric camera tube for use in
      accordance with this invention,
PAR  FIG. 2 shows a target electron beam-landing characteristics, and
PAR  FIGS. 3, 4 and 5 show in diagrammatic manner timing waveforms applied to
      the signal plate and the control grid respectively, and the electron gun
      beam current resulting from variation of the control grid voltage for the
      tube shown in FIG. 1 to operate in accordance with this invention, and
PAR  FIGS. 6, 7 and 8 show alternative diagrammatic waveforms applied to the
      signal plate and the control grid respectively, and the resultant electron
      beam current for the tube shown in FIG. 1.
DETD
PAR  The pyroelectric camera tube shown in FIGS. 1 includes within a sealed
      envelope 1, a cathode 2 for producing an electron beam 3 which is directed
      towards a triglycine sulphate target 4 and mesh 5 by a control grid G1, a
      first anode G2 and a wall anode G3. The electron beam 3 is scanned over
      the rear of the target 4 surface by focusing and scanning coils 6 and
      signals produced by the discharge of target elemental capacitors (not
      shown) are transferred for utilization over signal lead 11. Positioned in
      front of the target 4 and forming a closure for the tube is a germanium
      window 7 which transmits thermal energy to the target 4. Prior to the
      thermal energy reaching the target 4 it is focused thereon by a germanium
      lens 8 which is positioned in front of the window 7 and so that thermal
      charges are produced on the target 4 a shutter 9 driven by a motor 10 is
      placed between the window 7 and the lens 8. The operating voltages shown
      in FIG. 1 are fed to the appropriate electrodes from a camera unit only
      part of which, the ramp and pulse generator 12, being shown for clarity.
PAR  As so far described the tube is conventional but unlike known tubes having
      a high resistivity target (greater than 10.sup. 11 .OMEGA. cm), for
      operation in the CPS mode, the present tube is pumped to a low pressure of
      the order of 10.sup.-.sup.6 torr. Further unlike conventional pyroelectric
      tubes the normally provided conducting ring is eliminated since it has
      been found that this ring produces a bright annulus in a resultant
      picture.
PAR  Referring to FIG. 2, a typical target electron beam landing characteristic
      is shown having a voltage abscissa and logarithmic scale ordinates of
      current. The abscissa axis is representative of the amount the target 4 is
      driven negative by the landing electron beam and also indicative of the
      spread of the electron beam energy striking the target, and the ordinate
      axis shows the corresponding target signal lead 11 output current.
PAR  Suppose the target is not provided with a pedestal voltage, then the target
      is driven a few volts negative thereby producing a signal output in the
      picoampere range. It will be seen from this characteristic that a
      typically 0.05v pedestal voltage provided in known camera tubes by the
      positively charged gas produces an output signal in which the working
      level of the target is 5 .times. 10.sup.-.sup.9 A. The present invention
      provides a pedestal voltage of substantially the same order of magnitude
      as the energy spread in the electron beam (typically 0.2v) thereby
      increasing the working level of the target to 2 .times. 10.sup.-.sup.8 A.
PAR  The pedestal voltage is achieved, in operation, from the linearly rising
      ramp voltage generator 12 connected to the signal lead 11, the timing
      waveform of this generator being shown in FIG. 3. It is required that the
      0.2v pedestal voltage is achieved in one frame (1/25 sec.) so that the
      ramp rate is 5v/sec. and the ramp is allowed to rise for 20 sec. It will
      be realised by those skilled in the art that the ramp rate may be
      increased to increase even further the target output current.
PAR  During the period of the rising ramp voltage the electron beam current
      (shown in FIG. 5) is substantially constant at 20 .mu.A, the grid G1 is at
      a normal operating level of -15v (as shown in FIG. 4), and the tube is
      thus operated in the CPS mode. At the end of the 20 sec. period the signal
      side (front) surface of the target is at 100v and the scanned (rear)
      surface of the target is at 0v so that an electric field is produced
      between the front and rear surfaces of the target. It will be remembered
      that the target 4 may be considered as a plurality of elemental capacitors
      and so as to neutralise the electric field, i.e., discharge the elemental
      capacitors, the voltage on the signal lead 11 is pulsed to 240v by the
      generator 12 thereby switching the tube into the APS mode. Thus, secondary
      electrons liberated by the target rapidly raise the potential of the
      electron beam scanned side of the target to that of the signal side
      (240v). At substantially the same instant of time grid G1 is pulsed to 0v
      so that the electron beam current is increased to 100 .mu.A thereby
      decreasing the time taken to neutralise the electric field. After a time
      duration equivalent to two fields (1/25 sec.) the elemental capacitors are
      substantially discharged and the grid G1 is pulsed to -50v and the
      electron beam turned off for one field (1/50 sec.). During this latter
      period the signal lead potential is brought back to 0v prior to
      re-starting the ramp voltage generator and the cycle of operation
      repeating.
PAR  An alternative manner of operating the tube shown in FIG. 1 is shown
      schematically by the waveforms of FIGS. 6, 7 and 8. From FIG. 6 it will be
      seen that the ramp voltage now starts at 10v, instead of 0v as shown in
      FIG. 3, so as substantially to reduce potential variation across the
      target 4 produced whilst operating in the APS mode. Since the ramp rate
      has been maintained at 5v/sec the ramp duration is reduced to 18 sec after
      which time the signal lead 11 is pulsed to 240v to switch the tube into
      APS mode operation.
PAR  At substantially the same instant of time grid G1 is pulsed from -25v to 0v
      (see FIG. 7) so that the electron beam current is increased to 300 .mu.A
      thereby decreasing the time taken to neutralise the electric field. After
      a time duration equivalent to one field (1/50 sec.) the elemental
      capacitors are substantially discharged and the grid G1 is pulsed to -50v
      and the electron beam turned off for one field (1/50 sec.).
PAR  During this latter period the signal lead potential is brought back to 10v.
      The electron beam current (FIG. 8) is then increased to 300 .mu.A by
      pulsing control grid G.sub.1 to 0v for the duration of the next two fields
      (1/25 sec.) to neutralise any positive charge which may occur on the
      electron beam side of the target and to ensure that the whole surface of
      the electron beam side of the target 4 is at cathode potential when the
      ramp is restarted. The cycle of operation is then repeated.
PAR  When the tube is switched into the APS mode by pulsing the target to 240v a
      non-uniform charge distribution on the beam side of the target may be
      produced due to redistribution of electrons across the target during the
      APS mode period of operation or inhomogeneities in the secondary electron
      emission coefficient of the target material. To reduce this effect a
      voltage pulse may be applied to either G.sub.2 or G.sub.3 (to alter their
      electrode voltage by 100v) to defocus the beam during the APS period.
PAR  Because the beam current and pedestal voltage are independent of one
      another the pedestal level may be raised instantaneously without altering
      the beam current. For example, if the tube is operated black moving a hot
      thermal overload will push the target potential below cathode potential
      and the signal will be clipped to the level of the ramp pedestal voltage.
      However, the pedestal voltage may be increased momentarily during hot
      signal overloads to read off the charge completely, by increasing the ramp
      rate.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of operating a pyroelectric camera tube having a high
      resistivity target presenting a front face from which video signal are
      read off, a rear face adapted to be scanned by an electron beam, and
      cathode means for producing the electron beam, which comprises the steps
      of:
PA1  a. operating the pyroelectric camera tube under conditions which establish
      cathode potential stabilized mode of operation thereof;
PA1  b. during step (a), applying an increasing ramp voltage to the front face
      of the target of the pyroelectric camera tube while scanning the rear face
      of the target with the electron beam, and controlling the rate of increase
      of the ramp voltage with respect to the energy spread of the scanning
      electron beam so as to produce a pedestal voltage during the cathode
      potential stabilized mode of operation;
PA1  c. terminating the increasing ramp voltage at a selected potential and
      pulsing the front face of the target in a positive direction relative to
      the cathode to operate the tube in anode potential stabilized mode until
      the potential of the rear face of the target is raised to said selected
      potential; and then
PA1  d. pulsing the front face of the target negatively with respect to the
      cathode so that the tube is returned to cathode potential stabilized mode.
NUM  2.
PAR  2. The method according to claim 1 wherein said pedestal voltage is in the
      order of 0.02 volts.
NUM  3.
PAR  3. The method according to claim 2 wherein said ramp voltage is linearly
      increased.
NUM  4.
PAR  4. The method according to claim 3 including the step of increasing the
      intensity of the electron beam during step (c).
NUM  5.
PAR  5. The method according to claim 1 wherein said ramp voltage is linearly
      increased.
NUM  6.
PAR  6. The method according to claim 1 including the step of increasing the
      intensity of the electron beam during step (c).
NUM  7.
PAR  7. The method according to claim 6 wherein said pedestal voltage is in the
      order of 0.2 volts.
NUM  8.
PAR  8. The method according to claim 7 wherein said ramp voltage is linearly
      increased.
NUM  9.
PAR  9. The method according to claim 6 wherein said ramp voltage is linearly
      increased.
NUM  10.
PAR  10. A circuit arrangement including a pyroelectric camera tube having a
      high resistivity target providing an electrically conductive front face
      adapted to receive a thermal image and a rear face adapted to be scanned
      by an electron beam, cathode means for scanning said rear face with an
      electron beam, an enclosing envelope which is evacuated, and means for
      normally operating said tube in cathode potential stabilized mode; and
PA1  ramp generator means connected to said front face for periodically
      producing an increasing ramp potential thereon in which the potential
      increases at a rate related to said scanning electron beam to produce a
      selected pedestal voltage, for pulsing said front face positively with
      respect to said cathode means when said ramp potential reaches a selected
      value so as to operate said tube in anode potential stabilized mode until
      the potential of said rear face reaches said selected value, and for
      thereafter pulsing said front face negatively with respect to said cathode
      means so that the tube is returned to cathode potential stabilized mode.
NUM  11.
PAR  11. A circuit arrangement as defined in claim 10 wherein said envelope is
      evacuated to a pressure of 10.sup.-.sup.6 torr.
NUM  12.
PAR  12. A circuit arrangement as defined in claim 10 wherein said cathode means
      includes a control grid for controlling the intensity of said electron
      beam, and including means for pulsing said control grid to increase the
      intensity of said electron beam when the tube is operating in anode
      potential stabilized mode.
NUM  13.
PAR  13. A circuit arrangement as defined in claim 10 wherein said ramp voltage
      increases linearly.
NUM  14.
PAR  14. A circuit arrangement as defined in claim 12 wherein said envelope is
      evacuated to a pressure of 10.sup.-.sup.6 torr.
NUM  15.
PAR  15. A circuit arrangement as defined in claim 14 wherein said ramp voltage
      increases linearly.
NUM  16.
PAR  16. A method as recited in claim 1 including after step (d) the additional
      step of increasing the intensity of the electron beam so as substantially
      to neutralize the positive charge occurring on the rear face of the
      target.
NUM  17.
PAR  17. A method as recited in claim 1 wherein said pyroelectric camera tube is
      provided with a pair of additional anodes for guiding said electron beam
      to said target, said method including during step (d) the additional step
      of applying a voltage pulse to at least one of said additional anodes so
      as to defocus said electron beam.
NUM  18.
PAR  18. The method of producing a pedestal voltage in a pyroelectric camera
      tube having a high resistivity target presenting a front face from which
      video signals are read off, a rear face adapted to be scanned by an
      electron beam, and cathode means for producing the electron beam, which
      comprises the steps of:
PA1  a. operating the pyroelectric camera tube under conditions which establish
      cathode potential stabilized mode of operation thereof; and
PA1  b. during step (a), applying an increasing ramp voltage to the front face
      of the target of the pyroelectric camera tube while scanning the rear face
      of the target with the electron beam, and controlling the rate of increase
      of the ramp voltage with respect to the energy spread of the scanning
      electron beam so as to produce a pedestal voltage during the cathode
      potential stabilized mode of operation.
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ABST
PAL  Weapons system for both detection and affecting of stationary or moving
      objects. A laser beam is generated at a relatively low power level and
      caused to monitor, as by sweeping, a predetermined zone or space. Said
      laser beam or a portion thereof is reflected by and from an object
      appearing within said zone or space and is sensed by suitable detection
      means. The detection means provides the input to a computer which then
      locks the generator onto said object and simultaneously increases the
      power emitted therefrom to a predetermined higher, as destructive, value.
      Friendly objects operating within the same area can be caused to emanate a
      signal beam which is sensed simultaneously with the sensing of the
      reflected laser beam and prevents the actuation of the computer.
BSUM
PAR  The invention relates to a weapon system for the detection and fighting of
      either stationary or moving objects, particularly missiles flying at
      supersonic speed. It is already known to have weapon systems in which
      detection equipment is coupled with separate fighting equipment, e.g.,
      slave systems. For these purposes, mainly radar systems in the microwave
      range are used as detection equipment. Due to the relatively long
      wavelength, however, only a comparatively inaccurate detection of objects
      is possible since the detection sensitivity is a function of the
      wavelength which, in the known cases, is in the relatively high centimeter
      range. In addition, the known detection systems require use of large and
      heavy reflectors for the directional bunching of radar beams because the
      reflector diameter must be proportional to the wavelength of the beams
      used. Such detection equipment is associated with computers and remote
      guidance systems, etc., and connected with fighting equipment, e.g.,
      rocket launchers, guns, etc., with the detection data controlling the
      weapons to be employed. However, these known weapon systems have numerous
      shortcomings. The complicated engineering required leads to a considerable
      reduction in flexibility of the weapons system. The measures for the
      steady and synchronous functioning of the completely different equipment
      for detection on the one hand and fighting on the other, are very
      extensive and costly.
PAR  It is the object of the invention to provide a weapon system whose
      detection equipment can at the same time be used as fighting equipment.
      This task is solved by the fact that in the 8-11 .mu. output wave range, a
      CO.sub.2 infrared laser with reduced output powder provides, together with
      a detector, a suitable optical system and a computer, a detection unit for
      sensing and identification of stationary or moving objects, as well as
      determining the paths of the latter, at long to short range and, with full
      output power, provides a fighting weapon controlled by the computer. To
      obtain a high output power, in addition to carbon dioxide, gas additives,
      e.g., helium or nitrogen, can be used for operating the CO.sub.2 infrared
      laser, and furthermore additives of rare carbon and oxygen isotopes can be
      used for changing the wavelength so as to attain ranges of extremely low
      atmospheric absorption.
PAR  These features lead to a considerable simplification in the engineering of
      the weapons system, remarkable increase in operational readiness and
      effect upon enemy targets and, in addition, eliminate the sources of
      trouble which have arisen in the past and which are to a great extent
      caused by the differences between the various kinds of detection and
      fighting equipment.
PAR  In detail, the invention suggests that the infrared laser consists of a
      folded optical system. In order to reduce the power output, it is possible
      to use only a small part of the system. At full power all discharge paths
      can be activated. This feature permits smaller size and increases the
      operational flexibility of the entire weapon system.
PAR  In order to make the highly amplified radiation of a laser operating at
      full output power useable in the weapon system according to the invention,
      the invention suggests that liquified gases, e.g., liquefied air or
      gas-liquid mixtures, be used for cooling the gas mixture employed as a
      laser gas and that the mirrors of the infrared laser resonator be cooled
      by means of liquefied gas or gas-liquid mixtures.
PAR  A special embodiment of the invention provides that the infrared laser be
      equipped with a double cylinder cathode and/or anode, and, to increase the
      infrared laser output power, that mirrors be used, made from material on
      which appropriate materials, preferably multilayered dielectrics, have
      been vapor-deposited.
PAR  For this purpose, a cathode is produced which effectively draws off the
      ions, without the beam path of the laser light between the mirrors being
      influenced by the device. This is achieved by having a double metal
      cylinder, preferably aluminum, with a large surface, arranged as a
      cathode. Furthermore, the invention provides that the double metal
      cylinder be hollow or that it have passages and that it be equipped with
      an adjusting screw for adjustments in elevation. These features permit on
      the one hand additional cooling and, on the other, symmetrical discharge
      along the laser discharge tube.
PAR  The invention suggests, as another measure to permit use of the full
      high-energy output radiation, that the infrared laser be provided with a
      highly reflecting, cooled rotating mirror for beam dispersion. This
      measure reduces the high energy density at the laser exit and considerably
      reduces surface loading on the transmitting mirror.
PAR  This mirror is a rotating body, the exterior of which has a reflecting
      coating of suitable vapor-deposited layers (preferably metal or
      dielectrics); it is preferably toroidal or spherical, rotated about a
      stationary axis by means of cooling agents, preferably liquid helium,
      flowing in under pressure. The incoming cooling agents are directed by
      vanes mounted on the interior surface of the rotating body with a
      reflecting coating; in a special version these vanes do not touch the
      interior surface of the mirror area. This measure distributes the energy
      absorbed by the mirror surface per time unit over a considerably larger
      area and keeps the heat buildup in the mirror body within controllable
      limits.
PAR  In addition, it is suggested that the gas used for cooling the mirror be
      used simultaneously as a bearing for the rotating body at the rotation
      axis. This measure ensures extremely smooth running and rotational
      precision.
PAR  One embodiment of the invention suggests that the rotation axis of the
      rotating body with exterior reflective coating be provided with several
      concentric and coaxial passages. The cooling agent, which flows in under
      high pressure, is preferably directed through the innermost passage, and
      the exhaust gases through the return channel, while the gases intended for
      the gas bearings are separately directed through the outer passage. This
      measure permits a space-saving design of the device according to the
      invention.
PAR  It is also suggested that the rotation axis have auxiliary starting
      bearings in the counter-bearing of the rotating body. Centering of the
      rotation axis is thus ensured at rest and during the starting period.
PAR  In addition, it is suggested that surrounding the inlet tube, another
      cylindrical jacket be provided at a certain distance therefrom, which
      delimits the vacuum chamber. Thus the cooling agent flowing in is
      thermally insulated against the environment. Furthermore, it is suggested
      that the inlet passage for the cooling agent and propellant terminate in a
      nozzle--preferably a ring nozzle--and that the inlet passage be mounted on
      the inside of the vacuum chamber by means of supporting webs.
PAR  Another measure of the invention which suggests that the entire rotating
      mirror arrangement be placed in a helium gas atmosphere with a specific
      pressure range or in a vacuum, also facilitates thermal insulation and
      prevents fogging of the rotating mirror.
PAR  As another specific measure for the advantageous use of a CO.sub.2 infrared
      laser in a weapon system, the invention provides three dimensional
      positioning of the axis of the rotating mirror in relation to the laser
      axis, by means of actuators; furthermore, that for further changes of the
      focal distance and beam direction of the infrared laser system, a
      parabolic coolable transmitter mirror be provided, its position together
      with the rotation mirror being changeable in three dimensions by means of
      a computer.
PAR  In order to use the full output power of the laser, the invention provides
      a definitely dimensioned pressure drop tube at the beam exit instead of
      the beam exit window so far in use, and a pump attached to a stub at the
      pressure drop tube, for reducing the gas pressure from ambient air
      pressure to the laser resonator pressure.
PAR  It is suggested that, at the exit end, a gas plug of a suitable gas be
      placed in front of the laser resonator opening in a specifically
      dimensioned tube. Furthermore a pump stub with an attached pump is
      provided to produce a pressure drop along the tube from ambient air
      pressure of, e.g., about 760 Torr to the laser resonator pressure of,
      e.g., about 10 Torr.
PAR  In an advantageous way, the invention suggests that a highly transparent
      gas, e.g., nitrogen, be used for the gas plug.
PAR  Furthermore it is suggested that, in addition to a pump for the active
      laser gas, another pump be arranged for producing the gas plug and that
      this pump have a gas efflux device in front of the opening of the pressure
      drop tube. This measure permits pumping out hot laser gases without having
      them pass by the mirrors, so that excessive heating is avoided.
PAR  Furthermore, the invention provides that boundary layer combs be arranged
      at the opening of the pressure drop tube, producing light turbulence which
      is required for high fluid drag.
PAR  Thus, the invention provides that the weapons system consist of an infrared
      laser, a rotating mirror and a parabolic mirror as a transmitting system,
      to which a receiving system is connected consisting of receiving mirrors,
      detectors and amplifiers, coupled with a computer; the computer
      controlling the power supply of the infrared laser simultaneously controls
      the mirrors of the transmitting and receiving system and, in addition,
      this computer automatically switches the infrared laser to full power
      during target acquisition and focusing of the system upon the target
      object. These features result in synchronizing of the individual elements
      of the entire system according to the invention without additional control
      elements being required. the required times are thus considerably reduced.
      A specific embodiment of the invention provides that for detection, a
      small, dimensioned infrared laser controlled by the same computer be
      employed against the detected targets.
PAR  For the cases requiring particularly high output powers, the invention
      provides that several amplifier stages be connected behind the infrared
      laser.
DRWD
PAR  The invention is described and illustrated in the following so that further
      advantages and features of the invention can be understood. The figures
      show:
PAR  FIG. 1 a block diagram of the entire weapons system according to the
      invention,
PAR  FIG. 2 a diagram of a folded laser resonator,
PAR  FIG. 3 the schematic structure of a laser with pressure drop tube,
PAR  FIG. 4 the schematic structure of a laser with amplifying means,
PAR  FIG. 5 a section of the laser electrode according to the invention,
PAR  FIG. 6 a section of the rotating mirror according to the invention,
PAR  FIG. 7 a schematic diagram of the windowless termination of the laser
      resonator cavity.
DETD
PAR  A stationary or moving object is sensed by the infrared radar system
      consisting of the laser 100, 110, 210 operating at reduced power, the
      transmitting mirror system 11, 14 and the receiving mirror system 12, 13,
      coupled with a computer 40, which in turn controls the transmitting system
      10 according to the values measured by receiver 20. The determination of
      the object's three-dimensional angle is performed by means of the position
      in space of the transmitting and receiving systems and the distance of the
      object is determined by measuring the propagation period of the laser
      light, which is preferably done by a modulation of the output beam with a
      function of time and a comparison of the received function with the
      modulated function.
PAR  To obtain a particularly favorable output wave range between 8 and 11 .mu.
      a CO.sub.2 gas laser is used, the laser gas of which preferably contains
      rare carbon or oxygen isotopes; the beam emitted by such a laser, is
      scattered and absorbed to only a minute degree in the terrestrial
      atmosphere, even when the latter contains increased quantities of water
      vapor, carbon dioxide, dust or other particules. The employed infrared
      laser 100, 110, 210 serves at the same time for both a searching and
      detecting device as well as a weapon. This laser numbers among the laser
      devices which permit the highest possible power output, particularly when
      its active gas is improved by additives of nitrogen, helium, etc., in its
      activation and cooling mechanism. The invention permits this by having the
      laser cavity especially well cooled by means of liquid gases and
      liquid-gas mixtures, e.g., liquid helium or liquid nitrogen, to keep the
      active gas at low temperatures and to achieve a larger yield for the laser
      radiation.
PAR  In the embodiment of the invention shown in FIG. 1, the laser 100, operated
      at low power, emits infrared radiation which is directed to the search
      area by means of a mirror system consisting of a rotating mirror 14,
      possibly already rotating, and a parabolic mirror 11. The focal distance
      of the mirror systems and thus the divergence or convergence of the
      infrared light leaving the system is determined by the position of the
      rotating mirror 14 in relation to the laser axis and to the axis of the
      parabolic mirror 11, the mirror system being controlled by a computer 40.
PAR  When there is a target in this area, it reflects part of the incident
      radiation. Part of this strikes the receiving parabolic mirror 12 which
      directs this portion by means of an auxiliary mirror 13 onto an infrared
      detector 21. The latter is adjusted such that the backgound radiation is
      suppressed and it reacts only when an object is in the target area. Based
      on changes in the focal distance and movement over the solid angle
      coordinates of the receiving mirror system 20 and the determination of the
      distance of the object from the detection system by measuring the
      propagation period of the laser beam, the electronic computer 40 can
      instantly and with a high degree of accuracy locate the target object in
      the area and can determine its flight path. Then the computer 40 controls
      the transmitting system 10, until the focal point of the transmitting
      system with a sufficiently small focal spot is adjusted to the target.
PAR  This process is continuously monitored by the receiving system 20, and the
      transmitting system 10 is thus continuously corrected by the computer 40,
      until the measurements of position and flight path of the object, if same
      is continuously moving, have been computed with sufficient accuracy to
      coincide with the mirror control and adjustment of the focal length of the
      system. To prevent sensing of friendly targets they can be identified by
      having them continuously transmit a frequency which is recognized by the
      receiving system 20. After sensing and checking, such target objects are
      eliminated by the computer 40. In these cases, the computer signal for
      emitting the full output power of the infrared laser 100, 110, 210 can be
      blocked.
PAR  After an unidentified or enemy object has been detected and after its
      position and flight path have been determined, and after the laser
      transmitter system 10 has been adjusted and the rotating mirror 14 has
      been energized, the infrared laser 100 is switched to full power by the
      computer, e.g., from a 10 kW power during detection to 10 MW during
      continuous operation or to an even higher power in pulse operation of
      Q-switch operation. When a rotating mirror is used for the Q-switch
      position, power can be increased, e.g., from 10 MW to more than 100 MW.
      With sufficient refocusing by the transmitting mirror system 10, whose
      parabolic mirror diameter 11 determines the smallest focal spot diameter,
      this output power is sufficient to melt or vaporize, at the focal spot,
      any conceivable material regardless of wall thickness, within fractions of
      a second, and at long ranges.
PAR  As the output radiation of the laser is propagated into space at the
      velocity of light, even targets at long range can be destroyed with
      extreme speed, almost immediately after identification, while in all
      systems so far used, e.g., rocket defence systems, the time elapsing until
      destruction of the target, became relatively long due to the time involved
      between detection, determination of the flight path, rocket launching and
      attainment of maximum velocity. The velocity of light is higher by a
      factor of at least 10.sup.5 than the speed of the rocket; thus, the
      invention permits a considerably shorter time period between detection,
      determination of the path and destruction of the hostile object. At the
      same time, it becomes possible that, e.g., a great number of approaching
      hostile objects can also be detected and destroyed even far beyond the
      frontiers of one's own country.
PAR  To make the system independent of electrical supply networks, which are
      susceptible to trouble, the invention provides that a heat source 30 with
      a sufficiently high output power, e.g., 10.sup.9 W, be used, the energy of
      which is converted into electrical energy, e.g., via steam turbines or MHD
      generators 31. To obtain the required output energy of 1 MW, the laser
      discharge tube must be very long. However, to obtain a relatively short
      total length, it is advisable to install a folded system.
PAR  FIG. 2 is a diagram of an embodiment of the invention. In the folded
      optical laser system, each portion of the laser cavity can be used as a
      path of discharge 50. In addition to compactness this also permits
      variable output power by energizing different ones of partial paths of
      discharge, depending upon whether two, three or four, etc., of the partial
      paths of discharge 50 are energized.
PAR  FIG. 2 shows the schematic structure of such a laser system. The resonator
      cavity with its beam exit window 58 encloses so-called partial paths of
      discharge 50 limited by gas flow guide walls 51 and equipped with mirrors
      52 at the two ends. At the front end of the overall system, there is a
      main anode 54, preferably a double cylinder anode, which has an
      intermediate cathode 56 at the end of the partial path of discharge 50.
      The latter has an intermediate anode 55 at the end of the next partial
      path of discharge 50 and so on, continuously, to the main cathode 53 at
      the beam exit window 57. The intermediate anodes 55 and intermediate
      cathodes 56 can also be designed as double cylinders.
PAR  Another advantage of this embodiment is the cooling to obtain low wall
      temperatures of the laser discharge tube, such cooling being more easily
      obtained by this embodiment.
PAR  FIG. 3 shows an embodiment of a laser in which the exit window 58, normally
      used for laser radiation, has been replaced by an open tube 60 for the
      pressure drop from ambient air pressure of about 760 Torr to the laser
      resonator pressure of, e.g., about 10 Torr, in order to prevent absorption
      by the window material. For this purpose, a tube, open at both ends is
      used, the inside width and length of which have been determined by
      aerodynamic calculations. Attached to this pressure drop tube 60, in the
      vicinity of the end facing the laser resonator, is a stub tube 71 with an
      attached pump 70 having a high suction capacity. This pump 70 generates a
      high gas velocity between the ambient atmosphere and the stub tube 71.
      With an appropriate pumping capacity, the aerodynamic resistance in the
      pressure drop tube 60 reduces the atmospheric pressure at the outside end
      59 with respect to the laser end 58 to at least the operating pressure in
      the laser generator. This prevents the surrounding air from penetrating
      into the resonator and degrading the performance of laser 210.
PAR  This design according to the invention results in a laser 510 without
      windows, which, due to the gas plug 72 in the pipe opening, eliminates any
      absorption losses as the laser light leaves the resonator. The gas plug
      72, consisting of a gas with high transparency in the wavelength range of
      the laser, e.g., nitrogen, is generated by a gas efflux device 73 in front
      of the opening 59 of the pressure drop tube 60 associated with pump 70.
      Provided a gas is selected which is suited to the laser wavelength, little
      or no scattering of the laser light occurs in the rapidly flowing gas of
      gas plug 72 in pressure drop tube 60.
PAR  Also falling within the scope of the invention are all devices which have
      smaller dimensions and reduced output and are mounted on vehicles or in
      stationary installations and are used against close targets. Here,
      infrared radar detection may possibly be dispensed with and visual or
      microwave detection equipment may be used. Visual detection has, however,
      the disadvantage of high atmospheric attenuation and absorption. In the
      presence of cloud layers, failures, can be expected even at short ranges.
      Radar detection has the disadvantage that owing to the long wavelength, it
      may not be sufficiently accurate, even when large transmitting reflectors
      are used. Also included within the scope of the invention are arrangements
      in which the mirrors 11, 12 are stationary, both at the transmitter and
      the receiver end and in which only the auxiliary mirror 13 and rotating
      mirror 14 are moved in three dimensions by the computer 40.
PAR  In the embodiment of the invention shown, the computer 40 controls
      parabolic mirrors 11, 12 by means of actuators 16, 17, while the rotating
      mirror 14 is controlled by means of actuator 15 and also obtains its
      control pulses from the computer. The auxiliary mirror 13 can also be
      provided with a separate actuator, not shown.
PAR  FIG. 4 shows an embodiment of the invention for a further increase of the
      laser system output power, characterized in that an infrared laser 100 is
      followed by amplifier stages 80, preferably consisting of mirror-less
      discharge paths and preferably operated by the same gas mixtures as the
      laser itself.
PAR  The advantage is that laser mirrors 52 are subject to a smaller surface
      loading and, by increasing the laser light intensity in the subsequent
      stages, a very high output is obtained. The laser light entering the
      amplifier stages 80 is intensified by stimulated emission. By means of
      this procedure, is it possible, in a laser system as described above, to
      add a series of amplifier stages 80 to a laser 100 and, in this way, to
      exceed the performance of a single laser, which is limited due to mirror
      loading and heat buildup. The following describes details of the
      invention. FIG. 5 shows the laser electrode.
PAR  In a cylindrical tube 110, a second cylindrical tube 112 with a smaller
      diameter is supported by means of webs 111. Both tubes are preferably made
      from aluminum and form a double cylinder cathode.
PAR  The latter is attached by means of an adjusting screw 113, to a support pin
      114. The support pin is a part of the high tension line and its end is
      provided with threads 115. The threads are used to attach the support pin
      to bolt 116 which is made from a material with good thermal conductivity
      and is enclosed wholly or partially by a small cooling jacket 117. This
      cooling jacket 117 is provided with intake and discharge stube tubes 118
      and 119, respectively, for the cooling agent. Compressed air is suggested
      as a preferable cooling agent. The numeral 120 designates the sleeve of
      the high tension line and 121 is the insulation. Due to the glow
      discharges which can be achieved by means of such double cylinder
      electrodes and which effectively activate the laser gas, it is possible to
      obtain the very high efficiency and output capacities required, e.g., for
      a weapon system with CO.sub.2 laser. Also due to the steady glow discharge
      a constant output can be obtained, which is required for a laser detection
      system or a laser communication system.
PAR  The use of mirrors for high intensity light sources requires a cooling
      system. Water cooling is no longer sufficient for extremely high
      intensities such as may occur, e.g., in laser applications, preferably a
      high energy CO.sub.2 gas laser. According to the illustrative embodiment
      of the invention, a rotating mirror is placed in the laser beam. Due to
      the rotation of this mirror, the energy absorbed by the mirror per unit of
      time is distributed over an area considerably larger than that of the beam
      cross section. The factors which determine the area over which the
      incident energy is distributed are, in addition to the laser beam cross
      section, the rotational speed and diameter of the mirror.
PAR  FIG. 6 shows an illustrative embodiment of this mirror. This mirror is
      formed by a hollow rotating body 220 which is preferably toroidal or
      spherical and the outer surface 221 of which has a reflecting coating of
      suitable vapor-deposited layers, preferably metals or dielectrics. At the
      interior surface 222 of the hollow rotating body 220, deflection and guide
      vanes 223 are provided. These vanes deflect the gas for cooling hollow
      rotating body 220. This gas flows in under pressure by means of the ring
      nozzle 224, and is fed back into the gas return passage 233. To improve
      the cooling of the mirror area a gap 229 is left between the guide vanes
      and the interior surface of the mirror areas to ensure a good flow of the
      cooling agent over this interior surface.
PAR  The hollow rotating body 220 has a counterbearing 225 for the rotation axis
      230. At the upper end of the counterbearing 225, auxiliary starting
      bearings, preferably antifriction bearings, have been arranged, in which
      the end of the tube axis is supported. The rotation center 230 consists of
      various tubes with different diameters, which form concentric, coaxial
      passages 231, 232, 233, 234. The innermost passage 234 is used to feed
      under pressure, the cooling agent and propellant into the hollow rotating
      body 220. The end of this tube is provided with a nozzle 224, preferably a
      ring nozzle. By means of webs 227, this feed passage 234 is connected with
      a second tube which forms a vacuum chamber 232. Thus an especially good
      and simple thermal insulation is provided for the incoming cooling agent,
      against the ambient temperatures. Another tube with a larger diameter is
      also connected by webs 227 about this vacuum chamber, forming the return
      passage for the gas. This tube is enclosed by the rotation axis envelope,
      forming a passage 231 in which the gaseous coolant is also fed under high
      pressure to the nozzles 235 for the gas bearing 228. Gas bearing 228 or
      its volume is sealed against the ambient air by means of retaining ring
      236.
PAR  The hollow rotating body 220 is rotated rapidly by the cooling agent,
      preferably a gas liquid mixture flowing out of the ring nozzle 224 which
      while vaporizing, strikes the guide vanes 223 mounted at the inside 222 of
      the hollow rotating body 220.
PAR  When the hollow rotating body exceeds a certain minimum rotational speed,
      the gas bearing 228 assures exact centering and guidance of the rotation
      center 230 and lifts it from the auxiliary starting bearing(s). Thus, any
      bearing unbalance is prevented and absolutely smooth running and
      rotational precision are obtained. This effect is accentuated by the
      gyroscopic action of the hollow body.
PAR  The coolant flowing past the guide vanes 223 cools the inner wall of the
      mirror 222 to very low temperatures and is drained off via the return
      passage 233 through the rotation center 230 and is then scavenged for
      reuse. This scavenging system, which is not shown in the figure, also
      pumps the gas mixture in the required quantity into the gas bearings 228
      by means of a pressure device. The supply channel 231 with inlet nozzles
      235 serves for this purpose.
PAR  FIG. 7 shows another detail of the invention as shown in FIG. 3.
PAR  The laser resonator cavity 510 has a tubular body 320 of specific and
      suitable dimensions rather than the window normally used. This tubular
      body 320 has a stub tube with an attached pump 322, of a size determined
      by the aerodynamic resistance in the tubular 320; this pump causes the
      gases 325 drawn in at the opening 323, to undergo a pressure drop along
      body 320. This drop goes from ambient air pressure of, e.g., about 760 to
      the laser operating pressure, e.g., about 10 Torr, provided individual
      components are appropriately dimensioned. Therefore body 320 will
      hereinafter be referred to as pressure drop tube 320.
PAR  At certain wavelengths of the laser beam 315 which are attenuated in the
      atmosphere, it is advantageous to avoid pumping air through the pressure
      drop tube 320. Instead, a device 330, e.g., a blower, blows a gas in front
      of the opening 323 of pressure drop pipe 320. This gas is highly
      transparent, preferably in the laser wavelength range. It is then drawn
      through the pressure drop tube 320 by means of a pump 322, which thus
      forms a steady gas plug 331. These features which specify a certain type
      of gas in the pressure drop tube 320, have the advantage that, due to a
      slight interaction of the laser light 315 with this gas, no additional
      scattering and absorption take place in the highly turbulent gas
      atmosphere in pressure drop tube 320. To generate high turbulence in this
      pressure drop tube 320 more rapidly, the opening is provided with suitable
      means, e.g., boundary layer combs 324 whose function is to prevent a
      laminar flowing boundary layer on the wall of the pressure drop tube 320
      and to cause rapid formation of high turbulence in the flowing gas.
PAR  The invention covers all arrangements which prevent the formation of
      laminar flow boundary layers, e.g., baffle plates, deflection grids,
      counterflow blasts, etc. The laser resonator cavity with its mirrors 311
      is provided with a gas flow device 313 and a pump 314 which is arranged in
      front of the outlet mirror and pumps the inflowing laser gas out of the
      resonator cavity so that the hot laser gases need not pass by the mirrors.
      In this way, the mirrors are not subjected to high temperatures.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A system for detecting the presence of and inflicting damage on a
      stationary or moving object, comprising:
PA1  controllable carbon dioxide gas infrared laser means for producing an
      output beam of infrared radiation in the wave range of 8 to 11 microns,
      the magnitude of power contained in said output beam being controllable
      between a low output power level for a scanning and a high output power
      level for inflicting damage;
PA1  adjustable lense means in the path of said infrared radiation for
      controllably directing said infrared radiation for scanning a given zone;
PA1  detector means for locating said object in said zone by detecting infrared
      radiation reflected from said object and producing a signal;
PA1  control means for (1) effecting an adjustment of said adjustable lense
      means in response to said signal to maintain a directing of said infrared
      radiation at said object and for (2) effecting a change of the power level
      of said laser means from said low power level to said high power level to
      inflict damage on said object.
NUM  2.
PAR  2. A system according to claim 1, wherein said controllable laser means
      comprises means defining a folded optical system having first and second
      parts, said first part producing said low power output beam and said first
      and second parts combined producing said high power output beam.
NUM  3.
PAR  3. A system according to claim 2, wherein said first and second parts of
      said controllable laser means includes means defining an anode and a
      cathode, one of said anode and cathode having a first cylinder and a
      second cylinder located internally of said first cylinder to define a
      double cylinder, and further including means for supporting said one of
      said anode and cathode adjacent the carbon dioxide gas of said carbon
      dioxide gas laser means.
NUM  4.
PAR  4. A system according to claim 1, including means for cooling said infrared
      laser means.
NUM  5.
PAR  5. A system according to claim 1, wherein said adjustable lense means
      comprises means defining a parabolic mirror and a body having a reflective
      surface of rotation at the focal point of said parabolic mirror.
NUM  6.
PAR  6. A system according to claim 5, wherein said body is hollow and includes
      means supporting said body for rotation.
NUM  7.
PAR  7. A system according to claim 6, wherein the interior surface of said
      hollow body has a plurality of guide vanes thereon and wherein said
      support means includes means for supply a coolant agent to the interior of
      said hollow body and nozzle means for directing said coolant agent on said
      guide vanes to thereby effect a driving rotation of said hollow body.
NUM  8.
PAR  8. A system according to claim 7, wherein said hollow body is of a
      torroidal shape.
NUM  9.
PAR  9. A system according to claim 7, wherein said supply means on said support
      means is adapted to function as a bearing for said hollow body when said
      coolant agent is utilized for driving said hollow body.
NUM  10.
PAR  10. A system according to claim 7, wherein said support means further
      includes support bearings for permitting said hollow body to start
      rotation upon an initial application of said coolant agent thereto.
NUM  11.
PAR  11. A system according to claim 7, wherein said coolant agent is a gas.
NUM  12.
PAR  12. A system according to claim 7, wherein said coolant agent is a gas and
      liquid mixture.
NUM  13.
PAR  13. A system according to claim 7, wherein said support means comprises a
      hollow sleeve member extending into the interior of said hollow body to
      thereby define the axis about which said hollow body is rotated; and
PA1  wherein said supply means comprises a plurality of concentric hollow
      sleeves extending internally of said sleeve member and into said hollow
      body, said cooling agent being transmitted to the interior of said hollow
      body through the central one of said concentric sleeves and said cooling
      agent being exhausted from said hollow body between said central one of
      said concentric sleeves and at least one of said plurality of sleeves.
NUM  14.
PAR  14. A system according to claim 13, wherein said nozzle means is mounted on
      the inner end of said central one of said concentric sleeves.
NUM  15.
PAR  15. A system according to claim 7, wherein said lense means includes
      actuator means for adjusting the location of said hollow body relative to
      said focal point of said parabolic mirror.
NUM  16.
PAR  16. A system according to claim 15, wherein the operation of said actuator
      means is controlled by said control means.
NUM  17.
PAR  17. A system according to claim 16, wherein said adjustable lense means
      further includes means for supporting said parabolic mirror for movement
      to permit said directing of said infrared radiation at said object in
      response to said control means while said object is moving.
NUM  18.
PAR  18. A system according to claim 17, wherein said detecting means comprises
      a receiving mirror system for detecting said infrared radiation.
NUM  19.
PAR  19. A system accoring to claim 1, wherein said infrared laser means
      includes means defining a pressure drop tube concentrically encircling the
      axis of said output beam at the output end of said laser means; and
PA1  further including blower means for blowing a gas across the open end of
      said pressure drop tube means; and
PA1  further including pumping means for generating a pressure drop in said
      pressure drop tube means to define a gas plug.
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ABST
PAL  An apparatus is disclosed for examining a body by means of penetrating
      radiation in which the radiation is provided in the form of a sector
      subtending a predetermined angle at the radiation source and detected by
      an array of detectors in the plane of the sector. The source and detectors
      are scanned laterally in the plane of the sector and orbited about an axis
      perpendicular to that plane at an angular rate which takes account of the
      angle subtended by the sector. Output signals produced by the detectors
      related to radiation incident at different angles in the sector during the
      scanning movements, are used to construct a distribution of absorption
      coefficients for a planar slice of the body.
BSUM
PAR  This invention relates to apparatus for examining a body by means of
      penetrating radiation such as X- or .gamma.- radiation.
PAR  One example of such apparatus is described in U.S. Pat. No. 3,778,614 and
      according to this example, the apparatus comprises a scanning frame in
      which are mounted a source of radiation, say X-rays, and detecting means
      which face each other across an aperture in which the body of a patient
      can be located. The source of radiation and the detecting means are
      mounted for lateral scanning so the beam of radiation, to which the
      detecting means is sensitive, scans laterally across a planar section of
      the body, which it is desired to examine. Moreover, the scanning frame can
      be orbited in discrete small angular steps. As a consequence, output
      signals can be derived from the detecting means representing the
      transmission or absorption of the section of the body to the radiation
      from the source along a number of closely spaced parallel beam paths, one
      set of such paths being derived after each angular step of the orbital
      motion. From the many sets of output signals thus obtained a
      representation of a variable transmission or absorption of the plane
      section of the body under examination, is reconstructed.
PAR  With apparatus such as described in the aforesaid patent specification, the
      time occupied by the scanning is relatively long since the transverse
      scanning has to be sufficiently slow to allow an adequate photon count to
      be obtained for each of the closely spaced parallel beam paths. This
      renders the results obtained from parts of the patient's body liable to be
      obscured by movement of the patient's organs.
PAR  It is an object of this invention to reduce this disadvantage.
PAR  According to the invention there is provided apparatus for examining a body
      by means of penetrating radiation, such as X- or .gamma.- radiation,
      including source means for irradiating the body with said radiation,
      detector means for detecting the radiation after passage through the body,
      means for orbiting the source and detector means around the body so as to
      irradiate a planar section of said body from a plurality of different
      directions and means for moving the source and detector means laterally in
      said plane so as to scan said radiation across said planar section,
      wherein said detector means includes a plurality of detectors for
      producing output signals respectively related to the radiation incident at
      different angles within a sector of radiation emanating from said source,
      wherein linking means links said source means to said detector means to
      substantially prevent relative movement between said detectors and said
      sector of radiation, and wherein said orbiting means moves the said source
      and detector means at an angular rate which takes account of the angle
      subtended by said sector.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect one example of the invention will now be described with
      reference to the accompanying drawings in which:
PAR  FIG. 1 illustrates diagrammatically the scanning mechanism of the example,
PAR  FIG. 2 is a diagrammatic representation of the circuit for manipulating the
      output signals,
PAR  FIG. 3 illustrates diagrammatically a scanning mechanism showing a
      modification to the invention, and
PAR  FIG. 4 illustrates in detail part of the arrangement of FIG. 3.
DETD
PAR  Referring to the drawings, the apparatus comprises a rotary member which is
      rotatable inside a fixed casing member 2. The rotary member 1 has a
      central aperture 3 in which the body of the patient to be examined can be
      inserted, lying for example on a support 4. The body of a patient is
      represented in section by the outline 5. A retaining means in the form of
      a two piece collar 6a, 6b is provided for locating the patient, a water
      bag 7 or other absorbent material being inserted between the collar and
      the patient to avoid an air gap.
PAR  A toothed gear wheel 8, driven by a motor 9, is provided for driving the
      rotatable member 1 so as to produce orbital scanning of the patient around
      the axis of the rotatable member 1. The gear wheel 8 engages teeth formed
      round the inner periphery 10 of the casing member 2. The rotatable member
      carries a source 11 of penetrating radiation, X-radiation in this example,
      and facing the source 11 a bank of detectors 12.sub.1, 12.sub.2, ....
      12.sub.n. Each detector, which comprises a scintillator and a
      photomultiplier, has its own collimator, 13.sub.1, 13.sub.2, ... 13.sub.n
      respectively. The source of radiation is arranged to be an effective point
      source and it has a collimator 24 which confines the emergent radiation to
      a 10.degree. sector in a plane section normal to the axis of the rotary
      member 1. The collimators 13 are inclined as shown, subtending a total
      angle of 10.degree. at the point source of the radiation. There may be for
      example 30 detectors in the bank 12, and a corresponding number of
      collimators 13 inclined to each other at an angle of 1/3.degree.. In order
      to accommodate the detectors in a relatively confined space the pattern
      disclosed in our U.S. application Ser. No. 493,403 dated July 31, 1974
      (British Pat. No. 39145/73) may be adopted.
PAR  The source 11 is secured to a toothed belt 14 driven by a toothed drive
      shaft 15 journalled in the rotatable number 1, the belt being extended
      between the shaft 15 and a second undriven shaft 16 also journalled in 1.
      The shaft 15 is driven by a reversible motor (not shown) the controls of
      which are interlocked with those of the motor 9. Since the source 6 is
      massive, a counter balance weight 17 is provided, also secured to the belt
      14 so as to move reciprocably with the source. The detector 12 and
      collimators 13 are movable in fixed guides secured to the rotatable
      member, the guides being parallel to the longitudinal runs of the belt,
      and the source 11 is also provided with supporting guides. The detectors
      12 and collimators 13 are moreover linked to the source 11 by a yoke 19.
      In operation of the apparatus the belt 14 is driven to and fro by the
      reversible motor which drives the shaft 15 to cause the radiation from the
      source 11 to execute successive lateral tranverses in a plane section of
      the patient's body. The detectors and collimators follow this scanning
      movement, since they are linked to the source 11 by yoke 19, so that
      output signals are derived during any one lateral scan from the 30
      detectors, representing the transmission or absorption along 30 parallel
      sets of beam paths in the planar section under examination.
PAR  In the lateral scanning arrangement, referred to in relation to the
      aforementioned United States Patent, employing a single detector an
      orbital movement of the angle between adjacent sets of beams is produced
      between each lateral scan of the source and detector. This is repeated
      until the source and detector have moved through, for example,
      180.degree.. By using 30 detectors, in accordance with this example of the
      invention, sets of beams are produced such as would have been provided by
      30 orbital movements; in this example of one third of a degree each
      because the detectors are so inclined. Thus the lateral scan need only be
      repeated at 10.degree. intervals. This movement is therefore caused to
      occur by the motor 9 before the next lateral scan provides a further 30
      sets of output signals, this scan being in a reverse sense to the previous
      one. A photo cell device represented diagrammatically by the block 20, is
      provided to monitor the lateral scanning displacements. It will therefore
      be seen that a full 180.degree. orbital scan can be effected after only 18
      orbital steps instead of the 540 which would be required to produce
      parallel sets of beams at 1/3.degree. spacing, using only a single
      detector. The speed of scanning can therefore be relatively fast. If
      desired a further 180.degree. scan can be effected, after a sideways step
      of the detectors 12 and collimator 13, as described in U.S. application
      Ser. No. 489,084. Alternatively such a sideways step can be provided
      between each lateral scan and the orbital step only provided after two
      such scans. Thus two, displaced, lateral scans would be provided for each
      orbital position. If one of these expedients is adopted, the number of
      detectors 12 and collimators 13 may be reduced, the angle between adjacent
      collimators being doubled.
PAR  The use of a plural number of detectors does however give rise to another
      problem. The detector usually comprises a scintillator which is exposed to
      photons transmitted along the beam path to which the detector is
      sensitive. The scintillator converts the X-ray or .gamma. -ray photons
      into visible light impulses, and the detector also includes a
      photomultiplier tube for producing an output signal indicative of the
      numbers of photons impinging on the scintillator. However, it has been
      found in practice that the sensitivity of a detector is liable to drift
      during the time required for scanning. In addition, if more than one
      detector is used, differential drift can occur. These effects which can
      give rise to significant spurious signals, may be mitigated by means to be
      described hereinafter.
PAR  As represented in FIG. 1 two attenuating blocks 21 and 22 are fitted round
      the patient's collar 6a, 6b. These blocks may be made of perspex which has
      an absorption coefficient for X-rays similar to that of body tissue. The
      blocks are cut as shown to fit round the collar, but as they are secured
      to the rotating member 1, they must turn freely round the collar. They are
      held in position by suitable means not shown. It should be noted that the
      collar need not be exactly central provided the blocks can rotate properly
      about it. The blocks also extend laterally as indicated to allow
      monitoring to take place. A lead block 23 is positioned above the prespex
      block 21 near one side so that the segment of X-rays emerging from the
      collimators 24 when the source 11 is near one extremity of its travel is
      intercepted by the lead block. Moreover, after the sector of X-rays leaves
      the area bounded by the patient's collar 6a, 6b and before it reaches the
      lead block 23, it passes for a time through the attenuating blocks 21 and
      22 without other obstruction. Similarly, when the source 11 is near the
      other extremity of its travel the sector of X-rays passes only through the
      blocks 21 and 22. The chain dotted lines 25 and 26 respectively indicate
      the sector of X-rays at the left hand extremity of its travel and near the
      right hand extremity of its travel. A reference detector 27 is mounted
      close to the source of X-rays 11 so that it receives radiation through a
      collimator 28. The detector 27 is provided to monitor the energy of the
      X-ray source 11.
PAR  FIG. 2 is a block diagram illustrating the processing circuits for use with
      the scanning apparatus shown in FIG. 1. In FIG. 2 reference 27 indicates
      the reference detector while reference 12.sub.k indicates any one of the
      detectors in the bank 12.sub.1, ... 12.sub.n. The output signal of
      detector 12.sub.k is applied to a gate 30 which is opened at predetermined
      times by sampling pulses from a master control circuit 31. This master
      control circuit receives inputs from, inter alia, the photocell device 20
      and feeds out suitable control signals to the reversing motor for the
      shaft 15 and to the motor 9. The sampling pulses which it feeds to the
      gate 30 and the corresponding gates for the other detectors of the block
      12 are so timed as to cause each detector to feed out a succession of
      output signals corresponding to the transmission of a set of parallel beam
      paths. The orientation of the set of paths for the particular detector
      12.sub.k is determined by the respective collimater 13.sub.k and, of
      course by the particular angular setting of the rotatable member 1. During
      each sampling interval, the output of the detector 12.sub.k is integrated
      in an integrator 32 and then converted to digital code form in an analogue
      to digital converter 33. The signal generated during each sampling pulse
      is stored in its digital form in a store 34. The sector of X-rays is
      intercepted by the lead 23 only during alternate lateral traverses of the
      source 11, and therefore the corresponding output signal from each
      detector 12 is stored for the duration of two traverses. The signals of a
      particular parallel set in the store 34 include those obtained when the
      sector of X-rays was last intercepted by the block 23, those obtained in
      the particular traverse when the sector passed through the attenuating
      blocks 21 and 22 without other obstruction, and those obtained when
      passing through the zone bounded by the patient's collar. Gate 35 is
      provided for selecting the output signal derived from the detector
      12.sub.k at the time when the X-rays were intercepted by the lead. Another
      gate 36 is provided for selecting the signals generated at other times
      during a particular traverse by the detector 12.sub.k. The selection is
      controlled by sampling pulses provided by the master control circuit 31
      and the operation is such that whereas successive signals are selected by
      the gate 36 the "lead" signals are selected repetitively by the gate 35 at
      each sampling time. There are, therefore, two signals at each sampling
      time of the gates 35 and 36, and these two signals are applied to a
      digital subtracting circuit 37. This circuit is arranged to subtract the
      "lead" signals from the other signals so that after subtraction the other
      signals represent the transmission or absorption of the respective beam
      paths to the extent that they differ from that of the lead block 23. In
      this way the effect of "dark current" or "lag" in the detectors 12 is
      largely removed. The resultant signals are then fed to a dividing circuit
      38.
PAR  The reference detector 27, previously referred to, has an output gate 40,
      which receives sampling pulses from the master control circuit 31,
      coincident with the sampling pulses applied to the gate 30. Signals
      passing through the gate 40 are integrated in an integrator 41 and
      converted to a digital form in a converter 42, these components
      corresponding to the integrator 32 and converter 33. The digitised
      reference signals from the detector 27 are then passed to a store 43 and
      stored for the duration of the ensuing lateral scan. The signals in the
      store 43 are fed, under the control of a gate if desired to the aforesaid
      dividing circuit 38. In the dividing circuit each signal from the detector
      12.sub.k is divided by the corresponding signal from the store 43 to
      compensate for variations in the energy of the source 11. The signals so
      compensated are passed to a log converting circuit 45 which translates
      each of the signals from the detector 12.sub.k into its logarithm. The log
      signals are applied to two gates 46 and 47 which are controlled by pulses
      from the master control circuit 31. The gate 46 is opened when the sector
      of X-rays is passing through the area bounded by the patient's collar
      during any particular lateral traverse while the gate 47 is open when the
      X-rays are passing, without other obstruction through the blocks 21 and 22
      at the beginning of the same traverse. The outputs of gate 46 may
      therefore be termed the "picture" signals while that of the gate 47 may be
      termed the "reference" signal. The reference signal, in the case
      considered for the detector 12.sub.k, is read out repeatedly to coincide
      with each picture signal and it is subtracted from the picture signal so
      as to reference the latter to the transmission or absorption of perspex.
      It should be noted that it is not essential to reference the picture
      signals to the transmission of perspex as described provided some
      degradation of the picture is acceptable. If this step is omitted the
      circuit of FIG. 2 may be simplified and the size of the perspex blocks may
      be reduced by the extent of the lateral extension required for the
      monitoring. As a further development they may be entirely omitted
      providing other attenuating means are provided for equalising absorption
      across the scan.
PAR  In this example, however, the signals after referencing in this way are fed
      to a signal processor 50 to participate in the reconstruction of the
      variable transmissions or absorptions of the section under examination.
      This may be achieved as described in our aforesaid United States Patent or
      as described in our co-pending U.S. application Ser. No. 462,104. Of the
      components represented in FIG. 2 of the drawing those located below the
      line C may take the form of a digital computer which is appropriately
      programmed, and which feeds its output to a suitable picture
      reconstruction device. The collimators 13 in this example are each of
      width 2a in the plane of the sector of X-rays and the respective
      integrator 32 for each collimator is arranged to integrate for successive
      time intervals which equal approximately the time taken for the source 11
      and detectors 12 to travel a distance a. This is the sampling interval in
      this example of the invention. The integration interval is less than a
      only by the time necessary to read out and reset the integrator 32 between
      successive integrator periods. It can be shown that when the collimators
      are of width 2a and the integration for producing each output signal of a
      set is carried out over successive distances a the output signals derived
      from the circuit of FIG. 2 are as if derived from sampling beams of the
      cross sectional intensity indicated in FIG. 2a. Each beam is approximately
      4a wide and as shown overlaps the two adjacent beams on each side of it.
      The smoothing of the beam cross sectional intensity curve is attributable
      to factors including the fact that the radiation of the source 11 is not
      wholly uniform over the source aperture, but falls off from the centre.
      The beam intensity distribution approximates to a sinusoidal distribution
      and effectively band limits the output signals to a upper spatial
      frequency of (1/2a), namely half the sampling frequency.
PAR  In U.S. Pat. application Ser. No. 476,300, alternative means are provided,
      for presenting substantially the same profile to the radiation for
      different scanning positions, and any of these alternatives may be used to
      replace "Perspex" blocks 21 and 22. Preferably the blocks may take the
      form shown in FIG. 3. Blocks 21 and 22 are replaced by four shaped
      attenuators such as 51. It should be noted that the attenuators 51 could
      be joined if required to form one upper and one lower attenuator each of a
      saddle shape. As has been explained in the aforementioned application Ser.
      No. 476,300 these attenuators do not need to be in contact with the
      patient's collar 6a and 6b nor even to surround it providing that they are
      correctly shaped to provide approximately the required correction to the
      beam paths for all beam dispositions. In some circumstances it may not be
      possible to render the absorption, when the body is replaced by a constant
      reference absorber, entirely constant across the lateral scan, as is
      intended. However the computer arranged to process the output signals is
      programmed to take into account any residual variations in absorption due
      to causes other than the body. In this example the attenuators 51 are
      formed of aluminium, carbon or other suitable material. It should be noted
      that the use of aluminium attenuators may introduce variations of
      frequency distribution, of the radiation used, in the course of a scan. In
      that case the processing computer must be further programmed to correct
      the edge values after log conversion by varying them in relation to the
      amount of aluminium in the beam from the edge to centre.
PAR  The shape of the preferred attenuators is shown more clearly in FIG. 4. If
      a scanning procedure employing a single beam of radiation were being used
      the attenuators should have the shape of section 51.sub.1 to one side of
      the broken line (i.e., ignoring the portions 51.sub.2). If this were the
      case, the single beam, which corresponds to the central beam b in the
      sector of radiation actually used would be attenuated by a path of length
      2L.sub.1, in the position shown, through the attenuators only. However
      since a sector of radiation is actually being used, as hereinbefore
      described, inclined beams such as a and c will traverse different path
      lengths through the attenuators. For this reason extensions such as
      51.sub.2 are provided and shaped such that beam a traverses lengths
      L.sub.2 and L.sub.3 through the upper and lower attenuators, where the sum
      of L2 and L3 is approximately equal to 2L.sub.1. This equality cannot be
      achieved exactly for all beams in all the periods required, but by this
      means it is possible to arrange that all beams pass through substantially
      the same attenuation path length.
PAR  In relation to FIG. 1 an arrangement was described wherein the beams of
      radiation pass, at the ends of the scans, through a path entirely in the
      perspex blocks 21 and 22 to provide absorption recordings referenced to
      the absorption of perspex. In the arrangement described using metal
      attenuators the equivalent procedure is to pass the beams solely through
      the attenuators 51 together with the air gap between. However at the
      equivalent positions the attenuators 51 have been extended, as described,
      by extensions 51.sub.2 and would not provide the required path lengths for
      such referencing. In this example therefore the lead path has been
      provided as shown in FIG. 3 by four blocks of lead 23 at the extremes of
      the extensions. The attenuators are then continued beyond these positions
      with parallel sides to provide beam paths for the reference readings.
PAR  In this example of the invention to reduce the necessary size of the
      attenuators 51 the reference readings are taken in two parts at opposite
      ends of the linear scanning range. Referring to FIG. 3, those beams in the
      left half of the fan, i.e., to the left of line 52 are referenced to both
      lead and the attenuating material at the left hand and of the scanning
      range. Conversely those in the right half of the fan are referenced at the
      right hand end of the scanning range, i.e., to the right of line 53. The
      reference readings thus obtained are used not only for the scan following
      their being obtained but also for absorption readings, retained in a
      memory, for the previous scan. This may be important for the first scan
      for which there will be no prior reference values.
PAR  It will be appreciated that the signals for all the detectors 12 will be
      processed in the same way as described for the detector 12.sub.k. A number
      of modifications may be made to the example described. For example,
      instead of taking the reference readings, which are subtracted from the
      patient's reading in the circuit 48, through perspex, they may be taken
      through water enclosed in a suitable container or through some other
      medium. It will also be appreciated that the angles of the sector of the
      X-rays from the source 11 may differ for 10.degree. and the number of
      detectors 12 and collimators 13 may also be varied. Even if the number is
      as small as two, appreciable advantage can be obtained.
PAR  Furthermore the water bag inserted between the patient and the two piece
      collar may be replaced by other means for avoiding an air gap. A suitable
      alternative would be a polystyrene or rubber foam impregnated with an
      absorbing material such as lead or molybdenum so that the foam provides
      the same absorption as water. Such foam may be conveniently wrapped round
      the patient before the collar is fitted.
PAR  The solid attenuating material outside the patients collar 6a and 6b may be
      replaced by a water reservoir as described for example in U.S. Pat. No.
      3,778,614 or co-pending U.S. application Ser. No. 358,980.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for examining a body by means of penetrating radiation, such
      as X or .gamma. radiation, including source means for irradiating the body
      with said radiation, detector means for detecting the radiation after
      passage through the body, means for orbiting the source and detector means
      around the body so as to irradiate a planar section of said body from a
      plurality of different directions and means for moving the source and
      detector means laterally in said plane so as to scan said radiation across
      said planar section, wherein said detector means includes a plurality of
      detectors for producing output signals respectively related to the
      radiation incident at different angles within a sector of radiation
      emanating from said source, wherein linking means links said source means
      to said detector means to substantially prevent relative movement between
      said detectors and said sector of radiation and wherein said orbiting
      means moves the said source and detector means at an angular rate which
      takes account of the angle subtended by said sector.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said orbiting means moves said
      source and said detector means by approximately the angle subtended by
      said sector for each of said lateral scans.
NUM  3.
PAR  3. Apparatus for examining a body by means of penetrating radiation, such
      as X- or .gamma.- radiation, including source means for producing
      radiation within a planar sector with the radiation travelling along radii
      within said sector effectively from a point source, retaining means having
      an aperture in which the body to be examined can be located, detector
      means including a plurality of detector elements for detecting the
      radiation transmitted through said body along respective radial beam paths
      included in said sector, scanning means for repetitively concomitantly
      scanning said source means and said detector means laterally in said plane
      so that said radiation scans across a planar section in said body and
      output signals are derived from each detector element corresponding to a
      respective parallel set of rays passing through said section, and orbiting
      means for orbiting said source means and said detector means around said
      body so that said planar section is irradiated by said radiation from a
      plurality of different directions, said orbiting means moving said source
      means and said detector means through an angle approximating the angle
      subtended by said sector for each successive said lateral scan.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said orbiting means moves said
      source and said detector means in steps between said lateral scans.
NUM  5.
PAR  5. An apparatus according to claim 3 wherein said radiation passes through
      compensating attenuating material in addition to said body and said
      retaining means, said attenuating material being arranged so that said
      radiation suffers substantially the same absorption for any dimension of
      said body and of said retaining means in said plane, assuming the body to
      be of uniform absorption in said plane, said attenuating material being so
      shaped that the radiation transmitted along each of said beams is
      substantially equivalently compensated despite differences of angle within
      the sector.
NUM  6.
PAR  6. An apparatus according to claim 5 wherein said radiation passes through
      said attenuating material, without passing through said body or said
      retaining means, to provide absorption data relating substantially only to
      said attenuating material at predetermined points in said lateral scans,
      and said last mentioned data are used as reference values for the
      absorption data obtained from the preceding lateral scan, the absorption
      data relating to said attenuating material being obtained at one end of
      each lateral scan for the radiation in part of said sector and at the
      other end of each lateral scan for the radiation in the rest of said
      sector.
NUM  7.
PAR  7. An apparatus according to claim 5 wherein said attenuating material is
      aluminium.
NUM  8.
PAR  8. Apparatus according to claim 3 in which said scanning means produces
      alternate scans in opposing directions.
NUM  9.
PAR  9. Apparatus for examining a body by means of penetrating radiation such as
      X- or .gamma.- radiation, including source and scanning means for
      producing radiation within a planar sector with the radiation travelling
      along radii within the sector effectively from a point source, retaining
      means having an aperture in which the body to be examined can be located,
      said source and scanning means including means for displacing said
      effective point source of radiation so as to cause said sector to
      repetitively scan laterally in said plane so that said radiation scans
      across a planar section in said body, detector means including a plurality
      of detector elements for detecting radiation transmitted through said body
      along radial beams included in said sector, said detector means providing
      output signals relating to the transmission of said radiation along said
      beam during said scans, and orbiting means for orbiting said source and
      detector means around the body so that said planar section of said body is
      irradiated by said radiation from a plurality of different directions, and
      wherein said orbiting means moves said source and detector means through
      an angle approximating the angle subtended by said sector for each
      successive said lateral scan.
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ABST
PAL  A helium resonance lamp having a hollow cylindrical body including
      dielectric walls has a reentrant coaxial hollow element integral within
      said body and extending from one end thereof with an electrical conductor
      within said hollow element. A window partially transparent to 584A
      encloses the other end of said body. A hollow arm is integral with and
      extends from the body and contains a getter. High purity helium is
      maintained within the body at a pressure of 0.1 to 100 torr. The lamp is
      placed within a chamber connected to a vacuum system to be tested. Helium
      gas is sprayed near the suspected leak in the system. Helium entering the
      chamber from the system is detected and displayed.
PARN
PAR  This is a division of application Ser. No. 488,184, filed July 12, 1974,
      now U.S. Pat. No. 3,904,907.
BSUM
PAR  The present invention relates broadly to apparatus for and a method of leak
      detection in vacuum systems. More specifically, the invention relates to a
      helium resonance lamp and a system using such a lamp for such leak
      detection.
PAR  Available means for detecting small leaks in vacuum systems require high
      vacuum pumping. This results in the necessity of large and relatively
      expensive equipment.
PAR  It is an object of this invention to provide a helium resonance lamp.
PAR  It is a further object of this invention to provide a means for determining
      small leaks in a vacuum system using a helium resonance lamp.
PAR  Yet another object of this invention is to provide a small, light weight
      device for detecting small leaks in a vacuum system.
DRWD
PAR  These and other objects will become apparent from the following description
      taken together with the drawings wherein:
PAR  FIG. 1 is a schematic view of a cross-section of the helium resonance lamp
      of the present invention; and
PAR  FIG. 2 is schematic illustration of the leak detection system of the
      present invention.
DETD
PAR  Turning now to FIG. 1 there is shown therein a preferred embodiment of a
      helium resonance lamp used in the present invention. The basic structure
      of the lamp is described in U.S. Patent application Ser. No. 426,616 now
      U.S. Pat. No. 3,851,214, entitled Low Power Sealed Optically Thin
      Resoncance Lamp, filed in the name of the present inventor.
PAR  Basically, the lamp 11 comprises a hollow cylindrical body 13 having a
      dielectric wall, such as glass, with a reentrant coaxial hollow glass
      element 17 located centrally within body 13. An electrical conductor 19 is
      connected to a source of RF energy 20. An integral arm 16 extends from
      cylindrical body 13 and contains a material 18 which acts as a getter such
      as uranium or barium. A gas permeable filter 22 such as glass frit
      maintains material 18 in position. Cylindrical body 13 is filled with high
      purity helium and a thin window 23, preferably of aluminum, is provided so
      as to pass only the desired radiation.
PAR  Window 23 is partially transparent to 584A radiation. The helium gas within
      cylindrical body 13 is maintained at a pressure between 0.1 and 100 torr.
PAR  Thus, there is provided a helium resonance lamp having an emission at
      substantially 584A with a thin, i.e. .apprxeq.1,000A, window partially
      transparent to 584A radiation. The window 23 is designed so as to be able
      to withstand high pressure when immersed in a gas mixture such as a
      mixture wherein one of the components is helium at a pressure between 0.1
      and 100 torr.
PAR  The cylindrical body may be covered by an electrically conductive material
      21 which is electrically grounded as is schematically shown. An example of
      a means for accomplishing this is when cylindrical lamp body 13 is
      enclosed within a close fitting conductive housing which is grounded.
      Therefore, the lamp body is effectively sheathed by a grounded conductive
      element. This element completes the necessary path for electrical
      excitation by RF source 20.
PAR  When lamp 11 is electronically excited by the RF source 20, helium
      radiation is passed by the window and absorbed by He outside the lamp and,
      subsequently, this energy is either radiated at 584A or transferred from
      the helium to other components of the gas mixture. This transfer may occur
      either directly, or through collisions of electronis, whose energy has
      been increased by superelastic interactions with excited helium, or as a
      consequence of ion neutralization (either with a free electron or with an
      attached electron in the form of a negative ion). For use in a He leak
      detector re-emission of 584A radiation predominates because of the low
      pressure outside the lamp window.
PAR  Of the materials which pass 584A, aluminum is preferred for practical
      reasons.
PAR  Turning now to FIG. 2 there is shown a system using the helium resonance
      lamp of FIG. 1 in a helium leak detecting system.
PAR  The helium lamp 37 is mounted so that the aluminum window 39 extends within
      a gas chamber 36. The gas chamber is connected to the system 38 which is
      to be subjected to the testing for leaks therein. In the usual manner, the
      system is subjected to helium gas which is sprayed near possible leak
      locations in the system. The output of the system under test is connected
      by valve 59 to the chamber 36 and by valve 61 to an exhaust system. If the
      system is such that it should require a vacuum pumping system, such a
      system could be connected to the output of valve 61.
PAR  Also mounted for viewing purposes in the wall of chamber 36 is a helium
      resonance radiation detector 43, such as an aluminum windowed geiger
      counter or photomultiplier. The output of the detector 43 is supplied to a
      counter 49 whose output is then displayed by device 51 which may be either
      visual or aural, or both.
PAR  The helium lamp 37 projects helium resonance radiation at 584A through a
      collimator 41 adjacent the aluminum window 39 to the scattering volume
      within the gas chamber 36. If there is helium present in the gas supplied
      from the test system it will be detected by its scattering of 584A
      radiation, which is measured by detector 43. The output pulses from this
      detector is counted by counter 49 for a fixed time (approximately 1 to 100
      seconds) and the photon detection rate may then be displayed by display
      device 51. The higher the count rate the more helium there is in the
      scattering volume within the gas chambers 36.
PAR  Both the resonance lamp 37 and the detector 43 are part of the vacuum
      scattering chamber wall which constitutes the chamber 36. This chamber
      also has light traps 55 and 57 opposite the lamp and the detector
      respectively.
PAR  The helium leak detector of FIG. 2 replaces a standard high vacuum pump,
      and mass spectrometer, with a helium ion detector which are usually used
      when applying the helium leak detection method.
PAR  The system of FIG. 2 possesses numerous advantages over the previous known
      methods of detecting small leaks in vacuum systems such as the ability to
      operate at much higher pressures than the presently used techniques.
      Further there is no high vacuum pumping requirement and the device is less
      expensive and contains more reliable components. Additionally, the device
      is of a smaller size and lighter in weight which provides a greater
      portability. The device of the present invention also has high sensitivity
      when used in a continuous pump mode and a much higher sensitivity when
      used in the closed off pressure build up mode.
PAR  The above description and drawings are illustrative only since equivalents
      could be substituted without departing from the invention. Accordingly,
      the invention is to be limited only by the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for detecting gas leaks by the helium leak method in a system
      comprising
PA1  a helium resonance lamp having an emission at 584A;
PA1  a window in said lamp partially transparent to 584A radiation;
PA1  a helium resonance radiation detector;
PA1  a chamber incorporating said helium lamp and helium resonance radiation
      detector;
PA1  means for supplying RF power to the He lamp; and
PA1  means connected to said detector for displaying the output from said
      detector.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said window is aluminum.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said lamp comprises
PA1  a hollow cylindrical body having a dielectric wall;
PA1  a reentrant coaxial hollow element integral within said body and extending
      from one end thereof substantially the length of said body;
PA1  an electrical conductor within said hollow element;
PA1  said window being located at the other end of said body;
PA1  a hollow arm integral with and extending from said body;
PA1  a getter in said hollow arm for removing gases from said body;
PA1  high purity helium within said body at a pressure between 0.1 and 100 torr;
      and
PA1  a grounded electrically conductive sheath surrounding said body.
NUM  4.
PAR  4. The apparatus of claim 3 further comprising
PA1  means for connecting an RF source to said electrical conductor.
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ABST
PAL  Energetic electron beam assisted x-ray generator in which a plasma is
       proed by a plasma generator and seeded by high Z material to produce
      x-rays and to increase the number of x-rays, an electron beam source is
      guided to the produced plasma to further heat the plasma and produce an
      even greater number of x-rays. The inner electrode of the plasma generator
      utilizes the interaction of the beam's self magnetic field with the inner
      surface of the inner electrode to guide the electron source to the plasma.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Soft x-ray pulses of submicrosecond duration are needed to test materials
      and components of pulsed fusion reactions. Techniques presently employed
      to generate such pulses are (a) electron diode guns bombarding a heavy
      metal target, (b) underground fusion devices and (c) dense focus with high
      Z material electrode tips which erode during the pulse. Electron diode
      guns at the required x-ray energies of fractional MeV are very inefficient
      because the conversion efficiency of electron beam energy into
      Bremsstrahlung decreases superlinearly with the decrease of electron
      energy for a given target anode, a fact which is well known to the
      designers of flash x-ray tubes. In addition, at low electron energies of
      fractional MeV, the space charge of electron beam is not cancelled by
      relativistic effects and limits severely the maximum current density of
      the electron beam available at the target anode. Furthermore, the electric
      fields at the cathode are usually not sufficient to obtain a copious
      electron emission by the field effect and therefore the thermionic
      cathodes must be employed which intrinsically yield a much lower electron
      emission current density than field emitters. Present electron
      beam-Bremsstrahlung flash generators of minimum useful x-ray fluence
      therefore employ electron beams in the several MeV range. They generate
      x-ray flashes of spectral distribution which contains most of the photon
      energy in the hard x-ray spectral range. Because the x-ray penetration
      depth decreases superlinearly with the photon energy, the deposited x-ray
      energy density in test materials and components is substantially different
      for soft and hard x-ray flashes of identical fluence at the source.
      Therefore, pass-fail conclusions of tests on materials, components and
      devices performed with many MeV energy electron beam x-ray flash
      generators are not directly scalable to predict the performance under a
      soft x-ray flash. Underground fusion flash tests suffer from the intrinsic
      inability to separate by the time-of-flight method the various components
      of radiations and expansion waves generated during the test. Therefore,
      various radiation and blast wave effects cannot be readily differentiated
      and only the cumulative, gross effects are observed. Thus, the materials
      designer is handicapped in separating the individual contributions from
      each damaging radiation.
PAR  The plasma focus alone can also be used as a soft x-ray flash generator by
      altering the electrode design and configuration such as to increase the
      evaporation and erosion of certain portions of the electrodes. Because
      only the energy stored in the plasma focus can be used for soft x-ray
      production, the fluence of x-ray flash is limited. In addition, a full
      control of erosion of the electrodes cannot be achieved in this case.
      Therefore, the intensity and the spectral distribution of x-ray flashes
      varies from one firing to another.
PAR  Therefore, it is an object of this invention to overcome deficiencies and
      eliminate or substantially reduce problems encountered in producing soft
      x-rays.
PAR  Another object of this invention is to provide a x-ray generator in which
      the energies from an electron source and a plasma generator are combined
      to produce soft x-rays when the plasma has been seeded with high Z
      material.
PAR  Still another object of this invention is to provide a x-ray generator in
      which electrons from an electron beam source are guided and focused onto a
      hot seeded plasma produced by a plasma generator.
PAC  SUMMARY OF THE INVENTION
PAR  A x-ray generator in which an internal source of high energy electrons,
      such as from a modern flash x-ray machine operated in the electron beam
      mode, and a plasma generator, such as a coaxial plasma gun, are arranged
      and operated so that the high energy electron beam is focused onto and
      retained near a seeded volume where the high density plasma is produced by
      having the electron beam source guided to the high density plasma by the
      inner electrode of the plasma generator. The timing of the transmission of
      the high energy electron beam to the plasma is accomplished by use of
      photocontrol means to determine when the plasma has reached the desired
      volume and when the high energy electron beam will reach the desired
      volume. Soft x-rays are produced by seeding the high density plasma with a
      high Z material and the soft x-rays are increased in number by interaction
      of the electron beam with the high density plasma. Thus, this x-ray
      generator is used to increase the production of soft x-rays from free-free
      transitions (Bremsstrahlung), free-bound transitions (recombination) or
      bound-bound transitions (line radiation), when the plasma has been seeded
      with a small amount of high Z (atomic number) material. The high Z atoms
      cause the plasma to radiate its energy away in the form of soft x-rays
      produced in free-free transitions, free-bound transitions, and bound-bound
      transitions primarily between the electrons and the high Z ions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  The single FIGURE is a diagrammatic view partially in section of a x-ray
      generator according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the apparatus according to this invention
      includes a plasma generator 10 and an electron beam source 12. Plasma
      generator 10 and electron beam source 12 are axially aligned for
      concentrating their energies in a plasma volume 14 such as illustrated.
      Power supply 16 is provided for plasma generator 10 and the electrical
      system thereof includes a condenser bank 18 and starting switch 20 that
      are connected to inner conductor 22 and outer conductor 24. Inner and
      outer conductors 22 and 24 are separated by an insulator 26 and outer
      conductor 24 is connected to the negative side of capacitor bank 18 while
      inner conductor 22 is connected to the positive side. Outer conductor 24
      is electrically connected to inner electrode 28 of the plasma gun portion
      of plasma generator 10 and inner conductor 22 is connected to outer
      electrode 30 of the plasma gun. An outer housing 32 generally made of
      glass encloses the plasma gun to form a chamber 34 therein. A gas pump 38
      is connected into housing 32 for evacuating chamber 34 and gas supply 36
      is connected to housing 32 for supplying gases to chamber 34. The gas in
      chamber 34 is hydrogen or hydrogen with about a 5% molar mixture of
      uranium hexafluoride or other gas with high Z material. If hydrogen gas
      alone is used in chamber 34, inner electrode 28 has a heavy metal high Z
      material coating 35 on the outer surface of inner electrode 28. The heavy
      metal high Z material is selected from metals such as copper, tungsten,
      titanium, zirconium and etc.
PAR  Electron source 12 consists of an internal source of high energy electrons
      such as a modern flash x-ray machine operated in the electron beam mode,
      and as illustrated includes three coaxial cylinders 40, 42, and 44. Inner
      cylinder 40 is connected to high voltage terminal 46 of discharge tube 48.
      Rounded end 50 of intermediate cylinder 42 is close to rounded end 52 of
      inner cylinder 40. Outer cylinder 44 forms the wall of the cylindrical
      tank of the electron source which is filled with oil or an insulating gas
      everywhere except in the discharge tube. It is to be understood that other
      electron producing sources than that illustrated can be used in this
      invention.
PAR  Control means for electron energy source 12 includes operationally
      connected light pipe 54, optical attenuator 56, photo-diode 58, signal
      delay generator 60, and Marx bank 62 that is conventionally connected to
      electron energy source 12 as illustrated. Marx bank 62 as illustrated
      contains its own power supply and the Marx bank is normally charged being
      in condition for discharge upon the appropriate signal from signal delay
      generator 60. Plasma generator 10 and electron beam source 12 are
      interconnected structurally through plate 64 which contains window 66.
      Plate 64 and window 66 seal plasma generator 10 and electron beam source
      12 fluidly relative to each other and closes chamber 34 of plasma
      generator 10. Window 66 is made of conventional material that will pass
      electrons therethrough.
PAR  In operation, the device is prepared by first having chamber 34 of plasma
      generator 10 filled with the appropriate gas to be used. As illustrated,
      power supply 16 has charged its condenser bank 18 and Marx bank 62 has
      been charged and made ready for firing. The device is now ready for
      operation by closing switch 20. The closing of switch 20 causes the
      voltage of condenser bank 18 to appear across the electrodes of the
      coaxial dense plasma focus gun and the gases in the coaxial plasma
      generator break down near insulator 26 forming current sheath 29. Current
      sheath 29 then propagates between the outer electrode 30 and inner
      electrode 28 and is driven by the magnetic pressure of its own magnetic
      field. The discharge becomes more intense as the sheath propagates. When
      current sheath 29 reaches the end of electrodes 28 and 30, it folds back
      on itself and rapidly collapses the plasma toward the axis of plasma
      generator 10 as in a Z-pinch. This produces hot plasma volume 14 where
      electron or ion number density may be as high as 10.sup.19 cm.sup..sup.-3,
      the temperature may be as high as several times 10.sup.7 .degree. Kelvin
      and the confining magnetic fields of the order of megagauss. At this time
      and for a period of the order of a microsecond, x-rays are produced.
PAR  The velocity of the propagation of current sheath 29 and therefore the time
      of collapse of the plasma toward the axis is a function of the voltage on
      condenser bank 18. As current sheath 29 is propagating between electrodes
      28, 30 light is produced that increases in intensity and the light is
      detected by light pipe 54 which carries the detected light to photo-diode
      58 after having passed through optical attenuator 56. Optical attenuator
      56 is preset so that accidential changes in the light intensity will not
      cause signal delay generator 60 to begin to operate until current sheath
      29 has reached a predetermined location along the plasma generator. Light
      pipe 54 and photo-diode 58 are used partially to insure the noise does not
      start signal delay generator 60 to function too soon. The signal which
      starts signal delay generator 60 is delayed a preset amount and is then
      used to erect Marx bank 62 of electron source 12 to cause high energy
      electrons to enter bore 68 of inner electrode 28 through thin window 66
      from electron 46. Once the high energy electrons find themselves in the
      space of bore 68, their space charge is neutralized and they are guided by
      the interaction of their own magnetic field with the inner surface of
      electrode 28. Consequently, they form a beam 70 which is guided by the
      interaction of its magnetic field with electrode 28 to dense plasma 14.
      The interaction of the magnetic fields with electrode 28 does not cause
      the electron beam 70 to maintain a path in a generally straight line, but
      the magnetic fields guide the beam such that the beam does not touch the
      inner surface of bore 68.
PAR  As can be seen, the high magnetic fields of the plasma focus device about
      the end of electrode 28 are arranged so that the high energy electrons
      from electrode 46 are focused onto the plasma volume which contains the
      high temperature, high density plasma. The energy delivered to the plasma
      will tend to raise the temperature of the plasma, but instead nearly all
      of the added energy from the electron source will be radiated away in the
      form of x-rays. If high Z material 35 is not present in the device, plasma
      14 is seeded with the high Z material in the gas filling chamber 34. If
      high Z material 35 is used, the high Z material is radiated into the
      hydrogen atmosphere in chamber 34 as current sheath 29 moves down
      electrodes 28, 30 to cause plasma 14 to be seeded. As can be seen, the
      magnetic field configuration of this invention is such that electron beam
      70 is transmitted by inner electrode 28 to the hot plasma that is seeded
      with high Z material to cause greater numbers of x-rays to be produced.
PAR  In order to operate the x-ray generator again, one must recharge condenser
      bank 18 and Marx bank 62. It may also be necessary from time to time to
      replace window 66.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electron beam assisted x-ray generator comprising a plasma generator
      for producing a plasma, a source of high energy electrons, said plasma
      generator and said source of high energy electrons being mounted coaxially
      for transmission of electrons from said source of high energy electrons
      and propagation of said electrons through a bore within an inner electrode
      of said plasma generator, high Z material in said plasma generator for
      seeding said plasma, and control means for said plasma generator and said
      source of high energy electrons for causing x-rays to be produced from
      direct interaction and bombardment of the plasma produced by the plasma
      generator and said electrons from said source of high energy electrons
      when said plasma has been seeded with said high Z material, said control
      means being such as to cause said electrons to have their space charge
      neutralized when they enter said bore and to be guided by interaction of
      their magnetic field with an inner surface of said bore to deliver said
      electrons to said plasma.
NUM  2.
PAR  2. An electron beam assisted x-ray generator as set forth in claim 1,
      wherein said control means for the plasma generator and the source of high
      energy electrons includes control circuitry for the plasma generator
      including a power supply connected to a capacitor bank and means
      connecting the capacitor bank through a control switch to electrodes of
      the plasma generator including said inner electrode.
NUM  3.
PAR  3. An electron beam assisted x-ray generator as set forth in claim 2,
      wherein said inner electrode is connected to the negative side of said
      capacitor bank.
NUM  4.
PAR  4. An electron beam assisted x-ray generator as set forth in claim 2,
      wherein said control means for said source of high energy electrons
      includes means responsive to a predetermined light condition established
      in the plasma generator upon firing of the plasma generator to cause said
      source of high energy electrons to be emitted.
NUM  5.
PAR  5. An electron beam assisted x-ray generator as set forth in claim 4,
      wherein said plasma generator has a chamber that is filled with a gas, and
      said gas contains said high Z material.
NUM  6.
PAR  6. An electron beam assisted x-ray generator as set forth in claim 5,
      wherein said gas is a mixture of hydrogen and 5 percent molar fraction of
      uranium hexafluoride.
NUM  7.
PAR  7. An electron beam assisted x-ray generator as set forth in claim 4,
      wherein said plasma generator and said source of high energy electrons are
      joined through a plate that has a window therein that allows electrons
      from said electron source to pass therethrough and into said bore of said
      inner electrode.
NUM  8.
PAR  8. An electron beam assisted x-ray generator as set forth in claim 4,
      wherein said high Z material is selected from the group consisting of
      copper, tungsten, titanium, and zirconium.
NUM  9.
PAR  9. An electron beam assisted x-ray generator as set forth in claim 8,
      wherein said high Z material is on the outer surface of said inner
      electrode.
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PAL  A support housing for on-site radioisotope generation is disclosed in which
      the formation of a short-lived daughter radioisotope from its longer-lived
      parent features countercurrent batch flow of the eluting reagent interior
      of the housing.
BSUM
PAC  RELATED APPLICATION
PAR  Application Ser. No. 495,007, Bernard A. Fries, for "Shielded Radioisotope
      Generator and Method for Using Same," filed simultaneously herewith, is
      incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to support means for radioisotope generation for use
      in various on-site industrial and medical applications, and has an object
      the provision of a novel housing in which the formation of a short-lived
      daughter radioisotope from its longer-lived parent features
      counter-current batch flow of the eluting fluid of the separation system.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  To perform diagnostic tests in various industrial and medical
      radioapplications, short-lived nuclides are particularly attractive.
      However, the short-lived radioisotopes lose much of their radioactivity
      during their transportation from the manufacturer to the application
      sites. To use them effectively, it is necessary to be near a source of
      production of short-lived nuclides, or to use what is called a "nuclide
      generator." This device makes short-lived nuclides available at long
      distances from the source of production and consists of a longer-lived
      parent nuclide that produces a short-lived daughter as it decays. Usually
      the daughter nuclide is separated by chemical means as it is needed and
      the parent is left to generate a fresh daughter.
PAR  A generator is based on the principle that a daughter nuclide can be
      separated readily and repeatedly from its longer-lived parent nuclide.
      Differences in chemical behavior are used to achieve the separation. The
      general relationship between parent and daughter radioactivity can be
      derived from the interaction of the decay constants of the two
      radionuclides. After the daughter nuclide has been removed from the
      parent, the daughter activity increases progressively as the parent decays
      until they reach a state of transient equilibrium, at which point the
      ratio of the two activities remains constant and both appear to decay with
      the half-life of the parent.
PAR  A typical commercially available generator of technetium-99m (.sup.99M Tc)
      consists of a small glass column containing aluminum oxide on which the
      parent isotope activity molybdenum-99 (.sup.99 Mo) is firmly absorbed. The
      alumina is retained in the tube by a porous glass disk. The daughter
      activity is eluted by gravity from the generator by pouring the proper
      reagents on the top of the column and collecting the eluate from the
      bottom.
PAR  In another typical nuclide generator, an artificial barrier (filter) is
      placed across a tubular column to form separate chambers. The open end of
      the column is sealed with a puncturable stopper after a suspension of
      non-replenishible ("one-shot") radioactive parent nuclide material has
      been disposed in the more remote chamber of the column. A transient
      equilibrium state between parent and daughter isotope occurs; thereafter
      the daughter nuclide solution can be withdrawn -- under pressure -- by
      inserting and then operating a syringe relative to the second chamber of
      the column.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a central glass column means
      suitable for supporting an exchange bed and parent isotope, e.g., .sup.137
      Cs, is positioned entirely within and permanently mounted relative to a
      bulbous glass bottle means, such column means extending from a remote
      bottom wall of the glass bottle means. The resulting annular space formed
      between the side walls of the bottle and column means is open at one end
      but closed at the other to form a reservoir into which a suitable eluting
      reagent for radioisotope generation, as explained below, is placed. The
      flow direction of the reagent, prior to transient equilibrium, i.e.,
      during initialization of the process, is not straight through; instead, it
      follows a countercurrent flow pattern, initially flowing downward through
      the annular space. Then the reagent passes through radial openings in the
      side wall of the column means and enters into the interior of the latter
      and thence passes upward through a glass frit (also open to fluid flow)
      attached to the side wall of the column means.
PAR  The exchange bed having a parent isotope absorbed thereon extends above the
      glass frit. As the reagent contacts the exchange bed (and parent isotope)
      there is a release of the daughter isotope. Note that the direction of
      reagent flow is dictated by the constructional features of the support
      housing of the present invention. Its level at equilibrium is slightly
      higher than the upper end of the exchange bed; the level of which is
      conveniently indicated by a scale provided on the column means adjacent to
      the aforementioned exchange bed. Removal of the daughter radioisotope
      (called milking) is straightforward. An incremental amount of additional
      eluting reagent is added exterior of the column means; and an equilibrium
      amount of daughter radioisotope in solution is removed via suction (or the
      like) at a female ball joint of the column. Since the mouth of the bottle
      is relatively large, insertion of the elution reagent, as well as
      attachment of exterior pipette means to the ball joint, as explained
      below, to withdraw the daughter nuclide are easily facilitated.
PAR  Other features, advantages and objects of the invention will become more
      apparent from the following detailed description of a preferred embodiment
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partially cut away, of the support housing of
      the present invention;
PAR  FIG. 2 is a section taken along line 2--2 of FIG. 1; and
PAR  FIGS. 3 and 4 are schematic side elevations of the support housing of FIG.
      1 illustrating steps bringing about its operation as a radioisotope
      generator.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Reference should now be had to the drawings, particularly FIG. 1, in which
      glass support housing 10, useful in providing short-lived daughter
      radioisotopes from longer-lived parent isotopes for use in various
      industrial and medical applications, is shown.
PAR  Support housing 10 includes a bulbous bottle 11. Concentrically positioned
      interior of and coextensive therewith is central cylindrical column 12.
PAR  Bulbous bottle 11 includes threaded upper end 13. Attached to end 13 is cap
      14; an enlarged mid-portion 15 is also provided, as is a reduced lower
      segment 16, the latter having a bottom wall 17 to which remote end 18 of
      column 12 is attached. Annular space 19 is defined between coextensive
      elements of the housing, say between adjacent surfaces of sidewall 20 of
      the bottle 11 and sidewall 21 of the central column 12. The space 19 is
      seen to be of constant nominal diameter over the lower segment 16 of the
      bottle, since the axis of symmetry of the bottle and column are co-linear
      in this region, but as the bottle is also seen to be enlarged over its
      midsection, the annular space 19 is likewise enlarged in step region 20a.
PAR  In order to allow fluid communication between the inner and outer surfaces
      of the column 12, a series of radial openings 22 are provided in sidewall
      21 adjacent the end wall 17 of the bottle 11 (see FIG. 1). Above the
      openings 22, a glass frit support 23 is provided; frit 23 is open to fluid
      flow. Spaced still higher along the column, but below the cap 14 is female
      ball-joint member 24.
PAR  A support housing 10, in accordance with the present invention and having
      the following dimensions, has been constructed and successfully tested:
TBL  Bulbous bottle 11                                                         
                      Material: glass                                          
                        Dimensions                                             
     Threaded upper end 13                                                     
                        3/16" OD .times. 1" high                               
     Mid-portion 15     1-1/6" OD .times. 1-1/4" high                          
     Lower segment 16   5/8" OD .times. 1-3/4" high                            
     Side wall 20       1/16" thick                                            
     Column 12        Material: glass                                          
                        Dimensions                                             
     Column 12          1/4" OD .times. 2-1/2" high                            
     Female ball-joint   12/5                                                  
     member 24          5/8" radius .times. 1/4" high                          
     Side wall 21       1/32" thick                                            
PAC  ON-SITE OPERATIONAL ASPECTS OF THE INVENTION
PAR  Operational aspects of the present invention in providing for on-site
      radioisotope generation are best illustrated with reference to FIGS. 3 and
      4.
PAR  In FIG. 3, an ion-exchange bed 25, onto which a long-lived parent isotope
      is absorbed, is seen to be positioned between frit 23 and glass wool 26.
      Note that the upper end 27 of the bed 25 is adjacent to step 28 in the
      side wall 20 of the bottle 11; step 28 of the bottle separates mid-portion
      15 and reduced lower segment 16, as previously described.
PAR  Ion-exchange bed 25 comprises, typically, treated stainless-steel powder
      over which a suitable surface layer has been laid. The parent isotope,
      e.g., .sup.137 Cs, is also present; in addition, the upper one-third of
      the bed can be provided with isotope-free particles to resist parent
      losses during daughter generation. A suitable surface layer combination
      includes iron hexacyanoferrate on stainless-steel particles onto which
      .sup.137 Cs, the long-lived parent isotope, has been absorbed. In this
      regard, see: Radiochimica Acta. 11, No. 3/4, pp. 153-158 (1969).
PAR  Next, the annular space 19 is filled with the suitable eluting reagent,
      e.g., dilute hydrogen chloride, until its level is slightly above the
      upper end of bed 25, as indicated by scale 30 on column 12. Of course,
      during initialization of the process, the reagent flows from the annular
      space 19 through openings 22 into contact with bed 25 in a countercurrent
      flow pattern.
PAR  Once the daughter nuclide has been removed from its parent, there is
      regrowth of the daughter to the transient equilibrium state. Thereafter,
      removal of the daughter radioisotope (called "milking") may be carried out
      repeatedly in a straightforward manner, as shown in FIGS. 3 and 4. As
      shown in FIG. 3, first an incremental volume-amount ("batch") of the
      reagent is added to the annular space 19 using a transfer pipette means
      29; then the daughter nuclide, in the same volume-amount, is removed at
      the female ball-joint member 24 by placing it in contact with a male
      ball-joint member 31 of pipette means 29 as shown in FIG. 4. At the remote
      end of the pipette means 29, a suction means (not shown) is attached. The
      suction means may be attached to the pipette with long flexible tubing and
      the pipette means may be grasped with long-handled tongs to provide
      additional separation of the operator from the assembly, thereby reducing
      radiation hazards to a minimum. Thereafter, a selected amount of daughter
      radioisotope in solution is removed through activation of the suction
      means.
PAR  While a specific embodiment of the invention has been described, it should
      be understood that the invention is capable of other specific embodiments
      and modifications, and is to be solely defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Housing for on-site radioactive parent-to-daughter isotope generation in
      which said parent radioisotope absorbed on an ion-exchange bed is
      selectively contacted with an eluting reagent to generate a short-lived
      daughter radioisotope, comprising:
PA1  i. bottle means having mouth and a central repository defined by a side
      wall and a bottom wall,
PA1  ii. a cylindrical column means positioned within said repository of said
      bottle means by attachment to said bottom wall of said bottle means, and
      including means attached at its interior suitable for support of said
      ion-exchange bed,
PA1  iii. said column means also including a series of openings through its side
      wall adjacent to said bottom wall of said bottle means whereby said
      eluting reagent during initialization of the process can be conveyed from
      a position exterior of said column means but interior of the bottle means
      through said openings and thence into said interior of said column means
      in a batch flow pattern, to subsequently provide for radioative
      parent-to-daughter isotope generation at said ion-exchange bed interior of
      said column means.
NUM  2.
PAR  2. The housing of claim 1 in which said bottle and column means are formed
      of glass and have axes of symmetry of substantial co-linearity.
NUM  3.
PAR  3. The housing of claim 2 in which said column means includes a second end
      opposite to its attaching end to said bottom wall of said bottle means
      capable of forming a pressure joint through surface contact with exterior
      transfer means of reciprocal shape thereto.
NUM  4.
PAR  4. The housing of claim 3 in which said second end of said column means
      includes an outwardly diverging lip means forming a female ball-joint
      means suitable for attaching to a reciprocally shaped male ball-joint
      means of said exterior transfer means.
NUM  5.
PAR  5. In combination, housing means for on-site radioactive parent-to-daughter
      isotope generation in which said parent radioisotope absorbed on an
      ion-exchange bed is selectively batch-contacted with an eluting reagent to
      generate said short-lived daughter isotope, comprising:
PA1  i. cylindrical column means having a side wall provided with openings and
      including means positioned interior of said column means suitable for
      supporting said ion-exchange bed,
PA1  ii. bottle means having a mouth and a central repository defined by a side
      wall and a bottom wall in which said cylindrical column means is located,
PA1  iii. said repository being larger than said cylindrical column means so as
      to form an annular space in fluid contact with the interior of said column
      means through said openings through its side wall, whereby said eluting
      reagent, when placed in said annular space can be easily conveyed through
      said openings for entry within said column means in a batch flow pattern,
      at least during initialization of the nuclide generation process.
NUM  6.
PAR  6. The housing means of claim 5 further characterized in that said column
      and bottle means are of glass and define axes of symmetry of substantial
      co-linearity with one another.
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PAL  A nuclide generator for on-site radioisotope generation is disclosed in
      which the formation of a short-lived daughter radioisotope from its
      longer-lived parent features batch flow of eluting reagent interior of the
      generator in a completely shielded environment.
BSUM
PAC  RELATED APPLICATION
PAR  Application Serial No. 495,006, Bernard A. Fries, for "Support Housing for
      Radioisotope Generation," filed simultaneously herewith, is incorporated
      herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a shielded radioisotope generator for use in
      various on-site industrial and medical applications, and has as an object
      the provision of a novel shielded radionuclide generator in which the
      formation of a short-lived daughter radioisotope from its longer-lived
      parent features batch flow of the eluting reagent of the separation system
      in a completely shielded environment.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  To perform diagnostic tests in industrial and medical radioapplications,
      short-lived nuclides are particularly attractive. However, the short-lived
      radioisotopes lose much of their radioactivity during their transportation
      from the manufacturer to the application sites. To use them effectively,
      it is necessary to be near a source of production of short-lived nuclides,
      or to use what is called a "nuclide generator." Such a device makes
      short-lived nuclides available at long distances from the source of
      production, and consists of a longer-lived parent nuclide that produces a
      short-lived daughter nuclide as it decays. Usually the daughter nuclide is
      separated by chemical means as it is needed and the parent is left to
      generate a fresh daughter.
PAR  A nuclide generator is based on the principle that a daughter nuclide can
      be separated readily and repeatedly from its longer-lived parent nuclide.
      Differences in chemical behavior are used to achieve the separation. The
      general relationship between parent and daughter radioactivity can be
      derived from the interaction of the decay constants of the two
      radionuclides. After the daughter nuclide has been removed from the
      parent, the daughter activity increases progressively as the parent
      decays, until they reach a state of transient equilibrium, at which point
      the ratio of the two activities remains constant and both appear to decay
      with the half-life of the parent.
PAR  A typical commercially available generator of technetium-99 (99mTc)
      consists of a small glass column containing aluminum oxide on which the
      parent isotope activity molybdenum-99 (99Mo) is firmly absorbed. The
      alumina is retained in the tube by a porous glass disk. The daughter
      activity is eluted by gravity from the generator by pouring the proper
      reagents on the top of the column and collecting the eluate from the
      bottom.
PAR  In another typical nuclide generator, an artificial barrier (filter) is
      placed across a tubular column to form separate chambers. The open end of
      the column is then sealed with a puncturable stopper. A suspension of
      non-replenishable ("one-shot") radioactive parent nuclide material is
      disposed in one of the two chambers of the column, resulting in a
      transient equilibrium state between the parent and daughter isotopes.
      Thereafter, the daughter nuclide solution can be withdrawn-- under
      pressure--by operation of a syringe positioned at the remote end of the
      second chamber. However, remote serviceability, as by a human operator,
      say from a position totally outside a shield surroundng the operator, is
      not possible.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a novel shielded radioisotope
      generator consists of two elements:
PAR  i. a cylindrical housing shield, formed typically of lead, surrounding
PAR  ii. a nuclide generator having parent and daughter isotopes in transient
      equilibrium.
PAR  Constructional features are provided which allow--in safety--an operator
      (who may be unskilled in the detection of radiation overdoses) to conduct
      successive parent-daughter nuclide separations in complete safety, say
      where his body extremities remain at positions remote to the shield (and
      generator). In this regard, the shield and generator are provided with
      ultra-wide entryways at their upper adjacent ends. Result: injection of
      the eluting reagent as well as subsequent removal of the daughter nuclide
      solution are facilitated.
PAR  Further features, advantages and objects of the invention become more
      apparent in the following detailed description of a preferred embodiment
      when taken in consideration with the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation, partially in section, of a shielded nuclide
      generator of the present invention;
PAR  FIGS. 2 and 3 are schematic side elevations of the shielded nuclide
      generator of FIG. 1, illustrating its employment at a field site;
PAR  FIG. 4 is a side elevation of a transfer tool useful in readying the
      nuclide generator of FIG. 1 at its field site, wherein the present
      invention may be particularly useful; and
PAR  FIG. 5 is a side elevation of a transfer pipette for providing the eluting
      reagent to, as well as removal of the daughter nuclide from, the shielded
      nuclide generator of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Reference should now be had to the drawings, particularly FIG. 1, in which
      shielded housing 10 is shown surrounding a nuclide generator 11.
PAR  Cylindrical shielded housing 10 includes a central repository 12. The
      repository 12 is bounded by side wall 13, bottom wall 14 and a top cover
      15. Top cover 15 is dimensioned so as to fit into contact with side wall
      13 of the housing, say by threads as shown.
PAR  Other fastening means, of course, are permissible either alone or in
      combination with the threaded joint of FIG. 1. That is, a circumferential
      seal can be provided at the intersection of the top cover 15 with the side
      wall 13 using techniques developed in sealing cans in the food processing
      art. Such seals are particurly useful in those situations where leakage of
      radioactive materials cannot be tolerated for various reasons, as where
      public transportation is utilized to ship the shielded generator of the
      present invention to the remote field site.
PAR  Side wall 13, typically formed of lead material, does not feature a
      constant thickness throughout its length. E.g., at adjacent cover 15 it is
      of a minimum thickness, while at lower segment 16 it is of a maximum
      thickness. Between these extremities it is stepped, say, at step 17 and at
      step 18, between which concavities 19 are formed. Purpose: to add
      stability of nuclide generator 11 when positioned within shielded housing
      10, as explained below.
PAR  Nuclide generator 11 includes a bulbous bottle 20; the bottle 20 has
      diametrically opposed lugs 21; the lugs 21 fit snugly within the
      concavities 19 of housing 10. Above the top 21 is threaded upper end 23.
      Attached to the end 23 is a cap 24. Adjacent the lugs 21 there is also
      provided an enlarged midportion 25, while below the lugs 21 is a reduced
      lower segment 26; the latter has a bottom wall 27 to which remote end 28
      of the column 22 is attached so as to be concentrically positioned
      interior of the bottle 20.
PAR  Annular space 29 is defined between coextensive and adjacent side surfaces
      of the housing, say between adjacent surfaces of side wall 30 of the
      bottle 20 and side wall 31 of the central column 22. The annular space 29
      is seen to be of constant nominal diameter over lower segment 26, since
      the axis of symmetry of the bottle and column are co-linear in this
      region; but as the bottle is also seen to be enlarged over its midsection
      25, the space 29 is likewise enlarged in stepped region 38.
PAR  In order to allow fluid communication between the inner and outer surfaces
      of the column 22, a series of radial openings 32 are provided in side wall
      31, as shown in FIG. 1. Above the openings 32 is frit 33. Spaced still
      higher along the column, but below cap 24, is female ball-joint member 34.
PAC  ON-SITE OPERATIONAL ASPECTS OF THE INVENTION
PAR  Operational aspects of the present invention for on-site radioisotope
      generation are best illustrated with reference to FIGS. 1, 2 and 3.
PAR  In FIG. 1, an ion-exchange bed 35 onto which a long-lived parent isotope is
      absorbed is seen to be positioned between frit 33 and glass wool 36. Note
      that the upper end 37 of the bed 35 is below step 38 of the side wall 30
      of the bottle 20, step 38 of the bottle separating midportion 25 and
      reduced segment 26 in the manner previously described.
PAR  Ion-exchange bed 35 comprises, typically, treated stainless-steel powder
      over which a suitable surface layer has been laid, typically iron
      hexacyanoferrate. A parent isotope, for example 137Cs, is likewise
      present. The upper one-third of bed 35 can be provided with a wad of
      parent-free isotope particles. Purpose: to restrict contamination during
      separation of the parent and daughter nuclides.
PAR  While a suitable surface-layer/parent-nuclide combination can include iron
      hexacyanoferrate on stainless-steel particles onto which 137Cs has been
      absorbed, other combinations are also possible. In this regard, see
      Radiochimica Acta 11, No. 3/4, pp. 153-158 (1969).
PAR  In FIG. 1, note that annular space 29 is seen to be filled with a suitable
      eluting reagent, for example dilute hydrogen chloride; its ultimate level
      is slightly above the end 37 of the bed 35. Of course, during
      initialization of the process, say at a central laboratory, the eluting
      reagent flows from annular space 29 through openings 32 (FIG. 1) into
      contact with bed 35 in a countercurrent flow pattern. At the field site,
      however, the daughter nuclide, for example 137mBa and its parent, 137Cs,
      are usually already in a transient equilibrium state.
PAR  FIGS. 2 and 3 illustrate on-site operation of the present invention.
PAR  In FIG. 2, with cover 15 and lid 24 removed, a transfer pipette 42 is seen
      to be positioned with its near end 43 above annular space 29 of the
      nuclide generator. Assume that the pipette 42 has been filled with an
      incremental amount (batch) of eluting reagent (say 5 ml of dilute hydrogen
      chloride) and that the pressure has been briefly applied by syringe 45 and
      then released. Result: transfer of the reagent into the column 22 via the
      annular space 29, openings 32 and thence interior of the column 22 occurs.
      Such transference is termed "batch flow," even though the change in height
      of the reagent relative to the space 29 as well as interior of the column
      22 is almost immediately equalized. Since transient equilibrium of the
      parent-daughter nuclide in the upper region of the column 22 is already
      achieved, as previously mentioned, removal of the daughter nuclide can be
      almost immediately undertaken.
PAR  FIG. 3 illustrates how the daughter nuclide is removed from the upper
      region of column 22.
PAR  In FIG. 3, the near end 43 of the transfer pipette 42 has been sidetracked
      from its position shown in FIG. 2 to a new location which places it into
      contact with female member 34. With regard to the pipette 42 in the above
      position, note that the end 43 is provided with a curved lip 44. The
      outwardly curved orientation of the lip 44 is opposite to that of the
      female ball-joint member 34 to form a conventional glass spherical joint
      when united (FIG. 3).
PAR  Placing lip 44 in contact with the member 34, followed by application of
      suction, as at the remote end, allows the immediate withdrawal of the
      daughter nuclide from the upper extremity of column 22. The volume amount
      removed is usually equal to the amount of batch reagent added to the
      nuclide generator, viz., 5 ml. Thereafter, the cap 24 (FIG. 1) can be
      attached to the bottle 20; such operations are facilitated by transfer
      tool 46 (FIG. 4) having a long handle segment 46a, which allows the
      operator's hands to always remain outside the shielded area of the nuclide
      generator. Capture plug 46b of the transfer tool 46 is preferably formed
      of rubber and can be properly dimensioned to insert and grasp the cap 24
      at its interior to allow its rotation relative to the bottle.
PAR  Note that FIGS. 2 and 3 clearly show that the transfer pipette 42 is long
      enough so that during nuclide generation at a remote site the operator's
      hands remain exterior of the shield housing 10, i.e., his hands remain
      well outside the upper lateral extent of the housing 10 during all process
      steps. In this regard, after the suction means 45 has been attached to the
      pipette 42 using long tubing, the pipette 42, itself, can be grasped by
      long-handled tongs wielded by the human operator to increase his
      separation from the nuclide generator interior the housing, further
      reducing radiation hazards to a minimum.
PAR  FIG. 5 illustrates further features of the transfer pipette 42.
PAR  As shown, the pipette 42 is cylindrical and includes an enlarged cavity 47;
      above the cavity 47 is a circumferential mark 48 indicating the desired
      level that "batch" fluids interior of the pipette 42 are to achieve; i.e.,
      the amount of "batch" fluid that is to be added or removed from the
      generator at the field site. Upper segment 49 is formed between cavity 47
      and remote end 50.
PAR  A shielded radionuclide generator of the present invention constructed with
      the following dimensions has been successfully operated:
TBL  Shielded Housing 10                                                       
     Material: Lead                                                            
     Side wall 13                                                              
     OD = 3-1/2"                                                               
     Height = 5-3/8"                                                           
     Bottom Wall 14                                                            
     Thickness = 3/4"                                                          
     Top Cover 15                                                              
     Min. thickness = 1/2"                                                     
     Max. thickness = 15/16"                                                   
     Central Repository 12                                                     
     Height (with cover 15 in place) = 4-1/4"                                  
     Max. diameter = 2-1/8"                                                    
     Min. diameter = 5/8"                                                      
     Nuclide Generator 11                                                      
     Material: Glass                                                           
     Bulbous bottle 20                                                         
     Threaded upper end 23 = 3/16" OD .times. 1" high                          
     Midportion 25 = 1/16" OD .times. 1-1/4" high                              
     Lower segment 26 = 5/8" OD .times. 1-3/4" high                            
     Side wall 30 = 1/16" thick                                                
     Column 22 - 1/4" OD .times. 2-1/2" high                                   
     Female ball-joint member 34 =                                             
              5/8" radius .times.   12/5-outer                                 
              1/4" high                                                        
     Side wall 31 = 1/32" thick                                                
     Exchange Bed 35                                                           
     Height = 1-5/16"                                                          
     Diameter = 2-1/4"                                                         
     Composition = Layered iron hexacyanoferrate on                            
     stainless-steel particles                                                 
     Parent isotope = .sup.137 Cs                                              
     Daughter isotope = .sup.137m Ba                                           
     Eluting reagent = 0.01 or 0.001N HCl                                      
     Guard bed = .sup.137 Cs-free                                              
     Transfer Pipette 42                                                       
     Material: Glass                                                           
     Length = 14-5/8"                                                          
     Upper segment 49                                                          
     Length = 6-3/4"                                                           
     Diameter = 1/4"                                                           
     Male ball-joint member 43 =  12/5-inner                                   
     Cavity 47                                                                 
     Length = 2-1/2"                                                           
     Diameter = 3/8"                                                           
     Transfer tool 46                                                          
     Handle 46a                                                                
     Length = 18"                                                              
     Capture plug 46b                                                          
     Material: Rubber Stopper, No. 10 size                                     
     Diameter = 2"                                                             
PAC  EXAMPLE
PAR  An exchange bed 35 was formed of 2 grams of stainless-steel particles
      loaded with 16 mCi 137Cs above a guard bed of about 1 gram of 137Cs-free
      particles. An eluting reagent of 5 ml dilute hydrogen chloride solution
      (0.01N) was passed interior of the generator in a countercurrent flow
      pattern. Transient equilibrium between the parent and daughter nuclide was
      achieved after a short time; maximum 15 minutes, with 50% growth of
      daughter in 2.5 minutes. Thereafter, the daughter nuclide, 137mBa was
      removed by adding an additional 5 ml of the dilute HCl solution to the
      generator, and thereafter removing a similar amount from a region above
      the exchange bed 35. Amount of 137mBa provided: about 10 mCi. The
      decontamination factor was 10.sup.5 with respect to eluted 137Cs.
      Repetition rate for daughter removal: 15 minutes. Specific activity of the
      137mBa was about 2 mCi/ml.
PAR  While a specific embodiment of this invention has been described, it should
      be understood that the invention is capable of other specific embodiments
      and modifications, and is fully defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shielded radionuclide generator for on-site radioactive
      parent-to-daughter isotope generation in which said parent radioisotope
      absorbed on an ion-exchange bed is selectively contacted with an eluting
      reagent to generate said short-lived daughter isotope comprising:
PA1  i. shield means formed of a radiation-resistive material and including an
      entryway and a central repository defined by said entryway, including a
      side wall and a bottom wall,
PA1  ii. a nuclide generator positioned within said repository of said shield
      means for generating said short-lived daughter isotope,
PA1  iii. said nuclide generator including bottle means having a mouth and a
      central cavity defined by a side wall and a bottom wall,
PA1  iv. a cylindrical column means positioned within said cavity of said bottle
      means by attachment to said bottom wall of said bottle means and including
      means attached to its interior suitable for support for said ion-exchange
      bed,
PA1  v. said column means also including a series of openings through its side
      wall adjacent to said bottom wall of said bottle means whereby said
      eluting reagent, at least during initialization of the process, is
      conveyed from locations exterior of said column means through said
      openings and thence into the interior of said column means in a batch flow
      pattern.
NUM  2.
PAR  2. The shielded generator of claim 1 in which said shield means is formed
      of lead and said bottle and column means are formed of glass.
NUM  3.
PAR  3. The shielded generator of claim 1 in which said shield means and said
      bottle means are provided with detachable cover means to facilitate easy
      and safe transport of said nuclide generator from a central location to a
      more remote on-site location where generation of said daughter isotope can
      occur.
NUM  4.
PAR  4. The shielded generator of claim 3 in which said column means of said
      nuclide generator includes a second end spaced above said exchange bed but
      below said mouth of said bottle means, said second end being formed with
      an outwardly curved lip capable of forming a pressure joint through
      surface contact with an exterior pipette transfer means capable of being
      brought into contact therewith by an operator whose hands remain remote to
      said shield means during pre- and post- contacting operations.
NUM  5.
PAR  5. In combination, a shielded nuclide generator for on-site radioactive
      parent-to-daughter nuclide generation in which a parent radionuclide
      absorbed on an ion-exchange bed is selectively contacted with an eluting
      reagent to generate said short-lived daughter nuclide, comprising:
PA1  i. a nuclide generator, including:
PA2  a. cylindrical column means having a side wall provided with openings and
      including means positioned interior of said column means suitable for
      supporting said ion-exchange bed, and
PA2  b. bottle means formed with an entryway terminating in a central cavity
      defined by a side wall and a bottom wall in which said cylindrical column
      means is located
PA2  c. said central cavity of said bottle means being larger than said
      cylindrical column means whereby an annular space is defined therebetween,
      said annular space being in fluid contact with the interior of said column
      means through said openings in said side wall thereof, whereby said
      eluting reagent when placed in said annular space can be conveyed through
      said openings and thence to the interior of said column means in a batch
      flow pattern during at least the initialization of the generation process,
      and
PA1  ii. a housing shield formed of radiation-resistant material and including
      an entryway terminating in a central repository defined by a side wall and
      a bottom wall in which said nuclide generator is located.
NUM  6.
PAR  6. The shielded nuclide generator of claim 5 in which said bottle means is
      further characterized by radially protruding lug means adapted to snugly
      fit within similarly shaped concavities formed in said side wall of said
      housing shield.
NUM  7.
PAR  7. A method of generating a radioactive parent-to-daughter nuclide within a
      nuclide generator centrally positioned in and surrounded by a cylindrical
      housing shield, said nuclide generator also having a parent isotope
      absorbed on an ion-exchange bed positioned interior of a cylindrical
      column, comprising the steps:
PA1  i. introducing an eluting agent into a space defined between the exterior
      of said column means and the interior of said housing shield, said eluting
      reagent being introduced through an entryway of said housing shield via
      transfer pipette means having a handle segment always exterior of said
      housing shield,
PA1  ii. causing said eluting reagent to flow in a patterned flow from the
      exterior to the interior of said column means and thence into contact with
      said parent isotope absorbed on said ion-exchange bed, to thereby generate
      said daughter nuclide in a region adjacent to said column means near the
      entryway of said housing shield.
NUM  8.
PAR  8. The method of claim 7 with the additional steps of
PA1  adding an incremental amount of eluting reagent into the space between said
      housing shield and said column means, and
PA1  removing from said region adjacent the column means said daughter nuclide
      via transfer pipette means having a handle segment always positioned
      exterior of said housing shield.
NUM  9.
PAR  9. The method of claim 8 wherein the daughter nuclide has a specific
      activity of about 2 mCi/ml.
NUM  10.
PAR  10. The method of claim 9 wherein the daughter nuclide is 137mBa.
NUM  11.
PAR  11. The method of claim 8 wherein the same pipette means is used to add an
      incremental amount of eluting reagent as well as to remove the daughter
      nuclide from the region within the column means of the nuclide generator.
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ABST
PAL  The disclosure relates to a system incorporating an ellipsoidal flow
      chamber having light reflective walls for low level light detection in
      practicing cellular analysis. The system increases signal-to-noise ratio
      by a factor of ten over prior art systems. In operation, laser light
      passes through the primary focus of the ellipsoid. A controlled flow of
      cells simultaneously passes through this focus so that the laser light
      impinges on the cells and is modulated by the cells. The reflective walls
      of the ellipsoid reflect the cell-modulated light to the secondary focus
      of the ellipsoid. A tapered light guide at the secondary focus picks up a
      substantial portion of modulated reflective light and directs it onto a
      light detector to produce a signal. The signal is processed to obtain the
      intensity distribution of the modulated light and hence sought after
      characteristics of the cells. In addition, cells may be dyed so as to
      fluoresce in response to the laser light and their fluorescence may be
      processed as cell-modulated light above described. A light discriminating
      filter would be used to distinguish reflected modulated laser light from
      reflected fluorescent light.
GOVT
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. Atomic Energy Commission.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to cellular analysis and more particularly to
      cellular analysis utilizing light modulation and fluorescence by cells to
      determine certain characteristics thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  In cytology, there is an ever-increasing demand for automatic cellular
      counting, volumetric differentiation and analysis. At the present time a
      two level screening process manually accomplishes screening of cytological
      material such as for the detection of cancerous or malignant cells, and
      for sizing and counting the cells present in a particular amount of
      material. An observer capable of determining which samples apparently
      contain abnormal cells and of determining the size cell one hopes to count
      within a sample first visually prescreens the cells. A trained
      cytotechnologist or pathologist who makes a final determination as to
      whether the cells of these samples are inded cancerous then examines the
      abnormal cell-containing samples. This method fairly accurately finds
      cancerous cells, but has a number of disadvantages. First, it is slow,
      requiring considerable technician time. Second, it is costly due to the
      human time involved. Third, it is nonquantitative in that the criterian of
      abnormality as well as the amount of cells present in a particular
      volumetric sample are primarily subjective. Because of the time and costs
      involved, it is generally not practicable to examine large populations of
      individuals using these prior art techniques.
PAR  It is therefore desirable to have a system for automatically determining
      the volumetric distribution of a sample of cells, to normalize light
      signals from a cell analyzer such as that disclosed in U.S. Pat. No.
      3,824,402 to Mullaney et al., assigned to the U.S.A. as represented by the
      U.S.A.E.C.
PAR  Presently, prior art electrical analysis devices utilize a simple orifice
      with two electrodes at either end of the orifice disposed in a surrounding
      saline solution. An individual cell moving through the orifice displaces
      some of the conductive fluid in the orifice. Because the conductivity of
      the cell is less than that of the fluid it displaces, the resistance of
      the orifice contents increase due to the presence of the cell by an amount
      related to the volume of the cell. Electrical circuits connected to the
      electrodes sense this change of resistance and produce a signal pulse. In
      such a device, the desired signal from the cell mixes with undesired noise
      signals which originate outside of the orifice, because the sensing
      electrodes are disposed outside of the orifice, to produce a low
      signal-to-noise ratio.
PAR  Prior art flow systems such as those disclosed in U.S. Pat. No. 3,710,933
      to Fulwyler et al., assigned to the U.S.A. as represented by the
      U.S.A.E.C., U.S. Pat. No. 3,560,754 to Kamentsky, and U.S. Pat. No.
      3,675,768 to Sanchez have been applied to these problems in order to
      provide automatic methods of discriminating and classifying normal and
      abnormal cells. Flow system analysis, as applied by these prior art
      systems, allows observation of individual cells as they flow in suspension
      sequentially through a small detection volume. Large numbers of cells are
      observed in a short period of time and rapid automatic prescreening
      procedures are applied. Parameters used in evaluation of the cells are
      light absorption by the cells, fluorescence emitted by stained cells in
      response to light incident thereon, cell produced scattering of the light
      incident on the cells, and the volume of the particles observed.
PAR  One of the problems of the prior art systems is that fluorescence detectors
      currently used with the flow microfluorometers such as disclosed in U.S.
      Pat. No. 3,824,402 to Mullaney et al., and U.S. Pat. No. 3,710,933 to
      Fulwyler et al. collect only about 3% of the available fluoresced light.
PAR  In accordance with the invention, the ellipsoidal cavity flow cell thereof
      collects approximately 75% of the available fluorescent light. This
      provides a signal increase of at least 20 times and an increase in
      signal-to-noise ratio of at least 10 times over the Mullaney and Fulwyler
      et al. devices. In practice a signal-to-noise ratio increase of 15 times
      over the above mentioned systems has been obtained. Thus the system of the
      invention is highly useful in investigating very weakly fluorescing dyes
      bound to cells, the fluorescence of very small particles, as well as very
      small cells and other cells which weakly modulate laser light.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, there is provided a cell flow and
      fluorescence detector comprising an essentially ellipsoidal flow chamber
      having primary and secondary foci and having walls at least somewhat
      reflective in a selected portion of the spectrum, a device for passing
      cells through the primary focus, a light source directed on the primary
      focus for illuminating the cells as they pass through the primary focus so
      that the light scattered by the cells impinges on and reflects from the
      walls of the ellipsoidal flow chamber, and a detector for detecting the
      cell-modulated light as reflected from the primary focus, preferably onto
      the secondary focus. Alternatively, where cells are stained so as to
      fluoresce when light from the illuminating source impinges thereon, a
      detector is provided for receiving the fluoresced light as reflected onto
      the secondary foci. Light discriminating filters can be introduced between
      the detector and the secondary focus so that only a selective wavelength
      or wavelengths arrive at the detector. The detector converts the light
      signal into an electrical signal which is processed to provide a light
      intensity distribution indicative of cell characteristics and the
      distribution of cells as they pass through the primary focus ellipsoidal
      flow chamber.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the present invention will be apparent to
      those skilled in the art from the following description with reference to
      the appended claims wherein like numbers denote like parts and wherein:
PAR  FIG. 1 shows a cross section of an ellipsoidal flow chamber in accordance
      with the invention;
PAR  FIG. 2 schematically illustrates a preferred embodiment of the system of
      the invention; and
PAR  FIG. 3 shows an exemplary graphical representation of an output of the
      system of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 which shows a cross sectional view of the
      ellipsoidal flow chamber of the invention. As can be seen, an essentially
      ellipsoidal flow chamber comprising a housing 10 is formed by fastening
      together a first block 12 and a second block 14. These blocks can be
      fastened together in a conventional manner such as with a machine screw
      18. O-ring 15 provides a seal between blocks 12 and 14. The locations of a
      primary focus 20 and a secondary focus 22 within the ellipsoidal cavity
      are indicated. Cells pass through a sample inlet tube 24 and mix with a
      sheathing fluid passed through a sheath inlet tube 26 in an area 28 of a
      nozzle 30. The sheathed cells then pass through nozzle 30 so that they
      flow through primary focus 20. After the liquid sheathed cells go through
      focus 20 they outlet through an outlet device 32. The sample inlet tube
      and sheath inlet tube are set within a screw-in plug 36 which is sealed to
      block 14 by an O-ring 38 so as to form an airtight seal. Outlet 32 is set
      in another plug 40 which is screwed in and sealed against block 14 by an
      O-ring 42. The ellipsoidal flow chamber is preferably filled with water or
      another desirable liquid medium through conduit 54 in block 12. The medium
      passes out of the cavity through conduit or tube 46.
PAR  Light such as from a laser beam passes through primary focus 20 in a
      direction perpendicular to the plane of the paper containing the drawing.
      The detail of how it passes through this locus is shown in FIG. 2 and will
      be more particularly described hereinafter.
PAR  In the preferred embodiment of the invention, the ellipsoidal cavity
      contained within blocks 12 and 14 is coated with a highly reflective layer
      of gold 48. What other reflective coatings may be used will be obvious to
      those skilled in the art. Which particular reflecting coating one uses is
      determined by the wavelength or wavelengths of light desired to be
      reflected in practicing the invention in any given application.
PAR  It is well known to those skilled in the art that light passing through an
      ellipsoid focus, other than that directly passing through one focus to
      another, will be reflected off the walls of the ellipsoid and through its
      other focus. Therefore as can be seen in FIG. 1, an exemplarly beam 50
      from focus 20 reflects off the wall of the ellipsoid and arrives at
      secondary focus 22. The terms primary and secondary focus have been
      selected purely as a matter of convenience and to better explain the
      invention. In accordance with the invention, the primary focus is the
      focus through which the cells and the laser beam mutually pass and the
      secondary focus is the point where the reflected beams collect. A
      collection plug 55 comprises a truncated cone light conducting medium 56
      such as a transparent medium of plastic, quartz or glass. Light conducting
      medium 56 and its geometry is shown in the preferred embodiment as a
      truncated cone, but may be in any shape or formed from any material that
      will do the job. Plug 55 preferably seals to block 12 with O-rings 58 and
      may be screwed into block 12 on threads 60 so as to form a tight seal
      therewith.
PAR  In the preferred embodiment of the invention the ellipsoidal cavity need
      only be water tight. It will be obvious to those skilled in the art that
      the tightness must be such as to sufficiently contain whatever liquid or
      gas the practicer of the invention desires to utilize within the cavity.
PAR  So as to be able to continually or periodically circulate fresh water or
      whatever medium fills the cavity, tube 54 continually or periodically
      introduces fresh portions of the medium into the interior of the cavity
      and tube 46 extracts old portions therefrom. The sites for the
      introduction and the extraction of liquid from the cavity is purely a
      matter of experiment and other sites may prove desirable to those
      practicing the invention. The introduction and extraction of fluid medium
      keeps the medium fresh, and clear of debris from the stream of cells.
PAR  In operation, as can best be seen in FIG. 1, cells, after passing though
      sample inlet 24 are sheathed by a fluid medium, which preferably is the
      same fluid that fills the cavity. Cells and sheathing liquid combine in
      the area 28 of nozzle 30, so that the liquid sheathed cells pass through
      the primary focus 20 and outlet through tube 32. All the while fresh
      liquid may be introduced through tube 54 and extracted through tube 46.
PAR  FIG. 2 shows the ellipsoidal cavity housing 10 in use in a preferred system
      in accordance with the invention. For the sake of clarity and because they
      have already been shown in FIG. 1, the cell introduction and outlet
      structures and the conduits 54 and 46 for introducing and extracting
      liquid medium from the interior of the ellipsoid are not shown in FIG. 2.
      A source of light such as a laser 64 passes a beam 65 through a
      columination device such as a lens 66 and through the primary focus 20
      within the ellipsoidal cavity in housing 10. Windows 68 and 70 allow laser
      light to enter and leave the housing 10. After the laser light exits
      through window 70 it may be dumped or otherwise disposed of. As can be
      seen, when the laser beam 65 encounters a cell at focus 20 a portion of it
      is modulated thereby and reflected and/or refracted by the cell medium in
      a changed path. The beam 50 relfects off the reflective coating 48 on the
      wall of the chamber and arrives at secondary focus 22. The tapered light
      guide 56, which collects light impinging thereon from a wide range of
      angles, collects beam 50 and conducts the collected light, with the
      necessary number of reflections off of its own walls, through a filter 74
      onto a light detector such as a photomultiplier tube 76. The
      photomultiplier tube is a transducer which converts a light signal into an
      electrical signal representative thereof. Other equivalent detectors will
      be apparent to those skilled in the art. The electrical signal produced by
      the light detector is amplified by an amplifier 78, and enters a pulse
      height analyzer 80 which produces a viewable or recorded output indicative
      of the cell passing through secondary focus 22. FIG. 3 illustrates a
      typical output from analyzer 80.
PAR  In one embodiment of the invention, the laser light itself is detected by
      photomultiplier tube 76 as modulated by the cell. Filter 74 blocks out
      undesired wavelengths of light. In another embodiment of the invention,
      the cells may be dyed such as with Acridine Orange so that they fluoresce
      at a particular wavelength when excited by another wavelength. In the
      fluoresced light embodiment, the fluoresced wavelength light passes
      through filter 74 which blocks the frequency of the laser light itself so
      that the pulse height analyzer gets a signal representative of the
      fluorescent cells only. Of course, with beam splitter optics, both
      fluoresced and modulated laser light can be detected and processed. Such
      systems are known and the ellipsoidal cavity of the invention can be used
      therewith. One such system is taught in Mullaney et al, U.S. Pat. No.
      3,824,402.
PAR  In practicing the invention, light originating from points away from the
      primary focus 20 is strongly defocused at the secondary focus 22. This
      effect enhances signal-to-noise ratio, already greatly improved using the
      ellipsoidal cavity which utilizes much of the available light, about 75%,
      compared to the 3% used by prior art devices.
PAR  The tapered light guide 56 which picks up light at the secondary focus
      provides a great range of acceptance angles for light rays reaching the
      secondary focus. This also aids in greatly increasing the amount of light
      received by a light detector in comparison with the prior art devices. As
      previously indicated, the prior art flow chambers collect approximately 3%
      of the available fluorescent light whereas the flow chamber of the
      invention collects about 75% of the available light. This increase is
      partially due to the use of the tapered light guide in combination with
      the ellipsoidal flow chamber. However it will be apparent to those skilled
      in the art that other light guides which collect great amounts of light at
      the secondary focus may also be used in practicing the invention.
PAR  As can be seen, the flow chamber of the invention is highly useful for
      analyzing the light from very weakly fluorescing dyes. The flow chamber
      also provides for the use of smaller and consequently less expensive
      lasers for fluorescence work than do prior art devices.
PAR  The flow chamber of the invention has enabled for the first time Acridine
      Orange stained E. Coli bacteria intersecting a 488 nm laser beam to be
      measured on the basis of cellular fluorescent intensity. It is thought the
      invention may be used to count bacteria from a sewage plant effluent as
      well as the PNA distributions at various points in the life cycle of
      bacteria, both of which were never before measurable using optical flow
      cellular flow apparatus and methods.
PAR  The various features and advantages of the invention are thought to be
      clear from the foregoing description. However, various other features and
      advantages not specifically enumerated will undoubtedly occur to those
      versed in the art, as likewise will many variations and modifications of
      the preferred embodiment illustrated, all of which may be achieved without
      departing from the spirit and scope of the invention as defined by the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cell flow and fluorescence detector comprising;
PA1  an essentially ellipsoidal flow chamber having primary and secondary foci
      and having walls at least somewhat reflective in a selected portion of the
      spectrum;
PA1  means for passing cells through said primary focus;
PA1  means for illuminating said cells at said primary focus so that the light
      after passing through said cells impinges on and reflects from said walls;
      and
PA1  means for detecting said reflected light at said secondary focus as
      modulated by the cells passing through said primary focus.
NUM  2.
PAR  2. The invention of claim 1 wherein said ellipsoidal flow chamber is gold
      plated to provide reflectivity in said selected portion of the spectrum.
NUM  3.
PAR  3. The invention of claim 1 wherein said light detection means comprises a
      light guide tapering from a relatively large aperture for receiving light
      from said secondary focus to a relatively smaller aperture through which
      said light exits.
NUM  4.
PAR  4. A cell flow and fluorescence detector comprising;
PA1  an essentially ellipsoidal flow chamber having primary and secondary foci
      and having walls at least somewhat reflective in a selected portion of the
      spectrum;
PA1  means for passing cells through said primary focus;
PA1  means for introducing radiation onto said cells at said primary focus to
      cause said cells to fluoresce; and
PA1  means for detecting said fluorescence at said secondary focus produced by
      the cells passing through said primary focus.
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ABST
PAL  An energetic electron beam fusion neutron generator in which a plasma is
       duced by a plasma generator to produce neutrons and to increase the
      number of neutrons produced, an electron source is guided to the produced
      plasma to further heat the plasma and produce an even greater number of
      neutrons. The inner electrode of the plasma generator utilizes the
      inneraction of the beams self magnetic field with the inner surface of the
      inner electrode to guide the electron source to the plasma.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Until recently pulses of neutrons could be obtained from plasma generators
      like those developed in research on controlled thermonuclear devices, from
      pulsed fission reaction, and from laser created plasma where a high energy
      pulse of laser radiation is used to heat a target of solid deuterium. It
      is now also feasible to use pulsed laser radiation to heat the plasma of
      generators like the coaxial plasma gun to obtain intense pulses in excess
      of 10.sup.11 neutrons per burst such as disclosed in U.S. Pat. No.
      3,766,004. However, it should be pointed out that any method which heats
      the plasma during a very short time (nanoseconds) produces the same
      results, and the most intense pulses of neutrons which are obtained from
      the fission reactors are very expensive and produce radioactive waste.
PAR  Absorption of some of the energy of an electron beam by a plasma would
      increase its temperature and thereby increase the number of neutrons
      produced by the plasma. When the plasma temperature is increased the
      neutron production goes up by the ratio of .sigma.v at the final
      temperature to .sigma.v at the initial temperature. Here .sigma.v is the
      product of the relative velocity v and the reaction cross section .sigma.
      averaged over the velocity distribution of the nuclei. For the conditions
      produced in the plasma gun, doubling the temperature can cause an order of
      magnitude increase in the neutron yield.
PAR  Therefore, it is an object of this invention to provide a neutron generator
      in which the energies from an electron source and a plasma generator are
      combined to produce neutrons.
PAR  Another object of this invention is to provide a neutron generator in which
      electrons from an electron beam source are guided and focused onto a hot
      plasma produced by a plasma generator.
PAR  Still another object of this invention is to provide a device in which the
      magnetic fields are such that they not only focus the electrons from the
      electron source but also affect their orbits near the plasma volume so
      that they spend much more time in this volume and both effects can greatly
      increase the total inneraction and the amount of energy transferred to the
      plasma.
PAC  SUMMARY OF THE INVENTION
PAR  A fusion neutron generator in which an internal source of high energy
      electrons such as from a modern flash x-ray machine is operated in the
      electron beam mode and a plasma generator such as a coaxial plasma gun
      arranged and operated so that the high energy electron beam is focused
      onto and retained near the volume where the high density plasma is
      produced by having the electron beam source guided to the high density
      plasma by the inner electrode of the plasma generator. The timing of the
      transmission of the high energy electron beam to the plasma is
      accomplished by use of photocontrol means to determine when the plasma has
      reached the desired volume and when the high energy electron beam will
      reach the desired volume.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  The single FIGURE is a diagrammatic view partially in section of a fusion
      neutron generator according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the apparatus according to this invention
      includes a plasma generator 10 and an electron beam source 12. Plasma
      generator 10 and electron beam source 12 are axially aligned for
      concentrating their energies in a plasma volume 14 such as illustrated.
      Power supply 16 is provided for plasma generator 10 and the electrical
      system thereof includes a condenser bank 18 and starting switch 20 that
      are connected to inner conductor 22 and outer conductor 24. Inner and
      outer conductors 22 and 24 are separated by an insulator 26 and outer
      conductor 24 is connected to the negative side of capacitor bank 18 while
      inner conductor 22 is connected to the positive side. Outer conductor 24
      is electrically connected to inner electrode 28 of the plasma gun portion
      of plasma generator 10 and inner conductor 22 is connected to outer
      electrode 30 of the plasma gun. An outer housing 32 generally made of
      glass encloses the plasma gun to form a chamber 34 therein. A gas pump 38
      is connected into housing 32 for evacuating chamber 34 and gas supply 36
      is connected to housing 32 for supplying gases to chamber 34. The gases in
      chamber 34 are preferrably deuteriumtritium but may also be deuterium,
      tritium or deuterium and .sup.3 He.
PAR  Electron source 12 consists of an internal source of high energy electrons
      such as a modern flash x-ray machine operated in the electron beam mode,
      and as illustrated includes three coaxial cylinders 40, 42, and 44. Inner
      cylinder 40 is connected to high voltage terminal 46 of discharge tube 48.
      Rounded end 50 of intermediate cylinder 42 is close to rounded end 52 of
      inner cylinder 40. Outer cylinder 44 forms the wall of the cylindrical
      tank of the electron source which is filled with oil or an insulating gas
      everywhere except in the discharge tube. It is to be understood that other
      electron producing sources than that illustrated can be used in this
      invention.
PAR  Control means for electron energy source 12 includes operationally
      connected light pipe 54, optical attenuation 56, photo-diode 58, signal
      delay generator 60, and Marx bank 62 that is conventionally connected to
      electron energy source 12 as illustrated. Marx bank 62 as illustrated
      contains its own power supply and the Marx bank is normally charged being
      in condition for discharge upon the appropriate signal from signal delay
      generator 60. Plasma generator 10 and electron beam source 12 are
      interconnected structurally through plate 64 which contains window 66.
      Plate 64 and window 66 seal plasma generator 10 and electron beam source
      12 fluidly relative to each other and closes chamber 34 of plasma
      generator 10. Window 66 is made of conventional material that will pass
      electrons therethrough.
PAR  In operation, the device is prepared by first having chamber 34 of plasma
      generator 10 filled with the appropriate gases to be used. As illustrated,
      power supply 16 has charged its condenser bank 18 and Marx bank 62 has
      been charged and made ready for firing. The device is now ready for
      operation by closing switch 20. The closing of switch 20 causes the
      voltage of condenser bank 18 to appear across the electrodes of the
      coaxial dense plasma focus gun and the gases in the coaxial plasma
      generator break down near insulator 28 forming current sheath 29. Current
      sheath 29 then propagates between the outer electrode 30 and inner
      electrode 28 and is driven by the magnetic pressure of its own magnetic
      field. The discharge becomes more intense as the sheath propagates. When
      current sheath 29 reaches the end of electrodes 28 and 30, it folds back
      on itself and rapidly collapses the plasma toward the axis of plasma
      generator 10 as in a Z-pinch. This produces hot plasma volume 14 where
      electron or ion number density may be as high as 10.sup.19 cm.sup.-.sup.3,
      the temperature may be as high as several times 10.sup.7 .degree. Kelvin
      and the confining magnetic fields of the order of megagauss. At this time
      and for a period of the order of a microsecond, neutrons are produced. The
      velocity of the propagation of current sheath 29 and therefore the time of
      collapse of the plasma toward the axis is a function of the voltage on
      condenser bank 18. As current sheath 29 is propagating between electrodes
      28, 30 light is produced that increases in intensity and the light is
      detected by light pipe 54 which carries the detected light to photo-diode
      58 after having passed through optical attenuator 56. Optical attenuator
      56 is preset so that accidential changes in the light intensity will not
      cause signal delay generator 60 to begin to operate until current sheath
      29 has reached a predetermined location along the plasma generator. Light
      pipe 54 and photo-diode 58 are used partially to insure that noise does
      not start signal delay generator 60 to function to soon. The signal which
      starts signal delay generator 60 is delayed a preset amount and is then
      used to erect Marx bank 62 of electron source 12 to cause high energy
      electrons to enter bore 68 of inner electrode 28 through thin window 66
      from electrode 46. Once the high energy electrons find themselves in the
      space of bore 68, their space charge is neutralized and they are guided by
      the inneraction of their own magnetic field with the inner surface of
      electrode 28. Consequently, they form a beam 70 which is guided by the
      inneraction of its magnetic field with electrode 28 to dense plasma 14.
      The inneraction of the magnetic fields with electrode 28 does not cause
      the electron beam 70 to maintain a path in a generally straight line, but
      the magnetic fields guide the beam such that the beam does not touch the
      inner surface of bore 68. As can be seen, the high magnetic fields of the
      plasma focus device about the end of electrode 28 are arranged so that the
      high energy electrons from electrode 46 are focused onto the plasma volume
      which contains the high temperature, high density plasma. Thus, heating
      this plasma to even higher temperatures, and also causing the volume to
      constrict even more which also raises the temperature of plasma 14. In
      this manner, the neutron yield from fusion reactions is substantially
      increased.
PAR  In order to operate the neutron generator again, one must first change the
      gases in plasma generator 10 by utilizing gas pump 38 and gas supply 36,
      and by recharging condenser bank 18 and Marx bank 62. It may also be
      necessary from time to time to replace window 66.
PAR  In the production of neutrons, great care must be taken to insure that the
      plasma in plasma generator 10 is clean (free of high Z material) and that
      no high Z material is carried in with the electron beam. This is
      accomplished in this invention by using the inneraction of the beams own
      magnetic field with electrode 28 to pick up and form the intense high
      energy electron beam from electron beam source 12. The magnetic field
      configuration about electrode 28 is such that the beam is not retained in
      bore 68 but rather is focused onto hot dense plasma 14.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electron beam assisted fusion neutron generator comprising a plasma
      generator for producing a plasma, a source of high energy electrons, said
      plasma generator and said source of high energy electrons being mounted
      coaxially for transmission of electrons from said source of high energy
      electrons and propagation of said electrons through a bore within an inner
      electrode of said plasma generator, a chamber in said plasma generator
      that is filled with gases selected from the group consisting of
      deuterium-tritium, deuterium, tritium and deuterium .sup.3 He to provide a
      clean environment for said plasma, and control means for said plasma
      generator and said source of high energy electrons for causing neutrons to
      be produced from direct inneraction of the plasma produced by the plasma
      generator and said electrons from said source of high energy electrons,
      said control means being such as to cause said electrons to have their
      space charge neutralized when they enter said bore and to be guided by
      inneraction of their magnetic field with an inner surface of said bore to
      deliver said electrons to said plasma.
NUM  2.
PAR  2. An electron beam assisted fusion neutron generator as set forth in claim
      1, wherein said control means for the plasma generator and the source of
      high energy electrons includes control circuitry for the plasma generator
      including a power supply connected to a capacitor bank and means
      connecting the capacitor bank through a control switch to electrodes of
      the plasma generator including said inner electrode.
NUM  3.
PAR  3. An electron beam assisted fusion neutron generator as set forth in claim
      2, wherein said inner electrode is connected to the negative side of said
      capacitor bank.
NUM  4.
PAR  4. An electron beam assisted fusion neutron generator as set forth in claim
      2, wherein said control means for said source of high energy electrons
      includes means responsive to a predetermined light condition established
      in the plasma generator upon firing of the plasma generator to cause said
      source of high energy electrons to be emitted.
NUM  5.
PAR  5. An electron beam assisted fusion neutron generator as set forth in claim
      4, wherein said plasma generator and said source of high energy electrons
      are joined through a plate that has a window therein that allows electrons
      from said electron source to pass therethrough and into said bore of said
      inner electrode.
NUM  6.
PAR  6. An electron beam assisted fusion neutron generator as set forth in claim
      4, wherein said gases are deuterium-tritium.
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ABST
PAL  A detector of the type utilizing photo-electric detection of reflected
      light which is almost completely immune to false alarms from changing
      ambient light and random electrical noise, with a sensitivity that is
      independent of ambient light, with a power consumption low enough to
      permit battery operation for a period of over 12 months. The light source
      is a light emitting diode which is pulsed at a low repetition rate, such
      as one pulse every two seconds, by an extremely short pulse, such as 20
      microseconds. Voltage pulses generated when the reflected pulsed light is
      received by the photo-generative cell is amplified and applied to a level
      detector, the output of which is applied to the "set" terminal of a
      flip-flop circuit. The amplifier is on continuously, however the level
      detector is pulsed to the on condition simultaneously with the on pulse to
      the light emitting diode, and for the same period of time. Simultaneously
      with the application of the pulse to the light emitting diode and the
      level detector, a shorter pulse is applied to a bi-stable switching device
      such as to the `re-set` terminal of the flip-flop circuit. The output of
      the flip-flop circuit may be applied through an integrator to an alarm
      energizing switch. The integrator has a time constant that is longer than
      the pulse time, so that more than a single pulse from the flip-flop must
      be applied thereto to activate the alarm energizing switch. The
      photo-voltaic cell is capacitor coupled to the amplifier, so that constant
      or changing light, having a rate of change below that to which the
      amplifier responds, cannot affect the amplifier to cause a false alarm.
      Since the level detector is on only about 1/100,000 of the total time, a
      false alarm can be caused only by an extremely fast change in ambient
      light or a random noise pulse, that occurs at the exact instant the level
      detector is on, in two consecutive pulse times.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 419,206,
      filed Nov. 26, 1973, now abondoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many forms of smoke detectors are known that utilize the so-called Tyndall
      effect, in which light reflected from smoke particles is detected and the
      resulting signal amplified to actuate an alarm. Most commercial units
      utilize a continuously operating incandescent lamp as the light source.
      Such a detector that has achieved great commercial success is disclosed in
      U.S. Pat. No. 3,382,762 issed Jan. 25, 1966. Smoke detectors based on this
      principle have the disadvantage of high current consumption and
      susceptibility to false alarms due to changing levels of ambient light and
      changes in line voltage. Hence such devices must be enclosed in a housing
      that allows diffusion of air into the housing without allowing ambient
      light to enter, the electrical circuitry must provide means for
      compensating for changes in line voltage, and the photo-electric detectors
      must have a high degree of uniformity and stability. Meeting these
      requirements adds considerably to the cost of the device.
PAR  To avoid some of the above disadvantages it has been proposed to utilize a
      flashing light source, such as a gas filled tube, to reduce the current
      consumption. It has also been proposed to modulate the pulsed light at a
      predetermined frequency and provide an amplifier that responds only to
      said frequency. Such a system is illustrated in U.S. Pat. No. 3,316,410
      issued Apr. 25, 1967. it has also been proposed that the means amplifying
      the signal from the light sensitive element should be operative only while
      the light source is on, so that ambient light changes or electrical
      distrubances that occur during the period the amplifier is off cannot
      cause a false alarm. However, in such a system, ambient light changes and
      electrical disturbances that occur while the amplifier is on can
      nevertheless cause a false alarm. Examples of ambient light changes that
      can affect a detector of this type are flashlights, strong sunlight,
      turning on of room lights, camera flash bulbs, and lightning. Hence the
      use of a pulsed light source and a pulsed amplifier as shown in the prior
      art, although having the advantage of lower power consumption, does little
      to reduce the possibility of false alarms, and hence to avoid false alarms
      from such causes the sensitivity of the device must be reduced.
PAC  SUMMARY OF THE INVENTION
PAR  The detector disclosed herein comprises a light emitting diode and a
      photo-generative cell positioned to receive light reflected from smoke or
      other substance in the path of the beam from the light emitting diode. The
      photo-generative cell is capacitor coupled to an A.C. amplifier, the
      output of which is fed to a level detector such as a differential
      comparator. The output of the level detector, which produces an output
      only when the input signal is above a predetermined value, is fed to an
      alarm actuating device. A bi-stable switching device, such as a flip-flop
      circuit, and a signal integrating device may be interposed between the
      output of the level detector and the input of the alarm actuating device.
PAR  A pulse generator is provided which provides periodic pulses simultaneously
      to the light-emitting diode to cause it to emit light to the level
      detector to turn it on, and provides, through a discriminating circuit, a
      short pulse to the bi-stable switching device to turn it off.
PAR  In a preferred embodiment of the device, the pulse has a duration of about
      20 micro-seconds, and a repetition rate of once every 2 seconds. The
      amplifier is designed to accept only voltage pulses having a rise time
      corresponding to a frequency of between 1,000 and 100,000 cycles, so that
      the amplifier voltage pulse can reach its maximum value and achieve a
      constant value within the pulse time.
PAR  The amplifier may be continuously energized, however the level detector is
      energized only for the duration of the pulse. During the time between
      pulses, the level detector is turned off and the signal lead thereof is
      connected to ground, so that any signal through the amplifier due to
      random noise during the period that the level detector is off, passes to
      ground.
PAR  In one embodiment of the invention, to further reduce the possibility of an
      alarm from a continuous source of random noise, an integrating circuit is
      provided in the signal output circuit, having a time constant such that at
      least two consecutive pulses are required to allow a signal to pass from
      the integrator to the alarm activating device.
PAR  During each periodic pulse cycle, the light emitting diode is turned on,
      the level detector is turned on, and the bi-stable switching device is
      pulsed to the off condition at the beginning of the pulse. If smoke (or
      other substance) is present, light reflected therefrom onto the
      photo-generative cell causes a pulse of voltage to appear at the amplifier
      input. If the amplified pulse at the level detector is of sufficient
      magnitude to satisfy the requirements of the level detector, a signal
      pulse passes therefrom to the alarm actuating device.
PAR  In embodiments of the invention which have a bi-stable switching device
      such as a flip-flop, and an integrating device, the first signal pulse
      will be applied to the "set" terminal of the flip-flop and will be stored
      in the integrating device. At the beginning of the next periodic pulse,
      the short pulse to the re-set terminal of the flip-flop will turn the
      flip-flop output off; however, if smoke is still present, signal pulse
      generated by the reflected light pulse will again turn on the flip-flop
      and the second signal pulse will pass to the integrator, which will
      actuate the alarm.
PAR  Ordinary changes in ambient light cannot cause a false alarm, because the
      amplifier cannot respond to any voltage change at the input with a rate of
      change corresponding to a frequency of less than about 1,000 cycles, and
      such change would have to occur during the 20 micro-seconds that the pulse
      is being applied to the level detector. Similarly, random noise, to
      generate a signal at the amplifier input sufficient to produce an output
      high enough to pass through the level detector, would have to occur during
      the time the level detector is on, and would have to produce a signal at
      the amplifier input of the proper polarity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of an electrical circuit for use in a smoke
      detector embodying the features of the invention;
PAR  FIG. 2 is a diagram illustrating the time spacing of the pulses applied to
      the light emitting diode and the level detector;
PAR  FIG. 3 is a diagram illustrating the voltage pulse appearing at the
      amplifier with 2% smoke in the view of the photo-generative cell at
      various ambient light levels.
PAR  FIG. 4 is a schematic diagram of a modified form of electrical circuit
      embodying the features of the invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring to FIG. 1, there is illustrated an electronic circuit for use in
      a smoke detector operating on the reflected light principle. The circuit
      includes a light emitting diode LED and a photo-voltaic cell C positioned
      out of the direct line of the beam of light from the light emitting diode.
      in a preferred embodiment of the invention the cell C is positioned to
      view a portion of the beam in front of the LED at an angle of about
      135.degree. from the axis of the beam, to take advantage of the well-known
      "forward scatter" effect.
PAR  The cell C is coupled through capacitor F to an amplifier A, the output of
      the amplifier being fed to the input of a level detector L, such as a
      differential comparator. The level detector output is fed to the "set"
      terminal of a flip-flop circuit FF, the output of which is fed to an alarm
      actuating device K.
PAR  In a preferred embodiment of the device, the differential comparator is
      normally off with the signal lead thereof clamped to ground by an
      electronic switch S1.
PAR  Light emitting diodes presently commercially available are rated, for
      example, for a maximum current of 1/2 ampere on a continuous basis, or for
      10 amperes in pulses not to exceed 1 microsecond at 200 pulses per second.
      However, I have found that such diodes can be pulsed at 10 amperes for 20
      micro-seconds, provided that the pulse repetition rate is much slower, for
      example 1 pulse every 1 or 2 seconds. As previously mentioned, this pulse
      duration allows the signal through the amplifier to reach a constant value
      within the pulse time, so that minor variations in pulse width will not
      affect this alarm point.
PAR  For this purpose and for others to appear hereinafter, a pulse generator P
      is provided, which provides a 20 micro-second pulse to the LED every 2
      seconds, and also simultaneously applies a pulse to energize the level
      detector and to open switch S1. Hence the differential comparator is
      energized and its signal lead ungrounded only during the 20 micro-seconds
      out of each 2 seconds that the LED is energized.
PAR  Simultaneously with the application of the pulse to the LED and the level
      detector, a pulse is applied to the re-set terminal of the flip-flop
      circuit through a discriminator D, which converts said pulse to a spike of
      about 1 micro-second duration, occuring at the beginning of the pulse
      cycle.
PAR  The operation of the circuit can best be understood by reference to FIG. 2
      of the drawing, which is a graph of the response of the various components
      of the circuit during one pulse. The horizontal scale represents time, and
      the vertical scale represents response. The vertical scale is arbitrary
      depending on the type of response, and the magnitude of the various curves
      on the vertical scale have no relation to each other except as described
      hereinafter.
PAR  Each cycle begins by the application of a pulse from the pulse generator to
      the LED, the level detector, and the flip-flop reset terminal. The pulse
      to the LED and the level detector are represented on the diagram by P1,
      since they are of the same duration. They may, of course, be of different
      magnitudes and different polarities. The pulse appearing at the re-set
      terminal of the flip-flop after passing through the discriminator is
      represented by P2. The application of the pulse to the LED produces a
      light output having a duration and relative intensity represented by curve
      L1.
PAR  If there is no smoke in the portion of the beam viewed by the cell C, there
      will be no pulse of voltage generated by the cell and hence no output from
      the amplifier. If the detector is subjected to varying ambient light, the
      cell will generate a varying D.C. voltage (see FIG. 3) which does not
      cause any amplifier response because of the capacitor coupling between the
      cell and the amplifier.
PAR  If there is smoke present in the pulsed light beam, a pulsed voltage signal
      will be produced by the cell, represented by curve VI of FIG. 2, which
      will be amplified by the amplifier to produce a signal at the input of the
      differential comparator, which signal will have a magnitude that is a
      function of the amount of smoke present. To avoid unnecessary alarms from
      acceptable amounts of smoke and dust in the atmosphere, the differential
      comparator is set to respond only to an amplifier output that corresponds
      to a predetermined smoke concentration. For example, in a preferred
      embodiment of the invention, the differential comparator is set to respond
      only if the smoke concentration is 2%, defined as the amount of smoke that
      absorbs 2% of a light beam 1 foot long. As illustrated in FIG. 2, the
      amplifier output level required to permit the output signal to pass
      through the differential is represented by the horizontal dashed line S.
PAR  In a particular embodiment of the invention the differential comparator may
      have a standby voltage difference between input terminals of about 100
      millivolts, requiring a signal of over 100 millivolts from the amplifier
      to produce an output signal.
PAR  Means may also be provided at the level detector to adjust the standby
      voltage difference between terminals, to allow calibration of the system
      so that the alarm point will be at the desired 2%. In the present
      embodiment of the invention the calibration is accomplished by providing a
      voltage divider R1 across the power source, with the junction thereof
      connected to one of the inputs of the differential comparator, and
      providing a variable resistor R2 across the power supply with the center
      tap thereof connected to the other input.
PAR  If the amount of smoke in the view of the cell has reached the specified
      concentration, the amplifier output will be as shown in curve A1 reaching
      the line S at point Y, thereby producing a differential comparator output
      represented by line LD1, which applies a signal to the flip-flop set
      terminal, thereby turning on the flip-flop output (FF1 on FIG. 2) to
      energize the alarm.
PAR  At the end of the pulse to the LED and the differential comparator, both
      turn off so that the output from the differential comparator to the
      flip-flop is turned off. The flip-flop output, however, stays on until the
      beginning of the next pulse, at which time it is turned off by the pulse
      through the discriminator in the manner previously described.
PAR  As a greater concentration of smoke appears in the view of the cell, more
      reflected light is received by the cell, and the output voltage of the
      pulses applied to the amplifier increases, so that the amplifier output
      increases and reaches the required level S slightly sooner in the pulse
      cycle, as illustrated by curve A2, which reaches level S at point Z,
      thereby producing a differential comparator output represented by line LD2
      and flip-flop output FF2.
PAR  Although the amplifier may continue to provide an output for a short time
      after the end of the pulse to the LED and the differential comparator, no
      output can exist after the end of the pulse, because the differential
      comparator is de-energized and the signal lead thereof clamped to ground
      by switch S1.
PAR  A smoke detector utilizing the above described circuit has a number of
      advantages over detectors of the prior art that have utilized a pulsing
      light source and a pulsed amplifier. By the use of a pulse of very short
      duration with a slow repetition rate, an amplifier with a response only to
      very high rates of change of input voltage, and the use of a pulsed level
      detector after the amplifier, the occurrence of false alarms due to
      changing light levels or due to electrical transients is almost completely
      eliminated.
PAR  A change of light level that could actuate the alarm must not only occur at
      an extremely high rate, but its occurrence must coincide with the time in
      which the level detector is on, which is only 1/100,000 of the total time.
PAR  For example, the turning on of an incandescent light cannot cause a false
      alarm, since the rate of rise of the light output from an incandescent
      bulb is much too slow to create a voltage pulse that can pass through the
      capacitor. Although the resulting increase in ambient light will increase
      the D.C. voltage at the cell terminals, subsequent pulses of light falling
      on the cell will cause the cell to generate an output voltage pulse on top
      of the D.C. voltage (assuming that the ambient light is not so strong as
      to saturate the cell) which will be detected by the amplfier.
PAR  This effect is illustrated in FIG. 3 where curve Va represents the voltage
      at the cell due to ambient light level and Vp represents the cell voltage
      during the period that the LED is illuminated, with 2% smoke present.
      Since the response of the cell is substantially linear, the sensitivity of
      the device is not affected by changes in ambient light, since the pulse
      voltage at 2% smoke remains the same, regardless of the ambient light
      level, provided that the ambient light level is not so high as to cause
      saturation of the cell. In the curve of FIG. 3, the relative height of the
      ambient light voltage curve and the height of the voltage pulses are
      necessarily not in proportion, since the D.C. voltage from ambient light
      may be on the order of .1 volts whereas the additional voltage generated
      by the pulse of light reflected from smoke particles, at 2% smoke, is only
      about 600 microvolts.
PAR  Although certain light sources, such as lightning, some types of camera
      flash equipment, and welding apparatus may produce light with a rise time
      fast enough to be amplified and reach the level detector, such resulting
      signal not only must be great enough to satisfy the level detector
      requirements, but also must occur during the 20 micro-seconds that the
      level detector is on. The chance of a false alarm from such a source is
      therefore extremely remote.
PAR  In regard to possible false alarms from random electrical signals generated
      in the cell from radio transmitters, transients on the power supply line,
      and the like, not only must such signals occur at the proper instant, and
      generate a signal of adequate magnitude, the signal appearing at the
      amplifier input must be of the proper polarity.
PAR  In the illustrated embodiment of the invention, the signal from the
      flip-flop is led to an integrator T, comprising a resistor-capacitor
      networ, which integrates pulses received from the flip-flop to provide an
      output signal to the alarm energizing device K. In one embodiment, the
      integrator may have a time constant which is at least slightly greater
      than the total time between pulses, so that two pulses from the flip-flop
      are required to reach an output level from the integrator to actuate the
      alarm energizing device.
PAR  Although the use of the integrator may not be required in all installations
      in which the smoke detector is used, it has been found effective in
      preventing false alarms in locations that are near sources of continuous
      noise, such as might be produced by arcing electrical apparatus.
PAR  Fluorescent lights, which produce light pulses with a rapid rise time at a
      rate of 120 pulses per second could, over a period of time, produce two
      pulses so timed in relation to the detector pulse timing as to cause a
      false alarm. However, fluorescent lights produce light principally in a
      narrow frequency band, and this band can easily be kept from reaching the
      photo-voltaic cell by an optical filter.
PAR  Another major advantage of a smoke detector utilizing the circuit disclosed
      herein is its extremely low power consumption. Although the pulse to the
      LED may be of the order of 7 amperes, the short duration of the pulse, and
      the fact that the level detector is on only during the pulse permits a
      power consumption of the order of 300 micro-amperes at 6 volts. This power
      consumption is low enough to allow the device to be operated for over one
      year on battery power units small enough to be contained within a detector
      housing, with enough reserve power to energize a self-contained alarm.
PAR  Although the circuit of FIG. 1 was designed specifically for use in a smoke
      detector, the principles of the invention may be utilized in other types
      of detectors such as turbidity detectors, nephelometers, absorption
      photometers, proximity detectors, and detectors of the interrupted beam
      type. In some such applications it may be desirable that the alarm or
      other indication be energized by the first signal pulse, in which case the
      flip-flop FF and integrator T may be omitted, and a circuit as illustrated
      in FIG. 4 may be used.
PAR  In either case the circuit may also be modified to operate from a charge
      stored in a capacitor, as illustrated in my copending application Ser. No.
      449,362 filed Mar. 8, 1974.
PAR  Since certain obvious changes may be made in the illustrated embodiments of
      the invention without departing from the scope thereof, it is intended
      that all matter contained herein be interpreted in an illustrative and not
      a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a detector of the type utilizing a pulsing light source and means for
      producing a signal pulse in response to the pulsed light under
      prdetermined conditions, the improvement comprising a level detector
      having an input connected to the output of the signal pulse producing
      means, said level detector producing an output signal only in response to
      an input signal pulse above a predetermined value, the output of the level
      detector being connected to an alarm actuating device, means rendering
      said level detector incapable of producing an output signal when the light
      source is de-denergized and rendering said level detector capable of
      producing an output signal only when the light source is emitting light.
NUM  2.
PAR  2. A detector as set out in claim 1 in which a bi-stable switching device
      is connected between the level detector and the alarm actuating device,
      said bi-stable switching device being normally in a first condition in
      which the alarm actuating device is not actuated and is responsive to a
      pulse from the level detector to shift to a second condition in which the
      alarm actuating device is actuated, and means periodically returning the
      bi-stable switching device to the first condition.
NUM  3.
PAR  3. A detector as set out in claim 2 in which means is provided for applying
      simultaneously a periodic pulse to the light source to cause it to emit
      light, to the level detector to render it capable of producing an output
      signal and to the bi-stable switching device, the periodic pulse to the
      bi-stable switching device being of substantially shorter duration than
      the periodic pulses to the light source and the level detector and being
      so applied to the bi-stable switching device as to insure that it is in
      the first condition during an initial portion of each periodic pulse to
      the light source and the level detector, whereby the occurrence of a
      signal pulse from the level detector to the bi-stable device in response
      to an input signal pulse will shift the bi-stable switching device to the
      second condition after the termination of the periodic pulse to the
      bi-stable device.
NUM  4.
PAR  4. In a detector of the type utilizing a pulsing light source and means for
      producing a signal pulse in response to the pulsed light under
      predetermined conditions, the improvement comprising a level detector
      having an input connected to the output of the signal pulse producing
      means, said level detector producing an output signal only in response to
      an input signal pulse above a predetermined value, a flip-flop circuit
      having set and re-set terminals, the level detector output being connected
      to the set terminal of the flip-flop circuit, whereby the flip-flop output
      is turned on when the level detector produces an output signal, means
      periodically applying a signal to the re-set terminal of the flip-flop to
      turn off the flip-flop output, the output of the flip-flop being connected
      to an alarm actuatin unit, said level detector being rendered incapable of
      producing an output signal when the light source is de-energized and is
      rendered capable of producing an output signal only when the light source
      is emitting light.
NUM  5.
PAR  5. A detector as set out in claim 4 in which the level detector is
      energized only when the light source is emitting light.
NUM  6.
PAR  6. A detector as set out in claim 4 in which the signal lead of the level
      detector is connected to ground when the light source is de-energized so
      as to be incapable of producing an output signal to the flip-flop and said
      signal lead is disconnected from ground only during the time that the
      light source is emitting light.
NUM  7.
PAR  7. In a detector of the type utilizing a pulsing light source and means for
      producing a signal pulse in response to the pulsed light under
      predetermined conditions, the improvement comprising a level detector
      having an input connected to the output of the signal pulse producing
      means, said level detector producing an output signal only in response to
      an input signal pulse above a predetermined value, a flip-flop circuit
      having set and re-set terminals, the level detector output being connected
      to the set terminal of the flip-flop circuit, whereby the flip-flop output
      is turned on when the level detector produces an output signal, the output
      of the flip-flop being connected to an alarm actuating unit, and a pulse
      generator for simultaneously applying a periodic pulse to the light source
      to cause said light source to eimit light, to the level detector to render
      it capable of producing an output signal, and to the re-set terminal of
      the flip-flop to insure that the flip-flop output is off during an initial
      portion of each periodic pulse to the light source and the level detector,
      said periodic pulse to the flip-flop being of shorter duration than the
      pulse to the light source, whereby an output signal pulse from the level
      detector will turn on the flip-flop output.
NUM  8.
PAR  8. A smoke detector of the type utilizing a pulsing light source and means
      for producing signal pulses in response to the pulsed light under certain
      condition and for utilizing signal pulses above a predetermined magnitude
      to actuate an alarm, said light source being a light emitting diode, said
      means for producing signal pulses being a photo-voltaic device capacitor
      coupled to an amplifier, said amplifier having a frequency response such
      that no appreciable output occurs below input frequencies below 1,000
      cycles and a pulse generator applying individual pulses to the light
      emitting diode, said pulses having frequency components greater than about
      1,000 cycles, a duration of about 20 micro-seconds and a repetition rate
      of between about 1 to 2 seconds, said means for utilizing the signal
      pulses to actuate an alarm having means requiring a signal pulse from at
      least two consecutive pulses to actuate the alarm.
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ABST
PAL  A conversion means converts the energy available from a source, such as the
      wind or sun, into a corresponding amount of d.c. electrical power. A
      switching circuit, typically a thyristor bridge, is connected between the
      conversion means and an a.c. load and across a.c. power mains energizing
      the load. The switching circuit is operable to periodically connect the
      conversion means to the a.c. load in a power supplying manner. The a.c.
      mains impart suitable voltage and frequency characteristics to the
      electrical power so supplied. In the event the supplied power exceeds the
      power required by the a.c. load, the difference is taken by the a.c. power
      mains.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to circuitry which enables geophysical energy
      such as the sun and the wind to provide electrical power.
PAR  2. Description of the Prior Art
PAR  Many inexpensive and readily available sources of energy exist. These
      include such sources as solar radiation, wind producing atmospheric
      pressure and temperature gradients, stored or flowing water, and others.
      While it has long been desired to utilize such sources to augment
      conventional energy supplies, the sun and the wind remain essentially
      unused for this purpose today. This is attributable, at least in part to
      the following circumstances.
PAR  The energy of sources typified by the sun, wind, and water is seldom
      directly utilizable by the oridinary power consumer. For this reason, the
      energy of such sources is often converted to electrical power. However, to
      achieve any significant degree of utilization, it is further necessary to
      establish the voltage and frequency of the converted power at conventional
      standards, such as 60 Hz and 110 or 220 volts. Heretofore, this
      transformation to useful voltages and frequencies has been both expensive
      and inefficient, thereby detracting from the feasibility of using these
      types of energy sources.
PAR  In addition to the problems of power transformation, the amount of energy
      available from these sources is variable, dependent on external factors
      not related to the amount of energy required by the users. For example,
      the energy available from solar radiation is dependent on the time of day,
      the season, the amount of cloud cover, etc. The amount of wind energy
      available depends on a host of geophysical factors.
PAR  Effective utilization of the energy from sources of the type noted above
      has thus required the storage of energy during periods when the available
      energy exceeds energy demands and the release of stored energy when the
      available energy is less than that required. This load matching may be
      accomplished by the use of storage batteries, the electrolysis of water
      and other means. However, provision of the required storage means
      introduces additional expense and inefficiencies which further detract
      from the feasibility of using these energy sources.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The novelty of the present invention resides in the use of the
      conventional, existing, a.c. power distribution network to facilitate both
      the power transformation and load matching required to utilize the energy
      of sources such as the sun and wind. The simplicity, economy, and
      efficiency introduced by the present invention greatly enhances the
      practicality of using these energy sources.
PAR  In the present invention the energy of the variable source is converted
      into a corresponding amount of d.c. electrical power. This power is
      periodically supplied to an a.c. load energized by the a.c. power network.
      The a.c. voltages existing in the a.c. power network are employed to
      control the power transfer and to transform the power into the same
      voltage and frequency as exists in the a.c. power network which energizes
      the a.c. load. The transformation process is thus simplified and rendered
      highly efficient and economical.
PAR  The present invention further contemplates the use of the a.c. power
      distribution network as a receiving and redistribution medium for
      excessive quantities of transformed electrical power. This enables the use
      of a variable energy source without the need for expensive, inefficient
      storage means, such as batteries and the like. Both the generation and the
      redistribution of electrical power from the geophysical energy source
      lessens power demands on power stations in the a.c. power network,
      resulting in a reduction in the amount of conventional fuels consumed.
PAR  The conversion means for converting the variable energy of the source into
      a corresponding amount of d.c. electrical power may, for example, comprise
      a d.c. generator driven by a windmill. A switching means, typically a
      thyristor bridge, is interposed between this d.c. power supply and the
      a.c. load. The switching means is also connected across the a.c. power
      mains of the distribution network which energize the load. The switching
      means is operable to periodically connect the d.c. power supply to the
      a.c. load. The voltages of the d.c. power supply and the a.c. power mains
      provide a power supplying current flow from the d.c. power supply through
      the switching means to the a.c. load and impart suitable voltage and
      frequency characteristics to this power.
PAR  In the event the amount of d.c. power is available is less than that
      required by the a.c. load, the a.c. power mains provide the necessary
      difference. If the d.c. power available from the d.c. power supply is
      greater than that required by the a.c. load, the excess flows into the
      a.c. power distribution network for supply to other a.c. loads connected
      in the network.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood with reference to the drawing in
      which:
PAR  FIG. 1 is a schematic diagram of one embodiment of the geophysical energy
      source utilization circuit of the present invention employing wind energy.
PAR  FIG. 1a is a schematic diagram of solar powered conversion means suitable
      for use in the circuit of FIG. 1.
PAR  FIG. 1b is a schematic diagram of an alternator - rectifier conversion
      means suitable for use in the circuit of FIG. 1.
PAR  FIG. 2 shows the d.c. voltage and one of the a.c. voltages existing in the
      circuit of FIG. 1;
PAR  FIG. 3 is similar to FIG. 2 and further shows an additional a.c. voltage
      existing in the circuit of FIG. 1;
PAR  FIG. 4 shows currents existing in the circuit of FIG. 1.
PAR  FIG. 5 shows the operation of the circuit of FIG. 1 in providing power to a
      load;
PAR  FIG. 6 shows the voltages of FIG. 3 on an expanded scale;
PAR  FIG. 7 shows a modification in the operation of the circuit of FIG. 1 in
      providing power to the load;
PAR  FIG. 8 is a schematic diagram of a thyristor firing circuit suitable for
      use in the circuit of FIG. 1;
PAR  FIGS. 9A through 9G show various electrical signals employed in the
      operation of the thyristor firing circuit of FIG. 8;
PAR  FIG. 10 is a schematic diagram of another embodiment of the switching means
      of the circuit of the present invention;
PAR  FIG. 11 is a schematic diagram of a polyphase embodiment of the switching
      means of the circuit of the present invention; and
PAR  FIG. 12 shows polyphase voltages existing in the embodiment of FIG. 11.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  THE CIRCUITRY
PAR  In FIG. 1, conversion means 10 is operable by the energy source. The
      conversion means includes d.c. power supply 12, shown as a d.c. generator
      in FIG. 1 operated by windmill 14. It will be appreciated that d.c. power
      supply 12 may comprise the array of sun powered solar cells 12a shown in
      FIG. 1a or other means responsive to the energy of the source. D.c. power
      supply 12 provides variable amounts of d.c. electrical power corresponding
      in quantity to the variable energy available from a source such as the sun
      or wind. D.c. power supply 12 includes internal impedance 16 connected
      between voltage source terminal 18 and output terminal 20. D.c. supply 12
      includes a second output terminal 22.
PAR  A switching means 24 is coupled to d.c. power supply output terminals 20
      and 22. The switching means may typically comprise a thyristor bridge
      having input terminals 26 and 28 and output terminals 30 and 32. Input
      terminals 26 and 28 are connected to d.c. power supply output terminals 20
      and 22 via conductors 25 and 27. Each of the input terminals of the bridge
      is connected to each of the output terminals by bridge arm conductors
      containing thyristors to provide a pair of conduction paths in thyristor
      bridge 24 between input terminals 26 and 28 and output terminals 30 and
      32. One such conduction path includes thyristors 34a and 34b while the
      other conduction path includes thyristors 36a and 36b. Thyristors 34a and
      34b and 36a and 36b are fired by firing circuit 100 shown in detail in
      FIGS. 8 and 9.
PAR  In the d.c. portions of the circuitry of FIG. 1, current flows in the
      counter clockwise direction shown by the arrow labelled I. This current is
      made up of the currents in the two conduction paths in the thyristor
      bridge 24. Thyristors 34a, and 34b and 36b are poled so that this current
      alternates between the a and 36b conduction paths in thyristor bridge 24.
      Current I.sub.1 in the conduction path containing thyristors 34a and 34b
      flows out terminal 30 and in terminal 32. Current I.sub.2 in the
      conduction path containing thyristors 36a and 36b flows out terminal 32
      and in terminal 30.
PAR  Output terminals 30 and 32 of thyristor bridge 24 are connected via
      conductors 38 and 40 to terminals 42 and 44 of a.c. load 46, shown as an
      induction motor in FIG. 1. A conventional a.c. power distribution network
      is also connected to conductors 38 and 40 and hence to thyristor bridge 24
      and a.c. load 46. Such a network may comprise a.c. power mains 47
      connected to a.c. generator 48 in power station 49. A.c. power mains 47
      and the power distribution network have a characteristic low impedance
      property which tends to maintain terminal voltages regardless of the
      magnitude of currents in the mains. This property renders the mains
      relatively immune to the effects of removing or inserting power and may be
      said to impart a "stiffness" to the mains.
PAC  THE OPERATION OF THE CIRCUITRY
PAC  The Supply of Power from D.C. Supply 12 to A.C. Load 46
PAR  Inasmuch as the operation of the circuitry of FIG. 1 involves the supply
      and receipt of electrical power, it is important to note the common
      analytical convention regarding this matter. This convention states that
      for an element to be a source of electrical power, current must flow out
      the more positive terminal of the element and in the less positive or
      negative terminal. For an element to function as an electrical load,
      current must flow in the more positive terminal of the element and out the
      less positive or negative terminal.
PAR  FIG. 2 shows certain voltages existing in the circuitry of FIG. 1 during
      its operation. Voltage 50 represents the voltage of d.c. power supply 12
      applied to terminal 20. For d.c. power supply 12 to function as an
      electrical source with the counter-clockwise current flow direction of
      current I indicated in FIG. 1, the voltage at terminal 20 must be of the
      positive polarity shown in FIGS. 1 and 2.
PAR  A.c. power mains 47 apply an a.c. voltage to output terminals 30 and 32 of
      thyristor bridge 24. When thyristors 34a and 34b are conducting current
      I.sub.1, this voltage will appear at input terminals 26 and 28 of
      thyristor bridge 24 as a.c. voltage 52 due to the negligible conduction
      voltages across thyristors 34a and 34b. A.c. voltage 52 also appears at
      output terminals 20 and 22 of d.c. pwer supply 12. A.c. voltage 52
      periodically varies from zero to a maximum magnitude of one voltage
      polarity and through zero to a maximum magnitude in the other polarity
PAR  In comparing the magnitudes of d.c. voltage 50 generated by d.c. power
      supply 12 and a.c. voltage 52 existing at a.c. load 46 and established by
      a.c. mains 47, there will exist periods during which the alternating
      voltage will be less positive than the d.c. voltage, due to the varying
      magnitude of the a.c. voltage. Such a period exists from time T.sub.1 to
      time T.sub.2 in FIG. 2.
PAR  Inasmuch as electrical current flows from a more positive voltage level to
      a less positive voltage level, current can be made to flow from the d.c.
      power supply 12 to a.c. load 46 during this and similar periods.
      Thyristors 34a and 34b in thyristor bridge 24 are poled to facilitate this
      current flow. In order to form a current conduction path, the anodes of
      the thyristors must be more positive than the cathodes. As may be seen
      from FIG. 2, this condition will occur during the aforementioned time
      interval T.sub.1 - T.sub.2 in which d.c. voltage level 50 is
      instantaneously more positive than the a.c. voltage level. During this
      time interval, for example, d.c. voltage 50 at terminal 20 applied to the
      anode of thyristor 34a will be more positive than the a.c. voltage 52 at
      terminal 30 applied to the cathode, permitting thyristor 34a to conduct
      current I.sub.1 from output terminal 20 of d.c. power supply 12 to
      terminal 30, conductor 38, and terminal 42 of load 46.
PAR  Under the conditions shown in FIG. 2, in which the magnitude of d.c.
      voltage 50 is less than the peak magnitude of a.c. voltage 52, the d.c.
      voltage 50 applied to the anode of thyristor 34a prior to time t.sub.1 and
      subsequent to time T.sub.2 is less positive than a.c. voltage 52 applied
      to the cathode, preventing conduction of thyristor 34a during these times.
      Corresponding conduction controlling conditions exist on thyristor 34b.
PAR  It is important to note that the bi-polarity character of the a.c. voltage
      makes both polarities of voltage available during the time period T.sub.1
      - T.sub.2. Both bridge terminals 30 and 32 and load terminals 42 and 44
      are connected across a.c. mains 47 by conductors 38 and 40. Bridge
      terminal 38 and 40. Bridge terminal 30 and load terminal 42 will thus
      simultaneously be of the same polarity by virtue of their connection to
      conductor 38. By proper selection of the voltage on the bridge terminals
      and the load terminals, electrical power may be transferred by the current
      flow from d.c. power supply 12 to a.c. load 46. As shown in FIG. 2, during
      time period T.sub.1 - T.sub.3 alternating voltage 52 on terminal 30 of
      thyristor bridge 24 and terminal 42 of a.c. load 46, while lesser in
      magnitude than d.c. voltage 50, is, nonetheless, positive with respect to
      neutral axis 54. Current I (I.sub.1) is flowing out a positive terminal 30
      of thyristor bridge 24 and in a positive terminal 42 of a.c. load 46. In
      accordance with the analytical power convention noted above, when current
      flows out the positive terminal of an element, the element is an
      electrical source. D.c. power supply 12 and thyristor bridge 24 are thus
      an electrical power source. When current flows in the positive terminal of
      an element, the element is an electrical load. A.c. load 46 is thus an
      electrical load receiving power from d.c. supply 12.
PAR  It is also important to note that at T.sub.3, the polarity of the a.c.
      voltage at terminal 30 of thyristor bridge 24 and terminal 42 of a.c load
      46 reverses to the negative polarity. If the flow of current I.sub.1
      continues through thyristor 34a and in conductor 38, it will be flowing
      out a terminal of thyristor bridge 24 which is instantaneously negative.
      In accordance with the convention noted above, when current flows out the
      negative terminal of an element, the element is a load. Thus, if the
      conduction of thyristors 34a and 34b is permitted subsequent to time
      T.sub.3, conductors 38 and 40 connected to a.c. power mains 47 become a
      source supplying power to d.c. power supply 12. Under such conditions,
      thyristor bridge 24 operates in the manner of a conventional rectifier.
      Therefore, in order to insure the flow of power in the direction from d.c.
      power supply 12 to a.c. load 46, it is necessary to turn off thyristor 34a
      at or prior to time T.sub.3.
PAR  In summary, in order to obtain a supply of power from d.c. power supply 12
      to a.c. load 46, thyristor 34a must be rendered conductive at or after
      time T.sub.1 and turned off at or before time T.sub.3. While thyristor 34a
      has been described in detail above, it will be appreciated that
      complementary thyristor 34b must be rendered conductive in co-ordination
      with thyristor 34a in order to complete the conduction path through
      thyristor bridge 24.
PAR  Circumstances similar to those existing during time T.sub.1 - T.sub.3 exist
      between times T.sub.4 and T.sub.2 when a.c. voltage 52 returns to the
      positive polarity but is smaller in magnitude than d.c. voltage 50. If
      thyristors 34a and 34b are rendered conductive during this time interval,
      the supply of power from d.c. power supply 12 through thyristor bridge 24
      to a.c. load 46 will again result.
PAR  FIG. 3 is similar to FIG. 2 and further shows a.c. voltage 56 which appears
      at input terminals 26 and 28 of bridge 24 and output terminals 20 and 22
      of d.c. power supply 12 when thyristors 36a and 36b conduct current
      I.sub.2. The action of thyristors 34a and 34b and thyristors 36a and 36b
      in establishing the pair of a.c. voltages 52 and 56 shown in FIG. 3 may be
      considered analogous to the operation of a reversing switch in performing
      the same function. Thyristors 36a and 36b will be biased to conduct
      current I.sub.2 for periods extending from time T.sub.5 to time T.sub.6
      and time T.sub.5a to time T.sub.6a shown in FIG. 3. The supply of power
      from d.c. power supply 12 through thyristors 36a and 36b in thyristor
      bridge 24 to a.c. load 46 occurs during time periods T.sub.5 - T.sub.7,
      T.sub.3 - T.sub.6, T.sub.5a - T.sub.4, and T.sub.3a - T.sub.6a.
PAR  It will be apparent from FIG. 3 that when considering both pairs of
      thyristors and current conduction paths in thyristor bridge 24, time
      periods T.sub.1 through T.sub.6, T.sub.5a through T.sub.2 and T.sub.1a
      through T.sub.6a are periods during which a power supplying current I,
      comprised of the current components I.sub.1 and I.sub.2, may flow from
      d.c. supply 12 through thyristor bridge 24 to a.c. load 46. FIG. 4 shows
      these currents under conditions in which low inductive impedance is
      present in the circuitry. With greater inductive impedance, the current
      flow intervals will increase and current flow may become continuous.
PAR  Any difference between the amount of power supplied by d.c. power supply 12
      during such power supplying periods and that required by a.c. load 46 is
      accommodated by a.c. power mains 47. In the instance in which the power
      required by a.c. load 46 is in excess of that supplied by d.c. power
      supply 12, a.c. power mains 47 provide an input power equal to the
      difference.
PAR  FIG. 5 shows the power supplying operation of the present invention. The
      graph shows the power utilized by a.c. load 46. The shaded areas 62
      occupying times T.sub.5 - T.sub.8, T.sub.1 - T.sub.6, T.sub.5a - T.sub.2,
      and T.sub.1a - T.sub.6a indicate the power supplied by d.c. power supply
      10. In FIG. 5, the amount of power supplied during these time periods is
      shown as equal to that required by a.c. load 46. The power requirement of
      a.c. load 46 during the time periods T.sub.8 - T.sub.1, T.sub.6 -
      T.sub.5a, and T.sub.2 - T.sub.1a is provided by a.c. lines 47. FIG. 5 also
      illustrates the action of the a.c. power mains 47 in imparting suitable
      voltage and frequency to the power 62 supplied by a.c. power supply 12 to
      a.c. load 46.
PAC  CONSIDERATIONS IN THE OPERATION OF SWITCHING MEANS 24 DURING POWER SUPPLY
PAR  On a theoretical basis, to provide the maximum supply of power from d.c.
      power supply 12 to a.c. load 46, thyristors 34a and 34b in bridge 24
      should be turned on at time T.sub.1 and turned off at T.sub.3. Thyristors
      36a and 36b in bridge 24 should be turned on at time T.sub.3 and turned
      off at time T.sub.6. This would supply power during the entire time period
      T.sub.1 - T.sub.6 during which the a.c. voltages 52 and 56 are positive in
      polarity but smaller in magnitude than d.c. voltage 50.
PAR  As a practical matter, however, in a bridge, such as bridge 24, utilizing
      thyristors as the current control devices, consideration should be given
      to using only thyristors 36a and 36b and the time period T.sub.3 -
      T.sub.6, to supply power rather than utilizing the entire time period
      T.sub.1 - T.sub.6 and both sets of thyristors 34a and 34b and 36a and 36b.
      While the amount of power supplied to a.c. load 46 is reduced, the ease
      and certainty with which the operation, particularly the turn off
      operation, of the thyristors may be achieved and the facility with which
      the magnitude of the current I may be controlled is increased.
PAR  With the use of thyristors 36a and 36b to supply power during the period
      T.sub.3 - T.sub.6, the thyristors are automatically biased toward the
      nonconductive condition at time T.sub.6 as the relative polarity of the
      voltages on the anodes and cathodes of the thyristors reverses. The
      control of the magnitude of the current I.sub.2 conducted by thyristors
      36a and 36b is simplified both by the automatic turn off of the thyristors
      and by the decreasing difference in bias voltages applied to the
      thyristors during the time period T.sub.3 - T.sub.6.
PAR  In contrast, the difference in the biasing voltages applied to thyristors
      34a and 34b during the time period T.sub.1 - T.sub.3, is such as to tend
      to increase conduction and the current I.sub.1 through the thyristors.
      This presents problems in effecting turn off of thyristors 34a and 34b at
      time T.sub.3. The attendant limitations in the firing point of the
      thyristors, as well as the biasing voltages make control of the magnitude
      of current through the thyristors difficult. A more serious problem is
      that should the turn off of thyristors 34a and 34b not be completed by
      time T.sub.3, it may be impossible to thereafter turn them off and turn
      thyristors 36a and 36b on due to the more favorable conduction conditions
      existing on thyristors 34a and 34b subsequent to time T.sub.3.
PAR  Referring to FIG. 6, which shows the portion of FIG. 3 containing the time
      period T.sub.1 - T.sub.6 on an expanded scale, consider circumstances
      existing at time T.sub.10 with thyristors 34a and 34b still conducting.
      Time T.sub.10 is subsequent to time T.sub.3 and, therefore, the voltage on
      terminal 32 is instantaneously positive and the voltage on terminal 30 is
      instantaneously negative. This is represented in FIG. 6 by the voltages 52
      and 56. Terminal 28 will be at the same potential as terminal 32 since
      conductive thyristor 34b, to that anode of which is applied the positive
      voltage 56, has a negligible voltage drop across it. Thyristor 36b thus
      has the positive potential at terminal 28 applied to its cathode and the
      negative potential at terminal 30 applied to its anode. It is therefore
      reverse biased and cannot be rendered conductive. A similar circumstance
      exists in connection with thyristor 36a so that if the conduction of
      thyristors 34a and 34b continues past time T.sub.3, as to T.sub.10, it
      will be impossible to turn on thyristors 36a and 36b. The current flow
      through thyristors 34a and 34b subsequent to time T.sub.3 causes an
      undesirable power flow from a.c. power mains 47 to d.c. power supply 12.
      This power flow will continue until time T.sub.2. It is to avoid this
      inability to turn on thyristors 36a and 36b and turn off thyristors 34a
      and 34b that only thyristors 36a and 36b are employed to conduct current
      during the portion T.sub.3 - T.sub.6 of the time interval T.sub.1 -
      T.sub.6.
PAR  In the subsequent power supply time interval T.sub.5a - T.sub.2 the
      relative polarities of a.c. voltages applied to output terminals 30 and 32
      of bridge 24 are reversed so that thyristors 34a and 34b are rendered
      conductive during the portion T.sub.4 - T.sub.2 of the time interval
      T.sub.5a - T.sub.2 and thyristors 36a and 36b are not used.
PAR  In spite of the deliberate use of only one of the pairs of thyristors, for
      example thyristors 36a and 36b, during the latter portion, T.sub.3 -
      T.sub.6, of the power supplying interval, T.sub.1 - T.sub.6, there is
      always the possibility that the other pair of thyristors will be
      conducting in the power supplying interval. This may be due to the
      presence of a large inductance in the circuit. For example, the current
      maintaining properties of the inductance may cause the current flowing in
      thyristors 34a and 34b during a previous power supplying interval T.sub.7
      - T.sub.8 to continue past T.sub.1 of the subsequent power supplying
      interval T.sub.1 - T.sub.6. However, as long as thyristors 36a and 36b are
      fired on prior to time T.sub.3 thyristors 34a and 34b will be commutated
      off by the voltage conditions existing in thyristor bridge 24 prior to
      time T.sub.3. These conditions favor the conduction of thyristors 36a and
      36 b over the conduction of thyristors 34a and 34b.
PAR  Consider, for example, time T.sub.11 in FIG. 6 which is prior to time
      T.sub.3 under conditions in which thyristors 34a and 34b are conducting.
      At time T.sub.11 the voltage on terminal 30 is positive and the voltage on
      terminal 32 is negative. Conducting thyristor 34b applies the negative
      voltage at terminal 32 to terminal 28 and places that terminal at the same
      negative potential as terminal 32. Thyristor 36b thus has a negative
      potential on its cathode and the positive potential at terminal 30 on its
      anode. It is therefore forward biased and can be easily rendered
      conductive by an appropriate firing signal. The conduction of thyristor
      36b commutates off thyristor 34b by providing the positive voltage at
      terminal 30 to its cathode.
PAR  The foregoing suggests that under circumstances in which thyristors 34a and
      34b continue to conduct current past time T.sub.1, that thyristors 36a and
      36b must be fired prior to time T.sub.3 if proper operation on bridge 24
      is to be maintained.
PAR  While theoretically a small amount of power supply from a.c. power mains 47
      to d.c. power supply 10 will result by the conduction of current through
      thyristors 36a and 36b prior to time T.sub.3, no significant amount of
      reverse power flow occurs if firing occurs close to time T.sub.3. The
      initial current build up is very slow with the inductive impedance found
      in a typical electromechanical conversion means 12. This also reduces the
      amount of reverse power flow. Thyristors 36a and 36b will normally be
      commutated off at time T.sub.6 as the voltage applied to the tyristors
      reverses to a condition not favoring conduction. If the inductive
      properties of the circuitry continue current flow through the thyristors
      past this turn-off time the current is quite effective in supplying power
      to a.c. load 46 because of the voltages existing subsequent to time
      T.sub.6. Thus, any power flow from a.c. power mains 47 to d.c. power
      supply 10 occurring by firing the thyristors 36a and 36b prior to time
      T.sub.3 tends to be regained by the conduction of current subsequent to
      time T.sub.6. If inductive impedance is present, there is also the
      additional advantage in that the RMS currents tend to be lower because of
      the longer conducting interval which extends from prior to time T.sub.3 to
      subsequent to time T.sub.6.
PAR  The supply of power to a.c. load 46 through the use of the latter portion
      of the power supplying intervals is shown in FIG. 7. FIG. 7 also shows
      conditions in which the amount of power provided by d.c. power supply 10
      exceeds that required by a.c. load 46. The numeral 66 indicates the total
      amount of power supplied by the current flow occuring during the power
      supplying time intervals. The numeral 62 indicates the portion of the
      supplied power concurrently used by a.c. load 46. The numeral 68 indicates
      the remaining excess portion of the supplied power which is taken or
      stored in the a.c. power distribution network. This excess power may be
      returned to a.c. load 46 in the time periods subsequent to times T.sub.8,
      T.sub.6, T.sub.2, and T.sub.6a.
PAR  The amount of power supplied to a.c. load 46 is determined both by the
      level of d.c. voltage 50 and the firing angles of the thyristors in bridge
      24. The level of d.c. voltage is determined by the speed of windmill 14
      and the field strength of d.c. generator 12. With the windmill at maximum
      speed, the field strength may be set so that d.c. voltage 50 is
      approximately 90 percent of the RMS value of the a.c. voltage.
      Considerations relating to the firing angle of the thyristor in bridge 24
      are described above.
PAR  In the instance in which d.c. power supply 13 provides more power than is
      required by a.c. load 46, the excess power in a.c. power mains 47 may be
      supplied to other users connected to the a.c. power distribution network,
      for example, users connected to power mains 64, thereby reducing the power
      generating requirements of power station 49.
PAC  THE FIRING CIRCUIT
PAR  FIG. 8 shows a firing circuit 100 suitable for firing thyristors 34a and
      34b and thyristors 36a and 36b to accomplish the above described
      operation. Firing circuit 100 includes a pair of firing pulse generators
      102 and 104. Firing pulse generator 102 is coupled through pulse
      transformer 106 to the gate terminals of thyristors 36a and 36b. The
      firing pulse genrator 104 is coupled through pulse transformer 108 to the
      gate terminals of thyristors 34a and 34b.
PAR  The pulse generators 102 and 104 are generally similar in construction and
      employ a unijunction transistor pulse generating circuit. A unijunction
      transistor is a three element semi-conductor device having a pair of base
      terminals and an emitter terminal. If the voltage on the emitter terminal
      is less than a predetermined peak voltage, only a small reverse leakage
      current will flow in the device. When the emitter voltage exceeds the peak
      voltage a low resistance path is established for the emitter current.
PAR  Unijunction transistors are commonly used in simple relaxation oscillators
      in which a capacitor, connected to the emitter terminal, is charged by a
      controlled current source. When the capacitor voltage reaches the peak
      emitter voltage, it triggers the unijunction transistor and the energy of
      the capacitor is discharged through the device to provide a thyristor
      gating pulse. Due to the similarity of the pulse generators 102 and 104,
      only pulse generator 102 is described in detail below.
PAR  Pulse generator 102 includes unijunction transistor 110. The emitter of
      unijunction transistor 110 is connected to triggering capacitor 112
      through isolating diode 114 and conductor 116. A second triggering
      capacitor 118 is connected in parallel with capacitor 112 through
      isolating diode 120. One base of unijunction transistor 110 is connected
      to transformer 106 by conductor 122. The other base of unijunction
      transistor 110 is connected to the output of a logic circuitry,
      hereinafter described, by conductor 124. The logic circuitry determines
      the time interval during which unijunction transistor 110 may be triggered
      by capacitor 112.
PAR  Pulse generator 102 is energized by a d.c. power supply shown
      diagrammatically as battery 128. The emitter of transistor 130 is
      connected through bias resistor 132 to d.c. power supply 128. The
      collector of transistor 130 is connected to capacitor 112 to provide the
      charging current to the capacitor. The base of transistor 130 is connected
      to control signal source 134 which provides an adjustable magnitude
      control signal to the base of transistor 130. The magnitude of this signal
      determines the magnitude of the current supplied to capacitor 112, the
      charging rate of the capacitor, and the timing of pulse generation by
      unijunction transistor 110. The greater the magnitude of the control
      signal, the more rapid the charging of capacitor 116 and the earlier the
      triggering and pulse generation of unijunction transistor 110.
PAR  Step-down transformer 136 has primary winding 138 coupled to a.c. power
      mains 47 to provide voltages in secondary winding 140 suitable for
      synchronizing the operation of firing circuit 100 with conditions existing
      in thyristor bridge 24. The synchronizing voltages are applied to the
      logic circuitry which determines the period during which unijunction
      transistor 110 may be rendered operative.
PAR  Transformer 136 provides a voltage corresponding to voltage 56 in the right
      hand half of secondary winding 140, as shown in FIG. 9A. FIG. 9A also
      contains certain times such as T.sub.3 and T.sub.6 previously identified
      in FIGS. 2, 3 and 4. Voltage 56 is phase shifted in a lagging manner by
      capacitor 142 and resistor 144 to establish voltage 200 which is applied
      to diode 146. The diode 146 provides the positive half cycle of voltage
      200 as logic input signal 202 shown in FIG. 9B. Inasmuch as it is the
      presence and absence of logic signal 202, not its magnitude which is
      important, logic input signal 202 is shown as a simple square wave.
PAR  Logic input signal 202 is supplied in conductor 148 to one input of NOR
      gate 150. A NOR gate is a coincident element which provides a logic 0
      output (usually the absence of an electrical output signal) when an input
      signal having a logic state of 1 (usually the presence of an electrical
      signal) is applied to the first input, or the second input, etc., of the
      element. The name NOR gate is derived from the "not" or logic 0
      characteristic of the output and the "or" characteristic of the input.
      When the input signals to a NOR gate are all logic 0, a logic 1 signal
      appears at the output thereof.
PAR  Disregarding, for the moment, the other input signal to NOR gate 150 in
      conductor 152, the absence of input logic signal 202 (i.e. logic 0)
      provides an output signal (i.e. logic 1), shown as signal 204 in FIG. 9C,
      from NOR gate 150 to unijunction transistor 110 in conductor 124 which
      biases unijunction transistor 110 into the operative state and permits it
      to generate a firing pulse when the appropriate voltage is applied to the
      emitter terminal thereof. The period during which unijunction transistor
      110 may generate a firing pulse extends from time T.sub.18 to time
      T.sub.19, as shown in FIGS. 9A, B, and C. The firing interval for
      unijunction transistor 110 and hence for thyristors 36a and 36b thus
      commences when voltage 56 is somewhat negative and extends well into the
      positive half cycle. Typically the extension into the positive half cycle
      is about 50.degree.. The operative period of unijunction transistor 110
      thus embraces the time interval T.sub.3 to T.sub.6.
PAR  The exact instant of pulse generation during the time period T.sub.18 -
      T.sub.19 depends upon the magnitude of the control signal from the control
      signal source 134. As a practical manner, pulse generation cannot be
      accomplished at time T.sub.18 since it takes some time for capacitor 112
      to charge to the voltage necessary to trigger unijunction transistor 110
      so that the generation of a firing pulse and the firing of thyristors 36a
      and 36b is typically initiated sometime after the negative peak of voltage
      56. The firing interval extends at least to time T.sub.6.
PAR  As noted above, under circumstances in which current is flowing through
      thyristors 34a and 34b subsequent to time T.sub.1, it is necessary to fire
      thyristors 36a and 36b prior to time T.sub.3. This is particularly true if
      this current persists as time T.sub.3 approaches. To insure generation of
      a firing pulse by unijunction transistor 110 under these circumstances, a
      logic input signal which alters its logic state shortly before time
      T.sub.3 is established. This signal is used in conjunction with a logic
      signal indicating the presence of current in d.c. supply 10 to initiate
      firing signals to thyristors 36a and 36b  prior to time T.sub.3 if such a
      signal has not already been generated by the operation of control signal
      source 134. The required logic function is accompoished by AND gate 160.
      An AND gate is a coincident element which provides a logic 1 output signal
      when a logic 1 input is applied to its first input and its second input,
      etc.
PAR  The first logic input signal to AND gate 160 is generated from voltage 56
      in the right hand half of transformer secondary winding 140. The wave form
      of this voltage is repeated in FIG. 9D. To this voltage is added a
      positive d.c. bias voltage from d.c. power supply 128 through resistor 162
      to form a voltage wave form 206 which is shifted upward with respect to
      neutral axis 54.
PAR  Voltage wave 206 is applied to diode 164 which provides the positive half
      cycle as logic signal 208 of FIG. 9E. The commencement of logic signal 208
      at time T.sub.20 is advanced slightly with respect to time T.sub.3 as
      shown in FIG. 9D The amount of this advance may be 20.degree..
PAR  The second input to AND gate 160 is responsive to the presence of current
      in d.c. supply 10 and thyristor bridge 24. A resistor 168 is inserted in
      the output of d.c. supply 10 as by interposing it at output terminal 22.
      Conductor 170 is connected to one end of resistor 168 to sense the voltage
      signal generated by current flow through resistor 168. Conductor 170 is
      connected to the second input of AND gate 160 to provide input signal 210.
PAR  In the absence of any current in d.c. supply 10, there is no signal in
      conductor 170 to AND gate 160 and the AND gate is rendered inoperative. No
      output signal from AND gate 160 is provided to NOR gate 150 and the
      commencement and termination of the operative period of unijunction
      transistor 110 is controlled by logic input signal 204 to NOR gate 150.
      The instant of pulse generation within the operative period is controlled
      by the rate of charge of capacitor 112.
PAR  The presence of current in d.c. supply 10 and in conductor 170 provides an
      input logic signal 210 shown in FIG. 9F to the input of AND gate 160. This
      provides an output signal from AND gate 160 to NOR gate 150 in conductor
      152 whenever input logic signal 208 is present in conductor 166. This
      signal commences at time T.sub.20 and terminates at T.sub.21. The signal
      from AND gate 160 to NOR gate 150 does not affect the commencement of the
      operative period of unijunction transistor 110 at time T.sub.18. Signal
      208 and the output signal of AND gate 160 terminates at time T.sub.21
      which is prior to time T.sub.18. The removal of the second input signal
      202 to NOR gate 150 at time T.sub.18 causes the output signal to assume a
      logic state of 1 energizing unijunction transistor 110.
PAR  If the magnitude of the input control signal from control signal source 134
      is not sufficient to trigger unijunction transistor 110 and fire
      thyristors 36a and 36b prior to time T.sub.20 and hence prior to time
      T.sub.3 operation of pulse generator 102 is as follows. At time T.sub.20,
      a second input logic signal 208 is applied to AND gate 160 in addition to
      the current signal in conductor 170. The pair of input signals to AND gate
      160 causes the AND gate to generate an output signal in conductor 152 to
      the input of NOR gate 150. The application of this input signal to NOR
      gate 150 removes the output signal of the NOR gate and terminates the
      operative period of unijunction transistor 110 at time T.sub.20. Prior to
      time T.sub.20, a voltage divider consisting of resistors 154 and 156 has
      charged capacitor 118 to a voltage slightly less than that necessary to
      trigger unijunction 110 when same is biased by NOR gate 150. At the end of
      the operative period concluding at time T.sub.20, the drop in voltage
      supplied to unijunction transistor 110 by NOR gate 150 causes a drop in
      the voltage required to trigger unijunction transistor 110 and the voltage
      across capacitor 118 is now large enough to cause triggering. A firing
      pulse is thus generated at time T.sub.20 to thyristors 36a and 36b. Time
      T.sub.20 is prior to time T.sub.3 and insures that thyristors 36a and 36b
      will be conducting prior to time T.sub.3 when current is present in d.c.
      supply 10.
PAR  The voltage on capacitor 118 also causes unijunction transistor 110 to
      generate a firing pulse to thyristors 36a and 36b during the normal
      operation of pulse generator 102 shown in FIG. 9C occurring without
      current in d.c. supply 12. This causes a firing pulse to be supplied to
      thyristors 36a and 36b at time T.sub.19 which is the termination of the
      normal operative period. As time T.sub.19 is subsequent to time T.sub.6,
      this has little effect on the operation of thyristor bridge 24.
PAR  While control signal source 134 has been shown as an independently
      controllable element in FIG. 8, it will be appreciated that the signal
      source will typically include reference and feedback regulating circuitry
      coupled to the energy source utilization circuitry which adjusts the
      firing angle of the thyristors in bridge 24 to achieve desired operating
      conditions in the energy source utilization circuitry. For example, the
      firing angle of the thyristors may be regulated in accordance with the
      output voltage of d.c. power supply 12 to provide a level of voltage 50
      below which the circuitry will not take power from the power supply. This
      permits windmill 14 to free wheel at low speed. The current I in the
      energy source utilization circuitry may be used to regulate thyristor
      firing angles so as to control the rise in voltage which takes place as
      the output of power supply 12 increases form zero to maximum current and
      to establish a current limit to protect generator 12.
PAC  Modifications and other Embodiments
PAR  It will be appreciated that numerous modifications may be made to the
      circuitry described above. For example, d.c. generator 12 may be replaced
      with an alternator 12b having associated rectifying diodes 13 shown in
      FIG. 1b. Alternators tend to have constant current properties which
      facilitate the control of current in the energy source utilization
      circuit. However, it may be necessary to insert an inductance in the d.c.
      portions of the alternator circuitry to avoid circulating current from the
      bridge through the rectifying diodes without taking power from the
      alternator. It may also be necessary to commence the firing of the
      thyristors in thyristor bridge 24 in the negative portions of the voltage
      wave, for example, prior to time T.sub.3.
PAR  The thyristors 34a and 34b and 36a and 36b shown in FIG. 1 may be replaced
      with other types of current control devices. For example, transistors or
      triacs may be employed Inasmuch as the control afforded by some of these
      devices includes a positive means of rendering them nonconductive, such
      devices may be utilized through the entire power supply interval T.sub.1 -
      T.sub.6, thereby increasing the amount of power supplied to a.c. load 46.
PAR  Similarly, various configurations of the switching means 24 may be
      employed. For example, the common Wheatstone or Graetz Bridge shown in
      FIG. 1 may be replaced with the center tapped transformer configuration
      shown in FIG. 10. Elements found in the circuitry of FIG. 1 bear a similar
      identifying numeral in FIG. 10. Sucn a configuration has the advantage of
      a reduction in the number of parts required. If it is desired to utilize
      additional amounts of power, polyphase power mains 47a, 47b and 47c and
      polyphase switching means 24a, shown in FIG. 11, may be employed. The
      bridge includes conductors connecting each of the a.c. power mains to
      input terminals 26 and 28 of the bridge. Each of the conductors contains a
      thyristor 34-1 through 34-6.
PAR  The operation of polyphase bridge 24a is analogous to that of single phase
      bridge 24. Sequential conduction by the thyristors in polyphase bridge 24a
      sequentially applies the line to line voltages between a.c. mains 47a, 47b
      and 47c to input terminals 26 and 28.
PAR  FIG. 12 shows two of the sequential line to line voltages developed in
      thyristor bridge 24b. One of the line to line voltages is identified as
      the phase C to phase B line to line voltage, conducted by thyristors 34-1
      and 34-2. The succeeding line to line voltage is the phase A to phase B
      line to line voltage. This voltage is obtained by commutating off
      thyristor 34-1 and commutating on thyristor 34-3 while continuing the
      conduction of thyristor 34-2.
PAR  As shown in FIG. 12, a power supplying interval T.sub.4b to T.sub.2b is
      provided when the phase C to phase B line to line voltage is less than
      d.c. voltage level 50 but positive with respect to the neutral axis so
      that the operation of polyphase bridge 24a resembles that of single phase
      bridge 24.
PAR  In regard to the commutation of the thyristors, it will be noted that the
      phase A to phase B line to line voltage will be less than the phase C to
      phase B line to line voltage during the interval T.sub.30 to T.sub.31.
      Commutation from the phase C to phase B line to line voltage to the phase
      A to phase B line to line voltage may occur during this interval and as
      late as time T.sub.31. Thus, with a polyphase bridge the interval during
      which natural commutation may be obtained is at least partially concurrent
      with the power supplying period. The commutation interval is greater than
      that found in a single phase bridge, so that the firing control of the
      thyristors in a polyphase bridge is rendered less critical. A firing
      circuit, such as that shown in FIG. 8 insures provision of a firing pulse
      prior to time T.sub.31 by virtue of the firing pulse generated by
      capacitor 118.
PAR  While FIG. 8 shows a firing circuit which fires each pair of thyristors
      independently, it is also possible to utilize a firing circuit which
      applied a single firing pulse to all thyristors simultaneously. Only the
      thyristors which are most favorable biased for conduction will actually be
      rendered conductive. This technique has the advantage of requiring only
      one pulse generator in the firing circuit. However, precautions must be
      taken to insure that firing pulses are not applied at the crossing of the
      a.c. voltages, such as the zero crossing at time T.sub.3 or T.sub.4 in
      FIG. 3, since this is an indefinite condition in which neither pair of
      rectifiers is favored for conduction. Also, it is not possible to fire in
      the positive half cycles of single phase embodiments of the invention
      since commutation of the thyristors will not be obtained. Firing is
      limited to the negative half cycles and hence it is preferable to use
      simultaneous firing of all thyristors with d.c. power supplies, such as
      d.c. generators which are sufficiently inductive to maintain current flow.
PAR  Various modes of carrying out the invention are comtemplated as being
      within the scope of the following claims particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A geophysical energy source utilization circuit suitable for energizing
      an a.c. load coupled to a.c. power mains comprising:
PA1  conversion means responsive to the energy of the geophysical source for
      converting the energy in a corresponding amount of d.c. electrical power
      having a unipolarity voltage characteristic and for providing same to
      output terminals of the conversion means;
PA1  switching means having a first terminal means coupled to said output
      terminals of said conversion means and a second terminal means connectable
      to said a.c. load and across the a.c. power mains for receiving a
      periodically varying voltage from the a.c. power mains, said switching
      means including controllable current conduction means interposed between
      the first and second terminal means for allowing the polarity of the
      unipolarity voltage to remain unchanged and for conducting current from
      said first terminal means to said second terminal means; and
PA1  control means coupled to said switching means for rendering said
      controllable current condition means conductive for establishing a current
      flow at said second terminal means during periods when the voltage on said
      second terminal means causes said utilization circuit to comprise an
      electrical power source for the a.c. load for providing a net supply of
      power from the utilization circuit to the a.c. load.
NUM  2.
PAR  2. The circuit according to claim 1 wherein the conduction of current by
      said controllable current conduction means is responsive to the voltages
      applied to said first and second terminal means, and wherein said control
      means is further defined as means for rendering said controllable current
      conduction means conductive at least when the voltages applied to the said
      first and second terminal means are such as to cause power supplying
      current to flow through said conduction means.
NUM  3.
PAR  3. The circuit according to claim 2 wherein the conduction of current by
      said controllable current conduction means is responsive to the relative
      magnitude of the varying and unipolarity voltages and wherein said control
      means is further defined as means for rendering said conduction means
      conductive at least when the relative magnitudes of the voltages applied
      to said first and second terminal means are such as to cause the power
      supplying current to flow through said conduction means.
NUM  4.
PAR  4. The circuit according to claim 1 wherein said conversion means is
      further defined as means for providing direct current electrical power
      having a unipolarity output voltage less than the peak magnitude of the
      periodically varying voltage from the a.c. power mains for defining, at
      least in part, the periods of power supplying current flow.
NUM  5.
PAR  5. The circuit according to claim 4 wherein said second terminal means
      receives a bipolarity a.c. voltage from the a.c. power mains and wherein
      said conversion means is further defined as means for providing direct
      current electrical power having a unipolarity output voltage less than the
      peak magnitude of the a.c. voltage of the a.c. power mains for defining,
      at least in part, the periods of power supplying current flow.
NUM  6.
PAR  6. The circuit according to claim 5 wherein the voltages on said first and
      second terminal means cyclically provide a pair of current conducting
      periods when said utilization circuit may comprise an electrical power
      source and in which the a.c. voltage is of the same polarity as the
      unipolarity voltage and of a magnitude less than the unipolarity voltage
      but greater than zero, in a first of the periods the a.c. voltage is
      decreasing toward zero and in the second of the periods the a.c. voltage
      is increasing with respect to zero, and wherein said control means, is
      further defined as means for rendering said controllable current
      conduction means conductive in at least one of the power supplying
      periods.
NUM  7.
PAR  7. The circuit according to claim 5 wherein said control means is further
      defined as means for rendering said controllable current conduction means
      conductive in the second of the power supplying periods.
NUM  8.
PAR  8. The circuit according to claim 5 wherein said switching means includes
      at least a pair of controllable current conduction means interposed
      between said first and second terminal means and coupled to said control
      means, said pair of current conduction means forming at least a pair of
      current conduction paths between said first and second terminal means, and
      wherein said control means is further defined as means for sequentially
      rendering the conduction means in each of said paths conductive.
NUM  9.
PAR  9. The circuit according to claim 8, wherein the sequential operation of
      said current conduction means establishes a plurality of bi-polarity a.c.
      voltages in said switching means; wherein the unipolarity and the a.c.
      voltages cyclically provide a pair of current conducting periods for each
      of said paths when said utilization circuit may comprise an electrical
      power source, in which periods an a.c. voltage is of the same polarity as
      the unipolarity voltage and of a magnitude less than the unipolarity
      voltage but greater than zero, in the first of the periods of the pairs,
      the a.c. voltage is decreasing toward zero and in the second of the
      periods of the pairs, the a.c. voltage is increasing with respect to zero;
      and wherein said control means is further defined as means for rendering
      said controllable current conduction means in each of said paths
      conductive in at least one of the power supplying periods.
NUM  10.
PAR  10. The circuit according to claim 9 wherein said control means is further
      defined as means for rendering said controllable current conduction means
      in each of said paths conductive in the second of the power supplying
      periods.
NUM  11.
PAR  11. The circuit according to claim 9 wherein said control means is further
      defined as means for rendering said controllable current conduction means
      conductive prior to the commencement of the second of the power supplying
      periods.
NUM  12.
PAR  12. The circuit according to claim 10 wherein said current conduction means
      in said current conduction paths are sequentially commutatable during
      commutation intervals established by the a.c. voltages in said switching
      means, in which commutation intervals the conduction means in one of ssid
      paths is conductive and the conduction means in the other of said paths is
      voltage biased for potential conduction, and wherein said control means is
      further defined as means for rendering the potentially conductive current
      conduction means conductive in the appropriate commutation interval.
NUM  13.
PAR  13. The circuit according to claim 12 wherein a commutation interval
      precedes a power supplying period and said control means is further
      defined as means for rendering the potentially conductive current
      conduction means conductive in the commutation interval prior to the power
      supplying period.
NUM  14.
PAR  14. The circuit according to claim 12 wherein the commutation interval and
      a power supplying period are at least partially concurrent and said
      control means is further defined as means for rendering the current
      conduction means conductive in the commutation interval.
NUM  15.
PAR  15. The circuit according to claim 12 wherein said control means is further
      defined as including means for sensing current in said conversion means
      and for rendering the potentially conductive current conduction means
      conductive in the appropriate commutation interval at least under
      conditions in which current is present in the commutation interval.
NUM  16.
PAR  16. The circuit according to claim 7 wherein said first terminal means
      comprises a first pair of terminals and said second terminal means
      comprises a second pair of terminals connectable to the a.c. load and
      across the a.c. power mains, wherein said switching means comprises a
      bridge having bridge arm conductors connecting each of the terminals of
      said first pair with each of the terminals of said second pair, said
      bridge arm conductors containing complementary pairs of controllable
      current conduction devices for providing said pair of current conduction
      paths and wherein said control means is coupled to said complementary
      pairs of current conduction devices.
NUM  17.
PAR  17. The circuit according to claim 8 wherein said first terminal means
      comprises a first pair of terminals and said second pair of terminals
      comprises a second pair of terminals connectable to the a.c. load and
      across the a.c. power mains and wherein said switching means includes a
      center tapped transformer having one winding connected across said second
      pair of terminals, the ends of the center tapped winding of said
      transformer containing said current conduction means and being connected
      together and to one of said first pair of terminals, and the center tap of
      said transformer being connected to the other of said first pair of
      terminals, said current conduction means being coupled to said control
      means.
NUM  18.
PAR  18. The circuit according to claim 8 wherein said first terminal means
      comprises a first pair of terminals and said second terminal means
      comprises a plurality of terminals connectable to an a.c. load and across
      polyphase a.c. power mains and wherein said switching means includes a
      polyphase bridge having bridge arm conductors connecting each of the
      terminals of said first pair with each of the terminals of said second
      terminal means, said bridge arm conductors containing controllable current
      conduction devices for providing a plurality of current conduction paths
      in said polyphase bridge, and wherein said controllable current conduction
      devices are coupled to said control means.
NUM  19.
PAR  19. The circuit according to claim 3 wherein said controllable current
      conduction means comprises thyristor means having power curcuitry
      connected between said first and second terminal means and control
      circuitry coupled to said control means.
NUM  20.
PAR  20. The circuit according to claim 19 wherein said control means comprises
      a firing circuit coupled to said control circuitry of said thyristor
      means.
NUM  21.
PAR  21. The circuit according to claim 5 wherein said control means is
      responsive to the unipolarity output voltage of said conversion means for
      establishing the current flow in said switching means responsive to the
      magnitude of the unipolarity output voltage.
NUM  22.
PAR  22. The circuit according to claim 1 wherein said control means is
      responsive to the magnitude of said current flow for regulating the
      operation of the current conduction means in accordance therewith.
NUM  23.
PAR  23. The circuit according to claim 1 wherein said conversion means is
      responsive to the wind.
NUM  24.
PAR  24. The circuit according to claim 23 wherein said conversion means
      includes an electro-mechanical power supply means driven by the wind for
      providing the d.c. electrical power.
NUM  25.
PAR  25. The circuit according to claim 24 wherein said electro-mechanical power
      supply means comprises a d.c. generator.
NUM  26.
PAR  26. The circuit according to claim 24 wherein said electro-mechanical power
      supply means comprises an alternator having associated therewith means for
      providing a rectified output.
NUM  27.
PAR  27. The circuit according to claim 1 wherein said conversion means is
      responsive to solar energy.
NUM  28.
PAR  28. The circuit according to claim 1 wherein the a.c. load is included as
      an element of the circuit whereby the a.c. power mains supply or absorb
      the net power difference between the power provided by said utilization
      circuit and that required by the a.c. load.
NUM  29.
PAR  29. A method of utilizing a geophysical energy source to power an a.c. load
      coupled to a.c. power mains providing a periodically varying voltage, said
      method comprising the steps of:
PA1  converting the energy of the geophysical energy source in a corresponding
      amount of d.c. electrical power having unipolarity voltage and current
      properties;
PA1  determining, by means of the electrical characteristics if the d.c. power
      obtained by conversion and of the a.c. power mains, periods during which
      transfer of the d.c. power to the a.c. load may occur; and
PA1  transferring power to at least one of the a.c. load and a.c. mains during
      such periods in accordance with the instantaneous amount of power
      available from the geophysical energy source.
NUM  30.
PAR  30. The method according to claim 29 wherein the power transferring step is
      further defined as conducting current to at least one of the a.c. load and
      a.c. mains during such periods to transfer the power.
NUM  31.
PAR  31. The method according to claim 30 wherein the unipolarity voltage is
      less than the peak magnitude of the periodically varying voltage and the
      determination of the power supplying current conduction periods is further
      defined as determining periods when the varying voltage is of the same
      polarity as the unipolarity voltage end of a magnitude less than the
      unipolarity voltage but greater than zero and the conduction step is
      further defined as conducting current during such periods.
NUM  32.
PAR  32. The method according to claim 31 wherein the determination step
      identifies cyclical power supplying current conduction periods and wherein
      the current conducting step is further defined as conducting current in at
      least selected ones of said periods.
NUM  33.
PAR  33. The method according to claim 31 wherein the a.c. power mains provide a
      bi-polarity a.c. voltage and the determination step identifies a cyclical
      pair of power supplying current conducting periods, in the first of the
      periods the a.c. voltage is decreasing towards zero and in the second of
      the periods the a.c. voltage is increasing with respect to zero, and
      wherein the current conducting step is further defined as conducting
      current in at least one of said first and second periods.
NUM  34.
PAR  34. The method according to claim 33 wherein the current conducting step is
      further defined as conducting current in the second of said periods.
NUM  35.
PAR  35. The method according to claim 33 wherein a plurality of bipolarity a.c.
      voltages are derivable from the a.c. power mains and the determination
      step identifies pluralities of pairs of first and second current
      conducting periods.
NUM  36.
PAR  36. The method according to claim 35 wherein the current conducting step is
      further defined as conducting current in the second of the periods of said
      pairs.
NUM  37.
PAR  37. The method according to claim 32 is further defined as initiating the
      conduction of current prior to the commencement of the second of the
      periods of said pairs.
NUM  38.
PAR  38. The method according to claim 35 wherein the current is sequentially
      commutatable among the plurality of a.c. voltages during commutation
      intervals established by the voltages and wherein the current conducting
      step is further defined as commutating the current among the a.c. voltages
      in the commutation intervals.
NUM  39.
PAR  39. The method according to claim 38 wherein a commutation interval
      precedes a power supplying period and the current conducting step is
      further defined as commutating the current in the commutation interval
      prior to the power supplying period.
NUM  40.
PAR  40. The method according to claim 38 wherein a commutation interval and a
      power supplying period are at least partially concurrent and wherein the
      current conducting step is further defined as commutating the current in
      the commutation interval.
NUM  41.
PAR  41. The method according to claim 38 further including the step of sensing
      the presence of current and wherein the current conducting step is further
      defined as commutating current among the a.c. voltages in the commutation
      intervals at least when current is present during the commutation
      intervals.
NUM  42.
PAR  42. The method according to claim 29 including a step of sensing the
      unipolarity output voltage for conducting current responsive to the
      magnitude of the unipolarity voltage.
NUM  43.
PAR  43. The method according to claim 29 including the step of sensing the
      magnitude of the current and regulating the current conduction in
      accordance therewith.
NUM  44.
PAR  44. The method according to claim 29 further defined as utilizing a source
      of wind energy wherein the conversion step is further defined as
      converting the energy of the wind into a corresponding amount of d.c.
      electrical power.
NUM  45.
PAR  45. The method according to claim 29 further defined as utilizing a source
      of solar energy wherein the step of converting the energy is further
      defined as converting the solar energy of a corresponding amount of d.c.
      electrical power.
NUM  46.
PAR  46. The method according to claim 29 further defined as supplying or
      absorbing with the a.c. power mains the net difference between the power
      available from the geophysical energy source and that required by the a.c.
      load.
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ABST
PAL  Apparatus for periodically withdrawing power from an alternating current
      power signal on a power distribution line at the source of the power
      signal, including an inductance across the power distribution line in
      series with a silicon controlled rectifier at a frequency which is a
      sub-multiple of the frequency which is a sub-multiple of the frequency of
      the power signal and synchronized therewith and means for detecting the
      periodic variation in the power of the power signal at a remote location
      and performing a control function, such as turning off a water heater for
      a predetermined time in accordance therewith and the method of performing
      the control function including withdrawing power from selected cycles of
      the power signal and remotely detecting the withdrawn power and performing
      the control function in accordance with the detection of the withdrawn
      power.
BSUM
PAR  The invention relates to generation and distribution of electric power and
      refers more specifically to a means for and method of generating an
      electric control signal at a predetermined point in an electric power
      distribution system and for receiving the signal at a location remote from
      a predetermined point to accomplish control at the remote location.
PAR  The demand for electric power from public utilities is normally cyclic.
      Thus there are normally peak periods during each day when the demand for
      electric power is much greater than at other times during the day. The
      peak periods may place an undesirable load on electric power generating
      and distribution systems which are normally operating at or near their
      peak. Even with electric power generating and distribution systems which
      have been designed to provide reserve capacity for future expansion the
      demand for power therefrom may be excessive during, for example severs
      storms and the like which cause the break-down of a portion of the power
      generating or distribution system, thus overloading the remaining portion
      of the system.
PAR  Electric power generation and distribution systems usually have a plurality
      of fixed loads thereon, such as hot water heaters, electric space heaters
      and the like which is turned off during the periods of peak demand on the
      power systems would present no particular discomfort or inconvenience but
      which would considerably reduce the electric power load on the generating
      and distribution system. In the past it has however been difficult to
      provide a system for automatically taking the desired electric load, such
      as water heaters at remote locations, off of the generating and
      distribution system during peak power demand periods from a central
      location in the system without expensive transmitting and receiving
      equipment or without adversely affecting the electric power transmitted to
      the remote locations.
PAR  It is therefore one of the purposes of the present invention to provide
      improved means for taking a portion of the electric load of a power
      generating and distribution system off of the system during peak system
      power demands.
PAR  Another object is to provide an improved method for taking a portion of the
      electric load of a power generating and distribution system off of the
      system during peak system power demands.
PAR  Another object is to provide means for placing a control signal on an
      electric power signal at a predetermined distribution point which control
      signal has a frequency lower than the frequency of the power signal, means
      for receiving the low frequency control signal at a location remote from
      the predetermined distribution point and a means responsive to the
      receiving means for removing a portion of the system electric load at the
      remote loation on reception of the control signal by the receiving means.
PAR  Another object is to provide a method for placing a low frequency control
      signal on an electric power signal at a predetermined point in a power
      distribution system, receiving the control signal at a remote location and
      taking electric power load off of the system at the remote location.
PAR  Another object is to provide an improved signal generator for placing a
      control signal on an electric power signal in a power generation and
      distribution system.
PAR  Another object is to provide an improved receiver for receiving a control
      signal on an electric power signal and means to accomplish control in a
      power generation and distribution system responsive to the receiver.
PAR  Another object is to provide an improved method of and means for placing an
      electric control signal on an electric power signal in a power generation
      and distribution system, for receiving the electric signal at a remote
      location and for accomplishing control at the remote location in
      accordance with the received control signal which is simple, economical
      and efficient.
DRWD
PAR  Other objects and features of the invention will become apparent as the
      description proceeds, especially when taken in conjunction with the
      accompanying drawings, illustrating a preferred embodiment of the
      invention, wherein:
PAR  FIG. 1 is a block diagram of a portion of an electric power generation and
      distribution system including a control signal generator for generating a
      control signal in an electric power distribution system and a receiver for
      receiving the control signal at a remote location in accordance with the
      invention.
PAR  FIG. 2 is a schematic diagram of the signal generator illustrated in block
      diagram form in FIG. 1.
PAR  FIG. 3 is a schematic diagram of a receiver and a portionof the utilizing
      facility constructed in accordance with the invention and shown in block
      diagram form in FIG. 1.
PAR  FIG. 4 shows the signal from the power source illustrated in FIG. 1 and the
      affect thereon of the signal generator illustrated in FIGS. 1 and 2.
PAR  FIG. 5 illustrates the signal received at the receiver illustrated in FIGS.
      1 and 3 after it has been rectified.
PAR  FIG. 6 illustrates the control signal provided at the remote location by
      the receiver illustrated in FIGS. 1 and 3.
DETD
PAR  With particular reference to the figures of the drawing one embodiment of
      the present invention will now be considered in detail.
PAR  As illustrated in FIG. 1, the power source 10 supplies electric power which
      is distributed to the utilizing facility 12 at a remote location over the
      two conductor transmission line 14. The power source 10 may be the actual
      electric power generating station or may be a substation in an electric
      power distribution system. In the usual case the power source 10 will
      generate a 60 cycle alternating electric power signal on transmission line
      14, as indicated by the alternating voltage signal 16 in FIG. 4.
PAR  The generator 18 is provided to vary the voltage of every third cycle of
      the power signal from the power source 10, as shown by the dotted line 20
      in FIG. 4, due to the drawing of current indicated by the current signal
      22 in FIG. 4 through the generator 18.
PAR  After transmission of the altered voltage signal 16 of FIG. 4 to the
      utilizing facility 12 the receiver 24 is operable to provide full wave
      rectification of the voltage signal 16 to produce the voltage signal 26
      illustrated in FIG. 5 which has a twenty cycle control signal 28
      illustrated best in FIG. 6 and shown in dotted line in FIG. 5 thereon. The
      20 cycle signal of FIG. 6 may be utilized to effect control, such as
      turning off water heater 56 at the utilizing facility 12.
PAR  More specifically the power source 10 illustrated in FIG. 1 may be an
      alternating signal generator 30, as shown in FIG. 2, for generating a 60
      cycle alternating electric power signal. The alternating electric signal
      from the generator 30 may then be coupled to the transmission line 14 by
      means of the power transformer 32 having the primary winding 34 connected
      across the signal generator 30 and the secondary winding 36 connected
      across the power transmission line 14. As mentioned above the signal
      output on the transmission line 14 will be a 60 cycle alternating
      electrical signal 16, as shown in FIG. 4. The invention may however be
      practiced with other frequencies, such as 50 cycles, and over a wide power
      range.
PAR  The signal generator 18, as illustrated best in FIG. 2, includes in the
      specific embodiment illustrated a choke coil 38 connected in series with a
      silicon controlled rectifier 40 across the conductors of transmission line
      14. The gate circuit of the silicon controlled rectifier 40 is connected
      in series with the battery 42 which provides gating potential for the
      silicon controlled rectifier 40 to permit conduction therethrough on
      closing of the switch 44.
PAR  The switch 44 is intermittently closed by the cam 46 which is rotated by
      the motor 48. The motor 48 is a synchronous motor and in conjunction with
      the cam 46 operates to close the switch 44 once every three cycles of the
      60 cycle signal 16 provided by the alternating signal generator 30.
PAR  Thus in operation, the cam 6 closes the switch 44 a very short time after
      the voltage on transmission line 14 starts to rise, as indicated at 50 and
      52 in FIG. 4. At this time then the silicon controlled rectifier 40
      receives a gating signal from the battery 42 whereby current is drawn from
      the transmission line 14 through the inductor 38 and silicon controlled
      rectifier 40. The drawing of the current continues for substantially a
      full cycle, as indicated by the current signal 22 in FIG. 4, so that the
      voltage of the signal 16 on transmission line 14 is reduced to the voltage
      indicated by the dotted line 20 every third cycle of the 60 cycle signal
      provided on transmission line 14. This reduced voltage signal every third
      cycle is transmitted undiminished for radial electric power distribution
      to the remote utilizing devices 12.
PAR  It will be understood that a capacitor could be used in place of the
      inductor 38 to periodically alter the voltage of the 60 cycle signal on
      the transmission line 14 as could a resistor. A resistor would provide
      voltage reduction of only one-half cycle rather than a full cycle and
      would consume more energy from the transmission line 14. Other problems
      exist when attempting to use a capacitor in place of the inductor 38.
PAR  The electric signal 16 transmitted on the transmission line 14 to the
      utilizing facility 12 is utilized by the load 54 which may include in
      parallel therewith load elements such as the hot water heater 56 connected
      directly across the conductors of transmission line 14 for energization
      therefrom which it is desirable to remove from the load at the utilizing
      facility for predetermined periods during peak demand periods on the power
      source 10.
PAR  As shown in FIG. 3 the heater 56 is connected to the transmission line 14
      through the conductor 58 and conductor 62 connected to the conductor 58
      and conductor 64 connected through the normally closed contacts 66 of the
      timing relay 68 to conductor 60. The timing relay solenoid 70 is connected
      in the conductor 60 while the switch 72 which is closed on vibration of
      the reed 74 is connected in the conductor 64. The normally open contacts
      76 of the timing relay 68 are connected across the conductors 64 and 62,
      as shown in FIG. 3.
PAR  Thus, in operation, when the reed is not vibrated to close the switch 72,
      the heater 56 is energized from the transmission line 14 through
      conductors 58 and 62 and conductors 60 and 64 and the closed contacts 66
      of the timing relay 68. On vibration of reed 74 and consequent closing of
      switch 72 the relay solenoid 70 is energized to close the normally open
      contacts 76 and open the normally closed contacts 66 to deenergize the
      heater 56. The relay 68 remains in this condition until it times out after
      a predetermined time, for example one-half hour, when it will return to
      the condition illustrated in FIG. 3 with the contacts 76 open and the
      contacts 66 closed to automatically place the heater 56 back across the
      transmission line 14 until the reed 74 is vibrated again.
PAR  The receiver 24 for receiving the 20 cycle signal passed down the
      transmission line 14 from the power source 10 and vibrating the reed 74 on
      reception thereof includes the full wave rectifier 80, damping resistor 82
      and the series resonant circuit 84 including the coil 86 and capacitor 88.
      The inductance and capacitance of the cooil 86 and capacitor 88 is chosen
      in conjunction with the other circuit parameters, such as the value of
      resistance 82 to be series resonant at the frequency of the control signal
      placed on the transmission line 14, that is to say at 20 cycles per second
      so that a maximum current will pass through coil 86 only on reception of a
      20 cycle signal to produce vibration of reed 74 and closing of switch 72
      on reception of the 20 cycle signal.
PAR  Thus the 60 cycle voltage 16 which is illustrated by the dotted line 20 in
      FIG. 4 as having every third cycle reduced in voltage is rectified to
      produce the signal volage 26 illustrated in FIG. 5 in rectifier 80. The 20
      cycle signal 28 illustrated in FIG. 6 is derived from the rectified 60
      cycle signal 16 on the transmission line 14 due to the filtering effect of
      the resistor 82, inductor 86 and capacitor 88 and is shown with relation
      to the rectified electric signal 26 in FIG. 5.
PAR  Thus in over-all operation the power source 10 is assumed to be
      transmitting electric power at 60 cycles per second over transmission line
      14 to the utilizing facility 12 including for example the heater 56 which
      it is desired to take off of the distribution system at the utilizing
      facility during peak power demands on the power source 10. Timing relay 68
      is not energized so that the contacts 76 are open and the contacts 66 are
      closed with the heater 56 in the load on the distribution system.
PAR  At peak demand when it is desired to remove the heater 56 from the load on
      the distribution system the synchronous motor 48 is energized to close the
      switch 44 once every third cycle of the 60 cycle transmission line voltage
      signal 16 at a point in the cycle immediately after the voltage signal 16
      starts to go positive, as at 50 and 52 in FIG. 4. The silicon controlled
      rectifier 40 receives a gate pulse each time the switch 44 is closed from
      battery 42. On receipt of a gate pulse by the silicon controlled rectifier
      40 it will conduct current through the inductor 38 for slightly less than
      a full cycle of the voltage 16 after which the silicon controlled
      rectifier will be cut off due to the operating parameters thereof. The
      drawing of the current through the inductor 38 reduces the voltage of
      every third cycle of the 60 cycle signal on transmission line 14, as shown
      by the dotted voltage line 20 in FIG. 4.
PAR  The modified 60 cycle signal on arrival at the utilizing facility is
      rectified through the rectifier 80 to provide the voltage 26 illustrated
      in FIG. 5 having the 20 cycle component 28 impressed thereon. The 20
      cycle signal 28 is sensed by the series resonant circuit 84 to cause the
      reed 74 to vibrate and close the switch 72.
PAR  As indicated above closing of the switch 72 will energize the relay coil 70
      of timing relay 68 to open contacts 66, taking the heater 56 off of the
      distributing system at the utilizing facility and holding the relay coil
      70 energized for a predetermined time. At the end of the predetermined
      time if there are no 20 cycle signals on the transmission line 14 the
      relay 68 will automatically time out and will be deenergized with the
      contacts 76 and 66 returning to the condition illustrated in FIG. 3 at
      which time the heater 56 will be placed back across the transmission line
      14.
PAR  While one embodiment of the present invention has been disclosed in detail
      and modifications thereof indicated, it will be understood that other
      embodiments and modifications of the invention are contemplated. For
      example, the signal generated by signal generator 18 may be used to affect
      other control in a distribution system for electric power than removing a
      hot water heater load therefrom. Also, an ignitron for example could be
      used in place of the silicon controlled rectifier in the signal generator
      and the generator could be provided in a three-phase arrangement wherein
      the one synchronous motor drives three cams to trip three single phase
      generators so that their individual signals will bolster each other. It is
      the intention to include all modifications and embodiments as are defined
      by the appended claims within the scope of the invention.
CLMS
STM  What we claim as our invention is:
NUM  1.
PAR  1. A source of an alternating electric power signal including an
      alternating electric power signal generator, a transformer having a
      primary winding connected to receive the alternating electric power signal
      output of the alternating electric power generator and a secondary
      winding, a transmission line for alternating electric power, the secondary
      winding of the transformer being connected to the transmission line for
      transmitting alternating electrical energy from the generator over the
      transmission line, means for periodically placing a load across the
      transmission line at a frequency which is a sub-multiple of the frequency
      of the alternating electric signal and synchronized with the alternating
      electric signal for withdrawing power only from separated individual
      selected cycles of the alternating electric energy including a silicon
      controlled rectifier having a control electrode and an induction coil
      connected in series across the transmission line, a source of direct
      current electrical energy and a switch connected in series between the
      control electrode of the silicon controlled rectifier and the silicon
      controlled rectifier and induction coil, and motor driven cam means
      synchronized with the alternating electric signal and positioned next to
      the switch for closing the switch only during the selected cycles of the
      alternating electric power signal at a sub-multiple frequency of the power
      signal, a utilizing facility for the alternating electric power signal
      connected to the distribution line and means for detecting the periodic
      withdrawal of power from the alternating electric power signal at the
      utilizing facility and providing a control signal for the utilizing
      facility in accordance therewith including a rectifier connected across
      the distribution line, a resonant circuit connected to the rectifier
      resonate at the sub-multiple frequency of the withdrawal of power from the
      alternating electric power signal, and switch means responsive to the
      resonant circuit for effecting a control function on resonance of the
      resonant circuit.
NUM  2.
PAR  2. Structure as set forth in claim 1 wherein the alternating electric power
      signal is a 60 hertz signal and the sub-multiple frequency is 20 hertz
      whereby one in every three cycles of the alternating electric power signal
      is reduced in power to provide a control signal with a minimum of power
      loss and distortion of the alternating electric power signal.
NUM  3.
PAR  3. Structure as set forth in claim 2 wherein the means for periodically
      causing the silicon controlled rectifier to conduct comprises a source of
      electrical energy and a switch connected in series with the control
      electrode of the silicon controlled rectifier, cam means for periodically
      closing the switch on rotation thereof and a synchronous motor driven in
      accordance with the frequency of the electric power signal connected to
      the cam means for rotating the cam means.
NUM  4.
PAR  4. A source of alternating electric power signal, a utilizing facility for
      the alternating electric power signal, means for distributing the electric
      power signal from the signal source including a power distribution line,
      means for periodically withdrawing current only from selected cycles of
      the alternating electric power signal at a sub-multiple frequency of the
      power signal and synchronized therewith including an inductance positioned
      across the distribution line adjacent the signal source in series with a
      silicon controlled rectifier, means synchronized with the frequency of the
      power signal for periodically causing the silicon controlled rectifier to
      conduct, and means for detecting the periodic withdrawal of power from the
      power signal at the utilizing facility and providing a control signal in
      accordance therewith.
NUM  5.
PAR  5. Structure as set forth in claim 4, wherein the means for periodically
      causing the silicon controlled rectifier to conduct comprises a source of
      electrical energy and a switch connected in series with the control
      electrode of the silicon controlled rectifier, cam means for periodically
      closing the switch on rotation thereof and a synchronous motor driven in
      accordance with the frequency of the electric power signal connected to
      the cam means for rotating the cam means.
NUM  6.
PAR  6. A source of alternating electric power signal, a utilizing facility for
      the alternating electric power signal, means for distributing the electric
      power signal from the signal source to the utilizing facility including a
      power distribution line, means for periodically withdrawing power only
      from selected cycles of the alternating electric power signal at a
      sub-multiple frequency of the power signal and synchronized therewith
      including an inductance positioned across the distribution line adjacent
      the signal source in series with a silicon controlled rectifier and means
      synchronized with the frequency of the power signal for periodically
      causing the silicon controlled rectifier to conduct and means for
      detecting the periodic withdrawal of power from the power signal at the
      utilizing facility and providing a control signal in accordance therewith
      comprising a rectifier connected across the distribution line, a resonant
      circuit connected to the rectifier resonate at the frequency of the
      withdrawal of current from the power signal, and switch means responsive
      to the resonant circuit for effecting a control function on resonance of
      the resonant circuit.
NUM  7.
PAR  7. Structure as set forth in claim 6, wherein the means for periodically
      causing the silicon controlled rectifier to conduct comprises a source of
      electrical energy and a switch connected in series with the control
      electrode of the silicon controlled rectifier, a cam rotatable to
      periodically close the switch and a synchronous motor driven by the
      alternating electric power signal connected to rotate the cam.
NUM  8.
PAR  8. A source of alternating electric power signal including a transformer
      having a secondary winding and means operably associated with the power
      signal source for periodically withdrawing current only from selected
      cycles of the alternating power signal at a sub-multiple of the frequency
      of the power signal and synchronized with the power signal to provide a
      control function for the alternating electric power signal, including an
      inductance and a silicon controlled rectifier connected in series across
      the transformer secondary winding and means for periodically causing the
      silicon controlled rectifier to conduct.
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ABST
PAL  A Christmas tree lighting control wherein predetermined voltage changes and
      changes in the duty cycle of the A-C source is applied individually and in
      a predetermined sequential order to all the lights of a tree to produce a
      twinkling and shimmering effect heretofore unobtainable by any form or
      combination of conventional flasher apparatus.
PARN
PAR  This is a continuation in part of now pending application Ser. No. 418262,
      Group 217.
BSUM
PAR  This invention relates generally to Christmas tree lighting and more
      particularly to a Christmas tree lighting control that when in operation,
      effects a continually changing light intensity output throughout all the
      lights of a tree and in a predetermined manner to produce a twinkling or
      shimmering of the lights rather than the conventional method of making and
      breaking the circuit through the lamps to produce a flashing or by so
      reducing the voltage thereto as to produce a similar flashing result.
PAR  With the increasing desire of the public for movement or action in
      Christmas tree lighting, the use of string flashers or individual flasher
      bulbs has become widely accepted. While such devices do relieve the
      lifelessness of a lighted tree, the violent action of flashing lights can
      become quite annoying particularly when such flashing affects the entire
      string. This is generally the case even when not looking directly at the
      tree. The on and off of any light source within a room, such as the
      flashing of tree lights, can become quite distracting. This is
      particularly true when the flashing of two or more strings reach a
      condition of synchronization so as to flash simultaneously. Such a
      condition will invariably occur when any flasher apparatus operates
      individually whether in bulbs or strings.
PAR  It is an object of the present invention to provide a new and improved
      Christmas tree lighting control which, when in operation, applies a
      plurality of continually changing power conditions to all the lights of a
      tree and in a predetermined order.
PAR  A further object is to provide a voltage control for Christmas tree
      lighting wherein the circuits to the lights are never interrupted to cause
      flashing, but is applied as a continually changing power factor to produce
      slight changes in light intensity and in such a manner as to effect a
      twinkling or shimmering of the lights of the entire tree.
PAR  A still further object is to provide a Christmas tree lighting control that
      will apply varying power conditions to a plurality of Christmas tree
      lighting strings simultaneously and in a manner to produce a coordination
      of lighting effects between the individual strings without materially
      varying the overall light intensity of the system.
PAR  A further object is to provide a control for Christmas tree lights
      preferably of the miniature series wired type and, if desired, may be used
      in combination with individually flashing bulbs.
DRWD
PAR  In order that this invention may be more readily understood, reference is
      now made to the accompanying drawings wherein:
PAR  FIG. 1 is a side view in elevation of the assembled device of the invention
      as inclosed within the control housing.
PAR  FIG. 2 is an electrical schematic of the device of the invention and as one
      of four such units contained within the housing shown in FIG. 1.
PAR  FIG. 3 is a view in elevation of the motor drive as it relates to the
      control operating cam portion of the device.
DETD
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof,
      wherein is shown the assembled device of the present invention and as will
      be generally designated 5 and to which may be connected strings of
      Christmas tree lights with the lights being of the series wired miniature
      type. The assembly 5 includes a mounting base 6 to which the perforated
      cover 7 is attached and wherein is enclosed the working mechanisms of the
      device. The connector 8 and power supply cord provides means for
      electrically connecting the device to a conventional 110 volt AC power
      supply source.
PAR  Extending from the end of the cover in the manner shown, is a number of
      electrical outlets 9 and into which, when in use, strings of Christmas
      tree lights are plugged. The lead wires 10 to the various outlets may be
      of any length desired, preferably, sufficiently long as to extend well
      into the tree for easy access to the lighting strings while allowing the
      control to rest beneath the tree or possibly some distance away.
PAR  FIG. 2 shows the arrangement of the control units of the device that are
      mounted within the case 7 and their relationship electrically to the
      Christmas tree lighting string 11 to which it is connected by the outlet
      9. The device includes a resistor element 13 which is preferably formed as
      a winding about a bemetallic strip 14 secured by branket 15 to the
      insulating base 6 of the device. Insulation 16 electrically isolates the
      resistors from the strip 14 except at point 17 whereupon the bare wire of
      the resistor is wound about the strip to make electrical connection
      therewith at the position shown.
PAR  Formed upon the free and of the strip 14 is a bent-down tang like member 18
      so located as to extend over and maintain in a depressed position a spring
      contact finger 19 secured to the base 6 as by brackets 20 and 15. A
      plastic reset button 21 extends through the cover depression 22, FIG. 1,
      and against the contact finger 19 to depress the finger for electrical
      reset if released from the tang 18 by thermal movement of the strip 14, as
      will hereafter be more fully described.
PAR  Electrically connected by leads 23 and 24 across the resistor 13 are
      flexible contact members 27 and 28 which form part of the circuit
      controlling elements of the unit. The third flexible contact member 29 is
      electrically connected through a half wave rectifier or diode 26 to the
      contact member 28 by way of lead 30 in the manner shown.
PAR  In operation of the device thus far described, current is suppoied by was
      of the power source 31 to connector 8 thusly to put in operation a
      back-geared motor drive 35 having a shaft speed, desirably, of 20
      revolutions per minute. The motor drives the cam 36 of the control by way
      of shaft 37. From the connector 8 circuit is likewise completed to the
      lamp string 11 by way of the outlet 9 after having passed through the
      bracket 20, the contact finger 19, the resistor 13 and diode 25. With both
      the resistor and diode 26 now in the lighting circuit, the lamps of the
      string are now at their lowest stage of brightness.
PAR  Spring contact member 27 which, by reason of the shown position of cam 36,
      is now in open circuit with respect to the spring contact member 28. As
      the cam is rotated, contact member 27 is forced by cam motion into
      electrical engagement with the contact member 28 to effect a shorting out
      of resistor 13 to cause a noticeable increase in brightness in the lamps
      by now applying therto a higher voltage relative to the voltage reducing
      value of resistor 13. Further rotation of the cam drives all of the
      contact members 27, 28, and 29 electrically together to short out both
      resistor and diode 25 to effect full brightness in the lamps by applying
      line voltage thereto by way of the bimetallic strip 14 and contact finger
      19. Further rotation of the cam starts movement of the contact apart and
      with the separation of the three contact members 29, 28, and 27 the
      resistor and diode are again connected in the lighting circuit to complete
      one operation cycle of the device.
PAR  The configuration of the cam, as shown by the example 38, may be
      selectively varied between the four units of the control to produce a more
      random lighting effect throughout the lights of a tree. The operating
      interval between such light intensity changes should preferably be between
      1 to 2 seconds, however, this may be varied selectively depending upon the
      design of the cam relative to the motor speed. The contacts member 27, 28,
      and 29 may be closed and opened in any sequence required to produce the
      desired effect. The cams of the four control units of the device are
      positioned with respect to each other preferably to prevent any light
      intensity changes between independently connected strings occuring
      simultaniously. This difference in the cams and their settings along with
      possible small variations in the resistors of the controls units will
      produce an overall shimmering and twinkling of the lights of a tree that
      is very pleasing and restful to observe and totally unobtainable by any
      form of independently operating device, such as, for example, a
      conventional flasher mechanism.
PAR  The device of the present invention is primarily designed for use with low
      current Christmas tree lights of the series wired miniature type and with
      resistor elements 12 being such as to produce the necessary voltage drop
      without overheating providing that only one or possibly two such miniature
      lighting strings are plugged into a single outlet of the device. However,
      if the electrical load upon the resistors is too great, as by plugging
      into one of the outlets of the device a greater number of strings then
      intended or attempting to connect therewith a large string of parallel
      wired lamps, the resistor elements will overheat to cause deflection of
      the bimetallic strip 14 from its contact with the finger 19 to free the
      latter allowing it to snap to its open circuit position with respect to
      the strip 14. Holding down the reset button 21 will not damage the
      mechanism which cannot be reset for operation until the overload upon the
      line has been eleviated.
PAR  While the design of the device, as herein shown, places the diode or half
      cycle device between the shorting contacts 28 and 29, it is understood
      that the positions of the diode and resistor 13 may be reversed with
      respect to these shorting contact members. It is further desired that
      during the operation of the device that the power factor to a lighting
      string connected with the device not be reduced to a valve that would
      cause the lamp luminous to deminish to what would appear to an observer as
      a flashing of the lamps.
PAR  While one version of the device is herein shown and described, it is
      understood that numerous variations and modifications may be resorted to
      without departing from the spirit and scope of the invention disclosed.
CLMS
STM  What I therefore claim and desire to cover by letters patent is:
NUM  1.
PAR  1. A light intensity control for Christmas tree lighting including in
      combination connector means for connecting said control to a power supply
      source, a plurality of electrical outlets for receiving therein one or
      more strings of Christmas tree lights, a plurality of electrical circuits
      respectively connecting said outlets with said connector, voltage dropping
      resistor means, respectively connected in each of said connector circuits,
      rectifier means respectively connecting in each of said connector
      circuits, motor means, contact means movable by said motor means to
      intermittently short out, in predetermined sequence, said resistor means
      and said rectifier means to alter in predetermined increments voltage
      applied from said connector to said outlets.
NUM  2.
PAR  2. A light intensity control as claimed in claim 1 wherein said contact
      means movable by said motor means is in the form of spring contact fingers
      connected respectively to the terminals of each of said resistor means and
      rectifier means and movable into and out of their respective shorting
      positions by rotation of cam means driven by said motor means.
NUM  3.
PAR  3. A light intensity control as claimed in claim 1 wherein a circuit
      interrupting thermal overload is electrically interposed between the
      connector and each of said outlets.
NUM  4.
PAR  4. A light intensity control for Christmas tree lighting including in
      combination connector means for connecting said control to a power supply
      source, a plurality of electrical outlets for connecting to said control
      one or more strings of Christmas tree lights, individual circuit means
      connecting said outlets with said connector means, voltage dropping
      resistor means connected within each said individual circuits to said
      outlets, half wave rectifier means connected in each of said individual
      circuits to said outlet and electrically connected in series with said
      resistor means, a motor drive, means movable by said motor drive to
      intermittently short out, in predetermined timed sequence, said resistor
      means and said rectifier means connected within said individual outlet
      circuits to vary in predetermined fixed increments and in timed spaced
      relation the power characteristics to said outlets.
NUM  5.
PAR  5. A light intensity control as claimed in claim 4 wherein the means
      movable by said motor drive for sequentially shorting out the resistor
      means and rectifier means within said outlet circuits, is in the form of a
      rotating cam driven by said motor drive and operative to intermittently
      close contact members connected to the respective terminals of said
      resistor means and said half wave rectifier means.
NUM  6.
PAR  6. A device as claimed in claim 4 wherein the voltage characteristics to
      said outlets is never decreased by greater than 80 percent of the supply
      voltage.
NUM  7.
PAR  7. S light intensity control as claimed in claim 4 wherein a circuit
      interrupting thermal overload is electrically interposed between said
      connector and each of said outlets.
NUM  8.
PAR  8. A light intensity control for Christmas tree lighting including in
      combination connector means for connecting said control to a power supply
      source, an electrical outlet electrically in circuit with said connector
      for connecting with the latter one or more strings of Christmas tree
      lights, voltage dropping resistor means connected in series between said
      connector and said outlet, half wave rectifier means connected in series
      with said resistor, a motor drive, cam means driven by said motor drive,
      contact members movable into and out of electrical engagement by movement
      of said cam means and connected to intermittently short out said resistor
      means, contact members movable into and out of electrical engagement by
      movement of said cam means and connected to intermittently short out said
      half wave rectifier means with the resistor and rectifier shorting
      operations occuring in predetermined sequential order to alter in
      predetermined fixed increments the light intensity output of a lighting
      string connected to said outlet.
NUM  9.
PAR  9. A light intensity control as claimed in claim 8 wherein the operation of
      said cam means, effecting the intermittent shorting out of said resistor
      means and rectifier means, occurs in predetermined time differing relation
      with respect to the intermittent shorting out of said resistor means.
NUM  10.
PAR  10. A light intensity control as claimed in claim 8 wherein a thermal
      overload connected in series with said resitor and operative upon a
      predetermined heating of said resistor to interrupt the circuit through
      said resistor.
NUM  11.
PAR  11. A light intensity control as claimed in claim 8 wherein the power
      output of said control is never reduced to a value that could reduce the
      light intensity output of a lighting string connected therewith to less
      than 80 percent of full brightness.
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ABST
PAL  A field-effect transistor serial inverter circuit is disclosed. Capacitive
      coupling is provided between the control electrode of a first inverter and
      the control electrode of a load transistor in a serially connected second
      inverter. The capacitor thereby couples the input to the load transistor
      of the second inverter, significantly reducing the transition delay time
      associated with the two series inverters, and also increasing the voltage
      level available at the output of the second inverter to substantially the
      same level as the supply voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to field-effect transistor logic circuitry and more
      particularly, to such circuits containing a pair of serial inverters.
PAR  The basic field-effect transistor, or FET, inverter consists essentially of
      a load FET and an input FET. The load FET serves essentially as a resistor
      connected between a supply voltage and a common node. The input FET whose
      drain-source path is connected between the common node and a circuit
      reference point acts as a switch. As is well-known, one particular type of
      field-effect transistor is the metal-oxide-semiconductor FET known
      generally as a MOSFET and all FETS referred to hereinafter are assumed
      P-channel MOSFET devices of the enhancement mode type, but it is
      understood that N-channel depletion mode MOSFET devices, or other types of
      transistors are equally applicable.
PAR  In the basic FET inverter the input is applied to the gate of the input
      FET, and a ground input, defined, for instance, as a logical 0, causes the
      input FET to be non-conductive; thus, the fixed voltage provided at the
      common node by the load FET represents the inversion of the input. A
      negative input sufficient to cause the input FET to become conductive is
      defined as the opposite logic state or logical 1. This input grounds the
      common node providing a logical 0. The output level is determined by the
      supply voltage so that the inverter can also provide amplification.
PAR  In some logic applications, two serially connected inverters are required,
      such as where the circuit functions as a preamplifier for a push-pull
      amplifier. All FET inverters exhibit an inherent delay and where a serial
      pair of inverters is utilized, both contribute to the total delay. Since
      the speed of the logic circuit is often of paramount importance, this
      combined delay is unacceptable in many circumstances. Therefore
      improvements in the speed of inverter operation have been suggested. For
      instance, an inverter may be provided with a bootstrap capacitor coupling
      the gate of its load FET to the common node. The resultant capacitive
      feedback causes the voltage of the gate of the load FET to approximately
      follow the voltage at the common node, thereby maintaining a nearly
      constant current through the load FET during the voltage transition at the
      common node. This speeds up the transition because there is no opposing
      current change as there would be without the bootstrapping. A single
      bootstrap inverter is disclosed, for instance, in FIG. 1 of R. W.
      Polkinghorn et al. Re 27,305, issued Mar. 14, 1972, and it may, of course,
      be serially coupled to another inverter as shown in FIG. 1 hereof.
PAR  However, transition speed of a pair of serial inverters in which the
      inverters are individually bootstrapped may still not be sufficient since
      the second of the inverters must await the change of state of the
      preceding inverter and this serial delay is not compensated for by the
      bootstrapping of either inverter. Furthermore, bootstrapping each inverter
      complicates the circuit since an isolating FET as well as the capacitor is
      required to bootstrap each inverter.
PAR  It is therefore an object of the present invention to provide a fast-acting
      logic circuit.
PAR  It is a further object to provide a fast-acting, serial inverter circuit
      which compensates for serial delay.
PAR  It is also an object to provide a fast-acting, amplifier which provides two
      serial inversions.
PAR  It is still a further object to provide a fast-acting serial inverter
      circuit utilizing field-effect transistors of the
      metal-oxide-semiconductor type.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, capacitive coupling is provided
      between the input to the first of a pair of serially connected inverters
      and the load transistor of the second of the pair of inverters. This
      coupling provides feedforward of the input voltage to the control
      electrode of the load transistor of the second inverter. Since the common
      node of the second inverter is the circuit output and the voltage signal
      at this output is the twice-inverted form of the voltage signal at the
      circuit input, the feedforward voltage, which is uneffected by the delay
      of either inverter, anticipates the output voltage signal. This close
      correlation between the voltage at the control electrode of the load
      transistor of the second inverter and the forthcoming voltage at the
      common node overcomes the serial delay found in the prior art and, in
      fact, aids the transition at the common node. Thus, this feedforward
      kicker circuit provides faster operation of the two serial inverters than
      was previously possible. The feedforward voltage also boosts the output
      voltage substantially to the level of the supply voltage, as would the
      feedback voltage provided by bootstrapping the second inverter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a serial inverter utilizing the
      bootstrapping technique of the prior art to increase speed.
PAR  FIG. 2 is a schematic diagram of a serial pair of inverters in accordance
      with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The circuit of FIG. 1 illustrates a serially connected pair of inverters 11
      and 12 in which inverter 12 is bootstrapped in accordance with prior art
      technique. Inverter 11 consists of load FET Q.sub.1 and input FET Q.sub.2.
      The drain-source path of Q.sub.1 is connected between a source of supply
      voltage -V and the common node N.sub.2 of inverter 11. The gate of Q.sub.1
      is connected to a negative bias voltage which may be -V as shown. Input
      FET Q.sub.2 acts as a switch. Its drain-source path connects the common
      node N.sub.2 and a voltage reference node N.sub.5, shown as ground. When
      the input signal voltage applied at node N.sub.1 is zero (assumed to
      represent a logical 0), Q.sub.2 is non-conductive or OFF and node N.sub.2
      is therefore near the supply voltage -V representing a logical 1. When the
      input at node N.sub.1 is sufficiently negative (representing a logical 1),
      Q.sub.2 is ON causing node N.sub.2 to go essentially to the potential of
      node N.sub.5, or ground, representative of a logical 0. Thus inverter 11
      produces at node N.sub.2 a signal which is logically opposite or inverted
      from the input signal at node N.sub.1.
PAR  In inverter 12, Q.sub.4 and Q.sub.5 perform similarly to Q.sub.1 and
      Q.sub.2, respectively. The once-inverted signal at node N.sub.2 is
      therefore reinverted to produce a twice-inverted signal at the output node
      N.sub.4. The load connected to node N.sub.4 is not shown but is assumed to
      be capacitive although a resistive or inductive load would serve just as
      well.
PAR  The bootstrap capacitor C.sub.1 is used to increase the speed of inverter
      12. If the bootstrap arrangement consisting of capacitor C.sub.1 and
      isolating FET Q.sub.3, were not included in the circuit, the gate of load
      FET Q.sub.4 would be connected directly to the fixed supply voltage -V,
      and the drain-source current, which is proportional to the square of the
      gate-source voltage, would therefrom be a function of the voltage at node
      N.sub.2 (source voltage). Accordingly, when input FET Q.sub.5 is OFF and
      the voltage at node N.sub.4 is near -V, no significant current is drawn
      through FET Q.sub.4. When Q.sub.5 is turning ON, it draws current from
      node N.sub.4 in order to discharge node N.sub.4 to ground (potential of
      node N.sub.5). However, with the gate-source voltage of Q.sub.4
      increasing, the current through FET Q.sub.4 increases and this increasing
      current must also pass to ground through Q.sub.5. Accordingly, the
      increase in Q.sub.4 current opposes the transition at node N.sub.4 and
      serves to slow the operation of the circuit. Conversely, if FET Q.sub.5 is
      turning OFF, the voltage at node N.sub.4 is changing from ground toward
      -V, and since the voltage at node N.sub.4 is becoming increasingly more
      negative, the current through FET Q.sub.4 is decreasing, consequently
      making less current available at node N.sub.4 for charging the load and
      hence effecting the transition.
PAR  These inherent limitations upon the speed of transitions at node N.sub.4
      are reduced by the bootstrapping shown in FIG. 1. The gate of FET Q.sub.4
      is separated from supply voltage -V by isolating FET Q.sub.3. For a
      voltage change at node N.sub.4 of .DELTA.V.sub.N4 the change at node
      N.sub.3 will be .DELTA.V.sub.N4.
      ##EQU1##
      due to the feedback via the voltage divider formed by capacitors C.sub.1
      and C.sub.2, where C.sub.2 is a stray capacitance caused primarily by the
      geometry of the semiconductor structure. By design C.sub.1 is made
      substantially larger than C.sub.2 so that most of the voltage change at
      node N.sub.4 is coupled to node N.sub.3. In this way, the gate-source
      voltage of FET Q.sub.4 is kept nearly constant and the current through FET
      Q.sub.4 is maintained relatively constant though the voltage at node
      N.sub.4 is changing.
PAR  For example, when Q.sub.5 turns ON and node N.sub.4 starts to go to ground,
      this change in voltage is partially coupled to node N.sub.3 (the gate of
      FET Q.sub.4) by bootstrap capacitor C.sub.1. Thus, the gate-source voltage
      of FET Q.sub.4 changes only slightly from its pre-transition value, and
      the current through Q.sub.4 will likewise remain near its low
      pre-transition value. Therefore, FET Q.sub.5 can discharge current from
      the load, not shown, without substantial opposition from the current
      through FET Q.sub.4. Hence, the bootstrapping speeds up the transition.
      Similarly, the fact that the voltage at node N.sub.3 closely follows the
      voltage at node N.sub.4 creates a faster logic transition when FET Q.sub.5
      is turning OFF.
PAR  This bootstrap coupling is normally made sufficient to cause node N.sub.3
      to be more than a threshold more negative than the supply voltage -V.
      Therefore, the source of FET Q.sub.4 (node N.sub.4) will reach the voltage
      at its drain (-V). Thus, the bootstrap coupling has the auxiliary effect
      of boosting the output voltage at node N.sub.4 to substantially the level
      of the supply voltage for the logic state corresponding to logical 1.
PAR  While the positive feedback provided by bootstrapping does increase the
      speed of a single inverter, it does so by responding only after the
      transition at the common node has begun. This technique is incapable of
      reducing the serial delay, inherent in the operation of two successive
      inverters and caused by the fact that one inverter drives another only
      after the first has made a transition.
PAR  Bootstrapping two serially connected inverters would, of course, increase
      overall speed, but a duplicate bootstrap circuit, including an isolating
      FET and a capacitor would be required for each inverter.
PAR  FIG. 2 illustrates serially connected inverters 21 and 22 corresponding
      essentially to the inverters 11 and 12 of FIG. 1 respectively, and all
      elements common to both figures are given the same numerical designation.
      Inverter 21 consisting of load FET Q.sub.1 and input FET Q.sub.2 is
      connected and operates identically to the previously described inverter
      11. Q.sub.1 functions as a resistor and Q.sub.2 functions as a switch
      sensitive to the voltage applied to input node N.sub.1.
PAR  Inverter 22 consists of load FET Q.sub.4 and input FET Q.sub.5. The
      drain-source path of load FET Q.sub.4 connects the supply voltage -V to
      node N.sub.4, and the drain-source path of input FET Q.sub.5 connects node
      N.sub.4 to the current reference node N.sub.5. The gate of FET Q.sub.5 is
      connected to node N.sub.2, the output of inverter 21, and the gate of load
      FET Q.sub.4 is connected to the supply voltage -V through the drain-source
      path of isolating device FET Q.sub.3 whose gate is also connected to -V.
      Stray capacitance C.sub.2 associated with the gate of Q.sub.4 is also
      shown.
PAR  Inverter 22 operates similarly to the previously described inverter 12.
      Thus the once-inverted signal at N.sub.2 is applied to input FET Q.sub.5
      causing Q.sub.5 to switch and produce a twice-inverted signal at the
      output node N.sub.4. However, there is no bootstrapping between node
      N.sub.4 and node N.sub.3. Instead, in accordance with the invention, input
      node N.sub.1 is capacitively coupled by capacitor C.sub.3 to node N.sub.3
      (the gate of load FET Q.sub.4). The input voltage at node N.sub.1  is
      obviously unaffected by the delays associated with the inverters 21 and 22
      and it is logically similar to the twice-inverted signal at output node
      N.sub.4.
PAR  This input signal which is fed forward from node N.sub.1 to node N.sub.3
      actually anticipates the voltage change at N.sub.4. Thus, node N.sub.3
      leads node N.sub.4 slightly and insures that the gate-source voltage of
      FET Q.sub.4 changes in advance of and in aid of the transition at node
      N.sub.4. For example, if Q.sub.5 is turning ON, node N.sub.3 will receive
      "advance notice" since the twice-inverted signal being produced at node
      N.sub.4 is logically the same as the signal at input node N.sub.1. This
      causes a decreasing current through FET Q.sub.4 as FET Q.sub.5 turns ON
      (node N.sub.4 discharging to ground). Similarly, when Q.sub.5 is about to
      turn OFF, the advance application of a logical 1 signal to node N.sub.3
      will cause the current through Q.sub.4 to increase slightly in advance of
      and while Q.sub.5 is turning OFF (node N.sub.4 charging to -V).
PAR  The feedforward capacitor C.sub.3 forms a voltage divider with the stray
      capacitance C.sub.2. Thus, a change in the voltage at node N.sub.1,
      .DELTA.V.sub.N1, will produce .DELTA.V.sub.N1.
      ##EQU2##
      at node N.sub.3. Therefore, C.sub.3 should be substantially larger than
      C.sub.2 for adequate coupling. It is noted that one skilled in the art
      could, of course, make appropriate adjustment of values in order to
      control the speed of the circuit. However, it is obvious that if the
      feedforward coupling is large while the operations of the input
      transistors Q.sub.2 and Q.sub.5 are very slow, the increase in current
      through Q.sub.4 in anticipation of Q.sub.5 turning OFF, could occur long
      before Q.sub.5 begins to switch and this would result in a large transient
      current through Q.sub.5.
PAR  As in the bootstrap arrangement, the application of additional voltage to
      the gate of load FET Q.sub.4 increases the voltage level available for the
      logical 1 state at the output of the second inverter 22 to substantially
      the same level as the supply voltage -V, and this may be of significantly
      greater magnitude than the corresponding voltage at the input node
      N.sub.1. But the major feature of the circuit is that the feedforward
      voltage, which is unaffected by the successive switch delays inherent in
      the combined operation of serial inverters 21 and 22, causes the overall
      circuit to function faster than the circuit of FIG. 1. The feedforward
      coupling via capacitor C.sub.3 thus serves as a fast-acting kicker circuit
      for the serially connected inverted pair.
PAR  The FETS included in the above description may be any appropriate devices.
      The discussion has, however, assumed that they are field-effect
      transistors of the metaloxide semiconductor type and that P-channel
      enhancement mode elements are used. Alternative types of devices may, of
      course, be substituted, and when necessary, appropriate modifications of
      parameters such as biases would have to be made. In particular, load FET
      Q.sub.1 could be bootstrapped, or it could be replaced by another type of
      transistor or by a two terminal diode. Also, input FETS Q.sub.2 and
      Q.sub.5, which provide the input switching function, could be replaced by
      more complicated logic circuitry or by switch devices other than FETS such
      as, for example, bipolar transistors.
PAR  In addition, two supply voltages could be substituted for the single supply
      -V shown, as disclosed in U.S. Pat. No. 3,845,324, issued to C. A. Feucht,
      Oct. 29, 1974.  The drain of a given load FET would then be connected to
      one source and the gate, or the isolating transistor coupled to the gate,
      would be connected to the other more negative source.
PAR  In all cases it is to be understood that the above described arrangements
      are merely illustrative of a small number of the many possible
      applications of the principles of the present invention. Numerous and
      varied other arrangements in accordance with these principles may readily
      be devised by those skilled in the art without departing from the spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A serial inverter circuit comprising:
PA1  a first and second inverter means, each having an input and an output, for
      producing at their outputs a logically inverted version of the signal
      applied to their respective inputs;
PA1  means for connecting the output of the first inverter means to the input of
      the second inverter means, whereby after a finite transition delay
      determined by the circuit values, the signal produced at the output of the
      second inverter means is logically identical to the signal applied to the
      input of the first inverter means; and
PA1  feedforward means for coupling the signal applied to the input of the first
      inverter means to the second inverter means to speed up all transitions of
      the signal at the output of the second inverter means made in response to
      a change of logical state of the signal applied to the input of the first
      inverter means.
NUM  2.
PAR  2. A serial inverter circuit as claimed in claim 1 wherein the second
      inverter means includes:
PA1  a primary voltage source;
PA1  a circuit reference node;
PA1  an input device connected to the input of the second inverter means for
      selectively creating a conductive path between the circuit reference node
      and the output of the second inverter means in accordance with the signal
      applied thereto from the output of the first inverter means; and
PA1  a load device having a first controlled electrode coupled to said primary
      voltage source, a second controlled electrode coupled to the output of the
      second inverter means, and a control electrode connected to said
      feedforward means.
NUM  3.
PAR  3. A serial inverter circuit as claimed in claim 2 wherein the load device
      is a field-effect transistor having its drain-source path connected
      between the primary voltage source and the output of the second inverter
      means, and having means connected to its gate for isolating the gate from
      the primary voltage source; and
PA1  the feedforward means causing the voltage on the gate of the load device to
      always track the voltage at the input of the first inverter means, and
      thereby anticipate the voltage at the output of the second inverter means.
NUM  4.
PAR  4. The serial inverter circuit as claimed in claim 2 wherein the
      feedforward means includes a capacitive coupling between the input of the
      first inverter means and the control electrode of the load device of the
      second inverter means.
NUM  5.
PAR  5. A serial inverter circuit as claimed in claim 3 wherein the isolating
      means is a field-effect transistor having a first controlled electrode
      connected to the gate of the load device and having a second controlled
      electrode connected to a second voltage source, said isolating transistor
      being maintained in a conductive state.
NUM  6.
PAR  6. A serial inverter circuit as claimed in claim 5 wherein the isolating
      field-effect transistor has a control electrode connected to said second
      voltage source, said second voltage source being the same as the primary
      voltage source.
NUM  7.
PAR  7. A serial inverter circuit as claimed in claim 3 wherein the input device
      of the second inverter means is a field-effect transistor having its
      drain-source path connected between the circuit reference node and the
      output of the second inverter means and its gate electrode connected to
      the output of the first inverter means.
NUM  8.
PAR  8. A serial inverter circuit as claimed in claim 7 wherein the input
      field-effect transistor and the load field-effect transistor are of the
      metal-oxide-semiconductor type.
NUM  9.
PAR  9. A serial inverter circuit as claimed in claim 2 wherein the first
      inverter means includes an input field-effect transistor having its
      drain-source path connected between the circuit reference node and the
      output of the first inverter means, and having its gate connected to the
      input of the first inverter means; and
PA1  a load device connected between the primary voltage source and the output
      of the first inverter means.
NUM  10.
PAR  10. A serial inverter circuit as claimed in claim 2 wherein the voltage
      level of the primary voltage source is selected so that the voltage level
      at the output of the second inverter means is greater in magnitude than
      the voltage level of the logically identical signal at the input of the
      first inverter means for at least one logic state.
NUM  11.
PAR  11. A serial inverter circuit of the type having:
PA1  a first and second inverter means, each having an input and an output, for
      producing at their outputs logically inverted versions of the signal
      applied to their respective inputs;
PA1  means for connecting the output of the first inverter means to the input of
      the second inverter means, whereby after a finite transition time
      determined by the circuit values, the signal produced at the output of the
      second inverter means is logically identical to the signal applied to the
      input of the first inverter means; characterized in that, the circuit
      further includes feedforward means for coupling the signal applied to the
      input of the first inverter means to the second inverter means such that
      the signal at the output of the second inverter means responds to all
      changes in logical state of the signal applied to the input of the first
      inverter means in a time less than said finite transition delay.
NUM  12.
PAR  12. A serial inverter circuit as claimed in claim 11 wherein the second
      inverter means includes:
PA1  a primary voltage source;
PA1  a circuit reference node;
PA1  an input device connected to the input of the second inverter means for
      selectively creating a conductive path between the circuit reference node
      and the output of the second inverter means in accordance with the signal
      applied thereto from the output of the first inverter means; and
PA1  a load device having a first controlled electrode coupled to said primary
      voltage source, a second controlled electrode coupled to the output of the
      second inverter means, and a control electrode, said feedforward means
      being connected to the control electrode so that the voltage at the
      control electrode always tracks the voltage at the input of the first
      inverter means.
NUM  13.
PAR  13. A serial inverter circuit as claimed in claim 12 wherein the load
      device is a field-effect transistor having its drain-source path connected
      between the primary voltage source and the output of the second inverter
      means, and having means connected to its gate for isolating the gate from
      the primary voltage source; and
PA1  the feedforward means causing the voltage on the gate of the load device to
      anticipate the voltage at the output of the second inverter means.
NUM  14.
PAR  14. A serial inverter circuit as claimed in claim 13 wherein the
      feedforward means includes a capacitive coupling between the input of the
      first inverter means and the gate of the load device of the second
      inverter means.
NUM  15.
PAR  15. A serial inverter circuit as claimed in claim 13 wherein the isolating
      means is a field-effect transistor having a first controlled electrode
      connected to the gate of the load device and having a second controlled
      electrode connected to a second voltage source, said isolating transistor
      being maintained in a conductive state.
NUM  16.
PAR  16. A serial inverter circuit as claimed in claim 15 wherein the isolating
      field-effect transistor has a control electrode connected to said second
      voltage source.
NUM  17.
PAR  17. A serial inverter circuit as claimed in claim 16 wherin said second
      voltage source is the same as the primary voltage source.
NUM  18.
PAR  18. A serial inverter circuit as claimed in claim 13 wherein the input
      device of the second inverter means is a field-effect transistor having
      its drain-source path connected between the circuit reference node and the
      output of the second inverter means and its gate electrode connected to
      the output of the first inverter means.
NUM  19.
PAR  19. A serial inverter circuit as claimed in claim 18 wherein the input
      field-effect transistor and the load field-effect transistor are of the
      metal-oxide-semiconductor type.
NUM  20.
PAR  20. A serial inverter circuit having:
PA1  an input;
PA1  an output;
PA1  a voltage source node;
PA1  a circuit reference node;
PA1  a first inverter formed by a first load field-effect transistor and a first
      input field-effect transistor, the first load transistor having its gate
      connected to the voltage source node and its drain-source path connected
      between the voltage source node and a common node, and the first input
      transistor having its drain-source path connected between the common node
      and the circuit reference node and its gate connected to the input;
PA1  a second inverter formed by a second load field-effect transistor and a
      second input field-effect transistor, the second load transistor having
      its drain-source path connected between the voltage source node and the
      output, the second input transistor having its drain-source path connected
      between the output and the circuit reference node and its gate connected
      to the common node;
PA1  an isolating field-effect transistor having its drain-source path connected
      between the voltage source node and the gate of the second load
      transistor, and having its gate connected to the voltage source node; and
PA1  a capacitor connected between the input and the gate of the second load
      transistor.
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ABST
PAL  A circuit for minimizing voltage excursions on the emitter-follower output
      terminals of an emitter coupled logic (ECL) gate including a compensating
      circuit connected to collector nodes associated with the input switching
      transistors and the reference switching transistor. The compensating
      circuit comprises a single current source for continuously delivering
      current which is selectively applied in predetermined amounts to one of
      the collector nodes residing in a high state. This predetermined amount of
      current compensates for undesired voltage changes experienced at the load
      impedance connected to that node due to varying ambient temperatures
      effecting the base-emitter junction of the output emitter follower
      transistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to a switching circuit and more particularly a
      temperature compensated emitter coupled logic gate.
PAR  2. Description of Prior Art
PAR  Many circuits exist for temperature and voltage compensation of basic logic
      circuits. In an emitter coupled logic gate, the output logic signal is
      generated at the emitter terminal of an emitter-follower output
      transistor. Without temperature compensation this output logic level
      varies due to the negative temperature coefficient associated with the
      base-to-emitter junction of the transistor. That is, as the temperature
      increases, the base-to-emitter voltage drop, V.sub.BE, decreases, and
      conversely with a decrease in temperature the V.sub.BE increases. Since
      the noise immunity of any logic gate is related to the stability of the
      output logic level, any variations of the output logic signal due to
      temperature changes deleteriously affects the noise margin or noise
      immunity of the switching circuit.
PAR  Compensation circuits using back-to-back diodes and current sources have
      been suggested for improving the performance of ECL gates. However, this
      solution limits the overall speed of the logic gate due to the requirement
      of charging certain collector nodes in the circuit, and furthermore,
      certain rounding of the DC transfer and power supply characteristic curves
      are experienced thus reducing the noise immunity or noise margin of the
      circuit.
PAR  Also, some compensating circuits employ a plurality of current sources
      which are always connected to collector node associated with either the
      reference transistor or the input switching transistors in order to
      compensate for output voltage variations due to changes in the
      base-to-emitter drops associated with the emitter-follower output
      transistor during ambient temperature changes. However, these ECL gates
      suffer in their switching speed response in that the two collector nodes
      additional stray capacitance must be charged every time the logic gate
      switches states. Moreover, these prior art solutions require a greater
      number of components and consume a commensurate greater amount of power.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      ECL gate of simplified device complexity.
PAR  Another object of the present invention is to provide an improved ECL gate
      capable of switching at faster speeds.
PAR  A further object of the present invention is to provide an improved ECL
      gate having improved power dissipation and noise immunity characteristics.
PAR  In accordance with the aforementioned objects, the present invention
      provides a compensating circuit for an emitter coupled logic gate which is
      connected to the collector nodes of the input switching transistors and to
      the collector node of the reference switching transistor for selectively
      providing a predetermined amount of current to the load impedance
      connected to an associated high or "on" side collector terminal from a
      single current source by means of a pair of steering diodes in order to
      compensate for voltage variations at the emitter-follower output terminal
      due to ambient temperature changes.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrating a basic conventional emitter
      coupled logic gate connected to an improved temperature compensating
      circuit.
PAR  FIG. 2 illustrates a DC transfer and power supply characteristic curve for
      a prior art ECL gate having temperature compensation and illustrates the
      lower noise immunity of that circuit.
PAR  FIG. 3 is a DC transfer and power supply characteristic curve of the
      present invention illustrating the improved noise immunity achieved by
      employing the compensating circuit of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIG. 1, it illustrates a conventional emitter coupled
      logic gate 10 connected to a circuit means 12 for providing temperature
      compensation thereto. The logic gate 10 includes a plurality of input
      switching transistors 14 and 16 connected between a first common emitter
      node 18 and a second collector node 20. The base terminals of the input
      switching transistors 14 and 16 are adapted to receive logic signals A and
      B, respectively. A first current source comprising transistor 22 and
      resistor 24 are serially interconnected between node 18 and a negative
      supply voltage V.sub.EE connected to a terminal 26. A load impedance or
      resistor 30 is connected between node 20 and the positive voltage supply
      V.sub.CC (ground in the preferred embodiment) connected to common line 32
      by means of terminal 34. The NOR or out-of-phase side of the logic gate 10
      is constituted by an output terminal 36 which is the emitter terminal of
      an emitter-follower output transistor 38 having its base terminal
      connected to node 20 for generating the logic output signal A+B.
PAR  A reference switching transistor 40 is connected at its emitter terminal to
      node 18 and at its collector terminal to another node 42. Impedance or
      load means for the reference switching transistor 40 is constituted by a
      resistor 44 connected between line 32 and node 32. Similarly, the OR or
      in-phase output signal from the logic gate 10 is provided at an output
      terminal 46 comprising the emitter terminal of an emitter-follower output
      transistor 48 connected at its base terminal to node 42 and at its
      collector terminal to line 32 for generating an output logic signal A+B.
      The base terminal of reference switching transistor 40 is connected to a
      reference supply voltage V.sub.BB as is well known in the art, and is
      approximately -1.30 volts in the preferred embodiment.
PAR  The circuit means 12 for temperature compensating the logic gate 10 is
      constituted by a single current source comprising transistor 46 and
      resistor 48 serially interconnected between node 50 and terminal 26
      connected to the negative supply voltage V.sub.EE.
PAR  In order to selectively provide a predetermined amount of current to either
      node 20 or 42 node 50 is connected to switching means comprising a pair of
      unilaterally conducting diodes 54 and 56. In a preferred embodiment diodes
      54 and 56 comprise Schottky barrier diodes since they are readily
      implemented in integrated circuit form into the collector terminals of
      either the input switching transistors 14 and 16 or the reference
      switching transistor 40. Again, the in-phase logic level generated from
      logic gate 10 is provided at output terminal 46 is A+B.
PAR  The circuit shown in FIG. 1 is temperature compensated. However, it is to
      be realized that each of the current sources comprising transistor 46 and
      resistor 48 and transistor 22 and resistor 24 can be connected to a
      voltage source designated V.sub.CS1 and V.sub.CS2, respectively. Many bias
      drivers or voltage sources which are either temperature or voltage
      compensated or both temperature and voltage compensated can be
      interconnected to the terminals 60 or 62 depending upon the level of
      performance required for the logic gate itself. Furthermore, it is to be
      realized that a single voltage-temperature compensated circuit can be used
      to provide voltages to both terminals 60 and 62 if desired. One bias
      driver or temperature and/or voltage compensated circuit suitable for
      driving terminals 60 and 62, inter alia, is disclosed in U.S. application
      Ser. No. 447,198, filed Mar. 1, 1974, and assigned to the same assignee as
      the present invention.
PAC  OPERATION
PAR  For purposes of explanation it is assumed that an up level is constituted
      by pulling -.9 volts or -900mv and a down level is -1.7 volts. Assuming an
      up level logic signal A at the base terminal of transistor 14, then
      transistor 14 is rendered conductive and a current I1 is caused to flow.
      With I1 flowing, node 20 is at a down level. Similarly, reference
      switching transistor 40 is nonconductive and thus node 42 is in an up
      level and thus a high or up level is generated at output terminal 46.
      Discounting temperature or voltage variations, the magnitude of the output
      logic level at output terminal 46 is determined by the magnitude of the
      supply voltages, the load resistors, and the resistors associated with the
      current sources, as is well known in the art, although -900mv and -1700mv
      are selected in the preferred embodiment.
PAR  Without the compensating circuit 12 it can be seen with an increase in
      temperature the base-to-emitter voltage drop across transistor 48
      decreases due to the inherent negative coefficient of temperature
      associated with semiconductor transistors and thus the output voltage at
      terminal 46 becomes more positive than the desired level of -900mv
      constituting an up level.
PAR  Circuit 12 compensates for this voltage change in the following manner. For
      these assumed logical conditions, node 20 maintains Schottky diode 54
      nonconductive. However, with node 42 at a relatively high state, Schottky
      diode 56 is conductive and presents an extremely low forward voltage to
      the circuit. The increase in temperature which caused the output logic
      signal on terminal 46 to become more positive, for example, -800mv, also
      affects the base-to-emitter junction of transistor 46, thus increasing its
      emitter current I2 by a predetermined amount. Since the voltage applied to
      the base of transistor 46, V.sub.CS1, is substantially constant then the
      collector current I3 flowing through Schottky diode 56 must also increase.
      Since I3 also flows through impedance or resistor 44, an increase in I3
      increases the voltage drop across resistor 44 between line 32 and node 42.
      This increased voltage drop across resistor 44 in turn compensates node 42
      so as to lower its net overall voltage in order to compensate for the more
      positive voltage resulting from the decreased V.sub.BE drop across
      transistor 48. Accordingly, the output voltage or logic signal level at
      output terminal 46 is compensated to closely reside at the desired logic
      or up level of -900mv regardless of temperature.
PAR  In a similar manner, Schottky diode 64 and the single current source
      comprising transistor 46 and resistor 48 provides compensation to the
      out-of-phase or NOR output terminal 36 when node 20 resides in a high or
      up state.
PAR  Although not part of the present invention, it is to be realized that the
      current source comprising transistor 22 and resistor 24 provides
      temperature compensation to the low or down side collector nodes in a
      manner known in the prior art.
PAR  Now referring to FIG. 2, it illustrates a DC transfer and power supply
      characteristic curve 72 for the out-of-phase NOR side of the logic gate 10
      and curve 70 for the in-phase or OR side of the logic gate 10. At each of
      the corners, for example corner 74, it is to be noted that as the
      temperatures increase the curve becomes more rounded with a commensurate
      loss in noise immunity. The distance V.sub.NMO represents the voltage
      noise margin for a binary 0 logic state at the NOR side, and the distance
      V.sub.NM1 represents the voltage noise margin for a binary 1 at the OR
      side of the logic gate 10. This particular characteristic is exhibited by
      prior art compensating circuits which employ back-to-back diodes connected
      in series with a resistor between the collector terminals of the input
      switching transistor and the reference switching transistor of an ECL
      gate. Actually, this curving at the corner 74 represents a gain loss which
      is caused by one of the back-to-back diodes being conductive or on during
      either a high or a low level corresponding to a binary 1 or a binary 0
      level. In this prior art this clamping action of the back-to-back diodes
      generates the temperature compensation.
PAR  FIG. 3 illustrates the DC transfer and power supply characteristic curves
      for the present invention. It can be seen that despite increases in
      temperature the corners of the curve, for example, corner 76 remains
      angular and is not rounded. Accordingly, the present compensating circuit
      ECL improves the noise immunity of the compensated ECL gate. It is to be
      noticed that in this instance there is a slight perturbation in the middle
      portion of the switching curves which reflects a slight loss of gain at
      this time. However, this loss of gain does not result when the logic gate
      is in a quiescent binary 1 or binary 0 state and hence does not affect
      noise immunity of the circuit. In the present invention, both the diodes
      are conductive or both on only in the middle switching region but only one
      diode is on or conductive during a quiescent binary one or zero level and
      thus the corner such as 76 remains angular despite temperature variations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes comprising:
PA1  a. an emitter-follower current switch logic gate having at least one input
      switching transistor and a reference transistor;
PA1  b. a first common node and a first current source connected thereto for
      providing current for either said input switching transistor or said
      reference transistor;
PA1  c. said first common node being connected to the emitter terminals of said
      input switching transistor and said reference transistor;
PA1  d. a second node connected to the collector terminal of said input
      switching transistor, and a first impedance means connected between said
      second node and a first supply means,
PA1  e. a third node connected to the collector of said reference transistor,
      and a second impedance means connected between said third node and the
      first supply means;
PA1  f. first and second emitter-follower output transistors connected at their
      base terminals to said second and third nodes, respectively;
PA1  g. the emitter terminals of said first and second emitter-follower output
      transistors being responsive to logical input signals at the base terminal
      of said input switching transistor for generating predetermined logical
      output signals;
PA1  h. circuit means connected to said second and third nodes for minimizing
      voltage excursions of the logical output signals being generated from a
      predetermined one of said emitter follower output transistors having its
      base terminal connected to the collector terminal of a nonconducting input
      switching transistor or a nonconducting reference transistor, and
PA1  i. said circuit means comprising a second current source for continuously
      generating a predetermined amount of current,
PA1  j. switching means connected to said second current source and to said
      second and third nodes for selectively applying said predetermined amount
      of current only to said second or said third node.
NUM  2.
PAR  2. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 1 wherein:
PA1  a. said first current source comprises a transistor and a serially
      interconnected impedance means connected between said first node and a
      second supply means; and
PA1  b. the base terminal of said first current source transistor being
      connected to a compensated voltage source means for minimizing voltage
      excursions at the other emitter-follower output terminal due to
      temperature changes at the other predetermined emitter-follower output
      transistor having its base terminal connected to the collector terminal of
      either a conductive input switching transistor or a conductive reference
      switching transistor.
NUM  3.
PAR  3. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 2 wherein:
PA1  a. said switching means comprises a pair of unilaterally conductive devices
      connected respectively at their anode terminals to said second and third
      nodes and at their cathode terminals to said second current source.
NUM  4.
PAR  4. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 3 wherein:
PA1  a. said first and second unilaterally conductive devices comprise diodes
      having their anode terminals commonly connected at a fourth node, said
      fourth node being connected to said second current source for continuously
      receiving a predetermined amount of current from said second current
      source.
NUM  5.
PAR  5. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 4 wherein:
PA1  a. said second current source comprises a second current source transistor
      and a serially interconnected impedance means connected between said
      fourth node and the second power supply means.
NUM  6.
PAR  6. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 5 further including:
PA1  a. terminal means connected to the base terminal of said second current
      source transistor for receiving said compensated voltage source means.
NUM  7.
PAR  7. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 6 wherein:
PA1  a. said compensated voltage source means connected to the respective base
      terminals of first and second current source transistors is temperature
      and voltage compensated.
NUM  8.
PAR  8. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 7 wherein:
PA1  a. said pair of unilaterally conductive devices comprise Schottky barrier
      diodes.
NUM  9.
PAR  9. A circuit for minimizing voltage excursions on the emitter output
      terminals of an emitter-follower coupled logic gate due to temperature
      changes as in claim 8 further including:
PA1  a. a plurality of input switching transistors connected between said first
      and second nodes.
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ABST
PAL  Semiconductor charge devices are defined to effect a serial-to-parallel
      conversion of analogue signal information. In one aspect of the invention,
      a digital signal is extracted from an analogue noise environment by a
      shift register correlator comprising a bucket-brigade configuration of
      field-effect transistors in combination with gating field-effect
      transistors which are effective to weight the amplitude of the data in
      corresponding bits of the shift register. The gates of the gating
      transistors are selectively connected to diffused regions of transistors
      of the bucket-brigade delay line to effect parallel tapped outputs
      therefrom. The weighted signals from the gating transistors are summed at
      a common terminal to form the auto-correlated output. In a different
      aspect of the invention, the analogue delay line is effected by a
      charge-coupled shift register, parallel taps being obtained from diffused
      regions under selected electrodes of the shift register ohmically
      connected to gates of the gating field-effect transistors.
BSUM
PAR  The present invention pertains to semiconductor charge devices in general,
      and more particularly, to analogue shift register correlators.
PAR  In the processing of electrical signals, it is often required to extract a
      signal from a noise background. This is often effected using
      auto-correlation or cross-correlation techniques. Such auto-correlation is
      typically effected using devices generally referred to as matched filters,
      transversal filters, chirp filters, etc. Basically, what is done to form a
      weighted sum of a number of inputs such that:
      ##EQU1##
      Where the K.sub.i 's are the weighting values (which may be a function of
      time) v.sub.i 's are the input or sample variables which a function of
      time and V.sub.out (t) is the weighted sum, and n is the number of bits in
      the correlator. In practice the K.sub.i 's may be time independent and in
      fact may be rather simple constants such as 0 or 1, or -1 and +1. While
      the v.sub.i 's could also possess only digital values such as 0 or 1, it
      is more common for the v.sub.i 's to be analogue functions. This is true
      even though the signal may be digital since the noise is in general
      analogue.
PAR  Basically in order to effect auto-correlation, a serial-to-parallel
      conversion of analogue signals is requied. Processing of analogue signals
      generally has pertained to delay functions, such as by passing the signals
      through an electrical transmission line, such as a coaxial cable or a LC
      network where the distributed inductance and capacitance of a cable are
      lumped in a number of coils and capacitors. Such transmission lines,
      however, are generally effective for delays of only a few microseconds at
      the most, and longer delays are required for many applications. Acoustic
      surface wave devices have also been utilized to form delay lines, but they
      also provide only a relatively short delay since generally such surface
      wave devices require a clocking rate greater than about 20 MHz.
PAR  One technique that has been proposed for providing longer delays is to make
      a shift register for analogue signals wherein sampled values of the
      analogue signals are stored in the form of charges on a series of
      capacitors. Between each of the storage capacitors there is located a
      switch that transfers the charge from one capacitor to the next on a
      command from a clock pulse. Since each storage capacitor cannot pick up
      its new charge until it has passed on the old one, only half of the
      capacitors carry information, and the ones in between are empty. Such a
      delay line has typically been referred to as a "bucket-brigade delay
      line." Such a delay line, or analogue shift register, may be constructed
      utilizing insulated gate field-effect transistors (IGFETS). Details of
      such an analogue shift register are described in Sangster's, "The Bucket
      Brigade Delay Line, a Shift Register for Analogue Signals," PHILIPS
      TECHNICAL REVIEW, Vol. 31, 1970, No. 4.
PAR  Thus, a field-effect transistor bucket-brigade delay line can be utilized
      as an analogue shift register. To effect auto-correlation, it is necessary
      to provide serial to parallel conversion and weighting of the signals. The
      above referenced Sangster's article describes one technique of weighting
      signals where the electrodes forming the capacitors are geometerically
      arranged in a preselected ratio. A major problem associated with this
      technique, however, pertains to the difficulty in measuring the signal
      current, since generally only on the order of picoamps are flowing in the
      semiconductor substrate while on the order of amperes of current are
      flowing in the clock lines. It is difficult to detect the small amount of
      current change representing the signal. Also, the configuration of
      geometerically arranging the capacitors requires relatively large size for
      the devices.
PAR  Accordingly, an object of the present invention is to provide an improved
      serial to parallel converter for analogue signals.
PAR  A further object of the present invention is to provide an analogue shift
      register auto-correlator.
PAR  Another object of the invention is to provide a field-effect transistor
      configured bucket-brigade analogue shift-register correlator.
PAR  Yet another object of the invention is to provide an auto-correlator
      wherein a field-effect transistor provides the weighting function.
PAR  Briefly in accordance with the present invention, an analogue shift
      register correlator comprises a plurality of shift register bits defined
      on one surface of a semiconductor substrate. Means are included for
      applying clock signals to serially shift the data in a predetermined
      direction. Weighting means are connected to respective bits of the shift
      register to weight the data at that bit with a preassigned weighting
      value. The weighted values of the respective bits are summed together to
      provide an auto-correlated output signal.
PAR  In one aspect of the invention, the shift register is defined by a
      field-effect transistor configured bucket-brigade delay line. In a
      different aspect of the invention, the shift register is defined by a
      plurality of semiconductor charge-coupled devices.
PAR  In the preferred embodiment of the invention, the weighting means comprises
      an insulated gate field-effect transistor, the gate electrode of which is
      electrically connected to a corresponding bit of the analogue shift
      register. In this configuration, the gain of the transistor defines the
      weighting coefficient. In a different embodiment of the invention, the
      weighting function is effected by two series connected field-effect
      transistors where the weighting coefficient is defined by the Beta ratio
      between the two transistors.
DRWD
PAR  Additional novel features, advantages, and objects of the present invention
      will be apparent upon reading the following detailed description of
      illustrative embodiments of the present invention in conjunction with the
      drawings wherein:
PAR  FIG. 1 is a functional block diagram illustrating an auto-correlator in
      accordance with one embodiment of the present invention;
PAR  FIG. 2 is a cross-sectional view of a bucket-brigade shift register that
      may be used in accordance with the invention;
PAR  FIG. 3 is a schematic of a bucket-brigade delay line and associated high
      impedence field-effect transistor output taps;
PAR  FIG. 4 schmatically illustrates a portion of an analogue matched filter
      system in accordance with the present invention;
PAR  FIG. 5 schmatically illustrates a gated output configuration of the present
      invention;
PAR  FIGS. 6a-6c schematically depict various output circuits that may be
      utilized with the present invention; and
PAR  FIG. 7 illustrates a charge-coupled device embodiment for the analogue
      shift register.
DETD
PAR  With reference now to the drawings, FIG. 1 illustrates in functional block
      diagram format the elements required to perform the matched filter or
      auto-correlation function of the present invention. Discrete bits of an
      analogue delay line are illustrated, generally, at 10. By way of example,
      these bits may be defined by a field-effect transistor bucket-brigade
      configured analogue shift register or a semiconductor charge-coupled
      device analogue shift register. Information in the form of electrical
      charge is inputed to the delay line at 12. This information is illustrated
      as being a voltage as a function of time. The signals V.sub.1, V.sub.2,
      V.sub.3 . . . . . V.sub.n represent parallel tapped outputs from the
      analogue delay line. Blocks A.sub.1, A.sub.2, A.sub.3 . . . A.sub.n
      represent weighting coefficients, and block 14 labeled .SIGMA.A.sub.n
      V.sub.n is the desired auto-correlated output. As may be seen, input
      signals are fed serially into the delay bits labeled D in block 10; and
      tapped parallel outputs are weighted by weighting functions A.sub.1 -
      A.sub.n to form the correlated output signal.
PAR  With reference to FIG. 2, there is illustrated in cross-sectional view a
      bucket-brigade analogue shift register of field-effect devices. With
      reference to FIG. 2 a substrate of semiconductor material is illustrated
      at 16. The substrate may be of any suitable semiconductor materials such
      as silicon, germinium, gallium arsenide, etc. For illustration, N-type
      silicon is utilized. Pockets of P-type material are illustrated at 18.
      These pockets may be formed by conventional diffusion techniques, ion
      implantation or epitaxial techniques. Such techniques are well known to
      those skilled in the art and will not be described in detail herein.
PAR  The P-type regions 18 extend to the upper surface 20 of the substrate 16. A
      relatively thin insulating layer 22 is formed to overlie the surface 20 of
      the substrate 16. The insulating layer 22 may, by way of example, comprise
      an oxide such as silicon oxide or a nitride or a combination of the two.
      Generally the layer 22 is formed to a thickness of between 500 to 1500 A.
      Apertures 24 and 26 are opened through the insulating layer 22 at opposite
      ends of the shift register to expose portions of the diffused regions 18a
      and 18c respectively. Input data is entered by ohmic contact to the
      diffused region 18a and the output of the shift register is taken from an
      ohmic contact to the diffused region 18c. A plurality of elongated,
      generally parallel electrodes 28 are formed over the insulating layer.
      Each electrode such as 28a overlies at least the region between adjacent,
      diffused regions such as, by way of example, 18a and 18b, and extends
      laterally over a region of the diffused pocket to enhance the miller
      capacitance and enables more effective storage of charge. Adjacent
      electrodes are connected to different clock sources referenced as
      .phi..sub.1, and .phi..sub.2.
PAR  In operation of the shift register illustrated in FIG. 2, charge is
      normally inserted at one end of the shift register through a P-N junction
      such as 18a, transferred down the chain of field-effect transistors and
      detected at another P-N junction such as 18c. It will be noted that except
      for the ohmic contact to the output P-N junction, there is nothing to
      distinguish this junction from any other junction in the chain of diffused
      regions 18. In fact, it is possible to sense charge through ohmic contacts
      simultaneously at different positions along the delay line. In order not
      to affect the charge going down the delay line, the sensing, however, must
      be done with a high impedance tap.
PAR  With reference to FIG. 3, there is illustrated in plan view a
      bucket-brigade shift register with associated high impedance field-effect
      transistor output taps. Again the diffused regions are illustrated
      generally at 18. The electrodes by which the clock pulses .phi..sub.1 and
      .phi..sub.2 are applied are illustrated at 28. An ohmic contact to the
      diffused region 18d of bucket 5 (B.sub.5) of the bucket-brigade shift
      register is illustrated at 30. The ohmic contact extends to the gate
      electrode 32 of an insulated gate field-effect transistor which is
      utilized to tap, that is, detect information or charge present in the
      diffused region 18d. For example, if electrical charge is stored in this
      region, the gate 32 is charged to a relatively high value enabling
      transistor 34 to go into a conductive state and provide a signal through
      leads A.sub.3 ' and A.sub.3.
PAR  In operation of the circuit illustrated in FIG. 3, analogue information is
      inserted at one end of the bucket-brigade shift register, such as bucket 1
      (B.sub.1) and shifted along the register. Thus, the amount of charge
      (analogue) in the buckets represent the term v.sub.i (t). The function of
      time is involved since the charge in a particular bucket is itself a
      function of time. Once the charge is in a particular bucket, part of the
      charge is also transferred to the gate of the associated insulated gate
      field-effect transistor, such as transistor 34 associated with bucket 5.
      An ohmic contact to the diffused region of the bucket bit is connected to
      the gate of the insulated gate field-effect transistor by a metal lead 36,
      and the amount of charge that is transferred to the gate depends on the
      ratio of gate capacitance of the transistor 34 to the bucket capacitance.
PAR  With reference to FIG. 4, there is schematically illustrated a portion of
      an analogue matched filter system in accordance with the present
      invention, illustrating application of weighting functions to the v.sub.i
      (t) signals to produce the output sum V.sub.out (t). A bucket-brigade
      shift register is generally illustrated at 40. The enhanced miller
      capacitance of each transistor is shown schematically at 42. The taps to
      the bucket bits are connected to the gate electrode of a corresponding
      insulated gate field-effect transistor 44. In this configuration, the
      k.sub.i values, that is, weighting coefficients, are simply the gain of
      the insulated field-effect transistors 44. If the transistors 44 are
      either just turned on or off by the values of the v.sub.i 's transferred
      to the gates thereof, then the weighting function k.sub.i is either 0 or
      1. However, if the insulated gate field-effect transistors are biased in
      the linear regions, then the weighting function can be determined by the
      Z/L ratio of the individual transistors.
PAR  In general, since the buckets carry information only in every other bucket
      (every third electrode for the case of the charge-coupled device) some
      type of gating or sample and hold circuit is necessary in order not to
      look at the full buckets. However, in certain applications it may be
      desirable to sample every bucket (or every electrode for the
      charge-coupled device). A suitable gating arrangement is illustrated in
      FIG. 5 by the transfer gates shown generally at 50. In this configuration,
      an insulated gate field-effect transistor is placed in series with the
      output transistor, i.e., the weighting transistor, and the output. The
      gating transistor 50 may utilize the same clock pulse .phi..sub.1 driving
      the bucket stage if desired.
PAR  In FIG. 4 the weighting function is illustrated as utilizing a source
      follower insulated gate field-effect transistor. A number of different
      field-effect transistor circuits could be utilized to obtain the weighting
      coefficient, such as for example, standard IGFET inverters with the load
      either saturated or unsaturated; source follower circuits using standard
      IGFET loads with substrates grounded and source follower circuits using a
      current-source load device. Reference for example, Lawrence's, "Linear
      Metal Oxide Semiconductor Integrated Circuits," SOLID STATE TECHNOLOGY,
      May, 1969, P. 31. Also two stages of linear amplication with a gain of
      unity could be used in the weighting outputs of the signal processors.
      Reference Mao, et al IEEE JOURNAL OF SOLID STATE CIRCUITS, Vol. SC-4 No.
      4, P. 196, August, 1969.
PAR  Various configurations may be utilized to sum the output from the tapped
      bits. For example, with reference to FIG. 6a, two series connected
      insulated field-effect transistors 60 and 62 are utilized to provide the
      output tap. The gate of transistor 60 is connected to a power supply
      V'.sub.GG. A single summing resistor R.sub.L is required. The transistor
      60 is biased via V'.sub.GG to act as a resistor. Preferably the resistance
      of transistor 60 is large compared to the value of R.sub.L. An advantage
      of this circuit arrangement is that only one output connection from the
      chip is required. Preferably the load transistor 60 operates in the triode
      region while the tap 62 operates in the saturation region.
PAR  With reference to FIG. 6b, a source-follower configuration is illustrated
      with an external fixed resistor R.sub.s. In this configuration the load
      field-effect transistor illustrated in FIG. 6a, i.e., transistor 60, is
      not utilized.
PAR  With reference to FIG. 6c, an output circuit is illustrated wherein the sum
      of the currents is generated. For this situation, the value of the
      resistance R.sub.s should be much larger than the value of the resistance
      R.sub.L so that the different stages of bits or the bucket-brigade will be
      effectively decoupled.
PAR  With reference to FIG. 7, there is illustrated an embodiment of the present
      invention where charge-coupled devices are utilized for the ananlogue
      shift register. In FIG. 7 it is assumed that the charge-coupled device
      (CCD) .phi..sub.2 electrodes are biased to receive the input information,
      i.e., define a "potential well" thereunder. The information is transferred
      from a diffused region 70 underlying the .phi..sub.2 electrode by the
      transfer gate 72 by applying a suitable pulse thereto. By way of example,
      the transfer gate 72 may be the gate electrode of a field-effect
      transistor 34, illustrated in FIG. 3. The diffused region 70 may be formed
      to extend beyond the boundary of the .phi..sub.2 electrode, if desired.
PAR  While various embodiments of the present invention have been described in
      detail, it will be apparent to a person skilled in the art that various
      modifications may be made without departing from the scope or spirit of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer device correlator comprising:
PA1  a. a semiconductor substrate of one conductivity type;
PA1  b. a bucket brigade configuration of first insulated gate field effect
      transistors defined on one surface of said substrate defining a plurality
      of bits;
PA1  c. means for applying clocking pulses to respective gates of said first
      field effect transistors for entering data and propagating said data in
      shift register fashion along said bucket brigade; and
PA1  d. data sampling and amplitude weighting means for simultaneously detecting
      the data stored at each of said plurality of bits and weighting said
      signals in a preselected manner, said data sampling and amplitude
      weighting means including a second plurality of insulated gate field
      effect transistors respectively disposed in said substrate adjacent a
      corresponding bit of said bucket brigade, the gate electrode of said
      second plurality of transistors ohmically connected to the source region
      of the corresponding transistor of said bucket brigade bit, each of said
      second plurality of transistors defining a predetermined gain for
      weighting the amplitude of the signal stored in the corresponding bucket
      brigade bit, source electrodes of each of said second plurality of
      transistors commonly connected to the circuit ground; signal summation
      means; and a third plurality of insulated gate field effect transistors,
      the source and drain electrodes thereof connecting the drain electrodes of
      individual ones of said second plurality of transistors to said signal
      summation means, the gate electrode of each of said third transistors
      disposed for receiving a clock signal effective to transfer detected and
      weighted signals to said summation means.
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ABST
PAL  Circuitry for compensating for charge transfer inefficiency related
      dispersion in analog charge transfer devices (CTD's) is disclosed. In one
      aspect of the invention the tap weights of a filter are modified in a
      preselected manner to provide dispersion correction. In a different
      configuration, a dispersion compensating filter is connected to the input
      of a charge transfer delay line to provide an initial signal which is the
      inverse of the total dispersion of the CTD. In a further aspect of the
      invention regenerators are inserted into a CTD delay line to provide
      negative feedback to previous stages of the delay line in order to
      compensate for dispersion.
PARN
PAR  This is a division of application Ser. No. 320,347, filed Jan. 2, 1973, now
      U.S. Pat. No. 3,868,516.
BSUM
PAR  The present invention pertains to analog delay lines in general, and more
      particularly to bucket brigade and charge coupled device analog delay
      lines having means connected thereto for compensating for dispersion
      produced by charge transfer inefficiency.
PAR  An analog matched filter can be defined using semiconductor charge transfer
      device configurations such as bucket brigades. In general a bucket brigade
      device is an insulted-gate, field effect transistor with a two-phase
      transfer mode. Storage sites are offset p-regions under metal insulator
      semiconductor capacitors. Since no contact is made with these diffusions,
      which form islands in the semiconductor substrate, charge must be
      transferred by manipulation of the potential on adjacent electrodes.
PAR  A bucket brigade device operates in the two transfer mode. In the storage
      mode all electrodes are at the same potential. In the transfer mode the
      potential on one electrode is made large enough to reduce the potential
      barrier and let charge flow from one p-region to the next. This process is
      repeated until the charge is transferred through the device in normal
      shift register action. A more detailed description of bucket brigades can
      be found in Altman, "Bucket Brigade Devices Pass From Principle to
      Prototype", Electronics, Feb. 28, 1972.
PAR  In defining a matched filter, the signal is sampled at each of the delay
      stages and the sampled signal is multiplied by a preselected tap weight
      h.sub.i. The resultant signals are then summed at the output. Such matched
      filters are used to detect a given waveform in the presence of noise with
      optimum detection probability. Charge transfer device matched filters are
      useful, for example, in low data rate, spread spectrum communication
      systems where channel bandwidths are small.
PAR  If the delay stages are ideal, the tap weights h.sub.i = h(t.sub.i) are the
      values of the impulse response sampled at times t.sub.i and the impulse
      response h(t) is simply the time reverse of the signal to which the filter
      is matched.
PAR  In a bucket brigade device (BBD) or a charge coupled device (CCD),
      generically referred to as charge transfer devices (CTDs), the delay
      stages are not ideal due to imperfect charge transfer efficiency, and the
      performance of the device as a matched filter is degraded by the
      dispersion if the tap weights are chosen as in the case of ideal delay. In
      other words, a CTD delay line has dispersion in the sense that the impulse
      response is not an impulse delayed in time, but rather is a distorted
      impulse. By way of illustration, the system function H(s) can be written:
EQU  H(s) = H'(s)e .sup.-.sup.sT
PAL  where T is the desired delay and an ideal delay line would have a system
      function e.sup.-.sup.sT. The H'(s) represent the distorted system
      function.
PAR  Dispersion can also be considered in the time domain where the effect on an
      impulse in the delay line can be described as follows. The main pulse is
      attenuated and the lost amplitude of the pulse appears as subsequent
      (trailing) smaller pulses which decrease in amplitude away from the main
      pulse. In some of the examples of the invention described herein, only the
      main pulse attenuation and the first trailing pulse are discussed because
      in many cases of practical interest, only these effects are of importance.
      Furthermore, only the trailing pulses need to be eliminated to achieve
      ideal performance because the attenuation of the main pulse can be
      compensated by a simple amplifier.
PAR  Accordingly, an object of the invention is the provision of a charge
      transfer device analog delay line having means connected thereto for
      compensating for dispersion.
PAR  A further object of the invention is a CTD analog matched filter wherein
      the respective tap weights are modified in a preselected manner to effect
      dispersion compensation.
PAR  Yet another object of the invention is a CTD analog delay line wherein a
      dispersion compensation transversal filter is connected to the input to
      provide a signal which is the inverse of the total delay line dispersion.
PAR  Still another object of the invention is a BB analog delay line including
      regenerators therein for providing negative feedback to previous delay
      stages to apply thereto signals which are the inverse of dispersion
      associated therewith.
PAR  Briefly in accordance with the invention, an improved CTD delay line is
      provided wherein dispersion components of the output signal are
      substantially eliminated. In one aspect of the invention, a CTD
      transversal filter is provided wherein dispersion components of the output
      signal are substantially eliminated. The tap weights associated with each
      delay stage of the filter are modified in a preselected manner in order to
      compensate for dispersion. This configuration is particularly advantageous
      in that additional circuit components are not required for the
      compensation.
PAR  In accordance with a different aspect of the invention a filter having a
      system function which is the inverse of the dispersion in a CTD delay line
      is serially connected to the input of the delay line. In a particular
      aspect of this embodiment, the filter is defined by an insulated gate
      field effect transistor configuration including an inverter having a
      preselectable gain for producing an inverted signal equal to the delay
      line dispersion. The inverted signal is delayed by one delay stage period,
      and then applied to the input of the BB analog delay line.
PAR  In a further aspect of the invention, a regenerator is inserted in a BB
      analog delay line to provide compensation for dispersion. The regenerator
      samples the signal at a selected delay stage, multiplies the signal by a
      preselected weighting function, and substracts the resultant signal from
      one or more preceding delay stages. The regenerator can advantageously be
      defined by an insulated gate field effect transistor configuration. The
      signal is tapped by the gate electrode of an IGFET, the source-drain
      electrodes of which are connected in series with an IGFET inverter, the
      gain of which is variable. The output of the inverter is applied to the
      storage node of the preceding delay stage.
DRWD
PAR  Other objects, advantages, and uses of the invention will be apparent upon
      reading the following detailed description of illustrative embodiments in
      conjunction with the drawings wherein:
PAR  FIG. 1 is a block illustration of an analog matched filter having
      dispersion filter means included therewith;
PAR  FIG. 2a graphically illustrates the signal at one stage of an ideal filter;
PAR  FIG. 2b graphically illustrates the signal in an analog delay line after N
      stages, each having a charge transfer loss of .alpha.;
PAR  FIG. 2c is a graphic illustration of a signal effective to cancel the
      dispersion signal component in FIG. 2b;
PAR  FIG. 2d is a block diagram illustration of a dispersion inverting filter to
      be connected to the nth node of a delay line for producing dispersion
      correction to the kth order at that node;
PAR  FIG. 3 graphically illustrates the correlated output of an ideal 50 stage
      filter of a preselected code;
PAR  FIG. 4 graphically illustrates the dispersion effects on the output
      waveform of FIG. 3 for a filter having a charge loss of 1% per stage;
PAR  FIG. 5a illustrates in block diagram a 13 stage BB analog matched filter
      fabricated in accordance with the invention to match a P-N code of
      ---+++-++-+;
PAR  FIG. 5b schematically depicts a typical tapped node of the filter shown in
      FIG. 5a;
PAR  FIGS. 6a and 6b graphically show the impulse and correlated output signals
      of the analog matched filter of FIG. 5 wherein dispersion is not
      compensated;
PAR  FIGS. 6c and 6d graphically show the impulse and correlated output signals
      of the analog matched filter of FIG. 5 wherein dispersion is compensated
      in accordance with the invention;
PAR  FIG. 7 is a block diagram illustration depicting connection of a filter
      having a system output which is the inverse of the delay line dispersion,
      in series with the delay line;
PAR  FIG. 8 is a schematic of a suitable filter for generating an output which
      is the inverse of the delay line dispersion;
PAR  FIG. 9 is a block diagram illustration depicting connection of a
      regenerator for providing negative feedback to a previous delay stage to
      compensate for dispersion;
PAR  FIG. 10 is a block diagram illustrating negative feedback to a plurality of
      previous stages to provide higher order compensation correction.
DETD
PAR  With reference now to the drawings, a circuit configuration for eliminating
      distortion in an analog matched filter is shown in block diagram in FIG.
      1. The matched filter includes a sampling stage S followed by M delay
      stages D, each of which delays the signal by a time equal to the clock
      period. The signal is nondestructively sampled at each delay stage,
      multiplied by the appropriate weighting coefficient h.sub.k (k = 1,M), and
      the weighted signals are summed together to give the filter output. In
      accordance with the invention, a transversal filter network 10 is
      connected to each stage of the delay line and transversal filtering is
      effected to eliminate the dispersion due to charge transfer inefficiency.
      This is effected by constructing individual filters of the network 10 to
      have an impulse response which is the inverse of the dispersion. The
      filters will be different at every tap because the amount of dispersion is
      different. The filter network can be made to correct to any order in the
      charge loss parameter .alpha. (.alpha. = charge lost per stage. .alpha. =
      2 or 3  times the loss per transfer for a 2 or 3 phase CTD, respectively.
      It can be seen, however, that a correction to the kth order requires
      tapping k sequential delay stages. Thus an N stage matched filter
      corrected to the kth order requires N + k delay stages, each of which is
      tapped.
PAR  The output of the N transversal filters shown generally at 10 are
      multiplied by the weighting functions h.sub.i and are then added by the
      summation circuit 12.
PAR  Preferably, the transversal filtering function effected by filter network
      10 and the weighting function performed by h.sub.i are combined for each
      stage to define a new weighting function h.sub.i.
PAR  By way of illustration, consider the example of a filter matched to the
      following p-n 50 bit sequences;
      +-+-+-+-+-+--+-+-++-+--+--------++--++----++++--++. The output of an ideal
      filter when inputted with the correct code, is shown generally in FIG. 3
      at graph 14. If a non-ideal device is used, however, degradation of the
      output occurs, as can be seen with reference to FIG. 4 for a device having
      charge transfer efficiency of 99.5% per transfer; i.e., a charge loss
      parameter .alpha. = 0.01. It will be noted that the correlation peak has
      degraded from 50 in the ideal case to 36.48 and the signal to noise
      improvement achievable has dropped from 50(17 db) to 44.61(16.5 db).
PAR  As noted previously, this degradation results from dispersion. The effect
      of dispersion on the impulse response at a delay stage of an analog delay
      line can more readily be seen with reference to FIGS. 2a and 2b. In FIG.
      2a a representative signal at the input to an analog delay line is shown
      at 16. With reference to FIG. 2b this same signal is shown at 16' after a
      number of stages n wherein each stage has an associated charge loss
      parameter .alpha.. It can be seen that the amplitude of the pulse 16' is
      less than that of 16 by an amount n .alpha.. Further, the signal
      characteristics are degraded by the trailing edge dispersion signal
      portion 18.
PAR  The dispersion illustrated generally in FIG. 2 can be eliminated in a CTD
      analog delay line by modifying the weighting functions h.sub.i to a new
      coefficient h.sub.i ' in accordance with a preselected relationship. For
      example, for the above described p-n matched filter sequence the weighting
      coefficients for an ideal filter are shown in TABLE 1. The modified
      coefficients h.sub.i ' in accordance with the invention are also shown.
PAR  In general, a new set of weighting coefficients D.sub.n are defined. The
      relationship between these modified weighting coefficients D.sub.n and the
      weighting coefficients C.sub.n for the ideal dispersionless filter are
      given by the expression:
      ##EQU1##
      where p is the smaller of k or n-1, k being the order of dispersion
      compensation, and n is the number of stages in the filter; and A refers to
      coefficient weighting values. The value of the A terms can be calculated
      in the following way. Let U.sub.1 (m) be defined by the equation
      ##EQU2##
      where 1 &lt; m;
PA1  .alpha. is the charge loss per transfer
PA1  1 is an integer
PAL  U.sub.1 (m) gives the value of signal in the lth storage location when a
      single signal of unit amplitude has been applied m-1 clock periods. Note
      that for an ideal device (.alpha.=0 )U.sub.1 (m) =.alpha..sub.m,l.
      m,1reference to FIG. 2d, the A.sub.1, coefficients for a filter centered
      at the n.sup.th tap for reconstructing an impulse corrected to the
      k.sup.th order n.alpha.can be calculated from the U.sub.1 (m) as shown
      below:
EQU  A.sub.o.sup.n U.sub.n (n) = 1                              (1)
EQU  A.sub.o.sup.n U.sub.n (n+1) + A.sub.1.sup.n U.sub.n.sub.+1 (n+1) = 0 (2)
EQU  A.sub.o.sup.n U.sub.n (n+2) + A.sub.1.sup.n U.sub.n.sub.+1 (n+2) +
      A.sub.2.sup.n U.sub.n.sub.+2 (n+2) = 0                    (3)
EQU  * * * *
EQU  A.sub.o.sup.n U.sub.n (n+k) + A.sub.1.sup.n U.sub.n.sub.+1 (n+k)+. . .
      +A.sub.k.sup.n U.sub.n.sub.+k (n+k) = 0 (k+1)
PAR  From the above equations A.sub.o.sup.n . . . A.sub.k.sup.n can be computed
      by solving Eq (1) for A.sub.o.sup.n, then solving Eq (2) for A.sub.1.sup.n
      in terms of A.sub.o.sup.n etc.
TBL                TABLE 1                                                     
     ______________________________________                                    
     Tap No.      h.sub.i (C.sub.n)                                            
                               h.sub.i '(D.sub.n)                              
     ______________________________________                                    
     1            +1           +1.01                                           
     2            +1           +1.00                                           
     3            -1           -1.06                                           
     4            -1           -1.00                                           
     5            +1           +1.10                                           
     6            +1           +1.00                                           
     7            +1           +1.00                                           
     8            +1           +1.00                                           
     9            -1           -1.19                                           
     10           -1           -0.99                                           
     11           -1           -1.06                                           
     12           -1           -1.00                                           
     13           +1           +1.28                                           
     14           +1           +0.98                                           
     15           -1           -1.32                                           
     16           -1           -0.97                                           
     17           +1           +1.37                                           
     18           +1           +0.96                                           
     19           -1           -1.42                                           
     20           -1           -0.95                                           
     21           -1           -1.00                                           
     22           -1           -1.00                                           
     23           -1           -1.00                                           
     24           -1           -1.00                                           
     25           -1           -1.00                                           
     26           -1           -1.00                                           
     27           +1           +1.62                                           
     28           -1           -1.75                                           
     29           -1           -0.90                                           
     30           +1           +1.70                                           
     31           -1           -1.85                                           
     32           +1           +1.89                                           
     33           +1           +0.86                                           
     34           -1           -1.81                                           
     35           +1           +2.00                                           
     36           - 1          -2.04                                           
     37           +1           +2.08                                           
     38           -1           -2.12                                           
     39           -1           -0.79                                           
     40           +1           +1.94                                           
     41           -1           -2.25                                           
     42           +1           +2.30                                           
     43           -1           -2.34                                           
     44           +1           +2.39                                           
     45           -1           -2.43                                           
     46           +1           +2.48                                           
     47           -1           -2.53                                           
     48           +1           +2.58                                           
     49           -1           -2.63                                           
     50           +1           +2.68                                           
     51            0           -1.06                                           
     52            0           +0.22                                           
     ______________________________________                                    
PAR  The output characteristics for the above CTD analog matched filter having
      weighting coefficients h.sub.i ' for correcting dispersion, as compared to
      an analog filter having no dispersion correction, and an ideal filter are
      shown in TABLE 2.
TBL                TABLE 2                                                     
     ______________________________________                                    
                  Uncorrected Corrected  Ideal                                 
     Signal Amplitude                                                          
                  36.48       50.00      50.00                                 
     Signal                                                                    
           Improvement                                                         
                      44.61       49.99    50.00                               
     Noise                                                                     
     ______________________________________                                    
PAR  In accordance with the invention a 13 stage BB matched filter for an 11 Bit
      Barker code ---+++-++-+ was constructed using conventional fabrication
      techniques. The summation configuration is shown generally in FIG. 5a.
      Delay stages shown generally at 20, respectively comprise. bucket brigade
      transistor pairs. Each bit was tapped by the gate electrode of an
      insulated gate field effect transistor 22 (FIG. 5b). The tapped signals
      are weighted at 24 with a preselected function and the resultant signals
      were summed on the negative and positive summation busses 26 and 28 by
      differential amplifier 30. When the charge transfer loss can be predicted,
      the tap weights to invert dispersion can be designed into the device. When
      the tapping and summing is being done with source followers as in FIG. 5b,
      the resistor may be an integrated MOS resistor and its value can be
      determined either from the width to length ratio or from the bias applied
      to the gate (see Buss, Bailey & Collins, Electronics Letters 8, 106,
      (1972)). When the tapping is done using the split electrode technique as
      is commonly done in CCD filters (Collins, BAiley, Gosney & Buss,
      Electronics Letters 8, 328, (1972)), the compensating tap weights are
      implemented by proper positioning of the tap. Either tapping technique can
      of course be used with either CCD's or BBD's. In the present example the
      weighting coefficient was effected by an external variable resistor 32
      (FIG. 5b). The 13 stage filter with externally adjustable weighting
      coefficients was matched to the above noted 11 bit Barker code. The device
      had a charge transfer efficiency (CTE) of 98%, i.e., d = 0.04 and the
      degradation of circuit performance is shown in FIGS. 6a and 6b. In FIGS.
      6c and 6d, however, the weighting coefficients were adjusted to
      effectively invert the dispersion before summation at busses 28 and 30
      (FIG. 5a).
PAR  With reference now to FIG. 7, an analog delay line 38 having a system
      function H(s) = H'(s)e .sup.-.sup.st is illustrated. An ideal delay line,
      i.e., one without dispersion, has a system function H(s) = e.sup.-.sup.st.
      A filter 40 is placed in series with the input to the delay line 38. The
      filter 40 is configured to define a system function H'.sup.-.sup.1 (s).
      Thus, the dispersion H(s) of the delay line 38 is inverted and applied to
      the input of the delay line, thereby substantially eliminating dispersion.
PAR  With reference to FIG. 8 there is schematically illustrated an insulated
      gate field effect transistor circuit for defining the filter 40 (FIG. 7).
      FIG. 8 represents a particularly simple filter having two weighting
      coefficients. The first coefficients is unity and the second is nagative
      and has magnitude equal to the gain of the inverter defined by T1, T2 and
      T10. The summation node for the filter is at 46. This filter inverts
      dispersion to first order (k=1) but the circuit can be developed to
      correct for higher orders.
PAR  An input pulse is sampled by the BB delay line by capacitor C.sub.1
      responsive to clock .phi..sub.1. The input pulse is also applied to the
      gate electrode of transistor T.sub.10. Transistors T.sub.1, T.sub.2 and
      T.sub.10 define an inverting amplifier, the gain of which can be
      selectively controlled by varying the supply V.sub.C connected to the gate
      of transistor T.sub.2. An inverted output at 42 is produced which is the
      inverse of the delay line dispersion and is gated by transistor T.sub.3
      onto the capacitor C.sub.2 .phi..sub.2. By way of illustration, a typical
      impulse signal after a number of transfers in an analog delay line is
      shown graphically in FIG. 2b. As previously noted, the effect of
      dispersion is a trailing edge component 18. The gain of the inverter
      output 42 is controlled to equal the amplitude of the portion 18,
      producing a signal 44 shown in FIG. 2c. The trailing edge portion 18
      occurs one delay period, i.e., one clock period, after the pulse 16. Thus
      it can be seen that if the signal 44 is combined with the signal 16 during
      the delay period immediately following 16, the dispersion will be
      approximately cancelled at the output of the delay line 38.
PAR  Means for delaying by one stage of delay the inventor output stored by
      capacitor C.sub.2 is defined by transistors T.sub.4 and T.sub.5 and
      associated clocks .phi..sub.1 and .phi..sub.2. The inverted signal 44 is
      applied gated at .phi..sub.2 to the storage node 46 one delay stage after
      the input signal, thereby effectively cancelling delay line dispersion. It
      will be appreciated of course that initially the signal will be
      overcompensated, the amount of overcompensation progressively decreasing
      as the signal propagates along the delay line 38 until at the output the
      dispersion cancels the inverted signal. Thus, the dispersion compensation
      circuitry of FIG. 7 is preferably used in analog delay lines, and not
      filter application where each stage is tapped.
PAR  With respect now to FIG. 9 an embodiment of the invention is illustrated
      wherein a regenerator 50 is defined in a BB analog delay line for
      providing, to preceding delay stages, negative feedback which is the
      inverse of dispersion. The regenerator is effective to sample the signal
      at storage node 52 associated with delay stage 54, multiply the detected
      signal by a preselected weighting function .gamma. to produce a signal
      value which is the same magnitude as the dispersion of the delay line
      present at a preceding delay stage, and subtract this signal from the
      contents of the preceding delay stage. It is appreciated of course that
      higher order dispersion compensation can be effected by applying
      appropriately weighted signal portions to several of the preceding delay
      stages, as shown generally in FIG. 10.
PAR  With respect to FIG. 10 there is illustrated in block diagram an analog
      delay line wherein higher order correction for dispersion is implemented.
      The delay line is defined by a number of delay stages 70. The signal is
      sampled at node 72 and is multiplied by preselected weighting functions -
      .gamma..sub.1, - .gamma..sub.2, - .gamma..sub.3 and - .gamma..sub.4. These
      weighted signals are then applied as negative feedback to storage nodes
      74, 76, 78 and 80 associated with respective preceding storage nodes.
PAR  While the invention has been described in detail with respect to
      illustrative embodiments, it will be apparent to those skilled in the art
      that various changes can be made without departing from the spirit or
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer device analog delay line having a series of delay
      stages, each characterized by a predetermined delay and means for shifting
      input signals between said delay stages, said delay line having an output
      substantially free from charge transfer loss dispersion, comprising:
PA1  input means connected to said delay line for receiving input signals and
      for applying said input signals to a first delay stage of said delay line;
PA1  first circuit means connected to said input means for generating,
      responsive to a said input signal, a dispersion compensation output singal
      having an amplitude equal to the inverse of the total dispersion of said
      delay line; and
PA1  second circuit means operable to delay said dispersion compensation output
      signal and to apply said delayed dispersion compensation output signal to
      said first delay stage of said delay line delayed by said predetermined
      delay relative to application of said input signal by said input means to
      said first delay stage of said delay line for combination with an input
      signal at said first delay stage.
NUM  2.
PAR  2. A charge transfer analog delay line having an output substantially free
      from charge transfer loss dispersion as set forth in claim 1, wherein said
      first circuit means comprise an insulated gate field effect transistor
      inverter having a preselected gain which is effective to cancel total
      delay line dispersion to first order in charge transfer loss.
NUM  3.
PAR  3. A charge transfer analog delay line having an output substantially free
      from charge transfer loss dispersion as set forth in claim 2, wherein said
      inverter comprises first and second insulated gate field effect
      transistors having channels connected in series between circuit ground and
      bias means, said first transistor having a gate connected to said input
      means, and a load impedance connecting the channel of said second
      transistor to said bias means, said second transistor having a gate
      disposed for selecting a preselected bias such that the output voltage at
      the juncture of said load impedance and the channel of said second
      transistor is substantially equal to said delay line dispersion to first
      order, and means connecting said juncture to said second circuit means.
NUM  4.
PAR  4. A charge transfer device analog delay line having an output
      substantially free from charge transfer loss dispersion as set forth in
      claim 3 wherein said input means includes first and second storage nodes,
      said second storage node connected to the first delay stage of said delay
      line, and said first circuit means further includes:
PA1  a storage capacitor; and
PA1  a gating transistor connecting said storage capacitor and said juncture
      between said second transistor and said load impedance; whereby
PA1  responsive to a first clock phase applied to said gating transistor, said
      inverter output is coupled to said storage capacitor simultaneously with
      said input signal being stored at said first storage node of said input
      means, said input signal being transferred to the second storage node of
      said input means during a second clock phase.
NUM  5.
PAR  5. A charge transfer device delay line having an output substantially free
      from charge transfer loss dispersion as set forth in claim 4, wherein said
      second circuit means is connected to said storage capacitor, and comprises
      a pair of insulated gate field effect transistors defining a delay stage
      characterized by delay equal to the delay of a delay stage of said delay
      line, said inverter output signal being transferred into said second
      circuit means delay stage responsive to said second clock phase, said
      second circuit means further including a gating transistor connecting the
      output of said second circuit means delay stage to said second storage
      node of said input means responsive to the next succeeding second clock
      phase.
NUM  6.
PAR  6. A charge transfer device analog delay line having a plurality of charge
      storage nodes and means for shifting input signals between said storage
      nodes, said delay line having an output signal substantially free from
      charge transfer loss dispersion comprising:
PA1  amplifier means for non-destructively sampling the signal at a selected
      storage node of said shift register and combining said sampled signal with
      an input signal at a preceding shift register storage node, said amplifier
      having a preselected gain effective to cancel the trailing edge dispersion
      signal components to first order in loss.
NUM  7.
PAR  7. A charge-transfer device analog delay line having a plurality of charge
      storage nodes and means for shifting input signals between said storage
      nodes, said delay line characterized by a predetermined charge dispersion
      during shifting of said input signals between said storage nodes, and
      having an output substantially free from dispersion, comprising:
PA1  correction circuit means having input means connected to at least one of
      said storage nodes for generating a correction signal related to the
      signals at said one storage node, and having output means connected to at
      least one other of said storage nodes for applying said correction signal
      to said other storage node for modifying said shifted signals by a
      correction factor to substantially cancel charge dispersion from the
      output from said delay line.
NUM  8.
PAR  8. A charge transfer device analog delay line including an input node, an
      output node, and a plurality of charge storage nodes defined between said
      input node and said output node, and means for shifting input signals
      between said storage nodes from said input node to said output node, said
      delay line characterized by a predetermined charge dispersion during
      shifting of said input signals between said storage nodes, comprising:
PA1  dispersion compensation means including means for non-destructive detection
      of signals at said input node, and signal weighting means connected to
      apply a weighted signal derived from said means for detection to at least
      one of said charge storage nodes for modifying said shifted signals by a
      correction factor to compensate for charge dispersion at said output node.
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ABST
PAL  A circuit to control the frequency response of a variable filter by means
      of a control signal based on the amplitude of the information signal to
      minimize the effect of noise in a signal transmission system. The variable
      filter is connected to an output circuit of an information signal
      amplifier and may feed the frequency-modified information signal to a
      system output terminal, if the system is to compress the dynamic range of
      the information signal by amplifying low amplitude signals more than high
      amplitude signals. Alternatively, the filter may feed the
      frequency-modified signal back to the input of the amplifier by way of
      connecting means, such as switch, to expand the dynamic range. Control of
      the filter for low frequency signals is achieved by rectifying and
      filtering the signals to the control amplifier. Negative-going transients
      are inverted and by-pass the rectifier and filter and are applied directly
      to the control amplifier. Positive-going transients are applied through
      the filter and are not inverted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a control circuit for a noisereducing signal
      transmission system of a type suitable for a tape recorder or the like
      and, in particular, it relates to a circuit with good transient response
      to suppress or eliminate noise superimposed on a signal between the
      recording and playback thereof.
PAR  2. The Prior Art
PAR  In the system described in a copending application Ser. No. 274,667, filed
      July 24, 1972, and now abandoned, it is stated that electrical information
      signals are, as a general matter, subject to having noise signals
      superimposed on them as these information signals are transmitted through
      a system or a series of systems from the point of generation to the point
      of reproduction. The term "system" is used to designate any means that may
      affect the passage of the signals and may be simple or complex. Various
      techniques have been proposed heretofore to combat the effects of such
      noise signals and particularly to combat noise introduced by the recording
      medium and apparatus in the case of systems in which the signals are
      recorded on magnetic tape or other recording media. Such noise is not
      uniformly distributed throughout the information signal frequency range,
      and it is possible to reduce the effect of this noise by controlling the
      frequency response characteristics of the system. However, it is desirable
      to retain a proper overall frequency response characteristic for the
      information signal, which means that any enhancement of the signal in one
      part of the system should be compensated by a reduction of the signal
      amplitude in another part of the system.
PAR  In the system described in the said copending application an output circuit
      of a signal amplifier is connected to a variable filter, that is, a filter
      having a variable frequency response characteristic that can be changed on
      a dynamic basis. The amplitude of the signals from the amplifier is
      modified by the variable filter in accordance with the instantaneous
      frequency response of the filter. The filter has a frequency response that
      attentuates one band of frequencies relative to another, i.e., low
      frequency signals relative to high frequency signals, within the complete
      range of the information signals. The filter is so arranged that the
      attenuation of signals at the low frequency end of the band is relatively
      constant, and the attenuation of the high frequency signals is also
      relatively constant, but between the low frequency and high frequency
      signals is a transition range in which the attenuation varies between the
      upper and lower limits. Furthermore, a control circuit is connected to the
      filter and is also connected to receive information signals to control the
      characteristics of the filter in such a way that the transition range can
      be shifted toward the high frequency end of the overall band or toward the
      low frequency end, depending on the amplitude of the information signals.
PAR  When such a system is to be used to record the information signals on a
      recording medium, such as magnetic tape, signals that have passed through
      the amplifier and the variable filter are made available at a system
      output circuit, such as a recording transducer. A negative feedback
      circuit may be connected from an output circuit to an input circuit of the
      amplifier when the system is part of a recorder.
PAR  On the other hand, if the amplifier and variable filter with its control
      circuit are to be used in a reproducing system, the output of the variable
      filter is connected back to an input circuit of the amplifier so that the
      variable filter is part of a negative feedback loop. In that case the
      signals that are more attenuated by the filter, will provide less negative
      feedback for the amplifier and thus will result in a higher output
      amplitude in the output circuit of the amplifier than those signals that
      are attenuated less by the filter. The output circuit of the amplifier
      arranged in this manner, may then be connected to a loud speaker or any
      other desired further circuit or load. These circuit components can be
      incorporated into a single device, such as a device for recording signals
      on tape and playing such signals back by providing a switch between the
      output of the filter and an input circuit of the amplifier. When this
      switch is closed, the signals from the filter are fed back to the
      amplifier; when it is open, these signals are not fed back to the input of
      the amplifier but may be applied to a recording head.
PAR  In particular, for reducing hiss generated by magnetic tape in a tape
      recorder, the variable filter is arranged so that when the information
      signal is in the high frequency portion of the overall band and at the
      same time has a relatively low amplitude, it will be amplified more than
      another signal of equal amplitude at the low frequency end of the overall
      frequency band. At an intermediate range of frequencies, the amplification
      will be dependent upon the precise frequency and will be between the
      maximum amplification of the high frequency signals and the minimum
      amplification of the low frequency signals. As the incoming signal
      increases in level, the transition band shifts so that the amplification
      of signals within the transition band will be reduced. In a reproducing
      system according to the present invention, the amplification of a high
      frequency, low level signal will be less than the amplification of a low
      frequency, low level signal. The transition band will be the same as in
      the recording system. Thus, the use of the same components for both
      recording and reproduction produces equal and opposite effects on the
      information signals.
PAR  It is desirable that the frequency response of the filter be controlled in
      response to high frequency, or transient, portions of the information
      signals as well as to low frequency portions. However, in the control
      amplifier of the aforesaid copending application, there is a smoothing
      filter to smooth out sharp variations in signal level. This makes the
      control amplifier non-responsive to transient signals. While the transient
      signals could be connected around or in parallel with the filtered
      signals, they must also have the same polarity as the filtered signals.
PAR  It is one of the objects of the present invention to provide a control
      circuit that not only includes means for rectifying and smoothing an
      incoming signal but also means for adding rapidly changing portions and
      doing so in the same polarity as the filtered signals, no matter which
      polarity the rapidly changing signals have.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In the circuit of the aforesaid application, a rectifier and filter are
      provided to respond to the incoming, or information, signal and produce a
      relatively smooth signal of only one polarity at an output terminal. In
      the circuit of the present invention means, such as a transistor amplifier
      with both emitter and collector output circuits is connected between the
      source of incoming signal and the rectifier. The rectifier is connected to
      one of the transistor output circuits and a second rectifying circuit is
      connected to the other output circuit but is so polarized that its output
      signal has the same polarity as the filtered signal. The circuit
      parameters of the second rectifying circuit permit it to respond to much
      higher frequency signals than can pass through the filter, and these
      higher frequency signals are added in the same polarity as the filtered
      signals at the output terminal.
PAR  For incoming transients of the opposite polarity, a third rectifying
      circuit is provided and is connected to the same output terminal as the
      first rectifying circuit. For example, the transistor emitter load may be
      in two series-connected parts with the first rectifying circuit connected
      to rectify the voltage across one of the parts. In effect, the third
      rectifying circuit allows only transient signals of the desired polarity
      to be added to the filtered signal. Thus transients of one polarity in the
      incoming signal are added to the filtered signal by way of the second
      rectifying circuit and transients of the opposite polarity in the incoming
      signal are added to the filtered signal by way of the third rectifying
      circuit. In each instance, the transient signals through the second and
      third rectifying circuits have the same polarities at their outputs as the
      filtered signals and are additive at the output terminal of the control
      amplifier circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a signal transmission system utilizing the
      control circuit of the present invention.
PAR  FIG. 2 is a schematic diagram of the variable filter in FIG. 1.
PAR  FIG. 3 is a frequency-response curve of the signal transmission system of
      FIG. 1 when used as a recorder.
PAR  FIG. 4 is a frequency-response curve of the system of FIG. 1 when used as a
      reproducer.
PAR  FIG. 5 is a graphical presentation of the input-output characteristics of
      the signal transmission system in FIG. 1.
PAR  FIG. 6 is a schematic diagram of one embodiment of the control amplifier in
      FIG. 1 according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows a signal transmission system which is capable of reducing the
      effect of certain noise signals on an information signal. The system shown
      in FIG. 1 can be used either in the section of the signal path that
      precedes the introduction of the noise to be minimized or in the part of
      the signal path that follows the introduction of such noise.
PAR  The circuit in FIG. 1 includes an input terminal 11 connected to the input
      circuit of the main amplifier 12 which has an output circuit connected to
      an output terminal 13. A feedback element 14 is also connected to an input
      circuit of the amplifier 12. This may be the same input circuit as that
      connected to the terminal 11 or it may be another part of the input
      section of the main amplifier 12. The feedback element 14, which is here
      shown as a resistor, is connected to the arm of a switch 16 that has two
      stationary poles identified by the letters R and P corresponding to the
      fact that when the circuit is to be used to record information signals on
      magnetic tape, the switch arm will be in connection with the R terminal
      and when the circuit is to be used to play back signals previously
      recorded on a magnetic tape, the arm of the switch 16 will be in contact
      with the terminal P, which is the position shown in FIG. 1.
PAR  A variable filter 17 is connected to the terminal 13 to recieve the output
      signals of the main amplifier 12. The variable filter will be described in
      detail hereinafter and at the moment it is sufficient to note that the
      frequency-response characteristics of the variable filter are dynamically
      controlled by a control amplifier 18. The output of the variable filter 17
      is applied to a compensating amplifier 19, the gain of which may be set to
      compensate for the attenuation of an attenuator 20 and the filter 17. The
      output of the compensating amplifier 19 is connected to the terminal P of
      the switch 16 and is also connected to a system output terminal 21 which
      in turn is connected, in the present embodiment, to a magnetic recording
      head, or transducer, 22. This transducer is located in position to record
      information on magnetic tape 23, only a short length of which is shown in
      the drawing.
PAR  The circuit shown in FIG. 2 is the variable filter 17 of FIG. 1 and
      includes an input terminal 24 connected to the base of a first transistor
      26 which is connected as an emitter-follower to provide a low output
      impedance. Resistors 27 and 28 are connected as a voltage divider between
      the emitter of the transistor 26 and ground and compensate the filter
      characteristics, and particularly in the low frequency part of the band.
      The actual filtering elements are included within a subcircuit 29 and
      comprise a pair of capacitors 32 and 33 connected in parallel with the
      resistor 27 and 28 as a voltage divider. In addition, the filtering
      elements include a third capacitor 34, one terminal of which is connected
      to the junction between the capacitors 32 and 33, and the other terminal
      of which is connected to the emitter of a transistor 36, the collector of
      which is connected to ground. The emittercollector circuit of the
      transistor 36 is in parallel with a resistor 37 and the base of the
      transistor 36 is connected to a control signal input terminal 38. The
      maximum impedance between the capacitor 34 and ground, in case transistor
      36 reaches cutoff, is limited by the resistor 37 to maintain the desired
      two-level response characteristics shown in FIG. 3.
PAR  The subcircuit 29 is connected to the base of a transistor 39 that has a
      relatively high input impedance. The output signal of the variable filter
      circuit 17 is derived from a terminal 41 connected to the collector of the
      transistor 39.
PAR  The subcircuit 29, together with the resistors 27 and 28, is a high pass
      filter. The frequency-response of this filter is varied by the impedance
      presented by the emitter-collector circuit of the transistor 36 and this,
      in turn, is controlled by the amplitude of the control signal applied to
      the terminal 38. For low amplitude control signals that only drive the
      base of the transistor 36 slightly above ground voltage, the transistor
      has relatively low conductivity. As the amplitude of the control signals
      applied to the terminal 38 increases, the transistor 36 becomes more
      conductive.
PAR  The frequency-response of the filter 17 is basically illustrated by the
      response curve shown in FIG. 3. The upper level V.sub.H, which is the
      output voltage, is related to the input voltage, which may be designated
      as e.sub.in, by the equation
      ##EQU1##
      where Z.sub.32 and Z.sub.33 are the impendances of the condensers 32 and
      33, respectively. This equation indicates that the capacitors 32 and 33
      are simply acting as a voltage divider in establishing the upper voltage
      V.sub.H. On the other hand, the relationship of the lower level voltage
      V.sub.L to the input voltage e.sub.in is given by the equation
      ##EQU2##
      where the symbol Z.sub.33 .parallel. Z.sub.34 indicates the impedance of
      the parallel connection of the capacitors 33 and 34. The cutoff
      frequencies f.sub.L and f.sub.H where the sloping parts of the curves in
      FIG. 3 intersect the voltage levels V.sub.L and V.sub.H, respectively, are
      given by the equations
      ##EQU3##
      where C.sub.32, C.sub.33, and C.sub.34 are the capacitances of the
      capacitors 32, 33, and 34, respectively, and the symbol Z.sub.36 is the
      output impedance of the transistor 36. Accordingly, the cutoff frequencies
      f.sub.L and f.sub.H may be varied by controlling the impedance Z.sub.36 to
      move the sloping line in FIG. 3 from the position a to the position b. The
      curve a is the response curve when the level of the signal applied to the
      input terminal 38 is small and therefore the impedance Z.sub.36 is large.
      The response curve follows the sloping line b when the input voltage
      applied to the terminal 38 is large and therefore the impedance Z.sub.36
      is small. At intermediate signal levels, the response curve is between the
      curves a and b. It is important that changing the impedance Z.sub.36 does
      not change the voltage levels V.sub.H and V.sub.L but only varies the
      location of the transition band between the frequencies f.sub. L and
      f.sub.H.
PAR  The response of the filter is specifically indicated for two frequencies
      f.sub.1 and f.sub.2 within the transition band. The frequency f.sub.1 is
      lower than the frequency f.sub.2 and the response is always lower for the
      frequency f.sub.1 than it is for the frequency f.sub.2. However, the exact
      response at each of these frequencies depends on whether the level of the
      voltage applied to the terminal 38 is relatively high or low. For high
      input voltages to the terminal 38, the response at the frequency f.sub.1
      is at the lower level V.sub.L.
PAR  The frequency-response curves in FIG. 3 are also representative of the
      overall frequency-response characteristic of the circuit when it is being
      used to record signals on the tape 23. In this case the arm of the switch
      16 is thrown into contact with the terminal R and the output voltage of
      the amplifier 12 is simply modified by the frequency characteristic of the
      variable filter 17.
PAR  On the other hand when the circuit is to be used to reproduce previously
      recorded signals, the terminal 11 receives the incoming signal from a
      magnetic pickup head, and the switch 16 is placed so that the arm is in
      the position shown in FIG. 1 in contact with the terminal P. The entire
      feedback loop for the high gain amplifier 12 then includes not only the
      resistor 14 but the variable filter 17 along with the compensating
      amplifier 19 and the attenuator 20. When the voltage fed back to the input
      circuit of the amplifier 12 is large, the output voltage is relatively
      small. Conversely, when the voltage fed back is relatively small, the
      output voltage is relatively large. Since the magnitude of the voltage fed
      back is determined by the frequency characteristics of the variable filter
      17, the output voltage of the amplifier 12 in the playback mode of
      operation and measured at the terminal 13, will be as shown in FIG. 4,
      which is the converse of FIG. 3. In both FIGS. 3 and 4 the effect of a
      large input voltage to the terminal 38 in FIG. 2 is to shift the
      transition part of the curve to the right, i.e., to the line b in FIG. 3
      and to the line b' in FIG. 4. Thus the recording and playback modes are
      compensated on a dynamic basis.
PAR  FIG. 5 shows the relationship between the output and input of the
      information signals applied to the circuit of FIG. 1 for both modes of
      operation. The overall response, including both the recording and
      playback, is linear, which means that the amplitude of the output signal
      is a direct function of the amplitude of the input signal. This
      relationship is indicated by the line 42 in FIG. 5. The characteristics of
      the circuit of FIG. 1 operating as a recording system are indicated by the
      typical curves 43 and 44 above the line 42, and the matching curves 46 and
      47 below the line 42, indicate the operation as a reproducer.
PAR  The overall frequency-response between the input terminal 11 in FIG. 1 and
      the system output terminal 21 presents the high-frequency band enhancing
      characteristic. As shown in FIG. 3, the cutoff frequency is raised as the
      level of the input signal increases. The result, as shown in FIG. 5, is
      that when the input signal level is small, the amplification of the system
      is raised by the amount P.sub.1 over the original curve 42 and follows the
      curve 43. When the input signal level exceeds a point e.sub.1, attenuation
      is initiated so that the response curve 43 approaches the original
      response characteristic 42. This is due to the fact that the transition
      band of the variable filter 17 shifts toward the position b as shown in
      FIG. 3. This description corresponds to the case in which the information
      signal has a very low level and a frequency f.sub.1 as indicated in FIG.
      3.
PAR  However, for a higher frequency f.sub.2 located substantially at the middle
      of the transition curve in FIG. 3, a higher level signal can be obtained
      as indicated by the curve 44. In this case the system has a higher gain
      P.sub.2 than the gain P.sub.1 for the lower frequency signal. The main
      amplifier 12 controls the variable filter 17 to cause the signal having
      the frequency f.sub.2 to be amplified more than the signal having the
      frequency f.sub.1, and control of the variable filter 17 is initiated at a
      lower level e.sub.2 than the input signal level e.sub.1. As a result the
      curve 44 starts to approach the characteristic curve 42 at a lower level.
      Thus the low amplitude, high frequency signal is amplified more than a
      lower frequency signal of the same level. The operation of the system in
      FIG. 1 as a reproducer is exactly the converse, as illustrated by the fact
      that the curves 46 and 47 are symmetrical with respect to the curves 43
      and 44. This causes the higher frequency signal to be suppressed more in
      reproduction than a lower frequency signal. Thus it is possible for the
      signal-to-noise ratio to be improved by the reduction of high frequency
      hiss and the like.
PAR  FIG. 6 is a schematic circuit with some of the components of the block
      diagram of FIG. 1 indicated by corresponding reference numerals. The input
      of the control amplifier 18 is shown as being connected directly to the
      emitter of the transistor 36, which is, in effect, one of the output
      terminals of the filter circuit. The control amplifier 18 connected in
      this way shifts the operation of the circuit to the dotted lines in FIG. 5
      as is desired.
PAR  The control amplifier 18 includes three transistor stages 54 to 56, the
      last of which has a collector load and an emitter load, the latter being
      divided into two series-connected resistors 61 and 62. A low-pass filter
      57 feeds back the output of stage 55 to stage 54 to boost high-frequency
      response. The collector of the transistor 56 is connected through a
      relatively low capacitance capacitor 58 and a high resistance resistor 59
      to the base of the transistor 36, which is, in effect the output terminal
      of the control amplifier. A diode rectifier 60 is connected to the common
      point between the capacitor 58 and the resistor 59.
PAR  A relatively high capacitance capacitor 63 connects the emitter of the
      transistor 56 to a rectifier 64. A high resistance resistor 65 connects
      this diode to the base of the transistor 36 and a diode 66 is connected
      between ground and the common point between the capacitor 63 and the diode
      64. Another capacitor 67 which may have a high capacitance of
      approximately 100 microfarad or more, and a resistor 68 comprise a
      smoothing filter for the rectifier 64.
PAR  The operation of the control amplifier in FIG. 6 is such that when a signal
      having low or mid-range frequencies is applied to the input of the
      transistor 54, it is amplified and is rectified by the rectifier 64 to
      produce a voltage of one polarity to be used to control the impedance of
      the transistor 36. This rectified voltage is smoothed by the capacitor 67
      and resistor 68.
PAR  When the voltage that reaches the base of the transistor 56 includes a
      negative transient, or rapidly varying signal, it produces a corresponding
      positive transient at the collector. The capacitance of the capacitor 58
      is small, for example .005 microfarad, and this part of the circuit has a
      short attack time, so that the positive transient is applied across the
      resistor 65 to the base of the transistor 36. This transient is of the
      same polarity as voltage across the capacitor 67.
PAR  On the other hand, when a positive transient is applied to the base of the
      transistor 56, the collector goes negative, but this permits current to
      flow through the diode 60 to maintain the voltage applied to the resistor
      59 constant. Thus, a positive transient applied to the base of the
      transistor 56 does not pass through the rectifying circuit that includes
      the capacitor 58, the resistor 59 and the diode 60.
PAR  In order to have such positive transients reach the base of the transistor
      36, a third circuit path is provided. The main rectifier 64 produces a
      voltage across the capacitor 67 corresponding to the magnitude of the
      voltage across only part of the emitter load, the resistor 61. By
      emitter-follower operation, part of the positive transient at the base of
      the transistor 56 is reproduced across the resistor 62. The voltage across
      the capacitor 67 cannot change suddenly, and thus the positive transient
      across the resistor 62 is transmitted by the capacitor 67 and resistor 65
      to the base of the transistor 36.
PAR  The effect of negative transients applied across the emitter loads 61 and
      62 is all that remains to be considered. The diode 66 prevents these
      transients from varying the emitter voltage substantially, and so they do
      not conflict with the transients which, at that instant are being applied
      through the capacitor 58 to the base of the transistor 36.
PAR  Thus, both positive and negative transients are transmitted to the base of
      the transistor 36 but always in correct polarity to control the filter 17
      to prevent transient distortion.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit comprising:
PA1  A. a rectifier to rectify lower frequency components of an incoming signal
      to produce an output signal having a predetermined polarity;
PA1  B. a smoothing filter connected to said rectifier for smoothing out rapidly
      changing portions in said output signal;
PA1  C. an output terminal connected to said filter for receiving said output
      signal therefrom; and
PA1  D. circuit means nonresponsive to said lower frequency components to
      connect only rapidly changing portions of said incoming signal to said
      output terminal in said predetermined polarity regardless of the polarity
      of said rapidly changing portions.
NUM  2.
PAR  2. The circuit of claim 1 in which said circuit means is connected to said
      output terminal in adding relation to said filter to add said rapidly
      changing portions to the output signal of said smoothing filter in said
      predetermined polarity.
NUM  3.
PAR  3. The circuit of claim 1 comprising, in addition, means responsive to said
      incoming signal to produce corresponding signals of mutually opposite
      polarity, said rectifier being connected to said means to be energized by
      the lower frequency components of one of said corresponding signals, said
      circuit means comprising a unidirectional circuit responsive only to
      rapidly changing portions of the other of said corresponding signals.
NUM  4.
PAR  4. A circuit comprising:
PA1  a transistor responsive to an incoming signal for producing corresponding
      signals of mutually opposite polarity, said transistor having a base
      connected to receive said incoming signal,
PA1  an emitter output circuit for one of said corresponding signals,
PA1  and a collector output circuit for the other of said corresponding signals;
PA1  a rectifier connected to one of said output circuits for rectifying one of
      said corresponding signals to produce an output signal having a
      predetermined polarity;
PA1  a smoothing filter connected to said rectifier;
PA1  an output terminal connected to said filter; and
PA1  circuit means including a unidirectional circuit connected to the other of
      said output circuits and responsive to rapidly changing portions of the
      other of said corresponding signals for connecting said rapidly changing
      portions to said output terminal in said predetermined polarity.
NUM  5.
PAR  5. The circuit of claim 4 in which said unidirectional circuit comprises:
PA1  A. a capacitor;
PA1  B. a second rectifier; and
PA1  C. a resistor, said resistor and capacitor having a time constant to be
      responsive to signals of substantially higher frequency than said
      smoothing filter is.
NUM  6.
PAR  6. The circuit of claim 5 in which said resistor is connected in parallel
      with said second rectifier and said capacitor is connected in series
      between said other of said output circuits and said parallel-connected
      resistor and second rectifier.
NUM  7.
PAR  7. A circuit comprising:
PA1  a transistor having a base to receive an incoming signal;
PA1  first and second emitter load impedances connected in series,
PA1  a rectifier connected to rectify the voltage across one of said emitter
      load impedances to produce an output signal having a predetermined
      polarity;
PA1  a smoothing filter connected to said rectifier;
PA1  an output terminal connected to said filter; and
PA1  circuit means comprising a diode and the other of said emitter load
      impedances, said circuit means being connected in adding relation to said
      filter to add rapidly changing portions of said incoming signal to the
      output signal of said filter in said predetermined polarity.
NUM  8.
PAR  8. The circuit of claim 7 in which said rectifier is connected to rectify
      the voltage across the one of said emitter load impedances closer to the
      emitter of said transistor.
NUM  9.
PAR  9. The circuit of claim 8 comprising, in addition, a capacitor connected in
      series with said rectifier, one electrode of said diode being connected to
      a common point between said capacitor and said rectifier and the other
      electrode of said diode being connected to the remote end of said other of
      said emitter load impedances.
NUM  10.
PAR  10. The circuit of claim 9 comprising in addition:
PA1  A. a collector load for said transistor; and
PA1  B. an additional rectifying circuit connected to the collector of said
      transistor, said smoothing filter comprising a second capacitor, said
      additional rectifying circuit comprising a third capacitor of much smaller
      capacitance than said second capacitor, said additional rectifying circuit
      being additively connected to said smoothing filter and said other of said
      load impedances, whereby rapidly changing portions of said incoming signal
      in one polarity are rectified by said additional rectifying circuit add in
      the same polarity to the output signal of said smoothing filter of said
      output terminal, and rapidly changing portions of said incoming signal in
      the opposite polarity across said other of said emitter load impedances
      add in the same polarity to the output signal of said smoothing filter at
      said output terminal.
NUM  11.
PAR  11. A circuit comprising:
PA1  a rectifier to rectify lower frequency components of an incoming signal to
      produce an output signal having a predetermined polarity;
PA1  a smoothing filter connected to said rectifier;
PA1  an output terminal connected to said filter for receiving said output
      signal therefrom; and
PA1  circuit means for supplying only rapidly changing portions in said incoming
      signal directly to said output terminal, said circuit means being
      nonresponsive to said lower frequency components and having a short attack
      time in comparison with that of said smoothing filter such that said
      circuit means connects only rapidly changing portions of said incoming
      signal to said output terminal in said predetermined polarity.
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ABST
PAL  There is disclosed herein a redundant carrier frequency selection
      arrangement for an FDM communication system. The selection arrangement
      includes a source of n pairs of carrier frequencies, where n is an integer
      including one. Each carrier frequency of one pair of the n pairs of
      carrier frequencies are equal and the carrier frequency of each pair of
      the n pairs of carrier frequencies are different. n plurality of FDM
      communication equipment requiring a carrier are coupled to the source of n
      pairs of carrier frequencies and each plurality of the communication
      equipment of the n plurality of communication equipment responds to a
      different pair of the n pairs of carrier frequencies. An electronic switch
      is disposed in each of the n plurality of communication equipment to
      select either one of the carrier frequencies of an associated pair of the
      n pairs of carrier frequencies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to single sideband (SSB) frequency division
      multiplex (FDM) equipment used for telecommunication systems and more
      particularly to a redundant carrier frequency selection arrangement for
      such FDM communication systems.
PAR  The SSB/FDM equipment is more commonly referred to as an FDM system and
      normally handles large numbers of voice signals (individual telephone
      channels), which are combined into a multichannel broadband signal for
      transmission over a given distance. At the receiving end the FDM equipment
      separates the multichannel signals back into individual voice signals.
PAR  Those portions of FDM equipment that handle more than 12 channels are
      constantly provided with redundant or backup equipment which automtically
      takes over should the normal equipment fail. One such sub-system in FDM
      systems is the carrier supply. The carrier supply functions to provide
      numerous outputs of different frequencies for use as carriers and pilot
      signals. These signals of different frequencies are usually all derived
      from a common master oscillator which may or may not be synchronized to an
      external frequency standard. Two such complete carrier sources are
      normally provided within the carrier supply system selector circuits.
PAR  In practical systems a carrier supply must be provided initially with an
      FDM communications system even though it is equipped with a small
      telephone traffic capacity. Such systems have relatively few units
      requiring redundancy. The units requiring redundancy are known as
      translators, modulators, demodulators and modems and are referred to
      herein as FDM communication equipment requiring a carrier or more simply
      as FDM equipment.
PAR  The normal lumped carrier selection arrangement of the prior art wherein
      the selection of one or the other of redundant carrier frequencies is
      accomplished at a central carrier supply arrangement has the following
      disadvantages:
PA1  1. When a redundant frequency switch fails, all of the FDM equipment
      connected to that switch are rendered inoperative;
PA1  2. The switch is costly and requires significant power since the switch
      must handle sufficient power to provide selected redundant carrier to all
      of the FDM equipments connected to that switch; and
PA1  3. The single conductor carrying the selected redundant carrier frequency
      from the switch to the plurality of FDM equipments is subject to being
      short circuited or open circuited and thereby causing outage in all the
      FDM equipment connected with this single redundant carrier frequency
      conductor.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a carrier frequency
      selection arrangement of the redundant type which overcomes the
      disadvantages of the prior art arrangement.
PAR  Another object of the present invention is to provide a carrier frequency
      selection arrangement in each FDM equipment rather than in a centralized
      or lumped carrier supply unit.
PAR  A feature of the present invention is the provision of a redundant carrier
      frequency selection arrangement for a frequency division multiplex
      communication system comprising: first means to provide n pairs of carrier
      frequencies, where n is an integer including one, each carrier frequency
      of one pair of the n pairs of carrier frequencies are equal and the
      carrier frequencies of each pair of the n pairs of carrier frequencies are
      different; n plurality of second means each requiring a carrier frequency
      coupled to said first means and each plurality of second means of the n
      plurality of second means responding to a different pair of the n pairs of
      carrier frequencies; and an electronic switching means disposed in each of
      the n plurality of second means to select either one of the carrier
      frequencies of an associated pair of the n pairs of carrier frequencies.
PAR  Another feature of the present invention is the provision of a signal
      selector comprising: a first input means for a first signal having a first
      given frequency; a second input means for a second signal having a second
      given frequency; an output means; and electronic switching means including
      a first pair of normally non-conductive transistors coupled to each other,
      the first input means and the output means, a second pair of normally
      non-conductive transistors coupled to each other, the second input means
      and the output means, a first bias voltage selectively coupled to the
      first pair of transistors to render the first pair of transistors
      conductive to couple the first signal to the output means, and a second
      bias voltage selectively coupled to the second pair of transistors to
      render the second pair of transistors conductive to couple the second
      signal to the output means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a block diagram illustrating the centralized or lumped carrier
      arrangement employed in the prior art;
PAR  FIG. 2 is a block diagram of the distributed carrier supply selection
      arrangement in accordance with the principles of the present invention;
      and
PAR  FIG. 3 is a schematic diagram of one form which the redundant carrier
      frequency selecting switches of FIG. 2 may take.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is disclosed therein the centralized or lumped
      carrier supply selection arrangement to provide redundant carrier
      frequencies as implemented in the prior art. The centralized carrier
      supply 1 provides a plurality of pairs of carrier frequencies where the
      frequencies of each pair are the same, but the frequencies of different
      pairs are different. The carrier frequency of a pair of frequencies are
      selected to provide redundant frequencies by a switch 2 which is under
      control of selecting and sensing circuits 3 and 4. These circuits 3 and 4
      sense the loss of one of the carrier frequencies of a pair of carrier
      frequencies and actuates switch 2 to select the other carrier frequencies
      of the pair of carrier frequencies. The selected redundant carrier
      frequency is then coupled over a single conductor 5 to FDM equipments 6
      requiring a carrier frequency. Switch 2 is shown as a simple switch
      symbol, however, in practice metallic switch or relay contacts are not
      fast enough or reliable enough. Therefore, they are normally implemented
      with solid state switch components that are more reliable because there
      are no moving parts.
PAR  As mentioned hereinabove, the failure of switch 2 will remove all of the
      equipments 6 from operation. Also, switch 2 must consume more power and
      will be costly since this switch passes the selected carrier frequency to
      all of the equipments 6. Also, the single conductor 5 carrying the
      selected redundant carrier frequency can easily become short circuited or
      can become open circuited, which would also remove equipments 6 from
      service.
PAR  Referring to FIG. 2 there is disclosed therein a distributed redundant
      carrier frequency selective arrangement in accordance with the principles
      of the present invention. The redundant carrier frequencies are required
      in equipments 6'. In the arrangement of FIG. 2 carrier supply 7 transmits
      one of the carrier frequencies of a redundant pair of carrier frequencies
      over conductor 8 to equipments 6' and the other of the redundant carrier
      frequencies over conductor 9 to equipments 6'. Each of equipments 6'
      include therein switch 10, which is associated with a selecting and
      sensing circuit similar to circuits 3 and 4 of FIG. 1 to sense a loss of
      one of the redundant carrier frequencies and to actuate switch 10 to its
      other position so as to employ the other of the redundant carrier
      frequencies in each of equipments 6'. As mentioned hereinabove with
      respect to FIG. 1, switch 10 is shown as a simple switch symbol. However,
      in practice metallic switch or relay contacts are not fast enough or
      reliable enough. Therefore, they are normally implemented with solid state
      components which are more reliable because there are no moving parts. Such
      a solid state switch is shown in FIG. 3.
PAR  Referring to FIG. 3, switch 10 includes a first transformer T1 having a
      primary winding receiving the redundant frequency f.sub.1 A which is
      coupled to the secondary winding of transformer T1. Transformer T2
      receives on its primary winding the redundant frequencies f.sub.1 B which
      is coupled to the secondary winding of transformer T2. One end of each of
      the secondary winding of transformers T1 and T2 are coupled to the
      opposite ends of the primary winding of transformer T3 which provides the
      selected frequency output signal on its secondary winding and is
      identified as F.sub.1 REDUNDANT.
PAR  If the carrier frequency f.sub.1 A is to be utilized, a negative bias
      voltage is applied to bias point A. Current will flow through the emitter
      base junction of transistor Q1 and a series circuit including resistors R1
      and R2, resulting in biasing transistor Q1 on. Current will also flow
      through the emitter base junction of transistor Q2 and the series circuit
      including resistors R3 and R4 biasing transistor Q2 on. No bias voltage
      would be applied to bias point B. Thus, transistor Q3 will be biased off
      by resistor R6 and transistor Q4 will be biased off by resistor R8. A low
      impedance is provided by transistors Q1 and Q2 and a high impedance is
      provided by transistors Q3 and Q4. Thus, carrier frequency f.sub.1 A
      applied to transformer T1 will be switched to the redundant output of
      transformer T3.
PAR  On the other hand, if bias voltage is applied to bias point B and no
      voltage is applied to bias point A, the conduction conditions of
      transistors Q1 and Q2 and transistors Q3 and Q4 will be reversed. Thus,
      carrier f.sub.1 B will be switched to the redundant output of transformer
      T3.
PAR  The control for switch from one of the redundant carrier frequencies to the
      other of the redundant carrier frequencies is provided by the bias voltage
      at points A and B. The application of the appropriate bias voltage to bias
      points A and B is under control of a selecting and sensing circuit such as
      circuits 3 and 4 of FIG. 1. This sensing and selecting arrangement is
      known from the prior art and may include a carrier frequency detector (a
      filter tuned to the carrier frequency value involved). When no output is
      provided from this detector this will be detected by logic circuitry, such
      as NOT GATES and AND GATES, to gate through to the appropriate one of bias
      points A and B the appropriate bias voltage to select the desired backup
      carrier frequency for the equipment 6' involved.
PAR  The advantages of the distributed carrier frequencies arrangement of the
      present invention are:
PA1  1. If switch 10 fails only one of equipments 6' are removed from service;
PA1  2. The switch in each of equipments 6' have a lower cost and power
      consumption since this switch only switches a selected one of the
      redundant carrier frequencies to one of the equipments 6';
PA1  3. The initial cost of the arrangement of this invention with a small
      number of equipments 6' can be lower with reference to the cost of the
      prior art arrangement; and
PA1  4. The dual wires (conductors 8 and 9 of FIG. 2) to each of the equipments
      6' means that a short circuit or open circuit of one of the dual wires
      will not cause outage of equipments 6' when the sensing takes place in the
      equipments 6'.
PAR  The carrier frequency selecting switch of FIG. 3 has been described
      hereinabove with respect to selectng either of two carrier signals having
      identical frequency values. However, the switch of FIG. 3 is not
      restricted to this operation. The switch of FIG. 3 may be employed to
      select either of two carrier signals having different frequency values.
PAR  The switch of FIG. 3. has also been illustrated and described hereinabove
      as employing pnp transistors. However, it should be noted that the switch
      of FIG. 3 could be implemented with npn transistors and a reversed power
      supply polarity and still operate to achieve the desired described
      function.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A redundant carrier frequency selection arrangement for a frequency
      division multiplex communication system comprising:
PA1  first means to provide n pairs of carrier frequencies, where n is an
      integer including one, each carrier frequency of each pair of said n pairs
      of carrier frequencies are equal and said carrier frequencies of each pair
      of said n pairs of carrier frequencies are different;
PA1  n plurality of second means each requiring a carrier frequency coupled to
      said first means and each plurality of second means of said n plurality of
      second means responding to a different pair of said n pairs of carrier
      frequencies; and
PA1  an electronic switching means disposed in each of said n plurality of
      second means to select either one of said carrier frequencies of an
      associated pair of said n pairs of carrier frequencies.
NUM  2.
PAR  2. An arrangement according to claim 1, wherein
PA1  each of said switching means includes
PA2  a first input means for one of said carrier frequencies of said associated
      pair of said n pairs of carrier frequencies,
PA2  a second input means for the other of said carrier frequencies of said
      associated pair of said n pairs of carrier frequencies,
PA2  an output means,
PA2  a first pair of normally non-conductive transistors coupled to each other,
      said first input means and said output means,
PA2  a second pair of normally non-conductive transistors coupled to each other,
      said second input means and said output means,
PA2  a first bias voltage selectively coupled to said first pair of transistors
      to render said first pair of transistors conductive to couple said one of
      said carrier frequencies of said associated pair of said n pairs of
      carrier frequencies to said output means, and
PA2  a second bias voltage selectively coupled to said second pair of
      transistors to render said second pair of transistors conductive to couple
      said other of said carrier frequencies of said associated pair of said n
      pairs of carrier frequencies to said output means.
NUM  3.
PAR  3. An arrangement according to claim 2, wherein
PA1  each transistor of said first and second pairs of transistors are pnp
      transistors.
NUM  4.
PAR  4. An arrangement according to claim 3, wherein
PA1  said first and second bias voltages are negative voltages.
NUM  5.
PAR  5. An arrangement according to claim 1, wherein
PA1  each of said switching means includes
PA2  a first transformer having a secondary winding and a primary winding to
      receive one of said carrier frequencies of said associated pair of said n
      pairs of carrier frequencies,
PA2  a second transformer having a secondary winding and a priamary winding to
      receive the other of said carrier frequencies of said associated pair of
      said n pairs of carrier frequencies,
PA2  a third transformer having a secondary winding and a primary winding to
      provide a selected one of said carrier frequencies of said associated pair
      of said n pairs of carrier frequencies as an output signal, said primary
      winding of said third transformer having one end thereof connected to one
      end of said secondary winding of said first transformer and the other end
      thereof connected to one end of said secondary winding of said second
      transformer,
PA2  a first normally non-conductive transistor having a collector connected to
      the other end of said secondary winding of said first transformer, an
      emitter connected to a reference potential and a base,
PA2  a first series circuit including a first resistor and a second resistor,
      one terminal of said second resistor being connected to said reference
      potential and the junction of said first and second resistors being
      connected to said base of said first transistor,
PA2  a second normally non-conductive transistor having a collector connected to
      said other end of said primary winding of said third transformer, an
      emitter connected to said reference potential and a base,
PA2  a second series circuit including a third resistor and a fourth resistor,
      one terminal of said fourth resistor being connected to said reference
      potential and the junction of said third and fourth resistors being
      connected to said base of said second transistor,
PA2  a first bias voltage selectively coupled to a terminal of said first
      resistor remote from the junction of said first and second resistors and
      to a terminal of said third resistor remote from the junction of said
      third and fourth resistors to render said first and second transistors
      conductive to couple said one of said carrier frequencies of said
      associated pair of said n pairs of carrier frequencies to said primary
      winding of said third transformer,
PA2  a third normally non-conductive transistor having a collector connected to
      said one end of said primary winding of said third transformer, an emitter
      connected to said reference potential and a base,
PA2  a third series circuit including a fifth resistor and a sixth resistor, one
      terminal of said sixth resistor being connected to said reference
      potential and the junction of said fifth and sixth resistors being
      connected to said base of said third transistor,
PA2  a fourth normally non-conductive transistor having a collector connected to
      the other end of said secondary winding of said second transformer, an
      emitter connected to said reference potential and a base,
PA2  a fourth series circuit including a seventh resistor and an eighth
      resistor, one terminal of said eighth resistor being connected to said
      reference potential and the junction of said seventh and eighth resistors
      being connected to said base of said fourth transistors, and
PA2  a second bias voltage selectively coupled to a terminal of said fifth
      resistor remote from the junction of said fifth and sixth resistors and to
      a terminal of said seventh resistor remote from the junction of said
      seventh and eighth resistors to render said third and fourth transistors
      conductive to couple said other of said carrier frequencies of said
      associated pair of said n pairs of carrier frequencies to said primary
      winding of said third transformer.
NUM  6.
PAR  6. An arrangement according to claim 5, wherein
PA1  each of said first, second, third and fourth transistors are pnp
      transistors, and said first and second bias voltages are negative
      voltages.
NUM  7.
PAR  7. A signal selector comprising:
PA1  a first input means for a first signal having a first given frequency;
PA1  a second input means for a second signal having a second given frequency;
PA1  an output means; and
PA1  electronic switching means including
PA2  a first pair of normally non-conductive transistors coupled to each other,
      said first input means and said output means,
PA2  a second pair of normally non-conductive transistors coupled to each other,
      said second input means and said output means,
PA2  a first bias voltage selectively coupled to said first pair of transistors
      to render said first pair of transistors conductive to couple said first
      signal to said output means, and
PA2  a second bias voltage selectively coupled to said second pair of
      transistors to render said second pair of transistors conductive to couple
      said second signal to said output means.
NUM  8.
PAR  8. A selector according to claim 7, wherein
PA1  said first and second given frequencies are equal.
NUM  9.
PAR  9. A selector according to claim 7, wherein
PA1  each transistor of said first and second pairs of transistors are pnp
      transistors.
NUM  10.
PAR  10. A selector according to claim 8, wherein
PA1  said first and second bias voltages are negative voltages.
NUM  11.
PAR  11. A selector according to claim 10, wherein
PA1  said first and second given frequencies are equal.
NUM  12.
PAR  12. A selector according to claim 7, wherein
PA1  said switching means includes
PA2  a first transformer having a secondary winding and a primary winding to
      receive one of said first and second signals,
PA2  a second transformer having a secondary winding and a primary winding to
      receive the other of said first and second signals,
PA2  a third transformer having a secondary winding and a primary winding to
      provide a selected one of said first and second signals as an output
      signal, said primary winding of said third transformer having one end
      thereof connected to one end of said secondary winding of said first
      transformer and the other end thereof connected to one end of said
      secondary winding of said second transformer,
PA2  a first normally non-conductive transistor having a collector connected to
      the other end of said secondary winding of said first transformer, an
      emitter connected to a reference potential and a base,
PA2  a first series circuit including a first resistor and a second resistor,
      one terminal of said second resistor being connected to said reference
      potential and the junction of said first and second resistors being
      connected to said base of said first transistor,
PA2  a second normally non-conductive transistor having a collector connected to
      said other end of said primary winding of said third transformer, an
      emitter connected to said reference potential and a base,
PA2  a second series circuit including a third resistor and a fourth resistor,
      one terminal of said fourth resistor being connected to said reference
      potential and the junction of said third and fourth resistors being
      connected to said base of said second transistor,
PA2  a first bias voltage selectively coupled to a terminal of said first
      resistor remote from the junction of said first and second resistors and
      to a terminal of said third resistor remote from the junction of said
      third and fourth resistors to render said first and second transistors
      conductive to couple said one of said first and second signals to said
      primary winding of said third transformer,
PA2  a third normally non-conductive transistor having a collector connected to
      said one end of said primary winding of said third transformer, an emitter
      connected to said reference potential and a base,
PA2  a third series circuit including a fifth resistor and a sixth resistor, one
      terminal of said sixth resistor being connected to said reference
      potential and the junction of said fifth and sixth resistors being
      connected to said base of said third transistor,
PA2  a fourth normally non-conductive transistor having a collector connected to
      the other end of said secondary winding of said second transformer, an
      emitter connected to said reference potential and a base,
PA2  a fourth series circuit including a seventh resistor and an eighth
      resistor, one terminal of said eighth resistor being connected to said
      reference potential and the junction of said seventh and eighth resistors
      being connected to said base of said fourth transistors, and
PA2  a second bias voltage selectively coupled to a terminal of said fifth
      resistor remote from the junction of said fifth and sixth resistors and to
      a terminal of said seventh resistor remote from the junction of said
      seventh and eighth resistors to render said third and fourth transistors
      conductive to couple said other of said first and second signals to said
      primary winding of said third transformer.
NUM  13.
PAR  13. A selector according to claim 12, wherein
PA1  each of said first, second, third and fourth transistors are pnp
      transistors, and
PA1  each of said first and second bias voltages are negative voltages.
NUM  14.
PAR  14. A selector according to claim 13, wherein
PA1  said first and second given frequencies are equal.
NUM  15.
PAR  15. A selector according to claim 12, wherein
PA1  said first and second given frequencies are equal.
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PAL  A pulse level correcting circuit wherein a resistance is interposed between
      the input and output sides, and a branch line including a switching
      element is disposed between an output terminal and a reference voltage
      terminal, the switching element being adapted to cause a current to flow
      through the resistance when the level of an input pulse is on the ground
      level side, whereby the level of the input pulse is corrected by the
      voltage drop across the resistance at the current flow.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to pulse level correcting circuits, and more
      particularly to a pulse level correcting circuit which improves the level
      of a pulse signal on the ground side.
PAR  2. Description of the Prior Art
PAR  In using a semiconductor integrated circuit (IC), particularly a digital IC
      for an electronic calculator, an electronic timepiece, etc., the
      prescribed input level need be taken into consideration. At present, MOS
      (metal-oxide-semiconductor) IC's having such merits as high degree of
      integration and low power consumption are often employed in the uses of
      this field. Among the MOS IC's, the so-called silicon gate MOS IC in which
      polycrystal silicon is used for the gate electrode of a FET (field-effect
      transistor) has such merits as high-speed operation and low power
      consumption owing to its low threshold voltage characteristic, and it is
      recently in the limelight. On the other hand, however, the low threshold
      voltage characteristic has raised the problem of the norm of voltage
      levels on the ground potential side (high levels V.sub.IH in P-channel
      enhancement mode MOS transistors).
PAR  In more detail, the higher input level V.sub.IH need be confined below the
      threshold voltage (in absolute value) in order to prevent the transistor
      from operating erroneously. With lowering in the threshold voltage by the
      adoption of the silicon gate technique, it has become necessary to lower
      the higher input level V.sub.IH. In particular, in a flip-flop, a shift
      register, a memory circuit, etc., employing transfer gate MOS FET's of the
      clock drive, when the higher level V.sub.CPH of a clock pulse exceeds the
      threshold voltage even slightly, the storage operation is greatly
      affected.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly the principal object of the present invention to provide
      a circuit which corrects a pulse level on the ground level side.
PAR  Another object of the present invention is to provide a pulse level
      correcting circuit which can lighten conditions of the input level of an
      IC.
PAR  Still another object of the present invention is to provide a pulse level
      correcting circuit which can be easily put into the form of a
      semiconductor integrated circuit.
PAR  Yet another object of the present invention is to provide a pulse level
      correcting circuit which is suitable for a MOS type semiconductor
      integrated circuit.
PAR  In accordance with one aspect of the present invention, there is provided a
      pulse level correcting circuit which comprises a resistance interposed
      between the input and output of the circuit, and a branch line formed of a
      MOS FET and causing a current to flow through the resistance when the
      level of an input pulse is on the ground level side, the branch line being
      arranged between an output terminal and a ground terminal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic circuit diagram showing the pulse level correcting
      circuit according to the present invention;
PAR  FIG. 2 is a waveform diagram showing the output voltages of the circuit in
      FIG. 1; and
PAR  FIGS. 3 through 5 are schematic circuit diagrams of other embodiments of
      the present invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings, I designates an input terminal of the correcting
      circuit which is designed to receive a pulse input; while, O indicates an
      output terminal of the correcting circuit. By way of example, the
      correcting circuit is located at the input portion of a MOS type
      semiconductor integrated circuit. The input terminal I is connected to an
      input pin of the integrated circuit. To the output terminal O, there is
      connected a part of a circuit which satisfies the function of the
      integrated circuit. For example, a clock terminal may be connected to the
      input terminal I. The gate electrodes of transfer gate MOS FET's of a
      flip-flop circuit, a random access memory (RAM) or the like are connected
      to the output terminal O in a manner to be arranged in parallel. Further,
      the gate electrode of a load MOS FET is sometimes connected to the input
      terminal I.
PAR  A resistance R is interposed between the input terminal I and the output
      terminal O. When, in case of the MOS type semiconductor integrated
      circuit, a protective resistance (diffused resistance) for preventing the
      MOS FET gate from being destroyed due to external abnormal voltages is
      utilized as the resistance R, the number of circuit elements can be
      reduced very effectively.
PAR  A P-channel MOS FET device M is connected between the output terminal O and
      ground. The transistor M has an input pulse applied to its gate electrode
      through the resistance R and an inverter circuit IV.
PAR  The inverter circuit IV may also be connected between the input terminal I
      and the gate electrode of the FET device M, as shown in FIG. 4. However,
      in the case where a MOS FET is used to form the inverter circuit, in order
      to prevent gate destruction thereof, it is preferable to connect the
      inverter circuit through the resistance R to the input terminal, as shown
      in the drawing.
PAR  Description will now be made of the pulse level correcting circuit
      constructed as described above. First, in the case where the level of the
      input pulse is on the negative side of a power source level V.sub.Ig,
      namely, at a lower level V.sub.IL, as seen in FIG. 2, a voltage of a level
      resulting from the inversion of the input level by the inverter IV or a
      voltage of a higher level (a level on the ground side) is applied to the
      gate electrode of the FET device M, and hence, the FET device M is
      non-conductive Accordingly, the lower input level V.sub.IL appears at the
      output terminal O as it is, because it is hardly affected by the FET
      device M.
PAR  Next, when the level of the input pulse changes to the ground level side,
      namely, to the higher level V.sub.IH, a voltage of the lower level is
      applied to the gate electrode of the FET device M by the inverter IV, and
      hence, the FET device M becomes conductive. In consequence, a branch line
      is established by the FET device M, and a current flows through the
      resistance R via the branch line. On account of a voltage drop .DELTA. V
      across the resistance R at this time, the higher input level V.sub.IH is
      made smaller (in absolute value) to a value V.sub.IH ' (= V.sub.IH -
      .DELTA. V), as shown in FIG. 2. The reduced level V.sub.IH ' appears at
      the output terminal O.
PAR  The higher input level as corrected in this manner V.sub.IH ' is
      represented as below, letting R.sub.ON be the source - drain resistance of
      the FET M at its conduction.
      ##EQU1##
PAR  When the pulse level correcting circuit thus constructed is connected to
      the input portion of the semiconductor integrated circuit, the higher
      input level is made smaller by the correcting circuit, and the corrected
      level signal is fed to the succeeding stage of the circuit. Restrictions
      to the level of the input signal of the semiconductor integrated circuit
      can therefore be lightened. It will be apparent from the above description
      that the pulse level correcting circuit is remarkably effective
      particularly when added to the gates of transfer gate MOS FET's of a
      memory circuit, etc.
PAR  The level correcting circuit according to the present invention can be
      constructed integrally with the semiconductor integrated circuit portion
      at the front stage portion, and can thus deliver a signal with the output
      level on the ground side lowered. It can also be constructed integrally
      with a semiconductor integrated circuit portion at the rear stage portion,
      and can thus operate the semiconductor integrated circuit at the rear
      stage portion, in such a manner that an input signal whose level on the
      ground side is higher has that level lowered.
PAR  In such cases, the inverter and FET device M in the level correcting
      circuit may be produced by the same process as that of the semiconductor
      integrated circuit portion at the front or rear stages, to make all the
      threshold voltages of the transistors substantially equal. In this case,
      the g.sub.m characteristic, etc., of the inverter may be designed so that,
      even when the ground side level somewhat exceeding the threshold voltage
      of the inverter IV is applied to the inverter and causes the inverter to
      provide an output, the gate voltage of the FET device M may be prevented
      from becoming less than the threshold voltage due to the output.
PAR  Moreover, the pulse level correcting circuit can be singly manufactured as
      a buffer circuit for grounding a semiconductor integrated circuit or
      another circuit and a semiconductor integrated circuit, and can thus
      connect both the circuits. It will be understood that, in this case, the
      correcting circuit has wide application.
PAR  In more detail, in the case of connecting integrated circuits, the
      incorporation of an inverter of high threshold voltage into the connecting
      portion is considered in order to avoid the influences of noise. With this
      measure, however, the phase is inverted. In contrast, when the inverter is
      applied as in the present invention, the input and output are in-phase.
PAR  Although, in the above, the present invention has been explained in
      connection with its preferred embodiment, it can adopt a variety of
      modified means without being restricted thereto.
PAR  For example, the resistance R may be replaced with another impedance
      element. As a specific example, the channel resistance of a MOS FET may be
      utilized, as shown in FIG. 5. In this case, the source and drain
      electrodes of the MOS FET are connected to the input and output terminals
      of the correction circuit, while a DC voltage is applied to the gate
      electrode. In place of the P-channel MOS FET, there can be employed not
      only an N-channel MOS FET but also another switching element such as a
      bipolar transistor.
PAR  Further, in place of grounding the source electrode of the FET device M, a
      positive supply voltage may be impressed on the electrode, as shown in
      FIG. 3. In this case, the level of the input pulse can also be corrected
      with the supply voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pulse level correcting circuit comprising an input and an output
      terminal, pulse signal means connected to said input terminal for
      supplying thereto a pulse signal having a first and a second voltage
      level, impedance means interposed between said input terminal and output
      terminal of said correcting circuit for transferring said pulse signal to
      said output terminal so that the output signal has the two voltage levels
      which are substantially the same as said first and second voltage levels,
      and a branch line including switching means for causing a current to flow
      through said impedance means when the level of the input pulse signal
      applied to said input terminal corresponds to said first level, said
      branch line being arranged between one side of said impedance means and a
      reference voltage terminal the voltage of which is substantially the same
      as said first voltage level, whereby the level of said input pulse is
      improved by the voltage drop across said impedance element during current
      flow, wherein said branch line further includes an inverter connected
      between one of the terminals of said impedance means and an input
      electrode of said switching means, and wherein said switching means
      comprises a MOS FET device having its gate electrode connected to the
      output of said inverter, its drain electrode directly connected to said
      output terminal and its source electrode directly connected to said
      reference voltage terminal.
NUM  2.
PAR  2. A pulse level correcting circuit as defined in claim 1, wherein the
      source electrode of said MOS FET is connected to ground.
NUM  3.
PAR  3. A pulse level correcting circuit as defined in claim 1, wherein the
      source electrode of said MOS FET is connected to a positive D.C. source.
NUM  4.
PAR  4. A pulse level correcting circuit as defined in claim 1, wherein the
      input of said inverter is connected to said output terminal.
NUM  5.
PAR  5. A pulse level correcting circuit as defined in claim 1, wherein the
      input of said inverter is connected to said input terminal.
NUM  6.
PAR  6. A pulse level correcting circuit as defined in claim 1, wherein said
      impedance means is a resistor.
NUM  7.
PAR  7. A pulse level correcting circuit as defined in claim 1, wherein said
      impedance means is a MOS FET having its gate connected to a D.C. source.
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ABST
PAL  In the power controller disclosed herein, a load is energized from an a.c.
      line through a triac. When the triac is triggered on an a.c. half-cycle of
      one polarity, a capacitor is charged while the load is energized. The
      capacitor is interconnected with the gate circuit of the triac through an
      SCR and the charging circuit for the capacitor is arranged so as to
      trigger the SCR on the a.c. half-cycle following a half-cycle during which
      the capacitor was charged. Thus, the triac is selectively triggered on
      alternating half-cycles and integral cycle energization of the load is
      obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a semiconductor a.c. power controller and
      more particularly to such a controller providing integral cycle
      energization of a load from an a.c. supply line.
PAR  Various integral cycle semiconductor power controllers have been devised
      heretofore. Representative examples are those disclosed in U.S. Pat. Nos.
      3,495,098 and 3,727,080. Objects of the present invention are to provide a
      controller of improved sensitivity, stability and reliability,
      particularly in terms of always providing integral cycle rather than
      half-cycle energization; to provide a power controller which itself
      dissipates very little power; and to provide such a power controller which
      is of relatively simple and inexpensive construction. Other objects and
      features will be in part apparent and in part pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, a power controller in accordance with the present invention is
      operative to selectively energize a load from an a.c. supply line and to
      provide integral cycle energization of the load. A four-quadrant
      semiconductor power switching device is connected in series with the load
      across the a.c. supply line and means are provided for selectively
      triggering the device on those a.c. half-cycles when the line voltage is
      of a first polarity. Circuit means are provided for charging a capacitor
      when the load is energized on the first polarity a.c. half-cycles and the
      capacitor is interconnected, through a semiconductor current switching
      device. The charging circuit includes means for energizing the current
      switching device on the a.c. half-cycle following any half-cycle during
      which the capacitor is charged. Accordingly, the power switching device is
      triggered on alternate half-cycles of opposite polarity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic circuit diagram of a power controller in
      accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the power controller circuit shown there is
      arranged for use in a temperature controller, that is, to control the
      energization of a heater H1 from a.c. power mains L1 and L2. While it is
      desirable to be able to turn the heater H1 on and off very rapidly so as
      to closely control temperature by duty cycle modulation of the average
      power input to the heater, it is also desirable that the heater be
      energized on an integral a.c. cycle basis. By integral cycle energization
      is meant a balanced or symmetrical energization, i.e. a form of
      energization in which any period of energization always comprises an even
      number of a.c. half-cycles. As is understood, integral cycle energization
      avoids the drawing of a d.c. component from a.c. supply lines, a desirable
      attribute since the presence of a substantial d.c. component can cause
      overheating of line transformers and other undesirable effects.
PAR  Heater H1 is connected in series with a triac Q1 across the a.c. supply
      leads. As is understood, triac Q1 is a fourquadrant semiconductor power
      switching device, that is, a device which will conduct, through its power
      circuit, in either direction and can be triggered into conduction in
      either direction by pulses of either polarity applied to its gate circuit.
PAR  On those a.c. half-cycles when the lead L1 is positive with respect to lead
      L2, the triac Q1 may be selectively triggered into conduction by pulses
      coupled to the gate circuit of triac Q1 through an opto-isolator 11.
      Opto-isolator 11 includes a lightemitting diode D1 and a light-sensitive
      SCR Q2. The gate circuit of SCR Q2 is normally biased off by a resistor R1
      shunted by a capacitor C1 but may be triggered into conduction by
      energization of the light-emitting diode D1. The SCR Q2 is connected from
      the supply lead L1 to the gate circuit of triac Q1 through an isolating
      diode D2 so as to be able to selectively trigger the triac into conduction
      when the SCR Q2 is triggered.
PAR  In the temperature control environment in which the controller shown is
      assumed to operate, the light-emitting diode is assumed to be energized by
      a conventional temperature measuring bridge controlling a zero-crossing
      detector to selectively generate control pulses when additional heat is
      needed, the pulses being synchronized with the zero-crossing points of the
      a.c. supply voltage. Such temperature control circuits and zero-crossing
      detectors are conventional and hence are not described in detail herein.
PAR  When the triac Q1 is triggered during a positive half-cycle by a pulse
      coupled to the opto-isolator 11, the heater H1 is thereby energized during
      that half-cycle. A capacitor Q2 is connected across or in parallel with
      the heater through a circuit which includes a diode D3 and a resistor R2,
      the diode being oriented so that the capacitor C2 is charged if the triac
      Q1 conducts during a positive half-cycle.
PAR  Capacitor C2 is also connected, through an SCR Q3 and a current-limiting
      resistor R3, to the gate circuit of the power triac Q1. Conduction through
      the SCR Q3 is controlled by the capacitor charging circuit, a portion of
      the voltage appearing across diode D3 being applied to the gate circuit of
      SCR Q3 by means of a voltage divider comprising a pair of resistors R4 and
      R5. On those a.c. half-cycles when the capacitor C2 is being charged, the
      forward voltage drop across the diode D3 reverse-biases the gate circuit
      of the SCR Q3, assuring that the SCR will not conduct. As the next a.c.
      half-cycle starts, however, the charged capacitor C2 causes a substantial
      reverse voltage to appear across the diode D3 which causes the gate
      circuit of SCR Q3 to be forward biased, triggering the SCR into
      conduction. The charge on capacitor C2 is then conducted through the
      anodecathode circuit of the triac Q1, triggering the triac into conduction
      and thereby energizing the heater H1. As may be seen, this operation
      occurs on any negative half-cycle following a positive half-cycle during
      which the triac Q1 was triggered through the opto-isolator 11. It may thus
      be seen that integral cycle operation is obtained in which the triac Q1
      will always be triggered on the alternate or negative half-cycles
      following triggering during a positive half-cycle.
PAR  Reliability of the present circuit is enhanced by the fact that the
      triggering pulse applied through the SCR Q3 drives the triac gate
      negative, even though the lead L1 is negative with respect to the lead L2.
      The triac Q1 is thus triggered in the so-called third quadrant of the
      conventionally defined four possible quadrants of operation. As is
      understood, the third quadrant is substantially more sensitive than the
      fourth quadrant in which operation is typically provided by the many prior
      art circuits. Further, since the controller of the present invention
      utilizes the additional gain and abrupt triggering operation provided by
      the SCR Q3, the capacitor C2 does not need to hold a particularly large
      charge. Thus, the power dissipated in the controller itself, mainly in the
      resistor R2, may be reduced by employing relatively high values of
      resistance for that resistor through which the capacitor C2 is charged.
PAR  In one particular embodiment of the invention, the following device types
      and values were utilized and highly stable and reliable operation was
      obtained in accordance with the objects and advantages discussed above,
      utilizing standard 110 volt 60 cycles a.c. power.
TBL  ______________________________________                                    
      Triac Q1              RCA 40719                                          
     SCR Q3                 G.E. C-106-D1                                      
     D2                     1N 5060                                            
     D3                     1N 4148                                            
     R1                     39,000 ohms                                        
     R2                     10,000 ohms                                        
     R3                       330 ohms                                         
     R4                       820 ohms                                         
     R5                       330 ohms                                         
     C1                       200 picofarads                                   
     C2                        2 microfarads                                   
     H1                     up to 10 amps                                      
     Opto-isolator          Monsanto MCS 2-400                                 
     ______________________________________                                    
PAR  In view of the foregoing, it may be seen that several objects of the
      present invention are achieved and other advantageous results have been
      attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention, it should be understood that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power controller for selectively energizing a load from an a.c. supply
      line and providing integral cycle energization of the load, said
      controller comprising:
PA1  a triac connected in series with the load across the a.c. supply line;
PA1  means for selectively triggering said triac on those a.c. halfcycles when
      the line voltage is of a first polarity, the triac being oriented to be
      triggered in its first quadrant;
PA1  a capacitor, one side of which is connected to a junction between the
      series-connected triac and load;
PA1  circuit means including a diode and a current limiting resistor connecting
      the other side of said capacitor to the load side of the a.c. supply line
      for charging said capacitor when said load is energized on said a.c.
      half-cycles of first polarity; an SCR, the cathode of which is connected
      to a junction between said diode and said capacitor and the anode of which
      is connected to the gate of said triac; and
PA1  means for applying the voltage developed across said diode to the
      gate-cathode circuit of said SCR thereby to trigger said SCR on the
      half-cycle following a half-cycle of said first polarity during which said
      triac is triggered, whereby said capacitor is discharged through the
      anode-cathode circuit of said SCR into the gate of said triac and said
      triac is triggered in its third quadrant to provide integral cycle
      energization of the load.
NUM  2.
PAR  2. A power controller as set forth in claim 1 wherein the diode voltage is
      applied to the gate-cathode circuit of said SCR by a resistive voltage
      divider.
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ABST
PAL  A circuit is disclosed for generating a periodic pulse train having any
      fixed desired duty cycle from a periodic input signal which may be either
      analog or digital. The input signal is fed to a transistor amplifier whose
      bias can be varied. The output of the transistor amplifier is coupled to
      an amplifying element whose possible voltage swing is limited to provide
      the desired pulse train. The desired pulse train from the amplifying
      element is coupled through a low-pass filter prior to comparison with a
      reference voltage in a differential amplifier. The voltage difference at
      the output of the differential amplifier adjusts the bias of the
      transistor amplifier such that the voltage of the low pass filtered
      desired pulse train is very close to the reference voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This relates to pulse generators and more particularly to a circuit to
      generate periodic pulse trains with a fixed duty cycle.
PAR  In electronic systems there is often a need for generating pulse wave forms
      from sinusoidal or other periodic input signals. This operation is called
      squaring or clipping. In some applications there is the requirement of
      having a duty cycle that is a constant and not varying with circuit
      parameters of active elements, temperature or voltage of input signals.
      Duty cycle as employed herein is defined as the ratio between the time the
      output waveform is high and the period of the output waveform.
PAR  The importance of this latter requirement is obvious in many digital
      systems, e.g. in synchronous systems where both edges of the clock are
      used, and in systems where the pulse train is used to gate out signals of
      a certain width, as happens in return-to-zero coding in pulse
      transmission.
PAR  Various principles exist for generating square-wave signals from analog
      signals. Some examples are given in FIGS. 1a, 1b and 1c.
PAR  FIG. 1a shows a basic transistor clipper consisting of resistors 1, 2 and
      3, transistor 4 and capacitor 5. This circuit is based on saturating and
      turning off the transistor, and the duty cycle of the output pulses depend
      strongly upon the amplitude and the waveform of the input signal, the
      transistor parameters and thus upon temperature.
PAR  FIG. 1b shows squaring performed by comparison of the input signal to a
      reference voltage. This is done by the differentially coupled transistors
      11 and 12 and resistors 6, 7, 8, 9 and 10. When the desired duty cycle is
      50 percent, and the input signal is symmetrical, this circuit is ideally
      able to give rather good results. Due to a relatively low gain and
      interfacing problems, it is often necessary to employ additional
      amplification stages, which may lead to a deterioration of the duty cycle.
      Further, if exact duty cycles other than 50 percent is required, the
      circuit often proves disadvantageous, since the circuit produces output
      pulse trains whose duty cycle is dependent upon the input signal and the
      gain of the circuit.
PAR  In FIG. 1c a completely different concept is shown. The input signal is
      passed through a frequency doubler 11, whose output is squared in a low
      performance squarer 12, whose output is used to trigger a flip-flop 13 in
      a divide-by-two operation. The output of the flip-flop is pulses with very
      close to 50 percent duty cycle, the only deterioration is due to a
      difference in propagation delay between positive and negative transitions
      of the flip-flop. Furthermore the circuitry very often will be rather
      complex, and duty cycle other than 50 percent requires even higher
      complexity.
PAC  Summary of the Invention
PAR  An object of the present invention is to provide a new system for
      generating a pulse train with a given and very accurate duty cycle from a
      periodic, but not necessarily sinusoidal reference signal.
PAR  Another object of the present invention is to provide a new system for
      generating a pulse train with a given and very accurate duty cycle within
      a large range of input signal voltages, rendering the duty cycle nearly
      independent of the actual voltage or the actual waveform of the input
      signal.
PAR  A feature of the present invention is the provision of a system for
      generating a periodic pulse train with any fixed desired duty cycle from a
      periodic input signal comprising: a first source of the input signal; a
      transistor amplifier coupled to the first source, the transistor amplifier
      having a bias which can be varied; and amplifying element direct current
      coupled to an output of the transistor amplifier, the amplifying element
      having a voltage swing limited in a predetermined manner to provide the
      periodic pulse train; a first low pass filter coupled to the amplifying
      element to low pass filter the periodic pulse train; a second source of a
      reference voltage; and a comparison amplifier coupled to the first low
      pass filter, the second source and the transistor amplifier to compare the
      output voltage of the first low pass filter with the reference voltage to
      produce a difference voltage for coupling to the transistor amplifier to
      vary the bias of the transistor amplifier to render the value of the
      output voltage of the first low pass filter very close to the value of the
      reference voltage.
PAR  The present invention may be employed in the following cases: generation of
      a periodic pulse signals having a specified duty cycle from a periodic
      analog signal; generation of a periodic pulse signals having a specified
      duty cycle from a periodic digital signal; and a clock extraction circuit
      used in line repeaters for digital transmission.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Above-mentioned and other features and objects of this invention will
      become more apparent by reference to the following description taken in
      conjunction with the accompanying drawing, in which:
PAR  FIGS. 1a, 1b and 1c are schematic and block diagrams of prior art
      arrangements for generating square-wave signals from analog signals
      described hereinabove under the heading "Background of the Invention";
PAR  FIG. 2 is a block diagram of a pulse train generator in accordance with the
      principles of the present invention;
PAR  FIG. 3 illustrates one example of the input and output waveforms of FIG. 2;
PAR  FIG. 4 is a schematic diagram of one embodiment of the reference voltage
      extractor of FIG. 2; and
PAR  FIG. 5 is a schematic diagram of one embodiment of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 2 the system of the present invention includes one high
      frequency part and one DC (Direct current) part, the latter through a
      feedback arrangement always trying to force the circuit to have as
      constant a duty cycle as possible.
PAR  The input signals pass through a low pass filter 19, which needs to be
      included only when the input signals are pulses. The transistor amplifier
      stage 14 selects the proper bias (e.g. proper base-current) according to
      the output of the feedback amplifier 18. The output of amplifier 14 is fed
      to an amplifying element 15, which generally can be any amplifier with
      large gain and two suitable clipping levels of voltages, but which
      advantageously will be a digital integrated circuit, like an inverter,
      NAND-gate, AND-gate, OR-gate, from any of the digital integrated circuit
      families (e.g. TTL, CMOS). The output of element 15 is the output pulse
      train. This is also fed into a low pass filter 16 which provides as its
      output the DC average voltage of the pulse train. This voltage is compared
      to a reference voltage provided by the reference voltage extractor 17 in
      amplitude comparator and feedback amplifier 18 in the form of a
      differential amplifier. The output of amplifier 18 regulates the bias
      point of the input transistor of amplifier 14 so that the output pulses
      will have a duty cycle which is controlled by the reference voltage
      extractor only. This will be true for a large range of input voltages and
      input waveforms. Low pass filter 19, whose exact cut-off frequency is not
      very important, also helps maintaining a fixed output pulse train duty
      cycle for large variation of the input pulse train duty cycle.
PAR  FIG. 3a shows an example of input waveform and FIG. 3b shows the output
      pulses obtained. The duty cycle k may be defined as k = T.sub.1 /T.sub.1 +
      T.sub.2,
PAL  where T.sub.1 is the time of a period that the pulses are higher than a
      defined threshold and T.sub.2 is the time of a period that the pulses are
      below this threshold.
PAR  If a duty cycle k.sub.o is desired the voltage out of the reference
      extractor 17, must be V.sub.ref = V.sub. H k.sub.o + V.sub.L (l -
      k.sub.o).
PAR  The reference voltage extractor 17 may be constructed in several different
      ways, according to the values of V.sub.H, the voltage level in the high
      (logical "1") state and V.sub.L, the voltage level in the low (logical
      "0") state.
PAR  In some logic families V.sub.H and V.sub.L is very well defined or bear a
      fixed relationship with the supply voltages. In this case the reference
      extractor easily generates the reference voltage from the supply voltages.
PAR  In the more general case V.sub.H and V.sub.L is not very well defined and
      for high accuracy, reference extractor 17 must use the actual values of
      V.sub.H and V.sub.L. This can be done in a circuit as shown in FIG. 4.
      This circuit generates the DC voltages V.sub.H - V.sub.D and V.sub.L +
      V.sub.D by means of diodes 20 and 21 and capacitors 22 and 23. The
      difference between these voltages is divided down by the resistors 24 and
      25. This divided voltage can be used directly as reference voltage output
      when the circuit is designed for 50 percent duty cycle, or if highest
      accuracy is not needed.
PAR  For duty cycles other than 50 percent, a diode voltage drop compensation
      circuit including resistors 26, 27 and 29 and diode 28 (diode 28 may also
      be the base-emitter diode of a transistor) will generate a more accurate
      reference voltage.
PAR  FIG. 5 shows a schematic diagram of a particular embodiment of the FIG. 2.
      An analog input signal of a waveform not necessarily symmetrical is fed
      via a resistor 30 and a capacitor 31 to the transistor 32 in its common
      emitter mode. Resistor 33 is a collector resistance and inverter (or gate)
      34 is amplifying element 15 of FIG. 2 and is selected from a logic family
      e.g. TTL. Resistor 35 and capacitor 36 provide low pass filtering of the
      output pulse train and diodes 37, 38 and 45, capacitors 39 and 40,
      resistors 41, 42, 43 and 44 constitute the reference voltage extractor as
      explained previously.
PAR  The differential amplifier is the matched transistors 47 and 48 and
      resistors 49 and 50. This amplifier always gives the transistor 32 the
      right base current for the collector to adjust to a bias giving the right
      duty cycle at the output of inverter 34. The circuit parameters of
      transistor 32 and inverter 34 are not very important for the duty cycle,
      since any variation is compensated by regulation base current. Also the
      actual waveform or amplitude of the input signal will affect the duty
      cycle only very slightly.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for generating a periodic pulse train with any fixed desired
      duty cycle from a periodic input signal comprising:
PA1  a first source of said input signal;
PA1  a transistor amplifier coupled to said first source, said transistor
      amplifier having a bias which can be varied;
PA1  an amplifying element direct current coupled to an output of said
      transistor amplifier, said amplifying element having a voltage swing
      limited in a predetermined manner to provide said periodic pulse train;
PA1  a first low pass filter coupled to said amplifying element to low pass
      filter said periodic pulse train;
PA1  a second source of a reference voltage; and
PA1  a comparison amplifier coupled to said first low pass filter, said second
      source and said transistor amplifier to compare the output voltage of said
      first low pass filter with said reference voltage to produce a difference
      voltage for coupling to said transistor amplifier to vary said bias of
      said transistor amplifier to render the value of the output voltage of
      said first low pass filter very close to the value of said reference
      voltage.
NUM  2.
PAR  2. A system according to claim 1; wherein
PA1  said input signal is an analog signal.
NUM  3.
PAR  3. A system according to claim 1, wherein
PA1  said input signal is a digital signal; and further including
PA2  a second low pass filter coupled between said first source and said
      transistor amplifier.
NUM  4.
PAR  4. A system according to claim 1, wherein
PA1  said transistor amplifier is a common emitter type transistor amplifier,
      and
PA1  said bias of said transistor amplifier is varied by variations of direct
      current base current supplied to said common emitter type transistor
      amplifier.
NUM  5.
PAR  5. A system according to claim 1, wherein
PA1  said amplifying element is an inverter.
NUM  6.
PAR  6. A system according to claim 1, wherein
PA1  said second source includes
PA2  a reference voltage extractor coupled to the output of said amplifying
      element to provide said reference voltage varying according to variations
      of the voltage levels of said periodic pulse train.
NUM  7.
PAR  7. A system according to claim 6, wherein
PA1  said reference voltage extractor includes
PA2  a pair of diodes oppositely poled coupled to the output of said amplifying
      element,
PA2  ground potential,
PA2  a pair of capacitors each coupled between a different one of said pair of
      diodes and ground potential to provide a voltage across said pair of
      capacitors from which said reference voltage is produced; and
PA2  a pair of resistors each having one terminal coupled to a different one of
      said pair of capacitors and the other terminal connected to the other
      terminal of the other resistor of said pair of resistors to provide said
      reference voltage.
NUM  8.
PAR  8. A system according to claim 7, wherein
PA1  said duty cycle is adjusted by adjusting at least one of said pair of
      resistors.
NUM  9.
PAR  9. A system according to claim 7, further including
PA1  a reference voltage compensation network including
PA2  two series connected resistors, one of said two resistors being coupled to
      the other terminal of each of said pair of resistors,
PA2  a diode connected in parallel with said two resistors,
PA2  a power supply voltage source, and
PA2  a resistor connected between said diode and said power supply voltage
      source to forward bias said diode,
PA2  said reference voltage being coupled from the junction of said two
      resistors.
NUM  10.
PAR  10. A system according to claim 1, wherein
PA1  said comparison amplifier includes
PA2  ground potential;
PA2  one pair of transistors each having their emitters connected together, the
      base of one of said pair of transistors being coupled to said first low
      pass filter, the base of the other of said pair of transistors being
      coupled to said second source, the collector of said other of said pair of
      transistors being coupled to said ground potential and the collector of
      said one of said pair of transistors being coupled to the base of said
      transistor amplifier to determine the base current of said transistor
      amplifier.
NUM  11.
PAR  11. A system according to claim 1, wherein
PA1  said transistor amplifier is a common emitter type transistor amplifier,
      and
PA1  said bias of said transistor amplifier is varied by variations of direct
      current base current supplied to said common emitter type transistor
      amplifier; and
PA1  said second source includes
PA2  a pair of diodes oppositely poled coupled to the output of said amplifying
      element,
PA2  ground potential,
PA2  a pair of capacitors each coupled between a different one of said pair of
      diodes and ground potential to provide a voltage across said pair of
      capacitors from which said reference voltage is produced; and
PA2  a pair of resistors each having one terminal coupled to a different one of
      said pair of capacitors and the other terminal connected to the other
      terminal of the other resistor of said pair of resistors to provide said
      reference voltage.
NUM  12.
PAR  12. A system according to claim 11, further including
PA1  a reference voltage compensation network including
PA2  two series connected resistors, one of said two resistors being coupled to
      the other terminal of each of said pair of resistors,
PA2  a diode connected in parallel with said two resistors,
PA2  a power supply voltage source, and
PA2  a resistor connected between said diode and said power supply voltage
      source to forward bias said diode,
PA2  said reference voltage being coupled from the junction of said two
      resistors.
NUM  13.
PAR  13. A system according to claim 12, wherein
PA1  said comparison amplifier includes
PA2  one pair of transistors each having their emitters connected together, the
      base of one of said pair of transistors being coupled to said first low
      pass filter, the base of the other of said pair of transistors being
      coupled to said second source, the collector of said other of said pair of
      transistors being coupled to said ground potential and the collector of
      said one of said pair of transistors being coupled to the base of said
      common emitter type transistor amplifier to vary said direct current base
      current.
NUM  14.
PAR  14. A system according to claim 1, wherein
PA1  said transistor amplifier is a common emitter type transistor amplifier,
      and
PA1  said bias of said transistor amplifier is varied by variations of direct
      current base current supplied to said common emitter type transistor
      amplifier; and
PAL  further including
PA2  a reference voltage compensation network including
PA3  two series connected resistors, one of said two resistors being coupled to
      said second source,
PA3  a diode connected in parallel with said two resistors,
PA3  a power supply voltage source, and
PA3  a resistor connected between said diode and said power supply voltage
      source to forward bias said diode,
PA3  said reference voltage being coupled from the junction of said two
      resistors.
NUM  15.
PAR  15. A system according to claim 14, wherein
PA1  said comparison amplifier includes
PA2  ground potential;
PA2  one pair of transistors each having their emitters connected together, the
      base of one of said pair of transistors being coupled to said first low
      pass filter, the base of the other of said pair of transistors being
      coupled to said second source, the collector of said other of said pair of
      transistors being coupled to said ground potential and the collector of
      said one of said pair of transistors being coupled to the base of said
      common emitter type transistor amplifier to vary said direct current base
      current.
NUM  16.
PAR  16. A system according to claim 1, wherein
PA1  said transistor amplifier is a common emitter type transistor amplifier,
      and
PA1  said bias of said transistor amplifier is varied by variations of direct
      current base current supplied to said common emitter type transistor
      amplifier; and
PA1  said comparison amplifier includes
PA2  ground potential;
PA2  one pair of transistors each having their emitters connected together, the
      base of one of said pair of transistors being coupled to said first low
      pass filter, the base of the other of said pair of transistors being
      coupled to said second source, the collector of said other of said pair of
      transistors being coupled to said ground potential and the collector of
      said one of said pair of transistors being coupled to the base of said
      transistor amplifier to determine the base current of said transistor
      amplifier.
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ABST
PAL  An electronically controlled switch circuit for providing a single
      noise-free output pulse from the output of a modified master-slave flip
      flop circuit in response to an input signal alternately applied to set and
      clock pulse inputs from the output of a single pole double throw switch
      coupled therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to an electronically controlled switch circuit and
      more particularly a switch electronically controlled to produce a
      noise-free single pulse output of a particular predetermined polarity
      irrespective of switch input noise resulting from switch contact bounce or
      line noise.
PAR  Noise-free single pulse outputs of indefinite duration and a particular
      predetermined polarity are often required for testing electronic digital
      computer devices such as high speed memories and shift registers.
      Noise-free single pulse outputs of a particular predetermined polarity may
      also be employed as power on pulses to establish logic circuits in a known
      state.
PAC  PRIOR ART
PAR  In the prior art, single pole double throw switches or push buttons have
      been employed in conjunction with various electronic circuits for
      producing a single pulse output. While these switches have gained
      widespread acceptance in the computer industry for numerous applications,
      they have not been generally employed in applications that require an
      extremely high degree of reliability such as noise-free single pulse
      output. This is due to the major drawback of these switches, which is the
      phenomenon entitled contact bounce. When such a switch is operated, its
      contacts forcibly strike each other and initially only make intermittent
      contact until they ultimately stop bouncing. This bouncing, which may have
      both high and low frequency noise components, results in ambiguous or
      spurious output pulses which are not acceptable for applications requiring
      noise-free single pulse output signals with a high degree of reliability.
PAR  Prior art circuits for controlling low frequency contact bounce typically
      employ delay multi-vibrator devices. A delay multivibrator is chosen to
      provide a delay sufficient to span the period of time required for the
      switch contacts to stop bouncing and provide a reliable signal during the
      time delay. Such time delays make these circuits undesirable for high
      speed digital circuit applications. Furthermore, if the contacts continue
      to bounce after the time delay has timed out, the circuit's output becomes
      ambiguous.
PAR  Another prior art circuit which has been employed in attempting to control
      contact bounce while producing a single pulse output is a circuit
      employing cross-coupled gates. Such circuits, however, have an inherent
      ambiguity between the upper and lower threshold voltages to which the
      gates respond.
PAR  A further prior art approach to the problems caused by contact bounce is to
      couple the outputs of a single pole double throw switch directly to the
      base of cross-coupled transistors of a bistable flip flop circuit. When
      the switch is in one position, an output is obtained at one flip flop
      output and when switched to the other position, the flip flop state
      changes, providing an output at the other flip flop output. Such an
      antibounce switch circuit may be effective in controlling low frequency
      type contact bounce. It is not sufficiently reliable to insure that high
      frequency contact bounce would not be passed on to the flip flop output.
      Since transistor turn-on time is much faster than turn-off time, high
      frequency bounce may be passed to the output of a transistor being turned
      on before the other transistor turns off to latch the circuit.
PAR  Such prior art circuits for controlling contact bounce usually fail and
      produce spurious output pulses when the input noise due to the contact
      bounce approaches a high frequency of approximately three megacycles.
PAR  A yet further prior art approach to the problems of contact bounce and line
      noise employ a RS flip flop, a NOR gate, an inverter, and a trigger flip
      flop interconnected to provide a noise-free signal at the output of the
      trigger flip flop in response to actuation of a manually operated switch.
      While such a circuit arrangement may provide high immunity for both the
      high frequency and low frequency components of contact bounce and line
      noise it does not produce an output signal of a particular predetermined
      polarity. Rather, the polarity of the output pulse depends upon the
      previous state of the trigger flip flop which is usually unknown.
PAR  Furthermore, such a circuit is expensive to implement in that an outside
      source of clock pulses must be provided to change the state of the RS flip
      flop. Besides, such a circuit proves cumbersome to use in testing digital
      logic circuits in that two actuations or four movements of a switch must
      take place in order to produce a single pulse output.
PAR  Other prior art arrangements which address the problems of contact bounce
      are known. For example, U.S. Pat. No. 3,471,789 to D. W. Nutting et al,
      and U.S Pat. No. 3,508,079 to E. W. Moll et al, of common ownership
      herewith, provide a noise-free single output pulse at the output of either
      SR or SC flip flops in response to the actuation of a single pole double
      throw switch or push button. However, both of these circuits require an
      outside source of clock pulse signals, making them expensive to implement.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an
      unambiguous noise-free output pulse in response to the actuation of a
      mechanical switch irrespective of switch contact bounce with a high degree
      of reliability.
PAR  It is a further object of this invention to provide a noise-free output
      pulse of a particular predetermined polarity, irrespective of high or low
      frequency contact bounce.
PAR  It is still a further object of the present invention to provide an
      inexpensive circuit that accomplishes the above objects, which is also
      inexpensive to implement.
PAR  It is an additional object of this invention to obviate the problems and
      expense of providing an outside source of clock pulse signals.
PAR  It is yet a further object of this invention to provide a single pulse
      noise-free output pulse with a minimum number of electronic devices and
      external wiring.
PAR  In accordance with the present invention, an electronically controlled
      switch circuit has been provided in which an input signal is received from
      a first switch output for setting the output state of the switch circuit
      to a particular predetermined polarity which is reversed upon alternating
      the switch input to a second switch output received by the circuit for
      enabling the switch circuit output states to be reversed in response to
      the operation of the switch.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other objects, advantages and features of the invention will be
      more clearly understood from the following detailed description, appended
      claims and accompanying drawing in which:
PAR  FIG. 1 is an electrical schematic of a modified master-slave flip flop
      circuit coupled with a single pole double throw switch of the present
      invention; and
PAR  FIG. 2 is a timing diagram illustrating the voltage waveforms at selected
      points in the circuit as shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a single pulse output electronically controlled switch
      is provided by connecting a single pole double throw switch or push button
      10 with a modified master-slave flip flop 100.
PAR  In the preferred embodiment (FIG. 1) the masterslave flip flop 100
      comprises a DTL integrated circuit including a master flip flop 300 and a
      slave flip flop 200 coupled together by a coupling circuit 400 which is in
      turn enabled by a current steering circuit. Such IC devices are readily
      available commercially at low cost. Typically, two such devices are
      provided on a single chip in a unitary package.
PAR  The input to the master-slave flip flop comprises a set terminal 102 and a
      clock pulse terminal 104. The outputs of the flip flop 100 are provided on
      the output of the slave portion 200 of the circuit and are designated Q
      and Q.
PAR  In the present invention a jumper conductor 114 is employed to short the Q
      output 106 of the slave 200 with the J input 110 of the master portion 300
      of the circuit. A single pole double throw switch 10, hereinafter
      designated SPDT, has one contact 14 coupled to the SD set terminal 102 of
      the flip flop 100 through a conductor 116. In the preferred embodiment the
      contact 14 connected to the SD set input 102 is the normally closed
      contact of the SPDT. The other contact 16 of the SPDT switch 10 is
      connected to the C.sub.p clock pulse terminal 104 by a conductor 118. The
      center pole contact 12 of the SPDT switch 10 is connected to a reference
      potential such as ground.
PAR  The master portion 300 of the circuit includes at its J input 110 a first
      AND gate 120 and at its K input 112 a second AND gate 122.
PAR  The J input AND gate 120 includes three diodes 124, 126, 128 having their
      anodes connected to a common conductor 130 feeding an emitter follower AND
      gate transistor 132. One diode 124 has its cathode connected to the Q
      slave output 108 by a conductor 135. A second diode 126 has its cathode
      connected through a conductor 114 with the Q slave output 106. The third
      AND gate diode 128 has its cathode connected to the C.sub.p clock pulse
      terminal 104.
PAR  The K input 112 of the master 300 portion of the flip flop similarly
      includes three AND gate diodes 134, 136, 138 having their anodes connected
      to a common conductor 140 feeding the omitter-follower AND gate transistor
      142. One of the k input AND gate diodes 134 has its cathode connected by a
      conductor 144 to the Q slave output 106. A second K input AND gate diode
      136 has its cathode unconnected and this diode is not employed in the
      present circuit. The third K input AND gate diode 138 has its cathode
      connected to the C.sub.p clock pulse terminal 104 by a conductor 146. The
      bases of each of the AND gate transistors 132, 142 may be connected
      through respective series connected resistors 148, 150 and 158, 160
      through a common conductor 151 to a supply terminal V.sub.cc providing
      positive DC voltage. In order to keep the AND gate transistors 132, 142
      from saturating while they are conducting, their collectors are coupled to
      the junctions 149, 159 between the respective series connected resistors
      148, 150 and 158, 160. The output of each of the AND gate transistors 132,
      142 is provided across respective resistors 154, 164 which are each
      connected in series with a respective diode 152, 162 between the AND gate
      transistor emitters and ground through a conductor 156.
PAR  The master portion 300 of the flip flop circuit further includes a pair of
      flip flop transistors 166, 176. The base of each of these flip flop
      transistors 166, 176 is fed from the output of its associated AND gate
      120, 122. Both of the flip flop transistors 166, 176 have their emitters
      connected to ground through conductor 156 and their collectors connected
      to the V.sub.cc supply terminal through their respective load resistors
      168, 178 and conductor 151. The collectors of the master flip flop
      transistors 166, 176 are also connected to the bases of coupling
      transistors 170, 180 through their respective load resistors 171, 181.
PAR  The master flip flop transistors 166, 176 are cross-coupled so that when
      one of these transistors 166, 176 is non-conducting, the other will tend
      to be conducting. The collector output of the master flip flop transistor
      166 on the J side of the master portion 300 is connected to the base of
      the K side master flip flop transistor 176 through a pair of series
      connected diodes 182, 162. Thus, whenever the collector output at junction
      155 rises, base current is supplied to the base of transistor 176
      maintaining it in an on condition regardless of the K AND gate 122 output.
PAR  Similarly, the collector output of the flip flop transistor 176 on the K
      side is fed back to the base of the J side flip flop transistor 166
      through a pair of series connected diodes 172, 152.
PAR  The slave portion 200 of the flip flop includes a pair of slave flip flop
      transistors 202, 212 whose bases are respectively fed by the output from
      the coupling transistors 170, 180 whose bases are in turn fed by the
      output of the collector of the master flip flop transistors 166, 176. The
      emitters of the coupling transistors 170, 180 are connected in common to a
      conductor 174 which is coupled to the clock pulse terminal 104 through a
      current steering circuit.
PAR  The base of slave flip flop transistor 212 is also coupled to the SD set
      input through conductor 193 and diode 196.
PAR  In the preferred embodiment, the current steering circuit comprises a
      current steering transistor 175 whose emitter is connected through a
      conductor 179 to the C.sub.p clock pulse terminal 104, and its collector
      is connected to the common conductor 174 between the emitters of the
      coupling transistors 170, 180. The base of the current steering transistor
      175 is connected through a resistor 169 and conductor 151 to the V.sub.cc
      supply terminal.
PAR  The collector outputs of the coupling transistors 170, 180 are fed, through
      diode 184 and diode 194 respectively, to the bases of the slave flip flop
      transistors 202, 212. The emitters of the slave flip flop transistors 202,
      212 are connected to ground through respective pairs of series resistors
      204, 206 and 214, 216. The collectors of the slave flip flop transistors
      202, 212 are connected to the V.sub.cc supply terminal through respective
      resistors 208, 218. The collector outputs of the slave flip flop
      transistors 202, 212 are also fed to associated dual transistor current
      shunt circuits.
PAR  Each current shunt circuit comprises a pair of current shunt transistors
      222, 242 and 232, 252 which provide a current path to ground, when
      conducting, from the collector output of the slave flip flop transistors
      202, 212. When a pair of current shunt transistors associated with one of
      the slave flip flops is on, current which would otherwise flow to the base
      of that associated slave flip flop transistor from terminal V.sub.cc
      through the conductor 223 and series connected resistors 208, 210 or 218,
      220 is starved.
PAR  Current shunt transistors 222, 232 have their collectors coupled with the
      collectors of their associated slave flip flop transistors 202, 212. The
      base of each of the current shunt transistors 222, 232 is connected
      through a conductor 234, 224 to the emitters of respective slave flip flop
      transistors 212, 202. Therefore, even if a high voltage is seen at
      junction 195, slave flip flop transistor 212 cannot turn on until shunt
      transistor 232 turns off.
PAR  Current shunt transistors 242, 252 serve a dual purpose by also providing
      the slave output. These output transistors 242, 252 have their collectors
      coupled to the V.sub.cc terminal through resistors 226 and 236. Their
      bases are connected to the emitter of the current shunt transistors 222,
      232 at junctions 228, 238 through resistors 204 and 214. The emitter of
      the output transistors 242, 252 is connected to ground.
PAC  CIRCUIT OPERATION
PAR  For a more complete understanding of the present invention, a detailed
      description of the operation of the single pulse electronically controlled
      switch follows with reference to FIGS. 1 and 2.
PAR  As previously stated, SPDT switch contacts 12 and 14 may be shorted
      together in a quiescent state applying a ground to the SD set input 102 of
      the masterslave flip flop 100. Applying the ground to the SD set input 102
      results in substantially a ground condition at the junction 195 between
      diodes 194 and 196. The voltage at junction 195 is at near ground rather
      than ground due to the slight voltage drop across diode 196. The near
      ground at junction 195 is applied to the base of the slave flip flop
      transistor 212 via conductor 193. This turns the slave flip flop
      transistor 212 off.
PAR  Turning transistor 212 off starves current from the base of the current
      shunt transistor 222 which is thereby also turned off. The resistor 206
      connected between the base and the grounded emitter of slave Q output
      transistor 242 provides substantially a ground at the base of that
      transistor since no base current is available. Thus, the Q output
      transistor 242 is turned off with its collector output therefore high.
      This high Q output signal is fed to the base of the K input AND gate
      transistor 142 through conductor 144 and diode 134.
PAR  Since a ground or low is applied to the base of current shunt transistor
      222, it will be rendered nonconducting. Therefore, when current shunt
      transistor 222 turns off, current will flow from the supply terminal
      V.sub.cc through the conductor 223, resistor 208, through junction 203,
      and through resistor 210 to the base of the slave flip flop transistor
      202. Then transistor 202 is turned on and conducts base current through
      the emitter to the base of current shunt transistor 232. Thus, current
      shunt transistor 232 is turned on. Current is thereby conducted from
      V.sub.cc through resistor 218, through junction 213 to the conducting
      current shunt transistor 232 and in turn to the base of Q output
      transistor 252. With transistor 252 conducting, a low is seen at its
      collector output and the Q output of the flip flop.
PAR  With the slave portion 200 of the flip flop in the above-described initial
      condition with a ground applied to the SD set input 102 by virtue of the
      SPDT switch contacts 14 and 12 shorted together, the master portion 300 of
      the flip flop assumes the following initial state.
PAR  The output at the collector of the master flip flop transistor 166 at
      junction 155 is held at substantially ground while being shunted through
      conductor 157, diode 198, and through shorted contacts 14, 12 of the SPDT
      switch 10. Therefore, even with transistor 166 in an off condition,
      tending to make its collector output high, it will still have a low
      collector output at junction 155.
PAR  In the initial state the input to the C.sub.p clock pulse terminal 104 is a
      high signal with contacts 12 and 16 of the SPDT switch 10 open. The clock
      signal being high, back biases the two clock diodes 128 and 138. A high is
      thereby provided at junctions 127 and 137 on the J and K sides
      respectively, of the master flip flop 300.
PAR  The slave portion 200 of the circuit will feed its Q output at 108 through
      conductor 135 and diode 124, and its Q output at 106 through conductor 144
      and diode 134. Therefore, diode 124 will assume the state of the Q output
      108 of the slave portion of the circuit which is the collector output of
      slave output transistor 252. Likewise, diode 134 will assume the state of
      the Q output 106 of the slave portion of the circuit, which corresponds to
      the collector output of slave output transistor 242.
PAR  Since the Q output is low in the initial state, then diode 124 is low,
      which removes the base current from the resistor 148 connected between the
      base and collector of AND gate transistor 132. This turns AND gate
      transistor 132 off, which in turn turns off master flip flop transistor
      166.
PAR  Although the collector output of transistor 166 is high, junction 155 will
      still not go high due to its being shunted by the diode 198 connected
      between the conductor 157 and the SD set input 102 of the flip flop
      through the SPDT switch 10 to ground.
PAR  Diode 134 will be high since the Q output 106 of the slave portion of the
      flip flop at the collector output of output transistor 242 is high in the
      initial state. Both diodes 134 and 138 of AND gate 122 are then high. Base
      current is thus fed to the base of AND gate transistor 142, turning it on
      and in turn supplying base current to the base of master flip flop
      transistor 176. With transistor 176 conducting, a low is seen at its
      collector output at junction 165.
PAR  Thus, a low is seen at both junctions 155 and 165. Again, junction 155,
      although it would normally be high since master flip flop transistor 166
      is off, is low due to the shunt to ground through diode 198 and the SPDT
      switch 10.
PAR  Coupling transistors 170 and 180 are both off in this initial state due to
      the low output provided at junctions 155 and 165.
PAR  As soon as the SPDT switch 10 breaks the connection between contact 14 and
      contact 12 and enters the flight condition, the ground is removed from the
      SD set input 102 thereby allowing the collector output of the master flip
      flop transistor 166 to go high at junction 155 by removing the shunt to
      ground. As the collector output at junction 155 of the master flip flop
      transistor 166 begins to rise with removal of shunt to ground, then base
      current is fed to master flip flop transistor 176 via diodes 182 and 162.
      Thus master flip flop transistor 176 remains in the on condition
      irrespective of the output of K AND gate 122.
PAR  A high is applied to the base of the current steering transistor 175 by
      resistor 169 coupled to the V.sub.cc supply voltage via conductor 151. The
      current steering transistor 175, however, remains in an off condition due
      to the high still appearing at the C.sub.p clock input terminal 104 which
      is connected to the emitter of current steering transistor 175 by
      conductor 179. Even though a high is fed to the base of coupling
      transistor 170 through resistor 171 from junction 155, it will remain off
      due to the high at its emitter via conductor 174 resulting from current
      steering transistor 175 being off.
PAR  Since a low appears at the collector output of master flip flop transistor
      176 at junction 165, which is connected to the base of coupling transistor
      180 through a resistor 181, coupling transistor 180 remains off.
      Therefore, both coupling transistors 170 and 180 are nonconducting. In
      this state the coupling transistors and the master portion 300 have no
      effect on the state of the slave portion 200 or the output of the flip
      flop 100 during switch flight.
PAR  The flight condition is terminated upon initial contact by the SPDT switch
      10 with contacts 12 and 16. Then a ground signal is applied to the C.sub.p
      clock pulse terminal 104. This ground signal initiates the operation of
      the current steering mechanism by applying a ground to the emitter of
      current steering transistor 175. The current steering transistor 175 then
      conducts, due to the high signal appearing at its base from junction 155
      resulting in a near ground condition at the common emitters of the
      coupling transistors 170 and 180. With the emitter of coupling transistors
      180 now at a ground and its base already at ground, it will remain off.
PAR  On the other hand, coupling transistor 170, with a ground now at its
      emitter and a high signal appearing at its base, will conduct current.
      Thus, as coupling transistor 170 turns on, a ground is seen at junction
      185 which is in turn applied to the base of slave flip flop transistor 202
      through conductor 183, turning transistor 202 off. Turning transistor 202
      off, terminates the current flow from its emitter to the base of the
      current shunt transistor 232. As transistor 232 is thus turned off,
      current ceases to flow from its emitter to the base of output transistor
      252. This results in a high signal at the Q output 108 of the slave
      portion of the flip flop from the high collector output of transistor 252.
PAR  Since current is no longer shunted away from the base of slave flip flop
      transistor 212, with shunt transistor 232 off, transistor 212 is latched
      on due to the high signal applied to its base from the V.sub.cc supply via
      conductor 223 and resistors 218 and 220 along with the high at junction
      213 from the high collector output of transistor 232. Slave flip flop
      transistor 212, thus positively latched on, conducts emitter current to
      the base of current shunt transistor 222, turning it on, and in turn
      causing it to conduct current to the base of slave output transistor 242.
      With output transistor 242 conducting, it has a low collector output
      resulting in a low signal at the Q output 106 of the slave portion of the
      flip flop.
PAR  Thus, the state of the slave flip flop 200 is reversed from its
      predetermined initial state in a positive unambiguous manner. A single
      noise-free output pulse of a known polarity may be taken from either the Q
      or Q output.
PAR  Referring now to the master portion 300 of the circuit, when the Q output
      from the slave output transistor 242 goes low, a low is applied to the J
      input 110 of the master portion of the circuit through conductor 106.
      Diode 126 thus goes low and starves current from the base of the AND gate
      transistor 132, keeping it off. This prevents current from flowing to the
      base of master flip flop transistor 166. Thus, master flip flop transistor
      166 is kept off, thereby maintaining the high collector output already
      seen at junction 155.
PAR  The low at the Q output 106 of the slave portion 200 of the circuit is also
      fed back to the K side of the master portion 300 of the circuit through
      conductor 144 to diode 134. Thus, as the output from AND gate diode 134
      and junction 137 goes low, base current to AND gate transistor 142 is
      starved, turning it off. However, this does not turn off master flip flop
      transistor 176 because, as previously explained, current flows to the base
      of master flip flop transistor 176 from the high voltage at junction 155
      via conductor 157 and diodes 182 and 162 maintaining transistor 176
      latched in the on position.
PAR  All succeeding bounce or noise signals will be ignored until the SPDT
      switch is returned to contact 14.
PAR  Returning the SPDT switch 10 to contact 14 will return the master-slave
      flip flop 100 to its intital state, as previously described. This enables
      the SPDT switch 10 to output another single noise-free pulse upon
      subsequent switching to contact 16.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for producing a single noise-free output pulse of a
      predetermined logic state in response to actuation of bi-positionable
      switch means for alternately supplying an electrical reference signal from
      one switch position to the other switch position, comprising:
PA1  a first flip-flop including input means, output means, and means responsive
      to the electrical reference signal supplied to the one position of said
      bi-positionable switch means for setting the logic state of said first
      flip-flop output means to a predetermined logic state;
PA1  a second flip-flop including output means coupled to said first flip-flop
      logic state setting means for maintaining a first predetermined logic
      state at said second flip-flop output means only while said
      bi-positionable switch means remains at said one switch position and input
      means responsive to the predetermined logic state of said first flip-flop
      output means for establishing a second predetermined logic state at said
      second flip-flop output means during actuation of said bi-positionable
      switch means toward the other switch position;
PA1  means for coupling said second flip-flop output means with said first
      flip-flop input means for reversing the set predetermined logic state of
      the first flip-flop output means in response to the established second
      predetermined logic state at said second flip-flop output means only upon
      arrival of said bi-positionable switch means at said other switch
      position; and
PA1  means for preventing said second flip-flop from reversing said established
      second predetermined logic state at said second flip-flop output means to
      said first maintained predetermined logic state while said first flip-flop
      output means is in said set predetermined logic state.
NUM  2.
PAR  2. The circuit of claim 1 wherein said preventing means comprises gate
      means for coupling said first flip flop output means with said second flip
      flop input means.
NUM  3.
PAR  3. The circuit of claim 2 wherein said gate means comprises means for
      connecting to said other position of said bi-positionable switch.
NUM  4.
PAR  4. An electronically controlled switch for producing a noise-free output
      pulse of a predetermined logic state, comprising:
PA1  an input master flip-flop circuit including a master flip-flop output;
PA1  a slave flip-flop circuit including two slave flip-flop outputs having two
      oppositely oriented output states;
PA1  a current steering circuit;
PA1  a coupling circuit responsive to the master flip-flop output and said
      current steering circuit for coupling the output of said input master
      flip-flop circuit with said slave flip-flop circuit for reversing said
      oppositely oriented output states; and
PA1  a switch having one input connected to an electrical reference, two switch
      outputs and means for alternately supplying said electrical reference from
      said switch input to one of said two switch outputs, one of said switch
      outputs connected to said slave flip-flop circuit for establishing
      predetermined oppositely oriented logic states at said two slave flip-flop
      outputs in response to said electrical reference being supplied to said
      one switch output, and said one switch output also coupled to said master
      flip-flop output of maintaining said master flip-flop output substantially
      at said electrical reference only while said electrical reference is
      supplied to said one switch output thereby disabling said coupling and
      current steering circuits, the other switch output coupled to said current
      steering circuit for enabling said coupling circuit to couple said master
      flip-flop output with said slave flip-flop circuit for reversing the
      established oppositely oriented states of said two slave flip-flop outputs
      in response to supplying said electrical reference to said other switch
      output.
NUM  5.
PAR  5. The circuit of claim 1 wherein said coupling means comprises a current
      steering circuit, and a coupling circuit responsive to said second
      flip-flop output means and said current steering circuit.
NUM  6.
PAR  6. The curcuit of claim 5 wherein said coupling circuit comprises common
      emitter transistor circuit means disposed between said first flip-flop
      input means and said second flip-flop output means.
NUM  7.
PAR  7. The circuit of claim 6 wherein said current steering circuit comprises
      transistor means disposed between said common emitter transistor circuit
      means and said other position of said bi-positionable switch.
NUM  8.
PAR  8. The circuit of claim 1 wherein said electrical reference signal is
      electrical ground.
NUM  9.
PAR  9. The electronically controlled switch of claim 4 further comprising means
      for preventing said master flip-flop output from changing logic state
      while said slave flip-flop outputs are in said reversed states.
NUM  10.
PAR  10. The electronically controlled switch of claim 9 wherein said electrical
      reference is electrical ground.
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ABST
PAL  A signal generator uses a shift register connected in a feedback loop with
      selectively operable gates between signal storage elements of the shift
      register. Non-overlapping clock signals are used to operate the gates to
      shift digital bits within the shift register and to concurrently operate
      gates connected to outputs of the shift register to define non-overlapping
      signal generator output signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  The present invention relates to signal generators. More specifically, the
      present invention is directed to a signal generator for producing a
      plurality of time-spaced output signals.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Digital data handling machines starting with those of reasonable complexity
      operate on the basis of accurately predetermined timing periods, or state
      times. In such machines, a sequence of state times provides a control of a
      central processing unit, hereinafter referred to as a CPU, for controlling
      registers, adders, etc. to effect an overall control of the execution of
      CPU instructions. Each state time may be divided into a plurality of time
      slots which are used to gate information into and out of the functional
      elements of the CPU. Each of these time slots must be characterized by an
      accurate timing pulse having fast rise and fall times while the pulses
      representing a series of time slots must be applied in a non-overlapping
      configuration in order to prevent erroneous operation of the functional
      CPU elements to which they are applied.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved signal
      generator for providing non-overlapping timing pulses having fast rise and
      fall times.
PAR  In accomplishing this and other objects, there has been provided, in
      accordance with the present invention, a signal generator using a shift
      register having a plurality of signal storage stages, selectively operable
      gates between the storage stages and a feedback loop around the shift
      register. The gates in the shift register are operated by non-overlapping
      clock signals while output signals from the shift register are taken from
      the signal storage stages and are modified by gates circuits concurrently
      operated by the non-overlapping clock signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention may be had when the
      following detailed description is read in connection with the accompanying
      drawings, in which,
PAR  FIG. 1 is a waveshape timing diagram showing the relationships of the
      signal generated by the signal generator of the present invention,
PAR  FIG. 2 is a schematic illustration of a basic signal generating circuit
      suitable for use with the present invention to generate a sequence of
      clock signals,
PAR  FIG. 3 is a timing diagram showing the relationships of the signals
      occurring in the circuit illustrated in FIG. 2,
PAR  FIG. 4 is a schematic illustration of a circuit suitable for use with the
      basic signal generating circuit shown in FIG. 2 and,
PAR  FIG. 5 is a schematic illustration of another circuit suitable for use with
      the basic signal generating circuit shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT DETAILED DESCRIPTION
PAR  The phase relationship of the output signals TS1, TS2, TS3 and TS4 from the
      signal generator of the present invention to the CPU system clock signals
      I1 and I2 is shown in FIG. 1 by the dotted vertical lines. As shown in
      FIG. 1, the clock signal I1 is related to the output pulses identified as
      TS1 and TS3 while the clock signal I2 is related to the output pulses
      identified as TS2 and TS4. Thus, the output pulses TS2 to TS4 are
      interlaced while being alternately generated by the system clock signals
      I1 and I2, i.e., a TS1 output pulse is followed by a TS2 output pulse
      although these pulses are generated by different ones of the CPU system
      clock signals I1 and I2. The output signals TS1 to TS4 are generated in
      synchronism with the CPU system clock signals I1 and I2 to insure that
      these output signals occur only at the time of a desired time slot. The
      frequency of generation of the output signals TS1 to TS4 is controlled at
      a frequency suitable for use with the data handling operations in the CPU
      while the time, or phase, accuracy of the output signals TS1 and TS4 is
      controlled to maintain accuracy in the signal handling operations of the
      CPU.
PAR  The signal generator circuit embodying I2. present invention for producing
      the time slot pulses TS1 to TS4 includes a two-bit MOS shift register
      configuration which is clocked by the CPU system clock signals I1 and I@.
      This shift register circuit 2 is shown in FIG. 2 with the CPU system clock
      signals I1 and I2 applied thereto. The shift register 2 includes a first
      logical inverter 20 having an output connected through a first FET 22 to a
      first input of an NAND gate 24. The second input of the NAND gate 24 is
      connected to a Start input terminal. The output of the NAND gate 24 is
      connected through a second FET 26 to an input of a second logical inverter
      28. The output of the second inverter 28 is connected through a third FET
      30 to a first input of a NOR gate 32. A second input of the NOR gate 32 is
      connected to the Start input terminal through a third logical inverter 34.
      The output of the NOR gate 32 is connected to the input of the first
      inverter 20 through a fourth FET 36 to form a feedback loop on the shift
      register 2. The output signals from the shift register 2 are taken from
      the output of the first inverter 20, the NAND gate 24, the second inverter
      28 and the NOR gate 32. The system clock signals I1 and I2 are applied to
      the gate electrodes of the FET's 22, 26, 30 and 36 in an alternate
      fashion, i.e., the first clock signal I1 is applied to the second and
      fourth FET's 26 and 36 while the second clock signal I2 is applied to the
      first and third FET's 22 and 30. The shift register 2 is initialized, or
      preset, by a Start, i.e., a logical low signal, pulse applied to a Start
      input terminal 4 and is subsequently operative to shift a 1,0 digital
      pattern continually around in a loop including the shift register 2 as is
      shown in FIG. 2.
PAR  Specifically, the Start signal is effective to apply a high level signal to
      the input of the NOR gate 32 through the third inverter 34. This high
      level input signal to the NOR gate 32 produces a low level output signal
      which, in turn, is fed back to the input of the first inverter 20 when the
      fourth FET 36 is energized by the first clock signal I1. It should be
      noted that the gates and inverters have signal storage capabilities at
      their inputs by capacitive effects which store the input signals and
      prevent instantaneous changes in their output signals when input signals
      thereto are first applied and when the input signals are terminated.
PAR  Concurrently, the low level Start signal is applied to the input of the
      NAND gate 24 where it is effective to produce a high level output signal,
      i.e., a logical "1", at the output of the NAND gate 24. That high level
      signal is applied to the inverter 28 through the second FET 26 which is
      also energized by the first clock signal I1. The high level input to the
      inverter 28 produces a low level output signal from the inverter 28 which
      signal is retained for a period of time by the aforesaid capacitive
      effects. During the time of the second clock signal I2, the low level
      signal from the inverter 28 is applied to the input of the NOR gate 32
      while the high level signal at the output of the first inverter 20 is
      applied through the first FET 22 to the input of the NAND gate 24. The
      subsequent operation of the shift register 2 is a continuation of the
      aforesaid operation with a shifting of high and low levels, i.e., logical
      "1"'s and "0"'s. The output signals from the shift register 2 are shown in
      the FIG. 2 as logical low signals, e.g., TS1, 2. These output signals
      define the time of the desired time slot signals TS1 to TS4 during the low
      level periods, i.e., logical "0", which are repeated on every other one of
      the system clock pulse I1 and I2. A waveshape diagram illustrating the
      operation of the shift register shown in FIG. 2 is illustrated in FIG. 3.
PAR  In order to extract the time slot signals TS1 to TS4 from the output
      signals of the shift register 2 shown in FIG. 2, the circuits shown in
      FIGS. 4 and 5 are connected to respective ones of the output circuits of
      the shift register of FIG. 2 to provide a time slot signal from each of
      the logical "0" periods of the output signals from the shift register of
      FIG. 2. The resultant time slot signals TS1 to TS4 are superimposed on the
      output signal waveshapes from the shift register 2 of FIG. 2 as
      illustrated in FIG. 3. It should be noted from the waveshape diagrams of
      FIG. 3 that the resultant time slot signals TS1 to TS4 are non-overlapping
      as a result of the non-overlapping nature of the system clock signals 11
      and 12. The operation of the circuit shown in FIGS. 4 and 5 is a gating
      operation wherein the system clock signals I1 and I2 are used to generate
      their respective time slot signals. Briefly, when the system clock signal
      for a corresponding time slot output signal and an output signal from the
      shift register 2 shown in FIG. 2 is applied to the circuits of FIGS. 4 and
      5, an output signal appears on an output line from the circuits of FIGS. 4
      and 5 as a time slot signal.
PAR  For example, using the circuit illustrated in FIG. 4, when the output
      signal TS2, 3 from the shift register 2 is applied to the input of a
      logical inverter 40, it is effective to produce an output signal from the
      logical inverter 40 which is applied to the gate of a first FET 42. When
      the input signal to the logical inverter 40 is a logical low, which is the
      output signal from the shift register 2 that is utilized, as previously
      discussed, the input signal to the FET 42 is a logical high. This high
      level signal places the MOS transistor 42 in a conducting state. The clock
      signal I1 is applied concurrently to energize the first FET 42 whereby the
      conducting state of the FET 42 applies the system clock I1 to the output
      line 44 as the time slot signal TS3. The other system clock signal I2 is
      applied to the gate electrode of a second FET transistor 46 connected in
      series with the first transistor 42 with the output line 44 being
      connected therebetween. Since the first clock signal I2 is at a logical
      low level when the first clock signal I1 is at a logical high level, the
      second transistor 46 is in an "off" state during the time of the high
      output signal from the inverter 40. Subsequently, when the second clock
      signal I2 is at a high level, the first clock signal I1 is at a low level
      due to the non-overlapping nature of the system clock signals I1 and I2.
      Accordingly, even if the high level output signal from the inverter 40
      should be present for a time following the change of a second clock signal
      I2 to a high level signal, the first transistor 42 is de-energized by the
      absence of the high level signal from the first clock signal I1. As a
      result, the high level output signal TS3 is terminated, and the output
      line 44 is connected to a ground terminal through the second transistor
      46. The circuit shown in FIG. 5 would provide a similar operation to
      convert the register output signal TS3, 4 to a time slot signal TS4, i.e.,
      the circuit of FIG. 5 would be used to provide the even numbered time slot
      signals TS2 and TS4. It should be noted that there is little delay between
      the clock signals I1 and I2 and the time slot signals due to the direct
      drive of FET devices so that the time slot signals rapidly follow the
      clock signals with fast rise and fall times.
PAR  Accordingly, it may be seen that there has been provided, in accordance
      with the present invention, a signal generator for generating timing
      pulses having accurate rise and fall times and a non-overlapping pulse
      configuration to define separate time slots.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. A signal generator comprising:
PA1  a shift register having a plurality of serially connected signal storage
      elements and having a feedback loop for applying a register output signal
      to an input of said register, said register including a signal gate
      connected between each of said signal storage elements in the serial
      array,
PA1  a first clock signal generating means,
PA1  a second clock signal generating means, said first and second clock signals
      having a non-overlapping phase relationship,
PA1  circuit means applying said first and second clock signals to respective
      ones of said signal gates connected between each of said signal storage
      elements in said register to alternately operate said register by said
      first and second clock signals, and
PA1  output means connected to predetermined ones of said signal storage
      elements and to said first and second clock signals to produce an output
      signal from said predetermined ones of said signal storage elements in
      response to a concurrent presence of an output signal from a respective
      one of said signal storage elements and a respective one of said first and
      second clock signals.
NUM  2.
PAR  2. A signal generator as set forth in claim 1 wherein said output means
      include a plurality of signal gates each having an energizing signal
      applied thereto by a respective one of said first and second clock signal
      generating means and an input signal from a respective one of said signal
      storage elements.
NUM  3.
PAR  3. A signal generator as set forth in claim 2 wherein said signal storage
      elements in said register each include signal level inverting means.
NUM  4.
PAR  4. A signal generator as set forth in claim 3 wherein said register
      includes a start means arranged to apply an input signal to said register
      to predetermined ones of said signal storage elements.
NUM  5.
PAR  5. A signal generator as set forth in claim 1 wherein said output means
      includes a plurality of signal gates each having an energizing signal
      applied thereto by a respective one of said first and second clock signals
      and an input signal from a respective one of said signal storage elements.
NUM  6.
PAR  6. A signal generator as set forth in claim 5 wherein each of said output
      signals from said predetermined ones of said signal storage elements
      overlap at least one other one of said output signals from said
      predetermined ones of said signal storage elements and each of said signal
      gates is effective to select a portion of a respective one of said output
      signals from said predetermined ones of said signal storage elements in
      response to said first and second clock signals to produce a corresponding
      output signal with the output signals from said signal gates being
      mutually non-overlapping.
NUM  7.
PAR  7. A signal generator as set forth in claim 6 wherein each of said signal
      gates includes a first gate means, a second gate means, first circuit
      means connecting said first and second gate means in series between a
      respective one of said first and second clock signal generating means and
      a common return path, output terminal means connected between said first
      and second gate means, second circuit means arranged to applied a
      corresponding one said output signals from said predetermined ones of said
      signal storage elements to said first gate means, third circuit means
      arranged to apply to said second gate means the other one of said first
      and second clock signals from that applied by said first circuit means.
NUM  8.
PAR  8. A signal generator as set forth in claim 7 wherein said register
      includes a start means arranged to apply an input signal to said register
      to predetermined ones of said signal storage elements.
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ABST
PAL  A device for generating or sensing transverse elastic bulk waves in solids
      includes a piezoelectric material engaging a surface of the solid and
      having a two-fold axis or equivalent symmetry extending parallel to the
      surface of the solid. A pair of electrodes are located on a surface of the
      transducer extending perpendicular to the surface of the solid which the
      material contacts. Each electrode has one or more conductive fingers
      elongated in a direction parallel to the two-fold axis of the material.
      The fingers of the electrodes are interlaced. When used as a generator of
      bulk waves, a source of alternating voltage excites the electrodes. The
      electrodes thus generate deep surface waves in the piezoelectric material
      which are transformed into bulk waves in the test solid. Similarly, bulk
      waves in the test solid are transformed into deep surface waves in the
      piezoelectric material which may then be sensed by the electrodes.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The present invention relates to a system for generating or sensing
      transverse elastic bulk waves in solids. One of the principal uses of bulk
      waves in solids is the detection and isolation of fractures or other
      faults in the solid material, as in non-destructive testing of materials.
      Such testing is of prime importance in the field of atomic energy, and
      even more particularly, in the construction and operational testing of
      nuclear reactors.
PAR  In non-destructive testing, an elastic bulk wave is transmitted through the
      solid being tested, and the transmission characteristics are monitored
      either at a remote location or upon reflection of the wave. Various signal
      processing techniques are then used on the sensed signal to determine
      whether the bulk wave has passed through a faultless solid or,
      alternatively, whether there exists a fault somewhere in the solid.
PAR  A transverse bulk wave in a solid material is characterized by an
      oscillatory motion of particles in the solid perpendicular to the
      direction of propagation of the wave (i.e., in the shear plane) within the
      material; and this characteristic is due to the inherent elastic nature,
      within limits, of solid matter. Thus, the waves are sometimes referred to
      as bulk shear waves.
PAR  As will be explained in more detail within, heretofore bulk waves have been
      generated by means of a piezoelectric transducer having a sandwich-type
      construction with the piezoelectric material in the center and conductive
      electrode pads fixed to opposite surfaces of the substrate. Bulk waves are
      generated within the piezoelectric substrate by applying an alternating
      voltage to the two surface electrodes. These bulk waves are then coupled
      from the substrate through one of the surface electrodes into the solid
      material being tested. Similarly, bulk waves are sensed by bonding one of
      the electrodes to the material under test to transmit bulk waves from the
      material into the piezoelectric substrate. The bulk waves in the
      piezoelectric substrate are then sensed at the electrodes.
PAR  Piezoelectric materials have long been known in the art, and they are
      characterized in that if an electric field is applied to the material, it
      will tend to distort; and conversely, if a stress is applied to the
      material, an electric field will be generated. In piezoelectric materials
      used for bulk shear wave generation when an electric field is applied, the
      material distorts in a plane perpendicular to the field vector.
PAR  The present invention makes use of a piezoelectric material which is
      characterized in that it has a two-fold axis or equivalent symmetry--that
      is, it includes any combination of symmetry elements in which a two-fold
      axis of symmetry exists. A pair of electrodes are formed on a surface of
      the substrate which is parallel to the two-fold axis; and each electrode
      preferably takes the form of a plurality of elongated, interconnected
      conductive fingers which are also parallel to the two-fold axis. The
      conductive fingers of each electrode are interlaced to form a pair of
      interdigital electrodes.
PAR  The substrate is preferably bonded to the material being tested along one
      side which is parallel to the two-fold axis and perpendicular to the
      surface on which the interdigital electrodes are formed. When used as a
      generator of bulk shear waves, an alternating voltage source is connected
      to the electrodes to apply an alternating electric field in the material
      transverse of the two-fold axis; and this generates surface waves which
      propagate along the surface on which the electrodes are formed and
      perpendicular to the two-fold axis of the crystal. Normally, surface waves
      excited in a solid decay very rapidly with depth, and they can be said to
      be truly confined to the surface. However, with the piezoelectric material
      having a two-fold axis, we have found the decay of surface waves with
      depth may be very much less such that they are almost indistinguishable
      from bulk waves, as will be more fully explained below. We call such waves
      as are generated according to our invention deep surface waves because of
      the relatively small attenuation of the surface waves. Without so limiting
      our invention, we postulate that it is this characteristic which
      facilitates transformation of surface waves on the transducer to and from
      bulk waves in a solid. These surface waves are thus transformed to the
      material under test as bulk shear waves. Whether used as a sensor or
      generator of bulk shear waves, the orientation of the transducer relative
      to the material being tested and the formation of electrodes on the
      transducer is the same. That is, bulk waves in the material tested are
      coupled out of a surface perpendicular to the surface of the transducer on
      which the electrodes are formed and parallel to the two-fold axis.
      Corresponding waves in the transducer then form deep surface waves which
      may be sensed by the interdigital electrode configuration.
PAR  The transducer of the present invention, by eliminating the metallic
      electrode interposed between the solid material under test and the
      piezoelectric material, as required in prior devices, yields a system
      which is more sensitive and more efficient than prior transducers because
      the interposed metallic surface of prior devices is usually acoustically
      different than either the piezoelectric material or the solid material
      under test, and it therefore produces reflections at the interfaces.
      Further, as will be explained in greater detail below, the present device
      is capable of operating at a much higher frequency of operation than are
      the prior devices. This is due principally to the fact that the operating
      frequency of the inventive transducer is dependent upon the design of the
      interdigital electrodes, but is independent of the thickness of the
      piezoelectric material. That is, the operating frequency of prior devices
      is determined by the thickness of the material between the two electrodes;
      whereas the operating frequency of the present device is independent of
      the thickness of the piezoelectric substrate.
PAR  Further, the present system affords greater operational flexibility because
      the bandwidth can be varied by electrode design, as will be explained more
      completely below. Another advantage of the present invention is that the
      fabrication of the transducer is greatly simplified, using well-developed
      techniques in deposition of metals to form the interdigital electrode, and
      the device is simply bonded or placed in intimate engaging contact with
      the surface of the material being tested with a suitable adhesive or
      fixture. The device of the present invention may be used in all systems
      wherein elastic bulk shear waves are generated or monitored.
PAR  Other features and advantages of the present invention will be apparent to
      persons skilled in the art from the following detailed description of a
      preferred embodiment accompanied by the attached drawing wherein identical
      reference numerals will refer to like parts in the various views.
DRWD
PAC  THE DRAWING
PAR  FIGS. 1A-1D illustrate the generation of bulk shear waves according to the
      prior art;
PAR  FIG. 2 is a perspective view of a transducer according to the present
      invention; and
PAR  FIG. 3 is a functional block diagram of a system for generating and
      receiving bulk waves in a material according to the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIGS. 1A-1D, there is shown a conventional device for
      generating or sensing bulk shear waves. In FIG. 1A, a transducer is
      generally designated by reference numeral 10, and it includes a central
      piezoelectric substrate 11, opposite surfaces of which are provided with
      conductive electrodes designated 12 and 13. The substrate 11 is normally a
      single crystal. Attached to the electrodes 12, 13 are conductive wires 14
      and 15 respectively for transmitting electrical signals to or from the
      transducer.
PAR  When an electric field is applied to the transducer 10, in the polarity
      shown in FIG. 1B, the electric field vector extends in the direction of
      the arrow 16 from the electrode 12 to the electrode 13; and the
      piezoelectric crystal 11 experiences a shear strain in the plane indicated
      by the arrow 17 extending perpendicular to the plane of the page of FIG.
      1B, thus causing the electrodes 12, 13 to be displaced vertically relative
      to each other as illustrated in the drawing, although the displacement
      shown is greatly exaggerated.
PAR  If the polarity of the applied field is reversed so that the electric field
      vector E extends in the direction of the arrow 19 in FIG. 1C, a similar
      but opposite shear stress indicated by the arrow 20 is induced in the
      crystalline substrate to reverse the relative displacement of electrodes
      12, 13.
PAR  Turning now to FIG. 1D, if the transducer 10 is bonded by means of an agent
      22 to a solid material 23, and an alternating voltage applied to the
      conductors 14, 15, bulk waves will be generated in the substrate 11, and
      they will be transmitted through the electrode 13 and the bonding material
      22 and into the material under test 23. The direction of particle motion
      within the material 23 is in the direction of the arrows 25--that is, an
      individual particle oscillates in a vertical direction. The waves are
      propagated, however, from left to right, as diagrammatically illustrated
      by the serpentine arrow 27.
PAR  The efficiency with which transducers of the type illustrated in FIG. 1A
      are capable of generating bulk shear waves in a solid object is dependent
      upon the frequency of the applied voltage, the dimensions of the
      crystalline substrate, the thickness and acoustic impedance of the
      metallic electrode 13, the thickness and acoustic impedance of the bonding
      material 22, and the acoustic match or mismatch between the crystalline
      substrate 11 and the solid material 23 under test. The upper limit on the
      frequency of operation of the transducer 10 is determined by the thickness
      of the crystalline substrate 11. For example, if it is desired to generate
      a bulk wave having a frequency of 2 megahertz, the thickness of the
      crystalline substrate 11 would be of the order of 10 mils.
PAR  Turning now to FIG. 2, there is shown a transducer constructed according to
      the present invention. Reference numeral 30 generally designates a
      rectilinear block or piece of piezoelectric material which has the
      characteristic that it will support and transmit surface waves in which
      the oscillatory particle motion is transverse to the direction of
      propagation and parallel to the surface. Surface waves of this type are
      often called SH (for Shear, Horizontally polarized) surface waves. The
      existence of a two-fold axis of symmetry in the piezoelectric material is
      a necessary condition for the existence of an SH surface wave mode. It is
      also necessary that this two-fold axis be oriented relative to the surface
      and the direction of propagation as disclosed above.
PAR  The two-fold axis for the piezoelectric material 30 is designated by the
      arrow 31. SH surface waves are similar to shear bulk waves in that the
      particle motion is transverse to the direction of propagation of the wave;
      however, surface waves differ from bulk shear waves in that the amplitude
      of particle oscillation decays, or is damped along a direction
      perpendicular to the surface in which the wave exists. Normally, this
      damping is very large as a function of depth. However, we have found that
      under circumstances disclosed below, the damping is less pronounced; and
      we believe, without intending to limit our invention, that it is this
      characteristic of reduced damping of surfaces as they propagate into the
      body of the substrate which permits the transformation into bulk shear
      waves in the material being tested which we have observed and which is an
      important feature of the present invention. The invention, therefore, will
      work with piezoelectric materials which have a two-fold axis of symmetry
      at least--i.e., it will also work with materials having a four-fold or
      six-fold axes.
PAR  In order to delineate the circumstances under which reduced damping or slow
      decay of the surface wave as a function of depth occurs, it will be
      helpful to define two classes of piezoelectric materials.
PAR  Class I consists of single crystalline materials having 6mm, 4mm, 6, or 4
      symmetry and the poled piezoelectric ceramics. In all materials in this
      category, the damping is directly proportional to the piezoelectric
      coupling constant, and is inversely proportional to (1 + k) where k is the
      relative dielectric permittivity of the material. It is noted that a poled
      piezoelectric ceramic has structural features that provide a two-fold axis
      of symmetry parallel to the poling direction.
PAR  Class II consists of all piezoelectric materials not in class I, and which
      have a two-fold axis of symmetry. In such materials, a surface wave can
      only exist for a limited range of angular orientations of the surface
      about the two-fold axis. Near the limits of the range of existence of the
      surface wave, it invariably decays very slowly. The invention therefore
      contemplates the use of materials in Class II if the surface is
      appropriately oriented.
PAR  It should be noted that a two-fold axis of symmetry is provided by other
      elements of symmetry; that is, a 4-, 6-, or 4-fold rotation inversion
      axis, or planes of symmetry intersecting at dihedral angles of 90.degree.,
      45.degree., or 30.degree. provide a two-fold axis of symmetry. It will
      thus be appreciated that various piezoelectric materials, including
      ceramics as well as crystals are useful in practicing the invention as
      long as the material exhibits a two-fold axis of symmetry.
PAR  Referring now to the substrate 30, if a surface wave is generated in the
      surface 30a of the block 30, and propagated along the direction of the
      serpentine arrow 33, the particulate motion being everywhere parallel to
      the two-fold axis 31, the wave will propagate along the surface 30a, but
      it will also propagate in a direction perpendicular to the surface 30a, as
      indicated by the arrow 34. A pair of electrodes 35, 36 are attached to the
      surface 30a of the substrate 30. The electrode 35 includes a base
      conductor 35a from which a plurality of finger conductors 35b extends. The
      finger conductors 35b, it will be observed, extend parallel to the
      two-fold axis 31. Similarly, the electrode 36 includes a base conductor
      36a and a plurality of finger conductors 36b. The finger conductors 36b
      are parallel to the finger conductors 35b, and the sets of finger
      conductors 35b, 36b are alternately located or interlaced. Thus, the
      electrodes 35, 36 are referred to as interdigital electrodes.
PAR  Connected to the base line 35a of the electrode 35 is a conductor 37, and a
      similar conductor 38 is connected to the base line 36a. A source of
      alternating voltage (not shown) is connected to the conductors 37, 38.
      When the interdigital electrodes are energized by the ac voltage source,
      it will be observed that the electric field intensity vector between
      adjacent ones of the finger electrodes, designated by the arrow 40 extends
      along the surface 30a of the substrate and in a direction perpendicular to
      the two-fold axis 31. As the field alternates, the orientation of the
      vector 40, of course, reverses direction. The application of the electric
      field by means of the interdigital electrodes generates a piezoelectric
      stress in a plane parallel to the surface 30b of the block 30, and the
      surface wave, as mentioned, propagates perpendicular to the plane of the
      surface 30b. At the same time, the wave generated at the surface 30a
      propagates down into the substrate parallel to the arrow 34. The rate of
      decay of this latter wave is small for ceramic piezoelectric materials
      having a two-fold axis. It is this wave which we call a deep surface wave.
PAR  Similarly, if a surface wave is propagated in the surface 30a of the block
      30, in a direction perpendicular to the two-fold axis 31, it will be
      sensed by the interdigital electrodes 35, 36 so as to generate an electric
      potential difference between these electrodes which may then be sensed.
      One type of piezoelectric material which we have found suitable for
      generating surface waves of the type described is a
      lead-zirconate-titanate ceramic piezoelectric material sold under the
      designation PZT-5 and manufactured by Clevite Corporation of Cleveland,
      Ohio. This type of material is also known to be useful in fabricating a
      delay line wherein a pair of interdigital electrodes similar to the ones
      disclosed generates a surface wave which propagates along the material and
      is sensed at a remote location on the same substrate by a similar pair of
      interdigital electrodes. The spacing between the sets of electrodes and
      the propagation velocity of the surface wave determines the delay time,
      and such a delay device is known to be used in radar systems for signal
      processing applications.
PAR  Turning now to FIG. 3, there is shown in schematic form, a test which we
      have conducted to demonstrate that surface waves generated in a transducer
      of this type can be transformed to bulk waves in a solid and conversely
      that bulk waves in a solid can be transformed to surface waves and sensed
      in the transducer. The material under test is a three-dimensional shape
      schematically designated by the chain line 40, and including two surfaces
      designated 41 and 42 to which transducers 43 and 44 (similar to the
      transducers disclosed above and illustrated in FIG. 2) are respectively
      secured. The transducers 43 and 44 may be attached by means of bonding
      layers designated 45 and 46 respectively. The bonding material may be
      epoxy resin. Alternatively, the transducer and material may simply be
      placed in close engagement, as with a fixture. The transducer 43 includes
      a set of interdigital electrodes generally designated by reference numeral
      47 which are excited by a source of ac voltage 48. The transducer 44
      includes a pair of interdigital electrodes 49 which are coupled to an
      oscilloscope 50.
PAR  When the interdigital electrodes 47 are excited, a surface wave
      schematically illustrated by the serpentine arrow 51 is generated in the
      upper surface of the transducer 43, and it is propagated in a direction
      perpendicular to the poled axis of the substrate through the epoxy layer
      45 into the material being tested. The surface wave then is transformed
      into a bulk shear wave in the solid material apparently because as a
      surface wave in the transducer, it has little amplitude attenuation with
      depth as contrasted with normal surface waves so as to be almost
      indistinguishable from a bulk wave in the transducer when generated
      according to the method discussed in connection with FIGS. 1A-1C. The bulk
      wave in the solid being tested, which in this case was an aluminum bar 4
      inches long, is propagated as schematically indicated by the serpentine
      arrow 53. The bulk shear wave is then coupled out of the surface 42 of the
      material 40, through the epoxy layer 46 and into the second transducer 44
      as a surface wave indicated by the serpentine arrow 54 where the
      interdigital electrodes 49 sense it, and the resultant electrical signal
      may be displayed on an oscilloscope 50.
PAR  In materials of Class I as defined herein which include piezoelectric
      ceramics, the wave will decay to 1/e of its surface amplitude in a
      distance or depth, D, into the material in the direction of arrow 34 as
      given by the following equation:
      ##EQU1##
      where .lambda. is the wavelength, k is the relative permittivity of the
      substrate, and K is the coupling constant. K.sup.2 is defined by
EQU  K.sup.2 = e.sup.2 /.epsilon..sub.o kC
PAL  in which e is the piezoelectric constant, .epsilon..sub.o is the
      permittivity of free space, k is the relative permittivity, and C is the
      shear stiffness of the material.
PAR  It will be seen from the above relationships that the penetration depth of
      the surface waves into the transducer substrate will be enhanced with a
      relatively large relative permittivity, k, or a relatively low coupling
      constant, K. As already mentioned, we postulate that this relatively
      unattenuated penetration of surface waves into the body of the substrate,
      so as to simulate bulk shear waves in the substrate, greatly facilitates
      transformation of bulk shear waves to and from the test material.
PAR  In our experiment, this depth was about 1 meter, whereas the thickness of
      the substrate was only about 1 cm. and thus there was relatively little
      attenuation of the surface wave. That is, the surface wave appeared for
      all practical purposes as bulk shear wave in the transducer. It will be
      observed from Equation (1) above that the penetration depth of the wave
      increases with wavelength, (i.e. it decreases with frequency), and
      increases with relative permittivity, but decreases with K.sup.2. Typical
      values of K.sup.2 range from about 0.01 to 0.6 in practical piezoelectric
      materials. The relative permittivity will normally lie in the range 10 -
      100, but in ferroelectric ceramics, it will range from 1000 to 5000. The
      decay formula will differ for crystals of different symmetry, but the
      general trends described above will probably pertain. Equation (1) applies
      to Class I crystals or ceramics.
PAR  The following is an example of the decay depth for a surface wave in a
      Class I material, PZT-5, having a wavelength of 10.sup.-.sup.3 meters:
      ##EQU2##
PAR  Examples of Class II materials for which decay depths have been calculated
      are the 45.degree. cut on Bismuth Germanium Oxide in which D is
      approximately 560 wavelengths and Barium Sodium Niobate in which D is
      approximately 3000 to 5000 wavelengths. There is no single formula for
      calculating decay for all Class II materials.
PAR  With an arrangement such as that shown in FIG. 3, we have demonstrated the
      operability of the use of a transducer of the type illustrated in FIG. 2
      both as a generator of deep surface waves which are then converted to bulk
      shear waves and as a receiver of bulk shear waves which are converted to
      deep surface waves. We thus have discovered a method of transmitting bulk
      shear waves in solids which has certain advantages over the prior methods
      of and devices for generating bulk shear waves. One advantage is that
      there is no need for the interposition of a metallic electrode between the
      transducer and the solid material being tested, such as the metallic
      electrode 13 shown in FIG. 1D. Such an electrode, being made of metal, has
      introduced acoustical mismatches and reflections, thereby reducing the
      efficiency with which mechanical energy may be transferred from the
      transducer to the bulk material.
PAR  Secondly, with a configuration of interdigital electrodes disclosed, our
      transducer can operate at a much higher frequency. The frequency of
      operation of the inventive transducer depends on the spacing of the
      fingers of the electrodes. The center-to-center spacing of the electrodes
      determines the operating frequency of the device. That is, the
      center-to-center spacing is one-half the wave length of the operating
      frequency. Thus, if the center-to-center spacing of adjacent finger
      electrodes is reduced, the operating frequency increases; and with known
      fabrication techniques, operation of up to 2.5 gigahertz is feasible. This
      is an improvement of at least two orders of magnitude over present
      operating devices.
PAR  Further, the frequency bandwidth of the transducer of the present invention
      is dependent upon the center-to-center spacing of adjacent finger
      electrodes and the number of electrodes such that the bandwidth (as
      determined by the 3db. cutoff frequencies), .DELTA.f as given by the
      following expression:
      ##EQU3##
      where: n is the number of electrode fingers on each electrode and f.sub.c
      is the center frequency of the device.
PAR  The ability to determine the bandwidth of the device may have significant
      advantages in certain applications, for example, in the sensing and
      filtering of acoustic emissions in nuclear reactors wherein a known or
      predetermined acoustic emission may be representative of a failure in the
      piping system or pressure vessel of a reactor. By "tuning" the transducer
      itself to the desired acoustic emission, electronic signal processing of
      the sensed acoustic energy may be significantly reduced or eliminated.
      Further, frequency ranges heretofore prohibited may be investigated with
      the use of the present invention.
PAR  Having thus described in detail the preferred embodiment of the invention,
      persons skilled in the art will be able to modify certain of the structure
      which has been disclosed and to substitute equivalent elements for those
      given while continuing to practice the principle of the invention; and it
      is, therefore, intended that all such modifications and substitutions be
      covered as they are embraced within the spirit and scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination, a solid test material for supporting bulk shear waves
      and having an exterior surface; a transducer of piezoelectric material
      having at least a two-fold axis of symmetry and first and second
      intersecting surfaces parallel to said two-fold axis; said first surfaces
      of said transducer coupled to said exterior surface of said test material;
      electrode means on said second surface of said transducer; and source
      means for exciting said electrode means to generate a transverse surface
      wave on said second surface of said transducer and propagating in a
      direction perpendicular to said two-fold axis, said surface wave also
      extending into the body of said transducer and propagating toward said
      first surface as a deep surface wave characterized in that its intensity
      will attenuate to 1/e of its surface intensity value at a distance
      substantially greater than the thickness of said transducer along a
      direction perpendicular to said first surface.
NUM  2.
PAR  2. The system of claim 1 wherein said electrode means comprise at least one
      pair of electrodes, each including an elongated conductive member
      extending parallel to said two-fold axis of said material and overlapping
      each other when viewed in the direction of wave propagating, whereby when
      said electrodes are excited by a source of electric potential, an electric
      field vector will extend perpendicular to said two-fold axis.
NUM  3.
PAR  3. The system of claim 2 wherein each one of said pair of electrodes
      includes a plurality of conductive fingers extending parallel to said
      two-fold axis on said other surfaces of said substrate material, said
      fingers of one of said electrodes being interlaced with the fingers of the
      other of said electrodes, said combination further comprising a source of
      alternating voltage for exciting said electrodes to generate a surface
      wave in said other surface of said substrate material, said surface wave
      being transmitted into said test material as a bulk wave.
NUM  4.
PAR  4. The system of claim 2 wherein each of said pair of electrodes includes a
      plurality of parallel conductive fingers extending parallel to said
      two-fold axis, said fingers of one of said electrodes being interlaced
      with the fingers of the other of said electrodes, said piezoelectric
      material being adapted to receive bulk waves transmitted through said test
      material and transforming said bulk waves as deep surface waves in said
      transducer and in a direction perpendicular to said two-fold axis, whereby
      said electrodes will sense said deep surface waves and generate electrical
      signals representative thereof.
NUM  5.
PAR  5. In combination, a body of material having a surface and adapted to
      support bulk shear waves; and a transducer for generating bulk shear waves
      in said material including a piezoelectric substrate characterized in
      having at least a two-fold axis of symmetry, said substrate having a first
      surface parallel to said axis and a second surface contiguous with and
      intersecting said first surface and parallel to said axis, said second
      surface of said substrate being coupled to said surface of said material,
      electrode means on said first surface of said transducer for generating an
      alternating electric field in said first surface of said substrate, the
      electric field vectors of said field extending perpendicular to said
      two-fold axis of said substrate for generating surface waves in said
      second surface of said substrate, said surface waves being transmitted
      through said substrate as deep surface waves characterized in that their
      intensity will attenuate to 1/e of their surface intensity value at a
      distance substantially greater than the thickness of said transducer along
      a direction perpendicular to said second surface and being transformed
      into bulk shear waves in said test material.
NUM  6.
PAR  6. The combination of claim 5 wherein said substrate has a relatively high
      relative permittivity and piezoelectric constant.
NUM  7.
PAR  7. The combination of claim 5 wherein said substrate is a
      lead-zirconate-titanate ceramic piezoelectric material.
NUM  8.
PAR  8. In combination, a test material defining a surface and adapted to
      support bulk shear waves; and a transducer including a substrate of
      piezoelectric material having a two-fold axis of symmetry and having first
      and second intersecting surfaces contiguous with each other and parallel
      to said two-fold axis, said second surface being coupled to said surface
      of said material, and said first surface extending outwardly of said
      material, electrode means on said first surface of said transducer adapted
      to sense bulk waves transmitted from said material and converted to deep
      surface waves in said substrate propagating in a direction perpendicular
      to said two-fold axis, said deep surface waves in said transducer being
      characterized in that their intensity will attenuate to 1/e of their
      surface intensity value at a distance substantially greater than the
      thickness of said transducer along a direction perpendicular to the
      surface on which said electrodes are mounted.
NUM  9.
PAR  9. The combination of claim 8 wherein said substrate is a
      lead-zirconate-titanate ceramic piezoelectric crystal.
NUM  10.
PAR  10. The combination of claim 8 wherein said substrate has a relatively high
      permittivity and piezoelectric constant.
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ABST
PAL  It is disclosed a quartz crystal vibrator for a timepiece having a partial
      electrode which is able to offset the charge produced by higher harmonic
      oscillation.
PAL  According to this invention, higher harmonic oscillation is prevented and
      vibrators oscillate by only fundamental frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a quartz crystal vibrator for a timepiece which
      prevents its higher harmonic oscillation.
PAR  It is known that a quartz crystal vibrator has many higher harmonic
      vibrations. When it is incorporated into an oscillating circuit, it is apt
      to oscillate with unexpected higher harmonic oscillating frequency. For
      example, when the fundamental oscillating frequency is 32 KHZ, sometimes
      it is apt to oscillate about 190 KHZ, that is the frequency of
      approximately six times of the fundamental oscillating frequency.
PAR  For preventing this higher harmonic oscillation, an inductor, such as a
      coil, is disposed with it. However, since the internal space of a watch is
      extremely limited, it is impossible in this case.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the object of the present invention to provide a quartz
      crystal vibrator which does not oscillate with higher harmonic frequency.
PAR  According to this invention, since vibrator has partial electrodes which
      are able to offset the charge produced by higher harmonic oscillations,
      they are prevented without giving any effect to the fundamental
      oscillation.
PAR  The nature, principle and details of the invention will be best understood
      by reference to the following description, taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows oscillating mode of a tuning fork,
PAR  FIG. 2 is the graph explaining the principle of this invention,
PAR  FIG. 3 is a perspective plane view of a tuning fork according to this
      invention,
PAR  FIG. 4 shows the connection of electrodes which are made on the tuning fork
      shown in FIG. 1,
PAR  FIG. 5 is a perspective plane view of a tuning fork made of thin quartz
      plate according to this invention,
PAR  FIG. 6 shows the connection of electrodes which are made on the tuning fork
      shown in FIG. 3,
PAR  FIG. 7 is a schematic diagram showing the construction of a timepiece.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, the principle of this invention is explained.
      The oscillating frequency of the vibrator is closely resembled by that of
      a cantilever vibrator and shown the formula as follows.
      ##EQU1##
      WHERE 1: EFFECTIVE LENGTH OF THE TINE,
PA1  D: width of the tine,
PA1  .rho.: density of the vibrator,
PA1  E: young's modulus,
PA1  .alpha..sub.n : constant value which is defined by the boundary conditions,
TBL  in case of the fundamental oscillation                                    
                              1.875                                            
     the second harmonic oscillator                                            
                              4.694                                            
     the third harmonic oscillation                                            
                              7.854                                            
PAR  It is understood from above equation that the oscillating frequency of the
      second harmonic oscillation is about six times that of the fundamental
      oscillating frequency, and in case the third harmonic oscillation, it is
      almost seventeen times of the fundamental oscillating frequency.
PAR  Each oscillating mode is shown in FIG, 1, reference numeral 18 denotes the
      fundamental oscillating mode, numeral 19 denotes the second harmonic
      oscillating mode, and numeral 20 denotes the third harmonic oscillating
      mode. In this figure, an origin of co-ordinates is selected at the point
      of the root of the tine.
PAR  In a piezo electric oscillator such as quartz crystal, some value of charge
      in proportion to the strain of the tine is induced in the oscillator. That
      is to say, some value of charge in proportion to curvature of the tine is
      induced in case of bending mode oscillation.
PAR  It is understood from FIG. 1 that charge having same polarity is induced
      through the whole area in case of the fundamental oscillation, but if the
      sign of the curvature at the point of the root is plus, the sign of the
      curvature at the top of the tine is minus in case of the second harmonic
      oscillation. This means that the sign of induced charge is different.
PAR  If it is able to induce equivalent quantity of positive and negative charge
      on the electrode, total amount of induced charge becomes zero. Then the
      second harmonic oscillation may easily be prevented by offsetting the
      charge induced on electrodes which have the length to induce equivalent
      quantity of different polar charge on them respectively against the second
      harmonic oscillation.
PAR  The third harmonic oscillation may also be prevented in the same way as
      shown above. Then one tine offsets the charge produced against the second
      harmonic oscillation, the other tine offsets the charge produced against
      the third harmonic oscillation. This is shown in FIG. 2.
PAR  In this figure, the abscissa shows the ratio of the effective length of the
      tuning fork and the length of the electrode, the ordinate shows the
      conductance of the vibrator, and reference numeral 21 denotes the
      fundamental oscillation, numeral 22 denotes the second harmonic
      oscillation and numeral 23 denotes the third harmonic oscillation.
PAR  It is understood from FIG. 2 that when the ratio of 1.sub.e / 1.sub.o  is
      about 0.5, the conductance of the second harmonic oscillation is very low.
      That is to say, the resistance of the vibrator is so high that it is not
      able to start oscillation.
PAR  Other higher harmonic oscillations exist theoretically in a tuning fork,
      however, they do not appear practically. Because characteristics of an
      amplifier is insufficient at such high frequencies. Then it is enough to
      consider about the second harmonic oscillation in practical use.
PAR  Referring now to FIG. 3, it is shown a tuning fork 1 having the fundamental
      oscillating frequency of 32 KHZ of which plane angle is about five degrees
      against its X axis, and the direction of forks is almost along Y axis,
      further the direction of the thickness is towards Z axis. Electrodes 2-9
      for oscillation are formed on surfaces of the tuning fork 1 by vacuum
      evaporation, spattering or etc.
PAR  Each electrode is connected electrically shown in FIG. 4, and it is
      connected to external terminals 10 and 11. Each electrode is not connected
      with lead wires but connected with electrodes themselves.
PAR  In a conventional tuning fork made of quartz crystal, electrodes are formed
      to the top of tines, however, according to this invention, electrodes are
      not formed until the top of tines shown in FIG. 3. It is preferable for
      each electrode to satisfy the following conditions:
EQU  1.sub. e / 1.sub.o =  0.5.about. 0.8
PAL  where1.sub. e is the effective length of an electrode, and 1.sub. o  is the
      length of a tine. Then each electrode is a partial electrode.
PAR  FIG. 5 shows a tuning fork made of a thin quartz crystal plate of NT cut
      applying above way of thinking. The connection of electrodes are shown in
      FIG. 6 and reference numerals 11 and 12 denote external terminals.
      Electrodes 2 and 3 are partial electrodes satisfying with the condition of
      1.sub.e  / 1.sub. o =  0.5.about. 0.8.
PAR  Modifications may be made, for example, such partial electrodes are
      applicable to a free-free-bar type vibrator or other vibrators.
PAR  FIG. 7 shows the construction of a timepiece schematically and known
      Colpitts oscillator circuit is used therein. The vibrator 1 is connected
      between the output terminal and the input terminal, and the condensers
      C.sub.1 and C.sub.2 are connected respectively between these terminals and
      earth terminal. Fine adjustment of the oscillating frequency may easily be
      done changing capacitance of these condensers.
PAR  The output signals from the oscillator circuit is transmitted to a display
      device 17 via a divider circuit 14, a driver circuit 15 and a stepping
      motor 16.
PAR  According to the invention, analogical display is carried out, however,
      digital display may easily be done replacing the stepping motor 16 by a
      matrix circuit, and replacing display device 17 by light emitting diodes
      or liquid crystal display device.
PAR  While a preferred embodiment of the invention has been shown and described
      it will be understood that many modifications and changes can be made
      within the true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A resonator comprising, a tuning fork made of a piezoelectric material
      having tines, each tine having partial electrodes on opposite sides
      thereof, electrical paths formed on the tuning fork electrically pairing
      the electrodes on the tines, each partial electrode having a partial
      length on the effective length of the corresponding tine less than the
      effective length of the corresponding tine, the effective length of each
      tine corresponding to the length of the portion thereof from the root to
      the outermost tip thereof, the ratio of the partial length of each
      electrode to the effective length of a corresponding tine being chosen at
      a value such that the relationship therebetween is effective to cancel in
      the corresponding tine the induced field due to deformation corresponding
      to second and higher harmonic oscillations, whereby each corresponding
      tine oscillates substantially only at a desired fundamental frequency.
NUM  2.
PAR  2. A resonator according to claim 1, in which said ratio is in the order of
      0.5.
NUM  3.
PAR  3. A resonator according to claim 1, in which said ratio is from about 0.5
      to about 0.8.
NUM  4.
PAR  4. A resonator according to claim 1, in which said piezoelectric material
      is quartz crystal.
PATN
WKU  039462587
SRC  5
APN  4847490
APT  1
ART  212
APD  19740701
TTL  Gripper type linear motion device
ISD  19760323
NCL  8
ECL  1
EXP  Duggan; Donovan F.
NDR  5
NFG  29
INVT
NAM  Leshem; Adam
CTY  Bloomfield
STA  CT
ASSG
NAM  Combustion Engineering, Inc.
CTY  Windsor
STA  CT
COD  02
CLAS
OCL  310 14
EDF  2
ICL  H02K 4102
FSC  310
FSS  12--14
FSC  226
FSS  59;54
FSC  318
FSS  135
UREF
PNO  3158766
ISD  19641100
NAM  Frisch
OCL  310 14
UREF
PNO  3162796
ISD  19641200
NAM  Schreiber et al.
XCL  310 12
LREP
FR2  Borst; Stephen L.
ABST
PAL  A linear motion device of the type having a plurality of gripper assemblies
      for engaging projections on a linearly movable element to effect stepwise
      movement thereof. Each of the gripper assemblies is movable into and out
      of engageable relationship with the element to thereby yield three
      relative positions between the element and the gripper assembly--a latched
      position, a coupled position and an unlatched position. Also, each of the
      gripper assemblies is movable relative to its support means between
      respective raised and lowered positions. The gripper assemblies are
      supported on the support means in spaced relationship and the projections
      are spacedly positioned on the element so that each gripper assembly, when
      in its lowered position relative to the support means, can be moved into
      the coupled position with respect to the element when the other gripper
      assembly is in its latched position and is in either its raised position
      or lowered position relative to the support means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to linear motion devices and more
      particularly to such devices having gripper assemblies for linearly moving
      an element in stepwise fashion.
PAR  Linear motion devices are particularly adapted to move various elements in
      a linear direction to any desired position, such as elements used in
      controlling a complex chemical process involving frequently a high
      temperature environment or for controlling various elements of a complex
      machine tool. Also, the elements to be positioned may be located within a
      sealed pressure vessel which requires some type of seal where the linear
      motion device enters the sealed vessel, such as the elements used in
      controlling the power output of a nuclear reactor.
PAR  Linear motion devices forming the prior art having utilized latching or
      gripper assemblies which are actuated by suitable actuating means, such as
      a solenoid coil, to cause engagement or disengagement of the element to be
      moved. Generally, the gripper assembly engages the element and moves it a
      small increment in the direction of desired linear motion at which point
      the element is engaged by a holding means. The gripper assembly is then
      decoupled from the element, returned to its initial position, and is again
      coupled to the element. At that time the holding means is decoupled from
      the element and the gripper assembly and the element are moved an
      additional increment in the aforementioned direction. With some such
      systems of the prior art, provisions have been made to remove the load
      placed on the gripper assembly by the element before the gripper assembly
      is decoupled therefrom. These devices have also included means for
      disposing the element relative to the gripper assembly so that frictional
      engagement of the gripper assembly and the linear element during the
      coupling portion of its cycle does not occur. This has been found
      desirable since continuous frictional engagement between the gripper
      assembly and the element during its coupling and decoupling portions of
      its cycle produces a substantial amount of wear on the grippers. As a
      result, frequent replacement of the grippers has been required and thereby
      limits the use of such linear motion devices in applications wherein
      frequent maintenance and repair is impractical.
PAR  In the aforementioned prior art gripper type linear motion devices having
      load transfer features, the load transfer function was generally provided
      by the holding means which comprised a second gripper assembly. The second
      gripper assembly was adapted to be moved into an engagable position
      between adjacent projections on the element and then adapted to be raised
      to engage the element and lift the element to remove the load from the
      first gripper assembly. While the second gripper assembly held the
      element, the first gripper assembly was decoupled frictionlessly from the
      element, returned to its initial position, and then coupled again
      frictionlessly to the element. Lowering of the second gripper assembly
      then transferred the load back to the first gripper assembly and removed
      the load from the second gripper assembly to permit frictionless
      disengagement thereof. Accordingly, such devices did eliminate excessive
      wear on the grippers with the resulting mechanisms having a substantially
      longer life of operation.
PAR  In many uses of such devices, such as control element drive mechanisms for
      nuclear reactors, it is important that the linearly movable element be
      positioned as accurately as possible. Since these types of apparatus can
      only operate in discrete steps, this requires relatively small steps of
      operation so as to obtain the desired accurate positioning. Furthermore,
      the size of the steps is limited by the fact that dynamic forces due to
      magnetic action in moving a slug or armature to a new position increase as
      the length or distance of movement increases. Therefore, while rapid
      movement would be a desirable feature of these drives, it is limited by
      the size of the step which may be taken in each cycle. Further still, with
      the gripper type linear motion devices as described hereinabove, only a
      single linear motion step occurs during each cycle of operation--that is,
      only one gripper assembly operates to move the element linearly while the
      other gripper assembly merely acts to transfer the load to permit coupling
      or decoupling frictionlessly of the first gripper assembly.
PAR  While a greater number of stepping motions in a single cycle could be
      achieved with use of a greater number of gripper assemblies, this would be
      undesirable since it would result in a larger sized and more expensive
      linear motion device. Furthermore, it would require a greater number of
      solenoid or magnetic coils which are extremely expensive to manufacture,
      especially for use in high temperature applications. Further still, such
      devices would still require one gripper assembly which is operative only
      to provide a load transfer function and which does not also operate to
      move the element an increment in a direction of desired linear motion.
      Accordingly, this results in at least one solenoid coil not being used for
      any purpose other than transferring the load.
PAR  One prior art device having two gripper assemblies, shown in U.S. Pat. No.
      3,626,493, does disclose the idea of providing two stepwise motions in a
      single cycle. Such a device provides for more rapid movement of the linear
      element, or alternatively for a decrease in the size of each of the steps
      while maintaining the same rate of movement of the element. However this
      device cannot provide a load transfer feature for both raising and
      lowering of the linearly movable element, or if a load transfer function
      is provided, the element can only be moved in one direction. As can be
      appreciated, especially with respect to control element drive mechanisms
      for nuclear reactors, incremental motion in either of two opposed
      directions is highly desirable.
PAR  It is to be noted in connection with all the prior art gripper type linear
      motion devices that the projections or teeth on the linearly movable
      elements are closely spaced from one another so that when the gripper
      assembly is moved into an engagable position between adjacent teeth, only
      a small gap exists between the gripper assembly and the adjacent teeth.
      While such an arrangement has produced successful operation for single
      step gripper type linear motion devices, it has not proven acceptable
      where two stepwise motions are performed in a single cycle by a minimum
      number of gripper assemblies each of which is operative to provide load
      transfer features.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, there is disclosed herein an improved gripper type linear
      motion device which overcomes the above discussed and other disadvantages
      of the prior art by utilizing load transfer features and by being adapted
      to produce two stepwise motions in a single cycle. The linear motion
      device of the present invention comprises a longitudinally movable element
      having a plurality of laterally extending projections thereon, a support
      means, a pair of latching means supported on the support means and each of
      which is movable into an unlatched position, a coupled position, and a
      latched position with respect to the elements, and means for moving each
      of the latching means between a raised and a lowered position relative to
      the support means. The latching means are supported in spaced relationship
      on the support means and the laterally extending projections are spacedly
      positioned on the linearly movable element so that each latching means is
      movable, when in its lowered position with respect to the support means,
      into a coupled position with respect to the element when the other
      latching means is latched to the element and is in its raised position or
      its lowered position with respect to the support means. With this spacing,
      load transfer is automatic during operation of the linear motion device to
      move the element in a stepwise fashion. Also, two stepwise motions are
      achieved in each cycle of operation.
PAR  Accordingly, with use of the present invention the linearly movable element
      can be moved more rapidly than with prior art devices and in a manner
      which does not cause excessive wear on the latching means or the
      projections. Furthermore, the magnetic or solenoid coils for moving the
      latching means into engagable relationship with the element and for moving
      the latching means longitudinally are of a smaller relative size since the
      size of the steps which the armatures must be moved is less than with
      similar prior art devices. Also, the number of coils necessary to effect
      the desired movement of the element is minimized which thereby results in
      a relatively smaller sized linear motion device and correspondingly, in a
      less expensive apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b represent a sectional side elevation view of the linear
      motion device of the present invention;
PAR  FIGS. 2a through 2i are schematic side elevation views of the latching
      means and the linearly movable element illustrating the proper sequential
      operation of the linear motion device of the present invention for raising
      the linearly movable element;
PAR  FIGS. 3a through 3i are schematic elevation views similar to those shown in
      FIGS. 2a through 2i, but illustrating the proper sequential operation of
      the linear motion device for lowering the linearly movable element; and
PAR  FIGS. 4a through 4i are schematic side elevation views similar to those
      shown in FIGS. 3a through 3i, but illustrating an alternative embodiment
      of the present invention and an alternative sequence of operation for
      lowering the linearly movable element.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For purposes of describing the present invention, it will be noted that the
      gripper assemblies or latching means of the linear motion device may be
      located in three relative positions with respect to the linear element
      which is to be moved thereby. One of the aforesaid relative positions is
      defined as the "unlatched" position wherein the gripper arm is not in
      position for engagement with the teeth or other suitable projections on
      the linearly movable element. A second relative position is defined as the
      "latched" position wherein the gripper arm of the latching means is
      engaged with the linearly movable element and wherein the gripper is
      subjected to the load or weight of the linearly movable element. The third
      relative position of the components is defined as the "coupled" position
      wherein the gripper arm is located in its engaged position relative to the
      linearly movable element but the gripper is not subjected to the load
      created thereby. In other words, a clearance or gap exists between the
      teeth of the linearly movable element and that portion of the gripper arm
      which engages the teeth or projections when the gripper is in its latched
      position.
PAR  It will therefore be understood that the difference between the latched
      position and the coupled position of the gripper relative to the linearly
      movable element exists not with respect to the radial position of the
      gripper inasmuch as the radial position of the gripper would be the same,
      but by virtue of the different axial positions of the gripper with respect
      to the linearly movable element. In the latched position, the element is
      in an axial position wherein the gripper actually engages one of the
      projections or teeth on the element and is thereby subjected to the load
      thereof. For the coupled position, the linearly movable element is in an
      axial position wherein the gripper is located between adjacent teeth and
      does not engage any teeth and thus is not subjected to the load of the
      element. It is to be noted that when the gripper is in its coupled
      position with respect to the linearly movable element the size of the gap
      between the gripper and the projections or teeth on the element need not
      be of any specific dimension and in fact can vary from a very small gap
      (e.g. 1/32 inch) to a relatively large gap (e.g. 3/8 inch or greater) for
      the specific arrangement shown herein.
PAR  Referring now specifically to FIG. 1, there is illustrated a linear motion
      device 10 constructed in accordance with the principles of the present
      invention for linearly moving a longitudinally extending element 12. The
      linear motion device 10 is provided with a tubular outer housing 14 which
      surrounds the element 12 to be moved and which is suitable for use in a
      highly pressurized system. In particular the housing 14 is formed of a
      magnetic material, such as ferritic steel, of a thickness capable of
      withstanding internal pressures on the order of 2,000 psi and is formed,
      for certain applications, to seal hermetically the interior of the housing
      14. Linear motion devices having such a housing 14 are particularly useful
      as control element drive mechanisms for nuclear reactors. In such a use,
      the tubular housing 14 is mounted and secured at its lower end to a nozzle
      16 extending out from the top of a reactor pressure vessel (not shown).
      The element 12 to be moved is axially disposed within the housing 14 and
      is adapted to extend through and into the reactor vessel. The housing 14
      provides a hermetic seal for the element 12 by being sealed at its lower
      end to the nozzle 16 and by being sealed at its upper end by means of a
      tubular extension (not shown).
PAR  The housing 14 is provided with recesses 18 extending inwardly from its
      outer surface at various locations along its axial length. These recesses
      18 are such as to reduce the wall thickness to the limit that is
      permissible to withstand the internal pressure within the housing 14. The
      function of these recesses 18 along the axial length of the housing 14 is
      to make it easier to magnetically saturate this region of the housing 14
      than would be possible if the housing 14 were formed having a constant
      thickness. By saturating these regions along the axial length of the
      housing 14 a substantial working field in parallel therewith can be
      developed inside the housing 14 and through the armatures or slugs thereat
      to effect desired operation as more fully described hereinbelow.
      Alternatively, a plurality of circumferential weld inserts formed of a
      non-magnetic material could be employed at these regions along the axial
      length of the housing 14 which would act to interrupt a shunting magnetic
      path which would otherwise exist along the housing were the housing 14
      formed completely of magnetic material. This interruption would cause the
      magnetic flux to pass inwardly of the housing 14 to effect the desired
      operation.
PAR  The housing 14 is provided with a plurality of annular solenoid coils 20
      snugly disposed about the housing 14 and mounted in an axially spaced
      array on the outer surface thereof in positions juxtaposed respectively to
      the recesses 18. In particular, only four solenoid coils 20 are provided
      on the housing 14 to form solenoids A, B, C and D for the linear motion
      device 10. The solenoid coils 20 are supported in a support structure,
      generally 22, which in turn is supported on the housing 14 at its lower
      end by means of an annular shoulder 24 formed on the outer surface of the
      housing 14. The appropriate axial spacing of the solenoid coils 20 is
      achieved, where appropriate, with the use of a spacer 26. These solenoid
      coils 20, when actuated, act to produce a magnetic field within the
      interior of the housing 14 so as to cause movement of slugs or armatures
      to effect lifting, lowering, latching and unlatching of the element 12 to
      be moved as described hereinbelow.
PAR  Viewing now the interior of the housing 14, it is noted that three
      stationarily mounted annuli 28, 30, 32 are axially spaced therein adjacent
      the inner side wall of the housing 14. The three stationary annuli are
      maintained in spaced relationship by means of a sleeve 34 threadedly
      connected to each of the annuli 28, 30, 32. Relative rotation of the
      annuli is prevented by appropriate means (not shown) such as locking pins
      or locking rings. The upper annulus 28 is supported on a shoulder 36 at
      the upper end of the housing 14 and in turn supports and locates the
      remaining stationary annuli 30, 32 with respect to the solenoid coils 20.
      Again, appropriate means (not shown) are provided for insuring against
      relative rotation and relative vertical movement between the sleeve 34,
      the annuli 28, 30, 32 and the housing 14. These annuli 28, 30, 32 define a
      pair of recesses 38, 40 between the sleeve 34 and the inner wall of the
      housing 14 into which are positioned respectively upper and lower latching
      means or gripper assemblies 42, 44 and associated components.
      Additionally, these annuli 28, 30, 32 effectively act as stops for the
      slugs or armatures received within the recesses 38, 40.
PAR  Although not necessary for practice of the present invention, in the
      preferred embodiment the associated components in the upper and lower
      recesses 38, 40 for effecting engagement, disengagement and longitudinal
      movement of the upper and lower gripper assemblies 42, 44 respectively are
      identical. Accordingly, only the components and arrangements thereof in
      the upper recess 38 will be described with like components positioned in
      the lower recess 40 being denoted by like reference characters. It is to
      be noted however, that identity of the gripper assemblies 42, 44 and the
      associated components is not necessary for practice of the present
      invention and that different arrangements can be employed for effecting
      engagement, disengagement and longitudinal movement of the gripper
      assemblies.
PAR  In the upper recess 38, there is provided a pair of annular support members
      46, 48 which are movable between the upper and central stationary annuli
      28, 30 and which also act as the armatures or slugs for effecting
      engagement, disengagement and longitudinal movement of the upper gripper
      assembly 42. The upper support member 46 is provided with a tubular
      extension 50 threadedly secured to the inner periphery thereof and which
      in turn is provided adjacent its lower end with a plurality, usually
      three, of gripper arm supporting members 52. The gripper arm supporting
      members 52 each have outwardly flared portions adjacent the lower end
      thereof and to which the gripper arms 54 of the gripper assembly 42 are
      pivotally supported by means of pins 56. A lower stop ring 58 is connected
      to the lower end of the gripper arm supporting members 52 and effectively
      acts to limit the downward movement of the upper support member 46 by
      engaging the upper surface of the central stationary annulus 30. The lower
      annular support member or armature 48 is positioned between the tubular
      extension 50 and the inner wall of the housing 14 beneath the upper
      annular support member 46 and is provided with a circumferential recess 60
      on the inner surface thereof adjacent the lower end, in which recess 60
      the outwardly flared portions of the gripper arm supporting members 52 and
      the gripper arms 54 are disposed. The lower end of the lower annular
      support member 48 pivotally supports by means of pins 62 a plurality of
      link members 64 of the gripper assembly 42. The link members 64 in turn
      are each pivotally connected in appropriate recesses by pins 66 to the
      gripper arms 54. The circumferential recess 60 adjacent the lower end of
      the lower annular support member 48 is such that the lower support member
      48 may slide downwardly and outwardly of the lower stop ring 58 of the
      upper annular support member 46.
PAR  The upper annular support member 46 is provided with a circumferential
      recess 68 on the outer surface thereof adjacent its upper end so that it
      may move upwardly and be received within an annular opening 70 on the
      lower surface of the upper stationarily supported annulus 28. Biasing
      means 72 such as a helical spring is provided along the inner surface of
      the upper annular support member 46 adjacent its upper end which engages
      the upper annulus 28 and the tubular extension 50 so as to bias the upper
      annular support member 46 apart from the stationarily supported annulus
      28. Also a second biasing means 74 such as a helical spring is supported
      between the two annular support members 46, 48 in a circumferential recess
      76 adjacent the lower end of the upper support member 46 to bias the two
      support members 46, 48 apart. Non-magnetic shock absorbing washers 78, 80
      are positioned on the upper annulus 28 and the lower annular support
      member 48 to absorb impact on movement of the upper and lower support
      members 46, 48 toward engagement with the upper annulus 28 and the upper
      support member 46 respectively.
PAR  As can be appreciated, movement of the upper and lower annular support
      members 46, 48 together will cause the gripper arms 54 to be pivoted
      inwardly through appropriate openings 82 in the stationary tubular sleeve
      34 so that the tips 84 of the gripper arms 54 are placed inwardly of the
      sleeve 34. This arrangement is shown in FIG. 1a for the upper gripper
      assembly 42. The movement of the upper and lower support members 46, 48
      together is accomplished by energization of either gripper actuating coil
      B for the upper gripper assembly 42 or gripper actuating coil D for the
      lower gripper assembly 44 to produce a magnetic field within the housing
      14 to cause the two support members 46, 48 to move to close the gap 86
      therebetween. De-energization of either of the gripper actuating coils B
      and D releases the magnetic force produced thereby and the biasing spring
      74 moves the support members 46, 48 apart to move the gripper arms 54
      outwardly of the tubular sleeve 34 to place the gripper assembly in an
      unlatched or disengaged position. This is illustrated for the lower
      gripper assembly 44 in FIG. 1b. Energization of either of the gripper
      lifting coils A or C causes the respective upper annular support members
      46 to be moved upwardly and thereby cause longitudinal movement upwards of
      the respective gripper assemblies 42, 44 relative to the housing 14. The
      position of the upper annular support slugs 46 when this energization of a
      lift coil occurs is illustrated in FIG. 1a for the upper support member 46
      of the upper gripper assembly 42.
PAR  The description thus far is in accordance with conventional linear motion
      devices having gripper type latching means. In some prior art devices
      additional coils were provided to insure disengagement or separation of
      the slugs or armatures from one another, or movement of the gripper arms
      both radially and longitudinally was caused by a single coil through the
      use of mechanically coupled armatures. The present invention differs
      however from the prior art in the spacing between adjacent teeth or
      projections on the element to be moved and in the spacing between the two
      gripper assemblies.
PAR  As can best be seen from FIG. 1a and 1b, the laterally extending
      projections 90 on the linearly movable element 12 are spaced a greater
      distance apart than that required for the tips 84 of the gripper arms 54
      to just fit between adjacent projections 90. In the preferred embodiment
      the laterally extending projections 90 are actually spaced such a distance
      that one full laterally extending projection could be placed therebetween.
      In essence, this provides an arrangement wherein every other projection on
      the element 12 is missing. In particular, on the linearly movable element
      12 of the present invention, respective portions of adjacent laterally
      extending projections 90 are spaced 3/4 inch apart. The axial width at the
      base of the projections or teeth 90 is 5/16 inch and the axial or
      longitudinal gap between adjacent teeth 90 at their base is 7/16 inch. The
      slope of each of the teeth 90 corresponds substantially to the slope of
      the gripper tip 84 so that the tip 84 will mate with one of the
      projections 90 when a gripper arm 54 is in its latched position with
      respect to the linearly movable element 12. This is in contrast to prior
      art devices, wherein the teeth on the linearly movable element were
      closely spaced so that the gripper tips 84 could just fit between adjacent
      teeth and leave a small gap on either side thereof, i.e., with respect to
      the lower surface of the axially above tooth and the upper surface of the
      axially below tooth. For example, with prior art linear elements having
      teeth or projections of generally the same size as those described
      hereinabove for the present invention (i.e., axially width of 5/16 inch),
      a 1/16 inch longitudinal gap was provided between the bases of adjacent
      teeth.
PAR  As hereinabove noted, one of the features of the present invention is that
      two incremental movements are achieved in each cycle of operation. To
      accomplish this it is necessary that both sets of latching means or
      gripper assemblies 42, 44 be incrementally longitudinally movable. By
      incrementally movable, it is not meant that a gripper assembly moves only
      a short distance to provide a load transfer feature only, but instead it
      additionally acts to advance the element 12 in the direction of desired
      movement. As will be shown hereinbelow, each gripper assembly 42 or 44
      first moves the longitudinally movable element 12 to transfer the load or
      remove the weight of the element 12 from the other gripper assembly, and
      then additionally moves the element 12 approximately one-half of the
      distance to be accomplished in one cycle. Longitudinal movement of the
      gripper assemblies 42, 44, and thus the element 12, is achieved by
      movement of the upper annular support member 46 in the recesses 38, 40 in
      the housing 14. In the embodiment shown, the upper support member 46 for
      the lower gripper assembly 44, and accordingly the lower gripper assembly
      44 itself, is longitudinally movable 7/16  inch between its fully lowered
      position and its fully upper position while the upper support member 46
      for the upper gripper assembly 42 and thus the upper gripper assembly 42
      itself, is movable 3/8 inch between its respective lower and upper
      positions. Although either gripper assembly 42, 44 may be used as a
      holding gripper assembly for maintaining the elements 12 in a fixed
      position after completion of movement, in the preferred embodiment the
      upper gripper assembly 42 has been chosen as such since its solenoid coil,
      coil B, for maintaining the gripper assembly 42 in engagable relationship
      with the element 12 is furthest away from the reactor and thus is less
      subject to the high temperature thereat. Also, it is to be noted that in
      the preferred embodiment a cycle of operation will be completed after the
      linearly movable element 12 has been raised or lowered to its final
      position so that the lower gripper assembly 44 will be placed in its
      unlatched position and the element 12 held only by the upper gripper
      assembly 42.
PAR  In order to achieve automatic load transfer features and still be able to
      move the element 12 in either of the two longitudinal directions, the
      spacing between each gripper assembly 42, 44 is important as is the
      spacing between adjacent projections 90 on the element 12. In the
      preferred embodiment and for the arrangement shown where the upper gripper
      assembly 42 also acts as the holding gripper assembly, the spacing between
      the tips 84 of the upper and lower gripper assemblies 42, 44 when both
      gripper assemblies 42, 44 are in their lowered and radial inward position
      is [(3/8 inch)(n) + 1/32 inch] where n is an odd number. In particular,
      this spacing has been chosen as 14 21/32 inch.
PAR  The operation of a linear drive device 10 of the present invention for both
      withdrawal or raising and insertion or lowering of the element 12 will now
      be explained with specific reference being made to the schematic
      representations shown in FIGS. 2, 3 and 4. First, it should be recalled
      that each gripper assembly 42, 44 is movable into one of three positions
      with respect to the linearly movable element 12 - "unlatched", "coupled",
      and "latched". This involves two relative positions of the gripper arms 54
      relative to the element 12 - non-engagable relationship for the
      "unlatched" position and engagable relationship for the "coupled" and
      "latched" position, the difference between the "coupled" and "latched"
      positions being whether the gripper assembly, 42 or 44, is subject to the
      load of the element 12 ("latched") or not subject to the load ("coupled")
      in which case the gripper tip 84 is located between adjacent projections
      90 on the element 12. Also, each gripper assembly 42, 44 is movable with
      respect to the housing 14 between a fully lowered position (see for
      example, the longitudinal position of the lower gripper assembly 44 in
      FIG. 1b) and a fully raised position (see for example, the longitudinal
      position of the upper gripper assembly 42 in FIG. 1a).
PAR  In the schematic representation in FIGS. 2, 3 and 4, only a portion of the
      linearly movable element 12 and the gripper tips 84 of the upper and lower
      gripper assemblies 42, 44 are shown. Throughout the description
      hereinbelow of the operation of the linear drive device 10, reference will
      occassionally be made to energization and de-energization of certain of
      the coils 20 to accomplish a specified motion of the gripper assemblies
      42, 44. In this situation then, reference should be made to FIGS. 1a and
      1b to determine the corresponding positions of the armatures 46 and 48.
PAR  Referring now to FIGS. 2a through 2i, movement of the linearly movable
      element 12 in an upwards direction is achieved as follows. Initially, only
      coil B is energized to place the upper gripper assembly 42 in its latched
      and lowered positions with respect to the element 12 and the housing 14
      respectively, the lowered gripper assembly 44 being in its unlatched and
      lowered positions (FIG. 2a). Next, coil A is energized to move the upper
      gripper assembly 42, and thus the element 12, upwardly 3/8 inch (FIG. 2b).
      With the upper gripper assembly 42 maintained in this latched and upper
      position, the lower gripper actuating coil D is energized to move the
      lower gripper assembly 44 into a coupled position with respect to the
      element 12 (FIG. 2c). When in this position, there is a 1/32 inch gap
      between the projection 94 and the gripper tip 84 of the lower gripper
      assembly 44. Next, coil A is de-energized to lower the upper gripper
      assembly 42 and to transfer the weight or load of the element 12 to the
      lower gripper assembly 44 (FIG. 2d). Coil B is then de-energized to move
      the upper gripper assembly 42 to its unlatched position (FIG. 2e). As can
      be appreciated, since the longitudinal spacing between adjacent teeth 90
      is 7/16 inch and since the longitudinal movement of the upper gripper
      assembly 42 is 3/8 inch, and further since the element 12 is moved
      downwardly 1/32 inch during this operation, de-energization of both coils
      A and B in the specific sequence shown is not critical. Instead,
      de-energization of coils A and B could be simultaneous or coil B could be
      de-energized prior to de-energization of coil A and still the upper
      gripper assembly 42 would be freely moved to its unlatched position. Next,
      with both coils A and B de-energized and the upper gripper assembly 42 in
      its unlatched and lowered position, coil C is energized to move the lower
      gripper assembly 44, and thus the element 12, upwardly 7/16 inch (FIG.
      2f). The upper gripper actuating coil B is then energized to move the
      upper gripper assembly 42 into a coupled position with respect to the
      element 12 (FIG. 2g). Again, there is a 1/32 inch gap between the gripper
      tip 84 of the upper gripper assembly 42 and the axially above projection
      96 on the element 12. Next, coil C is de-energized to move the element 12
      downwardly 1/32 inch to place the upper gripper assembly 42 in its latched
      position and the lower gripper assembly 44 in its coupled position (FIG.
      2h) and then coil D is de-energized to move the lower gripper assembly 44
      to its unlatched position (FIG. 2i). As with de-energization of both coils
      A and b, this de-energization of coils C and D can take place
      simultaneously, or in any desired order, so as to move the lower gripper
      assembly 44 from its latched and upper position to its unlatched and
      lowered position. This sequence described hereinabove completes one cycle
      of operation to effect stepwise movement of the element 12 in an upward
      direction. As can be appreciated, the element 12 has been moved upwardly a
      total of 3/4inch, the longitudinal spacing between respective portions of
      the projections 90 on the element 12. Furthermore, with the arrangement
      and sequence of operations shown, load transfer features are automatically
      built-in such that each gripper assembly 42, 44 operates during a portion
      of its movement to transfer the load and operates during the remaining
      portion of its movement to incrementally raise the element 12.
PAR  Referring now to FIGS. 3a through 3i, the sequential operation of the
      linear drive device 10 for inserting or lowering of the element 12 is as
      follows. Again, the upper gripper assembly 42 is initially in its latched
      and lowered position and the lower gripper assembly 44 is in its unlatched
      and lowered position (FIG. 3a). First, coil D is energized to move the
      lower gripper assembly into engagable relationship with respect to element
      12 (FIG. 3b). As will be noted from this figure, the lower gripper
      assembly 44 is in a coupled position since it does not bear the load of
      the element 12 and furthermore, does not engage or interfere with any
      projection 90 on the element 12. In this position, the gripper tip 84 of
      the lower gripper assembly 44 is spaced 1/32 inch above the axially lower
      projection 98 and 13/32 inch below the axially above projection 100. Next,
      coil C is energized to raise the lower gripper assembly 44 7/16 inch (FIG.
      3c). This movement causes the lower gripper assembly 44 to latch to the
      element 12 and to raise the element 1/32 inch to transfer the load from
      the upper gripper assembly 42. This produces a 1/32 inch gap or space in
      between the gripper tip 84 of the upper gripper assembly 42 and the
      projection 102 on the element 12. With the lower gripper assembly 44
      maintained in its latched and upper position, coil B is de-energized to
      move the upper gripper assembly 42 from its coupled position to an
      unlatched position (FIG. 3d). Next, coil A is energized to raise the upper
      gripper assembly 3/8 inch relative to the housing 14, the upper gripper
      assembly 42 remaining in its unlatched position (FIG. 3e). Coil B is then
      energized to move the upper gripper assembly 42 from its unlatched
      position into a coupled position with respect to the element 12 (FIG. 3f).
      When in this position, a 1/32 inch gap exists between the lower surface of
      the gripper tip 84 and the upper surface of the projection 102. Next, coil
      C is de-energized to move the lower gripper assembly 44 downwardly 7/16
      inch with respect to the housing 14 (FIG. 3g). This in turn lowers the
      element 12 13/32 inch to place the upper gripper assembly 42 in its
      latched position and to place the lower gripper assembly 44 in a coupled
      position. Next, coil D is de-energized to move the lower gripper assembly
      44 from its coupled position to its unlatched position (FIG. 3h). Then,
      with the lower gripper assembly 44 in its unlatched position, coil A is
      de-energized to lower the upper gripper assembly 42 and thus the element
      12 3/8 inch wherein the upper gripper assembly 42 is in its fully lowered
      position with respect to the housing 14 (FIG. 3i). This sequence completes
      one cycle of operation to effect stepwise movement of the element 12
      downwardly, the net total of downward movment being 3/4 inch. Again, as
      can be seen from these figures and from the description hereinabove, each
      gripper assembly 42, 44 is first placed in a coupled position with respect
      to the element 12 prior to its being placed into a latched position. Also,
      as with raising of the element 12, two incremental motions are achieved
      during each cycle of operation to produce more rapid movement of the
      element 12 while the size of the steps remains constant.
PAR  It should be noted that different sequential operations are possible with
      use of the linear drive device 10 of the present invention, particularly
      for insertion or lowering of the linearly movable element 12. Also, the
      arrangement of gripper assemblies may be modified so that the lower
      gripper assembly 44 will act as the holding gripper assembly upon
      completion of each cycle of operation. Examples of such variations are
      shown in the schematic diagrams of FIGS. 4a through 4i. In this
      arrangement, the spacing between the upper and lower gripper assemblies,
      42' and 44', when both are in their fully lowered positions, is [(3/8
      inch)(n) - (1/32 inch)]  where n is an odd number. Also, the longitudinal
      movement for the upper and lower gripper assemblies 42' and 44' is 7/16
      inch and 3/8 inch respectively. Although sequential operation similar to
      that shown in FIGS. 3 for lowering of the element 12 with respect to the
      housing 14 could be employed for the modified arrangement depicted in FIG.
      4, an alternative sequence has been depicted in order to illustrate the
      versatility of the present invention. Initially, only coil D is energized
      to place the lower gripper assembly 44' in a latched and lowered position
      and to place the upper gripper assembly 42' in an unlatched and lowered
      position (FIG. 4a). First, coil B is energized to move the upper gripper
      assembly 42' to a coupled position with respect to the element 12 (FIG.
      4b). In this position, the gripper tip 84 of the upper gripper assembly
      42' is spaced above the axially below tooth 104 1/32 inch and below the
      axially above tooth 106 13/32 inch. Next, coil A is energized to raise the
      upper gripper assembly 42' 7/16 inch (FIG. 4c). This in turn places the
      upper gripper assembly 42' in its latched and upper position and raises
      the element 12 1/32 inch to transfer the load from the lower gripper
      assembly 44'. Next, coil D is de-energized to move the lower gripper
      assembly 44' from a coupled position to its unlatched and lowered position
      (FIG. 4d). Coil A is then de-energized to lower the upper gripper assembly
      42', and thus the element 12, 7/16 inch (FIG. 4e). Next, coil d is
      energized to move the lower gripper assembly 44' from its unlatched
      position to a coupled position with respect to the element 12, the gripper
      tooth 84 of the lower gripper assembly 44' being spaced above the axially
      below tooth 108 3/32 inch (FIG. 4f). Next, coil C is energized to raise
      the lower gripper assembly 44' 3/8 inch (FIG. 4g). This in turn latches
      the lower gripper assembly 44' to the element 12 and raises the element
      1/32 inch to transfer the load from the upper gripper assembly 42'. Coil B
      is then de-energized to move the upper gripper assembly 42' from its
      coupled position to an unlatched position (FIG. 4h). Finally, coil C is
      de-energized to lower the lower gripper assembly 44' and thus the element
      12 3/8 inch (FIG. 4i). This completes one cycle of operation to effect
      stepwise movement of the element 12 downwardly, the net total of downward
      movement being 3/4 inch. Again, as with each of the sequential operations
      described hereinabove, each gripper assembly 42' and 44', is only moved
      into a latched position from a coupled position.
PAR  In the alternate sequential operation, depicted in FIGS. 4a through 4i,
      latching of both the upper and lower gripper assemblies 42' and 44' is
      accomplished by raising of the gripper assemblies 42', 44', by
      energization of coils A and C respectively. As can be appreciated, this
      creates an impact on the projections 90 of the element 12 which may or may
      not be desirable depending upon the speed and force with which the gripper
      assembly 42' and 44' impact. This is one reason for the sequential
      operations for insertion as shown in FIGS. 3a through 3i being preferred.
      There the element 12 is lowered by means of gravity as oppposed to a
      magnetic force to place the upper gripper assembly 42 in the latched
      position. A further alternative for the preferred form of sequential
      operation would involve operating the lower gripper assembly 44 of the
      arrangement shown in FIGS. 3a through 3i in the same manner as for the
      upper gripper assembly 42 so that there would be no impact loads on the
      projections 90 of the element 12. However, as can be appreciated, this
      would result in a decrease in the speed of operation, and accordingly, is
      not preferred. The possible detrimental effects in having one gripper
      assembly impact the projections 90 is not deemed significant.
PAR  It is to be noted that it is the combination of the spacing of the teeth or
      projections 90 on the linearly movable element 12 and the spacing of the
      gripper assemblies 42, 44 which allow the accomplishment of two
      incremental motions for the element in a single cycle of operation,
      whether the linear motion device 10 is being operated to raise or lower
      the element 12. The requirement for these spacings in order to produce
      this desirable effect while still incorporating load transfer features in
      the device 10 is that each gripper assembly 42, 44, when in its lowered
      position with respect to the housing 14, is movable into a coupled
      position with respect to the element 12 when the other gripper assembly is
      in its latched position with respect to the element 12 and in either its
      raised or lowered position with respect to the housing 14. This
      relationship exits in the linear motion device 10 of the present invention
      but does not exist with the prior art devices wherein the projections on
      the linearly movable element were closely spaced. Generally, when
      projections are closely spaced, the element can only be moved in one
      direction if a load transfer function is also to be accomplished.
PAR  Accordingly, there is herein disclosed a novel arrangement for a linear
      motion device 10 of the type having a plurality of gripper assemblies 42,
      44 for engaging an element 12 to be moved. The device 10 is operative to
      effect two incremental steps or motion in a single cycle of operation, and
      yet possesses load transfer features to minimize wear or deterioration of
      the gripper elements and/or the projections on the linearly movable
      element 12. Furthermore, the device 10 is operative to move the element 12
      in incremental steps in either of two linear directions. Further still,
      the number of magnetic or solenoid coils 20 for both moving the gripper
      assembly 42, 44 in engagement with the element 12 and for raising or
      lowering of the gripper assemblies, can be minimized. Still further, the
      timing for energization and de-energization of the coils 20 is not
      critical for accomplishing the desired motion of the element 12.
PAR  It will be understood that the embodiments shown and described herein are
      merely illustrative and that changes may be made without departing from
      the scope of the invention. What is sought to be protected herein is that
      which is recited in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for axially moving a member comprising:
PA1  a longitudinally extending shaft connected at one end to said member to be
      moved, said shaft having a plurality of longitudinally spaced laterally
      extending projections thereon, each of said projections having an upper
      surface and a lower surface and the minimum axial spacing between the
      lower surface of each of said projections and the upper surface of the
      next lower axially adjacent projection being of a first predetermined
      distance;
PA1  a support means;
PA1  first latching means supported on said support means and being adapted to
      be moved into an unlatched position, a coupled position, and a latched
      position with respect to said projections on said shaft, said first
      latching means when in said unlatched position being positioned in
      non-engagable relationship with said projections on said shaft, when in
      said latched position being positioned in engagable relationship with
      respect to said projections and being engaged with one of said projections
      to bear the load of said shaft, and when in said coupled position being
      positioned in engagable relationship with respect to said projectons but
      being positioned between adjacent projections so as not to be subject to
      the load of said shaft;
PA1  first moving means for moving said first latching means longitudinally
      relative to said support means between a lower position and an upper
      position, the axial distance between said lower position and said upper
      position of said first latching means being of a second predetermined
      distance;
PA1  second latching means supported on said support means and being adapted to
      be moved into an unlatched position, a coupled position and a latched
      position with respect to said projections on said shaft, said second
      latching means when in said unlatched position being positioned in
      non-engagable relationship with said projections on said shaft, when in
      said latched position being positioned in engagable relationship with
      respect to said projections and being engaged with one of said projections
      to bear the load of said shaft, and when in said coupled position being
      positioned in engagable relationship with respect to said projections but
      being positioned between adjacent projections so as not to be subject to
      the load of said shaft;
PA1  second moving means for moving said second latching means longitudinally
      relative to said support means between a lower position and an upper
      position, the axial distance between said lower position and said upper
      position of said second latching means being of a third predetermined
      distance; and
PA1  said first latching means and said second latching means being supported in
      spaced relationship on said support means and said predetermined distances
      being interrelated such that the following relationships exist:
PA1  a. when said first latching means is in a latched position with respect to
      said projections and is in its upper position with respect to said support
      means, and when said second latching means is in a coupled position with
      respect to said projections and in its lower position with respect to said
      support means, one of said projections is a fourth predetermined distance
      above said second latching means;
PA1  b. when said second latching means is in a latched position with respect to
      said projections and is in its upper position relative to said support
      means, and said first latching means is in a coupled position with respect
      to said projections and is in its lower position with respect to said
      support means, one of said projections is a fifth predetermined distance
      above said first latching means; and
PA1  c. said first predetermined distance is greater than said second
      predetermined distance less said fourth predetermined distance and is also
      greater than said third predetermined distance less said fifth
      predetermined distance.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said fourth predetermined distance is
      equivalent to said fifth predetermined distance.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said third predetermined distance is
      equivalent to said second predetermined distance plus twice said fourth
      predetermined distance.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the distance between respective
      portions of adjacent projections on said shaft is twice said second
      predetermined distance and wherein the maximum axial width of each of said
      projections is equivalent to said second predetermined distance less twice
      said fourth predetermined distance.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said first latching means is supported
      axially above said second latching means on said support means, the axial
      spacing between said first latching means and said second latching means
      when both are in their respective lower positions being equivalent to said
      fourth predetermined distance plus an odd number of said second
      predetermined distances.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said first latching means is supported
      axially below said second latching means on said support means, the axial
      spacing between said first latching means and said second latching means
      when both are in their respective lower positions being equivalent to an
      odd number of said second predetermined distances less said fourth
      predetermined distance.
NUM  7.
PAR  7. The apparatus of claim 4 wherein said first predetermined distance is
      greater than said maximum axial width of each of said projections on said
      shaft.
NUM  8.
PAR  8. A linear motion device comprising:
PA1  longitudinally movable element having a plurality of laterally extending
      spaced projections thereon;
PA1  a support means;
PA1  a pair of latching means supported on said support means each of which is
      adapted to be moved into an unlatched position, a coupled position, and a
      latched position with respect to said projections on said element, each of
      said latching means when in said unlatched position relative to said
      element being positioned in non-engagable relationship with said
      projections, when in said latched position being positioned in engagable
      relationship with respect to said projections and engaging one of said
      projections to bear the load of said element, and when in said coupled
      position being positioned in engagable relationship with respect to said
      projections but being positioned between adjacent projections so as not to
      bear the load of said element;
PA1  means for moving each of said latching means into engagable relationship
      and non-engagable relationship with respect to said projections on said
      element;
PA1  means for moving each of said latching means between a fully raised
      position and a fully lowered position relative to said support means; and
PA1  said pair of latching means being supported in spaced relationship on said
      support means and said laterally extending projections being spacedly
      positioned on said shaft so that each latching means is movable, when in
      its lowered position with respect to said support means, into a coupled
      position with respect to said element when the other latching means is in
      a latched position with respect to said element and in either its fully
      raised position or its fully lowered position with respect to said support
      means.
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PAL  A stepping motor for use in a remote register, such as is used for the
      remote reading of electricity meters, is arranged to be advanced by
      current pulses of known constant polarity. The motor includes magnetic
      biasing means which effect further rotation of the rotor of the stepping
      motor in the same given direction each time that an input current pulse
      ends. The motor can therefore be controlled by a simple ON/OFF switch in
      the electricity meter circuit with a rectifier being provided in the
      remote register. The magnetic biasing means may consist of one or more
      cylindrical magnets co-axial with the rotor, or a straight or arcuate bar
      magnet adjacent to the periphery of the rotor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to electric stepping motors, and is more
      particularly concerned with stepping motors suitable for operating
      registers which are positioned remote from integrating metering means,
      e.g. electric kilowatt-hour meters. The invention is also concerned with
      remote register devices and systems incorporating such stepping motors,
      and particularly those adapted for use as external meter registers for
      indicating the register reading of electric kilowatt-hour and other
      utility supply meters within buildings, particularly domestic premises.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  U.S. Pat. No. 3,626,263 describes a remote register fitted with a d.c.
      stepping motor which is controlled from a single-pole changeover switch in
      the integrating meter circuitry, so that current pulses of alternate
      opposite polarity are arranged to energise the stepping motor coil each
      time that the changeover switch makes or breaks contact. Thus, the
      polarity of the current through the stepping motor coil changes for each
      movement of the changeover switch, and each such polarity change
      (occurring every kilowatt-hour registered by the integrating meter for
      example) advances the stepping motor rotor by one half revolution. A
      reduction gear is provided between the stepping motor and a recording drum
      of the remote register device so that each change of polarity advances the
      recording drum by .sup.1 /10th of a revolution.
PAR  This prior arrangement requires the provision of rectifier means in the
      circuitry of the integrating meter in order to provide the current pulses
      of alternately opposite polarity for the remote register. Also in this
      prior arrangement, it is necessary to ensure that each movement step of
      the rotor consists of movement through a full 180.degree. arc.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an alternative
      arrangement which avoids the need for the generation of pulses of opposite
      polarity, the stepping motor being arranged to be advanced by pulses of
      constant known polarity controlled by an ON-OFF switch in the circuit of
      the integrating meter. The present invention also avoids the need to
      provide rectifier means in the integrating meter circuitry as the remote
      register device is triggered by a.c. pulses from the integrating meter.
      This means that if a remote register device is being connected to an
      existing integrating meter in domestic premises for example, the only
      change which has to be made to the integrating meter circuitry is the
      inclusion of an ON/OFF switch, as all other necessary circuitry can be
      built into the remote register device which is being installed.
PAR  It is a further object of the present invention to provide a stepping motor
      capable of effecting reliable operation of a register device, particularly
      one of the so-called cyclometer type, which comprises a plurality of
      co-axial drums provided with digital characters around their respective
      peripheries and adapted to be advanced stepwise one from another in the
      conventional way.
PAR  In accordance with the present invention there is provided a stepping motor
      comprising a permanently magnetised rotor having peripheral magnetic
      poles, means mounting said rotor for rotation about an axis of rotation, a
      stationary magnetic circuit comprising a pair of stator pole members each
      having at least one polar surface positioned adjacent to the periphery of
      the rotor, an electromagnet winding associated with a part of the magnetic
      circuit to produce, when energised, opposite magnetic polarities in the
      respective stator pole members, and magnetic biasing means fixedly mounted
      adjacent to said rotor, the magnetic flux in the magnetic circuit and
      through the rotor by way of the polar surfaces being such as to produce an
      output rotary movement of said rotor through a predetermined angle in a
      given direction in response to an input energising current to said
      winding, and the magnetic flux due to said biasing means being such as to
      produce a rotary movement of the rotor through a second predetermined
      angle in the same direction in response to de-energisation of said
      winding.
PAR  Preferably, the poles of said magnetic biasing means are angularly offset
      relative to the poles of the rotor when said winding is de-energised to
      ensure rotation of the rotor in said given direction.
PAR  According to another aspect of the invention a register device for
      providing a numerical visual indication in response to input electrical
      signals comprises a rotatable input member arranged to be rotated in
      stepwise movements, a stepping motor in accordance with the invention, a
      reduction gear train connecting the rotor of the stepping motor to said
      input member, and rectifier means arranged to receive a.c. signals and
      connected to said motor winding to feed current pulses of constant
      polarity thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A number of embodiments in accordance with the invention will now be
      described by way of example and with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a circuit diagram illustrating the connection of a remote
      register in accordance with the invention to an electric supply meter;
PAR  FIG. 2 is a side elevational view, partly in section, of a remote register
      incorporating a stepping motor in accordance with the present invention,
      with the motor coil de-energized;
PAR  FIG. 3 is a view of the stepping motor of FIG. 2 but with the motor coil
      energised;
PAR  FIG. 4 is a front elevation of the stepping motor of FIGS. 2 and 3;
PAR  FIG. 5 is a side elevation of a modified form of stepping motor in
      accordance with the invention having the rotor poles 90.degree. apart;
      and,
PAR  FIG. 6 is a side elevation of a further modified form of stepping motor in
      accordance with the invention, again with the rotor poles 90.degree. apart
     .
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The illustrated embodiments of an electric stepping motor are all
      particularly adapted for operating a remote register device suitable for
      location in a readily accessible and visible position, e.g. outside a
      building, while being operated from an integrating meter device, such as
      an electric kilowatt-hour meter, located in a normally inaccessible
      position, e.g. within the building, and electrically connected thereto by
      a pair of electric conductors.
PAR  Referring first to FIG. 1, this illustrates the connection of the remote
      register device to the integrating meter device, and how the remote
      register device is arranged to be advanced by current pulses of constant
      polarity. In FIG. 1 the integrating meter device is shown schematically as
      a conventional kilowatt-hour meter having a current coil 10, a voltage
      coil 12, and a rotor spindle 14 operating a register mechanism 16 through
      the usual form of reduction gearing. The current coil 10 and the voltage
      coil 12 are connected across the respective input line and neutral
      terminals 18, 20 which are connected to the mains power supply over leads
      22. The metered load is connected across leads 24 while the remote
      register device 26 is connected by a pair of conductors 28 across
      terminals 20 and 30. An ON/OFF switch 32 is connected into the circuit
      between terminals 18 and 30 and is arranged to be driven by the meter
      register 16 in such a manner that it makes one complete on-off movement
      for each kilowatt-hour recorded by the register 16. For example, the
      integrating register mechanism 16 may include a cam which is operative
      upon the switch 32 at the instant of completion of consumption of each
      kilowatt-hour unit.
PAR  The remote register 26 incorporates a resistor 34 and a bridge rectifier 36
      connected across leads 28. Thus, when the switch 32 is "on" an a.c. pulse
      is passed over leads 28 to the remote register 26 where it is rectified to
      produce a low voltage d.c. current pulse of known constant polarity at the
      output side of the rectifier 36. This d.c. current is applied to the coil
      38 of a stepping motor incorporated in the remote register. Thus, with
      repeated on-off actuation of the switch 32, each time the switch is made a
      d.c. current of constant polarity is applied to the coil 38 of the
      stepping motor under the control of the switch 32 and hence of the
      integrating register 16.
PAR  FIGS. 2, 3 and 4 show a first embodiment of stepping motor in accordance
      with the invention, and FIG. 2 shows a part of the remote register 26
      within which the stepping motor is mounted. For a more detailed
      description of the remote register 26 reference should be made to U.S.
      Pat. No. 3,626,263. The register device 26 comprises a base plate 40. A
      recess or groove 42 in the upper surface of the base plate is adapted to
      receive therein the marginal edge of a hollow box-like cover 44. Part of
      the upper region of the cover 44 is set at an angle and has a viewing
      aperture 46 therein which is closed by a glass window 48.
PAR  As is described in the aforementioned U.S. Pat. No. 3,626,263 the cover 44
      encloses a number of cyclometer number drums each carrying digit
      indications 0, 1, 2 . . . 9 around their peripheries. These drums (not
      shown) are arranged to be driven one from another so that at the end of
      each revolution of one drum the drum of next higher digital significance
      is stepped onwards by an angle of 36.degree. to alter by one unit the
      digit value exposed to view through the window 48.
PAR  The base plate 40 carries an approximately U-shaped frame plate 50 having
      upstanding bearing support limbs 52 and 54. The shaft 56 of the stepping
      motor is rotatably mounted in the limbs 52 and 54 of the frame plate 50
      and carries a pinion (not shown) which is in mesh with a spur gearwheel
      (not shown) integral with the first or lowest significant digit drum of
      the cyclometer train. The shaft 56 carries a rotor 58 of suitable
      permanently magnetized material. The rotor 58 is permanently magnetized in
      a diametral direction to provide a signal north-seeking pole N on one side
      of the cylindrical periphery and a complementary south-seeking pole S on
      the diametrically opposite side of its periphery.
PAR  The rotor 58 operates between pole members forming part of a stationary
      magnetic flux circuit. In the embodiment of FIGS. 2 to 4, this magnetic
      flux circuit comprises a first pole member 60 formed of a rectangular
      cross-section strip of ferromagnetic material, e.g. mild steel, and a
      second pole member 62 of a similar rectangular cross-section strip of
      ferromagnetic material. The first pole member 60 is positioned so as to
      provide a main pole 64 having a flat main polar surface facing but
      separated from the opposing peripheral surface of the rotor 58 by a first
      main pole magnetic flux gap a. This pole member 60 is bent at right-angles
      towards one end so as also to provide a subsidiary pole 66 which has a
      flat subsidiary polar surface likewise facing but separated from the
      opposing peripheral surface of the rotor 58 by a first subsidiary pole
      flux gap b. The second pole member 62 is bent three times at right-angles
      so as to provide a second main pole 68 also having a flat main polar
      surface which is parallel with the first main polar surface and is
      separated from the facing peripheral surface of the rotor 58 by a second
      main pole flux gap a' disposed at a position diametrically opposite the
      first main pole flux gap a, and a subsidiary pole 70 having a flat
      subsidiary polar surface which is separated from the rotor surface by a
      second subsidiary pole flux gap b' which is diametrically opposite the gap
      b.
PAR  The opposite end of the first pole member 60 is secured in good magnetic
      transfer relationship to one end of a cylindrical core 72 of ferromagnetic
      material. The opposite end of the core 72 has secured thereto in good
      magnetic transfer relationship the other end of the second pole member 62.
      A bobbin 74 of electrically insulating material carrying an
      electromagnetic winding 38 is provided around the core 72.
PAR  As shown most clearly in FIG. 4, biasing magnets 76 of cylindrical form are
      mounted fixedly one on each side of the rotor 58 and are secured to the
      limbs 52 and 54 of the frame plate 50 respectively. The biasing magnets 76
      are of substantially the same diameter as the rotor 58, but in FIGS. 2 and
      3 they are shown reduced in diameter for ease of illustration. The magnets
      76 are permanently magnetized in a diametral direction to provide a single
      north-seeking pole on one side of their periphery and a complementary
      south-seeking pole on the diametrically opposite side of their periphery.
PAR  In the operation of this arrangement, the current pulses applied to the
      stepping motor of the remote register 26 are derived from the switch 32
      which is operated by the integrating register mechanism 16 of the driving
      meter. The switch 32 is driven by the register 16 and makes one complete
      on and "off" operation for each kilowatt-hour (or other unit) registered.
      With the switch 32 in the off position, the biasing magnets 76 hold the
      magnetized rotor 58 in the position shown in FIG. 2 with the poles of the
      rotor attracted to and facing the main poles 64 and 68 across the two main
      flux gaps a and a'. When the switch 32 makes, the stepping motor coil 38
      is energised (FIG. 3), and a current of opposite polarity to the biasing
      magnets and of sufficient magnitude to cancel the effect of these magnets
      and drive the rotor through one half turn is passed through the coil 38.
      The stator main poles 64 and 68 are thereby magnetized in the opposite
      sense to the biasing magnets, and assume a magnetic polarity similar to
      that of the facing polar regions of the rotor 58. The resultant magnetic
      repulsion causes the rotor 58 to turn through 180.degree. to a position
      where the immediately facing rotor and main stator poles are of unlike
      polarity as shown in FIG. 3. The rotation is always in one direction which
      is determined by the positioning of the subsidiary poles 66 and 70 and the
      respective subsidiary pole flux gaps b and b', the direction of rotation
      being such that each rotor pole moves towards the subsidiary gap which is
      of unlike polarity. Thus in the case of the sample shown, the rotor 58
      will always rotate in a clockwise direction as viewed in FIGS. 2 and 3.
PAR  When subsequently the switch 32 breaks and goes to the off position, the
      stator poles are de-energized. The biasing magnets 76 then cause the rotor
      58 to rotate through a further 180.degree. to a position shown in FIG. 2.
      The magnets 76 must be such that they provide sufficient flux force to
      drive the rotor through 180.degree. but must also be such that when a
      current is passed through the coil 38 the flux force from the biasing
      magnets is not such as to prevent the rotation of the rotor from the
      position shown in FIG. 2 to the position shown in FIG. 3. In order to
      ensure that the magnetized rotor 58 rotates in the clockwise sense under
      the influence of the biasing magnets 76 when the winding 38 is
      de-energized, the biasing magnets are fixed to the frame plate limbs 52
      and 54 in a position where the poles of the magnets 76 lag those of the
      rotor by a small angle .theta..
PAR  Thus, the rotor of the stepping motor will advance through one complete
      revolution for each on-off movement of the switch 32. Thus, with a
      stepping motor as described above used in conjunction wih a cyclometer
      type register providing decimal digit indications on each drum, a 10:1
      gear reduction ratio must be provided between the rotor shaft 56 and the
      first drum of the cyclometer train. Thus, with this transmission ratio
      each 360.degree. movement of the rotor 58 causes a 36.degree. movement of
      the first cyclometer drum.
PAR  Various alternative forms of magnetic biasing may be employed as compared
      with that shown in FIGS. 2 to 4. For example, by axially displacing the
      stepping motor rotor 58 a single relatively thick biasing magnet 76 could
      be used at one side of the rotor instead of the two relatively thin
      cylindrical magnets one one each side of the rotor. Moreover, it is not
      necessary that the biasing magnet or magnets 76 be the same diameter as
      the rotor 58, although it is considered preferable to make them of
      substantially the same diameter.
PAR  FIG. 5 shows a further alternative magnetic biasing arrangement. In this
      embodiment the rotor 58 is magnetized to have 4 poles which are 90.degree.
      apart, i.e. two diametrically opposed north poles and two diametrically
      opposed south poles. With this arrangement the stator pole member 60a is
      bent at 45.degree. instead of 90.degree.,  so that the subsidiary pole 66b
      and the subsidiary pole flux gap b are only displaced by 45.degree. from
      the main pole 64 and main pole flux gap a. The other stator pole member
      62a is similarly modified by being bent once at 90.degree. and once at
      45.degree. in order to provide a main pole 68a and main pole flux gap a'
      displaced by 90.degree. relative to the main pole flux gap a and also a
      subsidiary pole 70a and subsidiary pole flux gap b' displaced by
      45.degree. from the main pole flux gap a'.
PAR  Instead of providing one or more cylindrical biasing magnets a straight bar
      magnet 80 is positioned with its oneend adjacent to the periphery of the
      rotor 58a substantially diametrically opposite the main flux gap a but
      offset by an angle .theta., again to ensure that the rotor rotates in the
      correct direction under the influence of the biasing magnet 80. As will be
      apparent from this arrangement, each complete on and off movement of the
      switch 32 will cause the rotor 58a to rotate through 180.degree. so that a
      5:1 gear reduction ratio must be provided between the rotor shaft 56 and
      the first cyclometer drum.
PAR  FIG. 6 shows an arrangement similar to that in FIG. 5 but instead of using
      a straight bar magnet 80 an arcuate magnet 82 is provided extending
      through 90.degree. and centred on the axis of the rotor shaft 56a. Again,
      as in the preceding embodiments, the arcuate magnet 82 is slightly offset
      relative to the poles of the rotor in order to ensure the correct
      direction of rotation of the rotor under the influence of the magnet 82.
PAR  Furthermore, although in the embodiments described above the stepping
      motors each having two subsidiary stator poles in the stationary magnetic
      circuit it is possible to dispense with one of these subsidiary poles as
      described for example in U.S. Pat. No. 3,626,263.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric stepping motor comprising a permanently magnetised rotor
      having peripheral magnetic poles, means mounting said rotor for rotation
      about an axis of rotation, a stationary magnetic circuit comprising a pair
      of stator pole members each having at least one polar surface positioned
      adjacent to the periphery of the rotor, an electromagnet winding
      associated with a part of the magnetic circuit to produce, when energised,
      opposite magnetic polarities in the respective stator pole members, and
      stationary magnetic biasing means fixedly mounted on frame means adjacent
      to said rotor, the magnetic flux in the magnetic circuit and through the
      rotor by way of the polar surfaces being sufficient as to produce and
      output rotary movement of said rotor through a first predetermined angle
      in a given direction in response to an input energizing current to said
      winding, and the magnetic flux due to said biasing means being sufficient
      as to produce a rotary movement of the rotor through a second
      predetermined angle in the same direction as the first-mentioned direction
      in response to de-energisation of said winding but being insufficient to
      prevent the rotation of the rotor through said first predetermined angle
      when said winding is energized.
NUM  2.
PAR  2. An electric stepping motor according to claim 1, in which said magnetic
      biasing means comprises at least one cylindrical magnet mounted on said
      frame means co-axially with respect to said axis of rotation and
      magnetised to provide a north-seeking pole at one region of its periphery
      and a complementary south-seeking pole at a diametrically opposite region
      of its periphery.
NUM  3.
PAR  3. An electric stepping motor according to claim 1, in which said magnetic
      biasing means comprises a linear bar magnet having one end adjacent to the
      periphery of said rotor and having its longitudinal axis perpendicular to
      and passing through said axis of rotation of the rotor.
NUM  4.
PAR  4. An electric stepping motor according to claim 1, in which said magnetic
      biasing means comprises an arcuate bar magnet positioned adjacent to the
      periphery of a portion of said rotor and concentric with respect to said
      axis of rotation, the angle subtended by said magnet at the centre of the
      rotor being equal to the angular spacing between two rotor poles of
      opposite polarity.
NUM  5.
PAR  5. An electric stepping motor according to claim 1, in which said rotor
      comprises a cylindrical magnet magnetised diametrically to provide a
      single north-seeking pole at one peripheral region and a single
      complementary south-seeking pole at a diametrically opposite peripheral
      region, and in which said stationary magnetic circuit comprises a pair of
      main stator poles each having a flat main polar surface, which main polar
      surfaces are parallel to each other on diametrically opposite sides of the
      periphery of the rotor magnet, and at least one subsidiary stator pole
      having a flat subsidiary polar surface lying at an angle of 90.degree. to
      said main polar surfaces and adjacent to the periphery of the rotor
      magnet, energisation of said winding producing opposite magnetic
      polarities in said main stator poles and the same magnetic polarity in
      said subsidiary stator pole as in a given one of said main stator poles.
NUM  6.
PAR  6. An electric stepping motor according to claim 3, in which said rotor
      comprises a cylindrical magnet magnetised to provide two diametrically
      opposed north-seeking poles and two diametrically opposed south-seeking
      poles with adjacent poles spaced 90.degree. apart, and in which said
      stationary magnetic circuit comprises a first strip of ferromagnetic
      material bent at 45.degree. towards one end to form a first main stator
      pole and a first subsidiary stator pole at 45.degree. to the main pole and
      connected towards its other end to one end of a magnetic core of said
      winding, and a second strip of ferromagnetic material bent at right-angles
      near its mid-region and bent again towards one end at 45.degree. to form a
      second main stator pole and a second subsidiary stator pole at 45.degree.
      to the main pole, the other end of said second strip being connected to
      the other end of said magnetic core of the winding.
NUM  7.
PAR  7. An electric stepping motor according to claim 4, in which said rotor
      comprises a cylindrical magnet magnetised to provide two diametrically
      opposed north-seeking poles and two diametrically opposed south-seeking
      poles with adjacent poles spaced 90.degree. apart, and in which said
      stationary magnetic circuit comprises a first strip of ferromagnetic
      material bent at 45.degree. towards one end to form a first main stator
      pole
PA1  and a first subsidiary stator pole at 45.degree. to the main stator pole
      and connected towards its other end to one end of a magnetic core of said
      winding, and a second strip of ferromagnetic material bent at right-angles
      near its mid-region and bent again towards one end at 45.degree. to form a
      second main stator pole and a second subsidiary stator pole at 45.degree.
      to the main pole, the other end of said second strip being connected to
      the other end of said magnetic core of the winding.
NUM  8.
PAR  8. An electric stepping motor according to claim 1, in which the poles of
      said magnetic biasing means are angularly offset relative to the poles of
      the rotor when said winding is de-energised to ensure rotation of the
      rotor in said given direction.
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ABST
PAL  A compact AC-DC motor comprising a housing having a center section and
      respective end bells, each having a recess therein. A stator is received
      in the housing and extends into the recess in one end bell and a magnetic
      pole piece is similarly received in the housing and extends into the
      recess in the other end bell. Rotatably supported in the end bells is a
      shaft which mounts a rotor which cooperates with the stator, and an
      armature winding in juxtaposition to the rotor which cooperates with the
      pole piece. Additionally, a brush holder is affixed to the end of the pole
      piece whereby the construction provides a highly efficient motor which
      occupies a minimum volume of space.
BSUM
PAR  The present invention relates to a motor construction and, more
      particularly, pertains to an AC-DC motor construction which occupies a
      minimum volume.
PAR  In many applications it is highly desirable to utilize a motor which may be
      operated from either an AC or a DC source of power, which is highly
      efficient, and which is relatively small in size. For example,
      motor-driven cameras, particularly hand-held cameras such as the type
      utilized by television cameramen, require such an AC and a DC motor
      contained within a single housing. That is, when used in the field such
      cameras are usually powered by a DC battery pack and operated at a
      constant speed via a phase lock loop control circuit. However, when
      utilized in the studio, the cameras may be powered by an AC source via a
      line cord which connects the camera with a conventional outlet and
      operated synchronously. It is obvious that in such situations the space
      occupied by such motors is of primary consideration since the cameraman is
      required to carry and maintain such cameras steady when they are
      "shooting." However, heretofore, motors of the type under consideration
      occupied considerable space and, as a result, such cameras were bulky and
      unwieldy to maneuver.
PAR  In addition, many cameras presently in use use only DC motors. However, in
      order to increase their versatility these cameras are being reconditioned
      to operate from both AC and DC sources. Since the size of the motor
      compartment is already fixed by the present design of the camera, it is
      necessary to fit the AC-DC motor into the same volume without any
      sacrifice of either efficiency or accuracy.
PAR  Accordingly, an object of this invention is to provide an improved AC-DC
      motor construction.
PAR  A more specific object of the present invention is to provide an AC-DC
      motor which is highly compact and therefore occupies a minimum volume.
PAR  A further object of the present invention resides in the novel details of
      construction which provide an AC-DC motor of the type described which is
      highly efficient in operation while, at the same time, achieving an
      economy of space.
PAR  Accordingly, an AC-DC motor constructed according to the present invention
      comprises a housing which includes a center section having respective open
      ends. The open ends of the center section are closed by respective first
      and second end bells each having a recess therein. A shaft extends through
      the housing and is rotatably supported by the end bells. A rotor is
      fixedly mounted on the shaft and a stator is received in the housing and
      is positioned in surrounding relationship to the rotor and extends into
      the recess in the first end bell. An armature winding is similarly fixedly
      mounted on the shaft adjacent the rotor. Magnetic poles are received in
      the center section in electromagnetic cooperation with the armature
      winding. A plurality of commutator segments are received on the shaft and
      are connected to the armature winding. Brush means is provided in the
      housing in electrical engagement with the commutator segments and a
      plurality of leads respectively connect to the brush means and the stator
      thereby providing a highly compact and efficient AC-DC motor construction.
DRWD
PAR  Other features and advantages of the present invention will become more
      apparent from a consideration of the following detailed description when
      taken in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a perspective view of an AC-DC motor constructed according to the
      present invention;
PAR  FIG. 2 is a horizontal sectional view thereof, to an enlarged scale;
PAR  FIG. 3 is an end view of the motor shown in FIG. 1 with the end bell
      removed to illustrate the brush mounting arrangement of the motor of the
      present invention; and
PAR  FIG. 4 is a rear view of the lefthand end bell shown in FIG. 1.
DETD
PAR  Accordingly, the AC-DC compact motor construction of the present invention
      is designated generally by the reference numeral 10 in the figures and
      includes a housing designated generally by the reference numeral 12. The
      housing 12 includes a center section 14 and respective end bells 16 and
      18.
PAR  More particularly, the center section 14 comprises a cylindrical member 20
      and a cylindrical member 22 which may be affixed to the member 20 by a
      press fit or the like. A circumferential rabbet joint 24 is provided
      between the members 20 and 22. As shown in FIG. 2, the end bell 16 closes
      the open end 26 of the center section 14 and the end bell 18 closes the
      open end 28 of the section 14.
PAR  Provided within the member 22 is a reduced diameter portion 30 which forms
      a circumferential seat 32 with the enlarged diameter portion 34 of the
      center section 14. A circular insulating washer 36 having a central
      aperture 38 abuts the seat 32.
PAR  Received within the enlarged diameter portion 34 of the section 14 is a
      stator designated generally by the reference numeral 40. The stator is
      cylindrical in cross section and includes an outer insulating covering 42,
      a stator winding 44, and an inner insulating covering 46 which defines a
      central through bore 48. As shown in FIG. 2, the stator winding 44 extends
      beyond the ends of the coverings 42 and 46 and one end abuts the
      insulating washer 36. The other end of the stator winding 44 extends
      beyond the open end 26 of the section 14. However, as shown in FIG. 2, the
      end bell 16 is provided with an annular recess 50 which receives the end
      of the stator winding 44 therein. The end bell 16 and the open end 26 of
      the section 14 are provided with a circumferential rabbet joint 52 so that
      the end bell 16 seats on the section 14. Additionally, the end bell 16 may
      be affixed to the section 14 in any conventional manner as by a press fit
      or by screws extending through the end bell 16 into the wall of the
      section 14.
PAR  Centrally located in the end bells 16 and 18 are bearings 54 which
      rotatably support an axial shaft 56. Fixedly mounted on the shaft 56, by a
      press fit or the like, is a rotor, designated generally by the reference
      numeral 58. As shown in FIG. 2, the rotor 58 is received within the bore
      48 and is surrounded by the stator winding 44. The rotor may comprise a
      balanced aluminum core 60 which is surrounded by a polished alnico jacket
      62. The stator 40 and the rotor 58 may comprise an AC hysteresis
      synchronous motor of the type manufactured by the Electric Indicator
      Company, Inc. of Wilton, Connecticut and designated Model No.
      BSHJ-2626410. Conventionally, this type of motor is a two-phase motor
      wherein the difference in phases is obtained by placing a capacitor in
      series with one of the phases of the winding.
PAR  Also received on the shaft 56 and fixedly mounted thereon by a press fit or
      the like is an armature winding 64 of a torquer DC motor. The armature
      winding 64 is connected to commutator segments 66 also mounted on the
      shaft 56, in the conventional manner. The armature winding 64 is separated
      from the rotor 58 by a bushing 68 which is similarly mounted on the shaft
      56.
PAR  A cylindrical magnet 70 having a central aperture 72 is slidingly received
      within the reduced diameter portion 30 of the member 22. Additionally, the
      armature winding 64 is received within the central aperture 72 of the
      magnetic 70. The magnet 70 electromagnetically cooperates with the
      armature winding 64 and is effectively the magnetic pole piece for the
      armature winding. As shown in FIG. 2, the magnet 70 abuts the insulating
      washer 36. A brush arrangement designated generally by the reference
      numeral 74 introduces power to the armature winding 64 via the commutator
      segments 66.
PAR  More specifically, as shown in FIGS. 2 and 3, the brush arrangement 74
      includes an insulating ring 76 fabricated from plastic or the like. The
      ring 76 is affixed to the edge of the magnet 70 by screws 78. As shown in
      FIG. 2, the outer diameter of the ring 76 is equal to the outer diameter
      of the magnet 70. Connected to and depending from the inner wall of the
      ring 78 is a brush set 80. The brush set 80 includes leaf springs 82 of an
      electrically conducting material and silver graphite brushes 84 which are
      adapted to engage the commutator segments 66 in the conventional manner.
      In a similar manner, a lower brush set 86 is provided which includes leaf
      springs 88 electrically connected to carbon brushes 90 which similarly
      engage the commutator segments 66. The brush sets 80 and 86 may be
      connected to an external source of power or to a load via leads 92 which
      extend through the end bell 16. Additionally, leads 94 which also extend
      through the end bell 16 are provided to connect an AC source of power to
      the stator winding 44.
PAR  As shown in FIG. 2, a portion of the magnet 70, a portion of the armature
      winding 64 and the commutator segments 66 extend beyond the open end 28 of
      the center section 14. However, the end bell 18 is provided with a recess
      96 which encloses the portions of the DC motor extending beyond the end of
      the center section. Additionally, the end 28 of the section 14 and the
      inner end of the end bell 18 are provided with a circumferential rabbet
      joint 98 to provided a seal between the end bell and the center section.
      The end bell 18 may be connected to the center section 14 by a press fit
      or by screws 100 which extend through the end bell and into the center
      section 14. Additionally, as shown in FIG. 4, the end bell 18 is provided
      with a groove 102 in an aperture 104, which receives the bearing 54
      therein. The groove receives a spring retainer 106 against which the
      bearing 54 seats when the unit is assembled.
PAR  The end bell 18 includes a rectangular portion 108 which extends beyond the
      outer diameter of the center section 14 and is provided with apertures 110
      at the corners thereof so that the motor construction 10 may be connected
      to an external load device by connecting means such as screws which extend
      through the apertures 110.
PAR  Thus, by providing the recessed end bells and the compact brush arrangement
      an extremely compact and efficient AC-DC motor construction may be
      provided.
PAR  While a preferred embodiment of the invention has been shown and described
      herein, it will be obvious that numerous omissions, changes and additions
      may be made in such embodiment without departing from the spirit and scope
      of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, an AC and a separate DC motor comprising a single
      housing including a wide center section having respective open ends, a
      first end bell closing one of said open ends of said center section, a
      second end bell closing the other of said open ends of said center
      section, respective recesses in said first and second end bells, a single
      integral rigid shaft extending through said housing and being rotatably
      supported in said end bells; said AC motor comprising a rotor fixedly
      mounted on said shaft, and a stator in said housing surrounding said rotor
      and positioned to extend into the recess in said first end bell; said DC
      motor comprising an armature winding fixedly mounted on said shaft
      adjacent said rotor, magnetic poles in said center section in
      electromagnetic cooperation with said armature winding, a plurality of
      commutator segments on said shaft connected to said armature winding,
      brush means in said housing in electrical engagement with said commutator
      segments, and a plurality of leads respectively connected to said brush
      means and said stator and extending through said housing to provide for
      the connection of an energy source thereto, said magnetic poles comprising
      a cylindrical magnet coaxially supported in said housing, said armature
      winding being in juxtaposition to said rotor and being sized and
      positioned to extend into the recess in said second end bell, said center
      section comprising a cylinder having an enlarged diameter portion which
      receives said stator therein, and a reduced diameter portion which
      receives said magnetic poles therein in sliding engagement with the walls
      defining said reduced diameter portion, said magnetic poles being sized to
      extend beyond the end of said reduced diameter portion of said center
      section and into said recess of said second end bell.
NUM  2.
PAR  2. The combination of claim 1, in which said brush means comprises an
      insulating ring connected to the end of said cylindrical magnet and
      positioned to surround said plurality of commutator segments, and a
      plurality of brushes supported by said insulating ring and positioned to
      engage said plurality of commutator segments.
NUM  3.
PAR  3. The combination of claim 1, in which said rotor comprises an aluminum
      core and a polished metal jacket on said aluminum core fabricated from
      alnico.
NUM  4.
PAR  4. The combination of claim 2, in which said plurality of brushes comprise
      leaf springs which extend inwardly from said insulating ring.
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ABST
PAL  An X-ray tube including a tubular envelope having therein two cathode
      filaments operatively disposed in spaced relationship with an anode target
      surface, one filament being made of a material suitable for low current
      operation and the other filament being made of a material suitable for
      high current operation of the X-ray tube.
BSUM
PAC  Background Of The Invention
PAR  This invention relates generally to X-ray apparatus and is concerned more
      particularly with an X-ray tube having a plurality of cathode filaments
      made of respective materials suitable for associated operating levels of
      the tube.
PAR  An X-ray tube of the dual filament type generally comprises a tubular
      envelope having therein an anode target surface supported in spaced
      opposing relationship with a pair of separately operable filaments, one of
      which usually is larger in diameter and longer than the other. The larger
      filament generally is used to obtain a substantially greater electron
      emission than provided by the smaller filament. Consequently, the higher
      electron beam current emitted from the larger filament impinges on a
      relatively larger area of the target surface and generates a higher flux
      X-ray beam, which is suitable for providing short time, motion arresting
      exposures of a beating heart, for example. On the other hand, the smaller
      filament directs a comparatively low current, electron beam onto a
      correspondingly small area of the target surface to generate a lower flux
      X-ray beam having higher resolution, which is suitable for
      cineradiography, for example.
PAR  Thus, each of the filaments is operated under respective conditions to
      provide a suitable current level, electron beam for generating an
      associated X-ray beam having desired properties for special X-ray
      techniques. However, despite the diversity in operating conditions, both
      of the filaments usually are made of the same material. As a result, it
      may be found that a filament material which functions satisfactorily in
      the low temperature range poses problems at relatively higher operating
      temperatures. Similarly, a filament material which provides suitably high
      electron currents in the high temperature range may be found to perform
      erratically at relatively low operating temperatures.
PAR  Therefore, it is advantageous to provide a dual filament, X-ray tube with
      filaments made of respective materials suitable for performing
      satisfactorily at associated operating levels of the tube.
PAC  Summary Of The Invention
PAR  Accordingly, this invention provides an X-ray tube comprising a tubular
      envelope having therein an anode target surface disposed in spaced
      opposing relationship with a pair of helically wound filaments made of
      respective different materials. One of the filaments is made of thoriated
      tungsten material and, preferably, is of greater diameter and length than
      the other filament which is made of substantially pure tungsten material.
      The thoriated tungsten filament may be carburized, in a conventional
      manner, to a depth of about 20 to 30 percent of its cross-sectional area
      in order to improve emission characteristics. The pure tungsten filament
      is limited to a maximum operating temperature of about 2400.degree.
      centigrade where it produces an electron current of approximately 1600
      milliamperes per square centimeter of emitting surface. At higher
      operating temperatures, the pure tungsten material evaporates very rapidly
      and may deposit on dielectric support members which may result in voltage
      breakdown of the tube.
PAR  The thoriated tungsten filament, on the other hand, emits an equivalent
      electron current at a temperature of about 1650.degree. centigrade.
      Furthermore, the thoriated tungsten filament may be operated safely at a
      temperature of about 1700.degree. centigrade for extended intervals of
      time to produce an electron current of approximately 3000 milliamperes per
      square centimeter of emitting surface. Evaporation of tungsten or other
      materials from the thoriated tungsten filament at these temperatures is
      very small, typically about two hundred thousand times less than the
      evaporation of tungsten from the pure tungsten filament at 2400.degree.
      centigrade. Thus, the thoriated tungsten filament is especially suited for
      emitting relatively high electron currents in the high temperature range
      of operation without risk of damaging the X-ray tube. However, when the
      thoriated tungsten filament is operated at relatively low temperatures,
      the emission may be affected by the relatively low diffusion rate of the
      thorium to the surface to ensure a predictable electron current level.
      Consequently, in the low temperature range of operation, the performance
      of the thoriated tungsten filament is not repeatable with a consistency
      characteristic of the pure tungsten filament.
PAR  Therefore, in accordance with this invention, the pure tungsten filament,
      preferably, is operated to achieve electron current levels in the range
      from below three milliamperes up to about nine hundred milliamperes, as
      desired. The thoriated tungsten filament, preferably, is operated when
      current levels from 900 milliamperes to more than 3000 milliamperes are
      desired. Each of the filaments may be suitably disposed in respective
      focusing cups for directing the associated beams of electrons onto aligned
      focal spot areas of the anode target surface. Thus, the electron beam
      emanating from the smaller filament may be focused to produce a
      correspondingly small focal spot, such as six tenths of a square
      millimeter in size, for example, to provide an associated X-ray beam
      having high resolution properties. Also, the electron beam emanating from
      the larger filament may be focused to produce a relatively larger focal
      spot, such as greater than one square millimeter in size, for example, to
      provide associated high flux X-ray beam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, reference is made in the
      following more detailed description to the accompanying drawing wherein:
PAR  FIG. 1 is an axial view, partly in section, of an X-ray tube and apparatus
      embodying the invention;
PAR  FIG. 2 is an enlarged plan view of the cathode head shown in FIG. 1, taken
      along the line 2--2 and looking in the direction of the arrows; and
PAR  FIG. 3 is an axial sectional view taken along the line 3--3 in FIG. 2 and
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawing wherein like characters of
      reference designate like parts, there is shown in FIG. 1 X-ray generating
      apparatus 10 including an X-ray tube 12 operatively connected to an
      adjustable filament supply unit 14, an adjustable biasing unit 16, and a
      high voltage supply unit 18.
PAR  X-ray tube 12 comprises a generally tubular envelope 20 which may be made
      of dielectric material, such as lead-free glass, for example. One end of
      envelope 20 is provided with a reentrant portion 22 which is peripherally
      sealed to one end of a metal collar 24. The other end of collar 24 is
      hermetically attached, in a well-known manner to one end of a conventional
      anode rotor 26, which is made of conductive material, such as copper, for
      example. A stem 28 of rotor 26 extends externally of the envelope 20 and
      provides terminal means for electrically connecting the rotor 26 to a
      positive terminal of the adjustable high voltage supply unit 18.
PAR  Within envelope 20, a conductive shaft 30 made of refractory material, such
      as molybdenum, for example, extends longitudinally from the internal end
      of rotor 26 and is in electrical communication therewith. Fixedly attached
      to the distal end portion of shaft 30 is a perpendicularly disposed anode
      disk 32 which is rotated by the shaft 30 in a well-known manner. The inner
      end of disk 32 has a frusto-conical configuration for providing a sloped
      annular target surface 34 adjacent its outer periphery. The target surface
      34 is made of a material, such as tungsten, for example, which readily
      emits X-rays when bombarded by high energy electrons. However, other
      portions of anode disk 32 may be made of suitable conductive material,
      such as molybdenum, for example.
PAR  Although anode disk 32 is rotatable, a portion of the target surface 34 is
      continuously positioned in spaced opposing relationship with a cathode
      head 40 and is sloped toward a radially aligned, X-ray transparent window
      42 in the envelope 20. The cathode head 40 is fixedly supported on a
      suitably angled, end portion of a hollow arm 44 which has an opposing end
      portion fixedly attached to one end of an axially disposed support
      cylinder 46. The other end of support cylinder 46 is circumferentially
      sealed to a reentrant portion 48 of envelope 20, out of which hermetically
      extend electrical terminal lead members 50, 52, 54, and 56, respectively.
PAR  Terminal lead member 50 is electrically connected to a movable contact arm
      58 of a gang switching means 60. The arm 58 may be operated to engage a
      fixed contact which is electrically connected to an output terminal of the
      adjustable biasing unit 16. Alternatively, the arm 58 may be operated to
      engage a fixed contact which is electrically connected to the terminal
      lead member 52. Terminal lead member 52 also is connected electrically to
      an output terminal of the filament supply unit 14 and the negative output
      terminal of the high voltage supply unit 18. The movable contact arm 58 is
      mechanically coupled to another movable contact arm 62 of gang switching
      means 60, such that both movable arms are actuated simultaneously. Thus,
      when the movable contact arm 58 is electrically connected to the biasing
      unit 16, the movable arm 62 engages a fixed contact which is electrically
      connected to terminal lead member 54. Alternatively, when the movable
      contact arm 58 is electrically connected to terminal lead member 52, the
      movable arm 62 engages a fixed contact which is electrically connected to
      a terminal lead member 56. Within envelope 20, the terminal lead members
      50, 52, 54, and 56, respectively, extend through the hollow arm 44 ad into
      the cathode head 40.
PAR  As shown in FIGS. 2 and 3, cathode head 40 includes a cylindrical block 64
      made of conductive material, such as nickel, for example, which is
      electrically connected to the terminal lead member 50. The block 64 is
      provided with a substantially V-shaped end surface 66 which is disposed in
      spaced opposing relationship with an aligned portion of the anode target
      surface 34. Symmetrically disposed in one of the inclined faces of end
      surface 66 is an elongated stepped cavity 68 having insulatingly supported
      therein a helically wound filament 70. The filament 70 extends
      longitudinally within cavity 68, and is made of substantially pure
      tungsten material. One end of filament 70 is electrically connected to
      terminal lead member 54, and the opposing end is electrically connected to
      terminal lead member 52.
PAR  The filament 70 preferably is shorter in length and smaller in diameter
      than another helically wound filament 72 which is insulatingly supported
      within an elongated arcuate bottomed cavity 74 symmetrically disposed in
      the other inclined face of end surface 66. The filament 72 extends
      longitudinally within the cavity 74, and is made of thoriated tungsten
      material comprising substantially pure tungsten material to which has been
      added about one percent thorium oxide. Prior to assembly into the tube or
      prior to evacuation of the complete tube, the larger thoriated filament is
      carburized, in a conventional manner, to a depth of about twenty to thirty
      percent of the cross-sectional area. During operation of the tube 12, the
      thorium oxide is converted to metallic thorium which diffuses to the
      filament surface at a predictable rate when the filament is operated at a
      sufficiently high temperature. Thus, when filament 72 is operated within a
      specified temperature range, the thorium on the surface of the filament is
      replenished to provide a copious emission of electrons therefrom. One end
      of filament 72 is electrically connected to terminal lead member 56, and
      the opposing end thereof is electrically connected to terminal lead member
      52 in common with the corresponding end of the shorter filament 70.
PAR  For low electron beam currents, such as from below three milliamperes up to
      about nine hundred milliamperes, for example, the gang switching means 60
      may be actuated to connect the filament supply unit 14 to the shorter
      tungsten filament 70 and to connect the conductive block 64 to the biasing
      unit 16. The filament supply unit 14 and the high voltage supply unit 18
      may be adjusted, either automatically or manually, to respectively supply
      a suitable low current to the filament 70 and to establish a desired
      elctrostatic potential between the filament 70 and the target surface 34.
      As a result, the pure tungsten filament 70 is heated to the proper
      temperature for emitting the desired low electron current. The emitted
      electrons are drawn electrostatically toward the target surface 34 in a
      generally flat beam, which is focused onto a small area of target surface
      34 by a biasing potential applied to the block 64. Thus, the stepped
      cavity 68, wherein the filament 70 is insulatingly disposed, functions as
      a focusing cup to provide a high resolution, X-ray beam which passes out
      of tube 12 through the X-ray transparent window 42 in envelope 20.
PAR  For high electron beam currents, such as from nine hundred milliamperes to
      above three thousand milliamperes, for example, the gang switching means
      60 may be actuated to connect the filament supply unit 14 to the thoriated
      tungsten filament 72. As a result, the conductive block 64 is connected to
      the cathode potential through the terminal lead member 52. The filament
      supply unit 14 and the high voltage unit 18 are adjusted, either
      automatically or manually, to respectively supply a suitably high current
      to filament 72 and to establish a suitably high potential between filament
      72 and target surface 34. Consequently, the thoriated tungsten filament 72
      is heated to a sufficiently high temperature to emit the desired high
      current of electrons. The emitted electrons are drawn electrostatically to
      the target surface 34 in a generally flat beam having a larger rectangular
      cross-section than the beam associated with the shorter filament 70. The
      electrons emitted from filament 72 are directed out of the cavity 74 by
      the cathode potential applied to the conductive block 64. Thus, the cavity
      74 also functions as a focusing cup to aid in directing the emitted
      electrons onto a desired rectangular area of the sloped target surface.
      Accordingly, this high current electron beam generates a correspondingly
      high flux X-ray beam which passes out of tube 12 through the X-ray
      transparent window 42 and envelope 20.
PAR  Thus, there has been disclosed herein an X-ray tube 12 having the
      capability of providing electron beam currents from below three
      milliamperes in value to above three thousand milliamperes. The gang
      switching means 60 is actuated to avoid the operating the smaller filament
      70 in the high electron current operating range where the pure tungsten
      material may evaporate very rapidly and short out the tube. The gang
      switching means 60 also is actuated to avoid operating the larger filament
      72 in the low electron current operating range where the thoriated
      tungsten material may not be heated to a sufficiently high temperature to
      provide consistently repeatable emission currents.
PAR  Alternatively other means may be used for ensuring that the pure tungsten
      filament is used for producing low electron beam currents and the
      thoriated tungsten filament is operated to provide high electron beam
      currents. For example, the filaments may be connected to respective
      filament transformers which are adjustable independently of one another.
      Also, the filaments may be suitably supported in unbiased focusing cups,
      or other electron optical means may be employed for focusing purposes,
      such as apertured disks, for example. Also, the filaments 70 and 72,
      respectively, need not be helically wound, but instead may comprise
      respective straight strands of filament wire, or flat ribbons which may be
      shaped to aid in focusing emitted electrons, for examples.
PAR  From the foregoing, it will be apparent that all of the objectives of this
      invention have been achieved by the structures shown and described herein.
      It also will be apparent, however, that various changes may be made by
      those skilled in the art without departing from the spirit of the
      invention as expressed in the appended claims. It is to be understood,
      therefore, that all matter shown and described herein is to be interpreted
      as illustrative and not in a limiting sense.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An X-ray tube comprising:
PA1  an envelope
PA1  an anode having a target surface disposed within the envelope; and
PA1  cathode means operatively spaced from the target surface and including a
      pair of separately operable, electron emitters for directing respective
      electron beams onto the target surface and generating associated X-ray
      beams, one of the emitters being made of thoriated tungsten material and
      the other being made of substantially pure tungsten material.
NUM  2.
PAR  2. An X-ray tube as set forth in claim 1 wherein the emitters comprise
      respective helically wound filaments, the thoriated tungsten filament
      having a larger electron emitting surface than the pure tungsten filament.
NUM  3.
PAR  3. An X-ray tube as set forth in claim 1 wherein the cathode means includes
      electrical means for energizing the thoriated tungsten filament to emit a
      higher electron current than emitted by the pure tungsten filament.
NUM  4.
PAR  4. An X-ray tube as set forth in claim 3 wherein the cathode means includes
      electron focusing means operatively associated with the respective
      filaments for focusing electrons emitted therefrom onto respective focal
      spot areas of the target surface to generate the associated X-ray beams.
NUM  5.
PAR  5. An X-ray tube as set forth in claim 4 wherein the electron focusing
      means includes means for focusing electrons emitted from the thoriated
      tungsten filament onto a larger focal spot area than the electrons emitted
      from the pure tungsten filament to generate a higher flux X-ray beam than
      produced by electrons from the pure tungsten filament.
NUM  6.
PAR  6. An X-ray tube as set forth in claim 4 wherein the electron focusing
      means includes means for focusing electrons emitted from the pure tungsten
      filament onto a smaller focal spot area than electrons emitted from the
      thoriated tungsten filament to generate a higher resolution X-ray beam
      than produced by the electrons from the thoriated tungsten filament.
NUM  7.
PAR  7. An X-ray tube as set forth in claim 4 wherein the electron focusing
      means comprises a pair of spaced focusing cups, each having a respective
      filament disposed therein.
NUM  8.
PAR  8. An X-ray tube as set forth in claim 7 wherein the electron focusing
      means includes terminal means for applying respective electrical
      potentials to the focusing cups.
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ABST
PAL  A thin foil of hafnium or a hafnium alloy is disposed within a high
      pressure metal halide discharge lamp for selectively gettering any
      hydrogen contaminant within the lamp. In one embodiment a long strip of
      hafnium foil is welded along the current return wire which extends from
      the remote end of the arc tube to the base of the lamp, while in another
      embodiment, bowed-out strips are welded to support straps on each of the
      arc tube press seals. In this manner, a significant portion of the hafnium
      getter is disposed in a location where it is subjected to operating
      temperatures lower than about 330.degree.C.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to high pressure electric discharge devices, such as
      mercury or metal halide arc lamps, and particularly to the means for
      gettering hydrogen in such lamps.
PAR  High pressure discharge devices generally comprise a fused silica arc tube
      containing a fill of mercury or mercury and metal halides and which is
      supported by a wire frame within an outer bulbous envelope containing an
      inert gas such as nitrogen. It is well known that hydrogen contamination
      is detrimental to the operating of such devices. When trapped in the
      bulbous envelope, the hydrogen diffuses through the fused silica wall of
      the arc tube and adversely affects both starting and reignition voltages.
      The hydrogen migrates into the arc tube and forms, in the case of iodine
      fills, hydrogen iodide, which is a volatile iodine-containing species and
      exists as a gas at temperatures even as low as -20.degree.F. At low
      ambient temperatures the effect of hydrogen contamination is especially
      noticeable because the presence of the corresponding iodide produces high
      starting voltages. Moreover, the presence of hydrogen iodide in the arc
      tube results in a high value of voltages required to reignite the lamp
      each half cycle of alternating current during the warm-up phase of the
      lamp operation. This voltage, referred to hereinafter as "reignition
      voltage," is an important parameter in determining whether a lamp can
      operate reliably on a given ballast circuit. The lower it is, the more
      reliable will be operation, or conversely, the more economical will be the
      ballast design to reach a desired level of reliability.
PAR  One of the sources of hydrogen in such devices is the bulbous glass
      envelope. Ultraviolet light emitted from the arc tube releases hydrogen
      from hydroxyl radicals which are entrapped in the glass outer envelope.
PAR  Getters, that is materials which entrap extraneous gases, have previously
      been utilized in such devices. Gettering, as usually practiced in the art,
      involves flashing or volatilizing barium metal to react with gases,
      thereby removing them from the system. However such procedures not only
      remove the hydrogen but also getter the nitrogen which is intentionally
      added. Since an inert gas should generally be present within the envelope,
      replacement of the nitrogen with argon would be required, as argon is not
      gettered by barium. But because the use of argon reduces the potential
      where arcing between elements of the lamp can occur, it is not as
      satisfactory as nitrogen. Thus, the use of conventional barium getters has
      serious disadvantages. The same is true of the so-called flashless
      getters, such as tantalum, cerium, or alloys containing these metals, such
      as are known to the art. All of these react rapidly with nitrogen as well
      as hydrogen and would require replacement of the nitrogen fill gas of the
      outer envelope by argon.
PAR  A method of removing hydrogen from the outer envelope, without appreciably
      effecting the nitrogen content, is described by U.S. Pat. No. 3,519,864,
      assigned to the assignee of the present application. This patent employs
      barium peroxide as the getter and disposes the material at a location in
      the outer envelope where the temperature is normally expected to lie
      between 150.degree. and 427.degree.C. Within this temperature range,
      barium peroxide effectively getters hydrogen without significantly
      reacting with the nitrogen fill gas. The gettering rate at a hydrogen
      pressure of 30 Torr for 0.7 grams of BaO.sub.2 is 25
      millitorr-liter/minute at a temperature of 300.degree.C. However at this
      temperature, the reaction results in an oxygen equilibrium partial
      pressure of 0.2 millitorr. Such a partial pressure of oxygen is
      objectionable on several counts. First, nickel platted frame parts begin
      to show evidence of oxidation after about 100 hours of lamp operation,
      which could lead to weld failures and presents a generally unsightly
      appearance. Secondly, the molybdenum arc tube leads show the formation of
      white cyrstalline form, molybdenum trioxide after about 100 hours which
      could lead to failure of the hermetic molybdenum ribbon seal resulting in
      an arc tube leaker. Thirdly, the liberated oxygen may make the
      identification of outer jacket leakers difficult in manufacture.
PAR  In order to effectively getter hydrogen, while reducing the concentration
      of liberated oxygen and the deleterious affects associated therewith, a
      getter of barium peroxide and copper has been described for use with high
      pressure electric discharge devices in U.S. Pat. No. 3,737,710, assigned
      to the assignee of the present application. A significant disadvantage of
      the barium peroxide and barium peroxide-copper approaches, however, is
      that the getter package employed is quite expensive.
PAR  A much less expensive gettering means (as little as one tenth the cost of
      the barium peroxide packages) that has been employed in arc discharge
      lamps comprises the use of strips of zirconium or zirconium-aluminum, as
      described, for example, in U.S. Pat. Nos. 2,749,462 and 3,805,105,
      respectively. However, these zirconium and zirconium alloy getters do not
      have the high degree of selectivity and hydrogen solubility as the barium
      peroxide types. Further, these zirconium and zirconium-aluminum strips are
      very porous and, thus, tend to adsorb contaminants. Hence, oil
      contamination problems are not uncommon in such zirconium getter lamps.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the aforementioned shortcomings of the prior art, it is an
      object of this invention to provide an improved high pressure discharge
      device having means for effectively gettering hydrogen in a selective
      manner without producing the deleterious effects associated with the
      release of the oxygen and without reacting in a deleterious manner with
      the nitrogen fill gas in the outer envelope.
PAR  Another object of the invention is to provide a high pressure metal halide
      lamp having improved starting, better stabilization of electrical
      characteristics, improved lumen maintenance, and extended life.
PAR  These and other objects, advantages and features are attained, in
      accordance with the principles of this invention, by using hafnium or any
      alloy of hafnium in a manner whereby hydrogen is selectively gettered
      within the lamp envelope. In a high pressure electric discharge device
      having an arc tube and an outer bulbous envelope, the hafnium is
      preferably employed as a thin foil disposed within the bulbous envelope
      but outside the arc tube wherein a significant portion of the hafnium foil
      getter is subjected to operating temperatures lower than about
      330.degree.C.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more fully described in the following detailed
      description in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is an elevational perspective view of a high pressure metal halide
      discharge lamp having a first getter arrangement in accordance with the
      invention;
PAR  FIG. 2 is a graph of starting voltage as a function of life test operating
      hours which shows curves for lamps with and without the getter arrangement
      of FIG. 1; and
PAR  FIG. 3 is a detail view of an arc tube such as that employed in FIG. 1 but
      illustrating a second getter arrangement in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention is particularly useful in relation to high pressure
      metal halide discharge lamps for providing improved starting, better
      stabilization of electrical characteristics, improved lumen maintenance,
      and extended life. These performance improvements are obtained in
      accordance with the invention, by the incorporation within the lamp of a
      hafnium selective getter.
PAR  The term "selective getter" is used here to mean a material introduced into
      a lamp for the purpose of reducing or maintaining a sufficiently low
      partial pressure of contaminant gaseous species, which might otherwise
      adversely affect the performance of the lamp, without adversely affecting
      the inert fill gas. The presence of such contaminants may result from one
      or more of the followng: (1) the lamp may be given a less rigorous exhaust
      processing during manufacture, inadvertently or to speed up production,
      thereby leaving residual contaminant gases; (2) gaseous contaminants may
      be evolved from lamp parts during the operating life of the lamp; or (3)
      the lamp fill may contain impurity gases.
PAR  It is now generally understood by those versed in the art of metal halide
      discharge lamps that hydrogen is the species responsible for difficult
      starting, non-sustaining problems (wherein the lamp extinguishes within 30
      to 60 seconds following ignition), poor maintenance of luminous output
      throughout life, and shortened lamp life. This hydrogen originates
      primarily from the outer bulbous envelope and the iodides present therein
      and diffuses through the wall of the arc tube, which generally consists of
      fused silica, although the first possible source of contamination listed
      in the previous paragraph, namely, incomplete processing, may also obtain
      on occasion.
PAR  As the fused silica arc tube is rather permeable to hydrogen, the hydrogen
      may be gettered within the outer envelope, though without the arc tube,
      and yet effectively control the partial pressure of hydrogen in the region
      of interest within the arc tube. However, since the outer envelope is
      typically filled with nitrogen to a pressure of about one-half an
      atmosphere, the conventional types of flashed and flashless getters are
      not particularly suitable because in addition to hydrogen they also
      strongly getter nitrogen. Replacing the nitrogen by rare gas unreactive
      with conventional getters is undesirable because of the lower arc-over
      potential in rare gases compared with nitrogen. A molecular gas is needed
      for effective prevention of arc over in the outer bulbous envelope.
PAR  We have discovered that hafnium metal or an alloy of hafnium is
      particularly suitable as a selective getter for hydrogen while not
      reacting in a deleterious manner with the nitrogen fill in the outer
      envelope. In addition, the hafnium getter avoids the oxygen liberation
      problem associated with barium peroxide.
PAR  The reaction between hafnium and molecular hydrogen results in the
      formation of three hydrides: a deformed cubic, a face-centered cubic, and
      a face-centered-tetragonal phase. The reaction proceeds at sufficiently
      rapid rates at 50.degree.C and above to remove hydrogen from the outer
      envelope as fast as it can be generated and diffuse to the getter. A
      finite reaction rate, even at room temperature, provides gettering action
      even when the lamp is not operating, which results in improved lamp
      performance with increased selflife. We furthermore find that the hydrogen
      hydrides so formed are completely stable at elevated temperatures. The
      approximate equilibrium partial pressures of hydrogen over the phases at
      several getter temperatures of interest are:
TBL  Temperature                                                               
     Hf getter        Peq (H.sub.2)                                            
     ______________________________________                                    
     158.degree.C     10.sup.-.sup.7 Torr                                      
     190.degree.C     10.sup.-.sup.6 Torr                                      
     228.degree.C     10.sup.-.sup.5 Torr                                      
     272.degree.C     10.sup.-.sup.4 Torr                                      
     330.degree.C     10.sup.-.sup.3 Torr                                      
     ______________________________________                                    
PAR  The above table shows that the temperature at which the hafnium getter is
      operating controls the equilibrium partial pressure of the hydrogen, which
      we wish to keep low so as to selectively getter the hydrogen contaminant
      in an effective manner. Accordingly, a temperature of about 330.degree.C
      represents the maximum limit desired for selective gettering of the
      hydrogen, since above this temperature, the equilibrium partial pressure
      of the hydrogen becomes excessive and thereby substantially diminishes the
      effectivity of the hafnium in gettering hydrogen. Temperatures below
      330.degree.C are attainable in the outer envelope environment of an arc
      discharge lamp; hence, effective hydrogen gettering may be provided by
      selective location of the hafnium getter therein.
PAR  We have found the preferred form of the hafnium metal to be thin foil,
      since this presents a large surface area to volume ratio which is
      conducive to a high specific gettering rate, i.e., the rate of hydride
      formation per unit volume of hafnium. Of course, there are other
      approaches for providing large surface area to volume ratios, such as
      suspending hafnium powder in a binder solution and depositing it on an
      appropriate surface within the lamp. In general, in order to provide a
      suitably high gettering rate we prefer a getter material configuration
      having a surface area to volume ratio which is at least about 16 square
      centimeters per cubic centimeter.
PAR  The preferred quantities of hafnium foil to be used are based on an assumed
      total molecular hydrogen load to be gettered equal to about 30 Torr of
      pressure in the outer bublous envelope, which corresponds to approximately
      10.sup.18  molecules per cubic centimeter. Based on a solubility limit of
      64 atomic percent of hydrogen at the temperatures of interest, we found
      the quantity of hafnium required for affecting gettering to be at least
      about 150 milligrams per liter of our envelope volume. Allowing a safety
      factor of two above this, we determined the preferred quantities for
      various lamp sizes as follows:
TBL  Standard Lamp Size Quantity of                                            
     By Wattage Rating  Hafnium Foil                                           
     ______________________________________                                    
      175 Watt           180 mgs.                                              
      400 Watt           400 mgs.                                              
     1000 Watt          1200 mgs.                                              
     ______________________________________                                    
PAR  Accordingly, the quantity of hafnium required in standard size high
      pressure arc discharge lamps is at least about 1 milligram per watt of the
      power rating of the lamp.
PAR  A specific embodiment of a lamp made in accordance with the present
      invention is shown in FIG. 1. The lamp includes a generally tubular outer
      bulbous envelope 1 having a bulbous central portion and a conventional
      base 14 attached to the bottom thereof. Extending inwardly from the base
      and inside of the envelope 1 is a mount 15 having a pair of stiff inleads
      12 and 16 in electrical conducting relation with the base 14. Disposed
      upon one of the stiff inleads 12 is a lower U-shaped support 8 welded
      thereto. The U-shaped support 8 comprises a pair of vertical wires 23 and
      24 rising from a horizontal base wire 25. The upper ends of the lower
      U-shaped support 8 are welded together with a lower metal strap 7 which in
      turn supports a fused silica arc tube 2. Preferably, the lower metal strap
      includes two sections abutting against either side of the arc tube 2
      thereby holding it firmly in place and touching only the press seal 30 of
      the arc tube and not the body. Generally, both sides of the lower metal
      strap 7 can be of identical construction. A pair of bumpers 27 are welded
      to the lower U-shaped support 8 and abut against the tubular portion of
      the walls of the outer-bulbous envelope 1, thereby stabilizing the
      structure within the lamp. Preferably, these bumpers are made of a
      resilient material so that if the lamp is jarred, they will absorb much of
      the shock.
PAR  Since the lower U-shaped support 8 is electrically connected to the stiff
      inlead 12, the support 8 forms part of the circuit in the device. Current
      passes from the base 14 to the lower U-shaped support 8 and thence to a
      lead wire 21 which in turn is connected to an electrode 4 in the arc tube.
      It is sometimes desirable to place an insulating shield about the lead
      wire 21 to prevent arcing within the lamp and between the various
      elements. Current passes from the lead wire 21 to the electrode 4 through
      an intermediary inlead 29 and molybdenum foil section 6.
PAR  The other side of the circuit is formed through the stiff inlead wire 16
      which is preferably bent out of place so that the parts on one side of the
      line are insulated from those on the other side. A resistor 13 is attached
      to the stiff inlead wire 16 and thence to a connector 27 which in turn
      leads through an inlead wire 31 and molybdenum foil section 6 to a
      starting probe 5. A bimetal 22 is attached to the lead-in wire 29 which is
      connected to the electrode 4. Bimetal 22 is biased open when the device is
      turned off, but upon starting it biases closed against the inlead wire 31
      to the probe 5, thereby establishing the same current potential at the
      probe 5 and the electrode 4. Such closing prevents electrolysis between
      the probe and the electrode.
PAR  At the other end of the arc tube 2, an upper support 10 is mounted within
      the tubular portion of the bulbous envelope 1. The support frame 10
      includes a horizontal section 18 having vertical supports 17 and 19
      depending downwardly therefrom and attached at the free ends to an upper
      metal strap 11 which surrounds the press seal 40 of arc tube 2 and rigidly
      holds it in place. Preferably the construction and disposition of upper
      metal strap 11 is similar to lower strap 7. A pair of upper bumpers 9 are
      mounted upon the vertical sections 17 and 19 of the upper support 10 and
      resiliently abut against the sides of the tubular portion of the bulbous
      envelope 1. Such disposition prevents breakage of the lamp if the arc tube
      is shaken or dropped.
PAR  A inlead wire 28 extends to the outside of the arc tube 2 and is attached
      at its inner end to a molybdenum foil section 6 and thence to an electrode
      3. An electrical connection is made between stiff inlead 16 and inlead 28
      through a thin current return wire 20, which may be of any suitable
      conducting material. Preferably, the conducting wire 20 is distantly
      spaced from the arc tube 2, generally by bending it around the perimeter
      of the outer bulbous envelope 1, whereby the wire 20 is curved to extend
      generally parallel to the inner surface of the bulbous envelope.
PAR  The envelope 1 of the lamp is hermetically sealed and filled with nitrogen
      at a pressure of about half an atmosphere at room temperature to minimize
      the occurrence of arc-overs between the electrical conductors therein,
      beneficially affect the temperature distribution over the arc tube 2, and
      reduce photoelectric current flowing to the arc tube.
PAR  In accordance with the invention, a long strip of thin hafnium foil 34 is
      longitudinally attached, such as by spot welding, to the current return
      wire 20 as illustrated in FIG. 1. In this manner, the curvature of the
      foil strip 34 in a bowed out fashion from arc tube 2, as a result of the
      foil being attached to the curved wire 20, disposes the hafnium getter
      material in a range of operating temperatures which assures that a
      significant portion of the getter is disposed at locations along the strip
      which are subjected to the desired gettering temperatures, i.e.
      temperatures below 330.degree.C. Spiralling of the wire 20, and thus foil
      strip 34, also may be helpful to accommodate varying lampmounting
      orientations.
PAR  In one typical embodiment of the lamp of FIG. 1, a strip 34 of one mil
      hafnium foil (with a 3 percent by weight zirconium impurity) having a
      width of about 8 millimeters and a length of about 15 centimeters was spot
      welded to the current return wire 20 in a standard 400 watt size lamp. The
      outer envelope 1 had a volume of 1.35 liters and was filled with nitrogen
      to a pressure of 375 Torr. The arc tube contained the following fill
      ingredients: Sc 0.5 mg; NaI 20 mg; HgI.sub.2 5 mg; Hg 51 mg; and Argon 35
      Torr.
PAR  Lamps of this type were life tested on mercury constant-wattage
      autotransformer ballasts having an open circuit voltage of 255 volts (rms)
      and a crest factor of 1.9. The lamps exhibited no starting difficulties
      throughout 6000 hours of operation. A control group of lamps, not
      incorporating the hafnium getter, but the same in all other respects, was
      unable to start on the mercury ballast after 10 to 100 hours operation.
      These control lamps were then operated on metal halide ballasts for the
      duration of the life test. Periodically, throughout the test, the starting
      voltage for both groups was measured. The results of these measurements
      are shown in FIG. 2. The initial rise in the starting voltage
      characteristics for the hafnium gettered lamps is indicative of an
      increase in the hydrogen partial pressure within the arc tube. The
      subsequent decrease in the curve shows the effect of the hafnium getter in
      reducing the hydrogen partial pressure. The stabilized starting behavior
      beyond 2000 hours indicates the equilibrium balance has been achieved
      between the rate of hydrogen evolution and the gettering rate. The
      ungettered lamps are seen to require considerably higher voltage to start
      throughout their life.
PAR  FIG. 3 illustrates another embodiment of the invention wherein, in lieu of
      the hafnium strip attached to current return wire 20, the selective
      hydrogen getter is incorporated in the outer envelope in the form of a
      thin foil strip 36 of hafnium which is attached at both ends, such as by
      spot welding, to the face of the upper metal strap 11 at one end of the
      arc tube 2. Again, to assure that a significant portion of the getter is
      disposed in a location subject to operating temperatures lower than about
      330.degree.C, the portion of the hafnium strip 36 between the ends thereof
      is bowed out away from the face of the metal strap 11. A second strip 38
      of hafnium getter may be similarly welded to the lower strap 7 on its
      oppositely disposed face, as illustrated in FIG. 3. By attaching getter
      strips to both ends of the arc tube in this manner, no need exists for
      differentiating between attitudes of operation.
PAR  Although the invention has been described with respect to specfiic
      embodiments, it will be appreciated that modifications and changes may be
      made by those skilled in the art without departing from the true spirit
      and scope of the invention. For example, it is possible to dispose the
      hafnium getter within the arc tube 2 to thereby increase the gettering
      rate, which is limited in the embodiments of FIGS. 1 and 3 by the hydrogen
      permeation rate through the quartz wall of the arc tube. Further, it is
      contemplated that the use of hafnium as a selective getter of hydrogen may
      also be useful in other lamp applications, such as incandescent and
      fluorescent; in such instances the getter should be disposed in the lamp
      wherein it is subjected to operating temperatures no higher than about
      330.degree.C, and preferably lower than about 300.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A lamp comprising: an hermetically sealed envelope; an inert gas in said
      envelope; electrically energizable means for providing a source of light
      within said envelope; and means for selectively gettering hydrogen within
      said envelope, said gettering means comprising hafnium or an alloy
      thereof.
NUM  2.
PAR  2. A lamp according to claim 1 wherein a significant portion of said
      gettering means is disposed in a location in said lamp wherein it is
      subjected to operating temperatures lower than about 300.degree.C.
NUM  3.
PAR  3. A lamp according to claim 2 wherein said gettering means comprises a
      thin foil of hafnium disposed within said envelope.
NUM  4.
PAR  4. A lamp according to claim 3 wherein said inert gas comprises nitrogen.
NUM  5.
PAR  5. A lamp according to claim 2 wherein said electrically energizable means
      comprises means to form an electric discharge within said envelope.
NUM  6.
PAR  6. A high pressure electric discharge device comprising: a bulbous glass
      envelope; an arc tube disposed within said bulbous envelope; means to form
      an electric discharge within said arc tube; and getter means disposed
      within said bulbous envelope for selectively gettering hydrogen, said
      getter means comprising hafnium or an alloy thereof.
NUM  7.
PAR  7. A device according to claim 6 wherein a signficant portion of said
      getter means is disposed in a location in said device wherein it is
      subjected to operating temperatures lower than about 330.degree.C.
NUM  8.
PAR  8. A device according to claim 7 wherein said getter means comprises a thin
      foil of hafnium disposed within said bulbous glass envelope but outside of
      said arc tube.
NUM  9.
PAR  9. A device according to claim 8 wherein said bulbous glass envelope is
      hermetically sealed and contains an inert gas.
NUM  10.
PAR  10. A device according to claim 9 wherein the inert fill gas within said
      bulbous glass envelope but exterior of said arc tube comprises nitrogen.
NUM  11.
PAR  11. A device according to claim 8 further including a pair of stiff inleads
      disposed at one end of said bulbous envelope, a lower support mounted on
      one of said stiff inleads and attached to said arc tube and in electrical
      connection therewith; an upper support for said arc tube in said bulbous
      envelope, said upper support being spaced from said lower support and
      being axially held in the upper portion of said bulbous envelope only by
      the interposed arc tube; and a wire for conveying current from the other
      of said stiff inleads to the upper end of said arc tube, said wire being
      curved to extend generally parallel to the inner surface of said bulbous
      envelope and distantly spaced from said arc tube; and wherein said thin
      foil of hafnium is in the form of a long strip longitudinally attached to
      said wire.
NUM  12.
PAR  12. A device according to claim 8 wherein said arc tube has press seals at
      each end; and further including means supporting said arc tube within said
      envelope including metal straps abutting said press seals at each end of
      said arc tube; and wherein said thin foil of hafnium is in the form of a
      strip attached at both ends to the face of one of said metal straps at one
      end of said arc tube, with the portion of said hafnium strip between the
      ends thereof being bowed out away from the face of the metal strap to
      which said strip is attached.
NUM  13.
PAR  13. A device according to claim 12 wherein a second strip of a thin foil of
      hafnium is attached at both ends to the face of one of said metal straps
      at the other end of said arc tube, with the portion of said second hafnium
      strip between the ends thereof being bowed out away from the face of the
      metal strap to which said second strip is attached.
NUM  14.
PAR  14. A device according to claim 8 wherein said arc tube is formed of fused
      silica and contains a fill of mercury, metal halides and an inert gas.
NUM  15.
PAR  15. A device according to claim 14 wherein the quantity of hafnium
      comprising said getter means is at least about 150 milligrams per liter of
      the volume of said bulbous envelope.
NUM  16.
PAR  16. A device according to claim 6 wherein said getter means is disposed
      within said bulbous glass envelope but outside of said arc tube.
NUM  17.
PAR  17. A device according to claim 16 wherein the material comprising said
      getter means has a surface area to volume ratio in square centimeters per
      cubic centimeter of material which is at least about 16.
NUM  18.
PAR  18. A device according to claim 17 wherein the quantity of hafnium or
      hafnium alloy comprising said getter means is at least about 150
      milligrams per liter of the volume of said bulbous envelope, and a
      significant portion of said getter means is disposed in a location in said
      envelope wherein it is subjected to operating temperatures lower than
      about 330.degree.C.
NUM  19.
PAR  19. A device according to claim 16 wherein the quantity of hafnium or
      hafnium alloy comprising said getter means is at least about 150
      milligrams per liter of the volume of said bulbous envelope.
NUM  20.
PAR  20. A device according to claim 19 wherein the quantity of hafnium or
      hafnium alloy comprising said getter means is at least about 1 milligram
      per watt of the power rating of said device.
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ABST
PAL  An encapsulated lamp assembly for use under submerged conditions and in
      environments where the lamp may be subjected to extreme temperature
      variations and corrosive conditions, which includes a bulb and base unit
      with single or multiple filaments and leads cooperating with the filament
      busses. The leads are typically soldered to the busses, and the entire
      unit is sprayed, brushed or dipped in a silicone composition to provide a
      thin film of protective silicone material on the outside and on the
      junction between the leads and the busses. A rubber boot is positioned on
      the leads to insure a thick coating on the lead-bus junctions, and the
      lamp assembly can be fitted to any conventional bracket mechanism.
BSUM
PAC  Cross References to Related Applications
PAR  Encapsulated lamps and lamp systems in the prior art have taken the form of
      baseless bulbs carrying an internal filament and encapsulated in a block
      of a thermosetting resin material, as described in U.S. Pat. No. 3,322,992
      to E. M. Parker, et al, issued May 30, 1967. The lamp described and
      claimed in this patent is designed to operate in a variety of environments
      and is not subject to attack by corrosive or otherwise harmful liquids and
      gases.
PAR  Another encapsulated lamp is described and claimed in U.S. Pat. No.
      3,218,500 to Peter Wright, et al, patented Nov. 16, 1965. This patent
      discloses an electric lamp having a transparent or translucent
      polystyrene, acrylic, polyethylene, or similar compound covering over the
      bulb.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new and improved lamp for use under submerged
      conditions and under circumstances where the bulb base and leads are
      exposed to water and other environments which are detrimental to
      conventional lamps. More particularly, the invention relates to a new and
      improved lamp assembly, including a bulb and base, which is coated with a
      silicone composition to make the entire assembly waterproof. The assembly
      may then be inserted in any one of several conventional brackets and
      mounted as desired. In one embodiment of the invention, the bulb, base
      assembly and leads are coated with a thin film of silicone material, which
      film provides a protective coating over the bulb and lead connections to
      minimize the effect of thermal and impact shock as well as corrosion
      resistance when the light is dropped on a hard surface or immersed in
      water, or otherwise exposed to corrosive environments. The film forms a
      sealed coating which prevents moisture from entering the lamp assembly,
      including the bulb and base units.
PAR  2. Description of the Prior Art
PAR  Heretofore, various attempts have been made to provide a lamp assembly
      having a protective coating to protect the assembly against the effects of
      water and other harsh environments which tend to corrode the assembly, and
      also against thermal and impact shock which causes the bulb to break. Such
      lamp assemblies have a wide variety of uses, such as illumination of
      instruments in airplanes, boats and the like, and use in all vehicles,
      including automobiles, tractor trailers, trucks, boat trailers, automobile
      trailers and similar vehicles, as back up lights, tail lights, clearance
      and side marker lights. One factor which frequently causes difficulty in
      the use of miniature lamp assemblies is the high operating temperature of
      the lamps due to the small radiation surfaces of the bulbs used.
      Accordingly, when such lamps are used in vehicle trailers and
      particularly, boat trailers which must frequently be submerged to load and
      unload boats, the thermal shock caused by the hot lamp touching the cool
      water frequently results in breakage of the bulb. Another problem inherent
      in the use of both large and small lamps is breakage when the lamp is
      dropped on a hard surface such as concrete. Yet another problem frequently
      realized as a result of exposure of the lamp assembly to harsh
      environments such as salt water and areas of high humidity, is the problem
      of corrosion at the point where the leads join the lamp busses or filament
      bases. This problem is frequently intensified by moisture seeping into the
      lamp base area from the annulus between the connector wire and its
      insulating jacket as a result of breaks in the insulation between the lamp
      base and the electrical source. Accordingly, when bulbs are changed in the
      lamp and bracket assembly, corrosion frequently prevents good electrical
      contact between the base or busses of the lamp and the leads, thereby
      frequently inhibiting proper operation of the lamp.
PAR  Yet another problem inherent in conventional lamps is the tendency for
      corrosion to occur at the point where the filament busses touch the wire
      leads in the metal mounting bracket itself.
PAR  Accordingly, an object of this invention is to provide an improved lamp
      which is resistant to thermal and impact shock, which is corrosion
      resistant, and which is adapted to fit into conventional mounting
      brackets.
PAR  Another object of this invention is to provide a new and improved lamp
      which is coated with a silicone composition to impart corrosion, impact
      shock, and thermal shock resistance to the lamp assembly, and to prevent
      moisture from entering any part of the lamp assembly.
PAR  A still further object of the invention is to provide a miniature lamp
      assembly which is coated with a thin layer of silicone composition to
      prevent the bulb from breaking when the assembly is exposed to rapidly
      changing temperatures, corrosive environmental conditions and dropped on
      hard surfaces.
PAR  Yet another object of the invention is to provide a new and improved base
      and bulb light assembly to which base leads are soldered or otherwise
      appropriately connected, and an appropriate silicone composition coating
      is applied to the bulb base and leads to provide a sealed unit and impart
      corrosion resistance, thermal shock resistance, and impact shock
      resistance to the assembly.
PAR  Another object of the invention is to provide a method of encapsulating
      small lamps and bulbs and the lead connections thereto in a sealed unit
      with a silicone composition to provide thermal and impact shock resistance
      and corrosion resistance to the lamps and bulbs, which sealed unit is
      capable of being removably inserted into a conventional mounting bracket.
PAR  A still further object of the invention is to provide a new and improved
      lamp assembly and procedure for coating the assembly with a silicone
      composition by use of a rubber boot designed to fit on the leads and
      accumulate the silicone composition in the appropriate position over the
      lead connections in order to insure adequate coating of the connections
      and to provide a suitable means for holding the lamp assembly in place
      inside a conventional bracket without the necessity of springs or other
      means for achieving good contact between the vehicle lead wires and the
      lamp assembly.
PAR  Yet another object of the invention is to provide as improved sealed
      encapsulated lamp which is not subject to corrosion from moisture seeping
      into the lamp base from breaks in the lead wire insulation and which
      removably fits inside substantially any conventional holding bracket.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are provided in a new and improved
      lamp which includes the following:
PAR  1. A base adapted with busses or electrical lead fittings;
PAR  2. A bulb in cooperation with the base, the interior of which bulb contains
      one or more filaments mounted in a filament base, which filaments are in
      electrical cooperation with the busses;
PAR  3. Leads attached to the busses by solder or other appropriate means;
PAR  4. A rubber boot fitted over the leads and designed to cover the lead
      connections with the busses and help hold the lamp in a conventional
      mounting bracket; and
PAR  5. A silicone composition coating over the entire base, bulb, leads and
      boot component parts to provide shock resistance, impact resistance and
      corrosion resistance to the lamp, and to prevent moisture from entering
      any part of the lamp.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood in view of the following
      description presented with reference to the accompanying drawings.
PAR  FIG. 1 of the drawing is a top elevation of the lamp of this invention
      illustrating the leads, lead connections, base and bulb;
PAR  FIG. 2 is a top elevation of the lamp illustrated in FIG. 1, further
      illustrating a boot which is designed to cover the leads after the
      silicone composition coating is in place;
PAR  FIG. 3 is a top elevation of the lamp illustrated in FIGS. 1 and 2, more
      particularly disclosing the silicone coating covering the bulb base,
      leads, busses and lead insulation of the lamp; and
PAR  FIG. 4 is a top elevation of the lamp illustrated in FIGS. 1-3 showing the
      boot in position, and more particularly illustrating the positioning of
      the silicone coating within the boot and on the component parts of the
      lamp.
PAR  FIG. 5 is a perspective view of the lamp illustrated in FIGS. 1-4 in
      position ready to be mounted in a conventional bracket;
PAR  FIG. 6 is a perspective view of the lamp illustrated in FIGS. 1-5 mounted
      in a bracket;
PAR  FIG. 7 is a left side elevation of the conventional mounting bracket
      illustrated in FIGS. 5 and 6; and
PAR  FIG. 8 is a right side elevation of the conventional mounting bracket
      illustrated in FIGS. 5-7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing, the lamp of this invention,
      generally illustrated by reference numeral 1, is shown, with base 2, bulb
      3, and filament base 4, carrying filaments 5 and 6. Base projection 7
      serves to help mount the lamp in a light receptacle, or bracket, and base
      insulator 8 serves to carry filament busses or connectors 9 and 10, to
      which leads 11 are affixed by means of solder 13. Leads 11 carry
      insulation 12, and are ultimately in electrical cooperation through the
      vehicle wiring system with an energy source. Leads 11 may be fitted in
      cooperation with busses 9 by crimped connectors or other suitable means
      known to those skilled in the art.
PAR  Referring now to FIG. 2 of the drawing, boot 14 is illustrated with leads
      11 and insulation 12 positioned in the interior thereof. Boot 14 is
      designed to slide laterally on insulation 12, and is initially positioned
      below the point of juncture between leads 11 and busses 9 and 10.
PAR  FIG. 3 illustrates lamp 1 in vertical position after being dipped in
      silicone composition 15, with boot 14 in place as shown in FIG. 2, and a
      layer of silicone composition 15 covering base 2, bulb 3, base insulator
      8, busses 9 and 10, solder 13, leads 11 and the interior of boot 14.
PAR  Referring now to FIG. 4 of the drawing, when boot 14 fills with accumulated
      silicone composition 15, the boot is pushed upward on insulation 12
      against base insulator 8 to provide a thick capsule of silicone
      composition in the interior of boot 15 which tightly seals leads 11,
      insulation 12, busses 9 and 10 and solder 13. This capsule serves to
      insure that a corrosive atmosphere or submersion in a corrosive liquid,
      such as water, will not enter any part of the lamp and result in harmful
      damage to the leads 11, busses 9 and 10 or solder 13, joining leads 11 and
      busses 9 and 10.
PAR  After lamp 1 is encapsulated to form a sealed unit, it can be inserted into
      lamp receptacle 18 of bracket 16, as illustrated in FIGS. 5 and 6 of the
      drawing. Base projections 7 on base 2 of lamp 1 are adapted to register
      with top and bottom lamp receptacle slots 19 and 20 to hold base 2 in
      tight contact with lamp receptacle 18. Bracket 16 can then be
      conventionally mounted on a vehicle by means of bolts 17.
PAR  Referring now to FIGS. 7 and 8 of the drawing, and as described generally
      above, top lamp receptacle slot 19, illustrated in FIG. 8 and bottom lamp
      receptacle slot 20, shown in FIG. 7, are adapted to receive base
      projections 7 and hold base 2 inside lamp receptacle 18. Referring again
      to FIGS. 5 and 6, leads 11, covered by insulation 12, are projected
      through an opening 21 at the base of lamp receptacle 18. Boot 14 is then
      compressed as base projections 7 are aligned with and traverse top and
      bottom lamp receptacle slots 19 and 20, respectively, and are finally
      locked in place as shown in FIG. 6. Leads 11 are then connected to the
      vehicle wiring in any conventional manner known to those skilled in the
      art and the bulb-bracket connection is waterproof, corrosion proof and
      impact proof.
PAR  In practice, a preferred method of coating the lamp of this invention
      consists of initially joining leads 11 to busses 9 and 10 by means of
      solder 13, or other suitable techniques. Insulation 12, covering leads 11,
      is first stripped from the leads in order to be sure that a good solder
      joint is achieved between the leads and the busses. The next step consists
      of de-greasing the entire lamp, solder, and leads with a suitable cleaner
      such as naphtha, or other solvent. After drying thoroughly, the lamp is
      dipped into a silicone composition thinned with xylene, xylol, methylethyl
      ketone, naphtha or trichlorethylene, and the unit is positioned with the
      bulb in an upward position in order to allow the silicone composition to
      flow. The excess of the composition is allowed to accumulate in a boot 14,
      as illustrated in FIG. 3 of the drawing. After boot 14 fills with silicone
      composition, the boot is pushed upwardly against base insulator 8 as
      illustrated in FIG. 4 of the drawing, and the entire lamp is allowed to
      dry. Alternatively, the lamp may be coated with the silicone composition
      by spraying or brushing the composition on the lamp.
PAR  The coating of a lamp by the technique of this invention results in a
      silicone composition thickness of about three to about 6 mils on the bulb
      and base portions of the lamp. Within the interior of the boot, the
      composition is as thick as the interior diameter of the boot, and covers
      the leads, busses and joint with a homogeneous, thick coating.
      Accordingly, the bulb assembly may be very efficiently used on
      substantially any light or lamp which may be subjected to a corrosive
      environment such as salt encrusted streets and roads, areas of high
      humidity, and conditions of water immersion. The thick coating made
      possible by use of the boot not only insures that no water or other
      corrosive fluid can attack the lead-busses junction, but it also prevents
      seeping of moisture or other fluids into the lead-bus connections from the
      annulus formed between the lead wires and insulating jackets in the event
      of a break in the insulation.
PAR  Although the silicone composition of this invention may be used in the form
      supplied commercially, such as the formulations disclosed in Dow Coming
      U.S. Pat. Nos. 3,077,465 and 3,035,016, it is preferred to dilute the
      composition with a suitable diluent such as xylene, xylol, methylethyl
      ketone, naphtha or trichlorethylene, to a desired viscosity. For example,
      it has been found that about three parts silicone composition to about one
      part diluent, and more preferably, about 21/2  parts silicone composition
      to about one part diluent produces a composition having a sufficient
      viscosity to provide a coating of preferred thickness of about 3 to about
      6 mils on the lamp bulb and base. Coatings of varying thickness can,
      therefore, be produced by varying the viscosity of the silicone coating
      composition.
PAR  It is significant that production of a lamp according to this invention
      provides an assembly which can either be inserted into a socket or bracket
      of conventional design as illustrated and described above, or in the
      absence of such a bracket, is compatible with substantially any other
      mechanical means for maintaining a desired positioning of the lamp.
      Accordingly, the lamp of this invention can be inserted into a
      conventional bracket such as that illustrated in the drawing without the
      need for conventional electrical contacts and means for maintaining bulb
      position and biasing the bulb in the mounting socket.
CLMS
STM  Having described my invention with the particularity noted above, what is
      claimed is:
NUM  1.
PAR  1. An encapsulated lamp for insertion in mounting brackets of vehicles
      comprising:
PA1  a. a base;
PA1  b. a bulb carried by said base and fitted with at least one filament;
PA1  c. at least one bus mounted on said base and in electrical cooperation with
      said at least one filament;
PA1  d. electrical leads fitted to said at least one bus;
PA1  e. a boot having a first portion in cooperation with said leads and having
      a second larger portion fitted over said at least one bus and the portion
      of said leads fitted to said at least one bus;
PA1  f. a silicone composition coating over said at least one bus, said bulb,
      and said base, and a core of silicone composition inside said boot.
NUM  2.
PAR  2. The encapsulated lamp of claim 1 further comprising at least one base
      projection on said base for removable attachment of said base to a lamp
      receptacle.
NUM  3.
PAR  3. The encapsulated lamp of claim 1 wherein said coating is from about 3 to
      about 6 mils thick on said base and said bulb.
NUM  4.
PAR  4. The encapsulated lamp of claim 1 wherein said electrical leads are
      soldered to said at least one bus.
NUM  5.
PAR  5. The encapsulated lamp of claim 1 wherein:
PA1  (a) said coating is from about three to about six mils thick on said base
      and said bulb; and
PA1  (b) said electrical leads are soldered to said at least one bus.
NUM  6.
PAR  6. The encapsulated lamp of claim 1 wherein said coating is about three
      mils thick.
NUM  7.
PAR  7. The encapsulated lamp of claim 1 wherein:
PA1  a. said coating is about three mils thick; and
PA1  b. said electrical leads are soldered to said at least one bus.
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ABST
PAL  A camera tube employs a target comprising a layer of optically transparent
      infra-red radiation responsive material and a layer of photoconductive
      material which is scanned, in conventional manner, by an electron beam.
      This tube combines the principles of a infra-red image sensor with the
      more conventional principles of a vidicon target.
BSUM
PAR  This invention relates to an improved camera tube employing a target
      comprising a layer of optically transparent infra-red radiation responsive
      material and a layer of photoconductive material which is scanned by an
      electron beam.
PAR  In U.S. Pat. No. 3,812,396, issued May 21, 1974, an infra-red image sensing
      tube is described which employs an image sensing target which can be a
      single crystal of triglycine sulfate (TGS). The TGS target, as there
      disclosed, generates a response to the incident radiation by first
      absorbing it and then using the resultant heat to produce a voltage
      profile on the electron gun side of the target which is a replication of
      the incident radiation.
PAR  While this produces the best performance for an uncooled detector in the
      far infra-red region (i.e., 8-14.mu.m), in the visible wave-length region
      its performance is much below more conventional image tubes. This is true
      for at least two reasons: (1) the effective guantum efficiency of a
      pyroelectric detector is always much less than photon counting or
      photoconductive devices; and (2) the resulting heat pattern produced by
      the incident radiation can and does spread side-wise and thus reduces the
      resolution capabilities of the device.
PAR  It is accordingly an object of the invention to provide an improved image
      sensing device employing a thermally responsive target.
PAR  In accordance with the invention, a target is employed in an image sensing
      device which is not only responsive to infra-red radiation but also to
      visible radiation thereby combining the principles of the aforesaid
      infra-red radiation responsive target with the more conventional
      principles of a vidicon target. The tube according to the invention
      employs a target comprising a layer of optically-transparent infra-red
      responsive material and a layer of photoconductive material which is
      responsive to visible radiation, and so positioned that the
      photoconductive layer can be scanned by an electron beam. In addition
      suitable potentials are applied to the photoconductive layer and the layer
      of infra-red responsive material so that the tube responsivity resulting
      from the visible radiation can have the same or the opposite sign as the
      responsivity resulting from the infra-red radiation.
PAR  Preferably, voltages are applied to the photoconductive layer and the layer
      of infra-red radiation sensitive material for which the internal dipole
      domains within the latter material will align themselves so that their
      positive ends will be pointing toward the source of infra-red radiation,
      i.e. the image. Thus, when incident radiation heats the target, the
      dipoles will decrease in magnitude and cause the resulting voltage profile
      on the electron gun side of the target to be positive. Also, any radiation
      absorbed by the photoconductive layer will reduce the resistance of the
      layer and cause the electron gun side of the target to become more
      positive.
PAR  By proper selection of the photoconductive material, the electronic method
      of generating the pedestal current is not required.
DRWD
PAR  The invention will be described in greater detail with reference to the
      drawing in which:
PAR  FIG. 1 shows a known thermal imaging tube;
PAR  FIG. 2 shows a thermal imaging tube according to the invention;
PAR  FIG. 3 shows a portion of the target of the tube in greater detail.
DETD
PAR  The known tube, as described in the aforesaid patent, simply includes, with
      unessential details omitted, an envelope 1 having a target 2 consisting of
      a single crystal of triglycerine sulfate (TGS) mounted at one end adjacent
      a window 3 which is infra-red radiation transmissive. The inner surface of
      the window 3, in contact with the target 2, is provided with a very thin,
      infra-red transmissive, electrically conductive coating, for example tin
      oxide or antimony, which is connected to a potential source through a
      resistor 4. When an image is focussed on the target by a lens 5, a thermal
      image will form in the target resulting in a voltage profile on the
      opposite side of the target. If that side is scanned by an electron beam
      produced by an electron gun 6 having the usual cathode 7, a signal voltage
      will be produced across resistor 5 which can be coupled to a conventional
      pre-amplifier for further processing.
PAR  The device described in connection with FIG. 1 represents the current state
      of the art. It also has serious short-comings, namely as pointed out,
      above its effective quantum efficiency is much less than that of a
      photoconductive device, although it sees a thermal image rather than a
      visible image which may be advantageous otherwise. Moreover, the resulting
      heat pattern produced by the incident radiation can, and does spread
      laterally and thus reduces the resolution capabilities of the device.
PAR  The device according to the invention which is shown in FIG. 2 avoids these
      disadvantages while retaining those of the known device, as well as
      providing additional advantages.
PAR  Basically, the device shown in FIG. 2 employs a new target which combines
      the advantages of a thermally imaging target with those of a
      photoconductive target so that the tube can produce a signal corresponding
      to both a thermal image and a visible image.
PAR  As in the prior art device of FIG. 1, the target generally designated 10 is
      positioned at one end of an evacuated envelope 1 having a window 3
      transmissive for infra-red as well as visible radiation. The image is
      formed on the target by a lens 5. Similarly, the inner surface of the
      window is covered with a very thin infra-red and light transmissive
      electrically conductive material, e.g. tin oxide which is connected to a
      source of positive potential through a resistor 4. An electron gun 6
      having the usual cathode 7 for generating an electron beam is provided at
      the other end of the envelope.
PAR  The target 10 comprises a layer 11 of infra-red responsive material such as
      TGS which is also transparent to visible light. On the other side of the
      TGS layer 11, a layer 12 of photoconductive material, for example Sb.sub.2
      S.sub.3 or PbO is provided. This layer which has a surface 13 which may be
      scanned by the electron beam responds to incident photons which produces a
      voltage profile corresponding to the intensities in the visible image.
PAR  Provided between the photoconductive layer 12 and the infra-red sensitive
      layer 11 are conductive strips 14 which are connected a separate source of
      potential through a decoupling resistor 15. These strips may also be seen
      in FIG. 3 where they are shown covering portions of the infra-red
      radiation responsive layer 11 (after the photoconductive layer 12 is
      removed).
PAR  Providing that the photoconductive layer is thin (.about. 1 micron) this
      target provides responsivity to the infra-red portion of the incident
      radiation during scanning by the electron beam as described in connection
      with FIG. 1. However, the visible portion of the incident radiation would
      be transmitted through the TGS and be absorbed in the photoconductive
      layer.
PAR  By applying suitable potentials to the conductive strips 14 and to the TGS
      portion of the target, different responsivities can be obtained.
PAR  For example, to obtain responsivities of the same sign +10 volts may be
      applied to the conductive strips through resistor 15 and -10 volts to the
      TGS through resistor 4.
PAR  With these voltages, the internal dipole domains within the TGS target will
      align themselves so that their positive ends will be pointing toward the
      infra-red radiation source, i.e. the lens. Thus, when incident radiation
      heats the target, the dipoles will decrease in magnitude and cause the
      resulting profile on the electron gun side of the target to be positive.
      Also, any radiation absorbed by the photoconductive layer will reduce the
      resistance of the layer and cause the electron gun side to become more
      positive.
PAR  By applying positive potentials of +10 volts and +20 volts, respectively,
      to the conductive strips and the TGS layer, the same photoconductive
      response as described would be produced but the opposite responsivity
      would be produced from the TGS.
PAR  Finally, unlike as described in the above patent, by proper selection of
      the photoconductive material, the electronic method for generating the
      pedestal current is not required.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A camera tube comprising an evacuated envelope, an electron gun within
      said envelope for producing an electron beam, and an image sensing target
      disposed within said envelope to be scanned by said electron beam, said
      target comprising a transparent, electrically conductive layer, an
      optically transparent layer of infra-red radiation responsive material on
      said layer and disposed to receive a visible and infra-red image and
      transmit the visible image while converting the infra-red image into a
      voltage profile, said target further comprising a layer of photoconductive
      material disposed to receive the transmitted visible image and convert the
      same into a potential image which is scanned by the electron beam, a
      plurality of conductive strips between said optically transparent layer
      and said photoconductive layer, means to apply a potential to the
      photoconductive layer and the infra-red radiation responsive layer at
      which the electron beam lands on the photoconductive layer reducing the
      layer at the point of landing to cathode potential whereby a signal is
      produced corresponding to the light intensity and intensity of infra-red
      radiation at said landing point.
NUM  2.
PAR  2. A camera tube as claimed in claim 1 wherein the signals produced,
      respectively, by the photoconductive layer and the infra-red responsive
      layer have the same algebraic sign.
NUM  3.
PAR  3. A camera tube as claimed in claim 1 wherein potentials are applied,
      respectively, to the photoconductive layer and the infra-red radiation
      responsive layer for which internal dipole domains will align themselves
      with their positive ends pointing toward the infra-red radiation.
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ABST
PAL  A television camera tube having a conductive gauze behind the target plate,
      the parallel wires of which cross each other at an acute angle which has
      been suitably chosen to minimize interference in decoded colour signals.
PARN
PAR  This is a continuation, of application Ser. No. 71,468, filed 9-11-70, and
      now abandoned.
BSUM
PAR  This invention relates to a television camera tube having a target plate
      for producing a potential image corresponding to a scene to be picked-up
      and an electron gun for producing an electron beam to scan the potential
      image on the target plate, a conductive gauze of two interwoven crossing
      sets of parallel wires being provided behind the target plate at the side
      of the electron gun.
PAR  The gauze is usually provided at a few millimetres from the target plate
      and serves to shut off the field of the electrodes behind the gauze, thus
      ensuring that the electron beam strikes the target plate substantially
      perpendicularly. The gauze is usually manufactured by electrolytic
      deposition of copper in two intersecting sets of parallel grooves in a
      glass plate. In a gauze thus manufactured the wires physically constitute
      one unit. The term "interwoven crossing sets of parallel wires" is
      therefore intended to include this structural form and does not mean that
      the gauze must be manufactured by uniting separate wires.
PAR  Known television camera tubes of the said kind include a gauze in which the
      wires in one set of the crossing sets of parallel wires are substantially
      parallel to those of the other set. Such a gauze is made as fine-meshed as
      possible with a view to restricting as far as possible any interference in
      the electrical signals provided by said tubes due to the electron beam
      passing across the wires of the gauze, the gauze being so oriented that
      its wires are at an angle of 45.degree. to the direction of the frame
      scan. Despite these steps, when using known tubes in certain colour
      television systems, an unwanted interference in the decoded chrominance
      signals still occurs which becomes manifest in interference patterns in
      the image display, said interference being due to interference frequencies
      in the luminance signal resulting from the electron beam passing across
      the wires of the gauze, which frequencies fall within the same frequency
      band as the chrominance signal and give rise to the so-called "cross
      colour interference." In these tubes the tolerances for the orientation of
      the wires of the gauze are extremely narrow and it is almost impossible to
      rotate the tube relative to the direction of scanning, as may be desirable
      in order to turn away areas on the target plate not properly reacting to
      the incident light, so-called speckles, out of the region scanned by the
      electron beam, because this interference drastically increases for a small
      deviation from the said orientation.
PAR  An object of the invention is to provide a television camera tube in which
      said disadvantages are mitigated.
PAR  According to the invention, in a tube of the kind mentioned in the first
      paragraph, the wires of one set of the crossing sets of parallel wires
      intersect those of the other set at a suitably chosen acute angle, in
      order to minimize interference in decoded chrominance signals due to the
      electron beam passing across the wires of the gauze.
PAR  The invention underlies an anaylsis of the frequency spectra of line
      patterns in a television image which represent the influence of a gauze
      behind the target plate. For colour television systems in which the
      interference frequency spectra of the lines lie within the band of the
      chrominance signals, the location of the components of the interference
      spectrum as a function of the angle .alpha. between the lines and the
      frame scan direction has been investigated. For lines which are parallel
      to the frame scan direction, the spectrum is composed of multiples of the
      line frequency. For lines which are inclined to the frame scan direction,
      the components of the spectrum are located a little more apart or a little
      closer together. The spectrum is thus, as it were, slightly shifted
      relative to the original spectrum in the vicinity of the subcarrier
      frequency. From the analysis of the spectra it appears that the
      interference spectrum components of the lines are in general maximally
      separated from the spectrum components of the chrominance signals and
      hence cause minimum interference in the chrominance signals for a
      determined angle .alpha. which differs from 45.degree., while the
      interference increases comparatively little for deviations from the angle
      .alpha. which are not excessive. To meet the envisaged purpose, it must on
      the ground thereof be possible to choose as the angle between the wires of
      the gauze and the frame scan direction, either the said angle or one which
      does not unduly differ therefrom and the wires of the gauze are required
      to form twice as large an angle with one another, which latter angle
      itself or its component is acute, while the tube according to the
      invention has the characteristic specified in the previous paragraph. The
      range of angles to be chosen cannot in itself be specified in greater
      detail, since the optimum angle and the permissible region of angles
      depend upon the colour television system for which the tube is to be used.
PAR  The investigation indicated above has revealed that for the European P.A.L.
      system the interference is minimum if the angle between the wires of the
      gauze and the frame scan direction is 40.degree.. The interference changes
      to a very slight extent in the two colour information signals if the said
      angle changes by a few degrees. Therefore the invention relates more
      particularly to a tube in which the wires of the gauze form an acute angle
      of approximately 80.degree. with one another. It is already advantageous
      if this angle, which preferably lies as close as possible to 80.degree.,
      is chosen between 60.degree. and 88.degree..
PAR  The invention relates more particularly to a tube in which the wires of the
      gauze form an angle between 60.degree. and 80.degree., which tube can be
      used with advantage for both the European P.A.L. system and the American
      N.T.S.C. system.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described in detail, by way of example, with reference to the
      accompanying drawing, in which
PAR  FIG. 1 is a longitudinal sectional view of one embodiment of a television
      camera tube according to the invention;
PAR  FIG. 2 is a perspective view of the manner in which the gauze is fitted in
      the tube of FIG. 1;
PAR  FIG. 3 is an elevational view of a central portion of the gauze in the tube
      of FIGS. 1 and 2 on an enlarged scale.
DETD
PAR  In FIG. 1 the exhausted cylindrical glass envelope of the television camera
      tube is indicated by 1. The tube is of the "Plumbicon" type. A target
      plate 2 consists of a photoconductive coating of substantially lead
      monoxide which has been vapour-deposited on a signal plate 3, which is a
      thin layer of high-conductive tin oxide applied to the back of a window 4
      formed by one extremity of the envelope 1. The electron gun of the tube
      comprises a cathode 5, a control grid 6 and an accelerating anode 7. In
      front of the accelerating anode 7 is a second anode 8 which houses a
      focusing electrode 9. At a distance of a few millimetres from the target
      plate is fitted a copper gauze 10 which serves to shut off the field of
      the electrodes located behind the gauze, thus ensuring that the electrons
      of the electron beam produced by the gun impinge on the target
      substantially at right angles. The gauze is fixed in position between two
      copper-nickel rings 11 and 12.
PAR  FIGS. 2 and 3 show that the gauze 10 comprises two intersecting sets of
      parallel wires which form an angle of 80.degree. with one another. The
      gauze 10 is manufactured by electrolytic deposition of copper in two sets
      of parallel grooves intersecting at 80.degree. in a glass plate, so that
      the sets of wires physically constitute one unit.
PAR  The tube is intended more particularly for use in the European P.A.L.
      system, in which the output signals from three tubes -- one for each basis
      colour -- are united in known manner in a transmission signal having a
      subcarrier frequency of 4.43 Mc/s.
PAR  The tube may then be operated as follows.
PAR  With reference to FIG. 1 the elctrodes have the following potentials:
TBL  the cathode (5)   : 0 volt                                                
     the control grid (6)                                                      
                       : between -100 and 0 volt                               
     the first anode (7)                                                       
                       : 300 volts                                             
     the second anode (8)                                                      
                       : 300 volts                                             
     the focusing electrode (9)                                                
                       : 600 volts                                             
     the signal electrode (3)                                                  
                       :  45 volts                                             
PAR  As shown diagrammatically, the cathode is connected to earth and the signal
      plate 3 is connected through a signal resistor 15 to one terminal of a
      voltage source 16. The said terminal has a voltage of 45 volts with
      respect to the other grounded terminal.
PAR  The scene to be picked-up is displayed on the target plate 2 of the tube
      through the window 4 and the signal plate 3 by means of an optical system
      shown diagrammatically by a lens 13, thus causing the photoelectric
      current in elementary regions of target plate 2 having a value which
      depends upon the incident light intensity, so that the potential of the
      free surface area of the elementary regions is increased as a function of
      the incident light intensity and a potential image corresponding to the
      scene to be picked-up appears on the free surface of the target plate.
PAR  The electron beam produced by the gun is deflected by line- and
      image-deflection means shown diagrammatically be a coil system 14, so that
      the target plate is scanned along a rectangular frame. The free surface of
      the target plate is then reduced to the cathode potential at which the
      resulting fluctuations in potential eppear as output signals corresponding
      to the scene across the signal resistor from which the output signals are
      derived via a capacitor 17.
PAR  The orientation of the tube and the gauze are indicated by the relative
      perpendicular directions X, Y and Z shown in FIGS. 1, 2 and 3, which
      represent respectively the line scan direction, the frame scan direction
      and the direction of the axis of the deflection means. The drawing shows
      that the axis of the tube coincides with the axis (Z) of the deflection
      means, the wires of the gauze 10 forming angles of 40.degree. with the
      frame scan direction (Y).
PAR  The tube which has been described here by way of example with reference to
      the Figures can also be used for the American N.T.S.C. system. In this
      system X and Y, as stated hereinbefore, have to be exchanged. In the
      American N.T.S.C. system the unwanted interference in the decoded
      chrominance signals is avoided, though not optimally, to a satisfactory
      extent. In the European P.A.L. system the angles of 40.degree. and
      80.degree. specified in the Example are optimum for avoiding the
      interference.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A television camera tube of the vidicon type suitable for use for
      transmission of color television signals comprising an evacuated envelope,
      and within the envelope an electron beam source, a photosensitive target
      spaced from the electron beam source and positioned to receive an image of
      a scene, means to scan said target with said beam for generating a raster,
      and a conductive gauze consisting of two intersecting sets of parallel
      wires spaced a few millimeters from that side of said target facing said
      beam source, the wires of one set intersecting those of the other set at
      an angle between 60.degree. and 80.degree., and the wires of each set
      forming equal angles with the frame scan direction, whereby interference
      in decoded N.T.S.C. and P.A.L. chrominance signals due to the electron
      beam passing across the wires of the gauze is minimized.
NUM  2.
PAR  2. An electronic tube comprising an evacuated envelope and having therein a
      target member, an electron gun for generating an electron beam and
      deflection means for scanning said electron beam over said target along a
      plurality of substantially spaced parallel lines, a grid electrode
      positioned adjacent said target, said grid comprised of a first set of
      parallel equally spaced members positioned at an angle different from
      90.degree. with respect to a second set of parallel equally spaced members
      and forming diamond-shaped interstices.
NUM  3.
PAR  3. The device set forth in claim 1 in which said interstices are
      nonrectangular parallelograms.
NUM  4.
PAR  4. The device set forth in claim 2 in which said grid electrode is
      positioned between said target member and said electron gun.
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ABST
PAL  A cathode ray tube is disclosed in which an electron beam is deflected to
      scan a phosphor screen for producing a picture thereon, and which has an
      electrostatic beam control device for deforming the cross section of the
      beam so as to compensate for the distortion in shape of the beam landing
      spot on the screen at its peripheral portion caused by the beam deflection
      and a magnetic beam control device for deforming the cross-section of the
      beam dynamically in response to the beam deflection so as to compensate
      for the distortion in shape of the beam landing spot on the screen at its
      central portion caused by the electrostatic beam control device.
PARN
PAR  This is a continuation of application Ser. No. 476,152, filed June 3, 1974
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a cathode ray tube for reproducing a
      picture on a phosphor screen, and more particularly to an improved cathode
      ray tube in which a landing spot of an electron beam on a screen is
      compensated for in distortion of its shape caused by the deflection of the
      beam.
PAR  2. Description of the Prior Art
PAR  It has been known that in a cathode ray tube, especially, of the type of
      wide beam deflection angle, an electron beam is given a deformed cross
      section by a deflection magnetic field through which the electron beam
      passes toward a phosphor screen and thereby the beam landing spot on the
      screen at its some areas is so distorted as to include a portion having an
      increased current density and as a result, the phosphor at such a portion
      of the beam landing spot having increased current density is brought in
      the luminosity-saturated condition to introduce an undesirable picture
      without high fidelity. By this distortion due to the magnetic deflection
      field, the beam landing spot at the peripheral portion of the screen is
      formed in a long sideways oval shape, while the beam spot at the central
      portion of the screen is formed in a desired circle shape.
PAR  For compensating for such a distortion in shape of the beam landing spot,
      there have been proposed some ways. For example, a magnetic four-pole
      device is provide on the neck portion of the cathode ray tube for forming
      the cross section of the beam into a proper shape with a magnetic field
      produced by a current flowing through the device in synchronism with the
      deflection current or an electrostatic four-pole device is provided at a
      focus electrode of an electron gun assembly in the tube for forming the
      cross section of the beam into the proper shape at the peripheral portions
      of the screen with an electric field produced at the device. However,
      these conventional ways require relatively much power consumption and
      accordingly there is a difficulty for them to be actually employed in
      commercial models.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a cathode ray tube in
      which the distortion in shape of the beam landing spot on a screen caused
      by the beam deflection is compensated for by an improved system.
PAR  Another object of the present invention is to provide a cathode ray tube
      with an improved system for compensating for the distortion in shape of
      the beam landing spot on a screen caused by the beam deflection with low
      power consumption.
PAR  A further object of the present invention is to provide a cathode ray tube
      which is provided with a combination of electro-static means and magnetic
      means for compensating for the distortion in shape of the beam landing
      spot on a screen caused by the beam deflection.
PAR  The other objects, features and advantages of the present invention will
      become apparent from the following description taken in conjunction with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 3 are schematic illustration each showing a pattern of beam
      landing spots on the screen of a cathode ray tube, which are used for
      explanation of the present invention;
PAR  FIG. 4 is a schematic cross-sectional view of one embodiment of the cathode
      ray tubes in accordance with the present invention;
PAR  FIGS. 5A, 5B, 6A, 6B, 7A and 7B, inclusive, are schematic illustrations
      each showing an embodiment of the part of the cathode ray tube in
      accordance with the present invention;
PAR  FIG. 8 is a schematic illustration showing one embodiment of a magnetic
      control device provided in the cathode ray tube in accordance with the
      present invention; and
PAR  FIG. 9 is a schematic illustration showing the deforming of the
      cross-section of an electron beam in the cathode ray tube in accordance
      with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the cathode ray tube according to the present invention, an
      electrostatic device or means forming a control electric field and a
      magnetic device or means forming an additional magnetic field are provided
      in a electron gun assembly and at the neck portion of the cathode ray
      tube, respectively, for controlling the shape of cross section of an
      electron beam so as to compensate for the distortion of the beam landing
      spot on the screen of the cathode ray tube.
PAR  When no compensation device or means is provided, the beam landing spot on
      a phosphor screen 1 is distorted at the peripheral portion thereof due to
      the beam deflection as shown in FIG. 1 at 2b. In the present invention, to
      compensate for this distortion of the beam landing spot caused by the beam
      deflection, the electron beam is previously deformed in its cross section
      by the control electric field before coming into the deflection field, so
      that the cross section of the beam after passing through the deflection
      field is reformed into a suitable shape for producing a circular beam
      landing spot on the screen 1 at its peripheral portion as shown in FIG. 2
      at 2b. However, due to this previous deforming of the beam in cross
      section, the beam landing spot on the screen 1 at its central portion is
      distorted into an oval shape as shown in FIG. 2 at 2a. Accordingly, in the
      present invention to compensate for this secondary distortion, the beam
      going towards the central portion of the screen 1 is further previously
      deformed in its cross section by an additional magnetic field separate
      from the electrostatic field so as to produce the circular beam landing
      spot on the screen 1 at its central portion and, as a result, the beam
      landing spots on the screen 1 at its whole area are shaped into desirable
      circles, as shown in FIG. 3 at 2a and 2b.
PAR  An embodiment of the present invention will be now described with reference
      to FIGS. 4 to 9. The illustrated embodiment of the present invention is
      applied to a color cathode ray tube with a single electron gun assembly of
      the plural beam type in which a plurality of electron beams are crossed at
      the optical center of a common main electron lens and the electron beams
      after passing through the optical center and once diverging outwardly are
      converged on the phosphor screen by a set of convergence deflectors.
PAR  FIG. 4 shows the main portion of a color cathode ray tube to which the
      present invention is applied. In the figure, reference numeral 3
      designates a glass envelope of the color cathode ray tube, 4 a single
      electron gun assembly of the plural beam type arranged in the neck portion
      of the glass envelope 3, and 5 a deflection yoke disposed around the glass
      evelope 3 at its outside. The single electron gun assembly of the plural
      beam type 4 is formed as a so-called uni-potential type in which a
      plurality of cathodes K.sub.r, K.sub.2 and K.sub.b, by way of example, are
      arranged on a common plane in the glass envelope 3; first, second, third,
      fourth and fifth common grids G.sub.1, G.sub.2, G.sub.3, G.sub.4 and
      G.sub.5 are arranged in the glass envelope 3 along a common axis for the
      plurality of cathodes K.sub.r, K.sub.g and K.sub.b in this order,
      respectively; and a deflector or convergence device C consisting of four
      deflection plates P.sub.a, P.sub. b, Q.sub.a and Q.sub.b  is disposed in
      the glass envelope 3 at the post-stage of the fifth grid G.sub.5. Electron
      beams B.sub.r, B.sub.g and B.sub.b emitted from the respective cathodes
      K.sub.r, K.sub.g and K.sub.b passing through corresponding apertures bored
      through the first and second grids G.sub.1 and G.sub.2 are crossed at the
      optical center of a main electron lens L.sub.m formed mainly by the third,
      fourth and fifth grids G.sub.3, G.sub.4 and G.sub.5, thereafter introduced
      into the spaces between the deflection plates Q.sub.a and P.sub.a ;
      P.sub.a and P.sub.b ; and P.sub.b and Q.sub.b, respectively, and subjected
      to predetermined deflections, and converged on a striped color phosphor
      screen.
PAR  With the present invention, an electrostatic compensating device or means,
      which may originate a control electric field, is provided in connection
      with the electron gun assembly 4 for compensating for the shapes of beam
      landing spots on the screen at its peripheral portion to be suitable
      shapes or circles, and a magnetic compensating device of means 6, which
      may originate a control magnetic field, is provided externally of and
      around the neck portion of the glass envelope 3 for compensating for the
      shapes of beam landing spots on the screen at its central portion, which
      electron beam may be subjected to distortion caused by the control
      electric field, to be proper shapes or circles. The control electric field
      acts to previously deform the electron beams before the deflection field
      such that their cross sectional shapes are deformed to be a longitudinally
      elongated oval. The beams with a longitudinally elongated oval-shape in
      cross section pass through the deflection field and are compensated for to
      have suitable shape or circle in cross section on the screen at its
      peripheral portion which may be, otherwise, deformed to be laterally
      elongated ovals due to the beam deflection. The control electric field can
      be established by, for example, such a manner that the focus electrode or
      the fourth grid G.sub.4 of the electron gun assembly 4 is formed to be a
      cup-shape or cylinder which has the cross section of a longitudinally
      elongated oval as shown in FIG. 5A, or a laterally elongated oval as shown
      in FIG. 5B. When the cross section of the cup-shaped fourth grid G.sub.4
      is selected to be the longitudinally elongated oval as shown in FIG. 5A,
      the beam focus condition is made as an under focus while when the cross
      section of the cup-shaped fourth grid G.sub.4 is selected to be the
      laterally elongated oval as shown in FIG. 5B, the beam focus condition is
      made as an over focus. The fourth grid G.sub.4 of the uni-potential type
      forms a convex lens in electrostatic manner, so that if the cross section
      2 of the electron beam passing through the fourth grid G.sub.4 which is
      formed of an oval in cross section as shown in FIG. 9 is considered, the
      electrons on the cross section 2 near points A.sub.1 and A.sub.2 in the
      short axis direction of the fourth grid G.sub.4 are subjected to strong
      electric field and hence focussed at a point f.sub.1 near the fourth grid
      G.sub.4, while the electrones on the cross section 2 near points B.sub.1
      and B.sub.2 in the long axis direction of the fourth grid G.sub.4 are
      subjected to relatively weak electric field and hence focussed at a point
      f.sub.2 apart from the point f.sub.1 with respect to the fourth grid
      G.sub.4 . As a result, if the under focus condition is assumed the shape
      of a cross section 2' of the electron beam near the fourth grid G.sub.4
      with respect to both the focuses f.sub.1 and f.sub.2 becomes to a
      laterally elongated oval similar to that of the fourth grid G.sub.4. On
      the other hand, if the over focus condition is assumed the shape of a
      cross section 2" of the electron beam at a position apart from both the
      focuses f.sub.1 and f.sub.2 with respect to the fourth grid G.sub.4
      becomes to a longitudinally elongated oval intersecting with the fourth
      grid G.sub.4 at substantially right angles. Accordingly, if the fourth
      grid G.sub.4 is formed of a laterally elongated oval and the focus
      condition for the electron beam is made as an over focus, a beam spot with
      a longitudinally elongated oval corresponding to the cross section 2" of
      the beam shown in FIG. 9 is formed, and if the fourth grid G.sub.4 is
      formed of a longitudinally elongated oval and the focus condition for the
      electron beam is made as an under focus, a beam spot with the
      longitudinally elongated oval corresponding to the cross section 2" of the
      electron beam as shown in FIG. 9 is also formed. In the both cases, the
      beam landing spots can be compensated for such that they are circles on
      the screen 1 at its peripheral portion but a longitudinally elongated oval
      at the center portion of the screen 1 as shown in FIG. 2.
PAR  Further, the control electric field can be also established by varying the
      shape of the third grid G.sub.3 or the fifth grid G.sub.5 which may form a
      concave electron lens, respectively. That is, as shown in FIG. 6A, the
      third grid G.sub.3 can be formed in a cup-shape having a closed end face
      on the side near the second grid G.sub.2 and a common laterally elongated
      common slit 7 is bored through the closed end face at the position
      corresponding to the part through which the respective electron beams
      B.sub.r, B.sub.g and B.sub.b may pass or, as shown in FIG. 6B,
      longitudinally elongated slits 8.sub.b, 8.sub.g and 8.sub.r are formed,
      respectively, through the closed end face of the third grid G.sub.3 at the
      positions corresponding to the parts through which the beams B.sub.b,
      B.sub.g and B.sub.r may pass, respectively. In this case, when the
      latrally elongated common slit 7 is provided the under focus condition is
      employed for the electron beam, but when the longitudinally elongated
      slits 8.sub.r, 8.sub.g and 8.sub.b are provided, the over focus condition
      is employed for the electron beam. Since the third grid G.sub.3 produces a
      concave effect from an electrostatic point of view, the astigmatism caused
      in this case becomes reverse to that of the convex lens in the case of
      FIG. 9. As a result, the cross section of the electron beam landing spots
      becomes to a longitudinally elongated oval in the under focus condition,
      but a laterally elongated oval in the over focus condition.
PAR  Further, it is also possible that both of the third and fifth grids G.sub.3
      and G.sub.5 may be formed of a cylindrical shape with a laterally
      elongated cross section as shown in FIG. 7A, or with a longitudinally
      elongated cross section as shown in FIG. 7B to produce the control
      electric field. In addition, it is also possible that either of the third
      and fifth grids G.sub.3 and G.sub.5 may be formed to have the
      configuration shown in FIG. 7A or FIG. 7B to provide the control electric
      field. In the case shown in FIGS. 7A and 7B, when the grid is shaped to
      have a laterally expanded oval cross section, the under focus condition is
      employed, while when the grid is shaped to have a longitudinally expanded
      oval, the over focus condition is employed, as in the case of FIG. 6.
PAR  Although not shown, in the case where the beam apertures of the first grid
      G.sub.1 or the second grid G.sub.2 are formed oval in cross section, or
      where the shape of electron beam emitting layers of the cathodes are
      formed oval, the beam landing spots with a desired longitudinally expanded
      oval shape can be obtained to achieve the compensation shown in FIG. 2.
PAR  As a magnetic device or means 6 (refer to FIG. 4) which originates the
      control magnetic field, a so-called magnetic four-pole device 9, the
      construction of which is schematically shown in FIG. 8, can be used. The
      magnetic four-pole device 9 consists of a ring-shaped magnetic core 10,
      four poles 10a, 10b, 10c and 10d inwardly projected from the ring core 10
      on which S- and N-poles  are arranged alternately, and a correction coil
      11 wound on the ring core 10. When a current flowing through the
      correction coil 11 at its terminals t in the direction shown by arrows in
      FIG. 8, the cross section 2 of the electron beam is deformed such that it
      is curved outwardly in an X-axis direction from the center, but inwardly
      in a Y-axis direction from the center and hence becomes to an oval with
      its longer axis in the X-axis direction. When a current flows through the
      coil 11 in the reverse direction the cross section of the electron beam
      can be made as an oval with its longer axis in the Y-axis direction in
      cross section. The ratio of the deformation in cross section of the
      electron beam can be adjusted by controlling the current flowing through
      the correction coil 11. One or several of such a magnetic four-pole device
      9 can be used.
PAR  With the present invention, a predetermined parabolic waveform current is
      caused to flow through the correction coil 11 of the magnetic fourpole
      device 9 in synchronism with the deflection current from the electron beam
      to dynamically compensate for the cross section of the beam landing spot
      on the screen at its central portion, which is deformed as a
      longitudinally elongated oval due to the astigmatism by the control
      electric field, to be a proper one.
PAR  According to the present invention mentioned as above, by deforming the
      cross section of electron beam before the deflection by the control
      electric field, the shape of the beam landing spots on the screen at its
      peripheral portion is made to be a suitable one or circle; and the
      electron beam, the cross section of which may be distored on the screen at
      its central portion by the control electric field, is compensated for by
      the additional magnetic field, so that the distortion of the beam landing
      spot caused by the deflection yoke can be compensated for by the device
      which is small in power consumption as a whole. In other words, the great
      power consumption is required for compensating for the distortion of the
      beam landing spot on the screen at its peripheral portion by the magnetic
      four-pole device 9, but the compensation for the distortion of the beam
      landing spot on the screen at its central portion only requires small
      power consumption. Since with the present invention the compensation for
      the beam landing spot by the magnetic device is limited only to the
      central portion of the screen, power consumption thereby is very small.
PAR  In the illustrated embodiment, the present invention is applied to the
      color cathode ray tube of the type with the single electron gun of the
      plural electron beams but it may be apparent that the present invention
      can be adapted in an ordinary color cathode ray tube.
PAR  Although the above description is given on the preferred embodiment of the
      present invention, it may be evident that many modifications and
      variations can be made by those skilled in the art without departing from
      the spirits and scope of the novel concepts of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A cathode ray tube having an envelope provided with a phosphor screen
      thereon, comprising:
PA1  a. beam generating means for emitting at least one electron beam toward
      said screen to be deflected at a region between said beam generating means
      and said screen to scan said screen;
PA1  b. electrostatic beam control means located to affect said beam between
      said beam generating means and said region and operable on said electron
      beam for deforming the crosssectional shape of said electron beam to
      compensate for the distortion in shape of the beam landing spot on said
      screen at its peripheral portion casued by beam deflection; and
PA1  c. magnetic beam control means located to affect said beam between said
      beam generating means and said region and operable on said electron beam
      for further deforming the cross-sectional shape of said electron beam
      dynamically in synchronism with the beam deflection to compensate for the
      distortion in shape of the beam landing spot on said screen at its central
      portion caused by said electrostatic beam control means.
NUM  2.
PAR  2. A cathode ray tube according to claim 1, wherein said electrostatic beam
      control means is positioned at thhe inside of the envelope between said
      beam generating means and said region, and said magnetic beam control
      means is positioned at the outside of the envelope between said beam
      generating means and said region.
NUM  3.
PAR  3. A cathode ray tube according to the claim 2, wherein said electrostatic
      beam control means comprises a tubular electrode with an oval cross
      section supplied with a voltage at a predetermined potential to form an
      electron lens field for focussing the electron beam.
NUM  4.
PAR  4. A cathode ray tube according to claim 3, wherein said electrostatic beam
      control means comprises three electrodes disposed in series with a common
      axis and said tubular electrode with an oval cross section is the center
      one of said three electrodes for establishing said electron lens field.
NUM  5.
PAR  5. A cathode ray tube according to claim 3, wherein said electrostatic beam
      control means comprises three electrodes disposed in series with a common
      axis and said tubular electrode with an oval cross section is an end one
      of said three electrodes for establishing said electron lens field.
NUM  6.
PAR  6. A cathode ray tube according to claim 2, wherein said electrostatic beam
      control means comprises a cup-shaped electrode having a rectangular
      aperture at its bottom through which said electron beam passes and
      supplied with voltage at a predetermined potential to form an electron
      lens field for focussing the electron beam.
NUM  7.
PAR  7. A cathode ray tube according to claim 6, wherein said cup-shaped
      electrode is an end one of three electrodes disposed in series with a
      common axis for establishing said electron lens field.
NUM  8.
PAR  8. A cathode ray tube according to claim 2, wherein said magnetic beam
      control means comprises a four pole device consisting of a magnetic core
      and a coil wound on said magnetic core and supplied with a current varying
      in synchronism with a beam deflection current.
NUM  9.
PAR  9. A cathode ray tube according to claim 8, wherein said magnetic core is
      ring-shaped and disposed around a neck portion of the tube.
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ABST
PAL  An optical filter system is provided for use with a penetration phosphor
      cathode ray tube of the special kind in which La.sub.2 O.sub.2 S particles
      are employed as the carrier hosts in the cathodo-luminescent penetration
      phosphor composition. Tb and Eu ions are used in low concentrations as
      activators in the control of red and green optical line emission from
      within a film of the activated host phosphor material. The filter system,
      bonded to the face plate of the cathode ray tube, provides contrast
      enhancement with respect to ambient light reflected from that face plate,
      greatly increasing the equivalent brightness of the color display.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to cathode ray tube display devices suitable for use
      in high ambient light level conditions and, in particular, concerns an
      optical filter arrangement for enhancing the brightness of the red and
      green spectral line display generated by a penetration phosphor cathode
      ray display device.
PAR  2. Description of the Prior Art
PAR  Cathode ray display tubes satisfactory for application in information
      displays such as air traffic control, radar, data processing, and the like
      systems have unusual requirements generally not met by cathode ray tubes
      of the type conventionally available for color television viewing. In
      particular, they often do not require the many colors needed for a
      television screen; for example, the provision of blue may even be
      undesirable. While red and green are readily simultaneously focused by the
      optics of the normal eye at the sensitive high resolution fovea, the blue
      component of the image is normally out of focus and its presence may even
      tire the eye. Further, the very center of the fovea is red and green
      sensitive, but blue is not appreciably sensed there. Since red and green
      light may purposely be mixed so as to yield the sensations of orange or of
      yellow in the eye, a wide range of colors adequate for information
      displays is available without the use of blue.
PAR  Further features are desirable in an information display; a major need is
      to provide brightness and contrast when the display is viewed in a high
      ambient light level, including sunlight, whereas conventional color
      cathode ray television tubes are useful only at low or medium light
      levels. High resolution, especially in the center of the screen, not
      available in conventional tubes, is also desired. Relatively simple
      electron beam focusing and scanning elements are also desired so that
      either raster scanning or random beam positioning as both often required
      for presenting computer information are easily achieved.
PAR  The penetration phosphor cathode ray display tubes of the prior art offer
      several of the advantages required in specialized information displays,
      but the most suitable penetration phosphor indicator for use in
      information displays is that disclosed by S. F. Ignasiak in patent
      application Ser. No. 505,710, filed Sept. 13, 1974 for "Penetration
      Phosphors and Display Devices" and assigned to Sperry Rand Corporation.
      The penetration phosphor color display of the Ignasiak invention overcomes
      many defects inherent in prior art color displays, again permitting much
      more information to be displayed effectively simultaneously than by a
      black and white tube. Additionally, recognition of individual data
      representations in the displayed material when colored is much more rapid
      than in a monochromatic or black and white display.
PAR  Full use may be made of the penetration phosphor characteristics of the
      Ignasiak invention in providing a variable color display while using only
      one electron beam simply by controlling the voltage on the beam
      acceleration electrode adjacent the cathode. With red and green emitting
      phosphors, successive changes in the beam acceleration voltage generate
      distinct colors; for example, red, orange, yellow, or green may thus be
      generated. Only one suitably controlled electron gun is required and the
      complexities of prior art color television tubes are eliminated along with
      other features of prior art display devices undesirable in information
      displays.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an optical filter system for use with the
      penetration phosphor color display tube of the aforementioned Ignasiak
      patent application Ser. No. 505,710 for providing maximum contrast
      enhancement with respect to ambient light reflected from the face plate of
      the cathode ray tube. The display device of the Ignasiak invention
      supplies improved and efficient penetration phosphors overcoming the
      problems of prior penetration phosphors for use in bright color display
      cathode ray tube indicators. On the phosphor display screen, La.sub.2
      O.sub.2 S particles are employed as host elements, with low concentrations
      of Tb and Eu ions present within the particle material for the desired
      flexible voltage control of red and green line spectral color emission
      from within a thin film of the host particles. Contrast is improved in the
      novel display system by use of a dual narrow pass band filter combining
      individual filter layers and operating cooperatively with the natural
      spectral sensitivity of the eye.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section view of a representative penetration phosphor
      particle.
PAR  FIG. 2 is a cross section view of a representative penetration phosphor
      cathode ray vacuum tube display in which the novel optical filter system
      is used.
PAR  FIG. 3 is a magnified cross section of the viewing plate phosphor and
      filter elements of FIG. 2.
PAR  FIGS. 4 through 7 are graphs useful for explaining the character of the
      novel display apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is an improved optical filter system for employment with
      novel penetration phosphor cathode ray display tubes of the type disclosed
      in the aforementioned patent application Ser. No. 505,710. Such cathode
      ray tubes employ novel phosphors where the phosphors selectively generate
      narrow band or line fluorescence in two relatively widely separated parts
      of the visible spectrum, as in the red and in the green parts thereof. The
      novel optical filter system greatly enhances contrast of the display in
      the presence of reflection in high ambient light levels from the front of
      the cathode ray screen or viewing plate. Increased equivalent brightness
      of the color cathode ray display is consequently achieved, as is
      particularly desirable in difficult applications, such as in airborne
      displays or other similar displays where large ambient light levels must
      be tolerated.
PAR  In penetration phosphor cathode ray tubes of the type disclosed in patent
      application Ser. No. 505,710, lanthanum oxysulfide or La.sub.2 O.sub.2 S
      is employed as the host material in a cathodo-luminescent penetration
      phosphor composition. As activators, terbium (Tb) and europium (Eu) ions
      are used in the controlled generation of green and red optical line
      emission from within the host material. The novel phosphor material is
      employed in particulate form, the Tb ions being supplied as Tb.sub.2
      O.sub.2 S within the particles and the Eu ions in the form of Eu.sub.2
      O.sub.2 S. The activator concentrations are preferably very low compared
      to that of the host. In the representative phosphor particle 8 of FIG. 1,
      the Tb ion concentration is substantially homogeneous and the Eu ion
      concentration is preferably increased radially within the particle from
      substantially the effective geometrical center 7 of the latter. In
      particular, the Eu concentration may be substantially zero at the
      interface 9 and also within the central region 5 and may increase in the
      outer region 6 from interface 9 toward the surface of particle 8. Because
      the phosphor composition of the particle is made up entirely of mutually
      compatible rare-earth oxysulfides, problems due to the often very
      different chemical and physical properties of prior art constituent
      materials are entirely avoided.
PAR  FIG. 2 illustrates a penetration phosphor cathode ray tube in which the
      present invention may be employed; the tube 10 consists of a vacuum
      envelope 11 including a neck 12, a viewing face plate 13, and a conically
      shaped transition section 14 for completing the vacuum envelope 11. An
      electron gun 15 is supported within the neck 12 and is adapted to project
      an electron beam represented by the dotted line 16 toward an inner surface
      of viewing face plate 13. The neck 12 is closed at its end opposite face
      plate 13 by a stem structure 17 through which a plurality of lead-in wires
      18 is sealed. Suitable operating potentials may be applied to the electron
      gun 15 and to its associated cathode through the conductors 18. A
      conducting coating 19 is provided on the internal surface of the conical
      section 14 of envelope 11 and serves as an accelerating electrode for
      electron beam 16. A suitable high voltage is supplied from a conventional
      power supply (not shown) to the conducting coating 19 via a terminal
      sealed through the glass cone 14 as represented at 20. A magnetic
      deflection yoke 21 or other conventional electron beam deflection means is
      provided for positioning electron beam 16 with respect to face plate 13.
PAR  The luminescent penetration phosphor screen 22 is supported on the face
      plate 13 so that the deflected electron beam 16 may excite the phosphor
      particles of screen 22 to luminescence. FIG. 3 illustrates in greater
      detail the luminescent screen 22 which is composed in part of a layer 23
      or cathodo-luminescent penetration phosphor particles. The layer 23 is
      characterized by including many phosphor particles and is substantially
      free of voids. The preferred penetration phosphor particles being very
      small, layer 23 is relatively thin. A visible light-reflecting aluminum
      layer 24 is supported directly upon phosphor layer 23; it is thin so that
      it may be readily penetrated by the electrons of beam 16. The display tube
      10 may be provided with a mesh grid 29 disposed transversely within
      conical section 14. Where mesh grid 29 is used, it is connected
      electrically to the conductive coating 19 so that the display tube may
      operate according to conventional post-acceleration principles. A separate
      lead-in conductor as represented at 30 may be supplied for providing a
      suitable electrical potential to metal layer 24, such as a
      post-acceleration potential. Mesh grid 29 may be eliminated entirely, if
      desired.
PAR  Operation of the display as so far introduced may be described with
      reference to FIGS. 1, 2, and 3. Low velocity and hence, low energy,
      electrons of beam 16, present therein when a relatively low voltage is
      supplied to terminal 20, strike the surface of the phosphor particle 8 and
      transfer energy to the emission centers provided by the Eu and Tb ions
      located near the surface of particle 8 in region 6 to produce red spectral
      emission. If the acceleration voltage at terminal 20 is increased to a
      maximum value, the high energy electrons of beam 16 strike the phosphor
      particle 8 and penetrate it deeply. Accordingly, the energy of such
      electrons tends to be transferred to both kinds of activators with a
      substantial fraction of the energy transferred to the single type of
      activator located in the central region 5 which is the substantial portion
      of the volume of particle 8, where the Tb ions of region 5 tend to emit
      green light. Electrons of energy intermediate the foregoing two extremum
      values transfer energy to the green and red-emitting regions in
      intermediate amounts. The degree of generation of red or green light is
      arbitrarily controlled by the concentrations of activators and, in use, is
      controlled also by a conventional type of programmed voltage level power
      supply coupled to terminal 20.
PAR  In the operation of the penetration phosphor display, there is an
      additional important mechanism provided and it causes transfer of energy
      from the Tb to the Eu ions where both are coactivators in region 6,
      involving an induced change in the allowed transitions of electrons in the
      excited state of the atoms. In particular, the manner in which electrons
      belonging to the excited Tb ions are permitted to release their energy is
      changed in region 6 so that there no longer results visible green
      radiation from the Tb ions in region 6. At the same time as such a
      quenching action is effected, the Eu red emission mechanism is enhanced.
      In other words, the energy from electron beam 16 which would have been
      emitted as green light by the Tb ions of region 6 is now in part
      transferred to enhance the red radiation of the Eu ions and is in part
      dissipated in nonradiative electronic transitions.
PAR  The emission produced by the La.sub.2 O.sub.2 S phosphor is sensitive to
      the concentration of its activators. There is a maximum energy conversion
      efficiency for a particular concentration of activator, efficiency
      dropping severely for lower and high concentrations. As the second
      activator (Eu) is added, the additional quenching effect appears, only a
      small amount of Eu being sufficient to quench Tb green emission. The
      optimum molar Eu ion concentration is about six times as great as the
      optimum molar Tb concentration, but there is a moderate range of values of
      the activator concentration ratios which proves useful in eliminating
      green emission from the Tb ions. The Tb ion is much more sensitive to
      changes in its concentration than is Eu and the over-all beneficial effect
      of having Eu ions in the outer section 6 of the La.sub.2 O.sub.2 S
      particles is to eliminate green radiation from the Tb ions with region 6.
PAR  The total effect of the energy-transfer mechanism, of the preferred
      activator concentration ratios, and of the quenching mechanism is to cause
      region 6 to operate in the effective manner of the totally different inert
      barrier layers found in the prior penetration phosphor art. In such prior
      art inert or non-radiating barriers, energy is simply lost as heat and is
      not usefully or efficiently converted to visible radiation as it is in
      part of the present penetration phosphor. Commercial penetration phosphors
      of the past use non-emitting or dead layers as barrier layers on sulfides
      such as Zn S : Co. In the present kind of penetration phosphor, the
      green-emitting rare-earth phosphor emits light at a longer wave length at
      low electron beam voltages, green emission occurring only at high electron
      beam voltages.
PAR  The desirable range of molar concentrations of Eu ions with respect to the
      host material is experimentally established as lying between 0.001 and 0.1
      moles per mole of the host La.sub.2 O.sub.2 S. Successful barrier
      phosphors have been demonstrated within such ranges and are also found to
      produce penetration phosphors of superior nature when mixed with
      red-emitting phosphors such as YVO.sub.4 : Eu VO.sub.4. The usual range of
      weight ratios of the barrier phosphor La.sub.2 O.sub.2 S : Tb.sub.2
      O.sub.2 S : Eu.sub.2 O.sub.2 S to the red-emitting phosphor YVO.sub.4 : Eu
      VO.sub.4 lies substantially between 8 to 1 and 2 to 1 . These latter
      ranges are, of course, very easily determined in an ordinary mechanical
      fashion simply by mixing reasonably selected proportions of the barrier
      and the red-emitting phosphors until the desired color range under
      operating voltages is obtained.
PAR  Actual spectral energy distributions for a representative penetration
      phosphor are illustrated in FIG. 4 for 2.5, 5, 10, 15, and 20 kV.
      electrons. The emission is narrow line emission under all conditions.
      Since the color perceived by the eye is a combination of the varying red
      and green components, red is seen at 2.5 and 5 kV., yellow at 10 kV.,
      yellow-green at 15 kV., and substantially green at 20 kV. It should be
      noted that FIG. 4 shows only the relative intensities of the green and red
      lines at each electron beam voltage, and is not necessarily meant to
      indicate the exact relationship between the intensities of different
      voltages. Other aspects of the new penetration phosphor cathode ray
      display tube are discussed in the aforementioned patent application Ser.
      No. 505,710, which application is incorporated in its entirety in the
      present specification.
PAR  The filter system 25 of the present invention, as seen in FIGS. 2 and 3, is
      placed between the exterior surface of the viewing plate 13, which plate
      has a relatively constant transmission characteristic throughout the
      visible spectrum, and the observer and may be self-supporting or bonded
      directly to the outer surface of viewing plate 13 as generally indicated
      in FIG. 2 in the conventional manner. As further seen in FIG. 3, the
      filter system 25 consists of two contiguous filter layers 26 and 27 which
      may be mutually bonded together at interface 33 as well as being fastened
      to plate 13. Such bonding, if used, may be accomplished by application of
      available materials such as conventionally employed synthetic polyester
      resins having good optical transmission and indices of refraction
      optically matching those of the elements being bonded together. A
      conventional anti-reflection coating (not shown) may be applied to the
      exterior or front surface of filter layer 27.
PAR  Filter layer 26 is preferably a didymium glass filter, while filter 27 is a
      temperature colored glass filter, though the order of the filters may be
      reversed. With particular respect to the didymium glass filter 26, this is
      preferably a 9 mm. thick glass filter plate of the class generally known
      by the standard designation BG20 having substantially the measured
      transmission characteristics shown by the three-lobed curve 50 of FIG. 5.
      The filter action is produced because of colored ions of didymium in true
      solution in the glass. The transmission curve features three distinct pass
      bands, a first relatively narrow pass band 51 being centered at about 4935
      Angstrom units and approaching 0.6 relative transmission there. A second
      and more important pass band 52 is relatively symmetric, being centered at
      about 5525 Angstrom units with about 0.8 relative transmission and having
      sides dropping to about 0.4 relative transmission at about 5405 and 5635
      Angstrom units, respectively. The third relatively wide pass band region
      reaches about 0.42 relative transmission at about 6120 Angstrom units and
      exceeds 0.7 transmission between about 6150 and about 6750 Angstrom units.
      Between bands 52 and 53, relative transmission drops substantially to
      zero. In place of the BG20 filter, a BG36 filter may be used in some
      circumstances.
PAR  The filter layer 27 of FIG. 3 comprises a 3 mm. thick plate of temperature
      colored glass of the class generally known by the standard designation
      OG515 and having substantially the measured transmission characteristics
      of curve 54 of FIG. 5. Also, and OG530 filter may be substituted. The
      filter action is produced by coloring agents in the form of microscopic
      particles in either filter. The transmission curve 54 rises from
      substantially zero transmission at about 5000 Angstron units through the
      0.5 relative transmission point at about 5185 Angstrom units and
      asymtotically reaches a unity transmission plateau at about 5626 Angstrom
      units. In this manner, it is seen that the termperature colored glass
      filter 27 beneficially negates the presence of the pass band 51 of the
      didymium filter layer 26. Thus, the undesired lines in the penetration
      phosphor spectrum appearing in FIG. 4 that lie below about 5000 Angstrom
      units are heavily attenuated. Furthermore, lines in FIG. 4 lying just
      below 6000 Angstrom units are also substantially removed.
PAR  The composite effect of the component filters 26, 27 of the filter system
      25 is seen in FIG. 6. The desired pass band 52 of the didymium filter 26
      is preserved and permits passage of the green spectral lines of the
      penetration phosphor system the line set 56 being shown in the drawing in
      conventional line rather than in envelope form as a matter of convenience.
      The major line of the line set 56 lies near the maximum transmission point
      of pass band 52.
PAR  In a generally similar manner, the reddest line of line set 57 of the
      phosphor system lies within pass band 53 at a point of nearly maximum
      light transmission for the filter system. The brightness of the line
      spectra is further modified by the cooperating spectral response of the
      eye, as illustrated in representative manner by the sensitivity curve 55.
PAR  Of the several fundamental factors that have a bearing on seeing, contrast
      is a significant one. Brightness contrast is generally important, but the
      present invention aids the viewer also by providing sharply contrasting
      color images because of the selected spectral lines used therein. Improved
      brightness contrast is obtained with the present invention because the
      ambient white light striking the front of the cathode ray tube generally
      contains visible light over the whole wave length range from 4500 to 6500
      Angstrom units. As this light passes through the filter system 25, the
      wave length components in the two stop bands 4500 to 5300 Angstrom units
      and 5700 to 6000 Angstrom units are attenuated. The ambient light is
      scattered off the phosphor 23 and the aluminum layer 24 and, before
      reaching the eye, passes through the filter system 25 once more, where
      wave length components in the two stop bands are further attenuated. The
      total attenuation results in a greatly reduced intensity of scattered
      ambient light reaching the eye. At the same time, the green and red wave
      length components from the phosphors are not greatly attenuated in passing
      through the filter system 25, since these wave lengths coincide with pass
      bands for the filter system, and the contrast is greatly improved.
PAR  A practical way of evaluating the present invention is through the use of a
      figure of merit called herein the equivalent brightness increase EBI. The
      equivalent brightness increase factor EBI is the ratio of the brightness
      of the phosphor as viewed through the dual pass band filter of the present
      invention to the brightness of the same phosphor when viewed through a
      conventional neutral density filter which provides the same brightness
      contrast enhancement as the dual pass band filter of the present
      invention. Using this ratio, the merit of the invention is illustrated by
      the graphs of FIG. 7 for filter systems using various thicknesses of BG20
      and OG515 glass filters with the green and red line sets 56, 57 of FIGS. 4
      and 6. FIG. 7 shows the unexpected beneficial result of the novel
      combination of the dual pass band filters with the penetration phosphor
      system of the prior patent application; note the optimum equivalent
      brightness increase EBI of about 2.4 for the green light set 56 with a 6
      mm. BG20 filter associated with 0, 3, or 6 mm. OG515 filters at location
      60. For the same 6 mm. thickness for the BG20 filter, the EBI value
      averages above 3 for the red line set 57, continuing to rise with BG20
      filter thickness, being about 3.20 for a 6 mm. OG515 filter thickness.
      According to the invention, it is particularly beneficial that the EBI
      ratio is greatest for the red line set 57, this improvement being needed
      for two reasons. The red lines produced by the selected phosphor, as is
      generally true of red penetration phosphors, are already of relatively low
      brightness before they are submitted to the action of the novel filter,
      the red phosphors being less efficient than the green. Secondly, the
      natural sensitivity of the eye is low at the red end of the spectrum, as
      illustrated by curve 55 of FIG. 6. Accordingly, the mechanism producing
      the equivalent brightness increase ratio EBI is particularly valuable in
      making the vary-colored image, as seen by the eye, of standard brightness.
PAR  The generally similar BG20 and BG36 filters may be selectively chosen in a
      moderate range of relative thickness for cooperative use with a moderate
      range of thicknesses of the generally similar OG515 and OG530 filters to
      provide a range of beneficial effects on the relative green and red color
      contrast, but a preferred combination lies in the use of a 9 mm. thick
      BG20 filter with a 3 mm. thick OG515 filter. This combination demonstrates
      the transmission curve of FIG. 5 and the following properties:
TBL              Contrast  Transmission                                        
                 Enhancement                                                   
                           Coefficient EBI                                     
     ______________________________________                                    
     Green line set                                                            
                   3.5         0.64        2.2                                 
     56                                                                        
     Red line set 57                                                           
                   4.3         0.79        3.4                                 
     ______________________________________                                    
PAL  If a higher degree of contrast enhancement is desired, a conventional
      neutral density filter may be added to the foregoing combination,
      producing the following results:
TBL  Green line set 56                                                         
                      11.1      0.20      2.2                                  
     Red line set 57  13.6      0.25      3.4                                  
PAL  It should be observed that an additional benefit obtained in combining the
      novel dual pass band filter with the described penetration phosphor system
      lies in the improvement in the color of the green phosphor emission. The
      phosphor La.sub.2 O.sub.2 S : Tb has its stronger emission within the
      range of 5425 to 5500 Angstrom units, but with subsidiary emission lines
      near 4900 and 5850 Angstrom units. These undesired lines are greatly
      attenuated by the novel filter systems.
PAR  Accordingly, by use of the novel penetration phosphor display-dual pass
      band filter system, a cockpit cathode ray tube display may be greatly
      improved, reflections of high ambient light levels entering the front of
      the display tube being substantially reduced by the attenuating regions of
      the dual pass filter system operating in cooperation with the natural
      color sensitivity of the normal eye. The two pass bands coincide
      substantially with the narrow band spectral line sets 56, 57 of the
      employed rare earth phosphors. Other filters, such as interference
      filters, are not suitable for the application, since their transmission
      characteristics change drastically with the viewing angle, even though
      their pass bands are relatively narrow. The filter system combining
      didymium and temperature colored glass filters provides a significant
      increase in the effective brightness of the cathode ray tube display.
      Ambient reflected light, especially that diffusely scattered by the
      penetration phosphor layer itself, is a major part of the undesired light
      and is efficiently removed according to the invention. Since the light is
      diffusely scattered light, circularly polarizing filters sometimes used do
      not significantly improve contrast in the present case and are therefore
      not competitive with the device of the present invention.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departing from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination of an optical filter system and a penetration phosphor
      cathode ray display tube having a phosphor screen composed at least of
      particles of a La host phosphor each with at least a central region having
      a substantially uniform distribution of Tb ions and a peripheral region
      containing a radially increasing distribution of Eu ions such that
      relatively low velocity electrons striking any one of said particles
      produce red spectral line optical emission and relatively high velocity
      electrons striking any one of said particles produce green spectral line
      optical emission, the optical filter system comprising contiguous filter
      elements including at least:
PA1  a first filter element having first, second, and third spaced apart narrow
      pass bands,
PA2  said first pass band being centered at about 4935 Angstrom units,
PA2  said second pass band being centered at about 5525 Angstrom units with a
      relative center transmission of about 0.8 dropping to about 0.4 relative
      transmission at about 5405 and 5635 Angstrom units, and
PA2  said third pass band having about 0.42 relative transmission at about 6120
      Angstrom units and exceeding 0.7 relative transmission between about 6150
      and 6750 Angstrom units, the relative transmission dropping to
      substantially zero between said second and third pass bands, and
PA1  a second filter element having a relative transmission rising from
      substantially zero at 5000 Angstrom units through about 0.5 relative
      transmission at about 5185 Angstrom units and asymtotically rising to a
      unity transmission plateau at about 5626 Angstrom units, thereby
      substantially negating the effect of said first pass band,
PA2  said first and second filters cooperatively operating with respect to the
      natural spectral response of the normal eye to provide enhanced brightness
      of said red and green spectral lines in the presence of ambient
      illumination of the face of said penetration phosphor cathode ray tube
      from substantially any forward angle.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said first filter element
      comprises a glass filter containing didymium ions.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein said second filter element
      comprises a temperature colored glass filter.
NUM  4.
PAR  4. Apparatus as described in claim 1 additionally including a third filter
      element in the form of a neutral density filter for further enhancement of
      the brightness of said red and green spectral lines.
NUM  5.
PAR  5. Apparatus as described in claim 1 wherein said first filter element has
      a thickness lying between 3 and 12 mm. and said second filter element has
      a thickness lying between 0 and substantially 3 mm.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said first filter element has
      a thickness of substantially 9 mm.
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PAL  A field emission gun for use in an instrument such as an electron
      microscope including the field emission tip, an extraction electrode and
      focusing and accelerating anode means wherein there is disposed between
      the tip and the accelerating field of the anode means an electric field of
      a strength expressed in terms of electron voltage, at least equal to the
      lowest energy secondary electron sought to be prevented from entering the
      accelerating field.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates, in general, to electron optical systems and more
      particularly to a field emission gun for producing a beam of charged
      particles, such as ions or electrons.
PAR  In U.S. Pat Nos. 3,678,333 and 3,766,427, and Application Ser. No. 225,970
      filed Feb. 14, 1972 in the name of Vincent J. Coates and Leonard M.
      Welter, (all commonly assigned to the assignee of the present application)
      there are described scanning electron microscopes employing field emission
      guns in which the present invention may be advantageously embodied. These
      aforementioned patents and applications are herein incorporated by
      reference for a fuller understanding of the present invention.
PAR  The utilization of the field emission gun incorporating such as a cold
      field emitting tip under high vacuum permits the formation of a high
      intensity focused beam of charged particles (e.g. electrons) as an
      illuminating vehicle for scanning electron microscopy. The charged
      particle gun of the referenced patents and application provides the high
      vacuum environment and voltage discharge protection which is required for
      stable field emission microscopy.
PAR  In implementing this high voltage protection, the inclusion of such as
      shield electrodes placed about the peripheral region of the tip, a
      separate field operating electrode placed in juxtaposition to the tip, and
      various structural forms of field electrodes (individually or in
      combination) were included in the preferred forms of field emission guns.
PAR  The operation of these described highly stable, reliable systems is often
      as a self-focusing electron accelerating system without the use of
      additional de-magnification lenses so common in thermionic electron
      microscopy. In such embodiments, the field emission gun operates to form a
      focused image of the electron beam in a preselected image plane without
      additional lenses other than those electrodes forming the main focusing
      and accelerating anodes of the basic field emission gun. In those
      embodiments of field emission generators utilized in scanning electron
      microscopy the charged particle beam is focused in a plane occurring on
      the surface of a specimen to be examined and scanned over the surface area
      to be investigated by driving the beam by deflection means in a raster
      pattern. The impacting of the charged particles of the beam upon the
      specimen causes, in the case of an electron beam, electrons to be
      scattered, reflected and emitted from the general surface of the specimen
      under bombardment. Usual scanning electron microscopy techniques includes
      detecting one or more of the various types of electrons exiting the
      surface of the specimen by means such as a scintillator detector, the
      response of which is portrayed on a recording device such as a cathode ray
      tube, film or the like.
PAR  In field emission scanning microscopy, the beam intensity is sufficiently
      high such that "real time" viewing of the specimen surface may be enjoyed
      by synchronizing the electron beam directly to the writing beam of a
      television-type CRT and modulating that beam by the output of the
      detector.
PAR  In the system as described above, the quality of the image viewed of the
      surface of the specimen is closely related to the detection of the
      selected types of charged particles exiting the surface of the specimen to
      the exclusion of other particles -- both of different type or similar but
      perhaps, not exiting the surface of the specimen in direct response to the
      bombardment of the surface by the field emission beam. It is herein
      theorized that wherein a field emission gun is used as an electron source
      (although the invention concept applies to any charged particle system)
      the system consists of a field emission tip.sup.10, a first anode.sup.12,
      and a power supply (V.sub.1) to pull electrons from the tip (see FIG. 1).
      The electrons which are generated at the tip pass through the aperture in
      the first anode.sup.12 may be accelerated or decelerated by the next
      electrode (second anode.sup.14) depending upon the magnitude of V.sub.2.
      In many cases V.sub.2 &gt;V.sub.1 which means that the electrons passing
      through the aperture in the first anode are accelerated. Many electrons
      from the tip strike the first anode, however, and produce secondary and
      backscattered electrons at this surface. When V.sub.2 is greater than
      V.sub.1, many of these secondary and backscattered electrons find their
      way into the accelerating field region caused by the cooperative focusing
      and accelerating influence of the first and second anodes; for example, an
      electric field can fringe through the hole in the first anode caused by
      the effective voltage applied between the first and second anode. The
      fringing field collects many of the secondary electrons produced on the
      surface of the first anode and accelerates them toward the second anode
      (see FIG. 2). The primary electron beam (beam energy
      .perspectiveto.eV.sub.2) can be focused to a very small probe size as
      described in the foregoing references. The secondary beam (beam energy
      .perspectiveto.e(V.sub.2 -V.sub.1) produces a very diffuse "spray" of
      secondary electrons. In addition, this secondary spray of electrons has an
      energy different from the primary beam. The number of undesired diffuse
      secondary electrons, I have found, can be as high as that of the desired
      primary electrons. The primary beam of electrons is used for many
      different applications such as previously described, most of which require
      monoenergetic, well-focused electron probes. The described secondary
      electron spray constitutes "spatial noise" in a scanning electron probe
      because areas other than those desired are being bombarded by the spray
      electrons while the well-focused primary probe is irradiating the area of
      interest. These spray electrons can cause a large increase in background
      noise when viewing or recording spatial information about the specimen
      using the various electron, photon, X-ray, etc. detectors. In addition,
      the secondary spray creates a broad effective energy spread in the beam at
      the specimen plane which greatly impairs or confuses the detector and
      degrades the accuracy or examination of physical phenomena which require a
      monoenergetic source of excitation and detection such as electron
      spectroscopy and transmission microscopy.
PAR  One of the several objects of the invention is the inclusion of means
      within the field emission electron gun to generate field intermediate the
      field emission tip and the principle accelerating field to forestall the
      entry of secondary electrons from the cloud formed around the tip and
      field forming electrode into the main accelerating field.
PAR  One example of these objects is illustrated by the inclusion of a third
      electrode biased so as to prevent the secondary electrons produced by the
      unused portion of the tip current, or other stray currents, to pass into
      the accelerating section of the field emission gun.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention there is disclosed a field
      emission gun including means for improving the signal to noise ratio
      recoverable from a charged particle beam which may be generated within the
      gun by the minimization of the accelerating of secondary electrons
      generated within the gun by the beam.
PAR  Certain of the features of the invention include a field emission tip, an
      extraction anode, which may be a separate electrode or the first anode of
      a focusing and accelerating anode pair, and means for interposing between
      the tip and the accelerating field of the anode pair an electric field of
      a strength, expressed in terms of electron voltage, at least equal to the
      lowest energy secondary electron sought to be prevented from the
      accelerating field. In accordance with the present invention a field of
      more than 5 volts and less than 50 volts is preferable.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a charged particle gun illustrating the
      prior art.
PAR  FIG. 2 is a schematic diagram of a charged particle gun illustrating the
      problem solved by the present invention.
PAR  FIG. 3 is a schematic diagram of a charged particle gun illustrating the
      present invention.
PAR  FIG. 4 is a schematic diagram of an alternate embodiment of the invention.
PAR  FIG. 5 is a schematic diagram of a further alternate embodiment of the
      invention.
PAR  FIG. 6 is a schematic diagram of a further alternative embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention will be described in reference to the principle
      operating elements of a field emission scanning electron microscope. It
      should be recognized, however, that the invention broadly relates to
      charged particle systems and different polarities may be indicated than
      for such as ion probes.
PAR  Referring to FIG. 1, reference numeral 10 indicates generally the field
      emission tip. Disposed down stream of the tip 10 relative to the beam 11
      generated by tip 10 are first anode 12 and second anode 14. In the
      illustrated embodiment wherein only two electrodes are utilized, voltage
      source V.sub.1 is applied to anode 12 to establish the requisite field for
      emission of beam 11 from tip 10. Voltage source V.sub.2 is connected to
      second anode 14 to provide the requisite focusing and accelerating field
      between anodes 12 and 14 to cause the illustrated focusing of beam 11 at
      specimen 16. It will be noted that aperture 12a in anode 12 admits the
      useable electrons for forming beam 11, whereas unuseable electrons 11e are
      precluded from forming a part of beam 11.
PAR  Reference to FIG. 2 illustrates the formation of a secondary electron cloud
      in the region of anode 12 by the unuseable electrons 11e and their
      attraction to the focusing and accelerating field between anodes 12 and
      14. It will be noted that these electrons are generally captured by the
      field of anodes 12 and 14 and projected toward the specimen 16 as a
      defocused secondary electron spray 11e.sup.1.
PAR  It has been determined that the bombardment of a surface such as anode 12
      by a beam of otherwise unuseable electrons 11e generates a cloud of
      electrons having electron energies ranging generally from 5 to 50 volts,
      with the vast majority of electrons being between 7 and 15 volts. These
      electrons, it may be seen, if they fall into the field of anodes 12 and 14
      are accelerated to an energy of approximately e(V.sub.2 -V.sub.1). Wherein
      the difference between V.sub.1 and V.sub.2 is relatively large (as in
      field emission electron microscopes) it will be appreciated that in
      addition to the bombardment of specimen 16 by the primary beam 11 of
      energy apparently eV.sub.2, there is a general spray illumination of
      electrons 11e at energy approximately e(V.sub.2 -V.sub.1), or close to
      eV.sub.2. If the investigation of the surface of specimen 16 is dependent
      upon the determination of the effect of the impact of primary beam 11 by
      detection of the electrons caused to exit the surface, it must be realized
      that the presence of the spray electrons 11e interfere with such
      detection.
PAR  I have determined that in recognition of the problem, the inclusion of a
      decelerating electron field having an effect at least equal to the energy
      level of the secondary electron sought to be stopped between the source
      (tip 10) and the main field (anodes 12, 14) will form a barrier to the
      acceleration of such electrons (11e) into a diffused spray. Since the
      majority of secondary electrons sought to be stopped fall within 7 to 15
      volts, a reverse field above that range will stop all electrons of a
      voltage less than the selected field. Thus, if a field is established
      between electrodes of approximately 20 volts differential, all electrons
      up to 20 volts will be stopped from drifting through that field. In the
      instant case, the field of 20 volts will form a barrier to the bulk of the
      secondary electrons with which I am concerned, namely those having
      energies of from 7 to 15 volts. It should be noted that the barrier field
      strength must be held to a level below that which would exert an
      appreciable influence on the electrons of the primary beam 11.
      Accordingly, two orders of magnitude less is necessary, and more is
      preferable (e.g., less than 200 volts for a 20kV system is necessary, and
      such as 50 volts is preferable).
PAR  One specific embodiment of the invention is achieved by introducing a third
      electrode and using a voltage biasing technique which does not allow
      secondary electrons, which are produced by the unused portion of the tip
      current or various other stray currents, to pass into the accelerating
      section of the field emission gun (see FIG. 3). The tip current is
      generated by V.sub.1, applied to the nearest electrode to the tip, in this
      instance an extraction electrode 20 as described in the prior references.
      The primary beam which passes through the aperture 20a in the extraction
      electrode 20 is not allowed to strike the first anode 12, but simply pass
      through the hole in the first anode 12a after which the beam is
      accelerated and focused. Those secondary electrons which are generated on
      the surface of the extraction electrode 20 and get through the extraction
      electrode aperture 20a are prevented from approaching the first anode by
      applying an appropriate negative bias to the first anode 12 with respect
      to the extraction electrode 20a. This bias forms a field between these
      electrodes which repels the secondary electrons 11e away from the first
      anode 12 so they cannot reach the acceleration region between the first
      and second anodes (12 and 14). In fact, when using the appropriate
      geometry, (i.e., proper electrode apertures and voltage sources), this
      biasing arrangement prevents virtually all stray low-energy electrons
      which are in the region above the first anode 12 from reaching the
      acceleration region A and producing "noise" at the specimen surface 16.
PAR  These "stray low-energy electrons" include secondary electrons which can be
      caused by electrons which, for various reasons, might also strike the
      first anode. The stray electrons produced at the surface of the first
      anode 12 are now attracted to the extraction electrode 20 which is at a
      more positive potential.
PAR  FIG. 4 is an embodiment of the present invention and also shows a
      representative electrical circuit used to implement the invention. The use
      of a 20V zener diode 22 (voltage regulator) disposed between V.sub.1 and
      anode 12 always keeps the first anode 20 volts negative with respect to
      the extraction electrode 20 independent of the magnitude of tip voltage
      (V.sub.1) required to achieve the desired emission current from the tip.
      The two 20 M.OMEGA./10kV resistors R.sub.1, R.sub.2 in series with the
      lead going to the first anode show a combination of the "tip protection
      concept" of the previously described references, and the present
      invention, but are not an essential part of the present invention.
PAR  Other alternative embodiments include:
PAR  A secondary collector 24 put under the extraction electrode (FIG. 5). The
      secondary collector 24 is biased positive (i.e., 50V) with respect to the
      extraction electrode 20 and the geometry in such that any secondary
      electrons in the area are attracted to it before they reach the
      accelerating region. In the illustrated embodiment collector 24 forms a
      ring around axis of aperture 20a and 12a and is disposed intermediate the
      electrodes.
PAR  Another embodiment of the invention for collecting the secondary electrons
      11e before they reach the accelerating region A is the inclusion of means
      28 to deflect the low energy secondaries 11e off the optical path of the
      primary beam 11 by electrostatic magnetic deflection plates (see FIG. 6).
      Electrostatic means of deflection is shown in FIG. 6. The deflection field
      has a much larger effect on the low energy secondaries
      (.perspectiveto.0-50eV) than it does on the primary electron beam
      (.perspectiveto.3-5keV) because of the relative field strengths. In this
      embodiment the spray electrons 11e may be deflected to one side of the
      primary beam 11 and trapped between the electrodes by the inclusion of
      physical means such as rim 12r or by a collateral collector (as by a
      reactive shield such as shown in the prior references).
PAR  The magnitude of noise caused by the secondary spray electrons can be
      further reduced by reducing the number of these secondaries which are
      generated at the surface of the extraction electrode. This may be
      accomplished by selecting an extraction electrode material which has a
      very low secondary emission coefficient at the incident energy of the
      electrons which are bombarding said electrode. This procedure will further
      enhance the present invention by reducing the statistical numbers of
      electrons causing the noise sought to be minimized or eliminated. In
      accordance with the description of the present invention, it is intended
      that the embodiments described herein be illustrative of the invention,
      and that those modifications apparent to one skilled in the art be
      included within the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a field emission electron gun for use in such as an electron
      microscope including a vacuum chamber having disposed therein an electron
      source having a tip, a first anode spaced downstream of said tip, and a
      second anode spaced downstream of said first anode and voltage means
      connected to said first and second anodes for supplying electrical
      potential to establish between said anodes an extraction and a focus and
      accelerating field to form a beam of said electrons emunating from said
      source, wherein said eminating electrons also cause secondary electrons to
      be generated between said tip and first anode and said accelerating field
      causes said secondary electrons to migrate through said field, the
      improvement comprising the addition of an electrode intermediate said tip
      and said first anode, said electrode being connected to voltage means for
      maintaining said electrode at a potential more positive than said first
      anode by at least the value of the lowest energy of secondary electron
      sought to be prevented from migrating through said accelerating field.
NUM  2.
PAR  2. The improvement according to claim 1 wherein gun includes an extraction
      electrode disposed in juxtaposition to said tip said additional electrode
      is disposed intermediate said first anode and said extraction electrode.
NUM  3.
PAR  3. The improvement according to claim 2 wherein said additional electrode
      is a generally annular ring disposed about the axis of the beam of
      electrons eminating said tip and transversing said focusing and
      accelerating field.
NUM  4.
PAR  4. The improvement according to claim 2 when said additional electrode
      includes a deflection system disposed on the side of said axis of said
      beam of electrons eminating said tip and transversing said focusing and
      accelerating field.
NUM  5.
PAR  5. The improvement according to claim 1 wherein said additional electrode
      voltage is maintained at a potential of 5 to 200 volts more positive than
      said first anode.
NUM  6.
PAR  6. The improvement according to claim 1 wherein said additional electrode
      voltage is maintained at a potential of 5 to 50 volts more positive than
      said first anode.
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ABST
PAL  An electronic flash system including a flashtube, a trigger circuit for
      actuating the emission of the flashtube, an electric energy storage means
      for storing the electric energy emitting the flashtube, a discharge
      circuit connecting the electric energy storage means to the flashtube to
      produce a flash of light, said discharge circuit including a switching
      means for electrically break-and-make controlling a connection of the
      electric energy storage means and the flashtube, a monitoring means for
      monitoring luminosity of the reflected light from the object to be
      photographed relying on the flash of light, said monitoring means being
      adapted to generate an output signal when the luminosity reaches a
      predetermined value, and a control means for controlling actuation of the
      switching means in the discharged circuit, said control means being
      started by its operation in response to actuation of the trigger circuit,
      the control means generating a control signal for controlling operation of
      the switching means to open the discharge circuit whenever the output
      signal from the monitoring means is applied thereto, the switching means
      being adapted to controll its actuation so that the discharge circuit is
      maintained in off condition upon termination of performance after the
      passage of a prescribed time.
PARN
PAR  This application is a continuation of application Ser. No. 256,122, filed
      May 23, 1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an electronic flash system for obtaining an
      artificial light source in photographing, and more particularly to an
      improved electronic flash system capable of automatic control of a
      luminosity of light energy produced by a flashtube provided therein.
PAR  According to a conventinnally known counterpart of the electronic flash
      system of the invention, a monitoring means is provided which integrates a
      quantity of reflected light energy from the object being illuminated by a
      light energy produced by a flashtube and which generates a signal when the
      quantity of reflected light energy has been integrated, whereupon the
      electrical energy being discharged from a storage means coupled to the
      flashtube is made to bypass the flashtube for the correct exposure of
      photographic film or the like. With such a prior art electronic flash
      system, an exposure time of film is varied in accordance with distance to
      the object. It is apparent from luminuous characteristics that the light
      energy produced by the flashtube rapidly increases in luminous intensity
      which is powerful. For this reason, although an exposure time of film is
      automatically controlled in accordance with distance to the object thereby
      controlling film exposure value at proper rate, a color balance would be
      disturbed and a contrast would be abnormal due to "reciprocity law
      failure" since film is exposed by a powerful light even for short period,
      particularly, in case of short distance to the object. A conventional
      electronic flash system is fabricated by neglecting the fact that
      photographic density is against "Bensen-Roscoe's law or reciprocity law".
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the invention to provide an electronic flash
      system which keeps intensity of reflected light incident upon the film
      from the object irrespective of distance to the object, and which
      maintains an exposure time constant and prevents photographic density from
      being improper due to "reciprocity law failure" thereby taking photographs
      at proper exposure.
PAR  A further object of the invention is to provide an electronic flash system
      which supplies intermittently electric energy for emitting the flash to
      the flashtube to control luminous intensity of light energy produced by
      the flashtube and which makes intensity of reflected light incident upon
      the film from the object.
PAR  Another object of the invention is to provide an electronic flash system
      wherein a monitoring means includes a photoelectric element on which the
      reflected light from the object is incident and monitors luminous
      intensity of the reflected light from the object, the monitoring means
      being adapted to produce the output signal therefrom when luminous
      intensity reaches a predetermined value thereby controlling the electric
      energy to the flashtube, and wherein luminous intensity of flash of light
      produced by the flashtube, although containing a little ripples, may be
      kept substantially constant in accordance with distance to the object.
PAR  Still further object of the invention is to provide an electronic flash
      system which comprises a control means for controlling operation of a
      switching means controlling the supply of electric energy to the
      flashtube, the control means being adapted to initiate its actuation in
      response to a trigger circuit for actuating the emission of the
      flash-tube, the switching means being intended to control its actuation so
      as to cut off supply of electric energy to the flashtube whenever the
      output signal from the monitoring means is applied to maintain luminous
      intensity of the flash of light produced by the flashtube substantially
      constant, the switching means being adapted to further control its
      actuation to completely cut off supply of electric energy to the flashtube
      upon termination of its actuation after the passage of a predetermined
      time thereby producing flash of light at a prescribed luminous intensity
      from the flashtube for a predetermined period.
PAR  Yet another object of the invention is to provide an electronic flash
      system which is capable of properly controlling luminous intensity of
      flash of light produced by the flashtube in accordance with the camera
      lens aperture value and sensitivity of the film to be used.
PAR  Another object and advantages will become apparent from the following
      description of the exemplary embodiment of the invention illustrated in
      the drawings, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic wiring diagram showing an embodiment of an electronic
      flash system in accordance with the present invention;
PAR  FIG. 2 is a representation explanatory of a mechanism for varying light
      quantity incident upon the photoelectric element shown in FIG. 1 according
      to the camera lens aperture and film sensitivity;
PAR  FIG. 3 is a representation explanatory of a mechanism for varying the
      variable resistance of FIG. 1 in accordance with the camera lens aperture
      and film sensitivity;
PAR  FIG. 4 is a curve showing the light producing characteristic of the
      electronic flash system in accordace with the invention, and
PAR  FIG. 5 is a schematic wiring diagram showing another embodiment of the
      electronic flash system according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown one embodiment of an electronic flash
      system according to the present invention. Numeral 10 designates a
      transistor booster oscillator circuit or DC converter which is connected
      by a normally opened power switch 12 to a power supply 11 and which is
      adapted to develop a direct-current high voltage when the power switch 12
      is closed. Between a plus output terminal 13 and a minus output terminal
      14 of the transistor booster oscillator 10, a main condenser or capacitor
      15 is coupled which stores therein the electrical energy to be translated
      into light energy in the form of flash light by the output of the
      oscillator circuit. The capacitor 15 is connected by an upper conductor 16
      and a lower conductor 17 to respective principal main electrodes 14 and 20
      of flashtube 18. The upper conductor 16 comprises a transistor 22, an
      inductor 23, and a condenser 24 coupled between the emitter and collector
      of the transistor 22 as will be fully described later. The flashtube 18 is
      of the type having the main electrodes 19 and 20 disposed in a gaseous
      medium such as xenon within a light transparent envelope, and is triggered
      by a conventional trigger circuit 25 including a synchronized switch 26
      automatically operated, as by relay operation in conjunction with the
      shutter of camera. The trigger circuit 25 includes resistors 27 and 28 as
      well as the synchronized switch 26, triggering capacitor 29, and a
      triggering transformer 30. The triggering transformer 30 has one end of
      its primary coil 31 and one end of it secnndary coil 32 connected together
      and connected to the conductor 17. The other end of the primary coil 31 is
      connected through the synchronized switch 26 to the triggering capacitor
      29 and the other end of the secondary coil 32 is connected to a triggering
      electrode 21 of the flashtube 18. The transistor 22 is incorporated in a
      circuit by which the electrical energy stored in the main capacitor 15 is
      supplied to the flashtube 18 to illuminate the latter, and is of the type
      of NPN including the collector connected to the plus output terminal 13 of
      the booster circuit 10, the emitter connected by the inductor 23 to the
      main electrode 19 of the flashtube 18, and the base coupled to the
      collector of another PNP transistor 33 by a resistor 34 and speedup
      capacitor 35 connected in parallel with each other. The emitter of the
      transistor 33 is connected to the collector of the transistor 22 whereas
      the collector of the transistor 33 is connected by a resistor 36 to the
      emitter of the transistor 22. The transistor 33 is brought from cut-off
      into heavy conduction in response to application of the output of a
      control means 70 as will be described later, to the base of the transistor
      33 by a resistor 37 and speedup capacitor 38 connected in parallel with
      each other. The flashtube 18 is discharged and thus illustrated by the
      electrical energy stored in the main capacitor 15 when it is triggered in
      association with closing of the normal opened synchronized switch 26 in
      the trigger circuit simultaneously with bringing the transistor 22 into
      heavy conduction.
PAR  The electronic flash system of the invention includes a monitoring means
      designated at 39 for monitoring quantity of reflected light from the
      object to be photographed. The monitoring means 39 comprises a diode 40
      and capacitor 41 connected in series with each other between the plus
      output terminal 13 and the minus output terminal 14 of the booster circuit
      10 to obtain a stable potential difference between conductors 42 and 43
      connected the respective electrodes of the capacitor 41. This monitoring
      means 39 is comprises of transistors 44 and 45, a photoelectric element 46
      for receiving the light reflected from the object to be photographed,
      resistances 47, 48, 49, 50, 51, 52, and 53, variable resistors 54 and 55,
      and capacitors 41, 56, and 57. The photoelectric element 46 may be served
      by a photoconductor such for example as cadmium sulfide or by a silicon or
      selenium photoelectric cell. The capacitors 41 and 56, whose capacitance
      may be about 40 microfarads each, are to be charged via the diode 41 for
      voltage stabilization. The reflected light from the object to be
      photographed is applied through a diaphragm 58 as will be described to the
      photoelectric element 46. The photoelectric element 46 decreases in
      electrical resistance upon being illuminated, so that the transistor 44
      has its base current increased and its collector current correspondingly
      affected. A varied portion of photocurrent of the photoelectric element 46
      amplified by the transistor 44 is further amplified by the transistor 45
      via the resistance 50 and capacitor 57. At this moment, and emitter
      current value of the transistor 45 is proportional to the illumination
      incident upon the photoelectric element 46 whereas a voltage drop volume
      due to the resistance 53 is in turn proportional to a light receiving
      illumination of the photoelectric element 46.
PAR  The control means 60 forms a circuit arrangement similart to the well known
      flip-flop circuit and includes first and second transistors 61 and 62
      which are adapted to alternatively repeat on and off conditions. The
      collector of the first transistor 61 is connected by a resistance 63 to
      the conductor 42 whereas the collector of the second transistor 62 is
      connected by a resistance 64 to the conductor 42. The collector of the
      first transistor 61 and the base of the second transistor 62 are coupled
      by a resistance 65 and speedup condenser 66 connected in parallel with
      each other while the base of the first transistor 61 and the collector of
      the second transistor 62 are coupled by a resistance 67 and speedup
      condenser 68 connected in parallel with each other. The output of the
      monitoring means 39 is applied from a connection 59 to the base of the
      first transistor 61 which is connected by a resistance to the conductor
      43. The emitter of the first transistor 61 is connected by a resistance 70
      to the minus or zero conductor 43. Further, the base of the second
      transistor 62 is coupled by a resistor 71 to an electric potential point
      of the emitter of the first transistor 61. The emitter of the second
      transistor 62 is connected by a resistance 72 to the plus conductor 42 on
      the one hand and is connected by a silicon controlled rectifier 73
      (hereinafter referred to as an SCR), a transistor 74 and the resistance 70
      to the minus conductor 43. Between the plus conductor 42 and the minus
      conductor 43, an SCR 75, a resistance 76 and condenser 77 connected in
      parallel with each other, a resistance 78 are in series connected; and the
      base of the transistor 74 is connected to a connection between the
      parallel connected resistance 76 and condenser 77 and the resistance 78. A
      portion of the electrified change of the triggering capacitor 29 is
      applied as a gate signal by a condenser 70 and diode 80 to the gate
      electrode each of the SCR 73 and 75 when the synchronized switch 26 for
      the trigger circuit is closed. The output of the control means 60 is
      obtained from the collector of the second transistor 62 and applied by the
      parallel connected resistance 37 and speedup capacitor 38 to the base of
      the transistor 33.
PAR  When the SCR 73 and 75 are in "cutoff" condition under which its anode
      current is not drained, the second transistor 62 and the transistor 74 are
      also cut-off. At this time, the base of the first transistor 61 has
      acquired an electric potential to which the base current is applied while
      the first transistor 61 is brought into on condition. The SCR 73 and 75
      may be brought in on condition in response to closing the synchronized
      switch 26 to allow the gate signal to be applied to the gate electrode
      each of the SCR 73 and 75. This allows the base of the transistor 74 to
      have an electric potential to which the base current is applied while the
      transistor 74 is brought into heavy conduction. The transistor 74 is
      brought into on condition while the second transistor 62 is brought from
      cutoff into heavy conduction. A resistance value each for the resistor 65,
      67, 69 and 70 is suitably determined so that the second transistor 62 is
      brought into on condition and the first transistor 61 is in cutoff
      condition whenever the SCR is in on condition. The output of the control
      means 60 is applied to the base of the transistor 33 to bring the
      transistor 33 into on condition when the second transistor 62 is brought
      into on condition. The transistor 22 is in on condition with respect to
      the transistor 33 in on condition. That is, the synchronized switch 26 for
      the trigger circuit 25 is closed for photographing to trigger the
      flashtube 18. Then, an electric energy stored in the main capacitor 15 is
      supplied to the flashtube 18 to illuminate the latter. A flash of light
      produced by the flashtube 18 increases in luminosity as shown by a curve
      81 in FIG. 4 with the passage of time. Accordingly, the reflected light
      which is received from the object by the photoelectric element 46
      increases in luminous intensity. When luminosity of the reflected light
      received by the photoelectric element 46 is over a predetermined value, a
      voltage drop due to the resistance 53 of the monitoring means 39 increases
      while the voltage applied to the base of the first transistor 61 has
      become high to bring the latter from outoff into on condition. In response
      thereto, the second transistor 62 is brought into cutoff condition by
      lowering the voltage applied to its base. Simultaneously therewith, the
      transistor 22 is in cutoff condition to open a discharge circuit for the
      flashtube 18. As a result, the flashtube 18 decreases in arc-plasma to
      reduce it luminous intensity and thus reduce a light receiving
      illumination of the photoelectric element 46. In association with
      reduction of light receiving illumination of the photoelectric element 46,
      the voltage applied to the base of the first transistor 61 is decreased
      lower than a value at which the base current of the transistor 61 runs
      thereby bringing the first transistor in cutoff condition. When the first
      transistor 61 is brought into cutoff condition, the second transistor is
      turned over to on condition with the transistors 33 and 22 in on
      condition. Whereupon, the discharge circuit for the flashtube 18 and flash
      of light produced by the flashtube 18 increases in luminous intensity. The
      reflected light received from the object by the photoelectric element 46
      again reaches a predetermined illumination, and as previously mentioned,
      the first transistor 61 is brought into on condition whereas the second
      transistor 62 is in cutoff condition. Consequently, the discharge circuit
      for the flashtube 18 is opened.
PAR  As fully mentioned above, in association with closing of the synchronized
      switch 26 of the trigger circuit 25, the flashtube 18 is started to emit
      light and its luminous intensity is increased or decreased in accordance
      with hysteresis characteristics of an inverted switching circuit which
      comprises the first and second transistors 61 and 62 of the control means
      60. This flashtube is maintained at substantially constant luminous
      intensity notwithstanding ripples as shown by curves 82, 83 or 84 in FIG.
      4. A switching speed for the transistor 22 for controlling the operation
      of the discharge circuit for the flashtube 18 is of the order of 0.5-2
      microseconds so that the transistor 22 is almost used in a saturated area
      but used for short period in an active area. For this reason, the
      transistor 22 with rated current of 2--2 amperes may be used even where
      the discharge current of the flashtube 18 is over 200 amperes. The
      inductor 23 and capacitor 24 are incorporated in the discharge circuit to
      prevent the transistor 22 from break down due to heat generated by short
      cycle of the switching of the transistor 22. More specifically, the
      indicator 23 serves to moderate intensity of the discharge current of the
      flashtube 18 whereas the capacitor 24 functions to absorb an induced
      electromotive force by the inductor 23 when the transistor 22 is in cutoff
      condition and thereby facilitating a cutoff action of the transistor 22.
PAR  The condenser 77 is gradually charged with the passage of time when the SCR
      75 is brought into on condition. On the other hand, the base voltage of
      the transistor 74 is reduced, after the passage of a certain time, and
      brought from on condition into cutoff condition. Correspondingly, an
      inverted switching action of the first and second transistors 61 and 62 is
      obstructed to stop illumination of the flashtube 18. More specifically,
      the flashtube 18 condinues its illumination for the period which is
      determined by time constant according to the condenser 77 and the
      resistance 78, and then stops the same. All performances having been
      completed, the current applied to the SCR 75 is less then the holding
      current. When the transistor 74 is brought into cutoff condition, the
      holding current is not drained into the SCR 73 thereby bringing the SCR 73
      and 75 into off condition.
PAR  It will be readily understood that an exposure volume of film disposed on
      the substantially same position as the photoelectric element 46 may be
      constant since intensity of light incident upon the photoelecric element
      46 is constant irrespective of distance of the object to be photographed.
      Accordingly, a photograph may be automatically taken at a proper exposure.
PAR  It will be understood from the following description with reference to
      FIGS. 2 and 3 how to operate the diaphragm 58 disposed in front of the
      photoelectric element 48 and the variable resistor 54.
PAR  In FIG. 2, numeral 90 denotes a manually operated ring which is rotatably
      mounted with respect to a camera body for controlling a diaphragm 58. The
      diaphragm 58 is adapted to be varied by rotatably operating the ring
      thereby rotating a dial 91 mounted thereon. A film sensitivity index scale
      93 and F number scale 92 are set by operating the ring 90 in accordance
      with the brightness of the object and sensitivity of film when
      photographing. The reflected light from the object according to the
      aperture dimensions of the diaphragm 58 is incident upon the photoelectric
      element 46. The flash luminous intensity is thus controlled so that a
      prescribed illumination is variable in accordance with film sensitivity
      and lens aperture irrespective of distance of object. As a result, the
      light incident upon the film has the same illumination or the proportional
      illumination. The photoelectric element 46 is preferably mounted in the
      camera by way of T.T.L. system, namely, through the lens in which the
      element is mounted behind the lens system. Instead of the diaphragm 58, a
      gray filter by which the transmitted light is varied may be employed to be
      moved in front of the photoelectric element 46 in accordance with film
      sensitivity.
PAR  In the place of adjustment of the diaphragm 58, the variable resistor 54 in
      FIG. 1 may be varied in response to film sensitivity and aperture. To this
      end, a mechanism is provided as shown in FIG. 3. In FIG. 3, mumeral 94
      designates a rotary shaft which is coupled to an operating shaft (not
      shown) for the variable resistor 54 and which includes a knob 95 and dial
      96 fixed thereto. An F number scale 97 is graduated on the dial 96. A dial
      98 is rotatably mounted with respect to the shaft 94 and includes a mark
      99 and film sensitivity index scale 100 arranged thereon. A mark 101 is
      disposed on a fixed frame (not shown) so as to correspond to the film
      sensitivity index scale 100 on the dial 98. The dial 98 is operated to
      allow the scale 100 to be alignment with the mark 101 according to the
      sensitivity of film to be used. Nextly, the knob 95 is rotated to allow
      the F number scale 97 on the dial 96 to be aligned with the mark 99 on the
      dial 98 according to the aperture value set by the camera. In this manner,
      the variable resistor 54 is varied to effect the same action as when the
      diaphragm 58 is varied. In FIG. 1, numeral 102 is a camera diaphragm which
      is adapted to operate the variable resistor 55 in cooperation therewith.
      Where the variable resistor 55 is employed, terminals 103 and 104 are
      provided on the side of the electronic flash whereas terminals 105 and 106
      are mounted on the side of the camera and connected by detatchable lead
      wires 107 as shown by the dotted line to the terminals 103 and 104. In
      this instance, the variable resistor 54 may be omitted. By this
      arrangement, the variable resistor 55 is varied in response to the
      operation of camera diaphragm 102 to obtain the same function as the
      variable resistor 54.
PAR  Flash luminosity derived from the electronic flash system according to the
      invention differs from that of a conventional flash system, which is
      plotted as a curve 81 in FIG. 4 but is maintained substantially constant
      as shown curves 82, 83, and 84. The curve 82 is shown as indicative of the
      distance at which the tube is close to the object, and the curves 83 and
      84 are shown as indicative of the respective distances at which the tube
      is further from the object. Ripple of flash luminosity is determined by
      the dimension of the inductor 23, volume of the capacitor 24, arc plasma
      growth, and the period of extinction. A point 85 is plotted to show the
      period at which illumination of the flashtube is prevented and which is
      determined by the time constant of the resistor 78. Since the curve 81
      upwardly extends from zero, illumination of the flashtube 18 is prevented
      at the point 85 so that for instance, light quantity and luminosity
      thereof are not proportional to each other at the curves 82 and 84 thereby
      resulting in deviation of film exposure. In order to overcome such defect,
      a circuit is additionally provided so that the SCR 75 and the first
      transistor 61 are brought in "on" condition at the same time to allow the
      time when illumination of the flashtube 18 is prevented, to follow a curve
      86. In this manner, light quantity received by the photoelectric element
      46 is always kept constant irrespective of distance to the object thereby
      obtaining more accurate film exposure.
PAR  An alternative embodiment of the electronic flash system according to the
      invention is shown in FIG. 5 in which the same numerals are used to
      illustrate like parts shown in FIG. 1.
PAR  The parts designated by the same numerals as shown in FIG. 1 are provided
      to perform the same function so that the following description will refer
      to the other parts.
PAR  Numeral 110 is a monostable circuit which constitutes a portion of the
      control means 60 and which includes transistors 111 and 112. The power
      source for the transistors 111 and 112, which is stabilized by a diode 115
      and condenser 116 is used so that voltage between the terminals of the
      main capacitor 15 is divided by resistances 113 and 114. The emitter of
      the transistors 111 and 112 is coupled by a common resistor 117 to the
      anode of the diode 115. The collector of the transistors 111 and 112 are
      connected by respective resistances 118 and 119 to the minus conductor 17.
      The base of the transistor 111 is connected by a resistance 120 to the
      anode of the diode 115 or by a resistance 121 to the collector of the
      transistor 112. The base of the transistor 112 is coupled by a capacitor
      122 to the collector of the transistor 111 and further connected by a
      resistance 123 to the minus conductor 17. A transistor 124 and the
      previously mentioned parallel connected resistance 37 and the speedup
      condenser 38 are provided between the collector of the second transistor
      62 and the base of the transistor 33. The collector of the transistor 111
      is connected to the base of the transistor 124. A portion of electrified
      charge of the condenser 29 is applied by the condenser 79 and diode 80 to
      the base of the transistor 124 in response to closing of the synchronized
      switch 26.
PAR  Upon closing of the synchronized switch 26, the flashtube 18 is triggered
      by the trigger circuit 25 and a pulse current is drained by the capacitor
      79, diode 80, and the capacitor 122 to the resistor 123 to raise the
      voltage of the base of the transistor thus placing the transistor 112 in
      cutoff condition. In response thereto, the base potential of the
      transistor 111 is increased to bring the transistor 111 in on condition.
      On the other hand, upon closing of the synchronized switch 26, the
      transistor 124 is brought into on condition simultaneously with placing
      the second transistor 62 in on condition. Accordingly, the transistor 22
      is brought into on condition to close the discharge circuit for the
      flashtube 18 thereby initiating illumination of the flashtube 18. Flash
      luminosity of the flashtube 18 is thereafter maintained substantially
      constant by the switching action of the first and second transistors 61
      and 62 as in the embodiment in FIG. 1.
PAR  When the transitor 111 is in on condition, the capacitor 122 is charged by
      the resistance 123 and the transistor 112 is maintained in cutoff
      condition by the charged current. However, the transistor 112 is intended
      to place it in on condition since the base voltage of the transistor 112
      is reduced and at the same time the transistor 111 is in cutoff condition.
      In other words, the transistor 111 is placed in on condition for the
      period corresponding to time constant determined by the capacitor 122 and
      the resistance 123. Due to the transistor 111 being in cutoff condition,
      the transistor 124 is brought into cutoff condition since its base
      potential is reduced. At the same time, the transistor 22 is in cutoff
      condition to open the discharge circuit for the flashtube 18 to terminate
      illumination thereof. As above set forth, it is understood that the second
      embodiment shown in FIG. 5 performs the same function as the first
      embodiment illustrated in FIG. 1.
PAR  Although the invention has been described with reference to specific
      embodiments, it is apparent that the invention is not to be limited to the
      embodiments as illustrated, and, accordingly, changes and variations may
      be made without departing from the spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic flash system used for obtaining light energy to illuminate
      the object to be photographed, comprising:
PA1  a flashtube;
PA1  an electric energy storage means for storing light energy to be applied to
      the flashtube;
PA1  a discharge circuit connecting the storage means to the flashtube to
      produce a flash of light;
PA1  a trigger circuit connected to said flashtube for actuating the emission of
      the flashtube;
PA1  switching means for controlling the closing and opening of the discharge
      circuit; monitoring means connected to said switching means for monitoring
      luminous intensity of reflected light from the object subjected to a
      flashlight, said monitoring means being adapted to produce an output
      signal when said luminous intensity of reflected light reaches a
      predetermined value; control means connected to said switching means for
      controlling actuation of said switching means, said control means being
      adapted to produce a control signal for operating said switching means to
      close the discharge circuit when said trigger circuit triggers the
      flashtube, said switching means being prevented from being actuated by
      said control means to maintain the discharge circuit in open condition
      after the passage of a predetermined time from actuation of said switching
      means to open the discharge circuit whenever said monitoring means
      provides an output signal, the intensity of reflected light incident upon
      the film from the object to be photographed being at a predetermined
      level, independent of the distance to the object, the intensity of the
      flash being substantially constant independent of the distance of the
      object, the exposure time constant being maintained to maintain a
      predetermined photographic density, said switching means being actuated
      initially to close the discharge circuit by a control signal from said
      control means when said trigger circuit triggers said flashtube, said
      switching means being actuated by said control means to maintain the
      discharge circuit in closed state until said monitoring means provides an
      output signal, said switching means being actuated by said control means
      to repeatedly close and open said discharge circuit for a predetermined
      period when said monitoring means provides said output signal, said
      switching means being actuated by said control means to maintain said
      discharge circuit in open state after lapse of said predetermined period.
NUM  2.
PAR  2. An electronic flash sytem in accordance with claim 1, wherein said
      monitoring means includes a photoelectric element receiving the reflected
      light from the object, and an amplifying circuit for amplifying the
      photocurrent from the photoelectric element, the amplyfying circuit
      generating the output signal applied to the control means.
NUM  3.
PAR  3. An electronic flash system in accordance with claim 2, wherein said
      monitoring means has a diaphragm mechanism which is disposed forwardly of
      said photoelectric element and which varies the quantity of the reflected
      light from the object incident upon the photoelectric element, the
      diaphragm mechanism being adapted to control light quantity incident upon
      the photoelectric element in accordance with the degree of the camera lens
      aperture and sensitivity of the film to be used.
NUM  4.
PAR  4. An electronic flash system in accordance with claim 1, wherein the
      monitoring means includes a variable resistor for varying the amplfication
      degree of the amplifying circuit in accordance with the camera lens
      aperture degree and sensitivity of the film to be used.
NUM  5.
PAR  5. An electronic flash system in accordance with claim 2, wherein said
      control means comprises first and second transistor alternatively
      repeating conducting and nonconducting conditions depending upon the
      output of the monitoring circuit for a predetermined period, said
      switching means being controlled to break said discharge circuit whenever
      the second transistor is in nonconducting condition.
NUM  6.
PAR  6. An electronic flash system in accordance with claim 5, wherein said
      control means further comprises a capacitor by which electrical energy is
      charged through at least one resistance when said flashtube is triggered
      by said trigger circuit, said first and second transistors being adapted
      to repeat conducting and nonconducting conditions alternatively for the
      period determined by the time constant of the resistance and capacitor.
NUM  7.
PAR  7. An electronic flash system in accordance with claim 5, wherein said
      control means includes a monostable circuit changeable from stable
      condition to non-stable condition when said flashtube is triggered by the
      trigger circuit, said first and second transistors repeating conducting
      and nonconductive conditions alternatively until the monostable circuit is
      returned to the stable condition.
NUM  8.
PAR  8. An electronic flash system in accordance with claim 1, wherein said
      switching means includes a transistor in which emitter and collector
      electrodes are connected in series with each other between said electric
      energy storage means and said flashtube, the transistor being such that
      the flow of its base electrode current is controlled by said control
      signal generated from said control means to control supply of electric
      energy from said electric energy to said flashtube.
NUM  9.
PAR  9. An electronic flash system in accordance with claim 8, wherein an
      inductor is connected in series with said transistor and said flashtube of
      said switching means and wherein a capacitor is connected between the
      emitter and collector of said transistor.
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PAL  Signal collecting and distributing systems wherein an active transmission
      line possessing neuristor characteristics is provided as a means for
      scanning a plurality of signal transducers, which may be in the form of
      radiation sensitive elements or electroluminescent elements, respectively,
      to effect actuation thereof in a prescribed order.
PARN
PAR  This is a division of application Ser. No. 616,385 filed Feb. 15, 1967, now
      U.S. Pat. No. 3,634,849.
BSUM
PAR  This invention relates to signal collecting and distributing devices and
      more particularly to a device having functions by which a plurality of
      spacially distributed and arranged signal sources are selectively and
      successively switched and by which signals are collected into a single
      signal from said switched signal sources, and to a device having functions
      in which signals for selectively controlling operations of a plurality of
      spacially distributed systems to be controlled are distributed from a
      single composite signal.
PAR  Mechanical switches or delay lines employing means such as an electrical
      switch, a helix, or the like have long been used for appropriately
      switching a plurality of spacially distributed signal sources over to a
      transmission system from which signals from said signal sources are
      transmitted, and for receiving and redistributing said signals to
      spacially distributed control systems. These means, however, are imperfect
      because of their lack of high speed performance, poor signal-to-noise
      (S/N) ratio, or complexity of construction. For these reasons said means
      have not yet been put to practical use.
PAR  One of the objects of the present invention is to provide a signal
      collecting device by which signals delivered from large numbers of
      spacially distributed signal sources are simply and accurately collected.
PAR  Another object of this invention is to provide a signal collecting device
      by which switching functions can be carried out on plural signal sources
      over a sufficiently long time interval using a delay system capable of
      delaying signals to an extent that conventional means have never achieved.
PAR  Another object of this invention is to provide a signal collecting device
      by which switching signals for successively switching-on plural signal
      sources are transmitted to among plural signal sources at a constant speed
      and are reshaped without being attenuated.
PAR  Another object of the present invention is to provide a signal collecting
      device by which the signal-to-noise ratio of signals obtained from plural
      signal sources can be improved.
PAR  Another object of the present invention is to provide a signal collecting
      device the construction of which is extremely compact so taht integrated
      circuits may be incorporated into said device. One of the objects of the
      present invention is to provide a device for electrically distributing
      control signals simply and securely to numbers of spacially distributed
      controlled systems.
PAR  Another object of this invention is to provide a device capable not only of
      successively switching controlled systems one after another with a
      sufficiently long time interval to conform to conventional standards by
      successively applying switching signals to the controlled systems through
      a delay system, but also of distributing control signals to said
      controlled systems in synchronism with the switching signals.
PAR  Another object of this invention is to provide a signal distributing device
      in which switching signals for successively switching on a plurality of
      controlled systems are not attenuated but reshaped and successively
      transmitted at a constant speed to plural controlled systems in a
      sequential manner.
PAR  A further object of this invention is to provide a markedly compact signal
      distributing device which will permit incorporation of integrated
      circuits.
PAR  For the purpose of achieving the foregoing objects, one aspect of this
      invention consists of a system comprising spacially distributed signal
      sources of a plural number; a means by which signals from said signal
      sources are detected; a switching means which is provided in
      correspondence to each of said signal sources and by which signals from
      said signal sources are supplied selectively to said detecting means; and
      a means by which signals for controlling switching operations of said
      switching means are transmitted to said switching means. By establishing
      said switching signal transmission means composed of a delay line using an
      active transmission line, a device of this invention is able to perform a
      constant switching operation as well as to detect simply and accurately
      such signals as will be exceptionally superior in signal-to-noise
      characteristics.
PAR  In order to further achieve the above objects, another aspect of this
      invention consists of a system comprising a plurality of spacially
      disposed controlled systems; means providing sequential control signals
      for controlling the operations of the controlled systems; switching means
      in the form of an active transmission line capable of effecting accurately
      timed sequential connection between said controlled systems and said means
      providing control signals, and means for effecting the timed operation of
      said switching means. The controlled systems may take the form of
      electroluminescent panels capable of luminescence upon application thereto
      of a predetermined voltage.
PAR  A transmission line possessing neuristor characteristics is known wherein a
      delay system in the form of an active transmission line is used. This type
      of transmission line is described in the report "Neuristor -- A Novel
      Device and System Concept" appeared in the Proceeding of the IRE 1962,
      Vol. 50,  pages 2048 through 2060. The following features are read there:
PA1  1. Pulse propagation velocity is always constant.
PA1  2. Self-reshaping operation on a transmission line (i.e. width and
      height-reshaping on a signal determined by a circuit constant of said
      transmission line) is performed so that the pulse waveform is reshaped to
      a certain constant shape.
PA1  3. Voltage pulses of less than a certain specific voltage value are damped
      and eliminated.
PAR  The present invention has its features in the employment of means by which
      an active transmission line having features described above is used both
      as means to switch and supply signals delivered from said plural signal
      sources to aforementioned detecting means and also control the application
      of said signals to corresponding ones of distributed control systems.
DRWD
PAR  Objects heretofore described and other additional objects and advantages
      will become clear from the following detailed description of the invention
      when taken in conjunction with the accompanying drawings which disclose
      several embodiments of the invention.
PAR  FIG. 1 is a diagram showing an example of the conventional signal
      collecting device.
PAR  FIG. 2 is a block diagram illustrating the principle of the present
      invention.
PAR  FIGS. 3a to 3d inclusive, illustrate embodiments of the invention based on
      the principles described in connection with the block diagram of FIG. 2.
PAR  FIGS. 4a to 4c show other embodiments of the present invention.
PAR  FIG. 5] a shows an equivalent circuit providing a description of principles
      of another embodiment of the present invention;
PAR  FIG. 5b shows an exemplary construction of an active transmission line
      which is a component of FIG. 5a;
PAR  FIGS. 6a and 7 show integrated constructions in which the principles shown
      in connection with the system of FIG. 5a is employed;
PAR  FIG. 6b is a section of the construction of FIG. 6a taken along line
      6b--6b.
PAR  FIG. 6c shows a circuit arrangement of a trigger distribution circuit used
      in FIG. 6a;
PAR  FIGS. 8a to 8d show sections of an integrated construction relating to the
      circuit shown in FIG. 3b;
PAR  FIG. 8e and 8f show sections of other integrated constructions;
PAR  FIG. 9 is a schematic showing of a conventional signal distributing device;
PAR  FIG. 10 is a block diagram for illustrating the principle of this
      invention;
PAR  FIGS. 11a to 11d inclusive are circuit compositions of the block diagram
      shown in FIG. 10;
PAR  FIG. 12 is another embodiment of this invention;
PAR  FIG. 12b is waveforms of voltage pulse appearing in the circuit shown in
      FIG. 12a;
PAR  FIG. 13a is an equivalent circuit diagram of another embodiment of this
      invention for explaining the principle thereof;
PAR  FIG. 13b is a concrete circuit composition of an active transmission line
      which is a component of FIG. 13a;
PAR  FIG. 14a is an example of another embodiment operating in accordance with
      the principle illustrated in FIG. 13a;
PAR  FIG. 14b illustratese a delay line as the distributing circuit of FIG. 14a;
PAR  FIG. 15a is a further embodiment of the present invention and FIG. 15b is a
      sectional view shown along a line 15b--15b in FIG. 15a;
PAR  FIG. 16 is an additional panel construction in accordance with the present
      invention.
DETD
PAR  FIG. 1 shows a fundamental configuration of an image pick-up device used as
      a conventional signal collecting device. A plurality of lateral and
      longitudinal transparent conductive bands 12 and 12', respectively,
      provided with a plurality of elements 13 located at the points of apparent
      intersection between the two conductive bands and responsive to
      radioactive rays are arranged in a matrix of n lines and m rows on a base
      panel 11. Selector switches 14 and 14', respectively, are provided for the
      switching of the lateral and longitudinal conductors. A DC power source 15
      and a detector 17 are connected in series to the selector switches 14 and
      14' to provide a plurality of detector circuits for detecting radiation
      from input radioactive rays 16.
PAR  The image pickup device composed in the manner mentioned above causes each
      of the radioactive ray sensitive elements to vary its resistance value
      according to the intensity of the radioactive rays 16 to which it is
      subjected. Under this condition, when the conductor selector switches 14
      and 14' connected in series to common ray sensitive elements are switched
      successively, each ray sensitive element on base panel 11 is scanned and
      signals corresponding to the intensity of incident radioactive rays can be
      obtained on detector 17. Said radioactive rays generally consist of rays
      of visible light, heat rays or X-rays.
PAR  A noticeable problem with the image pickup device of the type described in
      connection with FIG. 1 lies in the conductor selector switches 14 and 14'.
      In other words, a selector switch of high speed must be provided if each
      ray sensitive element on base panel 11 is to be scanned. And further,
      signal-to-noise characteristics of the signals obtained from said device
      must be considered as a serious problem. These problems have long been
      recognized as a major obstruction against realization of a successful
      practical application of such image pickup device.
PAR  A mechanical switch such as a relay, has hitherto been used for a conductor
      selector switch with known arrangements, but without acceptable results.
      The mechanical switch has sufficiently good signal-to-noise
      characteristics; however, it can be of only little practical value when
      considering its mechanical complexity and the difficulties encountered not
      only in lowering its cost of manufacture and in constructing it into a
      compact size, but also in extending its service life, and particularly in
      achieving high speed operation. Besides the mechanical switch, electrical
      switches incorporating photoconductive cells wherein ON-OFF action is
      obtained by means of light have been used. This type of switch, however,
      has the disadvantage of poor signal-to-noise characteristics. There is
      also a method using a delay line as a means to control the scanning pulses
      by which each sensitive element on base panel 11 is scanned. This method,
      however, has little practical value in view of the available delay time
      provided by most delay lines. It is noted that delay time of a delay line
      is normally 2 to 3 microseconds per meter; whereas, a scanning from the
      left end to the right end of the face plate of a television, for example,
      in accordance with accepted standards requires a velocity of approximately
      64 micro-seconds. To attain such a delay time, a considerably long deelay
      must be provided. This is the reason why the abovementioned method using a
      delay line has not been practicable to date.
PAR  What is described above is an example of the conventional defects inherent
      in known image pickup devices. Generally, it can be said that known
      devices which are to perform switching operations successively on plural
      signal sources will have one or more of the defects mentioned above.
      Further details of the present invention which solves this problem will
      now be described.
PAR  In FIG. 2, a switching control system is provided including delay systems
      a.sub.1, a.sub.2 . . . a.sub.n in the form of active transmission lines
      connected to signal sources b.sub.1, b.sub.2 . . . b.sub.n. A switching
      signal 21 is applied to the control system by which said signal sources
      are properly switched from one to another successively. A detector 22 is
      provided at the output of the system by which signals delivered from said
      signal sources are detected.
PAR  Operation of the above system is as follows:
PAR  Assume that switching signal 21 is transmitted to signal source b.sub.1
      through delay line a.sub.1 whereby signal source b.sub.1 is switched on.
      By this operation a signal from signal source b.sub.1 is detected at
      detector 22. At this time signal sources b.sub.2 . . . b.sub.n are not
      switched on due to the presence of delay system a.sub.2 and, therefore, no
      other signals are detected at detector 22 at this time. Then, switching
      signal 21 after a delay time determined by delay system a.sub.2 will
      switch on signal source b.sub.2. At this time, because the signal sources
      other than signal source b.sub.2 are not operated upon by the switching
      signal, detector 22 detects only the signal from signal source b.sub.2.
      Thus, signals from the signal sources are successively detected by
      detector 22 at intervals determined by the delay times of delay systems
      a.sub.1, a.sub.2 . . . a.sub.n. By this operation, in effect, the signal
      sources b.sub.1 through b.sub.n are successively scanned by each applied
      switching signal 21 so that the state thereof or information stored
      therein or other data is sequentially applied to detector 22.
PAR  FIG. 3a illustrates a circuit arrangement of an embodiment of the present
      invention utilizing the principles described in connection with FIG. 2,
      where a.sub.1, a.sub.2 . . . a.sub.n represent active transmission lines
      (corresponding in function to the delay systems a.sub.1 -a.sub.n in FIG.
      2) consisting of parallel circuits each comprising an inductance element
      L, a capacitive element C and negative resistance element D (e.g. a tunnel
      diode). These circuits a.sub.1 through a.sub.n are connected respectively
      in the form of a T-shaped transmission element with one-half of each
      inductance L serving as the series input and output elements and the
      capacitor C and diode D serving as the parallel element thereof. Signal
      sources b.sub.1, b.sub.2 . . . b.sub.n are composed, for example, of
      radioactive ray sensitive elements 34 to which transistor switches
      TRS.sub.1, TRS.sub.2 . . . TRS.sub.n are respectively connected in series.
      A switching signal generator 31 is connected to the input of the line to
      the parallel transmission circuits, a signal detector 32 is connected to
      the output of each of the transistor switches, and a matched impedance
      element 33 by which reflection of switching signals is prevented is
      connected in parallel with the last of the transmission circuits a.sub.n.
PAR  Switching signals delivered from the switching signal generator 31 are
      delayed in the manner previously described, through the active
      transmission lines composed of a.sub.1, a.sub.2 . . . a.sub.n, so as to be
      transmitted at a constant propagation velocity from switching signal
      generator 31 to reflection preventing matched impedance element 33. When a
      switching signal is transmitted to active transmission line element
      a.sub.1, the base of transistor TRS.sub.1 of signal source b.sub.1 is made
      positive, and said transistor switch TRS.sub.1 becomes conductive. The
      resistance value, for example, of radioactive ray sensitive element
      b.sub.1, which is to serve as a signal source, is changed according to the
      intensity of the radioactive rays to which it is subjected. This change in
      resistance is transformed into a change of current with the operation of
      switching transistor TRS.sub.1 and detected at signal detector 32. A
      switching signal is then transmitted to active transmission line a.sub.2
      whereby transistor switch TRS.sub.2 connected to radioactive ray sensitive
      element b.sub.2 is made conductive and the signal from radioactive ray
      sensitive element b.sub.2 is detected at signal detector 32. By the same
      process, transistor switches TRS.sub.3, TRS.sub.4 . . . TRS.sub.n are
      successively made conductive and signals are obtained successively from
      the radioactive ray sensitive elements b.sub.3, b.sub.4 . . . b.sub.n
      associated therewith. Besides radioactive ray sensitive elements, other
      elements may be used as a signal source, such as electrically responsive,
      magnetically responsive or various other types of energy responsive
      elements.
PAR  Thus, in the embodiment of FIG. 3a, the intensity of energy detected by
      elements b.sub.1 through b.sub.n is determined by the magnitude of the
      current capable of passing therethrough, and samples of these currents are
      obtained by a successive operation of transistor switches TRS.sub.1
      through TRS.sub.n by a switching signal propagating in the active
      transmission line. The resulting signal detected by detector 32 will have
      a sequential variation in amplitude corresponding to the intensity of the
      sequential samples of energy detected by elements b.sub.1 through b.sub.n.
PAR  FIG. 3b provides a variation of the system of FIG. 3a, which uses active
      transmission lines a.sub.1, a.sub.2 . . . a.sub.n only as switching signal
      transmission lines and provides transistor switches TRS.sub.1, TRS.sub.2 .
      . . TRS.sub.n to perform the switching function. In contrast, in FIG. 3b,
      the ground wire of the active transmission line is utilized as one of the
      lines on which signals from signal sources (e.g. photodiodes b.sub.1,
      b.sub.2 . . . b.sub.n) are transmitted. In this way, the active
      transmission line serves to perform the switching operation as well as to
      convey switching signals. For example, a switching signal applied to the
      active transmission line consisting of elements a.sub.1 through a.sub.n
      will switch the diodes D of each element to the conductive state in
      successive order. Then, by using diodes b.sub.1 through b.sub.n of the
      transducer type, i.e., elements which will generate a current in response
      to receipt of illumination, a circuit containing a respective signal
      generator b.sub.1 through b.sub.n will be completed from ground through
      detector 32, the generator b, the corresponding diode D connected thereto,
      and back to ground. Of course, diodes b.sub.1 through b.sub.n could also
      be of the variable impedance type without change in the circuit operation
      if a voltage bias source is provided, for example, in series with detector
      32. Thus, in this embodiment the active transmission elements a.sub.1
      through a.sub.n serve to delay the switching signal and also switch the
      signal generators.
PAR  FIG. 3c is a modification of the embodiment of FIG. 3b. Similar reference
      designations as used in FIG. 3b are provided in FIG. 3c wherever possible
      to designate similar elements. A conductor wire 38 or similar element is
      provided to which the active transmission line and the signal transmission
      line are connected. In this scheme a switching signal is transmitted on an
      active transmission line and, at the same time, said switching signal is
      detected at the signal detector 32. Consequently, the switching signal
      thus detected at signal detector 32 can be a synchronizing signal which
      has a certain constant relation to the resulting signals from signal
      sources b.sub.1, b.sub.2 . . . b.sub.n and may, for example, serve as an
      indication of the beginning of each scan of the photodiodes. For this
      reason, switching signals in the above operation are exceptionally
      suitable for use as the synchronizing signal required for the scanning in
      television or for the timing pulse in pulse transmission.
PAR  When the signal sources b.sub.1, b.sub.2 . . . b.sub.n are arranged in a
      planer matrix form and radioactive ray sensitive elements 34 are composed
      of photoconductive elements (e.g. a photodiode) and further, when optical
      images are focused on a face of said matrix and each photoconductive
      element is scanned successively by a switching signal, a video signal can
      be obtained at signal detector 32. This particular scheme, therefore,
      makes it possible to accomplish a relatively simple and efficient image
      pickup device.
PAR  For the ray sensitive element serving as the signal source, a
      thermosensitive element (e.g. thermistor, semiconductor, etc.), a pressure
      sensitive element (e.g. a pressure is applied to the emitter junction of
      transistor, piezo-resistance element, etc.), a magnetic field sensitive
      element (e.g. Hall element, magnetic reluctance element, magnetic
      permeability responsive element, etc.), a storage element or other energy
      responsive device may be used. By the use of these different kinds of
      signal sources, the spacially distributed value of various kinds of energy
      can be measured. The signal detector used there is not limited to use as a
      measuring instrument, but may obviously act as a means of connection to
      transmitters, such as used for television and other systems. Note, there
      is no difference between said measuring instrument and said transmitter
      means with regard to their operations.
PAR  When an active transmission line is formed in a circular shape, as
      illustrated in FIG. 3d, and a switching signal is propagated along the
      circular transmission line, the time required for one complete circuit of
      the line is constant and very accurate, being determined by circuit
      constants of the line. Therefore, if a given point p is selected on the
      circular line, it becomes possible to measure a value, such as,
      illumination, temperature, etc., at said point at constant and very
      accurate time intervals.
PAR  In this way it also becomes possible by applying a continuous signal
      representing, for example, continuous variation in temperature, etc., to
      such a circular transmission line to obtain accurately spaced samples of
      the continuous signal due to the periodic switching of the line. That is,
      if the continuous signal is applied to a given point on the circular
      transmission line, the circulating switching pulse will extract a sample
      from the signal once during each complete circuit of the line. Thus,
      accurately spaced sampling of the signal can be accomplished.
PAR  When an active transmission line is disposed in the direction to which
      electro-magnetic wave or radioactive ray energy is permeant, the depth of
      permeance of the energy into the medium and changes in intensity due to
      the permeant depth can be determined simply and accurately. For example,
      if the depth of energy penetration in a substance is to be determined,
      samplings of energy intensity can be taken at various depths and applied
      to spaced points on a circular transmission line in the direction of
      propagation of the switching pulse therein. A signal will then be derived
      from the transmission line providing an accurate representation of the
      depth of energy penetration.
PAR  FIG. 4a is a schematic diagram of another embodiment of the present
      invention. Several embodiments of the present invention are presented
      above in which a switching signal is transmitted via an active
      transmission line and plural signal sources are switched by said switching
      signal thereby deriving signals from the signal sources in a predetermined
      progressive order. In these embodiments, the method employed is based upon
      the fact that the impedance of the elements of the active transmission
      line or the impedance of the signal source is changed by light, pressure
      or heat. For example, when a pressure is applied to Esaki diode D in the
      circuit of FIG. 4 from pressure terminal 42, the magnitude of the
      switching signals being propagated down the line is changed. This
      difference is amplified at transistor 41 which is also rendered conductive
      by the switching signal and can be detected at signal detector 32. In
      other words, the switching signal applied to the active transmission line
      from signal generator 31 performs two functions. First it serves to
      sequentially operate the transistors 41 as it propagates down the
      transmission line establishing a circuit in each case from ground through
      a current source, such as battery B, the detector 32, and a transistor 41
      to ground. Of course, the magnitude of the current through the detector 32
      will depend on the magnitude of the switching signal applied to transistor
      41, so the second function of the switching signal is to regulate the
      signal current in accordance with the control provided by diodes D in the
      transmission line. An important feature of the transmission line is the
      fact that it has reshaping properties which enable attenuationless
      propagation down the line. Thus, as the switching signal is altered by
      each diode D in succession, it is reshaped by the line before passing to
      the next stage. In this embodiment the signal control element is not
      always limited to a diode D, but may also consist of an element such as a
      condenser or coil forming a part of the active transmission line, if its
      capacity or inductance is controllable by radioactive rays, pressure or
      heat.
PAR  Active transmission lines a.sub.1, a.sub.2 . . . a.sub.n as utilized in
      accordance with the present invention may be used as lines by which
      switching signals are propagated but they may also be used as signal
      control elements utilizing their waveform reshaping properties as
      indicated above. Therefore, active transmission lines a.sub.1, a.sub.2 . .
      . a.sub.n and signal sources b.sub.1, b.sub.2 . . . b.sub.n can be used in
      combination as signal detecting means. In the embodiment of FIG. 4b, it is
      possible to control delay characteristics of signal transmission lines
      from the signal sources. In this case the delay time of the active
      transmission line is added to delay time of the signal transmission line
      provided by inductive delay elements L and, in consequence, the resulting
      transmission line can become a transmission line which apparently
      possesses a longer delay time than the addition of the delays which the
      two transmission lines possess individually.
PAR  Also, as indicated in connection with FIG. 4c, logic operation is readily
      possible at the same time that signal detection is performed; for example,
      in the case of an AND circuit or an OR circuit such may be accomplished by
      a proper means such as correspondingly changing the circuit structure or
      characteristics of the electric negative resistance element. For example,
      when the bias of an active transmission line is set at a certain suitable
      value and the switching signals is applied to both ends of the active
      transmission line, the switching signals thus applied collide with each
      other and are destroyed at the point of collision. This means that the
      electric negative resistance element being energized does not respond to
      signals until it is restored to a normal condition. In other words, the
      signal applied in said manner is not amplified but attenuated. For this
      reason it is necessary to set the bias at a proper value and to place said
      attenuated signal in the region of amplification of the electric negative
      resistance element if the attenuated signal is to be reamplified. If the
      value of the bias is below a certain limit, said attenuated signal is
      further attenuated to the point where it is destroyed. When the
      voltage-current characteristics at both sides of the collision point of
      the electric negative resistance element are differentiated and the bias
      voltage is set so that one of the two colliding signals is destroyed but
      the other is not destroyed, the signal is propagated in one direction
      after occurrence of the collision. This is defined as NAND operation. In
      the condition where an active transmission line is held in the form of a
      T-shaped circuit, even where switching signals are delivered from either
      one of the two terminals, the signal is carried to the other terminal.
      From this fact, it is noted that the T-shaped circuit acts to operate as
      OR circuit.
PAR  FIG. 5a illustrates a circuit exhibiting principles upon which another
      embodiment of the present invention is based, and FIG. 5b shows one
      example of the manner in which this circuit may be constructed.
      Radioactive ray sensitive element 51 is shown schematically in FIG. 5a
      with its internal equivalent resistance per unit length 51'. An active
      transmission line 52 possession neuristor characteristics (Refer to "A
      Neuristor Realization" appearing in the Proceeding of the IEEE, May 1964,
      pages 618 to 619) is associated with the ray sensitive element 51. The
      element 53 is a DC power source, the element 54 is a detector, and the
      elements 55 are trigger input terminals (control signal input terminals)
      for triggering the active transmission line 52.
PAR  The composition of the active transmission line 52 will now be described by
      referring to FIG. 5b. Minute ohmic contacts 57 and 57' are located in
      lines in such a manner that corresponding ones of the contacts 57 and 57'
      form an operational pair. For example, pairs are formed by 57.sub.1 with
      57.sub.1 ', 57.sub.2 with 57.sub.2 ' . . . 57.sub.n with 57.sub.n ' and
      additionally a pair is formed between the individual ohmic contacts 57 and
      57' and the mesa or planer part 58 which is of a particular conductivity
      type (e.g. N type) and is of an inverse type to base body 56 whose upper
      portion above the mesa parts 58 may, for example, be doped so as to be ray
      sensitive. Thus, by the use of a pair of ohmic contacts 57.sub.1 and
      57.sub.1 ' and mesa part 58.sub.1, a double base diode results in having
      one portion which is ray sensitive. In accordance with the invention a
      voltage is supplied from DC power source 53 to the pairs of ohmic contacts
      57 and 57' of each double base diode. Still further, an operating trigger
      pulse is supplied to the portion located between mesa part 58.sub.1 and
      the ohmic contact 57.sub.1 of the first double base diode located at one
      extreme end of active transmission line 52; while, mesa parts 58.sub.2,
      58.sub.3 . . . 58.sub.n of the double base diode located at said one end
      are connected by a common wire. Still further, a bias voltage is applied
      via ground between said other mesa parts and the ohmic contact of the
      base.
PAR  In the embodiment thus described, when a trigger pulse is applied to said
      first double base diode, current flows between ohmic contacts 57.sub.1 and
      57.sub.1 ' in accordance with the operating characteristics of the double
      base diode. This operation serves to trigger the second double base diode
      adjacent to said first double base diode which is composed of ohmic
      contacts 57.sub.2, 57.sub.2 ' and mesa part 58.sub.2 after a certain
      specific delay time which is determined according to shape, dimensions,
      materials, etc. of the active transmission line. In this manner, operation
      is repeated at spaced intervals to trigger one double base diode after
      another whereby switching signals are propagated down the transmission
      line at a controlled rate without attenuation.
PAR  In FIG. 5a, since the internal resistance 51' of each corresponding portion
      of radioactive ray sensitive element 51 changes according to the quantity
      of input radioactive rays received thereby, signal current passing between
      a pair of contacts corresponding to the quantity of input radioactive rays
      is detected by detector 54 if the double base diode associated with the
      portion of the radioactive ray sensitive element 51 to be detected is in
      operation. Therefore, by physically arranging said radioactive ray
      sensitive element 51 in a matrix form and by scanning the face plate of
      the matrix with a switching signal in the manner to repeat in order the
      line scanning of the radioactive ray sensitive elements which are aligned,
      a radioactive ray diagram can easily be converted into an electrical
      signal. This is one of the most useful features which the image pickup
      device possesses.
PAR  FIG. 6a shows an integrated panel construction partially cut away based on
      the operating principle illustrated in FIG. 5a. FIG. 6b is a sectional
      view of FIG. 6a taken along line 6b--6b. In Figures element 61 is a
      transport insulator, element 62 is a transparent conductive electrode,
      element 63 is a radioactive ray sensitive layer, elements 64 are
      semiconductive elements (e.g. N-type) embedded in a semiconductor layer 65
      (e.g. P-type silicon), layer 66 is a conductive electrode and layer 67 is
      an insulator. The portion of the panel consisting of elements 62, 63, 64,
      65 and 66 corresponds to a plurality of the arrangements shown in FIG. 5a
      integrated into a panel construction. The strips 70 serve as an insulating
      area by which plural active transmission lines installed in a plane are
      electrically isolated from each other. A conductive wire 71 is provided,
      as shown in FIG. 6b, by which trigiger pulses are applied to one end of
      the first semiconductor elements 64, and a common wire 72 is connected to
      the other elements 64 thereby applying bias thereto from battery 53. The
      layer 73 is an insulating film (e.g. SiO.sub.2) provided between the
      common wire 72 and semiconductor layer 65. An image signal detector 54 is
      connected between layer 66 and power source 53 thereby detecting signals
      obtained by scanning a determined portion of the image face plate. A
      trigger generator 69 by which operating trigger pulses are generated in
      said plural active transmission lines is connected to a trigger
      distributing circuit 68 by which said trigger pulse is distributed and
      applied to a plurality of active transmission lines. This distributing
      circuit 68 can be composed, as indicated in FIG. 6c, of delay lines
      consisting of capacitors C and inductances L which will propagate a
      switching signal at a desired rate. In the abovementioned arrangement, an
      operation for converting a radioactive ray diagram into an electrical
      signal can easily be achieved by repeating line scanning in an orderly
      manner on the face plate 61 of the panel in the manner previously
      described in connection with FIG. 5a. Note that in the embodiment shown in
      FIG. 6a, because the composition is such that a scanning means is combined
      together with an image face plate, the construction can be made markedly
      compact and, by the aid of integrated circuit technique, it can easily be
      manufactured.
PAR  The operation of the arrangement of FIG. 6a is as follows: a radiation
      image pattern formed by rays 16 passes through the transparent face plate
      61 and transparent conductor 62 so as to irradiate ray sensitive layer 63
      providing a variation in the impedance of the material of layer 63 from
      point to point in accordance with the radiation pattern received. Thus,
      the impedance between the conductive layer 62 and the individual
      semiconductive elements 64, which impedance corresponds to the impedance
      51' in FIG. 5a, varies in accordance with the incident radiation on that
      portion of layer 63. The semiconductive elements 64 correspond to the mesa
      parts 58 in FIG. 5a and the conductive layers 62 and 66 in contact with
      the semiconductor layer 65 provide for connection of the d.c. voltage from
      source 53 across the mesa parts 58 performing the function of the ohmic
      contacts 57 and 57' to thereby establish a series of double diodes across
      the panels. Thus, with application of a trigger pulse to the panel via the
      first line 71 from the distributor 68, a switching pulse will be
      propagated across the upper portion of the panel separated by insulating
      strip 70 at a constant rate without attenuation and the variation in
      impedance in the layer 63 between the conductive layers 62 and 65 in the
      area rendered conductive by the propagating switching signal will be
      detected as changes in current level by detector 54. The distributor 68 is
      designed to have a delay time such that a trigger pulse is applied to a
      succeeding line 71 at the time that the propagating switching pulse in the
      panel reaches the end of its path. In this way, successive scanning of
      each line is accomplished with accuracy.
PAR  FIG. 7 is another panel construction based on the principles described in
      connection with FIG. 5a. FIG. 6a shows a multi-layer panel-type
      construction while FIG. 7 shows an embodiment wherein band shaped
      radioactive ray sensitive elements 63 and active transmission lines 65 are
      alternately arranged in a plane. The operating functions for this
      embodiment are exactly the same as those for the embodiment shown in FIG.
      6; however, in this embodiment, a high resistant material such as antimony
      sulfide (Sb.sub.2 S.sub.3) may be used for the radioactive ray sensitive
      element 63. By the use of antimony sulfide, storing effects can be
      produced, as a result of which, an image pickup device of exceptionally
      high sensitivity can be built.
PAR  With regard to the embodiment of the present invention shown in FIG. 3b, an
      exemplary construction in which a photodiode and an active transmission
      line are associated into one body will now be described with reference to
      FIGS. 8a through 8d. FIG. 8a shows a partial sectional view of a structure
      arranged in the form of another panel construction incorporating
      photodiodes into plural active transmission lines. In this embodiment,
      some impurities are doped into a semiconductor base to form regions such
      as P regions 81 and N regions 82 between which grooves 83 are formed by a
      suitable process such as cutting, thereby isolating the P-N junctions from
      one another. Electrode 85 is mounted on each individual P region 81 and in
      like manner electrodes 86 and 87 are mounted on respective N regions 82
      separated by a groove 84. Further, by controlling the concentration of
      said impurities, negative resistance diode D is formed between electrodes
      85 and 86, and photodiode PD is formed between electrodes 85 and 87.
      Meanwhile, the groove 84 provides high resistance so that photodiode PD is
      isolated from negative resistance diode D which is formed on N region 82.
      Negative resistance diode D has capacitance C; while, by forming the
      electrodes to a certain suitable shape (e.g. bent line) such as
      illustrated in FIGS. 8c and 8d, as indicated in connection with electrode
      85', an appropriate inductance is obtained. By the abovementioned
      construction, a switching signal transmission line is formed between
      electrodes 85 and 86 and a structure in which a combination of signal
      transmission lines and photodiodes is formed between electrodes 85 and 87.
PAR  By referring to FIG. 3b, it is apparent that the construction of FIG. 8a
      can be connected electrically to correspond to this circuit. For example,
      as seen in FIG. 8b, the contacts 86 forming one free end of diodes D can
      be connected to ground and the contacts 87 forming one free end of
      photodiodes PD (corresponding to diodes b.sub.1 through b.sub.n in FIG.
      3b) can be connected to a signal detector. The contacts 85 form the
      junction between the diodes D and the photodiodes PD and therefore upon
      being connected together, a switching signal can be applied thereto for
      propagation down the line. The insulating strips 89 divide the panel into
      a plurality of lines to which switching signals can be applied in timed
      sequence much in the same manner and by similar means as the distributing
      trigger arrangement 68 described in connection with the embodiment of FIG.
      6a.
PAR  Further, said structure makes it possible to form crystals on a structure
      which is provided in the manner that insulation material or metal or other
      suitable substances are set in stripes or other suitable forms on a base
      made up of an insulation material or transparent panel or semitransparent
      panel, or semiconductor, etc.
PAR  FIGS. 8e and 8f show other embodiments of the present invention. In FIG.
      8e, elements 88 represent structures where regions are isolated from each
      other by insulators or P-N junctions or the like and are used as a base
      panel on which crystals are formed to compose negative resistance diode D
      or photodiode PD. FIG. 8f shows a structure where electrode 95 and
      negative resistance diode D or photodiode PD are formed in a common plane.
      Inductance L can be increased when bent wire is used for electrode
      formation or when the electrode is coated with a thin magnetic film. Also,
      capacity C can be increased by interposing a material of large dielectric
      constant between the electrode and the base plate.
PAR  The above examples represent cases where negative resistance diode D or
      photodiode PD are separately formed. Besides said cases, other
      constructions can be obtained by such procedures as putting the two
      elements in layers. Namely, negative resistance diode D is grown between a
      base plate and a first growing layer, and photodiode PD is formed between
      a first growing layer and a second growing layer. Needless to say, these
      elements may be composed in a dotted form or strip form, in multiple
      layers. For said element formation, there are available various kinds of
      crystal semiconductor material such as simplex semiconductors (e.g.
      germanium, silicon) and semiconductor compound (e.g. GaAs; GaP), or a
      combination of these elements. Abovementioned embodiments can easily be
      accomplished by the use of integrated circuit techniques, and in addition,
      they can be constructed to be markedly compact and the resulting device
      can be exceptionally reliable.
PAR  As described above, the present invention utilizes an active transmission
      line which has neuristor characteristics, operated as a switching signal
      transmission line. As a result, the transmission velocity is always kept
      constant and, since switching signals are transmitted after waveform
      reshaping within the line itself, erroneous operation can be eliminated.
      In addition, as previously described with reference to operation of active
      transmission lines, the signal-to-noise ratio is distinctively good. This
      is because all parts other than those in operation are maintained in a
      cut-off state. Further, since the switching system of this invention has
      no mechanically moving parts, such as the mechanical switching means used
      heretofore, but is operated electrically, its structure is simple and its
      service life is long. And further, by the use of said active transmission
      line, far longer delay time (per unit length) can be obtained than that
      obtainable with the conventional delay line. Especially, in an active
      transmission line whose composition is shown in FIG. 5a, delay time per
      unit length can be extended to a remarkably great extent. Practically,
      when a distance between mesa parts 58 is made 2mm, a resulting delay time
      can become as long as  100/sec.
PAR  It will be understood that because of the features heretofore described the
      active transmission line of this invention serves to solve a problem which
      has long been considered impossible to overcome.
PAR  It is to be noted that an active transmission line possessing said features
      is utilized as an essential factor for the embodiment of a signal
      collecting device which forms a part of the present invention. The system
      described heretofore relates to what is called a signal collecting device,
      the function of which is to detect signals independently or in relation to
      time order by means of a signal detector, where spacially distributed
      quantities such as radioactive ray, electromagnetic field, heat, or the
      like quantities are used as signal sources. However, said device is not
      confined to that described above but, for example, by letting said signal
      sources act as a system to be controlled and also by letting said signal
      detector act as a control signal source, said device can be operated as a
      signal distributing device. The details of such a complementary device are
      described below. By the use of these two devices in combination and by
      conducting proper switching operations, what is called "A Signal
      Distributing and Collecting Device" can be obtained whereby the functions
      of the two are collectively provided in an overall system.
PAR  Referring now to FIG. 9, a signal distributing device of known construction
      utilizing electroluminescent techniques is illustrated. A number of
      conductive bands 112 and 113 are deposited or otherwise formed in parallel
      in a mutually orthogonal arrangement on respective sides of an
      electroluminescent panel 111. As is well known to those familiar with
      electroluminescent techniques, the application of a voltage, for example,
      from signal source 116, to a selected one of each of the lines 112 and
      113, will result in a luminescing of the panel 111 in the area of the
      apparent cross over of the lines 112 and 113, and the lighted portion can
      be made to scan the entire surface of the panel 111 by selectively
      switching the signal source 116 from one to another of the conductive
      bands 112 and 113 in a timed sequential manner. When such an arrangement
      is proposed for use as a television viewing device, for example, the
      horizontal and vertical scanning time as controlled by the voltage
      distributing circuits 114 and 115, respectively, is determined by the
      standards accepted by the industry. Thus, by providing proper control over
      the switching of the lines 112 and 113 a viewing raster of visible light
      can be produced on the electroluminescent plate 111. As the spot of light
      produced at the point of apparent crossover of selective lines 112 and 113
      is caused to sweep back and forth across the plate. The brightness of the
      luminescence produced on the plate 111, as is known, corresponds to the
      magnitude of the intensity of the given scanning voltage, for example,
      such as provided by signal source 116. Thus, the abovementioned raster
      produced on the surface of the plate 111 can be transformed into an image
      pattern by selectively modulating the voltage applied from signal source
      116 to the various lines 112 and 113 in accordance with the pattern which
      is to be reproduced.
PAR  While the possibilities of a display device such as described above in
      connection with FIG. 9 has been known for some time, serious difficulties
      have been encountered in connection with proper control of the switching
      operation as performed by the voltage distributing devices 114 and 115. In
      order to scan the conductive bands 112 and 113 on the electroluminescent
      panel 111, a high speed switching device is required. Mechanical switching
      devices were proposed for such a task; however, these mechanical
      components lack the high speed performance in the stability and
      dependability of operation which is required for such a system. In
      addition, for apparent reasons, mechanical switching arrangements are
      necessarily of undesirably large size and complexity.
PAR  Delay lines have also been proposed as switching signal distributing means,
      as indicated above in connection with the signal collecting device of the
      present invention; however, the long delayed time required, for example,
      by the television industry, could not be produced by the ordinary delay
      line of sufficiently small size to be practically utilized in connection
      with such a system.
PAR  Another attempt to provide a satisfactory switching signal distributing
      means is based upon the use of photoconductive cells which are switched on
      and off by means of light beams. However, in such an arrangement, the
      inherent characteristics of the photoconductive cells make it impossible
      to achieve complete cutoff of the cells since the operation of the cell
      relies upon a change in internal resistance corresponding to the intensity
      of the received illumination. The result is inaccurate and undependable
      operation of the switching control.
PAR  It is therefore proposed in accordance with the present invention that the
      aforementioned active transmission line having neuristor characteristics
      is utilized to perform the switching function for the signal distributing
      system.
PAR  FIG. 10 provides an active transmission line similar to that disclosed in
      connection with FIG. 2, but with the exception that the elements b.sub.1
      through b.sub.n are systems to be controlled by application of a control
      signal from source 122 connected thereto. As in the previous embodiment, a
      switching signal 121 is applied to a series of delay systems a.sub.1
      through a.sub.n which form the active transmission line for control of the
      systems b.sub.1 through b.sub.n.
PAR  The operation of the system of FIG. 10 is as follows: When the switching
      signal 121 is applied to the controlled system b.sub.1 through the delay
      systems a.sub.1 thereby switching on the system b.sub.1, the latter system
      is then controlled in its operation by the voltage supplied by control
      signal generator 122. At this particular time, the systems b.sub.2 through
      b.sub.n are not controlled by the output of generator 122 because the
      switching signal 121 has not as yet propagated sufficiently down the delay
      line to switch these systems to the operating state. After a delay time
      determined by the delay of system a.sub.2, the system b.sub.2 is then
      switched on by the switching signal 121 and the voltage from control
      generator 122 is applied in control of this system. Once again, only the
      system b.sub.2 is operated at this time since the switching signal 121 is
      no longer available to the system b.sub.1 and has not as yet propagated
      sufficiently down the tranmission line to reach the remaining systems.
PAR  FIG. 11a discloses an embodiment of the present invention utilizing an
      active transmission line such as disclosed in connection with FIG. 10
      consisting of a plurality of active transmission elements a.sub.1, a.sub.2
      . . . a.sub.n, each consisting of series input and output inductances and
      a parallel combination consisting of a negative resistance diode, for
      example, a tunnel diode and a capacitor C formed into a transmission
      element of T-shape. The elements b.sub.1, b.sub.2 . . . b.sub.n are
      systems to be controlled and may take the form of electroluminescent
      elements capable of being luminesced when a voltage is applied thereto.
      These controlled systems are respectively connected to transistor switches
      TRS.sub.1 through TRS.sub.n between a source of voltage B and a signal
      generator 131 via diode 137. The signal generator 131, which generates
      both a switching signal and the control signals necessary for proper
      control of the elements b.sub.1 through b.sub.n, is also connected through
      a diode 137' to the input of the active transmission line. The diode 137'
      is poled in such a manner that the switching signal S from the generator
      131, which is a positive signal, will pass only to the active transmission
      line, and the diode 137 is poled so that the control signals C, which are
      negative signals, will pass from generator 131 only to the transistors
      TRS.sub.1 through TRS.sub.n.
PAR  As indicated in connection with FIG. 10, the switching signal S supplied by
      generator 131 to the input of the active transmission line in FIG. 11a
      will propagate down the transmission line at a constant speed and without
      attenuation and will ultimately be absorbed in matched impedance element
      132. As the switching signal S propagates down the transmission line, it
      will successively and at accurately timed intervals operate the
      transistors TRS. The control signals C provided by the signal generator
      131 are separated by a time interval corresponding to the delay time
      between each of the active elements a.sub.1 through a.sub.n in the active
      transmission line, so that as each of the transistors TRS.sub.1 through
      TRS.sub.n are operated by the switching signal S propagating down the
      active transmission line, the appropriate control signal C corresponding
      to the individual controlled element b.sub.1 through b.sub.n will be
      supplied at the junction A by the generator 131. The signal produced by
      the generator 131 may, for example, be the same signal which is detected
      by the signal detector provided in the signal collecting system, such as
      disclosed, for example, in connection with FIG. 3c. In this way, the
      proper spacing of the control signals C for application to the individual
      elements b.sub.1 through b.sub.n is assured.
PAR  Since the elements b.sub.1 through b.sub.n will be energized to a different
      intensity depending upon the magnitude of the control signals C applied
      thereto, it is apparent that a collection of these luminescent devices
      controlled in the manner indicated in connection with FIG. 11a can be made
      to produce an image pattern of visible light. Various panel arrangements
      for producing such a display will be described in greater detail
      hereinafter; however, it should be apparent that the controlled elements
      b.sub.1 through b.sub.n need not be luminescent devices nor any other type
      of energy emitting device, but may take the form of any group of systems
      which are to be controlled in a sequential or particular order by impulses
      received on a composite input signal.
PAR  FIG. 11b indicates that the switching signal and control signal generator
      131 of FIG. 11a need not take the form of a single unit but may be
      provided as a separate control signal generator 131' and a separate
      switching signal generator 131". In such a case, the output from the two
      generators would be applied to a summing junction from which a composite
      signal may be derived.
PAR  FIG. 11c is a modification of the circuit shown in FIG. 11a wherein the
      switching transistors TRS.sub.1 through TRS.sub.n have been eliminated.
      Therefore, whereas in the embodiment of FIG. 11a the active transmission
      line consisting of transmission elements a.sub.1 through a.sub.n serve to
      time the switching operation which was then carried out by the
      transistors, in the embodiment of FIG. 11c the transmission elements
      a.sub.1 through a.sub.n carry out both the timing and the switching
      functions.
PAR  A control signal generator 135 is connected to each of the controlled
      elements b.sub.1 through b.sub.n and a switching signal generator 136 is
      connected to the input of the active transmission line for application for
      switching control signals thereto. In this embodiment, a synchronous
      generator 137 is connected to both the control signal generator 135 and
      the switching generator 136 to synchronize the operation of the two signal
      generators. When the control signal provided by generator 135 takes the
      form of a video signal, such as used for television, the switching signal
      generator 136 may be controlled directly from the signal generator 135 by
      the synchronizing signal forming an integral part of the composite video
      signal.
PAR  The switching signal applied to the active transmission line from switching
      signal generator 136 successively switches the diodes D to their
      conductive state completing a circuit from ground through the control
      signal generator 135 a selected luminescent element b the corresponding
      diode D and back to ground. The intensity of the illumination produced by
      the element b is controlled by the magnitude of the signal applied thereto
      from generator 135.
PAR  In the same manner as described in connection with FIG. 4b relating to the
      signal collecting device of the present invention, the system of FIG. 11c
      may be modified to include delay elements in series with the controlled
      elements b thereby providing an increased delay time over that which is
      available from the active transmission line alone. The system would then
      in effect consist of a switching signal transmission line including
      transmission elements a.sub.1 through a.sub.n and a control signal
      transmission line consisting of the controlled elements b.sub.1 through
      b.sub.n in series with the inductive delay elements. In such an
      arrangement including both a switching signal transmission line and a
      control signal transmission line, if the transmission characteristics of
      the two transmission lines are made equal, additional control over the
      system can be obtained by applying two control signals thereto having
      pulses of different duration. If under these circumstances the magnitudes
      of the two signals are selected so that luminescence will be obtained only
      when both signals are simultaneously impressed upon the luminescent
      element, the duration of luminescence can be controlled by merely
      controlling the phase of the two signals with respect to one another. In
      other words, if the phase of the two signals is controlled so that they
      completely overlap one another, the duration of luminescence will be
      controlled only by the signal having the longest duration. However,
      maximum duration of luminescence can be obtained if the phase of the two
      signals is adjusted so that they are additive in duration so that
      luminescence begins under control of one of the signals and continues
      under the control of the next signal.
PAR  FIG. 11d is a schematic circuit diagram showing another embodiment of the
      present invention in the form of a modification of the circuit illustrated
      in FIG. 11c. In the case of this embodiment, an additional switching
      signal generator 136' is provided at the output of the active transmission
      line in place of the matching impedance element 132 and serves to apply a
      switching signal to the end of the active transmission line in sychronism
      with the switching signal applied to the input thereof by switching signal
      generator 136. Synchronization between the two signal generators 136 and
      136' is provided by the synchronous generator 137, which is also connected
      to the control signal generator 135. With switching signals impressed on
      both ends of the active transmission line the signals will propagate in
      opposite directions toward the center of the line and will collide at this
      point and will be destroyed if an appropriate bias is applied to the
      transmission line. This is due to the fact that the negative resistance
      elements in the state of excitation will not respond to signals until the
      elements are restored to their normal state. In other words, while the
      negative resistance element is in its excited state, signals applied to
      the element are merely damped without being amplified. Therefore, in order
      for such damped signals to be reamplified to allow them to progress beyond
      the point of collision, they must be located within the amplifying region
      of the negative resistance element. Therefore, by providing a bias on the
      transmission line which will insure destructive collision of the two
      pulses at the center of the line, a scanning of the luminescent elements
      b.sub.1 through b.sub.n is achieved from opposite ends of the line toward
      the inside of the line and luminescent elements are successively switched
      to provide two separate and distinct scanning patterns. If at the same
      time a control signal is provided by generator 135 to each of the
      luminescent elements, a single control pulse will energize two luminescent
      elements located at corresponding positions on opposite sides of the
      center line of the device so that a first luminescent pattern and a second
      invert luminescent pattern will automatically result from this operation.
      If the luminescent elements are formed into a display panel and switching
      pulses are applied to both ends of the active transmission line in the
      manner described above, two separate complementary image patterns will be
      produced.
PAR  FIG. 12a is another embodiment of the present invention wherein an active
      transmission line consists of the parallel combination of transmission
      elements including series input and output inductances L connected to the
      parallel combination of diode 141, having a negative resistance
      characteristic, such as provided by an Esaki diode, and a luminous element
      142, which may for example take the form of a Laser diode, which
      transmission line is connected to a switching signal generator 143. A
      matched impedance element 144 is connected to the end of the transmission
      line for preventing the reflection of the switching signal. In this
      embodiment, each luminescent element 142 is successively operated by the
      switching signal as it propagates down the transmission line with constant
      speed and without attenuation. While the luminescent element 142 is
      illustrated as being connected in parallel with the negative resistance
      diode 141, it should also be apparent that this element can be connected
      in series with the diode.
PAR  As mentioned above, the negative resistance diode 141 does not always
      respond to the switching signal, but will attenuate the switching signal
      if this signal is applied while the diode is in its energized state. It is
      known that the negative resistance diode has a zone of no response in its
      characteristic. Utilizing this feature, when a pulse P.sub.1 having a
      large width is applied, as shown in FIG. 12b, to the input of the
      transmission line, this pulse can be converted into a plurality of pulses
      P.sub.2 of smaller width by virtue of the characteristic of the diode 141.
      By way of experimentation it has been found that with a transmission line
      having a characteristic impedance Z.sub.0 of approximately 300 ohms, a
      time constant of approximately 160 milliseconds and a bias voltage of
      approximately 20 millivolts, if the interval between the input pulses is
      more than 19 microseconds, all of the pulses will be propagated without
      destruction; however, if the interval is less than 19 microseconds, only
      the first input pulse and the subsequent pulses spaced at 19  microseconds
      therefrom will be allowed to proceed without destruction. All of the other
      pulses located between the pulses of 19 microsecond spacing will be
      destroyed. Consequently, under such conditions, the interval between input
      pulses P.sub.2, as shown in FIG. 12b, can accurately be controlled
      depending upon the constance of the system to a particularly accurate
      spacing. Using this principle, a plurality of luminous elements 142 may be
      luminesced at the same time by properly selecting the relation between the
      positions of the luminous elements 142 and the pulse intervals. Where a
      Laser diode is used as a luminous element it is necessary that the
      threshold current exceed a certain specific value to cause the diode to
      produce an output beam of energy. To comply with this requirement, a
      device may be constructed so that part of the light beam radiated from the
      diode is applied to the succeeding diode to decrease the threshold current
      level thereof. A Laser-ray may therefore be obtained thereby having the
      same intensity as provided by the preceding diode even if the input signal
      supplied thereto is attenuated.
PAR  As indicated above in connection with the signal collecting system of the
      present invention, the active transmission line can be formed into various
      shapes to perform various functions, and further, it is possible to
      perform logical operations with such a device by appropriately designing
      the circuit composition and the characteristics of the switching
      arrangement. For example, with the arrangement disclosed in connection
      with FIG. 11d, wherein switching signals are provided at both ends of the
      active transmission line and are propagated toward the center of the line
      where they collide with each other, by differentiating the voltage current
      characteristics of the two groups of negative resistance elements
      respectively located on both sides of the point of collision, if the bias
      voltage is selected so that one of the signals is not destroyed in the
      collision, but is transmitted in one direction after the collision, a NAND
      operation is obtained. Also, if the active transmission line is formed
      into a Y-shape, application of a switching signal to one or the other of
      two legs of the transmission line will produce an output at the third leg;
      however, application of switching pulses simultaneously to two legs of the
      transmission line will result in a collision at the junction producing no
      output from the third leg. Thus, an OR operation is obtained.
PAR  FIG. 13a is a schematic circuit diagram similar to that of FIG. 5a but
      relating to the signal distributing device of the present invention. This
      schematic diagram differs from that of FIG. 5a in that the signal
      detecting device of the previous embodiment is now replaced by a signal
      generating means 154 providing a composite signal, such as a video signal,
      capable of effecting luminescence of electroluminescent element 151. In
      FIG. 13a, the elements 151' indicate the various portions of
      electroluminescent element 151 and 152 as an active transmission line
      having neuristor characteristics such as indicated in the above-referenced
      publication of IEEE. In the manner heretofore described, a switching
      trigger pulse 155 applied to the active transmission line serves to
      successively energize the double base diodes arranged in parallel across
      the combination so as to complete the circuit through the various portions
      of the electroluminescent material providing for excitation thereof to
      produce varying degrees of luminescence corresponding to the magnitude of
      the signals provided by video signal generator 154.
PAR  FIG. 13b provides for a construction embodying the principles illustrated
      in connection with FIG. 13a wherein the material of base 156 may, for
      example, be P-type silicon upon which are disposed in linear arrangement a
      plurality of Mesa parts 158 of opposite conductivity type, for example,
      N-type. Ohmic contact 157 and 157' are disposed in linear arrangement on
      either side of the Mesa parts and corresponding ones thereof form pairs
      which cooperate with the intervening Mesa part to form a double base
      diode. This arrangement is similar to that disclosed in connection with
      FIG. 5b with the exception that the transmission line is associated with
      electroluminescent elements rather than ray sensitive pickup devices.
PAR  FIG. 14a discloses a system wherein the switching arrangement disclosed in
      connection with FIG. 13a is utilized to control scanning of an
      electroluminescent panel. A panel consisting of an electroluminescent
      layer 162 having a conductive layer 164 deposited on one side thereof and
      a plurality of transparent conductive elements 163 arranged in matrix form
      on the opposite face thereof from the electrode 164. By providing a
      voltage between the conductive layer 164 and a selected electrode 163 the
      portion of the electroluminescent layer formed between the conductive
      layer 164 and the electrode will luminesce. In order to provide such
      selective luminescence and scanning thereof, the system provides in
      accordance with the present invention for a plurality of switching
      devices, such as the devices 152 and 152' associated with the two rows of
      electrodes 163 on the electroluminescent panel 162. Connected across the
      ohmic contacts on each of the switching arrangements 152 and 152' is video
      signal generator 154 and a source of bias voltage 153. The switching
      signal is applied to the switching arrangements from trigger generator 166
      via a distributing circuit 168 which applies the trigger signal first to
      the switching arrangement 152' and then to the arrangement 152 so as to
      obtain a successive scanning of the two lines on the electroluminescent
      panel. The resistors 161 are provided in connection with the output from
      the switching arrangements so as to make available means for deriving a
      voltage from the control circuit for application to the electrodes 163.
      Each of the switching arrangements associated with a given electrode 163
      consists of the video signal generator 164, bias voltage source 153,
      double base diode in the switching block, and resistor 161 which is
      connected back to the signal generator 154.
PAR  As the switching signal is applied to the first Mesa part on a switching
      block, the first double base diode is operated applying the voltage across
      the resistor 161 to the first electrode 163 of the first line of
      electrodes on the elctroluminescent panel. The switching pulse then
      propagates down the switching block so that the electrodes 163 are
      energized in order producing a sweeping of light across the face of the
      electroluminescent panel. The variation in luminescence at each point in
      the line of scan is regulated by the intensity of the signal emitted by
      the video signal source 154. When the scan reaches the end of the first
      line, the distributing circuit 168, which may take the form of the delay
      circuit illustrated in FIG. 14b, applies a switching signal to the first
      Mesa part on the switching block 152 thereby initiating the scanning of
      the second line of electrodes 163 on the electroluminescent panel. It
      should be apparent that further lines of contacts 163 may be provided on
      the electroluminescent panel with corresponding switching blocks provided
      for effecting switching of the electrodes therein.
PAR  When a television signal is used as the video signal derived from generator
      154, because a synchronizing signal is formed in an integral part of the
      composite viedo signal, the synchronizing generator 167 connected both to
      the control generator 154 and the trigger generator 166 is unnecessary as
      is the trigger generator 166 itself. Another obvious modification of the
      arrangement of FIG. 14a may be made where current responsive luminous
      elements, such as a semiconductor Laser, is provided in the place of the
      voltage responsive electroluminescent panel described above. In this case,
      the output from the switching blocks 152 and 152' could be connected
      directly to the electrodes on the luminous elements.
PAR  FIG. 15a illustrates another embodiment of the present invention similar to
      that described in connection with FIG. 6a, relating to the signal
      collecting device of the present invention. The arrangement disclosed in
      FIG. 15a corresponds substantially identically to the previously described
      embodiment, but due to the fact that this embodiment serves as a signal
      distributing device, the layer 173 in the panel will be an
      electroluminescent layer capable of luminescing upon the application of a
      suitable voltage thereacross, rather than a ray sensitive element as
      previously described. In addition, in place of the detector a video signal
      generator is provided for application of a composite video signal between
      the conductive layers 172 and 176. The video signal generator 154 as well
      as the trigger generator 166 are synchronized by synchronous generator 167
      for properly timed operation.
PAR  FIG. 15b provides a cross section of the panel of FIG. 15a indicating that
      the connection of the Mesa parts 174 is as indicated in FIG. 13b.
PAR  With this embodiment of the present invention conversion of electric
      signals into a television picture can be easily accomplished by successive
      line scanning producing a face scanning operation on the panel. The
      construction illustrated in FIG. 15a  is especially advantageous since the
      required scanning system is incorporated into the construction of the
      panel itself so that the overall device can be made very compact and can
      be easily manufactured utilizing integrated circuit techniques.
PAR  FIG. 16 provides another embodiment of the present invention similar to
      that of FIG. 14a in that the video face is composed of a plurality of band
      shaped electroluminescent elements 173 alternating with active
      transmission lines 175. Thus, in this embodiment of the invention, the
      switching blocks which were provided separately in FIG. 14a have been
      incorporated directly into the face of the panel to form a composite
      construction.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as is
      known to a person skilled in the art and we therefore do not wish to be
      limited to the details shown and described herein but intend to cover all
      such changes and modifications as are encompassed by the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A transducer panel comprising
PA1  a first transparent conductive layer.
PA1  a transducer layer mounted on said first transparent conductive layer for
      converting one form of energy to another,
PA1  a semiconductive layer of one conductivity type having a plurality of
      semiconductive elements of another conductivity type embedded therein and
      disposed in linear spaced relation across one face thereof in contact with
      said transducer layer,
PA1  a second conductive layer mounted on with a face of said semiconductive
      layer,
PA1  a source of bias voltage connected all but the first semiconductive element
      in each line of elements embedded in said semiconductive layer, and
PA1  generator and distributor means for applying a trigger signal to said first
      semiconductive elements in each line of elements in a prescribed timed
      sequence.
NUM  2.
PAR  2. The combination defined in claim 1 wherein said transducer layer is
      comprised of radiation sensitive material capable of converting radiation
      into an electrical current.
NUM  3.
PAR  3. The combination defined in claim 2 further including a detector means
      connected in series with said source of bias voltage between said first
      and second conductive layer for detecting the level of current conduction
      therebetween.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said generator and
      distributor means includes a delay line and a pulse generator, said first
      semiconductive elements being connected at spaced points along said delay
      line and said pulse generator being connected between one end of said
      delay line and said second conductive layer.
NUM  5.
PAR  5. The combination defined in claim 1 wherein said transducer layer is
      comprised of electroluminescent material.
NUM  6.
PAR  6. The combination defined in claim 5 further including control signal
      generator means connected in series with said source of bias voltage
      between said first and second conductive layers for selectively
      controlling energization of said signal elements.
NUM  7.
PAR  7. The combination defined in claim 6 wherein said generator and
      distributor means includes a delay line and a pulse generator, said first
      semiconductive elements being connected at spaced points along said delay
      line and said pulse generator being connected between one end of said
      delay line and said second conductive layer.
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ABST
PAL  A strobe lamp power supply control circuit for use with a high intensity
      strobe lamp operating at a high flashing rate in parallel with a capacitor
      storage arrangement is disclosed. Strobe lamp after-glow is quickly
      eliminated after each flash. This is accomplished by providing an SCR
      which disconnects the power source from the capacitor storage arrangement
      and the strobe lamp for a sufficient time to allow the after-glow to
      dissipate. A zero crossing detector is provided to protect the SCR from
      surge currents by permitting the SCR to be gated on only when there is a
      zero potential across the terminals of the SCR. Additionally, the
      capacitor storage arrangement may be used to supply either of two strobe
      lamps when a voltage limiting circuit is activated to regulate the amount
      of energy stored.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for control of a strobe lamp. Strobe
      lamps of the type sought to be controlled typically comprise a chamber in
      which there are two power electrodes and a gas which is capable of
      ionization. Typically the strobe lamp has a large potential placed across
      the two electrodes. When the firing of the lamp is desired, a firing pulse
      will be applied to a third electrode, the firing or trigger electrode.
      This firing pulse will ionize the gas sufficiently to allow current to
      flow between the two power electrodes with the result that the strobe lamp
      is flashed. The power supply for this type of lamp is generally a bank of
      capacitors in parallel with the lamp.
PAR  One problem that is prevalent in controlling this sort of lamp is that,
      after the lamp is flashed, the gas in the lamp will remain ionized in an
      effect called "after-glow". A strobe lamp experiencing after-glow cannot
      be flashed. If the capacitor bank is recharged while the strobe lamp is
      experiencing after-glow, the after-glow effect will be perpetuated and
      therefore further firing of the strobe lamp will be prevented.
PAR  One approach to solving the after-glow problem has been to utilize a
      sufficiently weak voltage source to recharge the capacitor bank such that
      the charging rate of the capacitor bank is less than the discharge rate of
      the strobe lamp experiencing after-glow. The capacitor bank will then
      discharge through the strobe lamp until the voltage across the lamp drops
      below the minimum conduction voltage of the lamp. When this occurs, the
      after-glow will terminate and the capacitor bank may then be recharged.
PAR  Where a high intensity strobe lamp requiring a great deal of power is to
      fired at a fairly rapid rate, as for example an aircraft anti-collision
      light, a powerful voltage supply is needed to recharge rapidly the
      capacitor bank. Such a voltage supply will charge the capacitors and
      maintain the strobe lamp in its after-glow condition, thus preventing the
      lamp from being fired. The varying ambient temperatures to which aircraft
      strobe lamps are subjected can accentuate this problem. For example, in a
      cold environment, the after-glow effect will more readily occur and will
      persist for a greater length of time.
PAR  An additional problem encountered with aircraft strobe lamp arrangements is
      that quite often more than one set of strobe lamps is desired to be
      flashed. Typically one set of lamps will be used during the day and a
      second set of lamps, having different energy requirements, will be used at
      night. In the past a separate capacitor bank has been used for each set of
      strobe lamps to compensate for the varying energy requirements. Such an
      arrangement is wasteful of space and weight and is thus disadvantageous in
      an aircraft application.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an improved circuit for control of the firing of
      a strobe lamp for insuring that the gas in the strobe lamp has completely
      returned to its non-ionized state before an attempt is made to recharge
      the means supplying power to the strobe lamp. This is accomplished by use
      of a capacitor means for storing a charge to be supplied to the strobe
      lamp; a means for charging this capacitor means; and a circuit means,
      connected between the capacitor means and the means for charging, for
      preventing application of power to the capacitor means once the strobe
      lamp is fired and for a predetermined period of time thereafter, this
      period of time being sufficient to allow for complete extinguishment of
      the strobe lamp. The circuit means may include a switching circuit. A
      timing means is provided which supplies a pulse of predetermined duration
      to the switching circuit at the same time that it supplies a firing pluse
      to the strobe lamp. The switching circuit then disconnects the means for
      charging from the capacitor means during receipt of this pulse of
      predetermined duration.
PAR  The switching circuit preferably includes a silicon controlled recitifier
      (SCR) which is capable of being switched off at appropriate times. The SCR
      is connected in series with the means for charging so that when the SCR is
      switched off, no power is applied to either the strobe lamp or to the
      capacitor means. The duration of the pulse supplied by the timing means to
      the switching means is set so that there is sufficient time for the
      ionized gas in the strobe lamp to return to its non-ionized state. The
      duration of this pulse may be additionally increased in order to reduce
      the charging time of the capacitor means and thus reduce the amount of
      energy stored in the capacitor means and supplied to the strobe lamp.
      After this predetermined period of time, the SCR is turned on and the
      capacitor means is allowed to recharge in anticipation of the next firing
      pulse.
PAR  The switching means may further comprise a means for preventing application
      of gate drive to the SCR, after the strobe lamp gas has returned to its
      non-ionized state, until the potential across the SCR is at a zero level.
      This prevents damage to the SCR from surge currents which would occur if
      the SCR were turned on with a large potential across it.
PAR  A voltage limiter means monitoring the voltage stored by the capacitor
      means may be further provided to switch the SCR off and thus prevent
      further charging of the capacitor means when a selected one of a plurality
      of voltage levels is reached. A selector means, connected to the voltage
      limiter means, selects one of the plurality of voltage levels. Such an
      arrangement allows a number of sets of strobe lamps, each having its own
      energy requirements, to be supplied by a single capacitor means.
PAR  The timing means includes a counter connected to a firing circuit. The
      counter supplies a pulse of predetermined duration to the firing circuit
      and to the switching means. The firing circuit supplies a firing pulse of
      short duration to the strobe lamp on receipt of the leading edge of the
      pulse of predetermined duration.
PAR  Accordingly, it is an object of this invention to provide an improved
      strobe lamp control circuit wherein reapplication of power to the
      capacitor means, after the strobe lamp is flashed, is prevented for a time
      sufficient to allow the gas in the strobe lamp to return completely to its
      non-ionized state.
PAR  Also, it is an object of this invention to provide an improved strobe lamp
      control circuit wherein reapplication of power to the capacitor bank after
      the strobe lamp is flashed is prevented for a time sufficient to allow the
      gas in the strobe lamp to return completely to its non-ionized state and
      wherein the control circuit utilizes a single SCR to control application
      of power.
PAR  It is an object of this invention to provide an improved strobe lamp
      control circuit wherein reapplication of power to the capacitor means
      after the strobe lamp is flashed is prevented for a time sufficient to
      allow the gas in the strobe lamp to return completely to its non-ionized
      state, and wherein an SCR semiconductor device used in the preferred
      embodiment of this invention is protected by a providing gate drive
      thereto only when the potential across the SCR is zero.
PAR  Further, it is an object of this invention to provide an improved strobe
      lamp control wherein a single capacitor storage bank may be used to supply
      energy to a plurality of sets of strobe lamps, each set having different
      energy requirements.
PAR  These and other objects and advantages of the invention will be apparent
      from the following description, the accompanying drawings and the appended
      claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram representation of the preferred embodiment of the
      instant invention;
PAR  FIG. 2 is a more detailed schematic drawing of the preferred embodiment of
      the instant invention; and
PAR  FIG. 3 is a schematic drawing of a circuit modification of the preferred
      embodiment of the instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, where a diagramatic representation
      of the preferred embodiment of the invention is shown, strobe lamp 10 is
      connected to capacitor storage means comprising capacitor storage 15 which
      supplies the power to strobe lamp 10 via lines 16 and 17. Firing of the
      strobe lamp 10 is controlled by the timing circuit 20 by application of a
      firing pulse of short duration to the strobe lamp 10 via line 21. This
      firing pulse ionizes the gas in the strobe lamp 10 sufficiently to allow
      the capacitor storage 15 to discharge through the lamp. After the strobe
      lamp 10 is fired, the capacitor storage 15 must be recharged in
      preparation for the next successive firing. Immediately after strobe lamp
      10 is fired, however, the lamp 10 may experience an after-glow effect in
      which some of the gas in the lamp remains ionized for a time. If a voltage
      is applied to the lamp 10 in this state, a current will flow and the gas
      in the lamp 10 will continue to remain ionized. Since strobe lamp 10
      cannot be refired while experiencing after-glow, a momentary interruption
      of power is provided so as to permit the gas in the strobe lamp 10 to
      return to a non-ionized state in preparation for the next firing pulse.
PAR  This interruption is accomplished in the preferred embodiment of the
      invention by use of circuit means for preventing application of power to
      the capacitor storage from the means for charging comprising switching
      circuit 25 and zero crossing detector 30. Switching circuit 25 opens for
      the duration of the pulse supplied by timing circuit 20 via line 31. As
      shown in FIG. 1, the pulse on line 31 is supplied simultaneously with the
      firing pulse on line 21, but is of greater length. The duration of the
      pulse on line 31 is set so as to be sufficient to allow the ionized gas in
      lamp 10 to return to its non-ionized state. After the termination of the
      pulse supplied on line 31, the switch 25 will reconnect the voltage source
      35 to the capacitor storage 15 when the potential across switching circuit
      25 reaches its next null. This condition is detected by zero crossing
      detector 30. Zero crossing detector 30 prevents damage to switching
      circuit 25 from surge currents which would occur if switching circuit 25
      were switched on with a large potential existing across the switching
      circuit terminals.
PAR  Referring now to FIG. 2, the preferred embodiment of the instant invention
      is shown in greater detail. Lamp 10 is fired by means of a pulse from
      pulse transformer 40 in timing circuit 20. Timing circuit 20 also may
      include a counter 45 and a firing circuit 50. The counter counts the
      successive cycles of alternating voltage source 35 and supplies a pulse on
      line 51 after a predetermined number of alternations. This same result
      could be accomplished in a variety of ways, as for example by means of a
      multivibrator. The firing circuit 50 supplies a pulse to pulse transformer
      40 on receipt of the leading edge of the pulse on line 51.
PAR  Capacitor storage circuit 15 comprises charging capacitors 55 through 60.
      These capacitors are charged by voltage source 35 through inductor 65
      which is placed in the circuit to control the initial charging current
      supplied to the capacitors. Charing of capacitors 55 through 60 is
      accomplished by the use of voltage multiplier capacitors 68 and 69.
      Capacitor 68 is used to charge storage capacitors 55 through 58 to twice
      the peak potential of the voltage source 35. Similarly, capacitors 58, 59,
      and 60 are charged through voltage multiplier capacitor 69 and diodes 76
      and 77 to twice the voltage potential of voltage source 35. It can be seen
      that capacitors 55 through 57 are in series with capacitors 58 through 60,
      so that the strobe lamp 10 is presented with a charge of four times that
      of the peak voltage of source 35.
PAR  Switching circuit 25 comprises SCR 80 and diode 81, through which charging
      of the capacitor storage circuit 15 is accomplished. Assuming there is no
      pulse on line 31, the gate electrode of SCR 80 sees a positive potential
      from V.sub.cc and SCR 80 is thus switched on. At the time that strobe lamp
      10 is fired, however, a pulse of predetermined duration appears on line
      31. This pulse causes transistor 85 to be switched on and the gate current
      of SCR 80 is thus reduced to zero. As the voltage across SCR 80 drops to
      zero and below, the anode of SCR 80 is starved of anode current. The
      combination of no anode current and no gate current will switch SCR 80
      off. When SCR 80 is switched off, capacitors 68 and 69 are not able to
      charge and discharge but are only able to charge. Therefore, capacitors 68
      and 69 cannot pass current. This effecfively opens the charging path to
      capacitors 55 through 60 from voltage source 35. SCR 80 will not conduct
      again until gate drive is reapplied and this will not occur until
      transistor 85 is switched off. Transistor 85, in turn, will not switch off
      until the pulse applied by counter 45 on line 31 is terminated.
PAR  Even after the termination of the pulse applied by counter 45 to line 31,
      however, the gate drive to SCR 80 will not be reapplied until the zero
      crossing detector circuit 90 determines that a zero potential exists
      across SCR 80. The zero crossig detector circuit 90 exists in order to
      protect SCR 80 from any damage which could result from turning SCR 80 on
      with a large potential across the semiconductor. The zero crossing
      detector circuit operates as follows. When SCR 80 is on, of course, no
      signal will be applied to the base of transistor 95. When, however, SCR 80
      has been switched off, an alternating potential will exist across the SCR.
      A base current will then be applied to transistor 95 to turn the
      transistor on and this will effectively remove any gate current from SCR
      80. When the potential across SCR 80 drops to zero, no base current is
      applied to the transistor 95 and the transistor 95 will switch off.
      Therefore, if the pulse on line 31 has terminated so that transistor 85
      has switched off and, further, if transistor 95 has also switched off due
      to a zero potential across SCR 80, then a gate current will be applied to
      SCR 80 and the SCR will then begin to conduct as the voltage across it
      increases.
PAR  Thus, it is seen that the charging of capacitor storage circuit 15 is
      interrupted directly after firing of lamp 10 for a period of time
      determined by the duration of the pulse provided by counter 45. This
      period of time is set so as to allow the gas in the strobe lamp 10 to
      return to its non-ionized state. The pulse of predetermined duration
      supplied by counter 45 cannot extend beyond a certain maximum period of
      time, however. This maximum period of time is a function of the length of
      time needed to recharge the capacitors 55 through 60 and also a function
      of the length of time between successive firing pulses. thus if the pulse
      of predetermined duration supplied by counter 45 is too long, the
      capacitors 55 through 60 will not have sufficient time to recharge
      completely after the pulse of predetermined duration terminates and before
      the next successive firing pulse.
PAR  This feature may be used advantageously to limit the amount of energy
      stored by the storage capacitor bank 15. The longer the capacitor storage
      bank 15 is disconnected from the voltage source, the less time will be
      available for charging and consequently a lesser amount of energy will be
      stored. Although the circuit generally operates with a constant length
      pulse of predetermined variation, pulse length may be adjusted at the
      factor for a particular application. This adjustment may be provided for
      by including a monostable multivibrator in the output of the counter. Such
      a multivibrator generally has its pulse length set by externally connected
      impedances which may easily varied until the capacitor storage charges to
      the desired energy level. Typically the off time of SCR 80 may approximate
      70 milliseconds to insure the elimination of after-glow. Off times as
      short as 40 milliseconds have been used, however.
PAR  Referring now to FIG. 3 of the drawings, a circuit arrangement is shown for
      modification of the preferred embodiment of the invention. Quite often in
      aircraft applications of the instant invention, more than one set of
      strobe lamps will be used. A set of lamps requiring 90 joules of energy
      may be flashed at night while a 40 joule set of strobe lamps may be used
      for daytime operation. Since,
EQU  J = 1/2CV.sup.2
PAL  where,
PA1  J = energy in joules,
PA1  C = capacitance in farads, and
PA1  V = potential in volts,
PAL  the amount of energy stored may be determined by measuring the voltage
      across the capacitor bank. Where a 600 .mu.fd capacitor bank is utilized,
      90 joule operation would require a charge of 537 volts and 40 joule
      operation would require a charge of 365 volts.
PAR  When the circuit of FIG. 3 is placed into the circuit of FIG. 2 as
      indicated, operation at two such energy levels is possible. Line A of the
      circuit of FIG. 3 is connected to node A in FIG. 2 and resistor 60 is
      disconnected from the collector terminal of transistor 85. Voltage divider
      arrangement 120 is then connected across the output of capacitor storage
      15 by connecting to lines 16 and 17 to FIG. 2 as indicated. When connected
      in this manner circuit 122 will be used for operation with lamps requiring
      a first level of energy and circuit 125 will be used for operation with
      lamps requiring a second level of energy.
PAR  When energized via switch 130, these circuits detect the storage of desired
      voltage on capacitor storage 15 and thus the storage of the desired amount
      of energy, as explained previously. When the desired potential is reached,
      node 140 or 141 will be raised in potential sufficiently to trigger on
      either transitor 145 or transistor 146. When this occurs, the gate drive
      which would normally be supplied to SCR 80 by way of resistor 150 and
      diode 151 or resistor 155 and diode 156 will be eliminated. Transistors
      145 and 146, when on, act to short out the gate drive circuit of SCR 80
      and thus prevent application of power to capacitor storage 15. When the
      capacitor storage 15 has reached its desired energy level, and is awaiting
      discharge through strobe lamp 10, the storage capacitors may experience
      some leakage. This will be detected by the voltage limiters, and the
      charging current reapplied to the capacitor storage as necessary to
      maintain the appropriate energy level.
PAR  While the form of apparatus herein described constitutes a preferred
      embodiment of the invention, it is to be understood that the invention is
      not limited to this precise form of apparatus and that changes may be made
      therein without departing from the scope of the invention which is defined
      in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for controlling the successive firing and extinguishment of
      a strobe lamp to insure complete extinguishment of said strobe lamp, the
      combination comprising
PA1  capacitor means for storing a charge to be supplied to said strobe lamp;
PA1  alternating current source means for charging said capacitor means; and
PA1  circuit means, connected in series with said capacitor means and said means
      for charging, conductive prior to each firing of said strobe lamp for
      transmitting power from said means for charging to said capacitor means
      and nonconductive at the time of firing said strobe lamp and for a
      predetermined period thereafter for preventing application of power to
      said capacitor means from said means for charging, said predetermined
      period being sufficient to allow for complete extinguishment of said
      strobe lamp.
NUM  2.
PAR  2. The combination of claim 1 further comprising:
PA1  timing means for supplying a pulse of short duration to said strobe lamp
      and for providing a pulse of fixed duration to said circuit means, said
      fixed duration being a period of time sufficient to allow said strobe lamp
      to extinguish completely when power is removed therefrom.
NUM  3.
PAR  3. The combination of claim 1 further comprising:
PA1  timing means for supplying a pulse of short duration to said strobe lamp
      and for providing a pulse of fixed duration to said circuit means, said
      fixed duration being a period of time sufficient to allow said strobe lamp
      to extinguish completely when power is completely removed therefrom and to
      prevent said capacitor means from storing more than a desired amount of
      energy prior to the time of firing of said strobe lamp.
NUM  4.
PAR  4. The combination of claim 1 wherein said circuit means comprises
      switching means connected in series with said capacitor means.
NUM  5.
PAR  5. The combination of claim 4 wherein said switching means comprises a
      silicon controlled rectifier.
NUM  6.
PAR  6. The combination of claim 5 wherein said circuit means further comprises
      zero crossing detection means for preventing said silicon controlled
      rectifier from conducting power to the capacitor means until the voltage
      potential across said silicon controlled rectifier has reached a zero
      potential state.
NUM  7.
PAR  7. The combination of claim 1 further comprising:
PA1  voltage limiter means responsive to the voltage stored by said capacitor
      means for sensing when the voltage stored by said capacitor means reaches
      one of a plurality of voltage levels and for supplying an output to said
      circuit means so as to control the amount of energy stored by said
      capacitor means.
NUM  8.
PAR  8. A strobe lamp system for insuring complete extinguishment of a strobe
      lamp after firing comprising:
PA1  a. a strobe lamp,
PA1  b. a source of a.c. power,
PA1  c. means for storing energy connected in parallel with said strobe lamp and
      further connected to said power source,
PA1  d. timing means for supplying a pulse of short duration to said strobe
      lamp, and for providing a pulse of fixed duration, and
PA1  e. switching means, connected in series with said means for storing energy
      and said power source, conductive prior to each firing of said strobe lamp
      for transmitting power from said source of a.c. power to said means for
      storing energy and nonconductive in response to said pulse of fixed
      duration for disconnecting said source of a.c. power from said means for
      storing energy for the duration of said pulse of fixed duration so that
      said strobe lamp is deprived of power for a period of time sufficient to
      insure complete extinguishment.
NUM  9.
PAR  9. The strobe lamp system of claim 8 wherein said switching means comprises
      means for allowing reconnection of said power source to said means for
      storing energy only when the potential across said switching means is at a
      zero level.
NUM  10.
PAR  10. The strobe lamp system of claim 8 wherein the duration of said pulse of
      fixed duration is such that said means for storing energy is permitted to
      store only a desired amount of energy.
NUM  11.
PAR  11. The strobe lamp system of claim 9 wherein said timing means comprises
      means, responsive to the output of said power source, for providing said
      pulse of fixed duration after the occurrence of a predetermined number of
      alternations in the ouptut of said power source.
NUM  12.
PAR  12. The strobe lamp system of claim 8 wherein said switching means
      comprises a silicon controlled rectifier, and first control means
      connected to the gate of said silicon controlled rectifier for removing
      the gate current and gate voltage in response to said pulse of fixed
      duration.
NUM  13.
PAR  13. The strobe lamp system of claim 12 wherein said switching means further
      comprises a second control means for preventing application of said gate
      current and gate voltage until the potential across said silicon
      controlled rectifier is at a zero level.
NUM  14.
PAR  14. The strobe lamp system of claim 13 further comprising:
PA1  voltage limiter means, responsive to the voltage stored by said means for
      storing energy, for preventing application of said gate current and said
      gate voltage after the voltage stored by said means for storing energy
      reaches a selected one of a plurality of voltage levels, and
PA1  selector means, connected to said voltage limiter means, for selecting one
      of said plurality of voltage levels.
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ABST
PAL  A resonance lamp having a controllable chemical decomposition source of a
      parent species and a chemical getter sink in a sealed RF excited
      discharge. The discharge occurs in a second, extremely pure gas which is
      present in great excess over the gas produced by chemical decomposition.
      Excitation of species whose emission is desired occurs by electron impact
      or energy transfer from the major species which are, in turn, excited by
      the electron impact.
PARN
PAR  This application is a Continuation-In-Part of U.S. application Ser. No.
      426,616, now U.S. Pat. No. 3,851,214, filed Dec. 12, 1973, in the name of
      the present inventor.
BSUM
PAR  This invention relates generally to resonance lamps and more particularly
      to self-breakdown gas discharge lamps suitable for excitation by low
      power, low voltage, radio frequency power.
PAR  The use of resonance absorption and fluorescence is becoming more important
      in the field of chemical kenetic research.
PAR  Most lamps used to produce resonance radiation of atoms derived from
      gaseous compounds utilize an AC electrical discharge in a low pressure gas
      which flows away from the emission direction. Since dissociation must
      coincide or precede excitation, it is difficult to obtain bright resonance
      lamps without absorption within the lamp. Such absorption decreases the
      sensitivity of measuring devices using resonance lamps, and introduces
      complications in relating intensity measurements to the concentration of
      absorbers.
PAR  Although non-flowing, sealed resonance lamps have considerable convenience,
      they are difficult to control since the discharge interacts with the walls
      of the lamp to either remove or provide constituents. This is particularly
      true for oxygen.
PAR  Accordingly, it is an object of this invention to provide a very intense
      resonance lamp which emits radiation such that direct detection of the
      transmitted or scattered radiation, without the intervention of filters of
      dispersal devices, can be used to measure the concentration of the
      absorbing species, while preserving a Doppler line profile unmodified by
      absorption within the lamp.
DRWD
PAR  These and other objects of the invention will become apparent from the
      following description when taken in conjunction with the drawings wherein
PAR  FIG. 1 is a schematic diagram of the tube of the present invention;
PAR  FIG. 2 is a perspective view of a preferred embodiment of the present
      invention;
PAR  FIGS. 3 and 4 are perspective views of modified embodiments of the present
      invention; and
PAR  FIGS. 5 and 6 are perspective views of alternative tube structures using a
      different electrode structure.
DETD
PAR  Broadly speaking, the present invention utilizes a controllable chemical
      decomposition source of parent species and a chemical getter sink in a
      sealed RF excited discharge. This discharge occurs in a second, extremely
      pure gas which is present in great excess over the gas produced by
      chemical decomposition. Excitation of species whose emission is desired
      occurs by electron impact or energy transfer from the major species which
      are, in turn, excited by the electron impact.
PAR  Illustrated in FIG. 1 is a cylindrical body 11 having a glass wall 13 and a
      hollow reentrant element 15. Reentrant element 15 extends coaxially
      substantially the length of the cylinder. An electrical conductor 17 is
      contained within the hollow reentrant element and extends outwardly to
      connect to an RF energy source 18.
PAR  A first hollow arm 19 is integral with cylinder 11 and extends outwardly
      therefrom. The arm is closed at the outer end and is filled with a getter
      or scavenger 21 such as uranium or a barium containing compound. A gas
      permeable barrier 23, such as a glass frit, in hollow arm 19 prevents the
      getter from moving into the cylinder. Heating means 25 here illustrated as
      an electrical heater, is provided about the arm so as to heat the getter
      material if necessary.
PAR  A second arm 27 also extends from the cylinder and is closed at its outer
      end. This arm contains the source 29 of the species whose emission is
      desired. A barrier 31 and a heater 33 are also provided on arm 27.
PAR  Cylindrical body 11 is closed at the other end by a window 34 which is
      transparent to the spectral emission of the species being examined. A
      special epoxy cement may be required to attach the window to the body of
      the lamp.
PAR  In order to complete the necessary path for electrical excitation, the
      outside of cylinder 11 may be coated with an electrically conductive
      material 35 and this coating is grounded as shown. If the cylinder is
      largely contained within a close fitting, grounded conducting enclosure, a
      separate coating is not required. In either case, the cylinder is
      effectively sheathed by a conductive element.
PAR  The lamp of the present invention may be used to produce emission of a
      number of desired species. Examples of such use are shown below.
PAC  OXYGEN RESONANCE LAMPS
PAR  The lamp is subjected to the usual vacuum pump down procedures and the lamp
      is filled with approximately 1- 2 torr of He. One arm of the lamp is
      provided with a getter such as Ur. The other arm is supplied with an
      oxygen source such as MnO.sub.2 or KMnO.sub.4.
PAR  For operation of the lamp, high purity is essential. The reason for this is
      believed to be due to the role of He* (metastable, excited) which builds
      up in the discharge to a high concentration in the absence of O.sub.2 from
      the source. With the application of heat to the decomposition source,
      O.sub.2 is added and the following reaction takes place in the presence of
      RF excitation at 150 to 600 megahertz.
TBL  ______________________________________                                    
     He* + O.sub.2                                                             
                  .fwdarw.                                                     
                         O + O + He                                            
     He* + O      .fwdarw.                                                     
                         He + O .sup.+ + e                                     
     O.sup.+ + e  .fwdarw.                                                     
                         O*                                                    
     O*           .fwdarw.                                                     
                         O + h.gamma. (desired radiation)                      
     ______________________________________                                    
PAC  HYDROGEN RESONANCE LAMPS
PAR  In a hydrogen resonance lamp, only one arm is needed if a mixture of Ur and
      UrH.sub.3 is used. The application of heat releases H.sub.2 which is added
      to the high concentration of He*. The result produces a resonant atomic
      hydrogen emission.
PAR  In this application, uranium is used both as a source of hydrogen and as a
      getter whereas, in the oxygen lamp, heat is not applied to the getter
      (which is largely in the form of Ur) and the hydrogen is not released.
PAR  In both cases, the uranium acts as a getter for other gases (except rare
      gases) which are released from the wall during use. It is formed in a
      powder by reacting the uranium at high temperature with hydrogen to form
      uranium hydride and then decomposing this compound in vacuum, and pumping
      out the gas. For the hydrogen resonance lamp, a small fraction is left
      undecomposed so that it will become a source of H.sub.2 after the getter
      is heated. The reactions occuring in the H.sub.2 lamp are similar to those
      occuring in the oxygen lamp. H.sub.2 and H replace O.sub.2 and O.
PAR  If the He filling in the oxygen lamp is replaced by N.sub.2, the lamp is a
      good source of the NO gamma bands which are suitable for measuring NO. In
      this application, N.sub.2 is slightly decomposed producing N(.sup.2 D)
      which rapidly reacts with O.sub.2 to produce NO which is excited by energy
      transfer from N.sub.2 (A.sup.3 3 E.sub.u.sup.t) produced as a consequence
      of direct electron excitation and as a final step in triplet level
      cascades.
PAR  These lamps operate with relatively low power (28 volts, 0.5 amps).
PAR  Although the lamp is shown as cylindrical, this particular geometrical
      configuration is not essential so long as the reentrant portion with the
      electrode extends coaxially substantially the length of the tube. Further,
      the lamp body can be of any sufficiently strong, non-porous material such
      as the illustrated glass or a suitable metal.
PAR  FIG. 3 shows a modified version of the device illustrated in FIGS. 1 and 2.
      A cylindrical body 41 has extending therefrom arms 43 and 45 in the same
      manner as shown in FIG. 1. Additionally electrode 47 extends downwardly
      into a coaxial reentrant portion of the tube. The main body of the tube is
      surrounded by an electrically conductive sheathing 49.
PAR  In this embodiment the RF excited energy is provided by a series tuned
      circuit which includes RF generator 51 and the necessary ground connection
      as shown.
PAR  FIG. 4 is identical to the structure of FIG. 3 with the exception that the
      cylindrical body 61 has the electrically conductive sheathing 63 mounted
      within the body and being provided with the necessary electrical
      connection through a glass seal 65.
PAR  FIG. 5 shows a further embodiment of the invention as described above.
      There is shown therein a cylindrical body having integral arms 73 and 75.
      However, in this embodiment, the top of the body 77 is closed and has no
      reentrant portion.
PAR  The discharge occurs between two arcuate plates 78 and 79 secured to the
      outer surface of the body. Each of the plates is approximately 90.degree.
      of the circumference of the body 71.
PAR  When the plates are excited by means of the series tuned circuit the
      discharge will occur in the manner described above.
PAR  FIG. 6 is an embodiment similar to that shown in FIG. 5 except that
      cylinder 81 has the two arcuate plates 83 and 85 secured within body 81
      with the necessary electrical connections being provided through glass
      seals 87 and 89.
PAR  As stated, body configuration and specific components may be replaced by
      equivalent structure without departing from the inenvtion. Accordingly,
      the above description and drawings are to be considered illustrative only,
      and the invention is to be limited only by the scope of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A resonance lamp comprising
PA1  a dielectric closed body having a predetermined vacuum therein;
PA1  a reentrant coaxial hollow glass element integral within said body and
      extending from one end thereof substantially the length of said body;
PA1  an electrical conductor within said element;
PA1  an ultraviolet transparent window at the other end of said body;
PA1  two hollow arms integral with and extending from said body;
PA1  a high purity rare gas filling within said body at a pressure of 1 to 2
      torr;
PA1  a source of diatomic gas in one of said arms;
PA1  an electrically conductive sheathing adjacent said glass body;
PA1  a getter in the other said arm for removing gases from said body;
PA1  means for separately heating each of said arms; and
PA1  a series tuned circuit connected between said electrical conductor and said
      electrically conductive sheathing for providing RF excitation of said
      lamp.
NUM  2.
PAR  2. The lamp of claim 1 wherein said sheathing is adjacent to the exterior
      of said glass body.
NUM  3.
PAR  3. The lamp of claim 1 wherein said sheathing is adjacent to the interior
      of said glass body.
NUM  4.
PAR  4. A resonance lamp comprising
PA1  a dielectric closed body having a predetermined vacuum therein;
PA1  an ultraviolet transparent window at one end of said body;
PA1  two hollow arms integral with and extending from said body;
PA1  a high purity rare gas filling within said body at a pressure of 1 to 2
      torr;
PA1  a source of diatomic gas in one of said arms;
PA1  two separate conductive sheathings adjacent said glass body;
PA1  a getter in the other said arm for removing gases from said body; and
PA1  means for separately heating each of said arms.
NUM  5.
PAR  5. The resonance lamp of claim 4 further comprising
PA1  a series tuned circuit connected between said sheathings for providing RF
      excitation of said lamp.
NUM  6.
PAR  6. The resonance lamp of claim 4 wherein said conductive sheathings are
      adjacent the exterior of said lamp.
NUM  7.
PAR  7. The resonance lamp of claim 4 wherein said conductive sheathings are
      adjacent to the interior of said lamp.
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PAL  A split cross fader for the control of theatre lighting in which functions
      previously found only in separate master control units and cross fader
      units are combined into a single device which permits operation as a scene
      master, as a cross fader and also permits pile-on operation with smooth
      fading between each scene condition commanded.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to theatre lighting in general and more particularly
      to an improved split cross fader control for use in controlling such
      lighting.
PAR  The advantages of voltage control of various types of devices is well
      recognized in the art. Through remote control by low voltage and low
      current signals, miniaturized controllers and sophisticated pre-processing
      of inputs is possible. Furthermore, the storage of any number of
      pre-program commands is possible. The usefulness of such control has been
      recognized in the theatre lighting art. Voltage controlled dimmers have
      been used with increasing regularity over the past 40 years. In
      particular, since the development of the thyristor in the late part of the
      1950's, large scale usage of voltage controlled theatre lighting has
      become a reality. Through such voltage control, miniature control consoles
      or desks can be built to control up to several hundred dimmers. Typically
      in such consoles, dimmers are controlled by miniature potentiometers. It
      is evident that in order to accurately perform changes of more than a few
      dimmers would require the coordination of a large number of actions and
      becomes physically impossible. As a result, various forms of mastering,
      subgrouping and presetting have been devised for use in theatre lighting
      control.
PAR  Various types of systems are disclosed in a booklet entitled "Professional
      Lighting Control", published by Skirpan Electronics, 1968. This booklet
      discloses typical equipment available for theatre lighting control. In
      addition, the same company has developed a computerized system sold under
      the trademark "Autocue".
PAR  In a typical installation each lighting circuit to be controlled has
      associated therewith a dimmer control which is responsive to an analog
      input voltage to control the light to a level proportional thereto. Such
      dimmers are available from various manufacturers. In particular, they are
      available from the above-mentioned Skirpan Electronics. The desired
      lighting over the period of a program is predetermined and divided into
      what are referred to as cues or scenes. The conventional practice is to
      provide a plurality of potentiometers, one being provided for each circuit
      used in a cue or scene with the potentiometers being preset to provide the
      required analog voltage output to the respective dimmers. In some cases,
      the potentiometers are coupled to the dimmers through a patch panel to
      permit greater system flexibility. Also, in some systems the outputs of
      the individual dimmers are coupled to the lamps which they control through
      a further power patch panel to add further flexibility. These
      potentiometers in general terms comprise a memory system which records the
      desired levels for each cue or scene. In its simplest form, the memory in
      the prior art consisted of multiple potentiometers for each dimmer. One
      potentiometer per dimmer per scene is required. Thus, in a 12 dimmer, two
      preset console, 24 potentiometers would be required, i.e. 12
      potentiometers for each scene. In an installation with 300 dimmers and
      having ten present scenes, the console would require 3000 potentiometers.
      In addition to this type of installation, other storage systems have been
      used including various forms of electrical and electromechanical memories.
      Such have been used with varying degrees of success. Most commonly in use
      today are potentiometers although in very large systems various types of
      electronic memories have been used such as in the above-mentioned
      computerized system where the cues are stored in the memory of a digital
      computer and converted to analog output voltages by means of digital to
      analog converters.
PAR  Presetting alone, however, will not provide as esthetically pleasing
      control of the theatre lighting. It is further necessary to be able to
      shift from one cue to the next in an orderly, smooth fade. Such is
      required because stage lighting can rarely be satisfactorily accomplished
      if all that is available are snap cues where the levels change
      instantaneously from one level to another. Basically, two approaches to
      this problem have been taken. One approach is through the use of what is
      referred to as a scene master. As noted above, cues in storage are usually
      referred to as scenes. The other approach is through the use of what is
      referred to as a cross fader. In the scene master approach, a master
      control is provided for each group of preset potentiometers or other
      storage devices. In some cases, subscene masters for controlling subgroups
      of dimmers which may be faded in and out of a scene separately are used.
      In this type of arrangement, the preset potentiometers or other memory
      devices obtain their inputs from the master control and provide an output,
      normally a DC voltage, having a magnitude proportional to the setting of
      the storage element multiplied by the setting of the scene master. In the
      art, the scene master setting is normally defined in terms of a decimal
      less than or equal to one or as a percentage. The value of the storage
      element is usually expressed as a number less than or equal to 100 or less
      than or equal to 10. For example, with a master set at 0.5 and a storage
      element or potentiometer set at 8 an output of 4 would result.
PAR  Thus, for each scene to be provided a scene master is installed having its
      output coupled to a set of preset potentiometers or the like. As noted
      above, the output of these preset devices is used as the dimmer control
      input. The outputs of the preset potentiometers for each scene are
      combined channel by channel and coupled to the dimmer in such a manner
      that the scene with the highest output will determine the output level of
      that channel or dimmer. Through this arrangement, an additional new scene
      can be constructed by bringing up more than one scene master at one time.
      An example of the manner in which this work is given in table I below. The
      rows labeled scene 1 and scene 2 give the values of the memory elements in
      the two scenes, each five dimmers. The row labeled pile-on scene is the
      new resulting scene which occurs when both scene 1 and scene 2 are brought
      up to a full at once. The last line in the table referring to a cross
      fader will be described below.
TBL                TABLE I                                                     
     ______________________________________                                    
                dimmers                                                        
                  1       2       3     4     5                                
     Scene I      0       5       10    7     8                                
     Scene II     9       4       0     7     10                               
     Pile On Scene                                                             
                  9       5       10    7     10                               
     Crossfader at 1/2                                                         
                  4.5     4.5     5     7     9                                
     ______________________________________                                    
PAR  Despite the advantages available in creating a pile-on scene, there are
      certain disadvantages in this approach. One of the primary disadvantages
      is that the fades of many dimmers will be non-linear during pile-on. This
      results because the output only reflects the highest level coming from the
      presets. For example, if scene 1 were at full and scene 2 were faded from
      zero to full, dimmer 1 would fade smoothly from zero to nine. However,
      dimmer 5 would remain at 8 until the output of scene 2 on channel 5 was
      greater than 8. Thus, this would occur only when the master reached a
      value of greater than 0.8 thereby causing dimmer 5 to fade up only in the
      last 20% of the master travel. A further disadvantage occurs where it is
      desired to fade one scene smoothly into the other. In such a case, one of
      the scenes, for example scene 2 have its master set at zero. The operator
      then lowers one master while raising the other. Ideally, what is desired
      is for the dimmers to slowly shift from the setting of one scene to that
      of the other. In the example of table 1 this will happen with the dimmers
      1 and 3 but not in the other channels. Channel 4, which has the same value
      for both presets, would be expected to stay at that same value throughout
      the fade. Instead, if the masters are faded in such a way that both of
      them reach 0.5 at the same time the output of channel 4 will drop to 3.5
      and then fade back up to 7. This problem is referred to as "fader dip".
      Thus, the scene master arrangement cannot provide smooth fading from one
      scene to the other in all instances.
PAR  The use of the cross fader is an attempt to overcome this problem. The
      cross fader is a single control which acts as a two sided master. By
      moving a control handle from one end of its travel to the other, one scene
      is faded in while the other is simultaneously faded out. For a two scene
      console the scenes are permanently assigned. In multiple scene units
      switching or patching is provided to enable each of the present scenes to
      be assigned to either end of the fader at will. In conventional
      terminology, the ends of the cross fader are referred to as the X and Y
      sides. A dipless cross fader must satisfy the following equation:
EQU  C.sub.1X . P.sub.X + C.sub.1Y . P.sub.Y = O.sub.1 and P.sub.Y + P.sub.X = 1
PAL  where:
PA1  C.sub.1x is the Channel One X scene value
PA1  C.sub.1y is the Channel One Y scene value
PA1  P.sub.x is the value of the preset X-side of fader
PA1  P.sub.y is the value of the preset Y-side of fader
PA1  O.sub.1 is the output to the dimmer.
PAR  The last line of Table I above shows what the cross fader outputs would be
      for the two listed scenes. Thus, at one half the cross fader will in
      channel 1 be at 4.5, halfway between zero and nine. Similarly, in channel
      3 it will be at 5 halfway between zero and 10. Likewise channels 2 and 5
      will be halfway between the two cues. Channel 4, which remains at 7 for
      both scenes, will be at 7 with the cross fader at half. Cross faders work
      quite well but have limited flexibility. This lack of flexibility causes
      problems in simple consoles with limted storage capacity. Specifically
      they do not have the capability of the scene master type of control where
      pile-on scenes can be created.
PAR  Thus, it is clear that the combination of the advantages of the scene
      master operation and cross fader operation would provide many useful
      benefits. Such has been attempted combining two scene masters next to each
      other and calling it a cross fader. However, such an arrangement does not
      cure the problem of dip referred to above. On the other hand, if a
      standard cross fader is built with two separate handles, it will operate
      properly for cross fades as long as it follows the equation given above.
      However, since both sides of the cross fader can be separately operated
      and can both be full at once, the second equation which must be satisfied,
      i.e. P.sub.X + P.sub.Y = 1 will no longer be true if both are at full. In
      such a case P.sub.Y + P.sub.X = 2. In such a case, if the scene 1 preset
      pot is at 5 and the scene 2 pot is at 6, then the pile-on of the two would
      be 11, much higher than either scene and in fact higher than the defined
      maximum value of 10. One attempt at solving this problem would be defining
      a split cross fader such that it followed the logic of a normal cross
      fader except that the output would be limited for each channel so that it
      would never exceed the higher of the two presets in use. Such a design
      would satisfy the end point condition for pile-on and would not dip during
      cross fades. However, pile-on fades of channels having non-zero values in
      both the X and Y presets would be non-linear. Channels that have higher
      settings on the preset already in use than on the preset to be piled-on
      will not change during a pile-on fade. Channels having a higher setting on
      the preset to be piled on will fade in during the earlier part of the
      fade. Such would be the case with dimmer 5 in Table I above. If scene 1
      were at full, the output would be at 8. This would increase to 10 as the
      scene 2 fader was raised from zero. The fade from 8 to 10 would occur when
      the fader was raised from zero to 0.2. From 0.2 to full, no further change
      in the output would occur. Such as result is visually worse than the
      non-linearity of a scene master since the channel with the highest
      setting, hence the brightest lights, changes first. Similarly, removal of
      a piled on scene would produce just the opposite of fact, i.e., many
      dimmers will not fade down until the end of the fade out. Thus, it becomes
      clear that none of the presently available devices is capable of producing
      the combined type of operation desired and at the same time, providing
      smooth fading from scene to scene under all conditions. Thus, the need for
      such a device becomes evident.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a device which permits operation having all
      the advantages of both cross fader operation and scene master type
      operation in a single unit with the scene master operation showing
      improved characteristics over the prior art. The solution to the problem
      resides first of all in the development of a set of equations and logical
      decisions which must be followed in order to obtain the desired operation.
      In essence, this equation follows the conventional equation for cross
      faders where the sum of the two faders or master controls is less than
      one. When greater than one, a decision is made as to which of the presets
      in each channel is greater and depending on this decision, one of two
      other equations carried out. From this brief discussion, the complexity of
      the logical decisions and equations to be implemented is evident. However,
      this transfer function defined by these equations is obtained in the
      present invention without resorting to digital apparatus or massive analog
      systems. This is accomplished in spite of the fact that every channel
      requires the solution of a four variable equation with branching. The
      system of the present invention uses a central cross fade generator which
      feeds the memory elements. The memory elements are then combined in a
      passive network to achieve the desired output. At worst, each channel
      output requires, in addition, no more than a simple filter and buffer. All
      of this is achieved through a unique combination of duty cycle modulation,
      amplitude modulation and peak detecting combiners. The duty cycle
      modulation is used to carry the information regarding the values of the X
      and Y sides of a two handle split cross fader. The amplitude modulation is
      used to carry the information regarding the preset values. The combiner
      passes whichever of the signals has the highest instantaneous value
      thereby masking signals which overlap in the time domain and are blocked
      by a signal of greater instantaneous value from the other channel.
PAR  The essential system components comprise a waveform generator, a cross fade
      pulse generator, preset controller banks, a peak detector combiner and an
      optional output filter. The output from the device of the present
      invention is provided to conventional theatre lighting system dimmers such
      as thyristor dimmers. The waveform generator produces a repetitive
      waveform varying between two known limiting voltages. The period of the
      wave form can be varied over a wide range to accomodate various
      applications. Typically, it will operate in a frequency range between 50
      and 10 Khz. The amplitude of the waveform can be arbitrarily selected
      since it is not directly related to the final output voltage of the
      system. In operation, the amplitude need not be regulated as long as its
      positive and negative peaks are continously known. In general terms, the
      waveform generated is compared in two comparators with a value set into
      the comparators using a variable voltage device such as a potentiometer
      representing the master control position. This provides two pulse trains
      having independently variable duty cycles with the pulse "on" times
      proportional to the setting of their associated master control. The pulses
      are timed such that when the sum of X and Y duty cycles is less than or
      equal to 100% the pulses do not overlap in the time domain. The two pulse
      trains referred to as the X and Y pulses are then provided to the preset
      memory devices, typically potentiometers where their amplitude is
      modulated. The pulses are then combined through a diode network. Through
      this arrangement of the pulse generator and preset controller all of the
      information necessary to solve the necessary equations is present. Because
      the X and Y pulses do not overlap until the sum of the duty cycles is more
      than 100%, the first condition about which a decision must be made is
      clearly distinguished. Thus, the system acts when this sum is less than or
      equal to 100% as a conventional cross fader. Overlap, however results in
      one of the two other additional equations being solved automatically
      depending on which the preset values is higher.
PAR  Various examples of the operation are given showing the manner in which
      smooth fading and cross fading is accomplished.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block-circuit diagram illustrating the basic arrangement of the
      present invention.
PAR  FIG. 1a is a flow diagram showing the equation solved by the circuit of
      FIG. 1.
PAR  FIGS. 2 and 2a are waveform diagram helpful in understanding the manner in
      which the X and Y pulse trains FIG. 1 are generated.
PAR  FIG. 3 is a block-schematic diagram illustrating alternate comparator
      arrangements.
PAR  FIG. 4 is a diagram similar to FIG. 1 illustrating the control of a
      plurality of preset potentiometers along with illustrating additional
      features of the present invention.
PAR  FIG. 5 and 6 are waveform diagrams illustrating the operation of the
      circuits of FIGS. 1 and 4.
PAR  FIG. 7 is a circuit diagram of a preferred embodiment of a wave form
      gnerator and comparator arrangement for developing the X and Y pulse
      trains.
PAR  FIG. 8 is a block diagram of alternate embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates in basic block diagram form, a circuit which solves the
      equations set out in flow diagram form on FIG. 1a. The basis of the
      present invention lies in the recognition that the solution to equation
      shown in FIG. 1a will result in a split cross fader apparatus giving the
      advantages of both scene master control and cross fader control.
      Furthermore, the invention lies in the extremely simple implementation of
      this equation illustrated by FIG. 1. With reference to FIG. 1. With
      reference to FIG. 1a, it will be noted that a block 11 is entered in which
      a decision is made as to whether or not the sum of P.sub.X and P.sub.Y is
      less than one. If the answer is yes, a block 13 is entered wherein the
      basic cross fader equation is carried out, i.e., the output is equal to
      C.sub.1X .times. P.sub.X + C.sub.1Y .times. P.sub.Y . If the answer is no,
      i.e., if P.sub.X + P.sub.Y is greater than one, a further decision block
      15 is entered where a decision is made as to whether C.sub.1X , a preset
      value on the Y side of channel 1. If C.sub.1X is less than or equal to 1,
      the answer is yes and the and the equationg of block 17 is solved. If the
      answer is no, then the equation of block 19 is solved. In each case, the
      larger of the two preset values is multiplied by its corresponding fader
      value and the smaller of the two values multiplied by its fader value
      minus the sum of the two fader values minus one. By subtracting this
      quantity the total is maintained below the maximum permissible values.
      That is, for the example given above in Table I where the one preset pot
      for example the value C.sub.1X is equal to 5 and the scene 2 pot or
      C.sub.1Y is at 6, with both faders or master controls set at 1. In that
      case, the quantity C.sub.1X would be multiplied by one to obtain 6. The
      quantity C.sub.1X would be multiplied by zero since P.sub.X plus P.sub.Y
      minus 1 is equal to 1 and P.sub.X equal to 1. The final output would be 6,
      the desired output. Were the reverse true, then equation 19 would be used.
      Note that in each case, the larger of the two values present at any given
      time is multiplied directly by its fader output so that in a case like
      that mentioned above where the other term becomes zero, the proper maximum
      output is still provided.
PAR  The arrangement of FIG. 1 will now be described along with some alternate
      embodiments after which a description of the manner in which the circuit
      obtains the solution of the equations of FIG. 1A will be given.
PAR  The system shown on FIG. 1 starts out with a waveform generator 21. As
      illustrated, the waveform generator can be a sawtooth generator. In any
      case, it produces a repetitive waveform which varies between two known
      limiting voltages. A period of the waveform or its frequency is variable
      over a wide range to accommodate various applications. Operation in the
      range of 50 to 10 Khz is contemplated. In operation, the frequency or
      period may vary several percent without affecting operation of the unit.
      Similarly, the amplitude of the waveform may vary and be arbitrarily
      selected since it is not directly related to the final output of the
      system. That is, as will be seen below, this portion of the system deals
      in ratios and the absolute value is not particularly significant. Because
      of this, the amplitude may vary during operation so long as its positive
      and negative peaks are continuously known. In the embodiment of FIG. 1,
      the negative peak is held to within a few millivolts of ground. The manner
      in which this is accomplished will be described in more detail in
      connection with FIG. 7 as will other circuit details. Also, the positive
      peak is tracked by a DC reference voltage output on line 23. Hereafter,
      this will be referred to as the peak reference voltage. The shape of the
      waveform is one of the determinants of the transfer function of the split
      cross fader. If the cross fader is to be a linear transfer function then
      the waveform should be a linear ramp, i.e., a sawtooth or a triangular
      wave. It is also possible to use a sinusoidal, logarithmic or other type
      of input if another type of transfer function is desired. However, for the
      present discussion, it will be assumed that a linear transfer function is
      desired and the examples will be based on a sawtooth wave which is the
      simplest to implement. The peak reference output on line 23 and the
      sawtooth output on line 25 are provided as inputs to a cross fade pulse
      generator 27. The purpose of the cross fade pulse generator is to produce
      two pulse trains which have independently variable duty cycles.
      Hereinafter, these will be referred to as the X and Y pulses or pulse
      trains. The control of the duty cycle of either pulse is by way of an
      external variable programming voltage. This is a programming voltage
      proportional to a master control or fader setting. The duty cycles are
      variable from zero percent to 100% with both pulses having the same
      repetition rate. Timing of the pulses is such that when the sum of the X
      and Y duty cycles is less than or equal to 100% the pulses do not overlap
      in the time domain. A manner in which this may be simply implemented is
      illustrated on FIG. 1. A peak reference voltage on line 23 is provided as
      a reference input to two potentiometers 29 and 30. These potentiometers
      will be coupled to appropriate handles and provide the X and Y fader
      controls. Thus, potentiometer 29 has the value P.sub.X indicated next to
      it and the potentiometer 30 the value P.sub.Y. These analog voltages
      proportional to the respective fader settings are converted into variable
      duty cycle pulse trains where the duty cycle is proportional to the analog
      voltage setting through the use of comparators 31 and 33. The comparators
      are wired so that the inverting input of the X comparator and the
      non-inverting input of the Y comprator are connected to the output of the
      waveform generator 21. The other two inputs are coupled to their
      respective variable voltage supplies in the form of potentiometers 29 and
      30. The range of the potentiometers or other variable supplies is from the
      negative peak voltage to the positive peak voltage of the sawtooth
      waveform. As will become evident below, the amplitude of the two output
      waveforms must be the same. Generally, some means of assuring this will be
      included and typical means for carrying this out will be described below
      in connection with FIGS. 4 and 7.
PAR  The operation of the pulse generator may best be seen with reference to
      FIG. 2 which is a waveform diagram illustrating the sawtooth waveform
      along with the X and Y pulse trains. In this illustrated example, both the
      potentiometer 29 and the potentiometer 30 are set at 0.75 or 75%. As long
      as the sawtooth input to the inverting terminal of the comparator 31 does
      not exceed the 75% value, the output from comparator 31 shown as the X
      pulse will be high. At the point where the sawtooth voltage exceeds the
      75% level, the voltage will switch over and go low. Thus, a pulse which is
      on for 75% of the duty cycle is formed. In comparator 33, the pulse will
      remain low until 25% of the peak reference value is reached by the
      sawtooth at which point it will turn on and remain high until the sawtooth
      is reset. Note that the potentiometer 30 when set at a 100% fader setting
      will have its wiper at ground or a zero voltage level and that for a 75%
      fader setting the voltage level will be 25%. Thus, when the sawtooth
      reaches 25% of the peak reference value the comparator 33 switches from
      low to high. Note that the end of the Y pulse is always at the beginning
      of the X pulse. What this means is that where the settings change, for
      example, to 50%, the X pulse would switch off at the 50% line shown in
      dotted lines and the Y pulse on at the same time. This timing is what
      permits detecting the condition noted in the decision block 11 of FIG. 1a
      as will be explained in more detail below.
PAR  FIG. 2a illustrate pulse generator operation where a triangle wave form is
      used. Again 75% fader settings are illustrated. The X pulse is symetrical
      about the upper peak and the Y pulse about the lower peak. As with the
      saw-tooth, at less than 50% duty cycle on both pulses no overlap will
      exist.
PAR  As noted above, the pulses must be of the same amplitude. The reason for
      this is evident since the pulses are now provided to the preset
      potentiometers 35 and 37. As indicated by the lines 39 and 41, they may
      also be provided to additional preset potentiometers. Potentiometers are
      used herein only as an example. Any type of analog memory which will
      respond to the pulse trains and provide an output at a stored analog level
      for the length of such pulses may be used. In each of the potentiometers,
      the voltage pulse when present in the high condition, are multiplied by
      whatever value the preset potentiometer is set to. As a result, the final
      output from the potentiometer wipers will be a waveform whose amplitude is
      a function of the preset values and whose duty cycle is a function of the
      fader control. The average DC voltage of the pulse leaving the preset
      controllers is equal to the D.C. peak voltage multiplied by the duty cycle
      expressed by the decimal, multiplied by the setting controller expressed
      as a decimal. For example, if the peak voltage is ten volts and the duty
      cycle is 50%, i.e.,  5 and the pot is set at 0.8 of the way up, the output
      will be ten volts times 0.5 times 0.8 or 4 volts. The output of the preset
      controllers, i.e., the potentiometers 35 and 37 are combined to form one
      output per channel. A combiner is designed to combine the signal so that
      the output is equal to the input that has the highest instantaneous value.
      In the embodiment of FIG. 1, a combiner comprises a network of diodes. Two
      diodes 43 and 45 are provided having their respective anodes connected to
      the wipers of potentiometers 35 and 37 with cathodes of all diodes from a
      channel connected together at a combining point such as point 47. The
      combined output is then provided through an optional filter 49 to the
      device 51 which is to be controlled. As noted above, the device 51 may be
      a conventional dimmer commercially available. The filter is required where
      the device 51 is adapted to accept only a DC level. In practice, many
      dimmer devices are capable of accepting a rectified AC voltage and contain
      therein appropriate filters. In such a case, the output from 47 may be
      coupled directly to such a device.
PAR  FIG. 3 illustrates some alternate arrangements for the comparators 31 and
      33. The arrangements are designated a, b and c with the potentiometers 29
      and 30 and comparators 31 and 33 given a designation corresponding to the
      individual arrangements. In the arrangement a, the comparator 31a is
      connected exactly as was comparator 31. Comparator 33a however, is
      connected with the potentiometer input into its non-inverting input rather
      than its inverting input. Because of this, an additional inverting
      amplifier 53 is provided to invert the output of comparator 33a to end up
      with the same signal as was previously obtained. In the arrangement B, the
      saw-tooth voltage is provided to the noninverting terminals of both
      comparator 31b and 33b. Again, the output of the comparator 33b is
      inverted in an inverter 53. Note here that the two pulse trains shown on
      FIG. 2 will be reversed. That is to say that the X pulse will now look
      like the Y pulse and the Y pulse like the X pulse. This points out that
      the absolute phase of these two pulse trains is not particularly
      significant but only that their phase with respect to each other must meet
      the requirements noted above. With the arrangement a or b, the inverting
      amplifier could just as well be associated with the comparator 31a.
PAR  In the arrangement of c of FIG. 3, the two comparators are wired exactly as
      in FIG. 1. However, in this case, their outputs are each inverted by an
      inverting amplifier 53a and 53b respectively. Again, this will result in
      an inversion of the two pulse trains, the pulse train Y becoming X and X
      becoming Y. Various other configurations are possible with the only
      requirement being that two pulse trains are properly phased with respect
      to each other, i.e., phased so that there is no overlap when the total
      duty cycle is less than 100%.
PAR  FIG. 4 illustrates a further embodiment of the invention. The circuit
      through the comparators 31 and 33 is exactly as described in FIG. 1.
      However, the outputs of the respective comparators 31 and 33 are coupled
      to inverting switching amplifiers and buffers 55 and 57. In this case, the
      comparator outputs from comparators 31 and 33 do not need to have
      particularly accurate amplitudes since the final output amplitude is
      determined by the amplifiers 55 and 57. The input voltage to these
      switching amplifiers which will determine their output voltage is obtained
      from a line 59 coupled to the wiper of a potentiometer 61. This
      illustrates another feature which may be included in this system. The line
      59 could just as easily be provided to a fixed or an adjustable DC supply
      directly. However, in this case, it is provided through potentiometer 61
      designated as a grand master control. Control of this potentiometer
      permits dimming all lights being operated at the time by affecting all
      control voltages. In addition, the input to the potentiometer is coupled
      to the DC voltage supply 63 through what is referred to as a blackout
      switch 65. Opening this switch will result in blacking out all lights. The
      supply 63 is simply an adjustable DC supply of conventional design. Making
      the supply adjustable rather than fixed permits, first of all, trimming
      the supply and, second of all, provides the present system with greater
      flexibility in that its voltage can be adjusted to match various different
      types of dimmers. For example, some of these controls have a maximum
      voltage input of 5 volts whereas others may have a maximum of 38 volts.
      Thus providing an adjustable supply, device of the present invention may
      be used with any type of dimmer control. The outputs from the amplifiers
      55 and 57 which will be the pulse trains of FIG. 2 are provided to a
      plurality of switches 65 to 67.
PAR  Each output is provided to one pole of the switches 65 and 66 which are
      single-pole, double-throw switches. The X output is also provided switch
      67a and the Y output to switch 67b. This is an alternate form of switch to
      be described in greater detail below. The common terminals of the switches
      65 and 66 are coupled to present potentiometers 69a and b and 70a and b.
      Switches 67a and 67b have their other terminals coupled through isolation
      diodes 72 to the present potentiometers 69c and 70c. Each set of
      potentiometers 69a and 70a, 69b and 70b and 69c and 70c represents a
      separate preset or separate scene. The outputs of the potentiometers 69a,
      b and c are coupled through diodes 71a, b and c to a first dimmer and
      wipers of potentiometers 70a, b and c through respective diodes 73a, 73b
      and 73c to a second dimmer. Each of the potentiometers is coupled to
      ground through a diode 75 used to compensate for the diode drop through
      the diodes 71 and 73. The arrangement of the diodes 71a through c and 73a
      through c is the same as the diodes 43 and 45 of FIG. 1. In operation,
      normally two of the switches 65, 66 and 67 will be operated. That is
      switch 65 may be set to the master control X for example, by moving it
      upward and the switch 66 to the master control Y by moving it downward.
      Presuming that scene X is the first scene, the potentiometer 29 will start
      out on full and the potentiometer 30 at zero. When it is desired to move
      in to the next sence, i.e., the scene identified to the right hand side as
      preset 2, the two potentiometers 29 and 30 can be moved to carry out cross
      fading in the manner described above. At the end of this time, the
      potentiometer 29 will be at zero and the potentiometer 30 at full. The
      proper levels for preset 2 will now be present. At that point, the switch
      65 may be moved to the position shown and the switch 67a moved downward to
      couple the preset 3 potentiometers to the master control X. This then
      permits fading out the preset 2 scene and fading in the preset 3 scene by
      moving the potentiometers 29 and 30 in the opposite direction.
PAR  With the arrangement of switch 67 (switches 65 and 66 may also be in this
      form) both switches 67a and 67b can be closed to couple both the X and Y
      master controls to the presets. This gives the system further flexibility.
PAR  FIGS. 5 and 6 are helpful in understanding the manner in which the
      equations of FIG. 1a are solved by the circuits described above in
      connection with FIGS. 1, 3 and 4. FIG. 5 illustrates a condition for FIG.
      1 where the potentiometer 29, P.sub.X is set to 0.438 and the
      potentiometer 30, P.sub.Y to 0.5. C.sub.1Y is set to 0.5 and C.sub.1X to
      8.75. The result from the outputs of potentiometers 35 and 37 will be as
      indicated by the waveforms labelled "output preset X" and "output preset
      Y". That is to say, the X waveform will have pulses of a relative height
      of 8.75 in accordance with the setting of potentiometer 35 and will have a
      duty cycle of slightly less than 50%, i.e., 43.8%. The Y output will have
      a relative amplitude of 0.5 and a duty cycle of exactly 50%. When combined
      through the diodes 43 and 45, the output at point 47 will appear as
      indicated by the waveform labelled "combined output". The average value of
      this waveform, as indicated, is 6.33. If the equation of block 13 of FIG.
      1a is solved, this is the result obtained. Thus, when operating under the
      condition where P.sub.X + P.sub.Y is equal to or less than one, the system
      operates in the desired manner.
PAR  FIG. 6 illustrates a case where the potentiometer 29,P.sub.X, is set to
      100%. In that case, a fullduty cycle as indicated by the wave 81 results.
      In this example, C.sub.1X is set equal to 4 so that the the amplitude of
      the wave form 81 will have a relative value of 4. The Y preset is set for
      a 25% duty cycle through the setting of potentiometer 30, P.sub.Y, and its
      amplitude set at potentiometer 37 to a relative value of 8. Thus, it
      appears a the waveform 83 of FIG. 6. This is the condition of FIG. 1a of
      decision block 15 where C.sub.1Y is greater than C.sub.1X. Thus, the
      equation of block 17 should be solved. The combined output of the
      waveforms 81 and 83 is shown as waveform 85. This is the output which will
      appear at point 47. Note that with this waveform, the combined output
      stays at the X level of 4 for 75% of the time but rises to the Y level of
      8 for the remaining 25% of the time. The average DC value of the output
      will be equal to 0.75 .times.  4 +  .2.5 .times.  8 or it will be equal to
      5. Solving equation 17, one would obtain the following:
EQU  4 (1 - (1 +0.25 - 1)) + 8 (0.25) = 4 (0.75) + 8 (0.25)
PAL  Or in other words, one obtains exactly the correct solution to the
      equation. Prior to the Y preset being moved, i.e., with it at 0, and with
      the X preset on full, the final output would have been 4. If the case
      being considered is where the Y fader is going to be moved all the way in
      to obtain a pile condition then what is desired is a smooth fade from 4 to
      8. It can be seen that over the first quarter of the travel a change of 1
      has occured. As the Y fader is increased the output will increase in a
      linear manner so that when the Y fader reaches full the output will be
      equal to the value 8 set in the Y preset controller. What is occuring here
      to obtain this solution is that, when the sum of the duty cycle exceeds
      100%, i.e., when P.sub.X + P.sub.Y is greater than one, the pulses start
      to overlap. Since the combiner passes only the signal with the highest
      instantaneous amplitude, the pulse which has the lower amplitude will be
      masked during the overlap. This will have the effect of shortening the
      duration of the lower amplitude pulse by a term equal to the excess of the
      sum of the duty cycles over 100%, i.e., P.sub.X + P.sub.Y - 1. When the
      two pulses are of the same amplitude, the output will appear to be a
      steady DC voltage and it is not possible to determine which side masks the
      other. But the effect numerically on the output will be the same as if
      this term were subtracted from the preset pulse duration of either side.
      The portion that is subtracted out is shown in dotted lines cross-hatched
      on FIG. 5. In this way, the combiner solves the second and third equations
      17 and 19 of the equation of FIG. 1a by steering the excess term for the
      proper side of the equation.
PAR  The remaining waveforms on FIG. 6 illustrate the case where C.sub.1X is
      greater than C.sub.1Y. Once again, the X fader is set for a 100% or full
      duty cycle. Now, however, it has a relative amplitude of 8, i.e., its
      preset potentiometer 35 is set to 80%. C.sub.1Y however, is only set to 6
      by its potentiometer 37. The X output from its potentiometer 35 is shown
      as waveform 87 and the Y output from potentiometer 37 as waveform 89. The
      combined output is represented by waveform 91. In this case, since when
      carrying out a pile-on fade, the final value will be the X value which is
      already present, the Y value is completely masked and has no effect.
PAR  Clearly, regardless of the setting of the controls, the output will be
      limited to a value equal to the highest of either C.sub.1X or C.sub.1Y.
      The examples given above clearly illustrate what occurs during a pile-on
      or a cross-fade. A few additional examples will be given of cases which
      are not strictly pile-on or cross fade. In describing the behavior of the
      system, the terms fade in and fade out are used and are essentially the
      same with only the steps reversed. In the example to be given, the Y fader
      is at 0.5 and the X fader starts at zero. Consider first the example where
      C.sub.1Y is less than C.sub.1X. As the cross fader is increased, the
      output will increase by a slope defined by the points 0.5 C.sub.1Y and 0.5
      C.sub.1Y +  0.5 C.sub.1X. The last point is reached when the X fader
      reaches 0.5. At that point, the slope decreases so that for the rest of
      the X fader travel it is defined by the points 0.5 C.sub. 1Y +  0.5
      C.sub.1X and C.sub.1X. Where C.sub.1Y is greater than C.sub.1X, the output
      increases by a slope defined by the points 0.5 C.sub.1Y and 0.5 C.sub.1Y +
       0.5 C.sub.1X. At the point where the line reaches 0.5 C.sub.1Y +  0.5
      C.sub.1X the slope flattens to zero. In other words, the output no longer
      increases during the rest of the X fader travel. Even in these cases, a
      fairly smooth transition takes place without jumps and performance much
      superior to that presently available is provided.
PAR  FIG. 7 illustrates a detailed circuit diagram of an embodiment of the
      waveform generator 21 and pulse generator 27 of FIG. 1. This embodiment
      incorporates the switching amplifiers and buffers referred to in
      connection with FIG. 4. The ramp generator is built around a comparator
      101. The comparator is supplied with positive and negative supply voltages
      in conventional fashion. At its inverting input, it obtains an output from
      an emitter follower transistor 103 having its base coupled through a
      resistor 105 to the mid point of a voltage divider made up of resistors
      107 and 109 connected between the positive voltage supply and ground. The
      emitter is coupled to ground through a decoupling capacitor 111 and
      through a resistor 113. The effect of this arrangement is to present a
      constant voltage determined by the voltage divider to the inverting input
      of the comparator 101. This voltage present at the emitter of transistor
      103 is the peak reference voltage referred to in connection with FIG. 1
      and is provided to the fader control block 115 which will contain
      appropriate handles coupled to potentiometers such as potentiometers 29
      and 30 of FIG. 1 which provide the outputs P.sub.X and P.sub.Y. In the
      waveform generator, a constant current source is provided. This constant
      current source comprises transistor 117 which has its base biased by a
      voltage divider made up of a resistor 119 and two diodes 120 and 121 in
      series between the positive voltage and ground. The emitter of transistor
      117 is coupled to the positive voltage through a resistor 123. The
      collector of transistor 117 supplies a constant current to a capacitor 125
      which integrates that current to provide the saw-tooth voltage output on
      line 127. The saw-tooth voltage is also fed back through resistor 129 to
      the non-inverting input of the comparator 101. At the beginning of the
      ramp, the voltage on line 127 is below the reference voltage at the
      inverting input to the comparator 101 and the comparator output remains at
      the negative supply level. Diodes 131 and 133 coupled to the output of the
      comparator are thus back biased. Once the ramp reaches the reference
      level, however, the comparator switches, its output becoming positive.
      This positive voltage is supplied through the diode 133, a resistor 135
      and resistor 129 to the collector of transistor 137. Transistor 137 also
      has its base coupled through a resistor 139 and restor 140 and diode 131
      to the output of the comparator. The positive voltage thereon turns on the
      transistor 137 causing its collector to be essentially at ground level.
      This causes the capacitor 125 to discharge resetting the waveform
      generator ramp voltage. The ratio of the resistors 135 and 129 is made the
      same as the ratio of the resistors 109 and 107. As a result, the
      comparator 101 will not switch back to the negative state until the
      voltage on line 127 reaches ground level. At that point, the output of the
      comparator 101 which is close supply voltage level will then be present on
      one side of the voltage divider with ground on the other side resulting in
      essentially the same voltage at the non-inverting input as the inverting
      input because the diode drop of diode 133 and the VBE drop transistor 103
      are similar. Thus, the comparator will switch back to its other state.
PAR  The saw-tooth voltage on line 127 is provided to the comparators 31 and 33
      in a manner described above. The outputs from the comparators are provided
      through respective resistors 141 and 143 to the bases of switching
      transistors 145 and 147. The bases of each of these transistors is also
      coupled through a further resistor 149 to ground. They have their
      collectors coupled through a resistor 151 to an accurate reference
      voltage. The voltage applied to the collectors of these transistors is the
      voltage which must be accurate. The voltage output of the comparators
      themselves is immaterial since it is used only for switching purposes.
      Transistors 145 and 147 since they both have the same reference input
      voltage, will provide outputs at the same amplitude thus fulfilling the
      requirement noted above. These outputs are then coupled through additional
      driver and buffer amplifiers 155 to the preset potentiometers such as the
      potentiometers 35 and 37 of FIG. 1 or the potentiometers 69 and 70 of FIG.
      4 to avoid loading resistors 151. Where a large number of potentiometers
      are being driven, additional power amplifiers may be included between
      amplifiers 155 and the potentiometers.
PAR  The described circuit can be built to operate with the linearity of
      approximately 3% without special trimming. It is temperature stable and
      does not require close power supply regulation. It is in fact relatively
      free of the type of problems which make most analog systems, such as those
      prior art systems using precision, summing and multiplication units,
      subject to drift and error. In the present circuit, accuracy within a
      range of less than 1% can easily be achieved.
PAR  FIG. 8 illustrates an alternate to the arrangement of FIG. 1. The pulse
      generator of which only comparators 31 and 33 are shown is as in FIG. 1.
      However rather than modulating the pulses using potentiometers such as 35
      and 37 of FIG. 1, the pulse outputs are used to modulate preset voltages
      obtained from preset potentiometers 201 and 203. The end result is the
      same. The DC voltage outputs of potentiometers 201 and 203 are fed to
      switches 205 and 207. Shown schematically as switches these will
      preferably be electronic switches such as transistors or FETS having their
      control terminal coupled to the outputs of comparators 31 and 33. At low
      frequencies these switches may even be relays with their coils coupled to
      the comparator outputs. The switch outputs with a magnitude proportional
      to the preset and a duration proportional to fader setting are then
      combined through diodes 43 and 45 in the manner described above.
PAR  Thus, an improved split fader for use in theatre lighting and the like has
      been shown. Although specific embodiments have been illustrated and
      described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of developing voltage control signals to be provided to a
      control unit which is to be controlled in response to either of two
      control inputs with fading between inputs possible, comprising:
PA1  a. developing a first pulse train with pulses thereon having a duty cycle
      of between zero and one hundred percent which is directly proportional to
      a desired value of P.sub.X corresponding to a first fader control position
      which may also vary between 0 and 100 percent;
PA1  b. developing a second pulse train having a duty cycle varying between zero
      and one hundred percent, the duty cycle being directly proportional to the
      desired value of P.sub.Y corresponding to a second fader control position
      which also varies between zero and one hundred percent, the timing of said
      first and second pulse trains being such so that when the sum of the duty
      cycles of the pulses on said first and second pulse trains is less than
      one hundred percent, the pulses do not overlap in the time domain;
PA1  c. multiplying said first pulse train by a value C.sub.1X corresponding to
      a first input preset to develop a first modulated pulse train;
PA1  d. multiplying modulating said second pulse train by a quantity C.sub.1Y
      corresponding to a second input preset to develop a second modulated pulse
      train;
PA1  e. combining said first and second modulated pulse trains to provide an
      output which has a magnitude equal to the largest magnitude of either
      pulse train present at a given time, said output signal being the signal
      provided to drive said control unit.
NUM  2.
PAR  2. The method of claim 1 wherein said control unit is a dimmer such as
      dimmers used in stage lighting, said method permitting operation as a
      scene master control, a cross fader control and a pile-on control for two
      scenes and said first and second inputs are first and second scenes
      respectively.
NUM  3.
PAR  3. The method of claim 1 wherein said multiplying is carried out by
      generating first and second pulse trains having pulses thereon of equal
      amplitude and multiplying said pulse trains by the values C.sub.1X and
      C.sub.1Y, respectively.
NUM  4.
PAR  4. The method of claim 1 wherein said multiplying of said first and second
      pulse trains is done by amplitude modulating said pulse trains.
NUM  5.
PAR  5. Apparatus for developing voltage control signals to be provided to a
      control unit which is to be controlled in response to either of two
      control inputs with fading between inputs possible, comprising:
PA1  a. means for generating a periodic waveform voltage having an upper peak
      reference and lower peak reference value;
PA1  b. means for generating a first analog voltage proportional to a value
      P.sub.X corresponding to a first fader control position;
PA1  c. means for generating a second analog voltage inversely proportional to a
      value P.sub.Y corresponding to a second fader control position;
PA1  d. first means for comparing said periodic waveform with said first analog
      voltage and for providing an output at one level when said first analog
      voltage is greater than the voltage of said waveform and at another level
      when said waveform voltage is greater than said first analog voltage to
      thereby develop a first pulse train having a duty cycle variable between 0
      and 100 percent;
PA1  e. second means for comparing said periodic voltage with said second analog
      voltage and for providing an output at said one level when said waveform
      voltage is greater than said second analog voltage and at said other level
      when said waveform voltage is less than said second analog voltage to
      provide a second pulse train, the timing of said first and second pulse
      trains being such so that when the sum of the duty cycles of the pulses on
      said first and second pulse trains is less than 100 percent, the pulses do
      not overlap in the time domain;
PA1  f. first storage means for storing a value C.sub.1X proportional to a first
      preset, said first storage means having said first pulse train as an input
      and responsive to provide pulses having the same duty cycle as said input
      pulse train and having an amplitude proportional to said value C.sub.1X ;
PA1  g. second storage means for storing a value C.sub.1Y proportional to a
      second output preset, said second voltage storage means having said second
      pulse train as an input and responsive to provide output pulses having the
      same duty cycle and having an amplitude proportional to said value
      C.sub.1Y ; and
PA1  h. means for combining the outputs of said first and second storage means
      so as to provide an output equal to the greater instantaneous value of
      said two inputs, said output being the control voltage of said circuit.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said control unit is a dimmer
      such as dimmers used in stage lighting, said method permitting operation
      as a scene master control, a cross fader control and a pile-on control for
      two scenes and said first and second inputs are first and second scenes
      respectively.
NUM  7.
PAR  7. The apparatus according to claim 6 wherein said means for providing
      first and second analog voltages comprise first and second potentiometers
      referenced to said higher and lower peak references.
NUM  8.
PAR  8. The apparatus according to claim 7 wherein the setting of the first
      potentiometer providing an output value proportional to P.sub.X is such
      that for a 100 percent P.sub.X value, the wiper of said potentiometer is
      at the end coupled to said upper peak reference and for a 100 percent
      P.sub.Y value, the wiper of said second potentiometer is at the end of
      said potentiometer coupled to the lower peak reference.
NUM  9.
PAR  9. The apparatus according to claim 8 wherein said means for comparing
      comprise first and second comparators, one having its inverting input
      coupled to said waveform generator and the other its non-inverting input
      thereto, the second inputs of said comparators being coupled respectively
      to the wipers of said first and second potentiometers.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein said first and second
      storage means comprise first and second potentiometers coupled between the
      output of said comparing means and ground, said potentiometers having
      their wipers preset to correspond to said values C.sub.1X and C.sub.1Y,
      respectively whereby the voltage output of said comparators will be
      multiplied by the fractional setting of said potentiometers.
NUM  11.
PAR  11. The apparatus according to claim 10 wherein said means for combining
      comprises a diode network.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein said diode network
      comprises first and second diodes having their anodes coupled respectively
      to the wipers of said first and second potentiometers and their cathodes
      coupled together to provide the final circuit output.
NUM  13.
PAR  13. The apparatus according to claim 11 and further including a filter
      coupled between said diode network and the final circuit output.
NUM  14.
PAR  14. The apparatus according to claim 6 and further including pairs of
      voltage storage means C.sub.2X, C.sub.2Y . . . C.sub.NX, C.sub.NY, each of
      said additional storage means being separately preset and having their
      inputs coupled to the outputs of said first and second comparator means.
NUM  15.
PAR  15. The apparatus according to claim 14 wherein each of said voltage
      storage means comprises a potentiometer coupled between a comparator means
      output and ground.
NUM  16.
PAR  16. The apparatus according to claim 6 and further including a switching
      amplifier between each of said comparing means and each of said voltage
      storage means.
NUM  17.
PAR  17. The apparatus according to claim 16 wherein said switching amplifier
      comprises a transistor switch.
NUM  18.
PAR  18. The apparatus according to claim 17 wherein each of said transistors is
      supplied with a predetermined voltage level from a voltage supply.
NUM  19.
PAR  19. The apparatus according to claim 18 wherein said supply is adjustable.
NUM  20.
PAR  20. The apparatus according to claim 19 and further including a blackout
      switch in the line coupling said switching amplifiers and said voltage
      supply.
NUM  21.
PAR  21. The apparatus according to claim 20 and further including a
      potentiometer in the line coupling said supply and said transistors.
NUM  22.
PAR  22. The apparatus according to claim 6 wherein said voltage storage means
      are coupled to said comparing means outputs through switches, whereby
      different sets of said voltage storage means may be coupled to different
      ones of said comparing means outputs.
NUM  23.
PAR  23. The apparatus according to claim 22 and further including a diode
      coupling said potentiometers to ground to thereby compensate for the
      voltage drop through the diodes in said combining means.
NUM  24.
PAR  24. The apparatus according to claim 6 wherein said voltage storage means
      are coupled to said comparing means through individual switches and
      further including isolation diodes between each comparator and storage
      means whereby a single storage means can simultaneously be coupled to both
      of said comparing means.
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ABST
PAL  Horizontal rate energy obtained from a winding of the horizontal output
      transformer of a deflection system is rectified for providing operating
      current for the vertical deflection output stage. A variable impedance is
      in shunt with a coil which is in series with a rectifier coupled to the
      transformer winding. The impedance is controlled by a parabolic vertical
      rate waveform to alter the charging rate of a storage capacitor coupled to
      the rectifier for supplying the vertical operating current. The
      parabolically varying rectifier current alters the loading of the
      horizontal transformer and thereby alters the horizontal scanning current
      at a vertical rate in a manner to correct for side pincushion distortion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a side pincushion correction circuit for use in
      display systems such as television systems.
PAR  It is well recognized that the geometrical relationship of the scanning
      beam or beams of a cathode ray tube to the inside surface of the viewing
      screen over which they are scanned causes a raster distortion known as
      pincushion distortion. This distortion is characterized by a widening of
      the display in a horizontal direction at the top and bottom of the raster
      relative to the center of the raster. It is also well recognized that in
      many situations this distortion can be corrected by modulating the
      horizontal scanning current at the vertical deflection scanning rate.
      Frequently the modulation is in parabolic form, causing a maximum decrease
      in horizontal scanning current at the top and bottom of the raster,
      corresponding to the beginning and end portions of the vertical trace
      interval, relative to the horizontal scanning current at the center of the
      raster.
PAR  The vertical rate modulation may be impressed upon the horizontal scanning
      current in a number of ways. A reactor may be placed in circuit with the
      horizontal deflection coils and controlled to vary the impedance to
      horizontal scanning current at the vertical rate. A transformer in circuit
      with the horizontal deflection coils may also be utilized to achieve the
      required modulation. A more recent approach is to rectify horizontal rate
      energy, such as that obtained from a winding of the horizontal output
      transformer, and utilize the rectified current for supplying the vertical
      deflection output stage. The vertical stage itself then loads the
      horizontal winding such that the horizontal scanning current is modulated
      at the vertical deflection rate. While this arrangement is satisfactory,
      it would be desirable to provide a raster correction circuit which offers
      a greater degree of control over the modulation.
PAR  In accordance with the invention, a raster correction circuit includes a
      line frequency generator and a line frequency output transformer and
      deflection winding coupled to the line frequency generator. Power supply
      means including rectifying means are coupled to a winding of the
      transformer for rectifying line rate energy obtained from the winding. A
      field rate generator is coupled to the power supply means for obtaining
      operating current therefrom. Active current conductive means are coupled
      in circuit with the rectifying means and are responsive to signals derived
      from the field frequency generator for providing a variable impedance path
      for varying the current in the rectifying means at a field deflection rate
      for loading the transformer and varying line rate current in the
      deflection winding in a manner to correct for raster distortion.
DRWD
PAR  A more detailed description of the invention is given in the following
      specification and the sole FIGURE in the accompanying drawing showing a
      raster correction circuit in accordance with one embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the FIGURE, which shows a horizontal deflection system including a
      raster correction circuit in accordance with the invention, a winding 10a
      of an input reactance 10 is coupled between a source of voltage B+ and one
      terminal of a bidirectionally conducting switch 11. Winding 10a is also
      coupled to a commutating coil 13 and a capacitor 15 to one terminal of a
      second bidirectionally conducting switch 16. An auxiliary capacitor 14 is
      coupled between commutating coil 13 and capacitor 15 and ground. Switch 16
      is also coupled through horizontal deflection windings 18 and S-shaping
      capacitor 19 to ground and through a primary winding 20a of a horizontal
      output transformer 20 and a blocking capacitor 21 to ground. A horizontal
      oscillator 12 is coupled to the gate electrode of one of the elements of
      switch 11. A winding 10b of input reactor 10 is coupled through a
      waveshaping network 17 to provide gating signals for one element of switch
      16. The circuit described thus far is a horizontal deflection circuit of
      the retrace driven SCR type described in U.S. Pat. No. 3,452,244. Since a
      description of the operation of this circuit is unnecessary for an
      understanding of the invention, it will suffice to say that the horizontal
      deflection circuit induces a scanning current through the horizontal
      deflection coils 18 and induces horizontal rate energy into the primary
      winding 20a of the horizontal output transformer 20. The horizontal energy
      comprises a relatively short retrace portion and a trace interval portion.
PAR  A winding 20b of horizontal output transformer 20 supplies horizontal
      retrace pulses to a conventional high voltage rectifier and multiplier 22
      for producing a positive high voltage in the order of 25,000 volts for
      energizing the ultor terminal of a television picture tube.
PAR  The remainder of the circuit in the FIGURE includes the circuit in
      accordance with the invention for providing pincushion distortion
      correction to the horizontal scanning current.
PAR  A winding 20c of transformer 20 is coupled through the parallel combination
      of a series connected capacitor 23 and resistor 24, a diode 25 poled as
      indicated, and a capacitor 26 and through a variable inductance 27 to
      ground. The same terminal of winding 20c is also coupled through a diode
      28 poled as indicated and the collector-emitter path of a transistor 29
      through a current limiting resistor 30 to ground. A biasing network
      comprising a resistor 31 and a potentiometer 32 is coupled between the
      collector and base electrodes of transistor 29.
PAR  The other terminal of winding 20c is coupled through the series connected
      collector-emitter paths of transistors 43 and 44. Transistors 43 and 44
      comprise the output stage of a vertical deflection amplifier. The
      complementary symmetry output stage is driven by a conventional vertical
      deflection generator and driver 45. The vertical rate deflection current
      is coupled through a DC blocking capacitor 46 through vertical deflection
      coils 47 and 48 and through a current sampling feedback resistor 49 to
      ground.
PAR  The top terminal of winding 20c is also coupled to one terminal of a
      storage capacitor 42, the other terminal of which is coupled through the
      parallel combination of a diode 39, a capacitor 40 and a resistor 41 to
      ground. This terminal of capacitor 42 is also coupled through a resistor
      38 and the parallel combination of a capacitor 37 and a variable resistor
      36 to ground. The tap of variable resistor 36 is connected through a
      resistor 33 to the base electrode of transistor 29. A phase shifting
      network comprising series connected capacitor 34 and potentiometer 35 is
      coupled between the base electrode of transistor 29 and the junction of
      feedback resistor 49 and vertical deflection winding 48.
PAR  In operation, diode 25, inductance 27, capacitor 42, and diode 39 act as a
      rectifying and storage means for the horizontal rate energy in winding
      20c. The horizontal rate energy is illustrated by the waveform 54. Diode
      25 is poled to rectify the trace portion of waveform 54. The rectified
      current charges and is stored in capacitor 42. Diode 39 prevents the
      accumulation of positive charge at the bottom terminal of capacitor 42.
      Capacitor 26 acts as an RF bypass capacitor for rectifier 25. Capacitor 23
      and resistor 24 serve as damping elements to prevent oscillation in the
      circuit. Diode 28 serves to block any positive voltage from the collector
      of PNP transistor 29. Capacitor 34 and resistor 35 form a phase shifting
      network which serves to differentiate waveform 51 which is developed
      across sampling resistor 49 for purposes to be described subsequently. It
      is noted that a waveform 53 at the vertical deflection rate is developed
      at the junction of capacitor 42 and diode 39. This waveform is indicative
      of when vertical output transistor 43 conducts during the latter half of
      each vertical trace interval. The network comprising capacitor 37,
      resistor 38, capacitor 40 and resistor 41 comprises an integrating circuit
      for forming a parabola 50 from the waveform 53. This parabola is coupled
      through resistor 33 to the base of transistor 29. The adjustment of
      variable resistor 36 determines the amplitude of the parabola 50 applied
      to the base of transistor 29.
PAR  Transistor 29 and its associated control circuitry acts as a variable
      impedance in shunt with rectifier 25 and inductance 27 to shunt some of
      the rectifier current such that the rectifier 25 current is made to vary
      in a parabolic fashion at the vertical deflection rate. The parabola 50,
      coupled to the base of transistor 29, enables it to conduct most heavily
      at the beginning and ends of the vertical trace interval indicated by the
      more negative portions of waveform 50. During the portions of the vertical
      interval when transistor 29 conducts the most, a lower impedance is
      presented to the horizontal rate current as inductance 27 which presents a
      relatively high impedance to the horizontal rate energy is bypassed. This
      causes a faster charging current to flow into and charge capacitor 42.
      This faster charging current exists at the top and bottom of the raster
      and results in a horizontal scanning current envelope, as illustrated by
      the waveform 52. The modulation envelope of waveform 52 is at the vertical
      deflection rate and it can be seen that the amplitude of the horizontal
      scanning current is less in those portions representing the top and bottom
      of the scanned raster relative to the middle. Thus, side pincushion
      distortion is corrected by parabolically varying the horizontal scanning
      current at the vertical deflection rate. Inductance 27 also adjusts the
      vertical supply voltage.
PAR  The purpose of the phase shift network comprising resistor 35 and capacitor
      34 is to differentiate the negative going portion of vertical rate
      sawtooth waveform 51 to add it to the parabola 50 to achieve a variable
      control on the amount of correction for the top portion of the raster.
      Variation of potentiometer 35 accomplishes this top and variable
      correction function.
PAR  It is noted that in the absense of transistor 29 and its associated
      circuitry, a relatively small amount of parabolic vertical rate correction
      to the horizontal energy would be accomplished by the charging and
      discharging of storage capacitor 42. However, the addition of shunt
      transistor 29 and its associated circuitry which effectively shunts the
      relatively high impedance 27 provides a much greater degree of vertical
      rate modulation of the horizontal energy. Furthermore, with the addition
      of the shunt path including transistor 29, it is the actual amount of
      rectifier current which is controlled in a parabolic manner. The loading
      of the winding 20c at the vertical deflection rate is reflected to winding
      20a and causes more of the commutating current to be diverted to
      transformer 20 instead of through deflection windings 18 to S-shaping and
      storage capacitor 19 during the commutating portion of each horizontal
      deflection cycle.
PAR  While a particular arrangement has been described above, it should be
      understood that numerous variations of the described embodiment are
      readily achieved. For example, retrace rectification instead of trace
      rectification could be achieved by reversing winding 20c. Furthermore, any
      other suitable deflection circuit other than the SCR type described could
      also be used. Furthermore, the vertical deflection circuit need not be of
      the complementary symmetry type, but could be any other suitable type as
      well.
PAR  It should be noted that as an alternative embodiment, the cathode of diode
      28 may be connected to the anode of diode 25 instead of the cathode of
      diode 25, and similarly shunt inductance 27 and thereby control the
      current through rectifier diode 25.
PAR  The following is a table of values of the circuit elements in the raster
      correction portion of the FIGURE:
TBL  C23     --    .0022 .mu.f.                                                
                              R24     --  220  ohms                            
     C26     --    560 pf.    R30     --  1    ohm                             
     C34     --    1.5 .mu.f. R31     --  1.5  Kohm                            
     C37     --    350 .mu.f. R32     --  1    Kohm                            
     C40     --    100 .mu.f. R33     --  120  ohms                            
     C42     --    1000 .mu.f.                                                 
                              R35     --  1    Kohm                            
                              R36     --  100  ohms                            
                              R38     --  27   ohms                            
                              R41     --  2.4  ohms                            
     L27     --    250-300 .mu.h.                                              
     Q29     --    2N6111                                                      
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A raster correction circuit comprising:
PA1  a line frequency generator;
PA1  a line frequency deflection winding coupled to said line frequency
      generator;
PA1  a line frequency output transformer coupled to said line frequency
      generator;
PA1  power supply means including rectifying means coupled to a winding of said
      line frequency output transformer for producing a direct current voltage
      from line rate energy in said winding;
PA1  a field frequency generator coupled to said rectifying means for obtaining
      operating current therefrom; and
PA1  active current conducting means coupled in circuit with said rectifying
      means and responsive to signals derived from said field frequency
      generator for providing a variable impedance path for current in said
      rectifying means at a field deflection rate for loading said transformer
      and varying line rate current in said deflection winding in a manner to
      correct for raster distortion.
NUM  2.
PAR  2. A raster correction circuit comprising:
PA1  a line frequency generator;
PA1  a line frequency deflection winding coupled to said line frequency
      generator;
PA1  a line frequency output transformer coupled to said line frequency
      generator;
PA1  power supply means including rectifying means and impedance means coupled
      in circuit with said winding for rectifying line rate energy in said
      winding;
PA1  a field frequency generator coupled to said power supply means for
      obtaining operating current therefrom; and
PA1  control means including active current conducting means coupled in circuit
      with said impedance means and responsive to signals derived from said
      field frequency generator for providing a variable impedance path for
      current in said impedance means for altering current in said rectifying
      means at said field frequency rate for loading said winding and thereby
      altering said line rate current in said deflection winding in a manner to
      correct raster distortion.
NUM  3.
PAR  3. A raster correction circuit according to claim 2 wherein said rectifying
      means and said impedance means are coupled in series with each other.
NUM  4.
PAR  4. A raster correction circuit according to claim 3 wherein said active
      current conducting means is coupled in parallel with said series coupled
      rectifying and impedance means for providing a shunt path for current in
      said rectifying means.
NUM  5.
PAR  5. A raster correction circuit according to claim 2 wherein said control
      means includes a waveshaping network for forming substantially
      parabolically shaped waveforms at said field frequency rate for causing
      said current in said rectifying means to vary in a parabolic manner.
NUM  6.
PAR  6. A raster correction circuit according to claim 5 wherein said control
      means includes energy storage means coupled between said rectifying means
      and said waveshaping means for storing energy for supplying said field
      rate generator.
NUM  7.
PAR  7. A raster correction circuit comprising:
PA1  a line frequency generator;
PA1  a line frequency deflection winding coupled to said line frequency
      generator;
PA1  a line frequency transformer coupled to said line frequency generator;
PA1  series connected rectifier means and inductance means coupled to a winding
      of said transformer;
PA1  series connected storage means and waveshaping means coupled to said
      rectifier means for storing rectified line frequency energy obtained
      therefrom;
PA1  a field deflection generator coupled to said storage means for obtaining
      operating current therefrom; and
PA1  an active current conducting device coupled in shunt with said rectifier
      means and said inductance means and having a control electrode coupled to
      said waveshaping means and responsive to field rate signals developed
      therein for providing a varying impedance at said field rate for
      controlling the line rate current flow through said rectifier means for
      loading said transformer and thereby altering the line rate scanning
      current through said line frequency deflection winding at said field rate
      in a manner to correct for side pincushion distortion.
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ABST
PAL  A video amplifier for driving an electron beam intensity controlling
      electrode of a cathode ray tube comprises at least one solid state high
      speed binary switch which is connected via a coupling capacitor to the
      controlling electrode while a D.C. restoration means eliminates the chance
      of any droop in D.C. level of the signal fed to the controlling electrode.
BSUM
PAR  This invention pertains to video amplifiers for driving the video or
      electron beam intensity control electrodes, such as the cathode and
      control guides of a CRT (cathode ray tube).
PAR  Video amplifiers commonly employed in presently available CRT monitors are
      of the Class A type and are most always D.C. coupled to the cathode of the
      CRT. In the field of high resolution monitors, where video signal
      frequencies up to 20 mhz are encountered, these amplifiers are composed of
      relatively expensive transitors, or employ vacuum tubes due to the
      relatively high operative voltages of the CRT, the use of D.C. coupling,
      and the need for video signal amplitudes in excess of 15 volts in order to
      produce an acceptably bright image on the CRT screen.
PAR  In most CRT terminal applications where characters are displayed, the video
      information is digital or binary in nature, rather than analog, owing to
      the fact that digitally-formed characters are displayed on the CRT screen.
      The need for a Class A amplifier is basically not required in digital
      applications since an infinite range of intensity levels (gray-scale
      variation) is not required when displaying characters, as opposed to
      television-type scenes.
PAR  In many applications, it is often required by the digital user that a CRT
      monitor display a field of characters at two different intensity levels.
      This is commonly referred to as the "intensify" mode of operation where
      certain characters, words, fields or lines or information are intensified
      relative to the basic intensity level of the main display. In addition,
      some users require the "blanking" intervals to be operated in the
      so-called "black" region so that background illumination may be obtained
      (with raster-scan monitors) without displaying the vertical and horizontal
      "retrace" lines.
PAR  Since most monitors utilize a single Class A amplifier of the type
      described, it is left to the digital user to combine the digital video and
      blanking signals into, what is commonly referred to as a "composite" video
      signal. A small-amplitude composite signal is fabricated from the digital
      signals in the user's system logic and transferred to the monitors' Class
      A amplifier over a conventional cable which is suitable for the
      frequencies encountered. This composite signal is amplified, the same as
      an analog signal defining a television-type scene would be, and directly
      coupled to the cathode of the CRT. Background (brightness) illumination is
      provided by varying the relative potential between cathode and control
      grid (G1).
PAR  The use of a Class A amplifier in a monitor which displays digitally formed
      characters has many disadvantages. In particular, the digital user must
      form a composite signal using some sort of analog technique. A digital
      user prefers to provide only digital signals in order to reduce cost and
      complexity in hardware that is digitally-oriented. This is especially true
      when high video frequencies are involved since high frequency digital
      devices are generally more economical and packaged more conveniently than
      high frequency analog devices. In addition, the monitor's Class A
      amplifier gets to be relatively more expensive at the higher video
      frequencies and, for this reason, is available only in the more expensive
      monitors.
PAR  It is accordingly an object of the invention to provide an improved video
      amplifier for use in CRT displays.
PAR  It is another object of the invention to provide an improved amplifier for
      driving the intensity controlling electrodes of a CRT which displays
      digitally formed characters.
PAR  Briefly, the invention contemplates a solid state binary switch which is
      capacitor coupled to an intensity controlling electrode of a CRT.
PAR  According to a feature of the invention D.C. restoration is provided at the
      electrode to ensure negligible variation in the display intensity.
PAR  Another feature of the invention contemplates providing very simple means
      for combining several video channels to drive one electrode of the CRT
      while providing each channel with its own intensity control.
PAR  A further feature of the invention insures longer CRT life by providing
      simple means to prevent any electron beam-burning of spots in the screen
      of the tube when power is removed from the system.
DRWD
PAR  Other objects, the features and advantages of the invention will be
      apparent from the following detailed description when read with the
      accompanying drawing whose sole FIGURE shows a presently preferred
      embodiment of the invention.
DETD
PAR  In the sole FIGURE a cathode ray tube CRT receives deflection signals from
      deflections circuits DC, accelerating or operating potentials from
      accelerating voltage source AV and video or electron beam intensity
      controlling signals from video amplifier VA.
PAR  In the usual manner the deflection circuits DC generate deflection currents
      which pass through the deflection yoke of the tube to position the
      electron beam where desired. In addition, source AV provides voltages to
      heat the cathode of the tube CRT and the voltages to impel the electrons
      toward the screen. Since these circuits form no part of the invention they
      will not be discussed.
PAR  In the tube CRT, with all other things being equal, the intensity of the
      electron beam is controlled by the amplitude of the potential different
      between the cathode K and the control grid G1. The video amplifier
      circuits VA perform this function.
PAR  In particular, the cathode K receives binary signals from binary source BS
      1 and binary source BS 2 via binary switches B 1 and B 2 respectively.
      Each of the switches can be an open-collector type 7407 amplifier. In
      effect, a binary or pulse signal at the input of the amplifier switches
      the amplifier from the cut-off to full on state. The open collector of
      switch B 1 is connected via potentiometer P 1 to point X 1 while the open
      collector of switch B 2 is connected via the potentiometer P 2 to point X
      1. Point X 1 is connected via resistor R 1 to source of operating voltage
      V. Thus, resistor R 1 and potentiometers P 1 and P 2 not only provide the
      output circuits for the collectors of the switches B 1 and B 2 but also
      operate as an adding or combining circuit to form a composite signal from
      two sources. Note also that potentiometers P 1 and P 2 permit selectively
      controlling the amplitude of each component of the composite signal to
      provide the selective intensity control desired in the intensity mode of
      operation.
PAR  Point X 1 is connected via coupling capacitor C 1 to cathode K. The
      coupling capacitor C 1 provides D.C. isolation between the circuitry
      associated with cathode K which requires higher D.C. voltage levels and
      the circuitry of binary switches B 1 and B 2 which cannot tolerate such
      higher voltage levels. In order to prevent shifting of the D.C. level
      which normally occurs when using capacitor coupling a Zener diode Z 1 is
      connected between points X 2 and ground. In order to provide the proper
      operating cathode voltage the point X 2 is connected to a voltage source
      2V via resistors R 3 and R 4 and diode D 1. Note, to accomplish this only
      resistor R 4 is required. As will hereinafter become apparent, diode D 1
      and resistor R 3 perform another function. Note, that not only does Zener
      diode Z 1 provide D.C. restoration, but it also prevents any high-voltage
      surges occuring at the cathode K, when the cathode ray tube CRT is turned
      on or off, from being fed back via the coupling capacitor C 1 to the
      binary switches B 1 and B 2.
PAR  Blanking signals from blanking sources BL are fed to binary switch B 3
      (similar to binary switches B 1 and B 2). The open collector output of
      switch B3 is connected to point X 3, which is connected via load resistor
      R 2 to operating voltage source V. Point X 3 is connected via coupling
      capacitor C 2 to point X 4 and control grid G 1. Coupling capacitor C 2
      provides the D.C. isolation between the output of binary switch B 3 and
      the cathode K of the cathode ray tube CRT. D.C. restoration is provided by
      diode D 2 and resistor R 5 connected in parallel between point X 4 and the
      wiper of potentiometer P 3 whose resistor is connected between operating
      voltage source 2V and ground. Note that since a quiescent D.C. voltage
      level of cathode K is fixed by the breakdown voltage of Zener diode Z1,
      the brightness control of the CRT is provided by varying the quiescent
      D.C. voltage level of the grid G 1. This is accomplished by potentiometer
      P 3. Zener diode Z 2 connected as shown provides protection against
      high-voltage surges appearing on the grid G 1.
PAR  As an example, in operation, voltage source 2V is +48 volts, voltage source
      V is at +24 volts and the breakdown voltage of the Zener diodes is
      slightly less that +48 volts. Thus, the video signals at point X 1 can
      have a maximum amplitude of 24 volts while the D.C. voltage level of
      cathode K sits quiescently at about +48 volts. Consequently, at point X 2
      and cathode K the video signals swing from a reference level of about +48
      volts down to no lower than +24 volts. The blanking signals also swing 24
      volts at point X 3. Potentiometer P 3 is arranged with an auxiliar
      resistor R 6 so that the quiescent voltage at G 1 can be varied between
      ground and +32 volts. Therefore, the resulting relative D.C. bias
      potential of the control grid G 1 relative to the cathode K is from -48
      volts to -16 volts. The -16 volts relative bias represents a bright
      background while the -48 volt relative bias effectively cuts off the CRT
      resulting in no visible raster. Note that the blanking signal will drive
      the control grid G 1 more negative than the established relative bias by
      24 volts. Therefore, the CRT is cut off and shows no visible raster during
      the blanking signal independent of the background or brightness level
      established by potentiometer P 3.
PAR  Finally, in order to prevent a burning of a hole in the phosphor of the
      cathode ray tube CRT when power is turned off because of the time required
      for the cathode K to cool and the circuits providing the accelerating
      voltages to discharge, capacitor C 3 is provided. The capacitor C 3 is
      charged to a cut off voltage via initial charging surge limiting resistor
      R 3 and diode D 1 connected to source 2V. The capacitance of capacitor C 3
      is chosen so that the time required for its discharge is longer than the
      time required for the capacitors in the accelerating voltage circuits to
      discharge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A video amplifier for driving an electron beam intensity controlling
      electrode of a cathode ray tube which operates at a first set of voltage
      levels comprising a first solid state high speed binary switch means
      operating at a second set of voltage levels smaller than said first set
      for switching between first and second conductive states, said binary
      switch means having an input terminal for receiving a binary signal and an
      output terminal for transmitting a binary signal, a first coupling
      capacitor having a first terminal connected to said output terminal and a
      second terminal connected to the electrode of the cathode ray tube and a
      D.C. restoration means connected to the second terminal of said first
      coupling capacitor.
NUM  2.
PAR  2. The video amplifier of claim 1 wherein said D.C. restoration means
      comprises a first source of a reference potential and a Zener diode
      connected between said first source and the second terminal of said first
      coupling capacitor, a second source of an operating potential, and means
      for connecting said second source to said Zener diode so that said Zener
      diode is in the reverse current breakdown state.
NUM  3.
PAR  3. The video amplifier of claim 1 further comprising a second solid state
      high speed binary switch means operating at the second set of voltage
      levels for switching between first and second conductive states, said
      second binary switch means having an input terminal for receiving another
      binary signal and an output terminal for transmitting the other binary
      signal amplified, a first selectively operable signal attenuator means
      connecting the output terminal of said first binary switch means to said
      first terminal of said coupling capacitor and a second selectively
      operable signal attenuator means connecting the output terminal of said
      second binary switch means to said first terminal of said first coupling
      capacitor.
NUM  4.
PAR  4. The video amplifier of claim 3 further comprising D.C. restoration means
      connected to the second terminal of said first coupling capacitor.
NUM  5.
PAR  5. A video amplifier for driving an electron beam controlling electrode of
      a cathode ray tube which operates at a first set of voltage levels
      comprising a first solid state high speed binary switch means operating at
      a second set of voltage levels smaller than said first set for switching
      between first and second conductive states, said binary switch means
      having an input terminal for receiving a binary signal and an output
      terminal for transmitting a binary signal, a second solid state high speed
      binary switch means operating at the second set of voltage levels for
      switching between first and second conductive states, said second binary
      switch means having an input terminal for receiving another binary signal
      and an output terminal for transmitting the other binary signal amplified,
      a first coupling capacitor having a first terminal and a second terminal
      connected to the electrode of the cathode ray tube, a first selectively
      operable signal attenuator means connecting the output terminal of said
      first binary switch means to said first terminal of said coupling
      capacitor and a second selectively operable signal attenuator means
      connecting the output terminal of said second binary switch means to said
      first terminal of said first coupling capacitor.
NUM  6.
PAR  6. A video amplifier for driving a cathode ray tube having cathode and
      control grid electrodes operating at a first set of voltage levels, said
      amplifier comprising a first solid state high speed binary switch means
      operating at a second set of voltage levels smaller than said first set
      for switching between first and second conductive states, said binary
      switch means having an input terminal for receiving a binary signal and an
      output terminal for transmitting a binary signal, a first coupling
      capacitor having a first terminal connected to said output terminal and a
      second terminal connected to one of said electrodes, a second solid state
      high speed binary switch means operating at the second set of voltage
      levels, said second binary switch means having an input terminal for
      receiving another binary signal and an output terminal for transmitting
      the other binary signal amplified, and a second coupling capacitor having
      a first terminal connected to the output terminal of said second binary
      switch means and a second terminal connected to the other of said
      electrodes.
NUM  7.
PAR  7. The video amplifier of claim 6 further comprising a storage capacitor
      means connected to one of said electrodes, a source of biasing potential,
      an unidirectional current conducting means connecting said source of
      biasing potential to said storage capacitor means so that a bias potential
      is developed across said storage capacitor means of such a magnitude to be
      able to temporarily cut off the electron beam in the cathode ray tube in
      the absence of any other potentials or signals applied to said electrodes.
NUM  8.
PAR  8. The video amplifier of claim 6 further comprising a first D.C.
      restoration means connected to the second terminal of said first coupling
      capacitor and a second D.C. restoration means connected to the second
      terminal of said second coupling capacitor.
NUM  9.
PAR  9. The video amplifier of claim 6 further comprising a third solid state
      high speed binary switch means operating at the second set of voltage
      levels for switching between first and second conductive states, said
      third binary switch means having an input terminal for receiving a third
      binary signal and an output terminal for transmitting the third binary
      signal amplified, a first selectively operable signal attenuator means
      connecting the output terminal of said first binary switch means to said
      first terminal of said coupling capacitor and a second selectively
      operable signal attenuator means connecting the output terminal of said
      third binary switch means to said first terminal of said first coupling
      capacitor.
NUM  10.
PAR  10. The video amplifier of claim 9 further comprising a first D.C.
      restoration means connected to the second terminal of said first coupling
      capacitor and a second D.C. restoration means connected to the second
      terminal of said second coupling capacitor.
NUM  11.
PAR  11. The video amplifier of claim 10 wherein one of said D.C. restoration
      means comprises a first source of a reference potential and a Zener diode
      connected between said first source and the second terminal of said first
      source and the second terminal of said first coupling capacitor, a second
      source of an operating potential, and means for connecting said second
      source to said Zener diode so that said Zener diode is in the reverse
      current breakdown state and the other of said D.C. restoration means
      comprises a source of a controllably variable bias voltage, the
      combination of a unilateral conducting device and a resistor connected in
      parallel and means for connecting said combination between said source of
      a controllably variable bias voltage and the second terminal of said
      second coupling capacitor.
NUM  12.
PAR  12. The video amplifier of claim 11 further comprising a storage capacitor
      means connected to one of said electrodes, a source of biasing potential,
      a unidirectional current conducting means connecting said source of
      biasing potential to said storage capacitor means so that a bias potential
      is developed across said storage capacitor means of such a magnitude to be
      able to temporarily cut off the electron beam in the cathode ray tube in
      the absence of any other potentials or signals applied to said electrodes.
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ABST
PAL  A system is described which provides for high density packaging of
      electronic equipment, particularly data processing systems. Subnanosecond
      integrated circuits of the LSI or MSI type in pluggable packages are
      adapted to be installed in receptacles or connectors. A cooling frame is
      provided which supports the package connectors as well as the
      package-to-package interconnection medium. In accordance with the system,
      groups of integrated circuit packages logically partitioned into
      functional elements and having, for example, gate complexities of the
      order of four thousand to ten thousand gates, comprise an island. The
      system may be expanded further by interconnecting several islands.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  To the extent that the present invention involves integrated circuits,
      which may be packaged in the manner described and claimed in application
      Ser. No. 465,678 for "Leadless Ceramic Package for Integrated Circuit
      Having Heat Sink Means" by Robert S. Morse, such application is referenced
      herein. This copending application is assigned to the same assignee as the
      present application.
PAC  BACKGROUND OF THE INVENTION
PAR  Present high speed computer systems and particularly those of the next
      generation, require both subnanosecond high density integrated circuits
      and the packaging technology to fully exploit their capabilities.
PAR  Such packaging technology includes the acceptance of a family of integrated
      circuit packages, functionally arranged in comparatively large basic
      elements of partitioning. This insures that only minimum and regular
      interconnections are required at this level. Efficient cooling means are
      required to provide higher power densities in order to maximize the MSI
      and LSI. Interconnection schemes for the packages must be provided to
      secure impedance control, with elimination or reduction of cross talk
      problems created by fast rise times. Also, such control is necessary to
      account for signal propagation delays resulting from delays in the
      semiconductors themselves.
PAR  Underlying all of the foregoing is the need for a heretofore unavailable
      standard packaging technique for computer systems which is oriented toward
      high quantity production and assembly processes to achieve minimum costs.
      It is to these goals that the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided at least one island
      comprised of a plurality of pluggable integrated circuit packages,
      connectors or receptacles for receiving the packages, the inter-package
      connection plate or medium and a cooling frame.
PAR  The integrated circuit packages are of the so called leadless variety which
      provide conductor metallization on an insulated carrier and have no
      protruding leads. Electrical connection is made by a receptacle or
      connector which presses a set of upper contacts against the metallization.
      Electrical continuity is maintained from these contacts through the body
      of the connector to a lower set of homologous contacts, which press
      against the pads of the island interconnection medium. The pads may be
      electrically interconnected by a variety of well known means, for example,
      they may be connected to pins which emanate from the opposite side of the
      medium, and which are wired together in the required configuration with
      conventional wire-wrap methods. The interconnection board or medium is
      versatile. For example, no holes are required to receive the connectors
      and therefore, no restrictions on the choice of the interconnection means
      is imposed thereby. The island cooling frame supports the package
      interconnection medium and the connectors. The frame incorporates
      continuous tubing arranged in a serpentine path, through which a liquid
      coolant is pumped to carry away the heat generated by the integrated
      circuit packages.  This heat transfer is accomplished efficiently by
      permitting the carrier or metal heat sink plate which forms the top
      surface of the package opposite to that which carries the lead pattern
      metallization to make thermal contact with the cooling frame. The
      circulating coolant is maintained at a substantially uniform temperature.
      As compared with forced air convection systems, a considerable reduction
      in the system thermal resistance is achieved, and hot spots and package
      thermal interaction are minimized. Also, since all four sides of the logic
      island are available for interconnection, there is no concern over
      blocking air flow with cables.
PAR  Finally, a plurality of islands may be interconnected as desired. Since the
      high speed circuits are situated on an island, only those connections
      which are less critical as to speed need be effected from island to
      island. The interconnection of islands to each other or to other
      electrical modules either within the system or external thereto, is easily
      accomplished in the present system through the use of ribbon-type
      interconnect cables, having termination boards on each end. These boards
      are adapted to plug into the same connectors as the integrated circuit
      packages. Thus, any connector position on an island may be suitably wired
      to permit input and/or output information to be carried to or from the
      position via the interconnect cables.
PAR  Other features of the invention will become more fully apparent in the
      detailed description of the packaging system which follows.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view of an island illustrating the packaging system.
PAR  FIG. 2 is a section view taken along lines 2--2 of FIG. 1 and depicting a
      means for mounting and supporting the island.
PAR  FIG. 3 is an enlarged plan view of part of the island with portions
      cut-away to better illustrate the relationship of the integrated circuit
      package, the connector, and the interconnection medium.
PAR  FIG. 4 is a section view taken along lines 4--4 of FIG. 1 and illustrating
      the system components for a single integrated circuit package.
PAR  FIG. 5 is a section view taken along lines 5--5 of FIG. 4 and depicting the
      relationship of components associated with a single integrated circuit
      package.
PAR  FIG. 6 is a plan view of an integrated circuit package of the
      "split-package" variety, which comprises a pair of integrated circuits
      adapted to plug into a single connector.
PAR  FIG. 7 is an exploded pictorial view of a unitary portion of the packaging
      system.
PAR  FIG. 8 is a section view taken along lines 8--8 of FIG. 1 to illustrate the
      placement of the interconnect cables and termination board in a standard
      connector.
PAR  FIG. 9 is a pictorial view of the ribbon-type interconnect cables and the
      termination assemblies at each end thereof, for electrically
      interconnecting islands.
PAR  FIG. 10 illustrates the use of the interconnect cables shown in FIG. 9 for
      electrically connecting a pair of islands, shown in edge configuration.
PAR  FIG. 11 is a pictorial view of a console suitable for housing the island
      components of the present system.
PAR  FIG. 12 is a plan view of the console (with its top removed) illustrating a
      plurality of islands and a mode of providing a circulating coolant through
      the cooling frames.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A view of the overall packaging system of the present invention appears in
      FIG. 1, although specific reference to the other figures where indicated
      will enhance an understanding thereof. The exploded pictorial view of FIG.
      7 is particularly enlightening and general reference thereto throughout
      the description which follows, will be helpful to the reader. Like
      reference characters have been used throughout to designate similar
      components. For purposes of explanation, FIG. 1 depicts a small island 10
      comprised of a cooling frame 12 and the interconnection plate or medium
      14, for supporting twelve connectors 16 (FIG. 4) adapted to accommodate
      the integrated circuit packages 18 (FIGS. 5 and 6) which are preferably
      the leadless ceramic type described in the reference copending
      application. In practice, the island may hold as many as one hundred and
      eight connectors in a frame which is approximately 14 inches by 23 inches.
      Depending upon the application, even larger islands may be employed.
PAR  FIG. 2 presents a partial edge view of the island 10 of FIG. 1, taken along
      lines 2--2 of the latter Figure. A support member seen as an L section 11
      is fastened to one side of the interconnection medium 14 and a T section
      13 (FIG. 10), on the other side. In both cases, the sections are
      configured with a slotted region 15 to accommodate the "bend" portions of
      the tubing 50. A hinge member 17 adapted to pivot about rod 19 of support
      21, is attached to the L section 11, thereby permitting rotation of the
      island 10 and accessibility to both sides thereof.
PAR  Considering each of the major components in turn and their relationship to
      one another, the integrated circuit package 18 will receive initial
      consideration. As seen in clear detail in FIGS. 5 and 6, the total
      integrated circuit package 18 may comprise a pair of "leadless" pluggable
      package components 18a and 18b of either SSI or MSI variety, each
      component having twenty-four leads 20 plus a ground connection 22. This is
      the so called "split-package" configuration. It should be understood that
      a single 50 lead LSI package 18 as indicated in FIG. 7 could also be
      employed without modification of the package connector 16. In either case,
      in an actual operative embodiment, the leads are arranged so that half the
      total number appear on opposite sides of the package, with a typical lead
      center-to-center spacing of 0.050 inches. As noted hereinbefore, the
      integrated circuit packages may be of the type described in the referenced
      copending application. In accordance with the latter and continued
      reference to FIGS. 5 and 6, the leadless package 18 may utilize a ceramic
      body 24 having the silicon chip (not shown) hermetically sealed in a
      cavity formed therein. The internal leads of the package for providing
      access to the chip are adhered to a layer of glass fused to the ceramic
      body 24. A carrier or metallic heat sink member 26 is fused to the entire
      lower surface of the ceramic body. The ceramaic between the integrated
      circuit chip and the heat sink 26 is made sufficiently thin to give good
      heat conduction while maintaining electrical insulation. The heat sink
      member 26 has integral extensions at its opposite extremes which are
      adapted to be clamped against the cooling frame 12 as will be described in
      more detail hereinafter. In order to provide a ground connection for the
      integrated circuit, the package ground leads 22 are connected to the
      package heat sink 26 which provides an electrical path to the cooling
      frame 12 in addition to the thermal path. A lid or cover 28 which may be
      of ceramic or a suitable metal alloy protects the integrated circuit chip.
PAR  In order to make electrical contact with the terminal portions of the
      integrated circuit package leads 20, a receptacle or connector 16 as seen
      in FIGS. 3, 4 and 5, is provided. The connector comprises a molded body 30
      of insulative material and a plurality of contacts 32, one for each of the
      package terminals. Each connector is fastened to the interconnection
      medium 14 (which may be of the printed circuit board variety) by any
      suitable means, such as screw 34, threaded into a metallic member 36, as
      seen in FIG. 5. A pair of locating pins 35 (FIG. 7) situated on the
      underside of the connector body 30 mate with the holes 37 in the
      interconnection medium 14. These pins serve to position the lower contact
      elements 32 over the conductive pads 38. The integrated circuit package 18
      which may be of the single large chip variety (FIG. 7), or a pair of
      split-packages (FIG. 6) are placed in the connector 16. Each contact 32
      which is in the form of a continuous loop presses against a terminal lead
      20 of the integrated circuit package 18 on its upper portion, and against
      a conductive pad 38 on the interconnection medium 14, on its lower
      portion. Additionally, as seen in FIGS. 3 and 5, each contact loop 32 is
      formed to present a flat portion thereof to circular openings 40 in the
      connector body located along the longitudinal sides thereof. These
      openings permit the electrical probing of the contacts while the
      integrated circuit packages are in place and the system is operative. As
      seen in FIG. 5, another feature of the connector 16 is the use of a pair
      of package alignment and retention pins 42. In order to insert the
      integrated circuit package 18, the split top on each of these pins is
      gently pressed together in order that the pin may be inserted through the
      holes 44 provided in the integrated circuit package carrier 26. This
      arrangement serves to prevent the inadvertent dislodging of the package
      from the connector particularly when the force exerted by the hold down
      spring 46 (FIG. 4) to be described in greater detail hereinafter, is
      suddenly released. As seen in FIG. 5 the connector contacts 32 press
      against the conductive pads 38 of the interconnection medium 14. These
      pads in turn may be connected to pins 48 which protrude through the medium
      and which may then be interconnected by various wiring means, such as wire
      wrap techniques. Alternately, while not shown, the aforementioned mode of
      wiring may be eliminated if the interconnection medium 14 incorporates
      printed wiring throughout. It is apparent that no holes are required in
      the interconnection medium 14 to accommodate the connectors 16 themselves.
      Moreover, no solder art assembly is required. This arrangement provides
      much freedom in the design of the interconnect medium and a single
      connector design is compatible with a wide variety of interconnect means.
PAR  As seen particularly in FIGS. 1 and 4, a cooling frame 12 is provided to
      facilitate the transfer of heat from the integrated circuit devices 18.
      The frame 12 is fastened to the interconnection medium 14, which in turn
      supports the package connectors 16. A cooling liquid is pumped through a
      continuous tubing 50 in a serpentine path to carry away the heat. Even at
      moderate coolant flow rates, a nearly uniform fluid temperature is
      maintained. The nominal temperature of the cooling fluid must be low
      enough to limit the maximum device junction temperature, and high enough
      to prevent condensation on the cooling frame 12. As seen particularly in
      FIG. 4, when the integrated circuit package is placed in the connector 16,
      the extensions of its heat sink member 26 will tend to come to rest on the
      cooling frame 12.
PAR  With reference to FIGS. 3 and 4, in order to insure both electrical
      continuity between the connector contacts 32 and the integrated circuit
      package leads 20, and the proper thermal interface between the extensions
      of the package heat sink member 26 and the cooling frame 12, a hold down
      device 52 is provided. The device comprises a spring-like member 46 to
      which is secured by rivet-like attachments 53 a pressure plate 54, the
      latter having a number of formed protuberances 56 which bear against the
      package heat sink member 26. The hold down device 52 is positioned between
      adjacent members of the cooling frame 12 by virtue of groups of elevated
      brackets 58 fastened to the frame 12 and each group supporting a common
      rod 60 which passes therethough. One end of the hold down spring-like
      member 46 is notched in a U-shaped configuration such that the extremities
      of the legs 62 of the U are wrapped around the rod 60a to prevent the hold
      down device 52 from coming free. The opposite end of member 46 which is a
      single projection 64 is configured to latch in opposition to the force of
      spring member 46 with the opposite rod 60b. It should be noted that the
      latch projection 64 is designed to contact the latter rod 60b and occupy
      the space formed by the U notch between the pair of legs 62 of the spring
      member in the same column and next succeeding row of hold down devices.
PAR  In terms of an actual operative embodiment, the connector contacts 32 which
      are economically of base metals require a high pressure with a force of
      approximately 14 pounds per split package (18a or 18b of FIG. 6) or 28
      pounds per location for the package of FIG. 7 to insure electrical
      continuity. Moreover, in order to maintain a thermal interface of 100 psi
      between the integrated circuit package 18 and the cooling frame 12, an
      additional 18 pound load is required per split package. Considering
      tolerance take up, the hold down device 52 provides 35 pounds per split
      package or 70 pounds per location.
PAR  The hold down device 52 operates properly if only one of the split packages
      of FIG. 6 is inserted into the connector 16. This is accomplished by the
      "ears" 66 on the pressure plate 46 which restrains downward motion of the
      latter even if no package is in place in the connector. The hold down
      device 52 itself is contained at all times by virtue of the legs 62
      wrapped around rod 60 (FIG. 1) and this is important since high insertion
      and release forces are involved. However, the device is able to swing
      clear by rotation of the spring 46 about rod 60, thereby facilitating the
      removal and insertion of packages. Only a simple tool, such as a
      screwdriver, is needed to latch and release the hold down mechanism.
PAR  In the consideration of the invention thus far, the island 10 of FIG. 1 has
      been described as having integrated circuit packages 18 mounted in the
      connectors 16. However, connector 16a (FIG. 8) has been arbitrarily chosen
      for purpose of example, to accept an interconnect cable assembly 68 (FIG.
      9) instead of such a package. This arrangement permits input and/or output
      signal information to be transferred from the island 10 to other islands
      or to electrical devices which may be included in, or are external to, the
      system. The cable assembly comprises a pair of ribbon-type cables 70 each
      having a plurality of conductors, a termination board 72 with a plurality
      of conductive pads 74 and the board housing 76. The termination board pads
      74 correspond in number and position to the contacts 32 of the connector
      16. The number of conductors in each of the cables 70 is chosen to be the
      same as the number of contacts on one side of the connector. For
      convenience, the conductors at one end of a cable may be terminated at
      points 78 along one side of the board, while the conductors at the
      corresponding end of the other cable may be terminated at point 80 along
      the opposite side of the board 72. The termination board housing 76, seen
      in FIGS. 1, 8 and 9, is considerably thicker than the integrated circuit
      package 18 seen in FIGS. 4 and 5. For this reason, the hold down device 52
      illustrated in the last mentioned Figures is modified as seen in FIG. 8.
      No pressure plate 54 is required, and the spring member 82 has a more
      shallow contour. To accommodate the increased thickness of the termination
      board housing 76, the legs 84 of the device are wrapped about rod 60 in a
      direction opposite to that of the integrated circuit package hold down
      device 52. It should be understood that in accordance with the particular
      application and the package wiring scheme effected on pins 48 (FIG. 4),
      the interconnect cable assemblies 68 may be plugged into any connector
      position on an island. Moreover, more than one assembly may be utilized
      between the various islands.
PAR  FIG. 10 illustrates a practical method of interconnecting islands,
      utilizing the cable assembly 68 of FIG. 9. A pair of islands 10a and 10b
      are shown edge-wise in vertical planes and in offset spaced-apart
      relation, each being pivotally mounted by virtue of hinge member 17 and L
      section 11. Cables 70 situated on the hinged side of the islands permit
      electrical interconnection without interfering with the accessibility to
      both sides of the islands.
PAR  FIG. 11 illustrates a cabinet or console 86 for housing a plurality of
      islands, which for example, may implement a data processing system or
      portions thereof. FIG. 12 shows such a typical arrangement of islands 10,
      and cooling and power supply apparatus, as seen by an observer looking
      down into the console 86 which has had its top section removed.
PAR  The coolant is circulated by pump 88 through the main tubing 90 in the
      direction indicated by the arrows. An intake manifold 92 supplies all of
      the island upper tubing inlets through secondary tubes 94. An output
      manifold 96 (seen in FIG. 11) coupled to all of the island lower tubing
      outlets through tubes 98 provides the return path via tubing 90 to the
      heat exchanger 100 and then back to the pump 88. Air flow over the
      exchanger is provided by fan 102. The heat generating components of the
      power supply 104 are also cooled by coolant delivered by tube 106 and
      returned through tube 108. It is significant to note that in the cooling
      method described hereinbefore, the interconnection medium 14 is kept
      absolutely free from obstruction, penetration or other interference by the
      cooling components.
PAR  The rudimentary cooling system just described is intended solely for
      purpose of example. It is apparent that the method of removing heat from
      the cooling fluid will vary depending upon the total amount of heat to be
      rejected by liquid cooling. In the example above, it is assumed that the
      liquid cooling represents only a small portion of the total heat load, and
      heat rejection is directly to the system room air. No external module
      fluid connections are required. However, in a system where a large portion
      of the heat is to be removed by liquid cooling, the heat would be rejected
      directly into the building chilled water system. This application requires
      a central circulating pump, controls and fluid connections to each module.
      Alternately, an indirect transfer into the central water system may be
      accomplished through the use of an intermediate heat exchanger. This last
      approach is more amenable to installation of the island consoles in an
      already existing environment.
PAR  In conclusion, it is apparent that a higher density packaging system has
      been disclosed which is well suited for high speed computers. The
      inventive concepts and implementation described herein are directed to a
      particular application, chosen for purpose of explanation. In other
      applications, changes and modifications in the system may be necessary.
      Such changes and modifications, insofar as they are not departures from
      the true scope of the invention, are intended to be covered by the claims
      appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A packaging system for electronic equipment comprising at least one
      island, said island including
PA1  a plurality of integrated circuit packages, each package having a plurality
      of electrical conductors and a heat sink member with integral extensions
      at its opposite extremes,
PA1  connector means mounting said packages,
PA1  an interconnection medium having a plurality of conductive pads,
PA1  each of said connector means having a plurality of electrical contacts and
      being operatively connected in predetermined relationship to said
      interconnection medium and providing respective electrical paths between
      said integrated circuit package electrical conductors and said
      interconnection medium conductive pads, and
PA1  a cooling frame fastened to said interconnection medium on the same side
      thereof as said conductive pads, said cooling frame being configured such
      that a plurality of sections of thermally conductive material are situated
      in parallel spaced-apart relationship across the surface of said
      interconnection medium, each of said connector means being located in the
      space between an adjacent pair of said cooling frame sections, the heat
      sink member of each integrated circuit package mounted in said connector
      means straddling said means such that said integral extensions contact
      respectively said last mentioned pair of cooling frame sections.
NUM  2.
PAR  2. A packaging system as defined in claim 1 wherein said integrated circuit
      packages are of the leadless variety in which said electrical conductors
      take the form of conductive pads.
NUM  3.
PAR  3. A packaging system as defined in claim 2 wherein the conductive pads
      associated with ground potential in each integrated circuit package are
      connected to said heat sink member, the contact of said integral
      extensions of the latter with said cooling frame providing a system
      electrical ground path through said frame.
NUM  4.
PAR  4. A packaging system as defined in claim 2 further including wiring means
      attached to said interconnection medium and interconnecting said
      interconnection medium conductive pads in predetermined relationship in
      accordance with the functions of said integrated circuit packages.
NUM  5.
PAR  5. A packaging system as defined in claim 4 wherein said wiring means
      includes pins connected respectively to said interconnection medium
      conductive pads and emanating from the surface of said medium opposite to
      that bearing said pads.
NUM  6.
PAR  6. A packaging system as defined in claim 4 wherein said cooling frame
      incorporates within itself continuous tubing arranged in a serpentine path
      connecting said parallel sections and adapted to transport a fluid
      coolant.
NUM  7.
PAR  7. A packaging system as defined in claim 6 further including a pump
      coupled to said tubing for circulating said coolant therethrough, and heat
      exchanger means operatively coupled to said tubing.
NUM  8.
PAR  8. A packaging system as defined in claim 6 further including means for
      applying respective holddown forces to said integrated circuit packages in
      their mounted condition within said connector means, said hold-down forces
      insuring electrical continuity between the contacts of said connector
      means and the conductive pads of said integrated circuit packages, and
      thermal continuity between the extensions of said integrated circuit
      package heat sink members and said cooling frame.
NUM  9.
PAR  9. A packaging system as defined in claim 8 further characterized in that
      the system includes a plurality of islands and means for establishing
      input/ output signal connections with any given island and
      interconnections between islands.
NUM  10.
PAR  10. A packaging system as defined in claim 9 further including means for
      pivotally mounting said plurality of islands in vertical planes and in
      offset spaced-apart relationship whereby both the front and back surfaces
      thereof are readily accessible.
NUM  11.
PAR  11. A packing system as defined in claim 1 further characterized in that
      said connector means are arranged in rows and columns over the surface of
      said interconnection medium, said cooling frame parallel sections
      separating adjacent ones of said rows of connector means.
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PAL  Circuitry for providing the opening of circuit breaker contacts at a zero
      load current crossing is disclosed. A sensing circuit senses the phase
      relationship of the load current with respect to time and provides a
      square wave voltage in phase with the load current. This square wave
      voltage is phase shifted and this phase shifted signal is used to control
      the opening of the circuit breaker contacts at a zero load current
      crossing point.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for Governmental purposes without the payment to me
      of any royalties thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to circuit breaker control circuitry, and more
      particularly to control circuitry that controls the operation of a circuit
      breaker in such a manner that the circuit breaker contacts always open at
      a zero load current crossing.
PAR  When circuit breaker contacts connecting a load to a power source are
      opened, an arc is developed across the contacts as the contacts separate.
      This arcing, no matter how small, has a deleterious effect on the circuit
      breaker contacts and can become dangerous or hazardous when large currents
      are involved since the magnitude of the arcing is directly related to the
      magnitude of the current flowing through the contacts when the contacts
      are opened.
PAR  Since the magnitude of the arcing is directly related to the magnitude of
      the current flowing through the contacts when the contacts are opened, it
      is obvious that this arcing can be eliminated if the contacts are opened
      at a zero load current crossing point. This invention provides control
      circuitry that assures that the contacts of a circuit breaker always open
      at a zero load current crossing point. If the contacts of a circuit
      breaker are opened precisely at a zero load current crossing, no arcing
      will take place and therefore the contacts of the circuit breaker will not
      be subjected to the usual deleterious burning and pitting caused by
      arcing.
PAC  SUMMARY OF THE INVENTION
PAR  The circuitry of this invention assures that the contacts of a circuit
      breaker connecting an AC power source to a load will always open at a zero
      load current crossing. The current is sensed by a current transformer. The
      output of the current transformer is coupled to circuitry that produces a
      square wave signal voltage which is in phase with the load current. The
      square wave signal voltage is then phase shifted such that the square wave
      leads the load current. After phase shifting, the square wave signal
      voltage is amplified and then applied to the circuit breaker coil through
      a solid state switch.
PAR  A DC current is applied to the solid state switch through an on-off switch.
      When the on-off switch is opened, the solid state switch will open at the
      next zero crossing of the phase shifted square wave signal. The square
      wave signal is phase shifted to such a degree that the opening time of the
      circuit breaker contacts plus the phase shift time equals a one-half
      multiple of the set period of the current. Thus, upon the opening of the
      solid state switch, the contacts of the circuit breaker will always open
      at a zero load current crossing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  A complete understanding of the objects and details of the invention can be
      obtained from the following detailed description when read in conjunction
      with the annexed drawing in which the single FIGURE shows in block diagram
      form a preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawing, a load 1 is provided with an AC current from the
      generator 2 through the contacts of the magnetic circuit breaker 3.
      Ignoring for the moment the balance of the elements shown in the drawing,
      opening of the contacts of circuit breaker 3 while current is flowing in
      the load will cause arcing across the contacts unless by chance the
      contacts are opened at a zero load current crossing. The balance of the
      elements shown in the drawing represent this invention and these elements
      operate in such a manner that the contacts of circuit breaker 3 always
      open at a zero load current crossing, thereby eliminating contact arcing
      and the noise and transients associated with such arcing.
PAR  The current transformer 4 is coupled in the generator to load power circuit
      to sense the current flowing to load 1. The output of current transformer
      4 is coupled to the input of the multivibrator 5 and the output of
      multivibrator 5 is coupled to the input of the phase lock loop 6. Phase
      lock loop 6 may be any suitable known phase lock circuit. For that matter,
      all the elements shown in the FIGURE are suitable known circuit elements
      and for this reason are illustrated in block diagram form rather than by
      specific schemetics. In other words, any known suitable circuit
      arrangements can be used for the various blocks in the FIGURE.
PAR  The output of phase lock loop 6 is a square wave signal voltage that is in
      phase with the load current. This in-phase square wave signal voltage is
      applied to the input of the phase shifter 7. Phase shifter 7 provides an
      adjustable phase shift as is indicated by the adjustable resistor 8. Thus,
      the output of phase shifter 7 is the square wave voltage signal from phase
      lock loop 6 shifted in phase by a predetermined amount. Phase shifter 7
      shifts the phase of the square wave signal voltage up to a 180.degree.
      shift with the square wave voltage signal leading the load current.
PAR  The phase shifted square wave signal is then applied to the input of the
      amplifier 9. The output of amplifier 9 is applied to the solid state
      switch 10. A DC source such as the battery 12 is also coupled to solid
      state switch 10 through switch 11 and elements 13, 14 and 15. While the
      battery 12 is shown as the source of DC voltage, it is obvious that this
      DC voltage could be obtained by the rectification of the AC from generator
      2. Battery 12 also supplies a DC voltage to other elements as is indicated
      in the drawing. Again, this DC power could be provided by means of a
      rectifier from generator 2.
PAR  Switch 11 is a simple on-off switch such as a toggle switch. Elements 13,
      14, and 15 are protection devices such as safety switches or the like. For
      example, device 13 can be an over voltage safety device, device 14 can be
      an overload safety device, and device 15 can be a short circuit safety
      device. These devices each operate in such a manner as to open the circuit
      between battery 12 and solid state switch 10 if the particular fault
      sensed by that device is present. For example, if device 15 is a short
      circuit protection device it will open if a short occurs. Devices 13, 14
      and 15 are optional devices and are not essential to the basic operation
      of the circuitry of this invention. However, the inclusion of such safety
      devices is highly desirable in many cases and such devices would normally,
      in most cases, be included.
PAR  If switch 11 is closed and devices 13, 14 and 15 are closed, battery 12
      will supply a DC voltage to solid state switch 10. With this DC voltage
      applied to solid state switch 10, the amplified and phase shifted square
      wave signal voltage from amplifier 9 is applied to circuit breaker 3
      through solid state switch 10.
PAR  If one now wishes to disconnect load 1 from generator 2 by opening the
      contacts of circuit breaker 3, he merely opens switch 11. Opening switch
      11 removes the DC voltage from solid state switch 10 and solid state
      switch 10 will then open at the next zero crossing of the phase shifted
      square wave signal voltage. The opening of solid state switch 10, of
      course, removes the square wave signal voltage from circuit breaker 3 and
      the circuit breaker will then open. By selecting the proper phase shift
      for the square wave signal voltage, the contacts of circuit breaker 3 will
      always open at a zero current crossing of the load current after a zero
      crossing of the square wave signal voltage when switch 11 is opened.
PAR  The necessary shift that must be introduced to the square wave signal
      voltage is, of course, dependent upon the contact opening time of the
      contacts of circuit breaker 3. For example, if in terms of degrees for the
      particular frequency of the load current the contact time is 435.degree. a
      leading phase shift of 75.degree. to the square wave signal voltage will
      insure contact opening at a zero crossing of the load current (i.e.
      75.degree. phase shift + 360.degree. a zero crossing point = 435.degree.).
      In other words the phase of the square wave signal voltage must lead the
      phase of the load current by such an amount that solid state switch 10
      will open at the proper time in advance of a zero crossing of the load
      current to allow the contacts to open at a zero crossing of the load
      current based on contact opening time. It can be shown mathematically that
      the phase introduced by phase shifter 7 must be such that the contact
      opening time plus the phase shift time equals one-half multiple of the set
      (frequency) period of the load current. Thus, one merely needs to know the
      contact opening time of the circuit breaker used and the frequency of the
      load current to compute the adjustment of phase shifter 7, and adjusting
      phase shifter 7 accordingly will cause the contacts of the circuit breaker
      to always open at a zero crossing point of the load current when switch 11
      is opened.
PAR  While the invention has been shown and described with reference to a
      particular embodiment, it will be apparent to those skilled in the art
      that various changes and modifications can be made to the specific
      embodiment shown and described without departing from the spirit and scope
      of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control circuit for controlled deenergization of an electromagnetic
      circuit breaker which interconnects an AC voltage source and a load such
      that said circuit breaker interconnection contacts open at a zero current
      point on said source output waveform comprising:
PA1  An electromagnetic circuit breaker including coil energization state
      responsive contact interrupter means, said circuit breaker characterized
      by a determined time delay between time of deenergization of said contact
      interruptor means and time of circuit breaker interconnection contacts
      opening;
PA1  sensing means for sensing the waveform of said load current;
PA1  signal processing means coupled to the output of said sensing means
      including means for generating a square wave signal in phase with the
      waveform of said load current, and means for phase shifting said square
      wave signal, said phase shifting means adapted to permit shifting of the
      phase of said square wave signal an amount directly proportional to said
      predetermined time delay of said contact interrupter means of said circuit
      breaker;
PA1  amplifier means for amplifying the output of said signal processing means,
      the output of said amplifier means being a square wave signal of selected
      amplitude;
PA1  solid state switching means having a square wave signal conductive path,
      said switching means including DC voltage responsive trigger means, a DC
      voltage source, and means for applying said DC voltage source to said
      trigger means, said means for applying incorporating at least one
      disconnect means, said switching means adapted to interrupt said signal
      conductive path thereof at the next zero crossing of the square wave input
      signal thereto subsequent to disconnect of said DC voltage source from
      said trigger means,
PA1  and cascade interconnection means adapted to interconnect said sensing
      means, said signal processing means, said amplifier means, said square
      wave signal conductive path of said solid state switching means and said
      contact interrupter means of said circuit breaker such that the output of
      said amplifier means energizes said contact interrupter means when said DC
      voltage source is connected to said trigger means of said switching means
      and such that energization of said contact interrupter means of said
      circuit breaker ceases a predetermined time in advance of the next to
      occur zero current point on said source output waveform when said DC
      voltage is disconnected from said trigger means of said solid state
      switching means.
NUM  2.
PAR  2. A control circuit as defined in claim 1 wherein said means for applying
      said DC voltage source to said trigger means of said solid state switching
      means incorporates a series connection of an over voltage protection
      device, a short circuit protection device and an overload protection
      device as additional disconnect means operable in similar manner to said
      at least one disconnect means.
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ABST
PAL  This disclosure relates to a fail-safe voltage regulating arrangement
      including a current limiting resistor and a four leaded zener diode having
      two separate conductive leads electrically connected to the cathode
      electrode and two other separate conductive leads connected to the anode
      electrode for producing a constant d.c. voltage barring a critical
      component or circuit failure.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a vital type of voltage regulating device and
      more particularly to a fail-safe four leaded zener diode having a first
      pair of leads electrically contacting the P-type material and having a
      second pair of leads electrically contacting the N-type material so that
      the loss of one or more of the leads or an opening at the zener diode is
      incapable of causing an unsafe condition.
PAC  BACKGROUND OF THE INVENTION
PAR  It is essential that certain equipment, such as, signal, control and
      communication apparatus for railroad and mass and/or rapid transit
      installations, operate in a fail-safe manner. In order to ensure safe
      operation, it is necessary to meticulously analyze and carefully examine
      each device, component, circuit and network for all possible and
      conceivable failures. In addition to changes in the component parameters
      and circuit characteristics which occur due to temperature variations and
      due to deterioration with age, there are two common dramatic malfunctions,
      namely, a short circuit and open circuit, which must be positively
      protected against in order to prevent an unsafe condition. For example, it
      is mandatory to fully consider how minute changes in the values of both
      passive and active elements will effect the operation of the circuits and
      overall system, and also what adverse results will occur when a resistor,
      capacitor, inductor, diode, transistor, etc. becomes short or open
      circuited. It is readily apparent that a further prerequisite in the vital
      operation of electrical and electronic circuits and apparatus is a
      suitable voltage supply source. In the past, it was common practice to
      employ an appropriate voltage responsive device or means for regulating
      and stabilizing the voltage level of the power supply. In keeping with
      fail-safe design principles, it must be assumed that the amplitude of the
      regulated voltage will remain substantially constant and that under no
      circumstance will the voltage increase in value. Thus, a circuit or
      component failure in a fail-safe voltage regulator must not be capable of
      causing a rise in the supply voltage. In previous types of shunt
      regulators employing conventional voltage breakdown devices an unsafe
      condition prevailed whenever the breakdown device failed in an open
      circuit manner. That is, in prior art regulators a poor or high resistance
      solder joint, a loss of a connection or lead or an open circuit failure of
      the voltage breakdown device results in the loss of regulation and causes
      a marked increase in the voltage level. The loss of regulation is
      intolerable in a fail-safe operation since increased voltage levels are
      capable of causing erratic operation and critical circuit malfunctions
      which can impair the security and integrity of the overall system. Thus,
      previously known voltage regulators are not suitable and are not generally
      recommended for use in vital types of transit operations since the
      appearance of a critical failure can jeopardize the safety of individuals
      and can result in severe damage to the equipment.
PAC   OBJECTS OF THE INVENTION
PAR  With the above and other objects in view, it is proposed, in accordance to
      this invention, to provide a vital type of voltage breakdown device which
      operates in a fail-safe manner.
PAR  Another object of this invention is to provide a fail-safe voltage
      regulating circuit arrangement employing a four leaded voltage breakdown
      device.
PAR  A further object of this invention is to provide a vital type of voltage
      regulating circuit arrangement utilizing a four leaded zener diode.
PAR  Yet another object of this invention is to provide a vital type of voltage
      responsive device having four separate conductors.
PAR  Yet a further object of this invention is to provide a fail-safe voltage
      breakdown device including an anode and a cathode and having two leads
      electrically contacting the anode and having two leads electrically
      contacting the cathode.
PAR  Still another object of this invention is to provide a shunt type of
      voltage regulator employing a breakdown diode having a body of
      semiconductive material forming a PN junction and having a first pair of
      conductors attached to the N-type of semiconductive material and having a
      second pair of conductors attached to the P-type of semiconductive
      material.
PAR  Still a further object of this invention is to provide a shunt type of
      regulating circuit arrangement utilizing a planar type of zener diode
      having two separate conductors connected to the anode electrode and having
      two separate conductors connected to the cathode electrode.
PAR  An additional object of this invention is to provide a vital type of zener
      diode which is constructed to have two individual leads contacting the
      P-type semiconductive material and to have two individual leads contacting
      the N-type semiconductive material.
PAR  Yet an additional object of this invention is to provide a voltage
      regulating circuit arrangement employing a series resistor and shunt
      voltage breakdown device which operate in a fail-safe manner.
PAR  Still an additional object of this invention is to provide a fail-safe
      voltage regulating device that is simple in construction, economical in
      cost, reliable in operation, efficient in operation and durable in serice.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the vital type of shunt voltage
      regulating circuit arrangement includes a source of d.c. voltage, a
      current limiting resistor and a four leaded zener diode supplying constant
      voltage to a load. The four leaded zener diode includes a body having
      semiconductive material forming a PN junction. The P-type and the N-type
      of semiconductive material may be arranged to form a cubical or planar
      type of zener diode. A first pair of conductors electrically connected to
      the N-type of semiconductive material forming the cathode electrode, and a
      second pair of conductors electrically connected to the P-type of
      semiconductive material forming the anode electrode. The current limiting
      resistor is connected from one terminal of the source of d.c. voltage to
      one lead of the first pair of conductors. One lead of the second pair of
      conductors is connected to the other terminal of the source of d.c.
      voltage. The other lead of the first and the second pair of conductors is
      connected to the respective ends of a suitable load.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates the vital type of voltage regulating
      circuit arrangement embodying the principles in accordance with the
      present invention.
PAR  FIG. 2 is a schematic circuit diagram similar to FIG. 1 but illustrating a
      perspective view of a cubical type of four leaded zener diode.
PAR  FIG. 3 is a top plan view of a planar type of four leaded zener diode.
PAR  FIG. 4 is a side elevational view of the planar diode of FIG. 3.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawings and in particular to FIG. 1, there is shown a
      fail-safe shunt type of voltage regulator employing a current limiting
      resistor R and a four leaded voltage breakdown device or zener diode Z. As
      shown, a suitable source S of d.c. supply voltage has its positive
      terminal + connected to one end of the current limiting resistor R. The
      resistor R is a commercially available resistance element which is
      preferably constructed of carbon composition so that it is incapable of
      becoming short circuited. The four leaded zener diode Z is perferably a
      diffused constructed device which includes a cathode electrode k and an
      anode electrode a. As shown, the cathode electrode k is connected by lead
      L1 to the other end of resistor R while the anode electrode a is connected
      by lead L2 to the negative terminal -- of the d.c. voltage source S. The
      zener diode Z1 also includes two other conductors or leads L3 and L4 which
      are separate and distinct from leads L1 and L2. As shown, the lead L3 is
      connected from the cathode electrode k to one side of load L while the
      lead L4 is connected from the anode electrode a to the other side of load
      L.
PAR  The voltage regulating circuit or device of FIG. 1 operates in the
      conventional manner to maintain a predetermined constant voltage even
      though the d.c. input potential changes or the load varies. Let us assume
      that the circuit is operating properly in that the resistor R and zener
      diode Z are intact that the voltage source S is connected to the input
      terminals and that the load L is connected across the output terminals.
      When the d.c. input voltage from source S reaches a certain level, namely,
      the avalance voltage or breakdown voltage, the zener diode Z will conduct
      and will cause a constant voltage to be maintained across it. If the d.c.
      voltage of source S rises, the diode Z will conduct more current but a
      great voltage drop will occur across resistor R so that the voltage across
      zener diode Z remains constant. Conversely, a decrease in the d.c. voltage
      causes a decrease in the current flowing through diode Z which causes a
      smaller voltage drop across resistor R so that the output voltage supplied
      to load is held constant. Similarly, a variation in the load demands
      causes the amount of current flowing through the diode to vary so that the
      voltage drop across resistor R is altered and therefore, maintains a
      constant output voltage. Thus, a constant d.c. voltage is produced by the
      zener diode Z, and under no circumstance is the output voltage capable of
      rising above the avalance of breakdown level. That is, the present voltage
      regulating circuit operates in a fail-safe manner in that no critical
      component or circuit failure is able to increase the d.c. voltage above
      the zener breakdown voltage level. As mentioned above, previous types of
      shunt regulators employing conventional two leaded breakdown devices are
      not fail-safe in that the loss of a lead or connection to the cathode or
      anode electrode resulted in an increase in the output voltage due to the
      loss of the regulating action. In the present invention, the loss of any
      of the leads L1, L2, L3 or L4 is incapable of increasing the output
      voltage level. For example, the disconnection of lead L1 or L2 destroys
      the integrity of the input circuit so that zener diode Z is incapable of
      conducting and producing an output voltage across leads L3 and L4.
      Likewise, the loss of lead L3 or L4 interrupts the output circuit so that
      the d.c. voltage developed across the zener diode is incapable of being
      conveyed to load L. It is readily evident that the shorting of the zener
      diode is a safe failure in that the source voltage is short circuited. As
      previously mentioned, the resistor R is incapable of becoming shorted due
      to its unique construction, and the opening of the resistor R results in
      the interruption of the circuit so that no output voltage is produced.
      Thus, in the present invention no conceivable critical component or
      circuit failure is capable of erroneously increasing the output voltage
      above the zener breakdown level.
PAR  Referring now to FIG. 2, there is shown a regulating circuit which
      functions in the same manner and is substantially identical to that of
      FIG. 1 with the exception that the four leaded regulating device or zener
      diode Z1 is shown in perspective. The zener diode Z1 includes a crystaline
      cubical or body structure of semiconductive material. The semiconductive
      crystaline body includes an N-type region forming the cathode k and a
      P-type region forming an anode a. A barrier or junction J exists between
      the N-type and P-type regions. As shown, the junction J is a substantially
      flat contiguous surface formed between the two opposite conductivity
      regions. The upper end or surface of the N-type conductivity region
      includes metalized conductive areas k1 and k2 while the lower end or
      surface of the P-type conductivity region includes metalized conductive
      areas a1 and a2. The areas k1 and k2 may be formed for example by
      depositing or plating copper or other conductive metal to provide a
      suitable ohmic connection for the respective cathode leads L1 and L3.
      Similarly, the deposited copper layers or conductive plates a1 and a 2
      form a convenient contact connection for the anode leads L2 and L4. The
      anode and cathode leads electrically contact the associated conductive
      layers and are securely attached thereto by soldering or welding. After
      the leads are connected to the appropriate copper areas the device may be
      encapsulated in suitable insulative material or covered with an
      appropriate package to protect the diode against contaminants or corrosive
      constitutents in the surrounding milieu. As mentioned above, the loss of
      any connection or lead or an opening at the zener diode Z1 will not result
      in an increase of the outpupt voltage since the necessary continuity
      between leads L1 and L3 or L2 and L4 is destroyed. Obviously the shorting
      of the zener diode reduces the output voltage to zero.
PAR  Turning now to FIGS. 3 and 4, there is shown a modified embodiment of the
      voltage breakdown device. It will be observed that the breakdown device is
      a planar type of zener diode Z2. The zener diode Z2 includes a crystaline
      body formed of a semi-conductive material, such as, germanium, silicon or
      the like. It will be noted that the upper body portion of the crystal is
      doped by a donor suitable substance to form an N-type region or cathode k'
      while the lower body portion is injected with an acceptor substance to
      form a P-type region or anode a'. As shown in FIG. 4, a multi-surfaced or
      faceted contiguous border or junction J' is formed between the upper
      N-type region and the lower P-type region. A cup-shaped retainer r
      surrounds the outer peripheral edge and bottom of the anode a and holds it
      in place. It will be noted that the upper surfaces of the cathode k and
      the anode a are provided with suitable metallic areas which are deposited
      or plated by various methods known in the art. The bonded circular metal
      layers  k1' and k2' form ohmic connections for leads L1' and L3',
      respectively, which are soldered or welded thereto. The bonded circular
      metal layers a1' and a2' form ohmic connections for lead L2' and L4',
      respectively, which are securely attached thereto by soldering or welding.
      After attachment of the conductors or leads, the assembly may be encased
      in a suitable protective package. Like diodes Z and Z1, the planar device
      Z2 of FIGS. 3 and 4, is a fail-safe four leaded zener diode.
PAR  Thus the presently described fail-safe voltage breakdown devices or zener
      diodes permit the employment of shunt type of voltage regulating circuits
      in vital applications. That is, the voltage regulating circuit operates in
      a fail-safe fashion in that no critical component or circuit failure is
      capable of increasing the output voltage above the zener breakdown level.
      Further, it will be understood that it is necessary to employ certain
      precautionary measures in regard to the design and layout of the circuit
      in order to ensure that leads in proximity to each other are incapable of
      touching each other to create a short circuit. As mentioned above, the
      resistive element is preferably constructed of a carbon composition so
      that it is incapable of becoming short circuited. In addition, the use of
      the four leaded zener diode ensures that the loss of a lead will not cause
      an unsafe condition.
PAR  It will be appreciated that while the present invention finds particular
      utility in railroad and mass/or rapid transit operations and in particular
      in voltage regulators therefore, it is understood that the four leaded
      voltage breakdown devices may be employed in other circuits and systems
      which have need of the disclosed characteristics.
PAR  In addition, it will be readily evident that this invention may be used in
      other various systems and apparatus, such as, surveillance and security
      equipment, aerospace apparatus, and other instruments, applicances and
      machines which require the vitality and safety inherently present in this
      invention.
PAR  Additionally, it is understood that other changes, modifications and
      alterations may be employed by those skilled in the art without departing
      from the spirit and scope of this invention. For example, the particular
      size, shape and material of the crystaline body of the semiconductive
      zener diode is a matter of design and choice and may be changed and
      selected in accordance with the particular application and desired
      characteristics. For example, the semiconductive body may be cylindrically
      shaped or may be part of an integrated circuit chip. In addition, the
      size, thickness, shape and the material of the conductive layers may vary
      in accordance with design and required power ratings and the like. Thus,
      although specific embodiments and applications of this invention have been
      shown and described, it will be understood that they should be taken in an
      illustrative and diagrammatic sense only.
CLMS
STM  Having now described the invention what I claim as new and desire to secure
      by Letters Patent, is:
NUM  1.
PAR  1. A vital type of voltage breakdown device comprising, a body of
      semiconductive material having one region of one conductivity type and
      having another region of opposite conductivity type forming a junction
      therebetween and a first pair of separate conductors electrically
      contacting said one region of one conductivity type and a second pair of
      separate conductors electrically contacting said other region of the
      opposite conductivity type, and the junction between said one region of
      one conductivity type and said other region of opposite conductivity type
      is a multi-surface contiguous border,
NUM  2.
PAR  2. A vital type of voltage breakdown device as defined in claim 1, wherein
      the two surfaces of said semiconductive body include conductive
      connections to which said first and said second pair of separate
      conductors are electrically attached.
NUM  3.
PAR  3. A vital type of voltage breakdown device as defined in claim 1, wherein
      the ends of said semiconductive body include conductive surfaces for
      accommodating said first and said second pair of separate conductors.
NUM  4.
PAR  4. A vital type of voltage breakdown device comprising, a body of
      semiconductive material having one region of one conductivity type and
      having another region of opposite conductivity type forming a junction
      therebetween and a first pair of separate conductors electrically
      contacting said one region of one conductivity type and a second pair of
      separate conductors electrically contacting said other region of the
      opposite conductivity type, and the top of said semiconductive body
      includes a plurality of conductive surfaces for accommodating said first
      and said second pair of separate conductors.
NUM  5.
PAR  5. A vital type of voltage breakdown device as defined in calim 4, wherein
      the junction between said one region of one conductivity type and said
      other region of the opposite conductivity type is a substantially flat
      contiguous surface.
NUM  6.
PAR  6. A vital type of voltage breakdown device comprising, a body of
      semiconductive material having one region of one conductivity type and
      having another region of opposite conductivity type forming a junction
      therebetween and a first pair of separate conductors electrically
      contacting said one region of one conductivity type and a second pair of
      separate conductors electrically contacting said other region of the
      opposite conductivity type, and said one region of one conductivity type
      includes a pair of conductive surfaces for accommodating said first pair
      of separate conductors and said other region of opposite conductivity
      includes a pair of conductive surfaces for accommodating said second pair
      of conductors.
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ABST
PAL  An active impedance multiplier circuit that can, as one of its uses, be
      used in a mine ground fault detection system. The purpose of the
      multiplier is to create a very high impedance for an AC signal that
      normally flows through a low impedance legitimate load. To accomplish
      this, the output of the multiplier is put in parallel with the low
      impedance load and impresses upon the load an appropriate voltage and
      current. When used in a fault detecting system, the impedance multiplier
      will act to normally prevent current from flowing in the low impedance
      load. AC current will flow to the legitimate load from the multiplier in
      response to signals obtained from an alternating current detector located
      within each multiplier. In its most basic form, the active impedance
      multiplier can be said to consist of a current detector and a current
      amplifier to amplify the detected current by a constant factor. The
      amplified output from the multiplier is in turn connected in parallel
      across the legitimate load.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention described in this specification relates to an active
      impedance multiplier circuit.
PAR  2. Description of the Prior Art
PAR  It is presently known that the effective impedance of a legitimate load can
      be raised by means of a conventional filter. Such a filter may include a
      series inductor or a series inductor in conjunction with a parallel tuning
      capacitor. The disadvantage of this known technique is the large size and
      weight of the series inductor which has to be rated to carry the current
      of the legitimate load. In a typical application, such a filter inductor
      would weigh about 1,200 pounds, whereas an active impedance multiplier
      such as described in the invention only weighs about 60 pounds.
      Considering that the filter must in many cases be attached to a mobile
      load, the advantages of the light-weight impedance multiplier are clear.
PAC  SUMMARY
PAR  The active impedance multiplier circuit of this invention employs a current
      detector to detect the level of alternating current flowing in a
      legitimate load. The detected current is then fed to a current amplifying
      device whose output is connected in parallel across the low impedance
      legitimate load under observation.
PAR  The primary object of this invention is an improved impedance multiplier
      circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of a mine ground fault detection system
      utilizing our invention.
PAR  FIG. 2 schematically illustrates the block diagram for the major
      alternating current components at one substation of the FIG. 1 system.
PAR  FIG. 3 is a circuit diagram of the impedance multiplier circuit illustrated
      in block format in FIG. 2.
DETD
PAR  FIG. 1 schematically describes a typical mine system on which our invention
      can be used. In this system, an electrically powered direct current (DC)
      operated locomotive (legitimate load) receives power from an overhead
      trolley wire. Typically, the potential difference between the trolley wire
      and the rail is 300 to 600 volts. Supplying power to the trolley wires are
      a number of substations a mile or two apart. For purposes of simplicity,
      only two of the substations are illustrated. In addition to the DC voltage
      across the trolley wire, there is also superimposed an AC voltage of 3
      kilohertz (kHz) and 12 volts. Current detectors at the substation respond
      only to the alternating current (not the DC) which flows into either the
      legitimate load or a fault (illegitimate load). If the legitimate load has
      a high impedance to 3 kHz AC, then any illegitimate load that may exist
      provides the only path for appreciable AC current flow. If AC current is
      detected, indicating the presence of a fault, discriminating circuit
      breakers (DISCB) at each substation are used to isolate the fault.
PAR  The system as described so far is generally old in the art. The novelty
      resides in using an active impedance multiplier to insure that the
      impedances of the legitimate loads powered by the DC voltage present a
      sufficiently high impedance to the AC signal such that little or no AC
      current flows through them. It has little or no effect upon the DC voltage
      or current. As mentioned in the discussion of the prior art, this same
      impedance raising function in the AC system was previously accomplished by
      using conventional filters like those that are inductor ballast types or
      resonant circuits in series with the legitimate loads. The drawback with
      using these types of filters is their sheer weight and cost. For example,
      suppose the legitimate load was a 10 horsepower machine, then each load
      could employ a conventional iron core inductor filter in series with it
      weighing about 69 pounds to raise its impedance to 200 or 300 ohms. Now
      the problem arises when the legitimate loads are 800 horsepower, as they
      are sometimes in a mine trolley system, since it is estimated that the
      filter weight required to raise the impedance would be between 1,200 to
      1,400 pounds. It is important to note that if conventional filters were
      used, these filters would be of various sizes and would be associated with
      the various stationary and movable legitimate mine loads, such as lights,
      water pumps, and trolleys or locomotives. Because of their sizes and
      weight, using such filters in the congested environment of a mine would be
      undesirable. The purpose of our invention is to replace some of these
      filters with a simple circuit which accomplishes the same function with
      less weight, bulk, and expense. In essence, the term controlled active
      filter as well as active impedance multiplier could equally be applied to
      our invention to describe its operation.
PAR  One working embodiment of the FIG. 1 system using our invention employs a
      nominal 300 volt DC potential difference for the trolley wire of the
      legitimate load power line with about 200 to 2,000 amperes of DC current.
      The frequency of the AC signal is 3 kilohertz (kHz) in the system with
      about 12 volts (AC) drop across the trolley wire, and a quiescent AC
      current value of about 20 to 30 milliamperes (ma) in each multiplier. When
      an illegitimate load or fault occurs along the trolley wire, we measure
      the increase in AC current from its quiescent level with a current
      detector (like an air cored transformer) and if it exceeds a certain
      predetermined value (in the example 276 ma), a circuit breaker making up
      the DISCB system is activated to shut off all the power, both AC and DC.
PAR  Other features of the FIG. 1 system besides the two legitimate loads of up
      to 35 and 800 horsepower (trolley) include the 4 DISCBs and their four
      associated current detectors, the trolley's associated active impedance
      multiplier, the two DC power substations, the two power amplifiers of 3
      kHz, and the 3 kHz master oscillator. The rail for the trolley acts as the
      grounded return for both the AC and DC systems. The master 3 kHz
      oscillator insures that the alternating voltage used to operate the power
      amplifiers is synchronized at 3 kHz. Usually, the AC voltage is similar
      for each multiplier and will be about 12 volts.
PAR  FIG. 2 schematically illustrates in block diagram format the operation of
      the active impedance multiplier. As shown, there is an AC power source to
      impress a constant voltage of 12 volts at 3 kHz between the trolley wire
      and ground. The active impedance multiplier is physically attached to the
      legitimate load and moves with it. Within the impedance multiplier-block
      enclosed by dashed rectangular lines--the operation has been broken down
      into five major functions designated by the letters F1 to F5 inclusive.
      This grouping shows F1 acting as a current detector (separate from that in
      the DISCBs) that uses an air cored transformer tuned to resonate at 3 kHz;
      F2 is the preamplifier and phase shaping network that receives signal V1
      from detector circuit F1 and also sets (mainly by setting the amplifier
      gain of F2) a value for the multiplier constant K as well as controlling
      the phase shifts within the amplifier to stabilize the circuit; F3 is the
      transistor power amplifier circuit used to receive the output signal V2
      from network F2 and amplify it; F4 represents the coupling network used to
      couple the F3 circuit to the output terminals A- B; and F5 is a DC power
      supply of 80 volts which is obtained from the 300 volts on the trolley
      wire.
PAR  Continuing with the explanation of FIG. 2, it is noted that the air cored
      transformer of detector F1 does not respond to DC signals but does respond
      to the 3 kHz AC current (i.sub.1), which is flowing from the 12 volt power
      source of the legitimate load. Output signal V1 is proportional to this
      detected AC current. Voltage signal V1 is amplified by networks F2 and F3
      and the current i.sub.2 is outputted. This current i.sub.2 from network F3
      is directly proportional to current i.sub.1. Mathematically, i.sub.2 is
      equal to a constant K (K is usually a constant but may also be a complex
      number) times i.sub.1 or i.sub.2 = K .times. i.sub.1. The current i.sub.2
      is fed into the load by way of coupling circuit F4 so that the total AC
      current in the legitimate load is i.sub.1 + i.sub.2 or (1 + K) .times.
      i.sub.1. With the impedance multiplier in the circuit, the voltage across
      the legitimate load of impedance Z.sub.L is (1 + K) i.sub.1 .times.
      Z.sub.L. If the apparent impedance of the load " seen"  by the 3 kHz power
      source (FIG. 1 and FIG. 2) is Za, the Za is given by the voltage across
      the load divided by the current supplied from the power source or
      ##EQU1##
      If the impedance multiplier is disconnected, the current in the legitimate
      load is i.sub.1, the voltage across the load is i.sub.1 .times. Z.sub.L,
      and the apparent impedance seen at the power source is
      ##EQU2##
      From this comparison it is apparent that the impedance multiplier causes
      the legitimate load to appear to have a value of (1 + K) times its actual
      impedance.
PAR  FIG. 3 is a detailed circuit diagram of a preferred embodiment of the FIG.
      2 block diagram. For ease in understanding its operation, elements of the
      actual circuit used that could be combined or simplified have been so
      combined. Dotted lines are around the respective circuit functions,
      previously mentioned, which were designated by the letters F1, F2, F3 F4,
      and F5 in FIG. 2. A toroidal wound single turn air cored transformer
      having magnetically reacting coils L1 and L2, makes up the multiplier's AC
      current detector designated by letter F1. Current i.sub.1, composed of DC
      and AC segments, flows from the trolley wire to detector F1. When it
      arrives at coil L1 of the air cored transformer, the 3 kHz current is
      detected by a multiturn secondary winding (L2) which is a resonant circuit
      tuned to its 3 kHz frequency that disregards, as far as is possible, the
      DC current and other unwanted components. The frequency dependent AC
      current that is being detected is maintained constant to within plus or
      minus 0.1 percent by a tuning fork oscillator located in the power
      amplifier (see FIG. 2) supplying the 12 volts of constant AC voltage.
      Actually, it is not possible for the tuned resonant circuit of the
      detector to completely filter out extraneous signals such as the main
      power supply ripple frequency of 360 hertz. To filter out the 360 hertz
      ripple frequency transmitted through detector F1, the input side of the
      circuit components collectively designated as F2 have a trap filter
      circuit comprising the coil L4, the resistor R4, and the capacitor C5.
      This trap filter acts to short circuit signals of the 360 hertz frequency.
      The remainder of the F2 circuitry has three preamplifier stages (A.sub.1,
      A.sub.2, and A.sub.3 or A.sub.4) with a dual output (P and Q) in case it
      is desired to operate two impedance multipliers. Appropriate bias and
      feedback resistors (R5 to R15) are connected to the inputs and/or outputs
      of each of these solid state transistored operational amplifiers A.sub.1,
      A.sub.2, A.sub.3, or A.sub.4. Before entering the circuitry F3 for the
      power amplifier, the P output terminal (output Q is from the nonconnected
      and nonoperative transistor A4 arrangement) is connected via capacitor C7
      and resistor R23 to a class A voltage amplifier made up of transistor
      amplifier T1 with its feedback DC bias set through resistor R27. This same
      transistor has its phase response controlled by a feedback connection
      through capacitor C14 and its series resistor R40.
PAR  After leaving the shaping network, the signal enters the power transistor
      amplifier circuit F3. The basic circuitry in the power amplifier is a
      class B power amplifier which is arranged to provide a constant current
      output as a function of the input power signal. Its purpose is to give the
      complete amplifier its amplified current. The power amplifier is comprised
      of power transistors T.sub.2 and T.sub.3 which are biased on by means of a
      network with resistor R34 and diodes D10 and D11. Emitter resistors R28
      and R31 ensure that voltages applied from winding L5 cause a current
      forcing output to be generated in transformer L6. Internal feedback to
      control the current amplifier phase shift as applied by means of the
      network comprising capacitors C9 and C11, and resistors R32 and R33. To
      prevent transients from the trolley wire being applied to transistors
      T.sub.2 and T.sub.3, resistors R38 and R39 in conjunction with diodes D14
      and D15 clamp the maximum voltage appearing at the secondary winding L6 of
      the output transformer. These diodes also prevent transistors T.sub.2 and
      T.sub.3 from saturating and having a very low voltage drop; this being
      desirable to prevent possible nonlinear oscillations of the power output
      amplifier. The output from the amplifier is impressed on a transformer
      having the two coils L6 and L7, resistors R35 and R36, and capacitor C12
      to damp the natural resonance effects of the transformer. At this point
      current enters into the coupling network F4. As its name implies, the
      coupling network couples output from the circuitry of networks F1, F2, and
      F3 back into the DC system. It allows easy passage of the 3 kHz AC current
      from the system to the legitimate load, and at the same time, blocks the
      DC voltage (current) from the trolley wire from entering into the
      transformer having coils L6 and L7. The three components of the coupling
      network are the resistor R37, the capacitor C13, and the coil L8. In one
      working embodiment, the blocking capacitor C13 had a value of 2
      microfarads, resistor R37 was 10 ohms, and coil L8 was 1.4 m Henries. The
      output from the coupling network is inputted to the legitimate load via
      the 600 volt, 5 ampere fuse fs.
PAR  The remainder of the circuitry shown in FIG. 3 is devoted to the regulated
      power supply F5. It is connected to the load via the fuse fs; the grounded
      rails via a connection between diodes D4 and D6; to the operational
      amplifiers voltage supply via the grounded terminals of diodes D5 and D6
      as well as resistors R18, R19, and R21 and capacitor C6 and the emitter
      leg of amplifier T6; and to the multiplier via the power side capacitor
      C10.
PAR  The stated purpose of the active impedance multiplier circuit is to make a
      low impedance legitimate load device having an impedance Z.sub.L appear to
      have an impedance of (1 + K) Z.sub.L, where K is a constant of the
      multiplier. Typically, K is about 30 although numbers as high as 120 have
      been obtained. Ideally, when this is achieved, the AC current through the
      multiplier and legitimate load is kept near zero.
PAR  When considering a system such as the FIG. 1 system, other factors should
      be taken into consideration. For example, the location at which the fault
      occurs is important because the wire or cable of the trolley has its own
      impedance of about 35 ohms per mile at 3 kHz. In our actual working
      embodiment, the effect of this added variable impedance was considered and
      compensated for in obtaining an acceptable overall response.
PAR  One application of the invention is illustrated in FIG. 1 which shows a
      fault detecting system. Other applications of the impedance multiplier are
      possible. The only function of our invention is to create the effect of a
      very high impedance in a normally low impedance legitimate load. Once this
      impedance is increased, the particular circuit arrangement or the system
      will dictate the operational effect thereof. To illustrate another
      possible ramification of our invention other than its use in a fault
      detector system, say it was desired to transmit a voice communication
      signal over a long distance, like 12 to 15 miles, on a wire. Legitimate
      loads (DC) are presumed to be operated over the same line at the same time
      the signal for the voice communication is being transmitted. The problem
      is to prevent the voice signal from disappearing down the loads before it
      gets to the receiver end. What we propose to do is use basically the same
      impedance multiplier operated by an amplitude or frequency modulated
      signal of about 88 kHz. The multiplier in such a set up may multiply
      impedances to the legitimate loads as discussed in the fault detection
      system or it could effectively add to the loads depending on the internal
      current or voltage generator characteristics of the multiplier.
PAR  Other variations and uses for our invention are possible as will be
      apparent to those skilled in the art. None of the specifically disclosed
      features, uses, or circuit elements should limit the scope of our
      invention which is to be measured only by the claims that follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. An active impedance multiplier system comprising in combination:
PA1  a low impedance load connected to an electric power source for the load;
PA1  means for impressing a voltage with a substantially constant frequency
      across said low impedance load; and
PA1  an active impedance multiplier circuit comprising a current detector with
      means for detecting the amount of the current from said means for
      impressing a voltage before it flows through said load; and
PA1  current amplification means connected to the output of said current
      detector to amplify the level of its current by several factors and
      thereafter output this amplified current to the parallel connected low
      impedance load.
NUM  2.
PAR  2. The circuit of claim 1 wherein said current detector comprises an air
      cored transformer and said means to amplify its output current comprises a
      phase shaping network and a transistorized power amplifier.
NUM  3.
PAR  3. The circuit of claim 2 wherein said means to amplify the current
      additionally comprises a preamplifier stage with a filter connected to
      said transformer at its input and said phase shaping network at its
      output.
NUM  4.
PAR  4. The circuit of claim 3 also including a power supply operatively
      connected to said means to amplify the detected current and a coupling
      network to connect the output from the current amplifier to the load.
NUM  5.
PAR  5. The circuit of claim 1 including means within said multiplier circuit
      near its output and input to block undesired signals from the power source
      for the load and thereby electrically isolate the multiplier such that
      only the voltage at a constant frequency is received.
NUM  6.
PAR  6. The circuit of claim 1 wherein said means for impressing a voltage with
      a substantially constant frequency comprises means for maintaining said
      voltage level substantially constant.
NUM  7.
PAR  7. A mine ground fault detection system comprising in combination:
PA1  a power line to carry power to a legitimate load by the application of
      direct current thereto, said line having a grounded return line;
PA1  a first current detector and circuit breaker connected to the circuit in
      said line;
PA1  an active impedance multiplier operated by an alternating voltage source
      along the same line as the power line for the legitimate load, said
      multiplier having its output connected in parallel across the laod;
PA1  means for disconnecting the power to the primary power line when said first
      detector causes its circuit breaker to be actuated by a fault in the line;
      and
PA1  a second current detector and current amplification means in said
      multiplier to detect the alternating current flowing in the primary power
      line and multiply its value by a constant value before it flows through
      said legitimate load.
NUM  8.
PAR  8. The system of claim 7 wherein there is a plurality of loads and
      multipliers and the number of loads powered by direct current is equal to
      the number of impedance multipliers, there being one multiplier associate
      with one load.
NUM  9.
PAR  9. The system of claim 8 wherein there is an alternating voltage source for
      each multiplier that is operated at the same frequency and synchronized
      with the frequencies of the voltage sources operating the other
      multipliers.
NUM  10.
PAR  10. The system of claim 8 wherein each of said impedance multipliers
      comprise an air cored transformer for its current detector and a
      transistorized power amplifier for its current amplification means.
NUM  11.
PAR  11. The system of claim 8 wherein at least one of said legitimate loads is
      a movable electrically powered trolley that rides on rails constituting
      said grounded return rails;
PA1  at least one of said impedance multipliers being affixed to said trolley
      and movable therewith;
PA1  and said alternating voltage source being operated at less than 100 volts
      and at a frequency of over 1,000 hertz.
NUM  12.
PAR  12. The system of claim 8 wherein at least one of said loads is an
      electrically operated trolley powered to move on grounded rails;
PA1  at least one impedance multiplier is operatively associated with said
      trolley as it moves; and
PA1  the second current detector of said associated multipliers comprises an air
      cored transformer and its current amplifier means comprises a
      transistorized power amplifier.
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ABST
PAL  This invention refers to an overload protection circuit for an oscillatory
      circuit driving an electro-acoustic converter and more specifically
      concerns a circuit for automatically inhibiting the oscillatory circuit in
      the presence of an overload. The overload protection circuit monitors the
      collector-emitter voltage signal and the base-emitter voltage signal for
      providing an overlap signal responsive to the interval when both mentioned
      voltage signals are in their high condition. Such a condition is
      indicative of the power dissipated in a switching transistor of the
      oscillatory circuit. The overlap signal is integrated and the integrated
      signal is compared to a predetermined voltage level. When the integrated
      signal exceeds the predetermined voltage level, the oscillatory circuit is
      inhibited.
PAC  SUMMARY OF THE INVENTION
PAR  This invention broadly relates to a overload protection circuit for an
      oscillatory circuit driving an electro-acoustic converter and more
      specifically concerns a circuit for automatically turning off the
      oscillatory circuit in the presence of an overload. Quite specifically,
      the overload protection circuit disclosed hereafter monitors the voltage
      condition at the base electrode of a power transistor, such voltage being
      indicative of the current flowing in the collector electrode, and the
      collector electrode voltage of the switching transistor used to drive the
      converter. In the event that both voltages are simultaneously in the high
      condition, that is, the transistor is dissipating excessive power, for a
      period of time in excess of a predetermined amount, the oscillatory
      circuit is switched off.
PAR  One problem encountered in operating oscillatory circuits or power supplies
      for providing energy to an electro-acoustic converter is the wide range of
      load apparent at the converter. The oscillatory circuit must provide the
      power without a failure of the switching transistor which drives an output
      transformer for delivering the power to the converter. The switching
      transistor has a maximum allowable power dissipation inherent in its
      design and manufacture. The maximum allowable power dissipation is
      proportional to the product of the collector-emitter voltage (Vce),
      hereinafter referred to as the collector voltage, and the collector
      current (Ic).
PAR  The provision of an overload protection circuit in an oscillatory circuit
      allows more power to be delivered to the converter than with a
      conventional oscillatory circuit. The oscillatory circuit, specifically
      the switching transistor, is operated closer to the maximum allowable
      power dissipation condition, since in the event of an overload condition
      the protection circuit will turn off the oscillatory circuit. In prior
      oscillatory circuits, the switching transistor has been operated at a
      condition well below the maximum permissible power dissipation responsive
      to varying load conditions. The present invention, therefore, provides an
      improvement over heretofore known oscillatory circuits.
PAR  In prior overload protection circuits, the collector voltage and collector
      current are monitored and the oscillatory circuit is turned off when the
      collector current exceeds a predetermined value at the time when the
      collector-emitter voltage is at its high condition. These prior current
      monitoring circuits require current sensing transformers and the like
      which are generally costly and large. In an ideal oscillatory circuit, the
      collector voltage changes from the condition of zero volts, when the
      transistor is on and the collector current is flowing from the direct
      current power supply voltage, to the condition when the transistor is off
      and no collector current flows. In the ideal situation no power is
      dissipated in the transistor since power is the product of the collector
      voltage and the collector current in the transistor. In an actual circuit
      or when the oscillatory circuit is overloaded, the transistor is not
      completely turned on and the collector-emitter voltage is, therefore, not
      zero when a collector current is flowing. The power dissipated during this
      condition will, in a relatively short period of time, cause transistor
      failure.
PAR  The present invention relies upon the fact that the collector current will
      flow only when the base electrode of the transistor has a positive voltage
      with respect to the emitter electrode, hereinafter referred to as the base
      voltage. Therefore, if the base voltage and collector voltage are
      simultaneously in their high conditions, there is collector current at a
      time when the collector-emitter voltage is high and the transistor is
      dissipating heat. In the present invention, the two electrode voltages,
      collector and base, are monitored with references to the emitter electrode
      voltage for providing a signal indicative of the overlap of the waveforms.
      The overlap, which occurs when both junction voltages are in the high
      voltage condition, is indicative of the power dissipation in the switching
      transistor. The overlap signal is integrated and the integrated value is
      compared to a predetermined level. If the integrated signal exceeds the
      maximum allowable power dissipation level represented by the predetermined
      level, a signal is produced for causing the oscillatory circuit to be
      turned off.
PAR  Additional means are provided for overriding the protection circuit during
      the initial start up of the oscillatory circuit and for ensuring that the
      power supply is maintained off in the absence of a turn on signal.
PAR  Another undesired mode in an oscillatory circuit for driving an
      electro-acoustic converter occurs when the frequency of the converter
      changes under the influence of an overload. This condition causes the
      applied high frequency signal to the converter to be at an incorrect
      frequency. An integrator circuit in the overload protection circuit will
      provide a signal of increased amplitude when the converter shifts to a
      higher frequency. The signal is processed as an overload indication which
      causes the oscillatory circuit to be turned off.
PAR  A principal object, therefore, of the present invention is the provision of
      an overload protection circuit for use in an oscillatory circuit used for
      driving an electro-acoustic converter, the protection circuit turning off
      the oscillatory circuit in the event of an overload condition.
PAR  Another object of the invention is the provision of an overload protection
      circuit for turning off an oscillatory circuit when the oscillatory
      circuit is operating at a non-desired high frequency due to an overload
      condition.
PAR  Another salient object of the invention is the provision of an overload
      protection circuit for preventing the failure of a switching transistor
      forming an essential part of an oscillatory circuit.
PAR  Further and still other objects of the present invention will become more
      clearly apparent from the following specification when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic electrical block diagram of the present invention;
PAR  FIG. 2 is an electrical schematic diagram of a preferred embodiment of the
      present invention;
PAR  FIG. 3 is a drawing of the voltage signal waveforms generated within the
      embodiment per FIG. 1, and
PAR  FIG. 4 is a preferred embodiment for turning off an oscillatory circuit in
      the event of an overload condition.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the figures, FIG. 1 in particular shows a schematic electrical
      block diagram of the overload protection circuit. A switching transistor
      10 used in an oscillatory circuit for driving an electro-acoustic
      converter has its base voltage and collector voltage monitored to prevent
      failure of the transistor 10 during an overload condition. The voltage
      between the collector electrode 12 and the emitter electrode 19 of the
      transistor 10 is conducted to a voltage limiter 14 along conductor 16. The
      voltage limiter limits the relatively high peak to peak square wave
      voltage signal amplitude appearing at the collector electrode 12 to a
      predetermined value, typically 24 volts peak to peak (see FIG. 3, trace
      a).
PAR  The base electrode 18 of the transistor 10 is coupled via a conductor 20 to
      a tuned circuit 22. The voltage signal waveform between the base electrode
      18 and the emitter electrode 19 contains spikes and switching transients
      which are undesirable. The tuned circuit, which is tuned at 20 kHz,
      converts the generally square wave voltage waveform along conductor 20 to
      a sinousoidal waveform (see FIG. 3, trace b). The tuned circuit 22 has an
      adjustable means for varying the phase of the output signal along
      conductor 24 as will be explained hereinafter.
PAR  The sinousoidal waveform, of approximately 10 volts peak to peak amplitude,
      causes a switch 26 to periodically turn off and on responsive to the
      amplitude of the sinousoidal signal. The waveform of the switch output is
      a nonsymmetrical square wave voltage signal as shown in FIG. 3, trace c.
PAR  The waveforms illustrated in FIG. 3 traces a, b, and c represent the
      "ideal" situation. That is, the sinousoidal signal, which is
      representative of the collector current is perfectly in phase with the
      collector voltage waveform (FIG. 3, trace a). The switch 26 output does
      not overlap the collector voltage waveform. The term overlap refers to the
      condition when collector voltage waveform shown in trace a is in its high
      condition, simultaneously with the output of switch 26 shown in trace c
      being in its low state.
PAR  In FIG. 3, trace d, a sinousoidal waveform similar to that of trace b but
      with a phase difference is shown. In trace d, when the sinousoidal
      waveform is positive, the collector voltage (FIG. 3, trace a) is
      simultaneously positive. A different output from switch 26, as shown in
      FIG. 3, trace e is produced. In this case, there are time intervals when
      the collector voltage waveform is in its high condition, simultaneously
      with the switch 26 output being in its low condition. These two signals
      are provided as inputs to overlap circuit 28. The output voltage waveform
      of the overlap circuit 28 as shown in FIG. 3, trace f is a series of
      positive pulses corresponding in time to the interval when the collector
      voltage is in its high condition and the switch 26 output is in its low
      condition, that is, the transistor is dissipating power.
PAR  The output of the overlap circuit is conducted along conductor 30 to an
      integrator circuit 32. The integrator circuit 32 integrates the voltage
      waveform shown in FIG. 3, trace f and provides a direct current voltage
      signal responsive thereto. The integrated signal on conductor 34 is
      compared to a predetermined level in comparator 36. When the integrated
      signal exceeds the predetermined level, an overload signal is generated at
      conductor 66 which inhibits operation of the oscillatory circuit and
      prevents the destruction of the transistor 10.
PAR  While the above description is applicable to the current flowing during an
      overload condition, it is apparent that a frequency shift of the
      oscillatory circuit caused by an overload condition will cause a
      corresponding increase in the number of pulses in FIG. 3, trace f per unit
      of time and cause a resultant increase in the direct current signal output
      amplitude of the integrator 32. Thus, either excessive collector current
      flowing during the time the transistor 10 is "off" or a shift in the
      frequency of the oscillatory circuit resulting from an overload situation
      will have the same effect of causing the oscillatory circuit to be
      turned-off.
PAR  In FIG. 2, a typical simplified oscillatory circuit for driving an
      electro-acoustic converter 38, is shown in conjunction with a preferred
      embodiment of the invention. The switching transistor 10 drives the
      converter 38 in a conventional manner, see U.S. Pat. No. 3,432,691 by A.
      Shoh, dated Mar. 11, 1969. The collector voltage is conducted along
      conductor 16 to a capacitor 40 from which it is conducted to the cathode
      of a 24-volt zener diode 42 which causes the output of the voltage limiter
      14 to be a square wave with a 24 volt peak to peak amplitude. The base
      electrode 18 of the transistor 10 is coupled to the variable inductor 44
      contained in the tuned circuit 22. The circuit is tuned to the desired
      frequency by proper selection of the inductor 44 and capacitor 46.
PAR  The voltage signal along conductor 24 is a 20 volt peak to peak, 20 kHz
      sinousoidal waveform. The inductor 44 is adjustable for varying the phase
      angle of the sinousoidal signal with reference to the collector voltage
      waveform. The phase angle shift will cause the switch 26 to turn on and
      turn off at different times, thereby affecting the overlap interval and
      changing the width of the pulses shown in FIG. 3, trace f. It is apparent
      that by adjusting the inductor 44 the direct current voltage at the output
      of the integrator circuit 32 is changed and, therefore, the amount of
      permissible power dissipated in transistor 10 before inhibiting the
      oscillatory circuit is varied. In this manner, the transistor 10 is
      capable of providing increased power to the converter 38. In prior
      embodiments, the switching transistor 10 was designed to operate at a
      condition for providing less power to the converter 38 and for dissipating
      less power to allow for large load variations. The present invention
      permits the transistor 10 to be operated at a higher power condition since
      load variations, specifically overload conditions, will cause the
      oscillatory circuit to be turned off prior to a failure of the switching
      transistor 10.
PAR  By proper biasing of the transistor switch 48, a square wave will be
      apparent at the collector electrode of the transistor 48 responsive to the
      signal along conductor 24. The square wave output of switch 26 is
      conducted via a resistor 52 to the base electrode of a p-n-p transistor 50
      in overlap circuit 28. The square wave output from voltage limiter 14 is
      conducted to the emitter electrode of transistor 50. The transistor will
      conduct current to diode 54 only when the emitter electrode of transistor
      50 is at a higher potential than the base electrode of transistor 50. That
      is, when the voltage at the collector electrode of transistor 10 is in its
      high condition and the sinousoidal signal along conductor 24 is also in
      its high condition responsive to collector current flowing in transistor
      10. In this case, a current flows through diode 54, through resistor 56
      and charges capacitor 58. While the waveform in FIG. 3, trace f shows wide
      periods of overlap, in actual operation the pulse width is typically very
      narrow, approximately a spike, which is then integrated by capacitor 58.
PAR  In the event that the square wave voltage signal at either the emitter
      electrode or the base electrode of the transistor 50 is of reduced
      amplitude or absent, i.e. a direct current signal is apparent due to a
      failure of the switching transistor 10 or the overload protection circuit,
      the transistor 50 will conduct current to the diode 54 which wll charge
      the capacitor 58.
PAR  When the direct current voltage at the capacitor 58 exceeds the sum of the
      base-emitter junction voltage of transistor 60 and the peak point voltage,
      Vp, of the programmable unijunction transistor 61, current flows from the
      positive direct current power supply +V' through the programmable
      unijunction transistor 61 and along conductor 66. The peak point voltage
      is achieved when the gate 59 is maintained at a constant voltage
      potential, V gate, and the anode 63 voltage exceeds the constant gate 59
      voltage by one diode forward voltage drop. In the present example, the
      constant voltage between the gate 59 and the voltage V- may be expressed
      as a ratio of the resistance of resistors 62 and 64.
      ##EQU1##
      The current flowing along conductor 66 is indicative of an overload
      condition and the current signal is processed for turning off the
      oscillatory circuit.
PAR  The signal along conductor 66 may be coupled to logic circuits, a relay, a
      switch, etc. for interrupting the power lines, the direct current voltage
      to the oscillatory circuit, etc. In a preferred mode of turning off the
      oscillatory circuit, an electrical circuit as shown in FIG. 4 is coupled
      to the conductor 66 and the transformer 68 of the oscillatory circuit for
      causing a shorted secondary winding 92 on the transformer 68, thereby
      turning off the oscillatory circuit.
PAR  The current flowing along conductor 66 passes through resistors 70, 72 and
      diode 74 to charge capacitor 76. When the voltage across capacitor 76
      exceeds the gate trigger voltage of silicon controlled rectifier (SCR) 78,
      the SCR 78 turns on, creating a current path from the ON signal to the
      negative power supply via the SCR 78. The transistor 80 thereby is caused
      to turn off. The current which was flowing from the positive direct
      current power supply through diode 82 into the collector electrode of
      transistor 80 to the negative power supply is now directed instead through
      diode 84 and the base electrode of transistor 86. The collector electrode
      of transistor 86 is coupled to the cathode of diodes 88 and 90, the anode
      of the diodes are connected to respective ends of a transformer 68 winding
      92, when transistor 86 turns on, a short circuit is apparent across the
      winding 92 of transformer 68.
PAR  The short circuited transformer winding 92 causes the oscillatory circuit
      to turn off. When the ON signal is removed, the overload circuit operates
      in a normal mode, that is, transistor 86 remains on until a subsequent ON
      signal is apparent. The removal of the ON signal, resets the SCR 78 by
      removing the holding current flowing to the anode and causes transistor 80
      to be in its on condition, which, in turn causes transistor 86 to be
      turned off. In the described condition, the oscillatory circuit provides
      power to the converter 38.
PAR  To obviate the condition where an overload signal is manifest at initial
      start up, a relay coil 90 is provided. The relay contact 90' is initially
      in its open state and transistor 94 is in its on state, thereby coupling
      the overload signal on conductor 66 to the negative power supply via
      resistor 70 and transistor 94. After an initial delay, approximately 20
      milliseconds, the oscillatory circuit has started, relay contact 90'
      closes causing current to flow instead of into the base electrode of
      transistor 94, through diode 96 relay contacts 90' to the negative power
      supply. Transistor 94 is thereby turned off, and the overload circuit will
      operate in its normal mode.
PAR  In the present embodiment, the positive power supply, V+ is +160 volts
      direct current with reference to the negative power supply V- and the
      positive power supply +V' is 24 volts direct current with reference to the
      negative power supply V-.
PAR  While there has been described and illustrated a preferred embodiment of
      the present invention pertaining to an overload protection circuit for
      turning off an oscillatory current it will be apparent to those skilled in
      the art that various changes and modifications can be made without
      deviating from the broad principle of the invention which is limited only
      by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical circuit for providing overload protection in an
      oscillatory circuit having at least one switching transistor coupled to
      the primary winding of a transformer for driving an electro-acoustic
      converter coupled to a secondary winding of the transformer comprising:
PA1  first means coupled to the switching transistor for providing a signal
      responsive to the voltage between the collector electrode and the emitter
      electrode of said switching transistor;
PA1  second means coupled to said switching transistor for providing a signal
      with adjustable phase, responsive to the voltage between the base
      electrode and the emitter electrode of said switching transistor;
PA1  overlap detecting means coupled for receiving said signal responsive to the
      voltage between the collector electrode and the emitter electrode and said
      signal responsive to the voltage between the base electrode and the
      emitter electrode and providing an output signal responsive to the
      occurrence of an overlap of said two mentioned signals;
PA1  integrating means coupled for receiving said output signal from said
      overlap detecting means and integrating said output signal for providing
      an overload signal, and
PA1  third means coupled to said integrating means and said oscillatory circuit
      for receiving said overload signal and inhibiting operation of said
      oscillatory circuit responsive to said overload signal exceeding a
      predetermined amplitude.
NUM  2.
PAR  2. An electrical circuit as set forth in claim 1, said first means
      comprising voltage limiting means.
NUM  3.
PAR  3. An electrical circuit as set forth in claim 1, said second means
      including a tuned circuit for providing a sinousoidal signal responsive to
      the voltage between the base electrode and the emitter electrode of said
      switching transistor.
NUM  4.
PAR  4. An electrical circuit as set forth in claim 3, said tuned circuit
      including means for varying the phase of said sinousoidal signal from an
      initial phase.
NUM  5.
PAR  5. An electrical circuit as set forth in claim 4, and including switch
      means coupled to said tuned circuit for providing a square wave output
      signal responsive to the amplitude and phase of said sinousoidal signal.
NUM  6.
PAR  6. An electrical circuit as set forth in claim 1, said overlap detecting
      means comprising a transistor operating as a switch for providing an
      overlap signal when the voltage between said collector electrode and
      emitter electrode of said switching transistor and the voltage between
      said base electrode and emitter electrode of said switching transistor are
      concurrently in their respective high condition.
NUM  7.
PAR  7. An electrical circuit as set forth in claim 1, said third means
      including a programmable unijunction transistor.
NUM  8.
PAR  8. An electrical circuit as set forth in claim 1, and further means coupled
      to said third means for overriding said overload signal to allow initial
      start-up.
NUM  9.
PAR  9. An electrical circuit as set forth in claim 8, said further means
      comprising a relay.
NUM  10.
PAR  10. An electrical circuit for providing overload protection in an
      oscllatory circuit comprising:
PA1  an oscillatory circuit including at least one switching transistor coupled
      to the primary winding of a transformer for providing power to an
      electro-acoustic converter coupled to a seconday winding of the
      transformer;
PA1  voltage limiting means coupled to the collector electrode of said switchin
      transistor for providing a first square wave signal responsive to the
      voltage between the collector electrode and the emitter electrode of said
      switching transistor;
PA1  tuned circuit means coupled to the base electrode of said switchin
      transistor for providing a sinousoidal signal responsive to the voltage
      between the base electrode and the emitter electrode of said switching
      transistor;
PA1  switch means coupled to said tuned circuit means for providing a second
      square wave electrical signal responsive to said sinousoidal signal;
PA1  overlap means coupled to said switch means and said voltage limiting means
      for receiving said first square wave signal and said second square wave
      signal and for providng an overlap signal indicative of said first square
      wave being its high condition simultaneously with said second square
      signal being in its low condition;
PA1  integrating means coupled to said overlap means for receiving and
      integrating said overlap signal for providng a direct current signal
      responsive to the duration of said overlap signal;
PA1  programmable unijunction transistor means coupled to said integrating means
      for receiving said direct current signal and for providing an overload
      signal when said direct current signal exceeds a predetermined voltage;
PA1  transistor switch means coupled to said programmable unijunction transistor
      means for receiving said overload signal and assuming its on condition
      responsive thereto;
PA1  delay means for inhibiting said transistor switch means from assuming its
      on condition during an initial start-up period, and
PA1  transformer winding means disposed on the transformer and coupled to said
      transistor switch means for inhibiting said oscillatory circuit when said
      transistor switch means assumes its on condition.
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PAL  An overcurrent protection system has an adjustable inverse-time
      characteristic which may be varied at will. The output of the inverse-time
      characteristic determining circuit is coupled to a variable timing means
      which is used to further shift by a predetermined time the inverse-time
      characteristic of the system, thereby providing a greater variety of
      possible switching characteristics. Further provided is an adjustable
      return-to-zero circuit which still further varies the characteristics of
      the protection system.
BSUM
PAR  The present invention relates to protection systems, and more particularly
      to protection systems which protect apparatus from abnormal overcurrent
      conditions.
PAR  In order to protect power-supplied instruments from the dangers which might
      be occasioned by an abnormal overcurrent on the supply line, a number of
      current-sensitive relays are generally included in a protection network,
      which relays operate when the value of the line current exceeds a
      permitted level, thereby breaking the supply. Of these known relays, those
      which most effectively fulfil this protective mission are those generally
      having inverse-time characteristics. That is, their response time is not
      fixed, but is inversely proportional to the quantity of overcurrent,
      thereby acting quickly when the overcurrent is very high and assumes a
      high degree of risk, and operating more slowly with a proportional delay
      when the rise in current is insubstantial.
PAR  The prior systems using relays are bulky and generally consume relatively
      large amounts of power. Additionally, the relay systems are unreliable in
      use. Prior art electronic protection systems have been proposed, but these
      systems constantly draw power, thereby rendering them unsuitable for use
      in situations where it is undesirable to constantly supply power to a
      protection circuit. If the protection circuit uses batteries, or the like,
      the batteries are quickly drained and could possibly result in unreliable
      operation of the protection system.
PAR  The object of the present invention is to provide an improved electronic
      overcurrent protection system having an inverse-time characteristic which
      is widely variable to provide a high degree of flexibility and versatility
      to the protection system. A further object of the invention is to provide
      such a system in which current drain does not begin until the monitored
      current exceeds the "starting level " and causes tripping of the system.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an overcurrent protection system
      includes an input means which samples the signal being monitored and which
      generates an output when the input signal thereto exceeds a given level.
      Further provided is a generator means responsive to the output of the
      input means and generating a signal after a predetermined period of time
      which is inversely proportional to the amplitude of the output of the
      input means, the generator means including a variable time constant
      circuit which is operable on a signal corresponding to the output signal
      of the input means for varying the inverse-time characteristic of the
      generator means. This changes the shape and positioning of the
      inverse-time characteristic relative to time. Also included is a variable
      timing means which is responsive to the signal generated by the generator
      means and which generates a trip signal which is a function of the
      variable time delay of the timing means. The variable time delay of the
      timing means is used to shift the previously determined inverse-time
      characteristics of the generator means by a predetermined time, thereby
      increasing the versatility of the system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of an embodiment of the present invention, each
      of these circuits installed on one phase of a monitored system to operate
      independently from those of the other phases;
PAR  FIG. 1A shows a modification of the circuit of FIG. 1;
PAR  FIG. 2 is a graph illustrating operational characteristics of the
      invention; and
PAR  FIG. 3 depicts the return-to-zero time influence of the generator before
      successive starts of insufficient duration.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  The circuit depicted in FIG. 1 is installed on each of the line phases in a
      system in order to make the operation of each phase independent.
PAR  The system of FIG. 1 includes an input unit 1 having input terminals
      receiving the controlled signal from the terminals 7. The signal generated
      from terminals 7 is a sample signal comprising a sequence of half-cycles
      of the same polarity, each half-cycle being the sum of the one pertaining
      to the input signal plus the previous half-cycle taken from the same
      direction. Thus, the signal on terminals 7 is a quantitative sample of the
      input signal, but nevertheless does not reflect the possible asymmetrics
      which a mistripped relay might cause.
PAR  The system also includes a generator unit 4 for generating a
      "constant-time" function, referred to as an inverse-time characteristic
      curve 15 (FIG. 2) because it provides a trip-time which is inversely
      proportional to the overcurrent amplitude. To define the constant K of the
      "constant-time" function and consequently the curve 15 of FIG. 2, the
      generator unit 4 has a number of resistors 12 connected in series. A
      connection point 6 is provided which is variably connected to the
      resistors 12 by a multicontact switch SW which is operated by an external
      control (not shown) to include a variable number of the resistors 12 in
      the circuit, thus selecting one or other characteristic curve 15, having
      different K values, within the range provided by the resistor sequence.
      The fact that a combination of resistors 12 is provided rather than a
      variable rheostat enables greater accuracy in selection of a curve 15,
      thus allowing distribution of several of these systems at differing points
      in a line in order to effect a "stepped" type of control. FIG. 1A shows
      the plurality of resistors replaced by a variable resistor 12' which may
      have either a linear or a non-linear resistance characteristic.
PAR  Generation of a substantially straight-line characteristic 16 (FIG. 2)
      corresponds to when all resistors 12 are eliminated (or not connected),
      resulting in operation of a fixed-time relay (i.e., non-variable operation
      time), thus making the circuit usable in applications requiring this
      particular type of characteristic.
PAR  The system of FIG. 1 has an additional adjustable timing unit 5 which
      further retards tripping of relay T (having control contacts K.sub.T) by
      an adjustable time period, in effect making a shift in the curves 15
      relative to the time-axis (ordinate in FIG. 2), thereby converting the
      curves 15 into other characteristic curves 17 to endow the system with
      even greater versatility and flexibility.
PAR  To adjust the "return-to-zero" time of the generator unit 4 the generator 4
      includes an adjustable resistor 13. This enables adjustment of the circuit
      so that the timer output "returns-to-zero" in a given time, which may be
      before a transient starting signal 18 (FIG. 3) which does not reach
      trip-timing starts again. Resistor 13 is adjustable to obtain a slow
      return (curve 19 - FIG. 3) resulting in the previous start signal pulse of
      signal 18 influencing the timing of the circuit when the next pulse of
      signal 18 appears. Resistor 13 may be adjusted for rapid return (curve 20
      - FIG. 3) which occurs before the occurrence of the next successive
      overcurrent pulse, thus cancelling the influence which the previous
      overcurrent pulse of signal 18 might have caused.
PAR  The system also optionally has a light-transmission diode system 14 wired
      to visually signal the start of the timed measuring unit 3.
PAR  So that the system does not put a drain on the auxiliary system 8 the input
      portion of the circuit arrangement includes a supplementary transistor
      circuit 2 which draws no power until a starting value occurs which causes
      tripping of relay I. Further, the generator unit 4 does not drain power
      during the stand-by condition because its negative switchpole (11) is kept
      opened until relay 10 is activated when that starting level is reached.
      Still further, the timing unit 5 does not drain power during stand-by
      inasmuch as its negative connection is via the thyristors 21, which are
      only excited when the time matching the selected "constant-time" current
      characteristic has been attained.
PAR  Replacement of the resistors 12 by non-linear elements selected according
      to delay use is contemplated as this may result in the obtainment of other
      desired protection characteristics.
PAR  Differing from those protection systems already in existence, the system of
      FIG. 1 does not drain current from the auxiliary power supply system until
      the starting level (i.e., "overcurrent level") causes tripping of the
      circuit. As the irregularity occasioning starting of tripping is normally
      going to occur on only a very few occasions, then current drain occurs
      only at these "danger" times and is consequently minimal. This enables the
      present invention to make use of a simple precharged capacitor feasible as
      an auxiliary power source. On the other hand the use of such a simple
      source of power is forbidden in the prior art electronic relay systems
      because they are draining current at all times, even in the "stand-by"
      condition. Thus, the prior art systems must utilize other costly and bulky
      auxiliary power sources, such as batteries.
PAR  The generator unit 4 generating the current function for a period of time
      equal to constant (i.e., the "inverse-time" characteristic curve), is
      arranged to create a multiplicity of these functions inter alia the
      fixed-time function, thereby making possible the choice of the most
      appropriate inverse-time characteristic at any time, or for application,
      by means of an easily accessible control to vary the resistors 12
      connected in the circuit. This adjustment can be made even while the
      system is in service, thus enabling converting the system with variable
      inverse-time characteristic into a fixed-time relay system, at will.
PAR  By means of another control controlling for example the variable resistor
      in the adjustable timing unit 5, the chosen characteristic curve (chosen
      by resistors 12) can be shifted by a specified period of time. This adds
      further flexibility and this control can also be adjusted even while the
      system is in service.
PAR  The combination of the last two adjustment features serves to endow the
      system of the present invention with a versatility and capability of
      application on any service-system providing the specific variable
      retard-time which the user believes most advantageous. In addition it
      enables several of these mutually similar but differently rated systems to
      control different points in a service-system, exercising selective
      control, accurately stepped, at each point of the lines in a monitored
      system. This versatility contrasts with that of the earlier systems
      inasmuch as when arranged to create a family of curves without shift of
      time constant they are positively restricted to their application at a
      pre-established point (i.e., to have only fixed or restricted control
      characteristics on an also pre-established line. This reduces the number
      of different types of control units needed in an overall protection system
      since each unit is fully adjustable. Also, a reduced number of spares need
      be kept for replacement purposes.
PAR  The return-to-zero time of the generator unit 4 can be adjusted in the
      system of the present invention before the occurrence of a start not
      reaching trip-timing and tripping does not occur. Regulation of the
      influence of already extinguished overcurrents within the system before
      the occurrence of another overcurrent is accomplished with this control,
      because if the return-to-zero has been adjusted for this to occur in the
      interval between one and another overcurrent, the influence of those
      overcurrents which previously occurred is null and void. This independence
      of the overcurrent thus achieves selective operation or "stepping" of the
      systems installed at various selected points on a line. However, if when
      an overcurrent occurs the generator unit 4 has been adjusted for a long
      return-to-zero time, the time required to return-to-zero does influence
      response time, shortening it and thus obtaining system operation similar
      to operation of systems using protective thermal devices, in which the
      heat creates an overcurrent, which added to a previous overcurrent has not
      had time to dissipate.
PAR  The internal constituents of the various units of the present invention
      operate in conventional manners and a detailed description of each
      component, and the specific operation thereof, is given below.
PAC  DISCUSSION OF CIRCUITRY
PAR  Unit 1 - for conditioning of the signal and supression of the aperiodic
      effect
PAR  Unit 2 - for measuring the second screening and its output relay, also
      called "instantaneous unit"
PAR  Unit 3 - threshold unit of the system of inversed timing
PAR  Unit 4 - Unit for obtaining the characteristic curve
PAR  Unit 5 - Unit of additional timing and including a timed output relay.
PAC  OPERATIONAL DESCRIPTION
PAL  Unit 1:
PAR  The secondary of transformer T at the input is protected by a varistor V
      and provides a secondary voltage which by means of a voltage divider Pot.
      3, which serves as a "fine adjustment", and of a resistor R28, is
      transformed to a voltage which is rectified by the diodes D6 and D7. The
      asymetrical component of this voltage is removed by the capacitors C13 and
      C14, and is then supplied to the units 2 and 3. The Zener diodes Z6 and Z7
      limit the highest obtainable voltage amplitude at the output of unit 1 to
      a fixed vlaue so that the output voltage is constant when the level of
      input to terminals 7 surpasses a predetermined value relative to the
      adjusted voltage level.
PAR  This proportions a constant time zone for elevated voltage levels, as is
      being evaluated in FIG. 2 and in the portion situated to the right from
      the curves.
PAL  Unit 2:
PAR  The pulsating voltage obtained from Unit 1, is coupled to Unit 2 via a
      voltage divider formed by R22, Pot. 4 and transistor T2. The potentiometer
      Pot. 4 is a "second screening and adjustment," and is adjusted to obtain a
      voltage higher than the sum of the base-emitter of the transistor T2 and
      the voltage of the Zener diode Z4, when the input voltage level at the
      primary 7 of the input transformer T is in the order of twice the nominal
      value.
PAR  Under these conditions, the transistor T2 will conduct commuting across
      resistor R25 to the transistor T3 which becomes conductive and excites the
      relay (I) by applying voltage across its winding. Resistor R24 and
      capacitor C10, as well as resistor R26 and capacitor C11, form connected
      integrators of the pulsating signal to prevent vibration or chattering of
      the contacts of relay (I).
PAL  Unit 3:
PAR  The output voltage of Unit 1 is also supplied to Unit 3 which is the
      threshold unit of the timed element, through the voltage divider formed by
      resistances R20, R21 and potentiometer Pot. 2 which couples the signal to
      the base of the transistor T1.
PAR  When the voltage level which circulates through the primary of the input
      transformer T is higher than the adjusted threshold intensity, the voltage
      appearing at the base of the transistor (T1) is higher than the voltage
      drop of the Zener diode Z3, whereby transistor T1 begins to conduct,
      exciting the relay 10 and illuminating the light emitting diode 14.
      Excitation of relay 10 causes operation of its switching contacts 11 which
      are in Unit 4.
PAR  The relay 10 may be designated "the threshold relay" and has connected in
      parallel to its coil a diode D8 and the series combination of a resistor
      R19 and a capacitor C8 serving to integrate the conduction pulses of the
      transistor T1.
PAL  Unit 4:
PAR  The switching of the contacts 11 of relay 10 permits application of the
      voltage generated in Unit 1 to Unit 4. In Unit 4, this voltage is applied
      through a circuit formed by a plurality of resistances 12, a multi-contact
      switch SW, a resistance R17, a diode D4, capacitors C15, relay contacts 11
      to the negative voltage terminal of Unit 1. This voltage charges the
      capacitors C15 which, on arriving to a certain charged voltage level
      determined by the divider D3, R12, Pot. 1, R15 and through the triggerable
      transistor PUT, are rapidly discharged across the resistance R14. This
      discharging causes ignition of the thyristor Ti2 which ignites and remains
      conductive through R10, R11, D2, and Ti2.
PAR  The time necessary for reaching the discharge level of the transistor unit
      (Put) depends on the time constant RC selected by means of the switch SW.
      That is, by means of the switch SW it is possible to select the curve
      (intensity-time) appropriate for the element being protected.
PAR  When the voltage level at the primary 7 of the input transformer T
      decreases beneath the set threshold value prior to the capacitors 15
      reaching the discharge level, the capacitors discharge across the
      resistance 13, and causing the inverting relay contacts 11 of relay 11 to
      return to its rest position which is the position shown in FIG. 1. The
      selection of the value of the resistance 13 allows a quick discharge
      characteristic to be obtained. Alternatively, where the discharge proceeds
      very slowly, which may be obtained by chosing a very high value for
      resistor 13, it is attainable to have a cummulative effect of the
      overcharge.
PAL  Unit 5:
PAR  This is a unit which provides an additional timing or delay to the signal
      received from Unit 4.
PAR  When conducting, the thyristor Ti2 within said Unit 4 causes the auxiliary
      voltage appearing at terminals 8 to be applied across the resistances R7,
      R8, R9. A constant voltage thus appears across the circuit formed by
      parallel resistors R2, 23, diode D1 and relay T1, which parallel circuit
      is in series with resistor R1 which in turn is in series with Zener diode
      Z1. This constant voltage serves for charging the capacitor C2 across the
      resistance R4 and the potentiometer Pot. 5, which serves for selecting the
      additional time constant. The capacitor C2 reaches a voltage capable of
      actuating the unijunction transistor U, discharging itself to the
      capacitor C3 across the resistance R6, thus causing igniting of the
      thyristor Ti1 which then excites the relay T and short circuits the rest
      of the elements of the timing unit. The relay T through its contacts KT
      gives an order indicating an excess in the voltage level, over the pre-set
      voltage level, in the primary 7 of the transformer T of input Unit 1.
PAR  FIG. 3 has the coordinate axes time and the voltage amplitude charging
      capacitor C15. The line 18 in FIG. 3 represents the general voltage for
      the voltage to be measured exceeding the threshold value in certain
      periods. The dashed lines 19 and 20 show in the ascending phase the
      voltage on the capacitors C15 across the resistances 12. The discharge
      curves, i.e., the descend portions of curves 19, 20, correspond to the
      discharge of the capacitors C15 across the resistor 13. The relay quasi
      instantaneously returns to the rest position to effect inversion of the
      contacts 11, which characteristic is shown in the dashed curve 20 of FIG.
      3. The curve (19) shows the cummulative effect obtained by elevation of
      the value of the resistance 13.
PAR  While the invention was described above with respect to specific apparatus,
      it should be clear that various modifications and alterations may be made
      within the inventive concept, as set forth in the claims. For example,
      while mechanical relays are shown in certain parts of the circuitry, it
      should be clear that they could be replaced by, for example, semiconductor
      switching circuits. Additionally, while various specific types of timing
      circuits are shown, equivalent timing circuits, but perhaps having
      different internal constructions, could be used.
CLMS
STM  We claim:
NUM  1.
PAR  1. An overcurrent protection system for protecting an electrical system,
      comprising:
PA1  input means (1) having an input (7) for obtaining a sample of a
      time-varying electrical signal from the electrical system being protected
      and for generating a time-varying output when the input signal to said
      input means (1) exceeds a given value;
PA1  generator means (3, 4) coupled to said input means (1) for selectively
      generating a first trip signal either immediately after receipt of the
      output of said input means (1) or after a first predetermined time has
      elapsed after receipt of the output of said input means (1), said first
      predetermined time being inversely proportional to the amplitude of the
      output of said input means (1), said generator means (3, 4) including a
      variable time constant means (6, 12) operating on a signal corresponding
      to said output signal of said input means (1) for varying the inverse-time
      characteristic of said generator means;
PA1  variable timing means (5) responsive to said first trip signal generated by
      said generator means (3, 4) for generating a second trip signal after a
      second predetermined time elapses after receipt of said first trip signal,
      thereby shifting in time the inverse-time characteristic of said generator
      means; and
PA1  means responsive to said second trip signal for indicating that said input
      to said input means (1) has exceeded said given value.
NUM  2.
PAR  2. A system according to claim 1 wherein said variable time constant means
      includes a capacitor means coupled to a variable resistance means, the
      time constant being varied by varying the resistance of said variable
      resistance means.
NUM  3.
PAR  3. A system according to claim 2 wherein said variable resistance means
      includes a plurality of resistors coupled together and means for coupling
      selective ones of said resistors to said capacitor means.
NUM  4.
PAR  4. A system according to claim 3 wherein said plurality of resistors are
      series connected.
NUM  5.
PAR  5. A system according to claim 2 wherein said variable resistance means
      includes a variable resistor.
NUM  6.
PAR  6. A system according to claim 5 wherein said variable resistor has a
      non-linear resistance characteristic.
NUM  7.
PAR  7. A system according to claim 1 wherein said generator means further
      includes means for bypassing said variable time constant means so as to
      provide a constant time delay operation of the protection system.
NUM  8.
PAR  8. A system according to claim 1 comprising means coupling said input
      means, generator means and variable timing means to a source of power,
      said coupling means including means responsive to the output of said input
      means for selectively coupling said source of power to said generator
      means and variable timing means, and isolating said source of power during
      stand-by conditions.
NUM  9.
PAR  9. A system according to claim 8 wherein said coupling means includes a
      relay and associated contact coupling said source of power to said
      generator unit.
NUM  10.
PAR  10. A system according to claim 8 wherein said coupling means include a
      thyristor means coupling power to said adjustable timing unit when said
      first trip signal is generated by said generator means.
NUM  11.
PAR  11. A system according to claim 1 wherein said generator means further
      comprises means for adjusting the return-to-zero time of said variable
      time constant means.
NUM  12.
PAR  12. A system according to claim 11 wherein said return-to-zero adjusting
      means comprises a variable resistor coupled to said variable time constant
      means.
NUM  13.
PAR  13. A system according to claim 12 wherein said variable time constant
      means includes a capacitor, said variable resistor being selectively
      coupled to said capacitor to discharge same, thereby returning said
      variable time constant means to zero.
NUM  14.
PAR  14. A system according to claim 1 wherein said input means includes means
      for sampling a sequence of half-cycles of the input signal, the output
      signal of said input means including successive signals which are the
      absolute sum of a given half-cycle of the input signal and of the
      preceding half-cycle.
NUM  15.
PAR  15. A system according to claim 1 wherein said generator means includes
      means for visually indicating when the input signal exceeds a given level,
      thereby indicating starting of a timing operation.
NUM  16.
PAR  16. A system according to claim 15 wherein said indicating means is a
      light-transmission diode.
NUM  17.
PAR  17. A system according to claim 8 including means rendering said coupling
      means responsive to a different time-portion of said time-varying output
      of said input means than said generator means.
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PAL  A temporary or portable electrical distribution system includes a
      distribution box supplied with power by a flexible cable. Field repairs
      carelessly made or other causes may result in wires being transposed or
      open. To eliminate hazards and to ensure proper operation of equipment,
      sensing means including simple circuitry in the distribution box prevents
      operation of a master box switch except upon the verification of proper
      wiring.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to portable or temporary electrical power
      distribution systems, such as those used for construction, motion picture
      and television stages, remote set locations, aircraft hangers, mines,
      shipyards, etc. More particularly, this invention relates to the so-called
      "Edison System" of power distribution.
PAC  BACKGROUND OF INVENTION
PAR  Recently attention has been given to so-called ground fault circuit
      interrupter (GFCI) circuits which are designed automatically to open
      electrical circuits upon the existence of shock hazards. These GFCI's
      detect leakage currents, that is, imbalances in the current flowing
      through the power supply conductors. Certain known GFCI's malfunction if
      supply conductors are transposed. Accordingly, a secondary object of this
      invention is to eliminate the chance of malfunctioning of such GFCI's.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing objects are made possible by the use of a unique and simple
      logic circuit that permits a three pole line switch to be closed only when
      all wiring conditions are right.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A detailed description of the invention will be made with reference to the
      accompanying drawings wherein like numerals designate corresponding parts
      in several figures.
PAR  FIG. 1 is a schematic diagram illustrating the "Edison System" of power
      distribution.
PAR  FIG. 2 is a perspective view of a temporary power distribution box and
      cable, the apparatus incorporating the present invention in the
      distribution box.
PAR  FIG. 3 is a schematic diagram of the protective system.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The following detailed description is of the best presently contemplated
      mode of carrying out the invention. This description is not to be taken in
      a limiting sense, but is made merely for the purpose of illustrating the
      general principles of the invention since the scope of the invention is
      best defined by the appended claims.
PAR  FIG. 1 illustrates the "Edison System" in which conductors B, W and R are
      connected to a center tapped secondary winding. An auxiliary ground
      conductor G is illustrated. The portable or temporary power distribution
      system diagrammatically shown in FIG. 1 includes one or more distribution
      boxes 10 (FIG. 2) and feeder cables 12 and 14.
PAR  The box 10 has male and female connectors at opposite ends for connection
      of the cables. Conductors B, W, R, G (FIG. 3) located in the box 10 place
      corresponding terminals of the cable connectors in direct circuit
      relationship. The box 10 has a series of service sockets 16 that may be
      used, by way of example, for delivering electrical power to hand tools
      used on a construction job.
PAR  The connectors R, W, B and G conventionally have red, white, black and
      green insulation. These conductors correspond to the R, W, B and G of the
      Edison System described above. Three bus bars 52 and 54, are respectively
      connected to the supply conductors B, W, and R through a three pole main
      switch S by wires 20, 22 and 24. One or more service sockets are fed from
      bus bars 50, 52 and 54 through circuit breakers, each preferably
      incorporating a ground fault circuit interrupter.
PAR  The main switch S is normally open. It can be moved to a closed position by
      manual actuators 26 (FIG. 2) shown as a handle in FIG. 3. Movement of the
      actuators is effective to close the switch only if a control or holding
      device 30 is energized. Otherwise the motion of the actuators is lost.
      Furthermore if the control or holding device 30 is deenergized, the switch
      opens. Devices of this type are typically made and sold by manufacturers
      of circuit breakers, and are called under or no voltage trips. Unless a
      sufficient voltage is applied to the coil 30, the mechanical linkage
      between handle 26 and main switch S will not be effective. A spring 31, or
      other return device, such as a magnet, removes a link 33 from the path of
      operation. When the coil 30 is energized, the main switch S can be closed
      and, if closed, will be held in closed position as long as the coil 30
      remains energized, and the handle 26 is in its switch closing position.
PAR  A simple logic circuit causes the coil 30 to be energized only when proper
      conditions exist. A direct current circuit for the coil 30 is established
      from a auxiliary power supply terminal T1, lead 32, resistor R1, coil 30,
      normally open control contact C1, overload contact C2, to the neutral
      branch wire 22. The auxiliary power supply is energized from the companion
      "hot" branch wires 20 and 24. Thus a lead 34 connects one hot branch wire
      20 to the terminal T1 through a rectifying diode D1, and a companion lead
      36 connects the other hot lead 24 to the terminal T1 through a rectifying
      diode D2. A filter condenser 38 parallels the auxiliary supply terminal T1
      and the neutral or current return ground wire 22 in order to smooth the
      pulsations of the full wave rectified current at the terminal T1.
PAR  The resistor R1 has a value designed to limit the current through the coil
      30 to an appropriate tolerable magnitude. The overload contact C2 is
      manually closed by a handle 40 (see also FIG. 2); however, the contact C2
      in a well understood manner, will open upon existence of an excessive
      current through the magnetic coil 44, notwithstanding movement of handle
      40 to closed position. To start the system, the handle 40 is first
      operated to close the overload contact C2. Contact C1 is mechanically
      linked to the contact C2 and correspondingly closed. A circuit is
      established for the coil 30 via the power supply as previously described,
      unless either overload occurs (in which case C2 and C1 will open) or
      miswiring exists. With the coil 30 energized, the handle can be moved to
      close the main switch S which will then remain closed so long as no
      overload occurs.
PAR  If a wiring fault exists, a tripping current will be sent through the
      overload switch contact C2. For this purpose, a sensing circuit is
      provided in the form of a voltage divider. The voltage divider comprises
      equal resistors R2 and R3 serially connected across the supposed hot leads
      20 and 24. The circuit may be traced as follows: lead 20, resistor R2,
      midterminal T2, resistor R3, to lead 24. The voltage at leads 20 and 24 if
      the wiring is proper, is about equal and 180.degree. out of phase. If so,
      the voltage at terminal T2 is about or nearly zero relative to neutral
      wire 22. If the wiring is wrong, such that either lead 20 or 24 is
      connected to the grounded power supply conductor at the box 10 or due to
      some remote miswiring, then a net voltage will be developed at the
      terminal T2. This voltage causes the overload contact C2 to open as soon
      as closure of handle 40 occurs, preventing energization of the holding
      coil through the companion contact C1. For this purpose, a tripping
      circuit is established through the overload contact C2 when the voltage at
      terminal T2 rises sufficiently. The tripping circuit is established from
      the power supply terminal T1, a controlled semiconductor such as an SCR, a
      current limiting resistor R4, normally closed contact C3 overload contact
      C2, to the lead 22. Assuming that lead 22 through miswiring, does not
      operate as the neutral wire, but instead as a hot wire, and that one of
      the other leads 20 or 24 is connected to the neutral, then half wave
      rectified current will be available at power supply terminal T1. Thus if
      lead 24 is connected to neutral, diode D2 will be operative on alternate
      half cycles to energize terminal T1. The SCR is normally nonconductive so
      that the tripping circuit is open; but when the terminal T2 senses
      miswiring, the SCR is triggered by a control circuit from the sensing
      terminal T2 to the SCR gate 46. A trigger diode or diac D3 is interposed
      in the circuit to cause trigger current to flow only when the voltage at
      terminal T2 reaches a predetermined value whereby spurious responses are
      prevented. The device D3 becomes conductive only upon existence of an
      adequate voltage across its terminals. This voltage, which may be 20 to 30
      volts, exists only when miswiring of the type described exists. Slight
      voltage fluctuations at terminal T2 consequently are inadequate to trigger
      the thyristor SCR.
PAR  Assuming a miswiring of the type described, a start atempted by operating
      the handle or lever 40 closes overload contact C2, and, thereby contact
      C1. The SCR will have been triggered and current will flow through
      overload contact C2 from terminal T1, SCR, resistor R4, contact C3,
      overload coil 44 and overload contact C2 to lead 22. Accordingly, upon the
      miswiring described, main switch S cannot be closed because overload
      contact C2 will be opened by the SCR current, and contact C1 will
      correspondingly open. The same operation of the protective circuits
      results if one of the hot leads 20 or 24 is open or is opened before the
      main switch S is closed, such condition resulting in a tripping voltage at
      sensing terminal T2. The size of the resistor R4 allows enough current to
      flow through coil 44 to cause overload contact C2 to open, yet protects
      the SCR.
PAR  If one of the hot leads opens only after the main switch S is closed, the
      circuits supplied by the other of the hot leads remain closed to prevent
      interruption of current to possibly vital equipment. The contact C3
      performs this logical function. This contact is mechanically linked to
      main switch S so that contact C3 is closed when main switch S is open, and
      open when main switch S is closed. Thus, assuming initially correct
      wiring, overload contact C2 is closed, the trigger circuit through SCR is
      open and main switch S can be closed and will remain closed. Once main
      switch S is closed, contact C3 is opened, locking out the tripping circuit
      to overload coil 44 and overload contact C2 should either one of the hot
      leads open, and notwithstanding the existence of a voltage at terminal T2.
PAR  If the grounded power supply conductor W or lead 22 is open circuited,
      before or after the main switch S is closed, the main switch S must open
      to prevent hazard to personnel. This function is achieved since the
      circuit for the device 30 depends upon lead 22 and the grounded power
      supply conductor W.
PAR  As shown in FIG. 3, the position of the two handles 26 and 40 indicates
      possible incorrect wiring. If the overlead switch is on but main switch
      can't be closed, then there is only one power supply conductor connected
      (hot or neutral), no power at all or no neutral connection. If the
      overload switch can't be kept closed, then the wiring is reversed or only
      one of the hot wires is on.
PAC  Intending to claim all novel, useful and unobvious features shown or
      described, we make the following claims:
CLMS
NUM  1.
PAR  1.  In a portable or temporary electrical distribution system:
PA1  a. a distribution box;
PA1  b. a plurality of one or more service sockets accessible at the box for
      connection of a load;
PA1  c. a multiple circuit conductor cable for supplying electrical energy to
      the box;
PA1  d. a multiple master switch for placing the said one or more service
      sockets in conductive relationship with the multiple circuit conductor
      cable
PA1  e. sensing means located in the box for preventing operating of said master
      switch upon the existence of a transportation of wiring ahead of said
      sensing means; and
PA1  f. said cable including at least three conductors corresponding to three
      elements of an Edison distribution system, there being a neutral conductor
      and two hot conductors, the voltage between the hot conductors being
      normally twice the voltage between either hot conductor and the neutral
      conductor; said switch having 3 poles; there being service sockets
      cooperable with one side of the three conductor system and there being
      service sockets cooperable with the other side of the three conductor
      system; said switch once closed remaining closed notwithstanding a later
      existing wiring fault sensed by said sensing means whereby possibly vital
      equipment on the companion circuit side remains operatively connected.
NUM  2.
PAR  2. In a portable or temporary electrical distribution system for a three
      wire supply system having a neutral and two hot conductor:
PA1  a. a distribution box;
PA1  b. a plurality of service sockets, at least one of which is designated to
      connect to the neutral and one hot conductor, and at least one other of
      which is designed to connect to the neutral and the other hot conductor;
PA1  c. a cable having three conductors for supplying electrical energy to the
      box;
PA1  d. a switch having three poles, said switch having a manual actuator;
PA1  e. manually inaccessible linkage means between the actuator and the switch
      upon which closure of said switch by said manual actuator is dependent;
PA1  f. sensing means operative only upon the non-existence of a wiring fault
      for operatively positioning said linkage; and
PA1  g. means for disabling the sensing means once said switch is closed whereby
      said switch remains closed notwithstanding a subsequent wiring fault.
NUM  3.
PAR  3. In a portable or temporary electrical power distribution system:
PA1  a. a distribution box having one or more service sockets and feeder
      conductors for feeding electrical power to the service sockets;
PA1  b. a power switch having three poles and interposed between the service
      sockets and said feeder conductors;
PA1  c. an electro-mechanical linkage to permit operation of the power switch
      from open to closed position, including a two state electrical device that
      must be in one state to render said linkage effective;
PA1  d. an electro-mechanical reset device manually movable to a START mode and
      subject to being electrically tripped to a STOP mode;
PA1  e. a controllable switching device having an ON state and an OFF state;
PA1  f. an electrical trip circuit for said reset device, and deriving
      energization from said feeder conductors, and including said controllable
      switching device;
PA1  g. means linking said two state electrical device to said reset device
      whereby said two state electrical device is in said ONE state when said
      reset device is in its START mode;
PA1  h. a control circuit for said controllable switching device including means
      sensing a voltage imbalance in said feeder conductors corresponding to
      open circuit or transposition of the neutral to trip said reset device by
      causing said controllable switching device to assume its ON state whereby
      said electro-mechanical linkage is precluded from operation upon existence
      of such imbalance; and
PA1  i. means for disabling said control circuit upon closure of said power
      switch whereby subsequent parital power circuit open circuit is
      ineffective to cause said power switch to open whereby possibly vital
      equipment on one side of said circuit remains in circuit.
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ABST
PAL  A panelboard front assembly including a trim plate having an opening for
      exposing a panel assembly mounted in a box, clamping bars slidably
      attached to the trim plate for engaging flanges of the box, and a door
      attached to the trim plate which conceals the clamping bars and the
      associated adjusting means when closed. In the illustrated example, side
      rabbets are provided on the trim plate and the clamping bars slide in
      openings in the rabbets and have adjusting screws which slide in slots in
      the rabbets. The clamping bars are further spring-loaded toward the open
      position by springs situated proximate the adjusting screws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical panelboards which incorporate an
      internal electrical subassembly of various devices, such as circuit
      breakers or fuses and an enclosure. More particularly, the invention
      relates to a panelboard equipped with concealed clamps for attaching the
      front or trim to a wall-mounted sheet metal box or the like.
PAR  In the prior art, a variety of different means were used for fastening a
      "trim" or front onto wall-mounted panel assemblies. These panels usually
      include a sheet metal box which is mounted in a wall so as to be recessed
      from the front surface of the wall or to be flush with the surface of the
      wall. A panelboard front or "trim," together with a suitable door, is
      provided for completing the enclosure of the panel assembly and allows
      access to the control elements of the circuit devices through an opening
      in the front that is normally covered by the door.
PAR  Such panelboard fronts should be easily attached and removed from position,
      preferably by one person, for access to the devices and terminals of the
      panel when necessary. It is desirable that the means which attaches the
      panelboard front or trim to the panel assembly be concealed when the door
      of the assembly is closed and locked to prevent unauthorized access to the
      interior. It is also desirable that the means for fastening the panelboard
      front to the assembly be adjustable or otherwise adapted to engaging
      panelboard boxes which are recessed from the front surface of the wall at
      different depths or in irregular fashion, whether canted laterally or
      unaligned vertically with the surface of the wall. Stated another way, the
      attachment means for the panelboard front should be adjustable to assure
      that the trim will be flush with the wall when it is secured in place,
      both for satisfactory appearance and for rendering the panel tamper proof
      for maximum security in corridors and other wall areas exposed to public
      traffic.
PAR  It is known to attach panelboard fronts to a panel box by means that is
      covered by the door when it is closed. An example is Wills, U.S. Pat. No.
      2,871,284, in which the front is attached to the panel box by sufficiently
      long screws which are screwed into an arm on a bracket that is attached to
      the rear of the box. Various other techniques involving the use of
      relatively complicated clamping mechanisms have been developed in which
      the manipulative elements thereof are covered by the door when closed.
      Such clamps usually include two or more members pivoted together so that
      one engages the trim and another is disposed for engaging the flange of
      the box as a clamp. Such arrangements usually require a long threaded
      screw for providing sufficient adjustability for recessed panelboard boxes
      or a rotatable clamp member which can be rotated out of clamping position
      so that they will clear the flanges of the box when the panelboard front
      is initially placed in position, or when it is being removed.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides a panelboard front having concealed
      clamps which include a bar or rod which is slidably attached to the trim
      plate or to a bracket or rabbet affixed thereto. The clamping bars are
      moved toward the center of the panel to the open position and are moved
      toward the edges of the panel to the closed position behind the flanges of
      the box. The side rabbets on the trim plate serve as both the retainer and
      the fulcrum for the clamping bars.
PAR  A means is provided for each clamp for tightening or locking it against the
      flange of the panelboard box once the clamp is moved into the closed
      position. The tightening means include screws or shafts threaded into or
      attached to the clamping bars, and which ride in slots in the side
      brackets or rabbets of the trim plate and also assist the sliding motion
      of the clamping bars. The bars in turn pass through openings or apertures
      in the side of the rabbets or brackets which limits the freedom of the
      bars to a sliding motion. Only a tool purchase such as a notch or
      screwdriver slot need be provided in the clamping bars which are of heavy
      gauge material. Alternatively, the slot for the shaft or screw of the
      tightening means can be in the clamp bars themselves rather than in the
      side rabbets or brackets.
PAR  The adjustment ends of the clamping bars are thus accessible through the
      opening in the trim plate when the door is open for easy installation and
      removal. Springs are provided at the tightening screws or shafts between
      the trim plate and the clamping bars to bias the bars away from the rear
      surface of the trim plate out of engagement with the flanges of the box
      and to frictionally retain the clamping bars in the open position once
      they have been moved toward the center of the trim plate opening.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a panelboard front assembly of the invention
      mounted against a wall surface;
PAR  FIG. 2 is a pictorial view of a surface-mounted panelboard front and box
      assembly;
PAR  FIG. 3 is a view of the back of such a panelboard front and of a portion of
      a panel and box assembly behind it; and
PAR  FIG. 4 is a sectional view of a portion of the panelboard taken at lines
      A--A in the drawing of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawing of FIG. 1 there is shown a panelboard front 10 mounted
      against the surface of a wall 12 and including a trim 14 having an opening
      16 therein and a door 18 formed to fit opening 16 therein and being
      attached to the trim by hinges 20. Two columns of circuit protective
      devices 15 such as circuit breakers, fuses or the like are exposed in
      opening 16 of the front. Also attached to trim plate 14 or formed
      integrally therewith are side brackets or rabbets 22 and 26 and top and
      bottom rabbets 30 and 34, respectively. The door 18 has a lock 19 mounted
      therein, and index record 25 attached to its rear surface. A trim rest 17
      shown in phantom is attached to the rear surface of the trim plate 14.
PAR  Side rabbet 22 is angular and includes a face portion 23, a perpendicular
      portion 24 and a rear portion 25. Likewise, side rabbet 26 includes a face
      27, a wall portion 28 and a rear portion 29. Top rabbet 30 includes a face
      31, a wall 32 and a rear barrier 33. Bottom rabbet 34 includes a face 35,
      a wall 36 and a rear barrier 37. The rear portion or barriers of the
      rabbets prevent accidental access to the interior of the panel.
PAR  Side rabbets 22 and 26 have a number of openings or apertures 40 in the
      perpendicular walls 24 and 28 thereof for receiving the adjustment ends 42
      of elongated clamp bars 44 shown in phantom at the upper and lower left
      positions. These openings 40 are only slightly wider than the clamp bars
      44 and allow them to slide horizontally along their axes parallel to the
      trim plate 14 from a withdrawn position in which they are moved toward the
      center of the panel, to an extended or projected position in which they
      engage the side flanges of the box. The adjustment ends 42 of the sliding
      clamp bars 44 have screwdriver slots 45 therein so that the clamp bars may
      be easily retracted from the extended position prior to installing or upon
      removing the panelboard front assembly.
PAR  Side rabbets 22 and 26 also have slots 50 formed therein which are recessed
      for receiving adjustment screws 52 which screw into threaded holes 49 (not
      shown) in the clamp bars 44. The axis of the clamp bars 44 and of the
      sliding motion or travel thereof is thus determined by the position of the
      openings 40 in the perpendicular walls of the side rabbets and by the
      position of the slots 50 in the face portions of the side rabbets. The
      screws 52 are preferrably of the captive or self-retaining type which
      cannot be removed to prevent inadvertent disassembly of the sliding clamp
      units. It is clear from the drawings that the clamping members are
      supported at least in part by screws 52.
PAR  The drawing of FIG. 2 shows a panelboard front 10 of the invention mounted
      on a sheet metal box 11 which in turn may be mounted on the surface of the
      wall, on brackets or in any other desired fashion. The trim plate 14 has
      an opening 16 therein in which door 18 fits when it is closed to conceal
      the means clamping the panelboard front to the sheet metal box 11,
      together with the devices of the panel itself which are enclosed by the
      entire assembly. A flush-mounted lock 19 is secured in the door and
      includes also a handle member 21 of the type which closes flush with the
      door. As may be seen, the entire front surface of the trim 10 is
      completely unbroken, as is the door 18 with the exception of the lock and
      handle assembly. Even the hinges 20 (not shown in FIG. 2) are of the
      hidden or concealed type so that no mounting or attachment hardware is
      visible or accessible on the panel assembly when the door is closed and
      locked. Of course the door or trim plate could be notched to accommodate a
      different type of hinge if desired. The entire assembly is thus highly
      secure in preventing unauthorized operation of the enclosed panel units or
      disturbance or tampering with them without possession of the key.
PAR  FIG. 3 shows the rear surface 14' of the trim plate of the panelboard front
      assembly in which the clamping bars 44 are clearly visible in their open
      position. As may be seen in the drawing, side brackets or rabbets 22 and
      26 are affixed to the rear surface of the trim plate 14' as by spot
      welding or the like. Top and bottom rabbets 30 and 34 are then welded onto
      the rear surface of the trim and slightly overlap the side rabbets at the
      corners. Concealed type hinges 20 are affixed to the rear surface of side
      rabbet 26 and to the rear surface 14' of the trim plate as shown. The door
      18 is shown in the closed position with lock 19 engaging side rabbet 22.
      Trim rest 17 is an angle shaped bracket affixed to the rear surface 14' of
      the trim plate.
PAR  Clamping bars 44 slide in openings 40 in the side rabbets 22 and 26 and
      have strengthening ribs 48 formed thereon in which are located tapped
      holes 49 into which self-retaining or captive screws 52 are threaded from
      the front at the slots 50 (not shown in FIG. 3), in side rabbets 22 and
      26. A recess 46 toward the trim plate is formed near the ends of the
      clamping bars and the ends 47 of the clamp bars are turned away from the
      rear surface of the trim plate for easy engagement with the side flanges 9
      of the box 11.
PAR  Circuit breakers 15, fuse pack type protective devices or the like are
      supported by brackets 13 mounted to the rear of the box 11 by bolts 6 and
      nuts 7. Sprocketlike washers 8 are threaded onto bolts 6 as leveling
      washers for adjusting the circuit breaker assembly for engagement with the
      rabbets of the trim.
PAR  FIG. 4 is a section of the drawing of FIG. 1 taken at lines A--A. A portion
      of box 11 having a side flange 9 is shown to which is mounted circuit
      breakers 15 by bolts 6, nuts 7 and tapped leveling washers 8. Trim plate
      14 is laid against the flanges 9 of the box as when the box itself is
      mounted on the surface of a wall or the like. Side brackets or rabbets 22
      include a face portion 23, a perpendicular portion 24 and a sloping rear
      portion 25 which is turned inwardly toward the circuit breakers 15 or
      other units of the panel.
PAR  The clamp bars 44 are shown in their closed position in solid lines and
      also in their open position in phantom lines. The adjustment end 42 of the
      clamping bar 44 clearly passes through openings or apertures 40 in the
      perpendicular portion 24 of side rabbet 22. Screwdriver slot 45 appears in
      the adjustment end 42 of the clamping bar. At the clamping end of the bar
      44 is shown the recessed portion 46 and the backward turned end 47. The
      outside surface of the recess 46 on the clamping bar engages against the
      inside surface of the side flange 9 of the box when the clamp is moved to
      the closed position and tightened.
PAR  Clamps 44 are also retained and are adjusted or tightened by adjusting or
      locking screws 52 which thread into them and ride in slots 5 in the front
      face 23 of side rabbet 22. A coil spring 51 is shown positioned on the
      adjusting screw 52 between the recessed slot 50 of the face portion 23 of
      the side rabbet and the front surface of the clamping bar 44. This spring
      biases or spring loads the clamping bar toward the rear of the box out of
      engagement with the side flanges 9 of the box 11. Rotation of the screw
      from the front draws the clamp toward the front and against the side
      flanges 9 of the box 11 and thus tighten the trim plate against either the
      flanges 9 of the box or the surface of a wall when the box is recessed in
      the wall.
PAR  It is clear that the adjusting or locking screws 52 slide in slots 50 in
      the side brackets or rabbets from the open position to the closed position
      and vice versa. Also the spring frictionally engages the rear surface of
      the recessed slot 50 and also causes the rear surface of the clamping bar
      44 near the adjustment end 42 to frictionally engage an edge of the
      opening or aperture 40 in the perpendicular portion 24 of the rabbet 22.
      These two frictional engagements of the spring and of the clamping bar
      retain the clamping bars 44 in the open position when they are retracted
      for convenient and easy placement of the trim plate into position against
      the box and to retain the clamping bars in the extended position, in
      readiness to be tightened against the box flanges.
PAR  Slots 50 are covered or blocked by the clamping bars 44 which translate
      behind them between the withdrawn and the extended positions and thus
      guard against entry of a tool through the slots 50 into the interior of
      the panel. And significantly, the slots are further closed or blocked when
      the clamping bars 44 are drawn against their rear edges in the closed or
      locked position of use.
PAR  In the broad aspect of this invention the slots 50 in the rabbets 22 and 26
      can be eliminated if slots are formed in the clamping bars 44, as within
      the outlines of the illustrated strengthening ribs or ridges 48 thereon.
      Slots 50 in the side rabbets are then replaced by apertures for recessing
      tightening screws 52 and a nut is affixed to the rear of the clamp bars 44
      so they may be tightened. In such an embodiment the clamping bars 44
      should be thicker or wide for sufficient rigidity despite the slots formed
      in them for the sliding motion. Of course, the sliding clamp bars of
      either embodiment may be arranged to cooperate with either the side
      rabbets, or the top and bottom rabbets or with any three or with all of
      them as desired.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A panelboard comprising a box having in-turned flanges on the front
      edges of the walls thereof, a sub-assembly of electrical devices in the
      box, and a trim unit largely covering the front of the box and having a
      portion defining an opening for exposing the devices in the box, a door
      for closing said opening and covering at least a portion of the trim unit
      surrounding said opening, said portion of the trim unit surrounding the
      opening cooperating with said electrical devices so as to block access to
      the interior of the panelboard when the door is open, and means for
      securing the trim unit to the box, characterized in that: the securing
      means includes elongated clamp bars at the back of the trim unit, each
      clamp bar having a clamping end portion said bars being slidable
      longitudinally between an extended position with its clamping end portion
      opposite one of said flanges and a withdrawn position with its clamping
      end portion clear of the flange and each clamp bar having a manipulating
      end portion directly accessable from the front of the trim unit in both
      said positions of the clamp bar, said securing means also having
      tightening means for each clamp bar including an operating means at the
      front of the trim unit for tightening the clamping end portion of the
      clamp bar against the flange, said tightening means and the trim unit
      jointly supporting the elongated clamp bar and defining the path for the
      longitudinal movement between said extended and withdrawn positions, said
      door in its closed position covering said tightening means and barring
      access to said manipulating end portion of the clamp bar.
NUM  2.
PAR  2. A panelboard as in claim 1, wherein each said tightening means includes
      an elongated threaded member penetrating its clamp bar at a predetermined
      location along the length of the bar and wherein slots are formed in an
      area of the trim unit covered by the door in the closed position thereof,
      each said slot being penetrated by a said threaded member and
      accommodating shift of the elongated threaded member transverse to the
      length of the threaded member together with its related clamp bar as the
      latter is moved between its extended and withdrawn positions relative to
      the trim unit.
NUM  3.
PAR  3. A panelboard as in claim 1, wherein a compression spring is disposed
      between said trim unit and each said clamp bar for displacing the related
      clamp bar rearwardly when the tightening means is released, each said
      spring additionally acting to restrain the related clamp bar frictionally
      in its positions of adjustment.
NUM  4.
PAR  4. A panelboard as in claim 1, wherein the trim unit has an elongated
      opening which the clamp bar underlies and along which the clamp bar is
      slidably adjustable, the clamp bar extending generally along said
      elongated opening and substantially closing the opening in the tightened
      condition of the clamp bar.
NUM  5.
PAR  5. A panelboard as in claim 1, wherein said tightening means of each clamp
      comprises a screw having a head at the front of the trim unit, and wherein
      the trim unit has, for each clamp bar, an elongated opening which the
      clamp bar underlies and along which the clamp bar is slidably adjustable,
      the clamp bar extending generally along said elongated opening and
      substantially closing the opening in the tightened condition of the clamp
      bar.
NUM  6.
PAR  6. A panelboard as in claim 5, further including a compression coil spring
      surrounding the screw and confined between the clamp bar and the trim unit
      for displacing the clamp bar rearwardly when the tightening means is
      released, said spring additionally acting to restrain the clamp bar
      frictionally in its position of adjustment.
NUM  7.
PAR  7. A panelboard as in claim 1, wherein said manipulating end portions of
      the clamp bars extend slidably through apertures in the trim unit near
      said opening, said apertures being only slightly larger than the
      transverse size of the clamp bars, the trim unit thereby providing sliding
      support for the clamp bars.
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ABST
PAL  This is concerned with an electric circuit for controlling or damping the
      shock loading on the structural components and parts of machinery which
      are moved by a conventional hydraulic cylinder. It is more specifically
      concerned with a control circuit to be used with a proportional control
      valve so that the mass moved by the cylinder will be gradually accelerated
      and decelerated to avoid abrupt starts and stops.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is concerned with a circuit and control for eliminating or
      reducing the shock loading that normally occurs in the structural parts of
      machinery when various components are moved hydraulically.
PAR  A primary object of the invention is a combination control circuit and
      proportional control valve arrangement which will gradually accelerate and
      decelerate the movement of a hydraulic cylinder when moving a large mass.
PAR  Another object is a control circuit of the above type which does not
      require any special parts or components.
PAR  Another object is a circuit for the above purpose which is simple and
      reliable.
PAR  Another object is a circuit of the above type which is constructed to drive
      the load or mass in both directions.
PAR  Another object is a circuit of the above type which will gradually
      accelerate a load from a standstill and will gradually decelerate the load
      when stopping so that the shocks and vibrations caused by abrupt starts
      and stops will be eliminated thereby reducing wear and tear on the
      hydraulic circuit and the structural components of the equipment.
DRWD
PAR  Other objects will appear from time to time in the ensuing specification
      and drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of the load, control valve and circuit;
PAR  FIG. 2 is a diagram of the wave form; and
PAR  FIG. 3 is the control circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1 the over-all circuit and control has been schematically indicated
      in which a large mass 10 indicates the heavy part of a machine, such as a
      working arm or pivoted extension, is to be moved in both directions by a
      double-acting hydraulic cylinder 12 controlled and turned by a valve 14
      with the usual source 16 of hydraulic fluid and return sump 18. The valve
      14 is a proportional control valve of any well known type constructed to
      control the hydraulic fluid flow in proportion to the current or voltage
      applied to its coil 20. The electric circuit to the coil from the usual
      source 22 includes a damping circuit 24 which is shown and explained in
      detail in FIG. 3 where the current source is indicated at 22 and the coil
      for the proportional control valve at 20.
PAR  In FIG. 3 the circuitry is doubled up because the valve coil 20 must be
      driven in both directions. Thus the circuit 25 on the left side drives it
      in one direction and the circuit 26 on the right side drives the valve in
      the other direction due to cross-connections 28. Two coils have been shown
      as a part of 20 which is due merely to the type of valve presently being
      used. And the load 20 could be a single coil.
PAR  Since the two sides 25 and 26 may be the same, only one side will be
      explained in detail.
PAR  Considering the side 25, between the source 22 and the load is a transistor
      30 with another transistor 32 between the load 20 and ground. A bias is
      applied to the base of each transistor by separate circuits, the upper one
      being designated 34 and the lower one 36, from a source 38 which, if the
      voltages are the same, which they may be, can be the same as source 22.
      Since the upper and lower circuits 34 and 36 may be the same, only the
      upper one will be described with the differences being pointed out later.
PAR  Considering 34, first the current goes to a pot to ground 40, then to a pot
      that is wipered to itself at 42, then through a diode 44, then an RC
      circuit which includes a capacitor to ground 46, with a capacitor 48
      wipered to itself, then into the base of the transistor 30. Another pot or
      variable resistor 50 may be connected from a source through a diode 52 and
      then into the circuit if the valve is of a type that has, for example, a
      dead band in the center. This circuit applies a bias to prevent a time lag
      in the operation of the valve.
PAR  The lower circuit 36 may be the same except for the presence of an emitter
      resistor 54.
PAR  The device operates as follows: When an input signal is applied at 38, the
      upper and lower capacitors 46 start charging up so that the signal to the
      base of the transistors will increase gradually, which results in the
      valve opening at a rate in proportion to which the transistor is charged.
      This, of course, is determined by the time constant of the RC circuit
      46,48, which gives the rate at which the transistors 30 and 32 open. A
      transistor is used both ahead and behind the load because they will not
      open or operate simultaneously, which is due to the characteristics of the
      individual transistors. So one is used to control the leading edge of the
      current and the other one to control the drop-off or trailing edge. The
      wave form is shown diagrammatically in FIG. 2 with currents plotted
      against time and instead of a right angle curve, the voltage curve ramps
      up to a certain value and then ramps down. When the current is shut off,
      the capacitors 46 will unload through their resistors 48 along a slope
      which gradually reduces the bias on the base of the transistors 30 and 32.
      In theory the ramps would be at 45.degree. but in reality it's a slope.
      The negative wave form is also shown in FIG. 2, which would be when the
      load is driven in the opposite direction by the circuit on the right side
      of FIG. 3.
PAR  While the preferred form and several variations of the invention have been
      shown or described, it should be understood that suitable additional
      modifications, changes, substitutions and alterations may be made without
      departing from the invention's fundamental theme.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A circuit for use with a hydraulic cylinder for moving a load, a
      proportional control valve with a coil adapted to control the flow of
      hydraulic fluid between a fluid source and the cylinder, a power circuit
      connected to the coil for providing current from a power source through
      the coil to ground, a transistor in the circuit on each side of the coil,
      a control circuit connected to the transistors for applying an input to
      the base of each of the transistors, and an RC circuit in the control
      circuit to load and unload during the signal to increase and decrease the
      bias on the base of the transistor so that current flow to the valve will
      gradually increase when applied and gradually decrease when cut off.
NUM  2.
PAR  2. The structure of claim 1 further characterized by and including
      duplicate power and control circuits connected oppositely to the coil to
      operate the valve and cylinder in opposite directions.
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ABST
PAL  A solenoid control system wherein the duration of actuation of a solenoid
      is a function of the workload imposed thereon so that the current to the
      solenoid is always turned off as soon as the solenoid plunger or armature
      is seated. Solenoid control logic responds to an external demand for the
      energization of the solenoid and enables a solenoid drive circuit which
      supplies current to the solenoid coil. The level of current builds in the
      solenoid coil until the solenoid plunger or armature is pulled in. The
      current continues to build as the solenoid plunger or armature is drawn in
      until that point at which the reluctance of the magnetic circuit is
      changing faster than the current in the solenoid coil is able to build.
      From this point until the solenoid plunger is seated, the current drops.
      As soon as seating has occurred, the reluctance ceases to change and the
      current once again begins to build in the solenoid coil. The change in
      reluctance and the termination of that change is represented by a cusp in
      the waveform of the current through the solenoid coil. A broad band cusp
      detector senses the point at which this change in reluctance ceases (i.e.,
      when the solenoid plunger or armature seats) and generates a pulse which
      is supplied to solenoid control logic causing it to disable the solenoid
      drive circuit and turn off or reduce the current to the solenoid coil. The
      solenoid control logic further insures that the solenoid drive circuit is
      disabled in the event that the cusp-indicative pulse does not occur within
      a predetermined interval of time so as to conserve energy and protect the
      solenoid and associated circuitry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to solenoid control systems and to a cusp
      detector for use therein. More particularly, this invention relates to a
      solenoid control system wherein the duration of energization of the
      solenoid is a function of the workload imposed thereon such that the
      solenoid is always turned off or the current reduced as soon as the
      solenoid armature or plunger is seated.
PAR  The prior art is replete with examples of electromechanical systems
      employing electrical solenoids and solenoid control systems. Many printer
      systems employ solenoid-actuated print hammers; record card feeding
      devices employ solenoid-operated pickers; and card or check sorters employ
      solenoid-operated pocket gates.
PAR  Many of the solenoid control systems of the prior art have de-energized the
      solenoid in one or more of the following ways. Most of the systems of the
      prior art operate to turn off the solenoid at a fixed time after the
      solenoid is initially turned on. Other types of systems employ mechanical
      feedback such as relatively slow reacting mechanical switches which sense
      when the solenoid is seated and operate to de-energize the coil. Still
      other systems employ photo-optical devices or the like to sense the actual
      position of the solenoid plunger so as to de-energize the coil when the
      plunger reaches a predetermined physical position. A few of the systems of
      the prior art utilize comparison means which determine when a
      predetermined threshold level of current is reached after the solenoid has
      seated and then de-energize the solenoid coil.
PAR  All of the above-cited systems of the prior art suffer from one or more of
      the following disadvantages. None of these systems turn off the solenoid
      at substantially the exact time at which the solenoid seats, resulting in
      wasted energy since the solenoid continues to be driven after the plunger
      or armature has seated. This results in greatly increasing the power
      supply requirements of the system and in the possible generation of excess
      heat which can damage the solenoid coil or associated circuitry. In
      addition, the heat which is generated after the plunger has seated, in
      addition to wasting energy and possibly harming the coil, also reduces the
      effectiveness of the solenoid by increasing its resistance. Still another
      disadvantage of many of the systems of the prior art results from the fact
      that the exact position of the solenoid plunger with respect to the time
      of the turnoff can vary thereby making it exceedingly difficult to control
      the damping of the solenoid so as to achieve repeatable damping
      characteristics. The problem of wasted energy is particularly important in
      situations in which power supply requirements are critical.
PAC  SUMMARY OF THE INVENTION
PAR  It is in an object of this invention to provide a solenoid control system
      for minimizing power consumption and for minimizing the heat generated in
      a solenoid.
PAR  It is a further object of the present invention to provide a solenoid
      control system wherein the duration of actuation of a solenoid is a
      function of the workload imposed thereon.
PAR  It is still a further object of the present invention to provide a solenoid
      control system wherein the solenoid is deactuated at a predetermined
      position of the plunger so as to reduce the power requirements of the
      system, to reduce generated heat and the damage resulting therefrom, and
      to allow for controlled damping.
PAR  It is yet a further object of the present invention to provide a solenoid
      control system having improved repeatable damping characteristics and
      having better drop-out characteristics at an earlier time.
PAR  It is still a further object of the present invention to provide a solenoid
      control system for use in a battery operated solenoid utilization system
      which provides for the maximum conservation of a battery's energy by
      insuring the earliest possible turn-off time of the solenoid after the
      desired work has been accomplished.
PAR  It is yet a further object of the present invention to provide a cusp
      detector circuit for detecting an abrupt change or fluctuation in the
      current flowing through a solenoid coil which results from a rapid change
      in reluctance.
PAR  It is still a further object of the present invention to provide a cusp
      detector which monitors the current through a resistor connected in a
      series with a solenoid coil for generating a cusp-indicative pulse at that
      point in the current waveform at which the solenoid plunger or armature
      seats.
PAR  It is yet another object of the present invention to provide a solenoid
      control system employing a cusp-detector for detecting the point at which
      the solenoid plunger seats for controlling the turn-off time of the
      solenoid and responsive to the solenoid plunger not having seated within a
      predetermined interval of time for de-energizing the solenoid coil to
      prevent damage to the system.
PAR  These and other objects of the present invention are accomplished in a
      solenoid control system for normally de-energizing the solenoid coil at
      that point in time at which the solenoid plunger is seated. A
      cusp-detector circuit monitors the current through a sensing resistor
      which is connected in series with the solenoid coil and senses changes in
      the current building in the coil as the reluctance of the coil changes. As
      soon as the solenoid armature or plunger is seated and the reluctance is
      no longer changing, the cusp-detector circuit generates a pulse, and the
      solenoid control logic responds to this cusp-indicative pulse to turn off
      the current to the solenoid coil. In the event that the solenoid control
      logic does not receive a cusp-indicative pulse within a predetermined
      period of time, the solenoid control logic will de-energize the solenoid
      coil to prevent damage to the system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages and features of this invention will become more
      fully apparent from the following detailed description, appended claims
      and accompanying drawings in which like reference numerals designate
      corresponding parts:
PAR  FIG. 1 shows a schematic diagram of a solenoid energization circuit having
      a voltmeter connected across a resistor in series with the solenoid coil;
PAR  FIG. 2 represents a plot of current vs. time for a typical solenoid
      energization and de-energization cycle;
PAR  FIG. 3 represents the block diagram of the solenoid control system of the
      present invention;
PAR  FIG. 4 illustrates a schematic diagram of the solenoid control system of
      the present invention and shows the details of the cusp detector circuit
      and the solenoid control logic of the present invention;
PAR  FIG. 5 shows a timing diagram which will be referred to in explaining the
      operation of the circuit of FIG. 4; and
PAR  FIG. 6 shows a circuit diagram of an alternate embodiment of the cusp
      detector of block 31 of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A typical solenoid drive circuit and the characteristic current waveform
      therefor are shown in FIGS. 1 and 2. In FIG. 1, a solenoid 11 has one end
      connected to a +24 volt D.C. source of potential and its other end
      connected to a switching transistor 13 through a series sensing resistor
      15. When an external control circuit applies a signal to the base of
      transistor 13 and causes it to switch to a conductive state, a series
      current path will exist from the +24 volt D.C. source of potential through
      the solenoid 11, the series sensing resistor 15 and the transistor 13 to
      ground. A node 12 exists between the current sensing resistor 15 and the
      collector of transistor 13 and this node is connected to the anode of a
      diode 14 whose cathode is coupled to the end of the solenoid 11 which is
      connected to the +24 volt source of D.C. potential. The node 12 is also
      connected to the collector of a second switching transistor 16 through a
      holding current-establishing resistor 18. The transistor 16 is switched to
      a conductive state when transistor 13 is so-switched and operates to
      establish a level of holding current after the transistor 13 is switched
      to a non-conductive state. The diode 14 is added to form a current loop
      through the solenoid and the sensing resistor after the switching
      transistor 13 has been switched to a non-conductive state. A voltmeter 17
      is connected across the sensing resistor 15 so that voltage can be
      measured with respect to time.
PAR  FIG. 2 represents a plot of current vs. time where current is calculated
      from the formula I = V/R. Assuming that the transistor 13 was switched to
      a conductive state at time t.sub.o, the current through the coil of the
      solenoid 11 builds and can be calculated by measuring the voltage across
      the known sensing resistor 15. As with any inductor, the coil of the
      solenoid 11 tends to resist a change in the current flowing therethrough.
      At some interval of time t.sub.1, the current will be sufficient to cause
      the solenoid plunger or armature to be drawn into the coil. As the
      solenoid armature or plunger is drawn into the coil, the reluctance
      changes although the current continues to build. At some time t.sub.2, the
      reluctance is changing faster than the current is building so that the
      current waveform of FIG. 2 reflects a drop in the level of current flowing
      through the solenoid coil and the sensing resistor 15. At time t.sub.3,
      the solenoid armature or plunger is seated such that the reluctance is no
      longer changing and the current is once more free to build in the coil.
      This point at which the reluctance ceases to change appears as a cusp in
      the current waveform of FIG. 2 and occurs at time t.sub.3. The current
      then continues to build in the coil as illustrated by the portion of the
      waveform between the time t.sub.3 and the time t.sub.4. At time t.sub.4
      some threshold level of current is detected by some means known in the art
      and the switching transistor 13 is switched to a non-conductive state. A
      current loop is established, however, between the solenoid coil 11, the
      sensing resistor 15, and diode 14. The current will decay in the coil
      between time t.sub.4 and time t.sub.5. At time t.sub.5, the level of
      holding current which is established by the conductive state of switching
      transistor 16 and the magnitude of the holding current-establishing
      resistor 18 is reached and this level of holding current will be
      maintained until switching transistor 16 is switched to a non-conductive
      state.
PAR  After time t.sub.3, it will be seen that the current continues to build in
      the coil although no useful work is being done since the solenoid plunger
      or armature is already fully seated. This increased current may generate
      undesirable and unwanted heat which can reduce the efficiency of the
      solenoid or cause damage to the solenoid coil and associated circuitry.
PAR  It will be observed from a study of the characteristic current waveform of
      FIG. 2, that a rapid current fluctuation or "cusp" appears at time
      t.sub.3, and this cusp in the current waveform represents substantially
      the exact time at which the solenoid plunger or armature has seated and
      the reluctance of the system is no longer changing. Depending on the
      various parameters of the circuit involved and the workload applied to the
      solenoid plunger or armature, the point in time at which this cusp occurs
      will vary. It is an object of the present invention to fix the turn-off
      time relative to this cusp indicative of the plunger or armature having
      been seated so as to conserve energy, reduce power supply requirements,
      prevent over-heating and prolong the life of the system.
PAR  FIG. 3 shows a block diagram of the solenoid control system of the present
      invention. A solenoid 19 is connected to a +24 volt source of D.C.
      potential and is driven by a solenoid drive circuit 21 which is connected
      to the solenoid 19 via lead 23. The solenoid drive circuit 21 is
      controlled by the solenoid drive control logic of block 25 which is
      coupled to the solenoid drive circuit 21 via lead 27. The solenoid drive
      control logic of block 25 receives a solenoid actuation signal from some
      external source via lead 29 which indicates a need for energizing the
      solenoid 19. The solenoid drive control logic 25 will respond to the
      external pulse and cause the solenoid drive circuit 21 to energize the
      solenoid 19. The cusp detector of block 31 senses the current flowing
      through the solenoid coil 19 via lead 33 and provides an output pulse to
      the solenoid drive control logic of block 25 over lead 35 when the
      solenoid plunger or armature of solenoid 19 has seated as indicated by the
      occurrence of a cusp in the waveform of the current flowing through the
      solenoid coil. Upon receipt of this cusp-indicative pulse, the solenoid
      drive control logic of block 25 will turn off the solenoid drive circuit
      of block 21 to de-energize the solenoid. In the event that this
      cusp-indicative pulse is not received by the solenoid drive control logic
      of block 25 within a predetermined time interval, the solenoid drive
      control logic of block 25 will still turn off the solenoid drive circuit
      of block 21 to de-energize the solenoid 19 so as to protect the circuit.
PAR  FIG. 4 shows a schematic diagram of the solenoid control system of FIG. 3
      with each of the blocks labeled therein shown as correspondingly numbered
      dotted blocks in the circuit of FIG. 4. The solenoid drive circuit of
      block 21 receives its input from the solenoid drive control logic of block
      25 via lead 27. Lead 27 is connected to the input of an inverter 37 whose
      output is connected to a node 39. Node 39 is connected to a +5 volt source
      of potential through a resistor 41 and to a node 43 through a diode 45
      whose anode is connected to node 39 and whose cathode is connected to node
      43. Node 43 is connected to ground through a resistor 47 and is further
      connected to the base of a transistor 49. The emitter of transistor 49 is
      connected directly to the base of a transistor 51 and is connected to
      ground via resistor 50. The collector of transistor 49 is connected to the
      collector of transistor 51 at node 53. Node 53 is coupled to the solenoid
      of block 19 via lead 23 and the emitter of transistor 51 is connected to
      the input of the cusp detector circuit of block 31 via lead 33. The
      solenoid of block 19 includes a solenoid coil 55 having one end coupled to
      input lead 23 and the other end coupled to a + 24 volt source of D.C.
      potential. Block 19 is shown as further including a diode 57 which is
      connected across the solenoid coil 55 such that its anode is connected to
      the input lead 23 and its cathode is connected to the +24 volt source of
      D.C. potential.
PAR  The cusp detector circuit of block 31 receives its input from lead 33 at
      input node 59. Input node 59 is coupled to a reference node 61 through a
      current-sensing resistor 63. The reference node 61 is coupled directly to
      ground through lead 65 such that when the transistor switch comprising
      transistor 49 and 51 are conductive, a series current path is established
      from the +24 volt D.C. source of potential through the solenoid coil 55,
      lead 23, node 53, transistors 51, 49, lead 33, node 59, the
      current-sensing resistor 63, node 61, and lead 65 to ground. The
      current-sensing resistor 63 is therefore inserted into the series current
      path which is used to energize the solenoid coil such that the current
      flowing through resistor 63 represents the current flowing through the
      solenoid coil 55.
PAR  The cusp detector circuitry of block 31 further includes a differential
      voltage comparator 67 having a pair of inputs. The first comparator input
      is taken from node 69 which is coupled to the input node 59 through a
      first comparator input resistor 71. The first comparator input node 69 is
      also coupled to the reference node 61 via a first comparator input
      capacitor 73. The combination of the first input resistor 71 and the first
      input capacitor 73, which are connected across the current-sensing
      resistor 63, has a first characteristic RC time constant. The second input
      to comparator 67 is taken from a second comparator input node 75 which is
      connected to the input node 59 via a second comparator input resistor 77
      and to the reference node 61 via a second comparator input capacitor 79.
      The second input capacitor provides some noise immunity but could be
      eliminated under certain conditions. The second input resistor 77 and the
      second input capacitor 79 are coupled across the current-sensing resistor
      63 and have a second characteristic RC time constant which is different
      from the RC time constant of the first input resistor 71 and the first
      input capacitor 73. The first input resistor-capacitor combination 71, 73
      forms a ratio with the second input resistor-capacitor combination 77, 79
      such that the two combinations respond to the changes in the voltage
      dropped across current-sensing resistor 63 as the current in the solenoid
      coil 55 and in the sensing resistor 63 vary to establish a varying
      differential input voltage between input nodes 69 and 75 of the comparator
      67. The values of the capacitors 73, 79 and/or of the resistors 71, 77
      could be varied to obtain varying degrees of accuracy over different
      ranges of operation as known in the art.
PAR  The negative power supply inputs of comparator 67 are connected to the
      reference node 61 via leads 81 and 83 respectively. The positive power
      supply inputs of comparator 67 are coupled to node 85 via lead 87 and via
      an offset-establishing resistor 89 respectively. Node 85 is connected to a
      +5 volt D.C. source of potential. The output of the comparator 67 is taken
      from the output node 91. Output node 91 is connected to node 85 via
      resistor 93; is connected to the input of the solenoid drive control logic
      of block 25 via lead 35; and is connected to a positive feedback network
      node 95 via lead 97. A positive feedback network is connected between the
      feedback node 95 and the first comparator input node 69 and comprises the
      parallel combination of a relatively large magnitude feedback resistor 99
      and a feedback capacitor 101. The feedback network provides hysteresis and
      reduces the system's susceptibility to noise.
PAR  The solenoid drive control logic of block 25 has three inputs and a single
      output. A first input 103 receives the set and positive reset pulse from
      the external system indicating a need for energizing solenoid 19. This
      input is connected to an input node 105 which is connected to the "J"
      input of a JK flip-flop 107 via lead 109 and to the "K"  input of JK
      flip-flop 107 via inverter 111 and lead 113. The second input to the
      solenoid drive control logic of block 25 is taken from input 115 which
      receives a series of clock pulses from a source of clock pulses such as a
      250 KC master clock not shown but well-known in the art. These clock
      pulses are supplied from the input 115 to the clock input of JK flip-flop
      107 via lead 117 and to the clock input of a second JK flip-flop 119 via
      clock input lead 121. The "Q" output of JK flip-flop 107 is taken from
      node 123 and is connected directly to the "J" input of JK flip-flop 119.
      The "Q" output of JK flip-flop 107 is taken from node 125 and supplied
      directly to the "K" input of JK flip-flop 119. The node 123 is also
      connected via lead 127 to one input of a NAND gate 129 and the node 125 is
      connected via lead 131 to one input of a second NAND gate 133. The "Q"
      output of JK flip-flop 119 is connected to the second input of NAND gate
      133 via lead 135 and the "Q" output of JK flip-flop 119 is connected to
      the second input of NAND gate 129 via lead 137. The output of NAND gate
      129 is connected to the "dominant set" input of a master/slave JK
      flip-flop 139 via lead 141 and the output of NAND gate 133 is connected to
      the "dominant clear" input of master/slave JK flip-flop 139 via lead 143.
      The "J" input of the master/slave JK flip-flop 139 is connected directly
      to ground via lead 145 and the "K" input of master/slave JK flip-flop 139
      is connected to a +5 volt source of potential via lead 147. The third or
      clock input of master/slave JK flip-flop 139 is taken from the output of
      the cusp detector circuit of block 31 via lead 35 and the "Q" output of
      master/slave JK flip-flop 139 is used as the sole output of the solenoid
      drive control logic of the present invention and is connected to the input
      of the solenoid drive circuit of block 21 via lead 27.
PAR  FIG. 5 shows a timing diagram which is helpful in explaining the operation
      of the circuit of FIG. 4. The various pulse trains or lines of the timing
      diagram of FIG. 5 are labeled A-L. Line A illustrates a pulse train of
      clock pulses such as might be supplied to input 115 of the solenoid
      control logic of block 25. The pulse on line B represents the
      positive-going "set" pulse which would be supplied to input 103 from some
      external source to indicate that the solenoid 19 is energized. Line C
      represents the "Q" output of JK flip-flop 107 and line D represents the
      "Q" output of JK flip-flop 119. The negative-going pulse on line E
      represents the output of NAND gate 129 and the negative-going pulse on
      line F represents the output of NAND gate 133. The pulse on line G
      represents the "Q" output of master/slave JK flip-flop 139 for a situation
      wherein no cusp was detected or, for one reason or another, no
      cusp-indicative pulse was received by the solenoid control logic of block
      25 via lead 35.
PAR  Line H of the timing diagram of FIG. 5 shows the waveform of the current
      through the sensing resistor 63 for the situation wherein lead 35 is
      disconnected from the solenoid control logic of block 25 such that a
      cusp-indicative pulse from the output of comparator 67 is not received
      within the predetermined time interval (the time between the pulses on
      lines E and F) such that the solenoid coil 55 is de-energized only at the
      end of that predetermined time interval. The waveform on line I represents
      the output appearing at output node 91 of the cusp-detector for the case
      wherein the lead 35 is disconnected from the solenoid control logic of
      block 25 so that the cusp-indicative pulse is not used to de-energize the
      solenoid. The waveform of line J represents the pulse train seen at the
      clock input of the master/slave JK flip-flop 139 for the situation wherein
      the lead 35 is connected to the third or clock input of the flip-flop and
      supplied with the cusp-indicative pulse from the output of the comparator
      67. The second time that the waveform of line J goes negative and then
      quickly rises to go positive once more has been exaggerated somewhat in
      order to show that it goes negative and then again quickly positive rather
      than continuing as a straight positive pulse, but in actuality this occurs
      in so brief a time that it would normally be imperceptible. The pulse on
      line K represents the signals seen at the "Q" output of master/slave JK
      flip-flop 139 of the solenoid control logic of the present invention
      wherein the cusp-indicative pulse is received via lead 35 during the
      predetermined time interval, and the waveform on line L represents the
      current through the sensing resistor 63 for the case in which the
      cusp-indicative pulse is fed to the solenoid control logic of block 25 via
      lead 35 and used to turn off the solenoid drive circuit 21 and de-energize
      the solenoid coil 55 of block 19.
PAR  FIG. 6 represents an alternate embodiment to the cusp detector of the
      present invention. The configuration of the comparator and the
      ratio-establishing inputs therefor are substantially as shown in FIG. 4
      and the outputs have been modified to eliminate the feedback network
      comprising feedback resistor 99 and feedback capacitor 101 and to
      substitute in its place the following circuit. The output of comparator 67
      is taken from node 149. Node 149 is coupled through resistor 93 to the
      node 85 and through a capacitor 153 to ground. Node 149 is also connected
      to the input of a Schmitt trigger device 155 which may be, for example, an
      MC1489 package, known in the prior art, and which is used to provide the
      necessary noise immunity and hysteresis in place of the feedback network
      of FIG. 4. The output of the Schmitt trigger device 155 is supplied to an
      inverter 157 via lead 159 and the output of inverter 157 may be supplied
      to the solenoid control logic of block 25 via lead 35 as previously
      described.
PAR  The operation of the solenoid control system of FIG. 4 will now be
      described with reference thereto and to the timing diagram of FIG. 5.
PAR  When an external circuit or system generates a positive-going pulse to
      indicate the need for energizing the solenoid coil 55 of block 19, the
      positive pulse is supplied to input 103 and used to dominately set JK
      flip-flop 107 on the negative-going edge of the next master clock pulse to
      occur. When JK flip-flop 107 is set, the "Q" output goes "high." This high
      is supplied to the "J" input of JK flip-flop 119 and to one input of NAND
      gate 129 via lead 127. Since the other input of NAND gate 129 is connected
      to the "Q" output of JK flip-flop 119, and since this output is still high
      until the next clock pulse causes JK flip-flop 119 to set, both inputs of
      the NAND gate 129 are momentarily high for one clock pulse time causing a
      low to appear at the gate output. This low is transmitted via lead 141 to
      the "dominant set" input of master/slave JK flip-flop 139 causing
      flip-flop 139 to dominantly set. The duration of this "dominant set" pulse
      is sufficient to insure that the flip-flop 139 is not reset by the pulse
      on lead 35 which occurs as the coil is energized. When flip-flop 139 sets,
      the "Q" output goes low and this low pulse is supplied via lead 27 to the
      input of inverter 37. Inverter 37 inverts this low signal and generates a
      high at its output which enables the base of transistor 49 to go high
      causing the transistor to conduct. When transistor 49 conducts, transistor
      51 is also switched to a conductive state providing a current path from
      the +24 volt D.C. source of potential to ground through the solenoid coil
      55, the transistors 49 and 51, and the sensing resistor 63.
PAR  As the current builds in the solenoid coil 55, the current in the sensing
      resistor 63 is monitored by the comparator circuitry of block 31 as
      follows. Before the solenoid drive circuit 21 was actuated to drive the
      solenoid, the comparator 67 was biased via offset resistor 89 such that
      its output was high. When the solenoid was energized and current began to
      flow through the sensing resistor 63, the change in the current through
      the sensing resistor 63 is monitored by the ratio of resistor 71 and
      capacitor 73 to resistor 77 and capacitor 79. The combination of resistor
      71 and capacitor 73 has a different RC time constant from the combination
      of resistor 77 and capacitor 79 so that the ratio will establish a
      differential voltage between input node 69 and input node 75 of the
      comparator 67. As soon as current begins to flow through the sensing
      resistor 63, the ratio-establishing network at the input of the comparator
      67 causes the output at node 91 to go low. The current through the
      solenoid coil 55 continues to build until the solenoid coil causes the
      solenoid plunger to be pulled in. As the plunger is pulled in and the air
      gap decreases, the change in reluctance will cause the current to begin to
      fall since the reluctance is changing at a rate faster than the rate at
      which current can be built in the coil. At the instant that the current
      through the sensing resistor 63 begins to fall, indicating the change in
      reluctance, the input ratio network will sense the change and cause the
      output of comparator 67 to go high. As soon as the solenoid plunger is
      seated, the reluctance is no longer changing and the cusp which is shown
      in FIG. 5H appears as the current through the sensing resistor 63 once
      again begins to build. But, the ratio input network again senses that the
      current through the sensing resistor is beginning to increase and causes
      the output of the comparator 67, as taken from node 91, to go low once
      more. This transition, from a low to a high to a low, produces a
      cusp-indicative pulse which is supplied via lead 35 to the clock input of
      master/slave JK flip-flop 139. The signal at the clock input will reset
      the flip-flop 139 since a +5 volt source is provided to the "K" input via
      lead 147. A high will then appear at the "Q" output of JK flip-flop 139
      which is supplied via lead 27 to inverter 37 and inverted to supply a low
      signal to the base of transistor 49 thereby shutting off the switching
      transistors 49 and 51 and de-energizing the solenoid coil 55 by opening
      the current path. As soon as the transistors 49 and 51 are shut off, the
      current in sensing resistor 63 ceases to flow and the ratio-establishing
      RC network of the comparator 67 once more causes output node 91 to go
      high.
PAR  It will, therefore, be observed that the turn-off time of the solenoid is
      fixed at a predetermined interval of time after the occurrence of the cusp
      which appears in the current waveform indicating that the solenoid plunger
      has seated and the change in reluctance is over.
PAR  In the event that the cusp is not detected by the cusp-detector 31, as may
      occur when the solenoid plunger or armature becomes stuck or the like, the
      trailing edge of the "set" pulse on line B of FIG. 5 will cause JK
      flip-flop 107 to reset which in turn causes JK flip-flop 119 to reset.
      Just before JK flip-flop 119 resets, both inputs of NAND gate 133 are high
      causing a low to appear at the output of NAND gate 133. This low is
      supplied to the "dominant clear" input of master/slave JK flip-flop 139
      via lead 143. This pulse causes JK flip-flop 139 to be reset and a "high"
      to appear at the "Q" output. This high is transmitted via lead 27 to
      inverter 37 of the solenoid driver circuit of block 21 causing the
      transistors 49 and 51 to be switched to a non-conductive state thereby
      de-energizing the solenoid. This is done to prevent the continued increase
      of current in the coil 55 which, after the cusp occurs, indicating that
      the plunger has seated, wastes energy and generates potentially harmful
      heat which could burn up the coil or otherwise damage associated
      circuitry.
PAR  The cusp detector circuit of block 31 employes a feedback network
      comprising the parallel combination of feedback resistor 99 and feedback
      capacitor 101. This positive feedback network locks the comparator to its
      present state thereby providing a hysteresis effect and reducing the
      susceptibility to noise of the system. If the system were free to
      oscillate or were susceptible to noise, the resulting unreliable outputs
      would render the circuit unusable. In the alternate embodiment of the cusp
      detector which is shown in FIG. 6, the feedback capacitor and feedback
      resistor is eliminated but the Schmitt trigger device 155 has been added
      to provide the necessary hysteresis effect and the necessary noise
      immunity.
PAR  Under normal operation the circuit of FIG. 4 will operate to initiate the
      energization of the solenoid coil 55 in response to the presence of a
      "set" pulse at input 103. The current through the solenoid coil will build
      and the cusp will appear in the current waveform at the point in time at
      which the solenoid plunger seats. The cusp detector of block 31, and more
      particularly the comparator 67, will monitor the current through the
      sensing resistor 63 and sense the altering voltages at the inputs 69 and
      75, as dictated by the RC input ratio-establishing networks and cause the
      output of the cusp detector to generate a pulse when the solenoid plunger
      is seated and the cusp has occured. This signal causes the solenoid
      control logic of block 25 to generate a signal causing the transistors 49
      and 51 to switch to a non-conductive state and de-energize the solenoid
      coil 55. In the event that the cusp is not detected, there will be no
      cusp-indicative pulse arriving on lead 35 to the clock input of JK
      flip-flop 139, but at the end of the predetermined interval of time, which
      is determined by the duration of the set pulse appearing at the input 103,
      NAND gate 133 will generate a negative-going pulse to reset master/slave
      JK flip-flop 139 causing the transistors 49 and 51 to be switched to a
      non-conductive state thereby de-energizing the solenoid coil so as to
      minimize the excessive generation of heat, and protect the solenoid coil
      and related circuitry.
PAR  Table I below illustrates representative component values utilized in a
      typical embodiment of the present invention as set forth in claim 4. These
      values are meant to be representative only and in no way constitute any
      limitation on the present invention.
TBL                TABLE I                                                     
     ______________________________________                                    
     Component            Value or Designation                                 
     ______________________________________                                    
     Comparator  67           LM 311                                           
     Schmitt Device                                                            
                 155          MC 1489                                          
     NAND Gates  129 & 133    DTL 946                                          
     Inverter    37           DTL 944                                          
     Inverters   111 & 157    DTL 936                                          
     Coil        55           3.4 ohms                                         
     Resistor    41           270 ohms                                         
     Resistor    47           1000 ohms                                        
     Resistor    50           51 ohms                                          
     Resistor    63           0.10 ohms                                        
     Resistors   71, 77 & 92  2000 ohms                                        
     Resistor    89           10,000 ohms                                      
     Resistor    99           2 .times. 10.sup.6 ohms                          
     Capacitors  73 & 153     0.1 microfarad                                   
     Capacitor   79           0.012 microfarad                                 
     Capacitor   101          0.005 microfarad                                 
     ______________________________________                                    
PAR  Although specific apparatus has been shown for the purpose of describing
      applicants' invention, it will be apparent to those skilled in the art
      that other variations and modifications in the specific structure
      illustrated may be made without departing from the spirit and scope of the
      present invention which is limited only by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A solenoid control system comprising:
PA1  a solenoid including a solenoid coil and a solenoid armature;
PA1  solenoid drive means for selectively energizing and de-energizing said
      solenoid coil;
PA1  means for sensing the current in said solenoid coil;
PA1  comparator means responsive to said sensing means for detecting when said
      solenoid armature has seated and for generating a control signal in
      response thereto; and
PA1  logic control means responsive to an input pulse indicative of the need for
      energizing said solenoid for enabling said solenoid drive means to
      energize said solenoid and responsive to said control signal for disabling
      said solenoid drive means to de-energizing said solenoid.
NUM  2.
PAR  2. The solenoid control system of claim 1 wherein said means for sensing
      the current in said solenoid coil includes a current-sensing resistor
      connected in a series path comprising a source of potential, said solenoid
      coil, said current-sensing resistor and ground and wherein said comparator
      means includes a comparator having first and second inputs and a
      comparator output.
NUM  3.
PAR  3. The solenoid control system of claim 2 wherein said comparator means
      further includes means for establishing a resistor-capacitor ratio at the
      first and second input of said comparator, said ratio-establishing means
      being responsive to the voltage developed across said current-sensing
      resistor for supplying a differential voltage to the first and second
      inputs of said comparator.
NUM  4.
PAR  4. The solenoid control system of claim 3 wherein said ratio-establishing
      means comprises:
PA1  first capacitor means for coupling the first input of said comparator to
      the grounded end of said current-sensing resistor;
PA1  a first resistor coupling said first input of said comparator to the other
      end of said current-sensing resistor;
PA1  second capacitive means coupling the second input of said comparator to the
      grounded end of said current-sensing resistor; and
PA1  a second resistor coupling the second input of said comparator to the other
      end of said current-sensing resistor.
NUM  5.
PAR  5. The solenoid control system of claim 4 wherein said comparator means
      further includes a feedback means including the parallel combination of a
      third resistor and a third capacitor for reducing noise and preventing
      oscillations.
NUM  6.
PAR  6. The solenoid control circuit of claim 4 wherein said comparator means
      further includes means coupled to the output of said comparator for
      providing hysteresis and increasing noise immunity.
NUM  7.
PAR  7. The solenoid control system of claim 1 wherein said logic control means
      comprises:
PA1  flip-flop means for generating a first signal for enabling said solenoid
      drive means and a second signal for disabling said solenoid drive means;
PA1  first logic means responsive to said input pulse indicative of the need for
      energizing said solenoid for setting said flip-flop means and triggering
      the generation of said first signal;
PA1  means responsive to said control signal from the output of said comparator
      means for clocking the reset of said flip-flop means and triggering the
      generation of said second signal; and
PA1  second logic means responsive to the failure of said comparator means to
      generate said control signal during a predetermined time interval for
      clearing said flip-flop means and triggering the generation of said second
      signal.
NUM  8.
PAR  8. A control system for actuating a solenoid in response to a signal
      indicative of an external need therefor and for deactuating said solenoid
      when the solenoid armature reaches a predetermined position, said control
      system comprising:
PA1  means for establishing a current path from a source of potential through
      said solenoid to ground, said path-establishing means including a bistable
      switching means for opening and closing said current path;
PA1  detector means responsive to the current in said current path for detecting
      when said solenoid armature reaches said predetermined point and for
      generating a control signal in response thereto; and
PA1  control means responsive to said signal indicative of an external need for
      triggering said bistable switching means to a first state wherein said
      current path is closed for energizing said solenoid and responsive to said
      control signal for triggering said bistable switching means to a second
      state and opening said current path for de-energizing said solenoid.
NUM  9.
PAR  9. The control system of claim 8 wherein said means for establishing a
      current path includes a current-sensing resistor and wherein the bistable
      switching means included in said path-establishing means comprises a
      transistor switch responsive to a first switch-triggering signal at its
      input for closing said current path and responsive to a second
      switch-triggering signal at its input for opening said current path.
NUM  10.
PAR  10. The control system of claim 9 wherein said control means comprises
      flip-flop means responsive to said signal indicative of an external need
      for supplying said first switch-triggering signal to the input of said
      transistor switching means and responsive to said control signal for
      supplying said second switch-triggering signal to the input of said
      transistor switching means.
NUM  11.
PAR  11. The control system of claim 10 wherein said control means further
      comprises:
PA1  a first logic circuit means responsive to said signal indicative of an
      external need for forcing said flip-flop means to generate said first
      switch-triggering signal;
PA1  means responsive to said control signal for resetting said flip-flop means
      to generate said second switch-triggering signal; and
PA1  second logic circuit means responsive to the failure of said detector means
      to generate said control signal within a predetermined time interval for
      clearing said flip-flop means to supply said second switch-triggering
      signal to said transistor switch.
NUM  12.
PAR  12. The control system of claim 9 wherein said detector means comprises:
PA1  a differential voltage comparator means having first and second inputs and
      a comparator output;
PA1  first resistor-capacitor means coupled across said current-sensing resistor
      and having a first RC time constant;
PA1  second resistor-capacitor means coupled across said current-sensing
      resistor and having a second and different RC time constant;
PA1  means for coupling said first and second resistor-capacitor means to the
      first and second inputs of said comparator means for establishing a
      voltage differential ratio between said inputs, and wherein the current
      flowing in said current-sensing resistor undergoes a characteristic
      fluctuation when said solenoid armature reaches said predetermined point
      such that said comparator means detects said characteristic current
      fluctuation and outputs said control signal in response thereto.
NUM  13.
PAR  13. The control system of claim 12 wherein said detector means further
      includes means coupled to the output of said comparator means for
      providing noise immunity and preventing oscillations.
NUM  14.
PAR  14. A cusp detector circuit comprising:
PA1  current sensing means for sensing the flow of current in a path;
PA1  differential voltage comparator means having first and second inputs and an
      output;
PA1  first resistor-capacitor means coupled to said first input and to said
      current sensing means for supplying a first level of voltage to the first
      input of said comparator means;
PA1  second resistor-capacitor means coupled to said current sensing means and
      to said second input for establishing a ratio between said first
      resistor-capacitor means and said second resistor-capacitor means and
      establishing a voltage differential between the first and second inputs of
      said comparator means;
PA1  feedback means coupled to the output of said comparator means for
      preventing oscillations and reducing noise; and
PA1  wherein said comparator means responds to a cusp in the current flowing in
      said current-sensing means for providing an output signal indicative
      thereof.
NUM  15.
PAR  15. The cusp-detector circuit of claim 14 wherein said first
      resistor-capacitor means includes a first capacitor coupled between said
      first input of said comparator means and one end of said current-sensing
      means and a first resistor coupled between said first input of said
      comparator means and the other end of said current-sensing means; wherein
      said second resistor-capacitor means includes a second capacitor coupled
      between the second input of said comparator means and one end of said
      current-sensing means and a second resistor coupled between said second
      input of said comparator means and the other end of said current-sensing
      means; and wherein said feedback means includes a parallel combination of
      a third resistor and a third capacitor coupled between said first input of
      said comparator means and said comparator output.
NUM  16.
PAR  16. An electrical circuit for detecting a fluctuation in the polarity of
      the slope of an analog current waveform, such as a cusp of the like, which
      may occur in response to change in reluctance, said detection circuit
      comprising:
PA1  a current-sensing resistive means for sensing an analog current;
PA1  a first resistor-capacitor means having a first RC time constant and a
      second resistor-capacitor means having a second time constant connected
      across said current sensing means for establishing a ratio between said
      first resistor-capacitor means and said second resistor-capacitor means
      for sensing the changes in the current flowing in said current-sensing
      resistive means;
PA1  a differential voltage comparator means responsive to the differential
      voltage ratio established by said first resistor-capacitor means and said
      second resistor-capacitor means for generating an output pulse in response
      to a relatively rapid fluctuation in the current flowing in said
      current-sensing means; and
PA1  means coupled to the output of said comparator means for reducing noise and
      preventing oscillations.
NUM  17.
PAR  17. The fluctuation detection circuit of claim 16 wherein said
      current-sensing resistive means includes a current-sensing resistor having
      one end coupled to a source of current and another end coupled to ground;
      wherein said differential voltage comparator means includes a differential
      voltage comparator having a positive input, a negative input, and a
      comparator output; wherein said first resistor-capacitor means includes a
      first capacitor coupled between the positive input of said comparator and
      the grounded end of said current-sensing resistor and a first resistor
      coupled between said positive input and the non-grounded end of said
      current-sensing resistor; and wherein said second resistor-capacitor means
      includes a second capacitor coupled between said negative input and the
      grounded end of said current-sensing resistor and a second resistor
      coupled between said negative input and the non-grounded end of said
      current-sensing resistor.
NUM  18.
PAR  18. The current-fluctuation detection circuit of claim 17 wherein said
      means for reducing noise and preventing oscillations includes a positive
      feedback network coupled between said comparator output and the positive
      input of said comparator, said feedback network including the parallel
      combination of a third relatively large-valued resistor and a third
      capacitor.
NUM  19.
PAR  19. The current fluctuation detection circuit of claim 17 wherein said
      means coupled to the output of said comparator means for reducing noise
      and preventing oscillations comprises A Shmitt trigger device.
NUM  20.
PAR  20. A solenoid control system wherein a bistable switching element may be
      selectively enabled for establishing a current path between a source of
      potential and through said solenoid to ground and wherein said bistable
      switching element may be selectively disabled to open said current path
      and de-energize said solenoid and wherein the waveform of the current
      flowing through said solenoid includes a cusp at that point in time at
      which the solenoid armature seats, said solenoid control system
      comprising:
PA1  cusp-detector means responsive to the attainment of said cusp for
      generating a cusp-representative signal indicative thereof; and
PA1  logic control means for enabling said bistable switching element to
      establish said current path and responsive to said control signal for
      disabling said switching element and opening said current path to
      de-energize said solenoid.
NUM  21.
PAR  21. The solenoid control system of claim 20 wherein said cusp-detector
      means comprises:
PA1  a current-sensing resistor means inserted into said current path for
      sensing the current flowing through said solenoid;
PA1  comparator means having first and second inputs and a comparator output;
PA1  a first resistor-capacitor circuit having a first RC time constant coupled
      across said current-sensing resistor means and further coupled to the
      first input of said comparator means for sensing the voltage dropped
      across said current-sensing resistor means;
PA1  second resistor-capacitor circuit means having a second RC time constant
      coupled across said current-sensing resistor means and further coupled to
      said second input of said comparator means for establishing a ratio
      between said first resistor-capacitor circuit means and said second
      resistor-capacitor circuit means and establishing a differential voltage
      between the first and second inputs of said comparator means for detecting
      the occurrence of a cusp in the waveform of the current flowing through
      said current-sensing resistor means and causing said comparator means to
      generate a cusp-representative signal indicative thereof; and
PA1  means coupled to the output of said comparator means for preventing
      oscillations and reducing noise.
NUM  22.
PAR  22. The solenoid control system of claim 21 wherein said means coupled to
      the output of said comparator means for preventing oscillations and
      reducing noise includes positive feedback means coupled between said first
      input of said comparator means and said comparator output, said positive
      feedback means including the parallel combination of a third resistor and
      a third capacitor.
NUM  23.
PAR  23. The solenoid control system of claim 21 wherein said logic control
      means comprises:
PA1  a first flip-flop means for enabling and disabling said switching element;
PA1  first logic circuit means responsive to a solenoid initiation command for
      forcing said flip-flop means to enable said bistable switching element to
      establish said current path;
PA1  means responsive to said cusp-representative signal for clocking said
      flip-flop means and resetting its output to disable said bistable
      switching element and open said current path; and
PA1  second logic circuit means responsive to the failure of said cusp-detector
      means to generate said cusp-representative signal within a predetermined
      time interval for clearing said flip-flop means and disabling said
      bistable switching element to open said current path.
NUM  24.
PAR  24. An electrical circuit for detecting a change in the polarity of the
      slope of a current waveform comprising:
PA1  a current-sensing resistive means for passing electrical current;
PA1  a first resistor-capacitor means having a first RC time constant;
PA1  a second resistor-capacitor means having a second and different RC time
      constant;
PA1  means for coupling said first and second resistor-capacitor means in
      parallel across said current-sensing resistive means and establishing a
      differential voltage ratio between said first resistor-capacitor means and
      said second resistor-capacitor means for sensing variations in the current
      flowing in said resistive means such that a ratio of a first polarity is
      established when the current flowing in said resistive means is increasing
      and a ratio of the opposite polarity is established when said current
      flowing in said resistive means is decreasing;
PA1  a differential voltage comparator means coupled to said first and second
      resistor-capacitor means and responsive to said differential voltage ratio
      established thereby for generating a first electrical signal in response
      to the establishment of a differential voltage ratio of said first
      polarity and for generating a second electrical signal in response to the
      establishment of a differential voltage ratio of said opposite polarity;
      and
PA1  means coupled to the output of said comparator means for reducing noise and
      providing hysteresis.
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ABST
PAL  A device to be used e.g. in cooling radiators, for monitoring the formation
      of frost and for defrosting. Frost formed on the cooling radiator causes a
      change in the quantity of light received by a light receiver from a light
      transmitter, and when the quantity of light received by said light
      receiver reaches a predetermined value a unit controlled by the light
      receiver initiates the drfrosting which continues until all of the frost
      has molten.
BSUM
PAR  The present invention relates to a device for controlling the formation of
      frost on cooling radiators and the defrosting of the same, which device
      receives its operating voltage from a network component and in which a
      relay connects the power either to a cooling machinery or to a melting
      resistance.
PAR  The device in accordance with the invention automatically monitors the
      frost formed on cooling radiators, indicates the predetermined quantity of
      frost, carries out the defrosting and stops the defrosting after the frost
      has disappeared. The device can be used for controlling all cooling
      radiators in which frost is formed. The application to be discussed here
      is intended in particular for store equipment.
PAR  For carrying out the functions listed above, several different solutions
      have been used previously, all of which, however, have had considerable
      drawbacks.
PAR  Manual control requires continuous monitoring.
PAR  In defrosting controlled by a switching clock, the defrosting takes place
      as controlled exclusively by the clock irrespective of the quantity of
      frost.
PAR  Also, the beginning of the defrosting is independent of the quantity of
      frost if the defrosting is controlled by means of a clock and a
      thermostat.
PAR  Moreover, frost indication by means of thermistors and based on reduction
      in the air circulation in the cooling device has been used, whereby aging
      of the thermistors has, however, resulted in erroneous function, and,
      moreover precisely adjustable measuring circuits are required.
PAR  The devices based on the above solutions require a lot of maintenance and
      the mechanical components in them are worn.
PAR  The drawbacks described above can be avoided by means of the device in
      accordance with the invention. The device comprises:
PA1  A light transmitter, the light of which is at least partly directed at the
      supposed place of frost formation,
PA1  A light receiver,
PA1  A memory unit which is controlled by said light receiver and which controls
      the switching of power to either said cooling machinery or said melting
      resistance, and
PA1  Means for stopping of the defrosting and connected to said memory unit.
PAR  Said light transmitter and said light receiver being arranged in such a way
      that frost formed on the cooling radiator causes a change in the quantity
      of light received by the light receiver from the light transmitter said
      change being transferred to the memory unit controlling the power which
      unit initiates the defrosting which goes on until said stopping means,
      having found that all the frost has melted restores the memory unit to the
      rest position.
PAR  By means of the device in accordance with the invention, the following
      advantages are obtained:
PAR  Defrosting takes place only after a predetermined quantity of frost has
      been formed, for which reason unnecessary defrostings are avoided.
PAR  The output of the cooling device is increased, because it never has to
      operate as excessively frosty (e.g. with the lamellas blocked) nor to
      eliminate any heat energy introduced in the cold space during an
      unnecessary defrosting. This is why the service life of the cooling device
      is increased and the requirement of maintenance is reduced.
PAR  The device in accordance with the invention can be designed as fully
      electronic, and under these circumstances it does not require continual
      maintenance and it has a long service life (no wearing parts).
DRWD
PAR  Below, a preferred embodiment of the device in accordance with the present
      invention will be described more closely with reference to the attached
      drawings.
DETD
PAR  The device receives its operating voltage from a network component 1.
      Current pulses are fed through an oscillator 2 into a light-emitting diode
      (LED) 3 on the frost bulb. The light transmitter 3 transmits a light pulse
      13, which is preferably within the infrared range in order to avoid
      disturbances caused by the ambient light. As the light transmitted by the
      light transmitter 3 in response to the current pulses received from the
      oscillator 2 is in the form of light pulses as distinguished from
      continuous or uninterrupted light, it follows that for a given intensity
      of light there will be less heat generated in the light transmitter 3 than
      in a continuous light transmitter and, consequently, less interference
      with normal frost formation at the place to which the light is directed.
PAR  If there is frost 12 at a near distance part of the light ray 13 is
      reflected back to a light-sensitive transistor (light receiver) 4 on the
      bulb. The light receiver controls a memory circuit 5, wherein a possible
      reflection caused by the frost remains stored. The memory circuit 5, on
      the other hand, controls a relay 6, which in its rest position connects
      power either to a cooling machinery 8 or to a melting resistance 9 after
      indication has taken place.
PAR  A thermostat 10, which is controlled by a sensing unit 11 (e.g., NTC
      resistance) at the cooling radiator, stops the defrosting by restoring the
      memory unit 5 to its rest state. The defrosting stops when all the frost
      12 is molten, i.e. the temperature of the cooling radiator has increased
      to above 0.degree.C. A thermostat controls the operation of the cooling
      device during periods of normal operation between the defrostings.
PAR  The invention is not restricted to the above embodiment only, wherein the
      operation of the device is based on reflection of light via frost 12 to
      the light receiver 4. Equally well the light transmitter 3 and the
      receiver 4 can be positioned so that the frost 12 constitutes an obstacle
      for the light ray, whereby a broken or weakened light ray is indicated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A device for controlling the formation of frost on cooling radiators and
      the defrosting of the same, which device receives its operating voltage
      from a network component and has a relay for connecting power either to a
      cooling machinery or to a melting resistance, comprising
PA1  a solid state light transmitter the light of which is at least partly
      directed at the supposed place of frost formation,
PA1  an oscillator connected to receive its operating voltage from said network
      component and to feed pulses of current to said light transmitter, whereby
      the light thereof is in the form of light pulses,
PA1  a light receiver,
PA1  a memory unit which is controlled by said light receiver and which controls
      the switching of power to either said cooling machinery or said melting
      resistance, and
PA1  means for stopping of the defrosting and connected to said memory unit,
PA1  said light transmitter and said light receiver being arranged in such a way
      that frost formed on the cooling radiator causes a change in the quantity
      of light received by the light receiver from the light transmitter said
      change being transferred to the memory unit controlling the power which
      unit initiates the defrosting which goes on until said stopping means,
      having found that all the frost has melted, restores the memory unit to
      the rest position.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein the light transmitter and the
      light receiver are arranged so that the frost formed on the radiator
      reflects at least part of the light transmitted by the light transmitter
      to the light receiver.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein the light transmitter and the
      light receiver are arranged so that the frost formed on the radiator
      weakens the light coming from the light transmitter to the light receiver
      or completely prevents the light from arriving at the light receiver.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein the light transmitted by the
      light transmitter is infrared light.
NUM  5.
PAR  5. A device as claimed in claim 1, wherein the light transmitter is a
      light-emitting diode.
NUM  6.
PAR  6. A device as claimed in claim 1, wherein the light receiver is a
      light-sensitive transistor.
NUM  7.
PAR  7. A device as claimed in claim 1, wherein the memory unit controls the
      power by means of a relay.
NUM  8.
PAR  8. A device as claimed in claim 1, wherein the memory unit controls the
      power by means of semiconductor units, such as thyristors.
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PAL  By incorporating driver switching circuitry and a suppression network as
      parts fixed with respect to a valve housing rather than remotely from the
      valve housing, advantages including transient suppression at the housing
      are obtained rendering the valve better suited for low power machine
      control operation. Both AC and DC operated valves with driver switching
      circuits and suppression networks are disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to solenoid operated fluid valves and more
      particularly to electronic circuitry for controlling the operation of such
      valves.
PAR  Commercially available single-acting, solenoid operated valves normally
      have two external circuit connections for each coil including a source or
      positive connection and a ground connection. In a double-acting valve
      there are normally two solenoid coils with appropriate connections
      provided.
PAR  Production machines frequently utilize several such valves. For example, in
      double flier armature winding machines there may be on the order of 15-20
      solenoid operated fluid valves. Conventionally the valves are remote from
      the circuitry which controls the energization of the valves.
PAR  Increased reliability, ease of maintenance and economies of manufacture are
      among benefits that can be obtained by converting the more conventional
      control circuits for machines such as automatic armature winding machines
      to circuits utilizing solid state components including integrated circuit
      control logic. To minimize the power required to operate such machines it
      is desirable that the valve controls or the like be operated at minimal
      power levels. However, noise resulting from the operation of the various
      components of the machine and especially the voltage spikes created upon
      collapse of the solenoid coils, if transmitted from the valves to the
      control circuit elements, may cause ill-timed or unwanted operation of one
      or more of the valves.
PAR  Another problem experienced primarily with AC operated double-acting valves
      is that both coils within the valve housing may be inadvertently
      simultaneously energized. As a result the coils of such valves are often
      burned out.
PAR  The primary object of this invention is to provide an improved solenoid
      operated fluid valve especially adapted for use with solid state control
      systems in production machinery or the like wherein a number of such
      valves are used. The following patents are considered to be reasonably
      representative of the prior art relating to such valves:
TBL  3,790,127            3,709,253                                            
     3,659,631            3,580,504                                            
     2,599,862            2,759,429                                            
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention a transient suppression network and
      driver switching circuitry are fixed relative to the housing of each
      valve. Preferably the circuitry is mounted on the valve housing so that
      the valve may be made available as a commercial product which can be
      connected with minimal connection to an external voltage source and
      external control logic. In perhaps its simplest form a DC operated
      solenoid having only a single coil located in the valve housing will be
      connected in series to a switching transistor also located in the housing
      and a transient suppression diode would be placed in parallel with either
      the solenoid coil or the transistor. If the transistor is grounded to the
      housing the only external connections needed would be the voltage source
      connection and a connection for coupling the base of the transistor to the
      control logic.
PAR  A preferred embodiment of a double-acting DC operated solenoid valve
      further includes a selector network, also fixed to the valve housing, to
      insure that only one solenoid coil could be switched on at any given point
      in time. A simple selector network for DC operation could include two
      transistors connected in mutually parallel relation, one each being in
      series relation between the aforementioned switching transistor and one
      solenoid coil and the other being connected in series relation between the
      same switching transistor and the other solenoid coil, and an inverter
      circuit connecting the bases of the last mentioned transistors.
PAR  The same concept can be utilized in AC operated solenoid valves which in
      its simplest form could incorporate a triac or other thyristor in series
      relation to the solenoid coil and an RC transient suppression network.
      However, in a valve having two solenoid coils, to insure that both
      solenoids will not be operated at the same time, a selector network is
      preferably provided within the valve housing. The selector network
      circuitry may include AND gates operative to control the thyristor gating
      current and an inverter between the AND gates. The AC circuit preferably
      also includes other circuit components fixed relative to the valve housing
      for switching or enabling operation of the selected solenoid, the
      circuitry within the valve housing being designed to produce minimal noise
      as well as suppress external noise that may enter the circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of solenoid operated fluid valves and control circuitry
      for use therewith in a production machine or the like.
PAR  FIG. 2 is a diagrammatic view of a single-acting DC operated solenoid valve
      in accordance with this invention.
PAR  FIG. 3 is a preferred embodiment of a double-acting DC operated solenoid
      valve in accordance with this invention.
PAR  FIG. 4 is a preferred form of an AC operated double-acting solenoid fluid
      valve made in accordance with this invention.
PAR  FIG. 5 illustrates the manner in which a solenoid operated valve with the
      circuitry of FIG. 3 may be fixed relative to the valve housing and
      external circuit connections conveniently made.
PAR  FIG. 6 is a view similar to FIG. 5 but embodying modifications as to the
      mechanical and electrical construction of the valve.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIG. 1, three double acting solenoid operated valves
      designated V.sub.1, V.sub.2 and V.sub.3 are shown connected by circuits
      10, 12 and 14 to the machine control logic which preferably would be low
      power integrated circuit logic. The logic is controlled in part by sensors
      which sense the operation of various devices including those devices that
      are controlled by valves such as the valves V.sub.1, V.sub.2 and V.sub.3.
      In a typical production machine there may be ten to thirty or more such
      valves. Because of the well known voltage spikes resulting from collapse
      of the fields around the solenoid coils within the valve housings, there
      normally is considerable electrical noise or spurious signals within the
      circuitry such as 10, 12 and 14. Such voltage spikes are normally at
      levels vastly greater than the signals which would be generated by the
      control logic to operate the valves. It is not at all uncommon, especially
      when using devices which are operated by relatively low power level
      signals, for the noise level to be so high that the spurious signals
      generated as a result of mutual inductance of, say, the circuits 10 and 12
      would cause accidental energization or de-energization of one or more
      valves.
PAR  FIG. 2 illustrates a valve generally designated 16 made in accordance with
      this invention constructed to create minimal noise in the circuitry
      between the valve and the control logic. The valve 16 includes a housing
      18 for the valve operating solenoid 20. A source of positive DC voltage,
      designated B+, is connected to the housing through any suitable connector
      22 at or on the housing which in turn is connected by a line 24 to one
      side of the solenoid 20. The other side of the solenoid 20 is connected in
      series relation to the collector of a transistor 26. The emitter of the
      transistor 26 is connected to ground. The ground connection can be made
      through another line (not shown) to a connector at the housing 18 or
      preferably, and as illustrated, is ground connected to the housing 18
      which, in use, would be mounted on and grounded to the machine bed. A
      suppression network is also provided consisting in this case simply of a
      diode 28 connected across the solenoid 20.
PAR  The operation of the valve 16 is apparent upon inspection. As indicated by
      the waveform 30 in the external conductor or line 32 from the control
      logic, a simple low level pulse just sufficient to render the collector
      and emitter electrodes of the transistor 26 conductive by biasing its
      control electrode or base positive is all that is needed to energize the
      solenoid 20. The line 32 would typically be connected to ground at the
      control logic except when the low level pulse is generated. Therefore the
      line 32 is a low impedance line which will be relatively unaffected by
      noise. That is, little ringing will be experienced in line 32. Experiments
      establish that solenoids 20 which can be operated from a 12 volt battery
      source will in the absence of the diode 28 produce voltage spikes on the
      order of 400 volts. Using a diode to suppress the spikes or transients,
      the momentary voltage increase resulting from de-energization of the
      solenoid 20 will be on the order of one volt. It is thus seen that with
      the circuitry including the diode 28 and the transistor 26 fixed to the
      valve housing 18 makes it possible to connect the control for the solenoid
      20 to the control logic with low impedance, substantially noise free
      lines. The voltage spikes or transients that otherwise could deleteriously
      effect the control logic as well as adjacent circuit connections to other
      valves are for all practical purposes isolated within the valve housing
      18.
PAR  Here it may be noted that the valve 16 may be of the type illustrated
      wherein the pulse illustrated by the waveform 30 is all that is required
      to energize the solenoid. Alternatively the valve 16 may be of the type
      wherein a conduction through the solenoid 20 need be maintained over a
      relatively long period of time in which event a constant positive DC
      potential may be applied to the base of the transistor 26 by the control
      logic.
PAR  In FIG. 3 is illustrated a double-acting valve 38 having a housing 40
      encasing a first valve controlling solenoid 42 and a second valve
      controlling solenoid 44, having, across each, a suppressor network
      consisting respectively of diodes 46 and 48. The circuitry within the
      valve housing 40 of FIG. 3 further includes a selector network comprising
      a first transistor 50 in series with the solenoid 42 and a second
      transistor 52 in series with the solenoid 44. The emitter terminals of the
      transistors 50 and 52 are at a common point connected to an enabling or
      switching transistor 54, the emitter of which is grounded to the housing
      40. The selector network further includes an inverter 56, one end of which
      is connected by a conductor 58 to the base of the transistor 50 and the
      other end of which is connected by a conductor 60 to the base of the
      transistor 52. The selector network is controlled from the control logic
      through an external conductor 62. As indicated by the waveform 64, the
      control logic maintains the conductor 62 at one of two logic levels at all
      times, these being represented by a "0"  logic level and a "1" logic
      level. Those familiar with the art will readily appreciate that one of the
      transistors 50,52 will be biased to a conductive state at one of the logic
      levels and the other of the transistors 50,52 biased to a conductive state
      at the other of the logic levels. When one of the transistors 50,52 is
      biased to a conductive state, the other is biased to a non-conductive
      state. Thus the selector network comprising the transistors 50 and 52, the
      inverter 56 and the conductors connecting the bases of the transistors 50
      and 52 in series with the inverter 56 functions to preclude accidental
      simultaneous operation of both solenoids 42 and 44. Further it permits the
      control logic to operate in such fashion as to preselect the desired
      solenoid 42 or 44 which is to be energized when the switching transistor
      54 receives a pulse, the character of which is indicated by the waveform
      66, from the control logic along the external enabling or switching
      conductor 68. Optionally a Zener diode 70 may be placed within the housing
      40 in series with the base of the transistor 54 to prevent accidental
      operation of the transistor 54 by noise at levels lower than represented
      by the pulse waveform 66.
PAR  It will be observed that the external circuit connections 62 and 68 between
      the valve housing 40 and the control logic are low impedance conductors
      which, because of the low voltage drop across them would not create any
      significant noise to adversely effect the operation of the machine
      components. Also due to their low impedance, the conductors 62 and 68
      would be relatively noise resistant.
PAR  FIG. 4 illustrates a valve 78 which is a double-acting AC solenoid operated
      valve provided with circuitry fixed relative to the valve housing 80 that
      is roughly equivalent to the DC circuitry of FIG. 3. The valve 78 includes
      a first AC solenoid 82 connected to a source line 84. The solenoid 82 is
      energized when a triac 86 is gated to become conductive, one main terminal
      electrode of the triad 86 being connected to the solenoid 82 and the other
      main terminal electrode being connected to a source return line 88. To
      prevent accidental triggering of the triac 86, a thyrector (not shown) or
      similar device may be included in or near the housing 80 across the source
      line 84 and the source return 88. Transients created by collapse of the
      field around the coil 82 when the triac 86 is rendered non-conductive are
      suppressed by a conventional suppressor network including a capacitor 90
      and a resistor 92 in parallel with the triac 86.
PAR  The second solenoid, designated 94, within the housing 80 is similarly
      energized when a triac 96 is rendered conductive. Transients created upon
      de-energization of the solenoid 94 are suppressed by a suppressor network
      having a capacitor 98 and a resistor 100.
PAR  As those familiar with triacs are aware, a triac gated to a positive or
      conducting state will tend to become non-conductive during the interval of
      each cycle that the current passing through it approaches zero. The
      circuit of FIG. 4 is designed to avoid the noise which might be produced
      from such condition. Thus triac 86 is a slave to a pilot triac 102, one
      main terminal electrode of which is connected to the control electrode or
      gate of the triac 86 to supply sufficient gate current to maintain the
      triac 86 conductive. These connected terminals are isolated from the
      return by a resistor 104. The other main terminal electrode of the triac
      102 is connected by a resistor 106 to the AC source conductor 84. The gate
      current of the pilot triac 102 is controlled by the output of an AND gate
      108 having an input fed by a zero-crossing detector 110 connected by a
      resistor 112 to the AC line. The output of the zero-crossing detector
      could be directly connected to the gate of the pilot triac 102. The AND
      gate 108 is interposed in the circuit of FIG. 4 as part of the selector
      circuit for selecting which of the solenoids 82 and 94 will be energized
      at any given time, as will be more fully described below.
PAR  The zero-crossing detector 110 and the pilot triac 102 are part of the
      switching circuit fixed relative to the valve housing 80. The detector 110
      is connected to external control logic by an external conductor 114. The
      output of the zero-crossing detector is also connected to the input of a
      second AND gate 116, the output of which controls the gate of a second
      pilot triac 118 having a main terminal connected to the gate of the triac
      96 which is used to control the solenoid 94. The interconnected main
      terminal of the triac 118 and the gate of the triac 96 are isolated from
      the return 88 by a resistor 120. The other main terminal of the triac 118
      is connected by a resistor 122 to the AC source line 84.
PAR  It will be noted that the corresponding inputs to both AND gates 108 and
      116 are at equipotential points. Accordingly when the zero-crossing
      detector 110 is energized by a signal received through external conductor
      114 from the external machine control logic, the appropriate signal will
      be received at the corresponding inputs of gates 108 and 116 tending to
      render the pilot triacs 102 and 118 and accordingly the slave triacs 86
      and 96 conductive. Thus energization of the zero-crossing detector 110
      tends to switch on both solenoids 82 and 94.
PAR  Selection of the desired solenoid, whether it be solenoid 82 or solenoid
      94, to be energized at a given instant in time is determined by a selector
      network comprising an inverter 124, one end of which is connected by a
      conductor 126 to the second input of the AND gate 108 and the other end of
      which is connected by a conductor 128 to the second input of the AND gate
      116. The conductor 126 is connected to the machine control logic by an
      external conductor 130. As apparent, a signal received through external
      conductor 130 tending to render the AND gate 108 conductive will, because
      of the inverter 124, prevent conduction through the AND gate 116. The
      opposite is also true; i.e., when AND gate 116 becomes conductive, AND
      gate 108 cannot conduct.
PAR  FIG. 4 illustrates part of the machine control logic which is external from
      the valve housing 80. This includes an Exclusive OR gate 132. First and
      second triggering conductors 134 and 136, respectively, are connected to
      the input of the OR gate 132. At its input to the OR gate 132, the second
      triggering conductor 136 is common with the external conductor 130
      connected to the inverter 124. When a signal of the nature required to
      cause conduction of the triac 86 and thus energization of the solenoid 82
      appears along the triggering conductor 136, and there is no corresponding
      signal in the triggering conductor 134, the zero-crossing detector 110
      will be energized. At the same time, the signal in the triggering
      conductor 136 will be carried along the external selector conductor 130 to
      its input to the AND gate 108. Accordingly, the AND gate 108 becomes
      conductive, the triac 86 becomes conductive, and the solenoid 82 is
      energized. At the same time the potential at the input to the AND gate 116
      of the conductor 128 is at a zero or base level whereupon the AND gate 116
      cannot conduct. Therefore, the solenoid 94 is not energized. If the signal
      along the triggering conductor 136 is at the base level, the AND gate 108
      cannot conduct but the input of the conductor 128 to the AND gate 116, due
      to the operation of the inverter 124, will cause conduction of the AND
      gate 116 when a suitable signal appears in the first triggering conductor
      134.
PAR  Thus it is seen in FIG. 4 that, in addition to the source conductor 84 and
      the source return conductor 88, the valve 78 constructed in accordance
      with this invention need have only the two low impedance conductors 114
      and 130 connected to the machine control logic. The conductor 130 may be
      considered as a selector conductor since the signals carried by it will
      determine which one of the AND gates 108 or 116 can become conductive.
      External conductor 114 may be considered to be a switching or enabling
      conductor since any sufficient signal occuring thereon will cause one of
      the AND gates to become conductive.
PAR  If miniaturized state-of-the-art components are used the circuitry
      described above with relation to any of the Figures 2, 3 and 4 can readily
      be mounted in fixed relation to its valve housing in any of a variety of
      ways. To provide the circuitry of FIG. 2, the diode 28 and the transistor
      26 could be separately mounted upon a printed circuit board affixed to or
      within the valve housing. Alternatively two transistors, one of them
      having its base and collector shorted to form the diode 28, could be
      encased within the housing. A convenient construction to affix the circuit
      components of FIG. 3 relative to the housing 40 would be to use a dual
      in-line plug (not shown) having an array of six transistors. Three of the
      transistors would correspond to transistors 50, 52 and 54. Two of them
      would have their base and collector shorted to form the diodes 46 and 48.
      The sixth transistor could be used with a resistor (not shown) to form the
      inverter 56. The dual in-line package could be associated optionally with
      another transistor having its collector and emitter shorted to form the
      Zener 70.
PAR  The circuitry of FIG. 4 would unquestionably be bulkier to incorporate in
      fixed relation to the valve housing 80 than is the case of the embodiments
      shown in FIGS. 2 and 3. Again, however, using miniaturized components the
      entire circuitry as shown within housing 80 in FIG. 4 could be cased
      within or directly upon the housing and require little or no additional
      space.
PAR  As an example of a packaging configuration, FIG. 5 illustrates the valve
      housing 40 which consists of a main valve housing portion 140 and end
      housing portions 142 and 144 for the solenoids 42 and 44, respectively.
      Mounted within or within the main valve housing 140 is a printed circuit
      board 146. The operation of the valve 40 is controlled from the control
      logic through a three conductor cable attached by a connector 150 to the
      main housing portion 140. The three conductors extending from the control
      logic to the connector 150 are the B+ conductor, the selector conductor
      62, and the switching or enabling conductor 68. The components mounted on
      the printed circuit board 146 are not shown, these being the elements 46,
      48, 50, 52, 54, 56 and 70 shown in FIG. 3.
PAR  FIG. 6 shows a valve construction similar to FIG. 5, but in FIG. 6 the two
      solenoids, designated 20a and 20b, within the housing parts designated 152
      and 154, respectively, are separately controlled by the control logic. In
      such event a printed circuit board, designated 156, may be located in the
      housing part 152 to provide a mounting for the transistor 26 and the diode
      28 shown in FIG. 2, this board being connected by the B+ line and
      conductor 32 to the control logic through a connector 158. The solenoid
      20b within housing part 154 is controlled by components (not shown) on a
      printed circuit board 160 in exactly the same manner as the solenoid 20a
      within the housing 152. Again there are two lines including the B+ line
      extended to a connector, designated 162, for the board 160. The other
      line, which corresponds to conductor 32, is designated as conductor 164.
PAR  The mechanical construction and operation of the valves described above may
      take any of several forms and be entirely conventional but for the circuit
      components described above. In general the solenoids can be used to
      control pilot valves or valve stems or to trigger the operation of the
      valve by air or other fluid. Because of the packaging of the electrical
      components as discussed above, extremely low power operation can be used
      to control numerous valves in a machine. The valves are ideally suited for
      integrated circuit logic control since the current required to control the
      operation of the selector and the enabling or switching circuits need be
      no more than a few milliamps and since the effects of noise and production
      of noise are minimal.
PAR  Although the preferred embodiments of this invention have been described,
      it will be understood that within the purview of this invention various
      changes may be made within the scope of the appended claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In a solenoid operated fluid valve for use in production machines and
      the like, said valve being of the type having a valve housing, a solenoid
      located at and fixed to said housing for controlling the operation of the
      valve, the improvement wherein electrical switching means operatively
      associated with said solenoid is fixed in relation to and located at said
      housing, said switching means including active means responsive to logic
      pulses, and external circuit connection means are provided at said housing
      for electrical connection of a remote solenoid operating voltage source to
      said solenoid and for separate electrical connection of remote control
      logic to said switching means.
NUM  2.
PAR  2. The valve of claim 1 wherein said active means comprises a three element
      active device having terminal electrodes electrically connected in series
      with said solenoid, said source and a source return, and a control
      electrode electrically connected to said circuit connection means.
NUM  3.
PAR  3. The valve of claim 2 wherein said device is a transistor.
NUM  4.
PAR  4. The valve of claim 2 wherein said source return is to ground through
      said housing.
NUM  5.
PAR  5. The valve of claim 2 wherein said active device is a triac.
NUM  6.
PAR  6. In a solenoid operated fluid valve for use in production machines and
      the like, said valve being of the type having a valve housing, first and
      second solenoids located at and fixed to said housing for controlling the
      operation of the valve,
PA1  the improvement wherein electrical switching means and electrical selector
      means operatively associated with said solenoid are fixed in relation to
      and located at said housing, said electrical selector means selecting
      which of said solenoids will be energized when said switching means
      enables operation of said solenoids, both said electrical selector means
      and said switching means including means responsive to logic pulses, and
      external circuit connection means are provided at said housing for
      electrical connection of a remote solenoid operating voltage source to
      said solenoid and for separate electrical connection of remote control
      logic to said switching means and said selector means.
NUM  7.
PAR  7. The valve of claim 6 wherein said selector means comprises:
PA1  a first three element active device having terminal electrodes electrically
      connected in series with said first solenoid, said source and a source
      return, and a control electrode electrically connected to said circuit
      connection means;
PA1  a second three element active device having terminal electrodes
      electrically connected in series with said second solenoid, said source
      and a source return, and a control electrode electrically connected to
      said circuit connection means;
PA1  and an inverter electrically connected between said control electrode of
      said first device and said control electrode of said second device.
NUM  8.
PAR  8. The valve of claim 7 wherein said switching means comprises a third
      active device having a terminal electrode electrically connected to one of
      the terminals of both said first and second devices.
NUM  9.
PAR  9. The valve of claim 7 wherein said inverter has two terminals; and
      wherein a first logic gate is provided at said housing having a first
      input electrically connected to said switching means, a second input
      electrically connected to one of said terminals of said inverter, and an
      output electrically connected to said control electrode of said first
      device; and a second logic gate is provided at said housing having a first
      input electrically connected to said switching means, a second input
      electrically connected to the other of said terminals of said inverter,
      and an output electrically connected to said control electrode of said
      second device.
NUM  10.
PAR  10. The valve of claim 1 wherein electrical suppression means operatively
      associated with said solenoid is fixed in relation to and located at said
      housing.
NUM  11.
PAR  11. The valve of claim 6 wherein electrical suppression means operatively
      associated with said solenoid is fixed in relation to and located at said
      housing.
NUM  12.
PAR  12. The valve of claim 6 wherein said selector means includes a first
      device having at least one control terminal, a second device having at
      least one control terminal, and an inverter means connected between said
      control terminal of said first device and said conrol terminal of said
      second device for controllably applying opposite logic signals to said
      control terminals.
NUM  13.
PAR  13. The valve of claim 12 wherein said first device and said second device
      each have a second terminal and wherein said switching means is connected
      to said second terminals for controllably generating logic signals at said
      second terminals.
NUM  14.
PAR  14. The valve of claim 13 wherein said first device is a three element
      active device, said second device is a three element active device, and
      wherein said switching means comprises a third active device having one
      terminal commonly connected to said second terminals of said first device
      and said second device.
NUM  15.
PAR  15. The valve of claim 13 wherein said first device comprises a first logic
      gate, said first mentioned control terminal comprises a first input of
      said first logic gate electrically connected to said inverter means, said
      second device comprises a second logic gate, and said second mentioned
      control terminal comprises a first input of said second logic gate
      electrically connected to said inverter means.
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ABST
PAL  Safety apparatus for vehicles, machinery, and the like to provide a
      distinctive signal in the event of the incapacitation or drowsiness of an
      operator. Spaced electrical conductors are supported on a hand-grip
      control means such as the steering wheel of a vehicle to provide thereby
      an open circuit which is capable of being bridged by a body portion of the
      operator such as the hand of the driver on the steering wheel during
      normal vehicle operation. An output means is also provided which gives a
      distinctive signal, and this output means is controlled by a circuit
      coupled between the conductors and such output means. The circuit is
      effective to control the output means to provide its distinctive signal
      indicative of incapacitation of the driver both under the condition where
      the conductors are open circuited or bridged by a resistance whose value
      lies above a predetermined range as well as by a short circuiting of the
      conductors which may occur by, for example, a ring or bracelet or the like
      worn by the vehicle operator.
BSUM
PAR  The present invention refers to a safety device for dynamic units,
      controlled by means of an operating member having a manual gripping
      portion.
PAR  Numerous and severe accidents or mishaps occur because a car driver, due to
      a rapidly induced indisposition, a sudden loss of consciousness, or an
      overwhelming fatigue or drowsiness, relieves his grip of the steering
      wheel so that the car continues its travel in the absence of any control.
      Thus, not only the life of the driver but also that of his co-travellers
      is jeopardized.
PAR  The same is true also with respect to motorboats, irrespective of whether
      they are steered by means of a steering wheel or by means of a rudder bar
      (the outboard handle). In this case, the danger is increased by the
      possibility of the driver falling overboard as a result of heavy sea.
PAR  Dangerous situations may also arise for different kinds of steering-wheel
      or lever-operated machines in factories, or the like, as presses, petrol
      or electric motor operated equipments etc., if the operator's grip of the
      operating member suddenly is released.
PAR  These and other danger factors are eliminated or reduced to a minimum, by
      arranging along the gripping portion two substantially parallel
      conductors, the spacing of which is bridged by the hand gripping the
      operating member, to form a break gap portion in an electric amplifier
      circuit closed by the resistance of the skin of the hand to provide an
      amplified signal for actuating a control member to switch the particular
      unit ON or OFF, while a release of the grip of the hand results in a
      cut-off of the amplifier circuit and, consequently a switching OFF or ON,
      respectively, of the unit, whereby dangers arising from an undue releasing
      of the gripping portion are reduced.
DRWD
PAR  The invention will be described more in detail below with reference to the
      adjoined drawings. In the drawings,
PAR  FIG. 1 is a principal diagram of the electric coupling according to the
      invention;
PAR  FIG. 2 a simplified plan view of a car or boat steering wheel adapted for
      the arrangement of the invention;
PAR  FIG. 3 is a cross-section along line III--III in FIG. 2, and
PAR  FIG. 4 is a principal view of the invention as applied to a car (or a boat)
     .
DETD
PAR  In FIG. 1, there is shown a three-stage amplifier with transistors T.sub.1,
      T.sub.2 and T.sub.3, respectively. The first two stages form a modified
      type of a Schmitt-trigger, in the input of which the conventional voltage
      divider for the base of the transistor T.sub.1 has been replaced by a high
      resistance resistor R.sub.1 between the base and the negative polarity,
      and a break gap (or an open circuit part) K between the base and positive
      polarity. The collector of transistor T.sub.2 is connected to the negative
      polarity over resistors R.sub.8 and R.sub.9 in series, and the base of the
      output transistor T.sub.3 is connected to the junction between the
      last-mentioned resistors. The emitter of the transistor T.sub.3  is
      connected to the emitter of transistor T.sub.2, and its collector is
      connected to the positive polarity over a relay coil S. The purpose of the
      associated relay is to effect a switching OFF or ON function in the
      particular system.
PAR  An example of suitable values and components in the described circuit is
      set forth below:
TBL  Resistors    R.sub.1                                                      
                          10 Mohm                                              
                  R.sub.2                                                      
                         600 Kohm                                              
                  R.sub.3                                                      
                         120 ohm                                               
                  R.sub.4                                                      
                          90 kohm                                              
                  R.sub.5                                                      
                         1,4 Mohm                                              
                  R.sub.6                                                      
                         900 ohm                                               
                  R.sub.7                                                      
                          82 ohm                                               
                  R.sub.8                                                      
                         8,2 kohm                                              
                  R.sub.9                                                      
                         4,7 kohm                                              
     Transistors  T.sub.1                                                      
                         BC 107                                                
                  T.sub.2                                                      
                         BC 107                                                
                  T.sub.3                                                      
                         BC 107                                                
     Capacitor    C      0,022/400 (34154223)                                  
     Relay        S      e.g. BV 5506/0100(DFG)                                
PAL  The resistors R.sub.2 R.sub.4 and R.sub.5 may, if desired, be replaced by
      trimming potentiometers.
PAR  The operation of the simple, but special, circuit described above is as
      follows:
PAR  As long as the break gap K remains open, the base of the input transistor
      T.sub.1 is supplied with a negative voltage and the transistor is
      therefore maintained non-conducting; the circuit is "dead". If, however,
      the break gap terminals are bridged by placing a finger or the hand over
      the terminals, the base of the transistor T.sub.1 is supplied with a
      positive voltage from the positive polarity so that the transistor is
      rendered conductive. This activates the Schmitt-trigger (T.sub.1 and
      T.sub.2 inclusive of associated components) which switches over and
      renders the third transistor T.sub.3 conductive so that the realy coil S
      is energized and activates the associated relay. The relay then closes the
      circuit to the ignition coil or some other "keying point" in the
      particular system. (In the case of Diesel engines the relay may instead be
      arranged to switch on the supply of fuel or air.) This is the normal
      operating condition.
PAR  Now, if the bridged break gap K for some reason is opened, the transistor
      T.sub.1 will obviously again be rendered non-conductive, the transistor
      T.sub.2 will be in a conducting state, and the transistor T.sub.3 will be
      non-conductive; this results in a deactivating of the relay so that the
      ignition current, or the corresponding quantity, is interrupted.
PAR  It should also be observed that the circuit described above, e.g. with the
      data given, will be "dead" not only for an open break gap but also for a
      fully developed short-circuit of said gap. In other words, the circuit
      function desired requires a predetermined minimum resistance over the
      break gap, which resistance, however, should be lower than the minimum
      resistance of the human skin (moist hands with a firm grip).
PAR  In practice, the two terminals defining the break gap K are in the shape of
      two substantially parallel conductors (copper wire) fixed along the
      gripping portion of the particular operation member. If this member is a
      bar or some other straight handle, the conductors extend along the
      longitudinal dimension of the operation member.
PAR  The application of the invention to a steering wheel may take the form
      shown in FIGS. 2 and 3. Along the front side (also the backside or the
      periphery may be used) of a steering wheel 1, two concentric rings 2 and 3
      of a well-conducting material, such as copper wire, are fixed; the
      conducting rings may be partly imbedded in the wheel, as indicated in FIG.
      3. The connection of the rings to the input of the amplifier described
      above, i.e. the break gap K, is shown to extend via preferably imbedded
      conductors 4 and 5 to terminals 6 and 7, respectively.
PAR  The complete system is schematically shown in FIG. 4.
PAR  The rings 2 and 3 on the steering wheel 1 are connected to a delay unit 8
      for the purpose of preventing a triggering of the safety device not called
      for, i.e. when the grip of the wheel is momentarily loosened. From the
      unit 8, extend to the amplifier 9 which is energized from the battery 10
      which also supplies the ignition current. From the output of the
      amplifier, lines are connected to a control member in the form of the
      relay 11 for the ON and OFF function, the output lines of which extend to
      the ignition coil in the motor 12.
PAR  Now, if the steering wheel is released, the amplifier energizes the relay
      11 which after a short time interval determined by the delay unit 8,
      switches off the ignition current so that the motor is stopped and, thus,
      also the car.
PAR  If, when the grip is released, either hand should be caught by the wheel
      due to the presence of finger rings, a metal bracelet for a wrist watch or
      of an ornamental design, a short-circuiting of the two concentric
      conductors 2 and 3 will not, as mentioned earlier, interfere with the
      function of the safety device.
PAR  The arrangement will be similar for inboard or outboard motors on boats and
      various work machines which may jeopardize personal safety. In the case of
      work machines, the arrangement may also serve as a switch. If, for
      example, a man operating a press wants to, or has to, leave his position
      at his press, it will automatically come to a standstill, as soon as he
      lets go of the operating bar; in other words, he is relieved from the
      additional duty of turning off a switch.
PAR  Various modifications of the invention are obvious to one skilled in the
      art, also numerous other application areas than those described above are
      within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Safety apparatus for vehicles, machinery, and the like to provide a
      distinctive signal in the event of incapacitation or drowsiness of an
      operator including:
PA1  spaced electrical conductors supported on a hand-grip control means to
      provide thereby an open circuit which is bridged by a body portion of the
      operator during manual operation,
PA1  output means for providing said distinctive signal only when operated to a
      second distinctive condition from a first normal condition,
PA1  and circuit means connected between said conductors and said output means,
PA1  said circuit means controlling said output means to its said first normal
      condition only for values of resistance bridging said conductors which
      fall within a predetermined range,
PA1  said circuit means controlling said output means to its said second
      distinctive condition both when said conductors are fully short-circuited
      and open-circuited as well as bridged by a resistance whose value is above
      said predetermined range.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said conductors comprise two conductors
      spaced parallel to each other,
PA1  said circuit means comprising a transistor amplifier stage and voltage
      divider means including said conductors for providing a controllable bias
      voltage for said transistor stage,
PA1  said voltage divider means controlling said bias voltage to operate said
      transistor stage to one conductive state when said conductors are bridged
      by a resistance falling within said predetermined range and to another
      conductive state when said conductors are either short-circuited or
      bridged by a resistance whose value is above said predetermined range,
PA1  said circuit means controlling said output means to provide said
      distinctive signal only when said transistor stage is in its said another
      conductive state.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said transistor amplifier means
      comprises a first transistor and said voltage divider means comprises in
      series connection said conductors and also a resistor with the junction
      therebetween connected to the base of said first transistor,
PA1  said voltage divider means controlling said first transistor to cause
      substantially all of the current in said transistor to flow through its
      emitter-base circuit when said conductors are short-circuited,
PA1  said transistor stage including means responsive to the collector current
      of said transistor for controlling said output means.
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ABST
PAL  A solid electrolyte layer formed between the anodic dielectric oxide film
      and the counter electrode is composed of a
      7,7,8,8-tetracyanoquinodimethane salt of the charge transfer compound type
      and a binary copolymer. The major component of the copolymer is a
      nitrogen-containing compound of which polymer is capable of dissolving the
      salt and the other component is a customary compound capable of forming a
      strongly adhesive polymer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a solid electrolyte capacitor having an
      anodically formed dielectric oxide film and an electrolyte coating formed
      thereon and composed of an organic semiconductive material and a binder.
PAC  BACKGROUND
PAR  A thin oxide film formed on a film-forming metal or valve metal such as
      aluminum and tantalum by anodic oxidation of the metal serves as a
      dielectric of a solid capacitor. As is well known in the art, such a film
      possesses essentially eminent dielectric characteristics, but practically
      it cannot be devoid of considerable faults and micropores developed during
      and/or after anodization. As a result, dielectric characteristics and
      leakage current of a capacitor utilizing an anodized oxide film always
      remain below the levels expected from the values inherent to an ideal
      oxide film. An electrolyte disposed between the dielectric oxide film and
      a counter electrode of a practical electrolyte capacitor, therefore, is
      required to have a function of electrolytically oxidizing the anode in the
      case of polarization thereof to reform the defective oxide film apart from
      its principal function as a substantial cathode.
PAR  Manganese dioxide is the most familiar solid electrolyte now in practical
      use. According to generally accepted explanations for the function of
      manganese dioxide to reduce the leakage current of a capacitor, faults in
      the dielectric oxide film may be healed by oxygen liberated from polarized
      manganese dioxide, and/or manganese dioxide may be reduced to a lower and
      non-conducting oxide due to high temperatures produced by high density of
      currents through the faults.
PAR  There is, however, a significant problem in forming a manganese dioxide
      coating on an anodized valve metal, viz., a thermal treatment at
      considerably high temperatures is required. For example, thermal
      decomposition of manganese nitrate to the dioxide is usually carried out
      at temperatures between 200.degree. and 400.degree.C. Besides, application
      of the nitrate solution and thermal decomposition thereof must be repeated
      several times in order to form a dense and closely adhered manganese
      dioxide coating. The multiple exposure to the high temperatures inevitably
      damages the inherently feeble dielectric oxide film and results in
      unsatisfactory characteristics of the produced capacitor. Accordingly it
      is necessary to provide repeated steps of re-anodizing between and after
      the heating steps. A capacitor produced by such complicated procedures has
      nevertheless shortcomings such as a relatively large leakage current and a
      relatively low maximum operating voltage.
PAR  Various organic semiconductive substances have been proposed to replace
      manganese dioxide and thereby to eliminate the above drawbacks. Examples
      of organic semiconductive substances promising as solid electrolyte
      material for their good anodical oxidizing prroperties are some charge
      transfer complex compounds the acceptor of which is a nitro compound or a
      quinolinium compound. Another group of organic semiconductive compounds
      featuring superior anodizing capability is a group of salts having
      7,7,8,8-tetracyanoquinodimethane, hereinafter referred to as TCNQ for
      brevity, as the anion component. Solid electrolyte capacitors based on
      these organic semiconductive compounds are described, e.g. in U.S. Pat.
      No. 3,586,923. These compounds can be coated on an anodic oxide film
      without requiring high temperatures and hence scarcely damage the oxide
      film and exhibit better anodizing or reforming properties than manganese
      dioxide.
PAR  It is now beyond doubt that organic semiconductive compounds of the charge
      transfer complex type and especially some salts of TCNQ serve, at least
      theoretically, as advantageous electrolytes for solid electrolyte
      capacitors, but improved capacitors of practical use can be obtained only
      when a practical method of coating such a compound on the dielectric oxide
      film is established. The method is required to give a dense, uniform and
      strongly adhering coating without injuring the inherent property of the
      compound or its ability to reform an anodic oxide film.
PAR  At first, application of an organic solvent solution of a TCNQ salt was
      proposed, e.g., by U.S. Pat. Nos. 3,214,648 and 3,214,650. Although the
      method is quite easy to carry out, such a method usually fails in
      providing the desired degree of density and adhesion strength of the
      resulting coating. Next, a semiconductive polymer or a polymer capable of
      dissolving a semiconductive salt has been sought, and U.S. Pat. Nos.
      3,424,698 and 3,483,438 disclose some polymers which dissolve TCNQ and its
      salts and electrolyte capacitors based on such polymers, respectively. A
      problem with respect to the polymers according to these patents resides in
      that relatively large amounts of the polymer are required to obtain an
      electrolyte coating of such denseness and adhesion as to ensure the
      desired level of stability and life of the resulting capacitor. In the
      capacitors of U.S. Pat. No. 3,483,438, for example, a polymer content of
      far more than 50% by weight is necessary to prepare an electrolyte system
      in which a TCNQ salt is dissolved up to saturation.
PAR  The smaller the amount of polymer binder in an electrolyte system, the
      better for obtaining a capacitor of excellent characteristics, because the
      capacitor characteristics are substantially determined by the physical
      properties of the polymer itself when a large amount of polymer is used.
      Practical disadvantages resulting from a large polymer content in the
      electrolyte layer of a solid capacitor are as follows:
PAR  1. increase in the specific resistance of the electrolyte and hence
      increase in the dielectric loss of the capacitor;
PAR  2. decrease in the capacitance of the capacitor;
PAR  3. deterioration in the anodizing property and dielectric strength; and
PAR  4. deterioration of the capacitor due to expansion of the polymer. These
      disadvantages may be reduced to permissible levels if the polymer content
      is limited to 40% by weight at most.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly a major object of the present invention to provide an
      improved solid electrolyte capacitor, which has an electrolyte layer
      containing a relatively small amount of a polymer binder and hence is
      devoid of shortcomings of prior art capacitors.
PAR  It is another object of the invention to provide an improved solid
      electrolyte capacitor which is stable and long-living over a wide
      temperature range.
PAR  It is still another object of the invention to provide a solid electrolyte
      capacitor which exhibits excellent characteristics, particularly as
      regards dielectric loss, leakage current and frequency response of
      impedance.
PAC  THE INVENTION
PAR  In general, the invention relates to a solid electrolyte capacitor of a
      known construction having a dielectric oxide film formed on a valve metal
      anode, a counter electrode and a solid electrolyte layer formed between
      and in intimate contact with both electrodes, which electrolyte contains a
      semiconductive TCNQ salt and a binder. According to the invention, the
      binder is an organic copolymer of a major amount of first component and a
      minor amount of a second component, wherein the polymer of the first
      component is capable of dissolving the TCNQ salt and the polymer of the
      second component has a strong adhering property to the dielectric oxide
      film.
PAR  The copolymer content in the electrolyte lies preferably in a range between
      5 to 40% by weight. A few examples of preferred copolymers are those of
      vinyl pyrrolidone/vinyl acetate and acrylonitrile/butadiene.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Other features and advantages of the invention will become apparent from
      the following detailed description taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a solid electrolyte capacitor according to
      the invention;
PAR  FIG. 2 is a vertical section taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a graph showing the frequency response of impedance with respect
      to a capacitor according to the invention and another capacitor of the
      same construction but utilizing a prior art electrolyte;
PAR  FIGS. 4 and 5 are similar graphs but showing the characteristics after a
      heat test and a life test, respectively; and
PAR  FIG. 6 is a graph showing the relationship between the copolymer content in
      an electrolyte layer and effective coverage percentage of a dielectric
      film with the electrolyte layer.
DETD
PAR  A solid electrolyte capacitor 10 according to the invention shown in FIGS.
      1 and 2 by way of example is fundamentalily of a similar construction to
      the prior art capacitors utilizing an organic solid electrolyte. An anode
      11 is a foil of a valve metal such as, e.g., aluminum, tantalum or
      titanium and has a thin and dense dielectric film 12 formed thereon by
      anodic oxidation. The surface of the anode 11 may be etched before
      anodization to obtain the dielectric oxide film 12 of good quality as is
      well known in the art. The entire surface of the oxide film 12 is covered
      with a coating of an organic solid electrolyte 13, which will be described
      hereinafter in more detail. The coating 13 is electrically in contact with
      and physically fixed to a metal case 15 having an integral cathode lead 18
      by means of a conventional conductive and adhesive material 14 such as a
      silver paste or colloidal graphite. An anode lead 17 is connected to the
      anode 11 without interposing the dielectric film 12 and is partially
      coated with an insulator 16 so as to be isolated from the electrolyte
      coating 13. A space between the case 15 and the lead 17 is filled with an
      insulating adhesive 19.
PAC  DETAILED DESCRIPTION
PAR  As is well known, TCNQ has a planar molecular configuration and has a
      strong electron affinity. When TCNQ is mixed with or melted with another
      substance, TCNQ molecules tend to withdraw electrons from the latter
      substance thereby to be bonded with each other. If the latter substance
      molecules tend to release electrons, the released electrons are easily
      accepted by TCNQ molecules resulting in formation of ionic crystals.
      Compounds of TCNQ vary from those having typical ionic bond to those
      behaving like isolated ions, depending on the ionization potential values
      of the combining substance. They are generally called
      electron-donor-acceptor (EDA) compounds. Although these compounds have
      been noted as organic semiconductive materials based exclusively on their
      electronic conductivities, some of them have noticeable degrees of ionic
      conductivities and exhibit the remarkable property of participating in
      anodic oxidation.
PAR  A substance having a relatively low ionization potential is most suitable
      as a donor component for producing an ionic compound with TCNQ, and
      examples of such substances are aromatic diamines, ammonium, substituted
      ammoniums, aromatic onium compounds, and various metals. In a salt of TCNQ
      with an aromatic diamine, e.g., p-phenylenediamine, among these donor
      substances, the ion radicals of the respective components form a
      relatively weak ionic bond. On the other hand, the other cations form
      nearly perfect ionic bonds with TCNQ as represented e.g., by
      NH.sub.4.sup.+ TCNQ.sup.- and Ba.sup.2.sup.+ (TCNQ.sup.-).sub.2. These
      types of compounds are commonly called simple salts of TCNQ. There are
      other type of TCNQ compounds whose single molecule contains at least one
      molecule of neutral or nonionized TCNQ, e.g.,
      (triethylammonium).sup.+-TCNQ.sup.-.TCNQ and (pyridinium).sup.+TCNQ.sup.-.
      TCNQ, which are called complex salts and exhibit particularly high
      conductivities.
PAR  Among these simple and complex salts of TCNQ, the
      (quinolinium).sup.+TCNQ.sup.-.TCNQ and (acridinium).sup.+TCNQ.sup.-.TCNQ
      including derivatives of the respective donor components are preferred
      examples of semiconductive substances for use in the present invention.
      They are selected mainly for their high conductivities and superior
      effects on the anodic oxidation.
PAR  A high polymer to be used as a binder of the above TCNQ salts for producing
      the solid electrolyte coating 13 of FIG. 2 is required to dissolve or be
      miscible with the TCNQ salt thereby to form a homogeneous phase and at the
      same time to have a strong adhering property to the dielectric oxide film
      12. Polymers of some nitrogen-containing compounds such as vinylpyridine,
      acrilonitrile, vinylpyrrolidone, vinylquinoline and vinylimidazole are
      known to dissolve TCNQ salts. (For example, the first two polymers are
      described in U.S. Pat. No. 3,483,438.) These polymers, however, show
      rather poor adhesion to the oxide film 12 and hence are not considered as
      satisfactory binders for practical capacitors. To overcome such a
      shortcoming, relatively large amounts of these polymer binders are used
      according to the prior arts as exemplified by U.S. Pat. No. 3,482,438, in
      which the polymer content in the electrolyte exceeds 50% by weight. As
      mentioned previously, important characteristics of solid electrolyte
      capacitors are adversely affected and even governed by physical properties
      of the polymer binder when a large polymer content is employed.
PAR  There are many high polymers having excellent adhering properties to the
      dielectric oxide film 12, and some monomers of such polymeric compounds
      can form copolymers with the above-mentioned nitrogen-containing
      polymerizable compounds. Examples of suitable monomers which form either
      strongly adhesive polymers or copolymers with the above
      nitrogen-containing compounds are vinyl acetate, vinyl ether, acrylate,
      methacrylate and butadiene. The present invention contemplates copolymers
      of these compounds, hereinafter referred to as the second component, and
      the above nitrogen-containing compounds (the first component) as the
      binder material for the electrolyte coating 13. Various combinations of
      the copolymers can serve the purpose of the invention and most preferable
      ones among them are: vinylpyrrolidone/vinyl acetate,
      vinylpyrrolidone/acrylate, acrylonitrile/methacrylate, acrylonitrile/vinyl
      acetate, acrylonitrile/vinyl ether, acrylonitrile/butadiene,
      vinylpyridine/vinyl acetate, vinylpyridine/butadiene, vinylquinoline/vinyl
      acetate and vinylimidazole/vinyl acetate. They can be prepared by the
      familiar processes for radical or ionic copolymerization. All of these
      copolymers dissolve or are compatible with the above described TCNQ salts
      and accomplish excellent adhesion of the electrolyte coating 13 to the
      dielectric oxide film 12 even when they amount to less than 40% by weight
      of the electrolyte.
PAR  The composition of the respective copolymers should be determined taking
      into consideration the effects thereof on the characteristics of the
      resulting electrolyte. Both the miscibility or compatibility of a
      copolymer with a TCNQ salt and the adhering property of the resulting
      electrolyte are almost solely dependent on the quantitative ratio of the
      two types of components. Some characteristics of the solid electrolyte
      capacitor 10 are adversely influenced when the amount of the second
      component is excessively increased to enhance the adhering property.
      According to the present invention, the amount of the second component is
      limited not to exceed 50% by weight of the copolymer.
PAR  The invention will be better understood from the following examples
      including results of several tests for comparison with prior art
      capacitors.
PAC  EXAMPLE 1
PAR  A solid electrolyte capacitor 10 as shown in FIGS. 1 and 2 was prepared. At
      first an aluminum foil anode 11 was electrolytically oxidized by a
      customary process to form a dielectric oxide film 12 thereon.
      (Quinolinium).sup.+TCNQ.sup.-.TCNQ was employed as an organic
      semiconductive substance to serve as an electrolyte, and 100g of this
      complex salt and 10g of a 60/40 by weight copolymer of
      vinylpyrrolidone/vinyl acetate (referred to as P(VP/VAc)) were dissolved
      in 10l of acetonitrile. The copolymer was obtained by the familiar
      solution copolymerization technique using an alcohol as the solvent and
      .alpha.,.alpha.'-isobutylnitrile as a catalyst. The solvent may
      alternatively be an ester as is well known. The electrolyte solution was
      applied on the surface of the dielectric oxide film 12 and the coated
      anode assembly was heated at 100.degree.C for several seconds to evaporate
      the solvent and the procedures were repeated several times thereby to
      obtain a solid electrolyte coating 13. Thereafter the case 15 and the
      aluminum cathode lead 18 were furnished by the usual method. An epoxy
      resin was used as the insulator 16 and the filler 19. For comparison,
      another capacitor of the same construction except that
      polyvinylpyrrolidone (PVP) was used as the electrolyte binder instead of
      P(VP/VAc).
PAR  The capacitance, dielectric loss and leakage current of the two capacitors
      were measured and the results were as follows.
TBL                Table 1                                                     
     ______________________________________                                    
     Binder    Capacitance Loss     Leakage current                            
               (.mu.F)     (.mu.F..OMEGA.)                                     
                                    (.mu.A)                                    
     ______________________________________                                    
     P(VP/VAc) 0.81        16       less than                                  
                                            0.01                               
     PVP       0.82        26               0.01                               
     ______________________________________                                    
PAR  Also the frequency response of impedance was measured and the results are
      shown in FIG. 3, in which the curve A represents the prior art capacitor
      of PVP binder and the curve B the novel capacitor of P(VP/VAc) binder. The
      capacitor of the invention exhibits a quite flat frequency characteristic.
PAR  Then the two capacitors were subjected to a heat test. The above
      characteristics were measured again after storing the capacitors in the
      atmosphere of 150.degree.C for a period at 10 hr at no load. The results
      are shown in Table 2 and FIG. 4, in which the curves A and B represents
      the same capacitors or binders as in FIG. 3, respectively.
TBL                Table 2                                                     
     ______________________________________                                    
     Binder    Capacitance Loss     Leakage current                            
               (.mu.F)     (.mu.F..OMEGA.)                                     
                                    (.mu.A)                                    
     ______________________________________                                    
     P(VP/VAc) 0.70         26      less than                                  
                                            0.01                               
     PVP       0.45        130              0.01                               
     ______________________________________                                    
PAL  These results clearly illustrate the remarkable endurance and stability of
      the electrolyte or binder of the invention at high temperatures.
PAR  Several respective capacitors according to Example 1 were newly prepared
      and were maintained in a 85.degree.C atmosphere for 500 hr at 25V load.
      The results of measurements after this life test are shown in Table 3 and
      FIG. 5, in which the meaning of the curves A and B is the same as in FIGS.
      3 and 4. Thus, the electrolyte containing P(VP/VAc) brought about a
      noticeably long life of the capacitor with excellent stability. It was
      found that random failure probabilities of the capacitors during the above
      life test were in the order of 1/10 to 1/20  with respect to the PVP
      binder capacitors but almost nil with respect to the P(VP/VAc) binder
      capacitors.
TBL                Table 3                                                     
     ______________________________________                                    
     Binder    Capacitance Loss     Leakage current                            
               (.mu.F)     (.mu.F..OMEGA.)                                     
                                    (.mu.A)                                    
     ______________________________________                                    
     P(VP/Ac)  0.76        21       less than                                  
                                            0.01                               
     PVP       0.64        88               0.01                               
     ______________________________________                                    
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that the composition of the P(VP/VAc) was
      altered as follows to examine the effects of the composition on the
      capacitor characteristics. The quantitative ratio of vinylpyrrolidone to
      vinyl acetate was altered to 70/30, 50/50 and 30/70.  The capacitance and
      loss of the resulting capacitors varied as follows.
TBL                Table 4                                                     
     ______________________________________                                    
     VP/VAc     Capacitance     Loss                                           
                (.mu.F)         (.mu.F..OMEGA.)                                
     ______________________________________                                    
     70/30      0.91            16                                             
     50/50      0.73            18                                             
     30/70      0.18            48                                             
     ______________________________________                                    
PAL  These results show that a copolymer for preparing an electrolyte according
      to the invention must contain at least 50% of the first component, a
      selected nitrogen-containing compound such as vinylpyrrolidone in this
      Example. A solid electrolyte capacitor can be obtained even when the
      amount of the first component is decreased up to 30% as is proven by this
      Example, but such a capacitor has only an extremely small capacitance and
      shows a large loss value. The amount of the first component in a copolymer
      for use in the invention is preferably from about 60 to about 80% by
      weight irrespective of the combination of the two components.
PAC  EXAMPLE 3
PAR  Example 1 was again repeated except that the TCNQ salt was altered to
      (N-(n-propyl)quinolinium).sup.+TCNQ.sup.- .TCNQ and that the electrolyte
      solution was prepared by dissolving 100g of this TCNQ salt and 5g of 60/40
      P(VP/VAc) in 10l of acetone. A comparative capacitor was prepared by the
      use of PVP binder. The characteristics of the two capacitors were as
      follows.
TBL                Table 5                                                     
     ______________________________________                                    
     Binder    Capacitance Loss     Leakage current                            
               (.mu.F)     (.mu.F..OMEGA.)                                     
                                    (.mu.A)                                    
     ______________________________________                                    
     P(VP/VAc) 0.38        27       less than                                  
                                            0.01                               
     PVP       0.34        43               0.01                               
     ______________________________________                                    
PAL  Then the two capacitors were kept in a 150.degree.C atmosphere for 10 hr at
      no load and the characteristics varied as follows.
TBL                Table 6                                                     
     ______________________________________                                    
     Binder    Capacitance Loss     Leakage current                            
               (.mu.F)     (.mu.F..OMEGA.)                                     
                                    (.mu.A)                                    
     ______________________________________                                    
     P(VP/VAc) 0.21        44       less than 0.01                             
     PVP       0           .infin.  --                                         
     ______________________________________                                    
PAL  As seen from Table 6, the capacitor having the electrolyte composed of
      (N-(n-propyl)quinolinium).sup.+TCNQ.sup.- .TCNQ and PVP was completely
      destroyed by the above heat test.
PAC  EXAMPLE 4
PAR  (Pyridinium).sup.+TCNQ.sup.-.TCNQ and a 60/40 copolymer of vinylpyridine
      and butadiene were employed as the semiconductive substance and binder,
      respectively. The electrolyte solution was prepared by dissolving 100g of
      the TCNQ complex salt and 15g of the binder in 10l of acetonitrile. A
      solid electrolyte capacitor was produced in accordance with the procedures
      of Example 1 and showed following characteristics.
TBL  ______________________________________                                    
     Capacitance:    0.6 .mu.F                                                 
     Loss:           20 .mu.F..OMEGA.                                          
     ______________________________________                                    
PAC  EXAMPLE 5
PAR  Aluminum anode samples were etched and anodized to form dielectric oxide
      films thereon. Each oxide films was coated with an electrolyte layer in
      accordance with the procedures of Example 1 except that the composition of
      P(VP/VAc) was 70/30 by weight and that the amount of the copolymer to the
      fixed amount of the TCNQ salt was varied in a wide range.
PAR  The effective coverage percentage of the oxide film with the resulting
      electrolyte coating was measured for each sample and the results are
      presented in FIG. 6. A coverage percentage of 100% means a perfect or
      ideal coverage of the entire surface of the oxide film including
      micropores thereon. As seen from the graph, a good coverage was
      accomplished when the copolymer content in the electrolyte coating was
      relatively small, or between 5 and 40%. When, however, the copolymer was
      decreased to less than about 5%, the coverage percentage showed a sharp
      reduction. Generally similar tendencies were observed with respect to the
      other copolymers. Consequently, the amount of a copolymer in the
      electrolyte according to the invention is preferably in the range between
      5 and 40% by weight of the total electrolyte composition.
PAR  It is apparent from the above Examples that a solid electrolyte capacitor
      of the invention realizes an extremely small dielectric loss and leakage
      current owing to its novel electrolyte coating containing the above
      described copolymer binder. The capacitor has further advantages such as
      excellent stability of capacitance, dielectric loss and frequency response
      of impedance, particularly in high frequency ranges, at high temperatures
      and/or during long use. Furthermore, reduction in the leakage current
      leads to a remarkable decrease in failure rate of the capacitor.
PAR  Thus the present invention succeeds in providing a practicable and improved
      solid electrolyte capacitor which can be produced at a relatively low cost
      and with a good yield.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a solid electrolyte capacitor having a dielectric oxide film formed
      on a first electrode of an anodically oxidizable metal, a second electrode
      and a solid electrolyte layer formed between and in intimate contact with
      both electrodes, the solid electrolyte consisting of a semiconductive salt
      of 7,7,8,8-tetracyanoquinodimethane (TCNQ) and a binder, wherein said
      binder is a copolymer of 60 to 80 wt % of first component and the
      remaining amount of second of second component, the polymer of said first
      component being capable of dissolving said salt of TCNQ and the polymer of
      said second component having strong adhering property to said dielectric
      oxide film.
NUM  2.
PAR  2. The capacitor as claimed in claim 1, wherein said first component of
      said binder copolymer is a, polymerizable nitrogen-containing monomer
      compound selected from the group consisting of vinyl pyrrolidone,
      vinylpyridine, vinylquinoline, vinylimidazole and acrylonitrile and
      wherein said second component is a polymerizable monomer compound selected
      from the group consisting of vinyl acetate, vinyl ether, acrylates,
      methacrylates and butadiene.
NUM  3.
PAR  3. The capacitor as claimed in claim 2, wherein said copolymer is selected
      from the group consisting of copolymers of vinyl pyrrolidone-vinyl
      acetate, and vinyl pyrrolidone-vinyl acrylate.
NUM  4.
PAR  4. The capacitor as claimed in claim 1, wherein said TCNQ salt is selected
      from the group consisting of TCNQ salts of quinoline, acridine and
      alkyl-substituted heterocyclic cations and their derivatives.
NUM  5.
PAR  5. The capacitor as claimed in claim 1, wherein said solid electrolyte
      contains 5 to 40% by weight of said copolymer.
NUM  6.
PAR  6. The capacitor as claimed in claim 2 wherein said copolymer is selected
      from the group consisting of vinyl pyridine-vinyl acetate, and vinyl
      pyridine-butadiene.
NUM  7.
PAR  7. The capacitor as claimed in claim 2 wherein said copolymer is vinyl
      quinoline-vinyl acetate.
NUM  8.
PAR  8. The capacitor as claimed in claim 2 wherein said copolymer is vinyl
      imidazole-vinyl acetate.
NUM  9.
PAR  9. The capacitor as claimed in claim 2, wherein the said copolymer selected
      from the group consisting of copolymers of acrylonitrile-vinyl acetate,
      acrylonitrile-vinyl ether, acrylonitrile-butadiene and
      acrylonitrile-methacrylate.
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ABST
PAL  An improved high voltage ceramic capacitor is disclosed which includes a
      ceramic body having electrode layers formed on opposite sides thereof.
      Novel terminals formed of material having a coefficient of expansion which
      is the same as, or nearly the same as, the material of the ceramic body
      are bonded to the electrode layers to prevent voids resulting from thermal
      stresses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a high tension ceramic condenser, and
      especially to an improved high tension ceramic condenser which has an
      excellent cooling-heating cycle characteristic.
PAR  2. Description of Prior Art
PAR  Recently, gas circuit breakers having a capacity for handling extra-high
      voltages and which contain SF.sub.6 gas as an extinction medium have been
      developed as high power circuit breakers, whereby a need has been created
      for high tension ceramic condensers of improved reliability to be
      contained in the gas breakers.
PAR  As shown in FIG. 1, the electrode terminal for a conventional high tension
      ceramic condenser is formed as follows. An electrode layer 2 is formed on
      each of the parallel surfaces of a ceramic dielectric body 1 formed of
      barium titanate etc., by printing with a molten metal such as silver or a
      mixture of silver oxide and frit, or by chemically plating nickel. A metal
      terminal 3 having a screw made of brass is welded or bonded with a solder
      4 or an electroconductive adhesive to the electrode layer 2. All parts
      except the edge of the terminal are encased with a moulded synthetic resin
      5.
PAR  In the described structure of the conventional ceramic condenser, the metal
      terminal is made of brass which is easily machined. However, the brass has
      an expansion coefficient of 20 - 23 .times. 10.sup.-.sup.6 /deg, while the
      ceramic dielectric has an expansion coefficient of 7 - 9 .times.
      10.sup.-.sup.6 /deg, whereby the coefficient of expansion of brass is
      about 2 - 3 times of that of ceramic dielectric. Accordingly, in soldering
      the metal terminal, a residual compressive stress which tends to contract
      the material toward its center is formed in the electrode layer and in the
      solder layer between the ceramic dielectric and the metal terminal during
      the cooling period when the temperature drops from the melting point of
      solder to room temperature.
PAR  Furthermore, when ceramic condensers are tested by the conventional
      cooling-heating cycle test at temperatures ranging from -30.degree.C to
      90.degree.C, stresses due to the cooling-heating cycle are added to the
      residual stress existing at room temperature. Accordingly, the difference
      in expansion coefficients is large and the contraction coefficient,
      corresponding to the increased residual stress, increases at the interface
      between the electrode layer and the solder layer. This increase in the
      contraction coefficient causes a peeling phenomenon to occur so as to form
      a void.
PAR  FIG. 2 illustrates the formation of a void by the described phenomenon.
      When the cooling-heating cycle test is performed on a ceramic condenser,
      the compressive stress corresponding to the deviation between the
      expansion coefficient and the contraction coefficient at low temperatures
      is added to the residual compressive stress. Accordingly, as shown in FIG.
      2, a void 6 is caused by the peeling phenomenon at the interface between
      the ceramic dielectric 1 and a portion of the metal terminal of the
      electrode 2. As shown in FIG. 3, the void is equivalent to connecting an
      air condenser having a small capacity Cc in series with electrostatic
      capacity Cs of the ceramic dielectric. When a voltage E(V) is applied, the
      voltage
EQU  (Cs/Cc + Cs) .times. E (V)
PAL  is applied to the capacitor Cc. As Cc &lt;&lt; Cs, most of the applied voltage is
      partially applied to Cc. However, the insulation of the small void
      condenser is quite low whereby a partial discharge is caused upon applying
      a low voltage, and an apparent corona starting voltage is created as the
      high tension ceramic condenser is caused to decrease. Accordingly, the
      reliability of the associated circuit breaker may sometimes be decreased
      quite seriously because of the described deterioration in the
      characteristics of the conventional high tension ceramic condenser.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to overcome the
      described disadvantages in conventional condenser technology.
PAR  It is another object of the present invention to provide a high tension
      ceramic condenser having high reliability due to the prevention of the
      peeling phenomenon at the interface between the electrode layer and the
      ceramic dielectric during soldering by using an electrode terminal which
      is a ceramic having a metal conductive layer coated on a surface of the
      ceramic so that the coated terminal has an expansion coefficient similar
      to the expansion coefficient of the ceramic dielectric.
PAR  Briefly, these and other objects of the invention are provided in the
      structure of a high tension ceramic condenser by bonding a ceramic
      electrode terminal to the electrode layer formed on parallel smooth
      surfaces of the ceramic dielectric plate. A metal terminal is bonded to
      the ceramic electrode terminal and all parts, except a portion of the
      metal terminal, are encapsulated with a synthetic resin. Accordingly, the
      deterioration due to the peeling phenomenon at the interface between the
      electrode layer and the ceramic dielectric is effectively prevented during
      the soldering of the terminal and during the cooling-heating test cycle.
      In another embodiment, only a side portion of the electrode and a side
      portion of the magnetic dielectric are coated with the synthetic resin. In
      yet another embodiment, iron or an iron alloy such as nickel steel, which
      has a linear expansion coefficient which is the same as or similar to that
      of the ceramic dielectric, is used as the electrode terminal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a sectional view of the conventional high tension ceramic
      condenser;
PAR  FIG. 2 is a schematic view showing contraction stress on an electrode and a
      solder joint void caused by a cooling-heating cycle test;
PAR  FIG. 3 is an equivalent circuit including a small capacitance representing
      the phenomenon of FIG. 2;
PAR  FIG. 4 is a sectional view of one embodiment of the high tension ceramic
      condenser of the present invention;
PAR  FIG. 5 is a sectional view of another embodiment of the present invention;
PAR  FIG. 6 is a diagram of the cooling-heating cycle test;
PAR  FIG. 7 is a graph of characteristics of AC corona starting voltage (KV)
      versus the number of cycles;
PAR  FIG. 8 is a graph of characteristics of a capacity change coefficient
      versus the number of cycles;
PAR  FIGS. 9 and 10 are sectional views of another embodiment of the high
      tension ceramic condenser of the present invention; and
PAR  FIG. 11 is a sectional view of another embodiment of the high tension
      ceramic condenser of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, wherein like reference numerals designate
      identical or corresponding parts throughout the several views, and more
      particularly to FIG. 4 thereof, the reference numeral 21 designates a
      ceramic dielectric and 22 designates an electrode layer prepared by
      printing molten metal silver or a mixture of silver oxide and frit, or by
      chemically plating nickel on each of the parallel surfaces of the ceramic
      dielectric. The numeral 23 designates a ceramic terminal made of ceramic
      having an expansion coefficient similar to that of the ceramic dielectric
      1. The ceramic terminal is coated with a conductive metal and soldered or
      bonded on the electrode layer. All parts except the edge of the ceramic
      terminal are moulded or encased in a synthetic resin 24. It is preferable
      to uniformly blend a filler such as SiO.sub.2, Al.sub.2 O.sub.3, etc. into
      the synthetic resin. The expansion coefficient of the ceramic terminal is
      quite similar to that of the ceramic dielectric in comparison with that of
      the conventional terminal, whereby residual compressive stress is not
      significantly produced in the interface between the electrode layer and
      the ceramic dielectric during the time when the solder cools from a liquid
      to a solid state during the soldering process. Accordingly, additional
      compressive stresses are also prevented during the temperature
      fluctuations caused by the cooling-heating cycle test. For example, in the
      cooling-heating cycle test (+90.degree.C .about. -30.degree.C) as shown in
      FIG. 7, the corona starting voltage of the ceramic condenser is decreased
      remarkably as the number of cooling-heating cycles is increased.
PAR  One embodiment of the ceramic condenser of the present invention will now
      be described in more detail. SrTiO.sub.3 --Bi.sub.2 O.sub.3.3TiO.sub.2
      --BaTiO.sub.3 type and BaTiO.sub.3 --Bi.sub.2 (SnO.sub.3).sub.3 --La.sub.2
      O type ceramics are selected as the material of the ceramic dielectric.
      The linear expansion coefficient .beta. is 8.47 .times. 10.sup.-.sup.6
      /deg for the former ceramic and 7.53 .times. 10.sup.-.sup.6 /deg for the
      latter type. The cubic expansion coefficient .alpha. is 3.beta..
PAR  Al.sub.2 O.sub.3 is selected as the material of the ceramic terminal and
      the surface of the ceramic terminal is coated with a conductive membrane
      to form the structure of FIG. 4. The linear expansion coefficient .beta.'
      of Al.sub.2 O.sub.3 is 7.3 - 7.6 .times. 10.sup.-.sup.6 /deg which is
      similar to the linear expansion coefficient of the ceramic dielectric.
      Accordingly, a decrease in the corona starting voltage does not occur in
      the cooling-heating cycle test. Nor is the below mentioned capacity change
      coefficient found.
PAR  FIG. 8 shows the capacity change characteristic of the described embodiment
      of the invention. The ceramic dielectric is selected from the
      above-mentioned types of ceramics and the ceramic terminal is made of
      Al.sub.2 O.sub.3 or a ceramic used as the ceramic dielectric 23 is coated
      with a conductive membrane and soldered on the electrode as shown in FIG.
      4. In the cooling-heating cycle test, the capacity of the ceramic
      condenser of the invention is not substantially changed. In contrast the
      capacity of the condenser in which a metal terminal 3 is soldered on the
      electrode is remarkably changed. The characteristics are shown in FIG. 8.
PAR  FIG. 5 shows another embodiment of the ceramic condenser of the invention,
      wherein a metal terminal 25 is used, and which is thus different from the
      embodiment of FIG. 4. In FIG. 5, the thin ceramic terminal 23 is soldered
      on the electrode layer 22 formed on each of the parallel surfaces of the
      ceramic dielectric 21 and the metal terminal 25 is soldered on the ceramic
      terminal 23. In this embodiment, a complicated terminal structure can be
      easily formed and significant manufacturing advantages are thus provided.
      The characteristics and effect of the structure are substantially the same
      as those of the structure shown in FIG. 4. As stated above, in accordance
      with the ceramic condenser of the invention, the ceramic terminal coated
      with a metal conductive layer on the ceramic having an expansion
      coefficient which is the same as or similar to the expansion coefficient
      of the ceramic dielectric, is soldered on the electrode layer formed on
      each of the parallel surfaces of the ceramic dielectric and all parts
      except an edge of the terminal are encapsulated with a synthetic resin, or
      a metal terminal is soldered on the ceramic terminal and all parts except
      an edge of the metal terminal are encapsulated with the synthetic resin.
PAR  Accordingly, in the soldering of the ceramic terminal coated with a
      conductive membrane on the electrode layer of the ceramic dielectric or in
      the cooling-heating cycle test, there is no formation of a void caused by
      the phenomenon of peeling at the interface between the electrode layer and
      the ceramic dielectric. Thus it is possible to provide a high tension
      ceramic condenser having high reliability and having no decrease in corona
      starting voltage and no change in capacity.
PAR  According to the results of the tests, the optimum characteristics are
      imparted when the material of the ceramic electrode is the same as that of
      the ceramic dielectric. As stated above, the ceramic condenser of the
      invention is quite effective in practical applications as it improves the
      reliability of various types of electrical equipment, especially circuit
      breakers.
PAR  In the described embodiments, all parts except the edge of the terminal are
      encapsulated with the synthetic resin. However, the same effects of high
      reliability, no decrease in corona starting voltage, and no change in
      capacity can be achieved by the structure shown in FIGS. 9 and 10 wherein
      only the side or lateral surface of the ceramic dielectric and peripheral
      part of the electrode layer are coated with the synthetic resin. The
      coating of these special parts can be carried out easily in comparison
      with the encapsulation in the former embodiments. Since the expansion
      coefficient of the ceramic terminal is the same as or similar to that of
      the ceramic dielectric, the electrode layer is not deformed by cooling or
      heating even though the central part of the electrode layer is not
      encapsulated.
PAR  The described embodiments, a ceramic terminal having an expansion
      coefficient which is the same as or similar to that of the ceramic
      dielectric is used under a coating formed of a conductive membrane.
      However, the same effects of high reliability, no decrease in corona
      starting voltage and no change in capacity are provided by using a
      terminal made of iron or an alloy such as nickel-iron alloy which has a
      linear expansion coefficient which is the same as or similar to that of
      the ceramic dielectric which is 7 - 12 .times. 10.sup.-.sup.6 /deg, as
      shown in FIG. 11. The terminal 23 made of nickel-iron alloy having a
      linear expansion coefficient of 7.9 .times. 10.sup.-.sup.6 /deg is
      soldered on the electrode layer 22 formed on the ceramic dielectric 21.
      All parts except the edge of the terminal are encapsulated with the
      synthetic resin.
PAR  Obviously, numerous additional modifications and variations of the present
      invention are possible in light of the above teachings. It is therefore to
      be understood that within the scope of the appended claims, the invention
      may be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A high tension ceramic condenser comprising:
PA1  a ceramic dielectric having two parallel surfaces;
PA1  an electrode layer formed on each of said parallel surfaces of said ceramic
      dielectric;
PA1  a terminal separate from the electrode layer having an expansion
      coefficient which is substantially the same as the expansion coefficient
      of said ceramic dielectric, said terminal being joined by solder or an
      electroconductive adhesive to at least one of said electrode layers; and,
PA1  a synthetic resin covering at least part of said electrode layers.
NUM  2.
PAR  2. A high tension ceramic condenser saccording to claim 1 wherein:
PA1  said terminal is made of a ceramic having an expansion coefficient which is
      substantially the same as that of said ceramic dielectric and wherein said
      terminal is coated with a layer of conductive material.
NUM  3.
PAR  3. A high tension ceramic condenser according to claim 1 wherein:
PA1  said terminal is made of iron having an expansion coefficient which is
      substantially the same as that of said ceramic dielectric.
NUM  4.
PAR  4. A high tension ceramic condenser according to claim 1 wherein:
PA1  said terminal is made of an iron alloy having an expansion coefficient
      which is substantially the same as that of said ceramic dielectric.
NUM  5.
PAR  5. A high tension ceramic condenser according to claim 1, wherein:
PA1  all parts except edge portions of said terminals are encapsulated with a
      synthetic resin.
NUM  6.
PAR  6. A high tension ceramic condenser according to claim 1, wherein:
PA1  at least peripheral parts of said electrode layers and a side surface of
      said ceramic dielectric are coated with a synthetic resin.
NUM  7.
PAR  7. A high tension ceramic condenser according to claim 1, wherein:
PA1  said ceramic dielectric is made of SrTiO.sub.3 --Bi.sub.2 O.sub.3
      .3TiO.sub.2 --BaTiO.sub.3 type ceramic.
NUM  8.
PAR  8. A high tension ceramic condenser according to claim 1, wherein:
PA1  said ceramic dielectric is made of BaTiO.sub.3 --Bi.sub.2 (SnO.sub.3).sub.3
      --La.sub.2 O type ceramic.
NUM  9.
PAR  9. A high tension ceramic condenser according to claim 1, wherein:
PA1  said synthetic resin contains a filler of SiO.sub.2 or Al.sub.2 O.sub.3.
NUM  10.
PAR  10. A high tension ceramic condenser comprising:
PA1  a ceramic dielectric having two parallel surfaces;
PA1  an electrode layer formed on each of said parallel surfaces of said ceramic
      dielectric;
PA1  a terminal separate from the electrode layer having an expansion
      coefficient which is substantially the same as the expansion coefficient
      of said ceramic dielectric, said terminal being joined by solder or an
      electroconductive adhesive to at least one of said electrode layers;
PA1  a synthetic resin covering at least part of said electrode layers;
PA1  said terminal being made of a ceramic having an expansion coefficient which
      is substantially the same as that of said ceramic dielectric and said
      terminal being coated with a layer of conductive material;
PA1  a metal terminal soldered on said ceramic terminal which is in turn bonded
      to said electrode layer formed on said ceramic dielectric.
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ABST
PAL  Apparatus for remotely controlling the motor tape drive mechanism of an
      audio tape recorder or the like. In one embodiment, the apparatus
      comprises a plurality of semiconductors controlled by a low-level logic
      circuit and a diode switching network for selectively varying the current
      through the forward drive motor and the rewind motor of the mechanism to
      properly tension the tape between a take-up reel and a rewind reel and to
      differentially brake the motors when switching from a particular mode of
      operation to "stop" or in case of power failure, thereby preventing tape
      spillage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to magnetic tape transport systems
      and more particularly to apparatus for remotely or locally controlling the
      motor tape drive mechanism of an audio tape recorder or the like. The
      apparatus of the present invention is also effective to provide proper
      tape tensioning and differential braking of the opposing forward drive and
      rewind motors and also includes means for bringing the tape drive to a
      stop without snarling the tape in case of a power failure.
PAR  Reference may be made to the following U.S. Pat. Nos.: 3,769,470;
      3,673,473; 3,478,985; 3,435,310; 3,435,314; 3,347,996; 3,785,588;
      3,779,384; 3,764,087; 3,746,278; 3,734,426; 3,733,529; 3,729,146;
      3,715,641; 3,704,401; 3,491,968; 3,488,696; 3,487,374; 3,482,229;
      3,424,392; 3,409,240; 3,400,895; 3,329,876; 3,244,954; and 3,206,133.
PAR  The applications in which it may be necessary or, at the very least,
      desirable to provide for the remote control of the tape drive mechanism in
      tape recorders and the like are many, but one particular area of concern
      is in the field of telephone answering machines. There, the user is often
      away from home or his place of business, leaving it unattended, and must
      call in to receive messages recorded in his absence which may, in turn,
      dictate his subsequent course of action. If the user cannot  exercise
      remote control over the answering machine to playback the recorded
      messages over the telephone, he will have to return to his home or office
      to receive the message. This, of course, may result in missed appointments
      and other inefficiencies.
PAR  Previous remote control tape transport mechanisms for remote control
      applications, however, have used complex relay arrangements to control
      switching paths to the a.c. drive motors and have also included bulky
      storage capacitors as energy storage devices to be used for braking the
      reels when the tape is stopped. Such systems, however, consume large
      amounts of power and require that an a.c. voltage source be provided.
      Similarly, the tape drives utilized in many computer systems also rely on
      an elaborate system of servo-mechanisms to provide proper drive to the
      tape.
PAR  With the advent of tape cassettes, smaller drive mechanisms have been
      provided. However, present remote control systems for cassette mechanisms
      use an elaborate system of solenoids which in themselves consume large
      amounts of power and are subject to limited mechanical life. This is
      particularly disadvantageous in central office telephone answering
      applications where often only a d.c. potential voltage source is available
      and where low power consumption is mandatory.
PAR  In addition to the common functions to be provided, such as switching the
      tape drive mechanism between the "rewind," "fast forward," "play," and
      "record" modes, any remotely controlled, or for that matter any locally
      controlled, tape drive mechanism should also include means for properly
      tensioning the tape as it is transported past the record and/or playback
      head(s) to insure accurate sound reproduction and to prevent tape
      snarling. Means should be included for braking the forward drive motor and
      rewind motor, which are respectively used to drive the tape take-up reel
      and the rewind reel, without spilling the tape when the machine is
      switched to the "stop" mode from the "rewind" or "fast forward" modes or
      in case of a power failure.
PAC  SUMMARY OF THE INVENTION
PAR  The tape transport mechanism of the present invention includes apparatus
      for remotely or locally controlling a tape transport mechanism wherein the
      forward drive and the rewind motors are controlled through semiconductor
      devices rather than by means of relays. The apparatus further includes
      means for properly tensioning the tape as it is transported past a
      record/playback head or the like. Means are also included for
      differentially braking the forward drive and the rewind motors to bring
      the tape to a halt without spilling when switching between the different
      modes of operation or in the event of a power failure.
PAR  In particular, the apparatus comprises means for selectively varying the
      current through the forward drive motor and the rewind motor so that one
      of the motors is more fully conducting than the other. The motor which is
      more fully conducting is dominant over the other motor to transport the
      tape in the direction determined by the dominant motor. The other motor
      opposes the direction of travel of the tape to properly tension the tape
      between the take-up reel and the rewind reel. The other motor brakes the
      reel whenever the mechanism is switched from one of the operational modes
      to a non-operative mode, e.g. "stop." Remote control means comprising
      transmitter means generating control signals at a location remote from the
      mechanism and receiver means responsive to the transmitter control signals
      and coupled to the motor current varying means are included to selectively
      switch the mechanism between the several modes of operation.
PAR  In an embodiment of the invention, the apparatus includes a first
      semiconductor device shunting the forward drive motor and a second
      semiconductor device interposed in series with the parallel combination of
      the first semiconductor device and the forward drive motor between a d.c.
      source and a reference potential. The apparatus further includes a third
      semiconductor device shunting the rewind motor and a fourth semiconductor
      device interposed in series with the parallel combination of the third
      semiconductor device and the rewind motor between the d.c. source and the
      reference potential. The first and third semiconductor devices are
      normally conductive to respectively shunt the forward drive motor and the
      rewind motor with a low impedance current path during a first mode of
      operation so that substantially all of the current flows through the first
      and third semiconductor devices, disabling the forward drive motor and the
      rewind motor. Switch means are coupled to the semiconductor devices for
      selectively varying the conduction level of the semiconductor devices
      during a second mode of operation to selectively reduce the conduction
      level of the first and third semiconductor devices so as to enable the
      current to flow through the motors and to simultaneously selectively vary
      the impedance of the second and fourth semiconductor devices to
      correspondingly vary the respective currents through the motors so that
      one of the motors is more fully conducting and is dominant with respect to
      the other motor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The features of this invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention together with its
      further objects and advantages thereof, may be best understood, however,
      by reference to the following description taken in conjunction with the
      accompanying drawing of which the single FIGURE is a schematic diagram of
      a tape transport mechanism suitable for remote control operation in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, there is shown apparatus comprising a
      magnetic tape transport system in accordance with the present invention.
      More particularly, the tape drive mechanism includes a d.c. forward drive
      motor 11 driving a reel 13 during the "fast forward," "record" and "play"
      modes to take-up the magnetic tape 15 from a second reel 17 associated
      with and driven by a d.c. rewind motor 19. An in the "rewind" mode, the
      rewind motor 19 drives reel 17 to rewind the magnetic tape 15 onto reel 17
      from take-up reel 13. Thus, in this manner, the magnetic tape 15 is
      transported in either direction past a record/playback head 21 during a
      particular mode of operation of the tape transport system. It will be
      understood, of course, that any of a number of different arrangements for
      driving the reels with the corresponding d.c. motors can be used without
      departing from the principles of the present invention.
PAR  A d.c. capstan motor 23, coupled between a source of d.c. (B+) operating
      potential and a reference potential, herein shown to be ground, is
      normally running at all times when the machine is operative to eliminate
      any delay in initially reaching the proper drive speed when the machine is
      first switched to one of its operative modes.
PAR  In accordance with the present invention, motor control means identified
      generally by dashed line block 25 are provided for controlling the
      operation of the d.c. forward drive and rewind motors, 11 and 19,
      respectively. Switch means comprising a diode switching network,
      identified generally by dashed line block 27, and a low-level logic
      control circuit (dashed line block 29) sets the operating conditions of
      the motor control 25 to determine the operational mode of the motor tape
      drive mechanism of the tape machine.
PAR  Remote control of the tape transport mechanism is effected by means of a
      remote control receiver (dashed line block 26) comprising a plurality of
      switching devices or control points, such as those symbolically
      illustrated in the drawing as switches SW1, SW2, and SW3, which are
      responsive to control signals generated by a remote control transmitter 28
      and coupled to the receiver 26 over the telephone line.
PAR  Each switch, SW1, SW2, and SW3, has one terminal coupled to a corresponding
      input of logic control circuit 29 and one terminal coupled to a reference
      potential, e.g., ground potential. Although mode selection can be
      accomplished by means of switches, for remote access, single point
      controls may be substituted or, alternatively, the switching functions may
      be performed externally to the tape transport system by any means suitable
      for producing voltage changes at the input to the control logic circuit
      29. In any case, control of the tape drive mechanism is obtained by
      selectively varying the input voltage at the corresponding inputs of the
      logic control circuit 29.
PAR  Each switch, SW1, SW2, and SW3, corresponds to a different functional or
      operational mode in which the tape drive mechanism can be operated. That
      is, switch SW1 may, for example, be effective to place the tape drive
      mechanism in the "play" or "record" mode, depending on the status of the
      record/playback head 21, while switch SW2 places it in the "rewind" mode
      and switch SW3 selectively places it in the "fast forward" mode. Further,
      each switch is capable of returning the tape drive mechanism to the
      non-operational "stop" mode from the corresponding operational mode.
PAR  More particularly, the inputs to the logic control circuit 29 from the
      respective mode selection switches, SW1, SW2, and SW3, of receiver 26 are,
      in turn, coupled to corresponding inputs of respective AND logic gates 31,
      33, and 35, respectively, in the logic control circuit 29. The other input
      of each of the dual input AND gates 31, 33, and 35, is coupled to the
      output of a corresponding NOR logic gate 41, 43, or 45, respectively. In
      turn, the inputs of each of the dual input NOR gates 41, 43, and 45 are
      coupled to the output terminals of the two AND gates with which it is not
      associated. That is, the inputs to NOR gate 41 are coupled from the
      corresponding outputs of AND gates 33 and 35, the inputs to NOR gate 43
      are coupled to the corresponding outputs of AND gates 31 and 35, and the
      inputs to NOR gate 45 are coupled to the corresponding outputs of AND
      gates 31 and 33. Thus, the inputs, and thus the respective outputs, of the
      several respective NOR gates are determined by the output state of the
      other two AND gates with which it is not associated.
PAR  For example, when the tape drive mechanism is operational in the "rewind"
      mode, switch SW2 is closed, locally or remotely, grounding the
      corresponding input to AND gate 33, i.e., setting the corresponding input
      to its high (H) state. Because AND gates 31 and 35 are not enabled, the
      resulting low (L) outputs therefrom which are coupled to the corresponding
      inputs of NOR gate 43 produces a high (H) input to the other input
      terminal of AND gate 33, causing AND gate 33 to generate a high (H) output
      signal. If, however, the mechanism is already operative in any of the
      "play," the "record" or the "fast forward" modes, the high (H) input(s)
      applied to NOR gate 43 will enable NOR 43 to produce a low (L) output so
      that AND gate 33 will be unable to turn on until the previous operation is
      stopped.
PAR  When AND gate 33 is enabled, however, it in turn enables driver 53
      interconnecting the output terminal of AND gate 33 and the corresponding
      input terminal in the diode switching circuitry 27. Similarly,
      corresponding drivers 51 and 55 couple the output of AND gates 31 and 35,
      respectively, to the corresponding inputs of the diode switching circuitry
      27. Accordingly, when the mechanism is operative in the "play" or "record"
      modes, AND gate 31 enables driver 51 while in the "fast forward" mode AND
      gate 35 enables driver 55.
PAR  The output of driver 51 is coupled to the base electrode of a PNP
      transistor Q1 through the series combination of diode 61 and resistor 63
      and to the base electrode of PNP transistor Q2 by the series combination
      comprising diode 65 and resistor 67.
PAR  The collector-emitter output circuits of transistors Q1 and Q2 are coupled
      in series between a source of B+ reference potential and ground, the
      emitter electrodes of transistors Q1 and Q2 being interconnected and the
      collector electrode of transistor Q1 being coupled to the B+ reference
      potential while the collector electrode of transistor Q2 is coupled to
      ground. The collector-emitter circuit of transistor Q1 is connected in
      parallel with d.c. rewind motor 19 which, in turn, has one terminal
      coupled to the source of B+ potential and its other terminal coupled to
      the junction of the emitter electrodes of transistors Q1 and Q2. A
      resistor 69 is coupled between the collector electrode and the base
      electrode of transistor Q1 to provide proper operating bias.
PAR  Similarly, the output of driver 51 is also connected to the base electrodes
      of PNP transistors Q3 and Q4 through the series combination of diode 71
      and resistor 73 and the series combination of diode 75 and resistor 77,
      respectively. The emitter electrodes of transistors Q3 and Q4 are
      interconnected while the collector electrode of transistor Q3 is coupled
      to the source of B+ potential and the collector electrode of transistor Q4
      is referenced to ground. Resistor 79 is coupled between the collector and
      base electrodes of transistor Q3 to provide proper operating bias. The
      collector-emitter output circuit of transistor Q3 parallels the d.c.
      forward drive motor 11 which has one terminal coupled to the source of B+
      potential and the other terminal coupled to the junction of the emitter
      electrodes of transistors Q3 and Q4.
PAR  A pressure roller 101 is coupled between the source of B+ potential and the
      output of driver 51 by means of a diode 103. When the apparatus is
      operational in either the "play" or the "rewind" modes, the pressure
      roller 101 is enabled by driver 51 via diode 103 to hold the tape against
      the record/playback head 21.
PAR  The output of driver 53, in turn, is coupled to the respective base
      electrodes of transistors Q1, Q2, Q3, and Q4 through diodes 81, 83, 85,
      and 87, respectively. A resistor 89 is interposed between diode 87 and the
      base electrode of transistor Q4.
PAR  The output of driver 55 is coupled to the base electrodes of transistors
      Q1, Q3 and Q4 through corresponding diodes 91, 93, and 95, respectively.
      Diode 97 and resistor 99, coupled in series, interconnect the output of
      driver 55 and the base electrode of transistor Q2.
PAR  Operationally, when the tape drive mechanism is operative in the "rewind"
      mode, for example, switch SW2 is closed, e.g., by remote control, so that
      the logic control circuit 29 enables driver 53 as hereinbefore described.
      In turn, the cathodes of diodes 81, 83, 85, and 87 are grounded through
      driver 53. As a result, the base electrode of transistor Q1 is connected
      to ground through diode 81, switching transistor Q1 to its non-conductive,
      or OFF, state. This action removes the low impedance shunt across the d.c.
      rewind motor 19 normally provided when transistor Q1 is conductive. The
      base electrode of transistor Q2 is connected to ground through diode 83,
      switching transistor Q2 to its conductive, or ON, state. The combined
      action of switching transistor Q1 to its OFF state to remove the short
      across rewind motor 19 and switching transistor Q2 to its ON state permits
      current to flow through the rewind motor 19 from the source of B+
      potential to ground reference potential through transistor Q2.
      Accordingly, rewind motor 19 is operative to rewind the magnetic tape 15
      onto the associated rewind reel 17.
PAR  Simultaneously, the base of transistor Q3 is coupled to ground through
      diode 85 and the base of transistor Q4 is coupled to ground through diode
      87 and resistor 89. Grounding the base electrode of transistor Q3 switches
      transistor Q3 to its OFF state so that the low impedance shunt across the
      forward drive motor 11 is in effect removed. Transistor Q4, on the other
      hand, is switched to its ON state, permitting current to flow through the
      forward drive motor 11 and the collector-emitter output circuit of
      transistor Q4. The resistance of resistor 89, however, is selected so that
      transistor Q4 is permitted to conduct only very slightly to provide a very
      small current through the forward drive motor 11. Thus, the forward drive
      motor 11 tends to drive its associated reel 13 in a direction opposing the
      direction the magnetic tape 15 actually travels in the "rewind" mode.
      Since transistor Q2 is fully conductive, the rewind motor 19 is dominant,
      causing the magnetic tape 15 to travel in the direction required for the
      rewind operation. The opposing action of the forward drive motor 11
      produces a drag or tension on the tape to insure a tight wind.
PAR  Capacitors 96 and 98 are coupled between the base electrode of transistors
      Q2 and Q4, respectively, and ground to insure the transistors Q1 and Q3
      are turned OFF before transistors Q2 and Q4 are turned ON.
PAR  To "stop" the mechanism when operating in the "rewind" mode, switch SW2 is
      opened, disabling AND gate 33. In turn, driver 53 is disabled thereby
      removing the ground from diodes 81, 83, 85 and 87. At the instant switch
      SW2 is opened, the rewind motor 19 and the forward drive motor 11 are
      still rotating and generating a counter-electromotive force (CEMF). Since,
      in the "rewind" mode, the rewind motor 19 is the dominant, or drive,
      motor, the CEMF is contrary to the applied voltage and therefore
      unaffected by the conduction of transistor Q1. Accordingly, rewind motor
      19 reacts as a generator operating into an open circuit when switch SW2 is
      opened.
PAR  Because the forward drive motor 11, however, is driven in the reverse
      direction by the action of the magnetic tape 15 and rewind motor 19, the
      forward drive motor 11 delivers a voltage having a polarity which causes
      transistor Q3 to conduct, bias to transistor Q3 being provided by resistor
      79. Accordingly, the forward drive motor 11 reacts as a generator
      operating into a short circuit and, therefore, tends to stop. Thus, it is
      apparent that braking is applied only to the trailing motor, in this case,
      the forward drive motor 11, causing the tape drive mechanism to come to a
      smooth stop without spilling the magnetic tape.
PAR  Operation of the tape drive mechanism in the "fast forward" mode is similar
      to operation in the "rewind" mode except that the logic control circuit 29
      enables driver 55 to ground the base electrodes of transistors Q1 and Q3
      through diodes 91 and 93, respectively, and thereby switch transistors Q1
      and Q3 to the OFF state. The base electrode of transistor Q4 is grounded
      through diode 95 and conducts fully while resistor 99 couples the base of
      transistor Q2 to ground through diode 97, permitting transistor Q2 to
      conduct only slightly. Thus, the foward drive motor 11 is dominant while
      the rewind motor 19 exerts a lesser force on the magnetic tape 15 in a
      direction opposite to its travel to provide proper tensioning of the
      magnetic tape 15 during "fast forward" operation.
PAR  When the tape drive mechanism is switched to "stop" from the "rewind" mode,
      i.e., switch SW3 is opened, the d.c. forward drive motor 11 functions as a
      generator operating into an open circuit due to the CEMF being contrary to
      the applied voltage. The rewind motor 19, on the other hand, having been
      driven in the reverse direction by the dominant forward drive motor 11,
      delivers a voltage having a polarity causing transistor Q3 to conduct.
      Accordingly, the rewind motor 19 will act as a generator operating into a
      short circuit and will tend to stop, providing differential braking only
      on the trailing rewind motor 19.
PAR  In the "play" or "record" modes, switch SW1 is closed, enabling one input
      of AND gate 31. As previously described, the other input of AND gate 31 is
      coupled to the output of NOR gate 41 which, in turn, has inputs coupled to
      the respective outputs of AND gates 33 and 35 for monitoring the condition
      of AND gates 33 and 35 to determine their operating state or condition.
PAR  In the present embodiment, a delay flip flip 103 is interposed in the lead
      from the output of NOR 41 to the corresponding input of AND 31. Flip flop
      103, upon receiving an output signal from NOR 41 that AND gates 33 and 35
      are turned OFF, delays the application of the enabling signal to the
      second gate of AND 31 for a predetermined time interval. Thus, the
      enabling of AND gate 31 responsive to the closing of switch SW1 is delayed
      for a predetermined period of time after AND gates 33 and 35 have been
      turned OFF. This insures that the magnetic tape 15 has stopped before the
      pressure roller 101 is engaged. This prevents fouling of the magnetic tape
      15 which might otherwise result due to abrupt changes in speed and
      direction of travel of the magnetic tape. The amount of time delay is
      determined in a manner well known in the art by timing components
      comprising capacitor 105 and resistor 107 coupled to flip flop 103.
PAR  AND gate 31 then enables the driver 51, causing the cathodes of diodes 61,
      65, 71, and 75 to be grounded. Accordingly, the respective base electrodes
      of transistors Q1, Q2, Q3 and Q4 are connected to ground through resistors
      63, 67, 73, and 77, respectively. The resistive values of resistors 63,
      67, 73, and 77 are selected to provide sufficient bias on each motor so as
      to enable the corresponding motor to supply sufficient torque to keep
      tension on the magnetic tape and to reel in the tape. Resistors 63 and 73
      reduce the conduction level of transistors Q1 and Q3 so that a portion of
      the current is directed through the rewind motor 19 and the foward drive
      motor 11 rather than completely shorting those motors as in the "rewind"
      and the "fast forward" modes of operations. The respective impedances of
      transistors Q2 and Q4 are also set so that the respective currents through
      motors 11 and 19 are at a predetermined ratio. Thus, the resistance levels
      of the resistors 63, 67, 73, and 77 determine the current drawn through
      the forward drive motor 11 and the rewind motor 19 and hence also
      determine the speed at which the motors drive the forward take-up reel 13
      and the rewind reel 17. During operation in the "play" mode, the pressure
      roller magnet pulls the pressure roller 101 against the tape.
PAR  To stop the tape transport mechanism from the "play" or "record" modes,
      switch SW1 is opened to unground diodes 61, 65, 71, and 75. As in stopping
      the drive mechanism from the "fast forward" mode, the forward motor 11
      reacts as a generator operating into an open circuit while the rewind
      motor 19, which was being drive in the reverse direction by the magnetic
      tape, reacts as a generator operating into a short circuit thereby tending
      to stop. Thus, the rewind motor 19 brakes the forward drive motor 11
      through the magnetic tape transport drive mechanism, causing the mechanism
      to stop without spilling the tape.
PAR  It will also be appreciated that should the power or source of B+
      potential, for any reason, fail, the tape drive mechanism will be brought
      to a stop in a manner identical to that of a normal "stop." That is,
      because in every mode of operation, the trailing motor, whether it is the
      forward drive motor 11 or the rewind motor 19, is driven in a direction
      reverse to that of its normal operation by the dominant motor, the
      so-called trailing motor delivers a voltage in a direction that will cause
      the associated switching transistor (Q1 or Q3) to conduct. That particular
      motor will therefore act as a generator operating into a short circuit and
      will tend to stop, braking the mechanism to a halt even though electric
      power is lost.
PAR  Accordingly, there has been shown a remote controlled d.c. motor tape drive
      mechanism suitable for use with a tape cassette in telephone answering
      machines or the like. The system lends itself to unattended operation such
      as in telephone answering machines and is particularly advantageous in
      telephone central office answering applications where a d.c. source is
      available and low power consumption is mandatory.
PAR  Further, the apparatus described herein eliminates elaborate relay systems,
      bulky storage capacitors and solenoids which consume large amounts of
      power and are subject to limited mechanical life. Since the external
      inputs to the low-level logic circuits of the logic control circuit 29
      require only a single source for each function, any remote switching can
      be done with a single lead for each function, avoiding the necessity of
      bulky interconnecting cables. Also, because the control functions are
      low-level logic type, switching can be provided directly from
      semiconductors (e.g., shown symbolically by switches SW1, SW2 and SW3) in
      the answering set (e.g., receiver 26) rather than requiring additional
      slave relays. And if such relays are in existence, switching can be
      accomplished with a single contact.
PAR  Finally, provision has been made to bring the tape drive mechanism to a
      safe stop without spilling the tape in the event power is lost or
      otherwise removed while the machine is in the "fast forward," "rewind,"
      "record" or "play" modes. Also, a delay is provided when transferring from
      either the "fast forward" mode to the "play" and "record" modes or from
      the "rewind" mode to the "play" and "record" modes to prevent the tape
      from becoming snarled as would be the case if the pressure roller and
      capstan were to engage before the tape had slowed sufficiently.
PAR  While a particular embodiment of the present invention has been shown and
      described, it will be obvious to those skilled in the art that various
      changes and modifications may be made without departing from the invention
      in its broader aspects. Accordingly, the aim in the appended claims is to
      cover all such changes and modifications as should fall within the true
      spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tape transport mechanism operable in any of several operational
      modes and having a d.c. forward drive motor coupled between a source of
      d.c. operating potential and a reference potential for driving an
      associated take-up reel to transport a tape coupled thereto in an
      arbitrarily designated forward direction and further having a d.c. rewind
      motor coupled between said d.c. source and said reference potential for
      driving an associated rewind reel to transport said tape in the opposite
      direction and rewind said tape onto said rewind reel, apparatus
      comprising:
PA1  motor control means for selectively varying the current through said
      forward drive motor and said rewind motor to correspondingly vary the
      respective torques developed by said motors and applied to said reels,
PA1  said motor control means including a first semiconductor device shunting
      said forward drive motor and a second semiconductor device interposed in
      series with the parallel combination of said first semiconductor device
      and said forward drive motor between said d.c. source and said reference
      potential and further including a third semiconductor device shunting said
      rewind motor and a fourth semiconductor device interposed in series with
      the parallel combination of said third semiconductor device and said
      rewind motor between said d.c. source and said reference potential, said
      first and third semiconductor devices normally conductive to respectively
      shunt said forward drive motor and said rewind motor with a low impedance
      current path during a first mode of operation so that substantially all of
      said current flows through said first and third transistors rather than
      through said forward drive and rewind motors to disable said motors; and
PA1  switch means coupled to said semiconductor devices for selectively varying
      the conduction level of said semiconductor devices during a second mode of
      operation, including means for selectively reducing the conduction level
      of said first and third semiconductor devices so as to enable said current
      to flow through said motors and means for simultaneously selectively
      varying the impedance of said second and fourth semiconductor devices to
      correspondingly vary the respective currents through said motors so that
      one of said motors is more fully conducting than the other of said motors,
PA1  said motor which is more fully conducting being dominant over said other
      motor to transport said tape in the direction determined by said dominant
      motor and said other motor opposing the direction of travel of said tape
      to properly tension said tape between said take-up reel and said rewind
      reel and braking a respective one of said reels whenever said mechanism is
      switched from the second operational mode to the first operational mode.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 including remote control means
      comprising transmitter means generating control signals at a location
      remote from said mechanism and receiver means coupled to said switch means
      and responsive to said transmitter control signals for generating a
      particular output signal corresponding to each of the several modes of
      operation for controlling said switch means to selectively switch said
      mechanism between the several modes of operation.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said switch means comprises
      a logic control means having a plurality of drivers which are coupled to
      said remote control receiver means and a diode switching network
      interposed between said drivers and said semiconductor devices, said logic
      control means being responsive to said receiver output signals to
      selectively enable a different one of said drivers during each particular
      mode of operation, said enabled driver controlling said diode switching
      network to selectively vary the bias applied to said semiconductor
      devices.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein each of said semiconductor
      devices includes a corresponding input electrode and said diode switching
      network comprises a plurality of diodes, each of said drivers being
      coupled to said input electrode of each of said semiconductor devices by a
      corresponding one of said diodes, said enabled driver switching the
      corresponding ones of said diodes to conduction so as to couple said
      semiconductor input electrodes to said reference potential to selectively
      vary the bias applied to said semiconductor devices and corresondingly
      vary the respective currents conducted therethrough.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 wherein said diode switching
      network includes a resistive element interposed in series with said diode
      which is coupled to the input electrode of said semiconductor device
      coupled in series with said other motor during a first particular mode of
      operation and wherein the input electrodes of the others of said
      semiconductor devices are coupled directly to said reference potential to
      cause said dominant motor to be fully conductive while said other motor is
      only partially conductive to exert a force on said tape in the direction
      of travel opposite to that of said dominant motor.
NUM  6.
PAR  6. Apparatus in accordance with claim 4 wherein said diode switching
      network includes a plurality of resistive elements, each of said resistive
      elements being interposed in series with a corresponding one of said
      diodes during a second particular mode of operation to resistively couple
      said semiconductor inputs to said reference potential, said semiconductor
      devices being biased so that said dominant motor is more conductive than
      said other motor, said other motor exerting a force on said tape in the
      direction of travel opposite to that of said dominant motor.
NUM  7.
PAR  7. Apparatus in accordance with claim 3 wherein said receiver means
      comprises a plurality of remotely controlled switch devices, each of said
      switches being selectively enabled to produce an output signal
      corresponding to a particular one of the several modes of operation, and
      wherein said logic control means comprises a corresponding plurality of
      AND logic gate means interposed between corresponding ones of said
      remotely controlled switch devices and corresponding ones of said drivers
      to selectively enable said drivers, each of said AND gate means having an
      output coupled to said corresponding driver and an input coupled to the
      outputs of the others of said AND gate means to prevent the enablement of
      said AND gate means and said corresponding driver whenever a different one
      of said AND gate means is already enabled.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein said logic control means
      includes a plurality of NOR logic gate means, each of said NOR gate means
      being associated with a corresponding one of said AND gate means and
      having inputs coupled to the respective outputs of the others of said AND
      gate means and an output coupled to said corresponding AND gate means to
      maintain said corresponding AND gate means in a disabled state as long as
      any of said other AND gate means is enabled.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said logic control means
      includes delay means interposed between said NOR gate means output and
      said corresponding AND gate means to delay the enabling of said
      corresponding AND gate means for a predetermined time interval after all
      of said other AND gate means are disabled.
NUM  10.
PAR  10. In a tape transport mechanism operable in any of several operational
      modes and having a d.c. forward drive motor coupled between a source of
      d.c. operating potential and a reference potential for driving an
      associated take-up reel to transport a tape coupled thereto in an
      arbitrarily designated forward direction and further having a d.c. rewind
      motor coupled between said d.c. source and said reference potential for
      driving an associated rewind reel to transport said tape in the opposite
      direction and rewind said tape onto said rewind reel, apparatus
      comprising:
PA1  motor control means for selectively varying the current through said
      forward drive motor and said rewind motor to correspondingly vary the
      respective torques developed by said motors and applid to said reels,
PA1  said motor control means including a first semiconductor device shunting
      said forward drive motor and a second semiconductor device interposed in
      series with the parallel combination of said first semiconductor device
      and said forward drive motor between said d.c. source and said reference
      potential and further including a third semiconductor device shunting said
      rewind motor and a fourth semiconductor device interposed in series with
      the parallel combination of said third semiconductor device and said
      rewind motor between said d.c. source and said reference potential, said
      first and third semiconductor devices normally conductive to respectively
      shunt said forward drive motor and said rewind motor with a low impedance
      current path during a first mode of operation so that substantially all of
      said current flows through said first and third transistors rather than
      through said forward drive and rewind motors to disable said motors;
PA1  remote control means including transmitter means generating control signals
      at a location remote from said mechanism and receiver means responsive to
      said transmitter control signals to selectively switch said mechanism
      between several modes of operation,
PA1  said receiver means comprising a plurality of remotely controlled switch
      devices, each of said switches being selectively enabled to produce an
      output signal corresponding to a particular one of the several modes of
      operation;
PA1  logic control means comprising a plurality of drivers and a corresponding
      plurality of AND logic gate means interposed between corresponding ones of
      said remotely controlled switch devices and corresponding ones of said
      drivers to selectively enable said drivers responsive to one of said
      switches being enabled, each of said AND gate means having an output
      coupled to said corresponding driver and an input coupled to the outputs
      of the others of said AND gate means to prevent the enablement of said AND
      gate means and said corresponding driver whenever a different one of said
      AND gate means is already enabled; and
PA1  diode switching means comprising a plurality of diodes, each of said
      drivers being coupled to each of said semiconductor devices by a
      corresponding one of said diodes,
PA1  said enabled driver switching the corresponding ones of said diodes to
      conduction so as to couple said semiconductor to said reference potential
      to selectively vary the bias applied to said semiconductor devices and
      correspondingly vary the respective currents conducted therethrough.
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ABST
PAL  A driving system for reversibly rotating a D.C. brushless motor is
      disclosed. The system comprises Hall generators for detecting positions of
      a rotor, and a drive circuit for controlling conduction and interruption
      of current applied to stator windings making use of output of said Hall
      generators. The system further comprises an inversion control circuit
      including a switch for reversibly switching polarities of an applied power
      source in order to reversibly rotate the D.C. motor thereby reversibly
      inverting the D.C. motor in response to signals from the power source
      whose polarities vary alternately.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to brushless motor driving systems and more
      particularly to a brushless motor driving system which will detect
      positions of a rotor composed of a permanent magnet by way of magnetic
      flux sensing elements such as Hall generators to suitably distribute the
      driving exciting current flown into field coils thereby imparting a
      rotative force to the motor, wherein alternating signals of low
      frequencies are applied as a power source, the direction of power supply
      to the motor being inverted by said alternation to reversely rotate the
      motor.
PAR  2. Description of the Prior Art
PAR  In brushless motors of the type which produce rotative torque in a
      predetermined direction by using field detecting generators such as Hall
      generators to vary distribution of current flown into driving coils by
      signals from said Hall generators, the reversible rotation of the motor
      may not be accomplished by merely inversely switching polarities of the
      power source as is effected by conventional D.C. commutator motors. This
      is due to the fact that the rotational direction of a rotor cannot be
      inverted by mere simple inversion of polarities of the power source
      because of polarities, etc. of semiconductor elements, which are
      incorporated in a driving circuit for controlling current flown into the
      coils. For this reason, in prior art reversibly rotative brushless motors,
      it is necessary to provide a special inverting circuit in consideration of
      polarities of D.C. input into Hall generators and operative direction of
      transistors in the driving circuit, and the inversion and switching
      mechanism therefor disadvantageously becomes complicated. For instance,
      the reversible D.C. motor is often used as a servo-motor or as a reference
      motor for measuring rotative torque of a motor and the like. However, such
      a prior art D.C. motor requires at least four lead wires in addition to a
      power supply lead wire in order to reverse the motor and performs its
      commutating function through non-contact so that, when Hall generators or
      the like are used, power supply terminals to said Hall generators and
      output terminals naturally increase. As a result, in the prior art D.C.
      motors, the number of lead wires connected with a single reversible motor
      is increasingly required; the working condition at the time of assembly
      takes a turn for the worse; and it becomes costly. Particularly, in use of
      the above-described reversible motor as a reference motor for measuring
      torque, the increase in number of lead wires more than two power supply
      lead wires hereinbefore described accordingly requires to increase the
      strength of bundling said lead wires, thus lacking in softness. This has
      been a fatal drawback causing an error in the measure of torque.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to overcome the limitations
      noted above with respect to prior art systems by providing a brushless
      motor driving system in which the reversible rotation of a motor may be
      accomplished by merely switching polarities of a power source.
PAR  It is a further object of this invention to provide a brushless motor
      driving system in which current of a predetermined direction is normally
      applied, irrespective of switching polarities of the power source, to a
      driving circuit for conducting current to coils of motor, and switching
      means is provided in a field conversion generator circuit such as Hall
      generators or the like, said switching means being switched in response to
      switching polarities of the power source to effect reversible rotation of
      the motor.
PAR  It is another object of this invention to provide a brushless motor driving
      system in which means is provided to control at least either direction of
      D.C. input to a motor rotational field detecting circuit including Hall
      generators, or order of voltage signals applied to coils ejected from said
      circuit, said means being switched in response to switching polarities of
      the power source of the motor, resulting in the rotational direction of
      the motor being inverted.
PAR  It is yet another object of this invention to provide a motor driving
      system used in a D.C. brushless motor adapted to detect positions of a
      rotor composed of a permanent magnet by way of Hall generators thereby
      switching driving current flow into field coils, wherein a motor driving
      unit consisting of a plurality of transistors and field coils comprises a
      diode bridge circuit normally supplied with current from a predetermined
      direction and Hall generators supplied with current through two
      constant-voltage circuits symmetrically arranged from one another with
      respect to the power source, the direction of feeding current to said Hall
      generators being inverted by inversion of polarities of the power source
      to effect reversible rotation of the motor.
PAR  It is still another object of this invention to provide a motor driving
      system used in a D.C. brushless motor adapted to detect positions of a
      rotor composed of a permanent magnet by way of Hall generators thereby
      switching driving current flow into field coils, wherein a Hall generator
      unit supplied with current through a transistor constant-voltage circuit
      and a motor driving unit consisting of a plurality of transistors and
      field coils comprise a diode bridge circuit normally supplied with current
      from a predetermined direction, comprising means for combining outputs of
      said Hall generators to receive it into a reversible shift ring counter
      and for applying the output of said counter into transistors in said motor
      driving unit, and means for inverting the shift direction of said counter
      by way of inversion of polarities of the power source, whereby the
      reversible rotation of motor may be effected.
PAR  It is a further object of this invention to provide a brushless motor
      driving system comprising means for automatically switching a circuit
      which will switch and control a Hall generator circuit in response to the
      switching of polarities of power source, a transistor circuit connected in
      series with the driving coil of said motor to control driving current,
      means for dividing the constant-voltage source and regulating an input
      voltage received into said transistor circuit, and an amplification
      circuit for suitably dividing and amplifying the source voltage, whereby
      the number of rotations of the motor is varied by said input voltage
      regulating means and the output of said amplification circuit is received
      into said transistor circuit vary suitably thereby the variable
      characteristic of numbers of rotation in said circuit.
PAR  It is another object of this invention to provide a brushless motor driving
      system comprising a motor drive control means for switching a Hall
      generator circuit in response to change-over of polarities of power source
      to place in the automatically inversible condition and means for bringing
      input current into said Hall generator in a constant-current form, whereby
      variation of Hall output due to magneto-resistance effect is minimized to
      stabilize rotation of the motor.
PAR  It is a final object of this invention to provide a motor driving circuit
      comprising a motor drive control means for switching a Hall generator
      circuit in response to changeover of polarities of a power source in the
      automatically inversible condition, a drive transistor circuit for
      receiving output from said control means to feed current into coils in the
      motor and a diode circuit connected between the output terminal of said
      Hall generator and the collector terminal of the drive transistor so that,
      when voltage between the collector and the emitter of said drive
      transistor is low, output signals of said Hall generator bypass by way of
      said diode circuit to save the input of said drive transistor thereby
      stabilizing the rotation of motor.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of embodiments with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electrical circuit diagram of one preferred embodiment of a
      brushless motor driving system in accordance with the present invention.
PAR  FIG. 2 is an electrical circuit diagram of another preferred embodiment of
      a brushless motor driving system in accordance with the present invention.
PAR  FIG. 3 is a sectional view illustrating the construction of a brushless
      motor applicable to the present invention.
PAR  FIGS. 4 (A) - (O) show signal waveforms at certain parts in the electrical
      circuit diagram of FIG. 1, the axis of abscissa representing rotational
      angles of a rotor.
PAR  FIGS. 5 (A) - (H) show signal waveforms at certain parts in the electrical
      circuit diagram of FIG. 2, the axis of abscissa representing rotational
      angles of a rotor.
PAR  FIG. 6 is an electrical circuit diagram of a further embodiment of a
      brushless motor driving system in accordance with the present invention.
PAR  FIG. 7 is an electrical circuit diagram of a still another preferred
      embodiment of a brushless motor driving system in accordance with the
      present invention.
PAR  FIG. 8 is a graphic representation illustrating relations between torque
      and variation of number of rotation of the motor in accordance with the
      driving system shown in FIG. 6.
PAR  FIG. 9 is a graphic representation illustrating relations between voltage
      and variation of number of rotation of the motor in accordance with the
      driving system shown in FIG. 6.
PAR  FIG. 10 is a circuit diagram of a modified form applicable to electrical
      circuits shown in FIGS. 1, 2, 6 and 7.
PAR  FIGS. 11 (A) - (C) are graphic representations illustrating voltage
      waveforms conducted into coils of the motor obtained by the electrical
      circuit connection shown in FIG. 10 and timed variation of voltage
      waveforms induced in said coils.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The arrangement of the present invention will now be described with
      reference to the accompanying drawings. FIG. 1 is a circuit diagram of one
      preferred embodiment of a Hall motor driving system in accordance with the
      present invention. In FIG. 1, the system comprises a D.C. power source E
      and a change-over switch S, polarities of terminals A and B being inverted
      by changing over said switch S between the left and the right. The system
      further comprises a Hall generator unit H, a motor driving unit D, and
      diodes D.sub.1 -D.sub.4 connected in the form of a bridge, to the outputs
      of which said Hall generator H and motor driving unit D are connected. A
      circuit I is provided to invert and control the order of applying a Hall
      generator output to the driving unit D. The Hall generator unit H has Hall
      generators H.sub.1 and H.sub.2 connected with an emitter output circuit in
      a constant-voltage circuit consisting of a resistor R.sub.1, diodes
      D.sub.5, D.sub.6 and a transistor Q.sub.1, said Hall generators H.sub.1,
      H.sub.2 being arranged on a stator of the motor in a suitable manner
      opposite to the magnetic poles of the rotor. The Hall generators have
      output terminals a, b, c, d, outputs of which are received into a signal
      composer M in the inversion and control circuit I, and a trigger signal
      generator T is triggered by the output from the signal composer M to
      generate pulse signals. The reference character C denotes a reversible
      shift type ring counter. The motor driving circuit D comprises field coils
      L.sub.1 -L.sub.4 of the motor, driving transistors Q.sub.2 -Q.sub.5, AND
      circuits G.sub.1 -G.sub.4, and a resistor R.sub.2.
PAR  Operation of this circuit will now be described with reference to FIGS. 1
      and 4.
PAR  Assume that change-over switch S is changed-over so that the terminal A
      thereof occupies the positive position (+) while the terminal B thereof
      occupies the negative position (-), the Hall generators H.sub.1 and
      H.sub.2 will have current flown into a circuit of
      ##EQU1##
      Hence, the positive (+) Hall voltages are produced, as shown in FIGS. 4
      (A) - (D), on the order of a, b, c, and d in the output terminals of Hall
      generators H.sub.1, H.sub.2 in response to rotation of the rotor, and
      these Hall voltages are successively applied to the composer M. The
      trigger signal generator circuit T is triggered by the output of the
      composer M as shown in FIG. 4 (E), and a trigger pulse shown in FIG. 4 (F)
      is produced from the output thereof in response to rotation of the motor.
      This trigger pulse is received into an input terminal e of the reversible
      ring counter C. This counter C is designed to be selectively shifted to
      the right or left in response to the input signal when the positive (+)
      potential as shown in FIG. 4 (G) is applied to input terminal f or g. When
      the positive (+) pole of the power source is connected with the terminal
      A, diode D.sub.7 is energized while diode D.sub.8 is deenergized so that,
      the positive (+) potential is applied to the terminal f, causing the
      counter to shift to the right such that the trigger pulse to the terminal
      e is received. Consequently, the outputs of the counter C produce outputs
      as shown in FIGS. 4 (H) - (K) on the order of O.sub.4 - O.sub.3 - O.sub.2
      - O.sub.1, which are then received into AND circuits G.sub.1 - G.sub.4 in
      the motor driving unit. These AND circuits are designed to be turned ON by
      the output of the counter C and the potentials in the driving circuits.
      For instance, the AND circuit G.sub.1 is turned ON by the output O.sub.1
      of the counter C and the potential in the circuit of coil L.sub.4, that
      is, by the signal from O.sub.1 when the circuit of coil L.sub.4 is in the
      OFF state. The AND circuits so designed as just described above are used
      to make sure that conduction of current to the preceding coil has been
      completed and to allow conduction of current to the successive coil so
      that an overlapped portion of operating time between both coils may be
      eliminated to produce no irregularities in producing torque.
PAR  Accordingly, signals are fed by the aforementioned output from the
      reversible shift counter C to the AND circuits on the order of G.sub.4 -
      G.sub.3 - G.sub.2 - G.sub.1 to logically receive positive signals produced
      when the aforementioned coils L.sub.4 - L.sub.1 are not operated, thus
      driving the AND circuits into the ON state on the order of G.sub.4 -
      G.sub.3 - G.sub.2 - G.sub.1, output signals of which are fed to
      transistors Q.sub.2 - Q.sub.5, which constitute a driving circuit, whereby
      these transistors are driven into the conductive state on the order of
      Q.sub.5 - Q.sub.4 - Q.sub.3 - Q.sub.2 as shown in FIGS. 4 (L)-(O). Thus,
      driving current is flown into driving coils connected with the collectors
      of the aforementioned transistors on the order of L.sub.4 - L.sub.3 -
      L.sub.2 - L.sub.1. If these driving coils are arranged as shown in FIG. 3
      later described, the rotor rotates counterclockwise.
PAR  Next, when the change-over switch S is changed-over so that the terminal B
      thereof occupies the positive position (+) while the terminal A thereof
      occupies the negative position (-), the direction of supply current to the
      Hall generator unit H and motor driving unit D remains unchanged, similar
      to the case as hereinbefore described, due to the diode bridge circuit, so
      that the outputs from the Hall generators H.sub.1, H.sub.2 are the same as
      described above. However, the input terminal g of the counter C becomes
      the positive (+) potential to shift the counter to the left, and the
      output of the ring counter C is reversed by the trigger pulse from the
      Hall generator unit, that is, on the order of O.sub.1 - O.sub.2 - O.sub.3
      - O.sub.4. As a result, driving current is flown into the field coils of
      the motor driving unit D being switched in a manner as described on the
      order of L.sub.1 - L.sub.2 - L.sub.3 - L.sub.4  thus causing the motor to
      rotate in the direction opposite to the former case. From the above, it
      will be appreciated in the arrangement shown in FIG. 1 that the counting
      direction of the reversible shift type ring counter may be inverted by
      switching polarities of the power source so as to reversibly rotate the
      motor, thus providing inversion of proper and reverse rotation of the
      motor by way of extremly simple circuit and switching mechanism. Further,
      the provision of AND circuits enables a proper switching operation to
      minimize torque fluctuation caused by the switching operation.
PAR  Referring now to FIG. 2 being an electrical circuit diagram of another
      preferred embodiment, in which like reference characters designate
      corresponding parts in FIG. 1, the polarities of the power source applied
      to the Hall generator unit are inverted to thereby invert the order of
      Hall voltages thereof. The circuit in FIG. 2 is not provided with the
      inversion control circuit shown in FIG. 1. In FIG. 2, the arrangement
      comprises a first constant-voltage circuit consisting of a resistor
      R.sub.3, a diode D.sub.10, a Zener diode D.sub.11 and a transistor
      Q.sub.6, and a second constant-voltage circuit symmetrically connected
      with the former consisting of a resistor R.sub.4, a diode D.sub.13, a
      Zener diode D.sub.14, and a transistor Q.sub.7. Between emitters of said
      constant-voltage circuits are connected Hall generators H.sub.1, H.sub.2.
      Assume now that the power source is changed-over so that the terminal A
      thereof occupies the positive position (+) while the terminal B thereof
      occupies the negative position (-), the Hall generators H.sub.1 and
      H.sub.2 will have current flown in the direction of
      ##EQU2##
      Hence, the outputs of the Hall generators become the positive potential as
      shown in FIGS. 5 (A) - (D) on the order of terminals a' - c' - b' - d'.
      Conversely, when the terminal B is changed-over to occupy the positive
      position (+) while the terminal A to occupy the negative position (-), the
      Hall generators H.sub.1 and H.sub.2 will have current flown in the
      direction of
      ##EQU3##
      Hence, the outputs of the Hall generators become the positive potential on
      the order of terminals d' - b' - c' - a'. The motor driving unit comprises
      a transistor circuit consisting of driving transistors Q.sub.8, Q.sub.10,
      Q.sub.12 and Q.sub.14 connected with the aforementioned output terminals
      a' through d', respectively, of the Hall generators, and transistors
      Q.sub.9, Q.sub.11, Q.sub.13 and Q.sub.15 in the form of a Darlington
      connection. Resistor R.sub.5 and diode D.sub.20 for regulating voltage
      between the base and emitter are connected with a common emitter circuit
      of the aforementioned transistors. Driving coils L.sub.1 - L.sub.4 are
      connected with the common collector side of the transistors Q.sub.8 -
      Q.sub.15, respectively.
PAR  When the Hall voltage is produced in the output terminals of Hall
      generators H.sub.1, H.sub.2 as hereinbefore described, a pair of
      transistors in the driving circuit connected with said output terminals
      are driven into the conductive state, thus energizing coils corresponding
      thereto. Assume that outputs are produced in the output terminals of the
      Hall generator on the order of a' - c' - b' - d', as shown in FIGS. 5 (A)
      - (D), motor driving current is fed to coils on the order of L.sub.1 -
      L.sub.3 - L.sub.2 - L.sub.4 as shown in FIGS. 5 (E) - (H). Therefore, at
      this time, if the rotational direction is assumed to be a proper
      direction, the Hall voltage is produced on the order of d' - b' - c' - a'
      when the polarities of the power source are inverted, and the output
      therefrom changes the order wherein transistors in the driving circuit are
      energized, resulting in the coils being energized on the order of L.sub.4
      - L.sub.2 - L.sub.3 - L.sub.1  to direct the rotational direction of the
      rotor opposite to that previously described. The motor driving unit is
      supplied with current through the bridge connection composed of diodes
      D.sub.1 - D.sub.4 in a manner similar to that described in conjunction
      with FIG. 1, that is, it is supplied with current normally in the same
      direction irrespective of switching polarlities of power source. It will
      be appreciated also in this specific circuit that the reversible rotation
      of the motor may be accomplished by mere change-over of the change-over
      switch S, and further the D.C. input to the Hall generators may be fed
      through the constant-voltage circuits symmetrically arranged, thereby
      providing a stabilized operation.
PAR  FIG. 3 illustrates one form of construction of a D.C. brushless motor
      applicable to the driving circuits shown in FIGS. 1 and 2, and to a
      driving circuit in the preferred embodiment later described. In FIG. 3,
      rotor Ro is mounted rotatably on the shaft Sh, said rotor having at least
      a pair of magnetic poles with opposite polarities. Stator St has at least
      a pair of flux-producing windings L.sub.1 - L.sub.4 positioned in
      torque-producing relation with said rotor. The cylindrical stator St has
      therein a pair of Hall generators H.sub.1, H.sub.2 positioned in fixed
      relation to said stator and angularly spaced apart from each other by
      90.degree. and in magnetic relation to said rotor so as to sense the
      magnitude of the rotor flux density as a function of the angular position
      of said rotor.
PAR  FIG. 6 is an electrical circuit diagram of a further embodiment of the
      system in accordance with the present invention, in which like reference
      characters designate corresponding parts in FIGS. 1 and 2. The electrical
      circuit shown in FIG. 6 incorporates the power source polarity switching
      means and the circuit of Hall generators shown in FIG. 2 without
      modification, and a modified form of motor driving unit is added therein.
      This preferred mode of embodiment is characterized in that the rotational
      direction of motor may be automatically reversed in response to the
      switching of polarities of power source, and that as a second feature, the
      variable range of number of rotation of said motor may be determined by
      the variable range of the applied voltage, and the characteristic of the
      voltage to the number of rotation may suitably be selected.
PAR  Output terminals a", b", c" and d" of the Hall generators H.sub.1, H.sub.2
      in this specific circuit are connected with base input terminals,
      respectively, of driving transistors Q.sub.16, Q.sub.17, Q.sub.18 and
      Q.sub.19 in the motor driving circuit. These transistors have their
      collector terminals connected with ends of coils L.sub.1 - L.sub.4 shown
      in FIGS. 1 - 3. These coils have their other ends connected with the
      emitter of transistor Q.sub.20, base and collector of which are connected
      with emitter and collector, respectively, of successive transistor
      Q.sub.21. This transistor Q.sub.21 has the base connected with the movable
      tap point Ta of resistor R.sub.20 for regulating input voltage. Between
      the positive (+) side lead wire l.sub.1 and the negative (-) side lead
      wire l.sub.2 in the driving circuit are connected a Zener diode D.sub.21
      for imparting constant-voltage and a dividing resistor R.sub.22. With the
      dividing point between variable dividing resistors R.sub.24 and R.sub.25
      is connected a base of transistor Q.sub.22, the collector of which is
      connected with the base of successive transistor Q.sub.23. The transistor
      Q.sub.23 has its collector connected with the base of said transistor
      Q.sub.21 and connected with the positive (+) side lead wire l.sub.1
      through the resistor R.sub.23.
PAR  Operation of circuit shown in FIG. 6 will now be described with reference
      to FIGS. 8 and 9.
PAR  Assume now that change-over switch S is changed-over so that the terminal A
      thereof occupies the positive position (+) while the terminal B thereof
      occupies the negative position (-), the magnetic poles of the rotor rotate
      to flow current into Hall generators H.sub.1, H.sub.2 in the direction of
      ##EQU4##
      the output of Hall generators on the order of terminals a" - c" - b" - d".
PAR  Conversely, when the terminal B is changed-over to occupy the positive
      position (+) while the terminal A to occupy the negative position (-),
      current is flown into Hall generators H.sub.1, H.sub.2 in the direction of
      ##EQU5##
      whereby the positive Hall voltage is produced in the output of Hall
      generators on the order of terminals d" - b" - c" - a".
PAR  This output of the Hall generators is applied to the transistors Q.sub.16 -
      Q.sub.19 in the driving circuit to energize said transistors on the order
      of application, and torque-producing driving current is fed to motor
      driving coils L.sub.1 - L.sub.4. Consequently, when the polarities of
      power source are changeover by the switch S as hereinbefore described, the
      order of energization of coils is inverted so that the reversible rotation
      of motor may be obtained. The driving current passing through the coils
      L.sub.1 - L.sub.4 is fed through the transistors Q.sub.20 , Q.sub.21 and
      further through the bridge-connection diode, the applied voltage thereof
      being determined by the variable resistor R.sub.20. This variable resistor
      R.sub.20 is connected with the constant-voltage point in the dividing
      circuit composed of the Zener diode D.sub.21 and resistor R.sub.22 so that
      the potential of the tap point Ta, that is, the base potential of
      transistor Q.sub.21 remains at a predetermined value with respect to
      fluctuation of power source voltage E. Assume now that the base potential
      is varied by the variable resistor R.sub.20 as shown as at E.sub.1,
      E.sub.2 and E.sub.3 of FIG. 8, the relations between the torque and number
      of rotation of the motor vary. That is, according to prior art systems,
      the constant voltage imparted by the Zener diode D.sub.21 is divided by
      the variable resistor R.sub.20, divided point of which is regulated so
      that the number of rotation is changed. In the present invention, the
      number of rotation may widely be varied by addition of the following
      circuit. Namely, the po er source voltage is divided by the dividing
      circuit composed of variable resistors R.sub.24 and R.sub.25 and is
      applied to the base of transistor Q.sub.22, and the voltage is then
      amplified by the transistor Q.sub.23, output of which is applied to the
      aforementioned driving transistor Q.sub.21. The use of such a circuit as
      described above allows to widely vary the base input of the driving
      transistor Q.sub.21 by the mere slight variation of input voltage of
      transistor Q.sub. 22 by varying resistors R.sub.24 and R.sub.25, thereby
      enabling to widely vary the number of rotation of motor. As shown in FIG.
      9, therefore, the characteristics of the voltage E and number of rotation
      N may be varied as along U, V, and W so that the number of rotation can
      greatly be varied by the mere slight variation of base potential of the
      transistor Q.sub.22. In FIG. 9, there are shown set points E.sub.1,
      E.sub.2 and E.sub.3 for the variable resistor R.sub.20 to obtain the same
      number of rotation N.sub.1, these points being widely varied according to
      the state of setting U, V or W of variable resistors R.sub.24 and
      R.sub.25. Accordingly, if variable resistors R.sub.24 and R.sub.25 are
      pre-adjusted to either of U, V or W, the range of variation of number of
      rotation by way of the variable resistor R.sub.20 may suitably be
      selected.
PAR  From the above, it will be appreciated in the driving system as described
      above by way of the preferred embodiment that the divided point of the
      constant voltage is varied to vary driving current so as to vary the
      number of rotation and to be capable of suitably selecting the variation
      characteristics of voltage to number of rotation. Thus, the resulting
      system provides a great effect in use of brushless motors and may serve as
      a useful system in the field of industry.
PAR  FIG. 7 is a motor driving circuit of a still another preferred embodiment
      of the present invention, in which like reference characters designate
      corresponding parts in the preferred embodiment previously described, such
      parts being omitted from their explanation. The circuit shown in FIG. 7
      has all of the characteristics of the preferred embodiments shown in FIGS.
      2 and 6 having the constant voltage circuit and differs from the latter
      only in the provision of a constant current circuit in the Hall generator
      unit.
PAR  Referring now to FIG. 7, a first constant current circuit is constituted by
      a diode D.sub.24, a Zener diode D.sub.25, resistors R.sub.25, R.sub.26 and
      a transistor Q.sub.24. This circuit is formed so that constant current is
      fed to Hall generators H.sub.1 and H.sub.2. A second constant current
      circuit is constituted by a diode D.sub.23, a Zener diode D.sub.22,
      resistors R.sub.24, R.sub.27 and a transistor Q.sub.25. This second
      circuit is formed so that constant current flown in the direction opposite
      to that of the former is fed to said Hall generators H.sub.1 and H.sub.2.
PAR  The Hall generators have their output terminals a'" - d'"  connected with
      the bases of transistors Q.sub.26 - Q.sub.29, respectively, which form a
      motor driving circuit. In a manner similar to those circuits previously
      described, these transistors have their collectors connected with coils
      L.sub.1 - L.sub.4, the common emitter connected with the resistor R.sub.5
      and diode D.sub.20, and the driving circuit as described is connected with
      the power source E through the bridge type diodes D.sub.1 - D.sub.4
      circuit.
PAR  Operation of this circuit is as follows:
PAR  When the change-over switch S is changed-over so that the positive (+)
      terminal of the source E is connected with the terminal A while the
      negative (-) terminal thereof is connected with the terminal B, the base
      potential of the transistor Q.sub.24 is driven by the diode D.sub.24 and
      Zener diode D.sub.25 into the state for constant voltage, this constant
      potential being remained unchanged even if the power source voltage is
      fluctuated. The emitter potential of said transistor is lower than that of
      the power source by the amount of drop due to the fixed resistor R.sub.26.
      At the same time when electric supply is turned on, the transistor is
      energized substantially in the constant amount to feed constant current
      into the Hall generators H.sub.1, H.sub.2, the current being flown to the
      negative (-) side through the diode D.sub.27. As discussed in FIG. 3, as
      the rotor rotates, the Hall voltage is produced in the output terminals of
      the Hall generators on the order of a'"  - c'"  - b'"  - d'"  to energize
      the transistors in the driving circuit on the order of Q.sub.26 - Q.sub.28
      - Q.sub.27 - Q.sub.29 and feeding current into coils on the order of
      L.sub.1 - L.sub.3 - L.sub.2 - L.sub.4.
PAR  On the other hand, when switch S is changed-over to a position opposite to
      that of the former, the above-described second constant current circuit is
      actuated so as to feed constant current into the Hall generator H.sub.1,
      H.sub.2 in the direction opposite to that hereinbefore described, and the
      Hall voltage is produced in the output terminal on the order of d'"  - b'"
       - c'"  - a'"  to energize the transistors on the order of Q.sub.29 -
      Q.sub.27 - Q.sub.28 - Q.sub.26 and distributing current into the
      corresponding coils. Thus, the rotor is caused to rotate in the direction
      opposite to that described previously.
PAR  Here, the constant current circuits are used in the Hall generator unit
      because of the fact that the Hall generator exhibits the magnetic
      resistance effect so that, when the Hall generator receives much of
      magnetic fluxes, internal resistance of the Hall generator is varied to
      cause the Hall voltage to vary. That is, the Hall output voltage V.sub.H
      is generally represented by
      ##EQU6##
      where K: Hall constant, I.sub.1 : Hall generator input current, B: field
      intensity which Hall generators receive, .alpha.: thickness of the field
      direction of Hall generators.
PAR  On the other hand, suppose that resistors connected with input and output
      sides of the Hall generators are R.sub.G and R.sub.L, respectively, and
      internal resistor of the Hall generator is R.sub.H, current flown into one
      Hall generator is given by
      ##EQU7##
      where E is the Hall generator applied voltage. Considering now the case
      where current flown into the Hall generator is not formed into a constant
      current, the resistor R.sub.H is varied due to the magnetic resistance
      effect of the Hall generator to vary current I accordingly. As a result,
      the Hall output voltage V.sub.H is affected by variation of the current to
      impart noises to the Hall voltage ought to be prepared for output with
      respect to the field intensity. For this reason, the constant current
      circuits are conveniently connected with the input sides of the Hall
      generators as shown in the preferred embodiment hereinbefore mentioned to
      remove the aforementioned disadvantages so that the Hall output voltage is
      made proportional to the field intensity received.
PAR  In the case where the Hall generator applied voltage is relatively low, the
      influence of the magnetic resistance effect of Hall generators causes the
      influence on the Hall output voltage to extend, and therefore the motor
      driving circuit provided with the above-described constant current
      circuits is preferably accepted.
PAR  Further, in the case where the applied voltage is relatively high, the
      aforementioned influence may be minimized by externally connecting the
      resistor of a greater value with the Hall generators, and therefore the
      Hall generator unit provided with the constant voltage circuits previously
      illustrated performs its function sufficiently.
PAR  FIG. 10 is a circuit diagram partly illustrating a modified portion
      applicable to all of the preferred embodiments previously described.
      Referring to FIG. 10, a pair of output terminals a and b of Hall generator
      H.sub.1 are connected with a pair of transistors Q.sub.30 and Q.sub.31,
      which constitute a driving circuit. Diodes D.sub.30 and D.sub.31 are
      connected between collectors of the transistors Q.sub.30, Q.sub.31 and
      output terminals a, b of the Hall generator. These transistors, of course,
      have their collectors connected with the driving coils L.sub.1 and L.sub.2
      of the motor. Resistors R.sub.30 and R.sub.31 are provided on the input
      side of the Hall generator.
PAR  Although only one Hall generator H.sub.1 is illustrated in this circuit, a
      diode circuit having quite the same construction as that described is
      applied also to Hall generator H.sub.2.
PAR  Operation of this circuit will now be described with reference to FIG. 11.
PAR  When the Hall generator output voltage is excessively high, the output to
      the transistors Q.sub.30 and Q.sub.31 becomes excessive and the voltage
      V.sub.CE across the collector and emitter of the transistor is saturated
      as shown in FIG. 11 (C). At this time, excessive current is flown into
      coils of the motor to tend to produce irregularities in producing rotative
      torque. In order to avoid this, the aforementioned diodes D.sub.30 and
      D.sub.31 are connected so as to bypass the input and output of the
      transistor. When the aforementioned excessive Hall output is present, the
      bypass-connected diode D.sub.30 or D.sub.31 is forward biased and
      energized. Therefore, the transmission route of the Hall output is formed
      into two systems including said bypass path to virtually decrease the
      amount of conduction of the transistor Q.sub.30 or Q.sub.31. As a result,
      the voltage V.sub.CE across the collector and emitter of the transistor is
      settled down to the stabilized condition as shown in FIG. 11 (B).
PAR  In other words, when the applied voltage Eo to the Hall generator rises,
      the excessive Hall output as hereinbefore described is divided in the
      diode bypass circuit to decrease the amount of conduction of the
      transistors Q.sub.30 and Q.sub.31, whereas when the applied voltage Eo
      drops, the amount of current flown into the diode bypass circuit is
      decreased to substantially stop entry of current into the transistors
      Q.sub.30 and Q.sub.31, resulting in the sensitivity of transistor being
      developed to obtain conduction waveforms of transistor as shown in FIGS.
      11 (A) and (B), thus providing smooth rotation of the motor. Further,
      waveforms as indicated in dotted line of FIG. 11 designate induced voltage
      produced in coils. In the embodiment hereinabove described, a tendency to
      vary torque resulted from the excessive Hall voltage produced in
      conventional driving circuit may be completely corrected by the provision
      of the motor driving circuit provided with the aforementioned diode bypass
      circuit, thereby improving the efficiency of D.C. motor.
PAR  From the above, the present invention may provide a brushless motor driving
      system in which the reversible rotation of motor may be accomplished
      simply by mere switching of polarities of power source. With respect to
      the power source, not only switch means as shown may be used to
      change-over polarities of D.C. power source but also a conventional power
      source for producing alternating signals of low frequencies may be used,
      in which case, the rotational direction of motor can be inverted in
      response to said alternation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A driving system for reversibly rotating a brushless D.C. motor
      comprising, in combination: a rotor, polarity changing voltage source
      means adapted to rotate reversely said rotor, a plurality of windings
      positioned in torque-producing relation to said rotor, rotational position
      detecting means having a plurality of output terminals associated with
      said rotor in such relation as to detect rotational position of said
      rotor, a plurality of driving circuits adapted to arrange said plurality
      of windings and a plurality of output terminals of said rotational
      position detecting means in corresponding relation, said circuits being
      capable of applying the exciting current to said windings in response to
      the output of said rotational position detecting means, and automatic
      inversion-control means adapted to automatically reverse the rotational
      direction of said rotor, said means connected to said voltage source means
      and operable for automatically switching the operation order of said
      driving circuits in response to change in polarities of said voltage
      source means thereby to change the energizing order of current applied to
      said windings, whereby the rotor may be reversed.
NUM  2.
PAR  2. A system according to claim 1, wherein said automatic inversion-control
      means includes means for transmitting the inverting signals to said
      rotational position detecting means in order to automatically switch the
      producing order of signals produced from the output terminals of said
      rotational position detecting means in response to change in polarities of
      said voltage source.
NUM  3.
PAR  3. A system according to claim 2, wherein said inverting signal
      transmission means further includes a rectification circuit.
NUM  4.
PAR  4. A system according to claim 3, wherein said inverting signal
      transmission means further includes a constant-voltage circuit connected
      with the input side of said rotational position detecting means to apply
      the constant voltage to said detecting means.
NUM  5.
PAR  5. A system according to claim 3, wherein said inverting signal
      transmission means further includes a constant-current circuit connected
      with the input side of said rotational position detecting means to apply
      the constant current to said detecting means.
NUM  6.
PAR  6. A system according to claim 1, wherein said automatic inversion-control
      means includes signal-producing means adapted to reverse the operational
      order of said plurality of driving circuits in response to change in
      polarities of said voltage source means, said signal-producing means being
      connected with said driving circuits.
NUM  7.
PAR  7. A system according to claim 1, wherein said automatic inversion-control
      means further includes a reversible shift counter circuit connected with
      said voltage source means, the plurality of output terminals of said
      rotational position detecting means and said plurality of driving circuits
      and operable for inverting the operational order of said driving circuits
      by reception of detecting-signals received from a plurality of output
      terminals of said rotational position detecting means in response to
      inversion of polarities of said voltage source means.
NUM  8.
PAR  8. A system according to claim 1, wherein said rotational position
      detecting means includes a magnetic flux sensing element adapted to detect
      the magnetic flux between said rotor and said windings so as to generate
      electrical signals according to the value thus detected.
NUM  9.
PAR  9. A system according to claim 1, wherein said plurality of driving
      circuits include a circuit having semiconductor elements capable of coming
      into the conductive condition in response to the output of said rotational
      position detecting means.
NUM  10.
PAR  10. A system according to claim 9, wherein said plurality of driving
      circuits further include a shunt forming circuit bypassing said
      semi-conductor elements and connected with said rotational position
      detecting means and said windings.
NUM  11.
PAR  11. A driving system for reversibly rotating a brushless D.C. motor
      comprising, in combination: a rotor, polarity changing voltage source
      means adapted to rotate reversely said rotor, a pluraltiy of windings
      positioned in torque-producing relation to said rotor, rotational position
      detecting means having a plurality of output terminals associated with
      said rotor in such relation as to detect rotational position of said
      rotor, a plurality of driving circuits adapted to arrange said plurality
      of windings and a plurality of output terminals of said rotational
      position detecting means in corresponding relation, said circuits being
      capable of applying the exciting current to said windings in response to
      the output of said rotational position detecting means, automatic
      inversion-control means adapted to automatically reverse the rotational
      direction of said rotor, said means connected to said voltage source means
      and operable for automatically switching the operation order of said
      driving circuits in response to change in polarities of said voltage
      source means thereby to change the energizing order of current applied to
      said windings for reversing the rotational direction of said rotor, and
      voltage regulating means connected with said voltage source means and said
      driving circuits to divide said source voltage and applying them to said
      driving circuits, said voltage regulating means being capable of varying
      the rotational speed of motor.
NUM  12.
PAR  12. A system according to claim 11, wherein said voltage regulating means
      includes an amplification circuit adapted to amplify said divided source
      voltages and applying them to said driving circuits.
NUM  13.
PAR  13. A D.C. motor and control system therefor comprising, in combination: a
      source of unidirectional potential, switching means for changing the
      direction of said potential source, a rotor having magnetic poles of
      opposite polarities thereon, a stator having flux-producing windings
      positioned in torqueproducing relation to said rotor, Hall generators
      positioned in fixed relation to said stator and angularly spaced apart
      from each other in magnetic relation with said rotor so as to sense the
      magnitude of the rotor flux density as a function of the angular position
      of said rotor and to produce Hall voltages in accordance with said
      magnitude, driving means adapted to be connected to said Hall generators
      and said stator windings for applying the exciting current to said
      windings in response to said Hall voltages, and rotational direction
      changing means connected to said driving means and operable in response to
      said switching means for changing the exciting current applying order of
      said driving means thereby to automatically reverse the rotational
      direction of the rotor.
NUM  14.
PAR  14. A D.C. motor and control system therefor comprising, in combination: a
      voltage source, polarity changing means connected to said voltage source,
      a rotor having magnetizable opposite polarities thereon, flux-producing
      windings positioned in torque-producing relation to said rotor, magnetic
      flux sensing means positioned in magnetic relation to said rotor so as to
      sense the magnitude of the rotor flux density as a function of the angular
      position of said rotor and to generate electrical signals representing the
      instantaneously changing rotational speed of said rotor, driving means
      adapted to receive said electrical signals of the magnetic flux sensing
      means for applying the exciting current to said windings, said driving
      means having a first state wherein the exciting current is applied in a
      predetermined order to said windings for achieving a normal rotational
      direction of the rotor and a second state wherein the exciting current is
      applied in a reversed order to said windings for achieving a reverse
      relation of said rotor, and rotational direction changing means arranged
      to become operable in response to said polarity changing means to
      alternate the operational states of said driving means in accordance with
      the voltage polarity set by the polarity changing means.
NUM  15.
PAR  15. A D.C. motor and control system therefor comprising, in combination: a
      voltage source, polarity changing means connected to said voltage source,
      a magnetizable rotor, flux-producing windings positioned in
      torque-producing relation to said rotor, Hall generators disposed on said
      rotor in such relation as to detect the position of said rotor,
      constant-voltage circuits adapted to feed current to said Hall generators,
      a motor driving circuit connected with said Hall generators and said
      windings and having a plurality of transistors in number corresponding to
      the number of said windings, a diode bridge circuit connected with said
      Hall generators and said motor driving circuit so as to normally feed
      current in a predetermined direction, a reversible shift ring counter
      connected with the output side of said Hall generators, means for applying
      the output of said counter to the transistors in said motor driving
      circuit, and means for inverting the shifting direction of said counter by
      inversion of polarities in response to said polarity changing means,
      whereby the rotational direction of motor may be automatically reversed in
      response to inversion of polarities of the voltage source.
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ABST
PAL  An induction motor is coupled to a three-phase AC source through thyristors
      controlled by a digital control circuit. An adjustable device gates a
      selected number of clock pulses to a control counter. As one of the AC
      phases goes positive, the control counter is incremented or decremented by
      clock pulses until reaching a predetermined count, which causes a trigger
      means to generate a trigger pulse and fire a thyristor. The trigger pulse
      also gates clock pulses to a second control counter which counts to
      120.degree. and 240.degree. representing numbers in order to fire the
      other thyristors. In a speed feedback embodiment, rotation of the motor
      generates a motor feedback signal which is compared with a desired speed
      signal to adjust the count of an up/down counter, the contents of which
      are loaded into the control counter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a digital control circuit for thyristors which
      gate an AC waveform to a load.
PAR  Control circuits for triggering a thyristor to gate a selected phase angle
      of an AC waveform to a load are generally analog in nature. The AC
      waveform is often integrated to produce a ramp-shaped voltage which
      triggers the thyristor upon reaching a selected level which corresponds to
      a desired firing angle. The load is often an induction motor which
      requires AC drive as opposed to DC drive.
PAR  Thyristor control circuits for coupling selected phase angles of an AC
      waveform to an induction motor have been somewhat digital in nature.
      Typically, however, clock pulses are integrated to generate analog-type
      control voltages, or clock pulses are directly gated through the thyristor
      to a load. Precise control of the thyristor firing angle, by use of
      primarily digital techniques, has not been satisfactorily accomplished.
      Furthermore, digital control circuits are difficult to adapt to a motor
      speed control system in which a transducer monitors the shaft speed of a
      motor.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved digital-type control
      circuit selectively gates a thyristor to pass a selected phase angle of an
      AC waveform to a load. A control counter is synchronized in operation with
      the phase of the AC waveform and counts clock pulses so as to provide
      precise control of the firing angle of the thyristor. In a motor speed
      control embodiment, rotation of the motor shaft generates motor pulses
      which cause clock pulses to be counted and compared with a count
      representing a desired motor speed. Lack of comparison causes correction
      of a memory stored number, within a maximum limit permitted during one AC
      cycle. The stored number from the memory is loaded into the control
      counter to maintain the desired motor speed.
PAR  One object of the present invention is the provision of a thyristor control
      system which controls a thyristor firing angle by a digital counting
      circuit.
PAR  Another object of the present invention is the provision of a motor control
      system in which thyristors pass AC waveforms under control of digital
      counters which are synchronized with the phase of the AC waveforms. In one
      embodiment, the motor control system may be closed loop and generate
      feedback pulses which are stored and compared with desired speed
      representing signals to correct the contents of a memory which controls
      the firing angle of the thyristors.
PAR  Other objects and features of the invention will be apparent from the
      following description and from the drawings. While illustrative
      embodiments of the invention are shown in the drawings and will be
      described in detail herein, the invention is susceptible of embodiment in
      many different forms and it should be understood that the present
      disclosure is to be considered as an exemplification of the principles of
      the invention and is not intended to limit the invention to the
      embodiments illustrated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B are a single schematic diagram, which may be joined at the
      dashed lines, of a thyristor control circuit embodied in an open loop
      torque control for an AC motor; and
PAR  FIGS. 2A and 2B are a single schematic diagram, which may be joined at the
      dashed lines, of another embodiment of the thyristor control circuit, as
      embodied in a closed loop speed control for an AC motor.
DETD
PAC  OPEN LOOP CONTROL SYSTEM
PAR  FIGS. 1A and 1B illustrate a single schematic diagram of an open loop
      torque control for selectively gating portions of three-phase alternating
      current to a load in the form of an induction motor M. The digital control
      circuit can be used to gate portions of an AC waveform to AC and DC
      motors, as well as to any electric load. While gating to a three-phase
      load has been illustrated, it will be appreciated that gating of only one
      phase of an AC source could also be controlled using the disclosed
      techniques. The load is illustratively an induction motor, and hence the
      thyristors provide open loop speed control by means of line-voltage
      control. The internal torque developed by an induction motor is
      proportional to the square of the voltage applied to its primary
      terminals. As the voltage is decreased, the intersection of the voltage
      curve with the load curve on the torque-speed characteristic curve of the
      induction motor will vary, thereby changing the speed of the motor.
PAR  The AC motor M can be run in a forward F or reverse R direction, depending
      on the relative phase and direction of the portions of the AC waveform
      which are gated to the motor M by a plurality of individually triggerable
      thyristors 20, which herein take the form of SCRs. The SCRs 20 are coupled
      to triggering circuits 22 for the forward F direction, and to triggering
      circuits 23 for the reverse R direction. Each triggering circuit 22, 23 is
      responsive to signals from corresponding photoelectric isolation diodes 25
      to coupled a trigger signal to the gate G of the SCR controlled by the
      photoelectric diode. A driver circuit 28 has inputs as a forward F or a
      reverse R direction of rotation signals, a RUN input for enabling the
      circuit 28, and a plurality of individual trigger lines for the different
      phases to be enabled. The above described SCR interconnections and trigger
      means are conventional, and allow not only forward or reverse direction of
      rotation for the motor, but maintain the desired motor rotation even
      though the 120.degree. phase angles are switched between the three-phase
      AC input.
PAR  For example, when input line L1 has a phase which leads input line L2, and
      input line L2 has a phase which leads L3, a phase (.phi.) reference
      circuit 32 will generate a 1 bit signal on an output line 34, rather than
      on an output line 35, which would indicate that .phi.1 lags .phi.2. The
      desired direction of rotation for the motor M is selected by actuation of
      either a forward switch F, or a reverse switch R, which switches are
      coupled through an isolator 38 to a forward AND gate 40 or a reverse AND
      gate 42. The forward AND gate 40 is coupled to the D input of a flip-flop
      44, and the output of AND gate 42 is coupled to the D input of a flip-flop
      46. The Q output of flip-flop 44 forms the forward F line 50 which is an
      input to driver 28. Similarly, the Q output of flip-flop 46 corresponds to
      the reverse R line 52 which also forms an input to driver 28. The Q
      outputs of flip-flops 44 and 46 are coupled to a NAND gate 54, which
      produces an enabling 1 bit on a line 56 whenever either flip-flop 44 or 46
      is set. To set the flip-flops, the CL inputs are both coupled to a .phi.1
      positive line 60, which has a 1 bit starting when the phase reference
      circuit 32 determines that .phi.1 on line L1 has crossed zero and has gone
      positive, which 1 bit remains for the positive half cycle of .phi.1. At
      this time, either flip-flop 44 or 46 can be enabled, and will disable the
      opposite direction NAND gate 40 or 42.
PAR  In all of the drawings, the flip-flops are of the same type, and each has
      inputs D, CL, P and C, and outputs Q and Q. The unused inputs are not
      labeled in the drawings, and are tied to ground unless otherwise
      indicated. A 1 bit at input CL causes the Q output to equal the D input.
      The P input preclears the flip-flops and causes the Q output to equal a 1
      bit. The clear C input resets the flip-flop, and causes the Q output to
      equal a 0 bit.
PAR  Thus, the forward and reverse flip-flops 44 and 46 will clear once each
      cycle of alternating current of .phi.1, and will have a 1 bit output only
      so long as a 1 bit is present at the D input when .phi.1 goes positive.
      Upon release of switch F, for example, the AND gate 40 will have 0 bit and
      therefore the previously set flip-flop 44 will reset as CL goes to a 1
      bit, producing a 1 bit at the Q output. If AND gate 42 should not have a 1
      bit at its other input, due to closure of the R switch, then NAND gate 54
      generates a 0 bit on line 56 and the driver 28 is disabled to stop the
      motor. The SCRs 20 are connected to the gate trigger lines G so as to gate
      the AC waveform to the motor in a sequence in which the gated leading
      phase is then followed by the next leading phase to rotate the motor M in
      the forward direction. For a reverse direction of rotation, the sequence
      of triggering is reversed. Should the phase relationship change on the
      input lines L1, L2 and L3, then the triggering sequence will again be
      flipped, so that the proper phase sequence is coupled to the motor M, as
      is conventional.
PAR  Digital control over the firing angles of the SCRs 20 is accomplished by
      the circuit illustrated in FIG. 1B. A desired speed of rotation for the
      motor M is selected by an adjustable device such as a potentiometer 70
      which is coupled through a speed isolator 72 to a rheostat controlled
      timer 74 labeled A. When the A timer 74 is enabled by a timing pulse T8,
      the output line has a 1 bit for a duration of time controlled by the wiper
      setting of the potentiometer 70. As will be explained, the time duration
      allows a NAND gate 76 to pass clock pulses CL, from a crystal oscillator
      or clock 78, to an angle counter 80. The number of pulses counted by
      counter 80 will be directly dependent on the time duration of the 1 bit
      output from timer 74, which in turn is directly dependent on the wiper
      setting of the potentiometer 70.
PAR  At a later time, the contents of the angle counter 80 will be transferred
      to a control counter 82, after which the control counter 82 will be
      decremented by clock pulses CL coupled to a NAND gate 84 until a zero
      count is reached. At this time, the output line 84 from counter 82 will
      have a 1 bit which sets a flip-flop 86, creating a 1 bit on its Q output
      line 88, which corresponds to a trigger input to the driver 28. This
      triggers the SCR 20 which is appropriate for the phase sequence and
      direction of rotation for the motor. A timer 136, labeled B, is a
      monostable multivibrator and generates a 1 bit on a clear line 138 a short
      time after flip-flop 86 is set.
PAR  The 1 bit on line 84 also sets a flip-flop 90, allowing a NAND gate 92 to
      pass clock pulses CL to a .phi.2 and .phi.3 control counter 94. The output
      lines of control counter 94 are coupled to a 120.degree. decoder 96 and a
      240.degree. decoder 98. The clock 78 has an accurate fixed frequency, such
      as 100 KHz, so that a specified number of clock pulses and hence count in
      the counter 94 will represent the lapse of 120.degree. and 240.degree. of
      one AC cycle of the 60 Hz three-phase source. Decoder 96 determines when
      this 120.degree. representing count is reached, and generates a 1 bit on
      an output line 100 which sets either a flip-flop 104 or a flip-flop 106,
      depending on whether .phi.1 is lagging .phi.2 or leading .phi.2. The
      setting of flip-flop 104 enables an AND gate 110 and produces a 1 bit on a
      line 112 if the motor is to rotate in the forward F direction, or enables
      an AND gate 114 to produce a 1 bit on an output line 116 if the motor is
      to rotate in the reverse R direction. In a similar manner, flip-flop 106
      will enable an AND gate 118 to produce a 1 bit on its output line 120 if
      the motor is to rotate in the forward F direction, or will enable an AND
      gate 122 to produce a 1 bit on its output line 124 if the motor is to
      rotate in the reverse R direction. The B timer 136 is also set when
      flip-flops 104 and 106 are set, to clear the flip-flops after the trigger
      signal is generated.
PAR  Timing pulses for controlling the sequence of operation of the circuit are
      produced by a timing T counter 130 which counts clock pulses CL. The
      counter 130 is binary and has its binary output lines coupled to a
      binary-to-digital decoder 132 which produces on corresponding digital
      output lines a timing pulse T when the counter 130 has counted the
      corresponding digital number which follows the T designations. Thus, line
      T2 is enabled upon counting two clock pulses CL, line T4 is enabled upon
      counting of four clock pulses CL, and so forth.
PAR  Considering in more detail the operation of the digital thyristor control
      circuit, it will be assumed that motor M is not rotating and that the
      potentiometer 70 has been manipulated to a desired speed setting. It also
      will be assumed that the forward F switch has been depressed so that lines
      50 and 56 have 1 bit outputs. At this time, the counters 80, 82, 84 and
      130 are in a cleared state, with no count or number stored therein.
PAR  As .phi.1 goes positive, a 1 bit appears on line 60 and is coupled to a
      NAND gate 144. Since counter 130 is in a zero count, T9 has a 0 bit
      output, which is inverted by a NOT gate 146 to produce a 1 bit input to
      NAND gate 144. As a clock pulse CL appears, all the 1 bit inputs cause
      NAND gate 144 to generate an enabling 0 bit which is counted by the binary
      counter 130. Each successive clock pulse CL is counted, and produces
      corresponding T outputs at the labeled time, until the ninth pulse is
      counted to produce an output T9. This is inverted by NOT gate 146 to
      produce a 0 bit input to NAND gate 144, blocking the gate and preventing
      further CL pulses from being counted. Because the clock time is greatly in
      excess of the AC frequency, and the entire counting sequence to T9 occurs
      during an insignificant angle change in phase of the AC power signal.
      After a 180.degree. AC phase change, .phi.1 goes negative, and line 60
      resets the counter 130, producing a zero count which causes decoder 132 to
      have its output T0, which is not utilized and is not illustrated.
PAR  As the counter 130 begins its cycle, the second clock pulse generates
      output T2 which preclears control counter 82 to its zero count or state.
      Upon time T4, a flip-flop 150 is set, producing a 1 bit on a Q line and
      enabling the NAND gate 84 to pass clock pulses CL which decrement the
      counter 82. However, since counter 82 now has a zero count stored therein,
      an output 1 bit is immediately generated on line 84, setting flip-flop 86
      and generating a fire .phi.1 output on line 88. This immediately triggers
      the appropriate SCR 20 to pass the maximum portion of AC to the motor,
      beginning rotation of the motor.
PAR  The 1 bit on line 84 also produces a 1 bit on the Q output of a flip-flop
      90, allowing NAND gate 92 to pass clock pulses CL, in the form of 0 bits,
      to control counter 94 which proceeds to count the clock pulses. After the
      occurrence of a number of clock pulses, selected to equal the lapse of
      120.degree. AC, the resulting output number is detected by decoder 96 to
      generate a trigger signal on line 100. This sends a 1 bit to an AND gate
      160 and to an AND gate 162. If the AC waveform .phi.1 lags .phi.2, then
      line 35 has a 1 bit which now enables AND gate 160 to pass a 1 bit to an
      OR gate 164, passing an enabling 1 bit to flip-flop 104 in order to
      produce a fire .phi.2 signal. Alternatively, if the AC waveform .phi.1
      leads .phi.2, line 34 enables AND gate 162 which now passes a 1 bit to an
      OR gate 168 for setting of flip-flop 106.
PAR  When counter 94 reaches a 240.degree. representing count, decoder 98 passes
      a 1 bit to AND gates which enable the OR gate 164 or 168 which was
      previously not enabled. After the .phi.2 and .phi.3 counter 94 steps
      beyond the count which actuates 240.degree. decoder 98, a past .phi.3
      decoder 99 is enabled, producing the signal which clears flip-flop 90. The
      Q output of flip-flop 90 goes to a 0 bit, blocking the NAND gate 92, and
      the Q output goes to a 1 bit, clearing counter 94 in anticipation of the
      next sequence of operation.
PAR  Shortly after each of the flip-flops 86, 104 or 106 is set, the B timer 136
      times out and enables line 138 to generate a clear signal which resets the
      flip-flop. For this purpose, the trigger producing lines 84, 100 and 101,
      are each coupled to a NOR gate 180 which produces a 0 bit which triggers
      timer 136. Of course, the above-described operations occur over
      240.degree. of the AC waveform.
PAR  Returning to the timing sequence, generation of timing pulse T6 presets the
      angle counter 80 to a clear condition. Upon time T8, the timer 74 is
      enabled to generate a timing output pulse having a duration dependent on
      the setting of potentiometer 76. This generates a 1 bit input to NAND gate
      76, which also has a one input from a NAND gate 182. As each clock pulse
      CL appears, an enabling 0 bit is counted by the counter 80 until the timer
      74 times out and thereby blocks NAND gate 76. The first clock pulse to be
      counted by counter 80 occurs simultaneously with the stepping of counter
      130 to the T9 state, which generates a 0 bit to NAND 144 and disables the
      counter 130. The angle counter 80 will complete its count before the
      .phi.1 signal goes negative, at which time counter 130 is cleared. This
      terminates the T9 pulse and allows the counter 130 to be ready for the
      next positive going half of the AC cycle.
PAR  The NAND gate 182 may be coupled to the last stage of the counter 80, to
      prevent a count from being entered which is greater than the capacity of
      the counter 80. Thus, should the counter 80 count up to its maximum
      number, prior to the timing pulse from timer 74 terminating, a 0 bit
      output from NAND 182 will disable NAND gate 76 to prevent the counter from
      attempting a higher count. At all other times when the counter is not set
      to its maximum number, NAND gate 192 has a 1 bit output. In practice, NAND
      gate 192 may have a plurality of inputs coupled to all stages of the
      counter 80, so as to decode the presence of all 1 bits which would
      represent the highest binary number.
PAR  Upon .phi.1 again going positive, counter 130 is enabled as previously
      described, and begins to count clock pulses. The T2 pulse enables the P or
      load input of counter 82, causing the contents of the angle counter 80 to
      be loaded into the control counter 82. As the T2 pulse disappears, the
      load input is terminated and control counter 82 now contains a count
      representing the desired motor speed. Upon the T4 pulse, the flip-flop 150
      is set and the counter 82 is decremented towards a zero count. Upon
      reaching a zero count, which generally will be many clock pulses later,
      the output signal on line 84 will again cause firing of the SCR associated
      with .phi.1. Upon the occurrence of a T6 pulse, the angle counter 80 will
      be precleared to its zero state, and upon the T8 pulse, the A timer 74
      will again be enabled so as to cause clock pulses to pass to the counter
      80. It will be appreciated that the operator can change the speed setting
      of potentiometer 70 at any time. The changed setting will take effect upon
      the next counting of the angle counter 80 at the T6 time.
PAR  The digital operation of the counters is synchronized to the phase of
      alternating current, through synchronization of the counter 130 with a
      predetermined phase relationship, herein being zero cross-over of the
      alternating current. Because the frequency of the clock 78 is many orders
      of magnitude greater than the frequency of the AC source, the counter 130
      completes its counting cycle of nine clock pulses during an insignificant
      portion of the rise time of .phi.1. Thus, counter 82 which is enabled
      after four clock pulses, in effect is enabled at the zero crossing of the
      .phi.1 power waveform.
PAC  CLOSED LOOP CONTROL SYSTEM
PAR  In FIGS. 2A and 2B, a single schematic diagram is illustrated for closed
      loop speed control of the induction motor M. Similar named parts of the
      digital control circuit, which controls the firing angle of the
      thyristors, are generally similar to FIG. 1B, and will be described
      briefly. Unlike FIG. 1B, however, the contents of the angle counter is not
      constant, but varies in accordance with the speed feedback information.
PAR  As seen in FIG. 2B, three thyristors 200, in the form of SCRs, are coupled
      to corresponding phase trigger circuits 202. Each SCR 200 is shunted by a
      diode which passes the opposite half cycle of the AC waveform. Thus,
      line-voltage control of the induction motor M is accomplished by
      controlling only one-half cycle of the AC waveform passed to the motor.
PAR  As .phi.1 goes positive, a phase reference detector 204 generates a signal
      which sets a flip-flop 206, producing an output which enables a counter
      208, herein labeled 2T. The 2T counter 208 begins to count clock pulses CL
      from a clock oscillator 210, having a frequency such as 100 KHz. A
      binary-to-digital decoder 212 is responsive to the 2T counter to produce
      2T timing pulses. Pulse 2T1 is coupled to an AND gate 215, FIG. 2A, having
      its other input coupled to a flip-flop 216 which has at this time a 1 bit
      on output Q. Therefore, the 2T1 pulse is coupled to a memory or angle
      counter 220, causing it to be preset to a count or number X which is
      selected to initiate rotation of the motor when it is not moving. Thus,
      the number X preset in the angle counter 220 would be some value, as 25%
      of a number producing maximum motor rotation, in order to provide an
      initial firing angle to overcome friction and other forces.
PAR  At time 2T2, AND gate 222 receives a 1 bit, which has a 1 bit on its other
      input from the same Q output of flip-flop 216. The AND gate 222, which is
      used only to load the artificial number X when the motor is at rest or has
      been stalled, generates a 1 bit which is passed through an OR gate 224 to
      the load input of a .phi.1 control counter 226. The number or count X in
      angle counter 220 is now stored in the .phi.1 counter 226.
PAR  At 2T4 time, the P input of a flip-flop 230 receives a 1 bit, causing the Q
      output to go to a 0 bit and thereby enable the .phi.1 counter 226 to count
      clock pulses. Unlike the .phi.1 counter 82 in FIG. 1B, which counted down
      towards zero, the .phi.1 counter 226 counts up to its maximum value. Upon
      reaching the maximum count, the last stage generates a 1 bit over an
      output line 232 which is coupled to the .phi.1 trigger stage 202 in order
      to enable the SCR 200 coupled to gate G1. At the same time, the 1 bit on
      line 232 is coupled to the C input of flip-flop 230, resetting the
      flip-flop and thereby terminating 0 bit signal on Q which had enabled the
      .phi.1 counter 226. Also, the 1 bit on line 232 is coupled to the P input
      of a flip-flop 234, producing a 0 bit at the Q output, which enables a
      .phi.2 and .phi.3 control counter 236. The control counter 236 now counts
      clock pulses and, upon detection by a detector 240 of a 120.degree.
      representing count, generates a 1 bit which enables the .phi.2 trigger
      202. Similarly, upon detection of a 240.degree. representing count, a
      decoder 242 generates a 1 bit which triggers the .phi.3 SCR. Upon counting
      past 240.degree., a past .phi.3 decoder 244 generates a 1 bit which clears
      the flip-flop 234, terminating the 0 bit enabling signal to the counter
      236. At the same time, the Q output of flip-flop 234 goes to a 1 bit and
      preclears the counter 236 to its zero state.
PAR  Two clock pulses after counter 226 had begun counting, the counter 208
      would generate an output 2T6 which will clear flip-flop 206. This clears
      the counter 208 to its 2T0 state (which is not utilized nor illustrated).
PAR  The 1 bit output from counter 226 causes motor M to begin to rotate due to
      the preset firing angle, and such rotation enables the speed feedback
      circuit, shown in FIG. 2A. It will be appreciated that the .phi.1 counter
      226, the .phi.2 and .phi.3 counter 236, and their associated circuits
      operate generally the same as the counters 82 and 94 and associated
      circuits previously described for FIG. 1B.
PAR  Rotation of inductor motor M causes a connected pulse generator 250 to
      produce motor M pulses dependent on the speed of rotation of the motor.
      The number of M pulses produced per revolution of motor M is constant, and
      therefore the pulse duration shortens as motor speed increases. Pulse
      generator 250 is conventional and may, for example, comprise a rotating
      wheel having windows which pass a photoelectric detector. The generator
      250 is selected so that one M pulse is of a time duration greatly in
      excess of the time duration of the clock pulses CL, so that hundreds or
      thousands of clock pulses CL will occur during the shortest M pulse (which
      presents the fastest motor speed).
PAR  The FIG. 2A circuit samples only the first M pulse to produce a speed
      feedback signal, and does not utilize another M pulse for speed feedback
      control until the next cycle of the .phi.1 waveform. In particular, the
      leading edge of the first M pulse produces a 1 bit at the cL input of a
      flip-flop 252. At this time, flip-flop 216 has a 1 bit on its Q output,
      coupling a 1 bit to the D input of flip-flop 252. Therefore, the leading
      edge of the M pulse causes a 1 bit at the Q output of flip-flop 252,
      enabling an AND gate 254 which now passes the remaining portions 256 of
      the M pulse, which has a duration inversely proportional to motor speed.
      Because of the relatively long duration of the M pulse, motor pulse 256
      can be considered as the M pulse itself. The 1 bit at the Q output of
      flip-flop 252 also causes the Q output of flip-flop 216 to have a 0 bit,
      disabling the AND gate 215, the AND gate 222, and clearing a 1T counter
      260. The 0 bit is also coupled to the D input of flip-flop 252. The
      flip-flop 216 now remains in this state until a complete cycle of .phi.1
      has occurred.
PAR  The motor pulse 256 passed by AND gate 254 is coupled through an OR gate
      262 and enables an up count input of a speed counter 264. The counter 264
      now increments under control of clock pulses CL until the motor pulse 256
      terminates. The count stored in counter 264 now corresponds to the pulse
      duration of the motor pulse 256 and hence to the M pulse. When motor speed
      is slow, as during initial energization of the motor, the motor pulse 256
      has a long duration and the speed counter 264 will contain a very high
      count which may equal its maximum count. As will be explained, the speed
      counter 264 is cleared during every 360.degree. of .phi.1, and then
      recounts clock pulses corresponding to the next sampled motor pulse. As
      motor speed increases, the counter 264 will contain smaller numbers.
PAR  Returning to the initial starting conditions, as the second M pulse occurs,
      it will be recalled that the D input of flip-flop 252 now contains a 0
      bit. Hence the second M pulse at input CL will cause the Q output of
      flip-flop 252 to equal a 0 bit, and the Q output to equal a 1 bit. The 0
      bit from the Q output disables AND gate 254, preventing the M pulse from
      passing to the speed counter 264. The 0 bit also is coupled to the CL
      input of flip-flop 216, preventing flip-flop 216 from changing state until
      the angle counter 220 is utilized, as will appear.
PAR  The 1 bit now on the Q output of flip-flop 252 initiates a 1T timing cycle
      in order to utilize the inverse speed representing number stored in the
      speed counter 264. In particular, the 1 bit is coupled to an AND gate 270,
      the other inputs of which are 1 bits at this time. This produces a 1 bit
      output which enables the 1T counter 260, causing it to count clock pulses
      CL. A binary-to-digital decoder 272 now produces 1T timing pulses which
      are stepped by the clock pulses CL. Upon the occurrence of the third clock
      pulse, an output 1T3 is coupled to a NAND gate 274, the other input of
      which is a 1 bit at this time. The pair of 1 bits produce a 0 bit which
      causes AND gate 270 to generate a 0 bit which disables the 1T counter. The
      1T3 pulse is now held for the next eight clock pulses, or until a match
      occurs which indicates that motor speed is almost at a desired preselected
      speed. During the held 1T3 pulse, utilization is made of the speed
      feedback number in memory or counter 264, and a determination is made
      whether the sampled speed of the motor is sufficiently close to a
      preselected speed so that a fine adjustment can be made to the phase angle
      to exactly coincide the actual speed with the commanded speed.
PAR  More particularly, the inverse speed representing number in memory 264 is
      coupled to a comparator 280 which also receives a commanded speed
      representing binary words from a word generator 282. A manual adjustment
      284 allows different binary words to be generated, each word composed of
      plural binary bits representing a desired motor speed, following the same
      format as the numbers stored in counter 264. That is, the count produced
      in counter 264 when a particular speed is sampled is the same count as
      produced by the word generator 282 when that same motor speed is desired.
      The comparator 280 continuously compares the binary word from counter 264
      with the binary word from woed generator 282, produces one of three
      outputs. If the binary word from speed (S) counter 264 is less than the
      binary word from word (W) generator 282, a S W output is produced. If the
      converse is true, S&lt;W output is produced. When the two binary numbers
      match, a S=W output is produced. Because the binary word in memory 264
      represents the motor speed, an output S&lt;W indicates that motor speed is
      too fast. conversely, if S is greater than W, then motor speed is too
      slow, and the firing angle must be increased.
PAR  The S=W output is coupled to a NOR gate 290, and the presence of a 1 bit
      will allow the 1T counter to continue counting. The held 1T3 output also
      enables a T3 counter 292, allowing it to count clock pulses CL. Upon the
      occurrence of the eighth clock pulse, a 3T8 pulse is generated which is
      coupled to the NOR gate 290. The presence of a 1 bit at either input of
      NOR gate 290 causes the NOR gate to generate a 0 bit. This causes NAND
      gate 274 to generate a 1 bit output coupled to AND gate 270. The presence
      of all three 1 bits now reenables the 1T counter, allowing it to continue
      beyond the 1T3 time. When a 1 bit is not present on either input line of
      NOR gate 290, it generates a 1 bit output to NAND gate 274, which is the
      means which allows the NAND gate to disable the 1T counter upon initial
      receipt of the 1T3 pulse.
PAR  During the held 1T3 pulse, the count of the memory or angle counter 220 is
      adjusted upwards or downward to correspond with whether increased or
      decreased power is to be passed to the motor. The maximum adjustment
      premitted during one AC cycle is that which corresponds to eight counted
      pulses. Since the motor in the present example has just begun rotation, it
      will be assumed that its speed does not equal the desired speed from
      generator 282. Therefore, the comparator 280 produces a 1 bit output S&gt;W
      which is coupled to an AND gate 300. The other input to gate 300 at this
      time is the 1 bit produced by the held 1T3 pulse. Therefore, AND gate 300
      generates a 1 bit output which is coupled through OR gate 262 to enable
      the up control input of counter 264. At the same time, the 1 bit from AND
      gate 300 is coupled to a NAND gate 302, the other input of which is a 1
      bit at this time. This produces a 0 bit output which enables a count up
      control input of the angle counter 220. Thus, the count up control inputs
      of counters 264 and 220 are enabled at the same time, and both counters
      increment for each clock pulse CL. If the motor speed is not near the
      desired speed, then the eight count increase in counter 264 will not
      produce a match from comparator 280. Therefore, the S&gt;W output continues,
      and both counters 264 and 220 count eight clock pulses CL.
PAR  Upon counting of the eight pulses, the 3T counter 298 produces an output
      3T8 which enables the 1T counter so that the next clock pulse CL
      terminates the 1T3 output and produces a 1T4 output. When output 1T3 is
      terminated, AND gate 300 is blocked to remove the up enabling inputs to
      counters 264 and 220. Thus, the contents of these counters 264 and 220 are
      now held during the remaining portion of the 1T clock cycle.
PAR  The 1T4 pulse clears counter 264 so that it can receive a new inverse speed
      indicating count during the next AC cycle. The next clock pulse CL
      produces a 1T5 output which couples a 1 bit to AND gate 310 and to an AND
      gate 312. Pulse 1T5 is now held because a NOT gate 309 produces a
      disabling 0 bit to AND gate 270, preventing the 1T counter from further
      counting clock pulses. The 1T5 pulse therefore remains at AND gate 310
      until generation of a 2T2 pulse which occurs shortly after .phi.1 goes
      positive, thus synchronizing use of the memory counters to the phase of
      the AC. At time 2T2 after phase cross-over, AND gate 310 has 1 bits at
      both inputs, thereby loading the .phi.1 counter 226 with the contents of
      the angle counters. The AND gate 312 also resets flip-flop 216 thereby
      generating a 1 bit on the Q output. However, this 1 bit cannot enable AND
      gate 215, since it was reset at time 2T2, which occurred after the 2T1
      pulse. Thus, as long as an M pulse is generated during one cycle of the
      alternating current, the the angle counter 220 will retain the previously
      loaded count, which will then be incremented or decremented as controlled
      by the comparator 280, and coupled to the control counter 220. If the
      motor should stall, then no M pulse would be generated during one complete
      AC cycle. Therefore, the Q output of flip-flop 216 would have a 1 bit at
      the same time as the 2T1 pulse occurred, enabling AND gate 215 is load
      angle counter 220 with number X, as occurred when the motor was initially
      energized. Upon loading of the angle counter and generation of a 1 bit on
      line 314, it should be noted that the Q output of flip-flop 216 goes to a
      1 bit and thereby clears the 1T counter 260, terminating the held 1T5
      pulse, and also clears counters 292. It also provides a 1 bit to the D
      input of flip-flop 252 to allow a new M pulse to be sampled.
PAR  Returning to the .phi.1 counter 226, the loading produced by the OR gate
      224 now allows the previously described SCR triggering operation to occur.
      Namely, the .phi.1 counter which has a larger number, due to incrementing
      of angle counter 220, will be incremented at 2T4 time, and the larger
      number will cause control counter 226 to reach its maximum count sooner.
      This will cause the firing signal on line 232 to occur sooner,
      representing an increased firing angle and increased power passed to the
      .phi.1 SCR. This in turn will increase the speed of the motor.
PAR  It will next be assumed that the motor speed has increased slightly greater
      than the desired speed, but is very close to the desired speed. The
      sampled M pulse passed by AND gate 254 enables the speed counter 264 to
      again count up to the inverse speed representing feedback number. This
      will now cause an output S&lt;W. At time 1T3, an AND gate 320 will be enabled
      rather than the AND gate 300. This generates a 1 bit to a count down
      enabling line of counter 264, and to a NAND gate 322 which has a 1 bit on
      the other input thereof. The resulting 0 bit output enables a count down
      input of angle counter 220, now allowing both counters 264 and 220 to
      decrement. Assuming that the sensed speed is within eight counts of the
      desired speed, both counters will decrement until comparator 280 switches
      its output from S&lt;W to S=W.
PAR  The S=W signal now terminates the enabling signal to AND gate 320,
      preventing speed counter 264 from being further decremented. In turn, this
      also disables the count down input of angle counter 220, causing it to
      hold its count (which now equals the firing angle which should produce the
      desired speed). The S=W output causes a 0 bit output to be produced from
      NOR gate 290, thereby reenabling the 1T counter. The 1T4 output will now
      clear counter 264, and the held 1T5 output will, upon the next AC
      cross-over, load the contents of the angle counter 220 in the .phi.1
      counter 226. Thus, the resulting firing angle should now produce an actual
      speed equal to the desired speed. If this is the case, the next inverse
      speed count in speed counter 264 will equal the number from the word
      generator 282. The S=W output will prevent the angle counter 220 from
      being changed at the next time 1T3, and thus the same firing angle will be
      maintained in order to maintain the same speed of the motor. In practical
      systems, the firing angle will fluctuate slightly due to slight speed
      variations which will evidently occur, but essentially the same firing
      angle will be maintained. When conditions change, such as a change in the
      load connected to the motor M, the speed of the motor will vary from the
      desired speed, and the feedback system will now be operative to change the
      firing angle until the sensed speed equals the desired speed.
PAR  The angle counter 220 should not be varied beyond its full count or its
      zero count. A full count line 330 has a 1 bit thereon except when the
      counter is incremented to its full count. At full count, a 0 bit is
      generated which will prevent NAND gate 302 from passing an enabling 0 bit
      to the count up input of counter 220. Similarly, a zero count line 332 has
      a 1 bit thereon except when the count of counter 220 is zero. At such
      time, the 0 bit on line 332 will prevent NAND gate 322 from enabling the
      count down line of the counter 220.
PAR  The angle counter 220 and the .phi.1 counter 226 are synchronized to the
      phase of the alternating current by operation of the 2T counter. The
      sampled motor speed is compared with the desired motor speed to adjust the
      previous count of the angle counter by operation of the 1T and 3T
      counters. Also, since the corrections which can be made during the
      increment and decrement cycle time of the counters is limited to eight
      count, sudden changes in firing angle are prevented to minimize overshoot
      and undershoot.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control circuit for gating a predetermined portion of each cycle of an
      AC waveform from an AC source to a load, comprising:
PA1  a thyristor coupled between the AC source and the load and triggerable to
      pass portions of the AC waveform to the load;
PA1  a clock for generating clock pulses;
PA1  counter means for counting the clock pulses until reaching an angle count
      representing a firing phase angle which forms the start of the
      predetermined portion of the AC waveform;
PA1  synchronizing means coupled to the AC source for effectively synchronizing
      the count of the counter means with a reference phase angle of the AC
      waveform; and
PA1  trigger means coupled to the counter means for triggering the thyristor in
      response to the occurrence of the angle count.
NUM  2.
PAR  2. The control circuit of claim 1 wherein the synchronizing means comprises
      a detector for generating a reference signal when the AC waveform has the
      reference phase angle, and gate means coupled between the clock and the
      counter means for passing clock pulses to the counter means upon receipt
      of the reference signal to thereby effectively synchronize the count with
      the reference phase angle.
NUM  3.
PAR  3. A control circuit for gating portions of an AC waveform from an AC
      source to a load, comprising:
PA1  a thyristor coupled between the AC source and the load and triggerable to
      pass portions of the AC waveform to the load;
PA1  a clock for generating clock pulses;
PA1  a first counter means for counting the clock pulses to vary the count in
      proportion to the number of clock pulses coupled to the first counter
      means;
PA1  a detector coupled to the AC source for generating a reference signal when
      the AC waveform has a predetermined phase angle, and gate means coupled
      between the clock and the first counter means for passing clock pulses to
      the first counter means upon receipt of the reference signal to thereby
      effectively synchronize the count of the first counter means with the
      predetermined phase angle;
PA1  a second counter means connectable to the clock for counting the clock
      pulses to vary an angle count in proportion to the number of received
      clock pulses, means for gating the second counter means to the clock for a
      time period representing a desired phase angle which is to be passed by
      the thyristor to the load, and means effective after termination of the
      time period for transferring the angle count of the second counter means
      to the first named counter means to set the first counter means to the
      angle count representing the desired phase angle; and
PA1  trigger means coupled to the first counter means for triggering the
      thyristor in response to the occurrence of a predetermined count.
NUM  4.
PAR  4. The control circuit of claim 3 wherein the load comprises a motor having
      a feedback sensor responsive to rotation of the motor for generating motor
      pulses, sampling means for gating the clock pulses to a memory for a time
      period proportional to the motor pulse duration to cause the count of the
      memory to represent actual motor speed, means for generating a desired
      speed signal, and comparator means responsive to the count of the memory
      and the desired speed signal for altering the angle count of the second
      counter means.
NUM  5.
PAR  5. A control circuit for gating portions of AC waveforms to a load from a
      three-phase AC source with three power lines each having thereon an AC
      waveform phase shifted by a fixed phase angle with respect to the AC
      waveforms on the remaining power lines, comprising:
PA1  at least three thyristors each coupled between a different one of the power
      lines and the load and triggerable to pass portions of the AC waveforms to
      the load;
PA1  a clock for generating clock pulses;
PA1  counter means for counting the clock pulses to vary the count in proportion
      to the number of clock pulses coupled to the counter means;
PA1  synchronizing means coupled to the AC source for effectively synchronizing
      the count of the counter means with a predetermined phase angle of the AC
      waveform;
PA1  a first trigger control responsive to the occurrence of a predetermined
      count for triggering one of the thyristors; and
PA1  a second trigger control including a counter coupled to the clock in
      response to triggering of the one thyristor for counting to a fixed phase
      angle representing number which triggers the second thyristor.
NUM  6.
PAR  6. The control circuit of claim 5 wherein the second trigger control
      includes a first decoder coupled to the counter for detecting a number
      corresponding to the fixed phase angle in order to trigger the second
      thyristor and a second decoder coupled to the counter for detecting a
      number corresponding to two fixed phase angles in order to trigger the
      third thyristor.
NUM  7.
PAR  7. A control circuit for gating portions of an AC waveform from an AC
      source to a load which produces an output variable in relation to the
      amount of the AC waveform gated thereto, comprising:
PA1  a thyristor coupled between the AC source and the load and triggerable to
      pass portions of the AC waveform to the load;
PA1  memory means for storing a number which represents the phase angle of the
      AC waveform which is to be gated to the load;
PA1  trigger means responsive to the memory means for triggering the thyristor
      when the AC waveform has a phase angle corresponding to the number stored
      in the memory means;
PA1  feedback means responsive to the variable output for producing a
      corresponding feedback signal; and
PA1  correction means responsive to the feedback signal for changing the number
      stored in the memory means to to maintain a fixed output from the load.
NUM  8.
PAR  8. The control circuit of claim 7 including a clock for generating clock
      pulses, the memory means comprises a memory counter responsive to the
      clock pulses for changing the number in proportion to the number of
      received clock pulses, and the correction means includes a gate actuable
      to couple the clock to the memory counter in order to change the number.
NUM  9.
PAR  9. The control circuit of claim 7 wherein the feedback means generates a
      plurality of feedback pulses during each cycle of the AC waveform, and
      sampling means for sampling only one feedback pulse during a predetermined
      phase period of the AC waveform.
NUM  10.
PAR  10. A control circuit for gating portions of an AC waveform from an AC
      source to a load which produces an output variable in relation to the
      amount of the AC waveform gated thereto, comprising:
PA1  a thyristor coupled between the AC source and the load and triggerable to
      pass portions of the AC waveform to the load;
PA1  a clock for generating clock pulses;
PA1  a memory counter responsive to the clock pulses for changing a number which
      represents the phase angle of the AC waveform which is to be gated to the
      load in proportion to the number of received clock pulses, a clock input
      coupled through a gate to the clock for changing the number when the gate
      is actuated, an up control input for causing the memory counter to
      increment the number in response to clock pulses at the clock input, a
      down control input for causing the memory counter to decrement the number
      in response to control pulses at the clock input;
PA1  trigger means responsive to the memory counter for triggering the thyristor
      when the AC waveform has a phase angle corresponding to the number stored
      in the memory means;
PA1  feedback means responsive to the variable output for producing a
      corresponding feedback signal;
PA1  reference means for producing a reference signal representing a fixed
      output desired from the load; and
PA1  correction means including the gate for coupling the clock to the memory
      counter in order to change the number stored in the memory means to
      thereby maintain a fixed output from the load and a comparator coupled to
      the feedback means and the reference means for comparing the feedback
      signal with the reference signal to activate the up control input or the
      down control input of the memory counter when the signals do not match.
NUM  11.
PAR  11. The control circuit of claim 10 including a timing counter responsive
      when clock pulses are being gated to the memory counter for counting clock
      pulses up to a predetermined number, and means responsive to the timing
      counter reaching the predetermined number for disabling the gate to
      thereby limit the amount of phase angle change which an be produced during
      a predetermined period.
NUM  12.
PAR  12. A control circuit for gating portions of an AC waveform from an AC
      source to a load which produces an output variable in relation to the
      amount of the AC waveform gated thereto, comprising:
PA1  a thyristor coupled between the AC source and the load and triggerable to
      pass portions of the AC waveform to the load;
PA1  memory means for storing a number which represents the phase angle of the
      AC waveform which is to be gated to the load;
PA1  a clock for generating clock pulses;
PA1  trigger means responsive to the memory means for triggering the thyristor
      when the AC waveform has a phase angle corresponding to the number stored
      in the memory means including a counter for counting the clock pulses,
      means to preset the number stored in the memory means in the counter,
      means coupled to the counter for triggering the thyristor in response to
      reaching a predetermined count, and synchronizing means coupled to the AC
      source and responsive to the occurrence of a predetermined phase angle of
      the AC waveform for enabling the counter to count towards the
      predetermined count;
PA1  feedback means responsive to the variable output for producing a
      corresponding feedback signal; and
PA1  correction means responsive to the feedback signal for changing the number
      stored in the memory means to maintain a fixed output from the load.
NUM  13.
PAR  13. The control circuit of claim 12 including a second thyristor coupled
      between the AC source and the load and triggerable to pass portions of the
      AC waveform to the load, a second counter for counting clock pulses, means
      responsive to when the first-named counter reaches the predetermined count
      for coupling the clock to the second counter, and decoder means coupled to
      the second counter for triggering the second thyristor in response to the
      occurrence of a preselected count.
NUM  14.
PAR  14. A control circuit for gating to a motor portions of phase shifted AC
      waveforms on three lines of a three-phase AC source, comprising:
PA1  at least three thyristors each coupled between a different one of the three
      lines and the motor, each being triggerable to pass portions of the
      corresponding phase shifted AC waveform to the motor;
PA1  a clock for generating clock pulses;
PA1  counter means for counting the clock pulses to vary its count in proportion
      to the number of received clock pulses;
PA1  means for loading the counter means with an initial count which represents
      a preselected phase angle of the AC waveform which is to be initially
      gated to the motor;
PA1  gate means coupled between the clock and counter means and responsive to a
      predetermined phase relationship of one of the AC waveforms for passing
      clock pulses to the counter means;
PA1  first trigger means coupled to the counter means for triggering one of the
      thyristors when the counter means reaches a predetermined count; and
PA1  second trigger means responsive after triggering of the one thyristor for
      triggering the second and third thyristors at phase angles which
      correspond to the phase angle passed by the one thyristor.
NUM  15.
PAR  15. The control circuit of claim 14 wherein the second trigger means
      includes a second counter means for counting the clock pulses, a second
      gate for coupling the clock to the second counter means when the first
      trigger means triggers the one thyristor, and decoder means responsive to
      preselected counts of the second counter means which correspond to said
      phase angles for triggering the second and third thyristors.
NUM  16.
PAR  16. The control circuit of claim 14 including feedback means coupled to the
      motor for generating a feedback signal, a generator for generating a
      desired reference signal, a comparator responsive to the feedback signal
      and the desired reference signal for indicating a deviation, and
      correction means responsive to an indicated deviation for changing the
      initial count set by the loading means.
NUM  17.
PAR  17. A control circuit of claim 16 including an angle counter for counting
      the clock pulses, the comparator produces up count and down count control
      signals coupled to the angle counter for controlling the direction of
      count, second gate means for connecting the clock to the angle counter,
      and transfer means responsive when the second gate means is disabled for
      loading the first-named counter means with the count stored in the angle
      counter.
NUM  18.
PAR  18. A control circuit of claim 17 including timing means coupled to the
      clock for generating timing pulses, and a timing counter responsive to the
      timing pulses for limiting the period of operation of the second gate.
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ABST
PAL  A system for establishing the speed of an electric motor, particularly a
      direct current motor. The principal use is in the control of a drive motor
      for a photocomposition machine font disc. The speed is controlled by
      spacing pulses of power to the motor. The pulses are derived from a
      central output of a left shift--right shift register. Shift in one
      direction is obtained from a uniform clock source, and in the opposed
      direction from a generator responsive to motor speed. When the motor speed
      causes the register to shift left beyond the control output, power is cut
      off and the motor slows. Slowing will allow right shift and a renewal of
      power pulses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Photocomposition of text material has evolved and developed along various
      avenues, but the most popular and successful forms of photocomposition
      machines present a rotary font of alphanumeric subject matter in the form
      of a disc with the characters to be printed represented by transparent
      areas near the peripheral edge of the disc.
PAR  A separate series of alternate transparent and opaque areas provides the
      source for information to control the logic of the photocomposer in
      locating a desired character and focuses the image thereof on a plane
      where a photosensitive sheet is located.
PAR  Some photocomposing machines are capable of composing in only a relatively
      minor variation of size. More sophisticated, later-generation machines are
      now available which will provide various degrees of enlargement from
      character transparencies on the same disc. Therefore, it is possible to
      compose widely varying size images intermixed.
PAR  The usual prior art practice is to run the disc continuously but at a speed
      corresponding to the acceptable speed suitable for projecting the largest
      character, which is slow in comparison to relatively smaller characters.
      Another approach is to use a stepper motor and bring each character font
      to a halt for the required exposure time. The larger characters require a
      slower speed because the movement of the disc is much more obvious in
      printed matter of large size. Perfect copy can only be obtained by a disc
      sitting in a stationary position, but the use of means to bring the disc
      to a halt slows the process unacceptably for normal commercial
      composition.
PAC  SUMMARY OF THE INVENTION
PAR  The problem which is solved by this invention is the control of the motor
      speed to produce intermixed letters of widely varying sizes in
      photocomposition, but to avoid complex logic circuitry which might
      otherwise be required to select and project the proper characters at the
      proper time whenever the speed of the matrix revolution is constantly
      changing.
PAR  It is an object of the invention to provide a speed control for an electric
      motor, and particularly for the drive motor of a rotary disc of a
      photocomposing machine.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of the speed control circuitry and essential
      mechanical structure of a photocomposer machine to illustrate this
      invention;
PAR  FIG. 2 is a portion of a matrix disc with six font tracks, two data tracks,
      and one strobe track; and,
PAR  FIG. 3 is a diagrammatic illustration of a portion of the data and strobe
      tracks.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, FIG. 1 is a schematic diagram of components and their basic
      relationship needed to carry out the present invention. The components per
      se are not new, and are commercially available. It is the totality of the
      arrangement that is represented as being an advance in the art herein.
PAR  In the FIG. 1, a disc 10 is driven by a direct current motor 11. A light
      source 12 projects light through transparent characters in the otherwise
      opaque disc and the image of the characters is brought to focus by means
      of an optical system represented by the lens symbol 14. The image in light
      and shadow of a character on the disc 10 is then brought to focus on a
      photosensitive sheet 15. Except for a drive motor, an early patent
      illustrating such rotating disc and composition equipment is shown in U.S.
      Pat. No. 2,486,406. A more modern version is shown in U.S. Pat. No.
      3,590,705 which teaches the availability of multiple font tracks and
      timing marks on a disc for greater selection of characters and location of
      those characters during composition.
PAR  The control of the motor speed in order to provide the correct disc
      rotation speed in relationship to the point size of the character being
      exposed, is accomplished by the provision of a shift register having an
      intermediate output which is either on or off according to the count that
      is put into the register from opposite input terminals. Generally, such
      register is known as a four-bit right shift--left register. Regular pulses
      are created from a clock source and are used to drive the register in a
      first mode. Pulses generated by a strobe track on the disc are used to
      drive the register in a second mode opposed to the first mode. Hence, the
      register may be brought into balance where it will shift right or left in
      the vicinity of the output causing the output to be on or off according to
      the balance of the register. The on or off condition of that output may be
      used to control a power supply to a direct current motor. The shift
      register is indicated by the reference character 18 in FIG. 1.
PAR  In FIG. 2 that portion of a rotatable matrix disc needed for illustration
      of the present invention has been reproduced in fragmentary and enlarged
      size. In keeping with the modern practice of providing more than one font
      style on a disc, a series of blocks have been drawn representing the
      position available for six circular tracks of font. The particular font
      matrix is divided into 112 sectors for the provision of 36 alphanumeric
      characters and 76 special signs, symbols and punctuation marks. The
      provision of 112 sectors is not critical, but is a useful number to
      provide good flexibility of composition in any type style. There are six
      bands of such characters in the illustrated disc, but often these discs
      are made with three or four and as high as nine and ten font rows. The
      more font rows, the greater flexibility, but the greater the expense.
PAR  In the context of 112 characters in a font row, there is available
      3.214.degree. for the provision of data tracks such as the two data tracks
      19 and 20 and the strobe track 22 corresponding to one character row. In
      the FIG. 2 there is illustrated the position of the data tracks 19 and 20
      and strobe track 22 together with the character rows. In FIG. 3 the data
      tracks 19 and 20 and the strobe track 22 are illustrated in greater
      detail.
PAR  The data tracks 19 and 20 are important for the operation of the total
      machine, giving information such as the width code for particular
      characters. However, for illustration of the present invention, concerning
      regulation of the disc speed according to point size magnification, only
      the strobe track 22 is of concern. The strobe track contains 18 equal unit
      spaces for each character position or character row. The illustrated track
      22 in both FIGS. 2 and 3 is fragmentary and actually extends completely
      around the disc periphery.
PAR  In FIG. 1 a light source 25 and a sensor 26 are illustrated as a means to
      sense the light and dark sections of the strobe track 22. In the actual
      machine similar light and sensing devices are provided for the data tracks
      19 and 20.
PAR  As the disc rotates, the sensor 26 will register light or the absence
      thereof and hence put out a digital signal. As the 17th unit space, for
      example comes into alignment between the light 25 and the sensor 26, the
      absence of a signal will be detected by the controller. Then, as the 18th
      unit space comes into alignment between the source 25 and the sensor 26,
      there will be a transition to a positive signal. The strobe track is not
      uniform, due to use of the track for other functions of an invention SN
      523,630 filed Nov. 14, 1974. Each sector begins with four dark unit spaces
      followed by a transparent unit, two dark units, and thereafter regular
      units of equal size. However, because all 112 sectors are the same, the
      effect of a uniform track is obtained by balancing the first mode clock
      source frequency against the actual frequency effect of the second mode.
PAR  Referring now to the block diagram portion of FIG. 1, a master clock 30 is
      composed of a crystal pulse generator. Such pulse generators are very
      commonly used for timing devices such for example as precision
      instruments. Electric wristwatches are a common example. The crystal in
      the clock 30 has an output frequency far greater than the frequency needed
      for the purposes of this invention, and therefore a frequency divider is
      used to reduce the frequency into a useful range. A dotted outline
      component 32 is placed in the diagram on FIG. 1 to indicate the use of
      suitable frequency divider circuitry in the event a high frequency master
      clock crystal is employed with a range higher than useful. If a master
      clock of lower frequency is available, then it is not necessary to use a
      divider 32.
PAR  When a proper range frequency is established by means of the clock 30 and
      possibly a divider 32, that frequency is directed to a counter 34. Counter
      34 is programmable by a program register 36. In the context of
      photocomposition, it is presumed that the programmable register 36 will be
      employed under the control of the master controller for the
      photocomposition machine, because it will be necessary to change the
      counting cycle of the counter 34 according to the dictates of the text
      being composed.
PAR  The control register 36 exerts its control influence upon the counter 34
      and will determine the number of pulses which will enter the counter 34
      before an output pulse is produced. In this way, the controller of the
      machine is able to dictate the frequency which is finally divided from the
      master clock and employed in the speed control of the motor 11.
PAR  The output from the counter 34 is applied to an input terminal of a
      four-bit right--left shift register 18. Accordingly, for each entry pulse,
      the shift register will shift left one position.
PAR  Simultaneously with the production of a controlled frequency through the
      system described, the strobe track of the disc 10 is caused to produce a
      series of pulses from the alternately dark and light areas of track 22.
      These pulses are not totally uniform throughout the 18 units for each
      character, but the first four units, and the sixth and seventh units
      constitute a minor part of the entire periphery of the track throughout
      the 112 sectors, and therefore the imbalance due to these two units in
      each sector is compensated for.
PAR  The output pulses from the strobe track 22 are directed to an input
      terminal of the register 18 where they are used to shift the register
      right in opposition to the left shifting caused from the frequency of
      counter 34.
PAR  Between the two opposite input terminals of the register 18, a terminal 40
      provides an output which will register on or off according to the
      momentary condition of the internal flip-flop structure established by the
      counterbalance of counter 34 and the strobe track 22 frequencies. Terminal
      40 is directed through an amplifier to the base of a transistor 42. The
      collector 44 of the transistor is connected to the coil of direct current
      motor 11 and the emitter 46 to ground. When the transistor 42 reacts to a
      signal on the terminal 40, it will become conducting and allow current
      from a power source 48 to pass through the coil of the motor and cause the
      motor to begin accelerating. When the shift register shifts right and the
      terminal 40 goes to zero, the transistor will become an off switch and
      prevent passage of current to the motor 11 and the motor will begin to
      decelerate. Thus, the motor will be controllable in speed by a balance
      between off and on conditions.
PAR  As the motor 11 is energized the disc 10 rotates at a greater speed, and
      conversely the disc 10 is slowed when the motor does not receive power. As
      the disc 10 increases in speed the frequency from the strobe track sensor
      26 will be greater and shift register 18 will tend to shift right against
      the uniform input of the counter 34. Thus, the output of the shift
      register will cause motor acceleration until the terminal 40 becomes a
      digital "0" and then the disc will slow again. Those skilled in the
      electronic art will understand the phase and frequency balance necessary
      to use a shift register in this manner. Hence, the shift register 18 is
      sensitive to the speed of the disc and will increase the speed and
      decrease the speed of motor 11 by minute bursts of power interspersed by
      coasting in order to maintain essentially a steady speed.
PAR  Also, it should be re-emphasized that the speed that the disc will attain
      is a direct function of the input frequency to the register 18 and that
      that input is controlled by the setting of control register 36. A computer
      program may therefore be written which will indicate to the photocomposer
      that a large size character is to be composed and therefore that the disc
      should be slowed for a better exposure. That program will then cause a
      slowing of the frequency of the output terminal 40 of shift register 18.
PAR  The foregoing description of the preferred embodiment has shown how a
      master clock and a strobe track of a photocomposer may be used to balance
      one another for the purpose of controlling the speed of the disc, and how
      that speed may be controlled by a computer program through the
      establishment of a selected cycle length in a divide counter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a photocomposition machine having a rotatable matrix, a drive motor
      for said matrix, a size variable projection system to select and project a
      character from said font in a predetermined point size, and a
      photosensitive medium positioned to record the projected image of said
      selected font, the improvement of rotation speed control for said matrix
      motor coordinated to the point size selected for a character, comprising:
PA1  a controller means operable by a program for providing control data for
      photocomposition control of the machine;
PA1  a master clock providing a precision output pulse frequency;
PA1  a programmable frequency modifying means supplied by the frequency output
      of said clock and having an output from said modifying means which is a
      function of said control data according to a controller supplied number
      which is changeable at any stage of composition;
PA1  a sensor means for producing pulses representative of the speed of said
      matrix; and
PA1  a motor speed control means for accepting output from said frequency
      modifying means and said sensor means to produce a motor speed control
      function which is phase locked with said output of the frequency modifying
      means.
NUM  2.
PAR  2. In a photocomposition machine having a rotatable matrix, a drive motor
      for said matrix, a size variable projection system to select and project a
      character from said font in a predetermined point size, and a
      photosensitive medium positioned to record the projected image of said
      selected font, the improvement of rotation speed control for said matrix
      motor coordinated to the point size selected for a character, comprising:
PA1  a controller operable by a program for photocomposition control of the
      machine;
PA1  a master clock providing a precision output pulse frequency;
PA1  a programmable divider supplied by the output of said clock and having an
      output which is a subdivision of said clock according to a controller
      supplied number which is changeable at any stage of composition;
PA1  a sensor means for producing pulses representative of the speed of said
      matrix;
PA1  a shift register having a first input from said frequency divider driving
      said register to shift in a first direction, and a second input from said
      sensor means driving said register to shift in a second direction, said
      register having an output which is positioned to toggle to the logic 1 or
      logic 0 condition by the left or right count condition of said register,
      and
PA1  a motor speed control means connected to said output of the register and
      providing power to said motor when one of the logic conditions is
      supplied, and no power when the other logic condition is supplied.
NUM  3.
PAR  3. A photocomposer machine according to claim 2 in which the drive motor is
      a direct current motor, the provision of a motor speed control being a
      direct current power source, a transistor gated power line from said
      source to said motor, and said shift register output being directed to the
      transistor gate, whereby power is transmitted only when in a selected one
      of the two logic conditions.
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ABST
PAL  A sonar flasher motor speed control for driving a D.C. electric motor from
      a varying voltage source. A rotating magnet and coil system generates a
      first voltage pulse once each revolution of the motor. A capacitor charged
      through a series resistor in combination with transistor means controlled
      by the first voltage pulse to generate a ramp voltage once each cycle. The
      ramp voltage is compared with a reference voltage by means of a voltage
      comparator, which generates a control second voltage pulse, whenever the
      ramp voltage exceeds the reference voltage. Transistor amplifier means
      responsive to said second voltage pulse increases the motor current during
      the second pulse so as to maintain the speed of the motor relatively
      constant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of motor control. More particularly it
      concerns the control of a small motor used as the timing basis for a sonar
      depth locator.
PAR  In the present day sonar depth locators, which are used by fishermen, the
      instruments are extremely portable and low power and operate generally
      from a twelve volt battery which may vary in voltage over a relatively
      wide range. The depth is usually indicated by the rotation of a D.C.
      motor. Once each revolution of the motor, a first voltage pulse is
      generated by a rotating magnet cooperating with a fixed induction coil.
      This first voltage pulse initiates the outgoing sonar pulse. When the
      sonar pulse returns after reflection at an object, a second voltage pulse
      is generated. There is a small neon lamp on a rotating flasher scan disc,
      and the first and second pulses cause flashes of the neon lamp. The
      angular spacing between the two flashes is a measure of the time of
      travel, or of the distance of travel, of the sonar pulse. Any variation in
      speed of the motor will change the angle between the two pulses and
      therefore will change the indicated distance. It becomes important,
      therefore, to provide a control on the motor speed so as to maintain it as
      nearly constant as possible irrespective of varying voltage, and
      conditions of load torque, friction, wear and temperatures.
PAR  It is a primary object of this invention to provide a simple electronic
      motor speed control that can be used with portable sonar instruments.
PAC  SUMMARY OF THE INVENTION
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by utilizing the first electrical pulse,
      which is used to initiate the sonar pulse, to control a first and second
      transistor so as to discharge a capacitor each time the first pulse
      occurs. The capacitor is charged through a series adjustable resistance,
      from a regulated voltage so that after each discharge of the capacitor the
      voltage builds up as an exponential ramp voltage as a function of time.
PAR  The ramp voltage is compared continuously with a fixed reference voltage,
      which is provided from a regulated voltage source. Whenever the ramp
      voltage is greater than the reference voltage a second voltage pulse is
      generated by the comparator. The duration of the second pulse is a
      function of the speed of the motor. For example, if the motor slows down,
      so that the period between the pulses is lengthened, then the capacitor
      has a longer time to charge after each discharge so that the ramp voltage
      reaches a higher value of voltage. Therefore, the time, during which the
      ramp voltage is greater than the reference voltage, is greater and the
      second pulses are of greater duration.
PAR  A transistor amplifier is provided in series with the motor, and an
      integrator circuit is provided between the voltage comparator and the
      power amplifier so that during the second voltage pulse the current to the
      motor increases. Thus by varying the time duration of the second pulses,
      the speed of the motor can be adjusted. The slower the motor speed the
      longer the duration of the second pulse and the longer time is available
      for the increased current to flow through the motor, so the motor speeds
      up. On the other hand, when the motor speed is too fast, the second pulse
      is of shorter duration and therefore less current flows through the motor,
      causing it to slow down. This feedback from the motor shaft serves to
      provide a control so as to maintain a constant speed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawing, which provides a schematic circuit diagram of the
      control system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, there is indicated by the numeral 10 a drive
      motor attached to a fixed support 12. The motor is supplied with current
      from a 12 volt D. C. source through lead 14, and is connected through lead
      16 and lead 82, going through a power transistor 80 and through lead 84 to
      ground. The motor 10 carries a shaft 20 with a flasher scan disc 22,
      rotating in the direction indicated by arrow 24. On the disc is a small
      magnet 26 which rotates in close proximity to an induction or pulser coil
      30 supported by means 28 from a fixed support 12. The coil leads 32, 34,
      are connected to transistor 36 and serve to generate a positive pulse at
      junction 43, between resistors 40 and 42, whenever the first pulse is
      generated in the coil 30. An increase in positive voltage at junction 43
      causes the transistor 44 to conduct, and to pass current from capacitor 50
      through lead 48 to ground by lead 46.
PAR  The capacitor 50 is charged from a regulated voltage source of 7 volts
      through lead 17 and through resistors 52 and 54, one of which is
      adjustable. The first pulse generated by the magnet 26 is a very short
      sharp pulse so that during the time that the pulse exists the transistor
      44 carried the discharge current from the capacitor 50. Thereafter, when
      the first voltage pulse is ended, the capacitor charges upon an
      exponential curve, providing a ramp of voltage at the junction 55.
PAR  A pair of resistors 58 and 60 provide a constant voltage at junction 59
      across the capacitor 62. The voltage comparator 46 has two input
      terminals. The negative terminal is connected to the junction 55 which
      carries the voltage ramp function, and the positive terminal is connected
      to junction 59 which carries the constant reference voltage. Whenever the
      voltage at 55 becomes greater than the voltage at 59, that is, the voltage
      at the negative terminal becomes greater than the voltage at the positive
      terminal a negative voltage pulse is generated on the output of the
      voltage comparator, at the point 67. This voltage is a downgoing square
      wave of voltage. Its duration is a function of the rate of climb of the
      voltage ramp which is a function of the setting of resistor 52. It is also
      a function of the rate of rotation of the motor that is the length of the
      cycle of rotation. The longer the cycle the longer the time of charge of
      the capacitor and therefore the higher the voltage of the ramp. The higher
      the voltage of the ramp the longer the duration of the second voltage
      pulse.
PAR  This second voltage pulse can be termed an "error pulse" since its width
      varies with the speed of the motor. Its width is a measure of how much the
      period of rotation is slower than the time required for the ramp at point
      55 to reach the reference voltage. Its width is therefore the time error
      of the period of rotation of the system.
PAR  Transistor 76 is connected as an integrator (Miller Integrator) with
      resistor 68 and capacitor 70 which integrates the error pulse at point 67.
      The error pulse is a negative going waveform starting at +7 volts and
      going to 0 volts, its time duration being the time error of the period of
      rotation. The integrator transistor 76 integrates this error pulse to
      produce a peak voltage at its collector proportional to the width of the
      error pulse (since the amplitude of the error pulse is constant). After
      the error pulse is over, the integrator voltage at the collector of
      transistor 76 discharges slowly through Resistor 66 and 68. The average
      voltage of the integrator output at collector of transistor 76 is
      therefore proportional to the duty cycle of the error pulse. The greater
      the error, the more drive voltage is applied to driver transistor 80.
      Driver transistor 80 is also connected as a current source through usage
      of 81. The integrator is fundamental to the system since it causes the
      system to operate with short duration error pulses. This specific
      embodiment could be done in several different ways such as peak detection,
      low pass filter with amplifier, etc. It would still be basically an
      integration process.
PAR  During the cycle of the motor rotation, there is a period immediately
      following the passage of the magnet past the coil 30 where the ramp
      voltage starts to build up. During this period there is no second voltage
      pulse. The capacitor voltage 70 is high and the motor current is average.
      As the ramp voltage increases it eventually becomes greater than the
      reference voltage at 59 and the second voltage pulse forms, causing the
      capacitor 70 voltage to drop, and the transistor current 80 to increase.
      The combination of the increasing and decreasing voltage of the capacitor
      70 is a function of the speed of the motor, since the lower the speed the
      longer the time the capacitor 50 has to charge and the longer the duration
      of the second voltage pulse. This calls for higher average motor current
      through the transistor 80 and the motor, so as to provide the proper
      constant speed. The capacitor 18 across the motor leads acts as a radio
      frequency filter to prevent high frequency brush noise from moving into
      the sonar receiver, where it can be very troublesome.
PAR  The capacitor 62 may not really be necessary, since its only function is to
      filter the reference voltage at point 59.
PAR  While the voltages were shown as 12 volts unregulated and 7 volts
      regulated, they can be of any desired voltage suitable for the motor. The
      7 volts regulated portion can be derived from the larger unregulated
      voltage source by means of appropriate Zener diodes, its exact value is
      not important.
PAR  The circuit component values are designed for an error pulse duration of
      approximately 10 percent of the period of rotation to give good stability.
      Under this condition if the load torque were to double (or increase 100
      percent), the error pulse would approximately double, and the speed would
      decrease by only about 10 percent. An unregulated motor would decrease in
      speed much more due to a 100 percent increase in loading.
PAR  In a sonar flasher system it is essential to maintain constant motor speed
      to preserve accuracy. Factors which tend to change motor speed are:
      changes in loading due to aging of the frictional components, changing
      characteristics of the motor due to aging, and temperature dependent
      variations of the motor as well as power supply variations. A typical
      unregulated motor will change in speed approximately 10 percent over the
      temperature range of interest. Through the argument just given, by using
      this speed control circuit the motor speed would change approximately 1
      percent. The speed is also largely independent of the +12 volt power
      supply (as long as there is a minimum voltage to allow motor to fulfill
      its ratings) since the motor is driven by a current source. The circuit
      does require a regulated +7 volt supply, but this supply doesn't have to
      be extremely well regulated since both the ramp and reference voltages are
      obtained from it. Therefore this supply may be obtained from a simple
      Zener regulator, which may be already available in the system.
PAR  As has been shown this speed control will very accurately maintain constant
      flasher scan disc speed against variations in power supply, loading, motor
      characteristics, and temperature within reasonable limits.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a sonar depth indicator in which the depth is indicated by the
      rotation of a motor and a flasher, the improvement in means to control the
      speed of the motor, comprising:
PA1  a. means to generate a first voltage pulse once each revolution of the
      motor shaft;
PA1  b. first capacitor means charged from a constant voltage source through an
      adjustable resistor, and transistor means to discharge said capacitor
      responsive to said first voltage pulse to generate a voltage ramp;
PA1  c. means to continuously compare said voltage ramp with a selected constant
      reference voltage and to produce a second voltage pulse whenever said ramp
      voltage is greater than said reference voltage; and
PA1  d. means responsive to said second voltage pulse to provide increased drive
      current to said motor.
NUM  2.
PAR  2. The control circuit as in claim 1 in which said means to generate said
      first voltage pulse comprises a magnet rotating with said motor shaft and
      an induction coil in proximity to said rotating magnet.
NUM  3.
PAR  3. A sonar flasher motor speed control system, comprising:
PA1  a. first voltage pulse generating means comprising rotating magnet means
      and induction coil means in proximity to said rotating magnet, said first
      voltage pulse determining a rotational cycle;
PA1  b. capacitor means and variable series resistor means to charge said
      capacitor means from a constant voltage source;
PA1  c. transistor means controlled by said first voltage pulse to discharge
      said capacitor at each repetition of said first voltage pulse;
PA1  d. voltage comparator means to compare the voltage across said capacitor
      with a selected reference voltage, and means to generate a second voltage
      pulse whenever said capacitor voltage is greater than said reference
      voltage; and
PA1  e. power amplifier means to drive said motor, said amplifier means
      responsive to said second voltage pulse, whereby during said second
      voltage pulse the drive current for said motor increases and during the
      remainder of said cycle said motor current decreases.
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ABST
PAL  The disclosure relates to a method and apparatus for checking and
      monitoring the movement of a tool carriage in response to a numerical
      controlled program. The path of movement of the tool carriage is recorded
      independently of the program control during the initial run of the
      carriage, in a manner capable of being subsequently sensed. The recorded
      path is thereafter sensed during the subsequent runs of the carriage and a
      signal is produced when the carriage deviates from the recorded path. The
      recording device includes a stationary supporting member having a surface
      upon which a drawing or etching may be made. The drawing or etching member
      is mounted to the movable carriage so as to become jointly movable
      therewith. The sensing member is mounted in conjunction with the drawing
      instrument and is interchangeable therewith during the sensing portion of
      the procedure.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and apparatus for checking and
      monitoring the accuracy of computerized or numerically controlled machine
      tools and in particular to a method and apparatus for continuously
      checking and monitoring the accuracy of the path of movement of the tool
      holding carriage of such machines during its normal operation in response
      to the preprogrammed computerized control.
PAR  Due to the complicated construction of the electronic circuits of computer
      or numerical control systems, the accuracy of the continued operation of
      the machine tool can be interfered with by external influences such as
      excessive vibration of the computer or controls or by the imposition of a
      stray voltage pulse from outside sources. In the event of such
      interference, incorrect data is processed and passed on to the machine
      carriage as a specific program order. Since the machine cannot distinguish
      between a correct or an incorrect order the machine is caused as a
      consequence to undertake a faulty movement. Such faulty movements
      frequently result in the destruction of costly tools or other parts of the
      machine itself as well as in damaging or destroying the work piece on
      which it is operating. Thus, not only do expensive parts of the machine
      have to be replaced, but the downtime of the machine during such
      replacements results in still further costs in production. This is a
      serious problem in the operation of machine tools since, particularly with
      the use of numerical control systems, the processing of incorrect data
      occurs irregularly and it is therefore difficult to predict and recognize
      in advance.
PAR  The most frequent cause of machinery damage occurs from an undesirable and
      wrong movement performed by the slideable carriages or movable tool
      holders. As a rule, the undesirable movement not only occurs in a fraction
      of a millimeter, but frequently, according to the decade of the control
      system being employed, up to a length of several millimeters. In fact, the
      undesirable movement frequently corresponds to the entire path of travel
      of the carriage. As a result, in addition to the disadvantages noted
      above, severe damage to the machine through collision of the moving parts
      frequently occurs.
PAR  For the above reasons, several methods have already been resorted to for
      increasing the functional safety of numerically controlled machine tools.
      One well-known measure consists of constructing the numerical control
      system in such a way that the punched tape coding containing the program
      is itself checked. To establish a standard the symbols which are stamped
      onto the punch strip have either an even or an odd number of perforations.
      In this manner the numerical control system is always capable of detecting
      an error when the even or odd number of the combination of punches does
      not correspond to the fixed standard. According to this system a reading
      error is indicated and a signal provided by which the control system is
      switched off. This system is based upon what is commonly referred to as
      "the parity check." The parity check insures that faulty movements of the
      machine do not occur when a particular order on the punch strip has a hole
      too many or too few. This system operates particularly advantageously when
      the punch strip is damaged or fouled so as to record an absence of a punch
      hole in a particular order. As a result of such damage the machine is
      brought to a standstill. The method of parity checking operates however
      only when one too many or one too few holes is detected. The system,
      however, does not distinguish between two holes and while the odd and even
      number rule is always adhered to, other defects and improper codings are
      not sensed and the machine is thus not switched off even when a faulty
      operation is taking place.
PAR  A further well-known measure provides for the repeated processing of the
      punch data in the punch strip reader at a predetermined frequency until a
      new punch order is read in. This repetition of the program reduces the
      likelihood of external interfering influences causing the transmission of
      a wrong data order to the machine tool. This type of control is, however,
      very expensive. Furthermore, it does not prevent the performance by the
      machine of an incorrect movement produced by an incorrect reading of the
      punch strip or by an error in the electronic system of the numerical
      control. As for example the failure of one of the electronic components.
      This type of system is described in the Swiss patent No. 480,915.
PAR  Another device is known from a report in the Journal "Werkstatt und
      Betrieb" No. 10 1969 by which the working program is simulated exterior of
      the machine and recorded by a drawing machine. In this system a visual
      indication of the working program is obtained during its initial run.
      However, errors occurring during the repetition of the program are neither
      sensed nor detected nor are they employed to control the machine
      operation.
PAR  Still another system employs a copying machine in which the shape of the
      work piece is defined as a length of a line which is scanned optically.
      The movement of the machine is controlled initially by the optical scanner
      and the machine is thus driven only as accurately as the drawing of the
      line and as accurately as the scanning system operates. The continuous
      line, of this system does not serve in this case to control the machine
      tool which receives a program from another source but to the contrary
      represents the program itself. Thus, disturbances in either the line or
      scanning system will lead to deviations in the program itself and cannot
      provide a selfmonitoring or checking system.
PAR  It is the object of the present invention to provide method and apparatus
      for operating a numerical control machine tool which overcomes the
      disadvantages of the prior art devices.
PAR  It is another object of the present invention to provide apparatus and
      method for checking and monitoring the path of movement of the tool
      carriage of a numerically controlled machine tool independently of the
      numerical control system or the initial operating program.
PAR  It is a further object of the present invention to provide a method and
      apparatus for checking and monitoring the path of movement of the movable
      member of a numerically controlled machine tool as a result of the direct
      movement of this movable member.
PAR  It is a further object of the present invention to provide method and
      apparatus for monitoring the path of movement of a numerically controlled
      machine tool so as to avoid expensive damage to the machine during its
      operation.
PAR  The foregoing objects, other objects, as well as numerous advantages of the
      present invention will be apparent from the following disclosure of the
      present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The method of checking and monitoring the operation of a numerically
      controlled machine tool in accordance with the present invention comprises
      the steps of independently recording the path of movement of the machine
      carriage in question, during its initial run in response to the
      numerically controlled program. Thereafter, in all of the subsequent
      reruns performed by the carriage, according to the same numerically
      controlled operating program, the independent recording is scanned and
      sensed continuously so that it may be monitored for any movement of the
      carriage departing from the recorded path. Should such departure from the
      recorded path be sensed, a signal is then generated which is employed to
      stop the operation of the control system and thereby bring the machine to
      a standstill.
PAR  In accordance with this method, although all the runs of the machine can be
      performed according to the program contained in the numerical control
      system, the independent recording is made as a result of the first run and
      thereby becomes a standard by which all the subsequent runs of the machine
      can be continuously compared. By scanning the recording simultaneously
      with the movement of the carriage during its subsequent runs an accurate
      comparison may be made between the initial numerically controlled program
      and the actual path taken by the carriage during each of its subsequent
      runs. Should during the subsequent run a fault occur due to the imput of
      the numerical control system or due to some other faulty imput, the path
      of the carriage would no longer agree with the recording and a signal
      indicative thereof would be produced. The signal can be used at least to
      stop the movement of the carriage in question, or the entire machine, so
      that no damage to either would occur.
PAR  The present invention also makes it possible to organize the monitoring and
      production of the fault signal so that only deviations of a predetermined
      order from the programmed path will result in the switching off of the
      machine. Thus, for example, deviations greater than the order of a
      millimeter can be employed to produce the fault signal so that unnecessary
      disconnection of the machine can be prevented. The system can also be
      arranged so that deviations resulting from tracking errors arising from
      changes in direction of the carriage, or in its rapid traverse or
      reversal, within a permissible degree of deviation, not result in the
      stopping of the machine tool.
PAR  According to the present invention the recording of the paths of the
      carriage corresponding to the working program can be carried out in
      different ways. For example, the path can be recorded magnetically,
      electromagnetically, or electrostatically. The recording may also be made
      photoelectrically with the use of a movable light.
PAR  It is preferable, however, that the recording is made so that it can be
      detected visually even during the process of recording. The visual
      recording enables the detection of any faults which might be established
      even during the initial or first run of the program. In general, the path
      of the movable carriage can be recorded or logged in a single recording.
      It is however, also possible to record the paths determining the movement
      of the tool box, along two axes, at right angles to one another in a
      single recording or in separate recordings.
PAR  Not unfrequently, the machine tool is fitted with a carriage or tool holder
      having a turret in which several tools are mounted. In particular during a
      drilling operation, the tool holder or carriage may be moved several times
      in succession in the same direction, employing each time a different tool.
      In such a case, the individual portions of the path to be recorded in
      response to the initial movement of the tool holder or carriage, will
      unfortunately lie one above the other on the recording surface. Thus,
      subsequent paths are superimposed upon the preceding path and the
      possibility of checking and monitoring the size of the individual movement
      may be lost. This difficulty can be avoided in accordance with one form of
      the present invention by causing the recording instrument to be offset by
      a predetermined amount when recording a second and other subsequent path
      corresponding in the same direction of a previously recorded path. In this
      manner all paths which would normally be superimposed upon each other are
      made to lie side by side parallelly offset from each other.
PAR  As a further advantage of the present invention particularly wherein the
      forward speed of the tool holder or carriage varies from that of the
      traversing or reverse speed it is possible to record each path in a
      different manner, indicative of their working speed. Thus, after the
      recording of the first program run it can be visibly detected and
      determined which recorded path is run at which speed. This can be achieved
      simply at the time the recording is made by providing different indicia
      for each speed. Thus, the forward speed may be made as a continuous line
      while the traversing speed can be made at broken but regular intervals. It
      is thus possible with the aid of this type of recording, to influence the
      control of the machine so that in all of the subsequent runs of the
      machine the tool holder or carriage may be stopped if a fault occurs on
      its forward movement at its working speed but wherein the traversing or
      reverse movement of the tool holder or carriage can be accomplished at an
      extremely rapid speed since during this movement the occurrence of a fault
      in the program would not influence the working of the tool holder or the
      carriage. It is further possible according to the present invention
      wherein in traversing the length of the path characterized by having
      regularly uniform interrupted intervals, scanning pulses can be produced
      which are passed through the numerical control and compared with a
      preprogrammed requisite pulse system whereby the speed of operation can be
      compared and the machine, tool holder or carriage can be switched off when
      it exceeds a predetermined pulse frequency.
PAR  For carrying out the method, the invention makes use of apparatus which is
      characterized by at least one drawing mechanism comprising a stationary
      support having a recording surface and a recording or marking element
      coupled to the movable took holder or carriage. A sensing device is
      arranged in conjunction with the recording or marking element capable of
      sensing the recording thus made during each of the subsequent runs of the
      machine. In the preferred form of the apparatus the support includes a
      planar or flat recording surface capable of receiving lettering or other
      visual indicia. The recording element may be in the form of a drawing
      pencil and the sensing element may be in the form of an optical sensor
      capable of scanning the visual markings. It is also possible to engrave or
      etch the recording onto the recording surface by means of a recording
      element such as a stylus and to rescan the thus recorded indicia
      mechanically by means of a tactile feeler or the like.
PAR  In order to prevent lengths of the recorded path from being recorded one
      over the other in the same direction either the support for the recorded
      surface or the recording or marking element itself may be adjustable by
      means of a step by step or incremental mechanism controllable by an
      electrical control system. Preferably each axis of movement of the movable
      tool holder or carriage will have assigned to it an independent drawing,
      recording and scanning mechanism. In each instance it is preferable that
      the support for the recording surface be held stationary and for the
      recording or marking element and the sensing device associated with it to
      be adjustable.
PAR  Further, according to the present invention, the recording or marking
      element of the recording mechanism and the sensing element of the scanning
      mechanism are arranged on a common support which is pivotal about an axis
      parallel to the plane of the recording surface. In this manner an
      advantageous design is obtained when the recording or marking element and
      the sensing element are arranged at angular distances one from another in
      a common plane at right angles to the pivoting axis of the support. In
      this manner the support can be easily rotated about its axis placing the
      recording or marking element or the scanning element in proper position
      above the recording surface. Fixed stopss are provided adjacent the
      rotating support so as to limit its rotative positions. Further, it is
      preferred that the recording or marking element be arranged so as to be
      adjustably movable within the pivoting support so that it can be lifted
      from the recording surface before the support is rotated to place the
      sensor in position above the recording surface. In this manner the
      recording or marking element can be removed from contact with the
      recording surface so that it will not subsequently interfere with the
      scanning of the surface or unnecessarily mark the surface.
PAR  If the recording is to be sensed mechanically, for instance by a feeler
      device engaging within a line engraved on the recording surface, it is
      preferable to make the sensing element capable of adjustment from its
      scanning position into a lifted position just as the recording element is
      adjustable. If on the other hand sensing is to be performed optically, the
      sensing element can be maintained always at a fixed distance from the
      plane of the recording surface.
PAR  The recording or marking element can be provided with electrical means,
      such as a solenoid which can be used to lift the element from engagement
      with the recording surface. The use of such a solenoid device enables the
      marking of the recording surface with the interrupted line indicating the
      movement of the workholder or carriage at traversing or working speed by
      merely impressing upon the solenoid a pulsating signal at regular
      distances and at predefined frequency. It may also be advantageous and it
      is in accordance with the present invention that the pivoting of the
      support holding the recording or marking element and the sensor may be
      carried out by an electrical control device responsive to the numerical
      control system and the prepunched program.
PAR  For the sake of completeness it should also be mentioned that the method
      according to the present invention can be carried out with the kinematic
      reversal of the parts. As for example when the tool holder or carriage is
      held stationary and the work piece performs the working movements.
DRWD
PAR  Full details of the present invention are given in the following
      description of its preferred embodiments and are show in the accompanying
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic view of one embodiment of the present invention
      illustrating both the apparatus and the method,
PAR  FIG. 2 is a view similar to FIG. 1 illustrating the positioning of the
      sensing device in the scanning position,
PAR  FIG. 3 is a partially sectioned view taken in the direction of arrow X of
      FIG. 1,
PAR  FIG. 4 is a view similar to FIG. 1 illustrating second embodiment of the
      present invention,
PAR  FIG. 5 is a schematic plan view of the present invention adapted to check
      and monitor an automatic lathe having a movable turret head mounted on an
      upper rest of a compound slide, and
PAR  FIG. 6 is a view similar to that of FIG. 5 illustrating the recording of
      the movements of both the upper and lower tool rests of the compound
      slide.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Turning now to FIGS. 1 through 3, the checking and monitoring device of the
      present invention comprises basically a recording mechanism generally
      depicted by the numeral 10 and a scanning mechanism generally depicted by
      the numeral 12. The recording mechanism 10 comprises a stationary support
      14 having an upper surface which can be written or marked with suitable
      indicia and a recording or marking device 16 such as a pencil, pen, stylus
      or the like. The recording mechanism is capable of making a visible record
      of the movement of the tool carrier or other machine component such as one
      of the slides of a carriage of the machine tool which is to be checked and
      monitored. For this purpose the recording or marking device 16 is fixed to
      the movable part of the machine so that it follows directly its movement.
      The supporting surface 14 is preferably planar and flat having an upper
      drawing surface, the recording element is movable between a lower drawing
      position engaging the surface of the support 14 as seen in FIG. 1 and an
      upper lifted position removed from the support as seen in FIG. 2.
PAR  The scanning mechanism 12 comprises a sensing head 18 such as an optical or
      photoelectric sensor which is movable between an inoperative position as
      seen in FIG. 1 and an operative position perpendicular to the surface 14
      as seen in FIG. 2.
PAR  In the illustrated example the recording element 16 and the sensing head 18
      are mounted on a common cylindrical supporting carrier 22 which is mounted
      to be rotatable about its central axis extending parallel to the plane of
      the support 14. The recording element 16 and the sensing head 18 are
      angularly offset from each other in a common plane perpendicular to the
      axis of rotation of the carrier 22 so that rotation of the cylindrical
      carrier will selectively present either the recording element 16 or the
      sensing head 18 above and perpendicular to the surface of the support 14.
      Two fixed stop pins 24 and 26 are located at fixed spaced intervals about
      the periphery of the cylindrical carrier 22 and a radially extending
      finger 28 is secured to the carrier. In this manner rotation of the
      carrier 22 is limited into each of the operative positions for the
      recording element 16 and the sensing head 18 respectively.
PAR  The sensing head 18 is connected via suitable electrical conduits and
      circuitry 30 to a numerical control system unit 32 of conventional design
      by which the machine tool such as the lathe of the type illustrated in
      FIG. 5 is operated in accordance with a predefined program. The numerical
      control unit 32 is supplied with a punch tape 32 or other prerecording
      depending upon its nature.
PAR  The recording element 16 is axially movable within the cylindrical carrier
      22 so that it may be removed from the drawing surface 14 when the scanning
      function is to be performed, so as not to be in the way of the sensing
      head 18 or to inadvertently mark or damage the surface 14. The recording
      element 16 is thus slidably mounted in a radial bore in the carrier 22 and
      this provided its upper end with a knurled knob 36 by which it may be
      rotated about its central axis. The lower edge surface of the knob 36 is
      provided with a concave form 38 which conforms to the convex configuration
      of the cylindrical carrier 22 and which has lateral edges 38a having
      itself a convex curvature, as seen in FIG. 2. Rotation of knob 36 causes
      the lateral edges 38a to slide along the peripheral curvature of the
      support carrier 22 thus producing an axial lifting movement on the
      recording element 16.
PAR  The cylindrical carrier 22 is provided with a coaxially extending bearing
      shaft 40 freely journalled in a bore formed in an arm 42 adapted to be
      secured to the movable machine part such as the tool holder or carriage
      member, as seen in greater detail in FIG. 5. The free end of the bearing
      shaft 40 is provided with spring washers 44 such as the belleville springs
      set between the arm 42 and the a retaining disc 46 such as a removable
      C-clip. The rear end of the cylindrical carrier 22 is also provided with a
      knob 48 by which the carrier may be rotated about its central longitudinal
      axis into either of its two stop positions defined by the pins 24 and 26.
      The supporting arm 42 is thus mounted to be movable with respect to the
      tool holder or carriage member. On the other hand, the recording surface
      support 14 is adapted to be held stationary and in fixed position with
      respect thereto.
PAR  In operation, a working program, provided on the punch strip 34 is
      initially carried out on the relevant machine tool part, if it is checked
      first for its accuracy and then in the event of its faultless execution is
      repeated on successive workpieces while being regularly monitored during
      the subsequent runs of the machine by the present invention. To this
      effect this procedure the carrier 22, connected to the appropriate tool
      holder or carriage, is rotated into its stop position shown in FIG. 1 so
      that the recording element 16 is lowered and engages the surface of the
      support 14. On the initial run of the machine a recording, as illustrated
      in FIGS. 1-3, of the integrated path of the movable tool is made. The
      recording element 16 starts at a given point 50, which corresponds to the
      starting point of the relevant movable machine member and makes a series
      of lines corresponding to the path of movement of the work tool. At the
      end of the program, the recording is thus terminated at the beginning
      point 50 as would the tool holder so that the recording indicated by the
      numeral 20 is present as a closed continuous line or continuous loop
      program.
PAR  After the first programmed run the drawing element 16 is lifted as
      described above by turning the knob 36 and the supporting carrier 22 is
      rotated into its other stop position so that the sensing head 18 is now
      directly above the point 50 of the recording. Visual confirmation of the
      accuracy of the first run is made both on the recording and the workpiece.
      The machine is then permitted to repeat the program in response to the
      punch strip 34. On the next and all subsequent program runs, the sensing
      head 18 scans the entire line of the recording 20 from its initial point
      to the same terminus both indicated by 50, completely independent of the
      punch program 34 or the operation of the numerical control. If due to a
      fault, as for example in the numerical control system, the path of the
      associated movable member of the machine deviates from the contour of the
      recorded line, the sensing head 18 detects this and produces a signal
      indicative of such fault. This fault signal is fed via the circuitry 30 to
      the numerical control unit 32 whereby movement of the machine, and/or the
      appropriate slide or tool holder is stopped. This feedback from the
      sensing head to the numerical control unit is virtually instantaneous
      insuring that faulty movements of the machine which are due to faults in
      the numerical control system are thus prevented.
PAR  In general, the movable member such as the respective carriage slides take
      reciprocating alternating movements in order to move the tool holder in an
      integrated path in feed and return directions. In practice the forward or
      feed movement is performed at a deliberate speed so that an accurate
      working of the workpiece is obtained. The return or traversing movement
      can be performed at a more rapid speed since the tool is generally no
      longer in working engagement with the work piece. Frequently, a fault
      occurs in the numerical control system which orders the movable member of
      the machine tool to conduct a rapid traversing movement instead of the
      desired forward feed movement. It is therefore necessary, at times, to
      distinguish in the recording between the two types of movement.
PAR  The foregoing is accomplished by recording the path of the tool carrier on
      the recording surface of the support 14 with one indicia for the forward
      movement and another for the return or traversing movement. This can be
      simply achieved, as indicated in FIG. 4, by recording the feed motion as
      an interrupted line 21 and the return or traversing motion as a continuous
      line 23. To produce the interrupted line during the movement of the slide
      carriage, the recording element 16 is extended upwardly, or is provided
      with an extended core 16a, about which an electrical coil 25 is wound. The
      coil 25 is adapted to be periodically excited, at a preset frequency, by
      the numerical control unit 32. The coil 25 and the extending core 16a act
      as a solenoid responsive to the frequency of its pulsating signal to
      perform a small lifting movement of the recording element 16 at uniform
      intervals corresponding to the electrical impulses. Thus, the recording
      element is caused to touch the surface of the support 14 for only brief
      timed intervals producing a discontinuous or interrupted line.
PAR  The sensing head 18 and the scanning apparatus is adapted to read the
      discontinuous or interrupted line 21 and to pass the signal derived
      therefrom with the same frequency to the control unit 32. A conventional
      comparison circuit is built into the control unit (and not represented in
      detail here), with a predetermined maximum frequency preset in the control
      unit. This predetermined maximum frequency need not be the frequency at
      which the interrupted line 21 was recorded and need not represent the
      speed at which the initial run of the machine tool was accomplished.
      Should the frequency of the signal derived from the sensing head 18 exceed
      the predetermined maximum frequency set in the control unit 32 then the
      signal is passed to the machine tool to either stop the movable member or
      the machine tool as a whole. This arrangement insures that during the
      working forward stroke of the machine tool there can be no traversing
      speed more rapid than that set by the predetermined frequency. As a result
      the overloading of the machine and tool breakdown are completely avoided.
PAR  An example of the simple apparatus shown in FIGS. 1 to 5 as applied to a
      numerically controlled lathe is illustrated, by way of example, in FIG. 5.
      In this Figure, the lathe is provided with a frame base 52 on which is
      mounted a headstock 54 having a rotatable spindle 56. The spindle is
      provided with a chuck in which is mounted a work piece 58. The headstock
      and spindle 56 is driven by a main motor 60 linked thereto in conventional
      manner. A rotatable turret 62, in which a large number of tools 64 are
      secured, is mounted in conventional manner on a compound slide carriage,
      generally depicted by the numeral 70. The compound slide carriage
      comprises a lower slide 66 and an upper slide 68. The lower slide 66 is
      driven by a conventional motor 74 and a screw shaft connection while the
      upper slide 68 is driven by a similarly conventional motor 72 and a screw
      shaft connection to it. The slide 68 is thus adapted to move parallel to
      the headstock 54 while the slide 66 is adapted to move toward and away in
      a perpendicular manner to the headstock. The movement of the slide member
      66 and 68 and the control of their drive motors 72 and 74 is conducted via
      the preprogram punched on the tape 34 as fed to the numerical control unit
      32. This control of the compound slide is conventional and the details of
      the structure necessary and the performance thereof will be well known to
      those skilled in the art, accordingly further details are not given in the
      present specification.
PAR  As may be clearly seen from FIG. 5 the support 14 on which the recording
      surface is arranged is mounted on the machine base 52 so as to be
      stationarily fixed with regard to the compound slide 70. The cylindrical
      carrier 22 which is equiped with the recording element 16 and the sensing
      head 18 is provided with its supporting arm 42 mounted in an indexing
      device 76 which is fixedly secured to the upper slide 68 so as to be
      conjointly movable with it in its working direction. The indexing device
      76 serves to permit the incremental movement of the arm 42 and thus the
      carrier 22 in a direction a, parallel to the working axis of the upper
      slide 68. The indexing device may be suitably formed from a pinion and
      rack, the rack being secured to the arm 42 while the pinion to a control
      mechanism 78 receiving a pulse from the numerical control system 32. In
      this manner the arm 42 may be periodically indexed, on command from the
      numerical control unit 32 so that successive operation of the slide 68
      with more than one tool 64 can be recorded on offset positions on the
      recording surface. Thus, individual portions of a given program run in
      which one or more tools 64 are used, such as in a drilling operation, with
      successive movement of the slide 68 will not be recorded by
      superimposition of one line over the other. A simple command to the
      indexing mechanism 78, which may be a reversible indexing motor, will
      shift the arm 42 in the direction of the discontinuous arrow a moving the
      recording element in a plane above the surface 14. Preferably this lateral
      shifting of the arm 42 is programmed for each changeover of tool made on
      rotation of the turret head.
PAR  Even without a change in tool during a program run, it is possible to
      program a shift order by which the indexing mechanism 78 causes the arm 42
      to shift. In this manner a continuous loop program indicated by the
      numeral 80 can be recorded on the recording surface so that there is no
      overlapping or superimposition of the program line. Thus a program in
      which the slide 68 is moved in its axis over exactly the same line as it
      had been previously moved can be recorded, not by superimposed indicia,
      but by indicia offset with respect to each other. The punch tape 34 can of
      course be provided with suitable commands for actuating the indexing
      control mechanism 78 any number of times.
PAR  On completion of the first run of the working program, in response to the
      predetermined program fed to it by the numerical control system 32 a
      signal is obtained from the punch tape 34 which provides an order to the
      carriage 68 so that it returns into its initial starting position along
      the direction indicated by the arrow b. The carrier 22 with the recording
      element and the sensing head 18 is thus returned to its initial position
      50 at which time the recording element 14 is lifted and the sensing head
      18 brought into perpendicular relationship above the supporting surface
      14. The machine can be thus rerun an indefinite number of times repeating
      the program defined initially by the punch strip 34. In each of these
      subsequent runs the sensing head 18 checks and monitors the movement of
      the slide 68 by its conjoint movement with it over the prerecorded program
      80. Any deviation from this recorded program will produce a signal in the
      manner previously described which is fed back to the control system unit
      32 so that appropriate stop action can be obtained prior to any damage
      either to the machine, the tool or the work piece.
PAR  FIG. 6 shows a practical example of means by which the recording of a
      continuous line path can be carried out in simplified form. In FIG. 6 the
      lathe shown in FIG. 5 is also shown. Here, however, the individual paths
      of the corresponding movable members such as the slides of the compound
      carriage by which the integrated track or path of the tools 64 are made
      are each recorded separately along their two perpendicular axes. The
      recordal of the movement of each of the upper slides and lower slides
      appear respectively as lines 82 and 84 on separate recording surfaces 86
      and 88. The recording and sensing elements are denoted generally by the
      numerals 90 and 92 and are arranged with respect to their associated
      recording supports 86 and 88 so that lines 82 and 84 are drawn parallel to
      the axis of movement of the respective slide. Sensing of the separate
      recordings is made in the same manner as earlier described, and its
      signals are fed to the control unit 32. The mechanism 90 is mounted so as
      to be secured to the lower slide 66 by the indexing mechanism similar to
      that described with FIG. 5 while the recording and sensing mechanism
      indicated by the numeral 92 is similarly mounted to the upper slide 68.
      Similar indexing mechanism 78 is arranged. As noted in FIG. 6 the indexing
      mechanism 78 and 76 is arranged so that the arms 42 extend in a direction
      at right angles to the axis of movement of the respective slides so that
      the indicia 82 and 84 of the movement of these slides are arranged
      parallel to their axes, while the offsetting index is accomplished
      perpendicular thereto, in opposition to the manner shown in FIG. 5.
PAR  From the foregoing it will be apparent that the present invention employs
      the technique of recording a work program directly from the operation of
      the movable members of the machine tool itself and which is not dependent
      upon the punch tape or the operation of the numerical control system or of
      the computer operating the machine tool. In all of the repeated subsequent
      runs, other than the first and initial run, the checking and monitoring of
      the accuracy of the movement of the machine tool is obtained from a
      recorded profile independently of the actual command to the machine. This
      recorded profile is as indicated preferably visible so that the operator
      of the machine tool can always have a specific picture to which to refer
      during the operation. Furthermore, the visible profile enables it to be
      sensed and scanned either optically or mechanically to insure greater
      accuracy.
PAR  Various embodiments, changes and modifications having been given. The
      recording may, as desired, be made directly on the support 14 or on
      recording media, such as a paper, film or the like, which is removable and
      expendable. The recording in addition to the optical system described can
      be in the form of conventional "phonograph" type recording in which the
      path is etched and later sensed by a stylus or needle. Similarly, a
      magnetic or light recordal system can be utilized. A paper and pencil
      recording is most economical, and provides the required visual recording.
PAR  The present invention further enables the control of the speed of the tool
      during subsequent runs, via the recorded path, which as noted can feed
      back into the numerical control unit signals indicative of the accuracy of
      the machine at speed. It is intended therefore that the present disclosure
      be taken as illustrative only and not as limiting of the scope of the
      invention.
PAR  A suitable numerical control system for operation of a lathe such as shown
      in FIGS. 5 and 6, which may be employed in the present system is
      commercially available and was described by the General Electric Company,
      Waynesboro, Va. under the name Mark Century 7542. Reference may be made to
      the General Electric publication detailing the same, dated Feb. 1970, GEK
      15159, GEK 14899, GEK 14897 and GEK 14948, and to other sections, if
      needed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of checking and monitoring the path of movement of a movable
      member of a numerically controlled machine tool comprising the steps of
      providing a system in which a track may be selectively recorded on a
      surface, by an instrument conjointly movable with each movement of said
      movable member and a system in which said recorded track may be followed
      by a scanner conjointly movable with the subsequent movement of said
      movable member, operating said machine, according to said control program,
      recording as a series of tracks independent of said controlled program the
      entire path of movement of the initial run of the said movable member
      according to the control program, thereafter repeating the operation of
      said tool in response to the control program in successive runs and
      causing the scanner to conjointly follow the recorded path of said tracks
      in each succesive run, and to sense the recorded path of said tracks
      during each of the subsequent runs, and producing a signal responsive to
      the departure of said scanner from the recorded path of said tracks.
NUM  2.
PAR  2. The method according to claim 1, wherein said recording is produced so
      as to be visible.
NUM  3.
PAR  3. The method according to claim 1, wherein the path of movement of said
      movable member is represented in said recording as a single path.
NUM  4.
PAR  4. The method according to claim 1, including the step of recording the
      movement of a pair of movable members, moving along axes at right angles
      to one another in which the paths of each are recorded separately.
NUM  5.
PAR  5. The method according to claim 1 wherein portions of the recorded path of
      movement are offset with respect to each other whereby movement of said
      movable member in the same position at successive times can be separately
      recorded.
NUM  6.
PAR  6. The method according to claim 5, wherein the successive portions of the
      path of movement are offset by predetermined uniform amounts in the same
      direction.
NUM  7.
PAR  7. The method according to claim 1, wherein portions of the recorded path
      of movement are indicated in a different manner with respect to other
      portions of the path of movement, whereby distinctions may be made between
      them.
NUM  8.
PAR  8. The method according to claim 7 wherein portions of the recorded path of
      movement are provided with indicia indicative of the speed of said movable
      member.
NUM  9.
PAR  9. The method according to claim 8, wherein the sensing of the recorded
      path is responsive to the different indicia so as to control the speed of
      operation of the movable member.
NUM  10.
PAR  10. Apparatus for checking and monitoring the path of movement of a movable
      member of a numerically controlled machine tool in response to a
      controlled program comprising a recording surface stationarily supported
      with respect to said movable member and movable member for an instrument
      for recording thereon, said instrument being mechanically connected to
      said conjoint movement therewith, said instrument and said recording
      surface cooperating on movement of said movable member to record on said
      recording surface a series of tracks independent of said control program
      corresponding to the initial path of movement of said movable member under
      the controlled program and scanning means arranged above said recording
      surface said scanning means being mechanically connected to said movable
      member to conjointly move therewith to serially follow the path of said
      tracks during subsequent runs of said movable member and means for
      continuously sensing the path of said serially recorded tracks producing a
      signal responsive the the deviation of said scanning means from said
      tracks indicating the departure of said movable member from its recorded
      initial path of movement.
NUM  11.
PAR  11. The apparatus according to claim 10, wherein said recording surface
      comprises means for receiving visual indicia and said recording instrument
      comprises means for writing thereon.
NUM  12.
PAR  12. The apparatus according to claim 10, wherein said scanning means
      comprises an optical sensing mechanism for determining said indicia.
NUM  13.
PAR  13. A machine tool having a movable member is carried by means movable in
      perpendicular axes, each of said means having the recording surface,
      instrument and scanning means of claim 10 for recording and sensing
      movement along each of the respective axes.
NUM  14.
PAR  14. The apparatus according to claim 10, wherein said recording instrument
      and said scanning means are mounted on a common carrier, rotable about an
      axis parallel to the plane of said recording surface.
NUM  15.
PAR  15. The apparatus according to claim 14, wherein said recording instrument
      and said scanning means are arranged on said common carrier in a common
      plane perpendicular to said axis of rotation, and means are provided
      limiting rotation of said carrier to selectively position either of said
      recording instrument and scanning means perpendicularly above said
      recording surface.
NUM  16.
PAR  16. The apparatus according to claim 15, including means for radially
      adjusting the position of said recording instrument in said carrier with
      respect to the recording surface.
NUM  17.
PAR  17. The apparatus according to claim 15, including means for radially
      adjusting the position of said sensing means in said carrier with respect
      to said recording surface.
NUM  18.
PAR  18. The apparatus according to claim 16, wherein the means for adjusting
      the position of recording instrument comprises means responsive to an
      electric pulse, whereby said instrument may be automatically removed from
      said recording surface.
NUM  19.
PAR  19. The apparatus according to claim 18, including means for periodically
      supplying a pulse to said lifting means.
NUM  20.
PAR  20. The apparatus according to claim 10, including means for recording
      selected portions of the path of movement in tracks having different
      characteristics with respect to other portions of the path of movement,
      whereby distinctions may be made between them.
NUM  21.
PAR  21. The apparatus according to claim 20 wherein said characteristics of
      said selected portions are indicative of the speed of said movable member.
NUM  22.
PAR  22. The apparatus according to claim 21 including means responsive to the
      sensing of said selected portions of varying characteristics for
      controlling the speed of said movable member.
NUM  23.
PAR  23. The apparatus according to claim 10 including a numeric control device
      for providing a predefined program of operation for said movable member,
      including means responsible to said signal from said scanning means to
      modify the operation of said movable member.
NUM  24.
PAR  24. The apparatus according to claim 10 wherein said recording surface is
      magnetizable material and said recording instrument is a magnet.
NUM  25.
PAR  25. Apparatus for checking and monitoring the path of movement of a movable
      member of a numerically controlled machine tool in response to a
      controlled program comprising a planar recording surface and an instrument
      for recording thereon, one of which being arranged for conjoint movement
      with said movable member, the other of which being stationarily supported,
      said recording surface comprising means for receiving an engraved indicia
      and said recording instrument comprising means for engraving thereon, said
      instrument being adapted to record on said recording surface a series of
      tracks independent of said control program corresponding to the path of
      movement of said movable member under the controlled program and scanning
      means including tactile means for sensing said engraving arranged above
      said recording surface for sensing the recorded tracks, said recording
      surface and said scanning means being relatively movable to each other
      conjointly with said movable member to serially follow the path of said
      tracks during subsequent runs thereof and means for producing a signal
      responsive to the deviation of said scanning means from said tracks
      indicating the departure of said movable member from its recorded path of
      movement.
NUM  26.
PAR  26. The apparatus according to claim 25, including means for indexing one
      of said recording surfaces or said recording instrument from its normal
      path of movement during the movement of said movable machine member
      whereby overlapping paths in the same direction are separately recorded.
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ABST
PAL  A proportional plus integral controller connectable in a conventional
      proportional control loop of a process control system is selectively
      operable in a proportional only mode or a proportional plus integral mode
      in accordance with the positioning of a mode select switch and exhibits
      substantially bumpless forward transfer from proportional only to
      proportional plus integral operating modes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to process control systems, and more particularly to
      a proportional plus integral controller for use in such systems.
PAR  2. Description of the Prior Art
PAR  Proportional controllers are employed in process control systems to enable
      a controlled system variable to be maintained at a system set point by
      providing a feedback signal related in amplitude and polarity to
      deviations of the controlled variable from the set point.
PAR  In such systems, the controlled variable is monitored by a condition
      sensing device which provides a linearly changing command signal
      indicative of deviations of the controlled variable from the system set
      point. A process control apparatus is responsive to the command signal to
      effect an adjustment in the value of the manipulated variable to maintain
      the controlled variable at the system set point.
PAR  For example, in a heating or air conditioning control system, the
      controlled variable may be the temperature of a given enclosure or room
      and the manipulated variable may be hot air under pressure admitted to the
      enclosure or room. The condition sensing device may include a thermostat
      located in the room, which provides a position command to an actuator
      device. This position command is proportional to the difference between
      the room temperature and the thermostat set point temperature. The
      actuator device responsively controls the positioning of a damper to
      increase or decrease the rate at which hot air is admitted into the room
      or enclosure in accordance with the heating requirements of the room.
PAR  In known proportional controllers which provide only proportional action,
      the deviation of the controlled variable from the set point, or error, is
      never fully eliminated since it is necessary for an error to exist to
      command a system output other than the one neutral output at which the
      system was calibrated. This inherant deviation between the actual process
      condition, or controlled variable, and the desired process condition, or
      set point, is commonly referred to as "droop". In comfort control loops, a
      relatively small droop can be felt by human occupants of a temperature
      controlled space.
PAR  Droop may be lowered through the use of a high gain amplifier in the
      proportional control loop. However, system stability requirements place a
      limit on the highest attainable gain and thus, on the minimum droop. Droop
      is eliminated through the use of controllers which provide proportional
      plus automatic reset action, sometimes called integral action.
PAR  Although proportional plus integral controllers provide the desired
      elimination of droop, control loops employing an automatic reset control
      function are characterized by large overshoots in the event of process
      upsets as may be caused by start-up or large changes in set point, for
      example. In such instances, it may be desirable to provide only
      proportional action until the controlled variable approaches the set point
      and then to perform a bumpless transfer to the proportional plus integral
      mode. It is also desirable to switch to a proportional only mode to make
      an initial adjustment of the loop proportional gain in order to adjust the
      controller for near optimum response.
PAR  It is also desirable to add the proportional plus integral feature to
      existing control loops by simply cutting the lines between the controller
      sensor and the actuator and inserting the proportional plus integral
      package.
PAR  It is also desirable to retain the set point and proportional gain control
      in the proportional sensor controller.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a
      proportional plus integral controller for use in a process control system
      which is selectively operable in either proportional only or proportional
      plus integral modes.
PAR  It is another object of the present invention to provide a proportional
      plus integral controller which may be inserted directly into an existing
      proportional control loop between a proportional sensor controller and
      command actuator, and which provides bumpless forward transfer from
      proportional only operation to proportional plus integral operation.
PAR  It is yet another object of the present invention to provide a proportional
      plus integral controller for use in a conventional proportional control
      loop between a proportional sensor controller means and a command actuator
      in which set point and gain adjustments of the conventional proportional
      control loop remain operational.
PAR  These and other objects are achieved by the present invention which has
      provided in insertion integrator for use in a process control system
      having a proportional control loop including a sensor controller and an
      actuator operable to maintain a controlled process variable at a system
      set point. The sensor controller provides a linearly changing command
      signal indicating deviations of the controlled variable from the set point
      and the actuator is responsive to the command signal to control a
      manipulated process variable to effect a change in the controlled variable
      to return the controlled variable to the set point.
PAR  In accordance with the invention, the insertion integrator is connected in
      the line between the sensor controller and the actuator and is operable in
      a first mode to respond to the command signal and provide a modified
      command signal, having a proportional component and an integral component,
      for the actuator. The insertion integrator is operable in a second mode to
      extend the command signal provided by the sensor controller directly to
      the actuator. The insertion integrator includes a switch means which
      enables selection of the mode of operation of the insertion integrator.
PAR  In accordance with one embodiment, the insertion integrator comprises a
      differential amplifier means having first and second inputs and an output.
      An integrating capacitor is connected between the first amplifier input
      and the amplifier output. A network supplies a proportional signal as a
      common mode voltage level at both amplifier inputs and the integrator
      input signal as a current input to the capacitor. The integrator command
      signal is referenced to a point half way between the extremes of the input
      signal range.
PAR  In the proportional plus integral mode of operation, the differential
      amplifier means is enabled by a switch means to provide the modified
      command signal which has a component proportional to the command signal
      and a component proportional to the time integral of the command signal
      relative to its 50% value.
PAR  In the proportional only mode, the switch means disables the differential
      amplifier means and extends the command signal directly from the output of
      the sensor controller to the actuator. In addition, the switch means
      extends the command signal to the integrating capacitor to permit it to
      track the command signal while the insertion integrator is in the
      proportional only mode. This enables bumpless transfer when the insertion
      integrator is switched to the proportional plus integral mode.
PAR  Thus, the insertion integrator can be inserted into a conventional
      proportional control loop and requires minimal alteration of normal
      proportional application procedures. In such application, the sensor
      controller set point and gain adjustments remain operational. Moreover,
      the initial gain adjustment procedure for a conventional proportional
      control loop modified to include the insertion integrator is similar to
      that established for the proportional control loop without the insertion
      integrator. The proportional gain is increased until the system is just
      stable with the unit in the proportional only mode. The integrator gain is
      then increased until the system is just stable in the proportional plus
      integral mode. This adjustment procedure results in satisfactory
      performance for a wide range of normally encountered control loops.
PAR  The insertion integrator may be inserted directly into the lines which
      normally interconnect the sensor controller and the actuator. Even the
      power for the unit is furnished by those lines. Thus, installation
      procedures are considerably simpler than those required for known
      commercially available proportional plus integral controllers.
PAR  Other objects and advantages of the present invention will become apparent
      from the detailed description which makes reference to the accompanying
      drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1, labelled "Prior Art", is a simplified block diagram of a known
      proportional control system;
PAR  FIG. 2 is a simplified block diagram of the proportional control system
      shown in FIG. 1, which includes an insertion integrator provided by the
      present invention; and,
PAR  FIG. 3 is a schematic circuit diagram of the insertion integrator provided
      by the present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, which is labelled "Prior Art", there is shown a block
      diagram of a known automatic control system 10' having a proportional
      controller connected in a proportional control loop. The proportional
      control loop includes a proportional sensor controller 11 and an actuator
      12 which enable a controlled process variable to be maintained at a system
      set point.
PAR  By way of example, the process, represented by block 13, may be a heating
      or air conditioning system. In such system, the manipulated variable, for
      example, may be warm or cool air under pressure admitted to an enclosure
      or room at a rate controlled by the opening or closing of a damper, and
      the controlled variable may be the temperature of the enclosure or room.
      In such application, the proportional sensor controller 11 may include a
      thermostat which provides an output proportional to the difference of the
      room and set point temperatures. This output is the command signal for the
      actuator 12.
PAR  The proportional controller is responsive to command signals within a
      preselected proportional band as determined by a proportional band adjust
      associated with the proportional sensor controller 11.
PAR  The proportional sensor controller 11 receives power from the actuator
      circuit 12 over conductors 14 and 15, and the command signal, provided by
      the proportional sensor controller 11, is extended to the actuator 12 over
      a conductor 16. This signal is referenced to the potential of conductor 14
      which is normally grounded. The actuator 12 is responsive to the command
      signal to effect a change in the manipulated variable as, for example, by
      opening or closing a damper to permit an increase or decrease in the
      amount of warm or cool air admitted to the enclosure or room. Such action
      effects a change in the controlled variable, or temperature, as the
      temperature of the enclosure increases or decreases causing the controlled
      variable to approach the system set point and correspondingly effecting a
      decrease in the error signal.
PAR  Referring to FIG. 2, there is shown a block diagram of an automatic control
      system 10 including an insertion integrator circuit 20 provided by the
      present invention which is inserted into a conventional proportional
      control loop of a process control system, such as the one shown in FIG. 1.
PAR  As shown in FIG. 2, the insertion integrator 20 is interposed between the
      proportional sensor controller 11 and the actuator circuit 12. The
      insertion integrator 20 obtains power from the actuator circuit 12 over
      conductors 14A and 15A. The command signal provided by the proportional
      sensor controller 11 is extended to the insertion integrator over a
      conductor 16A.
PAR  The system set point and proportional band adjustments of the system of
      FIG. 1 remain operational, such adjustments being made by the set point
      control and the proportional band adjust control associated with the
      proportional sensor controller 11.
PAR  The insertion integrator 20 is operable in first and second modes to
      provide proportional only and proportional plus integral action,
      respectively. In the proportional only mode, the command signal provided
      on conductor 16A is extended directly to the actuator 12 over conductor
      16B. In the proportional plus integral mode, the insertion integrator 20
      is operable to provide a modified command signal, having proportional and
      integral components, which is extended to the actuator 12 over conductor
      16B.
PAR  The mode of operation for the insertion integrator 20 is selected by a mode
      selector switch S1. The proportional only mode is generally used for start
      up or in the event of a large change in the set point. The insertion
      integrator is kept in the proportional mode until the set point and
      proportional band adjustments of the proportional sensor controller 11 and
      actuator 12 are complete, and normal, satisfactory proportional control is
      observed. At such time, the insertion integrator 20 is switched to the
      proportional plus integral mode.
PAR  If at this time, the proportional sensor controller 11 output 16A is at the
      mid point of its range, the system continues to operate with no change.
      If, however, the proportional sensor controller 11 is sending some value
      other than this, there is no immediate change in the system, but the
      insertion integrator slews the command signal 16B at a rate proportional
      to the difference between the signal 16A and its mid point value. The
      actuator 12 and subsequently the controlled condition changes in the
      direction to bring the output of the proportional sensor controller 11 to
      mid-scale of its output range.
PAR  The insertion integrator 20 includes an integrating rate adjust control 22
      which permits adjustment of the integration rate for the insertion
      integrator 20 during set up.
PAR  When operable in the proportional only mode, the insertion integrator 20
      follows the command signal so that the transfer from proportional to
      proportional plus integral mode can be made without an immediate change in
      the output signal supplied to the actuator 12 by the insertion integrator
      20.
PAR  By way of illustration, the proportional sensor controller may be the Type
      R93, commercially available from Penn Controls, Inc. The proportional
      sensor controller provides a DC command signal over a range of 0 to -16
      volts. The actuator 12 may be a motor actuator circuit such as the type
      disclosed in the U.S. Pat. No. 3,742,327, of R. G. Nettles, which was
      issued on June 26, 1973. In a preferred configuration, the motor actuator
      circuit 12 supplies a -24 volt DC power signal to the proportional sensor
      controller 11 over conductors 14 and 15, conductor 14 being connected to
      ground and conductor 15 being connected to a -24 volt output of the motor
      actuator 12. A preferred embodiment for the insertion integrator 20,
      provided by the present invention, is described in the following detailed
      description which makes reference to FIG. 3 of the drawings.
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 3, the insertion integrator 20 includes an amplifier
      circuit 31 having an input stage 32 consisting of an operational amplifier
      33 and an output stage 34 including transistors Q1 and Q2. The insertion
      integrator circuit 20 further includes an input network 35 including
      resistors R2-R11, which permit the command signal and a reference signal
      to be extended to the operational amplifier, and a mode select switch S1.
      The operational amplifier 33 may for example, be the type 776 programmable
      operational amplifier, commercially available from Fairchild
      Semiconductor. The operational amplifier 33 has a pair of signal inputs 36
      and 37, which correspond to pins 2 and 3, respectively, of the commercial
      unit and an output 38 which corresponds to pin 6 of the amplifier 33.
PAR  Power is supplied to the insertion integrator circuit 20 from the actuator
      12, shown in FIG. 2, over conductors 14 and 15, which are at ground and
      -24 volt potential, respectively, and via conductors 14A' and 15A'.
      Conductor 14A' is connected to an input terminal 14B of the insertion
      integrator circuit, and conductor 14A", which extends conductor 14A' to
      the sensor controller, is connected to terminal 14C of the insertion
      integrator circuit 10. Similarly, conductor 15A' is connected to terminal
      15B of the insertion integrator circuit 10, and conductor 15A" which
      extends conductor 15B to the sensor controller 11, is connected to
      terminal 15C of the insertion integrator circuit 10.
PAR  Current is supplied to the insertion integrator circuit 10 through a
      resistor R1 and a Zener diode Z1 clamps the voltage of point F at -16
      volts. Resistors R2-R3, which are connected in series between point F and
      conductor 14A', establish a reference potential of approximately -8 volts
      at point A.
PAR  A potentiometer R5 and a resistor R9 are connected in series between points
      A and B. Resistors R6-R8 are connected in series between a wiper 40 of
      potentiometer R5 and the signal input 36 of the operational amplifier 33.
      Resistors R10 and R11 are connected between point B and the signal input
      37 of the amplifier 33.
PAR  The command signal provided by the proportional sensor controller 11, shown
      in FIG. 2, is extended to the insertion integrator circuit 20 over
      conductor 16A, input terminal 16C of the insertion integrator 10 and over
      a resistor R4 to point B.
PAR  Resistor R4 is equal to the sum of resistors R5 and R9 so that the voltage
      at point B is at a level that is half way between Vin and the -8 volt
      potential at point A. This level is fed through resistors R10 and R11 to
      signal input 37 of amplifier 33. This is the proportional component of the
      output signal appearing at terminal 16D when the isertion integrator 10 is
      operable in the proportional plus integral mode. Resistors R10 and R11 are
      equal to resistors R7 and R8, respectively and match the resistance
      feeding signal input 37 of the amplifier to that feeding signal input 36
      of the amplifier to lessen integrator temperature drift. Resistors R7 and
      R8 are the input resistors to the integrator.
PAR  Resistor R5 is a variable voltage divider with end resistance R9. Resistor
      R9 establishes the minimum integrator gain, and resistor R5 provides
      integrator gain adjustment. Resistor R6 allows points B and E to be
      shorted together in the proportional only mode without appreciably
      effecting the voltage at point B.
PAR  Resistors R4, R5 and R9 provide enough resistance so that the voltage at
      terminal 16C does not appreciably affect the -8 volt reference potential
      at point A. Resistors R6, R7, R8, R10 and R11 are of high enough
      resistance so as not to appreciably affect the voltage at point B.
PAR  The amplifier circuit 31 includes an integrating network 44 which enables
      the insertion integrator 20 to provide a component proportional to the
      time integral of the command signal, referenced to the reference voltage
      at point A, whenever the insertion integrator 20 is operable in the
      proportional plus integral mode. The network 44 comprises a resistor R12
      and an integrating capacitor C2 which are connected in series between
      signal input 36 of the amplifier 33 and the output of the amplifier
      circuit 31 at point E, which is coupled over capacitor C1 to the output 38
      of the operational amplifier 33. Resistor R12 is chosen small enough to
      have small effect on integrator action but limits current into the signal
      input 36 of the amplifier 33.
PAR  The operational amplifier 33 is followed by an output stage 34 consisting
      of resistors R15-R18, capacitor C1 and transistors Q1 and Q2.
PAR  Power is supplied to the operational amplifier 33 over resistor R16 which
      is connected between conductor 14A' and a positive supply terminal 43 of
      the amplifier 33 and a resistor R18 which is connected through resistor R1
      between conductor 15A' and the negative supply terminal 44 of the
      amplifier 33.
PAR  Transistor Q1, which is normally non-conducting, has its emitter-base
      circuit connected in shunt with resistor R16 and its collector connected
      to point E at the output of the amplifier circuit 31. Similarly,
      transistor Q2, which is normally non-conducting, has its base-emitter
      circuit connected in shunt with resistor R18 and its collector connected
      to point E at the output of the amplifier circuit 31.
PAR  Resistors R15 and R17 are connected in series between conductor 14A' and
      resistor R1, which in turn is connected to conductor 15A'. Resistors R15
      and R17 serve as load resistors for the amplifier 33. A resistor R20 is
      connected between the output of the amplifier circuit 31 at point E and
      ground via conductor 14A'.
PAR  Whenever a positive output swing is called for by the operational amplifier
      33, the amplifier 33 draws current from input 43 and delivers the current
      to the load resistors R15 and R17 at the output terminal 38. When the
      voltage drop across resistor R16 increases due to such demand, transistor
      Q1 is turned on causing the output signal to swing in the positive
      direction.
PAR  Transistor Q2 operates in a similar way to supply power to the load from
      the negative supply for negative swings. Capacitor C1, which is connected
      between output 38 of the operational amplifier 33 and an output terminal
      16D of the integrating circuit 20 at point E, provides frequency
      compensation for the insertion integrator 20.
PAR  The operational amplifier 33 has a programmable control input 45, pin 8 of
      the commercial unit, which is connected to the -16 volt supply at point F,
      over resistors R13 and R14. The operational amplifier 33 is turned on
      whenever current is drawn from terminal 45. Interruption of current flow
      from terminal 45 is achieved by connecting point C to ground through
      switch S1. This causes the operational amplifier 33 to be turned off,
      thereby disabling the insertion integrator circuit 20. When amplifier 33
      is turned off, little or no current flows to the supply terminals 43 and
      44. Thus, no base current is suppled to transistors Q1 or Q2, and
      accordingly, transistors Q1 and Q2 are then non-conducting. As will be
      described hereinafter, the mode select switch S1 controls the operational
      state of the amplifier 33.
PAR  The insertion integrator circuit 20 is operable in proportional only and
      proportional plus integral modes under the control of the mode select
      switch S1. The mode select switch S1, illustrated in FIG. 3, provides
      connections for the proportional plus integral mode of operation for the
      insertion integrator circuit 20. The illustrated mode select switch S1 is
      a triple pole double throw toggle switch. The switch S1 has a first pole
      51 and associated contacts 52, 53, a second pole 54 having an associated
      contact 55 and a third pole 56 having an associated contact 57.
PAR  In the proportional plus integral mode position, pole 51 and associated
      contact 52 short resistor R6. The wiper 40 is then directly connected to
      the input resistors R7 and R8 which supply the integrating current to
      capacitor C2. Poles 54 and 56 are unconnected in the proportional plus
      integral mode.
PAR  In the proportional only mode, pole 51 and associated contact 53 serve to
      connect point B to the junction of resistors R6 and R7 at signal input 36
      of the operational amplifier 33 to enable the command signal to be
      extended to the integrating network 44, permitting the insertion
      integrator capacitor C2 to follow the command signal while the insertion
      integrator circuit is operable in the proportional only mode. Accordingly,
      when the switch S1 is moved to the proportional plus integral position,
      there will be no instantaneous change in the charge of the capacitor C2,
      and hence, no significant bump in the output signal provided by the
      insertion integrator circuit 20.
PAR  When switch S1 is in the proportional only position, pole 54 and associated
      contact 55 connect ground extended over conductor 14A' to the junction of
      resistors R13 and R14 at the control input 45 of the operational amplifier
      33 to disable the amplifier 33. Moreover, pole 56 and associated contact
      57 connect the input of the insertion integrator circuit 20 at terminal
      16C to the output of the insertion integrator circuit 20 at terminal 16D
      to enable the command signal provided by the proportional sensor
      controller 11 to be extended directly to the actuator 12.
PAC  Operation of the Insertion Integrator
PAR  For purposes of illustration of the operation of the insertion integrator
      20, it is assumed that the mode select switch S1 is initially positioned
      to enable the insertion integrator 20 to provide proportional plus
      integral operation. In such position, the switch S1 shorts out resistor R6
      and disconnects point C from ground so that the operational amplifier 33
      is biased for normal operation. In addition, the switch S1 opens the
      connection between the input terminal 16C and output terminal 16D of the
      insertion integrator 20.
PAR  The voltage divider circuit 39 maintains point A at a -8 volt potential.
      The command signal is referenced to this -8 volt level. Accordingly, since
      the value of resistor R4 equals the sum of resistors R5 and R9, the
      combined value of the voltage VB at point B is maintained at a level 1/2
      (Vin -8) volts by the voltage divider circuit 41. The reference voltage
      serves to reduce the gain of the command signal supplied to the amplifier
      circuit 31 by 50%, in the exemplary embodiment, providing a corresponding
      decrease in the proportional component of the output signal provided by
      the insertion integrator 20. The voltage VB is the proportional component
      of the signal output Vout of the insertion integrator 20 when the
      insertion integrator is operable in the proportional plus integral mode.
PAR  The signal input supplied to the input 36 of the operational amplifier 33
      is the voltage VD-VB which is equal to -K (Vin +8) volts, the
      proportionality constant K being determined by potentiometer R5. The lower
      limit of K is established by resistor R9.
PAR  The integral component of the output signal Vout is the voltage across
      capacitor C2 which is the time integral of the voltage VD-VB. Since the
      summing junction is at the same potential as point B, the charging current
      into the integrating capacitor is: i = -(K/[R7 +r8]) (Vin +8 volts).
PAR  The signal Vout provided by the insertion integrator is: Vout = VB -
      1/C2.intg.i dt = 1/2 (Vin -8 volts) + [K/(R7 +R8)] [1/C1].intg.(Vin +8
      volts) dt. The current i is normally so small that the voltage drop across
      resistor R12 is neglected.
PAR  In operation, the dc command signal increases as the result of a decrease
      in the controlled variable. As the voltage at input terminal 16C increases
      relative to the reference voltage, the insertion integrator 20 provides a
      positive output signal drawing current for the amplifier 33 from the
      positive supply conductor 14 over conductor 14A' and resistor R16 to
      positive supply input 43. As the current through resistor R16 increases,
      transistor Q1 conducts, supplying an increasing voltage to the load. Also,
      capacitor C2 charges at a rate proportional to a voltage VA-VB. Thus, the
      insertion integrator 20 provides an output signal Vout at terminal 16D
      thereof, having a proportional component 1/2 (Vin -8 volts) and an
      integral component [K/r7 +R8)] [1/C2].intg.(Vin +8 volts) dt which is
      extended to the actuator 12 (FIG. 2). The actuator 12 responsively effects
      a change in the manipulated variable, such as the positioning of a damper,
      to effect a change in the controlled variable to return the controlled
      variable to the set point established by the set point control of the
      proportional sensor controller 11.
PAR  In a similar manner, when the command signal decreases relative to the
      reference signal, the insertion integrator 20 provides a decreasing output
      signal having a proportional and an integral component, with transistor Q2
      being turned on to supply current to the load.
PAR  When the switch S1 is moved to the proportional only mode, the switch S1
      connects point C to ground via conductors 14A' and 14 so that the
      operational amplifier 33 effectively becomes open-circuited between all
      terminals and is thus disabled. In addition, switch S1 interconnects the
      input terminal 16C and the output terminal 16D of the insertion integrator
      20 to enable the command signal provided by the proportional sensor 11 to
      be extended directly to the actuator 12.
PAR  Moreover, switch S1 connects point B to the junction of resistors R6 and R7
      at the input 36 of the operational amplifier 33 to which the integrating
      network 44 is connected. Accordingly, while the insertion integrator 20 is
      operating in the proportional only mode, capacitor C2 of the integrating
      network 44 is permitted to charge over resistors R7, R8 and R12 to a
      potential equal to Vout -VB. Thus, when insertion integrator 20 is
      subsequently switched to the proportional plus integral mode, there is no
      significant jump in the level of the output signal Vout provided by the
      insertion integrator 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process control system, having a proportional control loop
      including sensor means for monitoring a controlled variable and for
      providing a linearly changing command signal indicating deviations of the
      controlled variable from a system set point, and actuator means responsive
      to the command signal to control a manipulated variable to effect a change
      in the controlled variable to return the controlled variable to the set
      point, an insertion integrator means interposed between an output of said
      sensor means and an input of said actuator means, said insertion
      integrator means including integrating amplifier means having an
      integrating network, and input means for extending said command signal to
      said amplifier means, switching means for enabling said insertion
      integrator means to be operable in a proportional plus integral mode in
      which said amplifier means is enabled to be responsive to said command
      signal to provide a modified command signal for said actuator means having
      a proportional component that varies linearly with said command signal and
      an integral component that varies in proportion with the time integral of
      said command signal, said switching means being operable to disable said
      amplifier means to cause said insertion integrator means to be operable in
      a proportional only mode in which said switching means connects said
      output of said sensor means to said input of said actuator means to permit
      said command signal to be extended directly to said actuator means and
      causes said command signal to be extended to said integrating network to
      permit said integrating network to follow said command signal while said
      insertion integrator means is operable in said proportional only mode to
      thereby permit bumpless transfer of said insertion integrator means from
      said proportional only mode to said proportional plus integral mode.
NUM  2.
PAR  2. A process control system as set forth in claim 1 wherein said sensor
      means is operable to provide a dc command signal, said input means
      including reference means for establishing a further set point of a
      predetermined value for said insertion integrator means to enable said
      amplifier means to provide a modified command signal of a first polarity
      whenever said command signal is greater than said further set point value
      and to provide a modified command signal of the opposite polarity whenever
      said command signal is less than said further set point value.
NUM  3.
PAR  3. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and actuator means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, an
      insertion integrator means interposed between said sensor means and said
      actuator means, said insertion integrator means including differential
      amplifier means having an integrating network connected between an output
      and an input of said differential amplifier means, and input means for
      extending said command signal to said amplifier means, said insertion
      integrator means being operable in a proportional plus integral mode to be
      responsive to said command signal to provide a modified command signal for
      said actuator means, said modified command signal having a proportional
      component that varies linearly with the command signal and an integral
      component that varies in proportion with the time integral of the command
      signal, said insertion integrator means including first means for reducing
      the amplitude of the command signal extended to said amplifier means by a
      predetermined amount whenever said insertion integrator means is operable
      in said proportional plus integral mode whereby the amplitude of the
      proportional component of said modified command signal is a predetermined
      amount less than the command signal provided by said sensor means, said
      insertion integrator means being operable in a proportional only mode to
      extend said command signal directly to said actuator means, and switching
      means for selecting the mode of operation of said insertion integrator
      means.
NUM  4.
PAR  4. A process control system as set forth in claim 3 wherein said switching
      means includes a switch manually operable to effect the enabling of said
      differential amplifier means to permit said insertion integrator means to
      be operable in said proportional plus integral mode and to effect
      disabling of said differential amplifier means to permit said insertion
      integrator means to be operable in said proportional only mode.
NUM  5.
PAR  5. A process control system as set forth in claim 4 wherein said switch is
      manually operable to connect said integrating network between an input and
      an output of said insertion integrator means for permitting said command
      signal to be extended to said integrating network to thereby enable said
      integrating network to follow said command signal whenever said insertion
      integrator means is operable in said proportional only mode of thereby
      permit bumpless transfer of said insertion integrator means from said
      proportional only mode to said proportional plus integral mode.
NUM  6.
PAR  6. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal which is variable over a predetermined
      proportional range for indicating deviations of the controlled variable
      from a system set point, and actuator means responsive to the command
      signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, an
      insertion integrator means interposed between an output of said sensor
      means and an input of said actuator means, said insertion integrator means
      comprising circuit means for providing a reference signal which
      corresponds in amplitude to the center of said proportional range for
      establishing a further set point for said insertion integrator means, and
      integrating amplifier means having an input connected to receive said
      reference signal and said command signal and operable when enabled to be
      responsive to said command signal and said reference signal to provide a
      modified command signal having a first component that is proportional to
      said command signal referenced to said further set point and a second
      component that is proportional to the time integral of said command signal
      referenced to said further set point, and switching means operable in a
      first mode to enable said amplifier means, said switching means being
      operable in a second mode to disable said amplifier means and to connect
      said output of said sensor means to said input of said actuator means to
      thereby extend said command signal directly to said actuator means.
NUM  7.
PAR  7. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal which is variable over a predetermined
      proportional range for indicating deviations of the controlled variable
      from a system set point, and actuator means responsive to the command
      signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, an
      insertion integrator means interposed between said sensor means and said
      actuator means, said insertion integrator means comprising first means
      including means for providing a reference signal corresponding in
      amplitude to the center of said proportional range to establish a further
      set point for said insertion integrator means, and second means operable
      when enabled to be responsive to said command signal to provide a modified
      command signal having a first component that is proportional to said
      command signal referenced to said further set point and a second component
      that is proportional to the time integral of said command signal
      referenced to said further set point, and switching means operable in a
      first mode to extend said command signal to said second means and to
      enable said second means to provide said modified command signal for said
      actuator means, said switching means being operable in a second mode to
      disable said second means and to extend said command signal directly to
      said actuator means.
NUM  8.
PAR  8. A process control system as set forth in claim 7 wherein said second
      means includes operational amplifier means having first and second
      differential inputs connected to receive one-half the difference of said
      command signal and said reference signal and the sum of said command
      signal and said reference signal, respectively.
NUM  9.
PAR  9. In a process control system having a proportional control loop including
      sensor means for monitoring a controlled variable and for providing a
      linearly changing command signal indicating deviations of the controlled
      variable from a system set point, and a controller means responsive to the
      command signal to control a manipulated variable to effect a change in the
      controlled variable to return the controlled variable to the set point, an
      insertion integrator means comprising differential amplifier means having
      first and second amplifier inputs and an amplifier output connected to an
      output of said insertion integrator means, first input means connecting
      said first amplifier input to an input of said insertion integrator means
      for receiving said command signal, second input means connected to said
      first and second amplifier inputs, said second input means including third
      means for reducing the amplitude of the command signal provided by said
      sensor means as extended to said insertion integrator means, and an
      integrating network means connected between said amplifier output and said
      second amplifier input, said differential amplifier means being operable
      when enabled to be responsive to said command signal and said reference
      signal whenever said command signal is unequal to said reference signal to
      provide a modified command signal having a proportional component and an
      integral component at said output of said insertion integrator means, and
      switching means operable in a first mode to enable said differential
      amplifier means to provide said modified command signal for said actuator
      means, said switching means being operable in a second mode to disable
      said differential amplifier means and to extend said command signal
      provided by said sensor means directly to said actuator means.
NUM  10.
PAR  10. A process control system as set forth in claim 9 wherein said
      differential amplifier means comprises an input stage and an output stage,
      said input stage including programmable operational amplifier means having
      a control input connected to a bias source, said switching means being
      operable in said second mode to extend a disabling signal to said control
      input of said differential amplifier means to thereby inhibit the
      operation of said differential amplifier means.
NUM  11.
PAR  11. A process control system as set forth in claim 10 wherein said
      differential amplifier means includes first and second supply inputs,
      first circuit means connecting said first supply input to a positive
      supply and second circuit means connecting said second supply input to a
      negative supply, said first and second circuit means being controlled by
      the modified command signal to supply current from the positive supply to
      said amplifier output whenever the modified command signal is of one
      polarity and to supply current from the negative supply to said amplifier
      output whenever the modified command signal is of the opposite polarity.
NUM  12.
PAR  12. A process control system as set forth in claim 9 wherein said third
      means includes voltage divider means connected across a source of
      potential for providing a reference signal of a predetermined amplitude
      and circuit means interconnecting said first and second amplifier inputs
      and said voltage divider means whereby a signal proportional to the
      difference of said command signal and said reference signal is extended to
      said first amplifier input and a signal proportional to the sum of said
      command signal and said reference signal is extended to said second
      amplifier input.
NUM  13.
PAR  13. In a process control system having a proportional control loop
      including sensor means for monitoring a controlled variable and for
      providing a linearly changing command signal which is variable over a
      predetermined proportional range for indicating deviations of the
      controlled variable from a system set point, and a controller means
      responsive to the command signal to control a manipulated variable to
      effect a change in the controlled variable to return the controlled
      variable to the set point, an insertion integrator means comprising
      differential amplifier means having first and second amplifier inputs and
      an amplifier output connected to an output of said insertion integrator
      means, first input means connecting said first amplifier input to an input
      of said insertion integrator means for receiving said command signal,
      second input means connected to said first and second amplifier inputs to
      extend to said first and second amplifier inputs a reference signal which
      correpsonds in amplitude to the center of said proportional range, and an
      integrating network including capacitor means, connected between said
      amplifier output and said second amplifier input, said differential
      amplifier means being operable when enabled to be responsive to said
      command signal and said reference signal whenever said command signal is
      unequal to said reference signal to provide a modified command signal
      having a proportional component and an integral component at said output
      of said insertion integrator means, and switching means operable in a
      first mode to enable said differential amplifier means to provide said
      modified command signal for said actuator means, said switching means
      being operable in a second mode to disable said differential amplifier
      means and to connect said integrating network between said input and said
      output of said insertion integrator means permitting said command signal
      to be extended to said integrating network to enable said capacitor means
      to charge to a valve proportional to the sum of said command signal and
      said reference signal, said command signal provided by said sensor means
      being extended directly to said actuator means over said switching means
      whenever said switching means is operable in said second mode.
NUM  14.
PAR  14. A process control system as set forth in claim 13 wherein said second
      input means includes means for adjusting the integration rate for said
      insertion integrator means.
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ABST
PAL  A rotatable shaft positioning mechanism is disclosed for use with a
      multiple spindle automatic machine tool having a plurality of rotatable
      spindles in an indexable spindle carrier. A Hall effect sensor is actuated
      by a permanent magnet rotating with each spindle to develop a reference
      signal which starts a counter counting pulse generated by a pulse
      generator connected to the output of a stepping motor. The stepping motor
      is connected to rotate the spindle and when the counter counts out, the
      spindle is stopped at the preset position. The spindle is held in place
      and the machine tool may be operated for performing a machining function
      on a workpiece held in the spindle, for example, a cross drilling
      attachment, cross-tapping attachment or alternatively, the spindle may be
      rotated at a slow speed by the stepping motor to perform a contouring or
      assembling operation on a workpiece in the spindle. The foregoing abstract
      is merely a resume of one general application, is not a complete
      discussion of all principles of operation or applications, and is not to
      be construed as a limitation on the scope of the claimed subject matter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Multiple spindle automatic machines are used where identical parts are
      required to be turned out, for example, by the millions. The typical
      multiple spindle automatic is operated by a cam to control movements of
      the various cross slides and end tool slide to perform the machining
      functions on workpieces held in each of the multiple spindles. Spindle
      stopping has been known wherein a spindle in a single one of the multiple
      spindle positions may be stopped, in order to perform some special
      machining function thereon. In such case a clutch and a brake are provided
      for each spindle to be selectively actuated at a particular spindle
      position of the spindle carrier. Spindle positioning devices have also
      been known, but in general these require the operation of some kind of a
      cam or hydraulic drive and using either a pin or a roller and cam for
      positioning. In both mechanisms the set-up has to be altered if a
      change-over to another machining job has to be made. Furthermore, the
      existing attachments for spindle positioning are rather space consuming
      and therefore, can only be applied to chucking machines and not to bar
      machines which require a hollow spindle for the bar workpieces.
PAR  A Hall effect oscillator has also been known in connection with stopping
      the position of a sewing machine shaft, at either the high point or low
      point of the sewing machine needle. This device directly controlled the
      electrical brake and electrical clutch on the machine tool shaft to
      attempt to position the machine shaft. To position a sewing machine needle
      at either the high point or the low point, the sewing machine shaft might
      be controlled within plus or minus 20.degree. of the desired location and
      this would still be satisfactory, however, this is not satisfactory for
      machine tools. For example, if it is desired to first drill a hole
      perpendicular to the workpiece axis and then later in another spindle
      location it is desired to tap that same cross-hole, then the positioning
      accuracy must be within 1.degree. for each of the two positioning devices,
      otherwise, the tap will be broken. Accordingly, the known devices for
      stopping and positioning a machine shaft at a precise position are not of
      sufficient accuracy.
PAR  Accordingly, an object of the invention is to provide a shaft rotational
      positioning mechanism with a high degree of flexibility, with ease in the
      tooling set-up and with better accuracy.
PAR  Another object of the invention is to provide a spindle positioning
      mechanism which is a universal positioning attachment suitable for
      addition to any one of the spindle positions of a multiple spindle
      automatic machine tool and for use on either bar or chucking machines.
PAR  Another object of the invention is to provide a spindle positioning
      mechanism wherein repetitive positioning during one machine cycle allows
      for several cross operations in one station, such as cross-drilling a
      workpiece from one side and then to deburr it from the opposite side.
PAR  Another object of the invention is to provide a spindle positioning
      mechanism which will permit a contouring operation where the spindle may
      be rotated at a relatively slow speed in connection with a tool moved by a
      cross-slide or an end tool slide.
PAR  Another object of the invention is to provide a spindle positioning
      mechanism utilizing a Hall effect sensor to provide a reference signal or
      pulse.
PAR  Another object of the invention is to provide a spindle positioning
      mechanism wherein a reference signal pulse is developed by a Hall effect
      sensor in accordance with rotation of the spindle and then a pulse
      generator generates a plurality of pulses for each rotation of the spindle
      and these pulses are counted in order to determine the precise position of
      stopping of the spindle.
PAC  SUMMARY OF THE INVENTION
PAR  The invention may be incorporated in a rotatable shaft positioning
      mechanism, comprising, in combination, sensor means, means to establish a
      reference signal output of said sensor means in accordance with rotation
      of the shaft, a motor, means to connect said motor to rotate the shaft,
      means generating a pulse for each minor fraction of a revolution of the
      shaft, and means to control the shaft in accordance with the pulses from
      said generator means.
PAR  Other objects and a fuller understanding of the invention may be had by
      referring to the following description and claims, taken in conjunction
      with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an isometric view of a multiple spindle carrier of a machine tool
      in which the invention is embodied;
PAR  FIG. 2 is a partial vertical elevational view of a multiple automatic
      spindle machine tool embodying the invention;
PAR  FIG. 3 is a plan view of the spindle positioning mechanism;
PAR  FIGS. 4 and 5 are sectional views on lines 4--4 and 5--5 of FIG. 3;
PAR  FIG. 6 is a section through the magnets cooperating with the sensor and
      showing the voltage developed; and
PAR  FIG. 7 is a schematic diagram of the circuit of the spindle positioning
      mechanism.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The figures of the drawing illustrate the preferred embodiment of a
      rotatable shaft positioning mechanism 11 which is shown as positioning a
      spindle 12 in a precise orientation of the spindle relative to a spindle
      carrier 13 and its axis of rotation 14. The spindle carrier 14 in this
      preferred embodiment is a part of a multiple spindle automatic machine
      tool 15 having a frame 16. FIGS. 1 and 2 show the main parts of this
      multiple spindle automatic machine tool 15. The spindle carrier 13 is
      journalled in the frame 16 to be rotatably indexed into a plurality of
      positions equal in number to the number of spindles 12. Six spindles are
      shown in this particular machine 15 although any plurality may be used. A
      drive means motor 18 is provided on the frame to rotate a main cam shaft
      19, a cam drum 20 and a central drive shaft 21. The drive shaft 21 has a
      central gear 22 meshing with and driving individual spindle gears 23 on
      each of the spindles 12. The drive to each individual spindle also
      includes a spindle clutch 24 and a spindle brake 25. These may be
      mechanically actuated, or as shown, they may be electromagnetically
      actuated. With the clutch 24 engaged, drive from the central shaft 21
      effects rotation of the individual spindle and with this clutch disengaged
      and the brake 25 engaged, the individual spindle is stopped.
PAR  The spindle carrier 13 is indexed by an indexing mechanism shown as
      including a Geneva gear and including a locking arm 28 to lock the spindle
      carrier in position after each index. The cam means 20 is used to provide
      reciprocating movement of an end tool slide 30 which moves parallel to the
      spindle carrier axis 14 and carries a tool 31 for operating on a workpiece
      32 in any selected spindle position of the carrier 13. Workpieces could be
      provided in each spindle, but are omitted for clarity in the FIG. 1. The
      cam means 20 also reciprocates a plurality of cross-slides including the
      cross-slides 33 and 34 shown in FIG. 2. Two of the spindle positioning
      mechanisms 11 are shown in FIG. 1, one for each of two spindle positions
      of the spindle carrier 13.
PAR  FIGS. 3, 4 and 5 show in greater detail the spindle positioning mechanism
      11 as used with one of the spindles 12. This spindle 12 has a spindle tube
      38 through which bar stock may be fed if this is an automatic bar machine,
      which requires a hollow spindle in order to feed the long bars from which
      the workpieces are successively cut. A motor 40 is provided for the
      spindle positioning mechanism 11 and this is a stepping motor in this
      preferred embodiment. The motor 40 drives through a speed reducing device
      41 to a gear 42. FIG. 4 shows that this gear 42 may selectively be in mesh
      with a gear 43 on the spindle 12. This FIG. 4 also shows the bar 32 from
      which the workpiece is cut at the front end of the spindle 12. The motor
      40 and speed reducer 41 are mounted on a plate 44 pivoted at 45 from the
      machine frame 16. A fluid cylinder 46 has an internal piston connected to
      a piston rod 47 which is pivoted at 48 to an intermediate point on an arm
      49 which in turn is pivoted at 50 to the frame 16.
PAR  When fluid is admitted to the cylinder 46 to move the piston rod 47 to the
      right, then the plate 44 is moved to the left as shown in the solid lines
      in FIG. 4 and the gears 42 and 43 are in mesh. The proper engagement of
      the gear teeth so as to eliminate backlash is provided by a stop screw 51.
      When the fluid is admitted to the cylinder 46 to move the piston rod 47 to
      the left, then the arm 49 pivots clockwise and the plate 44 is pulled
      counterclockwise to the dotted line position 44A which disengages the
      gears 42 and 43. This is a clutch means to engage and disengage the
      spindle positioning mechanism 11 from the particular one of the six
      spindle gears 43 on the six spindles of the spindle carrier 13. This
      clutching means is required because the spindle positioning mechanism 11
      must be disengaged from a particular spindle gear so that the spindle
      carrier 13 may be indexed by the indexing mechanism 27. Then when the next
      spindle has been indexed into the spindle position for which the mechanism
      11 is provided, the clutching means is actuated to engage the gears 42,
      43. In that way the spindle positioning mechanism 11 may be used
      successively with each of the six spindles in the carrier 13 and may be
      used to precisely position the rotational position of each of the spindles
      in turn.
PAR  FIG. 5 shows in greater detail a sensor means 58 which is used to provide
      the reference pulse signal once per revolution of the respective spindle.
      An arm 54 is pivoted at 55 to the plate 44 and held in place by an
      adjusting screw 56. The sensor means 58 is in this preferred embodiment a
      Hall effect sensor which is a flat wafer or crystal having a thin
      thickness dimension relative to the width and length. The thickness
      dimension is shown in FIG. 5. The sensor 58 is held between two
      magnetically permeable semi-cylindrical shoes 59 to direct flux through
      the Hall effect sensor in a direction parallel to its thickness dimension.
      The sensor 58 is activated by a change in magnetic flux and in this
      preferred embodiment, this is effected by a pair of permanent magnets 60,
      61 which are generally cylindrical and held in a non-magnetic ring 62. The
      ring 62 is mounted by screws 63 to a second ring 64 which is keyed at 65
      to the spindle tube 38. Jack screws 66 can be adjusted to establish the
      center line of the permanent magnets 60, 61 directly on the centerline of
      the key 65 so as to have a reference line which intersects the spindle
      axis 67, and as will later be shown, also intersects the spindle carrier
      axis 14. As better shown in FIG. 3, there is an air gap 69 between the
      sensor 58 and the permanent magnets 60, 61. This air gap may be radial or
      as shown in the preferred embodiment may be an axial air gap. FIG. 6 also
      diagrammatically shows the support arrangement for the magnets and the
      sensor 58 and shows that in this preferred embodiment the permanent
      magnets 60, 61 are oppositely poled for opposite poles at the pole faces
      adjacent the air gap. A magnetic bar 68 may be used to provide a better
      flux path for the flux of the magnets which jumps the air gap 69 and
      passes through the semi-cylindrical shoes 59 to thread through the Hall
      effect sensor 58 in a direction substantially parallel to the thickness
      dimension of the sensor and substantially perpendicular to the air gap 69.
      FIG. 6 also shows a typical voltage curve 71 which may be established by
      the relative rotation between the sensor 58 and the permanent magnets 60,
      61. This voltage curve 71 is plotted with voltage on the abscissa and
      relative movement along the ordinate. The Hall device has current
      electrodes along two edges so that current flows through the width
      dimension of the Hall crystal. Then when a changing flux is impressed on
      the thickness dimension of this Hall device, a Hall voltage is developed
      across voltage electrodes connected on opposite ends of the length
      dimension of the device. Alternative arrangements of the magnets and the
      Hall sensor may be used but this one has been found to be quite
      satisfactory and the reference pulse signal 71 is developed as a peak
      output voltage from the sensor 58 as the magnets pass this sensor.
PAR  FIG. 7 shows a schematic block diagram of the spindle positioning mechanism
      11. The spindle carrier 13 is partly shown with a spindle 12 therein being
      that which is to be precisely positioned by the mechanism 11. The stepping
      motor 40 is shown in FIG. 7 as connected through the speed reducer 41 and
      through the motor clutch 42, 43 which is the meshing or disengagement of
      the gears 42, 43, to the spindle 12. The spindle 12 is shown as connected
      to drive the transducer or Hall effect sensor 58 which is connected
      through a pulse shaping circuit 75 to a set input 76 of a counter 77. The
      counter 77 also has a pulse input 78 from a rotary pulse generator 79
      driven from the output shaft of the stepping motor 40. The connection from
      the generator 79 to the counter input 78 includes a divide by 16 device 80
      so that the counter 77 counts only every 16th pulse generated by the
      generator 79. The counter 77 has an output supplied to a control means 81
      which in turn controls a motor drive circuit 82 through either a high
      speed control 83 or a low speed control 84. Motor drive circuit 82 has an
      output energizing the stepping motor 40. This motor drive circuit is
      controlled by a direction selector 85.
PAR  The pulse generator 79 has an output on a channel 86 to the control means
      81 which also has an input at 87 from an initialization device 88 which
      may include a device such as switches 89 and 90. The control means 81 also
      has a connection 92 to a rotary distributor 93. This distributor is in the
      form of an interrupted slip ring supplying energy over a brush 94 and an
      outer group of conductive segments 96 to the six spindle clutches 24. Also
      a brush 95 makes contact with an inner group of commutator segments 97
      controlling energization to the six spindle brakes 25. As diagrammatically
      illustrated in FIG. 1, this distributor 93 is driven for rotation with the
      spindle carrier 13 for selective energization of the spindle clutch 24 and
      spindle brake 25 both during indexing and during the time that this
      spindle carrier has been locked at a particular spindle position.
PAR  FIG. 7 also shows the tool slide 30 as controlling actuation of a switch 98
      when the slide is in the forward position and a switch 99 when the slide
      30 is in the retracted position. These two switches are connected to
      control the control means 81. The presettable counter 77 has a first index
      register 101, a second index register 102 and may optionally have a
      deceleration register 103. Each of these registers has a decimal to binary
      coded decimal converter 104 connected between the register and the counter
      77.
PAR  The initialization means 88 is also connected through a fluid valve 106 to
      control the motor clutch 42, 43.
PAC  OPERATION
PAR  The drawing illustrates the preferred embodiment of the shaft positioning
      mechanism 11 which may be used to position a spindle or a machine shaft
      with a high degree of accuracy. In one actual machine constructed
      according to the invention, the mechanism 11 had a spindle positioning
      capability of 1.degree., meaning that it could be positioned in any one of
      360 different positions around the spindle axis 67, and had an accuracy of
      + or - 1/10 of a degree for each positioning. A number of motors 40 may be
      used, but one which has been found to be satisfactory is the Model S-225
      stepping motor made by Warner Electric Brake and Clutch Company. This is
      an AC three-phase stepping motor having 71/2 degree increments for each
      step, and having a built-in rotary pulse generator 79 generating a pulse
      for each step which it has moved. This motor has a maximum pulse rate
      before saturation of about 4,000 pulses per second, and with 48 pulses per
      revolution, this gives about 83 revolutions per second or 5,000 rpm of the
      stepping motor 40. The speed reducer 41 can be of any suitable ratio and
      one used in the machine as constructed according to the invention had a
      step-down ratio of 120 to 1. Accordingly, at the maximum speed of the
      stepping motor 40, the spindle 12 is rotated at about 42 rpm. As the
      spindle is rotated by the motor 40, the sensor 58 has only 1 pulse per
      revolution of the spindle. This is a reference signal pulse, which may be
      made more of a rectangular pulse by the pulse-shaping circuit 75, and is
      used at the input 76 to set the counter 77, by transferring the preset
      number from index register 101, for example, into counter 77. With 48
      pulses per revolution of the stepping motor 40 being emitted by the pulse
      generator 79, and only 1 signal pulse per revolution of the spindle from
      the sensor 58, plus taking into consideration the speed reducer of 120:1,
      48 times 120 shows that there will be 5,760 pulses at the input to the
      divider 80 for each reference pulse on the set input 76. After passing
      through the divider 80 which divides by 16, there will be 360 pulses at
      the counter input 78 for each reference pulse on the counter set input 76.
      This ratio is desired because there are 360.degree. per revolution.
PAR  The first index register 101 has thumb wheel switches to set a three digit
      number up to a maximum of 360. This will be presetting a given count in
      this counter 77 and will establish a preset amount of angular rotation
      desired for the spindle 12 after passing a reference point. FIGS. 4 and 5
      show that a reference plane may conveniently be established when the
      spindle key 65 is aligned in the same plane with the spindle carrier axis
      14 and the spindle axis 67. The centerline of the magnets 60, 61 lies
      along this reference plane as adjusted by the jack screws 66. Also the
      adjusting screw 56 may be adjusted to position the Hall effect sensor so
      that the maximum Hall voltage output pulse 71 occurs as the magnets 60, 61
      pass this reference plane.
PAR  The spindle 12 may be precisely positioned for any number of reasons.
      Usually in a multiple spindle automatic machine the spindles 12 all rotate
      simultaneously by means of the central drive gear 22 driving each of the
      spindles through the spindle clutches 24. However, it may be desirable to
      stop the spindle which at that time is in a particular spindle position in
      order to perform a cross drilling, cross-tapping or cross-milling function
      or the like. For example, it may be desired to mill hexagonal or square
      flats upon the workpiece by a mechanism on a cross-slide and the spindle
      must necessarily be stopped before this operation.
PAR  FIG. 2 shows a drill 108 mounted on the cross-slide 33 and this is an
      example of a cross-drilling attachment which in FIG. 2 is shown as having
      the drill 108 moved at a 20.degree. angle relative to the reference plane
      joining the spindle carrier axis 14 and the spindle axis 67. Accordingly,
      an example of an operation of the spindle positioning mechanism 11 is to
      stop the spindle, engage the clutch 42, 43, rotate the spindle by means of
      the stepping motor 40 until a reference pulse signal is obtained from the
      Hall effect sensor 58, then stop the spindle. Because of the random
      meshing of the gears 42, 43 and the random engagement of the spindle drive
      clutch 24, the exact position of the spindle is not known when the spindle
      clutch 24 is disengaged and the spindle brake 25 is engaged. However, the
      position of the spindle is precisely known whenever the reference pulse is
      developed from the Hall effect sensor 58. Accordingly, this reference
      pulse signal is used to set the counter 77 and it then counts down the
      first preset amount set in the first index register 101. In the above
      example with the drill 108 set at a 20.degree. angle to the reference
      plane, the first index register would be set for 20.degree. as shown in
      FIG. 7. If a second operation is desired in this same spindle division,
      such as deburring the opposite end of the cross-drilled hole, then the
      drill 108 may have an enlarged countersinking shoulder thereon remote from
      the cutting tip and the second index register 102 would be used. Since the
      workpiece 32 would need to be rotated 180.degree. after the drilling, the
      second index register would be set for 180.degree. as shown in FIG. 7, and
      then the slide 33 could be moved forwardly for this deburring or
      countersinking operation on the opposite end of the drilled cross hole.
PAR  FIG. 2 also shows a tap 109 mounted on a crossslide 34 for cooperation with
      the spindle in the next adjacent spindle position of the carrier 13. Thus,
      after the cross-hole is drilled, it may be tapped in the next station. It
      however, is shown in FIG. 2 that this tap 109 reciprocates in a horizontal
      plane which is at a 60.degree. angle relative to the reference plane
      formed by the spindle carrier axis 14, the spindle axis 67 and the key 65.
      Accordingly, for the spindle positioning mechanism 11 in use with that
      spindle station, the first index register, not shown, would be set for
      60.degree.. The second index register 102 would not be used and
      accordingly could be set for 60.degree. the same as the first index
      register or could be disabled. As an example, the schematic diagram of
      FIG. 7 will be illustrated as performing the drilling operation by the
      drill 108 in the cross-slide 33. During the indexing motion of the spindle
      carrier 13 by the indexing mechanism 27, there will be relative rotation
      between the brushes 94, 95 and the distributor 93. This may be used to
      de-energize the spindle drive clutch 24 so that the drive from drive means
      18 is interrupted. It also may be used to de-energize the spindle drive
      clutch 24 so that the drive from drive means 18 is interrupted. It also
      may be used to energize the spindle drive brake 25 to bring that
      particular spindle to a halt and this may be accomplished during indexing
      so that the spindle is completely stopped when that particular spindle is
      indexed with the spindle carrier 13 in that spindle station at which the
      positioning mechanism 11 is located. The spindle brake 25 must be
      disengaged prior to the positioning by spindle positioning mechanism 11.
PAR  The indexing locking arm 28 is shown as actuating switch 89 which is a part
      of the initialization means 88, and this starts the entire sequence of
      operation of the spindle positioning mechanism. As stated above, the
      stepping motor 40 may be a Warner S-225 unit which also includes the
      rotary pulse generator 79. This Warner unit also is available commercially
      with a motor drive circuit which includes the motor drive circuit 82, the
      high and low speed controls 83 and 84, the control means 81 and the
      direction selector 85. This initialization means 88 directly controls the
      fluid valve 106 to engage the clutch 42, 43 which means that the gears 42
      and 43 come into mesh. Also this initialization starts the control means
      81 so that the motor drive circuit 82 starts the motor 40 at high speed by
      means of the high speed control 83. The direction selector 85 would be set
      for either clockwise or counter-clockwise rotation whichever is desired.
      As shown in FIG. 2 it would be best to have counter-clockwise rotation of
      20.degree. to reach the desired cutting position relative to the reference
      plane, because if it were to rotate clockwise, it would have to rotate
      160.degree. to reach the proper cutting plane.
PAR  The motor 40 starts out in high speed rapidly accelerating to such high
      speed. Because of the random meshing of the gears, it is not known how far
      the motor will have to rotate the spindle in order to have the reference
      pulse signal from the sensor 58. It may have a minimum of 0.degree. or a
      maximum of 360.degree. before such reference pulse signal is emitted and
      on an average this will be 180.degree.. Upon such reference signal being
      emitted by the sensor 58, this is passed to the start input 76 of the
      counter 77 which then starts to count the pulses coming in on the pulse
      input 78. As explained above, there is one pulse for each degree of
      rotation of the spindle 12 and the first index register 101 starts to
      count down towards zero. In the meantime the stepping motor has been
      running at a maximum rate for a maximum rate of spindle positioning. The
      initialization means 88 has established the control means 81 as emitting a
      first single pulse which steps the stepping motor by one step, in this
      example by 7.5.degree.. From then on the rotary pulse generator emits a
      pulse for each step moved and this is fed back on channel 86 for a minor
      loop control of the stepping motor 40 to keep the motor running with a
      pulse input precisely with each step movement of such motor. The
      successive application of pulses actually makes this motor rotate at a
      substantially constant rate of speed, rather than in discrete steps.
PAR  It takes a finite time to decelerate the stepping motor 40 from its high
      rate of speed and accordingly, a low speed control 84 is provided from
      which the stepping motor 40 may stop without over-running a single step.
      For this purpose the deceleration register 103 may be provided or it may
      be merely an internal control without external access by the machine
      operator. In one embodiment of the positioning mechanism made according to
      the invention, it has been found that the low speed of the motor may be
      360 rpm of the stepping motor which is 3 rpm of the spindle 12. The
      deceleration rate of the spindle may vary due to varying conditions of
      inertia, speed, friction and lubrication. If it takes 2.degree. or
      3.degree. of spindle rotation to stop the spindle from high speed, then
      the deceleration register 103 may be set at some value higher than this
      for safety, for example, 7.degree.. This means that as the motor is
      running at high speed counting down from the 20.degree. in the first index
      register, when the counter reaches 7.degree.  from the reference plane,
      then the motor will decelerate and run at low speed by means of the low
      speed control 84. When the counter does count out to zero, the counter 77
      emits a signal which blocks the next feedback pulse on channel 86 and the
      stepping motor 40, not receiving any more pulses, stops immediately
      without over-running. Accordingly, the spindle 12 is precisely positioned
      for the subsequent cross-drilling operation by the drill 108.
PAR  The drill cross-slide may have switches such as switches 98 and 99 to sense
      the slide forward and the slide retracted conditions as moved by the cam
      means 20. When this cross-drilling operation has been completed, it may be
      desired to rotate the workpiece 32, 180.degree. for a deburring operation
      on the rear of the cross-drilled hole. Accordingly, the control means 81
      is again enabled by the actuation of the slide retract switch 99. A pulse
      is emitted by the control means 81 through the high speed control 83 and
      the motor 40 again accelerates and runs in high speed. The location of the
      spindle is already known for second positioning operation at the same
      spindle station, so it is not necessary to again have a reference pulse
      from the sensor 58. Accordingly, the stepping motor pulse generator 79
      sends pulses directly to the counter 77 and the second index register 102
      is then in control with the pulses on pulse input 78 counting down from
      the second preset condition on this register 102. Again when the spindle
      reaches 7.degree. from the desired location, the deceleration register 103
      establishes deceleration of the stepping motor to the low speed condition
      and then when the second preset position is counted down to zero, the
      stepping motor 40 stops immediately at this location. The deburring or
      counter-sinking operation may then take place by having the drill 108 and
      its countersinking shoulder move forward toward the workpiece 32 and
      return. This will complete the operation of the spindle positioning
      mechanism 11 and accordingly, the fluid valve 106 will be de-activated to
      disengage the clutch 42-43. The positioning mechanism 11 is then in
      condition to have the spindle carrier 13 indexed to the next station.
PAR  During such spindle carrier indexing, normally the spindle drive clutch 24
      would be re-energized in order to drive the spindle from the central drive
      gear 22. However, in this particular case where cross-tapping from the tap
      109 is desired, the spindle would remain stopped and preferably with the
      spindle brake 25 engaged to make sure that this spindle 12 did not rotate
      during the carrier indexing. In this next spindle station with the spindle
      already stopped and its actual location known from the preceding station,
      there is no actual need for a reference pulse being emitted by the sensor
      58. Accordingly, for this next station only the first index register 101
      would be used and would be set at 40.degree.. A 60.degree. orientation of
      the cutting plane relative to the reference plane is required, however, it
      will be remembered that the spindle has already been positioned at
      20.degree. relative to the cutting plane. Accordingly, another 40.degree.
      counter-clockwise rotation is all that is required and hence this first
      index register would be set at 40.degree.. The direction selector would be
      set for counterclockwise rotation and when the switch 89 of the
      initialization means 88 was actuated, which would indicate that the
      carrier indexing had been completed, then the positioning mechanism could
      start. This would mean that the clutch 42,43 would be engaged and the
      stepping motor 40 would accelerate to high speed and run at high speed as
      the counter 77 counted down from 40.degree. to 7.degree.. At the 7.degree.
      point the deceleration register would decelerate the motor to low speed
      and when the counter counted down to zero, the motor would be stopped at
      that step. The last pulse is continued to be applied to this stepping
      motor to provide a locking torque holding the motor in that position. This
      motor acting through the 120:1 speed reducer 41 establishes a quite high
      locking torque on the spindle 12 and this can resist many off center
      cross-machining functions. Additionally the spindle brake 25 may be
      actuated for additional braking torque. The cross-slide 34 would next move
      forwardly to perform the tapping or threading function of the workpiece,
      and then retract, completing this use of the positioning mechanism 11,
      thus clutch 42,43 would be disengaged.
PAR  The spindle positioning mechanism 11 also provides a contouring capability.
      The end tool slide 30 shown in FIG. 1 moving parallel to the spindle
      carrier axis 14, in combination with controlled rotation of the spindle by
      the stepping motor 40, will perform contouring on a workpiece. For
      example, suppose an oil groove 110 is desired to be machined in a
      cylindrical surface either external or internal. The contour of the cam on
      the cam drum 20 will permit controlled movement in an axial direction of
      the tool 31. In such contouring action, the counter 77 is not needed nor
      is the sensor 58, although both may be used as described above if the
      contouring cutting action is to be started at a predetermined location
      around the periphery of the workpiece 32.
PAR  For a contouring action, the stepping motor 40 may be operated in the low
      speed mode, for example, 3 rpm, and the shape of a cam on the cam drum may
      easily be configured to perform the necessary contouring cutting function,
      for example, an oil groove 110 on the cylindrical workpiece surface.
      Alternatively, the cutting tool may be on one of the cross-slides in
      cooperation with the low speed rotation of the motor 40 and this would
      perform a contouring action by changing the radial dimension or depth of
      cut as the workpiece rotated.
PAR  The spindle positioning mechanism 11 provides many novel features and
      provides a high degree of accuracy of controlling the location of the
      spindle 12.
PAR  The spindle positioning mechanism 11 as described has a Hall effect sensor
      58 to establish a pulse or reference signal in accordance with rotation of
      the spindle; namely, 1 reference pulse per revolution of the spindle. Also
      the stepping motor drives a rotary pulse generator 79 and there are many
      pulses generated for each reference signal and this means that the pulse
      generator generates a pulse for each minor fraction of a revolution of the
      spindle. For convenience this has been chosen as generating 5,760 pulses
      for each reference pulse from the sensor 58, but this is merely by way of
      example. The divide by 16 divider 80 then reduces this number of pulses to
      360:1 on the input to the counter 77 so that there is a pulse for each
      degree arc of rotation of the spindle 12. This coincides with the index
      registers 101 and 102 which may be programmed; that is, preset to
      establish a desired location of the spindle for any one of 360.degree.
      around the periphery of the workpiece. Actually, a device as constructed
      in accordance with the invention had such provisions of 1.degree.
      increments of positioning and additionally the spindle positioning
      mechanism was sufficiently accurate to provide a repeatability of setting
      within 0.15.degree. of arc. This is highly important where one intends to
      drill in a first station and then tap in a subsequent station as described
      above. If the drilled cross-hole is not sufficiently closely aligned with
      the translational movement of the tap, then the tap will not be able to
      enter the hole and there is danger of breaking the tap or the workpiece.
      The present invention provides this sufficient accuracy to perform this
      type of machining operation.
PAR  The spindle positioning mechanism 11 provides a means to control the
      spindle 12 in accordance with the pulses from the generator means 79. It
      performs this function by counting the number of pulses emitted by the
      generator 79 and being able to stop the spindle at a precise location in
      accordance with the counted pulses. The fact that there is a speed
      reducing mechanism 41 between this stepping motor and the spindle 12
      assures that there will be a large number of pulses from the pulse
      generator 79 for each revolution of the spindle 12. The Hall effect sensor
      58 emits a reference signal which is applied to the start input 76 of the
      counter 77. Accordingly, when the spindle has reached a reference position
      in the reference plane, then this enables the counter 77 by having it
      start to count the pulses already being applied thereto from the pulse
      generator 79. In this way a reference position of the spindle is known and
      by counting the pulses, a predetermined angle of rotation of the spindle
      may be programmed by presetting the counter and when the counter counts
      down to zero the spindle stops at the preset position. The direction
      selector 85 may establish clockwise or counterclockwise rotation of the
      motor 40. Where the motor is a three phase motor, this may simply be
      accomplished by reversing the phase sequence of energization of the motor
      windings.
PAR  Any number of index registers 101 and 102 may be employed in the counter 77
      so that any multiplicity of successive spindle positionings may be
      accomplished during one spindle position of the spindle carrier 13.
PAR  The spindle drive clutch 24 normally provides rotation of the spindles from
      the drive means 18. However, when the spindle positioning mechanism 11 is
      used with the machine tool 15, then the drive clutch 24 is disengaged and
      the spindle drive brake 25 is engaged in order to stop the spindle,
      preferably during indexing of the spindle carrier 13. Accordingly, the
      initialization means 88 is responsive to the disengagement of the drive
      clutch 24 and is also responsive to the engagement of the drive brake 25
      and subsequent disengagement of the brake 25 in order to engage the motor
      clutch means 42, 43.
PAR  As shown in FIGS. 3, 4 and 5, the magnet means to energize the Hall effect
      sensor 58 includes a pair of magnets in this preferred embodiment. The
      magnet means accordingly are mounted on non-magnetic rings and there is
      one ring for each of the plurality of spindles in the spindle carrier. In
      this way the spindles 12, as they successively move to a particular
      spindle carrier station, may cooperate with the Hall effect sensor 58 and
      the gear 42 may successively cooperate with any one of the plurality of
      spindle gears 43.
PAR  The spindle positioning mechanism of the present invention is far superior
      to any system attempting to use the spindle clutch 24 and spindle brake 25
      to stop the spindle at some supposedly precise location. One reason is the
      large inertia of the parts. In a multiple spindle automatic bar machine,
      the bars from which the workpieces are machined might be 16 feet long to
      start with and of course pieces are successively machined until the bar is
      only a few inches long. This is a large change in mass of the workpiece
      and accordingly is a large change in inertia. Such change in inertia would
      considerably affect the stopping time of the spindle so any system which
      tries to utilize the spindle brake 25 cannot be nearly as precise as the
      present invention. Also the large time constant for the electromagnetic
      clutch and brake 24, 25 precludes rapid operation for precise stopping of
      the spindle 12.
PAR  In this multiple spindle automatic machine tool 15, the spindle positioning
      mechanism may be built into each spindle and rotate with the spindle
      carrier. However, this means six of the spindle positioning devices
      instead of only one and further complicates the problem of supplying
      electrical energy because everything would be mounted on the rotatable
      spindle carrier 13. Accordingly, the mechanism as shown is the preferred
      embodiment. In this spindle positioning mechanism 11, it is not possible
      to have a closed loop system, see FIG. 7, from the spindle through the
      sensor 58 and back to the control of the stepping motor 40. The reason for
      this is because the gears 42, 43 form a clutch and these gears disengage.
      They also re-engage at some random location which is impossible to
      predict. Accordingly, the present invention incorporates an incremental
      system, not an absolute system of feedback in order to complete the
      feedback loop. The present invention also incorporates the minor loop
      including channel 86 around the motor 40 in order to make sure that pulses
      are fed to the motor 40 in the right phase angle of lead so that the motor
      is not fed with pulses faster than it can respond. If it did, then there
      could be a skipping of a pulse which would destroy the accuracy of the
      positioning.
PAR  The shaft positioning mechanism 11 of the invention has been described in
      the preferred embodiment as being used to rotate a spindle in which a
      workpiece is located. The shaft positioning mechanism 11 may also be used
      to rotate other types of shafts for example, a machine tool shaft which
      has a screw meshing with a nut to move a slide. Accordingly, when the
      shaft rotation is precisely controlled and positioned, this will control
      the longitudinal positioning of the slide moved by the nut. With the high
      degree of accuracy obtainable by the present invention; namely, within
      .15.degree., and when multiplied by the longitudinal movement ratio of a
      screw and nut, this could be a positioning accuracy of the slide within
      0.0001 inches or even 0.00001 inches.
PAR  The present disclosure includes that contained in the appended claims, as
      well as that of the foregoing description. Although this invention has
      been described in its preferred form with a certain degree of
      particularity, it is understood that the present disclosure of the
      preferred form has been made only by way of example and that numerous
      changes in the details of construction and the combination and arrangement
      of parts may be resorted to without departing from the spirit and the
      scope of the invention as hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotatable shaft positioning mechanism, comprising in combination,
PA1  sensor means,
PA1  activator means cooperable with said sensor means, means to relatively
      rotate said sensor means and said activator means in accordance with
      rotation of the shaft to establish a reference signal output of said
      sensor means,
PA1  a motor,
PA1  means to connect said motor to rotate the shaft,
PA1  means generating a pulse for each minor fraction of a revolution of the
      shaft,
PA1  and means to control the shaft in accordance with the said reference signal
      output and with the pulses from said generator means.
NUM  2.
PAR  2. A positioning mechanism as set forth in claim 1, wherein said pulse
      generator means includes a means driven by said motor, and a speed
      reducing mechanism connected between said motor and the shaft to establish
      a large number of pulses from said pulse generator means for each
      revolution of the shaft.
NUM  3.
PAR  3. A positioning mechanism as set forth in claim 2, wherein said control
      means includes means to count pulses from said generator means output, and
      initialization means to have said control means start said motor to rotate
      the shaft and the reference signal output of said sensor means start said
      counter to control the shaft in accordance with the pulses counted from
      said generator means.
NUM  4.
PAR  4. A positioning mechanism as set forth in claim 3, wherein said counter
      stops the shaft at a first preset location upon the counting of a first
      predetermined number of pulses,
PA1  and means to determine the direction of rotation of the shaft by said
      motor.
NUM  5.
PAR  5. A positioning mechanism as set forth in claim 4, including means to
      count a second predetermined number of pulses from the pulse generator
      means in accordance with rotation of the shaft in the determined
      direction.
NUM  6.
PAR  6. A positioning mechanism as set forth in claim 3, wherein said counter
      means has a first input connected to said pulse generator means and has a
      second input connected to said sensor means.
NUM  7.
PAR  7. A positioning mechanism as set forth in claim 3, wherein said motor
      connecting means includes motor clutch means.
NUM  8.
PAR  8. A positioning mechanism as set forth in claim 7, including drive means
      to rotate the shaft,
PA1  a drive clutch in said drive means,
PA1  and said initialization means being responsive to disengagement of said
      drive clutch to engage said motor clutch means.
NUM  9.
PAR  9. A positioning mechanism as set forth in claim 8, including a brake in
      said drive means,
PA1  and said initialization means being responsive to engagement and
      disengagement of said brake.
NUM  10.
PAR  10. A positioning mechanism as set forth in claim 5, including cam means
      connected to move a tool carrier, means to actuate said cam means to move
      the tool carrier to perform a first work cycle on a workpiece moved by
      rotation of the shaft,
PA1  means to preset a second count in said counter,
PA1  means to actuate said initialization means a second time to activate said
      control means to start and rotate said motor a second time to count said
      second preset amount of pulses in said counter and then stopping said
      motor and the shaft at a second preset location,
PA1  and means to actuate said cam means to move said tool carrier to perform a
      second work cycle on a workpiece moved by rotation of the shaft.
NUM  11.
PAR  11. A positioning mechanism as set forth in claim 1, including drive means
      to drive the shaft,
PA1  cam means to move a tool carrier relative to the spindle,
PA1  means mounting a tool on the tool carrier,
PA1  and said control means being connected to control the motor to rotate the
      shaft independently of the drive means and in timed relationship to the
      movement of the tool carrier by the cam means to perform a contouring
      cutting action on the workpiece rotated by the shaft.
NUM  12.
PAR  12. A positioning mechanism as set forth in claim 1, wherein said motor is
      a stepping motor,
PA1  said control means including means to count pulses from said generator
      means output,
PA1  and means to continuously apply the last counted pulse to said motor to
      develop a motor holding torque.
NUM  13.
PAR  13. A positioning mechanism as set forth in claim 1, including means to
      move a tool carrier relative to the shaft,
PA1  means mounting a tool on the tool carrier,
PA1  and said control means being connected to control the rotation of the shaft
      by said motor and in timed relationship to the movement of the tool
      carrier to perform a contouring cutting action on a workpiece moved by
      rotation of the shaft.
NUM  14.
PAR  14. A positioning mechanism as set forth in claim 13, wherein said control
      means controls the motor to rotate the shaft at a substantially constant
      speed.
NUM  15.
PAR  15. A positioning mechanism as set forth in claim 13, including means to
      select a high or a low speed rotation of the shaft by said motor.
NUM  16.
PAR  16. A positioning mechanism as set forth in claim 15, wherein said control
      means includes a means to stop the shaft by decelerating from the high
      speed condition to a low speed condition and then stopping the shaft upon
      a given number of pulses from said generator means.
NUM  17.
PAR  17. A spindle positioning mechanism for use with a multiple spindle
      automatic machine tool having a plurality of spindles in an indexable
      spindle carrier and driven from drive means, and with cam means to move a
      tool carrier relative to the spindles, comprising in combination,
PA1  sensor means,
PA1  activator means cooperable with said sensor means,
PA1  means to relatively rotate said sensor means and said activator means to
      establish a pulse output of said sensor means in accordance with rotation
      of one of the spindles,
PA1  motor means separate from the drive means,
PA1  means to connect said motor means to rotate one of the spindles,
PA1  a tool moved with the tool carrier,
PA1  and means to control said motor means in accordance with said sensor means
      pulse output and with a pulse from said sensor means to rotate the spindle
      independently of the drive means and in timed relationship to the movement
      of the tool carrier by the cam means to perform a contouring cutting
      action on a workpiece in the spindle.
NUM  18.
PAR  18. A spindle positioning mechanism as set forth in claim 17, wherein said
      control means includes means to operate said motor means at a
      substantially constant relatively slow speed to combine with the shape of
      the cam means to establish a desired contouring cutting action.
NUM  19.
PAR  19. A spindle positioning mechanism for use with a multiple spindle
      automatic machine tool having a plurality of spindles in an indexable
      spindle carrier and driven from drive means, comprising in combination,
PA1  Hall effect sensor means,
PA1  magnet means,
PA1  means providing relative rotation between said means in accordance with
      rotation of one of the spindles to establish a pulse output of said sensor
      means,
PA1  motor means,
PA1  means to connect said motor means to rotate one of the spindles,
PA1  and means to control said motor means in accordance with a pulse from said
      sensor means.
NUM  20.
PAR  20. A spindle positioning mechanism as set forth in claim 19, wherein said
      magnet means includes a pair of permanent magnets closely spaced relative
      to the diameter of a spindle.
NUM  21.
PAR  21. A spindle positioning mechanism as set forth in claim 23, wherein said
      permanent magnets are substantially parallel and are oppositely poled.
NUM  22.
PAR  22. A spindle positioning mechanism as set forth in claim 19, wherein said
      magnet means includes two opposite pole faces closely spaced relative to
      the diameter of a spindle and with the pole faces adjacent the air gap
      between a rotatable spindle and the frame of the machine tool.
NUM  23.
PAR  23. A spindle positioning mechanism as set forth in claim 22, wherein said
      magnet means are mounted on each of the spindles,
PA1  and means mounting said Hall effect sensor means in a magnetically
      permeable member in the machine tool frame to receive flux from said pole
      faces.
NUM  24.
PAR  24. A spindle positioning mechanism as set forth in claim 23, wherein said
      sensor means has a thin thickness dimension relative to the width and
      length thereof,
PA1  said magnetically permeable member establishing a substantially
      semi-cylindrical flux path to the spindle air gap,
PA1  and said mounting means mounting the thickness dimension of said sensor
      means substantially perpendicular to said flux path and to said air gap.
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ABST
PAL  A circuit for detecting and indicating the actual state of charge of a
      storage battery in response to signals sampled from various points in the
      circuit powered by the battery. Such circuit is adapted to calculate the
      open circuit voltage of the battery, it being realized that the open
      circuit voltage is directly proportional to the battery state of charge. A
      function generator is constructed to simulate the characteristic curve of
      the battery relating the internal resistance to the percent charge.
      Feedback is provided from the output of the indicating circuitry to the
      bias point of the function generator for causing the generator to produce
      a signal related to the actual internal resistance of the battery. The
      circuit is adapted to provide a reliable indication of the amount of
      usable energy remaining in the battery, irrespective of the conditions
      under which the battery was discharged.
BSUM
PAR  This invention relates to battery powered systems and more particularly to
      circuits for detecting and indicating the actual state of charge of the
      battery powering such systems.
PAR  In battery powered systems it is desirable to provide some indication of
      the condition of the battery as a measure of the amount of usable energy
      remaining and as a guide to the need for a recharge. Systems utilized in
      battery powered systems known heretofore have not been altogether
      satisfactory in this regard. One known approach utilizes a coulometer, a
      device for integrating battery current through a shunt over a relatively
      long time interval (such as hours or days). In effect, such systems merely
      indicate the difference between ampere hours into and out of the battery,
      and as such are incapable of responding to factors such as the rate of
      discharge which have a definite effect upon the amount of usable energy
      remaining in a battery. As an alternate indicator, the open circuit
      voltage of a battery may be measured to provide an excellent indication of
      the state of charge thereof. However, measuring such voltage to indicate
      state of charge is impractical for two reasons: (a) battery current must
      be zero when the voltage is measured, thus preventing the use of this
      technique during circuit operation and (b) an expanded scale voltmeter is
      required because of the relatively small change in terminal voltage for a
      decided change in battery conditions.
PAR  With the foregoing in mind, it is a general aim of the present invention to
      provide a battery state of charge gauge having a different operational
      mode than those known heretofore adapted to calculate and indicate the
      actual amount of usable energy remaining in the battery, irrespective of
      the conditions under which the battery was discharged. In this regard, it
      is an object of the invention to compute the actual state of charge in
      response to signals sensed from the circuit being powered by the battery.
      An objective in accomplishing the foregoing aim is to provide such a
      circuit which, although inexpensive to manufacture, provides accurate
      results.
PAR  According to a more detailed aspect of the invention, it is an object to
      provide a circuit for calculating the percent charge of a battery in
      response to a signal proportional to the battery current, and utilizing a
      function generator responsive to the circuit result for producing a signal
      relating to the internal resistance of the battery.
DRWD
PAR  Other objects and advantages will become apparent from the following
      detailed description, taken in conjunction with the drawings, in which:
PAR  FIG. 1 is a graph illustrating the open circuit voltage and internal
      resistance of a battery as a function of percent charge; and
PAR  FIG. 2 is a circuit diagram of a battery state of charge gauge exemplifying
      the present invention.
PAR  While the invention will be described in connection with a preferred
      embodiment, it will be understood that there is no intent to limit it to
      that embodiment; but, on the contrary, the intent is to cover all
      alternatives, modifications and equivalents included within the spirit and
      scope of the invention as defined by the appended claims.
PAR  Turning now to the drawings, and particularly to the graph of FIG. 1, it is
      shown that the open circuit voltage of a battery is directly proportional
      to the percent charge thereof. Thus, if such open circuit voltage were
      measured on an expanded scale voltmeter, a precise indication of the
      percent charge would be provided. This, of course, is impossible when the
      circuit is providing power.
PAR  It is well known, however, that the open circuit voltage of a battery may
      be calculated if the battery current and internal resistance are known,
      using the following equation:
EQU  E.sub.open =  E.sub.term + I R                             (1)
PAL  while the terminal voltage and actual battery current may be determined
      with relative ease in a given circuit, the internal resistance term is not
      easily derived. Knowing, however, that both the internal resistance and
      the open circuit voltage of a battery are determinable functions of the
      percent charge of the battery, we have found in accordance with the
      present invention that a circuit can be constructed incorporating these
      functions and usable with measurable or calculatable factors for deriving
      the actual percent charge of the battery.
PAR  Turning now to FIG. 2, there is shown an exemplary embodiment of a circuit
      constructed in accordance with the invention. Initially, it should be
      noted that the embodiment disclosed herein is particularly suitable for
      use with The Electrically Propelled Vehicle described and claimed in our
      application Ser. No. 548,911, filed concurrently herewith and assigned to
      the same assignee as the present invention. Accordingly, portions of the
      specific circuitry disclosed herein for computing the battery current are
      complimentary to the circuitry of that vehicle. Accordingly, for
      illustration herein, corresponding input terminals 21-25 of the battery
      state of charge gauge have been given designation corresponding with the
      battery state of charge gauge 260 shown in FIG. 3 of the aforementioned
      application. It should be recognized, however, that alternate circuit
      techniques may be used, in keeping with the present invention, to produce
      a signal proportional to the battery current.
PAR  The above referenced patent application discloses a motor control for a
      d.c. motor operable in a first mode where the armature current is duty
      cycle controlled and in a second mode where the armature is coupled
      directly to the battery. In addition to armature current, other major
      components of battery current present in that system include the motor
      field current, which in the last mentioned mode becomes negligible, and
      the current drawn by the control circuit. The circuitry 20 is adapted to
      sense and sum these currents. To that end, a first input 21 labeled
      "t.sub.on /T" is in the form of a square wave indicating the operating
      duty cycle of the control. This term is used as a multiplier for the
      average armature crrent when the armature is being duty cycle controlled.
      A second input 22 labeled "Field Mode" is adapted to negate the input 21
      under conditions when the circuit is operating in the field mode, wherein
      the armature is coupled directly to the battery. A third input 23 labeled
      "I.sub.arm " is a signal proportional to the actual armature current
      flowing in the motor. A fourth sensing input 24 labeled "Armature Mode" is
      adapted to provide a current of fixed magnitude simulating the field
      current under conditions when the system is operating in the armature
      mode. Finally, an input 25 labeled "Ramp" extracts a sawtooth ramp signal
      from the vehicle controller for use in producing a variable duty cycle
      signal in the gauge circuitry. Ramp signal generator 33 is shown in dotted
      form, illustrating that the ramp signal may be provided by a conventional
      sawtooth generator internal to the gauge circuitry, if desired. In the
      field mode, the following expression describes the total battery current:
EQU  I = I.sub.arm + I.sub.control                              ( 2)
PAL  wherein field current is considered negligible. By way of contrast, in the
      armature mode the total battery current may be described as follows:
EQU  I = I.sub.arm (t.sub.on T) + I.sub.control +  I.sub.field  ( 3)
PAL  The current sensing circuitry 20 is adapted to sense the mode in which the
      controller is operating and automatically calculate the battery currents.
      It will be appreciated that in different applications the battery current
      may be sensed in a different manner. For example, other circuit
      characteristics might be measured to detect such battery current, or a
      simple shunt could be placed in series with the battery, if desired.
PAR  A first amplifier 28 is provided for modifying the armature current signal
      received via input 23 in response to the mode of operation. In the field
      control mode, the measured armature current corresponds to the battery
      current component due to the armature (100% duty cycle). However, when the
      armature is being duty cycle controlled, the average armature current must
      be multiplied by the duty cycle to obtain the average battery current
      drawn to produce such armature current.
PAR  It should be noted here that the amplifiers illustrated in connection with
      the described embodiment are of the Norton type and are commercially
      available from National Semiconductor as part No. LM3900N. Such amplifiers
      are current controlled devices having a pair of inputs for controlling a
      single ended output. In the illustration, the lower input, which may be
      regarded as a non-inverting input, serves to drive the output voltage
      higher in response to increasing current flow into such input. By way of
      contrast, the upper input, designated with a zero, serves to drive the
      output lower with increasing current into such input. The Norton
      amplifiers are further characterized by approximately a one diode drop
      differential between the inverting and non-inverting inputs due to the
      internal structure of such amplifiers.
PAR  The amplifier 28 has its inverting input supplied from the zero voltage
      bus, the most positive point in the system, and its non-inverting input
      summing the signals on inputs 21 and 22. In the field mode of operation
      the input 22 will be maintained continuously high, thus maintaining the
      output of amplifier 28 high at all times. By way of contrast, in the
      armature control mode, the input 22 will be maintained low, thus allowing
      the amplifier output to respond to the duty cycle signal on input terminal
      21. Thus, the output of amplifier 28 will high for the t.sub.on portion of
      each period in the duty cycle. The effect of the output of amplifier 28
      going high is to allow current flow through resistor 29 to the junction
      formed at the anodes of diodes 30 and 31. The voltage at such junction
      will be controlled by the level of the armature current signal on input
      23. Accordingly, the junction voltage will continue to switch at the duty
      cycle rate between the level of the armature current signal and a negative
      reference signal. As this occurs, diode 31 will alternate, respectively,
      between a forward biased and a reversed biased condition. The capacitor 32
      is adapted to average the pulses coupled through diode 31 and resistor 33
      and therefore the current flowing through resistor 34 will provide a
      measure of the battery current being drawn due to the armature.
PAR  In accordance with the description of the preferred embodiment, it is
      therefore seen that the circuitry described thus far responds to the mode
      of operation of the associated controller and charges the capacitor 32 to
      a voltage which provides a current proportional to the battery current
      being drawn due to the armature circuit, thereby calculating the first
      term in equations 2 and 3. That signal is coupled to a summing junction
      via resistor 34. Additional inputs to the summing junction are from input
      24 through a resistor 35, the input 24 being maintained in a low level in
      the field mode thus negating any input through resistor 35 in such mode.
      However, in the armature mode a current is provided through resistor 35,
      the value of the resistor being selected to cause such current to simulate
      the motor field current. A resistor 36 is coupled between the zero voltage
      bus and the summing junction to simulate the control current, such current
      being treated as constant. A resistor 38, coupled to the ramp signal input
      25, and a diode 39 are provided for transforming the summed currents into
      a signal having a duty cycle proportional to the summed currents. Such
      duty cycle signal will be used in performing a further multiplication.
PAR  The particular ramp signal provided to input 25 initiates at a positive
      level (0 volts) and ramps negatively. Accordingly, when the ramp signal is
      near zero, the positive voltage on capacitor 32 will maintain diode 39 in
      the reverse biased condition. The summing resistors 36, and 35 if active,
      will cause the output of amplifier 40 to be maintained at a low level. As
      the ramp signal ramps downward, a point will be reached when the capacitor
      charge will be negated and the diode 39 will be forward biased drawing
      further current from the junction between resistors 36 and 35. Ultimately,
      the ramp signal will reach a point where the output of amplifier 40 will
      shift to a high level. It will be appreciated that the larger the summed
      currents from resistors 34, 35 and 36, the longer it will take for the
      output of amplifier 40 to switch positively. Accordingly, the output of
      amplifier 40 comprises a train of pulses at the frequency of the ramp
      pulse generator and having a duty cycle proportional to the summed
      currents.
PAR  For producing a signal simulating the internal resistance of the battery, a
      function generator generally indicated at 42 is provided. Such function
      generator includes an arrangement of resistors and diodes, the resistor
      value and the position of the biasing junction being so related to
      approximate the curve R of FIG. 1 by means of linear piecewise
      approximation. Additionally, resistors 70 and 71 add a fixed current
      proportional to internal resistance of the battery at 100% charge. Such
      function generators are well known to those skilled in the art and will
      not be described further herein. It is seen that the function generator
      provides a first input to the summing junction at the inverting input of
      amplifier 44. The second input is provided by amplifier 40 via resistor
      45. It is recalled that the output of amplifier 40 is a variable duty
      cycle signal having a duty cycle proportional to the summed currents. When
      such duty cycle signal is at a high level (the off state of the duty
      cycle) the current through resistor 45 controls over the current provided
      by the function generator and drives the output of amplifier 44 low.
      However, when the output of amplifier 40 is low, the function generator is
      gated on, thereby causing the output of amplifier 44 to follow the signal
      provided by the function generator. If the biasing point 72 formed at the
      commoned cathodes of the diodes in the function generator is biased with a
      signal related to the state of charge of the battery, the output current
      of the function generator, at the summing junction of amplifier 44, will
      be an accurate indication of the internal resistance of the battery. Since
      the signal relating to the internal resistance is gated on and off at the
      duty cycle determined by the summed currents, the output of amplifier 44,
      if averaged, will be proportional to the product of the current and
      resistance i.e. the I R drop within the battery. To that end, the output
      of amplifier 44 is coupled through resistor 46 to the non-inverting input
      of amplifier 48. The amplifier 48 has a negative feedback path including
      the base emitter junction of an emitter follower transistor 49 and an
      integrating capacitor 50. Accordingly, the amplifier 48 will be caused to
      integrate the signal applied to its input, via resistor 46, causing its
      output to average the pulsed signal, thereby providing the necessary
      product. It is seen that the battery is coupled via resistor 63 to the
      inverting input of amplifier 48. This arrangement causes the amplifier 48
      to add a current proportional to the terminal voltage of the battery to
      the aforementioned current proportional to the I R drop within the
      battery. Additionally, resistors 61 and 62 coupled between the positive
      terminal of the battery and the summing junction subtract a current
      proportional to the open circuit voltage of the battery at 0% charge
      thereby achieving the effect of an expanded scale voltmeter. Amplifier 48
      responds to these currents to produce an output signal which is an
      accurate measure of the usable energy within the battery. It will be
      appreciated that the feedback path from amplifier 48 to the common
      cathodes of the function generator 42 causes the function generator to
      produce the proper resistance signal because such output is directly
      related to the battery state of charge. The emitter follower 49 provides
      current gain. The voltage across the resistor 51 is equal to the voltage
      across feedback resistor 52 and thus the current through resistor 51 is
      proportional to the state of charge of the battery. In addition, the
      current in the collector of transistor 55 will be a close approximation of
      the current in resistor 51. A properly calibrated meter 54 is connected to
      respond to that current. The meter face may be calibrated to read percent
      charge directly, thus providing a visual indication of the actual amount
      of usable energy remaining in the battery.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Circuitry for measuring the usable energy present in an electric battery
      comprising, in combination, means for producing a first signal
      proportional to battery current, means responsive to a feedback signal for
      generating a second signal simulating the internal resistance of the
      battery, means for muliplying said first and second signals to produce a
      product signal, means for adding a signal related to the battery terminal
      voltage to said product signal thereby to produce an output signal, said
      output signal being coupled to said generating means to serve as said
      feedback signal, whereby the level of said output signal is a measure of
      the state of charge of the battery.
NUM  2.
PAR  2. A state of charge measuring circuit for use with an electrical battery
      comprising in combination, means for producing a first signal proportional
      to current flow from the battery, means for generating a second signal
      proportional to the internal resistance of the battery at its actual state
      of charge, means for multiplying said first and second signals to produce
      a product signal, means for producing a third signal proportional to the
      loaded terminal voltage of the battery, means for adding the third signal
      to the product signal to produce a sum signal, means for producing a
      fourth signal proportional to the open circuit voltage of the battery at
      0% charge, means for subtracting the fourth signal from the sum signal
      thereby to produce an output signal proportional to the actual state of
      charge of the battery.
NUM  3.
PAR  3. The battery state of charge measuring circuit as set forth in claim 2
      wherein the generating means includes feedback signal means coupled to
      said output thereby to relate said second signal to the actual state of
      charge of the battery.
NUM  4.
PAR  4. The battery state of charge measuring circuit as set forth in claim 2
      wherein the generating means comprises a function generator having a
      biasing input for controlling the magnitude of said second signal, and
      means coupling the output signal to said biasing means for feeding back
      the signal proportional to the state of charge of the battery thereby to
      relate the resistance signal to the actual state of charge of the battery.
NUM  5.
PAR  5. The battery state of charge measuring circuit as set forth in claim 4
      wherein the function generator comprises a linear piecewise approximation
      generator.
NUM  6.
PAR  6. The battery state of charge measuring circuit as set forth in claim 2
      further including indicator means driven by said output signal for showing
      the state of charge of the battery.
NUM  7.
PAR  7. The battery state of charge measuring circuit as set forth in claim 2
      wherein the means for producing the first signal comprises amplifier means
      responsive to the battery current and to a ramp signal for producing an
      output having a duty cycle proportional to the battery current.
NUM  8.
PAR  8. The battery state of charge measuring circuit as set forth in claim 2
      wherein the first signal has a duty cycle proportional to the battery
      current, said multiplying means comprising means for gating the second
      signal on and off in dependence on the duty cycle of said first signal and
      means for integrating the gated signal thereby to produce the product of
      said signals.
NUM  9.
PAR  9. The battery state of charge measuring circuit as set forth in claim 2
      including circuit means drawing current from said battery, wherein said
      means for producing a first signal comprises amplifier means coupled to
      said circuit means for responding to signals in said circuit means to
      indirectly compute said signal proportional to current flow.
NUM  10.
PAR  10. The battery state of charge measuring circuit as set forth in claim 2
      including circuit means drawing current from said battery, said circuit
      means producing a plurality of signals indicative of individual current
      components drawn by said circuit means, said means for producing a first
      signal comprising amplifier means responsive to the plurality of signals
      for computing the total current drawn by said circuit means.
NUM  11.
PAR  11. A battery state of charge gauge for use with a battery comprising in
      combination, means for generating a first signal proportional to the
      current drawn from the battery, means for producing a ramp signal, means
      for combining said first signal and said ramp signal for producing a
      second signal having a duty cycle proportional to the current drawn from
      the battery, function generator means for approximating a characteristic
      curve relating the internal resistance of the battery to its state of
      charge, biasing means coupled to the function generating means for causing
      said function generator to produce a third signal proportional to the
      internal resistance of the battery at its actual state of charge, means
      combining the duty cycle signal and the third signal for producing the
      product thereof, means for generating a fourth signal proportional to the
      actual terminal voltage of the battery, and means for adding said third
      and fourth signals, thereby to produce an output signal proportional to
      the actual state of charge of the battery.
NUM  12.
PAR  12. The battery state of charge gauge as set forth in claim 11 wherein the
      biasing means comprises a feedback connection coupling the output signal
      to the function generating means.
NUM  13.
PAR  13. The battery state of charge gauge as set forth in claim 11 wherein the
      combining means comprises means for gating said third signal on and off in
      dependence upon the duty cycle of said second signal to produce a gated
      signal, and means for integrating the gated signal.
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ABST
PAL  A high frequency power supply circuit for supplying energy to a parallel
      resonant tank circuit and including a pair of serially connected
      capacitors having a common terminal connected to the load. The other
      capacitor terminals are respectively connected to the load through
      saturable reactors. A substantially constant current bias supply circuit
      is connected across the other terminals of the reactors and polarized in a
      manner to produce current flow through the reactors in a direction
      opposite to that produced by the capacitor discharge. The saturable
      reactors may comprise a plurality of annular core members disposed on an
      elongate tubular conductor. Alternatively the reactors may comprise a
      plurality of core members having an axially extending toroidal winding
      therearound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in power supplies and specifically
      to power supplies for delivering high frequency high energy pulses.
PAR  Capacitor discharge systems are commonly employed for the delivery of high
      frequency energy pulses having alternate polarities. A typical application
      for this type of system is to supply energy to induction heating loads
      operating at frequencies in the kilocycle range. Such a load, commonly
      taking the form of a parallel resonant tank circuit, can readily be driven
      by high energy pulses delivered at a repetition rate equal to a
      sub-multiple of the natural resonant frequency of the tank circuit.
      However, although the repetition rate of the delivered pulses can be lower
      than the operating frequency of the tank circuit, the width of the pulses
      should not exceed one-half cycle of the resonant frequency. Thus, pulses
      utilized for driving tank circuits operating at 50 kilocycles, for
      example, must be narrow, not exceeding about 10 microseconds. Furthermore,
      although the repetition rate of the pulses can be lower than the operating
      frequency of the tank circuit, the repetition rate is nevertheless high,
      and the pulse generation demands the use of rapid acting, efficient
      switching elements.
PAR  Some prior art high frequency high power supply systems have employed
      energy storage capacitors which are alternately charged and then
      discharged through the tank circuit. In addition, saturable reactors have
      been employed in the capacitor discharge circuits of such systems. As
      those skilled in the art will appreciate, saturable reactors include a
      saturating ferromagnetic core and manifests its unsaturated impedance
      during portions of the operating cycle wherein the core is not saturated
      and is capable of developing a high rate of change of core flux. On the
      other hand, saturated impedance is manifested when the maximum flux
      density of the core has been reached and the core becomes substantially
      unable to develop any further rate of change of flux. In the saturated
      state, the device behaves essentially as an air core reactor, having an
      inductance comparable to what would prevail in the absence of the core
      material. The core material of such reactors must be capable of the duty
      imposed by frequent excursions in and out of saturation without
      overheating. Secondly, the device must posses a suitably low saturated
      inductance to discharge the capacitor into the load at the required rate.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved system for delivering
      high frequency, high energy pulses of alternate polarity.
PAR  A further object of the invention is to provide a new and improved
      saturable reactor for use in a system for delivering high energy, high
      frequency pulses.
PAR  Another object of the invention is to provide for use in high energy, high
      frequency power supply systems a reactor having moderate levels of core
      loss during very high frequency operation.
PAR  Yet another objective is to provide a reactor system having a high ratio of
      saturated to unsaturated reactance.
PAR  A further object of the invention is to provide a reactor system having
      extremely low saturated reactance commensurate with the delivery of high
      energy pulses of very short duration.
PAR  These and other objects and advantages of the invention will become more
      apparent from the detailed description of the preferred embodiments
      thereof taken with the accompanying drawings.
PAR  In general terms the invention comprises circuit means for supplying high
      frequency power to a load and including an energy storage means, energy
      source means for charging the energy storage means, first switching
      circuit means for periodically connecting the energy source to the energy
      storage means at a frequency related to the high frequency, discharge
      means for discharging the energy storage device into the load, the
      discharge means including saturable reactor means including a plurality of
      annular cores of magnetic material disposed coaxially on a tubular
      conductor. Means may also be provided for cooling the conductor and cores.
      According to an alternate embodiment, a saturable reactor includes a
      toroidal winding disposed axially on a plurality of annular cores.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates a high frequency, high energy, power
      supply system according to the invention;
PAR  FIGS. 2-8 illustrate alternate saturable reactor configurations which may
      be employed in the power supply circuit of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a high frequency, high energy power supply circuit for
      delivering high frequency, high energy impulses to a load 12. In general
      terms, a pair of energy storage means such as capacitors C1 and C2 are
      connected for being alternately charged from DC voltage sources V1 and V2
      respectively, and for being discharged to load 12 through saturable
      reactors L1 and L2. A bias circuit 14 is coupled to each of the reactors
      L1 and L2 to reset the saturable reactors after each energy pulse. The DC
      voltage sources V1 and V2 are illustrated as being batteries but it will
      be appreciated that they may take any suitable form, such as, for example,
      an AC source and rectifiers.
PAR  The capacitors C1 and C2 have a common terminal 18 which is connected to
      the negative terminal of source V1 and the positive terminal of V2 while
      the opposite terminal 20 of capacitor C1 is connected to the positive
      terminal V1 through a first switching device SCR 1 and the opposite
      terminal capacitor C2 is coupled to the negative terminal of V2 through a
      second switching device SCR 2. In this manner, when capacitor C1 is
      charged, terminal 20 will be positive and when capacitor C2 is charged,
      terminal 22 will be negative. The switching devices SCR1 and SCR 2 may
      take any convenient form such as, for example, silicon controlled
      rectifiers the gate electrodes of which may be coupled to a suitable
      trigger circuit 24. As those skilled in the art will appreciate, the
      trigger circuit 24 may be of any well known type which provides gate
      signals to SCR 1 and SCR 2 in a timed sequence such that capacitors C1 and
      C2 will be coupled to voltage sources V1 and V2 for being charged in
      accordance with the desired frequency of the power supply circuit 10.
PAR  The load 12 may be of the type utilized with an induction heating apparatus
      which for example may include an inductor or heating coil L4 and a
      variable capacitor C4 which may be adjusted to meet the particular
      operating conditions. The value of the inductance of L4 and the
      capacitance of C4 determines the resonant frequency of the load circuit 10
      and hence the output frequency at which the power supply 14 will operate.
      Terminal 20 of capacitor C1 is connected to a first terminal 28 of load
      circuit 12 through diode D1 and saturable reactor L1 and terminal 22 of
      capacitor C2 is connected to terminal 30 through diode D2 and saturable
      reactor L2.
PAR  The bias circuit 14 may include a voltage source V3, a current limiting
      resister R3 and a current stabilizing inductor L3 which are connected in
      series with each other and the series combination connected between the
      terminals 28 and 30 of saturable reactors L1 and L2 respectively which
      terminals are on the sides of said reactors opposite to load terminal 26.
      The voltage source V3 may provide a very low voltage level and the
      inductor L3 is preferably sized to maintain substantially constant current
      output during the variations in voltage imposed on the reactors L1 and L2.
PAR  Inductors L5 and L6 may be respectively connected between SCR 1 and
      terminal 20 and SCR 2 and terminal 22. It will be appreciated that the
      capacitance of capacitors C1 and C2 will generally be determined by the
      power requirements of the load 12 and inductors L5 and L6 are provided to
      regulate the charging times of capacitors C1 and C2 to the desired values.
      In addition, inductors L5 and L6 function to turn off their respective
      SCR's 1 and 2 at the completion of the charging cycles of capacitors C1 or
      C2. For example, it will be appreciated that as the capacitor C1 becomes
      charged, the current through inductor L5 will decrease whereby the
      resultant collapse of the field in L5 will generage a self-induced emf
      greater than that of the voltage source V1 whereby SCR 1 will be turned
      off.
PAR  In operation of the circuit illustrated in FIG. 1, SCR 1 and SCR 2 are
      fired in a timed sequence according to the frequency requirement of the
      system. Assume for example that SCR 1 is fired first. This couples
      terminal 20 to the positive terminal of voltage source V1 whereupon
      capacitor C1 begins charging. The saturable reactor L1 presents a
      relatively high impedance to current flow during the charging interval of
      capacitor C1 so that C1 is substantially isolated from load 12. After
      capacitor C1 is fully charged and concurrently with or shortly after the
      time that inductor L5 turns SCR 1 off, a slight current flow will pass to
      reactor L1 causing the latter to saturate thereby presenting a low
      impedance to discharge current from capacitor C1 to the load 12. When this
      discharge current has substantially terminated, the saturable reactor L1
      will be returned to its unsaturated state.
PAR  The bias circuit 14 is coupled to provide a positive current flow from
      terminal 28 to terminal 30 and its parameters are selected so that it will
      provide a substantially constant bias current at all times during the
      operating cycle regardless of the instantaneous voltages applied at the
      terminals. The circuit 14 produces a component of bias current through
      each of the saturable reactors L1 and L2 which is opposite in direction to
      the main load component of current through diode D1 and D2. By properly
      selecting the bias current, the magnetic flux density in each of the
      reactors L1 and L2 can be reduced to an initial desired flux density after
      the completion of its respective power impulse.
PAR  FIG. 2 illustrates a reactor configuration which may be employed as the
      saturable reactors L1 and L2 in the system illustrated in FIG. 1. The
      reactor consists of a core 40 and a winding 41. Core 40 may comprise one
      or more hollow cylindrical members 42 which may be composed of a suitable
      magnetic material having low conductivity such as ferrite. The number of
      members 42 will depend upon the cross-sectional area of core required in
      order to maintain core heating within desirable limits. The use of a low
      conducitivity material is desired in order to minimize eddy current
      losses. The inductor illustrated in FIG. 2 may be disposed in a suitable
      cooling fluid such as silicone oil and when a plurality of core member 42
      are employed, non-magnetic spacers 43 may be disposed between members 42
      to permit the circulation of such cooling fluid. The winding 41 may
      consist of hollow copper tubing wound around core 40 in a toroidal
      configuration and through which a suitable cooling fluid such as water may
      be circulated. Inductors of the type illustrated have been found to be
      satisfactory at pulse repetition rates in excess of 10,000 per second.
PAR  The inductor illustrated in FIG. 3 has been found particularly satisfactory
      for high current low voltage applications where the required saturated
      reactance must be moderately low. The inductor consists of one or more
      cores 51 comprising the sheet strip which is wound directly on a copper
      tube 52 having a suitable outside diameter which comprises the conductor.
      The number of cores 51 which may be employed will be determined by the
      desired total core cross-sectional area. Winding the strip directly on the
      copper tube 52 permits the tube to be cooled by a suitable cooling fluid
      such as water whereby excellent heat transfer from the core material may
      be achieved. In addition, it is possible to operate the core at high
      temperatures since a supporting structure can be provided which isolates
      the high temperature core from any material which might be damaged by such
      heat. An example of a reactor utilizing the structure of FIG. 3 is
      illustrated in FIGS. 4 and 5 wherein a plurality of such section 50 are
      joined by generally U-shaped tubular members 54 which connect the tubes 52
      in a series sinusoidal configuration. The reactor of FIGS. 4 and 5 may be
      suitably energized, such as by conductors 55.
PAR  FIG. 6 illustrates an alternate embodiment employing the reactor sections
      illustrated in FIG. 3. Here the return current path is composed of a
      concentric shell 56 of a suitable conductive material such as copper. One
      end 57 of shell 56 closes on tube 52 and the other end of the shell and
      tube are respectively connected between the energy source and load by the
      symbolized connections 58 and 59. The cores 51 are separated from the
      shell 56 by air or some other suitable insulating material so that the
      reactor will not be short circuited.
PAR  FIG. 7 illustrates a modified form of the reactor section 68, wherein the
      individual wound cores are replaced by annular ferrite core sections 70.
      This configuration is suitable for still higher frequency operations, i.e.
      in the order of 10 Khz. Since the heat transfer characteristics of ferrite
      are relatively poor and since the material is comparatively brittle and
      would be subject to being fractured by the expansion of the central tube
      52, the individual core portions 70 are preferably spaced from the tube 52
      by insulating material which may take any convenient form such as strips
      72 disposed axially along tube 52. It will be understood that the
      individual reactor sections 68 illustrated in FIG. 7 may be interconnected
      in a manner similar to that illustrated in FIGS. 4-6 with respect to the
      core 50 of FIG. 3.
PAR  FIG. 8 illustrates how the inductor portions of FIGS. 3 and 7 and using the
      tubular return path configuration of FIG. 6 may be cooled in the event air
      cooling is not satisfactory. Here the coolant symbolized by the arrow 80
      is delivered to one end of the tube 56' by an inlet connection 81 and
      withdrawn from the opposite end thereof through an outlet connection 82.
      The normally open end of the tube 56' is closed by an insulating closure
      member 83. Coolant symbolized by arrow 84 may also be delivered to the
      interior of tubular member 52.
PAR  Each of the reactor configurations illustrated and discussed hereinabove is
      characterized by the use of a core which can possess very high magnetic
      permeability and rapid switching capability. No gaps or joints are
      incorporated and high performance magnetic materials can be used. Hence
      the unsaturated reactance can be high and the transition to low reactance,
      upon saturation, can be very rapid. In addition, each of the above reactor
      configurations is characterized by windings of simple geometry. Thus, the
      level of reactance in the saturated state can be readily predetermined.
      Furthermore, the configurations and windings are such as to provide low
      values of saturated reactance, as required for rapid capacitor discharges.
      In addition, the reactor configurations, according to the invention,
      readily lend themselves to the application of cooling fluids when
      required. The illustrated reactor core and winding configurations also
      permit excursions into and out of saturation without overheating. In
      addition, the circuit design permits magnetization of the reactor cores to
      occur in only one direction, reducing the duty on the ferro-magnetic
      material.
PAR  While only a few embodiments of the invention have been disclosed, it is
      not intended to be limited thereby but only by the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit means for supplying high frequency power to a load and
      including energy storage means,
PA1  energy source means for charging the energy storage means,
PA1  first switching circuit means for periodically connecting the energy source
      means to the energy storage means at a frequency related to the said high
      frequency,
PA1  discharge means for discharging the energy storage means into the load,
      said discharge means including saturable reactor means,
PA1  said saturable reactor means including an elongate hollow conductor and at
      least one substantially annular core means mounted on said conductor and
      in heat exchange contact therewith and composed of a strip of magnetic
      material having a relatively high permeability and wound directly on said
      conductor, said conductor being constructed and arranged for receiving a
      cooling fluid therein.
NUM  2.
PAR  2. A circuit means for supplying high frequency power to a load and
      including energy storage means,
PA1  energy source means for charging the energy storage means,
PA1  first switching circuit means for periodically connecting the energy source
      means to the energy storage means at a frequency related to the said high
      frequency,
PA1  discharge means for discharging the energy storage means into the load,
      said discharge means including saturable reactor means,
PA1  said saturable reactor means including an elongate hollow conductor and at
      least one substantially annular core means mounted on said tubular member
      and in heat exchange contact therewith composed of a material having a
      relatively high permeability,
PA1  elongate, generally tubular conductive housing means disposed in
      surrounding relation to at least a portion of said conductor and core
      means, and being spaced therefrom,
PA1  and conductive means coupled to the ends of each of said housing means and
      conductor.
NUM  3.
PAR  3. The circuit means set forth in claim 2 and including a plurality of
      annular core means mounted in spaced apart relation on said conductor and
      in heat exchange contact therewith.
NUM  4.
PAR  4. The circuit means set forth in claim 3 wherein each of said core means
      comprises a strip of magnetic material wound directly on said conductor.
NUM  5.
PAR  5. The circuit means set forth in claim 4 wherein said saturable reactor
      means comprises a plurality of conductors joined end to end and configured
      to provide a return current path, said conductors being generally tubular,
      with their hollow interiors in fluid communication and a plurality of said
      core means mounted on each conductor and in heat exchange contact
      therewith.
NUM  6.
PAR  6. The circuit means set forth in claim 2 wherein said conductor is
      generally hollow, and means for conducting cooling fluid through the
      interior of said conductor and housing means.
NUM  7.
PAR  7. The circuit means set forth in claim 6 wherein said saturable reactor
      comprises a plurality of conductors joined end to end and configured to
      provide a return current path, said conductors being generally tubular,
      and a plurality of core means mounted on each conductor.
NUM  8.
PAR  8. A circuit means for supplying high frequency power to a load and
      including energy storage means,
PA1  energy source means for charging the energy storage means,
PA1  first switching circuit means for periodically connecting the energy source
      means to the energy storage means at a frequency related to the said high
      frequency,
PA1  discharge means for discharging the energy storage means into the load,
      said discharge means including saturable reactor means,
PA1  said saturable reactor means including an elongate generally tubular
      conductor and a plurality of annular core means mounted in spaced apart
      relation on said tubular conductor and composed of a material having a
      relatively high permeability,
PA1  coolant means is circulated through the interior of said tubular conductor,
PA1  elongate conductive housing means disposed in surrounding relation to at
      least a portion of said conductor and conductive means and coupled to the
      ends of each of said housing means and conductor.
NUM  9.
PAR  9. The circuit set forth in claim 8 and including means for circulating
      cooling fluid through said conductor and housing.
NUM  10.
PAR  10. The circuit means set forth in claim 9 wherein each of said core means
      comprises a winding of magnetic material.
NUM  11.
PAR  11. The circuit means set forth in claim 9 wherein each of said core means
      comprises a solid substantially homogenous body of magnetic material.
NUM  12.
PAR  12. A circuit means for supplying high frequency power to a load and
      including energy storage means,
PA1  energy source means for charging the energy storage means,
PA1  first switching circuit means for periodically connecting the energy source
      means to the energy storage means at a frequency related to the said high
      frequency,
PA1  discharge means for discharging the energy storage means into the load,
      said discharge means including saturable reactor means,
PA1  said saturable reactor means including an elongate conductor and at least
      one substantially annular core means mounted on said conductor and
      composed of a material having a relatively high permeability,
PA1  and elongate conductive housing means disposed in surrounding relation to
      at least a portion of said conductor and conductive means coupled to the
      ends of each of said housing and conductor.
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ABST
PAL  A high-efficiency, low-cost D.C. to A.C. electronic inverter generates
      sinusoidal ouptut voltage(s) by utilization of an oscillator and divider
      circuitry that generates extremely precise symmetrical control signals.
      These control signals cause a push-pull amplifier comprising power switch
      drive transistors to periodically alternately energize power switches
      comprising two banks of matched output transistors, that in turn generate
      high current inputs to a ferro-resonant transformer. The transformer is
      tuned to provide the desired output sinusoidal voltage.
PAL  The inverter incorporates unique overload and short-circuit protection
      electronics that prevent catastrophic destruction of the power switch
      drive transistors as well as the power switch transistors. Furthermore, to
      maximize the inverter's efficiency, the power switch driving circuit
      receives electrical energy from the ferro-resonant transformer in order to
      insure deep saturation of the power switch transistors. In addition, the
      push-pull amplifier incorporates further electronics for preventing
      driving of the power switch drive transistors during failure in the
      oscillator or divider circuitry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The need for converting direct current electrical energy to alternating
      current electrical energy has existed for the greater part of this century
      due to the advantageous property of alternating current electricity in
      being able to be readily convertible to other voltages of alternating
      current by use of transformers. However, most electrical energy storage
      devices can only store direct current electricity. The prime example of
      this is, of course, the battery. Thus, if alternating current is desired,
      and an alternating current generating facility is unobtainable or
      inoperative, it is generally necessary to use electrical energy stored in
      a battery and to convert this direct current electricity into alternating
      current electricity by means of an inverter.
PAR  Over the years, several different techniques have been used for converting
      direct current electricity to alternating current electricity. Some of
      these devices are electro-mechanical and were commonly found on aircraft.
      Other inverters have used series resonant parallel filters to shape an
      electrically or mechanically chopped source of direct current into a
      sinusoidal voltage. However, the use of series resonant parallel filters
      generally require the additional use of sensing transformers, comparator
      circuits and duty cycle control drive circuits in order to sense the
      output of the series resonant parallel filter and thereby control the
      power switch circuitry that chops the direct current source of
      electricity. Such a feedback circuit is required in order to prevent
      excessive voltage variations on the output of the resonant filter. This
      particular method of converting direct current electricity to alternating
      current electricity is extremely expensive, due to the large number of
      electronic components necessary as well as the need for relatively large
      electrical components incorporated in the series resonant parallel filter.
      Furthermore, this series resonant filter generally requires individualized
      manufacture thereof due to the precise matching of components necessary
      for the filter to work properly.
PAR  Another method of converting direct current to alternating current is by
      generating a substantially sinusoidal electrical signal by sequentially
      switching direct current voltages, each voltage at a different level so
      that when switched in the proper sequence a step-like output signal is
      obtained that approximates a sinusoidal wave. By filtering this step-like
      signal, a relatively pure sinusoidal signal is obtainable.
PAR  These various methods mentioned all have significant drawbacks with respect
      to a low-cost, high-efficiency inverter that is capable of supplying
      external loads in the kilowatt range. The electro-mechanical conversions
      have the inherent problem of mechanical failure due to wear in the
      mechanical parts and also the disadvantage of moving parts. The series
      resonant parallel filter used in the second type of inverter is rather
      large and is expensive to manufacture. This type of inverter also requires
      a feedback circuit to regulate the output voltage from this filter. The
      cost for this type of inverter is several magnitudes greater than the cost
      of a comparable output inverter according to the present invention. The
      high frequency switching technique is also several magnitudes more
      expensive than the present invention and requires a significantly greater
      number of component parts.
PAR  Furthermore, the present invention incorporates overload and short-circuit
      protection circuitry without the need for fuses or circuit breakers. This
      circuitry responds so quickly to improper loading that catastrophic
      failure within the inverter is averted.
PAR  The present invention is especially well suited for emergency lighting used
      during power failures. The invention, while not having the precise
      voltage, frequency, and waveform purity found on some of the prior art
      inverters, is able to maintain a relatively constant frequency, constant
      voltage sinusoidal shaped output voltage within specifications for most
      devices operating on utility company grade 110 or 220 VAC electricity.
      Such minor variations in the output voltage, frequency, and waveform thus
      do not adversely affect most interconnected devices, and especially do not
      affect electrical lighting systems; and the resultant low cost and high
      efficiency of the present invention greatly outweighs and minor variations
      in these above parameters. The sine wave output also tends to reduce the
      radio frequency interference that is generated in square wave output type
      inverters.
PAC  SUMMARY OF THE INVENTION
PAR  The inverters of the present invention are low-cost, high-efficiency
      devices for the generation of sinusoidal alternating current electricity
      from a source of direct current electricity. The inverters incorporate an
      oscillator for generating an electrical signal of twice the frequency of
      the desired alternating current. This electrical signal is electronically
      divided by two wherein two precisely symmetrical square wave control
      signals are produced 180.degree. out of phase with one another. The
      frequency of these signals is equal to the desired alternating current
      electricity.
PAR  These two symmetrical square waves are amplified by a push-pull amplifier.
      Within this amplifier, the signals are first electrically amplified to
      produce a 60 hertz square wave drive signal that energizes the primary
      side of a driver transformer. The secondary side of the driver transformer
      in turn energizes power switch drive transistors that each make up the
      first stage of an emitter follower amplifier. The amplified outputs of
      these transistors control two banks of power switches that provide
      high-current switching or currents in both directions, collector to
      emitter or emitter to collector.
PAR  The output of the two power switch banks thus provide a high current square
      wave which drives a ferro-resonant transformer. This type of transformer,
      also known as a "Sola" regulator, is tuned by a resonating capacitor to
      provide a sinusoidal output of the same frequency as the high current
      square wave input. The ferro-resonant transformer produces reactive
      currents which make it necessary for the power switches to handle current
      in both directions when on. This output is then able to drive external
      electrical devices, such as lights, small motors, and electronic devices.
PAR  Due to the highly symmetrical production of the high-current square wave
      driving the ferro-resonant transformer, the minimal number of components
      in the overall circuit, and the deep saturation during turn-on of the
      power switches, the overall efficiency of the inverter in converting
      direct current electricity into alternating current electricity is
      approximately 80%.
PAR  The inverters of the present invention further incorporate a unique
      short-circuit and overload protection circuitry that prevents the power
      switches from overheating due to the switches operating in their linear
      regions. such linear operation occurs when excessive output current is
      demanded due to an overload or short-circuit on the output, or a D.C.
      voltage input greater than the design limit of the ferro-resonant
      transformer. In such cases, the power switch driving transistors are
      unable to maintain the power switch transistors in deep saturation thus
      generating a relatively large voltage drop across these power transistors.
      Since the power dissipated by these power transistors is equal to the
      voltage drop across the collector-emitter junction of the transistors
      times the amount of current flowing through the transistor, it is readily
      apparent that when supplying currents in the 100 ampere range, the heat
      generated can quickly reach catastrophic levels. However, due to the
      overload and the short-circuit protection circuitry in the present
      invention, the attempt by any of the power switch transistors to operate
      in their linear mode, and thus come out of deep saturation, causes the
      drive circuitry to the power switch drive transistors to cut off the base
      drive to that bank of power switch transistors. This cutoff prevents the
      current flow through that bank of transistors and causes the remaining
      bank of transistors to attempt to be driven into deep saturation. If, due
      to the short-circuit of overload, the remaining bank of transistors cannot
      be maintained in deep saturation, the overload and short-circuit
      protection circuitry switches to the first bank of transistors the drive
      current. This switching back and forth occurs at an extremely rapid rate
      so that no bank of power switches is maintained in the linear mode for
      more than a few microseconds. The resultant heating in these transistors
      is therefore minimal and thus catastrophic failure is averted.
PAR  The output of the inverter when such a condition arises, will not be at the
      rated voltage and current (VA rating) for the inverter but will be a
      somewhat lower voltage and current. In addition, the inverter will make a
      chattering noise, due to the high frequency switching in the power
      switches and ferro-resonant transformer.
PAR  It is thus apparent to the operator or user of the present invention either
      by the low output voltage or by the noise generated by the inverter that a
      short-circuit or overload situation has occurred or that the input voltage
      from the battery source is greater than the designed limits of the
      ferro-resonant transformer. Thus, any condition which will tend to cause
      the power switches to come out of deep saturation during their energized
      or ON state will immediately activate the protection circuitry and thus
      prevent catastrophic failure in the inverter. The inverter also
      incorporates drive cutoff protection circuitry for the power switch
      transistors, if the oscillator or divider circuit fails. This circuitry
      also prevents catastrophic heating in the power switch and driver
      transistors.
PAR  Furthermore, the inverter incorporates a unique method for driving the
      power drive transistors by obtaining collector voltage from the
      ferro-resonant transformer. This tapped voltage allows the power drive
      transistors' collector voltages to be greater than the collector voltages
      on the power switch transistors during the energized or ON state. This
      insures the emitter follower configuration of the power drive transistor
      coupled to the power transistors to maintain the power transistors in deep
      saturation. Previously, an attempt for an emitter follower to drive power
      transistors in deep saturation when large collector currents were passed
      through the power transistors often caused the power transistors to come
      out of saturation due to the coupling of their collectors to the driver
      transistors' collectors. The present use of tapping voltage from the
      primary side of the ferro-resonant transformer alleviates this problem by
      providing more collector voltage for the drive transistor, thereby
      insuring proper saturation of the power transistors during normal
      operation.
PAR  Furthermore, the present invention utilizes two banks of power switch
      transistors wherein their collectors and bases are respectively connected
      in parallel and their emitters are coupled through internal or external
      resistors so as to match the current switching capabilities of the power
      transistors in the bank to one another. This current matching further
      insures symmetry in the high-current square wave which thus maximizes the
      inverter's efficiency.
PAR  Furthermore, the present invention uses a small, relatively low ampere
      switch for activating the circuit during a power failure. Prior art
      inverters generally require the use of a large, high-current DC voltage
      switch in order to activate the inverter when desired. However, this type
      of large current switch is not needed in the present invention since the
      power switches are always interconnected to the battery. It is only the
      control electronics that are energized when the switch is closed, which in
      turn causes the inverter to become activated. The amount of power loss due
      to the power switch's connections to the external battery is minimal in
      comparison to the power output of the inverter during its activation.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore a principal object of the present invention to provide a
      high-efficiency, low-cost, lightweight electronic DC to AC inverter.
PAR  A further object of the present invention is to provide an inverter of the
      above character that incorporates electronic overload and short-circuit
      protection that prevents catastrophic failure of the inverter, as well as
      alleviating the need for external fuses or circuit breakers.
PAR  Another object of the present invention is to provide an inverter of the
      above character that has protection against excessive direct current
      source input voltage which would cause ferro-resonant transformer
      saturation.
PAR  An additional object of the present invention is to provide an inverter of
      the above character that maintains its high efficiency by generating
      electronic signals of the desired frequency that are of perfect symmetry
      in order to minimize electrical heat losses within the inverter.
PAR  A further object of the present invention is to provide an inverter of the
      above character that may be energized with a low-current switch and
      therefore alleviate the need for a high-current DC switch between the
      external source of direct current and the inverter.
PAR  A still further object of the present invention is to provide an inverter
      of the above character that utilizes a power drive circuit that receives
      electrical energy from a portion of the output transformer of the inverter
      which therefore insures proper operation of the power switches of the
      present invention.
PAR  A further object of the present invention is to provide an inverter of the
      above character with a minimal number of components.
PAR  An additional further object of the present invention is to provide an
      inverter of the above character that is easy to fabricate and to
      troubleshoot.
PAR  A still further object of the present invention is to provide an inverter
      of the above character that is able to generate alternating current output
      electricity after a short-circuit, overload condition, or over input
      voltage condition is corrected without the need for replacing or switching
      any components of the inverter.
PAR  A further object of the present invention is to provide an isolated AC sine
      wave regulated power from a DC source which is lightweight and capable of
      producing over 25 watts of output for every pound of inverter weight.
PAR  Further objects of the present invention will in part be obvious and will
      in part appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
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PAC  THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram of the electronic circuitry of an inverter
      according to the present invention;
PAR  FIG. 2A is an electrical waveform generated by an oscillator in an inverter
      according to the present invention;
PAR  FIG. 2B is an electrical output waveform of an oscillator divider circuit
      of an inverter according to the present invention;
PAR  FIG. 2C is another output waveform of the same divider circuit as shown in
      FIG. 2B;
PAR  FIG. 3A is an output voltage waveform of a portion of a push-pull amplifier
      of an inverter according to the present invention showing the voltage
      overshoot that occurs when a diode-capacitive-resistive network is not
      present;
PAR  FIG. 3B is an electrical voltage waveform similar to FIG. 3A but
      incorporating a diode-capacitive-resistive damping circuit; and
PAR  FIG. 4 is an electrical current waveform showing reverse current flowing
      through the power switch.
DETD
PAC  DETAILED DESCRIPTION
PAR  As best seen in FIG. 1, a battery 10 is connected to an inverter 12 of the
      present invention by connectors 14 and 16. The battery in the preferred
      embodiment of the present invention may have a nominal voltage of from 12
      VDC to 56 VDC depending upon the volt-amp (VA) output capability of the
      particular inverter.
PAR  A remote ON switch 18 interconnects with inverter 12 by connector 20 and is
      used to energize the control electronics of the inverter. This switch need
      only carry low-current electricity and is therefore small and inexpensive
      in comparison to DC switches found on many prior art inverters. These
      prior art DC switches energize the entire inverter circuitry while switch
      18 only activates the low-power sections of the invention. A battery
      charger 22 is preferably connected to battery 10 to maintain the battery
      in a fully charged state and therefore allow the inverter to produce
      sinusoidal output electricity for the maximum length of time when
      activated.
PAR  The inverter 12 incorporates a 120 hertz oscillator 24 for the generation
      of a 120 hertz square wave output on circuit line 26. Although this
      oscillator is at 120 hertz, it is well known in the art that other
      frequencies may be chosen depending on the desired frequency of the
      alternating current output. The 120 hertz oscillator 24 is preferably an
      integrated circuit specifically designed for this purpose. Zener diode 28
      and capacitor 30 and dropping resistor 32 are used to supply the
      oscillator 24 with a regulated preset DC voltage for which the oscillator
      is specifically designed.
PAR  Resistors 34, 36 and 38, along with capacitor 40 combine to form a 120
      hertz RC timing network. Resistor 36 is inserted into this RC circuit in
      order to properly trim the circuit for a time constant of 120 hertz. Thus,
      the frequency of the oscillator 24 is set by the RC network to the desired
      120 hertz.
PAR  The square wave 120 hertz signal on output line 26 is connected to
      integrated circuit 42 where this input signal is divided by a factor of 2.
      The integrated circuit 42 is actually an electronic flip-flop.
PAR  The output waveform on circuit line 26 is best seen in FIG. 2A. As seen in
      FIG. 2A, it is possible, and indeed probable, for the square wave output
      on this circuit line to have unequal time durations for its HIGH and LOW
      states. This lack of symmetry in the square wave output would have
      deleterious effects if the remaining circuitry in the inverter was driven
      by such a signal. The reason for such a deleterious effect is that lack of
      symmetry of a square wave necessitates a non-zero average value. A zero
      average value waveform is necessary for efficient operation of any
      transformer. Transformers are, of course, not designed for the transferral
      of direct current energy, and any signal imparted to a transformer with a
      direct current or non-zero average value will cause the transformer to
      dissipate this energy in the form of heat. Consequently, this energy is
      completely wasted with respect to driving external devices 41.
PAR  To overcome this difficulty, the divide by 2 integrated circuit 42 not only
      changes the frequency of the square waves from 120 hertz to 60 hertz, but
      also causes these square waves to be 180.degree. out of phase, each with
      perfect HIGH and LOW symmetry. A typical waveform of these signals on
      output line 44 and output line 46 with relation to the 120 hertz input
      signal on line 26 may best be seen in FIGS. 2A, 2B, and 2C.
PAR  These 60 hertz square signals on output lines 44 and 46 are transferred to
      the first stages of a push-pull amplifier. Referring to output line 46,
      resistors 48 and 50 are used as voltage dropping resistors in order to
      properly energize and de-energize the base of a first stage transistor 52.
      When this first stage transistor 52 is energized by a HIGH signal on
      output line 46, the transistor is placed in saturation causing a low
      voltage at its collector. Resistor 54 is used to limit the collector
      current of the transistor. Transistor 52 in turn drives a second stage
      transistor 56, which interconnects with the primary side of a driver
      transformer 58. Thus, if transistor 52 is saturated, that is, in the ON
      state, transistor 56 is in the OFF state thereby preventing current flow
      between center tap 60 of the driving transformer and lower side 62 of the
      primary side of the driving transformer.
PAR  The drive circuitry for output line 44 of the divide by 2 integrated
      circuit 42 is identical with the previously described driving circuitry.
      Thus, resistors 64 and 66 are identical to resistors 48 and 50;
      transistors 68 and 70 are the same as transistors 52 and 56 respectively,
      and resistor 72 corresponds to resistor 54. The collector of the second
      stage transistor 70 is connected to the upper winding 74 of the primary
      side of driver transformer 58.
PAR  Thus, if the output signal circuit line 44 is in the HIGH state, the second
      stage transistor 70 is in the OFF condition thereby preventing current
      flow from the center cap 60 to the upper winding 74 of driving transformer
      58. At the same time, the output from circuit line 46 is in the OFF or
      zero voltage state, thereby causing the second stage transistor 56 to be
      in the saturated or ON condition thereby allowing the D.C. voltage of
      battery 10 connected to the center tap 60 of the driver transformer to
      cause current flow through the lower winding 62 of that transformer. The
      reverse current flow occurs when the signal on output line 44 is in the
      zero voltage state and the corresponding signal on output line 46 is in
      the HIGH state.
PAR  Thus, the electrical signal generated on secondary winding 76 of the
      driving transformer is a 60 hertz square wave with plus and minus voltage
      levels equal to the voltages across the upper and lower windings of the
      primary side of the driver transformer multiplied by the voltage
      amplifcation factor of the driving transformer.
PAR  The output of the secondary side 76 of the driving transformer 58 is
      transferred to power switch driving transistors 78 and 80. These power
      switch driving transistors in turn control the operation of two banks of
      power switch transistors 82 and 84. These power switch transistors are
      used to generate a high current square wave across a primary side 86 of a
      ferro-resonant power transformer 88. Thus, when a positive current is
      placed across the base-emitter junction of power switch driving transistor
      80, this transistor causes a relatively large emitter current to flow into
      the base-emitter junctions of the power switch transistor bank 84 in
      either direction. Thus, the transistors in this bank will be placed into
      depp saturation thereby causing a large flow of current from center tap 90
      of the primary side of the ferro-resonant transformer, through this
      transistor bank, and back to the low voltage side of battery 10. Due to
      the current flow during certain intervals of time when the ferro-resonant
      transformer is producing reactive currents, the power switch bank must
      handle currents in both directions while remaining in deep saturation.
PAR  During the time when transistor bank 84 is in deep saturation, the
      transistor bank 82 is forced to be in the OFF state. Thus, minimal current
      flow occurs between center cap 90 and transistor bank 82. The next half
      cycle of the square wave on the secondary winding 76 of the driving
      transformer 58 causes the power switch driving transistor 78 to place the
      power switch transistor bank 82 into deep saturation and causing the
      resultant high current flow from the center tap 90 through the lower side
      of the primary winding, through this transistor bank, and back to the low
      side of battery 10. A square wave is thus obtained across the primary
      winding of the ferro-resonant transformer with a voltage span equal to
      twice the output voltage of battery 10.
PAR  The ferro-resonant transformer is also known in the art as a "Sola"
      regulator and has the desirable capability of transforming a square wave
      of varying amplitude into a sinusoidal wave of relatively constant
      amplitude with a frequency equal to the frequency of the square wave
      input. In order for this regulator to operate properly, it is necessary
      that a capacitor 92 be placed across its secondary winding side. This
      capacitor varies in capacitance depending upon the magnitude of the square
      wave voltage on the primary side of the regulator as well as the amount
      and type of external electrical loading placed across terminals 94 and 96
      of the inverter.
PAR  It will be noted that terminals 94 and 96 are placed across a section of
      the secondary winding of the ferro-resonant transformer in order that the
      desired 120 VAC or any other output voltage can be obtained from the
      secondary winding to supply alternating current electricity to
      interconnected external devices. Different taps on the secondary can thus
      produce various output voltages other than 120 VAC. Such taps may be
      simultaneously used to drive a variety of external devices. In the general
      embodiment of the ferro-resonant transformer, the secondary side generally
      is at approximately 600 VAC in order to minimize the cost of capacitor 92.
PAR  In order to insure the proper saturation of the power switch transistor
      banks 82 and 84, it is necessary that the collector voltage on power
      switch driver transistors 78 and 80 be at a collecter voltage great enough
      to insure sufficient base to emitter current for power switch transistor
      banks 82 and 84. In the standard emitter follower technique of current
      amplification using two transistors, such as transistor 78 and transistor
      bank 82, the collectors of the two transistors are normally connected
      together. However, using such an arrangement in the present invention
      would prevent the transistor banks from going into deep saturation due to
      the relatively low voltage necessary at their collectors. This voltage may
      indeed be lower than the base voltage on the respective transistor bank,
      and thus connecting the collectors of transistors 78 and 82, or 80 and 84,
      would prevent the base-emitter junction of the respective transistor banks
      from going into a deep saturation state during turn-on. In order to
      alleviate this problem, the collectors on transistors 78 and 80
      respectively receive their driving voltage from taps 98 and 100 of the
      ferro-resonant transformer. Thus, the collectors on transistors 78 and 80
      are insured of being at a high enough voltage in order that the emitter
      voltage of these transistors is sufficient to cause the base-emitter
      junction of the transistor banks 82 and 84 to go into deep saturation.
PAR  Diodes 102, 104, 106, and 108 are alternately used to carry base current
      past the power switch which is turned off. A typical current path would
      travel through components 76, 110, 80, 84, 102, 104 back to component 76.
      Resistor 110 is used to limit the amount of current flowing through power
      switch driving transistor 78 or 80 whenever these transistors are in the
      ON state.
PAR  The unique overload, short-circuit and excessive input voltage protection
      circuitry comprises resistor 112 and capacitor 114 for the drive circuitry
      from output line 46 and resistor 116 and capacitor 118 for the drive
      circuitry connected to output line 44. These capacitors are respectively
      connected to the collector sides of power switch transistor banks 84 and
      86 and therefore sense the collector voltage on these power switch banks.
      Thus, if the power switch bank 82 is in deep saturation, the collector
      voltage of these transistors should be close to 0 volts. In such a case,
      capacitor 118 and resistor 116 provide no current to the base-emitter
      junction of the first stage drive transistor 68. At the same time, this
      same junction receives no current from output line 44, since its output is
      in the LOW state. Thus, the output on the second stage transistor 70 is
      also at the ground state causing collector current to flow through
      transistor 70 and thus energizing the upper winding 74 of the primary side
      of the driving transformer 58. This in turn causes current flow through
      the power switch transistor bank 82, thereby maintaining this bank in deep
      saturation.
PAR  However, if for some reason the collector current through this transistor
      bank is too great to maintain the transistors of this bank in deep
      saturation, the collector voltage on this bank will begin to rise. The
      capacitor 118 will immediately sense this voltage rise and through
      resistor 116 will cause transistor 68 to be turned ON, consequently
      causing transistor 70 to be turned OFF, which in turn, via driving
      transformer 58, will cause the power switch transistor bank 82 to be
      turned to the OFF state. Thus, the sensing of rising collector voltage at
      a time when it is not supposed to appear, that is, at a time when the
      power switch transistor bank should be in the saturated state, will
      immediately cause that transistor bank to be switched to the OFF state.
PAR  At that same instant, the other power switch transistor bank would be
      switched to the ON state regardless of the state of the corresponding
      output line 44 or 46. That is, once an overload, short-circuit or over
      voltage battery condition is sensed by the increase in the collector
      voltage on either of the power switch transistor banks, the respective
      short-circuit, overload protection circuit will cause that particular
      transistor bank to be switched to the OFF condition. The other bank will
      then be switched to the ON state until it has a rise in collector voltage.
      This oscillation from turning off one transistor bank to turning on the
      other transistor bank will repeat itself at an extremely fast rate thereby
      insuring that neither transistor bank is placed in linear mode operation
      for more than a few microseconds span and always at a relatively low
      voltage. Therefore, the power switch transistor banks are prevented from
      going into catastrophic failure due to excessive heat dissipation that
      would occur if they were operated in the linear mode.
PAR  Thus, the unique overload and short-circuit protection of the present
      invention not only furthers the deep saturation or cut-off of the
      respective power switch transistor banks when the inverter is operating
      normally but also senses any deviation in the output current of the
      inverter or a short-circuit or too great a voltage from the battery input
      thereby preventing any form of catastrophic failure within the inverter.
PAR  Upon removal of the malfunction, whether it be an overload or a
      short-circuit across the output or too high a battery voltage on the
      input, the inverter will immediately resume normal operation without the
      need for any external switching or re-energizing of any components. The
      advantageous feature is a great advantage over present-day use of output
      fuses on inverters, since not only must these fuses be replaced when they
      are blown but generally these fuses are unable to respond rapidly enough
      to linear mode operation in the power transistors in order to prevent
      catastrophic failure of these power transistors.
PAR  Furthermore, the present invention incorporates capacitors 120 and 122
      which prevent the catastrophic failure of any of the components within the
      inverter if the 120 hertz oscillator 24 or the divide by 2 integrated
      circuit 42 fail to operate normally. If either should fail to function
      properly, the output voltages on output lines 44 and 46 will remain at a
      high or low voltage. Thus, transistors 52 and 68 would either be saturated
      or cut-off depending upon the voltage on 46 and 44. However, capacitors
      120 and 122 prevent the direct current flow from transistors 52 and 68 to
      transistors 56 and 70 respectively if a DC voltage is maintained at either
      transistors 52 or 68. At such times, transistors 56 and 70 are both placed
      in the OFF state thereby preventing the driver transformer 58 from
      operating and thereby cutting off power switch drive transistors 78 and
      80, which in turn prevent current flow through power switch banks 82 and
      84. Thus, if the oscillator of the inverter failed, the inverter would
      simply have no output voltage on its output terminals 94 and 96. No
      catastrophic failure of any of the remaining parts of the inverter would
      occur.
PAR  Diodes 124 and 126 are used to discharge capacitors 120 and 122
      respectively when the inverter is operating normally. Resistors 128 and
      130 are used to properly bleed off any switching current when transistors
      56 and 70 go from the ON to OFF state.
PAR  Diodes 132, 134, 136 and 138 along with capacitor 140 prevent large voltage
      overshoot on the collectors of second drive transistors 56 and 70 as well
      as the collector sides of power switch transistor banks 82 and 84. As best
      seen in FIG. 3A, the overshoot on these transistors would be approximately
      equal to the battery voltage and could indeed cause transistor breakdown
      due to this sudden transient. However, as best seen in FIG. 3B, with the
      use of the diode capacitor network the voltage overshoot is substantially
      reduced during switchoff times for these transistors.
PAR  As also seen in FIG. 3B, the collector voltage during OFF time for
      transistors 56 and 70 and power switch transistor banks 82 and 84 is
      substantially smoother with the diode capacitor network. It should be
      noted that resistor 142 is used in conjunction with capacitor 140 to
      discharge the voltage across capacitor 140 that occurs during the initial
      switchoff times of these transistors. Thus, the current is drawn from
      capacitor 140 through resistor 142 and back to the plus side of battery
      10. The overshoot energy is therefore transformed into heat energy as
      dissipated by resistor 142.
PAR  Furthermore, to insure the proper operation of the inverter when no load is
      placed across the secondary of the ferro-resonant transformer 88 at
      connectors 94 and 96, it may be necessary to add a preload 144 across the
      output terminals of the secondary side of the ferro-resonant transformer.
      This preload is preferably a resistive or resistive-capacitive load, and
      its purpose is to prevent the resonant transformer from oscillating at a
      frequency other than the driving frequency of the high-current input
      square wave when no load is placed across the output terminals.
PAR  Thus, what has been described is a low-cost and highly efficient inverter
      for converting direct current electricity into alternating current
      electricity. The inverter incorporates an inexpensive oscillator wherein
      the generated oscillation is divided by two to provide a highly
      symmetrical 60 hertz square wave signal for driving the output stages of a
      pair of power switches. The driving circuitry incorporates overload,
      short-circuit and high input voltage protection that senses the collector
      voltage across the power switch transistors whereby any tendency for these
      power switch transistors to come out of deep saturation during turn-on
      will automatically cause the switches to be turned off, thus preventing
      catastrophic heating. Furthermore, the push-pull amplifier incorporates
      means for preventing any driving to the push-pull power switch transistor
      banks when the oscillator or the divide by 2 circuitry fails for any
      reason.
PAR  In addition, the present invention includes means for obtaining energizing
      voltages to the emitter follower transistors that drive the power switch
      transistor banks so as to insure that the power switch driver transistors
      are able to maintain the power switch transistors in deep saturation
      during turn-on. In addition, the present invention includes means for
      preventing large voltage overshoots on the power switch transistors as
      well as the second stage transistors through the use of a
      diode-capacitive-resistive network.
PAR  Thus, the present invention is able to provide any desired alternating
      current voltage at any low frequency provided that the oscillator used in
      the inverter is chosen to provide such a frequency. In addition, the
      present invention eliminates the need for a high-current, direct voltage
      switch from the battery to the inverter for activating the inverter.
      Instead, a low-current, direct voltage switch of substantially less cost
      and size is used.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above construction without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. An electronic inverter for converting direct current electrical energy
      into alternating current electrical energy comprising:
PA1  A. an oscillator having a frequency equal to an integral multiple of the
      desired alternating current frequency;
PA1  B. a divider circuit connected to the output of the oscillator for
      generating a pair of 180.degree. out of phase 50% duty cycle square waves;
PA1  C. a push-pull amplifier connected to the 180.degree. out of phase square
      wave outputs of the divider circuit for amplifying these outputs into a
      high-current square wave said push-pull amplifier incorporating:
PAR  1. two sets of bi-directional current flow electronic power switches; and
PA2  2. overload protection means connected to said switches for terminating
      driving energy to the power switches when said power switches are in an
      out of saturation condition;
PA1  D. a ferro-resonant transformer connected to the high-current square wave
      output of the push-pull amplifier for generating a substantially
      sinusoidal electrical output; and
PA1  E. means for terminating the driving energy to the electronic power
      switches when the outputs from the divider circuit are not oscillating.
NUM  2.
PAR  2. An electronic inverter for converting direct current electrical energy
      into alternating current electrical energy comprising.
PA1  A. an oscillator having a frequency equal to an integral multiple of the
      desired alternating current frequency;
PA1  B. a divider circuit connected to the output of the oscillator for
      generating a pair of 180.degree. out of phase 50% duty cycle square waves;
PA1  C. a push-pull amplifier connected to the 180.degree. out of phase square
      wave outputs of the divider circuit for amplifying these outputs into a
      high-current square wave; said push-pull amplifier incorporating:
PAR  1. two sets of bi-directional current flow electronic power switches; and
PA2  2. overload protection means connected to said switches for terminating
      driving energy to the power switches are in an out of saturation
      condition;
PA1  D. a ferro-resonant transformer connected to the high-current square wave
      output of the push-pull amplifier for generating a substantially
      sinusoidal electrical output; and
PA1  E. a low-current switch for energizing the oscillator, divider circuit, and
      at least a portion of the push-pull amplifier whereby the inverter is
      activated when said switch is closed.
NUM  3.
PAR  3. An electronic inverter as defined in claim 2, wherein said electronic
      power switches are fixedly connected to an external source of direct
      current electrical energy.
NUM  4.
PAR  4. An electronic inverter for converting direct current electrical energy
      into alternating current electrical energy comprising:
PA1  A. an oscillator having a frequency equal to an integral multiple of the
      desired alternating current frequency;
PA1  B. a divider circuit connected to the output of the oscillator for
      generating a pair of 180.degree. out of phase 50% duty cycle square waves;
PA1  C. a push-pull amplifier connected to the 180.degree. out of phase square
      wave outputs of the divider circuit for amplifying these outputs into a
      high-current square wave; said push-pull amplifier incorporating:
PA2  1. two sets of bi-directional current flow electronic power switches;
PAR  2.  a pair of emitter follower transistors driving the two sets of
      electronic power switches, wherein the electrical energy supplying the
      collectors of these emitter follower transistors is substantially higher
      than the saturation collector voltage on the electronic power switches;
      whereby said power switches are insured of being placed into a deep
      saturation state during turn-on of the respective emitter follower
      transistors; and
PA2  3. overload protection means connected to said switches for terminating
      driving energy to the power switches when said power switches are in an
      out of saturation condition; and
PA1  D. a ferro-resonant transformer connected to the high-current square wave
      output of the push-pull amplifier for generating a substantially
      sinusoidal electrical output.
NUM  5.
PAR  5. An electronic inverter as defined in claim 4, further comprising
      electrical energy coupling means connected to the ferro-resonant
      transformer wherein said coupling means are connected to the collectors of
      said emitter follower transistors for maintaining the collector voltages
      on these transistors substantially greater than the collector voltages on
      the electronic power switches for maintaining said switches in deep
      saturation during turn-on.
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PAL  Utilizing the method and circuit described herein regulated power is
      provided by controlling the duty cycle of p. fixed frequency signal as a
      function of the amplitude of unregulated D.C. voltage applied. A thin film
      thermal printer utilizing this power regulator is also described herein.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Prior art schemes to obtain constant power include the common voltage
      regulator. Such regulators, particularly the series pass regulator, are
      very inefficient since they must dissipate power equal to all of the load
      current times the difference between the unregulated and the regulated
      voltages. A switching regulator is more efficient than the series pass
      regulator but is usually more complicated and requires many more
      components. Other schemes to obtain regulated power involve complex analog
      building blocks such as multipliers and dividers. As the number and
      complexity of components increases, so does the cost.
PAR  The preferred embodiment of the present invention employs one quad
      comparator, 11 resistors and capacitors, and one zener diode and has an
      efficiency of approximately 90%. The circuit is designed to provide an
      output voltage having a root mean square (RMS) value regulated as a
      function of the duty cycle of an A.C. component and the magnitude of the
      unregulated D.C. component. The duty cycle is inversely proportional to
      the square of the D.C. component. The power regulator of the present
      invention provides a constant RMS voltage whose value is within 1% of
      nominal for a D.C. input voltage variation of approximately .+-.14%.
PAR  To maintain uniform print contrast, thin film thermal printer resistors
      must be energized to approximately the same temperature each time they are
      energized. The same temperature must be attainable even where the power
      source may not be constant, such as a battery. These resistors typically
      have a characteristic thermal time constant, i.e. a finite response time
      to heat up to a temperature proportional to the magnitude of D.C. voltage
      applied. Under constant use at lower D.C. voltage levels or if too much
      power is applied even for shorter time periods, these resistors tend to
      become thermally stressed, unreliable and ultimately crack over a
      relatively short time in use. These difficulties are overcome by employing
      the principles of the present invention. Where the period of the A.C.
      component of the output power waveform is less than the thermal time
      constant for the thin film resistor, the instantaneous voltage pulses will
      be averaged out to appear as a constant energy source without producing
      the thermal stresses in the resistor produced when a step function of
      purely D.C. voltage is applied. Thus, the useful life of each resistor
      will be extended yet will develop a constant temperature when energized
      for printing purposes.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1A shows a voltage waveform having a value of 4.05 V.sub.RMS.
PAR  FIG. 1B shows another voltage waveform having a value of 4.05 V.sub.RMS.
PAR  FIG. 2A shows an equivalent circuit for producing voltage waveforms similar
      to those shown in FIGS. 1A and 1B.
PAR  FIG. 2B shows the output waveform of the circuit of FIG. 2A.
PAR  FIG. 3 compares the characteristic curves of equations A and B.
PAR  FIG. 4 is a circuit diagram of the power regulator according to the
      preferred embodiment of the present invention.
PAR  FIG. 5 is waveforms produced by the embodiment of FIG. 4.
PAR  FIG. 6 is a circuit for controlling power delivered to the thermal
      resistors of a thermal printer employing the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1A and 1B, the RMS value of both waves is given by
      the relation
      ##EQU1##
      where V.sub.B = D.C. voltage input;
PA1  T.sub.1 = duration of positive portion of one period of the wave; and
PA1  T.sub.0 = duration of total period of the wave.
PAL  Thus, at 10 KHz,
      ##EQU2##
      For V.sub.B =  4.4 volts
PAL  and
PA1  V.sub.rms = 4.05 volts,
PA1  T.sub.1 = 84.68 .mu.s.
PAL  Similarly, for
PA1  V.sub.b = 5.6 volts
PAL  and
PA1  V.sub.rms = 4.5 volts,
PA1  T.sub.1 = 52.3 .mu.s.
PAL  Hence, if the period of the A.C. component of the output voltage (T.sub.0)
      and the range of the D.C. voltage (V.sub.B) variation are known, the RMS
      value of the output voltage may be regulated by varying the duty cycle
      (T.sub.1) of the A.C. component as an inverse function of the square of
      V.sub.B (D.C. component).
PAR  Referring now to FIG. 2A an equivalent circuit for approximating the above
      function is shown, the output voltage, V.sub.O, of which is given by the
      relation
EQU  V.sub.O = V.sub.B (1-E.sup..sup.-T/RC).
PAL  Simplifying and solving for T,
      ##EQU3##
      where T is the time it takes C to charge to a voltage equal to V.sub.B, as
      shown in FIG. 2B.
PAR  To determine that value of V.sub.O &lt; V.sub.B at which switch 1 should be
      closed in order to alternately charge and discharge capacitor C to produce
      the proper duty cycle (T.sub.1) (that value being hereinafter referred to
      as V.sub.REF), the last-mentioned equation is solved for appropriate
      values of V.sub.B and T. Therefore, setting
PA1  V.sub.B = 4.4 volts and 5.6 volts,
PA1  T = 85 .mu.s. and 52 .mu.s., respectively,
PAL  and
PA1  RC = y
PAL  and
      ##EQU4##
      the following equations are solved simultaneously:
EQU  85 .mu.s. = y Ln(1 - 1.27x),
PAL  and
EQU  52 .mu.s. = y Ln(1 - x).
PAL  Since
PA1  x = 0.64
PAL  and
PA1  y = 50.5 .mu.s.,
PAL  then
      ##EQU5##
      A plot of the relation
      ##EQU6##
      and
      ##EQU7##
      is presented in FIG. 3. It should be noted that the curve of equation (B)
      is within 1% of the curve of equation (A) over the range 4.4 volts to 5.6
      volts.
PAR  Power regulator 40, shown in FIG. 4, is constructed according to the
      preferred embodiment of the present invention and includes V.sub.REF
      circuit 44. Comparators 410, 420 and 430 are three of the four comparators
      comprising a quad comparator such as an LM 3302 or equivalent. Comparator
      410 is coupled to resistors 411, 412, 413, 414 and 415 and to capacitor
      416 to form an oscillator circuit 41 having a frequency of 10 KHz.
      Conparator 420 is used to invert the oscillator output waveform which is
      then applied to capacitor 432. Comparator 430 changes state when the
      voltage across capacitor 432 equals V.sub.REF.
PAR  The output voltage of oscillator circuit 41 via comparator 420 alternately
      charges and discharges capacitor 432. Referring to FIG. 5, the T' portion
      signal 51 applied to input A of comparator 420 represents the discharge or
      recovery time of capacitor 432. Thus T', typically amounting to
      approximately 12 .mu.s., represents a delay in the output waveform of the
      present invention. The values of V.sub.REF, resistor 431 and capacitor 432
      are therefore adjusted to compensate for this recovery time. Thus,
      ##EQU8##
      and
      ##EQU9##
      After setting y = RC and
      ##EQU10##
      new values for V.sub.REF and for resistor 431 and capacitor 432 may be
      determined. Thus,
PA1  V.sub.REF = 3.92 V,
PA1  rc = 32 .mu.s.,
PAL  or,
      ##EQU11##
PAR  Referring again to FIG. 5, signal 52 appears at the output C of comparator
      420 in response to signal 51 applied to input A of that comparator. Signal
      54, which may be expressed mathematically by
EQU  V.sub.RMS = .sqroot.(V.sub.RMS).sup.2 + (V.sub.DC).sup.2,
PAL  is the output voltage at output C of comparator 430 in response to signal
      53 at input A and V.sub.REF = 3.9 V at input B thereof. Similarly, signal
      56, whose RMS value is equal to that of signal 54, is produced at output C
      of that comparator in response to signal 55 at input A and V.sub.REF = 3.9
      V at input B. Thus, signals having both A.C. and D.C. components which
      produce substantially equal RMS values have been produced as a function of
      the duty cycle of the A.C. component wherein that duty cycle is inversely
      proportional to the square of the magnitude of the D.C. component.
PAR  The power regulator circuit of the present invention is suited to
      applications where a load must be supplied with constant energy
      independent of supply voltage. One application of the present invention is
      in the power drive circuitry for the thin film resistors incorporated into
      the print head of a battery-powered thin film thermal printer. Since
      output power remains constant with changes in V.sub.B, the print contrast
      is uniform over a broad range of battery voltages.
PAR  Referring to FIG. 6, the output of the power regulator of the present
      invention is coupled to one input of AND gate 60. The other input of AND
      gate 60 is coupled to a source of thermal resistor command signals such as
      that described in copending U.S. Patent Application Ser. No. 508,111
      entitled "Method and Apparatus for Enhancing and Maintaining Character
      Quality in Thermal Printers", filed Sept. 23, 1974, by Albert W. Kovalick
      and assigned to the assignee hereof and which is incorporated by reference
      herein. Resistor 62, which represents one of seven dots (resistive heating
      element) in a typical thermal printer, is energized by transistor 63 when
      enabled by the output of gate 60.
CLMS
STM  We claim:
NUM  1.
PAR  1. A power regulator energized by unregulated D.C. voltage comprising:
PA1  an oscillator for producing a first signal having a first duty cycle;
PA1  charge storing means coupled to the oscillator for producing a second
      signal having a second duty cycle in response to the first duty cycle of
      the first signal and the magnitude of the unregulated D.C. voltage; and
PA1  comparator means coupled to the charge storing means for comparing the
      magnitude of the second signal with a reference signal and for producing
      an output signal having a substantially constant RMS value as a function
      of the duty cycle of the second signal and the magnitude of the
      unregulated D.C. voltage when the magnitude of the second signal exceeds
      the reference signal.
NUM  2.
PAR  2. A power regulator as in claim 1 wherein the output signal includes A.C.
      and D.C. components, said A.C. component being inversely proportional to
      the square of the magnitude of the D.C. component.
NUM  3.
PAR  3. A power regulator as in claim 1 wherein:
PA1  the first signal has first and second phases;
PA1  the second signal has first and second phases, said first phase
      representing the amount of electrical charge stored in response to the
      first phase of the first signal and the unregulated D.C. voltage; and
PA1  comparator means compares the magnitude of the first phase of the second
      signal with the reference signal and produces an output signal having a
      substantially constant RMS value as a function of first phase of the
      second signal and the magnitude of the unregulated D.C. voltage when the
      magnitude of the second signal exceeds the reference value.
NUM  4.
PAR  4. A power regulator as in claim 3 wherein the duration of the first phase
      of the second signal is a function of the magnitude of the unregulated
      D.C. voltage.
NUM  5.
PAR  5. A power regulator as in claim 4 wherein the duration of the first phase
      of the second signal is inversely proportional to the square of the
      magnitude of the unregulated D.C. voltage.
NUM  6.
PAR  6. A power regulator as in claim 1 wherein the duty cycle of the output
      signal is a function of the magnitude of the unregulated D.C. voltage.
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ABST
PAL  A voltage regulator of the type suitable for production as a monolithic
      integrated circuit for use with a separate reference voltage source is
      composed of a differential amplifier having a so-called current mirror
      circuit coupling its outputs, followed by a current amplifying circuit
      from the output of which a feedback voltage obtained from a resistive
      divider is brought back to one input of the differential amplifier, the
      other input thereof being for connection to the reference voltage source.
      Stabilization of the regulator is obtained by connecting a small
      capacitance, of a magnitude suitable for provision as an element of a
      monolithic integrated circuit, between one of the poles of the supply
      voltage and the point of connection between the differential amplifier and
      the current amplifier circuit. The differential amplifier has a current
      source between common emitter connection and ground. The stability
      condition is worked out showing that the sum current of the differential
      amplifier must be unusually small. When a multi-transistor current
      amplifier is used, a second small capacitance is connected in to improve
      performance. The capacitances may be base-collector diodes, base-emitter
      diodes, MOS elements, or the like.
BSUM
PAR  The invention relates to a voltage regulator in the form of a monolithic
      integrated circuit.
PAR  A voltage regulator of monolithic integrated circuit construction is
      already known in the form of a voltage stabilizer circuit containing a
      reference voltage source and a regulator as an inseparable single unit.
      There is a need, however, for a monolithic integrated voltage regulator
      suitable for working with a separate source of reference voltage. This
      requires a stabilizing capacitor for the frequency characteristic of loop
      gain, but circuits heretofore known will not provide practical circuits
      with values of this capacitor small enough to be made part of an
      integrated circuit.
PAR  It is an object of the present invention to provide a monolithic integrated
      voltage regulator usable with a source of reference voltage provided as a
      separate circuit unit and therefore subject to be constituted in various
      desired ways, according to the particular requirements of different
      situations, such as temperature stability and the like.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, a differential amplifier operated with an extremely small sum
      current is arranged to have its complementary outputs coupled by a current
      mirror circuit, and one of these outputs is connected to the input of a
      current amplifier circuit of very high current gain at the output terminal
      of which the stabilized output voltage of the regulator is available. The
      reference voltage source is connected to one input of the differential
      amplifier, and a feedback voltage taken from a resistive voltage divider
      across the output of the current amplifier circuit is provided to the
      other input of the differential amplifier. Only because of the
      extraordinarily low sum current of the differential amplifier provided in
      accordance with the invention can the frequency response characteristic of
      the regulator be adequately modified consistently with stability by the
      provision of a capacitor of electrical magnitude small enough for
      integration of this circuit element into the monolithic circuit, for
      example about 20 picofarads, connected between the junction of the input
      of the current amplifier circuit and the output of the differential
      amplifier, on one hand, and, on the other hand, a fixed voltage,
      preferably one of the terminals of the voltage supply to the integrated
      circuit.
PAR  The current mirror circuit may typically use a PNP transistor having two
      collectors, with its emitter connected to the positive voltage supply, one
      collector connected to the collector of one of the transistors of the
      differential amplifier and the other collector and the base being
      connected together and connected also either directly or through another
      PNP transistor to the collector of the transistor on the other side of the
      differential amplifier, the base of the second PNP transistor in that case
      being connected to that one of the two collectors of the first PNP
      transistor that is not connected to the base thereof. When the current
      mirror circuit is constituted as aforesaid, the differential amplifier
      utilizes NPN transistors, for example, a single pair with their emitters
      connected together and connected over a d.c. current source to the
      negative voltage supply terminal. The current source is preferably a
      transistor connected as a constant current source. The current mirror and
      differential amplifier combination has a very low steepness characteristic
      because of the extremely low sum current of the differential amplifier, a
      circumstance which results in requiring correspondingly higher current
      amplification by the following current amplification stage.
PAR  The differential amplifier can also be constituted in a form utilizing four
      NPN transistors, with a second pair in cascade with the first, with their
      bases connected together, and with the common base connection of these two
      transistors providing the input to the differential amplifier which is
      connected to the source of reference voltage.
PAR  Which output of the differential amplifier is connected to the input of the
      current amplifier circuit depends upon whether the current amplifier
      circuit has a current inflow input or a current outflow input, and the
      input assignments are correspondingly interchanged so that the proper
      phasing of the feedback is provided in each case.
PAR  In a specially improved embodiment of the invention the output stage of the
      current amplifier circuit utilizes two complementary transistors in the
      equivalent of a Darlington circuit, sometimes referred to as a Lin
      circuit, and the base of the first of these transistors is additionally
      coupled to the base of the second through a second capacitor, with or
      without a series resistor, this capacitor also being of a magnitude
      suitable for its provision as an integrated circuit element.
DRWD
PAR  Further details, including the criteria by which the circuits of regulators
      of this invention are found to be realizable are given in the following
      detailed description, in which the invention is described by way of
      example with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a basic diagram of a voltage regulator according to the
      invention, with its output connected to a load resistor;
PAR  FIG. 2 is a graph of the frequency characteristic of the loop gain of the
      circuit of FIG. 1, with and without a modifying capacitor;
PAR  FIGS. 3a, 3b are illustrative examples of a differential amplifier with a
      current mirror circuit for output coupling for use in the basic circuit of
      FIG. 1;
PAR  FIGS. 4a, 4b, 4c and 4d are examples of a current amplifier circuit with a
      current inflow input, for use in the basic circuit of FIG. 1;
PAR  FIGS. 5a, 5b and 5c are examples of a current amplifier circuit with a
      current outflow input circuit, for use in a voltage regulator according to
      the invention;
PAR  FIG. 6 is a complete circuit diagram of a voltage regulator in accordance
      with the invention;
PAR  FIGS. 7a and 7b are circuit diagrams showing ways of connecting a first
      monolithically integrated capacitor in accordance with the invention, and
PAR  FIGS. 8a and 8b are modifications of a current amplifier circuit in
      accordance with FIG. 4d, provided with an additional second monolithically
      integrated capacitor, respectively in two versions.
DETD
PAR  The monolithic integrated voltage regulator 10 shown in FIG. 1 comprises a
      differential amplifier composed of two NPN transistors 11 and 12 with
      their emitters connected together and further connected through a current
      source 13 through chassis ground. The base of transistor 11 constitutes
      the first input 14 and the base of transistor 12 likewise the second input
      15 of the differential amplifier. The collectors of the two transistors
      11,12 are connected to a current mirror circuit 16, the other side of
      which is connected to the positive current supply bus 17 that connects a
      terminal 18 serving for a connection to the integrated circuit unit of a
      positive supply voltage U.sub.E. The voltage regulator 10 further contains
      a current amplifier circuit 19 likewise connected to the current supply
      bus 17 and having its input 20 connected by a conductor 21 to the
      collector of the transistor 12, while its output 22 provides the
      stabilized output voltage U.sub.A to the output terminal 23. A voltage
      divider composed of two ohmic resistances 24 and 25 is connected between
      the output 22 of the current amplifier circuit 19 and ground. The tap of
      this voltage divider, the common connection of the resistances 24 and 25,
      is connected to the base of the transistor 12 that forms the second input
      15 of the differential amplifier. The base of the transistor 11 that forms
      the first input of the differential amplifier is connected to the
      reference voltage U.sub.o. The sum current of the differential amplifier
      that flows between the common emitter connection and ground, is designated
      I.sub.o. A load resistor 26 is shown in FIG. 1 outside the circuit of the
      voltage regulator 10, connected between the output terminal 23 and ground.
      The current I.sub.A delivered by the current amplifier circuit 19 flows
      through the load resistor 26.
PAR  The stability condition for the basic circuit of FIG. 1 will first be
      considered. The loop gain at low frequency for the circuit of FIG. 1 is
      given by the following expression
EQU  V.sub.o = p .sup.. S .sup.. .beta. R.sub.L ,               (1)
PAL  where S designates the steepness of the characteristic of the combination
      of the differential amplifier and the current mirror circuit, .beta. the
      total current amplification of the current amplification circuit 19 and
      R.sub.L the resistance value of the load resistance 26.
PAR  FIG. 2 shows in graph form the frequency dependence of the loop gain (Bode
      diagram). In the unmodified state, the "knee" frequencies f.sub.1 and
      f.sub.2 lie close to each other, for example at 10.sup.5 to 10.sup.6 Hz.
      At the frequency f.sub.2 total phase shift amounts to 360.degree.. Since
      at this frequency V &gt; 1, the circuit is unstable.
PAR  The first "knee" frequency f.sub.1 must accordingly be made small enough
      that the amplification is surely &lt; 1 in the neighborhood of f.sub.2 (e.g.,
      10.sup.6 Hz), in order that the circuit may be stable. For this purpose,
      assuming f.sub.2 to be known and equal to 10.sup.6 Hz, it is necessary
      that
      ##EQU1##
PAR  In general a sufficiently small internal resistance of the regulator is
      required, which involves the relation
      ##EQU2##
      Hence the requirement regarding f.sub.1 becomes   For example: R.sub.L =
      100 ohms, R.sub.i is equal or &lt; 0.1 ohms, f.sub.2 = 1 MHz gives the result
      f.sub.1 &lt; 1 kHz.
PAR  This relatively low "knee" frequency f.sub.1 should if possible be realized
      by a monolithically integratable capacitor C.sub.1 having a value equal or
      &lt; 20 pF. To obtain this result the determinative amount of resistance in
      the delay network in this example must be
      ##EQU3##
      In accordance with the invention the connecting conductor 21 between the
      differential amplifier output 27 and the current amplifier input 20 is
      chosen as a particularly high impedance point, more precisely, "high ohm
      point", of the circuit and hence, an appropriate place for connecting the
      capacitor C.sub.1 as shown in FIG. 1, in series with a resistor R.sub.1,
      to a firmly fixed potential, for example ground.
PAR  It is then required that
EQU  R.sub.b = .beta. R.sub.L                                   5a.
PAL  where R.sub.a is the output resistance of the differential amplifier and
      R.sub.b is the input resistance of the current amplifier circuit. If it is
      assumed that the internal resistance of the differential amplifier 11,12
      as including the current mirror circuit 16 can be made large compared to
      the input resistance of the current amplifier circuit 19, hence R.sub.a &gt;&gt;
      R.sub.b, it should then follow that
      ##EQU4##
      Furthermore:
EQU  R.sub.b = .beta. R.sub.L                                   (6)
PAL  if the value for R.sub.b given by equation (6) and the value for f.sub.1
      given by equation (2) are set into equation (5a), it follows that
      ##EQU5##
      If the value for V.sub.o from equation (1) is set into equation (7), the
      result is
      ##EQU6##
      The stability requirement, therefore, can be fulfilled in accordance with
      the invention in a manner independent of .beta. and R.sub.L if only the
      condition
      ##EQU7##
      or
      ##EQU8##
      is fulfilled. The steepness of the characteristic of the combination of
      the differential amplifier 11,12 and the current mirror circuit 16 has the
      value
      ##EQU9##
      where I.sub.o is the sum current of the differential amplifier as
      designated in FIG. 1 and
      ##EQU10##
      is the temperature voltage of where K is the Boltzmann constant, T the
      absolute temperature and q the charge of an electron.
PAR  By substituting the expression for S of equation (9) into equation (8b),
      there is derived the following requirement
      ##EQU11##
      For example: if U.sub.T = 26 mV (room temperature), f.sub.2 = 1 MHz,
      C.sub.1 = 20 pF, p = 0.5, the result is that I.sub.o &lt; 13.mu.A.
PAR  An important distinguishing feature of the invention thus lies in the fact
      that for obtaining stability by means of a relatively small
      circuit-integratable capacitance C.sub.1, the sum current I.sub.o of the
      differential amplifier 11,12 is made extraordinarily small.
PAR  On this basis the requirement previously assumed
EQU  R.sub.a &gt;&gt; R.sub.b                                         (11)
PAL  is also fulfilled, at least approximately, because the internal resistance
      of the transistors utilized in the differential amplifier 11,12 and in the
      current mirror circuit 16 is very high for small collector currents.
PAR  It should be noted in FIG. 2 that the frequency characteristic of the
      circuit modified by the presence of the capacitance C.sub.1 is independent
      of .beta. at high frequency. An increase of .beta. does indeed raise the
      amplification V.sub.o, but it produces a corresponding reduction of the
      knee frequency f.sub.1.
PAR  FIGS. 3a to 3c show examples of differential amplifiers with output coupled
      by a current mirror circuit.
PAR  The circuit of FIG. 3a shows the simplest current mirror circuit,
      consisting of a single PNP transistor 29 provided with two collectors. The
      emitter of this PNP transistor is connected to the positive current supply
      bus 17 that is fed from the terminal 18 (FIG. 1). The base and one of the
      two collectors of the transistor 29 are connected to the collector of the
      transistor 11, while the other collector of the transistor 29 is connected
      to the output conductor 21 and also to the collector of the transistor 12.
PAR  The circuit of FIG. 3b shows a second form of current mirror circuit that
      is compensated with reference to current amplification and has a
      substantially higher internal resistance than the basic circuit shown in
      FIG. 3a. It consists of two PNP transistors 30 and 31. The first
      transistor 30 has two collectors and its emitter is connected to the
      positive current supply bus 17. The base and one of the two collectors of
      this first PNP transistor 30 are connected to the emitter of the second
      PNP transistor 31, while the second collector of the transistor 30 is
      connected to the base of the transistor 31 and at the same time to the
      collector of the transistor 11. The collector of the second PNP transistor
      31 is connected to the output conductor 21 and to the collector of the
      transistor 12.
PAR  FIGS. 4a through 5c show examples of current amplifier circuit. Since the
      differential amplifier 11,12 has a complementary output 28, i.e. it can
      supply current or take in current, both types of current amplifiers, that
      is, those with a current inflow input and those with a current outflow
      input, may be used to follow the differential amplifier, but if the
      current taking output of the differential amplifier and a current
      amplifier with a current outflow input are used, the connections to the
      inputs 14 and 15 of the differential amplifier, as designated in FIG. 1,
      must be interchanged.
PAR  In FIGS. 4a through 4d current amplifiers with current inflow inputs are
      shown.
PAR  The current amplifier circuit 19 shown in FIG. 4a consists of a single NPN
      transistor 34 with its collector connected to the positive current supply
      bus 17. The base of the transistor 34 constitutes the input 20 and the
      emitter of the transistor 34 constitutes the output 22 of the current
      amplifier 19. The base electrode, forming the input 20, is accordingly
      connected over the conductor 21 to the noninverting output 27 (FIG. 1) of
      the differential amplifier.
PAR  As shown in FIG. 4b the NPN transistor 34 of FIG. 4a can be constituted as
      a compound transistor of the Darlington type formed of two transistor
      elements 34a and 34b. Such a combination of a pair of transistors is a
      functional equivalent for a single transistor. In this arrangement the
      base of the first NPN transistor 34a supplies the input 20 and the emitter
      of the second NPN transistor 34b supplies the output 22 of the current
      amplifier 19.
PAR  FIG. 4c shows a current amplifier composed of three transistors, with the
      input 20 provided by the base of an NPN transistor 35. The collector of
      the transistor 35 is connected to the base of a PNP transistor 36, of
      which the emitter is connected to the positive current supply bus 17 and
      of which the collector is connected to the base of a second NPN transistor
      37. The collector of the second NPN transistor 37 is connected to the
      positive current supply bus 17. The emitters of the two NPN transistors 35
      and 37 are connected together and their common connection forms the output
      22 of the current amplifier 19.
PAR  As shown in FIG. 4d, the NPN transistor 35 can also be constituted as a
      Darlington compound NPN transistor 35a,35b. The base of the NPN Darlington
      transistor provides the input 20 of the current amplifier, while its
      emitter connection is connected to the second NPN transistor 37 and
      together with the latter provides the output 22 of the current amplifier
      19.
PAR  FIGS. 5a through 5c show current amplifier circuits with current outflow
      inputs.
PAR  FIG. 5a shows a current amplifier circuit 19 consisting of a PNP transistor
      38 and an NPN transistor 39. The emitter of the PNP transistor 38 is
      connected to the positive current supply bus 17 and its base constitutes
      the input 20' of the current amplifier circuit. The collector of the
      transistor 38 is connected to the base of the NPN transistor 39, while the
      collector of the latter is connected to the positive current supply bus 17
      and its emitter constitutes the output 22 of the current supply circuit.
      The input 20' of this current amplifier, i.e. the base of the PNP
      transistor 38, is connected over the conductor 21' to the inverting
      outputs 28 (FIG. 1) of the differential amplifier.
PAR  FIG. 5b shows a circuit in which the NPN transistor 39 of FIG. 5a is
      constituted as a Darlington compound transistor 39a,39b.
PAR  FIG. 5c shows a current amplifier circuit having two PNP transistors 40 and
      41 and two NPN transistors 42 and 43. The emitters of both PNP transistors
      40 and 41 are connected to the positive current supply bus 17. The base of
      the first PNP transistor 40 provides the input 20' of the current
      amplifier circuit. The collector of the transistor 40 is connected to the
      base of the first NPN transistor 42, of which the collector is connected
      to the base of the second PNP transistor 41. Similarly, the collector of
      the second PNP transistor 41 is connected to the base of the second NPN
      transistor 43, of which the collector is connected to the positive current
      supply bus 17. The emitters of the two NPN transistors 42 and 43 are
      connected together and form the output 22 of the current amplifier circuit
      19. In the case of current amplifiers with two or more transistors, the
      possibility of additional instabilities must be considered, the prevention
      of which may require a second capacitor C.sub.2 in the final stage, as
      further described below.
PAR  FIG. 6 shows the full circuit of an illustrative embodiment of a voltage
      regulator in accordance with the invention, in this case combining a
      differential amplifier shown in FIG. 3b and a current amplifier circuit
      similar to that shown in FIG. 4d, combined in accordance with the basic
      diagram given in FIG. 1. The current amplifier circuit 19 in this case
      consists of a Darlington combination of two NPN transistors 35a and 35b as
      an input stage and a comparable Lin circuit combination of a PNP
      transistor 36 and an NPN transistor 37 as an output or final stage. The
      emitter of the second NPN transistor 35b of the Darlington combination is
      connected either directly or over a resistor R.sub.3 (indicated in dashed
      lines to show its optional nature) to the emitter of the second transistor
      56 of a second Darlington combination composed of two NPN transistors 55
      and 56, of which the common collector connection is connected to the
      output 23 of the voltage regulator 10, hence to a voltage that permits the
      active operation of this second Darlington combination 55,56. The base of
      the first transistor 55 of this combination is connected over a resistor
      R.sub.5 with the output 23 of the voltage regulator. The common collector
      connection of the first Darlington combination 35a,35b is connected to the
      base of the PNP transistor 36, which is the first transistor of the final
      stage. The emitter of the NPN transistor 37 is connected to the output 23
      of the voltage regulator. The emitter of the PNP transistor 36 and the
      collector of the NPN transistor 37 are connected to the positive current
      supply bus 17.
PAR  In the circuit shown in FIG. 6, the emitter of the second Darlington
      transistor combination 55,56 is at a somewhat lower voltage level than the
      output voltage U.sub.A and the difference between minimum input voltage
      and output voltage is as small as possible. A resistor R.sub.3 can be
      interposed between the emitters of the two Darlington transistor
      combinations 35a,35b and 55,56, in order to reduce the current
      amplification of the Darlington stage at low current amplification of the
      current amplifier circuit, and thereby to prevent nonlinear oscillations.
PAR  Furthermore, the circuit point at which the common collector connection of
      the first Darlington circuit 35a,35b is connected to the base of the first
      transistor of the Lin circuit, the PNP transistor 36, can advantageously
      be connected through a second circuit-integratable capacitor C.sub.2 to
      the base of the NPN output transistor 37, either directly or, if desired,
      with interposition of a resistor R.sub.2. As already mentioned, such a
      provision is a counter-measure to instabilities that arise in
      multi-transistor current amplifiers. It is, moreover, advantageous to
      connect the base and emitter of the NPN transistor 37 of the final stage
      over a resistor R.sub.4 in order to raise the breakdown voltage and to
      reduce the blocking current. The current source for the differential
      amplifier can be provided by a transistor 13a and a resistor 13b, in which
      case the base of the transistor 13a is connected to a bias voltage
      U.sub.v.
PAR  FIG. 7a illustrates the connection of the first capacitor C.sub.1 between
      the connection conductor 21 and the positive current supply bus 17. This
      capacitor is of course an element of a monolithic integrated circuit and
      it can be provided as a diffusion capacitor, i.e. as a base-collector
      diode, as shown in FIGS. 7a and 7b. If the voltage on the capacitor is
      smaller than the breakdown voltage of a base-emitter diode, this form is
      to be chosen because of the small integrated circuit surface required.
      C.sub.1 can also be made as a so-called MOS capacitor (metallized oxide on
      diffused semiconductor). It is also possible to combine diffusion and MOS
      capacitive properties. A base-collector diode can also be used.
PAR  The same possibilities hold for the capacitor C.sub.2 of FIG. 6, as shown
      in FIG. 8a. If a base-emitter diode is used, even in parallel with a
      base-collector diode as shown in FIG. 8b, when there are short-duration
      positive voltage pulses on the positive supply voltage bus, as occurs for
      example, in the case of motor vehicles, the output is pulled up when the
      diode breaks down. This is an advantageous property of such an embodiment
      of the invention if the utilization circuit itself is insensitive to
      voltage pulses, since the utilization circuit loads down the supply
      voltage through the conducting final stage transistor, and consequently
      loads down the disturbing voltage pulses which are, in general, coupled to
      the circuit in a high-impedance fashion.
PAR  Although the invention has been described with reference to particular
      embodiments, it will be understood that variations and modifications are
      possible within the inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. A monolithic integrated voltage regulator for regulating the voltage at
      which current is supplied from a voltage source (U.sub.E) having positive
      and negative terminals comprising:
PA1  a differential amplifier having a first input (14) for connection to a
      reference voltage source (U.sub.o) and having a current mirror circuit
      (16) coupling its outputs,
PA1  current amplifier means (19) in the form of a current amplifier with
      inflowing current having its input (20) connected by a conductor (21) to
      the non-inverting output (27) of said differential amplifier, said current
      amplifier means having a voltage divider composed of ohmic resistances
      (24, 25) connected across its output, with the tap thereof connected to
      the second input (15) of said differential amplifier (11,12), said current
      amplifier means further comprising:
PA2  an input stage consisting of a first Darlington circuit combination of two
      NPN transistors (35a,35b);
PA2  an output stage comprising a Lin circuit combination of a PNP transistor
      (36) and an NPN transistor (37), and
PA2  a second Darlington circuit combination of a first (55) and a second
      (56)NPN transistors with the emitter of the latter connected through a
      resistor to said negative terminal of said voltage source and with the
      common collector connection connected to a voltage that permits active
      operation of said second Darlington combination (55, 56),
PA2  the emitter of the second NPN transistor (35b) of the first Darlington
      circuit being connected at least through a resistor (R.sub.3) to the
      emitter of the second transistor (56) of the second Darlington circuit,
      the base of the first transistor (55) of said second Darlington
      combination being connected to said negative terminal by a resistance
      divider connected between said negative terminal and the output terminal
      (23) of said voltage regulator, the common collector connection of said
      first Darlington circuit (35a, 35b) being connected with the base of said
      PNP transistor (36) of said output stage, the emitter of said NPN
      transistor (37) of said output stage being connected with said output
      terminal (23) of said voltage regulator and the emitter of said PNP
      transistor (36) as well as the collector of said NPN transistor (37) of
      said output stage being connected with said positive terminal (18) of the
      voltage source, and
PA1  a circuit stabilizing capacitor (C.sub.1) monolithically integrated into
      the circuit connected between the said conductor (21) connecting the input
      of said current amplifier to the noninverting output of said differential
      amplifier and one of said terminals of said voltage source,
PA1  the stabilized output voltage (U.sub.a) of the voltage regulator (10) being
      available at said output terminal (23) to which the emitter of said NPN
      transistor (37) of said output stage is connected.
NUM  2.
PAR  2. A voltage regulator as defined in claim 1 in which the common collector
      connection of said first Darlington combination (35a, 35b) is connected
      with the base of the NPN output transistor (37) of said output stage
      through a second capacitor (C.sub.2) of an electrical magnitude suitable
      for monolithic integration into the circuit.
NUM  3.
PAR  3. A voltage regulator as defined in claim 2, in which the base and emitter
      of the NPN transistor (37) of the output stage are connected to each other
      over a resistor (R.sub.4).
NUM  4.
PAR  4. A voltage regulator as defined in claim 2 in which said first capacitor
      (C.sub.1) and said second capacitor (C.sub.2) are base-collector diodes.
NUM  5.
PAR  5. A voltage regulator as defined in claim 2 in which said first capacitor
      (C.sub.1) and said second capacitor (C.sub.2) are base-emitter diodes.
NUM  6.
PAR  6. A voltage regulator as defined in claim 2 in which said first capacitor
      (C.sub.1) and said second capacitor (C.sub.2) are of the type in which the
      dielectric is formed by an oxide layer.
NUM  7.
PAR  7. A voltage regulator as defined in claim 2 in which one of said
      capacitors (C.sub.1,C.sub.2) is a base-collector diode and the other is a
      base-emitter diode.
NUM  8.
PAR  8. A voltage regulator as defined in claim 1 in which the base and emitter
      of the NPN transistor (37) of the output stage are connected to each other
      over a resistor (R.sub.4).
NUM  9.
PAR  9. A voltage regulator as defined in claim 8 in which said first capacitor
      (C.sub.1) is a base-collector diode.
NUM  10.
PAR  10. A voltage regulator as defined in claim 8 in which said first capacitor
      (C.sub.1) is a base-emitter diode.
NUM  11.
PAR  11. A voltage regulator as defined in claim 8 in which said first capacitor
      (C.sub.1) is of the type in which the dielectric is formed by an oxide
      layer.
NUM  12.
PAR  12. A voltage regulator as defined in claim 8 in which one of said
      capacitors (C.sub.1,C.sub.2) is a base-collector diode and the other is a
      base-emitter diode.
NUM  13.
PAR  13. A voltage regulator as defined in claim 1 in which said circuit
      stabilizing capacitor (C.sub.1) is a base-collector diode.
NUM  14.
PAR  14. A voltage regulator as defined in claim 1 in which said circuit
      stabilizing capacitor (C.sub.1) is a base-emitter diode.
NUM  15.
PAR  15. A voltage regulator as defined in claim 1 in which said circuit
      stablizing capacitor (C.sub.1) is of the type in which the dielectric is
      formed by an oxide layer.
NUM  16.
PAR  16. A monolithic integrated voltage regulator for regulating the voltage at
      which current is supplied from a voltage source (U.sub.E) having positive
      and negative terminals comprising:
PA1  a differential amplifier having a first input (14) for connection to a
      reference voltage source (U.sub.o) and having a current mirror circuit
      (16) coupling its outputs,
PA1  current amplifier means (19) in the form of a current amplifier with
      inflowing current having its input (20) connected by a conductor (21) to
      the noninverting output (27) of said differential amplifier, said current
      amplifier means having a voltage divider composed of ohmic resistances
      (24, 25) connected across its output, with the tap thereof connected to
      the second input (15) of said differential amplifier (11, 12), said
      current amplifier means further comprising:
PA2  an input stage consisting of a first Darlington circuit combination of two
      NPN transistors (35a,35b);
PA2  an output stage comprising a Lin circuit combination of a PNP transistor
      (36) and an NPN transistor (37), and
PA2  a second Darlington circuit combination of a first (55) and a second (56)
      NPN transistors with the emitter of the latter connected through a
      resistor to said negative terminal of said voltage source and with the
      common collector connection connected to a voltage that permits active
      operation of said second Darlington combination (55, 56),
PA2  the emitter of the second NPN transistor (35b) of the first Darlington
      circuit being connected at least through a resistor (R.sub.3) to the
      emitter of the second transistor (56) of the second Darlington circuit,
      the base of the first transistor (55) of said second Darlington
      combination being connected to the output terminal (23) of said voltage
      regulator, the common collector connection of said first Darlington
      circuit (35a, 35b) being connected with the base of said PNP transistor
      (36) of said output stage, the emitter of said NPN transistor (37) of said
      output stage being connected with said output terminal (23) of said
      voltage regulator and the emitter of said PNP transistor (36) as well as
      the collector of said NPN transistor (37) of said output stage being
      connected with said positive terminal (18) of said voltage source, and
PA1  a circuit stabilizing capacitor (C.sub.1) monolithically integrated into
      the circuit connected between the said conductor (21) connecting the input
      of said current amplifier to the noninverting output of said differential
      amplifier and  one of said terminals of said voltage source,
PA1  the stabilized output voltage (U.sub.a) of the voltage regulator (10) being
      available at said output terminal (23) to which the emitter of said NPN
      transistor (37) of said output stage is connected.
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ABST
PAL  The invention relates to a phase initiation control circuit for a three
      phase system which comprises three sets of blocking elements of the TRIAC
      type. Regulation is achieved by displacing the moment at which a control
      impulse is sent to each blocking element to render it conducting for the
      remainder of the half cycle. Associated with each phase is a continuously
      chargeable capacitor which, upon a predetermined voltage being reached,
      discharges to produce a control impulse and also is completely discharged
      through the collector emitter path of a junction transistor at the zero
      cross-over of the particular voltage phase. The capacitors are charged
      through charging transistors and are discharged to produce said control
      impulses through unijunction transistors and impulse transformers.
PARN
PAR  This is a continuation of application Ser. No. 43,908, filed June 5, 1970.
BSUM
PAR  The invention relates to a phase-initiation control arrangement,
      particularly for a three-phase consumer unit, in which arrangement
      blocking elements are each rendered conducting by a control impulse in
      each phase and remain conducting until the end of the half-cycle.
PAR  Regulation can be achieved by displacing the moment at which the control
      impulse is sent and the blocking element rendered conducting. A
      single-phase phase-initiation control arrangement would be used for
      example for regulating the speed of single-phase motors, for regulating a
      lighting system or for regulating the capacity of electric furnaces.
      Since, in all these contexts, the control impulse does not need to be set
      at a particularly precise moment, it suffices to use relatively simple
      impulse generators which, for example, are operable with the help of an
      adjusting resistor which may also be dependent upon a physical factor.
PAR  There are however applications in which the variable moment at which the
      control impulse occurs must be establised with great precision. This
      applies particularly in the case of a phase-initiation control arrangement
      for a three-phase consumer unit. Here, although the ignition moment should
      likewise be capable of being varied with the help of a resistor or the
      like, the control impulses for the blocking elements in the three phases
      should however be precisely displaced relatively to each other by
      120.degree., so that the same conditions occur in all the phases. This is
      especially important in the case of a motor-control system or when
      regulating illuminating systems.
PAR  In the case of a three-phase phase-initiation arrangement it is known for
      example to use a zero detector and three monostable multi-vibrators. The
      first multi-vibrator is associated with that phase in which the detector
      measures cross-over through zero. The other multi-vibrators are associated
      with the two other phases. The first multi-vibrator is controlled by the
      detector and sends an output signal after an adjustable time-lag. This
      output signal controls the first blocking element and the second
      multi-vibrator. The later in turn sends an output signal after 120.degree.
      (this corresponding to 6.66 ms at 50 cycles), which signal controls the
      blocking element in the second phase and the third multi-vibrator. The
      latter, after 120.degree., produces a control signal for the third phase.
      Such an arrangement requires the use of considerable numbers of electronic
      parts (zero cross-over detector, three multi-vibrators, stabilized a.c.
      voltage supply means etc.) and very great stability in the constant
      time-lags. Inaccuracies lead to troubles particularly in the case of a
      phase-initiation near the commencement or end of the half-cycle.
PAR  The object of the invention is to provide a phase-initiation control
      arrangement which is particularly suitable for a three-phase consumer unit
      and which, despite a simple connection system, enables the moment at which
      the blocking elements are switched in to be established with very great
      accuracy.
PAR  According to the invention, this object is achieved by there being
      associated with each phase a continuously chargeable condenser which, upon
      a predetermined voltage being reached, discharges to produce the control
      impulse and is also discharged in the zero cross-over of the particular
      phase voltage.
PAR  Because of the discharge in the zero cross-over, there is created in each
      half-cycle an initial condition that is precisely defined as regards time
      and electrically. By appropriate choice of the charging rate of the
      discharging voltage, the moment at which the control impulse is produced
      can be accurately established. In a three-phase control arrangement, these
      similar condenser connections are used which can be balanced and jointly
      controlled. The ignition moment of the blocking element is in each case
      determined by the first discharge of the condenser in each half-cycle. It
      is permissible for the condenser to produce further control impulses
      during the further course of the half-cycle; these cause no harm since the
      blocking element of course remains conducting up to the end of the
      half-cycle. Even if a control impulse should occur in the zero cross-over
      during discharge, this is generally of no disadvantage since no voltage is
      of course available to keep the blocking element conducting. If required,
      a control impulse can also be supported at this moment. A particularly
      simple connection arrangement is obtained if the condenser discharges
      through a unijunction transistor and an impulse transformer. The voltage
      between the first and second bases of the transistor determines the
      discharge voltage of the condenser. When this discharge voltage is
      reached, the condenser can discharge in the shortest time through the
      transistor, so that the impulse transformer sends a powerful impulse.
PAR  In a three-phase phase-initiation control arrangement the condensers for
      all three phases are preferably each capable of being charged through a
      charging transistor having an omitter resistor, the bases of all three
      charging transistors are connected to a common voltage, which can be
      tapped off at a voltage divider for adjusting the lead angle, and the
      emitter resistors of all three charging transistors are separately
      adjustable. The charging transistors determine the charging rate of the
      condensers. With the help of the adjustable emitter resistors, all three
      condensers can be charged at the same rate for a given working point.
      Since a common adjustable voltage is applied to the bases, the loading
      rate of all three condensers can be uniformly altered by an adjustment at
      the associated voltage divider.
PAR  Advantageously, there is associated with each unijunction transistor an
      adjustable voltage divider which determines the voltage between the first
      and second bases. In this way the unijunction transistors can be
      synchronized with each other in such manner that the associated condensers
      are discharged at the same voltage.
PAR  A very advantageous compensation effect is achieved with the help of an
      additional resistor which is connected at one side to the bases of the
      charging transistors and at the other to an a.c. voltage that follows the
      fluctuations in the mains voltage. By means of this additional resistor,
      the base voltage of the charging transistors is increased as the mains
      voltage rises. Consequently the rate at which the condensers are charged
      drops and the ignition of the blocking elements occurs after a time-lag.
      This results in a lower current which, in conjunction with the higher
      mains voltage, leads to an approximately constant power.
PAR  Various steps can be taken to discharge the condenser in the zero
      cross-over. An advantageous method is that of providing an a.c. voltage
      between the first and second bases of the unijunction transistor, which
      voltage is however brought to practically zero in the voltage-zero
      cross-over. This is done by for example using a trapezoidal voltage, which
      is obtained from the particular phase-voltage by two-way rectification.
      Since the voltage between the first and second bases determines the
      voltage at which the condenser can discharge, this ensures that discharge
      of the condenser takes place in any case at the moment of cross-over
      through zero. The amplitude of the trapezoidal voltage, which is fixed,
      for example, by means of a Zener diode, determines the discharge voltage
      at the normal moment of ignition.
PAR  In another advantageous aspect of the invention, there is a first path
      through which the condenser discharges to send the control impulses, and a
      second path through which the condenser discharges in the zero cross-over
      of the particular phase-voltage. This ensures that discharge in the zero
      cross-over does not lead to the production of a control impulse.
PAR  For example, the unijunction transistor can be located in the first path,
      and the voltage between its first and second bases can be a constant a.c.
      voltage, while in the second path there can be provided a discharge
      transistor, the emitter-collector gap of which by-passes the condenser,
      and the base of which receives a discharge impulse in the zero cross-over
      of the particular phase-voltage.
PAR  The particular phase-voltage can for example undergo a two-way
      rectification, and the discharge impulse can be obtained from the mutually
      limiting flanks of the half-waves. This can be achieved by differentiation
      for instance.
PAR  In a preferred arrangement, a substantially constant a.c. voltage is
      applied to one side of a voltage divider and an opposed two-way rectified
      phase-voltage is applied to the other, and the tapping leading to the base
      of the discharge transistor is so arranged that at the moment at which the
      phase-voltage crosses over through zero, the transistor is rendered
      conducting for a brief period. There is therefore applied to the votlage
      divider the sum of the constant a.c. voltage and of the rectified
      phase-voltage. The tapped-off voltage follows this total voltage
      proportionally. It is only necessary to select the reference voltage of
      the transistor in such manner that the basis voltage is displaced each
      time in the direction of the collector potential to an extent such that
      the emitter voltage is slightly exceeded. Expediently, a rectifier is
      provided between the tapping and the base. This ensures that the discharge
      transistor does not break down as a result of too high a base voltage. The
      voltage at the tapping that can therefore be of considerable amplitude, so
      that, near the zero cross-over, the rectified voltage halfwaves meet by
      their very sharp angles. The period during which the discharge transistor
      is conducting can thus be reduced to very small values (e.g.
      1.degree.-2.degree.).
PAR  In a further embodiment of the invention, the voltage divider for adjusting
      the lead angle consists of at least two resistors with a compensation
      transistor disposed between them, this transistor being similar to the
      loading transistors and having its collector and base interconnected. If,
      for the purpose of achieving a high charging rate, the charging
      transistors carry more current and therefore become warmer, the
      compensation transistor also undergoes a greater degree of warming up,
      whereby the base voltage of the charging transistors is affected in the
      sense of providing compensation.
DRWD
PAR  The invention will now be described in more detail by reference to
      embodiments illustrated in the drawing, in which:
PAR  FIG. 1 shows the circuitry of a first embodiment of a phase-initiation
      control arrangement in accordance with the invention,
PAR  FIG. 2 shows the voltage and current curves in this arrangement,
PAR  FIG. 3 shows a second embodiment of an arrangement in accordance with the
      invention, and
PAR  FIG. 4 shows the voltage and current curves in this arrangement.
DETD
PAR  FIG. 1 shows a supply system having the phase R, S, T and which supplies a
      three-phase consumer unit having impedances 1, 2 and 3. In each of the
      three-phase conductors 4, 5 and 6 is an electronic blocking element 7, 8
      and 9 each of which, in the present embodiment, consists of two controlled
      semi-conductor diodes 10 and 11, connected in anti-parallel, such as are
      obtainable for example under the trade name TRIAC. Each controlled
      rectifier is connected by one pole and a secondary electrode to an output
      of three impulse transformers 12, 13 and 14. The conductors associated
      with each other are indicated by the reference letters A-A', B-B', C-C',
      D-D', E-E' and F-F'. As long as a control impulse is applied to these
      rectifiers, they are conducting and remain so until the current flowing
      through them passes through zero.
PAR  To produce the control impulses, there is associated with each phase R, S
      and T a condenser 15 which is charged linearly through a charging
      transistor 16, and is discharged through a unijunction transistor 17 when
      a predetermined voltage is reached. Discharge takes place through the
      primary winding of the associated impulse transformer, so that a control
      impulse occurs at the output points. It is important that the condenser 15
      is also discharged at the zero cross-over of the associated phase-voltage,
      so that there is present a reference point that is accurately defined both
      as regards time and electrically. Since the arrangement in question is the
      same for all three phases, it is described for one phase only.
PAR  The phase-voltage is supplied to a two-way rectifier 19 by way of a
      transformer 18. The half-waves tapped off at the output point of this
      rectifier are applied to a Zener diode 21 by way of a series resistor 20,
      so that a trapezoidal voltage is available at the point 22. This voltage
      is applied to a voltage divider which comprises the resistors 23 and 24
      and the adjustable resistor 25. Consequently, the amplitude of the voltage
      available at the point 26 can be adjusted. This voltage, which is applied
      between the first and second bases of the unijunction transistor 17,
      determines that voltage value at which the continuously charging condenser
      15 discharges. Since the voltage at the point 26 is approximately zero in
      the zero cross-over, discharge of the condenser also occurs at this
      moment, independently of the extent to which the condenser has been
      charged. A rectifier 27 enables the magnetic field, produced in the
      transformer 12-14 when the control impulse is produced, to be broken down
      again. The output points of all the two-way rectifiers 19 are combined
      through a rectifier arrangement 23, so that there obtains in a conductor
      28 an a.c. voltage which is almost equal to the amplitude of the
      phase-voltage. This voltage is smoothed by a condenser 30. This voltage is
      supplied through a series resistor 31 to a Zener diode 32 and a condenser
      33, connected in parallel, so that a stabilized constant a.c. voltage is
      available at the point 34. The charging transistors 16 are supplied with
      this a.c. voltage through two emitter resistors 35 and 36, the latter of
      which is adjustable. By adjusting the resistor 36, all the charging
      transistors 16 can be caused to carry the same current at the same working
      point and thus the coefficient of inclination is the same when the
      condenser 15 is charged.
PAR  Furthermore, the voltage at the point 34 is applied to a voltage divider
      which consists of the resistors 37 and 38, the latter of which is
      adjustable. At the tapping point 39 there exists a voltage which is fed
      through a conductor 40 to the bases of all the charging transistors 16. A
      change in the resistor 38 thus leads to a change in the base voltage and
      therefore to a change in the charging rate of the condensers 15. The
      slower the condensers charge, the later is the control impulse sent. Also,
      connected to the point 39 is a resistor 41, the other end of which is
      connected to the conductor 29. If the mains voltage rises, the a.c.
      voltage in the conductor 29 also rises. This causes the voltage at the
      point 39 to rise, so that the current flowing through the loading
      transistors 16 is choked. The charging rate of the condensers 15 drops and
      a reduced phase current is associated with the higher phase voltage.
PAR  The mode of operation of the arrangement shown in FIG. 1 can be seen from
      FIG. 2, which illustrates the conditions for one phase, which are however
      repeated in the other two phases each offset through 120 electrical
      degrees. Plotted in turn against time are
PA1  the phase-voltage U.sub.R
PA1  the trapezoidal voltage U.sub.26 at the point 26
PA1  the condenser voltage U.sub.15 at the condenser 15, and
PA1  the phase current I.sub.R.
PAR  It will be assumed that the load 1, 2 and 3 is purely ohmic and that the
      phase-voltage U.sub.R is of approximately constant amplitude. The
      amplitude G of the trapezoidal voltage U.sub.26 is then determined by the
      Zener diode 21 and by the setting of the resistor 25. It determines the
      breakdown voltage of the unijunction transistor 17 and thus the amplitude
      H of the condenser voltage U.sub.15. The condenser 15 is continuously
      charged until its voltage reaches the value H; it then discharges through
      the impulse transformer 12. This occurs at the moment t.sub.1. The
      resultant control impulse ignites the associated rectifier 11, and the
      phase current I.sub.R begins to flow until the next current zero
      cross-over is reached. The condenser 15 begins to charge again after the
      first discharge, and at the moment T.sub.2 the voltage H is reached again,
      whereupon a second discharge takes place and a second control impulse is
      set. This causes no harm since the rectifier 11 is alreay conducting.
      Shortly before the zero cross-over at the moment t.sub.0 of the
      phase-voltage U.sub.R, the trapezoidal voltage U.sub.26 begins to
      decrease. As soon as it has reached a point corresponding to the
      particular state of charge of the condenser 15, this condenser discharges,
      beginning at the moment t.sub.3, until it is completely discharged at the
      moment t.sub.0. A fresh charging-discharging cycle begins, which this time
      benefits the other half-wave of the phase-current. If the resistor 38 is
      now displaced, the slope of the condenser voltage U.sub.15 changes and
      thus do does the position of the moment t.sub.1.
PAR  For the purpose of making an adjustment, all three input transformers 18
      are expediently connected to the same phase. The condenser voltages
      U.sub.15 are then connected in pairs to a calibrated double beam
      oscilloscope. Then, the slope of the voltage U.sub.15 can simply be
      altered by adjusting the resistor 36 and the amplitude of this voltage
      altered by adjusting the resistor 15 until the images representing the
      voltages are in precise register.
PAR  In the case of the embodiment seen in FIG. 3, only the impulse generator is
      illustrated. Similar parts are indicated by the same reference symbols as
      in FIG. 1. Since the same arrangement applies to all three phases, again
      only the part of the control arrangement associated with one phase is
      marked with reference symbols.
PAR  The voltages of all three input transformers 18 are applied, through a
      two-way rectifier arrangement 14, having a common neutral conductor 43,
      and by way of a smoothing condenser 44, to a point 45 from which the
      smoothed a.c. voltage can be directly tapped off through the conductor 46,
      whereas a series resistor 47 and a Zener diode 48 produce a first
      stabilized a.c. voltage in a conductor 49, and a series resistor 50 and a
      Zener diode 51 produce a second stabilized a.c. voltage in a conductor 52.
PAR  The voltage in the conductor 49 is used for charging the condenser 15
      through the charging transistor 16. The stabilized a.c. voltage in the
      conductor 52 is applied through the unijunction transistor through a
      resistor 23. Consequently, the breakdown voltage of the transistor 17
      remains constant during operation. The unijunction transistor 17 and the
      impulse transformers 12-14 therefore form a first path through which the
      condenser 15 can only be discharged when the constant breakdown voltage of
      the transistor 17 has been reached.
PAR  For discharge at the zero point there is provided a second path which
      consists substantially of a discharge transistor 53. The base of this
      transistor is connected through a diode 54 to the tapping 55 of a voltage
      divider consisting of two resistors 56 and 57. The smoothed a.c. voltage
      U.sub.46 is applied at one side of this voltage divider and the associated
      phase voltage is applied at the other side through each of a pair 58 of
      rectifiers and through the transformer 18. Since the smoothed a.c. voltage
      works in the positive sense and the phase-voltage, on the other hand, in
      the negative sense, the voltage divider 56, 57 is influenced by the sum of
      the two voltages. Whenever the voltage at the tapping 55 rises above the
      zero point, i.e. when the emitter voltage fixed by the neutral lead 43
      rises, the discharge transistor 33 becomes conducting and the condenser 15
      can discharge through this second path without producing a central
      impulse. As can be seen from FIG. 4, this discharge process occurs very
      precisely in the zero cross-over of the phase-voltage.
PAR  The common voltage control of the bases of the charging transistors 16 is
      again achieved by connecting a common distributing conductor 40 to the
      tapping of a voltage divider consisting of the resistors 37 and 38. The
      voltage divider is supplied with stabilized a.c. voltage in the conductor
      49. However, a compensation resistor 59 is also connected in series with
      the voltage divider and the basis and collector of this transistor are
      interconnected. This transistor is so connected that its base-emitter gap
      operates in the same way as those of the charging resistors 16.
      Consequently the temperature and current heat are compensated. The
      compensation resistor 41 operates in the same way as in the arrangement
      shown in FIG. 1.
PAR  In FIG. 4 the discharge voltage U.sub.55 at point 55, and the condenser
      voltage U.sub.15 at the condenser 15 are plotted against time t.
PAR  The phase-voltage U.sub.R and the phase-current I.sub.R follow the same
      course as in FIG. 2.
PAR  Whereas the charging and discharging of the condenser 15 proceeds by way of
      the unijunction transistor 17 in a similar manner to that of FIG. 1, the
      discharge at the moment t.sub.0 occurs by way of the discharging
      transistor 53. The voltage divider 56, 57 is so designed that a positive
      voltage occurs at the tapping 56 only at the moment t.sub.0. In order to
      ensure that the discharging transistor 53 becomes conducting, the voltage
      U.sub.55 must rise to +2V for instance. On the other hand, the positive
      voltage peak should not be very wide in order to establish a definite
      moment at which discharge takes place. Values of less than 2.degree. are
      desirable. These can be readily achieved if the amplitude K of the voltage
      U.sub.55 is great. In this case, the diode 54 prevents the discharging
      transistor 53 from suffering breakdown as a result of the high negative
      voltage. In this way, the moment at which the condenser 15 discharges is
      very precisely defined in the zero cross-over. Since there is no resistor
      at all in the second path, complete discharge of the condenser 15 is also
      ensured. In the case of one typical arrangement, the following values for
      voltage applied
PA1  Voltage U.sub.46 in the conductor 46 = 44 V
PA1  Voltage U.sub.49 in the condenser 49 = 27 V
PA1  Voltage U.sub.52 in the conductor 52 = 22 V.
PAR  The arrangement was designed to be suitable for an ignition angle range of
      10.degree.-180.degree.. A smaller ignition angle is not necessary in
      practice, since when with an ignition angle of 10.degree. the effective
      output voltage still corresponds to 99.95% of the output voltage with an
      ignition angle of 0.degree.. The charging current is of course eighteen
      times greater with an ignition angle of 10.degree. then with an ignition
      angle of 180.degree.. This results in a considerable thermal effect,
      particularly in the base-emitter gaps of the charging transistor 16. Since
      however, the base-emitter gap of the compensation transistor 59 is
      connected in the way way, the base voltage of the charging transistor 16
      is changed in the opposite direction. As in the case of the arrangement
      seen in FIG. 1, the control arrangements for the individual phases are so
      balanced, by adjusting the resistors 25 and 26, that they operate in the
      same manner. By adjusting the transistors 38, the slope of the condenser
      voltage U.sub.15 and thus the moment t.sub.1 at which ignition occurs are
      thus changed.
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STM  I claim:
NUM  1.
PAR  1. A phase initiation control circuit for a three phase system comprising
      three pairs of blocking elements, one pair for each phase, each of said
      blocking elements being of a type which is rendered conducting by a
      control impulse and remains conducting until the end of the half-cycle;
      means for deriving a substantially constant direct current voltage from
      the three phase input to said system; means for deriving three pulsating
      direct current voltages from said three phase input to said system, said
      pulsating voltages being respectively synchronized with the three phases
      of said input; and, for each phase, a capacitor, charging means, first
      discharging means, second discharging means, an impulse transformer having
      a primary winding and two secondary windings, a voltage divider which is
      connected betweenn said substantially constant direct current voltage and
      the pulsating direct current voltage corresponding to said phase, and a
      tapping on said voltage divider, the charging means being such as to
      continuously charge said capacitor from said substantially constant direct
      current voltage, the first discharging means being such as to discharge
      the capacitor upon a predetermined voltage across the capacitor being
      reached, discharge of the capacitor by the first discharging means
      producing a voltage across said primary winding, said secondary windings
      being directly connected to the respective blocking elements of the
      associated pair of blocking elements for said phase, said voltage across
      said primary winding causing voltage control impulses in said secondary
      windings to cause said blocking elements to conduct, and said second
      discharging means comprising a junction transistor having emitter,
      collector and base electrodes, the emitter-collector path of said
      transistor being connected across said capacitor, said base of said
      transistor being connected to said tapping on said voltage divider, said
      substantially constant direct current voltage and said corresponding
      pulsating direct current voltage having a common reference potential point
      to which point said emitter of said transistor is connected whereby the
      emitter collector path of said transistor is rendered conducting when said
      voltage of said phase passes through zero, so completely discharging said
      capacitor.
NUM  2.
PAR  2. A phase initiation control circuit according to claim 1, wherein said
      emitter of said transistor is connected to said tapping on said voltage
      divider through a rectifier.
NUM  3.
PAR  3. A phase initiation control circuit according to claim 1 wherein said
      means for providing a substantially constant direct current voltage is
      common to all three phases of said three phase input.
NUM  4.
PAR  4. A phase initiation control circuit according to claim 1 comprising
      further means to supply a second substantially constant direct current
      voltage common for all three phases of said three phase input, said
      further means forming part of said charging means for each phase.
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ABST
PAL  The condition of the ignition coil and capacitor of an internal combustion
      engine are analyzed by determining the number of zero cross-overs in the
      ringing of the low coil voltage as well as whether or not the low coil
      voltage exceeds a threshold magnitude, during the spark period of a
      disconnected spark plug while the engine is running. In one disclosed
      embodiment, the cross-overs in the low coil ringing voltage and the times
      that the threshold is exceeded are counted over a moderate number (such as
      16) of revolutions of the distributor and then the average number of
      ringing cross-overs is combined with the approximate percent of time that
      the threshold voltage is exceeded during that number of revolutions to
      present signals indicating that the ignition is normal, the coil has
      shorted turns or intermittent arc-overs, or that the capacitor is open. In
      another disclosed embodiment the cross-overs are quantized in a monostable
      multivibrator and integrator, to provide analog indications of the number
      of cross-overs to permit transferance thereof through an analog
      multiplexer and analog to digital converter to a digital processor for
      analysis in a desired fashion.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter hereof is also disclosed, and some of it is claimed, in
      a commonly owned copending application entitled IGNITION COIL AND
      CAPACITOR ANALYZER, Ser. No. 534,524 filed on even date herewith by Larkin
      M. Hasbrouck.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to vehicle diagnostics, and more particularly to the
      automated analysis of coil and capacitor conditions in the ignition system
      of an internal combustion engine.
PAR  2. Description of the Prior Art
PAR  It has been common for the diagnostic analysis of the electric ignition
      system of internal combustion engines to be performed primarily in
      dependence upon an operator's interpretation of a waveform of the low coil
      voltage, as displayed upon an oscilloscope. This is due in part to the
      fact that it is relatively costly and time consuming to analyze the
      condition of the individual components of the ignition system. For
      instance, although it is easy to determine when the breaker point
      capacitor is shorted, it has heretofore been difficult to determine the
      likelihood of the capacitor being open. Similarly, although an open coil
      is reasonably easy to diagnose, short circuiting of some of the turns of
      the coil and intermittent arc-overs of the coil have heretofore been
      difficult to determine. One problem with the graphic analysis of the spark
      characteristics is that it is highly dependent upon the interpretive skill
      of the operator. Further, subtle variations from a normal pattern, such as
      those that result from intermittent arcs or a few shorted turns of the
      coil, are difficult to observe. In addition, the cathode ray tube
      circuitry required for a presentation of the spark is rather delicate in
      contrast with the harsh environment in which vehicle diagnostics are
      normally performed.
PAC  SUMMARY OF INVENTION
PAR  The principle object of the present invention is provision of improved
      analysis of the condition of ignition coils and capacitors.
PAR  According to the present invention, the low coil ringing voltage is
      squared-up in a hard driven amplifier and used to accumulate an indication
      of the number of ringing cross-overs, and a voltage divider connected to a
      low coil voltage operates a threshold detector to provide an indication of
      whether or not the peak magnitude of the lower coil voltage exceeds a
      reference, threshold magnitude, over a moderate number of revolutions, the
      number of times that the threshold voltage is exceeded is accumulated, and
      the average number of cross-overs is accumulated; the results thus
      obtained over a moderate number of revolutions are combined to provide
      indications of probable conditions of the coil and the capacitor.
PAR  In accordance further with the invention, the digital circuitry is provided
      to generate signals in response to the combination of the number of
      cross-overs with the percentage of time that the low coil voltage peak
      exceeds a threshold voltage to provide manifestations of probable coil and
      capacitor conditions.
PAR  The present invention provides substantially noise-independent, automatic
      analysis of the coil and capacitor in an internal combustion engine
      ignition system. The present invention eliminates the need for operator
      interpretation and generates discrete manifestations indicating probable
      conditions in the coil and capacitor of the ignition system. The invention
      is readily implemented in a variety of forms utilizing components and
      technology which are widely available in the art.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof, as illustrated in the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of an exemplary embodiment of the
      present invention;
PAR  FIG. 2 is a schematic block diagram of another embodiment of the present
      invention; and
PAR  FIG. 3 is a diagram illustrating voltage relationships and timing of the
      embodiment of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a coil 10 of an automotive ignition system is
      energized from an engine ignition switch 12 through a resistor 14, the low
      side of the coil 10 being connected by a wire 16 to the breaker points
      within a distributor 18 of a type well known in the art. The high voltage
      output of the coil 10 is applied by a high voltage lead 20 to the
      distributor high voltage input 24 for distribution to plug wires 25 by
      respective high voltage terminals 26 in dependence upon the position of
      the rotor within the distributor 18, as is well known. In the present
      embodiment, the condition of the ignition system is tested with the engine
      running, but the voltage conditions are taken at one particular high
      voltage terminal 26a of the distributor 18 for which the related spark
      plug wire 25a has been disconnected. Connection to the terminal 26a also
      provides a signal on a line 28 which, after suitable filtering, stretching
      and the like in a signal conditioning circuit 30, provides a timing signal
      of suitable duration on the line 32 indicative of the fact that the rotor
      is connected to the terminal 26a, and that therefore a low coil voltage on
      the line 16 is indicative of a high voltage pulse on the line 20 which
      will not be applied to a spark plug, so that the voltage on the line 16
      may be analyzed in accordance with the present invention. Voltage on the
      line 16 (see illustration (a) of FIG. 3) is applied to a high gain,
      hard-limited amplifier 34 so as to provide a square wave manifestation of
      the low coil ringing voltage (illustration (b) of FIG. 3) on a line 36 in
      which the positive and negative swings of the square wave are aligned in
      time with the zero cross-overs of the ringing low coil voltage. Thus,
      counting of the cross-overs on the line 36 provides an accurate indication
      of the number of cross-overs in the ringing low coil voltage. The signal
      on the line 36 is supplied through a delay circuit 38 to an enabling input
      40 of a retriggerable monostable multivibrator 42. The retriggerable
      monostable multivibrator 42 may comprise one-half of an Ser. No. 74123, or
      any other suitable circuit known and available in the art. The enabling
      input may comprise an overriding clear input, which holds the monostable
      multivibrator in the reset condition until the signal level on the line 40
      changes, after which the monostable multivibrator can be triggered and
      retriggered in the well known fashion. The combination of the delay
      circuit 38 and the retriggerable monostable multivibrator 42 provide a
      gating signal on a line 44 which blocks an AND circuit 46 for the period
      of the delay unit 38 immediately following the first cross-over-indicating
      transition on the line 36. However, once the retriggerable monostable
      multivibrator 42 operates, successive transitions on the line 36 hold the
      multivibrator 42 in the operated condition until such time as it times out
      without being retriggered, as is shown in illustration (c) of FIG. 3. In a
      typical automotive system, the delay unit 38 may provide a delay on the
      order of 80 microseconds, since it is during this period of the low coil
      ringing voltage that is most noisy. Although signals appear on the lines
      36, 44 in response to low coil voltage on the line 16 for each firing of
      every spark plug, the AND circuit 46 is gated with the conditioned voltage
      of the selected terminal 26a of the distributor so that the square waves
      on the line 36 will pass therethrough only during that one of the low coil
      ringing waveforms which relate to the rotor being positioned at the
      terminal 26a, indicating that it is a waveform to which none of the spark
      plugs are connected.
PAR  In the embodiment illustrated in FIG. 1, the low coil ringing waveform is
      analyzed for sixteen full revolutions of the distributor 18, which equals
      thirty-two revolutions of the engine, each sensing of the selected
      terminal 26a, as indicated by the signal on the line 32, advancing a four
      bit counter 48 which acts as a divide-by-16 circuit so as to provide a
      signal on a line 50 once for each sixteen revolutions of the distributor
      18. The signal on the line 50 supplied to a delay unit 52 (which may be a
      monostable multivibrator or other suitable circuit) so as to provide a
      slight delay in the generation of a reset signal on a line 54. This is
      used to reset three different four-bit binary counters 56-58, which are
      utilized to count cross-overs and threshold exceedances. The AND circuit
      46 provides signals on a line 60 to advance the counter 56, which acts as
      a divide-by-sixteen counter, and in turn provides one signal on a line 62
      for every sixteen cross-overs of the low coil ringing waveform during the
      sixteen revolutions of the distributor 18 (thirty-two engine revolutions).
      For instance, if the coil is providing eight suitable cross-overs at each
      firing, eight of them will be counted in one revolution of the distributor
      without issuing any signal on the line 62, and following a second
      revolution of the distributor 18, eight more will have completed the count
      of sixteen and provided one signal on the line 62; in such case, there
      will be eight signals on the line 62 during the full set of sixteen
      revolutions of the distributor 18. The signals on the line 62 advance a
      four bit counter 57 which provides an indication of the average number of
      cross-overs during sixteen revolutions of the distributor 18. In other
      words, the count in the counter 57 is an indication of the average number
      of cross-overs per distributor resolution during sixteen distributor
      revolutions.
PAR  The low coil voltage signal on the line 16 is also provided to a voltage
      divider consisting of a plurality of resistors 64-68 which will connect
      the peak low coil voltage (which should be on the order of 250 to 350
      volts) to a voltage level suitable for transistor circuits, such as less
      than 10 volts. This may be achieved by causing the resistor 64 to be on
      the order of 150K Ohms, with the resistor 68 on the order of 3K Ohms and
      the resistor 65, 66 on the order of 500 Ohms each. The particular
      threshold voltage is selectable by the positioning of a switch 70 so as to
      take the voltage from a desired tap of the voltage divider 64-68. This
      allows changing the threshold in dependence on the particular vehicle
      being diagnosed, in accordance with the specifications for that vehicle,
      if desired. Alternatively, a variable adjustment may be provided, or other
      suitable accommodation of the difference in vehicles may be made. The pole
      of the switch 70 is connected by a line 72 to a threshold detector 74
      which will provide an output signal on a line 76 provided the input
      thereto is in excess of a desired magnitude. The signal on the line 76 is
      passed through an AND circuit 78 provided the signal is also present on
      the line 32 indicating that the distributor is rotated toward the terminal
      26a; this in turn provides a signal on the line 80 to the four-bit counter
      58 so as to register the occurrence of one excess of the threshold
      voltage; in sixteen revolutions of the ignition 18, the peak voltage of
      the low coil ringing waveform may exceed the threshold any number of times
      between zero and sixteen.
PAR  At the end of sixteen revolutions of the distributor 18, the setting of the
      four-bit counter 58 is analyzed by logic circuitry including an OR circuit
      82 which will sense the presence of any ONE, in the four-bit counter, and,
      by virtue of an inverter 84, will generate a signal on a line 86 whenever
      the four bit counter remains at a setting of zero, thus providing a signal
      indicative of the fact that the peak voltage exceeded the threshold
      voltage 0% of the time. The logic circuitry also includes an exclusive OR
      circuit 88 which provides a signal on a line 90 whenever either the
      highest order or next highest order bit of the counter 58 is a ONE, but
      not both of the bits are ONES, thus providing a signal on the line 90
      indicative of the fact that a count of between four and twelve has been
      established in the counter 58, which is equivalent to the threshold being
      exceeded 25%-75% of the time during the previous sixteen revolutions of
      the distributor 18. The logic circuitry also includes an AND circuit 92
      which is responsive to concurrent presence of ONEs in the two high order
      positions of the counter 58 to provide a signal on a line 94 indicating
      that the threshold was exceeded at least 75% of the time and perhaps as
      much as 100% of the time.
PAR  After sixteen revolutions of the distributor 18, the four-bit counter 57
      provides a count indicating the average number of cross-overs of the low
      coil ringing voltage during such sixteen revolutions. This output is
      analyzed by logic circuitry including an OR circuit in combination with an
      inverter 98 to provide a signal on a line 100 whenever less than a count
      of four has been established. Similarly, logic circiuts including an
      inverter 102 and an AND circuit 104 respond to counts between eight and
      eleven, and an OR circuit 106 responsive thereto and to the four-bit of
      the counter 57 therefore provides on a line 108 a signal indicating that
      the count is between four and ten. The highest ordered bit on a line 110
      indicates that a count of between eight and fifteen has been registered.
      Thus, the lines 100, 108 and 110 provide, respectively, indications that
      the average number of cross-overs over sixteen revolutions of the
      distributor (32 engine revolutions) is between zero and three, four and
      ten, or eight and fifteen, respectively.
PAR  The cross-over count and threshold percentage signals, acquired during 32
      engine revolutions, are combined in gated AND circuits 112-115 to provide
      indications of the condition of the coil and the capacitor, in response to
      the presence of a read signal on the line 50, which occurs only at the end
      of sixteen revolutions of the distributor (32 engine revolutions). The AND
      circuit 112 provides a signal on a line 116 indicating that there are
      shorted turns in the coil in response to a count of zero to three as
      indicated by the signal on the line 100. This may be indicative of a few
      turns of coil primary being short circuited or a larger number (such as
      more than 10) of coil secondary turns being short circuited. The AND
      circuit 113 responds to a count of four to eleven on the line as indicated
      by the signal on the line 108 and the fact that the threshold voltage was
      never exceeded in all sixteen revolutions of the distributor 18 so as to
      provide a signal on a line 117 indicative of an open capacitor. The AND
      circuit 114 responds to a count of four to ten as indicated by the signal
      on a line 108 together with the peak voltage exceeding the threshold on
      the order of 25% to 75% of the time as indicated by the signal on the line
      90 to generate a signal on the line 118 indicating that intermittent
      arcing of the coil is occurring. And, the AND circuit 115 responds to a
      cross-over count of eight through fifteen as indicated by a signal on the
      line 110 in combination with the peak voltage of the low coil ringing
      waveform exceeding the threshold between 75% and 100% of the time as
      indicated by the signal on the line 94, to generate a signal on the line
      119 indicating that the coil and the capacitor are operating in a normal
      fashion, and therefore may be presumed to be in proper condition.
PAR  The particular numbers utilized in FIG. 1 are illustrative merely, but are
      indicative of numbers which may be found suitable in the general case.
      Certainly, the percentages and/or the numbers of counts may be varied
      slightly to suit different vehicles or to accommodate different diagnostic
      interpretation levels, as may be desired. The particular matrix of events
      utilized to provide the four indicated results on the lines 116-119 are
      empirical and based upon the known operation of the apparatus being
      tested. For instance, an open capacitor cannot be detected without knowing
      that the voltage is always too low, and that some cross-overs occur; low
      voltage (such as no voltage at all) without some cross-overs can also be
      an indication of a shorted capacitor or an open coil, shorted points, etc.
      On the other hand, some low number of cross-overs with some number of
      threshold exceedances are indicative of normal operation, but during less
      than all of the time. And, a good number of cross-overs together with the
      voltage being adequate most of the time is an indication of normal
      operation of the coil and the capacitor.
PAR  The embodiment of FIG. 1 is an example of hard-wired, dedicated hardware
      which can perform the analysis of a coil and capacitor in an ignition
      system in accordance herewith. However, such analysis may also be
      provided, as is readily apparent, by means of other suitable apparatus,
      such as dedicated analog hardware and/or digital processors, such as
      minicomputers or the like. In fact, the invention is preferably
      incorporated in a comprehensive vehicle diagnostic system in which a large
      number of engine parameters may be analyzed. In such a system, the
      performance of the signal analysis attendant the present invention may
      most efficiently be performed by a digital processor 124, (FIG. 2) for
      recording and/or display on suitable means 125. The digital processor 124
      receives a plurality of digital signals over a trunk of lines 126 from an
      analog to digital converter 128 which in turn receives analog signals over
      a line 130 selectively applied thereto by a multiplexer 132. The
      multiplexer 132 selects desired analog signals from a plurality of other
      analog inputs 134, which may be any parameters relating to an engine or
      vehicle to be diagnosed, along with analog signals on a pair of lines 136,
      138 relating specifically to the present invention. The multiplexer 132
      may be controlled in response to a timing signal on a line 140 and address
      signals on a trunk of lines 142, all as is well known in the art.
      Similarly, synchronism may be had with respect to the A/D converter 128 by
      means of timing signals on a line 144. The digital processor may be
      synchronized to the timing of the distributor by means of a sync signal
      provided by the signal conditioner 30 on the line 32.
PAR  In FIG. 2, the counting is achieved by quantizing the squared signals on
      the lines 36 in a monostable multivibrator 150, as is shown in
      illustration (d) of FIG. 3, which provides the quantized signals, one
      pulse per cross-over, on a line 152 to an integrating circuit 154. The
      integrating circuit 154 is restored (illustration (e) FIG. 3) by the
      delayed signal on the line 40 once for each revolution of the distributor
      18, and after the initial delay (illustration (c) FIG. 3), the signal on
      the line 40 enables the retriggerable monostable multivibrator 42 in the
      same fashion as described hereinbefore with respect to FIG. 1, so as to
      enable operation of the monostable multivibrator 150 (which may be of the
      same type as the multivibrator 42, and in fact may comprise the other half
      of a well known multivibrator available in integrated circuit form, such
      as the Ser. No. 74123 referred to hereinbefore).
PAR  Similarly, the signal on the line 138 may be provided by a monostable
      multivibrator 156 in response to operation of the threshold detector 34,
      if desired, or the threshold detector 74 may be provided in monostable
      form to present a signal to the multiplexer 132 which is present for a
      sufficient time to enable the digital processor 124 to sample the signal
      on the line 138. The signal on the line 138 is a go/no-go indication that
      the threshold detector has operated, and this may be converted into a
      digital value for digital analysis, the presence of that value indicating
      that the threshold detector has operated, and the presence of an all zero
      or other digital value being indicative of the fact that the threshold
      detector has not operated. In the embodiment of FIG. 2, no provision is
      made for sampling over a large number of revolutions of the distributor,
      but such provisions can be accommodated within the digital processor 24,
      utilizing well known programming techniques.
PAR  The analysis of results as described hereinbefore with respect to FIG. 1
      may similarly be provided through programmed processing within the digital
      processor 124, or, if desired, hard wired logic circuits of the type
      illustrated in FIG. 1 (or analog processing equivalents thereof) may be
      used in the embodiment of FIG. 2. In the case of a digital processor 124,
      it may comprise any well known minicomputer, microcomputer or other
      multi-function processor, which may be programmed in accordance with well
      known techniques to achieve results of the type illustrated with respect
      to FIG. 1, in order to provide analysis of the coil and the capacitor in
      accordance with the invention.
PAR  Similarly, although the invention has been shown and described with respect
      to preferred embodiments thereof, it should be understood by those skilled
      in the art that the foregoing and various other changes, omissions and
      additions therein may be made thereto without departing from the spirit
      and the scope of the invention.
CLMS
STM  Having thus described typical embodiments of the invention, that which is
      claimed as new and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Apparatus for testing the ignition coil/capacitor combination of an
      internal combustion engine comprising:
PA1  means adapted for connection to the low side of an ignition coil for
      providing a count signal manifestation of the number of zero cross-overs
      in the low coil ringing voltage;
PA1  means adapted for connection to the low side of the ignition coil for
      providing a threshold signal manifestation of the peak voltage of the low
      coil ringing voltage being above or below a given threshold voltage; and
PA1  processor means responsive to said cross-over count signal manifestation
      and to said threshold signal manifestation for providing condition signal
      manifestations of normal or abnormal conditions extant in said ignition
      coil/capacitor combination.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said processor means for
      providing signals indicative of normal or abnormal conditions of said
      coil/capacitor combination comprises signal combination means.
NUM  3.
PAR  3. Apparatus for analyzing the normal or abnormal condition of the
      coil/capacitor combination of an internal combustion engine electric
      ignition system comprising:
PA1  means adapted for connection to the low side of the ignition coil for
      providing signal manifestations of the number of zero cross-overs of the
      low coil ringing voltage, said means providing a low signal manifestation
      in response to a low number of cross-overs, and an intermediate signal
      manifestation in response to an intermediate number of cross-overs,
      greater than said low number of cross-overs but less than the maximum
      number of normal cross-overs to be expected;
PA1  means adapted for connection to the low side of the ignition coil for
      providing a threshold signal manifestation of the peak magnitude of said
      low coil ringing voltage being above or below a given threshold magnitude;
      and
PA1  processor means responsive to said low signal manifestation to provide a
      signal manifesting that the coil has shorted turns, and responsive to said
      intermediate signal manifestation concurrently with said peak coil voltage
      magnitude being less than said threshold voltage to provide a signal
      manifestation indicating that the capacitor is open.
NUM  4.
PAR  4. Apparatus for analyzing the normal or abnormal condition of the
      coil/capacitor combination of the electric ignition system of a running
      internal combustion engine, comprising:
PA1  means responsive to the ignition system for generating a signal
      manifestation when a given number of engine revolutions have occurred;
PA1  first means adapted for connection to the low side of the ignition coil for
      providing signal manifestations of the number of zero cross-overs of the
      low coil ringing voltage, said means providing a low number signal
      manifestation in response to a low number of cross-overs, an intermediate
      number signal manifestation in response to an intermediate number of
      cross-overs, greater than said low number of cross-overs but less than the
      maximum number of normal cross-overs to be expected, and a large number
      signal manifestation in response to an occurrence of a number of
      cross-overs between the maximum number of cross-overs normally to be
      expected and on the order of one half said maximum number of cross-overs;
PA1  second means adapted for connection to the low side of the ignition coil
      for providing signal manifestations of the frequency of occurrence of the
      peak magnitude of said low coil ringing voltage being above a given
      threshold magnitude during said given number of revolutions and providing
      a medium occurrence signal manifestation when said threshold magnitude is
      exceeded by the peak magnitude of said low coil ringing voltage a
      significant number of times but less than the maximum number of times
      possible during said given number of engine revolutions, and providing a
      high occurrence signal manifestation when said threshold magnitude is
      exceeded by the peak magnitude of said low coil voltage a large number of
      between the maximum number of times possible during a given number of
      engine revolutions and on the order of one-half said maximum number of
      times; and
PA1  third means connected to said first and second means and responsive to said
      intermediate number of signal manifestation concurrently with said medium
      occurrence signal manifestation for generating a signal manifestation
      indicating intermittent arcing of said coil, and further responsive to
      said high occurrence signal manifestation concurrently with said large
      number manifestation to provide a signal manifestation of said
      coil/capacitor combination being normal.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said second means also provides a
      zero occurrence signal manifestation when said threshold magnitude is not
      once exceeded by said peak magnitude of said low coil ringing voltage
      during said given number of engine revolutions, and wherein said third
      means is further responsive to said intermediate number signal
      manifestation concurrently with said zero occurrence manifestation to
      generate a signal manifestation of the capacitor being open, and still
      further responsive to said low number signal manifestation to provide a
      signal manifestation of shorted turns in said coil.
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ABST
PAL  The condition of the ignition coil and capacitor of an internal combustion
      engine are analyzed by determining the number of zero cross-overs in the
      ringing of the low coil voltage as well as whether or not the low coil
      voltage exceeds a threshold magnitude, during the spark period of a
      disconnected spark plug while the engine is running. In one disclosed
      embodiment, the cross-overs in the low coil ringing voltage and the times
      that the threshold is exceeded are counted over a moderate number (such as
      16) of revolutions of the distributor, and then the average number of
      ringing cross-overs is combined with the approximate percent of time that
      the threshold voltage is exceeded during that number of revolutions to
      present signals indicating that the ignition is normal, the coil has
      shorted turns or intermittent arc-overs, or that the capacitor is open. In
      another disclosed embodiment the cross-overs are quantized in a monostable
      multivibrator and integrator, to provide analog indications of the number
      of cross-overs to permit transference thereof through an analog
      multiplexer and analog to digital converter to a digital processor for
      analysis in a desired fashion.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The subject matter hereof is also disclosed, and some of it is claimed, in
      a commonly owned copending application entitled IGNITION ANALYSIS, Ser.
      No. 534,337 filed on even date herewith by Anthony J. Fastaia and Larkin
      M. Hasbrouck.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to vehicle diagnostics, and more particularly to
      apparatus for the analysis of coil and capacitor conditions in the
      ignition system of an internal combustion engine.
PAR  2. Description of the Prior Art
PAR  It has been common for the diagnostic analysis of the electric ignition
      system of internal combustion engines to be performed primarily in
      dependence upon an operator's interpretation of a waveform of the low coil
      voltage, as displayed upon an oscilloscope. This is due in part to the
      fact that it is relatively costly and time consuming to analyze the
      condition of the individual components of the ignition system. For
      instance, although it is easy to determine when the breaker point
      capacitor is shorted, it has heretofore been difficult to determine the
      likelihood of the capacitor being open. Similarly, although an open coil
      is reasonably easy to diagnose, short circuiting of some of the turns of
      the coil and intermittent arc-overs of the coil have heretofore been
      difficult to determine. One problem with the graphic analysis of the spark
      characteristics is that it is highly dependent upon the interpretive skill
      of the operator. Further, subtle variations from a normal pattern, such as
      those that result from intermittent arcs or a few shorted turns of the
      coil, are difficult to observe. In addition, the cathode ray tube
      circuitry required for a presentation of the spark is rather delicate in
      contrast with the harsh environment in which vehicle diagnostics are
      normally performed.
PAC  SUMMARY OF INVENTION
PAR  The principle object of the present invention is provision of improved
      analysis of the condition of ignition coils and capacitors.
PAR  According to the present invention, the low coil ringing voltage is
      squared-up in a hard driven amplifier, quantized in a monostable
      multivibrator and accumulated in an integrator so as to provide an analog
      voltage indication of the number of cross-overs, and a voltage divider
      connected to low coil voltage operates a threshold detector to provide an
      indication of whether or not the peak magnitude of the lower coil voltage
      exceeds a reference, threshold magnitude.
PAR  According further to the present invention the quantizing monostable
      multivibrator is enabled by a retriggerable monostable multivibrator in a
      manner to prevent noise in the initial portion of the low coil ringing
      voltage from falsely triggering quantizing monostable multivibrator,
      thereby rendering the system extremely insensitive to noise, without any
      need to know the number of cross-overs to be quantized and the
      commensurate time for the quantizing multivibrator to be enabled.
PAR  The present invention provides signals permitting a substantially
      noise-independent, automatic analysis of the coil and capacitor in an
      internal combustion engine ignition system, which eliminates the need for
      operator interpretation and generates discrete manifestations indicating
      probable conditions in the coil and capacitor of the ignition system. The
      invention is readily implemented in a variety of forms utilizing
      components and technology which are widely available in the art.
PAR  Other objects, features and advantages of the present invention will become
      more apparent in the light of the following detailed description of
      preferred embodiments thereof, as illustrated in the accompanying drawing.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic block diagram of an exemplary embodiment of the
      present invention;
PAR  FIG. 2 is a schematic block diagram of another embodiment of the present
      invention; and
PAR  FIG. 3 is a diagram illustrating voltage relationships and timing of the
      embodiment of FIG. 2.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a coil 10 of an automotive ignition system is
      energized from an engine ignition switch 12 through a resistor 14, the low
      side of the coil 10 being connected by a wire 16 to the breaker points
      within a distributor 18 of a type well known in the art. The high voltage
      output of the coil 10 is applied by a high voltage lead 20 to the
      distributor high voltage input 24 for distribution to plug wires 25 by
      respective high voltage terminals 26 in dependence upon the position of
      the rotor within the distributor 18, as is well known. In the present
      embodiment, the condition of the ignition system is tested with the engine
      running, but the voltage conditions are taken at one particular high
      voltage terminal 26a of the distributor 18 for which the related spark
      plug wire 25a has been disconnected. Connection to the terminal 26a also
      provides a signal on a line 28 which, after suitable filtering, stretching
      and the like in a signal conditioning circuit 30, provides a timing signal
      of suitable duration on the line 32 indicative of the fact that the rotor
      is connected to the terminal 26a, and that therefore a low coil voltage on
      the line 16 is indicative of a high voltage pulse on the line 20 which
      will not be applied to a spark plug, so that the voltage on the line 16
      may be analyzed in accordance with the present invention. Voltage on the
      line 16 (see illustration (a) of FIG. 3) is applied to a high gain,
      hard-limited amplifier 34 so as to provide a square wave manifestation of
      the low coil ringing voltage (illustration (b) of FIG. 3) on a line 36 in
      which the positive and negative swings of the square wave are aligned in
      time with the zero cross-overs of the ringing low coil voltage. Thus,
      counting of the cross-overs on the line 36 provides an accurate indication
      of the number of cross-overs in the ringing low coil voltage. The signal
      on the line 36 is supplied through a delay circuit 38 to an enabling input
      40 of a retriggerable monostable multivibrator 42. The retriggerable
      monostable multivibrator 42 may comprise one-half of an Ser. No. 74123, or
      any other suitable circuit known and available in the art. The enabling
      input may comprise an overriding clear input, which holds the monostable
      multivibrator in the reset condition until the signal level on the line 40
      changes, after which the monostable multivibrator can be triggered and
      retriggered in the well known fashion. The combination of the delay
      circuit 38 and the retriggerable monostable multivibrator 42 provide a
      gating signal on a line 44 which blocks an AND circuit 46 for the period
      of the delay unit 38 immediately following the first cross-over-indicating
      transition on the line 36. However, once the retriggerable monostable
      multivibrator 42 operates, successive transitions on the line 36 hold the
      multivibrator 42 in the operated condition until such time as it times out
      without being retriggered, as is shown in illustration (c) of FIG. 3. In a
      typical automotive system, the delay unit 38 may provide a delay on the
      order of 80 microseconds, since it is during this period of the low coil
      ringing voltage that is most noisy. Although signals appear on the lines
      36, 44 in response to low coil voltage on the line 16 for each firing of
      every spark plug, the AND circuit 46 is gated with the conditioned voltage
      of the selected terminal 26a of the distributor so that the square waves
      on the line 36 will pass therethrough only during that one of the low coil
      ringing waveforms which relate to the rotor being positioned at the
      terminal 26a indicating that it is a waveform to which none of the spark
      plugs are connected.
PAR  In the embodiment illustrated in FIG. 1, the low coil ringing waveform is
      analyzed for sixteen full revolutions of the distributor 18, which equals
      thirty-two revolutions of the engine, each sensing of the selected
      terminal 26a, as indicated by the signal on the line 32, advancing a four
      bit counter 48 which acts as a divide-by-16 circuit so as to provide a
      signal on a line 50 once for each sixteen revolutions of the distributor
      18. The signal on the line 50 supplied to a delay unit 52 (which may be a
      monostable multivibrator or other suitable circuit) so as to provide a
      slight delay in the generation of a reset signal on a line 54. This is
      used to reset three different four-bit binary counters 56-58, which are
      utilized to count cross-overs and threshold exceedances. The AND circuit
      46 provides signals on a line 60 to advance the counter 56, which acts as
      a divide-by-sixteen counter, and in turn provides one signal on a line 62
      for every sixteen cross-overs of the low coil ringing waveform during the
      sixteen revolutions of the distributor 18 (32 engine revolutions). For
      instance, if the coil is providing eight suitable cross-overs at each
      firing, eight of them will be counted in one revolution of the distributor
      without issuing any signal on the line 62, and following a second
      revolution of the distributor 18, eight more will have completed the count
      of sixteen and provided one signal on the line 62; in such case, there
      will be eight signals on the line 62 during the full set of sixteen
      revolutions of the distributor 18. The signals on the line 62 advance a
      four bit counter 57 which provides an indication of the average number of
      cross-overs during sixteen revolutions of the distributor 18. In other
      words, the count in the counter 57 is an indication of the average number
      of cross-overs per distributor resolution during sixteen distributor
      revolutions.
PAR  The low coil voltage signal on the line 16 is also provided to a voltage
      divider consisting of a plurality of resistors 64-68 which will connect
      the peak low coil voltage (which should be on the order of 250 to 350
      volts) to a voltage level suitable for transistor circuits, such as less
      than 10 volts. This may be achieved by causing the resistor 64 to be on
      the order of 150K Ohms, with the resistor 68 on the order of 3K Ohms and
      the resistor 65, 66 on the order of 500 Ohms each. The particular
      threshold voltage is selectable by the positioning of a switch 70 so as to
      take the voltage from a desired tap of the voltage divider 64-68. This
      allows changing the threshold in dependence on the particular vehicle
      being diagnosed, in accordance with the specifications for that vehicle,
      if desired. Alternatively, a variable adjustment may be provided, or other
      suitable accommodation of the difference in vehicles may be made. The pole
      of the switch 70 is connected by a line 72 to a threshold detector 74
      which will provide an output signal on a line 76 provided the input
      thereto is in excess of a desired magnitude. The signal on the line 76 is
      passed through an AND circuit 78 provided the signal is also present on
      the line 32 indicating that the distributor is rotated toward the terminal
      26a; this in turn provides a signal on the line 80 to the four-bit counter
      58 so as to register the occurrence of one excess of the threshold
      voltage; in sixteen revolutions of the ignition 18, the peak voltage of
      the low coil ringing waveform may exceed the threshold any number of times
      between zero and sixteen.
PAR  At the end of sixteen revolutions of the distributor 18, the setting of the
      four-bit counter 58 is analyzed by logic circuitry including an OR circuit
      82 which will sense the presence of any ONE, in the four-bit counter, and,
      by virtue of an inverter 84, will generate a signal on a line 86 whenever
      the four bit counter remains at a setting of zero, thus providing a signal
      indicative of the fact that the peak voltage exceeded the threshold
      voltage 0% of the time. The logic circuitry also includes an exclusive OR
      circuit 88 which provides a signal on a line 90 whenever either the
      highest order or next highest order bit of the counter 58 is a ONE, but
      not both of the bits are ONES, thus providing a signal on the line 90
      indicative of the fact that a count of between four and twelve has been
      established in the counter 58, which is equivalent to the threshold being
      exceeded 25% - 75% of the time during the previous sixteen revolutions of
      the distributor 18. The logic circuitry also includes an AND circuit 92
      which is responsive to concurrent presence of ONEs in the two high order
      positions of the counter 58 to provide a signal on a line 94 indicating
      that the threshold was exceeded at least 75% of the time and perhaps as
      much as 100% of the time.
PAR  After sixteen revolutions of the distributor 18, the four-bit counter 57
      provides a count indicating the average number of cross-overs of the low
      coil ringing voltage during such sixteen revolutions. This output is
      analyzed by logic circuitry including an OR circuit in combination with an
      inverter 98 to provide a signal on a line 100 whenever less than a count
      of four has been established. Similarly, logic circuits including an
      inverter 102 and an AND circuit 104 respond to counts between eight and
      eleven, and an OR circuit 106 responsive thereto and to the four-bit of
      the counter 57 therefore provides on a line 108 a signal indicating that
      the count is between four and ten. The highest ordered bit on a line 110
      indicates that a count of between eight and fifteen has been registered.
      Thus, the lines 100, 108 and 110 provide, respectively, indications that
      the average number of cross-overs over 16 revolutions of the distributor
      (32 engine revolutions) is between zero and three, four and ten, or eight
      and fifteen, respectively.
PAR  The cross-over count and threshold percentage signals, acquired during 32
      engine revolutions, are combined in gated AND circuits 112-115 to provide
      indications of the condition of the coil and the capacitor, in response to
      the presence of a read signal on the line 50, which occurs only at the end
      of sixteen revolutions of the distributor (32 engine revolutions). The AND
      circuit 112 provides a signal on a line 116 indicating that there are
      shorted turns in the coil in response to a count of zero to three as
      indicated by the signal on the line 100. This may be indicative of a few
      turns of coil primary being short circuited or a larger number (such as
      more than 10) of coil secondary turns being short circuited. The AND
      circuit 113 responds to a count of four to eleven on the line as indicated
      by the signal on the line 108 and the fact that the threshold voltage was
      never exceeded in all sixteen revolutions of the distributor 18 so as to
      provide a signal on a line 117 indicative of an open capacitor. The AND
      circuit 114 responds to a count of four to ten as indicated by the signal
      on a line 108 together with the peak voltage exceeding the threshold on
      the order of 25% to 75% of the time as indicated by the signal on the line
      90 to generate a signal on the line 118 indicating that intermittent
      arcing of the coil is occurring. And, the AND circuit 115 responds to a
      cross-over count of eight through fifteen as indicated by a signal on the
      line 110 in combination with the peak voltage of the low coil ringing
      waveform exceeding the threshold between 75% and 100% of the time as
      indicated by the signal on the line 94, to generate a signal on the line
      119 indicating that the coil and the capacitor are operating in a normal
      fashion, and therefore may be presumed to be in proper condition.
PAR  The particular numbers utilized in FIG. 1 are illustrative merely, but are
      indicative of numbers which may be found suitable in the general case.
      Certainly, the percentages and/or the numbers of counts may be varied
      slightly to suit different vehicles or to accommodate different diagnostic
      interpretation levels, as may be desired. The particular matrix of events
      utilized to provide the four indicated results on the lines 116-119 are
      empirical and based upon the known operation of the apparatus being
      tested. For instance, an open capacitor cannot be detected without knowing
      that the voltage is always too low, and that some cross-overs occur; low
      voltage (such as no voltage at all) without some cross-overs can also be
      an indication of a shorted capacitor or an open coil, shorted points, etc.
      On the other hand, some low number of cross-overs with some number of
      threshold exceedances are indicative of normal operation, but during less
      than all of the time. And, a good number of cross-overs together with the
      voltage being adequate most of the time is an indication of normal
      operation of the coil and the capacitor.
PAR  The embodiment of FIG. 1 is an example of hard-wired, dedicated hardware
      which can perform the analysis of a coil and capacitor in an ignition
      system in accordance herewith. however, such analysis may also be
      provided, as is readily apparent, by means of other suitable apparatus,
      such as dedicated analog hardware and/or digital processors, such as
      minicomputers or the like. In fact, the invention is preferably
      incorporated in a comprehensive vehicle diagnostic system in which a large
      number of engine parameters may be analyzed. In such a system, the
      performance of the signal analysis attendant the present invention may
      most efficiently be performed by a digital processor 124, (FIG. 2) for
      recording and/or display on suitable means 125. The digital processor 124
      receives a plurality of digital signals over a trunk of lines 126 from an
      analog to digital converter 128 which in turn receives analog signals over
      a line 130 selectively applied thereto by a multiplexer 132. The
      multiplexer 132 selects desired analog signals from a plurality of other
      analog inputs 134, which may be any parameters relating to an engine or
      vehicle to be diagnosed, along with analog signals on a pair of lines 136,
      138 relating specifically to the present invention. The multiplexer 132
      may be controlled in response to a timing signal on a line 140 and address
      signals on a trunk of lines 142, all as is well known in the art.
      Similarly, synchronism may be had with respect to the A/D converter 128 by
      means of timing signals on a line 144. The digital processor may be
      synchronized to the timing of the distributor by means of a sync signal
      provided by the signal conditioner 30 on the line 32.
PAR  In FIG. 2, the counting is achieved by quantizing the squared signals on
      the lines 36 in a monostable multivibrator 150, as is shown in
      illustration (d) of FIG. 3, which provides the quantized signals, one
      pulse per cross-over, on a line 152 to an integrating circuit 154. The
      integrating circuit 154 is restored (illustration (e) FIG. 3) by the
      delayed signal on the line 40 once for each revolution of the distributor
      18, and after the initial delay (illustration (c) FIG. 3), the signal on
      the line 40 enables the retriggerable monostable multivibrator 42 in the
      same fashion as described hereinbefore with respect to FIG. 1, so as to
      enable operation of the monostable multivibrator 150 (which may be of the
      same type as the multivibrator 42, and in fact may comprise the other half
      of a well known multivibrator available in integrated circuit form, such
      as the Ser. No. 74123 referred to hereinbefore).
PAR  Similarly, the signal on the line 138 may be provided by a monostable
      multivibrator 156 in response to operation of the threshold detector 34,
      if desired, or the threshold detector 74 may be provided in monostable
      form to present a signal to the multiplexer 132 which is present for a
      sufficient time to enable the digital processor 124 to sample the signal
      on the line 138. The signal on the line 138 is a go/no-go indication that
      the threshold detector has operated, and this may be converted into a
      digital value for digital analysis, the presence of that value indicating
      that the threshold detector has operated, and the presence of an all zero
      or other digital value being indicative of the fact that the threshold
      detector has not operated. In the embodiment of FIG. 2, no provision is
      made for sampling over a large number of revolutions of the distributor,
      but such provisions can be accommodated within the digital processor 24,
      utilizing well known programming techniques.
PAR  The analysis of results as described hereinbefore with respect to FIG. 1
      may similarly be provided through programmed processing within the digital
      processor 124, or, if desired, hard wired logic circuits of the type
      illustrated in FIG. 1 (or analog processing equivalents thereof) may be
      used in the embodiment of FIG. 2. In the case of a digital processor 124,
      it may comprise any well known minicomputer, microcomputer or other
      multi-function processor, which may be programmed in accordance with well
      known techniques to achieve results of the type illustrated with respect
      to FIG. 1, in order to provide analysis of the coil and the capacitor in
      accordance with the invention.
PAR  Similarly, although the invention has been shown and described with respect
      to preferred embodiments thereof, it should be understood by those skilled
      in the art that the foregoing and various other changes, omissions and
      additions therein may be made thereto without departing from the spirit
      and the scope of the invention.
CLMS
STM  Having thus described typical embodiments of the invention that which is
      claimed as new and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Apparatus for testing the ignition coil/capacitor combination of an
      internal combustion engine comprising:
PA1  circuit means adapted for connection to the low side of the ignition coil
      to provide a cross-over signal manifestation of the zero cross-overs of
      the low coil ringing voltage;
PA1  means connected to said circuit means for providing a signal manifestation
      of the number of zero cross-overs in the low coil ringing voltage; and
PA1  means connected to said circuit means for providing a signal manifestation
      of the peak voltage of the low coil ringing voltage being above or below a
      given threshold voltage.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said means for providing a signal
      manifestation of the number of zero cross-overs of low coil ringing
      voltage comprises a squaring amplifier connected to said circuit means for
      providing a square wave having transitions concurrent with the zero
      cross-overs of the low coil ringing voltage.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said means for providing a signal
      manifestation of the number of zero cross-overs of the low coil ringing
      voltage comprises:
PA1  a retriggerable monostable multivibrator and a delay circuit both connected
      to said circuit means, the output of said delay circuit being connected to
      and enabling operation of said retriggerable monostable multivibrator
      following the period of delay thereof from one of said cross-overs; and
PA1  accumulating means responsive to the on condition of said retriggerable
      monostable multivibrator and to said circuit means for providing a signal
      manifestation of the number of cross-overs of the low coil ringing
      voltage.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said accumulating means
      comprises:
PA1  a second monostable multivibrator responsive to said low coil ringing
      voltage to provide a pulse of a given duration in response to each pair of
      zero cross-overs; and
PA1  integration means responsive to the pulses of said second monostable
      multivibrator for integrating the voltage output thereof over the number
      of pulses provided thereby, thereby to provide a DC voltage proportional
      to the number of cross-overs of said low coil ringing voltage.
NUM  5.
PAR  5. Apparatus according to claim 4 wherein said threshold means comprises:
PA1  a threshold detector;
PA1  and further comprising:
PA1  digital processor means for providing manifestations of the normal or
      abnormal condition of said coil/capacitor combination; and
PA1  means including an analog to digital converter responsive to said
      integration means and to said threshold detector to provide to said
      digital processor digital manifestations of the number of zero cross-overs
      of the low coil reinging voltage and of low coil ringing voltage being
      above or below said given threshold voltage.
NUM  6.
PAR  6. Apparatus according to claim 3 wherein said accumulating means comprises
      a gate circuit connected to the output of said retriggerable monostable
      multivibrator and to said low circuit means to provide a train of pulses,
      one for each pair of zero cross-overs of the low coil ringing voltage; and
PA1  a digital counter responsive to the output of said gate circuit to advance
      by one count once for each pair of zero cross-overs of a given direction.
NUM  7.
PAR  7. Apparatus according to claim 1 wherein said threshold means somprises:
PA1  a threshold detector; and
PA1  a voltage divider connected to a low side of the ignition coil, a tap on
      said voltage divider being applied to the input of said threshold
      detector.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said voltage divider tap is
      adjustable to provide the input to said threshold detector at different
      voltage division ratios.
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ABST
PAL  A measuring apparatus uses an impedance element whose impedance varies with
      the physical properties of an object consisting of magnetic or electric
      conductive, heat-responsive or deformable substance, under the condition
      where the impedance element is energized by a D.C. or A.C. voltage source
      of a predetermined level. Connected in parallel or series with the
      impedance element is a negative impedance network, with its input
      impedance set at a negative value, which comprises an amplifier and
      positive and negative feedback impedance networks each connected between
      the input and output terminals of the amplifier. At least either of the
      positive and negative feedback impedance networks is constituted by a low,
      high or band pass filter for eliminating an external noise component,
      whereby the measuring apparatus enables to detect the physical properties
      of the object with as high a sensitivity and accuracy as possible.
BSUM
PAR  This invention relates to an improvement on a measuring apparatus wherein
      any abnormal portion of an object of magnetic or electric conductive,
      heat-responsive or deformable material is detected by utilizing an
      impedance element whose impedance changes with the variation in the
      physical properties of the object.
PAR  Such a measuring apparatus includes one type which is designed to detect a
      voltage or the change thereof appearing across an inductance coil which is
      disposed with a small gap (generally 2 to 10 mm) to any portion of a
      sample consisting of magnetic or electric conductive material such as
      iron, steel, tin, copper or aluminum sheet and whose effective impedance
      changes with variations in the physical properties of the sample, under
      the conditions where the inductance coil is excited by a D.C. source of a
      predetermined voltage (generally 1 to 2 volts) or an A.C. source of a
      predetermined root mean square voltage and a frequency (generally 5 to 100
      kHz).
PAR  It is assumed in the measuring apparatus constructed as described above
      that the sample is continuously transferred in a predetermined lengthwise
      direction.
PAR  If, under this condition, any physical defect such as pinholes, scratches,
      uneven thickness, concaves, convexes, adulteration by impurities,
      insufficiently welded portions, deformed portions or abnormal temperature
      occurs in that portion of the sample which faces the excited inductance
      coil, then the electric conductivity or magnetic permeability of the
      sample will vary at its defecting portion. Consequently, the quality of
      magnetic or eddy current which flows through the sample in accordance with
      the magnitude of the D.C. or A.C. magnetic field induced across the
      excited inductance coil will vary, causing the effective impedance of the
      excited inductance coil to be changed. As a result, detection of a
      voltage, or the change thereof, appearing across the inductance coil
      caused by variations in the effective impedance thereof can readily
      indicate those portions of the sample where the physical property thereof
      has changed. Such a measuring apparatus includes another type which is
      designed to detect a voltage or the change thereof appearing across a pair
      of main electrodes of a magnetoconductive semiconductor element such as a
      diode which is positioned with a small gap (generally 2 to 5 mm) to any
      portion of a sample consisting of magnetic material such as iron or steel
      sheet, under the condition where the magnetoconductive semiconductor
      element is energized by the aforesaid D.C. or A.C. source which is applied
      across the pair of main electrodes of the semiconductor element and the
      sample is previously magnetized. It is supposed in the measuring apparatus
      thus constructed that the magnetized sample is continuously moved in a
      predetermined lengthwise direction.
PAR  If, under this condition, any of the above-mentioned physical defects
      occurs in that portion of the sample which is opposed to the energized
      magnetoconductive semiconductor element, then the quality of leakage
      magnetic flux which is projected from the magnetized sample and
      interlinked with the magnetoconductive semiconductor element will vary at
      the defecting portion of the sample. Consequently the internal resistance
      of the magnetoconductive semiconductor element will vary, causing the
      voltage level which is induced across the pair of main electrodes thereof
      to be changed. Accordingly, it will be apparent that any physical defect
      in the magnetized sample can be easily detected by the measuring apparatus
      constructed as mentioned above, in the same manner as the measuring
      apparatus utilizing the aforesaid inductance coil.
PAR  Such a measuring apparatus further includes a temperature detection device
      adapted to detect a voltage or the change thereof appearing across a
      heat-responsive resistance element such as a thermistor disposed to
      directly contact with any portion of a sample consisting of
      heat-responsive material such as iron or steel sheet, under the condition
      where the heat-responsive resistance element is made conductive by the
      aforesaid D.C. or A.C. source which is applied thereacross.
PAR  Such a measuring apparatus also includes a strain-resistance gauge which is
      designed to detect a voltage or the change thereof appearing across a
      strain-resistance element attached to any portion of a sample consisting
      of deformable material such as rolled iron or steel sheet, under the
      condition where the strain-resistance element is rendered conductive by
      the aforesaid D.C. or A.C. source which is impressed thereon.
PAR  With the temperature detection device or the strain-resistance gauge
      constructed as above-mentioned, abnormal temperature or deformation occurs
      in those portions of any sample contacting the heat-responsive resistance
      element or fitted to the strain-resistance element, then the resistance
      value of the corresponding resistance element will vary, enabling the
      portions of the sample presenting an abnormal temperature or deformation
      to be easily detected.
PAR  The above-mentioned type prior art measuring apparatuses are designed to
      detect by amplification through a conventional amplifier the voltage or
      the change thereof appearing across the impedance element consisting of
      the above-mentioned inductance coil, magnetoconductive semiconductor
      element, heat-responsive resistance element or strain-resistance element.
PAR  However, the prior art measuring apparatus has the disadvantage of
      enhancing its sensitivity to a certain extent using a large number of
      amplifiers, because changes in the voltage appearing across the aforesaid
      impedance element generally have a considerably small value.
PAR  The customary practice for improving the sensitivity of the measuring
      apparatus utilizing the aforesaid inductance coil is to employ an A.C.
      source generating an input A.C. voltage of a predetermined frequency for
      exciting the inductance coil and to connect a capacitor in parallel or
      series with the inductance coil so as to form a resonance circuit which is
      tuned to the frequency of the input voltage source.
PAR  Although the conventional measuring apparatus provided with the resonance
      circuit has a higher sensitivity than any other apparatus not provided
      therewith, the former apparatus has the disadvantage of not only carrying
      out measurement merely at the resonance frequency of the resonance
      circuit, but also being more reduced in measuring accuracy due to
      fluctuation in the frequency of the input voltage as the sensitivity is
      enhanced.
PAR  Under such circumferences, the present inventors have recently developed an
      unbalance or balance type measuring apparatus which is designed to detect
      an abnormal physical defect in any of the above-mentioned sample with as
      high a sensitivity and accuracy as possible without being almost affected
      by the frequency of the input voltage, by utilizing a negative impedance
      network constructed as hereinunder described.
PAR  FIG. 1 shows a schematic circuit arrangement of the unbalance type
      measuring apparatus. In FIG. 1, reference numeral 11 denotes an input
      reference voltage source comprising a D.C. source of a predetermined
      voltage, for example, 1 to 2 volts or an A.C. source which generates an
      A.C. voltage having a predetermined root mean square value, e.g. 1 to 2
      volts and a given frequency ranging from 5 to 100 kHz. Connected across
      the input reference voltage source 11 via an impedance element 12 for
      impedance matching is an impedance element 13 comprising an inductance
      coil, a magnetoconductive semiconductor element, a heat-responsive
      resistance element or a strain-resistance element which is disposed in the
      manner as described above to any of the aforesaid samples. Thus, connected
      in parallel (or series) with the impedance element 13 is a negative
      impedance network 16, with its input impedance set at a negative value as
      later described, which comprises a conventional amplifier 14 and a
      positive feedback impedance element 15 connected between the input and
      output terminals of the amplifier 14.
PAR  As seen from the side of the input terminals I1 and I2 of the impedance
      element 13 where the output terminals O1 and O2 of the negative impedance
      network 16 are open-circuited, the input impedance Zin of the circuit of
      FIG. 1 used as the measuring apparatus thus constructed is expressed as
      follows:
      ##EQU1##
      where Z1: the impedance of the impedance element 13
PA1  Zi: the input impedance of the negative impedance network 16
PAR  Designating the amplification factor of the amplifier 14 as A and the
      impedance of the positive feedback impedance element 15 as Z2, the input
      impedance Zi of the negative impedance network 16 is expressed by the
      following equation:
      ##EQU2##
PAR  Substituting equation (2) in equation (1), we obtain
      ##EQU3##
PAR  As apparent from equation (3), the input impedance Zin, with the output
      terminals O1 and O2 open-circuited, varies from the impedance Z1 of the
      impedance element 13 to infinity and further to a negative value depending
      upon the impedances Z1 and Z2 of the impedance element 13 and positive
      feedback impedance element 15 and the amplification factor A of the
      amplifier 14. Accordingly, the input terminals I1 and I2 of the impedance
      element 13 should be apparently open-circuited by previously selecting the
      values of the aforesaid impedances Z1 and Z2 and the aforesaid
      amplification factor A so that the input impedance Zin, with the output
      terminals O1 and O2 open-circuited, can have as high a value as possible,
      preferably an infinite value, thereby substantially to prevent the flow of
      any current from the input reference voltage source 11 to the impedance
      element 13. For this reason, the circuit shown in FIG. 1 acts as a circuit
      equivalent to a conventional parallel resonance circuit without being
      tuned to the frequency of an input signal from the input reference voltage
      source 11 and has the advantage of detecting a voltage representing the
      aforesaid abnormal portions of any of the above-mentioned samples in the
      considerably enlarged form or the change of said voltage appearing across
      the impedance element 13, without being affected by fluctuation in the
      frequency of the input signal.
PAR  In this case, a circuit portion 16 including the amplifier 14 and the
      positive feedback impedance element 15 must constitute a negative
      impedance network, with its input impedance set at a negative value, so
      that the amplifier 14 can have its amplification factor A chosen to have a
      larger value than at least 1, as apparent from equations (2) and (3).
PAR  Moreover, the circuit of FIG. 1 can operate very stably if a relatively
      high amplification factor is selected for the amplifier 14 and a negative
      feedback loop is further provided in the negative impedance network 16.
PAR  FIG. 2 shows a schematic circuit arrangement of a balance type measuring
      apparatus constructed in accordance with the same operational principle as
      the circuit of FIG. 1. Connected across an input reference voltage source
      21 constituted in the same manner as the input reference voltage source 11
      of FIG. 1 are the input terminals I11 and I12 of a bridge circuit 26
      comprising an impedance element 22 similar to the impedance element 13
      disposed in the above-described manner to any of the aforesaid samples and
      three other impedance elements 23, 24 and 25. Thus, connected to the
      output terminals O11 and O12 of the bridge circuit 26 are a pair of
      negative impedance networks 291 and 292 each having the same construction
      as the negative impedance network 16 shown in FIG. 1 and each comprising a
      conventional amplifier 271 or 272 and a positive feedback impedance
      element 281 or 282 connected between the input and output terminals of the
      corresponding amplifier 271 or 272.
PAR  It is well known to those skilled in the art that, where the impedances of
      the respective impedance elements 22 to 25 jointly constituting the bridge
      circuit 26 are previously adjusted to prevent any output signal from being
      produced across the output terminals 011 and 012 of the bridge circuit 26
      under the condition where the impedance element 22 takes a position
      related to that portion of the sample which exhibits a standard physical
      property free from any of the aforesaid defects, the measuring apparatus
      thus constructed acts to deliver from the output terminals of the bridge
      circuit 26 an electric signal representing those portions of the sample
      which exhibit the above-mentioned abnormal physical properties only when
      the impedance element 22 takes a position related to the abnormal portions
      of the sample. The electric signal thus obtained is remarkably enlarged by
      the pair of negative impedance networks 291 and 292, enabling those
      portions of the sample which exhibit any abnormal physical property to be
      detected with a high sensitivity.
PAR  However, the measuring apparatus constructed as shown in FIG. 2 has the
      disadvantage that not only its circuit composition is relatively
      complicated because of requiring two amplifiers but also its measuring
      accuracy is relatively low because these amplifiers generally have
      different electric characteristics.
PAR  Furthermore, if the unbalance type measuring apparatus of FIG. 1 as well as
      the balance type measuring apparatus of FIG. 2 is used under the
      circumference where an external noise signal of any frequency exists, then
      it has the shortcoming of detecting with a high sensitivity the external
      noise signal component in addition to the desired signal component
      representing the aforesaid abnormal portions of any sample.
PAR  It is, therefore, the object of this invention to provide a measuring
      apparatus capable of detecting with as high a sensitivity and accuracy as
      possible those portions of a sample consisting of magnetic or electric
      conductive, heat-responsive or deformable material which bear the
      above-mentioned abnormal physical properties without being affected by at
      least the frequency of an input signal from a measuring input signal
      source.
PAC  SUMMARY OF THE INVENTION
PAR  The measuring apparatus according to the preferred embodiment of this
      invention is characterized in that there is provided a negative impedance
      network, with its input impedance set at a negative value, comprising a
      differential type operational amplifier having input terminals connected
      to the output terminals of a bridge circuit whose input terminals are
      connected across an input D.C. or A.C. reference voltage source of a
      predetermined voltage and which comprises an impedance element disposed
      close to, or in direct contact with, a sample of electric or magnetic
      conductive heat-responsive, or deformable material and at least three
      other impedance elements and having an impedance varied with the physical
      properties of the sample; and at least positive feedback impedance network
      connected between the input and output terminals of the operational
      amplifier.
PAR  The measuring apparatus thus constructed has the advantage of detecting
      with a high sensitivity and accuracy by a relatively simple circuit
      construction those portions of the sample which exhibit the
      above-mentioned abnormal physical properties without being affected by the
      frequency of an input voltage from the reference voltage source.
PAR  The measuring apparatus according to another embodiment of this invention
      is provided with a negative impedance network, with its input impedance
      set at a negative value, comprising an amplifier connected in parallel or
      series with an impedance element which is connected to an input D.C. or
      A.C. reference voltage source of a predetermined voltage, which is
      disposed close to, or in direct contact with, a sample of electric or
      magnetic conductive, heat-responsive or deformable material, and whose
      impedance is varied with the physical properties of the sample; and
      positive and negative feedback impedance networks connected between the
      input and output terminals of the amplifier, and the measuring apparatus
      is characterized in that at least either of the positive and negative
      feedback networks included in the negative impedance network comprises a
      filter circuit acting to feed only a predetermined frequency component
      with a lower or higher level than the remaining frequency components from
      the input side of the amplifier back to the output side thereof.
PAR  The measuring apparatus thus constructed has the advantage of detecting
      with as high a sensitivity and accuracy as possible those portions of the
      sample which bear the aforesaid abnormal physical properties, without
      being affected by the frequency of an input voltage from the reference
      voltage source as well as any external noise signal component.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 shows a schematic circuit diagram of a prior art unbalance type
      measuring apparatus recently developed by the present inventors;
PAR  FIG. 2 shows a schematic circuit diagram of a prior art balance type
      measuring apparatus recently developed by the inventors;
PAR  FIG. 3 shows a schematic circuit diagram of a measuring apparatus according
      to one embodiment of this invention;
PAR  FIGS. 4A to 4D are schematic diagrams illustrating different compositions
      of the impedance element 32 shown in FIG. 3;
PAR  FIG. 5 shows a practical circuit arrangement of a measuring apparatus
      modified from the embodiment of FIG. 3 where the impedance element 32 of
      FIG. 3 is a magnetoconductive semiconductor diode disposed close to a
      sample consisting of magnetic material whose magnetic characteristic is to
      be detected;
PAR  FIG. 6 shows a schematic circuit diagram of an unbalance type measuring
      apparatus according to another embodiment of this invention;
PAR  FIGS. 7A to 7D are practical circuit arrangements of different filter
      circuits each constituting the positive and/or negative impedance network
      included in the negative impedance network shown in FIG. 6;
PAR  FIG. 8 shows a schematic circuit diagram of a balance type measuring
      apparatus according to a still another embodiment of this invention; and
PAR  FIG. 9 shows a practical circuit arrangement of a measuring apparatus in
      accordance with this invention suitable for detecting the magnetic
      properties of any magnetic material utilizing a magnetoconductive
      semiconductor diode.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  FIG. 3 shows a schematic circuit diagram of a measuring apparatus according
      to one embodiment of this invention. In FIG. 3, reference numeral 31
      denotes an input reference voltage source constituted by a D.C. source
      which generates a D.C. voltage of a predetermined value, e.g. about 1 to 2
      volts or an A.C. source which generates an A.C. voltage having a
      predetermined value, e.g. about 1 to 2 peak-to-peak voltage and a
      predetermined frequency (any frequency of about 5 to 100 kHz). Connected
      across the input reference voltage source 31 are the input terminals I31
      and I32 of a bridge circuit 36 which is constituted by four impedance
      elements 32, 33, 34 and 35 each comprising an inductance or any type
      resistance element.
PAR  At least one, for example, 32 of the four impedance elements 32 to 35
      comprises an inductance coil 321 disposed with a small gap G1 of about 2
      to 10 mm to any portion of a sample 411 consisting of magnetic or electric
      conductive material such as iron, steel, copper or aluminum sheet, as
      shown in FIG. 4A; a magnetoconductive semiconductor element 322 disposed
      with a small gap G2 of about 2 to 5 mm to any portion of a sample 412
      consisting of magnetic material such as iron or steel sheet, as shown in
      FIG. 4B; a heat-responsive resistance element 323 such as a thermistor
      directly contacting any portion of a sample 413 consisting of
      heat-responsive material such as any metal, as shown in FIG. 4C; or a
      strain-resistance element 324 fitted to any portion of a sample 414
      consisting of deformable material such as rolled steel or iron sheet, as
      shown in FIG. 4D.
PAR  The other three impedance elements 33 to 35 constituting the bridge circuit
      36 may each comprise an inductance coil where the impedance element 32 is
      the inductance coil 321 as shown in FIG. 4A; a magnetoconductive
      semiconductor element or a conventional resistor where the impedance
      element 32 is the magnetoconductive semiconductor element 322 as shown in
      FIG. 4B; a heat-responsive resistance element or a conventional resistor
      where the impedance element 32 is the heat-responsive resistance element
      323 as shown in FIG. 4C; or a conventional resistor where the impedance
      element 32 is the strain-resistance element 324 as shown in FIG. 4D.
PAR  Referring to again to FIG. 3, a negative impedance network 39 constructed
      as hereinunder described is provided. The negative impedance network 39
      comprises a differential type operational amplifier 37 whose input
      terminals are connected to the output terminals O31 and O32 of the bridge
      circuit 36, and a positive feedback impedance network 38 connected to one
      input terminal and the output terminal O of the operational amplifier 37,
      the negative impedance network 39 being constructed to have a negative
      input impedance by previously making the amplification factor of the
      operational amplifier 37 a larger value than 1.
PAR  The operation of the circuit of FIG. 3 will be described. Where the bridge
      circuit 36 is previously constructed to prevent any output signal from
      being delivered across the output terminals O31 and O32 thereof under the
      condition the impedance element 32 takes a position related to that
      portion of the sample 411, 412, 413 or 414 (see FIGS. 4A to 4D) which
      exhibits a standard physical property free from any of the above-mentioned
      defects, then the circuit of FIG. 3 acts to produce from the output
      terminals O31 and O32 of the bridge circuit 36 an electric signal
      representing those portions of the sample which bear the above-mentioned
      abnormal physical properties only when the impedance element 32 takes a
      position related to the abnormal portions of the sample. The electric
      signal thus obtained is remarkably enlarged by the negative impedance
      network 39, whereby the circuit of FIG. 3 can detect with a high
      sensitivity any abnormal portion of the sample.
PAR  The measuring apparatus constructed as shown in FIG. 3 has the advantage of
      detecting any abnormal portion of the sample with a higher accuracy than
      the measuring apparatus of FIG. 2 utilizing a simpler circuit arrangement
      than that of FIG. 2, because the single negative impedance network 39
      utilizing the operational amplifier 37 is replaced by the two negative
      impedance networks 291 and 292 employing the two conventional amplifiers
      271 and 272 whose electric characteristics are generally different.
PAR  In the case where the impedance element 32 used in the measuring apparatus
      is the magnetoconductive semiconductor element 322 as shown in FIG. 4B,
      the measuring apparatus has a tendency of carrying out an erroneous
      detection since a magnetoconductive semiconductor element generally has an
      internal resistance varied with temperature.
PAR  FIG. 5 shows a practical circuit arrangement of a measuring apparatus
      modified from the embodiment of FIG. 3 suitable for reducing the
      possibility of the erroneous detection.
PAR  In the measuring apparatus of FIG. 5, the impedance element 32 used in the
      bridge circuit 36 of FIG. 3 is replaced by a plurality of series-connected
      magnetoconductive diodes 32a; the impedance element 33 of FIG. 3 by a
      plurality of series-connected magnetoconductive diodes 33a disposed close
      to the sample 412 as shown in FIG. 4B being measured in the same manner as
      the diodes 32a; and the impedance elements 34 and 35 of FIG. 3, by
      conventional resistors 34a and 35a. Connected across the output terminals
      of a bridge circuit 36 constituted by said diodes 32a and 33a and
      resistors 34a and 35a is a negative impedance network 39a comprising a
      differential type operational amplifier 37a, and positive and negative
      feedback resistors 38a and 40 connected between one input and output
      terminals of the bridge circuit 36a.
PAR  It will be apparent to those skilled in the art that the measuring
      apparatus thus constructed can considerably reduce the possibility of an
      erroneous detection due to the temperature variation of the individual
      magnetoconductive diodes used for the measurement.
PAR  FIG. 6 shows a schematic circuit diagram of a measuring apparatus according
      to another embodiment of this invention.
PAR  In FIG. 6, reference numeral 51 denotes an input reference voltage source
      having the same construction as that FIG. 3.
PAR  An impedance element 53 the same as the impedance element 32 of FIG. 3 is
      connected across the input reference voltage source 51 via an impedance
      element 52 for impedance-matching. Connected in parallel (or series) with
      the impedance element 53 is a negative impedance network 57 comprising an
      amplifier 54, and positive and negative feedback impedance networks 55 and
      56.
PAR  Thus, at least either of the positive and negative feedback impedance
      networks 55 and 56 included in the negative impedance network 57 comprises
      a filter circuit constructed as hereinunder described to eliminate any
      external noise signal component.
PAR  FIG. 7A shows one example of the filter circuit used as the positive
      feedback impedance network 55 and/or the negative feedback impedance
      network 56. The filter circuit comprises a low pass filter 63 constituted
      by an integral circuit including a resistor 61 and a capacitor 62. FIG. 7B
      shows another example of the aforesaid filter circuit used in the circuit
      of FIG. 6. The filter circuit comprises a high pass filter 73 constructed
      of a differentiation circuit including a capacitor 71 and a resistor 72.
PAR  FIG. 7C shows a further example of the aforesaid filter circuit employed in
      the circuit of FIG. 6. The filter circuit comprises a band pass filter 87
      constituted by a twin-T circuit which includes two series-connected
      capacitors 81 and 82, two series-connected resistors 84 and 85 connected
      in parallel with the series-connected capacitors 81 and 82, a resistor 83
      connected between ground and the common junction of the capacitors 81 and
      82, and a capacitor connected between the ground and the common junction
      of the resistors 84 and 85. FIG. 7D shows a still another example of the
      aforesaid filter circuit used in the circuit of FIG. 6.
PAR  The filter circuit comprises a band pass filter 94 constituted by a series
      (or parallel) resonance circuit including a resistor 91 provided if
      necessary, a capacitor 92 and an inductance coil 93.
PAR  If the low pass filter 63 constructed as shown in FIG. 7A, the high pass
      filter 73 constituted as shown in FIG. 7B, or the band pass filter 87 or
      94 constructed as shown in FIG. 7C or 7D is used for the positive feedback
      impedance network 55 and/or the negative feedback impedance network 56
      shown in FIG. 6, then the measuring apparatus can easily eliminate an
      external noise signal component having any frequency, thereby enabling
      only the desired signal component representing any of the above-mentioned
      abnormal portions of the sample being measured to be delivered in the
      enlarged form either across both the terminals of the impedance element 53
      or the output terminals O51 and O52 of the negative impedance network 57.
      Both outputs provide similar effects.
PAR  For example, the present inventors, experiments show that it is preferable
      to employ the low pass filter having its cutoff frequency of about 0.01 to
      10 Hz for the negative feedback impedance network 56 included in the
      negative impedance network 57 shown in FIG. 6.
PAR  FIG. 8 shows a schematic circuit diagram of a balance type measuring
      apparatus according to a further embodiment of this invention.
PAR  This embodiment is the same circuit composition as the embodiment of FIG.
      3, except that a negative impedance network 102 connected across the
      output terminals of the bridge circuit 36 is further provided with a
      negative feedback impedance network 101 connected between one input and
      output terminals of the operational amplifier 37 in addition to the
      positive feedback impedance network 38; and at least either of the
      positive and/or negative feedback impedance network is constituted by any
      of the low, high and band pass filters shown in FIGS. 7A to 7D.
PAR  It will be apparent that the measuring apparatus thus constructed acts in
      substantially the same manner as that of FIG. 6.
PAR  FIG. 9 shows a practical circuit arrangement of a measuring apparatus
      embodying this invention.
PAR  In FIG. 9, reference numeral 111 denotes an input reference voltage source
      having the same construction as the input reference voltage source 31
      shown in FIG. 3. Connected in series across the input reference voltage
      source 111 are two magnetoconductive diodes 113 and 114 via a resistor
      112. Either of the diodes is disposed with a small gap to any portion of a
      sample consisting of any magnetic material to be measured, while the other
      diode is provided with the same gap as the first-mentioned diode to that
      portion of the sample which bears a standard physical property free from
      the aforesaid abnormal defects.
PAR  A negative impedance network 116 constructed as hereinunder described is
      provided with respect to the magnetoconductive diodes 113 and 114. The
      negative impedance network 116 comprises a differential type operational
      amplifier 115 having one input terminal connected to the output terminal O
      thereof via the diode 113 concurrently acting as a positive feedback
      resistance element and the other input terminal connected to the output
      terminal O of the amplifier 115 via a negative feedback resistor 110 and
      also to one terminal of the input reference voltage source 111 via the
      drain-source path of a field effect transistor 124; another differential
      type operational amplifier 120 one input terminal of which is connected
      via a resistor 118 to the other terminal of the input reference voltage
      source 111 and the other input terminal of which is connected to the
      output terminal thereof via a resistor 119 and also to the output terminal
      O of the first-mentioned operational amplifier 115 via a resistor 117; and
      a low pass filter 123 constituted by an integral circuit including a
      resistor 121 and a capacitor 122, having an input terminal connected to
      the output terminal of the second-mentioned operational amplifier 120 and
      having an output terminal connected to the gate electrode of the field
      effect transistor 124. The second-mentioned operational amplifier 120, the
      low pass filter 123, the field effect transistor 124 and the resistor 110
      jointly constitute a negative feedback network for the negative impedance
      network 116.
PAR  The measuring apparatus thus constructed has the advantage of detecting
      with a higher accuracy than that of FIG. 5 any of the aforesaid abnormal
      defecting portions of the sample being measured utilizing the single
      magnetoconductive diodes 113 and 114 for the plurality of series-connected
      magnetoconductive diodes 32a and 33a used in the measuring apparatus of
      FIG. 5, by previously selecting the cutoff frequency of the low pass
      filter 123 to an appropriate value.
PAR  It should be understood that the invention is by no means limited to the
      particular embodiments illustrated but that many changes and modifications
      may be permissible without departing the scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A measuring apparatus for measuring physical properties of a sample,
      comprising:
PA1  a pair of terminals supplying an input reference voltage of a predetermined
      value;
PA1  a bridge circuit whose input terminals are connected to said pair of
      terminals, said bridge circuit comprising: a variable impedance element
      disposed adjacent a sample of magnetic or electric conductive,
      heat-responsive or deformable material and having an impedance which
      varies with the physical properties of the sample being measured; and at
      least three other impedance elements coupled with said variable impedance
      element in a bridge arrangement;
PA1  a negative impedance network including: a differential type operational
      amplifier having a negative value of input impedance and having its input
      terminals coupled to the output terminals of said bridge circuit; and at
      least one positive feedback impedance network coupled between the input
      and output terminals of said differential type operational amplifier; and
PA1  means for deriving an output signal corresponding to the signal appearing
      at at least one terminal of said differential type operational amplifier,
      said output signal varying as a function of a change in balance of said
      bridge responsive to a change in physical properties of said sample being
      measured.
NUM  2.
PAR  2. A measuring apparatus according to claim 1 wherein said input reference
      voltage is a D.C. voltage of a predetermined value.
NUM  3.
PAR  3. A measuring apparatus according to claim 1 wherein said input reference
      voltage is an A.C. voltage of a predetermined value.
NUM  4.
PAR  4. A measuring apparatus according to claim 1 wherein said variable
      impedance element of said bridge circuit is disposed close to said sample
      being measured.
NUM  5.
PAR  5. A measuring apparatus according to claim 1 wherein said variable
      impedance element of said bridge circuit is disposed in contact with said
      sample being measured.
NUM  6.
PAR  6. A measuring apparatus for measuring physical properties of a sample,
      comprising:
PA1  an input reference voltage source supplying an input reference voltage of a
      predetermined value;
PA1  a first impedance element coupled to said input reference voltage source;
PA1  a variable impedance element coupled to said input reference voltage source
      via said first impedance element, said variable impedance element being
      disposed adjacent a sample of magnetic or electric conductive,
      heat-responsive or deformable material and having an impedance which
      varies with the physical properties of the sample being measured;
PA1  a negative impedance network including: an amplifier coupled to said
      variable impedance element; a positive feedback impedance circuit coupled
      between the input and output terminals of said amplifier; and a negative
      feedback impedance circuit coupled between the input and output terminals
      of said amplifier;
PA1  at least one of said positive and negative feedback impedance circuits
      included in said negative impedance network comprising a filter circuit
      feeding from the output side of said amplifier back to the input side of
      said amplifier only signal components representing those portions of the
      sample which exhibit abnormal physical properties, said signal components
      representing said abnormal physical properties having a different level
      than other signal components; and
PA1  means for deriving an output signal corresponding to the signal appearing
      at at least one terminal of said amplifier, said output signal varying as
      a function of said signal components representing said abnormal physical
      properties which are generated responsive to the presence of abnormal
      physical properties of said sample being measured.
NUM  7.
PAR  7. A measuring apparatus claimed in claim 6 wherein said filter circuit
      comprises a low pass filter
NUM  8.
PAR  8. A measuring apparatus claimed in claim 6 wherein said filter circuit
      comprises a high pass filter.
NUM  9.
PAR  9. A measuring apparatus claimed in claim 6 wherein said filter circuit
      comprises a band pass filter.
NUM  10.
PAR  10. A measuring apparatus according to claim 6 wherein both said positive
      and negative feedback impedance circuits comprise a filter circuit.
NUM  11.
PAR  11. A measuring apparatus according to claim 6 wherein said input reference
      voltage source supplies a D.C. input reference voltage of predetermined
      value.
NUM  12.
PAR  12. A measuring apparatus according to claim 6 wherein said input reference
      voltage source supplies an A.C. input reference voltage of predetermined
      value.
NUM  13.
PAR  13. A measuring apparatus according to claim 6 wherein said variable
      impedance element is disposed close to said sample being measured.
NUM  14.
PAR  14. A measuring apparatus according to claim 6 wherein said variable
      impedance element is disposed in contact with said sample being measured.
NUM  15.
PAR  15. A measuring apparatus according to claim 6 wherein said amplifier is
      coupled in parallel with said variable impedance element.
NUM  16.
PAR  16. A measuring apparatus according to claim 6 wherein said amplifier is
      coupled in series with said variable impedance element.
NUM  17.
PAR  17. A measuring apparatus according to claim 6 wherein said variable
      impedance element is coupled to an input terminal of said amplifier.
NUM  18.
PAR  18. A measuring apparatus according to claim 6 wherein said amplifier is an
      operational amplifier.
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ABST
PAL  Apparatus for humidity measurement employing a dielectric resonator
      consisting essentially of a metallic guard, a solid dielectric material,
      an input antenna and an output antenna.
PAL  Method of measuring humidity comprising feeding a microwave energy of swept
      frequencies to the input antenna of said appratus, recovering said energy
      as a microwave power from the output antenna, and then determining the
      humidity of the gas through which the microwave energy travels from one
      antenna to the other, the value of humidity being based on the frequency
      characteristic of said microwave power.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the apparatus and method utilizing ultra-high
      frequency or microwave energy for the purpose of measuring the humidity in
      a gas such as air.
PAR  2. Description of the Prior Art
PAR  Instruments of humidity measurement, generally known as hygrometers, are
      many in kind and have long been in use. Examples are:
PA1  1. A hair hygrometer, in which measurement is based on the contraction and
      extension of hair in proportion to changes in humidity;
PA1  2. a dew point hygrometer, which produces a humiditiy measurement by
      directly detecting the dew point of a gas under investigation;
PA1  3. a psychrometer, which measures the weight of the water vapor contained
      in a gas;
PA1  4. Assamann's aspiration psychrometer, which provides humidity measurements
      by aspiration;
PA1  5. an absorption hygrometer, in which humidity measurements are produced
      from the change in electric resistance of a hygroscopic material with
      humidity.
PAR  It is well known that the above-mentioned instruments are not accurate in
      measurement, unreliable in measuring operation and difficult to
      maintenance properly. The humidity information made available from these
      instruments is not in the form of electrical signal and, therefore, cannot
      be utlized as an input signal to any automatic control device.
PAR  Recently a humidity measurement system was proposed. It is a system
      employing two cavity resonators. Its measuring operation is based on the
      fact that the humidity of air effects the transmission characteristic of
      an ultra-high-frequency signal of the kind commonly known as microwave.
      The gas, whose humidity is to be checked, is contained in one resonator
      and dry air is contained in the other. A microwave of the desired mode and
      frequency is fed into the two resonators to produce a resonant condition
      in each. Since the amount of water contained in the gas under
      investigation or, simply, the humidity increases the dielectric constant
      or permittivity of of the gas, there occurs a difference in resonant
      frequency between the two cavity resonators. This difference, that is,
      "beat" frequency is measured to tell the humidity in the gas.
PAR  This recently proposed system too has drawbacks in that the detector
      circuitry for finding out the value of said beat frequency is necessarily
      complex to result in a high manufacturing cost, and that the temperature
      changes of the two resonators must be taken into consideration to
      accurately measure the respective resonant frequencies if the measuring
      error due to temperature changes is to be reduced to an extent necessary
      for practical humidity measurement. Thus, the devices for this system are
      inevitably complicated and expensive.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved method of humidity
      measurement and also an apparatus for implementing said method which is
      composed of devices small in size, very light in weight, simple in
      mechanical construction, and low in manufacturing cost.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1(a) is a perspective view of the apparatus according to this
      invention.  FIG. 1(b) is a section view of apparatus illustrating this
      invention. FIG. 1(c) is a section view of the apparatus of still another
      embodiment of this invention.
PAR  FIG. 2 is a schematic block diagram representing the apparatus of this
      invention.
PAR  FIGS. 3(a), (b) and (c) show the waveforms available from the apparatus of
      FIG. 2.
PAR  FIG. 4 graphically shows the relationship between Q value and relative
      humidity.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Embodiments of this invention are represented in the attached drawings, in
      which FIG. 1(a) is a perspective view of the apparatus using a copper wire
      net as the cylindrical guard; FIG. 1(b) is a section view of apparatus
      using a brass cylindrical guard illustrating representative dimensions;
      and FIG. 1(c) is a section view of the apparatus of FIG. 1(b), in which
      the cylindrical brass guard has its top and bottom ends covered by
      copper-wire-net lids.
PAR  Referring first to FIG. 1(a), resonator 1 is of dielectric type comprising
      a cylindrical guard 3 made of copper wire net, about 1 mm in wire
      diameter, a solid dielectric body 5 situated within said guard, an input
      antenna 7 and an output antenna 9, the two antennas being mounted in
      apposition on said guard.
PAR  When this resonator is to be operated with a microwave frequency of, say,
      10.7 GHz to resonate in TE mode, the cylindrical guard 3 must have its
      radius sized smaller than the cutoff radius, for dominant mode or the
      lowest mode, of a cylindrical waveguide at 10.7 GHz. The smaller radius is
      for curbing the loss by emission of microwave energy into free space in
      order to minimize the variation or instability of humidity measurement due
      to the effect of microwave energy loss. Specifically, this inventor
      selected a radius of 0.9 cm for guard 3, a value smaller than the cutoff
      radius, which is 1.07 cm, for TM.sub.01 mode at 10.7 GHz.
PAR  Dielectric body 5 is titanium oxide (TiO.sub.2) in material, whose
      dielectric properties are characterized by a speific inductive
      permittivity (relative permittivity) .epsilon..sub.r of 100 and an
      electrical quality factor Q.sub.e of 2000. This body is sized 0.25 cm in
      radius and 0.2 cm in height. For antennas 7, 9, the core conductor of a
      coaxial cable stripped of its outer conductor or sheath is used, the core
      being a tin-plated copper wire 0.5 mm in diameter.
PAR  With a 10.7-GHz microwave energy is passed into dielectric resonator 1
      through its input antenna 7, a resonant oscillation is induced in this
      resonator. This oscillation is of such field configuration similar to the
      TM.sub.110 mode of cylindrical resonators, and makes available from
      antenna 9 a microwave output power.
PAR  If resonator (1) is placed in an atmosphere of humid air, the quality
      factor Q of its resonant circuit falls, because water vapor absorbs the
      microwave energy in resonance. Thus, such a quality factor Q can be a
      measure of the amount of water contained in the air, that is, humidity.
      There are many known methods of measuring the Q of a resonant circuit. One
      method is based on conversion of the half-value width of microwave power
      into a pulse width. This method is employed in the present embodiment.
PAR  Referring to FIG. 1(b), useful in illustrating representative dimensions,
      the dielectric resonator is constructed differently in that its
      cylindrical guard is made of a brass cylinder. As in the case of the
      resonator of FIG. 1(a), the radius of the cylindrical guard is smaller
      than the cutoff raidus at the operating frequency for the purpose already
      stated. Note that the distance l is provided between the dielectric body
      and the upper end of the guard. This distance is for accomplishing the
      stated purpose more effectively, that is, to minimize the escape of
      microwave energy from the cylindrical guard. This inventor gave 3 mm to
      this distance l. The separation of the dielectric body from the guard is
      desirable also for the resonators of FIGS. 1(a) and (c).
PAR  Referring now to FIG. 1(c), wherein another construction of the resonator
      is shown. Note that the resonator is identical in construction to the one
      shown in FIG. 1(b) except for its top and bottom being covered by lids
      made of a copper wire net. These lids are for keeping out dust and foreign
      matters.
PAR  How the dielectric resonator is operated in the humidity measuring
      apparatus of this invention will be described by referring to FIG. 2, in
      which a simplified block diagram represents the embodiment. Block 11 is a
      swept-frequency oscillator of known type, whose oscillation is produced by
      the Gunn effect and whose oscillating frequency is linearly swept or
      varied with time from the center frequency of 10.7 GHz upward and downward
      in a cyclical manner. Its output is a swept-frequency microwave energy,
      which is admitted into said dielectric resonator 1 through the input
      antenna. The microwave output power available from the output antenna is
      proportional in magnitude to the input energy. This output power is picked
      up and then detected, in the manner of demodulation, by diode detector 13.
      Since the microwave input power coming from oscillator 11 consists of the
      frequencies arising from the center frequency being linearly and regularly
      swept upward and downward, the detected output of diode detector (13) is
      in such a waveform as shown in FIG. 3(a), in which the horizontal axis is
      a frequency scale and the vertical axis is a power amplitude scale. The
      peak value of amplitude occurs at 10.7 GHz in the waveform of FIG. 3(a),
      and the frequency at which the amplitude equal one-half of the peak value,
      meaning a drop of 3 dB, occurs at both sides of the 10.7-GHz center
      frequency, the distance on the horizontal axis from the center to each of
      the two points is the half-value frequency width, .DELTA.f.sub.1, the
      value of which determines the Q value of the resonant frequency in the
      dielectric resonator. The output of detector 13 is passed onto
      differentiator 17 through amplifier 15.
PAR  In differentiator 17, the input signal is differentiated twice with respect
      to time to change into the shape as shown in FIG. 3(c). The waveform shown
      in FIG. 3(b) is what results from the first differentiation. In the
      waveform of FIG. 3(c), let A represent the frequency corresponding to the
      moment at which the differentiated output voltage becomes zero during fall
      and B the frequency corresponding to the moment at which the voltage
      becomes zero during rise. Then, B - A = .DELTA.f.sub.2, where
      .DELTA.f.sub.2 is a frequency width. Where the crystal diodes of detector
      13 have a voltage squaring characteristic to give a square-law detection
      capability to this detector, then, as is well known, the half-value width
      .DELTA.f.sub.1 of the dielectric resonator and the frequency width
      .DELTA.f.sub.2 are related according to this equation:
      ##EQU1##
      With the value of .DELTA.f.sub.2 determined by measurement, the above
      equation gives the value of .DELTA.f.sub.1 and, since Q = .DELTA.f.sub.o
      /.DELTA.f.sub.1, the Q of the resonant circuit can be determined. In the
      present case, f.sub.o is the center frequency of 10.7 GHz.
PAR  Actually, the voltage output of differentiator 17 is fed into pulse-width
      measuring circuit 19, whose output is proportional to .DELTA.f.sub.2 = B -
      A. This output signal is used to drive indicator (21) calibrated to
      indicate the humidity and, additionally, is transmitted out as a control
      signal.
PAR  The graph of FIG. 4 shows the results obtained from an experimential
      operation of the apparatus constructed and arranged according to the
      foregoing embodiment of this invention, with the values of Q plotted on
      the vertical axis, the horizontal axis being calibrated in per-cent
      relative humidity.
PAR  The foregoing description of an embodiment of this invention presumes the
      humid gas to be air but this by no means implies that use of the apparatus
      or method according to this invention is limited to the measurement of
      humidity in air. Since the measuring operation is founded on detection of
      a microwave energy attenuation occurring in a gas, the apparatus and
      method can be applied to any polar gas for humidity measurement. Though
      use of a guard made of a brass wire net was mentioned in the foregoing
      description, the guard may be a net of any other metal. The antennas need
      not be of any special kind; they may be any of those conventionally used
      in waveguide work.
PAR  For the dielectric body located in the path of the microwave energy,
      MgTiO.sub.3, CaTiO.sub.3 or any like compound, or any other ceramic
      dielectric material consisting of any combination of these materials, may
      be used besides TiO.sub.2 mentioned above, provided that they produce a Q
      value of at least 1000. Even such an organic dielectric material as
      styrene resin can be used as the material for the dielectric body, whose
      shape, moreover, is not limited to the cylindrical one cited in the
      foregoing description.
PAR  Obviously many modification and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the present
      invention may be practiced otherwise than as specifically described above.
PAR  A humidity measuring apparatus according to this invention, comprising the
      series of devices indicated in FIG. 2, inclusive of the dielectric
      resonator, can be constructed compact and lightweight. Moreover, if a
      dielectric material with constant temperature characteristics is used for
      the dielectric body of the resonator, a change, if any, in the frequency
      characteristic of the resonator itself caused by a change in ambient
      temperature or any other factor shows up as a corresponding signal change
      also in the above-mentioned half-value width and, therefore, does not show
      up as an error in the measured humidity value. From this, it will be seen
      that the apparatus according to this invention can be made high in
      measuring accuracy and also in operating reliability as compared with
      conventional hygrometers.
PAR  Further, according to this invention, both relative humidity and absolute
      humidity can be measured with an added advantage that the response to a
      humid gas under investigation is quick in the measuring operation.
PAR  In contrast particularly to the conventional hygrometers operating by the
      principles of deliquescence, the apparatus according to this invention
      lasts long and serves with long life because its operation does not
      involve any physical contact between surfaces or points and because its
      components can be made high in interchangeability.
PAR  It may be hardly necessary to point out that the measuring sensitivity of
      the apparatus can be enhanced by comparing the results of each measuring
      operation against those obtained on a reference gas.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring humidity comprising a dielectric material, a
      shield against electrical radiant energy surrounding said dielectric
      material, said shield being in the form of a cylindrical sleeve comprising
      a wire net, and input and output antenna means positioned inside said
      shield and spaced from said dielectric material.
NUM  2.
PAR  2. Humidity measuring apparatus according to claim 1 in which said shield
      is capped at both its ends by a wire net.
NUM  3.
PAR  3. Humidity measuring apparatus according to claim 1 in which said input
      antenna means is adapted to receive an input electrical signal sweeping
      through a range of frequencies about a center frequency, and the radius of
      said shield is smaller than the cutoff radius of a cylindrical waveguide
      operating in its dominate mode at said center frequency.
NUM  4.
PAR  4. Humidity measuring apparatus according to claim 1 in which said
      dielectric material is in the form of a solid cylinder.
NUM  5.
PAR  5. Humidity measuring apparatus according to claim 1 in which said shield
      is of copper or brass.
NUM  6.
PAR  6. Humidity measuring apparatus according to claim 1 in which said
      dielectric material is a ceramic dielectric material.
NUM  7.
PAR  7. Humidity measuring apparatus according to claim 1 in which said
      dielectric material is positioned between said input and output antenna
      means.
NUM  8.
PAR  8. In combination with humidity measuring apparatus according to claim 1,
      means coupled to said input antenna means for applying thereto an input
      electrical signal sweeping through a range of frequencies about a center
      frequency, and output means coupled to said output antenna means for
      developing an ouput electrical signal representing the humidity within
      said shield.
NUM  9.
PAR  9. Humidity measuring apparatus according to claim 8 in which said output
      means includes detector means coupled to said output antenna means for
      developing a detected signal in response to signals received from said
      output antenna means, differentiator means for differentiating the signal
      developed by said detector means and generating a pulse signal therefrom,
      and pulse width measuring means for generating a signal representative of
      the width of pulses in said pulse signal.
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PAL  A cell for measuring the electrical resistivity of a liquid contains four
      aligned and linearly spaced electrodes. A current source is connected to
      the end electrodes and an amplifier is connected directly to the inner
      electrodes. The amplifier has a high input impedance characteristic
      sufficient to limit the current carried by the inner electrodes to a small
      value which renders it essentially independent of any fouling of the inner
      electrodes. The amplifier is connected to the current source to control
      the current output thereof so as to maintain a constant predetermined
      voltage drop across the inner electrodes whereby the output of the
      amplifier is independent of any IR drop due to the fouling of the outer
      electrodes. A reference and a measuring cell may each be connected as
      above with the high input impedance amplifier of the measuring cell
      controlling the current sources for both cells and the corresponding
      amplifier of the reference cell driving a suitable output indicator.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 277,608 filed Aug. 3, 1972
      and now abandoned.
BSUM
PAR  The present invention relates to an improved cell for measuring the
      electrical conductivity of a liquor sample and also to a method of
      measuring the electrical conductivity of the sample.
PAR  It has previously been proposed to continuously sample the electrolytic
      content of a laundry wash liquor in order to use the information derived
      from the state of the liquor to formulate and control the wash and rinse
      programs. Alkali and various cleansing agents are added during the wash
      cycle and removed during the rinsing cycle. A minimum concentration of
      alkali must be present during the wash cycle in order to maintain adequate
      suspending power of the wash liquor. The concentration of alkali at the
      end of the rinsing cycle must be known to precise limits as an excess of
      alkali at the final rinse will cause galling which will necessitate
      expensive reprocessing. It becomes essential therefore to remove the
      alkali concentration from the wash and rinse liquors.
PAR  Previously the measurement of the alkalinity was accomplished by providing
      a cell having a pair of electrodes, disposed in the washing vessel, which
      are in intimate contact with the wash and rinse liquors being sampled. A
      voltage was applied to the electrodes, the value of the current then
      flowing in circuit connected to the two electrodes, after suitable
      temperature compensation, being an indication of the electrical
      conductivity and therefore the alkalinity of the wash liquor, since
      alkalinity is proportional to conductivity.
PAR  A major disadvantage with conductivity cells containing two electrodes is
      that, in general, after a period of operation, the electrodes become
      fouled and therefore the current flowing between them is reduced, giving a
      false conductivity and therefore alkalinity reading. In consequence, in
      order to obtain accurate reading from the cell, frequent cleaning is
      necessary.
PAR  The above problem is not restricted to the commercial laundry since
      conductivity measurement is of prime importance in other fields for
      example in the effluent and sewage fields where it is often desirable to
      measure the dissolved solids content prior to discharging into a river or
      sewer. Conductivity is of importance in the dyeing and textile cleansing
      process for the monitoring and control of processes.
PAR  According to the present invention there is provided a cell for measuring
      the electrical conductivity of a liquor sample which cell comprises a
      housing for containing the liquor sample and having four linearly-aligned
      electrodes disposed therein, the outer pair of electrodes being arranged
      for connection to a constant current source and the inner pair of
      electrodes being arranged for connection to the input terminals of high
      impedance amplifier, the voltage appearing across the inner electrodes
      being a measure of the electrical resistivity of the liquor sample, which
      is inversely proportional to the conductivity.
PAR  Also according to the present invention there is provided a method of
      measuring the electrical conductivity of a liquor sample which comprises
      introducing the liquor into a cell having four linearly-aligned electrodes
      disposed therein, passing a constant current through the outer pairs of
      electrodes and measuring the voltage across the inner pair of electrodes
      by means of a high input impedance amplifier to derive a signal indicative
      of the electrical resistivity of the liquor sample which is inversely
      proportional to the conductivity.
PAR  According to a further aspect of the invention there is provided a method
      of comparing the electrical conductivity of two liquor samples comprising
      introducing the samples into respective cells each including four
      linearly-aligned electrodes, applying an identical constant current to the
      outer electrodes of each of the cells, measuring the voltage across the
      inner electrodes of both cells by means of respective high input impedance
      amplifiers, varying the constant current in dependence upon the voltage
      measured across the inner part of electrodes of one of the cells to
      maintain the voltage across the latter pair of electrodes at a constant
      predetermined value and comparing the output voltages of the high input
      impedance amplifiers to provide a signal indicative of the difference in
      conductivities between the liquor samples.
DRWD
PAR  The invention will now be further described by way of example with
      reference to the accompanying drawings in which:
PAR  FIG. 1 illustrates a control circuit embodying a cell in accordance with
      the present invention,
PAR  FIGS. 2a and 2b illustrates one manner of laying out the electrodes in the
      cell and
PAR  FIG. 3 illustrates the use of a two cell arrangement necessary to control
      and formulate the washing and rinsing cycles within a laundry washing
      vessel.
PAR  FIG. 4 shows a constant circuit diagram for use with the cell of the
      invention.
DETD
PAR  Referring to FIG. 1 a cell constructed in accordance with the present
      invention is shown generally as 10. It includes a housing 12 having two
      pairs of linearly-aligned electrodes 14 and 16 disposed therein. The outer
      electrodes are connected to a constant alternating current source 18 which
      serves to pass a constant current through the liquor sample contained in
      the housing 12. Conveniently the frequency of the constant current source
      is 1kHz. Electrodes 16 are connected to the input terminals of a high
      input impedance amplifier 20.
PAR  In practice, when a voltage is applied to the outer terminals 14, a
      constant current is caused to flow through the liquor sample contained in
      the housing 12. The amplifier 20 monitors the potential drop across the
      liquor sample between the two inner electrodes 16. This potential drop is
      an inverse function of the conductivity of the liquor sample. In view of
      the high input impedance of the amplifier the inner electrodes 16 carry
      only a very small current and therefore the potential drop across the
      electrodes 16 is substantially independent of any fouling of the inner
      electrodes.
PAR  Fouling of the outer electrodes does occur however and causes the voltage
      across them to rise since the current remains constant. This increase in
      voltage may be used to indicate the state of fouling of the outer
      electrodes. Providing the fouling is insufficient to affect the
      performance of the constant current source the signal from the inner
      electrodes is sensibly independent of fouling.
PAR  Should the fouling be such as to affect the performance of the constant
      current source, the voltage across the outer electrodes becomes excessive
      and may be used to give warning of the necessity for cleaning the
      electrodes. When the cell is used to measure the alkalinity of the liquor
      in a laundry washing machine for example, the increase in voltage may be
      used to operate a voltage level device to trigger a visible or audible
      alarm to shut down the laundry machine.
PAR  During the process it is necessary to compare the electrolytic content of
      the mains water supply with that of the sample being monitored within the
      washing vessel. More particularly, during the rinsing cycle, the purpose
      is to reduce the dissolved solids content of the rinsing liquor to a level
      which does not exceed that of the incoming mains water by more than a
      predetermined amount. The reason for this is that the electrolytic content
      of the mains water varies considerably over short durations of time and in
      different locations and it is therefore only by comparing the readings
      obtained from the two cells that it is possible to determine the excess
      solids content or alkalinity of the liquor sample within the washing
      vessel.
PAR  Referring to FIG. 2a and 2b it will be seen that the preferred layout of
      the cells consists of a cylindrical housing 12, having four annular
      electrodes 14,16, mounted therein. Inlet and exit ports 22 and 24
      respectively are located in axial alignment with longitudinal axis of the
      housing and allow the liquor to be sampled to be introduced into the cell
      for sampling and removed therefrom after sampling. A suitable electrical
      connection 26, is made to each electrode, the connections passing through
      the housing 12 and terminating on an insulating block 28.
PAR  Whilst the following description of FIG. 3 is with respect to washing and
      rinsing cycles of a laundry washing process, as has been previously
      mentioned, the cells and methods of the present invention may be put to
      other applications involving the measurement and control of electrical
      conductivity where two cells have to be employed and where one cell is
      used as a reference to show the difference in electrolytic content of the
      sampling cell.
PAR  In FIG. 3 the inner electrodes of a first measuring cell 30 are connected
      to the input terminals of a high input impedance unity gain amplifier A1
      whose output is fed to one input terminal of a differential amplifier A2.
      A reference signal S comprising the constant current supply to the circuit
      is fed to the other input terminal of the amplifier A2. This signal may
      conveniently be at 1kHz. The output of amplifier A2 is fed to the input of
      a high gain amplifier A3 whose output controls the magnitude of the
      "constant" current fed by a constant current control circuit C.C.1 to
      electrodes 14 of cell 30.
PAR  This constant current, which is sensibly independent of the cell
      resistance, is fed to the cell 30 and will adjust so that the voltage
      across electrodes 16 remains sensibly constant in spite of changes in the
      conductivity of the cell liquor. The circuit required to maintain the
      voltage across the electrodes 16 constant will be dependent on the
      conductivity of the cell liquor. A second constant current of equal
      magnitude to that applied to cell 30 is also applied to the constant
      current control circuit C.C.2 of cell 32 by amplifier A.3. Cell 30
      contains the wash liquor and cell 32 the mains or other water used for
      rinsing or as a reference. Amplifier A1' is similar to amplifier A1 and
      its output is fed to the differential or subtractive amplifier A2'. The
      output of amplifier A1 is fed to the other input of amplifier A2' so that
      the difference signal, suitably amplified, appears at the output of
      amplifier A2'. The output of this amplifier depends on the difference in
      conductivity of the cell 30 liquor over that of the rinsing water or
      reference sample in cell 32. Normally of course the conductivity of the
      liquor in cell 30 will be greater than that in cell 32. The output of
      amplifier A2' is fed to the input of amplifier A3' which may conveniently
      be given a variable gain characteristic, thus enabling the range of
      measurement to be increased to any desired extent. This output may be used
      to control the number of rinses required to produce the desired rinse
      quality.
PAR  This dual cell arrangement, or suitable modification, may also be used to
      control the dispensing of alkali in the washing cycle.
PAR  In each of the foregoing arrangements corrections for changes of
      temperature of the liquor must be made. Compensating techniques for
      temperature correction are available for example by use of thermistors.
      Thermistors immersed in the liquors, together with suitable circuitry, can
      be made to produce a temperature correction signal which may be applied,
      say, to the input circuitry of amplifier A2'.
PAR  A foul alarm FA is also arranged across the electrodes 14 of the measuring
      cell to indicate, by measurement of the constant current flow, when the
      actual fouling of the electrodes 14 reaches an unacceptable level.
PAR  In the constant current circuit arrangement shown in FIG. 4 the inner
      electrodes 16 of the measuring cell are connected to the input terminals
      of a high impedance unitary gain amplifier A1 and the inner electrode 16'
      of the reference cell are connected to the input terminals of an amplifier
      A1', similar to amplifier A1. The output of amplifiers A1 and A1' are
      extended to input terminals of differential amplifiers A2 and A2'
      respectively and the other input terminals of the amplifiers A2 and A2'
      are extended to earth. Alternatively said other input terminals are used
      as inputs for reference or comparison purposes.
PAR  The output of amplifier A2 is connected to one input terminal of an
      amplifier A3, the other input terminal of amplifier A3 is connected to an
      A.F. source, the output of amplifier A2' is connected to one terminal of
      an amplifier A3' and the other input terminal of amplifier A3' is
      connected to the output of amplifier A2. The output of amplifier A3' may
      be used in identical manner to the amplifier A3' shown in FIG. 3 and the
      output of amplifier A3 constitutes the feedback for the constant current
      control circuit.
PAR  The Transistors TR1 and TR2 are complementary P.N.P. and N.P.N. types to
      form a current source of high impedance. A portion of the A.F. voltage at
      the output of A3 is applied, via the voltage divider R1,R2 to the base of
      transistor TR1, the resulting alternating current being defined by
      resistor R4 in the emitter circuit. Current sinking of the transistor TR1
      collector circuit is performed by transistor TR2 with resistor R5 in the
      emitter circuit.
PAR  The network R6, amplifier 46, R7, and R8, provides D.C. feedback to
      maintain the mean voltage at the collectors of transistors TR1 and TR2
      about earth potential, smoothing being provided by capacitor C4.
PAR  Amplifiers 46 and 48, are each connected across the positive-negative leads
      and the output from amplifier 46 prior to smoothing provides a suitable
      signal to operate the cell alarm circuit. The capacitors C2, C3 in the
      emitter circuit of transistors TR1 and TR2 correct for phase shift which
      can cause spurious oscillations. The alternating current output is fed to
      the electrode 14 of the measuring cell as shown in FIG. 4.
PAR  The transistor TR1' of the reference cell circuit receives an identical
      voltage to that applied to transistor TR1 and the reference cell circuit,
      as illustrated in FIG. 4, works in identical manner to the measuring cell
      circuit.
PAR  With the above arrangement, and in like manner to the arrangement shown in
      FIG. 3, the constant current, which is sensibly independent of the cell
      resistance, is fed to the measuring cell 30 and will adjust so that the
      voltage across electrode 16 remains sensibly constant in spite of the
      changes in the conductivity of the cell liquor. At the same time a second
      constant current of equal magnitude to that applied to the cell 30 is also
      applied to cell 32.
PAR  In this specification the term "high impedance" means an impedance in the
      order of 10 to 15 megohms.
PAR  In the example described with reference to FIGS. 3 and 4 the invention is
      utilized the relate to alkaline content of the liquid in the measuring
      cell to the normally lower alkaline content of the liquid in the reference
      cell. It will however be apparent to persons skilled in the art that the
      invention can be applied to relate the alkaline content of the liquid in
      the measuring cell to a normally higher alkaline content liquid in the
      reference cell whereby values for alkaline deficiency in the measuring
      cell liquid can be detected and measured.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of comparing the electrical conductivity of two liquid samples
      propense to fouling electrodes in contact therewith, said method
      comprising the steps of introducing the sample to be tested into one cell
      and the sample to be used as a reference into another cell, each cell
      including four linearly aligned electrodes; applying an identical current
      to the outer electrodes of each of the cells; directly connecting the
      input of a first high input impedance amplifier to the inner electrodes of
      said four linearly aligned electrodes in said one cell, and the input of a
      second high input impedance amplifier to the inner electrodes of said four
      linearly aligned electrodes in said other cell, said amplifiers having an
      input impedance sufficiently high as to render the potential drops across
      said inner electrodes essentially independent of any fouling thereof by
      the liquid; varying the magnitude of said identical current applied to
      said outer electrodes of said cells in dependence upon the voltage across
      the inner electrodes of said one cell so as to maintain a constant
      predetermined voltage drop across said inner electrodes of said one cell;
      and comparing the output voltages of said first and second high input
      impedance amplifiers to provide a signal indicative of the difference in
      conductivity between the two liquid samples.
NUM  2.
PAR  2. The method defined in claim 1 and including the further step of
      activating an alarm where a predetermined increased voltage appears across
      the electrodes of one of said cells.
NUM  3.
PAR  3. The method defined in claim 1 and including the further step of
      amplifying said signal in a variable gain amplifier.
NUM  4.
PAR  4. Apparatus for comparing the electrical conductivity of two liquid
      samples propense to fouling electrodes in contact therewith, said
      apparatus comprising:
PA1  two cells, one for holding a sample to be tested, and the other to hold a
      reference sample, each cell comprising a housing for containing the liquid
      sample and four linearly aligned electrodes disposed in said housing;
PA1  current source means connected to the outer electrodes of each cell for
      applying an identical current across the two outer electrodes of each
      cell;
PA1  amplifier means, one for each cell, connected across the inner electrodes
      of said cell for providing an output dependent upon the voltage across the
      inner electrodes of said cell, said amplifier means each having an input
      impedance sufficiently high as to render the potential drop across said
      inner electrodes essentially independent of any fouling thereof by the
      liquid;
PA1  varying means connecting the output of said amplifier means which is
      connected to said one cell to said current source means for varying the
      magnitude of said identical current in dependence upon the output of said
      amplifier means which is connected to said one cell so as to maintain a
      constant predetermined voltage drop across said inner electrodes of said
      one cell; and
PA1  comparator means connected to the outputs of said amplifier means for
      comparing the output voltages of the two amplifier means to provide a
      signal indicative of the difference in conductivity between the liquid
      samples.
NUM  5.
PAR  5. Apparatus as defined in claim 4, including an alarm connected across the
      outer electrodes of one of the cells and responsive to a predetermined
      increased voltage appearing across the latter outer electrodes.
NUM  6.
PAR  6. Apparatus as defined in claim 4, further comprising a variable gain
      amplifier connected to the output of the comparator to receive and amplify
      said signal.
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ABST
PAL  A device for testing the logic states of integrated circuits while
      operating in-circuit. The device includes a hand-held housing containing a
      pair of spaced circuit boards to which a clip is electrically coupled, the
      clip having terminals for making electrical contact with the pins on a
      test IC. The device has a circuit programmed for a particular IC by a
      socket having removable pins of different lengths. The socket has means
      for receiving a reference IC against which the test IC is to be compared.
      Switch means coupled with the circuit permit individual testing of the
      pins of the test IC.
BSUM
PAR  This invention relates to improvements in the testing of operating states
      of logic elements and, more particularly, to a simple, easy to handle
      logic test unit which can be quickly programmed to test a particular
      integrated circuit.
PAC  BACKGROUND OF THE INVENTION
PAR  In the construction of printed circuit boards and other circuitry involving
      digital integrated circuits (hereinafter referred to as ICs) many
      manufacturing defects will occur due to poor connections, bad soldering
      techniques and the like. These defects must be located and corrected
      before the products are shipped to customers and the process of testing
      the same requires fast testing techniques as well as equipment that is
      simple to use and of a size permitting mobility even in limited spaces.
      The prior logic test units have not met all of the foregoing criteria for
      one reason or another; therefore, a need has arisen for such a test unit
      which is simple to use, can be hand-carried, and can operate to test an IC
      while the same is in-circuit.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention satisfies the foregoing need by providing an improved
      logic test unit which can be simply clipped onto an existing, in-circuit
      IC to test the logic states of its various pins or terminals. Such logic
      states can be readily and successively indicated by a visual display
      carried by the unit in a readily observable location. Further, the unit
      need not carry a power pack inasmuch as its circuit is arranged to draw
      power from the test IC itself. To this end, the circuit includes an
      automatic power locator to effect this purpose. Because of this feature,
      the size and weight of the unit of the present invention can be minimized.
PAR  A major function of the unit of this invention is to compare a test IC with
      a reference IC. Means is provided for coupling the reference IC to the
      unit, yet such coupling means is constructed so that different ICs can be
      used as references, depending upon the structure of the IC to be tested.
      The coupling means associated with the unit of this invention includes a
      socket having removable pins which can be relatively long or relatively
      short so that the lengths of the pins will determine the programming of
      the circuitry of the unit, thereby conditioning the same to test the logic
      states of a particular IC.
PAR  If the reference IC is omitted, the unit of the invention acts to display
      simultaneously the inverse logic states of the terminals of the test IC if
      the states change slowly. This additional feature increases the
      versatility of the unit. Also, logic states of the terminal of an
      integrated circuit can be monitored.
PAR  The primary object of the present invention is to provide an improved logic
      test unit which can be hand-held and readily clipped onto an integrated
      circuit to be tested so that the logic states of the IC can be read
      directly or compared with a reference IC, all of which can be accomplished
      without the use of movable probes and without disturbing the circuit in
      which the test component forms a part.
PAR  Another object of this invention is to provide a logic test unit of the
      type described wherein the test unit itself can be quickly and easily
      programmed to permit comparison between the operating states of an
      integrated circuit under test and a reference component to thereby
      minimize testing time yet assure an accurate comparison between the
      components.
PAR  A further object of this invention is to provide a unit of the aforesaid
      character which is simple and rugged in construction, can be carried in a
      garment pocket and can be used even by unskilled workers.
DRWD
PAR  Other objects of this invention will become apparent as the following
      specification progresses, reference being had to the accompanying drawings
      for an illustration of the invention.
PAR  In the drawings:
PAR  FIG. 1 is a side elevational view of the test unit of this invention,
      showing the way in which it is clipped onto a component to be tested;
PAR  FIG. 2 is an enlarged, fragmentary, cross-sectional view of the test unit;
PAR  FIG. 3 is a top plan view of the unit;
PAR  FIG. 4 is a top plan view of the socket used to program the unit;
PAR  FIG. 5 is a side elevational view of the socket;
PAR  FIG. 6 is an enlarged, fragmentary, cross-sectional view of the socket and
      reference component associated therewith; and
PAR  FIG. 7 is a schematic diagram of the circuitry of the unit.
DETD
PAR  The logic test unit of this invention is broadly denoted by the numeral 10
      and includes an outer, elongated housing 12 having a pair of printed
      circuit boards 14 and 16 thereon, boards 14 and 16 being releasably
      interconnected by pins 18 and having circuit 20 (FIG. 7) carried thereon.
      Circuit 20 includes a number of light-emitting diodes 22 adjacent to and
      below a transparent panel 24 (FIG. 3) at the normally uppermost end of
      unit 10, panel 24 having individual window squares 26 for viewing
      respective light-emitting diodes 22 therebelow. Squares 26 are numbered to
      corespond with pin locations on an integrated circuit 28 (hereinafter
      referred to as IC).
PAR  Circuit 20 further includes switch means 30 (FIG. 7) operated by turning a
      knob 32 on one side of housing 12, there being a shaft extending through
      the housing and coupled to the knob, the shaft forming part of switch
      means 30.
PAR  Unit 10 further includes clip means 34 at the normally lowermost end
      thereof, clip means 34 including a pair of jaws 36 and 38 pivotally
      interconnected by a pin 40 for rotation about a generally horizontal axis
      passing parallel to the sidewalls of housing 12. Jaws 36 and 38 have
      terminals (not shown) thereon which extend upwardly from the lower ends of
      the jaws. These terminals are adapted to make electrical contact with
      terminals on IC 28 when the jaws are on opposed sides thereof. A coil
      spring (not shown) biases the lower ends of jaws 36 and 38 toward each
      other so that the jaws can clip onto IC 28.
PAR  The terminals of jaws 36 and 38 are electrically connected to circuit 20 on
      boards 14 and 16 in any suitable manner. Thus, by clipping jaws 36 and 38
      onto IC 28, IC 28 can be electrically connected to circuit 20 in the
      manner shown in FIG. 7.
PAR  Circuit 20 can be programmed for testing IC 28 by the use of a reference IC
      42 which is identical to IC 28 but of known quality. IC 42 is removably
      coupled to a socket 44 having a plurality of pins for making electrical
      connection to circuit 20 on boards 14 and 16. As shown in FIG. 5, certain
      of the pins (denoted by the numerals 48) are shorter than the remaining
      pins 50. Short pins 48 are adapted to extend into tubular electrical
      terminals 52 carried by board 14. Pins 48 are not long enough to project
      laterally from board 14 toward board 16. Pins 50 are long enough to extend
      through respective tubular terminals 52 on board 14 and also into
      respective tubular terminals 54 on board 16. Thus, by the judicious
      selection of the lengths of the pins of socket 44, these pin lengths will
      be determined by the particular structure of IC 28, one such structure
      being shown in FIG. 7, it being clear that IC 28 and IC 42 are identical
      with each other.
PAR  Socket 44 includes a base 56 having a pair of opposed sidewalls 58, only
      one of which is shown in FIG. 4, each wall 58 having a plurality of holes
      60 therethrough for receiving pins 48 and 50. After the pins are inserted
      in holes 60, a cap 62 is placed onto base 56 and held thereto by end
      spring members 64 integral with base 56 and snapped into recesses 66 in
      the ends of cap 62. Cap 62 has holes 68 aligned with respective holes 60
      so that the electrical terminals or pins 70 of IC 42 can be inserted into
      holes 68 and thereby into electrical contact with the inner ends of
      respective pins 48 and 50 in the manner shown in FIG. 6. In this way,
      electrical contact is made between pins 70 and pins 48 and 50. Moreover,
      each of pins 48 and 50 has an inner end comprised of a pair of spring
      elements 72 which receive the corresponding pin 70; thus, IC 42 is
      releasably coupled to socket 44 and can be removed therefrom by pulling
      outwardly of the socket.
PAR  Circuit 20 includes a logic monitor circuitry, an automatic power locator
      74, and a comparator and display sub-circuit 76. The wiring of circuit 20
      is as shown in FIG. 7 so that, when unit 10 is coupled to IC 28 under
      test, IC 28 and IC 42 will be coupled to automatic power locator 74 and
      sub-circuit 76 as well as switch 30 as shown.
PAR  In operation, when arranged as shown in FIG. 1, unit 10 is mechanically and
      electrically coupled to IC 28. In such a case, the inputs of the various
      gates of IC 28 are coupled with identical inputs of the gates of IC 42.
      However, the outputs of IC 28 and IC 42 are not interconnected but go to
      respective inputs to the comparator of subcircuit 76. Thus, all the
      corresponding outputs of IC 28 and IC 42 are compared simultaneously. By
      manipulation of switch means 30, the logic state of a particular pin of IC
      28 can be monitored by the use of an LED which shows whether a pin is high
      or low or is toggling even at high frequency. Switching can continue to
      check all pins of IC 28.
PAR  An indication will occur if IC 28 is defective in any way. For instance, it
      may not toggle nor follow its truth table if there is a physical fault in
      the structure of IC 28 such as a solder bridge, broken trace or the like.
      To test a particular IC, unit 10 need only distinguish between inputs and
      outputs. Typically, the output pin positions of IC 42 are provided with
      short pins 48, longer pins 50 representing the input pin positions. Thus,
      short pins 48 couple the outputs of IC 28 and IC 42 to the comparator so
      that the latter can check output correspondence between the two.
PAR  When it is desired to test another type of IC, socket 44 can be removed
      from terminals 52 and 54 so that pins 48 and 50 can be interchanged to
      correspond with the test IC. In the alternative, another pre-programmed
      socket can be used. In the latter case, a number of pre-programmed sockets
      will be made available and be ready for use so that any one can be
      selected and used for a respective IC to be tested.
PAR  Unit 10 thus provides a simple, hand-held test device which is small enough
      so that it can be carried in the pocket. Unit 10 has a number of
      advantages over the three commonly used logic testing devices which
      include the logic probe, logic states display clip and a hand-held IC
      comparator. Among such advantages are the following: unit 10 automatically
      tests an IC while it is operating in-circuit and at high frequencies; unit
      10 automatically locates IC faults and circuit board faults; unit 10
      displays logic states, toggling and failures by pin number; unit 10 can
      handle logic levels in a given range such as from 4.5 volts to 10 volts
      automatically without adjustment; unit 10 has a high impedance and low
      capacitance input to insure against erroneous circuit behavior; and unit
      10 is programmed with socket means which requires no soldering.
CLMS
STM  We claim:
NUM  1.
PAR  1. A logic test unit for testing a circuit component having a number of
      terminals comprising: means defining an electrical circuit for comparing
      the logic states of the terminals of a first circuit component with those
      of a second circuit component, a first portion of said circuit being
      spaced from a second portion thereof; clip means electrically coupled with
      said circuit for removably and electrically connecting the latter with the
      terminals of said first circuit component; and means removably connectable
      with said circuit for electrically connecting the same to said second
      circuit component, whereby said logic states of corresponding terminals of
      said circuit components can be compared with each other, said connecting
      means having a number of electrical pins, at least one of the pins being
      electrically engageable only with said first circuit portion, the
      remaining pins being electrically engageable with said second circuit
      portion.
NUM  2.
PAR  2. A logic test unit as set forth in claim 1, wherein is included a pair of
      spaced circuit boards, said first circuit portion being carried on one of
      said boards, the second circuit portion being carried on the other board.
NUM  3.
PAR  3. A logic test unit as set forth in claim 2, wherein said connecting means
      includes a socket on one side of one of the circuit boards, the other
      circuit board being adjacent to the opposite side of said one circuit
      board.
NUM  4.
PAR  4. A logic test unit as set forth in claim 2, wherein the circuit boards
      are separable from each other.
NUM  5.
PAR  5. A logic test unit as set forth in claim 1, wherein said connecting means
      includes a socket having a plurality of removable pins, at least one of
      the pins being of a length less than that of the other pins.
NUM  6.
PAR  6. A logic test unit as set forth in claim 1, wherein said clip means is
      removable from the circuit boards.
NUM  7.
PAR  7. A logic test unit as set forth in claim 1, wherein said connecting means
      includes a socket having a plurality of spaced pins and means for
      removably mounting the second circuit component thereon with the terminals
      of said circuit component electrically coupled with respective pins.
NUM  8.
PAR  8. A logic test unit as set forth in claim 7, wherein said pins are
      removably mounted on said socket.
NUM  9.
PAR  9. A logic test unit as set forth in claim 8, wherein is included a pair of
      spaced circuit boards, the first circuit portion being on one of the
      boards, the second circuit portion being on the other circuit board, each
      circuit board having a number of terminals, said socket being removably
      mounted on one of the circuit boards, one group of pins of the socket
      having lengths shorter than the remaining pins, said one group of pins
      being engageable with the terminals of said one circuit board, the
      remaining pins being engageable with the terminals of the other circuit
      board.
NUM  10.
PAR  10. A logic test unit as set forth in claim 1, wherein is included an
      elongated housing, said clip means being at one end of said housing, said
      circuit including a visual display adjacent to the opposite end of the
      housing, said housing having means for observing said display through said
      opposite end.
NUM  11.
PAR  11. A logic test unit as set forth in claim 10, wherein said housing has a
      pair of opposed sides, said connecting means including a socket at one
      side of the housing, said circuit including operable switch means for
      selecting the terminals of the first circuit component to be tested, and
      including a manual actuator member at the opposite side of said housing
      for operating said switch means.
NUM  12.
PAR  12. A logic test unit comprising: an elongated housing having a pair of
      opposed sides and a pair of opposed ends, there being an opening through
      one side of the housing; a pair of spaced circuit boards in said housing;
      an electrical circuit defining a comparator, a first portion of the
      circuit being on one of the boards and a second portion of the circuit
      being on the other circuit board, said boards having respective terminals
      aligned with the opening in said one side, said circuit having a visual
      display at one end of the housing, the latter having a transparent panel
      at said one end to permit the display to be observed; a clip at the
      opposite end of the housing, said clip adapted to be removably coupled to
      a first circuit component having a number of terminals, said clip having a
      number of electrical conductors for engagement with respective terminals
      of said first circuit component; and a socket having a plurality of
      removable pins and means for mounting a second circuit component thereon,
      said pins being of different lengths and receivable within said opening
      and into coupled relationship with corresponding terminals of respective
      circuit boards, whereby only certain of said pins will be coupled to said
      first circuit portion and the remaining pins will be coupled to the second
      circuit portion.
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ABST
PAL  An air core gauge is provided with a plurality of angularly oriented coils.
      Switching means are connected to the coils in order to control the flow of
      current therethrough. Pulse generators responsive to variations in
      frequency of electrical signals representative of a condition, such as
      vehicle speed or engine RPM, control the switching means so as to cause
      excitation of the coils to produce a resultant mmf vector, the angular
      position of which is related to the frequency of the signals. The
      resultant mmf vector causes a magnet and associated pointer to rotate to
      thereby provide an indication of the value of the condition.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 368,502
      filed in June 11, 1973 by the same inventors, now abandoned, and assigned
      to the same assignee as is this application.
BSUM
PAR  This invention relates generally to an air core gauge, and more
      specifically to an air core gauge having a novel means for expanding the
      range of pointer movement.
PAR  In general, air core gauges use a plurality of coils mounted at various
      angles with respect to each other and are energized in accordance with
      some condition at a remote point to provide a resultant magnetic field for
      rotating a magnet. A pointer shaft is mounted on the magnet and carries a
      pointer to an angular position so as to indicate changes in the condition
      at the remote point. Such devices are frequently used as speedometers or
      tachometers.
PAR  Very commonly such devices include two coils positioned at right angles to
      each other and energized in such a way that the magnetic field produced by
      one coil increases while the other decreases in response to a changing
      signal from the remote position until one coil is providing a maximum
      field in one direction and the other a minimum in the other direction.
      Under these circumstances the resultant magnetic field has been shifted 90
      degrees permitting a maximum theoretical pointer movement of that amount.
PAR  To expand the scale of a pointer movement with two coils, the prior art has
      resorted to either mechanical gearing or to means for converting
      repetitive pulses, the frequency of which represents the remote condition
      (engine speed, for example) to a DC signal proportional to the frequency
      of the repetitive signals which is then used to switch the direction of
      the current through the coils to reverse the magnetic field direction.
PAR  Exemplary of devices generating and using such a DC signal are the patents
      to Gelenius U.S. Pat. Nos. 3,168,689 and 3,636,447. One problem with such
      systems is that the amplification of DC signals is difficult to achieve in
      that it is well known that DC amplifiers are subject to distortions
      resulting in inaccurate indications.
PAR  Therefore, it is an object of this invention to provide a novel air core
      gauge which is relatively accurate over a relatively wide range.
PAR  It is a further object of this invention to provide a novel air core gauge
      which does not depend upon inherently unstable amplifiers or signal
      converting means.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects are achieved in this invention by the
      provision of angularly disposed coils and switching means for those coils
      controlled by repetitive signals, the frequency and duration of which are
      proportional to the value of a remote condition so as to permit the coils
      to generate a resultant magnetic vector to cause the rotation of a pointer
      carrying magnet in proportion to the value of the condition.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention itself is set forth in the claims appended hereto and forming
      a part of this specification, while an understanding of the construction
      and operation of the various embodiments thereof may be had by reference
      to the detailed description, together with the drawings in which:
PAR  FIG. 1 is a front elevational view of an air core gauge incorporating the
      principles of the invention;
PAR  FIGS. 2a, 2b and 2c are graphs illustrating the relationships between the
      currents in angularly disposed coils in an embodiment of the invention and
      the magnetic fields in such coils produced by such currents;
PAR  FIG. 3 is a block diagram illustrating generally the circuitry of a device
      in accordance with the invention;
PAR  FIG. 4 is a graphical illustration of the relationship between the input
      and output pulses of the control circuitry forming a part of the
      invention;
PAR  FIGS. 5a and 5b are graphs illustrating how the magnetic fields produced by
      angularly disposed coils in accordance with one embodiment of the
      invention, in response to signals provided by circuitry illustrated
      generally in FIG. 3, may be combined to produce the desired resultant
      magnetic fields;
PAR  FIG. 6 is a schematic diagram of a first embodiment of the invention;
PAR  FIG. 7 is a timing diagram illustrating the conduction of the various
      transistors in the circuit of FIG. 6;
PAR  FIGS. 8A and 8B are circuit diagrams of another embodiment of the
      invention;
PAR  FIG. 9A and 9B are circuit diagrams illustrating in greater detail portions
      of the circuits of FIGS. 8A and 8B;
PAR  FIG. 10 is a "Truth Table" useful in understanding the embodiment of FIGS.
      8A, 8B, 9A and 9B;
PAR  FIG. 11 is a circuit diagram of still another embodiment of the invention;
PAR  FIG. 12 is a circuit diagram of another embodiment of the invention; and
PAR  FIG. 13 is a graph providing an understanding of the operation of the
      embodiment of FIG. 12.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is shown a portion of an air core gauge 10 commonly called
      a bi-torque gauge which, as stated, may find use as a tachometer or
      speedometer.
PAR  In the embodiment illustrated coils H and V are wound on a bobbin 12 as,
      for example, in the manner shown in U.S. Pat. No. 3,694,750 issued Sept.
      26, 1972. The coils produce magnetic fields along mutually perpendicular
      axes intersecting at their center, and the fields so produced rotate a
      disc type permanent magnet 14, partially shown through a broken away
      portion of the coils. The magnet 14 is secured to a rotatably supported
      shaft carrying an indicator needle 16 at one end thereof. The indicator
      needle is placed on the shaft at a desired zero position relative to a
      dial or scale 18 indicating engine speed or other condition by its
      rotation relative to that dial or scale.
PAR  The scale illustrated shows speed markings in RPM with 90.degree.
      representing 3,000 RPM, 180.degree. representing 6,000 RPM and 270.degree.
      representing 9,000 RPM. It will be appreciated that the scale and markings
      illustrated are by way of example only, and that a dial 18 could be
      provided with any desired indicia representing the value of the condition
      being monitored.
PAR  Windings H and V produce magnetic fields in a given direction and strength
      along their axis, depending on the direction and magnitude of the current
      therethrough. The individual magnetic fields combine to produce a
      resultant field for aligning the magnet 14 accordingly, and thereby
      positioning the pointer. The direction and magnitude of the currents in
      the coils are controlled so that when the field associated with coil V,
      for example, reaches a maximum in one direction and the other coil H
      produces no field, the resultant magnetic vector is at 90.degree. or
      parallel to the axis of V. If H provides the only field the pointer is
      parallel to its axis. The position of the pointer, therefore, at any one
      time is dependent on the angular position of the magnet relative to the
      coils H and V and, therefore, upon the magnitude and direction of the
      currents flowing in those coils.
PAR  By reference to FIGS. 2a, 2b and 2c the relationship of the currents in the
      coils H and V to produce a rotation of the magnet over a wide range
      thereby providing an extended range gauge may be seen.
PAR  FIG. 2a illustrates the relationship between the average coil currents or
      magnetic fields in the two coils H and V when it is desired to provide a
      gauge capable of providing an indication from 0.degree. to 270.degree. of
      pointer rotation. The solid line curve represents the average current or
      mmf in the coil V while the dotted line curve represents the same
      quantities for the coil H. The specific points a.sub.V through g.sub.V and
      a.sub.H through g.sub.H are intended to show relative values at specific
      degrees of rotation, namely, 45.degree., 90.degree., 135.degree.,
      180.degree., 225.degree. and 270.degree.. Thus, at 0.degree. of rotation
      in the embodiment illustrated it is contemplated that the coil V would
      have 0 current and, therefore, be producing no mmf while the coil H would
      have a maximum negative value of current. It should be understood in this
      explanation, and that which follows, the terms "negative" and "positive"
      are arbitrarily chosen with the term negative, meaning a current flow
      effective to produce a magnetic vector extending to the left as shown in
      the drawing in the case of the coil H and downward in the case of the coil
      V, and the term positive being used to designate a current required to
      produce a magnetic vector extending to the right in the case of coil H and
      upwardly in the case of coil V.
PAR  FIG. 2a illustrates the magnetic vectors produced at 0.degree., 90.degree.,
      100.degree. and 270.degree. when the coils H and V are excited in
      accordance with the curves illustrated in FIG. 2a.
PAR  FIG. 2c illustrates how the magnetic vectors produced in the coils H and V
      are combined to produce resultant magnetic vectors effective to rotate the
      pointer from 0.degree. through 270.degree.. Thus, at 0.degree., that is,
      at points a.sub.V and a.sub.H, a.sub.V 0 while a.sub.H is maximum
      negative. At 45.degree. the positive current in coil V has increased to
      the point designated b.sub.V while the negative current in coil H has
      moved toward 0 to the point b.sub.H. As FIG. 2c illustrates the resultant
      magnetic vector under those circumstances extends at 45.degree. and the
      pointer is so positioned. At 90.degree. the current in coil H is 0, point
      c.sub.H, while the current in coil V is maximum positive, point c.sub.V,
      and the resultant magnetic vector, therefore, is at 90.degree.. The manner
      in which the vectors in the coils H and V combine to produce the remainder
      of the rotation to the 270.degree. point can be derived by an inspection
      of FIG. 2a in conjunction with FIG. 2c.
PAR  Referring now to FIG. 3, the general arrangement of the circuit of an
      embodiment of the invention may be seen. In this embodiment a terminal 20
      is adapted to be connected to a source of repetitive pulses, the varying
      frequency of which are representative of changes in a remote condition.
      The condition could be the RPM of an engine, in which case the signals
      could be derived from a contact opening and closing at a rate determined
      by the engine speed. Alternatively, a magnetic pickup could be used and
      mounted appropriately to produce pulses indicating vehicle speed.
      Obviously the condition to be monitored and the source of representative
      repetitive pulses may be varied by a designer in accordance with his
      particular needs.
PAR  The pulses supplied to the terminal 20 may be coupled to a wave shaping
      circuit 22 which may take the form of any well known circuit for receiving
      pulses and producing an output pulse as, for instance, a fixed amplitude
      square wave or spike, whatever is desired. The output of the wave shaper
      22 is supplied to a plurality of pulse generators 24, 26 and 28, each of
      which may be constituted by a monostable multivibrator producing output
      pulses of varying duration designed respectively as the A, B and C pulses.
PAR  The A, B and C pulses are used to control the operation of a switch means
      30 associated with the horizontal coil H and a switch means 32 associated
      with the vertical coil V. As may be seen, each of the switch means 30 and
      32 are connected to their associated coils so as to control the flow of
      current through the coils from a source, preferably DC.
PAR  As will be seen hereinafter, it is contemplated that more than two coils
      may be used in various embodiments of the invention, and as will also be
      seen hereinafter the manner in which the A, B and C signals operate the
      switch means associated with each coil may be varied in order to provide
      current flow in each coil to produce desired resultant mmf vectors.
PAR  FIG. 4 illustrates the time relationship of the A, B and C pulses in a
      preferred embodiment. In that figure the pulse input to the wave shaping
      means 22 is represented by the higher amplitude pulse 34 which when
      received causes the pulse generators to produce the A, B and C pulses
      indicated. As will be explained in connection with the description of a
      specific circuit the arrangement is such that as the frequency of the
      input pulses increases the time interval between the pulses 34 decreases.
      Therefore, at higher frequencies, that is, for instance, higher speeds or
      engine RPM, the space between the pulses 34 will diminish and can diminish
      to the point where no C and just a portion of a B pulse may be produced.
      As the result of this the times during which the switching means 30 and 32
      are operated to permit current flow in the coils is varied, and those
      variations in response to the appearance and the duration of the A, B and
      C pulses may be selected to produce current flows and resultant mmfs
      effective to cause the magnet and its associated pointer to rotate as a
      function of the frequency of the pulses 34.
PAR  One manner in which this can be done can be seen by reference to FIGS. 5A
      and 5B. In FIG. 5A the current or mmf of the vertical coil V is designated
      "resultant V mmf", and, as may be seen, corresponds to the solid line
      curve of FIG. 2A. In FIG. 5B the current or mmf of the horizontal coil is
      designated "resultant H mmf" and corresponds to the dotted line curve of
      FIG. 2A.
PAR  The resultant V mmf can be produced by causing currents to flow in coil V,
      producing the mmfs designated V.sup.+ and V.sup.-, by utilizing the A and
      C pulses to control the switching of the coil V. In order to produce the
      resultant H mmf and the H.sup.+ and H.sup.- mmf curves can be combined by
      utilizing the B and a so-called B' pulse, which is the absence of a B
      pulse, which add to produce the resultant H mmf.
PAR  To provide a further understanding of the invention reference is made to
      FIG. 6 which illustrates a first embodiment thereof. In the circuit shown
      the coils V and H are respectively connected in bridge circuits 40 and 42,
      which are specific embodiments of the switch means 32 and 30,
      respectively, shown generally in FIG. 3.
PAR  The bridge circuit 40 includes transistors Q9, Q10, Q11, and Q12. The
      collector of Q9 is connected to a source through an adjustable resistor
      R23, resistor R24, resistor R7 and diode D2. The collector of Q11 is
      connected to the source through the same elements and a resistor R25. The
      coil V itself is connected between the collectors of Q10 and Q12. The
      bridge is completed by connecting the emitters of Q9 and Q11 to the
      collectors of Q10 and Q12. The arrangement is such that current flows in
      coil V in one direction if Q11 conducts in series with Q10 and flows in
      the opposite direction if Q9 conducts in series with Q12.
PAR  In order to control the conduction of the transistors Q9 through Q12 their
      base circuits are positive to the outputs of the pulse generators. Thus,
      it may be seen that the base circuits of the transistors Q9 and Q12 are
      connected through the resistors R26 to the emitter of a transistor Q3,
      which emitter constitutes the output of the pulse generator 24 shown in
      FIG. 3. At the same time the base circuits of the transistors Q10 and Q11
      are connected through the resistor R27 to the emitter of transistor Q8
      being the output of the pulse generator 28. Therefore, when transistor Q3
      conducts transistors Q9 and Q12 are turned on and there is a current flow
      through coil V in a first direction. When transistor Q8 conducts
      transistors Q10 and Q11 will conduct and current flows in coil V in the
      opposite direction, thus current will flow in the coil V, depending upon
      the presence or absence of outputs from the pulse generators 24 and 28,
      that is, depending upon the presence of pulses A and C. The diodes D3 and
      D4 serve to shunt any positive spikes which may appear at the coil V.
PAR  In FIG. 6 the switch means 30 for the coil H is constituted by the bridge
      circuit 42 which includes transistors Q13, Q14 and Q15. The collector
      circuit of Q13 is connected to one end of the coil H and to the source
      through resistor R7 and resistors R28 and R29. The collector Q15 is
      connected to the other end of the coil H and also to the source through
      the same resistors as connect the collector of Q13. Shunting of positive
      spikes is provided by the diodes D5 and D6. The base circuits of the
      transistors Q13 and Q14 are connected through the resistors R20 to the
      emitter of transistor Q6 being the output of the pulse generator 26
      producing the B pulse, and those transistors conduct the response to the
      conductive state of Q6. A diode D7 and resistor R31 connect the base of
      transistor Q15 to the source so that Q15 is normally biased on to provide
      current through coil H in the negative direction when Q13 and Q14 are not
      conducting. Therefore, at the beginning of any cycle of operations there
      is a current flowing in coil H to establish an initial negative magnetic
      field represented by the point a.sub.h in FIG. 2a and to thus position the
      indicator needle at a zero position. The diode D8 connects the base of Q15
      to the collector of Q13 so that when Q13 conducts the negative swing of
      its collector will cause Q15 to turn off. In order to provide protection
      from voltage surges from the source for the circuit the diodes D9, D10 and
      D11 clamp the collectors of the transistors to which they are connected to
      ground through the Zener diode Z4.
PAR  Thus it may be appreciated at this point current will be caused to flow in
      the coils V and H, depending on the conduction of their switching means or
      controlling transistors, and these in turn are controlled by the output
      transistors Q3, Q6 and Q8 of the pulse generators 24, 26 and 28.
PAR  The input to the circuit may be constituted by the pulse source 44 which
      may be the breaker points of an engine, and, therefore, supply pulses at a
      rate depending upon engine speed via a conductor 46. Wave shaping is
      accomplished by the provision of a circuit consisting of the resistor R1,
      coil W, capacitor C1, Zener diode Z1, resistors R2 and R3 and diode D1.
      The coil W serves to shape the incoming pulses into substantially a square
      wave while the capacitor C1 and resistor R2 together serve to
      differentiate the square wave to produce a positive going spike at the
      base of a transistor Q1.
PAR  In order that means may be provided, where a circuit, in accordance with
      the invention is to be used as a tachometer for engines with different
      numbers of cylinders voltage from the source is supplied through a
      resistor R4 connected to ground through a Zener diode Z2. The source
      voltage is connected directly to the terminal 1 of a switch SW1 and to the
      terminals 2 and 3 of that switch through respective adjustable resistors
      R8 and R9. As will be explained in greater detail hereinafter, it is by
      this means that the duration of the controlling pulses produced by the
      pulse generators may be varied depending on the number of cylinders in an
      internal combustion engine whose speed is being sensed.
PAR  A resistor R5 supplies the source voltage clamped to a value determined by
      the Zener diode Z3 via the resistors R10 and R11 to the collectors of the
      transistors Q1 and Q4, respectively. Collector voltage for the transistors
      Q2, Q5 and Q7 is supplied through the resistor R6 and their respective
      associated resistors R13, R14 and R15. Each transistor Q2, Q5 and Q7
      constitutes one element of the A, B and C pulse generators and control the
      conduction of their associated output transistors Q3, Q6 and Q8 by virtue
      of the connections between the bases and collectors of these pairs of
      transistors. In order to maintain the input transistors Q2, Q5 and Q7 of
      the pulse generators normally conductive in their quiescent initial state
      their bases are connected through adjustable resistors R17, R18 and R19
      via wiper W1 of the switch SW1 to the source. In this condition the
      transistors Q9, Q10, Q11 and Q12 in bridge 40 are off as are Q13 and Q14
      in bridge 42. In this fashion a bias of varying voltage, depending upon
      the position of the wiper W1, is supplied to the base of those
      transistors. At the same time resistor R17 biases transistor Q1 so as to
      be normally nonconductive. A bias to maintain Q4 conductive is supplied
      via the resistors R10 and R12. In order that the transistor Q4 may control
      the conduction of the transistors Q5 and Q7 the bases of those latter
      transistors are coupled to the collector of Q4 through the capacitors C6
      and C7. The capacitor C4 couples the collector of Q1 to the base of Q2 for
      the same purpose. Because the transistor Q4 is normally conductive the
      capacitors C4, C6 and C7 are charged to an initial voltage through their
      associated resistors R17, R18 and R19 and the magnitude of that charge is
      determined by the setting of those resistors and the position of the wiper
      1.
PAR  In order to understand the operation of the circuit of FIG. 6 reference is
      made to that circuit and the timing diagram of FIG. 7, wherein the
      conductive state of each transistor is shown. With the wiper arm W1
      positioned on one of the terminals 1, 2 or 3, depending upon the number of
      engine cylinders, an appropriate charge voltage level for the capacitors
      C4, C6 and C7 is selected. Initially, as stated, the transistors Q2, Q4,
      Q5, Q7 and Q15 are conducting. With Q15 conducting current is flowing in
      the negative direction in the coil H via a circuit from the source,
      including the resistors R27, R28 and R29. Under these conditions the
      resultant magnetic field is that indicated at point a.sub.h in FIG. 2c,
      that is to say, it is maximum negative, and in the case of a tachometer
      this is taken to be zero RPM.
PAR  As the engine operates a positive pulse in the form of a spike 48 is
      supplied via the diode D1 to turn on the transistor Q1. As transistor Q1
      conducts it turns off transistor Q2 and discharges capacitor C4. When Q2
      turns off it turns on Q3. The conduction of Q3 is the beginning of the A
      pulse, and this is shown in FIG. 7 by the crosshatching and letter A
      beneath the Q3 curve. The conduction of Q3 in turn causes Q9 and Q12 to
      conduct. With Q9 and Q12 turned on a current flows in coil V in a negative
      direction for a time determined by the duration of the A pulse. This, of
      course, indicates that the engine has begun to rotate and the RPM is,
      therefore, something other than zero.
PAR  The duration of the A pulse is determined by the time required to discharge
      capacitor C4 to the point where Q2 once again conducts. When this occurs
      Q3 is turned off and the duration of the A pulse has been determined. The
      effect of this has been to supply a pulse in one direction in the coil V.
      When Q1 conducted Q4 was turned off and the capacitors C6 and C7 began to
      charge through R11 to a value determined by the position of the wiper W1.
      These capacitors initially charged positive when Q4 is turned off so as to
      maintain Q5 and Q7 conductive, but when Q4 turns back on, when Q1 once
      again conducts, the negative swing of Q4's collector voltage causes Q5 and
      Q7 to turn off in synchronism. When Q4 turns on the capacitors C6 and C7
      dischaged through R18 and R19, respectively, whereby the time duration of
      the B and C pulses is determined. Q5 and Q7 upon turning off each cause
      their associated output transistors Q6 and Q8, respectively, to turn on
      the turning on of Q6 and Q8 to begin the B and C pulses indicated in FIG.
      7 by the crosshatching and letter designations beneath the curves
      representing the outputs of those devices.
PAR  When Q6 turns on the transistors Q13 and Q14 in the bridge 42 are turned on
      and the transistor Q15 in that bridge is turned off because the negative
      swing through the diode D8 clamps the base of Q15 to ground. Under these
      circumstances current flows in the coil H in the positive direction for a
      period of time determined by the duration of the B pulse. At the same time
      the conduction of Q8 causes a current to flow in the positive direction in
      the coil V for a period of time determined by the C pulse because the
      transistors Q10 and Q11 in the bridge 40 are now turned on.
PAR  It is to be noted with reference to FIG. 7 that the current flow in coil H
      during the period transistors Q13 and Q14 are conducting is greater than
      the current flow in the opposite direction than when Q15 is conducting
      because the conduction circuit in the latter case includes the resistor
      R28 which is not present in the former situation. The resultant magnetic
      field in coil H, therefore, starts to move in a positive direction toward
      the point b.sub.h shown in FIGS. 2a and 2c.
PAR  With conducting as it is Q4 after the period of pulse A the capacitors C6
      and C7 may once again be charged back to their original value to turn
      transistors Q5 and Q7 back on. Q5 turning on terminates conduction by Q6
      and the transistors Q13 and Q14 in turn are turned off. The time interval
      required for Q5 to turn on after Q4 conducts is, as stated, determined by
      the RC time constant for the circuit including R18 and R21, and this fixes
      the duration of the B pulse.
PAR  The duration of the C pulse is determined by the RC time constant of the
      charging circuit for the capacitor C7 including R19 and R22 and it is
      selected to be greater than the time constant of the circuit, including
      C6, so that some time after Q5 conducts in response to the conduction of
      Q4, Q7 will conduct turning off Q8 and consequently Q10 and Q11. Thus, as
      may be seen, the B pulse is of approximately the same duration as the A
      pulse but follows it in time while the C pulse is approximately three
      times as long as the A pulse and it too follows the A pulse in time.
PAR  The total result, therefore, is to control the average current flow in the
      coils H and V over a period of time producing magnetic fields associated
      with each of those coils which combine to produce a resultant magnetic
      field.
PAR  Upon the recurrence of an input pulse 48 the cycle will repeat itself. It
      will be noted by reference to FIG. 7 that if the input pulse rate were to
      increase the pulses 48 would move closer together. The first effect that
      can be seen is that the ratio of the time in which the transistor Q15
      conducts with respect to the time in which the transistors Q13 and Q14
      conduct will be reduced so that the average net negative current in the
      coil H will be reduced and the mmf of that coil will move in a positive
      direction toward zero. At the same time the coil V is pulsed more
      frequently by both pulses A and C, and since the C pulses are three times
      as long as the A pulses the average or resultant field provided by the
      coil V likewise moves in a positive direction. Thus, when the average
      negative field in coil H is at the point b.sub.h and the average positive
      field in the coil V is at the point b.sub.v, the resultant magnetic field
      is at 45.degree. from the zero axis and a needle will accordingly point in
      that direction. This would correspond to a speed of 1500 RPM on the
      tachometer face shown in FIG. 1.
PAR  As the engine speed increases, in the case of a tachometer, the current in
      the coils H and V tend to move in a more positive direction. Therefore, at
      the points c.sub.v and c.sub.h the positive and negative currents in the
      coil H balance each other and the current caused by the C pulses are at a
      maximum or c.sub.v. In FIG. 2a the condition is that shown in FIG. 2c
      where there is zero net field in coil H and a maximum positive field in
      coil V so that the pointer is at 90 degrees of scale or indicates an RPM
      of 3000 in the tachometer shown in FIG. 1.
PAR  With further increase of the input pulses 48 they occur still closer
      together and transistors Q1 and Q2 are turned on and off at greater
      frequency, but they stay on for the same time period as before as that
      time if fixed by the RC circuit, including the capacitor C4. Transistor Q4
      continues to follow Q1 but turns off with greater frequency to thereby
      turn Q5 and Q7 off more frequently, and consequently Q6 and Q8 on more
      frequently. However, Q6 and Q8 are maintained conductive for the same time
      period as previously.
PAR  Eventually the frequency of the signals 48 will be such that the transistor
      Q1 will receive a pulse 48 and turn off Q4 before Q7 has been rendered
      normally conductive so that Q7 will be rendered conductive earlier than
      when under the control of C7 and the effect will be to shorten the C pulse
      resulting in less average positive current through the coil V. Under these
      circumstances the field of the coil V starts to move in a negative
      direction toward the point d.sub.v in FIG. 2a. At the same time the more
      frequent turning off of Q5 and consequent conduction of Q6 results in a
      net average positive current or field in the coil H. Consequently the H
      and V curves move toward the points d.sub.h and d.sub.v in FIG. 2a and
      produce a resultant field at 135.degree..
PAR  Further increase of the input pulse rate results in more frequent supply of
      the B pulses and in a further decrease in the duration of the C pulses. At
      180.degree. the field in the coil V is zero because the A and C pulses are
      now of equal duration while the field in the coil H is maximum positive.
      At 225.degree. the field in the coil V is negative because the A pulses
      are appearing at a greater frequency and are of the same duration while
      the C pulses have continued to decrease in duration. At 270.degree. the B
      pulses are appearing at a frequency to cancel out the negative bias
      provided by the normal conduction of Q15 while the relative size of the A
      and C pulses have produced a maximum negative field in the coil V.
PAR  Depending upon the position of wiper W1 the maximum voltage for each of the
      charging circuits including R17, R18 and R19 will be varied depending upon
      the number of cylinders in an engine. Thus in switch position 1, that is,
      when there are eight cylinders a maximum charge voltage will be available
      while lesser amounts will be provided for in positions 2 and 3, the six
      and four cylinder positions. The effect is to charge the periods fixed by
      the RC time constants of the charging circuits in a proportionally manner.
      That is, C4 will charge to a lesser peak when W1 is in the 2 and 3
      positions so that the off time of Q2 after Q1 conducts will be longer and
      the off time of Q5 and Q7 will be proportionally longer.
PAR  It should be appreciated that if desired it would be possible to provide
      for a full 360.degree. of rotation by increasing the average current in
      the coil V in a positive direction while the average current in the coil H
      continues to move in a negative direction.
PAR  In summary, it may be seen that the embodiment of FIG. 6 comprises a system
      wherein a pulse representative of a condition is used to generate control
      pulses effective to control switch means associated with angularly
      disposed coils so as to produce a resultant magnetic field which rotates
      as a function of an increasing input pulse rate.
PAR  The foregoing is a description of one embodiment of the invention. FIG. 8
      illustrates another embodiment of the invention wherein four coils are
      used, two vertically oriented and two horizontally oriented. In the
      embodiment just described the essential control may be characterized as
      one which depends on the RC from constants of circuits controlling the
      pulse generators. In the embodiment of FIG. 8 a digital apparatus is shown
      and as will be appreciated, its calibration can be effected by adjusting
      only one RC circuit instead of three as in the case of the embodiment of
      FIG. 6.
PAR  In FIG. 8 a pair of vertical coils V.sup.+ and V.sup.- are provided as are
      a pair of horizontal coils H.sup.+ and H.sup.-. A DC source at terminal 99
      supplies the coils via a conductor 101. A circuit for the coil V.sup.+ is
      completed through a rheostat 82 and through a transistor 83 to ground. As
      will be explained hereinafter, the A pulse is supplied to the transistor
      83 to control conduction in the V.sup.- coil. The circuit for the V.sup.+
      and H.sup.+ coils is completed through a resistor 84 and a circuit
      consisting of a resistor 85 and a thermistor 86 in shunt with each other
      through a transistor 87, controlled by a B+C pulse, to ground. H.sup.- is
      connected to ground through a pair of shunt paths, the first consisting of
      the resistor 88, rheostat 89 and transistor 90 receiving a D pulse. The
      second path includes a rheostat 91 and a transistor 92 receiving the C
      pulse.
PAR  In the circuit of FIG. 8 a signal input terminal 95 receives the repetitive
      signal representative of a remote condition, and supplies it to a wave
      shaping circuit 96. The output of the wave shaper, a positive going spike
      is supplied via a resistor 97 to the input of a pulse generating circuit
      98, shown in detail in FIG. 9, to produce A, B, C and D pulses effective
      to control the average current flow in the coils to produce a rotating
      resultant magnetic field as described previously.
PAR  In this particular embodiment the circuit is designed for use as a
      tachometer and will be described as such. However, it should be understood
      that it may also be used as a speedometer and the differences permitting
      that kind of usage will be described.
PAR  In the tachometer shown a unidirectional current source is connected to a
      terminal 99, the unregulated output of which is supplied via a diode 100
      and conductor 101 to the upper ends of the coils V.sup.-, V.sup.+, H.sup.-
      and H.sup.+. The source voltage at terminal 99 is also supplied via a
      resistor 102 to a conductor 103 and is held at a desired voltage,
      V.sub.DD, by means of a Zener diode 104 shunted by a capacitor 105 to
      ground.
PAR  The voltage appearing on the conductor 103 is supplied through a resistor
      106 to one terminal designated 6 of a 4-position selector switch and
      through a resistor 107 to another terminal, designated 4, of the same
      switch. The third terminal, 8, of that switch indicated by reference
      numeral 109 is not connected in the circuit. The wiper arm of the switch
      109 is grounded and when connected to either its first or second positions
      designated as 4 and 6, respectively, a positive voltage is applied to the
      X and Y terminals of the circuit 98. When connected to 8-position a
      positive voltage is supplied to both X and Y. In the fourth position of
      the switch 109 both resistors 106 and 107 are connected to ground through
      the diodes 106' and 107'. This position is used when it is desired to use
      the circuit as a speedometer.
PAR  The circuit 98 may be characterized generally as a pulse generating
      circuit, and when it is used as a tachometer the frequency of the control
      pulses must be related to the number of cylinders in the engine. Depending
      on whether or not a voltage is applied to the terminals X and Y the pulse
      rate output of the circuit 98 is changed and the manner in which this is
      done will be explained in connection with the explanation of FIG. 9.
PAR  For convenience and economy the circuit 98 may be fabricated as a so-called
      custom integrated circuit. This circuit includes an oscillator, the pulse
      output of which is controlled by an external RC circuit, including a fixed
      resistor 110 and an adjustable resistor 111 connected between the
      terminals designated OSC and C.sub.T and a capacitor 112 connected between
      C.sub.T and ground. The output of the oscillator is supplied via an
      external conductor 113 to an A, B, C, D clock terminal so designated.
      Operating voltage for the circuit 98 is supplied via the conductor 103
      connected to the V.sub.DD terminal while ground is connected to the
      V.sub.SS terminal. The functions of the remaining terminals in the circuit
      98 will be explained in connection with the descriptiion of FIG. 9.
PAR  In FIG. 9 the terminals X and Y are connected through a series of decoding
      gates 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124 and 125
      effective to control flip flops 126, 127 and 128 whereby the oscillator or
      clock frequency is divided by a factor of 1, 3, 4 or 6, depending upon
      whether the terminals X and Y are selectively grounded or returned to the
      supply voltage V.sub.DD. By reference to FIG. 10 a truth table may be seen
      which shows the division factor, depending upon the condition of the
      terminals X and Y. Essentially the flip flops 126, 127 and 128 are
      conditioned to toggle depending upon the state of their respective D
      terminals which in turn are enabled depending upon the state of the gates
      118, 114 and 120.
PAR  The repetitive condition responsive pulse supplied an an input to the
      circuit 98 is received by a Schmidt Trigger consisting of the amplifier
      inverters 129 through 132 and the feedback circuits including the
      resistors 133 and 134. The output of inverter 132, therefore, is a square
      wave which is supplied via a resistor 135 to the junction of a C RESET
      terminal and an inverter 136. The C RESET terminal is connected through a
      capacitor 137 to ground (see FIG. 8). The RC time constant fixed by the
      resistor 135 and capacitor 137 determined the time duration for a narrow
      pulse designated as the reset pulse. The inverter 136 and an inverter 138
      in conjunction with this RC circuit produce a retangular shaped pulse of
      predetermined width. This pulse is generated on the positive going portion
      of the incoming signal and is transmitted via conductor 139 as one input
      to a NOR gate 140. As may be seen, the output of inverter 129 is supplied
      via conductor 141 to a NOR gate 142, while the output of inverter 130 is
      supplied via conductor 143 as an input to gate 140. The other input to
      gate 140 is from a terminal FX2 via conductor 143. By reference to FIG. 8
      it may be seen that the terminal FX2 may be connected via resistor 144 and
      conductor 103 to the source or may be returned to ground as indicated by
      the symbolic switch 145.
PAR  The output of the gates 140 and 142 constitute the input to a NOR gate 146
      and its output in turn is one input to a NOR gate 147.
PAR  In order to produce the A, B, C and D control signals an oscillator 148 is
      provided. The oscillator is constituted by a pair of field effect
      transistors 149 and 150 having a common terminal connected to a C.sub.T
      terminal. The gate of transistor 149 is connected through an inverter 151,
      and NOR gate 152, the output of 147 while the control of transistor 150 is
      connected directly to gate 147. As shown in FIG. 8, an RC timing circuit
      consisting of the resistors 110 and 111 and capacitor 112.
PAR  When the reset pulse at the inverter 156 via conductor 139 is coupled
      through the gates 140, 146 and 147 to appear at the output of 147,
      transistor 150 is driven on and transistor 149 is driven off, thereby
      discharging capacitor 112 connected through the C.sub.T terminal to
      ground. This in turn drives the output of a gate 157 through inverters 158
      and 159 to a high state. With the output of gate 147 high and the output
      of gate 157 high the output of gate 154 is high. This signal is coupled
      via the conductor 160 to the R or reset pins of the flip flops 161, 162
      and 163 as well as those of the flip flops 126, 127 and 128 high thereby
      forcing their Q outputs to a low state.
PAR  At the end of the reset pulse out of gate 11 the transistor 149 is driven
      on and the transistor 150 off. The capacitor 112 now charges through
      transistor 149 and the C.sub.T terminal to ground. After a period of time
      determined by the RC time constant of that circuit the gate 157 is
      switched to a low state through the inverters 158 and 159. The purpose of
      the reset pulse is to always return the timing capacitor and the
      oscillator 148 to their initial starting conditions.
PAR  When gate 157 goes low the six flip flops 126, 127, 128, 161, 162 and 163
      are also returned to their initial starting conditions. This initial
      condition will be established at any time during the sequence of operation
      of the circuit whenever the reset pulse occurs. As can be seen, the
      occurrence of the reset pulse is determined by the frequency of the
      incoming signal.
PAR  For a tachometer circuit the output of the oscillator derived at the output
      of the gate 157 can be supplied directly to the terminal designated ABCD
      and coupled through the gate 164 to the C terminals of the flip flops 161,
      162 and 163 and via the inverter 165 to the C terminals of those flip
      flops so as to toggle those flip flops sequentially. Likewise the pulse
      output gate 157 toggles the flip flops 126, 127 and 128 of the counting
      circuit causing their Q terminals to go low depending on the voltage at
      the terminals X and Y.
PAR  The outputs of the counting circuit consisting of the flip flops 126, 127
      and 128 are summed by the NAND gate 165 to provide a pulse into gate 164.
      On the negative going edge of the pulse generated from gate 164 flip flops
      161, 162 and 163 are toggled sequentially. Gates 166, 167, 168, 169, 170
      and 171 decode the respective states of the flip flops 161, 162 and 163 to
      produce output pulses designated as the A, B+C, C and D pulses. These
      pulses actually appear at the output of amplifier inverters 172, 173, 174
      and 175, and are effective to control the conduction of the transistors
      83, 87, 90 and 92 to vary the average current through the gauge coils and
      produce the resultant magnetic field as described.
PAR  When the pins X and Y are both connected to the supply voltage three clock
      oscillator pulses will be required to toggle the flip flop 161. It will
      then require three additional pulses to return the output of that flip
      flop to its original state and toggle flip flop 163. Consequently the
      pulse width of A at the output of 172 will be determined by the width of
      three clock oscillator pulses and pulse width B+C at the output of 173
      will be comprised of nine clock oscillator pulses following the completion
      of the A pulse. The same sequences will apply to the other divide-by
      ratios indicated in the table of FIG. 10.
PAR  When 175, designated as pulse D, is energized a signal is supplied via
      inverter 176 and a conductor 177 to the input of the gate 157. Under these
      circumstances the oscillator 148 is blocked from transmitting any
      additional clock pulses out of the OSC terminal into the ABCD terminal.
      The circuit will remain in this steady state condition until the next
      reset pulse occurs to regenerate the string of pulses.
PAR  The output of gate 167 may also be supplied to a NOR gate 178, the output
      of which is available at a terminal designated OSC. II and the pulses
      produced thereby may be for other purposes.
PAR  A gate 179 also receives the output of gate 167 via a conductor 180 and its
      output in turn is supplied to the gate 147. This connection prevents the
      reset pulse from being generated by the gate 147 during the A pulse width.
      This feature prevents extraneous electrical noise on the signal input from
      falsely triggering the circuit at high frequencies.
PAR  The overall operation of the circuit is as follows. Initially the switch
      109 is set to a position determined by the number of cylinders in the
      engine. A setting of this switch determines the counting rate of the flip
      flops 126, 127, 128 in accordance with the truth table shown in FIG. 10.
      If the circuit is to operate in conjunction with an 8-cylinder engine the
      switch 109 is moved to position 108 and under these circumstances a
      positive voltage is supplied to both terminals X and Y so that the flip
      flops will count once for every three pulse input. If the engine has six
      cylinders the X terminal will be high while the Y terminal is low, and the
      circuit will then count once for every four pulse input. For a
      four-cylinder engine the circuit will count once for every six pulse
      input. Where the circuit is to be used as a speedometer rather than a
      tachometer both terminals are low and the circuit counts once for each
      pulse input.
PAR  The repetitive condition responsive pulses are supplied to the input
      terminal after shaping and at the output 132 of the Schmidt Trigger
      produce a square wave pulse which is used to provide a reset pulse on 139.
      The reset pulse is supplied as an input to the oscillator 148 through the
      gates 140, 146 and 147 and commences an oscillator cycle by turning off
      transistor 149 and turning on transistor 150. At the same time the output
      of the gate 157 is used to reset the flip flops so that their Q outputs
      are at a low state and Q outputs are high. At the end of the reset pulse
      transistor 149 conducts once again and capacitor 139 charges to a value
      sufficient to cause an oscillator output pulse to appear at the output of
      gate 157. Then, depending on the voltage states of the terminals X and Y,
      the flip flops count in the manner described producing in turn the A, B+C,
      C and D pulses. It should be appreciated that the D pulse is essentially
      the same as the nonconductive period of Q8, Q10 and Q12 in the circuit of
      FIG. 6 (see FIG. 7) and establishes the negative bias current in the
      H.sup.- coil.
PAR  The A pulse when present causes current to flow in the V.sup.- coil by
      causing transistor 83 to conduct. The B+C pulse causes transistor 87 to
      conduct and thereby controls the current in the V.sup.+ and H.sup.+ coils.
      The C pulse controls the current in the H.sup.- coil by controlling the
      conduction of the transistor 92. The remainder of the operation is as
      described previously. As the frequency of the input pulses increases the
      average current through the coils is controlled so as to produce a
      resultant rotating magnetic vector when acting on a rotatable magnet
      causes a pointer to move as a function of the frequency of those input
      pulses.
PAR  As stated, the circuit of FIGS. 8 and 9 may also be used as a speedometer.
      In such an application, because the repetitive input pulses may be of
      relatively low frequency, it might be necessary to increase the frequency
      of the reset pulses. Since the input pulses in such an application may be
      more nearly symmetrical, approximately a sine wave, this can be done by
      the use of the terminal FX2. In FIG. 8 it can be seen that FX2 can be
      connected to the source or to ground. When FX2 is connected to the source
      the gate 140 is disabled and only the input frequency is gated through 146
      and 147. However, when FX2 is grounded or low gate 140 is enabled and a
      reset pulse produced on the rising edge of the input is gated through and
      a reset pulse produced on the trailing edge is also gated through so that
      the frequency of the reset pulses is doubled.
PAR  At the same time the switch 109 is moved to its fourth position so that the
      flip flops 126, 127 and 128 count by 1 as no division is necessary in this
      case. Likewise a wave shaper may not be necessary in this instance for the
      repetitive input signal may be itself sinusoidal.
PAR  Still other embodiments of the invention may be provided. Thus, in FIG. 11
      a form is shown which uses a resistor bridge for each of the coils H and V
      instead of the transistor bridge shown in the embodiment of FIG. 6. In
      FIG. 11 those elements which correspond to the elements of FIG. 6 have
      been given the same reference designations and their explanation will not
      be repeated. In this figure Q1, when it conducts in response to the
      receipt of an input pulse on its base, causes the transistor Q16, which is
      normally biased on through resistor R33, to stop conducting and
      accordingly its collector goes high producing the A pulse to turn on
      transistor Q17. As may be seen, Q17 is connected between the source and
      coil V through a diode D15 to ground. This causes a current to flow in the
      coil V in the negative direction for the duration of the A pulse.
PAR  Prior to the receipt of the repetitive pulse the transistor Q18, which
      produces the B pulse, is biased on through the resistors R34 and R35 so
      that the transistor Q19 is held off due to the low state of the collector
      Q18. At the same time the transistor Q20 is biased on through the resistor
      R36 and a negative current flows in coil H through the resistors R37 and
      R38. This condition exists before Q1 conducts so that the current flow in
      the coil H establishes a maximum negative current in the coil H and there
      is zero current in the coil V to thus produce the zero position as
      described. When Q1 conducts after a period of time, determined by the RC
      time constant including the resistors R34 and R35 and a capacitor C9, Q18
      will conduct turning on Q19 to cause a current flow in the positive
      direction in the coil H. When Q19 conducts its collector going low is
      effective through the diode D16 to turn off the transistor Q20. The
      conduction of Q2 is also effective to turn on a transistor Q21 which
      produces the C pulse which is coupled to the transistor Q22 to cause a
      positive current in the coil V. As before, the positive current in the
      coil V during the C pulse is greater than the negative current for the
      negative current is held down by the resistors R39, R40 and R41 while the
      current in the positive direction is held down only by the resistors R42
      and R41. The result is a net positive current in coil V. The duration of
      the C pulse is determined by an RC circuit including the resistors R43,
      R44 and the capacitor C10.
PAR  It is not believed necessary to repeat the complete description of the
      manner in which the A, B and C pulses are effective to control the average
      currents through the H and V coils for it is believed that this has been
      explained previously in connection with FIG. 6 and the same explanation
      applies with respect to FIG. 11.
PAR  While the specific embodiments show two and four coil arrangements and
      systems which generate three control pulses, the A, B and C pulses, it is
      possible to construct other arrangements. Thus, FIG. 12 illustrates a two
      pulse system used in conjunction with a three coil arrangement to produce
      rotation over 240.degree..
PAR  In this figure the repetitive input pulses from the wave shaper 200 causes
      pulse generator 201 to produce the A pulse immediately upon its receipt. A
      transistor 202 is normally maintained off with its collector high
      producing an A' pulse. As described previously, an RC circuit in 201
      determines the end of the A pulse and the production of the B pulse by the
      pulse generator 203.
PAR  The coil arrangement consists of three coils 204, 205 and 206 disposed at
      120.degree.  to each other with their center common connection supplied
      from a DC source. Transistors 207, 208 and 209 control the current or mmf
      of the coils 204, 205 and 206, respectively.
PAR  Initially with no pulse and 202 off transistor 209 is on permitting a
      current flow in coil 206. Transistors 207 and 208 are off so that a zero
      position is established as shown in FIG. 13. Upon the receipt of an input
      pulse the A pulse is produced by 201 and transistor 202 is turned on to
      turn 209 off. The A pulse turns on transistor 207 to cause a current flow
      in coil 204 for the duration of the A pulse. Following the production of
      the A pulse the B pulse is generated by 203 and the A' pulse once again
      appears. As the frequency of the input increases the duration of the A'
      pulse decreases resulting in less average current flow in coil 206 and
      greater average current flow in coils 204 and 205 so that the resultant
      magnetic vector rotates clockwise as shown in FIG. 13.
PAR  Thus, the current ratios in the 204, 205 and 206 coils shown in light solid
      lines produce the resultant magnetic vectors shown in the heavy solid
      lines at various positions. At 240.degree. the input pulses occur at a
      frequency which precludes the generation of the B and A' pulses so that
      current is flowing only in coil 205 and a maximum rotation of 240.degree.
      has been reached.
PAR  Variations other than those described may be devised which still remain
      within the scope of the invention as set forth in the claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In condition monitoring apparatus, a plurality of coils angularly
      positioned with respect to each other, means for supplying electrical
      energy to each of said coils, switching means connected to each coil to
      control the flow of current in the coil to which it is connected, means
      for receiving repetitive input pulses, the frequency of which represent a
      condition to be monitored, pulse generation means having a plurality of
      outputs connected to said pulse receiving means for producing different
      control pulses on each of said outputs in response to the receipt of a
      single input pulse and means connecting each of said switching means to a
      separate one of said outputs to enable said switching means in response to
      a control pulse to cause a current flow in the coil to which it is
      connected so as to produce a resultant magnetic field.
NUM  2.
PAR  2. The aparatus of claim 1 in combination with a rotatable magnet and a
      pointer carried by said magnet.
NUM  3.
PAR  3. The apparatus of claim 2 in combination with an indicia bearing dial
      whereby the value of the remote condition may be indicated.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said pulse generating means includes a
      plurality of pulse generators each producing a control pulse in response
      to the receipt of an input pulse.
NUM  5.
PAR  5. The apparatus of claim 4 including means in said pulse generating means
      to return each of said pulse generators to their original state after the
      receipt of an input pulse.
NUM  6.
PAR  6. The apparatus of claim 1 wherein a pair of coils positioned at right
      angles to each other are provided.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said pulse generating means includes
      three pulse generators producing three control pulses in response to the
      receipt of an input pulse.
NUM  8.
PAR  8. The apparatus of claim 7 wherein a first of said pulse generators is
      connected to said pulse receiving means generates a first control pulse in
      response to the receipt of an input pulse, and includes first timing means
      for determining the duration of the first control pulse, the second and
      the third of said pulse generators are connected to said first of said
      pulse generators, said first timing means is connected to said second and
      third pulse generators to control their operation to cause said second and
      third pulse generators to begin the generation of second and third control
      pulses, and each of said second and third pulse generators including
      timing means effective to control the duration of the second and third
      control pulses.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said switch includes a first switching
      means connected to one coil to permit current flow in one direction when
      enabled, a second switching means connected to the other coil to permit
      current flow in one direction when enabled, a third switching means
      connected to said one coil to permit current flow in the other direction
      when enabled, and fourth switching means connected to said other coil to
      permit current flow in the other direction when enabled.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said first pulse generator is
      connected to said first switching means to enable it during said first
      control pulse; said second pulse generator is connected to said second
      switching means to enable it during said second control pulse; said third
      pulse generator is connected to said third switching means to enable it
      during said third control pulse; and said fourth switching means is
      connected to said second switching means whereby said fourth switching
      means is disenabled when said second switching means is enabled.
NUM  11.
PAR  11. The apparatus of claim 10 wherein the timing means in said second pulse
      generator is effective to cause said second pulse generator to produce a
      second control pulse of a relatively short length and said timing means in
      said third pulse generator is effective to said third pulse generator to
      produce a third control pulse of a relatively long length compared to the
      length of said second control pulse.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said first and third switching means
      are each constituted by a pair of transistors and are connected to said
      one coil in a bridge configuration; said second switching means is
      constituted by a pair of transistors and said other coil is connected
      between the collector of one transistor and the emitter of the other; and
      fourth switching means is constituted by a transistor and said other coil
      is connected to the collector of said transistor.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the collector of one transistor in
      said second switching means is connected to the base of the transistor of
      said fourth switching means.
NUM  14.
PAR  14. The apparatus of claim 13 including means to normally bias the
      transistor of said fourth switching means to a conductive state.
NUM  15.
PAR  15. The apparatus of claim 11 wherein said first switching means is a
      transistor connected to one end of said one coil; said second switching
      means is a transistor connected to one end of said other coil; said third
      switch means is a transistor connected to the other end of said one coil;
      and said fourth switch means is a transistor connected to the other end of
      said other coil.
NUM  16.
PAR  16. The apparatus of claim 15 wherein the collector of the transistor of
      said second switching means is connected to the base of the transistor of
      the transistor of said fourth switching means.
NUM  17.
PAR  17. The apparatus of claim 16 including means to normally bias the
      transistor of said fourth switching means to a conductive state.
NUM  18.
PAR  18. The apparatus of claim 11 wherein each of said timing means is
      constituted by an adjustable RC circuit and includes means for supplying
      the same adjustable voltage to each RC circuit to adjust the time
      intervals determined thereby proportionally.
NUM  19.
PAR  19. The apparatus of claim 14 in combination with a rotatable magnet and
      pointer carried by said magnet.
NUM  20.
PAR  20. The apparatus of claim 17 in combination with a rotatable magnet and a
      pointer carried by said magnet.
NUM  21.
PAR  21. The apparatus of claim 1 wherein three coils are positioned 120.degree.
      from each other and have a common connection at one end of each coil; and
      wherein said electrical energy supplying means is connected to said common
      connection.
NUM  22.
PAR  22. The apparatus of claim 21 wherein said switching means comprises a
      first transistor connected between the free end of a first coil and
      ground, a second transistor connected between the first end of a second
      coil and ground and a third transistor connected between the free end of a
      third coil and ground.
NUM  23.
PAR  23. The apparatus of claim 22 wherein said pulse generating means comprises
      first and second pulse generators for producing first and second control
      pulses, and includes further means for producing a control signal when
      said first control pulse is not present; means connecting said further
      means to said first transistor; means connecting said first pulse
      generator to said third transistor; and means connecting said second pulse
      generator to said first transistor.
NUM  24.
PAR  24. The apparatus of claim 1 including first and second pairs of coils with
      said first pair positioned at right angles to said second pair, and means
      connecting one end of each coil to said electrical energy supply means.
NUM  25.
PAR  25. The apparatus of claim 1 wherein said pulse generation means comprises
      a driven oscillator connected to said pulse receiving means to be driven
      thereby, and means responsive to the output of said oscillator for
      producing control pulses spaced in time and varying in length.
NUM  26.
PAR  26. The apparatus of claim 25 wherein said last mentioned is constituted by
      a counter connected to the output of said driven oscillator, a plurality
      of dividers driven by the output of said counter and decoding means
      connected to the outputs of said dividers for producing the control
      pulses.
NUM  27.
PAR  27. The apparatus of claim 26 including means for varying the counting rate
      of said counters.
NUM  28.
PAR  28. The apparatus of claim 27 including first and second pairs of coils
      with said first pair positioned at right angles to said second pair and
      means connecting one end of each coil to said electrical energy supply
      means.
NUM  29.
PAR  29. The apparatus of claim 27 wherein said switching means are connected
      between the free ends of said coils and ground.
NUM  30.
PAR  30. The apparatus of claim 29 wherein the control pulse outputs of said
      decoding means are connected to said switching means.
NUM  31.
PAR  31. The apparatus of claim 30 including means in said pulse receiving means
      for producing pulses at twice the frequency of the repetitive input
      signals.
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ABST
PAL  A system and method by which antenna type loops are situated at
      predetermined positions about a race track in which a plurality of
      contestants are passed sequentially over the loops while carrying a
      transmitter arranged to transmit a low radio frequency signal of a
      frequency discreet for each contestant and in which a series of timers
      controlled by a single clock are arranged in reference to each contestant
      so that at the start of the race all of the timers are made to start to
      operate in timed unison and whereby the several timers associated with
      each contestant are sequentially stopped upon the signal from the
      transmitter emanating from each contestant being sequentially received at
      the succession of loop antennas to indicate the lapsed time from the start
      of the race to each station incorporating an active loop.
BSUM
PAR  In horse racing and other similar types of events it is desirable to
      provide means for indicating the precise time required for each horse at
      predetermined positions along the track. In the present invention means
      are provided at predetermined positions along the track to generate
      signals which are then employed to register the precise lapsed time from
      the start to each of said predetermined positions. This is accomplished by
      mounting a small low radio frequency transmitter on each contestant and
      providing at each desired station on the track a loop which can be buried
      under the surface of the track in such a way that when the transmitter on
      the contestant passes a section of the loop, a signal is generated to a
      counter and display unit. The counter starts counting at the beginning of
      the race and is arranged to stop one counter display of a series upon
      being energized by a signal, generated by the contestant-carried
      transmitter, received at a loop and additional displays of the series are
      thereafter stopped upon being energized by the signals received at
      additional loops or stations along the track.
PAR  In the present invention antenna loops are mounted at a plurality of
      discreet positions preferably under the surface of the track and are
      connected for switching into a single transmission line to the timing
      counter system. By this means selective ones of the several loops during
      any one race can be connected into the system with other selected ones of
      the antennas being deactivated from the system.
PAR  This is an important feature wherein in certain types of race track uses,
      such as in horse racing, it is desirable to measure the timing at
      different locations along the track in accordance with the requirements of
      the type of race that is being run. For example, it might be ideal to have
      the timing broken down into quarters of a mile. However, when the race
      starts at different positions on the track the quarter mile positions
      would be out of phase with the position of the antenna. In this case,
      ideally, the loops can be located, for example, at every sixteenth of a
      mile and thereafter for any particular race those loops which are in one
      quarter mile phase relation to the start position of the race are
      connected to the common line while the others are switched out of the
      system and are completely non-functionally dormant.
PAR  It is the object of this device, therefore, to provide a flexibility
      wherein it is convenient to change from race to race the various positions
      at which timing information is to be generated.
PAR  It is a further object of this invention to provide a discreet transmitter
      unit for each contestant which has been constructed in a size and
      configuration adaptable for being placed in a position coincident with the
      conventional numbers carried by the contestant. For example, in horse
      racing on the head or the ear section of the horse there is a numbered
      card for visual identification of the horse during the race. The
      transmitter is thus arranged in a size in which in the more ideal form the
      discreet number can be placed on a pocket in which the transmitter is
      carried so that the pocket provides both the visual numerical reference
      for the horse or other contestant as well as providing a mounting for the
      transmitter.
PAR  Another feature and advantage of this invention includes within the
      transmitting card previously referred to an inductance and antenna
      configuration which is both desirable and diminutive to accomplish the
      required radiation characteristics.
PAR  It is a further object of this invention to provide a transmitting circuit
      which is arranged to transmit a narrow band low frequency signal of a
      fixed predetermined frequency which is modulated by a second audio range
      frequency to provide a transmitting output which can be selectively
      received by the timing unit in which the frequency spacing between
      respective transmissions is such that the receiving station can not only
      discriminate between selective transmitters but via the audio modulation
      is capable of discriminating against spurious noise and other undesirable
      signals which might be received by the loops. By this means discrimination
      against signals generated by natural or man-made signal generation can be
      eliminated.
PAR  A further feature of this invention resides in the use of a plurality of
      timing displays associated with each contestant in which each of the
      displays is actuated by a clock in such a way that the lapsed time from a
      start is simultaneously indicated on each of the displays. A disabling
      circuit is arranged to sequentially stop each of the displays in order of
      the contestant passing each of the selected antennas. By this means the
      displays during, and at the termination of the race, will be frozen at the
      precise lapsed time, referenced to the start of the race, to the station
      associated with the specific display.
PAR  In the present invention each of the selected displays in association with
      each contestant is arranged to be activated through signals received by a
      receiver processing unit in which the signal received is highly selective
      and discriminating with respect to frequency whereby only signals of the
      frequency generated by a selected card is capable of activating the
      specific receiving unit. The processing unit is then further arranged to
      discriminate the audio signal so that only signals of the appropriate
      signal and the appropriate modulation can pass through the receiver to
      deactivate the respective displays.
PAR  It is another feature of the display device to provide each display in
      sequence with means for allowing only one display to stop at the lapsed
      time interval for the signal received at each loop and upon stopping to
      thereby arm a subsequent display to enable the subsequent display to stop
      when the signal is received due to the transmitter passing the next loop
      within the racing circuit.
PAR  Another feature and advantage of this invention lies in the fact that all
      of the functions occurring in the displays are electrical and capable of
      being connected for recording on conventional recording apparatus for
      later input into computers or other information storage or retrieval
      devices.
PAR  As previously discussed the timing apparatus has been associated in
      situations in which the race starts from a fixed start as in the case
      where the start of the race occurs when the gate is opened. In such a case
      each of the timing displays for each of the contestants is arranged to
      stop with reference to the start time i.e. when the start gate opens.
      However, in certain application such as in thoroughbred horse racing the
      timing necessary is somewhat different.
PAR  In thoroughbred racing the horses start at the gate but the timing occurs
      from a point in time when the first horse passes a given reference start
      line. In such a case the present invention incorporates circuitry whereby
      only the first row of displays associated with each contestant is arranged
      to start counting at the time the start gate is opened. Thereafter the
      remaining stations of displays are restrained from starting to register
      counts from the clock until the first of the several contestants passes a
      designated start line. At such time all of the remaining counter displays
      are latched to a counting condition. By virtue of this feature the device
      of the subject invention can be used for conventional starting procedures
      as well as for the flying or running starts associated with such racing
      events as thoroughbred racing.
PAR  One of the features and advantages of the present method and apparatus is
      the adaptability of the device to be displayed by a singular display panel
      on which a numerical display indicating lapsed time can be arranged in
      rows and columns in which the horizontal rows are associated with each
      contestant and the vertical columns are associated with each station along
      the track. In this display the rows are successively stopped at the
      appropriate lapsed time for each contestant so that the number remains in
      a displayed unit throughout and after the termination of the race thus
      allowing for semi-permanent retention of the lapsed time for each
      contestant at each of the racing stations. Permanent recording by simply
      photography of the panels is, therefore, feasible.
PAR  In a further embodiment of the present invention there is a provision for
      means whereby the relative position or sequence of each contestant passing
      a given station can be registered so that instantly it can be discerned
      which contestant is first, second, third etc. at a given station.
PAR  While the discussions and reference are more directed to horse racing than
      to other racing events it is believed obvious that the method and means of
      the present invention can be applied to other types of time measuring
      situations, either within contestant racing environments or in other
      situations where the lapsed time of multiple entities from a fixed point
      need to be monitored and recorded. The system in its entirety thus
      incorporates the flexibility of selecting from a multiple of predetermined
      locations at which lapsed time is to be determined, with the further
      provision of allowing the flexibility of using either conventional timing
      from a given start or the lapsed time start configuration associated with
      a flying or running start as when the race starts when the first
      contestant passes a predetermined start line.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  FIG. 1 Is a perspective view of the console for the timing unit showing the
      time lapsed displays in rows and columns in which the displays of each row
      indicate a specific contestant and in which the columns are arranged to
      indicate selective race stations.
PAR  FIG. 2 shows a portion of a race track with receiving loops shown in
      position with respect to the track.
PAR  FIG. 3. is a detailed schematic of the receiving loops.
PAR  FIG. 4 is a cross sectional view of a track showing the loop position under
      the surface of the track.
PAR  FIG. 5 is a plan view of a transmitting card.
PAR  FIG. 6 is a schematic showing the configuration of the loop and an overlay
      indicating the signal intensity of signals received by the loop.
PAR  FIG. 7 is a block diagram of the transmitting circuit.
PAR  FIG. 8 Is a schematic view of the circuits contained within the block
      diagram of FIG. 7.
PAR  FIG. 9 is a block diagram of the receivers.
PAR  FIG. 10 is a block diagram of the registry and display circuit.
PAR  FIG. 11 is a schematic showing the latch and one shot multivibrators used
      in conjunction with the circuit of FIG. 10.
PAR  FIG. 12 is a block diagram showing alternative connections for the circuit
      of FIG. 10 to modify the system for use with thoroughbred or running start
      type of timing sequences.
PAR  FIG. 13 is a block diagram showing a means for indicating the relative
      positions of each contestant at a preselected timing station.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The transmitter for mounting on the contestant encompasses a card 18 upon
      which a battery 19 and appropriate electrical elements 21 are mounted in
      conjunction with a printed spiral loop 22 which provides the inductance
      and the radiating element for the transmitter. Card 18 is mounted in a
      pocket 23 on the forehead 25 between the eyes of a contestant such as
      horse 28. The pocket on its outer face is provided with a number such 1,
      2, 3, etc., which can be a specific identifying number for the particular
      horse or other contestant. Thus pocket 23 provides the visual contestant
      identifier as well as a holding pocket for transmitting card 18. The
      electrical circuit elements 21 as shown in FIG. 7 and 8 include a 1 KC
      free running multivibrator 31 which activates an electrical switch or gate
      32 to provide a square wave output to a high frequency oscillator 35 in
      which the LC circuit 38 is incorporated within the oscillator circuit. The
      multivibrator 31 is of conventional design incorporating a pair of
      transistors 40 with appropriate resistors 41 and capacitors 42 selected to
      cause a multivibrator to run free at 1,000 cycles or some other
      preselected frequency within the audio range. The output from
      multivibrator 31 is applied to the base of transistor 45 of the switch 32
      to provide a square wave output through diode 46 and capacitor 47 to the
      base of transistor 49 of the high frequency oscillator to cause the
      oscillator to turn off and on at the frequency rate of the switch 32, i.e.
      1,000 cycles.
PAR  The oscillator is regulated to oscillate at a frequency determined by the
      inductance of loop 22 and capacitor 51 which forms the tank circuit for
      the oscillator As previously described loop 22 is printed on card 18 and
      ideally is of a fixed predetermined inductance and configuration for all
      cards, thus for practical considerations the determinative frequency
      control element is capacitor 51. Thus the card for each contestant would
      have a selected value for capacitor 51 so that the frequency output for
      the high frequency oscillator 35 would be of a discreet different
      frequency for each card to thereby identify, by frequency, each
      contestant. It can be seen that the output from the transmitter on card 18
      would identify the particular contestant.
PAR  It has been found that the system is most satisfactory in the lower RF
      frequency range, that is in the area below 350 KH, with the spacing
      between transmitter frequencies being approximately 10 KH, although closer
      or greater spacing can be used within the framework of the subject
      invention. For example, it has been found that a good identification and
      discrimination between contestants can be had with 5 KH spacing or
      separation. Loops 54 constitute a cable having the outer shield 55
      connected at one end 56 to the inner conductor 57 and at the other end the
      outer shield 55 is connected to ground with the inner conductor 57 being
      connected to switch 59 for connection of the inner conductor to a common
      coaxial distribution line 62 as shown in FIG. 3.
PAR  This loop system acts as a closed circuit untuned transformer presenting a
      90.degree. phase relation between voltage and current induced in the
      system passing over the loop. The switch 59 is relay activated by
      appropriate switching (not shown) connected to console 65 and as
      illustrated by the various control buttons 66. Thus by actuating the
      various buttons 66 selected ones of antenna loops illustrated at 54A, 54B,
      54C and 54D et seq. of FIG. 2 can be included or excluded from the
      activating circuit. Each of the antennas or loops 54A - D is connected to
      the common line 62 when its appropriate relay switch 59 is actuated by the
      appropriate positioning of switches 66. As previously stated, thus any one
      of the loops may be connected or disconnected from the line at will and as
      also previously stated the number of loops that may be permanently
      installed around the track is limited only by the intended need for
      stations to be utilized within the racing system.
PAR  Coaxial loops are mounted underground immediately below the surface 68 of
      the race track so that it can be completely concealed from and provides no
      impediment to the racing contestants. It is also within the scope of
      practicality of this device to have the loops mounted above or around the
      sensing station, however, for aesthetic and practical purposes the
      mounting under the ground has obvious advantages.
PAR  The loop should transverse the entire width of the active section of the
      track and the exit length 69 and return segment 70 can conveniently be
      spaced approximately one foot apart. As previously described, the
      transmitter card 18 is mounted on the forehead of the contestant 25. In
      this position the radiating face of coil 22 is arranged to be oriented at
      an angle which is best suited for radiation transferance from inductance
      22 to the legs of loop 55. It is best suited to position the card at this
      angle for most efficient transmission although the device will work with
      somewhat lesser efficiency if mounted on the ear or side of the head of
      the horse, for example.
PAR  As shown in FIG. 6 the underground loop 54 is schematically illustrated by
      an oval. The signal generated into coaxial cable 62 is illustrated by
      graph line 73, in which it can be seen that as the transmitter card 18
      enters the vertical space immediately above the loop 54 there is a virtual
      zero or negligible signal input into coaxial cable 62, however,
      immediately after passing the threshold there is an extremely sharp
      increase in reception or input into loop 54 which continues in intensity
      until card 18 has passed over the vertical alignment of the exit leg of
      loop 54 and thereafter there is a sharp attenuation of the signal action
      as seen in FIG. 6. Thus it can be seen that the signal generated in the
      common coaxial line 62 has a square wave which exists immediately upon the
      card passing over the vertical of the entry leg of the loop and terminates
      immediately after leaving the vertical area above the exit leg of the
      loop.
PAR  Referring to FIG. 10 the coaxial cable 62 is connected directly to a
      plurality of receivers 75. Each of said receivers 75 and identified as
      75A, B and C, are arranged and tuned to a frequency compatible with the RF
      frequency output of a particular transmitting card 18. Thus, for example,
      receiver 75A could be arranged to receive 360 KH in association with a
      card having its capacitor 51 arranged to provide a 360 KH output. Wherein
      receiver 75B might be tuned to receive a frequency of 370 KH for use in
      conjunction only with a card 18 having its capacitor 51 selected to
      provide an output of 370 KH. In series with line 62 is a high frequency
      filter 80 and an amplifier 81. The high frequency filter 80 is of
      conventional design and arranged to attenuate all RF energy above the
      frequency range in which the system is designed to operate. Thus, for
      example, when the system is arranged to operate in or about the 350 KH
      range, high frequency filter 80 is arranged to attentuate all RF energy
      above 350 KH. Thus by operating in the low frequency range and attenuating
      all above the 350 KH limit much spurious manmade and natural radiation can
      be eliminated. The output from amplifier 81 is thus fed to the respective
      receivers 75. It is desirable to include a controlled attenuator 82 to
      reduce the signal level for each receiver so that compensation can be made
      for the loops having differing sensitivities. By means of the attenuator
      82 the signal level to each of the receivers can be identical.
PAR  Each of the receivers 75 employs a phase locked loop detection system which
      is necessary to discriminate the frequencies outside of the specific
      frequency for which the receiver is programmed for utilization. Such a
      phase locked loop system is common in the art and as shown in, "Signetis
      Linear" Volume 1 Data Book on pages 199 through 224, incorporates a phase
      detector and comparator 83, a filter 84 and a variable frequency
      oscillator 85 in which the tuning of the oscillator to the specific
      utilized frequency is by a manual adjustment at 86. In this system only,
      signals which have a frequency sufficiently identical to the variable
      frequency oscillator to maintain a phase locked loop can create an output
      from the system. Thus by this means of discrimination the signal
      identification of only the selected frequency is obtainable. The signal is
      then put through a multiplier synchronization detector 87 and when
      received is then amplified by an amplifier 88 and clipped by a clipper 89
      to provide an essentially square wave output, which would be a square wave
      of the modulating frequency of the free running oscillator 31 on the
      transmitter card 18. A tone decoder phase locked loop decoder 90 is thus
      arranged to discriminate against all signals other than those of the
      predetermined selected audio frequency selected such as the 1,000 cycle
      modulation previously referred to. Such a phase locked circuit is similar
      to the phase locked circuit used in the RF section previously described
      and is described in, "Signetis Linear" Volume 1 Data Book under tone
      detector phase locked loop pages 229 through 238, and includes a low
      frequency phase comparator 91 and filter 92 and a crystal controlled
      oscillator 93.
PAR  The crystal controlled oscillator 93 is tuned for each of the receivers
      75A, B etc., and can be of the identical frequency, however, it is
      believed obvious that in some applications where further discrimination
      between contestants may be desirable, separate audio frequencies for each
      contestant may be utilized. The output from crystal controlled oscillator
      is then detected by a quadrature phase detector 95 which is amplified at
      96 to provide a pulse output for use in the counting and display system as
      will hereinafter be described. In the receiver system it can be seen that
      via the filter 80 all signals above the working range of the system are
      attenuated. The high discrimination of the phase locked RF system rejects
      all signals other than those within the exact range of the desired
      frequency and then only those signals which are modulated by the
      appropriate audio frequency may then be utilized. By this means the
      authenticity of the signal to the timer is insured.
PAR  The counter displays with reference to FIG. 10 include numerical readouts
      100 which are arranged to a digital output in minutes, seconds, tenths,
      and smaller time designations if desired. All of the display or register
      100 throughout is driven by a single clock 101. Thus when the register is
      set at zero and is connected to clock 101 each of the registers will in
      perfect synchronization register and display the lapsed time as controlled
      and driven by clock 101.
PAR  The essential purpose of the circuits in FIG. 10 is to connect and
      disconnect the clock 101 from the respective display and register 100 in
      accordance with the signal input from the respective receivers 75. In
      order to accomplish this function each of the registers or displays 100 is
      connected to clock 101 through a NOR gate 102 with one leg or input 103 of
      each NOR gate being directly connected to clock 101 thus the presence or
      absence of a signal on the opposite leg 104 of NOR gate 102 will connect
      the register into and out of the clock circuit. The control leg 104 of
      each NOR gate is driven, as seen more specifically in FIG. 11, by a latch
      105. Latch 105 is simply a bystable multivibrator comprising two
      cross-connected NAND gates 106 so that in a first condition of operation
      the latch is arranged to provide an actuating signal for NOR gate 102 to
      cause the gate to conduct a signal from clock 103 through gate 102 to
      activate register 100. To start the actuating of register 100 a reset
      input 108 for latch 105 is activated thus causing latch 105 to go into an
      operative condition for connecting, via NOR gate 102, clock 101 with
      register 100. When the signal is applied to the opposite leg 109, latch
      105 immediately changes condition thus disconnecting register 100 from
      clock 101 and thereby freezing the indication of register 100 to the
      numerical representation at that instant accumulated.
PAR  The signal for the input 109 to latch 105 is derived from receiver 75, thus
      when the receiver senses a signal from a transmitter card, the receiver
      output causes all of the latches 105 associated with a particular
      contestant to change condition, this causing the register 100 associated
      with the latch to freeze at the lapsed time designation then in existence.
      It can thus be seen that upon the receipt of a signal from receiver 75
      momentarily all of the latches 105 in the series association for a
      particular contestant would be in the "off" condition. However, the output
      from each latch 105 is also delivered via line 111 to a one shot
      multivibrator 112. The one shot multivibrator comprises a conventional
      circuit including NOR gate 113 and a NAND gate 114 coupled by a capacitor
      115 which determines the pulse length for the one shot multi vibrator 112.
PAR  When the first latch 105 - 1 is switched, a pulse is registered to the
      input of the one shot multivibrator 112 to which it is connected and the
      output of which is applied to the reset line 108 of the subsequent latch
      105 - 2. In this manner latch 105 - 2 is switched from an operative
      position to an inoperative position by the signal from receiver 75 via a
      pulse on line 109, but is immediately, and at a faster time than the pulse
      output from clock 101, reset into the "off" position from the output of
      the one shot multi vibrator 112. In this manner the sequences of registers
      are serially coupled so that upon the first pulse from receiver 75 the
      first register 100 - 1 will be turned off, and inasmuch as there is no
      reset pulse to latch 105 - 1, it will remain in an "off" position.
PAR  In this case the latch 105-2 for register 100-2 will be immediately reset
      thus causing the continuance of counting by register 100-2 and this
      sequence of events will similarly occur throughout the entire line of
      subsequent registers. On the second pulse output from receiver 75A there
      will be no effect, whatsoever, on latch 105-1 because at this time the
      latch has already been shifted to its opposite or "off" state. Thus no
      reset pulse can occur from the one shot multivibrator driving the next
      latch, i.e. 105-2. Therefore, the second set of counters 100-2 will be
      frozen in the time designation then in existence at the time of the second
      pulse from receiver 75A. It is believed readily apparent that this
      sequence can be carried out to an infinite number of stations as required.
PAR  In practical configuration, as referred to in FIG. 1, the register 101-1,
      101-2, 101-3, are associated with a particular contestant in which, for
      example, the name of the contestant could appear in either by mechanical,
      electrical or physical display at windows 115, 116, 117, with each of the
      windows 115, 116 and 117 indicating a designated contestant and with each
      of the counters at 101-1, 101-2, 101-3. The selected stations for which
      the time of penetration by the contestant is coincident, is identified by
      alignment in columns, above which are windows 121, 122 and 123. These
      windows, i.e. the station designators, similarly can be electrically,
      mechanically or otherwise identified or displayed, and may be switched by
      the loop selector switches 66 to indicate activated loops. Thus the entire
      board readout of the console 65 will indicate in each row as 115, 116, 117
      a sequence of progressive timing for each contestant and the column
      reference will be the reference for the specific station at which the time
      is referenced.
PAR  In the operation of this device the proper selection by actuation of
      switches 66 will determine the particular loops 54 that will be tuned into
      the circuit. Prior to the start of the race a reset button 125 is
      depressed which leads to conventional circuits (not shown) to resets
      registers 100 to a zero condition. All of the latches 105 are connected by
      a single bus to start button 128 which may either be mechanically actuated
      from the console or actuated by a start mechanism from the track itself,
      such as by a start signal gate raising mechanism, and the like. When the
      start bus 128 simultaneously actuates all of the reset legs 108 of all of
      the latches 105, the entire bank of registers 100 simultaneously start
      counting in precise synchronization with clock 101. Thereafter each signal
      from a receiver 75 will cause the first of the line of counters associated
      with the receiver to freeze at the instant the receiver is actuated, thus
      giving an indication of lapsed time to the first loop. Subsequently upon
      passing each loop in the circuit the next in line counter will be
      simultaneously frozen. It can be seen at the termination of the event all
      of the counters will be frozen at a time showing the lapsed time from the
      instant that the start signal was actuated.
PAR  It is most important to note that capacitor 115 with the one shot
      multivibrator 112 must program the one shot multivibrator to provide a
      reset pulse which is longer than the projected time for the contestant to
      pass through the loop, i.e. referring to FIG. 6 the time required would be
      the time required for the contestant to go from point 73A, which is to
      point at the entry of loop sensitivity, to point 73B, which is the point
      of attenuation of receiver loop sensitivity. This should normally be in
      the neighborhood of a tenth of a second or so. It is apparent that if the
      pulse were of a shorter duration the resetting of the various latches
      would not be retained. It is also noted that the pulse from the one shot
      multivibrator 112 cannot be longer than the anticipated time interval for
      the contestant to pass from one loop to another. This, however,
      constitutes no practical problem inasmuch as the time element usually
      constitutes multiple seconds.
PAR  In the case of thoroughbred racing and other events in which it is
      necessary to establish a time from a running start position, the circuit
      condition as exemplified in FIG. 12 can be implemented. In such a case the
      start pulse is applied on a line 131 which is connected to the start of
      only the first line of registers i.e. 100 - 1. The output from the one
      shot multi vibrators 112 connected with each latch 105 - 1 and designated
      112 - 1 is connected to a multiple input OR gate 132 via lines 133 so that
      upon the input from any line 133, OR gate 132 will provide an output on
      line 134 which activates the start bus 128 of all of the remaining latches
      105 in the system. By this means upon the opening of a gate or the real
      start of the race a start pulse is applied on line 131. This causes only
      the first column of counters to count when the first contestant, no matter
      whom, emits a signal the multi vibrator 112 - 1 associated with that
      contestant passes a signal through its line 133 to OR gate 132, and
      consequently a start signal on line 134 to start the timing of all of the
      remaining timers. This is the theoretical or official start of the race
      and thus the remaining timers will then show a lapsed time from the
      official start, while the first row of timers will designate the time from
      the real start of the race to the position of the contestant to the
      official start position. This, in practicality, can be accomplished by
      supplying appropriate switching circuits (not shown) actuated by switch
      such as shown at 140 on console 65.
PAR  It can be desirable to indicate the status of each contestant at each of
      the selected stations so that, for example, on the console 65 windows
      indicated at 150, can display the relative orders at which the contestants
      pass the stations. This can be accomplished for each row by having a
      status counter 151 which would provide one sequential count each time a
      counter at that station were stopped via the output from the appropriate
      one shot multivibrator 112. The display indicating the status number in
      the counter 151 would then be registered to a display 150 derived from a
      signal sensing the failure of clock information from clock 101 to the
      particular register 100. This in turn would cause the status counter
      numerically from 151 to appear in the window 150 in association with said
      counter. Whereby a sequential lapsed time indication is registered on each
      of said counters in reference to the position of said entities with
      respect to the respective loops.
PAR  It is believed apparent that while the drawings and the description apply
      to a limited number of contestants and stations the circuit, according to
      the aforesaid teachings, can be extended to any number of contestants
      and/or stations.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A system for indicating the lapsed time from a start point for each of a
      plurality of entities to reach a plurality of a succession of
      predetermined stations along a predetermined path of movement of said
      entities comprising: radio frequency transmitting means carried by each of
      said entities, each said means emanating a radio frequency signal discreet
      for each entity, radio frequency receiving means located at each of said
      stations and each adapted to receive an interval of signals from said
      transmitting means when the transmitting means carried by said entity is
      within a predetermined area of each said station, a plurality of detector
      means connected to said receiving means, each said detector means being
      adapted to discriminate and detect signals of a selected one of said
      discreet radio frequency signals, activating means associated with each of
      said detector means constructed and arranged to generate an output signal
      when an interval of signals from the corresponding discreet radio
      frequency signal is received thereby, a plurality of timing counters
      serially connected to each of said detector means, clock means operable to
      operate all said timing counters in timing unison, start means connecting
      said clock means to said timing counters to start said timing counter
      means at the same time, a timing counter stopping means for each said
      timing counter operable by said output signal to cause the said timing
      counters to discontinue counting upon being actively energized thereby,
      and sequencing means connected to sequence the active energization by said
      output signal sequentially to one of the timing counters each time an
      interval of output signals is received by said receiving means, whereby
      one of each of said series of counters will stop to indicate lapsed time
      from said start upon an interval of signals of the discreet radio
      frequency signal being received at each of the succession of predetermined
      stations.
NUM  2.
PAR  2. A system for indicating the lapsed time in accordance with claim 1, and
      wherein each said radio frequency receiving means comprises a conductive
      loop having two lengths spaced apart and traversing the path of movement
      of said entities at substantially right angles thereto, and wherein said
      loops are buried under the surface of the path of movement of said
      entities, with said lengths of said loop being in a common planar position
      relative to the surface of said path.
NUM  3.
PAR  3. A system for indicating the lapsed time in accordance with claim 1, and
      wherein each said radio frequency receiving means comprises a conductive
      loop having two lengths spaced apart and traversing the path of movement
      of said entities at substantially right angles thereto, and wherein there
      are provided a greater number of loops than necessary for time station
      lapsed time measurement for selected events and including means operable
      to connect and disconnect selected ones of said receiving means loops to
      said detector means whereby the active predetermined stations along the
      path of movement of said entities can be varied in accordance with
      specific timing requirements.
NUM  4.
PAR  4. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said radio frequency transmitting means each include a radio
      frequency oscillator operating at discreetly different frequencies from
      each other and further providing interrupting means interrupting the
      oscillation of said transmitter at a frequency in the audio range and
      wherein each detector means comprises a first circuit selective only to
      the frequency of a said transmitting means and a second circuit selective
      to discriminate the detected audio frequency of said radio frequency
      transmitting means.
NUM  5.
PAR  5. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said radio frequency transmitting means each include a radio
      frequency oscillator operating at discreetly different frequencies from
      each other and further providing interrupting means interrupting the
      oscillation of said transmitter at a frequency in the audio range and
      wherein each detector means comprises a first circuit selective only to
      the frequency of a said transmitting means and a second circuit selective
      to discriminate the detected audio frequency of said radio frequency
      transmitting means, and wherein said first and said detector means each
      comprise a phase locked loop detector.
NUM  6.
PAR  6. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said counter stopping means for each said timing counter includes
      a gate operable in a first condition to connect said clock to operate said
      timing counter means, and in a second condition to disconnect said clock
      therefrom, a bystable latch operable in a first condition to hold said
      gate in a first condition and operable in a second condition to hold said
      gate in the second condition and wherein said start means is operable to
      move said latch from said second condition to said first condition, and
      wherein said output signal from said detector means is operable to cause
      said latch to move from the first to the second condition.
NUM  7.
PAR  7. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said counter stopping means for each said timing counter includes
      a gate operable in a first condition to connect said clock to operate said
      timing counter means, and in a second condition to disconnect said clock
      therefrom, a bystable latch operable in a first condition to hold said
      gate in a first condition and operable in a second condition to hold said
      gate in the second condition and wherein said start means is operable to
      move said latch from said second condition to said first condition, and
      wherein said output signal from said detector means is operable to cause
      said latch to move from the first to the second condition, pulse
      generating means connected to the latch of each counter stopping means to
      the latch of the counter stopping means for the timing counter means next
      in succession, said pulse generating means connected to issue a pulse when
      the first mentioned latch is moved from the first to the second condition
      to the start means input of the latch for the next in succession timing
      counter to cause said second latch to move from the second condition to
      the first condition.
NUM  8.
PAR  8. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said counter stopping means for each said timing counter includes
      a gate operable in a first condition to connect said clock to operate said
      timing counter means, and in a second condition to disconnect said clock
      therefrom, a bystable latch operable in a first condition to hold said
      gate in a first condition and operable in a second condition to hold said
      gate in the second condition and wherein said start means is operable to
      move said latch from said second condition to said first condition, and
      wherein said output signal from said detector means is operable to cause
      said latch to move from the first to the second condition, pulse
      generating means connected to the latch of each counter stopping means to
      the latch of the counter stopping means for the timing counter means next
      in succession, said pulse generating means connected to issue a pulse when
      the first mentioned latch is moved from the first to the second condition
      to the start means input of the latch for the next in succession timing
      counter to cause said second latch to move from the second condition to
      the first condition, said pulse having a time length which is longer than
      the interval of signals from said transmitting means occurring when said
      transmitting means is within the predetermined area of a said station and
      having a time interval shorter than the time interval required for an
      entity to move from one said station to another.
NUM  9.
PAR  9. A system for indicating the lapsed time in accordance with claim 1, and
      wherein each said radio frequency receiving means comprises a conductive
      loop having two lengths spaced apart and traversing the path of movement
      of said entities at substantially right angles thereto, and said
      transmitting means being mounted on a card and having an inductance
      printed in a helix on said card, each of said cards being positioned with
      said helix being mounted on said contestant with said helix being in a
      position for satisfactory radiation traversing between said helix and said
      loop.
NUM  10.
PAR  10. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said start means is operable to start all of said timing counters
      when actuated.
NUM  11.
PAR  11. A system for indicating the lapsed time in accordance with claim 1,
      having first and second start means, said first start means being operable
      upon actuation to start only the first of said timing counters in each of
      the series of timing counters and said second start means being operable
      to ostart the remaining of said counter means upon actuation, means
      responsive to the first actuation of a counter stopping means to operate
      said second start means.
NUM  12.
PAR  12. A system for indicating the lapsed time in accordance with claim 1, and
      comprising counter means connected to the counter stopping means of each
      of the comparable timing counters of the respective serially connected
      counters and operable to count the order of succession of the entities
      past a given station and means to display indica of said order of
      succession.
NUM  13.
PAR  13. A system for indicating the lapsed time in accordance with claim 1, and
      wherein said timing counter means comprise a digital time display mounted
      in a matrix of rows and columns in which one of said rows and columns
      includes the timing counters serially connected to a said detector means
      and one of said rows and columns includes the timing means in the
      respective serial group related to predetermined stations along said path
      of movement of said entities.
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ABST
PAL  A combined encoder-decoder for use in two-way radio systems. The apparatus
      is operable in an encoder mode to provide tone oscillations during
      operation of the radio apparatus in the transmit mode and also in a
      decoder mode to provide a control signal in response to a received tone
      signal of a particular frequency during operation of the radio apparatus
      in the receive mode. The encoder-decoder includes a single active filter
      and a feedback circuit selectively coupled to the filter to form an
      oscillator for producing the tone oscillations in the encoder mode of
      operation. An input amplifier/limiter is enabled to apply received tone
      signals to the active filter during decoder operation. A control circuit
      responsive to operation of the radio apparatus is coupled to the feedback
      circuit and to the input circuit so as to selectively enable the feedback
      circuit during encoder operation and the input circuit during decoder
      operation. The control circuit causes the feedback circuit to provide
      increased gain upon initiation of encoder operation so that oscillations
      build up rapidly. The output of the active filter is applied to a detector
      to which two integration circuits are connected, the first being enabled
      during encoder operation and the second during decoder operation. The
      first integration circuit responds when the signal builds up to control
      the feedback circuit to reduce the gain to the desired level. The second
      integration circuit is enabled during decoder operation so that when the
      signal of a particular frequency is applied to the active filter a control
      signal is produced which is utilized to enable the audio circuit of the
      receiver. The control circuit also responds to the switching of the
      circuit between encoder and decoder modes of operation to increase the
      bandwidth of the active filter to prevent encoder tone overshoot during
      the receive-transmit transition and to prevent decoder falsing during the
      transmit-receive transition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been common practice for many years to apply a tone signal with a
      voice transmission, which has a frequency associated with one or more
      receivers, so that only the receivers responsive to the particular
      frequency are operative to reproduce the voice transmission. Such a system
      is set forth and described in U.S. Pat. No. 2,918,571, issued Dec. 22,
      1959 to Robert Peth, and assigned to the same assignee as the present
      application. The referenced prior art customarily utilize a vibrating reed
      device to establish the particular frequency transmitted, and a second
      vibrating reed device at the receiver to respond to the particular
      frequency transmitted. In order to conserve equipment, a single reed
      device has been used in a combined encoder-decoder device and such a
      system is described in U.S. Pat. No. 3,250,997, issued May 10, 1966 to
      William J. Cole and Robert H. Walker, and assigned to the same assignee as
      the present invention.
PAR  Although systems as are described in the above-referenced patents have been
      satisfactorily used for many years, such systems have the objection that
      they require a relatively large and expensive mechanical vibrating device.
      With the continuing trend toward reduction in size of electronic devices,
      and with the desire for elimination of mechanical devices, it has been
      proposed to use an active filter as the selective element to replace the
      vibrating reed devices previously used. It has been found, however, that
      various problems arise in connection with the use of an active filter in a
      combined encoder-decoder for use in the application which has been
      described. For example, in order to provide the high selectivity desired,
      the active filter must have a narrow bandwidth. This presents a problem in
      that substantial real time is required for the active filter oscillator to
      build up oscillations to the desired level. Another problem is that when
      the device is operating as an encoder producing oscillations, substantial
      energy is stored in the active filter and when the device is switched to
      decoder operation the energy remaining in the filter may produce a control
      signal, thereby falsely indicating that a signal of the desired frequency
      is received. Similarly, substantial energy remains in the filter when it
      is operating in the decoder mode, such that when the system is connected
      to operate as an encoder at the same frequency, the stored energy together
      with the energy building up in the oscillator circuit may cause overshoot.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      improved encoder-decoder arrangement for use in conjunction with two-way
      radio apparatus wherein an active filter is used to control the frequency
      of tone oscillations produced during encoder operation, and to select a
      received tone signal of a particular frequency to provide a control signal
      during decoder operation.
PAR  A further and more particular object of the present invention is to provide
      a combined encoder-decoder which includes a single active filter device
      and a feedback circuit coupled thereto so as to provide suitable
      oscillations wherein the gain of the referenced feedback circuit is
      selectively controllable to produce high gain for rapid build-up of
      oscillations, and lower gain after the oscillations build up.
PAR  Still another object of the present invention is to provide a combined
      encoder-decoder arrangement of the foregoing type wherein the bandwidth of
      an included active filter can be selectively increased in switching to
      either encoder or decoder mode, so that the energy stored in the active
      filter is removed and can not adversely effect the operation in the new
      mode.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of an encoder-decoder arrangement which has been
      constructed in accordance with the invention;
PAR  FIG. 2 is a chart illustrating the operation of the feedback circuit so as
      to provide for rapid build-up of oscillations;
PAR  FIG. 3 is a chart illustrating the increase in bandwidth at the initiation
      of encoder operation; and
PAR  FIG. 4 is a chart illustrating the increase in bandwidth at the initiation
      of decoder operation.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1, the encoder-decoder arrangement of the present
      invention includes an active filter circuit 10 which is formed by
      operational amplifiers 12, 14 and 16 and the interconnections
      therebetween. The active filter circuit can be of the type described in
      U.S. Pat. No. 3,696,252 which issued Oct. 3, 1972 to Ronald H. Chapman,
      and assigned to the same assignee as the present invention. The filter 10
      is responsive to an input applied to a lead 18, connected to one input of
      the operational amplifier 12 which in turn produces an output on a lead 20
      connected to the output of amplifier 14. Amplifier 16 is in a feedback
      loop to the second input 19 of the amplifier 12. A resistor 22 is coupled
      between the ouput lead 20 and the input lead 18 of the active filter, and
      has a selected value to provide the desired bandwidth. A transistor 24 is
      included which has its emitter-collector path connected across the
      resistor 22, so that when transistor 24 is rendered conductive, the
      resistance between output lead 20 and input lead 18 is substantially
      reduced. As will be readily appreciated, this effectively damps the active
      filter so as to increase its effective bandwidth.
PAR  Connected to the active filter circuit 10 is a signal processing circuit 30
      serving as control circuit means which cooperates with the active filter
      circuit to provide the combined encoder-decoder system. Both the active
      filter circuit 10 and the processing circuit 30 may be provided as hybrid
      modules. The components of the circuits 10 and 30 may be provided by
      integrated circuits of known construction.
PAR  The output lead 20 of the active filter circuit 10 is coupled through a
      buffer limiter stage 26 and a capacitor 28 to an amplifier 32 of the
      processing unit 30. The output of the amplifier 32 is connected to an
      output terminal 34, which may apply the "PL" transmitter tone oscillation
      signal to the modulator of a radio transmitter with which the device is
      intended to be used. "PL" in this instance refers to "Private Line" tone
      coded signaling, the operation of which in two-way communication systems
      is well understood by those skilled in the art such that further
      description is not necessary. A more detailed description may be found in
      the U.S. Pat. No. 2,918,571 referred to hereinbefore. The output of
      amplifier 32 is also applied thorugh an AND gate 35 to limiter 36 which
      holds the level of the signal below a fixed value. The output of limiter
      36 is applied through a capacitor 38 and a resistor 39 to the input lead
      18 of the active filter. The circuit through amplifier 32 and limiter 36
      provides feedback about the active filter for sustaining oscillations.
PAR  Signals generated by the discriminator (not shown) of the associated
      receiver with which the decoder is used are applied from terminal 40 to
      low pass filter 42. Appropriate tone signals are then selected by low pass
      filter 42 and applied through an AND gate 43 to limiter stage 44, the
      output of which is also connected through capacitor 38 and resistor 39 to
      the input lead 18. Accordingly, in this manner, received tone signals are
      applied to the active filter 10 during operation in the decoder mode.
PAR  The signal processing circuit 30 operates in the encoder and decoder modes
      in accordance with the push-to-talk signal as applied at the terminal
      identified at 50. The radio transmitter-receiver apparatus (not shown)
      with which the encoder-decoder is used is normally in condition to
      receive, and operates to transmit when the associated push-to-talk (PTT)
      switch (not shown) is operated. Circuit 30 normally operates as a decoder,
      and when the PTT switch is operated, a potential is applied to terminal 50
      so as to condition the circuit for encoder operation. In the absence of
      the potential at terminal 50, however, the inverter 52 connected to
      terminal 50 provides an enabling potential on conductor 54 which is
      connected to the AND gate 43, so that the AND gate 43 will be effective to
      pass the signal from the low pass filter 42. The received signal will be
      applied through limiter 44 to the active filter 10, which will then select
      a particular tone frequency and when the particular tone is present it
      will be applied from the filter 10 through amplifier 32 to the tone
      detector 56.
PAR  Tone detector 56 feeds AND gates 58 and 60, which have second inputs from
      OR gates 62 and 64, respectively. These OR gates effect a signal inverting
      function and thus provide an output when no input signal is applied
      thereto. During reception when there is no potential applied to PTT
      terminal 50, no potential is applied to input 63 of OR gate 62, so that
      the inverted output to the AND gate 58 enables the same, and the output of
      detector 56 is applied therethrough to integrator delay circuit 66. The
      output of the delay circuit 66 is then applied through diode 67 to one
      input of OR gate 68, the output of which is connected to the receiver
      squelch terminal 70. This controls the audio section of the receiver with
      which the encoder-decoder is used, and will enable the audio sections so
      that the signal being transmitted is reproduced.
PAR  When the transceiver PTT switch is operated, the potential from PTT
      terminal 50 will be applied to inverter 52 which removes the potential on
      conductor 54 so that the AND gate 43 is disabled. Accordingly, the
      discriminator output present at terminal 40 is no longer applied to the
      active filter 10 at input 18. At the same time, the potential from
      terminal 50 will be directly applied to conductor 63 to provide an input
      to OR gate 62 so that the inverted output therefrom will be removed and
      the AND gate 58 will likewise be disabled. Further, the input from
      terminal 50 is also supplied through conductor 72 to the AND gate 35 to
      enable the same, so that the output of the active filter 10 is applied
      through gate 35, through the limiter 36, and back to the input of the
      active filter to form an oscillator. When the oscillator output reaches a
      predetermined level, the detector 56 will apply a signal to the AND gates
      58 and 60. As previously described, the AND gate 58 has been disabled, but
      the removal of the potential on conductor 54 when the push-to-talk
      potential is applied will remove the input from OR gate 64, so that the
      inverting output therefrom is applied to the AND gate 60. This will enable
      AND gate 60 so that the detector voltage is applied therethrough to the
      integrator delay circuit 74.
PAR  The potential from circuit 74 is applied to transistor 76 to render the
      same conducting so as to control the gain of the signal applied from AND
      gate 35 to limiter 36 in the oscillator feedback circuit. The output of
      the AND gate 35 is normally applied to the input of the limiter 36 through
      the voltage divider formed by resistors 77 and 78. When transistor 76
      conducts, the resistor 79 will be connected in parallel with resistor 78
      to reduce the portion of the signal applied to the limiter 36. This acts
      to cut down the level of oscillations after they have built up to a
      predetermined value. The gain is boosted when encoder operation is
      initiated until the signal builds up to the desired level, and then the
      delay circuit 74 acts to turn on transistor 76 and cut down the gain.
PAR  The transistor 24 of the bandwidth control circuit of the active filter 10
      is controlled from the outputs of the delay circuits 66 and 74 to which
      the detector output is applied during decoder and encoder operation,
      respectively. The output of delay circuit 66 is applied to AND gate 80,
      which is enabled during encoder operation by the potential applied to
      terminal 50. The output of AND gate 80 is applied through OR gate 82 and
      through inverter 84 to the base of transistor 24. When a signal is present
      at the output of delay circuit 66, and the transceiver PTT switch is
      operated to enable the AND gate 80, a potential is applied through the AND
      gate 80, OR gate 82 and inverter 84 to turn on the transistor 24 to
      increase the bandwidth of the active filter 10. This acts to dissipate the
      energy which has been stored in the active filter.
PAR  Similarly, when the PTT potential is removed from terminal 50 at the end of
      a transmission, so that the inverter 52 applies a potential to conductor
      54, the AND gate 86 will be enabled which applies the output signal from
      delay unit 74 therethrough and through the OR gate 82 and the inverter 84.
      Therefore, at the end of the transmission the AND gate 86 will be enabled
      to turn on the transistor 24 to increase the bandwidth of the active
      filter to dissipate the energy therein. The active filter 10 will then be
      conditioned for further use, either in the encoder or decoder modes.
PAR  The outputs of the decoder delay circuits 66 and 74 are connected to OR
      gates 64 and 62, respectively, to disable the inputs to the delay circuit
      so that inputs cannot be applied to both circuits simultaneously. That is,
      during decoder operation the output of the delay circuit 66 is applied to
      OR gate 64 to remove the inverting output therefrom, so that the AND gate
      60 is disabled and the output of detector 56 cannot be applied to the
      delay circuit 74. Similarly, during encoding operation the output of delay
      circuit 74 is applied to the OR gate 62 to remove the inverting output
      therefrom and disable AND gate 58, so that the detector output is not
      applied to the delay circuit 66.
PAR  The operation of the gain boost circuit is indicated by FIG. 2, wherein
      line A illustrates the operation of the transceiver push-to-talk (PTT)
      switch, which is operated at time t.sub.1 to enable the AND gate 35 so
      that the feedback circuit through limiter 36 is completed and oscillations
      start. Line B shows the output of the oscillator, and shows the build up
      of the amplitude thereof to a threshold level. Line C shows the limiter
      output, which initially operates in a high gain state to rapidly increase
      the amplitude with each cycle. When the oscillator output (line B) reaches
      the threshold, the detector 56 provides an output at time t.sub.2, as
      shown by line D. This turns on the transistor 76 to remove the gain boost
      (line E) so that the limiter output falls to a lower steady state value.
      This causes the oscillator output on line B to remain substantially
      constant at the threshold value.
PAR  FIG. 3 shows the operation of the circuit to change the bandwidth of the
      filter when the PTT switch is operated to initiate a transmission. Line F
      shows that the decoder delay circuit 66 provides an output at time t.sub.0
      when the tone has been detected. Then when the PTT switch operates at time
      t.sub.3, the output of the delay circuit 66 acts in combination with the
      push-to-talk potential at terminal 50 to operate AND gate 80 to apply
      potential through OR gate 82, and this is inverted by inverter 84 to turn
      on transistor 24. The transistor turns on at time t.sub.3 as shown by line
      G to increase the bandwidth for a period of time until the output of the
      delay circuit 66 drops below a given level, such as that at time t.sub.5,
      as shown by line F in FIG. 3. Line H is representative of the output of
      the active filter 10 while line I indicates the change in bandwidth.
PAR  FIG. 4 shows the operation of the circuit at the end of a transmission when
      the push-to-talk switch is released at time t.sub.4. The encoder delay
      circuit 64 will provide an output for a time, as indicated by line J,
      which will be applied to the AND gate 86. When the inverted push-to-talk
      potential enables the AND gate 86, the potential is applied through gate
      86, OR gate 82 and inverter 84. Inverter 84 applies a potential to
      transistor 24 to render the same conducting to increase the bandwidth so
      that the energy in the filter 10 is dissipated, as indicated graphically
      by line H. When the potential from the delay circuit 74 decreases below a
      given level, such as that at time t.sub.6, the signal is removed and
      transistor 76 turns off. This is shown by line G in FIG. 4. This causes
      the bandwidth to be wide for the period between t.sub.4 and t.sub.6 (line
      I) and then to become narrow again so that the active filter 10 is in
      condition to operate in either decoder or encoder modes.
PAR  While a particular embodiment of the present invention has been set forth
      and described herein, it is to be understood that various alternative
      constructions and modifications may be effected without departing from the
      true scope and spirit of the invention. Accordingly, the appended claims
      are intended to cover all such alternative constructions and modifications
      that fall within the true scope and spirit of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Combined encoder-decoder apparatus for use in two-way radio equipment
      having a transmitter and receiver and operable in an encoder mode for
      providing tone oscillations during operation of the radio transmitter, and
      in a decoder mode for providing a control signal in response to a received
      tone signal of a particular frequency during operation of the radio
      receiver, such apparatus including in combination:
PA1  active filter means with an input, output, and a control terminal
      responsive to an applied potential to increase the bandwidth of said
      active filter means;
PA1  feedback means interconnecting said input and said output of said active
      filter means for producing tone oscillations;
PA1  input means coupled to said active filter input for applying received tone
      signals thereto; and
PA1  control circuit means coupled to said active filter means and responsive to
      the operation of the radio transmitter for enabling said feedback means to
      operate said apparatus in encoder mode and produce tone oscillations, and
      further responsive to the operation of the radio receiver for enabling
      said input means to pass tone signals and operate said apparatus in
      decoder mode and produce a control signal,
PA1  said control means further applying a predetermined potential to said
      active filter control terminal during transition of the radio equipment
      between said different modes to momentarily increase the bandwidth of said
      active filter means whereby stored energy present therein may be rapidly
      dissipated.
NUM  2.
PAR  2. Combined encoder-decoder apparatus in accordance with claim 1 wherein
      said control means includes a detector coupled to said active filter
      output, and means coupled to said detector and responsive thereto during
      decoder mode operation to provide a control signal upon the occurrence of
      a tone signal of a predetermined amplitude and time duration.
NUM  3.
PAR  3. Combined encoder-decoder apparatus in accordance with claim 1 wherein
      said control means includes a detector coupled to said active filter
      output for providing a d-c voltage in accordance with the amplitude of the
      tone signal at said active filter output, and first and second integration
      circuits connected to said detector, each integration circuit being
      operative to produce a control signal upon detector voltage reaching a
      predetermined level for a given time duration, and means for selectively
      enabling said first and second integration circuits for respective encoder
      and decoder mode operation.
NUM  4.
PAR  4. Combined encoder-decoder apparatus in accordance with claim 3 wherein
      said control means includes means responsive to said control signals from
      said first and second integrator circuits for controlling the potential
      applied by said control means to said active filter control terminal, with
      a control signal indicating operation in one of the encoder and decoder
      modes of operation causing said potential to change so that the bandwidth
      of said active filter means is reduced.
NUM  5.
PAR  5. Combined encoder-decoder apparatus for use in two-way radio equipment
      having a transmitter and receiver and operable in an encoder mode for
      providing tone oscillations during operation of the radio transmitter, and
      in a decoder mode for providing a control signal in response to a received
      tone signal of a particular frequency during operation of the radio
      receiver, such apparatus including in combination:
PA1  active filter means with input and output;
PA1  feedback means interconnecting said input and said output of said active
      filter means for producing tone oscillations, said feedback means further
      including bandwidth control means which when actuated is effective to
      increase the bandwidth of said active filter means to a predetermined
      amount;
PA1  input means coupled to said active filter input for applying received tone
      signals thereto;
PA1  gain control means for causing said tone oscillations produced by said
      active filter means during encoder mode operation to initially occur at a
      boosted gain rate until reaching a predetermined level and thereafter
      reducing and maintaining said tone oscillations at a given lower gain
      level; and
PA1  control circuit means coupled to said active filter means and responsive to
      the operation of the radio transmitter for selectively enabling said
      feedback means whereby said active filter means produces tone oscillations
      for encoder mode operation, and further responsive to the operation of the
      radio receiver for enabling said input means to pass tone signals for
      decoder mode operation,
PA1  said control means further including means for actuating said bandwidth
      control means for a predetermined time duration whenever said active
      filter is caused to change operating modes whereby stored energy present
      in said active filter means may be rapidly dissipated.
NUM  6.
PAR  6. Combined encoder-decoder apparatus in accordance with claim 5 wherein
      said active filter means comprises at least a pair of serially connected
      operational amplifiers.
NUM  7.
PAR  7. Combined encoder-decoder apparatus in accordance with claim 6 wherein
      said bandwidth control means includes a resistance interposed in said
      feedback means of said active filter and which further includes a
      transistor device having its emitter-collector circuit in parallel with
      said resistance.
NUM  8.
PAR  8. Combined encoder-decoder apparatus in accordance with claim 5 wherein
      said gain control means includes a controllable amplifier in said feedback
      means having variable impedance means in the output circuit thereof which
      when actuated is effective to reduce the gain of said controllable
      amplifier a predetermined amount, said control means further including
      means for actuating said variable impedance element comprising detector
      means for receiving tone oscillations, and integrator delay means
      interposed between said detector means and said variable impedance means.
NUM  9.
PAR  9. Combined encoder-decoder apparatus in accordance with claim 8 wherein
      said variable impedance means includes a resistance element in parallel
      with the emitter-collector circuit of a transistor device, the base
      thereof being coupled to the output of said integrator/delay circuit
      means.
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ABST
PAL  In a programming device for controlling the selective transmission of a
      signal to selected receivers at preselected times, commutators have their
      slides moved by remote control to selected commutator bars. A timing
      device makes connections through the commutator bars, the slide of each
      commutator making a connection at a different time to each different
      commutator bar of a given commutator. The connection made by the timing
      device through a commutator bar energizes a relay, which closes the
      circuit between the transmitter and the corresponding receiver. Parallel
      circuits are provided from the circuit to the transmitter to energize the
      transmitter only when at least one of the receivers is connected to
      receive. The individual commutators may each be brought to a home position
      also by remote control. The commutators may be mechanically driven by a
      motor or may be driven by stepping motors.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved programmer which controls the
      selective timed transmission of signals from transmitters to receivers
      where the signals are reproduced. The programmer combines the advantage of
      a completely automatic programming, without regard to the order in which
      the signals are transmitted to different receivers; another advantage of
      the programmer is its ability to disconnect one of the receivers without
      having to disconnect the other receivers that are working; whereas, upon
      disconnecting all of the receivers, the signal source is automatically
      disconnected.
PAR  The programmer also has the advantage that, upon disconnecting a given
      receiver, which can be done from the receiver, the receiver will be unable
      to receive any signal until it is programmed again to receive a signal,
      and it includes the capability of being disconnected without being
      de-programmed, that is, the disconnection of the reproducing system even
      though the central system is not de-programmed.
PAR  A further advantage consists in the fact that, with the same type of
      programming, it is possible by enlarging the memory to achieve the
      programming of the desired number of actions over a considerable time
      period, since there is the possibility of connecting the receiver to
      receive the signal at any desired moment, independently of whether or not
      this be the moment selected by the central system program.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram representing the programmer of the invention;
PAR  FIG. 2 illustrates a modification of the circuit of FIG. 1; and
PAR  FIG. 3 illustrates a circuit for control switches that can be used with the
      system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Only part of the programmer circuit is shown in FIG. 1. The circuit
      programmer can be enlarged indefinitely adding commutators with their
      circuits to those illustrated.
PAR  As shown in FIG. 1, a programmer comprises a series of commutators 2, 2',
      3, 3' . . . with a series of commutator bars, each provided with its
      respective slide a, a' . . . where a and a' function synchrounously, b and
      b' also function synchronously, etc., that is, when the contact of slide a
      touches a given commutator bar of commutator 2, the contact of slide a'
      touches the corresponding commutator bar of commutator 2'. The
      synchronizing mechanism is represented in the drawing by the connecting
      shaft designated by reference number 4. The synchronization may be
      achieved by many other mechanical methods, such as, for example, by
      utilizing double-faced commutators, whose slides are joined by the same
      axle, etc. Similarly, these commutators may be composed of stepping motors
      that position the slide at the desired commutator bar by means of the
      number of pulses received. The function of the programmer is to move the
      slides a, b, etc. to the appropriate commutator bars of their respective
      commutators in order to close a circuit to transmit a signal to a selected
      receiver at a moment in time selected by a chronometric system 5. In the
      illustrated example, slides a' and b' and slides a and b are mechanically
      constrained to occupy corresponding positions. The positioning of the
      slides a, a' is achieved by depressing the key 6, which locks in a
      depressed position until unlocked by energization of the electromagnet c.
      When key 6 is depressed, current from DC power source B passes through
      contact f to contact h, energizing an ordinary double contact relay 7,
      which in turn sends current over one contact to slide a' and over the
      other contact the electromagnetic clutch 8 which transmits rotation of the
      axle 9 to the slide a' when energized.
PAR  The current which passes through slide a' flows through the commutator bar
      that the former touches to one of the switches 10, 10', corresponding to
      such commutator bar. Each commutator bar represents a given moment in
      time, and the commutator bar contacted by the slide a is selected by the
      programmer. If the switch 10, 10'  to which current flows is in the
      position shown in the illustration, that is not depressed, the current
      passes through contacts m, m' to the motor 11 which drives the axle 9 at a
      reduced speed through a variable reduction drive mechanism. The commutator
      bar o corresponds to the deprogrammed position. When the contact of slide
      a' touches the bar 0, the contact of slide a touches the corresponding bar
      o of commutator 2, a bar that is not connected to any circuit. Whenever
      slide a' contacts bar o of commutator 2', current will pass from bar o
      through contact d of the key 6 to contact n, if the key 6 is depressed,
      and from there to the motor 11 so that the slide a' will not be stopped on
      commutator bar o when the key 6 is depressed. As pointed out above, the
      key 6 locks in depressed position when actuated and is unlocked by
      energization of electromagnet c. A separate electromagnet c may be
      employed for unlocking each key switch 6 as shown in FIG. 1 or a simple
      electromagnet which is common to all of the switches of the system may be
      used to unlock all of the locked switches.
PAR  If one of the two position switches 10, 10' were depressed, that is
      connecting the contacts p, p', the current from the corresponding
      commutator bar, instead of passing to the contact m, m' will pass to the
      corresponding contact p, p', both of which lead to the same conductor
      which is connected by a contact of a relay 11 to the contact g of the key
      6. When the key 6 is depressed, contact g connects with the contact q
      which is connected to the electromagnet c. Thus, current from the
      commutator slide a' passing through contact p, p', will energize
      electromagnet c unlocking the key 6, thereby de-energizing the relay 7,
      de-energizing the electromagnetic clutch 8 and interrupting the current
      passing through the slide a'. At the same time the motor 11 is
      de-energized, because the current that powered the motor 11, originating
      from the contacts m, m' is interrupted because the switch 10, 10'
      connected to the commutator bar contacted by the slide  a' is depressed.
      The relay 11' will open its contacts whenever the motor 11 is energized,
      thus preventing unlocking of key 6 except when the motor 11 is
      de-energized.
PAR  As a result of the above described operation, the slide a' is retained on
      the desired commutator bar corresponding to the depressed key 10, 10',
      positioning slide a in a corresponding position whereby the circuit
      corresponding to a selected time is closed. The slides of the system 5
      connect the DC power source B to different commutator bars of the
      commutator 2, 3 at different times. When the system 5 connects the power
      source to a commutator bar engaged by the slide a, b, the current coming
      from the power source will pass through that slide, to the contact e of
      the key 6 which, if it is not depressed, passes the current on to contact
      1 and from there to the locking relay 12. The relay 12 may be designed to
      automatically disconnect itself when it locks, in order to avoid waste of
      energy. The current passes through contacts e and 1 of the key 6 so that
      the relay 12 will not be energized when the key 6 is depressed.
PAR  The locking relay 12, 12' in principle, controls two independent circuits:
      one of them, upon the energizing of the relay, energizes the signal
      generator of the transmitter T causing it to generate its signal while the
      other circuit connects the output signal of the transmitter T to the
      receiver 13, 13' corresponding to the relay 12, 12'.
PAR  The separate locking relays of the system, 12, 12', act as parallel
      switches to energize the transmitter signal generator; that is, as long as
      one of them is closed the latter is energized while, if none of them is
      closed, the latter is de-energized.
PAR  When the signal is being received by a receiver 13, 13', it may be
      interrupted and the central system may be de-programmed by depressing the
      switches 14, 14', located at the receivers 13, 13' which are receiving the
      transmitted signal. For example, by depressing switch 14, the current
      passes to the relay 7 which closes its contacts sending the current to the
      slide a' and to the electromagnetic clutch 8, thereby starting rotation of
      the slides a', a, by means of the motor 11 energized through the switches
      10, 10', which will no longer be depressed. These slides a, a', will
      continue moving until they reach the commutator bars o, where they will
      stop. The current passing through slide a'  flows to contact d of the
      switch 6 which, not being depressed, passes the current to contact r and
      from there to the unlocking relay 15, which thereby releases the locking
      relay 12, thus disconnecting the receiver 13' from the transmitter T as
      well as opening one of the parallel power circuits of the transmitter
      signal generator. The signal generator will be then de-energized if the
      other receivers are not connected to the transmitter. The return of the
      slide to commutator bar o is referred to as de-programming the system.
PAR  When it is desired simply to disconnect the receiver without de-programming
      the system, the switch 14 would be connected to energize the unlocking
      relay 15, thereby obtaining the disconnection of the receiver without
      moving the keys and, therefore, without de-programming.
PAR  As it was mentioned earlier, the memory programming system may also be
      implemented by stepping motors. With stepping motors, the system does not
      change substantially, since it still comprises the positioning of a slide
      onto a given commutator bar, the only change being in the manner in which
      the slide is brought to the selected bar. A pulse generator would send
      pulses to each switch 10, 10'. The pulses would pass through each switch
      10, 10' to the stepping motors until the slide connects to a depressed
      switch 10, 10' through a commutator bar.
PAR  When it is desired to be able to send a signal after having programmed
      considerably far in advance, another programmer like that already
      described would be used. The locking relays 12, 12' would be replaced by
      stepping motors and the unlocking relays 7, 7' by the respective systems
      that set the stepping motors to zero. The commutator bars of these
      stepping motors would each connect to a commutator bar of the second
      programmer that is added, while the slide corresponding to these
      commutator bars would transmit the signal to be given. This current would
      be transmitted by means of the slide of the stepping motor that would have
      been substituted for the locking relay.
PAR  The slides of the second programmer would be linked to respective slides,
      and their functioning would be similar to that of the commutators 2', 3',
      but they would terminate in a second set of the switches 10, 10'. As a
      result, by making use of the same system of switches, it is possible to
      program the chosen time (hour and minute, for example) as well as the
      number of intervals (for example, each 12 hours) that are desired to have
      elapsed before a receiver is put into operation. Also in this case, there
      would be two options, the first being that the system could be
      de-programmed by performing this action in the manner previously
      described, while the other being that the programmed action could be
      repeated following a period that is a multiple of the period of intervals
      that are desired to elapse before the receiver is put into operation. For
      this option, the contacts p, p' would not connect to the unlocking
      electromagnet of the key c, but to a new relay or element that performs
      the same fumction, starting the second programmer.
PAR  In order to enlarge the programming system from 10 receiving points (as in
      the example of FIG. 1) to 30, 40, 200, etc. points receiving the signal,
      it will be necessary to alter the keyboard system 6, by substituting for
      it ten mechanical locking switches that represent the units, ten more that
      represent groups of ten, and as many circuits as are hundreds of points
      that must receive the signal and, finally, as many keys or locking
      switches as represent the hundreds, having only one circuit each.
PAR  Ten single output connections of the switches representing the hundreds are
      independently connected with each one of the circuits of the switches
      representing the groups of ten as illustrated in FIG. 3. The contacts of
      the switches of the groups of ten energize the motor which moves the group
      corresponding to each ten sets of commutators 2, 2', . . . 3, 3', . . .
      etc., whereby it is not necessary to provide an independent key or switch
      for each point that must receive the signal.
PAR  All these keys are provided with an unlocking electromagnet connected to
      the contacts p, p', passing through the contact of the relay 11'.
PAR  When it is desired to use the system of the invention to receive a
      programmed signal and an extemporary signal, a system shown in FIG. 2 is
      added to the system of FIG. 1 whereby the elimination of the commutator
      bar o of the corresponding programmer is obtained since de-programming
      takes place through the inserted system. The system of FIG. 2 is inserted
      in place of the set of relays 12 and 15.
PAR  When the key 14 in FIG. 2 is depressed, it activates the electromagnet 20,
      which attracts the armature 21, setting into motion the cog-wheel 21',
      provided with a catch 22 to prevent retrogression, and charging the
      condenser y. Upon releasing the key 14, the armature 21 returns to its
      position, connecting the condenser y through the contact z with the slide
      24 of the commutator 23 and from there to the condenser y', which is
      charged (avoiding the vibratory effect of the contacts t, t' and t "). At
      the appropriate time, condenser y' will operate the locking relay 16,
      which locks the contacts t, t' and t" and discharges the condenser y
      through the contact v, which will be disconnected when the relay 16 ceases
      receiving current, so that the current coming from the condenser y does
      not pass through the contact t" to the relay 18. The contacts t and t' are
      the same as that shown in FIG. 1 and in this manner, the circuit of FIG. 2
      connects to the system of FIG. 1.
PAR  When the system is in this position, in order to disconnect it without
      de-programming, the key 14 is depressed again and by the same proocess the
      condenser y is charged and the slide 24 of the commutator 23 will go on to
      the next contact, sending the current from the condenser y to the
      unlocking electromagnet 17 that releases the contacts t, t', t". The
      electromagnet 16 is connected to receive the signal from the programmer
      through the contacts x, which signal originates from the contact 1 of the
      corresponding key 6.
PAR  This signal will pass to the condenser y' and to the locking relay 16 which
      locks the contacts t, t' and t", whereby the system is automatically
      connected at the preselected moment as described above with reference to
      FIG. 1.
PAR  In order to interrupt the signal, upon depressing again the key 14, the
      process of charging the condenser y is repeated, and it is discharged by
      releasing the key 14 through the slide 24 which, through the next contact
      connects to the locked contact t", and from there to the unlocking relay
      18.
PAR  The unlocking relay 18, upon receiving the signal from the condenser y,
      unlocks the relay 16 and at the same time locks the contact x open, and
      the condenser y is discharged through the contact v', similar to the
      operation of contact v. The unlocking relay 18 locks only the contact x,
      thereby interrupting the possible command current of relay 16 which may
      come from the contact 1 of the key 6, but it leaves the relay 16 free to
      function at any time without receiving the current from the contact x.
PAR  When programming again, the current of the electromagnetic clutch 8 passes
      current through a connection to the unlocking relay 19, the only purpose
      of which is to unlock the contact x of the relay 18.
PAR  As it was noted, the commutator 23 has two series of alternate contacts so
      that their number shall be even, while the number of cogs of the wheel 21'
      shall be equal to or a multiple of the number of contacts of the
      commutator 23.
PAR  The device described can accommodate modifications, such as replacing the
      relays with other devices that perform the same function, and also other
      parts may be replaced by elements that perform the same function and carry
      out the same task, such as pulse commutators or transistors in lieu of
      plain programmers, etc. These and many other modifications may be made to
      the above described specific embodiment of the invention without departing
      from the spirit and scope of the invention as defined in the appended
      claims.
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STM  I claim:
NUM  1.
PAR  1. A programming system for controlling the selected transmission of a
      signal at preselected times comprising a transmitter, a plurality of
      receivers, a plurality of relay means one for each of said receivers for
      connecting the corresponding receiver to said transmitter when such relay
      means is energized, a plurality of commutator means one for each of said
      relay means, each commutator means having a plurality of commutator
      circuits and being operable to select one of its commutator circuits and
      provide a connection between said relay means and the selected one of the
      commutator circuits thereof, and means to provide power to the commutator
      circuits of said commutator means at different preselected times to
      energize each of said relay means at a preselected time corresponding to
      the commutator circuit selected by the corresponding commutator means to
      thereby connect said transmitter to the corresponding receiver at the
      preselected time.
NUM  2.
PAR  2. A programming system as recited in claim 1 comprising means independent
      of said commutator means for energizing any selected one of said relay
      means at any selected extemporary time.
NUM  3.
PAR  3. A programming system as recited in claim 1 further comprising key switch
      means for controlling said commutator means to determine the commutator
      circuit selected by each of said commutator means.
NUM  4.
PAR  4. A programming system as recited in claim 3 further comprising
      de-programming means for de-programming said commutator means whereby none
      of said commutator circuits is selected by said commutator means.
NUM  5.
PAR  5. A programming system as recited in claim 1 wherein said commutator means
      comprises a sliding contact connected to the corresponding relay and
      selectively engaging a plurality of commutative bars each of which
      comprises a different one of said commutator circuits.
NUM  6.
PAR  6. A programming system as recited in claim 5 wherein each of said
      commutator means comprises a second sliding contact which selectively
      engages a second set of commutator bars with means to maintain the
      position of the two sliding contacts of each commutator means in a
      corresponding position and further comprising means responsive to the
      connections made by the second sliding contact of each of said commutator
      means to remotely control the positioning of the sliding contacts of each
      of such commutator means.
NUM  7.
PAR  7. A programming system as recited in claim 6 further comprising means for
      causing the sliding contacts of said commutator means to move to a
      predetermined home position.
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ABST
PAL  Single frequency signaling system which simulates the low level tone during
      the idle circuit condition even though the radio frequency carriers in the
      transmission link through a repeater have been turned off. Said system
      utilizes 2600 Hz detectors having long time constants to turn the
      transmitters on and off and to connect 2600 Hz oscillators to the receive
      lines to simulate the idle circuit condition.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to radio frequency communication systems and more
      specifically to radio frequency communications systems which are
      compatible with land based telephone systems.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In land based telephone systems, it is frequently necessary to span great
      distances over which wire cannot be laid. Accordingly, radio frequency
      communications links which are compatible with land based telephone
      systems are used.
PAR  For radio frequency communications links to be compatible with land based
      telephone systems, it is absolutely necessary that the system be capable
      of transmitting and receiving not only the voice signals but also the
      ringing, dialing, and idle circuit signals. Since the ringing, dialing,
      and idle circuit signals are all voice frequency signals, a standard
      communications system can be easily made compatible with a land based
      telephone system. Such a communications system is continuously on so as to
      transmit the voice, ringing, and dialing signals and in particular the
      continuous idle circuit signal. One disadvantage of such a system is
      apparent in only a few specific applications in which power is at a
      premium. If power is at a premium, the continuous operation of the
      communications system is undesirable. Such applications are when either
      termination of the system is in a remote location or both terminations are
      in remote locations, the radio frequency repeater is in a remote location,
      or all three are in remote locations.
PAR  Accordingly, it is a general object of the present invention to provide a
      radio frequency communications system which is not transmitting
      continuously.
PAR  It is another object of the present invention to provide a radio frequency
      communications system which is compatible with land based telephone
      systems.
PAR  It is yet another object of the present invention to provide a radio
      frequency communications system which simulates the idle circuit signal to
      the land based telephone system even if the communications system is not
      transmitting.
PAR  It is still another object of the present invention to provide a radio
      frequency communications system which conserves the radio frequency
      repeater's power.
PAC  SUMMARY OF THE INVENTION
PAR  In keeping with the principles of the present invention, the objects in one
      embodiment are accomplished with the unique combination of a full duplex
      radio frequency communications link utilizing a transmitter and receiver
      at each end of the link and a radio frequency repeater to complete the
      link, a land based telephone system coupled to one transmitter and
      receiver set, a utilization device coupled to the other transmitter and
      receiver set, means at each of the sets for turning the transmitters on
      and off in response to the presence of an idle circuit condition signal,
      and a means for coupling and uncoupling a simulated idle circuit condition
      signal generator to the receiver output going to the telephone system
      respectively in response to the presence of an idle circuit condition
      signal and to the occurrence of a received signal. Therefore, when an idle
      circuit condition signal is present at either or both ends of the
      communications link, the transmitters are turned off and a simulated idle
      circuit condition signal is coupled to receiver output going to the
      telephone system. Alternately, when the idle circuit condition signal is
      removed, the transmitters at each end turn on and the simulated idle
      circuit condition signal is uncoupled.
PAR  In another embodiment, the objects of the present invention are
      accomplished with a unique combination similar to that previously
      discussed. In this second embodiment, both ends of the communications link
      are coupled to land based telephone systems and contain means for coupling
      and uncoupling a simulated idle circuit condition signal generator to the
      receiver output. Therefore, when the idle circuit condition signal ceases,
      both transmitters turn on and the simulated idle circuit condition signal
      is uncoupled from both receiver outputs.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features and objects of the present invention
      will become more apparent by reference to the following description taken
      in conjunction with the accompanying drawings, wherein like reference
      numerals denote like elements, and in which:
PAR  FIG. 1 is a block diagram of a foreign exchange telephone system in
      accordance with the teachings of the present invention;
PAR  FIG. 2 is a block diagram of a representative implementation of a
      utilizatiion device in FIG. 1; and
PAR  FIG. 3 is a block diagram of a trunkline telephone system in accordance
      with the teachings of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more specifically to the drawings, FIG. 1 is a simplified block
      diagram of a foreign exchange telephone system in accordance with the
      teachings of the present invention. FIG. 1 represents one preferred
      embodiment of the two described herein.
PAR  Referring to the system shown in FIG. 1, the system includes a land based
      telephone system represented by telephone exchange 2. The voice frequency
      output from exchange 2 is coupled to the voice frequency input 4 of
      transmitter 6 by telephone line 8. The input of 2600 Hz detector 10 is
      coupled to line 8. The output of 2600 Hz detector 10 is coupled to the
      input of pulse width discriminator (PWD) 12. The output of PWD 12 is
      coupled to the transmitter ON/OFF input 14 of transmitter 6.
PAR  The voice frequency output 16 of receiver 18 is coupled to voice frequency
      input of exchange 2 via telephone line 20. A 2600 Hz oscillator 22 is
      coupled to line 20. The input of 2600 Hz detector is also coupled to line
      20. The output of detector 24 is coupled to pulse width discriminator
      (PWD) 26. The output of PWD 26 is coupled to the set input of flip-flop
      28. The logical 1 output of flip-flop (F/F) 28 is coupled to relay 30.
      Normally closed relay contacts 32 of relay 30 are inserted in line 20.
      Also, normally open relay contacts 34 of relay 30 are inserted between the
      output of oscillator 22 and line 20. The AGC output 36 of receiver 18 is
      coupled to the input of differentiator 38. The output of differentiator 38
      is coupled to the reset input of F/F 28.
PAR  Radio repeater 40 is coupled to transmitter 6 and receiver 18 by radio wave
      energy. Radio repeater 40 is coupled via radio wave energy to transmitter
      42 and receiver 44. The voice frequency output 46 of receiver 44 is
      coupled via line 48 to the voice frequency input 50 of utilization device
      52. The voice frequency output 58 of utilization device 52 is coupled to
      the voice frequency input 54 of transmitter 42 via line 56. The input of a
      2600 Hz detector 60 is also coupled to the ouput 58 of utilization device
      52 by means of line 56. The output of detector 60 is, in turn, coupled to
      the input of pulse width discriminator (PWD) 62. The output of PWD 62 is
      coupled to the ON/OFF input 64 of transmitter 42.
PAR  In practice, transmitters 42 and 6 are of the type such that when a logical
      "one" is applied to the ON/OFF inputs 4 and 64, the transmitters 6 and 42
      turn off their radio frequency carriers. Also, PWD's 12, 26 and 62 are of
      the type such that when a logical "one" is applied to the input, they
      generate a logical "one" so long as the width of the logical "one" is
      longer than some specified time and is present at the input of PWD's 12,
      26 and 62. Furthermore, 2600 Hz detectors 12, 24 and 60 are of the type
      which generate a logical "one" at the output so long as a 2600 Hz signal
      is present at the input. In addition, transmitters 6 and 42 and receivers
      18 and 44 may be of the frequency modulation type and of standard
      circuitry. Radio repeater 40 may be one or more radio frequency
      transponders. Furthermore, utilization device 52 is of the type which
      generates a 2600 Hz signal on its voice frequency output 58 when the
      utilization device is not in use and may generate dialing signals and
      accept the ringing signal at the voice frequency input 50. Said
      utilization device may be type shown in FIG. 2, discussed infra.
PAR  For the purpose of illustration, assume initially that both transmitters 6
      and 42 are on and a normal telephone conversation is occurring and about
      to terminate. Assume further that the conversation terminates first at
      utilization device 52. As soon as utilization device 52 is not in use,
      utilization device 52 generates a 2600 Hz signal to indicate an idle
      circuit condition. The 2600 Hz signal appears at the voice frequency
      output of device 52 and is coupled to the voice frequency input 54 of
      transmitter 42 via line 56. The 2600 Hz signal at the voice frequency
      input 54 is modulated onto the transmitted radio frequency carrier and is
      transmitted by transmitter 42 to radio repeater 40.
PAR  Radio repeater 40 retransmits the received signal to receiver 18. Receiver
      18 demodulates the received signal and the 2600 Hz signal appears at the
      voice frequency output of receiver 18. The 2600 Hz signal is then coupled
      to exchange 2 via line 20. The 2600 Hz signal is also detected by detector
      24 and detector 24 generates a logical "one" in response thereto. The
      logical "one" is coupled to the input of PWD 26. If the length of the
      logical "one" exceeds the specified length requirement of PWD 26, PWD 26
      generates another logical "one" which is coupled to the set input of F/F
      28. The occurrence logical "one" at the input of F/F 28 causes F/F 28 to
      generate still another logical "one" which causes relay 30 to energize.
      When relay 30 energizes, contacts 32 open and contacts 34 close thereby
      disconnecting the output 16 of receiver 18 from line 20 and connecting
      oscillator 22 to line 20. Oscillator 22 simulates the 2600 Hz idle circuit
      condition signal.
PAR  Moreover, exchange 2 detects the presence of the 2600 Hz signal on line 20
      and in response thereto generates a 2600 Hz signal on line 8 to indicate
      an idle circuit condition. Detector 10 senses the presence of the 2600 Hz
      signal on line 8 and generates a logical "one" at its output which is
      coupled to PWD 12. If the length of the logical "one" generated by
      detector 10 exceeds the specified length requirement of PWD 12, PWD 12
      generates a logical "one" which is applied to the ON/OFF input 14 of
      transmitter 6 thereby turning transmitter 6 off. The specified length
      requirement of PWD 12 is longer than that of PWD 26.
PAR  Additionally, detector 60 senses the presence of the 2600 Hz signal at the
      output 58 and generates a logical "one" which is applied to the input of
      PWD 62. If the length of the logical "one" generated by detector 60
      exceeds the specified length requirement of PWD 62, PWD 62 generates a
      logical "one" which is applied to the ON/OFF input 64 of transmitter 42
      thereby turning off transmitter 42. Also, the specified length requirement
      of PWD 62 is also longer than that of PWD 26 thereby allowing PWD 26 to
      operate before PWD 62 turns transmitter 42 off. The system operates in a
      similar fashion if the conversation is terminated in the land based
      telephone system represented by exchange 2.
PAR  Alternately, if a telephone call is initiated by operating utilization
      device 52, the generated 2600 Hz signal is removed from voice frequency
      (VF) output 58 thereby removing the 2600 Hz signal from VF input 54 of
      transmitter 42. Detector 60 senses the absence of the 2600 Hz signal and
      ceases to generate a logical "one." As soon as detector 60 stops
      generating a logical "one," PWD 62 stops generating a logical "one"
      thereby turning transmitter 42 on. The unmodulated radio frequency signal
      from transmitter 42 is received by repeater 40 and retransmitted to
      receiver 18.
PAR  When receiver 18 receives the retransmitted signal, there is a change in
      the output voltage at the AGC output 36. The change in voltage is
      differentiated by differentiator 38 and resets F/F 28. When F/F 28 is
      reset, relay 30 is deenergized thereby decoupling oscillator 22 from line
      20 and coupling the VF output 16 of receiver 18 to line 20. Exchange 2
      senses the absence of 2600 Hz on line 20 and replaces the 2600 Hz signal
      on line 8 with a dial tone. The dial tone is at a substantially different
      frequency than the 2600 Hz signal and is not a harmonic or sub-harmonic
      thereof.
PAR  Detector 10 senses the absence of the 2600 Hz signal on line 8 and ceases
      the generate a logical "one" thereby causing PWD 12 to cease to generate a
      logical "one." Accordingly, transmitter 6 turns on and the dial tone is
      transmitted via repeater 40 to receiver 44 where it is demodulated. The
      dial tone now appears at the VF output 46 of receiver 44 and is coupled to
      utilization device 52 via line 48. When utilization device 52 senses the
      dial tone, the circuit is complete and available for dialing signals to
      initiate the telephone call.
PAR  The block diagram shown in FIG. 2 is a typical example of a utilization
      device 52 which could be coupled to transmitter 42 and receiver 44 via
      lines 56 and 48. As shown in FIG. 2, receiver 66 is coupled to VF input
      50. Also, ringer 68 is coupled to the VF input 50. Transmitter 70 is
      coupled to VF output 58. 2600 Hz oscillator 72 is coupled to VF output 58
      through dial 74. 2600 Hz oscillator 72 is also coupled to VF output 58 via
      normally open switch 76. Switch 76 is mechanically coupled to receiver 66.
PAR  Ringer 68 is of the type which comprises both a converter to convert voice
      frequency ringing signals to 20 Hz ringing signal and an electromechanical
      bell responsive to said 20 Hz ringing signal. Switch 76 is coupled to
      receiver 66 such that when receiver 66 is not in use, switch 76 is closed
      thereby connecting 2600 Hz oscillator 72 to VF output 58 and indicating an
      idle circuit condition. Conversely, when receiver 66 is in use, switch 76
      is open thereby disconnecting 2600 Hz oscillator 72 from VF output 58.
      Dial 74 is a standard telephone dial which generates bursts of 2600 Hz
      signal in response to dialing inputs.
PAR  It should be apparent to one skilled in the art that if transmitters 6 and
      42 were voice activated, the outputs of PWD's 62 and 12 could be connected
      to relays which would open the lines 8 and 56 in response to a logical
      "one" from PWD's 62 and 12 thereby in effect turning off and on
      transmitters 6 and 42.
PAR  Referring now to FIG. 3, therein is shown a further embodiment of the
      invention employing the teachings of the present invention in a trunkline
      telephone system. The trunkline telephone system of FIG. 3 includes two
      land based telephone systems represented by telephone exchanges 100 and
      102. The VF output of exchange 100 is coupled to VF input 104 of
      transmitter 106 via telephone line 108. The input and output of 2600 Hz
      detector 110 is coupled respectively to the VF output of exchange 100 and
      the input of PWD 112. The output of PWD 112 is coupled to the ON/OFF input
      114 of transmitter 106.
PAR  The VF input of exchange 100 is coupled to the VF output 116 of receiver
      118 via line 120. 2600 Hz oscillator 122 is coupled to the VF input of
      exchange 100. The input and output of 2600 Hz detector 124 are coupled
      respectively to the VF output 116 and the input of PWD 126. The output of
      PWD 126 is coupled to the set input of flip-flop (F/F) 128. The input and
      output of differentiator 130 are coupled respectively to the AGC output
      132 of receiver 118 and the reset input of F/F 128. The logical "one"
      output of F/F 128 is coupled to relay 134. Normally closed relay contacts
      136 and normally open relay contacts 138 of relay 134 are inserted
      respectively between the VF output 116 and the VF input of exchange 100
      and between the output of 2600 Hz oscillator 122 and the VF input of
      exchange 100.
PAR  Transmitter 106 and receiver 118 are coupled via radio wave energy and
      radio repeater 138 to transmitter 140 and receiver 142. The VF output 144
      of receiver 142 is coupled to the VF input of exchange 102 via telephone
      line 146. The output of 2600 Hz oscillator 148 is coupled to the VF input
      of exchange 102. The input and output of 2600 Hz detector 150 are coupled
      respectively to the VF output 144 of receiver 142 and the input of PWD
      152. The output of PWD 152 is coupled to the set input of flip-flop (F/F)
      154.
PAR  The input and output of differentiator 156 are coupled respectively to the
      AGC output 158 of receiver 142 and the reset input of F/F 154. The logical
      "one" output of F/F 154 is coupled to relay 160. Normally closed relay
      contacts 162 and normally open relay contacts 164 are inserted
      respectively between the VF output 144 and the VF input of exchange 102
      and between the output of oscillator 148 and the VF input of exchange 102.
PAR  The VF output of exchange 102 is coupled to the VF input 166 of transmitter
      140 via telephone line 168. The input and output of 2600 Hz detector 170
      are coupled respectively to the VF output of exchange 102 and the input of
      PWD 172. The output of PWD 172 is coupled to the ON/OFF input 174 of
      transmitter 140.
PAR  Furthermore, transmitters 106 and 104; PWD's 112, 126, 150 and 172;
      detectors 110, 124, 150 and 170; and radio repeater 138 are all of the
      same type as previously described in the first embodiment.
PAR  For the purpose of illustration, we assume an initial condition of both
      transmitters 106 and 140 on and a normal telephone conversation is
      occurring and about to terminate. Assume further that the conversation
      terminates first in the land based telephone system connected to exchange
      100. As soon as the call is terminated, exchange 100 generates a 2600 Hz
      signal to indicate an idle circuit condition. The 2600 Hz signal is
      applied to VF input 104 via telephone line 108. The 2600 Hz signal is
      transmitted by transmitter 106 to repeater 138 and retransmitted by
      repeater 138 to receiver 142.
PAR  Receiver 142 demodulates the received signal and the 2600 Hz signal appears
      at VF output 144. The 2600 Hz signal is coupled to the VF input of
      exchange 102 by line 146. Detector 150 senses the presence of the 2600 Hz
      signal at VF output 144 and generates a logical "one" so long as the 2600
      Hz signal is present. If the length of the logical "one" generated by
      detector 150 exceeds the specified length requirement of PWD 152, PWD 152
      generates another logical "one" which is coupled to the set input of F/F
      154 thereby causing F/F 154 to generate a logical "one" which energizes
      relay 160. When relay 160 energizes, contacts 162 open and 164 close
      thereby disconnecting the output of receiver 142 from line 146 and
      connecting oscillator 148 to line 146. Oscillator 148 simulates the 2600
      Hz idle circuit condition signal.
PAR  Exchange 102 senses the presence of the 2600 Hz signal at its VF input and
      generates its own 2600 Hz signal at its VF output terminal to indicate an
      idle circuit condition. The 2600 Hz signal is coupled to VF input 166 via
      line 168 and transmitted by transmitter 140 to repeater 138. Repeater 138
      retransmits the radio signal to receiver 118 wherein it is demodulated.
      The 2600 Hz signal is present at VF output 116 and is coupled to the VF
      input of exchange 100 via line 120. 2600 Hz detector 124, PWD 126, F/F
      128, relay 134, and 2600 Hz oscillator 122 operate in exactly the same
      manner as previously described for detector 150, PWD 152, F/F 154, relay
      160, and oscillator 148 in response to the 2600 Hz signal.
PAR  Exchange 100 senses the presence of the 2600 Hz signal at its VF input and
      would generate a 2600 Hz signal at its VF output if one was not already
      present. 2600 Hz detector 110 senses the presence of the 2600 Hz signal on
      line 108 and generates a logical "one " so long as it is present. If the
      length of the logical "one" generated by detector 110 exceeds the
      specified length requirement of PWD 112, PWD 112 generates another logical
      "one" which is coupled to the ON/OFF input 114 thereby turning transmitter
      106 off. 2600 Hz detector 170, PWD 172 and transmitter 140 operate in
      exactly the same manner as previously described for detector 110, PWD 112,
      and transmitter 114 in response to the 2600 Hz signal.
PAR  Alternately, if a telephone call is initiated on the land based telephone
      system coupled to exchange 102, the 2600 Hz signal on line 168 is removed.
      Detector 170 senses the absence of the 2600 Hz signal and ceases to
      generate a logical "one." As soon as detector 170 stops generating a
      logical "one," PWD 172 ceases to generate a logical "one" thereby turning
      transmitter 140 on. The unmodulated radio frequency signal from
      transmitter 140 is received by repeater 138 and retransmitted to receiver
      118.
PAR  When receiver 118 receives the retransmitted signal, there is a change in
      the output voltage at the AGC output 132. The change in voltage is
      differentiated by differentiator 130 and resets F/F 128. When F/F 128 is
      reset, relay 134 is de-energized thereby decoupling oscillator 122 from
      line 120 and coupling the VF output 116 of receiver 118 to line 120.
      Exchange 100 senses the absence of 2600 Hz on line 120 and removes the
      2600 Hz signal from line 108.
PAR  Detector 110 senses the absence of the 2600 Hz signal on line 108 and
      ceases to generate a logical "one" thereby causing PWD 112 to cease to
      generate a logical "one." Accordingly, transmitter 106 turns on. The
      unmodulated radio frequency signal from transmitter 106 is received by
      repeater 138 and retransmitted to receiver 142.
PAR  When receiver 142 receives the retransmitted signal, there is a change in
      the output voltage at the AGC output 158. The change in voltage is
      differentiated by differentiator 150 and resets F/F 154. When F/F 154 is
      reset, relay 160 is de-energized thereby decoupling oscillator 148 from
      line 146 and coupling the VF output 162 of receiver 142 to line 146.
      Exchange 102 senses the absence of 2600 Hz on line 20 and thereby senses
      that the circuit is complete and available to transmit dialing signals to
      initiate the telephone call. Since the bursts of 2600 Hz signal which
      represent the dialing signal are very short in duration, the PWD's 112,
      126, 152, and 172 which have long specific length requirements do not
      respond and the system is substantially insensitive to false triggering by
      dialing signals.
PAR  It should be apparent to one skilled in the art that if transmitters 106
      and 140 were voice activated, the outputs of PWD 172 and 112 could be
      connected to relays which would open the lines 168 and 108 in response to
      a logical "one" from PWD's 112 and 172 thereby in effect turning off and
      on transmitters 106 and 140.
PAR  In all cases it is understood that the above-described embodiments are
      merely illustrative of but a small number of the many possible specific
      embodiments which can represent application of the principles of the
      present invention. Numerous and varied other arrangements can be readily
      devised in accordance with these principles by those skilled in the art
      without departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A communication system comprising at least two radio frequency terminals
      and a radio frequency repeater wherein at least one of the terminals
      comprises, in combination:
PA1  a land based telephone system;
PA1  a first radio frequency transmitter coupled to said land based telephone
      system;
PA1  a first radio frequency receiver coupled to said land based telephone
      system;
PA1  means for turning said first transmitter off whenever and so long as said
      telephone system generates an idle circuit condition signal to said first
      transmitter;
PA1  means for generating an idle circuit condition signal;
PA1  means for coupling said means for generating an idle circuit condition
      signal to said telephone system whenever an idle circuit condition signal
      is received by said first receiver for longer than a first time interval;
      and
PA1  means for uncoupling said means for generating idle circuit condition
      signal from said telephone system upon the occurrence of a received radio
      frequency signal by said first receiver.
NUM  2.
PAR  2. The communications system according to claim 1 wherein said means for
      turning said first transmitter off comprises:
PA1  an ON/OFF control port in said first transmitter, said ON/OFF control port
      being responsive to digital signals; and
PA1  a means for detecting the presence of an idle circuit condition signal
      coupled to said ON/OFF control port.
NUM  3.
PAR  3. The communications system according to claim 2 wherein said means for
      detecting the presence of said idle circuit condition signal comprises a
      2600 Hz detector.
NUM  4.
PAR  4. The communications system according to claim 1 wherein said means for
      generating an idle circuit condition signal comprises a 2600 Hz
      oscillator.
NUM  5.
PAR  5. The communications system according to claim 1 wherein said means for
      coupling the idle circuit condition signal generator comprises:
PA1  a means for detecting the presence of the idle circuit condition signal;
PA1  a flip-flop, said flip-flop having its set input coupled to the output of
      said means for detecting the presence of the idle circuit condition
      signal;
PA1  a relay, said relay having a set of normally closed contacts and a set of
      normally open contacts, said normally closed contacts interposed between
      said first receiver and said telephone system and said normally open
      contacts interposed between said means for generating an idle circuit
      condition signal and said telephone system, said relay responsive to an
      output of said flip-flop to close said normally open contacts and open
      said normally closed contacts to couple said generating means to said
      telephone system and to uncouple said first receiver from said telephone
      system.
NUM  6.
PAR  6. The communications system according to claim 5 wherein said means for
      uncoupling said idle circuit condition signal generator comprises:
PA1  an automatic gain control output port in said first receiver providing a
      signal related to said received radio frequency signal; and
PA1  a differentiator, said differentiator having its input and output coupled
      respectively to said AGC output port and the reset input of said flip-flop
      wherein a signal on said reset input allows said sets of relay contacts to
      assume said normally closed and open states.
NUM  7.
PAR  7. The communications system according to claim 1 wherein at least one of
      the other terminals comprises, in combination:
PA1  telephone terminal equipment device;
PA1  a second radio frequency transmitter coupled to said equipment;
PA1  a second radio frequency receiver coupled to said equipment; and
PA1  means for turning said second transmitter off whenever and so long as said
      equipment generates an idle circuit condition signal to said second
      transmitter.
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PAL  In a preferred embodiment, a pillow including a tubular flexible material
      having a space defined within the tube divided into a sealed central space
      portion having pillow stuffing therein, and adjacent the central sealed
      portion there being at opposite ends thereof open-ended space-defining
      portions respectively each invertible over and around the sealed central
      space portion and one over and around the other when both are in an
      inverted state, with one end portion having adjacent an end thereof
      nearest the sealed central space portion two apertures extending through
      the tubular flexible material and with the other end portion having
      adjacent an end thereof most distant from the sealed central space portion
      two apertures located to become aligned with the apertures of the other
      end portion when both are inverted around and over the sealed central
      space portion of the tubular flexible material, and a radio receiver and
      speaker combination of miniature size and of substantially flattened shape
      located between the outer face of the sealed central space and an inner
      face of a first-inverted one of said end portions with each of volume and
      tuning shafts extending through aligned ones respectively of the two
      apertures in the respective ones of the inverted end portions with
      detachable knobs locked on distal ends of the inserted volume and tuning
      shafts, the inner face of the tubular flexible material before inversion
      of the end portions thereof being an aesthetically finished face such that
      upon the inversion to the inverted state of the end portions the
      aesthetically finished face is outwardly directed for each of the end
      portion's tubular flexible material, locked in the inverted state by the
      volume and tuning shafts having knobs locked thereon.
BSUM
PAR  This invention relates to a pillow having a radio embodied therein.
PAC  BACKGROUND TO THE INVENTION
PAR  Prior to the present invention, there have existed numerous patents
      directed to the inclusion of a noise maker such as tinker toys and such as
      radio speakers and/or radio receiver and speaker within space within the
      body of the pillow or stuffing thereof. Accordingly, there is nothing new
      in the general concept of such a broad combination.
PAR  However, there are numerous other matters which are prohibitive of bringing
      such novelty devices with their practical utities of music during sleep or
      to induce sleep or to wake-up by, to the availability of the public which
      thus far has been largely denied such type devices.
PAC  OBJECTS OF THE INVENTION
PAR  Objects of the present invention include the obtaining of a novel
      combination of the type described above at a low cost of production as
      based upon a novel simplified structure simplifying the materials and
      labor of production such that low cost results to make the completed
      device available at attractive low purchase prices to the consumer.
PAR  Another object includes the obtaining of a novel pillow structure which
      substantially obviates the possibility of theft of contents such as a
      radio within the pillow when the pillow is in a salable state of completed
      assemblage.
PAR  Another object is to obtain a combination novel pillow and radio device
      which is designed to slow-down any attempt to gain entrance to pillow
      inner contents such as the radio.
PAR  Another object is to obtain a combination as noted for one or more of
      preceding objects, which has an aesthetic appearance in the assembled
      state devoid of a separate pillow case therefor.
PAR  Another object is to obtain one or more preceding objects together with the
      obtaining gaining the aesthetic appearance and security against theft
      while maintaining low cost of material and few necessary parts and a
      minimum of assemblage effort.
PAR  Other objects become apparent from the preceding and following disclosure.
PAR  One or more objects of the present invention are obtained by the invention
      defined herein.
PAC  BROAD DESCRIPTION OF THE INVENTION
PAR  Broadly the invention includes the preceding objects and the fulfillment
      thereof, one or more, by a pillow casing or pillow ticking material of a
      tubular flexible material in its nature, such as fabric and/or plastic or
      any other conventionally known or desirable material, which is divided
      along transverse lines across tubular space defined by the tubular
      material into three portions preferably, including a central totally
      sealed portion in which pillow stuffing is located, and at opposite ends
      the open-ended end portions open at ends thereof away from the centrally
      sealed cental portion, and there being a miniature radio receiver and
      speaker set enclosable adjacent an outer face of the central portion by
      inversion of the tubular flexible material of each end portion. In various
      preferred embodiments, the tubular flexible material has its inner face
      before any inverion of the end portions, facing inwardly as the
      aesthetically appearing face thereof, such that upon inversion of the end
      portions the aesthetically appearing face of each end portion is facing
      outwardly in the inverted state of thereby encompassing the central sealed
      portion, with the radio receiver and speaker(s) locked between the central
      portions outer face and the inner face -- in the inverted state -- of the
      first-inverted ones of the opposite invertible end portions, being locked
      into this inverted state for each end portion by shafts of the volume and
      tuning controls extending outwardly through through-apertures of the
      opposite inverted end portions with their respective through-apertures
      being located to be aligned with one-another for the overlapping inverted
      end portions. Preferably the apertures of one end portion are located at
      an end location of the respective one end portion at a site adjacent the
      sealed central portion such that it is convient for adjusting by the knobs
      mounted on the shafts in the inserted state and such that the radio
      receiver is distant from the inverted open end opening of that end
      portion, while the other overlying inverted end portion has the
      shaft-receiving apertures located adjacent its open end aligned with the
      apertures of the first-inverted end portion and receivable of the volume
      and tuning shafts thereby the entire outer last-inverted end portion
      enclosing the open end of the first-inverted end portion and locking the
      second-inverted outer inverted end portion in its inverted state in a
      security manner. It is further noted that not only is the outer pillow
      appearance aesthically attractive, but the pillow as viewed through the
      open end of the inverted out (last-inverted) end portion, is also
      aesthetically pleasing since nothing but finished surface is visible when
      both of the end portions are inverted, while concurrently the radio
      receiver and speaker(s) is(are) securely locked against the possible easy
      theft otherwise within the store. This all is accomplished by a simple
      stitching at two points transversely across a tubular inverted fabric such
      that a central pillow-stuffing compartment is obtained which has ends
      thereof that may be inverted around the radio receiver and speaker(s). The
      pillow-stuffing composition may be included before the stitching to form
      the three portions, or may be subsequently inserted by a foam-rubber
      insertion tube or by blowing or otherwise inserting stuffing through a
      small aperture. Although three sections are preferred, the same may be
      achieved to a lesser degree by having one end sealed and the other end
      open-ended and invertible.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 illustrates an elevation plan view of the present invention in a
      state before inversion of the opposite end portions.
PAR  FIG. 2 illustrates a side cross-sectional view as taken along lines 2--2 of
      FIG. 1; knobs are shown in exploded view.
PAR  FIG. 3 illustrates a side cross-sectional view comparable to that of FIG.
      2, except in a state of the opposite end portions being in the inverted
      and locked state.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In greater detail, all of FIGS. 1 through 3 disclose a common, same
      preferred embodiment of the invention earlier described above.
PAR  For purposes of this disclosure, the FIG. 1 view may be considered to be a
      top elevation plan view of the extended tubular flexible material 4
      divided by typically sewn stitching 9a and 9b of FIG. 2, into an
      intermediate central portion sealed at each end thereof by the stitching
      extending transversely width-wise across the length of the tubular
      flexible material, with the upper face of a speaker (diagrammatically
      shown) facing upwardly as speaker 5 connected to speaker wiring 6
      extending laterally around the edge toward and under the pillow tubular
      flexible material. In FIG. 1, the rough or unfinished faces 15b and 15b'
      of the end portions of the tubular flexible material are disclosed.
PAR  In FIG. 2, in side cross-sectional view through FIG. 1 embodiment along
      lines 2--2 thereof, the same details are shown for the same of the three
      sections, namely the central section portion 8a, and the two end portions
      8b and 8c respectively defined by the stitchings 9a and 9b. The respective
      end portions 8b and 8c define openings 16a and 16b respectively, and
      preferably include an elastic band, one at each end, as bands 10a and 10b
      respectively which serve to provide for more perfect enclosing of the
      pillow and to add neatness and aesthetic appeal, when the end portions 8b
      and 8c respectively are inverted. This FIG. 2 also discloses for the first
      time, the inner aesthetically finished faces of the portions 8b and 8c
      respectively faces 15a and 15b;  accordingly, when these end portions 8b
      and 8c are inverted to enclose and extend around the central portion 8a,
      as illustrated in FIG. 3, the FIG. 2 inwardly directed finished faces 15a
      and 15a' respectively of end portions 8b and 8c, become the outwardly
      directed finished faces as illustrated in the FIG. 3 completed embodiment.
      FIG. 2 also illustrates the typically extending connector cord 6 discussed
      above, connected to speaker 5a as a second and downwardly facing speaker
      -- so that it is a matter of choice as to which face of the pillow shall
      be used as an upper surface of the completed pillow by a consumer
      customer, and with the both speakers being shown connected to the radio
      receiver adjoining, and the radio receiver 11 having an adjoining
      battery-contining compartment 7. The end portion 8b has the paired
      apertures 14a and 14b and the end portion 8c has the paired apertures 14a'
      and 14b' position respectively for overlapping the apertures 14a and 14 b
      when each of the portions 8b and 8c are inverted as shown in FIG. 3 with
      the volume shaft 12a and the turning shaft 12b extending though the
      respective apertures 14a -14a' and 14b-14b', with the removable knobs 13a
      and 13b respectively locked onto the distal ends of the respective shafts.
PAR  Although the access to the radio receiver and its battery compartment is
      simple, possible by mere removal of the knobs and inverting the portions
      to convert to the FIG. 1 opened state, such an operation is sufficiently
      time consuming and obvious as to render the likelihood of theft of radio
      unlikely. Also, it should be noted that the radio receiver, being
      concealed thereby requires no special casing, although a plastic back with
      or without padding, or padding along may be provided around the radio
      receiver parts. However, such cover and/or padding is not normally
      necessary because the pillow stuffing itself is yieldable to prevent the
      radio receiver and/or battery compartment and/or speaker(s) from
      projecting or protruding or from being uncomfortable to the head of a
      person resting thereon.
PAR  The invention includes obvious variations and equivalents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A radio-pillow device comprising in combination: a tubular flexible
      material divided into at least two segregated portions one from the other,
      with each portion defining therein a space, a first one of said portions
      having an open tubular end and at least a first aperture, and an adjacent
      second one of said portions having its respective defined space thereof
      substantially totally enclosed such that pillow stuffing is retainable
      therein, the second portion being closed at each of opposite ends of its
      space thereof, a portion of the tubular flexible material defining said
      first portion being invertible and thereby enclosable of and around said
      second portion; a radio means for receiving radio waves and converting the
      radio waves to sound waves, the radio means being of a predetermined
      miniature size and substantially flattened in shape such that it is
      positionable adjacent an outer surface of said second portion and within
      an enclosure of the first portion when said first portion is in an
      inverted state enclosing the second portion, said radio means including at
      least volume and tuning shaft elements extending outwardly for extending
      through said first aperture.
NUM  2.
PAR  2. A radio-pillow device of claim 1, in which said first portion includes
      said first aperture located adjacent a closed end of said first portion.
NUM  3.
PAR  3. A radio-pillow device of claim 2, in which said portions include a third
      portion having an open tubular end at one end thereof and having a closed
      end adjacent said second portion, said third portion defining space
      therein and being invertible and thereby enclosable of each of said second
      portion and of said first portion when in an inverted state.
NUM  4.
PAR  4. A radio-pillow device of claim 3, in which said third portion includes
      at least a second aperture located adjacent an open end thereof of a size
      receivable therethrough at least on of said volume and tuning shafts.
NUM  5.
PAR  5. A radio-pillow device of claim 4, in which said first portion and said
      third portion are each in inverted states and one thereof encloses said
      second portion, and in which one of the first portion and said third
      portion encloses the other of the first and third portions, with at least
      one of said volume and tuning shafts extending through said first aperture
      and said second aperture.
NUM  6.
PAR  6. A radio-pillow device of claim 5, in which said radio means further
      includes a detachably lockable knob element for respective ones of said
      volume and tuning shafts, mounted on distal ends of the volume and tuning
      shafts when extending through the first and second apertures.
NUM  7.
PAR  7. A radio-pillow device of claim 6, including each of third and fourth
      apertures defined in said tubular flexible material, said third aperture
      in said first portion and said fourth aperture in said third portion, with
      one of the volume and tuning shafts extending through the first and second
      apertures and the other of the volume and tuning shafts extending through
      the third and fourth apertures, respectively, adapted such that the first
      portion and the third portion each in the inverted state are each locked
      in the inverted state by the volume and tuning shafts having the
      respective knobs mounted on the distal ends thereof.
NUM  8.
PAR  8. A radio-pillow device of claim 7, including pillow-stuffing composition
      within the space defined within the second portion.
NUM  9.
PAR  9. A radio-pillow device of claim 8, in which said first portion and said
      third portion, before inversion, have an aesthetically finished face of
      said tubular flexible material on the inwardly facing surface of the first
      and third portions.
NUM  10.
PAR  10. A radio-pillow device of claim 3, including pillow-stuffing composition
      within the space defined within the second portion, and in which said
      first portion and said third portion, before inversion, have an
      aesthetically finished face of said tubular flexible material on the
      inwardly facing surface of the first and third portions.
NUM  11.
PAR  11. A radio-pillow device of claim 1, in which said first portion, before
      inversion, has an aesthetically finished face of said tubular flexible
      material on the inwardly facing surface of the first portion.
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PAL  A radio receiver has an antenna casing provided separately of the chassis
      and printed circuit board of the receiver and housing a rod-like antenna.
      The antenna casing has a stem portion rotatably and slidably extending
      through a bearing portion formed in the cabinet of the receiver to mount
      the antenna casing rotatably on the cabinet whereby the antenna may be
      oriented in a direction at which a desired radio wave is received best
      regardless of the orientation of the receiver relative to the radio wave.
BSUM
PAR  The present invention relates to a radio receiver and, more particularly,
      to a portable type radio receiver.
PAR  In a portable type radio receiver, a rod-like antenna such as a ferite
      antenna has conventionally been disposed within the cabinet of the
      receiver and secured either to the chassis of the receiver or to the
      printed circuit board thereof. With this type of radio receiver,
      therefore, the sensitivity of the receiver to a desired radio wave depends
      solely upon the orientation of the receiver and hence the antenna disposed
      therein.
PAR  The present invention aims to solve the problem discussed and provide a
      radio receiver which is operative to catch a desired wave best regardless
      of the orientation of the body of the receiver relative to the desired
      radio wave.
PAR  According to the present invention, there is provided a radio receiver
      comprising a cabinet forming the body of the receiver, a chassis and a
      board disposed within said body, said board carrying thereon printed
      circuits and electric components forming radio receiving circuits, and a
      rod-like antenna electrically connected to said radio receiving circuits,
      a casing provided separately of said chassis and said board and housing
      said antenna therein, said cabinet having a bearing portion formed
      therein, said antenna casing having a stem portion received in said
      bearing portion so that said antenna casing is rotatable with respect to
      said cabinet.
DRWD
PAR  The present invention will now be described by way of example with
      reference to the accompanying drawings showing embodiments of the
      invention.
PAR  FIG. 1 is a perspective view of a radio receiver according to an embodiment
      of the present invention;
PAR  FIG. 2 is a sectional view of the receiver taken in a plane extending
      through a bearing portion of a cabinet of the receiver;
PAR  FIG. 3 is a fragmentary perspective view illustrating the bearing portion
      with a part being cut away;
PAR  FIG. 4 is a perspective view of an antenna casing of the radio receiver;
PAR  FIG. 5 is a perspective view of a shaft for rotatably supporting the
      antenna casing on the cabinet;
PAR  FIG. 6 is a perspective view illustrating a stem portion of the antenna
      casing and an associated operating lever;
PAR  FIG. 7 illustrates partially in plan view and partially in horizontal
      section the stem portion and the operating lever;
PAR  FIG. 8 is a perspective view of the receiver with parts cut away to show
      click sound producing mechanism;
PAR  FIG. 9 is a plan view of the receiver showing rotation angle indicator
      provided on the top of the cabinet;
PAR  FIG. 10 is a view similar to FIG. 9 and illustrating a modification of the
      rotation angle indicator;
PAR  FIGS. 11 to 13 illustrate the positions of the operating lever, the stem
      portion of the antenna casing relative to the lever, and the antenna
      casing relative to the cabinet when the casing is moved out of a recess in
      the top of the cabinet;
PAR  FIG. 14 is a view similar to FIG. 2 and illustrates another embodiment of
      the present invention;
PAR  FIGS. 15 and 16 are perspective views of antenna casing of the other
      embodiment;
PAR  FIGS. 17 to 20 illustrate a further embodiment of the invention.
DETD
PAR  Referring to FIGS. 1 to 13 of the drawings, the radio receiver has a
      cabinet 1 which forms the body of the receiver. The cabinet 1 carries
      tuning and volume controller knobs 21 and 22 mounted on one side face of
      the cabinet, while a dial 23 is provided on the front face of the cabinet.
      The cabinet 1 comprises a cabinet body 1a and a cabinet lid 1b fitted
      thereto. An elongated recess 2 is formed in the top of the cabinet 1. The
      cabinet is provided with a tubular bearing portion 3 defining therein a
      cylindrical space which is in communication with the recess 2, as will be
      best seen in FIG. 3. The bearing portion 3 is formed with a slot 29 in the
      peripheral wall, with an axially elongated ridge 30 on the inner
      peripheral surface and with a through-hole 31 in the bottom wall. An axle
      or shaft 4 is secured to the through-hole 31 by a fastener 19 and extends
      through the interior of the bearing portion 3. As best shown in FIG. 5,
      the shaft 4 has a pair of axial grooves 32 and 33 formed in the peripheral
      surface of the shaft, a flange 34 formed at one end thereof and annular
      grooves 35 formed in the other end of the shaft 4.
PAR  The receiver also has a board 5 carrying printed circuits (not shown) and
      electrical components one of which is indicated by 7, said components
      constituting radio receiving circuits.
PAR  An antenna casing 8 is formed by a casing parts 8a and 8b having spaced
      longitudinal ribs 10 and 11, respectively, which cooperate together to
      hold within the casing 8 a rod-like antenna which may preferably be a
      ferrite antenna 12. The antenna casing 8 has a tubular hollow stem portion
      9 extending therefrom substantially at right angles, as best shown in FIG.
      4, and received rotatably and slidably in an annular space defined between
      the bearing portion 3 and the shaft 4, as shown in FIG. 2. As will be seen
      in FIG. 4, the stem portion 9 has a bottom end which is partly cut away to
      form an offset portion 24 radially inwardly offset from the outer
      peripheral surface of the stem portion. A slot or opening 16 is formed in
      the peripheral wall of the stem portion 9 above the offset portion 24. A
      slit-like elongated cut-out 26 is formed between the offset portion 24 and
      the slot 16 and open to the offset portion. A plurality of axial grooves
      27 are formed in the periphery of the lower part of the stem portion 9.
PAR  Electric cords 13 connected at one ends to the antenna 12 extend through
      the grooves 32 and 33 in the shaft 4 into the cabinet 1 and are connected
      to the printed circuits on the board 5. A compression coil spring 14
      extends between the bottom of the bearing portion 3 and a downwardly
      directed annular flange 20 formed on the inner peripheral surface of the
      stem portion 9 to always bias the antenna casing 8 outwardly of the recess
      2.
PAR  A two-armed lever 15 having a projection 28 on one end is pivotally mounted
      at a substantially central portion by a pin 17 either on the cabinet 1 or
      the chassis adjacent the recess 2. The projection 28 is adapted to be
      engaged into the slot 16 in the stem portion 9 of the antenna casing 8
      when the latter is pushed against the spring 14 down into the recess 2 so
      that the lever 15 prevents the casing 8 from being moved out of the recess
      2 by the spring 14. The projection 28 is also adapted to be engaged with
      the offset portion 24 at the bottom of the stem portion 9 when the antenna
      casing 8 is lifted up by the spring 14. The lever 15 is provided with a
      through-hole or opening 36 formed in the other end of the lever. The
      opening 36 receives a coil spring 18 having intermediate or central
      convolutions 18a having a diameter larger than those of the convolutions
      18b at the opposite end portions of the spring. The larger convolutions
      18a of the spring 18 are in abutment contact with the peripheral edge
      portion 36a of the opening 36 so that the projection 28 of the lever 15 is
      resiliently biased toward the stem portion 9 of the antenna casing 8.
PAR  As will be seen in FIG. 7, a lever actuation button 37 having a head
      portion extending through a through-hole 38 in the front face of the
      cabinet body 1a receives one end of the spring 18 in a recess defined by
      an annular skirt portion 39 of the button so that the button is always
      biased outwardly. The other end of the spring 18 is received in a recess
      40 formed in a stationary part 41 which may be either a part of the
      cabinet 1 or a part of the chassis of the radio receiver.
PAR  Referring to FIG. 8, a resilient finger member 42 is mounted by a screw
      member 44 onto a fitting 43 fixed to the cabinet lid 1b and is so
      positioned as to be engaged into one of the grooves 27 in the stem portion
      9 of the antenna casing 8 when the latter is sprung up from the recess 2
      in the top of the cabinet 1.
PAR  As shown in FIG. 9, there is provided on the top of the cabinet 1 an
      indicator in the form of numerals 46 representative of degree of rotation
      of the antenna and lines 47 extending from the numerals radially inwardly
      toward the axis of rotation of the antenna casing 8. Alternatively, the
      indicator may be provided on the antenna casing 8 in the form of similar
      numerals 48 and lines 49, as will be seen in FIGS. 4, 6, 8 and 10. In this
      case, a reference or "zero" position is indicated at 50 on the top of the
      cabinet 1.
PAR  With the arrangement described, it is assumed that the antenna casing 8 is
      in its stowed position, as shown in FIG. 1, and the projection 28 on one
      end of the lever 15 extends into the slot 16 in the periphery of the stem
      portion 9 of the casing 8 to hold the same against upward movement by the
      spring 14. When the lever actuation button 37 is pushed as shown in FIG.
      11 to move the other end of the lever 15 about the pin 17 against the
      spring 18, the projection 28 on the one end of the lever 15 is moved out
      of engagement with the slot 16 to allow the stem portion 9 of the antenna
      casing 8 to be pushed up by the spring 14 with a result that the casing 8
      is moved out of the recess 2, as shown in FIG. 12. If the pressure on the
      button 37 is removed therefrom, the larger convolutions 18a of the spring
      18 will be urged by the spring force against the other end of the lever 15
      to rotate the same in a counterclockwise direction as viewed in FIG. 11 so
      that the button 37 is pushed back to its initial position shown in FIG. 7
      and is resiliently held in this position by the spring 18. At the same
      time, the projection 28 on the one end of the lever 15 is moved into
      engagement with the offset portion 24 at the bottom of the stem portion 9
      of the antenna casing 8, as shown in FIG. 12. In this position, the
      antenna casing 8 can be rotated about the axis of the stem portion 9 over
      an angle which is determined by the angles over which the offset portion
      24 and projection 28 angularly extend about the axis of the stem portion 9
      of the antenna casing 8. Thus, the antenna casing 8 and thus the antenna
      12 therein may be rotated to any desired orientation, as shown in FIG. 13,
      so that a desired radio wave is caught best. In addition, when the antenna
      casing 8 is rotated, click sounds are produced by the resilient finger 42
      as the same is moved over the grooves 27 one after another against the
      resiliency of the finger. The sounds enable an operator to realize the
      rotation of the antenna 12.
PAR  FIGS. 14 to 16 illustrate another embodiment of the present invention.
      Similar parts and members are indicated by similar reference numerals in
      these figures. The embodiment is substantially similar to the first
      embodiment described except the feature that a rod member 51 axially
      slidably extends through a hole 51a in the front wall 1a-f of a cabinet
      body 1a and through another hole 29 in the adjacent wall of a bearing
      portion 3 of a cabinet 1. The rod member 51 has a spring retainer part 52
      in the form of a flange or a projection formed on the rod member
      intermediate the ends thereof. A compression spring 53 extends around the
      rod member 51 between the spring retainer part 52 and the front wall 1a-f
      of the cabinet body 1a to bias the rod member inwardly toward a tubular
      stem portion 9 of an antenna casing 8. The rod member 51 has its inner end
      extending into a through-hole 16 formed in the peripheral wall of the stem
      portion 9 of the antenna casing 8 when the same is in its stowed position
      shown in FIG. 14. Thus, the antenna casing 8 is prevented from being
      sprung up by a compression spring 14 extending between the bottoms of the
      stem portion 9' of the antenna casing 8 and a recess 2 in the top of the
      cabinet 1.
PAR  When an operating knob 54 secured to the outer end of the rod member 51 is
      moved to pull the rod member outwardly against the spring 53, the inner
      end of the rod member is moved out of the through-hole 16 in the stem
      portion 9 of the antenna casing 8 to allow the same to be lifted out of
      the recess 2 by the compression spring 14 until the bottom 9'a of the stem
      portion 9' is engaged by a flange 34 formed on the top of a shaft 4 so
      that the antenna casing 8 is prevented from being further moved upwardly
      by the spring 14 and is held in the lifted position. Thus, the antenna
      casing 8 can be rotated about the axis of the shaft 4 to an orientation in
      which the radio receiver catches a desired radio wave best.
PAR  Advantageously, a plurality of recesses 55 are formed in the periphery of
      the stem portion 9' adjacent the bottom end thereof, as will be seen in
      FIG. 15, so that the inner end of the rod member 51 cooperates with any
      one of these recesses to cause regulated rotation of the antenna casing 8.
      Alternatively, the stem portion 9' of the antenna casing may be formed
      with a plurality of axial grooves 56, as shown in FIG. 16.
PAR  FIGS. 17 to 20 illustrate a further embodiment of the radio receiver
      according to the present invention. The radio receiver of the embodiment
      has a cabinet 61 formed by a cabinet body 61a and a cabinet lid 61b fitted
      thereto. The cabinet 61 carries tuning and volume controller knobs 74 and
      75 mounted on one side face of the cabinet, while a dial 76 is provided on
      the front face of the cabinet. A recess 62 is formed in the rearward area
      of the top of the cabinet 61. As shown in FIG. 18, the part of the top of
      the cabinet 61 between the front wall thereof and the recess is connected
      to one vartical wall of the recess 62 by a curved wall portion. A slot 63
      is formed in the top and the vertical wall of the cabinet 61 and extends
      transversely of the cabinet 61, as will be seen in FIGS. 18 and 19. A
      board 64 carrying printed circuits thereon is secured to the cabinet body
      61a by means of a boss 65 formed on the inner surface of the front wall of
      the cabinet body 61a. The board 64 also carries thereon electric
      components forming electric circuits of the radio receiver, some of the
      electric components being shown and indicated by 66.
PAR  An antenna casing 67 having a tubular stem portion 68 slidably and
      rotatably extending through the slot 63 into the cabinet 61 is formed by a
      pair of casing parts 67a and 67b secured to each other. The stem portion
      68 is mounted on the cabinet 61 by a fastener 73 against removal from the
      slot 63. The casing parts have ribs 69 and 70 which are formed on the
      inner surfaces of the casing parts and which cooperate to hold within the
      casing 67 a rod-like antenna which is preferably a ferite antenna 71.
      Electric cords 72 having one ends connected to the antenna 71 extend
      through a through-hole in the stem portion 68 of the antenna casing 67
      into the cabinet 61 and are connected to the electric circuits on the
      printed circuit board 64.
PAR  The stem portion 68 of the cabinet casing 67 may be moved along the slot 63
      from the horizontal position shown in FIG. 18 to the vertical position
      shown in FIG. 19 in which the antenna casing 68 rests on the top of the
      cabinet casing and can be rotated about the axis of the stem portion 68 to
      an orientation in which the antenna 71 can catch a desired radio wave best
     .
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A radio receiver, comprising:
PA1  a cabinet having a chassis mounted therein on which radio receiving
      electric circuit components are disposed;
PA1  a recess formed in a top portion of said cabinet and having a tubular
      bearing portion extending inwardly of said cabinet from said recess;
PA1  a casing having a rod-like antenna housed therein;
PA1  an elongated stem portion fixed to and extending from said antenna casing
      into said bearing portion, said stem portion having at least one opening
      in a peripheral surface thereof and a portion which is radially offset
      from said peripheral surface;
PA1  means supporting said stem portion in said bearing portion for rotational
      movement within said bearing portion and for movement between axially
      extended and axially retracted positions relative to said bearing portion,
      said stem portion support means including a shaft member secured at one
      end to said bearing portion and extending into said stem portion to
      interconnect said bearing and stem portions and to limit the range of
      axial movement of said stem portion relative to said bearing portion, and
      a spring member extending between said bearing and stem portions and
      biasing said antenna casing outwardly of said recess; and
PA1  an operating member movably mounted on said cabinet and having one end
      portion biased toward said stem portion for engagement with said opening
      in said stem portion in said axially retracted position and for engagement
      with said radially offset portion in said axially extended position to
      limit the amount of rotation of said stem portion with respect to said
      bearing portion.
NUM  2.
PAR  2. A radio receiver according to claim 1, in which said antenna is
      connected to said circuits by an electric conductor, and said shaft member
      defines therein axial passage means through which said conductor extends.
NUM  3.
PAR  3. A radio receiver according to claim 1, in which said operating member
      comprises a lever member pivotally mounted on said cabinet and having an
      end disposed adjacent said stem portion of said antenna casing, the other
      end of said lever member being disposed adjacent an outer surface of said
      cabinet.
NUM  4.
PAR  4. A radio receiver according to claim 3, in which said lever member
      defines therein an opening and is resiliently supported by a coil spring
      member extending through said opening in said lever member, said coil
      spring member having at least one convolution greater in diameter than the
      remaining convolutions of said coil spring member, the convolution having
      the greater diameter being engageable with said lever member around said
      opening therein.
NUM  5.
PAR  5. A radio receiver according to claim 1, in which a dial is provided on
      the top of said cabinet for indicating the angle of rotation of said
      antenna casing relative to said cabinet.
NUM  6.
PAR  6. A radio receiver according to claim 1, in which said antenna casing has
      side faces having means formed thereon for indicating the angle of
      rotation of antenna casing relative to said cabinet, and the top of said
      cabinet has means for indicating a reference point cooperative with said
      angle indicating means.
NUM  7.
PAR  7. A radio receiver according to claim 1, further comprising: a plurality
      of axial grooves formed on an outer peripheral surface of said stem
      portion; and a resilient member mounted to said cabinet and having one end
      extending into engagement with one of said stem portion axial grooves in
      said axially extended position, said antenna casing being rotatable about
      the axis of said stem portion against the force applied by said resilient
      member.
NUM  8.
PAR  8. A radio receiver, comprising:
PA1  a cabinet having a chassis mounted therein on which radio receiving
      electric circuit components are disposed;
PA1  a recess formed in a top portion of said cabinet and having a tubular
      bearing portion extending inwardly of said cabinet from said recess;
PA1  a casing having a rod-like antenna housed therein, said casing having an
      elongated stem portion extending into said bearing portion, said stem
      portion having a plurality of axial grooves formed on an outer peripheral
      surface thereof;
PA1  means supporting said stem portion in said bearing portion for rotational
      and axial movement relative to said bearing portion, said stem portion and
      said antenna casing being movable between axially extended and axially
      retracted positions; and
PA1  a resilient member mounted to said cabinet and having one end extending
      into engagement with one of said stem portion axial grooves in said
      axially extended position of said stem portion, said antenna casing being
      rotatable about the axis of said stem portion against the force applied by
      said resilient member.
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ABST
PAL  The amplitude of a local oscillator signal for use with a frequency mixer
      is maintained at a given constant level by a control signal derived from
      the direct current flow through the mixer diodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to automatic level control circuits and more
      particularly to such circuits to maintain a constant level for a local
      oscillator signal applied to a frequency mixer.
PAR  Automatic level control circuits are often used to keep a local oscillator
      signal level constant when coupled to frequency mixers. A constant local
      oscillator signal level is important to maintain a smooth conversion loss
      over the RF (radio frequency) frequency band. Generally the automatic
      level control signal is obtained by sampling and detecting a portion of
      the local oscillator signal power before it enters the mixer.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an automatic level control
      circuit which derives the control signal from the DC (direct current)
      current flowing through the mixer diodes.
PAR  A feature of the present invention is the provision of an automatic level
      control circuit for local oscillator signals coupled to frequency mixers
      comprising: a source of local oscillator signals; a frequency mixer
      including a circuit having a pair of series connected diodes therein;
      first means coupled to the circuit to derive a level control signal from
      the direct current flowing in the circuit; and second means coupled to the
      source, the mixer and the first means, the second means being responsive
      to the control signal to maintain the local oscillator signals at a
      selected constant level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned and other features and objects of this invention and
      the manner of obtaining them will become more apparent by reference to the
      following description taken in conjunction with the drawing, the single
      FIGURE of which is a schematic, partially block diagram of an automatic
      level control circuit in accordance with the principles of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, MIC (microwave integrated circuit) X-band
      frequency mixer 1 of conventional implementation includes a hybrid
      junction 1' receiving the RF input and local oscillator (LO) signal and a
      circuit 2 having a pair of series connected diodes 3 and 4 coupled to
      hybrid junction 1'. Such a mixer arrangement is substantially disclosed in
      the article "A Stripline Frequency Translator" by E. M. Rutz in the March
      1961 issue of IRE Transactions On Microwave Theory and Techniques, pages
      158 - 161. Resistor 5 is inserted in circuit 2 to provide a voltage
      proportional to the DC current flowing in circuit 2. Capacitor 6 is a
      by-pass capacitor in shunt with resistor 5 so that resistor 5 will not
      attenuate the amplitude of the AC (alternating current) voltage flowing in
      circuit 2.
PAR  An RF choke 7 is coupled between one terminal of resistor 5 and one input
      of operational amplifier 8. RF choke 9 is coupled between the other
      terminal of resistor 5 and the other input of operational amplifier 8. The
      RF chokes 7 and 9 are RF isolators so that the RF signal in circuit 2 will
      not be coupled to the inputs of amplifier 8. Amplifier 8 is for the
      purpose of converting a balanced input to an unbalanced output.
PAR  The output of amplifier 8 is coupled to one input of operational amplifier
      10 which has its other input coupled to a reference voltage source
      including variable resistor 11 and battery 12. The adjustable reference
      voltage in cooperation with operational amplifier 10 operating as a
      comparator enables selecting the constant level desired for the local
      oscillator signal which is to be applied to mixer 1.
PAR  The output of amplifier 10 is coupled to a resistor 13 in parallel with
      capacitor 14 and, hence, to the base of transistor 15. Resistor 13 and
      capacitor 14 form a shaping resistor-capacitor network to control the gain
      of the control loop. This network provides an increased gain of the loop
      at high frequencies. Transistor 15 amplifies the output of amplifier 10 to
      supply enough current for operation of current controlled attenuator 16.
PAR  A local oscillator signal source 17 is also coupled to attenuator 16 which
      may be in the form of PIN diodes whose resistance changes proportional to
      the amplitude of the control current input supplied by transistor 15. The
      output of attenuator 16 may be coupled directly to mixer 1 if the
      frequency of the signal from source 17 is sufficient for the application
      in which the mixer 1 is to be employed. Normally, however, the output of
      attenuator 16 is coupled to frequency multiplier 18 to provide the desired
      local oscillator signal for coupling to mixer 1.
PAR  The advantages of the circuit just described are, among others, as follows.
      First, the prior art local oscillator signal detector diodes and substrate
      can be eliminated which will represent a cost reduction. Also the test and
      alignment time is no longer required as was in the prior art. Second, the
      mixer diode current is a more sensitive measure of the local oscillator
      signal power required for optimum conversion loss. Third, using the mixer
      diode current to derive the level control voltage will enable "leveling
      out" of all mismatches and losses between the multiplier output and the
      actual diode drive point in the mixer. Fourth, the mixer diode current
      level can be used as a monitoring signal to monitor the local oscillator
      power and mixer performance.
PAR  While I have described above the principles of my invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of my invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic level control circuit for local oscillator signals coupled
      to frequency mixers comprising:
PA1  a first source of radio frequency signals;
PA1  a second source of local oscillator signals;
PA1  a frequency mixer including a hybrid junction coupled to said first source
      and a circuit having a pair of series connected diodes therein coupled to
      said hybrid junction;
PA1  first means coupled to said circuit to derive a level control signal from
      the direct current flowing in said circuit; and
PA1  second means coupled to said second source, said hybrid junction and said
      first means, said second means being responsive to said control signal to
      maintain said local oscillator signals coupled to said hybrid junction at
      a selected constant level.
NUM  2.
PAR  2. A circuit according to claim 1, wherein
PA1  said first means includes
PA2  a resistor disposed in said circuit in series with said diodes to derive
      said level control signal.
NUM  3.
PAR  3. A circuit according to claim 2, wherein
PA1  said first means further includes
PA2  a capacitor disposed in shunt relationship with said resistor to provide an
      alternating current bypass around said resistor.
NUM  4.
PAR  4. A circuit according to claim 3, wherein
PA1  said first means further includes
PA2  a first operational amplifier having each of its two inputs coupled to a
      different terminal of said resistor.
NUM  5.
PAR  5. A circuit according to claim 4, wherein
PA1  said first means further includes
PA2  a radio frequency choke coupled from each of said terminals of said
      resistor to an associated input of said first amplifier.
NUM  6.
PAR  6. A circuit according to claim 5, wherein
PA1  said first means further includes
PA2  a second operational amplifier having two inputs, one of said two inputs of
      said second amplifier being coupled to the output of said first amplifier,
      and
PA2  a source of variable reference voltage coupled to the other input of said
      two inputs of said second amplifier,
PA2  said second amplifier and said source of variable reference voltage
      cooperating to adjust the amplitude of said level control signal and
      enable selecting said selected constant level.
NUM  7.
PAR  7. A circuit according to claim 6, wherein
PA1  said first means further includes
PA2  a transistor amplifier coupled to the output of said second amplifier to
      amplify said level control signal prior coupling to said second means.
NUM  8.
PAR  8. A circuit according to claim 7, wherein
PA1  said first means further includes
PA2  a parallel resistor-capacitor network coupled between the output of said
      second amplifier and the base of said transistor to control loop gain.
NUM  9.
PAR  9. A circuit according to claim 8, wherein
PA1  said second means includes
PA2  a current controlled attenuator.
NUM  10.
PAR  10. A circuit according to claim 1, wherein
PA1  said second means includes
PA2  a current controlled attenuator.
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PAL  An all-electronic television tuning system has a sequentially accessible
      multi-position two digit memory coupled to a viewer controlled channel
      number selection means for providing storage and recall of selected two
      digit channel numbers in a sequence established by loading selected
      channel numbers into fifteen of sixteen serial memory locations. The
      system has program and operate modes, corresponding respectively to
      storage and recall of channel number information, and the memory has a
      sixteenth, particular location accessible only in the operate mode for
      providing immediate all channel tuning control for the viewer irrespective
      of the pre-programmed channel number sequence.
PARN
PAR  This application is related to the following applications all of which are
      assigned to the assignee of the present application: Ser. No. 430,446,
      filed Jan. 3, 1974, entitled "Channel Seeking Tuning System" in the name
      of Akio Tanaka which is hereby incorporated by reference and hereafter
      referred to as the "Tanaka application;" Ser. No. 457,010, filed Apr. 1,
      1974, entitled "Digital Signal Seeking Tuning System" in the names of John
      Ma and Akio Tanaka which is hereby incorporated by reference; Ser. No.
      484,475, filed July 1, 1974, entitled "Band Decoder for All Channel
      Digital Tuning System" in the name of Akio Tanaka; Ser. No. 492,365, filed
      July 29, 1974, entitled "Signal Seeking Tuning System with Illegal Channel
      Detection" in the name of Akio Tanaka; Ser. No. 503,122, filed Sept. 4,
      1974, entitled "Television Tuning System with Varactor Malfunction
      Detection" in the name of Akio Tanaka; Ser. No. 504,638, filed Sept. 9,
      1974, entitled "Multi-Speed Ramp for a Varactor Tuning System" in the
      names of Melvin C. Hendrickson and Richard G. Merrell, and Ser. No.
      511,837, filed Oct. 3, 1974, entitled "Television Tuning System Indicator"
      in the name of Akio Tanaka.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to television tuning systems and
      more particularly to all-electronic tuning systems which operate to recall
      a programmed sequence of channel numbers.
PAR  2. Description of the Prior Art
PAR  Early suggested digital television tuning systems employed various forms of
      information retention. As early as 1969 a paper by Doyle and Mills, BTR
      15, No. 2, July 1969, showed a diagram with a shift register coupled to a
      push buttom panel feeding information to a comparator in a system using a
      frequency snythesizer tuning technique. The shift register operated as a
      temporary storage device for the process of relating the encoded
      information to a birdy or comb frequency.
PAR  U.S. Pat. No. 3,654,557 to Sakamoto and Ichinohe, dated Apr. 4, 1972,
      described a tuning system for selecting from among a limited number or
      preselected channels having a maximum capacity of 12 VHF and 4 UHF
      television channels. Binary switching is used to activate an individual
      potentiometer for applying an appropriate voltage to a varactor tuner.
      Such a memory system is similar to the selective retrieval and memory
      system of U.S. Pat. No. 3,739,342 to Kortenhaus, dated June 12, 1973, for
      selectively retrieving articles such as record discs in an automatic
      photograph. In both instances a binary encoded signal is used to activate
      an individual memory location to operate or access whatever circuit
      function or article is associated with the location.
PAR  A paper by Sakamoto and Ichinohe, BTR 18, No. 3, August 1972, describes
      logic circuitry for a 10 key decimal channel number selection system which
      employs an encoder and an eight bit shift register for converting binary
      coded channel numbers, through a matrix system, to activate a
      corresponding potentiometer for tuning. This permits the viewer to input
      or select a desired channel number, with the shift register acting to
      store the encoded channel number and supplying a static signal to the
      switching matrix. To accomodate all-channel tuning, 82 separate
      potentiometers are necessary.
PAR  U.S. Pat. No. 3,748,645 to kawashima July 24, 1973, employs a "dynamic"
      memory in conjunction with a shift register to provide tuning. Here a
      pulse train generates the binary codes associated with the locations of
      the various tuning potentiometers. The channel number codes may be
      sequentially generated to provide a "sweep" through the FCC allocated set
      of channel numbers. Separate shift registers are provided for the
      temporary storage of the generated channel number units and tens digits.
PAR  The above-mentioned Tanaka application discloses and claims methods and
      apparatus for a television tuning system employing a comparator for
      comparing an asynchronously counted local oscillator frequency (expressed
      in terms of channel numbers and modular residue corresponding to
      intrachannel fractions) with encoded input channel number information. A
      voltage ramp drives the tuner until a condition of equality exists between
      the derived and desired channel numbers and the modular residue is within
      predetermined limits. Thus the tuning system responds to a two digit
      channel number input to tune to a restricted frequency range or "window"
      about the frequency corresponding to the designated channel number. With
      this system fine tuning is not required, and programming or set-up of the
      receiver is unnecessary. The Tanaka tuning system not only provides equal
      access all-channel tuning but also discloses the channel recall or memory
      system of this invention. The memory system may be programmed in any
      desired sequence, to provide sequential tuning among a selected group of
      channels. The advantage of such a system is readily apparent since the
      viewer need only operate a single button, or send a single appropriate
      remote control signal, to change tuning of the receiver to the next preset
      channel. While the total tuning system including the multi-position memory
      is fully described in the Tanaka application, this invention is
      specifically directed to the multi-position memory aspect. As will be
      seen, the tuning system of this invention also allows the viewer to
      directly tune to any desired channel without affecting the programmed
      channels in the memory.
PAC  OBJECTS OF THE INVENTION
PAR  An object of this invention is to provide a novel all-electronic,
      all-channel television tuning system;
PAR  It is another object of this invention to provide a novel all-electronic
      television tuning system responsive to a pre-programmed sequence of
      selected channel numbers; and
PAR  It is a further object of the invention to provide a novel all-electronic
      television tuning system providing direct tuning access to the viewer at
      all times.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, an all-electronic television tuning
      system includes a voltage controllable oscillator means for tuning a
      plurality of fixed frequency bandwidth television channels, means encoding
      the tuning frequency of the oscillator into channel number information of
      the corresponding receivable channels, channel number selection means,
      comparison means, comparing the information from the channel number
      selection means with the information from the oscillator, and ramp voltage
      generator means for changing the tuning frequency of the oscillator under
      control of said comparison means. The tuning system has a program mode
      permitting storage of channel number information from the channel number
      selection means, an operate mode permitting recall of channel number
      information for supplying input information to said comparison means and
      memory means interposed between the channel number selection means and
      said comparison means having a plurality of storage locations with a
      particular location accessible for information storage only in the operate
      mode.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with further objects and advantages thereof, may best be
      understood by reference to the following description taken in conjunction
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 depicts, in block diagram form, a tuning system employing the
      invention;
PAR  FIG. 2 shows the circuitry of blocks 43, 44, 45, 46, 47 and 48 of FIG. 1
      which comprise the keyboard input arrangement, the function-number decoder
      and address control; and
PAR  FIG. 3 shows the units and tens memories of block 50, and the decoding and
      display circuitry of block 49.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a block diagram depicting a tuning system incorporating the
      invention. A channel number keyboard 43 includes means for entering either
      desired channel number information or tuning commands to tune the tuner.
      The keyboard information is encoded into a special binary representation
      in encoder 44, supplied to a zero converter 47 and, both directly and
      through a time delay system 45, to a function/number decoder 46. The
      purpose of time delay system 45 is to eliminate spurious signals which
      might be generated by keyboard contact bounce. The directly supplied
      information to decoder 46 assists in the determination of the proper
      address or position in a memory 50. As will be explained later in detail,
      zero converter 47 functions to alter the special binary representation
      used in the encoder to the standard binary representation employed in the
      remainder of the system. The output of zero converter 47 supplies channel
      number information to decoder 46 and to a designated position in memory
      50.
PAR  The keyboard input can be either a channel number digit or an Up or Down
      tuning command. The word "command" is used throughout to indicate an Up or
      Down signal input. The function/number decoder firstly determines which of
      an Up or Down command has been given and secondly distinguishes between
      commands and channel numbers. If an Up or Down command is entered at the
      keyboard, address control 48 causes an advance to the next position of the
      memory. Additional commands result in address control 48 sequentially
      indexing memory 50 through its available memory positions. Connected to
      the output of memory 50 is a decode display 49 which provides a visual
      indication of the channel number at that memory address. Thus, the viewer
      receives a visual indication of the selected channel information.
PAR  The tuning system has two functional modes designated program and operate.
      In the program mode, information is entered by the keyboard and stored in
      the memory by the sequence of an Up or Down command which cause a serial
      advancement of accessible memory address positions followed by entry of
      the channel number information into the memory from the keyboard. In the
      operate mode, an Up or Down command causes advancement to the next
      sequential address position and information is supplied from the memory to
      a comparator 51 to cause tuning to the channel represented by the stored
      channel information. In this mode, a particular location or "scratch pad"
      memory position is automatically accessed upon the input of a channel
      number at the keyboard and permits direct tuning by the viewer to any
      selected channel.
PAR  Another output of memory 50 is connected to a band decoder 52 which
      determines, from the encoded channel information stored in memory 50, (1)
      in which of the several discontinuous frequency bands the selected channel
      is; (2) whether UHF or VHF circuitry in the tuner is activated; and (3)
      the preset information supplied to the channel computing means for
      decoding of the oscillator frequency. Thus, an output of band decoder 52
      is connected to a varactor tuner 54 and another output is connected in
      common to a modular scaler 62, a units counter 64 and a tens counter 66. A
      conventionally derived automatic frequency control voltage source (AFC) 55
      is coupled to a ramp voltage source 68 for maintaining the oscillator
      frequency tuned to the received signal picture carrier frequency.
PAR  The output of a local oscillator frequency (LOF) scaler 56 and the output
      of a clock pulse generator 58 are coupled to the inputs of a logic gate
      60. The signal on the output of gate 60 constitutes the tuning information
      and comprises a train of oscillator frequency-related pulses in fixed time
      intervals. The oscillator frequency is determined by counting the number
      of pulses in an interval. The output of logic gate 60 is connected to
      modular scaler 62 which, in turn, is connected to units counter 64 which,
      in turn, is connected to tens counter 66. On a time sample basis, the
      tuning information is supplied to the appropriately preset modular scaler
      and counters which, in the preferred embodiment, determine the channel
      number corresponding to the television frequency to which the tuner is
      tuned. The circuitry from the LOF scaler to the comparator constitutes the
      channel computing means.
PAR  The outputs of modular scaler 62 and counters 64 and 66 are connected to
      comparator 51 which has a modular section 51C, a units section 51B and a
      tens section 51A, where the derived channel number is compared with the
      desired channel number. As each comparison is made, signals dependent upon
      the condition of comparator 51 are coupled to ramp voltage source 68 for
      controlling both the tuning voltage direction and rate of change. The
      output voltage from ramp voltage source 68 drives tuner 54 to make
      corrective changes in its local oscillator frequency, until comparator 51
      indicates equality between the derived channel number and desired channel
      number and, as will be described, that the tuned signal is within a range
      of frequencies preselected by the window.
PAC  DEFINITIONS
PAR  For simplicity, only logic connections are shown in the figures and only
      voltage sources and grounds necessary to establish the logic control
      signal levels are shown. Positive logic is used throughout and logic gates
      are simply referred to by their functional names, i.e., AND NAND, OR and
      NOR, without the word "gate". A 1 represents a high logic (or signal
      voltage) level and a 0 corresponds to a low logic level. Thus, an AND gate
      has its output at 1 only if all inputs are at 1; a NAND gate has its
      output at 0 only if all inputs are at 1; or OR gate has its output at 1 if
      any input is at 1; and a NOR gate has its output at 0 if any input is at
      1. Inverters function to interchange and the 1 and 0 levels.
PAR  All binary representations are conventionally arranged in descending powers
      of 2 from left to right. Leads labelled D, B, C and A and D' and C'
      interchangeably represent binary digits or bits as well as lead
      identification. Similarly leads may be identified by the functional
      signals they carry.
PAR  The terms "input" and "output" generally indicate the device terminal
      unless signal is specified. An open circle on an input terminal designates
      a negative edge triggered device. .phi. represents a timing pulse signal
      and .phi. its inverse or complement. If .phi. is 0, .phi. is 1 and
      vice-versa. The term "inhibit" indicates the condition in which a gate
      output is no longer dependent upon signals applied to its remaining
      inputs. The term "enable" designates the condition in which a gate output
      is dependent upon the signals applied to the remaining inputs.
PAC  Keyboard 43 and Binary Encoder 44 (FIG. 2)
PAR  FIG. 2 shows the channel number selection means and includes binary encoder
      44 comprising a diode matrix for encoding digits entered at keyboard 43. A
      source of positive voltage +V is applied to a parallel arrangement of
      switches, bearing appropriate identification in the form of digits 0-9 and
      Up and Down commands. The switches shown are single pole, single throw
      momentary contact type, but may be of any other suitable type. Each switch
      is selectively coupled by the diode matrix to an arrangement of four
      resistors 101, 103, 105 and 107 which are returned to ground. Switch
      operation establishes voltages on the resistors which correspond to the
      binary bit representation of the identifying digit or command associated
      with the selected switch. Voltages established on resistors 101, 103, 105
      and 107 correspond respectively to the A, B, C' and D' special binary bit
      representations.
PAR  Assume channel 29 is desired. The switch corresponding to the digit 2 is
      momentarily depressed and connects +V, through the appropriate diode in
      the matrix, to resistor 103. Resistor 103 is connected to lead B, which
      now has +V thereon (ignoring the small voltage drop across the diode), the
      remaining leads A, C' and D' being at ground potential. Thus the digit 2
      is encoded, the configuration of binary bits being 0010 for D', C' B and
      A, respectively, where 1 represents +V and 0 represents ground.
PAR  The switch designated by the digit 9 is now momentarily depressed, which
      places +V, through the diode matrix, on resistor 107 and resistor 101.
      These resistors are connected, respectively, to the D' and A leads. Thus
      the binary representation for the digit 9 is 1001. In similar fashion,
      keyboard 43 and diode matrix 44 function to encode the remaining digits
      and commands. The Up command is encoded as binary 1101 for D' C' BA and
      the Down command as binary 1110.
PAC  Zero Converter 47 (FIG. 2)
PAR  The special keyboard binary representation does not conform to the standard
      binary representation upon which the memory and other system components
      operate. Since it is desirable for the keyboard to have a rest position
      with no signal level being established, the standard binary configuration
      corresponding to the digit zero is chosen. Hence at rest, zero voltage
      levels are established on leads D' and C' BA. For digit zero the standard
      binary representation for the decimal number 12 is used, namely, 1100.
PAR  Zero converter 47 re-encodes the D' and C' BA representation into standard
      DCBA form. C' and D' connect to the inputs of a NAND 100. C' and the
      output of NAND 100 connect to the inputs of an AND 102 and the output of
      NAND 100 connects to an input of an AND 104, with D' connecting to its
      other input. The output of AND 102 appears on lead C and the output of AND
      104 appears on lead D, both corresponding to their counterparts C and D in
      the standard binary representation DCBA.
PAR  As mentioned above, the digit 9 keyboard binary representation on leads D',
      C', B and A is 1001. C' is at 0 and and D' is at 1 and hence the inputs of
      NAND 100 are at 0 and 1. The output of NAND 100 is thus at 1 and the
      corresponding inputs of AND 102 and AND 104 are at 1. The two inputs of
      AND 102 are now at 0 and 1 and its output is at 0, while the inputs of AND
      104 are both at 1 and its output is at 1. Leads C and D are respectively
      at 0 and at 1. Thus the leads D, C, B and A are respectively 1001 and the
      zero converter has had no effect.
PAR  However, a zero digit has the keyboard binary representation 1100. C' and
      D' are both at 1. The inputs of NAND 100 are both at 1 and its output is
      at 0. One input each of AND 102 and AND 104 is at 0 and their outputs are
      at 0. The corresponding standard C and D binary bits are zero. Since the A
      and B binary bits are not affected by the zero converter, they are still
      at 0 and the keyboard special representation of zero (1100) is converted
      to the standard binary representation of 0000.
PAC  Time Delay 45 (FIG. 2)
PAR  As mentioned, a time delay is provided to delay interpretation of the
      keyboard binary signal to preclude response to false signals due to
      contact bounce. Time delay 45 employs a five stage counter 112 which
      delays the enabling of subsequent logic gates for thirty increments or one
      level pulses of the clock output timing signal .phi..sub.1. .phi..sub.1 is
      selected for convenience but any other suitable pulse recurring each clock
      cycle may be employed for this purpose. Leads A, B, C' and D' are
      connected to the input of a NOR 110 whose output is connected to the reset
      terminal (R) of time delay counter 112. The Q1 output of counter 112
      connects to one input of a NAND 118 and, after coupling through an
      inverter 114, connected to an input of an AND 116. The Q2-Q5 outputs of
      counter 112 connect to the four inputs of an AND 120. The output of AND
      120 is coupled to the second input of each of AND 116 and AND 118. The
      output of NAND 118 and clock signal .angle..sub.1 connect to the inputs of
      a NAND 119 whose output is connected to the clock terminal (C) of counter
      112. The circle on the input terminal of counter 112 indicates that it is
      a negative edge triggered device, a conventional employed throughout the
      description. The output of AND 116 connects to one input each of an AND
      134 and an AND 136 for enabling these gates after the desired time delay.
PAR  A keyboard input which does not correspond to the rest position of 0000
      causes NOR 110 to go to a 0 level at the output which resets counter 112.
      The Q5-Q1 outputs of counter 112 indicate its count status in standard
      binary from and upon reset, are all at 0. As will be seen shortly, for
      this condition and during 29 subsequent .phi..sub.1 time pulses, the
      output of AND 116 is at 0, inhibiting gates 134 and 136. During this
      period, the output of AND 120 is at 0 and NAND 118 has a 1 level signal
      output which is applied with each 1 level .phi..sub.1 clock pulse on the
      inputs of NAND 119. For each occurrence of .phi..sub.1 at 1, the resulting
      0 level output signal from NAND 119 is coupled to the clock input terminal
      of counter 112 and advances the counter one binary count.
PAR  The enabling of subsequent logic gates is delayed until counter 112 reaches
      a predetermined status. When counter 112 achieves the binary number, 11110
      (Q5-Q1 respectively), which is a decimal count of 30, the normally 0
      signal level output of AND 120 becomes a 1 signal level since outputs of
      Q2-Q5 are now all at 1. The 0 signal level at the Q1 output is coupled
      through inverter 114, resulting in the second input of AND 116 being at 1
      and in AND 116 producing a 1 level output signal for enabling AND's 134
      and 136. These gates remain enabled for one complete clock period, i.e.,
      from the 30th to the 31st .phi..sub.1 at 1 pulse, which also determine the
      length of the "initiate" pulses in subsequent circuitry. Note that binary
      number 11110 in counter 112 is the only possible enabling count for 134
      and 136 since no other count in the permissible range between 00000 and
      11111 will result in both inputs of AND 116 being at 1. When the counter
      reaches 11111 the enabling pulse is terminated and the counter remains at
      this status awaiting another reset condition. Thus, the desired time delay
      is achieved.
PAC  Function/Number Decoder 46 (FIG. 2)
PAR  Function/number decoder 46 firstly distinguishes Up from Down commands and
      secondly channel number digit inputs from commands. An inverter 122, an
      AND 124, an AND 126, a NOR 128 and a NOR 130 form circuitry for
      distinguishing an Up from a Down command. NOR 128 and NOR 130 form a
      direct coupled RS flip/flop. The flip/flop remains in either of its two
      stable states, as indicated by the output signal level of NOR 128, until
      the signals at its inputs are changed to correspond to the other state.
      Its input signal levels are determined by two of the four possible
      combinations of 0 and 1 signal levels at the outputs of AND 124 and AND
      126. When both inputs are at the same signal level (i.e., 0--0) no change
      in state occurs. The output of NOR 128 is at 1 for an Up command and at 0
      for a Down command. For timing considerations an Up or Down command
      determination is made prior to differentiating between commands and
      digits.
PAR  The output of NAND 100 in zero converter 47 is connected through inverter
      122 to one input each of AND 124 and AND 126. Lead A is connected to the
      second input of AND 126 and Lead B is connected to the second input of AND
      124. The output of AND 124 connects to one input of an OR 132 and one
      input of NOR 128. The output of AND 126 is connected to the second input
      of OR 132 and to one input of NOR 130. The outputs of NOR 128 and 130 are
      cross-connected to their second inputs. An UP/DN signal is taken from the
      output of NOR 128 and supplied to a four stage address counter 142 for
      determining its direction of advancement. The counter does not count or
      advance at this time however. The output signal of OR 132 provides a reset
      pulse signal labelled RESET, which will be explained later.
PAR  Assume an Up command input (keyboard representation 1101). C' and D' are at
      1 and the output of NAND 100 is at 0. The 0 signal level, through inverter
      122, results in the corresponding inputs of AND 124 and AND 126 being at
      1. Since B is at 0 and A is at 1, the second input of AND 124 is at 0 and
      the second input of AND 126 is at 1, making the outputs of AND 124 and AND
      126 at 0 and 1 , respectively. With these signals supplied to the
      flip/flop, the output of NOR 128 is at 1, indicating an Up command.
PAR  Similarly, with a Down command (keyboard representation 1110) the output of
      NOR 128 attains a 0 signal level. For all other allowable input signals
      from the keyboard, at least one input each of AND 126 and AND 124 is at 0,
      these signals have no effect on the state of the flip/flop, which is
      solely determined by Up and Down commands.
PAR  As mentioned, an Up command results in the outputs of AND 124 and AND 126
      being at 0 and 1, respectively, causing the output of OR 132 (RESET) to
      assume a 1 level. A Down command results in the output of AND 124 and AND
      126 being at 1 and 0, respectively, and the output of OR 132, is also at a
      1. However, it may be shown that for any other keyboard input the output
      of OR 132 and the corresponding RESET signal is at 0. Thus, the units and
      tens flip/flop 162 of FIG. 3, which receives the RESET pulse signal, is
      reset when an Up or a Down command is entered at the keyboard. The only
      other binary input which could produce a 1 level RESET signal is 1111,
      which input is not possible with the keyboard circuit arrangement.
PAR  Function/number decoder 46 further distinguishes commands from digits. The
      output of OR 132 is connected to a second input of AND 134 and through an
      inverter 133 to the second input of AND 136. It will be recalled, that the
      first inputs of AND 134 and AND 136 receive the time-delayed enabling
      signals from the output of AND 116. The output of AND 134, labelled U/DI
      is an Up or Down initiate pulse. It has a 1 level for the period between
      the 30th and 31st .phi..sub.1 at 1 pulses when a command has been
      received. At all other times U/DI is at 0. U/DI 1 causes four stage
      address counter 142 to advance one count in a previously determined
      direction, under conditions to be more fully described below. The output
      of AND 134 is also connected to one input of a NOR 138. The output of AND
      136, labelled WI for "write initiate", is a one level pulse during the
      period between the 30th and 31st .phi. at 1 pulses when a digit has been
      entered at the keyboard and at all other times, WI is at 0.
PAR  The output of AND 136 is also supplied to one input of a NOR 140, which
      together with a NOR 138, form a second direct coupled RS flip/flop. NOR
      140 assumes and maintains a 1 signal level output for commands and a 0
      signal level output for digits. One input of NOR 138 is connected to the
      output of AND 134 and the outputs of NOR 138 and NOR 140 are
      cross-connected to form second inputs. The state of the flip/flop is
      indicated by the signal level on the output of NOR 140, labelled U/D, and
      inhibits or enables AND 156 which is part of the logic for controlling
      address counter 142.
PAR  For a digit input, the output of OR 132 is at 0 and in conjunction with a
      signal level of 1 on the output of AND 116 in time delay circuit 45,
      results in the outputs of AND 134 and AND 136 being at 0 and 1,
      respectively. Under these input conditions to the flip/flop, the output of
      NOR 140 is at 0.
PAR  A command input results in the output of OR 132 being at 1 which causes the
      outputs of AND 134 and AND 136 to be at 1 and 0, respectively, and the
      output of 140 to be at 1. As described for the first RS flip/flop, 0 on
      the outputs of AND 134 and AND 136 (which occurs for the keyboard rest
      condition input of 0000) has no effect upon the state of the flip/flop.
      Thus the output of NOR 140 (U/D signal) is at 1 for Up or Down commands
      and at 0 for digit inputs.
PAC  Address Control 48 (FIG. 2)
PAR  Address control 48 has a switch-controlled operate and program mode. In the
      program mode, 15 of 16 possible memory positions in units memory 174 and
      tens memory 176 (FIG. 3) are sequentially accessible by address counter
      142 for loading or storing channel information. The particular location is
      the 16th position called a "scratch pad" memory position and is the one
      used by the viewer for direct access with a channel number input in the
      operate mode. In that mode, the channel tuning information previously
      stored at the 15 positions may be sequentially recalled by Up and Down
      commands. Also, in this mode provision is made for accessing the
      particular location by a digit input from keyboard 43 which automatically
      drives address counter 142 to the 16th or "scratch pad" memory position,
      thereby "skipping" all other memory positions. Thus the viewer may
      directly enter a desired channel number in the tuning system without
      sequencing through the various memory positions. The principal distinction
      between the modes is that channel number information may only be stored
      while the address control is in the program mode. Tuning, by direct access
      occurs in the operate mode and by sequencing the memory positions, in
      either mode.
PAR  Address control counter 142 is a 4-stage reversible binary counter having
      16 possible states corresponding to the 16 addressable positions of the
      memory. When a 1 level signal is applied to reset terminal R, the counter
      assumes a 0000 state. The counter advances one count each time a 1 level
      signal is applied to clock terminal C. The direction of counting is
      dependent upon the UP/DN signal applied to the DIR terminal of the counter
      and is up (increase) for a 1 level signal and down (decrease) for a 0
      level signal. The output leads of counter 142, labelled MA, MB, MC and MD
      are connected to the memory. The signals thereon constitute a binary
      coding of the addresses of the memory positions. MA, MB, MC and MD are
      connected to the inputs of a NOR 144 whose output is connected to one
      input of an AND 146 and to one input of an OR 148. The second input of OR
      148 is connected to an output of an AND 150 in FIG. 3. (The inputs to AND
      150 are connected to a pair of signal leads labelled ZU and ZT indicating
      the status of the units and tens memories. Leads ZU and ZT will be at a 1
      level when the output of the corresponding memory position indicates
      respectively a 0 units or 0 tens digit.) The UP/DN signal from NOR 128 is
      applied to the DIR terminal of counter 142. The WI pulse signal from the
      output of AND 136 is supplied to one input of an AND 152. A
      program/operate switch 151 has its movable wiper connectable between
      ground and a resistor 154, the other end of resistor 154 being connected
      to a source of voltage +V. Switch 151 is schematically indicated by a
      dashed-line box. When switch 151 is closed, the system is in the program
      mode and a 0 level voltage (ground) is applied to junction 153.
      Conversely, when switch 151 is open, the operate mode is established and
      junction 153 is at a 1 level voltage. Junction 153 is connected to the
      second input of AND 152, an input of AND 156 and through an inverter 155
      to a second input of AND 146. The output of AND 152 is connected to the R
      terminal on address counter 142. The U/D lead from NOR 140, the output of
      OR 148 and lead carrying timing pulse .phi..sub.1 are connected to the
      remaining inputs of AND 156. Timing pulse .phi..sub.1 is also supplied to
      the remaining input of AND 146. The outputs of AND 146 and AND 156 and an
      Up/Down Initiate (U/DI) lead from the output of AND 134 are connected to
      the inputs of an OR 158 whose output is connected to the clock terminal
      (C) of address counter 142.
PAR  The address of the "scratch pad" memory position in memory 50 is chosen to
      be a configuration of 0000 in counter 142. Access to this position can be
      had only in the operate mode and only when a digit is entered at the
      keyboard. The means for accessing the scratch pad location may now be
      described. The write initiate (WI) signal, which is a one clock period
      duration pulse from AND 136 is indicative of such a digit input and
      enables AND 152 by establishing an input thereof at 1. In the operate
      mode, switch 151 is open and junction 153 is at a 1 level voltage.
      Therefore, the second input of AND 152 is at 1 and the output of AND 152
      (terminal R) is at a 1 level causing address counter 142 to reset to 0000.
      Thus, receipt of a WI pulse signal in the operate mode automatically
      causes counter 142 to read 0000, which is the scratch pad or direct access
      position in memory 50. The desired channel number information from the
      viewer is stored in the "scratch pad" position until a subsequent command
      or digit input is received. In the program mode AND 152 is inhibited
      because switch 151 is closed thereby establishing a signal level of 0 at
      one input of AND 152.
PAR  An Up or Down command, in either the program or operate mode, results in
      address counter 142 advancing in the direction determined by the signal on
      the UP/DN lead which is applied to the counter DIR terminal. Normally,
      both outputs of AND 146 and AND 156 will be at 0. The U/DI signal is also
      a short duration pulse (one clock cycle). When the U/DI lead is at a 1
      level, in response to a command input, the output of OR 158 is at a 1
      level and counter 142 is advanced one count in response to the 1 level
      signal on its C terminal. The U/D signal, which it will be recalled is a 1
      level for a command and a 0 level for digit, is coupled to an input of AND
      156 to either inhibit or enable advancement of counter 142 through AND
      156.
PAR  Assume an Up (or Down) command is given in the operate mode resulting in
      address counter 142 advancing to the 0000 position. While the example is
      not realizable in the system except under highly transient conditions, it
      will serve as a good illustration of how the scratch pad memory position
      is skipped thereby preventing access to that location. The 1 level at
      junction 153 enables AND 156 and inhibits AND 146. A command input places
      the U/D lead at 1 (the second input of AND 156). The 0000 in counter 142
      places the output of NOR 144 at 1 and this signal level is applied to an
      input of OR 148 which causes its output to be at 1, irrespective of its
      other input signal level. The 1 level output of OR 148 is connected to the
      third input of AND 156. When the .phi..sub.1 clock pulse is at 1 the four
      inputs of AND 156 are at 1 and therefore its output is at 1. Any 1 level
      input to OR 158 causes its output to be at 1 which advances address
      counter 142 by one binary count. Thus the counter "skips" to the next
      address and the "scratch pad"  position is inaccessible by command input
      when in the operate mode. Under the same assumed conditions in the program
      mode, junction 153 is at 0, inhibiting AND 156, but through inverter 155
      produces a one level signal at an input of AND 146. The output of NOR 144
      is at 1 (0000 counter condition) and hence the second input of AND 146 is
      at 1. When the .phi..sub.1 at 1 timing pulse is received, the three inputs
      of AND 146 are at 1 and its output assumes a 1 level. Since the output of
      AND 146 is connected to OR 158, its output is at 1 and counter 142 is
      again advanced. Thus counter 142 is forced to skip the "scratch pad"
      position when an Up or Down command is received in either mode.
PAR  In the operate mode, any memory position with a stored 00 channel number is
      also skipped. For memory positions other than the "scratch pad" position,
      the output of NOR 144 which is coupled to an input of OR 148 is at 0. The
      second input of OR 148 is coupled to the 1 level output of AND 150 (FIG.
      3) (because leads ZU and ZT are at 1). Therefore, the output of OR 148 is
      at 1, and in conjunction with the three other 1 signal levels on the
      inputs of AND 156, causes its output to be at 1. Just as in the case of
      the "scratch pad" skipping action, a 1 level inhibiting signal at an input
      of OR 158 causes a 1 level signal at the C terminal of address counter
      142, advancing it by one count. Thus in the operate mode, a 00 channel
      number at a memory position results in address counter 142 being driven to
      the next sequential memory position. This skipping does not occur in the
      program mode because junction 153 is at a 0 level which inhibits AND 156
      (through which a 1 level signal at the output of OR 148 must act) and thus
      each memory position (except the 16th is sequentially accessible by Up or
      Down commands).
PAC  Decode Display System 49 and Memory 50 (FIG. 3)
PAR  Decode display 49 comprises circuitry for identifying units and tens digits
      from keyboard 43, based on their order of entry, and for activation of the
      appropriate write-enable signals which permit information to be stored in
      the corresponding memory. The circuitry also controls blanking and
      illuminating of the channel number display in a manner which aids the
      viewer in utilizing the tuning system.
PAR  Memory 50 consists of circuitry providing 16 memory positions for recording
      two digit channel numbers represented by four bits each for the tens and
      units digits. The memory is shown in two portions, allowing separate
      write-in and read-out of units and tens channel digit information. Counter
      142 of address counter 48 (FIG. 2) designates the address of a memory
      position in both memories. The signal levels at the outputs of the counter
      activate the common memory address inputs. The signal levels on leads A,
      B, C and D are applied to the memories but are not effective until a
      write-enable signal is received. The write-enable signal serves to guard
      the memory inputs from spurious signals. The memory outputs are not
      guarded and stored channel information at the designated position is
      always available.
PAR  The WI pulse signal generated at the output of AND 136 (FIG. 4) is applied
      along with the .phi..sub.2 timing signal from the clock pulse generator to
      the inputs of an AND 160. The output of AND 160 is connected to a clock
      terminal (C) of a flip-flop 162 and to one input each of an input of an
      AND 164 and of an AND 166. The Q output of flip-flop 162 connects to the
      second input of AND 164 and to one input of an OR 168. The P output of
      flip-flop 162 supplies a units display control signal, labelled UL, which
      is coupled to decoder divider 178 and to the second input of AND 166. The
      output of AND 164, labelled WU, connects to units memory 174 and the
      output of AND 166, labelled WT, connects to tens memory 176. The WU and WT
      signals correspond to the write commands for the units and tens memories,
      respectively. These signals assume a 1 level when permitting writing into
      the memories and a 0 level when preventing writing into the memories.
PAR  The output of a NOR 170, labelled ZU, is connected to one input of an AND
      150. THe output of a NOR 172, labelled ZT, is connected to the second
      input of AND 150 and, through an inverter 167, to the second input of OR
      168. As mentioned in the previous discussion of FIG. 2, the output of AND
      150 connects to the second input of OR 148. It is also connected to the
      third input of OR 168. The output of OR 168, labelled TL, connects to
      decoder driver 182 to provide control of the tens display 184. A UL and TL
      signal level of 1 enables display of the respective units and tens digits
      while a 0 signal level causes blanking.
PAR  Units memory 174 and tens memory 176 are connected to the leads A, B, C and
      D bearing the binary coded signals from the keyboard. Leads MA, MB, MC and
      MD from address counter 142 in FIG. 4 comprise the address leads for both
      memories. Units memory 174 has output leads UA', UB', UC' and UD'
      connected to NOR 170 for supplying the ZU signal and tens memory 176 has
      output leads TA', TB', TC' and TD' connected to NOR 172 for supplying the
      ZT signal. The ZU and ZT leads indicate the presence of 0000 in the
      memories. Thus, when the stored channel number includes a 0 units or tens
      digit, the corresponding ZU or ZT lead is at a 1 level.
PAR  Decoder driver 178 is also connected to the output leads of units memory
      174 and drives a display device 180 for visually displaying the units
      digit. Similarly, the output leads of tens memory 176 are coupled to a
      decoder driver 182 which, through its display device 184, permits visual
      display of the tens digit. Any appropriate combination of decoder driver
      and display device may be used. Suitable units are manufactured by the
      Sperry Corporation under the model numbers DD700 and SP752, respectively.
PAR  In an actual embodiment of the tuning system incorporating the invention,
      eight 4-word by 8-bit capacity memory modules, similar to RCA CD 4036 AE
      are employed. The memories are used in a 4-word by 4-bit configuration to
      allow separate access to the units and tens digits. Four such memory
      modules are combined to provide the 16 units memory positions and four
      more are combined to provide the 16 tens memory positions. It is obvious
      that many other standard components may be selected and appropriately
      arranged to provide the same memory capacity and accessibility, and the
      memory itself, as distinct from the means incorporating it into the tuning
      system, is not part of the present invention.
PAR  An alternative standard memory unit which is easily adaptable to the
      preferred embodiment is a type SN 7489 64-bit read-write memory
      manufactured by Texas Instruments, Inc. This device, as described in
      Bulletin No. DL-S 7211386, February, 1971 -- revised December, 1972,
      allows 16-word by 4-bit storage with a 4-bit data input, 4-bit address
      input selection and memory enable and write enable signal leads. Thus, one
      such device may be used for units memory 174 and one for tens memory 176.
      The minor modifications to the SN 7489 memory are as follows: the memory
      enable input must be maintained at a 0 level; an inverter must be added to
      the write enable input so that the WU or WT write enable signals produce
      zero level enable pulses; and the 4 sense outputs from this device must
      each be inverted so that there is a correspondence with the binary coding
      employed for the memory data input which is the standard binary
      representation.
PAR  Flip-flop 162 is a two state device which distinquishes tens from units
      digits based on their order of entry at the keyboard and may be employed
      to serially access the memory modules. Whenever a number is entered, it
      will be recalled that a 1 level WI pulse signal is generated. This,
      together with a 1 level .phi..sub.2 pulse (during the compare interval) at
      the input of AND 160 provides a 1 level output pulse to flip-flop 162. The
      trailing edge of this latter pulse changes the state of the flip-flop.
      Flip-flop 162 may also receive a RESET signal from the output of OR 132 in
      FIG. 2 which will cause it to assume a particular state so that the next
      digit received will be treated as a tens digit. The state of the flip-flop
      is determined by the signal levels at its Q output and P outputs. For the
      first state, the Q output is 0 and correspondingly the P output is at 1,
      while the second state has the reverse relationship. It will be recalled
      from the discussion of FIG. 2 that the RESET signal is produced only by
      entry of an Up or Down command at keyboard 43. When such a command is
      given, flip-flop 162 has its P output at a 1 level and is in its first
      state ready for entry of a tens digit.
PAR  The channel number displays operate in a predetermined sequence in response
      to entry of successive digits. The tens display is blanked for all
      complete channel numbers less than 10 and the units display is blanked
      whenever a tens digit is entered. This arrangement serves as a valuable
      tuning aid for the viewer. Blanking of the tens display avoids a
      non-standard tens-position 0 for channel numbers less than 10 and is
      commonly known as leading zero suppression. Thus, while channel 2 is
      entered at the keyboard as 02, it is displayed as 2.
PAR  The units display is blanked immediately after entry of a tens digit to
      inform the viewer that the selection process is incomplete. This
      arrangement is advantageous since a channel number is entered one digit at
      a time, with the first or tens digit being displayed on the left and the
      second or units digit being displayed on the right. Thus blanking of the
      units display upon entry of a tens digit informs the viewer that only a
      single (tens) digit has been entered. Entry of a units digit completes the
      desired tuning and the display shows the entered channel number. For
      example, if channel 21 is being displayed and the viewer wishes to change
      tuning to channel 73, entry of the tens digit 7 results in the tens
      display reading 7 and the units display being blanked. Upon subsequent
      entry of the units digit 3, the system tunes to and displays channel
      number 73.
PAR  The units display is directly controlled by the UL signal from the P output
      of flip-flop 162. When P is at 1 (first state of flip-flop 162) the units
      digit is displayed. Upon entry of a first (tens) digit, the WI signal
      (through AND 160) drives flip-flop 162 to its second state; P is now at 0
      and the units display is blanked. Upon entry of a second (units) digit,
      flip-flop 162 resumes its first state (P at 1) and enables display of the
      units digit. The tens digit is blanked when all inputs of OR 168 are at 0.
      This condition is met when flip-flop 162 is in its second state (Q at 0),
      ZT is at 1 and either ZU or ZT is at 0.
PAR  Leads A, B, C and D are directly connected to units memory 174 and to tens
      memory 176. If the keyboard input is a command, no WI pulse signal is
      produced, neither memory receives a write-enable (WU or WT) signal, and
      the information on the leads is not stored in the memory. However, counter
      142 always "addresses" a memory position to which the tuning system
      responds (by tuning to the frequency corresponding to the channel number
      information stored at that memory position). Entry of a digit produces a
      WI pulse signal, which in the operate mode automatically results in
      address counter 142 assuming its 0000 count (the particular location or
      scratch pad memory position) and, depending upon the WU and WT signal
      levels, writes the information into the appropriate memory by overwriting
      any previously stored information. Thus the memory is "loaded" or written
      into only when the WU or WT signal is at 1, as determined by flip-flop
      162.
PAR  The invention disclosed provides a sequentially accessible multi-position
      memory providing storage and recall of selected channel information for an
      all electronic tuning system. The tuning system has program and operate
      modes corresponding to the storage and recall of channel number
      information and a particular or scratch pad location which is accessible
      only in the operate mode to provide the viewer with direct access to tune
      the receiver without destroying the programmed channel number sequence.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An all-electronic television tuning system comprising:
PA1  voltage controllable oscillator means for selectively tuning a plurality of
      fixed frequency bandwidth television channels in a predetermined range of
      frequencies;
PA1  encoding means converting the tuning frequency of said oscillator means
      into channel number information;
PA1  channel number selection means;
PA1  comparison means comparing channel number information from said encoding
      means and said selection means;
PA1  voltage generating means for changing the tuning frequency of said voltage
      controllable oscillator means under the control of said comparison means;
PA1  memory means coupled between said selection means and said comparison means
      including a plurality of memory locations;
PA1  said television tuning system having a program mode permitting the storage
      of channel number information from said selection means in said memory
      means, an operate mode permitting recall of channel number information
      from said memory means for supplying input information to said comparison
      means and means coupled to said memory means for establishing either of
      said modes; and
PA1  said memory means having a particular location accessible only in said
      operate mode for channel number information storage to cause immediate
      tuning to the corresponding channel.
NUM  2.
PAR  2. The tuning system of claim 1 further including means for accessing said
      particular location in said memory means in response to a channel number
      input to the channel number selection means during said operate mode.
NUM  3.
PAR  3. The tuning system of claim 2 wherein said means for accessing includes
      address control means responsive to said channel selection means for
      designating said memory locations and establishing access thereto for
      storage and recall of channel number information.
NUM  4.
PAR  4. The tuning system of claim 3 wherein said address control means further
      includes means for preventing access to said particular location in said
      program mode.
NUM  5.
PAR  5. The tuning system of claim 4 wherein said address control means further
      includes a resettable binary counter for serially designating and
      accessing said memory locations.
NUM  6.
PAR  6. The tuning system of claim 5 wherein said address control means further
      includes means for advancing in said operate mode said binary counter to
      designate a next serial memory location when the stored channel number
      information is 00.
NUM  7.
PAR  7. The tuning system of claim 5 wherein the address of said particular
      location corresponds to the reset configuration of said binary counter.
NUM  8.
PAR  8. The tuning system of claim 7 wherein said memory means comprises
      separate and distinct memory modules for the storage of units and tens
      digits.
NUM  9.
PAR  9. The tuning system of claim 8 further including means for sequentially
      accessing said memory modules in accordance with the order of digit input
      at the channel number selection means.
NUM  10.
PAR  10. The tuning system of claim 9 wherein the total number of memory
      locations is 16, 15 of which are accessible in the program mode permitting
      the serial storage of 15 two digit channel numbers.
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PAL  A signal processing arrangement, particularly for Doppler ILS, giving
      complete scanning verification and tracking filter operation. Two
      commutated filters are driven by two voltage controlled oscillators whose
      roles are interchangeable. One filter is used solely for information
      signal tracking and the other solely for scanning. If the true signal is
      being tracked, the peak output from the scanning filter corresponds in
      amplitude and frequency to this signal and occurs at the same time as the
      frequency coincidence of the two oscillators. If the incorrect signal is
      being tracked, there is non-correspondance between the peak output and the
      signal being tracked. This is detected and the roles of the oscillators
      are interchanged, causing the oscillator which was scanning to reside on
      the correct signal and the other oscillator to adopt the scan program.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a signal processing arrangement having particular
      though not exclusive application in Doppler radio navigation systems where
      bearing information is coded in terms of frequency.
PAR  2. Description of the Prior Art
PAR  Doppler radio navigation systems have previously been described in British
      patents 1,225,190 and 1,234,541, and elsewhere in the technical
      literature. In such systems, a radio frequency source is commutated
      successively to the separate elements of a linear array of radiators,
      while a slightly offset frequency is transmitted from a reference antenna.
      Direction (angle of reception) from the array is basically defined by the
      frequency of the commutated wave emitted in that direction. In an azimuth
      system using a horizontal array, bearing information over a sector of
      typically .+-.60.degree. normal to the axis of the array can be provided.
      Accordingly, the frequency-counting receivers of the cooperating remote
      (receiving) station must accept a band of frequencies corresponding to the
      complete sector of possible bearings. Such received bearing information
      signal does not consist of only the discrete information frequency (by
      direct propagation) but also includes multipath components (by
      reflection).
PAR  In the said system receiver, therefore, a signal processor is required to
      track the valid information signal spectrum, and to be able to
      discriminate against multipath signals.
PAR  To fulfill these requirements, the processor must provide scanning
      verification and narrow-band tracking filter facilities and in its
      application to Doppler radio navigation system receivers, the signal
      processing arrangement of the present invention must provide these
      functions.
PAR  The manner in which the present invention deals uniquely with these
      problems to provide a novel arrangement will be understood as this
      description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a signal processing arrangement is provided,
      including two variable frequency oscillators, a circuit for coupling one
      of said oscillators to a first frequency selective network so as to form a
      frequency tracking filter arranged to track one frequency component of a
      multiple frequency component input signal by moving a relatively narrow
      frequency slot or "window", a circuit for coupling the other of said
      oscillators to a second frequency selective network so as to form a
      frequency scanning filter arranged to scan a predetermined frequency range
      repetitively, including that of the input signal, circuits associated with
      said frequency scanning filter for determining if there occurs during a
      said scan or during a sequence of said scans an input signal component of
      a frequency different from and of larger amplitude than that being tracked
      by said tracking filter, and apparatus responsive to such an occurrence to
      generate a control or "lock-on" signal thereby to cause interchange of the
      respective couplings of said oscillators with said networks such that at
      the instant of said interchange the frequency tracking filter is tuned to
      (and thereafter tracks) the frequency of the largest amplitude component.
PAR  The detailed implementation of this general statement of the invention will
      be understood as this description proceeds.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a first embodiment and is a block schematic circuit diagram of
      a scanning verification and tracking filter for a Doppler landing guidance
      system receiver.
PAR  FIG. 2 shows circuit details of the scanning search filter according to the
      invention.
PAR  FIG. 3 shows circuit details of a frequency coincidence detector according
      to the invention.
PAR  FIGS. 4(a) through 4(d) show waveforms for explaining operation of the
      detector of FIG. 3.
PAR  FIG. 5 shows circuit details of a signal integrity decision arrangement for
      use in the combination of the invention.
PAR  FIGS. 6(a) through (h) depict waveforms for explaining operation of the
      filter of FIG. 1.
PAR  FIG. 7 shows a second embodiment of a scanning verification and tracking
      filter.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
PAR  Two embodiments of the invention will now be described with reference to
      the accompanying drawings.
PAR  The receiver of which FIG. 1 is a part, derives the bearing signal to be
      processed by suitably processing the received radio frequency signals from
      the system transmitter beacon to obtain a Doppler beat frequency which is
      unique for a given bearing angle. A wideband filter passes all such
      processed signals which fall within the frequency band total sector of
      possible bearings, but inevitably this acceptance of a wide range of
      spectral components also results in acceptance of multipath components
      falling within the passband of the filter.
PAR  As already indicated, further processing of this Doppler signal requires
      acquisition and locking in to the true bearing frequency, and verification
      that the correct signal, and not a multipath signal, has been acquired.
      The criterion for establishing correct acquisition is that the true
      information signal component consistently has the largest amplitude.
PAR  Referring to FIG. 1, there are two VCO units (voltage controlled square
      wave oscillators) VCO1 and VCO2, each having their outputs connectable via
      a digital crossover switch DCS to either a first frequency selective
      network FSN1 or a second frequency selective network FSN2. The frequency
      control inputs of the two oscillators are connectable via an analog
      crossover switch ACS to either a tracking control voltage feedback signal
      on a lead L from the first network FSN1 or to a sawtooth frequency control
      waveform generator WG which, when coupled to the oscillator driving the
      search filter (as will be described later), causes repetitive scanning
      over the whole range of possible frequencies of the received input signal.
PAR  Let it be assumed that the two crossover switches ACS and DCS are set so
      that the oscillator VCO1 is coupled to the first network FSN1 and to the
      lead L, and that the oscillator VCO2 is coupled to the second network FSN2
      and to the generator WG.
PAR  With this setting of the switches ACS and DCS, VCO1 and FSN1 constitute a
      frequency tracking filter as indicated by the dashed outline FT and VCO2
      and FSN2 constitute a frequency scanning filter as indicated by the dashed
      outline FS.
PAR  The frequency tracking filter FT is of any suitable type which is brought
      into the "on-tune" condition, i.e., locked onto one frequency component of
      the multiple frequency component input signal, by appropriate variation of
      the frequency of the oscillator VCO1. In the "on-tune" condition,
      measurement of the frequency of VCO1 by a frequency measurement device FM
      gives an indication of the frequency of the signal component locked on to,
      and this information is passed on for suitable display of bearing angle.
PAR  A suitable form of tracking filter employing a voltage controlled
      oscillator is described in U.S. Pat. Application Ser. No. 382,957 filed
      26, 25, 1973 (assigned to the assignee of the present application).
      Briefly, that device operates by using a variable frequency oscillator to
      beat the received signal to a predetermined fixed frequency of a narrow
      band filter network.
PAR  In another known form, there is an arrangement to sample the input signal
      over each scan period (commutated array scan period) four times per signal
      period under control of a variable frequency oscillator. The contributions
      from the first and third quadrant are then integrated on a capacitor (or
      on separate capacitors) and the second and fourth quadrant contributions
      are integrated on another capacitor (or on separate capacitors). At the
      end of the scan the steady state response of an equivalent delay line
      filter is available as the final voltages on the capacitors. These are
      then discharged, and another scan signal applied to form another steady
      state value at the scan end. This process is repeated indefinitely, with
      the steady state signals from a "sum" and "difference" filter
      cross-multiplied to provide error signals for the oscillator which
      controls the sampling rate.
PAR  Turning now to the frequency scanning filter FS, this device is basically
      operated under control of the sawtooth generator WG to sweep through the
      whole frequency range and to determine, during each sweep, when the
      largest amplitude component occurs.
PAR  A typical circuit arrangement is shown in FIG. 2. The output from the
      oscillator VCO2 controls a four phase clock divider CD for sampling the
      input signal in successive quadrants every scan of the commutated array by
      the appropriate control of four switches SW1 to SW4, typically field
      effect transistors each gated on in turn by the divider CD via pulses 01
      to 04. The search scan period, i.e., of the generator WG, is very much
      larger than the commutated array scan period of the ground beacon to which
      the device herein described responds, so that as the frequency of the
      oscillator VCO2 is varied over the search scan period, the whole input
      signal spectrum is sampled. The signal samples are stored in respective
      capacitors C1 to C4, and the largest amplitude signal component sampled
      during any one search scan establishes, via diodes D1 to D4, a detector
      voltage level at the base of a transistor T.
PAR  On the next scan, with a 1dB droop per search cycle of the detector level
      of the previous search scan, there is an output pulse P2 from the
      collector of T when the detector level is exceeded by the largest
      amplitude signal component occurring in this next scan. There is therefore
      produced a series of P2 pulses, one in each search scan, at the occurrence
      of the largest amplitude signal during the scan. Each P2 pulse will occur
      at the same time as frequency coincidence between the tracking oscillator
      VCO1 and the search oscillator VCO2, if the true signal is being tracked.
PAR  In order to establish when frequency coincidence occurs, the two oscillator
      frequencies are fed, between the switch DCS and the respective filter
      networks FSN1 and FSN2, to a frequency coincidence detector circuit FC
      which is arranged to produce a series of pulses P1 at frequency
      coincidence during each search scan.
PAR  A suitable frequency coincidence detector circuit is shown in FIG. 3,
      wherein the two oscillator frequencies are supplied as respective inputs
      to an exclusive OR gate G (digital equivalent of mixing). The output of
      the gate G is connected via a low pass filter LP, a high pass filter HP
      and an envelope detector ED to one input of a comparator CO, whose other
      input is a threshold voltage, V.sub.T.
PAR  The oscillator VCO1 is operating at a fixed frequency, as it is locked on
      to a signal component. The other oscillator VCO2 is swept through the
      scanning frequency range and during each scan its frequency passes through
      that of the oscillator VCO1. FIG. 4(a) shows the lower sideband beat
      frequency waveform emerging from the low pass filter LP, the beat
      frequency tending to zero at frequency coincidence between the two
      oscillators. After the high pass filter HP the signal, FIG. 4(b), is
      passed into the envelope detector ED and when the envelope level, FIG.
      4(c), falls to the level of the threshold voltage, the comparator CO
      delivers an output pulse P1, FIG. 4(d), at the instant of frequency
      coincidence between the two oscillators VC01 and VCO2.
PAR  The comparator therefore produces an output of a series of P1 pulses, one
      in each search scan, at the time of occurrence of frequency coincidence
      between the two oscillators VCO1 and VCO2.
PAR  The two series of pulses P1 and P2 are fed to a signal integrity decision
      circuit SID which determines whether or not the P1 and P2 pulses are in
      coincidence. A suitable circuit for that function is shown in FIG. 5, and
      comprises an AND gate G1 to which the P1 and P2 pulses are applied, one to
      each input. FF is a flip-flop which is held at "1" by a repetitive reset
      pulse formed from the coincidence (overlap) of the P1 and P2 pulses. The
      flip-flop is connected via detector DE associated with a delay circuit RC
      to one input of a comparator CO1, the other input being connected to a
      threshold voltage V.sub.T1. The comparator output is normally at `O` and
      consequently the output of a second AND gate G2, having as inputs, the
      output of the comparator CO1 and the pulses P2, is held at `O`.
PAR  If P1 and P2 do not overlap, FF is permitted to fall to `O`, and after a
      delay time determined by RC, the output of the comparator CO1 rises to "1"
      and at the next incidence of a P2 pulse and AND gate G2 will generate a
      pulse P3. This pulse P3 is effective to operate both changeover switches
      DCS and ACS so that the roles of the oscillators are interchanged. The
      purpose of the time delay is to provide "bright flash" immunity, i.e., the
      transient appearance of a multipath or other spurious signal of high
      amplitude which would otherwise cause incorrect operation.
PAR  The scanning verification and tracking sub-combination arrangement
      described above contains two commutated filters, one of which is used
      purely for information signal tracking and the other which is used in the
      scanning verifier. These filters are driven from two voltage controlled
      oscillators whose roles are interchangeable. The signal integrity decision
      is controlled by two input pulses. One of these, P1, is created by the
      frequency coincidence of the oscillators and the other, P2, which is
      produced by the largest component seen during the verification scan. If
      the true signal is being tracked, then the peak output from the scanning
      search filter occurs at the same time as the frequency coincidence of the
      oscillators. Hence, the criterion for proper track is that pulses P1 and
      P2 overlap. When the system is in correct track, the count output is taken
      directly from the respective oscillator. In principle, the two filters
      could have equal bandwidths, but then the search filter would have to be
      scanned extremely slowly so that signal components would not be missed,
      due to the inherent delay. The exact relationship between the filter
      bandwidths is determined by a number of factors.
PAR  The sequence of events occurring if the tracking filter is initially locked
      on to an incorrect signal, S1, is depicted in FIG. 6. The frequency of the
      scanning oscillator (VCO2) is shown by the sawtooth waveform, FIG. 6(a).
      Initially the tracking oscillator (VCO1) is at a constant frequency,
      f.sub.1, since the system "sees" correct lock with signal S1, FIG. 6(b),
      i.e., P2 and P1 overlap, FIGS. 6(c) and 6(d). When the peak detector first
      registers signal S2 as being the largest signal in the sector, the
      flip-flop, FIG. 6(e), actuates a controlled voltage decay, FIG. 6(f). In
      the absence of a "bright flash", a threshold voltage is reached which
      causes reset of the flip-flop and the oscillators to be interchanged, the
      system being reset at a time determined by the next P2 pulse, FIG. 6(g).
      This causes the oscillator VCO2 which was scanning (see FIG. 6(h), to
      "home" on the correct component, at frequency f.sub.2, (FIG. 6(a) and the
      other oscillator VCO1 to adopt the scan program. This interchange facility
      of the oscillators permits rapid acquisition. The scanning verification is
      not susceptible to the cumulative effect of spurious signals and noise
      throughout the whole sector but rather compares the energy of each
      component relative to the "tracked" signal.
PAR  The embodiment described above utilizes a verification procedure which will
      be quite satisfactory in a multipath situation where random transient
      "bright flashes" occur.
PAR  In a severe multipath situation there may be a continuous succession of
      bright flashes or glints from random directions, and it is important in
      such a situation that, once the verification circuit has indicated the
      necessity for reacquisition, tracking does not restart on a multipath
      signal which has significant persistence.
PAR  Ideally therefore, there is required a verification procedure which "looks
      for" the existence of a response persistent at one bearing. It is noted
      that, even if there is a continuous succession of multipath "glints", the
      bearing of these will change as the aircraft proceeds on course.
PAR  These requirements may be met by a verification procedure which effectively
      permits a history to be generated in terms of persistence and bearing
      stability.
PAR  Persistence is clearly a function of time but may also be weighted by
      amplitude according to some controlled law.
PAR  Bearing stability requires knowledge of bearing and, in the embodiment to
      be described and shown in FIG. 7, the approach is to split the sector into
      a number of sections, typically 16. In outline, only responses larger than
      that being tracked are recorded, these are graded in terms of persistence
      and isolated into one of the 16 sections. If certain criteria of
      persistence of these larger responses are exceeded, then the roles of the
      oscillators are interchanged to bring the tracking system into the new
      section for final acquisition.
PAR  Referring then to FIG. 7, in which like references have been used (where
      appropriate) to those used in the embodiment shown in FIG. 1. Let it be
      assumed, as before, that the variable frequency oscillator VCO1 is coupled
      with the first frequency selective network FSN1 and the lead L via the
      switches ACS and DCS so as to function as a frequency tracking filter
      which is locked onto a signal frequency f.sub.1.
PAR  The frequency scanning filter, basically comprised of the sawtooth waveform
      generator WG, oscillator VCO2 and frequency selective network FSN2, sweeps
      through the whole frequency range.
PAR  The frequency coincidence detector circuit FC defines the moment in time
      (pulse P1) during each scan when the scanning filter (frequency of VCO2)
      is coincident with the tracking filter (frequency of VCO1). Pulse P1
      causes momentary closing of a switch S to charge capacitor CA1 via
      transistor T1 to the peak value of the response which is being detected by
      the scanning filter. This value is held by CA1,R1 such that transistor T2
      only conducts if the scanning filter finds responses in excess of that to
      which the tracking filter is tuned.
PAR  The sawtooth waveform generator WG additionally operates a switch bank SB,
      typically having FET "switches", in sequence, and with 16 of such switches
      S1, S2, etc., each coupling to a different capacitor, CA10, CA11 etc., the
      sector is divided into 16 sections in terms of which switch is closed as
      the generator WG scans the frequency range.
PAR  Any response in excess of that to which the tracking filter is tuned is
      thus recorded in the particular one of the capacitors CA10 through CA26,
      appropriate to its position in the sector. Dependent on the choice of R2,
      R3, and the capacitor values, persistence and level weighting can be
      applied.
PAR  If any one of the capacitors CA10 through CA26 becomes charged to more than
      a certain voltage indicating the presence of a persistent response of
      frequency f.sub.2 on a fixed bearing, a threshold detector THD causes
      reset of flip-flop FFL resulting in actuation of the changeover switches
      ACS and DCS to interchange of the oscillators VCO1 and VCO2, transferring
      the tracking filter to the region of the dominant signal. The time of
      transfer is, of course, determined by the time (i.e., position in scan)
      that a capacitor CA10-26 with previous storage is switched across the
      threshold detector THD by the switch bank SB.
PAR  The term remote used hereinafter refers generally to the separation of
      ground Doppler navigation beacon and the airborne station at which the
      Doppler receiver of the invention is located. Thus, the ground beacon and
      the said receiver are remote from each other, although not necessarily for
      a long distance. Systems of the type are most useful for aircraft final
      approach and landing.
PAR  Modifications and variations will suggest themselves to those skilled in
      this art, once the principles of the invention are understood.
      Accordingly, it is not intended that the scope of the invention be limited
      to the drawings and this description, these being typical and illustrative
      only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a Doppler Navigation receiver for deriving angular position
      information from received signals transmitted from a remote commutated
      array ground beacon, signal processing apparatus for frequency tracking
      the direct path signal and avoiding the tracking of frequencies
      corresponding to multipath signals, comprising:
PA1  a frequency tracking circuit responsive to said received signals, said
      tracking circuit being responsive to a control signal to lock onto and
      track a discrete signal within the range of frequencies contained within
      said received signals;
PA1  a frequency scanning circuit for scanning said range of received signal
      frequencies, including detection means to generate said control signal at
      any time when a signal amplitude within said range of received signals
      exceeds the amplitude of said discrete signal being tracked at the same
      time by said frequency tracking circuit;
PA1  and switching means responsive to said control signal to cause at least a
      portion of said frequency scanning circuit to assume the role of frequency
      tracking, at least a portion of said frequency tracking circuit being
      controlled to contemporaneously assume the role of frequency scanning.
NUM  2.
PAR  2. Apparatus according to claim 1 in which said frequency tracking circuit
      and said frequency scanning circuit include first and second controllable
      variable frequency oscillators respectively and first and second frequency
      selective networks respectively, said tracking and scanning circuits
      operating to move a relatively narrow frequency window in response to
      variation of the frequencies of said oscillators.
NUM  3.
PAR  3. Apparatus according to claim 2 in which said frequency scanning circuit
      comprises a sawtooth generator for producing a scanning control signal and
      said oscillator of said frequency scanning circuit is responsive thereto
      to cause said frequency window to move in frequency throughout at least a
      portion of said range of received signal frequencies.
NUM  4.
PAR  4. Apparatus according to claim 3 in which said detection means within said
      frequency scanning means includes frequency coincidence means responsive
      to the instantaneous frequency scanned and the frequency being tracked at
      any given time by said frequency tracking means to produce a first
      frequency coincidence pulse, additional means are included for generating
      a second pulse at a scan time corresponding to the frequency of the
      greatest amplitude received signal, and in which said switching means is
      adapted to interchange the roles of said scanning and tracking circuits
      whenever said first and second pulses do not occur substantially
      contemporaneously.
NUM  5.
PAR  5. Apparatus according to claim 4 including signal persistence detection
      means associated with said additional means for evaluating the frequency
      of said greatest amplitude signal to provide for generation of said second
      pulse only if said frequency is substantially constant over a
      predetermined plurality of scan cycles of said ground beacon array
      commutations.
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ABST
PAL  An oscillator with a ceramic resonator in the feedback circuit for
      providing a stable continuous signal to a programmable divider each time
      an enable signal is applied to the oscillator, a read-only memory
      connected to the programmable divider and operated by timing means,
      including a counter and a clock, which sequentially switches the memory to
      cause the programmable divider to divide the output of the oscillator by a
      different divisor to provide a predetermined sequence of signals, each
      having a desired frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  In the electronics field there are a great many uses for digital encoders
      and especially digital encoders which can provide a sequence of signals
      each having a predetermined frequency. Encoders of the type herein
      described are especially useful in communications systems where an address
      is transmitted prior to a message, which address is composed of a series
      of signals each with a predetermined frequency, so that only a desired one
      of a plurality of receivers will receive the transmitted message. The
      present encoder is useful in any system wherein it is desired to convert
      specific numbers or the like to signals of a predetermined frequency.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  In prior art systems, when it is desired to provide a sequence of signals
      having different frequencies, a programmable variable frequency
      oscillator, frequency synthesizer, a plurality of oscillators, or the like
      are utilized. Each of these systems is relatively expensive and
      complicated and may increase RF problems and the like because of
      oscillator noise, less RF sensitivity and other factors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings, wherein like characters indicate like parts
      throughout the figures:
PAR  FIG. 1 is a block diagram of an embodiment of the present invention
      connected for use in a two-way communications system;
PAR  FIG. 2 is a schematic diagram of a portion of FIG. 1; and
PAR  FIG. 3 is a chart illustrating the time sequence of various signals
      available at designated points in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring specifically to FIG. 1, the numeral 10 generally designates a
      reference oscillator, which will be described in more detail in
      conjunction with FIG. 2. Reference oscillator 10 supplies a signal to a
      programmable divider 11 the output of which is a predetermined sequence of
      tones or signals each having a desired frequency. The programmable divider
      11 can be similar to the programmable divider, illustrated as counter 13,
      described in U.S. Pat. No. 3,729,688, entitled "Oscillator With Switchable
      Filter Control Voltage Input for Rapidly Switching to Discreet Frequency
      Outputs" and assigned to the same assignee as the present application. The
      programmable divider 11 has a plurality of inputs (in the present
      embodiment 8), each of which is connected to an output of memory means,
      which in this embodiment is a read-only memory (ROM) 12. ROM 12 operates
      as a code plug to actuate the desired divisor in the programmable divider
      11. The desired sequence of operation of ROM 12 is provided by a counter
      13 which supplies a plurality (in this embodiment 7) of sequential
      activating signals to the ROM 12. The counter 13 and code plug 12 can be
      similar to the counter 21 and code plug 24 (see FIG. 3) described in U.S.
      Pat. No. 3,882,466, entitled "Switchable Frequency Tone Detector With
      Electronically Controlled Code Plug and BCD Converter", and assigned to
      the same assignee as the present application. The counter 13 also supplies
      an enable signal to an input of the reference oscillator 10. Further, at
      the end of a sequence an output of the counter 13 supplies a reset signal,
      such as that developed by the one-shot 19, to a set/reset flip-flop 14.
      Flip-flop 14 is set by a pulse signal applied to an input terminal 15 by
      some means (not shown), such as a push-to-talk switch (PTT). The output of
      the flip-flop 14 is applied to a terminal 16, which may be connected to an
      audio disable circuit or the like, and through a delay circuit 17 to an
      input of a sequence oscillator generally designated 18. The output of the
      sequence oscillator serves as a clock signal for the counter 13.
PAR  Referring to FIG. 2, the reference oscillator 10 utilized in the present
      embodiment is illustrated. While it should be understood that other
      reference oscillators might be utilized, the oscillator illustrated in
      FIG. 2 is utilized because of several advantages over other known
      oscillators, including simplicity, the ability to readily include this
      oscillator in an IC circuit, and stability with less expense. Reference
      oscillator 10 includes a logic gate amplifier 25, which in this embodiment
      is a "NOR" gate, having a first input 26, adapted to receive an enable
      signal thereon, and a second input 27. It should be understood that logic
      gates other than a "NOR" gate can be utilized if desired and only minor
      differences to the circuit will be required to compensate for the
      different signals required and provided. The output of the logic gate
      amplifier 25 is connected through a resistor 28 to the input 27, through a
      second resistor 29 to a junction 30 and to an output terminal 24. The
      junction 30 is connected through a capacitor 31 to ground and through a
      ceramic resonator 32 to the input 27. The input 27 is also connected
      through a variable capacitor 33 to ground. Resistors 28 and 29, capacitors
      31 and 33 and ceramic resonator 32 form a pi feedback network having
      attenuation and phase characteristics sufficient for providing sustained
      oscillations whenever an enable signal is applied to the input 26. In the
      present embodiment the various components have the following values.
      Resistor 28 is 10 megohms, resistor 29 is 12 K, capacitor 31 is 500 pf,
      capacitor 33 is adjusted to approximately 100 pf and ceramic resonator 32
      has a resonant frequency of approximately 467 kHz. With these exemplary
      values the reference oscillator 10 oscillates at approximately 484.5 kHz.
      If desired, a capacitor 35 and thermistor 36 may be connected in series
      between the junction 30 and the input 27 to provide temperature
      compensation.
PAR  Because the ceramic resonator 32 is used in the reference oscillator 10
      instead of a quartz crystal or the like, the reference oscillator 10 is
      less expensive but also less stable. An RC (resistor-capacitor) oscillator
      using C-MOS gates typically has a stability of plus or minus 2% whereas
      the reference oscillator 10 typically has a stability on the order of plus
      or minus 0.4%. The cost of the ceramic resonator 32 is approximately 10%
      to 20% of the cost of a comparable crystal. Thus, the reference oscillator
      10 fills a gap between high stability crystal oscillators and relatively
      inexpensive RC oscillators. Further, the reference oscillator 10 is simple
      to construct since it uses a linearly biased C-MOS logic gate 25 as an
      amplifier.
PAR  Referring to FIG. 3, a chart is illustrated showing the sequence of signals
      present at various designated points a through m on the block diagram of
      FIG. 1. When the push-to-talk switch is actuated a signal, such as pulse
      20, is supplied at the terminal 15 to set flip-flop 14. The flip-flop 14
      remains set until a pulse is applied to the reset input thereof. The
      output of flip-flop 14 is applied to terminal 16 to disable the microphone
      audio during the transmission and is also applied through the delay
      circuit 17 to enable the sequence oscillator 18. The delay circuit 17 is
      an adjustable turn-on, zero to 500 millisecond, delay and used to provide
      the correct timing between the present digital encoder and the remaining
      communications system. The delayed pulse enables the sequence oscillator
      18, which in turn supplies a series of clock pulses at a predetermined
      rate, or in this embodiment, at a 25 hertz rate, to the counter 13. The
      first 25 kHz. clock pulse applied to the counter 13 produces a d-c level
      transition (see signal information at point d), which is then applied to
      the input of the reference oscillator 10 to enable the oscillator so that
      the reference oscillator 10 begins to supply a 484.5 kHz. signal to the
      input of the programmable divider 11 (see the signal at point e). The
      first clock pulse also causes the first output of the counter 13 to cause
      the ROM 12 to supply a first activating signal to the programmable divider
      11 and activate a first predetermined divisor. The second clock pulse
      provides a signal on the second output of the counter 13 which supplies a
      signal to the ROM 12 removing the first activating signal and supplying a
      second activating signal to the programmable divider 11. Thus, the first
      divisor is removed from the circuit and a second divisor is inserted in
      the circuit until the third clock pulse is applied to the counter 13. The
      time relationship between the clock pulses at point c, the pulses applied
      by counter 13 to ROM 12 at points f through l, and the frequencies or
      tones available at the output (point m) of the programmable divider 11 are
      all illustrated in FIG. 3. Following the transmission of the final signal
      l from counter 13, an appropriate signal is supplied from the counter 13
      to the reset input of flip-flop 14 to place the entire circuit in an
      inactive condition until the push-to-talk switch is again operated.
PAR  Thus, a relatively simple but accurate digital encoder is described which
      produces a predetermined sequence of desired tones. It will, of course, be
      understood that the counter 13, oscillator 18 and flip-flop 14 operate as
      a timing means in the present embodiment but other circuits might be
      utilized to activate the ROM 12, or whatever other memory means might be
      utilized, so that the programmable divider 11 is operated in the
      predetermined sequence.
PAR  While I have shown and described a specific embodiment of this invention,
      further modifications and improvements will occur to those skilled in the
      art. I desire it to be understood, therefore, that this invention is not
      limited to the particular form shown and I intend in the appended claims
      to cover all modifications which do not depart from the spirit and scope
      of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital encoder comprising:
PA1  a. an oscillator including a two input logic gate amplifier and a ceramic
      resonator in a phase changing feedback network connected between an input
      and an output of said logic gate amplifier and providing a continuous
      signal during proper energization thereof:
PA1  b. a programmable divider connected to receive the continuous signal from
      said oscillator and provide a signal at an output which has a frequency
      equal to the frequency of the continuous signal divided by a predetermined
      divisor, said divider having a plurality of inputs for receiving different
      signals thereon representative of different predetermined divisors;
PA1  c. memory means including a read-only memory code plug having a plurality
      of outputs connected to the plurality of inputs of said programmable
      divider and a plurality of corresponding inputs, said memory means
      providing signals on each of the plurality of outputs representative of a
      different predetermined divisor in response to an activating signal being
      applied to the corresponding input; and
PA1  d. timing means connected to the plurality of inputs of said memory means
      for providing activating signals thereto in a predetermined sequence.
NUM  2.
PAR  2. A digital encoder as claimed in claim 1 wherein the timing means
      includes a counter with a plurality of outputs connected to the inputs of
      the memory means and a source of clock pulses connected to an input of
      said counter.
NUM  3.
PAR  3. A digital encoder as claimed in claim 2 wherein an output of the counter
      is connected to one input of the logic gate amplifier for enabling the
      oscillatory signal to be applied to said programmable divider during the
      time that activating signals are being applied to inputs of the memory
      means.
NUM  4.
PAR  4. A digital encoder comprising:
PA1  a. an oscillator including a logic gate amplifier having two inputs and an
      output, one of said inputs being adapted to receive an enabling signal
      thereon, a feedback network connected between the output and the other
      input of said logic gate amplifier and having attenuation and phase
      characteristics sufficient for providing sustained oscillations when an
      enabling signal is applied to the one input of said logic gate amplifier,
      and said feedback network including a pi network having a ceramic
      resonator therein providing a continuous signal during proper energization
      thereof;
PA1  b. a programmable divider connected to receive the continuous signal from
      said oscillator and provide a signal at an output which has a frequency
      equal to the frequency of the continuous signal divided by a predetermined
      divisor, said divider having a plurality of inputs for receiving different
      signals thereon representative of different predetermined divisors;
PA1  c. memory means having a plurality of outputs connected to the plurality of
      inputs of said programmable divider and a plurality of corresponding
      inputs, said memory means providing signals on each of the plurality of
      outputs representative of a different predetermined divisor in response to
      an activating signal being applied to the corresponding input; and
PA1  d. timing means connected to the plurality of inputs of said memory means
      for providing activating signals thereto in a predetermined sequence.
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ABST
PAL  A pulse width control circuit that narrows, then allows a gradual increase
     n the pulse width of the output pulses to the width of the input pulses
      that is activated as the pulse repetition rate of the input pulses
      increases. The pulse width control circuit will provide the turn-on
      transient and high voltage supply transient suppression for a pulsed
      transmitter by selectively interconnecting a pulse repetition detector and
      a variable pulse width generator with a combining logic circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The subject matter of the present invention relates to a pulse width
      control circuit. More particularly to a pulse width control arrangement
      which provides turn-on transient and high voltage supply transient
      suppression for pulsed transmitters.
PAR  2. Description of the Prior Art
PAR  The prior pulse forming transmitters such as pulsed - TWT radar
      transmitters used high voltage capacitors which are both physically and
      electrically larger than is considered feasible to those skilled in the
      art. Moreover, by reducing the leakage inductance in the high voltage
      pulse forming transmitter arrangement below the current design levels
      there would also be an accompanying reduction in the turn-on transient and
      high voltage transient suppression for the high power transmitter.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly the present invention is a width control circuit that first
      narrows, then allows a gradual increase in the pulse width of the output
      pulses to the width of the input pulses that is activated by an increase
      in the pulse repetition rate of the input pulses. The pulse width control
      circuit will provide the turn-on transient and high voltage supply
      transient suppression for a pulsed transmitter by selectively
      interconnecting a pulse repetition detector and a variable pulse width
      generator with a combining logic circuit. The pulse width control circuit
      performs a type of filtering action at turn-on and at the high duty cycle
      by synthesizing an artifically smoothed network response function as the
      driving function for a high voltage filter network.
PAC  Statement of the Objects of the Invention
PAR  A primary object of the present invention is to provide a novel circuit
      arrangement which controls the turn-on transient and high voltage supply
      transient for pulse transmitters.
PAR  Another object of the present invention is to provide a novel pulse width
      control arrangement which narrows, then allows a gradual increase in the
      pulse width of the output pulses from the pulse width control to the width
      of the input pulses to the pulse width control when the pulse repetition
      rate of the input pulses increases.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram representation of the pulse width control circuit
      and;
PAR  FIG. 2 illustrates waveforms A - G observed at the various circuit elements
      of the pulse width control circuit of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the pulse width control circuit 9 of the present
      invention is generally comprised of three main functional groups: the high
      pulse repetition frequency detector, hereinafter referred to as high PRF
      detector 11, variable pulse-width generator 19 and the output combining
      logic 27. The pulse width control circuit 9 functions to transform an
      abrupt increase in both the duty cycle and the pulse recurrence frequency
      (PRF) of a pulse train, at the input of circuit 9, to a gradual increase
      in the duty cycle at the output of circuit 9 so that the final value at
      the output is equal to the initial value at the input.
PAR  Referring specifically to FIG. 1, the high PRF detector 11 includes
      flip-flop circuit 13, flip-flop circuit 15 and single shot multivibrator
      17. Flip-flops 13 and 15 are both preferably of the conventional J-K type;
      however, any equivalent circuits may be used. Flip-flops 13 and 15 are
      specifically connected to each other and form a divide-by-two-counter. The
      input pulse train V.sub.i from input source 7 is applied as a clock input
      pulse to flip-flop 13 via junction 35. The Q output of flip-flop 13 is
      applied as a clock input pulse via lead 10 to flip-flop 15 where the Q
      output is the principal terminal and Q is the complimentary terminal. The
      input pulse train V.sub.i from input source is applied to input T of
      multivibrator 17. Multivibrator 17 is a conventional one shot
      multivibrator circuit. The J and K inputs provide separate clock set and
      reset inputs and allow the flip-flops 13 and 15 to change state, if
      desired, on successive pulses. Generally, J-K flip-flop circuit has set
      and reset capability, however, for purposes of the present invention only
      the reset capability is required. Moreover, in flip-flop 13 the K input
      and complimentary or Q output functions are not required in the present
      invention. Additionally the J-K input functions are not required in
      flip-flop 15. The Q output of multivibrator 17 is operatively connected to
      flip-flops 13 and 15 via leads 14 and 16 through junction 37 to provide a
      reset (clear) function to both flip-flops 13 and 15. The clear or reset
      functions of the flip-flops of the illustrated embodiment are activated by
      the low state of the Q output of multivibrator 17. The Q output of
      flip-flop circuit 15 is coupled to the J input of flip-flop circuit 13 by
      conductors 18 and 20 via junctions 39 and 41 respectively.
PAR  Referring to FIGS. 1 and 2 in the low PRF mode, the leading edge of an
      input pulse V.sub.i (such as indicated graphically by waveform A of FIG.
      2) entering the T input of multivibrator 17 yields a pulse width t.sub.1
      at the Q output of multivibrator 17 as indicated graphically by waveform
      B. Note, the complimentary or Q output function is not required in
      multivibrator 17 for purpose of operation of the present invention.
PAR  The time between input pulses T.sub.L is larger than t.sub.1 for the low
      PRF case as indicated graphically by waveforms A and B of FIG. 2.
      Therefore the Q output of multivibrator 17 returns to its rest state
      between input pulses V.sub.i from pulse source 7. Each time multivibrator
      17 is triggered, multivibrator 17 enables flip-flop circuits 13 and 15 for
      a period t.sub.1 as graphically illustrated by wave forms B - D of FIG. 2.
      Input pulse V.sub.i train is applied as a clock input to flip-flop circuit
      13 which causes output Q to change state at each negative-going edge of
      the clock pulse as illustrated by waveform C of FIG. 2 (low PRF only). The
      output Q of flip-flop circuit 13 is applied as the clock-pulse input to
      flip-flop 15. The output Q of flip-flop circuit 15 will go to the high
      logic state at the negative-going edge of its clock pulse as illustrated
      by waveform D. This would be the second negative-going edge of the input
      pulse V.sub.i train occurring while the Q output of the multivibrator 17
      remains at its high state. Multivibrator 17 resets before the next low PRF
      input pulse V.sub.i arrives. Multivibrator 17 clears or resets both
      flip-flop circuits 13 and 15 before the Q output of flip-flop circuit 15
      can count to two. Thus the Q output of flip-flop circuit 15 remains low
      for low PRF or no-pulse inputs, while the Q output of flip-flop circuit 15
      remains at a high state.
PAR  Referring again to FIGS. 1 and 2, in the high PRF mode, the same period,
      t.sub.1, will generally be larger than that of the lowest of the high
      PRF's. One practical application of the present invention, utilized in an
      airborne radar system having a low p.r.f. mode of up to 20 kHz and a high
      p.r.f. mode of 200 kHz and above uses a value of t.sub.1 of 6
      microseconds. Such a value of t.sub.1 in the actual application, only
      representative of the specific application and by no means limiting,
      provides the necessary sensivity for quick speed of decision and a
      tolerance appropriate for the implementing devices. Operating in the high
      PRF mode causes the Q output of multivibrator 17 to remain at its high
      state between input triggers illustrated by waveform B of FIG. 2 for high
      PRF. Flip-flop circuits 13 and 15 become enabled (a high state) by the Q
      output of multivibrator 17. Flip-flop circuits 13 and 15 stay enabled
      during the entire high PRF mode. The negative logic flip-flops thus drive
      the Q output to the high state and the Q output to the low state during
      the duration of the high state of the Q output of multivibrator 17. Hence,
      flip-flop circuit 13 will trigger at each negative-going edge of the input
      pulse V.sub.i while flip-flop circuit 15 triggers at every other
      negative-going edge of the input pulse V.sub.i as illustrated by waveforms
      A, C, and D of FIG. 2. The Q output of flip-flop circuit 15 is fed back to
      the reset or J-input of flip-flop circuit 13 through leads 18 and 20 via
      junctions 39 and 41. At the first negative going edge of V.sub.i after
      high PRF, the enabled flip-flop 13 causes Q to go to its high state. The
      second negative going edge causes Q to go low. The low input at the clock
      of flip-flop 15, now enabled, drives the Q of flip-flop 15 high and the Q
      low. Once Q reaches the low state with the clear input of flip-flop
      enabled, a steady state of the Q and Q outputs is caused by the fact that,
      via feedback of Q of flip-flop 15 to the reset or J input of flip-flop 13,
      flip-flop 15 will see no more input pulses after the first two V.sub.i in
      high PRF. This forces the Q output of flip-flop circuit 13 to remain in a
      low state after one pulse and the Q output of flip-flop circuit 15 to
      remain in a high state during the input high PRF mode. The Q output of
      flip-flop circuit 15 drives to its low state and remains there during high
      PRF. Any further increase in the duty cycle or any increase in PRF as
      indicated by high PRF2 in FIG. 2, after high PRF has been initially
      sensed, will cause no further change in the logic state at the various
      outputs of multivibrator 17 and flip-flop circuits 13 and 15. The
      termination of the high PRF mode is sensed by multivibrator 17 whose Q
      output goes into the low state after a t.sub.1 delay from the leading edge
      of the last high PRF input pulse V.sub.i as shown by waveforms A and B
      taken together. A discussion of the variable pulse width generator 19 and
      its interconnective function with the high PRF detector 11 follows.
PAR  As shown in FIG. 1 the variable pulse width generator 19 is comprised of
      conventional ramp generator 21 and voltage controlled constant current
      source 23 and width controlled single shot multivibrator 25. The Q output
      from flip-flop circuit 15 is connected through leads 27 and 24 to the
      input of ramp generator 21 via junction 39. Ramp generator 21 is enabled
      when the Q output of flip-flop circuit 15 goes into its low state or high
      PRF sensing as illustrated by waveforms A and E of FIG. 2. The proper
      duration of the ramp signal is determined by the RC time constant T.sub.r
      which is at least five times the leakage inductance ringing period of the
      transmitter high voltage power supply filter network. Referring
      specifically to waveform E of FIG. 2 the ramp voltage v.sub.R increases
      according to the equation Vm (1 - e.sup.-.sup.t T.sub.r) where Vm is the
      maximum ramp voltage and t is the rise time. Hence, the ramp voltage
      v.sub.R remains at Vm until a change to low PRF is sensed or the Q output
      of flip-flop circuit 15 goes into its high state. The ramp signal is
      quickly reset to its base-level with a fall time t.sub.f when the low PRF
      is sensed. The fall time is made short, i.e. t.sub.f .ltoreq. Tr/4 to
      allow the ramp generator 21 to fully reset to the base-level during brief
      periods when the input pulse train V.sub.i may be blocked off. Preferably
      the exponential function is used rather than a linear function because of
      the choice made in mechanizing the width-control function to favor
      simplicity. The output from ramp generator 21 is applied to the input of
      voltage controlled constant current source 23. Constant current source 23
      directs a current into the width control input of width control circuit 25
      which width modulates its output pulses. Referring to FIGS. 1 and 2 and
      particularly to waveforms E and F of FIG. 2 the maximum current is
      directed into width control circuit 25 during the low PRF cycle when the
      ramp voltage v.sub.R is at its base level. This corresponds to the minimum
      pulse width out of pulse width control circuit 25, to t.sub.2 minimum of
      waveform F of FIG. 2 for each input trigger pulse. The width control
      current will diminish during the ramp period, or the start of high PRF, to
      a minimum steady-state value which sets the maximum pulse width out of
      width control 25 or at t.sub.2 max illustrated by waveform F. Preferably a
      practical limit on the ratio of maximum to minimum current is about 10/1.
      The T input of width control circuit 25 is connected to the T input
      multivibrator circuit 17 by lead 26 via junctions 42 and 35. This allows
      pulse source 7 to provide a reference pulse train V.sub.i to both
      multivibrator 17 and width control circuit 25. Width control circuit 25
      may be a single shot microcircuit such as a Fairchild 9602 or its
      equivalent. The complimentary or Q output is not required. The timing
      capacitor (not shown) for width control circuit 25 is selected to provide
      a sufficiently low duty cycle at the output of width control circuit 25 at
      the start of high PRF to avoid a supply transient. This timing capacitor
      should also simultaneously satisfy the requirement that the maximum pulse
      width out of control circuit 25 be greater than the largest interpulse
      period T.sub.H1, as shown by waveforms A and F in the high PRF mode. This
      insures that the Q output of width control circuit 25 will become a high
      state d c level at the end of the width modulation ramp period. Each low
      PRF input-trigger pulse V.sub.i yields a minimum-width pulse at the output
      of width control circuit 25 but does not appear at the output due to the
      properties of the output combining logic circuitry 27 which will be
      described below.
PAR  In describing combining logic 27 of FIG. 1 apparatus of the present
      invention the logic diagrams representing individual "AND" and "OR" gates
      are functional and do not indicate the actual circuitry involved. For
      example, diode transistors or equivalent switching combinations could be
      used as long as the proper function was performed. Since combining logic
      circuits are well known in the art the actual circuit diagram or schematic
      is not needed in understanding the circuit logic.
PAR  In FIG. 1 the output combining logic 27 is an arrangement of two AND gates
      29 and 31 followed by an OR gate 33. The J input of flip-flop circuit 13
      is connected to the A input of AND gate 29 via conductor 20 The B input of
      AND gate 29 is coupled to the clock input of flip-flop circuit 13 through
      conductor 26 via junction 35 and to the T input of width control circuit
      25 via junction 42. AND gate 29 is connected to the E input of AND gate 31
      via junction 43. AND gate 31 is connected to the Q output of flip-flop
      circuit 15 and to the Q output of width control circuit 25 and to input
      pulse source 7. OR gate 33 is connected to the outputs of AND gates 29 and
      31 respectively.
PAR  Referring to FIGS. 1 and 2 gate 29 is a low-PRF steering gate which permits
      the input pulses to pass through gate 33 and the main output V.sub.o only
      when low PRF is sensed or the Q output of flip-flop circuit 15 is at its
      high state. A reversed situation takes place at the high-PRF steering gate
      or gate 31. Here the input pulses ANDed with the width-modulated pulses
      out of width control circuit 25 are allowed to pass through to gate 33
      only when high PRF is sensed or Q of flip-flop circuit 15 is at its high
      state. ANDing of the input pulses V.sub.i with those out of width control
      circuit 25 yields, out of AND gate 31, a pulse train that has the width
      modulation of circuit 25 until such time that the pulse widths out of
      circuit 25 become greater than those at the input. Thus, any pulse jitter
      which may exist out of circuit 25 does not appear at the main output
      V.sub.o after the input pulse V.sub.i width has been exceeded by those out
      of circuit 25. This ANDing process also acts as a pulse-width clamp
      circuit to guarantee that the output pulses V.sub.o can only increase in
      width to a maximum set by the input pulse width. The pulse-width control 9
      provides turn-on transient and high voltage supply transient suppression
      for high duty-cycle, pulsed-Traveling Wave Tube (TWT) radar transmitters.
      The pulse-width control receives the modulator trigger pulses at its
      input. It sends out pulses to the modulator which are initially narrow
      (low duty cycle), but gradually increase to equal the input pulse width
      whenever the pulse-width control senses a low (or off)-to-high PRF
      transition. The pulse-width control 9 senses this transition in less than
      two interpulse periods after the start of the high PRF mode. This time is
      much shorter than the power supply or line voltage transient build-up
      time, so no transients occur during the sensing period. Transients are
      suppressed after the sensing period by virtue of the slow transition in
      duty cycle (slow change in power line and supply loading) created by the
      pulse-width control. The duration of the width modulation interval is made
      long enough to guarantee an overdamped transient response from the filter
      network of the high PRF turn on. The pulse-width control may be
      incorporated into transmitter logic circuitry to eliminate a low-duty
      cycle/high-duty cycle undershoot on the TWT collector supply voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A duty cycle transition moderating system which comprises:
PA1  a. an apparatus input channel to receive an input pulse train having a high
      pulse repetition frequency region and a low pulse repetition frequency
      region, the transition from low to high pulse repetition frequency
      occurring when the pulse period becomes equal to or less than t.sub.1 when
      the pulse train is applied to the system said detector including means for
      producing a pulse of width t.sub.1 in response to the leading edge of the
      pulse of said input pulse train;
PA1  b. a high repetition frequency detector in electrical connection with said
      apparatus input channel to sense a change of frequency of the pulses of
      said input pulse train from the region of low pulse repetition frequency
      to that of high pulse repetition frequency;
PA1  c. a variable pulse width generator in electrical connection with said
      apparatus input channel and with said high pulse repetition frequency
      detector to produce a pulse train of pulses of narrowed, then gradually
      increasing width synchronous with that of the input pulse train; and
PA1  d. output combining logic in electrical connection with said apparatus
      input channel and said high pulse repetition frequency detector and said
      variable pulse width generator to combine outputs thereof to produce a
      gradual increase of duty cycle when the input train of pulses makes a
      transition from the region of low pulse repetition frequency to high pulse
      repetition frequency.
NUM  2.
PAR  2. A high pulse repetition frequency detector as described in claim 1 which
      comprises:
PA1  a. a one shot logic device having an input terminal and an output terminal
      said one shot logic device electrically coupled at its input terminal to
      said apparatus input channel and producing a pulse of width t.sub.1 in
      response to the leading edge of a pulse at its input;
PA1  b. a first flip-flop logic device having an output terminal, a clock input
      in electrical connection with said apparatus input channel, a clock reset
      input and a clear input said clear input in electrical connection with
      said one shot device output;
PA1  c. a second flip-flop logic device having a first output and a second
      output of complementary logic, a clock input and a clear input;
PA1  d. said clock input of said second flip-flop in electrical connection with
      the output terminal of said first flip-flop, said clear input of said
      second flip-flop in electrical connection with the output terminal of said
      one shot logic device, said first output of said second flip-flop in
      electrical connection with said output combining logic, said second output
      of said second flip-flop in electrical connection with said clock reset of
      said flip-flop and with said variable pulse width generator and with said
      output combining logic so that when the period of said input pulse train
      is t.sub.1 or less said first output of said second flip-flop is
      maintained, during the duration of the portion of the pulse of such
      period, in its high logic state and said second output of said second
      flip-flop is driven to and maintained in its low logic state.
NUM  3.
PAR  3. A variable pulse width generator as described in claim 2 which
      comprises:
PA1  a. a ramp generator having an input terminal and a voltage output terminal,
      said input terminal in electrical connection with said second output of
      said second flip-flop, said ramp generator enabled when the low logic
      state is sensed at its input;
PA1  b. a voltage controlled constant current source having an input terminal
      and an output terminal, said input terminal in electrical connection with
      said output terminal of said ramp generator, said voltage controlled
      constant current source producing a current output decrease in response to
      a voltage input increase; and
PA1  c. a width control having a first input and a second input and an output,
      said first input in electrical connection with said apparatus input
      channel, said second input in electrical connection with said output
      terminal of said voltage controlled constant current source so that a
      pulse train is generated at the output of said width control said pulse
      train synchronous with said input pulse train and having pulses of varying
      width, from narrower than to wider than those of the input pulse train,
      when said ramp generator is enabled.
NUM  4.
PAR  4. Output combining logic as described in claim 3 which comprises:
PA1  a. a first AND logic gate having two input terminals and an output
      terminal, the first input terminal in electrical connection with said
      second output terminal of said second flip-flop and the second input
      terminal in electrical connection with said apparatus input channel;
PA1  b. a second AND logic gate having three input terminals and one output
      terminal, the first input terminal in electrical connection with said
      apparatus input channel, the second input terminal in electrical
      connection with said first output of said second flip-flop and the third
      input in electrical connection with the output of said width control; and
PA1  c. an OR logic gate having two input terminals and an output terminal the
      first input terminal in electrical connection with the output terminal of
      said first AND logic gate and the second input terminal in electrical
      connection with the output terminal of said second AND logic gate whereby
      there appears at the output of said OR logic gate a pluse train identical
      to the input pulse train when the period of said pulses is greater than
      t.sub.1 and, after two pulses, pulses narrowed, then gradually widening to
      the width of said input pulses when the period of said input pulses is
      less than or equal to t.sub.1 thereby moderating the increase in duty
      cycle associated with an increase in pulse rate repetition frequency.
NUM  5.
PAR  5. A voltage controlled constant current source as described in claim 4
      wherein the ratio of maximum current output to minimum current output is
      10 to 1.
NUM  6.
PAR  6. A high pulse repetition frequency detector which senses a change in the
      pulse repetition frequency of an input pulse train from a low frequency
      state (period of pulses greater than t.sub.1) to a high frequency state
      (period of pulses less than or equal to t.sub.1) transmitted through an
      apparatus input channel which comprises:
PA1  a. a one shot logic device having an input terminal and an output terminal
      said one shot logic device electrically coupled at its input terminal to
      said apparatus input channel and producing a pulse of width t.sub.1 in
      response to the leading edge of a pulse at its input;
PA1  b. a first flip-flop logic device having an output terminal, a clock input
      in electrical connection with said apparatus input channel, a clock reset
      input and a clear input said clear input in electrical connection with
      said one shot device output;
PA1  c. a second flip-flop logic device having a first output and a second
      output of complementary logic, a clock input and a clear input;
PA1  d. said clock input of said second flip-flop in electrical connection with
      the output terminal of said first flip-flop, said clear input of said
      second flip-flop in electrical connection with the output terminal of said
      one shot logic device, said second output of said second flip-flop in
      electrical connection with said clock reset of said first flip-flop so
      that when the period of said input pulse train is t.sub.1 or less said
      first output of said second flip-flop is maintained, during the duration
      of the portion of the pulse of such period, in its high logic state and
      said second output of said second flip-flop is driven to and maintained in
      its low logic state.
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ABST
PAL  A digital phase locked loop circuit for use in synchronizing output timing
      pulses with the positive going zero-crossings of an input data signal by
      quantitizing the input analog data signal as digital information, storing
      the digital information at given times by timing pulses, pre-programming a
      counter with a count corresponding to the quantitized digital information
      stored, and advancing or lagging an updated timing pulse in accordance
      with the timed count of the program counter which count is synchronized
      with the zero-crossings of the input data signal, whereby the updated
      timing pulses move to synchronism with the zero-crossings of the input
      data signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In electronic, microwave oriented navigation systems, such as a TACAN
      navigation system, the bearing from the TACAN navigation unit to a
      cooperating ground beacon is determined from the
      position-going-zero-crossings of the amplitude modulation components that
      are contained in the beacon pulses. In the operation of such systems,
      during a given time period there are usually a given number of
      positive-going-zero-crossings. The bearings are computed by the navigation
      system from the relationship of the multiple positive-going-zero-crossings
      that is the closest to the time period positive-zero-crossing.
PAR  In conventional TACAN navigational sets, the desired zero-crossings are
      determined using analog or hybrid analog/digital phase locked loop
      circuits. These systems, however, often suffer from problems of
      instability and drift commonly associated with analog phase locked loop
      components. Thus it is advantageous to have a new and improved digital
      phase locked loop circuit that uses an all digital approach and that
      substantially eliminates the problems of instability and drift and is
      capable of providing improved sensitivity through adaptive bandwidth
      switching and that reduces cost as the digital processing circuitry used
      can also be time shared to perform other necessary functions in the
      navigation system.
PAC  SUMMARY OF THE INVENTION
PAR  In an examplary embodiment, the input data signal is fed to an A to D
      converter. The A to D converter continuously quantitizes to digital
      information the analog magnitude of the input data signal. A storage means
      samples and holds a quantity of the digital information at time sequences
      set by timing pulses. This quantum of digital information is used to
      provide a pre-programmed count in a counter means. The counter means
      initiates a count in synchronism with the zero-crossings of the input data
      signal to count out the pre-programmed count. This provides a magnitude
      oriented time advance or delay in the timing of the carry pulse from the
      counter. A pulse circuit processes the carry pulse and provides updated
      timing pulses that are fed to the storage means. The updated timing pulses
      advances or delays in time the sampling by the storage means and thereby
      moves the system and the updated timing pulses to synchronism with the
      zero-crossings of the input data signal.
PAR  The circuit includes adder circuits that function in coordination with the
      storage means circuits to detect whether the digital quantum stored is
      representative of the timing being in advance of or lagging the
      positive-going-zero-crossing of the input data signal. This is
      accomplished by storing a first output of the A to D converter as timed by
      a first timing pulse in correlation with the positive-going-zero-crossing
      of the input data signal, and the storing of an inverted output of the A
      to D converter in response to a second timing pulse in correlation with
      the negative-going-zero-crossing of the input data signal. The adder
      circuits and storage means detect whether the sum of the two digital
      signals is plus or minus. A minus indicates that the timing pulses lead
      zero-cross-over and a plus indicates that the timing pulses lag
      zero-cross-over.
PAR  The variable delay of the counter means is determined by an accurate clock
      signal to the counter. The storage means inserts a preprogrammed count
      into the counter that in cooperation with the accurate clock signal,
      provides a count that is equal in time with a half cycle of the input data
      signal. The given count inserted into the counter that is proportional to
      the digital quantum in the storage means, is added to or subtracted from
      the constant pre-programmed count fed to the program counter, thus
      adjusting lag or lead counts to the positive-zero-crossover of the input
      data signal. The output of the program counter is divided by a divider
      circuit to provide two timing pulses for each cycle of the input data
      signal, or a single timing pulse for each half cycle of the input data
      signal.
PAR  In the adder and storage means portion of the circuit, additional adders
      and storage latch circuits are employed to adjust the digital quantum of
      the digital information from the A to D circuit to provide damping to the
      system to reduce the problems of velocity error in the input data signal
      that can result in phase changes of the timing pulses due to changes in
      the frequency of the input signal.
PAR  It is therefore an object of this invention to provide a new and improved
      digital phase lock loop circuit that has particular application in
      electronic microwave navigation systems such as TACAN navigation systems.
DRWD
PAR  Other objects and many advantages of this invention will be more apparent
      upon a reading of the following detailed description and an examination of
      the drawings wherein like reference numerals designate like parts
      throughout and in which:
PAR  FIG. 1 is a block diagram of an embodiment of the circuit of the invention.
PAR  FIG. 2 is a diagram of the pulse timing operation of the output gates of
      the circuit.
PAR  FIG. 3 is a diagram of the input sinewave signal of interest and the
      initial phase error of the timing pulses.
PAR  FIG. 4 is a block diagram of the storage latch circuit of FIG. 1.
PAR  FIG. 5 is a diagrammatic illustration of the count in the program counter
      of FIG. 1.
DETD
PAR  Referring now to FIGS. 1 and 3, an amplitude modulation component, as for
      example a sinewave input data signal 84 having a frequency Fs, is fed
      through input line 11 to a known analog to digital converter 10. The
      analog to digital (A to D) converter 10 continuously quantitizes to
      digital information the analog magnitude of the input data signal 84 and
      generates an eight bit digital output through lines 47 corresponding to
      the magnitude of the input signal 84. The input data signal 84 can be the
      information signal received by an antenna in a navigation system, such as
      a TACAN navigation system. This antenna received signal is filtered,
      amplified and then amplitude detected, providing a signal having a voltage
      amplitude that reflects the pulse amplitude of the antenna received
      signal. For purposes of this illustration it may be assumed that frequency
      Fs is 135 Hz. The A to D converter 10 can be clocked by a clock signal of,
      for example, 2700 Hz that is supplied by clock 29. In actual operation of
      the embodiment, the input data signal 84 comprises a series of step
      voltage level changes. Each step change initiates an A to D output from A
      to D converter 10, which internally times the A to D converter. In this
      description there would thus be twenty steps for each cycle.
PAR  The digital output in lines 47 is supplied through lines 48 to storage
      latch circuit 14 and through lines 46 to the inverter 12. Storage latch
      circuit 14 is a known storage element circuit for storing each bit of the
      eight bit input and may comprise, for example, eight flip-flop circuits.
      An example of the known storage latch circuit is the type SN54100 8-bit
      bistable latch circuit that is made and sold by Texas Instruments, Inc.
      and presented in the Texas Instruments Bulletin No. DL-S 7211830,
      December, 1972, and in the Texas Instruments TTL Data Book for Design
      Engineers published by Texas Instruments, Inc. in 1973. The storage latch
      circuit 14 is gated by timing pulses through line 44 corresponding to the
      circuit output of timing pulses CL.sub.1. Thus a sample of the eight bit
      signal information in lines 48 is stored at the timing set by the timing
      pulses CL.sub.1. The stored output of the storage latch circuit 14 is
      continuously fed through output lines 50 to the digital adder circuit 16.
      An example of a known 8-bit digital adder circuit is two of the type
      SN54283 4-bit binary full adders with fast carry circuit that are made and
      sold by Texas Instruments, Inc. and presented in the Texas Instruments
      Bulletin No. DL-S 7211832, December 1972, and in the Texas Instruments TTL
      Data Book for Design Engineers published by Texas Instruments, Inc. in
      1973. So the eight bit information in lines 50 correspond to that which is
      stored in storage latch circuit 14 and represents a plus output. Storage
      latch circuit 14 stores that particular digital input corresponding to the
      particular magnitude of the input data signal 84 supplied to A to D
      converter 10 at the time the latch storage device 14 is clocked by a
      timing pulse CL.sub.1 through line 44. The output of the known inventer
      circuit 12, that represents the minus output is continuously fed through
      lines 52 to the adder circuit 16. An example of the known digital inverter
      circuit is two of the type SN5404 hex inverters comprising positive NAND
      gates and inverters with totem-pole outputs that are made and sold by
      Texas Instruments, Inc. and are listed in the Texas Instruments TTL Data
      Book for Design Engineers published by Texas Instruments in 1973. This
      output is constantly changing with the input data signal 84. Adder circuit
      16 continously adds the stored eight bit information in lines 50 with the
      inverted eight bit digital information in lines 52. Since the output in
      lines 50 is set and the output in lines 52 is changing, the output of
      adder circuit 16 is either plus, when the output in line 50 is larger, or
      minus when the output in line 52 is larger. The terms plus the minus are
      used to designate which output is larger. Adder circuit 16 is a known
      parallel adder that may comprise two known integrated circuits in which
      the output carrier is inverted and used as the ninth bit to indicate the
      plus or minus condition of the digital output. So adder circuit 16
      provides a nine bit digital output wherein the ninth bit is a 0 or 1 when
      the digital output is plus or minus. The inverted digital information to
      the adder circuit 16 is used to obtain from the adder 16 a 2s-complement
      binary output to provide an off-set binary count in the program counter
      28. The conventional 2s-complement binary code is described and explained
      on Page 10 of the publication "Minicomputers for Engineers and Scientists"
      by Granino A. Korn, Ph.D., that is published by McGraw-Hill Book Company
      in 1973.
PAR  It may be understood that the function of the circuit is to provide
      synthesized timing pulses CL.sub.1 through line 44 and timing pulses
      CL.sub.2 through line 42 that correspond in time to the positive and
      negative going-zero-crossings of the input sinewave 84. So it is desired
      that the timing pulse CL.sub.1 in line 44 corresponds in time with point
      90 of the input data signal 84, see FIG. 3, and that the timing pulse
      CL.sub.2 in line 42 corresponds in time with line 91 of the input data
      signal 84. For purposes of this illustration, it may be assumed that
      initially the timing pulse CL.sub.1 occurs at a phase lag point 92 on wave
      form 84 and the timing pulse CL.sub.2 occurs at the phase lag point 93. It
      is desired to determine what the phase lag is between point 90 and line 99
      and line 91 and line 95, and to advance the timing or phase of the timing
      pulses CL.sub.1 and CL.sub.2 to close the gap or phase lag .theta. and
      .theta..sub.1 to zero. The phase may also be leading as at points 113 and
      121.
PAR  In the phase lag condition, the timing pulse CL.sub.1 through line 44 to
      storage latch circuit 14 causes storage latch circuit 14 to store the
      digital output of the plus magnitude at point 92 of wave form 84. At this
      instant, the inverted digital output in lines 52 to adder circuit 16 is of
      the same magnitude but inverted or of a minus condition. So the two
      digital signals balance out. However since the output digital information
      in lines 52 correspond to the dotted waveform 94 of FIG. 3, the digital
      sum output in lines 15 becomes minus during the major portion of the
      positive half of wave form 84 and becomes plus during the negative going
      half of wave form 84.
PAR  The nine bit digital information is then fed through adder circuit 24 to
      the storage means or storage latch circuit 26. The circuit controlling the
      adder 24 will be described in greater detail hereinafter. For purposes of
      explanation at this point, it will be assumed that the nine bit
      information passes through lines 15 and 54 directly to the storage latch
      circuit 26. Storage latch circuit 26 stores the digital information
      previously stored in storage latch circuit 14 at timing pulse CL.sub.1
      that is added with the varying inverted digital information in lines 52 at
      the particular time of the timing pulse CL.sub.2 in line 42. Referring to
      FIG. 3, this ccorresponds to adding the digital magnitude of the wave form
      84 at point 92, corresponding to line 99, and the digital inverted output
      corresponding to line 96 at point 97, which is the compliment of line 95
      at point 93. Assuming that the wave form 84 is a perfect sinewave, then
      the storage circuit 26 stores a plus digital number corresponding to a
      phase lag condition that is double the magnitude of the line 99 or line 96
      or the sum of lines 99 and 96. When the phase is leading then timing pulse
      CL.sub.1 will clock storage latch circuit 14, at for example, point 113
      and timing pulse CL.sub.2 will clock storage latch circuit 26 at point
      121. The storage latch circuit may comprise two of the known SN54100
      circuits made and sold by Texas Instruments, Inc. It will be observed that
      in this phase lead condition, the storage latch circuit 14 stores a minus
      digital number corresponding to line 111 and at timing pulse CL.sub.2,
      storage latch circuit 26 stores the sum of inverter 12, that corresponds
      to the magnitude of line 115 inverted or dotted line 119 at point 121. So
      storage latch circuit 26 stores a double minus signal in a phase lead
      condition. This effectively removes the probelm of cancelling by the
      inverted output from inverter 12 in lines 52 with the digital information
      in lines 50, but provides the plus or minus information. Latch storage
      circuit 26 feeds this digital information through lines 27 to program
      counter 28. Program counter 28 is a known synchronous 4-bit binary up/down
      counter with preset inputs, such as three of the S54193 circuits made and
      sold by Signetics.
PAR  Referring to FIG. 4, storage latch circuit 26 comprises a plurality of
      known flip-flop storage elements 100 for storing the digital bits.
      Inverter circuit 104 in line 105 feeds inverted signals and lines 107 feed
      non-inverted signals to each of the storage elements 100, that load the
      digital number in the form of pre-programmed counts into the program
      counter 28 through lines 27. This converts the 2s-complement binary
      representation of the adder 24, output 54 to offset binary representation
      used for the program counter input through lines 27. Adder 24 is a known
      digital circuit that may comprise three SN54283 circuits made and sold by
      Texas Instruments, Inc. The plus or minus switch bit, that signifies the
      condition of the eight bit digital information, provides through storage
      elements 100 a given pre-programmed count to the counter 28 in which the
      input digital information is either added or subtracted. For example, if
      the input digital signal is a corresponding zero number, then the
      pre-programmed digital count supplied to the program counter 28 is 128. If
      the ninth bit is 1, then the digital count is a positive number because it
      is inverted in 2s-complement. This provides a pre-loading of 128 counts
      plus the counts corresponding to the digital number in lines 54. If the
      ninth bit is 0, then the digital count is a negative number in inverted
      2s-complement and the pre-programmed loading of counter 28 is 128 less the
      digital count in lines 54.
PAR  It may be understood that the program counter 28 carries a pre-programmed
      count of a given magnitude to assure that the circuit can handle lag or
      lead situations. As an example, see FIG. 5, the program counter will have
      a count capacity of 512. This input count, corresponding to point A is the
      pre-programmed count of 128. The count D between pre-programmed count A
      and full count E is for this illustrative embodiment, a count of 384.
      However, since there is a delay count of 2, caused by the reset and reload
      delay circuit 32 that will be described in more detail hereinafter, point
      A is adjusted 2 counts, and D is also adjusted 2 counts, giving D a count
      of 382. In operation of the circuits, the error signal timing is such that
      the program counter 28 counts out the D count in the set time interval of
      each half cycle of the input frequency Fs or 135 Hz. Thus the input timing
      frequency Fr fed through line 64 is that frequency that will provide a
      count out of 382 counts in the half cycle of the input signal 84, or in
      this embodiment a frequency of 103.14 kHz. As described earlier, if the
      timing pulses CL.sub.1 and CL.sub.2 lag zero-cross-over of the input
      signal 84, then the digital number in line 54 is a positive number to the
      program counter, and would correspond to, for example, point B which means
      that the pre-programmed count has been increased. This thus reduces the
      count required to count out the counter and provide a carry pulse, that as
      will be described hereinafter increases the time of occurrence of timing
      pulses CL.sub.1 and CL.sub.2, and thus brings the lag point of the timing
      pulses closer to the zero-cross-over point. Since this error signal is
      governed by magnitude, initially the lag lagging timing pulse may be at
      point 94 and have a magnitude corresponding to line 99 and then decrease
      down in subsequent cycles to the magnitude of line 98 then down to the
      magnitude 97 for timing pulse CL.sub.2.
PAR  Where the digital information to storage lag circuit 26 through lines 54 is
      minus, then the number to the program counter is reduced by the digital
      count to a point for example such as point C in FIG. 5. This requires a
      greater count time for the cycle than the 135 Hz, thus reducing the phase
      lead condition of timing pulses CL.sub.1 and CL.sub.2 relative to the
      input wave form 84.
PAR  An input frequency signal Fr, that for purposes of this description may be
      103.14 kHz, is fed through line 64 to program counter 28 and counts out
      the remaining counts of the program counter 28. The program counter 28, at
      full count, supplies an output carry spike pulse to line 67 that over a
      period of counts forms a negative going spike wave form 86 having a
      frequency of 270 Hz. The time of occurrence of these output spike pulses,
      lags or leads the zero crossings of the input wave form 84 by a number
      that is proportional to the digital number in storage latch 26, that is in
      turn programmed into the program counter 28. The output wave form 86 is
      fed through line 66 to a known divider circuit 30 that produces, see FIG.
      2, square wave output pulses with a timing coherence of 101 and 103 to
      form essentially a square wave output 88 having a frequency of
      approximately 135 Hz. This output is fed through line 74 and line 76 to
      AND gate 36 and through line 78 and inverter 40 to AND gate 38. The
      negative going spike wave form 86 is in turn fed through lines 68 and 72,
      inverter 34 and through lines 80 and 82 to the respective AND gates 36 and
      38. Thus an output timing pulse CL.sub.1 occurs in line 44 through AND
      gate 36 when the output through divider circuit 30 and line 74 is
      simultaneous with a positive going pulse received through inverter 34 and
      line 80. Referring to FIG. 2, this corresponds with points 101 and 102 in
      time sequence with the respective wave forms 88 and 86. In turn, an output
      timing pulse is fed to line 42 through AND gate 38 by square wave signals
      through line 78 and inverter 40 in coincidence with spike pulses through
      inverter 34 and line 82 that corresponds with points 87 and 89 of the
      respective wave form outputs 88 and 86.
PAR  Each output carry pulse from program counter 28, corresponding to wave form
      86, is fed through line 68 and line 70 to the reset and reload delay
      circuit 32. This circuit 32 is a known master-slave flip-flop circuit,
      such as the S5473 circuit made and sold by Signetics. This energizes the
      delay circuit 32 that provides as output pulse through line 33 that resets
      the program counter 28. The input frequency signal Fr is fed through line
      64 and supplies two counts into the program counter 28 that allows the
      program counter 28 time to reset and stabilize prior to receiving the next
      succeeding counts from lines 27. The program counter 28 runs continuously
      and because of this negative delay, always starts at count 3 as previously
      described.
PAR  In the input signal 84, there may be a velocity error that can result in a
      phase change due to change in frequency of the input signal. To provide a
      type II feedback system with critical damping, the output in lines 15 are
      fed to adder circuit 18. Adder circuit 18 adds the digital information in
      line 56 with that in line 62 and feeds the sum information to storage
      latch circuit 22. When storage latch circuit 22 receives a timing pulse
      CL.sub.2 through line 42, it stores the information of adder circuit 18
      and holds the information. This digital information is then fed to a known
      scaling circuit 67 or digital divider 65 and through lines 60 to adder 24
      and through lines 58 to storage latch circuit 20. Storage latch circuit 20
      is gated to store this information when receiving timing pulse CL.sub.1
      through line 44. The digital divider 65 feeds a selected one of the
      significant bits of the digital number to be added to the 9 bit digital
      information in line 15. For example, the digital divider or scaling
      circuit 65 may feed the multiplicant of 2.sup.-.sup.6  of the digital
      output of storage latch circuit 22 to the adder circuit 24. In subsequent
      operations, the digital output of lines 15 at timing pulse CL.sub.2 is
      again added with the digital signal in storage latch 20 in adder circuit
      18, which is stored in storage latch circuit 22. It may be observed that
      this can be a plus or minus signal, depending upon lag or lead signal
      conditions, and adds information successively regarding phase change to
      provide a type II damping system. The adder circuit 18 comprises the same
      known circuit as the adder circuit 24, and the storage latch circuits 20
CLMS
STM  Having described my invention, I now claim:
NUM  1.
PAR  1. A digital phase locked loop circuit for generating timing pulses
      synchronized with zero-crossings of a periodic input data signal
      comprising,
PA1  A to D converter means for continuously quantitizing to digital information
      the analog magnitude of a periodic input data signal,
PA1  storage means responsive to timing pulses for sampling and storing the
      digital quantum of said digital information at the time of said timing
      pulses,
PA1  counter means responsive to a given count respresentative of the stored
      digital quantum in said storage means for counting the given count in
      timed synchronism with the zero-crossing of the input signal and providing
      a carry pulse at the end of the count,
PA1  pulse circuit means for receiving the carry pulse and providing an updated
      timing pulse output in time synchronism therewith, which timing pulse lags
      or leads the zero-crossing of the input data signal by the counting time
      of said counter means in counting said given count,
PA1  and means for feeding said updated timing output pulse to said storage
      means, whereby the time advance or time delay of the updated timing pulse
      moves in time the timing output pulse to time synchronism with the
      zero-crossings of the input data signal.
NUM  2.
PAR  2. A digital phase locked loop circuit as claimed in claim 1 wherein,
PA1  said counter means includes a counter,
PA1  and said storage means includes circuit means for converting said digital
      quantum of said digital information into a given count in said counter.
NUM  3.
PAR  3. A digital phase locked loop circuit as claimed in claim 1 including,
PA1  first means for converting the digital information from said A to D
      converter means to a 2s-complement binary output having a nine bit digital
      output where the ninth bit is a 0 or 1 switch bit when the digital output
      is plus or minus,
PA1  and said storage means including means for converting the 2s-complement
      binary output of said first means to an offset binary pre-programmed count
      in the counter.
NUM  4.
PAR  4. A digital phase locked loop circuit as claimed in claim 3 wherein,
PA1  said storage means includes a plurality of storage elements for storing
      individual digital bits, and
PA1  an inverter circuit for inverting the switch bits to one of such storage
      elements and providing a pre-programmed count to the counter means in
      which the digital information from the first means is added or subtracted.
NUM  5.
PAR  5. A digital phase locked loop circuit as claimed in claim 4 including,
PA1  clock means for supplying a clock signal to said counter,
PA1  and said pre-programmed count supplied to said counter being counted out at
      a rate of said clock signal that corresponds in time with the zero
      corssings of the input data signal.
NUM  6.
PAR  6. A digital phase locked loop circuit as claimed in claim 1 wherein,
PA1  said timing pulses comprise first and second alternating timing pulses,
PA1  first means including a first storage latch circuit responsive to a first
      of said timing pulses for storing the quantitized digital information from
      the A to D converter means at the time of the first timing pulse,
PA1  inverter means for inverting the digital information output of the A to D
      converter means, and first adder circuit means for adding the output of
      said first storage latch circuit means and said inverter means providing a
      2s-complement binary output to said storage means having a ninth switch
      bit output that establishes whether the binary output is plus or minus.
NUM  7.
PAR  7. A digital phase locked loop circuit as claimed in claim 6 wherein,
PA1  said storage means includes a second storage latch circuit responsive to
      said timing pulse for adding the digital information in said first storage
      latch circuit with the digital information in said inverter means at the
      time of said second timing pulse.
NUM  8.
PAR  8. A digital phase locked loop circuit as claimed in claim 7 wherein,
PA1  said storage means including means for converting said 2s-complement binary
      output to an offset binary count in said counter means.
NUM  9.
PAR  9. A digital phase locked loop circuit as claimed in claim 7 including,
PA1  critical damping means including a third storage latch circuit for
      receiving and storing the digital information in said first adder circuit
      at the time of said first timing pulse,
PA1  digital divider means for adding a divided portion of the digital
      information stored in said third storage latch circuit to the information
      output of said first adder circuit and the time of the second timing
      pulse,
PA1  and said damping means including additional storage means and adder circuit
      means for adding said digital information stored in said third storage
      latch circuit to subsequent stored digital information in said third
      storage latch circuit received from said first added circuit at the time
      of said first timing pulse, the total of which is digitally divided and
      added to the output of said first adder circuit at the time of said second
      timing pulse.
NUM  10.
PAR  10. A digital phase locked loop circuit as claimed in claim 5 wherein,
PA1  reset delay means responsive to said clock signals for providing a reset
      pulse and initial counts to said counter means to allow the counter means
      to settle before receiving the count from said storage means.
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ABST
PAL  An isolation amplifier comprising three separate, conductively-isolated
      sections: (1) an input section including an AC modulator, (2) an output
      section including a demodulator, and (3) an oscillator section. The AC
      signal from the oscillator section is transformer-coupled to the modulator
      section to provide the AC carrier excitation for the modulator and also to
      energize a rectifier power supply circuit to produce DC voltages for the
      active elements of the input section. The modulated carrier signal
      developed by the modulator section is transformer-coupled to the
      demodulator section. Each of the transformers includes two separate cores
      which are coupled inductively by single-turn windings. Special
      electrostatic shielding is provided to reduce leakage effects.
PARN
PAR  This is a continuation of application Ser. No. 379,804 filed July 16, 1973,
      and now abandoned, which in turn is a continuation of Ser. No. 181,344
      filed Sept. 17, 1971, and now abandoned.
BSUM
PAR  This invention relates to solid-state electronic amplifiers. More
      particularly, this invention relates to isolation amplifiers having no DC
      conductive paths between the input terminals and any of the surrounding
      ground, output, or power supply circuits. This invention also relates to
      such amplifiers including circuit features to minimize leakage or other
      undesired current flow to or through any signal source connected to the
      amplifier input terminals.
PAR  Amplifiers have in the past been provided with circuit arrangements for
      effecting conductive isolation between different components or elements
      connected thereto. Although such amplifiers have served useful functions
      in some fields, typically they have not been capable of meeting the severe
      requirements of a number of unique and important applications. One such
      important application is in the medical field where for a variety of
      purposes electronic equipment must be connected to human patients to
      measure electrical impulses and the like, e.g. for taking
      electrocardiograms. It has become increasingly apparent that conventional
      electronic equiupment can, when connected to a human, cause serious injury
      or even death in the event of minor equipment malfunctions, operator
      error, or some other inadvertent event.
PAR  The danger is particularly acute in heart surgery where metallic catheters
      frequently are inserted through arteries or veins directly into the heart
      interior. It has become apparent that if even tiny leakage currents flow
      through such a probe and into the heart muscles, patient death by
      electrocution can be expected to result. For example, voltages as low as
      10 millivolts can send currents of 20 microamps through the heart and
      cause death by micro-shock.
PAR  There are many other applications for high-performance isolation
      amplifiers. For example, in the field of industrial process control,
      signal sources often must be floated above ground, and it becomes
      necessary to isolate the signal source from the system output because the
      output signal frequently must be connected to devices which have a
      conductive path to ground. In such applications, the flow of very small
      leakage currents introduces measurement errors which can prevent proper
      functioning of the process control system.
PAR  Thus, for numerous applications, an isolation amplifier must not only meet
      rigorous noise, drift, and common mode specifications, but in addition,
      must offer stringent isolation performance which is fail-safe under
      various kinds of abnormal operational conditions encountered from time to
      time. In one embodiment of the invention, to be described hereinbelow in
      detail, an amplifier is provided which has 10.sup.12 ohms input-to-ground
      resistive isolation, can withstand 1000 volts (continuously) of common
      mode voltage without breakdown, resumes read-out of tiny signals within
      200 milliseconds of a 5000 volt transient pulse, provides a 20 megohm
      fail-safe resistance between input terminals, and, when used with a human
      patient as a signal source, limits patient leakage currents well below the
      20 microamps danger level.
DRWD
PAR  Accordingly, it is a general object of this invention to provide a superior
      high-performance isolation amplifier. A more specific object of this
      invention is to provide such an amplifier which is especially adapted to
      be manufactured at relatively modest costs. Other more specific objects,
      aspects and advantages of the invention will in part be pointed out in,
      and in part apparent from, the following description considered together
      with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram showing the detailed interconnections of an
      amplifier embodying the present invention;
PAR  FIG. 2 is a view showing the physical disposition of certain portions of
      the amplifier; and
PAR  FIG. 3 is a symbolic block diagram showing the interconnections of the
      major elements of the amplifier.
DETD
PAR  Referring now to the left-hand side of FIG. 1, the isolation amplifier
      includes an input section having a pair of inut terminals 10, 12 to which
      a signal source is to be connected. The upper input terminal 10 is
      connected through a series of four resistors 14 (e.g. 5 megohms each) to
      the non-inverting input element 16 of a balanced FET stage generally
      indicated at 18. The inverting input element 20 of this FET stage is
      connected to the amplifier output which in turn is connected to the upper
      terminal of the load 22 to be described subsequently. The lower input
      terminal 12 of the amplifier is connected to the lower terminal of this
      load. The FET input stage 18 provides a basically very high input
      impedance for the amplifier.
PAR  The signal developed by the FET input stage 18 is direct-coupled by leads
      24, 26 to the bases 28, 30 of a differential transistor power amplifier
      stage 32. The output signal developed by this stage on resistor 34 is
      connected to the inverting input element 20 of the preceding FET stage so
      as to provide negative feedback to stabilize the gain of the amplifier.
      The amplifier stages 18 and 32 provide power amplification with a unity
      voltage gain.
PAR  The amplifier load 22 basically comprises an AC modulator arranged to
      produce an AC pulse signal having an amplitude corresponding to the
      magnitude of the DC signal on the input terminals 10, 12. Advantageously,
      this modulator is a halfwave FET circuit arranged as a switch in series
      with a transformer primary 36. A by-pass capacitor 38 also is connected to
      the amplifier output.
PAR  DC supply voltages for the active elements of amplifier stages 18 and 32
      are derived from a floating rectifier power supply generally indicated at
      40. This power supply comprises a pair of series-connected capacitors 42,
      44 which are charged by alternate half-wave AC pulses supplied through
      diodes 46, 48 from a secondary winding 50 of an isolation transformer
      generally indicated at 52.
PAR  The transformer secondary winding 50 is coupled to the primary winding 54
      by a pair of series-connected back-to-back single-turn windings 56, 58 to
      be referred to in more detail subsequently. This primary winding is
      energized by an AC oscillator generally indicated at 60, and providing,
      for example, an essentially square-wave output signal having a frequency
      of about 150 KHz. This oscillator, which is conventional in design, is
      furnished with DC power from a regulated supply generally indicated at 62
      and energized by an external source voltage of about 15 volts applied to a
      terminal 64. Current from this external source flows through a diode 66 to
      a Zener diode 68 which controls the regulating action of a transistor 70.
PAR  The AC oscillator signal on the transformer secondary 50 also is coupled
      through a capacitor 72 to activate the half-wave FET modulator 22. As
      noted above, modulator 22 is in effect a switch connected in series
      between the DC signal from resistor 34 and the transformer primary 36. The
      switch is opened and closed alternately by the square-wave AC signal
      coupled from the transformer secondary 50, so as to create a modulated
      carrier in the primary winding 36.
PAR  This primary 36 forms part of a second isolation transformer generally
      indicated at 76 and similar to the transformer 52. Thus the primary 36 is
      coupled to the secndary 78 by a pair of series-connected back-to-back
      single-turn windings 80, 82, and develops in secondary 78 a modulated
      carrier the pulses of which have an amplitude corresponding to the
      magnitude of the DC signal on input terminals 10, 12.
PAR  The modulated AC signal on the secondary winding 78 is directed to a
      half-wave FET phase-sensitive demodulator 84 which serves to produce a DC
      output signal corresponding to the AC amplitude of the modulated carrier
      signal, and thereby corresponding to the original DC signal applied to
      input terminals 10, 12, but with a moderately higher power level. This
      demodulator is, like modulator 22, effectively a series switch, opened and
      closed alternately, in synchronism with the carrier frequency. The
      switching action is controlled by an AC signal from the oscillator 60
      supplied thereto through a lead 86 and a series coupling capacitor 88
      connecting to one end of primary 54. With this coupling capacitor 88, and
      a second coupling capacitor 89 to complete the circuit, the coupling
      circuit between the oscillator section and the demodulator section is
      non-conductive, i.e. it will not pass DC currents. The output of the
      demodulator is smoothed by an RC filter 90 and is supplied to the
      amplifier output terminals 92, 94.
PAR  Referring now also to FIG. 2, it will be seen that each of the isolation
      transformers 52, 76 comprises two separate cores, one for the primary and
      one for the secondary. Each core is made of magnetic material (ferrite)
      arranged as a toroid, and is wrapped with the coils of the corresponding
      winding. All of the cores are physically disposed with the toroidal axes
      perpendicular to the mounting board.
PAR  In a preferred embodiment, the cores were obtained from Indiana General
      Corporation, under their part number CF108-06. The ferrite material had a
      hig permeability, suitable for low-frequency applications. The windings
      50, 54 had 25 and 50 turns respectively, while windings 36, 78 had 50
      turns each.
PAR  The four single-turn windings 56, 58; 80, 82 consist of rigid metallic
      conductors each having a portion passing through the corresponding
      transformer core, parallel to the central (vertical) axis of the toroid.
      These vertical portions are surrounded by heavy tubular Teflon jackets,
      providing good electrical insulation. From the upper ends of the central
      vertical portions, the single-turn windings continue with horizontal
      portions, extending out over the sides of the cores, and joining
      additional vertical portions extending down alongside the cores parallel
      to the toroid axes.
PAR  All of the vertical portions of the single-turn windings pass through the
      printed circuit board 100 on which the amplifier is mounted. At the lower
      surface of this board, the bottom ends of the central vertical portions
      for each transformer are connected together by respective conductive
      elements (indicated in light outline at 102, 104) applied to the lower
      board surface. The bottom ends of the side vertical portions for each
      transformer similarly are connected by respective conductive elements 106,
      108.
PAR  Thus it will be seen that each pair of series-connected single-turn
      windings defines a closed-circuit "intermediate winding" which loops about
      both of the associated transformer cores and provides inductive coupling
      between the primary and secondary windings thereon. Each of the
      single-turn windings almost completely encircles its corresponding core,
      but does not actually produce a shorted-turn effect, i.e. the windings do
      not nullify flux in the cores. The conductive elements 102, 104 are
      connected together by element 110, and are connected to a circuit "guard"
      terminal 112 (to be described) to maintain the single-turn windings at the
      guard potential.
PAR  A conductive metal shield box generally indicated at 120 is positioned
      around the parts of the amplifier circuitry which are conductively
      connected to the input terminals 10, 12. These amplifier parts include the
      transformer windings 36, 50. The shield 120 also surrounds the single-turn
      winding segments identified as 56 and 80, and which are associated by
      proximity to windings 36, 50.
PAR  The shield box 120 comprises an upper enclosure having a horizontal top
      plate 122 and four vertical sides or walls (124A, etc.) contiguous with
      the top plate. The lower edges of the four walls rest on non-conductive
      portions of the printed circuit board 100. The shield is completed by a
      bottom plate 126 of non-conductive material extending along the lower
      surface of the printed circuit board, and having on its lower surface a
      thin film of conductive material connected to the rear vertical walls 124B
      with a conductive connection (not shown) so that the entire shield is at
      the same potential.
PAR  The single-turn transformer coupling windings 56, 58; 80, 82 permit
      substantially physical separation between the corresponding primary and
      secondary windings, and thereby provide effective isolation between the
      windings. These single-turn windings also are connected to the shield 120,
      as by means of a conductive element (not shown in FIG. 2, but illustrated
      symbolically in FIG. 1) leading from winding element 104 to the common
      junction between the bottom plate 126 and rear wall 124B. The forward
      enclosure wall 124C extends down between the winding pair 50, 54 and also
      between the winding pair 36, 78, equidistant from the respective windings.
      The overall shielding effect reduces leakage capacity coupling to a very
      large degree, resulting in highly advantageous amplifier performance.
PAR  Further isolation is provided by an inner shield 130 substantially
      surrounding a second printed circuit board 132 carrying the circuitry
      making up the FET input stage 18 and the subsequent transistor stage 32.
      This inner shield includes an upper enclosure consisting of a top
      horizontal plate 134 and a pair of opposed vertical walls 136A, 136B
      integral therewith. The upper enclosure is conductively connected to a
      lower horizontal sield section 138 which is applied as a layer of
      conductive material to the upper surface of the main printed circuit board
      100.
PAR  The inner shield 130 is connected at 140 to the conductor carrying the
      output signal of the FET amplifier 18. This maintains the shield at a
      potential essentially equal to that of the input terminals, but at a
      relatively low impedance level. The inner shield is especially
      advantageous in that it reduces substantially the capacitive coupling
      between ground and the right-hand end of the input resistor 14. This is
      very desirable because, without such reduced coupling, the high impedance
      (20 megohms) of the input resistor could under certain circumstances
      create adverse effects from leakage current, i.e. if the capacitive
      coupling from ground to that resistor were of normal magnitude.
PAR  As noted above, the single-turn windings 56, 58; 80, 82, and the outer
      shield 120, are connected to the guard input terminal 112. In making
      electrocardiogram measurements, for example, this guard terminal would be
      connected to the patient's body, e.g. at the lower portion of his leg.
      This provides desirable isolation, with common mode signals applied to
      both input terminals 10, 12 essentially equally, thus very nearly
      eliminating any response from such common mode signals. This
      characteristic is illustrated by the block diagram of FIG. 3, which shows
      the common mode signal (V.sub.CM) connected between ground and the guard
      terminal 112.
PAR  No DC connection exists between the input terminals 10, 12 and any of the
      surrounding ground, output or power supply circuits. By virtue of the
      transformer isolation arrangement described above, the leakage resistance,
      as seen at the input, is at least 10.sup.12 ohms, and the three-terminal
      capacitive leakage is below 1 picofarad.
PAR  A further fail-safe protection feature resides in the twenty megohm
      resistance 14 in series with the non-inverting input element 16. Normally,
      the differential input resistance of the FET stage is about 10.sup.11 ohms
      which is adequate for patient protection when the amplifier is used for
      EKG applications. However, this differential resistance may be
      dramatically reduced if the FET gates are inadvertently forward biased, or
      in the event of serious semi-conductor damage, and thereby create a
      leakage path for possibly lethal currents. The twenty megohm series
      resistor sets a minimum fail-safe condition for input resistance, and
      holds leakage currents to a safe level even if the patient is "floating"
      at a potential as high as 220 volts (a typical line voltage amplitude in
      hospital opeating rooms) due to faulty equipment connected to the patient,
      or due to operator inadvertence.
PAR  In heart surgery, the amplifier used for EKG monitoring is not usually
      itself the source of electrocution danger. Instead, the amplifier may
      inadvertently provide the final connection between patient and ground
      through which the lethal currents leaked by other improperly grounded
      apparatus can flow. The patient typically is the focal point of a maze of
      pipes and tubes and mechanisms, many of which couple him to electrically
      driven pumps, heaters, operating table positioning motors, etc. If he is
      connected to ground, lethal leakage currents from such associated
      equipment may pass through him.
PAR  One possible such leakage path is from the amplifier inputs to ground. Even
      if the amplifier itself is not grounded, it is likely that display
      equipment, to which the amplifier's output is coupled, will be grounded.
      In the amplifier described hereinabove, dangerous leakage currents are
      effectively eliminated, due to the unique transformer isolation
      arrangement. For example, even if the patient is at a potential of 220
      volts, a leakage current of less than about 2 microamps will flow.
PAR  Another possible leakage path is via the amplifier's differential input
      terminals. For example, if one EKG electrode is accidentally dropped to
      ground while the other remains connected to the patient's heart, a path is
      established for current flow through the amplifier input to ground.
      However, the amplifier described herein avoids dangerous leakage current
      levels due to its high differential input resistance. Note that even if
      the applied input potential is sufficient to forward bias the FET gates
      (which would otherwise create the described high differential resistance),
      the fail-safe twenty megohm resistor 14 will continue to bar seriously
      dangerous leakage current levels. This resistor also protects the input
      circuitry from permanent damage in the event of such overload conditions,
      such as when a high-voltage (e.g., 5000 volts) defibrillator pulse is
      applied to the patient.
PAR  Still another leakage path is from input-to-guard (shield) terminals. For
      example, small leakage, as from a power line, may establish apparently
      innocuous potential differences between different parts of the patient's
      body. If such potential difference is created between the patient's heart
      and a point on his body where the guard lead is connected, body voltages
      as low as 10 millivolts can circulate currents of 20 microamperes between
      EKG electrodes and a low-resistance input-to-guard path. However, the
      amplifier described above has very high input-to-guard impedance, because
      the conductive parts connected to the guard terminal are isolated from the
      other components of the amplifier. Thus, input-to-guard leakage currents
      are held well below the danger level.
PAR  Although a specific preferred embodiment of the invention has been
      described hereinabove in detail, it is desired to stress that this is for
      the purpose of illustrating the invention, and is not to be considered as
      necessarily limitative thereof, because it is apparent that various
      modifications within the scope of the invention can be made by those
      skilled in this art to meet the requirements of specific applications.
CLMS
STM  I claim:
NUM  1.
PAR  1. A DC amplifier providing a high degree of isolation between input,
      output, ground and power circuits, so as to permit safe and accurate
      amplification of tiny DC electrical signals in applications such as
      monitoring of patients during medical operations and the like, said
      amplifier comprising:
PA1  an input section adapted to receive the DC input signal and including an
      a-c energized modulator to produce an AC signal corresponding to the DC
      input signal;
PA1  an output section to receive the AC signal from said input section and
      including a phase-sensitive demodulator to produce a corresponding
      relatively high-level DC output signal;
PA1  first circuit means non-conductively coupling said AC signal from said
      input section to said output section;
PA1  an oscillator section for pproducing an a-c energizing signal for said
      modulator and said demodulator;
PA1  second circuit means non-conductively coupling the a-c energizing signal
      from said oscillator to said input section to activate said modulator;
PA1  third circuit means coupling the a-c energizing signal from said oscillator
      to said output section to activate said demodulator;
PA1  said first non-conductive coupling circuit means further comprising:
PA1  first and second toroidal cores of magnetic material, said cores being
      physically separated by a substantial distance and each carrying a
      multi-turn winding inductively coupled to the magnetic material of the
      associated core; and
PA1  conductor means forming a unitary, single turn, closed-loop linking said
      first and second toroidal cores and effectively coupling the magnetic
      paths thereof together inductively, said conductor means including
      generally rigid portions which extend through the central openings in both
      toroids, each centrally positioned within the corresponding opening to be
      spaced substantially from the inner surfaces of the corresponding toroid
      and its associated multiturn winding, the portions of said conductor means
      connecting to said generally rigid portions also being spaced
      substantially from the corresponding toroid and the associated winding, to
      provide low capacitive coupling and a desirably high voltage-breakdown
      characteristic between said conductor means and said multi-turn windings,
      the arrangement providing that both said cores are encircled by said
      single-turn closed loop;
PA1  whereby the conductive path formed by said closed-loop serves as a
      short-circuiting turn to resist any net changes in magnetic flux through
      the loop as a whole so as to cause the flux variations in said second
      toroidal core always to be equal to the flux variations in said first
      toroidal core, thereby effecting a transformer-like coupling between said
      first and second cores while providing for spatial separation with
      relatively low overall capacitive coupling and relatively high
      voltage-breakdown characteristics.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said second non-conductive
      circuit means is the same as said first non-conductive means and comprises
      third and fourth toroidal cores each with multi-turn windings and linked
      by second conductor means forming a second unitary, single-turn,
      closed-loop linking said third and fourth cores together inductively, with
      the second conductor means including generally rigid portions which extend
      through the central opepnings in both said third and fourth toroids and
      are centrally positioned within said openings thereof to be spaced
      substantially from the corresponding toroid and its associated multi-turn
      winding.
NUM  3.
PAR  3. Apparatus as in claim 2, including a conductive shield having a wall
      extending down between said first and second cores, and between said third
      and fourth cores.
NUM  4.
PAR  4. Apparatus as in claim 3, wherein said toroidal cores are mounted on one
      side of a circuit board which also supports said conductive shield;
PA1  said first and second conductor means including further portions which pass
      from the toroidal core openings through said circuit board to the other
      side thereof and extend along said other circuit board side to establish
      said closed-loops without physical or electrical interference with said
      conductive shield wall.
NUM  5.
PAR  5. Apparatus as in claim 1, wherein said conductor means carries heavy
      tubular jackets of insulating material in the portions thereof passing
      through the cores, to augment the high voltage-breakdown characteristic of
      the coupling arrangement.
NUM  6.
PAR  6. A solid-state DC amplifier providing a high degree of conductive
      isolation between its input and output and capable of superior performance
      in amplifying very low-level DC input signals with minimal interference
      due to capacitive coupling from sources of stray signals, said amplifier
      comprising:
PA1  an input section conductively isolated from all other sections of the
      amplifier;
PA1  first circuit means in said input section comprising a DC amplifier stage
      adapted to receive the DC input signal and to produce an intensified DC
      signal corresponding to said input signal, said amplifier comprising a
      semi-conductor providing a very high input impedance so as to avoid
      drawing any significant current from the source of said DC input signal;
PA1  second circuit means in said input section conductively connected to the
      output of said first DC amplifier stage to receive said intensified DC
      signal, said second circuit means including a modulator adapted to be
      activated by an a-c energizing signal to produce an AC output signal
      having an amplitude corresponding to the magnitude of said intensified DC
      signal;
PA1  third circuit means in said input section comprising a d-c voltage supply
      having rectifier means adapted to receive an a-c energizing signal and to
      produce a corresponding d-c power-supply voltage;
PA1  said third circuit means including means conductively connected between
      said rectifier means and said DC amplifier stage to direct said d-c
      power-supply voltage to said DC amplifier stage to furnish operating power
      thereto;
PA1  an output section conductively isolated from, and inductively coupled to,
      said input section to receive the AC output signal produced thereby;
PA1  a demodulator forming part of said output section and responsive to said AC
      output signal for producing a DC output signal having a magnitude
      corresponding to the amplitude of said AC output signal;
PA1  said demodulator including means to receive an a-c energizing signal
      synchronized with said AC output signal for activating said demodulator to
      produce said DC output signal;
PA1  an a-c power section conductively isolated from said input section;
PA1  an oscillator forming part of said a-c power section to produce an a-c
      energizing signal;
PA1  d-c supply circuit means for energizing said oscillator and arranged to
      receive a supply current from an external source for activating said
      oscillator;
PA1  first non-conductive means for coupling said a-c energizing signal from
      said a-c power section to said input section, second means for coupling
      said a-c energizing signal from said a-c power section to said output
      section; and
PA1  means in said input and outut sections to supply the a-c energizing signal
      from said oscillator to: (1) said d-c supply so as to develop from said
      rectifier means the power supply voltage for said DC amplifier stage, (2)
      said modulator in said input section, and (3) said demodulator in said
      output section, whereby said oscillator provides operational power for all
      of the circuits of said input and output sections including d-c power for
      said DC amplifier stage.
NUM  7.
PAR  7. An isolation amplifier especially adapted for use in medical
      applications where it is essential that no high level currents be
      permitted to flow into the amplifier input circuit, as from a patient's
      body to which the amplifier is connected, said amplifier comprising:
PA1  an input section having a pair of input terminals to which the signal
      source is to be connected;
PA1  said input section having circuit elements coupled to said input terminals
      comprising an amplifier element of solid-state material having at least
      hundreds of megohms normal resistance but subject to damage which could
      reduce the input resistance of the element to a much lower level;
PA1  said input section further including an AC modulator coupled to the output
      of said amplifier element to produce a modulated AC signal corresponding
      to the DC input signal applied to said input terminals;
PA1  an output section conductively isolated from said input section;
PA1  said output section including a demodulator arranged to receive the
      modulated AC signal from said input section and to produce a DC output
      signal corresponding to said DC input signal;
PA1  non-conductive circuit means coupling said modulated AC signal from said
      input section to said output section; and
PA1  at least one resistor of multi-megohm resistance connected between at least
      one of said input terminals and said solid-state amplifier element to
      provide a fail-safe protection against the flow of abnormally high
      currents through said input terminals to the solid-state material of said
      amplifier element in the event of either (1) breakdown of the solid-state
      material from any cause or (2) the application to said input terminals of
      an extremely high voltage such as a defibrillator pulse applied to a
      patient to stimulate the heart.
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ABST
PAL  A differential amplifier stage, suitable for use as the first stage in an
      operational amplifier with a single power supply, has the capability of
      its input terminals being operated over a range including one of the
      supply potentials. The differential amplifier stage includes a pair of
      emitter-coupled transistors of a first conductivity type having their base
      electrodes connected to input signal terminals. These transistors are each
      provided with an active collector load by grounded-emitter transistors of
      the second conductivity type connected collector-to-collector therewith.
      Commonmode feedback from these collector-to-collector connections to the
      base electrode of the grounded-emitter transistors is used to regulate the
      emitter-to-collector potentials of these grounded-emitter transistors to a
      lower value than their emitter-to-base potentials, but to a value larger
      enough to avoid saturation.
BSUM
PAR  The present invention relates to the biasing of transistors to have smaller
      emitter-to-collector potentials, while at the same time avoiding
      saturation, and more particularly, to the use of transistors so biased in
      amplifiers which can have their input signals referred to one of their
      power supply potentials.
PAR  An older generation of integrated circuit operational amplifiers were
      designed to be powered with positive and negative power supply potentials
      as referred to a reference potential against which the operational
      amplifier input terminals were biased. These designs required a pair of
      regulated power supplies for supplying the two-opposite-polarity power
      supply potentials, and the input signals had to be maintained within a
      range between and not including the positive and negative power supply
      potentials in order not to disrupt proper amplifier action. Alternatively,
      if a single power supply were used, the input terminals of the operation
      amplifier had to be biased by potential dividing means. Input signal could
      not swing up to or past the range of potential afforded by the single
      power supply without interfering with proper amplifier action.
PAR  One of the primary desires when using integrated circuitry is to reduce the
      amount of external circuitry. This can result in economy, reliability and
      reduction of the bulk of the apparatus. So, it is desired to have an
      operational amplifier capable of being operated from a single power supply
      and of having its input terminals biased against one of the power supply
      potentials.
PAR  The present invention is embodied in a pair of junction transistors of
      complementary conductivity type connected collector-to-collector. One of
      the transistors, an "active load transistor," has its emitter electrode
      connected to a reference potential and is biased to have a quiescent
      collector-to-emitter potential substantially smaller than its quiescent
      base-to-emitter potential but large enough so that the transistor is not
      in saturation. The other transistor is operated as a collector loaded
      amplifier transistor, its collector loading including the
      collector-to-emitter path of the active-load transistor, and may have its
      base potential as referred to said reference potential operated over a
      range including said reference potential. That is, the base potential of
      the collector-loaded amplifier transistor can be of the same polarity as
      the base potential of the active load transistor. But, also, the base
      potential of the collector-loaded amplifier may be of the opposite
      polarity as the base potential of the active load transistor over a
      limited range. Where the emitter-to-collector potential of the active load
      transistor approaches its saturation value this limited range can be
      nearly as large as the potential across the collector-to-base junction of
      the collector-loaded amplifier transistor were it to be forward biased
      minus the larger of the collector-to-emitter potentials to the two
      transistors at the onset of its saturation condition. In a silicon
      transistor, this limited range can be as large as five to six hundred
      millivolts, for example. This permits the base potential of the
      collector-loaded amplifier to have a quiescent value substantially equal
      to the reference potential and to exhibit swings about that reference
      potential, if desired, and gives new freedom of amplifier design,
      particularly where only a single power supply is to be used.
DRWD
PAR  In the drawing:
PAR  FIGS. 1, 2, 3, 4, and 5 are schematic diagrams of different cascade
      connections of differential amplifiers, each connection being an
      embodiment of the present invention.
DETD
PAR  FIG. 1 shows an amplifier 100 wherein a pair of input terminals 101 and 102
      are linked to a pair of output terminals 103 and 104 by a cascade
      connection of: an emitter-coupled differential amplifier comprising
      similar PNP transistors 105 and 106; a pair of similar potential
      translating networks comprising respectively elements 107, 109 and
      elements 1108, 110; and an emitter-coupled differential amplifier
      comprising similar NPN transistors 111 and 112. The variations of the base
      currents of transistors 105 and 106 caused by differential input signal
      applied between terminals 101 and 102 are amplified to appear as
      variations of the collector currents of transistors 105 and 106. These
      collector current variations are coupled via potential translating
      networks respectively comprising elements 107, 109 and elements 108, 110
      to be applied as variations in base current to transistors 111 and 112.
      These variations in the base currents of transistors 111 and 112 are again
      amplified to appear as variations of the collector currents of transistors
      111 and 112. These twice-amplified current variations are made available
      at terminals 103 and 104 for coupling to subsequent circuitry.
PAR  Amplifier 100 operates with single power supply, shown as a battery 115,
      having its negative terminal connected to provide a ground reference
      potential. The quiescent potential of each of the input terminals 101 and
      102 is shown as being established at ground reference potential by means
      of resistor 117 and resistor 118, respectively. This permits the
      application of push-pull input signals from sources 119 and 120,
      respectively, via coupling capacitors 121 and 122, respectively, to input
      terminals 101 and 102, respectively, of amplifier 100. Alternatively, one
      of the terminals 101 and 102 may be grounded and input signal applied only
      to the other, in single-ended fashion. Also, the terminals 101 and 102 may
      be biased to a common-mode potential mode positive than ground reference
      potential, approaching the supply potential provided at the positive
      terminal of supply 115 to within the forward-bias potential on the
      base-emitter junctions of transistors 105 and 106, plus the operating
      potential required for the current supply 123 connecting the joined
      emitter electrodes of transistors 105 and 106 to the positive terminal of
      supply 115.
PAR  The current supplies 125 and 126 are preferably identical in
      characteristics, as are current supplies 127 and 128. These current
      supplies 125-128 and current supply 123 may comprise constant current
      supplies each provided, for example, by the emitter-to-collector path of a
      PNP transistor provided with constant base-emitter bias potential. Also,
      rather than being provided by active elements, the current supplies 123,
      125-127 may simply comprise direct current conductive impedance means such
      as resistors. Current supply 125 maintains Schottky diode 109 and the
      base-emitter junction of transistor 107 forward-biased. Current supply 126
      similarly maintains Schottky diode 110 and the base-emitter junction of
      transistor 108 forwardbiased.
PAR  If only single-ended output signals are required, one of the current
      supplies 127 and 128 may be replaced by a direct connection. Or current
      supplies 127 and 128 may be replaced by, respectively, the input and
      output circuits of a current mirror amplifier used for constructively
      combining the collector current variations of transistors 111 and 112.
PAR  The collector electrodes of PNP transistors 105 and 106 are connected to
      the collector electrodes of NPN transistors 131 and 132, respectively. The
      grounded-emitter NPN transistors 131 and 132 are arranged to provide
      active collector loads for PNP transistor 105 and 106 with their base
      electrodes connected in common-mode negative feedback from the joined
      emitter electrodes of transistors 111 and 112. Due to this common-mode
      negative feedback, the collector electrodes of transistors 131 and 132
      present a relatively low impedance for common-mode components of the
      collector currents of transistors 105 and 106. Insofar as
      differential-mode variations of the collector currents of transistors 105
      and 106 are concerned, however, transistors 131 and 132 are biased for
      constant current operation, and so the collector electrodes of transistors
      131 and 132 present a relatively high impedance to those differential-mode
      variations of the collector currents of transistors 105 and 106.
PAR  The first loop of the common-mode feedback begins at the interconnected
      collector electrodes of transistors 105 and 131, continues by
      emitter-follower action of transistor 107 and through Schottky barrier
      diode 109 to the base electrode of transistor 111, continues by
      emitter-follower action of transistor 111 to the base electrode of
      transistor 131, and is completed by the common-emitter amplifier action of
      transistor 131. The second loop of the common-mode feedback begins at the
      interconnected collector electrodes of transistors 106 and 132, continues
      by emitter-follower action of transistor 108 and through Schottky barrier
      diode 110 to the base electrode of transistor 112, continues by
      emitter-follower action of transistor 112 to the base electrode of
      transistor 132, and is completed by the common-emitter amplifier action of
      transistor 132. The common connection of the emitter electrodes of
      transistors 111 and 112 to the base electrodes of transistors 131 and 132
      causes differential mode variations of the emitter currents of transistors
      111 and 112 to be destructively combined--that is, cancelled-insofar as
      being applied to the base electrodes of transistors 131 and 132 is
      concerned. This is why these negative feedback loops are inoperative for
      differential-mode signals.
PAR  The current supply 123 determines the combined emitter currents of
      transistors 105 and 106. The collector current of each of the transistors
      105 and 106 is related to its emitter current by a factor .alpha., the
      common-base current gain of the transistor, which gain approaches a
      magnitude of unity or one. The common-mode collector currents of
      transistors 105 and 106 are equal in magnitude. The common mode feedback
      adjusts the base-emitter potentials of transistors 131 and 132 to
      condition them to accept the common-mode collector currents of transistors
      105 and 106, respectively.
PAR  The feature of the common mode feedback loop which is of particular
      interest is that it maintains the quiescent potentials V.sub.B107 and
      V.sub.B108 of the respective base electrodes of transistors 107 and 108
      close to ground reference potential, but not so close as to cause
      saturation of transistors 131 and 132.
EQU  V.sub.B107 = V.sub.BE131 + V.sub.BE111 - V.sub.109 - V.sub.BE107, and
      V.sub.BE108 = V.sub.BE132 + V.sub.BE112 - V.sub.110 - B.sub.VE108,
PAL  where V.sub.BE is base-emitter potential of the transistor, having a number
      corresponding to the subscript, which is about 0.65 volt for the levels of
      current encountered in amplifiers of this type. V.sub.109 and V.sub.110
      are the Schottky barrier potentials of diodes 109 and 110, respectively,
      which are about 0.3 volts. Accordingly, V.sub.B107 and V.sub.B108 are each
      about 0.35 volts with respect to ground reference potential. This is well
      about the 0.1 volts saturation potential of transistors 131 and 132.
PAR  Also, this keeps transistors 105 and 106 out of saturation when their base
      electrodes are biased against ground. Their emitter electrodes will be
      about 0.65 volts more positive than ground potential for such biasing
      conditions, so transistors 105 and 106 will have about 0.3 volts
      collector-to-emitter potential.
PAR  Important to the present invention is the realization that the
      emitter-to-collector potential of a transistor can be less than its
      emitter-to-base potential without the transistor saturating. That is,
      there is a range wherein amplifying action similar to that of a
      conventionally biased transistor obtains despite the emitter-to-collector
      potential of the transistor being less than its emitter-to-base potential.
      This range includes emitter-to-collector potentials about half as large as
      the normal range of transistor emitter-to-base potentials. It is this fact
      which permits operation of a collector-to-collector connection of
      complementary conductivity transistors with the base of one biased to
      substantially the same quiescent potential as the emitter of the other.
PAR  The common-mode feedback maintains the base-emitter potentials of
      transistors 131 and 132 at values characteristic of a collector current
      level substantially half that supplied by current source 123. This
      potential as applied to the base-emitter junction of transistor 133 will
      cause it to have collector current related to the collector currents of
      transistors 131 and 132 in substantially the same ratio as the effective
      area of the base-emitter junction of transistor 133 to that of transistors
      131 or 132. This collector current demand of transistor 133 will be
      withdrawn as the combined emitter currents of transistors 111 and 112.
      (This connection facilitates scaling of the currents supplied by current
      supplies 127 and 128 to substantially equal the quiescent collector
      currents of transistors 111 and 112, respectively, when these supplies are
      provided by active circuitry. This scaling can then be done indirectly by
      scaling current supplies 127 and 128 to current supply 123.) The regulated
      potential appearing at the emitter electrodes of transistors 111 and 112
      can alternatively be applied to a resistor, rather than to transistor 133,
      to establish the level of the combined emitter currents of transistors 111
      and 112.
PAR  FIG. 2 shows an amplifier 200 similar to amplifier 100, but wherein
      Schottky diodes 109 and 110 are replaced by forward-biased junction diodes
      209 and 210, respectively. To prevent saturation of transistors 131 and
      132, the emitter potentials of transistors 111 and 112 are lifted more
      positive. This lifts the potentials at the base electrodes of transistors
      111 and 112 and at the anodes of diodes 209 and 210, respectively. This
      lifts the potentials at the cathodes of diodes 209 and 210 (offset about
      0.65 volts each from their respective anode potentials), which lifts the
      potentials at the emitter electrodes of transistors 107 and 108,
      respectively. The base electrodes of transistors 107 and 108 are lifted
      correspondingly.
PAR  The lifting of these potentials is accomplished by introducing a resistive
      potential divider 240, comprising resistors 241 and 242, between the
      interconnection of the emitter electrodes of transistors 111 and 112 and
      the interconnection of the base electrodes of transistors 131 and 132. The
      resistance of the divider elements is chosen low compared to the combined
      base impedances of transistors 131 and 132. The common mode feedback loop
      will regulate the potential at the output of the potential divider as
      applied to the base-emitter junctions of transistors 131 and 132 to a
      value such as to condition them to accept as collector currents the
      collector currents of transistors 105 and 106, respectively, just as in
      the FIG. 1 amplifier.
PAR  Accordingly, the joined emitter electrodes of transistors 111 and 112 are
      regulated to a potential larger than the 0.65 volt or so potential at the
      output of the potential divider by a factor which is the inverse of its
      output to input potential ratio. This latter ratio is well known to be
      R.sub.242 /(R.sub.241 + R.sub.242), where R.sub.241 and R.sub.242 are the
      respective resistances of resistors 241 and 242. By choosing R.sub.242
      about one half so large as R.sub.241, the emitter electrodes of
      transistors 111 and 112 are lifted to about 1 volt. This provides about
      optimum biasing of the base electrodes of transistors 107 and 108 at about
      0.3 volts more positive than ground reference potential. By changing the
      ratio of R.sub.241 and R.sub.242 to adjust the potential division ratio of
      potential of divider 240, these potentials can be adjusted upward or
      downward. In amplifier 200, V.sub.B107 and V.sub.B108, the base potentials
      of transistors 107 and 108 are described by the following equations.
      ##EQU1##
      V.sub.209 and V.sub.210 are the potential drops across forward-biased
      diodes 209 and 210, respectively.
PAR  R.sub.241 + R.sub.242 is chosen so, by Ohm's Law, the 1 volt potential drop
      thereacross causes the desired level of the combined emitter currents of
      transistors 111 and 112.
PAR  Diodes 209 and 210 are shown as simple junction diodes, but may actually
      comprise transistors connected as diodes. For instance, an NPN transistor
      may have its base and collector electrodes connected to provide an "anode"
      for its emitter electrode "cathode."
PAR  FIG. 3 shows an amplifier 300 similar to amplifier 200. Potential divider
      240 is, however, replaced by an emitter follower transistor 341 with
      emitter resistor 342. Accordingly, the common-mode feedback regulates the
      joined emitter electrodes of transistors 111 and 112 to a potential equal
      to the sum of the base-emitter offset potentials of transistor 341 and of
      either of transistors 131 and 132. This places the base electrodes of
      transistors 111 and 112 at V.sub.B111 and V.sub.B112 potentials defined by
      the following equations.
EQU  V.sub.B111 = V.sub.BE131 + V.sub.BE341 + V.sub.BE111 V.sub.B112 =
      V.sub.BE132 + V.sub.BE341 + V.sub.BE112
PAL  To place the base electrodes of transistors 107 and 108 at potentials
      V.sub.B107 and V.sub.B108 equal to about 0.5 V.sub.BE131 and 0.5
      V.sub.BE132, respectively, a potential drop of about 1.5 V.sub.BE, or 1
      volt, needs to be developed across each of the resistors 309 and 310, to
      augment the V.sub.BE107 and V.sub.BE108 potential offsets across the
      base-emitter junctions of transistors 107 and 108. These 1.5 V.sub.BE
      potential drops are developed by causing properly valued collector
      currents to flow from transistors 325 and 326.
PAR  One way of doing this is shown. A bleeder resistor 351 is used to
      forward-bias diodes 353 and 352 to develop a 2V.sub.BE potential across
      these diodes. The emitter-follower action of transistors 325 places a
      1V.sub.BE potentialacross resistor 355, and the emitter-follower action of
      transistor 326 places a 1V.sub.BE potential across resistor 356. The
      emitter currents of transistor 325 and 326 are determined according to
      Ohm's Law to be 1V.sub.BE /R.sub.355 and 1V.sub.BE /R.sub.356,
      respectively where R.sub.355 and R.sub.356 are the resistances of
      resistors 355 and 356. The collector currents of transistors are .alpha.
      times as large as their respective emitter currents; for
      integrated-circuit lateral PNP transistors common base current gain
      .alpha..sub.PNP does not approach unity closer than about 0.9 because of
      parasitic transistor action to the substrate. Nonetheless, the collector
      currents as a ratio of emitter currents can be accurately predicted. By
      making the resistance R.sub.309 of resistor 309 equal to 1.5 R.sub.355
      /.alpha..sub.PNP, and the resistance R.sub.310 of resistor 310 equal to
      1.5 R.sub.356 /.alpha..sub.PNP, 1.5V.sub.BE potential drops will be
      developed across each of the resistors R.sub.309 and R.sub.310. Increasing
      the ratios R.sub.309 /R.sub.355 and R.sub.310 /R.sub. 356 will decrease
      the potentials V.sub.BE107 and V.sub.BE108 at the base electrodes of
      transistors 107 and 108, respectively; decreasing the ratios will increase
      V.sub.B107 and V.sub.B108, respectively.
PAR  Alternatively, resistor 309 may be replaced by a forward-biased diode
      serially connected with a resistor with resistance 0.5 R.sub.355
      /.alpha..sub.PNP. A 1V.sub.BE offset potential will be developed across
      the diode, and a 0.5 V.sub.BE potential drop will be developed across the
      resistor. Similarly, resistor 310 may be replaced by a forward-biased
      diode serially connected with a resistor with resistance 0.5 R.sub.356
      /.alpha..sub.PNP. An advantage of the FIG. 3 circuit and this alternative
      is that the combined emitter currents of transistors 111 and 112 may be
      determined by current supply 345 being made a constant current supply,
      rather than a resistor.
PAR  Another alternative to the FIG. 3 circuit has the joined electrodes of
      transistors 111 and 112 directly connected to the base electrodes of
      transistors 131 and 132. as in the FIG. 1 circuit and resistors 309 and
      310 of such value that a potential drop substantially equal to 0.5
      V.sub.BE appears across each of them.
PAR  FIG. 4 shows a variation of the FIG. 2 configuration which is useful when
      the levels of signal being amplified exceeds 0.1 or 0.2 volts peak-to-peak
      at the base electrodes of transistors 111 and 112. The resistor 241 of the
      FIG. 2 circuit is replaced by two resistors 441a and 441b having twice the
      resistance of resistor 241. The resistors 441a and 441b act as emitter
      degeneration resistances for transistors 111 and 112, respectively. A
      resistor connecting the emitter electrodes of transistors 111 and 112 can
      be used to reduce the amount of emitter degeneration or, alternatively,
      the pi-network formed by that extra resistor and resistors 441a and 441b
      may be replaced by an equivalent tee-network.
PAR  FIG. 5 shows how the summing point for the common-mode feedback can be
      moved to a point before the joined emitter electrodes of transistors 111
      and 112. Resistors 509 and 510 are made to have resistances substantially
      one-half that of resistor 556, so they have about 0.5 V.sub.BE potential
      drop across them. The common-mode feedback maintains 1V.sub.BE across the
      base-emitter junctions of transistors 131 and 132. The 1V.sub.BE drop
      across the base-emitter junction of transistor 341 is added to this, to
      place a 2V.sub.BE potential at the interconnections of resistors 509 and
      510. The 0.5 V.sub.BE potential drop across resistors 509 and 510 place
      the quiescent potentials of the emitter electrodes of transistors 107 and
      108 and the base electrodes of transistors 111 and 112 at 1.5 V.sub.BE.
      The offset potentials of their base-emitter junctions then cause the base
      electrodes of transistors 107 and 108 to be at 0.5 V.sub.BE quiescent
      potentials. Since the transistors 111 and 112 are not in the common-mode
      feedback loop, one or the other of them may be dispensed with where only a
      single-ended output is required.
PAR  The representative embodiments of the invention shown in the FIGURES share
      certain common features. The emitter-coupled input differential amplifier
      transistors 111 and 112 are connected collector-to-collector with
      common-emitter transistors 131 and 132, respectively, which are of a
      complementary conductivity type with emitter electrodes connected to a
      reference potential. There is a potential translation from each of the
      collector-to-collector connections to a potential sufficiently removed
      from the reference potential that connection to an ensuing amplifier stage
      is possible, then a subsequent potential translation in the opposite
      direction to the base electrodes of transistors 131 and 132. This
      completes a pair of degenerative feedback loops connected at a point in
      the potential translation networks so as to make them operative only for
      common-mode signals. The degenerative feedback maintains a V.sub.BE offset
      potential on the complementary-conductivity transistors 131, 132 to
      condition them to have collector currents equal respectively to the
      collector currents of the input differential amplifier transistors 105,
      106 to which they are joined in collector-to-collector connections. The
      potential translations away from reference potential following the
      collector-to-collector connections being larger by a few tenths of a volt
      than the potential-translations back toward reference potential for
      connection to the base electrodes of transistors 131 and 132, this places
      the collector electrodes of transistors 131 and 132 at a quiescent
      potential with respect to their emitter electrodes just slightly larger
      than saturation potential.
PAR  This permits the input differential amplifier transistors to have base
      potentials which can range not only positively with respect to the
      reference potential, but also over a limited range, negatively. This is
      accomplished without the need for potential translating elements such as
      common-collector or emitter follower transistors to connect ground-biased
      input terminals 101 and 102 to the base electrodes of the emitter-coupled
      differential amplifier transistors 105 and 106. Noise and input offset
      potential errors attributable to such devices are thus avoided.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of:
PA1  first and second transistors of opposite conductivity types, each of said
      first and said second transistors having base and emitter electrodes with
      a base-emitter junction therebetween and having a collector electrode
      connected to that of the other at an interconnection;
PA1  means for applying a reference potential to the emitter electrode of said
      first transistor;
PA1  means for applying a forward bias potential between the emitter and base
      electrodes of said first transistor;
PA1  means for maintaining a potential between the emitter and collector
      electrodes of said first transistor which has a quiescent value
      substantially one-half as large as that of said forward bias potential;
      and
PA1  further means connecting said second transistor as an amplifier with
      collector loading, said further means including means for applying an
      input signal between the base and emitter electrodes of said second
      transistor, said input signal having a direct component associated
      therewith related to said reference potential.
NUM  2.
PAR  2. The combination of:
PA1  first and second transistors of opposite conductivity types, each of said
      first and said second transistors having base and emitter electrodes with
      a base-emitter junction therebetween and having a collector electrode
      connected to that of the other at an interconnection;
PA1  a source of reference potential;
PA1  means for connecting the emitter electrode of said first transistor to said
      source such that its quiescent potential is substantially equal to said
      reference potential;
PA1  means for biasing the base electrode of said second transistor to a
      quiescent potential substantially equal to said reference potential;
PA1  means for applying quiescent forward bias potential to the base-emitter
      junction of said first transistor;
PA1  means for applying quiescent forward bias current to the base-emitter
      junction of said second transistor to develop a quiescent potential at its
      emitter electrode; and
PA1  means for maintaining the quiescent potential at said interconnection at a
      level substantially midway between said reference potential and said
      quiescent potential at the emitter electrode of said second transistor.
NUM  3.
PAR  3. A differential amplifier comprising:
PA1  first and second transistors of a first conductivity type, each having a
      base and an emitter and a collector electrode;
PA1  means for applying a quiescent bias potential at a reference potential
      level to the base electrodes of each of said first and said second
      transistors;
PA1  means for coupling the emitter electrodes of said first and said second
      transistors together;
PA1  means for supplying a quiescent emitter current to each of said first and
      said second transistors, thereby to develop a quiescent emitter potential
      for each of said first and said second transistors; and
PA1  means for maintaining the quiescent collector potentials of each of said
      first and said second transistors substantially midway between its emitter
      potential and said reference potential level.
NUM  4.
PAR  4. A differential amplifier as set forth in claim 3 wherein said means for
      maintaining the quiescent potentials of each of said first and said second
      transistors midway between its emitter potential and said reference
      potential includes:
PA1  third and fourth transistors of a second conductivity type complementary to
      said first conductivity type, each of said third and fourth transistors
      having an emitter and a base and a collector electrode;
PA1  means for applying a quiescent bias potential at said reference potential
      level to the emitter electrodes of each of said third and said fourth
      transistors;
PA1  a first interconnection, between the collector electrodes of said first and
      said third transistors;
PA1  a second interconnection between the collector electrodes of said second
      and said fourth transistors; and
PA1  means providing a common mode feedback connection from each of said first
      and said second interconnections to the base electrodes of said third and
      said fourth transistors.
NUM  5.
PAR  5. A differential amplifier as set forth in claim 4 wherein said means
      providing a common-mode feedback connection comprises:
PA1  first means for translating potential connected between said first
      interconnection and a third interconnection and poled for making the
      potential at said third interconnection larger than the potential at said
      first interconnection with regard to said reference potential;
PA1  second means for translating potential connected between said second
      interconnection and a fourth interconnection and poled for making the
      potential at said fourth interconnection larger than the potential at said
      second interconnection with regard to said reference potential;
PA1  third means for translating potential, providing a potential translation
      smaller than that of said first means for translating potential by an
      amount .DELTA.V larger than the collector-to-emitter saturation potentials
      of said third and fourth transistors, connected between said third
      interconnection and said third transistor base electrode and poled for
      making the potential at said third transistor base electrode smaller than
      the potential at said third interconnection with regard to said reference
      potential; and
PA1  fourth means for translating potential, providing potential translation
      smaller than that of said second means for translating potential by an
      amount .DELTA.V, connected between said fourth interconnection and said
      fourth base electrode and poled for making the potential at said fourth
      transistor base electrode smaller than the potential at said fourth
      interconnection with regard to said reference potential.
NUM  6.
PAR  6. A differential amplifier stage having:
PA1  first and second terminals for connection to a power supply;
PA1  third and fourth terminals for receiving an input signal;
PA1  first and second transistors of a first conductivity type, having
      respective emitter electrodes connected to a first node, having respective
      base electrodes respectively connected to said third terminal and to said
      fourth terminal, having respective collector electrodes respectively
      connected to a second node and to a third node;
PA1  direct current conductive means connecting said first terminal to said
      first node;
PA1  third and fourth transistors of a second conductivity type complementary to
      said first conductivity type, having respective base electrodes connected
      to a fourth node, having respective emitter electrodes directly connected
      to said second terminal, and having respective collector electrodes
      respectively connected to said second node and to said third node; and
PA1  means providing common-mode feedback connecting each of said second and
      said third nodes to said fourth node including:
PA1  first means for translating potential, connected between said second node
      and a fifth node and poled for making the potential between said second
      terminal and said fifth node larger than the potential between said second
      terminal and said second node;
PA1  second means for translating potential connected between said third node
      and a sixth node and poled for making the potential between said second
      terminal and said sixth node larger than the potential between said second
      terminal and said third node;
PA1  third means for translating potential, providing potential translation
      smaller than that of said first means for translating potential by an
      amount .DELTA.V larger than the collector-to-emitter saturation potentials
      of said third and said fourth transistors, connected between said fifth
      and said fourth nodes and poled for making potential between said second
      terminal and said fourth node smaller than the potential between said
      second terminal and said fifth node; and
PA1  fourth means for translating potential, providing potential translation
      smaller than that of said second means for translating potential by an
      amount .DELTA.V, connected between said sixth and said fourth nodes and
      poled for making the potential between said second terminal and said
      fourth node smaller than the potential between said second terminal and
      said sixth node, .DELTA.V being chosen to have a value substantially
      one-half that of the offset potentials applied between the base and
      emitter electrodes of each of said third and said fourth transistors by
      said common-mode feedback.
NUM  7.
PAR  7. A differential amplifier stage as set forth in claim 6 having included
      therein:
PA1  fifth and sixth transistors of said first conductivity type and seventh and
      eighth transistors of said second conductivity type, each of these
      transistors having base and emitter electrodes with a base-emitter
      junction therebetween and having a collector electrode, the base
      electrodes of said fifth and said sixth and said seventh and said eighth
      transistors respectively connected to said second and said third and said
      fifth and said sixth nodes, the collector electrodes of said fifth and
      sixth transistors being connected to said second terminal, the emitter
      electrodes of said seventh and said eighth transistors being connected to
      said fourth node, the base-emitter junctions of said seventh and said
      eighth transistors corresponding respectively to said third and said
      fourth means for translating potential;
PA1  a first Schottky-diode connected between said fifth transistor emitter
      electrode and said fifth node and poled to form a series combination with
      said fifth transistor base-emitter junction, which series combination
      provides said first means for translating potential;
PA1  means for supplying current to said fifth node from said first terminal,
      poled to forward bias said first Schottky diode and the base-emitter
      junctions of said fifth and said seventh transistors;
PA1  a second Schottky diode connected between said sixth transistor emitter
      electrode and said sixth node and poled to form a series combination with
      said sixth transistor base-emitter junction, which series combination
      provides said second means for translating potential;
PA1  means for supplying current to said sixth node from said first terminal,
      poled to forward bias said second Schottky diode and the base-emitter
      junctions of said sixth and said eighth transistors;
PA1  means for supplying current to said seventh transistor collector electrode
      from said first terminal;
PA1  means for supplying current to said eighth transistor collector electrode
      from said first terminal; and
PA1  output signal utilization means connected to at least one of the collector
      electrodes of said seventh and said eighth transistors.
NUM  8.
PAR  8. A differential amplifier stage as set forth in claim 6 having included
      therein:
PA1  fifth and sixth transistors of said first conductivity type and seventh and
      eighth transistors of said second conductivity type, each of these
      transistors having base and emitter electrodes with a base-emitter
      junction therebetween and having a collector electrode, the base
      electrodes of said fifth and said sixth and said seventh and said eighth
      transistors respectively connected to said second and said third and said
      fifth and said sixth nodes, the collector electrodes of said fifth and
      sixth transistors being connected to said second terminal, the
      base-emitter junctions of said seventh and said eighth transistors being
      included respectively in said third and said fourth means for translating
      potential;
PA1  first and second resistive means having respective resistances in
      substantially 1:2 ratio, said first resistive means connecting the joined
      emitter electrodes of said seventh and said eighth transistors to said
      fourth node and being included in both said third and said fourth means
      for translating potentials, said second resistive means being connected
      between said fourth node and said second terminal;
PA1  a first junction diode connected between said fifth transistor emitter
      electrode and said fifth node and poled to form a series combination with
      said fifth transistor base-emitter junction, which series combination
      provides said first means for translating potential;
PA1  means for supplying current to said fifth node from said first terminal,
      poled to forward bias said first junction diode and the base-emitter
      junctions of said fifth and said seventh transistors;
PA1  a second junction diode connected between said sixth transistor emitter
      electrode and said sixth node and poled to form a series combination with
      said sixth transistor base-emitter junction, which series combination
      provides said second means for translating potential;
PA1  means for supplying current to said sixth node from said first terminal,
      poled to forward bias said second junction diode and the base-emitter
      junctions of said sixth and said eighth transistors;
PA1  means for supplying current to said seventh transistor collector electrode
      from said first terminal;
PA1  means for supplying current to said eighth transistor collector electrode
      from said first terminal; and
PA1  output signal utilization means connected to at least one of the collector
      electrodes of said seventh and said eighth transistors.
NUM  9.
PAR  9. A differential amplifier stage as set forth in claim 6 having included
      therein:
PA1  fifth and sixth transistors of said first conductivity type, and seventh
      and eighth transistors of said second conductivity type, each of these
      transistors having base and emitter electrodes with a base-emitter
      junction therebetween and having a collector electrode, the base
      electrodes of said fifth and said sixth and said seventh and said eighth
      transistors respectively connected to said second and said third and said
      fifth and said sixth nodes, the collector electrodes of said fifth and
      sixth transistors being connected to said second terminal, the
      base-emitter junctions of said seventh and said eighth transistors
      corresponding respectively to said third and said fourth means for
      translating potential;
PA1  first and second and third resistive means, said first and said second
      resistive means having equal resistances substantially equal to that of
      said third resistive means, said first resistive means connecting said
      seventh transistor emitter electrode to said fourth node and being
      included in said third means for translating potential, said second
      resistive means connecting said eighth transistor emitter electrode to
      said fourth node and being included in said fourth means for translating
      potential, said third resistive means being connected between said fourth
      node and said second terminal;
PA1  a first junction-diode connected between said fifth transistor emitter
      electrode and said fifth node and poled to form a series combination with
      said fifth transistor base-emitter junction, which series combination
      provides first means for translating potential;
PA1  means for supplying current to said fifth node from said first terminal,
      poled to forward bias said first junction diode and the base-emitter
      junctions of said fifth and said seventh transistors;
PA1  a second junction diode connected between said sixth transistor emitter
      electrode and said sixth node and poled to form a series combination with
      said sixth transistor base-emitter junction, which series combination
      provides said second means for translating potential;
PA1  means for supplying current to said sixth node from said first terminal,
      poled to forward bias said second junction diode and the base-emitter
      junction of said sixth and said eighth transistors;
PA1  means for supplying current to said seventh transistor collector electrode
      from said first terminal;
PA1  means for supplying current to said eighth transistor collector electrode
      from said first terminal; and
PA1  output signal utilization means connected to at least one of the collector
      electrodes of said seventh and said eighth transistors.
NUM  10.
PAR  10. A differential amplifier stage as set forth in claim 6 having included
      therein:
PA1  fifth and sixth transistors of said first conductivity type and seventh and
      eighth transistors of said second conductivity type, each of these
      transistors having base and emitter electrodes with a base-emitter
      junction therebetween and having a collector electrode, the base
      electrodes of said fifth and said sixth and said seventh and said eighth
      transistors respectively connected to said second and said third and said
      fifth and said sixth nodes, the collector electrodes of said fifth and
      said sixth transistors being connected to said second terminal, the
      emitter electrodes of said seventh and said eighth transistors being
      connected to said fourth node, the base-emitter junctions of said seventh
      and said eighth transistors corresponding respectively to said third and
      said fourth means for translating potential;
PA1  first resistive means connected between said fifth transistor emitter
      electrode and said fifth node to form a series combination with said fifth
      transistor base-emitter junction, which series combination provides said
      first means for translating potential;
PA1  means for supplying current to said fifth node from said first terminal,
      poled to forward bias the base-emitter junctions of said fifth and said
      seventh transistors, and proportional to cause a potential drop across
      said first resistive means substantially half so large as the potential
      drop it causes across the base-emitter junction of said fifth transistors;
PA1  second resistive means connected between said sixth transistor emitter
      electrode and said sixth node to form a series combination with said sixth
      transistor base-emitter junction which series combination provides said
      second means for translating potential;
PA1  means for supplying current to said sixth node from said first terminal,
      poled to forward bias the base-emitter junctions of said sixth and said
      eighth transistors, and proportioned to cause a potential drop across said
      second resistive means substantially half as large as the potential drop
      it causes across the base-emitter junction of said sixth transistor;
PA1  means for supplying current to said seventh transistor collector electrode
      from said first terminal;
PA1  means for supplying current to said eighth transistor collector electrode
      from said first terminal; and
PA1  output signal utilization means connected to at least one of the collector
      electrodes of said seventh and said eighth transistors.
NUM  11.
PAR  11. A differential amplifier stage having:
PA1  first and second terminals for connection to a power supply;
PA1  third and fourth terminals for receiving an input signal;
PA1  first and second transistors of a first conductivity type, having
      respective emitter electrodes connected to a first node, having respective
      base electrodes respectively connected to said third terminal and to said
      fourth terminal, having respective collector electrodes respectively
      connected to a second node and to a third node;
PA1  first direct current conductive means connecting said first terminal to
      said first node;
PA1  third and fourth transistors of a second conductivity type complementary to
      said first conductivity type, having respective base electrodes connected
      to a fourth node, having respective emitter electrodes directly connected
      to said second terminal, and having respective collector electrodes
      respectively connected to said second node and to said third node; and
PA1  means providing common-mode feedback connecting each of said second and
      said third nodes to said fourth node including:
PA1  fifth and sixth transistors of said first conductivity type and a seventh
      transistor of said second conductivity type, each of these transistors
      having base and emitter electrodes with a base-emitter junction
      therebetween and having a collector electrode, the base electrodes of said
      fifth and said sixth transistors respectively connected to said second and
      said third nodes, the collector electrodes of said fifth and sixth
      transistors being connected to said second terminal, the emitter electrode
      of said seventh transistor being connected to said fourth node and the
      collector electrode of said seventh transistor being connected to said
      first terminal;
PA1  first and second resistive means having substantially equal resistances,
      said first resistance means being connected between said fifth transistor
      emitter electrode and said seventh transistor base electrode, said second
      resistive means being connected between said sixth transistor emitter
      electrode and said seventh transistor base electrode; and
PA1  means for supplying current to the interconnection of said seventh
      transistor base electrode and said first and said second resistive means,
      poled to forward bias the base-emitter junctions of said fifth and said
      sixth and said seventh transistors.
NUM  12.
PAR  12. A differential amplifier stage as set forth in claim 11 having another
      differential amplifier stage connected in direct-coupled cascade
      thereafter, said other differential amplifier stage including:
PA1  eighth and ninth transistors of said second conductivity type, each having
      base and emitter electrodes with a base-emitter junction therebetween and
      having a collector electrode, said eighth transistor base electrode being
      connected to said fifth transistor emitter electrode, said ninth
      transistor base electrode being connected to said sixth transistor emitter
      electrode;
PA1  second direct current conductive means connecting each of the base
      electrodes of said eighth and said ninth transistors to said second
      terminal;
PA1  third and fourth direct current conductive means respectively connecting
      the respective collector electrodes of said eighth and said ninth
      transistors to said first terminal, at least one of said second and said
      third direct current conductive means offering an impedance to an output
      signal developed thereacross.
NUM  13.
PAR  13. A differential amplifier stage as set forth in claim 11 having in
      combination therewith;
PA1  an eighth transistor having a base electrode connected to the emitter
      electrode of one of said fifth and sixth transistors and having emitter
      and collector electrodes; and
PA1  further means for connecting said eighth transistor as a common-emitter
      amplifier including second and third direct current conductive means
      respectively connecting the emitter and collector electrodes of said
      eighth transistor to separate ones of said first and second terminals.
PATN
WKU  039463265
SRC  5
APN  3462706
APT  1
ART  252
APD  19730330
TTL  Transmitter amplifier
ISD  19760323
NCL  8
ECL  1
EXP  Mullins; James B.
NDR  1
NFG  3
INVT
NAM  Minner; Willy
CTY  Schwaiger
CNT  DT
INVT
NAM  Muller; Jorn
CTY  Aufheim
CNT  DT
ASSG
NAM  Licentia Patent- Verwaltungs- G.m.b.H.
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720330
APN  2215540
CLAS
OCL  330 26
XCL  330109
XCL  330149
EDF  2
ICL  H03F  126
FSC  330
FSS  31;26;109;25;149;27
FSC  325
FSS  105;123;159
UREF
PNO  3040264
ISD  19620600
NAM  Weidner
OCL  330 25
UREF
PNO  3204273
ISD  19650900
NAM  Wood
OCL  330 21
UREF
PNO  3209273
ISD  19650900
NAM  Wood
XCL  330 31
UREF
PNO  3222610
ISD  19651200
NAM  Evans et al.
OCL  330 25
UREF
PNO  3239770
ISD  19660300
NAM  Taber
XCL  330 31
UREF
PNO  3241082
ISD  19660300
NAM  Lister et al.
XCL  330 26
UREF
PNO  3417341
ISD  19681200
NAM  Elias
XCL  330 31
UREF
PNO  3434070
ISD  19690300
NAM  Bartnik et al.
OCL  330 31
OREF
PAL  Electronic Engineering, June 1967, pp. 352-355, A 50 to 500 mHz Broadband
      Transistor Amp. ("Hilling").
PAL  International Solid-State Circuit Conference, 1965, pp. 90, 91, Digest of
      Tech. Papers, Session 9, Hi. Freq. Amps., (A Trans. Amp. With 500 MC
      Bandwidth) ("Howell").
LREP
FRM  Spencer & Kaye
ABST
PAL  A transmitter amplifier comprises a transistor forming a class B or C
      amplifier element and output and input circuits for the amplifier element
      connected by a low-pass filter with a limiting frequency below the
      intended frequency band of the amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a transmitter amplifier in which a transistor is
      provided as a class B or C amplifier element.
PAR  Transmitter amplifiers, which operate in class B or C and are equipped with
      a transistor, include, at the input and output of the transistor,
      networks, which serve for the transformation of the signal source
      resistance at the input of the transistor and for the transformation of
      the output power at the load resistor or at the antenna. Part of the
      elements of these networks are additionally used for introducing the
      operational voltage and adjustment of the operating point. These networks
      comprise reactive elements, capacitors and inductors, so that the
      transformation paths are frequency-dependent and give the required
      transformation only for the desired frequency or for the desired frequency
      band. Further the requirement that the transmitter amplifiers operate
      stably even in the case of a mismatch at the input and output and produce
      no parasitic oscillations, is placed on transmitter amplifiers.
PAR  In practice, however, in the case of mismatching of the output, which, for
      example, is realized by an open or short-circuited line of variable
      length, the excitation of parasitic frequencies f.sub.p outside the
      desired frequency band is observed. The parasitic oscillations are of a
      substantially lower frequency than the desired frequency, their mixing
      products with the desired frequency f.sub.N however yield frequencies
      f.sub.M which fall into the desired frequency band, since
EQU  f.sub.M = f.sub.N .+-. nf.sub.p
PAL  wherein integral multiples of the parasitic frequency are designated by n
      (= 1, 2, 3 and so on).
PAR  To suppress these parasitic frequencies in the input and output of the
      stage, it is known to insert frequency-dependent elements, which represent
      damping for the low frequencies. The success of these measures is only
      slight on account of the specified frequency dependency, because, on the
      one hand the damping cannot be chosen to be any effecting level, without
      reducing the amplification of the desired frequency, and, on the other
      hand, the damping is not designed to be broad banded at any event, so that
      this does not act in like manner for all the frequencies lying far outside
      the desired frequency band.
PAC  SUMMARY OF THE INVENTION
PAR  The invention has for its object, in the case of a transmitter amplifier of
      the type mentioned at the outset, of eliminating the excitation of
      parasitic oscillations, i.e., care is to be taken that the transmitter
      amplifier does not excite itself. According to the invention, there is
      provided a transmitter amplifier comprising a transistor forming a class B
      or C amplifier element, an output circuit for said transistor, an input
      circuit for said transistor and a low-pass filter connecting said output
      circuit and said input circuit and having a limiting frequency below the
      intended frequency band of the amplifier.
PAR  Basically, the invention proposes, in the case of a transmitter amplifier
      of the type mentioned at the outset, that the output circuit of the
      transistor is connected to the input circuit of the transistor by means of
      a low-pass filter, the limiting frequency of which is below the usual
      frequency or of the usual frequency band of the transmitter amplifier.
PAR  By a low-pass filter is understood, as is well known a network with a
      limiting frequency, up to which all frequencies are transmitted uniformly
      or almost uniformly. The low-pass filter comprises, for example, an
      inductor in the longitudinal branch or a series circuit of an inductor
      with an ohmic resistor in the longitudinal branch. According to another
      form of embodiment of the invention the low-pass filter comprises two
      resistors in the longitudinal branch and a capacitor in the transverse
      branch, which is connected to earth at the junction of the resistors.
      According to a further development of the invention, further low-pass
      filter elements are provided in the said low-pass filters, which elements
      further improve the properties of the low-pass filter with regard to the
      suppression of parasitic oscillations, according to the network theory.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be now described in greater detail by way of example
      with reference to the drawings, in which:
PAR  FIG. 1 shows a transmitter amplifier as is known from the prior art, and
PAR  FIG. 2 shows a transmitter amplifier according to the invention having a
      low-pass filter element to suppress parasitic oscillations.
PAR  FIG. 3 is a detail view of another embodiment of a low-pass filter element
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, a known transmitter amplifier of FIG. 1
      comprises substantially an input circuit 1 and an output circuit 2, the
      amplifier transistor 3 being connected between these two switching
      circuits. The generator 4 with its generator resistor 5 is connected to
      the input circuit 1. The transformation network, comprising inductors 6
      and 7 and capacitors 8 and 9, conveys the power to the transistor 3. The
      output circuit 2 is connected to the load resistor 14 by means of the
      transformation network, comprising the inductors 10, 11 and 12 and the
      capacitor 13. The choke 15 and the resistor 16 represent the operating
      point of the transistor in class B or C, the resistor 16 in this case is
      to suppress the excitation of parasitic oscillations of low frequencies.
      The capacitor 17 in conjunction with the choke 18 and the resistor 19 has
      the same task, the value of the capacitative reactance 17 being chosen so
      high that this represents a short circuit for the desired frequency, but
      for lower frequencies permits the resistor 19 to be active as damper.
      However, for very low frequencies the effectiveness of the damping is
      determined by the choke 18.
PAR  The capacitors 21 and 22 serve for the direct current separation, and the
      capacitor 20 to block off the voltage U.sub.B.
PAR  FIG. 2 shows an example of the circuit arrangement in accordance with the
      invention, elements of the same function being given the same reference
      numerals. The transmitter amplifier in accordance with the invention of
      FIG. 2 differs from the known transmitter amplifier of FIG. 1
      substantially in that a simple kind of low-pass filter is arranged between
      the output circuit 2 and the input circuit 1, comprising the resistor 23
      and the inductor 24. The capacitor 25 serves only for the direct current
      separation. The resistors 16 and 19 as well as the choke 18 of the
      transmitter amplifier of FIG. 1 are dispensed with, since their task is
      fulfilled substantially better and without delimitation to the lowest
      frequencies by the inventive provision of the low-pass filter. If need be,
      the task in accordance with the invention can be improved by inserting
      further low-pass filter elements.
PAR  It will be understood that the above description of the present invention
      is susceptible to various modification changes and adaptations. As
      illustrated in FIG. 3, the low-pass filter could alternatively be
      constituted by a series of arrangement of two resistors 26 and 27
      connected between the base and collector of the transistor and a capacitor
      28 connected between the junction of resistors 26 and 27 and ground.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A transmitter amplifier comprising a transistor forming a class B or C
      amplifier element, an output circuit for said transistor, an input circuit
      for said transistor and a low-pass filter connecting said output circuit
      and said input circuit and having a limiting frequency below the intended
      frequency band of the amplifier.
NUM  2.
PAR  2. An amplifier as defined in claim 1, wherein said low-pass filter
      comprises an inductance in the direct path between said output and input
      circuits.
NUM  3.
PAR  3. An amplifier as defined in claim 1, wherein said low-pass filter
      comprises an inductance and a resistance connected in series in the direct
      path between said input and output circuits.
NUM  4.
PAR  4. An amplifier as defined in claim 1, wherein said low-pass filter
      comprises two resistances in the direct path between said input and output
      circuits and a capacitance connected between earth and a junction between
      said two resistances.
NUM  5.
PAR  5. An amplifier as defined in claim 1, further comprising a capacitor
      connected in series with said low-pass filter to block flow of direct
      current through said filter.
NUM  6.
PAR  6. An amplifier as defined in claim 1 wherein said low-pass filter is
      connected between the point of connection of said input circuit to said
      transistor and the point of connection of said output circuit to said
      transistor.
NUM  7.
PAR  7. An amplifier as defined in claim 6 comprising means connected to bias
      said transistor for class B or C operation.
NUM  8.
PAR  8. In a transmitter amplifier including a transistor forming a class B or C
      amplifier element for amplifying signals over a predetermined frequency
      range, the transistor having an input terminal and an output terminal and
      the amplifier further including an output circuit connected to the output
      terminal of the transistor and an input circuit connected to the input
      terminal of the transistor, the improvement comprising a low-pass filter
      connected between said output circuit and said input circuit and having a
      limiting frequency below the predetermined frequency range of the
      amplifier, said filter serving to prevent the excitation of parasitic
      oscillations in said amplifier.
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ABST
PAL  Separate nonlinear load elements connected between the output terminal and
      each operating potential terminal of a complementary field-effect
      transistor amplifier determine the amplifier voltage gain and render it
      insensitive to variations in the operating potentials. The load elements
      may comprise other field-effect transistors whereby the effective
      amplifier gain is determined in accordance with a transconductance ratio.
      The transconductance ratio may be specified in terms of easily manipulated
      device parameters such as channel width-to-length ratios of the various
      transistors.
GOVT
PAR  The invention herein described was made in the course of or under a
      contract with the Department of the Air Force.
PAR  This invention relates to amplifiers and particularly to amplifiers of the
      kind employing complementary field-effect transistors.
PAR  Complementary field-effect transistor (FET) amplifiers are widely used in
      digital switching applications where they offer numerous advantages over
      other logic families such as improved fan-out, higher noise immunity and
      reduced quiescent power dissipation.
PAR  Such amplifiers have not, however, heretofore found wide acceptance in
      analog circuit applications. One reason for this is that the
      transconductance, gm, of the complementary transistors (and thus of the
      amplifier) is sensitive to variations in the operating potentials (power
      supply voltage) applied to the amplifier circuit. For a given load
      resistance, R.sub.L, this results in undesirable gain changes as the
      operating potential changes since the circuit gain is proportional to the
      product of the load resistance and the amplifier transconductance.
PAR  Gain sensitivity of this kind results in cross modulation of the input
      signal and the power supply potential variations which causes distortion
      and the production of unwanted modulation products. But even if the
      modulation products (sum and difference) fall outside the frequency band
      of interest, the gain variation and the distortion may be incompatible
      with amplitude sensitive devices that the amplifier may be used with.
PAR  Negative feedback techniques are known which can effectively cancel this
      unwanted gain variation but these suffer one or more disadvantages. For
      example, proper application of negative feedback signal to the amplifier
      input terminal can result in stabilized voltage gain but at the expense of
      degraded input impedance. Application of negative feedback signals at the
      source terminals of the transistors requires the inclusion of one or more
      resistors and reduces the signal dynamic range by the amount of the
      potential drop thereacross. In the amplifier of the present invention,
      input impedance and signal dynamic range are not degraded.
PAR  In accordance with one aspect of the present invention, an amplifier having
      a transconductance which varies in a given sense as the operating
      potential supplied thereto varies is loaded by a nonlinear circuit having
      a parameter which determines the amplifier voltage gain and which changes
      as the operating potential changes in a sense to maintain the voltage gain
      substantially constant. In accordance with another aspect of the
      invention, separate nonlinear load elements connected between the output
      terminal and each operating potential terminal of a complementary
      field-effect transistor amplifier determine the amplifier voltage gain and
      render it insensitive to variations in the operating potentials. The load
      elements may comprise other field-effect transistors so that the effective
      amplifier gain is determined in accordance with a transconductance ratio.
      The transconductance ratio may be specified in terms of easily manipulated
      device parameters such as the channel width-to-length ratios of the
      various transistors.
DRWD
PAR  The invention is illustrated in the accompanying drawings wherein like
      reference numbers designate like elements and in which:
PAR  FIG. 1 is a circuit diagram of a prior art complementary field-effect
      transistor amplifier;
PAR  FIG. 2 is a circuit diagram of an amplifier in accordance with the
      invention;
PAR  FIG. 3 is a circuit diagram of a voltage controlled variable bandwidth
      amplifier embodying the invention;
PAR  FIGS. 4-9 are circuit diagrams showing modifications of the amplifier of
      FIG. 2; and
PAR  FIG. 10 is a circuit diagram illustrating a modification of the amplifier
      of FIG. 4 for receiving back gate bias.
DETD
PAR  In the prior art complementary field-effect transistor (FET) amplifier of
      FIG. 1, terminal 1 is an input terminal for receiving an input signal to
      be amplified and terminal 2 is an output terminal for producing an
      amplified output signal. Terminals 3 and 4 are operating potential
      terminals for connection to a source of direct current operating potential
      with terminal 3 maintained at a potential more positive than that applied
      to terminal 4. P-channel enhancement-mode field-effect transistor P10 is
      connected at its source 11 and substrate 12 to terminal 3 and at its drain
      13 and gate 14 to terminals 2 and 1, respectively. N-channel enhancement
      mode field-effect transistor N20 is connected at its source 21 and
      substrate 22 to terminal 4 and at its drain 23 and gate 24 to terminals 2
      and 1, respectively.
PAR  Customarily, transistors P10 and N20 are selected to have "matched"
      characteristics (i.e., similar values of transconductance, drain-to-source
      conductance, and so forth) under equal bias conditions. Equal bias
      conditions are obtained by quiescently biasing input terminal 1 midway
      between the potentials of terminals 3 and 4. In the quiescent condition of
      the circuit, the potential of the output terminal will be substantially
      equal to that of the input terminal. Deviation in either sense of the
      input signal from its quiescent value will result in a complementary
      variation of the drain-to-source conductances of the transistors in a
      sense and by an amount to produce an inverted and amplified replica of the
      input signal at output terminal 2.
PAR  The transconductance of the amplifier of FIG. 1 is given by the sum of the
      transconductances of the individual transistors. Its output impedance
      (assuming a no-load condition) is given by the reciprocal of the sum of
      the drain-to-source conductances of the transistors. The amplifier voltage
      gain, therefore, is given by the product of the sum of the
      transconductances multiplied by the reciprocal of the sum of the
      drain-to-source conductances. The maximum output signal linear dynamic
      range is dependent primarily upon the direct current operating potential
      (applied to terminals 3 and 4) and the sum of the transistor threshold
      voltages. Assuming constant threshold voltages, the output signal dynamic
      range will increase for increasing values of the operating potential.
PAR  The maximum linear input signal range is also dependent upon the operating
      potential and threshold voltages and is additionally related to the
      amplifier voltage gain. For example, for fixed values of the threshold
      voltages and the operating potential, an increase in voltage gain will
      necessarily result in a reduced input signal range for linear operation.
      The operating potential, however, may not, in practical applications, be a
      fixed quantity but may vary over a relatively large range of values. In
      the ideal case, where the amplifier voltage gain is independent of its
      operating potential, both the input and output signal ranges will increase
      for increasing values of the operating potential. The prior art amplifier,
      however, is far from ideal. Its transconductance, output conductance,
      input/output signal ranges, signal bandwidth and voltage gain are all
      sensitive to variations in the direct current operating potential supplied
      to terminals 3 and 4. The interrelationships between the device parameters
      and the environmental and circuit operating parameters which result in
      this sensitivity are not altogether simple but may be understood by
      consideration of a specific example with certain simplifying assumptions.
PAR  Assume that a separate load conductance (not shown) is connected between
      output terminal 2 and each of the operating potential terminals, that
      terminal 4 is connected to ground, that terminal 3 is connected to a
      positive voltage source which may be varied and that terminal 1 is
      quiescently biased at half the potential of terminal 3. Assume next that
      the load conductances are equal, linear and that the sum thereof, G.sub.L,
      is substantially greater than the sum, G.sub.A, of the drain-to-source
      conductances of transistors 10 and 20 over the full range of desired
      linear output signal variations.
PAR  Under these assumptions, one of the principal amplifier variables, G.sub.A,
      has been eliminated so that the amplifier output impedance is constant
      (independent of the supply voltage) and given by the reciprocal of the
      total load conductance, G.sub.L. The other principal amplifier variable,
      its transconductance (gm) and its effect upon circuit operation as the
      supply voltage varies may now be examined.
PAR  The amplifier transconductance, as previously mentioned, is equal to the
      sum of the transconductances of the individual transistors. The
      transconductance of an insulated gate enhancement mode field effect
      transistor operating in the saturation region may be usefully approximated
      by the following well known equation:
      ##EQU1##
      where: V.sub.g = gate-to-source voltage
PA1  V.sub.t = threshold voltage
PA1  W/l= channel width to length ratio
PA1  .epsilon.o = dielectric constant of free space
PA1  .epsilon.ox= relative dielectric constant of gate oxide
PA1  tox= gate oxide thickness
PA1  .mu. = mobility
PAR  The principal circuit (as opposed to device) variable in equation 1 is the
      gate-to-source voltage V.sub.g. In the prior art amplifier, V.sub.g of
      both transistors increases as the operating potential increases thus it is
      clear that under the given assumptions, the voltage gain of the amplifier
      must also increase. It is also to be noted from equation 1 that the
      transconductance may be varied by selection of the channel width-to-length
      ratio, W/L. This ratio is an easily manipulated device parameter and is
      used to advantage in accordance with one aspect of the present invention
      in a manner to be subsequently described.
PAR  The conclusion above that the gain of the prior art amplifier will increase
      for increasing values of the supply voltage, is valid for the assumed
      linear load conductance, G.sub.L, substantially greater than the total
      drain-to-source conductance, G.sub.A. In the absence of this assumption,
      the voltage gain would be influenced by variations in G.sub.A at different
      values of the supply voltage. An exact quantitative expression for the
      drain-to-source conductance, Gds, of an enhancement mode field-effect
      transistor operating in the saturation region is not known, but useful
      approximations thereof in reasonable agreement with observed data have
      been presented in the literature. See, for example: V. G. K. Reddi and C.
      T. Sah, "Source-to-drain Resistance Beyond Pinch-off in MOS Transistors,"
      I.E.E.E. Trans. Electron Devices, Vol. ED-12, pp. 139-141, March 1965, and
      D. Frohman-Bentchkowsky and A. S. Grove, "Conductance of MOS Transistors
      in Saturation" I.E.E.E. Trans. Electron Devices, Vol. ED-16, pp. 108-113,
      Jan. 1969.
PAR  From the references it may be seen that Gds is a higher ordered function
      involving several more variables than gm. Qualitatively, three aspects of
      this function relevant to the present discussion are: (1) Gds of each
      transistor in the prior art amplifier increases as the supply voltage
      increases, (2) Gds, typically, over the region of interest, increases at a
      faster rate than gm and (3) Gds is substantially less than gm for a
      typical device. The significance of these aspects as it relates to the
      prior art amplifier are as follows. As noted, the (unloaded) amplifier
      voltage gain is directly related to gm and inversely related to Gds. Since
      the rate of change of Gds as the supply voltage changes exceeds that of
      gm, one would expect that the unloaded prior art amplifier voltage gain
      would decrease as the supply voltage increases and this effect has been
      observed in commercially available complementary FET amplifiers.
PAR  From the foregoing it may be concluded that the supply voltage sensitivity
      of the voltage gain of the prior art amplifier is dependent upon the
      relative magnitudes of the load conductance (if any) and the total
      drain-to-source conductance of transistors 10 and 20. There are three
      possibilities. First, under no load conditions the voltage gain will
      decrease for increasing supply potentials. Second, for a linear load
      conductance substantially greater than the total drain-to-source
      conductance, the voltage gain will increase as the supply potential
      increases. Third, values of a linear load conductance and drain to source
      conductance can be found such that the derivative of the voltage gain
      versus the supply voltage variation within a linear operating range can be
      zero at a single point. This latter case, however, is of little practical
      significance where it is expected that the supply voltage may vary
      substantially.
PAR  In the embodiment of the invention shown in FIG. 2 variations in the
      relatively complex variable Gds have little effect upon circuit operation,
      the rate of change of the voltage gain with respect to operating potential
      variations is minimal over a substantial operating range, and the
      magnitude of the voltage gain is determined in accordance with certain
      ratios of the transconductances of the four transistors which comprise the
      amplifier. Additionally, voltage gains, less than, equal to or greater
      than unity may be achieved without instability. Also, both the input and
      output signal ranges for linear operation increase for increasing values
      of the supply voltage.
PAR  In FIG. 2 transistors P10 and N20 are connected to terminals 1-4 as
      previously described. An additional P-channel enhancement-mode
      field-effect transistor P30 is connected at its source 31 and substrate 32
      to operating potential terminal 3 and at its drain 33 and gate 34 to
      output terminal 2. A further N-channel enhancement-mode field-effect
      transistor N40 is connected at its source 41 and substrate 42 to operating
      potential terminal 4 and at its gate 44 and drain 43 to output terminal 2.
PAR  For the purposes of the following discussion, the term "driver transistors"
      will refer to all transistors which are connected at their gates to the
      circuit signal input terminal (P10, N20 in FIG. 2). The terms "load,"
      "load resistors" and "load transistors" will refer to all load devices
      (other than driver transistors) which are connected between the circuit
      output terminal and each of the circuit operating potential (power supply)
      terminals. "Driver transconductance" denoted by gm(d) will designate the
      sum of the transconductances of the driver transistors. "Driver
      conductance" denoted by G(d) will refer to the sum of the drain-to-source
      conductances of all driver transistors. "Load conductance," G(1), will
      designate the sum of the conductances of all load devices but will not
      include the driver conductance. It will initially be assumed that the
      driver conductance, G(d) is substantially greater than the driver
      susceptance, B(d) (i.e., that the driver admittance, Y(d), is
      predominantly real). Similarly, the load conductance, G(L), will initially
      be assumed substantially greater than the load susceptance, B(L). "Load
      transconductance," gm(1), will designate the sum of the transconductances
      of the load transistors.
PAR  In operation, input terminal 1 is quiescently biased at a potential midway
      between the operating potentials applied to terminals 3 and 4 as in the
      prior art amplifier. This may be accomplished in several different ways.
      Where the input terminal is directly coupled to a preceeding stage, for
      example, the operating potentials applied to terminals 3 and 4 may be made
      equally more positive and more negative, respectively, than the quiescent
      output voltage level of the preceeding stage. Where the amplifier is to be
      used with capacitive transducers or where capacitive coupling is otherwise
      desired (such as for level shifting or providing high pass filtering) the
      amplifier may be remotely biased or self-biased using known techniques.
      The magnitude of the potential difference between terminals 3 and 4 is
      greater than the sum of the threshold voltages of transistors P10 and N20
      (or P30 and N40, whichever is the larger) so that under the quiescent bias
      condition and throughout their linear operating regions, all four
      transistors are operating in their saturation regions.
PAR  The transconductance is much greater than the drain-to-source conductance
      in typical commercially available field-effect transistors. In the RCA
      Corporation type CD4007A transistor array, for example, the
      transconductance of a P or N channel device may be two or more orders of
      magnitude greater than its corresponding drain-to-source conductance in
      the saturation region. The effect of this relationship is that the
      drain-to-source conductances of transistors P10, N20, P30 and N40 may be
      neglected so that the voltage gain of the amplifier of FIG. 2 may be
      approximated by the following expression:
EQU  Av .apprxeq.-gm(d)/gm(1)                                   (2)
PAR  It should be noted that the relatively complex function Gds, which is of
      great significance to the operation of the prior art amplifier, does not
      appear in equation 2. The voltage gain of the present amplifier, in other
      words, is dependent principally upon a ratio of the driver and load
      transconductances and this relatively simple relationship results in
      numerous design and operational advantages.
PAR  These advantages may be appreciated by substitution of equation 1 into
      equation 2 in accordance with the definitions previously given. Under the
      quiescent bias condition assumed, the term .vertline.V.sub.g -V.sub.t
      .vertline. appears in both numerator and denominator and thus may be
      neglected. The terms .epsilon. ox, .epsilon. o, tox and .mu. may also be
      neglected if it is assumed that the P and N channel driver transistors are
      "matched" and that the P and N channel load transistors are also
      "matched". The term "matched" as used here means that the transconductance
      of transistor P10 is substantially equal to that of transistor N20 and
      that the transconductance of transistor P30 is substantially equal to that
      of transistor N40. Equation 2 may then be expressed in terms of the two
      easily controlled device variables previously discussed. Specifically, at
      the quiescent bias condition:
      ##EQU2##
      In other words, under these conditions the voltage gain is given by the
      ratio of the length-to-width ratios of the P-channel driver and load
      transistors or that of the N-channel driver and load transistors.
PAR  Two aspects of equation 3 should be noted. First, the equation is
      independent of the operating potentials applied to terminals 3 and 4 so
      that the amplifier voltage gain is not sensitive to variations thereof.
      Second, the amplifier voltage gain may be made less than, equal to or
      greater than unity by either of two relatively simple design techniques.
      For example, one may vary the length-to-width ratios of the driver or load
      devices to achieve the desired voltage gain, or in the alternative one may
      parallel connect additional transistors to the driver or load. An example
      of this latter approach is given in FIGS. 7-9 and will be discussed
      subsequently.
PAR  A further aspect of the amplifier of FIG. 2 is that its output impedance
      (under the assumptions given) is principally determined by the reciprocal
      of the sum of the transconductances of the load transistors (P30, N40).
      This function is dependent upon V.sub.g (see equation 1) and thus upon the
      operating potential and decreases as the operating potential increases. If
      the amplifier is supplying an output signal to a reactive load it is
      apparent that the output signal rise time, t.sub.r, for a step function
      input will decrease as the operating potential increases. This effect
      cannot be achieved in amplifiers having constant output impedance and
      constant gain and represents a unique advantage of the present amplifier
      when operating with a reactive load to function as a voltage controlled
      variable bandwidth amplifier. Such an amplifier is illustrated in FIG. 3
      which is seen to comprise the amplifier of FIG. 2 having first and second
      capacitors, 50 and 60 respectively, connected between output terminal 2
      and operating potential terminals 3 and 4, respectively.
PAR  In FIG. 3, transistors, P10, N20, P30 and N40 operate as previously
      described. The half power bandwidth of the amplifier of FIG. 3 extends to
      the frequency at which the load transconductance (previously defined) is
      equal to the load susceptance, B.sub.L, (here defined as the sum of all
      reactances connected between output terminal 2 and either or both of the
      operating potential terminals). The total load capacitance is fixed and
      thus independent of frequency but the load transconductance increases (and
      therefore the bandwidth increases) with increasing values of the operating
      potential across terminals 3 and 4.
PAR  The amplifiers of FIGS. 4, 5 and 6 operate in the manner of that of FIG. 2
      but differ structurally in the connections and conductivity type of their
      load transistors. In FIG. 4 complementary load transistors P30 and N40
      have been interchanged so that their substrates and sources (31, 32, 41,
      42) are connected to output terminal 2. Terminal 4 is connected to the
      gate 34 and drain 33 of transistor P30 and terminal 5 is connected to the
      gate 43 and drain 44 of transistor N40. In FIG. 5, transistor N40 of FIG.
      2 has been replaced by a P-channel enhancement-mode field-effect
      transistor P70. The source 71 and substrate 72 thereof are connected to
      terminal 2 and the gate 74 and drain 73 thereof are connected to terminal
      4. In this configuration, the load transistors (P30, P70) are
      non-complementary. The embodiment of FIG. 6 also employs non-complementary
      load transistors but of the opposite type as those of FIG. 5. In FIG. 6
      transistor P30 of FIG. 2 has been replaced by an N channel
      enhancement-mode field-effect transistor N80 connected at its source 81
      and substrate 82 to output terminal 2 and at its gate 84 and drain 83 to
      operating potential terminal 3.
PAR  As previously mentioned, the voltage gain of the amplifier of the present
      invention may be set to a desired value either by appropriate selection of
      the width-to-length ratios of the driver and load transistors or, where it
      is more convenient, by parallel connecting further transistors to function
      as either driver or load devices. Paralleling additional driver
      transistors results in increased voltage gain while paralleling additional
      load transistors results in decreased voltage gain. Adding both load and
      driver transistors can result in decreased output impedance with no change
      in voltage gain. These aspects of the invention are illustrated in FIGS.
      7, 8, and 9, respectively.
PAR  In FIG. 7 an additional pair of complementary driver transistors P110 and
      N120 are added in parallel with the driver transistors P10 and N20 of the
      amplifier of FIG. 2. The source 111 and substrate 112 of P-channel
      enhancement mode field effect transistor P110 are each connected to
      operating potential terminal 3. The source 121 and substrate 122 of
      N-channel enhancement mode field effect transistor N120 are each connected
      to operating potential terminal 4. The drain electrodes, 113 and 123, of
      both transistors are connected to output terminal 2 and their gate
      electrodes, 114 and 124, are each connected to input terminal 1.
PAR  The voltage gain of the amplifier of FIG. 7 will be substantially equal to
      the sum of the transconductance of transistors P10, N20, P110 and N120
      divided by the sum of the transconductances of transistors P30 and N40
      (see equation 2). If all transistors are of substantially equal
      transconductance the voltage gain will, therefore, be nominally 6dB over a
      wide range of operating potential variations. This has been verified
      experimentally by connecting the six transistors of the RCA type CD-4007A
      transistor array in the manner of FIG. 7. The voltage gain measured over a
      range of operating potentials from about 2.5 to 7.5 volts evidenced no
      significant variation from the expected value of 6dB up to a test
      frequency of nominally 50 kHz. Higher frequency tests were not made as 50
      kHz is the nominal maximum operating frequency for the particular wave
      analyzer employed. For 10 kHz output signal levels of 30, 100 and 300mV
      the third harmonic distortion was unmeasurable with the available
      equipment and the second harmonic was less than 0.1 percent. This low
      value of distortion is not attainable in a resistively loaded
      complementary field-effect transistor amplifier because the transistors
      are essentially "square law" devices. In the present invention, however,
      nonlinearities in the driver transistors are effectively cancelled by the
      nonlinearities in the load transistors, whereby linear amplification
      results as seen by the test results.
PAR  The amplifier of FIG. 8 is similar to that of FIG. 2 but includes a further
      pair of complementary load transistors P130 and N140. The source 131 and
      substrate 132 of P-channel enhancement mode field effect transistor P130
      are each connected to operating potential terminal 3 and the gate 134 and
      drain 133 thereof are each connected to output terminal 2. The source 141
      and substrate 142 of N-channel enhancement mode field effect transistor
      N140 are each connected to operating potential terminal 4 and the drain
      143 and gate 144 thereof are each connected to output terminal 2.
PAR  Operation of the amplifier of FIG. 8 is substantially the same as that of
      FIG. 2. The additional parallel connected load transistors increase the
      total load transconductance thus providing a lower output impedance.
      Further, if all the transistors have equal values of transconductance, the
      voltage gain will be nominally -6dB. Such an amplifier is particularly
      useful for driving low impedance, low level lines from high impedance,
      high level sources.
PAR  In the amplifier of FIG. 9, additional transistors P110, N120, P130 and
      N140 (which are connected as described in FIGS. 7 and 8) are added to the
      amplifier of FIG. 2. Where the transconductances of all eight transistors
      are substantially equal, the voltage gain will be minus unity and the
      output impedance will be equal to the reciprocal of the sum of the
      transconductances of transistors P130, N140, P30 and N40. This amplifier
      is, therefore, useful for unity gain inversion and driving low impedance
      lines from a high impedance source.
PAR  The amplifier of FIG. 10 is similar to that of FIG. 4 except that the
      substrate 32 of transistor P30 is connected to terminal 3 and the
      substrate 42 of transistor N40 is connected to terminal 4. In effect, the
      substrates now serve as "back gates" for transistors P30 and N40 which
      receive bias of a sense to decrease the transconductance of both
      transistors thus increasing the voltage gain of the amplifier (i.e., here
      it is the load, not the driver, transconductance which is decreased, hence
      the increase in voltage gain). The application of "back gate bias" is,
      therefore, another method of adjusting the gain of the amplifier of the
      present invention at least in those applications where separate
      connections can conveniently be made to the transistor substrates. Back
      gate bias could be applied to the transistors of FIG. 2 (either the driver
      pair, the source pair or both) by connecting the substrates of the
      P-channel devices to a point more positive than terminal 3 and those of
      the N-channel devices to a point more negative than terminal 4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an amplifier of the kind comprising a first terminal for receiving an
      input signal, a second terminal for providing an output signal, third and
      fourth terminals for receiving a direct current operating potential
      thereacross, first and second complementary field effect transistors, each
      transistor having source, gate and drain electrodes, the source electrodes
      of said first and second transistors being connected to said third and
      fourth terminals, respectively, said gate electrodes being connected to
      said first terminal, and said drain electrodes being connected to said
      second terminal, said first and second transistors being quiescently
      biased such that both are in saturation, the improvement comprising:
PA1  first voltage dependent variable conductance means continuously connected
      between said second and third terminals, said first means for conducting
      current therebetween in the same relative sense as said first transistor
      and having a conductance which increases as the potential difference
      between said second and third terminals increases; and
PA1  second voltage dependent variable conductance means continuously connected
      between said second and fourth terminals, said second means for conducting
      current therebetween in the same relative sense as said second transistor
      and having a conductance which increases as the potential difference
      between said second and fourth terminals increases.
NUM  2.
PAR  2. The amplifier as set forth in claim 1 wherein said first and second
      variable conductance means comprises third and fourth field effect
      transistors, respectively, the gate electrode of each being connected to
      the drain electrode thereof, the drain-to-source path of said third
      transistor being connected between said second and third terminals and the
      drain-to-source path of said fourth transistor being connected between
      said second and fourth terminals.
NUM  3.
PAR  3. The amplifier as set forth in claim 2 wherein said third and fourth
      field-effect transistors have conduction paths of complementary
      conductivity types.
NUM  4.
PAR  4. The amplifier as set forth in claim 2 wherein said third and fourth
      field-effect transistors have conduction paths of non-complementary
      conductivity types.
NUM  5.
PAR  5. An amplifier, comprising, in combination:
PA1  first, second, third and fourth terminals, said first terminal for
      receiving an input signal to be amplified, said second terminal for
      providing an output signal, said third and fourth terminals for receiving
      a direct current operating potential thereacross;
PA1  first and second complementary field effect transistors, each having
      source, gate and drain electrodes, said gate electrodes being connected to
      said first terminal, said drain electrodes being directly connected to
      said second terminal, said source electrodes being connected to separate
      ones of said third and fourth terminals;
PA1  a third field effect transistor having a conduction channel and a gate
      electrode, said conduction channel being connected between said second and
      third terminals, said gate electrode being connected to a selected one of
      said second and third terminals for receiving turn-on bias; and
PA1  a fourth field effect transistor having a conduction channel and a gate
      electrode, said conduction channel being connected between said second and
      fourth terminals, said gate electrode being connected to a selected one of
      said second and fourth terminals for receiving turn-on bias.
NUM  6.
PAR  6. The amplifier recited in claim 5 wherein said third and fourth
      field-effect transistors are complementary.
NUM  7.
PAR  7. The amplifier recited in claim 5 wherein said third and fourth
      field-effect transistors are non-complementary.
NUM  8.
PAR  8. In combination:
PA1  a complementary field effect transistor amplifier having an input terminal,
      an output terminal and two operating potential supply terminals;
PA1  a first diode-connected field effect transistor connected between said
      output terminal and one of said supply terminals;
PA1  a second diode-connected field effect transistor connected between said
      output terminal and the other of said supply terminals; and wherein
PA1  each said diode-connected field effect transistor is poled in a sense to be
      forward biased upon application of an operating potential across said
      supply terminals thereby providing a voltage dependent load impedance for
      said amplifier which decreases as said operating potential increases.
NUM  9.
PAR  9. The combination recited in claim 8 wherein said first and second
      diode-connected field-effect transistors are complementary
      enhancement-mode field effect transistors.
NUM  10.
PAR  10. The combination recited in claim 8 wherein said first and second
      diode-connected field effect transistors are non-complementary
      enhancement-mode field effect transistors.
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ABST
PAL  A family of RC active filters in which band-pass, low-pass notch, high-pass
      notch, band-stop and all-pass second order sections may be realized. The
      filters provide unidirectional functional tuning of the four basic
      parameters .omega..sub.o, Q.sub.o, .omega..sub.z and Q.sub.z through
      resistive trimming.
BSUM
PAR  This invention relates to a family of second-order active filters and more
      particularly to one which allows a unidirectional sequence of functional
      tuning of resonant frequencies and quality factors by varying only
      resistors.
PAC  BACKGROUND OF THE INVENTION
PAR  Resistive-capacitive (RC) active filters provide an economical arrangement
      for controlling the transmission of signals. These filters are almost
      always realized as a cascade of second-order sections for sensitivity and
      tuning considerations. T.Deliyannis in an article entitled: "High-Q Factor
      Circuit with Reduced Sensitivity", Electronics Letters, 1968, 4 No. 26, pp
      577-579; describes an RC-active filter which uses a single
      differential-input operational amplifier that is suitable for realizing
      high-Q factor second-order band-pass functions. In a later article by the
      same author entitled: "RC Active Allpass Sections", Electronics Letters,
      1969, 5, pp 59-60; and errata: Electronics Letters, 1969, 5, p 128; there
      is described two networks which realize a second-order all-pass function.
      Evolution of these simple negative feedback sections by J. J. Friend in a
      paper entitled: "A Single Operational Amplifier Biquadratic Filter
      Section", 1970 IEEE International Symposium Circuit Theory (Atlanta, Ga.)
      Dec. 14, 1970, pp 179-180; resulted in the realization of band-pass,
      low-pass, high-pass, band-stop and all-pass second order sections.
PAR  In constructing such filters utilizing either thin or thick film
      techniques, it is usually necessary to employ laser, abrasive or
      anodization trimming of the resistive components to achieve the final
      functional parameters of the filter. Consequently, it is advantageous to
      be able to use a unidirectional tuning sequence by trimming only
      resistors. If the trimming elements are all interdependent as is the case
      with Friend's circuits, it will be necessary to utilize nominal capacitors
      of very tight tolerance and then to individually trim each resistor to its
      nominal value in a series of ever-decreasing steps in order not to
      overtrim; or to measure the capacitive values and then utilize a computer
      to calculate the desired values of the resistors assuming a nominal
      operational amplifier characteristic prior to trimming each individual
      filter. This involves the added complication of having to provide test
      points in the integrated circuit for measuring the resistors and
      capacitors, and also of connecting the components back into the circuit
      once the measurements are made. Thus, RC-active filters of the type
      described by Friend above, do not permit functional tuning simply by
      trimming the resistive components in a predetermined sequence while
      monitoring the overall magnitude and/or phase of the filter. While active
      filter circuits which provide unidirectional functional tuning have been
      developed by others in the past, in general they do not have the
      structural simplicity or the low sensitivity of the above-mentioned
      circuits.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention combines the advantages of Deliyannis' and Friend's
      circuits with that of unidirectional functional tuning by providing a
      family of RC-active filters in which the four basic parameters
      .omega..sub.o, Q.sub.o, .omega..sub.z, and Q.sub.Z can be adjusted in a
      unidirectional sequence through resistive trimming.
PAR  Thus, in the basic form of the invention, there is provided a functionally
      tunable active filter comprising a differential amplifier; a first
      capacitor and a first resistor serially connected between the input of the
      filter and the inverting input of the amplifier. Additionally, a second
      capacitor is connected between the inverting input and the output of the
      amplifier, a second resistor is connected between the junction of the
      first capacitor and resistor and a common terminal of the filter. Also, a
      third resistor is connected between the above said junction and the output
      of the differential amplifier while the non-inverting input of the
      amplifier is connected to the common terminal. The structure is such that
      variations in the resistance of the first and/or third resistors affect
      the pole resonant frequency .omega..sub.o, while variations in resistance
      of the second resistor affect the pole quality factor Q.sub.o but not
      .omega..sub.o, thereby producing a unidirectional sequence of functional
      tuning of a band-pass filter.
PAR  By modifying the basic band-pass section, it can be made to function as a
      low-pass notch. Instead of a direct connection to ground, a fourth
      resistor is connected between the non-inverting input of the amplifier and
      the common terminal. In addition, a fifth resistor is connected between
      the non-inverting input and the input of the filter while a sixth resistor
      is connected between the inverting input and the common terminal. In
      addition to the above parameters, variations in resistance of the sixth
      resistor affect the zero resonant frequency .omega..sub.z but not
      .omega..sub.o and Q.sub.o , while variations in resistance of the fourth
      and/or fifth resistors affect the zero quality factor Q.sub.z but not
      .omega..sub.o, .omega..sub.z and Q.sub.o, again enabling a unidirectional
      sequence of functional tuning.
PAR  By connecting a third capacitor in shunt with the sixth resistor, and
      altering the component values, the low-pass notch section described above
      will function as a high-pass notch filter, a band-stop filter or an
      all-pass filter while retaining the unidirectional sequence of functional
      tuning of the four basic parameters .omega..sub.o, Q.sub.o, .omega..sub.z
      and Q.sub.z. Thus, if the element values are such that .omega..sub.z is
      less than .omega..sub.o and Q.sub.z = .infin., the circuit functions as a
      high-pass notch filter. Alternatively, if the element values are such that
      .omega..sub.z = .omega..sub.o and Q.sub.z =-Q.sub.o the circuit functions
      as an all-pass filter. While, if the values are such that .omega..sub.z =
      .omega..sub.o and Q.sub.z = .infin., the circuit functions as a band-stop
      filter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Example embodiments of the invention will now be described with reference
      to the accompanying drawings in which:
PAR  FIG. 1 is a schematic circuit diagram of a functionally tunable RC-active
      band-pass filter;
PAR  FIG. 2 is a modified form of the schematic circuit diagram illustrated in
      FIG. 1 which includes additional elements to realize a low-pass notch
      filter;
PAR  FIG. 3 is a modified form of the schematic circuit diagram illustrated in
      FIG. 2 which includes an additional element to realize with selected
      element values a high-pass notch filter, an all-pass filter or a band-stop
      filter; and
PAR  FIGS. 4A, 4B, 4C, 4D and 4E illustrate the effect that the functional
      parameters have on the response characteristics of the family of filters
      shown in FIGS. 1, 2 and 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiments illustrated in the accompanying drawings, the passive
      components are designated by reference characters, the relative values of
      which will be such as to satisfy the equations found in the following
      technical description.
PAR  Referring to FIGS. 1 to 3, each of the functionally tunable active filters
      comprises: an input terminal 10 for connecting an input signal V.sub.i
      thereto, an output terminal 11 for connecting an output signal V.sub.o
      therefrom, and a common or ground terminal 12. In addition the filters
      include a single differential-input operational amplifier A(s) having its
      output connected to the output terminal 11. A first capacitor C.sub.2 and
      a first resistor R.sub.6 are connected in series between the input
      terminal 10 and the inverting input (-) of the differential amplifier
      A(s). In addition, a second capacitor C.sub.1 is connected between the
      inverting input and the output of the differential amplifier A(s) . Each
      of the circuits also includes a second resistor R.sub.2 which is connected
      between the junction of the first capacitor C.sub.2 and resistor R.sub.6,
      and the common terminal 12. A third resistor R.sub.4 is connected between
      this junction and the output of the differential amplifier A(s). In
      addition, each of the filters includes a conductive element which is
      connected between the non-inverting input (+) of the differential
      amplifier A(s) and the common terminal 12. In FIG. 1, this conductive
      element is a direct connection between the non-inverting input and the
      common terminal 12; while in FIGS. 2 and 3 it is a fourth resistor
      R.sub.5.
PAR  In addition to those elements illustrated in FIG. 1, the embodiments of
      FIGS. 2 and 3 also include a fifth resistor R.sub.3 connected between the
      non-inverting input of the differential amplifier A(s) and the input
      terminal 10; and a sixth resistor R.sub.1 connected between the inverting
      input of the differential amplifier A(s) and the common terminal 12. While
      in addition to those elements illustrated in FIG. 2, the embodiment of
      FIG. 3 also includes a third capacitor C.sub.3 connected in shunt with the
      resistor R.sub.1.
PAR  As is manifest hereinafter, the three circuits illustrate a family of
      functionally tunable RC-active filters which realize a band-pass filter in
      FIG. 1, a low-pass notch filter in FIG. 2, and depending upon the element
      values, a high-pass notch filter, an all-pass filter or a band-stop filter
      in FIG. 3.
PAC  FILTER REALIZATION
PAR  The voltage transfer function of a general biquadratic filter has the form:
      ##EQU1##
PAR  Unidirectional functional tuning of such a filter can be achieved through
      resistive trimming, if the term containing the pole quality factor
      .omega..sub.o /Q.sub.o is dependent upon a resistor value that does not
      affect the pole resonant frequency term .omega..sub.o.sup.2 ; the zero
      resonant frequency term .omega..sub.z.sup.2 is dependent upon a resistor
      value that does not affect either .omega..sub.o.sup.2 or .omega..sub.o
      /Q.sub.o ; and finally, the term containing the zero quality factor
      .omega..sub.z /Q.sub.z is dependent upon a resistor value that does not
      affect any of the other terms .omega..sub.o.sup.2, .omega..sub.o /Q.sub.o
      or .omega..sub.z.sup.2.
PAR  If the differential amplifier is ideal, i.e. A(s) .fwdarw. .infin., then
      the voltage transfer function of the circuit illustrated in FIG. 3 has the
      form:
      ##EQU2##
      Comparing equations (1) and (2), it can be seen that:
      ##EQU3##
PAR  From the above set of equations, it is evident that:
TBL  .omega..sub.o = f(R.sub.4, R.sub.6)                                       
                   .omega..sub.z = f(R.sub.1, R.sub.2, R.sub.4, R.sub.6)       
     Q.sub.o = f(R.sub.2, R.sub.4, R.sub.6)                                    
                   Q.sub.z = f(R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5,    
                   R.sub.6)                                                    
PAR  Consequently, a unidirectional sequence of functional tuning of the filters
      can be achieved if the tuning operation is performed in the following
      sequence:
TBL  1) .omega..sub.o is adjusted by R.sub.4 or R.sub.6                        
                      3) .omega..sub.z is adjusted by R.sub.1                  
     2) Q.sub.o is adjusted by R.sub.2                                         
                      4) Q.sub.z is adjusted by R.sub.3 or R.sub.5             
PAR  If the capacitor C.sub.3 = 0 as in FIG. 2, the transfer function (2)
      reduces to:
      ##EQU4##
PAR  This results in corresponding changes to equations (3), (6) and (7) as
      follows:
      ##EQU5##
      However, it is evident that the unidirectional sequence of functional
      tuning will be the same as that for the circuit of FIG. 3.
PAR  Similarly, if the resistors R.sub.3 = .infin. and R.sub.5 = 0 as in FIG. 1,
      the transfer function (2) now reduces to:
      ##EQU6##
PAR  Under such circumstances the zero resonant frequency term
      .omega..sub.z.sup.2 = O or .infin., and the term including the zero
      quality factor .omega..sub.z /Q.sub.z no longer has any significance.
      Unidirectional functional tuning is then achieved simply by adjusting for
      .omega..sub.o and Q.sub.o as designated above. It will be noted that
      resistor R.sub.1 does not appear in equation (2B). It can be shown that
      the circuit will function with or without this resistor R.sub.1 and
      consequently it can be eliminated.
PAR  Each subsequent resistor trimming does not affect the previously adjusted
      parameters. Thus, in the ideal case, unidirectional trimming of the tuning
      resistors and consequently complete functional tuning is possible for a
      filter structure which would satisfy the transfer function of equation
      (2). Hence the invention is in the realization of a practical structure
      which would meet this requirement.
PAR  The network of FIG. 3 contains nine passive elements of which one in both
      the inverting and noninverting input arms is available to determine the
      arbitrary impedance level. Four others are available to satisfy the
      relationships found in equations (4) to (7). Hence, in order to completely
      determine the design values of the filter elements, 3.degree. of freedom
      are available. Similarly, the network of FIG. 2 has eight passive
      elements, of which two determine the arbitrary impedance level and four
      more satisfy the relationships of equations (4) (5) (6A) and (7A), thus
      leaving 2.degree. of freedom. In FIG. 1, the components in the
      noninverting input arm and resistor R.sub.1 in the inverting arm are
      eliminated. Consequently, only one element in the inverting input arm is
      utilized to determine the arbitrary impedance level. With only two passive
      elements required to satisfy the relationships of equations (4) and (5)
      and a total of five available, 2.degree. of freedom are available to
      completely determine the design values of the filter elements. The above
      equations assume an ideal operational amplifier A(s). It will be evident
      that in a practical realization of such a filter the characteristics of
      the operational amplifier A(s) must also be taken into account, as is well
      known to those skilled in the art.
PAR  Depending upon the component values, the circuit illustrated in FIG. 3 will
      function as either a high-pass notch filter, an all-pass filter (delay
      equalizer) or a band-stop filter; the circuit illustrated in FIG. 2 wll
      function as a low-pass notch filter; and the circuit illustrated in FIG. 1
      will function as a band-pass filter. This can be better understood with
      reference to FIGS. 4A to 4E which illustrate the effect that the various
      functional parameters have on the characteristics of the different
      filters.
PAC  FILTER TUNING PROCEDURE
PAR  The basic tuning procedure is similar for all five filters of the family.
      In order to obtain unidirectional functional tuning, the functional
      parameters are tuned in the following sequence: .omega..sub.o, Q.sub.o,
      .omega..sub.z and Q.sub.z. The drawings also indicate in parenthesis the
      particular functional parameters which are adjusted by trimming each of
      the resistors. The following procedure is based mainly on phase
      measurements. In practice, a slight phase error is introduced due to the
      non-ideal characteristics of the operational amplifier A(s). Normally,
      this error is much less than 1.degree. and has therefore been ignored in
      the following tuning procedure.
PAR  1. When resistor R.sub.5 is shorted, the transfer function of equation (2)
      reduces to a band-pass characteristic and the transmission poles remain
      unchanged. With the resistor R.sub.5 shorted, a signal is fed to the input
      terminal 10 of the filter at the required pole resonant frequency
      .omega..sub.o. The resistor R.sub.4 is then varied to adjust the phase
      difference between the output, terminal 11, and the input, terminal 10,
      to: .theta.(.omega..sub.o) = 180.degree..
PAR  2. It can be determined that the frequencies .omega..sub.1 or .omega..sub.2
      at which the phase is most sensitive to variations in Q.sub.o occurs when:
      ##EQU7##
PAR  The phases corresponding to the two frequencies are 180.degree. .+-.
      45.degree. resulting in .theta..sub.1 = 135.degree. and .theta..sub.2 =
      225.degree.. For minimum error it is recommended that the lower frequency
      .omega..sub.2 be used. With resistor R.sub.5 still shorted, a second
      signal is coupled to the input terminal 10 of the filter at a frequency
      .omega..sub.2 and the phase difference at the output terminal 11 compared
      to the input terminal 10 is adjusted to the value of .theta..sub.2 above,
      using resistor R.sub.2. As a check, if the signal is then varied to
      .omega..sub.1, the phase difference between the output and input of the
      filter should now be .omega..sub.1 defined above. This now conpletes
      adjustment of the transmission poles.
PAC  ALL-PASS FILTER
PAR  It can be shown that the phase .theta..sub.3 is most sensitive to
      variations in .omega..sub.z at the frequency .omega..sub.3 =
      .omega..sub.z. Assuming that all the trimming resistors are initially much
      lower than their nominal values and are being increased during the tuning
      process, which is the case in thin and thick film technologies, then
      slightly different steps described below can be followed to adjust the
      zeros. For the case of the all-pass network of FIG. 3, the resistor
      R.sub.5 is fixed and the resistor R.sub.3 is selected as the trimming
      resistor. Then:
PAR  3. Remove the short circuit across the resistor R.sub.5 and apply a signal
      to the input terminal 10 of the filter at the required zero frequency
      (.omega..sub.z = .omega..sub.o). Here, the quantity .omega..sub.z.sup.2 is
      higher than its nominal value and the quantity (.omega..sub.z /Q.sub.z)
      can be made initially positive. The resistor R.sub.3 can then be increased
      until there is minimum voltage at the output terminal 11 or .theta..sub.3
      = -90.degree.. At this point, .omega..sub.z /Q.sub.z = O, i.e. Q.sub.z is
      very high.
PAR  4. Resistor R.sub.1 can now be increased to adjust the quantity
      .omega..sub.z.sup.2. this trimming will make the quantity .omega..sub.z
      /Q.sub.z negative. Exact adjustment will be reached when:
      .theta.(.omega..sub.z = .omega..sub.o) = +180.degree..
PAR  5. Monitoring the voltage at the output terminal 11 at two different
      frequencies, e.g. .omega..sub.o and 0.1 .omega..sub.o, the resistor
      R.sub.3 is increased until there is no variation in this voltage level.
      Although during this adjustment the constant multiplier varies,
      practically this poses no problem. In this final adjustment step for
      Q.sub.z, the phase measured at .omega..sub.o remains unchanged at the
      value indicated in step 4.
PAC  HIGH-PASS NOTCH FILTER
PAR  For the case of high-pass notch filter of FIG. 3, resistor R.sub.3 is fixed
      and R.sub.5 is the variable trimming resistor, then:
PAR  3a. The short circuit is removed from R.sub.5 and a signal is fed to the
      filter at the required zero frequency .omega..sub.z. At this point the
      quantity .omega..sub.z.sup.2 is higher than its nominal value and the
      quantity (.omega..sub.z /Q.sub.z) can be made initially negative. R.sub.5
      can then be increased until either minimum gain at the output voltage or
      the phase difference between output 11 and input 10 is:
      ##EQU8##
      is attained. This corresponds to very high value of Q.sub.z.
PAR  4b. The adjustment of .omega..sub.z.sup.2 can now be performed through
      trimming of R.sub.1. As R.sub.1 is increased, the quantity (.omega..sub.z
      /Q.sub.z) becomes negative and the exact adjustment will be reached when
      the phase difference is
      ##EQU9##
PAR  5a. At the same zero frequency .omega..sub.z, the final adjustment for
      Q.sub.z can now be made. Monitoring the output voltage level, resistor
      R.sub.5 is increased until maximum attenuation through the filter is
      reached.
PAC  BAND-STOP FILTER
PAR  The tuning procedure for the band-stop filter of FIG. 3 is identical with
      that of the high-pass notch except that the two frequencies .omega..sub.z
      and .omega..sub.o coincide, .omega..sub.z = .omega..sub.o.
PAC  LOW-PASS NOTCH FILTER
PAR  The tuning procedure for the low-pass notch filter of FIG. 2 is again
      basically the same as that for the high-pass notch filter except that the
      zero resonant frequency is greater than rather than less than the pole
      resonant frequency, .omega..sub.z &gt; .omega..sub.o.
PAC  BAND-PASS FILTER
PAR  In FIG. 1, the noninverting input of the operational amplifier A(s) is
      connected to ground. Since this is equivalent to short-circuiting resistor
      R.sub.5, the tuning procedure for the band-pass filter is identical to the
      first two steps detailed above. The tuning of the transmission poles
      completes the adjustment of this filter.
PAR  The following are non-limiting examples of two of the filters illustrating
      typical characteristics which can be achieved:
PAC  EXAMPLE I: HIGH-PASS NOTCH FILTER
PAR  An exemplary filter which would meet the following specifications:
      attenuation &gt;20 dB for 40 Hz &lt; f &lt; 70 Hz; ripple &lt;0.05 dB for 300 Hz &lt; f
      &lt;3.0 KHz has the following characteristics:
      ##EQU10##
PAR  Typical component values which would meet the above criteria are:
TBL  C.sub.1 =                                                                 
           21 nF            R.sub.3 =                                          
                                  10.0 K.OMEGA.                                
     C.sub.2 =                                                                 
           71.5  nF         R.sub.4 =                                          
                                  33.6 K.OMEGA.                                
     C.sub.3 =                                                                 
           169 nF           R.sub.5 =                                          
                                  1.83 K.OMEGA.                                
     R.sub.1 =                                                                 
           179 K.OMEGA.     R.sub.6 =                                          
                                  27.5 K.OMEGA.                                
     R.sub.2 =                                                                 
           144 K.OMEGA.     A(s)  A.sub.o = 10.sup.5 & f.sub.t = 800 KHz       
       cl EXAMPLE II: ALL-PASS DELAY EQUALIZER NETWORK
PAR  A typical all-pass filter has the parameters: Q.sub.o = 5.07, f.sub.o =
      2360 Hz to meet the requirements of a magnitude response which is flat
      within .+-.0.01 dB over the frequency range 100 Hz &lt; f &lt; 5 KHz.
PAR  Typical component values which would meet the above criteria are:
TBL  C.sub.1 = 150 pF                                                          
                  R.sub.3 = 2.79 K.OMEGA.                                      
     C.sub.2 =  20 nF                                                          
                  R.sub.4 = 42.2 K.OMEGA.                                      
     C.sub.3 = 150 pF                                                          
                  R.sub.5 = 10.0 K.OMEGA.                                      
     R.sub.1 = 157 K.OMEGA.                                                    
                  R.sub.6 = 34.2 K.OMEGA.                                      
     R.sub.2 = 121 K.OMEGA.                                                    
                  A(s) A.sub.o = 10.sup.5 & f.sub.t = 800 KHz                  
PAR  In summary, the present invention provides a completely functionally
      tunable, single amplifier, general biquadratic active filter. In the cases
      of high-pass notch, all-pass and band-stop characteristics, three
      capacitors are needed, but the network reduces to canonical form for the
      low-pass notch and band-pass cases. Each filter has low passive
      sensitivities, however due to their active sensitivity and capacitance
      value spread, they are mainly suitable for moderate-Q applications.
PAR  A five step tuning process is described based mainly on phase adjustments,
      with the notch condition adjusted through magnitude measurements. The
      resistor trimming operation is unidirectional, which is suitable for thin
      and thick film technologies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An RC functionally tunable active filter comprising:
PA1  input, output and common terminals;
PA1  a differential amplifier having inverting and noninverting inputs, and an
      output connected to the output terminal;
PA1  a first capacitor and a first resistor serially connected between the input
      terminal and the inverting input of the differential amplifier;
PA1  a second capacitor connected between the inverting input and the output of
      the differential amplifier;
PA1  a second resistor connected between the junction of the first capacitor and
      resistor, and the common terminal;
PA1  a third resistor connected between said junction and the output of the
      differential amplifier; and
PA1  conductive means connected between the noninverting input of the
      differential amplifier and the common terminal;
PA1  the differential amplifier, resistors, capacitors and conductive means
      coacting such that variations in resistance of the first and/or third
      resistors affect the pole resonant frequency .omega..sub.o, and variations
      in resistance of the second resistor affect the pole quality factor
      Q.sub.o but not .omega..sub.o, thereby enabling a unidirectional sequence
      of functional tuning of the filter.
NUM  2.
PAR  2. An RC functionally tunable active filter as defined in claim 1 in which
      the conductive means is a direct connection between the noninverting input
      of the differential amplifier and the common terminal; and
PA1  the differential amplifier, resistors and capacitors coact as a band-pass
      filter.
NUM  3.
PAR  3. An RC functionally tunable active filter as defined in claim 1 in which:
PA1  the conductive means comprises a fourth resistor connected between the
      noninverting input of the differential amplifier and the common terminal;
      and which additionally comprises:
PA1  a fifth resistor connected between the noninverting input of the
      differential amplifier and the input terminal; and
PA1  a sixth resistor connected between the inverting input of the differential
      amplifier and the common terminal;
PA1  the differential amplifier, resistors and capacitors coacting as a low-pass
      notch filter such that variations in resistance of the sixth resistor
      affect the zero resonant frequency .omega..sub.z but not .omega..sub.o and
      Q.sub.o, and variations in resistance of the fourth and/or fifth resistors
      affect the zero quality factor Q.sub.z but not .omega..sub.o,
      .omega..sub.z and Q.sub.o, thereby enabling a unidirectional sequence of
      functional tuning of the filter.
NUM  4.
PAR  4. An RC functionally tunable active filter as defined in claim 1 in which:
PA1  the conductive means comprises a fourth resistor connected between the
      noninverting input of the differential amplifier and the common terminal;
      and which additionally comprises:
PA1  a fifth resistor connected between the noninverting input of the
      differential amplifier and the input terminal; and
PA1  a sixth resistor and a third capacitor connected in shunt between the
      inverting input of the differential amplifier and the common terminal;
PA1  the differential amplifier, resistors and capacitors coacting as either a
      high-pass notch filter, a band-stop filter or an all-pass filter such that
      variations in resistance of the sixth resistor affect the zero resonant
      frequency .omega..sub.z but not .omega..sub.o and Q.sub.o, and variations
      in resistance of the fourth and/or fifth resistors affect the zero quality
      factor Q.sub.z but not .omega..sub.o, .omega..sub.z and Q.sub.o, thereby
      enabling a unidirectional sequence of functional tuning of the filter.
NUM  5.
PAR  5. An RC functionally tunable active filter comprising:
PA1  input, output and common terminals;
PA1  a differential amplifier having inverting and noninverting inputs, and an
      output connected to the output terminal of the filter;
PA1  a first capacitor and a first resistor serially connected between the input
      terminal and the inverting input of the differential amplifier;
PA1  a second capacitor connected between the inverting input and the output of
      the differential amplifier;
PA1  a second resistor connected between the junction of the first capacitor and
      resistor, and the common terminal;
PA1  a third resistor connected between said junction and the output of the
      differential amplifier; and
PA1  the noninverting input of the differential amplifier being connected to the
      common terminal;
PA1  the differential amplifier, resistors and capacitors coacting such that
      variations of the resistance of the first and/or third resistors affect
      the pole resonant frequency .omega..sub.o, and variations in resistance of
      the second resistor affect the pole quality factor Q.sub.o but not
      .omega..sub.o ; and
PA1  the values of the resistors and capacitors are such that: .omega..sub.z =
      0, whereby the filter functions as a band-pass filter.
NUM  6.
PAR  6. An RC functionally tunable active filter comprising:
PA1  input, output and common terminals;
PA1  a differential amplifier having inverting and noninverting inputs, and an
      output connected to the output terminal of the filter;
PA1  a first capacitor and a first resistor serially connected between the input
      terminal and the inverting input of the differential amplifier;
PA1  a second capacitor connected between the inverting input and the output of
      the dfferential amplifier;
PA1  a second resistor connected between the junction of the first capacitor and
      resistor, and the common terminal;
PA1  a third resistor connected between said junction and the output of the
      differential amplifier;
PA1  a fourth resistor connected between the noninverting input of the
      differential amplifier and the common terminal;
PA1  a fifth resistor connected between the input terminal and the noninverting
      input of the differential amplifier; and
PA1  a sixth resistor connected between the inverting input of the differential
      amplifier and the common terminal;
PA1  the differential amplifier, resistors and capacitors coacting such that
      variations in the resistance of the first and/or third resistors affect
      the pole resonant frequency .omega..sub.o, variations in resistance of the
      second resistor affect the pole quality factor Q.sub.o but not
      .omega..sub.o, variations in resistance of the sixth resistor affect the
      zero resonant frequency .omega..sub.z but not .omega..sub.o and Q.sub.o,
      and variations in resistance of the fourth and/or fifth resistors affect
      the zero quality factor Q.sub.z but not .omega..sub.o, .omega..sub.z and
      Q.sub.o ; and
PA1  the values of the resistors and capacitors are such that: .omega..sub.z &gt;
      .omega..sub.o , and Q.sub.z = .infin., whereby the filter functions as a
      low-pass notch filter.
NUM  7.
PAR  7. An RC functionally tunable active filter comprising:
PA1  input, output and common terminals;
PA1  a differential amplifier having inverting and noninverting inputs, and an
      output connected to the output terminal of the filter;
PA1  a first capacitor and a first resistor serially connected between the input
      terminal and the inverting input of the differential amplifier;
PA1  a second capacitor connected between the inverting input and the output of
      the differential amplifier;
PA1  a second resistor connected between the junction of the first capacitor and
      resistor, and the common terminal;
PA1  a third resistor connected between said junction and the output of the
      differential amplifier;
PA1  a fourth resistor connected between the noninverting input of the
      differential amplifier and the common terminal;
PA1  a fifth resistor connected between the input terminal and the noninverting
      input of the differential amplifier; and
PA1  a sixth resistor and a third capacitor connected in shunt between the
      inverting input of the differential amplifier and the common terminal;
PA1  the differential amplifier, resistors and capacitors coacting such that
      variations in the resistance of the first and/or third resistors affect
      the pole resonant frequency .omega..sub.o, variations in resistance of the
      second resistor affect the pole quality factor Q.sub.o but not
      .omega..sub.o, variations in resistance of the sixth resistor affect the
      zero resonant frequency .omega..sub.z but not .omega..sub.o and Q.sub.o,
      and variations in resistance of the fourth and/or fifth resistors affect
      the zero quality factor Q.sub.z but not .omega..sub.o, .omega..sub.z and
      Q.sub.o.
NUM  8.
PAR  8. An RC functionally tunable active filter as defined in claim 7 in which
      the values of the resistors and capacitors are such that: .omega..sub.z &lt;
      .omega..sub.o, and Q.sub.z = .infin., whereby the filter functions as a
      high-pass notch filter.
NUM  9.
PAR  9. An RC functionally tunable active filter as defined in claim 7 in which:
PA1  the values of the resistors and capacitors are such that: .omega..sub.z =
      .omega..sub.o, and Q.sub.z = -Q.sub.o, whereby the filter functions as an
      all-pass filter.
NUM  10.
PAR  10. An RC functionally tunable active filter as defined in claim 7 in which
      the values of the resistors and capacitors are such that: .omega..sub.z =
      .omega..sub.o, and Q.sub.z = .infin., whereby the filter functions as a
      band-stop filter.
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ABST
PAL  Apparatus and method for providing an automatic frequency tuning system
      capable of supplying a local oscillator signal with a preselected
      frequency. The frequency of an output signal of the local oscillator is
      electronically varied across a frequency region which includes the
      preselected frequency. The output signal of the local oscillator is
      combined with the output signal of a reference signal generator. After the
      combination of the local oscillator signal with the reference oscillator
      signal produces a preestablished condition which is the result of the
      local oscillator signal attaining the preselected frequency, the frequency
      of the local oscillator signal is held constant. The local oscillator
      signal is thereafter compared to the reference oscillation signal and a
      change in the local oscillator signal frequency is corrected by means of
      an automatic frequency control feedback loop containing a discriminator
      circuit.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to apparatus for automatically tuning an
      oscillator to a preselected frequency, and more particularly to an
      automatic tuning circuit for use with a plurality of information-bearing
      frequency channels systematically dispersed throughout a range of
      frequencies. Upon identification of a condition resulting for the
      attainment of the preselected frequency by the oscillator output signal,
      an automatic frequency control (AFC) circuit is used to stabilize the
      frequency of the oscillator signal.
PAR  2. Description of the Prior Art
PAR  An automatic frequency control circuit typically is comprised of a local
      oscillator, a signal mixing circuit such as a heterodyne conversion
      transducer, an amplifier tuned to a predetermined intermediate frequency
      and a discriminator circuit designed to operate about the predetermined
      intermediate frequency. The output signal of the discriminator controls
      the frequency of the output signal of the local oscillator. A received
      signal, for which demodulation is desired, is typically applied to the
      mixing circuit. The combination of the received signal and the local
      oscillator signal produces an intermediate frequency signal which is
      applied to the tuned amplifier. The output signal of the local oscillator
      is used to convert the received signal and the relationship between the
      local oscillator signal frequency and the received signal frequency is
      stabilized by the circuit.
PAR  It is known in the prior art to provide an AFC circuit with mechanical
      apparatus for providing the coarse adjustment of the local oscillator. The
      coarse adjustment typically places the intermediate frequency signal
      within the operating range of the tuned amplifier and the discriminator
      circuit. The AFC circuit thereafter provides the vernier tuning for the
      satisfactory demodulation of the received signal. Because of problems
      associated with deterioration of mechanical apparatus, it is desirable to
      provide coarse adjustment by elctronic means.
PAR  The characteristics of the tuned amplifier and more importantly, the
      discriminator circuit, provide the limit for the range over which a
      received signal can be stabilized and demodulated. Providing an expanded
      frequency range for these characteristics, for example to provide greater
      signal tuning capability, would increase the possibility of identifying
      and demodulating an undesired signal falling within the range of the
      amplifier and discriminator characteristics.
PAR  Furthermore, in conventional AFC circuits, the loss of the received signal,
      which contributes to the intermediate frequency signal, can produce
      undesirable drift in the frequency of the local oscillator output signal.
PAR  There are many applications, such as commercial broadcast television, where
      the received signal (i.e. the signal transmitted by the television
      station) is rigidly controlled. The AFC circuit originally was provided to
      minimize the effects on the operation of a television receiver of
      frequency shifts in the local oscillator. Shifts of the broadcast signals
      are unimportant, so that the necessity for utilizing the received signal
      in the AFC loop is minimized. It is desirable, however, to provide for
      control of the local oscillator by the received signal, the reference
      signal controlling the local oscillator output signal frequency in the
      absence of the received signal.
PAR  It is therefore an object of the present invention to provide an improved
      automatic frequency tuning circuit.
PAR  It is another object of the present invention to provide an automatic
      frequency tuning circuit capable of electronic coarse adjustment over a
      preestablished frequency spectrum.
PAR  It is a further object of the present invention to provide an automatic
      electronic frequency tuning circuit for information-bearing channels in a
      wide frequency range without compromising fine tuning capability.
PAR  It is yet another object of the present invention to provide apparatus for
      stabilizing a local oscillator output signal by means of an AFC circuit
      during temporary loss of received signal.
PAR  It is a more particular object of the present invention to provide a
      voltage controlled oscillator and a controllable voltage source in an
      automatic frequency tuning circuit for sweeping the frequency of the
      oscillator signal across a frequency spectrum in which at least one
      desired information-bearing frequency band is located.
PAR  It is still another particular object of the present invention to provide
      apparatus for suspending scanning over a range of frequencies by an
      oscillator signal in an AFC circuit at a frequency determined by a
      reference frequency signal.
PAR  It is yet another particular object of the present invention to provide
      apparatus for comparing a signal having a varying frequency with a
      reference frequency signal in order to identify a predetermined frequency
      of the varying signal.
PAR  It is yet another object of the present invention to provide an electronic
      automatic frequency tuning circuit with a reference freqeuncy signal,
      which maintains a substantially constant oscillator frequency during loss
      of the received signal.
PAR  It is yet a further object of the present invention to provide an
      electronic automatic frequency tuning circuit having a first feedback loop
      for identifying a predetermined oscillator signal frequency and a second
      feedback loop for maintaining the predetermined oscillator signal.
PAR  It is a still further object of the present invention to provide an
      electronic automatic frequency tuning circuit which, upon entry of data,
      can identify and maintain an oscillator signal having a frequency
      determined by the entered data.
PAR  It is yet another particular object of the present invention to provide an
      AFC circuit utilizing a received signal for control of the local
      oscillator, the local oscillator controlled by a reference signal in the
      absence of the received signal.
PAR  It is another object of the present invention to provide for relatively
      rapid response for circuits controlling scanning of a frequency region by
      the output signal of a local oscillator, while providing a relatively slow
      response for stabilization of signals stabilizing the frequency of the
      local oscillator output signal.
PAR  It is yet another object of the present invention to provide an amplifier
      permitting the same discriminator circuit to be used in an AFC circuit
      with a beat frequency signal above and with a beat frequency signal below
      the frequency of the reference signal generator being utilized by the AFC
      circuit.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned and other objects are accomplished, according to the
      present invention, by an electronic automatic frequency tuning circuit
      comprising two sets of apparatus for controlling the signal of variable
      frequency local oscillator. The first set of apparatus varies the
      frequency of the local oscillator until a predetermined relationship
      between the local oscillator signal and a reference generator signal is
      identified. Upon identification of the predetermined relationship, the
      second set of apparatus stabilizes the frequency of the oscillator output
      signal at substantially constant value. To stabilize the frequency of the
      oscillator signal, the reference generator signal and the local oscillator
      signal are combined and a resulting difference frequency signal applied to
      a discriminator. The discriminator provides an output signal which applies
      a control signal to the oscillator resulting in oscillator signal
      frequency corrections compensating for changes in the oscillator signal
      frequency.
PAR  The automatic frequency tuning circuit is not dependent on the received
      signal, the signal for which demodulation is typically desired, and
      therefore a loss of the received signal does not affect the frequency of
      the oscillator signal. However, in the presence of the received signal, an
      AFC circuit utilizing the received signal controls the frequency of the
      local oscillator output signal.
PAR  The reference oscillator can be apparatus for producing a comb of harmonic
      frequencies. By varying the controllable oscillator signal frequency
      beginning at a known initial value, the number of signals resulting from a
      preselected relationship, e.g. predetermined beat frequencies, occurring
      between the reference oscillator signal and the variable oscillator can be
      used to determine the predetermined relationship. Apparatus is provided
      for increasing and for decreasing the frequency of the local oscillator.
      In the AFC circuit utilizing the oscillator and generator signals, an
      amplifier is utilized permitting a single discriminator circuit to be
      employed with either the beat frequency falling above or the beat
      frequency falling below the related reference generator component.
PAR  These and other features of the invention will be understood upon reading
      of the following description along with the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the electronic automatic frequency tuning
      circuit according to the present invention.
PAR  FIG. 2 is a circuit diagram according to the preferred embodiment, of the
      apparatus producing the input signal of the voltage controlled oscillator.
PAR  FIG. 3 is a circuit diagram of a discriminator amplifier which provides an
      amplified discriminator output signal in response to a first signal and
      which provides an inverted and amplified discriminator output signal in
      the absence of the first signal.
PAR  FIG. 3b is a pair of graphs showing the response of the envelope detector
      and the response of the discriminator as local oscillator frequency is
      varied in the region of a reference frequency.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Detailed Description of the Figures
PAR  Referring first to FIG. 1, a controllable frequency local oscillator 13
      provides a signal having a frequency determined by an output signal from
      oscillator control circuit 22. In the preferred embodiment, the local
      oscillator is comprised of a voltage controlled oscillator. The output
      signal of oscillator 13 is applied to mixing circuit 12 and to terminal
      25. Mixing circuit 12 is a heterodyne conversion transducer in the
      preferred embodiment. An output signal from reference signal generator 11
      is also applied to mixing circuit 12. The output signal of mixing circuit
      12 is applied to tuned amplifier 14. The output signal of amplifier 14 is
      applied to discriminator 18 and to envelope detector 15. Discriminator 18
      is a circuit for providing output signal whose amplitude is dependent upon
      the frequency of an input signal. Envelope detector 15 produces an output
      signal which is substantially the envelope of an input signal. Reference
      signal generator 11 can consist of apparatus for providing a single
      frequency output signal, an output signal having a plurality of
      frequencies or an output signal comprising a comb of harmonic frequency
      components.
PAR  The output signal of envelope detector 15 is applied to programmable
      counter system 16. According to the preferred embodiment, programmable
      counter system 16 applies a positive signal through terminal 27 to a
      summing network 17 upon removal of a reset signal applied to terminal 23
      of system 16. The positive signal is removed from the output of system 16
      upon identification of a given number of pulses, applied by detector 15 to
      system 16. The number of pulses required to remove the positive signal
      from the output of system 16 can be changed by signals applied to terminal
      24.
PAR  The output signal of discriminator 18 is applied to inverting/noninverting
      amplifier 29. Amplifier 29 is coupled to system 16 and the output signal
      of amplifier 29 is coupled to one input terminal of a switch 21. An output
      signal from a receiver discriminator 19 is applied to a second input
      terminal of switch 21. An output terminal of switch 21 is coupled through
      terminal 26 to summing network 17. The output signal from the summing
      network 17 is applied to oscillator control circuit 22. An input terminal
      30 for applying a reset signal is coupled to oscillator control circuit
      22. This reset signal establishes the initial value of signal applied to
      terminal 28 and consequently to oscillator 13, thereby initializing the
      frequency of the oscillator signal.
PAR  Referring next to FIG. 2, a circuit diagram of the summing network 17 and
      the oscillator control circuit 22 is shown. Terminal 26 is coupled to a
      first terminal of resistor 31. A second terminal of resistor 31 is coupled
      through resistor 32 to terminal 27, to a base of pnp 34, and a base of npn
      transistor 33. An emitter of transistor 33 and an emitter of transistor 34
      are coupled to a common terminal. The collector of transistor 33 is
      coupled through resistor 35 to a first terminal of resistor 41 and to a
      base connection of pnp transister 44. A potential source v.sub.b is
      coupled to a second terminal of resistor 41, through resistor 42 to an
      emitter of transistor 44, and through potentiometer 43 to the common
      terminal. The variable connection of potentiometer 43 is coupled to a
      drain terminal of field effect transistor 45. A gate terminal of
      transistor 45 is coupled to terminal 30, while a source terminal of
      transistor 45 is coupled to terminal 28.
PAR  A collector terminal of transistor 34 is coupled through resistor 36 to a
      base terminal of npn transistor 40 and to a first terminal of resistor 38.
      A potential source v.sub.c is coupled to a second terminal or resistor 38
      and, through resistor 39, to an emitter terminal of transistor 40.
      Terminal 28 is coupled to a collector terminal of transistor 44, a
      collector terminal of transistor 40 and through capacitor 37 to the common
      terminal.
PAR  A collector of npn transistor 46 is coupled through resistor 48 to the base
      connection of transistor 44. An emitter of transistor 46 is coupled to the
      common terminal, while the base connection of transistor 46 is coupled
      through resistor 47 to terminal 53.
PAR  A collector of pnp transistor 49 is coupled through resistor 50 to the base
      connection of transistor 40. The emitter of transistor 49 is coupled to a
      common terminal, while the base connection of transistor 49 is coupled
      through resistor 51 to terminal 52.
PAR  The emitter connection of transistor 44 is coupled to a cathode of diode
      63. The anode of diode 63 is coupled through resistor 64 to voltage source
      V.sub.b and through resistor 62 to a cathode of diode 61. The cathode of
      diode 61 is also coupled through resistor 60 to voltage source V.sub.c,
      while an anode of diode 61 is coupled to the emitter connection of
      transister 40.
PAR  The base connections of transistors 33 and 34 are coupled to a cathode of
      diode 56 and to an anode of diode 58. An anode of diode 56 is coupled to a
      cathode of diode 55, while the anode of diode 55 is coupled to an output
      terminal of signal level transistor 59. The cathode of diode 58 is coupled
      to an anode of diode 57 while a cathode of diode 57 is coupled to the
      output terminal of translator 59. The input terminal of translator 59 is
      coupled to terminal 54.
PAR  Referring now to FIG. 3a, a circuit diagram for the inverting/noninverting
      amplifier 29 coupled between discriminator 18 and switch 21 is shown.
      Terminal 80 is coupled through resistor 83 to a first input terminal of
      amplifier 88, and through resistor 84 to a second input terminal of
      amplifier 88. An output terminal of amplifier 88 is coupled, through
      resistor 92 to terminal 82 and is coupled to a first terminal of resistor
      90. A second terminal of resistor 90 is coupled through resistor 91 to the
      common terminal and through resistor 89 to the first input terminal of
      amplifier 88.
PAR  The second input terminal of amplifier 88 is coupled to a collector
      terminal of transistor 87. The emitter terminal of transistor 87 is
      coupled to the common terminal. The base of transistor 87 is coupled
      through resistor 85 to terminal 81 and through resistor 86 to potential
      source V.sub.a.
PAR  Referring now to FIG. 3b, the function of the inverting amplifier used in
      conjunction with discriminator 18 is shown. The upper diagram shows the
      envelope of constant amplitude beat frequency signal relative to a center
      frequency. The center frequency shown in FIG. 3b, in the preferred
      embodiment, can be of the frequencies of a comb of harmonic frequency
      signals. The lower diagram indicates how the output of the discriminator
      must be reversed, depending upon the use of the upper or lower beat
      frequency in the automatic frequency tuning circuit. As will be apparent
      to those skilled in the art, for the beat frequency positioned below the
      center frequency, as the local oscillator increases, the beat frequency
      decreases. For the beat frequency position above the center frequency, as
      the local oscillator increases, the beat frequency increases.
PAC  Operation of the Preferred Embodiment
PAR  The output signal of the frequency-controllable local oscillator 13
      provides a frequency to be used in a receiver unit coupled to terminal 25.
      Typically, the local oscillator frequency is mixed or heterodyned with a
      received or broadcast signal to produce a single intermediate difference
      frequency to which succeeding receiver circuits are tuned. The
      intermediate frequency furthermore responds to changes in frequency of the
      broadcast signal by corresponding changes in the intermediate. In the
      preferred embodiment, the local oscillator 13 is comprised of a voltage
      controlled oscillator. However, signals broadcast by television
      transmitter typically have relatively stable and well-defined frequencies
      permitting the use of an internal frequency signal source in an automatic
      frequency tuning system.
PAR  The output signal from the voltage controlled oscillator is mixed or
      heterodyned with a signal having a frequency spectrum determined by an
      internal oscillator comprising part of the reference signal generator such
      as a crystal oscillator. The output signal from the reference signal
      generator is mixed with the output signal from the voltage controlled
      oscillator in mixing circuit 12.
PAR  In the preferred embodiment, the tuned amplifier 14 is tuned to 1 MHz, so
      that when the frequency of the local oscillator signal and a frequency
      component of the signal generator differ by 1 MHz, a signal will be
      produced at the output terminal of amplifier 14.
PAR  The output of amplifier 14 is applied to an envelope detector 15 and to
      discriminator 18. As the oscillator 13 is providing a signal with changing
      frequency, the output signal of the envelope detector is typically a pulse
      and is applied to a programmable counter system 16. Upon removal of the
      reset signal, programmable counter system 16 applies a positive signal to
      terminal 27 of oscillator control circuit 22. This positive signal
      produces a continuously increasisng voltage level at the output terminal
      of the oscillator control circuit 22. The increasing voltage level causes
      the voltage controlled oscillator to provide a signal having increasing
      frequency.
PAR  However, when a predetermined number of pulses have been received by system
      16 from envelope detector 15, the signal applied to terminal 27 causing
      the oscillator control circuit 22 to produce an increasing voltage is
      removed and the loop formed by the discriminator 18 and the inverting
      noninverting amplifier 29 determines the signal controlling voltage
      controlled oscillator 13. In the preferred embodiment, the positive signal
      from the program system 16 supercedes output signal from amplifier 29. The
      coupling of the discriminator 18 in an automatic frequency control type
      circuit provides the stabilization of the frequency of the voltage
      controlled oscillator signal. It will be clear that the output of the
      discriminator circuit must be inverted when the beat frequency above the
      center frequency, as opposed to below the center frequency, is chosen. In
      the preferred embodiment, a signal from system 16 automatically controls
      the mode of operation of amplifier 29. It will be apparent that the signal
      generated by the signal generator 11, as well as the frequency to which
      amplifier 14 is tuned, must be selected in an appropriate manner so that
      the output signal frequency of the voltage controlled oscillator signal
      provides desired frequency.
PAR  According to one embodiment, the programmable counter can count beat
      frequency signal resulting from the mixing of the changing voltage
      controlled oscillator signal and a comb harmonic frequency signal produced
      by generator 11. Upon appropriate identification of preselected counts,
      the AFC loop including discriminator 18, stabilizes the oscillator output
      frequency. According to another embodiment, a particular frequency can be
      produced by the reference signal generator 11 and the first beat frequency
      identified by the system 16 can cause the automatic frequency control loop
      to provide appropriate oscillator stabilization. The frequencies to which
      the system can be tuned are determined by the frequencies available from
      the signal generator 11 as well as the frequency to which amplifier 14 is
      tuned.
PAR  It will be apparent to those skilled in the art that the initial frequency
      of the oscillator cannot be arbitrary. Therefore, a reset signal is
      applied to terminal 30 of control circuit 22. This reset signal causes a
      voltage determined by the position of the variable terminal of
      potentiometer 43 to be applied to oscillator 13 thereby determining an
      initial frequency. Similarly, the positive signal applied by system 16 to
      control circuit 22 must be applied upon removal of the reset signal from
      terminal 23 of system 16. In addition, the reset signal is used to reset
      the counting circuits of system 16. Following counter-resets, terminal 24
      is used to provide system 16 with information designating the stabilized
      oscillator signal frequency by specifying conditions for removal of the
      positive signal from control circuit 22.
PAR  The circuit of FIG. 2 shows the oscillator control circuit and the summing
      circuit of the preferred embodiment. The reset signal is applied via
      terminal 30 to the gate terminal of transistor 45. The capacitor 37 is
      charged or discharged to a value determined by the position of the
      variable element of potentiometer 43. Thereafter, the positive signal
      applied to terminal 27 causes the capacitor to store an increasing amount
      of charge resulting in an increasing voltage at terminal 28. Upon
      identification of the specified signal (e.g. a defined number of pulses)
      from the envelope detector 15, the positive signal is removed from
      terminal 27 and from control circuit 22. Thereafter, drift in oscillator
      frequency, caused by changes of the charge of the capacitor or other
      changes are corrected by means of the feedback loop including
      discriminator 18. An error signal applied by amplifier 29 to terminal 26
      of summing network 17 is used to correct for the frequency variations. The
      capacitor 37 provides a memory maintaining the desired frequency over a
      period of time.
PAR  In certain applications, a channel translator and other apparatus is used
      for changing the frequency of information channels. Such apparatus can
      compromise the information signal frequency stability that exists, for
      example, in commercial television broadcast signals. A receiver
      discriminator 19 can be placed in a feedback loop, replacing discriminator
      18. In this instance, the center frequency of the discriminator will be
      determined by the mixing of a received (i.e. broadcast) signal and the
      voltage controlled oscillator signal. The voltage controlled oscillator is
      used to "track" or follow the drifting of the received signal ensuring
      appropriate operation of intermediate frequency apparatus. Capacitor 37
      can still provide a memory for a temporary loss of received signal. The
      circuit parameters associated with capacitor 37 are arranged to provide a
      relatively slow response to input signals, thereby minimizing possible
      deleterious effects due to the presence of the AFC feedback loop. It will
      be clear to those skilled in the art, it is possible to provide switch 21
      with apparatus for replacing discriminator 19 with discriminator 18 upon
      loss of received signal. In the preferred embodiment, the output signal of
      discriminator 19 is applied to terminal 54 and consequently to a signal
      level translator, providing the discriminator output signal with a d.c.
      bias signal. The diodes 55, 56, 57, and 58 provide a threshold circuit for
      signals from translator 59. The threshold circuit provides for rejection
      of small noise-induced signals which can otherwise provide a spurious
      change in the local oscillator operating frequency. The circuit parameters
      are chosen, in the preferred embodiment, so that the output signal of
      discriminator 19, resulting from a mixing of the signal from oscillator 13
      and the received signal, have a greater effect on transistors 33 and 34
      than do the signals from amplifier 29. However, upon fading of the
      received signal, the signal from amplifier 29, applied to terminal 26 in
      FIG. 2, stabilizes the frequency of the output signal of oscillator 13.
      Therefore, the apparatus of translator 59 and the threshold network
      comprised of diodes 55, 56, 57, and 58 provide the function of the switch
      21 shown schematically in FIG. 1. As will be clear to those skilled in the
      art, the implementation described does not result in discrete switch
      positions.
PAR  A positive signal, applied to terminal 81, will cause the amplifier shown
      in FIG. 3a, to amplify with a polarity inverted from that when the
      positive signal is removed. Thus, only one amplifier is needed at the
      output of discriminator 18. The application of the positive signal at
      terminal 81 is determined in the preferred embodiment by circuits
      associated with system 16. The identification of a beat frequency above or
      the beat frequency below a center frequency will determine the state of
      amplifier 29. This decision can be determined by appropriate logic in
      progammable system 16.
PAR  One feature of the present invention is to utilize the charge storage of
      capacitor 37 as a short term storage mechanism for maintaining a
      substantially constant voltage at terminal 28 for periods of time
      dependent on the properties of the associated circuit. Furthermore, the
      circuit values are arranged to provide relatively slow response to input
      signals thereby minimizing possible deleterious effects resulting from the
      presence of the AFC feedback loop. It is desirable, however, to provide
      for frequency changes of the signal from oscillator 13 that are more
      rapid, during the scanning of the frequency range, than can be
      accommodated by the steady state circuit elements. In addition, certain
      applications are best implemented by apparatus that can provide a
      relatively rapid negative as well as positive scan of a frequency region
      by the output signal of oscillator 13. To provide for this mode of
      operation, a signal is applied to terminal 53 when relatively rapid
      charging of capacitor 37 is desired and a signal is applied to terminal 52
      when relatively rapid discharge of capacitor 37 is desired. These signals
      place second resistances in parallel with load resistor 42 and load
      resistor 39 decreasing the time constant for charging capacitor 37.
PAR  In the AFC mode, the inputs at terminals 52 and 53 of the circuit of FIG. 2
      are at zero volts. Therefore, transistors 46 and 49 are biased to cutoff
      and act substantially as open circuits between resistor 48 and ground and
      between resistor 50 and ground, respectively.
PAR  The discriminator signals are applied through the summing network to the
      bases of transistors 33 and 34. If the local oscillator frequency is too
      low, the discriminator output voltage will be positive. Therefore, the
      emitter-base junction of transistor 34 will be reverse biased (keeping
      transistor 34 biased off) and the emitter-base junction of transister 33
      will be forward biased (biasing transistor 33 into conduction).
PAR  The base of transistor 44 is normally biased to a positive voltage
      (V.sub.v) by resistor 41, maintaining transistor 44 at cutoff when
      transistor 33 is at cutoff. However, when transistor 33 conducts, the
      voltage at the base of transistor 44 is shifted toward zero, forward
      biasing the emitter-base junction of transistor 44 causing it to conduct
      in its emitter-collector circuit and positively charge capacitor 37. The
      resultant increased voltage on capacitor 37 (the oscillator control
      voltage) causes the local oscillator frequency to increase, which, in
      turn, tends to cause the discriminator output voltage to return to zero. b
PAR  On the other hand, if the local oscillator frequency is too high, the
      discriminator output voltage will be negative. Therefore, the emitter-base
      junction of transistor 33 will be reverse biased (keeping transistor 33
      biased off) and the emitter-base junction of transistor 34 will be forward
      biased (biasing transistor 34 into conduction).
PAR  The base of transistor 40 is normally biased to a negative voltage
      (V.sub.c) by resistor 38, maintaining transistor 40 at cutoff when
      transistor 34 is at cutoff. However, when transistor 34 conducts, the
      voltage at the base of transistor 40 is shifted toward zero, forward
      biasing the emitter-base junction of transistor 40 causing it conduct in
      its emitter-collector circuit and negatively charge (positively discharge)
      capacitor 37. The resultant decreased voltage on capacitor 37 causes the
      local oscillator frequency to decrease, which, in turn, tends to cause the
      discriminator output voltage to return to zero.
PAR  In the foregoing manner, the local oscillator frequency is stabilized at
      the desired frequency.
PAR  During the initializing, or reset period of operation, a signal is applied
      via terminal 30 to the gate of transistor 45. This causes transistor 45 to
      conduct and directly apply a preset voltage to capacitor 37. Because of
      the low resistance path through potentiometer 43 and transistor 45, the
      voltage on capacitor 37 very rapidly assumes the reset value.
PAR  Rapid sweeping of the local oscillator signal frequency is achieved by
      applying a signal to either terminal 52 or 53. To sweep the locl
      oscillator frequency downward from the reset frequency, a negative signal
      is applied to terminal 52, biasing transistor 49 into conduction. This
      creates a low resistance path from the base of transistor 40 to ground,
      causing transistor 40 to heavily conduct and negatively charge (positively
      discharge) capacitor 37 very rapidly.
PAR  During AFC operation, diode 61 is reverse biased and therefore, has no
      effect. During sweep, however, when transistor 40 is heavily conducting,
      diode 61 becomes forward biased, thereby effectively bypassing resistor
      39. The effective RC time constant for discharging capacitor 37 is then
      determined by the relatively low resistance of resistor 60.
PAR  For sweeping the frequency of the local oscillator upwardly, transistor 46
      operates in a manner analogous to transistor 49. That is, transistor 46
      causes transistor 44 to conduct heavily, thereby positively charging
      capacitor 37 very rapidly. This action is enhanced by the operation of
      diode 63 in a manner analaogous to that described above for diode 61.
PAR  The above description is included to illustrate the operation of the
      preferred embodiment and is not meant to limit the scope of the invention.
      The scope of the invention is to be limited only by the following claims.
      From the above discussion, many variations would be apparent to one
      skilled in the art that would yet be encompassed by the spirit and scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic system for automatically tuning to a selected frequency
      comprising:
PA1  a frequency controllable oscillator; oscillator control means for
      controlling a frequency of an output signal of said oscillator, wherein
      entry of data related to said selected frequency causes said oscillator to
      monotonically and continuously change said frequency of said oscillator
      output signal;
PA1  a reference signal generator;
PA1  a mixing circuit for combining said oscillator output signal and an output
      signal from said generator;
PA1  means for identifying said selected frequency of said oscillator output
      signal utilizing an output signal of said mixing circuit, said
      identification means including means for stopping said changing frequency
      of said oscillator output signal;
PA1  first frequency control means comprising a receiver discriminator coupled
      to said oscillator control means and providing an automatic frequency
      control circuit utilizing said oscillator output signal and an external
      signal; and
PA1  second frequency control means comprising a discriminator coupled between
      said mixing circuit and said oscillator control circuit for maintaining
      said oscillator output signal frequency at substantially said selected
      frequency in an absence of said external signal.
NUM  2.
PAR  2. The electronic tuning system of claim 1 wherein said oscillator control
      means provides a first response time to signals from said first and said
      second frequency control means and a second response time to signals for
      monotonically changing said oscillator output signal frequency.
NUM  3.
PAR  3. The electronic tuning system of claim 2 wherein said first and said
      second response time is related to a rate of change of charge of a
      capacitor, wherein said oscillator control means further includes
      switching means for changing a resistance value in response to said
      signals for changing said oscillator signal frequency, said resistance
      limiting said rate of change of charge.
NUM  4.
PAR  4. The electronic automatic tuning system of claim 1 wherein output signals
      from said first and said second frequency control means are applied to an
      input terminal of said oscillator control means, said oscillator control
      means being moe responsive to said first frequency control output signals
      as compared to said second frequency control means output signals.
NUM  5.
PAR  5. An improved automatic frequency control circuit of the type utilizing
      beat frequency signals and having signal frequencies above and below
      reference signal components, said AFC circuit having a reference signal
      generator, a voltage controlled oscillator, a mixing circuit for
      heterodyning the output signals of said reference signal generator and
      said voltage controlled oscillator to produce a beat frequency signal, and
      for providing an output signal of one polarity when said beat frequency
      signal is above a predetermined frequency and of the opposite polarity
      when said beat frequency signal in below said predetermined frequency,
      wherein the improvement comprises:
PA1  a discriminator amplifier for amplifying the output signal of said
      discriminator in response to a first control signal and for amplifying and
      inverting the output signal of said discrminator in the absence of said
      first control signal.
NUM  6.
PAR  6. The automatic frequency control circuit of claim 5 wherein said
      discriminator amplifier comprises an operational amplifier and wherein
      said first control signal causes a first terminal of said operational
      amplifier to be at a higher potential than a second input terminal, and
      wherein absence of said control signal causes said first terminal to be at
      a lower potential than said second terminal.
NUM  7.
PAR  7. The improved AFC circuit of claim 5 wherein said first control signal is
      generated when said beat frequency signal occurs at a frequency above a
      related one of said reference signal components.
NUM  8.
PAR  8. An improved oscillator control circuit for providing control signals to
      a voltage controlled oscillattor in an automatic frequency tuning system
      having a first and a second automatic frequency control circuit, wherein
      the improvement comprises:
PA1  means for providing a control signal in the form of a voltage ramp signal
      to said voltage controlled oscillator in response to an enabling signal
      from said automatic frequency tuning system;
PA1  storage means for temporarily providing a control signal of substantially
      constant value upon removal of said enabling signal;
PA1  means for providing a control signal determined by an output signal of a
      first discriminator; and
PA1  means for providing a control signal determined by an output signal of a
      second discriminator when said first discriminator signal is substantially
      zero.
NUM  9.
PAR  9. An electronic automatic frequency tuning system, wherein said tuning
      system is used in a television receiver for reception of a broadcast
      signal, comprising:
PA1  a voltage controlled oscillator;
PA1  an oscillator control circuit for applying a voltage establishing the
      frequency of said oscillator;
PA1  a reference signal generator;
PA1  a first automatic frequency control circuit utilizing an output signal from
      said oscillator and said broadcast signal; and
PA1  a second automatic frequency control circuit utilizing said oscillator
      output signal and an output signal from said reference signal generator,
      wherein said oscillator control circuit provides a ramp voltage applied to
      said oscillator in response to an enabling signal resulting from
      activation of said automatic frequency tuning system, wherein said first
      control circuit determines an output signal of said oscillator control
      circuit, and wherein said second control circuit determines said
      oscillator control circuit output signal in an absence of said enabling
      signal and in an absence of said broadcast signal.
NUM  10.
PAR  10. The tuning system of claim 9 including means for presetting said
      oscillator control circuit output signal.
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ABST
PAL  A voltage controlled oscillator circuit comprises a voltage controlled
      oscillator circuit, first and second constant-current circuits
      respectively for causing first and second constant currents, current
      dividing means for dividing the first constant current in accordance with
      an outside control voltage, and means for adjustably varying the control
      voltage. The oscillation frequency is controlled responsive to an input
      control current equal to the sum of one of the divided currents and the
      second constant current. The adjustment means causes an adjustment of the
      output currents of the current dividing means and of the free-running
      oscillation frequency.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to new and improved voltage controlled oscillator
      circuits and more particularly to means for supplying the oscillation
      output signal to a phase comparator in a phase locked loop,
      especially-although not exclusively for demodulation of angle-modulated
      waves.
PAR  In general, a voltage controlled oscillator (hereinafter referred to as a
      VCO) for use in a phase locked loop (hereinafter referred to as a PLL) is
      required to possess desirable properties, such as a linear relationship
      between an outside control voltage and the output frequency. The VCO
      should also have equal duty cycles in its output oscillation waveform.
PAR  Furthermore, if a VCO is to be incorporated in a monolithic integrated
      circuit (IC), the VCO is required to have characteristics such as an
      output voltage which is not extremely high and an output waveform which
      does not contain a large quantity of harmonic components. That is, not the
      waveform should have a sharp-cornered rectangular form, but should have
      rounded-off corners. These rounded corners prevent the VCO output from
      imposing interference on other circuits within the same IC chip.
PAR  A further requirement, if the VCO is to be incorporated in a monolithic IC,
      the the current consumed from the +B power source should be unvarying,
      with respect to the oscillation output, in order to prevent the
      oscillation current of the VCO from affecting other circuits via the power
      supply circuit.
PAR  A novel voltage controlled oscillator, which satisfies the above stated
      requirements, is described in U.S. patent application Ser. No. 417,475,
      filed on Nov. 19, 1973, and entitled "Circuit arrangement of voltage
      controlled oscillator", now U.S. Pat. No. 3,886,485.
PAR  A so-called discrete four-channel record disc, which has been described in
      U.S. Pat. No. 3,686,471, is at present being widely used. In the process
      of recording on this disc, a direct wave of a sum signal of two of the
      channels and an angle modulated wave obtained by angle modulating a
      carrier wave of 30 KHz by means of a difference signal of two of the
      channels are multiplexed and recorded on the left and right walls of the
      disc sound groove. For the demodulation of the angle modulated wave
      reproduced from this four-channel record disc, a PLL circuit is generally
      used.
PAR  Next to be considered is the effect which occurs when a reproducing
      (playing) pickup stylus is placed on a stopped discrete four-channel
      record disc, which is then starting to rotate. In this case, the record
      disc starts rotating from its stopped position and gradually increases its
      rotational speed until, after a specific time, it reaches a constant
      rotational speed. Since the pickup stylus is riding on the record disc
      during this period of less than normal speed, a previously recorded signal
      is being reproduced during this period.
PAR  This reproduced signal is at a lower frequency than the normal frequency.
      Consequently, erroneous locking with respect also to a signal of a
      frequency of the order a fraction of the carrier wave frequency, for
      example, tends to occur in the PLL circuit. This mislocking causes noise.
PAR  Accordingly, the generation of this noise can be prevented by previously
      preventing the oscillation frequency of the voltage controlled oscillator
      from decreasing to a value below a certain critical frequency. After the
      rotational speed becomes close to the normal, the phase of the oscillation
      signal of the voltage controlled oscillator is locked to the phase of the
      input angle modulated signal.
PAR  This voltage controlled oscillator of U.S. Pat. No. 3,686,471 is so adapted
      that the oscillation frequency will not become less than a certain
      critical frequency. However, it is difficult to hold this critical
      oscillation frequency at a specifically constant value--; for reasons such
      as deviations in the current amplification of transistors and in the
      resistance values of the resistors used.
PAR  Another voltage controlled oscillator, which adds circuits that solve these
      problems, is found in the U.S. Pat. No. 3,870,971, entitled "Circuit
      Arrangement of Voltage Controlled Oscillator".
PAR  According to this patent the voltage controlled oscillator responds to a
      control current having a linearly proportional relationship with the
      oscillation frequency. Moreover, the oscillation frequency is controlled
      by the current, which varies within a predetermined range with respect to
      a specific current as a center. Thus, a critical value of the oscillation
      frequency is accurately held at a predetermined frequency.
PAR  However, in this circuit of U.S. Pat. No. 3,870,971, if the power supply
      voltage fluctuates, the bias current varies, since it is dependent on the
      power supply voltage. For example, if the power supply voltage rises, the
      free-running frequency of the voltage controlled oscillator also increases
      unavoidably, which has been a problem.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, a general object of the present invention is to provide a
      novel and useful voltage controlled oscillator which has solved the above
      mentioned problem.
PAR  A specific object of the invention is to provide a voltage controlled
      oscillator wherein the free-running frequency does not fluctuate
      responsive to fluctuations of the power supply voltage. Deviations in the
      free-running frequency, due to errors in the manufacturing processes, can
      be easily corrected. By using this oscillator as a voltage controlled
      oscillator of a PLL, the lock range of the PLL can be so adjusted that it
      is continually symmetrical.
PAR  Another object of the invention is to provide a voltage controlled
      oscillator in which means are provided for varying the output current of
      the current dividing means. This means is connected between a pair of
      external control terminals of current dividing means used for driving the
      voltage controlled oscillator.
PAR  Other objects and further features of the invention will be apparent from
      the following detailed description when read in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a circuit diagram of one example of a prior art voltage
      controlled oscillator;
PAR  FIG. 2 is a circuit diagram of one example of a voltage controlled
      oscillator used in the arrangement illustrated in FIG. 1;
PAR  FIG. 3 is a graph indicating the waveform of the base voltage of a
      transistor, which graph is useful for a description of the manner in which
      the voltage controlled oscillation shown in FIG. 2 oscillates;
PAR  FIG. 4 is a diagram indicating current ranges, which diagram is useful for
      a description of the circuit arrangement of the invention; and
PAR  FIG. 5 is a circuit diagram showing one embodiment of a voltage controlled
      oscillator according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As conducive to a full understanding of the present invention, first to be
      described, briefly, is the circuit of a previous voltage-controlled
      oscillator, which has been disclosed in U.S. Pat. No. 3,870,971. A problem
      relating thereto will also be described.
PAR  In FIG. 1, a voltage controlled oscillator 10 is that which is shown in
      U.S. Pat. No. 3,870,971. One example of specific circuit is shown in FIG.
      2. The voltage controlled oscillator 10 is described with reference to
      FIG. 2, at first.
PAR  The emitters of transistors Q2 and Q3 are connected commonly to each other
      and to a control terminal t1. A capacitor C1 is connected between the base
      of the transistor Q2 and ground. If this VCO circuit is to be incorporated
      in a monolithic IC, together with other circuits, capacitor C1 is
      connected outside of the IC.
PAR  The circuit further has transistors Q4, Q5, and Q6 which constitute a
      current-mirror circuit. In addition, transistors Q7, Q8, Q9, and Q10 and
      transistors Q11, Q12, Q13, and Q14 respectively constitute modifications
      of the current-mirror circuit. In these modified current-mirror circuits,
      the collector currents are respectively equal among the transistors Q7,
      and Q8, and Q9 and transistors Q11, Q12, and Q13.
PAR  As a consequence of the current i1 to terminal t1, between the transistors
      Q2 and Q3, the transistor of higher base potential is switched "ON", while
      that transistor of lower base potential is switched "OFF".
PAR  If the transistor Q2 thus switches ON, the current i1 at the terminal t1,
      the collector currents i2 and i3 of the transistors Q2 and Q3 will have
      the following relationships;
EQU  i1 = i2,
EQU  i3 = 0
PAL  Furthermore, as a result of the operation of the currentmirror circuits,
      the following relationships will be valid between the collector currents
      i4, i5, i11, i12, and i13 of the transistors Q4, Q5, Q11, Q12, and Q13.
EQU  i4 ( = i2 ) = i5,
EQU  i11 ( = i5 ) = i12 = i13
PAL  Accordingly, i1 = i2 = i4 = i5 = i11 = i12 = i13.
PAR  On the other hand, the currents i3, i7, i8, and, i9 of the transistors Q3,
      Q7, Q8, and Q9 will all be zero.
PAR  Therefore, when the transistor Q2 is ON, and the transistor Q3 is OFF, a
      discharge current i12 flows from the capacitor C1, and the current il
      flows to the terminal t1.
PAR  Conversely, when the transistor Q2 is OFF, and the transistor Q3 is ON:
EQU  i1 = i3 =  i7 = i9,
EQU  i2 = i5 = i12 = 0
PAL  Therefore, in this case, a charging current i9 flows to the capacitor C1.
PAR  As a result, a discharging current i12 ( = il  ) and a charging current i9
      ( = il  ) flow alternately in the capacitor C1 in accordance with the
      alternate ON and OFF states of the transistors Q2 and Q3.
PAR  The potential of the point S, connected to the base of the transistor Q3,
      will be considered. For this purpose, it will be assumed that the
      resistance values of the above mentioned resistors R1 through R5 have been
      selected, as follows:
EQU  R1 = R2 = 25 K.OMEGA., R3 = 5 K.OMEGA., R4 = R5 = 1.5 K.OMEGA.
PAL  the potential of the junction point T is the result of a division of the
      potential of +B (6V), by the resistors R4 and R5 (where, R4 = R5). That
      is, the potential at point T is 1/2 of 6V or 3V.
PAR  Then, when the transistor Q2 is ON, and the transistor Q3 is OFF, the
      current-mirror circuit of the transistors Q11, Q12, and Q13 tends to cause
      currents i11 = i13 = i1. However, since the potential at the point T is
      3V, even in the case where i1 = 200 .mu.A, 200 .mu.A does not flow as the
      current i13. Instead a current i13 has the following value:
      ##EQU1##
PAR  Since the current flows from the point T toward the point S, at this time,
      the potential at the point S becomes
EQU  3 - (5 .times. 10.sup.3 .times. 100 .times. 10.sup..sup.-6) = 2.5 V.
PAL  therefore, even if the current i1 is higher than 100 .mu.A, the potential
      of the point S will become constant. At this time i8 = 0.
PAR  Similarly, when the transistor Q3 is ON, the current i13 is zero, and the
      current i8 becomes 100 .mu.A. Then since the current flows from the point
      S toward the point T, the potential of the point S becomes
EQU  3 + (5 .times. 10.sup.3 .times. 100 .times. 10.sup..sup.-6) = 3.5 V.
PAR  thus, when the transistor Q3 is OFF, its base potential becomes 2.5 V;
      whereas when it is ON, its base potential becomes 3.5 V. Furthermore, as
      mentioned above, a discharging current of i12 = i1 flows from the
      capacitor C1 when the transistor Q3 is OFF. A charging current of i9 = i1
      flows thereto when the transistor Q3 is ON.
PAR  This operational feature is indicated in FIG. 3. In this figure, the
      rectangular wave, shown by the broken line I represents the base
      potentials of the transistor Q3 resulting from the ON and OFF states of
      the transistor Q3. That is, this wave shows the variation of the potential
      at the point S. This potential is indicated as being 3.5 V when the
      transistor Q3 is ON and 2.5 V when the transistor Q3 is OFF.
PAR  Then, as mentioned above, a charging current of i9 = i1 flows in the
      capacitor C1 when the transistor Q3 is ON. At this time, the potential at
      the junction point between the base of the transistor Q2 and the capacitor
      C1 rises with a gradient determined by the current i9 ( = i1 ) and the
      capacitance of the capacitor C1. Then, when the base potential of the
      transistor Q2 rises in this manner and reaches a value higher than 3.5 V,
      the transistor Q2 switches ON, while the transistor Q3 switches OFF.
PAR  When the transistor Q3 is OFF, its base potential becomes 2.5 V, and a
      discharging current i12 = i1 flows from the capacitor C1. As a result, the
      base potential of the transistor Q2 decreases gradually with a gradient
      which is the reverse of the above mentioned rise. Then, when this base
      potential of the transistor Q2 becomes less than 2.5 V, the transistor Q2
      switches OFF, and the transistor Q3 switches ON, whereby the state of the
      circuit is inverted.
PAR  The above described variations of the base potential of the transistor Q2
      is indicated by a full line or solid line II in FIG. 3. Since, the
      charging and discharging currents i9 and i12 are equal in this case, the
      duty cycles of the ON and OFF states of the transistors Q2 and Q3 are
      equal, These duty cycles are 1/2, that is, 50 percent.
PAR  Thus, the VCO continues with an oscillation output of a duty cycle of 50
      percent. The oscillation frequency is determined by the current i1 ( = i9
      = i12 ) and the capacitance of the capacitor C1. Here, the current i1 and
      the oscillation frequency have a linear, proportional relationship.
PAR  The collector currents of the transistors Q8 and Q13 flow through the
      resistors R1 and R2, of high resistance value of 25 K.OMEGA.. Furthermore,
      there are capacitance components between the base and emitter and between
      the base and collector of the transistor Q3. For this reason, the response
      speed of the variation of the base voltage of the transistor Q3 becomes
      slow, and the waveform of this base voltage becomes a rectangular wave
      with dull, rounded corners, between its rising and falling edges as
      indicated by the broken line I in FIG. 3.
PAR  In this connection, the fact that the corners of a rectangular wave are
      sharp means that it contains many harmonic components, whereas roundness
      of the corners of a rectangular wave means that an oscillation output can
      be obtained with few harmonic components, as the output of the VCO.
PAR  The oscillation output of the VCO itself is led out through the points S
      and T and supplied to a phase comparator (not shown) of the PLL.
PAR  The output voltage from the voltage controlled oscillator circuit is held
      at the sum of the forward diode voltages (0.7 V ) between the bases and
      emitters of two silicon transistors (e.g., Q4 and Q6), that is, at a value
      of 1.4 Vp-p as a maximum. Therefore, when the above described circuit is
      incorporated within a monolithic IC, together with another circuit, its
      oscillation output does not have a deleterious effect on the other
      circuit.
PAR  When the current corresponds to a frequency of 30 KHz is 200 .mu.A, the
      values of the above mentioned collector currents i8 and i13 are determined
      by the lower limiting frequency of the above mentioned lock range
      characteristic. For example, if the limiting frequency of the lock range
      is 15 KHz, the currents i8 and i13 are selected at 100 .mu.A.
PAR  Returning to the circuit illustrated in FIG. 1, the previously proposed
      circuit of the voltage controlled oscillator, according to the invention,
      is consituted by the addition of a differential amplifier circuit 11 and
      constant current circuits 12 and 13, which are added to the voltage
      controlled oscillator 10.
PAR  The differential amplifier 11 comprises a pair of transistors Q15 and Q16
      having emitters, which are connected together through resistors R6 and R7.
      To the bases of these transistors Q15 and Q16 are connected terminals ta
      and tb, to which external control voltages are applied. The collector of
      the transistor Q15 is connected to a .times.Vcc power supply terminal,
      while the collector of the transistor Q16 is connected to a terminal t1 of
      the voltage controlled oscillator 10. This differential amplifier 11 is
      driven by the first constant-current circuit 12.
PAR  This first constant-current circuit 12 consists of a current mirror circuit
      20 comprising transistors Q18 and Q19, having grounded emitters. The
      collector of the transistor Q18 is connected to a junction point between
      the resistors R6 and R7. The collector of the transistor Q19 is connected
      by way of a resistor R9 to the terminal tb. The bases of the transistors
      Q18 and Q19 are connected commonly to the collector of the transistor Q19
      and, at the same time, by way of a resistor R10 to the terminal ta.
PAR  The second constant-current circuit 13 comprises a transistor Q17 having a
      base which is connected to the bias power supply E. Its emitter is
      grounded through a resistor R8. The collector of transistor Q17 is
      connected to terminal t1 of the voltage controlled oscillator 10.
PAR  An integrated circuit 14, enclosed within a dash single-dot chain line
      rectangle, contains the voltage controlled oscillator 10, differential
      amplifier circuit 11, constant current circuit 12 and 13, resistors R9 and
      R10, etc. This IC 14 has pins forming the above mentioned terminals ta and
      b and +Vcc terminals tc and td.
PAR  To the terminals ta and tb are respectively connected the ends on one side
      of resistors R11 and R12, the other ends of which are connected to the
      slidable contact of a variable resistor R13. At the same time, terminals
      ta, tb are grounded by way of a capacitor C2. The variable resistor R13 is
      connected between the terminal d and ground.
PAR  The above mentioned resistors R11 and R12, the variable resistor R13, and
      capacitor C2 are discrete components which are outside of the IC 14.
PAR  When the current amplification factor H.sub.fe of the transistors Q15 and
      Q16 is assumed to be amply large, and the base currents thereof are
      assumed to be negligibly small, the relationship is i18 = i15 = i16 (where
      i15, i16 and i18 denote the collector currents of the transistors Q15,
      Q16, and Q18). Furthermore, when the resistance values r6 and r7 of the
      resistors R6 and R7 are equal (r6 = r7), and when the control voltage
      applied across the terminals ta and tb is zero, the relationship is i15 =
      i16, and i16 = i18/2.
PAR  When the potential of the terminal ta becomes higher than the potential of
      the terminal tb, the collector current i15 of the transistor Q15 increases
      accordingly. The collector current i16 of the transistor Q16 decreases.
      Conversely, when the potential of the terminal ta becomes lower than the
      potential of the terminal tb, the currents i15 and i16 decrease and
      increase, respectively. The collector current i16 of the transistor Q16
      thus varies in accordance with the control voltage in the range from zero
      to i18. Therefore, this collector current i16 can be expressed by the
      following equation
      ##EQU2##
PAR  On one hand, the collector current i17 of the transistor Q17 can be
      expressed by the following equation:
EQU  i17 = k.i18,
PAL  where k is constant.
PAR  Therefore, the control current i1 of the voltage controlled oscillator
      circuit part 10 is as follows:
EQU  i1 = i16 + i17.
PAL  Therefore,
EQU  i = k.i18 + i18/2 .+-. i18/2
PAR  FIG. 4 indicates the range of variation of the above expressed control
      current i1. As is apparent from this diagram, the voltage controlled
      oscillator 10 is controlled by a current which varies in a range of .+-.
      i18/2, with a current of (k  + 1/2 ).i18 as a center.
PAR  Accordingly, the frequency of the oscillator 10 is limited within a range
      (f0 .+-. f1). The frequency f0 is the produced by the voltage controlled
      oscillator 10, corresponding to a current of (k + 1/2 ).i18. The frequency
      f1 is the output of the voltage controlled oscillator 10, corresponding to
      a current of i18/2. The output of the voltage controlled oscillator 10,
      thus limited, cannot become higher than the frequency (f0 + f1) and cannot
      become lower than the frequency (f0 - f1).
PAR  Then, if the voltage controlled oscillator is used in a phase-locked loop
      (PLL), the PLL does not operate in response to an input signal having a
      frequency lower than the frequency (f0 - f1) or higher than the frequency
      (f0 + f1). For this reason, when these frequencies are so set that f0 = 30
      KHz and f1 = 15 KHz, for example, the PLL acquires a lock range of (30
      .+-. 15) KHz.
PAR  In the discrete system multichannel record disc reproducing apparatus, for
      example, the rotation of the record disc may start while the pickup is
      resting on the stopped record disc. A lower than normal carrier frequency
      may be reproduced. For example, 1/5 or 6 KHz, or 1/3 or 10 KHz, of the
      carrier wave frequency of 30 KHz, of the angle modulated wave, is
      reproduced during the time period before the disc rotational speed reaches
      a constant and normal speed. For a conventional PLL, there might be an
      erroneous locking to these lower than normal frequencies and result in a
      generation of noise.
PAR  A PLL using the inventive voltage controlled oscillator has a lock range
      set at (30  .+-. 15 ) KHz, as described above. There is no possibility of
      an erroneous locking of the PLL to frequency components, such as the above
      mentioned 6 KHz and 10 KHz. Therefore, noise is not generated.
PAR  Thus, in the above described voltage controlled oscillator, the control
      current and the oscillation frequency have a linearly proportional
      relationship. This frequency is controlled responsive to the control
      current, which varies within a specific range having a center frequency at
      a specific current. Accordingly, the critical value of the oscillation
      frequency can be held accurately and positively at a specific frequency
      value.
PAR  The resistors R9, R10, R11, and R12 constitute a bridge circuit.
      Accordingly, when the resistance values r9 through r12, of these resistors
      R9 through R12, are so selected that r9 = r10 and r11 =r12, the bridge
      circuit reaches a state of equilibrium. The potential difference between
      the terminals ta and tb will not vary even if the voltage does vary, as
      measured between the junction point A1 between the resistors R9 and R10
      and the junction point A2 between the resistors R11 and R12. Conversely, a
      variation in the voltage between the terminals ta and tb will not cause a
      variation in the potential difference between the junction points A1 and
      A2. When the frequency control signal applied across the terminals ta and
      tb is zero, the value of the variable resistor R13 is varied. This zero
      state occurs when the collector currents i15 and i16 of the transistors
      Q15 and Q16 have the relationship i15 = i16 = i18/2. Since the voltage
      between the points A1 and A2 varies, it is possible to vary the values of
      the collector current i18 of the transistor Q19 (the currents flowing
      through the resistors R11 and R12 are respectively i18/2). The collector
      current i18 of the transistor Q18, as the above described state, is
      maintained unchanged. Therefore, it is possible to vary also the value of
      the collector current i16 (i18/2) of the transistor Q16 and also the value
      of the current i1 ( = i16 + i17).
PAR  Accordingly, by adjusting the resistance value of the variable resistor
      R13, the current i17 can be varied. The oscillation frequency can be
      adjusted in accordance with this current i17 as the above mentioned state
      of i15 = i16 = i18/2 is maintained.
PAR  After the variable resistor R13 has been adjusted in this manner, if an
      external control signal is applied across the terminals ta and tb, the
      collector current i16 of the transistor Q16 can be varied from zero to
      i18, with the potential difference between the junction points A1 and A2
      held constant.
PAR  Consequently, the current i1 varies in a range from i17 to (i17 + i18)
      about a center current value of (i17 +  i18/2). By causing the current i1
      = i17 + i18/2, after adjustment, to correspond to the oscillation center
      frequency f0 and the current i18/2 to correspond to the frequency f1, a
      PLL lock range characteristic can be obtained which is symmetrical about a
      frequency f0 of a width (f0 .+-. f1).
PAR  However, in the above described circuit, if the power supply voltage +Vcc
      fluctuates (for example, rises) the currents flowing through the resistors
      R11 and R12 increase. A problem arises since there is an increase in the
      free-running oscillation frequency of the voltage controlled oscillator.
PAR  Furthermore, in the above described circuit, a symmetrical lock range
      characteristic is obtained by varying the current i18. However, in an
      actual PLL comprising multistage direct connections, adjustment of the
      voltage controlled oscillator frequency is made more effective by causing
      the error voltage, produced at the bases of the transistors Q15 and Q16,
      to be cancelled. The transistors Q15, Q16 form the differential amplifier
      11.
PAR  The present invention, based on this point, will now be described with
      respect to one embodiment shown in FIG. 5. In FIG. 5, parts which are
      equivalent to corresponding parts in FIG. 1 are designated by like
      reference numerals and characters, and a detailed description thereof will
      not be repeated.
PAR  A characteristic feature of this embodiment is that a frequency adjusting
      circuit 20 is connected to the terminals ta and tb. Here, a variable
      resistor R20 is connected across the terminals ta and tb, and a resistor
      R21 is connected between the sliding contact of variable resistor R20 and
      ground (earth).
PAR  A phase comparator 21, in a PLL, comprises transistors Q20 through Q25. The
      output signal from the voltage controlled oscillator 10 is supplied across
      a terminal 22 (connected to the bases of the transistors Q20 and Q24) and
      a terminal 23 (connected to the bases of the transistors Q21 and Q23).
      Furthermore, an angle modulated wave signal is supplied across a terminal
      24 connected to the base of the transistor Q22 and a terminal 25 connected
      to the base of the transistor Q25.
PAR  The phase comparator 21 compares the phase of the output signal from the
      above mentioned voltage controlled oscillator 10 and the phase of the
      carrier wave of the angle modulated wave. The compared output error
      voltage is produced as the resulting output and is passed from the
      collectors of the transistors Q20 and Q23 and the transistors Q21 and Q24,
      and through current mirror circuits comprising transistors Q26 through Q28
      and transistors Q29 through Q31. The error voltage is applied on the bases
      of the transistors Q15 and Q16 of the differential amplifier circuit 11.
PAR  Then, the current does no deviate even when the voltage applied on the
      bases of the transistors Q15 and Q16 is zero. Moreover the sliding contact
      of the variable resistor R20 is at its midpoint position. Even if the
      circuit is in the form of an integrated circuit (IC), the currents i18 and
      i17 do not deviate very much, but the deviation of the current i10 is
      great. The reason for this is that asymmetrical currents generated within
      the phase comparator 21 and/or the constant-current circuit 12 cause
      differences in the base potentials of the transistors Q15 and Q16 of the
      differential amplifier circuit 11. Furthermore, a current difference of
      the asymmetrical currents is amplified by this differential amplifier 11.
PAR  Accordingly, in the circuit of the present invention, it is possible to
      move the sliding contact of the variable resistor R20, and thereby vary
      the resistance value thereof, to adjust the lock range of the PLL and make
      it symmetrical.
PAR  More specifically, when the sliding contact of the variable resistor 20 is
      moved from its midpoint position to the side of the terminal tb, for
      example, the base potential of the transistor Q16 becomes less than the
      base potential of the transistor Q15. Consequently, the collector current
      i16 of the transistor Q16 decreases. Since the aforementioned current i17
      is substantially constant, the control current i1 ( = i16 = i17) of the
      voltage controlled oscillator 10 also decreases. As a result, the
      oscillation frequency of the voltage controlled oscillator 10 varies
      toward a lower value.
PAR  On the other hand, when the sliding contact of the variable resistor R20 is
      moved from its midpoint position toward the side of the terminal ta, the
      above described results are reversed. That is, the current i16 increases,
      and the control current i1 also increases. The frequency of the voltage
      controlled oscillator 10 varies toward a higher value.
PAR  By equalizing the base potentials of the transistors Q15 and Q16 and by
      adjusting the resistance value of the variable resistor R20 in this
      manner, it is possible to correct a deviation of the free-running
      oscillation frequency of the voltage controlled oscillator 10, which
      deviation arises from a difference between the base potentials of the
      transistors Q15 and Q16.
PAR  After adjustment in this manner, the collector current i16 of the
      transistor Q16 can be varied from zero to i18, in accordance with the
      output voltage of the phase comparator 21. Accordingly, as described
      hereinbefore, a symmetrical lock range characteristic of the PLL can be
      obtained since the current i1 vaires within a range from k.i18 to (k +
      1)i18 with (k + 1/2).i18 as a center frequency.
PAR  While the present disclosure uses terms such as "voltage controlled
      oscillator", and "voltage controlled oscillator circuit part", they are
      intended to also cover and include terms such as "current controlled
      oscillator" and "current controlled oscillator circuit part". Thus
      expressed, the oscillation frequencies therein are controlled by currents.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A voltage controlled oscillator circuit comprising: a voltage controlled
      oscillator means for generating a signal having a frequency which is
      proportional to an input control current; a first constant-current circuit
      means for producing a first constant current; current dividing means
      having a pair of points to which a control voltage is applied from the
      outside, said dividing means dividing said first constant current in
      accordance with the control voltage; a second constant-current circuit
      means for producing a second constant current; means for supplying a
      current which is equal to the sum of one part of said divided current and
      said second constant current, said sum current forming said input control
      current to said voltage controlled oscillator; and adjusting means for
      adjustably varying said control voltage, whereby the output current of
      said current dividing means is adjusted, and the free-running oscillation
      frequency of said voltage controlled oscillator is adjusted.
NUM  2.
PAR  2. A voltage controlled oscillator circuit as claimed in claim 1 in which
      said current dividing means comprises a differential amplifier including a
      pair of transistors the bases of which are respectively connected to said
      pair of points.
NUM  3.
PAR  3. A voltage controlled oscillator circuit as claimed in claim 1 in which
      said adjusting means comprises a variable resistor having two terminals
      respectively connected to said pair of points and to a sliding contact
      which is connected to ground.
NUM  4.
PAR  4. A voltage controlled oscillator circuit as claimed in claim 1 and a
      phase locked loop having a phase comparator in which said pair of points
      receives a compared error signal which is produced as output by said phase
      comparator, means for operating said phase comparator responsive to an
      oscillation output signal of said voltage controlled oscillator and
      responsive to an angle modulated wave signal, to thereby compare phases
      and produce said compared error signal.
NUM  5.
PAR  5. A voltage controlled oscillator circuit as claimed in claim 2 in which
      said first constant-current circuit comprises a current mirror circuit
      having two output terminals with equal currents flowing therethrough, one
      of said output terminals being connected to said current dividing means,
      the other output terminal being connected respectively through resistance
      elements to the bases of a pair of transistors of said differential
      amplifier.
NUM  6.
PAR  6. A voltage controlled oscillator circuit as claimed in claim 3 in which
      the sliding contact of said variable resistor is grounded through a
      resistance element.
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PAL  A Nernst lamp is used as the pumping means for a solid state laser. The
       l materials are selected so that the light energy emitted is essentially
      concentrated in the relatively narrow pump region of the absorption
      spectrum of the laser crystal. The input power in to the laser is
      equivalent to that of much higher power lamps operating over a much wider
      spectrum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally, to an improved method of and
      apparatus for pumping a laser and, more specifically, to the novel use of
      a Nernst lamp to pump a solid state laser.
PAR  At the present time tungsten-iodine incandescent lamps are the most popular
      choice for pumping medium power solid state cw lasers. The spectral
      distribution of radiant energy of a tungsten-iodine lamp is essentially a
      scaled down black body distribution. Consequently, only a small fraction
      of the input power appears as emitted energy in the region of the
      absorption spectrum of a laser material, most of the energy being emitted
      in the infrared. Another problem associated with tungsten lamps, which
      lower the overall efficiency of a laser system is an unstatisfactory
      optical coupling between the lamp and the laser due to a poor geometrical
      configuration formed by the lamp with the laser rod in an optical cavity.
PAR  In general, in order to improve the luminous efficiency, or fraction of
      energy emitted in the visible by an incandescent source, one can: (1)
      operate the source at a higher temperature, or (2) make the light emitting
      elements from a material with characteristics which deviate from those of
      a black body and which emit radiation selectively in the pump region of
      the spectrum. The first approach is unacceptable since it leads to a
      drastically shortened lamp life. The second approach, which until now has
      been overlooked in the laser pump application, is the subject matter of
      the present invention and involves the use of selective thermal radiators,
      commonly called Nernst lamps.
PAR  Selective thermal radiators are ceramics which are made of mixtures of
      metallic oxides with low and high thermal emissivities in the visible
      region. By nature they are conductors whose electrical conductivity is a
      negative function of temperature. When heated to incandescence, selective
      radiators reach a higher temperature than a black body heated with the
      same input power because they emit radiation discretely in the selected
      region of the spectrum. By a proper choice of mixture composition it is
      possible to concentrate emission in the region of primary absorption of a
      laser material. Selective thermal radiators outperform a black body
      radiator since they reach a higher temperature than the black body for a
      given amount of power supplied, and will radiate a larger fraction of
      energy in the visible. The mixture is desirable in order to obtain higher
      temperature. The low emissivity material will reach a high temperature
      when power is supplied to it, but because of its low emissivity throughout
      the visible spectrum little visible radiation results. A material having a
      high radiant emittance in the visible and a low emittance elsewhere will
      radiate more in the visible but will not reach as high as temperature for
      a given amount of power supplied. By mixing a small amount of the two
      materials, the amount of visible power radiated can be maximized; the
      material will reach a high temperature and will also radiate in the
      visible.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide an improved laser pump which
      concentrates its emission of energy in the narrow absorption spectrum of
      the laser material.
PAR  This object is accomplished in the present invention by an improved
      construction of a solid state laser which permits pumping of the laser by
      a Nernst glower.
PAR  The glower or lamp is made of a ceramic conductor which does not require a
      glass envelope for operation and can be constructed in any convenient
      configuration. In a specific application, the glow is constructed in a
      cylindrical configuration and the laser rod is placed along its
      geometrical axis. As a result, the optical coupling couping between the
      glower and the laser is significantly improved. This hollow cylinder may
      be formed of a single piece of ceramic or from a plurality of ceramic rods
      connected together at their ends. The ceramic cylinder or rods are doped
      with several rare earth elements which emit energy in a relatively narrow
      spectrum. A LiYF.sub.4 (YLF) laser crystal is also doped with the same
      rare earth elements so that it absorbs energy of the same wavelength as
      that emitted by the lamp. The energy emitted by the lamp is essentially
      concentrated in the pump region of the laser crystal so that an efficient
      use of pumping energy is maintained.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawing, in which:
PAR  FIG. 1 is a cross-sectional view of a laser pump housing incorporating the
      present invention;
PAR  FIG. 2 is a graphical representation of the relative emissivity of a Zr
      O.sub.2 --Y.sub.2 O.sub.3 lamp rod constructed in accordance with the
      present invention; and
PAR  FIG. 3 is a graphical representation of the absorption spectrum of the
      alphabet YLF Laser, constructed according to one embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows an anodized aluminum laser pump housing 10 having an internal
      Nernst glower assembly 12 mounted inside of a preheater assembly 14.
      Assembly 14 is supported by end plates 13 and 15 of housing 10. The
      preheater 14 includes a Kanthal A winding 16 wound on as alumina support
      tube 18. The heater winding 16 is cemented to the alumina core with Norton
      RA 1139 Cement. The Nernst glower assembly 12 is made up of a cylindrical
      configuration of 55 1 m diameter zirconia based (Z.sub.r 0.sub.2 --Y.sub.2
      O.sub.3) rods 20, doped with several selected rare earth oxides, such as
      erbia (Er.sub.2 O.sub.3) thulia Tm.sub.2 0.sub.3 ytterbia Yb.sub.2 O.sub.3
      or a combination of the three. By way of example, a sepcific dopant
      concentration used was 0.3 percent erbia, 0.3 percent ytterbia, and 0.3
      percent thulia for a total concentration of approximately one percent. The
      length of rods used in the embodiment was 2.740 inches.
PAR  The laser for which the lamp is intended is LiYF.sub.4 doped with Ho and
      the same rare earth elements as the rods used in the glower assembly i.e.,
      Er, Tm and Yb. For convenience the doped lasers are called alphabet YLF
      and it is conventionally used in designators and range finders. The lasing
      ion is Ho.sup.3.sup.+ emitting radiation at 2.066 microns. Energy absorbed
      by Er, Tm and Yb is transferred to the Ho.sup.3.sup.+ ion, thus
      incorporation of the former rare earths into the laser host material
      increases the number of pump bands and consequently improves laser
      efficiency. The best relative emissivity for the rods and dopant
      concentration given was found in the region between 1 and 2 microns which
      corresponds to a principal absorption band of the alphabet YLF laser, as
      can be seen by a comparison of the amplitude peaks in FIGS. 2 and 3. A
      considerable enhancement of emission of the doped rod in the 1.4 and 1.6
      micron range can be seen in FIG. 2 from a comparison of the curves for a
      doped rod and a rod containing no rare earth oxides. These regions
      correspond to the absorption bands of Tm.sup.3.sup.+ and Er.sup.3.sup.+
      ions. As an alternative to the zirconia (ZrO.sub.2) based rods thoria
      (ThO.sub.2) and thoria-urania (ThO.sub.2 --UO.sub.2) based rods could be
      used. The spectral emissivity of ZrO.sub.2 in the infrared region is
      similar to ThO.sub.2, although ZrO.sub.2 is transparent (i.e. does not
      absorb or radiate energy) up to about 7-8 microns where it starts strongly
      absorbing and emitting radiation. ZrO.sub.2 is superior to ThO.sub.2 from
      the point of view of electrical conductivity and inferior in melting
      temperature (2700.degree. vs 3200.degree.C).
PAR  As an alternative to the cylindrical configuration of rods 20 a solid
      cylinder formed of the same ceramic and dopant materials could be used.
PAR  Returning to FIG. 1, current carrying leads 21 and 22 to the glower
      assembly 12 are made of 7 strands of 0.004 inch diameter platinum wire,
      which may be twisted and wrapped over the ends of the tube 20 and
      subsequently cemented thereto by a binder consisting of a mixture of oxide
      powders and zirconium chloride. The glower assembly 12 is supported Zicar
      felt 24 made by Union Carbide Material System Division, while the space 26
      between the preheater 14 and the alumina housing 10 is also filled with
      Zicar felt. A platinum/ platinum-rhodium thermocouple 28 is mounted inside
      the preheater core 18 so that it is near but not touching the glower rods
      20.
PAR  A YLF laser crystal 30 is mounted on quartz support tubes 32 and 33 which,
      in turn, are supported by "O" rings 50 and 52 secured to coolant
      entrance/exit flanges 38 and 40 respectively. Coolant, such as water,
      enters the housing 10 through a 1/4 -inch diameter aluminum tube 42 on
      entrance flange 38, flows in space 44 between the laser crystal 30 and the
      inner diameter of a 0.240 inch i.d., 0.340 inch o.d. quartz coolant tube
      46 and exits in a like manner from a 1/4 -inch diameter aluminum tube 48
      connected to the exit flange 40. O ring seals 34 and 36 are used to seal
      the O rings 50 and 52 to the entrance and exit flanges 38 and 40, while
      low density alumina spacers 54 and 56 provide spacing between the felt 24
      and end plates 13 and 15 of housing 10. A pressure/vacuum guage 58 is also
      shown to permit operation of a glower assembly in any atmosphere or
      vacuum, although certain assemblies require air atmosphere and in these
      cases the guage 58 would not be included. Mirrors 60 and 62 are
      conventional reflective-transmissive surfaces which promote laser
      oscillation and transmit an output from the laser.
PAR  Turning to the operation of the laser, preheater 14 is energized and heats
      the glower assembly 12. After reaching a sufficient temperature, the
      electrons in the glower assembly 12 become unstable. The unstable
      electrons travel along the glower rods 20 in a direction established by a
      potential difference between leads 21 and 22, thus creating a current
      within the rods 20 which initiates conduction of the glower. The current
      within the rods 20 also heats the glower assembly 12 and after a
      predetermined temperature is reached, it is sensed by thermocouple 28
      which de-energizes preheater 14 so that the glower assembly becomes
      self-heating. The temperature of the glower continues to rise until the
      glower becomes white and emits energy in the form of light. The light
      energy is transmitted through quartz coolant tube 46 and impinges on the
      YLF laser crystal 30. Since the wavelength of the light energy emitted by
      glower assembly 12 corresponds to the energy absorption region of the
      crystal 30, the light pumps the laser crystal and initiates lasing action
      in the crystal. The output from the laser crystal 30 is transmitted by
      quartz support rods 32 and 33 to mirrors 60 and 62 respectively. The
      mirrors partially reflect the output from the crystal to create
      oscillation and partially transmit an output from the laser.
PAR  Thus there has been described a novel means for pumping a laser by a light
      which concentrates its emitted energy essentially in the absorption region
      of the laser crystal. A specific embodiment has been disclosed in which
      the invention may be utilized and the beneficial features and advantages
      can be seen from the disclosure.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that, within the scope of the appended claims, the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser apparatus comprising:
PA1  laser means with a lasing medium adapted to absorb energy of a specific
      frequency range; and
PA1  pumping means with a radiating source formed from an electrically
      conductive ceramic doped with specially chosen oxides so that a selective
      thermal radiator is formed with emissivity properties approximately
      matching the spectral absorption properties of said lasing means, said
      pumping means being suitably positioned adjacent said lasing medium so
      that the energy from said pump means may be radiated thereon.
NUM  2.
PAR  2. The improvement described in claim 1 wherein said lasing medium
      comprises an LiYF.sub.4 crystal material doped with Ho, Er, Tm, and Yb and
      has its spectral absorption characteristic concentrated between 1 and 2
      microns.
NUM  3.
PAR  3. The improvement of claim 1 wherein said selective thermal radiator
      consists of cylindrically shaped ceramic conductor.
NUM  4.
PAR  4. The improvement described in claim 3 wherein said ceramic conductor is
      doped with at least one rare earth oxide.
NUM  5.
PAR  5. The improvement described in claim 1 wherein said selective thermal
      radiator consists of a cylindrical zirconia based conductor.
NUM  6.
PAR  6. The improvement described in claim 1 wherein said selective thermal
      radiator consist of a cylindrical thoria based conductor.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said laser further includes a cooling
      means to prevent said lasing means from overheating.
NUM  8.
PAR  8. A laser apparatus comprising:
PA1  solid state lasing means with a lasing medium adapted to absorb energy of a
      specific frequency range; and
PA1  pumping source means comprising a selective thermal radiator for radiating
      energy which is essentially concentrated in the absorption region of said
      lasing means, said pumping source means being suitably positioned adjacent
      to the lasing medium of said solid state lasing means so that said pumping
      source means radiates its energy thereon.
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PAL  A high power density continuous wave (c. w.) gas dynamic laser system is
      described which includes a non-equilibrium plasma jet for generating
      excited gaseous species having high vibrational temperature and low gas
      temperature. Gas flow through the plasma jet is reduced to highly
      turbulent subsonic flow by an expanding nozzle. Lasing in an optical
      cavity oriented transversely with resspect to the flow of the gaseous
      plasma extracts vibrational energy from the excited gaseous species as the
      emerge from the expansion nozzle.
PAL  The described system also includes, immediately upstream from the optical
      cavity, an injection system which introduces and uniformly mixes a lasing
      gaseous species into the highly turbulent subsonic gaseous plasma flow
      from the plasma jet. Gas sweeps are established in the arms of the optical
      cavity to cool and sweep high temperature unexcited gas species therefrom
      in order to reduce absorption in the optical cavity.
PAL  The described laser system can be adapted for either open cycle or closed
      cycle operation depending upon the gaseous mediums utilized. A particular
      carbon dioxide - nitrogen gas dynamic laser system is described which has
      a gain coefficient of 32/m at 20 torr of carbon dioxide and 40 torr of
      nitrogen with an estimated power density of approximately 1000 W/cm.sup.3,
      a saturation parameter of approximately 2000 W/cm.sup.2 and an estimated
      overall efficiency of approximately 24 percent..
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a high power continuous wave transverse gas
      dynamic laser system generally and to a plasma jet gas dynamic laser
      system specifically.
PAR  2. Description of the Prior Art
PAR  The optimum laser system is one which operates close to theoretical
      efficiency, generates a good quality laser beam (low divergence, single
      mode and stable position) and has practical operating conditions. An
      important factor in gas laser systems meant for industrial use is high
      overall power efficiency, which considers both the power for driving the
      laser and the power expended in pumping the gas through the system.
      Efficiency in a gas laser system relates to a high gain coefficient, an
      efficient exciting system, a moderate gas flow rate and a minimum of
      mirrors and windows. A high gain coefficient means that the volume of the
      active medium can be decreased, which in turn reduces wall deactivation
      losses and reduces the physical size of the system.
PAR  In a gas dynamic laser system the power output of the system is generally
      expressed as follows: laser power gained from excited flowing gas species
      equals power transmitted through mirrors plus mirror losses and
      diffraction losses. For a laser having a given active length, a gain
      medium of higher power density will have a higher value of power gained
      from the medium. Also, increasing the gain allows the mirror transmission
      to be increased. Specifically, power flux through a mirror is a product of
      the incident flux and the mirror transmission. Assuming a constant output
      flux, increasing the mirror transmission decreases the incident flux
      thereon and thereby minimizes the possibility of mirror damage and also
      minimizes mirror losses.
PAR  Mirrors impose an important design restraint on continuous wave carbon
      dioxide gas laser systems in that the maximum incident flux (I) they can
      accept without damage is approximately 5000 W/cm.sup.2.
PAR  The efficiency of a gas dynamic laser system utilizing an electrical
      discharge to excite the gain medium also depends on the efficiency of the
      electrical discharge in exciting the working gases of the system. The
      electrical discharge should be stable and operate at an electron
      temperature where the amount of energy transferred to the desired
      vibrational levels of the gaseous gain medium is close to the theoretical
      maximum. The discharge electrodes should be designed for minimal
      absorption of energy from the discharge due to vibrational wall
      deactivation.
PAR  The gaseous medium should gain only minimal translational energy from the
      discharge. Specifically, gaseous species having a high translational
      (kinetic) energy or temperature are an absorbing medium; whereas gaseous
      species having a high vibrational energy or temperature are an amplifying
      medium. Generally, the translational energy which a gaseous medium gains
      from an electrical discharge is directly proportional to the time the
      gaseous medium is in the discharge (residence time) and to the current
      density of the discharge.
PAR  The quality of an electrical discharge system for a gas laser can be
      described in terms of the specific power of the laser system. Specific
      power is defined as the maximum theoretical power obtainable from the
      laser system (P.sub.max) divided by the total mass flow rate of gases
      through the system (Q.sub.Tot). A specific value of translational energy
      increase is assumed. For example, if the electrical discharge creates
      gaseous species having a high kinetic or translational temperature, the
      actual specific power of the system decreases since such gas species
      comprise an absorbing medium in the laser system. Similarly, if the
      electrical discharge of the system creates gaseous species having a high
      vibrational temperature, the actual specific power of the system increases
      since such gaseous species are the gain medium.
PAR  An electrical discharge which produces excited gaseous species in which the
      translational (kinetic) temperature approaches that of the electronic or
      vibrational temperature is referred to as an "arc discharge", while an
      electrical discharge which produces excited gaseous species having a lower
      translational temperature than the electronic or vibrational temperatures
      is referred to as aa "glow discharge". An arc discharge is undesirable in
      a gas laser system in that it produces an energy distribution unfavorable
      for lasing action in a gaseous gain medium. Furthermore, arc discharges
      are spatially inhomogeneous.
PAR  Another factor affecting the overall efficiency of a gas dynamic laser
      system is the flow rate of the gas through the system. Specifically, the
      power consumed by the pumps reduces overall efficiency of the laser
      system. Accordingly, it is desirable to have a minimum gas flow rate
      through the system in order to minimize pump power consumption.
PAR  Other desirable features of a gas dynamic flow laser system are as follows:
      homogeneous active medium, compact size, simple construction, reliability,
      stability, low operating voltage, high power density, metal construction
      and Gaussian gain distribution. Moreover, open circulation gas dynamic
      laser systems are preferred over closed circulation systems. Specifically,
      in an open system, the heated working gases are expelled into the
      atmosphere after the vibrational energy has been extracted, eg. a carbon
      dioxide - nitrogen laser system. Closed circulation systems are those in
      which it is either uneconomic or dangerous to expel the working gases into
      the atmosphere. Accordingly, in closed systems the working gases must be
      cooled, cleaned and then recirculated through the system, eg. carbon
      monoxide - nitrogen systems.
PAR  Transverse convective gas dynamic laser systems described in the prior art
      which utilize an electrical discharge to excite the gaseous gain medium
      can be divided into two basic categories: (1) transverse electrical
      discharge systems and (2) supersonic plasma jet electrical discharge
      systems.
PAR  Transverse electrical discharge systems basically comprise an electrical
      discharge maintained between two or more electrodes oriented variously
      with respect to gas flow. The lasing optical cavity is oriented
      transversely with respect to gas flow, either within the discharge region
      or immediately downstream from the discharge region. U.S. Pat. No.
      3,721,915 issued to J. P. Reilly entitled "Electrically Excited Flowing
      Gas Laser and Method of Operation" describes a typical transverse
      discharge laser system.
PAR  The general disadvantages of transverse electrical discharge convective
      laser systems are as follows:
PA1  1. spatially uniform electrical discharges are difficult to maintain in a
      flowing gas environment;
PA1  2. slight imperfections in the electrodes lead to arc formation and
      consequent kinetic heating of the gaseous medium;
PA1  3. an extremely high voltage must be expressed across the electrodes to
      maintain the discharge;
PA1  4. large flow rates of highly turbulent gas, with a consequent large pump
      power consumption, must be pumped through the discharge region to prevent
      arc formation.
PAR  Carbon dioxide - nitrogen convective laser systems have an additional
      disadvantage in that a large helium partial pressure in the working gas is
      required for discharge stability, temperature homogeneity and relaxation
      of the lower laser level, as well as other reasons. The helium component
      in the working gas induces pressure broadening of the gain coefficient,
      restricting it to low values. Further, the high cost of helium renders
      open cycle carbon dioxide -nitrogen convective gas laser systems
      impractical for most commercial applications.
PAR  Also, the power density of the gaseous gain medium in transverse electrical
      discharge systems generally is relatively low. Consequently, a relatively
      large number of mirror passes must be made across the optical cavity in
      order to extract significant power from the gain medium. Each mirror pass
      increases mirror losses, edge losses, and scattering losses.
PAR  Because of the foregoing disadvantages, transverse electrical discharge
      convective gas lasers have a relatively low overall efficiency and are not
      practical for most commercial applications.
PAR  Plasma jet electrical discharge laser systems described in the prior art
      utilize plasma jets which generate a gaseous plasma having a high kinetic
      or translational temperature as well as a high electronic or vibrational
      temperature. Specifically, the plasma jets described are arc plasma jets.
PAR  Typically, in the prior art plasma jet systems, the kinetic or
      translational temperature of the gaseous plasma is decreased by expending
      it through a supersonic expansion nozzle and a lasing optical cavity is
      oriented transversely across the supersonic expansion nozzle to extract
      the vibrational energy from the expanding gaseous plasma. A typical
      supersonic plasma jet electrical discharge gas laser system is described
      in U.S. Pat. No. 3,811,095 issued to J. W. Rich et al. entitled
      "Electrical-Discharge Excited Gaseous Laser".
PAR  The disadvantages of supersonic plasma jet laser systems described in the
      prior art relate to the requirement for a supersonic expansion of the
      gaseous medium for reducing the kinetic or translational energy of the
      medium. Such supersonic expansion requires high gas flow rates with
      consequent increase in pump power consumption and decrease in overall
      efficiency. Furthermore, it is very difficult to design a supersonic
      expansion nozzle which would be structurally compatible with an optical
      lasing cavity oriented perpendicularly to such a nozzle. Specifically,
      such nozzles must be very carefully designed to prevent the formation of
      shock waves which would tend to refract the laser beam. Any apertures in
      the nozzle would tend to generate such shock waves.
PAR  Finally, it is very difficult to introduce and uniformly mix a lasing
      gaseous species into a gaseous plasma flowing at supersonic velocities.
      Consequently, in the prior art systems, the lasing gaseous species must be
      introduced and uniformly mixed into the exciting gaseous plasma before it
      reaches the supersonic expansion nozzle. Accordingly, the lasing gas
      species gain a substantial amount of translation or kinetic energy which
      again decreases the specific power of the system.
PAR  Because of the foregoing disadvantages, plasma jet convective gas laser
      systems tend to have low gain coefficients (ca. 1/m), low efficiencies
      (ca. 1 percent) and have not been deemed practical.
PAC  SUMMARY OF THE INVENTION
PAR  The invented laser system is a transverse gas dynamic continuous wave
      system having a very large gain coefficient, a high specific power and
      high overall power efficiency. The system is compact in construction and
      requires relatively low gas flow rates. The invented system is adapted to
      operate as either an open or a closed system and is designed for
      commercial and industrial applications.
PAR  A particularly novel feature of the invented system is a non-equilibrium
      plasma glow jet which is designed to generate flowing gaseous species
      having high vibrational or electronic temperatures and low translational -
      rotational or kinetic temperatures. Specific novel features of the plasma
      glow jet relate to the design of a supersonic flow region, to the design
      of the choke section for inducing and damping shock waves in the flowing
      gaseous medium from the supersonic flow region creating high turbulent gas
      flow, and to the design of an expansion nozzle for reducing the gas flow
      from the choke section to subsonic velocities.
PAR  Another novel feature of the invented laser system relates to an injection
      method and apparatus for introducing and uniformly rapidly mixing a lasing
      gaseous species into an exciter gaseous species flowing from the expansion
      nozzle of the plasma glow jet.
PAR  Other novel features of the developed laser system relate to the particular
      design of the lasing optical cavity for extracting energy from the
      subsonically flowing gaseous gain medium. In particular, the optical
      cavity is long with respect to its gain region. Gas sweeps are established
      in the arms of the optical cavity on either side of the gain region for
      removing and cooling gaseous species which have a high kinetic temperature
      from the respective arms. The gas sweeps further minimize contamination of
      the reflective surfaces of the mirrors and also thermally isolate the
      mirrors from the gain region.
PAR  Still other novel features of the invented plasma glow jet laser system
      relate to the relative locations of the plasma glow jet, the injection and
      mixing apparatus and the optical cavity.
PAR  Moreover, the developed laser system has minimal voltage and current
      requirements. It is adapted for construction of materials with high
      thermal conductivity (metals) which maximizes wall cooling, a factor which
      decreases the translational (kinetic) energy of the gaseous gain medium
      and which allows external cooling of the system components.
PAR  A particular aspect of the invention, a nitrogen and carbon dioxide system,
      relates to an optimal gas mixture ratio of nitrogen and carbon dioxide for
      maximizing gain coefficients and hence specific powers.
PAR  Still further objects, advantages, and novel features of the invented
      plasma glow jet laser system will become apparent upon examination of the
      following detailed description of an illustrative embodiment of the
      invention together with the accompanying figures.
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PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a cross-sectional drawing showing the basic configuration of a
      plasma glow jet laser system.
PAR  FIG. 2 is an enlarged cross-sectional line drawing showing the relative
      positions of the cathode, anode and the "anchored" electrical glow
      discharge.
PAR  FIG. 3 is a cross-sectional line drawing of the choke and expansion nozzle
      of the plasma jet showing propagation of shock waves therein.
PAR  FIG. 4 is an enlarged cross-sectional line drawing showing the injection
      and mixing region and the relative location of the gain region.
PAR  FIG. 5 is a graph showing the gas temperature in the arms of the optical
      cavity with a gas sweep (curve 1) and without a gas sweep (curve 2).
PAR  FIG. 6 is a schematic cross-section representative of a high pressure
      plasma glow jet laser system.
PAR  FIG. 7 is a schematic plan view of FIG. 6.
PAR  FIG. 8 is a schematic cross-section representation taken along the optical
      axis of the laser system (along view 8--8 of FIG. 9).
PAR  FIG. 9 is a schematic cross-section representation of a high pressure
      plasma glow jet laser showing the position of shock waves in the optical
      cavity.
PAR  FIG. 10 is a schematic representation of a Hydrogen Fluoride plasma glow
      jet chemical laser system.
PAR  FIG. 11 is a schematic representation of another Hydrogen Fluoride plasma
      glow jet chemical laser system.
PAR  FIG. 12 is a schematic representation of a Noble gas plasma glow jet laser
      system.
PAR  FIG. 13 is a schematic representation of a helium-metallic vapor plasma
      glow jet laser system.
PAR  FIG. 14 shows the element energy levels for He-Cv laser.
PAR  FIG. 15 shows the energy levels for a carbon dioxide-nitrogen laser.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The invented plasma glow jet laser system is initially described in context
      of a nitrogen-carbon dioxide system designed for operation at relatively
      low gas pressures (40 torr-100 torr). Then modifications of the basic
      system are discussed which would adapt the system for operation with other
      gaseous constituents, such as nitrogen-carbon monoxide, sulfur
      hexafluoride-hydrogen, helium-argon-krypton-neon, and metallic vapors.
      Subsequently, a modification of the basic system is discussed which would
      adapt the system for operation at atmospheric and higher pressures.
PAR  Before proceeding with a detailed description, it is instructive to briefly
      review the kinetic mechanism of a nitrogen - carbon dioxide laser. FIG. 15
      shows energy level diagrams for the carbon dioxide molecule and the
      nitrogen molecule. Basically, in the nitrogen - carbon dioxide laser,
      nitrogen gas molecules are vibrationally excited by some means into the
      excited state designated as N.sub.2 *. A vibrationally excited nitrogen
      gas molecule then collisionally interacts with a carbon dioxide gas
      molecule, whereupon the vibrational energy is transferred to the carbon
      dioxide molecule, preferentially exciting it to the 00.degree.1 state,
      which is called the upper laser level. The vibrationally excited carbon
      dioxide molecule then encounters the radiation field produced by
      stimulated emission and is, upon contributing a photon to the field,
      deactivated to a lower vibrational energy state. Specifically, upon
      contributing the photon, the CO.sub.2 is in the energy state 10.degree.0
      within the group designated as one group (the lower laser level). For
      significant lasing action, a population inversion must exist between the
      upper laser level and the lower laser level of the carbon dioxide
      molecules. Specifically, there must be a significantly greater number of
      CO.sub. 2 molecules vibrationally excited in the 00.degree.1 level (upper
      laser level) than in the 10.degree.0 energy level (lower laser level).
      When the stimulated transition rate from the 00.degree.1 level to the
      10.degree.0 level is greater than the transition rate from the one group
      (10.degree.0 level) to the ground state, a "thermal bottleneck" develops,
      which throttles further lasing action, i.e. ends the population inversion.
      While the coupling between the lowest excited level of the CO.sub.2
      molecule and the ground state is strong, the transition rate therefrom
      does not exceed the transition rate between the upper laser level and that
      lower excited level in a strong stimulating radiation field. Further, the
      transition between the lowest excited level of the carbon dioxide molecule
      and its ground state generally increases the translational (kinetic)
      energy of the molecule which, in turn, increases the temperature of the
      gas. Helium, hydrogen or water vapor is added to increase the transition
      rate between the lowest excited level and the ground state. Specifically,
      the helium, hydrogen and water vapor have a high rate of relaxation for
      the lowest excited level of CO.sub.2. Also, helium and hydrogen serve to
      transfer the translational (kinetic) energy of the CO.sub.2 molecule to
      the walls of the lasing cavity. A detailed mathematical treatment of the
      nitrogen - carbon dioxide laser transitions is contained in the
      dissertation entitled High Power Density Laser Excitation Mechanisms,
      prepared by the inventor herein and submitted to the University of
      California, Davis, in partial satisfaction of the requirements for a
      doctorate degree in the Engineering - Applied Science Department.
PAR  Referring now to FIG. 1, the basic plasma glow jet gas laser system
      includes a plasma jet 10 having a thoriated tungsten cathode 11, a hollow
      cylindrical molybdenum anode 12 extruded into a soft copper jacket 13. The
      plasma jet includes a copper expansion nozzle 14 integral with the copper
      jacket 13. The copper jacket 13 further includes a cooling annulus 16,
      through which a coolant such as water can be circulated, as indicated by
      the arrows 17.
PAR  Nitrogen gas is tangentially introduced into the cylindrical plenum 19
      through the input port 21 so as to induce circular gas flow in the plenum
      19. In more detail, the cylindrical plenum 19 is defined by a cylindrical
      wall 22 integral with the copper anode jacket 13, an annular ring of
      insulation 23 and the cathode base 24.
PAR  In more detail, the thoriated tungsten cathode 11 comprises a base section
      26, a central rod section 27 having a spherical end surface 28 with a
      greater diametric dimension than both the rod section 27 and the inner
      diameter of the annular molybdenum anode 12 (see FIG. 2). The base section
      26 of the cathode is seated in a copper or brass push rod 29 adapted for
      translational movement within an annular sleeve 31 forming the cathode
      base 24. An "O" ring seal 32, received in a groove 33 cut into the cathode
      sleeve 31, establishes a vacuum seal between the cathode push rod 29 and
      the cathode sleeve 31. The cathode push rod 29 includes spring loaded
      adjustment means 34 for holding the translational position of the
      thoriated tungsten cathode 11 relative to the annular molybdenum anode 12.
      An annular coolant channel 36 is established around the outer diameter of
      the cathode sleeve 31 for cooling the cathode base section 26. The
      longitudinal axis of the thoriated tungsten cathode 11 is aligned with the
      longitudinal axis of the plenum 19 and the longitudinal axis of the
      annular molybdenum anode 12. An annular boron nitride insulative sleeve is
      disposed around the inside wall of the plenum 19 for electrically
      isolating the cylindrical wall 22 of the plenum 19 from the cathode rod
      section. A high efficiency saturable reactor controlled direct current
      power supply 38 is connected between the cathode base 24 and the proper
      anode jacket 13. The direct current power supply 38 is basically similar
      to that used in conventional direct current welding apparatus and has an
      open circuit voltage around 300 volts.
PAR  Referring now to FIG. 2, the nitrogen gas 18 exhausts from the cylindrical
      plenum 19 through an annular throat 39 defined between the spherical end
      surface 28 of the thoriated tungsten cathode 11 and the annular molybdenum
      anode 12. A pump 41, having a pump speed sufficient to establish
      supersonic gaseous flow for a cross-sectional flow area equal to that
      defined by the annular molybdenum anode, pumps the nitrogen gas 18 from
      the plenum 19. The circular flow motion induced in the plenum 19
      establishes a stable supersonic flow vortex through the annular throat 39.
      Because of the high enthalpy of the nitrogen gas 18 streaming through the
      annular throat, it is necessary to bring the spherical end surface 28 of
      the cathode 11 into contact with the annular molybdenum anode 12 to start
      the discharge. The touching and consequent resistive heating between the
      cathode 11 and the anode 12 create a hot spot on the cathode which may
      have a temperature ranging between 2200.degree.K and 3000.degree.K. An
      electrical discharge emanates from the hot spot so created on the cathode
      11 to the anode 12. Since touching the cathode surface 28 to the anode 12
      can cause vaporization of low boiling point materials, the materials
      composing the electrodes should possess similar melting and boiling
      points. The same material should not be used for both electrodes because
      it would tend to stick excessively and cause material transfer between
      electrodes. Further, it is desirable to minimize electrode erosion so the
      cathode material should be chosen for high electron emissive properties at
      a temperature below its melting point. For these reasons, the thorium -
      tungsten cathode is preferred over a pure tungsten cathode. In addition,
      the anode should be composed of materials having a vaporization
      temperature substantially higher than the highest temperature expected on
      the cathode surface. For example, since the electron emission rate from
      the thoriated tungsten cathode is adequate at an operating temperature of
      approximately 2100.degree.K, the anode must be composed of a material
      having a vaporization temperature substantially in excess of
      2100.degree.K. In the present invention, a molybdenum anode is suggested
      since molybdenum has a melting temperature of approximately 2800.degree.K.
PAR  The above material parameters are established in order to minimize metallic
      content in the electrical discharge and to minimize erosion of the cathode
      11 and anode 12.
PAR  As the spherical end surface 28 of the cathode 11 is moved out of contact
      with the annular molybdenum anode, the stable supersonic vortex flow of
      nitrogen gas through the annular throat 39 converts the electrical
      discharge between the cathode and anode into a stable glow discharge
      region 42, as indicated in FIG. 2.
PAR  As shown in FIG. 2, the glow discharge 42, stabilized by the supersonic
      vortex flow of nitrogen gas through the annular throat 39, is "anchored"
      between the inside cylindrical wall 43 of the annular molybdenum anode 12
      and the central region 44 of the spherical end surface 28 of the cathode
      11. Accordingly, the glow discharge is highly symmetrical around the
      common, central, longitudinal axis of both the annular throat 39 and the
      annular cathode 12. Since the nitrogen gas is streaming through the
      electrical glow discharge region 42 at supersonic velocities, elastic
      collisions between the electrons of the discharge and nitrogen molecules
      are minimized, thereby minimizing translational heating of the nitrogen
      gas. However, the streaming nitrogen molecules remain in the electrical
      discharge for a sufficient period of time to be vibrationally excited into
      the N.sub.2 * vibrational state. Furthermore, the glow discharge has a
      sufficient power density for ionizing the N.sub.2 molecules so that a
      plasma, as well as excited nitrogen gaseous species, emerges from the
      discharge region. Basically, the high power density electrical glow
      discharge region 42 converts the supersonically flowing nitrogen gas into
      a supersonically flowing plasma and excited nitrogen gaseous species. The
      medium emerging from the discharge region is commonly referred to as
      "activated nitrogen". Since the nitrogen molecules gain minimal
      translational (kinetic) energy from the electrical discharge region 42,
      the collisional lifetime of the activated nitrogen is long (many seconds).
PAR  Beyond the discharge region 42, the annular molybdenum anode functions as a
      choke tube 45. Specifically, referring to FIG. 3, the cross-sectional area
      of the annular anode 12 is sufficiently larger than the throat to cause
      over-expanded flow and choking of the plasma and excited nitrogen gaseous
      species flowing from the glow discharge region 42. Accordingly, shock
      waves 46 are created in the supersonically flowing plasma and excited
      nitrogen gaseous species, as shown in FIG. 3. The length of the choke
      section 45 of the annular anode 12 is chosen so as to attenuate the shock
      waves induced in the supersonically flowing medium. One purpose for
      inducing shock waves in the supersonically flowing plasma and excited
      nitrogen gas species is to induce turbulent flow to enhance mixing of
      carbon dioxide into the streaming plasma and excited nitrogen gas species,
      as will be described infra.
PAR  The activated nitrogen medium flows from the choke region of the annular
      cathode 12 into the expansion nozzle 14. The expansion nozzle 14 increases
      the cross-sectional flow area out of the plasma jet 10 to a point beyond
      which supersonic flow can be sustained. At the point in the expansion
      nozzle where supersonic flow of the plasma and excited nitrogen gas
      species becomes subsonic, further shock waves 47 are induced in the
      flowing medium. (See FIG. 3). The actual extent to which the expansion
      nozzle 14 must increase the cross-sectional flow area is largely
      determined by the pumping rate exhausting the gas from the system.
PAR  Referring now to FIGS. 1 and 4, a mixing bar 49 connected to a source of
      carbon dioxide gas introduces the CO.sub.2 gas into the subsonically
      flowing plasma and excited nitrogen gaseous species in the subsonic flow
      region 48 of the expansion nozzle 14.
PAR  The mixing bar 49 basically comprises a tube 51 having a circular cross
      section with an outside diameter D approximately equal to the maximum
      normal distance between the inside surface of the expansion nozzle 14 and
      the outside surface of the tube 51. Specifically, the tube is oriented
      perpendicularly with respect to the direction of flow of plasma and
      excited nitrogen gaseous species across the center 52 of the expansion
      nozzle 14. The mixing bar 49 has a plurality of ports 53 aligned in two
      rows along the downstream face 54 of the tube 51. Each row of ports 53 is
      adapted to inject carbon dioxide gas angularly into each stream of plasma
      and excited nitrogen gas species 57 moving around each side of the mixing
      tube 51.
PAR  If a single mixing tube is utilized for injecting carbon dioxide 56 into
      the streaming plasma and excited nitrogen gaseous species 57, the ports 53
      should be oriented into rows 45.degree. above and 45.degree. below the
      horizontal plane in which the mixing tube 51 lies. However, carbon dioxide
      can be injected into the plasma and excited nitrogen gas species flow by
      more than one mixing tube 49. In such cases, it may be desirable to orient
      the ports differently than that orientation shown in FIG. 4 of this
      description.
PAR  Specifically, it is desired to disperse the carbon dioxide uniformly into
      the plasma and excited nitrogen gas species so as to maximize mixing.
      Vibrational excitation of the carbon dioxide 56 by the excited nitrogen
      gas species creates a population inversion between the upper and lower
      laser levels of the carbon dioxide molecule as hereinbefore described. A
      small amount of hydrogen is added to the carbon dioxide to remove the
      thermal bottleneck which would throttle stimulated emission from the
      excited carbon dioxide.
PAR  As shown in FIGS. 1 and 4, the lasing optical cavity 58 is oriented
      perpendicularly across the downstream end of the expansion nozzle 14
      immediately downstream from the mixing tube 49. The optical cavity
      includes 2 reflective surfaces 59 and 61 mounted at the end of two
      oppositely extending axially aligned arms 62 and 63. More particularly, as
      shown in FIG. 1, the mirror 59 is mounted into a bellows structure 64
      which, in turn, is secured to the arm 63. The bellows structure 64 allows
      for adjustment of the mirror 59. The mirror 61 partially transmits the
      stimulated emission radiation from the vibrationally excited carbon
      dioxide molecules.
PAR  The axis of the optical cavity 58 is oriented parallel to the mixing tube
      51, a factor which tends to minimize scattering and refractive losses in
      the optical cavity.
PAR  The described optical cavity 58 has an active region 65 having a length
      equal to the diametric dimension of the expansion nozzle and a height and
      width determined by the flow area required to prevent collisional
      deactivation in the cavity. As shown in FIG. 4, the central optical axis
      66 of the optical cavity should be located a specific distance from the
      point of introduction of carbon dioxide. In particular, two plumes 67 of
      carbon dioxide flow from the ports 53 and mix with the streams of plasma
      and excited nitrogen gaseous species 57 flowing on either side of the
      mixing tube 51. The central optical axis 66 of the lasing cavity should be
      located just beyond the point of confluence 68 of the respective plumes
      67.
PAR  Basically, as shown in FIG. 4, the tube 51 creates a tear-shaped eddy 69 in
      the subsonically flowing plasma and excited nitrogen gaseous species
      emerging from the expansion nozzle. Very little mixing of carbon dioxide
      and excited nitrogen occurs in the tear-shaped eddy 69. Accordingly,
      optical gain in the leading edge of the active region is held down, a
      factor which prevents diffraction losses at the upstream cavity edge.
      However, the actual volume of the eddy 69 should be minimized because slow
      mixing tends to spread the excitation over a larger length and, for that
      reason, lowers the gain coefficient. Accordingly, turbulence generated in
      the flowing plasma and excited nitrogen gaseous species by the upstream
      shock system combines with the turbulence induced by the mixing tube 51 to
      minimize the volume of the eddy region 69. The cross-sectional
      illustration of FIG. 4 shows the optical cavity 71 in relationship to the
      CO.sub.2 plumes 67 and the eddy 69. The actual width of the cavity 71
      (measured in the direction of flow) is determined by the rate at which
      vibrational energy is removed from the excited carbon dioxide gas and the
      length required for complete mixing.
PAR  Referring now to FIGS. 1 and 5, two gas leaks 72 are established in the
      arms 62 and 63 of the optical cavity near the mirrors 59 and 61.
      Specifically, room temperature nitrogen gas is injected into the arms 62
      and 63 of the optical cavity 58 for cooling and for sweeping high kinetic
      temperature carbon dioxide from the optical cavity. In particular,
      deactivated carbon dioxide diffuses from the active region 65 into the
      respective arms of the optical cavity. The deactivated carbon dioxide has
      a high kinetic temperature which thermally excites the lower laser level
      which consequently begins to absorb radiation from the active volume.
      Eventually, the absorption by the deactivated carbon dioxide would stop
      lasing action.
PAR  The effect of the cooling gas sweeps is shown by the graph of FIG. 5. In
      FIG. 5, gas temperature (kinetic temperature) is plotted as a function of
      distance measured from the central point 66 of the active region along the
      longitudinal axis of the laser arm. Curve 1 shows gas temperature without
      the cool-gas sweeps. Curve 2 shows the gas temperature with the cooling
      gas sweeps. Basically, curves 1 and 2 indicate the distribution of
      thermally excited carbon dioxide along the respective lengths of the
      optical cavity arms with and without the cooling gas sweeps, respectively.
      As shown by curve 1, the gas leaks 72 essentially eliminate thermally
      excited carbon dioxide from all regions of the optical cavity except at
      the downstream edge of the active region. There thermally excited carbon
      dioxide is drawn immediately from the active region by the pump 41.
PAR  The most critical points in the design and construction of the described
      laser system are the inside diameter of the anode and the shape of the
      cathode. Specifically the cathode must be shaped so as to minimize
      stagnation regions near the discharge. Furthermore, it is very important
      that the cathode be accurately centered along the axis of the anode 12.
TBL                                    TABLE 1.                                
     __________________________________________________________________________
     TABLE OF GAIN COEFFICIENTS                                                
     Pump speed - 13 liters/sec                                                
                      Mixing length - 8 mm                                     
     Gain coefficient - at the point of complete mixing                        
     Pressures in torr                                                         
     __________________________________________________________________________
     P.sub.N.sbsb.2                                                            
         P.sub.CO.sbsb.2                                                       
             P.sub.H.sbsb.2                                                    
                 Gain Coefficient (/m)                                         
                              Velocity (cm/sec)                                
                                        Flow Area (cm.sup.2)                   
     __________________________________________________________________________
     40  10  0   28.0         9600      1.35                                   
     40  20  0   41.0         9600      1.35                                   
     40  25  0   44.1         9600      1.35                                   
     40  10  0   27.0         7200      1.81                                   
     40  20  0   38.5         7200      1.81                                   
     40  25  0   40.9         7200      1.81                                   
     40  10  0   26.0         5760      2.26                                   
     40  20  0   36.2         5760      2.26                                   
     40  25  0   38.0         5760      2.26                                   
     40  10  0   24.2         4120      3.16                                   
     40  20  0   32.3         4120      3.16                                   
     40  10  1   24.3         4800      2.7                                    
     40  20  1   29.7         4800      2.7                                    
     __________________________________________________________________________
      The cathode also should be carefully shielded from the copper body of the
      anode to prevent arcing and electrode destruction. Also, air leaks into
      the discharge region should be eliminated to prevent oxidation of the
      electrodes. It is also very important that a good thermal contact be
      established between the copper jacket 13 and the annular molybdenum anode
      such that thermal power deposited by the electrical discharge in the anode
      (anode fall power) can be removed. A particular technique for insuring
      good thermal contact between the jacket 13 and the anode 12 is to extrude
      an annular molybdenum anode into a receptacle drilled into the copper
      jacket having a diameter slightly less than the outside diameter of the
      annular anode (diameter difference equals 0.025 mm).
PAR  Another critical feature of the described laser system relates to the
      plasma jet defined by the spherical and surface 28 of the cathode 11 and
      the annular molybdenum anode 12. In particular, the plasma jet is a
      "non-equilibrium" plasma jet, which means that the kinetic temperature and
      the vibrational or electronic temperatures of the gaseous species emerging
      from the electrical glow discharge region 42 are not in equilibrium, but
      rather have high vibrational or electronic temperatures relative to their
      kinetic temperatures.
PAR  Finally, a heat exchanger would be positioned between the cavity and the
      pump for cooling the gases before circulating them through the pump.
PAR  Table I shows the gain coefficient obtained from the invented carbon
      dioxide-nitrogen gas plasma glow jet laser.
PAC  A CARBON MONOXIDE - NITROGEN PLASMA GLOW JET LASER SYSTEM
PAR  The laser system shown in FIG. 1 can be adapted for operation with carbon
      monoxide. Specifically, in a carbon monoxide system, the carbon monixide
      can be introduced into the system with the nitrogen via the port 18 into
      the plenum 19 and exhausted supersonically therefrom through the annular
      throat 39 and the glow discharge region 42 to create plasma and excited
      gaseous species of both nitrogen and carbon monoxide having high
      vibrational temperatures and low translational or kinetic temperatures
      (hereinafter referred to as the excited gaseous medium). The shock waves
      are induced and damped or attenuated by the tube section of the annular
      anode 12 to enhance turbulent flow in the excited gaseous medium. The
      excited gaseous medium emerges from the tube section of the anode 12 into
      the expansion nozzle and shocks to subsonic flow. The mixing tube 51 can
      be eliminated. The lasing optical cavity 58 defined between the mirrors 59
      and 61 then extracts the vibrational energy stored in the excited gaseous
      medium by stimulated emission. The pump 41 is connected by an exhaust port
      axially aligned with the longitudinal axis of the expansion nozzle 14 to
      exhaust the de-excited lasing species from the active region 65 of the
      optical cavity.
PAR  In more detail, in both the carbon dioxide and carbon monoxide systems an
      exhaust port 73 from the laser system is fluidically coupled to the
      expansion nozzle so as to minimize diffusion and scattering of the excited
      gain medium from the active region of the optical cavity.
PAR  Alternatively, a carbon monoxide - nitrogen system could be operated in
      exactly the same fashion as the carbon dioxide - nitrogen system
      hereinbefore described with the carbon monoxide being injected and mixed
      into the active nitrogen medium by the mixing tube 51.
PAR  A pre-mixed carbon monoxide-nitrogen system has a slight disadvantage in
      that the highest value of gain is obtained along the leading or upstream
      edge of the active region which increases diffraction losses and damages
      mirrors with a consequent loss in laser beam power.. The primary advantage
      of operating a pre-mixed carbon monoxide - nitrogen plasma glow jet laser
      system is that it can be operated as a closed system. Specifically, the
      gases exhausted from the active region can be cooled and recycled back
      through the system. In fact, cooling the nitrogen and carbon monoxide
      gases to approximately liquid nitrogen temperature prior to cycling them
      through the plasma glow jet system is thought to enhance the output of the
      laser in that such cooling greatly decreases the translational or kinetic
      temperature of the gaseous medium.
PAC  A PLASMA GLOW JET HYDROGEN FLUORIDE CHEMICAL LASER SYSTEM
PAR  The basic plasma glow jet laser system described in FIG. I is also suitable
      for generating a continuous wave laser beam from hydrogen fluoride.
      Specifically, the plasma flow jet is utilized to produce non-equilibrium
      plasma and excited nitrogen gaseous species. Gaseous sulfur hexafluoride
      (binding heat of 262 kcal/mole) is mixed into the plasma and excited
      nitrogen gaseous species which supply energy for disassociating the sulfur
      and the fluorine (44 kcal/mole F). Hydrogen gas may be injected with the
      sulfur hexafluoride gas as per the schematic shown in FIG. 11.
      Alternatively, hydrogen gas or a hydrogen rich gas can be injected into
      the flowing stream of plasma, excited nitrogen gaseous species, and
      disassociated sulfur and fluorine species downstream from the injection of
      the gaseous sulfur hexafluoride as shown in the schematic of FIG. 10.
PAR  The fluorine atoms react with the hydrogen gas to form hydrogen fluoride
      releasing 31.7 kcal/mole, a highly energetic chemical reaction. The energy
      released by the chemical reaction is primarily deposited in the
      vibrational energy states of the hydrogen fluoride molecule. The hydrogen
      fluoride molecule has a lasing transition between the second vibrational
      energy level and the first vibrational energy level having a wavelength of
      around 2.8 microns. Also the plasma and excited nitrogen gaseous species
      have very little translational or kinetic energy and very little
      translational or kinetic energy is transferred to the hydrogen fluoride
      molecule, resulting in high operating efficiency.
PAR  However, vibrational energy in the hydrogen fluoride molecule decays very
      rapidly into translational or thermal energy. Accordingly, the basic
      configuration of the plasma glow jet laser system as shown in FIG. 1 would
      have to be modified to allow a flow velocity in the expansion nozzle 14
      and the mixing region at near supersonic velocities. Furthermore, the
      hydrogen and sulfur hexafluoride must be mixed into the flowing plasma and
      excited nitrogen gaseous species within the optical cavity. Further, the
      operating pressure should be kept low (between 3 to 10 torr) to avoid
      excessive collisional relaxation of the lasing vibrational energy state of
      the hydrogen fluoride gain medium.
PAR  Finally, the basic plasma glow jet laser system should be modified such
      that the components of the system in the vicinity of the hydrogen fluorine
      reaction are impervious to fluorine. For example, the components in the
      vicinity of the reaction region can be coated with fluorocarbons such as
      teflon. The gas sweeps established in the arms of the optical cavity would
      be adequate to isolate the reflective mirror surfaces from contamination
      by the fluorine. In addition, in the hydrogen fluoride laser system shown
      in the schematic of FIG. 11, care should be taken to prevent undue erosion
      of the hydrogen gas injector. As shown schematically in FIGS. 11 and 12
      the hydrogen fluoride chemical laser system should include a sulfur and
      hydrogen fluoride trap upstream from the pump leaving primarily hydrogen
      and nitrogen as the exhaust gas.
PAR  The primary advantage of the plasma glow jet hydrogen fluoride chemical
      laser system is that the large discharge specific power (1000 kw/lb.
      mass/sec) of the plasma jet is placed selectively into the vibrational and
      electronic energy states of the nitrogen gas, and the vibrational and
      electronic energy transfer between the sulfur hexafluoride and nitrogen
      gas is highly efficient when compared with a thermal interaction between
      nitrogen and sulfur hexafluoride. Accordingly, high gain coefficients can
      be obtained at relatively low pressures and with a high concentration of
      excited lasing states.
PAC  PLASMA GLOW JET LASER EXCITATION IN THE VISIBLE OR ULTRAVIOLET REGIONS
PAR  The carbon dioxide - nitrogen glow jet laser system depends for its
      operation on the metastable nature of vibrationally excited nitrogen.
      Specifically, the metastable energy level of vibrationally excited
      nitrogen has a long lifetime (minimal collisional deactivation) and can be
      used to store and transport vibrational energy. Electronic energy states
      analogous to the metastable vibrational energy state of nitrogen are the
      metastable energy levels in helium, He(2.sup.3 S.sub.1) and He(2.sup.1
      S.sub.0). The identified metastable energy states of helium have an energy
      of approximately 20 eV above the ground state. The identified helium
      metastable states have a very low rate of radiative decay. They also have
      a relatively large cross-section for production. However, the rate of
      collisional loss increases with the square of the concentration of the
      metastable levels in helium gas. More particularly, the collisional loss
      rate is governed by an equilibrium reaction as follows:
EQU  He(2.sup.3 S.sub.1) + He(2.sup.3 S.sub.1) .revreaction. He.sup.+(1.sup.2
      S.sub.1/2) + He(1.sup.1 S.sub.0) + e-
PAR  In a region having a high electron density and having a high concentration
      of helium in the ground state the equilibrium reaction is driven away from
      metastable loss toward production of helium in the desired metastable
      energy states. Such an environment exists in a non-equilibrium plasma glow
      jet. Also the electron - iron recombination coefficient in helium is
      small. Accordingly, the electrons and ions in the helium excited by the
      plasma glow jet have relatively long lifetimes a factor which also tends
      to drive the equilibrium reaction in favor of the desired metastable
      energy states.
PAR  Accordingly, a plasma glow jet can be utilized to excite a relatively high
      concentration of metastable energy states in helium gas. The energy stored
      in the metastable helium energy states can be used to excite such
      materials as cadmium, selenium, mercury, as well as neon, krypton, xenon
      and argon, all of which have suitable lasting energy transitions.
PAR  FIG. 13 schematically shows a plasma glow jet laser system for metallic
      vapor lasing species utilizing helium gas. Referring to the figure, helium
      gas is excited into the desired metastable electronic energy states by a
      plasma jet having a configuration identical to that shown and described in
      FIG. 1. The excited helium gas flows from the glow discharge region 42 at
      supersonic velocity, exits from the tube section of the annular anode 12
      into the expansion nozzle 14 where it shocks to subsonic velocity.
      Metallic atoms, for example, selenium, cadmium, or mercury, are injected
      into the subsonically flowing excited helium as it emerges from the
      expansion nozzle. An optical cavity 58 is oriented transversely across the
      flowing gas stream immediately downstream from the injector 49. A suitable
      injector for mixing metallic atoms into the flow stream of the excited
      helium would be a porous wire impregnated with, for example, cadmium,
      selenium or mercury. The plasma and excited helium levels heat the wire
      and vaporize the cadmium, selenium or mercury it contains. If additional
      energy is required for vaporizing the cadmium, selenium or mercury a
      suitable electrical circuit can be connected to the respective ends of the
      wire for heating the wire. Alternatively, the cadmium, selenium, or
      mercury could be vaporized and the metallic vapor introduced into the
      flowing plasma and excited helium stream in the same manner that carbon
      dioxide is introduced into the plasma and excited nitrogen gaseous
      species.
PAR  The helium and metallic vapor exhaust from the active region of the optical
      cavity and are circulated through a metallic vapor trap and a cooler to
      reduce the temperature of helium whereupon the helium is recycled by the
      pump back to the plasma jet.
PAR  FIG. 4 shows the relevant levels for a helium - cadmium plasma glow jet
      laser system.
PAR  FIG. 2 schematically shows a plasma glow jet laser system utilizing helium
      and a noble gas lasing species such as argon, neon, krypton, or xenon. In
      the noble gas plasma glow jet laser system the gases are pre-mixed with
      helium being the dominant constituent. The high helium content of the
      working gas results in an efficient excitation because most of the energy
      transferred to the working gases from the glow discharge region goes into
      the metastable energy states of helium and then via the Penning reaction
      directly to the lasing transition excited states of for example, neon gas
      or argon ions. Since the spontaneous emission rate is high from the lasing
      species the optical cavity is located immediately downstream from the glow
      discharge region eliminating the necessity for a tube for inducing and
      damping shock waves and the necessity for an expansion nozzle. The working
      gases are then cycled through a heat exchanger and then recycled back to
      the plasma glow jet.
PAR  The primary advantage of the plasma glow jet noble gas laser system is that
      the non-equilibrium plasma glow jet has an extremely high power density
      which preferentially and efficiently excites the electronic energy states
      in the noble gas atomic or ionic species. Hence, highly efficient noble
      gas lasers can be pumped by the plasma glow jet at pressures ranging from
      1 torr to atmospheric pressure. Further such plasma glow jet noble gas
      lasers of the type schematically shown in FIG. 12 have an extremely high
      gain coefficient which allows small active regions for producing
      continuous wave laser beams having power levels greatly in excess of those
      from conventional noble gas laser systems.
PAC  HIGH PRESSURE CARBON DIOXIDE AND CARBON MONOXIDE PLASMA GLOW JET LASER
      SYSTEMS
PAR  The non-equilibrium plasma glow jet configuration defined by the spherical
      and surface of the cathode and the cylindrical orifice defined by the
      annular anode is also suited for efficiently lasing transitions in carbon
      dioxide and carbon monoxide at near atmospheric pressures. However, the
      relaxation rate of the upper lasing level in such gaseous species due to
      collisional interaction is increased with increasing pressure.
PAR  FIGS. 6, 7, 8 and 9 schematically show a high pressure carbon dioxide
      system. The basic configuration of the plasma glow jet remains identical
      with a cathode 74 having a spherical end surface 76 and an annular anode
      77 for defining the cylindrical orifice. A stable supersonic flow vortex
      is established through the annular throat defined between the cathode 74
      and cylindrical orifice. The gaseous medium is nitrogen. Again, a stable
      glow discharge is established in the downstream region of the cylindrical
      orifice and anchored to the cylindrical walls of the orifice and to the
      center of the spherical surface 76 of the cathode. The glow discharge
      region excites the nitrogen gas into the plasma and gaseous species which
      then flow axially down a chamber 78 having a slightly increasing
      cross-sectional area. Specifically, the cross-sectional area of the
      chamber increases so as to minimize shock wave formation within its
      volume. A mixing bar 79 is disposed centrally across the end of the
      chamber 78. An optical cavity 81 is provided immediately downstream from
      the mixing bar with its axis oriented parallel to the axis of the mixing
      bar 79. The mixing bar is shaped so as to minimize formation of shock
      waves 80 oriented obliquely with respect to the optic axis of the optical
      cavity. To further minimize shock wave degradation of the optical
      properties within the active region 82 of the optical cavity, baffles 83
      are created on the downstream of the cavity inclined so as to prevent
      shock waves from forming in the optical cavity. The baffles also serve to
      spill the de-excited gas from the optical cavity.
PAR  The active species are driven through the high pressure plasma glow jet
      laser system by gas pressurization upstream rather than by pumping at the
      downstream end. The pressure at the upstream end must be sufficient to
      force the working gas, nitrogen, through the system near sonic or just
      above sonic velocities and into the active region 82 of the optical cavity
      which exists at atmospheric pressure absent gas flow into the cavity 81.
      In order to minimize the probability of a sonic shock wave appearing
      upstream in the system, the cross-sectional flow area must be relatively
      small. Accordingly, the active region in the optical cavity is small.
      However, since the non-equilibrium plasma glow jet is capable of creating
      excited gaseous species having an extremely large vibrational energy
      content, the active region will have an extremely high gain coefficient.
      Accordingly, it is possible to obtain laser beams having a relatively high
      power flux.
PAR  Referring now to FIG. 8, the mirrors 84 defining the optical cavity may
      have a large angular divergence with a focal region within the active
      region. This allows the energy flux of the stimulated laser beam to be
      dispersed over a large surface area of the mirrors thereby minimizing the
      probability of mirror damage. Additional optical elements 86 placed
      outside the optical cavity can be utilized to collimate the beam 87
      emerging from the transmitting mirror surface.
PAR  Referring now to FIG. 9, schematically showing a high pressure carbon
      monoxide plasma glow jet laser system, the working gas is a mixture of
      nitrogen and carbon monoxide. The working gas from a high pressure
      container is cooled to liquid nitrogen temperatures then circulated
      through the system. Because the collisional relaxation decay time of the
      upper lasing energy state of carbon monoxide is long relative to that of
      carbon dioxide, it is possible to operate this system at subsonic
      velocity. A subsonic velocity system is preferred since in such a system
      there would be no shock waves which would degrade the optical properties
      of the active region. Since carbon monoxide is a poisonous gaseous medium,
      the high pressure carbon monoxide system should include means for
      collecting the gases exhausting from the active region. Such means could
      include a large cross-section exhaust duct driven by a conventional
      blower.
PAR  Alternatively, high temperature window materials can be utilized to confine
      the flow of the gaseous mediums across the optical cavity and eliminate
      oblique shock waves. In systems utilizing windows to confine the flow
      across the optical cavity, all contaminants which would tend to coat such
      surfaces must be removed from the working gases. Specifically, no oil or
      other such contaminant can be introduced into the system. Finally, such
      high temperature window material must be capable of transmitting a high
      power flux laser beam with minimum distortion and dispersion.
PAC  A PULSE OR CONTINUOUS WAVE AMPLIFYING PLASMA GLOW JET LASER SYSTEM
PAR  The described plasma glow jet laser systems can be modified for amplifying
      a pulse of stimulating radiation. Specifically, a plurality of plasma glow
      jet systems can be utilized to create a plurality of active regions along
      an optical axis. Each of the active regions so provided are isolated from
      each other by a gas sweep established between the regions. The gas sweeps
      both cool and sweep out deactivated gaseous species having high kinetic
      temperatures. Accordingly, absorption between the active regions can be
      kept at minimum levels. In addition, a series of aligned active regions
      produced by a plurality of plasma glow jets can be operated as a
      continuous wave amplifying system. Specifically, a continuous wave
      oscillator optical cavity can be established across one of the active
      regions while the remainder of the active regions amplify the continuous
      wave output from the oscillating cavity.
PAR  While the invented plasma glow jet laser system is described with respect
      to exemplary, representative and schematic embodiments, it should be
      apparent that numerous variations and modifications can be effected within
      the spirit and the scope of the invention as described herein and above
      and as defined and set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high power density laser comprising in combination,
PA1  a. a gaseous medium,
PA1  b. means for inducing axially symmetrical supersonic flow of said gaseous
      medium,
PA1  c. means for establishing an electrical glow discharge having axial
      symmetry across said supersonic flow for converting said gaseous medium
      into supersonically flowing plasma and excited gaseous species having low
      translational temperatures and a population inversion therein, and,
PA1  d. means for stimulating the emission of radiation energy from said flowing
      plasma and excited gaseous species for producing a laser beam.
NUM  2.
PAR  2. The laser of claim 1 wherein said means for inducing axially symmetric
      supersonic flow of said gaseous medium comprises in combination,
PA1  a. a source of said gaseous medium,
PA1  b. a structure defining an annular throat in communication with said
      source, and
PA1  c. means for pumping the gaseous medium from said source through said
      throat at supersonic velocities.
NUM  3.
PAR  3. The laser of claim 2 wherein said source of gaseous medium comprises a
      cylindrical plenum axially aligned with said annular throat and means
      tangentially introducing said gaseous medium into said plenum for inducing
      circular flow of said gaseous medium around the longitudinal axis of said
      plenum, whereby, a stable supersonic vortex flow of said gaseous medium is
      established through said annular throat.
NUM  4.
PAR  4. A high power density laser comprising in combination,
PA1  a. a gaseous medium,
PA1  b. a cylindrical plenum having a structure defining an annular throat at
      one end axially aligned with the longitudinal axis thereof,
PA1  c. means tangentially introducing said gaseous medium into said plenum for
      inducing circular flow of said gaseous medium around the longitudinal axis
      of said plenum,
PA1  d. means for pumping said gaseous medium from said plenum through said
      throat at supersonic velocities, whereby a stable supersonic vortex flow
      of said gaseous medium is established,
PA1  e. means for establishing an axially symmetric electrical glow discharge
      across said stable supersonic vortex flow of said gaseous medium for
      converting said flowing gaseous medium into flowing plasma and excited
      gaseous species having low translational temperatures and a population
      inversion therein,
PA1  f. means for stimulating the emission of radiation energy from said flowing
      plasma and excited gaseous species for producing a laser beam.
NUM  5.
PAR  5. The laser of claim 4 wherein said structure defining said annular throat
      comprises an anode member and a catode member electrically insulated from
      said anode member.
NUM  6.
PAR  6. The laser of claim 5 wherein said means for establishing an electrical
      glow discharge having axial symmetry comprises,
PA1  a. said anode member and said cathode member defining said annular throat,
PA1  b. means establishing an electrical potential between said cathode member
      and said anode member for creating an electrical discharge across said
      annular throat, said supersonic vortex flow of said gaseous medium through
      said throat converting said electrical discharge into a stable glow
      discharge region having axial symmetry immediately downstream from said
      throat whereby said gaseous medium flowing supersonically through the glow
      discharge region is excited into plasma and excited gaseous species
      flowing at supersonic velocities.
NUM  7.
PAR  7. The laser of claim 6 wherein the cathode member is a solid rod having a
      smooth spherical end, said spherical end having a diametric dimension
      greater than said rod, said rod being disposed along the longitudinal axis
      of said plenum and wherein the anode member is an annular sleeve defining
      a cylindrical orifice axially aligned with said rod, said orifice having a
      diametric dimension less than said diametric dimension of said spherical
      end of said rod, said orifice being disposed proximate to said spherical
      end of said rod, whereby an annular throat is defined, and wherein said
      electrical glow discharge region is anchored between the spherical end of
      said rod and the cylindrical wall of said orifice immediately downstream
      from said annular throat.
NUM  8.
PAR  8. The laser of claim 7 wherein said gaseous medium comprises a mixture of
      helium gas and a gas within the class consisting of argon neon, xenon and
      krypton.
NUM  9.
PAR  9. The laser of claim 7 further including means for reducing the flow
      velocities of said plasma and excited gas species from supersonic
      velocities to subsonic velocities.
NUM  10.
PAR  10. The laser of claim 9 wherein said means for reducing the flow
      velocities of said plasma and excited gas species from supersonic
      velocities to subsonic velocities comprises,
PA1  a. a tube integral with said annular sleeve of said anode member axially
      aligned with said cylindrical orifice and having an inside diametric
      dimension equal to that of said orifice for inducing turbulence in said
      plasma and excited gaseous species flowing at supersonic velocities from
      said glow discharge region, said tube having a length adapted for damping
      any induced shock waves, said tube having a constant cross-sectional flow
      area,
PA1  b. an expansion nozzle having an increasing cross-sectional area axially
      aligned with said tube, having an entrance end of equal cross-sectional
      area to that of said tube adapted to receive said plasma and excited gas
      species flowing from said tube, said cross-sectional area of said nozzle
      increasing to a point where flow of said plasma and excited gaseous
      species becomes subsonic, said nozzle having an exhaust end fluidically
      connected to said means for pumping said gaseous medium.
NUM  11.
PAR  11. The laser of claim 10 wherein said means for stimulating the emission
      of radiation energy from said flowing plasma and excited gaseous species
      comprises two spaced-apart reflective surfaces defining an optical cavity
      proximate the exhaust end of said nozzle, said optical cavity being
      oriented angularly with respect to the longitudinal axis of said nozzle,
      said reflective surfaces adapted to reflect stimulated emission radiation
      energy emitted from said plasma and excited gaseous species back and forth
      across said optical cavity for stimulating emission of radiation energy
      from the flowing plasma and excited gaseous species.
NUM  12.
PAR  12. The laser of claim 11 wherein said optical cavity is oriented
      perpendicularly with respect to the longitudinal axis of said nozzle and
      wherein an active region within said optical cavity is provided by said
      plasma and excited gaseous species flowing at subsonic velocities from
      said exhaust end of said nozzle, said active region having a length
      approximately equal to the cross-sectional dimension of the exhaust end of
      said nozzle.
NUM  13.
PAR  13. The laser of claim 12 wherein the optical cavity has a length much
      greater than the length of said active region.
NUM  14.
PAR  14. The laser of claim 13 further including means for sweeping out and
      cooling plasma and gaseous species diffusing and scattering from said
      active region into other regions within said optical cavity.
NUM  15.
PAR  15. The laser of claim 14 wherein one of said reflective surfaces defining
      said optical cavity is adapted to partially transmit stimulated emission
      radiation energy from said plasma and excited gas species whereby a laser
      beam emerges from said optical cavity.
NUM  16.
PAR  16. The laser of claim 15 wherein said optical cavity has two axially
      aligned tubular arms oppositely extending from said active region, each
      tubular arm having a distal end, said reflective surfaces being mounted at
      the respective distal ends of said tubular arms, and wherein said means
      for sweeping out and cooling plasma and gaseous species diffusing and
      scattering from said active region comprises a gas leak into said
      extending arms proximate the distal ends thereof whereby a cooling and
      sweeping gas flow is established in the tubular arms from the distal ends
      thereof toward said active region, all gaseous species being exhausted
      from said optical cavity by said means for pumping said gaseous medium
      fluidically connected to said exhaust end of the expansion nozzle. on
      nozzle.
NUM  17.
PAR  17. The laser of claim 16 wherein said gaseous medium comprises a mixture
      of nitrogen gas and carbon monoxide gas.
NUM  18.
PAR  18. A high power density laser comprising in combination,
PA1  a. a gaseous medium,
PA1  b. a cylindrical plenum having a structure defining an annular throat at
      one end, axially aligned with the longitudinal axis thereof,
PA1  c. means tangentially introducing gaseous medium into said plenum for
      inducing circular flow of said gaseous medium around the longitudinal axis
      of said plenum,
PA1  d. means for pumping said gaseous medium from said plenum through said
      throat at supersonic velocities, whereby, a stable supersonic vortex flow
      of said gaseous medium is established.
PA1  e. means for establishing an axially symmetric electrical glow discharge
      across said stable supersonic vortex flow of said gaseous medium for
      converting said flowing gaseous medium into flowing plasma and excited
      gaseous species having low translational temperatures,
PA1  f. a gaseous lasing species,
PA1  g. means for introducing said lasing species into said flowing plasma and
      excited gaseous species, whereby, a population inversion is excited in a
      lasing energy state of said lasing species by collisional interaction with
      said plasma and excited gaseous species,
PA1  h. means for stimulating the emission of radiation energy from said excited
      lasing species for producing a laser beam.
NUM  19.
PAR  19. The laser of claim 18, wherein said gaseous medium is helium gas and
      said lasing species are metallic vapors of the class consisting of
      cadmium, selenium and mercury.
NUM  20.
PAR  20. The laser of claim 18 wherein said structure defining said annular
      throat comprises an anode member and a cathode member electrically
      insulated from said anode member.
NUM  21.
PAR  21. The laser of claim 20 wherein said means for establishing an electrical
      glow discharge having axial symmetry comprises,
PA1  a. said anode member and said cathode member defining said annular throat,
PA1  b. means establishing an electrical potential between said cathode member
      and said anode member for creating an electrical discharge across said
      annular throat, said supersonic vortex flow of said gaseous medium through
      said throat converting said electrical discharge into a stable glow
      discharge region having axial symmetry immediately downstream from said
      throat whereby said gaseous medium flowing supersonically through the glow
      discharge region is excited into plasma and excited gaseous species
      flowing at supersonic velocities.
NUM  22.
PAR  22. The laser of claim 21 wherein the cathode member is a solid rod having
      a smooth spherical end, said spherical end having a diametric dimension
      greater than said rod, said rod being disposed along the longitudinal axis
      of said plenum and wherein the anode member is an annular sleeve defining
      a cylindrical orifice axially aligned with said rod, said orifice having a
      diametric dimension less than said diametric dimension of said spherical
      end of said rod, said orifice being disposed proximate to said spherical
      end of said rod, whereby an annular throat is defined, and wherein said
      electrical glow discharge region is anchored between the spherical end of
      said rod and the cylindrical wall of said orifice immediately downstream
      from said annular throat.
NUM  23.
PAR  23. The laser of claim 22 further including means for reducing the flow
      velocities of said plasma and excited gas species from supersonic
      velocities to subsonic velocities.
NUM  24.
PAR  24. The laser of claim 23 wherein said means for reducing the flow
      velocities of said plasma and excited gas species from supersonic
      velocities to subsonic comprises,
PA1  a. a tube integral with said annular sleeve of said anode member axially
      aligned with said cylindrical orifice and having an inside diametric
      dimension equal to that of said orifice for inducing turbulence in said
      plasma and excited gaseous species flowing at supersonic velocities from
      said glow discharge region, said tube having a length adapted for damping
      any induced shock waves, said tube having a constant cross-sectional flow
      area,
PA1  b. an expansion nozzle having an increasing cross-sectional area axially
      aligned with said tube, having an entrance end of equal cross-sectional
      area to that of said tube adapted to receive said plasma and excited gas
      species flowing from said tube, said cross-sectional area of said nozzle
      increasing to a point where flow of said plasma and excited gaseous
      species becomes subsonic, said nozzle having an exhaust end fluidically
      connected to said means for pumping said gaseous medium.
NUM  25.
PAR  25. The laser of claim 24 wherein said means for stimulating the emission
      of radiation energy from said flowing plasma and excited gaseous species
      comprises two spaced-apart reflective surfaces defining an optical cavity
      being oriented angularly with respect to the longitudinal axis of said
      nozzle, said reflective surfaces adapted to reflect stimulated emission
      radiation energy emitted from said excited lasing species back and forth
      across said optical cavity for stimulating radiation of energy.
NUM  26.
PAR  26. The laser of claim 25 wherein said optical cavity is oriented
      perpendicularly with respect to the longitudinal axis of said nozzle and
      wherein an active region within said optical cavity is provided by said
      plasma and excited gaseous species flowing at subsonic velocities from
      said exhaust end of said nozzle, said active region having a length
      approximately equal to the cross-sectional dimension of the exhaust end of
      said nozzle.
NUM  27.
PAR  27. The laser of claim 26 wherein said means for introducing said lasing
      species comprises means for injecting and rapidly mixing said lasing
      species into said subsonic flow of plasma and excited gaseous species
      flowing from said exhaust end of said nozzle.
NUM  28.
PAR  28. The laser of claim 27 wherein said means for rapidly mixing said lasing
      species uniformly into said flow of plasma and excited gaseous species
      includes the combination of,
PA1  a. the tube integral with said annular sleeve of said anode member which
      induces and damps shock waves in said plasma and excited gaseous species
      flowing at supersonic velocity from said discharge region,
PA1  b. the expansion nozzle which reduces the flow of plasma and excited
      gaseous species from said tube to subsonic velocities, whereby a highly
      turbulent subsonic flow region is established in said flowing plasma and
      gaseous species proximate said exhaust end of said expansion nozzle,
PA1  c. means disposed within said expansion nozzle for injecting said lasing
      species into said highly turbulent subsonic flow region of said plasma and
      excited gaseous species said means being proximate the exhaust end of said
      expansion nozzle.
NUM  29.
PAR  29. The laser of claim 28 wherein said gaseous medium is nitrogen gas and
      said lasing species is hydrogen fluoride and wherein said means for
      injecting and rapidly mixing said lasing species uniformly into said flow
      of plasma and excited gaseous species comprises means for injecting a
      mixture of hydrogen gas and sulfur hexafluoride gas whereby said plasma
      and excited gaseous species cause said sulfur hexafluoride gas molecules
      to disassociate into fluorine and sulfur, whereupon fluorine reacts with
      said hydrogen gas, said hydrogen fluoride molecule being in an excited
      vibrational state suitable for lasing.
NUM  30.
PAR  30. The laser of claim 28 wherein said means for injecting said species
      comprises at least one hollow mixing bar, disposed parallel to said
      central longitudinal axis of said optical cavity across the exhaust of
      said nozzle perpendicular to the longitudinal axis of said nozzle, said
      bar having a plurality of small diameter ports along its length, and means
      for pumping said species into said hollow bar and out said ports.
NUM  31.
PAR  31. The laser of claim 30 wherein said ports along the length of said
      mixing bar include a first row of ports each having an axis inclined
      upwardly with respect to a horizontal plane defined by said bar and a
      second row of ports each having an axis inclined downwardly with respect
      to said plane defined by said bar whereby two plumes of lasing species are
      injected into said highly turbulent subsonic flow region of said plasma
      and excited gaseous species.
NUM  32.
PAR  32. The laser of claim 31 wherein the optical cavity has a length much
      greater than the length of said active region.
NUM  33.
PAR  33. The laser of claim 32 further including means for sweeping out and
      cooling plasma and gaseous species diffusing and scattering from said
      active region into other regions within said optical cavity.
NUM  34.
PAR  34. The laser of claim 33 wherein one of said reflective surfaces defining
      said optical cavity is adapted to partially transmit stimulated emission
      radiation energy from said lasing gas species whereby a laser beam emerges
      from said optical cavity.
NUM  35.
PAR  35. The laser of claim 34 wherein said optical cavity has two axially
      aligned tubular arms oppositely extending from said active region, each
      tubular arm having a distal end, said reflective surfaces being mounted at
      the respective distal ends of said tubular arms, and wherein said means
      for sweeping out and cooling plasma and gaseous species diffusing and
      scattering from said active region comprises a gas leak into said
      extending arms proximate the distal ends thereof whereby a cooling and
      sweeping gas flow is established in the tubular arms from the distal ends
      thereof toward said active region, all gaseous species being exhausted
      from said optical cavity by said means for pumping said gaseous medium
      fluidically connected to said exhaust end of the expansion nozzle.
NUM  36.
PAR  36. The laser of claim 35 further defined in that said bar has a circular
      cross-section and a diametric dimension, d, and is disposed across said
      expansion nozzle such that the maximum normal distance between the outside
      surface of said circular bar and said exhaust end of said expansion nozzle
      is equal to said diametric dimension, d.
NUM  37.
PAR  37. The laser system of claim 36 further defined in that said annular
      sleeve defining said cylindrical orifice of said anode member and said
      tube integral therewith are composed of a material having a melting point
      in excess of 2500.degree.K.
NUM  38.
PAR  38. The laser of claim 37 wherein said annular sleeve and tube integral
      therewith is surrounded by an annular copper jacket having a cooling
      annulus, and means for circulating a coolant through said cooling annulus.
NUM  39.
PAR  39. The laser of claim 38 further defined in that said expansion nozzle is
      integral with said copper jacket.
NUM  40.
PAR  40. The laser of claim 39 further defined in that said cathode member is
      composed of a high melting point electron emissive material of the class
      consisting of thorium-tungsten alloys and tungsten.
NUM  41.
PAR  41. The laser of claim 40 further including means for adjusting the
      position of said spherical end of said cathode with respect to said
      cylindrical orifice.
NUM  42.
PAR  42. The laser system of claim 41 further defined in that said gaseous
      medium is nitrogen and said lasing species is carbon dioxide gas and
      hydrogen gas.
NUM  43.
PAR  43. The laser of claim 42 wherein the partial pressure of plasma and
      excited nitrogen gaseous species ranges between 20 to 100 torr and wherein
      the partial pressure of said carbon dioxide gaseous species in said active
      region ranges between 10 to 100 torr and wherein the partial pressure of
      hydrogen in said active region ranges between 0 and 2 torr.
NUM  44.
PAR  44. A gas laser comprising in combination,
PA1  a. a gaseous laser gain medium,
PA1  b. means for establishing a stable supersonic non-equilibrium plasma glow
      jet flow of said gaseous medium and establishing an axially symmetric
      electrical glow discharge across said supersonically flowing gain medium
      for exciting high vibrational and electronic temperatures and low
      translational temperatures in the gain medium creating a population
      inversion therein,
PA1  c. means for stimulating the emission of radiation energy from said excited
      gain medium.
NUM  45.
PAR  45. The laser of claim 44 wherein said gaseous gain medium is flowing and
      has pressure varying from 200 torr to 800 torr, and said means for
      stimulating is an optical resonant cavity which is oriented transversely
      with respect to gas flow.
NUM  46.
PAR  46. The laser of claim 45 wherein said laser includes means for minimizing
      shock waves in the flowing gain medium within the stimulating area.
NUM  47.
PAR  47. The laser of claim 46 wherein said gaseous gain medium comprises a
      mixture of nitrogen and carbon monoxide.
NUM  48.
PAR  48. A gas laser comprising in combination,
PA1  a. a gaseous medium,
PA1  b. means for establishing stable supersonic non-equilibrium plasma glow jet
      flow of said gaseous medium and establishing an axially symmetric
      electrical glow discharge across said supersonically flowing medium for
      exciting high vibrational and electronic temperatures and low
      translational temperatures in said gaseous medium,
PA1  c. means for introducing lasing gaseous species into said gaseous medium,
      whereby, a population inversion is excited in a lasing energy state of
      said lasing species by collisional interaction with said excited gaseous
      medium,
PA1  d. means for stimulating the emission of radiation energy from said gaseous
      lasing species.
NUM  49.
PAR  49. Laser of claim 48 wherein said gaseous medium has a pressure varying
      from 200 torr to 800 torr and said means for stimulating is an optical
      resonant cavity which is oriented transversely with respect to the
      direction of gas flow.
NUM  50.
PAR  50. The laser of claim 49 wherein said optical cavity includes means for
      minimizing shock waves in the flowing gaseous species within the
      stimulating area.
NUM  51.
PAR  51. The laser of claim 49 wherein said gaseous medium comprises nitrogen
      and said gaseous lasing species comprises carbon dioxide.
NUM  52.
PAR  52. The laser of claim 51 wherein said plasma glow jet excites nitrogen
      into a metastable vibrational level and wherein said excited nitrogen
      excites said carbon dioxide by collisional interaction.
NUM  53.
PAR  53. The laser of claim 52 wherein said carbon dioxide is injected into said
      excited nitrogen immediately adjacent to the stimulating area.
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ABST
PAL  An optical pumping system employs a first concave reflector for collecting
      solar energy and directing it toward a second concave reflector facing the
      first reflector in confocal relation therewith. The resulting collimated
      solar beam is redirected toward the first reflector and intercepted by a
      third reflector having planar walls that diverge toward the second
      reflector at equal acute angles to the common optical axis of the first
      and second reflectors; the third reflector causes the intercepted beam to
      uniformly excite a laser positioned along the optical axis between the
      diverging walls of the third reflector.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a system for optical pumping of lasers with solar
      energy, such system being particularly useful in space and terrestrial
      telecommunications.
PAR  Several types of systems for optically pumping lasers with solar energy are
      known. In one such system, a solar-energy collecting concave mirror, a
      correcting optical system, and a cencentrating sapphire lens designed for
      introducing solar energy in the working medium of the laser are
      successively disposed along an optical axis. In another such system, the
      collecting concave mirror faces a light guide in the form of a truncated
      sapphire cone, the smaller base of which contacts a sapphire cylinder
      which contains the working medium of the laser.
PAR  Besides being extremely complicated, such existing systems exhibit
      nonuniform pumping of the laser working medium and require prescribed
      geometric dimensions of such working medium.
PAC  SUMMARY OF THE INVENTION
PAR  The optical pumping system of the invention avoids these disadvantages and
      provides relatively simple facilities whereby the working medium of the
      laser may be pumped substantially uniformly, regardless of its geometrical
      dimensions.
PAR  In one illustrative embodiment, for optical pumping of lasers with solar
      energy, a first collecting concave mirror faces a second concave mirror
      having a common focus therewith. A third relector is disposed intermediate
      the first and second mirros on their common optical axis. The third
      reflector has planar walls which diverge toward the second reflector and
      between which the laser is coaxially supported.
PAR  In an alternative embodiment, the third reflector is disposed behind the
      first reflector in alignment with a central aperture in such first
      reflector.
PAR  In order to direct the working beam of the laser in a direction parallel to
      the optical axis, the second mirror may also be provided with a central
      aperture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention, reference should be made to
      the accompanying drawing, in which:
PAR  FIG. 1 is a pictorial representation of a first embodiment of a system for
      optically pumping a laser with solarenergy in accordance with the
      invention, wherein a third reflector is disposed intermediate first and
      second confocal concave reflectors; and
PAR  FIG. 2 is a pictorial representation of a modification of a portion of FIG.
      1 wherein the third reflector is disposed behind the first reflector in
      alignment with a central aperture in the first reflector.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, the improved optical pumping system of the
      invention includes a first concave reflector 1 (e.g. a mirror) for
      collecting solar rays represented at 11 and directing them toward a second
      concave reflector 2. The reflector 2 faces the first reflector and is
      spaced therefrom along an optical axis 8. The reflector 2 is provided with
      a central aperture 12 for permitting passage of a beam generated by a
      laser represented by a quartz tube 6 of any suitable shape surrounding a
      laser working medium 7. The mirror 2 is provided with cooling facilities
      represented at 3.
PAR  The reflector 2 is disposed in confocal relation with the reflector 1, and
      serves to collimate the solar beam directed thereto from the reflector 1
      and to thereafter direct the collimated beam back toward the reflector 1.
      The re-directed beam is intercepted by a third reflector 4 which, in the
      embodiment of FIG. 1, is disposed on the optical axis intermediate the
      reflectors 1 and 2. The reflector 4 is also provided with cooling
      facilities represented at 5.
PAR  The reflector 4 has a pair of planar walls 13 and 14 which diverge toward
      the reflector 2 and form equal acute angles to the axis 8. As shown, the
      laser 6,7 is supported between walls 13, 14 so that its working medium may
      be substantially uniformly excited throughout its entire length by the
      solar rays from the mirror 2 that are intercepted and re-directed by the
      reflector 4 toward the laser. The uniformly excited laser emits a beam
      which exits from the system through the aperture 12 in the reflector 2.
PAR  In an alternative arrangement shown in FIG. 2, the reflector 4 is
      positioned behind the reflector 1 to receive a portion of the collimated
      beam of the reflector 2 (FIG. 1) via a central aperture 16 in the
      reflector 1.
PAR  In the foregoing, the invention has been described in connection with
      preferred arrangements thereof. Many variations and modifications will now
      occur to those skilled in the art. It is accordingly desired that the
      scope of the appended claims not be limited to the specific disclosure
      herein contained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a system for optically pumping a laser with solar energy, a first
      concave reflector supported about an optical axis for collecting solar
      energy, a second concave reflector facing a front surface of the first
      reflector and disposed in confocal relation with the first reflector about
      the optical axis, a third reflector spaced from the second reflector in a
      direction toward the first reflector, the third reflector comprising a
      pair of planar walls diverging toward the second reflector at
      substantially equal acute angles to the optical axis, and means for
      supporting the laser on the optical axis between the diverging walls of
      the third reflector.
NUM  2.
PAR  2. A system as defined in claim 1, in which the third reflector is centered
      on the optical axis.
NUM  3.
PAR  3. A system as defined in claim 2, in which the third reflector is disposed
      intermediate the first and second reflectors on the optical axis.
NUM  4.
PAR  4. A system as defined in claim 2, in which the first reflector has a
      central aperture extending axially from the front surface to an opposite
      rear surface thereof, and in which the third reflector is rearwardly
      spaced from the central aperture of the first reflector.
NUM  5.
PAR  5. A system as defined in claim 1, in which the second reflector has a
      central aperture.
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ABST
PAL  An injection semiconductor laser having an active region normal to the
      reflecting surfaces includes an ohmic metal film on the side of the heat
      sink near the active region. The ohmic metal film is plated with a layer
      of a thermally conductive material. The shape and dimensions of the plated
      layer are selected to protect the laser from being damaged when the laser
      device is bonded to the heat sink, and also to prevent light rays emerging
      through one of the reflecting surfaces from impinging on the surface of
      the heat sink.
BSUM
PAR  The present invention relates generally to semiconductor lasers, and more
      particularly to stripe-geometry injection semiconductor lasers.
PAR  Continuous laser oscillation has recently been achieved at room temperature
      by the use of a double heterostructure laser. The life of the laser
      element has been extended by those working in this area of technology,
      such as the inventors hereof, and by the staff of Bell Telephone
      Laboratories. A continous laser oscillation of over 10,000 hours, with an
      output in the order of 10 milliwatts, is expected. Various types of
      stripe-geometry semiconductor lasers have recently been introduced which
      have contributed to an improvement in the control of oscillation modes.
      Despite these efforts, however, no practical injection semiconductor laser
      has yet been developed, and several problems in such lasers still remain
      unsolved.
PAR  One problem is the excess stress exerted on the laser element while the
      element is being bonded to the heat sink in the packaging process, which
      reduces the life of the laser element. Another problem is the low lasing
      efficiency. In the stripe-geometry semiconductor laser, the active region
      is only several microns away from the heat sink, with the result that the
      output laser beam generated under a controlled mode impinges upon the
      surface of the heat sink and is dispersed, causing a complicated
      interference fringe. Moreover, the optical properties of the output laser
      beam are deteriorated and the efficiency of light coupling into a path of
      glass fibers is lowered. One solution to this problem has recently been
      proposed in which a heat sink comprising an ohmic metal film plated with
      gold, thick enough and longer than the laser element, is used.
PAR  A second problem, however, has not been solved as yet, except for
      laboratory experiments in which diamond heat sink is used. Since the edges
      of the diamond heat sink can be processed to strict squares, the laser
      element can be mounted on the heat sink with its reflecting end flush with
      an end of the heat sink. This approach, although useful in avoiding the
      dispersion of laser light, is impractical because of difficulties in the
      control of mounting accuracy. If the reflecting laser end is recessed
      behind the edge of the heat sink even to a very slight amount, the output
      laser beam is inevitably dispersed. If, on the other hand, the laser
      element is positioned several tens of microns over the edge of the heat
      sink, heat dissipation from the laser element is hampered and the junction
      temperature rises so high that the laser becomes unable to sustain
      continuous oscillation, and the structural stability of the element is
      deteriorated. Since, particularly in double heterojunction lasers, the
      beamdiverging angle in the direction normal to the junction plane is as
      large as about 60.degree. to 80.degree. at a point where the laser output
      is half its maximum value, the laser element, when mounted, must have its
      reflecting end controlled to come several microns inside an edge of the
      heat sink. In practice, such high accuracy can hardly be maintained in the
      mounting process. In addition, the prior art heterojunction lasers are
      impractical in view of achieving reproducibility.
PAR  It is an object of the invention to provide an injection semiconductor
      laser element having a layer which is capable of efficiently dissipating
      heat from the element and protecting the laser element from being damaged
      when it is mounted on a heat sink.
PAR  With this and other objects in view, the invention provides an injection
      semiconductor laser element having a thermally conductive layer which is
      not longer than the laser resonator and is capable of efficiently
      dissipating heat from the element. According to the invention, the
      thermally conductive layer is formed on the laser element so that an
      output laser beam emerging at an angle of divergence of about 60.degree.
      to 80.degree. is least dispersed, without the need for strictly
      controlling the positioning of the laser element on the heat sink.
      Furthermore, the thermally conductive layer is thick enough to prevent an
      excess stress from being exerted on the laser element during the mounting
      of the laser element into a package. The thickness of the thermally
      conductive layer is determined not to lower the heat sink efficiency.
PAR  One typically known double heterojunction laser includes an n-type Al.sub.x
      Ga.sub.1.sub.-x AS layer about 5 microns thick, a p-type GaAs layer
      (active layer) about 0.2 micron thick, a p-type Al.sub.x Ga.sub.1.sub.-x
      As layer about 2 microns thick, and a p-type GaAs layer about 1 micron
      thick. These layers are formed in succession by epitaxial growth on an
      n-type GaAs substrate about 80 microns thick. An ohmic metal film of Au-Sn
      or Au-Ge is installed on the n-type GaAs substrate, and another ohmic
      metal film of chromium about 0.1 micron thick is formed on the p-type GaAs
      layer. This ohmic metal film is coated with a protective film of gold
      which is about 1 to 2 microns thick. A laser resonator is formed by
      cleaving the crystal layers together with the metal films. The gold film
      on the side of the p-type GaAs layer is bonded to a heat sink (also a
      positive electrode) by tin-soldering or by Au to Au thermocompression
      bonding. The heat sink is made of a material such as copper or diamond. A
      lead wire for the negative electrode is bonded to the ohmic metal film on
      the side of the n-type GaAs layer. In this structure, the distance between
      the heat sink and the p-type GaAs active layer is about 4 to 5 microns.
      When the angle of output beam divergence is 60.degree. to 80.degree., the
      laser element must be mounted with its end surface recessed by 5 to 6
      microns within an edge of the heat sink in order to prevent the output
      laser beam from being heavily dispersed by the surface of the heat sink.
      Accuracy of mounting of this high order can rarely be maintained by the
      presently known techniques, with the result that reproducibility and
      productivity of injection semiconductor lasers remain low. Furthermore, in
      practice, it is nearly impossible to process the heat sink to form a
      flawless right-angle edge, which should lie only several microns off the
      edge of the laser element.
PAR  If the gold layer on the p-type GaAs layer is made as thick as 10 to 20
      microns instead of 1 to 2 microns, the active layer becomes remote from
      the heat sink and reduces the difficulty in positioning the laser element
      exactly on the heat sink. On the other hand, however, the gold layer is so
      thick that it is impossible to cleave this layer together with the crystal
      layers. If the cleavage is forced, the gold layer will be torn.
PAR  To maintain good heat dissipation, the laser element must have widest and
      closest contact with the surface of the heat sink through the 1 to 2
      microns thick gold film in the neighborhood of the region where current is
      applied. Otherwise, the thermal resistance of the element becomes too high
      for continuous oscillation. Furthermore, when the laser element is bonded
      to the heat sink by way of the 1 to 2 micron thick gold layer, a large
      stress is exerted on the laser element when the bonding temperature is
      lowered to room temperature in the bonding process. This is because the
      expansion coefficient is different in the crystal layers, gold film,
      soldered metal, and heat sink. This stress deteriorates the
      characteristics of the laser element and reduces the life of the element.
PAR  The purpose of the heat sinking gold layer formed at room temperature, as
      experimented on a Gunn diode and on an IMPATT diode, is to preclude the
      stress produced in the bonding process and to allow the laser element to
      have close contact with the heat sink layer. More specifically, this heat
      sink layer is constituted of an ohmic metal layer which is plated with
      gold 1 mm square and several hundred microns thick. The heat sink is
      installed on an element of about 200 microns in diameter. The element is
      then mounted on a large heat sink by way of the gold heat sink layer. In
      this structure, the ohmic metal layer is in closest contact with the heat
      sink layer. Ideally, therefore, the injection semiconductor laser element
      should be provided with a gold-plated layer capable of preventing the
      output laser beam from being dispersed without deteriorating the thermal
      dissipation characteristic of the laser element.
PAR  To this effect, it is necessary that the ohmic metal layer be plated with
      gold that is not longer than the laser resonator, and that the distance
      between the end of the gold-plated layer and the reflecting end of the
      resonator be determined not to cause the thermal resistance to exceed a
      value where continuous oscillation becomes inoperable. Roughly, this
      requirement is satisfied when the condition .DELTA.L/L.ltoreq.0.1 (where L
      stands for the length of the resonator, and .DELTA.L the distance between
      the reflecting end of the resonator and the end of the gold layer) is
      established. In practice, if .DELTA.L is too large, the temperature of the
      active region in the area having no contact with the thick gold layer is
      raised, the absorption is increased, the gain is reduced, and the
      threshold is increased, to make continous oscillation impracticable. As
      for pulse oscillation, if the pulse repetition rate or duty factor is not
      so large as to appreciably elevate the temperature, then the laser element
      may be considered practicable even when the condition
      .DELTA.L/L.ltoreq.0.1 is not satisfied.
PAR  Stripe-geometry semiconductor lasers having the oscillation region limited
      to a stripe-shaped region are in use with the aim to reduce thermal
      resistance, control the traverse mode, and limit operating current, thus
      facilitating continuous oscillation. When the thickness of the gold-plated
      layer is greater than the width of the stripe region, a heat stream from
      the stripe region spreads in the gold layer and becomes wider than the
      width of the stripe region to a distance about the same as the width of
      the stripe. This is why it is not necessary for the gold layer to be
      brought into strictly close contact with the heat sink under a high
      pressure.
PAR  Substantially high efficiency of heat dissipation can be obtained when the
      thickness of the gold layer is larger than about one-third the width of
      the stripe, i.e., larger than 3 to 7 microns for a 10 to 20 micron wide
      stripe, for example, depending on the state of contact between the gold
      layer and the heat sink.
PAR  The ohmic metal layer is plated with gold at about room temperature, which
      prevents stress due to the difference in the thermal expansion
      coefficients between the laser element and the gold layer. Because the
      gold layer is thick enough, the laser element is well protected from the
      influence of thermal stress produced as a result of the temperature rise
      in the process of bonding the laser element to the heat sink. As a result,
      the life of the laser element is extended. According to the invention, the
      thickness of the gold layer should be about several microns for desirable
      laser characteristics.
PAR  In this structure, the distance between the active layer and the heat sink
      is extended and the ohmic metal layer is plated with gold to a length
      equal to or shorter than that of the resonator. As a result, the laser
      element can easily be mounted in position without the need to take care to
      prevent the output laser beam from being dispersed due to the heat sink,
      as opposed to the prior art arrangement in which the reflecting end of the
      resonator must be located 5 to 6 microns behind the edge of the heat sink.
      According to the invention, the resonator is mounted on the heat sink so
      that its reflecting end is located 3 to 4 microns behind the edge of the
      heat sink. The length on this recess corresponds to the distance between
      the ohmic metal layer and the active layer, plus the thickness (t) of the
      gold layer. For example, when the width (W) of the stripe region is 15
      microns, it is sufficient for the thickness of the gold-plated layer to be
      about 20 microns for good heat sinking. When the length (L) of the
      resonator is 300 microns, the heat dissipation characteristic can remain
      nearly unaffected on the condition that .DELTA.L = 20 microns. Hence, when
      the reflecting end of the laser element is located about 25 microns inside
      the edge of the heat sink, the output laser beam can be prevented from
      being dispersed by the heat sink. In a practical laser element, the end of
      the gold layer is about 45 microns distant from the edge of the heat sink.
      This mounting condition is readily feasible, assuring substantial
      reproducibility.
PAR  The minimum thickness of the gold layer, which will require close contact
      between the laser element and the heat sink in the mounting process, is
      roughly several microns, depending on the width of the stripe region and
      the mounting conditions. It is desirable that the distance between the end
      of the gold layer and the reflecting end of the laser element be one-tenth
      of the length of the resonator.
PAR  Various methods are available to realize this laser element. In one method,
      the plating is achieved by vapor deposition and is shaped by selective
      etching techniques. This method, however, is not very practical. A method
      that is most desirable to achieve increased reproducibility and
      productivity is one in which only the necessary part is selectively
      plated. More specifically, to preclude the portion that is not to be
      plated, a photoresist film, such as that known in transistor and IC
      technology, is formed. A sputtered silicon dioxide film may also be used
      for this purpose. Metals such as aluminum and copper have recently become
      available for use as the plating material. According to the invention, any
      metal may be used for this purpose as long as the metal has a high thermal
      conductivity.
DRWD
PAR  The invention will be described in more detail by referring to the
      accompanying drawings in which:
PAR  FIGS. 1 through 3 are perspective views illustrating steps of fabricating
      laser elements according to the invention;
PAR  FIG. 4 is a perspective view showing a semiconductor laser pellet provided
      according to the invention; and
PAR  FIG. 5 is a cross-sectional view taken along the line A--A' of FIG. 4 of a
      semiconductor laser pellet and a heat sink for illustrating an embodiment
      of the invention.
DETD
PAR  FIGS. 1- 3 illustrate the steps employed in the fabrication of a planar
      stripe-geometry laser element having a double heterostructure and
      including a metal layer thickly plated with gold.
PAR  In FIG. 1, an n-type Al.sub.0.3 Ga.sub.0.7 As layer 2 about 5 microns
      thick, a p-type GaAs layer 3 (active layer) about 0.2 micron thick, a
      p-type Al.sub.0.3 Ga.sub.0.7 As layer 4 about 2 microns thick, and an
      n-type GaAs layer 5 about 1 micron thick, are formed in succession by
      known continuous liquid-phase epitaxial techniques on an n-type GaAs
      substrate 1 having a [100] plane, about 80 microns thick. Stripe-shaped
      p-type Zn-diffused regions 6 each of which is 20 microns wide and
      perpendicular to the cleavage direction are formed at intervals of 200
      microns across the laser crystal element through the n-type GaAs layer 5
      to the p-type Al.sub.0.3 Ga.sub.0.7 As layer 4 so that planar
      stripe-geometry laser pellets, each of which is 20 microns wide, are
      formed. An ohmic electrode 7 such as of chromium 0.1 micron thick for the
      diffused region 6 is formed on the entire surface thereof, and a
      protective film of gold 1.5 microns thick is deposited on the chromium
      layer. An Au-Ge (12 percent) layer 8 to serve as an ohmic electrode about
      1 micron thick is formed on the n-type GaAs substrate 1, and a protective
      film of gold 1 micron thick is formed on the ohmic electrode layer 8. A
      positive type photoresist film 9, known commercially as Az-340, is applied
      onto the ohmic electrode 7 with a thickness of about 15 microns.
PAR  In FIG. 2, the photoresist film 9 is removed except at linear portions 10
      each of which is 20 microns wide and spaced 200 microns from each other,
      thereby forming a lattice pattern. This process is carried out by known
      exposure, development and fixing techniques. Regions 11, each of which is
      180 microns square with the photoresist removed, are formed so that a
      diffused stripe region 6 is located in the center of each region 11. The
      portions 10 where the photoresist film remains are oriented to the
      cleavage direction &lt;110&gt; of the crystal. The regions 11 are plated with
      gold by the use of a plating solution, such as that made by Japan
      Electroplating Engineers Ltd. In the electroplating method, the laser
      crystal is negative and the platinum electrode is positive in polarity.
      First, the laser element is placed in a strike solution for preliminary
      plating at a current density of 10 mA/cm.sup.2 at a temperature of
      40.degree.C. Then the element is placed in the gold-plating solution,
      BDT-200, for plating at a current density of 4 mA/cm.sup.2 at a
      temperature of 50.degree.C. During this process, the solution is stirred.
      The plating speed is 13 .mu.m/hour, at which the desired thickness of the
      gold layer is obtained in a predetermined time.
PAR  The plated gold should not be much thicker than the photoresist film at
      portions 10, or else the regions 11 will become inseparable from each
      other or linked to each other. The thickness of the gold film is
      preferably less than approximately 10 microns greater than that of the
      photoresist film.
PAR  The current density specified for the gold plating operation is the optimum
      value. At a current density that varies significantly from this value, the
      surface of the plated layer will become rough and non-uniform. A gold
      layer 12 (FIG. 3) about 20 microns thick is obtained on the region 11 by
      carrying out this plating process for about 1.5 hours.
PAR  FIG. 3 shows the laser structure after the completion of the gold plating
      process in which the remaining photoresist film 10 has been removed by
      acetone to leave regions 10; whereby regions 12 plated with gold about 20
      microns thick, each being 180 microns square and spaced 20 microns from
      each other, are formed.
PAR  FIG. 4 shows a laser pellet obtained by separating the laser crystal
      element shown in FIG. 3, by cleavage along the center of region 10' (FIG.
      3) of 20 microns in width, which are not plated with gold. When a pulse
      current of a value above the threshold is supplied to the pellet, laser
      oscillation occurs in the active region 15 below the Zn-diffused region 16
      (FIG. 2) in the direction perpendicular to the reflecting surfaces 13 and
      14.
PAR  FIG. 5 is a cross-sectional view taken along line A--A' of FIG. 4, in which
      the laser pellet is bonded to a heat sink (as well as positive electrode)
      17 by way of an Sn layer 18, and a negative electrode lead wire 19 is
      bonded to the other side thereof. The distance between the end 20 of the
      heat sink 17 and the end 21 of the gold-plated layer 12 is about 20
      microns and thus the need for strictly controlling the mounting position
      for the element is eliminated. In experiments with the laser as fabricated
      in this manner, the threshold current with DC excitation at room
      temperature was 150 mA in the element with its heat sink connected to a
      larger heat sink. The angle of divergence was 70.degree. for the output
      laser beam at half its maximum value, with the result that the laser
      output beam 22 was least dispersed by the surface 23 of the heat sink. In
      this example, t = 20 .mu.m, .DELTA.L = 10 .mu.m, L = 200 .mu. m, and W =
      20 .mu.m, which satisfy the condition required for the plated layer. In
      the planar stripe-geometry laser, a fundamental traverse mode can be
      obtained when the width of the stripe is smaller than 20 microns. Hence,
      in experiments, the output laser could be efficiently coupled to glass
      fibers and transformed into a quasi-parallel beam through a lens system.
      In FIG. 5, the end 21 of the gold-plated layer may be expanded downward,
      or may be narrowed as long as a normal heat sinking characteristic is
      maintained. Because the laser elements are formed by photoresist
      techniques, high forming and mounting accuracy is maintained in the
      fabrication of the laser elements.
PAR  An example of planar stripe-geometry laser using a GaAs-Al.sub.0.3
      Ga.sub.0.7 As double heterojunction semiconductor has been described.
      However, the invention is not intended to be limited to this example, but
      is also applicable with similar advantage to other stripe geometry lasers
      using double-double heterojunction or single heterojunction structure.
      Instead of the planar stripe geometry, other geometry types such as the
      silicon dioxide type as described in Applied Physics Letters, vol. 18, No.
      4, pp. 155 to 157, 1971, mesa type described in Applied Physics Letters,
      vol. 20, No. 9, pp. 344 to 345, 1972, and proton implantation type as
      introduced in Proceedings of IEEE, vol. 60, No. 6, pp. 726 to 728, 1972,
      may be used. Also, instead of the photoresist film used in the selective
      plating, other films such as a silicon dioxide film may be used. Further,
      instead of the selective plating, the entire surface thereof be plated
      when the laser element is cleaved before the plating process. In such
      case, the end of the plated layer is nearly exactly flush with the
      reflecting end of the laser element (where .DELTA.L = 0).
PAR  In addition, instead of gold, other materials may be used for plating, as
      long as the foregoing thickness and length conditions are satisfied.
      Furthermore, the reflecting surfaces and separation of pellets may be
      carried out by etching instead of by cleaving.
PAR  It will thus be appreciated that the description of the invention
      specifically provided herein is given for purposes of example only, and
      that modifications may be made therein without necessarily departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a stripe-geometry semiconductor laser device of the type including a
      pair of parallel, smooth, flat reflecting surfaces forming an optical
      resonator, and an elongated laser-active region normal to the reflecting
      surfaces, the improvement which comprises: an ohmic metal film on the side
      of a heat sink near said laser-active region plated with a thermally
      conductive layer, wherein said thermally conductive layer is shorter than
      the optical resonator and is of a sufficient thickness to protect the
      laser device from being damaged in the process of bonding the laser device
      to the heat sink, thereby to facilitate the control of mounting accuracy
      and prevent output light rays emerging through one of the reflecting
      surfaces from impinging upon the surface of the heat sink.
NUM  2.
PAR  2. The laser device of claim 1, in which the end of said thermally
      conductive layer is inward of the reflecting end of the resonator by a
      distance .DELTA.L, where 0&lt;.DELTA.L/L .ltoreq.0.1, where L is the length
      of the resonator.
NUM  3.
PAR  3. The laser device of claim 2, in which said thermally conductive layer is
      made of gold.
NUM  4.
PAR  4. The laser device of claim 3, in which the thickness of said thermally
      conductive layer is larger than about one-third the width of said laser
      active region.
NUM  5.
PAR  5. The laser device of claim 3, in which the thickness of said thermally
      conductive layer is larger than 3 to 7 microns and in which the width of
      said laser active region is 10 to 20 microns.
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PAL  A particularly important factor limiting the reliability of diode lasers is
      the catastrophic mirror damage which occurs when the radiated output
      exceeds a critical value. Experience has shown that this occurs as a
      result of fluctuations in the drive current, especially in high efficiency
      diodes. To avoid such damage, a portion of the output radiation from a
      diode laser, located in the collector circuit of a common emitter drive
      transistor, is coupled back to a photodetector, located in the
      base-emitter circuit of the transistor. The resulting negative feedback
      tends to stabilize the overall operation of the device and maintain the
      maximum radiated power within safe limits.
BSUM
PAR  This invention relates to arrangements for stabilizing the power output
      from a diode laser.
PAC  BACKGROUND OF THE INVENTION
PAR  The output power from a diode laser is known to vary as a function of
      temperature, natural aging, and drive current. As materials and
      fabrication techniques have improved, aging has become less of a problem.
      Temperature variations can be handled either by placing the laser in a
      controlled environment (oven or refrigerator), or by programming the drive
      source to correct for temperature variations. This type of control,
      however, will either require individual adjustment or extremely tight
      tolerances on design parameters which, in turn, will lead to reduced yield
      and higher cost.
PAR  The third factor referred to hereinabove, i.e., drive current, is
      particularly important because of the ease with which catastrophic mirror
      damage occurs in diode lasers when the radiation output power exceeds the
      critical value. This can occur as a result of spurious fluctuations in the
      drive current which, in the more efficient diodes, need not be very big.
PAR  It is, accordingly, the broad object of the present invention to stabilize
      the output power from diode lasers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one embodiment of the present invention, the output
      power from a diode laser is stabilized by means of a fast acting negative
      feedback circuit comprising: a photodetector; and a drive transistor
      connected in the common emitter configuration. A portion of the output
      energy radiated by the laser, which is located in the transistor collector
      circuit, is coupled back to the photodetector, which is located in the
      transistor base circuit. Photocurrent generated in the photodetector by
      the incident laser radiation reduces the base input current, thus
      providing the negative feedback.
PAR  It is shown that the total laser output in such an arrangement is
      independent of the laser slope efficiency to first order. The feedback
      control circuit thereby provides substantial immunity from changes in this
      parameter either from device to device, or from within the same device.
PAR  It is further shown that the sensitivity of the laser output to changes in
      the threshold current, the drive current, and the drive transistor current
      gain is greatly reduced. All of these improvements tend to stabilize the
      overall operation of the device and minimize the opportunity for
      catastrophic mirror damage.
PAR  It is an advantage of the present invention that the feedback circuit is
      sufficiently fast acting to be capable of responding on a pulse-by-pulse
      basis in a digital system.
DRWD
PAR  These and other objects and advantages, the nature of the present
      invention, and its various features, will appear more fully upon
      consideration of the various illustrative embodiments now to be described
      in detail in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION
PAR  FIG. 1 shows a first embodiment of a diode laser drive circuit with
      feedback in accordance with the present invention;
PAR  FIG. 2 shows a typical diode laser output power -vs- input current
      characteristic; and
PAR  FIG. 3 shows a second embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the drawings, FIG. 1 shows a laser output stabilization
      circuit in accordance with one embodiment of the present invention.
      Basically, the circuit includes a drive transistor 10, connected in the
      common emitter configuration, and a photodetector 11. The latter, which is
      back-biased by means of a direct current voltage source 12, is connected
      between the base electrode and the emitter electrode of transistor 10.
PAR  The diode laser 13 is connected between the collector electrode and the
      emitter electrode of transistor 10. Means, not specifically shown, are
      provided for coupling a portion of the laser output power onto the
      photodetector. This radiation feedback can be done by means of totally and
      partially reflecting mirrors which deflect a portion of the output power
      back towards detector 11, or by making both laser cavity mirrors partially
      transmissive, and using the output from one of the two laser mirrors as
      the useful output, and the output from the other laser mirror as the
      feedback signal.
PAR  A driver signal source 14 is connected between the base and emitter
      electrodes of transistor 10.
PAR  In the absence of an input signal from driver source 14, there is no output
      signal from laser 13 and the feedback loop between laser 13 and
      photodetector 11 is open. When the drive signal is applied, the loop
      remains open until the collector current exceeds the laser threshold
      current I.sub.T, at which point the laser turns on, and the photodetector
      is illuminated.
PAR  In order to analyze the circuit operation, several simplifying assumptions
      will be made. First, the relationship between the laser power output and
      the laser injection current, illustrated graphically in FIG. 2, is
      approximated by
EQU  L = O for I.sub.L .ltoreq. I.sub.T                         (1)
PAL  and
EQU  L = n (I.sub.L - I.sub.T) for I.sub.L .gtoreq. I.sub.T,    (2)
PAL  where
PA1  L is the total laser output power;
PA1  I.sub.t is the laser threshold current;
PA1  I.sub.l is the laser current;
PAL  and
PA1  n is a constant called the differential slope efficiency.
PAR  The reverse bias on the photodetector is made high enough so that the
      detector appears essentially as an open circuit to the driver source,
      which itself has a high output impedance. When illuminated, however, the
      photodetector becomes a current source whose current I.sub.pc is related
      to the incident illumination L.sub.pc by
EQU  I.sub.pc = KL.sub.pc ,                                     (3)
PAL  where
PA1  K is the photodetector efficiency constant.
PAR  The photodetector only produces current when it is illuminated and, hence,
      only when transistor 10 is "on." In this "on" condition, the forward
      biased base-emitter junction of the transistor presents a low impedance to
      the detector and essentially all of photodetector current flows through
      this junction. The net base current I.sub.b is, therefore,
EQU  I.sub.b = I.sub.d - I.sub.pc,                              (4)
PAL  where
PA1  I.sub.d is the drive source current.
PAR  Designating the transistor current gain as .beta., the laser current
      I.sub.L, which in the embodiment of FIG. 1 is equal to the collector
      current I.sub.c, is given by
EQU  I.sub.L .hoarfrost. I.sub.c = .beta. (I.sub.d - I.sub.pc). (5)
PAR  Designating the fraction of the total laser output intercepted by the
      photodetector as, f, we derive from equations (3) and (4) that
EQU  I.sub.L = .beta. [I.sub.d - fKn (I.sub.L - I.sub.T)].      (6)
PAR  Solving for I.sub.L yields
      ##EQU1##
PAR  Assuming that one-half the total output power is used in the feedback loop,
      i.e., f = 1/2, and using typical values for K, .beta. n, of K = 0.5 mA/mW,
      .beta. = 100 and n = 0.6 mW/mA, the term fK.beta.n in the denominator is
      approximately equal to 16. Being much greater than unity, the one in the
      denominator can be neglected, in which case equation (7) reduces to
EQU  I.sub.L .apprxeq. I.sub.T + I.sub.d /fKn.                  (8)
PAR  Substituting equation (7) for I.sub.L in equation (2), and making the same
      approximation as in equation (8), we obtain for the total laser output
      power
      ##EQU2##
PAR  The first thing to note in equation (9) is that the laser output power is
      to a first order approximation independent of the laser slope efficiency
      n. The feedback circuit thus provides substantial immunity from changes in
      this parameter either from laser to laser, or from within a given laser.
PAR  More accurately, the total laser output power is given by
      ##EQU3##
PAR  Using this more accurate expression, we find that the sensitivity of the
      laser output power to changes in n with feedback is given by
      ##EQU4##
      whereas without feedback it is
      ##EQU5##
      which is larger by the factor (.beta.fKn).sup.2  &gt;&gt;.vertline..
PAR  Secondly, it is noted that the sensitivity of the laser output to changes
      in the laser threshold current, to changes in the drive current, and to
      changes in the transistor current gain is, in each case, significantly
      reduced. For example:
PAR  a. The ratios of the changes in output power, .DELTA.L, to the change in
      threshold current, .DELTA.I.sub.T, are given by
      ##EQU6##
      and
      ##EQU7##
PAR  For the parameters given hereinabove, these ratios are
      -4.times.10.sup.-.sup.2 mW/mA and -60.times.10.sup.-.sup.2 mW/mA,
      respectively, corresponding to a fifteen fold improvement.
PAR  b. The ratios of the change in output power, .DELTA.L, to the change in
      drive current, .DELTA.I.sub.d, are given by
      ##EQU8##
      and
      ##EQU9##
PAR  For the same numerical values, these ratios are 4 mW/mA and 60 mW/mA,
      respectively, thus showing a similar fifteen fold reduction.
PAR  c. The sensitivities of the laser output to changes in the transistor gain
      are given by
      ##EQU10##
      and
      ##EQU11##
PAR  For a laser with a threshold current of 100 mA, nominally operation 10
      percent above threshold, we obtain for I.sub.d without feedback 1.1 mA,
      and for equations (14) and (15) values for .DELTA.L/.DELTA..beta. of 0.04
      mW and 0.66 mW, respectively. Thus, with feedback the sensitivity of the
      output power to changes in .beta. is reduced by a factor of approximately
      16.
PAR  Expressed in terms of the drive current, the output power from the laser is
      given by
EQU  L = n.beta. (I.sub.d - I.sub.T /.beta.) Without feedback)  (19)
PAL  and
EQU  L = (1/fK) (I'.sub.d - I.sub.T /.beta.) (With feedback).   (20)
PAR  To get the same output power with and without feedback, we equate equations
      (19) and (20) and obtain
EQU  I'.sub.d = n.beta.fKI.sub.d - (n.beta.fK-1) (I.sub.T /.beta.). (21)
PAR  For the conditions specified above, we find that I'.sub.d = 2.5 mA, or that
      for the same output, the drive current with feedback is 2.27 times the
      drive current without feedback (I.sub.d = 1.1 mA). However, what is more
      significant is the reduced sensitivity of the laser output to changes in
      driver current and other circuit parameters.
PAR  FIG. 3 shows the embodiment of FIG. 1, modified to take into account two
      matters of practical consideration. While both matters are taken into
      account in the illustrative embodiment, the inclusion of either one or the
      other, or both modifications in any specific case will, of course, depend
      upon the particular application.
PAR  The first of these modifications is a prebiasing circuit comprising a
      direct current voltage source 20, a resistor 21 and a r.f. choke 22. The
      prebiasing circuit is connected across laser diode 13 and serves to
      maintain a minimum bias current I.sub.o flowing through the diode. The
      prebias current, which is less than the threshold current, is provided so
      as to reduce the laser turn-on time.
PAR  Also included in the embodiment of FIG. 3 is a second diode 23, such as a
      Schottky barrier diode, connected across the base-emitter junction of
      transistor 10. This diode is included to prevent reverse-bias breakdown of
      the base-emitter junction. It will be noted that both photodetector 11 and
      the base-emitter junction of transistor 10 are reverse-biased by direct
      current voltage source 12. The latter can be as large as 100 volts or
      greater, which voltage will be divided between the photodetector and the
      base-emitter junction. To avoid having too large a reverse-bias voltage
      develop across the latter, diode 23, poled in the forward-bias direction,
      is connected across the base-emitter junction. This clamps the
      reverse-bias voltage across the junction at some well-defined, low value.
      Alternatively, a resistor can be used instead of a diode. The base-emitter
      voltage in this second case will be determined by the leakage current
      through the photodetector and the magnitude of the added resistor. If the
      output impedance of the signal source dividing transistor 10 is low
      enough, it will effectively clamp the base-emitter, junction voltage at a
      safe, low value, in which case no separate resistor need be added.
PAR  The operation of the embodiment of FIG. 3 is substantially the same as
      described in connection with FIG. 1 except that the equations (7), (8) and
      (9) are now given by
      ##EQU12##
      and
      ##EQU13##
      respectively.
PAR  The sensitivity equations are unaffected except for equation (17) wherein
      (I.sub.T -I.sub.o) is substituted for I.sub.T.
PAR  One assumption implicit in the previous analysis is the timely application
      of the feedback (i.e., photodetector) current to the base of the
      transistor. This implies that the total loop delay is at least equal to or
      faster than the rate at which the output power builds up in the laser
      diode.
PAR  The required rapid response is achieved, in accordance with the present
      invention, by locating the photodetector in the base-emitter circuit of
      the laser drive transistor. In addition, one would advantageously use a
      fast responding photodetector, and might also shape the drive current
      pulse to further control the power build up in the laser.
PAR  Thus, in all cases it is understood that the above-described arrangements
      are illustrative of only a small number of the many possible specific
      embodiments which can represent applications of the principles of the
      invention. Numerous and varied other arrangements can readily be devised
      in accordance with these principles by those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination comprising:
PA1  a transistor connected in the common emitter configuration;
PA1  a radiation emitting diode laser coupled between the collector and emitter
      electrodes of said transistor;
PA1  a photodetector coupled between the base and emitter electrodes of said
      transistor;
PA1  means for coupling a portion of the radiated output power from said diode
      to said photodetector;
PA1  and means for coupling an input signal between said base and emitter
      electrodes.
NUM  2.
PAR  2. The combination according to claim 1 wherein said photodetector is a
      back-biased photodiode.
NUM  3.
PAR  3. The combination according to claim 1 including means for limiting the
      bias developed across the transistor base-emitter junction.
NUM  4.
PAR  4. The combination according to claim 1 including means for prebiasing said
      diode.
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ABST
PAL  This microwave circuit incorporates a transistor structure that provides
      either a two port amplifier or an injection frequency locked oscillator.
      This circuit eliminates circulators employed with Gunn and Impatt diode
      amplifiers and injection frequency locked oscillators. The collector-base
      junction is reverse biased so that the collector region functions either
      in the Impatt mode or in the transferred electron mode. An RF input signal
      is applied across the forward biased emitter-base junction. With a load
      across the collector-base junction having a conductance equal to the
      absolute value of the negative conductance generated by the collector
      region, the circuit functions as an oscillator at a frequency which is
      injection locked to the frequency of the input signal. With a load of
      increased conductance to suppress oscillations, i.e. overload the
      collector region, the circuit functions as an amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to microwave solid state circuits.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention if to provide a microwave solid state
      circuit capable of operating as an oscillator injection locked by the
      input signal or as an amplifier of the input signal without employing
      circulators.
PAR  Another object of the present invention is to provide a microwave solid
      state circuit having a bipolar transistor structure having a collector
      region that will operate in either an Impatt mode or a transferred
      electron mode.
PAR  A feature of the present invention is to provide a microwave solid state
      circuit comprising: a bipolar transistor structure having a base region,
      an emitter region and a collector region; first means coupled to the base
      region and the emitter region to apply a radio frequency input signal and
      a first bias voltage across the emitter-base junction so that current
      modulated at the frequency of the input signal is injected into the
      collector region; second means coupled to the base region and the
      collector region for reverse biasing the collector-base junction so that
      the collector region operates in a selected one of an Impatt mode and a
      transferred electron mode; and third means coupled to the base region and
      the collector region for loading the collector-base junction such that the
      circuit operates as a selected one of an oscillator injection locked by
      the input signal and an amplifier of the input signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above-mentioned and other features and objects of the present invention
      and the manner of obtaining them will become more apparent by reference to
      the following description taken in conjunction with the drawing, the
      single FIGURE of which shows, in schematic form, a microwave solid state
      circuit for operation at X-band, e.g. 10GHz, as either an amplifier or an
      injection locked oscillator in accordance with the principles of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a first embodiment, the circuit comprises a bipolar transistor
      structure, which may be either of the n-p-n or the p-n-p type, but here
      considered as of the n-p-n type, with an n-type emitter 1, a p-type base
      2, and an n-type collector 3 with an n+ collector contact region 4.
PAR  The base-collector junction is subjected to a reverse bias 5 such that
      collector region 3 operates with one or more of the features of the n-
      region of an Impatt diode, that is to say using avalanche multiplication
      and signal delay caused by transit time of the charge carriers.
PAR  Accordingly, in this first embodiment the semiconductor material of the
      transistor structure is of suitable material such as silicon or gallium
      arsenide, and preferably either the emitter region 1 or the collector
      region 3, or both the emitter and the collector regions are of a
      semiconductor material having a higher energy gap than that of the base
      region, e.g. the emitter and/or collector are of gallium aluminum arsenide
      and the base of gallium arsenide.
PAR  With a forward bias 6 applied to the emitter-base of the transistor
      structure, an RF (radio frequency) signal from RF signal source 7 at the
      desired frequency of operation will result in current modulated at this
      frequency being injected into collector region 3. The base-collector
      junction is biased to avalanche. The collector region 3 may have a maximum
      length given by IMPATT theory (say 2.mu.m for a 10 GHz device). Avalanche
      multiplication and possibly IMPATT operation will occur within it.
PAR  Under these conditions, the base-collector generates a conductance -G and
      susceptance S with a current M times greater than that injected by the
      emitter 1. For the device to amplify, the loading across the
      base-collector must neutralize any negative conductance so that
      oscillation does not occur. This may be achieved, for example, by a load
      conductance G.sub.1 &gt;G.
PAR  To operate as an oscillator, the current density must be high enough to
      give sufficient negative conductance -G for oscillation. The load
      conductance G.sub.1 in this mode of operation has to be equal to G, and
      the frequency of oscillation can be injection locked to the applied RF
      signal with correct choice of resonant circuit around the collector-base.
PAR  The emitter-base region acts in a very similar manner to conventional
      transistors, in that the emitter injects electrons into the base-collector
      junction. However, because of the avalanche multiplication in the
      base-collector region it will be necessary to inject a small number of
      electrons relative to normal transistor action. Accordingly proper
      operation is achieved even with a poor base transport factor.
PAR  Unlike conventional transistors, it is desirable that most of the collector
      current be supplied via the base. The base-collector region is biased into
      avalanche breakdown so that electrons are travelling to the collector and
      a nearly equal number of holes are travelling towards the base. The holes
      could travel across the base to the emitter, but this would lower the
      emitter efficiency. By using a wide band-gap emitter, there is a built-in
      potential barrier which tends to prevent the holes from reaching the
      emitter. The holes thus generated in the avalanche regions of the
      collector-base junction have to come out at the base terminal, where holes
      are majority carriers.
PAR  In a highly simplified analysis where the collector-base output region only
      is considered, and with attention confined to small signals, superposition
      may be used to assert that the avalanche multiplication combined with
      transit time delay gives an output admittance Y = -G + jS. Taking the
      current from the emitter as i.sub.el, this will be reduced on reaching the
      base-collector junction by the product of the emitter efficiency Y, the
      base transport factor a.sub.b, and the collector efficiency. The product
      of these three factors will be taken to be .alpha., so that
      .alpha.i.sub.el electrons are injected into the avalanche region. The
      injected current will induce a net external current of M.alpha.i.sub.el,
      where M is some complex number giving the phase shift from the injected
      carriers, the phase shift coming from the transit time and any
      multiplication from the avalanche. With a load of G.sub.1 -js connected,
      and considering only the action at resonance,
EQU  V.sub.out = M.alpha.i.sub.el /(G.sub.1 -G) and
EQU  P.sub.out = .vertline.M.alpha.i.sub.el /(G.sub.1 -G).vertline..sup.2
      G.sub.1
PAL  It can be seen that the output power, and hence the power gain, is
      increased by a factor of .vertline. MG.sub.1 /G.sub.1 -G.vertline. .sup.2
      over the value to be expected if avalanche multiplication and IMPATT
      action were absent. The input impedance, for a given level of i.sub.e, is
      very similar to the input impedance for a conventional transistor because
      the input stage is not greatly different. Looked at in another way, it can
      be said that the base transport factor could become worse by a factor of
      .vertline.M/(G.sub.1 -G).vertline. compared to the conventional
      transistor. Thus, a wider base region is premissible in this transistor
      structure, and this in turn would allow the base to take a greater current
      and lessen any effects of current crowding at the base contact.
PAR  It may be seen that the multiplication factor M alone, even if the output
      conductance is positive, will give enhanced gain. This will be useful at
      current densities lower than for normal Impatt operation.
PAR  The base-collector region may be made substantially longer, perhaps by a
      factor of three, than in a conventional transistor. This would give higher
      voltages at a given frequency than in the normal transistor.
PAR  In the second embodiment, the collector region is designed and operated to
      function as a transferred electron device. Accordingly the transistor
      collector structure is made in n-type gallium arsenide or other material
      demonstrating transferred electron effects. The collector-base bias is
      such as to establish within the collector region an electric field
      distribution which causes the transferred electron mode of operation, the
      appropriate mode being determined by the value of the electric field in
      relation to the so-called threshold value to obtain, for example, the Gunn
      mode, or the limited-space charge accumulation mode, or the hybrid mode.
PAR  The application of forward bias and input signal across the emitter-base
      junction, and the loading of the collector-base junction to obtain
      operation either as an amplifier or as an injection-locked oscillator, are
      as already described for the first embodiment.
PAR  The transistor structure may be of the same semiconductor material
      throughout, e.g. of gallium arsenide, but preferably the emitter is of a
      suitable semiconductor material having a higher energy gap than that of
      the base region, e.g. the emitter is of gallium aluminum arsenide. The
      collector region may also have variations in material or doping in order
      to optimise the phenomena observed in IMPATT or transferred electron
      action.
PAR  The two embodiments described above provide two port amplifiers or
      frequency locked oscillators at frequencies around X-band, at which it is
      difficult to get conventional transistors to operate. There is no need for
      circulators, at present used with Gunn and IMPATT diode (one port)
      amplifiers or injection locked oscillators, which are expensive and may
      restrict performance. Further, such two-port amplifiers are less sensitive
      to variations in device parameters than reflection amplifiers.
PAR  While we have described above the principles of our invention in connection
      with specific apparatus it is to be clearly understood that this
      description is made only by way of example and not as a limitation to the
      scope of our invention as set forth in the objects thereof and in the
      accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A microwave solid state circuit comprising:
PA1  a bipolar transistor structure having a base region, an emitter region and
      a collector region;
PA1  first means coupled to said base region and said emitter region to apply a
      radio frequency input signal and a first bias voltage across the
      emitter-base junction so that current modulated at the frequency of said
      input signal is injected into said collector region;
PA1  second means coupled to said base region and said collector region for
      reverse biasing the collector-base junction; and
PA1  third means coupled to said base region and said collector region for
      loading the collector-base junction such that said circuit operates as a
      selected one of an oscillator injection locked by said input signal and an
      amplifier of said input signal;
PA1  said collector region operating in an Impatt mode, and
PA1  said emitter region including a semiconductor material of higher energy gap
      than the semiconductor material of said base region.
NUM  2.
PAR  2. A microwave solid state circuit comprising:
PA1  a bipolar transistor structure having a base region, an emitter region and
      a collector region;
PA1  first means coupled to said base region and said emitter region to apply a
      radio frequency input signal and a first bias voltage across the
      emitter-base junction so that current modulated at the frequency of said
      input signal is injected into said collector region;
PA1  second means coupled to said base region and said collector region for
      reverse biasing the collector-base junction; and
PA1  third means coupled to said base region and said collector region for
      loading the collector-base junction such that said circuit operates as a
      selected one of an oscillator injection locked by said input signal and an
      amplifier of said input signal;
PA1  said collector region operating in an Impatt mode, and
PA1  said collector region including a semiconductor material of higher energy
      gap than the semiconductor material of said base region.
NUM  3.
PAR  3. A microwave solid state circuit comprising:
PA1  a bipolar transistor structure having a base region, an emitter region and
      a collector region;
PA1  first means coupled to said base region and said emitter region to apply a
      radio frequency input signal and a first bias voltage across the
      emitter-base junction so that current modulated at the frequency of said
      input signal is injected into said collector region;
PA1  second means coupled to said base region and said collector region for
      reverse biasing the collector-base junction; and
PA1  third means coupled to said base region and said collector region for
      loading the collector-base junction such that said circuit operates as a
      selected one of an oscillator injection locked by said input signal and an
      amplifier of said input signal;
PA1  said collector region operating in an Impatt mode, and
PA1  said emitter region and said collector region both including a
      semiconductor material of higher energy gap than the semiconductor
      material of said base region.
NUM  4.
PAR  4. A microwave solid state circuit comprising:
PA1  a bipolar transistor structure having a base region, an emitter region and
      a collector region;
PA1  first means coupled to said base region and said emitter region to apply a
      radio frequency input signal and a first bias voltage across the
      emitter-base junction so that current modulated at the frequency of said
      input signal is injected into said collector region;
PA1  second means coupled to said base region and said collector region for
      reverse biasing the collector-base junction; and
PA1  third means coupled to said base region and said collector region for
      loading the collector-base junction such that said circuit operates as a
      selected one of an oscillator injection locked by said input signal and an
      amplifier of said imput signal;
PA1  said collector region operating in a transferred electron mode, and
PA1  said emitter region including a semiconductor material of higher energy gap
      than the semiconductor material of said base region.
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ABST
PAL  A carrier wave is directed through a voltage controlled phase shifter to a
      load. A sample of the signal at the output of the voltage controlled phase
      shifter is selectably applied, in accordance with modulation information,
      through one of a plurality of transmission line phase shifters to a phase
      detector which also receives a sample of the carrier wave. The resulting
      phase detector output signal is applied through a low pass filter to
      control the voltage controlled phase shifter.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to communications systems and more
      particularly to a differentially phase modulated communication
      transmission system.
PAR  In the field of communications it has been the general practice to transmit
      digital information by periodically varying the phase of a carrier signal
      in accordance with the information being transmitted. If the phase of the
      carrier signal is varied instantaneously by, for example, balanced
      modulation, overtones and beat frequencies will be generated, thereby
      substantially increasing the bandwidth of the communications channel.
      However, if phase variation of the carrier signal can be accomplished
      gradually then the bandwidth required for the communications channel will
      be relatively narrow.
PAR  In the present invention a carrier frequency is phase modulated by
      directing it through a voltage controlled phase shifter to a load, with
      the voltage controlled phase shifter being controlled in response to the
      phase difference between the carrier frequency and the signal output of
      the voltage controlled phase shifter as directed through one of a
      plurality of fixed phase shifters, which is selected in accordance with
      the desired modulation.
PAR  A phase detector is used to generate a signal which is related to the phase
      difference between the carrier frequency and the output from the voltage
      controlled phase shifter as directed through the selected fixed phase
      shifter. This signal is applied through a low pass filter to control the
      voltage controlled phase shifter.
PAR  It is a primary object of this invention to provide a phase modulator
      adapted for use in a phase shift key (PSK) communications system.
PAR  Another object of this invention is to provide a PSK communications system
      which requires a relatively narrow bandwidth channel for its utilization.
PAR  A still further object of this invention is to provide a phase modulator
      for use in a PSK communications system which does not introduce
      undesirable amplitude modulation to the signal being modulated.
DRWD
PAR  These and other objects of the invention will become apparent from a
      reading and understanding of the following description of the preferred
      embodiment taken together with the FIGURE which is a modified block
      diagram of the preferred embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, an unmodulated raw carrier frequency to be
      modulated in accordance with the principles of this invention is impressed
      at a terminal 10 and applied through emitter follower 12 and capacitor 14
      to a voltage controlled phase shifter 16, wherein the phase of the carrier
      frequency is varied in accordance with the signal on line 16b. The voltage
      controlled phase shifter can be of the suitable type known in the art,
      this particular embodiment being comprised of inductors 17 through 22
      serially connected between the input and output terminals, together with a
      plurality of voltage variable capacitive means, each connected between a
      junction point of the inductors and a common terminal which is here
      illustrated as RF ground. Each of the voltage variable capacitive means
      includes a voltage variable capacitor 23 serially connected with a fixed
      capacitor 24. The output terminal 16a of the voltage controlled phase
      shifter is connected to ground through capacitor 25 and resistor 26
      arranged in series and shunted by variable capacitor 31. Capacitor 25 and
      resistor 26 are used to provide a resistive load to the voltage controlled
      phase shifter at its characteristic impedance while variable capacitor 31
      is used to fine tune the voltage controlled phase shifter characteristic
      impedance so as to correct for small amplitude perturbations during phase
      changes. The voltage bias on each voltage variable capacitive means is
      initially set by a voltage obtained from potentiometer 30 and applied
      through resistors 27 to the common junction of a voltage variable
      capacitor 23 and fixed capacitor 24. The control signal on line 16b, which
      is a d.c. voltage signal, is applied to the opposite side of the voltage
      variable capacitors through a resistor 28 and the line of RF coils 18-21.
      A shunt capacitor 29 shunts undesired voltage perturbations on control
      line 16b to ground.
PAR  A relatively complex voltage controlled phase shifter is shown in this
      embodiment for the purposes of illustration, it being desired that the
      voltage controlled phase shifter introduce negligible or no amplitude
      modulation to the carrier frequency as the characteristics of the voltage
      controlled phase shifter vary in accordance with the signal on line 16b.
      As an alternative, a simpler phase shifter of the type known in the art or
      obvious to one skilled in the art can be used together with a limiter
      connected to the phase shifter output terminal to eliminate AM modulation
      of the carrier frequency. Of course, if slight AM modulation (less than 20
      percent) of the carrier frequency is not of concern the limiter may also
      be eliminated.
PAR  Returning to the present embodiment, the phase shifted carrier frequency at
      the output terminal 16a of voltage controlled phase shifter 16 is directed
      through emitter follower 32 to a load 33 which, for example, can be a
      power amplifier. Output terminal 16a is also connected to a second emitter
      follower 34 which samples the phase shifted carrier frequency, which
      sample is capacitively coupled to fixed phase shifters 36 and 46. The
      purpose of emitter followers 32 and 34 is, of course, to prevent loading
      of the voltage controlled phase shifter.
PAR  Fixed phase shifters 36 and 46 are preferably comprised of sections of
      transmission lines, fixed phase shifter 36 being comprised of a quarter
      wavelength transmission line section 38 and a three-quarters wavelength
      transmission line section 40 while fixed phase shifter 46 is comprised of
      a quarter wavelength transmission line section 48 and a further quarter
      wavelength transmission line section 50. The junction points of the
      transmission line section of each fixed phase shifter are switchably
      coupled through capacitor 51 to ground by diode 44 and diode 54,
      respectively. In this particular embodiment it is assumed that the carrier
      frequency is to be modulated in accordance with binary information and
      hence, the carrier frequency is preferably to be shifted by 180.degree. so
      that two signal levels or senses will be produced by the voltage
      controlled phase shifter.
PAR  It will become obvious to one skilled in the art as this description
      proceeds that other modulation schemes can be practiced with the present
      invention, such as three level or four level modulation schemes, by the
      addition of further fixed phase shifters together with switching means to
      be described.
PAR  In accordance with the modulation scheme here being illustrated it can be
      seen that the length of the transmission line comprising fixed phase
      shifter 36 differs by 180 electrical degrees from the length of the
      transmission line comprising fixed phase shifter 46. In addition, it is
      assumed that the information applied to digital modulator 56 is in binary
      form and produces in accordance therewith a two level voltage signal on
      line 56a which is impressed at the common terminal of PIN diodes 44 and
      54. This signal causes one or the other of the diodes to be forward
      biased, thus shunting the signal at its associated transmission line to
      ground. The signal traversing the other fixed phase shifter passes
      therethrough relatively unimpeded and is impressed across potentiometer 58
      and capacitor 60. The quarter wavelength transmission line section of each
      fixed phase shifter prevents undesired signal reflections when a
      particular fixed phase shifter is shunted to ground by the action of diode
      44 or 54.
PAR  The signal traversing the unshunted fixed phase shifter is sampled at
      potentiometer 58 through d.c. blocking capacitor 60a and compared in phase
      detector 62 with a sample of the raw carrier frequency obtained from the
      output terminal of emitter follower 12 as impressed across the serial
      arrangement of capacitor 64 and potentiometer 66. The phase detector error
      signal is applied to the non-inverting input terminal of operational
      amplifier 74 which, together with capacitor 70 and resistor 72 connected
      in parallel with one another between the output terminal 16b of
      operational amplifier 74 and its inverting input terminal comprises an
      active amplifier low pass filter whose d.c. operating point is set by
      potentiometer 76 connected across the voltage source as shown. Capacitor
      70 and resistor 72 set the time constant of the low pass filter. As seen,
      the output terminal of operational amplifier 74 comprises control line
      16b.
PAR  Returning to fixed phase shifters 36 and 46, it should be understood that
      one fixed phase shifter could have an electrical length of 0 electrical
      degrees and the other phase shifter have an electrical length of 180
      electrical degrees. However, in addition to the desirability of quarter
      wavelength transmission line sections to isolate the shunting points of
      the various fixed phase shifters as previously explained, it is also
      desirable that each fixed phase shifter have a finite electrical length so
      that all are affected alike by temperature. It is, of course, assumed that
      both of the fixed phase shifters are exposed to the same environmental
      conditions.
PAR  It should be obvious that due to low pass filter 68 the signal at line 16b
      will not change instantaneously when the signal on line 56a changes.
      Rather, the signal on line 16b will change relatively slowly between two
      extreme values, one value corresponding to a binary "0" to be transmitted
      and the other value corresponding to a binary "1" to be transmitted. The
      rate at which the signal on line 16b can change is determined in a known
      manner by the low pass filter 68. Since the signal on line 16b is not
      changed instantaneously then the phase of the signal at terminal 16a will
      not change instantaneously so that the RF sideband of the modulated
      carrier frequency signal will be very much attenuated resulting in a
      conservation of the communication channel bandwidth.
PAR  It should also be noted that the signal at terminal 16a is at all times
      continuous so that the undesirable amplitude modulation found in certain
      of the prior art devices where the signal is interrupted during phase
      changes is not present here. As for any amplitude modulation that might be
      introduced by the varying of impedance of the voltage controlled phase
      shifter during its operation, particularly if a less complex voltage
      controlled phase shifter is used, this can be eliminated at the designer's
      option by inserting a limiting amplifier at terminal 16a as previously
      explained.
PAR  Further modifications and alterations of the present invention should now
      be obvious to one skilled in the art. Accordingly, the invention is to be
      limited only by the true scope and spirit of the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A phase modulator comprising
PA1  means for generating a raw carrier frequency;
PA1  means responsive to a control signal for shifting the phase of said raw
      carrier frequency to produce a phase shifted carrier frequency;
PA1  at least first and second means, a signal applied to said first means being
      shifted a predetermined number of electrical degrees with respect to a
      signal applied to said second means;
PA1  switch means for applying a sample of said phase shifted carrier frequency
      to one of said first and second means and subsequently to the other of
      said first and second means in accordance with information to be conveyed
      by said phase shifted carrier frequency;
PA1  phase detector means for generating an output signal related to the phase
      difference between said raw carrier frequency and the signal from said
      first and second means; and,
PA1  low pass filter means responsive to said output signal for generating the
      control signal for said means for shifting.
NUM  2.
PAR  2. The phase modulator of claim 1 wherein said means for shifting comprises
      a voltage conrolled phase shifter continuously producing said carrier
      frequency phase shifted in accordance with said control signal.
NUM  3.
PAR  3. The phase modulator of claim 2 wherein said first means comprises a
      first transmission line means and said second means comprises a second
      transmission line means, each of said first and second transmission line
      means having respectively a quarter wavelength transmission line section
      having first ends connected together and second ends connectable through
      said switch means to a signal return terminal.
NUM  4.
PAR  4. The phase modulator of claim 3 wherein said low pass filter means
      comprises an operational amplifier connected as an active amplifier low
      pass filter.
NUM  5.
PAR  5. The phase modulator of claim 2 wherein at least one of said first and
      second means comprises a length of transmission line having a
      predetermined phase shift therethrough to a signal having the frequency of
      said carrier frequency.
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PAL  Acoustic waveguides, acoustic filters and acoustic reflectors are based
      upon the discovery of increased acoustic wave velocity in materials such
      as lithium niobate and lithium tantalate into which a metal such as
      titanium, nickel or chromium has been diffused. Velocity increases larger
      than 1 percent have been obtained; and negligible effect on acoustic loss
      is incurred thereby. The technique and the resulting devices result in a
      simpler structure than provided by the metallic strips or the ion beam
      etched surface regions of prior acoustic devices in which velocity
      perturbations of comparable magnitude have been desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to acoustic devices in which two or more regions of
      differing acoustic wave velocity are desired.
PAR  Acoustic wave filters, particularly acoustic surface wave filters, appear
      to have increasing potential for use in commercial applications such as
      commercial television circuits. For example, a filter for such an
      application typically employs a region of a dielectric crystal in which a
      substantially periodic pattern of perturbations of velocity are imposed,
      typically by metal strips on the surface of the crystal or by ion beam
      etching depressions in the surface of the crystal in the desired
      substantially periodic pattern. A bandwidth broader than that obtainable
      from a uniform spacing is obtained in the filter by providing a selected,
      reproducible variation in the spacing of the metal stripes or other
      surface loading stripes.
PAR  In the unrelated optical device art, it has recently been shown that the
      diffusion of metals or their oxides into lithium tantalate or into lithium
      niobate changes the optical refractive index of the crystal in the region
      where the diffusion took place. Such techniques have resulted in a
      simplification of optical devices which require two or more regions of
      differing optical index of refraction. Although the same materials,
      lithium niobate and lithium tantalate, also have elastic properties making
      them usable in some acoustic devices, initial analysis tended to be
      discouraging as to the possibility of obtaining analogous device
      simplification in the acoustic device as in the optical device. Not only
      was it impossible to predict whether an appreciable effect on acoustic
      velocity would result from such techniques; but it was also impossible to
      predict even the sense of the effect. Perhaps most importantly, it was
      thought that most metals that could be introduced into the bulk of lithium
      niobate or lithium tantalate might have a decidedly adverse effect on the
      overall loss of acoustic devices, as compared to devices which use only
      the prior art surface loading techniques.
PAC  SUMMARY OF THE INVENTION
PAR  My invention is based on my discovery that the diffusion of metals, such as
      titanium, nickel and chromium into lithium niobate increases the acoustic
      velocity in the diffused region by a significant amount, up to a value of
      change that is substantially more than 1 percent, without any readily
      apparent increase in acoustic loss.
PAR  One feature of my invention is directed to the application of this
      discovery to provide regions of uniformly increased acoustic wave velocity
      about an undiffused channel, thereby producing an acoustic waveguide.
      Subsidiary features are directed both to fiber and planar forms of this
      feature.
PAR  Another feature of my invention is directed to the employment of a
      periodic, or substantially periodic, pattern of regions of increased
      acoustic wave velocity to produce an acoustic filter of selected bandwidth
      and selected passband or stopband shape. The resulting acoustic wave
      filters are not only simpler and less expensive to produce than the prior
      commercially employed acoustic surface wave devices, but are also more
      versatile with respect to the achievement of desired characteristics. In
      addition, improved performance can be expected in applications such as
      channel dropping filters for communications, notch filters, and
      intermediate frequency filters for television circuits
PAR  Acoustic resonator-filters can also be implemented with pairs of
      grating-reflectors according to my invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further features and advantages of my invention will become apparent from
      the following detailed description, taken together with the drawing, in
      which:
PAR  FIG. 1 is a partially pictorial and partially block diagrammatic
      illustration of an illustrative channel dropping filter employing the
      invention;
PAR  FIG. 2 is a partially pictorial and partially block diagrammatic
      illustration of a notch filter embodiment of the invention likewise
      employed in a communication system;
PAR  FIG. 3 is a partially pictorial and partially block diagrammatic
      illustration of another embodiment of the invention employed as an
      intermediate frequency filter in a television system;
PAR  FIG. 4 is a partially pictorial and partially block diagrammatic
      illustration of a substantially planar acoustic waveguide embodiment of my
      invention;
PAR  FIG. 5 shows a modification of the embodiment of FIG. 4 for a fiber
      acoustic waveguide configuration; and
PAR  FIG. 6 shows a flow chart of the steps typically employed in producing the
      embodiment of FIG. 5. .
DETD
PAC  DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
PAR  In the embodiment of FIG. 1 it is desired to employ an acoustic wave filter
      to separate one channel from a plurality of frequency-multiplexed channels
      in a communication system. Regardless of the type of transmitter 11 in
      such a system or the type of the transmission medium 12 in such a system,
      it has occasionally been found desirable in the past to employ an acoustic
      wave filter for channel-dropping purposes in a typical receiver 13.
PAR  In the embodiment of FIG. 1 the filter 14, according to my invention,
      replaces a prior art channel dropping filter, the frequency
      characteristics of which were determined by grating reflections induced by
      periodic loading by conducting metal strips on the surface of the acoustic
      material or by mass loading dielectric strips on the surface, or ridges or
      grooves that were etched into the surface by ion beam etching.
PAR  The filter 14 comprises the dielectric crystal 16 of Y-cut, Z-propagating
      lithium niobate disposed between the input from transmission medium 12 to
      receiver 13 and the single channel detector 15 of receiver 13. The filter
      14 also included electroacoustic transducers 17, 18, 19 and 20, 21, used
      as input transducers and the similar transducers 28, 29, 30 and 31, 32
      used as output transducers. Between the input and output transducers, the
      crystal 16 includes a periodic pattern 22 of stripe-like or gratinglike
      regions produced by diffusing metal from the surface of the crystal 16
      into its bulk by an appreciable distance, typically less than an acoustic
      wavelength.
PAR  To create each stripe in the stripe patter 22, in which an acoustic wave
      experiences substantially increased acoustic velocity, a metal,
      illustratively titanium (Ti), is diffused. Illustratively to achieve this
      diffusion a photolithographic technique is employed. Specifically, by such
      techniques thin stripes of metal of thickness .tau. is first deposited
      onto the crystal surface. The crystal is then placed in an inert
      atmosphere, typically argon, and heated at temperature selected T for a
      selected time t. After time t, the atmosphere is changed to flowing oxygen
      to replace any oxygen which the crystal has lost during diffusion and the
      crystal is allowed to cool. The metal diffuses to an effective depth given
      by
EQU  b = (4Dt).sup.1/2 ,                                        (1)
PAL  where D is the diffusion constant. The exact diffusion profile depends
      strongly on the diffusion parameters .tau., t, T. Typical for the work
      described here, .tau. = 1000A, t = 30 hours and T = 1000.degree.C. The
      regions diffused with Ni and Cr were pale yellow and pale green,
      respectively, while the Ti diffused regions were clear. These optical
      properties do not appear to have any substantial relationship to acoustic
      properties of the materials so diffused.
PAR  In order to determine the acoustic velocity change induced by metal
      diffusion, the acoustic surface wave velocity in a metal diffused region
      was measured relative to the unperturbed acoustic surface wave velocity on
      the same crystal. These measurements were made by evaporating metal
      patterns of Ni, Cr and Ti of known length on the surface of Y-cut-Z
      propagating LiNbO.sub.3 crystals. The metal films were diffused into the
      crystal under the conditions described in Table I.
TBL                                    TABLE I                                 
     __________________________________________________________________________
          .tau.                                                                
              T   b   N.sub.Dif /N.sub.Nb                                      
                            .DELTA.v.sub.p /v                                  
                                 .DELTA.v.sub.g /v                             
                                      .DELTA.v.sub.p /v                        
                                            .DELTA.v.sub.g /v                  
     METAL                                                                     
          (A) (.degree.C)                                                      
                  (.mu.m)   80 MHz                                             
                                 80 MHz                                        
                                      412 MHz                                  
                                            412 MHz                            
     __________________________________________________________________________
     Ti   1000                                                                 
              1000                                                             
                   3  .050  .0030                                              
                                 .0015                                         
                                      .0115 .0129                              
     Ti   1500                                                                 
              1000                                                             
                   3  .075  .0029                                              
                                 .002 .0138 .0144                              
     Ni   1000                                                                 
              1000                                                             
                  100  .0048                                                   
                            .0043                                              
                                 .0047                                         
                                      .0047 .0047                              
     Cr    500                                                                 
              1075                                                             
                  --  --    .0039                                              
                                 .0047                                         
                                      .0075 .0085                              
     Cr    800                                                                 
              1075                                                             
                  --  --    .0045                                              
                                 .0059                                         
                                      .0104 .0110                              
     __________________________________________________________________________
PAL  Several of the parameters in the table have been defined above. The
      remainder are the phase velocity change, .DELTA.v.sub.p, the group
      velocity change, .DELTA.v.sub.g, the proportion of diffused metal atoms to
      niobium atoms in the host crystal, N.sub.Dif /N.sub.Nb, and the
      frequencies at which the velocity changes were measured. Three identical,
      equally spaced transducers of 44 microns periodicity were then fabricated
      on each crystal such that the metal diffused region was contained
      completely between two of the transducers. By driving the center
      transducer and measuring the phase difference between the two output
      transducers both the phase velocity, v.sub.p and group velocity, v.sub.g
      of the diffused region was obtained relative to the undiffused region.
      This technique is the same as that previously described in more detail.
      See the article by L. A. Coldren and R. V. Schmidt, Applied Physics
      Letters, Volume 23, page 482 (1973). These measurements were taken at the
      transducer's fundamental frequency, 81 MHz, and its fifth harmonic, 412
      MHz. The results are given in Table I. The Ti diffusion effective depth, b
      = 3.mu..mu.m, was determined by observing the optical waveguide modes. See
      the article by R. V. Schmidt and I. P. Kaminow, Applied Physics Letters,
      Volume 25, page 458 (1974). The depth of the Ni diffusion, b = 100 .mu.m,
      was calculated from the temperature dependence of the Ni diffusion
      constant. This temperature dependence was determined by curve fitting
      known diffusion profile distributions to actual profiles measured by
      electroprobe analysis. The diffusion depth of Cr was not measured; but Cr
      does not readily diffuse into LiNbO.sub.3 and b is thought to be .about.1,
      .mu.m.
PAR  From examination of Table I it can be observed that the Ti and Cr diffused
      regions are dispersive and produce a surface wave velocity increase of
      about 1 percent at 412 MHz, where the acoustic wavelength is 8.8 .mu.m.
      The Ni diffused region shows little dispersion and a velocity increase of
      .about.0.5 percent. This is expected since the diffusion depth is much
      greater than the acoustic wavelength of both frequencies. From the data
      supplied in Table I one can crudely estimate that for a uniform 5 percent
      concentration of diffusant atoms to Nb atoms the acoustic surface wave
      velocity perturbation, .DELTA.v/v, would be 3 percent and 5 percent for Ti
      and Ni respectively. A more accurate calculation of these numbers would
      require detailed knowledge of the diffusion profiles and should take into
      consideration the complex nature of the acoustic strains.
PAR  There was no readily apparent increased loss in the diffused regions
      compared to the undiffused regions for a 1 cm propagation length at
      frequencies as high as 412 MHz. Any differences between insertion loss for
      waves traveling through the diffused and undiffused regions, which were on
      the order of 0.1 dB, could be accounted for by slight differences in the
      output transducers' efficiency. At 412 MHz, LiNbO.sub.3 propagation loss
      is .about.0.4 dB/cm and the air loading loss is .about.0.2 dB/m.
PAR  In the operation of the embodiment of FIG. 1 the transmitter 11 is of the
      frequency multiplexing type which combines several channels of center
      frequencies f.sub.1, f.sub.2, . . . up to f.sub.n for transmission on a
      common carrier over a transmission medium 12, illustratively a coaxial
      cable, or via a freely propagating radio wave, to the receiver 13 which
      must demultiplex the various channels of differing center frequencies.
PAR  For one such channel, the channel-dropping filter 16 serves to separate the
      modulated wave of center frequency f.sub.1 from the other frequency
      components of the multiplexed signal. Transducers 18 through 21 and 29
      through 31 illustratively operate in the conventional way for acoustic
      surface wave transducers. The periodic stripe-like or grating pattern 22
      is oriented at 45 degrees with respect to the direction of propagation of
      the acoustic wave in crystal 16 so that the essentially Bragg-type
      reflections resulting from the acoustic velocity perturbations yielded by
      the pattern 22 are directed at right angles to the incident path of the
      acoustic wave to the output transducers 23 through 27; which is similar to
      the other transducers. The strength of the incremental reflection from
      each diffused region is directly related to the thickness .tau. of the
      metal deposited originally on the surface before diffusion.
PAR  Optionally, the crystal 16 may include means for confining the acoustic
      waves to a surface region of the crystal 16 near the transducers; but such
      a guiding region is not shown since acoustic surface waves (ASW) are
      illustratively the mode of transmission through crystal 16. It should be
      clear, nevertheless, that the diffused metal affects the bulk acoustic
      properties of the crystal.
PAR  The extracted modulated wave at center frequency f.sub.1 is intercepted by
      the single channel detector 15, which yields the desired modulation
      content originally transmitted in that channel as its output signal. The
      remaining frequency bands at f.sub.2 . . . may be transmitted on to other
      similar receivers.
PAR  The transmitter 11, medium 12, detector 15 and other details of receiver 13
      that are not shown are all conventional in the communication art.
PAR  In order to drop a channel of substantial frequency bandwidth center about
      f.sub.1, the stripes of the pattern 22 would have a selected variability
      of spacing orthogonal to their elongation to provide the desired
      bandwidth. The overal amount of reflection at a given frequency may be
      controlled by varying the initial metal stripe thicknesses across the
      grating.
PAR  As a means to obtain the phase velocity measurements and test the
      feasibility of using diffused velocity perturbations for acoustic surface
      wave grating reflectors as compared to prior art devices test devices of
      the type illustrated in FIG. 2, employing a pattern 22 of substantial
      periodically spaced stripe-like regions, were fabricated. The transducers
      had a 145 MHz center frequency and the gratings had a wavelength, A, of 12
      .mu.m and a length, L, of 540 periods. Three separate devices were
      fabricated. Metallic aluminum strips, 6 .mu.m wide, on the surface, but
      not diffused into it, formed one grating and diffused 6 .mu.m wide Ti
      strips 1000A and 15000A thick formed the other two gratings. The metal A1
      was chosen to form periodic velocity perturbations of the prior art type
      by the piezoelectric .DELTA.v/v effect. Titanium was chosen to form the
      diffused velocity perturbations in the other two devices because its
      diffusion depth is less than the grating wavelength.
PAR  From knowledge of the acoustic surface wave transmission loss through the
      gratings as a function of frequency, the grating velocity perturbation can
      be obtained from coupled mode descriptions of grating reflectors. Using a
      plane wave approximation for an acoustic surface wave, it can be shown
      that the maximum reflectivity, R, and the fractional bandwidth zeros,
      .DELTA.f/f, for a grating reflector is given by
EQU  R = tanh.sup.2 (kL)                                        (2)
PAL  and
      ##EQU1##
      where k is the grating coupling coefficient. It can further be shown that
      ##EQU2##
      where .lambda. is the acoustic wavelength and .DELTA.v/v is the fractional
      periodic velocity change assumed to occur every half grating wavelength.
      Thus, by measuring .DELTA.f/f from the transmission loss curves measured
      by conventional network analyzer techniques the coupling coefficient and
      .DELTA.v/v can be calculated from Equation (3). The results of these
      calculations are given in Table II. The values of .DELTA.v/v for Ti
      diffused velocity perturbations are consistent with those given in Table
      I. Furthermore, the calculated value of the piezoelectric .DELTA.v/v is in
      good agreement with the established value of 0.0246. Also in Table II the
      experimentally observed maximum rejection, 1-R, is tabulated along with
      the maximum rejection calculated from Equation (2). Reasonable agreement
      is obtained for the diffused gratings.
TBL                                    TABLE II                                
     __________________________________________________________________________
                                Cal.  Meas.                                    
          Thickness             Rejection                                      
                                      Rejection                                
     Material                                                                  
          A     .DELTA.f/f                                                     
                      .kappa.L                                                 
                           .DELTA.v/v                                          
                                (dB)  (dB)                                     
     __________________________________________________________________________
     Metallic                                                                  
      Al  1000  .0150 12.66                                                    
                           .0234                                               
                                116   16-50                                    
     Diffused                                                                  
      Ti  1000  .0046  2.34                                                    
                           .0043                                               
                                15.2  10.5                                     
     Diffused                                                                  
      Ti  1500   .00586                                                        
                       3.85                                                    
                           .0071                                               
                                27.4  27.0                                     
     __________________________________________________________________________
PAR  It was noticed that the diffused gratings have uniform and symmetric
      frequency characteristics, while the metallic (A1) prior art type grating
      does not. The latter characteristic is presumably due to the
      redistribution of the characteristic modes associated with the conducting
      metallic strip region. Gratings according to my invention do not have the
      wave redistribution that is associated with metallic gratings deposited on
      the surface of crystal 16.
PAR  In the embodiment of FIG. 2 it is desired to employ my invention to provide
      a notch filter. Notch filters are typically needed where it is desired to
      eliminate a hum or other very narrow band interference which has disturbed
      the communication channel. Nevertheless, such notch filters are also
      usable in other environments such as laboratory equipment, control systems
      and the like. The problem is presented by the fact that the signal to be
      processed is obtained from a source 41 which has supplied not only the
      desired signal f.sub.s but also combined therewith the narrow band
      interference f.sub.x.
PAR  For tutorial purposes, it is assumed that this combined signal is passed in
      the forward direction through an isolator 42 to the notch filter 44 in
      which the desired signal f.sub.s is to be passed to the utilization
      apparatus 45 by the notch filter 44.
PAR  The filter 44 includes a lithium niobate or lithium tantalate crystal on
      which transducers 47 through 52 and 54 through 58, like those of FIG. 1
      are disposed. Between the transducers there is diffused into the bulk of
      the crystal through its surface a plurality of strips forming a pattern
      53, wherein the strips are oriented essentially orthogonal to the
      direction of acoustic wave transmission so that the incremental reflected
      portions of the wave are directed back through the input interdigital
      transducer and into isolater 42. Since the center-to-center spacing of the
      strips in pattern 53 is selected to correspond to multiples of the
      half-wavelength of the interference frequency f.sub.x, the interference
      propagates back into circulator 43 of the isolator 42 and out a third port
      of the circulator 43 to a termination 59 in which the power at frequency
      f.sub.x is dissipated.
PAR  Perhaps the most commercially significant current application of acoustic
      wave filters is the application to intermediate frequency filtering in
      television circuitry. Such an embodiment is shown in FIG. 3. In FIG. 3 the
      filter 96 is identical to filter 44 of FIG. 2; but it is placed in its
      proper relationship to adjacent parts in the typical environment in a
      television receiver 94. Thus it follows the antenna 93, the tuner 95,
      first I.F. amplifier 97 and its automatic gain control 104 and precedes
      the following intermediate frequency amplifier 101 and the picture
      detection and display stages 102 and 103. Nonselected intermediate
      frequency components of the amplified signal from amplifier 97 are mostly
      picked off by sound detector 99 before reaching filter 96 and, in any
      event, are not intercepted by picture detection and display apparatuses
      102 and 103, as they are blocked by filter 96. The advantage of employing
      a filter 96 according to my invention in such an otherwise conventional
      circuit resides partly in its simplicity and partly in the ready tailoring
      of its filter characteristic to separate sound and picture I.F.
      components.
PAR  The applications of my discovery are not limited to periodic patterns of
      increased acoustic wave velocity but can also be applied to such
      nonperiodic structures as acoustic waveguides defined by the diffusion of
      the metal into lithium niobate or lithium tantalate. For these
      applications, it may be desirable to diffuse chromium or nickel, which
      respectively have smaller and larger diffusion constants than Ti, and can
      most easily be used to define a suitable cross section for waveguiding in
      the crystalline material. In fact, it is apparent from my analysis that
      many different diffusant metals can be used in devices of my invention,
      for differing applications.
PAR  For example, in the substantial planar waveguide of FIG. 4, it is desired
      to have a guiding medium 62 in lithium niobate or lithium tantalate
      between a signal transmitter 61 and a signal receiver 63. To that end,
      substantially uniformly diffused regions 64 are created on either side of
      the desired waveguiding channel 71. For bulk acoustic wave propagation,
      the depth of this channel 71 may also be restricted in part by another
      diffusion of metal in the lithium niobate crystal from the surface
      opposite the transudcers below the level of the uniformly diffused regions
      64. As shown, the transducers 65 through 70 and 72 through 77 are adapted
      to propagate and receive acoustic surface waves; and the last mentioned
      diffusion is unnecessary. It should be clear, however, that it is the bulk
      properties of the crystal with respect to the acoustic wave velocity that
      are affected by the metal diffusion into the region 64.
PAR  While an acoustic waveguide is an entirely different device from an optical
      waveguide, the device can perhaps be untuitively understood by those more
      familiar with optical waveguides by considering that the increase in
      acoustic velocity in regions 64 is comparable to a decrease in optical
      index of refraction in an analogous optical waveguide.
PAR  Surprisingly, it is found that over the modest propagation distances tried
      so far, the increase in acoustic loss in a medium such as guiding medium
      62 on account of the diffused region 64 appears to be negligible. It
      should be noted that, in an optical waveguide some metals such as nickel
      can cause disastrously high losses, but are found to be readily usable in
      the acoustic guide of FIG. 4.
PAR  The acoustic guide can also assume a cylindrical fiber-like geometry as
      shown in FIG. 5. The principal modification in the transmitting apparatus
      81 and receiving apparatus 83 relates to the form of transducer, typically
      a radically symmetrical transducer.
PAR  Advanced techniques for reducing the tendency to stress and cracking in the
      use of such transducers are disclosed in the copending patent application
      of G. D. Boyd and L. A. Coldren Case 13-2, Serial No. 496,645, filed Aug.
      12, 1974 and assigned to the assignee hereof.
PAR  The production of a fiber acoustic guide 82 in lithium niobate was not
      trival and was accomplished by a sequence of steps as shown in FIG. 6.
      First, a lithium niobate fiber was drawn down to a diameter of several
      acoustic wavelengths by the recently developed single crystal fiber
      drawing technique in which a hot pointed tungsten wire or a sharply
      pointed seed crystal of the lithium niobate of desired orientation is
      touched to the surface of a melt of lithium niobate and then gradually
      drawn away at a rate which determines the diameter of the drawn fiber.
PAR  Next, the resulting single crystal fiber is coated with a suitable metal
      layer, illustratively nickel, over its entire outer surface to a depth of
      0.4 .mu.m. The plated or coated fiber is then heated to about
      1100.degree.C for about 24 hours to produce a diffused depth, b, of 50
      .mu.m. Oxygen is then flowed over the cooling fiber to replace the oxygen
      loss during the heating step.
PAR  The lowest acoustic velocity occurs in the center of the resulting fiber so
      that an acoustic wave propagated down the guide 82 has its diffracting
      outer portions constantly rebent toward the guide axis.
PAR  The guide 82 is basically a so-called graded velocity acoustic guide of the
      type which was discovered to be desirable in the previously filed
      copending application of G. D. Boyd et al Case 13-2, Ser. No. 496,645,
      filed Aug. 12, 1974 and assigned to the assignee hereof. The guide 82
      represents the most practical and most easily fabricated form of the guide
      according to that prior invention proposed to date.
PAR  It should be clear that various modifications of the preceding embodiments
      of my invention are possible within its spirit and scope. For example,
      grating periods at least as fine as 6 .mu. should be possible with
      diffused titanium. Other metals, such as chromium, which have smaller
      diffusion constants can be used for shorter periods. It should also be
      possible to change the magnitude of the velocity perturbation otherwise
      obtained with the parameters shown in Table I by depositing the metallic
      film or strips with a selected variation of thickness prior to diffusion.
      While I prefer the photolithographic technique called the liftoff
      technique, it should be clear that other photolithographic techniques are
      also feasible, in that they are also compatible with the deposition of the
      metal strips that are desired prior to the diffusion step.
PAR  Other applications of my invention may include more widely varied spacing
      grating-type filters such as would be usable for pulse compression of a
      chirped pulse. In addition, in fabrication of more complex filter
      characteristics it should be clear that a grating resonator composed of
      two separate grating reflectors disposed on opposite sides of a single
      transducer can provide very sharply defined poles and zeros for a
      composite filter characteristic. Indeed, several such resonators can
      illustratively be used in a single filter.
PAR  In general, the measurement of the acoustic wave velocity variations
      obtained by my invention may be accomplished by the technique disclosed by
      L. A. Coldren and myself, Applied Physics Letters, Volume 23, No. 10 at
      pages 482-483 (1973).
PAR  On analogy to the devices 4 and 5, a bulk wave resonator instead of a
      grating reflector resonator may be constructed simply by diffusing a metal
      into a selected volume of a lithium niobate or a lithium tantalate crystal
      substantially uniformly with a relatively abrupt transition or
      discontinuity with respect to the surrounding undiffused crystal. A
      substantial portion of an acoustic wave that enters this region will be
      multiply reflected before exiting from the region.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic device comprising a body of material capable of
      propagating acoustic waves, said body comprising at least one region of
      lithium niobate, first transducer means attached to said body to couple
      acoustic waves into said region, and second transducer means attached to
      said body for coupling acoustic waves out of said region, characterized by
      the improvement for selective transmission of acoustic waves in a
      particular frequency band that said lithium niobate region includes a
      pattern of portions into which a metal has been diffused to provide
      increased acoustic wave velocity in those portions.
NUM  2.
PAR  2. An alectronic device comprising a body of material capable of
      propagating acoustic waves, said body comprising at least one region of
      lithium tantalate, first transducer means attached to said body to couple
      acoustic waves into said region, and second transducer means attached to
      said body for coupling acoustic waves out of said region, characterized by
      the improvement for selective transmission of acoustic waves in a
      particular frequency band that said lithium tantalate region includes a
      pattern of portions into which a metal has been diffused to provide
      increased acoustic wave velocity in those portions.
NUM  3.
PAR  3. An electronic device according to claim 1 in which the diffused metal is
      a transition metal.
NUM  4.
PAR  4. An electronic device according to claim 2 in which the diffused metal is
      a transition metal.
NUM  5.
PAR  5. An electronic device according to claim 1 in which the pattern of
      portions comprises a substantially periodic pattern of stripe-like
      portions yielding a grating-like effect for the acoustic waves.
NUM  6.
PAR  6. An electronic device according to claim 2 in which the pattern of
      portions comprises a substantial periodic pattern of stripe-like portions
      yielding a grating-like effect for the acoustic waves.
NUM  7.
PAR  7. An electronic device according to claim 5 in which the substantially
      periodic pattern comprises a pattern in which the metal is present in the
      bulk of the material to a substantial depth.
NUM  8.
PAR  8. An electronic device according to claim 6 in which the substantially
      periodic pattern comprises a pattern in which the metal is present in the
      bulk of the material to a substantial depth.
NUM  9.
PAR  9. An electronic device according to claim 1 adapted to be an acoustic
      waveguide in that the metal appears in substantial concentration outside
      of a limit of a selected guiding channel in the crystal.
NUM  10.
PAR  10. An electronic device according to claim 2 adapted to be an acoustic
      waveguide in that the metal appears in substantial concentration outside
      of a limit of a selected guiding channel in the crystal.
NUM  11.
PAR  11. A filter for television circuitry comprising a body of material capable
      of propagating acoustic waves, said body comprising at least one region of
      lithium niobate, first transducing means attached to said body to couple
      acoustic waves into said regions, and second transducing means attached to
      said body for coupling accoustic waves out of said region, characterized
      by the improvement for selective transmission of acoustic waves in a
      selected intermediate frequency band that said region includes a pattern
      of stripe-like portions into which a metal has been diffused to provide
      increased acoustic wave velocity in those portions, the spacing of said
      stripe-like portions varying from a period equal to an integral multiple
      of the intermediate-frequency wavelength by an amount related to the
      bandwidth of the intermediate-frequency wave to be transmitted through
      said filter.
NUM  12.
PAR  12. An intermediate-frequency filter according to claim 11 in which the
      metal is selected from the group consisting of titanium, nickel and
      chromium.
NUM  13.
PAR  13. A filter for communication channel dropping comprising a body of
      material capable of propagating acoustic waves, said body comprising at
      least one region of lithium niobate, first transducing means attached to
      said body to couple acoustic waves into said regions, and second
      transducing means attached to said body for coupling acoustic waves out of
      said region, characterized by the improvement for selective transmission
      of acoustic waves in a selected channel frequency band that said region
      includes a pattern of stripe-like portions into which a metal has been
      diffused to provide increased acoustic wave velocity in those portions,
      the spacing of said stripe-like portions varying from a period equal to an
      integral multiple of the channel center wavelength by an amount related to
      the bandwidth of the channel to be transmitted through said filter.
NUM  14.
PAR  14. An acoustic waveguide comprising a body of material capable of
      propagating acoustic waves, said material being selected from the group
      consisting of lithium niobate and lithium tantalate, said body having at
      least an outer region including a diffused metal that increases the
      acoustic wave velocity.
NUM  15.
PAR  15. An acoustic waveguide according to claim 14 in which the metal has a
      concentration gradient decreasing toward the guide axis.
NUM  16.
PAR  16. An acoustic waveguide according to claim 14 in which the body includes
      at least two regions including diffused metal.
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PAL  A broadband 180.degree. 3 db hybrid coupler useful in mixing, combining
      and/or splitting circuits, the hybrid including slot line and microstrip
      hybrid components disposed on opposite planar surfaces of a dielectric
      substrate, one of the components having three ports and associated arms
      while the other component having a single port and arm, the hybrid
      providing signal coupling between the hybrid components except where the
      plane of symmetry of one of the hybrid components bisects the other hybrid
      component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The background of the invention will be set forth in two parts.
PAR  1. Field of the Invention
PAR  This invention relates to an electromagnetic wave propagating device and
      more particularly to a microwave 180.degree. 3 db hybrid coupler utilizing
      slot line and microstrip techniques.
PAR  2. Description of the Prior Art
PAR  Microwave devices known as hybrids or hybrid junctions have been in use for
      many years. Hybrids are four-port devices which, relative to one port
      chosen as the input, produce one isolated port and two coupled ports. Many
      of these hybrids have used hollow waveguide, and others have used
      microwave integrated circuit techniques. One such device used in
      integrated circuit applications is a branch line coupler. This device uses
      differential electrical line lengths to produce the required signals at
      the output ports. For isolation, two equal amplitude signals are phased
      180.degree. apart by differential line lengths which are then summed at
      its isolation port. The relative phase difference between its two coupled
      ports is 90.degree.. In this type of device, the differential electrical
      length varies with frequency, therefore so does the isolation and the
      relative phase of its coupled ports.
PAR  Another example of a prior art device of this type is the 3 db reverse
      coupler, which has two lengths of line coupled to each other over a
      quarter wavelength. The coupling and isolation are a function of the
      electrical length of this coupled section, making it frequency sensitive.
PAR  It should therefore be evident that an integrated circuit-type hybrid
      coupler that does not utilize differential lengths of line to achieve
      isolation or coupling because it has a natural isolation between its input
      and output ports, would constitute a significant advancement of the art.
PAC  SUMMARY OF THE INVENTION
PAR  In view of the foregoing factors and conditions characteristic of the prior
      art, it is a primary object of the present invention to provide a new and
      improved hybrid coupler.
PAR  Another object of the present invention is to provide a broadband hybrid
      coupler that is very compact in size and which achieves its broadband
      characteristics in an integrated circuit-type structure through symmetry
      of the circuit.
PAR  Still another object of the present invention is to provide a hybrid
      coupler using both slot line and microstrip techniques.
PAR  Yet another object of the present invention is to provide a broadband
      hybrid coupler including a slot line hybrid component and a microstrip
      hybrid component, one of the components having three ports and associated
      arms, and the other component having a single port and associated arm.
PAR  In accordance with an embodiment of the present invention, a slot
      line/microstrip hybrid includes a relatively thin conductive coating
      disposed on one planar surface of a dielectric substrate having another
      parallel planar surface, a slot line hybrid component being defined by a
      relatively narrow slot in the conductive coating. Disposed on the other of
      the planar surfaces is a microstrip line hybrid component of conductive
      material, the microstrip hybrid component being disposed relative to the
      slot line hybrid component to provide signal coupling between the hybrid
      components except where the plane of symmetry of one of the hybrid
      components bisects the other hybrid component.
PAR  The hybrid is a four-port device, where one of the hybrid components has
      three ports and associated arms, and the other hybrid component has a
      single port and an associated arm which may, in certain configurations, be
      a split arm. Also in various embodiments of the invention, the hybrid
      component having three ports may be a microstrip line and the other hybrid
      component having a single port will be a slot line, and vice versa.
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      making reference to the following description taken in conjunction with
      the accompanying drawings in which like reference characters refer to like
      elements in the several views.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a portion of a slot line/microstrip hybrid wherein
      a microstrip line hybrid component couples a signal to a "Y" slot line
      hybrid component such that signals in two of the arms of the component
      having three arms are in phase, in accordance with the present invention;
PAR  FIG. 2 is a sectional representation of the device shown in FIG. 1, taken
      along line 2--2;
PAR  FIG. 3 is a plan view of the hybrid of FIG. 1, wherein the signals in two
      arms are out of phase;
PAR  FIG. 4 is a plan view of a portion of a slot line/microstrip hybrid wherein
      a slot line hybrid component couples a signal to a "Y" microstrip hybrid
      component, in accordance with another embodiment of the present invention;
PAR  FIG. 5 is a plan view of still another embodiment of the invention
      including a microstrip line "Y" hybrid component and a slot line "T"
      hybrid component;
PAR  FIG. 6 is a plan view of a complete slot line/microstrip hybrid,
      constructed in accordance with the present invention; and
PAR  FIG. 7 is a side elevational view of the device illustrated in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention as herein described combines the integrated circuit-type
      technique known as slot line and microstrip constructions. A slot line may
      be generally described as a relatively narrow slot in a thin conductive
      layer disposed on a broad planar surface of a relatively high permittivity
      dielectric substrate. Upon the application of an input signal, an electric
      field exists across the slot while the magnetic field is perpendicular to
      the slot and forms closed loops at half-wave intervals. If the substrate's
      permittivity is sufficiently high, such as e.sub.r = 10 to 30, the
      slot-mode wavelength will be much smaller than free-space wavelengths, and
      the fields will be closely confined near the slot.
PAR  Microstrip lines are well known and consist of a strip of conductor
      disposed on one planar surface of a dielectric or ferrite substrate plate
      with a conductive coating or layer disposed on the other, parallel, planar
      surface of the substrate. For a more in-depth explanation of the design
      and operation of slot and microstrip lines, the following articles may be
      referred to: "Slot Line on a Dielectric Substrate" by Seymour B. Cohn, in
      IEEE Transactions on Microwave Theory and Techniques, pages 768-778, Vol.
      MTT-17, No. 10, October 1969; "Slot-Line Filters and Couplers" by E. A.
      Mariani and J. P. Agrios, in IEEE Transactions on Microwave Theory and
      Techniques, pages 1089-1095, Vol. MTT-18, No. 12, December 1970; and "Slot
      Line Application to Miniature Ferrite Devices" by G. H. Robinson and J. L.
      Allen, IEEE Transactions on Microwave Theory and Techniques, pages
      1097-1101, Vol. MTT-17, No. 12, December 1969.
PAR  Referring now to the drawings and more particularly to FIGS. 1 and 2, there
      is shown a slot line/microstrip 180.degree. 3 db hybrid 11. This
      embodiment consists of a slot line "Y" junction hybrid component 13
      disposed on a first planar surface 15 of a metallized dielectric or
      ferrite substrate 17, with a microstrip conductor hybrid component 19
      disposed by means of etching, for example, on a second, parallel, planar
      surface 21 of the substrate. Thus, the slot line component is a relatively
      narrow slot 23 provided in a conductive coating 25 of such material as
      copper, gold, silver and the like, the coating or layer 25 being applied
      to the substrate surface 15 by any conventional process. The layer 25 also
      acts as the ground plane for the microstrip conductor 27 of the hybrid
      component 19, and except where coupling between the microstrip and slot
      line hybrid components is desired, two independent integrated circuit-type
      circuits, one on each side of the substrate 17, exist. Coupling between
      the two hybrid components is achieved when the slot 23 is in close
      proximity to the microstrip conductor 27, except under conditions to be
      described.
PAR  It can be seen that the hybrid 11, being provided in integrated circuit
      type structures, is very compact and lightweight and, due to its circuit
      symmetry analogous to a waveguide "magic Tee", has a relatively broadband
      characteristic. In this regard reference may be made to Section 9.12 of
      Vol. 8, Principles of Microwave Circuits, and Section 8.8 of Vol. 14,
      Microwave Duplexers, both in the well-known radiation laboratory series of
      MIT. The hybrid 11 does not require differential lengths of line to
      achieve isolation of coupling between its components, since it has a
      natural isolation between its first port 31 of the microstrip component 19
      and a hybrid second port 32 of the slot line component 13 at the base of
      the "Y" configuration, the latter component also including third and
      fourth hybrid ports 33 and 34, and associated arms 35, 36 and 37.
PAR  This natural isolation is achieved by positioning the microstrip line in
      component 19 such that the plane of symmetry S of the slot line component
      13 bisects it, as illustrated in FIG. 2.
PAR  Where a microwave input signal is applied to the microstrip component 19
      (port 31), the field lines (indicated by arrows E) that terminate on the
      second hybrid arm 35 (the slot line "Y" junction base) are of equal
      intensity and, therefore, create no difference of potential between the
      slot line conductors. A similar effect occurs at the microstrip line
      component 19 when the input signal is applied to the second arm 35 (port
      32) of the slot line components 13.
PAR  Thus it can be seen that with an input at port 31, port 32 is isolated and
      the power is equally split between ports 33 and 34, the signals in the
      latter arms being in phase. And again, conversely, with an input at port
      32, port 31 is isolated and the power is equally split at ports 33 and 34,
      but these signals are out of phase, as shown in FIG. 3.
PAR  Basically, the invention is a broadband device with no cricital resonant
      length problems. However, for maximum efficiency of energy transfer from
      one hybrid component to the other, it is preferred that the single port
      hybrid component overlap or extend beyond the intersection of the arms of
      the three-port hybrid component by approximately one-quarter wavelength
      (see FIG. 3).
PAR  Referring now to FIG. 4, there is illustrated another embodiment of the
      invention. Here, a slot line-microstrip hybrid 41 is shown having a single
      port slot line hybrid component 43 and a three-port microstrip hybrid
      component 45 in the form of a Y. Again, the plane of symmetry of the slot
      line hybrid component bisects the microstrip line hybrid component. The
      hybrid components function identically to those first described and no
      additional description is herein provided.
PAR  Still another embodiment of the invention is shown in FIG. 5. This figure
      illustrates a slot line/microstrip hybrid 51 which includes a single port
      microstrip hybrid component 53 having a Y configuration with two parallel
      arm portions 55 and 57. These arm portions extend over two arms 69 and 61
      of the three-port slot line hybrid component 63 in a T configuration. As
      in the other embodiments, for maximum efficiency, the arms of the single
      port hybrid component extend beyond the two arms sharing a common axis of
      the other hybrid component by approximately one-quarter wavelength.
      However, for maximum efficiency, the distance from the center of each of
      the arm portions to the center of the T-junction should preferably be
      approximately one-half wavelength.
PAR  With reference to FIGS. 6 and 7, there is shown an embodiment of the
      present invention similar to the embodiment illustrated in FIG. 1 as
      actually constructed. The slot line/microstrip hybrid 61 includes a
      dielectric substrate 63 having two parallel planar surfaces 65 and 67, a
      relatively thin conductive coating 69 of copper or silver, for example,
      being disposed on the surface 65 whereas a slot line hybrid component 71
      is defined by a relatively narrow slot 73 in the conductive coating 69.
PAR  A microstrip hybrid component 75 of conductive material in the form of a
      longitudinal strip 77, similar to the conductive coating 69, is disposed
      on the other planar surface 67, the microstrip hybrid component 75 being
      disposed relative to the slot line hybrid component 71 to provide signal
      coupling between the hybrid components except where the plane of symmetry
      of the slot line hybrid component 71 bisects the microstrip hybrid
      component 75, as clearly seen in FIG. 6.
PAR  In this embodiment, the center conductor of a standard coaxial connector 79
      is soldered or otherwise conductively attached to the end of the
      microstrip conductive coating 77, and signals are coupled into or out of
      the three arms 81, 83, 85 of the slot line hybrid component 71 by means of
      three miniature semi-rigid coaxial lines 87, 89 and 91, respectively. As
      seen in FIG. 6, the outer conductive shield of the three miniature coaxial
      lines are soldered or conductively epoxied to the coating 69, and each is
      provided with a miniature coaxial connector 93, 95 and 97, respectively.
      Signal coupling is provided to each of the three slot line arms by
      soldering or otherwise conductively attaching the center conductors 99,
      101 and 103 of the respective three miniature coaxial lines to the edge of
      the conductive coating 69 opposite the corresponding end of the miniature
      line. Thus, the slot line hybrid component 71 has three arms 81, 83 and 85
      and three associated connectors or ports 93, 95 and 97, while the
      microstrip hybrid component 75 has a single arm 77 coupled to the
      connector or port 79.
PAR  In this configuration, with an input signal applied to the port 79, port 93
      will be isolated and the applied power will be split equally between ports
      95 and 97 and will be in phase. On the other hand, with an input signal
      applied to port 93, port 79 will be isolated and the applied power will
      again be split equally in arms 83 and 85 but here the power in the arms
      will be out of phase with respect to each other.
PAR  The hybrids herein described are broadband devices which may be
      advantageously utilized in many broadband circuits, such as for example,
      as broadband microminiature balanced mixers, and broadband microminiature
      sum and difference monopulse circuits. Accordingly, it should be evident
      that there has herein been described new and improved hybrid couplers that
      are very rugged and compact, and that have very broad band
      characteristics, the invention utilizing such integrated circuit
      techniques as microstrip and slot line structures in a unique combination.
PAR  It should be understood that the materials used to fabricate the various
      embodiments of the invention are not critical and any material exhibiting
      the desired characteristics may be substituted for those mentioned. It
      should further be understood that the invention is susceptible to further
      embodiments embracing the teaching of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. slot line/microstrip hybrid, comprising:
PA1  a dielectric substrate having two parallel planar surfaces;
PA1  a relatively thin conductive coating disposed on one of said planar
      surfaces, a T-shaped three port slot line hybrid component being defined
      by a relatively narrow slot in said conductive coating;
PA1  a split arm single port microstrip line hybrid component of conductive
      material disposed on the other of said planar surfaces, the longitudinal
      axes of the portions of the split arm hybrid component adjacent two
      coaxial arms of said T-shaped hybrid component being on opposite sides of
      and essentially parallel to the transverse arm of said T-shaped hybrid
      component.
NUM  2.
PAR  2. The slot line/microstrip hybrid according to claim 1, wherein said
      portions of said split arm hybrid component extend beyond said coaxial
      arms by approximately one-quarter of the design wavelength.
NUM  3.
PAR  3. The slot line/microstrip hybrid according to claim 1, wherein said
      portions of said split arm hybrid component are each spaced from said
      transverse arm by approximately one-half of the design wavelength.
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ABST
PAL  A latching ferrite phase shifter having a ferrite toroid is provided with
      inexpensive means for adjusting its magnetization to account for
      manufacturing inaccuracies and temperature changes. A small permanent
      magnet is mounted externally of the transmission line in which the ferrite
      is positioned. The permanent magnet applies parallel fields to the
      opposite sides of the toroid, selectively reducing magnetic flux density
      on one side.
BSUM
PAR  The present invention relates to improvements in phase shifters which
      substantially reduce manufacturing costs and provide improved performance.
      More specifically the invention relates to the use of an external
      permanent magnet to compensate for manufacturing variations in the
      ferrimagnetic toroids in a phase shifter and/or to compensate for
      environmental temperature variations when the devices are used.
PAR  A phase shifter typically takes the form of a transmission line such as a
      waveguide or stripline having a ferrimagnetic toroid, usually a ferrite,
      longitudinally disposed therein with a conductor extending longitudinally
      through the toroid to carry a current which applies a magnetic field to
      the toroid. The magnetic field in the toroid alters the propagation
      constant of a wave propagating through the transmission line which in turn
      controls the phase shift. Latching phase shifters, which are the preferred
      type for application of the present invention, use a ferrimagnetic toroid
      having a square hysteresis loop, the phase shift depending on the remanent
      magnetic flux density B in the toroid and the length of the toroid.
      Typically, the toroids are cut to various lengths and several are provided
      which effect different phase shifts. For instance, four bit phase shifters
      have four toroids which effect phase shifts of 180.degree., 90.degree.,
      45.degree. and 22.5.degree. respectively. By selecting the direction of
      magnetization of the four toroids, it is possible to achieve phase shifts
      over 360.degree. in increments of 22.5.degree..  Assuming equal
      magnetizing currents and equal cross sections, the second, third and
      fourth toroids must be respectively 2, 4 and 8 times the length of the
      smallest to accurately achieve the desired phase shifts. Further
      information regarding these devices may be found in Radar Handbook by
      Merrill Shalnik (1970) Chapter 12.
PAR  In manufacturing phase shifters of this type, it is difficult to achieve
      absolute accuracy of the lengths of the respective toroids. Furthermore,
      manufacturing irregularities in the ferrimagnetic material from which the
      toroids are cut create non-uniformities of magnetic properties of the
      devices so that, even if the toroids were cut to precisely the specified
      lengths, irregularities within them would cause their magnetic properties
      to deviate from prescribed tolerances.
PAR  Such irregularities in the lengths of the toroids and in their magnetic
      properties cause inaccuracy in the phase shift effected by them;
      therefore, it is necessary to compensate for those irregularities.
      Compensation may be achieved by cutting the toroids longer than the
      desired length and applying a current to the aforesaid conductor which
      reduces the magnetization to a desired amount or by controlling the
      magnetizing pulse in the aforesaid conductor to preclude saturating the
      toroid. The compensation generally is adjusted during manufacture by means
      of a potentiometer connected to the electronic circuitry of each toroid so
      that it will provide as precisely as possible the desired phase shift.
      Thus each toroid requires one or two separate potentiometers which
      unavoidably increases the cost of the phase shifter by the cost of several
      potentiometers.
PAR  Another problem associated with these phase shifters is the temperature
      dependence of the permeability of the ferrimagnetic material from which
      the toroids are made. Unless the devices are kept at a specific
      temperature, their accuracy will vary with changes in external
      temperature.
PAR  According to the present invention, inexpensive pieces of permanent magnet
      are mounted externally of the transmission line of the phase shifter
      during manufacture. The permanent magnets are positioned in such a fashion
      that its field reduces the remanent magnetization of the toroid for either
      direction of magnetization. These permanent magnets adjust the magnetic
      fields in the toroids in such a way as to reduce the equivalent
      permeability. In one form of the invention, a permanent magnet is used
      which compensates for the effects of the aforesaid manufacturing
      inaccuracies at any given temperature. In another form of the invention,
      the permanent magnet used for this purpose has a temperature coefficient
      of permeability which compensates for temperature dependent changes in the
      permeabilities of ferrimagnetic material.
DRWD
PAR  The manner in which the aforesaid permanent magnet is used will be more
      fully understood from the following detailed description of preferred
      embodiments, reference being made to the drawing in which
PAR  FIG. 1 is a perspective view of a latching waveguide phase shifter
      according to the invention;
PAR  FIG. 2 is a cross section of the device; and
PAR  FIGS. 3 and 4 are graphs of the magnetic properties of the toroids showing
      the effects of the permanent magnet both at room temperature and as the
      temperature is changed.
DETD
PAR  As shown in FIG. 1, a typical waveguide phase shifter comprises a
      rectangular wave guide 1 having a longitudinally extending toroid 2 with a
      conductor 3 through its core extending longitudinally along the toroid.
      The direction through the toroid along the conductor 3 will be defined as
      the axis of the toroid. The toroid is a ferrimagnetic material having a
      square hysteresis loop, for example a ferrite, the selection of which is
      not a part of the present invention. When a magnetizing pulse flows
      through the conductor 3, the toroid becomes magnetized, the magnetic field
      being around the toroid, for example as shown in FIG. 2 by arrows 4 and 5.
      The direction of the magnetic field depends on the direction of the pulse
      along the conductor 3. When the toroid has a square hysteresis loop, a
      pulse in either direction along the conductor shifts the direction of
      magnetization around the toroid, and that magnetization is retained until
      another switching pulse in the opposite direction is applied.
PAR  As shown in FIG. 2, a permanent magnet 6 is provided externally of the
      waveguide and extending along the waveguide for a portion or all of the
      length of the toroid 2. The permanent magnet is positioned so that its
      axis of magnetization is perpendicular to the axis of the toroid, the
      magnetic field of the permanent magnet being shown by lines 7.
      consequently the magnetic field which it creates adds to the magnetic flux
      density B in one side of the toroid and substracts from the magnetic flux
      density in the other side of the toroid. Since the magnetic field is
      circular, the flux density in each part of the toroid cannot exceed that
      in the latter side of the toroid in which the permanent magnet has reduced
      flux density. Therefore the permanent magnet reduces magnetic flux density
      throughout the toroid. This is equivalent to reducing the permeability of
      the ferrite.
PAR  In practice the ferrite is cut to a length greater than required to achieve
      a desired phase shift. Then permanent magnets are applied of progressively
      increasing magnetic field strength or length until one is found which
      reduces the phase shift to the desired value.
PAR  The same arrangement also achieves temperature compensation if the
      permanent magnet has an appropriate temperature dependence. As will be
      understood from the foregoing discussion, the permanent magnet's effect is
      to reduce the magnetic field strength B in the ferrimagnetic device. The
      magnetic field strength is directly proportional to the magnetic intensity
      H and the permeability .mu. in the equation B = .mu. H. The permeability
      is temperature dependent, increasing as temperature decreases and
      decreasing as temperature increases. The field strength of the permanent
      magnet changes in the same way when its temperature increases and
      decreases. Since the permanent magnet acts in opposition to the
      magnetization of the ferrite, decreases and increases in the permanent
      magnet counteract corresponding changes in the ferrite. Ideally the
      permanent magnet completely compensates for the temperature dependence of
      the ferrite over the working temperature range, and selection of materials
      to achieve this effect can be accomplished by simple experiment. For
      instance, good results were obtained over the temperature range
      -20.degree.C to +75.degree.C on 3-1002 ferrite using a magnet of Arnox V
      0.048 inch .times. 2.887 inch .times. 0.339 inch, and still better
      compensation was obtained when four thin pieces of Carpenter steel were
      laminated to the Arnox V between the Arnox V and the ferrite. The effect
      of the first-mentioned compensation is shown in FIGS. 3 and 4. The
      invention has been illustrated with a waveguide phase shifter but it will
      be appreciated that it is applicable to the phase shifter described in
      U.S. Pat. No. 3,478,283 in which case permanent magnets may be used to
      adjust both the longitudinal and transverse magnetic fields, each being
      perpendicular to the axis of the respective circular magnetic field in the
      double toroid described in that patent.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a phase shifter comprising a hollow metal waveguide and a
      ferrimagnetic toroid therein, the improvement comprising permanent magnet
      means, means mounting the permanent magnet means to said waveguide in a
      position to apply substantially equal strength parallel magnetic fields to
      opposite sides of said toroid in a direction perpendicular to the axis of
      said toroid, said magnetic fields being opposite to the direction of
      magnetization in one of said opposite sides and parallel to the direction
      of magnetization in the other side, so as to reduce the magnetization of
      the toroid.
NUM  2.
PAR  2. A phase shifter as set forth in claim 1 wherein said ferrimagnetic
      toroid is a ferrite.
NUM  3.
PAR  3. A phase shifter as set forth in claim 1 wherein said permanent magnet
      means is positioned in a recess in a wall of said waveguide.
PATN
WKU  039463427
SRC  5
APN  387561&
APT  1
ART  256
APD  19730810
TTL  Weighting surface wave filters by withdrawing electrodes
ISD  19760323
NCL  18
ECL  1
EXA  Nussbaum; Marvin
EXP  Borchelt; Archie R.
NDR  4
NFG  12
INVT
NAM  Hartmann; Clinton S.
CTY  Dallas
STA  TX
ASSG
NAM  Texas Instruments Incorporated
CTY  Dallas
STA  TX
COD  02
CLAS
OCL  333 72
XCL  310  98
XCL  333 30R
EDF  2
ICL  H03H  920
ICL  H03H  926
ICL  H01L 4110
ICL  H01L 4122
FSC  333
FSS  30 R;72
FSC  310
FSS  8;8.1;8.2;8.3;9.3;9.7;9.8
OREF
PAL  de Klerk - "Ultrasonic Transducers 3, Surface Wave Transducers" in
      Ultrasonics Jan. 1971, pp. 39-41.
PAL  Dieulesaint et al. - "Acoustic Surface Wave Filters" in Ultrasonics Jan.
      1973; pp. 25-30.
PAL  Hartemann et al. - "Intrinsic Compensation of Sidelobes in Dispersive
      Acoustic Delay Line" in Electronic Letters Vol. 5., No. 10,  May 15, 1969,
      pp. 219-220.
LREP
FR2  Levine; Harold
FR2  Comfort; James T.
FR2  Hiller; William E.
ABST
PAL  Prior art methods for shaping the impulse response of a surface wave delay
      line interdigital transducer include finger width weighting and finger
      overlap weighting. The new method for shaping the transducer impulse
      response disclosed herein overcomes several objectional characteristics of
      the prior art methods. The new method involves removal of individual
      fingers or groups of fingers from selected portions of the transducer. The
      amplitude of the impulse response in those regions from which fingers have
      been removed is reduced below the value which it would have if no fingers
      had been removed. The method thus provides the capability to control the
      relative amplitudes of the impulse response along the length of the
      transducer.
BSUM
PAR  This invention relates to surface wave delay lines and in particular to
      interdigital transducers for surface wave delay lines.
PAR  The most basic type of surface wave delay line interdigital transducer
      consists of a plurality of interdigitated fingers where the fingers are
      all equa-spaced and of equal length. As is well known in the art, the
      frequency response of such an interdigital transducer can be described by
      a sin x/x function where the center frequency of this sin x/x response is
      determined by the spacing between adjacent fingers and the width of the
      main lobe of the sin x/x function is related to the overall length of the
      transducer. For most devices of interest this is not a desirable frequency
      response and it is necessary to modify the response by weighing the
      transducer array. There are two standard techniques for accomplishing this
      weighing. In the first case, the width of the various interdigitated
      fingers are varied in some predetermined fashion thereby resulting in
      surface wave excitation which varies in amplitude along the length of the
      transducer. This method is rather severely limited in that only about a
      four fold variation in widths is practically achievable and as a result
      the achievable range of coupling strengths is only approximately 1.6. For
      most purposes this is not sufficient to permit the design of the required
      impulse responses. This dynamic range can be increased to a useable figure
      by operating the transducer array at one of its odd harmonics. This is
      undesirable however, because it reduces the effective coupling coefficient
      of the substrate thereby increasing the insertion loss. In addition, the
      exact line widths become extremely critical in harmonic operation to the
      extent that even with state-of-the-art fabrication techniques the yield
      for devices operating above 30 MHz is very low.
PAR  The second standard technique may be referred to as overlap weighting, that
      is varying the length of the interdigitated fingers, thereby resulting in
      an effective excitation region between adjacent fingers which varies as a
      function of distance along the transducer length. The dynamic range of the
      coupling strength acievable with this method is generally sufficient for
      most current applications. However, this method has several other
      limitations. The most serious limitation stems from the fact that the
      desired weighing is only achieved if the overlap weighted transducer array
      is used in a filter whose second transducer array has uniform overlap.
      Thus, it is only possible to design a filter with one weighted transducer
      array and consequently the flexibility available to the filter designer is
      severely limited. In addition, overlap weighting leads to non-uniform
      distribution of acoustic energy across the acoustic beam thereby resulting
      in additional insertion loss. Finally, the narrow overlap in certain
      regions of the transducer array makes it more susceptible to beam
      spreading problems.
PAR  In the weighting method disclosed herein, all of the interdigitated fingers
      have uniform widths and full overlap. As a result, the new interdigital
      transducers are not subject to the most serious limitations of width and
      overlap weighing methods.
PAR  Briefly the method permits the design of an interdigital transducer whose
      impulse response approximates some desired impulse response. The desired
      impulse response is characterized by an envelope function and a
      zero-crossing function, the former as its name applies, defining those
      time points at which the impulse response passes through zero. The design
      begins with an interdigital transducer having a zero-crossing function
      identical to that of the desired impulse response and an envelope function
      which is everywhere equal to or greater than that of the desired impulse
      response. The interdigitated fingers of this beginning transducer are all
      of equal width and of uniform overlap. The method provides a procedure for
      removing from the beginning transducer selected fingers or groups of
      fingers, the result of this withdrawal procedure being an interdigital
      transducer whose envelope function approximates that of the desired
      impulse response. The nature of the approximation is that within a given
      length of the transducer the area under the envelope function of the
      finger withdrawal weighted array is approximately equal to the area for
      the corresponding lengths under the envelope functions of the desired
      impulse response with exact equivalence occurring over the full length of
      the transducers.
PAR  It is therefore an object of this invention to provide a new method for the
      weighting of interdigital transducer arrays.
PAR  It is another object to provide a weighted transducer array wherein the
      dynamic range of the weighting is large enough to be suitable for most
      devices.
PAR  It is a further object of this invention to provide an interdigital
      transducer array wherein necessary constraints on the accuracies of the
      finger widths are practically realizable.
PAR  It is still a further object to provide a weighted interdigital transducer
      array such that both arrays of a given filter may be weighted.
PAR  It is still a further object to provide a method for the design of weighted
      intergital transducer arrays wherein the weighting is accomplished by
      means of finger withdrawal.
DRWD
PAR  Other objects and features of the invention will be made clear by
      consideration of the following detailed disclosure and drawings wherein
PAR  FIG. 1 shows a conventional interdigital transducer.
PAR  FIG. 2 illustrates the impulse response of a conventional interdigital
      transducer.
PAR  FIGS. 3a and 3b show, respectively, a zero crossing and envelope function
      of a desired impulse response.
PAR  FIG. 4 shows the envelope functions of a desired and beginning impulse
      response.
PAR  FIG. 5 is the envelope function of a typical finger withdrawal array.
PAR  FIG. 6 illustrates an integrated envelope function.
PAR  FIG. 7 shows the development of the first portion of a finger withdrawal
      array.
PAR  FIG. 8 is the envelope function of the first portion of a finger withdrawal
      array.
PAR  FIG. 9 shows the development of the central portion of a finger withdrawal
      array.
PAR  FIG. 10 is the envelope function of the central portion of a finger
      withdrawal array.
PAR  FIG. 11 shows a portion of a split finger interdigital transducer.
DETD
PAR  With reference to FIG. 1, there is illustrated a portion of a surface wave
      delay line including an input interdigital transducer array. The surface
      wave delay line may be fabricated on a substrate 10 of a convenient
      piezoelectric material such as lithium niobate or quartz. Fabricated
      thereon is an input interdigital transducer array comprised of upper and
      lower conductive pads 12 and 14 and interdigitated fingers 16 and 18. The
      interdigital transducer array is normally composed of a thin film of
      conductive material such as gold or aluminum. Methods for fabrication of
      such arrays are well known in the art and need not be discussed here. The
      upper and lower portions of the transducer array are coupled by means of
      lines 22 and 24 to an external signal source 20. As illustrated in the
      figure, the interdigitated fingers 16 and 18 are all of uniform width and
      the overlap region between adjacent fingers is uniform along the length of
      the transducer.
PAR  Operationally, at any given instant in time, external source 20 will
      impress across the upper and lower portions of the transducer array some
      value of voltage and it will be seen from an examination of the figure
      that the voltages applied to any pair of adjacent fingers will be of
      opposite polarity. It follows that electric fields will exist in the
      substrate in the regions intermediate to the interdigitated fingers and as
      a result of the piezoelectric characteristics of the substrate material,
      these electric fields will induce strains in the material which propagate
      away from the interdigital transducer in the form of acoustic surface
      waves. If the output of source 20 is an electrical impulse function, then
      the strains associated with the acoustic surface wave propagating away
      from the transducer will have the wave form illustrated in FIG. 2. This
      wave form is of course, the impulse response of the transducer. While the
      exact nature of the impulse response may be difficult to predict
      analytically, it is valid to consider as a first approximation that that
      portion of the impulse response corresponding to any given pair of
      interdigitated fingers is one-half cycle of a sine wave.
PAR  The zero-crossings of the impulse function correspond to the centers of the
      interdigitated fingers and the amplitude of each sine wave half cycle is
      proportional to (1/2T).sup.3/2, where T is the time delay between the
      zero-crossings. This time delay is directly proportional to the spacing
      between the pair of interdigitated fingers which give rise to the half
      cycle of the sine wave. In the practice of this invention the transducer
      to be designed is described by means of its desired impulse response.
PAR  The desired impulse response can be characterized by two functions, A(t)
      and Z(t) as illustrated in FIGS. 3a and 3b. A(t) is an envelope function
      constructed so as to just enclose the greatest extremities of the desired
      impulse response function. Z(t) describes the zero-crossings of the
      desired impulse response function. While the zero-crossings of the
      function illustrated in 3a are equa-spaced, Z(t) may in general have some
      other temporal behavior. The zero-crossings of Z(t) for example might
      correspond to those of a linear FM chirp.
PAR  In the finger withdrawal method, the starting point for approximating the
      desired impulse response is a uniform overlap interdigital transducer. The
      zero-crossings of the impulse response of this transducer will be
      identical with those of the Z(t) function for the desired impulse
      response. A typical envelope function of this uniform overlap transducer
      is shown as B(t) in FIG. 4. It will be recognized that this envelope
      function having a uniformly increasing slope is that of a linear FM chirp
      transducer. The reason for the increasing slope may be understood by
      consideration of the configuration of such an interdigital transducer. As
      is well known in the art, the spacing between the interdigitated fingers
      of such a transducer will be greater at one end of the transducer than at
      the other, the spacing increasing linearly along the length of the
      transducer. As pointed out above, the amplitude of each half cycle of sine
      wave in the transducer impulse response is proportional to (1/2T).sup.3/2.
      As a result, the amplitude of the impulse response stemming from that
      portion of the transducer where the finger spacing is large, will have an
      amplitude less than that portion of the impulse response stemming from the
      portion of the transducer where the finger spacing is small. Also shown in
      FIG. 4 is the envelope function A(t) of a desired impulse response.
PAR  In FIG. 5 is shown the envelope function C(t) of the finger withdrawal
      transducer impulse response which approximates the desired impulse
      response. This envelope function C(t) is that of an interdigital
      transducer which is obtained from the original transducer having envelope
      function B(t) by removal of appropriately selected interdigitated fingers
      or groups of fingers. The impulse response of the finger withdrawal
      transducer is zero for those times corresponding to portions of the
      transducer from which fingers have been removed. Thus, there are intervals
      of the C(t) function for which the envelope will have a zero value. The
      C(t) envelope function approximates the desired A(t) envelope function in
      the sense that the total area under both of these functions is identical.
      Moreover, in any interval along the time axis the total area under that
      interval of the C(t) function closely approximates the area under the
      corresponding interval of the A(t) function. It is in this sense that the
      impulse response of the transducer designed by the finger withdrawal
      method approximates the desired impulse response.
PAR  A procedure for selecting the appropriate fingers for removal will now be
      discussed. First, the time integral, IA(t) of the A(t) function is
      computed.
      ##EQU1##
PAR  The IA(t) function corresponding to the A(t) function of FIG. 4 is
      illustrated in FIG. 6. The finger withdrawal transducer to be designed is
      initially considered to have no interdigitated fingers. Appropriate finger
      pairs from the original transducer, that is the transducer represented by
      the B(t) envelope are added to the finger withdrawal transducer so as to
      make its envelope function C(t) approximate the A(t) envelope function in
      the sense described above. Each of the adjacent finger pairs of the
      original transducer gives rise to one-half cycle of a sine wave in the
      impulse response of the original transducer, the amplitude of which is
      proportional to (1/2T).sup.3/2. Thus, each adjacent finger pair in the
      original transducer contributes an area to the B(t) function which is
      equal to the product of this amplitude and the time duration of the half
      cycle of sine wave. This time duration is the time required for a surface
      wave to propagate over the distance between the adjacent fingers. In the
      following, each of these contributions of the adjacent finger pairs of the
      original transducer will be referred to as full over-lap interactions.
PAR  The IA(t) function is compared as a function of time beginning at t = 0
      with the original transducer. At the first time when the value of IA(t) is
      equal to 1/2 the area corresponding to a full overlap interaction occuring
      at this same time the finger pair of the original transducer giving rise
      to this full overlap interaction is added to the finger withdrawal
      transducer. The addition of this finger pair to the finger withdrawal
      transducer results in a finite contribution to its envelope function C(t)
      and also to its integrated envelope function IC(t). FIG. 7 illustrates
      typical IA(t) and IC(t) functions for small values of time. It will be
      noted here that while the IA(t) function is monotonically increasing for
      small values of time the IC(t) function maintains its zero value until the
      point is reached at which the first finger pair is introduced to the
      finger withdrawal transducer. At this point there is a linear increase in
      the value of the IC(t) function extending over that time interval
      corresponding to the distance between the adjacent fingers which were
      added to the finger withdrawal transducer. From this point, the algebraic
      difference between the IA(t) function and the IC(t ) function is compared
      with the original transducer as a function of time until a new time is
      located at which this difference again equal one-half the area in a full
      overlap interaction occurring at this new time. At this point, the finger
      pair giving rise to this second full overlap interaction is added to the
      finger withdrawal transducer giving rise to the second linear increase in
      the IC(t) function of FIG. 7. Note that for those times intermediate to
      the times at which finger pairs are added to the finger withdrawal
      transducer, the IC(t) function has a zero slope. FIG. 8 shows the
      resultant envelope function C(t) of the finger withdrawal transducer for
      small values of time. In view of the small slope of the IA(t) function in
      this region, the finite contributions to the C(t) function representing
      individual finger pairs in the finger withdrawal transducer occur at
      relatively wide intervals in time. The design is completed by continuing
      this comparison of the difference between the IA(t) and IC(t) functions
      with the original transducer throughout those values of time corresponding
      to the length of the transducer.
PAR  Representative values of the IA(t) and IC(t) functions corresponding to the
      central region of the transducer are illustrated in FIG. 9. In this region
      where the slope of the IA(t) function has its greatest value, the density
      of finger pairs added to the finger withdrawal transducer is greater than
      was the case for earlier times represented by FIG. 7. The C(t) function
      corresponding to this central time interval is illustrated in FIG. 10. In
      this design procedure it will be noted first that all of the finger pairs
      added to the finger withdrawal transducer are full overlap pairs.
      Secondly, each of the finger pairs added to the finger withdrawal
      transducer occupies the same location along the length of the transducer
      as it did in the original transducer, thus the zero-crossings in the
      finger withdrawal transducer corresponding to these finger pairs will
      occur at the same times in the impulse response as they did in the impulse
      response of the original transducer. It should be noted that while in this
      description of the invention, fingers were added to the finger withdrawal
      in pairs, this need not always be the case. When the procedure results in
      the addition of a plurality of contiguous full overlap interactions to the
      finger withdrawal transducer, only the first interaction will require
      addition of a finger pair while subsequent interactors require the
      addition of only a single finger. Also, while the procedure has been
      described as the addition of appropriate full overlap interactors to the
      finger withdrawal transducer, the end result is the original transducer
      with selected fingers withdrawn, thus the term finger withdrawal
      transducer.
PAR  In summary, the invention consists of a new interdigital transducer for
      surface wave delay lines and a method for the design of the new
      transducer. The desired impulse response of the new finger withdrawal
      transducer is characterized by a desired envelope function A(t) and a
      desired zero-crossing function Z(t). The design starts with a conventional
      interdigital transducer which has a zero-crossing function identical to
      the desired zero-crossing function Z(t) of the new transducer. By
      appropriate comparison of the desired envelope function A(t) the realized
      envelope function C(t) with the original transducer as discussed above,
      appropriate finger pairs from the original transducer are incorporated in
      the finger withdrawal transducer. This results in an approximation wherein
      the area under the total realized envelope function C(t) of the finger
      withdrawal transducer is equal to the area under the total desired
      envelope function A(t). Moreover, within any reasonably extensive segment
      of the transducer, the area under the realized envelope function C(t) will
      be approximately equal to the area under the corresponding interval of the
      desired envelope function A(t).
PAR  While the description of the invention has embodied a specific desired
      envelope function A(t) and zero-crossing function Z(t), it will be
      recognized that the invention is not restricted to this particular
      embodiment. Other variations within the scope of the invention include but
      are not limited to the following. The invention can be practiced even when
      the condition of uniform full overlap is not met or when the finger
      locations deviate from those specified by the zero-crossing function. Such
      deviations may be desirable to fine tune the transducer, and may exist in
      the "original" transducer or may constitute modifications to the finger
      withdrawal transducer. It may also be desirable in some cases to reverse
      the phase of a finger rather than to withdraw it, that is to connect the
      finger to the pad opposite the one to which it was connected in the
      original transducer rather than to withdraw it completely.
PAR  Finger withdrawal weighting is also applicable to split finger interdigital
      transducers. FIG. 11 illustrates a portion of a split finger transducer
      comprised of upper and lower conductive segments 30 and 32. In this type
      of transducer, each electrode is in effect split into two fingers with the
      spacing between these two fingers being 1/4 wavelength. This has the
      effect of substantially reducing the problem of inter-electrode
      reflections. In this case finger withdrawal weighting may be accomplished
      by removal of pairs of fingers such as the shaded pair of FIG. 11.
      Alternatively it may sometimes be desirable to, in addition, remove the
      nearest finger on both sides of the pair to be removed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for fabricating an acoustic surface wave interdigital
      transducer having an impulse response with predetermined relative
      amplitudes along the length thereof, said method comprising:
PA1  defining the desired impulse response of the interdgital transducer to be
      fabricated,
PA1  designing an interdigital transducer provided with opposed sets of
      overlapping fingers and having an impulse response with the same
      zero-crossings as the desired impulse response, and
PA1  withdrawing one or more selected fingers from the designed interdigital
      transducer to produce an interdigital transducer having an impulse
      response approximating the desired response.
NUM  2.
PAR  2. A method set forth in claim 1, wherein the definition of the impulse
      response of the interdigital transducer to be fabricated is determined by
      a desired envelope function and a desired zero-crossing function.
NUM  3.
PAR  3. A method as set forth in claim 2 wherein each corresponding pair of
      overlapping fingers in the opposed sets of overlapping fingers in the
      designed interdigital transducer are uniformly overlapped.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein the length of the fingers of
      the designed interdigital transducer selected for withdrawal are so chosen
      as to produce an interdigital transducer having non-uniform finger overlap
      along its length.
NUM  5.
PAR  5. A method as set forth in claim 2 wherein the overlapping fingers of the
      opposed sets thereof in the designed interdigital transducer are provided
      with varying lengths so as to result in non-uniform finger overlap along
      the length of the designed interdigital transducer.
NUM  6.
PAR  6. A method as set forth in claim 2 wherein the fingers selected for
      withdrawal from the designed interdigital transducer are so chosen to
      produce an interdigital transducer with the positions of the
      interdigitated fingers thereof varying along its length.
NUM  7.
PAR  7. A method as set forth in claim 2 wherein the designed interdigital
      transducer is a split finger interdigital transducer.
NUM  8.
PAR  8. A method as set forth in claim 2 wherein the withdrawal of selected
      fingers from the designed split finger interdigital transducer is
      accomplished by removing interdigitated fingers in pairs.
NUM  9.
PAR  9. A method as set forth in claim 8 wherein the nearest interdigitated
      finger on each side of said pairs is withdrawn.
NUM  10.
PAR  10. A method as set forth in claim 2 further including replacing at least
      one of the withdrawn fingers on the interdigital transducer by connecting
      the replaced finger to the conductive pad for the opposite set of fingers
      from the pad of the set from which the finger was originally withdrawn.
NUM  11.
PAR  11. A method of fabricating an acoustic surface wave full-overlap
      interdigital transducer having an impulse response with predetermined
      relative amplitudes along the length thereof, said method comprising:
PA1  defining the desired impulse response of the full-overlap interdigital
      transducer to be fabricated by a desired envelope function and a desired
      zero-crossing function,
PA1  designing a full-overlap interdigital transducer provided with opposed sets
      of fully overlapping fingers and having an impulse response with the same
      zero-crossings as the desired impulse response, and
PA1  withdrawing appropriate selected fingers from the designed full-overlap
      interdigital transducer so that the area under the envelope function of
      the full-overlap interdigital transducer and the area under said desired
      envelope function are equal over the full transducer length and
      approximately equal over any portion of the full transducer length in the
      full-overlap interdigital transducer which is produced.
NUM  12.
PAR  12. A method as set forth in claim 11, wherein the production of the
      full-overlap interdigital transducer further includes:
PA1  computing a first time integral of said desired envelope function,
PA1  computing a second time integral of the envelope function of the
      full-overlap interdigital transducer to be produced,
PA1  comparing with the designed full-overlap interdigital transducer the
      algebraic difference between said first and second time integrals as a
      function of time beginning at time zero to find a first time at which said
      algebraic difference is equal to one-half of the full-overlap interaction
      which occurs in the designed full-overlap interdigital transducer at said
      first time,
PA1  including in said full-overlap interdigital transducer to be produced at
      said first time the interdigitated finger pair which contributes
      full-overlap interaction,
PA1  adjusting said second time integral of said full-overlap interdigital
      transducer to be produced to account for the addition of said
      interdigitated finger pair, and
PA1  repeating the sequence of steps for determining respective interdigitated
      finger pairs of the full-overlap interdigital transducer to be produced
      along the entire length thereof in comparison to the designed full-overlap
      interdigital transducer.
NUM  13.
PAR  13. An acoustic surface wave full-overlap interdigital transducer having an
      impulse reponse with predetermined relative amplitudes along the length
      thereof in approximation of a desired impulse response, said interdigital
      transducer comprising:
PA1  opposed sets of overlapping fingers of equal length and width,
PA1  said equal length interdigitated fingers being a subset of a set comprising
      an interdigitated finger corresponding to each zero-crossing of the
      desired impulse response, and
PA1  said subset being selected so as to provide the approximation of the
      desired impulse response.
NUM  14.
PAR  14. A full-overlap interdigital transducer as set forth in claim 13 wherein
      the selected subset includes equal length interdigitated fingers which are
      arranged so that the area under the envelope function of the desired
      impulse response and the area under the envelope function of the
      full-overlap interdigital transducer are equal over the full length of the
      impulse response and approximately equal over any partial length of the
      impulse response.
NUM  15.
PAR  15. A full-overlap interdigital transducer as set forth in claim 13,
      wherein at least one of said full-overlap interdigitated fingers is
      positioned at a location out of correspondence to a zero-crossing of the
      desired impulse response.
NUM  16.
PAR  16. A full-overlap interdigital transducer as set forth in claim 15 wherein
      said interdigital transducer is a split finger transducer.
NUM  17.
PAR  17. A method of fabricating an acoustic surface wave interdigital
      transducer having an impulse response with predetermined relative
      amplitudes along the length thereof, said method comprising:
PA1  defining the desired impulse response of the interdigital transducer to be
      fabricated by at least a desired envelope function,
PA1  designing an interdigital transducer provided with opposed sets of
      overlapping fingers and having an impulse response with an envelope
      function which is everywhere equal to or greater than that of the desired
      impulse response so as to produce an impulse response differing from but
      related to the desired impulse response, and
PA1  withdrawing one or more selected fingers from predetermined locations on
      the designed interdigital transducer corresponding to positions on the
      envelope function which are greater than the respective positions on the
      envelope function of the desired impulse response to produce an
      interdigital transducer having an impulse response approximating the
      desired impulse response.
NUM  18.
PAR  18. A method as set forth in claim 17, wherein each corresponding pair of
      overlapping fingers in the opposed sets of overlapping fingers in the
      designed interdigital transducer are uniformly overlapped and the widths
      of all fingers are equal.
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ABST
PAL  A bendable wave guide comprising a bendable tubular section for the
      propagation of microwaves through the length of the section is disclosed.
      The bendable section is made of a highly conductive and ductile metal and,
      in the preferred embodiment, has a rectangular cross section. The bendable
      section has a smooth inner surface and an outer surface a portion of which
      is milled to have a series of transverse circular or spiral ridges and
      furrows along its length. When the wave guide is used, that area of the
      surface where the furrows are is deformed to accommodate bending, while
      the ridges maintain the rectangular cross section of the wave guide. A
      pair of coupling flanges are secured to the ends of the bendable section
      and allow the wave guide to be connected to a microwave unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The increasing utilization of microwave communication systems for the
      transmission of data has created a substantial need for a bendable wave
      guide exhibiting both low losses and uniform electrical characteristics in
      the millimeter microwave region. This need is especially acute in systems
      operating in the 20-150 GHz. range where space considerations or
      mechanical limitations do not always permit the transmission of microwave
      energy from one item of equipment to another along a straight line path.
PAR  A number of flexible wave guides are currently being used in the microwave
      industry. One of the commonly used prior art flexible wave guides is the
      interlocking type which is made by spirally winding a strip of metal whose
      edge portions are folded and compressed during winding to form a
      continuous interlocking structure. During flexure, the interlocking edges
      slide over each other, allowing the wave guide to assume the desired
      shape.
PAR  This particular type of wave guide can be made with any desired
      cross-sectional shape, but is usually formed with a rectangular cross
      section insofar as the polarization characteristics of this
      cross-sectional shape are the easiest with which to design. Although an
      interlocking wave guide fabricated in this manner works well at lower
      frequencies, the irregularities of its inner surface cause its performance
      to precipitously decline at higher frequencies.
PAR  In an attempt to improve upon this type of flexible wave guide, some wave
      guides have been designed which include an interlock configuration which
      does not permit sliding. At the same time, U-shaped convolutions or
      corrugations between the interlocks are provided. The corrugations expand
      open, compensating for the loss of flexibility caused by the inability of
      the interlock structure to slide. See, for example, U.S. Pat. No.
      3,331,400. However, even this wave guide structure is unsuitable for use
      in the 20-150 GHz. range. The fabrication of the convoluted wave guide
      invariably results in a wave guide which includes large irregularities
      which cause unacceptable attenuation in the millimeter microwave region
      due to the impossibility of manufacturing a wave guide having small enough
      convolutions to operate efficiently in the higher frequency microwave
      regions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved microwave wave guide
      which functions excellently in the millimeter wavelength region is
      provided. The wave guide preferably comprises a tubular section which is
      bendable over a portion of its length for the transmission of microwaves
      along its length. The inner surface of the bendable section is smooth
      while the outer surface is scored with a series of spiral or circular
      furrows which extend in a direction substantially transverse the length of
      the wave guide. The thickness of the bendable portion of the wave guide
      wall at the furrows is sufficiently thin to allow the easy manual bending
      of the section. In use, substantially all of the bending is achieved at
      the thin furrows portion of the tubular wall. Simultaneously, the
      cross-sectional shape of the device is maintained by the ridges which
      remain after these furrows have been cut into the outer surface. During
      bending, some irregularities are introduced into the inner surface of the
      wave guide. These irregularities generally conform to the furrows on the
      outer surface of the wave guide. In order to prevent unacceptable
      attenuation and reflections, it is necessary that there be at least a
      minimum number of furrows per wavelength for the highest frequency at
      which the wave guide will be used. A pair of suitable coupling flanges are
      soldered to the ends of the bendable section. In the preferred embodiment,
      the bendable section is made of any suitable material exhibiting high
      electrical conductivity and ductility, such as coin silver or oxygen-free
      copper.
PAR  The wave guide of the present invention can be fabricated by machining a
      metal tube having any of the conventional wave guide cross-sections, such
      as square, round or rectangular. In the preferred embodiment, a tube of
      rectangular cross section is used due to its advantageous polarization
      properties. The metal tube is milled with ridges until a quantity of metal
      sufficient to allow the facile bending of the tube has been removed. The
      tube should be of sufficient thickness that, after the milling has been
      done, the ridges which remain are strong enough to maintain the tube's
      cross-sectional shape during bending.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a wave guide constructed in accordance with
      the present invention;
PAR  FIG. 2 is a cross-sectional view of the wave guide illustrated in FIG. 1;
PAR  FIG. 3 is a cross-sectional view along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view of a portion of the wave guide as
      illustrated in FIG. 4 during bending; and
PAR  FIG. 5 is a perspective view of an alternative embodiment of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1-3, the wave guide comprises a bendable section 10 with
      a pair of coupling flanges 12 soldered to its ends. Bendable section 10
      has an inside rectangular cross section with a height to width ratio of 1
      to 2. Section 10 also includes flat portions 14 and a central bendable
      portion 16. The coupling flanges include large holes 18 for receiving
      mounting screws and small holes 20 for receiving line-up pins. The inner
      surface 22 of the wave guide is smooth. Furrows 24 are machined into the
      outer surface, leaving ridges 26. Support is provided by the ridges 26.
      Furrows 24 must be wide enough and thin enough to accommodate flexure.
      Similarly, ridges 26 must be wide enough and thick enough to provide the
      necessary support to maintain the cross-sectional shape of the wave guide
      during flexure. Typically, the thickness of the surface of bendable
      section 10 at the furrows is in the order of 5/8 the thickness of the
      bendable section at the ridges.
PAR  It is also desirable that there be at least 12 furrows per unit of
      wavelength in the wave guide for the highest frequency which the wave
      guide will carry. This is due to the fact that while bendable section 10
      has a regular inner surface when the wave guide is not bent, bending will
      cause irregularities which may adversely affect the performance of the
      wave guide with respect to its standing wave ratio and other
      characteristics. These irregularities are illustrated in FIG. 4.
      Deformation during flexure of furrows 24 may take the form of either
      bellying 28 or thinning 30. This deformation results in the introduction
      of irregularities to the inner surface of bendable section 10. In order
      that these irregularities do not affect the transmission of microwaves
      through the wave guide, it is desirable to have at least a minimum number
      of furrows per unit wavelength along the length of the wave guide.
PAR  Experiments have shown that an acceptable degree of performance can be
      obtained when there are a minimum of 12 furrows for every wavelength in
      the wave guide along the length of bendable section 10 for the highest
      frequency that the wave guide will carry. Thus, for example, if the
      wavelength in the wave guide of the highest frequency signal for which the
      wave guide will be used is 1cm., then the number of furrows per unit
      length along the length of the wave guide would have to be at least 12
      furrows per centimeter. Similarly, if the smallest wavelength to be used
      was 5mm., one would need 24 furrows per centimeter, and so forth. Of
      course, if a greater number of furrows are used, the performance of the
      wave guide will be better, if a fewer number are used, performance will be
      degraded.
PAR  A wave guide would typically have a rectangular cross section having a
      height and width in the order of 1/8 of an inch by 1/4 of an inch and
      operate with microwaves having a wavelength in the order of 7.5
      millimeters. The thickness of the tube selected for milling would be in
      the order of about 0.060 inches. Milling would remove 0.040 inches of the
      tube's thickness. This would result in a wave guide having a thickness of
      about 0.060 inches at the ridges 26 and about 0.020 inches at the furrows
      24.
PAR  The wave guide may be fabricated by milling a metal tube of suitable cross
      section and thickness. Due to the polarization characteristics of wave
      guides which have an inner rectangular cross section with a height to
      width ratio of 1 to 2, a metal tube having these characteristics is most
      advantageously used. The metal of which the tube is made should be a good
      conductor of electricity and it should have sufficient ductility to permit
      easy bending. It is also important that the metal have a low elasticity
      and therefore have the property of remaining in the shape into which it is
      bent. Coin silver and oxygen-free copper have been found to fulfill these
      requirements. The thickness of the surface of the tube should be equal to
      the desired thickness of the final wave guide at ridges 26.
PAR  The wall thickness of the wave guide is not critical, but is usually in the
      order of 0.04 to 0.06 inches. The inner cross-sectional width of the wave
      guide should be substantially twice its inner cross-sectional height. Any
      wave guide with a given inner cross-sectional height and width is
      generally usable within a range of wavelengths. The following table shows
      the dimensions and useful operating range of a number of typical
      millimeter range wave guides constructed in accordance with the present
      invention.
TBL  ______________________________________                                    
     Recommended                                                               
     Operating Range                                                           
     for TE.sub.10 Mode                                                        
                 Outside Dimensions                                            
     Wavelength                            Thickness                           
     in free space                                                             
                 Width    Height   Tolerance                                   
                                           Nominal                             
     (cm.)       (inches) (inches) (inches)                                    
                                           (inches)                            
     ______________________________________                                    
     0.91-0.60   0.304    0.192    .+-..002                                    
                                           0.040                               
     0.75-0.50   0.268    0.174    .+-..002                                    
                                           0.040                               
     0.60-0.40   0.228    0.154    .+-..002                                    
                                           0.040                               
     0.50-0.33   0.202    0.141    .+-..002                                    
                                           0.040                               
     0.40-0.27   0.180    0.130    .+-..002                                    
                                           0.040                               
     ______________________________________                                    
PAL  As a general rule, for a wave guide operating in the millimeter region,
      given the wavelength in free space at the center frequency of a range
      having limits which are 20% above and below the center frequency, the
      inner cross-sectional width of the wave guide may be calculated using the
      formula:
EQU  w = 0.755.lambda.
PAL  where .lambda. is the wavelength in centimeters and w is the inner
      cross-sectional width of the wave guide in centimeters. As noted above,
      the inner cross-sectional height of the wave guide may be calculated by
      simply halving the inner cross-sectional width of the wave guide. Of
      course, the inner cross-sectional height of the wave guide may be varied,
      if one is not concerned with losses. Typically, the inner cross-sectional
      height of the wave guide may vary in size between 1 and 1/4 the inner
      cross-sectional width of the wave guide. However, the inner
      cross-sectional width of the wave guide is critical and must be kept
      within the above-defined limits.
PAR  Furrows 24 are milled into the surface of the tube to form bendable main
      section 10 with furrows 24 and ridges 26. The metal may be removed using
      any one of a number of techniques. For example, a gang of rotary carbide
      saws may be used to mill the tube. Alternatively, the metal could be
      removed using an electromilling process. After the bendable section 10 has
      been milled, it is inserted into coupling flanges 12 which are soldered to
      its ends.
PAR  An alternative embodiment of the present invention is illustrated in FIG.
      5. This wave guide is particularly useful in applications which require a
      wave guide that need bend only a relatively small amount while coupling
      the microwave signal over a relatively large distance. The wave guide
      comprises a bendable section 32 similar to that illustrated in FIG. 1.
      Coupling flanges 34 are soldered to bendable section 32 and include large
      holes 36 for receiving line-up pins. Microwaves are transmitted along the
      length of the bendable section 32 which includes a central bendable
      portion 40. Central bendable portion 40 is similar to the central bendable
      portion of the wave guide illustrated in FIG. 1 and is made by machining
      furrows into the surface of the wave guide.
PAR  Bendable section 32 also includes long flat portions 42 for the
      transmission of microwaves. Naturally, the length and position of bendable
      portion 40 and flat portions 42 may be varied to accommodate any
      particular intended use. For example, if the distance between the two
      units to be coupled together is very long, one would extend the length of
      flat portions 42. Similarly, if the amount of bending necessary for the
      particular application is relatively small, the length of central bendable
      portion 40 could be reduced. Alternatively, more than one bendable portion
      could be machined into the bendable section.
PAR  Thus, the wave guide illustrated in FIG. 5 is essentially identical to the
      wave guide illustrated in FIG. 1 with the exception that the lengths of
      the flat and bendable portions of the bendable section have been varied to
      accommodate a particular application requiring a greater transmission
      distance and less bending.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rectangular bendable wave guide for the transmission of microwave
      energy, said wave guide to be used in a range having a low limit frequency
      which is 20% below a center frequency and a high limit frequency 20% above
      said center frequency, the width of the inner cross section of the wave
      guide being defined by the formula:
EQU  w = 0.755.lambda.
PAL  where w is the inner cross-sectional width of the wave guide in centimeters
      and .lambda. is the wavelength in free space in centimeters of microwave
      energy at said center frequency, said wave guide comprising a bendable
      tubular member of rectangular cross section for the transmission of
      microwave energy therethrough, said bendable tubular member having
      electrical conductivity and ductility and having a smooth inner surface
      and an outer surface having ridges and furrows, said ridges and furrows
      entending substantially transverse the direction of propagation of
      microwave energy through said tubular member, said ridges being thick
      enough to maintain the cross-sectional shape of said bendable tubular
      member during flexure thereof, and said furrows being thin enough to allow
      said bendable tubular member to be bent, there being at least 12 furrows
      per wavelength in the wave guide along the length of said bendable tubular
      member for the high limit frequency of said range, and coupling means at
      each of the ends of said bendable tubular member for coupling each of said
      ends of said bendable tubular member to a microwave device.
NUM  2.
PAR  2. A bendable wave guide as in claim 1, wherein the height of the cross
      section of the wave guide is half the width of the wave guide.
NUM  3.
PAR  3. A bendable wave guide for the transmission of microwave energy within a
      range of frequencies defined between an upper limit frequency which is 20%
      above a center frequency and a lower limit frequency which is 20% below
      said center frequency, comprising a bendable tubular member of rectangular
      cross section for the transmission of microwave energy therethrough, at
      least one side of said rectangular cross section having an inner
      cross-sectional width defined by the formula:
EQU  w .congruent. 0.755.lambda.
PAL  where w is the inner cross-sectional width of the tubular member and
      .lambda. is the wavelength in free space of microwave energy at said
      center frequency, said bendable tubular member having electrical
      conductivity and ductility and having a smooth inner surface and an outer
      surface having ridges and furrows extending substantially transverse the
      direction of propagation of microwave energy through said tubular member,
      said tubular member having at least 12 furrows per wavelength in the wave
      guide for the frequency of said microwave energy along the length of said
      member, said ridges being sufficiently thick to maintain the
      cross-sectional shape of said bendable tubular member during bending
      thereof and said furrows being sufficiently thin to allow bending of the
      tubular member, the ratio of said thickness at said ridges to said
      thickness at said furrows being greater than 2 to 1, and coupling means at
      each of the ends of said bendable tubular member for coupling each of said
      ends of said bendable tubular member to a microwave device.
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ABST
PAL  A push-button, press-to-lock tuner mechanism for an automobile radio
      receiver or the like has the conventional treadle bar replaced by an
      elongate, flat metal strip substantially rectilinearly movable along its
      longitudinal axis. Cams on push rods operated by push-buttons co-operate
      with like members pivoted to the strip to move it to preset tuning
      positions. The aforesaid and other parts of the mechanism are all flat and
      substantially coplanar so that the height of the mechanism is much less
      than the limit prescribed by the DIN specification, thus permitting a tape
      player to be stacked with the tuner mechanism with the combined unit
      having a height no greater than the specified DIN limit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to tuner mechanisms, more particularly to tuner
      mechanisms of the type known as "push button, press-to-lock" tuner
      mechanisms.
PAR  2. Description of the Prior Art
PAR  A known push button, press-to-lock tuner mechanism includes reactive
      circuit components, e.g. an assembly of coils, the reactances of which are
      altered to vary the frequency of tuned circuits in an associated radio
      receiver, e.g. an automobile radio receiver, to enable selection of a
      desired wavelength. The reactances are mechanically varied, in the case of
      the coils the inductances being varied by moving ferromagnetic cores into
      and out of the coils. The tuner mechanism includes means for infinitely
      varying the inductances, such means comprising a tuning spindle protruding
      through a control panel of the mechanism and minimal-backlash transmission
      means interconnecting the spindle and cores and arranged to move the cores
      into and out of the coils with rotation of the tuning spindle.
PAR  The known mechanism also includes a member known as a "treadle bar". The
      treadle bar may comprise two like rods of equal diameter which are spaced
      apart by (and attached to) end plates to form an elongate rectangular
      structure mounted so that its longitudinal axis is horizontal and so that
      it is pivotable about such axis. Rotation of the treadle bar about this
      axis gives a range of angular positions to the rods on either side of a
      central position in which the rods lie in a vertical plane. The treadle
      bar is connected to or forms part of said transmission means so that it is
      rotated about its longitudinal axis with roation of the tuning spindle.
PAR  A plurality of push buttons are also provided, each for enabling the user
      to select a respective, associated wavelength merely by pressing the
      button, i.e. without rotating the tuning spindle. Each button is provided
      with an actuating member having a cam thereon. When the button is pushed
      inwardly from a rest position towards which the associated actuating
      member is biassed, a pair of surfaces on the cam contact the rods of the
      treadle bar and rotate the treadle bar about its axis to a position
      determined by the orientation of the cam, and therefore move the
      ferromagnetic cores to corresponding positions.
PAR  The actuating members and push buttons are arranged so that the wavelength
      or frequency selected by pushing each button can be selected at will. To
      change the wavelength selected by pushing any one button, the new
      wavelength is selected by using the tuning spindle. The button is then
      pulled outwardly of the rest position i.e. outwardly with respect to the
      associated actuating member, thereby freeing the associated cam to rotate.
      The button is then pushed inwardly past the rest position. The cam
      contacts the treadle bar and, since the cam is free to rotate, it adopts a
      position determined by the position of the treadle bar, which position was
      set by using the tuning spindle. The cam and actuating member are then
      held stationary by abutment with the treadle bar and further inward
      pressure on the button therefore causes the button to move back inwardly
      with respect to the acutating member to its original position, thereby
      locking the cam in its new position. Consequently, whenever the button is
      subsequently used, it moves the treadle bar to the position which was
      selected by movement of the tuning spindle to select the desired
      wavelength.
PAR  The above-described type of tuner mechanism is subject to the disadvantage
      that, since it employs a treadle bar mounted and arranged as described, it
      must be at least high enough to accommodate the treadle bar when it lies
      in a vertical plane.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a tuner mechanism comprises at least
      one reactance element, a manually operable tuning control, transmission
      means interconnecting the reactance element and the tuning control whereby
      the reactance of the element is varied by operation of the tuning control,
      a movable member connected to the transmission means and arrranged to be
      translationally moved by operation of the tuning control, at least one
      actuating member arranged for movement towards and away from said movable
      member, cam means associated with the actuating member, and means for
      adjusting the orientation of the cam means, the cam means being arranged
      to interact with the movable member on movement of the actuating member
      towards the movable member to translationally move the movable member to a
      position determined by the orientation of the cam means.
PAR  In the present invention, the pivoted treadle-bar of the prior art
      arrangement is replaced by a translationally movable member. This
      invention leads to a number of advantages. First, the movable member can
      be a simple stamping rather than a die-casting, thereby simplifying and
      cheapening production. Second, and as explained in more detail below, the
      overall height of the mechanism can be greatly reduced. The height can, in
      fact, be reduced to such an extent that a stereo tape player can be
      accommodated above the tuner mechanism, the height of the combined unit
      satisfying the requirements of the appropriate DIN specification. As is
      known to those skilled in the art, DIN is the abbreviation for Deutsche
      Industrie Normen, literally meaning the German Industrial Standards. DIN
      Specification No. 75,500, for example, published in Deutsche Normen, July
      1970 by Beuth-Vertrieb GmbH, Berlin describes the space required for radio
      sets in motor vehicles. In contrast, the prior art tuner mechanism is so
      high that it takes up by itself the specified height allowance, so that
      any associated tape player must be mounted in a separate fitting aperture,
      or any combined unit will exceed the height prescribed by the DIN
      specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more readily understood from the following
      description, given by way of example only, of a tuner mechanism in
      accordance with the invention, reference being made to the accompanying
      drawings, in which:
PAR  FIG. 1 is a top plan view of the tuner mechanism with some parts omitted
      and other parts simplified for clarity of illustration;
PAR  FIG. 2 is a cross-section through the tuner mechanism taken along the line
      II--II in FIG. 1;
PAR  FIG. 3 is a front view of the tuner mechanism with some parts omitted and
      other parts simplified for clarity of illustration;
PAR  FIG. 4 is a side view of the tuner mechanism, taken from the right of FIGS.
      1 and 2, with some parts omitted and other parts simplified for clarity of
      illustration;
PAR  FIG. 5 is a top plan view of a crank forming part of a transmission means
      of the tuner mechanism, the view showing in phantom a scissors gear, also
      forming part of the transmission means, fitted to an upper arm of the
      crank;
PAR  FIG. 6 is a side view of the crank taken from the direction of the arrow VI
      in FIG. 5;
PAR  FIG. 7 is a top plan view of a link member provided for each of the push
      rods of the tuner mechanism;
PAR  FIG. 8 is a side view of the link member shown in FIG. 7;
PAR  FIG. 9 is a top plan view of one of the push rods used in the tuner
      mechanism;
PAR  FIG. 10 is a side view of the push rod taken from the right in FIG. 9;
PAR  FIG. 11 is a top plan view of a locking pad as provided for each of the
      push rods of the tuner mechanism;
PAR  FIG. 12 is an underneath plan view of an upper part of a push button as
      provided for each of the push rods of the tuner mechanism; and,
PAR  FIG. 13 is a side view of the upper push button part shown in FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The illustrated tuner mechanism is provided with a frame comprising upper
      and lower plates 10 and 12, respectively, secured together by means not
      shown.
PAR  A tuner assembly 14 is mounted on a rearward extension 16 of the lower
      plate 12. The tuner assembly 14 comprises a rectangular section coil
      housing 18 which houses four tuner coils 20. The terminations of the coil
      20 are connected to terminal pins 22, whereby the coils may be wired to
      form parts of tuned circuits of a superheterodyne radio receiver (not
      shown) associated with the tuner mechanism.
PAR  A rectangular carriage or guide plate 24 is mounted for linear sliding
      movement, towards and away from the coil housing 18, between a pair of
      forward extensions 26, 28 of the coil housing. Threaded plastics members
      30, one for each of the coils 20, are threaded into tapped holes within
      the carriage 24. Extensions 32 from the members 30 connect the members 30
      to respective ferromagnetic cores 34. Thus, as the carriage 24 is moved
      towards and away from the coil housing 18, the cores 34 are moved axially
      into and out of the coils 20 thereby varying the inductances of the coils
      and consequently varying the wavelength or frequency to which the
      associated radio receiver is tuned.
PAR  A tuning spindle 36 is mounted to an upwardly-extending portion 38 of the
      lower plate 12. The tuning spindle 36 extends from the front of the tuner
      mechanism so that, in use, it can be rotated by a knob (not shown)
      attached thereto. Minimal backlash transmission means interconnects the
      tuning spindle 36 and the carriage 24 so that infinitely-variable tuning
      of the radio receiver can be accomplished by turning the spindle.
PAR  The transmission means comprises a friction cone 40 mounted on the rearmost
      end of the tuning spindle 36, a die-cast drive wheel 42 driven by the
      friction cone 40, a pinion 44 mounted for rotation with the drive wheel
      42, a scissors gear 46 in mesh with the pinion 44, a right-angled crank 48
      on which the scissors gear 46 is mounted, and a tie bar 50 connecting
      together the crank 48 and the carriage 24. The above parts of the
      transmission means and their operative relationship are described more
      fully below.
PAR  The friction cone 40 (FIG. 4) is an elastomeric sleeve fitted on the
      rearmost free end of the tuning spindle to provide a frusto-conical
      high-friction surface. The cone 40 engages the surface of a raised rim 52
      of the drive wheel 42, whereby rotation of the tuning spindle 36 causes a
      corresponding relatively slow rotation of the wheel 42 and the pinion 44.
      The way in which the drive wheel 42 and the pinion 44 are mounted can best
      be seen from FIG. 3. The pinion 44 is formed integrally with a shaft 54
      and the drive wheel 42 is made fast to the shaft. The shaft 54 is guided
      for rotation about a vertical axis by a swaged hole 56 in a part 58 of the
      frame and by a hole in a further part 60 of the frame. A lug 62 projecting
      from a clutch lever 64 described in more detail below normally abuts a
      collar 66 on the shaft 54 so as to urge the drive wheel upwardly into
      engagement with the friction cone 40.
PAR  The crank 48 is a die-casting and is shown in detail in FIGS. 5 and 6. It
      comprises a vertical column 68 having upper and lower arms 70 and 72,
      respectively, extending therefrom. Upper and lower bearing pins 74 and 76,
      respectively, serve to mount the crank 48 for rotation about a vertical
      axis. A larger diameter portion 78 of the pin 74 and a stud 80 projecting
      from the upper surface of the upper arm 70 function to secure the scissors
      gear 46 to the crank 48 in the position shown in FIG. 5. The gear 46 is
      retained in place on the arm 70 by any suitable retaining means (not
      shown) such as a screw and/or a circlip.
PAR  A scissors gear 46 is a known form of gear used in applications hwere low
      backlash is required and has been used heretofore in tuner mechanisms. It
      therefore need not be described in detail. Suffice it to say, for present
      purposes, that the scissors gear 46 comprises a pair of similar brass
      sector gears mounted one on top of the other and circumferentially biassed
      together by a spring whereby the two sets of teeth are urged against the
      meshing teeth of the pinion 44 in circumferentially opposite directions to
      virtually eliminate backlash between the teeth of the scissors gear and
      the teeth of the pinion.
PAR  The teeth 82 (FIG. 5) of the scissors gear 46 mesh with those of the pinion
      44 whereby rotation of the pinion ratates the scissors gear 46 and
      therefore also the crank 48. The tie-bar 50 is articulated at one end to
      the lower arm 72 of the crank 48 by means of a lipped stud 84 formed on
      the upper surface of the arm 72. The other end of the tie-bar 50 is
      articulated to the bottom of the carriage 24 by means of a stud 86 (FIG.
      4) on the latter. A tension spring 87 is connected between the lipped stud
      84 and the underside of the carriage 24 to take out any lost motion, i.e.
      backlash, from the pivot connections of the tie-bar 50.
PAR  From the foregoing it will be seen that, as explained above, there is an
      exact correspondence between the position of the carriage 24, and
      therefore the tuned frequency of the radio receiver, and the angular
      position of the tuning spindle 36.
PAR  An elongate, flat connecting strip 88 (FIGS. 1 and 2), stamped from steel
      plate, is articulated to the crank 48 at right angles to the articulation
      to the tie-bar 50 by means of a second lipped stud 90 formed on the upper
      surface of the lower arm 72 of the crank 48, which stud passes through a
      hole adjacent one end of the strip 88. It will therefore be appreciated
      that the strip 88 is moved substantially rectilinearly along its
      longitudinal axis when the tuning spindle 36 is rotated. There is an exact
      correspondence between, on the one hand, the longitudinal position of the
      strip 88 and, on the other hand, the position of the carriage 24 and
      therefore the tuned frequency of the radio receiver.
PAR  As shown in FIG. 1, a plurality of identical link members or pawls 92, each
      of the form shown in FIGS. 7 and 8, are spaced apart along the length of
      the strip 88. In the present mechanism, five of the link members 92 are
      provided. For economy of space, however, two only of the members 92 are
      illustrated in FIG. 1.
PAR  Each link member 92 has a pair of pins 94, 96 formed thereon at opposite
      ends of the member and both extending upwardly from the upper surface of
      the member 92. The pin 94 extends upwardly from a recessed portion 98 of
      the upper surface. The lower surface of the member 92 is recessed at 100
      below the pin 96. The front end of the member 92 is configured to form two
      abutment surfaces or shoulders 102, 104 on opposite sides of the pin 96.
PAR  As can be seen from FIGS. 1 and 2, the pins 94 of the link members extend
      upwardly into respective triangular apertures 106 in the connecting strip
      88 and are held in place by a continuous retaining wire spring 108 secured
      to the strip 88 by engagement with lugs 110 formed on the strip. The
      recesses 98 in the link members 92, as can best be seen from FIG. 2,
      permit the link members to be arranged substantially coplanar with the
      connecting strip 88.
PAR  The studs 96 are located in holes in the upper plate 10, one of which holes
      can be seen at 112 in FIG. 2. Therefore, as the connecting strip 88 is
      longitudinally moved by operation of the tuning spindle 36, all of the
      link members 92 follow such movement by pivoting about their studs 96. In
      addition, it can be seen that the combined action of the crank 48 and the
      link members 92 function as a means guiding connecting strip 88 for
      substantially rectilinear translational movement.
PAR  Associated with each of the five link members 92 is an actuating member or
      push rod 114 of the form shown in FIGS. 9 and 10. Each push rod 114 is an
      elongate, flat, steel strip having axially directed slots 116, 118 therein
      near its opposite ends. A downwardly turned lug 120 on each push rod 114
      has a hole 122 therethrough. Six studs 124, 126, 128, 130, 132 and 134 are
      formed on the upper surface of each push rod 114. The stud 124 has a
      cross-section in the form of a truncated sector, whilst the other five
      studs are of circular section.
PAR  The push rods 114 are mounted to the tuner mechanism so as to be
      substantially coplanar with the connecting strip 88 and so as to be
      movable towards and away from the connecting strip in directions
      perpendicular to the axis of the strip. The push rods 114 are guided in
      such movement by studs 136 (FIG. 1) and 138 (FIG. 2) which extend from the
      bottom plate 12 in the slots 116 and 118, respectively. The studs
      co-operate with the slots to define end positions of movement for the push
      rods 114. The left hand and central push rods in FIG. 1 are shown in their
      extreme outer positions, whilst the right hand rod is shown in its extreme
      inner position. The push rods 114 are biassed towards their outer or rest
      positions by springs 140 which are connected between the holes 122 in the
      lugs 120 on the push rods and holes (not shown) in upwardly extending lugs
      142 formed at the ends of slots 144 defined in the lower plate 12 and
      lying parallel to the directions of movement of the push rods.
PAR  A flat cam 146 (FIG. 1) is mounted on each of the push rods 114. Each cam
      146 is mounted on the stud 126 of the associated push rod 114 so as to be
      free to rotate about the axis of the stud under certain circumstances
      explained hereinbelow. At its outer end, each cam 146 is provided with an
      arcuate edge portion 148. At its inner end, each cam 146 is configured to
      provide a pair of abutment surfaces or shoulders 150, 152, one on each
      side of the hole receiving the stud 126. The two circumferentially opposed
      edges of a recessed edge portion 154 of the inner end of each cam
      co-operate with the stud 124 (FIG. 9) to define limits of pivotal movement
      of the cam 146.
PAR  Also mounted on each of the push rods 114 are a pair of like, resilient
      legs 156, 158. The legs are made from steel strip and subsequently
      hardened and tempered. Each pair of legs 156, 158 are pivoted to the
      associated push rod 114 by means of the studs 128, 130 on the push rod
      which extend through holes in the legs. The studs 132, 134 greatly limit
      the freedom of pivotal movement of the legs and serve as fulcrums when the
      legs are bowed as described hereinbelow. Each pair of legs 156, 158 extend
      outwardly along the associated push rod 114, their free ends 160, 162
      stopping short of the outer end of the push rod. Projections 164, 166 are
      formed on the inner edges of the legs 156, 158, respectively, just short
      of their free ends, the projections confronting one another. A second pair
      of projections 168, 170 are formed on the edges of the legs 156, 158,
      respectively near their inner ends.
PAR  A respective locking pad 172 of the form shown in FIG. 11 is nested on each
      of the push rods 114 between the projections 168, 170 from the legs 156,
      158 and the cam 146. The pad 172 is a flat piece of steel having an
      arcuate edge 174 of the same radius as the arcuate edge portion 148 of the
      cam 146 and contacting same. An edge of the pad 172 opposite to the
      arcuate edge 174 is provided with a pair of recesses 176, 178 for
      receiving the projections 168, 170, respectively.
PAR  Push buttons 180 (FIGS. 1 to 3) are fitted to the outer ends of all of the
      push rods 114. Each push button 180 comprises an upper part 182 of the
      form shown in FIGS. 12 and 13 and a lower part 184 (FIG. 2). The two parts
      182, 184 of each push button 180 are secured together and to the
      associated push rod 114 by a countersunk screw 186 which extends upwardly
      through a clearance hole 188 in the lower part 184 and is threaded into a
      tapped hole 190 in the upper part 182.
PAR  The upper part 182 of the push button is of a generally flat form and has a
      portion 192 of reduced width at its inner end. On side edge 194 of the
      portion 192 is tapered, gradually along a region 196 and more pronouncedly
      along a region 198, for a reason explained hereinbelow.
PAR  A projection 200 depends from the lower surface of the upper part 182. The
      projection comprises a lozenge-like upper part 202 having a pair of
      opposed abutment surfaces 204, 206; and an elongate lower part 208 of
      width appropriate to allow it to be slid along within the slot 118 in the
      push rod 114. When the push button 180 is assembled, the lower part 208 of
      the projection lies in the slot 118 and abuts the lower part 184 of the
      button.
PAR  The thickness of the upper part 182 is increased in a region 210 adjacent
      its outer end to define a second pair of abutment surfaces 212, 214.
PAR  The tuner mechanism also includes a clutch arrangement which includes a
      clutch bar 216, the above-mentioned clutch lever 64 and a clutch tension
      spring 218. As best seen in FIG. 1, the clutch bar 216 extends along the
      tuner mechanism, parallel to the connecting strip 88. The clutch bar 216
      is guided for limited axial movement by a stud 220 extending from the
      lower plate 12 into an axial slot 222 in one end of the bar and by at
      least one other like stud and slot arrangement (not shown).
PAR  Along its front edge the clutch bar 216 is provided with a respective
      recess for each of the push buttons 180. The recess for the extreme right
      hand push button 180 is shown in FIG. 1 at 224.
PAR  The manner in which the tuner mechanism described above is set up to
      provide selective push-button tuning of an associated radio will now be
      described. The tuning spindle 36 is rotated till the radio is tuned to the
      required frequency. During such tuning, the connecting strip 88 and all of
      the link members 92 are moved by the crank 48 to positions which are
      uniquely characteristic of the position of the carriage 24 necessary to
      tune the radio to the required frequency. Suppose now that the tuner
      mechanism is to be set up so that, in future, operation of the extreme
      left-hand push button 180 will automatically tune the receiver to the
      station to which it has just been tuned by means of the tuning spindle.
      The push rod 114 mounting the push button 180 is in its outer, rest
      position, as depicted in FIG. 1; and the push button is positioned as
      shown in dotted outline in FIG. 1. In this position of the push button
      180, the free ends 160, 162 of the resilient legs are pinched between the
      abutment surfaces 212, 214. This causes the legs to tend to rotate towards
      one another, whereby the projections 168, 170 tend to rotate towards the
      locking pad 172 to move the latter towards the cam 146. The legs are so
      constructed and the spacing between the surfaces 212, 214 so arranged that
      the legs cannot rotate to the extent they would if the locking pad 172
      were not present. Consequently, spring forces are developed in the legs
      which result in the projections 168, 170 being firmly urged against the
      locking pad 172 whereby the pad is in turn firmly urged against the cam
      146, thereby locking the cam against rotation.
PAR  To enable the required effect to be obtained, the cam 146 must be made free
      to rotate. This is done by pulling the push button 180 outwardly until it
      reaches an outer position determined by the lower part 208 of the
      projection 200 from the upper part 182 of the push button contacting the
      outer end of the slot 113 in the push rod 114. The position then adopted
      by the push button is slightly further out than that shown in dotted
      outline in FIG. 1 for the button adjacent the extreme left hand button. In
      the outer position, the free ends of the legs are no longer trapped
      between the surfaces 212, 214 and the force causing the locking pad 172 to
      clamp the cam 146 against rotation is removed: the cam is then free to
      rotate.
PAR  During outward movement of the push button 180, the projections 164, 166
      are forced past the apices of the abutment surfaces 204, 206. The studs
      132, 134 prevent the legs rotating apart sufficiently to allow the
      projections to pass the apices without resilient deformation of the legs.
PAR  The cam 146 having been freed, the push button 180 is then pushed inwardly.
      Immediately or substantially immediately, the inner flanks of the surfaces
      204, 206 contact the projections 164, 166. Due to the studs 132, 134,
      further inward movement of the push button 180 with respect to the push
      rod 114 is opposed by the spring forces developed by the resultant
      resilient deformation of the legs. These forces are arranged to be greater
      than the outward bias on the push rod resulting from extension of the
      spring 140, with the consequence that the push button 180 and the push rod
      114 maintain their relative position and move inwardly together under the
      influence of manual pressure on the push button.
PAR  Eventually, one of the shoulders 150, 152 on the cam 146 will contact one
      of the shoulders 102, 104 on the link member 92. Since the cam 146 is free
      to rotate, further inward movement of the push button 180 and push rod 114
      will be accommodated by the cam rotating until both pairs of shoulders are
      in contact, i.e. until the cam 146 adopts an orientation exactly
      corresponding to that of the link member 92. Once this stage has been
      reached, the push rod 114 can travel no further inwardly since the link
      member 92 is free for pivotal rotation only. Consequently, further
      pressure on the push button 180 causes the push button to move inwardly
      with respect to the push rod till the rod and button return to the
      relative disposition they had prior to the initial pulling out of the
      button. The consequence of this is that the cam 146 is locked in a fresh
      position which corresponds to that of the link member 92.
PAR  If the push button 180 is then pushed in once more, and assuming that a
      different frequency has meanwhile been selected, the cam 146, now locked
      in position, will rotate the link member 92 till the member adopts a
      position corresponding to that of the cam, in a manner exactly analogous
      to that in which the link member set the position of the cam when the cam
      was free to rotate. Pivoting of the link member is transmitted to the
      carriage 24 via the connecting strip 88, the crank 48 and the tie bar 50,
      whereby the radio receiver is automatically tuned to the selected
      frequency.
PAR  Due to the fact that the mechanism associated with the tuning spindle 36
      provides a moderate resistance to rotation of the spindle to facilitate
      fine tuning, and since there is a high velocity ratio between the movement
      of the friction cone 40 and the drive wheel 42, it is desirable that the
      drive between the cone and wheel be interrupted whenever a push button 180
      is pressed, both to avoid too great a force having to be exerted on the
      button and to avoid excessive stress being applied to the transmission
      means. The above-described clutch arrangement ensures that this object is
      achieved. As soon as a push button 180 is depressed, the tapered edge 194
      of the upper part 182 thereof contacts an edge of the associated recess
      224 in the clutch bar and moves the bar, and also the clutch lever 64
      connected to the bar, slightly to the right. Referring to FIG. 3, the lug
      62 projecting from the clutch lever 64 is therefore moved out of contact
      with the collar 66, whereby the drive wheel 42, mounted on the shaft 54,
      is no longer urged upwardly against the friction cone 40. Thus, as the
      friction cone 40 and the drive wheel 42 are no longer urged together,
      rotation of the drive wheel 42, which occurs when the button is eventually
      fully depressed, is not transmitted to the cone.
PAR  When the tuner mechanism is intended for use with a radio receiver having
      more than one frequency band, the tuner mechanism may be provided with
      means for switching the radio from one band to another in accordance with
      the push button depressed. For example, a wavechange bar (not shown) may
      be mounted at the rear of the tuner mechanism for axial sliding movement
      parallel to the axis of the connecting strip 88. The wavechange bar
      interacts with the rearmost ends of the push rods such that the bar is
      caused to adopt a first position corresponding to a first waveband if a
      predetermined one or more of the buttons is pushed, and a second position
      corresponding to a second waveband if the remaining button or buttons is
      or are pushed.
PAR  The tuner mechanism may also be provided with means for indicating the
      frequency selected, for example a conventional pointer and scale, the
      pointer being appropriately coupled for movement with the transmission
      means or the connecting strip 88.
PAR  As can best be seen from FIG. 3, by virtue of the way in which the tuner
      mechanism is constructed the height H of the major part thereof is very
      small, being several times smaller than the height of the known tuner
      mechanism described hereinabove. It is therefore possible to accommodate
      further apparatus, for example a tape player, above the tuner mechanism,
      the height of the combined unit being no greater than that prescribed by
      the appropriate DIN specification. Alternatively, the push button
      arrangement can be double stacked to give a 10 button capability.
PAR  The tuner mechanism has been described with reference for use in
      conjunction with a radio receiver. It should be appreciated, however, that
      is can be used in association with any form of electronic apparatus where
      push-button spot frequency selection may be required, for example a radio
      transmitter or an oscillator.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tuner mechanism comprising at least one reactance element, manually
      operable tuning control means, transmission means interconnecting said
      reactance element and said tuning control means whererby the reactance of
      the element is varied by operation of the tuning control means, a movable
      member connected to said transmission means and adapted to be
      translationally moved by operation of said tuning control means, at least
      one actuating member means guiding said actuating member for movement
      towards and away from said movable member, planar cam means associated
      with said actuating member, means coplanar with said cam means arranged to
      adjust the orientation of said cam means, said cam means being adapted to
      interact with said movable member on movement of said actuating member
      towards the movable member to translationally move the movable member to a
      position determined by the orientation of the cam means, and a clamping
      member, extending within the plane of said cam means, arranged to clamp
      the cam means in said predetermined orientation.
NUM  2.
PAR  2. A tuner mechanism according to claim 1, wherein said movable member is
      flat and including means guiding said movable member for substantially
      rectilinear translational movement.
NUM  3.
PAR  3. A tuner mechanism according to claim 2, wherein said movable member is
      an elongate strip guided for substantially rectilinear movement along its
      longitudinal axis.
NUM  4.
PAR  4. A tuner mechanism according to claim 3, wherein said actuating member is
      flat and substantially coplanar with said movable member.
NUM  5.
PAR  5. A tuner mechanism according to claim 2, wherein said means guiding said
      actuating member is adapted for rectilinear movement of the actuating
      member towards and away from said movable member in a direction
      substantially perpendicular to the direction of rectilinear movement of
      the movable member.
NUM  6.
PAR  6. A tuner mechanism according to claim 1, including a link member, means
      pivoting one end of said link member to said movable member and means
      pivoting the other end of said link member to a fixed part of the tuner
      mechanism, said other end of said link member being provided with an
      abutment surface adapted to be contacted by said cam means on inward
      movement of said actuating member, said contact causing said link member
      to pivot about said other end thereof till the link member adopts a
      position determined by the orientation of said cam means.
NUM  7.
PAR  7. A tuner mechanism according to claim 6, wherein said other end of said
      link member is provided with a pair of said abutment surfaces, one on each
      side of the position where it is pivoted to said fixed part of the tuner
      mechanism, and said cam means is provided with a pair of surfaces each
      adapted to contact a respective one of said pair of abutment surface of
      said link member.
NUM  8.
PAR  8. A tuner mechanism according to claim 6, said movable member is flat and
      including means guiding said movable member for substantially rectilinear
      translational movement, and wherein both said cam means and said link
      member are flat and substantially coplanar with said movable member.
NUM  9.
PAR  9. A tuner mechanism according to claim 8, wherein said movable member is
      an elongate strip guided for substantially rectilinear movement along its
      longitudinal axis.
NUM  10.
PAR  10. A tuner mechanism according to claim 9, wherein said actuating member
      is flat and substantially coplanar with said movable member.
NUM  11.
PAR  11. A tuner mechanism according to claim 1, wherein said cam means
      comprises a cam member and means pivoting said cam member to said
      actuating member whereby rotation of the cam member about its pivotal axis
      changes the orientation of the cam means, and wherein said means for
      adjusting the orientation of said cam means comprises a push button
      located at the end of said actuating member remote from said movable
      member and having a pair of abutment surfaces thereon, a pair of resilient
      legs, means pivoting said legs to said actuating member at positions
      remote from said end thereof and extending along the actuating member for
      contact with said abutment surfaces, and a locking member arranged between
      said cam member and said resilient legs, said push button being adapted
      for movement with respect to said actuating member, by pulling the button,
      between a rest position in which free ends of said legs are urged together
      by said pair of abutment surfaces whereby said locking member is urged by
      said legs against said cam member to lock said cam member against
      rotation, and a second position in which said legs are not urged together
      by said pair of abutment surfaces whereby said locking member is not urged
      against said cam member so that the cam member may be rotated.
NUM  12.
PAR  12. A tuner mechanism according to claim 1, wherein a plurality of said
      actuating members are spaced apart along the direction of translational
      movement of said movable member.
NUM  13.
PAR  13. A tuner mechanism according to claim 1, wherein said reactance element
      is a coil having a ferromagnetic core adapted to be moved into or out of
      said coil by said transmission means in response to operation of said
      manually operable tuning control means.
NUM  14.
PAR  14. A tuner mechanism comprising at least one reactance element, manually
      operable tuning control means, transmission means interconnecting said
      reactance element and said tuning control means whereby the reactance of
      the element is varied by operation of the tuning control means, a movable
      member connected to said transmission means and adapted to be
      translationally moved by operation of said tuning control means, at least
      one actuating member, means guiding said actuating member for movement
      towards and away from said movable member, cam means associated with said
      actuating member, means for adjusting the orientation of said cam means,
      said cam means being adapted to intereact with said movable member on
      movement of said actuating member towards the movable member to
      translationally move the movable member to a position determined by the
      orientation of the cam means, a link member, means pivoting one end of
      said link member to said movable member, means pivoting the other end of
      said link member to a fixed part of the tuner mechanism, said other end of
      said link member being provided with a pair of abutment surfaces, one on
      each side of the position where said link member is pivoted to said fixed
      part of the tuner mechanism, and said cam means being provided with a pair
      of surfaces each adapted to contact a respective one of said pair of
      abutment surfaces of said link member on inward movement of said actuating
      member, said contact causing said link member to pivot about said other
      end thereof till the link member adopts a position determined by the
      orientation of said cam means.
NUM  15.
PAR  15. A tuner mechanism comprising at least one reactance element, manually
      operable tuning control means, transmission means interconnecting said
      reactance element and said tuning control means whereby the reactance of
      the element is varied by operation of the tuning control means, a movable
      member connected to said transmission means and adapted to be
      translationally moved by operation of said tuning control means, at least
      one actuating member, means guiding said actuating member for movement
      towards and away from said movable member, cam means associated with said
      actuating member,, means for adjusting the orientation of said cam means,
      said cam means being adapted to interact with said movable member on
      movement of said actuating member towards the movable member to
      translationally move the movable member to a position determined by the
      orientation of the cam means, said cam means comprising a cam member and
      means pivoting said cam member to said actuating member whereby rotation
      of the cam member about its pivotal changes the orientation of the cam
      means, said means for adjusting the orientation of said cam means
      comprising a push button located at the end of said actuating member
      remote from said movable member and having a pair of abutment surfaces
      thereon, a pair of resilient legs, means pivoting said legs to said
      actuating member at positions remote from said end thereof and extending
      along the actuating member for contact with said abutment surfaces, and a
      locking member arranged between said cam member and said resilient legs,,
      said push button being adapted for movement with respect to said actuating
      member, by pulling the bottom, between a rest position in which free ends
      of said legs are urged together by said pair of abutment surfaces whereby
      said locking member is urged by said legs against said cam member to lock
      said cam member against rotation, and a second position in which said legs
      are not urged together by said pair of abutment surfaces whereby said
      locking member is not urged against said cam member so that the cam member
      may be rotated.
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ABST
PAL  A plurality of single pole circuit breakers stacked side-by-side are
      interconnected by a tie rod connecting the magnetic armatures of their
      respective instantaneous trip means. When one pole is caused to trip
      because of a fault condition, a driving formation on the releasable cradle
      of the faulted pole delivers a hammerlike blow to a cam means on the
      magnetic armature. The energy imparted to the armature by this blow causes
      the latch carried thereby to move in the tripping direction substantially
      beyond the point required for releasing the cradle latch in the faulted
      phase. This added movement assures that the tie rod shall transmit
      sufficient motion to all non-faulted poles to cause tripping thereof.
BSUM
PAR  This invention relates to multipole circuit breakers in general and more
      particularly relates to a circuit breaker of this type constructed to
      assure that fault current tripping of one phase will cause tripping of
      non-faulted phases. Relatively low current multi-pole molded case circuit
      breakers are often constructed by assembling a plurality of single pole
      units side-by-side and mechanically interconnecting their trip units by
      means of a tie bar. Opening of one pole because of a fault current
      condition will cause trip units in the other poles to be actuated. Molded
      case circuit breakers having a continuous rating of between 10 and 20
      amperes are often constructed so that their housings are 1/2 inch wide. A
      construction of this type is illustrated in U.S. Pat. No. 3,147,353,
      issued Sept. 1, 1964, to J. H. Leonard for a Contact Weld Breaking Means.
      Because of this type of circuit breaker being so thin, the electrical and
      mechanical operating elements are extremely crowded, and as a result only
      slight movements of the automatic trip elements can be achieved.
PAR  Coupling the relatively small movements of the trip elements with parts
      tolerances and possible misalignment of elements results in a substantial
      problem when a plurality of pole units are assembled as a multi-pole
      device. That is, in a multi-pole device of this type, the basic compact
      design tolerances and misalignments may combine adversely so that tripping
      of one pole will not result in sufficient movement in the other poles to
      cause tripping thereof.
PAR  In accordance with the instant invention, the interpole tie between
      automatic trip units is achieved by a rod connected directly to the
      movable armature of the magnetic trip means. The armature is provided with
      a cam means operatively positioned for engagement by a driving formation
      on the cradle of the contact operating mechanism, which cradle is released
      upon actuation of either the instantaneous (magnetic) or time delay
      (thermal) trip means.
PAR  Actuation of the magnetic trip means in a faulted pole requires only slight
      movement of the armature in this pole, and this slight movement may not
      bring about sufficient movement of the armature in a non-faulted pole to
      cause cradle release therein. However, when the cradle is latched, there
      is a substantial distance between the driving formation on the cradle and
      the cam means on the armature. This distance is such that as the cradle is
      released, there is substantial cradle motion, hence substantial buildup of
      inertia, before the driving formation engages the cam means. Inertial
      energy of the driving formation is transmitted to the cam means upon
      engagement therewith and is of sufficient magnitude to deliver a
      hammer-like blow which drives the armature substantially past the minimum
      latch release position. This added motion of the armature past the minimum
      latch release position assures that there will be sufficient motion
      transmitted to the armatures of all non-faulted poles to cause tripping
      thereof.
PAR  Accordingly, a primary object of the instant invention is to provide a
      novel compact multi-pole molded case circuit breaker in which there is an
      inter-pole trip means constructed so as to assure tripping of all
      non-faulted poles upon automatic tripping of a single pole.
PAR  Another object is to provide a circuit breaker of this type in which each
      pole unit is constructed so that upon automatic tripping the armature will
      move considerably past the minimum position required for release of a
      latchable cradle of the contact operating mechanism.
PAR  Still another object is to provide a circuit breaker of this type in which
      upon automatic tripping of a pole substantial cradle inertia is developed
      prior to engagement of a cradle driving formation with a cam means on the
      instantaneous trip armature, with this inertia energy serving to drive the
      armature in the faulted pole substantially beyond its latch release
      position, thereby assuring that armatures in the other poles will move
      sufficiently to cause release of their respective mechanism latches.
DRWD
PAR  These objects as well as other objects of this invention shall become
      readily apparent after reading the following description of the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective of a two-pole molded case circuit breaker
      constructed in accordance with teachings of the instant invention.
PAR  FIG. 2 is an exploded perspective showing the major current carrying and
      contact operating elements of one pole unit of the circuit breaker of FIG.
      1.
PAR  FIGS. 3 and 4 are side elevations of one pole unit of the circuit breaker
      of FIG. 1, with the near housing wall removed to reveal the operating
      elements. In FIG. 3 the contacts are closed and in FIG. 4 the contacts are
      in tripped open position, with the contact operating mechanism cradle and
      the instantaneous trip magnetic armature in engagement.
DETD
PAR  Now referring to the figures. Two-pole circuit breaker 100 is adapted to be
      mounted in a panelboard of the type illustrated in U.S. Pat. No. 3,767,977
      issued Oct. 23, 1973, to A. Bachman for an Electric Distribution Panel
      Having Extruded Buses and Contact Stabs. Circuit breaker 100 is
      constructed of substantially identical half-inch wide molded case circuit
      breaker pole units 10, 99 stacked in abutting side-by-side relationship.
      Operating handles 35, 135 are connected by handle tie 98. As will be
      hereinafter explained, tie rod 97 extends through housing apertures (not
      shown) and interconnects the instantaneous trip devices of both pole units
      10 and 99.
PAR  Circuit breaker pole unit 10 is generally of the type described in detail
      in U.S. Pat. No. 3,147,353 issued Sept. 1, 1964, to J. H. Leonard for a
      Contact Weld Breaking Means. The load current path (indicated by heavy
      broken line 88 in FIG. 3) through circuit breaker 10 consists of line
      terminal 11 at the left end of molded housing part 12, stationary contact
      14, movable contact 15 at the lower end of movable contact arm 16 pivoted
      at its upper end 17 against latchable cradle 18, through a section of
      cradle 18, through bimetal strip 20, flexible braid 21 and load terminal
      extension 22 to load terminal 23 connected to wire grip 24 located at the
      right side of housing part 12 near the upper end thereof.
PAR  Releasable cradle 18 is normally maintained in its latched or reset
      position by intermediate latch 25 pivotally mounted to cradle 18 on
      insulating pin 19, with insulating sheet 26 being interposed between
      intermediate latch 25 and cradle 18. Conducting leaf spring element 34
      secures pin 19 to cradle 18. Intermediate latch 25 engages the in-turned
      free end 27 of bimetal 20 and also engages latch surface 28 formed by the
      generally square folded-over out-turned free end portion 95 of modified
      U-shaped spring 29 welded to tripping armature 31 and biasing the latter
      away from U-shaped magnetic yoke 32. The latter surrounds load terminal
      extension 22 which acts as an energizing turn for magnet 31, 32. Main
      operating spring 33 is a tension member connected at its lower end 36 to
      contact arm 16 and at its upper end 37 to downward extension 38 of manual
      operating handle 35 whose arcuate lower section 39 is journalled for
      movement within arcuate slot 41 of housing part 12. Tie rod 97 extends
      through the openings in free end portion 95 of spring 29 in each pole unit
      10, 99 to mechanically connect movable magnetic armatures 31 of both pole
      units 10, 99.
PAR  Under moderate overload conditions current carried by circuit breaker 10
      flows through bimetal strip 20, to heat the latter. This heating causes
      the free latching end 27 of bimetal 20 to deflect outward, or in the
      direction of arrow A in FIG. 2, until latching tip 27 clears intermediate
      latch 25. At this point the upward force exerted by main spring 33 on
      cradle 18 and the elements mounted thereto causes intermediate latch 25 to
      pivot clockwise and clear latch surface 28 so that cradle 18 is unlatched
      and pivots counterclockwise about case pivot 74 until pivot point 17 at
      the upper end of contact arm 16 moves to the left of the line of action
      for main spring 33. When this occurs, main spring 33 pulls contact arm 16
      to the right, causing movable contact 15 to separate from stationary
      contact 14, to bring about opening of circuit breaker 10.
PAR  Release of cradle 18 causes pin 93, disposed thereon in the vicinity of
      auxiliary latch 25, to engage cam 92 projecting from armature 31 at a
      location above square formation 95 of spring 29. Cam 92 is constructed
      either of a resilient or a relatively rigid material. Engagement of cam 92
      by driving formation 93 moves armature 31 toward magnet 32 through a
      distance substantially greater than the distance required for latching
      surface 28 to move in order to release auxiliary latch 25 during the
      occurrence of severe overloads. Sufficient movement of armature 31 in the
      tripping direction is assured because of inertial energy generated by
      movement of cradle 18.
PAR  This inertial energy is remarkably great in that with cradle 18 latched
      there is a substantial distance between driving formation 93 and cam 92.
      Thus, there is a substantial distance of free travel for cradle 18 before
      driving pin 93 engages cam 92, so that the latter is struck a hammer-like
      blow causing high speed movement of armature 31 and the inertia thereof
      causes it to move in the tripping direction considerably past the position
      required for minimal motion of latching surface 28 to release cradle 18.
      This added motion of armature 31 in the faulted pole assures that
      sufficient motion is transmitted through tie rod 97 to cause tripping of
      the non-faulted pole.
PAR  Under severe overload conditions armature 31 is attracted to magnet 32,
      thereby moving latching surface 28 to the right with respect to FIG. 3
      until portion 95 moves to the right of auxiliary latch 25 at which time
      cradle 18 is free to pivot counterclockwise about pivot formation 74 to
      bring about separation of cooperating contacts 14, 15. Additional motion
      in the tripping direction is then imparted to armature 31 as a result of
      cam 92 being struck a hammerlike blow by cradle carried driving formation
      93, in the manner previously explained.
PAR  While this invention is illustrated in the drawings as consisting of
      circuit breaker pole units stacked adjacent to each other, the invention
      is not so limited but is broad enough to include an arrangement in which
      there is a considerable space between pole units as in copending U.S.
      patent application Ser. No. 505,682 filed Sept. 13, 1974, by C. E. Gryctko
      et al. for a Two Pole Ground Fault Circuit Protector, and assigned to the
      assignee of the instant invention.
PAR  Although in the foregoing preferred embodiments have been discussed, many
      variations and modifications will now become apparent to those skilled in
      the art and it is therefore understood that this invention is not limited
      by the disclosure but only by the appending claims.
CLMS
STM  The embodiments of the invention in which an exclusive privilege or
      property is claimed are defined as follows:
NUM  1.
PAR  1. A circuit breaker having a plurality of poles and including, for each
      pole thereof, cooperating contact means, releasable operating means for
      opening and closing said contact means, latch means for maintaining said
      operating means in operative condition to close said contact means, and
      fault current responsive trip means which when actuated trips said latch
      means to release said operating means which renders the latter inoperative
      to either close or maintain said contact means closed; said trip means
      including an electromagnet comprising a relatively stationary magnetic
      frame and a magnetic armature movable from a normal forward position
      rearward through a latch releasing position upon predetermined
      energization of said electromagnet, tie means interconnecting said
      armatures of said plurality of poles for simultaneous operation thereof;
      biasing means for said armature urging the latter toward said normal
      position; within a pole carrying fault current said armature being moved
      rearward magnetically past said latch releasing position; said trip means
      also including thermally responsive means for automatically releasing said
      operating means at overload current below said fault current; said
      operating means upon release thereof by said thermally responsive means
      operatively engaging said armature thereby moving the armatures of all
      poles substantially to the rear of their said latch releasing positions.
NUM  2.
PAR  2. A circuit breaker as set forth in claim 1 also including cam means and a
      driving formation operatively engageable therewith upon release of said
      operating means, said armature mounting one of said cam means and said
      driving formation, said operating means mounting the other of said cam
      means and said formation, said formation normally being spaced from said
      cam means by a substantial distance whereby release of said operating
      means is effective to build up substantial inertia force in said operating
      means and elements carried thereby for moving said armature by engagement
      between the cam means and the formation.
NUM  3.
PAR  3. A circuit breaker as set forth in claim 2 in which said inertia force
      acting on said armature upon engagement of the driving formation and the
      cam means is effective to drive said armature to the rear of the most
      rearward point of the armature at which the driving means and cam means
      are engaged.
NUM  4.
PAR  4. A circuit breaker as set forth in claim 2 in which the cam means is on
      the armature and the driving formation is on the operating means.
NUM  5.
PAR  5. A circuit breaker as set forth in claim 4 in which the cam extends
      forward from the armature.
NUM  6.
PAR  6. A circuit breaker as set forth in claim 5 in which the cam means is
      relatively rigid.
NUM  7.
PAR  7. A circuit breaker as set forth in claim 5 in which the cam means is
      resilient.
NUM  8.
PAR  8. A circuit breaker as set forth in claim 5 in which the operating means
      includes a pivoted cradle and the driving means extends transversely from
      the cradle generally parallel to its pivot axis.
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PAL  A current limiting circuit breaker having for each pole, a pair of main
      contacts separable upon operation of a thermally and electromagnetically
      operable tripping device and a pair of auxiliary contacts for current
      limiting in series with the main contacts and in parallel with a
      transformable resistor having a positive temperature coefficient of
      resistance. The auxiliary contacts are separable when an electromagnet is
      energized by a fault current which simultaneously energizes a field magnet
      to produce a transverse magnetic field across the auxiliary contacts and
      the arc formed between them when separating. This simultaneous action of
      electromagnet and field magnet coacting for rapid contact separation and
      lengthening of the arc upon flow of a fault current serves to increase arc
      voltage almost instantaneously to that of the source, about which time the
      fault current is totally shunted into the resistor. An armature and
      armature pin are mounted for reciprocal movement when the electromagnet is
      energized. The armature pin is operatively connected to the auxiliary
      contact blades which are mounted for pivotal movement from a contact
      closed to a contact open position when the armature and armature pin are
      attracted by the electromagnet. A compression coil spring encircles the
      armature pin to bias the auxiliary contact blades toward a normally
      contact closed position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Before the present invention, a commercially practical current limiting
      circuit breaker suitable for use in low voltage power distribution systems
      of about 600 volts or less had been sought by the power distribution and
      control industry for over 30 years. Various, sometimes conflicting
      requirements have to be met. For example, a commercially practical current
      limiting circuit breaker (a) must be repetitively operable at its maximum
      short circuit interrupting rating without repair or replacement of parts
      (This requirement precludes the use of fuses, fused switches, or fused
      circuit breakers for achieving current limiting.); (b) must not have a
      temperature rise at the terminals of more than 50.degree. Centigrade at
      rated steady state current to meet appropriate standards of safety and
      performance established for circuit breakers used in power distribution
      systems of 600 volts or less (This requirement precludes the use of a
      large built-in resistance to limit current.); (c) must have a design
      applicable to a wide range of steady state current ratings, from a few
      amperes to hundreds of amperes; (d) must have current limiting
      capabilities competitive with those of the best available other current
      limiting devices including fuses (This requires that the device will
      operate in a fraction of a millisecond when the available short circuit
      current is 100,000 amperes or more.); (e) must be compact enough to fit
      into existing circuit breaker panelboards (This requires that the ratio of
      interrupting rating to volume be equal to or greater than that for any
      prior circuit breaker.); (f) must use non-toxic, non-hazardous materials;
      (g) must have a response time which decreases proportionately as much as
      or faster than available short circuit current is increased; (h) must be
      economically competitive with present circuit protective devices; and (i)
      must function without inducing severe transient voltages. None of the
      prior current limiting circuit breakers meets all the above requirements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a current limiting circuit breaker
      which meets all the above requirements.
PAR  Another object is to provide a current limiting circuit breaker including a
      pair of main contacts, electromagnetically and thermally operable tripping
      means for opening the pair of main contacts, a pair of auxiliary contacts
      for current limiting in series with the pair of main contacts,
      electromagnetically operable means for opening the pair of auxiliary
      contacts, a field magnet associated with the pair of auxiliary contacts,
      and a resistor connected in parallel with the pair of auxiliary contacts,
      the resistor having a positive temperature coefficient of resistance and
      the parallel circuit through the resistor including a pair of conductor
      turns associated with the field magnet.
PAR  A further object is to provide an improved, fast acting mechanism for
      opening the pair of auxiliary contacts of such a current limiting circuit
      breaker.
PAR  Still another object is to provide an improved conductor-turn arrangement
      for the electromagnetically operable means for opening the pair of
      auxiliary contacts of such a current limiting circuit breaker.
PAR  Yet another object is to provide an improved field magnet structure for the
      pair of auxiliary contacts of such a circuit limiting circuit breaker.
PAR  A still further object is to provide an improved electromagnetically and
      thermally operable tripping means for the pair of main contacts of such a
      current limiting circuit breaker.
PAR  Another object is to provide an improved movable contact blade mounting
      arrangement for the pair of main contacts of such a current limiting
      circuit breaker.
PAR  An additional object is to provide a current limiting circuit breaker
      having means to rapidly increase the voltage drop across the arc formed
      between the auxiliary contacts in the current limiting section to a value
      which equals the supply voltage of the source in substantially less than a
      quarter cycle and in about 1 millisecond of time, thus checking any
      further rise in current and almost simultaneously shunting the current
      through a current limiting resistor connected in parallel with the current
      limiting contacts. This action increases the power factor to near unity
      thereby enabling interruption of a potentially high fault current in less
      than one-quarter cycle of current.
PAR  An additional object is to provide a current limiting circuit breaker
      wherein means to rapidly increase arc voltage between auxiliary contacts
      to equal the voltage of the source includes electromagnetic means to
      rapidly separate and lengthen the gap between said contacts, first magnet
      means to simultaneously produce magnetic lines of force to rapidly move
      said contacts apart in divergent directions and to blow the arc between
      said contacts in a third direction away therefrom, causing an additional
      lengthening of the arc and cooling thereof, thus rapidly increasing arc
      resistance to raise the arc voltage to that of the source, until
      saturation said electromagnetic means being operative to increase speed of
      action proportional to the increase in value of the square of the through
      fault current, and likewise until saturation said field magnet means being
      operative to increase the speed of action also with the square of the
      increase in value of the through fault current.
PAR  An additional object is to provide a current limiting circuit breaker
      including means to prevent opening of the auxiliary contacts below a
      threshold fault current of a selected magnitude.
PAR  Other objects and advantages will become apparent when the following
      specification is considered along with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a three-pole current limiting
      circuit breaker constructed in accordance with the invention, taken
      generally along the line 1--1 of FIG. 2 and showing a center pole thereof
      with parts in an ON position;
PAR  FIG. 2 is a cross sectional view of the current limiting circuit breaker of
      FIG. 1, taken generally along the line 2--2 of FIG. 1;
PAR  FIGS. 3, 4, 5, and 6 are enlarged perspective, top, side, and outer end
      views, respectively, of a line terminal and stationary contact support
      assembly of any one of the poles of the current limiting circuit breaker
      of FIG. 1;
PAR  FIG. 7 is an enlarged end view of an operating mechanism in the center pole
      of the current limiting circuit breaker of FIG. 1, with portions broken
      away and the parts being shown in TRIPPED position;
PAR  FIG. 8 is a side view of the operating mechanism of FIG. 7, with portions
      broken away;
PAR  FIG. 9 is an enlarged cross sectional view through a blade cross bar of the
      current limiting circuit breaker of FIG. 1, taken between two blades;
PAR  FIG. 10 is an enlarged cross sectional view similar to FIG. 9, but taken at
      a blade of the center pole;
PAR  FIG. 11 is an enlarged fragmentary longitudinal view of a thermally
      actuated common trip bar and a fragmentary edge view of an associated
      thermal trip lever of the current limiting circuit breaker of FIG. 1;
PAR  FIG. 12 is an actual size cross sectional view of the thermally actuated
      common trip bar taken substantially along the line 12--12 of FIG. 11 and a
      side view of the associated thermal trip lever;
PAR  FIGS. 13, 14, 15, and 16 are perspective, left end, side, and right end
      views, respectively, of an assembly of electrical conductors associated
      with an electromagnet in a current limiting portion of any one of the
      poles of the current limiting circuit breaker of FIG. 1, portions being
      broken away or omitted in FIGS. 14, 15, and 16.
PAR  FIGS. 17, 18, and 19 are perspective, side, and end views, respectively, of
      an electromagnet and contact blade assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1, the electromagnet being
      associated with the conductor assembly of FIGS. 14-16 and having portions
      broken away in FIGS. 18 and 19;
PAR  FIG. 20 is a plan view of an unfinished current limiting resistor for any
      one of the poles of the current limiting circuit breaker of FIG. 1, the
      unfinished resistor including end portions to be cut off after
      electroplating;
PAR  FIG. 21 is a plan view of the end portion of the resistor within the dotted
      enclosure 21 of FIG. 20, the broken line portion in FIG. 21 indicating a
      portion which is cut away after electroplating;
PAR  FIG. 22 is an edge view of the resistor end portion;
PAR  FIGS. 23, 24, and 25 are perspective, end, and side views, respectively, of
      a field magnet assembly of any one of the poles of the current limiting
      circuit breaker of FIG. 1;
PAR  FIGS. 26, 27, 28, and 29 are perspective, top, inner end, and side views,
      respectively, of an electrical conductor and load terminal assembly of any
      one of the poles of the current limiting circuit breaker of FIG. 1;
PAR  FIGS. 30 and 31 are perspective and front views, respectively, of an arc
      chute adjacent the load terminal assembly of any one of the poles of the
      current limiting circuit breaker of FIG. 1;
PAR  FIG. 32 is a sectional view taken generally along the line 32--32 of FIG.
      31;
PAR  FIG. 33 is a perspective view of one of the arc plates in the arc chute of
      FIGS. 30-32; and
PAR  FIG. 34 is a longitudinal sectional view of the current limiting circuit
      breaker of FIG. 1, taken generally along the line 34--34 of FIG. 2 and
      showing an outer pole thereof with parts in an ON position;
PAR  FIG. 35 is a schematic drawing illustrating the current path from line to
      load through the circuit breaker.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  With reference to the drawings, a three-pole current limiting circuit
      breaker 40 constructed in accordance with the invention is shown in FIGS.
      1, 2, and 34. The circuit breaker 40 includes a molded case comprising a
      molded base 41 and a complementary molded cover 42 each having a pair of
      outer side walls and a pair of spaced intermediate walls to provide three
      compartments 44, 45, and 46 (FIG. 2). The structure of a center pole of
      the circuit breaker 40 disposed in the center compartment 45 is shown in
      FIG. 1.
PAR  A line terminal and stationary contact assembly 48 is shown adjacent the
      left end of FIG. 1. The assembly 48 is better shown in FIGS. 3-6 and
      includes a terminal member 49 and a stationary contact mounting member 50
      pivotally connected by a pin 51 and electrically interconnected by a
      braided wire cable 52. The terminal member 49 has a bight portion 49a and
      a pair of spaced leg portions 49b and 49c as a first U-shaped portion, the
      leg portions 49b and 49c merging respectively with a pair of spaced
      extending leg portions 49d and 49e of a second U-shaped portion having a
      split bight portion formed by two tabs 49f and 49g extending respectively
      from the leg portions 49d and 49e. A mounting tab 49h having an aperture
      49i extending therethrough projects at right angles from the bight portion
      49a oppositely from the leg portions 49b and 49c.
PAR  The member 50 has a bight portion 50a and a pair of spaced leg portions 50b
      and 50c as a first U-shaped portion, the leg portions 50b and 50c
      respectively having laterally extending ears 50d and 50e, a leg portion
      50f of a second U-shaped portion extending from the bight portion 50a to a
      bight portion 50g, and a leg portion 50h opposite the leg portion 50f. The
      leg portions 49d and 49e and the ears 50d and 50e are apertured to receive
      the pin 51. The cable 52 has one end welded to the tab 49f, one end welded
      to the tab 49g, and a central portion welded to the bight portion 50a. A
      stationary main contact 53 and an arcing contact 54 are secured to the leg
      portion 50h in abutting relationship to each other. The leg portion 50f is
      provided with a threaded aperture 50i for receiving a retaining screw 56
      (FIG. 1) for a contact pressure spring 57.
PAR  An internally threaded sleeve 58 is staked to the mounting tab 49h at the
      aperture 49i and disposed in an apertured mounting pad portion 41a of the
      base 41. A screw 59 threaded into the sleeve 48 secures an apertured
      connector body 60 to the tab 49h. The connector body 60 has suitable wire
      or cable receiving holes and is provided with an internally threaded hole
      for receiving a clamping screw 61.
PAR  Similar terminal and stationary contact assemblies 48 are provided in the
      outer poles of the compartments 44 and 46.
PAR  A blade crossbar 63 extends transversely through the center compartment 45
      into the outer compartments 44 and 46. The intermediate walls of the base
      41 are slotted to receive the crossbar 63, but a bracket 64 (FIGS. 2 and
      34) secured to the base 41 in the compartment 44 and an oppositely formed
      bracket 55 (FIG. 2) secured to the base 41 in the compartment 46 are
      provided to support the crossbar 64 for pivotal movement. Three movable
      contact blades 67, one in each pole, are mounted directly in the crossbar
      63, which is made of molded plastic material and provided with a metallic
      reinforcing insert 68 (FIGS. 9 and 10). Tooling recesses such as recess
      63a and recess 63b (FIG. 9) are provided at appropriate places in the
      crossbar 63 to hold it while the blades 67 are being assembled therein.
      Each blade 67 is provided with a pair of shouldered portions 67a and 67 b
      (FIG. 10) which abut the crossbar 63 and from which a tapered mounting
      tongue portion 67c extends through the crossbar 63 and through a retaining
      plate 69 staked thereto. A movable contact 70 is provided on each blade 67
      for engagement principally with an associated one of the main stationary
      contacts 53.
PAR  Operating mechanism for the crossbar 63 and blades 67 is disposed in the
      center compartment 45 (FIG. 1). Portions of the operating mechanism are
      best shown in FIGS. 7 and 8, and are there shown in a TRIPPED position.
      Two oppositely formed frame members 72 and 73 (FIGS. 2, 7 and 8) are
      secured to the base 41 and contoured as at 73a (FIG. 8) which together
      with brackets 64 and 66 support the crossbar 63 for pivotal movement. The
      frame member 73 is provided with an arm portion 73b (FIG. 7) extending
      toward the frame member 72 and having a bent mounting ear 73c at its free
      end. A pin 74 is mounted adjacent one end in the ear 73c and adjacent the
      other end in a corresponding mounting ear (not shown) of the frame member
      72. A releasably latchable cradle member or trip lever 76 is pivotally
      mounted adjacent one end on the pin 74. Two inner toggle links 78 and 79
      are pivotally mounted adjacent their inner ends respectively on opposite
      end portions of a pin 80 mounted in the blade 67 of the center pole. Two
      outer toggle links 82 and 83 are pivotally mounted adjacent their outer
      ends respectively on opposite end portions of a pin 84 mounted in the trip
      lever 76. The outer end portions of the links 78 and 79 and the inner end
      portions of the links 82 and 83 are pivotally interconnected by an
      elongated toggle pin 85, the inner end portions of the links 82 and 83
      being offset to straddle the outer end portions of the links 78 and 79.
PAR  A handle extension is formed by two handle plate members 86 and 87
      pivotally mounted respectively on a pair of pins 88 and 89 disposed
      respectively in the frame members 72 and 73. The handle plate members are
      joined by a pair of spring anchoring pins 91 and 92 and a reset pin 93.
      The toggle pin 85 has a pair of spring hook members 95 and 96 pivotally
      mounted thereon respectively adjacent opposite ends thereof. A tension
      spring 97 (FIG. 2) is secured at an outer end to the pin 91 and at an
      inner end (not shown) to the member 95 on one side of the toggle pin 85,
      and a tension spring 98 (FIG. 7) is secured at an outer end to the pin 92
      and at an inner end to the member 95 on the other side of the toggle pin
      85. Similarly, a tension spring 99 (FIGS. 2 and 8) is secured at an outer
      end to the pin 91 and at an inner end to the member 96 on one side of the
      toggle pin 85, and a tension spring 100 (FIGS. 7 and 8) is secured at an
      outer end to the pin 92 and at an inner end (not shown) to the member 96
      on the other side of the toggle pin 85. The springs 97, 98, 99 and 100
      maintain the toggle pin 85 in open-slotted inner ends of the outer toggle
      links 82 and 83.
PAR  A retaining clip 102 is secured to the arm portion 73b of the frame member
      73 and to the corresponding arm portion (not shown) of the frame member 72
      for holding shock absorbing material 103 (FIG. 8) for the blade 67 of the
      center pole at the end of the opening movement.
PAR  The frame member 73 includes an arm portion 73d (FIG. 8) having a
      semicircular recess 73e therein. The frame member 72 is similarly formed.
      A thermally actuated common trip bar 105 (FIGS. 1, 2, 11, 12, and 34) is
      pivotally mounted in the frame member 73 at the recess 73e and in the
      frame member 72 at a similar recess in an arm portion 72d (FIG. 2) of the
      frame member 72. A generally L-shaped thermal trip lever 106 best shown in
      FIG. 12 is provided with an aperture 106a by which it is pivotally mounted
      on a pin 107 (FIGS. 1, 2, 7 and 8) having opposite end portions disposed
      respectively in the frame members 72 and 73. A pin 108 (FIG. 8) having an
      enlarged head portion 108a (FIG. 7) is received in an aperture 106b (FIG.
      12) of the thermal trip lever 106 and mounted in the frame member 72 to
      limit pivotal movement of the trip lever 106 and prevent movement thereof
      axially along the pin 107.
PAR  A molded plastic operating handle 110 (FIGS. 1 and 2) extends through an
      aperture in the cover 42 and is recessed in an enlarged inner end portion
      to receive the pins 91 and 92 and the outer end portions of the handle
      plate members 86 and 87.
PAR  Each of the outer two poles is provided with a pin 107 (FIGS. 2 and 34)
      identical to the pin 107 of the center pole but having one end portion
      mounted in an appropriate groove in an outer wall portion of the base 41
      and an opposite end portion mounted in a respective one of the brackets 64
      and 66. Each of the three pins 107 has a magnetic core holder 111 and an
      armature plate 112 pivotally mounted thereon. Each holder 111 carries a
      generally U-shaped magnetic core 113 having opposite leg portions secured
      respectively to spaced opposite side portions of the holder. As viewed in
      FIGS. 1 and 34, each side portion (only one being visible) of the holder
      111 is generally in the shape of an inverted "Y" having one leg pivotally
      mounted on the pin 107 and the other leg connected to a corresponding leg
      of the other side portion by a rear plate portion having an air gap
      adjusting screw 115 threaded therein. Each screw 115 extends through a
      rear wall portion of the base 41 and has a compression spring 116 mounted
      thereon. Turning of a screw 115 adjusts the air gap between the free ends
      of the leg portions of the respective magnetic core 113 and armature plate
      112.
PAR  Each of the armature plates 112 is provided with a pair of opposite
      bent-over ears 112a, each ear 112a being spaced inwardly of a side portion
      of the respective magnetic core holder 111 and having an opening aligned
      with that of the opposite ear for receiving the respective pin 107. As
      shown in FIG. 2, a right-hand side portion of each holder 111 is outwardly
      offset at the portion mounted on the respective pin 107, and a right-hand
      ear of each of the armature plates 112 is similarly offset so as to be
      hidden by the holder 111. Thus, only the left-hand ear 112a of each
      armature plate 112 is visible in FIG. 2. A free end portion of each
      armature plate 112 is secured by a pair of rivets 117 (FIG. 2) to a common
      trip bar 118 of molded plastic extending through the center compartment 45
      into the outer compartments 44 and 46. The armature plate 112 of the
      center pole is apertured to receive a free end portion of the trip lever
      76 and thereby releasably latch the trip lever, as shown in FIG. 1. The
      three armature plates 112 and the common trip bar 118 are biased toward
      latching position for the trip lever 76 by a pair of tension springs 120
      (FIGS. 2 and 34) disposed respectively in the two outer compartments 44
      and 46 and each secured at one end to a respective armature plate 112 and
      at the other end to a respective one of the brackets 64 and 66.
PAR  Each of the compartments 44, 45, and 46 has a barrier plate 122 (FIGS. 1
      and 34) mounted in appropriate grooves in the walls of the base 41 and
      extending into the cover 42 adjacent the common trip bar 105 on the
      opposite side thereof from the respective armature plate 112. As best
      shown in FIGS. 11 and 12, a latch plate 123 is secured to the common trip
      bar 105 by a rivet 124. The thermal trip lever 106 is provided with a hole
      106c and a lanced portion 106d, the hole being partly in the lanced
      portion. A tension spring 125 (FIGS. 1 and 2) is anchored at one end on
      the lanced portion 106d at the hole 106c and at the other end on the
      barrier plate 122 in the center compartment 45 to bias the thermal trip
      lever 106 clockwise about the pin 107, the barrier plates 122 being
      omitted in FIG. 2. Each barrier plate 122 is provided with a hook portion
      122a (FIGS. 1 and 34), and in each of the two outer compartments 44 and 46
      a compression spring 126 (FIG. 34) is seated at one end on the respective
      hook portion 122a and at the other end on an appropriate portion of the
      common trip bar 105 to bias the trip bar 105 and the latch plate 123
      mounted thereon toward latching position with respect to the thermal trip
      lever 106.
PAR  A push-to-trip button 128 (FIG. 34), more completely shown and described in
      copending application, Ser. No. 471,399, filed May 20, 1974, and assigned
      to the assignee of this application, has a compression spring 129 mounted
      thereon to normally maintain the button flush with the surface of the
      cover 42 and is engageable with the common trip bar 118 upon being pushed
      inwardly to move the armature plate 112 of the center compartment 45
      clockwise in FIG. 1 toward unlatching position with respect to the trip
      lever 76.
PAR  Each of the compartments 44, 45, and 46 is provided with a laminated field
      magnet assembly comprising a pluraity of generally O-shaped plates 130 and
      a plurality of generally U-shaped plates 131 disposed around the
      respective stationary contacts 53-54 and movable conacts 70 of each pole.
      The field magnet assemblies are coated with an arc extinguishing material
      such as one of those disclosed in copending application, Ser. No. 364,596,
      filed May 29, 1973, and assigned to the assignee of this application.
      Further, each compartment is provided with an arc chute 133 including a
      plurality of metal arc plates 134 best shown in FIG. 33 and a pair of
      venting plates 135 and 136 formed of insulating material.
PAR  The arc extinguishing material referred to above is used to coat other
      elements of this invention hereinafter described. Its function is to help
      create a medium in the arc chamber which brings about a rapid rate of
      dielectric strength recovery of the gap. A suitable material by way of
      example is a filler of between 40% to 56% by weight of hydrated zinc
      borate in a dimethyl silicone resin. A more complete description of such
      arc extinguishing material, and additional examples, are set forth in
      copending application referred to above and hereinafter by its Ser. No.
      364,596.
PAR  In each compartment, the movable contact blade 67 is connected by a
      flexible braided cable 138 (FIGS. 1 and 34) to one leg of a generally
      U-shaped conductor 139 secured at a bight portion to the base 41 by a pair
      of screws 140 and 141. The other leg of conductor 139 is secured to a
      conductor 142 secured to the base 41 by a screw 143 and extending between
      the leg portions of the U-shaped magnetic core 113 and along the barrier
      plate 122. A generally L-shaped bimetallic strip 145 is secured at one end
      to the bight portion of the U-shaped conductor 139. The common trip bar
      105 is provided with three actuating legs 105a, one in each of the
      compartments 44, 45, and 46, only the center actuating leg 105a disposed
      in the compartment 45 being shown in FIGS. 11 and 12. The free end portion
      of the bimetallic strip 145 in each compartment is engageable with the
      respective actuating leg 105a, and upon sustained moderate overload
      current flow in the conductor 139, the bimetallic strip 145 is heated
      sufficiently to pivot the actuating leg 105a counterclockwise as viewed in
      FIGS. 1 and 34, the high expansion side of the bimetallic strip being on
      the inside of the L-shape. The thermal trip lever 106 is the center
      compartment 45 is thereby released from the latch plate 123 on the
      thermally actuated common trip bar 105 and strikes the common trip bar 118
      under the influence of the tension spring 125 to pivot the armature plates
      112 about their respective pins 107 clockwise as viewed in FIGS. 1 and 34.
      The trip lever 76 in the center compartment 45 is thereby released to
      effect opening movement of the three movable contact blades 67. If a fault
      current higher than the moderate overload current flows through any of the
      conductors 142, the respective magnet 113 attracts its associated armature
      plate 112 and all three of the armature plates 112 are pivoted clockwise
      to release the trip lever 76 and open the contact blades 67. Pushing the
      button 128 also pivots the common trip bar 118 and the three armature
      plates 112 clockwise to release the trip lever 76 and open the contact
      blades 67.
PAR  The end of each conductor 142 opposite the end secured by the screw 143 is
      connected by a screw (FIGS. 1, 2, and 34) to a flatwise L-shaped strap
      portion 148a of a box-like conductor 148 best shown in FIGS. 13-16. The
      conductor 148 includes the strap portion 148a, an end portion 148b, a pair
      of spaced side portions 148c and 148d, and a split end portion including a
      tab portion 148e extending from the side portion 148c and a tab portion
      148f extending from the side portion 148d. The side portions are generally
      square, except that the side portion 148c includes a mounting tab 148g
      extending toward the base 41 when assembled.
PAR  In each of the compartments 44, 45, and 46, a conductor 150 includes an
      edgewise L-shaped portion 150a secured at an end of a longer leg thereof
      to a tab extending from a shorter leg of the strap portion 148a and joined
      at an end of a shorter leg thereof to an end of a strap portion 150b
      having an opposite end secured to the tab portions 148e and 148f. A
      flexible braided cable 151 is secured at one end to the conductor 150 and
      at the other end to auxiliary contact means for current limiting,
      including a movable contact blade 152 (FIGS. 1 and 34) having a contact
      153 mounted thereon. The blade 152 cooperate with another movable contact
      blade 154 having a contact 155 mounted thereon.
PAR  In each of the compartments 44, 45, and 46, the mechanism by which the
      blades 152 and 154 are operated is best shown in FIGS. 17-19. A generally
      U-shaped laminated magnetic core 156 is disposed in an outer portion of
      the box-like conductor 148 (FIGS. 1 and 34) with a pair of spaced leg
      portions 156a and 156b thereof (FIG. 17) stradling the strap portion 148a
      and a pair of oppositely extending shoulder portions 156c and 156d thereof
      (FIG. 17) respectively engaging the side portions 148c and 148d (FIG. 13).
      A generally U-shaped laminated armature 158 (FIGS. 17-19) is disposed in
      an inner portion of the box-like conductor 148 (FIGS. 1 and 34) with a
      pair of spaced relatively short leg portions 158a and 158b thereof (FIGS.
      17 and 19) disposed respectively opposite and in spaced relationship to
      the leg portions 156a and 156b. An armature pin support plate 160 is
      disposed between the leg portions 158a and 158b. The armature 158 is
      provided with a hole disposed centrally of a bight portion thereof and
      aligned with a hole in the support plate 160 for receiving an outer
      threaded stud portion of an armature pin 161 having a nut 162 threaded
      thereon to secure an inner, enlarged shouldered portion of the pin 161
      against an inner side of the armature 158. The armature pin 160 is
      provided with a pair of opposed flats at its inner end and two spaced
      links 163 and 164 are pivotally mounted thereon by a pin 165. The links
      163 and 164 carry a pin 166 engaged in a notch in an edge of the blade 152
      facing the blade 154 and a pin 167 normally engaged with an edge of the
      blade 154 facing the blade 152. The blade 152 is pivotally mounted on a
      pin 168 received in a hole 169 (FIG. 17) and the blade 154 is pivotally
      mounted on a pin 170 received in a hole 171. The pivot pins 168 and 170
      are disposed on opposite sides of the armature pin 161 and opposite end
      portions thereof are received respectively in a pair of molded inner
      casing portions 173 and 174 (FIG. 19) secured together by a plurality of
      rivets 175. A compression spring 176 disposed in the casing portions 173
      and 174 encircles the armature pin 161 and bears on the blade 152 to urge
      it clockwise in FIG. 18 toward closed position. The blade 152 bars on the
      pin 166 and causes the pin 167 to bear on the blade 154 to urge it
      counter-clockwise in FIG. 18 toward closed position. The spring 176 is
      also a return spring for the armature 158 and armature pin 161. A shield
      177 (FIGS. 18 and 19) having a forked end portion straddling the links 163
      and 164 is disposed between the blades 152 and 154 and mainly within the
      casing portions 173 and 174. Appropriate openings are provided in the
      casing formed by the casing portions 173 and 174 for the armature pin 161,
      the cable 151, the contact blades 152 and 154, and a flexible braided
      cable 178 secured to the blade 154. The sides 148c and 148d of the
      box-like conductor 148 respectively engage the casing portions 173 and
      174, and the mounting tab 148g (FIGS. 15 and 16) is disposed between a
      pair of bosses on the casing portion 173, one such boss 173a being shown
      in FIG. 19. The contact end portions of the blades 152 and 154 are
      disposed outwardly of the casing 173-174 and a piece of shock absorbing
      material 180 (FIG. 18) is mounted in the casing adjacent the blade 152 to
      cushion opening movement thereof.
PAR  A magnetic core structure 181 generally in the form of a rectangular tube
      surrounds the contact end portions of the blades 152 and 154 extending
      outwardly of the casing 173-174. The magnetic core structure 181 is best
      shown in FIGS. 23-25 and comprises two identical, generally L-shaped,
      laminated magnetic cores 182 and 183 arranged as shown with an end of a
      long leg portion 182a of the core 182 abutting an inner side of a short
      leg portion 183b of the core 183 and an end of a long leg portion 183a of
      the core 183 abutting an inner side of a short leg portion 182a of the
      core 182. Each of the cores 182 and 183 is coated with an arc
      extinguishing material such as disclosed in the aforesaid copending
      application, Ser. No. 364,596, and additional pieces of such material are
      adhesively secured respectively to inner sides of the L-shaped assemblies
      as shown in FIGS. 23 and 24. Alternatively, the cores 182 and 183 could be
      generally U-shaped, C-shaped or J-shaped.
PAR  In each of the compartments 44, 45, and 46, the cable 178 connected to the
      blade 154 is electrically connected at an opposite end to one end of a
      terminal strap 184 best shown in FIGS. 26-29 and having a terminal member
      186 secured to an opposite end. The terminal member 186 is similar to the
      terminal member 49 and has a bight portion 186a and a pair of spaced leg
      portions 186b and 186c as a first U-shaped portion, the leg portions 186b
      and 186c merging at right angles respectively with a pair of spaced leg
      portions 186d and 186e of a second U-shaped portion having a split bight
      portion formed by two tabs 186f and 186g extending respectively from the
      leg portions 186d and 186e. The tabs 186f and 186g are secured to the
      terminal strap 184. A mounting tab 186h having an aperture 186i extending
      therethrough projects at right angles from the bight portion 186a
      oppositely from the leg portions 186b  and 186c.
PAR  An internally threaded sleeve 58 (FIGS. 1 and 34) identical to those staked
      to the tabs 49h is staked to the mounting tab 186h  of each of the
      terminal members 186 at the aperture 186i therein and disposed in an
      apertured mounting pad portion 41b of the base 41. A screw 59 threaded
      into the sleeve 58 secures an apertured connector body 60 to the tab 186h.
      The connector body 60 is identical to those secured to the tabs 49h and is
      provided with an internally threaded hole for receiving a clamping screw
      61.
PAR  In each of the compartments 44, 45, and 46, a conductor 188 (FIGS. 13-16)
      has a tab 188a secured to the end of the strap portion 150b adjacent the
      tabs 148e and 148f, a strap portion 188b (FIGS. 1 and 34) extending
      between the leg portions 156a and 156b of the magnetic core 156, an
      offsetting portion 188c extending generally parallel to the tab 188a, and
      a strap portion 188d extending through the magnetic core assembly 181
      formed by the two L-shaped magnetic cores 182 and 183 along the inner side
      of the short leg portion 182b. A strip 189 of arc extinguishing material
      such as disclosed in the aforementioned copending application, Ser. No.
      364,596, is adhesively secured to the side of the strap portion 188d
      facing the contact blade 152. A conductor 190 includes a tab portion 190a
      secured to an end of the strap portion 188d and extending and bent from a
      strap portion 190b. The strap portion 190b extends parallel to an end face
      of the magnetic core 182 and is joined at right angles to a strap portion
      190c extending somewhat diagonally across the outer side of the long leg
      portion 182a. The strap portion 190c is joined at right angles to a strap
      portion 190d extending along a rear wall of the base 41 and having an
      apertured offset connecting tab portion 190e disposed in a hole extending
      through the rear wall of the base 41. An internally threaded fastener 191
      is secured to the connecting tab portion 190e.
PAR  Opposite the compartments 44, 45, and 46, the rear wall of the base 41 is
      provided on the rear side with three shallow recesses 44a, 45a, and 46a
      (FIG. 2) each having a resistor 192 potted therein with potting material
      193, preferably a ceramic compound having properties of good thermal
      conductivity, such as alumina or silica based ceramics. A thin plastic
      cover 194 is recessed in the base 41 and adhesively secured in place to
      cover the potting material in all three of the recesses 44a, 45a, and 46a.
      The resistor 192 in each recess is made of material having a positive
      temperature coefficient of resistance, is preferably chromium-plated
      substantially pure iron wire, and is best shown in FIGS. 20-22. An
      important feature of the resistor 192 is that its resistance is
      transformable from a relatively low value to a relatively much higher
      value. Other materials which have a positive temperature coefficient of
      resistance and can be used for the resistor 192 in place of substantially
      pure iron include tungsten, nickel, cobalt, and alloys or metallic
      compounds of these and other elements such as cobalt-iron and zirconium
      diboride. In these materials, the resistance is a direct function of
      temperature.
PAR  As shown in FIG. 20, the resistor 192 terminates at each end in a
      flattened, generally P-shaped portion which includes a straight portion of
      length "X" to which an electrode is attached for electroplating in a
      solution containing chromium. After electroplating, the electrode terminal
      portions, as shown in broken lines for one of the end portions in FIG. 21,
      are cut off, and the remainder of the flattened end is aligned with the
      plane containing the axis of the circular wire, as shown in FIG. 22.
PAR  In each of the recesses 44a, 45a, and 46a, a screw 195 (FIGS. 1 and 34)
      secures an end portion 192a of the respective resistor 192 (FIG. 20),
      modified as described above, to the tab portion 192e (FIG. 13) of the
      conductor 190. A screw 196 secures an opposite end portion 192b, modified
      as described, to an apertured connecting tab portion 197a of a conductor
      197 (FIGS. 26-29). An internally threaded fastener 198 is secured to the
      connecting tab portion 197a. The conductor 197 includes a strap portion
      197b extending at right angles to the connecting tab portion 197a along an
      end of the short leg portion 183b of the magnetic core 183 and joined at
      right angles to a strap portion 197c extending along an end face of the
      core 183. A bent tab 197d extending from the strap portion 197c is secured
      to a conductor 199 having a strap portion 199a extending through the
      magnetic core structure 181 along the inner side of the short leg portion
      183b of the magnetic core 183. An offsetting portion 199b joins the strap
      portion 199a to a tab portion 199c secured to the terminal strap 184 and
      having the cable 178 secured thereto. A strip 200 or arc extinguishing
      material such as disclosed in the aforesaid copending application, Ser.
      No. 364,596, is adhesively secured to the side of the strap portion 199a
      facing the contact blade 154.
PAR  In each of the compartments 44, 45 and 46, an arc chute 202 (FIGS. 1 and
      34) for the contacts 153 and 155 is disposed adjacent the magnetic core
      structure 181. The arc chute 202 is best shown in FIGS. 30-32 and includes
      a pair of molded casing portions 203 and 204 secured together by a
      plurality of rivets 205. Each of the casing portions 203 and 204 is
      provided with a pair of recesses on a side thereof facing the other casing
      portion, such as an inner recess 203a and an outer recess 203b (FIG. 32)
      in the casing portion 203, to provide a pair of passageways through the
      arc chute 202. Each of the casing portions is grooved on a wall of each
      recess facing the other casing portion and each groove has one of the
      arcing plates 134, best shown in FIG. 33, adhesively secured therein. A
      venting plate 206 is adhesively secured to the casing portions 203 and 204
      and is disposed in the base 41 rearwardly of the respective connector body
      60. A venting plate 207 is adhesively secured to the casing portions 203
      and 204 and is disposed in the cover 42 of the assembled circuit breaker
      40 forwardly of the respective connector body 60. From the contact side of
      the arc chute, the arc plates 134 in the inner recess 203a slant toward
      the rear wall of the base 41, and those in the outer recess 203b slant
      toward the front wall of the cover 42. The arc plates 134 in the casing
      portion 204 slant in a similar fashion, but as best shown in FIG. 31, they
      are staggered with respect to those in the casing portion 203.
PAR  In each of the compartments 44, 45, and 46, when the contacts 153 and 155
      are closed, part of the current from the conductor 142 flows through the
      L-shaped portion 150a of the conductor 150 to the cable 151 and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 and the strap portion 150b of the conductor 150 to the cable
      151. From the cable 151 the total or recombined current flows through the
      contact blade 152, contacts 153 and 155, contact blade 154, cable 178, and
      the terminal strap 184 to the terminal member 186.
PAR  The strap portion 148a and the magnetic core 156 in each compartment form
      an electromagnet. Upon flow of a fault current through the strap portion
      148a greater than that at which the magnetic core 113 attracts the
      armature plate 112, the magnetic core 156 attracts the armature 158 along
      with the plate 160, armature pin 161, nut 162, links 163 and 164, and pins
      165, 166, and 167. The pin 166 pivots the blade 152 about the pin 168
      toward an open position, and the pin 170 releases the blade 154 so that it
      is free to pivot about the pin 170 toward an open position under the
      influence of a repulsion force between the two blades due to the current
      path through the blades. The blades 152 and 154 are also moved apart by
      magnetic forces induced by the current flow therethrough, it being noted
      that they constitute partial conductor turns for the magnetic core
      structure 181. The contacts 153 and 155 are thus separated to switch the
      current path through the resistor 192.
PAR  The parallel circuits between conductor 142 and cable 151, comprising a
      circuit through conductor 150a in parallel with the circuit through
      conductors 148a, 148, and 150b, provides by-pass means for sufficient
      current to prevent opening the current limiting contacts 153 and 155 until
      a threshold fault current above a selected magnitude is present for
      magnetic core 156 to attract armature 158 which opens contacts 153 and
      155. By way of example, this circuit arrangement and electromagnet
      characteristics may be adapted to prevent separation of the limiting
      contacts 153 and 155 below a threshold of 1,000 amps.
PAR  When the contacts 153 and 155 are separated, part of the current from the
      conductor 142 flows through the L-shaped portion 150a and also through the
      strap portion 150b of the conductor 150 to the conductor 188, and the
      remainder flows by way of the strap portion 148a through the box-like
      conductor 148 to the conductor 188. The recombined current then flows
      through the conductors 188 and 190, through the resistor 192, through the
      conductors 197 and 199, and through the terminal strap 184 to the terminal
      member 186.
PAR  The current limiter contacts preferably do not operate in the thermal
      overload range but only at relatively higher ranges of fault current or
      short circuit conditions. Within the thermal overload range, one or more
      of the bi-metallic strips 145 are operable to trip the circuit breaker and
      open the sets of main contacts 53 and 54 as previously described.
      Immediately above the thermal overload range, fault currents are still
      relatively low but are of sufficient magnitude to cause attraction of one
      or more of the armature plates 112 and open the sets of main contacts 53
      and 54 as previously described. Immediately above the thermal overload
      range, fault currents are still relatively low but are of sufficient
      magnitude to cause attraction of one or more of the armature plates 112
      and open the sets of main contacts 53 and 54 as previously described. Such
      fault currents are below the interrupting ability of the sets of main
      contacts 53 and 54. Fault currents immediately above this range are just
      sufficient to cause magnetic core 156 to attract armature 158 and pin 161
      which cause limiter contacts 153 and 155 to open. As the current decays,
      the magnetic forces also decay. The compression spring 176 in urging
      contacts 153 and 155 to a closed position tends to dominate over the
      decaying current causing those contacts to reclose while a short arc still
      exists in a small air gap between them. This action often leads to contact
      welding. To solve this problem, an additional or supplemental magnetizing
      turn 188b is provided in series with current limiting resistor 192. Thus,
      while fault current still flows in resistor 192, magnetic core 156 will be
      sufficiently energized to attract armature 158 to hold contacts 153 and
      155 apart.
PAR  In each compartment, the strap portion 148a is the only effective conductor
      turn for the magnetic core 156 when the contacts 153 and 155 are closed,
      and only part of the current flows therethrough, the remainder flowing
      through the by-pass conductor provided by the L-shaped portion 150a. When
      the contacts 153 and 155 are open, the strap portion 188b provides an
      additional conductor turn, and it carries the total current while the
      strap portion 148a is effective as a conductor turn carrying part of the
      current. The additional conductor turn 188b enables the blades 152 and 154
      to be maintained in an open position with less current than is required to
      move them to an open position originally. By the time the blades 152 and
      154 move back to closed position under the influence of the spring 176,
      the fault current will have been dissipated in the resistor 192 and the
      blades 67 will have been opened.
PAR  In each of the compartments 44, 45, and 46, the strap portions 188d and
      199a are conductor turns for the magnetic core structure 181. Further,
      portions of the contact blades 152 and 154 are partial conductor turns for
      the magnetic core structure 181. When the contact blades 152 and 154 are
      moved to open position and an arc 208 forms between the open contacts 153
      and 155, the magnetic field set up as a result of current flow through the
      partial conductor turn portions of the contact blades 152 and 154 acts on
      the arc 208 to force it toward the arc chute 202 with its staggered,
      slanting arc plates 134. Once the arc is interrupted, the current flow
      shifts to the previously described path through the resistor 192, and the
      flow through the conductor turns 188d and 199a maintains the magnetic
      field, aids the dielectric strength recovery of the gap, and thereby
      guards against re-ignition. Any re-ignition of the arc would also take
      place in a magnetic field, which would force the arc out again.
PAR  The device of this invention is compact enough to fit into existing circuit
      breaker panelboards and yet it is capable of repeatedly interrupting
      currents in excess of 100,000 amperes rootmean-square (RMS) symmetrical.
      With such currents available, the arc which forms between the contacts 153
      and 155 upon their opening must be extinguished in about a millisecond or
      less. This is accomplished by the generation of a sustained arc voltage
      which reaches the magnitude of the impressed supply voltage in about a
      millisecond or less. The structure used to accomplish this result includes
      the fast operating mechanism for opening the blades 152 and 154 with their
      contacts 153 and 155, the magnetic core structure 181, the coating of the
      arc chamber with arc extinguishing material, and the resistor 192
      connected in parallel with the contacts 153 and 155.
PAR  The magnetic core structure 181 encloses the contacts 153 amd 155 and a
      substantial portion of the blades 152 and 154 and provides a magnetic
      field with the maximum practical value of magnetic flux density normal to
      the blades 152 and 154 and also normal to the arc. The magnetic field
      exerts a force on each blade tending to "blow" them apart, and also exerts
      a force on the arc 208 tending to "blow" the arc out toward the arc chute
      202. The force is proportional to the product of the current and the
      magnetic flux density. Since the magnetic flux density is derived from the
      current, the force is proportional to the square of the current, and the
      higher the available current is, the faster the blades open and the faster
      the arc is blown out. The response of the current limiting device is thus
      proportional to the severity of the short circuit. The magnetic core
      structure 181 and blades 152 and 154 are so arranged that the lines of
      force in the magnetic field intersect blades 152 and 153, through which
      current flows in opposite directions, from the direction which will force
      said blades apart. As viewed in FIG. 1, when current flows in the
      direction from cable 151, forward through contacts 153 and 155, then from
      the contact end of blade 154 back through blade 154 and out through cable
      178, then during such current flow the magnetic flux and lines of force in
      the transverse magnetic field extend from leg 183a (FIG. 23) of magnetic
      core 183 to leg 182a (FIG. 23) of magnetic core 182 (FIGS. 1 and 23). This
      arrangement of current flow through blades 152 and 154, and magnetic flux
      across said blades tends to force blades 152 and 154 apart.
PAR  Furthermore, when blades 152 and 154 separate and an arc 208 forms between
      contacts 153 and 155, current flows through said arc from contact 153 to
      contact 155. The transverse magnetic field, with lines of force from leg
      183a to leg 182a, acting on such arc with current flow as described, will
      therefore blow the arc forward toward arc plates 134. This blowing action
      effectively increases the arc length and resistance and therefore arc
      voltage, consequently limiting the current as well as extinguishing the
      arc. The magnetic field also aids the rate of dielectric strength recovery
      of the gap across contacts 153 and 155 following arc extinction and the
      subsequent continued rise of the impressed voltage across the gap after
      current transfer. It should also be noted that by increasing arc voltage
      the transverse magnetic field has the effect of increasing the power
      factor of the circuit by inserting resistance into the essentially
      inductive short circuit thereby reducing the lag of current behind
      voltage. The power factor is increased almost to unity.
PAR  Blades 152 and 154 are elongated and pivotally mounted at respective points
      151 and 170, which provides leverage effect to increase speed and
      resistance at the contact ends thereof when actuated by magnetic core 156.
      Thus, when core 156 is energized to raise armature pin 161 a given
      distance within a given time, the contact ends of blades 152 and 154 and
      respective contacts 153 and 155, will move apart a greater distance within
      a shorter time than the corresponding displacement and rate of speed of
      armature pin 161.
PAR  The contact blades 152 and 154, and contacts 153 and 155, are shaped and
      dimensioned to provide structures of relatively low mass and minimum
      inertia to respond quickly and open rapidly when the electromagnet is
      energized.
PAR  The contact blades 152 and 154 are constructed, dimensioned and mounted
      with respect to the actuating electromagnet (magnetic core 156, armature
      158) to provide a gap on the order of 1/4 inch within one sixteenth cycle
      of current flow or about 0.001 seconds (within 1 millisecond).
PAR  The electromagnetic means (magnetic core 156, armature 158, pin 161, and
      connecting links), the field magnet structure 181, blades 152 and 154, and
      the particular way in which they are positioned and associated as
      described, serve to open the current limiting contacts 153 and 155 in
      about 0.0002 seconds (0.2 of a millisecond) from initiation of a fault
      current in the circuit above the threshold selected for operation of the
      current limiting section, or within one-eightieth cycle of current flow.
PAR  Under conditions of high available short circuit currents, the limiter
      contacts 153 and 155 are open in as little a time as 0.2 milliseconds
      (one-eightieth of a cycle) from current initiation. As the contacts open
      an arc is formed between them. The arc between the limiting contacts is
      ordinarily extinguished within 1 millisecond by the structure and
      mechanism of this invention. It should be borne in mind that the mechanism
      described responds with the square of the magnitude of fault current so
      the larger the fault current, the faster the current limiting response.
      This accelerating responsiveness includes not only the speed of contact
      separation, but the effective responsiveness of the transverse magnetic
      field generated by field magnet structure 181 on the arc formed between
      contacts 153 and 155 which raises the arc voltage almost instantaneously
      to equal the voltage of the source by the means described (essentially by
      lengthening the arc through faster and greater contact separation plus
      bowing forwardly, plus cooling, all of which increase resistance of the
      arc and arc voltage). When the arc voltage equals the supply voltage,
      current can no longer continue to rise and is forced to transfer
      completely into the current limiting resistor 192 where its energy is
      dissipated.
PAR  The main breaker contacts 53 and 70 open within 0.004 seconds of fault
      current initiation, or within 1/4 cycle of current flow at 60 cycles per
      second by which time the fault current has been fully shunted into current
      limiting resistor 192 and its energy dissipated. The main contacts 53 and
      70 being opened, current has ceased to flow in the protected circuit in
      less than 1/4 cycle or less than 4 milliseconds after appearance of the
      fault current above the threshold selected for the limiting section of the
      circuit breaker to become operable.
PAR  The effective current limiting responsiveness of the following combination,
      (1) speed of contact separation plus (2) increasing arc voltage to equal
      source voltage, occurs within about a millisecond or less by means of the
      invention described herein. This is important because symmetrical short
      circuit currents have their maximum growth rate during the first
      millisecond immediately following current zero. The current limiting means
      in accordance with this invention intercepts the short circuit current
      before it achieves a significant growth following current zero and shunts
      it into limiting resistance 192 having a positive temperature coefficient
      of resistance.
PAR  The mechanism as described can be mounted in compact cases to fit in
      standard panelboards. The compactness may be measured in terms of the
      ratio of short circuit amperes of interrupting rating to circuit breaker
      volume. The table below provides a reasonable illustration of the
      volumetric efficiency of short circuit interruption of the subject
      breaker. The volume of five representative circuit breakers is given in
      the second column and the interrupting rating shown in column 3. The first
      circuit breaker in the following table is the subject matter of this
      application.
TBL  __________________________________________________________________________
              (1)  (2)       (3)      (4)                                      
                   Breaker   Maximum                                           
              Breaker                                                          
                   Volume    Interrupting                                      
                                      Volumetric                               
              Ampere                                                           
                   Cubic Inches                                                
                             Rating, 480V,                                     
                                      Efficiency                               
              Rating*                                                          
                   (Typical Brkr.)                                             
                             30,K-Amps rms                                     
                                      KVA/in..sup.3                            
     __________________________________________________________________________
     Instant Inven.                                                            
               100 138       100-200**                                         
                                      347-694                                  
     Representative                                                            
               100 85        25       142                                      
     Circuit   225 131       35       128                                      
     Breakers  400 273       35       61.5                                     
     for      1000 569       35       29.5                                     
     comparison                                                                
              2500 1994      85       20                                       
     __________________________________________________________________________
       *This is the steady state current rating, all breakers listed are molded
      case circuit breakers.                                                   
      **The 100 KA rating is an established but not a maximum figure.          
PAR  An additional feature of this invention which aids in fitting a mechanism
      of high interrupting capacity within a circuit breaker of minimum volume,
      are plates 134 positioned forward of limiting contacts 153, 155 and blades
      152, 154. One of the current limiting features of this invention is the
      rapid increase of arc voltage to equal source voltage. However, when high
      arc energy is applied to the air slab in the arc chamber, the air
      temperature rises very rapidly which creates shock waves and large
      pressure gradients which must be dissipated. The devices which have
      attempted to limit current by generating high arc voltage have accordingly
      been bulky. They have had to include a large volume chamber in which to
      dissipate the shock waves and pressure gradients created by this means of
      current limiting. The invention herein combines arc voltage increase with
      other current limiting means, so the degrees of shock waves and pressure
      gradients are substantially less than in those devices which rely on the
      arc voltage means alone. Furthermore, plates 134 are particularly shaped,
      dimensioned and mounted as described above with respect to the arc, its
      path of movement, plus the direction of shock waves and air pressure
      gradients created, to intercept and effectively dissipate such forces
      without requiring a relatively large volume chamber.
PAR  The arc extinguishing material which coats the magnetic core structure 181
      and lines the inside of the rectangular tube formed thereby and the inner
      sides of the conductor turns 188a and 199a to a large extent determines
      the rate of dielectric strength recovery acros the contacts during and
      immediately following arc extinction. The dielectric strength recovery is
      essential to the current limiting process and is further aided by the
      magnetic field. The arc extinguishing material is selected in accordance
      with the disclosure of the above mentioned copending application, Ser. No.
      364,596.
PAR  The resistor 192 should have a positively transformable resistance, capable
      of changing from an extremely low value to a much higher value after the
      arc across the contacts 153 and 155 is extinguished and the total current
      is forced to flow through the resistor and bypass the contacts. The
      transformation of the resistance increases the circuit power factor, aids
      interruption, and limits the "through" i.sup.2 t (product of the square of
      the current and the time) factor of the short circuit.
PAR  Various modifications may be made in the structure shown and described
      without departing from the spirit of the invention and scope of the
      attached claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an electromagnetically operable circuit interrupting device
      comprising an outer molded case, a magnetic core disposed in the outer
      case, a conductor turn disposed in the outer case and associated with the
      magnetic core, an armature disposed in the outer case, normally in spaced
      relationship to the magnetic core, and attracted toward the magnetic core
      upon flow of a predetermined current in the conductor turn, an inner case
      disposed in the outer case adjacent the armature on an opposite side
      thereof from the magnetic core, wherein the improvement consists of an
      armature pin secured to the armature and having a portion reciprocally
      mounted in the inner case, a first contact blade having a mounting end
      portion disposed in the inner case and a contact end portion disposed
      outwardly of the inner case, a second contact blade having a mounting end
      portion disposed in the inner case and a contact end portion disposed
      outwardly of the inner case, each of the contact blades having a contact
      mounted on the contact end portion thereof and engaged with the contact on
      the contact end portion of the other of the contact blades when the
      contact blades are in a closed position, means in the inner case on one
      side of a longitudinal axis of the armature pin pivotally mounting the
      first contact blade, means in the inner case on the other side of the
      longitudinal axis of the armature pin pivotally mounting the second
      contact blade, means operatively connecting the armature pin with the
      contact blades, and spring means in the inner case biasing the contact
      blades toward the closed position.
NUM  2.
PAR  2. A circuit interrupting device as claimed in claim 1 wherein the spring
      means is a compression coil spring encircling the armature pin.
NUM  3.
PAR  3. A circuit interrupting device as claimed in claim 1 wherein the means
      operatively connecting the armature pin with the contact blades includes a
      pair of spaced links disposed in the inner case respectively on opposite
      sides of the armature pin, a pin pivotally mounting the links to an end
      portion of the armature pin disposed in the inner case, a pin carried by
      the links and operatively connected to the first contact blade, and a pin
      carried by the links and operatively connected to the second contact
      blade.
NUM  4.
PAR  4. A circuit interrupting device as claimed in claim 3 wherein the pin
      carried by the links and operatively connected to the first contact blade
      has a one-way connection thereto in an opening direction therefor.
NUM  5.
PAR  5. A circuit interrupting device as claimed in claim 4 wherein there is no
      lost motion in the one-way connection as the pin moves the first contact
      blade from the closed position to an open position.
NUM  6.
PAR  6. A circuit interrupting device as claimed in claim 3 wherein the pin
      carried by the links and operatively connected to the second contact blade
      has a one-way connection thereto in a closing direction therefor.
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ABST
PAL  A structural arrangement is provided for an electromagnetic relay having an
      armature, coil means, contact means including contact terminals and fixed
      contacts, and a coil holder body having the armature located therein and
      being composed of two substantially exactly interfitting and
      interconnected parts. One part of the coil holder body is formed as a
      contact holder with the contact terminals and the fixed contacts embedded
      therein. The other of the two parts of the coil holder body is formed as a
      cover member configured to at least partly define a contact containing
      chamber for the relay structure. Alternatively, the two parts of the coil
      holder body may be formed to essentially consist of two identically
      constructed contact holders. Additionally, the coil holder body having the
      armature located therein may be formed in an undivided integral
      construction with portions adapted to serve as contact holders and
      containing therein fixed contacts, as well as contact and winding
      terminals molded to flanges of the integral coil holder.
BSUM
PAR  The invention relates to the construction of an electromagnetic relay
      containing an armature inside the body of a coil holder which consists of
      two substantially tightly fitting components.
PAR  It is known that the armature of an electromagnetic relay may be
      advantageously located within the coil holder body, thereby obviating the
      requirement for the otherwise necessary core. Moreover, stray magnetic
      flux is least in the centre of the coil so that the maximum magnetic flux
      generated by the energised coil will directly act on the armature. The
      device of German Patent Specification No. 1,213,917 is aimed at securing
      these advantages. However, when such relays are built in practice there
      production cost is fairly high because of the multitude of different
      operations and/or the large number of different parts which are involved.
PAR  It has been proposed in German Patent Specification No. 1,909,940 to
      accommodate all functional parts of a relay in two matching but different
      halves of the body of a coil holder, both halves having contacts and
      terminals and one half in addition being provided with an adjustable
      contact terminal and associated contact blade. Although this idea has
      proved practicable it is suitable neither as a multiple contact relay nor
      for handling heavier currents or voltages. It also has the drawback that
      the spacing of the contacts is affected by tolerance variation from the
      design dimensions of the two halves of the coil holder body.
PAR  The present invention not only eliminates these defects but also makes
      available new possibilities for the manufacture and application of such
      relays. The invention consists in contriving only one of the parts of the
      coil holder body in such a way that it forms a contact holder in which the
      contact terminals projecting therefrom to the outside and the fixed
      contacts are embedded and thus firmly located, whereas the other part at
      least partly encloses the contact chamber in the form of a cover. In a
      further development of this idea all functional parts are positively
      located in relatively fixed positions in the coil holder body and the
      bearings are also not subject to tolerance variations, a feature which
      also enables substantial advantages to be secured, even in applications
      involving an undivided coil holder body. Yet another feature of the
      invention resides in that the coil holder body is composed of two
      identical contact holders. The identical nature of the contact holders
      provides to some extent for the mutual compensation of all tolerance
      variations of the coil holder halves which affect the contact spacing, and
      by using sprung contact elements the residual tolerances are rendered
      substantially ineffective.
DRWD
PAR  The invention will be more particularly described with reference to a
      number of embodiments shown in the drawings in which:
PAR  FIGS. 1 to 6 depict an unpolarised relay containing an armature mounted in
      its axis of inertia wherein:
PAR  FIG. 1 is a section taken on the line A -- A' in FIG. 3,
PAR  FIG. 2 is a section taken on the line C -- C' in FIG. 1,
PAR  FIG. 3 is a section taken on the line B -- B' in FIG. 1,
PAR  FIG. 4 is a section taken on the line D -- D' in FIG. 1,
PAR  FIG. 5 is a perspective view of the armature 1 which is partly embedded in
      a sheath of insulating synthetic plastic material applied by extrusion,
      injection moulding or press moulding in such a way that armature bearings
      12 and guide pins 13 which serve for operating the spring contact blades
      are integrally formed in the moulding, and
PAR  FIG. 6 is a section taken on the line E -- E' in FIG. 1.
PAR  FIGS. 7 to 12 illustrate a polarised relay having a permanent magnet
      armature 1b mounted in its axis of inertia wherein:
PAR  FIG. 7 is a section taken on the line A -- A' in FIG. 12,
PAR  FIG. 8 is a section taken on the line D -- D' in FIG. 7,
PAR  FIG. 9 is a section taken on the line E -- E' in FIG. 10,
PAR  FIG. 10 is a section taken on the line B -- B' in FIG. 12,
PAR  FIG. 11 is a section taken on the line F -- F' in FIG. 10, and
PAR  FIG. 12 is a section taken on the line C -- C' in FIG. 7.
PAR  FIGS. 13 to 20 illustrate the application of the invention to a polarised
      relay containing a soft iron armature 1c mounted in its axis of inertia,
      and a fixed permanent magnet 50c, 50c', wherein:
PAR  FIG. 13 is a section taken on the line H -- H' in FIG. 14,
PAR  FIG. 14 is a section taken on the line G -- G' in FIG. 19,
PAR  FIG. 15 is a section taken on the line E -- E' in FIG. 14,
PAR  FIG. 16 is a section taken on the line D -- D' in FIG. 17,
PAR  FIG. 17 is a section taken on the line F -- F' in FIG. 19,
PAR  FIG. 18 is a section taken on the line C -- C' in FIG. 17 and FIG. 19,
PAR  FIG. 19 is a section taken on the line B -- B' in FIG. 17, and
PAR  FIG. 20 is a section taken on the line A -- A' in FIG. 17.
PAR  FIGS. 21, 22 and 23 illustrate the further application of the invention to
      a polarised relay having only one change-over contact and an armature 1d
      which conducts the electric current wherein:
PAR  FIG. 21 is a diagrammatic view in the direction A of FIG. 22,
PAR  FIG. 22 is a section taken on the line B -- B' in FIG. 23, and
PAR  FIG. 23 is a section taken on the line C -- C' in FIG. 22.
PAR  FIG. 24 is a longitudinal section of a relay in which the contact holder
      21e is formed with a pivot pin 49, bearing shoulders 51, 51e being also
      formed on the contact holder 21e and on the cover 22e for locating the
      armature 1e in the vertical direction. Since in this case the bearing bore
      traverses a soft iron armature 1e it is desirable in some applications not
      to make the pivot pin 49 of a synthetic plastics material but rather of a
      bearing metal, the metal pin being then secured by conventional methods or
      by pressing or riveting. FIG. 24 also shows a rigid connection between the
      cover 22e and the contact holder 21e by rivets 48, 48' at two or more
      points.
PAR  FIGS. 25 and 26 illustrate a further embodiment of the invention in the
      case of an unpolarised relay in which the body 2f of the coil holder is of
      undivided integral construction and forms a contact holding base.
PAR  FIG. 25 is a section taken on the line B -- B' in FIG. 26, and
PAR  FIG. 26 is a section taken on the line A -- A' in FIG. 25.
PAR  FIGS. 27 and 28 show the spring contact blade 31f used in this embodiment.
PAR  FIGS. 29 to 32 and 33 to 38 are further developments of the invention
      exemplified for two polarised relays each comprising two identical halves
      of a body which serves as a contact holder.
PAR  FIG. 29 is a section taken on the line C -- C' in FIG. 30,
PAR  FIG. 30 is a section taken on the line B -- B' in FIG. 32,
PAR  FIG. 31 is a section taken on the line D -- D' in FIG. 30,
PAR  FIG. 32 is a section taken on the line A -- A' in FIG. 30,
PAR  FIG. 33 is a section taken on the line C -- C' in FIG. 34,
PAR  FIG. 34 is a section taken on the line B -- B' in FIG. 36,
PAR  FIG. 35 is a section taken on the line D -- D' in FIG. 34, and
PAR  FIG. 36 is a section taken on the line A -- A' in FIG. 34.
PAR  FIGS. 37 and 38 illustrate details, H--H.
DETD
PAR  The relay illustrated in FIGS. 1 to 6 is diametrically symmetrical about
      its centre lines X and Z and in many instances particular reference
      numbers are shown only once for convenience. According to the invention,
      the coil holder 2 of the relay comprises a bottom member forming a contact
      holder 21 and an upper member forming a cover 22. Bearings 23, 23' or
      sockets for the armature, for instance as described in German Patent
      Specification No. 1,010,640, are moulded into each part of the coil holder
      body.
PAR  The armature 1 is partly contained inside an injection moulded or extruded
      synthetic plastics sheath 11 which is integrally formed with pivot pins
      12, 12' as well as with guide pins 13, 13' for cooperation with spring
      contact blades 31, 31' and actuating bosses 14, 14' having inclined flanks
      43, 43' to facilitate assembly. The tolerance limits are very close
      because the features which are of importance to the relay, namely the
      positions of the bearings and of the actuating means, are positively fixed
      in the production tool, and the production costs are low because all these
      functional elements as well as a V-shaped slot 55 provided for assembly
      are produced in one operation without waste of material. Finally, the
      partial sheath 11 also provides electrical insulation in relation to the
      spring contact blades 31, 31'. Likewise dimensionally fixed in relation to
      the bearings 23, 23'  is a recess 42 in the contact holder 21 and a recess
      42' in the cover 22 for the firm reception therein of poleshoes 4, 4'. An
      armature restoring spring 41 is riveted to each poleshoe 4, 4' preferably
      with the aid of pronounced round-headed rivets. The necessary bias is
      imparted to the armature restoring spring 41 by a V-shaped notch 56 when
      the armature is inserted into the bearing 23'. The contact holder 21 which
      constitutes the lower portion of the coil holder consists of a
      dimensionally stable synthetic plastics material. Fixed contacts 32, 32'
      as well as contact terminals 33 and 33' and coil terminals 53, 53' are
      embedded by an extruding, injection or press moulding operation. In a
      further development of the invention the fixed contacts 32, 32' as well as
      the contact and winding terminals 32a, 33, 33', 53, 53', 53a are of
      similar shape so that their external pins 32a, 53a are spaced at so-called
      `fives` pitched standard intervals 2T for conductor plates, whereas in the
      interior facing of the cover 22 they are located in a bank Y at intervals
      T known as a 2.5 pitch.
PAR  The fixed contacts 32, 32' contain a metal faceplate, such as Ag, AuNi,
      AgPd or the like on the side facing the movable contacts 3, 3'. Moreover,
      the terminal pins preferably consist of German silver for the sake of easy
      soldering or spot welding.
PAR  The spring blades 31, 31' are connected to the inside terminals 33, 33'
      preferably by spot welding or brazing. These spring blades are folded back
      upon themselves and splayed at their ends in such a way that during
      deflection they bear against the guide pin 13 or the actuating boss 14
      with a predetermined amount of spring pressure. When the relay is
      energised, as in the drawing, the actuating boss 14 lifts off the spring
      blade 31 and a predetermined spring pressure is applied by contact 3 to
      the fixed contact 32. When the relay is not energised, the armature 1 is
      urged by the biased restoring spring 41 into its position of rest which is
      not shown in the drawing. The contact 3 is thus withdrawn from contact 32
      by the actuating boss 14, and the guide pin 13 lifts off the spring
      contact blade 31 as soon as the contact 3' strikes the fixed contact 32',
      contact pressure being again provided by the bias of the spring blade 31.
PAR  For supporting the spring blades 31, 31' and to permit the armature 1 to be
      conveniently introduced into the bearing sockets 23' V-shaped ribs 44, 44'
      are so moulded on the contact holder 21 that the distance f between the
      vertix of a V-shaped rib 44' and the V-shaped slot 55 is less than the
      amount e whereby the pivot pin 12' tapers in relation to its bearing
      socket 23'.
PAR  In the cover 22, which forms the upper part of the coil holder, and which
      consists of an insulating synthetic plastics material, locating studs 24,
      24' are moulded on the cover for cooperation with corresponding recesses
      75, 75' in the contact holder 21. The two parts (21, 22) are thus fixed
      together and connected. A particularly economical connection is achieved
      by providing the locating studs 24, 24' with slots 26 which impart spring
      to the split ends of the studs. A similar connection is shown in FIGS. 14,
      18, 19 and 20.
PAR  A split 26c in FIG. 14 divides a locating stud 24c into a sprung end 57c
      and a stiff end 58c and is slightly shorter than the depth of penetration
      of the locating stud 24c into the contact holder 21c in order to prevent
      the tightness of fit of the contact holder 21c in the cover 22c from being
      impaired by the sprung ends of the locating pin 57c yielding and the resin
      from flowing through the slit 26c into the interior of the relay when the
      latter is being sealed with castable resin.
PAR  In order to facilitate fitting the cover 22c to the contact holder 21c the
      upper end of the recess 75c is provided with a chamfer 59 and/or further
      chamfering 60 having an angle .alpha..sub.2 is provided on the end of the
      locating stud 57c, 58c. In order to prevent the sprung end 57c of the
      locating stud from being impaired in its function by friction with the
      wall of the recess 75c and 75c' this is either formed with sloping flanks
      .beta. (FIG. 20) or arranged to have clearance a in relation to the wall
      of the recess 75c' and 75c " (FIG. 20). The sprung end 57c of the locating
      stud is provided with a projection d (FIG. 14) which snaps into an
      enlargement in the recess 75c. In order to compensate any tolerances which
      might impair a tight fit between the cover 22c and the contact holder 21c
      the projection d has a bevel of angle .alpha..sub.1 at the point of
      engagement. If this angle is say 15.degree. and the projection d = 0.6 mm,
      a tolerance of d x tan .alpha..sub.1 = 0.16 can be compensated. The forces
      which arise are similarly satisfactory.
PAR  In the case of a spring deflection f of 0.8 mm provided by appropriate
      shaping, for instance by chamfering the sprung end of the locating stud, a
      sprung length l of 8 mm, a thickness h = 1 mm, a width b = 1 mm and a
      Young's moldulus of 850 kg/sq.mm, the spring force is P.sub.s = f .sup.. E
      .sup.. b .sup.. h.sup.3 / 4 .sup.. l.sup.3 = 0.33 kg. Assuming that
      .alpha..sub.1 = .alpha..sub.2 = 15.degree. and a coefficient of friction
      .mu. = 0.1 for the synthetic plastics materials which are here practicable
      (e.g. "Delrin", diallyl phthalate, "Crastine"), then the force needed for
      the insertion of four such locating studs would be P.sub.M = 4.sup..
      P.sub.s (sin .alpha..sub.2 + .alpha. cos .alpha..sub.2) = 0.47  kg. The
      cover 22c pulls itself into the contact holder 21c with a force P.sub.H
      .about. 4P.sub.s .sup.. (cot .alpha..sub.1 - .mu.).about.4.8 kg, i.e.
      about 4000 times its own weight.
PAR  This example shows that the application of little effort in manual assembly
      without the use of tools permits a sufficiently stable connection to be
      achieved and that the forces involved can be varied very considerably by
      slight variations of the angles .alpha..sub.1, .alpha..sub.2 and/or of the
      thickness h or the length l, bearing in mind that the forces vary with the
      third power of these parameters.
PAR  Demands for very small relays possessing high breakdown and insulation
      resistance can thus be met by providing the cover 22 with partitions 28,
      28' (FIGS. 2, 3, 4) and the contact holder 21 with notches 45 or recesses
      62. The partition 28 is therefore not yet present when the spring contact
      31 is fitted and is not in the way. Another requirement which miniature
      relays of relatively high current breaking performance are often required
      to satisfy is ability to handle alternating current. A.c.-energised relays
      usually contain a short-circuiting ring at the pole face of the core.
      However, since relays according to the present invention lack a core, a
      short circuiting ring 95 and/or 95', consisting for instance of copper, is
      pressed into suitable recesses either in the armature 1 facing the
      polesholes 4, 4' or into a suitable location in the pole-shoes 4 and/or
      4'. However, since high resistance of the windings is needed for operation
      with a mains voltage of 220 volts, calling for very thin wires in the case
      of miniature relays containing little winding space, the coil holder 2
      contains recesses 25, 25' in which components (such as resistors,
      capacitors or diodes) for smoothing the a.c. or for attenuating the
      energising current are accommodated. In order to provide a relay which is
      specially suitable for a.c. excitation the said smoothing devices may be
      used alone or in combination with one or two short circuiting rings 95,
      95'. The flanges of the cover 22 and/or contact holder 21 contain slots
      29, 29' for the ends of the windings so that they cannot be electrically
      or mechanically influenced by neighbouring turns of the winding.
PAR  Another advantage of this invention is that the windings 52, which must
      naturally be different for every voltage, can be fitted to the relay after
      it has been mounted. Consequently more generous plans can be laid for
      large scale production without incurring the risk of no outlet being found
      for lengthy periods for relays having particular windings.
PAR  When the coil holder has been wound and connected the relay need merely be
      closed by fitting a cap 39 which in conventional manner engages a nib 61
      on the contact holder 21. The cap 30 consists of ferromagnetic material
      and in view of the proposed disposition of the poleshoes 4, 4' of which
      two faces I, II make contact with the cap it forms a very effective return
      path for the magnetic flux. The proposed polarised relays in FIGS. 7 to
      12, 13 to 20, 21 to 23, 29 to 32 and 33 to 36 are illustrated with their
      armature 1b,1c, 1d, 1g, 1h in central position. They are likewise
      symmetrically constructed with reference to the centre lines X, Z with the
      exception of one adjusting facility 17, 35 (FIG. 12) which is asymmetrical
      with respect to the Z-axis. The polarised relay according to FIGS. 7 to 12
      contains an H-section armature 1b which is symmetrically composed of a
      permanent magnet 50 and two adjacent poleshoes 4b, 4b'. According to the
      invention this three-part armature 1b is held together in its inertial
      axis Z by an embracing plastics sheath 11b which is also formed with pivot
      pins 12b, 12b'. The plastics sheath 11b continues over the two outer faces
      1f of the poleshoes 4b, 4b', and actuating bosses 14b, 14b' are formed on
      the outer ends as well as angle pieces 35, 35' between the inertial axis Z
      and the actuating bosses 14b", 14b'", the angle pieces partly embracing
      the spring contact blades 31b, 31b' without touching them and serving as
      stops for the free ends of adjusting leaf springs 17, 17'.
PAR  The contact holder 21b which forms the bottom part of the coil holder
      differs from the contact holder 21 (FIG. 1) principally by the presence of
      half of a flange 8 in the middle which is formed with the bearing 23b as
      well as with one half shell of an internal thread 38.
PAR  For locating the adjusting spring blades 17, 17' there are provided, on the
      sides of the core member of the contact holder 21b which forms part of the
      coil body, shoulders 63, 63' having walls 36, 36' which are kept free to
      provide horizontal abutments, and which contain the nose 64 of the
      adjusting spring blade 17, 17'. Round pips 37, 37' are also provided to
      form a fixed rest when the adjusting spring blades 17, 17' are flexed by
      the adjusting screws 65, 65'.
PAR  Similarly, the cover 22b which forms the upper part of the coil holder body
      differs from the cover 22 (in FIG. 1) principally by the presence of a
      flange half 8' in the middle which besides a bearing socket 23b' also
      contains one half of an internal screw thread 38' which matches the thread
      38 of the other half to form a complete and continuing thread when
      assembled. Preferably the threads of the two halves 38, 38' may be
      slightly staggered, since this constitutes an easy method of ensuring a
      firm frictional fit of the adjusting screws 65, 65' in the thread.
PAR  The inside contact terminals 33b, 33b' are centrally spot welded or brazed
      to the spring contact blades 31b, 31b'. The pressure with which the
      contact 3b, 3b' bears against a fixed cooperating contact 32b, 32b depends
      not only upon the geometry and spring properties of the spring blade 31b,
      31b' but also upon the bias which results from the height of the contact
      3b,3b' and the thickness of the fixed counter-contact 32b, 32b', bearing
      in mind that the fixed contacts 32b, 32b' and the contact terminal 33b,
      33b' are coplanar.
PAR  The assembly of the relay illustrated in FIGS. 7 to 12 comprises the
      following steps:
PAR  a. Spot weld or braze spring contact blades 31b, 31b' to the inner end of
      the terminals 33b, 33b'.
PAR  b. Introduce adjusting leaf springs 17, 17' into the contact holder 21b in
      such a way that the nose 64 comes to lie between the walls 36' of the
      shoulder 63.
PAR  c. When inserting the armature 1b into the bearing sockets 23b the spring
      blades 31b, 31b' are flexed as already explained in the previous
      embodiment. Any additional bias of the spring blades 31b, 31b' that may be
      required and the simultaneous adjustment of the contact spacing is
      effected by bevel edges of the actuating bosses 14b, 14b', 14b", 14b'",
      such as a bevel 43' being shown for instance in FIG. 5.
PAR  d. Insert counter-poleshoes 40, 40' into fixed recesses 42b in the contact
      holder 21b.
PAR  e. Insert cover 22b into contact holder 21b causing four locating studs 24b
      on the cover 22b to engage the contact holder 21b with tension, as has
      already been described with reference to the relay illustrated in FIGS. 1
      to 6 and with reference to FIGS. 14, 18, 19 and 20. This automatically
      causes the upper pivot pin 12b' of the armature 1b to enter the socket
      23b' whereas the counter-poleshoes 40, 40' enter the fixed recesses 42b'
      in the cover 22b and thus assume their exactly prescribed positions.
PAR  f. Wind and connect up the coils 5b, 5b' which are insulatedly separated by
      the central flange of the coil holder.
PAR  g. Affix the cap 39b of ferromagnetic material, which then comes into
      contact with the faces Ib, IIb, Ib', IIb' of the counter-poleshoes 40,
      40'.
PAR  h. Adjust relay for one-sided or two-sided position of rest of the armature
      and/or for threshold of response by adjusting screws 65, 65'.
PAR  In FIG. 12 the adjusting screw 65' is shown in adjusted position. It causes
      the free end of the adjusting spring blade 17 to bear against the angle
      piece 35 and thus to determine the forces needed for moving the armature,
      and hence the response and/or release thresholds of the relay. Finally the
      relay may be evacuated, filled with a protective gas atmosphere and made
      airtight by embedment in a castable resin. However, the openings in the
      cap 39b for the adjusting screws 65, 65' must also be covered to ensure
      that a smooth seal is created and the adjusting screws 65, 65' are locked.
PAR  The polarised relay according to FIGS. 13 to 20 is an embodiment of the
      invention containing a soft iron armature 1c and fixed magnets 50c, 50c'.
      The partial armature sheath 11c, the bearings 12c, 23 and the shape of the
      coil holder 2c are substantially similar to those described with reference
      to the preceding examples. For vertically locating the permanent magnets
      50c, 50c' and for the simultaneous location of the poleshoes 4c, 4c', the
      contact holder 21c is formed with ribs 67, 67'. These ribs 67, 67' are so
      contrived that clearance remains between them, permitting a rib 68 in a
      different plane which likewise vertically locates the permanent magnet 50c
      to be formed in one and the same operation. The cover 22c  contains a
      corresponding complete rib 69 since upward and lateral location is
      provided by the plastics cap 39c.
PAR  The central flange 8c on the contact holder 21c is formed with locating
      pins 70, 70' for locating an adjusting spring 64c, the pins engaging
      cooperating holes in the adjusting spring 64c. When assembled the end of
      the adjusting spring 64c located by the locating pins 70, 70'  (FIG. 16)
      is urged against the contact holder 21c by an appropriate boss 96 formed
      inside the cover 22c. The adjusting spring 64c is thus positioned. If the
      locating pins 70, 70' consist of a thermoplastic material they may just as
      readily be used for hot welding the root of the adjusting spring 66 to the
      contact holder 21c. A conventional riveted joint would also be feasible.
      The relay is adjusted by radial flexure of the root end 66 of the
      two-bladed adjusting spring 64c of a fork-like tool.
PAR  In the embodiment shown in FIG. 19 the adjusting spring 64c has been set so
      that one of its spring ends bears on the biased spring contact blade 31c
      which bears on the actuating boss 14c. This has the advantage that the
      thrust of the adjusting spring 64c provides a supplementary force
      transmitted by the spring blade 31c to the contact pair 3c/32c as soon as
      the actuating boss 14c is withdrawn from the spring blade 31c. In this
      state the armature 1c will have left its centre position and, since in
      such permanent magnet systems, as described for instance in U.S. Pat. No.
      1,255,133, any effect of the adjusting spring 64c continuing substantially
      beyond the centre position of the armature 1c is always undesirable, the
      proposed arrangement ensures not only improved contacting reliability, but
      also a simple method of adjustment, particularly when a second adjusting
      spring of the same kind is available on the mirror symmetrically opposite
      side so that the operate response and the release response of the relay
      can be cleanly preset completely independently the one from the other.
PAR  A major advantage which the proposed form of construction of the relay also
      offers is that according to the desired sensitivity of response and/or
      insensitivity to vibrations one, two, three or four permanent magnets 50c,
      all of like dimensions and shape, can be inserted into pockets provided in
      the coil holder 2c without necessitating modifications in design.
PAR  Similarly magnets having different properties can be used in combination.
PAR  For instance, assuming that two or three barium ferrite magnets are
      combined with correspondingly two or one AlNiCo magnets, which are well
      known to have widely different temperature coefficients, then the
      conditions for a good compensation of the effect of ambient temperature on
      the response voltage of the relay are good, particularly in conjunction
      with the above-described effects of the contact spring 31c and adjusting
      spring 64c. The two poleshoes 4c,  4c' are off-angled from the yoke 5c,
      5c' and located between the rib 69 on the cover 22c and on the one hand
      the ribs 67, 67' of the contact holder 21c and on the other hand the webs
      71, 71' which form the contact chamber 54c, 54c' and which are parts of
      the contact holder. If a second adjusting spring 64c is provided, then the
      large recess 25c' which is intended in the contact holder for other
      components, must be dispensed with to enable this second adjusting spring
      together with the locating pins 70, 70' to be located in a mirror
      symmetrical position to the spring on the opposite side. After adjustment
      has been made the remaining space in the recess 25c may also be used for
      accommodating the previously mentioned components. In a relay with
      symmetrically positioned terminals it is advisable to make arrangements to
      prevent mistakes in assembly. For this reason the contact holder 21c is
      provided, according to the invention, with a locating pin 89 having a
      relatively thin wall, above which is a locating hole 90. If an additional
      terminal pin, either for earthing the relay or as a terminal for
      components 7c inside the relay or for other integrated circuit
      arrangements, is needed, then this locating pin 89 can be broken off to
      make the locating hole 90 available for the insertion thereinto of an
      additional terminal pin which may be located by a tight friction fit or by
      pinching together the contact holder 21c and/or the cover 22e.
PAR  The polarised relay in FIGS. 21, 22, 23 is another development of the
      invention in which the coil holder 2d is an undivided single component and
      is merely formed at its flanges with contact holder elements 21d, 21d' for
      fixed contacts 31d, 31d'. A slightly extended flange on the coil holder 2d
      contains slots 29d, 29d', whereas a recess 75d is provided in the contact
      holder member 21d' for the reception of the two limbs of the U-shaped yoke
      4d or of a third limb perpendicularly branching from the yoke 4d for the
      purpose of forming a centre contact terminal 33d.
PAR  This relay is designed for rupturing heavier loads and its armature
      deflection is therefore fairly large, the contact forces are high and the
      conductor cross sections considerable. Nevertheless, this relay is also
      intended to be inexpensive to make and to function reliably. These
      requirements are satisfied for the following reasons:
PAR  a. The fixed contacts 31d, 31d' consist of ferromagnetic material and
      merely have a faceplate 99 made of contact material simultaneously serving
      as a magnetic separator. Also, the armature 1d of ferromagnetic material
      is likewise provided at points facing the fixed contacts 31d, 31d' with
      faceplates 3d, 3d' also serving as magnetic separators.
PAR  b. The fixed contacts 31d, 31d' are inclined towards the centre axis X in
      such a way that when the faces of the contacts 3d, 3d' close with the
      faces of the fixed contacts 31d, 31d' they will both be coplanar. This
      means that burn-off will be distributed over a relatively wide contact
      face. The fact which may at first sight be thought a drawback that the
      thickness of the separators becomes thinner as burn-off progresses
      actually has the inherent advantage that with continuing burn-off which
      raises the contact resistance, the contact-making forces rise in
      accordance with the decreasing width of the air gap and thus counteract
      the increase in contact resistance due to burn-off.
PAR  c. According to the angularity of the fixed counter-contacts 31d, 31d'
      which also form poleshoes, the abutting surfaces of the permanent magnets
      50d, 50d' which consist of electrically insulating barium ferrite are
      chamfered. This has the advantage that the permanent magnets 50d, 50d' can
      be easily inserted between the stationary fixed contacts 31d, 31d' forming
      the pole-shoes and the two ends of the U-shaped yoke 4d and then keyed in
      together with the permanent magnets, so that tolerational differences
      compensate and a good magnetic flux transfer is assured.
PAR  d. The soft iron armature 1d is T-shaped, the cross members 73, 73' of the
      Tee being formed with a knife edge 15 and with two wings 76, 76' in one
      operation. The knife edge 15 rests in a Vee-notch formed in the yoke 4d
      and is urged into the notch by an armature-retaining spring 6d having ends
      engaging angles in the bottom of the yoke 4d.
PAR  e. One end of each two adjusting springs 17d, 17d' is anchored, preferably
      by riveting, to the bottom of the yoke 4d whereas the other ends are
      flexed by adjusting springs 65d, 65d' in such a way that the armature
      wings 76 and 76' underneath are selectably sufficiently loaded to keep the
      armature 1d in stable position on one or both sides to operate or to
      release at the desired response levels.
PAR  The problem which arises when a relatively high current is to be carried
      from the current conducting armature through the yoke to the contact
      terminal 33d is solved by providing as many points of contact between the
      electrically conducting armature and the yoke carrying the current to the
      contact terminal 33d.
PAR  In the illustrated example these are the two knife edges 15 on the T-member
      73, 73' which is pressed with considerable force into the Vee notch in the
      yoke 4d, the contact point of the armature-retaining spring 6d, and the
      contact points between the adjusting springs 17d, 17d' and the armature
      wings 76, 76'.
PAR  Finally it should be mentioned that the armature 1d is located with
      relatively little clearance in an opening 97 which is in the plane of the
      yoke 4d.
PAR  FIGS. 25 and 26 illustrate an unpolarised relay of symmetrical design in
      the energised position. The invention is here applied to an integral
      undivided coil holder containing an armature 1f mounted in the inertial
      axes X and Z. The armature 1f is provided with a partial sheath 11f which
      at its ends is formed with actuating bosses 14f, 14f' and it has a bore
      with a funnel-shaped opening 43f.
PAR  As in the preceding embodiments contact holding elements 21f, 21f' are
      formed on the two flanges of the integral coil holder body 2f. A contact
      blade 31f, 31f' is shown in side view in FIG. 27 and in a section taken on
      the line A -- A in FIG. 28. The spring is formed with a lateral locating
      web 77 which cooperates with a locating slot 29f centrally formed in the
      coil holder body 2f. The contact blades proper 31f, 31f' project from each
      side of the locating web 77, the off-angled blades being strengthened by
      the provision of flutings 78, 78'. This geometry permits the armature 1f
      to be inserted into the coil holder body 2f, without being obstructed,
      after the locating web 77 has first been electrically and mechanically
      firmly connected to the terminal 33f which is embedded in a fixed position
      in the contact holding element. A spring member which serves as an
      armature restoring spring 16f extends at an angle of about 10.degree.
      from one flank provided with an indentation 78' in a direction opposite to
      that of the contact spring and, when assembled, one end of this spring
      member bears against the insulating partial sheath 11f enclosing the
      armature 1f, applying a thrust P.sub.f (FIG. 26) which in the
      non-energised state of the relay (not shown) maintains contact between 3f
      and 32f by the action of the boss 14f formed on the partial sheath 11f of
      the armature 1f, bearing in mind that the point of application of the
      force P.sub.f is on the opposite side of the pivot bearing (12f, 23f) of
      the armature 1f constituting the rest contact force.
PAR  The socket opening 18f in the centre of the coil holder 2f which serves as
      a pivot bearing, and which is formed with a funnel-shaped entry 43f' to
      facilitate insertion of the pivot pin 12f and the shoulder 51f which keeps
      the armature 2f in a vertical position are moulded in one operation in the
      upper part of the injection or pressure mould producing the coil holder
      body 2f. Preferably, the bearing 23f is a pressed-in cup for the reception
      of the pivot pin 12f to permit an insulation of the shoulder 51f' from the
      coil windings 5f to be dispensed with and clearance maintained.
PAR  The poleshoes 4f, 4f' are preferably spot welded to the cap 39f, which also
      consists of ferromagnetic material, to provide a closed iron circuit for
      the magnetic flux when the windings are energised.
PAR  The relay in FIGS. 29 to 32 illustrates a novel concept in which the two
      parts of the coil holder body are two identical contact holder members
      containing poleshoes 4g, 4g', terminals 53g, 53g' for the windings, fixed
      contacts 32g, 32g' and a centrally disposed contact terminal 33g for a
      two-bladed contact 31g. Magnets 50g, 50g' are inserted, and an armature 1g
      which substantially corresponds to the armature 1c is mounted between
      these two identical contact holders 21g, 21g'. When the two identical
      contact holders 21g, 21g' have been fitted together so that the spring
      ends 57g, 57g' engage, as has already been described in detail with
      reference to the embodiments illustrated in FIGS. 14, 18, 19 and 20 in the
      case of contact holder 21c and its associated cover 22c, two fully
      operative change-over contacts are automatically created. The armature 1g
      is made of soft iron and has a relatively large cross section. It
      therefore lacks spring elastic properties and it is mounted in its axis of
      inertia.
PAR  As the magnetic air gap between the ends of the armature and the poleshoes
      4g, 4g' need not be identical with the spacing of the contacts any
      tolerance variations in the width of the air gaps between the armature 1g
      and the poleshoes 4g, 4g' and the contact spacings are less critical.
PAR  Adjustment of the relay is effected at the contact terminal 33g or by one
      of the described methods using corresponding means.
PAR  FIGS. 33 to 38 illustrate yet another embodiment of the invention in the
      case of a polarised relay which has a coil holder body 2h consisting of
      two identical halves in the form of contact holders 21h, 21h', and in
      which pivot bearings 23h, 23h' as well as pockets 80, 80' for the
      reception of permanent magnets 50h, 50h', 50h", 50h'" are formed. These
      pockets 80, 80' contain abutments 81, 81', formed in the mould, for
      precisely fixing the distances between the permanent magnets 50h", 50h'"
      as well as the width of the air gap s.sub.h between the poles of the
      armature 1h and the permanent magnets 50h, 50h' respectively 50h" and
      50h'". The usual tolerances of the permanent magnets 50h, 50h' are
      rendered ineffective by a holding spring 82 which consists of
      ferromagnetic material, and which serves both as a poleshoe 4h, 4h' where
      it makes contact with the magnets as well as a yoke 5h from which the
      poleshoes are off-angled, also bearing in mind that the position of the
      poleshoes 4h, 4h' has relatively little effect on the functioning of the
      relay.
PAR  Moulded into the contact holder 21h which forms one half of the coil holder
      body are four, preferably round, locating pins 13h, 13h', 13h", 13h'" and
      a similar number of holes 83 in mirror symmetrical disposition thereto.
      FIG. 37 illustrates the detail H of FIG. 36. In other words, when the two
      identical contact holders 21h are fitted together with their ends
      reversed, the locating pins 13h will also register with corresponding
      holes 83. A similar arrangement holds in the case of the locating studs
      24g and the cooperating recesses 75g in the preceding embodiment, but a
      connection by locating pins 13h and holes 83 is better suited for
      achieving a tight frictional fit.
PAR  Again in a manner corresponding to the preceding embodiments the terminal
      pin 33h of contact holder 21h is connected in the middle by spot welds or
      brazing to a spring blade 31h. As illustrated in FIG. 37 the spring blade
      31h has a central offset so arranged that the sides which slope towards
      the offset at an angle .gamma. have a self-centering effect in assembly on
      the spring in relation to the contact terminal pin 33h. Preferably the
      spring blade 31h is attached to that side of the contact terminal pin 33h
      which faces the armature 1h, and its spring portions are so angled that,
      when the armature 1h is inserted into the bearing sockets 23h, 23h', they
      will bear with pressure against the actuating bosses 14h, 14h'. This
      improves the reliability of contact making because of the horizontal
      fixation thus obtained and because of the bias of the spring blade 31h
      which bears on the contact terminal pin 33h with the combined thrust
      generated by its two biased spring members, so that satisfactory
      functioning of the relay would be assured even if there were no fixed
      connection between the two contact elements 31h and 33h.
PAR  In order to take up unwanted tolerances a bearing bush 79 may be fitted
      over each pivot pin 12h, 12h' which are both integrally moulded with the
      partial sheath 11h. This detail is shown in FIG. 34 and again illustrated
      on a larger scale in FIG. 38. The bearing bush 79, 79' provides the
      necessary bearing clearance even if the two half shells forming the
      sockets 23h, 23h' press on the bush 79.
PAR  The use of bearing bushes 79 is also on advantage whe integrally moulded
      pivot pins 12h, 12h' are replaced by a pivotal pin 12f (FIG. 25) which
      transverse the armature 1h. The pivot pin 12f will then have slight
      clearance inside the walls 98, 98' of the sockets 23h, 23h' and the
      bearing bush 79, 79' will have slight clearance in relation to the walls
      98, 98' and to the armature 1h so that it can also perform the function of
      a bearing shoulder.
PAR  The relay illustrated in FIG. 33 to FIG. 38 is assembled as follows:
PAR  a. Affix the spring blades 31h to the contact terminal pin 33h embedded in
      the contact holder member 21h.
PAR  b. Insert the permanent magnets 50h, 50h' into the pockets in the contact
      holder member 21h.
PAR  c. Insert the armature 1h into the bearing sockets 23h, 23h'.
PAR  d. Fit together two identical contact holder elements 21h which have both
      been pre-assembled as stated in (a) and (b). This automatically biases the
      spring contact blades.
PAR  e. Insert the holding spring 82 until its off-angled ends 84, 84' snap into
      engagement with premoulded shoulders 85 (FIG. 33) in the assembled coil
      holder body 2h.
PAR  f. Wind the coils 52h, 52h' and connect their ends to the winding terminals
      53h, 53h'.
PAR  g. Adjust the operate and release thresholds at the ends of the contact
      terminal 33h which are accessible through openings in the centre flange
      8h.
PAR  h. Cover the recesses 25 in the central coil holder flange with a retaining
      spring 82' which in the illustrated embodiments is identical with the
      retaining spring 82 serving as yoke, poleshoe and magnet locating means.
PAR  e. As a magnetic shield and for reducing the magnetic stray flux a cap 39h
      of ferromagnetic material may be fitted over the relay.
PAR  Intermediately between assembly operations (b) and (d) the faces of the
      contact holder 21h which later abut may be provided with an adhesive, for
      instance by the so-called screen printing technique and the retaining
      springs 82, 82' may be coated if the contact-containing chamber 54h is to
      be airtight and sealed from the environment. Similarly, after assembly
      operation (i) the relay may be cast in resin to prevent moisture from
      entering the coil and to improve the mechanical protection of the relay.
PAR  In the preceding embodiments (cf. for instance FIGS. 2, 3, 4, 16) of the
      invention, it has been explained that the contact holder 21, 21c is formed
      with moulded recesses 25, 25c for the space-saving accommodation of
      components 7, 7', 7h. In the embodiment illustrated in FIGS. 33, 34, 35 a
      wider employment of such components is rendered possible by the addition
      of a conductor plate 86 for their reception. In such a case the upper ends
      of the coil terminals 53h, 53h' are electrically connected to the circuit
      on the conductor plate 86 and at least one of the ends of a coil terminal
      53h projecting from the relay is isolated to prevent an undesirably high
      potential from entering the conductor plate circuit 88. On the other hand
      the conductor plate circuit 88 will usually require one or two additional
      terminals. For this purpose, the contact holder, as described with
      reference to FIG. 16, contains at least one locating hole 90 which permits
      an additional terminal pin to be fitted. The invention can then be further
      developed by providing the contact holder 21h with lateral sloping faces
      91 for mounting a potentiometer 87. If this potentiometer is connected in
      series with the coil 52, it can be used to adjust the operate and/or
      release thresholds exactly. The oblique affixation of the potentiometer 87
      to the relay has the advantage that it is accessible for adjustment in any
      position of the relay, even when this is contained in a pocket in a
      control system. Accordingly, a cap for such an arrangement must be
      provided with a window 93 in a sloping face 92 of the cap which is
      substantially parallel to the sloping mounting face 91 of the contact
      holder 21h. However, if the cap is to be universally applicable, it is
      advisable to provide a window 94 in the edge of the cap facing the
      potentiometer.
PAR  As demonstrated by the description of only seven embodiments, the present
      invention opens up fresh paths of development in the technology of relay
      design. It has been repeatedly emphasized that special features of one
      embodiment can be nearly always applied with the same advantages to other
      embodiments, so that combinations of the several features described in
      different contexts of the above specification should also be considered as
      being within the scope of the present invention.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electromagnetic relay structure having an armature, coil means,
      contact means including contact terminals and fixed contacts and a coil
      holder body having said armature located therein, said coil holder body
      being composed of two substantially exactly interfitting and
      interconnected parts, the improvement wherein one part only of said two
      parts of said coil holder body is formed as a contact holder having firmly
      embedded therein said fixed contacts and said contact terminals, with said
      contact terminals projecting therefrom to the exterior thereof, and
      wherein said other of said two parts is formed as a cover member to at
      least partly define a contact containing chamber.
NUM  2.
PAR  2. An electromagnetic relay according to claim 1, including armature pivots
      and bearings for said pivots wherein said bearings for said armature
      pivots are moulded into said contact holder and into said cover member.
NUM  3.
PAR  3. An electromagnetic relay according to claim 2 including sheathing formed
      from insulating material wherein said armature located within said coil
      holder body is partly sheathed with said insulating material and wherein
      said armature pivots are configured in the form of pins or sockets moulded
      into said sheathing.
NUM  4.
PAR  4. An electromagnetic relay according to claim 3 including spring contact
      blades and guide pins and bosses for operating spring contact blades,
      wherein said sheathing is integrally formed with either or both said guide
      pins and bosses.
NUM  5.
PAR  5. An electromagnetic relay according to claim 4, wherein said spring
      contact blades are arranged to generate contact pressures by a suitable
      biasing thrust thereof, said contact pressures being counteracted by said
      guide pins when the relay is energised, said relay including actuating
      bosses for counteracting said contact pressures when the relay is not
      energised.
NUM  6.
PAR  6. An electromagnetic relay according to claim 1 including locating studs
      moulded into one part of said coil holder body with corresponding recesses
      being provided in the other part thereof, wherein said locating studs
      include free ends which are split by a slit formed therein and which
      separates a sprung end from a stiffer end on said locating stud.
NUM  7.
PAR  7. An electromagnetic relay according to claim 6 wherein said sprung end of
      said locating stud includes an extension having a bevel edge which is
      adapted to resiliently snap into a cooperating recess.
NUM  8.
PAR  8. An electromagnetic relay according to claim 6, wherein said locating
      studs are formed with tapering ends.
NUM  9.
PAR  9. An electromagnetic relay according to claim 6, wherein said sprung end
      of said locating stud is longitudinally formed with sloping sides slightly
      set back from the adjacent walls of said cooperating recess.
NUM  10.
PAR  10. An electromagnetic relay according to claim 1, including poleshoes and
      corresponding recesses extending between said contact holder and said
      cover member into which said poleshoes are firmly fitted.
NUM  11.
PAR  11. An electromagnetic relay according to claim 10, including an armature
      restoring spring attached to at least one of said poleshoes.
NUM  12.
PAR  12. An electromagnetic relay according to claim 1, wherein at least one
      partition member is integrally moulded into one part of said coil holder
      body.
NUM  13.
PAR  13. An electromagnetic relay according to claim 1 wherein said fixed
      contacts, said coil and contact terminals are of like shape and so
      contrived that their external ends are pitched in accordance with a
      "standard fives pitch (2 T)", whereas on the inside facing of said cover
      member they are disposed in a bank in a "2.5 pitch (T)".
NUM  14.
PAR  14. An electromagnetic relay according to claim 1, wherein at least one
      part of said coil holder contains recesses for the reception therein of
      electrical components.
NUM  15.
PAR  15. An electromagnetic relay according to claim 1, wherein at least one
      part of said coil holder is formed with at least one slot for the
      reception therein of the ends of wires of the winding of said coil.
NUM  16.
PAR  16. An electromagnetic relay according to claim 1, wherein said coil holder
      body is formed to include two end flanges for the reception therein of
      said coil and with a further flange centrally located for carrying at
      least one contact terminal.
NUM  17.
PAR  17. An electromagnetic relay according to claim 16, wherein said third
      flange is formed to extend on both said contact holder and on said cover
      member and to contain split threads formed in two halves which in
      combination form an internal screw thread adapted for engagement with
      adjusting screws.
NUM  18.
PAR  18. An electromagnetic relay according to claim 17, wherein said two halves
      of said screw thread are relatively slightly offset to provide a firm
      friction fit for said adjusting screws.
NUM  19.
PAR  19. An electromagnetic relay according to claim 18 wherein said armature
      consists of a permanent magnet and two poleshoes and wherein a partial
      sheath with which said pivot pins of said armature are integrally moulded
      holds together said magnet and said poleshoes.
NUM  20.
PAR  20. An electromagnetic relay according to claim 19 including angle pieces
      formed on said partial sheath partly embracing said spring contact blades
      without mechanical contact to form counter-abutments for said adjusting
      leaf spring.
NUM  21.
PAR  21. An electromagnetic relay according to claim 20, wherein a contact
      terminal is embedded at approximately the center axis of said contact
      holder and wherein a spring contact blade is affixed to the inner end of
      said terminal.
NUM  22.
PAR  22. An electromagnetic relay according to claim 21, wherein said contact
      terminal is situated in the center between, and in the same plane as, two
      fixed contacts and wherein pressure applied by contacts at the ends of
      said spring contact blade to the fixed contacts disregarding the spring
      rate as such, is determined exclusively by the thickness of the spring
      contact blade and of the contact terminal as well as the height of the
      contact.
NUM  23.
PAR  23. An electromagnetic relay according to claim 1 wherein said coil holder
      body is formed in a mold to include contact holder recesses, bearing
      sockets, holes, and fixed contacts, each of which are in relatively fixed
      positions determined by the configuration of said mould.
NUM  24.
PAR  24. An electromagnetic relay according to claim 1 including actuating
      bosses for said armature, with sloping faces being formed on either or
      both of said armature and actuating bosses to facilitate assembly.
NUM  25.
PAR  25. An electromagnetic relay according to claim 4 including V-shaped ribs
      moulded into said contact holder for positioning said spring contact
      blades in order to aid assembly of the relay.
NUM  26.
PAR  26. An electromagnetic relay according to claim 1 wherein said contact
      holder is formed with notches to facilitate the introduction therein of
      said fixed contacts and contact terminals during production of said relay,
      and which simultaneously lengthen creep current paths of said relay.
NUM  27.
PAR  27. An electromagnetic relay according to claim 1 including a cap formed of
      ferromagnetic material and poleshoes or counter-poleshoes so constructed
      and positioned that they each form two abutment faces for said cap.
NUM  28.
PAR  28. An electromagnetic relay according to claim 27 wherein said contact
      holder is formed with ribs which locate a permanent magnet in one vertical
      direction and two poleshoes in one horizontal direction.
NUM  29.
PAR  29. An electromagnetic relay according to claim 28, wherein said cover
      member is also formed with a rib which locates a permanent magnet in one
      vertical direction and two poleshoes in one horizontal direction.
NUM  30.
PAR  30. An electromagnetic relay according to claim 29, wherein four permanent
      magnets of substantially the same dimensions but different characteristics
      are used.
NUM  31.
PAR  31. An electromagnetic relay according to claim 30, including at least one
      AlNiCo permanent magnet and at least two permanent magnets of barium
      ferrite having different temperature coefficients used for compensating
      the effect of ambient temperature upon the resistance of the relay coil
      and hence upon the operate or release thresholds of the relay.
NUM  32.
PAR  32. An electromagnetic relay according to claim 16, including an adjusting
      spring attached to said further coil flange of on said contact holder.
NUM  33.
PAR  33. An electromagnetic relay according to claim 32, wherein locating pins
      are formed on said further central flange for said coil to locate an
      off-angled end of said adjusting spring and for securing the same, said
      off-angled end of the adjusting spring being urged against said contact
      holder by a boss integrally molded with said cover member.
NUM  34.
PAR  34. An electromagnetic relay according to claim 33, wherein said further
      flange for said coil is moulded with an opening which permits a tool to be
      inserted for adjusting said adjusting spring.
NUM  35.
PAR  35. An electromagnetic relay according to claim 34, wherein adjustment is
      effected by radial bending at the root of a twin-bladed adjusting spring.
NUM  36.
PAR  36. An electromagnetic relay according to claim 35, wherein the spring
      thrust of said twin-bladed adjusting spring acts optionally on the one or
      the other part of a centrally secured contact spring.
NUM  37.
PAR  37. An electromagnetic relay according to claim 36, wherein the spring
      thrust generated by at least one said adjusting spring affects the effort
      needed for resetting said armature only until an actuating boss on said
      armature makes contact with a spring contact blade and wherein the
      residual thrust of said adjusting spring adds to the contact pressure
      generated by the bias of the spring contact blade which remains when the
      actuating boss ceases to be in contact with the spring contact blade.
NUM  38.
PAR  38. An electromagnetic relay according to claim 1 wherein said contact
      holder is formed with a locating pin located with the standard pitch
      pattern for conductor plates.
NUM  39.
PAR  39. An electromagnetic relay according to claim 38, wherein said locating
      pin is connected to said contact holder by a relatively thin wall which
      breaks off the contact holder when the locating pin is detached, so that a
      locating hole moulded into said contact holder becomes available for
      fitting a supplementary terminal pin.
NUM  40.
PAR  40. An electromagnetic relay according to claim 3, including a bearing bush
      upon which is mounted each of said pivot pins integrally formed with said
      partial sheath of the armature.
NUM  41.
PAR  41. An electromagnetic relay according to claim 40, wherein a pivot pin
      traversing the armature is mounted in bearing bushes which simultaneously
      serve as bearing shoulders between the armature and the walls of the
      bearings.
NUM  42.
PAR  42. An electromagnetic relay according to claim 2, wherein a pivot pin for
      mounting said armature is formed in the middle of the contact holder
      moulding.
NUM  43.
PAR  43. An electromagnetic relay according to claim 42, including a bearing
      shoulder formed in said contact holder at the root of said pivot pin and
      another bearing shoulder for vertically locating the armature formed in
      the middle of a cover fitted to the contact holder.
NUM  44.
PAR  44. An electromagnetic relay according to claim 8, including poleshoes
      consisting of ferromagnetic material welded to a relay cap of said relay.
NUM  45.
PAR  45. In an electromagnetic relay having a coil holder body and an armature
      mounted inside said body, said coil holder being composed of two
      substantially tightly interfitting parts, the improvement wherein said two
      parts of said coil holder body essentially consist of two identically
      constructed contact holders.
NUM  46.
PAR  46. An electromagnetic relay according to claim 45 wherein said contact
      holders contain split bearing sockets for said armature.
NUM  47.
PAR  47. In an electromagnetic relay having a coil holder body and an armature
      mounted inside said body, said coil holder being composed of two
      substantially tightly interfitting parts, the improvement wherein said two
      parts of said coil holder body essentially consist of two identically
      constructed contact holders and wherein one half of a further coil flange
      is formed in the middle of said contact holders and contains a contact
      terminal pin to which a twin-bladed contact blade is centrally fixed
      attached.
NUM  48.
PAR  48. An electromagnetic relay according to claim 47, wherein said
      twin-bladed contact spring is centrally off-angled in such a way that the
      resultant angle of inclination causes it to align with a contact terminal
      pin of said relay during assembly thereof.
NUM  49.
PAR  49. An electromagnetic relay according to claim 48, wherein two spring
      blades of each of said two twin-bladed contact springs bear with tensile
      bias against actuating bosses so that in the assembled state the bias of
      said two contact springs acting on the setting force of said armature on
      mirror symmetrically opposite sides of perpendicular axes thereof are
      substantially compensated.
NUM  50.
PAR  50. An electromagnetic relay according to claim 49, wherein adjustment of
      the relay for establishing a stable state of the armature on one or both
      sides, as well as the adjustment of the operate or release thresholds of
      response is effected by radially bending the end of a contact terminal
      which is accessible in the interior of the relay through an opening in the
      further central coil flange.
NUM  51.
PAR  51. In an electromagnetic relay, having a coil holder body and an armature
      mounted inside side body, said coil holder being composed of two
      substantially tightly interfitting parts, the improvement wherein said two
      parts of said coil holder body essentially consist of two identically
      constructed contact holders and including a retaining spring and a central
      flange on said coiil holder, wherein recesses in said central flange are
      covered by said retaining spring.
NUM  52.
PAR  52. An electromagnetic relay according to claim 51, wherein said retaining
      spring is of the same shape as said U-shaped retaining spring which forms
      said poleshoes and wherein said shoulder formed in the middle of said
      contact holder for fixing the retaining spring substantially corresponds
      to a shoulder which serves for fixing the other retaining spring.
NUM  53.
PAR  53. An electromagnetic relay according to claim 52, including a cap of
      ferromagnetic material for magnetically shielding and for reducing
      magnetic stray flux arranged to cover the relay so that parts of its side
      walls bear as closely as possible against the shanks of said U-shaped
      retaining spring forming said poleshoes.
NUM  54.
PAR  54. An electromagnetic relay according to claim 53, including cavities
      between said relay and said cap, said cavities being filled with a
      castable resin.
NUM  55.
PAR  55. An electromagnetic relay according to claiim 54, including coil
      terminals having upper ends mechanically connected to a conductor plate
      and electrically to a circuit on the plate.
NUM  56.
PAR  56. An electromagnetic relay according to claim 55, including at least one
      additional terminal pin electrically connected to the circuit on the
      conductor plate.
NUM  57.
PAR  57. An electromagnetic relay according to claim 56, including a
      potentiometer mounted obliquely either on a sloping face of the contact
      holder or on a conductor plate in the interior of the relay in such manner
      that the potentiometer is adjustable vertically as well as horizontally.
NUM  58.
PAR  58. An electromagnetic relay according to claim 57, wherein the relay is
      covered by a cap which either has a sloping face containing a window at
      one upper edge or an opening in the region of the upper edge facing a
      screw for adjusting the potentiometer.
NUM  59.
PAR  59. In an electromagnetic relay, having a coil holder body and an armature
      mounted inside side body, said coil holder being composed of two
      substantially tightly interfitting parts, the improvement wherein said two
      parts of said coil holder body essentially consist of two identically
      constructed contact holders and a U-shaped retaining spring being provided
      in said contact holders and permanent magnets being provided in said
      holders, said spring having two shanks forming poleshoes which touch the
      outer faces of said permanent magnets and also including at least one
      short circuiting ring provided on at least one of said poleshoes.
NUM  60.
PAR  60. An electromagnetic relay according to claim 59, including recesses in
      the body of said coil holder for accommodating components suitable for
      smoothing an a.c. current used for energizing the relay, or for reducing
      the exciting current.
NUM  61.
PAR  61. In an electromagnetic relay including a coil holder body and an
      armature located therein, said coil holder being of undivided integral
      construction, the improvement comprising that portions adapted to serve as
      contact holders and containing therein fixed contacts as well as contact
      and winding terminals are moulded to flanges of said integral coil holder
      and wherein an opening which serves as a socket for a pivot pin is formed
      in the middle of said coil holder and wherein facing the same inside said
      coil holder there is a pivot pin bearing which forms a bearing shoulder
      with a funnel-shaped entry opening.
NUM  62.
PAR  62. An electromagnetic relay according to claim 61, wherein a pivot pin
      traverses the middle of the relay armature and wherein this pivot pin has
      a bearing shoulder which in conjunction with the bearing shoulder formed
      in the interior of the coil holder locates the relay armature in the
      vertical direction with a suitable amount of clearance.
NUM  63.
PAR  63. An electromagnetic relay according to claim 61, wherein at least one
      locating slot is formed in the interior of said coil holder for the
      reception of a locating web from which two spring contact blades branch to
      the sides.
NUM  64.
PAR  64. An electromagnetic relay according to claim 63, wherein said locating
      web carrying the contact spring blades is electrically and mechanically
      fixed connected to a contact terminal.
NUM  65.
PAR  65. An electromagnetic relay according to claim 64, including a spring
      member which functions as an armature restoring spring extending from an
      angled flank provided with a fluting in a direction opposed to that of the
      contact spring blade and wherein the free end of said spring member bears
      with biasing pressure against an electrically insulating partial sheath
      surrounding the armature, causing contact to be established by the thrust
      of an actuating boss on the partial sheath of the armature when the relay
      is not energised.
NUM  66.
PAR  66. An electromagnetic relay including a coil holder body and an armature
      located therein, said coil holder being of undivided integral
      construction, the improvement wherein portions adapted to serve as contact
      holders and containing therein fixed contacts as well as contact and
      winding terminals are molded to flanges of said integral coil holder and
      including a T-shaped ferromagnetic armature provided on its Tee-arms with
      a knife edge and armature wings, said knife edge being urged by a U-shaped
      armature retaining spring having free ends engaging corners in the base of
      a U-shaped yoke into V-shaped notch punched centrally into the base of
      said yoke including two adjusting springs, each having one side attached
      to the base of said yoke with the other sides of said springs being so
      flexed by adjusting screws that the armature wings underneath are
      optionally subjected to the different spring thrusts needed to hold the
      armature in a stable position on one or both sides so that desired
      operated and/or release response thresholds may be obtained.
NUM  67.
PAR  67. In an electromagnetic relay including a coil holder body and an
      armature located therein, said coil holder being of undivided integral
      construction, the improvement comprising that portions adapted to serve as
      contact holders and containing therein fixed contacts as well as contact
      and winding terminals are moulded to flanges of said integral coil holder
      and wherein fixed contacts in the contact holder part of said coil holder
      are arranged to function as poleshoes, said fixed contacts being
      correspondingly made of ferromagnetic material and arranged to make
      contact on one side with magnets with the other side thereof facing an
      armature contact being provided with a plate of contact material which
      also functions as a magnetic separator.
NUM  68.
PAR  68. An electromagnetic relay according to claim 67, wherein said fixed
      contacts have faces sloping towards the centre axis of said relay so that
      the faces of contact plates on said armature will be coplanar with the
      faces of the contact plates when contact is made.
NUM  69.
PAR  69. An electromagnetic relay according to claim 68, including magnets
      having a trapeze-shaped cross section so that one side will bear flush
      against the sloping fixed contacts forming poleshoes and the other side
      will bear flush against the faces of the shanks of the U-shaped yoke which
      extend substantially parallel to the centre line of the relay.
NUM  70.
PAR  70. In an electromagnetic relay structure having an armature, coil means,
      contact means including contact terminals and fixed contacts and a coil
      holder body having said armature located therein, said coil holder body
      being composed of two substantially exactly interfitting and
      interconnected parts, the improvement being wherein one part only of said
      two parts of said coil holder body is formed as a contact holder having
      firmly embedded therein said fixed contacts and said contact terminals,
      with said contact terminals projecting therefrom to the exterior thereof,
      and wherein said other of said two parts is formed as a cover member to at
      least partly define a contact containing chamber, said coil holder body
      being formed to include two end flanges for the reception of said coil and
      a further centrally located flange for carrying at least one contact
      terminal, said further flange being formed to extend to both said contact
      holder and said cover member and to contain split threads formed in two
      halves which together form an internal screw thread adapted for engagement
      with an adjusting screw, said two halves of said screw thread being
      relatively slightly offset to provide a firm friction fit for said
      adjusting screw, an adjusting leaf spring having a nose thereon
      cooperating with said contact holder, said contact holder having shoulders
      mounted thereon to form abutment walls for said nose formed on said
      adjusting leaf spring and wherein pips are formed in said contact holder
      to provide a firm abutment on one side of one end of said adjusting leaf
      spring when said spring is flexed by said adjusting screws.
NUM  71.
PAR  71. In an electromagnetic relay having a coil holder body and an armature
      inside said body, said coil holder body being composed ot two
      substantially tightly interfitting parts, the improvement being wherein
      said two parts of said coil holder body essentially consist of two
      identically constructed contact holders, and wherein a U-shaped retaining
      spring of ferromagnetic material is provided in said two identical contact
      holder parts, said spring retaining permanent magnets in said holders,
      said U-shaped spring having two shanks forming pole shoes mechanically
      contacting outer pole faces of said permanent magnets, another retaining
      spring having off-angled ends which engage shoulders in said contact
      holders and a further retaining spring similarly disposed as the
      symmetrical mirror image on the opposite side of the relay.
NUM  72.
PAR  72. In an electromagnetic relay including a coil holder body and an
      armature located therein, said coil holder being of undivided integral
      construction, the improvement being wherein said coil holder has flanges
      therein and wherein portions adapted to serve as contact holders and
      containing therein fixed contacts as well as contact and winding terminals
      are molded to said flanges of said integral coil holder, and wherein said
      armature is a T-shaped ferromagnetic element provided on the arms of the
      "T" with a knife edge and armature wings, and wherein a U-shaped armature
      retaining spring and a U-shaped yoke is included, said spring having free
      ends engaging corners in the base of the said U-shaped yoke, said U-shaped
      yoke having a V-shaped notch positioned centrally in the base of said
      yoke, said knife being urged by said spring into said V-shaped notch.
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ABST
PAL  A radiation resistant ducted superconductive coil consists of a helically
      wound electrical conductor constituted by an electrically conductive core
      of superconductive material provided with a longitudinally extending
      cooling duct, the core being covered with a layer of inorganic insulating
      material and the latter being covered by an electrically conductive
      metallic gas-tight sheath. The metallic sheaths on adjacent turns of the
      coil are secured together.
PARN
PAR  This is a division of Ser. No. 234,728 filed Mar. 15, 1972.
BSUM
PAR  The present invention relates to an improved construction for a helically
      wound radiation resistant ducted superconductive coil which includes an
      insulation layer of inorganic material.
PAR  In order to comply with the specifications hitherto demanded by nuclear
      research institutes, wound insulations just capable of withstanding a
      radiation dose of 10.sup.10 rad have been developed. These insulations are
      built up from glass-fibre fabrics and mica and permeated with hardenable
      synthetic resins, the winding also being held together in this way.
PAR  However, hitherto known organic materials are destroyed at a radiation dose
      of more than 10.sup.10 to 10.sup.11 rad.
PAR  It has therefore already been proposed to use an insulation made of purely
      inorganic material, a coil cast in concrete being used. Concrete
      insulation will withstand more than 10.sup.15 rad, but it must be
      everywhere held under mechanical compression stresses in order to prevent
      the occurrence of cracks. This requires special design of the magnetic
      coil structures and tests on the behaviour of prototypes. Such concrete
      insulations therefore require relatively complicated construction, and are
      unsuitable for production in small numbers or singly.
PAR  The object of the invention is to provide an insulated superconductive coil
      whereof the insulation does not exhibit the above-mentioned disadvantages
      and is simple to produce.
PAR  It is expedient for the conductor made of ducted superconductive material
      wound with at least one insulating tape to be wrapped with a metal tape
      which can either be made from the solid metal itself or from stranded
      material which is woven, or plaited, or otherwise fashioned into fabric
      form.
PAR  It is advantageous for the metal sheath to be soldered or welded into a
      unit which firmly encases the insulation of the conductor.
PAR  It is furthermore expedient to use an insulating tape consisting at least
      partly of metal oxide such as aluminum oxide and/or glass fibre and/or
      asbestos and/or mica.
DRWD
PAR  The invention is explained hereinafter by way of example and with reference
      to the accompanying drawings wherein:
PAR  FIG. 1 shows an apparatus for producing a conductor according to the
      invention;
PAR  FIG. 2 shows a section along the line II in FIG. 1 for the purpose of
      illustrating the cross-section of an insulated conductor produced in
      accordance with the invention;
PAR  FIG. 3 shows in diagrammatic form a further process for the production of a
      conductor insulated in accordance with the invention; and
PAR  FIG. 4 is a perspective view of a portion of a helically wound coil made
      from the ducted superconductive material following application of the
      insulating layer and metallic sheath thereto.
DETD
PAR  As may be seen from the drawing, the apparatus illustrated in FIG. 1
      comprises a storage drum 1 for a hollow electrical conductor core 2 to be
      insulated, a tensioning device 3 for holding the latter under tension, and
      a transport arrangement 5 acting on the finished conductor 4. Conductor 2
      is made from a super-conductive material. The transport arrangement 5
      moves the conductor 2 in the tensioned state in the direction of the arrow
      6, and between the tensioning device 3 and the transport arrangement 5
      there is a tape-winding machine provided with a spool 7 of insulating tape
      which helically winds insulating tape 8, consisting of inorganic
      insulating material, onto the conductor 2 which is to be insulated in one
      or more layers of overlapping turns. The insulating tape 8 may consist at
      least partly, for example, of a metal oxide and/or glass fibre and/or
      asbestos and/or mica. As examples, the insulating tape can be entirely of
      glass fibres or asbestos, or the glass fibres or asbestos can be covered
      with mica. Also suitable are thin oxidized metal (aluminum) sheet, thin
      oxidized metal (aluminum) braid, woven tapes of mixed oxidized metal
      (aluminum) strips and glass or asbestos fibres, and glass fibre or
      asbestos tape filled with pulverized glass or oxidized metallic material.
PAR  The conductor 2 helically wound with insulating tape 8 is then helically
      wound with a metal tape 9, and in a further station 10 the edge portions
      of the overlapped turns of metal tape are soldered or welded to form a
      gas-tight sheath. The metal tape 9 used here is preferably made of copper
      or a copper alloy or aluminum, and is 0.05 to 0.5 mm thick. As previously
      mentioned, the relatively thin metal tape 9 can be made either from the
      solid metal itself, or from stranded material which is woven, or plaited,
      or otherwise fashioned into fabric form. Before the soldering or welding
      station 10 there is furthermore an insulation-testing arrangement 11 which
      measures the insulation between the insulated conductor 2 and the sheath
      consisting of the metal tape 9 while said conductor is being fed forward.
      Since the sheath is made of metal, it is very simple to measure the
      insulation.
PAR  FIG. 2 illustrates a section along the line II--II of FIG. 1, from which
      the cross-section of the finished insulated conductor may be seen. It will
      be seen that the conductor 2 of superconductive material is provided with
      an internal cooling duct 2'.
PAR  The metal sheath of the finished insulated conductor confers the additional
      advantage that when the conductor is subsequently wound helically to make
      a coil, a portion of which is shown in FIG. 4, the adjacent turns of the
      helical coil can be soldered or welded to one another by means of the
      metal sheathing, and thus the joining materials are also resistant to
      radiation.
PAR  FIG. 3 illustrates a further process for the production of an insulated
      conductor, wherein in contradistinction to the process illustrated in FIG.
      1 a metal tape 13 made from solid metal or fashioned into fabric form is
      folded in its longitudinal direction around the conductor 2 wound with
      insulating tape 8, and then soldered or welded.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical superconductive coil formed by a helically wound insulated
      electrical conductor and which exhibits a high degree of resistance when
      exposed to strongly ionizing radiation, said electrical conductor being
      constituted by an electrically conductive core of superconductive material
      and which is provided with an internal longitudinally extending cooling
      duct, an insulating layer consisting of inorganic insulating material
      applied to said conductor core and an electrically conductive metallic
      gas-tight sheath completely covering the layer of inorganic insulating
      material, the metallic sheaths on adjacent turns of the coil being secured
      together.
NUM  2.
PAR  2. An electrical coil as defined in claim 1 wherein said layer of inorganic
      insulating material on said conductor core is made from a material
      selected from the group consisting of a metal oxide, glass fibre, asbestos
      and mica.
PATN
WKU  039463494
SRC  5
APN  3853632
APT  1
ART  213
APD  19730803
TTL  High-power, low-loss high-frequency electrical coil
ISD  19760323
NCL  10
ECL  1
EXP  Kozma; Thomas J.
NDR  2
NFG  6
INVT
NAM  Haldeman, III; Charles W.
CTY  Concord
STA  MA
ASSG
NAM  The United States of America as represented by the Secretary of the Air
      Force
CTY  Washington
STA  DC
COD  06
RLAP
COD  72
APN  139400
APD  19710503
PSC  03
CLAS
OCL  336 62
XCL   29605
XCL  174 15C
XCL  174114R
XCL  219 1079
XCL  260 334P
XCL  264317
XCL  336205
ICL  H01f 2710
FSC  336
FSS  62;60;55;96;205;222
FSC  174
FSS  15 C;114 R
FSC  219
FSS  10.79
FSC   29
FSS  605
FSC  264
FSS  317
FSC  260
FSS  33.4 P
UREF
PNO  2817066
ISD  19571200
NAM  Searpa
XCL  336 62
UREF
PNO  2988804
ISD  19610600
NAM  Tibbetts
OCL   29605
UREF
PNO  3535597
ISD  19701000
NAM  Kendrick
XCL  336 62
FREF
PNO  762,111
ISD  19670600
CNT  CA
OCL  174 15C
FREF
PNO  229,454
ISD  19590900
CNT  AU
OCL  174 15C
LREP
FR2  Rusz; Joseph E.
FR2  Shannon; James S.
ABST
PAL  High frequency electrical coils are commonly made out of Litz wire. If the
      coil is baked and an aqueous phenol solution is pumped through a nylon
      tube making up the structural core of the Litz wire, the tube will be
      dissolved out, thereby yielding an unobstructed opening through which a
      cooling fluid may be pumped. The resultant coil has a vastly improved heat
      conduction and can tolerate substantially higher currents.
GOVT
PAR  This invention was made in the course of work performed under a contract
      with U.S. Air Force Systems Command, Office of Aerospace Research.
PARN
PAR  This is a continuation-in-part of application Ser. No. 139,400 filed May 3,
      1971, now abandoned.
BSUM
PAC  PRIOR ART
PAR  Litzendraht, or Litz cable is commonly used to make up high-power,
      low-loss, high-frequency electrical coils. Applications for such coils are
      common to radio transmitters, induction heaters, and plasma accelerators
      with operating frequencies up to a few megacycles. The cable is made up of
      bundles of fine insulated magnet wires spiraled or braided around a
      central core. The high number of individual wires is utilized to overcome
      the skin effect, the a.c. resistance at high frequencies in a solid
      conductor arising from the increasingly higher flux between the center and
      outside layer of the conductor. The center core of the Litz wire is the
      structural means of supporting the braided or spiral construction.
PAR  In order to produce a high magnetic field efficiently, a high coil Q and
      high current capacity are necessary. This is particularly important, for
      instance, in induction heater and plasma accelerator applications where
      high power is required, and in airborn radio transmitters where reduced
      weight of the coils is additionally important. The limiting factors with
      regard to high current are the structural tolerance of the coil and the
      resistance produced by heating. Hence, thermal conductivity of the coil is
      an important factor bearing on high power.
PAR  In order to accomplish cooling of the coil and thereby increase its thermal
      conductivity, Litz wire is constructed with a nylon tube core through
      which water or a cryogenic cooling fluid, such as dry ice and acetone, is
      pumped. Such techniques permit substantially increased currents, the
      limiting factor on heat dissipation being the thickness and low thermal
      conductivity of the wall of the nylon tube. Tubes of different
      construction are available, such as copper, with high heat dissipation,
      but while they are advantageous in this respect, they are correspondingly
      good electrical conductors and hence lower the Q of the coil. Some
      prior-art patents are now discussed.
PAR  United States patent No. 2,988,804 (Tibbetts) discloses that plastic cores
      (Polystyrene) can be removed by solvents from small, short length/diameter
      l/d 1 to 3) coils by dissolving away such cores in organic solvents; and
      U.S. Pat. Nos. 2,614,999 (Caldwell) and 2,360,406 (Dreyfus et al.)
      disclose suitable solvents for Nylon plastic. Simple use of these methods,
      however, cannot be made in the case of removing the core from a large
      length of tubing e.g., in the present situation 10 to 20 feet of 0.090
      inch inside diameter with l/d = 1000 to 3000 (1600 for the example
      hereinafter given). The geometry is paramount because of the fact that
      when polymers dissolve in solvents they swell first, producing a layer of
      very high viscosity, low solvent content solution at the surface of the
      solid polymer. This layer will grow and unless the pumping velocity, rate
      of solution of polymer, and temperature are correctly chosen for the
      length to diameter ratio of the tube being removed, the result will be to
      permanently plug the tube, preventing further admission of solvent. The
      stagnant core of solvent, then proceeds to gel the entire length of the
      tube. It can easily be seen from the explanation in later paragraphs, that
      growth of a viscous boundary layer of high polymer content can close the
      tube. Further diffusion of polymer into the solvent then further increases
      the viscosity, eventually turning the entire core into a thick gel.
PAC  SUMMARY OF INVENTION
PAR  In view of the limitations on heat dissipation and current carrying
      capacities in electrical coils made out of Litz wires, it is applicant's
      primary purpose to construct a high-power, low-loss high frequency coil
      with heat dissipation greater than has heretofore been achieved. This and
      other objects are met by an electrical coil wound out of Litz wire having
      a clear, unobstructed channel through which a cooling fluid can be pumped.
      This coil is constructed by winding a coil out of Litz wire having a nylon
      tube core and dissolving said nylon tube with a solution which will not
      injure the insulation on the Litz wire or attack any metal in the Litz
      wire exposed by statistical voids.
DRWD
PAR  Further objects and a better understanding of the invention will become
      more apparent with the following description taken in conjunction with the
      accompanying drawing in which:
PAR  FIG. 1 is a cross-sectional view of a 12000/46 spiraled Litz wire with a
      nylon tube core;
PAR  FIG. 1A is a section view, on a reduced scale, taken upon the line 1A--1A
      in FIG. 1, looking in the direction of the arrows;
PAR  FIG. 2 is a sample, high-power, low loss electrical coil wound of Litz wire
      with a nylon core like the wire of FIG. 1;
PAR  FIG. 2A is a section view taken upon the line 2A--2A in FIG. 2, looking in
      the direction of the arrows;
PAR  FIG. 3 is a cross-sectional view of the Litz wire of FIG. 1 but the nylon
      core has been removed; and
PAR  FIG. 3A is a section view, on a reduced scale, taken upon the line 1A--1A
      in FIG. 3, looking in the direction of the arrows.
DETD
PAC  PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates the typical construction of Litz cable 1 with a nylon
      tube 3. The cross-section of the particular cable shown is that of
      12000/46 wire. The outside diameter is approximately 0.310 inches. There
      are six bundles 5 of wires each comprising approximately two thousand fine
      magnet wires with varnish insulation. The bundles are shown with a
      sprial-type construction. Litz wire commonly is made with a braided
      construction, but the principles taught herein apply in the same manner.
      The center core is a 1/8 inch diameter nylon tube 3 with a 1/32 inch wall
      thickness. The outside covering 7 is made up of braided fabric or silicone
      rubber.
PAR  FIG. 2 illustrates a typical coil construction on a plasma accelerator. The
      cross-sectional view in FIG. 2A shows the coil to be made up of 10 turns
      of 12000/46 Litz wire 8 with nylon tube core 3. The coil is made by
      winding the Litz wire in place and imbedding it in an epoxy or polystyrene
      resin 10 with cloth overlay on all four surfaces 12 of the coil. A braided
      construction Litz wire is preferred as it produces a slightly higher Q
      than spiraled construction. Terminal compression fittings 14 act as
      electrical terminals and water connections. As stated above, the limiting
      factor with regard to heat dissipation is the wall thickness of the nylon
      tube 3 which inherently has a low thermal conductivity. The tube 3, of
      course, is necessary for structural support of the spiral or braided
      constructed Litz wire and is additionally important when winding the coil
      as the wire would collapse without a minimum internal support.
PAR  Applicant has discovered that the nylon tube can be removed after the Litz
      wire 8 has been formed into the coil. This is accomplished by dissolving
      the tube 3 with a solvent and extracting the dissolved material in
      solution. One appropriate solvent is a strong aqueous phenol solution,
      e.g., 30 percent. The coil is heated to 200.degree.F and maintained at
      this temperature while the solution is pumped through the Litz wire 8 via
      the terminal compression fittings 14. The purpose in maintaining the coil
      at 200.degree.F is to prevent any dissolved nylon from precipitating out
      and plugging the tube 3 as the solution is cooled during its passage
      through the coil winding. A constant flow is maintained and completion of
      dissolution of the tube 3 can be determined by sampling the discharge
      solution, cooling it, and observing any precipitate. FIG. 3 illustrates a
      cross section of Litz wire with the tube 3 removed.
PAR  It is important in dissolving the nylon tube 3 to choose a solution which
      will only dissolve the nylon tube 3 and not the varnish insulation on the
      fine magnet wires. Equally important, the dissolving solution should not
      attack any copper exposed by statistical voids in the insulation, as this
      will result in lowering the Q of the coil.
PAR  After the tube 3 is removed, the Litz wire 8 and coil are structurally
      sound and there is no danger of the Litz wire 8 collapsing as it is
      imbedded in resin 10. If a proper cooling fluid is pumped through the
      resulting unobstructed channel, the coil can be operated with five times
      the previous maximum current capacity. The choice of a cooling fluid is
      restricted to a fluid which will not lower the Q of the coil if absorbed
      by the resin 10.
PAR  The current carrying capacity of 12000/46 Litz wire is increased to 50 ma
      per circular mill of cable as compared to 10 ma with cooling through the
      nylon tube. The following table illustrates the current capacity of the
      Litz wire with the nylon tube 3 in place and with the tube removed. For
      example, at 135.degree.F with the tube in place, the d.c. current capacity
      through the coil is 330 amps and with the tube 3 removed and maintaining
      the same temperature, the coil has a capacity of 1040 amps. Since at the
      design frequency such coils can have a ratio of AC to DC resistance of
      about 1.1 the DC test is an adequate representation of power handling
      ability.
TBL  ______________________________________                                    
     CURRENT CAPACITY AND RESISTANCE V. TEMPERATURE                            
     12000/46 LITZ WIRE                                                        
     200 PSI TAP WATER AS A COOLANT                                            
     With Nylon Tube 3 in Place                                                
     D. C.                                                                     
     Amps          Milliohms/ft.                                               
                               T.degree.F                                      
     ______________________________________                                    
     144           .467         75                                             
     240           .440        100                                             
     330           .466        135                                             
     440           .560        205                                             
     560           .790        490                                             
     Nylon Tube 3 Removed                                                      
     D. C.                                                                     
     Amps          Milliohms/ft.                                               
                               T.degree.F                                      
     ______________________________________                                    
      95           .388         48                                             
      302          .396         54                                             
      532          .411         70                                             
      739          .415         90                                             
     1040          .446        133                                             
     1600          .575        250                                             
     ______________________________________                                    
PAR  Another example of a method of constructing a coil made out of Litz wire
      without a center core is to utilize Litz wire with a thermally shrinkable
      center core. The coil would be wound and imbedded in resin as described
      above. The coil and the Litz wire with the thermally shrinkable core are
      heated to a temperature sufficient to contract the center core such that
      it can be removed mechanically. The shrinkable core is chosen with a
      temperature range between the curing temperature of the resin and the
      maximum service temperature.
PAR  A further example would be to utilize a Litz wire with a copper tube center
      core. This center tube core can be etched out with a ferric chloride
      solution similar to methods used in the printed circuit industry. However,
      the ferric chloride tends to attack the fine copper magnet wires in the
      Litz wire which are exposed in places due to statistical voids. This
      lowers the Q substantially, and the low-loss feature of such coils is
      correspondingly lost. If, however, the copper tube core was coated with an
      extremely thin coat of plastic insulation in the construction process in
      making the Litz wire, this problem is overcome and the low thermal
      conductivity of such a thin coating is an insignificant limitation on heat
      dissipation.
PAR  As is previously noted, the nylon tube 3, as best shown in FIG. 1A has a
      length-to-diameter ratio (l/d) that is quite large in any Litz wire of
      interest. The l/d in the coil of FIG. 2, for example is 1600; is typically
      the l/d is at least 1000 and certainly nothing less than an l/d of at
      least 50 is reasonable. In this circumstance, the nylon, once it starts to
      dissolve, must be kept flowing, or it will block the inner aperture in the
      Litz wire. As also previously noted, once the nylon core 3 has been
      removed, the Litz wire would collapse in the absence of measure to prevent
      this occurrence. In the coil of FIG. 2, the necessary structural support
      to prevent collapse of the Litz wire is furnished by the epoxy or
      polystyrene resin. If the conductor 1 is needed in the form of an
      elongate, flexible element, as shown in FIGS. 1A and 2A, the needed
      structural stability can be supplied by a covering 7 of silicone rubber
      (e.g., GE RTV-11 or Dow Corning RTV602) which impregnates the wire to
      produce a flexible but structurally sound cable. It will be appreciated
      that the spiraled Litz wire turns of the continuous spiral from the inside
      to the outside of the conductor, so that the structural stability can be
      applied to the outer surface.
PAR  One further point is of consequence. The compression fittings 14 can be a
      brass or copper tube compression fitting that serves both as an electrical
      terminal and as a hydraulic connector. A basic problem here is that the
      12,000 strands of No. 46 wire have a large surface perimeter 5 feet for
      the 12000/46 coil discussed) so that the increase in resistance and
      heating at the current concentration is quite great. Thus, the particular
      connector is important.
PAR  Modifications of the invention herein described will occur to persons
      skilled in the art and all such modifications are considered to be within
      the spirit and scope of the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved high-power, low-loss, high-frequency electrical coil
      comprising:
PA1  a. at least one turn of Litz wire having a clear unobstructed center
      channel through which a cooling fluid may be pumped, there being no
      element between said Litz wire and said center channel, said wire being
      wound in a circular pattern,
PA1  b. an electrical insulating material with mechanical strength in which the
      Litz wire is imbedded.
NUM  2.
PAR  2. An improved high-power, low-loss, high-frequency electrical coil as
      recited in claim 1 in which said insulating material comprises a plastic
      resin.
NUM  3.
PAR  3. An improved high-power, low-loss, high-frequency electrical coil as
      recited in claim 1 including means for making an electrical connection to
      said coil.
NUM  4.
PAR  4. An improved high-power, low-loss, high-frequency electrical coil as
      recited in claim 1 including means for making a hydraulic connection to
      said unobstructed hollow center channel through which a cooling fluid may
      be pumped through said center channel.
NUM  5.
PAR  5. An improved high-power, low-loss, high-frequency electrical conductor
      that comprises a Litz wire having an unobstructed hollow center channel
      with no element between said Litz wire and said hollow center channel, and
      a low-electrical-loss, high-dielectric insulating cover that provides a
      structurally sound housing to prevent collapse of the otherwise
      structurally unstable Litz wire.
NUM  6.
PAR  6. An electrical conductor as claimed in claim 5 in which the insulating
      cover comprises a plastic material which impregnates the outer surface of
      the conductor, the wires at said outer surface being imbedded in the
      plastic material which provides the necessary mechanical strength to
      prevent collapse inwardly of the Litz wire and to provide a liquid
      impervious structure around and between the outer wires of the Litz wire,
      thereby to permit a cooling fluid to be pumped through said channel to be
      in intimate thermal contact with the individual current-carrying wires
      making up the Litz wire.
NUM  7.
PAR  7. An electrical conductor as claimed in claim 6 that includes a
      compression fitting at either end thereof to serve as an electrical
      terminal and as a hydraulic connector.
NUM  8.
PAR  8. An electrical conductor as claimed in claim 6 in which said plastic is
      an epoxy material.
NUM  9.
PAR  9. An electrical conductor as claimed in claim 6 in which said plastic is a
      polystyrene material.
NUM  10.
PAR  10. An electrical conductor as claimed in claim 6 in which said plastic is
      a silicone rubber material.
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PAL  A coil assembly for bobbin wound transformer includes a spacer between the
      end turns of a primary and secondary windings, which spacer is molded from
      synthetic resin material. The molded spacer includes an inner body portion
      which covers the surface of the primary winding, and a marginal portion
      which extends outwardly along the inner sidewall of the flange of the
      bobbin. The marginal portion sufficiently separates that portion of the
      outer secondary winding which is disposed along the flange of the bobbin.
BSUM
PAR  The invention relates to a coil assembly for bobbin wound transformer, and
      more particularly to an electrical insulation for providing isolation
      between the end turns of the primary and secondary windings of the
      transformer.
PAR  A bobbin wound transformer for use in a radio or television receiver and
      other electronic equipment is formed by initially winding a primary or
      inner winding on a bobbin, providing an insulating tape over the surface
      of the primary winding, and subsequently winding the secondary or outer
      winding. However, the prior tape winding procedure failed to eliminate an
      electrical failure completely. One of the reasons for this failure is a
      small clearance left between the insulating tape and the flange of the
      bobbin, through which the end turn of the outer winding may be forced into
      the inner winding. Another reason is the difficulty of providing a
      suitable tape insulation between the inner and outer windings at a
      position very close to the inner wall of the flange of the bobbin, thus
      causing an electrical short-circuiting. It is a very cumbersome, if not
      impossible, operation to provide a firm covering on the outer surface of
      the inner winding and to wind an insulating tape carefully so as to extend
      it outwardly from the outer surface of the winding along the inner
      sidewall of the bobbin flange. In addition, when winding the outer
      winding, care must be taken so that the portion of the insulating tape
      which is disposed against the inner sidewall of the flange can not be
      folded back onto the inner winding.
PAR  Therefore, it is an object of the invention to provide a coil assembly for
      bobbin wound transformer which is provided with a molded spacer assuring a
      reliable insulation between the inner and outer windings of the
      transformer.
PAR  It is another object of the invention to provide a coil assembly for bobbin
      wound transformer which can be easily and inexpensively manufactured.
PAR  In accordance with the invention, there is provided a coil assembly for
      bobbin wound transformer which is provided with a spacer molded from a
      synthetic resin. The spacer includes a body portion which is disposed
      between an inner and an outer winding concentrically wound on a bobbin
      having a flange, and a marginal portion disposed between the inner
      sidewall of the flange and the outer winding. After winding the inner
      winding on the bobbin, the spacer is mounted thereon so that its body
      portion covers the inner winding. To permit its mounting, the spacer is
      provided with a split. In a modification, the spacer comprises a pair of
      split parts, which can be applied around the inner winding and then joined
      together for setting up it.
DRWD
PAR  Other objects and features of the invention will become apparent from the
      following detailed description of several embodiments thereof shown in the
      attached drawings, in which:
PAR  FIGS. 1 to 3 are cross sections of several embodiments of the coil assembly
      according to the invention;
PAR  FIGS. 4 and 5 are perspective views illustrating examples of joints in the
      spacer; and
PAR  FIG. 6 is a perspective view of a modification of the spacer including
      grooves for taking out the ends of the inner winding.
DETD
PAR  Referring to the drawings, a bobbin wound transformer includes a bobbin 1
      having a hollow cylindrical portion 2 which surrounds a core (not shown),
      and a flange 3 which extends radially outward from the opposite ends of
      the cylindrical portion 2. An inner winding 4 is initially wound around
      the cylindrical portion 2, and in accordance with the invention, the
      surface of its end turns is covered by a molded spacer 5. The spacer 5
      includes a body portion 6 which is disposed around the inner winding 4,
      and a marginal portion 7 which extends radially outward from the opposite
      ends of the body portion 6 along the inner sidewall of the flange 3 of the
      bobbin 1. In the arrangement shown in FIG. 1, the marginal portion 7 has a
      small width, while it extends to the end 3a of the flange 3 of the bobbin
      1 in the arrangement shown in FIG. 2. In FIG. 3, the marginal portion 7
      extends beyond the end 3a of the flange 3 and is folded back onto the
      outer surface thereof to provide an extension 8 which covers it. The
      spacer 5 is molded from a flexible and electrically insulating synthetic
      resin, for example, and has a configuration and size such that the inner
      surface of the body portion 6 fits around the surface of the inner winding
      4. As indicated in FIG. 4, the spacer is formed with an axially extending
      split 9, which can be utilized to open the spacer in order to mount it on
      the inner winding 4. After mounting, both edges 10a, 10b of the spacer 5
      defined by the split 9 are brought into abutting engagement with each
      other, and an adhesive tape 11 is applied on the outer surface of the
      edges 10a, 10b (see FIG. 4), thereby bonding the edges together and
      securing the spacer 5 in position. Alternatively, the edges 10a, 10b may
      be formed as complementary steps as shown in FIG. 5. As a further
      alternative, the spacer 5 may be formed in two parts and joined together
      in the similar manner as illustrated for the split 9. In this instance,
      the spacer may be molded from a thermosetting resin having no appreciable
      flexibility.
PAR  When the spacer 5 is mounted in position, an outer winding 12 is wound
      around the body portion 6. The end turns of the outer winding 12 which are
      in the first tier are separated from the end turns of the inner winding 4
      in the final tier by the body portion 6 of the spacer 5, and the end turns
      of the outer winding in the subsequent tiers are also protected by the
      marginal portion 7 of the spacer 5. While the marginal portion 7 has a
      reduced width in the arrangement of FIG. 1 as compared with those of FIGS.
      2 and 3, and its extremity is buried in the outer winding 12, it is still
      effective to space the portion of the outer winding 12 which is disposed
      along the flange 3 of the bobbin 1 a sufficient distance from the inner
      winding 4 to provide an electrical isolation. The lead wires (not shown)
      can be extended through grooves 13 (FIG. 6) formed in the marginal portion
      7 of the spacer 5 to the exterior of the coil assembly. The final tier of
      the outer winding 12 can be protected by a known tape insulation 14.
PAR  It will be appreciated that in accordance with the invention, the outer
      winding 12 can be wound on the inner winding 4 immediately after the
      spacer 5 is mounted on the surface of the inner winding, without requiring
      the care and skill excerised in the prior practice in providing a tape
      insulation, thus facilitating a winding operation.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A coil assembly for a bobbin wound transformer comprising in
      combination: a bobbin having a hollow cylindrical body and a pair of
      radially extending flanges at the axially opposed ends of said body; an
      inner coil winding wound around said bobbin body; a molded substantially
      rigid spacer member of synthetic resin mounted on said bobbin and
      positioned concentrically on said bobbin body in overlying electrically
      insulated relation to said inner coil winding and a pair of radially
      extending flanges integral with the spacer member at the axially opposed
      ends thereof, the flanges of said spacer member being juxtaposed in
      parallel contiguous relation to and axially inwardly of said bobbin
      flanges; and an outer coil winding wound around said spacer member
      concentric to said inner coil winding and insulated therefrom by said
      spacer member, said spacer member comprises complementary sections having
      axially extending edges which are forced together to secure the spacer
      member on said bobbin body.
NUM  2.
PAR  2. A coil assembly according to claim 1 in which said radially extending
      flanges of the bobbin and spacer member terminate at substantially the
      same radial location.
NUM  3.
PAR  3. A coil assembly according to claim 1 in which the radial flanges of said
      spacer member extend beyond the radial flanges of said bobbin and are
      turned outwardly so as to cover the radial extremities of said bobbin
      flanges.
NUM  4.
PAR  4. A coil assembly according to claim 1 in which the edges are joined
      together after the spacer is mounted on the inner winding.
NUM  5.
PAR  5. A coil assembly according to claim 1 in which the spacer member
      comprises a pair of semi-cylindrical sections.
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PAL  Two housing halves are joined to form a housing surrounding an electrical
      fuse, a sealing gasket being provided at the joint between the housing
      halves. A corona shield is embedded wholly within each housing half, each
      shield terminating on its respective side of the gasket so that the ends
      thereof are closely adjacent but yet spaced apart with a portion of the
      gasket therebetween. Each shield is electrically connected to a respective
      end of the fuse. The gasket has an inner cylindrical wall provided with
      spaced ribs. The cylindrical wall closely engages the fuse within the
      housing and small elongated openings are defined along both sides of each
      rib. A vent assembly in one of the housing halves selectively opens and
      closes the housing interior to the ambient dependent upon the internal
      housing pressure.
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PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical devices such as fuses and lightning
      arrestors and, more particularly, to enclosures for such electrical
      devices which are particularly well suited to an underground, or generally
      submersible, installation, or similar installations where the conditions
      ambient the enclosed electrical device may vary.
PAR  In its on-line mode of operation the enclosed fuse, or lightning arrester,
      is at line potential and the voltage stress in the area of the fuse must
      be controlled to minimize the occurrence of corona and it well known
      deleterious effects. Corona shields carried by a housing enclosing a fuse
      have been used in the past, examples of such arrangements can be found in
      U.S. Pat. Nos. 3,588,607, 3,686,604, and 3,818,407. Similarly, corona
      shields carried by the actual fuse housing have been used, and examples
      can be found in U.S. Pat. Nos. 2,593,426 and 2,844,691. The structures
      shown in these patents are only typical and are not to be considered
      exhaustive of the prior art arrangements which have been proposed.
PAR  This invention is concerned with this problem of controlling voltage stress
      to minimize the occurrence of corona and has as one of its general objects
      the provision of an improved corona shield arrangement for an enclosed
      electrical device such as a fuse or lightning arrester.
PAR  An additional object is to optimize corona prevention while reducing the
      overall size of the enclosed electrical device and while remaining
      consistent with design parameters for an underground, or generally
      submersible, electrical installation.
PAR  Another specific object of this invention is to insure that all electrical
      stress occurs across the insulation material of the factory molded housing
      and not across air spaces normally occuring in the chamber defined by the
      enclosure.
PAR  It is believed that this invention will find perhaps its widest and most
      immediate application in connection with enclosed non-expulsion type fuses
      such as sand current-limiting fuses and vacuum fuses. Therefore, it will
      be discussed in that enviroment but should not be interpreted as being so
      limited in its application; as already stated, it may be used with
      lightning arresters as well as other electrical circuit interrupter
      devices. In such applications, deposits due to ambient conditions may
      occur naturally on the interior of the housing enclosure as the unit
      stands on line and, even in such applications, some gases may evolve
      during interruption even though such fuses are basically non-expulsion.
      Such gas evolution may contribute to the deposits. It is recognized that
      these deposits can form a conductive path between terminals and should be
      avoided. Also, internal pressures sufficient to rupture the enclosure are
      to be avoided. This invention is also concerned with these problems and
      further objects of this invention are to provide, in the housing interior,
      an effective barrier to the completion of this conductive path and to
      prevent excessive internal pressure buildup.
PAC  SUMMARY OF THE INVENTION
PAR  For the achievement of these and other objects, this invention proposes to
      embed two shields of conductive material in the enclosure housing the
      electrical device, e.g. a fuse, so that the shields are completely
      surrounded by the molded insulation material of the housing. The shields
      are electrically connected one to each of the terminals of the fuse. The
      shields extend along respective lengths of the fuse and terminate such
      that their ends are spaced so as not to provide a complete electrical path
      between the fuse terminals when interruption occurs but are close enough
      that flux lines fringe between the spaced ends without appreciable
      penetration into the interior housing chamber in which the fuse is located
      thereby establishing a shielding bridge for effective corona control.
PAR  Preferably, the shields are cylindrical and completely surround their
      respective lengths of fuse.
PAR  The housing is preferably split along a radial plane between the spaced
      ends of the shields. A gasket is provided at the joint between the split
      housing portions and with a part thereof positioned axially between the
      spaced shield ends. This provides an adequate dielectric, and better
      control over that dielectric, between the spaced ends of the shields,
      again to enhance corona control.
PAR  The gasket performs an additional function in that it includes an inner
      generally cylindrical wall which closely engages the outer wall of the
      fuse, or other electrical device, in the housing. The gasket provides an
      effective anti-tracking barrier preventing the completion of a conductive
      path along the chamber walls between the spaced terminals of the fuse, in
      that the gasket itself provides a physical interruption at the interior
      chamber wall preventing the complete deposit of contaminants from one
      terminal to the other along that interior wall.
PAR  Although use with non-expulsion type interrupting devices is contemplated,
      it is possible that some gases may be evolved during the interruption
      process of those devices. To relieve pressures which may otherwise be
      built up during expulsion of such gases and to prevent an excessive
      pressure buildup, the gasket is adapted to permit the passage of gases
      from one side of the gasket to the other. This will equalize the pressure
      on both sides of the gasket preventing buildup on one side sufficient to
      rupture the enclosure or cause other damage. This is accomplished by
      providing small ribs on the interior wall of the cylindrical portion of
      the gasket so that, although the gasket closely engages the major portion
      of the outer fuse housing, small elongated openings are provided along
      that housing on each side of the rib. These openings are large enough to
      permit gas passage from one side of the gasket to the other but do not
      readily accept contaminant deposits. Should moisture attempt to pass
      through these openings, that moisture is kept to a small amount because of
      the opening size and will generally be vaporized by the heat generated by
      the fuse, particularly where the fuse is a current limiting sand fuse and
      the gasket engages the sand fuse around its center area in which
      interruption occurs. That area is a point of extremely high temperature
      upon interruption and the evaporation will occur due to that high
      temperature.
PAR  Beyond equalizing pressures, a vent is provided from the interior chamber
      of the housing to the ambient. The vent selectively opens the interior
      chamber to the ambient to exhaust pressures and reseals to prevent
      entrance of contaminants, all dependent upon the pressure within the
      enclosure.
PAR  In practice, the outer surface of the housing is provided with a
      conventional electrically conductive coating which is generally intended
      to be at ground potential. With the embedded shield as just described and
      while the fuse is in its on-line mode and before interruption, electrical
      stress occurs between the shields and the outer conductive coating. This
      invention places the electrical stress across the molded factory
      insulation and completely eliminates the air space in the interior chamber
      between the fuse structure and the interior chamber wall from the
      dielectric system. This allows the overall enclosure to be smaller in
      diameter and also gives far better control over the dielectric necessary
      to withstand the electrical stress from the expected line potential
      without the occurrence of corona.
PAR  When the fuse operates, one of the shields will be at line potential and
      the other shield is generally at ground potential, but here again any
      electrical stress is either between the shields themselves or the one
      shield and the conductive coating on the outside of the enclosure and,
      therefore, is always across factory controlled insulation.
DRWD
PAR  Other objects and advantages will be pointed out in, or be apparent from,
      the specification and claims, as will obvious modifications of the
      embodiments shown in the drawings, in which:
PAR  FIG. 1 is a side elevation of a housing embodying this invention;
PAR  FIG. 2 is an axial section through the housing and illustrating the
      interior structure of the housing with a fuse supported therein;
PAR  FIG. 3 is a section taken generally along line 3--3 in FIG. 2;
PAR  FIG. 4 is a top plan view of the gasket as it engages the outer walls of
      the fuse supported in the housing;
PAR  FIG. 5 is a section view taken generally along line 5--5 of FIG. 4;
PAR  FIG. 6 is a section view of the vent assembly;
PAR  FIG. 7 is an axial section view through an alternative embodiment of this
      invention; and
PAR  FIG. 8 is a radial section through an alternative embodiment of this
      invention.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  This invention has application to enclosed, non-expulsion fuses such as
      sand fuses and vacuum fuses and can also be used to enclose lightning
      arresters but is not limited to such electrical circuit elements. For
      convenience, and since the invention will probably find its widest and
      most immediate application in the area of enclosed, non-expulsion fuses,
      it will be described in that environment.
PAR  With particular reference to FIGS. 1 and 2, a molded fuse housing 1 is
      formed by housing halves 2 and 3. The fuse housing is molded from a
      suitable electrical insulating material which, in addition to its
      electrical insulating properties, also possesses good non-tracking
      characteristics. Such a material is available commercially under the name
      "Rosite."
PAR  The housing halves are joined at connecting flanges 4 and 6, the flanges
      abutting along a generally radial plane. Attachment of the connection
      flanges is made through nut and bolt sets 7 in aligned openings (not
      shown) in the abutting flanges. With housing 1 split along a generally
      radial plane, the halves 2 and 3 can be rotated relative to each other to
      vary their relative orientation to accommodate different location
      arrangements. Also, being split radially facilitates the assembly of a
      fuse into the housing.
PAR  Elbows 8 and 9 are provided at the opposite ends of the fuse housing and
      conventional bushing wells 11 and 12 are molded in the elbows. Conductive
      terminal assemblies 13 and 14 are provided in the elbows, the terminal
      assemblies communicating with the inner chamber 16 of the housing and also
      with the spaces defined in bushing wells 11 and 12. A vacuum fuse 10 is
      supported centrally within chamber 16. (The positioning of a conventional
      sand fuse 10' in the chamber 16 is illustrated by the phantom lines in
      FIG. 2.) Where the axial length of the vacuum fuse is less than the
      distance between terminal means 13 and 14 through chamber 16, connection
      adapters 20 are provided within the chamber to make the electrical
      connection between the end terminals 10a and 10b of the vacuum fuse and
      the terminal means 13 and 14. (As can be seen in FIG. 2, the sand fuse has
      terminals 16a' and 16b' which engage directly in the terminal means 13 and
      14.)
PAR  The interior structure of both the vacuum fuse and the sand fuse is
      conventional and the details thereof are not necessary to a complete
      understanding of this invention and therefore have not been illustrated
      and will not be described.
PAR  A conductive coating 15 is provided over the outer surface of housing 1 and
      is generally intended to be at ground potential when the enclosed fuse
      assembly (fuse 10 and housing 1) is connected on-line. Again, this is a
      conventional connection and is not necessary to a complete understanding
      of this invention so it has not been further illustrated nor will it be
      further described.
PAR  Gasket 17, preferably made of silicone rubber, is positioned at the joint
      between flanges 4 and 6. The gasket seals the joint against entrance of
      moisture into chamber 16 and also performs an electrical function which
      will be described hereinafter.
PAR  Conductive shields 18 and 19 are embedded in housing halves 2 and 3,
      respectively. The housing is generally circular in transverse cross
      section and consistent with that shape the axially extending portion of
      shields 18 and 19 are generally cylindrical. Each shield includes a
      radially disposed end 21 and 22. These ends 21 and 22 make electrical
      contact with shoulders 23 and 24 on terminals 13 and 14, respectively. The
      ends 25 and 30 of the shields terminate in axial spaced relation, i.e.,
      axially spaced relative to the longitudinal axis of housing 1.
PAR  Gasket 17 includes a generally annular flange 26 which, as can be seen in
      FIG. 2, extends into the space between shield ends 25 and 30.
PAR  When the fuse is in its on-line mode of operation, i.e., has not
      interrupted, an electric circuit is completed from terminal 13 through the
      fuse assembly to terminal means 14. Shields 18 and 19 are connected to
      terminal means 13 and 14 and are at the same potential as the opposite
      ends of the fuse structure. With the fuse on-line, there is virtually
      little voltage drop across the fuse and correspondingly little voltage
      across the shields. In the on-line mode the voltage stress would occur
      from the fuse to the exterior surface 15; however, with the shields 18 and
      19 being at the same potential as the fuse structure, there is virtually
      no voltage stress between the shields and the fuse and, correspondingly,
      across the air space between the fuse and the inner walls of chamber 16.
      All voltage stress occurs between shields 18 and 19 and the outer housing
      surface 15 so that the voltage stress is across the factory molded
      insulation which can be predesigned to adequately withstand the expected
      voltage stress without the occurrence of corona. This completely
      eliminates the air space from the dielectric of the fuse assembly
      affording more effective control over the occurrence of corona and,
      moreover, permitting the housing to have a minimum diameter since the
      normally occurring air space does not have to be calculated into the
      dielectric necessary to withstand the voltage stress without the
      occurrence of corona, and can be held to an absolute minimum. Again, the
      dielectric being provided solely by the factory molded insulation between
      the conductive shields and the outer wall 15 of the housing affords more
      precise design and a dielectric which is virtually free of any variance
      over the life of the housed fuse.
PAR  Ends 25 and 30 of the conductive shield are spaced apart so as not to
      establish a closed circuit between terminals 13 and 14 through the
      conductive shields. Thus, when the fuse operates and interrupts the
      electrical circuit through the assembly, line current will not find a path
      through the electrical shield and reliable circuit interruption is
      achieved. The spacing between ends 25 and 30 is selected such that they
      will be close enough to permit fringing of the dielectric flux lines
      between those opposed ends without appreciable penetration into chamber 16
      which could result in creation of corona. This fringing occurs while the
      fuse is still in its on-line mode and cooperates in providing a shielding
      bridge through the axial space between the ends.
PAR  Using the Rosite type material for the housing, a spacing between ends 25
      and 30 in the range of 1/4 to 2 inches has given satisfactory results both
      from the standpoint of providing the desired fringing effect and in
      maintaining an open circuit in the interrupted mode of the fuse.
PAR  After the fuse interrupts, and assuming that terminal means 13 is connected
      to the line and terminal means 14 is connected to the equipment to be
      protected, shield 18 will be at line potential and shield 19 will
      generally be at ground potential. In this mode, all electrical stress will
      now occur between shields 18 and 19 and between shield 18 and the outside
      of the housing 1. Again, the voltage stress occurs across factory molded
      insulation so that adequate control over occurrence of corona is achieved
      even after interruption even though occurrence of corona in that mode is
      not particularly critical. It is not critical because any condition will
      be temporary as the blown fuse will be replaced by a new fuse as soon as
      the line is re-established.
PAR  The positioning of flange 26 of the gasket between the spaced ends 25 and
      30 of the shield is a further factor in enhancing protection against the
      occurrence of corona. If only a butt joint between the flanges was
      provided without the gasket being present between the spaced ends, the
      butt joint would constitute an air space in the dielectric between the
      shield ends. The breakdown voltage for an air space is generally in the
      neighborhood of 70 V/mil. With that relatively low voltage breakdown
      strength, corona could occur. By positioning a portion of the gasket in
      the joint, the breakdown is considerably increased. With the silicone
      rubber gasket positioned as illustrated, the voltage breakdown is
      approximately 300-400 V/mil and adequately reduces the possibility of the
      occurrence of corona in that area before and after interruption. In the
      on-line mode the gasket contributes to the provision of the desired
      fringing effect discussed above.
PAR  As was previously mentioned, the Rosite material has anti-tracking
      properties to minimize the possibility of a conductive path forming on the
      inner walls of chamber 16 between the spaced terminal means 13 and 14.
      Gasket 17 has an additional function in that it also provides a physical
      interruption in any path between terminal means 13 and 14 to prevent
      completion of a conductive path therebetween by any deposited
      contaminants. Specifically, the gasket includes central body 27 which
      closely engages around the outer central body 25 of fuse 10. As
      illustrated the central body is compressed between the walls of chambers
      16 and fuse body 25 providing a substantial sealed area at that point
      which cannot receive contaminants thereby interrupting any direct path
      between the terminal means. At this point, it should be appreciated that
      should a vacuum fuse or any fuse of lesser diameter be used, the gaskets
      with inner diameters reduced accordingly are used and the radial extension
      of the annular flange 26 is increased. Although a tight seal is not
      provided between the central body and the walls of chamber 16 in this
      variation, the annular flange still provides a physical barrier between
      the housing halves preventing the buildup of the contaminant conductive
      path.
PAR  The pressures in chamber 16 on opposite sides of the gasket may experience
      increases in the on-line mode and during interruption mode of the fuse. It
      is desirable that these pressures not be allowed to increase to a point
      sufficient to rupture the housing 1 or cause internal damage. To this end,
      a plurality of spaced ribs 28, in this case three, are provided on the
      inner wall 29 of the gasket body. As can be seen in FIG. 4, although the
      major portion of the inner wall 29 closely engages the fuse, openings 31
      are provided on each side of the rib. These openings extend axially
      relative to the longitudinal axis of the housing and are relatively small
      so that they will readily pass gases from one side of the gasket to the
      other but will not readily accept contaminants. The gases can then flow
      freely to equalize pressures and prevent an excessive pressure buildup on
      one side or the other of the gasket.
PAR  It should also be noted, that should moisture occur within the fuse housing
      and attempt to pass through the openings 31, only a small amount of
      moisture at any given time can enter the openings because of the opening
      size. This relatively small amount of moisture will generally be
      evaporated by heat generated in the fuse, particularly when the fuse
      interrupts as the central body portion 25 experiences an intensive heat
      buildup upon interruption.
PAR  In order to further insure against buildup of excessive pressures in
      chamber 16, a vent 32 is provided in the housing. Vent 32 includes a body
      36 which threads into opening 34 in boss 33 in housing half 3. A similar
      boss 33 can be seen on housing half 2, this boss is not provided with an
      opening and a vent. It merely is present because the same mold is utilized
      in molding both housing halves. A second vent assembly 32 can be provided
      at that boss if desired.
PAR  Vent 32 includes a cap 37 which carries a sealing ring 38. Post 44 threads
      into an opening 41 in cap 37. Compression spring 42 is seated between the
      head of post 44 and an inner shoulder 43 in vent body 36. The compression
      spring normally biases sealing ring 38 into engagement with seat 43 to
      seal the interior chamber 16 against entry of contaminants from the
      ambient. Pressure buildup within chamber 16 above a preselected value will
      act on cap 37 and automatically lift sealing ring 38 from its seat 43
      venting the built up gases to the atmosphere. When the pressure falls
      below the preselected level, the cap and sealing ring automatically reseat
      sealing the interior chamber 16 from ambient contaminants.
PAR  With reference to FIG. 7, an alternative arrangement of the conductive
      shields has been illustrated. In this embodiment, the fuse 49 again is
      positioned within a chamber 48 in a housing 47 of electrical insulating
      material, e.g., Rosite. Fuse 49 is positioned within chamber 58 and is
      connected through terminal means 52 and 53 to line and to the apparatus to
      be protected. In this arrangement, conductive shields 54 and 56 are again
      generally cylindrical but one overlaps the other so that the spacing
      therebetween relative to the longitudinal axis of the housing is not axial
      as in the previously described embodiment, but is in a radial direction.
      Shield 54 is connected to one terminal 58 of the fuse by a pigtail 61. The
      shield 56 is connected to the opposite terminal 59 of the fuse by a
      pigtail 62.
PAR  It will be seen that when fuse 49 is in its on-line mode, the electrical
      stress occurs between shields 54 and 56 and conductive coating 57 on the
      exterior walls of housing 47. When the fuse is in its interrupted mode,
      shield 54 is at line potential whereas shield 56 will generally be at
      ground potential as is the conductive coating 57. Accordingly, the
      electrical stress is between shields 54 and 56 and between shield 54 and
      the outer coating 57. If the assembly is reversed so that terminal 59 is
      at line potential when interruption occurs, then shield 56 is at line
      potential and shield 54 at ground. Electrical stress is then between
      shield 56 and shield 54 and shield 56 and coating 57. Again, the entire
      shields are embedded wholly within the molded insulation material of the
      housing, with the exception of pigtails 61 and 62 which engage the
      terminals, and in both discussed connection conditions all voltage stress
      occurs across factory molded insulation so that corona can be adequately
      controlled. Again, the air space in chamber 48 between fuse 49 and the
      chamber walls is eliminated from the dielectric for effective control and
      for a minimum diameter on the entire overall assembly.
PAR  In both embodiments the shields are made of a carbon filled epoxy. One
      further advantage of the complete embedding of the shields in the molded
      insulation is that a wide variety of conducting materials can be used,
      i.e., from high impedance material to conductive metal.
PAR  Materials other than fiber glass thermo-set resins such as Rosite can be
      used for the housing. For example, an epoxy resin could be used in which
      case a voltage test point such as that disclosed in U.S. Pat. No.
      3,343,153, and assigned to the assignee of this application, could be
      utilized to check for a blown fuse. Also, test points could be provided in
      elbow connections which are used with the housing and to check for a blown
      fuse.
PAR  Although this invention has been illustrated and described in connection
      with particular embodiments thereof, it will be apparent to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the spirit of the invention or from the scope of
      the appended claims.
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STM  We claim:
NUM  1.
PAR  1. Apparatus of the type described comprising in combination,
PA1  a housing of electrical insulating material including means defining an
      interior chamber and means defining first and second spaced terminal means
      communicating with said chamber,
PA1  an electrical device positioned in said chamber and connected to said
      terminal means, said electrical device completing an electrical circuit
      between said terminal means under normal circuit conditions and operative
      to interrupt said electrical circuit at a preselected abnormal circuit
      condition,
PA1  first and second shields of electrically conductive material each
      electrically connected to a respective one of said terminal means, said
      shields positioned wholly within and completely surrounded by the material
      of said housing,
PA1  and said first and second shields being spaced apart so that a closed
      electrical circuit between said first and second terminals does not exist
      through said shields,
PA1  so that both when said electrical device completes and interrupts said
      electrical circuit all voltage stress occurs from said shields across the
      housing material and not from the electrical device and across any part of
      the chamber.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said apparatus is generally elongated
      and said shields include ends which, relative to the longitudinal axis of
      said apparatus, are spaced axially from each other.
NUM  3.
PAR  3. The apparatus of claim 1 wherein
PA1  said housing is formed by first and second portions joined along a
      generally radial plane,
PA1  and said shields include ends which are positioned on opposite sides of
      said plane.
NUM  4.
PAR  4. The apparatus of claim 3
PA1  including a gasket at said joint between said first and second housing
      portions,
PA1  and wherein a portion of said gasket is positioned between the spaced ends
      of said shields forming a portion of the dielectric between said shield
      ends.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said housing is generally circular in
      transverse cross section and said shields are generally cylindrical.
NUM  6.
PAR  6. The apparatus of claim 3 wherein
PA1  said gasket includes a generally annular flange portion and a central body
      portion,
PA1  and said central body portion closely engages the outer surface of said
      electrical device to divide the housing chamber into two portions and
      interrupts a direct path between said first and second terminal means
      along the walls of said chamber.
NUM  7.
PAR  7. The apparatus of claim 6 including a plurality of spaced projections on
      said gasket body portion engaging said outer surface and defining limited
      openings on each side of each of said projections, said openings extending
      between the divided portions of said chamber.
NUM  8.
PAR  8. The apparatus of claim 7 including vent means carried by said housing
      and operative to seal the chamber from the ambient under a preselected
      pressure condition and open said chamber to said ambient above said
      preselected pressure condition.
NUM  9.
PAR  9. The apparatus of claim 8 wherein
PA1  said vent means includes a movable seal and biasing means connected to said
      movable seal and biasing said movable member against said pressure in said
      chamber toward a sealed position.
NUM  10.
PAR  10. The apparatus of claim 3 wherein said shields overlap and are spaced
      radially.
NUM  11.
PAR  11. Apparatus of the type described comprising in combination,
PA1  an elongated housing of electrical insulating material including means
      defining an interior chamber and means defining first and second spaced
      terminal means communicating with said chamber,
PA1  an electrical device positioned in said chamber and connected to said
      terminal means, said electrical device completing an electrical circuit
      between said terminal means under normal circuit conditions and operative
      to interrupt said electrical circuit at a preselected abnormal circuit
      condition.
PA1  first and second shields of electrically conductive material each
      electrically connected to a respective one of said terminal means, said
      shields positioned wholly within and completely surrounded by the material
      of said housing,
PA1  said housing being formed by first and second portions joined along a
      generally radial plane,
PA1  said shields including ends positioned on opposite sides of said plane and
      spaced from each other,
PA1  so that both when said electrical device completes and interrupts said
      electrical circuit all voltage stress occurs from said shields across the
      housing material and not from the electrical device and across any part of
      the chamber,
PA1  a gasket positioned at said joint between said first and second housing
      portions with a portion of said gasket positioned between the spaced ends
      of said shields and forming a portion of the dielectric between said
      shield ends,
PA1  and said first and second shields being spaced so that a closed electrical
      circuit between said first and second terminals does not exist through
      said shields but being closely adjacent so that dielectric flux lines
      fringe between said ends without substantial penetration into said
      chamber.
NUM  12.
PAR  12. Apparatus of the type described comprising in combination,
PA1  a housing including an interior chamber and first and second spaced
      terminal means communicating with said chamber,
PA1  an electrical device positioned in said chamber and connected to said
      terminal means, said electrical device completing an electrical circuit
      between said terminal means under normal circuit conditions and operative
      to interrupt said electrical circuit at a preselected abnormal circuit
      condition,
PA1  said housing being formed by first and second portions joined along a
      generally radial plane,
PA1  a gasket at said joint between said first and second housing portions,
PA1  said gasket includes a central body portion closely engaging the outer
      surface of said electrical device to divide the housing chamber into two
      portions and interrupting a direct path between said first and second
      terminal means along the walls of said chamber.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said gasket also includes a generally
      annular flange portion positioned in said joint between said housing
      halves.
NUM  14.
PAR  14. The apparatus of claim 13 including a plurality of spaced projections
      on said gasket body portion engaging said outer surface and defining
      limited openings on each side of said projection, said openings extending
      between the divided portions of said chamber to permit gases to pass
      therebetween and equalize pressures on opposite sides of said gasket.
NUM  15.
PAR  15. The apparatus of claim 14 including vent means carried by said housing
      and operative to seal the chamber from the ambient under a preselected
      pressure condition and open said chamber to said ambient above said
      preselected pressure condition.
NUM  16.
PAR  16. The apparatus of claim 15 wherein
PA1  said vent means includes a movable seal and biasing means connected to said
      movable and biasing said movable member toward said seal position and
      against said pressure in said chamber.
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PAL  A thermally responsive electrical switch characterized by low cost and long
      reliable service life includes a precalibrated snap-acting thermostatic
      member which is positioned outside the electrical circuit of the switch in
      heat-transfer relation to heater terminal means in the switch, whereby the
      member is economically mounted without requiring calibration during or
      after switch assembly and is arranged to avoid the deleterious effects of
      high current surges in the switch but is responsive to the occurrence of
      selected current levels in the switch to open the switch with snap action.
      Preferably spring biased cam means cooperate with the snap-acting member
      to permit initial snapping movement of the member while the member is free
      of significant loading, thereby to assure that such snapping movement
      occurs at precisely predetermined temperatures throughout the life of the
      switch.
BSUM
PAR  In thermally actuated switches of the snap-acting type which are intended
      to open circuits on the occurrence of selected current levels in the
      circuits, it is important that the switches be adapted to operate at
      precisely predetermined temperatures. However, in conventional switches of
      this type wherein thermally-responsive snap-acting members are commonly
      arranged within the electrical circuits of the switches, it has usually
      been necessary to calibrate the switches after securing the thermally
      responsive members in the switch circuits in order to assure that the
      switches operate at the desired temperatures. Such switch calibration is
      time consuming and expensive to perform. Further, if such a switch cannot
      be calibrated to the desired temperatures after assembly, the entire
      switch assembly must normally be discarded, adding further to the cost of
      such switches. In such conventional switches, the temperature responsive
      characteristics of the snap-acting members have also tended to vary during
      use as the members have been subjected to high current surges and to
      significant loading of the members during snapping movement of the
      members.
PAR  Accordingly, an object of the invention is to provide a thermally
      responsive switch which requires no calibration. Another object of the
      invention is to provide a switch wherein the current path is isolated from
      the snap-acting thermostatic disc. Another object of the invention is to
      provide a thermostatic switch with improved means for mounting the
      thermostatic element. Still another object of the invention is to provide
      a reliable, easily manufactured switch made up of a minimum number of
      parts. Other objects and features will be in part apparent and in part
      pointed out hereinafter.
PAR  The switch of this invention comprises a snap-acting thermostatic disc
      which is a non-current carrying member of the device and therefore not
      connected or mounted to any other current carrying elements of the switch.
      The switch also may have a cam and spring which work in conjunction with
      the disc to facilitate the switching. When a heat buildup occurs the disc
      snaps hitting a movable contact arm and thus bringing a movable contact
      out of engagement with a stationary contact. The snapping of the disc
      allows the cam to rotate to a position where the cam acts as a positive
      stop to the movable contact arm trying to come back into engagement with
      the stationary contact thereby removing loading from the disc. It is not
      until the disc cools down and snaps back again moving the cam back to its
      original position that the movable contact arm can return the movable
      contact back into engagement with the stationary contact. The thermally
      responsive switch requires no calibration during or after switch assembly
      because the preselected response temperature range of the bimetallic
      element is not altered during switch assembly. Also since the bimetallic
      element does not carry current, it is much more resistant to changes in
      its electrical and thermal properties. Further, because the disc is freed
      of significant loading as snapping movement of the disc is initiated, the
      snapping of the disc occurs at precisely predetermined temperatures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan elevation view showing the thermally responsive switch
      made in accordance with this invention with the cover partially cut away
      and with the movable contact in the open position;
PAR  FIG. 2 is a plan elevation view similar to FIG. 1 of the thermally
      responsive switch made in accordance with this invention with the movable
      contact in the closed position;
PAR  FIG. 3 is an enlarged partial section view along line 3--3 of FIG. 1
      showing a switch cam in one position;
PAR  FIG. 4 is similar to FIG. 3 with the cam held in another position by the
      movable contact arm;
PAR  FIG. 5 is a perspective view of the current carrying path of the switch of
      this invention;
PAR  FIG. 6 is a perspective view of the cam; and
PAR  FIG. 7 is similar to FIG. 3 with the cam in the furthest downward position.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, numeral 10 as shown in FIGS. 1 and 2 illustrates
      the switch of the present invention. The casing 12 made out of an
      insulating material such as a phenolic resin or bakelite has various slots
      at different levels to receive the components of the switch and a large
      central cavity 20 to allow room for the movement of the components and for
      heat transfer within the cavity 20. Thus, a first long narrow rectangular
      slot 14 extending from the cavity 20 exteriorily to the end of the casing
      houses stationary contact terminal 16 made out of an electrically
      conductive material such as silver. An end portion 17 of the terminal 16
      extends out of the casing 12 at one end so as to be easily attached in a
      circuit where needed. The terminal is pressfitted or cemented or otherwise
      secured in the slot 14 in any conventional manner.
PAR  A second U-shaped slot 18 which opens into the large central cavity 20 as
      shown in FIGS. 1 and 2 houses a fixed end portion 22 (see FIG. 5) of a
      movable contact arm 24 made out of a spring material such as beryllium
      copper so that the main portion of the arm extends in cantilever relation
      into the casing cavity 20. On the distal end away from the fixed end
      portion 22 of the movable arm 24 is mounted a movable contact 26. This
      contact 26, preferably formed of a material of high electrical
      conductivity such as silver, is welded or otherwise secured to the contact
      arm 24 and positioned by the resiliently biased movable arm so that the
      contact is normally in engagement with the stationary contact terminal 16
      in the as assembled state of the switch 10. That is, although the arm
      portion 22 is slidably received in slot 18, interfitting of the end
      portions 22 of the contact arm in slot 18 precisely positions the contact
      arm in the switch 10 so that the arm is adapted to provide and to permit
      selected movement of the contact 26 within the switch. Arm 24 is located
      closely adjacent a bimetallic member 40 to be discussed further later.
PAR  Another slot 28 holds a heater terminal 30 as shown in FIG. 1. See also
      FIG. 5. The heater terminal 30 has three portions, a top 32, a middle 34
      and bottom 36, each of which are at right angles to the other two portions
      as best shown in FIG. 5. On the end of the heater terminal opposite the
      end extending out of the casing 12 preferably is attached a heater element
      i.e., main winding heater element 38. The heater element is attached as by
      welding between the end of the bottom portion 36 of the heater terminal 30
      and the end portion 22 of the movable contact arm 24. If no heater element
      38 of special electrical resistance material is used, a portion of the
      heater terminal 30 with a longer bottom 36 would be attached directly to
      the end portion 22 of the movable contact arm 24, this longer portion of
      the terminal serving as a heater means as will be understood. The position
      of the heater element is preferably generally parallel and closely
      adjacent in heat transfer relationship with bimetallic member 40 as shown
      in FIGS. 1 and 2. The heater element is formed of any one of a variety of
      materials of selected electrical conductivity so that the element is
      adapted to generate a predetermined amount of heat in response to selected
      flow of electrical current through the element 38. For example, the heater
      element 38 is preferably formed of rigid cold-rolled steel to provide the
      element with selected electrical heating characteristics. Alternately,
      heater elements of other rigid metals or the like are used for providing
      the heater with different electrical properties within the scope of this
      invention.
PAR  In accordance with this invention, an elongate snap-acting bimetallic
      thermostatic member 40 is positioned between heater element 38 and contact
      arm 24 as shown in FIGS. 1 and 2. The thermostatic member preferably has
      certain features which are conventional in snap-acting bimetallic
      thermostatic members of well known types. That is, the member has a dished
      portion indicated at 40.1 and has one layer of metal of low thermal
      coefficient of expansion (not individually shown) bonded to another layer
      of metal of relatively much higher coefficient of thermal expansion.
      Accordingly, it will be understood that the dished part of the member is
      adapted to move with snap-action from one dished configuration to an
      inverted dished configuration as the member is heated and to return with
      snap action to its original dished configuration when the member is
      subsequently cooled. Typically, the member 40 is adapted to snap from its
      original dished configuration when heated to a first selected temperature
      and is adapted to return with snap-action to its original dished
      configuration when subsequently cooled to a second, relatively lower
      selected temperature. Typically also the member 40 is adapted to undergo
      some small conventional creeping movement as the member is heated or
      cooled toward the selected temperatures at which such snap action occurs.
PAR  In accordance with this invention, the member 40 has a bent end piece or
      tab 42 or the like fitted into a slot 44 in the casing 12 to locate the
      member in the switch 10. That is, although the slot 44 slidably receives
      the tab end 42 of the member, the tab end and the slot are precisely
      interfitted to retain the member in a precise position with the main body
      portion of the member extending in cantilever relation into the casing
      cavity 20 in a plane generally parallel to, and in a selected, closely
      spaced heat-transfer relation to, the heater element 38 and with a part
      such as the distal end 43 of the member disposed in a selected position
      adjacent to the contact arm 24. A cover of insulating material or the like
      indicated at 45 is then secured to the casing 12 by ultrasonic welding or
      in other conventional manner for further securing the member 40 and other
      switch components within the casing.
PAR  In this arrangement, the thermostatic member 40 is not welded or otherwise
      attached to any current-carrying elements of the switch 10 but is adapted
      to receive heat from the heater element 38 which is proportional to the
      level of electrical current flow in the heater element. That is, when
      current in the switch 10 flows from terminal 32 through heater 38, contact
      arm 24, contact 26 and terminal 16 while switch 10 is in the closed
      circuit positions as shown in FIG. 2, the member 40 is thermally
      responsive to changes in temperature of the heater element caused by such
      current flow. Accordingly, the member 40 is adapted to move with
      snap-action from the dished configuration shown in FIG. 2 to the inverted
      dished configuration shown in FIG. 1 when current flow in heater 38
      reaches a selected level. In this arrangement, a part of the member 40
      such as the distal end 43 of the member is also adapted to engage the
      contact arm 24 as the member snaps from its original configuration,
      thereby to move the contact arm 24 to the open circuit or contacts
      position illustrated in FIG. 1. For example, when the terminals of the
      switch 10 are disposed in series with the main winding of an electrical
      motor the switch 10 is adapted to open the motor winding circuit on the
      occurrence of an overload main winding current.
PAR  In the construction of the switch 10 above described, the thermostatic
      member 40 is easily provided with, and tested to assure the presence of,
      selected thermal response characteristics prior to installation of the
      member in the switch 10. The mounting of the member in the switch does not
      require welding of the member or the like and accordingly, the thermal
      response characteristics of the member are not significantly altered
      during installation in the switch and the heat-transfer mounting of the
      member relative to the heater element 38 is not subject to significant
      variation from switch to switch so that the switch 10 is thereby adapted
      to operate at precisely predetermined temperature levels. Further, the
      member 40 is not disposed in the switch circuit and is therefore spared
      any of the deleterious effects that might be caused by having excessive
      current flow through the thermally responsive member 40. That is, the
      member 40 is responsive to current flow in the switch circuit and is
      adapted to open that circuit when current in the circuit reaches a
      selected level but the member does not tend to become excessively
      overheated or otherwise damaged on the occurrence of high current surges
      in the switch circuit. Of course, when the member 40 has moved with
      snap-action to open the switch circuit as above described, current in the
      heater element is interrupted and the member 40 is then gradually cooled
      to ultimately return with snap-action to its original dished configuration
      and to permit the contact arm 24 to resiliently return the contact 26 to
      its closed circuit position with snap-action. In this way, the switch 10
      achieves reliable operation over a long reliable service life while
      utilizing an extremely low-cost switch construction.
PAR  In accordance with this invention a cam 46 is preferably used to allow
      member 40 to be free from external forces when the above-described
      snap-acting movement of the member is initiated. In this way, the switch
      10 is adapted to operate at more precisely predetermined temperatures and
      the member is adapted to retain its original thermal response
      characteristics throughout a longer service life. Cam 46 as best shown in
      FIG. 6 is made up of a nose portion 48, a central body 50 and a tab
      section 52. Central body 50 has a bored out hole 58 through it in which a
      shaft 54 such as nylon is inserted and which acts as the point around
      which the cam rotates. The two ends of shaft 54 which extend out of hole
      58 on each side rest in slots 55 formed in bosses 57 on casing 12 which
      extend into the casing cavity 20. A single loop spring 56 biases cam 46 to
      rotate to a certain limited extent in a counter clockwise direction as
      viewed in FIG. 6 but permits the cam to be rotated in a clockwise
      direction by the application of force on the cam tab 52 as will be
      understood. If desired, a cam stop 50.1 is arranged to engage the wall of
      the casing 12 for limiting rotation of the cam in a clockwise direction
      while the shape of the spring 56 provides a selected degree of rotation in
      the opposite direction.
PAR  In accordance with this invention, the cam 46 is mounted and proportioned
      so that the cam 46 is allowed to rotate to a first or up cam position as
      shown in FIG. 3 when bimetallic member 40 snaps to the open contacts or
      circuit position shown in FIG. 1. Immediately after arriving at this up
      position, cam 46 is not in contact with either member 40 or arm 24.
      However, shortly thereafter bimetallic member 40 starts to cool off as a
      result of opening of the switch circuit and consequently starts to creep
      back a short distance toward the closed contact position in a manner
      conventional with such thermostatic members as has been previously noted.
      At this point, before the bimetallic member cools to the closure
      temperature at which time it snaps back to allow the contacts 26, 16 to
      come into engagement again, arm 24 is stopped from following the creeping
      bimetallic member as shown in FIG. 3 by engagement with the nose 48 of cam
      46. That is, the resiliency of contact arm 24 tending to move the arm to
      its closed circuit or contacts position, as related to the direction in
      which the force of the arm 24 is applied to the arm relative to the cam
      shaft 54, is insufficient to overcome the spring 56. Therefore, at this
      point, member 40 no longer has a closure force exerted on it by arm 24 and
      therefore only the thermal characteristics of the bimetal composite member
      40, as predetermined by material selection and configuration, control the
      reclosing temperature of the member 40. Accordingly, the member 40 is
      adapted to snap back to the configuration shown in FIG. 2 only when the
      member 40 has cooled to precisely its predetermined closure temperature.
PAR  When member 40 then subsequently hits its reclosing temperature, it snaps
      back to the contacts closed position shown in FIG. 2. When the disk member
      40 snaps back it engages tab 52 on the cam and causes cam 46 to return to
      a second or down cam position as shown by FIG. 7 which in turn allows arm
      24 with contact 26 mounted on it to move back into engagement with
      stationary contact terminal 16 with snap action. At this point, the switch
      10 is in closed circuit position so that the member 40 is again adapted to
      be heated toward its reopening temperature as the current flow in heater
      30 tends to reach the operating level of the switch as above-described.
      Member 40 initially holds cam 46 in the down cam position until the member
      again starts to heat up and starts to creep a short distance toward the
      contacts open position. Cam 46 follows member 40 up during this creep
      action of the member until cam nose portion 48 engages and is stopped by
      an edge of arm 24 as shown by FIG. 4. At this point, member 40 is once
      again free from external forces and therefore only thermal characteristics
      of the member will control the opening temperature point of the member.
      Finally, when member 40 has been heated to its opening temperature and
      moves with snap-action to move the contact arm 24 to its open circuit
      position, movement of the contact arm releases edge engagement of the arm
      with the cam 46 and allows the cam to return to the position shown in FIG.
      3.
PAR  As has been noted, a cover 45 of a material preferably matching the casing
      12 is preferably used with the casing 12 as indicated in FIG. 1. If
      desired the case has a plurality of projections and slots complementary to
      the casing 12 and is used in a complementary manner with casing 12 to seal
      the device and hold the various components in place in the grooves or
      slots made for them in casing 12. The cover is affixed to the casing 12 as
      by ultrasonic or electron beam welding or the like.
PAR  Although the present invention has been shown and illustrated in terms of
      specific preferred embodiments, it will be apparent that changes and
      modifications are possible without departing from the spirit and scope of
      the inventions as defined in the appended claims. For example, tab section
      52 of cam member 46 can be removed and a manual reset button may be
      mounted on the casing to replace the automatic reset for the switch by tab
      52 and bimetallic member 40. Alternately an additional heater terminal can
      extend into the casing 12 between the terminals 16 and 32 and can extend
      in part in a plane along side the member 40 to connect to the contact arm
      portion 22, such an additional heater terminal being adapted to be
      connected to the start winding of an electrical motor for example. This
      invention includes all such modifications and equivalents falling within
      the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermally responsive switch comprising a casing, first terminal means,
      complementary terminal means cooperating with said first terminal means to
      define a current path through said switch, said complementary terminal
      means having a contact arm portion movable between positions engaging and
      disengaging said first terminal means to open and close said circuit path
      through said switch and resiliently biased to one of said positions, means
      on said casing slidably receiving said first and complementary terminal
      means for precisely locating said terminal means within said casing, a
      multilayer thermostatic member movable in a predetermined manner in
      response to predetermined changes in temperature thereof, and means on
      said casing slidably receiving said thermostatic member for precisely
      locating said thermostatic member outside said circuit path in position to
      move said terminal arm portion between said open and closed circuit
      positions in response to said selected changes in temperature of said
      member.
NUM  2.
PAR  2. A thermally responsive switch as set forth in claim 1 in which said
      multilayer thermostatic member is a snap-acting member movable from a
      first closed circuit position to a second open circuit position.
NUM  3.
PAR  3. A thermally responsive switch as set forth in claim 2 wherein said means
      on said casing for slidably receiving said first and complementary
      terminal means and said thermostatic member is a plurality of slots in
      said casing.
NUM  4.
PAR  4. A thermally responsive switch as set forth in claim 3 wherein said
      thermostatic member has a tab end which is secured in one of said casing
      slots for locating said member in said casing.
NUM  5.
PAR  5. A thermally responsive switch as set forth in claim 4 further comprising
      at least one heater element.
NUM  6.
PAR  6. A thermally responsive switch as set forth in claim 5 further including
      a cover.
NUM  7.
PAR  7. A thermally responsive switch comprising a casing with a plurality of
      slots to receive components of said switch, a snap-acting dish-shaped
      bimetallic member having one end slidably received for precise location in
      one of said slots and being movable at the other end from a closed
      contacts position to an inverted dish-shaped open contacts position, first
      terminal means slidably received for precise location by another of said
      slots, and complementary terminal means having a movable contact arm with
      a first end slidably received in still another of said slots and second
      end biased so that said arm positioned closely adjacent said bimetallic
      member has one end in contact with complementary terminal means when said
      member is in the closed contacts position, said complementary terminal
      means cooperating with said first terminal means to define a current path
      through said switch, said bimetallic member being spaced from said current
      path when switch carries current.
NUM  8.
PAR  8. A thermally responsive switch as set forth in claim 7 further comprising
      a cam which moves between a first cam position and a second cam position
      as said bimetallic member moves between said closed contacts position and
      said open contacts position thereby allowing said bimetallic member to be
      free from external forces from said arm when snapping from said open
      contacts position to said closed contacts position.
NUM  9.
PAR  9. A thermally responsive switch as set forth in claim 8 in which the cam
      has a tab portion which is engaged by said bimetallic member as said
      member moves from said open contacts position to said closed contacts
      position thereby moving said cam from said first position to said second
      position.
NUM  10.
PAR  10. A thermally responsive switch as set forth in claim 7 further
      comprising at least one heater element.
NUM  11.
PAR  11. A thermally responsive switch as set forth in claim 10 further
      including a cover with a plurality of projections and slots which work in
      complementary manner with said casing to hold the components in place.
NUM  12.
PAR  12. A thermally-responsive electrical switch adapted to open an electrical
      circuit in response to flow of selected current in the circuit, said
      switch comprising a casing of dielectric material having a bottom, having
      side-walls upstanding from said bottom to define a casing chamber, and
      having an open casing top, said casing having a pair of slots in a first
      one of said casing side-walls open at said casing top and extending from
      said casing chamber exteriorly of said casing, having an additional
      U-shaped slot in a second, opposite casing side-wall which is open at said
      casing top and which has its opposite ends opening into said casing
      chamber, and having a third L-shaped slot in said second casing side-wall
      which is open at said casing top and which has one of its ends opening
      into said casing chamber between said ends of said U-shaped slot, a first
      terminal slidably disposed in one of said pair of slots with one end of
      said terminal in said casing chamber and with an opposite terminal end
      extending from said casing, a second terminal having an end portion
      slidably disposed in the other of said pair of slots to extend from said
      casing, having a U-shaped portion slidably received in said U-shaped
      casing slot, having a heater portion extending between said U-shaped and
      end portions of said second terminal through said casing chamber, and
      having a resilient portion extending in cantilever relation from said
      U-shaped terminal portion into said casing chamber, said resilient arm
      portion being normally biased to engage said first terminal to close an
      electrical circuit through said switch and being movable to disengage said
      first terminal to open said circuit, and a thermostatic member having an
      L-shaped tab portion slidably received in said third casing slot and
      having a dish-shaped snap-acting portion extending in cantilever relation
      into said casing chamber in selected closely spaced heat-transfer relation
      to said heater portion of said second terminal, said snap-acting portion
      being normally disposed in a first dished configuration to permit said
      movable portion of said second terminal to remain in said closed circuit
      position but being adapted to be heated by selected current flow in said
      heater terminal portion to move with snap-action to an inverted dished
      configuration and to engage a distal end of said member with said movable
      portion of said second terminal to move said movable terminal portion to
      said open circuit position.
NUM  13.
PAR  13. A thermally responsive switch comprising a casing, a snap-acting
      dish-shaped bimetallic member movable from a closed contacts position to
      an inverted dish-shaped open contacts position, first terminal means,
      complementary terminal means cooperating with said first terminal means to
      define a current path through said switch, said complementary terminal
      means having a contact arm portion movable between said closed contacts
      position and said open contacts position, and a cam which moves between a
      first cam position and a second cam position as said bimetallic member and
      contact arm move between said closed contacts position and said open
      contacts position thereby allowing said bimetallic member to be free from
      external forces when snapping.
NUM  14.
PAR  14. A thermally responsive switch as set forth in claim 13 in which the cam
      has a tab portion which is engaged by said bimetallic member as said
      member moves from said open contacts position to said closed contacts
      position thereby moving said member from said first position to said
      second position.
NUM  15.
PAR  15. A thermally responsive switch as set forth in claim 14 further
      comprising at least one heater element.
NUM  16.
PAR  16. A thermally responsive switch as set forth in claim 15 further
      including a cover.
NUM  17.
PAR  17. A thermally-responsive electrical switch comprising a base, first
      terminal means mounted on said base, second terminal means mounted on said
      base having an arm movable between a closed circuit position engaging said
      first terminal means and an open circuit position spaced from said first
      terminal means, said arm being normally biased to one of said circuit
      positions, cam means mounted relative to said arm for movement between a
      first cam position permitting movement of said arm in response to said arm
      bias and a second cam position preventing movement of said arm in response
      to said arm bias, said cam means being normally biased to said second cam
      position and having a cam surface engageable for moving said cam means to
      said first cam position, and a multilayer thermostat metal member having a
      mounting portion and having a dished portion movable in response to
      changes in temperature of said member, said movable member portion being
      initially movable in a first direction with creep action and then with
      snap-action as said member is heated for moving said movable member
      portion from an original dished configuration to an inverted dished
      configuration and being initially movable in an opposite direction with
      creep action and then with snap-action as said member is subsequently
      cooled for returning said movable member portion to said original dished
      configuration, said mounting portion of said member being secured relative
      to said base, said member mounting permitting movement of said movable
      member portion in one direction with snap-action at a first temperature to
      engage and move said arm into said other circuit position against said arm
      bias and permitting movement of said cam means in response to said cam
      bias, permitting movement of said movable arm portion in the other of said
      directions with creep action at a second temperature to permit said arm to
      disengage said member from said arm while said arm is retained in said
      other circuit position by said cam means, and for permitting subsequent
      movement of said movable arm portion in said other direction with
      snap-action while said member is disengaged from said cam to engage said
      member with said cam surface to move said cam means to said first cam
      position to permit said arm to return to said one circuit position in
      response to said arm bias.
NUM  18.
PAR  18. A thermally-responsive electrical switch as set forth in claim 17
      wherein said cam means are mounted to be biased from said first cam
      position into engagement with a part of said movable arm when said arm is
      in said one circuit position for retaining said cam means in said first
      cam position and wherein said thermostat member mounting permits movement
      of said movable member portion in said one direction with creep action at
      a fourth temperature to disengage said movable member portion from said
      cam surface while said cam means are retained in said first cam position
      by engagement with said movable arm part, whereby said movable member
      portion is adapted to move with snap-action in said one direction at said
      first temperature while said member is free of engagement with said cam
      surface.
PATN
WKU  039463532
SRC  5
APN  5315972
APT  1
ART  213
APD  19741211
TTL  Mounting system for infrared tubes
ISD  19760323
NCL  10
ECL  10
EXP  Goldberg; E. A.
NDR  1
NFG  2
INVT
NAM  Gallagher; James G.
STR  110 Fell Ave.
CTY  N. Vancouver, British Columbia V7P 2J9
CNT  CA
CLAS
OCL  338318
XCL  248201
XCL  338273
XCL  338276
XCL  338322
EDF  2
ICL  H01C  1014
FSC  338
FSS  234;236;237;268;273;276;322;318
FSC  248
FSS  201
UREF
PNO  1031787
ISD  19120700
NAM  Hallock
OCL  338318
UREF
PNO  2072850
ISD  19370300
NAM  Andre
OCL  338273
UREF
PNO  2139786
ISD  19381200
NAM  Wiegand
XCL  338276
UREF
PNO  2562940
ISD  19510800
NAM  Packer
OCL  338236
UREF
PNO  2596837
ISD  19520500
NAM  Calvert
XCL  338318
UREF
PNO  2690491
ISD  19540900
NAM  Calvert
OCL  338236
LREP
FRM  Seed, Berry, Vernon & Baynham
ABST
PAL  A mounting system for an infrared tube or the like. The tube is supported
      by threaded bolts which axially extend from insulator plugs at each end of
      the tube. The tube is mounted by inserting one of the bolts into a bore in
      a mount until the insulator at the end of the tube contacts the inner
      surface of the mount. The bolt at the other end of the tube is then placed
      in axial alignment with a bore in another mount and inserted therethrough.
      The diameter of the bolts is substantially smaller than the diameter of
      the bores. A cylindrical sleeve having an internal diameter slightly
      larger than the diameter of the bolts and an external diameter slightly
      smaller than the diameter of the bores is inserted through each aperture
      to frictionally engage the bolts with their internal surfaces and the
      mounts with their outer surfaces. Electrical conductors are then secured
      to each bolt to supply electrical power to the tube.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to mounting structures for an infrared tube or the
      like and, more particularly, to a mounting system wherein an axial
      extension at each end of the tube serves as an electrical conductor as
      well as a tube support.
PAR  2. Description of the Prior Art
PAR  An infrared tube generally has a helical heating coil extending axially
      from one end of the tube to the other. The ends of the coil are then
      secured to electric terminals for supplying power to the coil. Mounts are
      placed at each end of the tube to support the tube in a predetermined
      position. The mounts should permit quick and easy installation and removal
      of the tube while at the same time holding the tube securely in place and
      providing a reliable electrical contact.
PAR  Prior art mounting structures are generally incapable of providing all of
      these features. In order to make the tube readily replaceable, the
      electrical contacts of the tube are often resiliently urged against the
      mount contacts. In time, dirt finds its way into the contact area to
      increase the intercontact resistance.
PAR  Prior art tubes having a reliable electrical contact, such as those
      employing soldering, prevent the tube from being easily replaceable.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a mounting system for
      an infrared tube which allows quick and easy installation and removal of
      the tube from the support structure.
PAR  It is another object of the present invention to provide a mounting
      structure in which a tube may be installed and removed without the use of
      specialized tools.
PAR  It is still another object of the present invention to provide a mounting
      system for an infrared tube which also provides electrical power to the
      heating element within the tube.
PAR  It is a further object of the present invention to provide a mounting
      system for an infrared tube that securely supports the tube while allowing
      the tube mounts to accommodate changes in the dimension of the tube from
      heating and cooling.
PAR  These and other objects of the present invention are accomplished by
      placing an insulator plug over the ends of a tube. Bolts are then inserted
      through axial bores in the plugs with their heads in the tube. Finally,
      the ends of a heating coil extending the length of the tube are fastened
      to the bolt heads.
PAR  A pair of spaced apart mounts are provided having an axial through-bore.
      The diameter of the through-bores is substantially greater than the
      diameter of the bolts.
PAR  The tube is mounted by inserting one of the bolts through a mount bore at
      an angle. After the opposite bolt clears the other mount, the tube is
      rotated upwardly to place the bolts in axial alignment with the bores. The
      tubes is then moved axially to insert the remaining bolt through its mount
      bore.
PAR  The bolts are frictionally fastened to the mounts by placing a sleeve over
      each bolt which frictionally engages both the bolts and the inside
      surfaces of the bores. A pair of electrical leads are then connected to
      the bolts to complete a circuit through the heating coil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is fragmentary cross-sectional view showing one end of an infrared
      tube mounted in operating position according to the present invention.
PAR  FIG. 2 illustrates in full lines the tube being installed and shows in
      phantom the installed position of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a cylindrical glass tube 2 encloses a helical
      heating coil 4 which extends from one end of the tube to the other. The
      dimensions of the glass tube 2 are not critical as to the present
      invention; various lengths and diameters of tubes can be supported by the
      mounting structure of the invention. Similarly, the thickness of the tube
      is not critical.
PAR  Cylindrical ceramic insulator plugs 10, 50 are provided at the ends of the
      tube 2 to hermetically seal the interior of the tube from the external
      environment. Each plug is stepped at an annular shoulder to provide a
      cylindrical portion of reduced diameter which fits into the interior of
      the tube 2 while the ends of the tube seat against the annular shoulder.
      Adhesive means is provided to securely hold the plugs 10, 50 in place and
      act as a sealant.
PAR  As part of the present invention, the plugs 10, 50 are provided with axial
      bores 11 through which bolts 6, 46 extend. Nuts 8 are threaded onto these
      bolts to damp the ends of the heating coil between the heads of the bolts
      and the nuts. The bolts are held against endwise movement relative to the
      plugs 10, 50 by nuts 12, 52 which bear against the outer ends of the
      plugs. Sealant is provided between the bolts 6, 46 and the walls of the
      bores 11 to assist in sealing the interior of the tube 2 from the
      environment.
PAR  Matching mounting assemblies 28, 68 are provided for opposed end plates 14,
      54 presented by the surrounding frame (not shown) and having apertures to
      receive ceramic insulator mount components 16, 56 of the assemblies. These
      mounts 16, 56 have annular center lands shouldering against the end plates
      14, 54 and are held in place by annular clamps 18, 58 which are bolted at
      their rims to the end plates 14, 54 and have a central outwardly dished
      portion bearing against the outer shoulder of the annular land of the
      mounts 16, 56.
PAR  The bolts 6, 46 extend through the bores 17, 57 in the mounts 16, 56. These
      bores are of a diameter greater than the diameter of the bolts 6, 46 to
      accommodate right and left sleeves 20, 60. As will be presently explained,
      the radial spaced occupied by the sleeve 20 is essential for installation
      of the tube assembly. On the other hand, the diameter of the bore 57 in
      the mount 46 is only larger than that of the bolts 46 for convenience of
      using matching mounts 16, 56 and bolts 6, 46 of like diameter.
PAR  A pair of nuts 22, 62 are threaded onto the bolts 6, 46 and clamp the
      sleeves 20, 60 against the nuts 12, 52. The axial forces exerted by the
      nuts 22, 62 force the sleeves 20, 60 against the nuts 12, 52, thereby
      locking the nuts 12, 52 in position. Similarly, the nut 8 is locked in
      position against the head of the bolt 6. therefore, the nuts 12, 52 do not
      exert pressure against the plugs 10, 50 when the sleeve retaining nuts 22,
      62 are torqued on the bolts 6, 46. A second pair of nuts 26, 66 are used
      to clamp electrical leads 24, 64 against the nuts 22, 62.
PAR  The manner of installation of an infrared tube according to the present
      invention is shown in FIG. 2, wherein it will be noted that the bolt 6
      extending from the right end of the tube 2 is purposely longer than the
      bolt 46 projecting from the left end thereof. This is preferred for
      maximum tube length, as will be hereinafter explained, but is not
      essential for a practice of the broader aspects of the invention. As
      indicated in FIG. 2, since the diameter of the bore 17 in the mount 16 is
      greater than the diameter of the bolt 6 as a consequence of the sleeve 20,
      the bolt 6 may be inserted through the bore 17 when the tube is tilted at
      an angle relative to the axis of the bore 17. While the tube is tilted as
      shown, the bolt 6 is inserted through the bore 17 until the nut 12
      contacts the mount 16. The tube assembly is next swung upwardly to place
      the other bolt 46 in axial alignment with the bore 57 in the mount 56, and
      the tube assembly is then shifted axially to the left to insert the bolt
      46 through the bore 57. Following this step, the sleeves 20, 60 are placed
      on the bolts 6, 46 and pushed endwise through the bores 17, 57 into
      engagement with the nuts 12, 52. Then the nuts 22, 62 are threaded into
      place snugly against the outer ends of the sleeves, thereby clamping the
      sleeves in place. With this arrangment, the nuts 22, 62 provide fixed
      seats against which the electrical leads 24, 64 may be clamped by the nuts
      26, 66. The completed assembly fixes the tube 2 in place and yet permits
      limited axial movement thereof if needed because of dimensional changes
      due to thermal expansion when the tube is hot.
PAR  As previously indicated in the illustrated embodiment, the left bolt 46 is
      shorter than the right bolt 6 to allow the longest possible length for the
      tube assembly for a given spacing between the insulator mounts 16, 56.
      Since the bolt 46 must clear the mount 56 to be inserted in the bore 57,
      the length of the tube assembly (including the plugs 10, 50 and nuts 12,
      52), plus the length of that portion of the left bolt 46 which projects
      beyond the nut 52, must be less than the spacing. Such axial projection of
      the bolt 46 must be at least as long as the width of the mount 56 plus the
      combined width of nuts 62, 66. It will be apparent that the maximum length
      of the tube assembly for an inter-mount spacing is the spacing minus the
      width of the mount 56 and minus the combined width of nuts 62, 66. This
      presumes that the spacer 60 is not any longer than the bore 57.
PAR  After the left bolt 46 has been inserted through the bore 57 by shifting
      tube assembly to the left, the right bolt 6 must still extend beyond the
      mount 16 an amount at least equal to the width of nuts 22, 26. Thus, if
      matching mounts and nuts are used at both ends, the right bolt 6 must
      extend beyond the nut 12 at least twice the combined width of mount 16 and
      nuts 22, 26.
PAR  In summary, bolt 6 must be larger than bolt 46 in order to provide the
      maximum length tube 2 in a given interinsulator spacing a. However, it is
      to be understood that this invention is not limited to bolts having
      differing lengths since the infrared tube mounting system of the present
      invention can be used with tubes having bolts of equal length if tube
      length is sacrificed for a given spacing between mounting points.
PAR  While the left end of the tube is shown as being similar in construction to
      the right end, this is not necessary for the practice of this invention.
      Since only one bolt 6 is inserted through the bore 17 at an angle, a
      sleeve 20 is necessary only for that bolt. The bolt at the left end of the
      tube can be given a smooth surface and a diameter approximately equal to
      the diameter of the bore 57. Identical parts are used on both ends of the
      tube here only for the convenience provided by standardization.
PAR  It is now apparent that the infrared tube of the present invention can be
      quickly and easily installed in the mounting structure by a relatively
      unskilled person using only a wrench. In addition, the frictional
      engagement provided by the mounting system of the present invention
      securely holds the tube in place while permitting thermal expansion and
      contraction and serves as an electrical terminal for providing power to
      the infrared tube.
CLMS
STM  The embodiments of the invention in which a particular property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In combination:
PA1  first and second axially aligned insulator mounts spaced apart a given
      distance and each formed with an axial through-bore,
PA1  an elongated tube containing a coil to be electrically energized,
PA1  first and second insulator plugs on the ends of said tube and each having
      an axial through-bore,
PA1  first and second bolts having their heads within said tube and their shanks
      extending through said respective plug bores and projecting endwise
      through said respective mount bores,
PA1  respective first means on the bolts for holding the ends of said coil
      beneath the heads of the bolts and for holding the bolts against movement
      relative to said plugs,
PA1  a spacer sleeve on the shank of the first bolt and extending into the bore
      of the first mount, and
PA1  respective second means threaded into the outer end of the shanks of the
      bolts for gripping an electrical lead, the axial distance from the outer
      end of the second bolt to the outer end of the first plug being less than
      said given distance and the thickness of the sleeve being sufficient to
      permit the tube to be removed after removal of said second means and the
      sleeve by first moving the tube axially toward the first mount until the
      second bolt is free of the second mount, then tilting the tube by way of
      the play of the first bolt in the bore of the first mount, and finally
      sliding the tilted tube away from the first mount to free the first bolt
      therefrom.
NUM  2.
PAR  2. A combination according to claim 1 in which said first means on each
      bolt comprises a first set of inner and outer spaced nuts threaded onto
      the bolt and engaging the inner and outer ends, respectively, of the
      respective insulator plug, the ends of the coil being clamped between the
      heads of the bolts and said inner nuts.
NUM  3.
PAR  3. A combination according to claim 2 in which said second means in each
      bolt comprises a second set of inner and outer nuts threaded onto the
      outer end portion of the bolt, said sleeve being clamped between the outer
      nut of the first set on the first bolt and the inner nut of the second set
      on the first bolt.
NUM  4.
PAR  4. A combination according to claim 1 in which there is a second spacer
      sleeve on the shank of the second bolt and extending into the bore of the
      second mount.
NUM  5.
PAR  5. A combination according to claim 4 in which said second means on each
      bolt comprises a second set of inner and outer nuts threaded onto the
      outer end portion of the bolt, said first-mentioned sleeve and second
      sleeve being clamped between the outer nut of the respective first set and
      the inner nut of the respective second set.
NUM  6.
PAR  6. A combination according to claim 1 in which said first bolt projects
      outwardly beyond the first plug farther than the second bolt projects
      outwardly beyond the second plug by an amount which is greater than the
      length of the bore through the second mount.
NUM  7.
PAR  7. The combination according to claim 1 in which said first plug is spaced
      inwardly from said first mount by a distance greater than the distance
      from the inner end of the second mount to the outer end of the second
      bolt.
NUM  8.
PAR  8. In combination:
PA1  an elongated tube,
PA1  a pair of dielectric plugs on the ends of the tube, each having an axial
      through-bore,
PA1  first and second bolts having their heads in the tube and their shanks
      projecting outwardly through and beyond the bores of said respective
      plugs,
PA1  a spacer sleeve receiving said first bolt outwardly of the respective plug,
PA1  a coil in the tube extending between the heads of said bolts,
PA1  means for holding said bolts against movement relative to the tube, plugs
      and ends of the coil, and
PA1  means threaded onto the first bolt for holding said sleeve against axial
      movement relative to the first bolt and for gripping an electrical lead.
NUM  9.
PAR  9. A combination according to claim 8 in which said first-mentioned means
      comprises a respective first set of inner and outer nuts threaded onto
      each bolt, with the inner nut clamping the respective end of the coil
      against the head of the bolt and being seated against the inner end face
      of the respective end plug and with the outer nut bearing against the
      outer end face of the respective end plug, said sleeve having its inner
      end seated against the outer nut of the respective set, and said
      second-mentioned means including a first nut bearing against the outer end
      of said sleeve and a second nut for clamping an electrical lead against
      said first nut.
NUM  10.
PAR  10. In combination:
PA1  a coil a tube housing the coil,
PA1  a dielectric end plug closing an end of the tube said plug having an axial
      through-bore,
PA1  a bolt extending through said plug bore,
PA1  a spacer on the bolt between the head of the bolt and the plug, one end of
      the coil being held between said head and the spacer, and the spacer
      bearing against the plug,
PA1  a nut threaded onto the bolt and clamping the plug between the nut and the
      spacer, and
PA1  a spacer sleeve on the bolt seated against said nut, a second nut threaded
      onto the bolt and bearing against the outer end of said sleeve, and a
      third nut threaded onto the bolt clamping an electrical lead against said
      second nut.
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ABST
PAL  1. A system of recording the passage of a vessel through a harbor entrance
     omprising a first plurality of equally spaced devices arranged transversely
      of the harbor entrance, said devices being adapted to respond to the
      potential field of a vessel as the vessel moves adjacent thereto, a second
      plurality of similar devices in alignment with the first devices and
      spaced midway therebetween respectively, third and fourth pluralities of
      similar devices alternately spaced midway between said first and second
      devices respectively and in alignment therewith, a pair of means
      respectively connected to said first and second and said third and fourth
      devices for receiving a response signal from said first and second devices
      and simultaneously receiving a response signal from said third and fourth
      devices respectively as the vessel moves adjacent thereto, means connected
      to said pair of means for adding said response signals together to produce
      a resultant signal, and recording means responsive to said resultant
      signal for producing a record indicative of the amplitude thereof.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  This invention relates to the art of harbor defense and more particularly
      to an improved method and apparatus for detecting and recording at a
      remote shore station the passage of a vessel through the harbor entrance.
PAR  It is well known by those skilled in the art that a steel vessel produces
      an underwater potential field as a result of the galvanic currents flowing
      by reason of the potential differences existing between metals in
      different positions in the electromotive series used in the ships
      construction when the metals are immersed in a salt solution such as sea
      water which may be detected by using electrodes placed in the water at
      points fairly remote from the vessel.
PAR  Prior art devices which employ electrodes for detecting and recording the
      passage of a vessel adjacent thereto have not been found to be entirely
      satisfactory under all conditions of service for the reason that there are
      certain "blind spots" in the detecting device (points midway between the
      electrodes at which a ship crossing over the detecting device is
      accomplished without producing a signal), or only very weak signals are
      received by the device for the reason that only one-half of the electrodes
      received the signal as in the case where the electrodes are placed at
      points outside the shipping channel and the path of travel of the vessel
      is parallel therewith.
PAR  The present invention contemplates a new and improved method and apparatus
      for detecting and recording the passage of a vessel through a harbor
      entrance wherein all of the advantages of the prior art methods and
      devices are retained and wherein, in addition thereto, provision for dual
      channel detection is provided whereby the blind spots of the prior art
      devices are obviated. Otherwise stated, the present invention has
      provision for a detecting device which may be quickly and easily installed
      on the bed of the water across a harbor entrance and which operates to
      record the passage of a vessel at any point thereover to produce a
      substantially uniform record.
PAR  One of the objects of the present invention is to provide a new and
      improved device for detecting and recording, at a shore station, the
      passage of a vessel through a harbor entrance.
PAR  Another object is to provide such a recording device which may be quickly
      and easily installed from a cable laying vessel across the harbor
      entrance.
PAR  Another object is to provide a ship detector at a harbor entrance for
      recording the passage of a vessel, which detector has no blind spots
      whereby a vessel may pass through the entrance without producing a signal.
PAR  A further object is to provide a dual channel detecting arrangement wherein
      a plurality of spaced electrodes disposed respectively therewithin across
      a harbor entrance receive signals of opposite polarity as the vessel
      traverses the electrode channels and wherein the respective channel
      signals are rectified and thereafter combine to produce a resultant signal
      for operating the recorder.
PAR  A still further object is to provide an electroresponsive system which when
      placed across a harbor entrance responds to the passage of a vessel
      therethrough and wherein the response thus obtained is uniform over the
      entire length of the system.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      be readily appreciated as the same becomes better understood by reference
      to the following detailed description when considered in connection with
      the accompanying drawings wherein:
PAR  FIG. 1 represents in diagrammatic form the preferred embodiment of the
      complete electrical system of the present invention for detecting and
      recording the passage of a vessel through a harbor entrance; and
PAR  FIG. 2 is a view partly in section of a portion of the cable and an
      electrode used in connection with the present invention.
DETD
PAR  In order that the features and advantages of the present invention may be
      better understood, a brief statement will first be made of the art to
      which the invention appertains. It has been the practice when detecting
      and recording the passage of a vessel through a harbor entrance to place a
      number of equally spaced electrodes along the bed and across the entrance
      of a harbor. These electrodes are arranged in communication with the
      surrounding water with alternate electrodes connected in parallel to form
      one side of the recorder input and the remaining electrodes of the system
      connected in parallel to form the other side of the input to the recorder.
      In such a system the maximum signal produced in the recorder occurs when
      the vessel moves directly over an electrode. When the vessel moves at a
      point midway between adjacent electrodes, the adjacent electrodes produce
      signals of opposite polarity and equal strength and thus balance the
      potential to each side of the recorder thereby to cancel out any signal at
      the recorder.
PAR  According to the arrangement of the present invention a pair of channels
      are provided, the first channel having equally spaced electrodes placed
      across the harbor entrance, each alternate electrode being connected in
      parallel to one side of a balancing potentiometer and the remaining
      electrodes being connected in parallel to the other side of the
      potentiometer.
PAR  A second channel is provided with the electrodes thereof placed midway
      between the electrodes of the first channel and with each alternate
      electrode of the second channel connected in parallel to one side of a
      second balancing potentiometer and the remaining electrodes connected in
      parallel to the other side of the second potentiometer. The movement of
      the potential field of the vessel over the electrodes induces a varying
      electrical signal in adjacent electrodes as the vessel passes thereover,
      which signals are rectified and combined in a manner to provide the
      resultant signal aforementioned for operating the recorder. Thus it will
      be apparent that the point of maximum response to a ship's potential field
      in one channel comes at the point of zero response in the other channel
      and the signature of a given vessel produced on the recorder is uniform
      throughout the full length of the channels.
PAR  Referring now more particularly to FIG. 1, there is shown thereon channels
      1 and 2, each having alternate mutually spaced electrodes 10 which are
      placed along the bed of the water and across the harbor entrance.
PAR  Each channel is composed of a plurality of resistances R connected
      respectively in series with the electrodes, such resistances, for example,
      being 500 ohms and connected in parallel to balancing potentiometers
      individual to each channel. The signals received by the electrodes of each
      channel are passed from the potentiometer through a chopper amplifier, a
      balance indicator, filter, rectifier bridge and thence through a D.C.
      amplifier. The output of the D.C. amplifiers of both channels of the
      system are electrically connected to a mixing stage which provides the
      means for adding the signals to produce the resultant or additive signal
      and thence to a recorder which records on a moving tape 11 the added
      signals thus produced from the dual channel arrangement. The various
      aforedescribed electrical elements are conventional and well known in the
      art and are therefore illustrated diagrammatically in the drawing.
PAR  Referring now more particularly to FIG. 2, there is shown thereon a section
      of the cable 14 which is laid along the bottom from a cable laying vessel
      across the harbor entrance. Cable 14 is rubber covered and has a centrally
      disposed strain core 12 therein with concentrically disposed multiple
      conductors 13 having assorted colored insulation material arranged about
      the conductors.
PAR  At predetermined spaced intervals, such for example as, 100 feet, the
      rubber cover is removed from the cable 14 as at 15 and one of the
      conductors 13 is connected as at 16 to an electrode 10.
PAR  The electrodes 10 are preferably formed in the shape of a hemi-cylindrical
      surface which engages a portion of the periphery of the cable cover. The
      electrode is preferably composed of pieces of silver gauze formed into a
      mat of eight adjacent layers and welded along the length thereof to a
      silver wire. The thoroughly cleaned silver gauze mat is impregnated by
      dipping the mat into a molten solution of silver chloride. The impregnated
      meshes are cathodically reduced to a sensitive, stable electrode by
      immersing the meshes in a solution of 3% C.P. sodium chloride and applying
      a current of 200 milliamperes per mat for one hour using a platinum anode
      to obtain an even silver plate on the mat.
PAR  The resistor R is interposed in series between the electrode 10 and the
      conductor 13 and limits the circulatory current flow which might otherwise
      cause excessive reduction of the silver chloride on the electrode 10.
PAR  Sleeved about the cable 14 are a pair of rubber end caps 17 each having an
      inturned flange portion 18 and a cylindrical inner end portion 19. A pair
      of tubular members 22 sleeved about the cable 14, are provided with
      outwardly extending flanges 23 which engage flanges 18, respectively, of
      the end caps 17.
PAR  A pair of coupling members 25 formed of phenolic material are provided with
      a threaded portion 26 which engages the tubular members 22. A pair of
      resilient rubber packing glands 21, sleeved about the cable 14 and
      interposed between the inner end of member 22 and the flanged portion 24
      of the coupling member 25, forms a liquid tight seal between the cable 14,
      member 22 and member 25 as the threads on members 22 and 25 are tightened
      on each other.
PAR  The cylindrical body portion 27, preferably composed of a linen-base
      laminated phenolic composition, which is arranged about cable 14, is
      threadably engaged at each end in liquid tight relation with coupling
      members 25. A phenolic disk 28, having a peripheral groove 31 formed
      therein, is sleeved about the cable 14 and engages the inner surface of
      body portion 27. A pair of radially disposed set screws 32 in threaded
      engagement with the body portion 27, engages groove 31 to prevent lateral
      movement of the disk 28 with respect to the cable 14.
PAR  Body portion 27 is also provided with openings 33 to admit the surrounding
      water therein to electrode 10 when the cable is laid across the harbor
      entrance. Glass wool 34 entirely surrounds electrode 10 and fills the
      space between the disk 28 and the inner end of coupling member 25. The
      glass wool filters the water which is admitted through openings 33 and
      prevents foreign matter from engaging the electrode.
PAR  A closure cap 35 threadably engages the body 27 to close opening 29. The
      cap 35 is provided with a pair of detents 36 for receiving the pins of a
      spanner wrench (not shown) to aid in assembling the cap on the body 27.
      With the cap 35 removed, a water repellant, sealing and insulating
      compound is inserted within the body portion for insulating the resistor
      R, the splice at 16 and the conductors exposed at 15.
PAR  When installing the underwater portion of the detecting device, a length of
      cable 14 sufficient to span the harbor entrance is coiled within a cable
      laying vessel and the end of the cable secured to an anchor near the shore
      of the harbor entrance. The cable is payed out as the vessel moves to the
      opposite shore across the shipping lane where the cable is connected to
      the recording instrument shown in FIG. 1.
PAR  The electrode signals are amplified and recorded on the tape 36 which is
      driven at a constant speed. It will be understood that, if desired, the
      speed of the tape may be synchronized and marked in such a manner that the
      time is recorded on the tape when a ship passes over the detecting
      electrodes. As previously stated the recording devices are arranged to
      produce a sum of the signals to produce a "kick" or deflection 37 of the
      recording pen to one side of the tape center line. When no signal is
      received the recording pen traces a substantially straight line along the
      center line of the tape.
PAR  It will be noted by inspection of FIG. 1 that the signature produced on the
      tape at 37 indicates that the vessel was moving over the cable at
      approximately 1300 hours.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
PAR  For example, it may be desirable under certain conditions to effect
      addition of the channel signals by use of a dual coil galvanometer in lieu
      of a mixing stage hereinbefore described wherein the rectified channel
      signals are added together.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A system of recording the passage of a vessel through a harbor entrance
      comprising a first plurality of equally spaced devices arranged
      transversely of the harbor entrance, said devices being adapted to respond
      to the potential field of a vessel as the vessel moves adjacent thereto, a
      second plurality of similar devices in alignment with the first devices
      and spaced midway therebetween respectively, third and fourth pluralities
      of similar devices alternately spaced midway between said first and second
      devices respectively and in alignment therewith, a pair of means
      respectively connected to said first and second and said third and fourth
      devices for receiving a response signal from said first and second devices
      and simultaneously receiving a response signal from said third and fourth
      devices respectively as the vessel moves adjacent thereto, means connected
      to said pair of means for adding said response signals together to produce
      a resultant signal, and recording means responsive to said resultant
      signal for producing a record indicative of the amplitude thereof.
NUM  2.
PAR  2. A system of recording the passage of a vessel through a harbor entrance
      comprising, a pair of channels arranged across the shipping lane along
      which the vessel will traverse when entering the harbor, a first of said
      channels comprising a first plurality of equally spaced devices and a
      second plurality of similar devices spaced midway between said first
      devices respectively, the second of said channels comprising third
      pluralities of and fourth pluralities of similar devices alternately
      spaced midway between said first and second devices respectively, said
      first and second devices and said third and fourth devices being adapted
      to produce first and second signals respectively indicative of the
      electrical potential of the vessel as the vessel passes thereover, a pair
      of means for receiving the signals from said channels respectively, means
      responsive to said signals for adding the signals together, and means
      responsive to said added signals for recording the sum of the signals.
NUM  3.
PAR  3. A system for recording the passage of a vessel through a harbor entrance
      comprising, in combination, means including a first plurality of equally
      spaced electrodes in communication with the surrounding water and arranged
      along the bed of the entrance of the harbor transversely of the path of
      travel of the vessel for receiving a signal portion from said vessel when
      the vessel passes thereover, means including a second plurality of
      electrodes in communication with the surrounding water and spaced midway
      between said first electrodes for receiving a signal portion complementary
      to said first signal portion and together therewith comprising a first
      signal received from said vessel when the vessel passes over said
      electrodes, means including a third and fourth plurality of electrodes in
      communication with the surrounding water and alternately spaced midway
      between the first and second electrodes respectively for receiving
      complementary signal portions comprising a second signal received from the
      vessel when the vessel passes thereover, means for adding said first and
      second signals together, and means for recording the sum of the first and
      second signals.
NUM  4.
PAR  4. A system for recording the passage of a vessel through a harbor entrance
      comprising, a pair of electrode channels arranged on the bed of the water
      transversely of the shipping lane of the harbor entrance, the first of
      said channels having a plurality of equally spaced electrodes in
      communication with the surrounding water and having each alternate
      electrode electrically connected together in parallel to one side of the
      channel, the remaining electrodes of said first channel being electrically
      connected together in parallel to the other side thereof, the second of
      said channels having a plurality of electrodes in communication with the
      surrounding water and respectively disposed midway between the electrodes
      of the first channel, each alternate electrode of said second channel
      being electrically connected together in parallel and to one side thereof,
      the remaining electrodes of the second channel being electrically
      connected together in parallel and to the other side of the channel, means
      connected to the output of said channels for adding signals detected
      thereby and indicative of the strength of the electric field of the vessel
      at said electrodes as the vessel passes thereover, and means responsive to
      said added signals for producing a recording of the variations therein.
NUM  5.
PAR  5. Apparatus for recording the passage of a vessel through a harbor
      entrance comprising, in combination, a pair of channels arranged on the
      bed of the water at the harbor entrance transversely of the path of travel
      of the vessel, the first channel having a plurality of mutually aligned
      and equally spaced electrodes in communication with the surrounding water,
      each alternate electrode being electrically connected in parallel, the
      remaining electrodes being electrically connected in parallel, the second
      channel having a plurality of electrodes in communication with the
      surrounding water and arranged midway between the electrodes of the first
      channel with each alternate electrode of the second channel being
      electrically connected in parallel, the remaining electrodes of the second
      channel being electrically connected in parallel, means for receiving a
      signal from each channel individual thereto as a vessel traverses said
      electrodes, and means for recording the sum of said signals.
NUM  6.
PAR  6. Apparatus for recording the passage of a vessel through a harbor
      entrance comprising, in combination, a first channel comprising a
      plurality of mutually aligned and equally spaced electrodes submerged
      within the water across the harbor entrance, each alternate electrode
      being electrically connected together and the remaining electrodes being
      electrically connected together, a second channel comprising a plurality
      of electrodes submerged within the water and arranged in alignment with
      and midway between the electrodes of the first channel, each alternate
      electrode of the second channel being electrically connected together and
      the remaining electrodes of the second channel being electrically
      connected together, means in said channels and operatively connected to
      said electrodes individual thereto for receiving a pair of signals in said
      first and second channels respectively in response to the passage of the
      vessel over said electrodes, means for separately amplifying and
      rectifying said signals to produce D.C. signals of the same polarity, and
      means for adding and recording the sum of the D.C. signals.
NUM  7.
PAR  7. Apparatus for recording the passage of a vessel through a harbor
      entrance comprising, in combination, a cable having a plurality of
      conductors therein and arranged on the bed of the water at the harbor
      entrance transversely of the path of travel of the vessel, a first
      plurality of equally spaced electrodes arranged in communication with the
      surrounding water and electrically connected to a first conductor of said
      cable, a second plurality of electrodes spaced midway between said first
      electrodes and arranged in communication with the surrounding water and
      electrically connected to a second conductor of said cable, a third and
      fourth plurality of electrodes arranged in communication with the
      surrounding water and alternately spaced midway between said first and
      second electrodes respectively, said third and fourth electrodes being
      electrically connected to a third and fourth conductor respectively of
      said cable, means operatively connected to said first and second
      conductors for receiving a first response signal as the vessel traverses
      said first and second electrodes, means operatively connected to said
      third and fourth conductors for simultaneously receiving a second response
      signal as the vessel traverses said third and fourth electrodes, means for
      adding said first and second response signals together, and means for
      recording the sum of said response signals.
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ABST
PAL  A multiplexing device is provided which is used in listening channels for a
      panoramic sonar system. An arrangement of a multiplexer, a demultiplexer
      and a storage register provide a circular permutation of hydrophone inputs
      to a time delay network. The resultant rotation of these inputs, as
      provided by appropriate gating circuits, is used forming the desired
      listening channels for the sonar system.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to sonar systems and, more particularly, to a
      multiplexing device for the formation of listening channels in a sonar
      system.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronically scanned sonars are utilized to detect the location of a
      target. Such sonars are mounted, for example, on buoys dropped by a plane
      and serve to transmit information on the location of a target, e.g a
      submarine, which emits sound waves or reflects echoes.
PAR  Electronically scanned sonars characteristically employ a cylindrical
      transducer array with a vertical axis over whose periphery are placed
      uniformly spaced hydrophones. Monitoring of the space surrounding the
      sonar is accomplished by establishing listening channels employing a delay
      line and by electronically scanning these channels of which each
      corresponds to a given bearing. As an example, such a sonar may have 28
      rows of hydrophones spaced uniformly around an axis to form 56 listening
      channels corresponding to 56 bearings. Two channels are formed between
      every two hydrophones, the channels having positions symmetrical in
      relation to the line bisecting the angle defined by the two hydrophones.
PAR  If a sound is generated in the direction of a given channel, the resulting
      sound waves picked up by the different hydrophones have differences in
      phase or delay determined by the respective position of the channel and
      the hydrophones. The electric signals emitted by the hydrophones exhibit
      the same delays between them. Each hydrophone is connected to the input of
      a delay line which corrects the phase differences between the different
      signals and brings them all into phase. Consequently, if a target is
      located in the direction of a channel, there will be received, at the
      output of the delay line, an electrical signal which will be the sum of
      all the electric signals emitted by the different hydrophones. On the
      other hand, if the target is located in another direction, the phase
      shifts between signals emitted by the different hydrophones are no longer
      identical with the phase shifts introduced by the delay line and the sum
      of signals obtained at the output of the delay line will have a lower
      amplitude.
PAR  The channels and the hydrophones occupy respective positions which are
      repeated by rotation around the vertical axis constituting an axis of
      symmetry. The different channels can thus be scanned at a given rate by a
      "circular permutation" of the hydrophones connected to each of the
      terminals of the delay line.
PAR  In presently existing sonars, electronic scanning is accomplished by
      connecting to each of the terminals of the delay line, a multiplexer
      provided with as many inputs as the transducer array has hydrophones and a
      single output connected to such terminals. The multiplexer is of known
      design and is an electronic switching device with several inputs and only
      one output. Each input is permanently connected to a line receiving an
      electric signal. The multiplexer has an address file which receives pulses
      that successively switches the different inputs to the single output. For
      example, the different inputs can be energized by circular permutation of
      each one in turn at each new inpulse. The lines leading to the inputs can
      be energized in any given sequence and, the step of the permutation may be
      simple or multiple. Scanning devices having as many multiplexers as
      pickups are expensive and cumbersome.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is intended to simplify and miniaturize the multiplexing
      devices discussed above to enable scanning of a panoramic sonar basically
      comprising a transducer array with n rows of hydrophones spaced uniformly
      around an axis, together with a scanning device comprising not less than
      one delay line and a multiplexing device inserted between the antenna and
      these delay lines where the scanning device serves to establish and
      cyclically monitor the listening channels.
PAR  This invention is based on the general property of the listening channels
      to be arranged in one or several groups whereby each group is formed
      exclusively of channels whose position in relation to the hydrophone rows
      is defined by the relative position of the adjacent channels of the same
      group through constant rotation around the antenna axis. It follows from
      this property that the order of connecting the hydrophones to the inputs
      of the delay lines in order to form one channel of a group can be deduced
      from the order of connection thereby leading to the formation of the
      preceding channel of the same group, by applying a circular permutation of
      constant step r to the reference numbers of the hydrophones, numbered in
      sequence.
PAR  According to the invention, a multiplexing device comprising a single
      multiplexer with n inputs whose output is coupled to the input of a
      demultiplexer with n outputs. The n rows of hydrophones are permanently
      and successively connected to the n inputs of the multiplexer. The address
      files of multiplexer and demultiplexer are connected in parallel to the
      same source of n pulse trains controlling the scanning of the inputs, and
      the address file of the multiplexer is additionally connected to an
      incrementation line fed from a source of periodic r pulse trains in such
      manner that the device furnishes, at the outputs of the demultiplexer,
      signals derived from the hydrophone rows in a sequence which can be
      determined from the order of the inputs through successive circular
      permutations of step r.
PAR  Monitoring of the listening channels at the rate of one channel per unit of
      time, is controlled from a time base and it is preferable that the
      frequency of the n control pulses of the address files of multiplexer and
      demultiplexer is not less than equal to n times the frequency of the
      time-base pulses so that the n inputs of the multiplexer are completely
      scanned during each unit of time.
PAR  When the sonar has as many channels as there are hydrophone rows, the
      channels form a single group. Under this condition, the incrementation
      line of the multiplexer address file is connected to the oscillator
      generating the time-base pulses in such a manner that the signals
      corresponding to the reference numbers of the hydrophones appear at the
      outputs of the demultiplexer during each unit of time, in an order, which
      can be determined from the order during the preceding unit of time, by a
      circular permutation with a step of 1.
PAR  When the sonar has a number of channels equal to k times the number of
      hydrophones where k is a whole number greater than 1, the channels form k
      groups. Under this condition, the incrementation line of the multiplex
      address file is connected to the oscillator which generates the time-base
      pulses by means of a device for dividing the frequencies by k in such a
      manner that the outputs of the demultiplexer scan the hydrophone rows in
      the same order k times during k units of time in succession where that
      order is controlled by circular permutation of a step of 1 during the
      preceding k units of time.
PAR  When the sonar has n hydrophone rows and n/k channels (where k is a whole
      number greater than 1), the incrementation line of the multiplex address
      file is connected to a generator of periodic k pulse trains generated at
      the start of each unit of time in such manner that the order of appearance
      of hydrophone reference signals at the multiplex outputs changes all units
      of time by a circular permutation of a step equal to k.
PAR  In accordance with one feature of the invention wherein the device has a
      single delay line with n inputs, the initial order of connecting the n
      demultiplexer outputs to the n inputs of the delay line is accomplished by
      forming a square matrix in which the number of lines and columns is equal
      to the overall delay of the delay line expressed in units of time and then
      entering in the diagonal of this matrix, passing through the intersection
      of line 0 and column 1, the reference numbers of the hydrophones
      successively encountered by the front of an acoustic wave originating from
      a source located in the direction of the first listening channel, where
      the angular displacements between these reference numbers are proportional
      to the partial delays between the signals and by further applying to the
      hydrophone reference numbers a regression of step r by ascending toward
      the first line of the matrix which furnishes such initial order of
      connection. This aspect of the invention should be more easier understood
      from a consideration of specific examples set forth below.
PAR  When the channels form two groups, called odd and even, the initial order
      of connections for forming the odd and even channels is obtained by
      establishing the same matrix. In addition, by entering on a second line
      parallel to this diagonal running through the intersection of column 1 and
      line 1, there can be obtained the hydrophone reference numbers encountered
      successively by the front of an acoustic wave generated by a source
      located in the direction of the second listening channel, where the
      angular displacements between these reference numbers are identical to the
      angular displacements between the reference numbers carried in this
      diagonal, and, by applying to the reference numbers of the hydrophones
      entered in the diagonal, as well as to the reference numbers of the
      hydrophones entered on this line parallel to the diagonal of the matrix,
      regressions of a step of 1 by ascending two lines at a time toward the top
      of the matrix. The hydrophone reference numbers entered in the first and
      second line of the matrix furnish the initial order of connections at time
      0 and at time 1.
PAR  In a preferred embodiment providing two odd and even groups of channels,
      there is inserted between the demultiplexer outputs and the delay-line
      inputs a validation switch activated by the time-base pulse which
      alternately clears passage of one or the other of the signals appearing at
      each of the two multiplex outputs connected in parallel to the same input
      of the delay line.
PAR  The invention thus results in the formation of, through multiplexing,
      different listening channels for the purpose of cyclic monitoring of the
      channels in a panoramic sonar. The advantages of the multiplexing devices
      proposed in the invention include the fact that the number of multiplex
      circuits is reduced to a single multiplexer coupled to a demultiplexer.
      Such a reduction in circuitry obviously brings about savings in the
      implementation of the circuits and, more specifically, reduces the weight
      and size of the circuitry required, thus allowing miniaturization of the
      circuits and reducing the size of their associated housings so as to
      permit incorporation of the circuitry in a small-size buoy that can be
      dropped by a plane.
PAR  Other features and advantages of the invention will be set forth in, or
      will be apparent from, a detailed description of the preferred embodiments
      found hereinbelow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A-1H are schematic diagrams of a simplified sonar transducer array
      illustrating the positions of hydrophones and the directions of listening
      channels.
PAR  FIG. 2 is a schematic transverse section of a sonar transducer array
      illustrating the positions of hydrophones and listening channels.
PAR  FIG. 3 is a block form schematic diagram of a time delay network used in
      implementing the invention.
PAR  FIG. 4 is a table of hydrophone connections to form various listening
      channels.
PAR  FIG. 5 is a schematic diagram in block form of the multiplexing device; and
PAR  FIGS. 6a, 6b, 6c, 6d, 6e and 6f are diagrams of pulses at various points of
      the multiplexing device in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As an aid to understanding the invention, a simplified sonar system as
      shown in FIGS. 1A-1H will be considered. The system consists of four
      hydrophones H.sub.1, H.sub.2, H.sub.3 and H.sub.4. With these four
      hydrophones, eight listening directions, or channels, C.sub.1, C.sub.2,
      C.sub.3, C.sub.4, C.sub.5, C.sub.6, C.sub.7 and C.sub.8, are formed. All
      four hydrophones will pick up any sound coming from any direction, but,
      their electrical outputs will vary in time according to wave propagation
      delay in the monitoring medium. (i.e. water).
PAR  Referring to FIG. 1A, a channel C.sub.1 is illustrated. Echoes coming from
      the direction of channel C.sub.1 will first be picked up by hydrophone
      H.sub.1. After a time t.sub.1, hydrophone H.sub.2 will pick up the wave.
      After a time t.sub.1 + t.sub.2, hydrophone H.sub.4 will receive the wave
      and hydrophone H.sub.3 will receive the wave after a time t.sub.1 +
      t.sub.2 + t.sub.3. By inserting a time delay inbetween the signals from
      hydrophones H.sub.1, H.sub.2, and H.sub.4, an output summing network can
      be made to receive all four signals at the same time. To explain, if the
      signal from hydrophone H.sub.1 is delayed for a time t.sub.1 + t.sub.2 +
      t.sub.3, the signal for hydrophone H.sub.2 is delayed for a time t.sub.2 +
      t.sub.3, and the signal from hydrophone H.sub.4 is delayed for a time
      t.sub.3, then all four signals will arrive at a summing network at the
      same time. Furthermore, the output of the summing network will have
      maximum amplitude only when an echo comes from the direction of C.sub.1
      because that is the only direction for which time delays t.sub.1, t.sub.2
      and t.sub.3 provide proper compensation and cause all four signals to
      arrive simultaneously. Thus, channel C.sub.1 is formed by the sum of: The
      output from hydrophone H.sub.3, plus the signal from hydrophone H.sub.4
      delayed by t.sub.3, plus the signal from hydrophone H.sub.2 delayed by
      t.sub.2 + t.sub.3, plus the signal from hydrophone H.sub.1 delayed by
      t.sub.1 + t.sub.2 + t.sub.3.
PAR  In a similar manner, a second listening channel C.sub.2 is formed by a
      combination of a signal from hydrophone H.sub.4, a signal from hydrophone
      H.sub.3 delayed by a time t.sub.3, a signal from hydrophone H.sub.1
      delayed by a time t.sub.2 + t.sub.3, and a signal from hydrophone H.sub.2
      delayed by a time t.sub.1 + t.sub.2 + t.sub.3. Note that due to the
      symmetrical arrangement of the four hydrophones and the eight listening
      directions, time delays t.sub.1, t.sub.2 and t.sub.3 for channel C.sub.1
      are the same as time delays t.sub.1, t.sub.2, and t.sub.3 for all other
      channels. Thus, the eight channels are formed and can be represented by
      the following table:
TBL  Time Delay:t.sub.3 t.sub.2 + t.sub.3                                      
                                  t.sub.1 +t.sub.2 +t.sub.3                    
                                          No delay                             
     ______________________________________                                    
     channel c1     H.sub.4 + H.sub.2                                          
                                    + H.sub.1                                  
                                            +H H.sub.3                         
     C2             H.sub.3 H.sub.1 H.sub.2 H.sub.4                            
     C3             H.sub.1 H.sub.3 H.sub.2 H.sub.4                            
     C4             H.sub.4 H.sub.2 H.sub.3 H.sub.1                            
     C5             H.sub.2 H.sub.4 H.sub.3 H.sub.1                            
     C6             H.sub.1 H.sub.3 H.sub.4 H.sub.2                            
     C7             H.sub.3 H.sub.1 H.sub.4 H.sub.2                            
     C8             H.sub.2 H.sub.4 H.sub.1 H.sub.3                            
     ______________________________________                                    
PAR  Once the combinations of hydrophones are determined for channels C1 and C2,
      succeeding odd numbered channels are derived from Channel C1 and even
      numbered channels are derived from Channel C2. For example, if a simple
      circular permutation, i.e. where "one" is added to each reference number
      of the hydrophones, is applied to channel C1, channel C3 is derived. If
      the same permutation is applied to channel C3, channel C5 is formed.
      Channel C7 is similarly derived from channel C5 and channel C1 can be
      derived from channel C7, thus completing the circle. Similarly, the same
      permutation changes channel C2 into channel C4, channel C4 into channel
      C6, and channel C6 into channel C8 and channel C8 back into channel C2
      again.
PAR  Thus, in order to form each set of four channels, one merely requires a
      time delay network capable of applying a zero time delay to one input, a
      time t.sub.3 delay to a second input, a time delay t.sub.2 + t.sub.3 to a
      third input and a time delay t.sub.1 + t.sub.2 + t.sub.3 to a fourth
      input, and a device for circularly shifting the four inputs according to
      the above table. Since the "odd" group and the "even" group do not have
      any relationship, a selector circuit is also required to determine whether
      an "odd" or "even" channel is being formed.
PAR  According to the invention, the required circular permutation is achieved
      through the use of a multiplexer and a demultiplexer that step their
      address registers synchronously. However, the multiplexer can also be
      stepped externally to supply the "add one" to each hydrophone reference
      number to provide the circular permutation. The selection between "odd" or
      "even" groups is acheived by simple gating techniques using conventional
      AND and OR gates.
PAR  Referring to FIG. 2, a cylindrical transducer array with vertical axis 0 in
      horizontal section is shown. As an example, the transducer array has 28
      rows of hydrophones H1 to H28 spaced uniformly around the entire
      circumference. This transducer array serves a panoramic sonar which has,
      for example, 56 listening channels numbered V1 to V56. The hydrophones and
      the channels are numbered in ascending order in a clockwise direction. The
      channels are numbered in the order in which they appear.
PAR  Two channels are located between two consecutive hydrophones e.g. channels
      V1 and V2 are located between the two hydrophones H1 and H2. These
      channels, V1, V2, are symmetrical in relation to the line B1 bisecting the
      angular sector defined by hydrophones H1 and H2. The channels are divided
      into two groups: one with even and the other with odd numbers. In each
      group any channel occupies a position in the relation to the hydrophones
      which can be derived from the position of the adjacent channels by
      constant rotation around the antenna axis. Consequently, the order of
      connecting the hydrophones so as to form given channel of a group can be
      derived from the order, which leads to forming the preceding channel of
      the same group through a circular permutation of step r as described
      hereinabove. This is a general property of all panoramic sonars having a
      number of channels which is a whole or franctional multiple of the number
      of hydrophones.
PAR  If the number of channels is equal to the number of hydrophones, the
      channels form a single group and we proceed from one channel to the next
      by a progression of steps r equal to 1. As an example, if the number of
      channels is equal to one-half of the number of hydrophones, we proceed
      from one channel to the next by a progression of steps r equal to 2. If
      the number of channels is equal to three times the number of hydrophones,
      the channels are subdivided into three groups and, within each group, we
      proceed from one channel to the next by a progression on the hydrophones
      of a step equal to 1.
PAR  Referring to FIG. 3, the channels are formed with a delay line 1 having a
      number of inputs, denoted e1 to e28, equal to the number of hydrophones,
      i.e. 28, and a single output s. Delay line 1 introduces the partial
      delays, labeled t1 to t27, respectively between the signals picked up at
      each input.
PAR  Referring again to FIG. 1, the orthogonal projections of the different
      hydrophones in the direction V1 are shown. It will be seen that the latter
      are projected in the order H1, H2, H28, H3, H28, H26, etc. These
      projections basically correspond to the front of propagation of a plane
      wave originating from a target located in the direction V1.
PAR  The partial delays t1, t2, etc. of the delay line 1 are selected so that
      they are equal to the delays separating the successive signals emitted by
      the different hydrophones when the latter pick up a plane wave from the
      target located in the direction V1. A unit of time is chosen so that the
      partial delays can be expressed in multiples of this unit of time. The
      table below shows the partial delays expressed as unit of time in
      accordance with a specific illustrative example. In this specific
      embodiment, the time required for forming channels is one channel per unit
      of time and consequently, information for the delay line is scanned at the
      rate of one channel per unit time. These are controlled by
      constant-frequency pulses furnished by an oscillator acting as time base.
TBL  ______________________________________                                    
            PARTIAL     PARTIAL TIME TOTAL TIME                                
     INPUTS TIME DELAYS DELAY VALUES DELAY VALUES                              
     ______________________________________                                    
     e1                               0                                        
              t1        2                                                      
     e2                               2                                        
              t2        3                                                      
     e3                               5                                        
              t3        2                                                      
     e4                               7                                        
              t4        3                                                      
     e5                              10                                        
              t5        3                                                      
     e6                              13                                        
              t6        2                                                      
     e7                              15                                        
              t7        3                                                      
     e8                              18                                        
              t8        3                                                      
     e9                              21                                        
              t9        2                                                      
     e10                             23                                        
              t10       2                                                      
     e11                             25                                        
              t11       4                                                      
     e12                             29                                        
              t12       2                                                      
     e13                             31                                        
              t13       2                                                      
     e14                             33                                        
              t14       3                                                      
     e15                             36                                        
              t15       2                                                      
     e16                             38                                        
              t16       3                                                      
     e17                             41                                        
              t17       2                                                      
     e18                             43                                        
              t18       3                                                      
     e19                             46                                        
              t19       3                                                      
     e20                             49                                        
              t20       3                                                      
     e21                             52                                        
              t21       5                                                      
     e22                             57                                        
              t22       2                                                      
     e23                             59                                        
              t23       5                                                      
     e24                             64                                        
              t24       2                                                      
     e25                             66                                        
              t25       3                                                      
     e26                             69                                        
              t26       4                                                      
     e27                             73                                        
              t27       6                                                      
     e28                             79                                        
     ______________________________________                                    
PAR  Column 1 of the above table shows the successive inputs of the delay line
      e1, e2 to e28 numbered in ascending order in the direction of the output
      s. Column 2 shows the partial delays t1, t2 to t27 introduced by the delay
      line, and column 3 represents the durations of these partial delays
      expressed as a unit of time. Column 4 represents the total time separating
      the pickup of a signal at input e1 and its passage by each of the other
      inputs.
PAR  By starting from the values of the partial delays shown in the above table,
      the table of FIG. 4 is formed which allows one to find the initial order
      of connecting the testing hydrophones to the inputs of the delay line.
PAR  The table of FIG. 4 has the form of a square matrix with a number of lines
      and columns equal to the total time shown in the tables of FIG. 4 or 79.
      In the column at left are indicated the successive overall times displayed
      in column 4 of the table in FIG. 4. These overall times are spaced from
      each other by a number of lines equal to the partial times indicated in
      column 3 of the table in FIG. 4. At the top of the table are indicated the
      successive inputs of the delay line; these inputs are spaced from each
      other by a number of intervals equal to the duration of the partial delay
      which separates two signals picked up simultaneously at these inputs.
      Along the diagonal passing through the intersection of line t0 and column
      e1, at the points of intersection of the lines and column, which show the
      reference numbers of the delay-line inputs, the reference numbers of the
      hydrophones are entered in the order in which the latter pick up a plane
      wave originating from a target located in the direction of channel V1,
      i.e. the order 1, 2, 28, 3, 27, 4, 26 . . . 17, 14, 16, 15 outlined above.
PAR  Since the formation of the second channel is offset by one unit of time, we
      enter on the second line parallel to the preceding diagonal and running
      through the intersection of column e1 and line t1, the reference numbers
      of the hydrophones in the order in which the latter pick up a plane wave
      originating from a target located in direction of channel V2. A geometric
      construction analogous to that of FIG. 1 by projecting the hydrophones
      orthogonally in the direction V2, shown that this order is as follows: 2,
      1, 3, 28, 4, 27, 5 . . . 14, 17, 15, 16. Since channel V2 is symmetrical
      to channel V1 in relation to the bisector B1, the successive partial
      delays are equal to those for channel V1. The diagonal thus corresponds to
      the odd-channel group and the line parallel to the diagonal and below the
      latter corresponds to the even-channel group.
PAR  On the basis of these data, it is possible to construct all of the table by
      recalling that each channel of a group can be derived from the preceding
      one by a progression of step r = 1 of the reference numbers of the
      hydrophones, in the case here presented. As already explained above, the
      step of progression may be greater than 1 if the number of channels may
      form a single group or also more than two groups.
PAR  In the embodiment presented, it is noted as an example that channel V1 is
      constituted by addition of the signal picked up by hydrophone H1 at time
      0; of the signal picked up by hydrophone H2 at time 2; of the signal
      picked up by hydrophone H28 at time 5; of the signal picked up by
      hydrophone H3 at time 7, and so on to the signal picked up by hydrophone
      H15 at time 79. The output signal of channel 1 constituted by the sum of
      all these signals will appear at output s of delay line 1 at time 79.
PAR  Channel V3 is derived from channel V1 by a progression of the hydrophone
      reference numbers of step r = 1 and a shift in time of two units.
      Likewise, channel V4 is derived from channel V2 by a progression of
      hydrophone reference numbers of step r = 1 and a shift in time of two
      units. Note that a progression of step 1 applied to hydrophone H28 gives
      us hydrophone H1.
PAR  In the same way, the preceding channels V1 and V2, i.e. channels 27, 26,
      etc. are formed by applying to the reference numbers of the hydrophones a
      regression of step r = 1 by ascending each time two units of time until
      the second line, corresponding to time 1, is reached.
PAR  The reference numbers so determined, which appear in the first and second
      line of the table, indicate the initial order of connecting the
      hydrophones to the inputs of the delay line. For example, at the instant
      0, hydrophone H1 is initially connected to inputs e1 and e2, hydrophone
      H28 to input e3, hydrophone 24 to input e4, and so on, to hydrophone H4
      connected to input e 28.
PAR  The table of FIG. 4 provides a way to find the initial order of connecting
      the hydrophones to the inputs of the delay line respectively at time 0 and
      time 1 in order to form the odd and the even channels; these orders do not
      appear in any particular evident manner.
PAR  Once the initial connections of the hydrophones to the inputs of the delay
      line are defined for scanning all the channels, the numbers of the
      hydrophones connected to each of the inputs of the delay line are
      advanced, every two units of time by one step r = 1 in the case presented
      here.
PAR  Referring to FIG. 5, a diagram of the multiplexing device utilized for
      cyclic monitoring of all channels in ascending order of their numbers is
      shown. The device comprises a multiplexer 2 with a number of inputs equal
      to the number of hydrophones, or 28, these inputs being numbered H1 to
      H28. To each of these inputs is permanently connected a hydrophone bearing
      the corresponding number. The order of connecting the hydrophones to the
      inputs is therefore the order of sequence in which the hydrophones appear
      in the transducer array in a clockwise direction. The address file of
      multiplexer 2 is denoted 3 and is controlled by pulse trains generated by
      an oscillaor connected into line 4. The single output 5 of multiplexer 2
      is connected to the single input of a demultiplexer 6 with the same number
      of outputs as that of the hydrophones. Demultiplexer 6 is provided with an
      address file 7 also connected into line 4 in parallel with file 3.
PAR  The oscillator connected to line 4 has a multiple frequency of the
      time-base frequency where the multiplication factor is preferably not less
      than equal to the number of hydrophones so that, during each unit of time,
      the address files 3 and 7 receive a number of pulses equal to the number
      of hydrophones and monitor all hydrophones. Multiplexer 2 cyclically
      monitors the 28 hydrophones very rapidly in sequence during each unit of
      time. Each advances, by one unit, the number of the hydrophone whose
      signal appears at the single output 5. The signal received at input 5 of
      the demultiplexer 6 appears successively on each of its outputs Q1 to Q28.
PAR  The device of FIG. 4 also includes an incrementation line 8 which makes it
      possible to introduce into file 3, every two units of time, one or several
      pulses, and to advance the address file 3 by one step r equal to the
      number of pulses (r being equal to 1 in the example presented here).
PAR  Thus, during the first and second units of time, the outputs of the
      demultiplexer will successively display in their order the signals picked
      up by hydrophones H1, H2, H3 to H28. During the third and fourth units of
      time, these outputs will indicate in their order the signals picked up by
      hydrophones H2, H3, H4, etc, to H28, H1. This will then take place
      continually through circular permutation of step r = 1 every two units of
      time.
PAR  It should be noted that step r may be other than 1. The number of units of
      time separating two booster impulses on line 8 of the address file 3 is
      equal to the number of groups of channels, with the property of passing
      from one element of a group to the next element of that group, by
      advancing the hydrophone reference numbers at a constant step.
PAR  A delay line is indicated at 9 having 28 inputs numbered e1 to e28 in the
      direction of increasing delays and an output s at which are displayed the
      signals of the successive channels. The output terminals of the
      demultiplexer 6 are connected to the inputs of the delay line 9 according
      to the two orders of initial connection which are indicated by the first
      two lines of the table of FIG. 4. Each input of the delay line is
      connected to two lines by means of an OR-gate with two inputs. Each of the
      two inputs of the OR-gate is connected to one of the two outputs of the
      demultiplexer 6 with one of the two reference numbers indicated by the
      first two lines of the table in FIG. 4.
PAR  For example, in FIG. 5, the terminal e1 of the delay line 9 is connected by
      an OR-gate 10 in parallel to the outputs 1 and 2 of the demultiplexer 6;
      terminal e2 of the delay line 9 is connected in parallel with outputs 1
      and 28; terminal e3 connected in parallel with outputs 28 and 26; terminal
      e4 connected in parallel with outputs 24 and 28; terminal e5 connected in
      parallel to outputs 22 and 27, and so on.
PAR  A switch 11 is inserted between the outputs of demultiplexer 6 and the
      OR-gates 10 for commutating, at the end of each unit of time, the two
      inputs of each OR-gate. The commutator referred to is constituted, for
      example, by pairs of AND-gates 12a and 12b inserted into the two lines
      connecting two outputs of the demultiplexer 6 to the two inputs of an
      OR-gate. Each AND-gate has a second input 13a, 13b, designated the
      validation input, which opens the gate when a pulse is applied thereto.
      The validation line 13a is connected in parallel to the validation inputs
      of all the gates 12a and the validation line 13b is connected in parallel
      to the validation inputs of all the gates 12b. The lines 13a and 13b are
      pulsed alternately during each successive unit of time so that line 13a
      validates the units of time of even order and line 13b the units of time
      of odd order, or vice versa.
PAR  A frequency divider 14 receives time-base pulses indicated at 15. Output
      16a of divider 14 is connected in parallel with the incrementation line 8
      and the validation line 13a. Output 16b of divider 14 is connected to the
      validation line 13b. Frequency divider 14 can be a simple flip-flop.
PAR  A buffer storage network 17 with 28 inputs and 28 outputs is inserted
      between the outputs of the demultiplexer 6 and the commutator 11. The
      storage registers numbered R1-R28 serve to record the signals appearing
      successively at the outputs of the demultiplexer 6 during the monitoring
      cycles of the 28 hydrophones for restituting the signals simultaneously at
      the end of each monitoring cycle.
PAR  Referring to FIGS. 6a to 6e diagram of pulses in the circuit of FIG. 5 are
      shown. FIG. 6a shows the pulses 15 furnished by the time base input, the
      pulses being numbered 2p, 2p+1, 2p+2, and so on in FIG. 6a and appearing
      at Point A in FIG. 5. FIG. 6b represents the 28 pulse trains which are
      directed to the address files 3 and 7 during each unit of time and which
      appear at Point B of FIG. 5. FIG. 6c shows the validation pulses on line
      13a which are generated at the start of each unit of time of even order
      and appear at Point C in FIG. 5 and FIG. 6d shows the validation pulses on
      line 13b which are generated at the start of each unit of time of odd
      order and appear at point D in FIG. 5. FIG. 6e shows the incrementation
      pulses on line 8 which are simultaneous with the validation pulses on line
      13a and which appear at Point E in FIG. 5.
PAR  The timing diagrams of FIG. 6a to 6e represent the situation where the
      channels are divided into two groups and where the order of succession of
      the hydrophones in each group for forming a channel is derived from the
      order of succession of the preceding channel by a progression of
      hydrophone reference numbers of step r = 1. For example, if the channels
      form a single group, there will not be a validation line of even and odd
      times and FIGS. 6c and 6d would be eliminated together with commutator 11
      and the OR-gates of FIG. 10. Under these circumstances, pulses would
      appear on incrementation line 8 simultaneously with the pulses 15.
PAR  However, if the channels are divided into m groups, the OR-gates would be
      gates with m inputs and the AND-gates would be divided into groups with m
      gates whose successive validations would be controlled by m validation
      lines 13. In that case, the diagrams of FIG. 6 would have m validation
      lines on each of which would appear a validation pulse every m units of
      time. In FIG. 6e, the booster impulses would appear every m units of time.
PAR  If the step r of the hydrophone progression were equal to r instead of
      being equal to unity, it would be necessary, to obtain such a step, to
      introduce on line 8 of FIG. 5, successive pulse trains of r pulses long at
      the start of each unit of time.
PAR  In FIG. 6f, dotted lines represent the incrementation pulses in the case
      where, for example, the channels would form a single group and where we
      would advance from one channel to the next in the order of the hydrophones
      of a step equal to 3. This example corresponds to the case where the
      number of channels is equal to one-third of the number of hydrophones.
PAR  Thus, according to the invention, there is provided a general multiplexing
      system applicable to all panoramic sonars having hydrophones uniformly
      spaced around a vertical axis and a device for forming channels by means
      of delay lines where the number of channels is a multiple or submultiple
      of the number of hydrophones and the channels belong to groups in which
      the relative positions of the channels and hydrophones can be deduced from
      each other by rotation around a vertical axis.
PAR  Although the invention has been described with respect to exemplary
      embodiments thereof, it will be understood that variations and
      modifications can be effected in these embodiments without departing from
      the scope or spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multiplexing system for a panoramic sonar used in the formation of
      listening channels, said system comprising
PA1  a transducer array comprising n rows of hydrophones equally spaced around
      the longitudinal axis of said antenna;
PA1  a multiplexing means, having n inputs and one output, connected to said
      hydrophones, each hydrophone being connected to one input of said
      multiplexing means, said multiplexing means including address storage
      means associated therewith for selecting individual ones of said inputs,
      in succession, to appear at said output;
PA1  a demultiplexing means with one input and n outputs, said one input of said
      demultiplexing means being connected to said output of said multiplexing
      means and said demultiplexing means including address storage means
      associated therewith for directing said input of said demultiplexing means
      to each of said n outputs, one at a time, in succession, said address
      storage means of said multiplexing means and said demultiplexing means
      being connected to a first source of pulse trains each containing
      synchronizing pulses for synchronizing the operation of both said address
      storage means;
PA1  a second pulse source of r pulses, connected to said multiplexing means so
      as to cause said multiplexing means to step the operation of said address
      storage means of said multiplexing means out of sychronism with said
      demultiplexing means; and
PA1  a time delay network, having one output and n inputs, for producing time
      delays corresponding to the relative distance a plane wave of sound
      echoes, traversing said transducer array, would travel between said
      hydrophones, said n inputs of said time delay network each being connected
      to at least one output of said demultiplexing means and said output of
      said time delay network forming the output of said system.
NUM  2.
PAR  2. A multiplexing system as claimed in claim 1 further comprising a storage
      register having n storage cells, the inputs of said storage cells being
      connected to the outputs of said demultiplexing means so as to store the
      outputs of said demultiplexing means.
NUM  3.
PAR  3. A multiplexing system as claimed in claim 2 further comprising a gating
      means for directing said n outputs of said storage register to said n
      inputs of said time delay network, in a predetermined order, so as to form
      said listening channels at said output of said time delay network.
NUM  4.
PAR  4. A multiplexing system as claimed in claim 3 wherein the number of said
      listening channels is equal to the number of said hydrophones n, said
      gating means comprising n direct connections, where r is equal to one,
      said first pulse source supplying n pulses to said multiplexing means and
      said demultiplexing means during each unit of time, and said second pulse
      producing one pulse per unit time.
NUM  5.
PAR  5. A multiplexing system as claimed in claim 1 wherein the number of said
      listening channels is equal to n times k, where k is a whole number
      greater than 1, said first pulse source providing n pulses during k
      successive units of time, so as to produce a total of n times k pulses
      during k units of time, and said second pulse source providing one pulse
      after each k units of time, so as to provide a circular permutation of a
      step of one in the outputs of said demultiplexer means after each k units
      of time and to form one listening channel during each unit of time.
NUM  6.
PAR  6. A multiplexing system as claimed in claim 1 wherein the number of said
      listening channels is equal to n divided by k, where k is a whole number
      greater than 1, said second source of pulses providing k pulses at the
      start of each unit time so as to cause a circular permutation of a step
      equal to k in the outputs of said demultiplexer, and to cause the
      formation of one listening channel per unit time.
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ABST
PAL  A synthetic display is provided, in cross-sectional form, of the
      theoretical strength of seismic reflections. The theoretical strength is
      computed from calculated inverval-velocity values and known or estimated
      density values. By comparison of this synthetic reflection-strength
      display with the observed reflection-strength display, useful conclusions
      may be drawn about the nature of geological materials and the complex
      origin of reflections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to display of seismic data, such as seismic
      reflection strength, for locating hydrocarbon deposits.
PAR  2. Description of Prior Art
PAR  Factors affecting the strength of seismic reflections are set out by
      O'Doherty and Anstey in the paper "Reflections of Amplitudes," Geophysical
      Prospecting, Volume XIX, No. 3, page 430.
PAR  It is known that variations of seismic reflection strength along a profile
      or over a survey may be due to several causes; among others, they are
      sometimes associated with focusing effects, sometimes with interference
      effects, sometimes with highly absorptive regions above the reflector, and
      sometimes with change in the physical properties of the material above or
      below the reflecting interface. One circumstance which is of interest in
      connection with the last of these causes is that of hydrocarbon
      saturation, which can produce significant changes in the physical
      properties of a reservoir rock. Such changes produce variations in
      reflection strength if they include changes in the seismic velocity and/or
      density of the rock.
PAR  In the direct location of hydrocarbons by the seismic method, therefore, it
      becomes important to establish whether observed changes of reflection
      strength are due to changes of velocity and/or density, or to other
      effects.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a new and improved method of making
      a synthetic seismic section which can be compared with observed seismic
      sections to assist in locating hydrocarbon deposits. The synthetic section
      is based on seismic velocity characteristics of seismic signals in
      intervals between seismic horizons of significant interest, from which a
      synthetic representation of seismic signal strength is formed.
PAR  The synthetic representation of signal strength is formed according to
      ratios derived from the seismic velocity characteristics of the signals in
      the layers or based on reflection coefficients of the seismic horizons
      using the seismic velocity characteristics and a probable value of density
      of the layers adjacent the seismic horizons. Plural synthetic
      representations based on the velocity characteristics and a range of
      probable values of the densities of the layers are additionally suitable
      for use with the present invention.
PAR  The synthetic representation of signal strength so formed is displayed in
      the form of a seismic section which may be superimposed on the observed
      seismic section, if desired. Further, the synthetic representation may be
      displayed as a color superposition on the observed seismic section, or as
      a three-dimensional seismic display. The synthetic section is then
      available as an analytic aid for analysis and evaluation of the observed
      section to assist in locating hydrocarbon deposits.
PAR  The present invention also provides a method for the direct location of
      hydrocarbon-saturated rocks exhibiting low velocity and/or density.
PAR  It is an object of the present invention to combine measurements of seismic
      velocity within layers and estimated or trial values of the density of the
      layers in order to construct theoretical or synthetic sections showing the
      strength of the reflections from the interfaces between the layers.
PAR  A further object of the present invention is to provide a synthetic display
      of reflection strength which may be compared with a display of observed
      reflection strength, and thereby used to identify anomalous densities or
      other anomalous rock properties.
PAR  A further object is to provide a display which allows such comparisons to
      be quantitative, by the representation of the synthetic and observed
      reflection strengths in calibrated colors.
PAR  A further object is to relate the synthetic and observed reflection
      strengths by referring them both to a fiducial reflection such as that
      from the bottom of the sea.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents an observed seismic cross-section in which the reflection
      strength indications are preserved;
PAR  FIG. 2 represents the results of an intervalvelocity analysis, displayed in
      superimposition on the seismic section; and
PAR  FIG. 3 represents a synthetic reflection-strength display according to the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  It is well known that the first factor affecting the strength of a
      reflection from an interface or seismic horizon is the reflection
      coefficient, defined as:
      ##EQU1##
      where V represents seismic velocity, d represents density, and the
      subscripts 1 and 2 denote the regions or intervals above and below the
      interface, respectively. Therefore if the interval velocity V and the
      density d are known as a continuous function of reflection time at every
      observation point, a theoretical measure of approximate reflection
      strength may be computed for each such point.
PAR  Using current techniques of velocity analysis it is possible to compute
      interval velocity, under some restrictive but reasonable assumptions, as a
      continuous or partially-continuous function of reflection time and of
      position along a profile. However, the density of buried rock cannot be
      measured, on a layer-by-layer basis, by any surface method currently in
      practice. Thus, evaluation of seismic data to locate hydrocarbons based on
      reflection strength in observed seismic sections has been subjective and
      intuitive since the relative effects on reflection strength of interval
      velocity and density cannot be allocated.
PAR  With the present invention, synthetic representations of seismic signal
      strength are formed into a synthetic seismic section based on seismic
      velocity characteristics of seismic signal sections which can be used as a
      basis for comparison with observed seismic sections to more accurately
      evaluate the velocity and density of the layers in the seismic section.
PAR  As will be set forth below, probable values of the density of subsurface
      layers may be approximated based on the circumstances regarding the area
      surveyed and regarding the data from the survey.
PAR  The best technique for approximating probable values of the density varies
      with the circumstances. In cases where a borehole has been logged with a
      borehole gravimeter, the density is known fairly accurately as a function
      of depth and geological composition. In cases where a borehole has been
      logged with a so-called density log, an approximation to the density is
      known for the adulterated region close to the hole. In cases where the
      geologic sequence is well known, realistic values of density may be
      ascribed directly to geologic units. In other cases one may assume a
      relation of the form
EQU  d = kV.sup.a
PAL  where empirical values for the constants k and a may be ascribed. In the
      unique case of the surface layer (particularly if it is water) the density
      is known or may be measured directly.
PAR  With values of velocity and density obtained as above for each major layer,
      the reflection coefficient of the interfaces between the layers can be
      computed from the equation above.
PAR  The present invention discloses a method of displaying the results of such
      calculations in continuous or substantially-continuous form, and thereby
      of comparing such computed values for approximate reflection strength with
      the observed values. This method is of particular utility if realized with
      display techniques in color, and is further enhanced if the displays are
      in the form of a three-dimension seismic display.
PAR  Advantageous methods of displaying reflection strength superimposed on a
      normal seismic cross-section are set out in copending U.S. Pat.
      application Ser. No. 300,672, filed Oct. 25, 1972, and a preferred form of
      such display in color is set out in copending U.S. Pat. application Ser.
      No. 300,718, filed Oct. 25, 1972, both of which are assigned to the
      assignee of the present invention. The use of such displays, particularly
      the color displays, to form three-dimensional representations of the earth
      is set out in copending U.S. Pat. application Ser. No. 441,023, filed Feb.
      11, 1974, based on British Provisional Specification No. 7187/73, filed
      Feb. 14, 1973, and also assigned to the present assignee. By the
      techniques of these disclosures, the variations of reflection strength
      along a profile or over an area can be assessed easily and quantitatively.
PAR  In the seismic cross-section 1 of FIG. 1 representing an observed section
      from a seismic survey after conventional seismic data processing, the
      horizontal dimension represents distance along a profile and the vertical
      dimension represents reflection time. Four reflections or horizons are
      depicted: that from the sea bottom 2, and three deeper reflections 3, 4
      and 5. These reflections represent interfaces between five layers 6, 7, 8,
      9 and 10 (of which the first is the sea itself, in this example). The
      reflection 3 exhibits a region 11 of locally marked strength, while the
      reflection 4 has an apparently similar strong region at 12. As disclosed
      in the aforesaid copending applications, the strength indication may be
      made as a color modulation superimposed on a conventional cross-section;
      this represents a preferred usage for present purposes, although the
      invention is not restricted to color displays, since black-and-white
      displays may also be used.
PAR  FIG. 2 is a diagrammatic representation of the results of a velocity
      analysis on the basic data of FIG. 1. For purposes of example it is
      assumed that an analysis is available for each of the vertical slices
      typified by 13 and 14 in FIG. 2; each analysis may use all of the seismic
      ray-paths within the slice, or some fraction of that number, and the slice
      may be of any desired practicable width. From these analyses it is
      possible, by techniques well known in the art, to compute the interval
      velocities within each slice which may be ascribed to the intervals 6, 7,
      8 and 9, between their respective interfaces. In this way an independent
      value of interval velocity is associated with each hatched region in FIG.
      2.
PAR  It follows that, within each slice, in the section 1, a calculated velocity
      is available for the material above and below each of the interfaces 2, 3
      and 4. In slice 13, for example, interface 2 is shown between sections of
      slice 13 having velocities indicated by shaded areas 15 and 16, interface
      3 between sections of slice 13 having velocities indicated by shaded areas
      16 and 17, and interface 4 between sections of slice 13 having velocities
      indicated by shaded areas 17 and 18. Therefore, a first approximation to
      the reflection coefficient of these interfaces may be calculated, to form
      a synthetic representation of seismic signal strength, by ignoring the
      densities, and by computing for each interface a synthetic seismic signal
      strength in the form of the difference of the velocities below and above
      divided by the sum of the velocities below and above (in accordance with
      the first equation quoted hereinbefore). This value so calculated may then
      be displayed by being plotted as a synthetic reflection strength on the
      new display of FIG. 3, in the appropriate positions 19, 20 and 21.
      Preferably, FIG. 3 takes the form of a conventional seismic section
      similar to that which forms the basis of FIG. 1, and the synthetic
      reflection strengths computed as described above are superimposed on this
      display in the form of a color modulation, using the techniques of the
      copending application referred to above. It should be understood that
      other display techniques may be used to display the synthetic reflection
      strength, if desired.
PAR  In this way, FIG. 1 represents a basic observed section on which the
      observed reflection strengths are superimposed in color, and FIG. 3
      represents the same basic section on which the theoretical reflection
      coefficients are superimposed in color. Comparison between the two is
      therefore very straightforward.
PAR  As noted earlier, the reflection coefficients can be approximated more
      closely if an estimate may be made of the densities as well as of the
      velocities. Also as noted earlier, this estimate may be based on known
      characteristics of the rocks comprising the geological sequence, or on
      generalizations relating density and velocity.
PAR  In the example illustrated in the figures, the density of layer 6 is known
      (being that of sea water) and that of layer 7 can usually be estimated
      from its nature, or from cores or other local measurements. Therefore the
      reflection coefficient of the sea bottom can be established fairly
      accurately. It is an important feature of the present invention that the
      strength representations of FIGS. 1 and 3 may be related to or normalized
      by the same reference or fiducial strength: that of the water-bottom
      reflection. For example, each trace on FIG. 1 may be scaled by a
      multiplier such that the strength of its water-bottom reflection is set
      equal to that of the water-bottom reflection coefficient at the
      corresponding place on FIG. 3; it follows that the strength indications
      given by later reflections on FIG. 1 are numerically representative of
      apparent reflection coefficients ("apparent" in the sense that no
      corrections are incorporated at this stage for transmission losses,
      absorption and interference effects).
PAR  Since the correctness of the measure of water-bottom reflection coefficient
      is important in this connection, other observations may be introduced to
      check the measurement. For example, this reflection coefficient may be
      derived also from studying the ratio between primary and multiple
      reflections from the sea bottom, or from the auto-correlation function of
      a suitable part of the reflection traces. Further, the effective velocity
      of the material in the sea bottom may be checked by studying on the field
      records the increases of amplitude which occur when the water-bottom
      reflection is at the critical angle.
PAR  Either with or without the above steps concerned with the water bottom
      reflections, the display of FIG. 3 may now be compared with that of FIG.
      1. The figures illustrate two situations that are of particular interest.
      Reflection 4 of FIG. 1 exhibits a localized region 12 of strength
      significantly greater than on other regions of the same reflection; the
      interpreter therefore checks whether the same phenomenon is observed over
      the corresponding region 23 of FIG. 3, and finds that it is. This increase
      of reflection strength, consequently, is to be expected from the velocity
      and density measurements, and is not anomalous. However, there is a
      similar strong region 11 on reflection 3 of FIG. 1, which does not have a
      counterpart at 25 in FIG. 3. This is an anomalous situation which may be
      diagnostic of hydrocarbons. To check this possibility, the interpreter,
      having satisfied himself that the velocities used in the generation of
      FIG. 3 are properly calculated, over an appropriate interval, may have new
      versions of the synthetic section of FIG. 3 formed using different
      velocity and/or density values in the vicinity of the reflection 20 over
      the region 25. It may be found on further analysis, for example, that the
      anomalous strength on FIG. 1 can be matched on FIG. 3 only be postulating
      a local depression of velocity and/or density of magnitude, for which the
      the most likely cause would be gas saturation in this subsurface region.
PAR  Before making such inferences, the interpreter must satisfy himself that
      the local increase of reflection strength at 11 is not due to focusing
      effects associated with reflector curvature, and must assess the relevance
      of interference effects between closely-spaced reflections of both primary
      and multiple nature. If the synthetic strength information is displayed as
      a color superposition on the basic seismic reflection section, as
      hereinbefore disclosed, all the information required for these judgements
      is available to the interpreter on a single sheet. This is an important
      feature of the present invention.
PAR  In order to maximize the general similarity of appearance between the
      observed and the synthetic strength sections, it is preferred to pass the
      theoretical reflection-coefficient values, which are known as "spikes" in
      the art, through a filter which imparts to them the approximate form of
      seismic reflections. For example, the reflection-coefficient spikes for
      the entire section of FIG. 3 may be passed through the same space-variant
      and time-variant filter which has been applied to the field data used in
      the construction of the observed section of FIG. 1. Care must be taken, of
      course, to insure that the scaling of filter operators used in these cases
      are appropriate to the circumstances. Then the reflection strength, both
      observed and synthetic, may be computed by a standard technique from the
      filtered or unfiltered data, according to the teachings of the aforesaid
      copending Applications.
PAR  Alternatively, the spikes of synthetic reflection strength may be enlarged
      in time duration, that is, replaced by rectangular "box-car" functions, in
      order to increase their visual clarity.
PAR  Synthetic strength representations prepared in sectional form by the
      techniques of the present invention may additionally be assembled
      advantageously into three-dimensional representations in accordance with
      the teachings of the aforesaid copending Application as a further aid to
      analysis.
PAR  Although the invention has been described in terms of the gross interval
      velocities measured between major seismic reflectors, it also encompasses
      the use of velocities modified to accommodate any known or estimated
      variation of local velocity with depth of past or present burial.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a synthetic seismic section from seismic interval
      velocity characteristic of seismic signals in intervals between seismic
      horizons for analysis of an observed seismic time or depth section,
      comprising the steps of:
PA1  a. forming a synthetic representation of seismic signal strength for the
      seismic horizon by forming a ratio of the difference between interval
      velocities in intervals adjacent the seismic horizons to the sum of
      interval velocities in intervals adjacent the seismic horizons; and
PA1  b. displaying the synthetic representation of seismic signal strength for
      the horizons in the form of a seismic section.
NUM  2.
PAR  2. The method of claim 1, wherein said step of displaying comprises the
      step of:
PA1  superimposing the synthetic representation of seismic signal strength on
      the observed seismic section.
NUM  3.
PAR  3. The method of claim 1, wherein said step of displaying comprises the
      step of:
PA1  displaying the synthetic representation of seismic signal strength as a
      color superposition on the observed seismic section.
NUM  4.
PAR  4. The method of claim 1, further including the step of:
PA1  displaying the reflection strength of the observed section in color.
NUM  5.
PAR  5. The method of claim 1, wherein said step of displaying comprises the
      step of:
PA1  displaying the reflection strength of the observed section in color,
      wherein the synthetic representation may be compared with the reflection
      strength of the observed section.
NUM  6.
PAR  6. The method of claim 1, further including the steps of:
PA1  displaying the reflection strength of the observed section.
NUM  7.
PAR  7. The method of claim 6, further including the step of:
PA1  normalizing both the synthetic representation of signal strength and the
      reflection strength of the observed section by the strength of a fiducial
      reflection.
NUM  8.
PAR  8. The method of claim 1, further including the step of:
PA1  filtering the synthetic representation of signal strength to impart thereto
      the general character of an observed seismic reflection in the observed
      section.
NUM  9.
PAR  9. A method of making a synthetic seismic section indicating reflection
      strength of seismic reflectors in an observed time or depth seismic
      section utilizing the following steps:
PA1  a. computing the seismic velocity in the zones above and below the seismic
      reflectors;
PA1  b. computing for each reflector a synthetic reflection strength
      characteristic which is given by the difference of the velocities above
      and below the reflector divided by the sum of the velocities above and
      below the reflector; and
PA1  c. displaying the synthetic reflection strength characteristic superimposed
      upon the observed seismic section.
NUM  10.
PAR  10. A method of making a synthetic seismic section from seismic interval
      velocity characteristics of seismic signals in layers between seismic
      horizons for analysis of an observed seismic time or depth section,
      comprising the steps of:
PA1  a. forming a synthetic representation of seismic signal strength for the
      seismic horizons by forming a synthetic reflection coefficient for the
      horizons by performing the steps of:
PAR  1. forming the product of the interval velocity characteristic and a
      probable value of density for each of the layers adjacent the seismic
      horizons; and
PA2  2. forming a ratio of the difference to the sum of the products formed of
      the interval velocity characteristic and probable value of density for the
      layers adjacent the seismic horizons to thereby form the synthetic
      representation of seismic signal strength; and
PA1  b. displaying the synthetic representation of signal strength for the
      horizons in the form of a seismic section.
NUM  11.
PAR  11. The method of claim 10, wherein said step of displaying comprises the
      step of:
PA1  superimposing the synthetic representation of signal strength on the
      observed seismic section.
NUM  12.
PAR  12. The method of claim 10, wherein said step of displaying comprises the
      step of:
PA1  displaying the synthetic representation of signal strength as a color
      superposition on the observed seismic section.
NUM  13.
PAR  13. The method of claim 10, further including the step of:
PA1  displaying the reflection strength of the observed section in color.
NUM  14.
PAR  14. A method of making a synthetic seismic section from seismic interval
      velocity characteristics of seismic signals in layers between seismic
      horizons for analysis of an observed seismic time or depth section,
      comprising the steps of:
PA1  a. forming a synthetic representation of seismic signal strength for the
      horizons by forming a plurality of synthetic representations of signal
      strength at the seismic horizons by performing the steps of:
PA2  1. forming the product of the interval velocity characteristic and a range
      of probable values of densities for each of the layers adjacent the
      seismic horizons; and
PA2  2. forming ratios of the difference to the sum of the products formed of
      the interval velocity characteristic and probable values of density for
      the layers adjacent the seismic horizons to thereby form the synthetic
      representation of seismic signal strength; and
PA1  b. displaying the synthetic representation of signal strength for the
      seismic horizons in the form of a seismic section.
NUM  15.
PAR  15. The method of claim 14, wherein said step of displaying comprises the
      step of:
PA1  superimposing the synthetic representation of signal strength on the
      observed seismic section.
NUM  16.
PAR  16. The method of claim 14, wherein said step of displaying comprises the
      step of:
PA1  displaying the synthetic representation of signal strength as a color
      superposition on the observed seismic section.
NUM  17.
PAR  17. The method of claim 14, further including the step of:
PA1  displaying the reflection strength of the observed section in color.
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PAL  A method and apparatus for seismic geophysical exploration including a
      seismic energy source, a control means, a plurality of geophones, and a
      plurality of geophone monitoring means, all located in a selected survey
      area. Each geophone monitoring means is positioned in relatively close
      physical proximity and electrically coupled to one or more of the
      geophones forming a set of geophones. The control means is utilized to
      generate electrical signals containing data initiating the operation of
      the seismic energy source and the plurality of geophone monitoring means.
      The electrical signals generated by the various geophones in a set
      responsive to a particular shot of the seismic energy source are received
      by the associated geophone monitoring means. Apparatus contained within
      the associated geophone monitoring means samples such geophone signals and
      produces representative data in digital form. The digitized data is stored
      in a memory device contained within the geophone monitoring means. When
      the geophone monitoring means receives electrical signals from the
      geophones responsive to a subsequent shot of a seismic energy source,
      these electrical signals are sampled and digitized. The stored data from
      the previous shot is withdrawn from the memory device and the data
      representative of the subsequent shot is summed thereto. The summed data
      is then accessed to the memory device. The procedure is repeated
      successively until the data representative of a selected number of shots
      has been summed. The cumulatively summed data is then accessed to a
      recording device also contained within the geophone monitoring means and a
      record is made of such summed data.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The seismic method of delineating geological subsurfaces of the earth
      involves the use of a source of seismic energy and its reception by an
      array of seismic detectors, generally referred to as geophones. When used
      on land, the source of seismic energy generally is a high explosive charge
      electrically detonated in a borehole located at a selected grid point in
      the terrain. The acoustic waves generated in the earth by the explosion
      are reflected back from pronounced strata boundaries and reach the surface
      of the earth after varying intervals of time, depending on the distance
      and the nature of the subsurface traversed. These returning acoustic waves
      are detected by the geophones, which function to transduce such acoustic
      waves into representative electrical signals. The plurality of geophones
      are arrayed in a selected manner to detect most effectively the returning
      acoustic waves and generate electrical signals representative thereof from
      which data may be deduced concerning the geological subsurface of the
      earth.
PAR  Seismic geophysical exploration has been modified in recent years by some
      seemingly small, but significant changes. One such change relates to the
      signal enhancement produced by the common depth point method as
      illustrated in the United States letters Patent 2,732,906 to Mayne. As a
      result of this improvement, it has become possible to utilize sources of
      seismic energy which are much weaker than explosives, but which are
      frequently much more practical and convenient. However, in practice, the
      common depth point method requires very large arrays of geophones, and
      these weaker seismic energy sources often require the summing or vertical
      stacking of detected responses to a large number of individual "shots" by
      the same or different seismic energy sources.
PAR  It is common today in the art to utilize at least twenty-four separate
      groups of geophones arrayed over a distance of some two or three miles. In
      many seismic systems utilized today in the art, the geophones in the array
      are electrically connected to a central recording apparatus by means of a
      long multi-conductor or coaxial cable, and the electrical signals
      generated by the geophones are coupled through the cable to the central
      recording apparatus.
PAR  There are numerous problems involved in the use of long cables to bring the
      signals from the geophones to the central recording station: resistivity
      losses can be quite high; the lines tend to pick up extraneous electrical
      noises; the cables tend to dictate that the arrays of geophones be linear;
      the geophone intervals are fixed by the construction of the cables; laying
      out the cable itself may be a major undertaking, such as in jungles, swamp
      or marsh; the cables are subject to attack by animals as well as humans;
      the cables are subject to water infiltration and mechanical damage; the
      cables are expensive and require repairs, upkeep and spare parts in remote
      areas; the central recording apparatus tends to be bulky; and multiplexing
      problems associated with digital recording arise when numerous geophone
      groups are utilized.
PAR  There have been attempts to develop improved seismic geophysical
      exploration systems which, among other things, eliminate the long cables.
      Examples of such systems are the systems disclosed in United States
      letters Patent Nos. 2,749,772; 3,283,296; and 3,806,864. However, for one
      reason or another, each of the above prior art systems is disadvantageous.
      By way of example, in the prior art systems which eliminate the use of
      long cables, there is no means for the data produced by the geophones
      responsive to a particular shot of the seismic energy source to be summed
      or stacked by the remote monitoring units with the data produced by the
      geophones responsive to other shots of the seismic energy source. In
      addition, these prior art systems which eliminate the use of long cables
      require superior radio communication between the control unit and the
      remote monitoring units. Under noisy conditions, the time of the shot by
      the seismic energy source may be uncertain and thus lead to degradation of
      the seismic data.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  This invention provides an improved method and apparatus for seismic
      geophysical exploration which is more advantageous and practical than the
      prior art systems. The improved seismic geophysical exploration system
      according to this invention includes a seismic energy source for
      generating acoustic waves through the earth and a plurality of geophone
      monitoring means each of which is positioned in relatively close physical
      proximity to one or more geophones forming a set of geophones. Each of the
      geophones in a set is coupled, such as by a short conductor, to the
      associated geophone monitoring means so that electrical signals generated
      by the geophones can be communicated between the geophones in the set and
      the associated geophone monitoring means.
PAR  A control means is utilized by the operator of the system to initiate the
      operation of the seismic energy source and the plurality of geophone
      monitoring means. In a first embodiment of the method and apparatus for
      seismic geophysical exploration according to this invention, the control
      means is utilized by the operator of the system to generate electrical
      signals carrying data commanding the seismic energy source to immediately
      produce a shot and/or commanding certain immediate operations of the
      geophone monitoring means. In this first embodiment of the method and
      apparatus according to the invention, the data carried by the electrical
      signals includes a realtime "time break" signal which initiates
      immediately the commanded operations of the other components of the
      system. In this first embodiment of the invention, the control data
      contained in the electrical signals may be transmitted to the seismic
      energy source and the remote geophone monitoring means by transmitting the
      electrical signals through cables or transducing the electrical signals
      into electromagnetic signals and broadcasting such electromagnetic
      signals. In a second embodiment of the method and apparatus for seismic
      geophysical exploration according to this invention, the control means is
      utilized by the operator of the system to generate and transmit
      electromagnetic signals carrying data synchronizing a clocking means in
      the seismic energy source and a clocking means in each of the various
      geophone monitoring means, and thereafter to generate and transmit
      electromagnetic signals carrying data commanding the seismic energy source
      to produce a shot at a selected future instant of time and/or commanding
      the various geophone monitoring means to perform certain operations at
      selected future instants of time. In this second embodiment of the method
      and apparatus according to the invention, instead of the electromagnetic
      signals including time break data, the electromagnetic signals contain
      data instructing the various components of the system to commence
      performing the desired operations at selected future instants of time. The
      remote components include apparatus for examining the message carried by
      the electromagnetic signals to determine if the message was correctly
      received. Since the commanded operations of the remote components are not
      to be performed until a selected future instant of time, there is
      sufficient time for the message to be transmitted repetitively thereby
      greatly enhancing the probability the message, including the time of the
      shot, is correctly received. In still another embodiment of the improved
      method and apparatus for seismic geophysical exploration according to this
      invention, the control means is utilized by the operator of the system to
      generate and transmit electrical signals carrying data synchronizing a
      clocking means in the seismic energy source and a clocking means in each
      of the various geophone monitoring means, and thereafter the seismic
      energy source and the various geophone monitoring means operate according
      to preselected internal programs. The third embodiment of the method and
      apparatus according to the invention can be effectively utilized in
      situations in which radio communication is impractical.
PAR  Each geophone monitoring means includes a memory means for storing the
      complete seismic data produced by the associated geophones in response to
      one "shot" by a seismic energy source. Each geophone monitoring means also
      includes means for withdrawing the stored seismic data from the memory
      means and summing or adding thereto the complete seismic data produced by
      the geophones in response to a subsequent shot, and then again accessing
      the summed seismic data into the memory device. This process continues
      until the data from a selected number of shots has been summed or
      vertically stacked within the geophone monitoring means. After the
      selected number of shots has occurred, the summed data is transferred from
      the memory means to a recording means within the geophone monitoring
      means.
PAR  Each geophone monitoring means contains an internal clocking apparatus
      which, upon being initiated by an electrical signal generated by the
      control means, produces the necessary clocking signals for the internal
      operation of the geophone monitoring means. This eliminates the necessity
      for the control means to generate an electromagnetic signal providing a
      continuous, accurate, clocking signal.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which the long cables between the
      various geophones and a central recording unit may be eliminated, thereby
      reducing resistive losses of signals, extraneous electrical noises, bulky
      central recording apparatus, digital data sampling restrictions and labor
      costs.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which a geophone monitoring means is
      associated with one or more geophones in the field for receiving, storing,
      summing and recording the seismic data produced by the geophones in
      response to several shots, thereby producing a stacking within the
      geophone monitoring means of the seismic data produced by the shots.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which a geophone monitoring means is
      associated with one or more geophones in the field for receiving, storing,
      summing and recording the seismic data produced by the geophones in
      response to several shots, which geophone monitoring means includes an
      internal clocking apparatus for producing clocking signals for the
      operation of the geophone monitoring means.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which a geophone monitoring means is
      associated with one or more geophone in the field for receiving, storing,
      summing and recording the seismic data produced by the geophones in
      response to several shots, and in which a control means is employed for
      generating electrical signals initiating the seismic energy means and the
      various geophone monitoring means.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which the need for long cables between
      the various geophones and a central recording unit is eliminated, in which
      a geophone monitoring means is associated with one or more geophones in
      the field for receiving and recording the seismic data produced by the
      geophones responsive to a shot from the seismic energy source, and in
      which a control means is employed for generating and transmitting
      electromagnetic signals commanding the seismic energy source and/or the
      geophone monitoring means to commence performing a preselected operation
      at a selected future instant of time, whereby the electromagnetic signal
      can be transmitted repetitively to enhance the probability that the
      message being transmitted by the electromagnetic signal is received
      correctly by the seismic energy source and the various geophone monitoring
      means.
PAR  It is an object of this invention to provide an improved seismic
      geophysical exploration system in which the long cables between the
      various geophones and a central recording unit are eliminated, in which a
      geophone monitoring means is associated with one or more geophones in the
      field for receiving and recording the seismic data produced by the
      geophones responsive to a shot from the seismic energy source, and in
      which the seismic energy source produces its shot and the various geophone
      monitoring means commence receiving and recording data at a selected
      future instant of time in accordance with internal preselected programs
      and synchronized clocking means contained within the seismic energy source
      and the various geophone monitoring means.
DRWD
PAR  This invention possesses many other advantages and has other objects which
      may be more clearly apparent from the consideration of the forms in which
      it may be embodied. Three embodiments of the invention are shown in the
      drawings accompanying and forming part of the present specification. These
      embodiments of the invention will now be described in detail for the
      purpose of illustrating the general principles of the invention.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings in which like numerals represent like parts:
PAR  FIG. 1 illustrates schematically a possible physical arrangement of the
      components of a preferred seismic geophysical exploration system according
      to this invention.
PAR  FIG. 2 is a block diagram of the electrical components of a preferred
      control means in a first embodiment of the seismic geophysical exploration
      system according to this invention.
PAR  FIG. 3 is a partial schematic and partial block diagram of the preferred
      components of the encoder in the control means illustrated in FIG. 2.
PAR  FIG. 4 is a block diagram of the electrical components of a preferred
      seismic energy source in the first embodiment of the seismic geophysical
      exploration system according to this invention.
PAR  FIG. 5 is a partial schematic and partial block diagram of the preferred
      components of the decoder of the seismic energy source illustrated in FIG.
      4 and the preferred components of a decoder which may be employed in a
      preferred geophone monitoring means as illustrated in FIG. 6.
PAR  FIG. 6 is a block diagram of the electrical components of a preferred
      geophone monitoring means in the first embodiment of the seismic
      geophysical exploration system according to this invention.
PAR  FIG. 7 is a partial schematic and partial block diagram of the preferred
      components of the summing control means utilized in the geophone
      monitoring means in the first embodiment of the seismic geophysical
      exploration system according to this invention.
PAR  FIG. 8 is a partial schematic and partial block diagram of the preferred
      components of the operation control means of the preferred geophone
      monitoring means illustrated in FIG. 6.
PAR  FIG. 9 is a partial schematic and partial block diagram of the preferred
      components of the memory means, the memory write control and the memory
      read control of the geophone monitoring means illustrated in FIG. 6.
PAR  FIG. 10 is a timing chart illustrating the time relationships of the
      operations of various of the components of the geophone monitoring means.
PAR  FIGS. 11A and 11B are a partial schematic and partial block diagram of the
      electrical components of the preferred manual controls and encoder in the
      control means in the second embodiment of the seismic geophysical
      exploration system according to this invention.
PAR  FIGS. 12A and 12B are a partial schematic and partial block diagram of the
      electrical components of a preferred geophone monitoring means in the
      second embodiment of the seismic geophysical exploration system according
      to this invention.
PAR  FIG. 13 is a block diagram of the electrical components of the preferred
      seismic energy source in this second embodiment of this invention.
PAR  FIG. 14 is a partial schematic and partial block diagram of the preferred
      electrical components of the clock counter utilized in the seismic energy
      source and in the geophone monitoring means in the second embodiment of
      this invention.
PAR  FIG. 15 is a partial schematic and partial block diagram of the preferred
      electrical components of the manual controls and encoder in the third
      embodiment of this invention.
PAR  FIGS. 16A and 16B are a partial schematic and partial block diagram of the
      electrical components of the geophone monitoring means in the third
      embodiment of this invention.
PAR  FIG. 17 is a block diagram of the electrical components of the preferred
      seismic energy source in this third embodiment of the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS OF INVENTION
PAR  FIG. 1 illustrates schematically a possible physical arrangement of the
      components of a preferred seismic geophysical exploration system according
      to this invention.
PAR  A seismic energy source 12 is employed for generating seismic waves in the
      earth. In this description of the invention, it is often stated that the
      seismic energy source produces a shot which generates seismic waves. The
      terms "produces a shot" or "shot" refer to one operation of the seismic
      energy source 12 to generate acoustic or seismic waves in the earth,
      whether such seismic waves are generated rapidly such as by an explosive
      or over a relatively long time duration such as by the VIBROSEIS method.
PAR  A plurality of geophones 13 are positioned in selected locations in a
      survey area in physical communication with the earth. Each geophone 13
      functions to receive the seismic waves after travel through the earth and
      to transduce such received seismic waves into representative electrical
      signals. As shown in FIG. 1, the geophones are arrayed in a two
      dimensional formation in the survey area: five circular formations spaced
      apart from each other. The geophones forming each circular formation
      comprise a set of geophones. Positioned in relatively close proximity to
      each set of geophones and electrically coupled thereto, is a geophone
      monitoring means 14. While each geophone monitoring means 14 is
      illustrated electrically coupled to seven, eight, nine or ten geophones,
      it is contemplated that each individual geophone monitoring means 14 could
      be electrically coupled to a single geophone 13. In other words, the
      geophones 13 and the geophone monitoring means 14 could be electrically
      coupled to each other in a one-to-one relationship. Coupling means 15
      connect each of the geophones in a set with the geophone monitoring means
      14 for that set and function to communicate the electrical signals
      generated by the geophones from the individual geophones to the associated
      geophone monitoring means. The coupling means 15 preferably are small
      electrical conductors; since the conductors are short in length, they do
      not present the same difficulties as the long cables used by the prior art
      systems to communicate between the geophones and the recording apparatus.
PAR  Each geophone monitoring means 14 functions to receive the various
      electrical signals generated by the associated geophones responsive to a
      shot by the seismic energy source, to transduce such electrical signals
      into data representative thereof and to store such data in a memory means
      within the geophone monitoring means, to receive the electrical signals
      generated by the associated geophones responsive to a subsequent shot and
      transduce such electrical signals into representative data, to withdraw
      the stored data from the memory means and sum or add thereto the data
      representative of the subsequent shot and then again access the summed
      data into the memory means, and to repeat this process for a selected
      number of shots and then transfer the summed data from the memory means
      onto a recording means within the geophone monitoring means, which
      recording means makes a record of the summed data.
PAR  The operator of the system utilizes a control means 16 to initiate the
      operation of the various components of the system via electrical signals.
      There are described herein three embodiments of a seismic geophysical
      exploration system according to this invention, each embodiment having a
      different method and apparatus for the control means 16 to initiate the
      operation of the various components of the system.
PAR  The various preferred components of the improved seismic system according
      to this invention will now be described in detail.
PAC  A. Embodiment in which the control means generates an electrical signal
      containing data commanding the seismic energy means and/or the various
      geophone monitoring means to perform immediately a preselected operation.
PAR  In the first embodiment of the improved method and apparatus for seismic
      geophysical exploration according to this invention, the control means 16
      functions to generate electrical signals containing data commanding the
      seismic energy source and/or the various geophone monitoring means to
      commence performing immediately certain preselected operations. For
      example, the electrical signal may contain coded data representative of a
      command for the seismic energy source to immediately produce a shot and of
      a command for a desired preselected operation to be performed immediately
      by the various geophone monitoring means with respect to the electrical
      signals generated by the geophones responsive to the shot. Or, the
      electrical signal may contain data representative of a command for the
      various geophone monitoring means to immediately perform some operation on
      the data it has already gathered from the geophones. In this first
      embodiment of the seismic system, the electrical signal generated by the
      control means 16 includes coded data representative of a "time break,"
      that is, an impulse which initiates immediately the preselected operation
      of the seismic energy source and/or the various geophone monitoring means.
PAR  In the first embodiment of the invention, the data contained in the
      electrical signal generated by the control means may be transmitted to the
      seismic energy source and the remote geophone monitoring means by long
      cables. However, it is preferable that such electrical signals are
      transduced into electromagnetic signals and transmitted to the remote
      units through the atmosphere. As illustrated in FIG. 2, the control means
      16 in this first embodiment of the invention preferably includes manual
      control 19 for allowing the operator of the system to input to the control
      means selected commands and data which will be transmitted by
      electromagnetic signals to the various geophone monitoring means 14 and
      the seismic energy source 12. The manual controls 19 may be any of
      numerous commercially available apparatus, each as a EECO Switch No.
      197606G. This particular EECO switch is coded for binary coded decimal
      output. Logic levels, either a "high"  or a "low," presented at the output
      lines of the switch are utilized to represent decimal numbers in a
      selected range, such as, the range zero to nine. The outputs of the manual
      controls 19 preferably are coupled to the input of an encoder 20 which
      functions to transduce the representative logic level signals received
      from the output lines of the manual controls 19 into a serial stream of
      audible tones having frequency f.sub.1 or f.sub.2.
PAR  The output of the encoder preferably is coupled over line 21 to the input
      of a transmitter 22 such as a General Electric LB1-3546P, which functions
      to generate an electromagnetic signal, such as a frequency modulated radio
      signal, representative of the serial stream of audible tones f.sub.1 or
      f.sub.2 generated by the encoder 20. The output of the transmitter 22 is
      coupled to an antenna 23 which broadcasts the electromagnetic signals into
      the air.
PAR  FIG. 3 illustrates a preferred encoder 20 to be utilized in the control
      means 16 in this first embodiment of this invention. The encoder 20
      illustrated in FIG. 3 functions, responsive to signals received from the
      manual controls 19, to generate an eight bit serial stream of audible
      tones. If additional bits are desired, a plurality of components such as
      described in FIG. 3 may be utilized. Preferably, the operator of the
      system operates the manual switches 24 in the manual controls 19 to form a
      selected decimal number in the range zero to nine. The operator then sets
      the encoder 20 in operation by depressing start switch 25 in the manual
      controls 19. Depressing start switch 25 resets counter 26 and the
      free-running multivibrator 27 in the encoder 20. The output of the counter
      26 is coupled to the input of an eight-channel digital multiplexer 28
      which functions, in response to the digital count received from the
      counter 26, to sample the various signals coupled to it from the output
      lines of the manual controls 19. For example, when the counter 26 is in a
      zero count state, the digital multiplexer selects the input received over
      line 29 and couples it through its output to NAND gates 30 and 32.
PAR  If the output level of the multiplexer is "high," the gate of field effect
      switch 33 is forced to a "high" logic level and the gate of field effect
      switch 34 is forced to a "low" logic level. With this condition, field
      effect switch 33 is off and field effect switch 34 is on, which allows the
      signal output of tone generator 35 to be applied over output line 21.
PAR  If the output level of the multiplexer is "low," field effect switch 33 is
      on and field effect switch 34 is off, which allows the signal output of
      tone generator 36 to be applied over output line 21.
PAR  Preferably the multivibrator output is combined with the multiplexer output
      to limit the duty cycle of the applied tone frequency to 50 percent of the
      total bit period. This produces an absent of tone immediately prior to
      each tone f.sub.1 or f.sub.2, and, as a result, enhances signal clarity
      and adds a "clocking" aspect to the serial stream of audible tones. Rather
      than utilizing the presence and absence of the tones f.sub.1 or f.sub.2 to
      add a clocking aspect to the serial stream of tones, phasing encoding of
      the tones, such as is well known to skilled artisans, could be utilized to
      add a clocking aspect to the serial stream of tones.
PAR  Preferably the first negative going clock signal from the multivibrator 27
      switches counter 26 from count state zero to count state one. When a count
      state of one is applied to the multiplexer 28 the multiplexer selects the
      next output line 37 of the manual controls as its input and couples it
      through its output to NAND gates 30 and 32. The tone frequency (f.sub.1 or
      f.sub.2 generated by tone generators 35 or 36) selected for output over
      line 21 again depends on the logic state of the output of the multiplexer
      28 which, in turn, depends on the logic state of the signal received at
      its input from the manual controls 19.
PAR  The counter 26 continues to count until it attains a count of eight.
      Thereupon, the count of eight stops the multivibrator 27 and turns off
      field effect switches 33 and 34. The encoder 20 will remain in this
      inactive state until the start switch 25 is again depressed.
PAR  Preferred commercially available components for the encoder 20 are as
      follows:
TBL  Multiplexer 28        DM 74151                                            
     Counter 26            DM 74197                                            
     Multivibrator 27      Control Logic, Inc.                                 
                           CCM-151T                                            
     Tone generators 35 and 36                                                 
                           LM 567                                              
     Gates 31 and 32       DM 7410                                             
     Gate 30               DM 7404                                             
     Field Effect Switches 33 and 34                                           
                           Intersil DG 188                                     
PAR  It is preferable that in this first embodiment of the invention, the
      electromagnetic signal generated by the control means 16 and transmitted
      to the seismic energy source and the various geophone monitoring means,
      contain 57 bits of digital data. This can be accomplished by coordinating
      eight of the previously described manual control and encoder components.
      Preferably the first 48 bits of the data stream are utilized to transmit
      information describing the selected operation to be performed by the
      various geophone monitoring means and, when applicable, describing the
      location of the seismic energy source about to be shot. Preferably the
      next 8 bits of the data stream are utilized to transmit the "time break"
      data, the use of which in an electromagnetic signal is well known to those
      skilled in the art, instructing the seismic energy source and/or the
      various geophone monitoring means to immediately perform the preselected
      or commanded operation. Preferably, the last bit of the data is an odd
      parity bit for the entire serial stream of data.
PAR  FIG. 4 illustrates in block diagram a preferred seismic energy source to be
      utilized in this embodiment of the invention. The seismic energy source is
      constructed to perform a preselected operation -- producing a shot -- upon
      receiving preselected data in the electromagnetic signal generated by the
      control means. The seismic energy source 12 preferably includes an antenna
      40 for receiving passing electromagnetic signals. The signals received by
      antenna 40 are coupled to the input of a receiver 41 which functions to
      select the desired signals from the mass of electromagnetic signals
      intercepted by the antenna 40. The receiver 41 may be any of numerous
      commercially available apparatus, such as a General Electric LB1-3546P.
      The output of the receiver 41 is coupled over line 42 to the input of a
      decoder 43 which functions to transform the serial stream of audible tones
      selected by the receiver 41 into a serial stream of digital data and to
      generate an electrical signal representative of the information contained
      in the digital data. The output of the decoder 43 is coupled over line 44
      to a firing mechanism 45 which functions to cause the energy means 46 to
      discharge. The firing mechanism 45 may be any of numerous commercially
      available apparatus, such as Geo Space HS 1200. The energy means 46 mayy
      be a high explosive charge or a low energy source such as a DINOSEIS. The
      energy means 46 is in physical communication with the earth and when it
      discharges, it generates seismic waves through the earth.
PAR  FIG. 5 illustrates a preferred decoder 43 to be utilized in the seismic
      energy source 12 in this embodiment of the invention. The serial stream of
      audible tones generated by the output of the receiver 41 are coupled over
      line 42 to tone detectors 47 and 48. Each of tone detectors 47 and 48
      functions to generate a logic signal of a selected level whenever it
      detects an audible tone of a selected frequency. The outputs from the tone
      detectors 47 and 48 are combined through gate 49 to form a clock signal
      comprised of a serial stream of digital pulses. The clocking signal is
      supplied to a counter 50 and other components of the decoder 43 as will
      hereinafter be explained. The outputs of the tone detectors 47 and 48 are
      also supplied to a latch circuit 51. The latch circuit 51 combines the
      outputs of the tone detectors 47 and 48 to form a serial stream of digital
      data representative of the serial stream of audible tones f.sub.1 or
      f.sub.2 supplied over line 42 to the decoder 43.
PAR  As previously mentioned, preferably the 8 bits of the serial data stream
      following the first 48 bits, contain the time break data utilized to
      initiate immediately the preselected operation of the seismic energy
      source 12. As such, the data contained in the first 48 bits is not needed
      by the seismic energy source 12 and is not stored by the decoder 12
      contained in the seismic energy source 12. Rather, the count derived from
      this data is used to advance counter 50 to count state 48. A count of
      forty-eight by counter 50 is detected by gate 52 and the output of gate 52
      is utilized to set flip-flop 53. The output of flip-flop 53 is gated
      through gate 54 with the clocking signal from gate 49 to form the clock
      signal for shift register 55. The data input for shift register 55 is
      derived from data latch circuitry 51. During the time the eight bit data
      group is being received by the shift register 55, the clock signal which
      drives shift register 55 is also driving counter 56. When a count of eight
      on counter 56 is detected by gate 57, flip-flop 58 is set -- thereby
      activating gate 59. Gate 59 is an eight input gate which functions to
      examine the contents of shift register 55. If the contents of this
      register contains the necessary logic levels to force all eight inputs to
      gate 59 to the high state, an electrical signal of preselected logic level
      will be generated at the output of gate 59. This electrical signal
      generated at the output of gate 59 is coupled over line 44 to the input of
      a firing mechanism 45 as shown in FIG. 4. After the serial data stream has
      been completely transmitted to the decoder 43, the clocking signal from
      gate 49 will no longer exist. The end-of-clock-detector 60 will detect
      that the clocking signal no longer exists, and the output from this
      end-of-clock-detector 60 is utilized to reset counters 50 and 56 and
      flip-flops 53 and 58 and shift-register 55.
PAR  Preferred commercially available components for the decoder 43 are as
      follows:
TBL  Tone detectors 47 and 48                                                  
                         LM 567                                                
     Counters 50 and 56  DM 74197                                              
     End-of-clock-detector 60                                                  
                         A Schmidt trigger                                     
                         combined with a one-shot                              
     Shift register 55   DM 74174                                              
     Flip-flops 53 and 58                                                      
                         DM 7474                                               
PAR  Certain additional components in the decoder 43 and illustrated in FIG. 5
      shall be described hereinafter with respect to the geophone monitoring
      means 14 utilized in this first embodiment of the invention.
PAR  FIG. 6 illustrates in block diagram a preferred geophone monitoring means
      14 to be utilized in this embodiment of the invention. The geophone
      monitoring means is constructed to perform a preselected operation upon
      receiving preselected data in the electromagnetic signal generated by the
      control means. An antenna 40 intercepts the passing electromagnetic
      signals. The output of the antenna is coupled to the input of a receiver
      41 which functions to select the desired audible tones f.sub.1 or f.sub.2
      from the mass of electromagnetic signals intercepted by the antenna. The
      receiver may be any of numerous commercially available apparatus, such as
      the General Electric LB1 3546P. The stream of audible tones output by the
      receiver 41 is coupled to the input of a decoder 43 which functions to
      transform the serial stream of audible tones supplied to its input into a
      serial stream of digital bits and transmit the serial stream of digital
      bits to the other components of the geophone monitoring means. The decoder
      43 also functions to examine the time break portion of the serial stream
      of digital bits and generate an electrical signal representative thereof.
      The decoder 43 preferably is similar to the decoder 43 described and
      illustrated in FIG. 5. However, when the decoder apparatus illustrated in
      FIG. 5 is used in the geophone monitoring means 14, preferably the
      clocking signal generated by gate 49 is gated through gate 65 and supplied
      over line 66 as a clocking signal to certain other components in the
      geophone monitoring means as will hereinafter be described. In addition,
      the data stream generated by the latching circuitry 51 is supplied over
      line 67 to certain other components in the geophone monitoring means as
      will hereinafter be described. When the decoder 43 is utilized in a
      geophone monitoring means 14 in this first embodiment of the invention,
      preferably the gate 59 is only a seven-input gate so that the time break
      portion of the electromagnetic signal will cause the gate 59 to generate
      an electrical signal of a preselected logic level if only the first seven
      bits stored in the register 55 are of the necessary logic levels. The
      electrical signal so generated by gate 59 is supplied to additional
      components in the geophone monitoring means as will hereinafter be
      described.
PAR  Referring now to FIG. 6, the clocking signal generated by gate 49 and the
      digital data stream generated by the latching circuitry 51 in the decoder
      43 are supplied over lines 66 and 67, respectively, to the input of a
      header storage apparatus 68. Header storage apparatus 68 functions,
      responsive to the clocking signals generated by decoder 43 over line 66,
      to receive over line 67 the entire digital data stream and to store such
      data stream in parallel digital bit format. Upon command, the data stored
      in the header storage 68 is supplied to an operation control means 69 over
      line 70. Header storage means 68 may be any of numerous commercially
      available apparatus, such as a National Semiconductor SN74174. The
      electrical signal generated by gate 59 in the decoder 43 is coupled over
      line 44 to the input of a summing control means.
PAR  Also coupled to the input of the operation control means 69 is the output
      of a geophone header 72. The geophone header 72 functions, responsive to
      the control of the person who implaces the geophone monitoring means 14 in
      position, to input data over line 73 into the operation control means 69
      representative of the physical location of the particular geophone
      monitoring means 14. Preferably there is associated with the geophone
      header 72 manual controls (not shown), such as an EECO switch 1976060,
      which allow such person to input the desired information.
PAR  Coupled to the summing control means 71 is a clock means 74 which functions
      to generate a digital count at a selected, constant time interval. This
      digital count is supplied to the summing control means over line 75. The
      clock means 74 may be any of numerous commercially available apparatus,
      such as a Motorola K1091A crystal oscillator and a clock device from the
      National Semiconductor 7400 Series Logic Family.
PAR  Coupled to the operation control means 69 is a memory means 76. Memory
      means 76 functions, responsive to control signals received from operation
      control means 69 over line 77 and from the summing control means 71 over
      line 78, to store the digital data accessed to it. Upon command, the data
      stored in the memory means 76 is supplied to the operation control means
      69 over line 79. The memory means 76 may be any of numerous commercially
      available apparatus, such as a Texas Instruments TMS4030JL Random Access
      Memory.
PAR  The outputs of the various geophones 13 in the set of geophones with which
      the geophone monitoring means 14 is associated, are combined together and
      coupled through line 15 to the input of an amplifier 80. Amplifier 80
      functions to amplify and shape the electrical signals generated by the
      plurality of geophone 13. The amplifier 80 may be any of numerous
      commercially available apparatus, such as a geospace DAS1700 Seismic
      Amplifier.
PAR  The output of amplifier 80 is coupled to the input of a sample-and-hold
      device 81. Also coupled to the input of the sample-and-hold device 81 is
      an enabling signal generated by the summing control means 71. The
      sample-and-hold device 81 functions, responsive to the enabling signal, to
      sample the amplified electrical signal generated by the amplifier 80 at
      selected time intervals and to maintain such sampled signal at its output
      for a selected period of time. The sample-and-hold device 81 may be any of
      numerous commercially available devices such as a Datel SHM-CM.
PAR  The output of the sample-and-hold device 81 is coupled to an input of an
      analog-to-digital converter 82. Also coupled to the input of the
      analog-to-digital converter 82 is an enabling signal generated by the
      summing control means 71. The analog-to-digital converter 82 functions,
      while enabled, to convert the electrical signal supplied to its input into
      a digital signal. The output of the analog-to-digital converter 82 is also
      coupled to the input of an amplifier gain control device 83, which may be
      any of numerous commercially available apparatus such as a DM 74194. The
      amplifier gain control 83 functions responsive to the magnitude of the
      signal generated by the analog-to-digital converter 82, to control the
      gain of the amplifier 80.
PAR  The digital output signal of the analog-to-digital converter, preferably in
      binary coded data format, is coupled to the input of an up/down gain
      apparatus 84. Also coupled to the input of the up/down gain apparatus 84
      is an enabling signal generated by the summing control means 71. The
      up/down shift register functions, while enabled, to increase or decrease
      the magnitude of the logic levels of the digital signal generated by the
      analog-to-digital converter 82. The analog-to-digital converter and the
      up/down gain apparatus may be any of numerous commercially available
      apparatus, such as a Datel ADC-CM12B and a Texas Instruments SN7495
      Right-Left Shift Register, respectively.
PAR  The output of the up/down gain apparatus 84 is coupled to the input of an
      adder 85. The adder 85 functions to sum the digitized data supplied to it
      from the up/down gain apparatus 84 with such digitized data as may be
      supplied to it from the memory means 76. The adder 85 may be any of
      numerous commercially available apparatus, such as a Texas Instruments
      SN7483 Four-bit Full Adder.
PAR  Coupled to the output of the memory means 76 and to the output of the
      amplified gain control 82, ia an up/down shift control 86. The up/down
      shift control 86, which may be any of numerous commercially available
      devices such as a DM 74194, functions to control the gain of the up/down
      shift register 84. The operation of the up/down shift register to
      normalize the magnitude of the digital signal generated by the
      analog-to-digital converter may be as described by U.S. Pat. No.
      3,466,596.
PAR  Associated with the memory means 76 are a memory write control means 87 and
      a memory read control means 88 which function conjunctively, responsive to
      signals received from the summing control means 71, to control the
      transfer of data from the memory means 76 to the adder 85 for summing with
      data being received by the adder 85 from the up/down shift register 84,
      and to control the accessing of the summed data back from the adder 84 to
      the memory means 76.
PAR  Coupled to the output of the operation control means 69 is a recorder means
      89, such as a small, cassette tape recorder MFE Model 250 Digital Cassette
      Tape Transport. Recorder means 89 functions, responsive to command signals
      received from operation control means 69 over line 90, to make a record of
      the data transmitted to it from the operation control means 69.
PAR  Referring to FIG. 7, there is illustrated in block diagram form the
      preferred components of the summing control means 71 to be utilized in the
      geophone monitoring means 14 in this first embodiment of the invention.
      Coupled to a one-shot 90 over line 44 is the electrical signal generated
      by gate 59 in the decoder 43. This one-shot 90 transforms such electrical
      signal into an electrical pulse of short duration. The output pulse from
      one-shot 90 is supplied over line 78 to the clock 74 to reset the
      operation of such clock. The output pulse from the one-shot 90 is also
      coupled over line 78 to the input of the operation control means 69 as
      will be hereinafter explained and is coupled to the memory device 76 to
      reset the memory device 76 to a zero address state.
PAR  Once the clock 74 has been reset by the electrical pulse generated by
      one-shot 90, clock 74 commences generating a digital clocking signal. The
      clocking signal is supplied over line 75 to a one-shot 91 which functions
      to generate, responsive to each clock pulse, a corresponding enabling
      signal for the sample-and-hold device 81. The enabling signal generated by
      one-shot 91 is supplied to one-shots 92 and 93. One-shot 92 generates
      responsive thereto an enabling electrical signal of selected time duration
      which is coupled to the memory read control means 88. One-shot 93
      generates an enabling electrical signal of selected time duration for the
      analog-to-digital converter 82.
PAR  The enabling signal generated by one-shot 93 is supplied to one-shot 94
      which generates responsive thereto an enabling electrical signal of
      selected time duration for the up/down shift register 84. The enabling
      signal generated by one-shot  94 is supplied to one-shot 95 which
      generates a delaying electrical signal of a selected time duration
      sufficient to allow the data stored in the memory means to be read from
      the memory and summed by the adder with the incoming data. The delaying
      electrical signal generated by one-shot 95 is coupled to one-shot 96 which
      generates responsive thereto an electrical signal which is coupled to the
      memory write control 87. The electrical signal generated by one-shot 96 is
      supplied to one-shot 97 which generates an impulse signal which is
      supplied to the memory means 76 to advance the memory address counter.
PAR  Preferably each of the one-shots in FIG. 7 is an Advanced Microdevices AM
      9602. The lettered triangles shown in FIG. 7 correspond to the lettered
      triangles shown in FIGS. 6 and 9.
PAR  Referring to FIG. 8, there is illustrated in block diagram form the
      preferred components of the operation control means 69 to be utilized in
      the geophone monitoring means in this embodiment of the invention. The
      impulse generated by one-shot 90 in the summing control means 71 is
      supplied over line 78 to an operation decoder 102. Once enabled by such
      pulse, the operation decoder 102 examines over line 70 the first 48 bits
      of data stored in header storage 68. The first 48 bits of the data stored
      in the header storage specifies the type of operation to be performed by
      the operation control means and, if the geophone monitoring means is to
      receive electrical signals from the associated geophones responsive to a
      shot by the seismic energy source, the location of the seismic energy
      source about to produce the shot. The operation decoder 102, preferably a
      forty-eight input gate composed of the 7400 series, decodes the data and
      determines the type of operation to be performed by the operation control
      means. Depending upon the type of operation to be performed, the operation
      decoder 102 generates a representative electrical signal which is coupled
      to the adder 85 over line 77 or is coupled to the memory write control 87
      over line 77a.
PAR  Supplied to the operation control means 69 over line 73 is the digital data
      stored in parallel form in the geophone header 72. This digital data is
      supplied over line 73 to a digital multiplexer 104 which functions to
      convert the parallel digital data into a serial digital stream. Also
      supplied to the operation control means 69 over line 79 is the data, in
      parallel digital bit form, stored in the memory means 76. This digital
      data supplied over line 79 to the input of a digital multiplexer 105 which
      functions to convert the parallel digital data into a serial digital data
      stream. Each of the multiplexers 104 and 105 preferably is composed of a
      plurality of DM 74151. The output of each of such multiplexers 104 and 105
      is coupled to the input of a NAND gate 107 and 108, respectively.
PAR  Coupled to the operation control means 69 over line 75 is the clock signal
      generated by internal clock 74. This clock signal is supplied over line 75
      to the input of a sequence control apparatus 109. Also coupled to the
      input of the sequence control apparatus 109 is the output of the operation
      decoder 102 contained in the operation control means 69. The sequence
      control apparatus 109, preferably a five stage shift register comprised of
      five flip-flops or a 5-bit counter such as a DM 74196, functions,
      responsive to the clocking signal supplied to its input over line 75 and
      the signal it receives from decoder 102, to energize the NAND gates 107
      and 108 at specific sequential periods of time so that the output of each
      of the multiplexers 104 and 105 may be gated therethrough to the input of
      NAND gate 110. The output of NAND gate 110 is supplied over line 111 to
      the input of the recorder means 89. Sequence control apparatus 109
      generates an output signal over line 90 which is supplied to the recorder
      means 89 to control the operation of the recorder means.
PAR  The portion of the geophone monitoring means 14 included within the small
      dashed rectangle within FIG. 6 is illustrated in partial block diagram and
      partial schematic diagram in FIG. 9. The preferred components of the
      memory means 76 and the memory write control 87 and the memory read
      control 88 are illustrated in FIG. 9 in a form well known to those skilled
      in the art.
PAR  FIG. 10 illustrates with respect to time the operation of the
      sample-and-hold device 81, the analog-to-digital converter 82, the adder
      85, the memory means 76, and the memory write control 87 and memory read
      control 88, in a form well known to those skilled in the art.
PAR  In the operation of this first embodiment of the seismic geophysical
      exploration system according to this invention, someone preferably places
      the control means 16, the seismic energy source 12, each of the geophone
      monitoring means 14 and the associated geophones 13, in their desired
      physical locations. If the operator of the system chooses to utilize
      cables to connect the control means 16 with the seismic energy source 12
      and each of the geophone monitoring means 14 for the transmission of the
      electrical signals generated by the control means, these cables are laid
      out. Preferably, however, the operator of the system transmits the control
      data from the control means to the remote units via electromagnetic
      signals, and the remainder of this description of the operation of the
      first embodiment of this invention shall assume that the control data is
      so transmitted. As each geophone monitoring means 14 is placed in position
      and connected to the geophones in the associated set, the person emplacing
      the geophone monitoring means activates the power (not shown) for the
      geophone monitoring means 14 and operates the manual controls (not shown)
      associated with the geophone header 72 to input into the geophone header
      72 information representative of the physical location of the geophone
      monitoring means 14. As the seismic energy source 12 is emplaced in its
      desired location, the power (not shown) for such seismic energy source is
      activated.
PAR  The operator of the system then manipulates the manual controls 19 of the
      control means 16 to cause transmitter 22 to generate an electromagnetic
      signal over antenna 23. The electromagnetic signal carries data
      representative of the commands of the operator, and is received by the
      various geophone monitoring means 14 and the seismic energy source 12.
      Preferably the operator of the system first transmits an electromagnetic
      signal containing data commanding the seismic energy source to immediately
      produce its first shot and commanding the various geophone monitoring
      means to immediately commence sampling the electrical signal produced by
      the geophones responsive to the first shot, transducing such sampled
      signal into digitized data, and storing such digitized data.
PAR  Upon the decoder 43 of the seismic energy source 12 decoding the time break
      data in the electromagnetic signal commanding the seismic energy source to
      produce a shot, an electrical signal is supplied to the firing mechanism
      45 which causes the energy means 46 to generate seismic waves through the
      earth.
PAR  When the electromagnetic signal is received by the geophone monitoring
      means, the entire digital data stream is temporarily stored in the header
      storage 68. Upon the decoder 43 decoding the time break portion of the
      digital data stream and generating a representative electrical signal over
      line 44 to the summing control means 71, an electrical impulse is supplied
      from the summing control means 71 over line 78 to the operation decoder
      102 in the operation control means 69. The operation decoder 102 examines
      the data stored in the header storage 68 and generates a representative
      signal over line 77 to the memory means 76. Since the commanded operation
      was for the geophone monitoring means to sample and store the data
      produced by the geophones responsive to the first shot of the seismic
      energy source, the electrical signal supplied over line 77 to the memory
      means 76 and the associated circuitry shown in FIG. 9, disables or
      prevents the adder from summing the incoming data with any "data" stored
      in the memory means 76. (Since this is the first shot by the seismic
      energy source, any data already in the memory device will be extraneous.)
      This is accomplished by the electrical signal supplied over line 77
      resetting the memory output register to zero digital value during the time
      period of the sampling of the electrical signal generated by the geophones
      responsive to the first shot. At the same time, the summing control means
      71 is generating the various enabling electrical signals to the
      sample-and-hold device 81, the analog-to-digital converter 82, the up/down
      shift register 84, the memory write control 87, the memory read control
      88, and the memory means 76.
PAR  As the associated geophones generate an electrical signal representative of
      the seismic waves sensed thereby, such electrical signal is amplified by
      amplifier 80, the amplified electrical signal is sampled by
      sample-and-hold device 81, and the sampled data is converted to digital
      format by the analog-to-digital converter 82. When the sampled data in
      parallel digital format is received by the adder 85, this data is in
      effect added to a digital word of zero value and the sum is supplied to
      the memory means 76 and stored therein.
PAR  At this point, the operator of the system may elect to transmit an
      electromagnetic signal commanding the various geophone monitoring means to
      immediately make a record of the data stored in the geophone header 72 and
      in the memory means 76. This is accomplished by the electromagnetic signal
      being decoded by decoder 43 in the geophone monitoring means and the
      digital data stream being accessed to the header storage 68. When the time
      break portion of the signal is decoded by the decoder 43, the summing
      control means 71 generates an electrical signal over line 78 to the
      decoder 102 in the operation control means 69. Decoder 102 examines the
      message stored in the header storage 68, generates a disabling signal over
      line 77a to the memory write control 87, and generates an enabling signal
      to the sequence controller 109 in the operation control means 69. The
      sequence controller 109 operates the NAND gates 107 and 108 sequentially
      whereby data is accessed over line 111 onto the recorder means 89
      representative of the location of the geophone monitoring means and the
      returning seismic waves detected by the set of geophones associated with
      the geophone monitoring means. The recording means 89 makes a record of
      such data. The seismic energy source does not produce a shot responsive to
      the time break portion of the electromagnetic signal because the time
      break data which commences the recording operation of the geophone
      monitoring means is different from the time break data which causes the
      seismic energy source to produce a shot and the geophone monitoring to
      perform a selected operation on the seismic data generated thereby; the
      use of an eight-input gate 59 and a seven-input gate 59 in the decoder of
      the seismic energy source and the geophone monitoring means, respectively,
      allows this difference in the time break data to be properly recognized.
PAR  On the other hand, the operator of the system may elect to stack or
      vertically sum two or more shots by the same seismic energy source or by
      different seismic energy sources. In this event, the operator of the
      system causes the control means to generate an electromagnetic signal
      containing data commanding the seismic energy source 12 to immediately
      produce another shot and commanding the various geophone monitoring means
      to immediately commence sampling the electrical signal produced by the
      geophones responsive to such shot. tranducing the sampled signal into
      digitized data, summing such incoming data with the data previously
      received from the geophones responsive to the first shot, and storing the
      summed data.
PAR  Upon the decoder 43 of the seismic energy source 12 decoding the time break
      data in the electromagnetic signal commanding the seismic energy source to
      produce another shot, an electrical signal is supplied to the firing
      mechanism 45 which causes the energy means 46 to generate seismic waves
      through the earth.
PAR  Upon the decoder 43 of the geophone monitoring means decoding the time
      break portion of the electromagnetic signal and generating a
      representative electrical signal over line 44 to the summing control means
      71, an electrical impulse is supplied from the summing control means 71
      over line 78 to the operation decoder 102 in the operation control means
      69. The operation decoder 102 examines the data stored in the header
      storage 68 and generates a representative signal over line 77 to the
      memory means 76. Since the commanded operation is for the geophone
      monitoring means to sample and sum the incoming data with the previously
      stored data and to store the summed data, no disabling electrical signal
      is supplied to the memory means 76 over line 77. The summing control means
      71 generates the various enabling electrical signals to the
      sample-and-hold device 81, the analog-to-digital converter 82, the up/down
      shift register 84, the memory write control 87, the memory read control
      88, and the memory device 76. As the associated geophones generate an
      electrical signal representative of the seismic waves sensed thereby, such
      electrical signal is sampled by sample-and-hold device 81 and the sampled
      data is converted into digital format by the analog-to-digital converter
      82. As the sampled data in parallel digital format is received by the
      adder 85, data is read from a time specified memory address stored in the
      memory means 76, summed by the adder 85 to the incoming digitized word
      supplied to the adder 84 from the up/down gain apparatus 82, and then the
      digital sum generated by this process is accessed into the memory means 76
      in the same time specified memory address.
PAR  After a desired number of shots have been stacked or summed, the operator
      of the system may generate an electromagnetic signal causing each of the
      various geophone monitoring means to immediately play out onto the
      recorder means 89 the data stored in the geophone header 72, and the data
      stored in the memory means 76 so that the recording means 89 makes a
      record of the data representative of the location of the geophone
      monitoring means and the summation of the returning seismic waves sensed
      by the geophones in response to the various shots produced by the seismic
      energy source. The time break data in the electromagnetic signal is such
      that the seven-input gate 59 in the decoder 43 in each geophone monitoring
      means produces a representative electrical signal but the eight-input gate
      59 in the decoder 43 in the seismic energy source does not produce such a
      signal. The representative electrical signal generated by the decoder 43
      and supplied to the summing control means 71 over line 44, causes an
      electrical impulse signal to be supplied from the summing control means 71
      over line 78 to the operation decoder 102 in the operation control means
      69. The operation decoder 102 examines the data stored in the header
      storage 68, generates a disabling electrical signal over line 77a to the
      memory write control 87, and supplies an enabling signal to the sequence
      controller 109 in the operation control means 69. Sequence controller
      generates a start command over line 90 to the recording means 89 to
      commence its operation. Thereafter, the sequence controller activates NAND
      gate 108 whereby the data stored in the memory means 76 is scanned and
      written on the recorder means 89 one word at a time starting at address
      zero. Preferably, each data word is loaded into the digital multiplexer
      105 and shifted out bit by bit through NAND gates 108 and 110 to the
      recording means 89. Thereafter, the sequence controller activates NAND
      gate 107 whereby the data from the geophone header 72 is scanned one bit
      at a time by the digital multiplexer and this bit pattern is supplied
      through NAND gate 110 and over line 111 to the recorder means 89. After
      all data is read from the memory means 76 and the geophone header 72, a
      stop command is supplied to the recorder means over line 90 by sequence
      controller 109.
PAR  At this point, the operation of the system may cease or the operator of the
      system may cause the seismic energy source to produce another series of
      shots and another record be made on the recording means of the summed
      data. Once the operation of the system is complete, the operator of the
      system causes the tapes or the like to be manually collected from the
      recording means 89 in the various geophone monitoring means. These tapes
      are played out sequentially through a mini-computer and put on a standard
      multiple track tape in a manner that is well known to those skilled in the
      art. Since each record on the tape is fully identifiable, the records may
      be properly put together in the usual manner in the main computer.
PAR  Thus, this first embodiment of the improved seismic geophysical exploration
      system according to this invention provides a geophone monitoring means
      which is positioned in relative close proximity to and coupled with one or
      more geophones. A control means generates an electrical signal, preferably
      an electromagnetic signal, containing data which initiates the operation
      of the seismic energy source and the various geophone monitoring means.
      The electrical signal includes a time break which initiates immediately
      the preselected operation of the seismic energy source and/or the various
      geophone monitoring means. Each of the geophone monitoring means contains
      an internal clocking apparatus which clocks the operation of its
      components and thus there is no need for the remotely located control
      means to generate and transmit a continuous, accurate clocking signal. The
      geophone monitoring means receives, samples, sums, stores, and ultimately
      records data representative of the returning seismic waves sensed by the
      associated geophones.
PAC  B. Embodiment in which the control means generates an electromagnetic
      signal containing data instructing the seismic energy source and/or the
      various geophone monitoring means to perform a preselected operation at a
      preselected future instant of time.
PAR  In the first embodiment of this invention (described in Section A hereof),
      the electrical signals generated by the control means may be transmitted
      to the seismic energy source and the remote geophone monitoring means by
      long cables or the electrical signals can be transduced into
      electromagnetic signals and transmitted to the remote units through the
      atmosphere. When the electrical signals generated by the control means are
      transduced into electromagnetic signals and transmitted through the
      atmosphere, it is preferable that the seismic energy source and each of
      the various geophone monitoring means be physically positioned close
      enough to the control means for there to be good communication of the
      electromagnetic signals generated by the control means. This is preferable
      because in the first embodiment of the invention, the control means
      generates an electromagnetic signal which includes time break data. When
      each of the seismic energy source and the various geophone monitoring
      means receives the time break portion of the electromagnetic signal, it
      immediately commences the preselected or commanded operation. If the
      communication between the control means and the seismic energy source or
      the various geophone monitoring means is not relatively good, the time
      break portion of the electromagnetic signal may be improperly received or
      not received at all by one or more of the components of the system. The
      particular component of the system which improperly receives the time
      break portion of the signal or misses completely the time break portion of
      the signal, will not commence its preselected operation at the same time
      as the other components of the system.
PAR  The second embodiment of the seismic geophysical exploration system
      according to this invention provides a method and apparatus which allows
      the electromagnetic signals generated by the control means to be sent
      repeatedly, whereby the chance of a communication error is reduced. In the
      second embodiment of the invention, the control means generates an
      electromagnetic signal containing data commanding the synchronization of
      the internal clocking devices within the seismic energy source and the
      various geophone monitoring means; thereafter, the control means generates
      an electromagnetic signal containing data commanding the seismic energy
      source and/or the various geophone monitoring means to perform a
      preselected operation at a selected future instant of time based upon the
      time provided by the internal clocking devices.
PAR  In this second embodiment of the seismic geophysical exploration system
      according to this invention, a seismic energy source 12, a plurality of
      geophones 13, and a plurality of geophone monitoring means 14 associated
      with selected of the geophones, are employed as described with respect to
      FIG. 1. A control means 16 is utilized by the operator of the system to
      indicate the operation of the seismic energy source 12 and the geophone
      monitoring means 14. Similarly to the control means 16 described with
      respect to the first embodiment and illustrated in FIG. 2, the control
      means 16 utilized with the second embodiment of the invention preferably
      includes certain manual controls, an encoder 20, a transmitter 22 and an
      antenna 23. Preferably, the encoder 20 functions to receive the electrical
      signals input to it by the operator of the system through the manual
      controls and to generate a serial stream of audible tones having frequency
      f.sub.1 or f.sub.2, which stream of tones is transmitted by transmitter 22
      to the seismic energy source and the various geophone monitoring means.
      The transmitter 22 and the antenna 23 preferably are as described with
      respect to FIG. 2.
PAR  The preferred components of the manual controls and the encoder 20 utilized
      in the control means 16 in this second embodiment of the invention, are
      described in FIGS. 11A and 11B. In this second embodiment of the
      invention, the control means 16 is constructed such that the operator of
      the system can cause the control means 16 to generate a serial stream of
      audible tones indicative of the time-of-day. The encoder 20 generates
      time-of-day information data by counting down the frequency output of a
      highly precise, low-drift, crystal oscillator 116. The output of the
      crystal oscillator 116 is coupled to the input of a divide-by-N counter
      117. The divide-by-N counter 117 functions to derive a signal which is a
      selected increment of time, preferably one second. This one-second signal
      is then coupled to the input of a seconds counter 118 which first divides
      by ten and then divides by six, giving an end-to-end divide ratio of 60.
      The output from the seconds counter 118 is coupled to the input of a
      minutes counter 119 which functions to divide the output of the seconds
      counter 118 by 60. The output of the minutes counter 119 is utilized to
      drive the hours counter 120 which functions to divide the output of the
      minutes counter by 24. Thus, the clock system functions to divide the
      frequency of the crystal oscillator down to a one-day period of 24 hours.
      The components of the encoder clock system are well known to those skilled
      in the art and may be constructed from any of numerous commercially
      available apparatus, such as DM 74196 or DM 7474.
PAR  The operator of the system sets the initial selected time-of-day data into
      the various counters in the clock system of the encoder by manipulating
      the manual switches 121, 122 and 123 to the desired time and then
      depressing the set-time switch 124. Once the operator of the system inputs
      the selected initial time-of-day data, the clock system in the encoder 20
      continuously generates electrical signals in digital format indicative of
      the current time-of-day. The current time-of-day data is coupled to other
      components in the encoder as will hereinafter be described and is
      continually displayed on an indicator 126 located in the control means 16.
PAR  Since the encoder 20 requires a finite period of time in which to transmit
      the digital time-of-day signals, it is preferable that the digital "word"
      presented in parallel form by the plurality of electronical signals
      generated by the encoder clock system, be the current time-of-day plus a
      selected increment of time. In the encoder illustrated in FIGS. 11A and
      11B, it is preferable that the serial stream of audible tones generated by
      the encoder consist of 24 bits. The first four bits of this serial stream
      preferably comprise data identifying the type of message being
      transmitted. The next twenty bits of the serial stream preferably comprise
      data supplying the selected message, which in the second embodiment of the
      invention, is a time-of-day message. The time increment to be added to the
      current time-of-day by the adder 127, therefore, preferably is the time
      required for the transmission of the time-of-day message by the 24 bit
      serial stream; then if the message being transmitted is current
      time-of-day, when the last bit of the serial stream is transmitted and
      received by the remote seismic energy source and the various geophone
      monitoring means, the time-of-day message will coincide with the current
      time-of-day. The preferred encoder 20 adds one second to the current
      time-of-day by supplying the output signals from the clock system to an
      adder 127. The output of the adder 127 is coupled to the input of a
      storage register 128 which stores therein the digital word indicative of
      the current time-of-day plus 1 second.
PAR  As will hereinafter be explained, in this second embodiment of the seismic
      geophysical exploration system according to this invention, each of the
      seismic energy sources and the various geophone monitoring means includes
      an internal clocking device which shall be synchronized to a selected
      time-of-day by the electromagnetic signals generated by the control means
      16. When the operator of the system wishes to transmit electromagnetic
      signals containing data indicative of a selected time-of-day and to
      command the synchronization of the clocking devices in the seismic energy
      source and the various geophone monitoring means, he depresses
      transmit-time-of-day switch 130. Depressing switch 130 causes flip-flop
      131 to change to a reset condition and the output of the flip-flop 131 to
      assume a selected logic level. This selected logic level is input to the
      first bit position of multiplexer 132 and provides the data identifying
      the type of message being transmitted. The selected logic level output by
      flip-flop 131 is also supplied to a pulse generator 133 and causes a pulse
      of short duration to be generated by such pulse generator. The pulse
      generated by pulse generator 133 is coupled to the input of gating
      flip-flop 134 and a counter 135. When pulse generated by pulse generator
      133 is coupled to the gating flip-flop 134, it presets such gating
      flip-flop 134 and causes it to generate an electrical signal enabling gate
      136 to couple the clock signal from the divide-by-N counter 117 to the
      counter 135. Since the serial stream of tones preferably comprises 24
      bits, counter 135 functions to count from zero to twenty-three. The output
      of the counter 135 is coupled to the input of the multiplexer 132 and
      times the operation of the multiplexer 132 to determine which of the bits
      stored therein shall be supplied over its output. The signal generated by
      flip-flop 131 is also supplied a set of gates 137 to enable such gates 137
      whereby the current time-of-day plus one second is supplied to the
      multiplexer 132 from the storage register 128.
PAR  The count generated by counter 135 is also coupled to the input of gate
      139. When gate 139 detects a count of twenty-four it energizes pulse
      generator 140, which generates a pulse of short duration. The output from
      pulse generator 140 is coupled to flip-flop 131 and flip-flop 134,
      presetting flip-flop 131 and resetting flip-flop 134. This causes the
      outputs of such flip-flops 131 and 134 to change, thereby altering the
      conditions of gate 136 and the set of gates 137 such that the clock signal
      is no longer input to counter 135 and the time-of-day signals are no
      longer input to the multiplexer 132.
PAR  The output of the multiplexer 132 is supplied to a network comprising gates
      30, 31 and 32, field effect switches 33 and 34, and tone generators 35 and
      36, such as have been previously described with respect to FIG. 3.
      Depending upon the logic level of the output of the multiplexer 132,
      either frequency f.sub.1 and f.sub.2 of the tone generators 35 and 36 will
      be supplied over line 21 to the transmitter 22. As described with respect
      to FIG. 3, preferably the output of gate 136 is combined with the output
      of multiplexer 132 to limit the duty cycle of the applied tone frequency
      to 50 percent of the total bit. This functions to add a clocking aspect of
      the serial stream of audible tones.
PAR  Thus, by manipulating the time-of-day switches 121, 122 and 123 and the
      transmit-time-of-day switch 130, the operator of the system may cause the
      control means to generate an electromagnetic signal containing data
      commanding the seismic energy source and the various geophone monitoring
      means to synchronize with a selected time-of-day, which preferably is the
      current time-of-day generated by the clock system of the encoder. The data
      in the signal preferably is divided into two parts: (a) the address
      stating that the message is the command for the internal clocking means in
      the remote units to synchronize with a selected time-of-day and (b) the
      selected time-of-day message.
PAR  When the operator of the system wishes to generate an electrical signal
      containing data commanding the seismic energy source to produce a shot at
      a selected future instant of time and commanding the various geophone
      monitoring means to commence sampling and storing data at such selected
      future instant of time, the operator of the system manipulates the
      time-of-shot switches 144, 145 and 146 to input the selected future
      time-of-day at which the seismic energy source shall produce its first
      shot and at which the geophone monitoring means shall commence sampling
      and storing the electrical signal received from the geophones responsive
      to such shot. Thereafter, the operator of the system depresses
      transmit-time-of-first-shot switch 141, thereby causing flip-flop 142 to
      be reset. The output of the flip-flop 142 then assumes a selected logic
      level which selected logic level is supplied to the second bit position in
      the multiplexer 132 and is supplied through gate 143 to the input of pulse
      generator 133 and to the input of the set of gates 137. Pulse generator
      133 generates a pulse to the input of flip-flop 134 and the encoder
      operates as described above when it was generating a serial stream of data
      indicative of the current time-of-day. The bit word representative of the
      future time-of-day for the first shot is accessed through the set of gates
      137 to the multiplexer 132 and such signals are serially clocked out of
      the multiplexer to the tone generation network.
PAR  Thus, by manipulating time-of-shot switches 144, 145 and 146 and depressing
      transmit-time-of-first-shot switch 141, the operator of the system causes
      the control means to generate an electromagnetic signal containing data
      commanding the seismic energy source to produce its first shot at a
      selected future time-of-day and commanding each of the various geophone
      monitoring means to commence, at such selected future time-of-day,
      sampling and storing the electrical signal generated by the geophones
      responsive to such shot; the data in the signal again being divided into
      two parts: (a) the address stating that the message is the command for the
      first shot to be produced at a selected future time-of-day and (b) the
      selected future time-of-day that the first shot is to occur.
PAR  Thereafter, the operator may desire to command the seismic energy source to
      produce another shot and to command the various geophone monitoring means
      to sample the electrical signals generated by the geophones responsive to
      such shot, sum such data with the data previously sampled and stored in
      the geophone monitoring means, and store the summed data. In such case,
      the operator of the system preferably again manipulates time-of-shot
      switches 144, 145 and 146 to input the selected future time-of-day for
      such operations to commence. The operator of the system then depresses
      transmit-time-of-next-shot switch 147 and causes flip-flop 148 to be
      reset. The operation of the encoder 20 is as previously described with
      respect to transmitting an electrical signal commanding the seismic energy
      source to produce its first shot and commanding the geophone monitoring
      means to commence sampling and storing the electrical signals produced by
      the geophones responsive to such shot. An electromagnetic signal is
      generated containing data commanding the seismic energy to produce its
      next shot at a selected future time-of-day and commanding the various
      geophone monitoring means to commence sampling, summing and storing data
      responsive to such shot at the same future time-of-day.
PAR  Thereafter, if the operator of the system wishes to generate an
      electromagnetic signal commanding the various geophone monitoring means to
      transfer the summed data from its memory means to its recording means and
      to make a record of such summed data, the operator of the system
      preferably again manipulates time-of-shot switches 144, 145 and 146 to set
      the future time-of-day at which he wishes this operation to commence, and
      then depresses transmit-write-sum switch 149. This causes flip-flop 150 to
      reset and the operation of the encoder 20 is again as previously
      described. An electromagnetic signal is generated containing data
      commanding each of the various geophone monitoring means as to the future
      time-of-day at which it will commence withdrawing the summed data from its
      memory device and recording such summed data.
PAR  The following is a preferable manufacturer and part number list for the
      components described in the encoder 20 utilized in the second embodiment
      of the invention and not previously described in the first embodiment:
TBL  Oscillator 116       Bulova PCOXO-5                                       
     Divide-by-N counter 117                                                   
                          National Semiconductor                               
                          Corp. DM 74197                                       
     Manual switches 121, 122 & 123                                            
                          EECO 177606                                          
     Indicator 126        Texas Instruments L308                               
     Adder 127            DM 7483                                              
     Storage register 128 DM 74174                                             
     Flip-flops 131, 134, 142,                                                 
     148 and 150          DM 7474                                              
     Multiplexer 132      DM 74151                                             
     Pulse generators 133 and 140                                              
                          Advanced Microdevices                                
                          1/2 AM 5602                                          
     Counter 135          DM 74197                                             
     Set of gates 137 and gate 136                                             
                          DM 7400                                              
     Gate 139             DM 7430                                              
     Gate 143             DM 7410                                              
PAR  FIGS. 12A and 12B illustrate a preferred geophone monitoring means for this
      second embodiment of the invention. The electromagnetic signals generated
      by the control means are detected by antenna 40 and supplied to receiver
      41. The output of receiver 41 is coupled to the input of a tone detector
      154. The tone detector 154 decodes the signal supplied to its input and
      generates an electrical signal in digital format which contains the data
      the operator of the system input into the control means. Tone detector 154
      preferably comprises a pair of LM 567 tone detectors 47 and 48 and a
      latching circuit 51 such as previously described with respect to FIG. 5.
      The output of tone detector 154 is supplied to clock-counter 155 which
      functions to examine the bits in the decoded signal to determine if the
      message length and the rate of message is correct. As the digital signal
      is being examined by the clock counter 155, the digital signal is accessed
      into a shift register 156 and temporarily stored therein. If the
      clock-counter 155 determines that the message length and rate of message
      of the digital signal is correct, the clock-counter 155 generates an
      enabling signal which is supplied to the instruction decoder 157. If the
      clock-counter 155 determines that the message length or rate of message of
      the digital signal was not received correctly, the clock-counter 155 does
      not supply an enabling electrical signal to the instruction-decoder 157.
      Once the instruction-decoder 157 receives the enabling signal, the
      instruction-decoder 157 examines the first 4 bits of the message stored in
      the shift register 156 and to determine what type message has been
      transmitted. Depending upon the type message transmitted, the
      instruction-decoder 157 emits an impulse electrical signal either to the
      set-time-of-day device 158, the time-of-first-shot device 159, the
      time-of-next-shot device 160, or the write-sum device 161.
PAR  If the type message being transmitted is a command for the internal
      clocking device to synchronize with a selected time-of-day, the
      instruction decoder 157 supplies an electrical signal to the
      set-time-of-day device 158. The set-time-of-day device 158 in turn
      supplies an enabling electrical signal to the time-of-day-clock-counter
      162 and enables the time-of-day-clock-counter 162 to receive the
      time-of-day portion of the digital message stored in shift register 156.
      Once the selected time-of-day is received by the time-of-day-clock-counter
      162, the crystal oscillator 163 maintains such time-of-day current.
PAR  If the type message being transmitted is a command for the seismic energy
      means to produce its first shot at a selected future instant of time and a
      command for each of the various geophone monitoring means to commence, at
      the same selected future instant of time, sampling and storing the
      electrical signals produced by the geophones responsive to such shot, the
      instruction-decoder 157 supplies an electrical signal to the
      time-of-first-shot device 159. The time-of-first-shot device 159 in turn
      supplies an enabling electrical signal to the time-of-shot-storage device
      164 and enables it to receive from the shift register 156 the future
      time-of-day component of the digital message stored therein. The outputs
      of the time-of-day-clock-counter 162 and time-of-shot-storage device 164
      are coupled to the inputs of a comparator 165. Once the
      time-of-day-clock-counter 162 is generating a digital signal indicative of
      the current time-of-day and the time-of-shot-storage device 164 has been
      loaded with the selected future time-of-day for the next shot, the
      comparator 165 compares the current time-of-day signal generated by the
      time-of-day-clock-counter 162 with the signal generated by the
      time-of-shot storage device 164 indicative of the selected future
      time-of-day for the next shot. When these two times are identical,
      comparator 165 generates an impulse enabling a record-length-counter
      device 166 and resetting it to a zero count.
PAR  Associated with the geophone monitoring means 14 is a switch 167 for
      inputting data representative of the preselected period of time the
      geophone monitoring means 14 will sample the electrical signal generated
      by the geophones 13 responsive to each shot. The record-length switch 167
      supplies an electrical signal to a record-length-comparator 168
      representative of the preselected time period for which the geophone
      monitoring means shall sample the geophone signal. When it is enabled, the
      record-length-counter 166 supplies a counting signal from the oscillator
      163 to the record-length-comparator 168. The record-length-comparator 168
      compares such signals and when the record-length-counter 166 has counted
      for the selected period of time, the record-length-comparator 168 disables
      the record-length-counter 166. During the time period the
      record-length-counter 166 is enabled, the clocking signal supplied thereto
      from the oscillator 163 is supplied therethrough to a summing control
      means 71 which times the sampling, digitizing and storing of the data
      received from the geophones 13 responsive to the shot. The clocking signal
      supplied through the record-length-counter to the summing control means
      71, preferably is provided by the oscillator 163; it could, however, be
      provided by the time-of-day-clock-counter 162. The summing control means
      preferably comprises a series of one-shot means 91-97 such as have been
      previously described with respect to FIG. 7.
PAR  The output of the record length counter is also coupled to a
      number-of-shots counter 169 which functions to maintain a continuous count
      of the number of times the record-length-comparator 168 is enabled by the
      record-length-counter 166, which gives a count of the number of times the
      geophone monitoring means samples and stores data responsive to a shot
      produced by the seismic energy source.
PAR  Similar to the description of the geophone monitoring means 14 illustrated
      in FIG. 6, the electrical signal generated by the associated geophones is
      supplied to the geophone monitoring means over line 15. The electrical
      signal is amplified by variable gain amplifier 80 and, responsive to
      enabling signals supplied from the summing control means 71, the amplified
      signal is sampled by the sample-and-hold-device 81, the sampled signal is
      transduced into digitized form by the analog-to-digital converter 82, and
      the magnitude of the digital data generated by the analog-to-digital
      converter 82 is altered by the up/down shift register 84. The output of
      the up/down shift register 84 is coupled to an adder 85. The adder 85 is
      coupled to a memory means 76.
PAR  Coupled to the memory means 76 is a disabling signal generated by the
      time-of-first-shot device 159 which disables the memory means 76 so that
      the incoming data generated by the geophones responsive to the first shot
      of the seismic energy source is summed with a digital word of zero value
      and then accessed into the memory means 76.
PAR  Associated with the memory means 76 are a memory write control 87 and a
      memory read control 88 which, responsive to enabling signals from the
      summing control means 71, access the data from the adder into the memory
      device in a manner well known to those skilled in the art in view of the
      description of the memory device 76, the memory write control 87 and the
      memory read control 88 provided in FIGS. 9 and 10.
PAR  If the type message transmitted by the operator of the system is a command
      for the seismic energy source to produce its next shot at another selected
      future time-of-day and a command for each of the various geophone
      monitoring means to commence, at such selected future-time-of-day,
      sampling the electrical signal generated by the associated geophones
      responsive to such shot, summing such sampled data with previously stored
      data, and storing the summed data, then the instruction-decoder 157
      supplies an electrical signal to time-of-next-shot device 160. The
      time-of-next-shot device 160 in turn supplies an enabling electrical
      signal to the time-of-shot-storage device 164 and enables it to receive
      the future time-of-day component of the digital message stored in the
      shift register 156. The operation of the components of the geophone
      monitoring means then is as previously described with respect to the time
      of first shot command, except no disabling signal is supplied to the
      memory means 76 and thus the adder is allowed to sum the data received
      from the up/down shift register 84 with the data previously stored in the
      memory means 76. As such, the adder 85, the memory means 76, the memory
      write control 87 and the memory read control 88 function responsive to
      enabling signals from the summing control means 71, to sum or stack the
      incoming data from the up/down shift register 84 with the data previously
      stored in the memory means 76 and to access such summed data back to the
      memory means 76.
PAR  If the type message transmitted by the operator of the system is a command
      for the various geophone monitoring means to commence accessing the summed
      data from the memory means 76 to the recording device 89 at a selected
      future time-of-day, then the instruction decoder 157 supplies an
      electrical signal to the write-sum device 161. The write-sum device 161 in
      turn supplies an enabling electrical signal time-of-shot-storage device
      164 and enables it to receive the future time-of-day component of the
      digital message stored in the shift register 156. When the comparator 165
      determines that the current time-of-day equals the selected future
      time-of-day, the comparator supplies an electrical impulse to the
      record-length-counter 166 which enables it and resets it to a zero count.
      During the time the record-length-counter 166 remains enabled, the
      clocking signal generated by the oscillator 163 is coupled through the
      record-length-counter 166 to the summing control means 71.
PAR  The electrical signal generated by the write-sum device 161 is also
      supplied to the input of the number-of-shots counter 164, to the recorder
      means 89, and, to the memory-write-control 87, and to a data multiplexer
      170. The electrical signal generated by the write-sum device 161 and
      supplied to the recorder means 89, commences the operation of the recorder
      means 89. The electrical signal generated by the write-sum device 161 and
      supplied to the memory-write-control 87 disables the memory-write-control
      control 87 whereby any data received by the adder from the up/down shift
      register 84 is not written into the memory. The memory means 76 and the
      memory-read-control 88 function, responsive to enabling signals from the
      summing control means 71, to commence reading the summed data out of the
      memory means 76 and transferring such data to the data multiplexer 170.
      The data multiplexer 170 transfers to the recording means 89 bit by bit
      the summed data supplied to it from the memory means. The data multiplexer
      170 also transfers to the recording means 89 bit by bit the data stored in
      the number-of-shots counter 169 representative of the number of shots, the
      data stored in the set-record-length switches 167 representative of the
      record length, and the data stored in the location switches 171 indicative
      of the location of the geophone monitoring means, the latter data being
      input by the person who implaces the geophone monitoring means.
PAR  The following is a preferable manufacturer and part numbers list for the
      components described in the geophone monitoring means utilized in the
      second embodiment of the invention and not previously described in this or
      the first embodiment:
TBL  Clock Counter 155      DM 74197                                           
     Shift Register 156     DM 74194                                           
     Instruction decoder 157                                                   
                            DM 7430                                            
     Set-time-of-day device 158,                                               
     Time-of-first-shot device 159,                                            
     Time-of-next-shot device 160,                                             
     and write-sum device 161                                                  
                            AM 9602                                            
     Crystal oscillator 163 Bulova PCOXO-5                                     
     Time-of-shot storage 164                                                  
                            DM 74174                                           
     Comparator 165, and record-                                               
     length-comparator 168  DM 7485                                            
     Record-length-counter 166                                                 
                            DM 74196                                           
     Record-length-switch 167                                                  
                            EECO 2-177606                                      
     Number-of-shots-counter 169                                               
                            DM 74196                                           
     Location switches 171  EECO 4-177606                                      
PAR  FIG. 13 illustrates a preferred seismic energy source for the second
      embodiment of the invention. The electromagnetic signals generated by the
      control means are detected by antenna 40 and supplied to receiver 41. The
      output of receiver 41 is coupled to the input of a tone detector 154. Tone
      detector 154 detects the stream of audible tones supplied to its input and
      generates a digital data stream representative thereof. The output of the
      tone detector 154 is coupled to the input of a clock-counter 155 which
      functions to count the bits in the decoded signal to insure that the
      message length and the rate of the message is correct. The digital signal
      is coupled from the clock-counter 155 into a shift register 156 and
      temporarily stored therein. If the clock-counter 155 determines that the
      message length and the rate of the message is correct, it generates an
      enabling electrical signal to the instruction-decoder 157. The
      instruction-decoder 157 is then enabled to receive the first 4 bits in the
      message from the shift register 156. The instruction-decoder 157 examines
      the first four bits to determine what type of message has been
      transmitted. Depending upon the type of message transmitted, the
      instruction-decoder 157 emits an electrical signal either to the
      set-time-of-day device 158, the time-of-first-shot device 159, or the
      time-of-next-shot device 160.
PAR  If the type of message is the command for the internal clocking means to
      synchronize with a selected time-of-day, the instruction-decoder 157
      supplies an electrical signal to the set-time-of-day device 158. The
      set-time-of-day device in turn supplies an enabling electrical signal to
      the time-of-day-clock-counter 162 which enables the
      time-of-day-clock-counter 162 to receive the time-of-day portion of the
      digital message stored in the shift register 156. Once the selected,
      current time-of-day is stored in the time-of-day-clock-counter 162, the
      crystal oscillator 163 maintains such time of day current.
PAR  If the type of message is a command for the seismic energy means to produce
      its first shot at a selected future instant of time and a command for the
      various geophone monitoring means to commence sampling and storing the
      electrical signal produced by the geophones responsive to such shot at
      such future selected instant of time, the instruction-decoder 157 will
      generate an electrical signal to the time-of-first-shot device 159. The
      time-of-first-shot device 159 generates an enabling electrical signal to
      the time-of-shot-storage device 164 and enables it to receive from the
      shift register 156 the future time-of-day component of the digital message
      stored therein. The comparator 165 compares the current time-of-day signal
      generated by the time-of-day for the first shot stored in the
      time-of-shot-storage device 154. When the two times are identical,
      comparator 165 generates an impulse over line 44 enabling the firing
      mechanism 45 and causing the energy means 46 to produce a shot.
PAR  If the type of message transmitted by the operator of the system is a
      command for the seismic energy source to produce its next shot at a future
      selected time of day and command for the various geophone monitoring means
      to commence, at such selected future time of day, sampling the electrical
      signal generated by the associated geophones responsive to such shot,
      summing such sample data with previously stored data, and storing the
      summed data, then the instruction-decoder 157 supplies an electrical
      signal to the time-of-next-shot device 160. The time-of-next-shot device
      160 in turn supplies an enabling signal to the time-of-shot-storage device
      164 enabling it to receive the selected future time-of-day component of
      the digital message stored in the shift register 156. Again, the
      comparator 165 compares the current time-of-day signal generated by the
      time-of-day-clock-counter 162 with the selected future time-of-day for the
      next shot stored in the time-of-shot-storage device 164. When the two
      times are identical, the comparator 165 generates an impulse over line 44
      enabling the firing mechanism 45 and causing the energy means 46 to
      produce a shot.
PAR  If the type message is a command for the various geophone monitoring means
      to make a record of the summed data, the seismic energy source will
      receive such electrical signal but will take no action because the
      instruction-decoder 157 will not generate an electrical signal to any
      other component of the seismic energy source.
PAR  FIG. 14 illustrates the preferred components of the clock counter 155
      utilized in the various geophone monitoring means and the seismic energy
      source in this second embodiment of the seismic geophysical system
      according to this invention. The digital data stream generated by the tone
      detector 154 is supplied to a transistor 172. The output of the transistor
      172 is coupled, along with the output of a constant current generator 173,
      to a capacitance 174 and to a Schmidt trigger 175. The transistor 172
      shorts out the capacitance 174 every time a data pulse is received by the
      transistor. When data pulses are no longer being received by the
      transistor, the Schmitt trigger 175 fires and the one-shot 176 generates
      an end-of-clock signal which is supplied to NAND gate 177. The
      end-of-clock signal is also supplied to one-shot 178, and after a selected
      time duration, one-shot 178 supplies an electrical signal to gate 179.
PAR  The digital data stream is also supplied to a divide-by-four counter 180
      and its output is supplied to a divide-by-six counter 181. The outputs of
      the counters 180 and 181 are coupled to a gate 182 which detects a count
      of 24. When gate 182 detects a count of 24, it generates an electrical
      signal which supplied to gate 177, to a gate 183, and to a flip-flop 184.
      When the electrical signal generated by the gate 182 is gated by gate 177
      with the signal generated by one-shot 176, gate 177 causes gate 177a to
      generate an enabling impulse signal which is supplied to the instruction
      decoder 157.
PAR  The digital data stream generated by the tone detector 154 is also coupled
      to the gate 183. If more than 24 data pulses are generated by the tone
      detector 154, gate 183 generates an electrical signal which causes one
      shot 185 to supply an electrical signal to gate 179.
PAR  The digital data stream generated by the tone detector 154 is also coupled
      to a rate check delay one-shot 186. Each time a data pulse is received by
      one-shot 186, a disabling electrical signal is generated by the one-shot
      186 having a duration a finite amount of time shorter than the time period
      between data pulses. When the clock window one-shot 187 is not disabled by
      the signal from the one-shot 186, the output of clock window one-shot 187
      toggles the flip-flop 184 so that its Q output is at a high logic level.
      If another data pulse is generated by the tone detector 154 and coupled to
      the flip-flop 184 through gates 188, 188a and 188b, within the time period
      of the clock window one-shot 187, the Q output of flip-flop goes to a low
      logic level. If no data pulse is generated by the tone detector within the
      time period of one-shot 187, one-shot 189 generates a pulse to gate 179.
PAR  Whenever gate 179 receives an electrical impulse from any of one-shots 178,
      185 or 189, gate 179 causes gate 179a to generate a reset signal which
      resets the various components of the clock counter 155 and thus prevents
      gates 177 and 177a from generating an enabling pulse to the instruction
      decoder 157.
PAR  Thus the clock counter examines the incoming digital data stream to
      determine if its message length and rate of message are correct.
PAR  In the operation of this second embodiment of the seismic geophysical
      exploration system according to this invention, each of the geophone
      monitoring means 14 and each of the associated geophones is placed in its
      desired physical locations. As each geophone monitoring means 14 is placed
      in position and connected to the geophones in the associated set, the
      person implacing the geophone monitoring means activates the power (not
      shown) for the geophone monitoring means 14, operates the location
      switches 171 to input therein information representative of the physical
      location of the geophone monitoring means, and operates the record length
      switches 167 to input therein information representative of the period of
      time the geophone monitoring means is to sample the geophone electrical
      signal responsive to each shot by the seismic energy source.
PAR  The seismic energy source 12 is implaced in its desired location and the
      power (not shown) for such seismic energy source is activated.
PAR  The operator of the system then manipulates the time of day switches 121,
      122 and 123 and the transmit-time-of-day switch 130 associated with the
      encoder 20 in the control means, to cause transmitter 22 to generate an
      electromagnetic signal over antenna 23 carrying data representative of a
      command for the internal clocking devices in the remote units to
      synchronize with a selected time-of-day. The electromagnetic signal is
      received by the seismic energy source and the various geophone monitoring
      means, and checked by the clock counter 155 to see that its message length
      and rate of message are correct. If correctly received, the selected
      time-of-day is stored in the time-of-day-clock-counter 162 in the seismic
      energy source and each of the geophone monitoring means and is maintained
      current by the crystal oscillator 163. Thus, the internal clocking systems
      in the seismic energy source and each of the geophone monitoring means,
      are synchronized together. To insure proper synchronization, the operator
      of the system can repeatedly send updated time-of-day information to the
      seismic energy source and the various geophone monitoring means.
PAR  Once the operator wishes the seismic energy source to produce its first
      shot, the operator of the system selects a future instant of time at which
      the shot will be produced and manipulates the time-of-shot switches 144,
      145 and 146 and the transmit-time-of-first-shot switch 141 associated with
      the encoder 20 in the control means. As a result, an electromagnetic
      signal is generated by the control means containing data commanding the
      seismic energy source and the various geophone monitoring means that a
      "time of first shot" message is being transmitted and stating the future
      time-of-day of the first shot.
PAR  The electromagnetic signal carrying the data representative of the time of
      the first shot is received by the receiver 41 in the seismic energy source
      12, and checked by the clock counter 155. If the message length and rate
      of message are correct, the time of the first shot is stored in the
      time-of-shot storage 164. Likewise, the electromagnetic signal containing
      the coded data representative of the time of the first shot is also
      received by the various geophone monitoring means, checked by the clock
      counter 155, and stored in the time-of-shot storage 164.
PAR  When the current time-of-day signal generated by the
      time-of-day-clock-counter 162 in the seismic energy source and each of the
      geophone monitoring means matches the selected time for the first shot
      stored in the time-of-shot storage device 164, the comparator 165 in the
      seismic energy source and in each of the geophone monitoring means
      generates an electrical signal. Such electrical signal generated by the
      comparator 165 in the seismic energy source 12 is coupled to the firing
      mechanism 45 and causes the energy source 46 to produce a shot. The
      electrical signal generator by the comparator 165 in each of the geophone
      monitoring means enables the record-length-counter 166, which in turn
      supplies the internal clocking signal to the summing control means 71,
      which in turn provides enabling signals to various components of the
      geophone monitoring means to time the sampling of the electrical signal
      generated by the geophones responsive to such shot, the digitizing of such
      sampled signals, and the storing of the digitized data in the memory
      device 76. This sampling, digitizing and storing operation continues for
      the preselected period of time input into the record-length-switch 167 by
      the person who implaces the geophone monitoring means.
PAR  When the operator of the system desires the seismic energy source to
      produce its next shot and the various geophone monitoring means to sample,
      sum and store the data received from the geophones responsive to such
      shot, the operator of the system selects a future time-of-day in which
      these operations will occur and manipulates the time-of-shot switches 144,
      145 and 146 and the transmit-time-of-next-shot switch 147 associated with
      the encoder 20 in the control means. This causes the control means to
      generate and transmit an electromagnetic signal carrying coded data
      instructing the seismic energy source and the various geophone monitoring
      means that a "time of next shot" message is being transmitted and stating
      the selected time-of-day the next shot will occur.
PAR  This electromagnetic signal is received by the seismic energy source and
      the various geophone monitoring means. If the message length and rate of
      message are correctly received, the time of the next shot is stored in the
      time-of-shot storage device 164 in the seismic energy source and each of
      the various geophone monitoring means. When the current time-of-day
      generated by the time-of-day-clock-counter 162 equals the stored
      time-of-day in the time-of-shot storage device 164, the comparator 165
      generates a representative electrical signal. This causes the seismic
      energy source to produce a shot and causes the various geophone monitoring
      means to commence sampling the electrical signals generated by the
      associated geophones responsive to such shot, digitizing the sampled
      signals, summing such digitized data with the data already stored in the
      memory means 76, and accessing the summed data to the memory means 76 for
      storage. The operation of the geophone monitoring means again continues
      for the period of time set in the record-length switch 176.
PAR  After a selected number of shots have been produced by the seismic energy
      source and the electrical signals generated by the geophones responsive to
      such shots have been summed or stacked in the memory means 76, the
      operator of the system may elect to transmit an electromagnetic signal to
      the various geophone monitoring means commanding the memory device 76 to
      play out its contents onto the recorder means 89 in order that a record
      may be made thereof. This is accomplished by the operator of the system
      selecting a future time-of-day at which this operation will commence, and
      manipulating the time-of-shot switches 144, 145 and 146 and the
      transmit-write-sum switch 149 associated with the encoder 20 in the
      control means. As a result, the control means generates an electromagnetic
      signal containing coded data instructing the seismic energy source and the
      various geophone monitoring means that a write-sum message is being
      transmitted and stating the time-of-day at which this operation will
      commence. This electromagnetic signal is received by the seismic energy
      source but no action is taken since the seismic energy source does not
      contain a write-sum device 161. This electromagnetic signal is received by
      each of the geophone monitoring means and the write-sum device 161 therein
      enables the number-of-shots-counter 169, the recorder means 89, the data
      multiplexer 170, and the memory-write-control device 87. The summed data
      in the memory means 76 is transmitted to the data multiplexer 170 and
      written one bit at a time onto the recorder means 89.
PAR  At this point, the operation of the system may cease or the operator of the
      system may cause the seismic energy source to produce another series of
      shots and another record to be made on the recording means of the summed
      data. When the operation of the system is complete, the operator manually
      collects the records, tapes or the like from the recording means 89 in the
      various geophone monitoring means. The tapes are played out sequentially
      through a mini-computer and put on a standard multitrack tape in a manner
      that is well known to those skilled in the art. Since the time in which
      each shot was produced is fully identified, the records may be properly
      put together in the usual manner in the main computer.
PAR  By being able to chose a future selected instant of time for the seismic
      energy source and/or the geophone monitoring means to perform an
      operation, such as the seismic energy source producing a shot or the
      various geophone monitoring means commencing sampling and storing the
      signal produced by the geophones responsive to such shot, the operator of
      the system may choose a future time-of-day sufficiently distant from the
      current time-of-day to allow him to transmit repeatedly the
      electromagnetic signal carrying the data representative of the time at
      which the operation is to be performed. The clock counter 155 will not
      enable the instruction decoder 157 if the message length or rate of
      message is incorrect. This diminishes the chance of the electromagnetic
      signal being erroneously received or not received at all by the seismic
      energy source or one of the various geophone monitoring means.
PAR  Thus, the second embodiment of the improved seismic geophysical exploration
      system according to this invention provides a geophone monitoring means
      which is positioned in relative close proximity to and coupled with one or
      more geophones. A control means generates an electromagnetic signal
      containing data which initiates the operation of the seismic energy source
      and the various geophone monitoring means. Preferably, the initial
      electromagnetic signal generated by the control means contains data
      synchronizing internal clocking devices in the seismic energy source and
      the various geophone monitoring means to a selected time-of-day.
      Thereafter, preferably the electromagnetic signal contains data commanding
      certain preselected operations of the seismic energy source and/or the
      various geophone monitoring means to commence at a selected future
      time-of-day, which selected future time-of-day is based on the
      synchronized internal clocking devices of the seismic energy source and
      the various geophone monitoring means. The internal clocking device in the
      seismic energy source and each of the geophone monitoring means clocks the
      operation of the internal components of the seismic energy source and each
      of the geophone monitoring means, and thus there is no need for the
      remotely located control means to generate and transmit a continuous,
      accurate clocking signal. Each of the geophone monitoring means receives,
      samples, sums, stores, and ultimately records data representative of the
      returning seismic waves sensed by the associated geophones.
PAC  C. Embodiment in which seismic energy source and geophone monitoring means
      commence preselected operations at selected future instants of time in
      accordance with preselected internal programs.
PAR  In the second embodiment of this invention (described in Section B hereof),
      it is preferable that the control means generates electromagnetic signals
      containing data commanding the seismic energy source and the various
      geophone monitoring means to perform preselected operations at selected
      future instants of time, the timing for such operations being provided by
      internal clocking devices which have been previously synchronized by
      electromagnetic signals generated by the control means. In the third
      embodiment of the seismic geophysical exploration system according to this
      invention, a control means 16 is utilized by the operator of the system to
      initiate the operation of the seismic energy source 12 and the geophone
      monitoring means 14. The control means initiates the operation of the
      seismic energy source and the geophone monitoring means by generating
      electrical signals which synchronize the internal clocking devices in such
      components. Thereafter, the seismic energy source 12 and each of the
      geophone monitoring means 14 perform preselected operations in accordance
      with preselected internal programs, the timing for such operations being
      provided by the internal clocking devices.
PAR  In this third embodiment of the seismic geophysical exploration system
      according to this invention, a seismic energy source 12, a plurality of
      geophones 13, and a plurality of geophone monitoring means 14 associated
      with selected of the geophones, are utilized as described with respect to
      FIG. 1. A control means 16 is utilized by the operator of the system to
      initiate the operation of seismic energy source 12 and the various
      geophone monitoring means 14. The control means 16 may be electrically
      connected to the seismic energy source and the various geophone monitoring
      means through cables or conductors, and the electrical signals generated
      by the control means may be coupled to such units through such conductors.
      Preferably, however, the electrical signals generated by the control means
      are transmitted to the seismic energy source and the various geophone
      monitoring means in the form of electromagnetic signals. The remainder of
      the description of this third embodiment of the invention will assume that
      the electrical signals of the control means are being transmitted in the
      form of electromagnetic signals. Similarly to the control means 16
      described with respect to the first embodiment of the invention and
      illustrated in FIG. 2, the control means 16 utilized with the third
      embodiment of the invention preferably includes certain manual controls,
      an encoder 20, a transmitter 22, and an antenna 23. Preferably the encoder
      20 functions to receive the electrical signals input to it by the operator
      of the system through the manual controls and to generate a representative
      serial stream of audible tones having frequency f.sub.1 or f.sub.2, which
      stream of audible tones is transmitted by transmitter 22 to the seismic
      energy source and the various geophone monitoring means. The transmitter
      22 and the antenna 23 preferably are as described with respect to FIG. 2.
      The preferred components of the manual controls and the encoder 20 of the
      control means 16 in this third embodiment of the invention, are
      illustrated in FIG. 15.
PAR  Referring to FIG. 15, in third embodiment of the invention it is preferable
      that the operator of the system can cause the control means 16 to generate
      a serial stream of audible tones indicative of a selected time-of-day.
      Similarly to the encoder described previously with respect to FIGS. 11A
      and 11B, the encoder 20 generates time-of-day information by counting down
      thhe frequency output of a highly precise, low-drift crystal oscillator
      116 through the use of a divide-by-N counter 117, a seconds-counter 118, a
      minutes-counter 119, and an hours-counter 120. The operator of the system
      sets the selected initial time-of-day data into the various counters in
      the clock system of the encoder by manipulating the manual switches 121,
      122, and 123 and then depresses the set-time switch 124. Once the operator
      of the system inputs the desired initial time-of-day the clock system in
      the encoder 20 continuously generates electrical signals in digital format
      indicative of the current time-of-day. The current time-of-day data is
      continually displayed on an indicator 126 located in the control means 16.
PAR  As previously described with respect to FIGS. 11A and 11B, since the
      encoder 20 requires a finite period of time in which to transmit the
      digital time-of-day signals, it is preferable that the digital "word"
      generated by the clock system always be the current time-of-day plus a
      selected increment of time. Thus, the output of the clock system is
      supplied to an adder 127, which adds thereto a selected increment of time.
      The output of the adder 127 is coupled to the input of a storage register
      128 which stores therein the digital word indicative of the current
      time-of-day plus the selected increment of time.
PAR  As will hereinafter be explained, in this third embodiment of the seismic
      geophysical exploration system according to this invention, the seismic
      energy sources and each of the various geophone monitoring means includes
      an internal clocking device which is synchronized to the current
      time-of-day by the electromagnetic signals generated by the control means.
      Similarly to the encoder described with respect to FIG. 11A and 11B, when
      the operator of the system wishes to transmit electromagnetic signals
      containing data indicative of the current time-of-day and thereby
      synchronize the clocking devices in the seismic energy source and various
      geophone monitoring means, he depresses transmit-time-of-day switch 130.
      Depressing switch 130 causes flip-flop 131 to reset and the output of the
      flip-flop 131 to assume a selected logic level. The selected logic level
      output by flip-flop 131 is coupled to pulse generator 133, which generates
      an electrical pulse synchronous in time with the loading of storage
      register 128 that is supplied to flip-flop 134 and counter 135, presetting
      the gating flip-flop 134 and resetting the counter 135. When the gating
      flip-flop 134 is preset, it generates an electrical signal enabling gate
      136 to couple the clock signal from the divide-by-N counter 117 to the
      counter 135. It is preferable that the serial stream of audible tones
      generated by encoder 20 comprise 20 bits in this third embodiment of the
      invention; therefore, counter 135 preferably functions to count from 0 to
      19. The output of the counter 135 is coupled to the input of the
      multiplexer 132 and functions to time the operation of the multiplexer
      132. The multiplexer 132 functions to generate an electrical signal
      containing a serial stream of logic levels indicative of the parallel
      digital word supplied to the multiplexer from the storage register 128.
PAR  The count generated by counter 135 is also coupled to the gate of 139. When
      gate 139 detects a count of twenty, it energizes pulse generator 140,
      which generates a pulse of short duration. The output from pulse generator
      140 is coupled to flip-flop 131 and flip-flop 134. When the pulse
      generated by pulse generator 140 is applied to such flip-flops, flip-flop
      131 is reset and flip-flop 134 is preset. Resetting and presetting
      flip-flops 131 and 134 causes the logic level of their outputs to change,
      thereby altering the condition of gate 136 such that the clock signal is
      no longer input to counter 135.
PAR  The output of the multiplexer 132 is supplied to a network comprising gates
      30, 31 and 32 field effect switches 33 and 34, and tone generators 35 and
      36, such as have been previously described with respect to FIG. 3.
      Depending upon the logic level of the output of the multiplexer 132,
      either frequency f.sub.1 or f.sub.2 of the tone generators 35 and 36 will
      be supplied over line 21 to the transmitter 22. The serial stream of tones
      supplies over line 21 to the transmitter 22 will be representative of the
      selected current time-of-day plus the increment of time added by adder
      127.
PAR  A preferred geophone monitoring means for this third embodiment of the
      invention is illustrated in FIGS. 16A and 16B. The electromagnetic signals
      generated by the control means are detected by antenna 40 and receiver 41.
      The output of receiver 41 is coupled to the input of tone detector 154. As
      previously described with respect to FIGS. 12A and 12B, tone detector 154
      transduces the stream of audible tones supplied to its input into a stream
      of digital pulses. The output of the tone detector 154 is supplied to a
      clock-counter 155, such as has been previously described with respect to
      FIG. 14, which functions to determine if the message length and rate of
      message is correct. Since the electromagnetic signal generated by the
      control means in this third embodiment of the invention preferably
      contains twenty digital pulses, the components of the clock-counter 155
      described in FIG. 14 should be altered somewhat to check for a signal
      having only twenty data pulses. The entire digital signal is coupled from
      the clock-counter 155 into a shift register 156 and temporarily stored
      therein. If the message length and rate of message are correct, the
      clock-counter 155 generates an enabling signal (in the second embodiment
      of this invention, such enabling signal was supplied to an instruction
      decoder 157) enabling the time-of-day-clock-counter 162 to receive the
      digital signal stored in the shift register 156. In this third embodiment
      of the invention, the message component of the signal stored in the shift
      register 156 will be the selected time-of-day. Once the selected
      time-of-day is stored in the time-of-day-clock-counter 162, the crystal
      oscillator 163 maintains such time-of-day current.
PAR  Associated with the geophone monitoring means are switches 191 for
      inputting data representative of the selected future time-of-day for the
      first shot. THe data input through such switches 191 is compared by a
      comparator 192 with the current time-of-day data generated by the
      time-of-day-clock-counter 162. When the comparator 192 determines that the
      data stored in the switches 191 equals the current time-of-day, it
      generates an electrical signal which is supplied to the
      time-of-shot-storage device 164, the comparator 165, the
      record-length-counter 166, the number-of-shots-counter 169, and the memory
      means 76. Also associated with the geophone monitoring means are switches
      167 for inputting data representative of the period of time the geophone
      monitoring means will continue to receive, sample and store the electrical
      signals generated by the associated geophones responsive to each shot.
      Once the record-length-counter 166 is enabled, it remains enabled for the
      preselected period of time set in the record-length switches 167 by the
      person who emplaces the geophone monitoring means in position.
PAR  Associated with the geophone monitoring means are switches 193 for
      inputting data representative of a preselected interval of time between
      shots. The output of the shot-interval switches 193 is coupled to the
      input of an adder 194. Also coupled to the adder 194 is the output of the
      time-of-day-clock-counter 162. The adder 194 functions to add the interval
      of time stored in the shot-interval switches 193 to the current
      time-of-day generated by the time-of-day-clock-counter 162. The output of
      the adder 194 is supplied to the input of the time-of-shot-storage device
      164. At the instant the time-of-shot-storage device 164 is enabled by the
      impulse signal from the comparator 192, the electrical signal supplied
      thereto by the adder 194 (representative of the current time-of-day plus
      the preselected interval of the time between shots) is "frozen" in the
      time-of-shot-storage device 164, and is supplied by the
      time-of-shot-storage device 164 to the comparator 165. The comparator 165
      compares the current time-of-day generated by the
      time-of-day-clock-counter 162 with the time-of-day stored in the
      time-of-shot-storage device 164, and when the two times are equal,
      generates an enabling electrical signal to the record-length-counter 166.
      Once the record-length-counter 166 is enabled, it remains enabled for the
      preselected period of time set in the set-record-length switches 167.
PAR  Similar to the description of the geophone monitoring means illustrated in
      FIGS. 12A and 12B, the electrical signals generated by the geophones are
      combined together and supplied over line 15 to a variable gain amplifier
      80. The output of the amplifier 80 is supplied to the input of a
      sample-and-hold device 81. The output of the sample-and-hold device 81 is
      supplied to the input of an analog-to-digital converter 82. The output of
      the analog-to-digital converter 82 is supplied to the input of up/down
      shift register 84. The output of the up/down shift register 84 is supplied
      to the input of an adder 85. Electrically coupled to the adder 85 is a
      memory device 76. A write-memory-control 87 and a read-memory-control 88
      function to access data back and forth between the adder 85 and the memory
      76 responsive to enabling signals from the summing control means 71.
PAR  If the record-length-counter 166 is enabled by an enabling signal from the
      comparator 192, the clocking signal generated by the crystal oscillator
      163 is supplied through the record-length-counter 166 to the summing
      control means 71 and enabling signals are generated by the summing control
      means 71 to the sample-and-hold device 81, the analog-to-digital converter
      82, the up/down shift register 84, the memory means 76, the memory write
      control 87 and the memory read control 88, so that the electrical signal
      generated by the associated geophones is sampled, digitized and stored in
      the memory device 76. The memory means 76 is disabled by the signal from
      the comparator 192 whereby the adder 85 sums the sampled and digitized
      data with only a digital word of zero value.
PAR  When the record-length-counter 166 is enabled by an enabling signal from
      the comparator 165, the clocking signal generated by the oscillator 163 is
      supplied to the summing control means 71 and enabling signals are
      generated by the summing control means 71 to the sample-and-hold device
      81, the analog-to-digital converter 82, the up/down shift register 84, the
      memory means 76, memory write control 87 and the memory read control 88,
      whereby the electrical signal generated by the associated geophones is
      sampled, digitized, summed with the data previously stored in the memory
      means 76, and the summed data accessed again to the memory means 76.
PAR  Also associated with the geophone monitoring means are switches 196 for
      inputting data representative of the number of shots with respect to which
      the geophone monitoring means is to receive and store data. Each time the
      record-length-counter is enabled, an impulse is transmitted from the
      record-length-comparator 168 to a number-of-shots counter 169. A
      number-of-shots comparator 195 compares the number of shots recorded by
      the number-of-shots-counter 169 with the preselected number of shots set
      in the number-of-shots switches 196. When the two numbers are equal, the
      number-of-shots-comparator 195 generates an electrical signal which is
      supplied to the recording means 89 to commence its operation, to the
      record-length-counter 166 to enable it, to the data multiplexer 170 to
      enable it, and to the memory-write-control 87 to disable it. The
      memory-read-control 88 reads the summed data stored in the memory means 76
      into the data multiplexer 170. Also transferred to the data multiplexer
      170 is the current time-of-day generated by the time-of-day-clock-counter
      162, the time interval between shots stored in the shot-interval switches
      193, the preselected record length increment of time stored in the
      record-length switches 167, the number of shots stored in a
      number-of-shots-counter 169, and the data indicative of the location of
      the geophone monitoring means stored in the location switches 171. The
      data multiplexer 170 transfers to the recording means 89 bit by bit the
      data accessed thereto. The recording means 89 makes a record of such data.
PAR  The following is a preferable manufacturer and parts number list for the
      components described in the geophone monitoring means utilized in the
      third embodiment of the invention and not previously described in this or
      the first or second embodiments:
TBL  Time-of-day-for-first-shot                                                
     switches 191           EECO-6-177606                                      
     Comparator 192 and                                                        
     number-of-shots comparator 195                                            
                            DM7485                                             
     Adder 194              DM 7483                                            
     Shot-interval switches 193                                                
     and number-of-shots-switches 196                                          
                            EECO 3-177606                                      
PAR  The preferred seismic energy source 12 in this third embodiment of the
      invention is illustrated in FIG. 17. Preferably the seismic energy source
      12 includes a receiver 41, a firing mechanism 45 and an energy means 46,
      such as have been described with respect to the seismic energy source 12
      illustrated in FIG. 4. The remainder of the preferred components of the
      seismic energy source are illustrated in FIG. 13 and will now be
      described.
PAR  Preferably the output of the receiver 41 is supplied to the input of a tone
      detector 154 which functions to transduce the electrical signal supplied
      to its input into a digital signal representative thereof. The tone
      detector 154 may comprise tone detectors 47 and 48 and latch circuitry
      such as have been previously described with respect to FIG. 5. The output
      of the tone detector 154 preferable is supplied to the input of a
      clock-counter 155 which functions to count the bits in the digital signal
      to insure that the message length and the rate of message is correct. The
      entire digital signal is coupled from the clock-counter 155 into a shift
      register 156 and temporarily stored therein. When the clock-counter 155
      determines that the message length and the rate of message were correctly
      received, it generates an enabling electrical signal to the
      time-of-day-clock-counter 162 which enables the time-of-day-clock-counter
      162 to receive the digital signals stored in the shift register 156. In
      this third embodiment of the invention, the message component of the
      digital signal stored in the shift register 156 will be the selected
      time-of-day. Once the selected time-of-day is stored in the
      time-of-day-clock-counter, the crystal oscillator 163 maintains such
      time-of-day current.
PAR  Associated with the seismic energy source are switches 191 for inputting
      data representative of the selected future time-of-day for the first shot.
      The data input through such switches is compared by comparator 192 with
      the current time-of-day data generated by the time-of-day-clock-counter
      162. When the comparator 192 determines that the data stored in the
      switches equals the current time-of-day, it generates an electrical signal
      which is supplied to and enables the time-of-shot-storage device 164 and
      the number-of-shots counter 169.
PAR  Also associated with the seismic energy source are switches 193 for
      inputting data representative of a preselected interval of time between
      shots. The output of the shot-interval switches 193 is coupled to the
      input of an adder 194. Also coupled to the adder 194 is the output of the
      time-of-day-clock-counter 162. The adder 194 functions to add the interval
      of time stored in the shot-interval switches 193 to the current
      time-of-day generated by the time-of-day-clock-counter 162. The output of
      the adder 194 is supplied to the input of the time-of-shot-storage device
      164. At the instant the time-of-shot-storage device 164 is enabled by the
      impulse signal from the comparator 192, the electrical signal supplied
      thereto by the adder 194 (representing the current time-of-day plus the
      preselected interval of time between shots) is "frozen" in the
      time-of-shot-storage device 164, and is supplied by the
      time-of-shot-storage device 164 to the comparator 165. The comparator 165
      compares the current time-of-day generated by the
      time-of-day-clock-counter 162 with the time-of-day stored in the
      time-of-shot-storage device 164 and, when the two times are equal,
      generates an enabling electrical signal to the number-of-shots-counter
      169.
PAR  Also associated with the seismic energy source are switches 196 for
      inputting data representative of the number of shots which the seismic
      energy source is to produce. Each time the number-of-shots-counter 169 is
      enabled, either by an electrical signal from the comparator 192 or the
      comparator 165, it transmits an electrical signal to the
      number-of-shots-comparator 195. The number-of-shots-comparator 195
      transmits an electrical signal to the firing mechanism 45 each time it
      receives an enabling signal from the number-of-shots-counter 169 until the
      number-of-shots produced by the seismic energy source equals the number of
      shots set in the number-of-shots switches 196. Thereafter, the
      number-of-shots-comparator 195 will no longer transmit electrical signals
      to the firing mechanism 45.
PAR  In the preferred operation of the third embodiment of the seismic
      geophysical exploration system according to this invention, the
      time-of-day-for-first-shot switches 191 associated with the seismic energy
      source and each of the geophone monitoring means are set to input a
      selected future instant of time. The shot-interval switches 193 associated
      with the seismic energy source and the various geophone monitoring means
      are manipulated to input the selected interval of time between shots. The
      number-of-shots switches 196 associated with seismic energy source and
      various geophone monitoring means are manipulated to input the selected
      number of shots.
PAR  The record-length switches 167 associated with the various geophone
      monitoring means are manipulated to input the interval of time that the
      record-length counter 166 will remain enabled each time it is enabled.
PAR  The control means 16 generates electrical signals synchronizing the
      internal clocking devices in the seismic energy source and the geophone
      monitoring means with a selected time-of-day. These electrial signals may
      be supplied to the seismic energy source and the various geophone
      monitoring means through conductors. Preferably, however, the electrical
      signals are transmitted in the form of electromagnetic signals. In such
      case, the time-of-day switches 121, 122, and 123 and the transmit
      time-of-day switch 130 in the control means are manipulated to cause the
      control means to transmit an electromagnetic signal containing data
      indicative of a selected time-of-day. This electromagnetic signal
      synchronizes the time-of-day-clock-counter 162 in the seismic energy
      source and in each of the geophone monitoring means. Preferably this
      electromagnetic signal is generated by the control means prior to the
      seismic energy source and the various geophone monitoring means being
      moved outside of the range of superior radio communication.
PAR  When each geophone monitoring means is implaced in position, the location
      of the geophone monitoring means is input by manipulating the location
      switches 171.
PAR  Thereafter, the seismic energy source produces a shot when the current
      time-of-day generated by the time-of-day-counter 162 equals the selected
      time-of-day for the first shot stored in the time-of-day-for-first-shot
      switches 191. Thereafter the seismic energy sources produces another shot
      at the selected interval of time set in the shot-interval switches 192.
      The seismic energy source continues to produce shots at the selected
      interval of time until the preselected number of shots set in the
      number-of-shots switches 196 has been produced.
PAR  Each of the geophone monitoring means commences receiving, sampling and
      storing the electrical signals generated by the geophones responsive to
      the first shot when the current time-of-day generated by the
      time-of-day-clock-counter 162 equals the selected time-of-day for the
      first shot stored in the time-of-day-for-first-shot switches 191. Each
      geophone monitoring means continues to receive, sample and store data for
      the period of time set in the record-length switches 167. Thereafter, each
      geophone monitoring means commences receiving, sampling, summing and
      storing the electrical signals generated by the geophone responsive to a
      subsequent shot at the selected interval of time set in the shot-interval
      switches 193. In each case, the geophone monitoring means continues to
      receive, sample, sum and store the data for the period of time set in the
      record-length switches 167. Each of the geophone monitoring means
      continues this operation until data responsive to a preselected number of
      shots has been summed and stored. When the number of shots counted by the
      number-of-shots-counter 169 equals the preselected number of shots in the
      number-of-shots switches 196, the summed data in the memory device 76 is
      accessed to the recording means 89 and a record is made thereof.
PAR  The operator of the system then manually collects the records, tapes or the
      like from the recording means in the various geophone monitoring means.
      However, the seismic energy source and the various geophone monitoring
      means could be constructed such that another series of shots is produced
      and another record is made on the recording means before the operation of
      the system is complete and the records are collected. When the records are
      collected, they are played out sequentially through a mini-computer and
      put on a standard multi-track tape in a manner that is well known to those
      skilled in the art. Since the time in which each shot was produced is
      fully identified, the records may be properly put together in the usual
      manner in the main computer.
PAR  Thus, this third embodiment of the improved seismic geophysical exploration
      system according to this invention provides a seismic energy source and a
      plurality of geophone monitoring means each of which is positioned in
      relative close proximity to and electrically coupled to one or more
      geophones. A control means generates an electrical signal containing data
      which initiates the operation of the seismic energy source and the various
      geophone monitoring means. The electrical signal generated by the control
      means contains data which synchronizes an internal clocking system in the
      seismic energy source and in each of the geophone monitoring means to a
      selected current time-of-day. Thereafter, the seismic energy source and
      various geophone monitoring means operate in accordance with preselected
      internal programs, the operation being timed by the synchronized internal
      clocking devices of the seismic energy source and the various geophone
      monitoring means. Such internal clocking device in the seismic energy
      source and each of the geophone monitoring means clocks the operation of
      the internal components and thus there is no need for the remotely located
      control means to generate and transmit a continuous, accurate, clocking
      signal. Since there is no need for future commands to be transmitted via
      electromagnetic signals from the control means, the seismic energy source
      and geophone monitoring means may ultimately be located outside the range
      of good radio communication. Each of the geophone monitoring means
      receives, samples, sums and stores, and ultimately records, data
      representative of the returning seismic waves sensed by the associated
      geophones.
PAR  From the foregoing, it will be understood that this invention provides an
      improved method and apparatus for seismic geophysical exploration. It will
      now be apparent to those skilled in the art that the foregoing disclosure
      and description of the invention is illustrative and explanatory thereof,
      and various changes may be made in the construction of the improved method
      and apparatus within the scope of the appended claims without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seismic system for geophysical exploration, comprising:
PA1  a seismic energy source for producing a shot which generates seismic waves
      through the earth;
PA1  a plurality of geophones, each of which senses the seismic waves after
      travel through the earth and generates an electrical signal representative
      thereof;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being associated with and electrically coupled to at least one of the
      geophones; and
PA1  a control means for generating electrical signals initiating the operation
      of the various remotely located geophone monitoring means;
PA1  each of the remote geophone monitoring means including:
PA2  means for sampling the electrical signal generated by the associated
      geophone responsive to a shot of the seismic energy source and producing
      data representative thereof,
PA2  a memory means for storing the data accessed thereto, and
PA2  means for summing the data representative of the electrical signal
      generated by the associated geophone responsive to a particular shot of
      the seismic energy source, with the data, if any, representative of the
      electrical signal generated by the associated geophone responsive to a
      previous shot or shots, and for accessing such summed data to the memory
      means.
NUM  2.
PAR  2. A seismic system for geophysical exploration according to claim 1 and
      including:
PA1  a recorder means for receiving the summed data previously stored in the
      memory means and making a record thereof.
NUM  3.
PAR  3. A seismic energy system for geophysical exploration according to claim 1
      wherein each geophone monitoring means includes a means for producing a
      clocking signal which clocks the operation of the means for sampling the
      geophone electrical signal and producing data representative thereof, the
      memory means, and the summing means.
NUM  4.
PAR  4. A seismic system for geophysical exploration according to claim 1
      wherein:
PA1  the control means includes means for generating electromagnetic signals
      containing data indicative of a selected time-of-day; and
PA1  each of the geophone monitoring means includes means for receiving the
      electromagnetic signals containing data indicative of the selected
      time-of-day and thereafter generating an electrical signal indicative of
      the current time-of-day.
NUM  5.
PAR  5. A seismic system for geophysical exploration, comprising:
PA1  at least one signal energy source for producing a shot at a desired
      location within a survey area, which shot generates seismic waves in the
      earth;
PA1  a plurality of geophones distributed over the survey area for receiving the
      seismic waves after travel through the earth and transducing such received
      seismic waves into representative electrical signals;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being physically located in relatively close proximity with and
      electrically coupled to at least one of the geophones;
PA1  a control means for generating an electrical signal initiating the
      operation of the seismic energy souce and the plurality of geophone
      monitoring means, the control means including means for generating an
      electrical signal containing data instructing the seismic energy source
      and/or the plurality of geophone monitoring means to immediately commence
      a preselected operation;
PA1  the seismic energy source including means producing a shot responsive
      thereto whenever preselected data is contained in the electrical signal
      generated by the control means;
PA1  each of the geophone monitoring means including means for performing a
      preselected operation whenever preselected data is contained in the
      electrical signal generated by the control means, the means for performing
      the preselected operation further including:
PA2  means for successively sampling the electrical signal generated by the
      associated geophone responsive to a shot by the seismic energy source and
      producing digitized data representative thereof,
PA2  a memory means for storing the digitized data accessed thereto, and
PA2  means for summing the digitized data produced by the sampling of the
      electrical signal generated by the associated geophone responsive to a
      particular shot, with the digitized data, if any, produced by the sampling
      of the electrical signal generated by the associated geophone responsive
      to another shot or shots and for accessing the summed digitized data to
      the memory means, and
PA2  a recorder means for receiving the summed digitized data after a desired
      number of shots have occurred and for making a record of such summed
      digitized data.
NUM  6.
PAR  6. A seismic system for geophysical exploration, comprising:
PA1  a plurality of geophones;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being physically associated in relatively close proximity with and
      electrically coupled to at least one geophone;
PA1  a seismic energy source for producing a shot generating seismic waves;
PA1  a control means for generating and transmitting an electromagnetic signal
      containing time break data instructing the seismic energy source and/or
      the various geophone monitoring means to immediately commence performing a
      preselected operation;
PA2  the seismic energy source including:
PA2  a means for receiving the electromagnetic signal transmitted by the control
      means;
PA2  means for transducing the received electromagnetic signal into a digital
      data stream representative thereof,
PA2  means for determining from the digital data stream the time break data and
      for producing an electrical signal representative thereof, and
PA2  energy means operable responsive to such electrical signal for producing
      the shot which generates seismic waves;
PA1  the geophone monitoring means including:
PA2  receiver means for receiving the electromagnetic signal transmitted by the
      control means,
PA2  means for transducing the received electromagnetic signal into a digital
      data stream representative thereof,
PA2  means for determining from the digital data stream the time break data and
      for generating an electrical signal representative thereof,
PA2  means for generating a clocking signal, the operation of such clocking
      means being enabled by the electrical signal representative of the time
      break data,
PA2  a summing control means operable responsive to the clocking signal for
      generating an enabling electrical signal,
PA2  means for successively sampling, at selected instants of time responsive to
      the enabling signal generated by the summing control means, the electrical
      signal generated by the associated geophones responsive to the seismic
      waves generated by a shot of the seismic energy source and for providing
      digitized data representative thereof,
PA2  memory means for storing such digitized data as may be access thereto,
PA2  adder means for receiving the digitized data representative of the sampling
      of the electrical signal generated by the associated geophones responsive
      to a particular shot and for summing such digitized data with such
      additional digitized data as may be accessed thereto representative of the
      sampling of the electrical signal generated by the associated geophones
      responsive to a previous shot or shots and previously stored in the memory
      means,
PA2  means for accessing the digitized data back and forth between the memory
      means and the adder means, and
PA2  a recorder means for making a record of the totally summed digitized data
      after a selected number of shots have been produced by the seismic energy
      source and the electrical signals generated by the associated geophones
      responsive to such shots have been sampled and summed.
NUM  7.
PAR  7. A seismic system for geophysical exploration, comprising:
PA1  at least one seismic energy source for producing a shot at a desired
      location within a survey area, which shot generates seismic waves through
      the earth;
PA1  a plurality of geophones distributed over the survey area for receiving the
      seismic waves after travel through the earth and for transducing such
      received seismic waves into representative electrical signals;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being physically located in relative close proximity with and electrically
      coupled to at least one of the geophones;
PA1  a control means for generating and transmitting an electromagnetic signal
      containing data initiating the operation of the seismic energy source and
      the plurality of geophone monitoring means, the control means including:
PA2  means for generating an electromagnetic signal containing data
      representative of a selected time-of-day, and
PA2  means for generating an electromagnetic signal containing data commanding
      the seismic energy source and/or the plurality of geophone monitoring
      means to commence a preselected operation at a selected future
      time-of-day;
PA1  the seismic energy source including means for receiving each of such
      electromagnetic signals and transducing such electromagnetic signal into a
      digital data stream representative thereof and further including:
PA2  means operable responsive to data in the digital data stream indicative of
      the selected time-of-day, for generating a digital data signal indicative
      of the current time-of-day, and
PA1  means operable responsive to data in the digital data stream indicative of
      a command for the seismic energy source to produce a shot at a selected
      future time-of-day, and operable responsive to the digital signal
      indicative of the current time-of-day, for producing a shot at such
      selected future time-of-day;
PA1  each of the geophone monitoring means including means for receiving each of
      such electromagnetic signals and transducing such electromagnetic signal
      into a digital data stream and means for performing certain commanded
      operations responsive to data contained in the digital data stream, the
      means for performing the commanded operations including:
PA2  means operable responsive to data in the data stream indicative of a
      selected time-of-day, for generating a digital data signal indicative of
      the current time-of-day,
PA2  means operable responsive to data the data stream indicative of the command
      for the geophone monitoring means to commence a certain preselected
      operation at a selected future time-of-day, for successively sampling the
      electrical signal generated by the associated geophone responsive to a
      shot and for producing digitalized data representative thereof, the
      successive sampling commencing at the selected future time-of-day as
      determined by the digital signal indicative of the current time-of-day,
      and
PA2  a memory means for storing the data accessed thereto,
NUM  8.
PAR  8. A seismic system for geophysical exploration according to claim 7,
      wherein each of the geophone monitoring means further includes:
PA1  means operable responsive to data in the digital data stream indicative of
      a command to commence sampling and summing data responsive to a shot at a
      selected future time-of-day, for summing the digitized data produced by
      the sampling of the electrical signal generated by the associated
      geophones responsive to a shot produced at the selected future time-of-day
      with digitized data produced by the sampling of the electrical signal
      generated by the associated geophones responsive to a previous shot or
      shots and for accessing the summed data to the memory, and
PA1  a recorder means operable responsive to data in the digital data stream
      indicative of the command to make a record of the summed data commencing
      at a selected future time-of-day, for receiving the summed digitized data
      after a desired number of shots have occurred and for making a record of
      such summed digitized data.
NUM  9.
PAR  9. A seismic system for geophysical exploration, comprising:
PA1  a seismic energy source for producing a shot which generates seismic waves
      through the earth;
PA1  a plurality of geophones for sensing the seismic waves after travel through
      the earth and generating electrical signals representative thereof;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being associated with and electrically coupled to at least one of the
      geophones; and
PA1  a control means for generating and transmitting electromagnetic signals
      containing data representative of at least (a) a selected current
      time-of-day or (b) instructions for the seismic energy source and/or the
      various geophone monitoring means to commence a preselected operation at a
      selected future time-of-day;
PA1  the seismic energy source including:
PA2  means for receiving the electromagnetic signal transmitted by the control
      means and for generating a digital signal representative thereof,
PA2  means for determining from the digital signal the type of message contained
      therein,
PA2  a time-of-day-clock-counter for receiving and storing the data indicative
      of the selected time-of-day whenever such data is contained in the digital
      signal and for thereafter generating an electrical signal representative
      of the current time-of-day,
PA2  a time-of-shot-storage device for receiving and storing the data
      representative of the time of the next shot whenever such data is
      contained in the digital signal,
PA2  a comparator for comparing the current time-of-day data generated by the
      time-of-day-clock-counter with the selected future time-of-day data stored
      in the time-of-shot-storage device and generating an impulse electrical
      signal when such times are equal,
PA2  energy means operable responsive to such impulse electrical signal for
      producing the shot which generates seismic waves;
PA1  the geophone monitoring means including:
PA1  means for receiving the electromagnetic signal transmitted by the control
      means and for generating a digital signal representative thereof,
PA1  means for determining from the digital signal the type of message contained
      therein,
PA1  means for generating a clocking signal,
PA1  a time-of-day-clock-counter for receiving and storing the selected
      time-of-day whenever such data is contained in the digital signal and for
      thereafter generating an electrical signal representative of the current
      time-of-day,
PA1  a time-of-shot-storage device for receiving and storing the data indicative
      of the time of the next shot whenever such data is contained in the
      digital signal,
PA1  a comparator connected to the outputs of the time-of-day-clock-counter and
      the time-of-shot-storage device for comparing the current time-of-day with
      the selected future time-of-day and, when such times are equal, for
      generating an impulse electrical signal,
PA1  means operable responsive to the clocking signal and to the impulse
      electrical signal generated by the comparator, for generating an enabling
      signal,
PA1  means for successively sampling, at selected instants of time responsive to
      the enabling signal, the electrical signal generated by the geophones
      responsive to a shot by the seismic energy source and for providing
      digitized data representative thereof,
PA1  a memory means for storing such digitized data as may be accessed thereto,
PA1  adder means for receiving the digitized data representative of the sampling
      of the electrical signal generated by the geophones responsive to a
      particular shot and for summing such digitized data with digitized data
      representative of the sampling of the electrical signal generated by the
      geophones responsive to a previous shot or shots and previously stored in
      the memory means,
PA1  means for accessing digitized data back and forth between the adder means
      and the memory means, and
PA1  a recorder means for making a record of the summed digitized data after a
      selected number of shots have been generated by the seismic energy source
      and the responsive geophones signals have been sampled and summed.
NUM  10.
PAR  10. A seismic system for geophysical exploration, comprising:
PA1  a seismic energy source for producing a shot which generates seismic waves
      through the earth;
PA1  a plurality of geophones, each of which senses the seismic waves after
      travel through the earth and generates an electrical signal representative
      thereof;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being associated with and electrically coupled to at least one of the
      geophones;
PA1  a control means for generating an electrical signal initiating the
      operation of the various geophone monitoring means, the control means
      including means for generating an electrical signal containing data
      indicative of a selected time-of-day;
PA1  the seismic energy source including:
PA2  means for receiving the electrical signal containing data indicative of the
      selected time-of-day and thereafter generating an electrical signal
      indicative of the current time-of-day, and
PA2  means operable responsive to the current time-of-day signal for producing a
      shot at each of selected instants of time; and
PA1  the geophone monitoring means including:
PA1  means for receiving the electrical signal containing data indicative of the
      selected time-of-day and thereafter generating an electrical signal
      indicative of the current time-of-day, and
PA1  means for sampling the electrical signal produced by the associated
      geophone and generating digitized data representative thereof, the
      sampling and data generating means being operable responsive to the
      current time-of-day signal to commence a sampling operation at each of the
      same selected instants of time at which the seismic energy source produces
      a shot.
NUM  11.
PAR  11. A seismic system for geophysical exploration according to claim 10,
      wherein the geophone monitoring means includes:
PA1  memory means for receiving and storing the digitized data accessed thereto,
PA1  means for summing the incoming digitized data generated by the sampling of
      the electrical signal produced by the associated geophone responsive to a
      particular shot of the seismic energy source, with the digitized data, if
      any, previously generated by the sampling of the electrical signal
      produced by the associated geophone responsive to a previous shot or shots
      and previously stored in the memory means, and
PA1  means for accessing digitized data back and forth between the memory means
      and the summing means.
NUM  12.
PAR  12. A seismic system for geophysical exploration according to claim 10,
      wherein the geophone monitoring means includes:
PA1  recorder means for making a record of the summed digitized data accessed
      thereto, and
PA1  means for determining the number of sampling operations performed by the
      sampling and data producing means, and
PA1  means for accessing to the recorder means the summed data stored in the
      memory means after a selected number of sampling operations has been
      performed by the sampling and data producing means.
NUM  13.
PAR  13. A geophone monitoring means designed to be positioned in relatively
      close physical proximity with and electrically coupled to at least one
      geophone to receive the electrical signal produced by the geophone
      responsive to the geophone sensing the seismic waves produced by a shot of
      a seismic energy source, the geophone monitoring means including:
PA1  means for successively sampling the electrical signal generated by the
      geophone responsive to a shot by the seismic energy source and producing
      digitized data representative thereof;
PA1  memory means for storing the digitized data accessed thereto;
PA1  adder means for performing a desired arithmatic operation on the digitized
      data accessed thereto, the adder means being operable to repetitively sum
      the digitized data representative of the sampling of the electrical signal
      generated by the geophone responsive to a particular shot with the
      digitized data representative of the sampling of the electrical signal
      generated by the geophone responsive to a previous shot or shots; and
PA1  means for accessing data back and forth between the memory means and the
      adder means.
NUM  14.
PAR  14. A geophone monitoring means according to claim 13, including:
PA1  recorder means for receiving and making a record of the summed data after a
      desired number of shots have been produced by the seismic energy source.
NUM  15.
PAR  15. A seismic geophysical exploration system including:
PA1  at least one seismic energy source for producing a shot at a desired
      location within a survey area, which shot generates seismic waves through
      the earth;
PA1  a plurality of geophones distributed over the survey area for receiving the
      seismic waves after travel through the earth and for transducing such
      received seismic waves into representative electrical signals;
PA1  a plurality of geophone monitoring means, each geophone monitoring means
      being physically located in relatively close proximity with and
      electrically coupled to at least one of the geophones;
PA1  a control means for generating and transmitting an electromagnetic signal
      containing data initiating the operation of the seismic energy source and
      the plurality of geophone monitoring means,
PA1  the seismic energy source and each of the geophone monitoring means
      including:
PA2  means for receiving each of such electromagnetic signals and transducing
      such electromagnetic signal into a digital data stream representative
      thereof; and
PA2  means for determining if the message length and rate of message of the
      digital data stream are correct and for generating an electrical signal
      representative of whether such message length and rate of message are
      correct, whereby the electromagnetic signal initiating the operation of
      the seismic energy source and the plurality of geophone monitoring means
      may be generated repetitively.
NUM  16.
PAR  16. In a system for performing seismic geophysical surveying and which
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relatively close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical surveying including the steps of:
PA1  1. generating an electromagnetic signal commanding the seismic energy
      source to immediately produce a shot and commanding each of the geophone
      monitoring means to immediately commence a preselected operation with
      respect to the electrical signal generated by the associated geophones
      responsive to such shot;
PA1  2. responsive to receipt of the electromagnetic signal by the seismic
      energy source, the seismic energy source producing a shot which generates
      seismic waves through the earth;
PA1  responsive to receipt of the electromagnetic signal by the various geophone
      monitoring means, each of the geophone monitoring means performing the
      preselected operation on the electrical signal generated by the associated
      geophone responsive to the shot of the seismic energy source, such step of
      the geophone monitoring means performing the preselected operation on the
      electrical signals including:
PA2  successively sampling the electrical signal generated by the geophone
      responsive to such shot and producing digitized data representative
      thereof, and
PA2  storing such digitized data in a memory means;
PA1  3. generating an electromagnetic signal instructing the seismic energy
      source to immediately produce another shot and commanding each of the
      geophone monitoring means to immediately commence a preselected operation
      with respect to the electrical signal generated by the associated geophone
      responsive to such shot;
PA1  4. responsive to receipt of the electromagnetic signal generated in step
      (3) by the seismic energy source, the seismic energy source producing
      another shot which generates seismic waves through the earth;
PA1  responsive to receipt of the electromagnetic signal generated in step (3)
      by the various geophone monitoring means, each of the geophone monitoring
      means performing the preselected operation on the electrical signal
      generated by the associated geophone responsive to such shot, such step of
      the geophone monitoring means performing the preselected operation on the
      electrical signal including:
PA1  successively sampling the electrical signal generated by the associated
      geophone responsive to such shot and producing digitized data
      representative thereof,
PA1  withdrawing from the memory means the digitized data stored therein
      representative of the successively sampled electrical signal generated by
      the associated geophone responsive to the previous shot or shots and
      summing thereto the data representative of the successively sampled
      electrical signal generated by the associated geophone responsive to the
      instant shot, and
PA1  accessing the summed data into the memory means; and
PA1  5. successively repeating steps (3) and (4) until a desired number of shots
      have been produced by the seismic energy source and the electrical signals
      produced by the geophone associated with each geophone monitoring means
      have been sampled and digitized and summed in the respective geophone
      monitoring means.
NUM  17.
PAR  17. In a system for performing seismic geophysical surveying and which
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relatively close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical surveying, according to claim 16, including the
      additional step of:
PA1  6. in each geophone monitoring means, making a record of the summed data in
      a recording means contained therein.
NUM  18.
PAR  18. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relative close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical exploration according to claim 16 and including the
      additional steps of:
PA1  6. generating an electromagnetic signal instructing each of the geophone
      monitoring means to make a record of such summed digitized data; and
PA1  7. responsive to receipt of such electromagnetic signal by the various
      geophone monitoring means, each of the geophone monitoring means making a
      record of such summed data.
NUM  19.
PAR  19. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relatively close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical surveying including the steps of:
PA1  1. generating an electromagnetic signal containing data instructing the
      seismic energy source and each of the geophone monitoring means of a
      selected time-of-day;
PAR  2. responsive to receipt of the electromagnetic signal by the seismic
      energy source and by the various geophone monitoring means, producing in
      the seismic energy source and each of the various geophone monitoring
      means an electrical signal which is indicative of the current time-of-day;
PA1  3. generating an electromagnetic signal containing data commanding the
      seismic energy source to produce a shot at a selected future time-of-day
      and commanding each of the geophone monitoring means to commence, at such
      selected future time-of-day, a preselected operation with respect to the
      electrical signal generated by the associated geophone;
PA1  4. responsive to receipt of the electromagnetic signal generated in step
      (3) by the seismic energy source, producing a shot by the seismic energy
      source at the selected future time-of-day, the selected future time-of-day
      being based upon the current time-of-day signal being produced within the
      seismic energy source;
PA1  responsive to receipt of the electromagnetic signal generated in step (3)
      by the various geophone monitoring means, commencing the performance by
      each of the geophone monitoring means of the preselected operation on the
      electrical signal generated by the associated geophone responsive to such
      shot, the preselected operation being commenced at such selected future
      time-of-day and the selected future time-of-day being based on the current
      time-of-day signal being produced within each of the geophone monitoring
      means, such step of the geophone monitoring means performing the
      preselected operation on the electrical signal including:
PA2  successively sampling the electrical signal generated by the geophone
      responsive to such shot and producing digitized data representative
      thereof, and
PA2  storing such digitized data in a memory means;
PAR  5. generating an electromagnetic signal containing data commanding the
      seismic energy source to produce another shot at another selected future
      time-of-day and commanding each of the various geophone monitoring means
      to commence, at such other selected future time-of-day, the performance of
      a preselected operation on the electrical signal generated by the geophone
      responsive to such shot;
PA1  6. responsive to receipt of the electromagnetic signal generated in step
      (5) by the seismic energy source, the seismic energy source producing a
      shot at the selected future time-of-day, the selected future time-of-day
      being based upon the current time-of-day signal being generated within the
      seismic energy source;
PA1  responsive to receipt of the electromagnetic signal generated in step (5)
      by the various geophone monitoring means, each of the geophone monitoring
      means commencing the performance of the preselected operation on the
      electrical signal generated by the associated geophone responsive to such
      other shot, the preselected operation being commenced at the selected
      future time-of-day and the selected future time-of-day being based on the
      current time-of-day signal being generated within each of the geophone
      monitoring means, such step of the geophone monitoring means performing
      the preselected operation on the electrical signal including:
PA2  successively sampling the electrical signal generated by the geophone
      responsive to such shot and producing digitized data representative
      thereof,
PA2  withdrawing from the memory means the data stored therein representative of
      the successively sampled electrical signal generated by the geophone
      responsive to the previous shot or shots and summing thereto the data
      representative of the successively sampled electrical signal generated by
      the geophone responsive to the instant shot, and
PA1  accessing the summed data into the memory means; and
PAR  7. successively repeating steps (5) and (6) until a desired number of shots
      have been produced and the electrical signals generated by the geophone
      associated with each geophone monitoring means responsive to such shots
      have been sampled and transduced into digitized data, and the digitized
      data has been summed and stored within each respective geophone monitoring
      means.
NUM  20.
PAR  20. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means being associated in relatively close proximity with and
      electrically coupled to at least one geophone, the improved method of
      performing seismic geophysical surveying, according to claim 19 and
      including in steps (2), (4) and (5), the additional step of:
PA1  determining at the seismic energy source and each of the various geophone
      monitoring means if the message length and rate of message of the
      electromagnetic signal are correct and generating an electrical signal
      indicative of whether such message length and rate of message are correct,
      such electrical signal enabling the seismic energy source and each of the
      various geophone monitoring means to perform the preselected operation
      commanded by the electromagnetic signal only if the message length and
      rate of message thereof are correct.
NUM  21.
PAR  21. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means being associated in relatively close proximity with and
      electrically coupled to at least one geophone, the improved method of
      performing seismic geophysical surveying, according to claim 19, including
      the additional steps of:
PA1  8. generating an electromagnetic signal instructing each of the geophone
      monitoring means to make a record of such summed and stored digitized
      data; and
PA1  9. responsive to receipt of such electromagnetic signal by the various
      geophone monitoring means, each of the geophone monitoring means making a
      record of such summed data.
NUM  22.
PAR  22. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relatively close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical surveying including the steps of:
PA1  generating an electromagnetic signal containing data instructing the
      seismic energy source and each of the geophone monitoring means of a
      selected time-of-day;
PA1  responsive to receipt of the electromagnetic signal by the seismic energy
      source and by the various geophone monitoring means, producing in the
      seismic energy source and each of the various geophone monitoring means an
      electrical signal which is indicative of the current time-of-day;
PA1  responsive to the current time-of-day signal generated therein, the seismic
      energy source producing a shot at each of selected instants of time until
      a preselected number of shots has been produced;
PA1  responsive to the current time-of-day signal generated therein, each of the
      geophone monitoring means commencing, at each of the selected instants of
      time that a shot is produced, to sample the electrical signal produced by
      the associated geophone responsive to a shot by the seismic energy source
      and generate digitized data representative thereof, each sampling and data
      generating operation continuing for a preselected period of time; and
PA1  responsive to the current time-of-day signal generated therein, each of the
      geophone monitoring means summing the digitized data generated during each
      sampling and data generating operation with the digitized data generated
      during the previous sampling and data generating operation or operations.
NUM  23.
PAR  23. In a system for performing seismic geophysical surveying, which system
      includes a seismic energy source for producing a shot that generates
      seismic waves at a desired location in a survey area, which system
      includes a plurality of geophones positioned in the survey area for
      receiving such seismic waves and for generating electrical signals
      representative thereof, and which system includes a plurality of geophone
      monitoring means positioned in the survey area, each geophone monitoring
      means being associated in relatively close proximity with and electrically
      coupled to at least one geophone, the improved method of performing
      seismic geophysical surveying according to claim 22, and including the
      additional step of:
PA1  responsive to the current time-of-day signal generated therein, each of the
      geophone monitoring means making a record of the summed digitized data
      stored therein.
PATN
WKU  039463583
SRC  5
APN  4807278
APT  1
ART  315
APD  19740619
TTL  Aircraft ground proximity warning instrument
ISD  19760323
NCL  29
ECL  1
EXA  Eisenzopf; Reinhard J.
EXP  Blix; Trygve M.
NDR  4
NFG  13
INVT
NAM  Bateman; Charles Donald
CTY  Bellevue
STA  WA
ASSG
NAM  Sundstrand Data Control, Inc.
CTY  Redmond
STA  WA
COD  02
CLAS
OCL  340 27R
XCL  23515022
XCL  244 77A
XCL  343  7TA
XCL  343108R
XCL  343112A
XCL  343112CA
EDF  2
ICL  G08G  502
FSC  340
FSS  27 R;27 AT;25;27 NA
FSC  244
FSS  77 A;77 C;77 D
FSC  235
FSS  150.2;150.22
FSC  343
FSS  12 A;108 R;5 LS;7 A;7 TA;112 A;112 CA
UREF
PNO  3052427
ISD  19620900
NAM  Match et al.
OCL  244 77
UREF
PNO  3169730
ISD  19650200
NAM  Gaylor et al.
OCL  244 77
UREF
PNO  3327973
ISD  19670600
NAM  Kramer et al.
OCL  244 77
UREF
PNO  3355733
ISD  19671100
NAM  Mitchell et al.
OCL  343  7.9
UREF
PNO  3463422
ISD  19690800
NAM  Watson
OCL  244 77
UREF
PNO  3652835
ISD  19720300
NAM  Devlin et al.
OCL  235150.22
UREF
PNO  3658280
ISD  19720400
NAM  McDonnell
OCL  244 77D
UREF
PNO  3743221
ISD  19730700
NAM  Lykken et al.
OCL  244 77A
UREF
PNO  3757338
ISD  19730900
NAM  Liebman
OCL  343108R
UREF
PNO  3801049
ISD  19740400
NAM  Simpson et al.
OCL  244 77A
UREF
PNO  3847328
ISD  19741100
NAM  Simpson et al.
OCL  244 77A
UREF
PNO  3860800
ISD  19750100
NAM  Simpson
OCL  235150.22
LREP
FRM  Wegner, Stellman, McCord, Wiles & Wood
ABST
PAL  An aircraft instrument for warning the pilot that the aircraft is in an
      unsafe condition in proximity to the ground. The instrument has inputs
      representing aircraft configuration, flight condition with respect to the
      ground, and glide slope. Detector circuits process the inputs and give a
      warning of unsafe proximity to the ground. The boundary conditions for the
      warning are selected to avoid false warnings. A glide slope detector
      distinguishes between a valid glide slope signal and spurious signals,
      without need for pilot input.
BSUM
PAR  This invention relates to an aircraft ground proximity warning instrument.
PAR  Analysis of aircraft accidents on takeoff and landing show that many occur
      as a result of the aircraft being operated in an unsafe condition in close
      proximity to the ground. Astengo Pat. No. 3,715,718, issued Feb. 6, 1973,
      to the assignee of this application, discloses and claims a ground
      proximity warning instrument which provides a pilot warning signal when
      the closure rate of the aircraft with respect to the ground is excessive
      for the altitude of the aircraft above the ground. I have found that the
      safety of aircraft operation may further be enhanced by the provision of
      warnings based on other aircraft conditions. It is, however, as important
      that false warnings be avoided as that warnings be given of unsafe
      conditions, for many pilots would ignore completely an instrument which
      was found to give false warnings. This invention concerns various aspects
      of the instrument which extend the scope of the conditions for which
      warnings are given and enhance the reliability of the operation.
PAR  One feature of the invention is that the instrument includes a means for
      generating a signal representing a deviation of the aircraft from the
      glide slope together with means for comparing the glide slpe slope signal
      with a signal representing the altitude of the aircraft with respect to
      the ground and for giving a warning when the deviation is excessive.
PAR  Another feature of the invention is the provision of means responsive to
      the signal representing the deviation of the aircraft from the glide slope
      for determining whether the glide slope signal is valid or spurious. More
      particularly, the radiation pattern for a glide slope antenna normally
      includes both the intended glide slope beam and unintended or spurious
      beams at other angles. The electrical characteristics of the received
      signal are utilized to distinguish between the valid and spurious signals,
      without requiring pilot input.
PAR  In a prior instrument, a warning was given to the pilot on the occurrence
      of descent of the aircraft below a predetermined altitude with respect to
      the ground, if the aircraft landing gear and flaps were not in the landing
      configuration. There are some airports which require a low level turning
      approach which is best executed without having the aircraft in landing
      configuration. A further feature is the provision of means of inhibiting
      the warning during such an approach.
PAR  Yet another feature is the prvision of improved circuitry for inhibiting
      the giving of a warning during the final stages of a descent to landing
      and the initial stages of a takeoff.
PAR  Still a further feature is the provision of circuitry for eliminating a
      false warning caused by disturbance in the input signals resulting from
      switching transients in the electrical power system of the aircraft, or
      the like.
DRWD
PAR  Further features and advantages of the invention will readily be apparent
      from the following specification and from the drawings, in which:
PAR  FIG. 1 is a diagram illustrating the general configuration of the
      instrument;
PAR  FIGS. 2 2A-D, 3 and 4 together make up a functional block diagram of the
      instrument;
PAR  FIGS. 5-8 are curves of the warning condition detector characteristics;
PAR  FIG. 9 is a diagram illustrating a typical glide slope radio beam; and
PAR  FIG. 10 is a chart summarizing the self-test sequence of the instrument.
DETD
PAR  The instrument illustrated and described herein incorporates not only the
      novel features summarized above and defined particularly in the claims,
      but also includes warning condition detection circuitry based on Astengo
      Pat. No. 3,715,718 and on a previous instrument which has been marketed
      for more than one year. The entire instrument is illustrated in order that
      the interrelationship of the various warning conditions will be clear. The
      novel subject matter is defined in the claims.
PAR  During the course of the description of the invention, specific values will
      be given for various warning boundary conditions, as altitudes, altitude
      rates, signal frequencies and the like. They represent nominal values for
      optimum warning conditions which have been found to be applicable to a
      variety of commercial jet aircraft for operation at airports throughout
      the world. It will be understood that these values in the specification
      and claims are subject to reasonable tolerances. Many of the signals and
      conditions are represented by symbols. The symbols used most often are
      identified and defined in the following table.
TBL  DEFINITION OF TERMS AND UNITS                                             
     ______________________________________                                    
     (---) . (---) The logic "AND" connective                                  
     (---) + (---) The logic "OR" connective                                   
     h.sub.R       Radio altitude in feet                                      
     h.sub.R       Radio altitude rate in feet per                             
                   minute                                                      
     h.sub.B       Barometric altitude in feet                                 
     h.sub.B       Barometric altitude rate in feet                            
                   per minute                                                  
     FD            Flaps in landing position. This                             
                   also includes the case where the                            
                   signal is (flaps down or gear                               
                   down).                                                      
     FD            Flaps not in landing position                               
                   (i.e., logic inversion symbol)                              
     h.sub.c       Complemented closure rate in                                
                   feet per minute (as described in                            
                   Astengo patent 3,715,718)                                   
     GU            Gear up signal                                              
     GU            The inversion of gear up, mean-                             
                   ing gear down.                                              
     h.sub.RL      Radio altitude rate limit as de-                            
                   scribed in Astengo 3,715,718.                               
     TO            Stands for take off and is the - output of a memory cell as 
                   in-                                                         
                   dicated.                                                    
     TO            The logic inversion of the TO                               
                   signal.                                                     
     TC            Below Terrain Clearance minimum.                            
     TC            Above Terrain Clearance minimum.                            
     Front course  Discrete input signal                                       
     G/S           Glide Slope deviation input sig-                            
                   nal in "dots" (one dot = .35.degree.                        
                   deviation)                                                  
     G/S           Rate of change of the glide                                 
                   slope deviation signal.                                     
     (G/S Valid)   Validity signal developed from                              
                   G/S signal indicating a proper                              
                   G/S signal is being received.                               
     GX            A Gear related signal which is                              
                   output of a memory cell as in-                              
                   dicated.                                                    
     GX            The logic inversion of GX.                                  
     ______________________________________                                    
PAR  The basic concept of the instrument is illustrated in FIG. 1. Signals from
      several aircraft condition sensors are connected with several warning
      condition detectors which, in an unsafe condition of the aircraft,
      generate a signal which actuates a warning.
PAR  Some of the aircraft condition sensors are concerned with the position and
      movement of the aircraft while others are concerned with its physical
      characteristics. The barometric altimeter measures the aircraft altitude
      with respect to sea level, sensing changes in atmospheric pressure. The
      radio altimeter measures the clearance of the aircraft from the ground,
      based on the transit time of a radio signal from the aircraft to the
      ground and back. The glide slope receiver provides an input to the
      instrument at airports which are equipped with a glide slope radio beam.
      The flaps and landing gear sensors detect whether the wing flaps and
      landing gear are retracted or extended.
PAR  The warning condition detectors can be categorized functionally in terms of
      the conditions which they detect. The "negative climb after take off"
      detector gives a warning when the aircraft descends after it has left the
      ground on take off. The "terrain clearance" detector monitors the approach
      of the aircraft to the ground and gives a warning when it approaches too
      closely and is not in a proper configuration for landing. The "excessive
      sink rate" detector gives a warning when the aircraft is descending too
      rapidly. The "excessive closure rate detector" (based on the Astengo
      patent) gives a warning when the aircraft approaches the ground too
      rapidly. The "below-glide slope" detector generates a warning when the
      glide slope deviation is excessive for the altitude.
PAR  The warning which is given may be visual or audio in nature. Preferably it
      is an audio signal repeatedly admonishing the pilot to "pull up".
PAR  The aircraft condition sensors and some of the signal processing are shown
      in more detail in FIG. 2A-D, which together with FIGS. 3 and 4 illustrate
      diagrammatically the circuitry of the instrument. Barometric altimeter 20,
      FIG. 2A, has an analogue output signal h.sub.B connected with a
      differentiator circuit, the output of which is an analogue barometric
      altitude rate signal h.sub.B. This signal is connected through a low
      altitude disabling switch 22 and a test summing junction 23 with a filter
      24. In aircraft equipped with an air data computer, the barometric
      altitude signal h.sub.B may be provided by the computer rather than the
      barometric altimeter.
PAR  The radio altimeter 26 has an analogue output signal h.sub.R connected with
      a test summing junction 27 and providing another input to the detector
      circuitry. In addition, h.sub.R is an input to a plurality of discrete
      radio altitude detectors providing logic signals at different altitudes of
      the aircraft above the ground. For example, altitude detector 29
      determines whether the aircraft is above or below a 50 foot altitude, as
      the aircraft is descending. When h.sub.R becomes less than 50 feet, the
      output of detector 29 is a logic 1. As the aircraft ascends, the output of
      detector 29 becomes a logic 0 when the altitude exceeds 100 feet. The 50
      foot differential or hysteresis in the detector switching characteristic
      prevents a change in condition of detector output unless there is a
      significant change in the aircraft altitude. Altitude detectors 30 and 31
      provide logic 1 outputs at radio altitudes below 700 feet and 2450 feet,
      respectively.
PAR  Some aircraft are provided with a pilot control for the aircraft localizer
      receiver which enables use on the back course of the localizer radio beam.
      Where such selection is available, it is also utilized in the ground
      proximity warning instrument to provide a logic enabling input to the
      glide slope detector, as will appear later. The course selector switch 35
      FIG. 2B, in the "front course" position, grounds the input of inverter
      amplifier 36, providing a logic 1 output. With switch 35 in the "back
      course" position, the output of amplifier 36 is a logic 0.
PAR  Glide slope receiver 37 FIG. 2C, has outputs representing "fly up" and "fly
      down" conditions, connected with amplifier 38, the output of which is an
      analogue signal with a positive polarity for "fly up" and a negative
      polarity for "fly down". The nature of the glide slope radio beam and the
      glide slope signal will be discussed in more detail below.
PAR  Self test circuitry is actuated by closure of switch 41 FIG. 2D, exercising
      various circuits of the instrument to determine whether they are
      operative. Details of the test circuitry and its operation will be
      discussed below.
PAR  Switch 43 opens when the aircraft flaps are extended to landing position
      providing a logic 1 input to OR gate 44. Another input to OR gate 44 is
      h.sub.R &lt;50 feet.
PAR  Landing gear sensing switch 46 closes with the landing gear down or in
      extended position, and completes a circuit to ground, grounding the input
      of OR gate 47. The other input to OR gate 47 is derived from the test
      circuit. The output of OR gate 47 is a gear up signal GU.
PAR  The analogue and logic signals developed in FIGS. 2A-D are utilized in the
      circuits of FIGS. 3 and 4 to generate a warning signal under conditions of
      unsafe aircraft operation. The several detector circuits which will be
      described in detail have logic outputs connected with OR gate 52 (FIG. 3)
      the output of which is connected through a time delay 53 with a pilot
      warning 54.
PAR  Considering first the detection of a negative climb following takeoff, it
      will be seen that the barometric rate signal h.sub.B is connected with a
      negative climb detector 56 which has a logic 1 output when the negative
      climb (descent) exceeds 100 feet per minute. This signal is one of the
      inputs of AND gate 57. The other inputs of AND gate 57 are inverted FD,
      h.sub.R &lt;700 feet and a takeoff signal from a memory unit 58. A remaining
      input is concerned with the test circuit and will be described later; it
      is a logic 1 except under test conditions. Accordingly, when the aircraft
      is taken off, has flaps up and before it reaches an altitude of 700 feet,
      if there is a negative climb rate in excess of 100 feet per minute, a
      warniing signal is given.
PAR  The second warning condition detector is concerned with descent of the
      aircraft below a minimum terrain clearance which is related to aircraft
      configuration. Radio altitude h.sub.R is summed with a bias signal
      representing -480 feet at summing junction 60. Detector 61 determines when
      the difference is less than 0 and has a logic 1 output when the aircraft
      is below 480 feet. This signal is an input to AND gate 62. The other
      inputs for the AND gate are the cruise or TO output of memory unit 58 and
      an inverted flap down or FD signal. The cruise descent detector gives a
      warning when the aircraft altitude with respect to the ground is less than
      480 feet and the aircraft is not in the configuration for landing.
PAR  At this point it is significant to consider the operation of memory unit 58
      and the input conditions which are required for the takeoff and cruise
      outputs. Memory unit 58 is a bistable flip-flop having set and reset
      inputs S and R, respectively, and Q and Q outputs representing takeoff and
      cruise, respectively. The S input of the flip-flop is flaps down FD and
      below minimum terrain clearance TC while the R input is an inversion of
      h.sub.R &lt;700 feet. When the aircraft is in flight, S is 0 and R is 1. The
      output is Q or cruise. As the aircraft descends, the R input goes to 0
      when h.sub.R is less than 700 feet. This causes no change in the output of
      the memory unit. The S input goes to 1 when the aircraft flaps are down
      and the aircraft is below minimum terrain clearance TC. The memory unit
      switches condition and has a Q or takeoff output and remains in this
      condition even if power is removed from the instrument. In this respect it
      is analogous to a latching relay. The S input remains 1 until the flaps
      are retracted. S then drops to 0 with no change in the output of the
      memory unit as the R input is still 0. When h.sub.R exceeds 700 feet, the
      R input is 1 and the memory unit switches to a Q or cruise output.
PAR  The cruise descent circuit provides a warning signal when the aircraft is
      below 480 feet and does not have the flaps in landing configuration. There
      are airports where the terrain requires a low circling approach at an
      altitude below 480 feet. It is undesirable to make such an approach with
      flaps extended as the drag with both the landing gear down and the flaps
      extended is too great to accomplish a low level turn with an adequate
      margin of safety. Visual approaches are sometimes made underneath a low
      overcast. Again, the landing gear may be down although the flaps are not
      in landing position. The cruise descent circuitry provides a warning
      inhibit circuit which permits such an approach.
PAR  The warning detector 61 provides a warning signal when h.sub.R goes below
      480 feet. An inhibit signal is added to the input of detector 61 at
      summing junction 63 when switch 64 is closed by the landing gear related
      signal GX from memory unit 65. The GX signal is obtained from the Q output
      of the bistable flip-flop memory unit having an S input of inverted GU and
      an R input of inverted h.sub.R &lt;700 feet. When the aircraft is in flight,
      S is 0 and R is 1. There is no Q output. The R input goes to 0 when the
      aircraft descends below 700 feet. When the landing gear is lowered, the S
      output goes to 1 and the memory unit has a Q or GX output. This output
      remains, even if the landing gear is retracted, until the aircraft is
      again above 700 feet.
PAR  The inhibit signal is derived from the barometric rate signal, preventing
      the occurrence of a warning so long as descent is not excessive, between
      altitudes of 480 and 200  feet. The characteristic of the inhibit signal
      is illustrated by the solid line boundary in FIG. 5. The barometric
      altitude rate signal h.sub.B is summed with a bias signal representing an
      ascent of 1400 feet per minute at summing junction 66. A limiting circuit
      67 is cut off with an input signal level representing 0 feet per minute
      and saturates at 800 feet per minute. These represent barometric descent
      rates of 1400 and 600 feet per minute, respectively. The output of limiter
      67 is connected with amplifier 68 having a gain such that for h.sub.B of
      '1400 feet per minute, the inhibit signal is o and for h.sub.B of -600
      feet per minute, the inhibit signal corresponds with the output of summing
      junction 60 for h.sub.R of 200 feet. The resulting signal is summed with
      h.sub.R -480 feet at summing junction 63.
PAR  Considering the circuit and the diagram of FIG. 5, it will be seen that
      with the landing gear up, a warning signal is given when the aircraft goes
      below 480 feet. This is represented by the broken and solid line boundary
      at 480 feet in FIG. 5. With the gear down, the warning inhibit signal
      based on h.sub.B is added and the solid line in FIG. 5 represents the
      warning boundary. Below an altitude of 480 feet, so long as the descent
      rate is not excessive, a positive signal at the output of amplifier 68
      inhibits a warning. As the aircraft descends below 480 feet the negative
      input to summing junction 63 from summing junction 60 becomes greater and
      the negative climb rate which may be tolerated without a warning
      diminishes from 1400 to 600 feet per minute. Below an altitude of 200 feet
      there is no inhibit signal, and with the aircraft not in landing
      configuration, a warning is given.
PAR  If the pilot should for some reason retract the landing gear after
      descending below 480 feet, as to execute a Go Around maneuver, it is
      desirable that a warning not be given. The GX output of memory unit 65
      remains until the aircraft climbs above 700 feet, keeping switch 64
      closed. Even with the gear up, so long as the aircraft descent rate h does
      not exceed the solid line boundary of FIG. 5, a Terrain Clearance warning
      is not given.
PAR  The excessive sink rate detector will be described in conjunction with the
      characteristic diagram of FIG. 6 and the inputs to AND gate 70. The sink
      rate detector has inputs of barometric rate h.sub.B and radio altitude
      h.sub.R. h.sub.B is summed with a signal representing 1300 feet per minute
      at summing junction 71. The output is amplified at 72 and connected with
      junction 73 where it is summed with the radio altitude signal h.sub.R.
      Detector 74 has a logic 1 output when its input is less than 0 and
      provides one of the inputs for AND gate 70. The other input is h.sub.R
      &lt;2400 feet. As shown in FIG. 6, below the altitude of 2400 feet warning is
      given if the sink rate is excessive. At 2400 feet a sink rate of 3500 FPM
      is tolerated. At h.sub.R = 0 a sink rate of 1300 FPM is tolerated without
      warning. The intercept at h.sub.B - 1300 FPM is established by the 1300
      FPM bias added at summing junction 71 and the tolerated sink rate at 2400
      feet is determined by the gain of amplifier 72.
PAR  The closure rate detector is based on the circuitry disclosed and claimed
      in Astengo Pat. No. 3,715,718 in which a complemented altitude rate signal
      h.sub.C is compared with the aircraft altitude to establish a warning
      criteria. The circuitry will be described briefly here. Additional details
      may be found in the Astengo patent. The warning boundary is illustrated
      diagrammatically in FIG. 7.
PAR  An altitude rate signal h.sub.R is derived from h.sub.R through
      differentiator 76. This signal is connected with a variable level limiter
      77 and the limited altitude rate signal h.sub.RL provides one of the
      inputs to complementary filter 78. The other input is barometric altitude
      rate h.sub.B. The limits for h.sub.R are determined in accordance with the
      configuration of the aircraft and the aircraft altitude. The widest set of
      limits is provided when the aircraft has flaps up. An intermediate set of
      limits is used when flaps are down and a narrow set is used when a below
      minimum terrain clearance condition exists. The narrow limits with FD and
      TC effectively disables the closure rate warning during the final stages
      of a landing approach.
PAR  The complemented altitude rate signal h.sub.C is summed with a bias signal
      representing an ascent of 2000 feet per minute at summing junction 80,
      scaled in amplifier 81 and summed with the radio altitude h.sub.R at
      junction 82. A detector 83 provides a logic 1 warning output when the sum
      is less than 0. The circuit has a straight line warning characteristic
      between conditions of a complemented altitude rate of 2000 feet per minute
      at 0 altitude and 3900 feet per minute at 1500 feet altitude. In this
      respect the circuit differs from that described in the Astengo patent
      where the warning boundary has a square function. The output of detector
      83 is connected as one of the inputs of OR gate 52.
PAR  The below glide slope detector and the glide slope validity circuitry are
      shown in FIG. 4. The detector warning characteristic is illustrated
      diagrammatiically in FIG. 8.
PAR  Assuming first that a valid glide slope signal is received and there is a
      logic 1 output from AND gate 85 to the AND gate 86, the additional
      requirements for the operation of the glide slope circuitry will be
      considered. AND gate 86 has other logic inputs representing inverted Gear
      Up (an input signal is present when the landing gear is extended), 50 feet
      &lt;h.sub.R &lt;700 feet and a front course input which will be described later.
      The below glide slope detector has inputs from the glide slope receiver 37
      and aircraft altitude h.sub.R. The glide slope deviation signal from
      receiver 37 is positive for a fly up condition and has an amplitude
      represented in terms of dots. This corresponds with the typical glide
      slope display in which a pointer associated with the field of dots gives a
      three dot indication for a maximum fly up or fly down condition. At
      altitudes above 150 feet, a below glide slope deviation signal in excess
      of 1.6 dots gives a warning initial signal, logic 1 output from detector
      87, to AND gate 86 actuating the pilot warning signal.
PAR  The glide slope deviation signal is based on the angle between the glide
      slope and a line from the aircraft to the glide slope antenna. Thus, close
      to the glide slope antenna, generally at very low altitudes, a small
      vertical displacement of the aircraft from the glide slope represents a
      large angular displacement. To avoid false warnings, the sensitivity of
      the below glide slope detector is reduced at low altitude. The altitude
      signal h.sub.R is added to a -150 feet bias signal at summing junction 88.
      Limiter 89 has a 0 output for altitudes above 150 feet and a negative
      output at altitudes below 150 feet. This signal is connected with scaling
      amplifier 90, the output of which is summed with the glide slope deviation
      signal at junction 91. The characteristic of the detector circuit, FIG. 8,
      shows that at altitudes above 150 feet a warning is given with a glide
      slope deviation signal of 1.6 dots or greater. For altitudes between 150
      feet and 50 feet, the sensitivity is reduced so that a deviation from the
      glide slope of three dots is required at 50 feet to establish a warning
      condition. At altitudes below 50 feet, AND gate 86 loses an input and a
      glide slope warning is inhibited.
PAR  Some aircraft are provided with a localizer receiver capable of operation
      from either the front course or back course of the localizer radio signal.
      Such aircraft have provision for a pilot selection of the front course or
      back course condition. When the instrument is utilized in an aircraft of
      this character, AND gate 86 has a front course input provided by pilot
      operated switch 35 and inverter 36. In aircraft which do not have this
      pilot selection, the front course input of AND gate 86 is eliminated.
PAR  An important consideration in utilizing the glide slope deviation signal to
      provide a warning is insuring that a valid glide slope signal is received
      so that a false warning is not generated by a spurious glide slope signal.
      In the usual glide slope installation modulated radio beams are propogated
      from an antenna array adjacent the end of the runway along a 3.degree.
      glide path to the antenna. Although it is desired that the radio beam
      energy be concentrated in the approach path of the aircraft, the radiation
      pattern in reality is generally conical. Most of the beam power is
      concentrated in the approach path or front course, but a significant
      portion of the energy is at 180.degree. thereto in the back course. Lesser
      beam strength is generated along other vectors. Furthermore, all of the
      radiated energy is not in the beams along the 3.degree. glide slope, but
      there are significant minor lobes radiated at other angles. Some of these
      conditions are illustrated diagrammatically in FIG. 9. In the front course
      there are nulls of 3.degree. , 9.degree. and 15.degree.. The Fly Up major
      lobe is below 3.degree. and the Fly Down major lobe is above 3.degree.,
      centered on a 6.degree. slope. Above the 9.degree. null is a Fly Up minor
      lobe centered on 12.degree.. Lesser lobes are sometimes found at higher
      aangles. There is a similar radiation pattern in the back course but with
      lower signal energy.
PAR  If the aircraft flies through the back course or a minor lobe pattern, an
      unwarranted warning signal might be generated. In order that the glide
      slope warning system be effective, it must discriminate between valid and
      spurious glide slope deviation signals without pilot action (except for
      the front course/back course switch 35, discussed above).
PAR  Two different characteristics of the glide slope deviation signal are
      relied on to establish validity. Both are related to changes of the valid
      and spurious fly up and fly down information. The changes in the spurious
      information are greater than those in the valid information and this
      characteristic is utilized to distinguish between the two. The difference
      in the changes come about for several reasons.
PAR  Considering first the back course signal on a vector 180.degree. to the
      front course, it will be appreciated that the antenna array is designed to
      minimize the power radiated along this vector. As a result the signal to
      noise ratio is greater in the front course signal than in the back course
      signal. Furthermore, the radiation pattern is dependent on ground
      reflection. In order to maximize the usefulness of the front course
      signal, efforts are made to keep the ground along the front course as
      clean of noise producing obstructions as possible. Generally aircraft and
      motor traffic are prohibited. Conversely, in the back course there is a
      great deal of traffic causing disturbances in the signal. Thus, in the
      front course not only is the signal stronger, but the noise is less than
      in the back course. Similarly, in the minor Fly Up lobe at 12.degree., the
      signal to noise ratio is reduced. Furthermore, if the aircraft is
      following a course approximating a 3.degree. glide slope, its path makes
      an angle of 9.degree. with respect to the 12.degree. secondary lobe. This
      results in a very rapid change in amplitude of the glide slope deviation
      signal. These are examples of the signal characteristics utilized to
      establish validity of the glide slope signal.
PAR  Two validity detector circuits respond to the glide slope deviation signal.
      If either has an output it indicates that the information is spurious and
      the glide slope signal is not valid.
PAR  The glide slope deviation signal G/S, or Fly Up/Fly Down information, is
      connected with a bandpass filter 92 made up of serially connected low pass
      and high pass filter sections 93 and 94 respectively. The output of filter
      92 is connected with a rectifier 95 that has a DC output which is a
      function of the signal energy passed by the filter. When the output of
      rectifier 95 exceeds a level corresponding with 0.27 dots of glide slope
      deviation signal, the output of warning detector 96 goes to zero and
      removes an input of AND gate 97. Valid Fly Up/Fly Down signal information
      generally has a frequency less than 1/4 Hz. Invalid or spurious signal
      information has a higher frequency both because the signals in the back
      course and the minor lobes are noisy and unstable and because the signal
      will change rapidly in amplitude if it is derived from a minor lobe. If
      there is significant signal strength above 1/4 Hz., it is passed by filter
      92 and inhibits a warning from the glide slope detector. In order that
      operation of the circuit not be inhibited by higher frequency noise
      signals, low pass filter 93 has an upper cut off frequency of 21/2 Hz.
      High pass filter 94 has a lower cutoff frequency of 1/4 Hz. so that the
      validity circuit does not respond to valid signal information.
PAR  If the glide slope receiver 37 has a good automatic gain control
      characteristic, changes in the glide slope deviation signal resulting from
      disturbances in the field strength of the radio pattern are minimized. A
      second glide slope detector circuit provides a further validity measure.
      The glide slope deviation signal from low pass filter 93 is connected with
      a differentiator circuit 98, the output of which represents the rate of
      change of the glide slope deviation signal G/S. This signal is multiplied
      by h.sub.R in variable gain amplifier 99 and connected to summing junction
      100 where it is combined with signal representing the barometric rate
      h.sub.B and a bias signal representing a barometric rate of -3.degree..
      The sum signal is filtered at 101 and connected with a glide slope
      deviation rate detector 102.
PAR  If the aircraft is flying along a path parallel with the 3.degree. glide
      slope, h.sub.B and the -3.degree. bias signals cancel. If the plane is in
      the major lobe of the glide slope pattern, the rate of change of the glide
      slope signal should be 0 and in this condition detector 102 has a logic 1
      output. If the plane is not on a path parallel with the glide slope, the
      glide slope deviation rate signal and the barometric altitude rate signal
      cancel, retaining a logic 1 output from detector 102. If, however, there
      is a large change in the glide slope deviation signal, indicating that the
      plane is in a secondary lobe of the radiation pattern, detector 102 has a
      logic 0 output and a glide slope warning is inhibited. The gain of
      amplifier 99 is reduced at low altitudes by the h.sub.R input to reduce
      the effective sensitivity of rate detector 102 at low altitudes.
PAR  The logic outputs of the two glide slope validity detectors 96 and 102 are
      connected with the inputs of AND gate 97 and provide an output from the
      AND gate so long as a valid signal is received. The output of AND gate 97
      is connected directly and through a 15 second time delay 103 with the
      inputs of AND gate 85. This circuit requires that there be a 15 second
      valid glide slope deviation signal received before AND gate 85 has an
      output providing an enabling input to glide slope warning AND gate 86. If
      there is a determination of invalidity of the glide slope deviation
      signal, the glide slope warning is inhibited immediately. Another 15
      seconds of valid glide slope deviation signal is required to reenable the
      glide slope warning.
PAR  The barometric altitude signal is not reliable close to the ground as air
      is compressed in front of and below the aircraft body and wings. The
      barometric altimeter senses the increased pressure of the air and
      indicates a lower altitude. Altitude detector 29 provides a logic output
      at altitudes less than 50 feet. Switch 22 is actuated at altitudes below
      50 feet grounding the input of the barometric rate channel so that
      erroneous barometric altitude information does not cause a false warning.
      The logic signal is an inverted input to AND gate 86, inhibiting a glide
      slope warning below 50 feet.
PAR  The following tabulation of logic statements summarizes the warning
      conditions for the circuits of FIGS. 2, 3 and 4.
TBL  __________________________________________________________________________
     WARNING CONDITION                                                         
       DETECTOR  WARNING CRITERIA                                              
     __________________________________________________________________________
     Negative Climb                                                            
                 (h.sub.B &lt;-100) .sup.. TO .sup.. FD .sup..                    
                             [( h.sub.R &gt;50)                                   
                                  + (h.sub.R &gt;100)] .sup.. (h.sub.R &gt;700)      
     After Takeoff                                                             
                             Descent                                           
                                     Ascent                                    
                             Hysteresis                                        
                   Where (TO) = state of memory unit 58                        
     Terrain Clearance                                                         
                 TC .sup.. FD .sup.. TO                                        
                 TC = [(h.sub.R &lt;480) .sup.. TO .sup.. GX] +                   
                          280                                                  
                     h.sub.R &lt;                                                 
                             (-h.sub.B +160)  .sup.. TO .sup.. GX .sup..       
                             (h.sub.R &lt;480)  +                                 
                          800                                                  
                     [(h.sub.R &lt;200) .sup.. TO .sup.. GX]                      
                     Where (GX) = state of memory unit 65                      
                      2450                                                     
     Excessive Sink                                                            
                 h.sub.R .ltoreq.-                                             
                         (h.sub.B -1300)  .sup.. (h.sub.R &lt;2450)               
                                       [( h.sub.R &gt;50)                         
                                            + (h.sub.R &gt;100]                   
                      2200                                                     
     Rate Close to                                                             
     Terrain                           Descent                                 
                                             Ascent                            
                                       Hysteresis                              
                     1500                                                      
     Excessive Closure                                                         
                 h.sub.R .ltoreq.                                              
                        (h.sub.C -2000)  .sup.. (h.sub.R &gt;50)                  
                     1900                                                      
     Rate to Terrain                                                           
                       3                                                       
     Below Glide Slope                                                         
                 G/S&lt;      (h.sub.R -264.3)  .sup.. (Front Course) .sup.. (G/S 
                           alid) .sup..                                        
                       214.3                                                   
                           GU .sup.. (50&lt;h.sub.R &lt;150)  +                      
                 [(G/S&lt;-1.6) .sup.. (Front Course) .sup.. (G/S Valid) .sup..   
                 GU                                                            
                           (150&lt;h.sub.R &lt;700)]                                 
     __________________________________________________________________________
PAR  The various signal inputs to the instrument are electrical in nature and
      are derived from aircraft condition sensors which are electrically powered
      from the aircraft electrical supply. During normal operation of the
      aircraft it is not uncommon that transients occur on the power circuitry
      as a result of bus switching, for example. These transients are typically
      of very short time duration. However, they could disturb the condition
      sensors sufficiently to generate a false warning signal. The time delay
      circuit 53 connected between OR gate 52 and warning 54 eliminates false
      warnings from such transients. It has been found that a time delay of the
      order of 0.6 second is sufficiently longer than the power line transients
      to avoid false warnings while not unduly delaying the generation of a true
      warning.
PAR  In order that the operability of the instrument may be checked from time to
      time, a test circuit is provided which may be actuated by closing test
      switch 41. The tests performed depend on the aircraft condition. When the
      aircraft is on the ground, several circuits are automatically actuated in
      sequence. When the plane is airborne, only the warning or output circuitry
      is tested. Closure of test switch 41 grounds inverting inputs of AND gates
      105 and 106. The other input for AND gate 105 is a cruise output of memory
      unit 58 and the other input of AND gate 106 is a takeoff output from the
      memory unit. The tests performed are summarized in the table of FIG. 10.
PAR  The ground tests will be considered first. The output from AND gate 106
      actuates switches 108, applying a bias signal representing a barometric
      descent rate of 9000 feet per minute to summing junction 23, and switch
      109, applying a bias signal representing an altitude of 200 feet to
      summing junction 27. The 200 foot altitude signal removes the output from
      the 50 foot altitude detector 29. This causes switch 22 to return to the
      position shown in FIG. 2, removing the ground from the input of the
      barometric rate circuit.
PAR  The 9000 fpm bias to the barometric rate circuit charges the components of
      the complementary filter 78 generating a closure rate warning output for
      approximately 3 seconds. There is also a warning output from detector 74
      of the sink rate circuit. However, a ground test signal is connected
      through an inverting input with AND gate 70 so that the sink rate warning
      is not connected to OR gate 52 during the initial portion of the test.
PAR  Similarly, the 9000 fpm barometric rate signal provides an output from
      detector 56 in the negative climb rate circuit. AND gate 57 in this
      circuit requires an input from OR gate 111 which is removed for 6 seconds
      at the start of the test sequence. The ground test signal is connected to
      an inverting input and through a six second time delay with OR gate 111.
      In the absence of ground test, OR gate 111 has a logic 1 output. At the
      start of the ground test, the output goes to 0. After the 6 seconds
      expires, the output returns to 1 and a warning is provided through AND
      gate 57. This warning continues so long as test button 41 is closed. When
      the test button is released, the inverted ground test input is removed
      from AND gate 70 and the warning continues through the sink rate circuit
      until any change from the bias signal in the barometric rate filter 24 or
      the sink rate detector circuit is dissipated.
PAR  When the test is carried out with memory unit 58 in the cruise condition,
      an in-flight test output from AND gate 105 is connected with OR gate 52
      actuating the warning circuitry 54.
PAR  In carrying out the sequential warning, it is preferable that warning
      lights be observed carefully to distinguish the on-off-on sequence. The
      rapid changes in condition are difficut to discern with the audio signal.
PAR  Each of the warning condition detectors provides a warning of an unsafe
      condition with usually sufficient time for the pilot to pull up and avoid
      an accident. The warning boundary conditions are selected so that
      unnecessary warnings are minimized. While each of the detectors functions
      independently, the warning boundary conditions are so related that a
      warning is given for substantially all ground proximity related unsafe
      conditions of an aircraft.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aircraft instrument for providing information based on the glide
      slope radio beam at an airport, the beam having a desired pattern along
      the intended glide path, providing valid fly up and fly down information
      and having undesired but unavoidable patterns along other paths providing
      spurious fly up and fly down information, the aircraft including means for
      receiving the glide slope radio beam, said receiving means having a glide
      slope output signal including both the valid and the spurious fly up and
      fly down information, a glide slope validity detector comprising:
PA1  means responsive to the glide slope output signal for generating a signal
      which represents spurious fly up and fly down information; and
PA1  means responsive to the signal which represents spurious fly up and fly
      down information to inhibit utilization of the glide slope output signal
      upon occurrence of a spurious information signal which is in excess of a
      predetermined level.
NUM  2.
PAR  2. The instrument of claim 1 in which the valid fly up and fly down
      information in the glide slope output signal is in one frequency band and
      the spurious fly up and fly down information is in another frequency band,
      the validity detector including a filter for rejecting a valid information
      signal and for passing a spurious information signal; and
PA1  means responsive to an excessive spurious information signal from said
      validity detector filter for inhibiting utilization of the glide slope
      information.
NUM  3.
PAR  3. The instrument of claim 2 in which the valid fly up and fly down
      information is in a frequency range below f.sub.1 and the spurious fly up
      and fly down information is in a frequency range above f.sub.1 and in
      which said filter passes frequencies above f.sub.1.
NUM  4.
PAR  4. The instrument of claim 3 in which said glide slope output signal is
      subject to noise at frequencies above f.sub.2 and in which said filter is
      a bandpass filter passing a band of frequencies between f.sub.1 and
      f.sub.2.
NUM  5.
PAR  5. The instrument of claim 4 in which f.sub.1 is 1/4Hz. and f.sub.2 is 21/2
      Hz.
NUM  6.
PAR  6. The instrument of claim 2 including means for rectifying the spurious
      information signals passed by said filter, the output of the rectifying
      means being a function of the amplitude of the spurious information, said
      utilization inhibiting means being responsive to the rectified signal.
NUM  7.
PAR  7. The instrument of claim 1 in which the means to inhibit utilization of
      the glide slope output signal upon occurrence of an excessive spurious fly
      up and fly down information signal has a first output signal, the
      instrument further including:
PA1  means responsive to the glide slope output signal for generating a signal
      which represents the rate of change of glide slope signal;
PA1  means responsive to an excessive rate of change of the glide slope fly up
      and fly down output signal, having a second output signal; and
PA1  means responsive to either of the first or second output signals to inhibit
      utilization of the glide slope guidance information.
NUM  8.
PAR  8. The instrument of claim 1 including a time delay circuit responsive to
      the absence of an inhibit condition for a predetermined time to enable
      utilization of the glide slope guidance information.
NUM  9.
PAR  9. The instrument of claim 8 in which the time delay is of the order of 15
      seconds.
NUM  10.
PAR  10. In an aircraft instrument for providing information based on the glide
      slope radio beam at an airport, the beam having a desired pattern along
      the intended glide path, providing valid fly up and fly down information
      and having undesired but unavoidable patterns along other paths providing
      spurious fly up and fly down information, the aircraft including means for
      receiving the glide slope radio beam, said receiving means having a glide
      slope output signal including both the valid and the spurious fly up and
      fly down information, a glide slope validity detector comprising:
PA1  means responsive to the glide slope output signal for generating a signal
      which represents the rate of change of glide slope signal; and
PA1  means responsive to the signal representing the rate of change of glide
      slope signal to inhibit utilization of the glide slope output signal upon
      occurrence of a glide slope rate signal which is in excess of a
      predetermined signal level.
NUM  11.
PAR  11. The instrument of claim 10 including:
PA1  means for differentiating the glide slope output signal to generate a
      signal representing the rate of change of the fly up and fly down
      information;
PA1  means for generating a signal representing the rate of change of the
      barometric altitude of the aircraft;
PA1  means responsive to the signal representing the rate of change of
      barometric altitude and to the signal representing the rate of change of
      glide slope fly up and fly down information to detect a glide slope rate
      signal which differs from the rate of change of the barometric altitude
      signal by an amount exceeding a predetermined rate; and
PA1  means responsive to detection of such greater glide slope rate signal to
      inhibit utilization of the glide slope information.
NUM  12.
PAR  12. The instrument of claim 11 including means responsive to the altitude
      of the aircraft above the ground to reduce the amplitude of the signal
      representing the rate of change of fly up and fly down information
      relative to the amplitude of the signal representing the rate of change of
      barometric altitude, at low altitudes to increase the range of glide slope
      rate signal for which glide slope information is utilized.
NUM  13.
PAR  13. A warning instrument for alerting the pilot of an aircraft to a
      condition of undesired proximity to the ground at an airport equipped with
      a glide slope radio beam transmitter, comprising:
PA1  a source of signal in the aircraft responsive to said glide slope radio
      beam, said signal representing the direction and magnitude of angular
      deviation of the aircraft position above or below the glide slope defined
      by the glide slope radio beam;
PA1  a detector responsive to the signal from said source for detecting a below
      glide slope deviation signal representing a below glide slope condition in
      excess of an established value, said detector producing a below glide
      slope warning initiate signal; and
PA1  means responsive to the below glide slope warning initiate signal to
      actuate a pilot warning.
NUM  14.
PAR  14. The instrument of claim 13 including:
PA1  means responsive to the glide slope deviation signal for establishing
      validity of the glide slope deviation signal; and
PA1  means responsive to a determination of validity of the glide slope
      deviation signal to enable provision of the warning signal.
NUM  15.
PAR  15. The warning instrument of claim 13 including:
PA1  a source of signal representing the altitude of the aircraft; and
PA1  means responsive to the altitude representing signal for varying as a
      function of altitude the established value of the below glide slope
      condition at which a below glide slope warning initiate signal is
      produced.
NUM  16.
PAR  16. The warning instrument of claim 15 wherein said varying means includes
      means for increasing the amplitude of the glide slope deviation signal
      required to produce a warning initiate signal as altitude decreases.
NUM  17.
PAR  17. The warning instrument of claim 16 including means responsive to an
      altitude representing signal to inhibit varying the value of the glide
      slope condition signal at which a warning initiate signal is produced,
      above a predetermined altitude.
NUM  18.
PAR  18. The warning instrument of claim 13 including:
PA1  a source of signal representing the altitude of the aircraft with respect
      to ground; and
PA1  means responsive to said altitude signal for increasing the amplitude of
      the glide slope deviation signal required to produce the below glide slope
      warning initiate signal, when the aircraft is below a predetermined
      altitude.
NUM  19.
PAR  19. The warning instrument of claim 18 in which said warning instrument
      includes:
PA1  means for inhibiting said altitude signal above a predetermined altitude;
      and
PA1  means for subtracting said altitude signal from said glide slope deviation
      signal to require said greater deviation signal to produce a below glide
      slope warning initiate signal, below said predetermined altitude.
NUM  20.
PAR  20. The warning instrument of claim 18 in which said warning instrument
      includes:
PA1  means responsive to the signal representing the altitude of the aircraft
      with respect to ground for generating a signal varying directly with the
      vertical position of the aircraft below a predetermined altitude; and
PA1  means for subtracting said vertical position signal from the glide slope
      deviation signal, a signal representing the difference being the input to
      the deviation detecting means, whereby the glide slope deviation signal
      required to produce a warning initiate signal increases as altitude
      decreases.
NUM  21.
PAR  21. The warning instrument of claim 13 including:
PA1  a source of signal representing the altitude of the aircraft with respect
      to ground; and
PA1  an AND gate having one input connected with the output of said glide slope
      deviation signal detecting means, another input connected with said source
      of altitude signal and an output connected with the pilot warning actuate
      means, said AND gate acting to inhibit a warning in the presence of a
      warning initiate output signal from the glide slope deviation signal
      detecting means when the aircraft is outside a desired altitude range.
NUM  22.
PAR  22. The warning instrument of claim 21 wherein said source of signal
      representing the altitude of the aircraft with respect to ground provides
      a first signal representing an upper altitude limit connected as one input
      of said AND gate and a second signal representing a lower altitude limit
      connected as another input to said AND gate.
NUM  23.
PAR  23. The warning instrument of claim 22 in which said upper altitude limit
      is 700 feet and the lower altitude limit is 50 feet.
NUM  24.
PAR  24. The warning instrument of claim 13 including:
PA1  a source of signal representing a condition of the aircraft suitable for
      landing; and
PA1  an AND gate having one input connected with the output of said glide slope
      deviation detecting means, another input connected with said source of
      aircraft configuration signal and an output connected with the pilot
      warning actuate means, said AND gate acting to inhibit a warning in the
      presence of a warning initiate output signal from the glide slope
      deviation signal detecting means when the aircraft is not in a
      configuration for landing.
NUM  25.
PAR  25. The warning instrument of claim 24 in which said aircraft configuration
      signal source is responsive to the aircraft landing gear and provides a
      signal to said AND gate when the landing gear is extended.
NUM  26.
PAR  26. A ground proximity warning system for aircraft comprising:
PA1  means for generating a signal representing the rate of change in the
      aircraft barometric altitude;
PA1  means for generating a signal representing the aircraft altitude above
      ground;
PA1  means for generating a signal representing the aircraft rate of change of
      altitude above ground;
PA1  means, providing a glide slope deviation signal representative of aircraft
      deviation below the glide slope;
PA1  means having inputs of said barometric rate signal, said altitude above
      ground signal, said rate of change in altitude signal and said glide slope
      deviation signal, to detect from said signals when the aircraft exceeds
      predetermined operating criteria with respect to the glide slope and
      aircraft altitude; and
PA1  a pilot warning connected with said detecting means and actuated when the
      aircraft exceeds said operating criteria.
NUM  27.
PAR  27. A warning instrument for alerting the pilot of an aircraft of a
      condition of proximity to the ground, comprising:
PA1  a source of signal representing the rate of change of barometric altitude
      of the aircraft;
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  means for summing a signal representing a function of the rate of change of
      barometric altitude of the aircraft with a signal representing a function
      of the altitude of the aircraft above the ground;
PA1  means responsive to the sum signal for detecting a rate of change of
      altitude which is in excess of a predetermined value for the altitude of
      the aircraft above the ground to produce a sink rate warning command
      signal;
PA1  a source of signal representing the angular deviation of the aircraft
      position from a radio glide slope beam at an airport equipped with a glide
      slope radio beam transmitter;
PA1  means for detecting a glide slope deviation representing a below glide
      slope condition in excess of a predetermined value to produce a below
      glide slope warning command signal;
PA1  an OR gate having the sink rate warning command signal connected with one
      input and the glide slope warning command signal connected with another
      input and having a warning initiate output signal upon the occurrence of
      either warning command signal; and
PA1  means responsive to a warning initiate output signal from said OR gate to
      initiate a pilot warning.
NUM  28.
PAR  28. A warning instrument for alerting the pilot of an aircraft of a
      condition of proximity to the ground, comprising:
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  a source of signal representing the rate of change of altitude of the
      aircraft with respect to the ground;
PA1  means for summing a signal representing a function of the altitude of the
      aircraft above the ground with a signal representing a function of the
      rate of change of altitude of the aircraft above the ground;
PA1  means responsive to the sum signal for detecting a rate of change of
      altitude above the ground which is in excess of a predetermined value for
      the altitude of the aircraft above the groundl to produce a terrain
      closure rate warning command signal;
PA1  a source of signal representing the angular deviation of the aircraft
      position from a radio glide slope beam at an airport equipped with a glide
      slope radio beam transmitter;
PA1  means for detecting a glide slope deviation representing a below glide
      slope condition in excess of a predetermined value to produce a below
      glide slope warning command signal;
PA1  an OR gate having the terrain closure rate warning command signal connected
      with one input and the glide slope warning command signal connected with
      another input and having a warning initiate output signal upon the
      occurrence of either warning command signal; and
PA1  means responsive to a warning initiate output signal from said OR gate to
      initiate a pilot warning.
NUM  29.
PAR  29. A warning instrument for alerting the pilot of an aircraft of a
      condition of proximity to the ground, comprising:
PA1  a source of signal representing the altitude of the aircraft above the
      ground;
PA1  means responsive to a function of the altitude signal for detecting an
      altitude below a predetermined value for operation of the aircraft except
      in landing configuration, to produce a minimum terrain clearance signal;
PA1  means responsive to the physical configuration of the aircraft to establish
      a signal condition when the aircraft is configured for landing;
PA1  an AND gate having the aircraft landing configuration signal connected with
      one input and the minimum terrain clearance signal connected with another
      input, said AND gate having an output when the aircraft is below the
      minimum terrain clearance altitude and is not configured for landing, to
      produce a terrain clearance warning command signal;
PA1  a source of signal representing the angular deviation of the aircraft
      position from a radio glide slope beam at an airport equipped with a glide
      slope radio beam transmitter;
PA1  means for detecting a glide slope deviation representing a below glide
      slope condition in excess of a predetermined value to produce a below
      glide slope warning command signal;
PA1  an OR gate having the terrain clearance warning command signal connected
      with one input and the glide slope warning command signal connected with
      another input and having a warning initiate output signal upon the
      occurrence of either warning command signal; and
PA1  means responsive to a warning initiate output signal from said OR gate to
      initiate a pilot warning.
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PAL  A device for fitment to a motor vehicle and adapted to close a circuit upon
      excessive accelerative, decelerative or centrifugal forces being applied
      thereto, the circuit including means for preventing the closure thereof
      from being registered for a predetermined length of time in order to avoid
      registration of such closure as a result of bumps or the like in a road,
      the registration of closure being effected by a counter and/or audible
      alarm.
BSUM
PAR  This invention relates to safety and/or warning devices for use on motor
      vehicles and which are adapted to warn drivers or record information as to
      accelerating and/or decelerating at excessive rates and/or as to cornering
      at excessively high speeds.
PAR  The need for such a device is due to the inability of many motorists to
      control a vehicle in high speed turns particularly on slippery and loose
      road surfaces and in fact to judge when a cornering speed is excessive.
      The device coupled with means for recording the number of times over a
      period when cornering has been effected at excessive speeds with
      consequent unnecessary tyre wear, is also useful as a check on drivers
      employed by commercial firms.
PAR  When a vehicle corners a lateral thrust is developed due to centrifugal
      force, the lateral thrust on the vehicle being dependent on speed, radius
      of turn and degree of banking of the road. A device of the above type
      utilises this lateral thrust as a means to operate a device indicative of
      whether a cornering speed is excessive or not.
PAR  Since the device is responsive to a lateral thrust it may also be located
      to be responsive to a fore and aft thrust, thus indicating excessive
      accelleration and braking. Alternatively the responsive elements of the
      device may be duplicated and located so as to be responsive to both
      lateral and fore and aft thrust.
PAR  Such a device has been described in my South African Pat. No. 66/6673
      wherein mercury tubes were employed to effect switching of an alarm and/or
      activation of a counter according to whether or not the vehicle velocity
      changed sufficiently to cause switching.
PAR  However, in the device described in my said Patent the possibility exists
      that a sudden jolt such as when a vehicle passes through a pot-hole could
      cause switching by momentary contact of mercury which splashes onto the
      contacts in the tube.
PAR  It is accordingly the object of this invention to provide an improved
      device of this type wherein the described disadvantage is overcome.
PAR  According to this invention there is provided a device adapted to be fitted
      to a vehicle for indicating certain forces applied thereto comprising one
      or more switching members adapted to be closed during the application of
      accelerative decellerative and/or centrifugal forces above certain values
      thereto, and a circuit embodying a counter and/or warning emitter, the
      device being characterised in that the circuit is arranged such that the
      counter and/or warning emitter is activated only after a switching member
      has been closed for a predetermined time period.
PAR  Further features of the invention provide for there to be four switching
      members, one for each direction of turn of a vehicle, one for acceleration
      and one for deceleration; for the switching members to be inclined
      capsules containing fluent electrically conducting material or
      alternatively a conductive element such as a ball or roller, or
      alternatively for the switching members to be operative on a pendulum
      principle, and for the said predetermined time period to be less than 2
      seconds and preferably between 0.1 and 0.5 of a second.
PAR  A still further feature of the invention provides for the circuit to embody
      a further time delay arrangement adapted to prevent activation of the
      warning emitter or counter for a predetermined time period after opening
      of a switching member which has been closed. Preferably this latter time
      period is of the order of 3 to 5 seconds.
DRWD
PAR  In order that the invention may be more fully understood one embodiment
      thereof will now be described by way of example. In this description
      reference is made to the accompanying drawings in which:
PAR  FIG. 1 is a top isometric view of a complete unit,
PAR  FIG. 2 is a diagrammatic elevation illustrating the sensitivity adjustment
      means of the unit, and
PAR  FIG. 3 is a circuit diagram embodying the present invention.
DETD
PAR  In this embodiment of the invention the device is adapted to warn a driver
      and count the number of warnings in respect of excessive acceleration,
      deceleration and cornering speeds in each direction. Thus the device is
      provided with four inclined glass capsules 1 two of which are located
      parallel in plan view to the length of the box 2 in which they are
      supported and are inclined upwardly in opposite directions in the vertical
      plane. The other two capsules are located at right angles to the first
      mentioned two in plan view and also are inclined upwardly in opposite
      directions in the vertical plane. Thus, in use the box is located such
      that two capsules extend parallel to the length of the vehicle in plan
      view and the other two are located transversely to the vehicle length. The
      former two are for acceleration and deceleration and the latter two are
      for the two cornering directions.
PAR  Each capsule contains a suitable amount of fluent conducting material which
      is preferably mercury and has a pair of contacts at its upper end which
      can be closed by mercury should it be forced sufficiently far up the
      capsule. Also, these capsules are preferably coated with a suitable
      plastics material in order to render them unbreakable.
PAR  The capsules are pivotally mounted and their inclination is adjustable by
      means of a flexible filament 3 attached to the top of each capsule and
      passing through suitable eyelets 4 and onto a rotatable spindle 5. The
      latter is fitted with a knurled knob 6 and locking-nut 7 to enable the
      filament to be locked in the desired position. In order to hold the
      capsule in position the lower end of each is biased downwardly by means of
      a spring 8. The four knurled knobs are located in a transverse partition
      wall 9 in the box which will also support a test button 10 connected
      simply to operate the audible alarm and counter 11 described below.
PAR  A main power switch 12 is mounted on the partition wall to isolate the
      power supply pack which is in the form of a battery 13 from the circuit
      which is contained in a printed circuit board 14 within the box. All the
      contacts from the capsules are also connected to the printed circuit board
      and the remainder of the function of the circuit will be described with
      reference to FIG. 3.
PAR  The circuit embodies the four capsules represented as switches 15 all
      connected in parallel to the positive of the power supply and connected by
      way of two series arranged voltage dividing resistors 16 and 17 to the
      negative of the power supply.
PAR  A first capacitor 28 is connected between negative and the opposite end of
      the one voltage dividing resistor 17 such that it is to be charged through
      the other resistor 16. The capacitor is also connected to the base of an
      npn transistor 18 which is arranged to fire a pnp transistor 19 when it is
      conducting. The latter is arranged to fire an npn protective transistor 20
      which in turn fires a power transistor 21. The latter operates a counter
      22 and oscillator circuit 23 which powers an audible speaker unit 24.
PAR  The emitter of the pnp transistor 19 is connected through a second
      capacitor 25 to negative and the latter is arranged to be charged through
      a resistor 26 from the positive. The usual voltage dividing resistors 27
      are embodied in the circuit in a manner apparent to those skilled in the
      art.
PAR  The arrangement and values of the components are chosen such that the first
      capacitor must charge to a predetermined level upon closure of one of the
      mercury switches before the first transistor 18 is fired. The time taken
      for this is preferably between 0.2 and 0.3 seconds such that if a switch
      is momentarily closed by a splash of mercury the counter and audible alarm
      will not be activated.
PAR  This first transistor will only fire the pnp transistor if the second
      capacitor 25 is charged and the time taken to effect charging of this
      capacitor is preferably about 4 seconds. This prevents the counter and
      audible alarm from being activated more frequently than every four
      seconds. The principle behind this is to prevent a plurality of driving
      "faults" from being registered whilst a first fault is still in the
      process of being corrected.
PAR  Finally the oscillator circuit is arranged to be powered by discharge of an
      operating capacitor 29 such that the audible alarm only operates for about
      a second thereby preventing an irritating or disturbing noise from
      continuing for an undesirable length of time.
PAR  It will be appreciated that the device described above will operate only
      upon detection of a fault as opposed to splashing of the mercury for
      example and will thus obviate, at least to some extent the disadvantages
      outlined above.
PAR  The invention applies equally well to capsules containing metal elements
      such as a ball or to pendulum type of switches.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for indicating excessive accelerative, decelerative and
      centrifugal forces acting on a moving vehicle, comprising:
PA1  at least one switch means;
PA1  means mounting said switch means on a base member for movement from an open
      to a closed position upon application of an excessive inertial force to
      said base member; and
PA1  circuit means coupled to said switch means for indicating and recording
      when said switch means is in the closed position, said circuit means
      including time delay means for delaying the activation of said circuit
      means to indicate and record said closed position until said switch means
      has remained closed for a period of time from about 0.1 to about 0.5
      second.
NUM  2.
PAR  2. The apparatus according to claim 1, wherein said switch means comprises
      four switching members each mounted to said base for movement from open to
      closed positions upon application of a respective force due to
      acceleration, deceleration, left vehicle turn and right vehicle turn.
NUM  3.
PAR  3. A device as claimed in claim 1 in which the switching members are
      inclined capsules containing fluent electrically conducting material.
NUM  4.
PAR  4. A device as claimed in claim 3 in which the inclination of the capsules
      is adjustable.
NUM  5.
PAR  5. A device as claimed in claim 1 in which the switching members are
      inclined capsules containing a movable conductive element.
NUM  6.
PAR  6. A device as claimed in claim 5 in which the inclination of the capsules
      is adjustable.
NUM  7.
PAR  7. The apparatus according to claim 1, further comprising: second time
      delay means for preventing activation of said recording and indicating
      means for a second predetermined period of time after said switch means
      has moved from said closed position to said open position.
NUM  8.
PAR  8. The apparatus according to claim 7, wherein said second predetermined
      period of time is between approximately 3 and 5 seconds.
NUM  9.
PAR  9. The apparatus according to claim 7, further comprising: counter means
      for counting a first closing of said switch means only after the first
      time delay has expired and for counting a subsequent closing of said
      switch means only after said second time delay has expired.
NUM  10.
PAR  10. The apparatus according to claim 7, further comprising an audible alarm
      triggered into operation a first time upon a first closing of said switch
      means only after the first time delay has expired and into operation a
      second time upon a subsequent closing of said switch means only after said
      second time delay has expired.
NUM  11.
PAR  11. The apparatus according to claim 10, further comprising means to shut
      off said alarm after a third predetermined time delay.
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ABST
PAL  A warning system for a vehicle to warn the vehicle driver upon contact of
      the vehicle's front or back bumper with an obstacle, such as another
      vehicle bumper when parking, including pressure sensitive electrical
      contacts in bumper guards affixed to the front and back vehicle bumpers
      and connected by suitable insulated electrical wiring to the vehicle
      battery and to a light and buzzer mounted in the vehicle passenger
      compartment for both visibly and audibly signalling to the vehicle driver
      upon contact of the bumpers with any obstacle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to vehicle accessories and more
      particularly to a novel and improved vehicle warning system to both
      audibly and visibly signal the vehicle driver as to initial engagement of
      portions of the vehicle front or back bumper when an obstacle, such as a
      loading platform, so that the driver may stop the vehicle and prevent
      damage to the vehicle as well as preventing damage to the obstacle.
PAR  2. Description of the Prior Art
PAR  In view of the constantly increasing number of vehicles on the roadways, it
      is essential that such vehicles be equipped with as many safety devices as
      possible to prevent damage to the vehicle, especially in view of the high
      cost of vehicle repairs in the present market situation.
PAR  One area where vehicles appear to suffer continuing damage is in the area
      of the front and back vehicle bumper when such encounter obstructions,
      such damage being both to the vehicle as well as to the obstruction so
      encountered. Examples of this damage occur when the vehicle bumper
      encounters a wheeled grocery cart in the parking lot of a supermarket,
      such cart being of a low design to be generally invisible from the
      driver's position when the cart is immediately in front of the vehicle and
      with the driver only learning of the cart's positioning after hearing the
      grinding noise of metal-to-metal contact between the vehicle and the cart,
      such noise normally coming too late to avoid damage to the vehicle bumper
      and vehicle grille as well as to the shopping cart.
PAR  A further area of damage occurs when vehicles back into a loading platform
      to receive goods, the vehicle back bumper frequently encountering the
      loading platform and causing damage both to the bumper and to the loading
      platform.
PAR  Yet still a further area in which damage is incurred with vehicles is in
      the parking of the vehicle in the garage at home where, due to the
      constantly increasing length of vehicles, the vehicle just fits within the
      garage with it frequently being necessary to pull the front or back bumper
      as far into the garage as possible so as to be within fractions of an inch
      from the front interior wall of the garage, and with vehicle drivers
      frequently encountering the front garage wall when parking the vehicle to
      thus cause damage both to the vehicle and to the garage wall.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel vehicle warning system to provide
      both a visual and audible signal to a vehicle driver upon the front or
      back vehicle bumpers encountering any obstruction, such as a garage wall,
      loading platform, shopping cart, and the like to permit the driver to
      apply the vehicle brake and prevent further movement of the vehicle and
      thus eliminate the possibility of damage to both the vehicle and to the
      obstruction being encountered thereby.
PAR  It is a feature of the present invention to provide a vehicle warning
      system.
PAR  A further feature of the present invention provides a vehicle warning
      system which is relatively simple in its construction and which therefore
      may be readily manufactured at a relatively low cost and by simply
      manufacturing methods so that it can be retailed at a sufficiently low
      price to encourage widespread use thereof among the general public.
PAR  Still a further feature of the present invention provides a vehicle warning
      system which is possessed of few parts and which therefore is unlikely to
      get out of order.
PAR  Still a further feature of the present invention provides a vehicle warning
      system which is easy to use and reliable and efficient in operation; and
      one which is aesthetically pleasing and refined in appearance so as to
      blend in with the design of the vehicle on which it is installed.
PAR  Still yet a further feature of the present invention provides a vehicle
      warning system which may, in its entirety, be manufactured and installed
      as part of the original equipment of the vehicle, or which may be readily
      attached to the vehicle later as an accessory item without requiring any
      special tools, skills or expertise on the part of the vehicle owner who
      may readily install the accessory on his own vehicle.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of the vehicle dashboard having a portion of
      the warning system of the present invention mounted thereon;
PAR  FIG. 2 is a diagrammatic perspective view of a vehicle having the vehicle
      warning system of the present invention illustrated thereon;
PAR  FIG. 3 is a front elevational view of the bumper guard;
PAR  FIG. 4 is a top plan view of the bumper guard of FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary cross-sectional view taken along line
      5--5 of FIG. 3;
PAR  FIG. 6 is an electrical schematic diagram of the vehicle warning system of
      the invention; and
PAR  FIG. 7 is a diagrammatic perspective view of a modified form of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail and in particular to FIGS. 1 to 6
      inclusive, there is illustrated a first preferred form of a vehicle
      warning system constructed in accordance with the principles of the
      present invention and which is comprised generally of a control panel 11
      adapted to be mounted on dashboard 12 of a conventional vehicle 13 in a
      position thereon readily visible to the vehicle driver, and bumper guards
      14 manufactured of resilient flexible material, such as rubber, and
      affixed to the front and back bumpers 15 and 16 respectively of the
      vehicle and projecting forwardly from the respective bumpers to initially
      engage any obstruction in the path of travel of the vehicle.
PAR  Each of the bumpers 14 consist of an inner vertically disposed rectangular
      box-like shaped member 21 having a flat vertical front wall 22, opposed
      flat vertical end walls 23 and 24, vertically extending back wall 25, and
      opposed horizontal flat top and bottom walls 26 and 27. Inner member 21 is
      affixed to bumper 15 and 16 in any suitable manner with back surface 25 in
      engagement with the bumper and with the inner member 21 extending
      vertically normal to the axis of the bumper.
PAR  The inner member 21 is manufactured of resilient electrical insulating
      material, such as rubber, and is provided in front face 22 thereof with a
      vertically extending slot 28. An elongated flat rectangularly configured
      metallic electrical conducting strip 29 is affixed in slot 28 and has a
      front surface 30 projecting slightly outwardly of inner member front
      surface 22.
PAR  Each bumper guard 14 includes supported about its associated inner member
      21 an outer member 31 which is of a rectangular box-like configuration
      having flat vertical front wall surface 32, opposed flat vertical side
      wall surfaces 33 and 34, a flat vertical back wall surface 35, and flat
      horizontal top and bottom surfaces 36 and 37. A rectangular box-shaped
      recess 38 is formed therein opening out back surface 35 and is of a depth,
      height and width to freely receive therein inner member 21.
PAR  Disposed along the interior of front wall 32 and recess 38 is a flat
      metallic electrical conducting strip 39 having a front surface 40, the
      strip 39 being disposed in vertical disposition aligned with the strip 29
      and spaced slightly horizontally outwardly therefrom such that face
      surface 40 is disposed in confronting spaced apart relationship to face
      surface 30.
PAR  Securing outer member 31 to inner member 21 is a bolt 50 having an enlarged
      head portion 51 imbedded in outer member 31 and having a threaded shank 52
      extending outwardly of the outer member into outer member compartment 38
      to be slidably received in aperture 53 of inner member 21 where it is
      secured in place by being threadedly received in a nut 54 secured in the
      inner member. The shank 52 is manufactured of electrical insulating
      material. In addition, to maintain strips 29 and 39 spaced apart, a coiled
      spring 55 manufactured of electrical insulating resilient material is
      disposed concentric with shank 52 and intermediate the face surfaces 30
      and 40 of strips 29 and 39 respectively to resiliently maintain the outer
      member 31 spaced from inner member 21. The control panel 11 includes a
      hollow box-shaped housing 60 having a front surface 61 in which there is
      mounted an electric lamp 62 and an electrically operated buzzer 63 along
      with a manually operated electrical on-off switch 64. While control panel
      11 is illustrated as being mounted on the top of dashboard 12, it is to be
      understood that the same may be mounted at other positions in the
      passenger compartment with it being preferred that the same be mounted in
      a position readily visible to the vehicle driver for indication of the
      lamp 62 as a signal to the vehicle driver in a manner as will be later
      described.
PAR  As seen in FIG. 6, the lamp 62 and buzzer 63 are connected in electrical
      parallel relationship by wires 71 and 72, with wire 71 being connected by
      suitably insulated electrical wiring 73 to one terminal of the vehicle
      battery 74, the other terminal of the vehicle battery being grounded to
      the vehicle frame in the conventional manner. The stationary strips 29 are
      connected by electrical wire 74 to the vehicle frame, with the movable
      strips 39 being connected by suitable insulated electrical wires 75 to one
      terminal of switch 64, the opposite terminal of switch 64 being connected
      to wire 72. Along these lines it is envisioned that wire 74 would be
      connected to the associated bumper on which the bumper guard 14 is mounted
      which, for example, in FIG. 5 would be bumper 15.
PAR  In operation, a vehicle driver turns on switch 64 to energize the warning
      system of the invention, and then upon the vehicle bumper guards 14
      encountering any obstructions, such as the wall of a garage, the outer
      member 31 is compressed inwardly in the direction of inner member 21 to
      engage strip 39 with strip 29 this completing the electrical circuit to
      energize lamp 69 and buzzer 63 to provide both an audible and visible
      signal to the vehicle driver as to the encountering of the obstacle.
PAR  Referring to FIG. 7 there is illustrated a modified embodiment of the
      invention wherein rather than the bumper guards 14 being disposed
      vertically there is provided a pair of horizontal bumper guard strips 80
      and 81 which are constructed in the same manner as bumper guards 14 but
      which are applied vertically completely across the exteriormost surfaces
      of the front and back bumpers of the vehicle to offer a broader area of
      protection to the vehicle bumpers. It is understood that the bumper guard
      strips 80 and 81 operate in the same manner as bumper guards 14 previously
      described.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A vehicle warning system intended to be mounted to the front and back
      bumpers of a vehicle to warn the vehicle driver of the bumpers
      encountering an obstacle, the system comprising, in combination:
PA1  at least one pair of bumper guard members each of an identical structure
      and adapted to be mounted on the front and back bumpers respectively of
      the vehicle and project outwardly thereof forwardly of the bumper on which
      it is mounted;
PA1  pressure sensitive electrical contact means mounted in each of said bumper
      guards and being of a normally open electrical configuration adapted to be
      closed upon the engagement of said bumper guard with an obstacle;
PA1  a source of electrical energy;
PA1  an electric lamp;
PA1  an electrically operated buzzer;
PA1  electrical wiring means connecting said lamp in parallel relationship with
      said buzzer for simultaneous operation thereof;
PA1  an electrical switch manually operable between an on and an off position
      for selectively energizing and de-energizing said warning system, said
      switch being electrically wired intermediate said source of electrical
      energy and said parallelly connected lamp and buzzer; and
PA1  suitably insulated electrical wires interconnecting said switch, lamp and
      buzzer to said electrical contact means of said bumper guards;
PA1  a control panel of a hollow rectangular box-like configuration adapted to
      be mounted on a dashboard of the vehicle in a position readily accessible
      to and viewable by the vehicle driver, said control panel having said
      lamp, buzzer and electrical switch mounted therein;
PA1  each bumper guard comprising;
PA2  an inner member of a general box-like rectangular configuration having a
      flat vertical front wall surface, opposed flat vertical side wall
      surfaces, a back wall surface, and flat horizontal top and bottom wall
      surfaces;
PA2  means adapted to mount said inner member in vertical disposition relative
      to a horizontal vehicle bumper on said bumper with said inner member back
      surface engaging said bumper and with said inner member extending both
      forwardly and upwardly and downwardly from said bumper;
PA2  a slot extending vertically through said front surface of said inner
      member;
PA2  a metallic electrical conducting strip of an elongated rectangular
      configuration affixed in said slot and having a flat face surface
      projecting slightly forwardly of said inner member front surface;
PA2  an outer member of a box-like rectangular configuration having a flat
      vertical front surface, a flat vertical back surface, opposed flat
      vertical side wall surfaces, and opposed horizontal flat top and bottom
      surfaces;
PA2  a box-shaped rectangular recess formed inwardly of said side wall surfaces
      opening out of said back wall surface, said recess being of a width,
      depth, and height to freely receive a major portion of said inner member
      therein;
PA2  a metallic electrical conducting rectangularly shaped strip affixed to an
      interior front wall of said recess and disposed in confronting alignment
      with said inner member strip and spaced horizontally forwardly therefrom
      and extending generally parallel thereto; and
PA2  means resiliently retaining said outer member to said inner member with
      said strips in normally spaced apart relationship.
NUM  2.
PAR  2. The vehicle warning system as set forth in claim 1 wherein each of said
      bumper guard members are disposed horizontally along the complete width of
      said vehicle bumper with said inner member being affixed to said vehicle
      bumper and extending horizontally therealong and with said outer member
      being resiliently affixed to said inner member and extending horizontally
      therealong.
NUM  3.
PAR  3. The vehicle warning system as set forth in claim 2 wherein said inner
      member is manufactured of a rubber material and wherein said outer member
      is manufactured of a rubber material.
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PAL  An image analysis system is described in which the video signal information
      is processed so that only the measurements on any one feature are
      delivered to the output during any one frame scan.
PAL  In a modification, the function of the computing circuit performing the
      measurements on the signals arising from scanning the features is changed
      from frame scan to frame scan until a complete programme of different
      parameter measurements has been performed on the signals relating to one
      feature (one parameter being dealt with during each frame scan). The
      analysis is then transferred to the next feature in the field as outlined
      above and the same programme of measurements is carried out on the next
      feature.
PAL  In a further modification a portion of the video signal containing signals
      relating to the end of a feature is stored for a number of frame scan
      periods and is substituted for the corresponding portion arising during
      the subsequent frame scans, so that the position of the end of the
      selected feature is fixed whilst the different parameter measurements are
      made thereon.
BSUM
PAR  This invention concerns image analysis systems in which a field of view is
      scanned for example by a television camera to produce a video signal which
      is subjected to detection to produce constant amplitude detected signal
      pulses on which measurements can be made.
PAR  A computing system is described in U.S. Pat. No. 3,619,494 in which the
      detected signal pulses from a suitable detector are used to control an ACP
      signal generating circuit and also comprise the input to a so-called
      associated parameter computer which performs measurements on the detected
      signal pulses. The measured value for each feature is released by the ACP
      signal generated for that feature so that an electrical signal relating to
      the measured value for each feature in the field is released in succession
      during each frame scan.
PAR  A development of this computing system is described in U.S. Pat. No.
      3,624,604 which illustrates how two associated parameter computers can be
      operated from a single ACP signal generating circuit to compute two or
      more value signals for each feature in a field. The arrangement described
      in that patent allows simultaneous measurements to be made and two or more
      simultaneous computations to be performed at the position of each ACP
      signal but it will be appreciated that this involves the duplication of
      associated parameter computers.
PAR  It is an object of the present invention to provide a system whereby a
      single ACP signal generating circuit and a multi-function computer are
      employed in conjunction with suitable control equipment to perform
      multiple parameter measurements per feature during successive frame scans.
      The present invention therefore provides a method of multiple parameter
      computation to perform the similar computations as are envisaged in the
      aforementioned U.S. Pat. No. 3,624,604 but over a longer period of time.
PAR  According to the present invention in a method of analysing a field
      containing features and comprising the steps of scanning the field,
      generating a video signal corresponding to the field, comparing the video
      signal amplitude with at least one reference voltage to obtain constant
      amplitude detected signal pulses, generating from the detected signal
      pulses relating to each feature an ACP signal therefor after the last
      detected pulse for the feature, computing a value signal in a computing
      circuit relating to a parameter of the feature from the detected signal
      pulses which relate thereto and employing the ACP signal for the feature
      to release the value signal therefor, the further steps are provided of:
PA0  -- storing in a first store electrical signals identifying the position of
      the first ACP signal to occur during an initial frame scan,
PA0  -- employing the stored signals during a succeeding frame scan to select
      and store the value signal which is released by the first ACP signal,
PA0  -- clearing the first store and inserting therein signals identifying the
      position of the next ACP signal to occur during scanning the field, and
PA0  -- repeating the sequence of steps to obtain the corresponding value
      signals for each of the remaining features whose ACP signals are in turn
      identified.
PAR  In this way it is possible to slow down the rate at which parameter value
      signals of different features are delivered by an image analysing computer
      to not more than one per frame scan (and to one every n frame scan (where
      n is &gt; 2), if it is desired).
PAR  According to a preferred development of the method according to the
      invention, the following additional steps may also be performed, namely:
PA0  -- changing the function of the computing circuit to generate a value
      signal of a different feature parameter during at least one other
      succeeding frame scan,
PA0  -- employing the signals stored in said first store to select and store a
      different value signal released by the first ACP signal during the said at
      least one other succeeding frame scan, and
PA0  -- reverting the computing circuit to its first function, before repeating
      the sequence of steps.
PAR  It will be seen that in the preferred development of the method according
      to the invention, a single computing circuit of the type described in U.S.
      Pat. No. 3,619,494 can be employed which is controlled to perform a
      different measurement on the same information supplied to it during each
      of n successive frame scans (n being a whole number greater than 1) and
      the computed information from the computing circuit which will appear in
      serial form, and is temporarily stored so as to be available in parallel
      form if required, can be supplied to a further computing circuit of a
      simple design for performing subsequent computations using two or more of
      the value signals for the feature to allow pattern recognition or form
      separation functions to be performed.
PAR  The results of the subsequent computations may be employed to select other
      signals arising from the scanning features for further computation
      depending on shape characteristics or other measurable characteristics of
      the features (thus for example count pulses can be accumulated according
      to the shape features).
PAR  According to a preferred feature of the invention the information which is
      stored in the first store and identifies the position of an ACP signal,
      defines an area of the scanned field rather than the point at which the
      ACP signal is released. In this way registration inaccuracies between
      successive frame scans arising from noise and other factors can be
      reduced.
PAR  A method of stabilising the information from one frame scan to the next
      comprises the steps of storing in a second store during a said initial
      scan, signals arising just before and during production of a selected ACP
      signal, during subsequent scans releasing the stored signals in place of
      the corresponding signals which arise during the same interval in said
      subsequent frame scans, re-circulating the released signals to said
      storage means to be available for later ones of said subsequent frame
      scans and clearing said second store when said first store is cleared to
      render said second store available to store a fresh set of signals
      associated with the position of the next selected ACP signal.
PAR  The signals which are stored in the second store may be the actual video
      signals obtained from the scanning device or a digitised version thereof
      or may be the detected signal pulses obtained by comparing the video
      signal amplitude with a reference voltage.
PAR  According to another preferred feature of the invention a preliminary
      computation is performed on the detected signal pulses from each selected
      feature and a "pass"  or "fail" signal is generated depending on whether
      the results of the preliminary computation satisfy a given criterion. If a
      "pass" signal is generated for the feature the analysis proceeds to that
      feature as soon as said first store is cleared. In the event of a "fail"
      signal being generated for the preliminary computation on the detected
      signal pulses for any ACP signal, a further signal is generated to cancel
      the information identifying the position of that ACP signal and to cause
      the system to search for the next following ACP signal thereby reducing
      the total time required for the analysis.
PAR  Apparatus for performing the invention comprises means for scanning a field
      containing features and generating a video signal corresponding to the
      field, means for comparing the video signal amplitude with at least one
      reference voltage to obtain constant amplitude detected signal pulses
      corresponding to the detected features in the field, circuit means
      responsive to the detected signal pulses for generating an ACP signal for
      each detected feature after the last detected signal pulse for the
      feature, a computing circuit adapted to compute a value signal relating to
      a parameter of a detected feature from the detected signal pulses which
      relate thereto and responsive to the ACP signal for the feature to release
      the value signal therefor, first signal storage means for storing
      electrical signals identifying the position of the first ACP signal to
      occur during an initial frame scan, means for releasing the stored signals
      from the first store during a succeeding frame scan, circuit means
      responsive to the released signals to select and transmit the value signal
      which is released by the first ACP signal, means for clearing the first
      store and inserting therein signals identifying the position of the next
      ACP signal to occur during scanning the field and means for causing the
      apparatus to repeat the sequence of operations to obtain the corresponding
      value signals for each of the remaining features whose ACP signals are in
      turn identified.
PAR  Apparatus for performing the said preferred development of the method
      according to the invention comprises means for changing the function of
      the computing circuit to generate a value signal of a different
      feature-parameter during at least one other succeeding frame scan, the
      signals stored in said first store serving to select and store in said
      further storage means the different value signal released by the ACP
      signal during said at least one other succeeding frame scan, and means for
      reverting the computing circuit to its first function before repeating the
      sequence of steps.
PAR  An image analysis system typically includes a microscope or other imaging
      device and according to a further preferred feature of the invention an
      electrical signal is generated which inhibits operation of the system
      until the microscope stage is steady, the field is correctly focused, and
      all other factors which could affect the accuracy of the video signal and
      detected video signal pulses are at least static.
PAR  According to a further preferred feature of the invention a terminate
      signal is generated after the last value signal has been obtained for the
      last feature in a field to be analysed, to step the microscope stage by
      one field of view in the appropriate direction so as to present
      automatically the next part of the specimen for analysis.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a block circuit diagram of a complete system incorporating the
      invention,
PAR  FIG. 2 is a block circuit diagram illustrating in more detail the control
      system of FIG. 1,
PAR  FIGS. 3, 4, 5 and 6 are block circuit diagrams of further parts of the
      control system of FIG. 1 and illustrate how some of the control pulses
      therefor are generated,
PAR  FIG. 7 is a circuit diagram of a signal generator for generating gating
      signals for selecting an ACP during subsequent scans and which when
      displayed in conjunction with the scanning define an area around the
      selected ACP signal in the scan, and
PAR  FIG. 8 is a block circuit diagram of a system employing a store for storing
      part of the signal during each scan to stabilise the signals arising just
      before and including a selected ACP signal.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1 an optical microscope 2 set to view a specimen
      presents a field of view to a television camera 3 which produces a video
      signal for comparison with a reference voltage from a potentiometer 4 in a
      comparator 5. The output of the comparator is a series of constant
      amplitude pulses whose durations correspond to the durations of the video
      signal amplitude excesses over the reference voltage and are hereinafter
      referred to as detected signal pulses.
PAR  As described in our U.S. Pat. Nos. 3,619,494 and 3,624,604, detected signal
      pulses can be used to determine a unique point in relation to each feature
      in the field known as the anti-coincidence point abbreviated to ACP and a
      circuit for generating an electrical pulse at this point referred to as
      the ACP pulse and sometimes abbreviated to ACP is described in our U.S.
      Pat. No. 3,619,494. The same pulses can be used as input signals for a
      special purpose computer one form of which is described in our British
      Patent Specification No. 1,264,805 whereby a parameter of a feature such
      as area, parameter etc. can be computed using the information contained in
      the detected signal pulses. By using the special purpose computer
      described in the aforementioned Specification, the value signal relating
      to the particular parameter is available at the same instant in time as
      the ACP for the feature and by using the ACP pulse to open a gate, the
      information can be released at the appropriate instant during the scan of
      the field.
PAR  As described in our U.S. Pat. No. 3,624,604 two or more associated
      parameter computers may be employed each performing a different function
      and separately controlled by a single anti-coincidence point detector
      since the value signal for each parameter for each signal will be
      available at the same instant in time i.e. the ACP for the feature.
PAR  In FIG. 1 the junction 10 is intended to correspond to the junction shown
      in FIG. 1 of each of the two aforementioned U.S. Patents and referring
      more specifically to FIG. 3 of our aforementioned U.S. Pat. No. 3,624,604,
      the detected signal pulses at junction 10 are supplied in one case to a
      function computer of the type enclosed in the dotted outline labelled 18
      in FIG. 3 of the aforementioned patent, thereby to compute from the
      detected signal pulses a parameter of the feature such as area, etc. and
      to generate an electrical signal whose value is proportional to the value
      of the parameter so measured. In FIG. 1 of the present application the
      function computer is labelled 6.
PAR  The detected signal pulses at junction 10 are also supplied to an ACP
      detection circuit which forms the remainder of the circuit shown in FIG. 3
      of our aforementioned U.S. Pat. No. 3,624,604 and is also enclosed in a
      dotted line in that figure. In the present application the ACP detector is
      denoted by circuit box 7 in FIG. 1. The output from the ACP detector
      comprises a short duration electrical pulse at each anti-coincidence point
      in the field and this is employed to open a gate reference numeral 8 in
      FIG. 1 to release the value signal or associated parameter signal for the
      feature computed by function computer 6. This gate corresponds to the gate
      68 in FIG. 3 of our U.S. Pat. No. 3,624,604 and gate 36 in FIG. 1 of our
      U.S. Pat. No. 3,619,494.
PAR  In accordance with the invention a control system 9 is provided which in
      turn controls the function of the computer 6 and the opening and closing
      of a further gate 11 which controls the passage of the value signals
      released by gate 8 to a second computer or calculator 13 adapted to
      receive two or more different value signals from succeeding frame scans
      for a feature and to compute therefrom a secondary associated parameter
      such as a shape factor value or the like. The system in FIG. 1 also shows
      the provision of a programming device 15 which provides overall control
      for the system and is shown as supplying control signals to the control
      system 9. In addition a manual start push button switch is shown at 17
      whereby an override signal may be generated to initiate an analysis
      sequence other than that simply provided by the programming device 15.
PAR  As discussed in the two aforementioned U.S. Patents, the function computer
      or as it is sometimes called associated parameter computer 6 can be
      adapted to compute any one of a range of measurements on a feature. Thus
      the area of a feature may be computed by summing the total length of all
      the detected signal pulses arising from scanning a feature. Where these
      have been digitised into trains of pulses of constant frequency by a
      master clock pulse oscillator the action of summing is simply that of
      counting all the constant frequency pulses arising during the scanning of
      the feature. The horizontally projected height of a feature can be
      obtained by generating a single count pulse for each detected signal pulse
      for each feature and summing the count pulses so obtained. The vertically
      projected length of the feature may be obtained by summing the length of
      the detected signal pulses obtained during scanning of a feature and
      ignoring those which overlap when viewed perpendicular to the line scan
      direction.
PAR  The function computer 6 is therefore adapted so that it can be switched to
      measure any one of a plurality of such parameters and the control system 9
      generates a series of signals in conjunction with the programming device
      15 to instruct the computer 6 to perform the appropriate function on the
      detected signal pulses received thereby during each of a succession of
      frame scans.
PAR  The detail of the control system 9 is shown in FIG. 2. The circuit will be
      best understood by a description of the operation of the circuit and since
      the circuit is in the form of a loop the operation will be described on
      the assumption that the apparatus has already located one ACP in the field
      and has recorded this information and generated the appropriate area
      referred to as a "box" around the position of the located ACP and the
      function computer 6 is performing the various measurements on the detected
      signal pulses from the comparator 5.
PAR  At some time during the frame scanning period signal L or N will go to zero
      and NAND-gate 14 will produce a one signal at 16J. At the next clock pulse
      bistable 16 will set and a one condition will obtain at 16Q.
PAR  AND-gate 10 will be fully satisfied when a one condition is applied to
      junction 19 either from the programmer 15 indicating that the system is to
      search for the next ACP or a signal from the manual start switch 17 of
      FIG. 1. When satisfied AND-gate 10 produces a one condition which is used
      to reset bistable 16 at the next clock pulse on CK2 and applies a one
      condition to one of the inputs of each of AND-gate 20 and NAND-gate 24.
PAR  During a frame scan period signal L is high and therefore signal L will be
      zero. In consequence bistable 18 will be in the set condition and 18Q will
      be at condition one denoted by Flag 1. Flag 1 will therefore be zero and
      no output will appear in AND-gate 20 but the output of NAND-gate 24 will
      go to zero for the duration of one clock pulse and will cause the output
      of NAND-gate 26 to rise during the same clock interval to apply a reset
      condition to 28K. At the next clock pulse on CK3 bistable 28 will be reset
      and a one condition will appear at 28K. This will partly enable AND-gate
      38 which is fully enabled when a one condition appears at junction 39.
PAR  Referring to FIG. 5 a control signal for junction 39 is derived from a Hold
      signal applied to junction 30. The appearance of a one condition at
      junction 30 indicates that the optics, stage, focussing etc. have all been
      set correctly and the video signal now being produced by the camera or
      other scanning device is suitable for analysis. The action of inverting
      amplifier 31 is to cause both bistables 22 and 34 to normally be in a
      reset condition so that 34K is at a one level. With the appearance of a
      one condition at junction 30 bistable 32 is set at the appearance of the
      next clock pulse on CK1. The one condition at 32K causes bistable 34 to be
      set at the appearance of the next clock pulse on CK2. Since there will be
      a time lag between the two clock pulses a one condition will appear on
      both inputs to the NAND-gate 36 for a short period of time causing the
      output at junction 37 to drop to zero for that same period of time. The
      action of the NAND-gate 35 is to invert the negative going pulse and
      produce a short duration positive pulse labelled SOH which is applied to
      junction 39 in FIG. 2.
PAR  At the appearance of this short duration pulse, AND-gate 38 is fully
      satisfied and its output rises to a one condition causing bistable 40 to
      be set at the next clock pulse on CK3. The same one condition is applied
      to 42K so that at the next clock pulse on CK1, bistable 42 is reset so
      that the signal labelled Flag 2 is 0 and Flag 2 is 1.
PAR  As will be described hereinafter, a set of gating signals are generated
      defining what is referred to as a box around each ACP in the scan raster.
      A signal is generated at the end of the sequence of gating pulses defining
      the box and this signal is applied to junction 41 and is labelled EOB. The
      signal causes junction 41 to rise to a one condition for a short period of
      time. If the EOB signal appears after bistable 40 has been set, NAND-gate
      50 will produce a zero signal at its output for the same short duration of
      time causing one of the inputs to NAND-gate 52 (which is connected as an
      OR-gate) to drop to zero. It can be assumed that the three inputs to
      NAND-gate 52 are normally high and the appearance of the zero condition in
      the output of NAND-gate 50 causes the output of NAND-gate 52 to rise to
      the one condition. At the next clock pulse on CK3 bistable 44 is therefore
      set.
PAR  An inverting amplifier 51 is provided the action of which is to cause the
      bistable 40 to be reset at the next clock pulse on CK3 after NAND-gate 50
      output has dropped to zero.
PAR  With bistable 44 in its set condition 44Q is at the one level and this
      appears at one of the inputs to NAND-gate 46. The ACP signals appearing in
      the output of detector 7 are applied to the other input of NAND-gate 46
      and the output of this NAND-gate will drop to zero as soon as the next ACP
      signal is received from the detector 7 (see FIG. 1) after the bistable 44
      has been set. The zero condition is inverted by amplifier 54 to produce a
      short duration pulse at junction 55 causing bistable 56 to be set at the
      next clock pulse on CK3.
PAR  The output of NAND-gate 46 serves as one input to NAND-gate 48 and when the
      zero condition exists in the output of NAND-gate 46, a one state exists in
      the output of NAND-gate 48. This serves as a reset signal for bistable 44
      which will be reset at the next clock pulse on CK3.
PAR  Since bistable 56 has been set, 56K rises to one and partly enables
      AND-gate 58.
PAR  A Finish signal is generated by the computer 6 in conjunction with the
      programmer 15 to indicate when certain preliminary measurements on the
      detected signal pulses received by the computer 6 are completed. A second
      signal known as Pass is also generated at the same instant in time as the
      Finish signal if the value of the parameter or parameters measured during
      the initial test measurements on the detected signal pulses relating to
      this particular ACP satisfy certain limits.
PAR  The Finish signal is applied to the other input of AND-gate 58 and the Pass
      signal is applied to one input of an AND-gate 60 the other input of which
      is supplied with the output from AND-gate 58. If both Finish and Pass
      signals are high (indicating that the preliminary tests are completed and
      that the feature is of interest) a one condition signal is applied to the
      one input of AND-gate 64. Since bistable 42 is still in its reset
      condition, Flag 2 is still high and both inputs of AND-gate 64 are
      therefore satisfied so that bistable 66 is set at the next clock pulse on
      CK3. At this time a one condition will appear at 66K so that bistable 42
      will be set at the next clock pulse on CK1. This causes Flag 2 to go to 0
      and Flag 2 to go to 1.
PAR  The zero condition of Flag 2 is used to indicate that the coordinates of an
      ACP have been recorded in a memory (to be described hereinafter) and that
      there is at least this one feature left in the field to analyse.
PAR  Referring back to junction 55 in circuit of FIG. 2 it will be noted that
      the output of inverting amplifier 54 provides one input to a NAND-gate 68,
      the other input of which is supplied with the Flag 2 signal from bistable
      42. The output of NAND-gate 68 will therefore reduce to 0 for the short
      duration pulse in the output of amplifier 54. Referring again to FIG. 3,
      the short duration zero condition of signal R causes a short duration one
      condition of an AND-gate 70 which appears as a short duration zero
      condition in the output of inverting amplifier 72. This short duration
      zero condition is used to trigger the memory as will hereinafter be
      described.
PAR  The one condition signal which causes bistable 66 to set is also applied to
      the inputs of a NAND-gate 74 connected as an inverting amplifier. This
      causes a short duration zero condition to appear on one of the inputs to
      NAND-gate 52 which causes bistable 44 to be set causing 44Q to go to one.
      The next ACP signal received at junction 47 will therefore set NAND-gate
      46 output to zero for its duration and this will cause the output of
      inverting amplifier 54 to rise to 1 during the same period. It will be
      noted that the output of AND-gate 58 serves as a reset signal for bistable
      56 so that on the next clock pulse on CK3 after the Finish signal is
      applied to the AND-gate 58, bistable 56 is reset. With the appearance of a
      further one signal at junction 55, bistable 56 will be set once again
      causing 56K to rise to 1.
PAR  In the event that the preceding ACP which has been located has produced
      value signals which produce both Finish and Pass signals, bistable 42 will
      have been set and Flag 2 will be at 0. In consequence NAND-gate 58 is
      unaffected by the momentary rise in the output of amplifier 54. No trigger
      of the memory therefore occurs at the point in the scan corresponding to
      the next ACP which has appeared. However, measurements are made on the
      information at this next ACP in the same manner as previously described,
      to test whether the ACP relates to a feature which is of any interest. If
      a Pass signal is obtained with the Finish signal for the preliminary
      measurements made on the information at this next ACP, a one condition
      will obtain in the output of AND-gate 60 and since bistable 42 is still in
      its set condition, both inputs to NAND-gate 76 will be high causing the
      output of this gate to go to 0. Signal N will therefore rise for the
      duration of the one condition at the output of AND-gate 60 as a result of
      the inverting action of amplifier 78.
PAR  Signal N is applied to the set input of bistable 18 and at the next clock
      pulse on CK1 bistable 18 will be set causing 18K to rise to 1. This signal
      is labelled Flag 1 and indicates to the system that there is a further
      feature in the field whose ACP has not yet been recorded which is of
      interest.
PAR  If the measurements made on the last described ACP do not produce a Pass
      signal then a one condition appears at one of the inputs of NAND-gate 62
      (described as Pass in FIG. 2). This in conjunction with the one condition
      in the output of AND-gate 58 produced by the Finish signal on that set of
      measurements, causes the output of AND-gate 62 to drop to 0 for a short
      period of time. This signal labelled M in FIG. 2 constitutes one of inputs
      to NAND-gate 52 which therefore causes the output of this latter gate to
      rise temporarily and bistable 44 is therefore triggered into its set
      condition at the next clock pulse on CK3. This produces the same result as
      if a zero condition had been obtained from the output of NAND-gate 50 and
      the remainder of the circuit therefore seeks the next ACP in the sequence
      at junction 47 and applies the same tests to the information arising at
      this next ACP.
PAR  If an End of frame signal occurs after a zero condition at 44J but before
      any further ACP is received at junction 47, then the output of NAND-gate
      80 goes to zero which produces a zero signal on input L of NAND-gate 14.
PAR  Inverting amplifier 88 produces a zero signal L and this causes bistable 18
      to be reset. This produces Flag 1 thereby partly enabling AND-gate 20.
PAR  At the next clock pulse on CK2 after signal L has gone to zero, the one
      condition in the output of NAND-gate 14 causes bistable 16 to once again
      be set and 16Q to rise to one. At the next command signal from junction
      19, AND-gate 10 is satisfied but the one condition in its output, instead
      of triggering NAND-gate 24, fully satisfies AND-gate 20 in view of the
      reset condition of bistable 18 thereby producing a one signal at 22J. At
      the next clock pulse on CK1, bistable 22 is triggered into its set
      condition and the one condition appearing at 22Q appears at one of the two
      inputs of each of two NAND-gates 84 and 86.
PAR  The timing of the system now becomes of paramount importance in an
      understanding of the subsequent mode of operation.
PAR  The sequence of signals at the beginning of each frame scan period is as
      follows:
PA0  1. SOF (start of frame) which is derived from the negative going edge of
      vertical trigger, see FIG. 3.
PA0  2. commence step -- i.e. the signal applied at junction 19.
PA0  3. Lastly at the end of the scan is EOF (end of frame) which is derived
      from the positive going edge of vertical trigger, see FIG. 3.
PAR  In consequence of this timing, an EOF signal will appear before an SOF
      signal after a one condition appears at 22Q. With the appearance of the
      EOF pulse, the output of NAND-gate 84 drops temporarily and a step-out
      pulse is generated by a monostable 85, the step-out signal being used to
      adjust the position of the specimen, or stage, to present another area of
      the specimen in the field of view of the scanner.
PAR  Shortly after the EOF signal, the SOF signal provides a second one
      condition on the two inputs of NAND-gate 86 and the output of this gate
      also drops to 0 temporarily. This signal is denoted Q and constitutes one
      of the inputs to NAND-gate 70 by which the memory (not shown) is addressed
      via inverting amplifier 72. A signal is therefore stored in the memory
      corresponding to the position in the scan of the SOF signal.
PAR  The short duration zero condition in NAND-gate 86 output also constitutes
      an input to NAND-gate 26 the other input of which is held at one due to
      the reset condition of bistable 18. This causes the output of NAND-gate 26
      to drop temporarily to 0 thereby causing bistable 28 to be set at the next
      clock pulse on CK3 and the system is therefore primed ready to start
      searching for the first ACP in the new field of view after the next SOF
      signal is received at junction 39.
PAR  The reason for setting up this false location in the memory and the
      generation of the so-called box around this false ACP position, is so that
      a false EOF signal is available at junction 41 during subsequent frame
      scans to enable the remaining circuitry to start seeking the first true
      ACP in the new field of view.
PAR  It will be noted that the short duration zero condition in the output of
      NAND-gate 86 also serves as a reset signal via inverting amplifier 88 for
      bistable 22 which is therefore reset at the next available clock pulse on
      CK1.
PAR  A common reset line is provided for all the bistables and all these can be
      reset by a single signal labelled CR.
PAR  FIGS. 4, 5 and 6 illustrate how various other of the control signals for
      the system shown in FIG. 2 are derived.
PAR  FIG. 7 illustrates a combined memory and signal generator for producing the
      pulses for opening gate 11 of FIG. 1. The circuit comprises two electronic
      counters 100 and 102. The first has a count capacity of 1 to N1 (where
      (N1+1) is the number of picture points per line scan). The (N1+1) clock
      pulses appearing during each line scan are applied along the line marked
      horizontal clock to the counter 100 which therefore counts up to N1 during
      a line scan period and then resets itself to zero automatically.
      Alternatively if an overflow counter is employed, the overflow signal may
      be employed to reset the counter to zero.
PAR  The second counter 102 has a capacity of 0 to N2 (where N2 is the number of
      line scans per frame). Count pulses derived from the line synchronising
      pulses are applied along the line labelled vertical clock to the second
      counter 102 and as in the case of counter 100, counter 102 would register
      a count of N2 during a complete ordinary frame scan period.
PAR  Reverting again to counter 100, a digital comparator 104 is connected in
      parallel with the counter 100 set to detect count values in the counter
      100 lying between and including the values (N1-X) to N1. When these values
      are detected a one condition exists along a line 106 which provides one
      input to AND-gate 108.
PAR  The other input of AND-gate 108 is supplied from a second digital
      comparator 110 set to detect when counter 102 registers an accumulated
      count value between the numbers (N2-Y) to N2 inclusive. When both
      comparators detect count values within their respective ranges, AND-gate
      108 is fully satisfied and an output signal appears on line 112. This
      signal may be employed to gate the ACP line by opening and closing gate 11
      in FIG. 1.
PAR  As shown in FIG. 1 the signals from the camera 3, comparator 5, ACP
      detector 7, gate 8 and gate 11 may be supplied to a monitor for displaying
      the field and selected ones of the signals derived from the video signal.
      A monitor 114 is shown in FIG. 1 and a feature 116 is shown in the field.
      The position of the ACP is shown at 118 and the box surrounding the ACP is
      denoted by reference numeral 120. The box can be produced in the video
      display on the monitor by supplying the signals from the output of
      AND-gate 108 in FIG. 7 to cause a bright up of the video display.
PAR  Counter 102 is assumed not to be self-resetting and a second detector 122
      is provided which is set to detect when the counter reaches N2. At this
      point a reset signal is supplied along line 124 to reset the counter 102
      to zero.
PAR  The circuit of FIG. 7 acts as a memory by the provision of two override
      signal paths to the two counters 100 and 102. When the circuit of FIG. 3
      produces the Set box signal, this short duration negative going pulse is
      applied to the two override reset terminals of counters 100 and 102 and
      sets up a count value of (N1-1/2X) in counter 100 and a count value of
      (N2-1/2Y) in counter 102. The values of X and Y are set respectively to
      the number picture points for the horizontal extent of the box and the
      number of line scans vertical extent of the box. Thus X may for example be
      some 30 picture points and Y some 6 line scans. By setting each counter to
      its capacity less half the box width and height, the box is set
      symmetrically about the point in the scan which causes the box to be
      generated namely the ACP.
PAR  It will be seen that since the counters 100 and 102 continue to count at
      the clock pulse and line scan rate the detectors 104 and 110 will detect
      the selected ranges of numbers in the two counters immediately after an
      ACP has been received and a Set box signal has been applied to the circuit
      of FIG. 7. During successive frame scans at approximately the same point
      in the frame scan period the two counters will register the same count
      values again and the detectors 104 and 110 will again produce enabling
      pulses for AND-gate 108. In this way until another Set box signal is
      applied to the circuit of FIG. 7, the AND-gate 108 will continue to
      produce gating signals during the same short period during each frame scan
      thereby continuing to define a box around the ACP.
PAR  Referring now to FIG. 8, a camera 3 generates an analogue type video signal
      the amplitude excursions of which are compared with a reference voltage
      from a potentiometer 4 in a comparator 5 for processing in an associated
      parameter computer 6 the output of which is released by a signal from an
      anti-coincidence pulse generating circuit 7 set to operate a gate 8
      through which the information signal is passed to a further signal
      processing circuit such as a computer 6'. The operation of the overall
      circuit is such that the computer 6 computes a first parameter value (such
      as area) from the information supplied thereto during a first frame scan,
      a second parameter value (such as perimeter) from the information supplied
      thereto during the next frame scan and a different parameter during each
      subsequent frame scan. The computer 6' therefore includes a store for
      retaining the previous information signals from a feature whereby complex
      computations of parameters may be made in the computer 6' using different
      parameter values for a feature since all can be made available
      simultaneously. In particular shape factor and other secondary parameters
      obtained by combining mathematically two or more primary parameters such
      as area, perimeter, may be computed by the computer 6'.
PAR  The constant amplitude pulses from the detector 5 can be supplied direct to
      the computer 6 via OR-gate 150 when gate 152 is opened.
PAR  Alternatively the constant amplitude pulses may be supplied via OR-gate 154
      into a memory 156 when gate 158 is opened. Memory 156 conveniently
      comprises a series of shift registers each capable of storing the detected
      signal pulses arising during a single line scan period of the scanner 3.
      The memory typically comprises five shift registers connected in series so
      that a total of five line scan periods can be stored.
PAR  The circuit operates as follows:
PAR  1. When the first ACP signal is detected during the first frame scan the
      counter 160 is pre-loaded with a number which is equal to the total number
      of line scans making up the field less 3. This number is determined by the
      number of lines which are to be stored in the memory 156. The counter 160
      is of the so-called overflow type and a decoding device 162 associated
      therewith generates gating signals when the counter 160 reaches the
      overflow condition which is determined in advance as the number of line
      scans in the field. When the gating signals are generated in response to
      this condition, gate 158 is opened and gate 164 is closed. At the same
      time clock pulses normally supplied to the memory 156 are inhibited to
      prevent further cycling of the information. In this way the detected
      signal pulses from detector 5 appearing during the next three line scan
      periods following the appearance of the first ACP signal in the scan are
      stored in the memory 156 together with information arising during the
      preceding scans depending on the capacity of the memory 156. Typically the
      detected signal information arising during the two preceding line scan
      periods is stored in the memory 156 in advance of the position of the
      first ACP signal.
PAR  2. The counter 160 is supplied with one signal pulse per line scan and on
      overflow resets itself to zero. Subsequent line scan pulses trigger the
      counter 160 one unit per line scan and the decoding circuit 162 senses
      when the counter value is equal to the number of line scans in one frame
      scan less 5 (if 5 line scan periods is the total capacity of memory 156).
      On decoding this count value the coding circuit 162 supplies signals to
      gate 152 to close this gate and to open a gate 166. Simultaneously readout
      clock pulses are supplied to the memory 156 causing the information stored
      in the shift registers to be shifted in synchronism with the scanning of
      the camera 3 and to be supplied via the open gate 166 and OR-gate 150 to
      the computer 6 and ACP signal generating circuit 7 and also to be
      recirculated via line 168 through gate 164 and OR-gate 154 into the input
      of the memory 156. In this way the information stored in the memory is
      recycled and since gate 152 is closed, is substituted for the information
      from the corresponding scan lines from the scanner 3 in the input to the
      computer 6.
PAR  3. As previously described a separate controlling signal is supplied to the
      switching function of the computer 6 so that during successive frame scans
      a different parameter is measured from the detected signal pulses supplied
      to the computer 6 from the information supplied from the scan and the
      memory. After the last of the sequence of parameters has been measured by
      the computer 6 for the first feature which has been selected, a step
      command signal is generated by the control system (see FIG. 1) which
      RESETS the switching function of the computer 6 to measure the first
      parameter and the same signal is supplied to open gate 152, close gate
      166, open gate 158 and close gate 164 when the end of the stabilised
      region is reached. The same step command signal maintains the supply of
      clock pulses to shift information in the memory 156 which enables the
      information in the memory 156 to be overwritten until the next ACP signal
      is detected whereupon the counter 160 is again pre-loaded with the
      appropriate count value (the number of line scans less 3 in the example
      quoted above) and the process of storing a new band of information in the
      memory 156 is repeated. During subsequent frame scans the information in
      the memory 156 is substituted for the corresponding scan lines from the
      scanner 3 in the manner previously described and during each successive
      frame scan a different parameter is computed by the computer 6 from the
      detected signal pulses supplied thereto for the new feature until all the
      different parameter measurements have been made on that feature.
PAR  In this way a succession of parameter measurements can be performed on each
      feature in a field of view and each of the features is dealt with in
      succession starting with the feature whose ACP signal occurs closest to
      the initiation of scanning of each frame scan and ending with the feature
      whose ACP signal occurs nearest to the last point in the frame scan.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of analysing a field containing features and comprising the
      steps of scanning the field, generating a video signal corresponding to
      the field, comparing the video signal amplitude with at least one
      reference voltage to obtain constant amplitude detected signal pulses,
      generating from the detected signal pulses relating to each feature an ACP
      signal therefore after the last detected pulse for the feature, computing
      a value signal in a computing circuit relating to a parameter of the
      feature from the detected signal pulses which relate thereto and employing
      the ACP signal for the feature to release the value signal therefor, in
      which the further steps are provided of:
PA0  -- storing in a first store electrical signals identifying the position of
      the first ACP signal to occur during an initial frame scan,
PA0  -- employing the stored signals during a succeeding frame scan to select
      and store the value signal which is released by the first ACP signal,
PA0  -- clearing the first store and inserting therein signals identifying the
      position of the next ACP signal to occur during scanning the field, and
PA0  -- repeating the sequence of steps to obtain the corresponding value
      signals for each of the remaining features whose ACP signals are in turn
      identified.
NUM  2.
PAR  2. The method as set forth in claim 1 comprising the further steps of:
PA0  -- changing the function of the computing circuit to generate a value
      signal of a different feature parameter during at least one other
      succeeding frame scan,
PA0  -- employing the signals stored in said first store to select and store a
      different value signal released by the first ACP signal during the said at
      least one other succeeding frame scan, and
PA0  -- reverting the computing circuit to its first function before repeating
      the sequence of steps.
NUM  3.
PAR  3. The method as set forth in claim 1 in which the information which is
      stored in the first store and identifies the position of an ACP signal,
      defines an area of the scanned field around the point during the scan
      corresponding to the position of the ACP signal whereby registration
      inaccuracies between successive frame scans, arising from noise and other
      factors, can be reduced.
NUM  4.
PAR  4. The method as set forth in claim 2 further comprising the steps of
      storing in a second store during an initial scan, signals arising just
      before and during production of a selected ACP signal, during subsequent
      scans releasing the stored signals in place of the corresponding signals
      which arise during the same interval in said subsequent frame scans,
      re-circulating the released signals to said storage means to be available
      for later ones of said subsequent frame scans and clearing said second
      store when said first store is cleared to render said second store
      available to store a fresh set of signals associated with the position of
      the next selected ACP signal, thereby to stabilise the information
      obtained from the scanning from one frame scan to the next.
NUM  5.
PAR  5. The method as set forth in claim 4 in which the signals which are stored
      in the second store are the actual video signals obtained from the
      scanning device.
NUM  6.
PAR  6. The method as set forth in claim 4 in which the signals which are stored
      in the second store are a digitised version of the signals obtained from
      the scanning device.
NUM  7.
PAR  7. The method as set forth in claim 4 in which the signals which we stored
      in the second store are the detected signal pulses obtained by comparing
      the video signal amplitude with a reference voltage.
NUM  8.
PAR  8. The method as set forth in claim 1 comprising the further steps of
      performing a preliminary computation on the detected signal pulses from
      each selected feature and generating a "pass" or "fail" signal depending
      on whether the results of the preliminary computation satisfy a given
      criterion, causing the analysis to proceed to that feature, if a pass
      signal is generated, as soon as said first store is cleared and causing
      the information identifying the position of the ACP signal of that feature
      to be cancelled if a fail signal is generated to cause the system to
      search for the next following ACP signal, thereby reducing the time
      required for the complete analysis.
NUM  9.
PAR  9. A method as set forth in claim 1 further comprising the steps of
      supplying the video signal to a television display monitor and displaying
      an image of the scanned field thereon, deriving brightness control signals
      from the signals stored in said first store and supplying them to the
      display monitor in syndronism with the scanning to bright-up an area in
      the display of the field in the proximity of the feature display therein
      for which the ACP signal has been selected.
NUM  10.
PAR  10. Apparatus for analysing features in a field in sequence comprising:
PA0  a. means for scanning the field containing the features and generating a
      video signal corresponding to the field,
PA0  b. means for comparing the video signal amplitude with at least one
      reference voltage to obtain constant amplitude detected signal pulses
      corresponding to the detected features in the field,
PA0  c. circuit means responsive to the detected signal pulses for generating an
      ACP signal for each detected feature after the last detected signal pulse
      for the feature,
PA0  d. a computing circuit adapted to compute a value signal relating to a
      parameter of a detected feature from the detected signal pulses which
      relate thereto and responsive to the ACP signal for the feature to release
      the value signal therefor,
PA0  e. first signal storage means for storing electrical signals identifying
      the position of the first ACP signal to occur during an initial frame
      scan,
PA0  f. means for releasing the stored signals from the first store during a
      succeeding frame scan,
PA0  g. further storage means,
PA0  h. circuit means responsive to the released signals to select and store in
      said further storage means the value signal which is released by the first
      ACP signal,
PA0  i. means for clearing the first store and inserting therein signals
      identifying the position of the next ACP signal to occur during scanning
      the field, and
PA0  j. means for causing the apparatus to repeat the sequence of operations to
      obtain the corresponding value signals for each of the remaining features
      whose ACP signals are in turn identified.
NUM  11.
PAR  11. Apparatus as set forth in claim 10 further comprising:
PA0  a. means for changing the function of the computing circuit to generate a
      value signal of a different feature parameter during at least one other
      succeeding frame scan, the signals stored in said first store serving to
      select and store in said further storage means the different value signal
      released by the ACP signal during said at least one other succeeding frame
      scan, and
PA0  b. means for reverting the computing circuit to its first function before
      repeating the sequence of steps.
NUM  12.
PAR  12. Apparatus as set forth in claim 10 comprising:
PA0  a microscope for forming an image of the field containing the features to
      be analysed, a television camera adapted to receive said image, means for
      generating an electrical signal which inhibits operation of the apparatus
      until the microscope stage is ready, and the field is correctly focused.
NUM  13.
PAR  13. Apparatus as set forth in claim 10 comprising means for generating a
      terminate signal after the last value signal has been obtained for the
      last feature in a field to be analysed, and means for stepping the
      microscope stage operated by a terminate signal to step the stage by one
      field of view in the appropriate direction so as to present automatically
      the next part of the specimen for analysis.
NUM  14.
PAR  14. Apparatus as set forth in claim 10 further comprising circuit means
      responsive to the signals stored in said first store to generate therefrom
      brightness control signals, a television display monitor, means for
      supplying thereto the video signal relating to the field to produce a
      display thereon of the scanned field and means for supplying thereto the
      said brighteness control signals to bright-up an area in the display of
      the field in the proximity of the feature displayed therein for which the
      ACP signal has been selected.
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PAL  A time division multiple transmission control apparatus which comprises a
      central processing device for generating a reference timing signal having
      a predetermined frequency and a time division multiple signal having
      substantially the same frequency for controlling a plurality of electrical
      devices during predetermined time periods, terminal processing devices for
      controlling each electrical device during a different predetermined time
      period under the control of said reference timing signal and said time
      division multiple signal and means for generating a phase difference
      between said reference timing signal and said time division multiple
      signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a time division multiple control
      apparatus. More particularly, it relates to an improvement in the
      transmission function of the multiple signals.
PAR  2. Description of the Prior Art
PAR  The electrical devices of vehicles, ships, airplanes, etc., have increased
      to such an extent that the wiring therefor has become quite complicated
      with the result that repairs have become quite difficult. In order to
      overcome these difficulties, it has been proposed to simplify the wiring
      operation by the use of a multiple control system utilizing a multiple
      communication system.
PAR  The multiple communication system includes a frequency division system and
      a time division system.
PAR  FIG. 1 is a block diagram of a typical time division multiple control
      system. The control apparatus of FIG. 1 is controlled by two types of
      signals; a reference timing signal for the reference timing of the control
      apparatus and a time multiple control signal for controlling the
      electrical devices.
PAR  In FIG. 1, the references 1a - 1n designate electrical devices; 2
      designates a central processing device; 3 designates a reference timing
      signal generating circuit; 4 designates a control signal generating
      circuit for generating the time division control signal; 5a - 5n designate
      terminal processing devices corresponding to the electrical devices 1a -
      1n; 6a - 6n designate address detecting circuits; 7a - 7n designate
      synchronizing signal division circuits; 8a - 8n designate timing circuits;
      9a - 9n designate signal separating circuits 10a - 10n designate driving
      circuits; 11 designates a reference timing signal transmission line; and
      12 designates a control signal transmission line.
PAR  FIG. 2 is a time chart for illustrating the operation of the apparatus of
      FIG. 1. In FIG. 2, a shows the wave-form of the output of the reference
      timing signal generating circuit 3; b shows the wave-form of the output of
      the control signal generating circuit 4; c shows the wave-form of the
      output of the synchronizing signal separating circuits 7a - 7n; d, e and f
      show the wave-forms of the output of the timing circuits 8a, 8b, 8n; g, h
      and i show the wave-forms of the signal division circuits 9a, 9b, 9n; j, k
      and l designate the wave-forms of the outputs of the driving circuits 10a,
      10b, 10n.
PAR  The operation of the apparatus of FIG. 1 will be illustrated with reference
      to the time chart of FIG. 2. The central processing device 2 centrally
      generates signals for controlling the electrical devices 1a - 1n. The
      reference timing signal generating circuit 3 generates a reference timing
      signal pulse P having constant frequency as shown in FIG. 2a. The signal
      pulse P is transmitted to the control signal generating circuit 4 and is
      simultaneously transmitted to the reference timing signal transmission
      line 11. The control signal generating circuit 4 is synchronized with the
      reference timing signal pulse P to generate the control signal. The
      control signals comprises control signal pulses Qa - Qn corresponding to
      the electrical devices 1a - 1b. The synchronizing signal S has a broader
      pulse width than that of the control signal pulses Qa - Qn. The control
      signal pulses Qa - Qn are sequentially generated after the synchronizing
      signal S in the order of Qa, Qb . . . Qn. The control signal pulses Qa -
      Qn drive the corresponding electrical devices 1a - 1n. The control signal
      pulse is not generated when the corresponding electrical devices 1a - 1n
      are not driven. Thus, the control signal generating circuit 4 generates
      the control signals as shown in FIG. 2b and transmits them to the control
      signal transmission line 12.
PAR  The terminal processing devices 5a - 5n receive the control signals in
      order to control the electrical devices by the command of the central
      processing device 2. The terminal processing circuits are the same and,
      accordingly, only the terminal processing circuit 5a will be discussed in
      detail. The address detecting circuit 6a detects the address period for
      transmitting the control signal pulse Qa corresponding to the electrical
      device 1a. The address detecting circuit 6a comprises a synchronizing
      signal separating circuit 7a and a timing circuit 8a. The synchronizing
      signal separating circuit 7a counts the reference timing signal pulses P
      when the synchronizing signal S or the control signal pulses Qa - Qn are
      generated. When the synchronizing signal S having the broader pulse width
      is transmitted, the reset signal pulse T of FIG. 2c is generated and is
      applied to the timing circuit 8a. The timing circuit 8a comprises a
      counting circuit. The timing circuit 8a is reset by the reset signal pulse
      T and counts the reference timing signal pulses P to detect the time for
      transmitting the control signal pulse Qa corresponding to the electrical
      device 1a and to generate the address signal pulse Ua of FIG. 2d.
PAR  The signal separating circuit 9a comprises a logical AND circuit and is
      connected to the timing circuit 8a and the control signal transmission
      line 12 whereby the control signal pulse Qa is divided in the period
      generating the address signal pulse Ua to generate the driving signal
      pulse Va of FIG. 2g and to transmit it to the driving circuit 10a. The
      driving signal pulse Va is generated in the period transmitting the
      control signal pulse Qa, but is not generated in the period transmitting
      no control signal pulse Qa.
PAR  The driving circuit 10a drives the electrical device 1a from the time the
      driving signal pulse Va is generated to the time the address signal pulse
      Ua is generated. The control signal pulse Qa is again transmitted when the
      next address signal pulse Ua is generated. When the driving signal pulse
      Va is generated, the electrical device 1a is driven. The driving of the
      electrical device 1a is stopped when the transmission of the control
      signal pulse Qa is stopped at the time address signal pulse Ua is being
      generated.
PAR  The other terminal processing devices 5b - 5n operate in a similar manner
      except that the address signal pulses Ub - Un are generated from the
      timing circuits 8b - 8n during the period the control signal pulses Qb -
      Qn are generated corresponding to the electrical devices 1b - 1n.
PAR  The electrical devices 1a - 1n can be controlled depending upon the time
      division multiple control signal transmitted from the central processing
      device 2. However, the time chart of FIG. 2 illustrates an ideal state. In
      practice, each circuit element has a delay time. However, this time is
      usually short and accordingly no difficulties arise. However, the
      propagation delay time of the timing circuits 8a - 8n which are comprised
      of counting circuits causes difficulties if the counts are increased.
PAR  FIG. 3 wherein like references designate identical or corresponding parts
      is a time chart for illustrating this difficulty. As shown in FIG. 3c, the
      address signal pulse Ua generated from the timing circuit 10a has a rising
      delay time t.sub.1 and a falling delay time t.sub.2. Therefore, the period
      during which the address signal pulse Ua is generated overlaps the address
      period for the electrical device 1b. The signal pulse separated by the
      signal separating circuit 9a is generated as shown in FIG. 3d wherein the
      signal pulse Va is without error. However, the signal pulse Va' is
      erroneously generated because of the occurrence of control signal pulse
      Qb. Therefore, the electrical device 1a is not controlled by the control
      signal pulse Qa. This time error may also appear during signal
      transmission.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a time
      division multiple transmission control apparatus in which the electrical
      devices are accurately controlled depending upon the control signal pulses
      and erroneous information can be prevented by preventing timing errors.
PAR  This is achieved in accordance with the present invention which provides a
      time division multiple transmission control apparatus which comprises a
      central processing device for generating a reference timing signal having
      a predetermined frequency and a time division multiple signal having
      substantially the same frequency for controlling a plurality of electrical
      devices during predetermined time periods, terminal processing devices for
      controlling each electrical device during a different predetermined time
      period under the control of said reference timing signal and said time
      division multiple signal and means for generating a phase difference
      between said reference timing signal and said time division multiple
      signal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete appreciation of the invention and many of the attendant
      advantages thereof will be readily obtained as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings, wherein:
PAR  FIG. 1 is a block diagram showing one typical embodiment of the multiple
      control system;
PAR  FIGS. 2 and 3 are respectively time charts for illustrating the apparatus
      of FIG. 1;
PAR  FIG. 4 is a time chart for the signals according to the invention;
PAR  FIG. 5 is a block diagram showing one embodiment of the apparatus of the
      invention for generating the signals shown in the time chart of FIG. 4;
PAR  FIG. 6 is a time chart for other signals according to the invention; and
PAR  FIG. 7 is a synchronizing signal separating circuit of the invention which
      is operated by the signals of FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like references designate identical or
      corresponding parts, one embodiment of the present invention is
      illustrated.
PAR  FIG. 4 shows the signals according to the invention. A reference timing
      signal and a control signal with a phase difference of .pi./2 are
      transmitted whereby the timing circuit 8a counts the reference timing
      signal pulses P and only control signal pulse Qa corresponding to the
      electrical device 1a is transmitted in the period during which the address
      signal pulse Ua is generated. Because of this phase difference, erroneous
      information is not generated despite the occurrence of delay periods
      t.sub.1, t.sub.2.
PAR  FIG. 5 is a block diagram of circuitry for generating the signals shown in
      the time chart of FIG. 4. Like references in FIGS. 1 and 5 designate
      identical or corresponding parts. The reference timing signal generating
      circuit 3 comprises an oscillator 3' for generating a signal having double
      the frequency of that of the reference timing signal shown in FIG. 4a and
      a frequency dividing circuit 13 for dividing the frequency of the signal
      of the oscillator and generating the reference timing signal shown in FIG.
      4a. The control signal generating circuit 4 generates the control signal
      of FIG. 2b. The delay flip-flop 14 delays the control signal information
      for 1 bit of the output signal pulse of the reference timing signal
      generating circuit 3 whereby a control signal having a phase difference of
      .pi./2 from the reference timing signal is generated as shown in FIG. 4b.
PAR  Although the phase difference between the control signal and the reference
      timing signal is disclosed to be .pi./2, other phase differences could be
      utilized. Any desired phase difference between two signals can be easily
      provided by employing a delay circuit.
PAR  Using the signals of FIG. 4, it is possible to simplify the synchronizing
      signal separating circuits 7a - 7n by changing the form of the
      synchronizing signal S. FIG. 6 shows signals according to the invention
      wherein the synchronizing signal separating circuits 7a - 7n are
      simplified. FIG. 7 shows the circuit for separating the synchronizing
      signal S of FIG. 6 which comprises a delay flip-flop 15; input terminals
      16, 17 and an output terminal 18. In FIG. 6, the control signal has a
      phase difference of .pi./2 with respect to the reference timing signal.
      Therefore, the control signal pulses Qa - Qn are not generated during the
      rising period of the reference timing signal pulse P. However, the
      synchronizing signal S is generated during the rising period of the
      reference timing signal pulse P whereby it can be detected as a
      synchronizing signal when the control signal is generated during the
      rising period of the reference timing signal pulse P.
PAR  With reference to delay flip-flop 15 of FIG. 7, when terminal 16 is
      connected to the control signal transmission line 12 and the terminal 17
      is connected to the reference timing signal transmission line 11, the
      signal pulse T separated from the synchronizing signal S of FIG. 6c is
      generated through the terminal 18. The delay flip-flop 15 changes its
      output when the reference timing signal pulse P rises during the period in
      which the synchronizing signal S is generated and it again changes its
      output when the next reference timing signal pulse P rises after the
      synchronizing signal S is no longer present.
PAR  The synchronizing signal S is not limited to the form shown in FIG. 6
      wherein the reference timing signal rises but once during the generation
      of synchronizing signal S. Even though the reference timing signal rises
      twice during the synchronizing signal pulse period shown in FIG. 4, it is
      possible to generate the signal pulse T apart from the synchronizing
      signal S even though the operation period of the delay flip-flop 15 is
      long. Even when the control signal pulses Qa - Qn are generated
      corresponding to only the rising of the reference timing pulses P and the
      synchronizing signals are generated corresponding to only the falling of
      the reference timing pulses P, and the flip-flop 15 is operated by the
      falling of the reference timing pulses, the synchronizing signal S can be
      easily detected. Further, in accordance with the apparatus of the
      invention, the control signal can be generated by either the rising or the
      falling of the reference timing signal and the synchronizing signal can be
      generated by the rising or the falling of the reference timing signal in a
      manner opposite to the generation of the control signal.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A time division multiple transmission control apparatus comprising:
PA1  a central processing device comprising a reference timing signal generating
      circuit to generate reference timing signal pulses and a control signal
      generating circuit to generate control signal pulses,
PA1  the reference timing pulse signal and the control pulse signal being of the
      same frequency,
PA1  a plurality of electrical devices to be selectively driven,
PA1  a terminal processing device for each electrical device,
PA1  each terminal processing device comprising:
PA1  an address detecting circuit comprising a sychronizing signal division
      circuit and a timing circuit for generating an address signal pulse,
PA1  a signal separating circuit for generating a driving signal pulse,
PA1  a driving circuit,
PA1  means connecting the synchronizing signal division circuit to the timing
      circuit,
PA1  means connecting the timing circuit to the signal separating circuit,
PA1  means connecting the signal separating circuit to the driving circuit,
PA1  means connecting the driving circuit to the electrical device,
PA1  means connecting the reference timing signal generating circuit to the
      control signal generating circuit,
PA1  a reference timing signal transmission line connected between the reference
      timing signal generating circuit and each of the synchronizing signal
      division circuits as well as each of the timing circuits,
PA1  a control signal transmission line connected between the control signal
      generating circuit and each of the synchronizing signal division circuits
      as well as each of the signal separating circuits,
PA1  means for delaying the control signal pulses with respect to the reference
      timing signal pulse to generate a phase difference therebetween so that an
      address signal pulse with a rising and/or falling delay time appearing at
      the output of a timing circuit in one of the terminal processing devices
      will not overlap a subsequent control signal pulse causing generation of
      an undesirable driving signal pulse at the output of the signal separating
      circuit in the terminal processing device.
NUM  2.
PAR  2. A time division multiple transmission control apparatus in accordance
      with claim 1 wherein the central processing device comprises
PA1  a reference timing signal generating circuit comprising an oscillator and a
      frequency dividing circuit,
PA1  a control signal generating circuit,
PA1  a delay flip-flop,
PA1  means connecting the output of the oscillator to the input of the frequency
      dividing circuit and to an input of the delay flip-flop,
PA1  means connecting a first output of the control signal generating circuit to
      the delay flip-flip and an input of the control signal generating circuit
      to the reference timing signal transmission line,
PA1  means connecting the output of the frequency dividing circuit to the
      reference timing signal transmission line,
PA1  means connecting the output of the delay flip-flop to the control signal
      transmission line.
NUM  3.
PAR  3. A time division multiple transmission control apparatus in accordance
      with claim 2 wherein the synchronizing signal division circuit comprises a
      delay flip-flop.
NUM  4.
PAR  4. A time division multiple transmission control apparatus in accordance
      with claim 1 wherein the phase difference is .pi./2 radians.
NUM  5.
PAR  5. A time division multiple transmission control apparatus in accordance
      with claim 1 wherein the control signal pulses comprise a synchronizing
      signal pulse for determining the repeat period of the control signal
      pulses, the control signal pulses being generated corresponding to either
      the rising or falling of the reference timing signal pulses, and the
      synchronizing signal pulse being generated corresponding to the rising or
      falling of the reference timing signal pulses in a manner opposite to the
      generation of the control signal pulses.
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PAL  In a simulator of the class which is operated repeatedly according to the
      same program there are provided a mini-computer, a time axis controller
      and a communicating device. The time axis controller provides a pulse to
      the mini-computer for controlling the timing of the programmed processing
      operation thereof and is provided with means for manually varying the
      period of the pulse thereby to vary the timing of the programmed
      processing operation while observing the content of the display provided
      by the communicating device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a simulator. A simulator is generally used to
      obtain operating data in a case where it is impossible to obtain operating
      data by actually operating a machine or apparatus which has been designed
      and manufactured. In such a case, a simulator is operated repeatedly
      according to the same program and the result is used to modify or change
      the design of the machine or apparatus or the program. Although many types
      of electronic simulators have been developed, most of them are of the
      batch process system utilizing a large size electronic computer in order
      to increase the processing speed and to use it in fields requiring
      complicated processing operations.
PAR  However, a simulator of such a type produces only an output regarding
      whether the machine or apparatus being simulated operates normally or not
      with the present design, or the final result indicating which portion of
      the machine or apparatus is defective. There are many difficulties in such
      cases requiring communications as in a case where it is desired to observe
      the progress of the simulation or in a case where it is desired to change
      the method of simulation during the use of the simulator. More
      particularly, in order to satisfy such requirements with a batch
      processing system utilizing a large electronic computer, it is necessary
      to form a new program which of course requires a considerable time and
      labor and is not efficient. Further, in such a system, the number of words
      used is limited and it is almost impossible to change the words so that it
      is extremely difficult to form a desired program by using words of the
      limited number. Moreover, as the simulating system of this type is bulky
      it is expensive and difficult to purchase.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved simulator capable
      of making communications for observing the progress of the simulation or
      changing the simulation during the operation of the simulator.
PAR  Another object of this invention is to provide an improved simulator which
      enables to readily form a desired simulation.
PAR  Still another object of this invention is to provide an inexpensive
      simulator.
PAR  According to this invention these and other objects can be accomplished by
      providing a simulator which is operated repeatedly according to the same
      program, characterized is that there are provided a mini-computer, a time
      axis controller and a communicating device which are connected to the
      mini-computer, that the time axis controller provides a pulse to the
      mini-computer for controlling a timing of the programmed timing operation
      thereof and that the time axis controller is provided with means for
      manually varying the period of the pulse thereby enabling the operator to
      vary the timing of the programmed timing operation while observing the
      effect of the timing variation on the display provided by the
      communicating device.
PAR  The time axis controller which is the characterizing element of this
      invention comprises an up-counter, a pulse generator for supplying a pulse
      of a predetermined period to the up-counter through a first gate circuit,
      a monostable multivibrator connected to the output of the up-counter, a
      second gate circuit responsive to the output of the monostable
      multivibrator for controlling the input to the up-counter, an up-down
      counter connected to supply its output to the second gate circuit and to
      count the control pulse supplied from the mini-computer through a third
      gate circuit, and a rotary variable pulse generator connected to the
      up-down counter through a fourth gate circuit and including manually
      operated means for varying the frequency of the pulse generated thereby.
      The first and third gate circuits are connected to be controlled by the
      control signal from the mini-computer while the fourth gate circuit is
      connected to be manually controlled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing,
PAR  FIG. 1 is a block diagram illustrating one embodiment of the simulator
      embodying the invention;
PAR  FIG. 2 is a perspective view showing a dial knob;
PAR  FIG. 3 is a block diagram showing one example of the variable time axis
      controller utilized in the embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The simulator illustrated in FIG. 1 comprises a mini-computer 1, only the
      elements thereof directly related to this invention being shown. The term
      "mini-computer" is used herein to mean a small size, commercially
      available, electronic computer such as the PDP11 microcomputer
      manufactured and sold by the Digital Equipment Corporation (DEC). Other
      similar minicomputers could be used which contain a binary program having
      a storing capacity of from 1 K word to 32 K words, with each word
      consisting of from 8 to 18 bits, and which can be purchased at a price of
      less than 25,000 United States dollars. As shown, the mini-computer 1
      comprises a program section 2 utilizing magnetic cores, for example, as
      the memory elements for storing any desired simulation program, a data
      memory section 3 utilizing magnetic cores, for example, for storing
      magnetic data, and a control section 4 for producing various control
      signals in response to a program read out from the program section 2 or in
      response to input information supplied from the time axis controller. The
      control section may have a software like construction utilizing magnetic
      cores or a hardware like construction. In this example, the control
      section 4 is constructed to have a capability of producing random numbers.
      There is also provided a communication device 5 which displays data or the
      results of various control information inputs on the output obtained from
      the mini-computer 1. The communication device 5 may be constituted by a
      graphic display device, charactor display device or a console typewriter
      or the like. If desired, the communication device 5 may be constructed to
      have a capability of supplying control information back to the
      mini-computer 1.
PAR  In addition to the above, a time axis controller 6 is provided as an
      external, operator controlled input circuit to the mini-computer 1. The
      time axis controller 6 is constructed to produce a pulse of any desired
      period for processing a program by manual operation of an operator or in
      accordance with the control information supplied from the program section
      2 to the control section 4 of the mini-computer 1. Also the time axis
      controller 6 is connected to be controlled when the operator manipulates a
      dial knob 20 as shown in FIG. 2. Thus, when the operator turns the knob 20
      toward "slow" the time controller 6 generates a low frequency pulse,
      whereas when the knob is turned toward "high" a high frequency pulse will
      be formed. If desired, or when the memory capacity of the mini-computer 1
      is not sufficiently large, an external memory device 7 of the desk, drum
      or tape type may be used. A file processor 8 acting as an external data
      control circuit for the mini-computer 1 is connected to the data memory
      section 3. The file processor 8 may take the form of a computer for
      searching the data stored in data memory section 3 that satisfies a
      designated condition and functions to process at a high speed the
      simulation data and generates an output for supply to control section 4
      that varies as the progress of simulation proceeds. Numeral 9 shows an
      operator's switch provided with the rotary knob 20.
PAR  The simulator described above operates as follows.
PAR  During the operation of the mini-computer 1, the communicating device 5
      displays the flow of information through control section 4. The time axis
      controller 6 is driven by the control section 4 on one hand and controlled
      by the knob 20 manipulated by the operator on the other hand for sending a
      timing pulse to the control section 4 whereby the control section 4
      functions to adjust the timing. In other words, the flow of information to
      be displayed by the communicating device 5 maybe adjusted by the operator.
      For this reason, by manipulating the operator's switch 9 it is possible to
      vary the speed of the progress of the operation which is to be displayed
      by the communicating device 5 by adjusting the time axis controller 6.
      When the operator wishes to read accurately the progress of the operation
      which is displayed by the communication device 5, he turns the knob 20
      toward "slow" thereby decelerating the operating speed of the time axis
      controller 6 thus displaying at a lower speed the progress of the
      operation.
PAR  One example of the time axis controller 6 shown in FIG. 3, which
      characterizes the invention, comprises an up-counter 61 connected to
      receive an electric pulse from a pulse generator 62 through an AND gate
      circuit 63 whose other input is connected to receive a control signal from
      the mini-computer, an up-down counter 65 connected to supply a signal to
      the up-counter 61 through a gate circuit 64 and a gate circuit 66
      controlled by a control signal from the mini-computer for supplying a
      signal from a center processor (not shown) of the mini-computer to the
      up-down counter 65. There is also provided a rotary variable pulse
      generator 67 which is constructed to continuously adjust the period of the
      pulse generated thereby by turning knob 20 shown in FIG. 2. The output
      from the rotary pulse generator 67 is applied to the up-down counter 65
      through an AND gate circuit 68 whose other input is connected to a source
      not shown, through a switch 69. The output from the up-counter 61 is
      supplied through an output terminal to control section 4 and back to one
      input of gate circuit 64 through a monostable multivibrator 70.
PAR  In operation, when switch 69 is maintained off, up-counter 61 is set by the
      signal supplied from the central processor (not shown) of the
      mini-computer 1 through gate circuit 66, up-down counter 65 and gate
      circuit 64 so that the up-counter 61 will periodically send the pulse
      signal supplied thereto from the pulse generator 62 through gate circuit
      63 which has been enabled by the control signal from the mini-computer to
      the control section 4 thereby timing the operation thereof. Thereafter,
      when the switch 69 is closed to enable gate circuit 68 and when the output
      of the rotary pulse generator 67 is set to an up or down state by
      adjusting knob 20, the operation of the up-down counter 65 is controlled
      accordingly, thereby varying the setting of the up-counter 61.
      Accordingly, the output from the up-counter 61 changes the timing of the
      control section 4 to a suitable value. Concurrently therewith, the
      monostable multivibrator 70 supplies a portion of the output signal
      applied to the control section 4 to gate circuit 64 thus disenabling the
      same for controlling the signal supplied from the up-down counter 65.
PAR  Thus, the invention provides an improved simulator in which various
      operations such as a slow motion, a rapid motion, an actual time and a
      momentary stop can be varied as desired either by a program or an external
      circuit thereby permitting detailed investigation and check during the
      progress of the simulation as well as the reversal of the timing.
      Accordingly, it is possible to make constant supervision of the operation
      of an object to be simulated as well as the informations regarding the
      simulation. Further, as it is possible to supervise a large quantity of
      the simulation data by a hardware designed to be used exclusively for this
      purpose an economical mini-computer can be used instead of a large
      computor as in the prior art simulators.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A time axis controller for use in a simulator of the type wherein said
      simulator comrises a programmable mini-computer capable of performing a
      predetermined simulation program stored therein and having a control
      section and a time axis controller connected thereto for additionally
      controlling the timing of programmed processing operations of said
      mini-computer, and a communication device connected to said mini-computer
      for visually providing the results obtained while performing a simulation
      program, the improvements wherein said time axis controller comprises a
      fixed frequency pulse generator for supplying pulses of predetermined
      period, an up-counter of preset type for counting said pulses from said
      pulse generator, a monostable multivibrator having its input connected to
      the output of said up-counter and having its output connected as an input
      to the control section of the mini-computer, a gate circuit having a first
      input connected respectively to the output from said monostable
      multivibrator and having its output connected to the setting input of said
      up-counter, an up-down counter having its output connected to a second
      input of said gate circuit and having a first input connected to a source
      of control pulses supplied from said mini-computer, said control pulses
      comprising the data for determining a programmed simulation operation, a
      variable pulse generator connected to a second input of said up-down
      counter and including manually operated means for varying the frequency of
      the pulses generated by the variable pulse generator, and means for
      enabling said up-down counter to be additionally controlled manually
      whereby upon said manually operated means being operated, the variable
      frequency pulses supplied by said variable pulse generator to said up-down
      counter varies the frequency of the pulses supplied by said up-down
      counter to said up-counter and the frequency of the pulses supplied by
      said up-counter to said monostable multivibrator to thereby vary the
      frequency of the pulses supplied by said monostable multivibrator to the
      control section of said mini-computer for controlling the timing of
      programmed simulation processing operations of the mini-computer.
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PAL  The required frequency of inspection, servicing and overhauling of jet
      engines is to a large extent determined by the history of excessive or
      over-temperature conditions of each engine. In order to monitor and record
      each such over-temperature condition, an indicator device is provided
      having electronic circuitry for processing a temperature signal from the
      jet engine and a light emitting diode matrix for graphically displaying
      each over-temperature incident. When the jet engine temperature exceeds a
      threshold over-temperature point, this occurrence is sensed and the
      circuitry of the indicator functions to automatically store and visually
      display the engine temperature as a function of time for the succeeding
      several seconds after the over-temperature condition has commenced. All
      the diodes of the matrix lying under the temperature versus time profile
      are energized so as to present a histogram display of the severity of the
      condition, where the severity is a function of the duration and magnitude
      of the over-temperature. In one embodiment disclosed herein, a plurality
      of over-temperature events are automatically sensed, graphically displayed
      and stored for later retrieval, such that the maintenance crew may
      subsequently interrogate the indicator device causing it to sequentially
      display each recorded or electronically stored over-temperature event.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to methods and devices for
      indicating temperatures, and more particularly for indicating and
      recording excessive temperature conditions of jet engines.
PAR  Because of the deleterious effect of excessive temperature conditions on
      turbine jet engines, the frequency of inspection and maintenance of the
      engines is to a large extent determined by the history of over-temperature
      conditions incurred by each engine. Typically, the most significant engine
      temperatures are the temperatures of the gasses at the inlet and outlet of
      the turbine and the temperatures of the turbine blades and inlet guide
      vanes. Accordingly, it is one or more of these temperatures which is
      usually monitored. If a particular engine has incurred a predetermined
      number of over-temperature events, then the engine manufacturer specifies
      that an inspection of the "hot" section of the engine shall be performed.
      If no visual distress is found, the engine may continue in service for a
      specified period of time, after which the engine must be replaced and
      overhauled. Of course, if visual distress is located during the
      inspection, then the engine must be replaced at that time.
PAR  In general, the number of over-temperatures allowed before mandatory
      inspection and/or replacement has been heretofore established without
      regard to the time duration during which the engine operated at the
      excessive temperature. However, the likelihood of damage or distress to
      the engine is a function not merely of the over-temperature, but also of
      the magnitude and time duration of the over-temperature. In other words,
      an engine which has incurred a total of ten over-temperature events, each
      being for a relatively short time duration, is less likely to have
      incurred dangerous distress as an engine which has been subjected to five
      over-temperature conditions, each of excessive time duration. Accordingly,
      the severity of the over-temperature condition is most reliably and
      accurately determined by monitoring both the magnitude and the duration of
      the exhaust gas overtemperature.
PAR  In the past, flight instruments for monitoring the "hot" sections of the
      engines have not been capable of accurately recording the temperature
      versus time characteristics of the over-temperature event. This is
      particularly so where the flight engineer is required to monitor and
      record the duration of the excessive temperature incident. In many
      instances, particularly where an engine has entered a compressor stall
      condition, the flight deck engine instruments may not be monitored closely
      enough to accurately determine the time versus temperature parameters of
      an over-temperature occurrence. Any uncertainty as to the severity of the
      over-temperature event may lead to unnecessary and costly maintenance
      action, by erring on the side of safety, or worse, failure to perform
      timely maintenance. It is thus extremely important to accurately monitor
      and record every over-temperature condition and it would be desirable to
      record the precise temperature magnitude versus time duration
      characteristics of the event. Knowledge of the peak temperature reached
      and the length of time the engine temperature was above the
      over-temperature threshold are critical factors in safe and yet
      economically efficient determination as to the frequency of engine
      inspections and overhauling.
PAR  In addition to the absence of an accurate recording of the temperature
      versus time characteristics of an over-temperature event, flight deck
      instruments, heretofore, have not presented the temperature versus time
      information in a manner which is easily, quickly read and assimilated by
      the flight engineer. In some cases, the temperature event may be so
      excessive and so severe, that instantaneous notice of the event to the
      flight crew is critical. Merely providing a temperature indication which
      must be watched over a time interval of several seconds, does not provide
      a reliable interface between the instrument and the operator.
PAC  SUMMARY OF THE INVENTION AND ITS OBJECTIVES
PAR  Accordingly, it is an object of the present invention to provide method and
      apparatus for automatically sensing, displaying, and recording one or more
      over-temperature events exhibited by a jet engine in a manner which
      overcomes the foregoing disadvantages of prior instruments.
PAR  It is another object of the present invention to provide a compact,
      electronically energized, graphical display of the temperature versus time
      characteristics of each such over-temperature event.
PAR  Still a further object of the present invention is to provide a light
      emitting diode matrix display of such graphical information.
PAR  Additionally, it is an object of the present invention to provide a
      compact, electronically energized, solid state graphical display of a jet
      engine over-temperature condition in which the graphical information is
      presented in a format which instantaneously informs the operator of the
      temperature versus time severity of the event.
PAR  Also it is an object of the present invention to automatically,
      electronically record each of a plurality of over-temperature events, for
      subsequent retrieval and graphical display of the magnitude of temperature
      versus time for each such event.
PAR  Briefly, these objects are achieved in the preferred embodiments of the
      invention disclosed herein by a light emitting diode (LED) matrix
      controlled by electronic timing and digital storage circuitry which
      receives and processes an electrical signal representing the magnitude of
      a salient engine temperature, such as the turbine inlet or exhaust gas
      temperature. This circuitry detects the commencement of an
      over-temperature condition and begins to digitally store the instantaneous
      temperature magnitude at each of a plurality of succeeding time intervals.
      This digitally stored temperature versus time information is thereupon
      graphically presented by selectively energizing the appropriate rows and
      columns of the LED matrix. In the disclosed embodiments herein, the
      temperature is displayed on the vertical axis of the matrix while time is
      represented along the horizontal axis.
PAR  It is a feature of this indicator that the LED matrix is energized so as to
      light up all of the matrix diodes lying under the temperature versus time
      profile so that a histogramlike graph of the information is presented.
      Accordingly, the intensity of the LED display, that is the number of
      diodes energized, is a function of the severity of the temperature versus
      time characteristics of the engine's over-temperature condition. The
      flight engineer or maintenance operator can quickly inspect each displayed
      over-temperature event and assimilate the severity of the incident by the
      overall intensity of the display. Closer inspection will reveal the
      maximum temperatures reached by the engine and the time duration over
      which the excessive temperatures occurred.
PAR  Furthermore, the temperature versus time information for each event is
      automatically recorded in the electronic storage portion of the circuitry
      and is available for subsequent retrieval and display. Thus, for an
      embodiment of the invention in which a plurality of over-temperature
      events are sensed and recorded, the maintenance crew may interrogate the
      indicator apparatus at predetermined intervals, each interrogation
      presenting a sequential display of each prerecorded overtemperature
      incident. Furthermore, the digitally stored data may be transmitted from
      the indicator to a permanent recording medium, such as magnetic tape or
      the like, for subsequent analysis on the ground.
PAR  These and further objects, features and advantages of the method and
      apparatus according to the present invention will become apparent to those
      skilled in the art from a consideration of the following detailed
      description and appended drawings of particular and preferred embodiments
      of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generalized block diagram of the indicator apparatus
      constructed in accordance with one preferred embodiment of the invention
      and showing the light emitting diode (LED) graphical display matrix.
PAR  FIG. 2 is a detail schematic diagram of the LED display matrix and the
      electronic sensing, timing and digital storage circuitry of the indicator
      apparatus of FIG. 1.
PAR  FIG. 3 is a detail block diagram of an alternative preferred embodiment of
      the indicator apparatus constructed and operating in accordance with the
      present invention.
PAR  FIG. 4 is an elevation view of one preferred instrumentation panel for
      installation in an aircraft and here including a plurality of LED matrix
      displays, one for each aircraft engine.
PAR  FIG. 5 is a graph showing an engine temperature as a function of time and
      illustrating a brief over-temperature condition of the type monitored by
      the instrument of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1 and 5, the method and apparatus of the present
      invention may be embodied in an instrument including electronic circuitry
      11 for receiving a signal from source 12 representing an instantaneous
      temperature condition in a jet turbine engine, and a light emitting diode
      (LED) display matrix 13 connected to circuitry 11 for visually,
      graphically displaying certain temperature versus time characteristics of
      the monitored engine temperature. In particular, and as mentioned
      hereinabove, reliable and safe operation of the aircraft engine requires
      careful monitoring and recording of the occurrence of any excessive engine
      temperatures.
PAR  Typically, a specified maximum temperature is designated for each type of
      engine. If the temperature exceeds this maximum level, such an occurrence
      is referred to as an over-temperature event. Thus, for example as
      illustrated in FIG. 5, the specifications for a particular engine may
      designate a maximum or overtemperature threshold at 915.degree. C. Any
      temperatures exceeding this level are referred to as over-temperatures. An
      over-temperature event is defined as the engine temperature condition from
      the time that the temperature rises across the maximum or over-temperature
      threshold to the time that the temperature subsides to a level below the
      over-temperature threshold. The characteristics of the temperature level
      as a function of time during any given overtemperature event are extremely
      informative as to the degree of possible engine damage.
PAR  In accordance with the apparatus shown in FIG. 1, display matrix 13 is
      operated so as to visually display the temperature versus time
      characteristics of each over-temperature event. For example, display 13
      will present a visual representation of that portion 14 of the temperature
      versus time characteristic shown in FIG. 5 which lies above the
      over-temperature threshold 16. Moreover, the digital storage portion of
      circuitry 11 together with display 13 provides for recording or
      electronically memorizing the temperature versus time data for each such
      over-temperature event, so that this data can be retrieved at a later time
      for analysis.
PAR  For an aircraft having a multiplicity of jet engines, the apparatus may be
      embodied in an instrument including a plurality of display matrices, one
      matrix for each engine. This embodiment is illustrated in FIG. 4, wherein
      an instrument display panel 21, which may be mounted on the instrument
      deck in the cockpit, includes display matrices 22, 23, 24 and 25
      associated with engines Nos. 1, 2, 3 and 4. Each such matrix may be
      associated with a separate electronic circuit corresponding to circuitry
      11 for receiving and processing a temperature signal from a corresponding
      one of the aircraft engines. As discussed more fully herein, if desired,
      certain components of electronic circuitry 11 may be used in common with
      the plurality of matrices 22 through 25 on a time-sharing basis.
PAR  In the particular embodiments of the invention disclosed herein, the LED
      display matrices, such as matrix 13, are formed by a 5-by-7 diode array
      with the vertical columns representing the temperature level and the
      horizontal rows corresponding to the elapsed time. It will be appreciated
      that any desired number and format of the LED array may be employed. It
      has been found that the 5-by-7 dot array is suitable for graphically
      displaying an over-temperature event in which the over-temperatures range
      from a lower, over-temperature threshold of 915.degree. C. to an upper
      temperature of 990.degree. C. as shown in FIG. 5. The time base along the
      horizontal axis or rows has been selected in this instance to provide an
      elapsed time of zero to six seconds. This time duration has been found
      adequate for recording and displaying transient over-temperature events of
      marginal severity. Events which take place over a time period of less than
      one second are usually not critical, and in such cases it is merely
      necessary to register the fact the event did occur.
PAR  On the other hand, over-temperature events which exceed six seconds of
      elapsed time are usually so severe that testing and servicing of the
      engine is mandatory. In between these extremes, the degree of severity of
      the over-temperature event is marginal, and the graphical display and
      recording of each such event by the method and apparatus of the present
      invention substantially eliminates any uncertainity as to whether or not
      an inspection of the hot section of the engine is required.
PAR  Further in accordance with the present invention, display matrix 13 not
      only graphically displays a temperature versus time profile of the
      over-temperature event, but also automatically engerizes all of the light
      emitting diodes lying under the profile as illustrated in FIG. 1 so as to
      display a histogram of the event. As previously mentioned, the severity of
      the over-temperature event is proportional to the integral of the
      temperature as a function of the elapsed time. In other words the severity
      depends upon the area lying under the temperature versus time curve, and
      the histogram display of this area by matrix 13 as shown in FIG. 1,
      presents an instant visual indication of the seriousness of the
      over-temperature occurrence.
PAR  In this regard, it will be observed that the overall intensity of the
      display, even apart from the temperature profile, presents a rough
      indication of the degree of potential engine damage. If the majority of
      the light emitting diodes are energized on the matrix, then a quick,
      cursory look at the instrument panel will reveal a serious condition. On
      the other hand if only a few of the diodes are illuminated, this will
      indicate a far less severe over-temperature event.
PAR  With reference to FIG. 2, one particular embodiment of electronic circuitry
      11 and diode matrix 13 is illustrated for sensing, recording and
      displaying the worse or most severe over-temperature event during a single
      flight. During such flight, when the first over-temperature event occurs,
      the circuitry functions to record and display the temperature versus time
      characteristics thereof. This data is stored in the digital storage
      portion of the circuitry. If subsequently another over-temperature event
      occurs during the flight, the circuitry will record and display its
      temperature versus time parameters only to the extent that they exceed the
      levels of the previous event. In other words only if the second or any
      other succeeding over-temperature event is more severe than the previous
      over-temperature events, will the additional temperature data be recorded
      and displayed. Thus at the end of the flight, only the accumulated "worse"
      over-temperature event will be recorded in circuitry 11 and displayed on
      matrix 13.
PAR  For this purpose circuitry 11 as shown in FIG. 2 may include an
      analog-to-digital converter means, here provided by converter 31 adapted
      to receive an electrical analog signal at an input 32 representing the
      instantaneous temperature of a hot section of the jet engine. Any suitable
      and well known source may be utilized for developing this temperature
      signal. For example, a thermal-couple or other electro-thermal transducer
      may be placed in a heat exchange relationship with the turbine inlet or
      exhaust gasses of the engines so as to monitor the most temperature
      critical sections of the engine which are generally represented by these
      temperatures. Typically, the aircraft will already be equipped with
      standard instrumentation for providing the necessary electrical analog
      signals representing the engine temperatures. Thus installation of the
      indicator constructed in accordance with the present invention, will
      generally require the mere connection of input 32 to the standard or
      pre-existing aircraft instrumentation.
PAR  Converter 31 changes the analog signal to a multiple bit digital signal
      available at the parallel outputs 33, 34, 35, 36 and 37 from converter 31.
      In the alternative, the temperature signal available from the standard
      aircraft instrumentation may already be in a digital format. In such case,
      converter 31 may be bypassed and the digital temperature signal may be fed
      directly, or indirectly through suitable code conversion, to outputs 33
      through 37.
PAR  Means are provided in conjunction with converter 31 for sensing the
      occurrence of an over-temperature condition of the engine temperature
      signal. In this instance, such means is provided by a comparator network
      41 of converter 31 which senses the lower temperature threshold of the
      input analog signal. Similar comparator networks 42, 43, 44 and 45 are
      conditioned along with network 41 by a resistive voltage divider network
      formed of serially connected resistors 46 through 51 and variable resistor
      52 and by parallel connected input resistors 53 through 57 to respond to
      successively higher threshold levels of the input analog signal.
PAR  Network 41 is conditioned to respond to an electrical signal representing a
      threshold over-temperature condition and upon such occurrence its
      associated output 33 switches in this embodiment from a low to high logic
      level thus indicating that the engine has commenced an over-temperature
      event. A continuing rise of the engine temperature causes successive
      switching of networks 42 through 45 such that the most excessive
      over-temperature will cause all of the outputs 33 through 37 of converter
      31 to assume a logic high condition.
PAR  As soon as converter network 41 signals at output 33 that the engine
      temperature is entering an over-temperature event, a time-based generator
      circuit 61 is actuated. Circuit 61 is connected to a digital storage
      circuit 62 and to display matrix 13 and provides a means for conditioning
      these components to store and display the digital temperature signal at
      each of a plurality of time intervals following the start of the
      over-temperature event. For example and as mentioned above, the diode
      matrix 13 may be provided with a time base along the rows or horizontal
      axis thereof representing a time span of approximately zero to six
      seconds. Accordingly, seven columns of light emitting diodes are provided
      in the present embodiment with the first column representing "zero" time
      and the succeeding columns representing increments or intervals of one
      second, on up to the last column which carries the temperature information
      for the sixth second of elapsed time.
PAR  The individual diodes 60 of a matrix 13 may be selectively energized in a
      known manner by the coincidence of a horizontal or row signal developed by
      an output of row driver 63, and a vertical or column signal produced by
      one of the outputs from column driver 64. In order to electrically
      energize matrix 13 so as to present a visual display, it is necessary to
      repetitively energize those diodes forming part of the display by
      cyclically operating column driver 64 so as to briefly, successively
      energize each of the column drive lines leading to the matrix. If in
      coincidence with this column drive sweep, one or more of the row driver
      outputs is energized in accordance with a digital temperature signal
      carried in digital storage 62, then the corresponding diodes of matrix 60
      will be illuminated.
PAR  Digital storage circuit 62 may be formed of a recirculating, multiple stage
      shift register 66 having its output connected to and for operating row
      driver 63, and a data entry gate circuit 67 connected between the outputs
      of converter 31 and the inputs of shift register 66. At the command of the
      time-based generator circuit 61, gate circuit 67 allows entry of the
      digital temperature data from converter 31 into the parallel stages of
      shift register 66 for recirculating storage therein.
PAR  More particularly, time-based generator circuit 61 includes a master clock
      generator circuit, indicated at 71, producing a sequence of clock signals
      at output 72 and establishing the fundamental clock frequency of the
      circuitry. Although clock generator 71 may be provided by any number of
      suitable circuits, in this instance it is formed by a NAND gate 73
      connected as an inverter, a NAND gate 74 and a feedback network including
      a capacitor 76 and a pair of resistors 77 and 78 selected to provide a
      clock frequency in this instance of approximately 2049 Hz. This clock
      frequency is not critical and is selected for scanning matrix 13 at a
      sufficiently rapid rate to develop a visually perceivable light pattern on
      the display.
PAR  A start bistable multivibrator device 81 has an input 82 which is enabled
      by comparator network 41 each time an over-temperature event is sensed
      thereby. Once device 81 has been enabled in this manner, it is switched to
      its on state by the succeeding clock signal applied at clock input 83
      thereof from the first column drive signal developed by column driver 64.
      This synchronizes the ensuing operation of the circuitry to the scanning
      sequence of matrix 13 as determined by the response of column driver 64 to
      the clock signal output from generator 71 available to the column driver
      over a line 84. As soon as device 81 switches to its on state, a Q output
      86 thereof assumes a logic low condition which enables a time-based
      counter circuit 85 formed of a counter 87, a NAND gate 88, NOR gates 91
      and 92, and an inverter 93. A clock input of counter 87 is connected to
      receive the master clock signals from generator 71 as indicated.
PAR  Counter 87 together with gates 88, 91, 92 and inverter 93 serves to divide
      the clock frequency from generator 71 into a time-base appropriate for
      actuating the date entry control circuit 67 at different times in the
      memory cycle of shift register 66 so that each new incoming
      over-temperature digital signal is stored in a different or unique shift
      register location. Also the frequency division serves to produce the
      desired time increments between each of the columns on matrix 13, by
      counting out a sufficient number of clock pulses from generator 71 in
      order to make up the one second increments or intervals.
PAR  As an example of this operation, the present embodiment provides for
      dividing the clock frequency from generator 71 by a factor equaling 8n +
      1. The factor 8n is selected to reduce the relatively high frequency of
      pulses from generator 71 down to the desired time-base increments of one
      second for matrix 13. As indicated above the frequency of generator 71 is
      relatively high, in this instance being 2049 pulses per second in order to
      achieve the desired scanning of matrix 13. This relatively high frequency
      is divided down to the desired time base level by selecting integer n to
      equal 256 such that counter 87 counts out 8 .times. 256 = 2048 clock
      pulses at input 94 before its output 96 switches from a logic low to a
      logic high level.
PAR  In order to cause the time-based counter to divide by this factor 8n plus 1
      in the above formula, the additional circuitry including gates 88, 91, 92
      and inverter 93 are provided. After the counter 87 has counted out the
      factor 8n (e.g. 2048 clock pulses) the output 96 goes high, enabling NAND
      88 to respond to the next succeeding clock pulse from source 71. Upon the
      next clock pulse, gate 81 switches and sends a logic pulse to NOR gate 92
      through a leading edge detector including capacitor 97 and resistor 98.
PAR  One input 99 of NOR gate 92 is enabled by the Q output 86 of bistable
      device 81 so long as the aircraft engine remains in an over-temperature
      condition. Accordingly, after counter 87 has register its principal count
      of 8n = 2048 clock pulses, the next clock pulse from generator 71 is
      passed by gate 88, through the differentiation network, to input 101 of
      NOR gate 92 and from there through inverter 93 to a reset input 102 of
      counter 87. This resets counter 87 to a zero state and output 96 resumes
      its low logic condition.
PAR  The clock pulse which thus causes counter 87 to be reset, corresponds to
      the additional or plus 1 count in the above formula, and enables the shift
      register 66 to be advanced one additional count over the above the
      preceding register cycle for opening up a new and unique register location
      for receiving a new or revised over-temperature digital signal from
      converter 31. More particularly this occurs by the provision of a one-shot
      multivibrator device 103 which operates data entry circuit 67 in response
      to the output of the time-base counter available from NOR gate 91.
PAR  One-shot device 103 includes a Q output 104 connected to and for enabling
      the various data entry gates of circuit 67. An output from NOR gate 91 is
      connected through a differentiation circuit including capacitor 106 and
      resistor 107 to a set input 108 of device 103. When the output 96 of
      counter 87 goes to a logic high in response to the registration of 8n
      clock pulses, NOR gate 91, previously enabled at an input 109 by device
      81, responds to this counter output change at an input 111 whereupon the
      output of NOR gate 91 goes to a logic low and through the differentiation
      circuit triggers the S input 108 of device 103. Responsively, device 103
      through its output 104 enables NOR gates 115 through 119 of circuit 67
      allowing entry of the digital time word or signal. The next succeeding
      clock pulse resets counter 87 as discussed above and also resets device
      103 at input 121 through an inverter 122.
PAR  Concurrently with the foregoing operation, a plurality of parallel register
      stages 126 through 130 of shift register 66 is rapidly cycled by the
      master clock signal appearing on line 131 and jointly fed to the
      individual clock inputs of the shift register stages. A separate stage is
      provided in this instance for each digital bit making up the digital
      temperature word or signal from the plurality of outputs 33 through 37 of
      converter 31. Recirculation of the data in these shift register stages is
      achieved by connecting their various outputs 136 through 140 back to the
      inputs 146 through 150 of the various stages via NOR gate 156 through 160
      and NOR gates 166 through 170. So long as data entry control circuit 67 is
      not enabled by the time-based counter circuit, the same data carried in
      each of the bit locations of stages 126 through 130 is continuously
      recycled between the outputs and inputs thereof by the continuously
      running clock generator 71.
PAR  Whenever data entry control circuit 67 is enabled by the time-based counter
      via one-shot device 103, NOR gates 115 through 119 allow entry of the
      over-temperature word represented by the bit condition on outputs 33
      through 37 into the shift register 66 through NOR gates 156 through 160
      and 166 through 170, where the temperature information is recorded or
      memorized. The memory of shift register 66 may be erased by closing a
      reset switch 176 which is effective through a resistive capacitive network
      including resistors 177 and 178 and a capacitor 179 to introduce zero or
      low logic bits into register stages 126 through 130 while such stages are
      clocked by generator 71. Simultaneously with the erasing of register 66,
      switch 176, through diode 181 disables the over-temperature sensing
      comparator 41 at output 33 and thus also disables start multivibrator
      device 81 to insure that an over-temperature condition does not
      prematurely start the time-based counter and cause entry of spurious
      temperature data.
PAR  Switch 176 may be manually actuated so that the instrument can be erased on
      the flight deck instrument panel.
PAR  Continuous recycling of shift register 66 selectively presents the digital
      temperature information on outputs 131 through 140 for selective
      energization of various horizontal rows of matrix 13. For this purpose,
      additional energizing power for driving the light emitting diodes in
      matrix 13 is provided by row driver 63 which in this embodiment is formed
      of a plurality of high gain (piggy-back) transistor drivers as
      illustrated.
PAR  In order to selectively actuate only certain of the diodes of matrix 13,
      the scanning or sweeping of the matrix columns must be accomplished in
      synchronism with the cycling of shift register 66. Here this is achieved
      by clocking a column drive counter 186 at its input 187 over line 184 from
      the master clock generator 71. Synchronism of counter 186 is achieved by
      clocking start multivibrator device 81 at input 83 thereof as the first
      column output 188 is energized by counter 186. Since the counter is
      continuously running in response to generator 71, as soon as the counter
      assumes the state in which output 188 is energized, device 81 is switched
      by a signal on line 189, having been previously enabled for such switching
      by an over-temperature sense signal at input 82. The clock pulse which
      thus causes counter 186 to energize output 188, also causes the storage of
      a digital temperature word associated with this first column time by
      switching one-shot device 103 via NOR gate 91 as the Q output 86 of device
      81 goes low. Note that this operation of one-shot 103 occurs before
      counter 87 has registered the usual number of 8n clock pulses so that the
      temperature level occurring at the instance an over-temperature event
      commences, is recorded in the shift register and displayed on matrix 13.
PAR  In an alternative embodiment, the time-based counter circuitry may be
      modified so as to allow data entry only after the elapse of the first
      pre-established time increment following a sensed or detected
      over-temperature condition. Thus the over-temperature condition may be
      first detected and then the over-temperature level existing one second
      later may be recorded following the clock pulse division operation of
      counter 87.
PAR  Concurrently with the entry of data at the commencement of the
      over-temperature event, counter 87 is reset by means of NOR gate 92 and
      inverter 93 in response to the output 86 of device 81 going to its low
      condition. This synchronizes the time-based counter with the column probe
      or sweep counter 186 and the location of the temperature data in shift
      register.
PAR  Column driver 64, like row driver 63, is provided with a plurality of
      piggy-backed, high gain, transistor drivers as illustrated for suitable
      energization of the light emitting diodes of matrix 13 in response to the
      outputs of counter 186.
PAR  It will be observed that in this particular embodiment circuitry 11
      functions to record a worse case representation of a plurality of
      successive over-temperature events. For example if during a single flight,
      more than one over-temperature event occurs, then the operation of the
      circuitry is as follows. The first over-temperature event will cause
      storage of a certain temperature versus time profile in shift register 66
      and display this profile on matrix 13. Now assume that the first event
      expires, by reason of the engine temperature dropping below the
      over-temperature threshold, and subsequent thereto another engine
      over-temperature occurs.
PAR  When this happpens, the operation of NOR gates 156 through 160 provides for
      entering the instantaneous over-temperature digital word from converter 31
      and circuit 67, only in the event that such over-temperature exceeds the
      previously recorded over-temperature. Thus let's assume that stages 126
      and 127 have recorded a high logic over-temperature bit at a particular
      time slot within the shift register cycle. For the same time slot, stages
      128 through 130 carry a low or zero temperature bit indicating that at
      that particular time in the previous cycle, the over-temperature exceeded
      the threshold of network 42 but did not reach the thresholds of network 43
      and of the succeedingly higher networks 44 and 45. If the new temperature
      signal exceeds the thresholds of gates 43, 44 or 45 then it is recorded.
      Thus the new temperature data modifies the previously recorded data only
      to the extent that it exceeds the previous temperature levels for the
      corresponding time intervals. Accordingly, at the end of a flight, digital
      storage 62 and matrix 13 will have recorded and will display a
      superimposed "worse" case over-temperature profile composed of one or more
      over-temperature events. If desired, the number of such over-temperature
      events can be monitored in a manner described in another embodiment of the
      invention disclosed herein, so that the indicator may also record and
      display along with the composite temperature versus time histogram, the
      number of over-temperature events making up the composite display.
PAR  To insure the retention of the temperature versus time data in digital
      storage 62 in case electrical power in the aircraft is interrupted or
      completely lost, a self-contained memory battery circuit 201 may be
      provided. The usual or normal aircraft electrical power is provided from a
      source 202, shown here as a battery, and applied to the instrument through
      a power switch 203. Usually source 202 will be a power generator carried
      by the aircraft rather than a battery. When switch 203 is closed, power
      from source 202 is delivered to a power (PWR) terminal 204 which is
      distributed throughout the circuitry for operating certain of the
      components thereof. This power available at terminal 204 is used for the
      nonmemory components of the circuit.
PAR  The critical, memory components of the circuitry, which must be
      continuously supplied with operating power in order to retain the digital
      memory thereof, are supplied by a memory battery (BAT) terminal 206.
PAR  During normal operation when sufficient power is available from source 202
      for operating the circuitry, both power terminal 204 and memory battery
      terminal 206 are supplied from source 202 by a forward bias diode 207. The
      voltage output from source 202 is continuously monitored by a transistor
      circuit including transistor 208, diode 209, resistor 211 and a base input
      resistor 212 connected across a memory battery 213. Memory battery 213
      will supply the necessary operating power to insure memory retention of
      the digital storage circuitry, in the event of loss of power from source
      202.
PAR  During normal operation, power source 202 is isolated from memory battery
      213 by a reverse bias diode 214. Upon loss of power from source 202, diode
      214 becomes forward biased and memory battery 213 supplies power to
      terminal 206, while diode 207 becomes reverse biased so as to isolate the
      memory power circuit at terminal 206 from the remaining power cirucitry at
      terminal 204. A filter capacitor 216 smooths out any transients in the
      power source including any transients due to switching from source 202 to
      memory battery 213. It will be noted that the memory battery terminal 206
      is applied to and for operating the shift register stages 126 through 130,
      counter 87 of the time-based counter circuit 85, one-shot multivibrator
      device 103, the start multivibrator device 81 and column drive counter
      186. These components and associated circuits must continue to receive
      operating power in order to retain the digital temperature versus time
      information recorded from a prior over-temperature event. On the other
      hand, the source voltage for circuit 221 of the voltage divider for
      converter 31, and the source voltage for comparator networks 41 through
      45, the reset circuit including switch 176, and power for matrix 13 at
      terminal 222 may all be operated from the normal source 202 supplied by
      terminal 204. Loss of operation of these latter components will not cause
      loss of the memorized digital temperature and time data.
PAR  Circuit 201 also serves the important function of blocking further entry of
      digital temperature data after loss or diminishment of power source 202.
      Only so long as power source 202 remains at its expected level,
      analog-to-digital converter 31 accurately and validly converts this
      temperature signal into the proper digital word. It is undersirable to
      continue entering digital data into storage 62 after diminshment or loss
      of power at source 202, as such data may be invalid.
PAR  Accordingly, transistor 208 of circuit 201 continuously compares the power
      output from source 202 with the reference voltage available from memory
      battery 213 and applied to the base of the transistor through resistor
      212. If the voltage from source 202 drops below a predetermined level,
      battery 213 reverse biases transistor 208, the transistor turns off,
      causing the voltage across voltage 211 to go low. This low going logic
      condition is transferred through resistor 223 and inverter 224 to clock
      generator 71 and device 81 for terminating the operations thereof. More
      particularly, the output of inverter 224 is connected to an input 226 of a
      NAND gate 227 for disabling gate 74 of clock generator 71 when column
      counter 186 reaches its last counting state represented by output line
      228. Counter output line 228 is connected to the other input 229 of gate
      227 so that the disablement and termination of the operation of counter 71
      occurs at a designated state of counter 186, namely the last counting
      state thereof. This is so that the circuitry is not disabled during the
      middle of a sweep of matrix 13, a result which would cause an undesirable
      drain on memory battery 213 by reason of continuous energization of one or
      more of the light emitting display diodes.
PAR  The output of inverter 224 is also connected to a set input 231 of start
      multivibrator device 81 for disabling the operation thereof in response to
      an over-temperature sense signal applied at input 82. Thus, by disabling
      device 81, further entry of temperature data into the digital storage
      circuitry is precluded.
PAR  In order to retrieve the digital information after a shutdown caused by
      loss of power at source 202, it is merely necessary to restore power to
      terminal 204, or apply an external clock signal to an auxiliary clocking
      input 232 to cause cycling of shift register 66 and synchronous operation
      of column drive counter 186. The outputs from these respective circuits
      may be monitored by external means for recording the temperature and time
      data, or matrix 13 may be energized at terminal 222 and the data
      graphically displayed thereon while continuing to apply the external clock
      source to input 232.
PAR  FIG. 3 illustrates an alternative embodiment of the method and apparatus in
      accordance with the present invention, whereby a plurality of N
      over-temperature events may be sensed, recorded and visually displayed. In
      this figure, primed reference numerals designate corresponding unprimed
      components numbers of the electronic circuitry shown in FIG. 2 and
      described above. Thus, an analog signal representing the engine
      temperature is applied to an input 32', whereupon it is passed through an
      isolation amplifier 250 to an anlog-to-digital converter 31'. If the
      temperature signal applied to input 32' exhibits a plurality of
      over-temperature events, each successive event will be sensed, stored in
      digital storage 62' and visually displayed on light emitting diode matrix
      13'. Moreover the number and sequence of the successive events will be
      registered and recorded for later retrieval along with the associated
      temperature and time characteristics of each such event. Up to N such
      events can be recorded by the instruments circuitry.
PAR  In this particular embodiment, a separate threshold comparator 251 is
      connected to the analog temperature signal at the output of isolation
      amplifier 25, in lieu of using one of the comparators forming the
      analog-to-digital converter as in the case of the embodiment described
      above. Each time comparator 251 senses the commencement of an
      over-temperature event by reason of the engine temperature exceeding the
      over-temperature threshold, an output from comparator 251 is applied as a
      clock input to an event counter 252. Event counter 252 serves to register
      the number of successively over-temperature events for controlling the
      location of the temperature and time data associated with each such event.
      Clocking of counter 252 is achieved by applying the output of comparator
      251 to a counter input 253 as illustrated. An output 254 of counter 252 is
      applied to an event multiplexer circuit 256 serving as a means for
      controlling the storage of data in storage 62 and for synchronously
      operating LED matrix 13' therewith, and to an event decoder 257 and an
      event data buffer 258.
PAR  Event decoder 257 drives an event display 259 for visually indicating a
      symbol or number uniquely representing each over-temperature event.
      Display 159 may be mounted adjacent or within the instrument panel
      carrying LED matrix 13' for indicating the number of the event presently
      being displayed on the matrix.
PAR  Similarly an event data buffer 258 may be provided as shown and described
      for providing an external data retrieval point on the instrument enabling
      external recoding of the event data together with the associated
      temperature and time data available from buffers 261 and 262 respectively.
PAR  The output of threshold comparator 251 also is applied to a time-based
      synchronization circuit 263 which serves a function similar to start
      bistable multivibrator device 81 in the embodiment of FIG. 2.
      Synchronization circuit 263 serves to synchronize the operation of
      time-based circuit 85' with the column sweep signal determined by column
      counter 186' of column driver 64' and with an output from event
      multiplexer 256 via a gate 264. For this purpose a clock input 266 of
      time-based synchronization circuit 263 serves a similar function to clock
      input 83 of device 81 of FIG. 2, causing an enable signal from output 267
      the moment that input 266 is clocked by the coincidence of an output from
      column counter 186 and an output from event multiplexer 256, actuating
      gate 264. This clocking of synchronization circuit 263 following a prior
      enable signal at input 268 from threshold comparator 251 at the
      commencement of an over-temperature event, synchronizes the start of
      time-based counter circuit 85' at an enabling input 269 thereof in
      response to the aforementioned coincidence of an output from multiplexer
      256 and a particular sweep position of column counter 186'.
PAR  More particularly, time-based counter circuit 85' is clocked at an input
      271 by event multiplexer 256 which issues an output pulse once over Nth
      number of clock pulses received from generator 71'. Moreover the phase
      timing of the output of multiplexer 256 is varied in accordance with the
      particular one of the N possible events being recorded or displayed. This
      effectively synchronizes the time-based counter circuit 85' so as to cause
      the recording and retrieval of data from digital storage 62' in unique
      time slots, each slot associated with a particular one of the N events.
      For this purpose, the output of clock generator 71' in addition to
      clocking the shift registers of digital storage 62' directly, over line
      131', is connected to an event time slot binary counter 272 having the
      output states thereof connected to a one out of N decoder 273. Event
      multiplexer 256 serves to electronically communicate or connect an output
      274 therefrom to one of the N outputs from decoder 273, as determined by
      the instantaneous state of event counter 252. In other words, output 274
      will issue an output pulse every Nth clock pulse from generator 71', with
      event multiplexer 256 determining the phase of such pulse at output 274 as
      a function of the particular event currently registered by counter 252.
PAR  As an example of this operation, assume that the system is capable of
      recording 8 events such that N = 8. Thus, event time slot counter 272
      divides the clock signal from generator 71' by 8. One out of N decoder 273
      will have 8 output lines as indicated at 276. Event multiplexer 256 will
      connect output 274 therefrom to each of such 8 output lines at 276, in
      succession, and in sequence to the accummulation of 8 events as registered
      by event counter 252. Thus, for event No. 1 counter 252 will assume its
      first counting state, and will cause event multiplexer 256 to connect
      output 274 to the No. 1 output line from decoder 273. On the first pulse
      from generator 271 output line No. 1 from decoder 273 will be energized.
      This will apply a clock pulse to clock input 271 of time-based counter
      circuit 85'. After 8 more such clock pulses from generator 71', line No. 1
      will again be energized, sending another clock pulse to time-based counter
      87'. This operation proceeds in a manner described more fully hereinafter
      to record and display the temperature and time data associated with the
      first or No. 1 event.
PAR  Now assume that event counter 252 has detected a second over-temperature
      event and has advanced to its second state. This will cause multiplexer
      256 to select the second or No. 2 output line from decoder 273. Clock
      generator 71 then issues another sucession of 8 pulses. This time, the
      output 274 will be energized on the second pulse of this sequence, rather
      than on the first pulse as in the case of the first or No. 1 event. Thus
      the second event is recorded in digital storage 62' and displayed on
      matrix 13'. Similarly the third, fourth, fifth, sixth, seventh and eighth
      events cause event multiplexer 256 to change the timing or phase of the
      output 274 in accordance with the 8 or N outputs of decoder 273.
PAR  Referring now to time-based counter circuit 85', it receives the succession
      of output pulses from multiplexer 256 and divides these pulses by a factor
      of 8n + 1 as in the case of counter 87 of FIG. 2.
PAR  At the end of the 8n + 1 pulses marked off by the time-based counter
      circuit 85', an output 277 thereof switches state and triggers one-shot
      multivibrator 103' to cause entry of the digital temperature word
      available on converter 31' into digital storage 62'. Each time output 277
      triggers multivibrator device 103', the circuit is reset in accordance
      with the above-described operation of time-based counter 87 of FIG. 2.
      Moreover, the succeeding counting cycle of the circuit advances the
      time-based slot by the amount of one additional clock pulse from output
      274 of multiplexer 256, thus shifting the storage location within digital
      storage 262'  to a new and unique position for receiving the new
      temperature data.
PAR  In order to terminate the operation of time-based counter circuit 85' after
      the time span of matrix 13' has been exceeded, a sweep termination counter
      278 is provided. Sweep termination counter 278 has an input 279 responsive
      to the succession of data entry pulse outputs from the time-based counter
      circuit. After accumulating a predetermined number of such output pulses,
      counter 278 issues a disabling signal at outpupt 281 which is applied to a
      disable input 282 of the time-based counter circuit 85' for disabling
      further operation thereof in response to clock pulses received at input
      271.
PAR  In this particular embodiment, matrix 13' has a 7 column time span
      corresponding to zero to six seconds as indicated above. Accordingly,
      counter 278 may be a divide-by-eight counter, issuing the disable signal
      at output 281 after 8 successive data entry pulses received from output
      277. Further temperature data occurring during the same over-temperature
      event is not recorded, and the time-based counter circuit will remain
      disabled until a new over-temperature condition has been sensed by
      comparator 251. As indicated above, sufficient temperature information can
      be obtained during the first 6 seconds of the over-temperature incident,
      and further recording and display of the same event for more than 6
      seconds is usually unwarranted. It will be apparent however, that the
      system can be adapted to expand the memory of storage 62' and its
      associated circuitry, and provide commensurate expansion of the time-base
      of LED matrix 13'.
PAR  The one out of N clock pulses developed at output 274 from multiplexer 256
      are also fed over a connecting line 283 for enabling or strobing gated
      column drivers 284. Drivers 284 must be strobed at the occurrence of the
      one out of N pulses developed by multiplexer 256 in order to display only
      that temperature data available from storage 62' and row driver 63'
      associated with the particular over-temperature event being recorded or
      retrieved. Thus, column counter 186' enables the appropriate columns of
      diode matrix 13', while gated column drivers 284 in response to the strobe
      pulses over line 283, cause the appropriate diode columns to be energized
      at time associated with the particular over-temperature event being
      recorded or retrieved from storage 62'.
PAR  In this manner the circuitry of FIG. 3 functions to continuously cycle
      digital storage 62', and selectively position the temperature data from
      converter 31' at unique time slots within the shift register as a function
      of the time-based counter and event multiplexer. At the end of an aircraft
      flight or series of flights, data from digital storage 62' may be
      retrieved in the following manner.
PAR  For manual retrieval, a manual incrementing switch 286 is provided for
      manually stepping event counter 252 to cause successive positioning of
      event multiplexer 256 and selective interrogation of digital storage 62'.
      This causes time-based counter circuit 85' to be properly phased for
      retrieving the temperature data associated with each of the available
      events within counter 252. If desired, this data for each event may be
      passed directly to external recording equipment through the aforementioned
      temperature data buffer 261, time data buffer 262 and event data buffer
      258.
PAR  Alternatively, an external incrementing control may be used by applying an
      external incrementing signal to input 287 of counter 252 for automatically
      stepping the counter through each of the previously recorded
      over-temperature events.
PAR  If the number of over-temperature events exceeds N, in other words
      exceeding the memory capability of the circuit, event counter 252
      overflows on an output line 288 which is connected to and for disabling
      time-based synchronization circuit 263, preventing circuit 263 from
      further responding to a further over-temperature event as sensed by
      threshold comparator 251.
PAR  Accordingly in summary, the circuit of FIG. 3 functions to sense, digitally
      record and display each of a succession of over-temperature events in the
      following manner. Assuming that the circuitry is all reset and clock
      generator 71' is running, an over-temperature at input 32' trips threshold
      comparator 251 and sets event counter 252 to its first counting state.
      This in turn causes event multiplexer 256 to select decode line No. 1 from
      decoder 273 and concurrently time-based synchronization circuit 263
      enables time-based counter circuit 85' as soon as column counter 186'
      overflows at output 291. This synchronizes the time-based counter circuit
      with the column sweep. After 8Nn + 1 clock pulses later, time-based
      counter circuit 85' at output 277 triggers one-shot multivibrator 103' and
      the temperature data available at converter 31' at that time is entered
      into digital storage 62'.
PAR  This data is recirculated in the shift register in synchronism with the
      event time slot counter 272 and the column counter 186'. Thus temperature
      data will be present at the shift register output 292 at the same time
      that column counter 186' selects matrix column 1 and event time slot
      counter 272 advances the stage of column counter 186' and event
      multiplexer 256 strobes gated column drivers 284 over line 283. The first
      column of LED matrix 13' and of the temperature histogram will thus be
      diplayed.
PAR  Because of the clock pulse phasing operation of the time-based counter
      circuit 85', the shift register of digital storage 62' will permit entry
      of the next temperature word in synchronism with the enabling of column 2
      by column counter 186'. In this manner the temperature data levels are
      stored and displayed until the sweep termination counter 278 overflows and
      disables the time-based counter circuit.
PAR  Should a second over-temperature occur, this will be detected by comparator
      251, advancing event counter 252 to the second state. Up to N events can
      thus be recorded, after which, event counter 252 overflows at output 258
      inhibiting the time-based synchronization circuit 263 from further
      enabling the time-based counter circuit.
PAR  This operation organizes the temperature data in the shift registers of
      storage 62' in the form of N byte words for each matrix display column.
      Each byte contains the temperature data for one of the N events recorded.
PAR  As in the case of the previous embodiment, a power source monitoring
      circuit 201' may be provided for detecting a loss of the normal power
      source and enabling a memory battery 213' to continue to supply voltage to
      and for maintaining the memory function of the various digital logic and
      storage circuits.
PAR  While only a limited number of embodiments of the present invention have
      been disclosed herein, it will be readily apparent to persons skilled in
      the art that numerous changes and modifications may be made thereto
      without departing from the spirit of the invention. For example, the
      embodiments of FIG. 2 and 3 of the present invention may be modified to
      provide for recording of data from over-temperature events occurring in
      more than one aircraft engine. In such case, the over-temperature levels
      from the plurality of engines may be multiplexed and stored in a manner
      similar to the storage of temperature data from a single engine, as
      described more fully above. Also, the instrument circuitry may be modified
      to include additional logic functions for a stall condition, hot start,
      hung start and other special engine conditions.
PAR  Accordingly, the foregoing disclosure and description thereof are for
      illustrative purposes only and do not in any way limit the invention which
      is defined only by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for receiving an electrical signal representing a temperature
      condition of a jet engine and sensing, storing, and displaying an
      over-temperature event incurred by such engine, comprising:
PA1  an analog to digital converter means adapted to receive said electrical
      temperature signal and convert it to a digital temperature signal;
PA1  over-temperature sensing means responsive to said temperature signal and
      having an electrical output indicating that said engine has commenced an
      over-temperature event;
PA1  digital storage means;
PA1  electrically energized, light emitting, solid state matrix display means;
      and
PA1  time base generator means connected and responsive to said electrical
      output of said over-temperature sensing means and connected to and for
      conditioning said storage means to store said temperature signal at each
      of a plurality of time intervals in response to said over-temperature
      sensing means indicating the commencement of said over-temperature event,
      and said display means connected to said storage means and to said time
      base generator means for graphically displaying said stored temperature
      signals as a function of time.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein said display means
      comprises:
PA1  a light emitting diode matrix including a plurality of rows and columns of
      diodes being selectively energized by said storage means and said time
      base generator means to graphically represent said temperature signals as
      a function of time, and said digital storage means including means for
      energizing all said diodes representing a temperature signal equal to and
      less than said stored temperature signal for each said time interval,
      whereby said diode matrix presents a histogram graph of said
      over-temperaature as a function of time.
NUM  3.
PAR  3. The apparatus of claim 1, wherein said analog to digital converter means
      includes parallel multiple bit outputs; and said digital storage means
      includes a plurality of parallel recirculating shift register stages, one
      for each said bit output; and said time base generator means includes a
      clock generator connected to and for continuously clocking said plurality
      of shift register stages with a succession of clock pulses, whereby said
      digital temperature signal is fed as a multiple bit digital signal to and
      for storage in said plurality of shift register stages.
NUM  4.
PAR  4. The apparatus of claim 3, wherein said display means comprises a
      plurality of light emitting diodes arranged in multiple rows and columns
      defining temperature and time axes of a matrix; said diodes being
      connected for selective electrical energization along said temperature
      axis by said shift register stages; and an electrical driver having an
      input connected to said time base generator means and having a plurality
      of outputs connected to and for selective electrical energization of said
      diodes along said time axis at said time intervals.
NUM  5.
PAR  5. The apparatus of claim 3, said digital storage means further including
      data entry control gate means connected between said converter means
      outputs and said shift register stages; and said time base generator means
      further including a time base counter circuit means connected to said
      clock generator and to said data entry control gate means for conditioning
      said gate means to enter said digital temperature signal from said
      converter means into said shift register stages upon counting a
      predetermined number of said clock pulses plus one additional said clock
      pulse; whereby said time base counter circuit means serves to shift said
      register stages by said predetermined number plus one state each time a
      new digital temperature signal is stored in said recirculating shift
      register stages to provide a unique storage location in said digital
      storage means for a succession of said digital temperature signals.
NUM  6.
PAR  6. The apparatus of claim 1, further comprising:
PA1  power loss sensing circuit means adapted to be connected to a source of
      electrical power for said apparatus; and
PA1  memory battery circuit means including an emergency battery said memory
      circuit means connected and responsive to said power loss sensing circuit
      means for connecting said emergency battery to at least said digital
      storage means for sustaining operation thereof after loss of said source
      of power for retaining all temperature signal data stored therein.
NUM  7.
PAR  7. The apparatus as defined in claim 1, wherein said digital storage means
      and said time base generator means include additional means for
      registering each of a plurality of N over-temperature events and storing
      the temperature signals as a function of time in said digital storage
      means for each such over-temperature event.
NUM  8.
PAR  8. The apparatus as defined in claim 1, wherein said digital storage means
      includes means for storing digital temperature signals at each said time
      interval for a plurality of successive N over-temperature events and means
      for counting each such N event; and said time base generator means further
      including event multiplexer means responsive to said means for counting
      each said N event for conditioning said digital storage means to store
      each said digital temperature signal at each of said plurality of time
      intervals for each said plurality of events N, whereby a plurality of
      over-temperature events are successively graphically displayed on said
      solid state matrix display means and recorded in said digital storage
      means.
NUM  9.
PAR  9. The apparatus as set forth in claim 8, further comprising:
PA1  event display means connected and responsive to said means for counting
      said events for displaying a symbol uniquely representing each said
      plurality of N events.
NUM  10.
PAR  10. An instrument adapted to be mounted on the instrument panel of a jet
      engine aircraft for receiving an electrical signal representing a
      temperature condition of one or more of the aircraft jet engines and, in
      response thereto, sensing, storing, and displaying an over-temperature
      event incurred by such jet engine, comprising:
PA1  means for receiving said electrical signal and for sensing an
      over-temperature represented thereby indicating that said engine has
      commenced an over-temperature event;
PA1  means for digitally storing the condition of said electrical signal at each
      of a plurality of time intervals subsequent to said means sensing said
      over-temperature conditon; and
PA1  solid state matrix display means connected to said means for digitally
      storing said electrical signal for graphically displaying the temperature
      of said jet engine as represented by said electrical signal as a function
      of time represented by said time intervals.
NUM  11.
PAR  11. Method for sensing, storing, and displaying an over-temperature event
      incurred by an aircraft jet engine, comprising the steps of:
PA1  sensing an over-temperature condition of said jet engine by detecting a
      threshold level of an electrical signal representing the engine
      temperature;
PA1  storing said jet engine temperature as a digital signal at each of a
      plurality of time intervals following said step of sensing said
      over-temperature condition; and
PA1  graphically displaying said engine temperature as a function of said time
      intervals on a light emitting diode matrix display by selectively
      energizing the diodes of said display in accordance with the digitally
      stored temperature signal at each of said plurality of time intervals.
NUM  12.
PAR  12. The method as set forth in claim 11, wherein said step of graphically
      displaying said engine temperature is further defined by selectively
      energizing all those diodes lying within a jet engine temperature versus
      time profile, so as to present a temperature versus time histogram display
      of said jet engine over-temperature event.
NUM  13.
PAR  13. The method set forth in claim 11, further comprising the steps of:
PA1  detecting a plurality of successive, N over-temperature events of said jet
      engine and visually displaying a unique symbol for each such
      over-temperature event; and
PA1  said step of digitally storing said jet engine temperature including the
      substep of digitally storing said jet engine temperature at each of a
      plurality of time intervals for each one of said plurality of events N;
      and
PA1  said step of graphically displaying said over-temperature event including
      the substep of graphically displaying the over-temperature as a function
      of time for each one of said plurality of N over-temperature events in
      succession on said light emitting diode matrix display.
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PAL  Apparatus for generating graphic symbols on a cathode-ray tube employs a
      beam control system which starts each of a plurality of parallel strokes
      required for each symbol at the bottom, using a programmed offset for
      symbols which extend below a baseline, and to otherwise move a symbol in
      the X and Y axes from a position routinely specified as spaced symbols are
      displayed in a line. The slope of the strokes for a symbol is controlled
      for italicizing the symbols by programming the relative magnitudes and
      signs of inputs to X and Y integrators which generate ramp signals added
      to symbol positioning signals. The beam is turned on and off during each
      stroke in response to a programmed and clocked bit stream of coded digital
      signals. The size of a symbol is controlled by programming the clock rate
      for the beam on-off control and the magnitudes of the inputs to the X and
      Y integrators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to graphic symbol generators, and more particularly
      to improvements in the generation of high-quality graphic symbols such as
      letters, numerals, punctuation marks and the like, commonly used for
      composing lines of information for display, or recording on film, under
      control of a programmed data processing system.
PAR  The current practice in generating graphic symbols with a cathode-ray tube
      (CRT) for display, or recording on film, is to position the electron beam
      at a starting point for the symbol and deflecting the beam through a
      sequence of parallel strokes covering the area of the symbol while
      modulating the beam intensity, i.e., while turning the beam on and off.
      The data for the control of beam intensity is stored in the memory of the
      data processor as a bit stream of packed fields that are read out serially
      and unpacked as a sequence of strokes are generated in a predetermined
      pattern. A system disclosed in U.S. Pat. No. 3,305,841 is representative
      of this current practice.
PAR  To minimize the number of bits required to generate a symbol, i.e., to
      provide deflection and intensity control, various data compression
      techniques may be employed. For example, all strokes may be uniformly
      spaced so that to progress from one stroke to the next, the deflection
      control system can be automatically incremented a predetermined or
      preprogrammed amount in a direction normal to the strokes (along the X
      axis assuming an upright symbol on a horizontal line). To actually
      generate the symbol, it is then simply a matter of programming the
      intensity control in terms of turn-on and turn-off points for the beam in
      each stroke.
PAR  The control data can be further compressed by specifying the turn-on and
      turn-off points of only the first stroke relative to a fixed baseline,
      e.g., by specifying the points in terms of units of stroke length from a
      baseline. The turn-on and turn-off points of each successive stroke are
      then specified in terms of changes or "deltas" in the respective turn-on
      and turn-off points, i.e., by specifying the points in each stroke
      relative to corresponding points in the preceding stroke. In the case of a
      stroke having a discontinuity with the preceding stroke, such as for
      generating the dot over the letter i, the first stroke of the dot would be
      treated in the program the same as the first stroke of the symbol to
      specify the turn-on and turn-off points with reference to the baseline.
      The points in subsequent strokes are then specified only as changes as
      before until the end of the symbol is reached. The end is signified by a
      programmed code in the stream of codes used to specify the changes. An
      example of this data compression technique may be found in U.S. Pat. No.
      3,471,848.
PAR  A system utilizing a symbol generator for display, or film recording, of
      text may be organized in the following manner. The text is first
      keyboarded into a data processing system. The keyboarded data are
      continuously stored in a bulk memory, such as a magnetic disc or tape. A
      central processing unit then accepts and buffers the data from the bulk
      memory for processing through to the face of a CRT for display. A camera
      system photographs the face of the CRT if a film record is desired. The
      film can later be used to produce plates for offset printing of copies.
      The CRT system is provided with a programmable control of typically 16,000
      by 16,000 points, and can be driven to produce 5,000 or more symbols per
      second, each being accurately positioned and uniquely drawn to a specified
      font.
PAR  The central processing unit is a programmed digital computer provided with
      a repertoire of symbol control codes that may be called out of a core
      memory storage. Typically, a standard set of symbols will be stored for
      each of the fonts required by the stored program. Because each symbol for
      each font requires a separate packed stream of control codes to be stored,
      the need for compression of the control data can be readily appreciated.
      To provide greater flexibility in the composition of the text and the
      format used, without having a provide additional sets of symbols, it is
      desirable to be able to vary the size of any symbol called out.
PAR  A common technique for varying size consists of counting units of stroke
      length at a programmed clock rate while a stroke generator produces the
      strokes at a standard rate. Changing the clock rate then changes the
      height of the symbol. The width of the character is changed
      proportionately by changing the predetermined stroke spacing and varying
      the beam diameter by adjusting the CRT focus through an 8-bit register
      loaded by the stored program of the data processing system. In that manner
      the size of the symbol may be changed without distortion.
PAR  The degree to which size may be varied by changing the clock rate is a
      function of the degree of clock rate control available. For example, if
      the clock rate is halved the size is doubled. If halved again, the size is
      further increased by a factor of two. To be able to control the size to a
      virtually infinite degree from some maximum to some minimum, without a
      rather elaborate and complex control for the clock rate, imposes a
      problem. The capability of providing italicized symbols in all sizes
      without further complicating the control system in general and the size
      control in particular, imposes still another problem.
PAR  Yet another problem is providing a baseline for the symbols to be produced.
      Since a certain space bounded between two parallel lines will define a
      line of text, it would be appropriate to use one of the two lines as the
      baseline. Prior art systems have elected the upper line since some
      symbols, notably some lower case letters, extend below the line. With the
      baseline at the top, every stroke can be referenced to the baseline
      without any difficulty, and simply continued down below the lower line as
      far as necessary to complete the symbol. A disadvantage of that solution
      is that most lower case letters do not extend to the upper line so that in
      most cases, each stroke must traverse the empty space above the symbol
      before the beam is turned on. Once the beam is turned off for the last
      time in a given stroke, that stroke can be terminated, but for most
      strokes, the beam will have been deflected from the upper line, the
      baseline, to the lower line. It would be better to start the strokes at
      the lower line and thus be able to terminate a majority of the strokes
      once the beam has been turned off for the last time well before the beam
      has been deflected the full space between the lower and upper lines. The
      time saved in each line of composition would be significant, but the
      problem then is to accommodate symbols that extend below the lower line if
      that lower line is to be used as the baseline.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide improved size control for the
      generation of symbols.
PAR  Another object is to provide a slant control for italicized symbols.
PAR  Yet another object is to provide an easily programmed means for rotating a
      symbol.
PAR  Still another object is to provide a baseline reference at the bottom for
      every symbol of a line of composition with an accommodation for symbols
      which extend below the line of composition.
PAR  These and other objects of the invention are achieved in a symbol generator
      of the type described using two digitally controlled analog integrators,
      one for each of two orthogonal (X and Y) axes of a cathode-ray tube (CRT)
      display to generate strokes. The inputs to the integrators are from
      separate digital-to-analog converters connected to separate holding
      registers. The rates and polarities of change in the outputs of the
      integrators are directly and separately controlled by digitally coded
      numbers loaded into the holding registers by a stored program in a data
      processing system. The combined X and Y deflection rates cooperate to
      generate strokes for upright symbols (when one of the rates is zero), and
      to generate strokes for italicized symbols and rotated symbols, as
      required by the stored program. The ratio of one number to the other is
      the tangent of the slant required for the strokes of the symbol. The
      magnitudes of the numbers may be changed for a symbol under programmed
      control when the symbol size is to be changed. Size of the symbols can be
      further controlled by programming the clock rate at which units of stroke
      length are counted out for the purpose of turning the beam on and off at
      the right times. Assuming 2.sup.N different clock rates can be programmed,
      the repertoire of symbols can be specified with any one of 2.sup.N sizes
      with clock control alone. Now adding the programmable holding registers
      with a capacity for binary numbers of 2.sup.M digits, excluding sign,
      provides 2.sup.N.sup.+M different symbol sizes that can be specified for
      each symbol. Symbol and stroke spacing are controlled by updating main
      digital-to-analog converters at the beginning and end of a symbol, and at
      the beginning of each stroke. These main digital-to-analog converters
      provide static beam deflection voltages during a stroke. Those voltages
      are added to the outputs of the integrators. Each stroke is commenced at a
      baseline at the bottom of a line of symbols. For symbols which extend
      below the baseline, a baseline offset is programmed and entered in the
      main digital-to-analog converters. Offset along the axis orthogonal to the
      baseline may also be programmed, along with baseline offset, for
      italicized symbols.
PAR  The novel features that are considered characteristic of this invention are
      set forth with particularity in the appended claims. The invention will
      best be understood from the following description when read in connection
      with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of a system embodying the present invention.
PAR  FIG. 2 is a block diagram of a stroke generator provided in the system of
      FIG. 1 in accordance with the present invention.
PAR  FIG. 3 shows an italicized symbol having an X and Y offset for illustration
      of important features of the present invention.
PAR  FIG. 4 shows the intensity control coding required for the generation of
      the symbol of FIG. 3 and the preliminary axis offset desired for the
      symbol.
PAR  FIG. 5 is a block diagram of a video control unit which responds to the
      intensity control coding of FIG. 4 to display the symbol of FIG. 3 on the
      face of a CRT in the system of FIG. 1.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The block diagram of FIG. 1 indicates generally the flow of information
      from a data processing system 10 to a cathode-ray tube (CRT) 11 for
      display of a selected symbol using a selected starting point at X and Y
      coordinates set by applying analog signals X.sub.P and Y.sub.P to
      conventional X and Y deflection circuits 12 and 13.
PAR  The data processing system has heretofore been commercially available from
      Information International, Inc., in a system model FR-80, a computer
      output microfilm recorder. It comprises a central processing unit 14, a
      memory 15, and a data multiplexer 16 for transferring out of memory data
      to be displayed. The memory 15 is a single randomaccess core memory for
      storing 18-bit words used by the central processing unit for both data
      processing and data display. The memory 15 could also be two memories, one
      for data processing and one for data display through the data multiplexer
      16 under control of the central processing unit. In either case, the
      central processing unit is programmed to control the display of a given
      symbol by calling out of memory of a unique coded sequence of descriptors
      that are economically packed into a serial data stream.
PAR  Techniques for the reduction of the number of decriptors, and the number of
      bits for each descriptor, not only alleviates the memory cycle demands of
      the system, but also frees more memory space for other programming.
      However, it is to be understood that the present invention relates only to
      beam deflection control and not to beam intensity control of the CRT,
      i.e., the invention relates to only the X and Y deflection channels of the
      CRT, and not the intensity channel. The programmed descriptors for
      generating a given symbol turn the beam on and off at appropriate times
      during successive parallel strokes, and terminate each stroke after the
      beam is turned off for the last time. In that manner, a symbol is drawn on
      the face of the CRT by a series of parallel spaced strokes under
      programmed control. All that is required is for the central processing
      unit to call out the symbol to be displayed once the starting point and
      size is specified, together with any slope required. Any axis offset
      required is included in the description programmed for the symbol
      generation.
PAR  The data multiplexer is activated by the central processing unit for
      reading out of memory the proper sequence of descriptors for the
      generation of the symbol called for. The data multiplexer then controls
      the reading out of the descriptors from successive memory locations with a
      minimum of interruption of the central processing unit until the full
      symbol has been displayed.
PAR  A point plotting control unit 17 receives from the central processing unit
      (CPU) the X and Y coordinates of a starting point for a symbol to be
      displayed. The control unit 17 enters the starting point data in
      respective static registers 18 and 19. Note that in displaying a line of
      symbols (letters, numerals, punctuation, etc.), such as a line of text
      from a page, only the starting point for the first symbol is specified by
      the CPU through the control unit 17. The starting point for each
      subsequent symbol is developed in the appropriate one of the X and Y
      registers by simply adding a programmed symbol spacing. As each stroke of
      a symbol is completed, the contents of the appropriate one of the X and Y
      registers are automatically incremented by a stroke spacing amount
      programmed for the line of data to be displayed.
PAR  The symbol spacing and stroke spacing amounts are usually specified by the
      stored program of the CPU for the entire line of data to be displayed,
      although the display of a line could be terminated or otherwise
      interrupted by the program after the conclusion of any particular symbol
      to introduce a new symbol spacing and/or stroke spacing, by simply
      substituting new spacing quantities in the control unit 17. The stroke
      spacing quantities are stored in static registers 18a and 19a within the
      control unit 17, and are added or subtracted, according to the programmed
      symbol orientation, to the appropriate one of the X and Y registers
      through adder-subtractors 20 and 21 at the end of each symbol stroke. The
      symbol spacing quantities are stored in static registers 18b and 19b
      within the control unit 17, and are added or subtracted according to the
      programmed display line orientation. For horizontal line display, the
      vertical symbol and stroke spacing requirements are, of course, zero so
      that only the contents of the X-register are incremented by the symbol and
      stroke spacing quantities at the appropriate times under the respective
      control of a symbol control unit 22 and a video control unit 23. Thus,
      when the last stroke has been completed and the offsets have been
      restored, the symbol spacing is added to the contents of the X-register to
      define the starting point of the next symbol. X and Y offset values from
      bit streams unpacked by the control unit 22 and stored in static registers
      18c and 19c, respectively, within the control unit 17. The process is
      repeated until the end of the line is reached. The starting point for the
      next line is then entered into the X and Y registers 18 and 19.
PAR  For simplicity it is assumed that only horizontal or vertical lines of
      symbols will be displayed. For horizontal lines only the X-register is
      incremented in the process of displaying one line of data, as just noted.
      For vertical lines, only the Y-register is incremented in the process of
      displaying a line of data. Display along a line at an angle less than
      .+-.90.degree. from the horizontal could also be provided. In that case,
      the data processing system would resolve the symbol and stroke spacing
      quantities into the appropriate X and Y components, and both of the X and
      Y registers 18 and 19 would be updated. To properly orient the symbol on
      this sloping line, the spaced parallel strokes of the symbol would be
      rotated through the appropriate angle by control of the signs and
      quantities of programmed stroke generating control values which will now
      be described.
PAR  Main digital-to-analog converters 24 and 25 convert the digital coordinates
      stored in the respective X and Y registers to the analog deflection
      control signals X.sub.p and Y.sub.p. Each deflection circuit includes at
      its input a summing amplifier to add symbol stroke signals X.sub.s and
      Y.sub.s generated by a stroke generator 26. The stroke signal X.sub.s is
      normally zero for all symbols displayed upright on a horizontal line while
      the stroke signal Y.sub.s increases from zero at a programmed rate until
      the end of the stroke is detected by the video control 23. That programmed
      rate provides direct control over the symbol height because, as will
      become more apparent from the following discussion, a full stroke is timed
      for a predetermined maximum number of clock pulse periods. If that timing
      remains constant, a higher rate for the stroke signal Y.sub.s will produce
      a longer stroke.
PAR  It has been the practice to control the symbol height by simply programming
      the clock pulse rate. That type of size control is retained in this
      system, but since that is independent of the programmed stroke rate, the
      result of using both types of size control is a greater degree of control
      of size for a single preprogrammed symbol. Assuming there are 2.sup.6
      different sizes that may be programmed by control of the clock pulse rate,
      and 2.sup.9 different stroke rates that can be programmed, then there are
      2.sup.15 different symbol sizes that can be displayed from a single bit
      stream of packed binary coded fields. Assuming that the analog integrators
      saturate at approximately 1/16 of full screen and that there are only
      16,000 discernable points over the entire screen, then the 2.sup.15
      different sizes are restricted to an area of approximately 1000
      discernable points. From this it can be seen that exceptionally small
      changes can be made, i.e., that exceptionally fine size control can be
      achieved.
PAR  Implementation of the stroke generator 26 is shown in FIG. 2. It is
      comprised of two integrators 31 and 32 for the respective X and Y
      deflection axes. The stroke signal rates are set by programmed loading of
      X and Y holding registers 33 and 34. This is done directly by computer
      control, and not via the symbol generator control unit 22, which unpacks
      the bit stream of packed fields, because symbol size is generally
      specified for an entire line or page of data to be displayed. Once loaded,
      the holding registers continue to store the stroke rate data (9 bits plus
      a sign bit). When a stroke is started under control of the symbol
      generator control unit, the contents of the X and Y holding registers are
      loaded into X and Y digital-to-analog converters 35 and 36 to produce
      analog voltages proportional to the numbers loaded. The analog voltages in
      turn drive the integrators 31 and 32. The greater the voltage driving an
      integrator, the greater the rate of change in the stroke signal, and the
      greater that rate of change, the greater the height of the symbol. To
      increase the width of a symbol in proportion to the programmed increase in
      height, the programmed spacing between strokes is increased
      proportionately. As spacing between strokes is increased, the CRT beam
      diameter is increased proportionally by defocusing the CRT. That is done
      by loading a focus control register 37 in FIG. 1 with an 8-bit focus
      control value. The programmed stroke spacing and focus control must also
      take into account the programmed clock rate for the video control since
      that also controls size, as noted hereinbefore.
PAR  Symbols will most often be displayed upright on a horizontal line so as to
      require only vertical strokes. This requires the X digital-to-analog
      converter (DAC) 35 to be set to zero. When the symbol is italicized, but
      otherwise oriented in the usual way with repsect to the horizontal line,
      both holding registers 33 and 34 contain positive numbers whose ratio is
      the tangent of the required stroke angle. The number in the X holding
      register is usually quite small to produce a normal italicized symbol with
      an inclination of about 17.degree. as shown for the lower case letter i in
      FIG. 3. To rotate a symbol, the signs and quantities stored in the holding
      registers are manipulated to provide not only the desired rates but also
      polarities of the signals X.sub.s Y.sub.s. The X and Y DACs comprise X and
      Y DAC registers 38 and 39, respectively, the outputs of which are coupled
      to summing amplifiers 40a and 40b through R-2R voltage ladder networks to
      convert the binary numbers in the DAC registers to proportional voltages.
      The most significant bit (MSB) is the sign bit, and is a bit 1 for a
      positive number and a bit 0 for a negative number. The sign bits determine
      the polarities of the inputs to the integrators, and the remaining bits
      control the amplitudes. Thus, by programming the signs of the numbers
      stored in the holding registers, and by programming magnitudes of the
      numbers, the strokes produced can be rotated through any angle with
      respect to the vertical.
PAR  To enhance the italicized nature of a symbol, it is often the practice to
      offset the baseline of the symbol, i.e., to commence the symbol slightly
      below the line of data in which it appears. It is also sometimes desirable
      to offset the symbol slightly in a direction parallel to the line of data.
      To provide this offset, or any other desired offset, such as to display a
      subscript numeral or to commence a symbol below the line of data as in the
      case of many lower case letters, offset values are stored in respective X
      and Y offset fields in the stored streams of binary digits which control
      the beam intensity. These X and Y offset fields are read out first and
      stored in respective X and Y offset registers 18c and 19c of the control
      unit 17. These offset values could be specified and entered in these
      static registers, but since the amount of offset required is a function of
      size, it is preferred to precompute and store them in the memory 17 for
      all symbols of a set to be used.
PAR  As just noted, baseline offset is also used for any symbol having any part
      which extends below the line, such as the lower case letters y and g. This
      is for the reason that all symbols are generated using parallel strokes
      starting at the bottom. For most symbols the lower boundary line of the
      space for a line of data is used as the baseline. Since the majority of
      the lower case letters do not extend to the upper boundary line, each
      stroke used to generate the symbol can be terminated once the beam has
      been turned off for the last time, thereby conserving a significant amount
      of time in displaying a line of data. This has only the slight
      disadvantage of requiring a baseline offset for the symbols which extend
      below the baseline, but the time saved far outweighs the disadvantage
      since the offset can be easily contained in the packed bit streams stored
      in memory for the different symbols of the different fonts, and requires
      no additional hardware once the capability for axes offset is provided for
      italicized symbols.
PAR  FIG. 3 illustrates an italicized lower case i to be generated by using
      upward strokes or vectors at an angle of 17.degree. from the vertical.
      Forty-seven strokes are required starting on the left. The slope of
      17.degree. is programmed by storing numbers x and y (whose ratio x:y is
      the tangent of the stroke angle) in the respective X and Y holding
      registers 33 and 34 in the stroke generator 26. This is done by the data
      processing system under an italics mode command which remains in effect
      until terminated by another command that changes the contents of the X and
      Y holding registers, usually after a number of symbols have been
      generated.
PAR  At the time the symbol is to be generated, the X and Y registers 18 and 19
      are set for the point X.sub.p, Y.sub.p shown in FIG. 3, but since the
      symbol is an italicized font, the symbol is to extend below the baseline
      six units of stroke length, where each unit is metered by a clock pulse in
      a programmed clock pulse generator of the video control 23. To introduce
      that baseline offset, a Y axis offset of six units is subtracted from the
      contents of the Y register 19 via the adder/subtracter 21 by the symbol
      generator control unit 22. The inputs to the adder/subtracter are selected
      at input gates thereof under control of the symbol generator control unit
      22, as is the operation of subtraction or addition.
PAR  Slanting the symbol to the right and offsetting the baseline only would
      have the effect of shifting the symbol to the right, in this case a shift
      of two units along the X axis. To eliminate that virtual shift, the Y axis
      (now sloping 17.degree. from the vertical) is offset by introducing an X
      axis offset of two units. That is done by subtracting from the contents of
      the X register 18 via the adder/subtracter 20 an X axis offset of 2 units
      under the control of the symbol generator control unit 22. If only
      baseline offset were involved, as for symbols of unitalicized fonts, the X
      axis offset would be zero. Otherwise, the axis offset preparation is the
      same for the symbol to be generated next under programmed control via the
      symbol generator control unit. Once the last stroke of the symbol has been
      completed any X or Y offset is restored by the reverse of the operation
      used to introduce the offset at the beginning before the first stroke was
      started.
PAR  Since the symbol illustrated in FIG. 3 involves offsetting both axes as
      well as sloping the strokes, it serves to illustrate several important
      features of the present invention, including size control through the
      programmed loading of the X and Y holding registers. In the case of
      nonitalicized symbols, the X holding register 33 is set to zero and only
      the Y holding register 34 is loaded to provide size control by control of
      stroke rate.
PAR  Programming video control of the CRT for generating a symbol is per se a
      feature of this invention. Nevertheless, a preferred programming technique
      for that control will now be described for the italicized letter of FIG. 3
      with reference to FIG. 4 which shows that the bit coding for the 47
      strokes required. Following the code field for the last stroke, there is a
      field of 12 bits which signify a command to terminate the symbol.
      Preceding the code field for the first stroke there are field bits which
      provide the axis offset data required by the symbol. The control codes are
      packed in memory and read out for sequential processing from START to
      TERMINATE in 18-bit words, i.e., read out of memory 18 bits at a time. The
      symbol generator control unit unpacks the bit stream for the use which
      will now be described. Terminology will include the use of the word
      "element", which is defined as a segment of a vertical stroke during which
      the beam is on. For example, a stroke at the center of the lower case i
      has two elements, the first for the body and the second for the dot. There
      may be as many as 14 elements but usually not more than three, and in the
      case of the lower case i, not more than two.
PAR  Before progressing with a detailed description of how the code fields are
      used, it should first be understood that data compacting has been achieved
      by specifying the beginning and end of each element by simply specifying
      the change (increment or decrement) from the preceding stroke. This change
      is referred to hereinafter as a delta. Only the first, fifteenth,
      seventeenth, thirty-second and thirty-third strokes require the elements
      to be specified relative to the baseline. This is because for the first
      there is, of course, no preceding stroke, and for the fifteenth and
      thirty-third strokes the number of elements is changed, and for the
      seventeenth and thirty-second strokes the required deltas are larger than
      can be specified by the arbitrarily selected filed of 4-bits plus sign for
      the deltas. The bit stream for the symbol of FIG. 3, shown in FIG. 4, will
      now be unpacked, starting with the very first bit and grouped into fields
      as follows.
TBL  __________________________________________________________________________
     FIELD                                                                     
          CODE     DESCRIPTION                                                 
     __________________________________________________________________________
     1    1        This single bit, the first,                                 
                   indicates that an axis offset                               
                   follows. If not, the next                                   
                   two fields are not present,                                 
                   and the control unit skips                                  
                   to field 4. If an itali-                                    
                   cized mode had not been                                     
                   commanded, this single                                      
                   bit would indicate only a                                   
                   baseline (Y axis) offset                                    
                   and the control unit would                                  
                   skip to field 3.                                            
     2    1 000 000 010                                                        
                   A minus two offset is applied                               
                   to the X axis.                                              
     3    1 000 000 110                                                        
                   A minus six offset is applied to                            
                   the Y axis.                                                 
     4    1 111    This 4-bit code signifies that                              
                   a negative "side bearing" (back-                            
                   ward spacing) value is to follow                            
                   in the next field. If all zeros,                            
                   the 4-bit code signifies a positive                         
                   side bearing value is to follow.                            
     5    00 0010  This 6-bit number read is loaded                            
                   into a down counter within the                              
                   symbol generator control unit 22.                           
                   It specifies the number of times                            
                   the stroke spacing value speci-                             
                   fied in advance is to be sub-                               
                   tracted (or added in the case of                            
                   a positive side bearing) to X                               
                   register 18, each time counting                             
                   down by one the number loaded into                          
                   the down counter, before the actual                         
                   process of generating the symbol                            
                   is started. Here that number is                             
                   2 to shift the italicized letter                            
                   i back two stroke spaces. That                              
                   is done while the task of un-                               
                   packing the next eight fields are                           
                   unpacked for the first stroke.                              
     6    0        Control bit following a side                                
                   bearing number signifying unpacking                         
                   is to continue.                                             
     STROKE 1                                                                  
     7    0 001    Number of elements in strokes.                              
     8    1 1 111  This is a negative 1 delta code                             
                   for the on location of the                                  
                   following stroke (stroke 2).                                
                   The code consists of a bit 1                                
                   followed by a 3-bit number plus                             
                   sign.                                                       
     9    00 101 110                                                           
                   ON location relative to baseline                            
                   as offset for this stroke (stroke 1).                       
     10   1 0 100  This is a positive 4 delta for                              
                   the off location of the following                           
                   stroke (Stroke 2).                                          
     11   00 110 101                                                           
                   OFF location relative to baseline                           
                   as offset for this stroke (stroke 1).                       
     __________________________________________________________________________
PA1  This completes the bit stream unpacking for the first stroke and initiates
      the drawing of the first stroke. The stroke is drawn according to the
      values of the ON and OFF locations; that is, the beam is turned on at
      location 56 and the beam is turned off at location 65. Modification of the
      location values by the delta values is done during the stroke in
      preparation for the next stroke. After the stroke is finished, the CRT
      beam is moved to the right by the appropriate amount and the unpacking of
      the serial data stream continues.
TBL  ______________________________________                                    
     FIELD        CODE         DESCRIPTION                                     
     ______________________________________                                    
     STROKE 2                                                                  
     12           1 0 000      ON delta (+0)                                   
     13           1 0 011      OFF delta (+3)                                  
     ______________________________________                                    
PA1  This completes the serial data stream unpacking prior to starting the
      second stroke. The second stroke will be turned on at location 55 and
      turned off at location 71. It should be noted that the ON and OFF deltas
      (-1,+4) that were unpacked prior to the first stroke were not used on the
      first stroke. They are used to compute the ON and OFF locations of the
      second stroke while the first stroke is in progress. The deltas for the
      third stroke are unpacked prior to the starting of the second stroke. The
      deltas for each stroke element defined by deltas are unpacked one stroke
      in advance so that the locations can be computed during the stroke
      following their unpacking. This eliminates the time that would be wasted
      in computing the locations if not unpacked until just before the next
      stroke in which used.
TBL  ______________________________________                                    
     FIELD  CODE         DESCRIPTION                                           
     ______________________________________                                    
     STROKE 3                                                                  
     14     0            This signifies no change in ON                        
                         delta field. The 3-bit number                         
                         plus sign may thus be omitted.                        
     15     1 0 010      OFF delta (+2).                                       
     ______________________________________                                    
PA1  This completes the unpacking for stroke 4. Stroke 3 is now drawn utilizing
      the deltas unpacked prior to the second stroke (0,3) so that the ON and
      OFF locations are 55 and 74, respectively. Similarly, the fourth stroke
      utilizing the deltas of 0 and 2 is drawn with ON and OFF locations of 55
      and 76. Strokes continue to be drawn with the serial data unpacking
      pertaining only to modifications of the ON and OFF deltas. Discussion of
      the unpacking scheme continues after stroke 12 has been terminated.
TBL  ______________________________________                                    
     STROKE 13                                                                 
     34     1 1 111      ON delta (-1).                                        
     35     0            No change in the OFF delta.                           
     ______________________________________                                    
PA1  Stroke 13 is now drawn utilizing On and OFF locations of stroke 12 since
      the deltas unpacked then were both zero.
TBL  ______________________________________                                    
     FIELD  CODE         DESCRIPTION                                           
     ______________________________________                                    
     STROKE 14                                                                 
     36     1 1000       This is an ESCAPE (negative zero                      
                         delta) code which signifies the                       
                         end of a sequence of stroke ele-                      
                         ments defined by deltas.                              
     37     0            This is a bit following an                            
                         escape code that signifies                            
                         unpacking of data is to continue,                     
                         and that new element data will                        
                         be unpacked. (If this were a                          
                         bit 1, it would signify the end                       
                         of the symbol.)                                       
     ______________________________________                                    
PA1  Stroke 14 is now drawn utilizing deltas unpacked prior to stroke 13.
TBL  ______________________________________                                    
     STROKE 15                                                                 
     38     0 010        Number of elements in strokes                         
                         after stroke 14.                                      
     39     1 1 110      This is a negative two delta                          
                         code for the ON location of                           
                         the first element in stroke 16.                       
     40     00 111 100   ON location (74) of first                             
                         element of the following stroke                       
                         15 relative to the baseline as                        
                         offset.                                               
     41     0            This signifies a delta value                          
                         of zero for the OFF location                          
                         of the first element in                               
                         stroke 16.                                            
     42     01 000 011   OFF location (103) of first                           
                         element of following stroke 15                        
                         relative to the baseline as                           
                         offset.                                               
     43     1 1101       This is a negative three delta                        
                         code for the ON location of the                       
                         second element of stroke 16.                          
     44     01 010 001   ON location (121) of the second                       
                         element of the following stroke                       
                         15.                                                   
     45     1 0 010      This is a positive two delta code                     
                         for the OFF location of the                           
                         second element of stroke 16.                          
     46     01 010 111   OFF location (127) of second                          
                         element of the following stroke                       
                         15 relative to the baseline as                        
                         offset.                                               
     ______________________________________                                    
PA1  Stroke 15 is now drawn and consists of two elements which extend from
      locations 74 to 103 and from 121 to 127. The presence of the escape prior
      to stroke 14 was necessary to change from the single element structure of
      strokes 1 through 14 to the double element structure of stroke 15.
TBL  ______________________________________                                    
     FIELD         CODE        DESCRIPTION                                     
     ______________________________________                                    
     STROKE 16                                                                 
     47            1 1000      Escape code.                                    
     ______________________________________                                    
PA1  Stroke 16 is now drawn utilizing deltas of -2 and 0 to determine the ON and
      OFF locations of the first element as being 72 and 103 respectively.
      Deltas of -3 and +2 determines the locations of the second element to be
      116 and 131. The presence of the escape code prior to stroke 16 is
      necessitated by the fact that the ON delta of the first element of stroke
      17 would have to change by an amount beyond the seven bit range of the
      delta field. In this situation, it is necessary to load new locations for
      all elements. The unpacking of the serial data stream continues with no
      peculiarties until stroke 46 is finished.
TBL  ______________________________________                                    
     STROKE 47                                                                 
     141         1 1000       Escape code.                                     
     ______________________________________                                    
PA1  Stroke 47 is now drawn with the locations of stroke 46 and the deltas
      determined prior to stroke 46.
TBL  ______________________________________                                    
     FIELD  CODE         DESCRIPTION                                           
     ______________________________________                                    
     142    0            This bit following the escape                         
                         code signifies that unpacking                         
                         of data is to continue. If                            
                         it were a bit 1, the symbol                           
                         generation would be terminated,                       
                         as it normally would but for a                        
                         negative side bearing number                          
                         which follows.                                        
     143    1111         This signifies a 6-bit negative                       
                         (backward) side bearing number                        
                         follows.                                              
     144    00 0 001     This is a side bearing number                         
                         which calls for one stroke space                      
                         backwards.                                            
     145    1            This bit following a side bearing                     
                         number signifies termination of                       
                         the symbol generation                                 
     ______________________________________                                    
PA1  The axis offsets specified by the registers 18c and 19c are next restored.
      And finally the symbol space specified by the registers 18b and 19b is
      provided.
PAR  Due to the negative side bearings at the beginning and the end of the
      symbol, the symbol actually intrudes into the stroke area of the preceding
      one and allows the following one to intrude in the stroke use of this one.
      Thus, although it takes 47 strokes to draw the symbol, the symbol has an
      effective width of only 44 strokes. This particular symbol requires 558
      bits of data for its complete presentation including axis offsets and side
      bearings. This is an average of 41/3 data bits for each ON and OFF
      location. If each location were addressed individually, at least eight
      bits per location would be required even with no provision for axis offset
      and side bearing. This data formatting thus reduces the number of
      necessary data bits by almost a factor of two. However, other data formats
      may be used to control the generation of a symbol.
PAR  The unpacked data is employed by the video control 23 to turn the CRT beam
      on and off. FIG. 5 illustrates the organization of that video control. The
      unpacked data for a given stroke is placed in appropriate storage devices
      when a DRAW STROKE command is issued by the symbol generator control unit
      22 (FIG. 1). The number of elements in the stroke is stored in a register
      41, and the ON and OFF deltas are stored in memories 42 and 43. In the
      case of the first stroke, and any stroke thereafter where the ON and OFF
      points are specified relative to the baseline or offset baseline, the ON
      and OFF locations are stored in memories 44 and 45. Thereafter, new ON and
      OFF locations are computed and stored for successive strokes by adding ON
      and OFF deltas via adders 46 and 47.
PAR  The DRAW STROKE command presets a main counter 48 to a number slightly less
      than will produce a carry out upon counting up. That also enables the
      counter to start counting clock pulses from a programmable master clock
      49. At the same time the control unit 22 transmits a START signal to the
      stroke generator 26 shown in FIG. 2. As the stroke is thus started, the
      main counter 48 is started with the master clock operating at a
      predetermined high rate and counts up until the carry out condition is
      detected, i.e., until the counter is advanced to all zeros. At that point
      a detector 50 switches the master clock to a lower rate specified by a
      program control input. By starting the main counter at the same number
      near carry out for every stroke and using the same high clock rate to
      count up to the carry out condition, a delay of consistent duration is
      provided at the beginning of each stroke before the beam can possibly be
      turned on and off via comparators 51 and 52. This delay allows the CRT
      deflection circuits to settle before actual generation of the symbol
      strike begins and insures that all symbols, regardless of size controlled
      through the master clock, will start at the same baseline.
PAR  The numbers stored in the X and Y DACs of the stroke generator will affect
      the position of the baseline in that the stroke rate will vary as a
      function of those numbers which are programmed to effect control of symbol
      size in cooperation with the programming of the master clock. To take that
      into account during the period before "carry out", the data processing
      system provides an adjusted beam position through the main DACs 24 and 25
      in a manner which takes into account the rotation or replacement of the
      symbol, if any. The starting point of illumination of each character can
      then be digitally controlled with programmable predictability and
      consistency.
PAR  At the beginning of a stroke, ON and OFF memory address counters 53 and 54
      are cleared by a CLEAR signal from the control unit 22. That causes the
      contents of the ON and OFF location memories 44 and 45 to appear at inputs
      of respective buffer registers 55 and 56. These registers are then loaded
      with the ON and OFF points of the first element of the stroke. Immediately
      thereafter, respective ON and OFF deltas are added to the outputs of these
      buffer registers. The sums are loaded into the ON and OFF location
      memories at the same address, thus updating the on and off points for the
      first element of the next stroke.
PAR  As the main counter passes through zero, the contents of the main counter
      are compared with the contents of the ON and OFF buffer registers. This
      comparison continues until the ON and OFF points for the first element are
      reached, at which time the comparators 51 and 52 and turn on (set) and
      turn off (reset) a video control flip-flop 57 and advance the ON and OFF
      memory counters 53 and 54 to address the on and off points of the second
      element, if any, in the memories 44 and 45. Those points are then updated
      with deltas from memories 42 and 43, and the process continues as for the
      first element. Delay lines 58 and 59 provide the proper timing of the
      actions required upon comparisons being made, which are to update to the
      next location values the registers 55 and 56, store the sums out of the
      adders 46 and 47, and then advance the address counters 53 and 54. When
      the last element has been turned on, and the address counter 53 has been
      incremented, a digital comparator 60 detects a coincidence between the
      output of the address counter and the number of elements stored in the
      register 41. It should be recalled that the memory address counter starts
      from zero for the first element. Consequently, if there are three
      elements, for example, the memory address counter is advanced to the count
      of two to address the turn on point for the third element in memory 44.
      Thereafter, upon being incremented to address what would otherwise be the
      fourth element turn on point, the output of the address counter is three
      which matches the output of the element register 41. The output of the
      comparator 60 enables an AND gate 61 to transmit the output signal of the
      delay line 59 to signify the end of the stroke when the turn off point of
      the last element is reached. The END OF STROKE signal thus generated is
      transmitted to the control unit 22 which ends the stroke by resetting the
      integrators 31 and 32 (FIG. 2) with a CLEAR signal and updates the X and Y
      registers 18 and 19 via adders 20 and 21 (FIG. 1).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In apparatus for displaying graphic symbols on an imaginary line on the
      face of a cathode-ray tube and employing a beam control system, an
      improvement comprising means operative on said beam control system for
      starting each of a plurality of parallel strokes required for each symbol
      on said line, and means operative on said starting means for programming
      an offset below said imaginary line along which spaced symbols are
      displayed in sequence for each stroke of a symbol in order to accommodate
      symbols which extend below said imaginary line.
NUM  2.
PAR  2. In a graphic symbol generator for use with a data processing system
      employing a cathode-ray tube display and using two digitally controlled
      analog integrators, one for each of two orthogonal X and Y axes of said
      cathode-ray tube display to generate spaced parallel strokes, where inputs
      to said integrators are from separate digital-to-analog converters
      connected to separate registers, an improvement comprising means for
      programming the rates and polarities of change in the outputs of the
      integrators in the form of digitally coded numbers loaded into said
      registers by a stored program in said data processing system to provide
      programmed X and Y beam deflection rates which cooperate to generate
      strokes at an angle between 0.degree. and 90.degree. with respect to said
      axes as required in response to the ratio of one of said numbers to the
      other.
NUM  3.
PAR  3. The improvement of claim 2 wherein the magnitudes of said numbers for a
      symbol may be changed under programmed control when the symbol size is to
      be changed.
NUM  4.
PAR  4. In a programmed digital data processing system having means for
      generating spaced graphic symbols on a line across the face of a
      cathode-ray tube, said means employing X and Y deflection systems for
      producing spaced parallel strokes of an electron beam, said strokes
      beginning on a line common to all symbols as a baseline, the first of said
      strokes starting at a designated point specified on a coordinate system
      having orthogonal X and Y axes, where said X and Y deflection systems
      cooperate to place said beam on any point on the face of said cathode-ray
      tube in response to X.sub.p and Y.sub.p signals, said graphic symbol
      generating means having means for turning said beam on and off as required
      by counting units of stroke length from said baseline to determine the on
      and off points of stroke elements which make up the symbol, the
      improvement of means for starting each stroke from said baseline at the
      bottom of each symbol, means for terminating each stroke at the turn-off
      point of the last of one or more elements, and means for programming an
      offset of said starting point in a direction normal to said baseline
      according to the needs of each symbol, thereby accommodating symbols which
      extend below said line common to all symbols and providing for placement
      of any symbol above or below said line.
NUM  5.
PAR  5. The improvement of claim 4 including means for programming an offset of
      said starting point in a direction parallel to said baseline for the first
      stroke of any symbol.
NUM  6.
PAR  6. The improvement of claim 5 in said graphic symbol generating means in
      which said means for turning said beam on and off while generating a
      symbol is comprised of a stream of stored digital signals arranged in
      coded fields read and decoded as said strokes are generated, wherein said
      means for programming said offset comprises a field of digits programmed
      at the head of said programmed stream of digits for the symbol, said field
      specifying the magnitude and direction of offset along one of said
      orthogonal axes, a register for storing said offset field, and means for
      effectively adding or subtracting said magnitude according to said
      direction from a predetermined one of said X.sub.p and Y.sub.p signals.
NUM  7.
PAR  7. The improvement of claim 6 wherein said means for programming said
      offset comprises a second field of digits programmed next to the first
      field of offset digits, said second offset field specifying the magnitude
      and direction of offset along the other one of said orthogonal axes, a
      register for storing said second offset field, and means for effectively
      adding or subtracting said magnitude of said second offset field according
      to the direction specified in said second offset field from the other one
      of said X.sub.p and Y.sub.p signals.
NUM  8.
PAR  8. The improvement of claim 4 wherein said means for generating spaced
      parallel strokes of said electron beam comprises separate means for
      generating stroke signals X.sub.s and Y.sub.s, and means for adding said
      stroke signals X.sub.s and Y.sub.s to respective point-designating signals
      X.sub.p and Y.sub.p, each of said stroke-signal generating means being
      comprised of an integrator, a digital-to-analog converter for converting
      digital signals representing a positive or negative number to a voltage
      proportional in amplitude to said number with a polarity corresponding to
      the sign of said number, means for connecting the output voltage of said
      converter to said integrator to generate a ramp signal at the output of
      said integrator with a slope proportional to the magnitude of said number,
      said ramp signal having a polarity controlled by the polarity of said
      output voltage of said converter, a register connected to said converter
      for storing said digital signals representing a number to be converted,
      and means for entering into said register said digital signals.
NUM  9.
PAR  9. The improvement of claim 8, wherein said units of stroke length are
      counted by counting clock pulses produced at a specified rate while said
      stroke signals are generated, and said specified clock pulse rate is
      programmed to control the length of each unit, thus controlling the height
      of said symbol, whereby programmed control of the slope of said stroke
      signals cooperates with said programmed control of unit length in
      controlling the size of the graphic symbol generated.
NUM  10.
PAR  10. The improvement of claim 9 wherein said parallel strokes are spaced by
      means for adding programmed values to X and Y coordinates of said starting
      points at the end of each stroke, and wherein the width of said symbol is
      controlled by programming said values to be added to said X and Y
      coordinates.
NUM  11.
PAR  11. The improvement of claim 10 including means for controlling the number
      of times said stroke spacing values are to be added or subtracted to said
      X and Y coordinates before the first stroke of said symbol, and the number
      of times said stroke spacing values are to be added or subtracted to said
      X and Y coordinates after the last stroke to affect the side bearing of
      said symbol relative to symbols on the same line before and after said
      symbol.
NUM  12.
PAR  12. In a programmed digital data processing system having means for
      generating spaced graphic symbols on a line across the face of a
      cathode-ray tube, said means employing X and Y deflection systems for
      producing spaced parallel strokes of an electron beam, said strokes
      beginning on a line common to all symbols as a baseline, the first of said
      strokes starting at a designated point specified on a coordinate system
      having orthogonal X and Y axes, where said X and Y deflection systems
      cooperate to place said beam on any point on the face of said cathode-ray
      tube in response to X.sub.p and Y.sub.p signals, said graphic symbol
      generating means having means for turning said beam on and off as required
      by counting units of stroke length from said baseline to determine the on
      and off points of stroke elements which make up the symbol, the
      improvement of means for starting each stroke from said baseline at the
      bottom of each symbol, means for terminating each stroke at the turn-off
      point of the last of one or more elements, means for generating said
      strokes, means for adding programmed values to at least one of said X and
      Y coordinates of said starting points at the end of each stroke; and means
      for programming said values to be added to said X and Y coordinates,
      whereby width of said symbol is controlled.
NUM  13.
PAR  13. The improvement of claim 12 including means for controlling the number
      of times said stroke spacing values are to be added or subtracted to said
      X and Y coordinates before the first stroke of said symbol, and the number
      of times said stroke spacing values are to be added or subtracted to said
      X and Y coordinates after the last stroke to affect the side bearing of
      said symbol relative to symbols on the same line before and after said
      symbol.
NUM  14.
PAR  14. In apparatus for displaying graphic symbols on an imaginary line using
      a cathode-ray tube and employing a beam control system, means operative on
      said beam control system for starting at specified points each of a
      plurality of parallel strokes required for each symbol on said line, means
      operative on said starting means for programming an offset of said points
      below said imaginary line along which spaced symbols are displayed in
      sequence in order to specify starting points for strokes of symbols which
      extend below said imaginary line, and means operative on said starting
      means for programming an offset of said points in a direction parallel to
      said imaginary line from an offset position otherwise specified for
      italicized symbols that extend below said line as said line of spaced
      symbols is displayed.
NUM  15.
PAR  15. Apparatus as defined in claim 14 wherein the slope of the strokes for a
      symbol is controlled for italicizing symbols by programming the relative
      magnitudes and signs of inputs to separate integrators which generate ramp
      signals added to signals for positioning starting points of strokes for a
      symbol, where said ramp signals are generated for beam control slong
      orthogonal X and Y axes, said beam positioning signals are for position
      control along said X and Y axes, and said ramp signals for said X and Y
      axes are added to beam positioning signals along respective X and Y axes.
NUM  16.
PAR  16. Apparatus as defined in claim 15 wherein said beam is turned on and off
      during each stroke in response to a programmed stream of coded digital
      signals, and the size of a symbol is controlled by both programming a
      clock rate for said beam on-off control and programming the magnitudes of
      inputs to said integrators.
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ABST
PAL  A serial buss processor with detailed description of program branching and
      register addressing. A mask and branch instruction is utilized to effect a
      relative program branch of up to N + 1 address locations away from the
      address of the current or masking branch instruction, where N is the
      number of bits in the data operand. Register addressing is partly direct
      and partly indirect. The indirect register address scheme employs a
      directly addressable register, the contents of which are interpreted by an
      indirect address generator unit which itself is directly addressable such
      that a single value in the directly addressable register may be used to
      point to different registers.
PARN
PAR  This application is a continuation of my copending application entitled
      "Indirect Register Addressing Apparatus", Ser. No. 326,623, filed Jan. 26,
      1973, now abandoned, which in turn is a division of Ser. No. 155,068 now
      U.S. Pat. 3,728,689 entitled "Program Branching and Register Addressing
      Procedures and Aparatus", issued Apr. 17, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of Invention
PAR  This invention relates to new and improved signal processing methods and
      apparatus and in particular to apparatus for indirectly addressing
      registers.
PAR  Apparatus embodying the invention, for example, may be employed to control
      the transfer of data and control information between two or more digital
      devices. One of these devices, for example, may be a general purpose
      computer and the other devices may be data display devices, such as
      cathode ray tube (CRT) displays, printers, and data entry or storage
      devices such as keyboard stations, tape stations and the like. In a
      typical application, a keyboard operator may wish to enter data into the
      computer and to view such data on a CRT display for editing prior to
      transfer to the computer. Alternatively, the keyboard operator may wish to
      display data which is already recorded (e.g., on a magnetic tape or in the
      computer memory) so as to edit and/or modify such data.
PAR  B. Prior Art
PAR  The control of most of the data transfers such as the ones required in the
      foregoing examples has in the past been performed by digital controllers.
      Thus, in a system configuration including a computer, CRT display and a
      key-board, a digital controller is specifically designed to interface the
      keyboard and the CRT display and to interface both with the computer. The
      controller provides the proper electrical and logical interface between
      all three devices as well as providing the detailed control of the CRT
      display and keyboard so as to leave the computer free for other tasks.
      However, such a controller is a special purpose device which is
      specifically designed to handle data transfers only between the keyboard,
      CRT display and computer. A major disadvantage to this "hardwired"
      approach is the initial design cost as well as the difficulty of modifying
      the design to meet future application requirements.
PAR  It has been proposed to employ a more general purpose design for digital
      controllers. For instance, at pages 77--91 of the "Proceedings --Fall
      Joint Computer Conference.", 1965, a microprogrammable controller design
      is described. This controller design employs a microprogram which is
      stored in a control memory and which contains the routines necessary to
      perform the control functions of transferring data from one device to
      another in a particular system configuration. To adapt the controller for
      another system configuration, the microprogram is merely changed. This
      controller, however, employs rather large instruction word sizes (54 bits)
      requiring a relatively high component count (instruction register and
      decoder) and a large number of connecting leads. Adding to both the
      component count and connecting lead number is the parallel nature of the
      register buses and the arithmetic and logic circuits. One result is a
      relatively expensive controller which does not meet the needs of growing
      numbers of small users who cannot afford high cost terminal devices. In
      addition, the high component count and large numbers of buss leads and
      memory read out leads are incompatible with the custom design of
      integrated circuitry.
DRWD
PAC  BRIEF SUMMARY OF INVENTION
PAR  An object of this invention is to provide a register addressable processor
      which employs indirect register addressing so as to expand the number of
      addressable registers without increasing the width of the register
      addressing field.
PAR  In brief the serial buss processor disclosed herein incorporates a branch
      procedure which includes a logical comparison step and an address
      generating step. In the logical comparison step like ordered bits of a
      pair of N bit operands are compared for identity of bit values of a first
      binary significance. In the illustrated embodiment, this comparison takes
      the form of a logical AND function which produces a true value or a binary
      1 only when its inputs, the like ordered bits of the two operands, are
      true or 1's. In the program address generating step, the program address
      is made equal to the address of the current instruction increased by one
      (the normal instruction cycle increment) and by Y, where Y is N minus the
      order of the lowest ordered bit position in which the identity occurs and
      where the bit orders range from 0 to N -1. For example, if the identity
      occurs in the 2.degree. bit position, Y = N even though the identity may
      also occur for higher ordered bit positions. In the illustrated serial
      machine embodiment, the comparison step is performed bit serial. The
      generating step includes the step of generating a stream of Y pulses which
      are then employed to increment the computer instruction address register
      by a value of Y.
PAR  According to the indirect register addressing feature of the invention, the
      contents of a directly addressable register are interpreted by an indirect
      register address generating unit which is itself directly addressable. The
      indirect addressing unit includes a multiplexer for multiplexing different
      portions of the contents of the directly addressable register to a decoder
      which generated the indirect addressing signals. Different direct address
      signals, one for each different portion, control the multiplexer.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing, like reference characters denote like
      components, and;
PAR  FIG. 1 is a block diagram showing the architecture of a computer in which
      the register addressing features of the present invention may be embodied;
PAR  FIG. 2 is a block diagram showing the connections of addressed registers to
      the processor busses of the FIG. 1 computer;
PAR  FIG. 3 is a timing diagram which illustrates the instruction cycle of the
      computer;
PAR  FIG. 4 is a block diagram illustrating the timing chain of the computer;
PAR  FIGS. 5A through 5G are block portrayals of the instruction set of the
      computer;
PAR  FIG. 6 is a composite showing the manner in which FIGS. 6A and 6B should be
      arranged;
PAR  FIGS. 6A and 6B constitute a block diagram of the computer processing unit
      and instruction addressing apparatus of the computer;
PAR  FIG. 7 is a block diagram, in part, and logic schematic, in part, showing
      the interrupt processing apparatus of the computer;
PAR  FIG. 8 is a block diagram in part and a logic schematic, in part,
      illustrating the parts of the computer processor unit which are employed
      in the branching apparatus;
PAR  FIG. 9 is a block diagram, in part, and a logic schematic, in part,
      illustrating the indirect address feature of the present invention;
PAR  FIG. 10 is a block diagram, in part, and a logic schematic, in part,
      illustrating an exemplary register which may be employed in the computer;
      and
PAR  FIG. 11 is a block diagram, in part, and a logic schematic, in part, of an
      exemplary instruction address register which can be employed in the
      computer.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The branching procedure and apparatus may be employed in any suitable
      stored program computer in which it is required to perform program
      branches. However, by way of example and completeness of description, the
      branching procedure and apparatus will be presented herein as embodies in
      a stored program computer having the general architectural arrangement
      illustrated in FIG. 1. The computer shown in FIG. 1 includes a processor
      unit 10 which is arranged to receive program instructions from a control
      memory system 11 and to communicate with a set of three serial busses, A,
      B and D which are coupled to the registers of an addressable register bank
      12. As shown in both FIGS. 1 and 2, the A BUSS and the B BUSS provide data
      input to an arithmetic and logic unit (ALU) 13 included in processor unit
      10 and the D BUSS receives the output of the ALU. Each of the registers 12
      is addressable by an A select (A Sel) and a B select (B Sel) signals
      issued by the processor unit in response to the program instructions so as
      to have their contents serially gated onto the A BUSS or the B BUSS, as
      the case may be. The A Sel signal is also employed to serially gate the
      output of the ALU from the D BUSS into the register which is having its
      contents gated on to the A BUSS. That is, the A selected register is
      coupled between the D BUSS and the A BUSS as shown in FIG. 2. Also as
      shown in FIG. 2, a B selected register is arranged to have its contents
      gated both on to the B BUSS and back into its input.
PAR  The registers 12 are arranged for parallel input and/or output to a number
      of functional units 14 and to the control memory system 11. Although the
      units 14 may assume different identities for different applications, the
      illustrated identities are for a typical display terminal environment. In
      such an environment, a keyboard unit 14-2 is arranged to enter and edit
      data which is displayed by a cathode ray tube (CRT) unit 14-3. A modem
      unit 14-1 is arranged to transmit and/or receive data via a data channel
      to and from a remotely located data bank. The display terminal environment
      may also include other input/output (I/O) units 14-4 such as printers,
      magnetic or paper tape units, magnetic disk units and others. An interrupt
      unit 14-5 is also provided to process the interrupt flags placed on an
      interrupt buss (INT BUSS) by the keyboard, modem and other I/O units so as
      to cause the processor unit 10 to service the functional units 14 in an
      orderly manner.
PAR  Some of the registers 12 are employed for addressing the control memory
      system 11. One of these addressing registers will be designated the
      instruction address register (IAR). The control memory 11 may be either a
      read only memory (ROM) or a read-write (R-W) memory or a combination of
      both. For the case where the memory system 11 includes an R-W memory, one
      of the registers 12 may be employed as a memory data register.
PAR  As mentioned previously, the processor unit 10 responds to the program
      instructions received from memory 11 to issue the A Sel and B Sel register
      addressing signals. As will be explained shortly, the processor unit also
      provides on a micro buss (.mu.B) a micro order field which is employed for
      direct control of either of the registers 12 or the unit 14. In addition,
      the processor unit 10 also provides system timing signals which control
      the operation of registers 12.
PAR  The manner in which the processor unit 10, and the memory 11, the registers
      12 and the units 14 interact will become more apparent from an inspection
      of the system timing diagram shown in FIG. 3. As there shown, each
      instruction cycle is divided into 16 time slots designated as t.sub.0
      through t.sub.15. Instruction fetch is performed from time t.sub.0 through
      time t.sub.5 and instruction execute is performed from time t.sub.7
      through t.sub.14. The buss select signals (A Sel and B Sel) occur from
      time t.sub.6 through t.sub.15 so as to overlap the instruction execute
      period. A timing signal TRA is generated from t.sub.7 through t.sub.14 so
      as to condition the addressed registers for serial A BUSS or B BUSS data
      transfers. The instruction address register (IAR) is incremented by one
      (IAR+1) during time slot t.sub.6. Time slot t.sub.15 is employed to test
      for program skip (IAR+2) operations. The time slot t.sub.10 is employed to
      test for external skip operations (i.e., program skips which are caused by
      the functional units 14). Finally, time slot t.sub.5 is employed to sample
      the interrupt flags. If an interrupt flag should be set, normal execution
      of a current instruction is inhibited from time t.sub.6 to time t.sub.15
      so as to permit the unincremented contents of the IAR to be saved by
      pushing into an IAR stack and to change the IAR contents to a value of
      zero. The value zero represents the address in memory 11 of the initial
      instruction of an interrupt subroutine.
PAR  FIG. 4 shows the system timing chain in which the basic system clock signal
      .phi. and .phi. are derived from the output of a first pulse divider
      network 16 which is driven by an oscillator 15. A second pulse divider 17
      and a decoder 18 respond to the .phi. clock signal so as to derive a set
      of 16 timing pulses, each occurring during a different one of the time
      slots t.sub.0 through t.sub.15. For convenience, these timing signals have
      also been designated as t.sub.0 through t.sub.15  throughout the drawings
      and the remainder of this description. Finally, the TRA signal is derived
      from the output of an OR network 19a which logically OR's the t.sub.7
      through t.sub.14 timing signals. The output of OR gate 19a is routed
      through an AND gate 19b so as to inhibit the generation of the TRA signal
      during the execution of micro order instructions (FIGS. 5C and 5D) and
      during interrupt cycles when an interrupt flag is being processed. This is
      shown symbolically in FIG. 4 by the Boolean expression MIC + INT.
PAR  In one exemplary design of the computer system, the data word length (and
      hence the register length) is 8 bits and the instruction word length is 16
      bits. These word lengths will be assumed for the remainder of the
      description. Thus, the 8 bits of an addressed register will be serially
      shifted out during consecutive ones of the TRA time slots t .sub.7 through
      t.sub.14.
PAR  The general instruction format is shown in FIG. 5A to include an OP code or
      field in bit positions 12 through 15 (the most significant ones). The
      remaining 12 bits (positions 0 through 11) are employed for register
      addressing, data, control and the like. Of the 16 possible OP codes, 7 are
      designated as immediate instructions, 7 are register to register
      instructions, one provides for a family of micro orders and the remaining
      one provides for a family of extended OP code instructions.
PAR  The subset of 7 immediate instructions is defined by a 0 in bit position 15
      as shown by the immediate instruction format in FIG. 5B. The 7 immediate
      instructions operate upon a register specified by the A field in bit
      positions 8 through 11 and a constant stored in the data field in bit
      positions 0 through 7. These operations may include, for example, AND, OR,
      ADD, COMPARE, LOAD, MASK AND SKIP, and LOAD STACK.
PAR  The micro-order family of instructions is identified by an all 0's OP code
      as shown by the formats in FIGS. 5C and 5D. These instructions are
      designed for use as micro-programmable instructions with the bits in
      positions 0 through 7 directly controlling the internal processor or
      external I/O device functions. When the A field is all 0's, the
      instruction specifies an internal processor micro-order. If there is a 1
      in any portion of the A field, the A field addresses a device and/or
      device register upon which the bits in positions 0 through 7 are to
      operate. Hence the bits in positions 0 through 7 can be used by the system
      designer to micro-program an ancillary device. These are the signals which
      appear on the .mu.B BUSS shown in FIG. 1.
PAR  The extended OP subset of instructions is defined by an OP code of 1000 as
      shown in FIG. 5B. The A field identifies which of the registers 12 is to
      be operated upon. The bits in position 0 through 7 are employed to specify
      the operation to be performed. This family of instructions is useful to
      extend or enlarge the number of operations which can be performed by the
      instruction set.
PAR  Of importance is the register to register the (R--R) family of instructions
      in that it contains a MASK and BRANCH instruction which is utilized in the
      novel branching procedure and apparatus of the present invention. As shown
      in FIG. 5F, the R--R subset is defined by a 1 in bit position 15 and one
      or more 1's in positions 12 through 14. The function specified by the OP
      CODE generally operates on the contents of the registers specified by the
      A Field (positions 8 through 11) and B field (positions 4 through 7). In
      addition, the bits in positions 0 through 3 are available to provide
      modifiers to the basic R-R instructions. The basic R--R operations include
      AND, EXCLUSIVE OR, MASK AND BRANCH, COMPARING BRANCH, ADD, LOAD, LOAD
      STACK.
PAR  The R--R modifier bit position 0 through 3 are employed to provide a pair
      of two bit submodifier fields. These submodifier fields can be used to
      specify skip tests and complementing operations. Of interest is the
      modifier field 0100 which specifies that the operation is to be performed
      upon the one's complement of the data on the B BUSS. That is, the data on
      the B BUSS is to be inverted.
PAR  The MASK and BRANCH (MBR) instruction is identified by the OP CODE 1011 as
      shown in FIG. 5G. The execution of the MBR instruction requires (1) that
      the contents of the A Selected register be masked or logically ANDED with
      the contents of the B Selected register to test bit serially for a 1 and
      (2) that an up to 8 way branch be affected upon the occurrence of a
      logical one, the contents of the A and B Selected registers remaining
      unchanged. If the B field is all 0's and the B C Field is 01 (one's
      complement), then all 0's will be on the B BUSS and will be inverted in
      the ALU so that the comparison or mask operation will be made with all
      1's.
PAR  According to the branch procedure, the MBR instruction is utilized to
      effect a relative program branch of up to N + 1 address locations away
      from the address of the current or MBR instruction, where N is the number
      of bits in a data operand (N=8 for the illustrated example). The entry of
      the MBR instruction causes a logical comparison step in which like ordered
      bits of the N bit operands in the A and B selected register are compared
      for identity of bit values of a first binary significance. In the
      illustrated embodiment, this comparison takes the form of a logical AND
      function which produces a true value or a 1 only when its inputs (the like
      ordered bits of the two operands) are true or 1's. The next step is a
      program address generating step in which the program address is made equal
      to the address of the current instruction (content of the IAR) augmented
      by one and by Y (IAR+1+Y), where Y is N minus the order of the lowest
      ordered bit position in which the identity occurs and where the bit orders
      range from 0 to N-1. Thus if the identity occurs in the 2.sup.0 bit
      position, Y = N even though the identity may also occur for higher ordered
      bit positions.
PAR  In the illustrated serial machine embodiment, the comparison step is
      performed bit serial. The generating step includes a step of generating a
      stream of Y pulses which are then employed to increment the IAR by a value
      of Y. The factor 1 in (IAR+1+Y) is caused by the normal incrementing of
      the IAR during an instruction cycle (time slot 6 for the present example).
      In other embodiments (e.g., bit parallel, word serial machines), the
      comparison step may be done in parallel. The generating step may then
      produce a value Y which is added to the incremented IAR contents (IAR+1+Y
      .fwdarw. IAR)
PAR  The MBR instruction may be located in any program routine in which it is
      desired to perform a program branch. The masking information (B BUSS data)
      must be preloaded into a B register where the mask bit pattern includes
      both 1's and 0's. However, no prior loading is necessary where the mask
      bit pattern is all 1's. This is due to the all 0's B field of the MBR
      instruction which causes all 0's to be on the B BUSS which are in turn
      inverted in the ALU by a one's complimentor in response to the 01 BC field
      (FIG. 5G).
PAR  The A register information which is to be masked, is loaded prior to entry
      of the MBR instruction. This loading may be internal, as for example, the
      result of a previous operation. Moreover, the A information to be masked
      may alternatively be loaded externally, as for example, where the A
      information represents discrete interrupt flags which are set by various
      ones of the functional units 14 via the INT BUSS (FIG. 1).
PAR  The use of the MBR instruction in an interrupt subroutine is especially
      attractive as it results in relatively simple interrupt processing
      apparatus.
PAR  Accordingly, the branching apparatus will be illustrated and described for
      an interrupt type application.
PAR  Referring next to FIGS. 6A and 6B which should be arranged according to the
      FIG. 6 composite, the processor unit 10, control memory system 11 and
      interrupt unit 14-5 are illustrated in more detail with a number of blocks
      containing known circuits which are actuated by bi-level electrical
      signals applied thereto. When the signal is at one level (say, the high
      level) it represents the binary digit 1, and when it is at another level
      it represents the binary digit 0. Also, to simplify the discussion, rather
      than speaking of an electrical signal being applied to a block or logic
      stage, it is sometimes stated that a 1 or a 0 is applied to the block or
      stage.
PAR  The decoder, flip-flop, adder, and logic gates or blocks shown in the
      drawing may take on any suitable form. For example, these known circuits
      may be selected from either or both of the following catalogs: Fairchild,
      TTL Family, October, 1970, a catalog of Fairchild Semiconductor/a Division
      of Fairchild Camera & Instrument Corp.; or MSI/TTL Integrated Circuits
      from Texas Instrument, Bulletin CB-125, a catalog of Texas Instruments,
      Inc. Coincidence gates are represented in the drawing with the
      conventional AND gate symbol having a dot therein and OR GATES are
      represented by the conventional OR gate symbol with a + contained therein.
      A small circle at the output of these gates represents a signal inversion
      such that the AND and OR gates become NAND and NOR gates, respectively.
      When a signal flow path contains more than a single lead or conductor, a
      slash mark is made through the path together with an adjacent number
      indicating the number of conductors in the path. Although only single
      gates are illustrated in the drawings, each such gate is in reality a
      gating network having a number of gates equal to the number of signal
      leads in the signal flow path. For example, the gating network 23 in FIG.
      6B actually includes 8 separate AND gates, one for each of the 8
      conductors from the 8 least significant bit positions of the instruction
      register (IR) 22 with each of the 8 AND gates being enabled by the MIC
      signal.
PAR  One final note before proceeding with the description, the signal leads
      have in some cases been interrupted and labeled rather than shown as
      continuous leads so as to avoid cluttering in the drawing. In addition,
      where only part of the leads of a buss or register are employed as inputs
      to a block, they have been labeled by their source accompanied with bit
      position. For example, the outputs of the instruction register 22 are
      labeled as I 0 through I 15 to account for the 16 bit positions thereof.
PAR  The processor unit includes an instruction register (IR) 22 (FIG. 6B) which
      receives a 16 bit instruction from the control memory system 11 (FIG. 6A).
      The IR is shown to be composed of four 4 bit parallel input and output
      registers which may be selected from the aforementioned catalogs. In
      addition, the two right hand registers which contain the 8 least
      significant bits I 0 through I 7 have a serial output capability and are
      serially coupled so that their 8 bits can be shifted on to the immediate
      data buss during the execute time slots t.sub.7 through t.sub.14 for the
      immediate instruction subset. The gating elements and timing signal
      connection are not shown for this operation as they are unnecessary to an
      understanding of the present invention. The parallel outputs of these two
      right hand registers are coupled via AND network 23 to the .mu. B BUSS to
      provide the external micro-order code. The AND network 23 is enabled by
      the MIC (micro-order instruction recognition) signal.
PAR  A set of decoder elements 24 through 28 are provided to decode the various
      bit fields of the instruction. The decoders 25 and 26 interpret the
      respective A and B fields to provide the A and B select signals A 0
      through A 15 and B 0 through B 15. As such, each of these decoders may
      assume the form of a 1 of 16 decoder selectable from the aforementioned
      catalogs. The OP CODE decoder 24 may also include a 1 of 16 decoder for
      producing a recognition signal for each type of instruction in the
      instruction set. Only the instruction recognition signals which are
      relevant to the present invention are listed at the output of decoder 24.
PAR  The listed signals include the MBR signal (for MASK and BRANCH
      instruction), the LSI signal (for LOAD STACK immediate, push) LSR signal
      (for LOAD STACK register push) the R--R signal (register to register
      instruction), and the MIC signal (Micro-order subset). The decoder 24
      further includes means for generating the R--R signal. This means may
      simply be an OR network which ORS all of the register to register
      instruction recognition signals so as to provide the R--R signal.
PAR  The 16 outputs of the B select decoder 26 are gated via AND network 29 to
      the registers 12 and units 14. The AND network 29 is enabled only by the
      R--R signal to assure that a register is coupled to the B BUSS only for
      register to register instructions.
PAR  The modifier decoder 27 may also be of 1 of 16 decoder. Only two of its
      outputs, OC (one's complement) and TC (two's complement), are listed in
      FIG. 6B, the others relating to skip tests not being germane to an
      understanding of the present invention. Finally, the B field (I 4 through
      I 7) is also shown as decoded by an extended OP DECODER 28 which may also
      be a 1 of 16 decoder. Since the extended OP operations are not germane to
      an understanding of the present invention, the signals emitted by decoder
      28 are not listed or shown in the drawing.
PAR  The processor unit also includes the ALU 10 which is shown in FIG. 6B. The
      heart of the ALU is a serial adder 30 which receives the A and B data and
      a carry in (C.sub.i) signal from a link, carry and instruction tests block
      31. The serial adder provides its sum (.SIGMA.) and carry out (C.sub.0)
      outputs to the block 31 and to a one of three multiplexer (MUX) 32. The
      MUX 32 multiplexes the .SIGMA., C.sub.o and A data onto the D BUSS in
      accordance with the commands of the particular instruction being executed.
      Instruction recognition signal connections to the adder 30, test block 31
      and MUX 32 have been omitted so as to avoid clutter of the drawing.
PAR  The logical functions of AND and OR are obtainable on the C.sub.o lead by
      forcing the C.sub.i signal to 0 and 1, respectively. In addition, the
      EXCLUSIVE OR function is obtained on the .SIGMA. lead by forcing C.sub.i
      to 0.
PAR  The tests block 31 includes the conventional carry delay and link circuits
      which determine the C.sub.i signal and which may be forced to 1 and 0 so
      as to affect the aforementioned logical functions. The test block 31 also
      includes the IAR INC pulse circuit and the instruction and skip testing
      circuits. The portion of the test block 31 which is pertinent to the
      branching operation will be discussed in detail later.
PAR  The B BUSS data and immediate data are combined in an OR gate 33 the output
      of which is applied by way of a complementer and multiplexing network 34
      to the B input of the adder 30. The network 34 includes a one's
      complementer and a two's complementer both of which are arranged to
      receive the output of OR gate 33 and further includes a multiplexer which
      receives the outputs of the one's complementer, the two's complementer and
      the OR gate 33 so as to multiplex one of the three to the B input of the
      adder 30. The portion of the network 34 which is pertinent to the
      branching operation will be discussed in detail later.
PAR  Referring now to FIG. 6A, the control memory 11 is considered to be
      organized into 16 pages of instructions with 256 instructions per page.
      The page address network 20, which includes a page address register, is
      employed to address the memory pages. The page address network further
      includes a 1 of 16 decoder for placing a page selector signal on one of
      the 16 page address leads to the memory system 11. An instruction address
      register (IAR) 12-1 is employed to address the instructions included in an
      addressed page. The IAR 12-1 and the page address register are included
      within the register bank 12 of FIG. 1 and are therefor shown to be coupled
      with the D BUSS, A BUSS, and B BUSS. Also in FIG. 6A, one of the registers
      12, a memory data register, has been included within the memory system 11
      so as to simplify the drawing. Typical examples of the register 12 and of
      the IAR 12-1 will be given in FIGS. 10 and 11. Suffice it to say here that
      the IAR-12-1 has an 8 bit parallel output capability, a serial input and
      output capability and a counting capability all under control of the .phi.
      clock signal, TRA signal (FIGS. 3 and 4) and the A1 and B1 register select
      signals, where A1 and B1 are the register address or select signals for
      the IAR 12-1. The IAR responds to the IAR INC signal from the ALU to
      increase its contents by one. In order to simplify the discussion, the
      contents of the IAR will sometimes be referred to as simply the IAR.
PAR  The 8 bit parallel output of the IAR represents the instruction address
      which is applied to the control memory system 11. The IAR is also shown to
      be serially coupled in a loop with an IAR stack 21, which is useful to
      save the IAR value in the case of program interrupt, calls, branches and
      the like. To this end, an OR Network 47 serves to OR the output of the IAR
      stack 21 and the D BUSS with the serial input of the IAR 12-1. The IAR
      stack 21 includes an ordered sequence of registers which are arranged to
      respond to a PUSH stack signal to push their respective contents to the
      next lower ordered register down the register stack sequence. The IAR 12-1
      also responds to the PUSH signal so as to transfer its present IAR
      contents to the highest ordered register in the stack. The stack is
      "popped" by a POP signal applied to both the stack 21 and the IAR 12-1.
      When this happens, the contents of the highest ordered stack register are
      popped or transferred into the IAR 12-1.
PAR  The POP stack signal is derived from a micro-order control field on the
      .mu. B BUSS. The PUSH stack signal, on the other hand, is derived from a
      load stack instruction in either the immediate subset or in the R--R
      subset and may, for example, be the logical OR of the two recognition
      signals LSI and LSR.
PAR  The LAR-12-1 and the IAR stack 21 also respond to an interrupt (INT) signal
      to push the stack. The INT signal also inhibits the D BUSS input to the
      IAR 12-1 so that the IAR assumes an all 0's state by the termination of
      the pushing operation. The all 0's state represents the initial memory
      address of an interrupt sub-routine which processes the interrupts.
PAR  The INT signal is generated by the interrupt unit 14-5 whenever the
      processor unit is not in the interrupt subroutine and one or more of the
      interrupt flags are raised on the INT BUSS. To this end, the interrupt
      unit 14-5 includes one of the registers 12, designated as 12-2 in FIG. 7.
      As there shown, the discrete flip-flop stages of the register 12-2 receive
      8 interrupt flags in parallel from the INT BUSS. An OR network 35 is
      arranged to sense whenever any one or more of the interrupt flags is or
      are raised (binary 1's). Assuming that the program is not in the interrupt
      subroutine, a D flip-flop 36 will be in a reset condition with its Q
      output being a 0. A binary 1 output of OR network 35 will enable the D
      input so that the next ensuing .phi. clock pulse will switch the flip-flop
      so that its Q output becomes a 1.
PAR  On the next ensuing t.sub.5 time slot, an AND gate 37 will sample the
      binary 1 output of flip-flop 36 so as to present a 1 enabling input to the
      J terminal of flip-flop 38 and to the D terminal of flip-flop 39. It is to
      be noted that whenever the Q output of flip-flop 36 is a 0, the output of
      gate 37 will remain a zero during the t.sub.5 sampling time. On the next
      ensuing clock pulse .phi. (still during time slot t.sub.5) each of the
      flip-flops 38 and 39 will assume the state where their respective Q
      outputs are binary 1's. The flip-flop 38 is the interrupt cycle control
      flip-flop and its Q output represents the INT signal shown in FIGS. 6A and
      6B. This signal remains a binary 1 until the end of the execute portion
      cycle when it is reset during time slot t.sub.15.
PAR  The flip-flop 39 serves to lock up the interrupt circuitry in that its Q
      output serves to inhibit the flip-flop 36 from responding to interrupt
      flags while the processor unit is in the interrupt subroutine. To this
      end, the flip-flop 39 is placed in an enabled condition at the end of the
      interrupt subroutine by an enable interrupt flag (EIF SIGNAL) which is
      generated by a micro-order instruction. That is, a micro-order instruction
      is placed in the interrupt subroutine so as to generate the EIF SIGNAL at
      the appropriate time. The EIF SIGNAL is applied to the dc reset terminal
      of the flip-flop 39 so as to cause its Q output to assume a binary 1
      state. This binary 1 is applied to the dc reset terminal of the sampling
      flip-flop 36 so as to enable flip-flop 36 to respond to the interrupt
      flags as they are raised.
PAR  When an interrupt flag is raised, flip-flop 39 changes its state during the
      t.sub.5 sampling interval so that its Q output assumes the binary 0 state.
PAR  In addition, flip-flop 39 may be set by a micro-instruction (DIF) to
      disable the interrupt network (i.e., FF39 Q = binary 0), this instruction
      can occur at any program location where it is desirable to block
      interrupts momentarily. The network is then reenabled by the EIF SIGNAL.
PAR  As pointed out previously, the branch procedure is especially useful in an
      interrupt subroutine to perform a potential 1 of 8 program branch. This is
      accomplished by including a mask and branch instruction in the interrupt
      subroutine. The configuration of the processor unit and registers which
      occurs in response to the mask and branch instruction is shown in some
      detail in FIG. 8. As there shown, the discrete interrupt flag register
      12-2 is selected by the MBR instruction A field to be connected between
      the D and A BUSSES. Another register 12-3 is selected by the B field of
      the MBR instruction to be connected to the B BUSS. The register 12-3
      contains the masking pattern for patterns which include both 1's and 0's.
      As such the register 12-3 is preloaded either by an external functional
      unit 14 or under program control during a prior instruction cycle. As
      discussed previously, the register 12-2 stores the interrupt flags which
      are raised on the interrupt buss. The TRA, D, and A and B select signals
      will cause the contents of the registers 12-2 and 12-3 to be gated or
      shifted on to the A and B BUSSES serial by bit during the time slots
      t.sub.7 through t.sub.14.
PAR  For the case where the mask pattern is stored in register 12-3 (i.e., B
      field .notident.0), the B data is propagated through the complementer and
      MUX 34 to appear at the B input of adder 30. The signal flow path is via
      OR gate 33, AND gate 40 and OR gate 41. The AND gate 40 is enabled at this
      time since the OC and TC signals are 0's.
PAR  The adder 30 is shown in FIG. 8 symbolically as an AND gate 30-1 so as to
      represent the comparison function being performed on the A and B data. As
      pointed out previously this ANDING function will be performed in the adder
      by forcing the C.sub.i (carry in) signal to a 1 and taking the AND
      function from the carry out (C.sub.o) lead. The adder output then will be
      a 1 when like ordered ones of the A and B data bits are ones and will
      otherwise be a zero.
PAR  The first binary one output of the adder 30 during the MBR execute time
      will be sampled by an AND gate 50 and a flip flop 51 included in the test
      block 31. The AND gate 50 is shown to be enabled by the MBR recognition
      signal. Its output is applied to the J terminal of the JK flip flop 51 so
      as to enable flip flop 51 to be placed in its set state (Q=1) when the
      first binary 1 output of the adder 30 occurs, the clock .phi. also
      occurring each sample time or time slot. The flip flop 51 will then remain
      set until the end of the MBR instruction execute time at t.sub.15 when it
      is reset. Accordingly, any further binary 1 outputs of the adder 30 will
      be ignored by the sampling of flip flop 51.
PAR  The binary 1 output of the sampling flip flop 51 enables an AND gate 52 to
      pass the clock pulses .phi. via an OR gate 53 to the IAR INC lead and
      hence, to the IAR. Since the clock pulse .phi. occurs during each time
      slot, the total number of pulses passed by gate 52 will depend upon which
      time slot the adder output first becomes a 1. For example, if the lowest
      ordered bits of the A and B data are both ones, the flip flop 51 will be
      set during time slot t.sub.7 and eight .phi. pulses will be passed by AND
      gate 52, thereby causing the IAR to change its value by eight. On the
      other hand, if only the highest ordered bits of the A and B data are both
      ones, the flip flop 51 will be set only during the time slot t.sub.14. In
      this case, AND gate 52 will pass only one clock pulse .phi. so as to
      increment the value of the IAR by one.
PAR  If the MASKING pattern is to be all ones, the MBR B field will be all 0's.
      This will result in none of the registers 12 being selected for connection
      to the B BUSS. As a result, during the execute time the B BUSS will appear
      to have all 0's thereon. When the B field is all 0's, the ones complement
      OC signal will be a 1. The OC signal is passed by an OR gate 42 to enable
      an AND gate 45. The OC signal is also inverted by inverter 43 so as to
      disable AND gate 40. The all 0's on the B BUSS will be inverted by an
      inverter 44 so as to become all 1's. These 1's will be passed by the
      enabled AND gate 45 and OR gate 41 to the B input of adder 30. The
      operation of the adder and the test block 31 will be the same for the all
      ones masking pattern as for the previously discussed mixed ones and zero's
      pattern.
PAR  The two's complementer network 46 is shown in FIG. 8 so as to demonstrate
      the two's complement operations can be performed. Since these operations
      are not germane to an understanding of the invention, the two's
      complementer will not be described in detail.
PAR  The OR gate 53 and test block 31 also receives a number of other inputs.
      One of these inputs is the normal instruction cycle IAR + 1 operation
      which occurs during time t.sub.6. This operation is shown symbolically in
      FIG. 8 by the Boolean expression t.sub.6. INT to indicate that it occurs
      except when the INT signal is present. This incrementing pulse during time
      t.sub.6 represents the factor 1 in the aforementioned branching expression
      IAR + 1 + Y.
PAR  Another of the OR gate 53 inputs is derivable from the external skip BUSS.
      This operation is also shown symbolically by a Boolean expression
      t.sub.10. EXT SKIP to indicate that it occurs during the t.sub.10 time
      slot when an external skip flag is raised. This feature allows a
      functional unit 14 to cause a program skip. The remainder of the inputs to
      OR gate 53 come from various skip test circuitry in tests block 31, which
      circuitry is not shown.
PAR  With reference now to FIG. 9, the indirect register addressing feature in
      accordance with the teaching of my invention will be described. This
      feature allows the number of addressable registers to be expanded beyond
      the limits imposed by the instruction A and B field sizes. For instance,
      the exemplary four bit A and B field sizes allow only 16 registers to be
      directly addressed. Moreover, the indirect register addressing feature of
      the invention allows program subroutines to be time shared by different,
      but identical functional devices. Thus, the indirect register addressing
      feature is applicable to any situation where it is desired to expand the
      number of addressable registers or to allow a common program to be time
      shared. However, by way of example, the indirect addressing feature is
      shown in FIG. 9 for a multiple CRT terminal situation where each CRT
      terminal employs four addressable registers. Although two such CRT
      terminals 70-1 and 70-2 are shown in FIG. 9, the system may be designed to
      handle any desired number of such CRT terminals.
PAR  Also shown in FIG. 9 is the indirect address unit 14-6. Although the other
      functional units 14 (see FIG. 1), the control memory 11 and the processor
      unit 10 are not shown in FIG. 9 for reasons of clarity, it is to be
      understood that these devices are connected to the processor busses D, A
      and B.
PAR  The two CRT terminals are substantially identical so that only the terminal
      70-1 will be described in detail. It should be noted that similar
      components of the terminal 70-2 bear the same reference numerals as their
      counterparts in the terminal 70-1 except that the last digit is a 2
      instead of a 1. The CRT terminal 70-1 employs four addressable registers,
      12-0' through 12-3', the primes being employed to identify registers which
      are indirectly addressable. The register 12-0' is arranged to receive
      parallel data input from the keyboard unit 14-21. The register 12-1'
      serves as a memory data register for the refresh memory and display
      generator 14-31. Finally, the registers 12-2' and 12-3' serve as the
      column and row cursor address registers, respectively. In the terminal
      70-2 the register counterparts for register 12-0' through 12-3' are 12-4'
      through 12-7', respectively.
PAR  The indirect register address unit 14-6 is arranged to respond to the
      contents of a directly addressable register 12-13 to generate the indirect
      address signals A0' through A15' and B0' through B15' which are employed
      to address the CRT terminal registers. The indirect address unit 14 can be
      configured so that the contents of register 12-13 point to any desired
      number of indirectly addressable registers. However, the unit 14 is
      illustrated in FIG. 9 for the case where the contents of register 12-13
      can point to either of two CRT terminal registers. This two register case
      is especially useful for register to register data operations called for
      by the register to register instruction subset (see FIG. 5E). For this
      situation, the register 12-13 is treated as two four bit fields or
      segments by the indirect address unit 14-6 with each field being capable
      of pointing to sixteen registers. Which of the two fields is utilized is
      determined by the direct address signals A14, A15, B14 and B15. That is,
      the indirect address unit 14-6 is itself directly addressable to select
      one of the two four bit fields in the register 12-13.
PAR  The direct address signals A14 and A15 are applied to a multiplexer 16-1
      which serves to connect one of the two four bit fields to an A' decoder
      64. The decoder 64 responds to the addressed or selected four bit field to
      generate on one of its 16 output leads a corresponding one of the indirect
      address signals A0' through A15'. The direct address signals B14 and B15
      are applied to another multiplexer 60-2 which serves to connect one of the
      two four bit fields to a B' decoder 65. The B' decoder 65 responds to the
      addressed four bit field to generate on one of its 16 output leads a
      corresponding one of the address signals B0' through B15'. The A' and B'
      decoders may suitably be one of 16 decoders which are selectable from the
      aforementioned catalogs.
PAR  The multiplexers 60-1 and 60-2 are substantially identical such that like
      components in the two multiplexers bear like reference numerals which are
      hyphenated to a 1 for multiplexer 60-1 and to a 2 for multiplexer 60-2.
      Accordingly, only the multiplexer 60-1 will be described in detail. The
      multiplexer 60-1 includes a pair of AND gate networks 62-1 and 63-1 which
      have their outputs combined in an OR network 61-1. Each of these networks
      includes four gates, with the OR gates of network 61-1 ORRING like ordered
      ones of the four bit outputs of networks 62-1 and 63-1.
PAR  The A14 and B14 direct address signals are applied to the networks 63-1 and
      63-2, respectively, so as to select or address the left hand four bit
      field. That is, an R--R instruction having its A and B fields equal to A14
      and B14, respectively, selects the four left hand bits of register 12-13
      for the generation of the A' and B' indirect address signals. On the other
      hand, the direct address signals A15 and B15 are applied to the gating
      networks 62-1 and 62-2 so as to select the four right hand bits of
      register 12-13 for the generation of the A' and B' indirect address
      signals.
PAR  With the above described indirect register addressing apparatus, common
      program routines can be employed for such operations as data transfer from
      the keyboard register to the memory data register, cursor address
      updating, and others. Prior to entry into a common routine, the register
      12-13 must be loaded with the value which essentially determines which of
      the CRT terminals 70-1 or 70-2 is to be operated upon by the program
      routine.
PAR  Although separate memory data registers 12-1' and 12-5' are shown in FIG.
      9, it is possible to employ a single memory data register which is time
      shared by the several CRT terminals. In such case, the single memory data
      register could be directly addressable.
PAR  With reference now to FIG. 10, one type of register 12 which may be
      employed will be described. As shown in FIG. 10, the register 12 includes
      a basic register unit 80, input multiplexing unit 81, and output
      demultiplexing unit 82 and a clock signal multiplexing unit 83. The
      register unit 80, which may be selected from the aforementioned catalogs,
      has parallel input and output to an associated functional unit 14 and
      serial input from multiplexer 81 and serial output to multiplexer 82.
PAR  The register unit 80 is placed in the serial operating mode by a true or 1
      value of a mode control signal (SER) and in the parallel operating mode by
      a 0 value of the same signal. The SER mode control signal is derived by
      means of an OR gate 84 which ORS the A select and B select signals for the
      register 12 and by means of an AND gate 85 which ANDS the output of OR
      gate 84 with the TRA execute control signal. Thus, the SER control signal
      will be a 1 only during time slots t.sub.7 through t.sub.14 whenever the
      register 12 is selected by either the A Sel or B Sel signals and will be a
      0 at all other times.
PAR  The input multiplexer 81 includes a level of AND gates 81-1, 81-2 and 81-3.
      Another gating level includes an OR gate 81-4 which combines the outputs
      of the first level AND gates to provide the serial input to the register
      unit 80. The demultiplexing unit 82 includes a level of AND gates 82-1 and
      82-2 and 82-3 which are arranged to gate the serial output of the register
      unit 80 on to a number of different leads. The multiplexer 83 includes a
      first level of AND gates 83-1 and 83-2 which have their outputs combines
      in an OR gate 83-2 so as to provide the clock or strobe input into the
      register unit 80.
PAR  Before discussing the various signal paths provided by the units 81 and 82,
      the clock signal multiplexer 83 will be briefly described. A 1 value of
      the SER mode control signal enables the AND gate 83-1 to pass the clock
      signals .phi. via OR gate 83-3 to the register unit 80. The SER signal is
      inverted by means of an inverter 83-4 so as to inhibit the AND gate 83-2
      when the SER signal is a 1 and to enable the AND gate 83-2 when the SER
      signal is a 0. When AND gate 83-2 is enabled, the external P strobe is
      passed by gate 83-2 and OR gate 83-2 to the register unit 80.
PAR  When the A Sel signal is a 1, the register unit 80 is adapted for serial
      operation with its input coupled to the D BUSS and its output coupled to
      the A BUSS. To this end, the input multiplexer 81 includes an AND gate
      81-2 which is enabled by the A Sel signal to pass data from the D BUSS via
      OR gate 81-4 to the serial input of the register unit 80. The A Sel signal
      also enables an AND gate 82-1 in demultiplexer 82 to pass the serial
      output of the register unit 80 to the A BUSS. It should be noted that the
      serial output of register unit 80 is also passed directly through the
      demultiplexer unit 82 to the input multiplexer AND gate 81-1. However, the
      gate 81-1 is disabled at this time since the 1 value of the A Sel signal
      is inverted by means of an inverter 81-5 so as to apply a 0 to gate 81-1.
PAR  When the B Sel signal is a 1, the A Sel signal is a 0 such that the input
      multiplexing gate 81-1 becomes enabled to pass the serial output of
      register unit 80 back into its input via OR gate 81-4. In addition, the B
      Sel signal enables the demultiplexing gate 82-2 to pass the serial output
      of the register unit 80 to the B Buss. For PUSH STACK operations, the
      demultiplexing AND gate 82-3 is enabled by the PUSH signal to pass the
      serial output of the register unit 80 to the register stack 86. The
      register stack 86 may consist of an open ended serial connection of
      registers which have substantially the same serial operating connections
      as the illustrated register 12.
PAR  For POP STACK operations, the input multiplexing gate 81-3 is enabled by
      the 1 value of the A Sel signal and by the POP signal to pass the serial
      output of register stack 86 to the serial input of register unit 80. The
      POP signal is also inverted by an inverter 81-6 so as to inhibit gate 81-2
      from gating the D BUSS data during POP operations.
PAR  It should be noted that the illustrated register 12 in FIG. 10 is by way of
      example only and that other register constructions may be employed. In
      addition, more or less input and output signal paths may be provided for
      the register unit 80.
PAR  The instruction address register IAR 12-1 differs slightly from the
      register 12 illustrated in FIG. 10. As shown in FIG. 11, the register unit
      80 is replaced by an UP counter unit 90, which is selectable from the
      aforementioned catalog. In addition, the input MUX 81 includes an
      additional set of AND gates 81-7 which serve to route the 2.sup.0 through
      2.sup.6 stage outputs of counter unit 90 to the 2.sup.1 through 2.sup.7
      stage counter inputs during serial mode operations. These connections
      serve to make the counter unit 90 act like a shift register. In addition,
      the gate 81-1 receives the INT signal so as to be disabled during
      interrupt sample cycles from receiving data input from the D BUSS. As
      mentioned previously, this serves to place all 0's in the IAR at the end
      of the execute period.
PAR  The remainder of the gates in the input MUX 81 are substantially the same
      as shown in FIG. 10. The construction of the DEMUX 82 is also
      substantially the same as shown in FIG. 10 except that an additional OR
      gate (not shown) is included to OR the PUSH and INT signal, the OR gate
      output then being applied to enable the AND gate 82-3 (see FIG. 10).
      Finally, the MUX 83 is also the same as shown in FIG. 10 except that the
      EXT P strobe is replaced by the IAR INC lead and the output of the MUX 83
      is applied to the clock input (C) of the first or 2.sup.0 counter stage.
      For convenience, the PUSH and some of POP in A Sel and B Sel connections
      have been omitted in FIG. 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a buss type processor in which a direct address generator generates a
      pair of direct addresses for addressing one of a first plurality of
      registers in response to an address field contained within the processor
      instruction set; the improvement comprising
PA1  a second plurality of registers each accessed by a pair of indirect
      addresses,
PA1  first and second multiplexers jointly responsive to the contents of said
      one of said first plurality of registers and to said pair of direct
      addresses to select a portion of the contents of said one of said first
      plurality of registers, and
PA1  first and second decoders jointly responsive to said portion of the
      contents of said one of said first plurality of registers selected by said
      first and second multiplexers to generate a pair of indirect addresses to
      address one of said second plurality of registers.
NUM  2.
PAR  2. In a buss type processor in which a direct address generator generates a
      pair of direct addresses for addressing one of a first plurality of
      registers in response to an address field contained within the processor
      instruction set, the improvement comprising
PA1  a second plurality of registers each accessed by a pair of indirect
      addresses,
PA1  a first multiplexer responsive either to a first portion of one of said
      pair of direct addresses and to the contents of a first segment of said
      addressed one of said first registers, or responsive to a second portion
      of said one of said pair of direct addresses and to the contents of a
      second segment of said addressed one of said first registers to generate a
      first output signal, where said first or said second portion of said
      addresses are selected by said processor in response to programmed
      instruction,
PA1  a second multiplexer responsive either to a first portion of the other of
      said pair of direct addresses and to the contents of said first segment of
      said addressed one of said first registers or responsive to a second
      portion of said other of said pair of direct addresses and to the contents
      of said second segment of said addressed one of said first registers to
      generate a second output signal, where said first or said second portion
      of said addresses are selected by said processor in response to programmed
      instructions,
PA1  a first decoder responsive to said first output signal to generate a first
      plurality of indirect addresses to address ones of a first group of said
      second plurality of registers, and
PA1  a second decoder responsive to said second output signal to generate a
      second plurality of indirect addresses to address ones of a second group
      of said second plurality of registers.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein said first multiplexer
      comprises a first and a second logic AND gate network and said second
      multiplexer comprises a third and a fourth logic AND gate network and
      wherein said first AND gate network has inputs of said first portion of
      said one of said pair of direct addresses and the contents of said first
      segment of said addressed one of said first registers, said second AND
      gate networks has inputs of said second portion of said one of said pair
      of direct addresses and the contents of said second segment of said
      addressed one of said first registers, said third AND gate network has
      inputs of said first portion of the other of said pair of direct addresses
      and the contents of said first segment of said addressed one of said first
      registers, and said fourth AND gate network has inputs of said second
      portion of the other of said pair of direct addresses and the contents of
      said second segment of said addressed one of said registers.
NUM  4.
PAR  4. The invention in accordance with claim 3 wherein said first multiplexer
      further comprises a first logic OR gate network the inputs of which are
      connected to outputs of said first and second AND gate networks and the
      outputs of said first OR gate network are connected to said first decoder,
      and wherein said second multiplexer further comprises a second logic OR
      gate network the inputs of which are connected to outputs of said third
      and fourth AND gate networks and the outputs of said second OR gate
      network are connected to said second decoder.
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PAL  A system for sensing information located in tracks in various layers or
      depths of a recording medium. The desired information is electro-optically
      tracked in three dimensions to provide sensing of the information
      contained in the multi-layered recording medium.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 316,661 filed Dec.
      20, 1972.
BSUM
PAR  This invention relates to electro-optical systems which track information
      on a multi-layered or multi-depth recording medium to provide an output of
      the information contained in the recording medium. More particularly, the
      system relates to the continuous playback of audio/video information for
      home and professional use. This system is especially compatible with
      individual home black and white, or color television sets, utilizing the
      sets to continuously display the information contained in the
      multi-layered recording medium.
PAR  Electro-optical technology which records and retrieves information on two
      dimensional recording medium, such as conventional film or rotating discs,
      is well known in the art. However, many prior art electro-optical devices
      which deal with high density or high frequency information are hampered by
      the problems of the accuracy of placement of a pick up head, or the like,
      and synchronizing different types of information. Further, to achieve
      electro-optically a continuous playback with accuracy for a substantial
      length of time, a great amount of two dimensional recording medium is
      required.
PAR  By recording information in an electro-optical form in two dimensions on a
      medium, in any of a number of conventional manners, and by stacking the
      resulting recordings, it will be apparent that storage density will
      dramatically increase if a reliable electro-optical system for retrieving
      this information can be provided.
PAR  Assuming that the recording medium used is a conventional rotating plate
      which consists of discs stacked one on top of the other, it is apparent
      that the recording density on any disc need not be as great (e.g., for a
      stack of five discs it may be approximately five times less) as in present
      systems. With a spiral like track or a plurality of tracks recorded on
      each disc, in any form such as digital or analog, an electro-optical unit
      can be provided as described herein which can electrooptically track and
      electro-optically sense each and every layer and follow any desired track
      thereupon to achieve sensing and playback, or retrieval, of the
      information. This information may be discretely retrieved from a
      particular location in the multi-layered medium or may be continuously
      retrieved from each and every layer of the medium.
PAR  The ability to select a layer or depth from which information is to be
      retrieved allows the first information layer to be located below the
      surface of the plates thus making the system insensitive to dirt located
      on the surface of the plate.
PAR  Thus, the electro-optical retrieval of information, especially
      continuously, in a stack of two dimensional recording medium or recorded
      at various depths in a single medium will provide a reasonable playing
      time in a relatively small volume of the recording medium.
PAR  By the practice of this invention, information may be continuously
      retrieved in a reasonable playing time and in three dimensions with a high
      degree of accuracy.
PAR  The advantages inherent in a three-dimensional electro-optical retrieval
      system may be realized by providing a preferred embodiment of this
      invention a multi-layered recording medium which contains information. The
      image of the data plane of interest is projected by a lens means having a
      depth of field less than the separation between alternative data planes to
      a detector means. A sensing electro-optical system which includes the lens
      means and detector means is thereby either electro-optically focused on
      the projected image of the desired information or the image is focused on
      the detector. A tracking electro-optical system tracks the desired
      information located in the recording medium in the lateral and normal (or
      depth) directions, and thereby controls the positioning and focusing of
      the sensing system on the desired information. Tracking in the third
      dimension on a given track is achieved by the desired track passing the
      tracking and sensing electrooptical systems or by both electro-optical
      systems scanning to compensate for the relative motion between the systems
      and the desired track.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide electro-signal track following
      in three dimensions.
PAR  It is also an object of this invention to provide a system for
      electro-optically retrieving information in three dimensions.
PAR  It is another object of this invention to provide an accurate
      electro-optical retrieval system for continuously tracking and sensing
      information from a multi-layered recording medium.
PAR  It is a further object of this invention to achieve an electro-optical
      retrieval system which results in a reasonable playing time with a
      relatively small volume of recording medium.
PAR  It is still a further object of this invention to provide an
      electro-optical retrieval system to track and sense desired information in
      radial and normal directions in a multi-layered recording medium or in a
      medium having information recorded at different depths.
PAR  It is still another object of this invention to provide a three dimensional
      retrieval system including a lens means having a depth of field less than
      the separation between alternative data planes.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention both as to its organization and principles of operation
      together with further objects and advantages thereof may better be
      understood by referring to the following detail description of an
      embodiment of the invention when taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a block diagram illustrating an exemplary embodiment of the basic
      concepts of a three dimensional electro-optical retrieval system for a
      multi-layered recording medium in accordance with this invention.
PAR  FIG. 2 is a diagram illustrating an embodiment of an electro-optical head
      utilized to sense information on a multi-layered recording medium in
      accordance with this invention.
PAR  FIG. 3 is a side view of a two head system in accordance with this
      invention.
PAR  FIG. 4 is a front view of the two head system of FIG. 3 in accordance with
      this invention.
PAR  FIGS. 5a, 5b and 5c are representations of the light pattern on a split
      photodetector in accordance with this invention.
PAR  FIGS. 6a, 6b, 6c, and 6d and 6e are illustrations of various waveforms
      which occur in the electrooptical retrieval system in accordance with this
      invention.
PAR  FIG. 7a illustrates a track of a recording medium with binary
      representation thereon, FIG. 7b illustrates a track of a recording medium
      with a series of varying density bands thereon, and FIG. 7c illustrates a
      track of a recording medium with varying width opaque lines therein, all
      in accordance with this invention.
PAR  FIG. 8 illustrates a perspective view of an embodiment of a multi-layered
      recording medium in disc form, in accordance with this invention.
PAR  FIG. 9 illustrates a side view of a multi-layered recording medium, in
      accordance with this invention.
PAR  FIG. 10 is a block diagram illustrating another embodiment of the basic
      concepts of a three dimensional electro-optical retrieval system for a
      multi-layered recording medium in accordance with this invention.
PAR  FIG. 11 is a diagram illustrating another embodiment of an electro-optical
      head including various data and image planes, utilized to sense
      information on a multi-layered recording medium in accordance with this
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a multi-layered recording medium or plate 11 in
      the form of a plurality of discs (only a small segment of which is shown)
      is illustrated to contain tracks of information on a plurality of its
      layers. In this embodiment, plate 11 is capable of being driven so that
      the desired information will pass a first adjustable electrooptical system
      12 at a first time and pass a second adjustable electro-optical system 13
      a predetermined time thereafter. Electro-optical system 12 follows an
      information track on a given layer or disc of plate 11, and controls
      positioning of the electrooptical system 13 which retrieves information.
      The plate 11 may also be in the form of a single disc which includes
      information recorded at various depths therein.
PAR  Electro-optical system 12 is utilized to electro-optically focus and track
      the desired information in the lateral and normal or depth directions and
      includes a lens 14 which is adjustable in the lateral and normal
      directions by control apparatus 15. The lens 14 has a generally short
      focal length, i.e. a fraction of a centimeter, and a large enough
      numerical aperture to provide a depth of field less than the separation
      between alternative data layers or planes of plate 11.
PAR  A microscope objective, for example Tiyoda P171755 20x lens with a
      numerical aperture 0.40 operated without a cover glass is satisfactory.
      Control apparatus 15 may be of any readily available design or combination
      of designs such as the type utilizing speaker type coils in a permanent
      magnetic field to electromagnetically change the position of the lens 14
      to a selected focal plane. Control apparatus 15 is a two axes positionable
      lens system. The axes of motion are, (1) in the disc plane transverse to
      the track in a direction along a disc radius; and (2) perpendicular to the
      track and the disc itself. The control apparatus 15 controls the lateral
      and vertical position of lens 14 which in turn focuses the desired image
      plan on the split photodetector 17.
PAR  The light source 16 positioned beneath the plate 11 in the first
      electro-optical system 12 emits light and floods the general area of the
      desired information on plate 11 through lens 14, or other focusing
      equipment, to a light responsive unit such as a photosensor or split
      photodetector 17. The light from the source 16 need not be carefully
      focused on the desired information. This is in distinction to many prior
      art systems which require exact focusing on the desired information in the
      recorded medium. A split photodetector 17 is utilized in a preferred
      embodiment but its equivalents, such as a pair of positioned light
      responsive resistors, semi-conductors, photomultipliers, or the like, will
      suffice.
PAR  The split photodetector 17 comprises halves 17a and 17b. Each half provides
      an output signal representative of the amount of light impinging upon its
      surface from the light source 16 as the desired information in disc 11
      moves past the photodetector 17. The outputs of the split photodetector 17
      are connected, through amplifiers, as inputs to a differential amplifier
      18 which in turn is connected through its output to a first input of a
      servo amplifier 20. The output of differential amplifier 18 is also
      connected to a servo amplifier 22, through a delay unit 23, to position
      the second electrooptical system 13 in the lateral direction after a
      predetermined time delay as will be described subsequently. Servo
      amplifier 20 which controls the lateral positioning of the lens 14 through
      control apparatus 15, is also provided with a second input 21 to allow a
      coarse setting of the control apparatus 15 and thus a coarse positioning
      of the first electro-optical system 12 in the lateral direction.
PAR  Lateral positioning of the first electro-optical system 12 and the second
      electro-optical system 13 (after a delay) is thus achieved by the relative
      amount of light striking halves 17a and 17b of split photodetector 17. Due
      to the positioning of the split photodetector 17, halves 17a and 17b
      receive the same amount of light when the first electro-optical system is
      properly positioned (i.e. straddling the information track) on the desired
      information. When equal amounts of light strike halves 17a and 17b, the
      output of the differential amplifier 18 will be zero, and thus no signal
      is provided to the input 19 of servo amplifier 20 and the position of lens
      14 as controlled by apparatus 15 is unaltered.
PAR  When halves 17a and 17b receive different amounts of light from light
      source 16, the input signals to the differential amplifier 18 likewise
      will be different. When this occurs, an output signal from the
      differential amplifier 18 will command, through servo amplifier 20, a
      correction of lens 14 in the appropriate lateral direction.
PAR  FIG. 1 is illustrative of a two head or lens system in accordance with this
      invention, i.e. a first electro-optical system 12 having a lens means 14
      and a second electro-optical system 13 having a lens means 32. In the
      disclosed embodiment the first electro-optical system 12 is utilized to
      track in the lateral and in the normal directions. From this disclosure it
      is deemed evident that a three head system could be realized by providing
      separate electro-optical systems for the lateral tracking function and the
      normal tracking function of the first electro-optical system 12 and for
      the sensing function of the second electro-optical system 13. A one head
      or lens system in which a common lens means is utilized will be described
      when referring to FIGS. 10 and 11.
PAR  Having described the lateral tracking function of the first electro-optical
      system 12, the normal or depth tracking function of electro-optical system
      12 will be discussed. The depth or normal tracking function of the first
      electro-optical system 12 utilizes lens 14, control apparatus 15, split
      photodetector 17, summing amplifier 24, video envelope detector 50, phase
      detector 25, servo amplifier 26 and oscillator 27. The outputs from halves
      17a and 17b of split photodetector 17 are further connected through
      amplifiers, as inputs to the summing amplifier 24. The output of summing
      amplifier 24 is connected through the video envelope detector 50 to a
      first input to the phase detector 25. The output of phase detector 25 is
      connected to a servo amplifier 28 in the second electro-optical system 13
      through a delay unit 29 and to a first input 30 of the servo amplifier 26
      in the first electro-optical system 12. A second input 31 of servo
      amplifier 26 is provided to allow a coarse setting to be made of the
      control apparatus 15 in the normal direction.
PAR  Oscillator 27 provides a dither signal of a predetermined frequency such as
      100 to 120 hertz to a second input of phase detector 25 and to the first
      input 30 of servo amplifier 26. The dither signal from the oscillator 27
      applied to the first electro-optical system 12 causes the lens 14 to
      vibrate in the normal or depth direction at a frequency determined by the
      output of the oscillator 27.
PAR  The output of the phase detector 25 is applied to the first input 30 of
      servo amplifier 26 to ultimately retain the lens 14 at an average position
      (in the normal direction) to focus on the desired information. The phase
      detector 25 will not provide an output signal when the first
      electro-optical system 12 is focused at this average position in the
      normal direction and thus, the dither signal produced by oscillator 27 is
      free to alone cause equal excursions in the normal or depth direction of
      lens 14 through a true focus to the high and low focus, as will be
      explained in discussing FIGS. 6a through 6e.
PAR  The movement of the plate 11 in the desired track direction (or the
      scanning by the electrooptical systems 12 and 13 because of relative
      motion between the systems and the disc) and the positioning of the first
      electro-optical system 12 in the lateral and normal directions allow the
      second electro-optical system 13 to focus upon any desired information
      location and follow its track continuously.
PAR  The second adjustable electro-optical system 13, which finally sense or
      reads the desired information for retrieval thereof is, in effect,
      positioned and focused on the projected image of the desired information
      all in response to the first electro-optical system 12 after a
      predetermined time delay. Electro-optical system 13 is utilized to
      electro-optically focus on and sense the projected image of the desired
      information, and includes a lens 32 similar to lens 14, a second light
      source 33, a condenser lens 34, a housing 35, and a cap structure 36. The
      cap structure 36 may be a screw-on cap, and contains a plurality of
      photosensors, such as light responsive diodes 37, therein.
PAR  Light from source 33 floods the volume of interest and may be focused
      generally by a condenser lens 34 on the general area of the desired
      information. The light need not be carefully focused. The lens 32 focuses
      the projected image plane of the desired information on a detector means
      such as the light responsive diodes 37 in the cap structure 36.
PAR  Servo amplifier 28 controls the positioning in a normal direction of the
      second electro-optical system 13 by electromagnetically varying the
      position of the lens 32 or alternatively by changing the position of the
      diodes 37 to the correct focal plane by moving the cap 36 up and down with
      respect to the housing 35. Alternatively, the diodes 37 could be mounted
      in a diode holder or base (not shown), which is in turn connected to the
      cap 36. By moving the diode holder (not the whole cap) the diodes 37 could
      be moved in the focal plane thereby resulting in a light weight system.
PAR  The predetermined delay provided is the time it takes the information
      focused at a first time by the first electro-optical system 12 to travel
      to the second electro-optical system 13 and is provided by delay units 23
      and 29. In the embodiment wherein the electro-optical systems 12 and 13
      both are removed to scan in the desired track direction, this time is the
      period necessary for the second electro-signal system 13 to reach the
      desired information after the first electro-optical system 12 is focused
      thereon.
PAR  In operation, the first electro-optical system 12 is positioned to track
      the desired information in the lateral direction by the described
      circuitry and electro-optical equipment which attempts to center laterally
      the desired track. More specifically, when the track is centered properly,
      the light from source 16 falls equally on both halves 17a and 17b of the
      split photodetector 17 by the lens 14. When the light on half 17a and half
      17b of the split photo-detector 17 is not equal, differential amplifier
      18, through servo amplifier 19, will adjust the lateral position of the
      lens 14 through control apparatus 15 until both input signals from split
      photodetector 17 in differential amplifier 18 are equal. The action is a
      conventional servo action and will provide a proper input signal to servo
      amplifier 20 representative of the fact that the first electro-optical
      system 12 is properly centered in the lateral direction.
PAR  The first electro-optical system 12 also is positioned to track the desired
      information in the normal (or vertical as viewed in FIG. 1) direction, on
      the average. This is accomplished through the previous described circuitry
      and electrooptical equipment which in part, may be common with the lateral
      tracking function of the first electrooptical system 12. More
      particularly, the output of the phase detector 25 is applied to the servo
      amplifier 26 in such a manner to retain the lens 14 in focus (on the
      average) on the desired track image. This is accomplished by comparing in
      the phase detector 25 the output signal from the video envelope detector
      50 with the dither signal from the oscillator 27 (as explained in more
      detail in conjunction with FIGS. 6a through 6e) and allowing the dither
      signal to cause equal excursions in the normal direction of lens 14 when
      average focus in the normal direction is achieved.
PAR  After a predetermined delay provided by delay units 23 and 29, the second
      electro-signal system 13 is positioned and focused in response to the
      position of the first electro-optical system 12 to sense the desired
      information either discretely or continuously. This three dimensional
      electrooptical retrieval system will thereby reduce the absolute centering
      requirements and the flatness requirements of the layers of recording
      medium sandwiched together to form a multi-layered disc.
PAR  FIG. 2 illustrates in greater detail a portion of the second
      electro-optical system 13. In this embodiment, the second light source 33
      is generally focused through a condenser lens 34 and the plate 11 (only a
      small segment of which is shown). Plate 11 comprises a plurality of layers
      with some of the layers containing information 38 as will be explained
      subsequently in discussing FIGS. 7a, 7b and 7c. The image by the lens 32
      through the housing 35 onto diodes 37 contained in the cap structure 36.
      The adjustability of this second electro-optical system 13 is accomplished
      through adjusting the lens 32 and/or adjusting the distance from lens 32
      to the diodes 37 to properly focus the desired image plane on the detector
      means or diodes 37.
PAR  In operation, the light source 33 is generally focused through the
      condenser lens 34 onto the general area of the desired information layer.
      The lens 32 is then positioned to focus the projected image of the desired
      information onto the diodes 37. This enables the diodes 37 to receive an
      image indicative of the desired information on a particular layer. In FIG.
      2, eight diodes are illustrated as being representative of detector means
      such as photosensors which sense binary information contained on the plate
      11. For example, each layer of plate 11 may have a continuous information
      track which comprises a series of rows of binary coded spots, each row
      being eight bits wide as shown in FIG. 7a which will be described later.
      Although eight diodes are illustrated, the number and type of photosensor
      used in a matter of choice dictated by convenience and the type of
      information to be retrieved; for example, light sensitive integrated
      circuits (of the "bucket brigade" type) may be used. It is believed
      apparent that different types of detectors or photosensors may readily be
      matched with the type of recorded information utilized.
PAR  Further circuitry, which is well known in the art, may be added to the
      second electro-optical system 13 to increase the accuracy of the system as
      described. For example, such circuitry could compensate for
      non-linearities (such as subtracting the gray background, compensating for
      disc speed variations, etc.) or insure that the photosensors are properly
      retrieving the recorded information.
PAR  FIG. 3 illustrates a side view of a two head systems in combination with a
      section of a multilayered recording medium in the form of plate 11. Plate
      11 is positioned on a turntable 39 which is driven by a motor 40 through a
      drive shaft 41. The drive shaft 41 has included thereon a gear member 42
      which engages a coupling gear 43 to provide coarse following in the
      lateral direction through a mechanical linkage or lead screw 44. The other
      end of the lead screw 44 is connected to an outer casing 45 of the
      electro-optical system.
PAR  In the casing 45, the split photodetector 17 is located above the plate 11,
      and the light source 16 is located below the plate 11. Control units 46
      and 47, which are positioned below and above the plate 11 respectively,
      contain electrical and optical equipment capable of following the desired
      track in the lateral and normal directions, as previously described.
PAR  FIG. 4 illustrates a front view of the two head system of FIG. 3, including
      the photosensor 37 and the split photodetector 17 located above a section
      of the plate 11, in casing 45. The light from light source 33 in casing 45
      is directed through lower control unit 48, the plate 11, and an upper
      control unit 49. The control units 48 and 49 are representativve of
      electrical and optical equipment which properly focuses on the desired
      information with respect to the photosensor 37. Likewise, the light from
      light source 16 in casing 45 is transmitted through control unit 46, plate
      11 and control unit 47 to project an image of the selected data plane
      which in turn is focused on the split photodetector 17. Control units 46
      and 48 may be eliminated if light sources 16 and 33 irradiate a
      sufficiently large area.
PAR  FIG. 5a illustrates a light pattern formed only on half 17a of the split
      photodetector 17. This pattern indicates that a correction in the lateral
      direction of the first electro-optical system 12 is required.
PAR  FIG. 5b illustrates a light pattern on split photodetector 17 in which the
      same amount of light impinges on both halves 17a and 17b. This pattern
      requires no correction since the desired information is properly being
      tracked, that is centered, in the lateral direction. Thus, when the
      desired track is centered equally in the lateral direction, both halves
      17a and 17b of photodetector 17 receive the same amount of light.
PAR  FIG. 5c illustrates a light pattern formed only on half 17b of split
      photodetector 17. This pattern indicates that an adjustment of the first
      electro-optical system 12 in the lateral direction is required. The
      direction of the lateral adjustment for FIG. 5c will be in the opposite
      direction as that required in FIG. 5a.
PAR  The light patterns of FIGS. 5a, 5b and 5c are illustrated as being of equal
      intensity, i.e. without taking into consideration the depth or normal
      direction focusing.
PAR  The waveforms of FIGS. 6a - 6e illustrate the operation of tracking in the
      normal or depth direction of the first system 12. The waveform of FIG. 6a
      illustrates the dither signal, produced by the oscillator 27, which
      exclusively causes the first electro-optical system 12 to vibrate in the
      normal or depth direction when the image of the desired information is in
      focus in the normal or depth direction, on average. Zero voltage
      corresponds to an average image height and positive voltage corresponds to
      a higher than average image height. The waveform of FIG. 6a is also fed to
      an input of the phase detector 25, as was previously mentioned.
PAR  The waveform of FIG. 6b illustrates the output of the video envelope
      detector 50 when the image of the desired information is properly focused
      in the normal or depth direction on the average. This is achieved when the
      image of the desired layer of information is, on the average, between the
      high and low focus points of the vibrating lens 14. The downward direction
      in FIGS. 6b, 6c and 6d indicates better focus.
PAR  The waveform of FIG. 6c illustrates the output of the video envelope
      detector 50 when the image of the desired information is out of focus in
      the normal direction, too high on the average.
PAR  The waveform of FIG. 6d illustrates the output of the video envelope
      detector 50 when the image of the desired information is out of focus in
      the normal direction, too low on the average.
PAR  The phase detector 25 receives two input waveforms, the waveform or dither
      signal, of FIG. 6a from oscillator 27 and one of the waveforms of FIG. 6b,
      6c, or 6d. When the phase detector 25 receives the waveform of FIG. 6a and
      the waveform of FIG. 6c, indicative of lens 14 focusing the desired image
      plane on the detector means too high on the average, the phase detector 25
      will generate, as an output signal, waveform 60 of FIG. 6e. The waveform
      60 of FIG. 6e is transmitted to input 30 of the servo amplifier 26 to
      cause lens 14 to focus lower. indicative of lens 14 focusing the desired
      image plane on the detector means in focus in the normal direction on the
      average, the phase detector 25 will not generate an output, as represented
      by the zero volt waveform 62 of FIG. 6e.
PAR  Thus the output of the phase detector 25 ultimately effects the positioning
      of lens 14, in its normal or depth tracking mode, to retain the average
      position of the lens 14 in a position which will focus the desired image
      plane on the detector means. When proper focus is reached, the dither
      signal causes equal excursions of the lens 14 through true focus, to high
      and low focus.
PAR  FIG. 7a illustrates a single track of information including a series of
      eight binary information bits. Information is retrieved from the track of
      FIG. 7a by diodes which respond to discrete binary codes with the outputs
      of the diodes connected by a digital-to-analog converter to produce video
      signals. FIG. 7b illustrates a single track of information including a
      series of varying density bars, such as bars of approximately fifty
      different densities. Information is retrieved from the track of FIG. 7b by
      diodes or an elongated sensor which provides an analog output proportional
      to the density of each bar, but effecting the amplitude of the lines. FIG.
      7c illustrates a single track of information including a varying width
      opaque line. In FIG. 7c, the information is retrieved like in FIG. 7b.
      FIGS. 7a, 7b and 7c are not exhaustive of the types of information which
      readily recorded on each layer of a multi-layered recording medium. Also,
      the first video line (i.e. top TV raster scan line) may be coded in a
      manner to distinguish the same. A signal representing this line can be
      used to identify each TV field or frame and correct the track's system in
      the event the latter deviates from the proper track. Likewise, a coded
      signal at horizontal retrace time can be used to cause the electro-optical
      system to switch from one track to the next.
PAR  It is believed apparent that the recording of information on different
      layers of a multi-layered medium may require the recorded information to
      be of variable densities which will be electro-optically distinguishable,
      but which will not prevent light from a source reaching the appropriate
      photosensors. There are presently available over fifty different densities
      which may be utilized in the practice of this invention.
PAR  FIG. 8 illustrates a plurality of layers in the form of thin discs, (for
      example 10), each individual disc being constructed of a plastic or the
      like to comprise the plate 11. For example, each layer may be made from a
      photographic film with a clear polyesther substrate and a thin silver
      halide emulsion forming the data plane. A master is recorded, and copies
      are printed therefrom. The individual layers then are bonded together with
      a clear adhesive or in some other way, such as ultrasonically. The bonding
      may cause variations in the thickness between the layers or bends in the
      plate, but in a preferred embodiment of this invention, the normal or
      depth tracking system removes the effects of these.
PAR  In the embodiment of FIG. 8, the disc radius is approximately seven inches
      and the thickness of each disc is approximately 4.5 mils. A stack of five
      discs has a total thickness of approximately 25 mils; however, upper and
      lower cover discs and/or a rigid or massive rim can be used to enable
      better support. Using 5,000 convolutions per inch (forming one continuous
      track as in a phonograph record, or 5,000 separate tracks) over a four
      inch band of the disc radius, and 1/30th of a second to scan each
      convolution track, approximately 60 minutes playing time for color video
      can be provided (which utilizes a four megahertz bandwith). A lineal speed
      of approximately 10 meters per second appears to be the maximum required.
PAR  Each layer typically has a single track in the form of convolutions as
      noted above. When the end of the track on one layer is reached, a recorded
      coded signal causes the electro-optical system to focus on the track of
      the next layer. This coded signal could be in the form of a step charge in
      voltage to achieve coarse correction through a servo amplifier. Typically
      a layer change (which takes about 12 to 18 milliseconds) occurs every
      twelve minutes in a color recording. The layer change could be
      accomplished by allowing the program to have a "fade out" or use other
      type of pictures, known in the art, to reduce the short flicker of the
      change. Alternatively, the electronics could replay the last view a second
      time. Also, two separate playback systems could be placed on opposite
      sides of the plate with each system focused on a different layer, and
      electronically alternatively switched on at the end of each layer. A layer
      change would then take only a few microseconds.
PAR  It is considered apparent that the recording medium need not be in the
      shape of a disc. The same type of track can be recorded on a drum, or on a
      web (like a film strip) which is stored in a cassette-type package. A
      drum, or cylinder, recording medium may be formed by recording on a
      continuous sheet or strip, and then winding this into a cylindrical form.
      A medium having information recorded at various depths (not in a layered
      form) or a medium having circular tracks (not a continuous spiral) may
      also be utilized in the practice of this invention.
PAR  FIG. 9 illustrates a side view of a recording media having four data layers
      or planes numbered 1 through 4 and separated by three clear substrates.
      The data such as that illustrated when referring to FIGS. 7a, 7b or 7c may
      be contained in each and any of the data layers and a protective layer
      (not shown) may be included on the top or bottom of the extreme plane or
      data layers. Each clear substrate is formed of a polyester and is shown as
      being 4.5 mils thick. Each data plane shown as being 6 microns thick is
      disposed on its respective substrate and formed of a photographic emulsion
      such as a high resolution grade emulsion. Each disc layer, e.g. the clear
      substrate and its associated data layer is affixed to other layers by
      means such as bonding.
PAR  As described previously, when light is flooded on the general volume of
      interest in the disc, image planes corresponding to the data of each of
      the data layers or planes are projected and the desired image plane is
      detected or read by a detector means. This is all accomplished by use of
      an electro-optical means which detects information from a specific data
      plane utilizing a lens means having a depth of field less than the
      separation between alternate data planes. For example, if the system
      desired to sense the information, i.e. the data of data layer number 2,
      the associated electro-optical means would include a lens means having a
      depth of field less than the separation between the lower portion of data
      layer number 1 and the upper portion of data layer number 3.
PAR  Referring now to FIG. 10, there is illustrated an embodiment of this
      invention in which a three dimensional electro-optical system is depicted
      utilizing only a single lens. A source 63 emits radiation in the form of
      light and floods the general area of the multi-layered plate 64 (shown in
      perspective) which contains the desired information. The light from source
      63 may be generally focused by lens 65 through the desired area of
      interest but there is no requirement that the lens 65 is exactly focused
      on the information in the data plane of interest.
PAR  The flooded light passing through the general area of interest causes the
      projection of image planes corresponding to the various data planes. The
      appropriate information on a portion of the desired image plane is focused
      by a lens means such as lens 66 on a detector means such as detector 67.
      The lens 66 is of the type described when referring to lenses 14 and 32 of
      FIG. 1 and has a depth of field less than the separation between alternate
      data planes. The detector means 67 may be any type of detector suitable
      for detecting the focused image from the projected image plane. For
      example, the detecting means may be of the photosensor type as illustrated
      in FIG. 1.
PAR  Disposed above the lens 66 is a split photodetector 68 which is analogous
      to the split photodetector 17. Halves 68a and 68b of the photodetector 68
      each provide an output signal representative of the amount of light
      impinging upon its surface. The split photodetector 68 provides lateral
      tracking in the manner previously described by tracking information on the
      desired projected image plane corresponding to the desired data plane. The
      split photodetector 68 has been illustrated as being positioned to the
      side of detector 67 for the sake of illustration only. The motion for the
      tracks of plate 64 comes out of the drawing. Hence, in practice the
      photodetector 68 is actually positioned behind the detector 67 all in line
      with the desired track of the plate 64.
PAR  The remaining components in FIG. 10 are also analogous to those described
      in FIG. 1. However, in this embodiment, the same lens is used for both the
      tracking and reading function and faster responding servo mechanisms are
      utilized. The tracking and focusing servos must respond rapidly enough
      that the track image does not deviate or defocus beyond the tolerance
      limits of the detection system. Also, as will be explained subsequently,
      the embodiment of FIG. 10 accomplishes depth or normal focusing by
      dithering the photosensor 68 rather than dithering the lens 14 as done in
      FIG. 1. By dithering the photosensor 68, undesirable effects of dither
      introduced on the recovered signal are substantially eliminated in a
      single lens system.
PAR  Lateral tracking is achieved by connecting the outputs of the split
      photodetector 68, through amplifiers, as inputs to a differential
      amplifier 69. The differential amplifier 69 is, in turn, connected through
      its output to a servo amplifier 70. Amplifier 70 is in turn connected to a
      control unit 71 which positions the lens 66 in the proper lateral
      direction in the manner described when referring to FIG. 1 or by use of
      other positioning apparatus well known in the art.
PAR  As to normal or depth tracking, the outputs from halves 68a and 68b of the
      split photodetector 68 are connected through amplifiers to inputs of a
      summing amplifier 72. The output of the summing amplifier 72 is connected
      through a video envelope detector 73 to a first input of a phase detector
      74. The output of the phase detector 74 is connected to a first input 75a
      of a servo amplifier 75. A second input 75b of the servo amplifier 75 is
      provided to allow a coarse setting of control unit 76 in the normal
      direction.
PAR  An oscillator 77 provides a dither signal of a predetermined frequency such
      as 100 to 120 hertz to a second input of the phase detector 74 and to a
      servo amplifier 78. The output of the servo amplifier 78 is connected to
      the split photodetector 68 and causes the split photodetector 68 to
      vibrate in the normal or depth direction at a frequency determined by the
      output of th oscillator 77. Thus, the split photodetector 68 is dithered
      with respect to information on the desired image plane in a manner
      analogous to the dithering of lens 14 in FIG. 1. Lens 66 is thereby
      positioned in the normal direction through the control unit 76.
PAR  Referring now to FIG. 11, there is illustrated a view in perspective of a
      plate traveling in the direction indicated by its associated arrow, made
      up to three data planes indicated by the letters a, b and c. Each of the
      data planes contain information. However, only the data in layer b is
      shown since, for illustrative purposes, that is the layer desired to be
      read by the detector 79 and tracked by the split photosensor 80. Disposed
      above the plate is a microscope lens 81 which has a depth of field less
      than the separation between alternate data planes, i.e. between data
      planes a and c. Three phantom lined image planes corresponding to data
      planes a, b and c  are indicated as the image of a, image of b and image
      of c respectively.
PAR  In operation, a light source 82 is generally focused through a lens 83 on
      the area of interest to flood that area with light. A portion of the
      formed image layer corresponding to the desired data layer is projected by
      the microscope lens 81, in focus, to the detector 79.
PAR  The position of the lens 81 is controlled in both the lateral and the depth
      directions in a manner to allow the projection of the desired image plane
      to be in focus with respect to the detector 79. This is accomplished in a
      variety of manners such as using a stationary lens and a moving detector
      79, using a moving recording media and a stationary lens and detector, or
      using a moving lens and a stationary detector. It is believed apparent
      that other techniques are encompassed in this invention with the criteria
      being that the desired image plane of the desired data plane is projected
      in a manner which allows the detecting means to read the information of
      the same, all done in combination with a lens means having a depth of
      field less than the separation between alternate data planes.
PAR  By providing an electro-optical system capable of accurately tracking
      desired information in three dimensions, information may be sensed and
      retrieved in a multi-layered recording media thereby achieving a
      reasonable playing time with a relatively small volume of recording media.
PAR  Track direction following is achieved by the movement of the recording
      media past the electro-optical system or systems or the electro-optical
      systems traveling in the direction of the track. Lateral or radial
      tracking is accomplished by utilizing a split photodetector or the like
      and a differential amplifier to correct the lateral position of the image.
      Depth of normal tracking is accomplished by vibrating a lens or the split
      photodetector in the normal direction and comparing a total amount of
      light sensed by a split photodetector with a dither signal from an
      oscillator to correct the position of a lens in the normal direction.
PAR  While embodiments and applications of this invention have been shown and
      described utilizing both a single lens and a two lens system, it will be
      apparent to those skilled in the art that many more modifications are
      possible, such as other types of detecting means and other combinations
      for focusing the projected image, all without departing from the inventive
      concept herein described. The invention therefore is not to be restricted
      except as is necessary by the prior art and by the spirit of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electro-optical retrieval system for retrieval of information from
      any one of a plurality of layers of a recording medium and of the type
      wherein relative motion is imparted between the recording medium and
      pick-up means for causing said information to be scanned for retrieval
      thereof, comprising
PA1  means for receiving an information containing multi-layered recording
      medium, said recording medium having at least two adjacent layers each of
      which comprises an optically transparent substrate and optically readable
      data thereon in the form of a data track and a surrounding area, and
PA1  electro-optical pick-up means for retrieving information selectively from
      any one of said layers, said electro-optical means including
PA1  light source means exterior to said recording medium for flooding with
      light the general area of interest of at least two adjacent layers of said
      multi-layered recording medium,
PA1  detector means and lens means for focusing an image of an area of a
      selected layer of said recording medium onto said detector means, the
      image so focused comprising a portion of the data track and surrounding
      area of the selected layer, said lens means having a short focal length
      providing a depth of field less than the thickness of two adjacent
      substrates to enable focusing of the data track between adjacent
      substrates of said recording medium, and
PA1  control means for causing said focusing of the data track from a selected
      layer of said recording medium through said lens means onto said detector
      means.
NUM  2.
PAR  2. A system as in claim 1 including
PA1  means for imparting relative motion between the recording medium and the
      electro-optical pick-up means comprising means for moving the recording
      medium past said electro-optical means.
NUM  3.
PAR  3. A system as in claim 1, wherein
PA1  said detector means includes both a data detector and a tracking detector
      for respectively retrieving data from a selected layer and for tracking a
      data track of the selected layer, and
PA1  said control means includes means for laterally positioning said
      electro-optical means for tracking the selected data track.
NUM  4.
PAR  4. A system as in claim 3 wherein
PA1  said tracking detector includes a split photosensor.
NUM  5.
PAR  5. A system as in claim 3 wherein
PA1  said data detector includes plural light sensitive detectors.
NUM  6.
PAR  6. A system as in claim 1 wherein
PA1  said control means includes means for dithering said lens means in a
      direction normal to the plane of said recording medium.
NUM  7.
PAR  7. A system as in claim 3 wherein
PA1  said control means includes means for dithering said tracking detector in a
      direction normal to the plane of said recording medium.
NUM  8.
PAR  8. A system as in claim 1 wherein
PA1  said lens means includes a lens for focusing an image of a portion of the
      data track from a selected layer of said recording medium onto said
      detector means, and
PA1  said control means includes electro-mechanical positioning means for moving
      said lens in a direction substantially parallel to the plane of said
      recording medium, and includes electro-mechanical positioning means for
      moving said lens in a direction normal to the plane of said recording
      medium.
NUM  9.
PAR  9. A system as in claim 1 wherein
PA1  each said substrate of a layer of said recording medium has a thickness of
      approximately four and one half mils and the data layer thereon has a
      thickness of approximately six microns.
NUM  10.
PAR  10. A system as in claim 9 wherein
PA1  said lens means has a depth of field less than approximately nine mils.
NUM  11.
PAR  11. A system as in claim 9 wherein
PA1  said recording medium includes three adjacent layers a, b and c in order,
      each of which comprises an optically transparent substrate and optically
      readable data thereon in the form of a data track and a surrounding area,
      and
PA1  said lens means has a depth of field less than approximately nine mils to
      cause data of layers a and c to be out of focus while focusing an image of
      an area of data layer b onto said detector means.
NUM  12.
PAR  12. A system as in claim 1 wherein
PA1  said lens means includes a single lens for focusing an image of an area of
      a selected layer of said recording medium onto said detector means, and
      said detector means provides both information for tracking the data track
      of the selected layer and retrieving the data from the data track of the
      selected layer.
NUM  13.
PAR  13. A system as in claim 12 wherein
PA1  said detector means includes both a data detector and a tracking detector
      for respectively retrieving data from the data track of a selected layer
      and for tracking the data track of the selected layer, and
PA1  said control means includes means for providing signals for laterally
      positioning said lens means for tracking the data track of the selected
      layer.
NUM  14.
PAR  14. A system as in claim 13 wherein
PA1  said control means includes means for dithering said tracking detector in a
      direction normal to the plane of said recording medium.
NUM  15.
PAR  15. A system as in claim 12 wherein
PA1  said control means is responsive to tracking information from said detector
      means for positioning said lens in a direction normal to the plane of the
      recording medium for focusing an image of a portion of a data track of a
      selected layer of said recording onto said detector means.
NUM  16.
PAR  16. An electro-optical retrieval system for retrieval of information from
      any one of a plurality of layers of a recording medium and of the type
      wherein relative motion is imparted between the recording medium and
      pick-up means for causing said information to be scanned for retrieval
      thereof, comprising
PA1  means for receiving an information containing multilayered recording
      medium, said recording medium having at least two adjacent layers each of
      which comprises an optically transparent substrate and optically readable
      data thereon in the form of a data track and a surrounding area, and
PA1  electro-optical pick-up means for retrieving information selectively from
      any one of said layers, said electro-optical means including
PA2  light source means exterior to said recording medium for flooding with
      light the general area of interest of plural adjacent layers of said
      multi-layered recording medium, and
PA2  detector means and lens means for focusing an image of an area of a
      selected layer of said recording medium onto said detector means, the
      image so focused comprising a portion of the data track and surrounding
      area of the selected layer, said lens means having a short focal length
      providing a depth of field less than the thickness of two adjacent
      substrates to enable focusing of the data track between adjacent
      substrates of said recording medium, said detector means deriving from
      said focused image information for tracking the data track of the selected
      layer and for retrieving data from the data track of the selected layer,
      and said lens means including positioning means responsive to said
      tracking information from said detector means for laterally positioning
      said lens means for tracking the selected data track, and including means
      for positioning said lens means in a direction normal to the plane of the
      recording medium for causing the focusing of the image of an area of the
      selected layer of said recording medium.
NUM  17.
PAR  17. An electro-optical retrieval system for retrieval of information from
      any one of a plurality of layers of a recording medium and of the type
      wherein relative motion is imparted between the recording medium and
      pick-up means for causing said information to be scanned for retrieval
      thereof, comprising
PA1  means for receiving an information containing recording medium, said
      recording medium having at least first, second and third adjacent layers
      each of which comprises an optically transparent substrate and optically
      readable data thereon in the form of a data track and a surrounding area,
      and
PA1  electro-optical pick-up means for retrieving information selectively from
      any one of said layers, said electro-optical means including
PA2  light source means exterior to said recording medium for flooding with
      light the general area of interest of adjacent layers of said
      multi-layered recording medium,
PA2  detector means for receiving an image of an area of a selected layer of
      said recording medium and providing tracking information for tracking a
      selected data track and retrieving data from the selected data track,
PA2  lens means for focusing the image onto said detector means, the image so
      focused comprising a portion of the data track and surrounding area of the
      selected layer, said lens means comprising a lens having a short focal
      length providing a depth of field less than the separation between data
      tracks of alternate layers of said recording medium, and
PA2  control means responsive to said detector means, and including positioning
      means responsive to said tracking information from said detector means for
      laterally positioning said lens means for tracking the selected data
      track, and including means for positioning said lens means in a direction
      normal to the plane of the recording medium for causing the focusing of
      the image of an area of the selected layer of said recording medium.
NUM  18.
PAR  18. A system as in claim 17 wherein
PA1  said detector means includes an information detector, and includes a
      tracking detector leading the information detector for providing said
      tracking information, and
PA1  said control means includes means for dithering said tracking detector.
NUM  19.
PAR  19. A system as in claim 18 wherein
PA1  the data on each substrate is formed of a photographic emulsion on a
      surface of the substrate, and
PA1  said lens has a depth of field less than approximately 9 mils.
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ABST
PAL  A system for providing a compensated voltage used for precharging the
      detector/refreshing amplifiers in a charge-coupled memory employing a
      plurality of shift registers. A pair of dummy registers are used to
      generate a reference register output signal which is applied to a dummy
      sensor. The output of the dummy sensor is used to control, through a
      current source, the compensated voltage; the compensated voltage is used
      to pre-charge the dummy sensor. The system is particularly adaptable for
      an MOS CCD memory employing two layer polycrystalline silicon technology.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates primarily to the field of charge-coupled devices,
      particularly charge-coupled devices used in shift registers and memories.
PAR  2. Prior Art
PAR  Charge-coupled devices (CCD) have been known for a number of years and have
      found applications, for example, in the fields of memory storage and video
      displays ("Charge-Coupled Devices - A New Approach to MIS Device
      Structures", IEEE Spectrum, July 1971, by W. S. Boyle and G. E. Smith,
      beginning on page 18). In the memory field, particularly where
      metal-oxide-silicon (MOS) technology is employed, memory storage is
      feasible where a plurality of shift registers are fabricated on a silicon
      substrate. An analysis of anticipated cost of such CCD devices, in
      comparison to TTL RAMs and other semiconductor memories and other memory
      storage means such as magnetic disks may be found in an article entitled
      "Charge-Coupled Devices Move in on Memories and Analog Signal Processing",
      Electronics, Aug. 8, 1974, by Laurence Altman, beginning on page 91.
PAR  In order to mass produce a CCD memory one problem that must be solved is
      the reliable detection of the output from a CCD device both for reading
      information from the memory and for refreshing it. Typically, the charge
      output of any particular CCD device will vary from one production lot to
      another. For example, CCD devices are known to be particularly sensitive
      to variations in device dimensions which will occur in normal masking
      operations. Also, at high temperatures and/or at low operating
      frequencies, thermal generation of carriers can significantly affect the
      CCD output. Moreover, to achieve low cost, high density smaller devices
      are required which make signal level detection even more difficult.
PAR  In order to fabricate a reliable, low cost CCD memory, some "on-chip" self
      adjustment or compensation must be provided to compensate for the
      above-described variations. The present invention provides a
      self-regulating signal which adjusts the threshold of the detection
      circuitry so that the latter correctly senses the output of a storage
      charge-coupled shift register. The disclosed system provides built-in
      compensation which enables reliable and effective sensing despite
      variations due to processing or operating frequency, temperature or
      voltage.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for providing a regulated potential in an MOS-CCD memory which
      includes a plurality of charge-coupled shift registers for storing
      information is disclosed. A pulse supply means which includes a
      charge-coupled shift register for generating a register reference output
      signal and a sensor having an output and an input coupled to the register
      output signal for sensing the register output signal are utilized. A
      regulating means provides a regulated output potential, this means being
      controlled by the output of the sensor. A feedback means feeds back at
      least a portion of the regulated output to the sensor. The regulated
      output potential is used in the sensing of information stored in the
      memory's shift registers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block diagram of the presently invented system for
      regulating a potential used by the sensing circuits in a charge-coupled
      memory.
PAR  FIG. 2 is a circuit diagram illustrating a single sensing circuit used for
      sensing the output of a charge-coupled shift register.
PAR  FIG. 3 is a detail circuit diagram illustrating an embodiment of the "zero"
      generator, "one" generator, dummy register and dummy sensor circuit of
      FIG. 1.
PAR  FIG. 4 is a detail circuit diagram which includes an embodiment of the
      constant current sources and bleeder circuit of FIG. 1.
PAR  FIG. 5 is a graph illustrating a plurality of timing signals associated
      with the operation of the presently preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention discloses a system for providing a regulated or
      compensated voltage used for precharging a charge-coupled device (CCD)
      detector or rereshing amplifier. The invention in its presently preferred
      embodiment is utilized in a 16,384 bit rapid-access CCD serial memory. The
      memory comprises 64, 256-bit recirculating CCD registers and utilizes a
      4-phase input clock signal. The four phases are identified and shown in
      FIG. 5 as .phi..sub.1, .phi..sub.2, .phi..sub.3 and .phi..sub.4. A single
      system for regulating a potential, as herein disclosed, is utilized to
      furnish a regulated voltage to each of the refresh amplifiers associated
      with the recirculating charge-coupled registers.
PAR  In the presently preferred embodiment the entire memory including decoders,
      data input and data output buffers, address buffers and timing generators
      along with the recirculating charge-coupled shift registers and refresh
      amplifiers are fabricated on a single silicon substrate. Double layer
      polycrystalline silicon technology is employed on a p-type silicon
      substrate with n-channel field effect transistors and n-channel
      charge-coupled registers. While the "double poly" fabrication techniques
      are preferred, it will be appreciated that this specific fabrication
      technique, in addition to other specific aspects of the invention, are
      disclosed in order to provide a full appreciation of the invention and not
      to limit the invention.
PAR  Referring first to FIG. 2, a circuit for sensing the output charge from a
      charge-coupled shift register (hereinafter referred to as a storage
      register) is illustrated, with node 24 being coupled to the output of the
      storage register. A sensor transistor 34 is utilized to sense the charge
      on node 24 and to provide an output signal on the sensor output line.
      Transistor 34 (as are all the transistors in the presently preferred
      embodiment) is an n-channel transistor fabricated with a polycrystalline
      silicon gate. One terminal of transistor 34 is coupled to ground. (Note
      that for convenience ground is assumed to be at zero potential, ground or
      ground potential need not be at zero potential, and additionally the
      ground illustrated in the drawings of this application is not in the
      presently preferred embodiment maintained at the same potential as the
      substrate since substrate biasing is employed.) The other terminal of
      transistor 34 is coupled to a positive potential V.sub.DD through
      transistor 33. The sensing node 24 is coupled through transistor 32 to a
      potential V.sub.P, line 30. The gate of transistor 33 is coupled to the
      source of the .phi..sub.R signal, while the gate of transistor 32 is
      coupled to the source of the .phi..sub.P signal. The waveforms for the
      .phi..sub.P and .phi..sub.R signals are shown in FIG. 5.
PAR  In the presently preferred embodiment where a dynamic sensor is utilized,
      the voltage on node 24 after charge is sensed is adjusted by the potential
      V.sub.P, used to precharge this node. The V.sub.P potential, line 30, is
      the potential which is regulated by the system of the present invention.
      Referring briefly to FIG. 1, the potential V.sub.P is shown as the output
      of transistor 29. V.sub.P is a slowly varying potential which draws off
      charge (electrons) through transistor 32 during the period of time that
      .phi..sub.P is positive. After .phi..sub.P returns to zero potential as
      shown in FIG. 5, the output charge from the register is fed into node 24
      and changes the potential on the latter. Following this .phi..sub.R
      becomes momentarily positive and transistor 33 conducts, placing a voltage
      on the sensor output line.
PAR  If we assume that the shift register shifts a large amount of charge
      representing a binary "1" into the register output well, which is coupled
      to the sensing node 24, the gate of transistor 34 will be discharged to
      below the threshold voltage needed for tranistor 34 to conduct and the
      output line will remain positive after .phi..sub.R has returned to zero
      from momentarily being positive. On the other hand, if a relatively small
      amount of charge is placed onto the sensing node 24, that is the charge
      representing a binary 0, the gate of transistor 34 will remain at a
      positive potential relative to the threshold of transistor 34 and
      transistor 34 will conduct discharging the sensor output line. The output
      line of transistor 34 is sensed after the .phi..sub.R signal returns to
      zero potential. By way of example, if a 0 is sensed at the sensing node
      24, the gate of the sensor transistor 34 will remain at a final potential
      of approximately 3 to 4 volts. However, if a 1 is shifted by a storage
      register onto the sensing node 24, the final potential on the gate of
      transistor 34 will drop to approximately 1 volt, that is below the
      threshold voltage required for transistor 34 to conduct. The V.sub. P
      potential thus adjusts the final potential at the sensing node 24 to
      assure uniform detection. The output from the sensor output line may be
      utilized either to read information from the memory or to refresh a
      register such that the information remains circulating within the storage
      registers as is known in the prior art.
PAR  Referring now to FIG. 1, the general block diagram for generating the
      regulated potential V.sub.P includes a pair of dummy register channels 14
      and 16. These channels in the presently preferred embodiment each have the
      same general geometry (such as length and width) as the storage registers
      used in the memory. In the presently preferred embodiments p-type channel
      stops are disposed between each channel of both the dummy registers and
      the storage registers. Also, in the presently preferred embodiment while
      the dummy or reference register includes two channels, the storage
      registers each include four channels. The geometrical dimensions of the
      sense node regions and the dimensions associated with each of the gates in
      the sensing circuit are the same as those of the storage registers. Also,
      since the dummy register is fabricated simultaneously with the fabrication
      of the remainder of the memory, on the same substrate, the doping levels
      for the dummy registers are the same as the storage registers. The timing
      signals used to shift data along the registers are applied uniformly to
      both register channels 14 and 16 and the storage registers of the memory.
PAR  A "fat" zero generator 10 is utilized for generating zeroes which are
      applied to dummy register channel 14. Note that in the presently preferred
      embodiment one binary state, the 0 state, is represented by a much smaller
      amount of charge than the other binary state or the 1 state. A ratio of
      approximately 1 to 10 is utilized, thus the 0 binary state does include
      some charge, and is referred to as a fat 0. The technique of utilizing a
      fat 0 is known in the prior art and is utilized since it has been found
      that more effective transfer of charge along the register is possible
      where both binary states include some charge. The 1 generator 13 generates
      a continual series of ones which are applied to the dummy register channel
      16. The zeroes applied to channel 14 and the ones applied to channel 16
      are shifted along channels 14 and 16, respectively, in a known manner, as
      would be stored information in a storage register. In the presently
      preferred embodiment, as will be discussed, four phase signals, .phi..sub.
      1, .phi..sub.2, .phi..sub.3 and .phi..sub.4 are utilized for shifting
      information along the storage registers and for shifting the dummy
      information along the dummy register channels 14 and 16. It will be
      apprent that the invention is not dependent upon any particular signal
      phasing and will operate with two phase, three phase or other phasing
      systems.
PAR  A mixing channel 15 is disposed between dummy register channel 14 and dummy
      register channel 16 such that the charge shifted along these registers is
      mixed or distributed between the registers. Thus, assuming that the dummy
      information is being shifted from left to right, each of the portions of
      channels 14 and 16 to the right of mixing channel 15 will shift charge
      levels corresponding to a charge approximately midway between a fat 0 and
      a 1 to the output of the register.
PAR  The dummy sensor circuit 18 in the presently preferred embodiment uses a
      sensor similar in structure to the sensor utilized by the detector/refresh
      circuits associated with the storage registers. The sensor circuit which
      is fabricated on the same substrate with the register channels 14 and 16
      and for that matter, with all the circuitry illustrated in FIG. 1,
      receives the output from register channels 14 and 16 on line 19 and the
      regulated potential on line 31. The dummy sensor circuit 18 acts according
      to these two signals and produces an output control signal on line 21
      which is used to control the current source 25. a specific embodiment for
      the dummy sensor circuit 18 will be discussed in detail in conjunction
      with FIG. 3.
PAR  The voltage V.sub.P is developed from the potential V.sub.DD  through an
      output transistor 29. The source of transistor 29 is coupled to a bleeder
      circuit 28, the output line 30 and the feedback line 31. The drain of
      transistor 29 is coupled to the source of potential V.sub.DD. The gate of
      transistor 29 is coupled to a capacitor 23 and the common junction formed
      by current sources 22 and 25.
PAR  Current source 22 provides a current I.sub.1 in the direction indicated,
      and has one terminal coupled to V.sub.DD. Current source 25 provides a
      variable current (I.sub.2) which is varied by the signal on line 21. One
      terminal of current source 25 is coupled to ground potential. Note that
      current sources 22 and 25 are only convenient schematic representations of
      a portion of the regulating circuit, used to facilitate understanding of
      the principle of operation. In general, current sources 22 and 25 could be
      represented as any circuit which transforms voltage changes on line 21
      into voltage changes on node 29 in a manner such that the entire feedback
      loop remains stable.
PAR  In operation the 0 generator 10 and the 1 generator 13 generate their
      respective signals which are applied to the dummy register channels 14 and
      16 at the same rate as information is supplied to the storage registers of
      the memory. This information is shifted along channels 14 and 16, and
      after being distributed at a channel 15 is sensed on line 19. The dummy
      sensor circuit 18 acts on the feedback signal (line 31) and the outputs
      from the dummy channels 14 and/or 16 (line 19) and provides an appropriate
      signal for controlling the current source 25 on line 21. The current
      source 22 provides a current to the capacitor 23 and tends to increase
      (i.e., make more positive) the voltage on the gate of transistor 29. On
      the other hand, the current source 25 tends to lower (i.e., make less
      positive) the voltage on the gate of transistor 29. The difference in the
      rate at which current sources 22 and 25 add or remove electrons from the
      gate of the ouput transistor 29 determines the output potential V.sub.P
      sensed at the source of the source follower output transistor 29. The
      capacitor 23 assures that abrupt changes in the output signal V.sub.P will
      not occur.
PAR  Referring to FIGS. 1 and 3, in FIG. 3 the presently preferred embodiment of
      the generators 10 and 13, the dummy register channels 14 and 16 and mixing
      channel 15 and dummy sensing circuit 18 of FIG. 1 are illustrated in
      detail. In FIG. 3 the output control signal for controlling a constant
      current source is again shown (line 21) as is the feedback signal (line
      31) which is coupled to the drain of transistors 51.
PAR  As mentioned, the dummy registers are disposed on a common substrate with
      the remainder of the memory, in the presently preferred embodiment the
      substrate is a p-type substrate 35. One of the dummy register channels 43
      is defined by the n+ regions 35 and 37, while the other dummy register
      channel 44 is terminated by the n+ regions 38 and 39. Only a portion of
      each of the dummy register channels is illustrated, as indicated by the
      break 72. Region 36 of channel 43 is coupled to the potential V.sub.DD
      through transistor 53, to one terminal of transistor 54 and to one
      terminal of capacitor 56. The other terminal of transistor 54, the other
      terminal of capacitor 56, along with one terminal of transistor 55 are
      coupled to ground. The capacitor 56 may not be required in some
      embodiments because of the capacitance associated with the diffused region
      36, the common junction of transistors 53 and 54, and the
      interconnections. The other terminal of transistor 55 is coupled to region
      38 of dummy shift register 44. Transistor 55 has its gate coupled to
      V.sub.DD, and hence is constantly in a state of conduction. Transistor 54
      has its gate coupled to the source of the .phi..sub.P signal, while
      transistor 53 has its gate coupled to the gate of the .phi..sub.R signal.
PAR  The plurality of gates illustrated disposed above the channels of registers
      43 and 44 receive the various timing signals used for transferring and
      storing charge along the registers. These gates in the presently preferred
      embodiment all comprise polycrystalline silicon and are substantially
      either on a first level or a second level above the substrate. For
      convenience, with the exception of .phi..sub.I, which is applied to a gate
      on the second level, all those gates on the first level are numbered with
      even numbers, while the gates on the second level are numbered with odd
      numbers. As will be appreciated, the odd numbered gates, that is the gates
      on the second level, are generally at a greater distance from the
      substrate 35 than the gates on the first level. In the presently preferred
      embodiment, substantially the same potential in magnitude is selectively
      applied to both the first level gates and the second level gates, but the
      resulting potential well in the substrate is greater for the gates on the
      first level since they are separated from the substrate by a thinner oxide
      layer than the gate on the second level. Those gates associated with
      channel 43 have been labeled with an a while the gates associated with
      register 44 have been labeled with a b. Thus, gate 60a is disposed above
      the channel 43 while gate 60b is disposed above the channel 44. Both these
      gates receive the timing signal .phi..sub.I. In a similar manner, gates
      61a and 61b receive a timing signal .phi..sub.2I. Gates 62a and 62b
      through gates 69a and 69b receive the timing signal .phi..sub.1 through
      .phi..sub.4, and are used for shifiting charge along the register in a
      known manner. In the presently preferred embodiment the channels 44 and 43
      (along with the memory storage registers) each include approximately 64
      stages such as indicated by stages 1 and 2 of channel 44.
PAR  On the output end of channel 43 charge is transferred by the gates 78a, 79a
      and 80a into the region 37, while in channel 44 charge is likewise
      transferred by gates 78b, 79b and 80b, and additionally by gates 81b and
      82b into region 39. Both regions 37 and 39 are coupled to line 19, the
      sensing node for the dummy sensor transistor 45. Note that region 37
      appears to be a somewhat larger region in the drawings, and is in fact
      larger than region 39 in the presently preferred embodiment. The reason
      for this difference is due to the lay-out used in the presently preferred
      embodiment as is disclosed in copending application Ser. No. 530,161,
      filed Dec. 6, 1974, assigned to the assignee of the present application.
PAR  Channels 43 and 44 are interconnected by a channel 70 which corresponds to
      the mixing channel 15 illustrated in FIG. 1. Channel 70 is generally
      perpendicular to the two parallel channels 43 and 44, and interconnects
      the channels of registers 43 and 44. It is apparent that this mixing
      channel serves the function of distributing between these two register
      channels the charge that is shifted along these channels.
PAR  Line 19, which defines a sensing node for channels 43 and 44 of the dummy
      register, is coupled to the gate of transistor 45 and the source of
      transistor 51. The other terminal of transistor 51 is coupled to the
      feedback line 31 (the V.sub.P potential), while the gate of transistor 51
      is coupled to the source of the .phi..sub.P signal. The source of
      transistor 44 is coupled to V.sub.DD through transistor 52, the gate of
      transistor 52 is coupled to the source of the .phi..sub.R signal. The
      control line 21 is coupled to the drain of transistor 45. Transistor 45,
      the dummy sensor transistor, in the presently preferred embodiment is of
      the same general geometry as is the sensor transistors used to sense the
      output of the storage registers, such as transistor 34 of FIG. 2.
PAR  Referring to FIG. 4, the presently preferred embodiment of the constant
      current sources 22 and 25, capacitor 23, and bleeder circuit 28 of FIG. 1
      are illustrated in detail. Each current source of FIG. 1 comprises in
      effect a short shift register as shown in FIG. 3. The current source 25 of
      FIG. 1 includes the n+ regions 40 and 41 disposed in the substrate 35, the
      control signal on line 21 is coupled to region 40. Region 41 is coupled to
      line 50 which is common with the capacitor 46 and the gate of the output
      transistor 29. Gates 88, 89 and 90 are disposed above the channel defined
      by regions 40 and 41 and are coupled to the source of the timing signals
      .phi..sub.3, .phi..sub.2I and .phi..sub.I, respectively.
PAR  The other current source includes a channel defined by regions 41 and 42.
      The n+ region 42 is coupled to the source of potential V.sub.DD. Gates 84,
      85, 86 and 87 are disposed above the channel defined by regions 41 and 42.
      Gates 84 and 85 receive the timing signals .phi..sub.1 and .phi..sub.4I,
      respectively, while gate 87 is coupled to the source of the timing signal
      .phi..sub.I. The gate 86 is coupled to one electrode 94 of capacitor 91
      while the other electrode 95 of the capacitor 91 is coupled to the source
      of the timing signal .phi..sub.4I. Gate 86 is also coupled to the common
      junction between transistors 97 and 98; these series transistors are
      coupled between the source of the potential V.sub.DD, and the source of
      the .phi..sub.I signal. The gate of transistor 97 is coupled to the
      .phi..sub.R signal, while the gate of transistor 98 is coupled to the
      source of the .phi..sub.1 signal. The transistors 97, 98, along with the
      capacitor 91, are used for boosting the potential on gate 86. In the
      presently preferred embodiment the electrode 94 of capacitor 91 comprises
      a polycrystalline silicon layer which is fabricated along with the upper
      or second level gates while the electrode 95 is likewise a polycrystalline
      silicon layer fabricated with the lower level gates.
PAR  A "two sided" capacitor 46 is coupled to the line 50. One electrode of the
      capacitor comprises both an upper or second level polycrystalline silicon
      layer 48 and a region in the substrate. The other electrode of the
      capacitor 46 comprises a first level layer of polycrystalline silicon,
      that is, one on the same level as the even numbered gates.
PAR  The drain of the output transistor 29 is coupled to V.sub.DD while the
      source of this transistor is coupled to common node with the feedback line
      31, the output line 30 and the drain of transistor 102. The signal
      appearing at this node is the regulated potential used by all the sensor
      transistors of the memory. The other terminal of transistor 102 is coupled
      to ground through transistor 103. The gate of transistor 103 is coupled to
      the common junction defined by transistors 104 and 105. The series
      combination of transistors 104 and 105 is coupled between the source of
      the timing signals .phi..sub.2 and .phi..sub.4 ; the gate of transistor
      104 is coupled to the source of the timing signal .phi..sub.4, and the
      gate of transistor 105 is coupled to the source of the timing signal
      .phi..sub.2.
PAR  Referring briefly to FIG. 5, the various timing signals utilized by the
      memory in its presently preferred embodiment are illustrated. The timing
      signals .phi..sub.1, .phi..sub.2, .phi..sub.3 and .phi..sub.4 previously
      mentioned are utilized primarily for shifting data along the storage
      registers and also for shifting the dummy information along the dummy
      registers. These signals in the presently preferred embodiment are
      externally generated and applied to the memory. The signals .phi..sub.I,
      .phi..sub.2I and .phi..sub.4I along with the .phi..sub.P and .phi..sub.R
      signals, are generated on the substrate which includes the memory. Note
      that each of these timing signals includes a broken line which is disposed
      within a time segment indicated as "access period". This period, in
      actuality, is much greater in duration than indicated in FIG. 5. During
      this access period information is read from the memory or placed into the
      memory. Typically, where a plurality of storage registers are utilized for
      storing information (for example 64 registers) one or more of these
      registers may be accessed during this period of time. Other timing
      signals, such as a chip enable signal, are also used by the memory but are
      not shown in order not to overcomplicate the present disclosure. The
      signals .phi..sub.I, .phi..sub.2I, .phi..sub.4I, .phi..sub.P and
      .phi..sub.R, may be generated utilizing commonly known circuitry.
PAR  Referring first to FIG. 3, the operation of the system shown in FIGS. 3 and
      4 will be examined. Transistors 53, 54, 55, capacitor 56 along with gates
      60a, 60b, 61a and 61b are utilized to generate the dummy information, that
      is a plurality of ones for dummy register channel 44, and the "fat" zeroes
      for register channel 43. First referring to region 38 of register 44, it
      is apparent that this region is continually coupled to ground through
      transistor 55 since the gate of this transistor is coupled to the source
      of potential V.sub.DD. Referring to FIG. 5 and to section 58 of the timing
      diagrams, it may be seen that .phi..sub.2I is positive when the
      .phi..sub.I signal becomes positive. When this occurs both gates 60b and
      61b are positive forming a well in the substrate 35 beneath these gates,
      thereby causing electrons to be moved from region 38 to the well.
      Referring to section 59 of the timing diagrams of FIG. 5, the .phi..sub.I
      signal returns to its zero potential while the .phi..sub.2I potential
      remains positive. When this occurs the charge below gate 61b remains
      beneath that gate, but the path for charge that existed below gate 60b
      between region 38 and the well defined by gate 61b is removed. During the
      period of time that .phi..sub.2I remains positive, .phi..sub.3 becomes
      positive at a time when also .phi..sub.4 is positive. This allows the
      charge to be moved to wells defined beneath gate 62b and 63b. From this
      stage of the register on the charge is transferred along the register to
      the output in a known manner for a four phase system. Thus, once each
      timing cycle a 1 is written into the dummy register channel 44.
PAR  Referring now to the dummy register channel 43 and to the beginning of the
      timing signals of FIG. 5, shown in section 58, note that when .phi..sub.P
      becomes positive the .phi..sub.I signal is in its low or zero state. At
      this time transistor 54 will conduct and both electrodes of capacitor 56
      and region 36 will be coupled to ground potential. Since no positive
      potential exists on gate 60a, no negative charge is drawn into the channel
      of register 43 from region 36. After .phi..sub.P returns to zero
      potential, .phi..sub.I becomes positive at a time when .phi..sub.2I is
      positive. When this occurs deep wells are formed beneath gates 60a and 61a
      causing charge (negative) to be pulled from capacitor 56 and region 36
      into the channel of register 43. During the time when both .phi..sub.I and
      .phi..sub.2I are positive, .phi..sub.R becomes positive causing transistor
      53 to conduct. When this occurs some of the electrons stored beneath gates
      60a and 61a are drawn-off through transistor 53 leaving a substantially
      smaller amount of charge (a fat 0) beneath gates 60a and 61a. After
      .phi..sub.R returns to zero potential .phi..sub.I becomes zero, isolating
      this remaining charge beneath gate 61a. Following this, .phi..sub.3
      becomes positive allowing the charge stored beneath gate 61a to be moved
      beneath gates 62a and 63a. From this point forward the charge is
      transferred in an ordinary manner for a four phase system.
PAR  When the charge in registers 43 and 44 reaches channel 70, it is
      distributed between the registers and then shifted along the separate
      channels to the output regions 37 and 39. Note that the .phi..sub.2I
      signal along with the .phi..sub.4I signal are used at the output of
      register channels 43 and 44. The use of these signals is not necessary for
      the transfer of the dummy information into the output regions of the
      registers, but rather is done to gain a layout advantage and to permit
      multiplexing used in the preesently preferred embodiment as disclosed in
      the above mentioned copening application.
PAR  The operation of transistors 51, 52 and 54 is similar to the operation of
      the circuit discussed in conjunction with FIG. 2. For example, when
      .phi..sub.P becomes positive, the gate of transistor 45 along with the
      register output line 19 beomes positively charged to the regulated
      potential V.sub.P. When the dummy signals or charge transferred by
      channels 43 and 44 reach the output regions 37 and 39, the voltage is
      reduced. If sufficient positive charge has been removed from line 19,
      transistor 45 will not conduct and the charge placed on line 21 during the
      time that .phi..sub.I is positive will remain on line 21. On the other
      hand, if sufficient charge remains on line 19 and transistor 45 conducts
      the control line 21 will be at a lower potential. As will be discussed,
      the potential V.sub.P is adjusted as a function of the ouput of channels
      43 and 44 such that the final potential remaining on the gate of
      transistor 45 is close to the threshold of transistor 45. It will be
      apparent that for those sensor transistors which are part of the storage
      registers, such as transistor 34 of FIG. 2, this adjustment to V.sub.P
      will assure that transistor 34 will conduct when a 0 is sensed on node 24,
      and likewise transistor 34 will not conduct when a 1 is sensed at node 24.
      Variations (such as due to processing) in parameters which affect the
      storage registers will affect the dummy registers in a like manner, and
      cause V.sub.P to change in the direction necessary to compensate for the
      variation as will be explained.
PAR  Referring now to FIG. 4, one current source is continually providing the
      current I.sub.1 to the line 50, while the controlled current source is
      continually removing current (I.sub.2) from line 50. Electrons are moved
      from region 41 beneath gates 87, 86, 85 and 84 to region 42. Region 42,
      since it is continually coupled to V.sub.DD acts as a sink for charge
      moved to it. Electrons are also moved from region 40 to region 41 beneath
      gates 90, 89 and 88. The amount of this charge is determined by the
      control signal of line 21. (The circuit comprising transistors 97 and 98
      and capacitor 91 is utilized to boost the potential on gate 86 to a level
      greater than V.sub.DD during the period of time that .phi..sub.4I becomes
      positive.)
PAR  Assume for the sake of discussion that for some reason the charge shifted
      along the dummy register channels 43 and 44 has diminished. In such a
      situation it would be expected that the charge shifted along the storage
      registers would likwise be diminished. Since we have assumed that the
      charge has diminished, the final voltage on the sensing nodes will become
      larger (since fewer electrons are shifted onto the node). This in turn
      will cause transistor 45 to conduct more heavily. In turn, line 21 becomes
      more negative or closer to ground potential. As line 21 becomes closer to
      ground potential, more electrons are moved from region 40 to region 41,
      thereby lowering line 50 in potential. The lowering of line 50 in
      potential will cause the output voltage V.sub.P on lines 30 and 31 to
      decrease. Since the charge moved along the registers has been diminished,
      it is of course desirable to have V.sub.P lower in potential to compensate
      for the diminished charge. In a similar fashion, had the charge moving
      along the dummy register channels 43 and 44 increased (for example,
      because of increased generation of thermal carriers in the substrate),
      V.sub.P would likewise increase, thereby compensating for the increased
      charge.
PAR  Capacitor 46 serves the function of smoothing the signal applied to the
      gate of the output transistor 29, thereby assuring that the V.sub.P
      changes are not abrupt.
PAR  The transistor 103 is used to bleed line 30 to obtain a lower output
      impedance and to assure that transistor 29 will not be inadvertently
      turned off by a stray signal that tends to increase the potential on line
      30. Transistors 104 and 105 act as an AND gate for the .phi..sub.2 and
      .phi..sub.4 signals, while transistor 102 is used to limit the current
      flow from line 30 to ground. The reason for switching the bleeder current
      rather than keeping it constant is to conserve standby power consumption.
PAR  Thus, in the presently preferred embodiment where the zeroes and ones
      stored by the storage registers are generated in the same fashion as the
      zeroes and ones used by the dummy registers, and where the geometry of the
      dummy registers is substantially similar to the geometry of the storage
      registers (except that the storage registers include two additional
      channels in the presently preferred embodiment) a dummy register output
      for controlling the sensing devices is derived which compensates for
      variations which affect the output of the storage registers. It will be
      apparent that other embodiments may be used, for example, a dummy register
      could be fed with charge representing binary ones spaced at appropriate
      intervals. The feedback loop would then be enabled only when a one output
      is expected from the dummy register. For this implementation the V.sub.P
      would be adjusted to a "worse-case 1" charge level. Another variation,
      although not presently preferred, would be to apply the control signal on
      line 21 directly to the output transistor 29. In this alternate embodiment
      the CCD current sources would be eliminated.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for providing a regulated potential in an MOS-CCD memory
      which includes a plurality of charge-coupled memory shift registers for
      storing information comprising:
PA1  a pulse supply means including a charge-coupled shift register for
      generating a register reference output signal;
PA1  a sensor having an output and an input coupled to said register output
      signal for sensing said register reference output signal;
PA1  a regulating means for providing a regulated output potential, said
      regulating means being controlled by said output of said sensor; and
PA1  feedback means, for feeding back at least a portion of said regulated
      output potential to said sensor;
PA1  whereby said regulatd output potential may be used in the sensing of
      information stored in said memory shift registers.
NUM  2.
PAR  2. The apparatus defined by claim 1 wherein said output of said sensor is a
      function of the relative magnitudes of said register reference output
      signal and said regulated output potential.
NUM  3.
PAR  3. In a CCD memory system disposed on a substrate employing at least one
      sensing transistor for sensing the output of a storage shift register, an
      improvement for generating a reference potential for said sensing
      transistor comprising:
PA1  a shift register having the same general geometry as said storage shift
      register, disposed on said substrate; and
PA1  voltage generation means for generating said reference potential, said
      generation means being controlled, at least in part, by said shift
      register;
PA1  whereby said improvement compensates for parameter variations on said
      substrate.
NUM  4.
PAR  4. The improvement defined by claim 3 wherein a predetermined signal is
      applied to said shift register by a signal generator disposed on said
      substrate.
NUM  5.
PAR  5. In a circuit for sensing the output charge from a charge-coupled storage
      shift register which includes a sensing node for receiving said output
      charge, an improvement for adjusting said output charge on said sensing
      node as a function of non-programmed variations in the magnitude of said
      charge where said circuit and said shift register are disposed on a common
      substrate comprising:
PA1  a reference shift register disposed on said common substrate;
PA1  signal generation means for generating an input signal for said reference
      shift register coupled to said reference shift register;
PA1  voltage generation means for generating an adjustment signal; and
PA1  comparator means for comparing the output of said reference shift register
      with said adjustment signal and for controlling said voltage generation
      means, coupled to said reference shift register and said voltage
      generation means;
PA1  whereby said adjustment signal may be used to adjust said output charge on
      said sensing node thereby providing improved sensing of charge from said
      storage shift register.
NUM  6.
PAR  6. The improvement defined by claim 5 wherein said reference shift register
      has the same general geometry as said storage shift register.
NUM  7.
PAR  7. The improvement defined by claim 6 wherein said reference shift register
      includes two spaced apart, parallel channels and said storage shift
      register includes four spaced apart, parallel channels.
NUM  8.
PAR  8. The improvement defined by claim 7 wherein said signal generation means
      generates a series of signals representing a first binary state for one of
      said reference registers and a series of signals representing a second
      binary state for the other of said reference registers.
NUM  9.
PAR  9. The improvement defined by claim 8 including an interconnecting channel
      disposed between said two channels of said reference shift register.
NUM  10.
PAR  10. In a charge-coupled memory employing a plurality of storage shift
      registers and a plurality of sensing transistors for sensing the output of
      said storage shift registers, a system for generating a reference
      potential which is coupled to said sensing transistors comprising:
PA1  at least one generation means for generating a signal representative of a
      binary state;
PA1  at least one reference register coupled to said generation means, said
      reference register having at least one channel of approximately the same
      length and width as a channel of said storage shift register;
PA1  a reference sensing transistor having the same general characteristics as
      said sensing transistors, said reference sensing transistor having its
      gate coupled to the output of said reference register and also having its
      gate selectively coupled to said reference potential, said reference
      sensing transistor having an output control signal line;
PA1  an output transistor for controlling said reference potential, said output
      transistor having a gate;
PA1  a first current source coupled to said gate of said output transistor;
PA1  a variable current source coupled to said gate of said output transistor,
      said variable current source being coupled to said output control signal
      line of said reference sensing transistor;
PA1  whereby said reference potential will vary as a function of the output of
      said reference register and as a function of variations in said reference
      sensing transistor.
NUM  11.
PAR  11. In a charge-coupled memory employing a plurality of storage shift
      registers and a plurality of sensing transistors, a system for generating
      a reference potential coupled to said sensing transistors comprising;
PA1  a register having a first and a second channel, each of said channels being
      of approximately the same length and width as a channel of said storage
      registers;
PA1  a first generation means for generating a charge representing a first
      binary state, coupled to said first channel;
PA1  a second generation means for generating a charge representing a second
      binary state coupled to said second channel;
PA1  a cross channel interconnecting said first and second channels;
PA1  a transistor for providing a control signal having its gate coupled to the
      output of said register, said gate being selectively coupled to said
      reference potential;
PA1  an output transistor for controlling said reference potential, said output
      transistor including a gate;
PA1  a first current source including a channel coupled to said gate of said
      output transistor; and
PA1  a second current source including a channel coupled to said gate of said
      output transistor, said second current source being controlled by said
      control signal of said transistor;
PA1  whereby the output of said output transistor may be used by said sensing
      transistor in sensing of charge from said storage shift registers.
NUM  12.
PAR  12. The system defined by claim 11 wherein a capacitor is coupled to the
      gate of said output transistor.
NUM  13.
PAR  13. The system defined by claim 12 wherein a bleeder circuit is coupled to
      the output of said output transistor.
NUM  14.
PAR  14. The system defined in claim 13 wherein said memory and said system are
      disposed on a common substrate.
NUM  15.
PAR  15. The system defined in claim 14 wherein the channels of said storage
      shift registers, said channels of said register and said channels of said
      current sources are n-channels.
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ABST
PAL  An MOS static random-access memory (RAM) in which high-speed is obtained,
      in part, through limiting the voltage swing on column lines. Column sense
      amplifiers are effectively de-coupled from a common read bus limiting
      capacitance associated with column lines. A unique address buffer assures
      that each address bit is generated simultaneously with its complement,
      thereby preventing multiple selections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of MOS random-access memories.
PAR  2. Prior Art
PAR  Numerous metal-oxide-silicon (MOS), random-access memories (RAMs) are known
      in the prior art, including memories which employ load transistors which
      operate in a depletion mode. These memories are typically fabricated on a
      single silicon substrate, and in static memories, employing bistable
      circuits for memory cells. A plurality of Y-lines or column lines are used
      both for sensing information stored in the cell (reading) and also to
      write information into the cells. These column lines communicate with a
      single read bus which in turn supplies output data through an output
      buffer.
PAR  To provide high speed operation, the capacitance associated with the column
      lines must be minimized. However, in prior art memories the capacitance of
      any particular column line often includes capacitance associated with the
      read lines, and even, capacitance associated with other column lines. This
      added capacitance reduces the rate at which information may be read from
      the cell, and hence reduces the overall access time of the memory. As will
      be seen, the present invention provides a column sense amplifier which
      de-couples the unselected column lines from the read bus, and furthermore,
      which permits reliable sensing of small voltage changes on the column
      line.
PAR  Another problem encountered in prior art memories, particularly as access
      time is decreased, is that of multiple selection. Often address buffers
      are utilized to generate the complement of an address, thus, for each
      address bit its complement is also used in the decoders. However, if the
      complement bits are delayed from the "true" address bits (because of
      delays in the address buffers) multiple selections can occur. As will be
      seen, the present invention provides an address buffer in which the
      complement of an address bit is generated simultaneously with the buffered
      true address bit.
PAC  SUMMARY OF THE INVENTION
PAR  An MOS RAM employing at least one column line which is coupled to a memory
      cell and which communicates with a read line is disclosed. A first MOS
      transistor is employed to charge the column line to a source of a first
      potential. A second MOS transistor which includes a first and second
      terminal and a gate, has its first terminal coupled to the column line and
      its gate coupled to a second potential, where the difference between the
      first and second potential is approximately equal to the threshold voltage
      of the second transistor. A third MOS transistor is utilized for charging
      the second terminal of the second transistor to the second potential. When
      the potential on the column line changes, the second transistor conducts
      changing the potential on the second terminal of the second transistor,
      which changed potential may be coupled to a read line.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general block diagram of the presently disclosed memory
      illustrating, among other things, a cell and a decoder.
PAR  FIG. 2 is a detail circuit diagram illustrating the presently preferred
      embodiment of the column sense amplifier used in the present invention.
PAR  FIG. 3 is a detail circuit diagram of the presently preferred embodiment of
      an address buffer utilized in the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A high-speed MOS static RAM employing depletion load devices is disclosed.
      In its presently preferred embodiment the memory is fabricated on a p-type
      silicon substrate and employs n-channel devices in a 1,024 .times. 1 word
      arrangement organized in an array having 32 columns and 32 rows. The
      memory employs depletion load devices which are fabricated by ion
      implantation. All of the transistors in the memory employ polycrystalline
      silicon gates. By way of example, worse case access times of 300
      nanoseconds have been obtained. As will be appreciated, the specific
      implementation of the presently preferred embodiment is not crucial to the
      invention disclosed herein, but nonetheless is set forth in order that the
      disclosed circuits may be fully appreciated.
PAR  Referring first to FIG. 1, the memory array is arranged with 16 columns of
      cells disposed to the right of the X-decoders and with 16 columns of cells
      disposed to the left of the X-decoders. This is illustrated partially in
      FIG. 1 with column lines 19a and 19b and column lines 20a and 20b disposed
      to the left of an X-decoder 17 and with column lines 21a and 21b disposed
      to the right of X-decoder 17. Each column of cells includes a pair of
      column lines such as lines 19a and 19b which are coupled to the cells 13,
      and which are also coupled to a column sense amplifier 24. Additionally,
      the column lines are coupled to the right bus, for example, lines 19a and
      19b are coupled to the write bus 27a and 27b through transistors 36 and
      37. These transistors have their gates coupled to a Y-decoder, and hence
      conduct when a particular column in the array has been selected. Each of
      the column sense amplifiers are coupled to the single read bus 26a and
      26b. This read bus is coupled to the input of the output sense amplifier
      and buffer 29. The output of this buffer, line 28, provides the data
      output signal during the read cycle.
PAR  Each of the column lines in the array are coupled to line 10, the source of
      the V.sub.CC potential (+5 volts in the presently preferred embodiment)
      through a pair of pull-up transistors which operate as enhancement loads.
      Specifically, line 19a is coupled to line 10 through transistor 31 and
      line 19b is coupled to line 10 through transistor 32. The gates of both
      these transistors are also coupled to line 10. Similarly, lines 20a, 20b
      are coupled to line 10 through transistors 33 and 34, respectively, and
      the remaining column lines in the array are likewise coupled to line 10
      through similar pull-up transistors.
PAR  In the presently preferred embodiment each of the memory cells 13 includes
      a bistable circuit coupled between, line 10 and ground identified as line
      11, V.sub.SS in FIG. 1 and between a pair of column lines. (The term
      ground as used in this application need not be zero volts). Each cell
      includes a first branch, transistors 41 and 43 coupled in a series between
      lines 10 and 11, and a second branch, transistors 42 and 43, again coupled
      between lines 10 and 11. Transistors 41 and 42 are depletion loads with
      the gate of transistor 41 being coupled to node 35 and the gate of
      transistor 42 being coupled to node 38. Feedback between the two branches
      of the cell is provided from node 38 to the gate of transistor 43 and from
      node 35 to the gate of transistor 44. Node 35 is coupled to one of the
      column lines 20a through transistor 39, while node 38 is coupled to column
      line 20b through transistor 40. The gates of transistors 39 and 40 are
      coupled to an X-line in the array, line 15. The bistable cell 13 operates
      in a similar manner to other prior art cells.
PAR  A single X-decoder 17 is illustrated in FIG. 1 and includes decoding
      transistors 46 through 50 coupled between line 15 and line 11. The gates
      of these transistors receive a row address signal from the address
      buffers. The other X-decoders in the array receive the row signals (and
      their complements) in order that one (and only one) X-line in the array
      may be selected for any address. Each of the X-decoders receives power
      from line 10 through a depletion load device such as transistor 51.
      Y-decoders not illustrated which may be similar to the X-decoder 17 are
      utilized for decoding the Y-portion of the address.
PAR  The read bus lines 26a and 26b are coupled to a pair of pull-up transistors
      61 and 64, respectively. These enhancement load transistors are used to
      charge the read bus lines to the V.sub.CC potential less a threshold.
PAR  Referring now to FIG. 2, a single column sense amplifier 24 is illustrated
      coupled to column lines 19a and 19b, to the read bus lines 26a and 26b and
      to the write bus lines 27a and 27b. Line 26a is coupled to node 66 through
      transistor 57 while line 26b is coupled to node 66 through transistor 58.
      Node 66 is coupled to the V.sub.CC potential through an enhancement load
      59 and to ground, line 11, through transistor 60. The gate of transistor
      60 is coupled to a Y-decoder, and hence this transistor conducts only when
      the column is selected. The gate of transistor 57 is coupled to line 19a
      through transistor 53. Similarly, the gate of transistor 58 is coupled to
      line 19b through transistor 54. One terminal of the sense amplifier
      transfer transistor 53 (node 62) is coupled to V.sub.CC through a
      depletion load transistor 55. The gate of transistor 53 is coupled
      directly to line 10 (V.sub.CC). Similarly, one terminal of the sense
      amplifier transfer transistor 54, node 63, is coupled to V.sub. CC through
      a depletion load transistor 56, while the gate of transistor 54 is coupled
      directly to V.sub.CC. As previously mentioned, the depletion load devices
      are ion implanted, and in the presently preferred embodiment the entire
      memory is fabricated on a single substrate with all the depletion load
      devices being ion implanted, simultaneously.
PAR  First, the operation of the sense amplifier 24 of FIG. 2 will be examined
      when the column (lines 19a and 19b) has been selected, that is when a
      positive signal exists on the gate of transistor 60. Assume, for the sake
      of discussion, that a cell has been selected along column lines 19a and
      19b, and the cell is programmed such that the potential on line 19a drops.
      Prior to the time that a cell is selected it should be noted that line 19a
      is charged to the potential V.sub.CC less the threshold of transistor 31
      (FIG. 1). Moreover, node 62, since it is coupled to V.sub.CC through a
      depletion load, transistor 55, will be maintained at V.sub.CC. Thus, the
      potential across the source and drain terminals of transistor 53 is
      precisely one threshold.
PAR  When the potential on line 19a drops (even slightly) node 62 quickly
      discharges through transistor 53. To assure that node 62 quickly
      discharges, the ratio of the channel width to length for transistor 53 is
      much greater than that of transistor 31 of FIG. 1. In this regard it
      should be noted that the depletion load transistor 55 is current limiting,
      and moreover, transistor 55 is a smaller device than transistor 53. In
      practice the potential on node 62 drops quickly to the potential of line
      19a before the potential on line 19a drops more than a few tenths of a
      volt. In this manner the state of the selected cell is sensed before the
      potential on the high capacitance line 19a drops significantly. Note that
      the potential on node 62 drops significantly when compared to the drop of
      potential on line 19a. For example, node 62 may be charged to 5 volts
      through transistor 55 while line 19a prior to being coupled to the cell is
      maintained at a potential of approximately 3.5 volts due to the threshold
      drop of transitor 31 of FIG. 1. When line 19a drops a few tenths of a
      volt, transistor 53 conducts and node 62 quickly drops to the potential of
      line 19a.
PAR  The drop of potential on node 62 causes line 26a to rise in potential and,
      in the presently preferred embodiment, this rise in potential is in the
      order of magnitude of 1 volt. The sense amplifier and buffer 29 (FIG. 1)
      utilizes a sense amplifier output very similar to the column amplifier,
      thus large swings in potential in the relatively high capacitance read bus
      are not required. Note that since transistors 53 and 31 of FIG. 1 are
      fabricated simultaneously on the same substrate, their thresholds are
      substantially the same. Thus, until the potential on line 19a drops,
      transistor 53 is close to the point at which it will begin to conduct.
      Thus, the sense amplifier 24 minimizes the potential swing required on the
      high capacitance column line while providing a relatively large swing at
      the gate of transistor 57.
PAR  If the column which includes lines 19a and 19b of FIG. 2 had not been
      selected, transistor 60 would not conduct and node 66 would be maintained
      at V.sub.CC less a threshold because of enhancement load 59. Also through
      transistors 61 and 64 of FIG. 1 the drains of transistors 57 and 58 would
      be likewise maintained at the V.sub.CC potential less a threshold. Thus,
      the source and drains of the sensing transistors 57 and 58 are maintained
      at the same potential, effectively de-coupling the unselected column lines
      from the read bus lines.
PAR  In FIG. 3 the address buffer shown is utilized both for those portions or
      bits of the address coupled to the X-decoder as well as those coupled to
      the Y-decoders. In the case of the buffers coupled to the Y-decoders, the
      output stages of the circuit of FIG. 3 include larger devices since the
      output power required for the Y-decoders is larger than that required for
      the X-decoders. In the presently preferred embodiment the Y-decoders
      include both series and parallel decoding transistors, and hence the load
      on the Y-address buffers is larger.
PAR  In FIG. 3 the input stage to the buffer includes an inverter comprising
      transistors 69 and 70 in series between line 10 and line 11, the input
      being applied to the gate of transistor 70. Transistor 69 is a depletion
      load device having its gate coupled to the common junction between
      transistors 69 and 70, this junction also being common with the gate of
      transistor 73. The second stage of the buffer, also an inverted stage,
      comprises transistors 72 and 73 coupled in series between lines 10 and 11.
      Transistor 72 is a depletion load device and has its gate coupled to the
      common junction between transistors 72 and 73, node 88. The series
      combination of transistors 78 and 79 which are coupled between line 10 and
      line 11 are used for generating a signal opposite in polarity to that
      appearing on node 88. The common junction between the depletion load
      transistor 78 and transistor 79, node 90, is coupled to the gates of the
      output transistor 75 and pull-down transistor 82. Node 88 is common with
      the gate of transistor 79, the gate of the output transistor 81 and the
      gate of the pull-down transistor 76. One output stage of the buffer
      includes depletion load transistor 75 in series with transistor 76. The
      common junction between these transistors, line 83, provides an output
      signal which is the complement of the input signal. The other output stage
      comprises depletion load transistor 81 coupled in series with transistor
      82. The common junction between these transistors, line 84, provides an
      output signal of the same polarity as the input signal to the buffer.
PAR  It is apparent that when a positive signal is applied to the gate of
      transistor 70, the gate of transistor 73 will be brought towards ground
      potential allowing node 88 to rise to V.sub.CC through device 72. The
      positive potential on node 88 causes transistor 76 to conduct, thus
      providing a low signal on line 83. The high potential on line 88 provides
      a corresponding low potential on node 90 through the series transistors 78
      and 79. This low potential on node 90 prevents transistor 75 from
      conducting, and likewise allows line 84 to rise in potential since
      transistor 82 is not conducting and transistor 81 is conducting.
PAR  In the buffer of FIG. 3 the signal on line 83 cannot change without a
      corresponding change in the signal on line 84 and vice versa. This results
      from the fact that the gates of transistors 75 and 82 are common as are
      the gates of transistors 81 and 76. This cross-coupled push-pull buffer
      eliminates two problems associated with prior art buffers. First,
      pull-down of the output buffer lines in the prior art has always been
      faster than the pull-up caused by the output transistors. With the present
      buffer both rise time and decay time of the output waveforms are
      substantially equal. Another problem solved by the circuit is that of
      coincident switching, the cross-coupling of the buffer assures that
      switching occurs coincidentally.
PAR  Thus, a memory system has been disclosed in the form of an MOS static RAM
      in which fast access times are achieved by limiting voltage swings on high
      capacitance lines in the memory, and also reliable fast access is assured
      by preventing multiple selections.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an MOS RAM employing at least one column line which is coupled to a
      memory cell and which communicates with a read line, an improvement
      comprising:
PA1  a first MOS transistor coupled to said column line for charging said column
      line to a first potential;
PA1  a second MOS transistor having a first and a second terminal and a gate,
      said first terminal being coupled to said column line and said gate being
      coupled to a source of a second potential, the difference between said
      first and second potential being approximately equal to the threshold
      voltage of said second transistor; and
PA1  a third MOS transistor for charging said second terminal of said second
      transistor to said second potential, coupled to said second terminal of
      said second transistor;
PA1  whereby as the potential on said column line changes said second transistor
      conducts between said first and second terminals changing the potential on
      said second terminal of said second transistor, which charged potential
      may be coupled to a read line.
NUM  2.
PAR  2. The improvement defined by claim 1 wherein said third MOS transistor
      comprises a depletion load.
NUM  3.
PAR  3. The improvement defined in claim 2 wherein said first transistor
      comprises an enhancement load and wherein said first transistor is coupled
      to said second potential, said first potential being equal to said second
      potential less the threshold of said first transistor.
NUM  4.
PAR  4. The improvement defined in claim 3 including a fourth MOS transistor
      having a first and second terminal and a gate, said gate being coupled to
      said second terminal of said second transistor, said first terminal of
      said fourth transistor being coupled to said read line and said second
      terminal of said fourth transistor being selectively coupled to a third
      potential.
NUM  5.
PAR  5. The improvement defined by claim 4 wherein said second terminal of said
      fourth transistor is coupled to said third potential through a fifth
      transistor, said fifth transistor including a gate which is coupled to a
      decoder so that said fifth transistor conducts when said column is
      selected.
NUM  6.
PAR  6. The improvement defined by claim 5 including a pair of enhancement
      loads, one coupled to said read line and the other coupled to said fifth
      transistor such that when said column line is unselected, said first and
      second terminals of said fourth transistor are maintained at the same
      potential.
NUM  7.
PAR  7. In a random-access memory employing a plurality of column lines coupled
      to a read line where said read line is charged from a first potential by
      an enhancement load, a circuit for coupling each of said column lines to
      said read line comprising:
PA1  a first transistor having a first and second terminal and a gate, said
      first terminal being coupled to said read line and said gate being coupled
      to one of said column lines for sensing a change of potential on said
      column line;
PA1  switching means for selectively coupling said second terminal of said first
      transistor to a second potential when said column has been selected, said
      switching means being coupled to said second terminal of said first
      transistor;
PA1  a second enhancement load coupled between said first potential and said
      second terminal of said first transistor;
PA1  whereby when said column line is unselected, said first and second
      terminals of said first transistor are maintained at approximately the
      same potential effectively decoupling said column line from said read
      line.
NUM  8.
PAR  8. The circuit defined in claim 7 wherein said gate of said first
      transistor is coupled to said column line through a second transistor,
      said second transistor including a gate coupled to said first potential
      and wherein said gate of said first transistor is coupled to said first
      potential through a depletion load.
NUM  9.
PAR  9. The circuit defined by claim 8 wherein said first and second
      transistors, said enhancement loads and said depletion load are n-channel
      devices.
NUM  10.
PAR  10. A buffer for a random-access memory which receives an input signal and
      which generates a complementary pair of output signals comprising:
PA1  a first pair of transistors comprising a first transistor and second
      transistor in series, said input signal being coupled to said second
      transistor of said first pair;
PA1  a second pair of transistors comprising a first transistor and second
      transistor in series, said second transistor of said second pair being
      coupled to said input signal and said first transistor of said second pair
      being coupled to the common junction between said first transistor and
      second transistor of said first pair; and,
PA1  a third transistor pair including a first transistor and second transistor
      in series, said first transistor of said third pair being coupled to said
      input signal and said second transistor of said third pair being coupled
      to said common junction between said first and second transistors of said
      first pair;
PA1  whereby said complementary output signals may be sensed at the junctions
      between said first and second transistors of said second and third pairs.
NUM  11.
PAR  11. The buffer defined by claim 10 wherein said transistors comprise MOS
      transistors.
NUM  12.
PAR  12. The buffer defined in claim 11 wherein said first transistor of said
      first, second and third transistor pairs comprise depletion mode devices.
NUM  13.
PAR  13. The buffer defined by claim 12 wherein said transistors are n-channel
      transistors.
NUM  14.
PAR  14. The buffer defined by claim 13 including an input stage for receiving
      and processing said input signal prior to its coupling to said first,
      second and third transistor pairs.
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ABST
PAL  The invention relates to a method of making light dot distributions for the
      holographic storage of binary information with the aid of electronically
      controlled switching masks, characterized in that the individual elements
      of the switching mask are modulated in their path length through fading of
      the interference structure in the hologram associated with said elements.
PARN
PAR  This is a continuation, of application Ser. No. 411,651, filed 11/1/73, now
      abandoned.
BSUM
PAR  The invention relates to a method of making light-dot distributions for the
      holographic storage of binary information with the aid of electronically
      controlled switching masks.
PAR  It is known to make holograms by superposing two coherent light waves, viz.
      an object wave and a reference wave. The storage of the interference
      pattern of the two superimposed waves in the form of a density
      distribution or a phase distribution yields the hologram. When storing
      binary information the object wave consists of a multiplicity of
      superimposed individual waves, which originate from a pattern of light
      dots in the object plane. Each light dot represents an information unit
      (bit), the information content, for example, being defined by the
      brightness of the light dot, i.e. a dark light dot represents for example
      a binary 0 and a bright light dot a binary 1. The simplest method of
      realizing such a pattern of light dots is by means of a mask which is
      provided with apertures at certain locations in accordance with the
      desired information distributions, which mask is included in the radiation
      path of the object wave.
PAR  For recording holograms of different information content, a rapid change of
      the information distribution in the information mask is required, so as to
      obtain a rapid holographic storage of information. Such a rapid change
      becomes possible when the light waves emitted by the individual dots of
      the information mask are switched as rapidly as possible by electronic
      control.
PAR  Such electronically controlled switching masks (also denoted by the term
      "page composer") in which the transparency of the switching elements is
      controlled, are known. These page composers are based on the principle of
      transparency modulation and have the property that the transmitted
      luminous flux varies with the information distribution or, more precisely,
      with the number of transmitted information waves. However, this implies
      that the illumination of the holograms fluctuates when the information
      distribution changes. However, in many cases particularly when holographic
      recording materials with a small dynamic range are used, a constant
      average illumination of the storage holograms which is independent of the
      information distribution, is desirable.
PAR  It is an object of the invention to make light-dot distributions, for
      example light-dot rasters, the switching mask always transmitting a
      constant quantity of light independent of the information distribution.
      This is achieved by modulation of the individual elements to be switched
      of the switching mask in their optical paths through blurring of the
      interference structure in the hologram associated with said elements. A
      modulation of the optical lengths influences the light phase of the
      transmitted light wave and thus results in the interference pattern in the
      hologram associated with said elements becoming blurred.
PAR  In addition to the constant luminous flux, a specific advantage of the
      method is that already after the elements to be modulated have been
      scanned a single time a refractive index gradient is obtained, after which
      the recording of the hologram can commence immediately, because the
      beginning of a variation can be reached more rapidly than the performance
      of a full switching process until a new stable switching state. For
      example, when the elements of each line of the matrix are driven in
      parallel and all lines are driven sequentially, the recording of the
      hologram may commence after a preparation time of only 100 .mu.secs. for a
      "switching mask" with for example 100 lines and 100 elements per column at
      a scanning rate of 1 MHz. This would yield a rate of access for the
      hologram recording of 10.sup.8 bits per second. Futher it is to be noted
      that, owing to the disturbance of the coherence of the individual
      components of the object wave with respect to time, the focussing of the
      light which passes through the switching mask is not at all disturbed;
      this means that the rays transmitted by the mask are not scattered or
      geometrically distorted.
DRWD
PAR  The invention will now be explained with reference to the drawing, in
      which:
PAR  FIG. 1 shows a schematic hologram recording for the purpose of
      clarification,
PAR  FIG. 2 shows an array of phase shifting elements,
PAR  FIG. 3 shows a phase modulation element of a material with an electro-optic
      effect,
PAR  FIG. 4 shows a phase modulation element of a material with a magneto-optic
      effect,
PAR  FIG. 5 shows a modulation element of a material with a
      temperature-dependent refractive index, and
PAR  FIG. 6 shows a matrix array with crosswise arranged conductors.
DETD
PAR  For a correct understanding of the principle a basic property of
      interference patterns in holographic recording is described first. FIG. 1
      schematically shows the superposition of an object wave O and a reference
      wave R. The superimposed coherent waves form an interference pattern J in
      the plane of the hologram H, which for example in the case of
      superposition of plane waves of the same amplitude has an intensity
      distribution proportional to 1 + cos (2.pi.sin..alpha./.lambda.) .x. Here
      .lambda. represents the wave length of the light, .alpha. the angle of
      incidence of the reference wave and x the local coordinate in the
      hologram. If a phase shifter PH is inserted in the path of the object wave
      O, i.e. a device which is capable of modulating the phase of the object
      wave in a defined manner, the pattern of the interference lines in the
      hologram plane is shifted in accordance with the phase .phi.. The position
      of the interference lines consequently depends on the phase of the object
      wave and in the hologram plane a light intensity distribution as a
      function of .phi. is obtained which is proportional to:
      ##EQU1##
PAR  When recording the hologram the luminous flux which is incident upon the
      hologram plane is, for example retained as a density distribution for a
      certain exposure time .tau. when using photographic recording material.
      Consequently, if during the exposure of the hologram the object wave has a
      constant phase, the interference pattern will be recorded as a density
      distribution. When the completed, fixed hologram is again exposed to the
      reference wave this results in a reconstruction of the object wave of the
      first diffraction order. However, if the phase is changed during the
      exposure of the hologram
      ##EQU2##
      the interference lines are blurred. Under certain exposure conditions, for
      example, a certain exposure time depending on the characteristic of the
      recording medium, it can be achieved that the object wave merely causes a
      uniform density of the recording material. The interference pattern should
      then be shifted by at least one period width during the exposure. Neither
      is it possible then to reconstruct an image wave of the object wave from
      the fixed hologram. This allows either the retention of information in the
      hologram during the exposure in the case of a constant phase .phi., or not
      to record any information in the hologram during recording in the case of
      a defined variable phase .phi. (t). In storing digital information by
      means of holograms a binary 1 may then be assigned to, for example the
      first recording condition and a binary 0 to the second condition. The time
      modulation of the phase .phi. results in deterioration of the coherence.
PAR  To construct a switching mask for a hologram store a greater number of
      phase-shifting elements that can be modulated are arranged in a row or in
      the form of a matrix in front of a perforated plate L. The light waves of
      the elements 1, which are then modulated while the hologram is recorded
      (see FIG. 2), only causes a uniform density in the hologram, i.e., during
      the reconstruction from the finished hologram only those image waves are
      reconstructed from the elements 2 of which the associated object waves are
      applied with a constant phase during the recording. however, in spite of
      this the total luminous flux applied to the hologram during the exposure
      remains constant, independent of the number of modulated phase shifting
      elements, i.e. the operating point in the hologram for arbitrarily
      recorded information patterns with the same exposure time can be
      maintained constant. For the practical embodiment it is in principle
      possible to use all known methods of light phase modulation, i.e. with the
      aid of electro-optic or acousto-optic modulators. For example, as is shown
      in FIG. 3, the switching mask may consist of an array of electro-optic
      modulators 3 of known materials that exhibit an electro-optic effect (e.g.
      KDP, ADP, nitrobenzene etc.) These modulators, whose refractive index can
      be modulated through the electro-optic effect, are driven individually by
      an electrical variable voltage U at transparent electrodes 4, when the
      phase of the transmitted light is to be modulated. However, it is
      alternatively possible to employ the piezo-electric effect for the
      light-phase modulation by an electrically controlled thickness variation
      of a transparent piezo-electric material. In principle, the known light
      modulators 6 (e.g. YIG modulators), which are controlled by a coil 5
      through which the current I flows, may also be combined in accordance with
      FIG. 4 to form a phase-modulation switching mask. When the hologram is to
      be erased again, it is recommended to employ for example lithiumniobate as
      a hologram material, because this allows the structure to be erased by
      heat.
PAR  FIG. 5 schematically shows an embodiment of a very simple phase shifting
      element. In a transparent layer 7 of the active material a refractive
      index gradient dn/dt is obtained by means of a defined temperature
      variation. This gradient can be obtained in a simple manner, for example
      with the aid of a transparent electrode 8 disposed on the material surface
      through which an electric current flows. The electrode 8 is then heated
      and heats the adjoining transparent active layer 7. After the current is
      switched off, the layer cools down again. By means of a pulse-shaped
      electrical drive for example a continuously increasing and decreasing
      temperature can be attained, so that constantly a temperature gradient as
      a function of time and thus a refractive index gradient as a function of
      time are obtained. The variation of the light phase of a wave which passes
      through the element is then proportional to
      ##EQU3##
      Here .lambda. represents the wavelength of light, d the thickness and n
      (t) the refractory index as a function of time. The heat produced must
      then be drained via a thermally stabilized substrate plate, with which the
      element is thermally coupled.
PAR  In a switching mask, in which a multiplicity of such elements are arranged
      in the form of a matrix, all elements can be driven consecutively by short
      pulses via a cross-bar system. The scanning rate of the elements must then
      be selected so that at the same time a refractive index gradient is
      maintained in the elements to be modulated throughout the duration of the
      hologram recording.
PAR  FIG. 6 schematically shows said array of elements 9, which are driven via a
      cross-bar system 10, 11. In order that only the element 9' at the crossing
      responds to the application of a voltage to two crossing conductor tracks
      10', 11', a blocking diode 12 must be provided for each element, as
      otherwise additional unwanted currents will flow through the elements
      which are not driven. Such an array of transparent heating elements driven
      via a crossbar system has already been proposed in connection with the
      light modulation by a thermal shift of the band edges in thin
      monocrystalline layers.
PAR  For the practical embodiment of the modulation elements it is effective to
      select a modulation material having an as high as possible thermal
      gradient. For example organic liquids, synthetic material, or highly
      temperature-sensitive crystal layers are particularly suitable for this
      purpose. These materials may then be interposed as thin layers between two
      cooled substrate plates of glass, quartz or sapphire, one of the substrate
      plates accommodating the array of heating elements with the supply leads.
      If the planar dimensions of the switching elements are then substantially
      greater than the thickness of the modulation layer, the dissipation of
      heat in the transverse direction between switched and non-switched
      elements is neglegible, so that no separate thermal isolation of the
      individual switching elements is necessary.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for making light dot distributions for the holographic storage
      of binary information comprising a holographic recording medium, a
      transparent mask having a temperature dependent refractive index, a
      plurality of heat emitting electronically controlled electrodes on said
      mask for selectively heating portions of said mask, whereby radiation
      passing through the mask is phase modulated by those portions of the mask
      thermally activated by the electrodes, the holographic storage medium
      being arranged in the path of the radiation passing through the mask, and
      means for selectively providing electronic signals to said electrodes.
NUM  2.
PAR  2. Apparatus for making light dot distributions as recited in claim 1,
      wherein the transparent mask is made of KDP.
NUM  3.
PAR  3. Apparatus for making light dot distributions as recited in claim 1
      wherein said electrodes are arranged in the form of a matrix comprising a
      grid system of cross conductors, further comprising a rectifier diode
      connected in series with each electrode.
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ABST
PAL  The present disclosure is directed toward a drive method and circuit for a
      memory matrix panel which comprises a light-emitting body having
      hysteresis behavior responsive to application of a desired AC voltage, a
      plurality of horizontal electrodes disposed on a first major surface of
      the light-emitting body and a plurality of vertical electrodes disposed on
      a second major surface of the light-emitting body, each cross point of the
      both electrodes providing a light-emitting unit point in a matrix array. A
      period of the applied AC voltage includes at least three sections wherein,
      prior to the writing, erasing or reading of information, a horizontal
      maintenance pulse having an amplitude necessary to maintain light
      emittance is applied to the plurality of horizontal electrodes during the
      first section thereof and a vertical maintenance pulse having an amplitude
      necessary to maintain light emittance is applied to the vertical
      electrodes during the second section thereof. In order to perform the
      writing, erasing or reading of information on a selected cross point, the
      vertical (or horizontal) electrode associated with such point receives an
      enable pulse having the shape identical with that of the horizontal
      maintenance pulse but the phase shifted into the third section, whereas
      the associated horizontal (or vertical) electrode receives write, erase or
      read out each having a predetermined amplitude necessary to perform the
      write, erase or read operation, the respective amplitude being
      superimposed on the enable pulse.
BSUM
PAR  The present invention relates to a drive system or circuit for a memory
      matrix panel made of material having a light emitting property with
      hysteresis behavior, for example, such as a ZnS thin-film light-emitting
      element.
PAR  Recently, a new fact has been discovered that a certain type of the
      light-emitting elements such as ZnS thin-film light-emitting elements
      exhibits hysteresis behavior in its light emitting mechanism. Thus,
      utilization of such hysteresis behavior makes it possible to provide the
      light-emitting elements with memory capability so that a matrix of such
      light-emitting body may provide character display functions in a
      two-dimensional manner.
PAR  Accordingly, it is an object of the present invention to provide a drive
      system or method suited for such a memory matrix having light-emitting
      characteristics and hysteresis behavior exhibited therein.
DRWD
PAR  The above-mentioned and other object and features of the present invention
      and the manner of attaining them will become more apparent and the
      invention itself will be best understood by reference to the following
      description of an embodiment of the invention taken in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a cross-sectional view of a ZnS thin-film light-emitting element;
PAR  FIG. 2 is a Graph showing a hysteresis curve in the element shown in FIG.
      1;
PAR  FIG. 3 is a cross-sectional view of a matrix memory panel;
PAR  FIG. 4 is a plan view showing an electrode array in the panel of FIG. 3;
PAR  FIG. 5 is a waveform diagram used for explanation of a prior art drive
      system and method for the element of FIG. 1;
PAR  FIGS. 6 (including FIGS. 6A-6C) through 10 are time charts used for
      explanation of a drive system and method according to the present
      invention;
PAR  FIG. 11 is a block diagram showing one embodiment of the drive system of
      the present invention;
PAR  FIG. 12 is a circuit diagram showing a vertical gate used in the system of
      FIG. 11;
PAR  FIG. 13 is a circuit diagram showing a horizontal gate used in the system
      of FIG. 11;
PAR  FIG. 14 is a circuit diagram showing a vertical driver used in the system
      of FIG. 11, and
PAR  FIG. 15 is a circuit diagram showing a horizontal driver used in the system
      of FIG. 11.
PAR  Before discussing a drive system and method in greater detail, it may be of
      advantage to illustrate a light emitting element with reference to FIGS. 1
      through 4.
PAR  FIG. 1 shows a basic construction of a typical light-emitting element, for
      example, a ZnS thin-film light-emitting element, which as briefly
      discussed above, exhibits a hysteresis behavior illustrated in FIG. 2 in
      its light-emitting mechanism. The construction of the ZnS thin-film
      light-emitting element as well as the hysteresis behavior will be
      described referring to FIGS. 1 and 2.
PAR  The typical ZnS thin-film light-emitting element comprises a ZnS thin-film
      layer 1 containing as active material a transition metal such as the
      elements Mn, Cr or rare earth elements such as Tb, Er, Tm, Yb, a pair of
      dielectric layers 2, 3 such as Y.sub.2 0.sub.3 holding the ZnS thin-film
      layer therebetween, a transparent electrode 4 such as Sn0.sub.2 and a
      background electrode 5 such as A1. In these drawings, 6 represents a glass
      plate associated with the transparent electrode 4 through which light
      emission from the ZnS thin-film layer 1 is derived. The dielectric layers
      4, 5 have the purpose of preventing any influence caused due to the fact
      that the ZnS thin-film layer 1 has a low impedance. Two dielectric
      thin-film layers are not necessarily provided at both sides for this
      purpose and, therefore, one of these two thin-film layers may be obviated.
PAR  In such a construction of the ZnS thin-film light-emitting element,
      application of a proper AC pulse permits EL light emission and then the
      relation between the peak value V of the AC pulse and light intensity B
      shows the hysteresis curve as shown by FIG. 2. More particularly, once the
      peak value of the applied AC pulse voltage exceeds Vs(point A), the light
      intensity B increased by degrees and reaches its maximum value at the
      value Vw(point B). Thereafter, even when the applied AC pulse voltage
      falls below the value Vs(point C), light emission is maintained. And if
      the AC pulse voltage is below the value V.sub.E (point D), then light
      emission ceases.
PAR  As briefly discussed above, the present invention is made to provide a
      drive system or method for the memory matrix panel whereby information or
      binary 0 or 1 is written, withdrawn or read on a desired point.
PAR  FIGS. 3 and 4 show the memory matrix panel composed of the ZnS thin-film
      light-emitting element and, especially, FIG. 3 shows a cross-sectional
      view of the panel and FIG. 4 shows a plane array of the electrodes 4, 5
      which correspond to horizontal electrodes H.sub.1 -  Hn and vertical
      electrodes V.sub.1 -  Vm, respectively. As will be clear from the
      drawings, the memory matrix panel includes a plurality of picture units at
      the respective cross points of the horizontal electrodes H.sub.1 -  Hn and
      the vertical electrodes V.sub.1 -  Vm.
PAR  FIG. 5 illustrates an operational principal of writing information, binary
      1 on a selected point of the memory matrix panel and then writing
      information, binary 0 on the same point (i.e., erasing).
PAR  During the period from t.sub.o to t.sub.w, an AC current voltage (referred
      to as "maintenance pulse" hereinbelow) having the peak value Vs (see FIG.
      2) is applied to all the picture points prior to the writing operation of
      information. If the writing voltage Vw (see FIG. 2) is applied to only the
      selected point at the time tw and the non-selected points receive the
      maintenance voltage, the selected point is at the condition (C, FIG. 2)
      and the remaining point is at the condition (A, FIG. 2) during the period
      tw t.sub.E so that only the selected point provides light emission at the
      high intensity Bw. Application of erase pulses (voltge V.sub.E) to only
      the selected point at the time t.sub.E causes light emission at the
      selected point to disappear (in other words, information 0 is written).
      Accordingly, in order to drive the memory matrix panel, proper voltage is
      supplied to the horizontal electrodes and the vertical electrodes in a
      manner that the non-selected points receive only the maintenance pulses
      and only the selected points receive write pulses and erase pulses.
PAR  A practical but not a better drive system or method will be described with
      reference to FIG. 6. Assume now that the cross point (H1 . Vk) of the
      electrodes H1 and Vk is to be selected to accept information 1. An
      explanatory method is described wherein one half of the difference between
      the write voltage Vw and the maintenance voltage peak value Vs (that is,
      1/2 (Vw - Vs)) is added to the selected electrodes H1, Vk together with
      the maintenance voltage (see FIG. 6(A), VH1, Vvk). In such a way, the
      voltage Vw necessary to write as shown by V (H1 . Vk) is supplied to the
      selected point (H1 . Vk) to write 1 thereinto (FIG. 6(C) . B), while only
      the maintenance pulse is supplied continuously to the point V (Hi . Vj)
      (FIG. 6(C). A) with no writing operation. All the picture points (H1 . Vj)
      (Hi . Vk) (as marked by oblique lines in FIG. 6(B)) on the selected
      electrode except the selected point, namely, all half-selected points
      receive the voltage 1/2 (Vw - Vs), and therefore, the writing operation is
      performed by a little degree, though it is not preferable, on these
      non-writing points (FIG. 6(C) . C).
PAR  It will be understood from the foregoing description that a small increase
      of the voltage over the maintenance voltage Vs is not permitted at the
      non-selected points, since the writing operation is performed by a little
      degree on the memory matrix panel when the voltage peak value exceeds Vs
      by a little degree. The applied alternating voltage is not limited to the
      square wave pulses of duty cycle 50% as shown in FIG. ((A), but the
      alternating voltage of such as the square wave pulses, the sine wave and
      the triangular wave pulses of any duty cycle may be applicable to the
      maintenance pulses when the alternating voltage does not vary its
      frequency. The present invention utilizes the above-mentioned degree of
      freedom whereby only a little increase of voltage over the maintenance
      voltage Vs does not occur at the nonselected points and the writing
      voltage Vw is applied only to the selected point in the writing mode
      operation.
PAR  An embodiment of the driving system of the present memory matrix panel will
      be described with reference to FIG. 7.
PAR  The memory matrix panel comprises the ZnS thin-film light-emitting layer
      sandwiched between a pair of dielectric layers 2, 3 and exhibiting the
      hysteresis characteristics, and the horizontal and the vertical electrodes
      H.sub.1 - H.sub.n, V.sub.1 - V.sub.m as shown in FIGS. 3 and 4.
PAR  FIG. 7(a) and 7(b) respectively show waveforms of horizontal maintenance
      pulses of the amplitude VHj, which are applied to the horizontal electrode
      Hj and vertical maintenance pulses of the amplitude Vvt, which are applied
      to the vertical electrode Vi. The pulses are appplied to the respective
      electrodes in such a manner that the both pulses are opposite in polarity
      to each other. It will be understood from FIGS. 7(a) and 7(b), in
      accordance with the teachings of the present driving system, that the
      maintenance pulses of the amplitude Vs and being different from each other
      in phase by 1/4 cycle are uniformly applied to any one of the respective
      horizontal and vertical electrodes Hj, Vi (It is referred to as "seesaw
      drive".). The present driving system is different from the prior system as
      shown in FIG. 5, in which all maintenance pulses are applied to one
      electrode (in the drawing the horizontal electrode) and the other
      electrode (the vertical electrode) is maintained at a constant level. In
      both, present and prior, driving systems, the element receives the
      alternating voltage of +Vs - -Vs voltage level. The horizontal electrodes
      of FIG. 5 receive the alternating voltage of the voltage level Vs - -Vs
      (voltage difference 2Vs), and the control thereof must be performed at the
      voltage levels Vs, 0, -Vs.
PAR  In the present driving system of FIG. 7, a point (Hj . Vi) receives
      alternating sustaining pulses as shown in FIG. 7(e) when the pulses of
      FIGS. 7(a) and 7 (b) are respectively applied to the horizontal and
      vertical electrodes Hj, Vi in order to bring the light-emitting element
      corresponding to the point to a suitable condition for the writing and
      erasing mode. One cycle of the sustaining pulses of FIGS. 6(a) and 7(b) is
      divided into four. The first cycle thereof corresponds to a horizontal
      sustaining pulse phase .phi..sub.A, the second one corresponds to a
      vertical sustaining pulse phase .phi..sub.B, the third one corresponds to
      a writing and erasing phase .phi..sub.C and the fourth one corresponds to
      a reading phase .phi..sub.D, respectively. The horizontal and the vertical
      sustaining pulses are applied to the element at the phase of .phi..sub.A
      and .phi..sub.B, which are different from each other in phase by 1/4 cycle
      as shown in FIGS. 7(a) and 7(b).
PAR  When the light-emitting element at the point (H1 . Vk) in the memory matrix
      panel is selected to emit the light at the time period t.sub.w, namely, in
      the writing operation, a horizontal electrode H1 is selected to receive a
      horizontal writing pulse PHW of the amplitude (Vw - Vs) in synchronization
      with the writing and erasing phase .phi..sub.C within the time period
      t.sub.w as is shown in FIG. 7(c), whereas a vertical electrode Vk is
      selected to receive a vertical writing pulse PVW which is obtained by
      phase shifting the vertical sustaining pulse PVR (marked by oblique lines)
      at the time period t.sub.w to the phase .phi..sub.C as is shown in FIG.
      7(d).
PAR  Other horizontal and vertical electrodes are supplied with the ordinal
      sustaining pulses PR as shown in FIGS. 7(a) and 7(b). The horizontal
      electrodes Hj represent all the horizontal electrodes except H1, whereas
      the vertical electrodes Vi represent all the vertical electrodes except
      Vk.
PAR  When the above-mentioned writing pulses are applied to the point (H1 . Vk)
      of the light-emitting element, the element receives the writing pulse Pw
      of the peak value Vw at the writing and erasing phase .phi..sub.C within
      the time period t.sub.w as shown in FIG. 7(h), whereby the light-emission
      and the writing operation are performed. FIG. 7(h) shows the wave form of
      signals V (H1 - Vk) applied to the point (H1 . Vk).
PAR  Though other points (h1 . Vi), (Hj . Vk) on the selected electrodes except
      the selected light-emission point (H1 . Vk) receive signals V (Hi . Vk) of
      the wave form shown in FIGS. 7(f), 7(g), these points do not emit light
      since the voltage over the amplitude Vs of the sustaining pulses is not
      applied across these points at the time period t.sub.w. Needless to say,
      any changes do not occur at other points (Hj . Vi) upon which the writing
      pulse is not applied.
PAR  Information written on the point (H1 . Vk) in such a way as is discussed
      above is memorized and the light emission is maintained by application of
      following horizontal and vertical sustaining pulses to the horizontal
      electrode H1 and the vertical electrode Vk.
PAR  The erasing operation of written information on the point (H1 . Vk) will be
      described with reference to time period T.sub.E of FIG. 7. The vertical
      electrode Vk is selected to receive a vertical erasing pulse PVE, which is
      obtainable by phase shifting the vertical sustaining pulse PVR (marked by
      dotted lines) at the time period t.sub.E to the writing and erasing phase
      .phi..sub.C, whereas the horizontal electrode H1 is supplied with a
      horizontal erasing pulse PHE of the amplitude (Vs - V.sub.E) at the
      writing and erasing phase .phi..sub.C within the time period t.sub.w.
      Other electrodes Hj, Vi except H1, Vk are supplied with the ordinal
      sustaining pulses.
PAR  When the respective electrodes receive the above-mentioned pulses at the
      time period t.sub.E, an erasing pulse PE shown in FIG. 7(h) is applied
      across the point (H1 . Vk), and therefore, the light-emission of the
      light-emissive element at the selected point is terminated and the
      information is erased. Other points (H1 . Vi), (Hj . Vk) and (Hj . Vi) do
      not receive the erasing pulse as is shown in the drawing, and therefore,
      any changes do not occur in the light-emission condition.
PAR  The following is a description of a reading out operation. The reading is
      carried out by detecting an electric current through the element. The
      principle of the reading out operation will be described with reference to
      FIG. 8.
PAR  When a voltage signal shown in FIG. 8(a) is applied to the ZnS thin-film
      light-emitting element, an electric current shown in FIG. 8(b) appears
      through the element. When the element does not emit light, a displacement
      current id appears at the leading edge of the pulse, whereas a
      polarization current ip shown by dotted lines in the drawing appears
      through the element when the element emits light. Therefore, determination
      as to whether the element emits light, namely, information 1 is written in
      the element, is easily achieved by detecting the polarization current ip.
PAR  Time period t.sub.R in the time chart of FIG. 7 shows the reading out
      operation of the present invention. The vertical electrode Vk is selected
      to receive a reading pulse, whereas the horizontal electrodes Hm are
      sequentially selected to determine as to whether the polarization current
      ip appears. The reading pulse P is obtained by phase shifting the vertical
      sustaining pulse PVR, which is applied to the vertical electrode Vk at the
      time period t.sub.R, to the reading phase .phi..sub.D. The pulse P acts as
      the sustaining pulse when the pulse P positions at either the vertical
      sustaining pulse phase .phi..sub.B or the reading phase .phi..sub.D, and
      therefore, the written information can not be changed. When the
      polarization current ip is detected at the horizontal electrodes Hm.sub.1,
      Hm.sub.2 and the polarization current ip is not detected at the horizontal
      electrodes Hm (m .notident.m.sub.1, m.sub.2) upon application of the
      reading pulse P to the vertical electrode Vk, it will be determined that
      the points (Hm.sub.1 . Vk) and (Hm.sub.2 . Vk) emit light whereas the
      points (Hm (m .notident.m.sub.1, m.sub.2), Vk) do not emit light. The
      light-emission at every point on the memory matrix panel can be determined
      by sequentially selecting the vertical electrode Vk to be supplied with
      the reading pulse.
PAR  Since the polarization current ip flows in response to the leading edge of
      the read pulse P as shown in FIG. 8, the presence and absence of the
      polarization current ip may be sensed by detecting current flow through
      the horizontal electrode about the time t.sub.R1. Assuming that the
      writing and reading of information is not carried out at the same time,
      another system and method may be considered wherein no read phase
      .phi..sub.D is provided and the read pulse is placed on the write phase
      .phi..sub.C. Nevertheless, as shown in a timechart, FIG. 9(a) (b) (c), it
      is difficult to detect the polarization current ip in the above-mentioned
      system, because displacement current i caused by the trailing edge of the
      vertical maintenance pulse PVR to the vertical electrode Vi where no
      reading operation is effected, overlaps in time with the detection current
      (the displacement current id plus the polarization current ip of the pulse
      P) flowing in response to the leading edge of the read pulse P to the
      vertical electrode Vk where reading out is effected. In other words, the
      number of the vertical electrodes Vi (I .notident.k) equals to the total
      number of the vertical electrodes minus 1 for one of the vertical
      electrodes Vk where the reading is effected. The displacement current
      flowing in response to the trailing edge of the vertical maintenance pulse
      PVR occupies most of the detection current i as shown in FIG. 9(c).
PAR  Nevertheless, the detection of the polarization current ip may be
      accomplished easily, as shown by the timing diagram of FIG. 10, by
      delaying the read pulse P to the point in time where there is no influence
      of the displacement current due to the trailing edge of the maintenance
      pulse PVR thereby corresponding the current flowing in response to the
      leading edge of the pulse P to one for a single picture point. That is to
      say, FIGS. 9 and 10 represent the voltage waveform Vvi applied to the
      vertical electrode Vi at their portions (a), the voltage waveform Vvk
      applied to the vertical electrode Vk at their portions (b) and the current
      waveform I for one horizontal electrode.
PAR  It will be understood that the above discussed drive method may be applied
      to another scheme wherein the horizontal electrode and the vertical
      electrode are substituted by each other. In addition, it will be
      ascertained that it is not necessarily required to erase the vertical
      maintenance pulse PVR when the writing operation is performed at the
      timing tw and further the leaving of the vertical maintenance pulse has no
      effect on the writing operation. Although the oblique portion enclosed by
      the broken lines is influenced by the vertical maintenance pulse PVR, this
      does not cause the cross point (H i . Vk) to provide light emission.
PAR  Although the foregoing disclosure sets forth the driving method for the
      memory matrix panel in accordance with the present invention, its
      implementation may be attained easily, for example, a write and erase
      logic is constituted by a combination of various digital I.sup.C's, a
      panel driving output circuit is comprised of a logic circuit wherein an
      output is amplified via transistors having more than break down voltage Vw
      and read logic is comprised of a logic circuit which gates the
      polarization current ip.
PAR  In FIG. 11 showing one example of implementations of the driving system,
      .phi..sub.A, .phi..sub.B, .phi..sub.C and .phi..sub.D accept basic pulses
      synchronized with each other, Sw-E accepts control signals for horizontal
      writing and erasing, S.sub.R accepts control signals for the writing,
      erasing and reading. The writing and erasing modes are placed at the phase
      .phi..sub.C when Sw- E = 1 and when Sw-E = O.
PAR  The horizontal maintenance pulse PHR, the writing pulse PHW and erasing
      pulse PHE (FIG. 7) occur by inputting the control pulse Sw-E and the basic
      pulses .phi..sub.A, .phi..sub.C to the various circuits as illustrated in
      FIG. 12 and FIG. 14. In order to make understanding of the present system
      easy, FIG. 7 shows the inversion of the outputs from the horizontal driver
      13 and the vertical driver 12.
PAR  The shifted pulse relating to the gist of the present invention is
      obtainable from the vertical gate 10 shown in FIG. 12. The relation
      between the status of the respective terminals in FIG. 10 and the various
      modes such as maintenance, writing, erasing and reading may be represented
      as below:
TBL  Y.sub.G (j)                                                               
               S.sub.R                                                         
                     Yi(j)         mode                                        
     ______________________________________                                    
     0         X     .phi..sub.B maintenance                                   
     1         0     .phi..sub.C writing erasing                               
     1         1     .phi..sub.D reading                                       
     ______________________________________                                    
      X . . . . . either 0 or 1                                                
PAR  Displacement of the pulse on the vertical electrode will be described with
      reference to FIG. 10 and the foregoing table. For example, when Y.sub.G
      (1) = 0 an AND gate A.sub.1 is opened only at the phase .phi..sub.B to
      provide the -basic pulse .phi..sub.B. Therefore, during the phase
      .phi..sub.B the vertical maintenance pulse PVR is obtained from the
      vertical driver 12. On the contrary, when the terminal YG(1) is set to 1,
      the terminal S.sub.R is at the status 0 and an AND gate A.sub.2  the pulse
      .phi..sub.C therefrom and a vertical driver 12 derives the vertical
      writing (or erasing) pulse PVW. If the terminal S.sub.R is at the status
      1, an AND gate A.sub.3 and the vertical driver 12 derives the read pulse P
      at the phase .phi..sub.D. In this way, the horizontal, vertical
      maintenance pulses, writing and erasing pulses and reading pulses are
      obtained from the above-discussed circuit.
PAR  It is to be understood that the above-described embodiments are simply
      illustrative of the principles of the invention and that many embodiments
      may be devised without departing from the scope and spirit of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a drive method for a memory matrix panel which comprises a
      light-emitting body having hysteresis behavior responsive to application
      of a desired AC voltage, a plurality of horizontal electrodes disposed on
      a first major surface of the light-emitting body and a plurality of
      vertical electrodes disposed on a second major surface of the
      light-emitting body, each cross point of the both electrodes providing a
      light-emitting unit point in a matrix array, wherein a period of the
      applied AC voltage includes at least three sections, said method
      comprising:
PA1  applying a horizontal maintenance pulse having an amplitude necessary to
      maintain light emission to the plurality of horizontal electrodes during
      the first section of the AC voltage period prior to the writing, erasing
      or reading of information;
PA1  applying a vertical maintenance pulse having an amplitude necessary to
      maintain light emission to the vertical electrodes during the second
      section of the AC voltage period prior to the writing, erasing or reading
      of information;
PA1  applying an enable pulse having the shape identical with that of the
      horizontal maintenance pulse but the phase shifted into the third section
      of the AC voltage period to the vertical electrode asociated with a
      selected point to perform the writing, erasing or reading of information
      on such selected point; and
PA1  applying to the horizontal electrode associated with such selected point a
      write, erase or read pulse each having a predetermined amplitude necessary
      to perform the write, erase or read operation, the respective amplitudes
      being superimposed on the enable pulse.
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PAL  Normal single wall magnetic or "bubble" domains are generated in bubble
      domain materials without generating hard bubble domains by selecting the
      composition based upon a predetermined minimum temperature. This hard
      bubble suppression is based upon the fact that a bubble domain material of
      a given composition has a characteristic temperature, T.sub.H, above which
      hard bubble domains are not generated. By selecting the composition to set
      T.sub.H equal to or less than the minimum ambient temperature for the
      bubble domain material, hard bubble generation is precluded. Means may be
      provided for maintaining the bubble domain material at or above T.sub.H.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Reference is made to the copending United States application of Paul J.
      Besser entitled ORIENTATION-DERIVED HARD BUBBLE SUPPRESSION, bearing Ser.
      No. 461,192, filed on Apr. 15, 1974, now abandoned, assigned to the common
      assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to materials in which single wall magnetic domains
      can exist and, more particularly, to a magnetic domain material suitable
      for the selective generation of normal, and not hard, single wall magnetic
      domains.
PAR  2. Brief Description of the Prior Art
PAR  It is well known in the art to use magnetic materials such as garnets and
      orthoferrites with intrinsic and/or induced (by shape, stress or growth)
      uniaxial anisotropy to generate single wall magnetic or bubble domains.
      Typically, the bubble domains are generated by applying a suitable bias
      field perpendicular to a sheet or layer of magnetic bubble domain
      material. The normal bubble domains that are induced in such a material
      exist over a narrow range of bias field values, typically about 15
      Oersteds, and propagate in the direction of an applied bias field
      gradient. However, in garnet materials, bubble domains may be formed that
      exist over a range of bias field values of as much as approximately 40
      Oersteds. In addition, these unusual bubble domains, termed hard bubbles,
      have low mobilities and propagate at an angle to the applied bias field
      gradient. Because of such properties, the presence of hard bubbles may
      render the garnet material unsuitable for use in bubble domain circuits
      and devices.
PAR  Several techniques are available for suppressing the formation of hard
      bubble domains. A double layer technique (Type I) is described in an
      article by A. H. Bobeck et al., published in the Bell System Technical
      Journal, VOl. 51, pgs. 1431-35, July-August, 1972. In this technique, a
      garnet layer (suppression layer) of low magnetic moment is interposed
      between a garnet bubble domain layer and a substrate. The application of a
      suitable bias field to form bubble domains in the bubble layer saturates
      the suppression layer, precluding the formation of bubble domains therein
      and magnetizing the entire suppression layer antiparallel to the bubble
      domains. As a result of the antiparallel directions of magnetization,
      domain walls are formed between the intermediate layer and the bubble
      domains, "capping" the domains. These extra domain walls, termed
      180.degree. walls or caps because of the antiparallel magnetization,
      apparently suppress the formation of hard bubbles in the bubble layer by
      limiting the degrees of freedom available to the domain wall geometry. The
      usefulness of the Type I double layer suppression technique is limited by
      (1) the propensity of the suppressed bubble layer to spontaneously
      generate unwanted bubbles and (2) the tendency of domains to split or
      segment when they are stretched for the purpose of detection.
PAR  Another double layer suppression technique (Type II) is described in the
      paper by A. H. Bobeck et al., supra. This technique utilizes a garnet
      bubble domain layer having a magnetization compensation temperature below
      room temperature. A garnet layer which is interposed between the bubble
      layer and a supporting substrate possesses a lower moment than the bubble
      layer and has a compensation temperature which is above room temperature.
      Upon application of an external bias field to form bubble domains in the
      bubble domain layer and to saturate the interposed layer, the d-site Fe
      sublattices of the interposed layer and the non-bubble regions of the
      bubble domain layer are magnetized in antiparallel directions. This
      creates interfacial domain walls external to the bubble domains. That is,
      domain walls are created at the interface of the two layers between, but
      not along, the lower ends of the bubble domains. The authors report that
      hard bubbles are eliminated by such a domain wall. However, the
      operability of this arrangement is obviously limited to a narrow
      temperature range and may be temperature sensitive within this range.
PAR  A single-layer hard bubble suppression technique that utilizes ion
      implantation to form a wall or boundary in the upper surface of a
      magnetostrictive garnet bubble domain layer is described by R. Wolf and J.
      C. North in the Bell System Technical Journal, VOl. 51, pgs. 1436-1440,
      July-August, 1972. The ion implantation is accomplished in a thin region
      in the upper surface of the garnet layer. The constraints exerted by the
      rest of the layer on the implanted region create a new moment of
      magnetization parallel to the surface and perpendicular to the direction
      of magnetization of the bubble domains. The magnetization of the implanted
      region apparently creates an extra domain wall, a 90.degree. cap, in
      bubble domains induced in the unimplanted region of the layer, thereby
      eliminating hard bubble domains by decreasing the number of available
      degrees of freedom. However, from a practical standpoint, the ion
      implantation technique is limited to garnet materials having negative
      magnetostriction constants of relatively large absolute values. In
      addition, the ion implanted region physically separates the generation and
      other device structures from the bubble domain layer and presumably
      renders bubble devices formed therefrom less flexible in design.
PAR  Another hard bubble suppression technique, also a 90.degree. capping
      technique, is disclosed in copending United States patent application Ser.
      No. 375,999, entitled MAGNETIC BUBBLE DOMAIN COMPOSITE WITH HARD BUBBLE
      SUPPRESSION, by Rodney D. Henry and Paul J. Besser, filed July 2, 1973,
      now abandoned, and assigned to the common assignee. This 90.degree.
      capping technique utilizes a magnetic garnet, hard bubble suppression
      layer that may be (1) interposed between a bubble domain layer and a
      supporting substrate or (2) formed directly on the bubble domain layer,
      which itself is grown on the substrate. The hard bubble suppression layer
      has stress-induced anisotropy such that there is an easy axis of
      magnetization which is approximately parallel to the interfacial plane of
      the bubble domain and the suppression layers and perpendicular to the
      direction of magnetization of the bubble domains. Because the easy axis of
      magnetization of the suppression layer is parallel to the plane of the
      bubble domain layer, (90.degree. relative to the bubble domain
      magnetization direction), the suppression layer forms an extra domain wall
      or cap to the bubble domain.
PAR  Although prior art suppression techniques may be highly effective, they
      require additional processing steps and/or structures. As may be
      appreciated, it is desirable to have a hard bubble suppression technique
      that eliminates the cost in time and money of such additional processing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a sheet or layer of material in which
      normal single wall magnetic or bubble domains may be selectively generated
      without generating hard bubbles. The invention utilizes the discovery that
      there is a composition-dependent characteristic temperature, T.sub.H, for
      bubble domain materials. When the bubble domain material is maintained at
      or above T.sub.H, normal domains can be generated therein. However, hard
      bubbles cannot be generated therein. The composition of the bubble domain
      material is selected such that T.sub.H is, at most, equal to a
      predetermined minimum operating temperature. Provision may be made for
      maintaining the temperature of the bubble domain material above the
      characteristic temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial, cross-sectional view of a bubble domain composite
      embodying the principles of the present invention.
PAR  FIG. 2 is a graphical illustration of the temperature dependence of the
      collapse field of garnet bubble domain materials.
PAR  FIG. 3 is an isometric representation of a bubble domain composite and
      means for maintaining the temperature of the bubble domain material at or
      above the characteristic temperature in accordance with the principles of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, there is shown a partial, cross-sectional
      representation of a bubble domain composite, designated generally by the
      reference numeral 10, constructed in accordance with the principles of the
      present invention. The bubble domain composite 10 comprises a substrate 11
      which supports a layer 12 of bubble domain material. Bubble domains 13
      (only one is shown), i.e., cylindrical-shaped regions which are enclosed
      by individual domain walls and are magnetized anti-parallel to the
      magnetization of the layer 12, can exist within the layer upon the
      application of a suitable bias field, H.sub.b, perpendicular to the plane
      thereof.
PAR  The substrate 11 typically comprises a monocrystalline oxide material,
      e.g., a metal oxide such as a non-magnetic garnet. As used here, the term
      "non-magnetic garnet" refers to garnet materials containing no iron or
      insufficient iron to supply the magnetic characteristics necessary for the
      formation of bubble domains. The non-magnetic garnets are considered to be
      oxides designated by the general formula J.sub.3 Q.sub.5 O.sub.12, where J
      is at least one element selected from the lanthanide series of the
      Periodic Table, lanthanum, yttrium, magnesium, calcium, strontium, barium,
      lead, cadmium, lithium, sodium, and potassium. The Q constituent is at
      least one element selected from gallium, indium, scandium, titanium,
      vanadium, chromium, silicon, germanium, manganese, rhodium, zirconium,
      hafnium, molybdenum, niobium, tantalum, tungsten and aluminum.
PAR  The bubble domain layer 12 typically comprises a monocrystalline layer of
      magnetic material such as magnetic garnet. The magnetic garnets are hereby
      considered to be oxides designated by the general formula J.sub.3 Q.sub.5
      O.sub.12, where J is one or more of the elements of the lanthanide series
      of the Periodic Table, calcium, bismuth, strontium, lanthanum and yttrium,
      and Q is iron alone (and J.sub.3 Q.sub.5 O.sub.12 is thus an iron garnet)
      or iron and one or more elements selected from the group consisting of
      aluminum, chromium, gallium, germanium, indium, manganese, scandium,
      titanium and vanadium (J.sub.3 Q.sub.5 O.sub.12 is a substituted iron
      garnet).
PAR  The monocrystalline bubble domain layer 12 may be epitaxially grown on the
      substrate 11 using standard growth techniques such as liquid phase epitaxy
      (LPE), chemical vapor deposition (CVD), physical vapor deposition (PVD)
      and the like. The formation of composites of monocrystalline iron garnet
      bubble domain layers on a monocrystalline metallic oxide substrate is
      disclosed in copending U.S. patent application Ser. No. 233,832, a
      continuation application of U.S. application Ser. No. 16,447, and in U.S.
      Pat. No. 3,645,788, both to Mee et al. and assigned to the common
      assignee. These teachings are herein incorporated by reference. Of course,
      certain bubble domain materials may comprise a self-supporting layer,
      rather than a layer 12 supported by a substrate 11.
PAR  As is well known in the art, to generate bubble domains in a layer of
      magnetic garnet material, the layer is grown such that induced magnetic
      anisotropy therein provides an easy axis of magnetication approximately
      normal to the layer plane. Accordingly, induced magnetic anisotropy, i.e.,
      an induced easy axis of magnetization, is used where the bubble domain
      layer 12 is a garnet. Preferably, this induced easy axis coincides with
      one of the crystallographic (intrinsic) easy axes.
PAR  The existing hard bubble suppression techniques, i.e., multilayer or ion
      implantation techniques, utilize exchange coupling between multiple layers
      or regions of magnetic material, presumably to create extra domain walls
      such as the aforementioned 90.degree. and 180.degree. caps. Although the
      mechanism of suppression is not fully understood, it is believed that the
      degrees of freedom available to the bubble domains are decreased to a
      number that precludes the existence of hard bubbles, yet is consistent
      with the existence of bubbles having nearly normal characteristics.
PAR  The present invention utilizes the inventors' discovery that, for materials
      such as garnets, the formation of hard bubbles is temperature dependent.
      It has been found that bubble domain materials have a characteristic
      temperature above which hard bubbles are not generated. This
      characteristic temperature, hereafter designated T.sub.H, exists even for
      unsuppressed garnet bubble domain materials. Furthermore, it has been
      discovered that T.sub.H is different for different compositions. These
      discoveries may be utilized to provide hard bubble suppression by lowering
      T.sub.H to a value that is equal to or less than a predetermined minimum
      temperature to which a bubble domain composite will be subjected.
PAC  EXAMPLES
PAR  Table 1 summarizes the parameters utilized and the results obtained for
      samples comprising various compositions of bubble domain material
      according to the present invention. With the exception of the composite
      termed sample number 1, the garnet bubble domain layers and the resulting
      composites were grown using the LPE dipping method reported by Levinstein
      et al. in "The Growth of High Quality Garnet Thin Films from Supercooled
      Melts", Applied Physics Letters, Vol. 19, pages 486-488 (December 1971).
      This report, which is hereby incorporated by reference, teaches the use of
      a 920.degree. C growth temperature and a PbO-B.sub.2 O.sub.3 flux for the
      LPE dipping method. The bubble domain layers were deposited using
      horizontal substrates that were rotated 30 to 100 rpm during the growth
      cycle, as described by Geiss et al. in "Liquid Phase Epitaxial Growth of
      Magnetic Garnets," Vol. 16, pages 36-42, (1972), which is hereby
      incorporated by reference.
PAR  The composite number 1 was grown by chemical vapor deposition (CVD). The
      CVD growth method utilized the appropriate anhydrous metal chlorides as
      the film constituent ion sources. The deposition system was essentially
      the same as that reported by J. E. Mee et al. in "Magnetic Oxide Films,"
      IEEE Transactions on Magnetics, Vol. Mag -5, No. 4 (December 1969). This
      report is hereby incorporated by reference. The chlorides were heated in
      individually-controlled furnace zones. This controlled the vapor pressure
      of each ion source, the transport of the halide and, therefore, the
      resultant film composition. A vapor mixture of hydrogen chloride and
      helium was passed over the source materials to transport the vapor mixture
      containing the film constituent ions to the deposition zone. Oxygen-helium
      vapor mixtures were introduced into the reactor so that the mixture of
      transported vapor of source materials and hydrogen chloride reacted with
      the oxygen in a reactor deposition zone maintained at 1150.degree. C to
      form an epitaxial magnetic garnet film on a gadolinium gallium garnet
      substrate.
TBL                                    TABLE 1                                 
     __________________________________________________________________________
     CHARACTERISTIC TEMPERATURE, T.sub.H, OF EPITAXIAL GARNETS                 
     SAMPLE                  DEPOSITION                                        
     NO.  BUBBLE DOMAIN LAYER                                                  
                             METHOD SUBSTRATE                                  
                                            T.sub.H (.degree.C)                
          COMPOSITION               COMPOSITION                                
     __________________________________________________________________________
     1.sup.a                                                                   
          (YGd).sub.3 Ga.sub.1.0 Fe.sub.4.0 O.sub.12                           
                             CVD    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                             60                                
     2    Eu.sub.0.8 Er.sub.2.2 Ga.sub.0.8 Fe.sub.4.2 O.sub.12                 
                             LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                            110                                
     3    Y.sub.2.4 Eu.sub.0.6 Ga.sub.1.1 Fe.sub.3.9 O.sub.12                  
                             LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                             90                                
     4.sup.b                                                                   
          (YGdTm).sub.3 Ga.sub.0.8 Fe.sub.4.18 Co.sub.0.01 Si.sub.0.01         
          O.sub.12           LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                            150                                
     5.sup.b                                                                   
          (YGdTm).sub.3 Ga.sub.0.8 Fe.sub.4.2 O.sub.12                         
                             LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                            115                                
     6.sup.b,c                                                                 
          (YGdTm).sub.3 Ga.sub.0.8 Fe.sub.4.2 O.sub.12                         
                             LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                             20                                
     7.sup.b,d                                                                 
          (YGdTm).sub.3 Ga.sub.0.8 Fe.sub.4.2 O.sub.12                         
                             LPE    Gd.sub.3 Ga.sub.5 O.sub.12                 
                                            -40                                
     __________________________________________________________________________
      NOTES:                                                                   
      .sup.a (YGd).sub.3 composition was Y.sub.2.5 Gd.sub.0.5                  
      .sup.b (YGdTm).sub.3 composition was Y.sub.1.08 Gd.sub.0.72 Tm.sub.1.2   
      .sup.c ion implanted at 50 kev to 1 .times. 10.sup.16                    
      H.sup.+cm.sup.-.sup.2                                                    
      .sup.d ion implanted at 50 kev to 3 .times. 10.sup.16                    
      H.sup.+cm.sup.-.sup.2                                                    
PAR  The composition used throughout for the substrates 11 (FIG. 1) was Gd.sub.3
      Ga.sub.5 O.sub.12 (gadolinium gallium garnet). The above-described LPE and
      CVD techniques were used to grow bubble domain layers 12 of [111]
      orientation (FIG. 1) to a thickness of approximately 5-6 microns on
      gadolinium gallium garnet substrates 11 (FIG. 1) of [111] orientation. The
      compositions of the bubble domain layers are set forth in Table 1.
PAR  The sample composites were characterized for the presence or absence of
      hard bubble domains by determining the range of values of the bias field,
      .DELTA.H.sub.b (Oersteds), which was necessary for bubble domain collapse.
      Since a collapse field range of 2 Oe. or less indicates the existence of
      normal bubbles without the presence of hard bubbles, the effective
      characteristic temperature T.sub.H was chosen to be that temperature at
      which the collapse field range is 2 Oe.
PAR  FIG. 2 shows the effect of composition on .DELTA.H.sub.b (and, therefore,
      T.sub.H) for three (YGdTm).sub.3 (FeGa).sub.5 O.sub.12 bubble domain
      layers, sample nos. 4-6. Similar curves were obtained for all the sample
      composites listed in Table 1. As shown in FIG. 2, at lower temperatures
      .DELTA.H.sub.b is usually 25 Oersteds or greater, indicating that hard
      bubbles are present. However, as shown for the exemplary samples nos. 4-6,
      the collapse field ranges decrease with increasing temperature until the
      respective characteristic temperatures, T.sub.H, of 150.degree. ,
      115.degree. and 20.degree. C are attained.
PAR  Referring again to Table 1, the effect of composition on T.sub.H is
      illustrated by sample nos. 4 and 5. Both of these samples are identical
      except for the addition of minute concentrations of cobalt and silicon to
      sample 4. However, as a result of the slight composition change, the
      characteristic temperature for sample no. 4 is 35.degree. C higher than
      that of sample no. 5.
PAR  Characterization of the samples indicates that the generation of hard
      bubbles, not the existence of hard bubbles, is prohibited by operation
      above T.sub.H. That is, and referring to FIG. 2, if bubbles are produced
      when the composites are below T.sub.H (i.e., when the composites are at
      the temperatures corresponding to points a) and the bubble domain layers
      are then raised above T.sub.H, .DELTA.H.sub.b remains at high, nearly
      constant values. If the existence of hard bubbles were prohibited above
      T.sub.H, .DELTA.H.sub.b should decrease significantly after the
      temperature is raised. Instead, the constant values for .DELTA.H.sub.b
      suggest that the hard bubbles generated at lower temperatures remain in
      the bubble domain layers at temperatures which exceed T.sub.H.
PAR  Characterization of sample no. 6 indicates that hard bubbles can be created
      even in suppressed bubble domain films and that suppressed layers or films
      have a characteristic temperature. Sample no. 6 has a bubble domain layer
      of the same composition as that of sample no. .ident., except that the
      layer of sample no. 6 has been implanted with 1 .times. 10.sup.16
      protons/cm.sup.2. Referring to the curve for sample no. 6 in FIG. 2, if
      bubbles are initially produced at the temperature corresponding to point a
      and the temperature of the bubble domain layer is then raised to point b,
      .DELTA.H.sub.b remains nearly constant at 20 Oe. The high .DELTA.H value
      indicates that hard bubbles exist in the bubble layer throughout the
      temperature range. But, if the temperature of the bubble domain layer is
      at or above about 20.degree. C before bubbles are generated therein,
      .DELTA.H.sub.b is less than 2 Oe, indicating that 20.degree. C is the
      characteristic temperature above which the generation of hard bubbles is
      prohibited.
PAR  If the hard bubble characteristic temperature is above the minimum ambient
      temperature to which the bubble domain material will be subjected, heating
      means may be provided. For example, and referring to FIG. 3, one can use a
      simple electrical heater wire 14 having a bifilar winding to maintain the
      temperature of the bubble domain layer 12 at or above T.sub.H while
      insuring that magnetic fields from the currents i.sub.1 and i.sub.2 in the
      heater wires are not seen by the layer 12.
PAR  Although the mechanism of T.sub.H is not known, one clue is provided by the
      tendency of isolated stripe domains to align in the same direction prior
      to bubble formation if H.sub.b is slowly increased starting at a
      temperature above T.sub.H. Such an alignment of stripe domains indicates a
      possible in-plane anistopy having a one-fold or two-fold dependence which
      causes the domains to align. While a one-fold dependence might appear
      physically unreasonable, it should be noted that terms with cosine
      2.theta. symmetry and cosine 3.theta. symmetry can be combined to produce
      unidirectional symmetry. In an attempt to verify the supposition, FMR
      techniques were used to investigate the in-plane resonance fields of
      samples 4 and 5.
PAR  The FMR investigation showed that, at or near room temperature, the
      parallel resonance fields of samples 4 and 5 have an anistropy with a
      cosine 2.theta. dependence. This dependence is one order of magnitude too
      large for sample misalignment, suggesting that the bubble domain materials
      have uniaxial in-plane anistropy at this temperature, since any
      misalignment or intrinsic contributions from cubic terms should have a
      cosine 3.theta. or cosine 6.theta. dependence. It appears more significant
      that as the temperature was increased past T.sub.H, a cosine 3.theta. term
      appears and increased until it was comparable in amplitude to the cosine
      2.theta. term. Consequently, it is logical to predict the existence of the
      uniaxial or one-fold anistropy referred to in the preceding paragraph. It
      is suggested that this cosine term is related to the cubic or the
      stress-induced contributions to the anistropy. In both cases its
      appearance coincides with the onset of T.sub.H.
PAR  Thus, it seems likely that hard bubble suppression in "uncapped" layers or
      films is a function of the magnitude of the cosine 3.theta. anistropy term
      relative to the uniaxial term. Suppression of the generation of hard
      bubbles then requires that the cosine 3.theta. term be comparable to the
      uniaxial term. This conclusion explains the decrease in T.sub.H with
      increasing concentrations of implanted ions. For example, if the proton
      concentration for the bubble domain layer of sample 6 is increased to 3
      .times. 10.sup.16 protons/cm.sup.2 as shown for sample no. 7, T.sub.H is
      reduced to, and hard bubble suppression becomes effective to, about
      -40.degree. C. This decrease in T.sub.H, which is presumed to result from
      the earlier appearance of the cosine 3.theta. term, is consistent with the
      possibility that ion implantation can increase the three-fold symmetry.
PAR  Thus, there has been described a stratified magnetic bubble domain
      composite that generates only normal bubble domains at or above a
      predetermined characteristic temperature. This characteristic temperature,
      T.sub.H, is dependent upon the composition of the bubble domain material.
      Exemplary compositions have been demonstrated. Alternative compositions
      will be readily achieved by those skilled in the art. Accordingly, the
      scope of the invention is limited only by the claims appended hereto.
CLMS
STM  Having thus described the preferred embodiment of the invention, what is
      claimed is:
NUM  1.
PAR  1. A stratified magnetic composite for selectivity generating single wall
      magnetic domains, comprising:
PA1  a monocrystalline garnet substrate;
PA1  a monocrystalline layer of magnetic garnet materials supported by said
      substrate and having such a garnet composition that only normal single
      wall magnetic domains can be formed therein above a critical tempertaure,
      the composition of said layer being substantially uniform throughout the
      thickness of said layer; and
PA1  means for maintaining the temperature of said layer at a temperature above
      said critical temperature and below the Neel temperature of said layer.
NUM  2.
PAR  2. An arrangement for selectively generating single wall magnetic domains,
      comprising:
PA1  a monocrystalline layer of a magnetic garnet material, the composition of
      said layer being such that only normal single wall magnetic domains can be
      generated therein above a critical temperature;
PA1  means for maintaining said layer at a temperature above said critical
      temperature of said layer and below the Neel temperature of said layer;
      and
PA1  means for controllably generating single wall magnetic domains in said
      layer.
NUM  3.
PAR  3. A method of selectively controlling the generation of hard single wall
      magnetic domains in a composite comprising a monocrystalline garnet
      substrate and a monocrystalline layer of magnetic garnet material
      supported by said substrate and having such a garnet composition that only
      normal single wall magnetic domains can be formed therein above a critical
      temperature, the composition of said layer being substantially uniform
      throughout the thickness of said layer, said method comprising:
PA1  determining the critical temperature for the composite; and
PA1  regulating the temperature of said layer with respect to said critical
      temperature to maintain the temperature of said layer above said critical
      temperature to prevent the generation of hard single wall magnetic
      domains.
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PAL  A control circuit for the current in a pair of coils, which are utilized
      for generating a rotating magnetic field, supplies a sinusoidal current to
      each coil during the normal, operate mode and a maximum DC current to the
      coils whenever the operate mode is initiated or stopped. Each coil is a
      common element in the sinusoidal and DC current supplying circuits. A
      transistor switch, which is open during the operate mode, is connected in
      series with the coil in the circuit for the DC current and is connected in
      parallel with the coil in the circuit for the sinusoidal current through
      the coil. Since the switch is open and is connected in series in the
      circuit for the DC current no DC current flows through the coil during the
      operate mode. Whenever the operate mode is initiated or stopped, the
      transistor switch is closed so that both the sinusoidal and DC currents
      flow through the switch. However, only the DC current flows through the
      coil, since the switch forms a shunt path around the coil for the
      sinusoidal current. This arrangement inhibits the sinusoidal current from
      simultaneously flowing through the coil and the switch, so that the switch
      does not distort the sinusoidal current which flows through the coil. The
      DC magnetic field at the beginning and end of the operate mode insures
      that the bubbles in the propagation path of the cylindrical domain memory
      do not move in an unpredictable manner when the rotating field starts or
      stops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to field accessed, cylindrical domain bubble
      memories and, more specifically, to a control circuit for the rotating
      magnetic field.
PAR  Magnetic bubble domains constitute a type of domain structure
      characteristic of thin films of magnetic materials which possess a
      uniaxial magnetic arisotrophy with the easy direction of magnetization
      perpendicular to the plane of the film. A domain which is enclosed by a
      single continuous domain wall shrinks to the shape of a cylindrical
      magnetic bubble when a magnetic field bias of a particular magnetic is
      applied perpendicular to the plane of the film. The magnetic domain
      bubbles are mobile and move toward a region of lower bias field in a
      gradient. Various methods have been devised for producing localized and
      variable gradients in the bias field to give coherent bubble motion or
      propagation. The most generally useful method of that in which an overlay
      pattern of thin film, soft magnetic elements is placed close to the bubble
      film and excited with a rotating magnetic field in the plane of the film.
      For a given orientation of the rotating field, the resulting magnetic
      polarization of these elements produces fringing fields which act to
      reduce the bias field in some regions and to increase it in others; the
      bubbles always move to the regions of low bias field. As the in-plane
      field rotates, these fringing fields vary with the varying polarization of
      the permalloy element and can be used to produce coherent motion of the
      bubble.
PAR  The circuit for creating the rotating magnetic field commonly includes a
      pair of coils which are positioned perpendicular to each other and an AC
      current source for supplying current to the coils. A separate current is
      supplied to each coil, and the two AC currents are 90.degree. out of
      phase. The total effect of the individual magnetic fields from the current
      in each coil is a rotating magnetic field vector which extends throughout
      a region into which the bubble memory is disposed.
PAR  One of the important requirements of this system is the need for the
      rotating magnetic field to be coherent so that the data storage remains in
      a non-volatile state. In other words, any particular bubble, which
      represents a bit of digital data, must have a predictable location within
      the propagation track at all times. Thus, the currents which produce the
      rotating field during the operate mode must have the proper phase
      relationship, frequency and amplitude. The location of the bubbles must
      also be predictable during the start and end of the operate mode. If there
      is no current in the coils when the AC current is initiated or if the
      current goes to zero at the end of the operate mode, a time delay is
      introduced to the inductive nature of the coils. This delay could cause
      the loss of coherent operation of the memory during the beginning and at
      the end of the operate mode.
PAR  Prior art is known which deals with minimizing the tendency of transient
      conditions from causing the loss of non-volatile data storage in bubble
      memories. The U.S. Pat. No. 3,763,478 describes various control circuits
      for the currents which create the rotating magnetic field. In one circuit,
      a DC current is supplied to the coils at the beginning and at the end of
      the application of AC current to create a static field vector condition.
      The DC current is less than the peak AC value. The control circuit
      described in this patent includes a pair of switches in series with the
      coil. It has been found that switches produce distortion in the AC
      current. This distortion may interfere with the signals generated by the
      bubble detector circuits. To the knowledge of the present inventors, no
      control circuit is known which reduces the time for energizing the coils
      to a minimum at the beginning and end of the rotating magnetic field in a
      economical distortion free manner.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, an improved circuit for creating a
      rotating magnetic field and a static magnetic field at the beginning and
      the end of the rotating magnetic field operation is provided wherein the
      AC current through the coil does not simultaneously flow through the
      switch which controls AC or DC current flow through the coil. The improved
      circuit includes a switch which is connected in parallel with the coil for
      shunting the AC current away from the coil when the switch is closed, a DC
      current source connected in series with the network comprising the coil
      and the switch for providing a DC current through the coil when the switch
      is closed and a device for closing the switch to create a static magnetic
      field. By this provision of a shunt path for the AC current, the rotating
      magnetic field, which is created by the AC current in a pair of coils, is
      not distorted. When an AC current passes through a resonant circuit in
      which a switch is located, the switch may induce distortions in the
      current. The resulting distorted magnetic field may interfere with the
      signals generated at a bubble detector circuit, such as the
      magneto-resistive type. The operation of the magneto-resistive detector is
      based on detecting variations of the AC magnetic field; and, therefore, a
      distortion in the AC magnetic field could cause improper detector
      operations.
PAR  These are several additional features of the preferred embodiments of the
      present invention. The transition to and from AC current to the coil
      occurs when the AC current is at a peak value, and the DC current level is
      equal to the peak value of AC current. Thus, maximum energy is stored in
      the coil which maintains at a minimum the time required to change from a
      true AC to a DC current in the inductive coil and vice versa. This feature
      is accomplished by sychronizing the time of switching to the AC current
      waveform and by providing a diode in the path of the switch. The diode
      does not become forward biased until the AC current is at its peak value.
      The switch is preferably a transistor whose collector and emitter
      terminals are connected to the AC current shunt path. A transistor
      network, responsive to a control signal, forward biases the base-emitter
      junction of the transistor switch when the switch is to close. All of the
      transistors, including the transistor comprising the switch and those in
      the control network, are in a non-conductive state during the time in
      which AC current flows in the coils. Thus, less power is consumed in an
      arrangement in which a single transistor switch is normally open than is
      consumed in an arrangement in which one or more switches is normally
      closed, as is the case in the prior art of which the inventors are aware.
      Additionally, the present invention requires only one switch which is an
      economic advantage over circuits in which a plurality of switches are
      necessary. Furthermore, the transistor which forms the switch need not be
      designed for minimum distortion since any distortion which it may induce
      into the AC current has no effect on the AC magnetic field. In an
      additional feature, the overall impedance of the AC circuit when the
      switch is closed is substantially greater than when the switch is open,
      thereby decreasing the value of the AC shunt current from that which flows
      through the coil. By forming a low resistance shunt path around the coil,
      the AC current source no longer supplies current to a resonant circuit.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 illustrates the waveforms of current and the rotation of the field
      vector in accordance with the control circuit of the present invention;
PAR  FIG. 1a illustrates waveforms which indicate the effect of the diode in the
      transition between AC and DC current flow;
PAR  FIG. 2 is a block diagram of a rotating field drive circuit according to
      the present invention;
PAR  FIG. 3 is a schematic diagram of the start/stop control circuit according
      to the present invention; and
PAR  FIG. 4 is a diagram of the waveforms of current for properly and unproperly
      adjusted values of DC currents.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, the rotating magnetic field generates the in-plane
      rotating field which, together with a suitably designed permalloy track,
      causes domain propagation (bubble movement) of a field accessed,
      cylindrical magnetic domain memory. The present invention provides
      controlled switching of the coil drive currents for coherent start/stop
      operation and nondestructive shutdown of the bubble memory system. To
      maintain non-volatile data storage in a bubble memory while turning the
      rotating field on and off, a coherent fast start-up procedure is
      necessary. The invention provides this start-up within one-eighth of a
      cycle of a field rotation by storing the energy in both coils in the form
      of two DC currents. This energy can be provided by either a battery or a
      stored charge on a large capacitor since this energy need only be provided
      during start-up and shut-down. Two coils wound at right angles to each
      other provide the rotating field when driven by currents I.sub.1 and
      I.sub.2, as shown in FIG. 1. For initial start-up, two DC currents equal
      to I.sub.max are simultaneously applied to coils I.sub.1 and I.sub.2 (not
      shown) in such a direction as to produce fields H.sub.1 and H.sub.2. These
      two fields which are in quadrature produce a resultant field H.sub.R (with
      its vector tip) at point 1. Switch 1 is turned to the run position first,
      followed at 90.degree. (one quarter period later) by Switch 2. This causes
      the tip of H.sub.R to follow the path indicated, proceeding consecutively
      past points 1, 2, 3, 4 and 5. Rotation may then continue or the field may
      be switched off as indicated in FIG. 1 by first operating Switch 1
      followed  90.degree. later by Switch 2. If this is done, a static field
      H.sub.R is maintained. To return to zero field (e.g., for power shutdown)
      H.sub.1 and H.sub.2 must be made to return to zero simultaneously. This is
      accomplished by bringing I.sub.1 and I.sub.2 to zero together. FIG. 2
      illustrates a block diagram of the circuitry for controlling the
      generation of a rotating magnetic field for the propagation of cylindrical
      magnetic bubbles. The rotating field is created by positioning a pair of
      coils at an angle of 90.degree. with respect to each other and passing
      through the coils sinusoidal currents which are out of phase by 90
      electrical degrees. The two coils are represented in FIG. 2 as L1 and L2.
      The two circuits for providing the the two currents are quite similar, and
      for this reason the operation of only one circuit shall be described.
      Referring now to the circuitry for producing the current for the coil L1,
      a clock circuit (not shown) creates a pair of digital clock signals 10a
      and 10b, which are 90.degree. out of phase with each other. Each signal is
      a square wave having a frequency which corresponds to the desired
      excitation frequency of the current in the coils. Typically, the frequency
      is 100KHz. The signal 10a is sent to a buffer and filter 12. Here, the
      harmonic frequencies of the fundamental frequency are filtered from the
      signal 10a thereby producing a sinusoidal waveform of the same frequency
      as the square wave signal 10a. The signal output of the buffer and filter
      12 is amplified by an amplifier 14 and a current amplifier 16. The output
      of the amplifier 16 is directed to a current switch 18 and to the coil
      assembly L1. A start/stop control 20 also provides an input to the current
      switch 18. The control 20 receives a signal 23 which controls the start
      and stop of the operate mode which is defined herein as the period in
      which the rotating magnetic field is generated. The current to the coil is
      from the control 20 at the beginning and end of the operate mode.
PAR  Referring now to FIG. 3, the coil L1 is illustrated and shown as it is
      connected to the current switch 18, the start/stop control 20 and the
      current amplifier 16 in FIG. 1. During the operate mode in which the coil
      L1 is driven by a sinusoidal current, the sinusoidal current flows from
      the current amplifier 16 to ground via a capacitor C1, the coil L1 and the
      capacitor C2. At the beginning or the end of the operate mode, the DC
      current flows from a voltage source B to ground via a resistor R1, the
      coil L1, a diode D1, and a transistor Q3. While the DC voltage source is
      shown as a battery, the source may alternatively be a capacitor which need
      only be charged at the beginning and end of the operate mode. The
      transistor Q3, which is the current switch 18 of FIG. 1, is driven into
      conduction at the beginning and end of the operate mode and is cutoff
      during operate mode.
PAR  The switching of the transistor Q3 is controlled by the network comprising
      transistors Q1 and Q2. The input control signal is applied to a resistor
      R2 which is connected to the base of the NPN transistor Q1. The bias
      voltage for the collector of Q1 is established through the network
      including the +5 volts DC and the resistors R3 and R4. The bias voltage of
      +5 volts DC is also connected to the emitter of the PNP transistor Q2. The
      emitter of the transistor Q1 is grounded. The base of the transistor Q2 is
      connected to the junction of the resistors R3 and R4. The bias for the
      collector of the transistor Q2 and for the base of the transistor Q3 is
      established by the network comprising the -5 volts DC and a resistor R5.
      The emitter of the NPN transistor Q3 is grounded.
PAR  In the circuit, shown in FIG. 2, the values or identifications of the
      various components are as follows:
     L1 -- .1 m henry    R4 -- 2k ohm                                          
     C1 -- .05 .mu. farad                                                      
                         R5 -- 100 ohm                                         
     C2 -- 100 .mu. farad                                                      
                         Q1 -- 2N2219                                          
     R1 -- 1 ohm         Q2 -- 2N5240                                          
     R2 -- 1 Kohm        D1 -- 1N49,44                                         
     R3 -- 510 ohm       B  -- 3 volts DC                                      
PAR  The operation control circuit is as follows. During the operate mode, the
      voltage level of the control signal 23 is not greater than zero volts.
      Thus, the base to emitter junction of the transistor Q1 is not forward
      biased. Consequently, the transistor Q1 is cutoff thereby presenting
      effectively an open circuit across the collector-emitter junction of the
      transistor Q1. Since the transistor Q1 is not conducting, the voltage at
      the base of the transistor Q2 is about +5 volts. Thus, the base-emitter
      junction of the transistor Q2 is not forward biased. This causes an open
      circuit across the emitter-collector junction of the transistor Q2. The
      transistor Q3 is also non-conducting because the base-emitter junction is
      not forward biased. Thus, there is an open circuit across the
      collector-emitter junction of the transistor Q3. Thus, in this mode
      neither AC or DC current may flow through the transistor Q3. At the
      beginning or end of the operate mode, a control signal 23 greater than
      zero volts is applied to the resistor R2, thereby forward biasing the
      base-emitter junction of the transistor Q1. This causes a low resistance
      path to exit across the collector-emitter junction of the transistor Q1.
      Consequently, the voltage at the base of the transistor Q2 becomes
      negative with respect to the voltage at the emitter. Thus, the transistor
      Q2 is turned on, and the low impedance across the collector-emitter
      junction of the transistor Q2 drives the voltage at the base of the
      transistor Q3 positive with respect to the voltage at the emitter. As a
      result, the transistor Q3 is turned on and an effective short circuit
      exits across the emitter-collector junction of this transistor. The coil
      L1 is of course a common element in the load circuits for the AC power
      source, the amplifier 16, and the DC power source, the battery B. The AC
      load circuit during the operate mode is the series connection of the
      capacitor C1, the coil L1 and the capacitor C2. The capacitor C2 provides
      an AC short circuit to ground. Typically, the capacitor C2 may have a
      capacitance of 100.mu.f for operation at 100KHz. Thus, no AC current flows
      through the battery B which is connected across the capacitor C2. The
      value of the capacitor C1 is chosen so that the combination of the
      capacitor C1 and the coil L1 forms a series resonant circuit. When the
      transistor switch Q3 turns on, the load circuit for the current amplifier
      is the path through the capacitor C1, the diode D1, which is forward
      biased by the voltage from the battery B, and the collector-emitter
      junction of the transistor Q3. Much less AC current flows when the switch
      is closed because the AC load impedance of the capacitor C1 above is
      greater than that of the series connection of the capacitor C1 and the
      coil L1. During the operate mode, the load circuit of the battery B is an
      open circuit, and therefore no DC current flows through the coil L1. The
      open switch, transistor Q3, and the capacitor C2 prevent any DC current
      from flowing to ground, and the capacitor C1 prevents DC current from
      flowing into the current amplifier 16. At the beginning and at the end of
      the operate mode, the switch closes and DC current flows through the
      circuit comprising the series connection of the resistor R1, the coil L1,
      the diode D1, which is forward biased, and the collector-emitter junction
      of the transistor.
PAR  The purpose of the diode D1 will now be described with reference to FIG. 1
      (a). The first waveform is of the current through the coil L1 including
      the transition at time t.sub.1 between sinusoidal current and DC current.
      It is important that t.sub.1 occur at the instant of maximum negative
      current. The second waveform is of the voltage at the junction of diode
      D1, capacitor C1 and coil L1. This voltage which is applied to the coil
      leads the current (first waveform) through the coil by 90 electrical
      degrees. The diode D1 becomes forward biased when the voltage applied to
      the cathode tends to become positive which is at time t.sub.1. The third
      waveform is of the control signal which is shown as going positive
      somewhere between the time of maximum negative voltage and time t.sub.1.
      In one purpose for the diode the time of the control signal is
      non-critical in the sense that it may occur at anytime prior to t.sub.1 as
      long as Q3 is fully conducting at time t.sub.1. Diode D1 of course
      prevents current flow through the switch until time t.sub.1 because it can
      not become forward-biased until then. Were it not for the diode, the time
      of the control signal plus the switching time duration of all three
      transistors would be critical. The diode, however, makes switching at time
      t.sub.1 depend only upon the diode itself. Lastly, the diode prevents the
      transistor from going into reverse conduction during normal operation.
PAR  FIG. 4 illustrates the feature of the present invention by showing
      waveforms of current in the coils for conditions of proper and unproper
      values of DC current at the beginning and at the end of the operate mode.
      The first waveform illustrates that time delay in the transition between
      proper values of AC and DC current is maintained at a minimum when the DC
      current level is made equal to the peak AC level and when the switching
      occurs at the peak AC value. The DC current level is adjusted by the
      variable resistor R1 in FIG. 3. In the second waveform, the DC current is
      greater than the peak AC current. In the transition from AC to DC current,
      the current rises. In the transition from DC to AC, the AC current
      exponentially decreases to the proper peak level. The third waveform
      illustrates the waveform when the DC current is less than the peak AC
      level. In the transition from AC to DC current, the coil discharges
      exponentially to the lower current level. Similarly, in the transition
      from DC to AC current, the AC current must exponentially rise to the peak
      AC level.
PAR  It has been found that placing the switch out of the AC current path for
      the coil L1 contributes to unexpected advantages. First, a shunt switch
      minimizes the power drain from the transistor switch and the transistors
      which control the switch during the operate mode. The operate mode is
      substantially longer than the duration of the beginning and end of the
      operate mode if the entire system is shut off when the memory is not in
      use. Thus, in the operate mode there is no base current for any of the
      transistors. Moreover, it has been found that a switch in series with the
      coil in the AC current load, such as in the U.S. Pat. No. 3,763,478, can
      cause distortions in the AC current to the coils. The switch is somewhat
      non-linear and such non linearities introduce haromnics into the AC
      current waveform. These harmonics directly interfere with the signals
      generated with a magnetic resistive type bubble detector. Such detectors
      react to harmonics which the detector itself is producing. By placing the
      switch out of the path of the AC current through the coil, the
      non-linearity of the transistor switch is relatively unimportant.
PAR  While in the preferred embodiment of the present invention the AC operation
      stops and starts at maximum negative current in both coils, the principle
      of the present invention is applicable to starting and stopping the AC
      operation at maximum positive current in both coils or positive current in
      one coil and negative current in the other coil. To effect positive
      current operation the circuit of FIG. 3 need only be slightly modified as
      follows. The connections of the terminals of the diode D1 and the voltage
      source B are reversed. The - 5 volt bias is coupled to the circuit where
      the + 5 volts bias is coupled and vice versa. NPN transistors are replaced
      by PNP transistors and vice versa. Lastly, the control signal would be
      inverted.
PAR  The embodiment of the present invention is intended to be merely exemplary
      and those skilled in the art shall be able to make numerous variations in
      and modifications to the embodiment without departing from the spirit of
      the present invention. All such modifications and variations are intended
      to be included within the scope of the present invention as defined in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a circuit for propagating domains in a field accessed, cylindrical
      magnetic domain memory of the type having a pair of coils disposed
      perpendicular to each other and around a region occupied by the memory, a
      pair of AC current sources for supplying AC current to the coils, the
      currents from the sources being in quadrature phase to provide a rotating
      magnetic field in the plane of the memory and a capacitor associated with
      each coil to form a resonant circuit at the frequency of the AC current,
      an improvement comprising:
PA1  a. a switch means connected to one terminal of the coil and to a return
      path for the AC current source to shunt the AC current away from the coil
      whenever the switch means is closed, the switch remaining open during an
      operate mode in which the coil is driven by the AC current,
PA1  b. a DC current source connected to the other terminal of the coil for
      supplying a DC current through the coil whenever the switch means is
      closed, and
PA1  c. means responsive to a signal input for closing the switch means at the
      beginning and at the end of the operate mode for shunting the AC current
      away from the coil and for forming a path for the flow of DC current
      through the coil to reduce the risk of losing coherent storage of data in
      the memory, the switch means preventing the AC current from flowing
      simultaneously through the switch and the coil so that the switch does not
      introduce distortion in the rotating magnetic field.
NUM  2.
PAR  2. The circuit according to claim 1 wherein the value of the DC current is
      equal to the peak value of the AC current and the transition to and from
      AC current occurs at the peak value of the AC current.
NUM  3.
PAR  3. The circuit according to claim 2 wherein the DC current for each coil is
      negative.
NUM  4.
PAR  4. The circuit according to claim 2 wherein the DC current for each coil is
      positive.
NUM  5.
PAR  5. The circuit according to claim 2 wherein the DC current for one coil is
      positive and the DC current for the other coil is negative.
NUM  6.
PAR  6. The circuit according to claim 1 wherein the DC current source includes
      a DC battery connected in series with a resistor whose resistance may be
      adjusted to provide the DC current at the level of the peak AC current
      value.
NUM  7.
PAR  7. The circuit according to claim 1 further including a capacitor connected
      across the DC current source having a value of capacitance large enough to
      provide a low impedance path around the DC current source for the AC
      current.
NUM  8.
PAR  8. The circuit according to claim 1 further including a diode connected in
      series with the switch means for ensuring that current does not flow
      through the switch until the AC current is at a peak value.
NUM  9.
PAR  9. The circuit according to claim 1 wherein the switch means is a
      transistor and wherein the means for actuating the switch includes a
      network of transistors, all of the transistors being in a non conductive
      state during the operate mode to conserve power.
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ABST
PAL  An ionization-type gas contamination detector, intended primarily for use
      as a fire detector, in which a substance which emits predominantly
      low-energy beta particles is used as an ionizing radiation source in an
      ionizing chamber. Rapid changes in ionization current, which indicate the
      present of a fire or smoke preceding a fire, are detected and an alarm is
      energized by a rate-of-change circuit in response to such changes. The
      output of the ionization chamber is amplified, and a level detector
      energizes the alarm when the amplified chamber output reaches a
      predetermined level. The output of the amplifier is adjusted relatively
      slowly to a reference level. In one embodiment, the amplifier output is
      adjusted to the reference level by the activation of a sample-and-hold
      feedback loop for a short period of time. In another embodiment,
      continuous feedback through a circuit with a relatively long time constant
      provides the desired adjustment. This feature makes the device relatively
      insensitive to normal atmospheric and environmental changes, while being
      very sensitive to changes in the level of combustion products in the
      atmosphere.
PARN
PAR  This application is a division of U.S. application Ser. No. 63,646, filed
      Aug. 13, 1970, now U.S. Pat. No. 3,798,625, which is a
      continuation-in-part of U.S. application Ser. No. 7,444, filed Jan. 2,
      1970, now abandoned.
BSUM
PAR  This invention relates to detection apparatus, and more particularly to
      fire and gas contamination detection apparatus, and to electronic
      rate-of-change circuits and ionization chamber devices used in such
      apparatus. In an illustrative embodiment described herein, the invention
      takes the form of an ionization-type fire alarm system.
PAR  It is an object of the present invention to provide fire and gas
      contamination detection apparatus which is very sensitive to rapid changes
      in the condition or composition of the ambient gas, but which is
      relatively insensitive to long-term changes in such parameters.
PAR  Another object of the present invention is to provide ionization-type
      detection apparatus having an ionization chamber which does not emit any
      substantial amount of radiation harmful to man.
PAR  Yet another object of the present invention is to provide very sensitive
      rate-of-change electronic detection circuitry suitable for use in the
      above-described detection apparatus.
PAR  These and other objects are met, in accordance with the present invention,
      by the provision of an ionization-type gas contamination detector,
      intended primarily for use as a fire detector, in which nickel 63, or
      other substances which emit predominantly low energy beta particles, e.g.
      carbon 14, is used as an ionizing radiation source in an ionizing chamber.
      Rapid changes in ionization current, which indicate the presence of a
      fire, are detected and an alarm is energized by a rate-of-change circuit
      in response to such changes. The output of the ionization chamber is
      amplified, and a level detector energizes the alarm when the amplified
      chamber output reaches a pre-determined level. The output of the amplifier
      is returned to a pre-determined reference level by a feed-back loop, thus
      making the device relatively insensitive to normal atmospheric and
      environmental changes.
DRWD
PAR  The invention will now be described with the assistance of the drawings in
      which:
PAR  FIG. 1 is a schematic diagram of one embodiment of the electronic detection
      system of the present invention;
PAR  FIG. 2 is a perspective view, shown partly broken away, of ionization
      chamber apparatus of the present invention;
PAR  FIG. 3 is a detailed schematic circuit diagram of the system shown in FIG.
      1;
PAR  FIGS. 4 and 5 are graphs showing the variation of certain operating
      parameters of the ionization chamber shown in FIG. 2;
PAR  FIGS. 6, 7, 8 and 10 are schematic drawings of further embodiments of the
      invention; and
PAR  FIG. 9 is graph illustrating certain operational parameters of the
      invention.
DETD
PAC  GENERAL DESCRIPTION
PAR  The system shown in FIG. 1 of the drawings is intended for use primarily as
      a fire detector and alarm system. The entire system includes an ionization
      chamber 10 which contains a radiation source which ionizes the ambient air
      and produces an ionization current which is inversely proportional to the
      amount of heavy gas molecules or other contaminants in the air. A detector
      circuit 40 sets off an alarm 52 when the rate of change in the ionization
      current is above a certain level, but does not respond to relatively low
      rates of change caused by normal, slow temperature and pressure changes in
      the air, and other changes in ambient conditions.
PAR  As is well known, fires and developing fires in the pre-combustion stage
      usually cause rapid increases in the concentration of heavy molecules in
      the air, and corresponding decreases in ionization chamber currents. The
      system shown in FIG. 2 detects such changes and activates the alarm 52 to
      warn that a fire has started or is about to start.
PAC  THE IONIZATION CHAMBER
PAR  Referring next to FIG. 2, the ionization chamber 10 of the present
      invention includes a tubular housing 14 (shown partly broken away). The
      housing 14 is made of metal, except for an insulating plate 12 at one end.
      The housing has a plurality of slots or openings 16 to permit the gas
      under test to readily enter the housing.
PAR  Two radioactive sources 18 are attached to the metal end wall of housing
      14. An electronic circuit board 20 (shown partly broken away) is attached
      to the insulating base 12 by a plurality of insulating posts 22. A metal
      collector disc 24 is fastened to the circuit board 20 by means of a
      conducting member 26, which serves to rigidly support the collector disc
      24 and to electrically connect disc 24 to the detector circuit 40 which is
      formed on the circuit board 20.
PAR  The metal housing 14 and the collector disc 24 form the electrodes of the
      ionization chamber 10. Radioactive sources 18 emit beta particles into the
      gas under test in the housing 14. The beta particles emitted by the
      radioactive sources 18 ionize the gas through which they pass. If a
      voltage is applied between the electrode 14 and the collector disc 24, a
      small ionization current will flow between the electrodes 14 and 24 due to
      the presence of ions within tubular member 14.
PAR  Radioactive sources 18 emit predominantly low-energy beta particles, which
      are less harmful to humans than other types of radioactive emission. A
      preferred material for the sources 18 is carbon 14 (C.sup.14), nickel 63
      (Ni.sup.63), tritium (H.sub.3), or technetium 99 (Tc.sup.99), each of
      which emits beta particles almost exclusively and thus makes the
      ionization chamber of the present invention substantially safer than
      chambers employing sources rich in alpha particles and gamma rays.
PAR  Each of the sources 18 preferably is a segment of cylindrical wire. The
      wire segments are parallel to one another and are spaced from one another
      so as to provide a relatively uniform flux of beta particles.
PAR  As is shown in FIG. 1, the electrodes 14 and 24 are connected to the
      detection circuit 40. The presence of gas contaminants within the tubular
      member 14, such as heavy molecules produced by combustion, or dust, will
      interfere with the motion of the ionized particles and electrons so as to
      reduce the current between electrode 14 and collector disc 24.
PAC  DETECTOR CIRCUIT
PAR  Referring to FIG. 1, the operation of the detector circuit 40 now will be
      explained. Electrode 14 is connected to a source of positive DC bias
      voltage, e.g. +30V DC. Collector disc 24 is connected to a current
      amplifier 42. Current amplifier 42 is connected to a negative DC bias
      voltage, e.g. -12V DC. It is believed that beta particles (electrons)
      interact with air molecules and create positive and negative ions in the
      chamber 10. The positive ions flow towards the collector disc 24, and the
      negative ions flow towards the electrode 14. Thus, in the conventional
      notation, current flows to the collector disc from the electrode 14 and
      through the current amplifier 32. Changes in this current result in
      changes in the voltage of electrode 24.
PAR  The voltage at electrode 24 is amplified by a voltage amplifier 44. A gate
      46 is used to activate a negative feed-back loop for the amplifier 44.
      When the gate 46 is closed, the output of amplifier 44 is connected to the
      input of amplifier 42, creating a feed-back loop which operates to drive
      the output of the amplifier 44 towards zero, by varying the current
      through the amplifier 42 so as to make the voltage at electrode 24
      approach zero.
PAR  When the gate 46 is opened, the voltage at electrode 24 is initially
      maintained at its previous value by a capacitor 48, which stores and
      maintains the previous feed-back signal for the current amplifier 42. The
      feed-back loop now is disabled so that any change in the current through
      the ionization chamber will result in a substantial change in the output
      voltage of the amplifier 44.
PAR  A latching circuit 50 is connected in series with an alarm 52 and is
      connected to the output of the amplifier 44. A predetermined positive
      voltage level at the output of the amplifier 44 will cause the latching
      circuit 50 to conduct and latch, energizing the alarm 52.
PAR  The gate 46 is controlled by a clock circuit 54 so as to periodically open
      and close the feed-back loop. During the time intervals when the gate 46
      is closed, the current through the amplifier 42 is readjusted to correct
      for changes in the chamber conditions, such as temperture and pressure,
      and for amplifier drift. During the time intervals when the gate is open,
      referred to as the operating intervals, the circuit operates as a
      rate-sensitive alarm, since a specific change in ionization current during
      a single operating interval is required to sound the alarm 52. The
      specific rate required to sound alarm 52 is electronically determined and
      may be changed by varying the triggering level of latch 50, the open-loop
      gain of amplifier 44, or the duration of the operating interval of clock
      54.
PAR  A reset switch 56 is provided to silence the alarm by simultaneously
      de-energizing latch 50 and resetting the clock circuit 54 into the
      condition in which the gate 46 is closed, thereby readjusuting the current
      through amplifier 42 to the new operating conditions.
PAR  Referring to FIG. 3, the details of electronic circuit 40 will now be
      explained.
PAR  Current amplifier 42 comprises a p-channel, metal-on-silicon, field effect
      transistor 100 connected in a source-follower configuration, with
      ionization chamber 10 serving as the impedance load. A field effect
      transistor 100 is employed because the current through ionization chamber
      10 is extremely small, necessitating the use of a current amplifier
      capable of delivering extremely small currents. Furthermore, field effect
      transistor 100 has a high input impedance to prevent the discharging of
      capacitor 48 during the operating intervals when gate 46 is open.
PAR  Amplifier 44 is a three-stage semiconductor amplifier. The first stage,
      connected to electrode 24, consists of a field effect transistor 102 in
      source-follower configuration, with a resistor 104 serving as the
      impedance load. A field effect transistor 102 is employed to provide an
      extremely high input impedance to prevent loading of the ionization
      chamber. A capacitor 106 is also connected to electrode 24, to reduce the
      high frequency response of amplifier 44 and to bypass to ground any 60
      cycle AC signals which might be induced in the ionization chamber circuit.
PAR  The output of the source-follower stage is connected to the base of a
      second stage transistor 108, which is connected in an emitter-follower
      configuration with a resistor 110 serving as the emitter load resistor.
PAR  The output of emitter-follower stage is coupled to an integrated circuit
      operational amplifier 112 through a resistor 114. A resistor 116 couples
      the output of operational amplifier 112 with its input, to provide
      negative feedback and thus limit the gain of operational amplifier 112.
      Source-follower transistor 102 and emitter follower transistor 108 provide
      current gain for the voltage signal present at electrode 24. Operational
      amplifier 112 provides voltage gain for this signal, so that the voltage
      gain of amplifier 44 is essentially determined by resistors 114 and 116,
      which determine the gain of operational amplifier 112.
PAR  The output lead 117 of the operational amplifier 112 is connected to the
      latching circuit 50. The latching circuit 50 includes a transistor 118,
      and the lead 117 is connected to the base lead of transistor 118 through a
      resistor 120 and a diode 122. Transistor 118 is connected in a
      common-emitter configuration, with a resistor 124 and alarm 52 providing
      the collector load. Transistor 118 normally is non-conducting. The
      appearance of a positive voltage above a predetermined level on the output
      lead 117 of the operational amplifier 112 will provide base drive current
      for transistor 118, and will cause it to conduct. The level of voltage
      required is determined by the value of resistor 120. Diode 122 prevents
      transistor 118 from being damaged by excessive negative bias should the
      output of operational amplifier 112 be negative. A capacitor 126 is
      connected to the base of transistor 118 to reduce the high frequency
      response of latching circuit 50 to avoid false alarms which otherwise
      might be caused by transient voltages at the output of operational
      amplifier 112.
PAR  The collector lead of transistor 118 is connected to the base of another
      transistor 128, which is connected in common emitter configuration, with a
      resistor 130 serving as a collector load resistor. Transistor 128 also
      normally is non-conducting. When transistor 118 conducts, the voltage at
      the base of transistor 128 will be substantially reduced, causing
      transistor 128 to conduct. Alarm 52, which is in series with transistors
      118 and 128, will thus be energized when transistors 118 and 128 are
      caused to conduct by the presence of the predetermined positive voltage
      level at the output of operational amplifier 112.
PAR  The latching function of latching circuit 50 is provided by the connection
      of the collector of transistor 128 to the base of transistor 118 so as to
      provide positive feed-back to transistor 118. This positive feedback
      signal will cause transistor 118, and thus transistor 128, to remain
      conducting despite any change in the output voltge of operational
      amplifier 112. Thus, due to the positive feed-back signal, alarm 52 will
      continue to be energized despite any change in the output voltage of
      operational amplifier 112.
PAR  Gate circuit 46 comprises a p-channel, metal-on-silicon field effect
      transistor 132, employed as a switch. The output signal from operational
      amplifier 112 is conducted to transistor 132 through a resistor 134 which
      is connected to the source of transistor 132. The drain of transistor 132
      is connected to the input of current amplifier 42. The substrate of
      transistor 132 is connected to the +12 volt DC supply, so that a negative
      voltage applied to the gate of transistor 132 will cause it to conduct,
      thereby conducting the output signal of operational amplifier 112 to the
      input of current amplifier 42 and to the capacitor 48.
PAR  The signal for the gate of transistor 132 is generated by the clock circuit
      54, whose operation will be describied in sequence, commencing with the
      start of the operating interval. A capacitor 136 is connected in series
      with one of two resistors 138 and 140, depending upon the position of a
      sensitivity selection switch 142. At the start of the operating interval,
      capacitor 136 will be substantially discharged. Thereafter, it will charge
      at a rate determined by the RC time constant of resistor 138 or 140 and
      capacitor 136, depending upon which position switch 143 is in. Capacitor
      136 charges until it reaches a voltage level sufficient to cause a
      junction field effect transistor 142 to conduct. The gate of transistor
      142 is connected to the junction of capacitor 136 and resistors 138 and
      140. The charging time of capacitor 136 determines the operating time
      interval of the detection circuit 40, and the length of that time interval
      is a factor in the determination of the sensitivity of the system. A
      longer time interval, corresponding to the use of the larger of the
      resistors 138 and 140, produces greater sensitivity, since the required
      change in ionization current may occur over a longer time interval. The
      rate of change detection sensitivity of the circuit 40 is, therefore,
      varied by operation of switch 143. The preferred operating time intervals
      employed in typical fire alarm system using the invention vary from 15
      seconds to several minutes.
PAR  The base of a transistor 144 is connected to the load resistors 146 and 148
      of transistor 142. Transistor 144 is normally conducting, so that it will
      assume a non-conducting state when transistor 142 conducts. The base of
      transistor 150 is connected to the collector load resistors 152 and 154 of
      transistor 144. Transistor 150 is normally non-conducting, so that it will
      conduct when transistor 144 assumes a non-conducting state. A resistor 156
      serves as a collector load resistor for transistor 150. The collector of
      transistor 150 is connected to the gate of transistor 132 in the gating
      circuit 46, so that transistor 132 will conduct when transistor 150
      conducts.
PAR  The base of a transistor 158, connected in a common-emitter configuration,
      with a resistor 160 serving as a collector load, is connected to
      transistor 144 and 150 through a RC network comprising a pair of resistors
      162 and 164 and a capacitor 166. Transistor 158 is normally
      non-conducting. After a time interval, during which capacitor 166 is
      charging, transistor 158 will conduct. This causes capacitor 136 to
      discharge through transistor 158, and thus resets transistors 142, 144,
      and 150 to their initial condition. Transistor 150 is once again
      non-conductive, thereby causing transistor 132 to assume a non-conducting
      state. This second time interval during which transistor 132 is
      conductive, corresponds to the time interval during which the negative
      feedback loop for amplifier 44 is closed. In a typical fire alarm system,
      this time interval is substantially shorter than the operating time
      interval, and usually is several seconds long.
PAR  Reset switch 56 serves a dual function. When actuated, reset switch 56
      disconnects the +12V supply from the alarm 52 and latching circuit 50,
      thereby silencing the alarm and disabling the latching circuit. In
      addition, gate drive current to transistor 142 is supplied through a
      resistor 169, causing transistor 142 to conduct, therby placing the clock
      circuit in the condition in which transistor 132 is conductive. This
      closes the negative feedback loop for amplifier 44, so that the output of
      operational amplifier 112 will once again be driven to zero. This insures
      that the input to the latching circuit 50 will be zero and that the alarm
      will remain in an off condition immediately after release of the reset
      switch 56.
PAC  IONIZATION CHAMBER OPERATING PARAMETERS
PAR  FIGS. 4 and 5 show the voltage-current characteristics of an ionization
      chamber 10 which has been built and successfully tested. This chamber had
      the following dimensions:
PA1  Housing 14 diameter - 3 inches
PA1  Collector disc 24 diameter - 2 inches
PA1  Spacing from collector disc 24 to radioactive sources 18 - 4 cm.
PA1  Radioactive sources 18 - 100 microcuries Ni.sup.63
PAR  FIG. 4 is a graph showing the voltage-current characteristics of the
      chamber 10 at two different ambient gas pressures, P.sub.1 and P.sub.2.
      Pressure P.sub.1 is approximately equal to atmospheric pressure at sea
      level, and P.sub.2 is approximately equal to atmospheric pressure at an
      altitude of 10,000 feet. Applicants have recognized that operation of the
      chamber 10 at bias voltages below the "knees" in the curves P.sub.1 and
      P.sub.2, i.e., at voltages less than about 20 volts, will make the
      ionization current unduly sensitive to ambient gas pressure changes.
      Applicants also have recognized that the spacing between the curves
      P.sub.1 and P.sub.2 increases as the voltage is increased much above about
      40 volts, with the result that the sensitivity to pressure changes will
      increase with increasing chamber voltages above that level. Thus, the
      ideal bias voltage range is within the saturation region of the chamber,
      identified by the nearly horizontal portions of the curves P.sub.1 and
      P.sub.2, but not far into the saturation region. In the specific example
      depicted in FIGS. 4 and 5, the preferred range is 20 to 40 volts, and the
      preferred voltage is 30 volts. The preferred region of operation is
      referred to herein as the "low-voltage saturation region".
PAR  FIG. 5 is a graph similar to that of FIG. 4, except that the gas pressure
      remains constant while the gas temperature is changed from T.sub.1 and
      T.sub.2. T.sub.2 is approximately 10.degree. centigrade and T.sub.1 is
      approximately 60.degree. centigrade. Once again, the best operating region
      proves to be the low-voltage saturation region, since voltages above or
      below this region produce greater sensitivity to gas temperature changes.
      A voltage of 30 volts is best for the specific configuration whose
      operation is depicted in FIG. 5.
PAC  CONTINUOUS FEEDBACK EMBODIMENTS
PAR  The combustion detector 200 shown in FIG. 6 includes an ionization chamber
      202 having a beta particle collector housing 204, a radiation source 206
      which is attached to an anode plate 208. In addition, a "guard ring" 210
      is provided. The guard ring 210 surrounds the anode plate 208 and is
      maintained at substantially the same voltage as the anode plate in order
      to intercept and collect stray currents which otherwise might flow to the
      anode plate. Ambient air can enter and leave the chamber through the gap
      between the plate 208 and the housing 204.
PAR  The radiation source 206, like the source 18, produces predominantly beta
      particles and preferably consists of carbon 14 (C.sup.14).
PAR  The collector housing 204 of chamber 202 is connected to a line 220 which
      is at zero potential. The anode plate 208 of the chamber is supplied with
      a negative bias voltage which appears on a lead 218. Thus, a voltage is
      applied across the ionization chamber.
PAR  The lead 218 is connected to the gate electrode of a first field effect
      transistor (FET) 214 of a pair 212 of matched junction FET's 214 and 216.
      As in the previous embodiments, the use of a field effect transistor as
      the first stage in the amplification chain presents a very high input
      impendence to the anode 208. The signal from each of the FET's is
      conducted to one of two input leads of a high-gain operational
      differential amplifier 222. By using matched FET's, the FET gate-source
      voltage drop components of the voltages at the two inputs to the amplifier
      222 will be approximately equal and will be balanced-out by the
      differential operation of the amplifier.
PAR  The output signal from the amplifier 222 is conducted to an integrating
      circuit 223 consisting of a resistor 237, a capacitor 236, a resistor 234
      and a transistor 238. The output of this integrating circuit appears
      across the load resistor 248 and is fed back to the input of the field
      effect transistor pair 212 through a resistive network including resistors
      240, 242, 244 and 246. The amplifier 222 amplifies the signal it receives
      from the ionization chamber 202. This signal is integrated by the
      integrating circuit and the signal from the integrator is fed back to
      change the bias signal on FET pair 212, thus changing the input bias for
      the amplifier 222 and reducing its output signal. The output of the
      amplifier 222 is conducted to an alarm circuit (to be described) which
      produces an alarm signal when the level of the output of amplifier 222
      reaches a predetermined value.
PAR  The values of the resistors 234 and 237, the capacitor 236, and the other
      components in the feedback network are chosen so as to give the network a
      relatively long time constant. For example, a time constant of 20 minutes
      has been found to be desirable and practical. Thus, the integrator circuit
      provides a negative feedback signal which increases relatively slowly with
      time. The reason for this is to make the device sensitive to combustion
      products which accumulate relatively rapidly, thus indicating a fire or
      incipient fire, and yet prevent the device from alarming in response to
      relatively slowly-changing atmosphereic conditions. For example, with a
      time constant of twenty minutes or thereabouts, the device has alarmed in
      response to an accumulation of smoke emitted by smoldering wood, but does
      not alarm when atmospheric pressure or temperature, etc., change at an
      ordinary rate. After a relatively long time, the negative feedback circuit
      will return the bias signal on the FET pair 212 to approximately its
      original value. Thus, relatively slow changes in ionization current will
      be cancelled out by the system.
PAR  Referring now to the right-hand portion of FIG. 6, an alarm device 274 is
      energized by means of a transistor 260 which energizes a
      silicon-controlled rectifier (SCR) 266 which, in turn, energized a relay
      270 to close a switch 272 and turn on the alarm device. The base lead of
      the transistor 260 is connected through a resistor 250 to the output of
      amplifier 222. A capacitor 256 is connected between the base lead and the
      emitter lead of transistor 260. The RC circuit formed by the resistor 250
      and the capacitor 256 delays the build-up of input signal to the
      transistor 260 for a relatively short length of time in order to insure
      that the signal being received is not caused by transients such as those
      which might occur due to puffs of air being blown into the ionization
      chamber 202.
PAR  When the output of the amplifier 222 reaches a pre-determined level, which
      is determined by a pair of resistors 252 and 254 connected in a voltage
      divider arrangement, and after the slight time delay mentioned above,
      transistor 260 turns on and conducts current through a load resistor 262.
      The load current flows through another resistor 264 with a capacitor 258
      connected in parallel with it and to the gate lead of the SCR 266 to turn
      the SCR on. This causes current to flow through the SCR, through a voltage
      dropping resistor 268 and the coil of relay 270 to close the contact 272
      and energize the alarm 274. Also, a lamp 276 is lighted to indicate that
      the device 200 is in an alarm condition. The alarm device 274 itself may
      be situated at a remote location, particularly if the fire detection unit
      200 is merely one of an extensive fire detection system. The SCR 266 will
      remain latched in the "on" condition until the voltage applied to it is
      removed for approximately 15 seconds. This can be done by a switch (not
      shown) whose operation will reset the alarm device 274.
PAR  The integrator device 223 is commonly known as a "Miller" integrator. The
      transistor 238 is used for amplification and inverting functions, as well
      as its functions in the integrator circuit. The resistor 237 stabilizes
      the ciruit and reduces the effect of transients.
PAR  The resistors 240 and 242 comprise a voltage divider network which reduces
      the gain in the feed-back loop and reduces the rate at which the feed-back
      voltage increases. The resistance of resistor 240 is ten times that of
      resistor 242; resistor 240 has a preferred resistance of two megohms, and
      resistor 242 has a resistance of 200,000 ohms.
PAR  Resistor 244 is a relatively large (e.g. 4.7 megohms) resistor which is
      used to adjust the bias level of the chamber housing 204. Resistor 246 is
      a very large resistor (e.g., 1,000 megohms) which converts ionization
      current changes into voltages, without unduly loading the chamber.
      Capacitor 245 is connected across resistor 246 in order to filter out
      stray 60 Hz and high-frequency noise signals which might be picked up in
      the circuit. Another 60 Hz and noise filter capacitor 232 is connected
      between the output of the amplifier 222 and a line leading to the gate
      lead of FET 216. A variable resistor 230 is connected between the same two
      points in order to adjust the gain of the amplification provided by the
      FET pair 212 and the amplifier 222.
PAR  The guard ring 210 is connected to the gate lead of FET 216 through a very
      large (e.g. one thousand megohms) resistor 226. Thus, because of the high
      input gate impendances of the FETs, the guard ring 210 is maintained at
      substantially the same potential as the anode plate 208.
PAC  POWER SUPPLY
PAR  A 24 volt direct current supply signal is applied to input terminals 300
      and 302. A steady, regulated voltage of negative 10 volts is maintained on
      line 229 by the connection of a Zener diode 282 and a filter capacitor 278
      between the input lead 300 and the point 279. Similarly, regulated voltage
      of negative 20 volts is maintained between points 279 and 281 by means of
      a second Zener diode 284 and filter capacitor 280.
PAR  Two "trouble" contacts 296 are provided. The appearance of a closed circuit
      at those terminals indicates that line voltage is being supplied to the
      fire alarm system, and that Zener diodes 280 and 284 have not been short
      circuited. The relay is maintained in an energized condition by current
      flowing to its coil through a transistor 290, and this keeps the contact
      295 of the relay closed. Transistor 290 receives bias energization by
      means of a voltage divider consisting of two resistors 286 and 288 whose
      midpoint is connected to the base lead of transistor 290, and the
      combination is connected between the negative 24 volt line and point 281.
      When the line opens or one of the Zener diodes 282 or 284 becomes
      short-circuited, the relay 294 will be de-energized and trouble will be
      indicated by the open circuit between trouble terminals 296. A diode 298
      is connected between the emitter of transistor 290 and the input lead 302.
PAR  Following is a table illustrating the specific circuit components which
      were used in a device which was successfully built and tested in
      accordance with the embodiment of the invention shown in FIG. 6:
TBL  Part No.         Value or identification                                  
     ______________________________________                                    
     FET pair 212     2 N 3958                                                 
     Amplifier 222    Operational differential                                 
                      amplifier SN 72741 sold                                  
                      by Texas Instruments, Corp.                              
     Transistors 238 and 260                                                   
                      2 N 2907                                                 
     Transistor 290   2 N 697                                                  
     Resistor 234     4.7 megohms                                              
     Resistor 237     470,000 ohms.                                            
     Capacitor 236    640 microfarads                                          
     Resistor 248     110,000 ohms.                                            
     Resistor 240     2 megohms                                                
     Resistor 242     200,000 ohms.                                            
     Resistor 244     4.7 megohms                                              
     Resistor 246     1000 megohms                                             
     Capacitor 245    500 Picofarads                                           
     Resistor 226     1000 megohms                                             
     Resistor 228     100 ohms.                                                
     Capacitor 232    2 Microfarads                                            
     Resistor 254     4,700 ohms.                                              
     Resistor 254     4,700 ohms.                                              
     Resistor 250     10,000 ohms                                              
     Capacitor 256    4.7 microfarads                                          
     Resistor 262     2000 ohms.                                               
     Resistor 254     1000 ohms.                                               
     Capacitor 258    4.7 Microfarads                                          
     SCR 266          2 N 5960                                                 
     Capacitors 278 and 280                                                    
                      125 Microfarads                                          
     Zener diodes 282 and 284                                                  
                      1 N 758                                                  
     Resistor 286     160 ohms.                                                
     Resistor 288     500 ohms.                                                
     Resistor 268     570 ohms.                                                
     Resistor 292     860 ohms.                                                
     Diode 298        1 N 4006                                                 
     ______________________________________                                    
PAR  Each of the 1,000 megohm resistors preferably consists of a rod of ceramic
      material with a metal oxide and ceramic coating. Such resistors are sold
      by Welwyn, Inc. The capacitor 236 preferably is a low-leakage capacitor
      with polycarbonate film dielectric material, sold by Cornell-Dublier.
PAR  The preferred embodiment of the present invention is shown in FIG. 7 of the
      drawings. The circuit shown in FIG. 7 is, in substance, the same as that
      shown in FIG. 6, except that the circuit is considerably simplified so as
      to reduce the number of components. The same reference numerals are used
      for the same components in both FIGS. 6 and 7. The most important changes
      are in the feed-back network from the amplifier 222, and only those
      changes will be described in detail.
PAR  A 100,000 ohm resistor 354 is connected to the output lead of the amplifier
      222 at a terminal 350. A 5 microfarad polycarbonate, low-leakage capacitor
      356 is connected to the opposite terminal of resistor 354, as is a 100 ohm
      resistor 352. The other terminal of resistor 352 is connected through the
      low-impedance path of the coil of relay 294 to the negative terminal of
      the power supply. A 5,000 megohm ceramic resistor 358 is connected between
      the terminal 350 and the other end of the capacitor 356. The common
      terminal 357 between resistor 358 and capacitor 356 is connected to a
      parallel connection of a 500 picofarad capacitor 360 and another 5,000
      megohm ceramic resistor 362. That parallel combination is connected to the
      plate 208 of the ionization chamber 202 and the gate lead of FET 216, to
      complete the feed-back path. A zener diode 364 is connected between the
      point 350 and the input of the SCR 266 to set a bias level for the alarm
      voltage.
PAR  FIG. 8 is a simplified schematic circuit diagram for the feedback amplifier
      and ionization chamber connections of the circuit shown in FIG. 7. It is
      believed that the following equation expresses the relationship between a
      change in input voltage E.sub.1 and a change in output voltage E.sub.0 at
      the output terminal 350:
      ##EQU1##
      In which: .DELTA.E.sub.0 = the change in output voltage at terminal 350;
PA1  .DELTA.E.sub.1 = the change in input voltage;
PA1  R.sub.1 and R.sub.2 are the resistors shown in FIG. 8.
PAR  In the above equation, an approximation has been made in view of the
      following relationships:
PA1  a. R.sub.4 &gt;&gt;R.sub.z ;
PA1  b. (-K), the open loop gain of amplifier 222, is &gt;&gt;(R.sub.1 +
      R.sub.2)/R.sub.z ;
PA1  c. E.sub.1 = the change in chamber current, I.sub.1, divided by R.sub.4.
PA1  d. The change in input current to the amplifier 222 &gt;&gt;I.sub.1.
PAR  The above equation is believed to hold true for ionization current changes
      which occur over a time period that is short relative to the time constant
      of resistor 358 and capacitor 356 and long relative to the time constant
      of resistor 362 and capacitor 360. FIG. 9 shows the relationship which is
      believed to exist between the voltage gain of the circuit and the
      frequency of the input signals. In FIG. 9, the following equations hold
      true:
      ##EQU2##
      in which C.sub.1 and C.sub.2 are the capacitors shown in FIG. 8, and
      f.sub.1 and f.sub.2 are the frequencies at which the gain has dropped 3
      decibels from the maximum. These frequencies indicate the pass band of the
      circuit.
PAR  As is shown in FIG. 9, the circuit gives little or no amplification for
      relatively high or very low frequency input signals. This prevents the
      detector from alarming in response either to electrical noise or stray 60
      Hz signals (both having relatively high frequency components) or to slowly
      changing input signals caused by normal atmospheric changes.
PAR  The gain of the circuit preferably as 1.0 to D.C. input signals. However,
      without amplification, signals from the ionization chamber are not large
      enough to enable the alarm. Slowly changing input signals, such as those
      caused by changing atmospheric conditions, cause slow increases in output
      voltage from the amplifier 222. However, those changes are so slow that
      the alarm level of the amplifier is not reached because the negative
      feed-back voltage of the feed-back network increases fast enough to
      prevent the amplifier output from reaching the alarm level.
PAR  Input signals having relatively high-frequency components, such as noise
      spikes and 60Hz signals, flow through the capacitors 360 and 356 and the
      100 ohm resistor 352 to ground rather than to the high impedance
      (10.sup.10 ohms) gate lead of the FET 216. Thus, such high-frequency
      components are filtered out of the amplifier input.
PAR  The frequencies f.sub.1 and f.sub.2 are selected such that input signals
      having the frequency components caused by the usual fire will receive full
      amplification, and signals not having those components will receive
      reduced amplification. Since the frequency of the components of a signal
      is a function of the rate of change of the signal, the alarm device is
      responsive to the rate of change of the combustion products signal.
PAR  The alarm device has a "dead-band" in that regardless of the rate of change
      of the input signal, unless the magnitude of the input signal from the
      amplifier reaches a certain minimum value, the device alarm remains
      disabled. This minimizes false-alarming due to small combustion or
      contamination sources, such as cigarette smoke, etc.
PAR  The detector system described above has a number of advantages. It is a
      very sensitive detector of fires and gas contaminants, and yet it is
      relatively insensitive to normal ambient temperature and pressure changes.
      Moreover, these desirable features are obtained with only one ionization
      chamber, and with the use of reliable solid-state circuitry.
PAR  The detector also is relatively small, and thus easily can be made
      inconspicuous in factories, offices and other structures in which it might
      be used. The detector also is relatively light in weight, a feature which
      makes its use highly advantageous in many uses.
PAR  The detector utilizes a radiation source, such as carbon 14 or nickel 63,
      which emits predominantly beta particles, and therefore emits practically
      no harmful radiation. This makes the device inherently safe for use in
      human dwellings and permits a reduction in safety maintenance costs.
      Furthermore, such materials are relatively inexpensive to use as radiation
      sources.
PAR  FIG. 10 shows another embodiment of the invention. This embodiment is a
      so-called "smoke detector", i.e., a detector in which a light source 384
      emits light through a lens system 386 in a beam 388. The beam 388 of light
      is received by an alarm unit 390 which has a lens system 392 and a
      photoconductor 394 which receives light from the lens system 392.
PAR  When smoke or other light-blocking contamination intercepts the light beam
      388, the resistance of the photoconductor 394 increases. A known alarm
      circuit is connected to the photoconductor 394 and alarms in response to
      the change of resistance, thus indicating the presence of smoke. The smoke
      detector described so far is conventional.
PAR  The lenses of such a system often become coated with dust or other
      pollutants. This adversely affects the operation of the smoke detector. In
      accordance with the present invention, the alarm circuit 396 of the
      present invention is used in place of the conventional alarm circuit. The
      circuit is connected as shown in FIG. 7, for example, except that the
      photoconductor 394 replaces the ionization chamber. The resulting detector
      has the advantage that the usual coating of the lenses is eliminated as a
      source of alarm signals since the signal changes created by such coating
      increase very slowly. The effects of such changes are eliminated in the
      same way that changes due to atmospheric changes are eliminated. Thus, the
      detector is more reliable and requires less maintenance.
PAR  The above description of the invention is intended to be illustrative and
      not limited. Various changes or modifications in the embodiments described
      may occur to those skilled in the art and these can be made without
      departing from the spirit or scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. Gas contamination detector apparatus comprising an ionization chamber
      readily accessible to the gas under test, means for ionizing the gas in
      said chamber, means for conducting an electrical current through said
      chamber, amplification means for producing an output signal which is a
      function of said current, level detector means for detecting a
      pre-determined signal level at the output of said amplification means, and
      bandpass filter means for attenuating the gain of said amplification means
      with respect to very slow and very rapid changes in said current.
NUM  2.
PAR  2. Apparatus according to claim 1, in which said amplification means
      includes at least one field effect transistor and a high-gain voltage
      amplifier.
NUM  3.
PAR  3. Apparatus according to claim 2, in which the gate lead of said
      transistor is connected to said ionization chamber, and said voltage
      amplifier is an operational amplifier.
NUM  4.
PAR  4. A combustion indicator, said indicator comprising sensing means for
      developing an electrical sensing signal which varies with the
      concentration of combustion products in the ambient air, amplification
      means for amplifying said sensing signal, means for developing an alarm
      signal in response to the receipt from said amplification means of a
      signal of a predetermined alarm level, and time delay negative feedback
      means for supplying a time-delayed feedback signal to said amplification
      means to drive the output of said amplification means to a reference level
      less than said alarm level.
NUM  5.
PAR  5. Apparatus as in claim 4 in which said feedback means includes an
      integrator connected between the output and the input of said
      amplification means.
NUM  6.
PAR  6. Gas contamination detection apparatus comprising an ionization chamber
      readily accessible to the gas under test, radioactive means for ionizing
      the gas in said chamber, means for applying a voltage across said chamber,
      said voltage being within the low-voltage saturation region of said
      ionization chamber's voltage-current characteristics, and means for
      detecting changes in the current through said ionization chamber.
NUM  7.
PAR  7. Gas contamination detection apparatus comprising an ionization chamber
      readily accessible to the gas under test, means for ionizing the gas in
      said chamber, means for conducting an electrical current through said
      chamber, electrical signal storage means, means for varying said current
      in response to the signal stored in said storage means, amplification
      means for producing an output signal which is a function of said current,
      level detector means for detecting a predetermined signal level at the
      output of said amplification means, and control means for periodically
      applying said output signal to said storage means.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein said current varying means
      comprises a field effect transistor connected in a drain follower
      configuration, and said storage means comprises a capacitor connected to
      the gate of said field effect transistor.
NUM  9.
PAR  9. Apparatus according to claim 7, in which said amplification means
      includes at least one metal-oxide-silicon field effect transistor and a
      high-gain voltage amplifier.
NUM  10.
PAR  10. Apparatus according to claim 9, in which the gate lead of said
      transistor is connected to said ionization chamber, and said voltage
      amplifier is an operational amplifier.
NUM  11.
PAR  11. A gas contamination detection method comprising the steps of providing
      an ionization chamber readily accessible to the gas under test, providing
      radioactive means for ionizing the gas in said chamber, applying a voltage
      across said chamber, said voltage being within the low-voltage saturation
      region of said ionization chamber's voltage-current characteristics, and
      detecting changes in the current through said ionization chamber.
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ABST
PAL  A power supply system for analog computers and the like where reliability
      and fail-proof performance are paramount. At least two separate power
      supplies are connected in parallel to a plurality of operational
      amplifiers contained in separate channels of an analog control system.
      Isolation diodes are used to prevent a short-circuit in one power supply
      from being reflected into the other supply and causing loss of both.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While not limited thereto, the present invention is particularly adapted
      for use in analog control systems for aircraft, hydrofoils and the like
      where a high degree of redundancy is required for safety purposes.
PAR  In a hydrofoil seacraft, for example, the hull of the craft is lifted out
      of the water by means of foils which are carried on struts and usually
      pass through the water beneath the surface thereof. In passing through the
      water, and assuming that sufficient speed is attained, the foils create
      enough lift to raise the hull above the surface and, hence, eliminate the
      normal resistance encountered by a ship hull in passing through the water.
PAR  In the usual case, there are forward and aft foils both provided with
      control flaps similar to those used on aircraft. The other essential
      control element is the rudder which pierces or is submerged beneath the
      surface of the water and may be either forward or aft of the craft,
      depending upon its design. In most hydrofoils, the flaps or control
      surfaces are used to cause the craft to ascend or descend and to control
      the craft about its pitch and roll axes. However, they can also be used in
      combination with the rudder to bank the ship about its roll axis during a
      turn. Flaps are also used to stabilize the craft during movement on water
      so that pitching or rolling motions can be minimized by proper
      counterbalancing and movement of the flaps.
PAR  A control system of the type described above is disclosed and claimed in
      copending application Ser. No. 302,559, filed Oct. 31, 1972, now Pat. No.
      3,886,884, and assigned to the assignee of the present application. In the
      system described in the aforesaid copending application, inboard and
      outboard starboard flaps are utilized on the aft foil together with
      inboard and outboard port flaps. These are independently controlled so as
      to provide a greater degree of safety in the event that one flap should
      fail on either port or starboard side. Additionally, separate port and
      starboard roll gyros are utilized. Signals from these roll gyros are
      applied through separate channels to the respective port and starboard
      flaps. In certain types of hydrofoil controls, there are three signal
      channels, one for the outboard starboard flap, a second for the outboard
      port flap, and the third of which feeds both of the inboard control flaps.
PAR  In the past, and in an attempt to improve safety, a separate direct current
      power source was provided for each of the signal channels leading from the
      roll gyros to the control flaps. Originally, it was thought that the only
      really dangerous hard-over condition for a hydrofoil craft was a situation
      wherein all four aft flaps went hard-over in a direction which produced
      maximum roll moment on the craft. It was for this reason that the roll
      function and automatic control systems for hydrofoils were divided into
      two separate roll channels, each provided with its own power supply. It is
      now recognized, however, that a hard-over condition involving only two aft
      flaps, if one is outboard, is potentially dangerous. This could occur in
      the prior art system described above where separate power supplies were
      provided for each signal channel. That is, if the power supply for any one
      channel were to fail, at least two flaps would go hard-over and produce a
      dangerous condition.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the possibility of a hard-over
      failure of two aft flaps in a hydrofoil control system is eliminated by
      connecting two or more power supplies in parallel across all signal
      channels rather than providing a single, separate power supply for each
      channel. Redundancy of this type reduces the probability of a hard-over
      condition to a negligible level. Isolation diodes are utilized to prevent
      a short-circuit in one parallel-connected power supply from being
      reflected to another and causing the loss of both. It should be
      understood, of course, that the invention is not limited to hydrofoils,
      but is applicable to any case where multiple signal channels are employed
      for redundancy purposes.
PAR  Specifically, there is provided in accordance with the invention a power
      supply system for operational amplifiers and other circuit components
      utilized in a control system employing a plurality of signal channels,
      which comprises a first separate direct current power supply and one or
      more other direct current power supplies. Each power supply has a terminal
      which is positive with respect to a point of common potential and a
      terminal which is negative with respect to the point of common potential.
      Diodes poled to conduct current in one direction connect the positive
      terminals of the respective power supplies to terminals adapted for
      connection to a source of positive potential in all of the aforesaid
      signal channels; while diodes poled to conduct current in the opposite
      direction connect the negative terminals of the respective power supplies
      to terminals in all of the channels adapted for connection to a source of
      negative potential. In this manner, should one power supply fail, the
      other automatically takes over to supply current to all signal channels.
      At the same time, the diodes prevent a short-circuit in one power supply
      from being reflected into the other and causing the loss of both. Further,
      in accordance with the invention, a failure warning device is provided on
      each supply which allows operation of the control system to be suspended
      for repair action on a defective power supply.
DRWD
PAR  The above and other objects and features of the invention will become
      apparent from the following detailed description taken in connection with
      the accompanying drawings which form a part of this specification, and in
      which:
PAR  FIG. 1 is a schematic circuit diagram illustrating a typical power supply
      of the type utilized in the present invention and the manner in which it
      is connected to a typical operational amplifier in an analog computer; and
PAR  FIG. 2 is a block schematic diagram of one embodiment of the invention as
      applied to the roll control system for a hydrofoil seacraft.
DETD
PAR  With reference now to the drawings, and particularly to FIG. 1, there is
      shown a typical direct current power supply of the type with which the
      present invention may be used. It includes a source of alternating current
      voltage 10 connected through inductor 12 to the primary winding 14 of a
      transformer 16. A center tap on the secondary winding 18 of transformer 16
      is connected to ground as shown. Opposite ends of the secondary winding 18
      are connected through diodes 20 and 22 and inductor 24 to the positive
      terminal 26 of the direct current power supply. Similarly, the two ends of
      the secondary winding 18 are connected through diodes 28 and 30 and
      inductor 32 to the negative terminal 34 of the direct current power
      supply. Diodes 20 and 22, it will be noted, are poled to conduct current
      in a direction opposite that of diodes 28 and 30 to produce on terminals
      26 and 34 positive and negative voltages, respectively, with respect to
      ground. The inductors 24 and 32 form with capacitors 36 and 38 filter
      networks for filtering DC ripple currents.
PAR  In the usual case, the positive and negative terminals 26 and 34 are
      connected to the corresponding terminals of operational amplifiers in an
      analog control system, one of said amplifiers being diagrammatically shown
      in FIG. 1 and identified by the reference numeral 40. If a direct current
      power supply such as that of FIG. 1 should fail, a hard-over failure of
      the control system can occur. In this respect, large amplitude hard-over
      failures can cause large, potentially hazardous responses if the hard-over
      signal path is maintained. On the other hand, most "dead" or degraded gain
      failures such as complete lack of, or reduced control signal, are benign.
PAR  One application for the present invention is shown in FIG. 2, this
      comprising a roll control system for a hydrofoil craft. As was explained
      above, the hydrofoil craft is provided with forward and aft foils, the aft
      foils 41 being provided with a set of starboard flaps and a set of port
      flaps. The starboard flaps are identified by the reference numerals 42 and
      44; whereas the port flaps are identified by the reference numerals 46 and
      48. Each flap of each set (i.e., port and starboard) is independently
      controlled to improve the safety characteristics of the craft.
PAR  There is provided in the hydrofoil a port roll gyro 50 and a starboard roll
      gyro 52. The output of the port roll gyro 50 is applied to an outboaard
      port derivative amplifier 54 which processes the output of the gyro in
      combination with signals from other circuit components, not shown herein
      for purposes of simplicity. However, for a description of the complete
      system, reference may be had to the aforesaid copending application Ser.
      No. 302,559. The output of the amplifier 54 is then applied to an outboard
      port flap servo 56 which controls the flap 46.
PAR  Similarly, the output of the starboard roll gyro 52 is applied to an
      outboard starboard derivative amplifier 58 where it is processed with
      other signals in appropriate operational amplifiers. The output of the
      outboard starboard derivative amplifier 58 is then applied to the outboard
      starboard flap servo 60 which controls the outboard starboard flap 42.
      Finally, the outputs of both gyros 50 and 52 are applied to a mixer 62,
      the output of the mixer being applied to an inboard derivative amplifier
      64 where it is processed in operational amplifiers with other signals and
      applied directly to the inboard port flap servo 66 and inverted in
      inverter 68 and applied to the inboard starboard flap servo 70. Servos 66
      and 70, in turn, control the inboard port flap 40 and inboard starboard
      flap 44, respectively.
PAR  The system shown in FIG. 2 employs three derivative amplifiers; however it
      will be appreciated that only two can be employed if desired, in which
      case the amplifier 54, for example, will control both the inboard as well
      as the outboard port flaps. The important point, of course, is that
      separate signal channels are utilized for the respective port and
      starboard flaps, or at least the outboard flaps, to prevent an unstable
      roll condition should one signal channel fail.
PAR  As was explained above, in previous systems of this type, separate power
      supplies were utilized for each of the signal channels such that if one
      power supply failed, only one signal channel would fail and the remainder
      would remain operational. In this respect, and as was explained above, it
      was originally thought that the only real dangerous hard-over condition in
      a hydrofoil craft is if all four aft flaps go hard-over in a direction
      which produces a maximum roll moment on the craft. It has now been found,
      however, that a hard-over failure of only two aft flaps, particularly if
      one is an outboard flap, is potentially dangerous. Accordingly, failure of
      any one of the separate power supplies for the respective signal channels
      could cause a potentially hazardous hard-over condition.
PAR  In accordance with the present invention, a plurality of power supplies is
      provided for all signal channels in a control system employing multiple
      signal channels, the power supplies being connected in parallel to each of
      the signal channels. Thus, there are provided two power supplies 72 and 74
      each of which is similar to the power supply shown in FIG. 1. The two
      power supplies are connected to two power leads 76 and 78 in parallel,
      these two leads being connected to the operational amplifiers and other
      circuit elements in the derivative amplifiers 54, 58 and 64. These same
      power leads, of course, can be connected to other circuit elements such as
      the servos shown in FIG. 2. The positive terminals of power supplies 72
      and 74 are connected through diodes 80 and 82 to the positive power lead
      78; whereas the negative terminals of the power supplies 72 and 74 are
      connected through diodes 84 and 86 to the negative power lead 76. The
      diodes 80-86 isolate the respective power supplies and prevent a condition
      wherein a short in power supply 74, for example, will not cause a power
      drain from power supply 72.
PAR  Should either power supply 72 or 74 fail, a failure warning device 88 or 90
      will be activated. When a warning device is activated, normal operation of
      the hydrofoil or other device being controlled can be suspended for repair
      action.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A power supply system for operational amplifiers and other circuit
      components utilized in a control system employing a plurality of signal
      channels, comprising a first separate direct current power supply, a
      second separate direct current power supply, both of said power supplies
      having a terminal which is positive with respect to a point of common
      potential and a terminal which is negative with respect to the same point
      of common potential, diodes poled to conduct current in one direction
      connecting said positive terminals to terminals in all of said channels
      adapted for connection to a source of positive potential, and the diodes
      poled to conduct current in the opposite direction connecting said
      negative terminals to terminals in all of said channels adapted for
      connection to a source of negative potential whereby said diodes are
      connected in such a manner so as to prevent a short in one power supply
      from draining current of both positive and negative potential from another
      power supply.
NUM  2.
PAR  2. The power supply system of claim 1 including positive and negative power
      leads connecting said power supplies to all of said circuit components,
      said diodes including a first pair having their cathodes connected to the
      positive power lead and their anodes connected to the positive terminals
      of the respective power supplies, and said diodes including a second pair
      having their anodes connected to the negative power lead and their
      cathodes connected to the negative terminals of the respective power
      supplies.
NUM  3.
PAR  3. The power supply system of claim 1 including failure warning devices
      connected across each of said power supplies for indicating a failure of
      that power supply.
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PAL  An intrusion alarm system for a plurality of protected zones and operative
      to provide an indication of a particular zone in which intrusion has
      occurred. Relatively low performance, low cost signal processing circuitry
      is provided for each protected zone, with a single high performance
      processor provided for an entire system. The lower performance circuitry
      provides respective signals indicative of an alarm condition in
      corresponding zones, the high performance processor being operative to
      confirm the presence of an actual intruder and only upon such confirmation
      to cause an output alarm indication.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to intrusion alarm systems and more particularly to
      systems for detection of intruders in one or more multiple zones and for
      providing an indication of the zones in which intrusion occurs.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems are known for detection of intrusion within a protected zone. Many
      such systems employ Doppler techniques in which a signal is propagated
      within a zone under surveillance, and signals returned from the zone and
      from objects therein processed to determine intruder presence by a Doppler
      signal detectable as an indication of intruder presence. A major
      requirement of all practical intrusion alarm systems is the reliable
      discrimination between an actual intruder and noise or other spurious
      conditions which could give rise to a false alarm indication of
      intrusions. Sophisticated electronic signal processing circuits have been
      developed for providing such discrimination, and such processors are a
      relatively expensive portion of an overall system. For many installations,
      multiple zones are under surveillance and a common signal processor is
      employed to receive signals from each of the zones. However, this type of
      system will provide an alarm when any zone is intruded, but the alarm will
      not be indicative of the particular zone in which intrusion has occurred.
      In order to provide identification of the particular zone being intruded,
      systems of conventional construction employ individual signal processors
      for each zone, which can materially add to the cost and complexity of an
      installed system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a multiple zone intrusion alarm system
      having a single processor of high performance shared by all zones, and
      multiple signal processors of relatively lower performance for each zone
      under surveillance. Signals received from one or more zones in which may
      be indicative of intruder presence are processed by the high performance
      processor as well as by corresponding ones of the lower performance
      processors. The high performance processor is operative to discriminate
      between an actual intruder and spurious signal conditions such as noise
      and provide an output signal indicative of intruder presence but without
      indication of the particular zone being intruded. The lower performance
      processors offer little if any discrimination between an actual intruder
      and spurious signal conditions and provide corresponding output signals
      indicative of an alarm condition in particular zones when an intruder is
      present but also as a result of spurious conditions. These lower
      performance processors therefore exhibit a rather high false alarm rate.
PAR  The output signals from the high performance processor and the plurality of
      lower performance processors are gated to provide an output indication of
      intruder presence only in the presence of an output signal for a lower
      performance processor and from the high performance processor. The lower
      performance processors, which can be of substantially less cost than the
      high performance processor, thus provide respective signals indicative of
      an alarm condition in corresponding zones, the high performance processor
      being employed to confirm the presence of an actual intruder and only upon
      such confirmation to cause an output alarm indication. The high cost
      system components are thus shared for an entire system, while only the
      lower cost system components are employed multiply for the several
      protected zones.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention will be more fully understood from the following detailed
      description taken in conjunction with the accompanying drawing, the single
      FIGURE of which is a block diagram representation of a multiple zone
      intrusion alarm system according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The preferred embodiment will be described in the context of a multiple
      zone Doppler intrusion alarm system for the surveillance of a plurality of
      zones being protected and for an indication of the particular zone or
      zones in which intrusion occurs. A plurality of transceivers 10, 12, 14
      and 16 is provided, each being disposed in a respective zone under
      surveillance and each typically including a transmitting transducer for
      propagating ultrasonic, electromagnetic or other suitable energy into the
      corresponding zone, a receiving transducer for receiving energy returned
      from the zone and from objects therein, and a preamplifier for amplifying
      the signals provided by the receiving transducer in response to returned
      energy. The received signals in the presence of an intruder moving within
      a surveillance zone contain Doppler information representative of intruder
      presence and these signals are conveyed, typically via interconnecting
      wiring to processing circuity usually located remote from the transceivers
      and operative to discriminate actual intruders from noise or other
      spurious signal conditions and to provide an output indication of intruder
      presence. In the illustrated embodiment, a four zone system is shown, but
      it will be appreciated that the invention is equally applicable to
      different numbers of zones.
PAR  The receiver outputs of the transceivers 10-16 are coupled via suitable
      interconnecting wiring to a summing circuit 18, such as a resistor adder,
      the output of which is applied to a high performance signal processor 20.
      A logical OR gate can be employed alternatively to summing circuit 18. The
      receiver outputs of transceivers 10-16 are respectively coupled to the
      inputs of respective lower performance signal processors 22-28, the
      outputs of which are coupled to respective AND gates 30-36. The output of
      processor 20 is applied as a second input to each of the AND gates 30-36,
      and to an alarm indicator 46. The output of each AND gate is applied to
      respective zone indicators 38-44 which provide indication of the
      particular zone in which intrusion occurs.
PAR  The processor 20 provides discrimination between an actual intruder and
      noise or spurious signal conditions that could otherwise cause a false
      alarm indication. Such a processor of preferred implementation is shown in
      U.S. Pat. No. 3,665,443,  assigned to the assignee of this invention. The
      processors of 22-28 are of relatively unsophisticated design providing
      little or no discrimination between an actual intruder and noise or
      spurious signal conditions, and are thus subject to relatively high false
      alarm rates. According to the invention, intruder presence as determined
      by processors 22-28 must be confirmed by processor 20 in order for an
      alarm indication to be produced.
PAR  In the presence of an intruder in one or more surveillance zones, the
      receiver associated with each intruded zone provides an output signal via
      summing network 18 to processor 20 which provides an alarm signal for
      actuation of a suitable alarm indicator 46. The signal from the receiver
      associated with the intruded zone is also applied to a corresponding one
      of processors 22-28 which provides a signal, via the corresponding one of
      AND gates 30-36, to a zone indicator 38-44 which denotes a particular zone
      being intruded. The AND gates are enabled by the output signal from
      processor 20, no zone display is actuated, thereby preventing a false
      indication of zone intrusion unless the presence of an intruder is
      confirmed by operation of processor 20. The zone indicators 38-44 may
      provide the sole output indication from the system, or a system alarm
      indication by indicator 46 can be provided with the particular intruded
      zone being separately denoted by indicators 38-44.
PAR  By virtue of invention, a multiple zone intrusion alarm system is provided
      in which intruder detection is indicated for particular zones at
      substantially less cost than conventional systems and without sacrifice of
      the high order of discrimination between an actual intruder and spurious
      signal conditions required in a commercially realistic system. The
      invention is applicable to a variety of Doppler and other intrusion alarm
      systems, both active and passive. In an active system, such as in the
      embodiment illustrated, energy is directed into the surveillance zones and
      energy returned from the zones is processed to denote intruder presence.
      In a passive system, energy produced at the zones is received for
      processing. Any such received energy can be employed for processing
      according to the invention. The invention can also be variously
      implemented to suit specific requirements and is thus not to be limited by
      what has been particularly shown and described, except as indicated in the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple zone intrusion alarm system comprising:
PA1  a plurality of transmitting and receiving means each disposed in a
      respective zone under surveillance and each including means for
      propagating a signal in said zone and means for receiving signals returned
      from said zone and from objects therein;
PA1  a plurality of low performance signal processors each coupled to a
      corresponding one of said receiving means for receipt of returned signals
      therefrom and for providing in response to said returned signals an output
      signal representative of possible intruder presence in a corresponding
      zone;
PA1  a single high performance signal processor operative to discriminate
      between an actual intruder and spurious signal conditions;
PA1  means for coupling said receiving means to said high performance processor
      for conveyance of each of said returned signals thereto; and
PA1  gating means receiving the output signal from said high performance
      processor and the output signals from said low performance processors and
      operative to provide output signals indicative of intruder presence in the
      zones in which intrusion is detected only upon receipt of at least one
      output signal from said plurality of low performance signal processors and
      an output signal from said high performance signal processor.
NUM  2.
PAR  2. A multiple zone intrusion alarm system according to claim 1 wherein said
      gating means includes:
PA1  a plurality of AND gates each receiving the output signal from said high
      performance processor and the output signal from a respective one of said
      low performance processors and operative to provide output signals
      indicative of intruder presence in the corresponding one of said zones.
NUM  3.
PAR  3. A multiple zone intrusion alarm system according to claim 2 further
      including:
PA1  a plurality of indicators each operative in response to a respective one of
      said output signals from said AND gates to provide an output indication of
      intruder presence in a corresponding one of said zones.
NUM  4.
PAR  4. A multiple zone intrusion alarm system according to claim 3 further
      including:
PA1  an indicator operative in response to the output signal from said high
      performance processor to provide an output indication of intruder presence
      in one or more of said zones.
NUM  5.
PAR  5. A multiple zone intrusion alarm system according to claim 2 wherein said
      coupling means includes a summing circuit for conveyance of each of said
      returned signals to said high performance processor.
NUM  6.
PAR  6. In an intrusion alarm system for detecting an intruder in any of a
      plurality of protected zones, including:
PA1  means for propagating a signal in each of the zones, and means for
      receiving signals from the zones after the signals have interacted with
      the zones and with objects therein so as to contain information indicating
      the presence of an intruder;
PA1  improved circuitry for determining in which zone an intrusion has occurred,
      comprising:
PA1  a first signal processor capable of discriminating between an actual
      intruder and spurious signal conditions, and operative in response to the
      signals from each of these zones to provide a first signal indicating an
      intrusion;
PA1  a plurality of second signal processors providing minimal discrimination
      between an actual intruding body and spurious signal conditions and each
      operative in response to the signals from a respective zone to provide a
      second signal indicating the possibility of an intrusion in that zone; and
PA1  a plurality of gating means each operative in response to the first signal
      and to a respective one of the second signals to provide an output
      indication of intrusion in particular ones of these zones only upon the
      presence of both the first signal and the second signal for a particular
      zone.
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PAL  To detect breakage of glass panes, panels of display cases, or movement in
      a room, ultrasonic waves, preferably in the order of from 120 kHz to 180
      kHz, are transmitted to the sonically conductive medium (glass panes,
      plastic sheets, or into the air of the room), and the waves are received
      in a receiver. The time shift of the received waves at the receiver
      location, with respect to the transmitted waves is determined, and if this
      time shift changes beyond a predetermined limit, an alarm signal is
      generated. Preferably, the ultrasonic signals are frequency modulated, for
      example by shifting the generated waves by a predetermined frequency
      shift, and determining the temporal change, or delay of the frequency
      shift, as received, with respect to the time of frequency shift at the
      transmitter. To prevent the effect of drift, the rate of change of
      received with respect to transmitted frequency shift can be used to
      generate the alarm.
BSUM
PAR  The present invention relates to a method and apparatus to carry out the
      method to monitor or supervise the conduction of sonic waves in a medium
      which is capable of conducting acoustic or sonic waves, and more
      particularly to an alarm system which provides an alarm when predetermined
      characteristics of received signals deviate from the transmitted signals
      by an excessive value.
PAR  It has previously been proposed to use sonic-type waves, typically
      ultrasonic waves, as a detector to detect disturbances of protective
      surfaces, such as glass panes, display panes, display cases, safes, or
      safety deposit vaults. The medium which conducts the ultrasonic waves
      usually was the wall medium itself, that is, a glass pane, plastic panel,
      a metal wall of the safe, or the like. An ultrasonic transducer is located
      on the respective wall or panel and is generating acoustic waves,
      preferably in the ultrasonic range, which are applied to the panel, wall
      or the like. A wave transducer of the receiver type is then located at a
      different point on the wall, panel or the like, which receives the waves
      transmitted by the transmitter through the specific medium, that is, the
      wall or the like. An electrical alarm system is connected to the receiver
      transducer to control an appropriate signalling system.
PAR  It has also been proposed to monitor movement in a room by flooding a room
      with ultrasonic waves, receiving the waves, and deriving a supervisory, or
      monitor signal if the received wave does not meet certain predetermined
      criteria.
PAR  In one arrangement (see German Disclosure Document DT-OS 1,913,161), spaces
      or objects therein are protected by transmitting within a medium, e.g. a
      metallic object, sonic waves in the ultrasonic range, and measuring the
      received waves. Upon attenuation of the received amplitude, an alarm is
      generated. The alarm generation thus results not only if the object is
      destroyed, or a space blocked, but also when the object is already
      touched. If the structure to be supervised is a display window, touching
      of the display window, for example by a curious onlooker would trigger the
      alarm. Thus, frequent false alarms would be triggered even though no
      interference with the display panel or window itself was intended.
PAR  In another system (see DT-OS 2,056,015), an article to be protected, for
      example a glass panel, is brought into resonant oscillations. The
      oscillations are received by a suitable oscillation transducer. A change
      in amplitude, again, provides a triggering alarm signal. This arrangement,
      also, has the disadvantage that a change in amplitude may result not only
      from damage to the panel itself, but already upon touching of the panel.
      In another system, use is made of change in resonant frequency upon damage
      to a glass panel, to trigger an alarm. Such a system requires a
      complicated feedback circuit in order to re-adjust the oscillating
      frequency if the resonant frequency, to which the panel is resonant, is
      not constant. Any attentuation of amplitude in such a system also
      interferes with effective measurement.
PAR  It is an object of the present invention to provide a method, and an
      apparatus which are suitable to supervise a medium and in which false
      alarms are largely avoided, but which, nevertheless, reliably provide an
      alarm system when the medium is disturbed.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION
PAR  Briefly, the temporal shift of received sonic-type frequency modulated
      signals, with respect to transmitted signals is determined; if the
      temporal shift changes by a predetermined limit, an alarm signal is
      generated.
PAR  The system and method according to the present invention thus do not rely
      on change in amplitude, which necessarily occurs when a protected object
      is damaged or destroyed, but which may already occur when the object is
      merely touched. Rather, the system and method of the present invention
      utilize the characteristic of time shift, or time delay of the modulation
      of the received signal with respect to the signal transmitted into the
      medium. If the signal is a sinusoidal oscillation, or is a periodically
      pulsed oscillation, then the time shift corresponds to the phase
      difference between the received signal and the transmitted undulations, or
      pulses. If the sonic vibration transmission characteristics of the medium
      change for example if a glass panel is damaged, cracked, or destroyed,
      then the path of sonic vibration between receiver and transmitter changes,
      and thus the transit time of the waves within the medium changes, thus
      resulting in a phase shift. Change in the amplitude of oscillation does
      not, however, influence the phase shift.
PAR  The present invention is not limited to protection of plane, or panel-like
      objects such as glass panes, walls, or the like, but may equally be
      applied to protect or supervise any desired sonically conductive medium;
      it may, for example, be used to protect articles in display cases,
      displayed in shops, or museums; to supervise enclosed spaces, such as
      rooms or the like; to supervise fencing or other enclosures, in which the
      object itself to be protected, the fencing material, or the air within the
      room may function as the sonically conductive medium. Any changes in the
      sonic conduction in the room change the distribution of the field of the
      sonic waves in the room, the panel, the enclosure, or the like.
PAR  In accordance with a feature of the invention, the signal is a frequency
      modulated signal which is modulated on a carrier. If the medium has
      dispersion, for example if the carrier frequency is selected to fall
      within the region of the resonance frequencies of the medium, the group
      velocity, or cluster velocity phenomena (known from wave analysis) may
      result. The present invention makes use of this phenomenon. "Group
      velocity" is defined (McGraw-Hill Dictionary of Scientific and Technical
      Terms) as the velocity of an envelope of a group of interfering waves
      having slightly different frequencies and phase velocities. This
      phenomenon may be explained, briefly, in that a modulated signal is
      subjected to an additional time delay, with respect to a pure carrier
      signal, which additional time delay may be much greater -- by a
      substantial factor -- than the phase shift or phase delay itself of a
      nonmodulated carrier wave which propagates between a transmitter and a
      receiver in the medium.
PAR  Minor changes in the medium, such as a minor damage to a glass panel at any
      random position already changes the resonance positions to such an extent
      that the group velocity changes in the modulation signals will be clearly
      apparent. This damage to a glass pane may be at any position and need not
      be located between the transmitter and the receiver. The group velocity
      changes of a modulated signal may be substantially higher than the phase
      shifts of pure sinusoidal oscillations. Modulated signals have the
      substantial advantage that the change between received and transmitted
      signals is substantial even if the disturbance to the medium is at a
      location not between the path of receiver and transmitter, and may be at
      any random location. This permits great latitude in the physical location
      of the transmitter and receiver with respect to the medium to be
      supervised or protected, without interfering with the effectiveness of the
      supervising capability of the system. When using modulated signals, it is
      then possible to supervise a region or zone which is not physically
      located between the transmitter transducer and the receiver transducer;
      rather, the entire medium which is subjected to the oscillations is being
      supervised, that is, the entire surrounding which has an effect on the
      received signal, with respect to the transmitted signal. If, for example,
      a glass panel is to be supervised, it is possible to locate both the
      transmitter transducer and the receiver transducer at the same side of the
      glass panel. The distance between the transducers, themselves, is not
      critical. This substantially simplifies installation of the transducers.
      The time shift of the modulated signal is substantial even if the glass
      panel is damaged at any random position, so that the alarm circuit, which
      senses the time shift, can be simple and set for a comparatively high
      threshold value, to provide, reliably, an alarm signal while rejecting
      false alarms or errors which may arise due to amplitude attenuation,
      resulting for example merely by touching the glass panel.
PAR  A particularly good effect is obtained if the frequency range is so
      selected that the resonance frequencies of the sonically conductive
      objects are narrow. In glass panels, walls of vaults or safes, or the
      like, this range will generally be above 100 kHz. The frequency range is
      preferably so selected that it covers many closely adjacent resonance
      frequencies, so that an exact adjustment to a specific resonance frequency
      is not necessary, thus avoiding adjustment difficulties in connection with
      previously known systems; it is simple to properly select the frequency
      ranges for the specific objects.
PAR  The frequency of the sonic-type wave transmitted into the body is
      preferably so selected that the wave length within the object becomes so
      small that it is below the spacial extent of the damage to be expected. If
      this frequency, then, is high enough, already small regions of damage,
      which are in the order of the wave length of the sonic energy transmitted,
      will result in substantial group velocity delay shifts or changes.
      Generally, wave lengths of a few centimeters are suitable. Thus,
      ultrasonic frequencies of over 100 kHz are preferred.
PAR  The influence of changes in amplitude can be practically entirely avoided
      by frequency modulating a carrier wave; thus, the monitor or protective
      system becomes entirely independent of mere touching of the protected
      object. A particularly suitable way of frequency modulation is mere
      frequency shift between two fixed frequency values. Time shift can readily
      be determined under such conditions, that is, the group velocity shift of
      the frequency jumps at the receiver can readily be analyzed with respect
      to similar frequency jumps in the transmitter. A reliable alarm signal can
      then be provided.
DRWD
PAR  The invention will be described by way of example with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a highly schematic illustration of the system applied to protect
      a glass display panel;
PAR  FIG. 2 is a more detailed schematic illustration of the system of FIG. 1;
PAR  FIG. 3, collectively, is a series of graphs, with respect to time, in which
PAR  FIG. 3a is a graph of the frequency modulating signal;
PAR  FIG. 3b is the frequency modulated signal applied by the transmitter;
PAR  FIG. 3c is the signal as received by the receiver, to the same time scale
      as FIG. 3a and FIG. 3b;
PAR  FIG. 3d is the recovered modulating envelope of the received signal;
PAR  FIG. 3e is the difference signal between FIGS. 3a and 3d; and
PAR  FIG. 4 illustrates application of the system to a plurality of supervised
      objects G.sub.1, G.sub.2, G.sub.3, G.sub.4.
DETD
PAR  The medium to be monitored, for example a glass pane 1 of a display window,
      a display case, or the like, has a transmitter transducer 2 applied
      thereto which, preferably by means of a piezo-electric element transduces
      electrical energy into ultrasonic vibrations in glass pane 1. A receiving
      transducer 3 is secured to the glass pane which, preferably, also is a
      piezo-electric vibration transducer. Transmitting transducer 2 and
      receiving transducer 3 are both connected to a generator, control, and
      evaluation circuit 4 which controls an alarm device 5.
PAR  FIG. 2, illustrates the generator and control apparatus 4 in greater
      detail. Transducer 2 is supplied with ultrasonic energy from a generator
      7. If the element to be supervised is a glass pane, for example a store
      display window, a frequency in the range of from 120 Hz to 180 kHz is
      suitable. The frequency generated by generator 7 is varied, periodically,
      by a small value, for example .+-. 100 Hz, so that the generator 7 will
      provide frequency modulated wave energy to the transmitter transducer 2.
      The modulation signal is a square wave -- see FIG. 3a. The oscillation,
      with respect to time, applied by transmitter 2 to the glass panel or glass
      pane 1 is illustrated, in schematic form, in FIG. 3b.
PAR  Vibrations are induced in the glass panel 1 by the transducer 2. These
      vibrations, within the panel, will result in a predetermined vibration
      pattern, having nodes and antinodes, corresponding to the nearest
      resonance frequency of the respective transmission path in the medium
      between transmitter and receiver, that is, in the path transmitter 2 -
      medium receiver 3. In order to provide for sufficient amplitude of
      oscillation, the carrier frequency should be in such a frequency range in
      which many closely adjacent resonance frequencies in the panel 1 occur,
      corresponding to different oscillation patterns. Experiments have shown
      that the usual frequencies, in glass display window panels of the most
      usual sizes is in the order of from 120 Hz to 180 kHz.
PAR  The receiving transducer 3 records the returned vibrations or oscillations
      in the medium 1, which arise at the particular location at which the
      receiving transducer 3 is secured. The returned vibrations, for example,
      may have the form illustrated in FIG. 3c. The returned vibrations will be
      a modulated signal in which the frequency variations, modulated on the
      carrier, as illustrated in FIG. 3b, is subjected to a predetermined time
      delay. Thus, the modulation envelope, as illustrated in FIG. 3d, is
      time-shifted with respect to the modulation envelope of FIG. 3a. This time
      delay, or time shift, corresponds to the transit time of vibrations
      between transmitter 2 and receiver 3, if the oscillations are simple sine
      waves, determined by the propagation velocity of the medium, as well as by
      the geometric distance between transmitter and receiver. By suitable
      choice of carrier frequency, shift frequency (that is, the frequency of
      the wave illustrated in FIG. 3a) and the extent of frequency variation,
      that is, the range of frequency change, the time difference can be
      substantially multiplied. It is believed that the reason therefor is found
      in the phenomenon referred to as group velocity delay effect, which is
      known from wave theory. A modulated signal which is transmitted by a
      transmitting medium which has resonance characteristics, such as a narrow
      band filter, will be subjected to a time delay, the extent of which will
      depend on the width of the resonance frequency and the Fourier frequency
      spectrum of the modulated electrical wave with respect thereto. The time
      delay is a phase, or group velocity delay. It has been found that
      mechanical sonic-type oscillations also exhibit the same effect, when
      sonic-type vibrations are transmitted by a sonically, or acoustically
      transmissive medium having inherent resonance frequencies within the range
      of the carrier frequency. The entire glass panel 1 (FIG. 1) will act as a
      resonator in the example described. Particularly if higher frequencies are
      selected, permitting a large number of degrees of liberty, a plurality of
      resonance points or resonance frequencies will be found to occur.
PAR  Even minor damage of the glass panel, for example breaking off of a piece
      at the edge, cutting at a side, or boring therethrough will cause such a
      shift in the various resonance points that the apparent delay time between
      transmitter 2 and receiver 3 will change substantially. The damage to the
      glass panel need be only within the approximate order of magnitude of the
      wave length of the vibrations induced in the glass panel. It is almost
      irrelevant at which position on the glass panel the transmitter and the
      receiver are located, relative to the damage to which the panel is
      subjected. Thus, as illustrated in FIG. 1, receiver and transmitter may be
      located at an edge; breaking off of a remote corner at the opposite side
      -- that is, not at all between the transmitter and the receiver -- will
      result in substantial shift or relocation of the resonance points which,
      in turn, results in the aforementioned time shifts in the modulated signal
      received at the receiver. Thus, the entire medium is supervised,
      independently of the exact positioning of transmitter and receiver, and
      the location of any fault or disturbance in the medium with respect to the
      receiver and the transmitter, or a geometric line drawn therebetween.
      Likewise, perforating or rupturing the panel at any location therein will
      cause substantial change and shift in the resonance points.
PAR  Mere touching of the panel does not change the time shift. Thus, wetting of
      the panel, for example by rain, does not lead to a shift of the inherent
      resonance points; it only leads to an amplitude attenuation. The temporal
      shift in the received signal, with respect to the transmitted signal, that
      is, the shift of the received signal relative to the transmitted signal
      with respect to time; remains unchanged. Thus, touching or even hitting
      the glass panel without damaging the panel as such will not result in
      generation of an alarm if the time shift of the received signal with
      respect to the transmitted signal is utilized solely as the monitoring
      characteristic. No false alarm will be generated by touching, impinging on
      the glass, or coating the glass, for example by rain, impingement of hail
      stones, or the like, provided that the panel itself is not damaged.
PAR  The transmitter need not be matched to any specific resonance point on the
      panel, since the system and method are independent of amplitude. It is
      sufficient if inherent resonance points in the panel are available in the
      approximate vicinity of the carrier frequency.
PAR  The received signals are transduced from sonic to electrical signals by
      transducer 3 which, preferably, is a piezo-electric crystal. The
      electrical signal is connected to an electrical circuit 8, 9. Element 8,
      connected to the piezo-electric crystal is an amplifier which selectively
      amplifies the received signals and applies the amplified signal to a
      frequency demodulator 9, so that the output of the frequency demodulator 9
      will have only the modulation signal appear thereat. The circuits 8, 9
      may, for example, be a phase-locked loop, as schematically indicated in
      FIG. 2. Such a phase-locked loop is, effectively, a self-tuning filter and
      will adjust itself, automatically, on the received carrier frequency. It
      amplifies the signal having this frequency, and frequencies therearound,
      automatically, to a predetermined value and simultaneously provides the
      demodulation signal thus, effectively, also acting as frequency
      demodulator 9, so that the output from unit 9 will be the signal shown at
      FIG. 3d.
PAR  The signal of FIG. 3d is compared with the signal of FIG. 3a, for example
      in a coincidence or AND-gate 10, having its inputs connected to units 6,
      and 9, respectively. The comparison available at the output of the
      AND-gate 9 will only be positive when there is coincidence between both
      signals. Since the signals of the frequency demodulator 9 are time-shifted
      with respect to the modulator 6, however, a periodic square wave will be
      received from gate 10, as illustrated in FIG. 3e. The signal from AND-gate
      10 is applied to an integrator 11, to form an average value. The output
      signals from integrator 11, that is, the average value, is applied to an
      alarm device which provides an alarm signal when the average value changes
      by a predetermined amount in either direction, that is, reaches an upper,
      or lower threshold value schematically illustrated as S.sub.1 and S.sub.2
      in FIG. 3e. Averaging the output from the AND-gate 10, with respect to
      time, in effect provides a measure of the width of the overlap (or, put in
      other words, the degree of coincidence, or of non-coincidence) and hence
      provides a measure of the time shift in transmission between transmitter
      transducer 2 and receiving transducer 3. The threshold circuit determining
      the upper and lower level of the output from integrator 11 may, for
      example, be a dual comparator, comparing the output with upper and lower
      reference values; or, for example, a dual Schmitt trigger. Compensation
      may be provided to eliminate the effect of slow drift, for example due to
      temperature variations. Drift can be compensated by including in the
      output circuit a differentiator which provides an alarm only when the
      average value changes at a predetermined rate, that is, if the average
      value in a predetermined interval changes by a predetermined value, so
      that the rate of change of average value is sensed. This system eliminates
      the necessity for a closed control loop which controls the frequency shift
      of unit 6, as well as the carrier frequency of generator 7, and which
      adjusts the respective frequencies to prevent drift. The system does not
      require accurate adjustment of the frequency with respect to any
      predetermined resonance frequencies, or resonance points; the phase-locked
      loop circuit automatically adjusts itself to the carrier frequency --
      which may drift -- and thus the system is substantially immune to noise
      and disturbances, as well as to false alarms. Complicated stabilization
      and synchronization systems and circuits can, therefore, be avoided,
      particularly if rate of change of integrated time delay is sensed. Such a
      differentiator and rate-of-change circuit are well known and may be
      included within the alarm circuit 5.
PAR  Rather than using an AND-gate 10 and an integrator 11, various other
      circuits providing similar output effects may be used. For example, gate
      10 and integrator 11 may be combined in a coincidence discriminator. The
      output signal at such a coincidence discriminator depends on the time
      difference of the two input signals applied thereto, that is, the signals
      from units 6 and 9 and applied to AND-gate 10. Other, similarly
      functioning or connected gates may be used, such as a NAND-gate, or a
      difference forming circuit, or a voltage comparator. Such comparator
      circuits may, for example, be constructed in the form of operational
      amplifiers, in which the respective inputs are connected to the outputs of
      unit 6, and 9, respectively; or by a group of operational amplifiers in
      which one input is connected to a respective reference, and the other
      input has the output from either unit 6, or unit 9, respectively, applied
      thereto to form, simultaneously, a threshold sensing circuit as well as a
      comparison circuit with respect to a reference. By including capacitors in
      the feedback circuit of the operational amplifier, suitable integrating,
      or differentiating functions of input with respect to output signals can
      be obtained.
PAR  The invention is applicable not only to supervise panels, walls, panes, or
      the like, but may also be used to supervise any medium capable of
      conducting sonic-type waves, such as objects, or spaces, such as rooms,
      safes, or sonically conductive strips, such as enclosures, fences, or the
      like. If a room is to be supervised, the medium 1 is formed by the air
      within the room. The frequency radiated into the room to set the air into
      vibration should be suitably selected to match the medium to provide a
      plurality of resonance points; in case of air in a room, a lower frequency
      than that for glass panels should be selected.
PAR  The system and method permit evaluation of transmitted sonic-type waves by
      comparison of these waves with received vibrations. If there is an
      operational breakdown in the circuit or system at any point therein, the
      signal applied to the comparison circuit formed by AND-gate 10 will change
      from the standard signal, and an alarm will be provided. Thus, the
      monitoring system is essentially fail-safe.
PAR  The invention has been described in connection with a frequency-modulated
      signal. Other types of modulation may be used; thus, the signal may be
      phase-modulated, continuously frequency-modulated, or pulse-modulated as
      shown; amplitude modulation is also possible, and the circuit must then be
      so modified that it permits an evaluation of the time shift of the
      modulated signal.
PAR  More than one sonically conductive object or spaces may be supervised from
      a single central monitoring station. Referring to FIG. 4: A plurality of
      sonically conductive objects G.sub.1, G.sub.2, G.sub.3, G.sub.4 are
      monitored from a central station C. The modulated ultrasonic signal is
      first applied to a transmitter transducer S1. An ultrasonic receiver E1
      senses the vibrations within the object G.sub.1 ; the transducer E1 is
      then connected to the transmitter S2 on the second object G.sub.2, the
      received wave therefrom is connected from receiving transducer E2 to
      transmitting transducer S3 on object G.sub.3 ; the wave received is
      connected by receiving transducer E3 to transmitting transducer S4 on
      object G.sub.4. The receiving transducer E4 is connected back to the
      central station C. Other units may be interposed in similar manner. At
      each transmission of wave or vibratory energy through one of the objects,
      a time delay will arise in the ultrasonic signal. The various time delays
      or time shifts will add; the overall time shift or time delay is then
      transmitted back to the central station C. If in any one of the objects to
      be supervised, damage or interruption or change in the time shift will
      result, the overall time shift of the signal applied to the central
      station C, with respect to the transmitted signal will change, permitting
      evaluation of the changed signal, for example generating an alarm. A
      similar system has previously been proposed with an ultrasonic monitoring
      and supervisory system in which the various independent objects
      G.sub.1....G.sub.4 are subjected to vibrations which result in resonance
      therein, and an amplitude attenuation of any one of the protected devices
      was utilized to generate an alarm. Such a system required that all the
      objects are brought to resonant vibrations since, otherwise, the
      transmitting path would be interrupted. It was, therefore, possible only
      to supervise objects having the same size and the same composition and
      type, so that they had the same resonant points and frequencies. This is
      extremely difficult to find in actual practice. The system of the present
      invention is completely independent of amplitudes and exact matching of
      the transmitted frequencies to resonance points, or resonant frequencies
      is not necessary. The objects G.sub.1...G.sub.4 (or, for that matter,
      G.sub.n, in which n is any number) may be different, and may have entirely
      different resonance spectra, may be of different size, shape and
      materials. A single control station, or control central may, however, be
      used to monitor the serially connected transmitting and receiving
      transducers applied to the various objects. By checking or testing for
      transmission delay time between transmitter and receiver, and utilizing
      time or phase shifts or delays of received signal with respect to
      transmitted signal, a large number of objects of various types, sizes and
      shapes can be monitored from a single control central station.
PAR  Various changes and modifications may be made within the scope of the
      inventive concept, and features described in connection with any
      embodiment, or characteristic may, similarly, be used in other embodiments
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of monitoring conduction of sonic-type waves in an acoustically
      conductive medium, in which wave-type signals are generated; the generated
      wave-type signals are applied to the medium at a transmitting location by
      a transmitter applying sonic-type signals to the medium; the transmitted
      sonic-type signals are received from the medium by a receiver at a
      receiving location; and an alarm signal is generated when a predetermined
      change in a characteristic of said generated signal with respect to said
      received signals is detected;
PA1  comprising the steps of:
PA1  generating a sonic-type carrier wave;
PA1  frequency-modulating said carrier wave to provide frequency-modulated
      sonic-type signals;
PA1  sensing the shift, with respect to time, of the modulation of the received
      wave with respect to the modulation of the transmitted signals, said time,
      or temporal shift defining said characteristics of the signal;
PA1  determining change in said time, or temporal shift of the received
      modulation signal with respect to the generated modulation signal to
      evaluate change in the group velocity of the waves in the medium;
PA1  and generating said alarm signal when the change in temporal shift of the
      modulation between transmitted and received signals exceeds a
      predetermined value.
NUM  2.
PAR  2. Method according to claim 1, wherein the step of generating the
      sonic-type signals comprises the step of generating sonic-type signals of
      substantially sine wave form.
NUM  3.
PAR  3. Method according to claim 1, wherein the step of generating the
      frequency modulated Sonic-type signals comprises the step of generating
      sonic-type signals of cyclically, alternatingly different frequency.
NUM  4.
PAR  4. Method according to claim 3, wherein the step of sensing the temporal
      shift of the modulation of the signals between the generated and received
      signals comprises sensing the temporal shift of the frequency alternations
      between transmitted and received signals.
NUM  5.
PAR  5. Method according to claim 4, wherein the step of generating an alarm
      signal comprises the step of generating said alarm signal when the
      temporal shift of the frequency alternations varies by a predetermined
      value from a fixed value.
NUM  6.
PAR  6. Method according to claim 4, wherein the step of determining change in
      the temporal shift comprises the step of determining the rate of change of
      the temporal shift of the cyclically alternating frequencies, and the step
      of generating the alarm signal comprises the step of generating said alarm
      signal when the rate of change of said shift exceeds a predetermined
      value.
NUM  7.
PAR  7. Method according to claim 1, wherein the step of generating signals
      comprises the step of generating signals in the order of between 120 kHz
      to 180 kHz.
NUM  8.
PAR  8. System according to claim 1, wherein the sonically conductive medium is
      a metal wall.
NUM  9.
PAR  9. Method according to claim 1, to supervise a medium shaped to define a
      side, in which the transmitting location and the receiving location are at
      the same side of the medium.
NUM  10.
PAR  10. Method according to claim 1, wherein the frequency of the frequency
      modulation is in the order of about 100 Hz.
NUM  11.
PAR  11. Method according to claim 1, to supervise a medium having a
      predetermined geometric shape, wherein the carrier frequency is matched to
      the geometric shape of the medium to have one or more resonance points
      within the medium.
NUM  12.
PAR  12. System to monitor conduction of sonic waves in an acoustically
      conductive medium, comprising
PA1  means (7) generating signals of a sonic, or ultrasonic frequency;
PA1  frequency modulating means (6) connected to said signal generator means (7)
      to provide frequency-modulated signals;
PA1  transmitter transducer means (2) located at a transmitting location and
      transmitting the generated frequency-modulated signals to the medium to be
      supervised to introduce frequency-modulated sonic-type vibrations in said
      medium;
PA1  receiver transducer means (3) located at a receiving location receiving
      vibrations from said medium transmitted therein by said transmitter
      transducer means (2) and providing an electrical received signal;
PA1  frequency demodulator means connected to the receiving transducer means
      (37);
PA1  time detector means (10, 11) connected to both said generator means (7) and
      said receiving transducer means (3) and determining the relative temporal
      change between the modulation, and demodulation envelope of the
      transmitted, and received waves, respectively, to evaluate change in the
      group velocity of the waves in the medium;
PA1  and alarm generating means to provide an alarm when the temporal
      relationship of the modulation between transmitted and received signals as
      determined by the time detector means (10, 11) changes beyond a
      predetermined level.
NUM  13.
PAR  13. System according to claim 12, further comprising a phase-locked loop
      circuit connected between the receiving transducer means (3) and the time
      detector means (10, 11).
NUM  14.
PAR  14. System according to claim 12, wherein the time detector means comprises
      a coincidence gate (10) connected, repectively, to the transmitter means
      and to the receiving transducer means, the output from the coincidence
      gate being a predetermined signal representative of the difference between
      the signals connected thereto.
NUM  15.
PAR  15. System according to claim 14, wherein the time detector means further
      comprises an averaging circuit connected to the output of the coincidence
      gate.
NUM  16.
PAR  16. System according to claim 15, wherein the coincidence gate (10) and the
      averaging circuit means (11) comprises a coincidence discriminator,
      providing an output representative of the time difference of the input
      signals applied to the coincidence gate.
NUM  17.
PAR  17. System according to claim 15, wherein the alarm generating means
      comprides a circuit connected to provide an alarm signal when the average
      value derived from the averaging circuit changes by a predetermined level
      from a fixed reference level.
NUM  18.
PAR  18. System according to claim 15, wherein the alarm generating means
      comprises a circuit which includes a differentiating circuit responsive to
      rate of change of the averaged value derived from the averaging circuit
      means, and providing an output alarm signal when the rate of change of the
      averaged value of the signal from the coincidence gate changes over a
      predetermined limit.
NUM  19.
PAR  19. System according to claim 12, wherein the frequency-modulating means
      comprises pulse-type frequency shift control means (6) connected to change
      the frequency of the generator means (7), is cyclically alternating,
      repetitive step about a central carrier value.
NUM  20.
PAR  20. System according to claim 19, wherein the carrier wave value of the
      wave generated by the generator means (7) is in the order of about 150
      kHz, and .+-.30 kHz; and the frequency modulation, in cyclically
      alternating steps, modulates the carrier wave frequency by a value in the
      order of about .+-. 100 Hz.
NUM  21.
PAR  21. System according to claim 12, wherein the sonically conductive medium
      is a glass panel.
NUM  22.
PAR  22. System according to claim 12, wherein the sonically conductive medium
      is a panel having a side, and wherein said transmitter transducer means
      (2) and the receiver transducer means (3) are located at the same side of
      the panel.
NUM  23.
PAR  23. System according to claim 12, for simultaneous monitoring of a
      plurality of sonically conductive objects, or media, characterized by a
      plurality of transmitting transducer means (S1, S2, S3, S4); a plurality
      of receiving transducer means (E1, E2, E3, E4); each one of the objects
      (G.sub.1, G.sub.2, G.sub.3, G.sub.4) having a respective transmitting and
      receiving transducer in sonically transmitting relation thereto, to
      transmit sonic-type frequency-modulated waves into the objects and receive
      sonic-type frequency-modulated waves, after transmission by the object, in
      the receiving transducer, said respective transmitting and receiving
      transducers being serially connected, from one receiving transducer to the
      next transmitting transducer, of the objects, the first and last
      transmitting and receiving transducers, respectively, being connected to
      the generating means (7) and the time detector means, respectively.
NUM  24.
PAR  24. System according to claim 12, wherein the medium has a predetermined
      geometric shape;
PA1  and wherein the frequency generating means generate a signal having a
      carrier falling within the region of the resonance frequencies of the
      medium.
NUM  25.
PAR  25. Method of monitoring conduction of sonic-type wave in an acoustically
      conductive medium, in which wave-type signals are generated; the generated
      wave-type signals are applied to the medium at a transmitting location by
      a transmitter applying sonic-type signals to the medium; the transmitted
      sonic-type signals are received from the medium by a receiver at a
      receiving location; and an alarm signal is generated when a predetermined
      change in the characteristic of said generated signal with respect to said
      received signal is detected;
PA1  comprising the steps of:
PA1  generating at least two sonic-type waves of slightly different frequency;
PA1  applying said waves to the medium so that said waves will propagate in the
      medium and generate interferences to obtain propagation of the waves in
      the medium subject to the group velocity phenomenon;
PA1  receiving said at least two waves;
PA1  analyzing the interference wave or waves resulting from interference of the
      at least two waves due to the group velocity phenomenon;
PA1  and determining change in the interference wave to obtain an indication of
      disturbance of, or in the medium.
NUM  26.
PAR  26. Method according to claim 25, wherein the step of generating said waves
      comprises generating a carrier wave;
PA1  frequency-shifting the carrier wave between two closely adjacent
      frequencies and applying said frequency-shifted waves to the medium.
NUM  27.
PAR  27. Method according to claim 25, wherein the frequency difference between
      said at least two waves is about .+-. 100 Hz.
NUM  28.
PAR  28. System to monitor conduction of sonic waves in an acoustically
      conductive medium having dispersion comprising
PA1  means (7) generating at least two signals of a sonic or ultrasonic
      frequency, the at least two signals being of slightly different frequency;
PA1  transmitter-transducer means (2) located at the transmitting location and
      transmitting said generated waves to the medium to be supervised in the
      form of sonic-type signals propagating in the medium, to obtain
      propagation of the waves therein subject to the group velocity phenomenon;
PA1  receiver transducer means (3) located at a receiving location receiving
      vibrations from said medium transmitted therein by said
      transmitter-transducer means and providing an electrical received signal;
PA1  demodulator means connected to the receiver transducer means and
      demodulating the received signal;
PA1  time detector means (10, 11) connected to both said generator means (7) and
      said receiver transducer means and determining relative temporal change of
      the demodulated signal to evaulate change in the group velocity of the
      waves in the medium;
PA1  and circuit means providing an output signal when the temporal relationship
      of said at least two transmitted waves and said received signal, as
      determined by said time detector means, changes beyond a predetermined
      level.
NUM  29.
PAR  29. System according to claim 28, wherein said signal generating means
      comprises means generating signals having a frequency difference of about
      .+-.100 Hz.
NUM  30.
PAR  30. System according to claim 28, wherein the medium has a predetermined
      geometric shape;
PA1  and wherein the signal generating means generates signals having
      frequencies falling within the region of the resonance frequencies of the
      medium.
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PAL  An arrangement for the dynamic direct display of pulses in the nanosecond
      range operates without oscilloscopes or other special display apparatus.
      To display pulse timing or amplitude characteristics, a pulse sequence is
      applied to an equidistant tapped delay line, the output from each tap
      being connected to a bistable storage element with an indicator lamp in
      the output. A plurality of indicator lamps are arranged in the form of a
      matrix. If a pulse occurs on a tap during a sampling interval, the
      associated indicator lamp is turned on. The sequence and identity of the
      turned on indicators is indicative of the pulse spacing and the pulse
      width in the pulse sequence.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For the dynamic digital display of pulse information, particularly in the
      nanosecond range, oscilloscopes or sophisticated testing apparatus which
      was expensive and required trained operators is normally utilized. Thus no
      practical method for the display of non-recurring pulse sequences by
      untrained personnel was available in the art without the use of
      technically elaborate devices and highly skilled personnel.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to an arrangement for the dynamic direct digital
      display of pulse characteristics which serves to visually represent the
      time or amplitude relations of pulse sequences.
PAR  Accordingly, it is one of the objects of the invention to provide a readily
      operable arrangement with simple circuitry for the dynamic direct digital
      display of pulse characteristics both with regard to time and amplitude.
      To this end, the invention is characterized in that a delay line L is
      provided to which a pulse sequence (4-1) is applied, that the delay line L
      has a minimum length resulting from the product of the signal speed
      multiplied by the time basis of the pulse sequence, that the signal line
      is equidistantly tapped, that n sets (2/1, 2/2 ... 2/n) of circuits each
      with m bistable circuits, m AND gates, and m amplifiers are provided,
      whereby the two inputs of each bistable circuit are connected to a
      synchronization line S and to the output of an associated AND gate, the
      two inputs of the AND gate being connected to the synchronization line S
      and the output of an amplifier associated with the latter AND gate, that
      the kth of all taps of the signal line L is linked with the input of the
      kth amplifier of all sets. The amplitude range of the signal sequence is
      divisible into n adjacent amplitude intervals whereby the amplifier of the
       pth set generates an output signal for the pth amplitude interval only.
      In the output of each bistable circuit an optical display element is
      arranged, and all optical display elements are arranged in a field l of n
      lines and m columns, whereby the time and amplitude relations of the wave
      form of the signal sequences are visually displayed by means of the
      optical display elements set according to the waveform of the signal
      sequence at the time of the synchronization or sampling pulses.
PAR  In addition to the error analysis normally carried out in a maintenance
      program, maintenance technicians have to test the time relations of
      non-recurring or recurring pulse sequences for high-frequency processes,
      particularly those in the nanosecond range. The present invention also
      provides for an arrangement for the dynamic direct digital display of
      pulse time relations, whereby eliminating the amplifiers, only one set of
      bistable circuits with associated AND gate 3/1 to 3/m is provided, and
      whereby the pulse width and the pulse spacing of digital pulses is
      represented by the optical display elements.
PAR  The synchronization pulse for triggering the bistable circuits can be
      initiated either by the leading part of the pulse sequence fed into the
      signal line or by means of a delay line which is activated by the leading
      part of the pulse sequence not yet fed into the signal line and which
      emits a synchronization pulse after the time required for feeding the
      pulse sequence into the signal line.
PAR  It is sometimes desirable to represent the pulse relations of successive
      pulse sequences. To this end it is advantageous to keep the delay time of
      the delay circuit variable. If the synchronization pulse is supplied when
      the pulse sequence to be tested has not been fully fed into the delay
      line, it is possible to test the pulse relations of that part of the pulse
      sequence, generally the leading edge of the pulse, which has already been
      fed into the delay line, as well as the trailing part of the preceding
      pulse sequence.
PAR  The circuitry of the arrangement in accordance with the invention is
      extremely simple. Equidistantly tapped signal lines, for example, for the
      nonsecond range, are commercially available. Together with the bistable
      circuits, the AND gates, and, if necessary, the amplifiers as well as the
      optical display elements they can take the form of a modular unit. Such
      modular units can be modularly supplemented at random by changing the time
      basis of the pulse sequence to be tested, or for the purpose of testing
      several pulse sequences.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description preferred
      embodiment of the invention, as illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of an arrangement for displaying the
      time relations of a pulse sequence with regard to pulse width and pulse
      spacing;
PAR  FIG. 2 is a schematic wiring diagram for generating the synchronization
      pulse for the arrangement of FIG. 1;
PAR  FIG. 3 is a schematic representation of an arrangement for representing a
      pulse sequence in accordance with the time and amplitude relations; and
PAR  FIG. 4 is a schematic representation of an analogue pulse which by means of
      the circuit of FIG. 3 is permanently visually displayed (frozen) in
      accordance with the time and amplitude relations.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 shows an arrangement, by means of which it is possible to
      permanently visually represent (or freeze) the pulse width and pulse
      spacing of a digital pulse sequence, such as the one designated as 4-1. To
      this end the pulse sequence is fed to a delay line L. Delay line L has a
      minimum length corresponding to the product of signal speed and the time
      basis of the pulse sequence to be represented. Delay line L is
      equidistantly tapped. Each of the taps L1 to Lm has an associated bistable
      storage element designated FF 1/1 to FF 1/m. Optical display elements 4/1
      to 4/m are located on the output of each bistable storage element FF 1/1
      to FF 1/m. All storage elements have a common synchronization or sample
      line S. Each bistable storage element is controlled from two inputs: from
      the input connected to the common synchronization line S and from the
      output of each of the AND gates 3/1 to 3/m associated with the bistable
      storage elements. AND gates 3/1 to 3/m each have two inputs, one input
      from the common synchronization line S and the second from the
      corresponding tap L1 - Lm of the delay line. When the full signal sequence
      4-1 has been fed into signal line L and a synchronization pulse is
      applied, those AND gates 3/2, 3/3, 3/m-1 generate an output signal which
      is associated with delay line taps L2, L3, ... Lm-1 on which the pulse
      sequence in the signal line has an amplitude value .noteq.  0. This causes
      the bistable circuits FF 1/2, 1/3, 1/m-1, associated with taps L2, L3,
      Lm-1 to be controlled via their two inputs comprising the synchronization
      pulse on line S and the output signal of AND gates 3/2, 3/3, 3/m-1 in such
      a manner that the associated optical display element 4/2, 4/3, 4/m-1
      connected to their outputs are permanently set. This, in turn, causes
      those optical display elements which are associated with the taps of
      signal line S on which the pulse sequence applied at the time of the
      synchronization pulse has an amplitude value of .noteq. 0 to light up.
      Thus, with taps on delay line L arranged closely adjacent to each other,
      the display elements that light up are representative of the pulse width,
      whereas the optical display elements that do not light up are
      representative of the pulse spacing. This status is maintained even after
      application of the synchronization pulse, thus ensuring that the pulse
      width/pulse spacing relations are permanently visually displayed.
PAR  In addition to representing the pulse width and pulse spacing
      relationships, it is also possible to permanently visually display the
      amplitude relations of a signal, even those of an analogue pulse. To this
      end the amplitude range of a pulse or pulse sequence is divided into
      individual adjacent amplitude interval values I1, I2, I3 (FIG. 4). To
      represent or display such a pulse, a whole field 1 of optical display
      elements 12/1-1 ... 12/n-n is required. Such a field consists of optical
      display elements arranged in a matrix of lines and columns. One line
      comprises as many optical display elements as there are taps on the signal
      line L. A column, on the other hand, comprises as many optical display
      elements as there are amplitude intervals.
PAR  FIG. 2 illustrates a schematic wiring diagram for generating the
      synchronization pulse SYNC for the arrangement of FIG. 1. The
      synchronization signal SYNC is generated by AND gate 5. AND gate 5 has
      several inputs: input Cond. l to input Cond. n. These conditional inputs
      carry signals that can be derived from time, logic or other conditions. In
      addition, AND gate 5 receives a trigger signal via the trigger terminal.
      This trigger signal can be chosen at random and be derived from a timing
      oscillator, a machine clock or other machine cycle. Via a delay circuit 6
      with variable delay time, this trigger signal is fed on line 7 to AND gate
      5. At a delay time of zero, the trigger signal acts directly. At a delay
      time ranging between the feeding time of the signal sequence into the
      signal line and time zero, it is possible to analyze the pulse relations
      in the signal line in a manner which permits testing the last part of the
      preceding signal sequence and the first part of the current signal
      sequence.
PAR  A special circuit feature permits providing a short, defined
      synchronization pulse which is derived from the leading edge of the
      trigger pulse. To this end, the trigger pulse is initially applied to AND
      gate 5 via delay circuit 6 and line 7, via circuit 8, the input of which
      is connected to line 7 and whose output forms input 9 of and AND gate 5.
      AND gate 5 is blocked after a short time designated tsh, so that a short
      output pulse occurs from AND gate 5 from the beginning of the trigger
      pulse until time tsh has elapsed. Circuit 8 is a delay line which after a
      defined time tsh, starting at the beginning of the trigger pulse,
      generates an output signal blocking AND gate 5.
PAR  A further circuit feature permits recurring or non-recurring triggering.
      For non-recurring triggering, switch 10 is set to manual (man). The
      beginning of the trigger pulse, provided the switch is set to manual,
      causes bistable circuit 11 to function in such a manner that an output
      signal blocking AND gate 5 appears on its output 12. (This bistable
      circuit has two inputs. The first input is connected to output 7 of delay
      circuit 6, and the second input from switch 10 which is associated with
      two terminals manual (man) and off (off) conditioned in accordance with
      the selection logic). Up to this point in time, the trigger pulse is
      active via line 7 and AND gate 5. Blocking of the AND gate results in
      recurring trigger pulses not becoming effective; only the first trigger
      pulse causes a synchronization pulse SYNC to be generated.
PAR  If it is desirable for the synchronization pulses to be generated every
      time trigger pulses occur, the switch is set to off, so preventing
      bistable circuit 11 from emitting an output signal blocking AND gate 5.
PAR  It is conceivable for switch 11 to be set on or off in predetermined cycles
      with the aid of electronically controlled supplementary means, so that the
      display is updated after a certain number of trigger pulses.
PAR  FIG. 3 illustrates in block logical form an arrangement for representing
      the duration and amplitude of pulse conditions. The accuracy of the
      represented or displayed values is higher the more closely adjacent the
      taps on signal line L are disposed and the shorter the amplitude intervals
      are. For each amplitude interval, a set of bistable circuits (flip-flops
      FF) is provided to which an AND gate and an amplifier are connected. Each
      of these logic systems 2/1 to 2/n comprises as many bistable circuits as
      there are taps on signal line L. The function of such a bistable circuit
      with a connected AND gate is the same as that shown in FIG. 1 and
      previously described relative thereto. Additionally, however, an amplifier
      is provided between each tap of delay line L and the AND gate. This
      amplifier generates an output signal only when its input signal falls
      within the boundaries of a particular amplitude interval. The amplifiers
      of logic set 2/1 respond to amplitude interval 11, and the amplifiers of
      set 2/2 (not shown) to amplitude interval 12. The first tap L1 of delay
      line L leads both to the input of amplifier 2/1-3-1 of the first set 2/1,
      and to the input of amplifier 2/2-3-1 of the second set 2/2 (not shown) as
      well as to the input of amplifier 2/n-3-m of set 2/n. The output of
      amplifier 2/1-3-1 leads to one input of AND gate 2/1-2-1 whose other input
      is connected to synchronization line S. The output of AND gate 2/1-2-1
      forms one input of the bistable circuit 2/1-1-1 whose second input is also
      connected to synchronization line S. The optical display element 1 2/n-1
      in display field 1 is connected to the output of the bistable circuit
      2/1-1-1. The above description applies analogously to all other bistable
      circuits with a connected AND gate and amplifier for sets 2/2 (not shown)
      to set 2/n both in the column direction 1 to n and the line direction 1 to
      m (n = number of sets; m = number of taps on the signal line).
PAR  Thus, for example, tap L1 of delay line L leads to amplifier 2/n-3-1 whose
      output is connected to one input of AND gate 2/n-2-1; the second input of
      said AND gate is connected to synchronization line S. The output of AND
      gate 2/n-2-1 forms one input of the bistable circuit 2/n-1-1 whose second
      input is linked with synchronization line S. The optical display element 1
      2/1-1 in display field 1 is arranged in the output of the bistable circuit
      2/n-1-1.
PAR  Tap Lm leads to amplifier 2/1-3-m of set 2/1, to amplifier 2/2-3-m of set
      2/2 (not shown) up to amplifier 2/n-3-n of set 2/n. The output of
      amplifier 2/1-3-m leads to one input of AND gate 2/1-2-m whose other input
      is connected to synchronization line S. The output of AND gate 2/1-2-m
      leads to one input of the bistable circuit 2/1-1-m  whose second input is
      connected to synchronization line S. The optical display element 1 2/n-m
      in display field 1 is connected to output of the bistable circuit 2/m-1-m.
PAR  The output of amplifier 2/n-3-m is connected to one input of AND gate
      2/n-2-m whose second input is connected to synchronization line S. The
      output of AND gate 2/n-2-m is connected to one input of the bistable
      circuit 2/n-1-m whose second input is connected to synchronization line S.
      The optical display element 1 2/n-m is display field 1 is located in the
      output of the bistable circuit 2/n-1-m.
PAR  FIG. 4 shows a graph 4-2 of an analogue pulse whose time and amplitude
      relations are to be permanently visually display in display field 1. To
      relate this signal course to the taps and the amplitude intervals, the
      taps are shown as vertical adjacent lines and the amplitude intervals as
      horizontal superimposed lines. The optical display elements 1 2/1-1 to 1
      2/n-m are arranged at the crossover points vertical and horizontal lines.
      FIG. 4 shows only those optical display elements which are set to display
      the time and amplitude of the signal wave form. Display indicator 1 2/1-2
      is turned on since an amplitude value occurs on tap L2 during the interal
      I1, to which amplitude 2/1-3-2 connected to the second bistable circuit
      2/1-1-2 of set 2/1 (not shown) responds. Optical display element 1 2/2-3
      is set because the amplitude value occurs on tap L3 in amplitude interval
      I2. Amplifier 2/2-3-3 (not shown) of the bistable circuit 2/2-1-3 in set
      2/2 responds to the latter amplitude interval.
PAR  The circuit of FIG. 3 may be simplified: for example, the amplifiers of a
      column, which are connected to the same tap of signal line L but which
      respond to different amplitude intervals, may be combined in the form of
      only one amplifier with only one input but n outputs for the different
      amplitude intervals. It is also possible to display negative amplitude
      values by extending the amplitude interval system to negative amplitude
      values and by adapting orthodox amplifiers accordingly.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that various changes in form and detail may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for the dynamic digital display of predetermined
      characteristics of a high frequency pulse train wherein a pulse sequence
      is applied to an equidistantly tapped delay line, comprising in
      combination
PA1  a plurality of sets of bistable circuits, logic AND gates and amplifiers,
      the taps of said delay line being connected to the input of the associated
      amplifiers of all said sets, wherein the amplitude range of said pulse
      sequence is divisible into adjacent amplitude intervals whereby the
      amplifier of each of said sets generates an output signal only when an
      input of a predetermined level is provided from said delay line, a matrix
      of display indicators, said matrix of display indicators being arranged in
      a configuration of horizontal lines and vertical columns,
PA1  and means responsive to a synchronizing pulse applied to the synchronizing
      line comprising one of said inputs to said bistable circuits for
      indicating the duration, spacing and amplitude characteristics of the
      signals in said pulse sequence said means including said indicator
      configuration in which said indicators are selectively energized in
      accordance with said characteristics of said pulse sequence at the time of
      said synchronization pulse.
NUM  2.
PAR  2. An arrangement as described in claim 1 wherein the second input to said
      bistable circuit comprises the output of the associated logical and gate,
      and wherein the two inputs to said logical and gate comprise the
      synchronization signal line and the signal from said associated amplifier.
NUM  3.
PAR  3. Arrangement for the dynamic direct digital display of pulse relations,
      characterized in that a signal line L is provided to which a pulse
      sequence 4-2 is applied, that the signal line L has a minimum length
      resulting from the product of the signal speed multiplied by the time
      basis of the pulse sequence, that the signal line is equidistantly tapped,
      that n sets (2/1, 2/2 ... 2/n) each with m bistable circuits (2/1-1-1 ...
      2/1-1-m, 2/2-1-1 ... 2/2-1-m, ..., 2/n-1-1 to 2/n-1-m), m AND gates
      (2/1-2-1 to 2/1-2-m; ...; 2/n-2-1 to 2/n-2-m), and m amplifiers (2/1-3-1
      to 2/1-3-m; ...; 2/m-3-; to 2/n-3-m) are provided, whereby the two inputs
      of each bistable circuit (2/p-1-k; p = 1, 2 to n; k = 1, 2 to m) are
      connected to the synchronization line S and to the output of the AND gate
      (2/p-2-k; p=1, 2 to n; k = 1, 2 to m) associated with it, and the two
      inputs of the AND gate (2/p-2-k; p = 1, 2 to n; k = 1, 2 to m) are
      connected to the synchronization line S and the output of an amplifier
      (2/p-3-k; p = 1, 2 to n; k = 1, 2 to m) associated with the latter AND
      gate, that the kth (k = 1, 2 to m) of all taps L1, L2 to Lm of the signal
      line L is linked with the input of the kth (k = 1, 2 to m) amplifier of
      all sets (2/1, 2/2 to 2/n), that the amplitude range of the signal
      sequence 4-2 is divisible into n adjacent amplitude interval I1, I2 to In,
      that by means of the amplifier of the pth set (p = 1, 2 to n) an output
      signal is generatable for the pth amplitude interval only (p = 1, 2 to n),
      that in the output of each bistable circuit (2/p-1-k; p = 1, 2 to n; k =
      1, 2 to m) an optical display element (1 2/p-k; p = 1, 2 to n; k = 1, 2 to
      m) is arranged, and that all optical display elements (1 2/1-1 to 1 2/n -
      m) are arranged in a field 1 of n lines and m columns, so that the time
      and amplitude relations of the wave form of the signal sequence (4/2) are
      permanently visually displayed by means of the optical display elements
      set according to the wave form of the signal sequence (4/2) at the time of
      the synchronization pulse.
NUM  4.
PAR  4. Arrangement in accordance with claim 3, characterized in that only one
      set (n=1) of bistable circuits (1/1 to 1/m to which an associated AND gate
      (3/1 to 3/m) is connected, is required for determination of the pulse
      width and the pulse spacing characteristics of digital pulses which are
      displayed by selective energization of said optical display elements.
NUM  5.
PAR  5. Arrangement in accordance with claim 3, characterized in that for
      generating the synchronization pulse, a delay circuit (6) to be activated
      before the beginning of the pulse sequence is provided, and that the
      synchronization pulse is generatable after the pulse sequence has been
      partly or fully fed into the pulse line (L).
NUM  6.
PAR  6. Arrangement in accordance with claim 3, characterized in that the delay
      time of the delay circuit (6) is variable, so that at the ratio delay time
      shorter than the time basis of the pulse sequence, for successive pulse
      sequences the pulse relations of the last part of a preceding pulse
      sequence and the first part of the subsequent pulse sequence can be
      observed.
NUM  7.
PAR  7. Arrangement in accordance with claim 3, characterized in that for
      generating a short synchronization pulse, and AND gate (5) is provided
      which is activated by a trigger pulse on a first input line (7), and that
      to block the AND gate, a circuit (8) generates a blocking signal on a
      further input line (9) after a short time starting with the emission of
      the trigger pulse.
NUM  8.
PAR  8. Arrangement in accordance with claim 3, characterized in that for the
      recurring or non-recurring generation of a synchronization signal, the AND
      gate (5) with its input line (7) carrying the trigger pulse is
      controllable via the output (12) of a bistable circuit (11), whereby the
      bistable circuit (11) is controllable by means of the trigger signal on
      the one hand and externally, for predeterminined periods of time, for the
      generation of a blocking signal on the other.
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PAL  A circuit for converting into parallel output data a serial input data
      stream including characters of N data bits preceded by a start bit at one
      logic level and followed by at least one stop bit at another logic level.
      A shift register of N+2 stages in one embodiment has all of its stages
      preset to a logic level corresponding to the at least one stop bit. The
      circuit detects the presence of a start bit on the input line and serially
      clocks into the shift register the start bit, the N data bits and the at
      least one stop bit. The circuit responds to the detection of the start bit
      in a particular stage of the register to provide a strobing signal to
      indicate the availability of a complete character in the register for
      parallel shifting out. After the character is shifted out in parallel each
      stage of the shift register is reset to the initial condition.
BSUM
PAR  The present invention generally relates to serial-to-parallel converters
      and more specifically to self-clocking or framing serial-to-parallel
      converters.
PAR  It is the nature of most digital data communications channels to transmit
      data in a serial or bit-by-bit form. However, there are certain devices
      such as computers, teleprinters and other business machines which handle
      digital information as groups of bits, called characters or bytes. An
      example of this is the widely used USASCII code, wherein each group or
      character of seven bits represents one of 128 possible symbols, including
      aplhanumeric characters, special symbols and control characters. In order
      to work with such a code, incoming serial data from a communications
      channel must be converted to parallel form for use by certain types of
      data processing equipment.
PAR  A typical prior art approach to serial-to-parallel data conversion utilizes
      a counter in combination with a shift register. The first or start bit of
      the character coming in on the input serial data stream is detected and
      simultaneously the counter starts to count up while the data is shifted
      serially into the register. The counter is incremented once for each
      incoming data bit. When the count reaches the prescribed value, the data
      may be shifted out of the register in parallel and the counter is then
      reset to zero. The present invention provides a serial-to-parallel
      converter which eliminates the aforementioned counter while providing a
      circuit which will easily accommodate characters having different bit
      lengths with a minimum of complexity.
PAR  In accordance with the present invention, a circuit is provided for
      converting a serial input data stream into parallel output data. The
      serial input data is organized into characters comprising N bits of
      digital information. Each character is preceded by a start bit and
      followed by at least one stop bit. The start bit is at one logic level and
      the at least one stop bit is at another logic level. A shift register
      having N+X stages, where X equals the number of start and stop bits
      preceding and following, respectively, each character, is provided with
      each stage having an output terminal. The shift register is adapted for
      having each stage preset to a given initial condition. This initial
      condition is different from the logic level representing the start bit. A
      first means is provided for identifying the start bit in the input data
      stream. A second means responds to the first means and serially clocks the
      start bit, the N bits of a character and the at least one stop bit into
      the shift register. A third means which is coupled to a particular stage
      of the shift register responds to the transition from the initial
      condition to the logic level representing the start bit in the particular
      stage and provides a strobing signal to indicate the availability of N
      bits representing a complete character at the output terminals of the
      shift register.
PAR  The present invention is particularly useful in asynchronous digital data
      transmission systems. In asynchronous data transmission a group of bits
      corresponding to a character are generally separated from the preceding
      and following characters by framing bits. A commonly found organization of
      data in asynchronous transmission systems is, in the order of occurrence,
      a start bit, usually a logical zero; the data bits comprising the
      character; and one or more stop bits usually a logical one. In addition,
      when no information is being sent, the input data line is held at the
      logical one level. Thus, the beginning of a new character in such a system
      is always indicated by a logic one to zero transition. That is, the
      transition between a stop bit and a start bit or an idle line and a start
      bit is always a one to zero transition and indicates that a new character
      is to follow.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a diagram showing a preferred embodiment of the present
      invention; and
PAR  FIGS. 2-7 are timing diagrams associated with FIG. 1 and helpful in
      explaining the preferred embodiment of the invention shown therein.
DETD
PAR  Referring now to FIG. 1, a serial stream of input digital data is applied
      to the serial-to-parallel data converter circuit on line 10. The
      organization of the serial data coming in on line 10 and appearing at
      point A is shown in FIG. 2. The incoming data stream comprises: a
      character which is eight bits in length; a start bit at logic 0 preceding
      the character; and a stop bit at logic 1 following the character. After
      the stop bit associated with one character occurs, the start bit of the
      next succeeding character occurs. Every stop bit in the data stream is a
      logic 1 and every start bit in the data stream is a logic 0.
PAR  Returning to FIG. 1, the input data stream on line 10 is coupled to the set
      input terminal of a control flip-flop 12. Flip-flop 12 is, generically, an
      R-S type flip-flop. That is, when the set input terminal sees a certain
      condition, in this case a 1 to 0 transition, the Q output terminal goes
      high and will remain high for all levels presented to the set input
      terminal. The Q output terminal of R-S type flip-flop 12 goes low only
      upon the application of a clear or reset pulse applied to the clear input
      terminal thereof. Flip-flop 12 looks for and detects the 1 to 0 transition
      between the stop bit of one character and the start bit of the next
      succeeding character. The waveform appearing at point B which is at the Q
      output of flip-flop 12 is shown in FIG. 3. The 1 to 0 transition in the
      waveform at point A causes the control flip-flop 12 to be set during the
      entire length of the character which follows this transition.
PAR  As long as the Q output of flip-flop 12 is high, or at logic 1, a signal is
      applied to the input terminal of a clocking device 14. Clocking device 14
      is a gated clock, in that a clock signal will be provided at the output
      terminal thereof, connected to point C, for as long as the signal at point
      B is high. The response of clocking device 14 to a 0 to 1 transition at
      point B is such that the first and all subsequent clock pulses are
      positioned at or near the center of each start, data or stop bit. The
      waveform of the clocking pulses at point C is shown in FIG. 4. The
      waveform of FIG. 4 is more appropriately called a sampling clock since
      these pulses are much shorter in duration than the duration of a data,
      stop or start bit and the clock pulses occur within the time duration of
      the aforementioned bits. The clock pulses at point C are applied to the
      clock input terminal of shift register 16.
PAR  Shift register 16 comprises N+2 stages, where N is equal to the number of
      bits which form a character. Thus in the embodiment of FIG. 1 the shift
      register 16 comprises 10 stages. It will be understood from what follows
      that the number of stages used in shift register 16 is determined by the
      total number of bits in the character being processed and the number of
      bits comprising the framing information. Thus, more or less bits in the
      character or more or less bits used for framing, in this case the
      stop-start bits, will determine the length of shift register 16.
PAR  Shift register 16 is also provided with, in this case, N+2 preset input
      terminals which are electrically connected together at point F. This
      arrangement is provided so that all stages of register 16 may be preset to
      a logic 1 state in response to a logic 1 level applied at point F. Thus,
      the application of a 1 level at point F causes a 1 level to appear at
      terminals P1-PN+2 and each stage of register 16 goes to a logic 1 level.
      Shift register 16 has N+2 output terminals connected to output lines O1 to
      ON+2 respectively. The initial condition of register 16, i.e. prior to
      loading data, is always, in this embodiment, a 1 in each stage thereof.
PAR  In response to the clock pulses at point C, the sampled input data is
      clocked into shift register 16 via line 18 and the serial input terminal
      of register 16. As the input data is shifted through the N+2 stages of
      register 16, the extreme stage coupled to output line O1 sees a constant 1
      level as the preset 1's are serially unloaded onto line O1. The waveform
      at point D which is on line O1, is shown in FIG. 5. In FIG. 5 it will be
      seen that the waveform at point D stays high as the input data is shifted
      into the register 16 and the initial condition 1's are shifted out at
      point D until the start bit propagates through the register 16 and is
      located in the stage to which line O1 is coupled. At this time the stop
      bit is in the first stage, the character is in the second through ninth
      stage, and the start bit is in the tenth stage of register 16.
PAR  When the last stage of register 16 sees the transition from the initial 1
      condition to the 0 condition of the start bit, a delay and pulse circuit
      20 which is connected to line O1 is activated. The delay and pulse circuit
      20 may typically comprise two cascaded one-shot multivibrators which
      provide an output pulse at point E in response to the transition from 1 to
      0 in the last stage of register 16. The pulse provided at point E, which
      may be termed a data strobe, is an indication that a full character is
      available in register 16 for parallel output of lines O2 to ON+1.
PAR  Lines O2 to ON+1, that is the lines passing the full character, are
      connected to a utilization device 22. Device 22 may take many forms such
      as a computer, a teletype or even buffering equipment preceding a
      computer, teletype or other equipment. The pulse appearing at point E is
      coupled to device 22 via line 24. This data strobe pulse may be used to
      merely indicate to the device 22 that a character is ready for parallel
      processing or may be used in some type of gating arrangement.
PAR  In addition, the pulse appearing at point E is coupled via line 26 to one
      input terminal of OR gate 28. The output terminal of OR gate 28 is
      connected to the clear input terminal of control flip-flop 12. Upon the
      appearance of a pulse at point E, control flip-flop 12 is cleared and the
      signal at point B goes low. Clocking device 14 is gated off by the low
      level at point B and no additional bits are clocked into register 16 at
      this time.
PAR  The signal appearing at point B is coupled via line 30 to a second delay
      and pulse circuit 32. Circuit 32 may also comprise two one-shot
      multivibrators in cascade. Delay and pulse circuit 32 responds to the
      transition from 1 to 0 in waveform B to generate a pulse which is delayed
      in time with respect to that transition. The pulse from circuit 32 is
      coupled via line 34 to one input terminal of OR gate 36. The waveform
      appearing at the output terminal of OR gate 36, that is point F, is
      provided to the preset input terminals P1-PN+2 of register 16. Thus, the
      pulse appearing at point F and shown in FIG. 7 is used to reset register
      16 back to its initial condition of a logical one level in each stage. It
      will be noted that the reset pulse at point F is applied after the data
      strobe at point E. This is a result of the operation of circuit 32 and
      helps to insure that the parallel data is read out of the register 16
      before the register gets reset. However, this reset pulse at point F must
      occur before the beginning of the next start bit. Thus, it will be seen
      that the cycle of converting serial input data into parallel output data
      includes an automatic reset phase.
PAR  In addition to the circuitry previously described, there is also circuitry
      provided in FIG. 1 for setting the initial conditions before the input
      data arrives. A source of clear signals (not shown) is provided on line 38
      and is coupled to the other input terminal of gate 28 and the other input
      terminal of gate 36 via lines 40 and 42 respectively. One may selectively
      apply a clear pulse to line 38 at any time. The pulse applied to line 38
      will insure that clocking device 14 is gated off via control flip-flop 12
      and at the same time will insure resetting of the 1 level initial
      condition in register 16 via OR gate 36 and the preset input terminals
      P1-PN+2 connected to point F.
PAR  To recap the operation of the circuit of FIG. 1, the register 16 is set to
      an initial condition of all 1's in each stage. The transition between a
      stop and start bit gates on the clocking device 14 and the start bit, the
      N bits of the character and the stop bit are serially clocked into
      register 16. The output line O1 sees all 1's coming out of the associated
      register stage until the start bit reaches that stage. In response to this
      transition from 1 to 0 a delayed data strobe pulse is generated which
      indicates that the full character is ready for processing. In response to
      the data strobe pulse the clocking device 14 is gated off and shortly
      thereafter all stages of the register are returned to a 1 level condition.
      The circuit is now ready to respond to the next stop-start bit transition
      on the incoming data line 10.
PAR  Thus, the present invention describes a serial-to-parallel data converter
      which eliminates the use of a counter and therefore provides a simpler
      arrangement than the typical prior art circuits. Another important
      advantage is the ease with which different character lengths, that is
      characters with different values of N, can be handled. For example, if a
      character length of six bits is to be handled, i.e. N=6, point D is simply
      moved either mechanically or electronically onto line O3. Now eight stages
      of register 16 would be used with the start bit propagating to the stage
      coupled to line O3, the six bits of the character located in the stages
      coupled to lines 04 - O9, and the stop bit located in the stage coupled to
      line O10 in FIG. 1 when register 16 is full. The operation previously
      described for N=8 is carried out in exactly the same way when N=6 is used.
      Thus, it is a relatively simple matter to accommodate any number of
      character bits as long as the register, such as 16, has enough stages to
      accommodate all the character and framing bits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for converting a serial input data stream into blocks of
      parallel output data, said serial input data stream comprising a plurality
      of characters, each character comprising N bits of digital information
      preceded by a start bit represented by one voltage level and followed by
      at least one stop bit represented by another voltage level, said circuit
      comprising:
PA1  a shift register having a clock input terminal, and having a data input
      terminal receptive to said serial input data stream, and comprising N+X
      stages, where X equals the number of start and stop bits preceding and
      following, respectively, each character, each stage having an output
      terminal, said shift register being adapted through a reset terminal for
      having each of said N+X stages preset to a particular initial condition,
      said initial condition being represented by said other voltage level;
PA1  a set-reset flip-flop circuit having a set input terminal receptive to said
      serial input data stream and being responsive to the transition between
      said other voltage level and said one voltage level representing a start
      bit in said input data stream for providing a gating signal so long as the
      flip-flop is in its "set" state;
PA1  clocking means having an output terminal coupled to the clock input
      terminal of said shift register and responsive to the presence of said
      gating signal for serially clocking in a start bit, N bits representing a
      character and said at least one stop bit into said shift register;
PA1  pulse means coupled to the output terminal of a particular stage of said
      shift register and responsive to the transition from the initial condition
      voltage level to the voltage level representing said start bit in said
      particular stage for providing a strobing signal indicating the
      availability of a complete character at N output terminals of said shift
      register;
PA1  means coupling said strobing signal to the reset input of said flip-flop to
      thereby discontinue said gating signal and the output of said clocking
      means; and
PA1  delay means responsive to termination of said gating signal for coupling a
      signal to the reset input terminal of said shift register to restore the
      shift register to said initial condition.
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ABST
PAL  A system of remote supervising and controlling many console units or
      equipments associated therewith with a central supervision and control
      unit. Console units are connected in parallel to the central unit through
      a single output line comprising a group of wires from the central unit,
      series signals of clock, data and other pulses are transmitted from the
      central unit to the respective console units, and signals informing
      whether the state in the respective console units is normal or not and
      results of detections of the respective equipments are returned from the
      console units to the central unit through a signal line in the group of
      wires.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a remote supervision and control system.
PAR  2. Description of the Prior Art
PAR  Conventional systems for supervising and controlling from a remote place
      between, for example, a central supervision unit and a plurality of
      console units can be largely classified into the following systems: (1) a
      polarized signal system wherein one connecting line is alloted to each
      object to be supervised and controlled in addition to two common lines and
      the kind of signal is discriminated by the polarity of the voltage
      impressed on the connecting line, (2) a synchronous selection system
      wherein an orderly sequence is provided for objects to be controlled and
      the objects to be controlled are synchronously switched in turn by pulses
      sent through a common connecting line to control and supervise the
      objective units, (3) a pulse code system wherein pulses are sent out
      through a common connecting line and the kind of signal is judged by the
      number of the pulses, different pulses combined in them or stop of the
      pulses to control or supervise the units, (4) a frequency system wherein
      signals of different frequencies are oscillated, sent out through a common
      connecting line and judged by using a frequency filter to control and
      supervise the units, and so on. However, each system has its own merits
      and demerits.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, (a) the address detection is made by the pulse
      code system and the control and supervision are made by the synchronizing
      system so that the merits of both systems will be utilized and the
      supervision and control are made by clock signals from the central
      supervision unit so that no signal transmitting means to the central
      supervision unit will be required within the console unit and the unit and
      the whole system will be simplified, (b) any misoperation is prevented
      only by the operation of a noise checking circuit in the console unit
      subjected to two kinds of clock pulses so that it will not be necessary to
      insert such complicated circuit as by a parity check or twice repeated
      references into the console unit, (c) an accident detector is provided in
      the console unit so that, in case any accident is caused, the location of
      the accident will be able to be easily judged, the maintenance will be
      simplified and a proper treatment will be possible, (d) as the information
      is transmitted by series pulses connecting the address detection and
      control and supervision, the information transmitting speed is lower than
      those of the pulse code system and parallel transmission system but, as
      the supervision and control are made in the same period, the information
      transmitting speed may be made low and (e) the respective console units
      are connected through one cable containing required number of wires so
      that the wiring will be simplified and the amount of use of the cable will
      be saved.
PAR  A main object of the present invention is to provide a remote supervision
      and control system simplifying a central supervision unit and console
      units and high in the reliability.
PAR  Another object of the present invention is to provide a remote supervision
      and control system wherein troubles by noises present in the communication
      cable are eliminated.
PAR  A further object of the present invention is to provide a remote
      supervision and control system wherein the operating states of console
      units are reported to a central supervision unit.
PAR  Another object of the present invention is to provide a remote supervision
      and control system wherein the electric power consumption is small.
PAR  The present invention shall now be explained in detail with reference to
      preferred embodiments shown in attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of a remote supervision and control
      system of the present invention;
PAR  FIG. 2 is a block diagram of a central supervision unit used in the system
      of the present invention;
PAR  FIG. 3 is an example of circuitry diagram showing in detail of respective
      parts of the central supervision unit of the present invention;
PAR  FIG. 4 is a diagram showing first and second clock pulses and data pulses
      produced by the central supervision unit of FIG. 3 and a clear pulse
      appearing in console unit used in the system of the present invention
      shown in FIG. 5 or 6;
PAR  FIG. 5 is a block diagram of a console unit in the present invention;
PAR  FIG. 6 is an example of practical circuit diagram of the console unit; and
PAR  FIG. 7 is a diagram showing voltage wave forms at respective parts in the
      console unit of FIG. 6 for explaining the operation thereof depending on
      the presence or absence of noises.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring briefly to the remote supervision and control system of the
      present invention reference to FIG. 1, a central supervision unit K of the
      system is provided with a plurality of console units T connected thereto
      through cables L.
PAR  In FIG. 2 showing a block diagram of the central supervision unit used in
      the system according to the present invention, 1 is a switch operating
      unit in which a switch is manually or automatically operated, pulses from
      a clock pulse generator 2 generating pulses at fixed periods are given to
      a control unit 3, outputs from said control unit 3 are given to a send-out
      unit 4, data pulses, first clock pulses and second clock pulses are sent
      out respectively through lines L.sub.D, L.sub.C1 and L.sub.C2, reply
      pulses (pulses showing information from detectors provided in the console
      units) are given to a receiving unit 5 through a reply pulse line L.sub.R,
      this infomation is given to a display unit 6 through a control unit 3 to
      make a fixed display and L.sub.1 and L.sub.2 are respectively + and -
      current source lines.
PAR  Referring next to an embodiment as shown in FIG. 3 of the central
      supervision unit, the switch operating unit 1 consists of an operation
      ordering unit 1a, data setting unit 1b and address data setting unit 1c
      which are operated by an external computer. The operation ordering unit 1a
      is provided with switches "Reset", "Load" and "Start". The control data
      setting unit 1b is provided with six switches C.sub.1 to C.sub.6. The
      address data setting unit 1c is provided with eight switches A.sub.0 to
      A.sub.7.
PAR  The pulse generator 2 is provided with two monostable multivibrators
      M.sub.1 and M.sub.2, a binary counter B.sub.1, a decoder E.sub.1 and
      flip-flops F.sub.1, F.sub.2, F.sub.3 and so on. A pulse generator is
      formed of the monostable multivibrators M.sub.1 and M.sub.2. The output of
      this pulse generator is given to a binary counter B.sub.1 and the output
      of the binary counter B.sub.1 is given to the decoder E.sub.1. The
      flip-flops F.sub.1, F.sub.2 and F.sub.3 are driven with the output of the
      decoder E.sub.1.
PAR  The control unit 3 is provided with shift registers S.sub.1  to S.sub.5,
      flip-flops F.sub.4 to F.sub.10, a binary counter B.sub.2, a decoder
      E.sub.2 and NAND-circuits 1 to 8. The terminals A, B, C and D of the shift
      register S.sub.1 are connected respectively with the ground and switches
      C.sub.6 C.sub.5 and C.sub.4 of the control data setting unit 1b and the
      terminals J and K are connected with the ground. The terminals A, B, C and
      D of the shift register S.sub.2 are connected respectively with the
      switches C.sub.3, C.sub.2 and C.sub.1 of the control data setting unit 1b
      and the ground and the terminals J and K are connected with the terminal Q
      of the shift register S.sub.1. The terminals A, B, C and D of the shift
      register S.sub.3 are connected respectively with the switches A.sub.7,
      A.sub.6, A.sub.5 and A.sub.4 of the address data setting unit 1c and the
      terminals J and K are connected with the terminal Q of the shift register
      S.sub.2 . The terminals A, B, C and D of the shift register S.sub.4 are
      connected respectively with the switches A.sub.3, A.sub.2, A.sub.1 and
      A.sub.0 of the address data setting unit 1c and the terminals J and K are
      connected with the terminal Q of the shift register S.sub.3. The terminal
      Q of the shift register S.sub.4 is connected with one input terminal of
      NAND 1. The other input of NAND 1 is connected with the terminal Q of the
      flip-flop F.sub.2 of the pulse generating part 2. The remaining input is
      connected with the terminal Q of the flip-flop F.sub.7.
PAR  One input of NOR 3 in the circuit 3a for making a vacancy for one pulse in
      the first clock pulses CP.sub.1 is connected with the switch Reset of the
      operation ordering unit 1a of the switch operating unit 1 and the
      remaining input is connected with the terminal Q of the flip-flop F.sub.9.
      The terminal S of the flip-flop F.sub.9 is maintained always at a high
      level and the terminal R is connected with the terminal Q of the flip-flop
      F.sub.7. The terminal T of the flip-flop F.sub.9 is connected with the
      output terminal of NAND 6 through NOT 2. One input of NAND 6 is connected
      with the terminal "0" of the decoder E.sub.1 through NOT 3 and the
      remaining input is connected with the output terminal of NAND 7 through
      NOT 4. One input of NAND 7 is connected with the terminal 0 of the decoder
      E.sub.2 through NOT 5 and the other input is connected with the terminal Q
      of the flip-flop F.sub.4. The terminal S of the flip-flop F.sub.4 is
      connected with the terminal 15 of the decoder E.sub.2 and the terminal R
      is connected with the output terminal of NOR 3 through NOT 6. The output
      terminal of NOT 6 is further connected with the terminal R of the
      flip-flop F.sub.7, the terminal R of the flip-flop F.sub.5 and the reset
      terminal R of the binary counter B.sub.2. The terminal D of the flip-flop
      F.sub.5 is connected with the terminal Q of the flip-flop F.sub.7 and the
      terminal T is connected with the terminal Q of the flip-flop F.sub.1. One
      input terminal of NAND 2 is connected with the terminal Q and the other
      input terminal is connected with the terminal Q of the flip-flop F.sub.1.
      The output of NAND 2 is connected with the terminal C.sub.p of the binary
      counter B.sub.2 through NOT 1 and, in addition, with the terminal CP.sub.1
      of the send-out unit 4 through the circuit NOT.
PAR  The terminals CP.sub.1 and DATA of the transmitter 4 are wired as mentioned
      above and the terminal CP.sub.2 is connected with the terminal Q of the
      flip-flop F.sub.3 through the circuit NOT.
PAR  The terminal REPLY of the receiving unit 5 is connected with the input
      terminal of each of NAND 4 and NAND 5 of the controlling unit 3 through
      NOT 6, the other input of NAND 4 is connected with the terminal CP.sub.1
      of the send-out unit 4 and the other input of NAND 5 is connected with the
      terminal Q of the flip-flop F.sub.3. The output of NAND 4 is connected
      with the terminal S of the flip-flop 6. The terminal R of the flip-flop 6
      is connected with the terminal Reset of the operation ordering unit 1a of
      the switch control unit 1. The terminal Q is connected with the noise
      displaying element W' of the display unit 6 through the circuit NOT. The
      output of NAND 5 is connected with the shift register S.sub.5 through NOT
      7.
PAR  The terminal C.sub.P of the shift register S.sub.5 is connected with the
      output of NAND 8 through NOT 8, one input of NAND 8 is connected with the
      terminal Q of the flip-flop F.sub.10 and the other input is connected with
      the terminal 7 of the decoder E.sub.2. The terminal S of the flip-flop
      F.sub.10 is connected with the terminal 9 of the decoder E.sub.2 and the
      terminal R is connected with the terminal 0 of the decoder E.sub.2. The
      terminal Reset of the shift register S.sub.5 is connected with the switch
      Reset of the operation ordering unit 1a of the switch control unit 1. The
      output terminals A, B, C, D, E, F and G of the shift register S.sub.5 are
      connected respectively with the displaying elements W.sub.6, W.sub.5,
      W.sub.4, W.sub.3, W.sub.2, W.sub.1 and W.sub.0 of a console accident
      display unit 6b through the circuits NOT.
PAR  It will be appreciated that, if this console accident display unit 6b is
      assembled in a matrix type in such manner that a row of the six displaying
      elements are arranged as one set with respect to one console unit, another
      row of the six displaying elements are also arranged as another set with
      respect to another console unit and so on, it is made possible to easily
      identify at a glance the location of an accident, that is, in which
      particular detecting element of which particular console unit there
      occurring the accident. The reference to the embodiment here shall
      proceed, however, with reference to one set of the six displaying elements
      as described in the foregoing, for the purpose of simplicity and clarity.
PAR  The operation shall be explained in the following. First of all, a
      resetting signal is given to the switch Reset of the operation ordering
      unit 1a of the switch operating unit 1 to reset the flip-flops F.sub.4,
      F.sub.5, F.sub.6 and F.sub.7, binary counter B.sub.2 and shift register
      S.sub.5 in the control unit 3.
PAR  Then a loading signal is given to the switch Load of the operation ordering
      unit 1a of the switch operating unit 1, the inputs S/L of the shift
      registers S.sub.1, S.sub.2, S.sub.3 and S.sub.4 of the control unit 3 are
      made to be of a low level and the control data set in the control data
      setting unit 1b and the address data set in the address data setting unit
      1c in the switch operating unit 1 are read into the shift registers
      S.sub.1, S.sub.2, S.sub.3 and S.sub.4.
PAR  Then a starting signal is given to the switch Start of the operation
      ordering unit 1a of the switch operating unit 1, the input S of the
      flip-flop F.sub.7 of the control unit 3 is made to be of a low level and
      the output Q is made to be of a high level so that one input of NAND 1
      will be always held at a high level. When the output Q of the flip-flop
      F.sub.2 coincides with the outputs from the shift registers S.sub.4,
      S.sub.3, S.sub.2 and S.sub.1, a high level will appear at the terminal
      DATA of the send-out unit 4 and, when it does not coincide, a low level
      will appear.
PAR  The output Q of the flip-flop F.sub.1 is given to NAND 2 of the flip-flop
      F.sub.5 and is transmitted to the terminal CP.sub.1 of the send-out unit 4
      through three NOT circuits. At this time, the output of NAND 2 will be
      given to the binary counter B.sub.2 through NOT 1 and a vacancy will be
      made at the bit 16th from the first of the pulses of CP.sub.1 by the
      circuit 3a through the decoder E.sub.2.
PAR  The output Q of the flip-flop F.sub.3 will be transmitted to the terminal
      CP.sub.2 of the send-out unit 4.
PAR  Now, when information showing that a noise is present is transmitted to the
      receiving unit 5 through the reply line L.sub.R, NAND 4 will be set ON,
      the output Q of the flip-flop F.sub.6 will be of a high level and it will
      be displayed at W' of the display unit 6 that a noise is present.
PAR  Any accident in the console units will be transmitted to the receiving unit
      5 through the reply line L.sub.D. This signal will be given to NAND 5 and
      NAND 4 through NOT 6 and NAND will be taken with the former between it and
      the output Q of the flip-flop F.sub.3 and with the latter between it and
      the clock pulse CP.sub.1. As a result, the output of NAND 5 will be of a
      high level and will be transmitted to the shift register S.sub.5 through
      NOT 7. Thereby the accident in the console units will be displayed at the
      element W.sub.0 of the display unit 6. This element W.sub.0 is to be
      lighted on in normal state and lighted off in emergency state.
PAR  When a switch means of fire alarm, criminal alarm or the like, for example,
      a switch SW.sub.i (here i = 1, 2, . . . . 6) provided in the send-out unit
      110 of the console unit T is set ON, a signal will be sent out onto the
      reply line L.sub.R through the NAND circuit 148, NOR circuit 146 and OR
      circuit 128. This confirmation signal will be received by the receiving
      unit 5 in the central supervision unit and will be displayed at W.sub.i
      (here i = 1, 2, . . . . 6) of the display unit 6. The displaying element
      W.sub.i is to be lighted off in normal state and lighted on in emergency
      state, that is, the element W.sub.i will be ON when the switch SW.sub.i is
      set ON.
PAR  In FIG. 4 there are shown wave forms of clock pulses and data pulses used,
      in which CP.sub.1 shows first clock pulses, CP.sub.2 shows second clock
      pulses and D shows data pulses, all having the same cycles. Both of the
      first clock pulses and second clock pulses are shorter in the on-duty
      period than in the off-duty period. The second clock pulses CP.sub.2 are
      different from the first clock pulses CP.sub.1 by 180.degree. in the
      phase. The data pulses D are so formed that the on-duty period of the data
      pulses will be in the off-duty period of the first clock pulses CP.sub.1
      and in the on-duty period of the second clock pulses CP.sub.2. Further,
      the first clock pulses CP.sub.1 have a vacancy for one pulse in the
      starting position. As shown by the wave form D in FIG. 4, these data
      pulses are formed of series pulses of an address signal part A and control
      signal part C. In the illustrated case, the data pulses are formed of 16
      bits of which 8 bits are of the address signal part A and 8 bits are of
      the control signal part C. This control signal part C is to drive and
      control a buzzer in the fire or criminal alarm device or the like,
      automatic fire extinguishers or the like units connected with the
      respective console units. The controlled units of the console units
      correspond to the respective bits of this control signal part C at a rate
      of one to one and are switched on and off depending on whether the pulses
      C.sub.1, C.sub.2, . . . . are in the respective bits or not.
PAR  In FIG. 5 there is shown a block diagram of the console units, in which a
      noise checking part 101 is so formed as to receive as an input the first
      clock pulses CP.sub.1, second clock pulses CP.sub.2 and data pulses D and
      to detect noises by utilizing the fact that the first clock pulses, second
      clock pulses and data pulses are different from one another by 180.degree.
      in the phase. In case there is no noise, the output of a noise detector
      101 will be of a high level but, if there is a noise, its output will be
      of a low level. In case there is no noise, that is, in case the output of
      the noise detector 101 is in a high level, an AND-gate 102 will pass the
      second clock pulses to transmit them to a shift register 103, control
      clock pulse generator 106 and console accident detector 114. In case there
      is a noise, that is, in case the output of the noise detector 101 is in a
      low level, the AND-gate 102 will block the second clock pulses so as not
      to transmit them to the shift register 103 and others. A starting pulse
      checking unit 107 is to obtain starting pulses from the first clock pulses
      and second clock pulses by utilizing the vacancy (see CP.sub.1 in FIG. 4)
      in the starting position of the first clock pulses. With these starting
      pulses, the noise detector 101 is operated and the operation of the
      control clock pulse generator 106 is started.
PAR  The shift register 103 reads in the pulses of the address signal part A in
      the data pulses D as synchronized with the second clock pulses CP.sub.2
      and compares the address signal memorized in this shift register 103 and
      the address set in advance in each console unit by the address setting
      part 104 (in which the addresses are set manually or automatically in
      advance) with each other by means of a comparator 105. When these address
      signal and set address are concurrent with each other, the corresponding
      console unit will be called out to put the concurrent signal into the
      concurrent signal holding circuit 108. This concurrent signal holding
      circuit 108 will produce an output only in case it holds a concurrent
      signal so that the output unit 109 for driving the units associated with
      the console units and an information sending part 110 sending out
      informations from the supervision unit associated with the console units
      and console accident detector 114 to the reply line L.sub.R can be
      operated.
PAR  The control clock pulse generator 106 counts the number of the second clock
      pulses from the time of the generation of the starting pulses, produces an
      output corresponding to each bit in the control signal input period and
      selects the output unit 109 and information sending part 110 provided
      respectively so as to correspond to the respective bits in said period.
      The output unit 109 and information sending part 110 can operate when a
      concurrent signal is produced by the comparator 105. Then, by the control
      clock pulse generator 106, a selecting clock signal is produced to show to
      what bit number in the input period it corresponds and the output unit 109
      and information sending part 110 corresponding to said bit are selected.
      In this selected output unit, when it is selected, if the data pulses are
      put in through the line L.sub.D, said output unit 109 will operate to
      drive the controlled unit and, if there is no input of the data pulses,
      said output unit 109 will stop the driving of the controlled unit.
      Further, in the information sending part 110 selected as mentioned above,
      information from the detector is sent out as an output signal as
      synchronized with this timing and this signal is sent out of an OR-gate
      111 to the reply line L.sub.R and is received by the central supervision
      unit K. 112 is an inverter which will produce a signal of a high level
      when the output signal of the noise detector 101 is inverted to detect a
      noise. When a high level output is produced in this inverter 112, and
      AND-gate 113 will open as synchronized with the first clock pulses and the
      output will be sent back to the central supervision unit K as a noise
      detecting reply signal through an OR-gate 111. General reply pulses are
      sychronized with the second clock pulses and are sent back from the input
      part but the noise detecting reply signals are sent back as synchronized
      with the first clock pulses. In the central supervision unit K, when an
      input synchronized with the first clock pulses is produced, a noise will
      be detected on the console unit side and it will be known that a normal
      operation is impossible.
PAR  114 is a console accident detector to report whether there is an accident
      in the internal circuits of the console units or not.
PAR  FIG. 6 shows an example of practical circuit of console units. Its
      formation and operation shall be explained.
PAR  In the drawing, L.sub.D is a data pulse line, L.sub.C1 is a first clock
      pulse line, L.sub.C2 is a second clock pulse line and L.sub.R is a reply
      pulse line. + and - show respective current source lines.
PAR  101 is a noise detector which is to detect noises by utilizing the fact
      that the second clock pulses CP.sub.2 and data pulses D are different from
      the first clock pulses CP.sub.1 by 180.degree. in the phase. The first
      clock pulses CP.sub.1 and second clock pulses CP.sub.2 are connected with
      a NAND-gate 121 through an inverter 120 connected respectively in series
      of two with the data pulse line LD, first clock pulse line L.sub.C1 and
      second clock pulse line L.sub.C2, the data pulses D and first clock pulses
      CP.sub.1 are connected with a NAND-gate 122, the outputs of both
      NAND-gates 121 and 122 are applied to a NOR-gate 123 and the output of
      said NOR-gate 123 is connected with a SET terminal S of a noise detecting
      holding flip-flop 125 through an inverter 124. In case noise pulses N are
      superimposed on the first clock pulses CP.sub.1 or on the second clock
      pulses CP.sub.2 and data pulses D as shown in FIG. 7, the output of the
      NAND-gate 121 or 122 will become low in the lovel and a low level input
      will be impressed on the SET terminal S of the flip-flop 125. Therefore,
      the output Q of the flip-flop 125 will become high in the level and a
      noise detecting signal NG will be sent back by the timing of the first
      clock pulses CP.sub.1 through the NAND-gate 126, inverter 127 and OR-gate
      128 to the reply pulse line L.sub.R and the central supervision unit K
      will receive this noise detecting signal NG.
PAR  On the other hand, in case no noise is detected, the output Q of the
      flip-flop 125 will be in a high level and the output Q will be in a low
      level. Therefore, this output is inverted by the inverter 129 and is given
      to the shift register 103 and a binary counter 132 through a NAND-gate 130
      and inverter 131.
PAR  The starting pulse checking part 107 is formed of a flip-flop 133 and
      NAND-gate 134 so that, when the first clock pulses CP.sub.1 are put into a
      terminal S of a flip-flop 133 through one inverter 120 and the inverting
      signal of the first clock pulses CP.sub.1 is put in, the output Q of said
      flip-flop 133 will be of a low level but, when the second clock pulses
      CP.sub.2 are put into a terminal T of the flip-flop 133 through one
      inverter 120 and the inverting signal of the second clock pulses CP.sub.2
      rises, the output Q will be of a high level. The output Q of this
      flip-flop and the second clock pulses CP.sub.2 through two series
      inverters 120 are given to a NAND-gate 134 so that a starting position
      will be detected from the vacancy (see CP.sub.1 in FIG. 4) which the first
      clock pulses CP.sub.1 have and the output of said NAND-gate 134 is given
      to a terminal CL of a binary counter 132 in the control clock pulse
      generator 106 as a clearing signal CL (see wave form CL in FIG. 4) by the
      detection of the starting position and clears the binary counter 132.
      Further, an inverter input is given to a terminal T of the flip-flop 125
      through an inverter 135 to reset an address holding flip-flop 138.
PAR  The shift register 103 is synchronized with the second clock pulses
      CP.sub.2 and reads in an address signal of the data pulses D (see FIG. 4).
      The address signal read in and memorized by this shift register 103 and
      the set address in the address setting unit 104 set for each console unit
      T in advance are compared with each other by means of the comparator 105.
      When these address setting signal and set address are concurrent with each
      other, a concurrent signal calling out said console unit T will be
      produced in the comparator 105 and will be given to a terminal S of the
      flip-flop 138 so as to be held thereby and a high level signal will appear
      in the terminal Q. While the concurrent signal is being held, the output
      unit 109 and information sending part 110 can operate. In case the address
      setting signal and the set address are not concurrent with each other, the
      output unit 109 and information sending part 110 will not operate. The
      control clock pulse generator 106 is formed of the binary counter 132 and
      a decoder 140 so that the number of the second clock pulses CP.sub.2 from
      the time of the generation of the starting pulses will be counted by the
      binary counter 132 and the output unit 109 and information sending part
      110 corresponding to the respective bits in the period in which the
      control signal is being put in during the data pulses D will be selected.
      In other words, in this embodiment, the data pulses D are formed of 16
      bits and, as shown in FIG. 4, the first 8 bits are of an address signal
      part and the latter 8 bits are of a control signal part. The above
      mentioned shift register 103 is formed of 8 bits so that, when the set
      address set by the address setting part 104 and the output of the shift
      register 103 are concurrent with each other and further when the output of
      the decoder 140 is 8, that is, the clock pulse CP.sub.2 is the ninth, a
      NAND-gate 137 will be opened, the flip-flop 138 will be set and said
      console unit will be placed in a state of being selected.
PAR  The clock pulses CP.sub.2 are put into the shift register 103 and also into
      the binary counter 106, counted from the first of the input period of the
      data pulses D and given as outputs of the respective terminals "9 to 15"
      by the decoder 140. The period while the output of the decoder 140 is 8 to
      15 is a period of a control signal part C. Here, when the output of the
      decoder 140 is 8, it will be used to hold the information that the address
      is concurrent. The output 9 is used for checking internal accident of the
      console unit and with an output of 10 to 15 the control output unit 109
      will be operated. With the rise of an output 15, further, the flip-flop
      138 is caused to reset.
PAR  The output unit 109 comprises inverters 141 and 142, NAND-gate 143 and
      two-winding latching relay 144 so that a supervision unit (not
      illustrated) will be operated by the operation of the relay. For example,
      when the output of the flip-flop 138 memorizing the information of the
      concurrence of the address is in a high level and the output of the
      decoder 140 is 10, NAND-gates 143a and 143b will transmit the control
      signal of the data pulses D to a relay 145.
PAR  The information sending part 110 is to send out such supervision state as
      disaster prevention as reply pulses and comprises a supervision unit
      having an OR-gate 146, NAND-gate 147 and contacts SW.sub.i (i = 1, 2, . .
      . . 6). When an ON-signal of the contact 148, a high level signal of the
      flip-flop 138, a signal from the decoder 140 to operate a selected control
      unit (not illustrated) and the second clock pulses CP.sub.2 are
      simultaneously present, the NAND-gate 147 will send out reply pulses to
      the reply line L.sub.R through the OR-gate 146.
PAR  8 is used to confirm that the flip-flop 138 is held, there is an output of
      the decoder 140 and the console units are being normally operated by
      automatically sending a reply signal from the information sending part 110
      so that whether there is an accident in the console units or not will be
      known.
PAR  In correspondence with the respective outputs "j" (j + 10, 11, . . . . 15)
      from the decoder 140, terminals "V.sub.1 " (i = J - 9) of the output unit
      109 are respectively connected with desired supervision units V.sub.i ' (j
      = j - 9). However, as this respect is not directly concerned to the
      subject of the present invention, further details will be omitted here.
      Futher, the terminal J.sub.i (i = J - 9) of the information sending part
      110 is connected with a switch SW.sub.i or the like contained in the
      particular supervision unit V.sub.i ' connected with the above output unit
      terminal V.sub.i.
PAR  It should be here noted that, provided the console unit T is formed with a
      number of CMOS elements, it is likely that a state in which many of these
      CMOS elements will perform switching operation simultaneously so that an
      excessive current will be caused to flow through the circuit may happen.
      In this case, therefore, it becomes necessary to use a considerably
      thicker wire as the current source line. According to the present
      invention, however, such a circuit 151 as shown, for example, in FIG. 6
      comprising a choke coil 149 and condenser 150 connected in L-shape is
      inserted between the console unit T and the source line, so that any
      varying current due to such switchings of CMOS elements in the console
      unit T can be averaged. Consequently the source line may bbe of a thinner
      wire and, in addition, the consuming power of the console unit T can be
      made less. Since the flowing current can be averaged, further, any voltage
      drop in the console unit becomes small so that any misoperation of CMOS
      elements will be able to be prevented from occuring.
PAR  The features of the present invention will be summarized as follows:
PAR  i. The data pulses are formed of a series pulse row of an address signal
      part and control signal part and the address signal part is formed of
      combined theoretical series pulses so that, through the required data line
      is one line, a large number of console units can be freely selected.
PAR  ii. The control output elements are made to correspond to the respective
      clock pulse positions in the control signal part's input period following
      the address signal part so as to be controlled by the state of the control
      signal pulses of the control signal part, so that informations will be
      transmitted depending only on whether the control signal pulses of the
      control signal part are in a high level or a low level, a separate coding
      signal converting circuit or the like will not be required and the circuit
      formation will be made simple.
PAR  iii. The first clock pulses consisting of pulses at regular intervals and
      the second clock pulses in a phase different by 180 degrees from that of
      the first clock pulses are transmitted through separate transmitting lines
      so that they will not be superimposed on each other and a noise detecting
      output will be produced when the input ingnals through these lines are
      superimposed on each other and, therefore, any noise can be positively
      detected with a simple circuit.
PAR  iv. A reply pulse (information) sending part is provided so that equipments
      associated with the console units will be controlled and at the time the
      result of the supervision can be known by the central supervision unit.
PAR  v. As a circuit for averaging varying currents is inserted in the console
      units, the current source line may be of a thinner wire and the consuming
      power can be made less.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for supervising and controlling remote equipment comprising in
      combination, a central supervision unit, a plurality of console units
      associated with the respective equipment to be controlled and supervised,
      a clock pulse line, a data pulse line, a reply pulse line, said lines
      coupling said supervision unit to said console units; said central
      supervision unit including means for sending out a series of clock pulses
      on said clock pulse line, means for sending out a series of data pulses on
      said data pulse line, said data pulses including an address signal part
      and a control signal part, each of said parts including a plurality of
      data pulses, and means for receiving a series of reply pulses from said
      reply pulse line; each of said console units comprising a shift register
      for storing data pulses, an address setting part in which an address
      assigned to the console unit is preset, a comparator for comparing the
      data pulses within said register with the address assigned by said address
      setting part and for producing a concurrent signal when the address signal
      part of said data pulses corresponds with said assigned address, a control
      pulse generator for counting said clock pulses and for generating control
      pulses synchronized with said clock pulses, output means responsive to
      said comparator said control pulse generator and said data pulses for
      sequentially directing data pulses within said control signal part to
      associated equipment in the presence of a concurrent signal, and sending
      means responsive to said comparator said control pulse generator and
      signals from associated equipment for sequentially sending reply pulses on
      said reply pulse line to said central supervision unit in the presence of
      a concurrent signal, whereby an addressed console unit responds
      synchronously to the control part of the data pulses after detection of
      the address assigned thereto.
NUM  2.
PAR  2. A system for supervising and controlling remote equipment comprising in
      combination, a central supervision unit, a plurality of console units
      associated with the respective equipment to be controlled and supervised,
      first and second clock pulse lines, a data pulse line, a reply pulse line,
      said lines coupling said central supervision unit to said console units;
      said central supervision unit including means for sending out a series of
      first clock pulses on said first clock pulse line and a series of second
      clock pulses on said second clock pulse line, said first clock pulses
      being of regular interval and having an on-duty period which is shorter
      than the off-duty period thereof, said second clock pulses having the same
      frequency as said first clock pulses and being shifted in phase by
      180.degree. from said first clock pulses, means for sending out a series
      of data pulses on said data pulse line, said data pulses having an address
      part and a control part, each of said parts including a plurality of data
      pulses, said data pulses having an on-duty period within the on-duty
      period of said second clock pulses, and means for receiving reply pulses
      from said reply pulse line; each of said console units comprising a shift
      register for storing data pulses, an address setting part in which an
      address assigned to the console unit is preset, a comparator for comparing
      the data pulses within said register with the address assigned by said
      address setting part and for producing a concurrent signal when the
      address part of said data pulses corresponds with said assigned address, a
      control pulse generator for counting the second clock pulses and
      generating control pulses synchronized with said second clock pulses,
      output means responsive to said comparator said control pulse generator
      and said data pulses for sequentially directing data pulses within said
      control part to associated equipment in the presence of a concurrent
      signal, and sending means responsive to said comparator said control pulse
      generator and signals from associated equipment for sequentially sending
      reply pulses on said reply pulse line to said central supervision unit in
      the presence of a concurrent signal, whereby an addressed console unit
      responds synchronously to the control part of the data pulses after
      detection of its assigned address.
NUM  3.
PAR  3. The system as set forth in claim 2 wherein the control pulse generator
      includes a counter for counting said second clock pulses and a decoder
      coupler to the counter, said decoder having outputs selectively energized
      in dependence upon the number of clock pulses counted by said counter,
      said decoder outputs being coupled to both said output means and said
      sending means whereby control and supervision is accomplished
      simultaneously.
NUM  4.
PAR  4. The system as set forth in claim 3 wherein said output means comprises a
      plurality of like output circuits associated with respective units of
      equipment to be controlled, said sending means comprising a plurality of
      like sending circuits corresponding to respective units of equipment to be
      supervised, each of said decoder outputs being coupled to an associated
      output circuit and sending circuit.
NUM  5.
PAR  5. The system as set forth in claim 4 wherein each of said output circuits
      comprises gating means responsive to said concurrent signal, said decoder
      and said data pulses; and two-winding latching relay means driven by said
      gating means for controlling the associated unit of equipment.
NUM  6.
PAR  6. The system as set forth in claim 2 wherein each of said console units
      includes a noise detecting circuit responsive to said first clock pulses,
      said second clock pulses and said data pulses; said noise detecting
      circuit including means for detecting phase errors between said pulses;
      and means responsive to the noise detecting circuit for disabling the
      binary counter within said control pulse generator and sending a noise
      generation signal to said central supervision unit for indicating the
      presence of noise.
NUM  7.
PAR  7. The system as set forth in claim 6 wherein said noise detecting circuit
      comprises a first NAND circuit to which said first clock pulses and data
      pulses are fed as inputs, a second NAND circuit to which said first clock
      pulses and second clock pulses are fed as inputs, a NOR circuit to which
      outputs of said first and second NAND circuits are fed, a NOT circuit to
      which the output of said NOR circuit is fed and a flip-flop to which the
      output of said NOT circuit is fed.
NUM  8.
PAR  8. The system as set forth in claim 3 wherein said central supervision unit
      includes means for creating a vacancy of one pulse in the first clock
      pulse series indicating the start of a message, each of said console units
      including start detector means responsive to said pulse vacancy for
      resetting the binary counter to initiate reception of a data pulse series.
NUM  9.
PAR  9. The system as set forth in claim 8 wherein said start detector means
      comprises a flip-flop coupled to said first clock pulses and said second
      clock pulses, and gating means coupling said flip-flop and said second
      clock pulses to said counter so that the first pulse vacancy serves to
      reset said counter and cause said counter to count succeeding second clock
      pulses.
NUM  10.
PAR  10. The system as set forth in claim 9 wherein said start detector circuit
      comprises a first NOT circuit to which said first clock pulses are fed as
      an input, a second NOT circuit to which said second clock pulses are fed
      as an input, a flip-flop to which the output of said first NOT circuit is
      fed as a set input and the output of said second NOT circuit is fed as a
      trigger input, and a NAND circuit to which one output of said flip-flop
      and the second clock pulses are fed as an input.
NUM  11.
PAR  11. The system as set forth in claim 2 wherein each of said console units
      includes a console accident detector operative upon said sending means to
      return a signal to said central supervision unit indicating the operating
      condition at said console unit.
NUM  12.
PAR  12. The system as set forth in claim 2 wherein said shift register contains
      the same number of stages as the number of bits withing the address part
      of the data pulses.
NUM  13.
PAR  13. The system as set forth in claim 2 wherein said central supervision
      unit comprises a switch operating unit including an operation ordering
      unit, a control data setting unit, and an address data setting unit; a
      pulse generator; a control unit having a plurality of shift registers;
      means coupling said switch operating unit to said shift registers for
      reading the information within said switch operating unit into said shift
      registers; means coupling said pulse generator to said shift register for
      serially shifting pulses from said shift register; a circuit for making a
      one pulse vacancy in the first clock pulses indicating the start of a
      message; a sendout unit for sending out said data pulses, first clock
      pulses and second clock pulses to the console unit; a receiving unit for
      receiving reply signals from the console units; and a display unit
      responsive to said reply pulses to display the supervised conditions at
      said console units.
NUM  14.
PAR  14. The system as set forth in claim 2 wherein said console units are
      powered from a current source coupled to said console units through an
      energy storing impedance, said impedance comprising a choke coil and a
      condenser coupled in an L configuration for averaging the power supplied
      to said console unit.
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ABST
PAL  Method and apparatus for electrically interrogating gaseous discharge cells
      in a plasma panel to sense the state of said cells by selectively coupling
      a sensing impedance element for detecting the presence of a discharge
      current associated with cells having information. Graphic systems using
      electrical interrogation of gaseous discharge cells in a plasma panel to
      provide image editing and/or image transfer.
PARN
PAR  This is a continuation-in-part application of a co-pending application Ser.
      No. 259,989 filed June 5, 1972 and now abandoned.
BSUM
PAR  This invention relates to plasma display panels and more particularly to
      methods and apparatus for electronically extracting or reading-out
      information from a plasma panel.
PAR  The plasma panel is a two dimensional array of light emitting gas discharge
      elements that exhibits inherent memory. This type of plasma panel has been
      previously described in U.S. Pat. No. 3,559,190, issued Jan. 26, 1971, on
      an application of D. L. Bitzer, H. G. Slottow and R. H. Willson, entitled
      "Gaseous Display and Memory Apparatus", U.S. Ser. No. 613,693, filed Dec.
      22, 1966, assigned to the same assignee as here. The plasma panel
      described in the aforementioned patent comprises a plurality of discharge
      cells having associated electrodes for discharging the gaseous medium
      within selected cells and forming corresponding cell wall charges, the
      presence or absence of wall charges conveying the desired display
      information. The plasma panel is normally termed a "plasma display panel"
      although it is also useful as an information storage or memory panel, with
      or without its display capability.
PAR  In U.S. Pat. No. 3,559,190 there is disclosed optical read-out techniques
      for extracting information from an array of plasma display elements. It is
      also mentioned that in addition to light detecting means, suitable
      electrical interrogation techniques may be employed to detect the presence
      of cell wall charges (Column 13, lines 48-50). Brief mention of possible
      electrical interrogation techniques is also given in the following:
PA0  1. D. L. Bitzer and H. G. Slottow, "Principles and Applications of the
      Plasma Display Panel," Proceedings of the O.A.R. Research Applications
      Conference, Office of Aerospace Research, Arlington, Virginia, March 1968.
PA0  2. D. L. Bitzer, H. G. Slottow, "Principles and Applications of the Plasma
      Display Panel," Proceedings of the 1968 Microelectronics Symposium, IEEE,
      St. Louis, Missouri, 1968.
PA0  3. R. L. Johnson, "The Application of the Plasma Display Technique to
      Computer Memory Systems," Ph.D. Thesis, University of Illinois, Urbana,
      Illinois, 1970.
PAR  We have now developed several novel and useful electrical interrogation
      techniques. From a fundamental viewpoint, there exist two primary
      observables (i.e., phenomena which can be observed and measured external
      to a plasma display element) that can be used to determine the state of
      the element: (1) the light pulse sequences which characterize each state;
      and (2) the external current pulse sequences which are directly
      proportional to the internal discharge current pulses that characterize
      each state. In both cases, the identity of a state is determined by the
      phrase relationship between the observed activity and the sustain/control
      voltage waveform. In addition to the primary observables just mentioned,
      there are other internal phenomena (e.g., field strength, excited particle
      populations, etc.) whose detection depend upon the realization of
      specialized element fabrication techniques and measurement equipment.
PAR  Discharge current read-out schemes are similar to optical read-out schemes
      in that the occurrence of discharge current pulses corresponds to the
      light pulses. As a result, the read-out logic operations which follow
      current detection are similar to those in the optical read-out case. The
      difficult task is to detect the occurrence of the discharge current pulse
      in the midst of the large amplitude capacitive charging currents and the
      associated electrical noise signals.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method and apparatus are
      provided for electrically interrogating a plasma panel. In a specific
      embodiment of the invention apparatus is provided for the direct
      electrical read-out of a 4 .times. 4 plasma panel in association with the
      other required address, erase and sustain functions.
PAR  A graphic system is provided using electrical interrogation for the direct
      electrical read-out of a plasma panel in image editing and/or image
      transfer.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate general techniques useful in understanding the
      present invention;
PAR  FIG. 3 illustrates an equivalent circuit representing a single cell in an
      array with inter-electrode capacitance taken into account;
PAR  FIG. 4 illustrates the line current of an "on" cell;
PAR  FIGS. 5A, 5B, 6, 7 and 8 illustrate apparatus and corresponding waveforms
      in accordance with this invention;
PAR  FIG. 9 illustrates an embodiment of a sensing amplifier circuit;
PAR  FIGS. 10 and 11 illustrate alternative electrical read-out circuits in
      accordance with the invention;
PAR  FIG. 12 illustrates driving circuitry for a 4 .times. 4 plasma panel for
      electrical read-out as well as the normally required addressing,
      sustaining and erasing functions;
PAR  FIG. 13 illustrates a timing diagram showing the voltage appearing across
      various cells for each function;
PAR  FIG. 14 illustrates in block diagram a system for a remote graphic computer
      terminal which utilizes electrical interrogation of a plasma panel;
PAR  FIG. 15 schematically illustrates the principles of image relocation
      without modification in accordance with the system of FIG. 14;
PAR  FIG. 16 illustrates a flow diagram showing the steps performed by a data
      processing system to provide image relocation without modification in
      accordance with this aspect of the invention;
PAR  FIG. 17 schematically illustrates the principles of image relocation with
      modification in accordance with the system of FIG. 14;
PAR  FIG. 18 illustrates a flow diagram showing the steps performed by a data
      processing system to provide image relocation with modification in
      accordance with this aspect of the invention; and
PAR  FIG. 19 illustrates a flow diagram showing the steps performed by a data
      processing system to provide image transfer in accordance with this aspect
      of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The detection of discharge current pulses is usually accomplished in two
      ways: (1) the detection of a differential voltage across a series
      resistance as shown in FIG. 1; and (2) the detection of a voltage induced
      by the discharge current in a magnetic sensor as shown in FIG. 2.
PAR  Read-out schemes which use discharge current detection lend themselves
      readily to parallel output configurations because of the natural
      electrical isolation that can be achieved in the sensing circuit design.
      The dimension of the parallel output word would depend primarily on the
      output data rate and on the cost of sensing circuits.
PAR  Discharge current readout schemes depend upon the ability to detect the
      occurrence or non-occurrence of the discharge current of a single cell
      that is being interrogated. As stated, the detection of these discharge
      current pulses can be accomplished in two ways: (1) the detection of a
      differential voltage developed across a series resistance by the discharge
      current; and (2) the detection of a voltage induced by the discharge
      current in a magnetic-core sensor.
PAR  In order to discuss these schemes in detail, it is necessary to describe an
      equivalent circuit model which adequately represents a single cell in an
      array. Consider a single plasma display element being driven by an ideal
      voltage source as shown in FIG. 3. The equivalent circuit shown in FIG. 3
      is a first order, lumped parameter approximation of this element's
      electrical properties. The internal dependent current source provides an
      approximate representation of the charge flow which results from gas
      discharge activity in the cavity. The capacitive properties of the element
      are represented by a series of linear capacitors labeled C.sub.o, C.sub.c,
      and C.sub.o which correspond to the equivalent capacitances of the three
      dielectric layers. When a single cell is placed into an array of similar
      elements, an additional inter-electrode capacitance C.sub.e must be added
      as shown in FIG. 3. For a conventional sized panel (e.g., 128 .times. 128)
      C.sub.e is of the order of 10 pf while C.sub.o and C.sub.c, both of which
      depend on various element parameters, are of the order of 0.1 pf and 0.01
      pf respectively. Since C.sub.o &gt;&gt; C.sub.c and C.sub.e &gt;&gt; C.sub.c the
      circuit in FIG. 3 can be approximated as a capacitance of about 10 pf in
      parallel with a current source representing the gas discharge.
PAR  When the equivalent circuit model is driven with a low impedance square
      wave voltage source, the current which flows through the source loop has
      two components. First, there is a current pulse 10 which corresponds to
      the charging and discharging of C.sub.e, and second there is a current
      pulse 12 that is directly proportional to i.sub.w (t) the discharge
      current as illustrated in FIG. 4.
PAR  In order to electrically sense the state of a single cell, one must observe
      the occurrence or non-occurrence of the discharge current pulse 12 at a
      prescribed time in the sustain cycle. Although in some types of plasma
      display cells the capacitive charging current overlaps the discharge
      current i.sub.w (t) in time, other panels exhibit time separation of the
      capacitive current pulse 10 and the discharge current pulse 12 when driven
      with a square wave sustain voltage similar to that shown in FIG. 4. We
      have particularly found this time separation when utilizing plasma panels
      manufactured by Owens-Illinois, Inc. This delayed discharge characteristic
      is extremely important to the realization of simple current sensing
      circuits. The advantage comes from not having to build complex subtracting
      circuits which will extract the relatively small discharge current from
      the large capacitive charging current. Instead, since the two currents are
      separated in time, the sensor can be allowed to sample the current only
      during the discharge time interval. In presently available plasma panels,
      the discharge current pulse 12 has a peak amplitude of 0.1 ma and a pulse
      width of approximately 1 to 2 microseconds.
PAR  Some experimental read-out configurations have been constructed in order to
      determine the feasibility of the direct electrical read-out scheme
      suggested in FIG. 2. The specific embodiment of the invention hereinafter
      described, however, relates to discharge current sensing by impedance
      insertion. The specific embodiment illustration is not to be taken as so
      limiting the invention, since those skilled in the art may apply the
      teachings herein to other embodiments within the principles of this
      invention.
PAR  FIG. 1 suggests a circuit used to detect the discharge current 12 of a
      selected cell by observing the differential voltage developed across R due
      to the discharge current. Again, it will be assumed that the capacitive
      charging current is separated in time from the discharge current. The
      resistance R must be of sufficient magnitude so that the voltage drop due
      to the discharge current is large enough to be easily detected. However, R
      must also be small enough so that the voltage drop across it is less than
      1% of the sustain voltage when all of the cells in the line are firing
      during the sustain interval and small enough so that it does not reduce
      appreciably the rise time of the applied voltage pulse. In the case of a
      128 .times. 128 line panel, the worst-case peak discharge current which
      occurs is (0.1 ma/cell) .times. (128 cells) = 12.8 ma. In this case R must
      be less than 100 ohms in order to assure a maximum voltage drop of 1 volt
      across R during the sustain interval. If R is set at 100 ohms, then the
      current of a single interrogated cell will develop a voltage of 10 mv.
      Although this voltage is detectable with a sensitive amplifier, the
      various noise factors may make this very difficult and cumbersome. A more
      desirable approach is to insert a large resistance during the
      interrogation interval and remove it at all other times. If, during the
      discharge, R is infinite, then the discharge current will flow through
      C.sub.e and thus change the voltage across it by an amount V = 1/C.sub.e
      .intg.i.sub.w (t)dt. This value represents that absolute maximum
      differential voltage that can be obtained from a single cell. In the
      panels manufactured by Owens-Illinois, Inc. this may be as large as 1
      volt.
PAR  The idealized circuit shown in FIG. 5A can be made to function in the
      manner just described, as shown by the waveforms of FIG. 5B. During the
      interrogation (or discharge) interval, the switch S is open; during all
      other times the switch S is closed. The voltage V.sub.sa is equal to the
      change in the capacitor C.sub.e voltage, due to the discharging affects of
      the discharge current. Since V.sub.sa (t) is the integral of the discharge
      current, V.sub.sa is a maximum after the discharge has extinguished
      itself. The final value of V.sub.sa remains the same until the switch S is
      closed. As a result, the differential voltage can be sampled after the
      discharge has ceased but before switch S is closed. If the interrogated
      cell is in the "off" state, then no discharge current would flow during
      the interrogation interval and thus V.sub.sa would remain zero.
PAR  Switch S must exhibit several particular characteristics. First, it must
      switch from "on" to "off" in less than 250 ns. Second, when "closed", it
      must be able to conduct at least 10 ma with less than a one volt drop.
      Third, when it is open, it should present an impedance of 100 K ohms or
      greater. And finally, it must have a very low capacitance since it is
      effectively in parallel with C.sub.e. A parallel combination of C.sub.s
      and C.sub.e that is considerably larger than C.sub.e alone will
      significantly reduce the maximum value of V.sub.sa because the discharge
      current now charges both capacitances in parallel, i.e., V.sub.sa (t) =
      1/(C.sub.e +C.sub.s) .intg.i.sub.w (t)dt.
PAR  A practical and simple switch meeting all of the above requirements has
      been found. FIG. 6 illustrates the circuit used to realize the switch
      action required. In this circuit the voltage source V.sub.sw (t) is a
      source that is capable of providing either 0 volts or 5 volts which in
      turn causes the diode 14 to be forward or reverse biased respectively. The
      diode 14, therefore, performs the desired switching action. The diode
      specifications are those of commonly available high speed switching
      diodes. The operation of the circuit is described by the following steps.
      As the applied voltage V.sub.s (t) rises from 0 to its maximum values,
      V.sub.sw = 0 and the capacitive charging current flows through the diode
      14 and voltage source V.sub.sw. Since in this case both the source and the
      diode 14 exhibit low impedances, the presence of these elements results in
      a negligible voltage drop during this interval. During the time interval
      between the occurrence of the capacitive current pulse and the beginning
      of the gas discharge flow, V.sub.sw changes to +5 volts. This action
      reverse biases the diode 14 and as a result inserts a large resistive
      impedance into the line. However, if the cell is "on" the discharge
      current flows into C.sub.e, causing a change in the capacitor voltage of
      approximately 1 volt which in turn appears across the terminals of the
      sense amplifier SA. If the cell is "off", no gas discharge current flows
      and in turn no change in the capacitor voltage occurs during the
      interrogation interval. The output of the sense amplifier is then sampled
      near the end of the interrogation interval and converted into a digital
      signal which corresponds to the state of the cell interrogated.
PAR  In order to preserve the bi-directional current path that is required
      during sustain intervals, an additional diode 16 must be added. This diode
      does not disturb the operation of the switch during the interrogation
      interval since it is reverse biased at that time.
PAR  The voltage source V.sub.sw can be realized in a number of embodiments
      which will provide the high speed, low impedance requirement mentioned
      previously. The source used in the present description was a low impedance
      pulse transformer. This source has the advantage of being a "floating"
      voltage source and therefore not restricted as to where it can appear in
      the sustain/control drive circuit. The source needs to provide a positive
      voltage for periods only of approximately 2 microseconds. The "pulse
      droop" characteristics of the pulse transformer do not interfere with the
      operation of the switch as long as the diode 14 is reverse biased.
PAR  Experimental results have confirmed the feasibility of the scheme just
      described. The first experimental setup used is shown in FIG. 7. In this
      case, one cell of a plasma panel was interrogated with the voltage
      waveform shown in FIG. 8. The voltage measured by the sense amplifier in
      the case of an "on" cell was easily discernable from an "off" cell.
PAR  The sense amplifier (SA) used in this scheme must exhibit an input
      resistance of at least 100K ohms and an input capacitance that is much
      less than 10 pf. The device used in the reported experiments is an MOS
      field effect transistor and the circuit illustration is shown in FIG. 9.
      It has been shown that this device can sense the voltage change due to
      discharge current flow and drive a standard TTL logic element from its
      output without any intermediate amplification. The MOS FET therefore
      represents a simple, integratable, sense amplifier that can be used to
      perform data sensing.
PAR  Using the scheme described above, the cells of a 4 .times. 4 sub-array of a
      plasma panel were read-out unambiguously and the state of each of the
      cells indicated at the sense amplifier output was converted into a digital
      signal appropriate for return to a computer. FIG. 10 illustrates a
      read-out circuit which allows the use of only two sense amplifiers SA1 and
      SA2 for four electrodes on the plasma panel, rather than providing a
      separate sense amplifier for each electrode of one dimension of the panel.
      The illustrated voltage sources V.sub.swo and V.sub.sw1 are schematically
      indicated as coils, it being understood they are secondary windings--the
      primary windings not being shown.
PAR  If V.sub.swo is on and V.sub.sw1 is off then the state of the cell on line
      o will appear at SA2 and that of line 1 at SA1. If V.sub.sw1 is on and
      V.sub.swo is off, then line 2 will appear at SA2 and line 3 at SA1. Such a
      system can be expanded as long as the number of sense amplifiers times the
      number of diode switch voltage sources equals the number of electrodes to
      be sensed. Thus for a 128 line plasma panel it might be reasonable to have
      16 sense amplifiers and 8 voltage sources. This would allow the read-out
      of 16 bits during one memory cycle.
PAR  It is possible to further reduce the number of sense amplifiers with
      addtional switching. FIG. 11 illustrates a read-out circuit having only
      one sense amplifier. The following table illustrates which line is
      selected in FIG. 11.
TBL  ______________________________________                                    
     Sense Line   V.sub.swo                                                    
                           V.sub.swl V.sub.AO                                  
                                            V.sub.Al                           
     ______________________________________                                    
     0            on       off       on     off                                
     1            on       off       off    on                                 
     2            off      on        on     off                                
     3            off      on        off    on                                 
     ______________________________________                                    
PAR  The diode switches connected to V.sub.A0 and V.sub.A1 act both to protect
      the MOS FET and as selection switches. The resistor connected to the gate
      of the MOS FET is on the order of 100K. Such an embodiment has been
      constructed and operated successfully for 16 lines, with one sense
      amplifier, and 4 voltage sources in each panel dimension.
PAR  To incorporate the above techniques in a low cost design for a large panel,
      the circuits of FIG. 12 were constructed. FIG. 13 shows the voltage
      appearing across various cells for each function. FIG. 12 shows the
      driving circuitry for four X lines and four Y lines of a 16 cell array.
      Because of the special nature of the read operation, the Y side design
      departs slightly from conventional design. In addition to providing the
      sustain voltage to all lines, the Y side has the unusual addressing
      capability of allowing one line to remain at zero voltage while all others
      are at V. For instance, if Y.sub.1 was to be left low, transistors T.sub.1
      and T.sub.2 .sup.-would be left off, and all others (T.sub.1 .sup.-and
      T.sub.2) would be turned on. One of the 10K resistors holds the addressed
      line down, thus requiring that transistors T.sub.R be turned on only
      during addressing operations. In contrast to conventional diode
      multiplexing circuitry the Y addressed line is returned to the high
      voltage through a low impedance transistor instead of the usual 10K
      resistor. This feature is necessary for the read operation since a large
      number of cells will discharge after the addressed Y line rises. The
      resulting large discharge current would cause an undesirable voltage drop
      across a resistor.
PAR  During the read operation, the X side provides the normal sustain pulse by
      means of transistors T.sub.u and T.sub.L. Then all Y lines except one rise
      to voltage V in order to sustain all cells in the panel except those in
      the addressed Y line. After all discharge current in the X lines has
      subsided, the remaining Y line rises to V; then the high impedance
      switches (represented by the sense secondaries SS and the series diode)
      open, allowing the states of selected cells in the Y line to be sensed. In
      order to lower cost, the number of sense amplifiers can be reduced by
      allowing the sense secondaries and diodes to perform a multiplexing
      operation as shown in FIG. 12. For instance if SS.sub.1 .sup.-is turned
      off and SS.sub.1 is on during the sensing operation, then the sense
      voltage of X.sub.1 will appear at SA.sub.2 .sup.-and the voltage of
      X.sub.3 at SA.sub.2.
PAR  During the write and erase cycles, address pulses are provided on the X
      side by means of the address secondaries. For instance, if a pulse is
      desired on X.sub.2, secondaries AS.sub.2 and AS.sub.1 .sup.-are driven,
      whereas AS.sub.2 .sup.-and AS.sub.1 remain at zero. Thus the X addressing
      circuitry is the same as in previous techniques except for the diode in
      series with the 10K resistor which prevents the resistor from loading the
      line at the time of sensing.
PAR  The circuitry of FIG. 12 has been expanded to drive all lines of a 128
      .times. 128 line plasma panel. This circuitry has 24 address secondaries,
      24 Y address transistors, 16 sense secondaries, and 8 sense amplifiers
      along with 4 diodes and a resistor per line on the X side and 3 diodes and
      a resistor per line on the Y side. The data rate for writing and erasing
      was set at 40K bits/sec. For reading with the eight bit parallel output,
      the rate is about 200K bits/sec. The read operation performs successfully,
      allowing the Y addressing and sense amplifier multiplexing to select and
      properly determine the state of all cells in the panel.
PAR  The direct electrical read-out of information stored in plasma display
      panels is especially useful in implementing a remote graphics terminal
      which allows the user to edit and/or relocate image information on the
      panel. For example, the terminal user may find it necessary to remove a
      complex figure or character from one location on the plasma panel and
      relocate it at another location. Or, the user may need to reduce or
      increase the scale of image information which cannot otherwise be
      advantageously displayed, e.g., a graph which is being plotted as the
      points are being computed.
PAR  Referring now to FIG. 14, there is shown in block diagram form a graphics
      system for a remote computer terminal which utilizes direct electrical
      read-out or interrogation to perform image editing and/or image transfer
      on a plasma panel. The system includes a terminal processing and control
      unit (TPCU) 21 which is, for example, coupled to a remote host computer
      through a host computer system data communication link (HDL). Information
      and data is transferred between the terminal processing and control unit
      21 and other units in the remote terminal through an input/output (I/O)
      bus 23. Accordingly, information can be transferred to and from auxiliary
      data storage and processing devices, identified generally at block 35. A
      memory 27 associated with the terminal control and processing unit 21 is
      also provided for temporarily storing instructions, data and other
      information until it is required by other units in the graphics terminal.
PAR  As thus far described, the remote graphics terminal of the present
      invention is similar to the remote terminal described in an article
      entitled "The PLATO IV Student Terminal", J. Stifle, published in the
      Proceedings Of The Society For Information Display, Vol. 13, No. 1, First
      Quarter, 1972.
PAR  In the embodiment of the present invention shown in FIG. 14, however, a
      display processing unit (DPU) 29 is interposed between a plasma display
      panel with direct electrical read-out (PDRO) 31, such as that described
      above, and the remainder of the remote graphics computer, i.e., through
      I/O bus 23. Thus, the image information stored in the plasma panel 31 can
      be retrieved on a random access basis for subsequent processing such as
      relocating the image with or without modifications and/or image transfer.
PAR  As previously mentioned, under certain circumstances, it is desirable to
      relocate a complex graphical image from its present location on the plasma
      display panel 31 to a new location without regenerating the points
      comprising the image or retrieving them from a remote source such as the
      host computer. FIG. 15 schematically illustrates the principles of image
      relocation without modification as it is accomplished by the graphics
      system of the present invention. More particularly, to relocate an image,
      the user, via the graphics terminal or the host computer, specifies a new
      address to which the image is to be transferred. The data processing unit
      29, under the control of the terminal processing and the control unit 21,
      successively reads the image information from its present location by
      direct electrical read-out and replots it at a second location.
      Consequently, the image at the new location in the plasma panel 31 is an
      identical copy of the image as it appeared in its original location.
PAR  FIG. 16 illustrates the flow diagram of the steps performed by the data
      processing unit (DPU) 29 in providing image relocation without
      modification. There, it may be seen (block 35) that the data processing
      unit 29, responsive to the terminal processing and control unit 21,
      initially receives and retains, in storage registers, the base address and
      the area boundary addresses corresponding to the present or source
      location (i.e., area 1) of the image information on the plasma panel 31.
      The base address specifies a particular coordinate in area 1 and the
      boundary addresses, referenced to the base address define the boundaries
      of sub-image area (i.e., area 1) which is to be transferred. Subsequently
      (block 37), the terminal user enters the base address and the area
      boundary addessess of the new location or destination to (i.e., area 2) to
      which image is to be transferred by the data processing unit 29.
PAR  Since the information initially displayed at area 2 will be overwritten by
      the image information transferred from the present location (area 1), a
      decision (block 39) must be made as to whether the overwritten information
      is to be retained. If it is not to be stored, the process continues on to
      the operations performed in block 45.
PAR  Assuming the image information presently at the destination (area 2) is to
      be stored, the non-destructive read-out mode (block 41) will be selected
      if it is intended that the relocated information is to be used simply to
      modify the information already at that location. That is, the original
      information at the destination will be retained in the panel 31, but it
      will also be stored (block 43) in an auxiliary memory. If the information
      is to be stored, but it is not to be displayed simultaneously with the
      relocated information, the destructive read-out mode (block 41) will be
      selected, and the image information will be erased.
PAR  The data processing unit 21 then initiates (block 47) the read-out of the
      image information contained at the source location (area 1). Again, this
      read-out operation may be destructive or non-destructive (block 45)
      depending on whether the terminal user desires to retain the information
      in its original location as well as transferring it to the new location.
      In either event, the image information at the source location is read-out
      of the plasma panel 19 (block 49) by the data processing unit 21 and
      rewritten into the new location (area 2), maintaining the relationship of
      the rewritten points to the base address at the new location.
PAR  As previously mentioned, it is also sometimes desirable to modify the
      information as it is being relocated, e.g., reduce its scale. FIG. 17
      schematically illustrates the principles of image relocation with
      modification. As in the example shown in FIG. 17, it may be desirable on
      occasion to reduce (or increase) the scale of a graph being generated as a
      result of real time computation in the host computer. More particularly,
      the points of the image are read-out of the plasma panel 31 by the data
      processing unit 29 and replotted on the panel according to an appropriate
      scaling algorithm set up in the terminal processing and control unit 21.
      This process takes place entirely within the remote graphics terminal and
      does not disturb the computation process taking place within the host
      computer.
PAR  This process is described in greater detail in FIG. 18 which illustrates a
      flow diagram showing the steps performed by the data processing unit 29 to
      provide image relocation with modification. There, the steps performed are
      similar to those used for relocating the image formation without modifying
      it. That is, the base address and area boundary addresses corresponding to
      the original data location (area 1) are loaded (block 59) into the
      corresponding registers in the data processing unit 29 responsive to the
      terminal processing and control unit 21. Subsequently, the base address of
      the destination (area 2) to which the information is to be transferred is
      likewise loaded (block 61) into the data processing unit 29.
PAR  A decision (block 63) is then made by the terminal user whether or not to
      overstrike the information stored at the destination, and if so, whether
      it is to be destructive or non-destructive read-out (block 65) before
      storing the information (block 67).
PAR  Subsequently, the data processing unit 29 reads the data (block 71) from
      the source location (area 1) in a destructive or non-destructive mode
      (block 69), as determined by the terminal user, and processes the points
      read from original location according to the selected algorithm (block
      73), e.g., scale reduction. The resulting modified image information is
      then written (block 75) into the destination location (area 2). This
      process continues (block 77) until the image information is processed
      according to one or more algorithims and relocated as desired.
PAR  It should be noted, however, that although the present example has been
      taken in the context of reducing the scale of the image information to be
      transferred, the method is equally applicable to increasing the scale of
      the information or, for example, rotating the information relative to its
      original location. Any desired modification can be made by merely changing
      the algorithm of the terminal processing and control unit 21.
PAR  The information handling capabilities of a graphics terminal is greatly
      enhanced if data can be transferred directly from the plasma display panel
      31 to other information storage or processing units. For example, it may
      be desirable to transfer the image information to a dot matrix hardcopy
      printer, to other plasma display panels, and/or to other special purpose
      storage or processing units.
PAR  Accordingly, FIG. 19 illustrates a flow diagram showing the steps performed
      by the data processing unit 29 in transferring image information to
      external devices. Initially, the terminal processing and control unit 21
      transmits the base address and area boundary addresses (block 81)
      corresponding to the image information that is to be transferred to the
      data processing unit (DPU) 29. The destination address of the information
      is then applied to the data processing unit 29 by the terminal processing
      and control unit 21 (block 83). The terminal user selects either the
      destructive or non-destructive read-out mode (block 85), and subsequently,
      the points from the source area are read-out (block 87) and transferred to
      the particular location in the graphics terminal corresponding to the
      destination address (block 89). These steps are repeated (block 91) until
      the image information at the source location (area 1) has been completely
      read-out.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for electronically sensing the state of a gaseous discharge
      cell comprising:
PA1  applying a sustaining signal sufficient to discharge a gaseous discharge
      cell in an "on" state and thereby provide a discharge current but not
      sufficient to discharge a gaseous discharge cell in an "off" state, said
      discharge current being time delayed relative to the application of said
      sustaining signal to said gaseous discharge cell;
PA1  integrating said discharge current;
PA1  sensing said discharge current only during a sensing interval initiated
      substantially coincident with the interval when said discharge current
      would be provided and continuing beyond said discharge current interval
      for a predetermined time; and
PA1  sampling said integrated discharge current after said discharge current
      interval has ended but during said sensing interval to provide an output
      indicative of the state of said cell.
NUM  2.
PAR  2. A method for sensing the state of a gaseous discharge cell as claimed in
      claim 1, wherein said applying a sustaining signal comprises applying a
      square-wave sustaining signal to said cell.
NUM  3.
PAR  3. Apparatus for electronically sensing the state of a gaseous discharge
      cell which can be selectively discharged when in the "on" state to provide
      a discharge current in response to a sustaining signal applied to said
      gaseous discharge cell, said discharge current being time delayed relative
      to the application of said sustaining signal to said gaseous discharge
      cell, said apparatus comprising:
PA1  means for integrating said discharge current;
PA1  an impedance element;
PA1  coupling means for selectively coupling said impedance element to said
      gaseous discharge cell to sense said integrated discharge current only
      during a sensing interval initiated substantially coincident with the
      interval when said discharge current would be provided and continuing
      beyond said discharge current interval for a predetermined time; and
PA1  means for sampling said integrated discharge current after said discharge
      current interval has ended but during said sensing interval to provide an
      output indicative of whether said gaseous discharge cell is in the "on"
      state.
NUM  4.
PAR  4. Apparatus as claimed in claim 3, wherein said impedance element
      comprises a resistor, and said coupling means includes switching means
      selectively coupling said discharge current to said resistor only during
      said sensing interval.
NUM  5.
PAR  5. A method for relocating image information from a first location in a
      plasma panel comprising a plurality of gaseous discharge cells to a second
      location in said plasma panel, said method comprising:
PA1  electrically interrogating said plasma panel to read-out the information
      stored at the first location, said electrically interrogating including:
PA2  a. applying a signal sufficient to discharge said gaseous discharge cells
      at the first location and thereby provide discharge currents, said
      discharge current being time delayed relative to the application of said
      signal to the corresponding one of said gaseous discharge cells,
PA2  b. integrating said discharge current,
PA2  c. sensing said integrated discharge current only during a sensing interval
      initiated substantially coincident with the interval when said discharge
      current would be provided and continuing beyond said discharge current
      interval for a predetermined time,
PA2  d. sampling said integrated discharge current during said sensing interval
      to provide an output indicative of the state of said gaseous discharge
      cell, said sampling outputs of the plurality of said gaseous discharge
      cells comprising the first location in said plasma panel corresponding to
      the image information stored at the first location; and
PA1  writing the information into said gaseous discharge cells at the second
      location in said plasma panel.
NUM  6.
PAR  6. Apparatus as claimed in claim 3, wherein said sustaining signal is a
      square-wave sustaining signal.
NUM  7.
PAR  7. A method as claimed in claim 5, including the additional steps of
      determining the address of the first location, determining the address of
      the second location, and addressing the first location before electrically
      interrogating said gaseous discharge cells at the first location and
      further including addressing the second location before writing the
      information into the second location.
NUM  8.
PAR  8. A method as claimed in claim 7, including storing the image information
      originally located at the second location before the information from the
      first location is relocated therein.
NUM  9.
PAR  9. A method as claimed in claim 7, wherein said addressing comprises
      simultaneously incrementing the address corresponding to the first
      location and the address corresponding to the second location to
      sequentially electrically interrogate said gaseous discharge cells at the
      first location and write the information into the corresponding ones of
      said gaseous discharge cells at the second location.
NUM  10.
PAR  10. A method as claimed in claim 5, wherein said applying a signal
      comprises applying a sustaining signal sufficient to discharge those of
      said gaseous discharge cells in an "on" state at the first location but
      not sufficient to discharge those of said gaseous discharge cells in an
      "off" state and wherein said sampling said integrated discharge current is
      limited to the portion of said sensing interval after said discharge
      current interval has ended.
NUM  11.
PAR  11. A method as claimed in claim 10, wherein said applying a sustaining
      signal comprises applying a square-wave sustaining signal to said gaseous
      discharge cell.
NUM  12.
PAR  12. A method for modifying and relocating image information from a first
      location in a plasma panel comprising a plurality of gaseous discharge
      cells to a second location in said plasma panel, said method comprising:
PA1  electrically interrogating said plasma panel to read-out the information
      stored at the first location, said electrically interrogating including:
PA1  a. applying a signal sufficient to discharge said gaseous discharge cells
      at the first location and thereby provide discharge currents, said
      discharge current being time delayed relative to the application of said
      signal to the corresponding one of said gaseous discharge cells,
PA1  b. integrating said discharge current,
PA1  c. sensing said integrated discharge current only during a sensing interval
      initiated substantially coincident with the interval when said discharge
      current would be provided and continuing beyond said discharge current
      interval for a predetermined time,
PA1  d. sampling said integrated discharge current after said discharge current
      interval but during said sensing interval to provide an output indicative
      of the state of said gaseous discharge cell, said sampling outputs of the
      plurality of said gaseous discharge cells comprising the first location in
      said plasma panel corresponding to the image information stored at the
      first location;
PA1  modifying the image information according to a selected algorithm; and
PA1  writing the information into said plasma panel at the second location.
NUM  13.
PAR  13. A method as claimed in claim 12, including the additional steps of
      determining the address of the first location, determining the address of
      the second location, and addressing the first location before electrically
      interrogating said gaseous discharge cells at the first location and
      further including addressing the second location before writing the
      information into the second location.
NUM  14.
PAR  14. A method as claimed in claim 13, wherein the modifying algorithm
      changes the scale of the information electrically interrogated from the
      first location before the information is written into the second location.
NUM  15.
PAR  15. A method as claimed in claim 13, including storing the image
      information originally located at the second location before the
      information from the first location is relocated therein.
NUM  16.
PAR  16. A method as claimed in claim 13, wherein said addressing comprises
      simultaneously incrementing the address corresponding to the first
      location and the address corresponding to the second location to
      sequentially electrically interrogate said gaseous discharge cells at the
      first location and write the image information into the corresponding ones
      of said gaseous discharge cells at the second location.
NUM  17.
PAR  17. A method as claimed in claim 12, wherein said applying a signal
      comprises applying a sustaining signal sufficient to discharge those of
      said gaseous discharge cells in an "on" state at the first location but
      not sufficient to discharge those of said gaseous discharge cells in an
      "off" state and wherein said sampling said integrated discharge current is
      limited to the portion of said sensing interval after said discharge
      current interval has ended.
NUM  18.
PAR  18. A method as claimed in claim 17, wherein said applying a sustaining
      signal comprises applying a square-wave sustaining signal to said gaseous
      discharge cell.
NUM  19.
PAR  19. A method for transferring image information from a plasma panel
      comprising a plurality of gaseous discharge cells to an auxiliary storage
      unit, said method comprising:
PA1  electrically interrogating said plasma panel to read-out the information
      stored at a particular location in said plasma panel, said electrically
      interrogating including:
PA1  a. applying a signal sufficient to discharge said gaseous discharge cells
      at the particular location and thereby provide discharge currents, said
      discharge current being time delayed relative to the application of said
      signal to the corresponding one of said gaseous discharge cells,
PA1  b. integrating said discharge current,
PA1  c. sensing said integrated discharge current only during a sensing interval
      initiated substantially coincident with the interval when said discharge
      current would be provided and continuing beyond said discharge current
      interval for a predetermined time,
PA1  d. sampling said integrated discharge current during said sensing interval
      to provide an output indicative of the state of said gaseous discharge
      cell, said sampling outputs of the plurality of said gaseous discharge
      cells comprising the particular location in said plasma panel
      corresponding to the image information stored at the particular location;
      and
PA1  transferring the information into said auxiliary storage unit.
NUM  20.
PAR  20. A method as claimed in claim 19, wherein said auxiliary storage unit
      comprises a plurality of memory devices and including the additional steps
      of determining the address of the particular location in said plasma
      panel, determining the address of said corresponding memory devices in
      said auxiliary storage unit, and addressing the particular location in
      said plasma panel before electrically interrogating said gaseous discharge
      cells at the particular location in said plasma panel and further
      including addressing said corresponding memory devices in said auxiliary
      storage unit before transferring the information to said auxiliary storage
      unit.
NUM  21.
PAR  21. A method as claimed in claim 20, wherein said auxiliary storage unit
      comprises a second plasma panel.
NUM  22.
PAR  22. A method as claimed in claim 19, wherein said applying a signal
      comprises applying a sustaining signal sufficient to discharge those of
      said gaseous discharge cells in an "on" state at the first location but
      not sufficient to discharge those of said gaseous discharge cells in an
      "off" state and wherein said sampling said integrated discharge current is
      limited to the portion of said sensing interval after said discharge
      current interval has ended.
NUM  23.
PAR  23. A method as claimed in claim 22, wherein said applying a sustaining
      signal comprises applying a square-wave sustaining signal to said gaseous
      discharge cell.
NUM  24.
PAR  24. In a graphics terminal having image information stored at a first
      location in a plasma panel comprising a plurality of gaseous discharge
      cells, apparatus comprising:
PA1  means for electrically interrogating said plasma panel to read-out the
      information stored at the first location, said interrogating means
      including:
PA1  a. means for applying a signal sufficient to discharge said gaseous
      discharge cells at the first location and thereby provide discharge
      currents, said discharge current being time delayed relative to the
      application of said signal to the corresponding one of said gaseous
      discharge cells,
PA1  b. means for integrating said discharge current,
PA1  c. means for sensing said integrated discharge current only during a
      sensing interval initiated substantially coincident with the interval when
      said discharge current would be provided and continuing beyond said
      discharge current interval for a predetermined time,
PA1  d. means for sampling said integrated discharge current during said sensing
      interval to provide an output indicative of the state of said gaseous
      discharge cell, said sampling outputs of the plurality of said gaseous
      discharge cells comprising the first location in said plasma panel
      corresponding to the image information stored at the first location; and
PA1  display processing means for writing the information into said gaseous
      discharge cells at a second location in said plasma panel.
NUM  25.
PAR  25. Apparatus as claimed in claim 24, including means for determining the
      address of the first location and for determining the address of the
      second location and means for addressing the first location before
      electrically interrogating said gaseous discharge cells at the first
      location and for addressing the second location before writing the
      information into the second location.
NUM  26.
PAR  26. Apparatus as claimed in claim 25, wherein said addressing means
      includes means for simultaneously incrementing the address corresponding
      to the first location and the address corresponding to the second
      location, said addressing means facilitating the sequential electrical
      interrogation of said gaseous discharge cells at the first location to
      write the information into the corresponding ones of said gaseous
      discharge cells at the second location.
NUM  27.
PAR  27. Apparatus as claimed in claim 26, including means storing the image
      information originally located at the second location before the
      information from the first location is relocated therein.
NUM  28.
PAR  28. Apparatus as claimed in claim 24, wherein said signal applying means
      comprises means for applying a sustaining signal sufficient to discharge
      those of said gaseous discharge cells in an "on" state at the first
      location but not sufficient to discharge those of said gaseous discharge
      cells in an "off" state and wherein said sampling means includes means for
      enabling said sampling means only during the portion of said sensing
      interval after said discharge current interval has ended.
NUM  29.
PAR  29. Apparatus as claimed in claim 28, wherein said means for applying a
      sustaining signal comprises means for applying a square-wave sustaining
      signal to said gaseous discharge cell.
NUM  30.
PAR  30. In a graphics terminal having image information stored at a first
      location in a plasma panel comprising a plurality of gaseous discharge
      cells, apparatus comprising:
PA1  means for electrically interrogating said plasma panel to read-out the
      information stored at the first location, said interrogating means
      including:
PA1  a. means for applying a signal sufficient to discharge said gaseous
      discharge cells at the first location and thereby provide discharge
      currents, said discharge current being time delayed relative to the
      application of said signal to the corresponding one of said gaseous
      discharge cells,
PA1  b. means for integrating said discharge current,
PA1  c. means for sensing said integrated discharge current only during a
      sensing interval initiated substantially coincident with the interval when
      said discharge current would be provided and continuing beyond said
      discharge current interval for a predetermined time,
PA1  d. means for sampling said integrated discharge current after said
      discharge current interval but during said sensing interval to provide an
      output indicative of the state of said gaseous discharge cell, said
      sampling outputs of the plurality of said gaseous discharge cells
      comprising the first location in said plasma panel corresponding to the
      image information stored at the first location; and
PA1  display processing means including means for modifying the image
      information according to a selected algorithm and means for writing the
      modified information into said plasma panel at a second location.
NUM  31.
PAR  31. Apparatus as claimed in claim 30, including means for determining the
      address of the first location and for determining the address of the
      second location and means for addressing the first location before
      electrically interrogating said gaseous discharge cells at the first
      location and for addressing the second location before writing the
      information into the second location.
NUM  32.
PAR  32. Apparatus as claimed in claim 31, wherein said addressing means
      includes means for simultaneously incrementing the address corresponding
      to the first location and the address corresponding to the second
      location, said addressing means facilitating the sequential electrical
      interrogation of said gaseous discharge cells at the first location to
      write the information into the corresponding ones of said gaseous
      discharge cells at the second location.
NUM  33.
PAR  33. Apparatus as claimed in claim 30, wherein said modifying means changes
      the scale of the information electrically interrogated from the first
      location before the information is written into the second location.
NUM  34.
PAR  34. Apparatus as claimed in claim 30, including means for storing the image
      information originally located at the second location before the
      information from the first location is relocated therein.
NUM  35.
PAR  35. Apparatus as claimed in claim 30, wherein said signal applying means
      comprises means for applying a sustaining signal sufficient to discharge
      those of said gaseous discharge cells in an "on" state at the first
      location but not sufficient to discharge those of said gaseous discharge
      cells in an "off" state and wherein said sampling means includes means for
      enabling said sampling means only during the portion of said sensing
      interval after said discharge current interval has ended.
NUM  36.
PAR  36. Apparatus as claimed in claim 35, wherein said means for applying a
      sustaining signal comprises means for applying a square-wave sustaining
      signal to said gaseous discharge cell.
NUM  37.
PAR  37. In a graphics terminal having image information stored in a plasma
      panel comprising a plurality of gaseous discharge cells, apparatus
      comprising:
PA1  means for electrically interrogating said plasma panel to read-out the
      information stored at a particular location in said plasma panel, said
      electrically interrogating including:
PA1  a. means for applying a signal sufficient to discharge said gaseous
      discharge cells at the particular location and thereby provide discharge
      currents, said discharge current being time delayed relative to the
      application of said signal to the corresponding one of said gaseous
      discharge cells,
PA1  b. means for integrating said discharge current,
PA1  c. means for sensing said integrated discharge current only during a
      sensing interval initiated substantially coincident with the interval when
      said discharge current would be provided and continuing beyond said
      discharge current interval for a predetermined time,
PA1  d. means for sampling said integrated discharge current during said sensing
      interval to provide an output indicative of the state of said gaseous
      discharge cell, said sampling outputs of the plurality of said gaseous
      discharge cells comprising the particular location in said plasma panel
      corresponding to the image information stored at the particular location;
PA1  an auxiliary storage unit; and
PA1  display processing means for transferring the image information into said
      auxiliary storage unit.
NUM  38.
PAR  38. Apparatus as claimed in claim 37, wherein said auxiliary storage unit
      comprises a plurality of memory devices and including means for
      determining the address of the particular location in said plasma panel
      and for determining the address of said corresponding memory devices in
      said auxiliary storage unit and means for addressing the particular
      location in said plasma panel before electrically interrogating said
      gaseous discharge cells at the particular location in said plasma panel
      and for addressing said corresponding memory devices in said auxiliary
      storage unit before transferring the information to said auxiliary storage
      unit.
NUM  39.
PAR  39. Apparatus as claimed in claim 37, wherein said auxiliary storage unit
      comprises a second plasma panel.
NUM  40.
PAR  40. Apparatus as claimed in claim 37, wherein said signal applying means
      comprises means for applying a sustaining signal sufficient to discharge
      those of said gaseous discharge cells in an "on" state at the first
      location but not sufficient to discharge those of said gaseous discharge
      cells in an "off" state and wherein said sampling means includes means for
      enabling said sampling means only during the portion of said sensing
      interval after said discharge current interval has ended.
NUM  41.
PAR  41. Apparatus as claimed in claim 40, wherein said means for applying a
      sustaining signal comprises means for applying a square-wave sustaining
      signal to said gaseous discharge cell.
NUM  42.
PAR  42. A method for electronically sensing the state of a gaseous discharge
      cell comprising:
PA1  applying a signal sufficient to discharge said gaseous discharge cell and
      thereby provide a discharge current, said discharge current being time
      delayed relative to the application of said signal to said gaseous
      discharge cell;
PA1  integrating said discharge current;
PA1  sensing said integrated discharge current only during a sensing interval
      initiated substantially coincident with the interval when said discharge
      current would be provided and continuing beyond said discharge current
      interval for a predetermined time; and
PA1  sampling said integrated discharge current during said sensing interval to
      provide an output indicative of the state of said gaseous discharge cell.
NUM  43.
PAR  43. A method as claimed in claim 42, wherein said sampling of said
      integrated discharge current occurs after said discharge current interval
      has ended but during said sensing interval.
NUM  44.
PAR  44. A method as claimed in claim 42, wherein said sensing comprises
      selectively coupling a sensing impedance element to said gaseous discharge
      cell only during said sensing interval for responding to said discharge
      current and providing an output indicative of the state of said gaseous
      discharge cell.
NUM  45.
PAR  45. Apparatus for electronically sensing the state of a gaseous discharge
      cell which can be selectively discharged to provide a discharge current,
      said apparatus comprising:
PA1  means for integrating said discharge current;
PA1  an impedance element;
PA1  coupling means for selectively coupling said impedance element to said
      gaseous discharge cell to sense said integrated discharge current only
      during a sensing interval initiated substantially coincident with the
      interval when said discharge current would be provided and continuing
      beyond said discharge current interval for a predetermined time; and
PA1  means for sampling said integrated discharge current to provide an output
      indicative of the state of said gaseous discharge cell.
NUM  46.
PAR  46. Apparatus as claimed in claim 45, wherein said sampling means includes
      means for sampling said integrated discharge current after said discharge
      current interval has ended but during said sensing interval.
NUM  47.
PAR  47. In a plasma panel having an array of gaseous discharge cells exhibiting
      inter-electrode capacitances, said cells providing a discharge current in
      a sustaining sequence only when in the "on" state, apparatus for
      electronically sensing the state of said gaseous discharge cells
      comprising:
PA1  means for applying a sustaining signal sufficient to discharge said gaseous
      discharge cell in an "on" state and thereby provide a discharge current
      but not sufficient to discharge a gaseous discharge cell in an "off"
      state, said discharge current being time delayed relative to the
      application of said sustaining signal to said gaseous discharge cell;
PA1  a diode and a voltage source coupled in series between said gaseous
      discharge cell and a reference potential, said voltage source selectively
      switching said diode between a forward-biased condition and a
      reverse-biased condition, said diode having a low impedance when in the
      forward-biased condition and a higher impedance when in the reverse-biased
      condition, said inter-electrode capacitance causing said discharge current
      to be integrated during the interval when said diode is in the
      reverse-biased condition;
PA1  sensing amplifier means selectively coupled to said gaseous discharge cell
      for sensing said integrated discharge current when said diode is in the
      reverse-biased condition and providing an output signal representative of
      said integrated discharge current;
PA1  means for controlling said voltage source to selectively switch said diode
      between the forward-biased condition and the reverse-biased condition to
      determine a sensing interval during which said sensing amplifier means is
      enabled to sense said integrated discharge current, said sensing interval
      being initiated substantially coincident with the interval when said
      discharge current is present and continuing beyond said discharge current
      interval for a predetermined time; and
PA1  means for sampling said sensing amplifier output signal near the end of
      said sensing interval to derive an output signal corresponding to the
      state of said gaseous discharge cell.
NUM  48.
PAR  48. Apparatus as claimed in claim 47, including a second diode coupled in
      parallel with the first of said diodes and said voltage source and in
      opposing polarity with said first diode to provide a bi-directional
      current path during application of said sustaining signal.
NUM  49.
PAR  49. Apparatus as claimed in claim 47, wherein said voltage source comprises
      the secondary winding of a low impedance pulse transformer.
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ABST
PAL  A method and apparatus for the resolution of targets in the presence of
       s distributed clutter as sea waves, rain, land, clouds and chaff. More
      specifically, real air targets in the proximity with this type of clutter
      are detected by deriving an adaptive threshold against which all radar
      video signals are compared. The design of the instant invention is based
      on a statistical knowledge of the temporal and spatial characteristics of
      distributed clutter so that only the magnitude of the clutter in the
      immediate vicinity of the target need be measured.
PARN
PAC  RELATED APPLICATION
PAR  The present application is a continuation-in-part of our earlier
      application, Ser. No. 12,541 filed Jan. 28, 1970, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to radar processing and more
      specifically to a method and apparatus for detecting target images in the
      presence of clutter. Radar reflections from waves, land, rain, clouds and
      chaff inherently degrade the ability of three-dimensional search radar to
      detect targets. When targets are actually within the clutter area, the
      target echo is submerged in the noiselike clutter return. When targets are
      either above or below areas of clutter, the return from the clutter is
      superimposed on the target returns on a plan position indicator radar
      display. Even when targets are in a different sector from clutter areas,
      the operator's attention tends to be distracted by the clutter which he
      must continually examine for emergence of targets. Automatic detection
      devices have been generally unsuccessful because of saturation by false
      targets from clutter.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The purpose of the present invention is to provide a means of preserving
      the inherent detection capabilities of three-dimensional search radars
      when operating in the presence of distributed clutter such as that
      produced by rain, clouds, chaff, land and sea surfaces. It is also the
      purpose of this invention to provide a signal which is suitable for
      application to a digital computer to achieve automatic detection and
      tracking of radar targets by suppressing false alarms which are ordinarily
      produced by distributed clutter while simultaneously maintaining optimum
      sensitivity for discrete targets.
PAR  The effective suppression of these types of clutter requires that radar
      detection be made before the radar video is collapsed in elevation for
      purposes of display. Furthermore, since the magnitude of clutter may vary
      rapidly as a function of range and elevation, a means is provided to
      measure the background clutter magnitude and use it to establish an
      adaptive threshold which eliminates false alarms while simultaneously
      permitting the detection of targets. In this way, the detection of targets
      which are not embedded in clutter is not degraded by the clutter which may
      be in the general vicinity. Also, localized clutter such as that produced
      by rain will not be mistaken for a target and thereby be erroneously
      reported thus creating a false alarm. Therefore, clutter at a given range
      and bearing will be eliminated, thus preserving radar visibility for
      targets at the same range and bearing as the clutter but at a different
      elevation which provides for inherent three-dimensional operation.
PAR  Since the statistical properties of distributed clutter are well-known, it
      is possible to use this knowledge in the design of a system to generate a
      threshold signal for each radar cell which eliminates clutter but which
      preserves detection capability for targets which present a sufficiently
      large signal-to-noise ratio. That is, it is not necessary to blank the
      radar output whenever clutter is encountered which thus precludes
      detection of targets irrespective of their size. Rather, detection
      sensitivity is reduced only as much as is necessary to retain the required
      false alarm rate which is a function of the radar application.
PAR  It is therefore an object of this invention to provide an adaptive radar
      video processor capable of detecting targets in the presence of
      distributed clutter.
PAR  It is another object of this invention to provide a video processor that
      will preserve the inherent detection capabilities of three-dimensional
      search radars.
PAR  It is yet another object of this invention to provide a video processor
      which exhibits an adaptive threshold for ascertaining the presence of
      targets thereto.
PAR  Still another object of this invention is to provide a video processor
      which measures clutter magnitude only in the immediate vicinity of the
      target.
DRWD
PAR  These and other objects of the invention, as well as many of the attendant
      advantages thereof, will become more readily apparent when reference is
      made to the following description, taken in conjunction with the
      accompanying drawings wherein;
PAR  FIG. 1 is a simplified block diagram illustrating the basic elements of the
      proposed video processing system of the present invention;
PAR  FIG. 2 is a block diagram which illustrates the basic processing system of
      FIG. 1 augmented with several additional processing techniques;
PAR  FIG. 3 is a block diagram illustrating in more detail the embodiment of
      FIG. 2;
PAR  FIG. 4 is a block diagram illustrating an example of how the combining
      circuit of FIGS. 1 and 2 might be implemented; and
PAR  FIG. 5 is a block diagram illustrating an example of how the binary
      correlator of FIG. 2 might be implemented.
DETD
PAR  Referring now to FIG. 1, there is shown a basic embodiment of the instant
      invention. The input signal 10 from the host radar (not shown) is supplied
      to a storage network 12 in values appropriately corresponding to the radar
      returns from a group of range cells. These range cell values are then
      subdivided, by the storage network 12, into the particular range cell of
      interest which is accessed at 14 and the surrounding range cells which are
      accessed at 16. The video signals for the range cells surrounding the cell
      of interest 14 (hereinafter also referred to as the center tap cell) are
      then applied to the averaging circuit 18, wherein such video signals are
      first summed and then divided by the number of surrounding cells, so as to
      produce a mean clutter value at 20. This mean clutter value 20 is then
      combined with said cell of interest 14 in combining circuit 22, in a
      manner to be described in detail hereinafter, in order to produce an
      output signal at 24 representing the mean signal-to-clutter ratio. In the
      comparator circuit 26 said signal-to-clutter ratio 24 is compared with a
      reference signal 28 as produced by variable reference circuit 30 whereupon
      if said signal-to-clutter ratio 24 exceeds the value of the reference
      signal 28, an output video pulse signal is produced which is indicative of
      target presence.
PAR  More specifically, in FIG. 1, the video signal 10 from the host radar is
      applied to the storage network 12 which holds the returns from a number of
      range cells that are defined to be equal to the reciprocal of the radar
      bandwidth. At each time interval corresponding to a radar range cell, the
      oldest video signal is discarded and a new video signal is stored.
PAR  In one practical application of the proposed adaptive video processor and
      in the illustrated embodiment of FIG. 3, a tapped video delay line is
      utilized as the storage network 12. Obviously, however, other forms of
      signal storage could be employed. For example, the video signal may be
      sampled at a rate determined by the reciprocal of the radar bandwidth and
      then coverted to digital form. In this case, the storage medium would be
      either a core memory or other similar electronic device. For purposes of
      description, only the analog confiuration will be discussed.
PAR  Assuming, therefore, that a video delay line is used as the storage network
      12, at any instant of time all the video signals which are stored in the
      delay line may be accessed via the delay line tap points. By accessing
      such delay line at the tap points corresponding to a number of surrounding
      range cells 16 enveloping the range cell of interest 14 at a particular
      instant, the sum of the video signals produced by clutter surrounding the
      range cell of interest is derived. This sum video signal is divided by the
      number of tap points in averaging circuit 18 to derive the average or mean
      value of clutter 20 in the vicinity of the range cell of interest 14. This
      signal, which is proportional to the mean value of the clutter amplitude,
      is then combined, in combining circuit 22, with the signal at the center
      tap point of the delay line, which is defined to be the range cell of
      interest 14, so that a voltage corresponding to the ratio of the voltage
      at the center tap to the mean clutter video is formed. The ratio, which
      may be interpreted as instantaneous signal-to-clutter ratio 24, is then
      compared, in comparator 26, with a reference voltage 28, as produced by
      variable reference circuit 30. If the signal-to-clutter ratio 24 exceeds
      this reference voltage 28, a target is assumed to be present and an output
      video pulse signal is generated. Otherwise, no output is generated. The
      entire process just described is repeated at intervals corresponding to
      the reciprocal of the radar bandwidth, thus producing a detection
      sensitivity which varies in accordance with the amplitude of clutter in
      such a way as to produce a constant false alarm rate and a detection
      sensitivity which approaches the optimum value for that false alarm rate.
PAR  The reference voltage 28 against which the instantaneous signal-to-clutter
      ratio 24 is compared may also, if desired, be made adjustable by the
      operator to establish any convenient false alarm rate and define the
      signal-to-clutter ratio required for target detection. The variable
      reference circuit 30 is thus shown in FIGS. 1 and 2 merely to be a device
      that can produce a variable voltage against which another voltage, such as
      the signal-to-clutter ratio signal 24, may be compared. Obviously, this
      could include such simple devices as potentiometers and transistor voltage
      reference circuits. However, a more sophisticated and accurate means
      employing false alarm rate comparators and integrators could be used for
      the variable reference circuit 30. For example, the average false alarm
      value can be derived and utilized in a system false alarm rate comparator
      arrangement wherein the signal-to-clutter ratio would be compared
      periodically with a specified false alarm rate and the values that exceed
      the specified false alarm rate would then be integrated to obtain the mean
      average or value that exceeds said specified false alarm rate. This mean
      exceeding value would then be compared with the signal-to-clutter ratio in
      the usual manner as previously described. As a result, a more realistic
      evaluation of the signal environment is accomplished.
PAR  The basic processing system described above may be augmented with several
      additional processing techniques to enhance performance as depicted in
      FIGS. 2 and 3. More specifically, for near optimum detection sensitivity,
      approximately twenty range cells must be used to establish an estimate of
      the magnitude of the clutter, and it is necessary that the radar clutter
      which is used to derive the instantaneous signal-to-clutter ratio 24 be
      essentially uniform over the clutter averaging interval established by the
      averaging circuit 18 if optimum performance is to be achieved. If clutter
      edges are encountered, however, a discontinuity in the clutter
      characteristics will propagate through the averaging circuit 18, causing
      non-optimum performance during the transient time interval of
      approximately 20 radar pulse widths. In other words, during the first half
      of this transient interval, in the presence of a clutter edge, the average
      clutter level voltage derived from the averaging circuit 18 will be
      generally higher than desired and the instantaneous signal-to-clutter
      ratio voltage 24 will be below the desired value, resulting in reduced
      detection sensitivity for a given target video signal amplitude. On the
      other hand, during the second half of the transient interval, the average
      clutter level voltage derived from the averaging circuit 18 will be
      generally lower than desired, causing the instantaneous signal-to-clutter
      ratio voltage to be higher than desired and thus producing an undesired
      increase in detection sensitivity which creates an increased false alarm
      rate. In order to reduce these deleterious effects of clutter edges, the
      radar video may be applied to a clutter edge detector 32 prior to being
      fed to the video storage delay line constituting the storage network 12,
      as shown in FIG. 2. If an edge is detected, as will be described, the
      detector 32 alters the clutter video signal being combined, at 22, with
      the range cell of interest 14 such that it is always the best
      approximation to the real clutter magnitude and also controls the
      reference voltage ouput from the reference circuit 30, so as to shift from
      a nominal reference voltage to a preselected higher clutter reference
      voltage level. For example and as will be described in detail hereinafter
      in conjunction with FIG. 3, if an abrupt increase in the clutter level is
      encountered, the clutter edge detector 32 could be used to switch the
      source of the clutter video, applied to combining circuit 22, from all
      twenty range cells surrounding the range cell of interest 14 to the ten
      with the oldest video. An interval corresponding to ten times the
      reciprocal of the radar bandwidth (ten range cells) would transpire before
      the clutter edge affected these cells. After this time, logic circuitry
      within the detector 32 would switch the source of the clutter video to the
      newest video in the storage delay line. The clutter video derived from
      this section of the dealy line would have the proper value since the large
      amplitude clutter would have propagated through the ten cells. After an
      additional ten range cell interval, the logic which was initiated by the
      clutter edge detector would be used to employ the full twenty range cells
      to derive the clutter video signal. This same process would be repeated at
      the trailing edge of clutter, i.e., at an abrupt decrease in the clutter
      amplitude.
PAR  Referring to the detailed block diagram of FIG. 3, prior to delivering the
      radar video signal 10 to the storage network 12, it is first passed
      through the detector 32 which senses the presence of a clutter
      discontinuity, by comparing at comparator 40 the average clutter voltage
      amplitude in (n) cells (n = 3 in FIG. 3) derived from storage network 41
      and averaging circuit 42 with that of the preceding (n) cells derived from
      storage network 43 and averaging circuit 44. If the average clutter
      amplitude from 41-42 is greater than that derived from 43-44 by a
      preselected constant (K) or is less than that derived from 43-44 by a
      constant (1/K), a clutter edge is declared to be present. More
      specifically, in the first case where the average derived from 41-42 is
      greater, a positive clutter edge is present and, conversely, a negative
      clutter edge is present if the average clutter derived from 43-44 is
      greater.
PAR  The detection of a clutter edge, regardless of polarity, causes comparator
      40 to initiate the operation of the waveform generator 45 and the
      generation of the control voltage pulse signal as shown in FIG. 3. Using
      the time at which the clutter edge was detected as the reference time (T =
      O), this control voltage pulse will be initiated or go positive at T = b
      (as shown); remain positive until T = b + A; after which it becomes
      negative until T = b + A + B,
PAL  where,
PA1  b is the time at which storage network 43 becomes filled,
PA1  A is the time needed to fill the first half (first 10 range cells) of the
      storage network 12, and
PA1  B is the time needed to fill the second half (final 10 range cells) of
      storage network 12.
PAR  The voltage waveform generator 45 can be implemented in many ways. For
      example, one rather obvious implementation is to utilize successive
      one-shot delay circuits to establish the timing relationships b, A and B,
      an inverter circuit to account for the reversal in polarity, and a summing
      circuit to combine the pulse outputs from the one-shots which time out the
      A and B intervals.
PAR  The output pulse signal from generator 45 is applied to and controls an
      electronic analog switch 46, in order to select the source of the clutter
      video signal to be applied to the combining circuit 22 as described
      hereinabove; i.e., whether this clutter video signal should come from all
      twenty range cells which surround the range cell of interest (appearing on
      line 14) or only from ten range cells. More specifically, the positive
      control voltage pulse portion of the output from generator 45 actuates
      switch 46 to position labelled "B" wherein the average clutter voltage
      from the second half of the averaging interval, appearing on line 47 from
      the averaging circuit 18, is selected for application via line 48a to the
      combining circuit 22; the negative control voltage pulse from generator 45
      actuates switch 46 to its "A" position and thereby causes the first half
      of the averaging interval to be used, by connecting line 49 from the
      averaging circuit 18 to the combining circuit; whereas, in the absence of
      a clutter edge, the switch 46 maintained in its illustrated "A.sup.. B"
      position wherein the entire twenty cells surrounding the range cell of
      interest would serve as the source of clutter video. It should also be
      noted here that if either a positive or negative control voltage pulse is
      being used to select only half of the averaging interval, i.e., if a
      clutter edge has been detected, the reference circuit 30 is caused to
      produce an altered (e.g., somewhat higher) reference voltage 28 in order
      to maintain the desired false alarm rate, as represented by the control
      line 48b in FIG. 3.
PAR  After passing through the clutter edge detector 32, the incoming radar
      video signal is applied to the storage network 12 which comprises, in
      series, two ten cell (each cell = .tau., the radar pulse width) storages
      or delays referred to as A and B above, and each of which consists of a
      seven cell delay network 50a, b and a three cell delay network 51a, b. As
      noted hereinabove, the range cell of interest is derived between these ten
      cell A and B delay networks, at line 14, and is applied to the combining
      circuit 22 where it is used to produce the desired signal-to-clutter ratio
      signal. As shown in FIG. 3, an additional 1.tau. delay network can, if
      desired, be provided on each side of the center tap 14 of the storage
      network 12 in order to help assure that the target cell of interest does
      not itself contribute anything to the average clutter signals derived from
      the ten cell A and B delay segments of storage network 12.
PAR  As illustrated in FIG. 3, the average circuit 18 includes: a pair of seven
      cell averaging circuits 52a and 52b which are connected to and produce an
      output signal representing the average clutter within the 7.tau. delay
      networks 50a and 50b respectively; a pair of three cell averaging circuits
      53a and 53b which produce an output signal representing the average
      clutter with the 3.tau. delay networks 51a and 51b; a pair of ten cell
      average circuits 54a and 54b which are each connected to the outputs of a
      seven cell averaging circuit and the adjacent three cell averaging circuit
      and thus produce, on lines 49 and 47 respectively, the signals
      representative of the average clutter within the A and B time intervals as
      previously discussed. A 20 cell averaging circuit 55 is also provided and
      responds to the ten cell average signals on lines 47 and 49 in order to
      produce the twenty cell average clutter video signal. As previously
      described, depending upon whether or not a clutter edge is detected by
      detector 32, the outputs of averaging circuits 54a and b and 55 are
      selected, by switch 46, as the source of clutter video to be applied to
      the combining circuit 22.
PAR  As already discussed in relation to the clutter edge detector 32, the
      non-uniformity of clutter over the normal averaging interval (20.tau.)
      reduces the performance of the proposed adaptive video processor. In order
      to compensate for this, a clutter video evaluator designated at 56 in FIG.
      2 is used to sense the non-uniformity of the clutter over the averaging
      interval and causes the averaging circuit 18 to derive an average clutter
      level voltage from the cells closest to the center tap 14 of the averaging
      circuit 18, thus reducing the averaging interval. More specifically, as
      shown in FIG. 3, this is done by deriving a six cell average clutter level
      voltage, at averaging circuit 57, and comparing it with the normal twenty
      cell average clutter level voltage, derived at 55, by means of a "greatest
      of" selection or comparator circuit 58. Thus, if the six cell average is
      greater than the twenty cell average, the six cell average is used to
      derive the instantaenous signal-to-clutter voltage in the combining
      circuit 22, as represented by control line 59. Otherwise, the normal
      twenty cell average clutter level voltage is used.
PAR  Referring now to FIG. 4 and the details of one possible embodiment of the
      combining circuit 22, the range cell of interest signal appearing on 14 is
      applied as one input to a comparator circuit 60. The other input to
      comparator 60 is a sawtooth signal derived by applying the selected
      clutter voltage, on line 61, to an integrator 62 which is periodically
      dumped or reset at a rate equal to 1/.tau. by a signal from source 63. As
      a result, the comparator 60 produces an output pulse train, the duty cycle
      (ratio of on time to off time) of which is derived from the combination of
      the signal and clutter voltages appearing at 14 and 61 respectively; e.g.,
      for as long as the signal on line 14 exceeds a sawtooth output of
      integrator 62, comparator 60 will generate an output pulse of
      corresponding width. This pulse train output from comparator 60 is then
      filtered at 64 to form the instantaneous signal-to-clutter ratio voltage,
      shown at line 24 in FIGS. 1, 2 and 3.
PAR  As previously discussed, the signal-to-clutter signal 24 is then applied to
      comparator 26 for comparison against the selected reference voltage signal
      output 28 from circuit 30, and the output of the signal-to-clutter vs
      reference voltage comparator 26 is a video pulse whose width is equivalent
      to the length of time that the required signal-to-clutter ratio is
      exceeded. As interfering pulse such as that produced by another radar
      might produce undesired false alarms. A wide pulse discriminator 65 can,
      if desired, be provided at the ouput of the comparator 26 therefore, as
      shown in FIG. 2, to inhibit all signals whose duration is longer than that
      which would be produced by targets of interest. A shift register could be
      utilized to accomplish this purpose.
PAR  As added protection against interfering signals which are not longer than
      the radar range cell, a binary correlator 66 may be used to store the
      output of the signal-to-clutter vs reference voltage comparator 26 for one
      radar transmission and use the stored data to compare with that derived
      from the subsequent transmission. As illustrated in FIG. 5, a binary shift
      register 67 having a storage length equal to the reciprocal of the radar
      pulse repetition frequency (PRF) and a shift clock frequency of 1/.tau.,
      in combination with an AND gate 68, could be utilized to function as such
      a correlator. More specifically, only if the same target detections are
      made on successive radar transmissions, will an output signal be produced
      by the AND gate 68. Otherwise, no output is generated. This technique is
      useful in application where the radar antenna position is moved less than
      a beamwidth between transmissions. Of course, in this situation the
      reference voltage applied to Of course, in this situation the reference
      voltage applied to the comparator 26 would be reduced to increase
      sensitivity (and false alarms) so that the system false alarm rate (at the
      output of the correlator) is constant.
PAR  Various other modifications, adaptations and alterations are of course
      possible in light of the above teachings. Therefore, it should be
      understood at this time that within the scope of the appended claims the
      invention may be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adaptive radar video processor for segregating clutter from target
      signals in radar returns composed of a plurality of range cells, said
      video processor comprising:
PA1  means for storing periodically updated video signals corresponding to each
      range cell in said radar returns,
PA1  a first means for gaining access to the stored video signal corresponding
      to a particular range cell of interest, said range cell of interest being
      defined as the center tap cell,
PA1  a second means for gaining access to the stored video signals corresponding
      to a plurality of range cells that surround said center tap cell,
PA1  averaging means for producing from the average value of said video signals
      corresponding to said surrounding range cells an average value signal
      representing the mean value of clutter amplitude in the vicinity of said
      center tap cell,
PA1  means for combining said center tap video signal with said signal
      representing said mean clutter value to produce an output signal
      corresponding to the instantaneous signal-to-clutter ratio,
PA1  a source of adjustable reference voltage, the amplitude of said reference
      voltage providing a false alarm threshold corresponding to a desired
      minimum signal-to-clutter ratio, and
PA1  means for comparing the output signal from said combining means with said
      reference voltage.
NUM  2.
PAR  2. The video processor as claimed in claim 1 wherein said storage means
      comprises a video delay line.
NUM  3.
PAR  3. The video processor as specified in claim 1 wherein
PA1  said averaging means is effective to produce a first average value signal
      representing the mean clutter value for a preselected number of range
      cells encompassing said center tap cell in range and storage time, and
      second and third average value signals representing the mean clutter
      values for a lesser preselected number of range cells prior to and after
      said center tap cell respectively in range and storage time, and further
      including
PA1  clutter edge detection means operably connecting said averaging means to
      said combining means for selectively applying said first, second and third
      average value signals to said combining means,
PA1  said first average value signal being applied to said combining means in
      the absence of a clutter edge,
PA1  said second average value signal being applied to said combining means for
      a first time interval corresponding to said lesser preselected number of
      range cells upon detection of a clutter edge by said detection means,
PA1  said third average value signal being applied to said combining means for a
      second time interval corresponding to said lesser preselected number of
      range cells at the termination of said first time interval following the
      detection of a clutter edge,
PA1  said first average value signal being again applied to said combining means
      at the termination of said second time interval following the detection of
      a clutter edge.
NUM  4.
PAR  4. The video processor specified in claim 3 wherein said preselected number
      of range cells encompassing said center tap cell is equal to twenty range
      cells and said lesser preselected number of range cells both prior to and
      after said center tap cell in range and storage time is equal to ten range
      cells.
NUM  5.
PAR  5. The video processor specified in claim 1 wherein said averaging means
      produces first and second average value signals representing respectively
      the mean values of clutter within a first and second plurality of range
      cells each encompassing said center tap cell,
PA1  said second plurality of range cells containing less range cells on each
      side of said center tap cell than said first plurality of range cells, and
      further including,
PA1  clutter evaluator means operably connected to said averaging means and said
      combining means and responsive to said first and second average value
      signals for selectively applying whichever of said first and second
      average value signals represents a larger mean clutter value to said
      combining means.
NUM  6.
PAR  6. The video processor specified in claim 3 wherein said averaging means
      also produces a fourth average value signal representing the mean clutter
      value within a fourth plurality of range cells encompassing said center
      tap cell,
PA1  said fourth plurality of range cells containing less range cells on each
      side of said center tap cell than said first plurality of range cells, and
      further including
PA1  clutter evaluator means operably connected to said averaging means and said
      combining means and responsive to said first and fourth average value
      signals for selectively applying whichever of said first and fourth
      average value signals represents a larger mean clutter value to said
      combining means.
NUM  7.
PAR  7. The video processor specified in claim 1 wherein said comparing means
      produces an output video signal pulse having a pulse width indicative of
      the length of time that said instantaneous signal-to-clutter ratio exceeds
      said desired minimum ratio, and further including
PA1  means operably connected to receive the output video signal pulse from said
      comparing means for discriminating against output video signal pulses
      whose width is longer than a preselcted value that would be produced by
      targets of interest.
NUM  8.
PAR  8. The video processor specified in claim 5 wherein said comparing means
      produces an output video signal pulse having a pulse width indicative of
      the length of time that said instantaneous signal-to-clutter ratio exceeds
      said desired minimum ratio, and further including
PA1  means operably connected to receive the output video signal pulse from said
      comparing means for discriminating against output video signal pulses
      whose width is longer than a preselected value that would be produced by
      targets of interest.
NUM  9.
PAR  9. The video processor specified in claim 1 further including correlating
      means operably connected to receive the output video signal pulse from
      said comparing means for producing an output signal indicating target
      presence only if there is correlation between the target signals contained
      in the radar returns resulting from successive radar transmissions.
NUM  10.
PAR  10. The video processor specified in claim 8 further including correlating
      means operably connected to receive the output video signal pulse from
      said comparing means for producing an output signal indicating target
      presence only if there is correlation between the target signals contained
      in the radar returns resulting from successive radar transmissions.
NUM  11.
PAR  11. The video processor specified in claim 9 wherein said correlating means
      is a shift register having a storage length equal to the reciprocal of the
      radar pulse repetition frequency and a serial shift clocking frequency
      equal to the reciprocal of the radar pulse width.
NUM  12.
PAR  12. The video processor specified in claim 1 further including means
      effective to prevent said center tap signal from contributing to said mean
      clutter value signal.
NUM  13.
PAR  13. The video processor specified in claim 3 further including means
      effective to prevent said center tap signal from contributing to said mean
      clutter value signal.
NUM  14.
PAR  14. The video processor specified in claim 13 wherein said prevention means
      comprises first and second storage means for storing a range cell on each
      side of said center tap cell between said center tap cell and each of said
      lesser preselected number of range cells prior to and after said center
      tap cell.
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ABST
PAL  A monopulse pulse width discriminator for differentiating between input
       sals on the basis of pulse width and amplitude, having discriminator and
      timing circuits which outputs gate a video track loop fed by the modified
      input signal.
GOVT
PAC  GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of monopulse radar receivers all prior devices are unable to
      pulse width discriminate on instantaneous pulses. The present invention
      provides monopulse radar receivers with this ability.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the preferred embodiment;
PAR  FIG. 2 is the wave-form diagram when the input pulse width &gt; the
      discriminator's reference pulse width; and
PAR  FIG. 3 is the wave-form diagram when the input pulse width &lt; the
      discriminator's reference pulse width.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an RF energy input is coupled in at input 10 to
      the input of a logarithmic amplifier 14. The input to amplifier 14 is
      screened by diode detector 12. The output of logarithmic amplifier 14 is
      coupled to threshold circuit 16, which allows only pulses above a
      predetermined amplitude to trigger timing circuit 18, and pulse width
      discriminator 20.
PAR  Pulse width discriminator 20 consists of a follow-hold amplifier 38, which
      effectively holds or stretches the output pulse from logarithmic amplifier
      14, and pulse width sifter 40, which provides an output signal only when
      the input pulse has a pulse width greater than the discriminator's
      reference pulse width. Pulse width discriminator 20 is fully disclosed in
      U.S. Pat. 3,611,157, by Richard S. Hughes. Follow-hold amplifier 38 can be
      considered to perform a similar function to that disclosed for peak
      detector 12 in the copending application.
PAR  The output of follow-hold amplifier 38 is coupled to pulse width sifter 40
      and video track loop 22. Loop 22 is a conventional circuit utilized in
      radar receivers and, therefore, will not be discussed in detail. Its
      function, however, in respect to the invention will be mentioned.
PAR  The output of follow-hold amplifier 38 is compared in gated comparator 42
      with a direct current amplitude level; i.e., the output of integrator 46;
      which is dependent on the last pulse accepted by the video track loop 22.
      The output of the gated comparator 42 is then coupled to analog gate 44
      and passed by gate 44 only if AND gate 24 is "opened" by simultaneous
      signals from pulse width sifter 40 and one-shot multivibrator 36 in timing
      circuit 18. If the input pulse width is narrower than the pulse width
      discriminator's reference pulse width, AND gate 24 will not operate to
      open analog gate 44. Therefore, a pulse having a narrow pulse width will
      not be coupled to integrator 46 and will not update the video track loop
      direct current amplitude level.
PAR  Timing circuit 18 consists of five one-shot multivibrators which operate,
      as best seen in FIGS. 2 and 3, to time the system's operation. One-shot
      multivibrator 28 gates follow-hold amplifier 38 and triggers one-shot
      multivibrator 30. One-shot multivibrator 30 after a delay triggers
      multivibrator 32 which in turn gates gated comparator 42 and triggers
      one-shot multivibrator 34. One-shot 34, after a delay sufficient for pulse
      width discriminator 20 to complete its operation, triggers one-shot 36.
      The output of one-shot 36 is coupled to AND gate 24.
PAR  The operation of the system when the input pulse width is greater than the
      discriminator's reference pulse width (FIG. 2) is as follows: The output
      from logarithmic amplifier 14 is fed to threshold circuit 16, which
      triggers timing circuit 18 only when the input pulse is above a
      predetermined amplitude, and pulse width discriminator 20. Assuming the
      input pulse is greater than the above mentioned predetermined amplitude,
      follow-hold amplifier 38 of pulse width discriminator 20 outputs a direct
      current signal to gated comparator 42 of video track loop 22. The output
      of integrator 46, which is dependent on the last pulse accepted by track
      loop 22, is fed back by coupling 48 as a reference level to gated
      comparator 42. Assuming the output from follow-hold amplifier 38 is
      greater than the fed back reference level, gated comparator 42 provides a
      direct current output to analog gate 44.
PAR  Since the input signal has a pulse width greater than the discriminator's
      reference and an amplitude greater than the threshold circuit's reference,
      pulse width sifter 40 and one-shot multivibrator 36 provide simultaneous
      outputs, opening AND gate 24 and analog gate 44. Therefore, the output of
      gated comparator 42 is coupled to integrator 46 which provides a system
      output at 26 and updates the video track loop direct current reference
      level.
PAR  The operation of the system when the input pulse width is less than the
      discriminator's reference pulse width (FIG. 3) differs from the above as
      follows: Pulse width sifter 40 of pulse width discriminator 20 does not
      provide a simultaneous output with one-shot multivibrator 36 to AND gate
      24. Therefore, AND gate 24 and analog gate 44 remain closed, preventing
      the output of gated comparator 42 from reaching integrator 46. The output
      of integrator 46, therefore, remains as its previous direct current
      reference level.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic system for differentiating between signals on the basis of
      pulse width and amplitude, comprising:
PA1  input means adapted to receive an input signal;
PA1  a logarithmic amplifier operatively connected to said input means and
      providing an output;
PA1  discriminator means operatively connected to the output of said logarithmic
      amplifier for discerning the pulse width of said input signal relative to
      a reference, and for providing outputs from a first and second coupler
      wherein said first coupler provides an output only when the pulse width of
      said input signal is greater than said reference;
PA1  timing means also operatively connected to the output of said logarithmic
      amplifier for providing timed signal outputs;
PA1  gating means operatively connected to said first coupler and said timing
      means for providing a signal output only when signals are simultaneously
      received from said first coupler and said timing means; and
PA1  a video track loop operatively connected to said second coupler and the
      output of said gating means, and providing the system output.
NUM  2.
PAR  2. The system of claim 1 wherein said video track loop further comprises,
PA1  means for accepting the output from said second coupler only when enabled
      by a signal output from said gating means.
NUM  3.
PAR  3. The system of claim 1 wherein said discriminator means further
      comprises;
PA1  pulse peak detector means operatively connected to the output of said
      logarithmic amplifier and providing said second coupler output, for
      elongating said logarithmic amplifier output in the time domain so as to
      effectively stretch said input signal.
NUM  4.
PAR  4. The system of claim 1 wherein said timing means further comprises;
PA1  a plurality of one-shot multivibrators providing timed signal outputs to
      said discriminator means, said gating means, and said video track loop.
NUM  5.
PAR  5. The system of claim 1 wherein said video track loop further comprises;
PA1  a gated comparator operatively connected to said second coupler,
PA1  an analog gate operatively connected to said gated comparator and said
      gating means,
PA1  an integrator operatively connected to said analog gate and providing said
      system output, and
PA1  feedback means operatively connected to said analog gate and said gated
      comparator for feeding back the output signal from said integrator.
NUM  6.
PAR  6. A method for differentiating between signals on the basis of pulse width
      and amplitude, comprising;
PA1  receiving an input signal,
PA1  logarithmic amplifying said input signal,
PA1  discerning the pulse width of said input signal relative to a first
      reference,
PA1  discerning the pulse amplitude of said input signal relative to a second
      reference,
PA1  providing a circuit enabling signal only when said pulse width is greater
      than said first reference and said pulse amplitude is greater than said
      second reference, and
PA1  outputting a circuit output including the current input signal only when
      said circuit enabling signal is provided.
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ABST
PAL  A system for controlling the flight of a missile by the use of coded radar
      signals. A ground level radar transmits coded signals in the form of a
      phase modulated radar signal. Each coded signal represents a particular
      guidance command which is received by the missile and "filtered" out of
      the radar signal by a surface acoustic wave correlator. The correlator
      detects the code in the signal and in turn energizes a control circuit
      which operates a control surface on the missile.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to guidance systems for controlling missiles and
      more particularly relates to the use of radar equipment to provide the
      guidance commands. The use of radar transmitting equipment permits
      controlling a vehicle by the same means by which it is detected. The
      invention is concerned with providing two or more functions in one
      frequency band on a non-interfering basis with the result that precious
      frequency space will be available for other uses.
PAR  The idea of command guidance is not new. For example radio controlled
      missiles, drones, etc., are well known in the art. Likewise, the use of
      radar signals to provide command guidance is not new. The advantage of
      using radar signals for command guidance is that it is difficult for any
      enemy to know when guidance signals are being given or to know what the
      guidance commands are. By adding pulse to pulse frequency diversity and
      prf jitter to the radar signal, it becomes even more difficult for the
      enemy to deceive a missile guidance circuit or to know what part of the
      frequency spectrum to jam. Present guidance systems have a disadvantage in
      that they use either two completely separate systems which transmit two
      different types of signals or the two separate systems transmit signals at
      different frequencies thus using up a substantial portion of the frequency
      spectrum available. For example, one system uses pulse radar to guide the
      missile while using a CW illuminating radar to track the target while
      another system uses a doppler radar along with a pulse radar to provide
      guidance to the missile. These systems are necessarily complicated and
      expensive.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a system and a method of achieving covert command
      guidance of missiles using a phase modulated radar signal as the guidance
      command. The command guidance link could be used to control surviellance
      vehicles such as DASH or SNOOPY or it could be used to guide a missile
      such as Bullpup or Shrike to its target. A ground level radar system
      transmits coded radar signals to the missile which are decoded and used to
      operate control surfaces on the missile. The coding and decoding functions
      are performed by surface acoustic wave correlators. Surface acoustic wave
      correlators provide the unique functions of cross-correlating a signal
      stored in the correlator with the incoming command guidance signal. The
      correlator contains a stored replica of a command signal. When that
      particular command signal is received the device produces the
      cross-correlation function for that wave form. When any other command is
      received a response will occur, but it will not be a correlation response.
      That is, its amplitude will be less than the response for the proper
      command signal. Digital deciphering circuits follow the acoustic wave
      devices and determine which device produced the response and thus what the
      particular command is. The command is then fed into the control circuits
      of the missile which in turn operate control surfaces.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a system which achieves
      covert command guidance of a missile using phase modulated radar signals.
PAR  It is a further object of the invention to provide such a system which also
      conserves precious frequency space.
PAR  Still another object is to provide command guidance while improving the
      signal to noise ratio of the ground level radar.
PAR  Other objects, advantages and features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a simplified block diagram of the basic radar system needed to
      achieve command guidance.
PAR  FIG. 2 shows a simplified block diagram of a receiver similar to the radar
      receiver which is installed in the missile.
PAR  FIG. 3 illustrates the electrode structure which experimentally
      demonstrated correlation in piezoelectric materials.
PAR  FIG. 4 illustrates the electrode structure to correlate a phase reversal
      modulated pulse.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A basic radar system needed to achieve command guidance is illustrated in
      FIG. 1. The system may be a multi-track radar using a phased array antenna
      to track multiple targets; it could also be a search radar for use with a
      surveillance vehicle, or the system could consist of two tracking radars,
      one for the target and one for the missile. Preferably the radar system
      chosen for missile guidance uses a traveling wave tube (TWT) or a
      cross-field amplifier for transmission. The use of phase modulated or
      phase coded pulses for missile guidance dictates the need for a radar
      system which produces a minimum of distortion.
PAR  Tracking information is processed by a conventional radar receiver 10 and
      fed to a plurality of parallel connected surface acoustic wave correlators
      12. The surface acoustic wave correlators perform two functions. They act
      as a signal coding device to provide information to the computer 14
      through error circuits 16 to determine the guidance commands to be given
      by the computer. They also perform the function of improving signal to
      noise ratio and discriminate against other interfering signals (deliberate
      or unintentional).
PAR  The guidance commands from the computer 14 determine the phase reversal
      modulated signal to be generated by the phase reversal pulse modulator 18.
      This phase modulated IF signal is applied to a single side band modulator
      22 which translates the signal to the frequency of transmission. The radar
      computer 14 also determines on which frequency the radar is to transmit
      from pulse to pulse by operating frequency control device 20. Frequency
      control device 20 is a conventional frequency synthesizer having a
      selectable frequency and a frequency multiplier. The output of the single
      side band modulator 22 is applied to the TWT transmitter 24 which
      amplifies the signal to the proper power level for transmission. The
      guidance signal transmitted also provides a radar return that can be
      processed by the receiver circuits 10 to provide raw tracking information
      for the computer.
PAR  On board the missile or surveillance vehicle is a wide angle antenna 26
      pointed toward the radar transmitter and a microwave receiver 28 similar
      to the radar receiver. A block diagram of this receiver is shown in FIG.
      2. The phase modulated IF pulse is received by the wide angle antenna 26
      and applied to a conventional radar microwave receiver 28. The output of
      receiver 28 is processed by a plurality of parallel connected surface
      acoustic wave correlators 30 which act as matched filters to the phase
      modulated radar pulse. Each surface acoustic wave correlator on board the
      vehicle is matched to a different modulated pulse. A family of modulated
      pulses is chosen so that only one of the correlator outputs will exceed a
      certain level in response to the received command. This is accomplished by
      designing each acoustic correlator to respond to only one particular phase
      coded pulse. A digital command decipher circuit 32 determines which
      correlator responded to the command, thus determining what the command
      was, and produces the proper output signal to the missile control circuits
      34. The missile control circuits 34 in turn operate one of the missile
      control surfaces 36.
PAR  If it is desired to obtain health information from a missile one of the
      surface acoustic wave correlators could be provided for this purpose. If
      one of the commands from the ground level radar is to transmit health
      information, a transmitter (not shown) would be provided with a local
      oscillator at a different frequency so that the receiver frequency would
      not be revealed when the vehicle responds. In addition the ground level
      radar of FIG. 1 would include a vehicle health interpretation circuit 25
      which would supply information to the radar computer to determine if the
      missile is functioning properly.
PAR  The surface acoustic wave correlators are the heart of the system, for they
      detect and sort out the particular command from the radar signal received.
      They accomplish this function by performing cross-correlation on the
      receiver radar signal. That is, a surface acoustic wave correlator
      contains a stored replica of a particular command signal and when that
      command signal is received, the device forms a cross-correlation function
      for that wave form. When any other command signal is received, a response
      will occur, but it will not be a correlation response (i.e., its amplitude
      will be less than the response for the proper command signal). In this
      sense, the acoustic wave device is the heart of the command detection
      receiver. However, the acoustic wave device only performs the function of
      cross-correlation. The digital command decipher circuits that receive the
      output from the acoustic correlators determine whether the response of an
      acoustic wave device indicates a positive correlation or negative
      correlation (i.e., whether a signal is a specified command or not). When
      no guidance commands are being transmitted none of the acoustic wave
      correlators will provide a correlated response and thus the missile will
      remain on its present course.
PAR  A surface acoustic wave correlator is a piezoelectric device which has
      specially designed electrodes for accomplishing correlation with a phase
      coded signal. Experiments by R. H. White and F. W. Voltmer demonstrated
      that acoustic Rayleigh waves can be excited electrically in piezoelectric
      materials. (Rayleigh waves are named for their discover who showed that
      waves could be propagated on the plane boundary of a solid elastic
      material and air or vacuum.) White and Voltmer showed that correlation
      could be performed with these acoustic surface waves and a proper
      "receiving" electrode structure. In one experiment they impulsed a
      "transmit" electrode structure that consisted of several pairs of
      electrodes placed perpendicular to the digonal axis of AT cut quartz. The
      "receiving" electrode structure was identical to the "transmit" electrode
      structure as shown in FIG. 3. (Their experiments are reported in Applied
      Physics Letters, volume 7, number 12, Dec. 15, 1965, pages 314 to 316.)
      The acoustic wave produced when the "transmit" electrode was inpulsed was
      a rectangular pulse. When this pulse was intercepted by the "receive"
      electrodes, a diamond shaped output wave form was noted on the
      oscilloscope. A correlation function or a rectangular pulse correlated
      with a rectangular pulse of the same duration is a diamond shaped wave
      form.
PAR  These experiments led to the development of the surface wave acoustic
      correlators used in the present invention. FIG. 4 illustrates a typical
      electrode structure for correlation. The electrode pattern 42, 44 is
      produced by photoetching a metallic film deposited on quartz bar 37. The
      input electrode 42 consists of a single pair while the output electrode
      structure consists of coded pairs of electrodes. The output electrodes are
      coded by built-in phase changes in the electrode structure as shown in 46.
      These phase changes in the electrode structure correspond to phase changes
      in the phase reversal modulated pulse. Correlation of a 10 microsecond
      phase coded pulse require a quartz crystal approximately 2 inches long and
      1/2 inch wide. Phase coded radar signals are applied to the input
      electrodes at 38 producing a correlated wave form at the output 40. The
      deciphering circuits 32 of FIG. 2 determine whether a correlation response
      has occurred.
PAR  Thus there has been disclosed an invention which controls the flight of a
      missile by using coded radar pulses which result in a conservation of
      precious frequency space. The use of surface wave acoustic correlators in
      the basic radar system to achieve command guidance also provides the
      additional advantage of improved signal to noise ratio enabling the radar
      to discriminate against other interfering signals.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefor to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A remote control system for guiding a missile comprising:
PA1  a radar system including means for transmitting phase-coded command
      signals, one phase-coded signal for each command;
PA1  means installed in the missile for receiving said command signals;
PA1  means for decoding the command signal,
PA1  said decoding means comprising a plurality of surface-acoustic-wave
      correlators, one correlator for each command signal, and means for
      deciphering the output of the correlators to determine which of the
      correlators produced a response; and,
PA1  means for operating a control surface on the missile in response to the
      decoded command signal.
NUM  2.
PAR  2. The control system of claim 1 wherein said transmitting means includes:
      a phase reversal pulse modulator for generating the phase coded command
      signals; and
PA1  signal coding means for energizing said pulse modulator, one signal coding
      means for each command signal.
NUM  3.
PAR  3. The control system of claim 2 wherein the signal coding means is
      comprised of a plurality of surface wave acoustic correlators.
NUM  4.
PAR  4. The control system of claim 1 wherein the radar system includes means
      for receiving part of the command signal energy which is reflected by the
      missile and for producing missile position information.
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ABST
PAL  This invention comprises an interferometric technique for the one-way
      transmission of bearing angle information to an unlimited number of mobile
      receivers. In accordance with the invention the angle related path length
      difference, between transmitters located at either end of an
      interferometer baseline, to a mobile receiver is measured in wavelengths
      at a modulation frequency.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the United States Department of Transportation and may be
      manufactured and used by or for the Government of the United States of
      America for governmental purposes without the payment of any royalties
      thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to direction finding systems and particularly
      to such systems of the type employing a pair of spaced antennas by which
      carrier and sideband waves may be radiated to a remote point and may be
      received at the remote point and utilized to provide an indication of the
      direction of the remote point from the spaced antennas. More specifically,
      this invention relates to the simultaneous one-way transmission of bearing
      angle information from a single transmitter station to an unlimited number
      of mobile receivers. Accordingly, the general objects of the present
      invention are to provide novel and improved apparatus and methods of such
      character.
PAR  2. Description of the Prior Art
PAR  One-way transmission of pointing or bearing angle information from a
      transmitter fixed in a local framework of reference to a mobile receiver
      in the same reference system is well known in the art. Prior art methods
      for one-way transmission of bearing angle information may be generally
      classified as scanning fan beam techniques or interferometric techniques.
PAR  In the context of an air traffic control system, prior art scanning fan
      beam techniques employ a transmitted beam of electromagnetic radiation
      which scans across the coverage sector in both azimuth and elevation. The
      fan beam in each coordinate is generated by a single antenna to define a
      spatial/time angular resolution. Scanning beam techniques, whether
      electronic or mechanical means are employed to achieve the scanning, limit
      the available data rate since each passage of the beam across the airborne
      receiver represents a single data point with the time interval to the
      subsequent data point determined by sector angle coverage requirements and
      scan rate. Increasing the scan rate to reduce the time reference interval
      between sequential data points reduces the observing time available for
      each data point; i.e., the dwell time of the fan beam on the receiver is
      decreased as the scan rate is increased; and thus has a deleterious effect
      on the accuracy of the measurement as well as on the bandwidth (amount of
      spectrum) required by the system.
PAR  Interferometric techniques include those systems wherein bearing angle in
      either coordinate is determined by measuring the path length difference
      between either end of a fixed baseline to a point, as shown in FIG. 1. In
      a typical embodiment the point will be a mobile receiver, and a pair of
      transmitting antennas will be located at either end of the baseline. The
      bearing angle, .theta., to the mobile receiver measured in the plane
      containing the baseline and the receiver is given by:
EQU  .theta. = sin .sup..sup.-1 (L/d)                           (1)
PAL  where:
PA0  L = the path length difference between either end of the baseline and the
      mobile receiver, and
PA0  d = the baseline length.
PAL  Although the object of most inteferometric techniques is to perform an
      angle measurement, this is accomplished through the measurement of the
      path length difference, L, by radiating signals from antennas located at
      either end and/or along the baseline. By appropriate processing of these
      signals the receiver is capable of deriving the path length difference, L.
      Since the value of the baseline length, d, is known, the bearing angle
      .theta. is uniquely determined by the path length difference measurement
      in accordance with Equation (1). It is for this reason that
      interferometric techniques are frequently referred to as self-coded; i.e.,
      an angle related tone is not transmitted as in the case of mechanical
      scanning beam systems. In interferometric systems each angle relative to a
      particular baseline bears a unique relationship to the path length
      difference, measured from each end of the baseline, in that angular
      direction. The measured path length difference is represented by the
      surface of a cone with the baseline as the conical axis.
PAR  If a second baseline with associated transmitters were placed orthogonal to
      the first the measurable path length difference would also generate a
      series of conical surfaces, each corresponding to a specific angle, in
      which the second baseline is the conical axis of the second set of conical
      surfaces. The intersection of the conical surfaces represented by two
      orthogonal baseline transmitter systems uniquely determines the bearing
      angles of the receiver relative to the orthogonal baselines in the local
      framework of reference.
PAR  The foregoing interferometric principles apply to both conventional prior
      art techniques as well as to the present invention.
PAR  In the conventional prior art interferometric techniques, a carrier signal
      at a frequency f.sub.c is radiated from an antenna element at one end of a
      baseline and a sideband signal at f.sub.c + f.sub.m is radiated from an
      antenna at the other end of the baseline. The modulation frequency,
      f.sub.m, is also simultaneously radiated on a subcarrier from an antenna
      located on or near the baseline. At the receiver, the carrier and sideband
      signals are heterodyned to extract the modulation frequency, f.sub.m. The
      phase of the modulation frequency resulting from this heterodyning action
      is shifted relative to the phase of the modulation frequency
      simultaneously received on the subcarrier by an angular amount determined
      by the path length difference between either end of the baseline and the
      receiver. The phase shift occurs as a consequence of the fact that the
      carrier and sideband signals travel over paths to the receiver that differ
      in length by an amount corresponding to the observed phase shift. Thus, in
      the prior art, the measurement of the difference between the phase of the
      modulation frequency, derived by heterodyning the received carrier and
      sideband signals, and the phase of the modulation frequency,
      simultaneously transmitted on a subcarrier, is related to the path length
      difference L in accordance with the following:
EQU  L = (.lambda. .sub.c .phi. )/(2.pi.)                       (2)
PAL  where .lambda. .sub.c = the wavelength measured at the carrier frequency.
      The receiver determines the position angle .theta. through the measurement
      of the phase difference .phi. from the relationship:
      ##EQU1##
      which is obtained directly from Equations (1) and (2).
PAR  The important feature to be noted in regard to Equations (2) and (3), and
      hence to prior art interferometric techniques, is that the phase
      difference measured by the receiver refers to a corresponding path length
      difference measured in fractional wavelengths at the carrier frequency
      even though the phase difference measurement is performed at the
      modulation frequency. This characteristic of prior art interferometric
      methods leads to two major restraints and concomitant disadvantages
      associated with prior art interferometric technique, namely angular
      ambiguity and low data rate.
PAR  Angular ambiguity arises as a consequence of the conflicting requirements
      associated with minimum baseline length d required to achieve a desired
      angular resolution, and the maximum separation of transmitting elements
      allowed to assure a unique bearing angle relationship for each measured
      value of phase difference .phi.. The latter restraint is fully deduced
      from the foregoing analysis by noting the presence of a cyclic phase
      ambiguity associated with path length differences which are integer values
      of the carrier wavelength; i.e., the measured phase difference .phi. will
      have the same value for all angles which differ in path length by one
      wavelength at the carrier frequency. Although means have been developed
      for resolving such particular ambiguities, such means involve time
      division multiplexing of the transmitted signal among a number of
      transmitting antenna elements located along the baseline in addition to
      the antennas located at either end of the baseline. As a result, the time
      required by the receiver to resolve the ambiguity and determine the
      specific angle .theta. is determined by the time needed to process the
      several time multiplexed signals on their sequential arrival at the
      receiver. Consequently, as the required sector angle coverage is increased
      the time required to resolve the angle ambiguity is also increased thus
      resulting in a reduction in data rate. Prior art means for resolving angle
      ambiguity are comparatively complex and thus have an additional
      deleterious effect on system cost and reliability.
PAR  An additional restraint imposed on prior art interferometric methods
      results from errors associated with motion of the receiver relative to the
      transmitter during the time of position angle measurement. Since the
      fundamental parameter involved in the measurement of the bearing angle is
      the phase difference between two frequencies; i.e., a carrier frequency
      transmitted from one end of the baseline and a carrier plus modulation
      frequency transmitted from the other end; a Doppler error related to
      receiver velocity in the direction of the transmitter will be introduced
      directly on the difference or modulation frequency thereby resulting in a
      velocity related angle measurement error. To minimize the effect of
      Doppler errors, it is necessary in prior art interferometric methods to
      utilize a relatively low modulation frequency, usually in the audio range
      or at least limited to approximately 100 KHz, since the magnitude of the
      Doppler error, for a given velocity, is directly proportional to the
      modulation frequency.
PAR  Interferometric techniques do, however, overcome several of the
      above-discussed disadvantages of scanning fan beam techniques as a
      consequence of the inherent ability of an interferometric system to
      simultaneously transmit a signal format over a broad angle coverage sector
      from which an unlimited number of airborne receivers may determine their
      position angle relative to the interferometer baseline. Although the
      angular width of the sector which can be covered by prior art
      interferometric techniques without encountering angular ambiguity is
      significantly larger than the width of a scanning fan beam capable of
      providing equivalent performance, typical air traffic control sector
      coverage requirements exceed the ambiguity limits of simple prior art
      interferometric techniques. As discussed above, prior art interferometric
      methods for overcoming angle ambiguity restraints, in order to provide
      improved angle sector coverage, have the disadvantage that the antenna
      systems employed are complex. Additionally, prior art interferometric
      techniques generally require that critical proportioning of circuit
      constants be established and maintained between the elements of the
      transmitting apparatus if satisfactory operation of the direction finding
      system is to be realized. There is the further disadvantage that the
      receiving apparatus used in such prior art interferometric systems is
      relatively complex and therefore expensive.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above briefly discussed and other
      deficiencies and disadvantages of the prior art by providing a novel and
      improved interferometric navigation and guidance system.
PAR  In the present invention the physical geometry of the transmitter
      configuration is independent of the carrier frequency selected; the
      carrier signals are used only to carry the angle data information which is
      totally contained in the phase characteristics of the received modulation
      frequencies. Consequently, the spacing of the transmitting antennas in
      accordance with the present invention is determined by the wavelength of
      the modulation frequency, which may be one to two orders of magnitude
      greater than the carrier frequency wavelength at typical air traffic
      control microwave frequencies. As a result, the transmitting antennas can
      be configured as completely separate apertures physically located at
      either end of a baseline. This is a significantly less complex transmitter
      configuration than required in prior art methods wherein the total extent
      of the baseline is occupied by a reflecting surface illuminated by a
      complex multiple element feed structure. In the present invention, the
      design of the transmitting antennas is restrained primarily by the angle
      sector coverage requirements and not by antenna feed element spacings at
      the carrier frequency as required by the prior art methods. Also, as
      previously noted, the modulation frequency can be significantly higher
      than employed in prior art interferometric techniques, since the present
      invention completely cancels the effect of velocity induced Doppler
      errors. Although a Doppler error is introduced in the measured phase of
      the modulation frequency received from either transmitting antenna in a
      two antenna system, the magnitude of this error is precisely the same for
      the modulation frequency received from the other antenna. Since the phase
      difference between the two modulation frequencies is the measured
      parameter, the Doppler error, which is equivalent in either is cancelled
      in the process of obtaining their bearing angle related phase difference.
PAR  In order to implement the present invention a number of essential criteria
      must be observed. First, an antenna at a first end of a baseline must
      transmit a carrier and sideband frequency simultaneously with the
      transmission of a separate carrier and sideband frequency from the antenna
      element at the other end of the baseline. The frequency separation and
      phase relationship of each sideband to its carrier must be the same; this
      being accomplished by use of a common modulation frequency generator for
      both carriers. Finally, the frequency separation of the carrier signals,
      which are to be transmitted simultaneously, must be sufficient to make
      negligible any phase errors associated with filtering as may be required
      for their separate identification at the receiver or, alternatively,
      receiver induced phase delays must be the same for all frequencies within
      the phase measurement accuracy required to achieve a desired angle
      position measurement accuracy.
PAR  Considering the least complicated configuration wherein bearing angle
      information is transmitted to a mobile receiver, in a preferred embodiment
      of the present invention a pair of transmitting antennas are located at
      either end of a baseline. The nominal spacing between the antennas; i.e.,
      the baseline length; is one wavelength at the modulation frequency rather
      than one wavelength at the carrier frequency as in prior art techniques.
      Each antenna simultaneously transmits a carrier and a sideband signal
      rather than one antenna transmitting a carrier and the other a sideband as
      in prior art techniques. The carrier frequencies are displaced to allow
      separate identification of the signals transmitted by each antenna. The
      frequency of each sideband signal is displaced from its carrier frequency
      by the modulation frequency. The modulation frequency, however, is common
      to each carrier; a single modulation frequency generator being employed to
      modulate the separate carrier frequencies.
PAR  The carrier and sideband signals transmitted from each antenna are
      heterodyned at the receiver to derive the modulation frequency. By this
      process the receiver derives a modulation frequency associated with the
      two signals radiated from one end of the baseline and at the same time a
      modulation frequency is derived from the carrier and sideband signals
      radiated from the other end of the baseline. Although the heterodyning
      action results in two modulation "frequencies", these modulation
      "frequencies" are in fact at the same frequency by virtue of the means of
      their transmission. Their phase, however, differs as a consequence of the
      path length difference between either end of the baseline and the
      receiver. In the present invention this phase difference is directly
      related to the path length difference in accord with:
EQU  .phi. = (2.pi. L)/.lambda..sub.m                           ( 4)
PAL  in which .lambda..sub.m is the wavelength at the modulation frequency,
      rather than at the carrier frequency as in prior art techniques.
PAR  It is an object of the present invention, therefore, to provide a new and
      improved navigation system which avoids one or more of the disadvantages
      and limitations of prior art scanning beam and interferometric systems.
PAR  It is a further object of the invention to provide a navigation system
      based on intermediate frequency interferometric principles which overcomes
      both data rate and angle coverage restraints imposed by conventional prior
      art application of interferometric principles.
PAR  It is also an object of the invention to provide an interferometric angle
      measurement equipment whose geometrical parameters are essentially
      independent of the carrier frequency of operation; thereby providing wide
      angle coverage without the limitations of angle ambiguity and related
      complexities associated with prior art interferometric methods.
PAR  It is a further object of the invention to provide an angle measurement
      system unrestrained in data rate by the complexities of angular ambiguity
      associated with prior art methods.
PAR  It is an additional object of the invention to provide interferometric
      angle measurement equipment whose performance is independent of the
      velocity of a mobile receiver in the direction of the transmitter.
PAR  It is another object of the present invention to provide a guidance system,
      wherein an unlimited number of aircraft, if each is provided with a
      receiver according to the invention, will receive both elevation and
      azimuth angle direction data from a ground based transmitter in accordance
      with the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The present invention may be better understood and its numerous objects and
      advantages will become more apparent to those skilled in the art by
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is a representation of the "problem geometry", in a single
      coordinate, to which the present invention is directed;
PAR  FIG. 2 is a functional block diagram of a two element transmitter in
      accordance with the present invention; and
PAR  FIG. 3 is a functional block diagram of a receiver for use with the
      transmitter of FIG. 2 in the practice of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted above, the present invention differs from prior art
      interferometric techniques in the method by which carrier and sideband
      frequencies are transmitted from radiating elements located at either end
      of a common baseline. With reference to FIG. 2, which is a functional
      block diagram of a simple two element transmitter station in accordance
      with a preferred embodiment of the invention, a pair of transmitting
      antennas A and B are located at either end of a baseline. The nominal
      spacing between antennas A and B; i.e., the baseline length d; is one
      wavelength at the modulation frequency. As will be discussed in greater
      detail below, each of the antennas A and B simultaneously transmits a
      carrier and a sideband signal. The carrier frequencies are displaced to
      allow separate identification of the signals transmitted by each antenna.
      The modulation frequency, however, is common to each carrier.
PAR  The carrier frequency signal generators 14 and 16, associated respectively
      with antennas A and B, generate carrier frequency signals f.sub.c.sbsb.1
      and f.sub.c.sbsb.2. The frequency separation between these two carrier
      signals, which do not have to be phase related, is determined by the ease
      with which the carrier signals can be separately filtered and identified
      at the receiver. The carrier frequency signals f.sub.c.sbsb.1 and
      f.sub.c.sbsb.2 from generators 14 and 16 are respectively modulated, in
      modulators 20 and 22, by a common modulation signal f.sub.m provided by a
      modulation frequency generator 18. The output signals from modulators 20
      and 22 are filtered, in respective filters 24 and 26, to derive the
      original carrier frequency and one sideband. In the embodiment being
      described it will be presumed that the upper sideband is selected for each
      transmitter channel. Accordingly, the signal transmitted from antenna A
      will be the carrier f.sub.c.sbsb.1 and the upper sideband frequency
      f.sub.c.sbsb.1  + f.sub.m. Similarly, the signal transmitted from antenna
      B is carrier frequency f.sub.c.sbsb.2 and upper sideband frequency
      f.sub.c.sbsb.2 + f.sub.m.
PAR  For purposes of explanation, and with reference again to FIG. 1, it will be
      presumed that the angular relationship between the receiver and baseline
      is such that the distance R from antenna A to the receiver is less than
      the distance R + L between antenna B and the receiver. It will also be
      assumed that the amplitude of each of the signals on arrival at the
      receiver is adequate for detection and processing and thus it is necessary
      to consider only the frequency and phase terms associated with each of the
      received signals.
PAR  On arrival at the receiver the sideband signal f.sub.c.sbsb.1 + f.sub.m,
      hereinafter S.sub.1, transmitted from antenna A will have the form:
      ##EQU2##
      where: .omega..sub.c.sbsb.1 = 2.pi.f.sub.c.sbsb.1
PA0  .omega..sub.m = 2.pi.f.sub.m
PA0  .lambda..sub.s.sbsb.1 = sideband (f.sub.c.sbsb.1  + f.sub.m) wavelength
PAL  On arrival at the receiver, the carrier signal f.sub.c.sbsb.1, hereinafter
      C.sub.1, transmitted from antenna A has the form:
      ##EQU3##
      where: .lambda..sub.c.sbsb.1 = carrier (f.sub.c.sbsb.1) wavelength
PAL  Similarly, the sideband signal f.sub.c.sbsb.2  + f.sub.m, hereinafter
      S.sub.2, has the following frequency and phase relationship on arrival at
      the receiver:
      ##EQU4##
      where: .omega..sub.c.sbsb.2 = 2.pi.f.sub.c.sbsb.2
PA0  .lambda..sub.s.sbsb.2 = sideband (f.sub.c.sbsb.2  + f.sub.m) wavelength
PAL  and the carrier signal f.sub.c.sbsb.2, hereinafter C.sub.2, has the
      following frequency and phase relationships:
      ##EQU5##
      where: .lambda..sub.c.sbsb.2 = carrier (f.sub.c.sbsb.2) wavelength.
PAR  Referring to FIG. 3, a preferred embodiment of circuitry for processing the
      received signals given by Equations (5), (6), (7) and (8) is shown in
      functional block diagram form. The carrier and sideband signals
      transmitted from antennas A and B and received at the receiver antenna 30
      are separately filtered in a filter circuit 32. Thereafter, the carrier
      and sideband signals transmitted by antenna A are heterodyned in a mixer
      circuit 34 and the output of circuit 34 is filtered in a filter circuit 36
      to extract the difference or beat frequency between the carrier and
      sideband signal. This beat frequency signal will, of course, be at the
      modulation frequency f.sub.m. Similarly, the carrier and sideband signals
      transmitted from antenna B will be heterodyned in mixer circuit 38 and the
      resultant signal filtered in filter circuit 40 to produce a second beat
      frequency signal at modulation frequency f.sub.m. The two signals at the
      modulation frequency are thereafter applied to a phase detector 42.
PAR  Functionally, the combined action of mixer circuit 34 and filter circuit 36
      produces, from the multiplication of the sideband signal S.sub.1 and the
      carrier signal C.sub.1, as given by Equations (5) and (6) above, the
      following output modulation frequency and phase relationship:
      ##EQU6##
      In a similar manner, the output frequency and phase relationship obtained
      by multiplying sideband signal S.sub.2 and carrier signal C.sub.2, as
      given by Equations (7) and (8) above, and extracting the difference
      frequency component in mixer circuit 38 and filter circuit 40, provides a
      frequency and phase relationship which may be stated as follows:
      ##EQU7##
PAR  Since the modulation frequency is common to both carriers, then:
      ##EQU8##
      where .lambda..sub.m = modulation frequency (f.sub.m) wavelength.
PAR  Introducing the immediately preceding relationships into Equations (9) and
      (10) it is apparent that the phase difference, .phi., between the
      modulation frequency M.sub.1 and the modulation frequency M.sub.2,
      obtained at the output of phase detector 42 is:
      ##EQU9##
      Consequently:   and from Equation (1):
PAR  If the spacing, d, between the transmitting antennas A and B is one
      wavelength at the modulation frequency; i.e., the baseline length d =
      .lambda..sub.m, then:
      ##EQU10##
PAR  It is to be noted that the preceding discussion of the invention was
      principally in terms of a "simultaneous mode" of operation, wherein a
      separate carrier frequency is assigned to each transmitting antenna. In
      some applications the number of separate carrier frequencies required may
      be substantial. For example, the transmission of bearing angle information
      in the angle coordinates of both elevation and azimuth for an instrument
      landing system would require a total of four separate carrier frequencies
      if the elevation angle baseline were located separate of the azimuth angle
      baseline. If the two baselines were colocated only three antennas and
      three carrier frequencies would be required; each baseline would share a
      common antenna element. While simultaneous transmission of multiple
      carriers and their associated sidebands is not a difficult technical
      requirement, conservation of the frequency spectrum may dictate the use of
      a "sequential mode" of operation. In the "sequential" method of
      implementation of the present invention the general requirements noted
      above may be accomplished by time sharing or sequentially transmitting one
      carrier and sideband signal combination between selected antennas, with
      assurance that the fundamental requirement for simultaneous transmission
      occurs for antennas located at either end of a common baseline, regardless
      of the time sharing sequence of these carriers and sidebands with other
      baselines. Use of the sequential method, of course, implies the need for a
      coded sequence format to insure knowledge at the receiver concerning the
      order in which the antennas are involved in the transmitting sequence.
PAR  While a preferred embodiment has been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Thus, by way of example, while the
      transmission of radio frequency information has been discussed, the
      present invention can be applied to acoustic waves leading to the
      transmission of bearing angle information in underwater applications. The
      present invention can also be applied to the microwave modulation of
      coherent light beams, disposed in an interferometric array, for
      transmitting bearing angle information. Accordingly, it is to be
      understood that the present invention has been described by way of
      illustration, and not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of intermediate frequency interferometry comprising the steps
      of:
PA1  generating a first carrier frequency;
PA1  generating a second carrier frequency;
PA1  generating a modulation signal;
PA1  employing the modulation signal to generate a first sideband frequency
      relative to the first carrier frequency and a second sideband frequency
      relative to the second carrier frequency, each sideband frequency having
      the same frequency and phase relationship relative to its carrier
      frequency;
PA1  transmitting the carrier frequencies and their related sideband frequencies
      from respective points located on a common baseline;
PA1  receiving and separating the transmitted signals at a single point;
PA1  extracting the modulation frequency from each carrier and its related
      sideband; and
PA1  comparing the phase of the extracted modulation frequencies to obtain an
      indication of the bearing angle between the point of signal reception and
      the baseline.
NUM  2.
PAR  2. The method of claim 1 wherein the step of transmitting further includes:
PA1  simultaneousely delivering respective carrier and related sideband signals
      to a pair of antennas separated by a distance which is one wavelength at
      the common modulation frequency.
NUM  3.
PAR  3. A passive direction finding system comprising:
PA1  means for generating a first carrier frequency signal;
PA1  means for generating at least a second carrier frequency signal;
PA1  means for generating a modulation signal at a frequency lower than any of
      said carrier frequency signals;
PA1  modulator means responsive to each of said carrier frequency signals and to
      said modulation signal for generating sideband signals for said first and
      second carrier frequency signals;
PA1  means for respectively transmitting said carrier signals and associated
      sideband signals, said transmitting means each including an antenna
      located at either end of a baseline, said antennas being separated by a
      nominal distance equivalent to the wavelength of the said modulation
      frequency; and
PA1  means for receiving the transmitted carrier and associated sideband
      signals, said receiving means generating a modulation frequency signal
      commensurate with the frequency difference between each transmitter
      carrier frequency signal and its associated transmitted sideband signal,
      the phase difference between the modulation signal derived from the first
      carrier and its sideband and the modulation signal derived from the second
      carrier and its sideband being commensurate with the bearing angle from
      the receiver to the antennas located on the baseline.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said receiving means comprises:
PA1  means for heterodyning each carrier with its associated sideband to
      generate signals at the said modulation frequency; and
PA1  phase detector means responsive to said signals at the modulation frequency
      for providing an output signal commensurate with the phase difference
      therebetween.
NUM  5.
PAR  5. The apparatus of claim 3 wherein said transmitting means includes:
PA1  a pair of antennas spaced at either end of a baseline; and
PA1  means for simultaneously delivering a carrier frequency and a single
      related sideband signal frequency from said modulator means to each of
      said antennas.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said transmitting means includes:
PA1  a pair of antennas spaced at either end of a baseline; and
PA1  means for simultaneously delivering a carrier frequency and a single
      related sideband signal frequency from said modulator means to each of
      said antennas.
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PAL  A navigation guidance receiving system for use with a Doppler navigation
      beacon of the type comprising a commutated linear array for producing a
      simulated Doppler effect. The receiving system includes a wideband Doppler
      beat waveform information filter and measurement circuits. Means are also
      provided to gate the filter output synchronously to allow dissipation of
      the filter transient response. The result is reduced filter frequency
      "pulling" and reduced measurement error due to the effect of multipath
      signals having beat frequencies in the filter rejection band.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to navigation guidance systems, and more
      particularly, to such systems employing equipment for air derivation of
      guidance data from signals received from the commutated array of a Doppler
      simulating ground beacon system.
PAR  2. Description of the Prior Art
PAR  The invention relates to a radio navigation receiver for use in a known
      type of Doppler radio navigation system wherein there is a ground beacon
      transmission format involving commutation of a first radio frequency in
      turn to a linear array of radiators (typically on the order of 60.lambda.
      in electrical length) so as to simulate constant velocity unidirectional
      or bidirectional scanning of the array. In such systems, a main bearing
      signal is transmitted which, as "seen" by a receiver of the system,
      undergoes a Doppler frequency shift proportional to the sine of the angle
      subtended by the receiver normal to the axis of the array. The
      transmission format also includes simultaneous transmission of a reference
      signal of a second radio frequency (offset from the first), whereby the
      receiver is able to utilize this and the main signal to derive a Doppler
      beat waveform having a frequency indicative of the said angle.
PAR  A form of beacon having the above defined transmission format, with
      unidirectional scanning, is described in our British Pat. No. 1,225,190,
      and a form of beacon having the above defined transmission format with
      bidirectional scanning is described in British Pat. No. 1,234,541.
PAR  A feature of the above described transmission format is that, in an
      elevation guidance system wherein the commutated array is vertical, the
      direct path signal as received by a radio receiver of the system may in
      principle be readily distinguished from a multipath signal, i.e., a signal
      which has been reflected from the ground (a multipath signal), for
      example, because the Doppler frequency shift imparted to the direct path
      signal is in the opposite direction to that imparted to the ground
      reflected signal. Accordingly, the receiver fundamentally needs to include
      a wideband Doppler information filter having a passband covering the range
      of Doppler beat, frequencies corresponding to the direct path signal, but
      having a rejection band covering such frequencies corresponding to
      multipath signals.
PAR  Typical beat frequencies for a Doppler elevation system are (for direct
      path signals) 14.88 KHz at 0.degree. elevation down to 8.22 KHz at
      10.degree. elevation. The ground multipath signal may be typically between
      14.88 KHz (0.degree.) and 21.54 KHz (-10.degree.). The information filter
      therefore would have a passband of approximately 8.2 to 14.8 KHz.
PAR  It is known, however, that the frequency side-lobes of the reflected
      signals spread more or less uniformly across the passband of the filter,
      producing significant bearing indication error for flight paths over the
      whole sector. A zero-crossing detector and counter are used to register
      the total number of counts occurring over a complete digitization period
      for actual data extraction. That instrumentation is known and is described
      in British Pat. No. 1,234,541.
PAR  The concept of digitization relates to incrementing of the radio frequency
      phase of the energy fed to the ground beacon commutated array over a "data
      slot" (i.e., scans utilized in obtaining a single data point). The concept
      is described in more detail in U.S. Pat. application Ser. No. 480,006
      filed June 17, 1974, entitled "Doppler Microwave Landing System Signal
      Simulator".
PAR  A further error occurs, due to frequency pulling of the beat signal toward
      the center frequency of the filter. This characteristic is well known and
      is referred to as filter truncation. These two effects are essentially
      independent of one another, and combine linearly in respect to the errors
      they generate. The manner in which the present invention deals with these
      prior art problems will be understood as this description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a remote (airborne for
      example) radio navigation receiver for use in a Doppler radio navigation
      system of the type hereinbefore referred to, having a transmission format
      with digitized scanning, said receiver including first means for deriving
      a Doppler beat information signal from the signals received from the
      ground beacon. The receiver includes a wideband Doppler information signal
      filter having a passband covering the range of Doppler beat frequencies of
      the direct path signal, means for generating a signal representative of
      the time at which each array scan cycle is initiated, means synthronized
      by said scan cycle initiation for determining the frequency of said
      Doppler signal during each said scan cycle, and means also under control
      of said scan initiation representing signal for inhibiting operation of
      the Doppler frequency measurement during at least part of the transient
      response time of the filter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood from the following detailed
      elucidation in conjunction with accompanying drawings, briefly described
      as follows:
PAR  FIG. 1 shows received signals both inside and outside the passband of a
      Doppler information signal wideband filter.
PAR  FIG. 2 is a schematic block circuit diagram of a radio navigation receiver
      embodying the invention.
PAR  FIG. 3 shows response characteristics of the information filter.
PAR  FIG. 4 illustrates bearing errors due to filter truncation.
PAR  FIG. 5 shows further response characteristics of the information filter.
PAR  FIG. 6 illustrates bearing errors due to multipath signals.
PAR  FIG. 7 depicts the effect of in-band multipath signals.
PAR  FIG. 8 illustrates filter passband characteristics.
PAR  FIG. 9 depicts filter group delay characteristics.
PAR  FIGS. 10 and 11 display filter response characteristics.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before beginning the description of the structure, it will be helpful to
      examine and understand FIG. 1. It will be noted that frequency side lobes
      are not eliminated by bandpass filtering per se, since they traverse the
      passband relatively uniformly.
PAR  Referring now to FIG. 2, the receiver shown comprises an R.F. input state
      1, whereat signals received in accordance with the defined transmission
      format from an associated ground beacon are subjected to the necessary
      frequency conversion and amplification to be passed to detector stage 2,
      the output of which is the Doppler beat waveform.
PAR  After the detector 2 there is a bandpass filter 3 covering the expected
      range of useful Doppler beat frequencies. Here the direct path signal is
      passed and multipath signals are rejected or at least attenuated. The next
      two stages 4 and 5 comprise a zero crossing detector 4 and a counter 5 to
      produce an output which is fed to any suitable read out, e.g., a center
      zero D.C. meter or other form of angle (elevation in the instance being
      described) information display.
PAR  In order to derive the bearing information within stages 4 and 5, it is
      necessary to control the time over which the period of the filtered signal
      is measured by the zero crossing detector 4 and the counter 5, this period
      being determined by the scan period.
PAR  The remaining stages in FIG. 2 include a scan timing derivation stage 6
      having as its input either the Doppler beat waveform from the detector 2
      or (alternatively) the output from the R.F. stage 1. From either of these
      signals the instant of commencement of each scan may be determined, and a
      control stage 7 arranged to inhibit operation of the bearing signal count,
      i.e., to gate the signal in synchronism with the scan rate.
PAR  At this stage of description, it is pointed out that, alternatively, the
      scan phase information can be transmitted on a sub-carrier from the
      reference antenna of the ground beacon. Also, as an alternative to the
      zero crossing detector 4, there may be employed a computing period counter
      wherein clock pulses are counted for the same proportion of the period of
      the Doppler beat signal waveform.
PAR  The nature and effects of the Doppler beat signal input to the wideband
      filter 3 have already been indicated to some extent earlier in this
      specification.
PAR  The transient response of the filter to a signal will vary throughout the
      digitization cycle because of the differening phase transient at the scan
      ends. The transient is most noticeable when the waveform undergoes a phase
      transient of 180.degree.. This situation is illustrated in FIG. 3, with
      waveform a illustrating the end of scan n of the input beat signal
      followed by scan (n+1), with an assumed 180.degree. phase shift at the
      scan "interface". Waveform b of FIG. 3 shows the filter response to scan n
      only, waveform c the filter response to scan (n+1) only, with waveform d
      illustrating the composite response. In the region X, the filter output is
      ringing near the filter center frequency, whereas in the region Y the
      filter output frequency approaches that of the input signal. Accordingly,
      the period of the signal is measured outside the transient time. A gating
      signal W (waveform e) synchronized to the scan rate accomplishes this, so
      that the described truncation effect is substantially reduced. Signal W is
      applied by 7 to inhibit 5, see FIG. 2. Scan gating thus inhibits signal
      measurement during the transient period when the filter output frequency
      is not correctly established at the signal frequency, and thus reduces the
      frequency pulling effect of the filter. This timing and gating arrangement
      may be referred to generally as synchronizing means.
PAR  Referring now to FIG. 4, the solid line curve TEL represents the magnitude
      of the truncation effect for the filter where a computing period counter
      is enabled for 75% of the scan time, not including the transient response
      region of the filter. For comparison, the dashed line curve TE2 depicts
      the magnitude of the truncation effect without scan gating, i.e.,
      permitting beat frequency counting in 5 of FIG. 2 over the whole scan
      period.
PAR  Scan gated timing will be seen also to reduce the effect of (ground)
      multipath signals, by effecting suppression of multipath signals in the
      filter rejection band.
PAR  FIG. 5a shows a multipath beat signal f.sub.mp, over the scan period
      T.sub.scan, applied to the input of the wideband filter. After some delay,
      an initial high amplitude response occurs which subsequently decays to a
      level approaching the steady state rejection of the filter, see FIG. 5b.
      The response of the same filter to a signal f.sub.s at FIG. 5c inside the
      passband is also shown, illustrating the buildup of output signal toward a
      steady state, FIG. 5d. By limiting frequency measurement to a near-steady
      state region, by the gating waveform W synchronized to the scan rate, the
      effect of the multipath signal is substantially reduced.
PAR  The solid line curves M1 in FIG. 6 show peak error in indicated bearing
      (for worst phase multipath case) with the wideband information filter of
      FIG. 5 where a computing period counter is enabled for 75% of the scan
      time. The multipath signal is 3dB down on the direct signal for a flight
      path of 3.degree. in elevation, with the multipath signal assumed to be
      coherent and at a negative angle between 0.degree. and -4.degree.. For
      comparison, the dashed line curves M2 of FIG. 6 show multipath errors
      under identical conditions but with full scan time counting.
PAR  Scan gating offers no advantage in respect to in-band reflected signals. In
      fact, the errors produced in indicated bearing are larger, approximately
      by a factor 1 /k, where k is the proportion of the scan for which the
      period counter is enabled. This can be explained as follows, with
      reference to FIG. 7.
PAR  FIG. 7a shows the relative phasing of direct signal and multipath vectors
      giving a maximum error in measured frequency will full scan measurement:
EQU  .alpha. = .apprxeq. p radians.
PAL  Fractional error in cycles over scan time .apprxeq. .alpha./.pi. Therefore,
      error in measured frequency .apprxeq. .alpha./.pi. T.sub.scan.
PAR  FIG. 7b shows the vector disposition giving maximum error for measurement
      over a fraction k of the scan length. For this case, the error in measured
      frequency
      ##EQU1##
PAR  The optimum choice of filter characteristic shape is determined by
      particular requirements of a given system, and will occur between the two
      extremes shown in FIG. 8. Characteristic FC1 shows a filter shape with an
      extremely flat passband and with extremely steep skirts. The group delay
      of such a filter, as shown by the solid line in FIG. 9, will vary somewhat
      over the passband, and will vary rapidly near the band edge. This implies
      an extended transient response (in time) to a multipath beat signal in the
      rejection band, finally decaying to a very small steady state amplitude,
      see FIG. 10. The steady state is not however achieved before the scan is
      terminated, so that the effect of multipath is not substantially reduced
      by the time the scan gating pulse is enabled, although the scan gating
      technique does offer some improvement over full-scan timing.
PAR  Now consider a filter with non-flat passband and rather gradual skirts FC2
      of FIG. 8. Such a shape is compatible with a near constant group delay
      characteristic, as shown in dashed line in FIG. 9, and this yields a short
      transient response time, see FIG. 11. The steady state rejection however,
      is not fully adequate and once again the multipath suppression will not be
      maximized.
PAR  The best filter shape is clearly between these two extremes, where a
      moderate group delay distortion is allowed, so that moderately good steady
      state rejection can be achieved as well as reasonably confined transient
      response.
PAR  It is to be understood that the foregoing description of a specific
      embodiment with design criteria is made by way of example only and is not
      to be considered as a limitation on the scope of the invention.
PAR  For purposes of this description, the time of a scan cycle is taken to mean
      the time beginning with the commutation of the first element of the ground
      array through the last element to be commutated in a given directional
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a Doppler type radio navigation receiving system arranged to be
      responsive to a radio beacon transmitting a main angle data signal
      produced through successively scanning by commutating a radio frequency
      source to the radiating elements of a linear array according to a
      predetermined switching directional program and a transmitted reference
      signal at a frequency offset from the frequency of said radio frequency
      source, said beacon being arranged to digitize the scan program of said
      array, the combination comprising:
PA1  first means within said receiving system for deriving a Doppler beat
      information signal from said main and reference beacon signals;
PA1  a bandpass filter connected to receive said beat signal from said first
      means, said filter pass band substantially covering the frequency range of
      said information signal corresponding to said main angle data signals
      arriving at said receiver by direct path;
PA1  frequency measurement means responsive to the output of said bandpass
      filter for determining the frequency of said beat signal;
PA1  synchronizing means responsive to at least one of said main and reference
      signals, generating a gating period for controlling the time of response
      of said frequency measurement means to produce an output therefrom for a
      time during each of said scan cycles which is less than the period of the
      full corresponding scan cycle.
NUM  2.
PAR  2. A system according to claim 1 in which said gating period is further
      defined with respect to the time of commencement of each of said scan
      cycles by a predetermined amount so as to inhibit operation of said
      frequency measurement means during at least a portion of the time of
      transient response of said bandpass filter.
NUM  3.
PAR  3. A system according to claim 2 in which said delay of said gating period
      is approximately 25 percent of the time of each of said scan cycles.
NUM  4.
PAR  4. A system according to claim 1 in which gating period is defined as not
      exceeding 75 percent of the time of each of said scan cycles.
NUM  5.
PAR  5. Apparatus according to claim 1 in which said frequency measurement means
      comprises a zero crossing detector and a counter responsive thereto, the
      output of said counter being an analog signal responsive to the count
      reached in said counter during a predetermined number of said scan cycles.
NUM  6.
PAR  6. Apparatus according to claim 2 in which said bandpass filter has a
      response characteristic selected between the extremes of flat passband
      with steep skirts on the one hand, and non-flat passband with gradual
      skirts on the other hand having a near constant group delay
      characteristic, such that an optimum compromise between steady state
      rejection and group delay distortion is achieved.
NUM  7.
PAR  7. Apparatus according to claim 3 in which said bandpass filter had a
      response characteristic selected between the extremes of flat passband
      with steep skirts on the one hand, and non-flat passband with gradual
      skirts on the other hand having a near constant group delay
      characteristic, such that an optimum compromise between steady state
      rejection and group delay distortion is achieved.
NUM  8.
PAR  8. Apparatus according to claim 4 in which said bandpass filter has a
      response characteristic selected between the extremes of flat passband
      with steep skirts on the one hand, and non-flat passband with gradual
      skirts on the other hand having a near constant group delay
      characteristic, such that an optimum compromise between steady state
      rejection and group delay distortion is achieved.
NUM  9.
PAR  9. Apparatus according to claim 5 in which said bandpass filter has a
      response characteristic selected between the extremes of flat passband
      with steep skirts on the one hand, and non-flat passband with gradual
      skirts on the other hand having a near constant group delay
      characteristic, such that an optimum compromise between steady state
      rejection and group delay distortion is achieved.
NUM  10.
PAR  10. A system according to claim 1 in which said synchronizing means is
      defined as being responsive to said main signal received from said radio
      beacon.
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ABST
PAL  A method and apparatus for adjusting the modulation signal levels of
      overlapping beams which define along points of equal signal levels within
      the overlap a directional axis which in turn defines a desired navigation
      course for an airplane or similar maneuverable apparatus. At points offset
      from the directional axis, one or the other of the modulation signals will
      be greater in magnitude, depending on the direction of offset. The
      included angle between the two locus of points representing a
      predetermined difference in magnitude between the two modulating signals
      over the region between the landing field and the farthest reach of the
      beams defines the modulation course width for that particular difference
      in magnitude. In the illustrated embodiments, such a modulation course
      width may be effectively increased or decreased for a given antenna
      configuration and a given directional axis by altering the magnitudes of
      the modulation signals such that the difference in modulation levels is
      decreased or increased throughout the area of beam overlap. This is
      accomplished by introducing a portion of the modulation signal from one
      beam forming circuit into the other beam forming circuit, and viceversa,
      such that each radiated beam includes components of both modulation
      signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to navigation systems, and more
      particularly concerns improvements in navigation systems which use
      overlapping modulated beams to define a desired navigation path.
PAR  In certain navigation systems, such as an instrument landing system (ILS)
      for aircraft, two or more carrier beams of the same frequency are
      typically modulated with different audio frequencies and overlapped in
      transmission to produce a desired navigational path in space defined by a
      succession of spatial points at which the modulation signal levels from
      the overlapped beams are equal. In a typical ILS system, four orthogonal
      modulated beams are generated, a first pair of beams in one plane having a
      first carrier frequency providing glide slope (up-down) information, and a
      second pair of beams having a second carrier frequency and being mutually
      perpendicular to the first pair of beams in a second plane providing
      localizer (azimuth) information. The four modulated beams are generated by
      one or more transmitters positioned adjacent the aircraft landing runway
      and transmitted to an approaching aircraft. A receiver in the aircraft
      compares the signal level of the modulation signals in each of the first
      and second pairs of beams, respectively, and generates output signals
      representative of glide slope and localizer position of the aircraft
      relative to the desired landing path, which output signals are in turn
      applied to a visual indicator for inspection by the pilot. When the
      modulation signal levels of a given pair of beams are equal, the indicator
      needle will be centered, and the airplane is thus known to be on the
      desired landing path.
PAR  The receiver in the aircraft is typically linearly responsive to the
      received signals within the needle range of the indicator. Thus equal
      increments of increased distance or offset of the aircraft from the
      desired course will result in equal increments of needle movement in the
      indicator toward one or the other ends of the indicator scale. When the
      indicator needle is "pegged," (i.e. at one end of the scale), the pilot
      has no way of telling how much further, if any, his aircraft is offset
      from the desired course beyond the amount represented by the end of the
      scale. Thus, spatial boundaries for a navigation system are typically
      defined by the linear response range of the aircraft receiver, which is
      coordinated with the ends of the indicator scale. This is true for both
      glide slope and localizer signals.
PAR  For a typical ILS installation, the included angle of the localizer signal
      which can be incrementally sensed by the aircraft indicator is 3 to 31/2
      degrees, while for glide slope it is approximately 3.degree., although the
      values may vary slightly from receiver to receiver. The included beam
      angle relative to the desired navigation path over which the indicating
      system is linearly responsive is referred to as the course width of the
      navigation system. The boundaries of the course width, between which the
      response of the aircraft receiver must be linear, are defined for aircraft
      instrument landing systems by the International Civil Aviation
      Organization (ICAO), which sets international standards for navigation
      aids, to which the FAA adheres, as 0.155 DDM (difference in depth of
      modulation), where DDM is defined as follows:
PAC  (% Modulation of One Modulation Frequency) - (% Modulation of Other
      Modulation Frequency) /100
PAR  The FAA requires that the aircraft receiver provide a generally linear
      response between a positive 0.155 DDM and a negative 0.155 DDM deviation
      or offset from the desired course path.
PAR  In many applications, however, the course width of a navigation system
      corresponding to the 0.155 DDM limits will be too narrow for stable
      navigation using a standard receiver. When, for instance, the localizer
      transmitter is placed near that end of the landing runway nearest the
      approaching aircraft, it has been found that the aircraft's standard ILS
      indicating system frequently "loses" the desired landing path. A slight
      drift in position, particularly as the aircraft gets very close to the
      runway will peg the needle, thus creating doubt in the pilot's mind as to
      how far off course he is, and how much correction is needed. The pilot, in
      response, might initiate an over-correction which will peg the needle in
      the opposite direction. This sensitivity is due to the decreasing offset
      distance over which the indicator will read as the airplane approaches the
      source of the navigation beams. With a narrow course width the system thus
      tends to become too sensitive as the airplane approaches the touchdown
      portion of landing.
PAR  Accordingly, it is a general object of the present invention to provide a
      modulation course adjustment method and apparatus which overcomes the
      disadvantages of prior art navigation systems outlined above.
PAR  It is another object of the present invention to provide such a modulation
      course adjustment method and apparatus to widen or narrow the course width
      defined by a given DDM.
PAR  It is a further object of the present invention to provide such a
      modulation course adjustment method and apparatus to widen or narrow the
      course width of a navigational system without modifying associated
      receiving and indicating equipment on an aircraft or similar maneuverable
      apparatus.
PAR  It is yet another object of the present invention to provide such a
      modulation course adjustment method and apparatus to widen or narrow the
      course width of a navigation system without altering the carrier beam
      pattern.
PAR  The related object of the present invention is to provide such a modulation
      course adjustment method and apparatus which permits the use of a single
      transmitter installation for both localizer and glide slope information in
      an aircraft instrument landing system positioned near the approach end of
      a landing runway.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one aspect of the invention includes the generation of first
      and second guidance beams, each guidance beam having the same carrier
      frequency, the first guidance beam being modulated by a first modulation
      frequency and the second guidance beam being modulated by a second
      modulation frequency. The first and second guidance beams are projected
      into space in a manner such that they lie substantially in a single place
      and overlap one another, the overlapping of the two guidance beams
      defining a guidance path in said first plane along a directional axis
      which is further defined by equal signal magnitudes of the respective
      modulation frequencies in said first and second modulated beams. The
      position of an aircraft or other maneuverable apparatus relative to the
      guidance path within the region covered by the overlapped beams may be
      determined by detecting the signal level of the modulation frequencies of
      both guidance beams at the position of the aircraft, and determining the
      difference in the modulation signal levels between the two detected
      modulation frequencies. The modulation course pattern is adjusted by
      altering the signal level of said first and second modulation frequencies
      in each projected beam throughout the region covered by the overlapping
      beams without altering the directional axis defining the guidance path,
      thus decreasing or increasing the magnitude of the difference in the
      modulation frequency signal levels at any position covered by the
      overlapped beams.
PAR  More specifically, in accordance with an illustrative embodiment, the
      signal levels of the first and second modulation frequencies in the
      projected beams are altered by taking a portion of the first modulation
      signal from the remainder thereof, and a portion of the second modulation
      signal from the remainder thereof, and combining the portion of the first
      modulation signal with the remainder of the second modulation signal for
      modulation of the second guidance beam, and combining the portion of the
      second modulation signal with the remainder of the first modulation signal
      for modulation of the first guidance beam.
PAR  In another aspect of the invention, the portions of the first and second
      modulation signals are reversed in phase substantially 180.degree. before
      they are combined with the remainder of the second and first modulation
      signals, respectively, before modulation of the first and second guidance
      beams.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more thorough understanding of the invention may be obtained by a study
      of the following detailed description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagram of an instrument landing system showing the
      relationship between a landing runway, an approaching aircraft, and an
      overlapping beam pattern providing navigational information.
PAR  FIG. 2 is a section view of the two modulated beams providing the localizer
      (azimuth) information in the beam pattern of FIG. 1, taken along lines
      H--H in FIG. 1, and illustrating localizer course width boundaries.
PAR  FIG. 3 is a block diagram of a transmitter for generating an overlapping
      beam pattern for navigational information, including the circuit of the
      preferred embodiment.
PAR  FIG. 4 is a block diagram of a receiver useful with the transmitter of FIG.
      3 in a navigation system.
PAR  FIG. 5 is a plan view of localizer beam patterns in an instrument landing
      system showing various localizer modulation signal levels, with and
      without cross-modulation.
PAR  FIG. 6 is a schematic diagram of the circuit of the preferred embodiment
      used to achieve positive cross-modulation of the overlapping beams.
PAR  FIG. 7 is a schematic diagram of a circuit of an alternative embodiment to
      achieve negative cross-modulation of the overlapping beams.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although useful in other navigational systems, the preferred embodiment is
      specially adapted for use in an instrument landing system (ILS) for
      aircraft. FIG. 1 illustrates generally the concept of an ILS.
PAR  As shown in FIG. 1, the transmitter 12 of an ILS for aircraft may be
      positioned slightly to one side 14 of, and near the approach end 16 of
      landing runway 18. The transmitter 12 projects overlapping modulated beams
      providing glide slope and localizer information to an approaching aircraft
      13. As shown in FIG. 1, both the glide slope beams 20 and 22, and the
      localizer beams 24 and 26 may be generated by a colocated (i.e. single
      antenna installation) antenna arrangement at the transmitter 12 location,
      or they may be generated at separate locations relative to the runway 18.
      Transmitter 12 will generate the orthogonal glide slope and localizer
      beams 20, 22, 24, and 26 about a desired landing plan 30--30, with beams
      20 and 22 providing the glide slope information along vertical axis V--V,
      and beams 24 and 26, providing localizer information along horizontal axis
      H--H.
PAR  Glide slope beams 20 and 22 have a carrier frequency of 5.01 GHz, and
      localizer beams 24 and 26 a carrier frequency of 5.23 GHz in the preferred
      embodiment, although other carrier frequencies can obviously be used with
      good results. Glide slope beam 20 and localizer beam 24 are both amplitude
      modulated by a 90 Hz signal, while glide slope beam 22 and localizer beam
      26 are both amplitude modulated by a 150 Hz signal. The modulated beams
      20, 22, 24, and 26 will overlap one another in space, and will define,
      along equal modulation signal level points, the desired landing path
      30--30 for the aircraft 13. A receiver 27 in the aircraft 13 detects the
      relative signal levels of the modulation signals at the aircraft's
      physical location in space with respect to the glide slope beams 20 and 22
      and the localizer beams 24 and 26. When the detected levels of the
      modulation signals of glide slope beams 20 and 22 are equal, the aircraft
      is correctly oriented in the vertical or up-down direction V--V for
      landing, and when the detected levels of the modulation signals of
      localizer beams 24 and 26 are equal, the aircraft is correctly oriented in
      the horizontal or azimuth direction H--H for landing. When both glide
      slope and localizer positions are correct, the aircraft 13 is on the
      desired landing path 30--30 to runway 18.
PAR  In navigational systems, such as an instrument landing system for aircraft,
      the shape of the glide slope and localizer beams are frequently tailored
      to provide optimum beam coverage over a given area in space and to prevent
      undesirable interference through beam reflection from adjacent natural or
      manmade objects. Techniques and apparatus for so tailoring beams in an ILS
      for aircraft are disclosed in U.S. Pat. No. 3,798,646, entitled
      "Continuous-Wave Multiple-Beam Airplane Landing System" to Buehler et al
      and assigned to the same assignee as the present invention, and in U.S.
      Pat. No. 3,815,140, entitled "Multiple Feed for Microwave Parabolic
      Antennas," to Buehler, et al, and also assigned to the same assignee as
      the present invention.
PAR  As explained above, the response limitations on the aircraft's receiver and
      associated indicator determine the boundaries of the course width with
      respect to both glide slope and localizer beams. Typically, the course
      width boundaries are defined by the linear operating response range of the
      on-board aircraft receiver, with the indicator being matched to the
      receiver such that at the opposite ends of the linear response of the
      receiver, the indicator will be pegged at its opposing scale ends. For
      instance, when the aircraft is far enough offset from the desired landing
      path that a 0.155 DDM (difference in depth of modulation) is detected by
      the receiver, the indicator needle is pegged. An aircraft position farther
      offset from the desired landing path will result in a larger DDM, which
      will force the receiver into nonlinear operation, but will not result in
      further needle movement. The limits of linear operation of the aircraft
      receiver in an ILS thus define the course width or "window" within which
      the aircraft must be positioned relative to the desired landing path for
      the glide slope and localizer readings to be other than pegged. If the
      aircraft is outside the course width boundaries, the indicator needle will
      remain pegged and the pilot has no way of knowing how close the aircraft
      is to the boundaries.
PAR  FIG. 2 illustrates the concept of course width for a pair of localizer
      beams 32 and 34, beam 32 being modulated by a 90 Hz signal, and beam 34 by
      a 150 Hz signal. The 0.155 DDM boundary lines 36 and 38 on either side of
      the localizer equal signal point line 40 radiate from transmitter 42 and
      define the horizontal deviation permitted to the aircraft before its
      indicator is pegged. As the aircraft approaches the transmitter 42, and
      hence the runway, the lateral distance 43 between the two boundary lines
      36 and 38 decreases although the included course width angle 41 remains
      the same. Very near the transmitter 42, a slight veering of the aircraft
      from the desired landing path will place the aircraft outside the
      localizer window defined by boundary lines 36 and 38 and thus peg the
      needle on the localizer indicator. This loss of meaningful indicator
      reading, either in glide slope or localizer, is potentially dangerous to
      the safe landing of the aircraft. Furthermore, as the runway is
      approached, the magnitude of the deviation necessary to lose the glide
      slope or localizer window becomes smaller, and the requirement of aircraft
      stability increasingly acute.
PAR  Referring to FIG. 3, apparatus of a preferred embodiment in the context of
      an ILS transmitter is illustrated in block diagram form. Although the
      block diagram of FIG. 3 relates to the generation of localizer beams,
      where the course width problem is most acute, it can apply equally well to
      glide slope circuitry. A 90 Hz signal is generated by local oscillator 46,
      and applied on output line 47, and a 150 Hz signal is generated by local
      oscillator 48, which is applied on output line 49. A portion of each of
      the 90 Hz and 150 Hz signals, on lines 47 and 49, respectively, is then
      subtracted or split from the remainder of the 90 Hz and 150 Hz signals and
      applied to the other output line by cross feed circuit 50. Thus, a portion
      of the 150 Hz signal from oscillator 48 on line 49 is added to the 90 Hz
      signal on line 47, and a portion of the 90 Hz signal from oscillator 46 on
      line 47 is added to the 150 Hz signal on line 49.
PAR  Modulator 52 has two inputs 54 and 56. Line 47 is connected to input 54
      while the localizer carrier signal, from carrier source 58, is applied to
      input 56. The signal on line 47, which modulates the localizer carrier, is
      predominantly 90 Hz with a portion of 150 Hz. Modulator 60 also has two
      inputs, 62 and 64. Line 49 is connected to input 62, while the localizer
      carrier signal from carrier source 58 is applied to input 64. The signal
      on line 49 which modulates the localizer carrier is predominantly 150 Hz
      with a portion of 90 Hz. To achieve symmetrical cross-modulation, the
      portion of the 90 Hz signal applied to line 49 is identical in signal
      level to the portion of the 150 Hz signal applied to line 47. The
      respective modulated output signals from modulators 52 and 60 are then
      applied to the ILS antenna system 66 for transmission.
PAR  The cross-modulation between the 90 Hz signal on line 47 and the 150 Hz
      signal on line 49 may be achieved in a number of different ways, including
      cross-feeding at the respective local oscillators or subsequent to
      modulation.
PAR  FIG. 6 illustrates an embodiment of the cross feed circuit shown in block
      form in FIG. 3, which uses a variable resistance 61 in series with a
      switch 63, connected between output line 65 from 90 Hz local oscillator 67
      through resistance 69, and output line 71 from 150 Hz local oscillator 73
      through resistance 75. When the switch 63 is closed, the variable
      resistance 61 operates with resistances 69 and 75 as a voltage divider
      with respect to each of the modulation signals, 90 Hz and 150 Hz. Thus,
      that portion of the total 90 Hz signal from oscillator 67 corresponding to
      the ratio between the value of variable resistance 61 and resistance 69 is
      added to the 150 Hz signal on line 70, while that portion of the total 150
      Hz signal from oscillator 73 corresponding to the ratio between the value
      of variable resistance 61 and resistance 75 is added to the 90 Hz signal
      on line 65. As noted above, the signal levels of each cross-modulated
      signal portion are preferably substantially equal to achieve symmetrical
      cross-modulation, such that the total modulation signal level (percent of
      modulation) remains the same for each beam as without cross-modulation.
      Operational amplifiers 76 and 78, with their respective feedback
      resistances 77 and 79, receive the total modulation signals on lines 65
      and 71 at their inverting inputs and function as summing amplifiers.
PAR  In certain circumstances, it may be desirable for the cross-modulation to
      be asymmetrical. This can be achieved by providing two signal paths
      between output lines 65 and 71, with each signal path including circuit
      components which may be adjusted for control of cross-modulation of each
      modulation signal. For instance, each signal path could include a
      non-inverting amplifier having a variable gain adjustable to provide the
      amount of cross-modulation desired from each output line.
PAR  The outputs from amplifiers 76 and 78 are modulated and transmitted as
      localizer or glide slope beams to a receiver in an aircraft. Positive
      cross-modulation, that is, in phase cross-modulation, increases the course
      width of a given ILS system, other variables remaining the same, because
      for a given aircraft positional offset from the desired landing course,
      the signal level of the dominant or stronger modulation signal will be
      lower than without cross-modulation, and the signal level of the secondary
      or weaker modulation signal will be grater than without cross-modulation.
      Thus, an aircraft position having a given DDM may be further offset from
      the desired landing course when the modulation signals are
      cross-modulated.
PAR  As an example, assume that without positive cross-modulation, the aircraft
      is in a first position relative to the desired localizer landing course
      where 2.0 volts of 90 Hz signal are detected by the aircraft receiver and
      1.0 volts of 150 Hz. This results in a DDM of some known value. However,
      with positive cross-modulation, a portion of the 90 Hz signal from the 90
      Hz local oscillator is mixed in phase with the remainder of the 90 Hz
      signal with the 150 Hz signal from the 150 Hz local oscillator, and
      vice-versa. Assume that the predominant signal in each output line from
      the local oscillators at the conclusion of the cross feed (before
      transmission) has been reduced by 10 percent. In the example immediately
      above, with 10 percent cross-modulation and the aircraft in the first
      position, the receiver will detect 1.8 volts of 90 Hz and 0.2 volts of 150
      Hz from one beam, and 0.9 volts of 150 Hz and 0.1 volts of 90 Hz in the
      other beam. The combined signal levels will be 1.9  volts of 90 Hz and 1.1
      volts of 150 Hz, resulting in a reduced DDM for the same first position of
      the aircraft. Thus, for a predetermined DDM, the course width of the
      navigation system is increased.
PAR  FIG. 4 illustrates, in block diagram form, a receiver which is capable of
      processing the beam energy generated by the transmitter of FIG. 3 into
      corresponding electrical signals which drive an indicator, the position of
      the indicator needle being representative of the position of the aircraft
      or other apparatus relative to the desired landing path. The receiver
      shown in FIG. 4 is a conventional ILS receiver, as a special receiver is
      not required to process the cross-modulation signals present in the
      received beams. The beam energy produced by the transmitter is received by
      antenna 90, which applies the received signal energy to a normalizer
      circuit 92, which adjusts the amplitude of the received signals to a
      predetermined level. The adjusted signal output of normalizer 92 is in
      turn applied to a detector circuit 94, which is responsive to the carrier
      frequency of the two signals to demodulate the two signals and provides an
      output signal which contains the respective modulating signals present in
      each beam. This composite signal is then applied to a 90 Hz filter 96 and
      a 150 Hz filter 98, the 90 Hz filter 96 passing the 90 Hz components
      present in the modulating signals of both received beams while the 150 Hz
      filter 98 passes the 150 Hz components of each beam modulating signal. The
      total 90 Hz and total 150 Hz signals are then applied to respective level
      detectors 100 and 102 which provide DC output signals, having magnitudes
      which vary proportionately to the amplitude of the AC signal applied at
      their respective inputs. The outputs of the respective level detectors 100
      and 102 are then applied to a difference amplifier 104, the output of
      which controls an indicator circuit 106.
PAR  In operation, when an aircraft is on the desired landing path, the
      magnitudes of the DC outputs from 90 Hz level detector 100 and 150 Hz
      level detector 102 will be equal, and the indicator needle 108 will read
      middle scale, or zero. However, as the aircraft strays to one side or the
      other of the desired landing path, the magnitude of the signal from the 90
      level detector 100 will exceed the magnitude of the signal from the 150 Hz
      level detector 102, or vice-versa, and the indicator needle 108 will move
      toward one end of the indicator scale. A similar receiver apparatus and
      indicator are provided for glide slope information in an aircraft
      instrument landing system.
PAR  Due to positive cross-modulation, the signal level of the dominant
      modulation signal is depressed, and the signal level of the secondary
      modulation signal is increased, relative to "pure" or noncross modulated
      signals, as explained above. The magnitude of the decrease in the dominant
      modulation signal level and corresponding increase in the secondary
      modulation signal level is determined by the amount of signal originally
      cross-fed from each modulation frequency at the transmitter.
PAR  The effect of positive cross-modulation on the modulation course pattern of
      a pair of radiated localizer beams is shown in FIG. 5. Beam 80 for the 90
      Hz modulation and beam 82 for the 150 Hz modulation are shown for
      reference purposes to illustrate modulation signal levels when each beam
      is modulated by a single-frequency, signal, i.e., no cross-modulation.
      With positive cross-modulation, however, a portion of each modulation
      signal is cross-fed to the other beam, thereby reducing the dominant
      modulation signal level in each beam. Beam 113 illustrates the reduced
      level of the 90 Hz dominant modulation beam and beam 115 illustrates the
      reduced level of the 150 Hz dominant modulation beam. For purposes of
      illustration and clarity, a significant reduction in modulation signal
      level for each beam is shown.
PAR  Beam 114 represents the signal level of the 90 Hz signal portion which is
      cross-modulated into the 150 Hz dominant beam while beam 116 represents
      the signal level of the 150 Hz signal portion which is cross-modulated
      into the 90 Hz dominant beam. As shown diagramatically in FIG. 5,
      composite beam 118 is formed by vectorially adding beams 115 and 114,
      while composite beam 120 is formed by vectorially adding beams 113 and
      116.
PAR  The modulation course width of composite beams 118 and 120, which are
      cross-modulated, is considerably different for given DDM boundaries than
      the modulation course width of noncross modulated beams 80 and 82. An
      inspection of the beam relationships of FIG. 5 will verify the adjustment
      in modulation course width, as follows.
PAR  The magnitude of DDM at any offset position can be determined from a beam
      plot (FIG. 5) by measuring the straight line distance between the
      respective beam outlines for the navigation course which the aircraft is
      following. Referring to FIG. 5, a distance 110 has been found to
      correspond to a DDM of 0.155. Navigation course lines 124 and 126 are
      shown for a DDM of 0.155 for noncross modulated beams 80 and 82. The
      navigation course lines 124 and 126 thus define the course width
      boundaries between which the aircraft must fly to maintain a meaningful
      reading on the aircraft indicator associated with that pair of beams.
PAR  Positive cross-modulation, however, significantly widens the course width.
      Navigation course lines 128 and 130 are shown for a DDM of 0.155 for
      composite beams 118 and 120, with the straight line distance 112 between
      beam outlines 118 and 120 being equal to straight line distance 110 for
      beams 80 and 82. Thus, with positive cross-modulation, the offset of the
      aircraft from a desired course 132 may be considerably increased within
      the linear response of the aircraft receiver and associated indicator for
      a predetermined DDM.
PAR  The circuit shown in FIG. 6 and discussed above is used to accomplish
      positive cross-modulation, that is, widening of the course width, by cross
      feeding in-phase modulating signals. The 90 Hz portion on 150 Hz line 71
      is in phase with the 90 Hz signal on line 65, and the 150 Hz portion on 90
      Hz line 65 is in phase with the 150 Hz signal line 71. The opposite of
      positive cross-modulation, negative cross-modulation, which is used to
      adjust the modulation course pattern to narrow the course width, can be
      accomplished by reversing the phase of the cross-modulated signals
      relative to the remainder of the modulation signals of the same frequency.
      Referring now to FIG. 7 showing in schematic form a circuit for
      accomplishing negative cross-modulation, oscillators 130 and 132 generate
      90 Hz and 150 Hz modulation signals, respectively. The output of
      oscillator 130 is connected on line 134 through resistor 136 to the
      inverting input 138a of amplifier 138, which is connected as a summing
      amplifier. Oscillator 132 is connected on line 140 through resistor 142 to
      the inverting input 144a of summing amplifier 144. The outputs of summing
      amplifiers 138 and 144 are connected to the modulators (not shown) of the
      guidance beams. Variable resistances 146 and 148 are connected from the
      outputs of summing amplifiers 138 and 144 to the inverting inputs 138a and
      144a thereof, respectively, the variable resistances 146 and 148 being
      used to provide a variable gain at the output of each summing amplifier
      for reasons to be explained in following paragraphs.
PAR  Connected between output lines 134 and 140 is the cross feed circuit shown
      generally at 150. The cross feed circuit 150 includes an inverting
      amplifier 152 which provides the required phase reversal for the cross-fed
      signals between the respective output lines 134 and 140. The output of the
      inverting amplifier 152 is connected through resistance 153 to the
      inverting input 138a of summing amplifier 138 and through resistance 154
      to the inverting input 144a of summing amplifier 144. Connected between
      the ouput of inverting amplifier 152 and the inverting input 152a thereof
      is a variable feedback resistance 158 which controls the gain of the
      inverting amplifier 152 for purposes of varying the amount of
      cross-modulation between the 90 Hz and 150 Hz output lines 134 and 140.
PAR  The inverting input 152a of inverting amplifier 152 is also connected to a
      circuit midpoint between identical resistances 160 and 162, resistances
      160 and 162 having common ends 160a and 162a, the other ends of which
      resistances are connected to the outputs of oscillators 130 and 132,
      respectively. In operation, the signal existing at the circuit midpoint
      between resistances 160 and 162, which is common to the inverting input
      152a of inverting amplifier 152, is a composite of one-half 90 Hz signal
      from line 134 and one-half 150 Hz signal from line 140. The signal present
      between resistances 160 and 162 is then amplified by inverting amplifier
      152, which achieves the necessary phase reversal, the output signal of
      which is then applied, as noted above, to both the inverting input 138a of
      amplifier 138 and the inverting input 144a of summing amplifier 144.
      Summing amplifier 138 operates to subtract the cross-modulated
      phase-reversed 90 Hz component of the output signal of amplifier 152 from
      the remaining 90 Hz signal on line 134, and includes therewith the
      phased-reversed 150 Hz component. Summing amplifier 144 subtracts the
      cross-modulated phase-reversed 150 Hz component from the remaining 150 Hz
      signal on line 140, and includes therewith the phase-reversed
      cross-modulated 90 Hz signal. The gain of amplifiers 138 and 144 may be
      adjusted by variable feedback resistors 146 and 148, respectively, such
      that the levels of the composite signals consisting of 90 Hz and 150 Hz
      modulating signals may be brought to any level required, and may, if
      desired, be made equal to one another.
PAR  The outputs of the summing amplifiers 138 and 144 are then used to modulate
      carrier beams which are transmitted into space in a similar overlapping
      fashion to that of beams with positive cross-modulation. In the detection
      of the modulation signal levels, each of the phase-reversed,
      cross-modulated secondary signals will be subtracted from their
      corresponding dominant modulation signals resulting in an increase in
      difference between the total modulation signal levels of the two
      modulation frequencies, thus increasing the DDM for a given position
      relative to the guidance path. The greater the percentage of signal that
      is cross-fed, the greater the effect on the course width, and the narrower
      the modulation course width will be.
PAR  Thus, by means of cross-modulation, the course width "window" over which an
      aircraft or similar apparatus may be accurately located, may be increased
      or decreased. It should be recognized that navigational systems other than
      ILS may utilize receivers and indicators having different response
      characteristics and which may provide linear response and thus linear
      indication for different ranges of DDM, and that the present invention is
      not limited to ILS applications. The altering of modulation course width
      in the manner of the preferred embodiment may be carried out at the
      transmitter conveniently and in a practical and inexpensive manner,
      without the necessity of altering or in any other way modifying receiving
      and indicating equipment on the aircraft or other apparatus. Furthermore,
      such altering may be accomplished without the necessity of altering in any
      way the transmitter antenna configuration.
PAR  Although an exemplary embodiment of the invention has been disclosed herein
      for purposes of illustration, it will be understood that various changes,
      modifications and substitutions may be incorporated in such embodiment
      without departing from the spirit of the invention as defined by the
      claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for adjustment of modulation course width in a guidance system
      for a maneuverable apparatus, comprising the steps of:
PA1  generating first and second modulation signals having respectively
      different frequencies;
PA1  separating each of said first and second modulation signals into a first
      portion and a remainder portion;
PA1  combining said first portion of said first modulation signal with said
      remainder portion of said second modulation signal, and combining said
      first portion of said second modulation signal with said remainder portion
      of said first modulation signal, thereby forming first and second
      composite modulation signals;
PA1  generating a carrier signal;
PA1  modulating said carrier signal with said first composite modulation signal
      to produce a first modulated carrier signal and modulating said carrier
      signal with said second composite modulation signal to produce a second
      modulated carrier signal; and,
PA1  transmitting said first and second modulated carrier signals into space
      such that they overlap one another, thereby defining a guidance path for
      maneuverable apparatus along a directional axis in space in which the
      summed signal levels of said portions of said first modulation signal
      equals the summed signal levels of said portions of said second modulation
      signal on said modulated carrier signals, and defining a course width for
      said maneuverable apparatus in which the difference between said summed
      signal levels of said portions of said first modulation signal and said
      summed signal levels of said portions of said second modulation signal on
      said modulated carrier signals is no greater than a predetermined
      magnitude.
NUM  2.
PAR  2. The method of claim 1, wherein said first portions of said first and
      second modulation signals have substantially identical signal levels and
      wherein said remainder portions of said first and second modulation
      signals have substantially identical signal levels.
NUM  3.
PAR  3. A method of claim 2, wherein the signal levels of said first portions of
      first and second modulation signals are substantially below the signal
      levels of the remainder portions of the first and second modulation
      signals.
NUM  4.
PAR  4. The method of claim 3, wherein the frequencies of said first and second
      modulation signls, respectively, are 90 Hz and 150 Hz.
NUM  5.
PAR  5. The method of claim 1, wherein said first portions of said first and
      second modulation signals are in phase with the respective remainder
      portions thereof.
NUM  6.
PAR  6. The method of claim 1, wherein said first portions of said first and
      second modulation signals are substantially 180.degree. out of phase with
      the respective remainder portions thereof.
NUM  7.
PAR  7. The method of claim 6, wherein said first portion of said first
      modulation signal is also summed with the remainder portion of said first
      modulation signal and said first portion of said second modulation signal
      is also summed with said remainder portion of said second modulation
      signal.
NUM  8.
PAR  8. The method of claim 7, wherein said first portions of said first and
      second modulation signals have substantially identical signal levels and
      said reminder portions of said first and second modulation signals have
      substantially identical signal levels.
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ABST
PAL  A high-frequency wave, e.g. from a target reflecting transmitted radar
      signals, arrives with different phasing at a plurality of spaced-apart
      receivers or at a single receiver movable with reference to the signal
      source. The wave components thus received are fed directly to an array of
      electromechanical input transducers on the entrance side of a
      piezoelectric crystal, or are transmitted to respective storage elements
      which temporarily register information of their phasing to modulate a
      local oscillation delivered to these input transducers, whereby
      micro-acoustic vibrations are generated in the crystal with a phase
      relationship corresponding to that of the original wave components. The
      acoustic waves in the crystal converge, possibly with the aid of an
      internal or external focusing surface, on the exit side of the crystal to
      excite one of a multiplicity of mechanoelectrical output transducers
      producing a signal indicative of that phase relationship. The system can
      be used to measure angle of incidence, relative radial velocity, source
      distance, or the harmonics content of the wave to be analyzed.
PARN
PAC  CROSS-REFERENCE TO COPENDING APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 79,744 filed Oct. 12, 1970 and now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a system for and a method of analyzing
      electromagnetic waves, especially for the purpose of obtaining information
      on the position or the radial velocity of a source of electromagnetic
      radiation emitting or reflecting such waves.
PAC  BACKGROUND OF THE INVENTION
PAR  Electromagnetic radiation generated by or reflected from a virtual point
      source in space arrives with different phasing at an array of spatially
      separated receivers, assuming that reception occurs simultaneously
      throughout the array, or at a single receiver at successive instants if
      there is relative motion between that receiver and the source. These phase
      differences can therefore be utilized to pinpoint the location of the
      source or to ascertain the speed and direction of its relative radial
      motion.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention is to provide simple and highly
      compact means for analyzing high-frequency electromagnetic signals,
      particularly as part of a system designed to obtain positional or kinetic
      information on an active or passive radiation source, without the need for
      complex logical circuitry, as well as a convenient method of performing
      such analysis.
PAR  A more specific object is to provide a radar installation utilizing such a
      system.
PAC  SUMMARY OF THE INVENTION
PAR  A system according to my invention comprises at least one
      vibration-transmissive solid body, more particularly a piezoelectric
      crystal, having an entrance side provided with an array of separate
      electromechanical input transducers and having an exit side, remote from
      the entrance side, provided with an array of mutually independent
      mechanoelectrical output transducers, the multiplicity of input
      transducers being individually connected to respective receivers of
      electromagnetic waves or being sequentially connectable to one such
      receiver for energization with electromagnetic waves to be analyzed. These
      input transducers thereupon mechanically generate, on the entrance side of
      the solid body, localized acoustic vibrations whose relative phases
      correspond to those of the received wave components and combine on the
      exit side to excite the multiplicity of output transducers in a pattern
      determined by the phasing of these components. If these wave components
      are high-frequency signals (continuous waves or pulse trains) arriving at
      respective radiation receivers from a remote source, the predominant
      excitation of a particular output transducer conveys information on the
      mean angle of incidence of the incoming radiation and therefore on the
      position of the source relative to the receiver array. If the wave
      components are samples of incoming radiation successively intercepted by a
      single receiver, such excitation indicates the magnitude and sign of the
      radial velocity of the source with reference to the receiver, provided the
      sampling is carried out at the basic signal frequency (or at a subharmonic
      of that frequency) so that the phase change of successive samples is a
      function of the Doppler shift. In a radar system in which the incoming
      radiation is the echo of a pulsed or otherwise modulated carrier wave
      transmitted into space, the basic signal frequency is the repetition
      frequency or cadence of the pulses or more generally the modulating
      frequency. If the modulating signal is a sawtooth wave, the amplitude of
      an incoming sample is directly related to its phase.
PAR  A system according to my invention also enables a different type of
      analysis of electromagnetic signals, namely the evaluation of the
      harmonics content of a wave, if the input transducers are energized from
      different taps of a delay network or line along which the various
      frequency components are propagated with different velocities. Since the
      phase shifts undergone by different harmonics are analogous to the
      relative phasing of signal components arriving at an array of radiation
      receivers with different mean angles of incidence, the several harmonics
      will tend to excite different output transducers as though they arrived
      from different directions.
PAR  Since the wavelength of the acoustic vibrations in the crystalline body is
      extremely short, e.g. on the order of 1 micron, it constitutes a small
      fraction of the free-space signal wavelength so that even a crystal of
      small dimensions will provide transmission paths whose extent, in terms of
      the vibration wavelength, is comparable to that of the path of the
      incoming radiation in terms of its free-space signal wavelength. In the
      case of a system designed to pinpoint a source located approximately at a
      predetermined distance from the receiver array, with the extent of the
      array a substantial fraction of that distance, it is therefore possible to
      proportion the crystal in such a way that the vibrations generated at the
      entrance side converge substantially in a point at the exit side, thereby
      focusing the image of the source on a specific output transducer. If the
      source distance is unknown or variable, the array of output transducers
      may be divided into a multiplicity of sets disposed in zones with
      staggered spacing from the entrance side; the crystal structure may then
      consist of a single, stepped or beveled body or of a plurality of
      juxtaposed laminar bodies of different length in the direction of
      vibration transmission. The excitation of a transducer in a particular set
      then indicates the source distance.
PAR  If the source distance is very great, the vibrations propagating within the
      crystal structure will have a substantially planar wavefront. In such a
      case it will be advantageous to include reflective or refractive focusing
      means in that structure, as by providing it with a reflecting outer
      surface or with one or more arcuate internal boundaries between body
      constituents of different transmissivity. Such focusing means will also be
      useful in systems designed to detect Doppler shifts or to provide a
      Fourier analysis of the harmonics content of the incoming signal.
PAR  In order to reduce or eliminate the dependency of the vibration frequency
      upon the signal frequency, I may change the frequency of the incoming wave
      components with the aid of a set of mixers interposed in the feed circuits
      of the several input transducers. In a velocity-measuring system, in which
      these transducers are to be simultaneously energized with phase
      differences corresponding to those of successive radiation samples, these
      feed circuits may include phase modulators for a local oscillation of
      fixed frequency which are controlled by phase data stored in respective
      memory stages during a sampling period. Memories suitable for the storage
      of phase information in digital form, with an analog read-out adapted to
      control such phase modulators, are known for example from U.S. Pat. No.
      3,584,295. Such storage means can also be used in the case of angle
      measurements to allow the use of a single, moving receiver.
PAR  The electric signals derived by the output transducers from the acoustic
      vibrations can be translated into a visual indication of angle of
      incidence, source distance, relative velocity or harmonics content by
      conventional display means such as a cathode-ray tube whose scanning
      circuit samples these output transducers in the course of a sweep cycle.
      The location of an excited transducer (or a small cluster of excited
      transducers) in its array can then be indicated on the CRT screen by a
      sharp deflection of the beam trace from a base line; the screen may then
      be calibrated along this base line, e.g. in terms of azimuth angle, to
      give a direct reading of the source position. In the case of
      two-dimensional arrays of input and output transducers, intended to
      measure both azimuth and elevation or either of these parameters together
      with distance, the beam may also be deflected in two dimensions by line
      and frame scanning and may be brightened at points corresponding to
      excited transducers; in that case the screen may be provided with a
      suitably calibrated grid.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a highly schematic view of a system according to my invention,
      used for locating a source of radiation;
PAR  FIG. 2 is a more detailed diagram of the constituents of the system of FIG.
      1, including a vibration-transmitting crystal;
PAR  FIG. 3 is a cross-sectional view of a similar crystal provided with
      focusing means;
PAR  FIG. 4 is a diagram similar to that of FIG. 2, showing a modification;
PAR  FIG. 5 is a perspective view of a system similar to that of FIG. 4,
      expanded into two dimensions;
PAR  FIG. 6 is a diagrammatic detail view of a modified input stage for a system
      according to my invention;
PAR  FIG. 7 is a diagrammatic detail view of an output stage for a system
      according to my invention;
PAR  FIG. 8 is a prespective view, partly in section, of a module comprising a
      vibration-transmitting crystal provided with integral arrays of input and
      output transducers;
PAR  FIG. 9 is a perspective view, partly diagrammatic, of an input transducer
      forming part of the module of FIG. 8;
PAR  FIG. 10 is an overall diagram generally similar to that of FIG. 2 but
      representing a system designed to detect relative motion;
PAR  FIG. 11 is a fragmentary view of a system for the Fourier analysis of a
      wave shape;
PAR  FIG. 12 is a fragmentary view of a modified source-locating system;
PAR  FIG. 13 is a diagram of an equivalent input stage for the system of FIG.
      12;
PAR  FIG. 14 is a perspective view of a vibration-transmitting structure
      including a stack of laminar crystals of different length;
PAR  FIG. 15 is a view similar to FIG. 14, showing a modified structure; and
PAR  FIG. 16 is a diagrammatic view of a crystal provided with alternate
      focusing means.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIG. 1 I have shown a point or quasi-point source S of electromagnetic
      radiation such as, for example, a target reflecting pulses or continuous
      electromagnetic waves emitted by a radar aerial. However, this source
      could also be a radiation emitter such as a radiometric signal generator,
      a radar detector or a homing head of a missile. The radiation coming from
      source S is picked up by a receiving stage 10 comprising, for example, a
      multiplicity of segments 11 of a radar antenna. These elemental receivers
      11 work into a processor 14 essentially consisting of a
      vibration-transmitting crystal, this processor having an entrance side 12
      and an exit side 15.
PAR  As more fully illustrated in FIG. 2, the entrance side 12 of the crystal
      body 14 is provided with a multiplicity of electromechanical transducers
      13 individually connected via respective leads 9 to corresponding
      radiation receivers 11, these receivers and the input transducers 13 thus
      constituting two homothetic arrays. Transducers 13 convert the incoming
      electrical oscillations into mechanical vibrations of the same frequency
      which are acoustically transmitted to an array of mechanoelectrical output
      transducers 16 on the exit side 15 for reconversion into electrical
      signals. Crystal body 14 may consist of a material capable of conducting
      high-frequency vibrations (up to several tens of MHz), e.g. ruby or
      garnet, and may be a relatively thin layer with a thickness dimension in
      the direction perpendicular to the plane of FIG. 2 (cf. FIG. 15, layers
      159.sub.l - 159.sub.k). The propagation velocity of the vibrations through
      this body may be on the order of 10.sup..sup.-5 times that of the
      free-space propagation velocity of the electromagnetic radiation.
PAR  The several output transducers 16 could work into individual indicators
      designed to give a reading of their respective signal strengths, the mean
      angle of incidence of the incoming radiation (and therefore the azimuth or
      elevation of the source S) being determined by the position of the output
      transducer whose indicator shows the highest reading. Alternatively, as
      illustrated in FIG. 7 discussed below, the transducer outputs could also
      be sampled by a scanner in the sweep circuit of an oscilloscope displaying
      the location of the source on its screen.
PAR  If the source S is far away, the vibrations excited by the input
      transducers 13 on the entrance side 12 of the crystal will give rise to a
      more or less planar wavefront propagating in a direction related to the
      angle of incidence. In order to indicate that angle by the means
      described, it is necessary to convert this substantially planar wavefront
      into a converging wavefront so as to focus the vibratory energy upon an
      individual output transducer. For this purpose, as shown in FIG. 3, the
      unitary crystal body 14 of FIG. 2 may be replaced by a composite body 20
      consisting of two crystalline parts 14a and 14b of different propagation
      velocities, these parts being joined together at a cylindrically curved
      boundary 21. Thus, for example, crystal portion 14a may be made of a
      material of lower density, such as garnet, whereas portion 14b consists of
      a material of higher density, such as ruby. A like focusing effect may be
      had by interchanging these relative densities and inverting the curvature
      of boundary 21. In fact, as shown in FIGS. 14 and 15, the single
      cylindrical surface 21 may be replaced by a pair of such surfaces 121',
      121" forming a cylindrical lens 156, with the lens material between these
      boundaries having the greater density.
PAR  Alternate focusing means, as shown in FIG. 16, may comprise a reflective
      outer surface 163 of a crystal body 160 having an entrance portion 161 and
      an exit portion 162. The cylindrical curvature of surface 163 concentrates
      the substantially parallel acoustic waves within entrance portion 161 into
      converging waves within exit portion 162.
PAR  The homothetic arrays of radiation receivers 11 and input transducers 13
      need not be physically coextensive. Thus, as shown in FIG. 4, the
      transducers 13 may be considerably more closely spaced than the receivers
      11, with resulting reduction in the dimensions of the associated crystal
      body 14. Also, the spacing of the output transducers is unrelated to that
      of the input transducers.
PAR  If the direction of the radiation source is to be ascertained in two
      orthogonal planes, as in azimuth and in elevation, a two-dimensional array
      of radiation receivers 31 may be used in a receiving station 30 as shown
      in FIG. 5. An associated crystal body 32 is provided at its entrance side
      33 with a multiplicity of input transducers 34 linked with respective
      receivers 31 by connections 35, the transducers 34 being disposed in a
      two-dimensional array homothetically related to that of the receivers 31.
      A two-dimensional array of output transducers 39 is disposed on the exit
      side 38 of body 32. The signals developed by transducers 39 could be
      displayed on the screen of a cathode-ray tube, after interim storage, in
      the manner described below with reference to FIG. 7.
PAR  As shown in FIG. 6, a set of radiation receivers 41 may work into
      respective input transducers 42 by way of mixers 44 inserted in their
      respective transmission lines 40. The mixers 44 receive the output of a
      local oscillator 45 to generate a beat frequency, lower than the operating
      frequency of the incoming radiation, which can be more easily converted
      into mechanical vibrations within the associated crystal body, thus
      offering a wider choice of materials for that body. Through suitable
      selection of the modulating frequency emitted by oscillator 45, which for
      this purpose should be variable, it is also possible to make the
      excitation frequency for the crystal independent of the radiation
      frequency.
PAR  In FIG. 7 we have illustrated a memory 53 with a multiplicity of storage
      elements 52 individually connected to respective output transducers 50 on
      the exit side of the crystal body 51. These storage elements register the
      magnitudes of the signals issuing from the respective output transducers
      and are periodically sampled by a scanner 54 which controls the vertical
      deflection of the beam of a cathode-ray tube 55, the beam being
      horizontally deflected in the rhythm of the scan. If the transducers 50
      are arrayed in two dimensions, as shown in FIG. 5, the memory 53 consists
      of a corresponding two-dimensional matrix of storage elements 52. In that
      case, scanner 53 may sample these storage elements at a relatively fast
      rate in one dimension and at a relatively slow rate in the other
      dimension, in conformity with the line and frame scans of conventional
      television systems, while deflecting the beam in step with the scan; the
      sampled signals will then be used to modulate the intensity of the beam.
      Each storage element 52 may simply comprise a capacitor in series with a
      discharge resistor.
PAR  FIGS. 8 and 9 show a module consisting of a piezoelectric crystal body 60
      and associated input and output transducers 62, 69 integral therewith.
      Input transducers 62 include flattened extremities of extensions 61 of the
      crystal body, these extremities being excited by signals from respective
      transmission lines 65 whose conductors 64 have branches 63 disposed in
      interleaved relationship on their crystalline support. In an analogous
      manner, not illustrated in detail, output transducers 69 constitute the
      free ends of crystal extensions 68 and carry the branched conductors of
      respective transmission lines 70 which lead to associated indicators or to
      the storage elements 52 shown in FIG. 7.
PAR  In FIG. 10 we have illustrated a modified system which uses the same
      principles as that of the preceding Figures but wherein the source S is
      assumed to have a radial component of motion with reference to an aerial
      116 of a single radar receiver 115. The output circuit 114 of this
      receiver includes a distributor 113 which periodically, in cyclic
      succession, transmits the incoming high-frequency signals to inputs 112 of
      respective storage elements 111 forming part of a memory 123. These
      storage elements, which may be of the type described in the aforementioned
      U.S. Pat. No. 3,584,295, register the phase shift of the incoming signals
      at instants at which this phase shift would be constant if there were no
      relative motion between the source and the receiver.
PAR  Thus, elements 111 may also include respective phase detectors which
      receive a reference signal of the basic frequency from, for example, a
      signal generator modulating an outgoing carrier fed to an associated radar
      transmitter. However, a reference signal will not be needed if the
      incoming radiation is sawtooth-modulated (in amplitude or in frequency) so
      that its amplitude, or the amplitude of the output of a frequency
      discriminator included in the receiver 115, is a linear function of phase.
      Aside from the possible presence of a phase detector, storage elements 111
      may be similar to elements 52 described above. The distributor 113 is
      stepped once every m.sup.th cycle (m being any convenient integer,
      including 1) of the reference signal.
PAR  After the distributor has loaded all the storage elements 111 of memory
      123, the phase data registered therein are transmitted simultaneously to
      similar capacitive storage means in the control inputs of respective
      modulators 119 receiving a local oscillation of constant frequency from
      the output 117 of an oscillator 118. This local oscillation, modulated in
      phase under the control of the stored data, is then transmitted via
      conductors 120 to an array of input transducers 121 of a crystal body 122.
      The direction of propagation of the resulting wavefront inside this body
      is a function of both the magnitude and the sign of the Doppler shift due
      to the radial velocity component; if that velocity component is zero, the
      vibratory energy is transmitted perpendicularly to the end faces of that
      body to an array of output transducers 124 on its exit side 125, impinging
      upon the middle transducer if focused within the body as described above.
      The output signals of transducers 124 are transmitted via leads 126 to an
      indicator stage 127 which may again consist of individual indicators or of
      a common display device. FIG. 11 shows part of a system according to my
      invention designed to perform a Fourier analysis of an incoming signal s,
      transmitted along a delay line 131 having several taps 130 connected via
      leads 132 to respective input transducers 133 of a crystal body 134. If
      the phase velocity of a particular signal frequency along delay line 131
      is V and the vibrations travel through the body 134 with a velocity v, the
      resulting wavefront w will include an angle .alpha. with a line parallel
      to the input array 133, with .alpha. = arcsin v/V. The angle .alpha. is
      therefore a function of the phase velocity V of each individual harmonic
      which, it is assumed, varies throughout the band of interest; thus, the
      direction of propagation p within the crystal is different for each
      harmonic. With the aid of refractive or reflective focusing means as
      described above, therefore, the resulting vibration may again be
      concentrated on an individual output transducer (not shown in FIG. 11).
      From the known location of the output transducers predominently excited by
      the vibrations due to the fundamental frequency of signals s and its
      second, third, etc. harmonics, a chosen number of terms of the Fournier
      transform of the signal can be determined by individual measurements of
      the transducer signals or by an oscilloscopic display.
PAR  In the case of a substantially stationary radiation source of known signal
      frequency, the location of that source can also be determined with the aid
      of a single radiation receiver 141 movable through a multiplicity of
      positions as shown in FIG. 12. In these several positions the receiver 141
      energizes the inputs 142.sub.l - 142.sub.n of a set of storage elements
      111 of a memory 123 as shown in FIG. 10, working into respective phase
      modulators and input transducers not illustrated in FIG. 12. The
      displacement (arrow F) of receiver 141, if carried out in the rhythm of
      the signal frequency (i.e. one step at every m.sup.th cycle), results in a
      progressive phase shift equivalent to that experienced by wave components
      from the same source arriving at an array of receivers 141.sub.l -
      141.sub.n shown in FIG. 13. As with the system of FIG. 10, stages 111 of
      memory 123 are periodically sampled (after each series of n steps) to
      transmit a control signal to their respective phase modulators.
PAR  In FIG. 14 we have shown a crystal structure 15 consisting of a stack of
      laminar crystalline bodies 159.sub.l - 159.sub.k served by respective sets
      of input transducers 153.sub.l - 153.sub.k which lie in a common plane on
      the entrance sides 152.sub.l - 152.sub.k of the crystals; corresponding
      transducers of each array 153 are energized in parallel from respective
      radiation receivers not shown. Each crystal body 159.sub.l - 159.sub.k
      contains a focusing lens 156 with boundaries 121', 121", these lenses
      being advantageously of identical construction and positioned at the same
      distance from the entrance side of the structure. The exit side 158.sub.l
      - 158.sub.k of each body 159.sub.l - 159.sub.k is provided with a
      respective array of output transducers 157.sub.l - 157.sub.k lying in a
      zone whose distance from the entrance side increases progressively from
      body 159.sub.l through body 159.sub.k. The refractive power of each lens
      156 should be so chosen that vibrations with a planar wavefront caused by
      incident radiation from a very remote source are focused upon the most
      distant transducer array 157.sub.k. Converging wavefronts, due to
      radiation from less distant sources, are focused upon the other transducer
      arrays. Thus, the system of FIG. 14 provides an indication not only of the
      angle of incidence of incoming radiation but also of the distance of its
      source. The matrix of output transducers 157.sub.l - 157.sub.k may be
      sampled in the same way as that of transducers 39 (FIG. 5) to provide a
      visual display on an oscilloscope screen which in this case may be
      graduated in units of distance and degrees azimuth (or elevation).
PAR  The laminar stack 150 of FIG. 14 could also be consolidated into a single,
      stepped body. Alternatively, as shown in FIG. 15, such a solid body 159
      may be given a trapezoidal shape with a two-dimensional array of output
      transducer 157 on its beveled exit face 158 and a row of input transducers
      153 on its entrance face 152; a simple focusing lens 156 is formed in that
      body by throughgoing cylindrical boundaries
PAR  It will thus be seen that I have provided both a system for a method of
      analyzing high-frequency electromagnetic waves, such as the radiation from
      a source S (FIGS. 1, 2, 10) or the signal wave s (FIG. 11), by collecting
      a multiplicity of wave components differing in phase among one another;
      mechanically exciting localized high-frequency vibrations at a
      multiplicity of input points of a solid body such as crystals 14, 122 and
      159, the phase relationships of these vibrations corresponding to those of
      the collected wave components; detecting a resulting vibration peak at an
      output point of the body, remote from its aforementioned input points,
      whose location is a function of these phase relationships; and converting
      this vibration peak into an electrical signal indicative of the location
      of the corresponding output point.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for analyzing an electromagnetic wave, comprising:
PA1  receiving means oriented toward a common source of a wave to be analyzed
      and adapted to derive therefrom a multiplicity of differently phased wave
      components;
PA1  a vibration-transmissive solid body provided with a multiplicity of
      electromechanical input transducers arrayed in at least one row along an
      entrance edge and with a multiplicity of mechanoelectrical output
      transducers arrayed in at least one row along an exit edge remote from
      said entrance edge; and
PA1  circuit means extending from said receiving means to said input transducers
      for substantially simultaneously energizing the latter with substantially
      the same frequency and with a phase relationship corresponding to that of
      said wave components, thereby mechanically generating localized vibrations
      in said body giving rise at said exit edge to a resultant vibration
      predominantly exciting an output transducer whose location on said body is
      a function of said phase relationship.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said body is a piezoelectric
      crystal.
NUM  3.
PAR  3. A system as defined in claim 2 wherein said crystal is ruby.
NUM  4.
PAR  4. A system as defined in claim 1 wherein said receiving means comprises a
      multiplicity of individual receivers respectively connected by said
      circuit means to said input transducers, said radiation receivers and said
      input transducers being disposed in homothetic arrays.
NUM  5.
PAR  5. A system as defined in claim 4, further comprising modulating means in
      said circuit means between said radiation receivers and said input
      transducers for stepping down the frequency of incident radiation to a
      vibration frequency transmissible by said body.
NUM  6.
PAR  6. A system as defined in claim 1 wherein said receiving means comprises a
      single radiation receiver movable relatively to a source of incident
      radiation, said circuit means including a multiplicity of memory elements
      respecitively connected to said inut transducers and distributing means
      for successively connecting said radiation receiver to said storage
      elements for storing therein information on the phasing of successively
      received radiation samples, said circuit means further including a local
      oscillator and modulating means between said memories and said input
      transducers connected to said oscillator for deriving therefrom a
      multiplicity of constant-frequency oscillations relatively modulated in
      phase according to the information stored in the respective memory
      elements.
NUM  7.
PAR  7. A system as defined in claim 1 wherein said body includes focusing means
      between said entrance and exit sides for directing said localized
      vibrations in convergent paths toward said output transducers.
NUM  8.
PAR  8. A system as defined in claim 7 wherein said input transducers are
      arrayed in a plane on said entrance side, said output transducers being
      arrayed in a plurality of zones differently spaced from said plane.
NUM  9.
PAR  9. A system as defined in claim 8 wherein said body is divided into
      sections of different length each carrying one of said zones.
NUM  10.
PAR  10. A system as defined in claim 1, further comprising display means
      connected to said output transducers for indicating the location of an
      output transducer predominantly excited by said resultant vibration.
NUM  11.
PAR  11. A system as defined in claim 1 wherein said receiving means comprises
      delay means for propagating different harmonics of said wave with
      different phase velocities, said delay means being provided with a
      multiplicity of taps respectively connected by said circuit means to said
      input transducers.
NUM  12.
PAR  12. A system as defined in claim 2 wherein said crystal is garnet.
NUM  13.
PAR  13. A system as defined in claim 7 wherein said body is divided into
      portions of different density, said focusing means being formed by a
      boundary between said portions.
NUM  14.
PAR  14. A system as defined in claim 13 wherein said portions respectively
      consist of garnet and ruby.
NUM  15.
PAR  15. A system as defined in claim 7 wherein said focusing mens is formed by
      an internally reflecting curved lateral edge of said body.
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ABST
PAL  The invention concerns a circuit arrangement for the wireless transmission
      of control signals to the control paths of controlled semiconductor
      valves, particularly of thyristors, which are preferably usable in a
      rectifier for high voltage. The control signals are provided for the
      modulation of a high-frequency transmitter which is disposed at some
      distance from high frequency receivers each containing a demodulator,
      whose output signal is delivered to the control path of a semiconductor
      valve. In order to ensure reliable and interference-proof firing of the
      semiconductor valves, if the distance between the high-frequency
      transmitter and the high-frequency receiver is large, there is provided, a
      frequency-modulated high-frequency transmitter as the high-frequency
      transmitter. The carrier frequency of the frequency modulated transmitter
      is in the range of 10 MHz to 50 GHz and has a transmitting antenna
      provided with a reflector which is directed toward receiving antennas with
      which the individual high-frequency receivers are equipped. The
      demodulator contained in each high-frequency receiver comprises a filter
      which is tuned to the modulation frequency associated with the control
      signal (p2, p5) which substantially blocks the passage of other
      frequencies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention concerns a circuit arrangement for the wireless transmission
      of control signals to the control paths of controlled semiconductor
      valves, particularly of thyristors, which are preferably used in a
      rectifier for high voltage. Specifically the invention concerns firing of
      thyristors used in a high voltage rectifier circuit by means of modulated
      control signals from a transmitter which are received by receivers
      associated with each thyristor.
PAR  2. Description of the Prior Art
PAR  Such a circuit arrangement, which is known from the Swiss Pat. No. 413,933,
      is to be used particularly in a rectifier circuit which is intended for
      the conversion of high voltages.
PAR  This prior art circuit arrangement has a high-frequency transmission
      signal, onto which the information of the control signals is amplitude
      modulated. The carrier frequency of the transmission signal is 1 MHz. In
      the absence of further data, the modulation involved here may be frequency
      as well as amplitude modulation. Tuned circuits are specifically used as
      the high-frequency receivers in the known circuit arrangement. The coils
      of the individual tuned circuit are inductively coupled to the coil of the
      high-frequency transmitter. Thus, near-field coupling is involved which is
      disadvantageous for high voltages: On the one hand, the mutual distance
      must be small, so that a firing signal of sufficient strength is available
      at the semiconductor valves, and on the other hand, the mutual distance
      must be large, so that no corona discharges occur. The contradictory
      requirements are an obstacle to a practical design of the prior art
      circuit arrangement with tunedcircuit coils.
PAR  It is an object of the invention to provide a circuit that is reliable and
      achieves interference-proof firing of the semiconductor valves, with a
      considerable distance between the high-frequency transmitter and the
      high-frequency receiver, if high voltages are present at the semiconductor
      valves.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, this objective is met by providing as the
      high-frequency transmitter a fequency-modulated high-frequency
      transmitter, whose carrier frequency is in the range of 10 MHz to 50 GHz
      and whose transmitting antenna is provided with a reflector which is
      pointed toward receiving antennas with which the individual high-frequency
      receivers are equipped. The demodulator associated with each
      high-frequency receiver comprises a filter which is tuned to the
      modulation frequency assigned to the control signal and largely blocks the
      passage of other frequencies.
PAR  In the circuit arrangement according to the invention, a large potential
      difference between the control signal transmitter and the semiconductor
      valves does not matter, because a considerable distance in space can exist
      between them. The distance between them is bridged by the wireless
      high-frequency transmission paths with firing signals of sufficient
      strength. In order to obtain maximum power transmission, the transmitting
      antenna of the high-frequency transmitter is provided with a reflector
      which is trained to the receiving antenneas of the high-frequency
      receivers.
PAR  The carrier frequency should be one of the so-called industrial
      frequencies, so that other receivers are not interfered with in an
      unreliable manner.
PAR  The preferred procedure may be to provide for the energy supply of the
      high-frequency receiver and/or for obtaining the firing energy from the
      voltage at the anode-cathode path of the semiconductor valve.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a prior art rectifier with controlled semiconductor valves in
      a bridge circuit, which is provided for rectification of a high voltage.
PAR  FIG. 2 shows a circuit arrangement according to the invention for the
      wireless transmission of control signals to the control paths of several
      semiconductor valves of this rectifier.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In the prior art arrangement of FIg. 1, a three-phase a-c voltage source 1
      is applied to a load 8 by way of a rectifier with controlled semiconductor
      valves 2 to 7 in a three-phase bridge circuit. The a-c voltage source 1
      delivers a high-voltage a-c voltage. Its peak value may be, for instance,
      one million volts. To control this high voltage, each branch of the
      three-phase bridge consists of a multiplicity of semiconductor valves 2 to
      7, of which only three semiconductor valves are shown in each branch. In
      this case, the rectifier is directly connected to the load 8. Deviating
      therefrom, the rectifier can also be provided for high-voltage d-c
      transmission, where it is connected to an inverter which, in turn, is
      connected to a load. The individual semiconductor valves 2 to 7 are fired
      by control signal on terminals p2 to p7, which are supplied by a control
      signal generator 20. The control signal generator 20 is addressed by a
      control voltage z, which may be formed, for instance, in a control circuit
      (not shown) for resetting the ignition angle. The control signals p2 to p
      7 assure that the individual semiconductor valves 2 to 7 are fired in a
      predetermined sequence and at a predetermined frequency.
PAR  As can be seen from FIG. 2, the transmission of the six control signals p2
      to p5 to the control paths of the semiconductor valves 2 to 7 is
      accomplished by radiation means through a high-frequency transmission
      channel. In order to facilitate the understanding, only the semiconductor
      valves 2a and 2b will be considered for the time being that belong to the
      same branch in the rectifier and are to be connected in series with each
      other.
PAR  According to FIG. 2, the control signal p2 for the semiconductor valves 2a,
      2b is applied to a high-frequency transmitter 10, which is equipped with a
      transmitting antenna 9. The transmitting antenna 9 is provided with a
      reflector. The transmitting antenna 9 is stationary; it may, for instance,
      be fastened in the wall of a building.
PAR  The high-frequency transmitter 10 delivers an output signal, whose carrier
      frequency is, for instance, 2.45 GHz. Amplitude modulation is effected
      here by the control signal p2 applied to the modulator input. If the
      control signal p2 is different from zero, the carrier frequency f0 is
      amplitude-modulated with a modulation frequency f2 of, say, 10 MHz. The
      transmitting antenna then radiates a transmission signal 11 which
      contains, besides the carrier frequency f0, also the frequencies (f0+f2).
      The transmission signal is radiated by the transmitting antenna 9 in a
      parallel beam or, as shown, radially toward the semiconductor valves 2a,
      2b.
PAR  At some distance from the transmitting antenna are the high-frequency
      receivers 12a, 12b, each of which is associated with one of the
      semiconductor valves 2a, 2b. Their receiving antennas 13a and 13b are
      facing toward the transmitting antenna 9, so that the transmitted signal
      11 can be received with maximum strength. The high-frequency receivers
      12a, 12b are of the same design. Each contains a demodulator, whose output
      signal is applied, possibly by way of a flipflop and/or a firing circuit,
      to the control path of the associated semiconductor valve 2a or 2b. The
      combination of a rectifier with a filter tuned to the modulation frequency
      f2 serves as the demodulator. The high-frequency receivers 12a, 12b
      therefore function selectively, so that other frequencies cannot exert an
      interfering influence. As soon as a control signal p2 is present at the
      modulation input of the high-frequency transmitter 10, the two
      semiconductor valves 2a, 2b are fired. The firing information is
      transmitted by the high-frequency transmission signal 11 regardless of
      potential. Large potential differences between the high-frequency
      transmitter 10 and the semiconductor valves 2a, 2b thus have no
      detrimental effect.
PAR  It can furthermore be seen from FIG. 2 that two further semiconductor
      valves 5a, 5b are provided, which are likewise to be connected in series.
      These semiconductor valves 5a, 5b belong to another branch of the
      rectifier than the semiconductor valves 2a, 2b. It should be noted that
      the high-frequency transmitter 10 is provided, on the one hand, for the
      wireless control signal p2. The semiconductor valves 5a, 5b are therefore
      to be fired at other points in time than the semiconductor valves 2a, 2b.
      This further control signal p5 assures, if it is different from zero, that
      the carrier frequency f0 of the high-frequency transmitter 10 is modulated
      with another modulation frequency f5, which may, for instance, be 20 MHz.
      The transmitted signal 11 then has the frequency (f0.+-.f5).
PAR  With each of these semiconductor valves 5a, 5b is likewise associated a
      high-frequency receiver 15a, 15b with the receiving antennas 16a, 16b.
      These high-frequency receivers 15a, 15b have the same design as the
      high-frequency receivers 12a, 12b, but their demodulators are not tuned to
      the modulation frequency f, but to the modulation frequency f5. They
      therefore pass on a firing signal to the semiconductor valves 5a, 5b only
      if the transmitted signal has a component with the modulation frequency
      f5. The transmission of other frequencies through the filter is largely
      blocked, so that unintended firing is practically impossible.
PAR  Through the use of selective demodulators it is achieved that in spite of
      using only a single high-frequency transmission channel, each of the
      control signals is correlated to the proper semiconductor valve.
PAR  The firing arrangement within the high-frequency receivers 12a, 12b and
      15a, 15b can be designed, in a manner known per se, in such a manner that
      it obtains the firing energy required for firing from the reverse voltage
      at the respective semiconductor valve 2a, 2b, 5a, 5b. One can proceed here
      then so that these reverse voltages are used also for the power supply of
      the high-frequency receivers 12a, 12b, 15a, 15b.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit arrangement for the wireless transmission of control signals
      to the control paths of controlled semiconductor vavles such as thyristors
      used in a rectifier for high voltage, said semiconductor valves including
      a first group of controlled semiconductor valves arranged for simultaneous
      firing in response to a first control signal and a second group of control
      semiconductor valves similarly arranged to be simultaneously fired by in
      response to a second control signal occurring at a time different from
      said first control signal with first and second intermediate frequency
      modulation frequencies associated respectively with said first and second
      control signals, a high frequency common to both groups being provided for
      transmitting a signal having a high frequency carrier modulated by said
      first and second intermediate frequency modulation frequencies in
      dependent on said first and second control signals comprising:
PA1  a. a first group of high frequency receivers disposed remotely from said
      high frequency transmitter each including a demodulator tuned to said
      first modulation frequency and providing an output to the control path of
      a semiconductor valve in said first group of controlled semiconductor
      valves;
PA1  b. a second group of high frequency receivers similarly remotely located
      from said high frequency transmitter and each containing a demodulator
      tuned to said second modulation frequency providing an output signal to
      the control path of a semiconductor valve from said second group of
      controlled semiconductor valves;
PA1  c. a high frequency transmitter including a transmitting antenna equipped
      with a reflector and means to train said reflector in the direction of
      said individual high frequency receivers, said high frequency transmitter
      being a frequency modulated high frequency transmitter having a carrier
      frequency in the range of 10 mhz to 50 ghz; and
PA1  d. wherein the demodulators in each of said high frequency receiver
      comprises a filter tuned to demodulate the frequency associated with its
      control signal and to substantially block the passage of other
      frequencies.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said high frequency receivers are
      disposed in direct and physical proximity to their associated
      seimconductor valves.
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ABST
PAL  The connector system includes a radio mounted receptacle with an integral
      transfer switch, and a separate connector and cable for interface with
      external radio frequency (R.F.) circuits, and provides a method of
      connecting external R.F. circuits to a portable radio and for
      simultaneously and automatically transferring the internal radio circuits
      from an integral radio antenna to the receptacle. The integral transfer
      switch of the receptacle connector includes a movable conductive plunger
      retained within a conducting sleeve and adapted to slide in an insulator
      between a first position at which the head of the plunger engages an
      inturned end of the sleeve, and a second position in which the plunger
      engages a flexible contact connected to the radio circuit and moves it
      away from a contact connected to the selfcontained antenna. A connector
      connected to a coaxial line, which may be connected to external radio
      frequency signal source, has an outer conductor adapted to connect to the
      sleeve and an inner conductor which enters the sleeve and engages the
      plunger to make electrical connection therewith and move the same to the
      second position. This disconnects the self-contained antenna from the
      radio circuit and connects the coaxial line thereto. The sleeve, plunger,
      and inner and outer conductors provide a matched impedance connection from
      the external source to the radio circuit. The external connector can be
      manually connected to the radio mounted receptacle connector or
      automatically coupled thereto when the portable radio is positioned in a
      carrying housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known in portable radios to provide a receptacle on the radio housing
      for connection of external circuits to the radio. Such a receptacle is
      described in U.S. Pat. No. 3,812,310, issued May 21, 1974, to Bernard
      Gasparaitis, and assigned to Motorola, Inc. The plug connector which is
      used with this receptacle must have a long center conductor so that it can
      be inserted in the receptacle to operate the contacts thereof and complete
      the external connection thereto. This is not suitable for use with a very
      small hand-held radio device which may be used in a compact carrying
      housing as there is not adequate room for inserting the receptacles.
      Further, the connector design (long stem) does not lend itself to
      automatic methods of interconnect.
PAR  Further, known connector constructions have caused impedance
      discontinuities which have resulted in signal loss and caused distortion
      of the signal. Although prior connector and receptacle structures may
      perform well at audio frequencies, there is severe mismatch at VHF and UHF
      radio frequencies.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide an improved radio frequency
      connector for a portable radio device.
PAR  Another object of the invention is to provide a miniature connector on a
      radio which connects an antenna provided with the radio to the radio
      circuit, and which is adapted to receive a second connector for connecting
      an external signal source to the radio circuit.
PAR  A further object of the invention is to provide a radio mounted receptacle
      incorporating a switch having normally closed contacts, with a
      self-contained actuator mechanism for opening the contacts and
      transferring the radio circuit through the actuator to an external signal
      source.
PAR  A still further object of the invention is to provide a receptacle for
      receiving a connector connected to a coaxial line, wherein the connectors
      are constructed to provide a continuous matched impedance therethrough.
PAR  Still another object of the invention is to provide a receptacle connector
      which is adapted to receive a plurality of additional connectors, wherein
      a minimum of space is required for engaging the connectors, and which can
      utilize a connector that is automatically engaged with the receptacle.
PAR  In practicing the invention, a miniature receptacle connector is provided
      including a sealed housing with a pair of contacts which are normally
      engaged to connect a circuit, as to connect the antenna of a portable
      radio to the radio circuit. The connector includes a conducting plunger
      which is captured in an insulator and which can be moved against a spring
      bias to a position to engage one of the contacts and move it away from the
      other contact. A sleeve nut threaded to a sleeve secured in the housing
      can be used to mount the receptacle in a wall of the radio housing, and
      also serves to receive an external connector. The sleeve nut has a
      shoulder on its outside surface for holding an external connector having
      resilient sections to make mechanical and electrical connections
      therebetween, and the external connector can have a center conductor which
      enters the nut and engages the plunger to move the same to open the
      circuit through the pair of contacts and complete the circuit from the
      external connector through the plunger. The receptacle can also be used
      with a structure which automatically moves an external connector into
      engagement with the sleeve nut, and which has a center conductor engaging
      the plunger. In either case, the plunger is biased against the center
      conductor to make a good electrical connection, and the conductors of the
      external connector and of the receptacle connector provide a continuous
      matched line for effective signal coupling.
DRWD
PAC  BRIEF DESCTIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the receptacle connector of the
      invention;
PAR  FIG. 2 shows an external connector connected to the receptacle connector;
PAR  FIG. 3 shows the splined outer conductor of the external connector of FIG.
      2;
PAR  FIG. 4 illustrates the use of the receptacle connector with an external
      connector in a support for holding a portable radio; and
PAR  FIG. 5 shows the connectors used in the structure of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is shown the receptacle connector 10 of the invention as
      used in a portable radio device, such as a hand-held radio transmitter and
      receiver 14 which includes an antenna 16 therewith. The connector 10 is
      mounted on a wall 12 of the radio housing 14, and the antenna 16 is also
      secured to the radio housing 14. The connector 10 has a housing 18 which
      forms a sealed enclosure. Within the housing 18 is a fixed contact 20
      which is connected to the antenna 16. A resilient movable contact 22,
      which may be connected to the radio circuit, normally engages the fixed
      contact 20, as shown by solid lines in FIG. 1. A conducting plunger 24 is
      mounted for engagement with the resilient contact 22 to move the same to
      the position shown by dashed lines, in which the resilient contact 22 is
      open circuited from the fixed contact 20.
PAR  Secured to the housing 18 of the receptacle connector 10 is a conducting
      sleeve 26, which can be embedded in the molded housing. This sleeve 26
      passes through an opening 13 in the housing wall 12. A conducting sleeve
      nut 28 is threaded on the sleeve 26 to hold the receptacle 10 securely to
      the housing 14. A washer 30 is clamped to a shoulder on the wall 12 by a
      flange 32 on the nut 28. A recess 15 is provided in the housing wall 12
      about the nut 28. The sleeve 26 and the sleeve nut 28 form a continuous
      outer conductor about the conducting plunger 24.
PAR  The sleeve 26 may be connected to a conductor 27 to provide a ground
      connection for the radio. The plunger 24 is slideably supported in
      insulator 34 which is positioned within the sleeve 26. The plunger has a
      head 36 which is engaged by spring 38 which operates against a shoulder 35
      in the insulator 34. The spring 38 holds the head 36 of the plunger 24
      against the inturned end 29 of the sleeve nut 28. The plunger 24 has an
      enlarged actuating end 40 which is adapted to engage resilient contact 22.
      FIG. 1 shows the plunger in its normal position by solid lines, and in
      this position the actuating end 40 is spaced from contact 22 which engages
      contact 20 to provide a circuit connection therebetween. When the head 36
      of the plunger 24 is moved to the right, as shown by dashed lines in FIG.
      1, the actuating end 40 engages resilient contact 22 to make electrical
      connection threwith, and the connection between contacts 22 and 20 is
      broken.
PAR  The receptacle connector 10 of FIG. 1 is adapted to couple to external
      connectors which may be of different constructions. FIG. 2 shows the
      connection of one external connector 45 to the receptacle connector 10.
      The connector 45 has a molded housing 46 to which a coaxial line 48 is
      secured. An outer conductor 50 is embedded in the housing 46 and is
      connected by conductor 52 to the sleeve conductor of the coaxial line 48.
      The conductor 50 has an annular outer portion providing a plurality of
      resilient splines 54, as shown by FIG. 3. A C-ring 56 is provided about
      the splines 54 to bias the same inwardly.
PAR  FIG. 2 shows that the splines 54 of the outer conductor 50 of the external
      connector 45 are positioned about the sleeve nut 28 of the receptacle 10.
      As shown in FIGS. 1 and 2, the sleeve nut 28 has a shoulder 44 formed
      thereon, and the splines 54 have complimentary shoulders to hold the two
      parts in secure engagement. The resilience of the splines 54 and the
      C-ring 56 permit engagement and disengagement of the connector 45 from the
      receptacle 10. The external connector 45 has an inner conductor 58 which
      is connected to the center conductor of the coaxial line 48. This has a
      projection 59 thereon held by insulators 60 positioned within the outer
      conductor 50. The inner conductor 58 has an end 62 which enters the sleeve
      nut 28 and engages the head 36 of the plunger 24. This moves the actuating
      end 40 of the plunger so that it engages resilient contact 22, as shown in
      FIG. 1.
PAR  When the connectors 45 and 10 are engaged, as shown in FIG. 2, the spring
      38 holds the end 36 of the plunger 24 firmly against the end 62 of the
      inner or center conductor 58 to make good electrical connection
      therebetween. A good electrical connection is also made between outer
      conductor 50 and sleeve nut 28, which continues through sleeve 26. This
      provides a coaxial conducting line through the connectors which forms a
      matched connection so that there is no impedance discontinuity which would
      cause a loss in signal strength or distortion of the signal.
PAR  FIGS. 4 and 5 show the use of the receptacle connector of the invention in
      a different application with a portable radio. It is frequently desired to
      use a portable radio in a support where a source of radio signals is
      available. For example, it may be desired to use the radio in a vehicle
      which has a vehicular antenna providing more effective signal pickup than
      the antenna of the portable radio.
PAR  FIG. 4 shows a support in which a portable radio may be placed. The support
      65 has a vertical recess for receiving the portable radio 66, which may be
      a small hand-held radio transmitter and receiver. FIG. 4 shows
      schematically that the radio 66 is positioned in the support 65 which has
      portions engaging the sides of the radio to hold the same in position. The
      grille 68 at the front of the radio is exposed for transmission of sound
      from and to the radio. Controls 70 at the top of the radio are also
      available. The antenna 16 extends at the top of the radio and the
      receptacle 10 is in the side wall, as in FIG. 1. The support 65 may
      include a vertical slide structure 72 having a projection 74 extending
      below the radio 66. When the radio is slid into the support from the top
      thereof, the radio engages the projection 74 and moves the slide 72
      downward. The slide 74 is shown in its downward position in FIG. 4. The
      slide 72 has a second projection 76 with a cam 77 thereon. This engages a
      projection 78 on a horizontal slide structure 80. The slide structure 80
      may operate along rims 82 provided by the support 65, which form a track
      for the structure 80. The structure 80 includes a connector 85 which will
      connect with the receptacle 10, as in shown in FIG. 5. As stated above,
      the action of the support 65 to automatically move the connector 85 into
      engagement with jack connector 10 is shown schematically in FIG. 4. This
      structure can be in accordance with patent Application Ser. No. 511,545,
      filed Oct. 3, 1974, now U.S. Pat. No. 3,917,372 by George Selinko.
PAR  FIG. 5 shows in detail the structure of the external connector 85. This
      includes a housing formed of parts 86 and 87 into which a coaxial line 88
      extends. The connector 85 which couples to the receptacle 10 includes an
      outer annular conductor 90 connected by conducting clip 91 to the sleeve
      conductor of the line 88, and an inner or center conductor 92 connected to
      the center conductor of the line 88. The center conductor 92 has a
      projection 93, and is supported by insulators 94 within the outer
      conductor 90. The outer conductor 90 may have a spring washer 96 thereon,
      as will be described.
PAR  FIG. 5 shows the interconnection between connector 85 and the receptacle
      10, as is provided by action of the support of FIG. 4. The spring washer
      96 is moved into engagement with the sleeve nut 28 and makes good
      electrical connection therewith. The spring action of the washer 96 takes
      care of tolerances of the parts and insures a good ground connection. The
      center conductor 92 enters the sleeve nut 28 and engages the head 36 of
      the plunger 24 to move the same to the dotted position as shown in FIG. 1.
      This provides a connection from the center conductor of the line 88
      through the center conductor 92 of connector 85 to plunger 24, and to the
      resilient contact 22 of the receptacle 10. The spring 38 biases the
      plunger against the conductor 92 to provide a good electrical connection
      therebetween. The outer conductor 90 of the connector 85 cooperates with
      the sleeve nut 28 and the conducting sleeve 26 of the jack connector 10 to
      provide a coaxial conductor with the center conductor 92 and the plunger
      24, so that a continuous matched line is provided through the connectors.
      This will provide effective coupling of signals from coaxial line 88,
      which may be connected to a vehicular antenna or another radio frequency
      signal source, to the portable radio.
PAR  As has been described, the receptacle connector of the invention can be
      used with an external connector which is manually connected thereto, as
      shown by FIG. 2, and with a connector which is automatically brought into
      engagement, as shown by FIGS. 4 and 5. In either case, a coaxial line is
      formed through the external connector and the receptacle connector. Also,
      the connection can be made by only a small movement of the external
      connector with respect to the receptacle connector. This is to be
      contrasted with prior structures in which the external connector has a
      long plug which enters a jack to engage the contacts therein. The
      receptacle connector and the external connectors of the invention are of
      relatively simple construction and provide very small units which can be
      constructed at low cost.
CLMS
STM  We claim:
NUM  1.
PAR  1. An antenna connector structure for a portable radio having a self
      contained antenna, for selectively connecting the radio circuit to the
      antenna and to external signal supply means, including in combination:
PA1  a first contact connected to the antenna,
PA1  a second flexible contact connected to the radio circuit and normally in
      engagement with said first contact and capable of being flexed away from
      said first contact,
PA1  a conducting plunger biased to a first position spaced from said second
      contact and movable to a second position engaging said second contact and
      flexing the same away from said first contact,
PA1  annular conducting sleeve means spaced about said plunger, and
PA1  connector means connected to external signal supply means including an
      outer annular conductor adapted to couple to said conducting sleeve means
      and an inner conductor adapted to engage said conducting plunger and move
      the same to said second position, whereby said plunger provides a
      conducting path from said inner conductor to said second contact to
      connect the signal supply means to the radio circuit.
NUM  2.
PAR  2. The connector structure of claim 1 including a housing about said first
      and second contacts, and wherein said sleeve means includes a first
      threaded sleeve secured to said housing and a sleeve nut threaded to said
      first sleeve for mounting said housing.
NUM  3.
PAR  3. The connector structure of claim 2 including a tubular insulator within
      said first sleeve, and wherein said plunger is slideably supported in said
      insulator.
NUM  4.
PAR  4. The connector structure of claim 3 wherein said plunger has a head on
      one end thereof within said sleeve nut and an actuating portion on the end
      opposite said head for engaging said second contact.
NUM  5.
PAR  5. The connector structure of claim 4 further including a spring acting
      between said head of said plunger and said insulator for biasing said
      plunger to said first position.
NUM  6.
PAR  6. The connector structure of claim 1 wherein said connector means is
      connected to a coaxial line having a grounded outer conductor connected to
      said outer annular conductor and a center conductor connected to said
      inner conductor of said connector means, and wherein said outer annular
      conductor of said connector means is connected to said conducting sleeve
      means to ground the same, to provide effective impedance matching from the
      coaxial line to the radio.
NUM  7.
PAR  7. The connector structure of claim 1 wherein said annular conducting
      sleeve means has an outer surface with a shoulder thereon, and said outer
      annular conductor includes means which engages said shoulder to hold said
      connector means to said sleeve means.
NUM  8.
PAR  8. The connector structure of claim 7 wherein said means which engages said
      shoulder includes a plurality of conducting resilient splines, with a
      C-ring about said splines to hold the same against said shoulder.
NUM  9.
PAR  9. The connector structure of claim 7 further including spring means for
      biasing said plunger to hold the same against said inner conductor to
      provide a good electrical connection therebetween.
NUM  10.
PAR  10. The structure of claim 1 wherein said conducting sleeve means is
      mounted to a portable radio, and further including support means for
      receiving the portable radio and means slideably supporting said connector
      means, and wherein said means slideably supporting said connector means
      moves said outer conductor into engagement with said conducting sleeve
      means and said inner conductor into engagement with said plunger.
NUM  11.
PAR  11. The structure of claim 10 wherein said outer conductor includes spring
      means for making an effective electrical connection to said conducting
      sleeve means, and including spring means biasing said plunger against said
      inner conductor to provide an effective electrical connection
      therebetween.
NUM  12.
PAR  12. The structure of claim 10 wherein said inner conductor moves said
      plunger to engage said second contact to flex the same away from said
      first contact and provide a conducting path from said inner conductor
      through said plunger and said second contact to the radio circuit.
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ABST
PAL  An antenna system is disclosed that is suitable for use in the transmission
      of communication signals from expendable marker buoys. The antenna system
      is designed such that the antenna is interiorly disposed within the buoy,
      which eliminates the need for antenna seals and antenna automatic
      extension mechanisms.
PAL  The antenna is top loaded to permit the use of a relatively short vertical
      section. The antenna is attached to a ground plane skirt which is
      capacitively coupled through a dielectric form for establishing good radio
      frequency (RF) connection to the water surface within which the antenna
      system operates. The dielectric medium is provided by the outer housing of
      the buoy and hence the water surface becomes the effective ground plane
      for the antenna. In this manner, therefore, the antenna system does not
      require components to be extended beyond the interior of the buoy housing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an antenna system that may be used to transmit
      preset messages. More particularly, the present invention relates to an
      antenna system to be used with a marker buoy.
PAR  Buoys of various types that are used for communication purposes are well
      known. These buoys can be used to provide a submarine commander with a
      method for maintaining continuity of communication without having to
      surface or divert from his mode of operation.
PAR  Presently, electronic marker buoys may employ whip antennas that are
      mounted atop metal cased buoys for transmission of messages. These
      antennas are connected to electronic transmitters which are interior to
      the buoys. Hence, water-type seals are required for the antenna
      connections.
PAR  In many applications the antenna is not deployed nor extended until the
      buoy is afloat. To erect the antenna requires an automatic mechanism to be
      used.
PAR  In the above prior art buoy it would be desirable to eliminate the need for
      water-tight seals and for automatic extension mechanisms. By eliminating
      these needs, both the cost and malfunctions of such buoys would be
      reduced.
PAR  A need exists to provide an antenna system suitable for use in electronic
      buoys that is interior to the buoy housing.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a buoy antenna
      system that does not require a water-tight seal between the antenna and
      the buoy housing.
PAR  It is another object of this invention to provide a buoy antenna system
      that does not require components to be extended beyond the interior of the
      buoy housing.
PAR  It is another object of this invention to provide a buoy antenna system
      that will reduce the cost of buoys used for electronic communication.
PAR  It is still another object of this invention to provide a buoy antenna
      system that will reduce the malfunctions of buoys used for electronic
      communication.
PAR  The buoy antenna system structure of the invention is suitable for
      providing transmission of communication signals generated within an
      expendable marker buoy. Moreover, the antenna structure is interiorly
      disposed within the buoy housing and eliminates costly antenna seals and
      automatic extension mechanisms. The buoy antenna system comprises a top
      loaded monopole antenna attached to a ground plane skirt. The antenna and
      ground plane skirt is disposed interiorly within a plastic housing that
      comprises the buoy outer shell in such a manner that the housing provides
      a dielectric medium through which the ground plane skirt is capacitively
      coupled to the sea water in which the buoy functions. Thus, the water
      surface becomes the ground plane for the antenna.
PAR  Various other objects and advantages will appear from the following
      description of the embodiment of the invention, and the novel features
      will be particularly pointed out hereinafter with the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a pictorial cut-away illustration of a buoy showing an
      antenna system in relationship to other electronic components.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, a spar buoy is illustrated that comprises a molded
      plastic housing 14 containing monopole antenna 11. As will be explained
      later, the ground plane for antenna 11 is provided by water surface 17.
      Antenna 11 is top loaded by a capacitive or inductive spiral hat 12 and is
      completely encased by waterproof housing 14 thus avoiding leakage problems
      associated with buoy antennas which are usually affixed outside and atop
      of the buoy. However, plastic housing 14 prevents the usual direct contact
      of the antenna ground system with water surface 17 that is afforded by
      metal cased buoys wherein the antenna is excited with reference to the
      metal case. Therefore, antenna 11 is attached to ground plane skirt 13
      which establishes a good RF connection between skirt 13 and water surface
      17 by virtue of the capacitance between the skirt and the water surface.
      Thus, the water surface becomes a ground plane for the antenna.
PAR  Printed circuit (PC) board 15 contains electronic component parts for a
      transmitter connected in the usual well known manner to antenna 11. The
      power supply for PC board 15 is battery 16.
PAR  Details of the buoy antenna system illustrated by the FIGURE, as
      exemplified with a 350 MHz transmitter mounted on PC board 15 will now be
      discussed. Molded plastic housing 14 is made of fiberglass filled
      polycarbonate, is approximately 175 mils thick, 12 inches high, and has
      maximum and minimum diameters of approximately 3 inches and 1 inch,
      respectively. A spar buoy design was chosen because of the advantage in
      stability characteristics. The unit has a center of gravity below the
      center of buoyancy and is quite stable both while floating on water
      surface 17 and during the ascent phase. This plastic material provides a
      suitable dielectric for the necessary capacitance between ground plane
      skirt 13 and water surface 17, and constitutes a rugged housing that will
      withstand a large external pressure.
PAR  The inductive spiral hat 12 is approximately 21/4 inches above the top of
      ground plane skirt 13 and fits snugly against the inner surface of housing
      14. Ground plane skirt 13 is made of 3 to 4 mil thick beryllium copper,
      and extends both above and below the water surface 17, for example, in the
      present invention approximately one inch above and three inches below,
      thereof.
PAR  Antenna 11 consists of a standard 50 ohm rigid coaxial cable such as type
      UT-141ASP made by Uniform Tubes Company. The inner conductor at the top of
      antenna cable 11 is attached to the inductive spiral conductor of hat 12,
      which is a printed circuit board with an inductive spiral pattern designed
      to provide the desired top loading for antenna 11. The top of the outer
      conductor of antenna cable 11 ends approximately 1/4 inch below hat 12 in
      order to produce an effective driving source for the antenna at this
      point, as described later.
PAR  Antenna cable 11, positioned along the axis of the buoy, passes through a
      hole in the top surface of skirt 13 at which point the skirt is soldered
      to the outer conductor cable 11 thus providing the necessary electrical
      connection. At the lower end of antenna cable 11, interior of skirt 13,
      the inner conductor is attached to the transmitter RF output signal
      terminal on PC board 15 and the outer conductor is attached to the
      transmitter circuit ground terminal of PC board 15.
PAR  For the configuration described above, the capacitance between ground plane
      skirt 13 and water 17 is approximately 40 picofarads, which provides the
      desired RF connection to the water at the transmitter output signal
      frequency of 350 MHz. With the RF output power of the transmitter at 300
      milliwatts at 350 MHz, the buoy antenna system has a typical range of 20
      nautical miles with a standard AN/ARC-143 communications set receiving
      from an aircraft at 5000 feet altitude.
PAR  A top loaded grounded monopole antenna has been described which has its
      driving source, in effect, connected in series therewith at the point
      where the outer conductor of the antenna coaxial cable ends, approximately
      1/4 inch below hat 12 and approximately 2 inches above ground plane skirt
      13. The interior of the antenna coaxial cable, between the driving source
      point and the transmitter output signal terminal on PC board 15,
      constitutes a length of 50 ohm transmission line. The purpose of arranging
      the driving source in series with monopole antenna 11 at a distance of
      approximately 2 inches from ground plane skirt 13 is to obtain a resonant
      impedance approximately matching the 50 ohm characteristic impedance of
      the transmission line formed by the coaxial cable. This impedance matching
      method for designing efficient antennas is well known in the antenna art.
PAR  Ground plane skirt 13 may function by capacitance to the water as described
      above, or the length of skirt 13, below the water surface, may be made to
      correspond to an odd number of quarter wavelengths of the RF signal in the
      transmission line formed by water surface 17, housing dielectric 14 and
      skirt 13. In this latter case the portion of skirt 13 below the water
      surface functions as an open ended quarter wavelength transmission line
      presenting an effective short circuit to the water and thereby effecting
      the desired ground plane connection.
PAR  The above described buoy antenna system is simple and inexpensive. It can
      be used with any RF transmitter or receiver where frequency and size make
      a grounded monopole antenna feasible.
PAR  The antenna system can be used in place of many buoy whip antennas in which
      case the expense of a water-tight seal is avoided; also the possibility of
      a malfunction caused by a faulty antenna seal is avoided. In many
      instances, these whip antennas cannot be extended beyond the buoy housing
      until the buoy is afloat because of storage space restrictions and other
      mechanical interference problems. This requires an additional automatic
      mechanism for erecting the antenna. Thus, this invention also avoids the
      expense of such a mechanism as well as avoiding its potential malfunction.
PAR  The foregoing description of the embodiment of the invention is by way of
      example only and not intended to limit the scope of the appended claims.
      No attempt has been made to illustrate all possible embodiments of the
      invention but rather only to illustrate its principles and the best manner
      presently known to practice it. Therefore, such other forms of the
      invention as may occur to one skilled in the art upon reading of the
      foregoing specification are also within the spirit and scope of the
      invention and it is intended that this invention includes all
      modifications and equivalents which fall within the scope of the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A buoy antenna system comprising in combination:
PA1  molded dielectric housing means having a predetermined center of buoyancy
      whereby a first portion of said housing means rides above a water surface
      and a second portion thereof rides submerged;
PA1  rigid antenna means mounted within said molded dielectric housing means for
      providing at least one function of a signal transmitting and receiving
      operation, said antenna means being disposed within said first portion of
      said molded dielectric housing means; conductive skirt means contiguously
      disposed within said molded dielectric housing means so that said
      conductive skirt means has a portion thereof which extends above said
      water surface with the remainder of said conductive skirt means extending
      below said water surface an odd multiple of quarter-wave lengths at the
      frequency of said transmitted signal, said conductive skirt means being
      attached to said antenna means; and
PA1  transmitter means disposed within said molded dielectric housing means for
      providing signals to be transmitted by said antenna means, said
      transmitter means being electrically coupled to said antenna means.
NUM  2.
PAR  2. The buoy antenna system of claim 1, wherein said capacitive skirt means
      and said molded dielectric housing means forms a capacitive structure with
      said water surface so that said water surface becomes the effective ground
      plane for said rigid antenna means.
NUM  3.
PAR  3. The buoy antenna system of claim 2, wherein:
PA1  said transmitter means is disposed interiorly to said conductive skirt
      means; and
PA1  said rigid antenna means include a top-loaded  monopole antenna.
NUM  4.
PAR  4. The buoy antenna system of claim 2, wherein:
PA1  said transmitter means is disposed interiorly to said conductive skirt
      means; and
PA1  said rigid antenna means includes a top-loaded monopole antenna.
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ABST
PAL  At least one but preferably two shorted transmission line antenna sections,
     ach comprised of a vertical member shorting a horizontal printed circuit
      transmission line member to a ground plane with the transmission lines
      being adjustable in length for tuning by utilization of a flexible braid
      transmission line member connected between the printed circuit
      transmission line member and a take-up spindle which is adapted to be
      rotated and accordingly wind or unwind the braid member thereon. The feed
      point is at the connection of a pair of fixed capacitors, one of which is
      connected to ground plane while the other is connected to the take-up
      spindle.
GOVT
PAR  The invention herein may be manufactured and used by or for the Government
      for governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electromagnetic wave antennas and more
      particularly to a transmission line antenna.
PAR  A transmission line antenna is similar to the directly driven resonant
      radiator type of antenna, except that two capacitors are used as a
      matching network instead of directly feeding the antenna at an impedance
      tap as well as consisting of a variable section of shorted transmission
      line having a length less than a quarter wavelength of the operating
      frequency. The transmission line input impedance remains substantially
      inductive over the frequency range. The capacitors, moreover, are adapted
      not only to resonate the antenna to the desired frequency, but also act as
      an impedance divider to provide the required input impedance, for example,
      50 ohms. Several sections of shorted transmission line when desirable can
      be placed parallel across the tuning capacitors. The parallel combination
      of transmission line antennas reduces the input inductive reactance to
      facilitate matching and results in a more omnidirectional radiation
      pattern.
PAC  SUMMARY
PAR  Briefly, the subject invention is directed to a shorted transmission line
      antenna comprised of at least one but preferably two transmission line
      sections connected in parallel across a pair of capacitors which have a
      common connection which acts as the antenna feed point. The other side of
      one capacitor is connected to a metal ground plane, while the other side
      of the other capacitor is connected to each transmission line section
      which respectively includes a spiral strip transmission line member, a
      flexible braid transmission line member both of which are horizontal to
      the ground plane and a vertical transmission line member terminating in
      the ground plane. One end of the flexible braid connects to the strip
      transmission line while the other end is connected to a take-up spindle
      through a tensioned pulley, so that the rotation of the take-up spindle is
      adapted to wind or unwind the flexible transmission line member thereon
      and thereby change the electrical length of the transmission line to tune
      the antenna to the desired operating frequency. Additionally, when
      desirable, a plurality of flexible ground radials are provided which can
      be deployed to eliminate any ground influence having a tendency to detune
      the antenna.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram illustrative of a two section transmission
      line antenna;
PAR  FIG. 2 is an electrical equivalent circuit diagram of the antenna shown in
      FIG. 1;
PAR  FIG. 3 is a perspective view of the external housing of the preferred
      embodiment of the subject invention with ground radials extended;
PAR  FIG. 4 is a central cross-sectional view of the embodiment shown in FIG. 3
      taken along the lines 4--4 thereof disclosing the internal construction of
      the subject invention;
PAR  FIG. 5 is a plan view of the embodiment as shown in FIG. 4 taken along the
      lines 5--5 thereof;
PAR  FIG. 6 is a fragmentary view of the arrangement shown in FIG. 5
      illustrating the operation of the subject invention; and
PAR  FIG. 7 is a graph illustrative of the operational characteristics of the
      subject invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted above, a transmission line antenna is similar to a directly driven
      resonant radiator type of antenna, except that two capacitors are used as
      a tuning and matching network instead of directly feeding the antenna at a
      predetermined impedance tap. When desirable, several sections of shorted
      transmission line can be placed in parallel across the capacitor network.
      Such an arrangement is shown in FIG. 1 which schematically illustrates
      such an antenna and one consisting of two shorted transmission line
      antennas in parallel. More particularly, reference numeral 10 designates
      one transmission line, while reference numeral 12 denotes the other
      transmission line. The transmission lines 10 and 12 respectively include
      vertical shorting members 14 and 16 and horizontal transmission line
      members 18 and 20, which are located above a ground plane 22. The vertical
      shorting members 14 and 16 terminate the transmission lines 10 and 12 in
      the ground plane 22; however, the other extremity is connected to one side
      of a capacitor 24. The other side of the capacitor is connected to a feed
      point 26, which is also common to one side of a second capacitor 28 which
      is connected to the ground plane 22. The two capacitors 24 and 28 provide
      the proper input impedance as well as a means for resonating the antenna.
      The electrical length of the transmission lines 10 and 12 are less than
      one quarter wavelength of the operating frequency. As such, an in-phase
      current standing wave is developed wherein a current maximum develops on
      the vertical shorting members 14 and 16 of the transmission line which
      gradually reduces along the horizontal members 18 and 20 becoming
      substantially zero at the feed point 26. Further, when the radiation
      characteristics are considered, maximum radiation will occur from the
      vertical members 14 and 16 where the largest current is developed and will
      have a vertical polarization. Radiation from the horizontal members 18 and
      20 is substantially cancelled by the close proximity to the ground plane
      22. Further since the vertical members 14 and 16 are the predominant
      radiating element, the radiated pattern is nearly omnidirectional.
PAR  The equivalent circuit of the transmission line antenna is shown in FIG. 2.
      The effective series capacitance C.sub.1 + C.sub.2 + C.sub.STRAY resonates
      the antenna to the operating frequency while the impedance dividing
      characteristic of both series connected capacitors C.sub.1 and C.sub.2 is
      adapted to provide a predetermined input impedance terminal (50 ohms).
PAR  The input impedance R.sub.in is determined by the ratio of capacitor
      C.sub.1 to C.sub.2. If the capacitors 24 and 28 are fixed in value and
      capacitor 24 i.e., C.sub.1 takes on a minimum value, a constant input
      impedance across the frequency range results with optimized gain.
      Accordingly, tuning of the antenna is provided in the subject invention by
      varying the electrical length of the horizontal transmission line members
      18 and 20 shown in FIG. 1.
PAR  To this end, attention is now directed to FIGS. 3 through 6, which
      discloses the physical configuration of the preferred embodiment of the
      subject invention. The ground plane as shown in FIG. 4 comprises a
      circular metal base plate 30, which includes a mounting base 32 and a
      tuning control member 34. A fiberglass radome 36 together with a ground
      radial take-up ring 38 and sixteen silver plated stainless steel ground
      radials 40 shown in FIG. 3 are secured to the base plate 30. Additionally,
      an input RF coaxial connector 42 feeds through the tuning control member
      34 for coupling the antenna to the radio apparatus with which it is used.
      The take-up ring 38 is rotatable and includes elements 39 which are
      adapted to engage the radials 40 so that they can either be deployed or
      retracted depending upon the amount of rotation applied to the take-up
      ring.
PAR  The internal construction of the antenna is shown in FIGS. 4, 5 and 6. A
      circular printed circuit board 44 includes two strip transmission line
      elements 46 and 48 (FIG. 5) generally configured as adjacent coils in the
      form of spirals respectively connected at one end to two vertical metal
      posts 50 and 52 which are adapted to be secured to the circular base plate
      30. The posts 50 and 52 short the strip transmission line elements 46 and
      48 to the base plate 30 as shown in FIG. 3. The strip transmission line
      elements 46 and 48 spiral inwardly from the posts 50 and 52 and connect to
      two smaller posts 54 and 56, to which is attached flexible metallic braid
      conductor elements 58 and 60 which feed around tensioned pulleys 62 and 64
      and attach to a take-up spindle 66 which is adapted to be connected to the
      antenna tuning control element 34 shown in FIG. 4 by means of the drive
      shaft 35. Tension is applied by flexible cables 61 and 63 attached from
      the pulleys 62 and 64 to the spindle after passing around fixed pivot
      assemblies 65 and 67. Rotation of the tuning control plate 34 forces the
      take-up spindle to wind or unwind the braid elements 58 and 60 as shown in
      FIGS. 5 and 6 to effectively change the electrical length of the antenna
      elements and thus tune the antenna in combination with capacitors 68 and
      70 over the desired frequency range.
PAR  Capacitor 68 comprises one of a pair of fixed capacitors, the other being
      capacitor 70. Capacitor 68 is located adjacent the take-up spindle while
      capacitor 70 is located adjacent the mounting base on the RF connector 42.
      The capacitors are commonly connected to the coaxial connector 42 by means
      of circuit lead member 71. Finally, a pair of set screws 72 and 74 are
      located on the inner edge of the mounting base 32 for locking the tuning
      control plate 34 so that once the structure has been tuned by rotating the
      spindle 66, further tuning is prohibited until the set screws are loosened
      once again.
PAR  Where applicable, all components are silver plated to reduce ohmic losses.
      The use of high RF grade printed circuit board for the strip line
      transmission elements 46 and 48 as opposed to copper tubing introduces a
      loss of approximately 0.5dB in antenna efficiency. The advantages,
      however, of control of the transmission line geometry more than
      compensates for the loss introduced. The use of fixed capacitors with
      tuning being accomplished by changing the length of the transmission line
      moreover results in a constant input impedance across the frequency range
      typically 160MHz-176MHz and requires the adjustment of only one element
      for tuning the antenna, i.e., the control member 34 shown in FIG. 4.
      Additionally, optimized gain is accomplished thereby.
PAR  The antenna as described has a typical overall height of 0.05 wavelength as
      measured from the base plate 30 to the top of the printed circuit board 44
      and a width of 0.10 wavelength as measured between the vertical shorting
      members 50 and 52 and as such is interpreted as being electrically small.
PAR  An antenna constructed in accordance with the details shown in FIGS. 4
      through 6 exhibited typical performance characteristics which are set
      forth in the following Table I and FIG. 7. The antenna performance
      characteristics were determined by measurements taken with the subject
      antenna operated directly on the surface of the ground above an
      underground test chamber with an RF cable connecting the subject antenna
      to test instrumentation located five feet below the earth's surface. The
      results presented in Table I and FIG. 7, moreover, are presented in direct
      comparison to an ADSID antenna (quarterwave monopole with four
      quarter-wave ground radials). Additionally, a comparison is made in FIG. 7
      for the subject antenna operating over poor earth (sand and gravel) and
      over good earth (a 24 inch .times. 24 inch ground screen).
PAR  Referring to Table I, there is listed the relative values of measured field
      strengths radiated by the antenna as it was rotated through 360.degree..
      Measurements were recorded for every 22.5.degree. of movement. A study of
      the values indicates that the pattern is omnidirectional within a
      deviation of .+-. 0.3dB.
TBL                TABLE I                                                     
     ______________________________________                                    
     RADIATED PATTERN                                                          
              Relative                Relative                                 
     Rotation Field Strength                                                   
                           Rotation   Field Strength                           
     (degrees)                                                                 
              (dB)         (degrees)  (dB)                                     
     ______________________________________                                    
     0        0            202.5      0                                        
     22.5     -0.2         225        -0.2                                     
     45       +0.2         247.5      -0.3                                     
     67.5     0            270        -0.3                                     
     90       -0.2         292.5      -0.3                                     
     112.5    -0.3         315        -0.3                                     
     135      -0.3         337.5      -0.3                                     
     157.5    -0.3         360        -0.2                                     
     180      0                                                                
     ______________________________________                                    
PAR  Considering the relative gain of the antenna compared to the ADSID antenna
      as depicted in the graph in FIG. 7, the gain varies from -2.5dB when
      measured over good earth to -5dB when measured over poor earth. For
      intermediate ground conditions the gain would lie somewhere between these
      limits.
PAR  What has been shown and described therefore is an electrically small
      transmission line antenna which is particularly adapted for operation in
      the 160MHz to 176MHz frequency range. The antenna moreover provides an
      omnidirectional radiation pattern with a radiation gain within -2.5dB of a
      quarter-wave monopole when operated over relatively good ground and
      additionally is adapted to provide a 50 ohm input impedance. Ground
      radials additionally are provided to eliminate the earth influence in
      detuning the antenna; however, the radials are not required when the
      antenna is operated on vehicles or over surfaces having good conductivity.
PAR  Having thus described what is considered to be the preferred embodiment of
      the subject invention,
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrically short electromagnetic wave antenna comprising at least
      one section of shorted transmission line having a length less than a
      quarter wavelength of the operating frequency wherein the improvement
      comprises:
PA1  a metal ground plane;
PA1  a substantially vertical transmission line member terminating at one end in
      the ground plane;
PA1  a strip transmission line member mounted substantially parallel to the
      ground plane and terminating at one end in the other end of said vertical
      transmission line member;
PA1  a flexible transmission line member, also substantially parallel to the
      ground plane, coupled at one end to the other end of said strip
      transmission line member;
PA1  a rotatable spindle including an electrical conductive element coupled to
      the other end of said flexible transmission line member and being adapted
      to wind a predetermined portion of said flexible transmission line member
      thereon when rotated to vary the electrical length of the shorted
      transmission line formed by said above recited transmission line members;
PA1  first and second series connected capacitor means respectively adapted to
      act as tuning means and impedance matching means, said first capacitor
      means having one side coupled to the electrical conductive element of said
      spindle and said second capacitor means having one side coupled to the
      ground plane; and
PA1  input means adapted to be coupled to radio apparatus coupled to the common
      connection between said first and second capacitor means.
NUM  2.
PAR  2. The antenna as defined by claim 1 wherein the substantially vertical
      transmission line member has a length substantially less than the combined
      length of said strip transmission line member and said flexible
      transmission line member.
NUM  3.
PAR  3. The antenna as defined by claim 2 wherein said strip transmission line
      member comprises a printed circuit conductor fabricated on a printed
      circuit board in a curvilinear configuration.
NUM  4.
PAR  4. The antenna as defined by claim 3 wherein said curvilinear configuration
      defines a coil lying in a common plane parallel to the ground plane.
NUM  5.
PAR  5. The antenna as defined by claim 4 wherein said coil is in the form of a
      spiral.
NUM  6.
PAR  6. The antenna as defined by claim 5 wherein said flexible transmission
      line member comprises a length of flexible braid conductor.
NUM  7.
PAR  7. The antenna as defined by claim 6 and additionally including tensioning
      means on said braid conductor for keeping the conductor taut irrespective
      of the amount of braid conductor wound on said spindle.
NUM  8.
PAR  8. The antenna as defined by claim 7 wherein said tensioning means
      comprises a pulley configuration engaging said braid conductor and being
      coupled to the spindle and moved thereby when rotated.
NUM  9.
PAR  9. The antenna as defined by claim 8 wherein said pulley configuration
      includes a flexible coupling member running around a post fixedly attached
      to said printed circuit board.
NUM  10.
PAR  10. The antenna as defined by claim 9 and additionally including a mounting
      base on said ground plane and drive shaft means through said mounting base
      coupled to said take-up spindle.
NUM  11.
PAR  11. The antenna as defined by claim 10 and additionally including drive
      shaft locking means for preventing rotation of said spindle following the
      tuning of the antenna to a predetermined operating frequency.
NUM  12.
PAR  12. The antenna as defined by claim 1 and additionally including a radome
      enclosing said at least one section of shorted transmission line, said
      radome being attached to the circular base plate.
NUM  13.
PAR  13. The antenna as defined by claim 1 wherein said first and second
      capacitor means comprises first and second fixed capacitors.
NUM  14.
PAR  14. The antenna as defined by claim 1 and additionally including:
PA1  another substantially vertical transmission member terminating at one end
      in the ground plane;
PA1  another strip transmission line member oriented substantially parallel to
      the ground plane and terminating at one end in the other end of said
      another vertical transmission line member; and
PA1  another flexible transmission line member also substantially parallel to
      the ground plane coupled at one end to said strip transmission line
      member, with the other end of said another flexible transmission line
      member being coupled to said electrical conductive element.
NUM  15.
PAR  15. The antenna as defined by claim 14 wherein said substantially vertical
      transmission line members are of substantially equal length, and wherein
      said strip transmission line members comprise printed circuit transmission
      lines fabricated on a common printed circuit board and being configured as
      coplanar coils.
NUM  16.
PAR  16. The antenna as defined by claim 15 wherein said coplanar coils are
      configured as adjacent spirals.
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ABST
PAL  A transponder for use in a radio frequency communication system is
      disclosed wherein a received radio frequency signal is converted into an
      intermediate frequency signal, the latter signal being distorted by a
      nonlinear network to produce a composite signal having an "intermodulation
      signal" portion and a "primary signal" portion, such portions having a
      180.degree. phase shift therebetween. The distorted signal is converted to
      a correspondingly distorted radio frequency signal, the latter signal
      being amplified by a radio frequency amplifier. Intermodulation in the
      primary signal portion of the distorted radio frequency signal resulting
      from operation of the radio frequency amplifier in its nonlinear region is
      reduced by the 180.degree. out-of-phase intermodulation signal portion of
      the distorted radio frequency signal. Such arrangement enables the radio
      frequency amplifier to operate with maximum amplification and efficiency.
GOVT
PAR  The invention herein described was made in the course of, or under, a
      contract or subcontract thereunder, with the Department of Defense.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to radio frequency communication systems,
      and more particularly to transponders for use in such systems.
PAR  As is known in the art, it is sometimes desired to use, in radio frequency
      communication systems, transponders to amplify and then retransmit
      received radio frequency signals. Such transponders generally include a
      radio frequency amplifier, such as a traveling wave tube (TWT), to provide
      the desired amplification. In order to retransmit a received radio
      frequency signal it is generally desirable for the transponder to perform
      linearly over its bandwidth. For example, if the radio frequency amplifier
      is operated in a nonlinear region near saturation, a distorted version of
      the received signal would be retransmitted. One type of distortion which
      results from such operation is intermodulation distortion. For example, if
      a transponder is used in a radio communication system to relay,
      simultaneously, at least two signals, each having a different frequency,
      such signals will intermodulate with each other when the amplifier is
      operated in its nonlinear region near saturation, thereby producing "cross
      talk" between the signals. In another application, as in a missile
      application, a missile carries the transponder to relay target reflected
      radio frequency energy to a ground station. In addition to target
      reflected radio frequency energy, however, reflections from clutter are
      also received by the transponder. Therefore, by operating the radio
      frequency amplifier in its nonlinear region near saturation
      intermodulation between the clutter reflections may produce frequency
      components at the frequency associated target reflections. The
      "signal-to-noise" ratio of the retransmitted radio frequency signal is
      therefore reduced relative to the signal-to-noise ratio of the received
      radio frequency signal.
PAR  In radio communication systems wherein a satellite includes a transponder,
      or in the above described missile application, it is highly desirable that
      the transponder be compact, lightweight and require minimum operating
      power. Therefore, in view of the foregoing, it follows that the linearity
      of a radio frequency amplifier used therein be optimized over the
      bandwidth of the transponder. The radio frequency amplifier used in such
      applications must, generally, then be operated about 10 db below the level
      where saturation of such amplifier begins in order to insure the requisite
      operating linearity. Generally, however, radio frequency amplifiers
      operate with 10-25 percent efficiency in the nonlinear region near
      saturation and consequently by requiring such amplifier to operate 10 db
      below saturation the efficiency of such amplifiers reduces to about an
      efficiency of 1 to 3 percent.
PAC  SUMMARY OF THE INVENTION
PAR  With this background of the invention in mind it is therefore an object of
      this invention to provide an improved transponder for use in a radio
      frequency communication system.
PAR  It is a further object of this invention to optimize the linearity of the
      transponder over the operating bandwidth thereof.
PAR  These and other objects of the invention are attained generally by
      including: Means for converting a received radio frequency signal to an
      intermediate frequency signal; means for distorting such intermediate
      frequency signal; means for converting such distorted signal to a radio
      frequency signal; a radio frequency amplifier adapted to operate in its
      nonlinear region near saturation to amplify and to redistort such
      converted radio frequency signal so that the resulting radio frequency
      signal is an amplified, but a substantially undistorted, replica of the
      received radio frequency signal.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other features of the invention will be more
      apparent by reference to the following description taken together in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a sketch, not in perspective, of a missile system incorporating
      the features of the invention;
PAR  FIG. 2 is a block diagram of a transponder used in the missile system;
PAR  FIGS. 3A and 3B are curves showing the gain and phase characteristics of a
      radio frequency amplifier used in the transponder;
PAR  FIG. 4 is a block diagram of a nonlinear network used in the transponder;
      and
PAR  FIGS. 5A to 5D are curves useful in understanding the nonlinear network.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, a missile system is shown to include a radar
      ground station 10 for transmitting and directing radio frequency energy
      towards a target 12. A portion of such radio frequency energy is reflected
      by target 12 and received by a monopulse antenna 14 of a transponder 15
      contained within missile 16. It is here noted that such antenna 14 also
      receives radio frequency signals reflected from clutter, not shown. It
      follows, then, that the received radio frequency energy is comprised of a
      spectrum of frequencies resulting from both target reflections and clutter
      reflections. Such radio frequency signals are then amplified in the
      transponder 15, the details of which will be described, and retransmitted
      to the ground station 10. Then such retransmitted signals are processed by
      digital processing equipment, not shown, housed within the radar ground
      station 10. Such digital processing equipment is used to generate
      appropriate guidance command signals for enabling the missile 16 to be
      guided successfully to intercept the target 12. Such generated guidance
      command signals are transmitted to the missile 16 by suitable radio means,
      not shown, also housed within ground station 10. The missile 16 receives
      and processes such guidance command signals by means of a conventional
      receiver and guidance processor 18 carried on board such missile.
PAR  Referring now to FIG. 2, transponder 15 is shown to include a conventional
      monopulse arithmetic unit 20 fed by four conventional antenna elements 14a
      to 14d. Such antenna elements 14a - 14d comprise a conventional monopulse
      antenna 14 to produce a "sum" signal on line 22 and a pair of "difference"
      signals on lines 24, 26, respectively. The signals on lines 22, 24 and 26
      are time multiplexed into a single line 28 by multiplexer 30. Multiplexer
      30 includes a pulse generator 32 for generating a train of pulses, here
      having a period T sec. and a pulse width T/3 sec. Gates 34, 36, 38 are
      coupled to a different one of the lines 22, 24, 26 as shown. Such gates
      34, 36, 38 are here any suitable radio frequency switches responsive to
      the pulse applied thereto, to pass radio frequency signals fed thereto
      during the time duration of such pulse. The train of pulses generated by
      pulse generator 32 is applied to gates 34, 36, 38 substantially
      simultaneously. The output of gate 34 is applied directly to combiner 44.
      Combiner 44 is a summer comprised of conventionally arranged hybrid
      junctions. The output of gate 36 is applied to combiner 44 through a delay
      network 40. Such delay network 40 delays the signal gated through gate 36
      for T/3 seconds. The output of gate 38 is applied to combiner 44 through a
      delay network 42, such network being identical to the delay network 40,
      however, having a delay 2T/3 secs. It follows, then, that the output of
      delay network 42 delays the signal gated through gate 38 for 2T/3 secs.
      Therefore, the signal at the output of summer 44 (on line 28) appears as a
      train of radio frequency pulses, the first one thereof representing the
      sum signal, the next succeeding one thereof representing one of the
      difference signals and the third consecutive one thereof representing the
      other one of the difference signals. The train of radio frequency signals
      on line 28 is downconverted in frequency to a corresponding train of
      intermediate frequency signals. Such downconverted signals appear on line
      46. Such down conversion is provided by conventional mixers 54, 56, filter
      58 and IF amplifier and filter 60 arranged to form a conventional
      heterodyning network. A suitable intermediate frequency oscillator means
      48 is used to provide a signal of frequency f.sub.h on line 50 and a
      signal of f.sub.g on line 52. The signals on line 46 are fed to a
      nonlinear network 62, the details of which will be described hereinafter.
      Suffice it to say here that such network 62 is adapted to adjust the gain
      and phase of the intermediate frequency signals applied thereto as a
      nonlinear function of the amplitude of such signals. The intermediate
      frequency signals developed at the output of nonlinear network 62 are
      upconverted in frequency to a radio frequency signal by means of a
      conventional heterodyning arrangement made up of mixers 64, 66, filters
      68, 70 and frequency oscillator means 48. The upconverted radio frequency
      signal is amplified by a radio frequency amplifier 72, here a traveling
      wave tube, and retransmitted to radar ground station 10 by antenna 74.
PAR  The gain and phase characteristics of radio frequency amplifier 72 are
      shown as solid curves in FIGS. 3A and 3B, respectively. FIG. 3A shows the
      nonlinear gain relationship of the radio frequency amplifier 72 (as
      indicated by the solid curve) to be comprised of three regions: A linear
      region; a nonlinear region; and, a saturation region. As is known, an
      amplifier having such nonlinear gain relationship may be described by a
      Taylor series expansion of the form:
EQU  V.sub.o = a + bV + cV.sup.2 +  dV.sup.3 +  eV.sup.4 +  fV.sup.5 + - - -
PAL  where: a, b, c, d, e, f . . . are constants;
PA1  V.sub.o is the output voltage of such amplifier; and,
PA1  V is the input voltage to such amplifier.
PAL  Therefore, assuming V is comprised of at least two frequency components,
      intermodulation between such components will result when the amplifier
      operates in its nonlinear region. This is sometimes referred to as AM --
      AM (i.e., amplitude modulation to amplitude modulation) intermodulation.
      The more signficant intermodulations are associated with the odd power
      terms (i.e., dV.sup.3, fV.sup.5 . . . ) because the resulting frequency
      components fall within the bandpass of the transponder. The most
      significant intermodulation component is dV.sup.3 because the energy in
      such component is generally greater than the energy in the other odd power
      terms. FIG. 3B shows the nonlinear relationship between an incremental
      change in phase shift (.DELTA..phi.) per incremental change in input
      voltage level (.DELTA.V) as a function of the input voltage (V) to the
      amplifier. When the amplifier operates in the linear region,
      .DELTA..phi./.DELTA.V is to generate intermodulation. Such intermodulation
      is generally referred to as AM to PM (i.e., amplitude modulation to phase
      modulation) intermodulation.
PAR  Let it be assumed, for example, that the signal applied to the radio
      frequency amplifier 72 is a composite signal comprised of a signal of
      frequency f.sub.1 and a signal of frequency f.sub.2. Further, let it be
      assumed that the amplitude of such composite signal causes the amplifier
      72 to operate in its nonlinear region near saturation, (i.e., near its
      point of maximum output power). Because of the nonlinear gain and phase
      relationship of the radio frequency amplifier, intermodulation (i.e.,
      distortion) will be produced between the frequency components comprising
      the signal applied to the radio frequency amplifier 72. Further, the
      signal developed at the output of such radio frequency amplifier 72 (i.e.,
      the retransmitted signal) will be a radio frequency signal having at least
      four components: One component being a signal of frequency f.sub.1 ;
      another having a frequency f.sub.2 ; a third having a frequency 2f.sub.1
      -f.sub.2 and a fourth having a frequency 2f.sub.2 -f.sub.1, these last two
      components generally being referred to as the "third-order"
      intermodulation frequencies.
PAR  Referring again to FIG. 2, nonlinear network 62 is provided to compensate
      for the intermodulation distortion just mentioned (in particular the
      third-order intermodulation frequency) which results from operating the
      radio frequency amplifier 72 in its nonlinear region near saturation.
      Referring to FIG. 4, the details of such nonlinear network 46 are shown.
      Nonlinear network 62 couples the train of intermediate frequency signals
      on line 46 to an output line 76 through a plurality, here three, of paths
      78, 80, 82. Portions of the signal on line 46 are coupled to the paths 80,
      82 by means of directional couplers 84, 86 respectively as shown. Disposed
      in paths 78, 80 and 82 are phase shifters 88, 90, 92 respectively as
      shown. Disposed in path 80 is an amplifier 94 and an adjustable attenuator
      95. Disposed in path 82 is an adjustable attenuator 97. The nonlinear gain
      characteristics of such amplifier are designed to be equivalent to the
      nonlinear gain characteristics of the radio frequency amplifier. The
      signals in paths 80 and 82, after passing through the elements disposed
      therein, are recoupled to the signal exiting path 78 by means of
      directional couplers 96, 98 respectively as shown, to form a composite
      intermediate frequency signal on line 78. Let it first be assumed that the
      signal applied to the nonlinear network 62 on line 46 is an intermediate
      frequency signal comprised of two frequency components, f.sub.1 ' and
      f.sub.2 '. Let it next be assumed that the level of the signal passing
      through path 80 through amplifier 94 causes such amplifier to operate in
      its nonlinear region near saturation. It follows, then, that
      intermodulation will result between each one of the components comprising
      the intermediate frequency signal passing through path 80 in a way similar
      to the intermodulation produced by operation of the radio frequency
      amplifier 72 in its nonlinear region near saturation. Consequently, the
      signal developed on line 76 will be a composite signal including a primary
      signal portion having frequency components of frequency f.sub.1 ', of
      frequency f.sub.2 ' and intermodulation signal portion comprising
      frequencies 2f.sub.2 ' - f.sub.1 ' and 2f.sub.1 '- f.sub.2 ' (i.e., the
      third-order intermodulation frequencies). Because the upconversion of the
      intermediate frequency signal produce at the output of nonlinear network
      62 to a radio frequency signal is a linear process, the intermediate
      frequency components comprising the signal on line 76 become linearly
      translated to radio frequency signals applied to radio frequency amplifier
      72. To put it another way, while nonlinear network 62 distorts the
      intermediate frequency signals applied thereto in a way to produce the
      third-order intermodulation frequency components, the resulting
      intermediate frequency signal becomes linearly translated in frequency by
      the frequency upper conversion to a correspondingly distorted radio
      frequency signal. By operating radio frequency amplifier 74 in the
      nonlinear region near saturation, the up-converted and distorted radio
      frequency signal applied to such radio frequency amplifier 72 becomes
      redistorted by such radio frequency amplifier for the reasons mentioned
      above. By properly adjusting the phase of the intermediate frequency
      intermodulation signals passing through path 80 so the intermodulation
      signal portion of the intermediate frequency signal is 180.degree.
      out-of-phase with the primary signal portion passing through paths 82 and
      78, and further by adjusting the gain of the signals passing through paths
      80, 82 and 78, the intermodulation produced by such nonlinear network 62
      will reduce the intermodulation produced by the nonlinear characteristics
      of radio frequency amplifier 72. In the example referred to above, the
      signal produced by the nonlinear network on line 76 may be considered as
      comprised of frequencies f.sub.1 ', f.sub.2 ', 2f.sub.1 '- f.sub.2 ',
      2f.sub.2 '- f.sub.1 '. The up-conversion of such frequencies produces a
      radio frequency signal comprised of frequencies
EQU  f.sub.1 ' +(f.sub.h +f.sub.g) = f.sub.1
EQU  f.sub.2 ' +(f.sub. h + f.sub.g) = f.sub.2
EQU  2f.sub.1 '-f.sub.2 ' +(f.sub.h = f.sub.g) = f.sub.3
EQU  2f.sub.2 '- f.sub.1 +(f.sub. h +f.sub.g) = f.sub.4
PAR  By applying such up-converted signal to the radio frequency amplifier 72,
      and by operating such amplifier in its nonlinear region near saturation,
      intermodulation distortion will produce, at the output of such amplifier,
      a radio frequency signal having at least the following frequency
      components:
PAL  f.sub.1, f.sub.2, 2f.sub. 1 - f.sub.2, f.sub.3, f.sub.4, 2f.sub.2 -f.sub.1
      However, 2f.sub. 1 -f.sub.2 = f.sub.3 and 2f.sub.2 -f.sub.1 = f.sub.4.
      Therefore, the intermodulation components 2f.sub. 1 -f.sub.2 and 2f.sub.2
      -f.sub.1 produced by the third-order intermodulation between frequencies
      f.sub.1 and f.sub.2 within the radio frequency amplifier 72 will be
      reduced by the 180.degree. out-of-phase frequency components f.sub.3 and
      f.sub.4  produced within the nonlinear network.
PAR  In order to more clearly understand the adjustments required for the
      nonlinear network 62 reference is made to FIGS. 4 and 5A - 5D. FIG. 5A
      shows the frequency spectrum of the signal applied to line 46 under the
      above-mentioned assumptions. As shown, such signal includes a frequency
      f.sub.1 and a frequency f.sub.2. The frequency spectrum of the signal
      produced at the output of path 80 is shown in FIG. 5B to include
      frequencies f.sub.1, f.sub.2, 2f.sub.1 -f.sub.2, 2f.sub.1 -f.sub.1.
      Attenuator 95 and delay lines 90, 88 are adjusted so that the signal
      produced at the output of coupler 96 has frequency components f.sub.1 and
      f.sub.2 180.degree. out-of-phase with intermodultion frequency components
      2f.sub.1 -f.sub.2 and 2f.sub.2 -f.sub.1 as shown in FIG. 5C and also such
      that the intermodulation frequency components are sufficient to provide
      the desired reduction in intermodulation produced by the radio frequency
      amplifier 72. Attenuator 97 is adjusted to enable proper contribution of
      the energy at frequencies f.sub.1 and f.sub.2. The frequency spectrum of
      the signal produced at the output of nonlinear network 62 (on line 76)
      then may be represented as shown in FIG. 5D.
PAR  Having described a preferred embodiment of this invention, it is evident
      that other embodiments incorporating its concepts may be used. For
      example, the conversion to the intermediate frequency signal may be done
      prior to the multiplexing of the sum and pair of difference signals. It is
      felt, therefore, that this invention should not be restricted to its
      disclosed embodiments, but rather should be limited only by the spirit and
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a radio frequency transponder wherein a received radio frequency
      signal is linearily amplified and then retransmitted as a radio frequency
      signal, the improvement comprising:
PA1  a. first heterodyning means, responsive to the received radio frequency
      signal, for converting such signal to a corresponding intermediate
      frequency signal;
PA1  b. means, responsive to the amplitude of the intermediate frequency signal,
      for distorting such intermediate frequency signal in accordance with the
      amplitude of the intermediate frequency signal;
PA1  c. second heterodyning means, for converting such distorted intermediate
      frequency signal to a distorted radio frequency signal; and,
PA1  d. a nonlinear radio frequency amplifier, fed by the second heterodyning
      means, adapted to operate in its nonlinear region near saturation to
      amplify and redistort such distorted radio frequency signal into the
      linearily amplified and retransmitted radio frequency signal, the
      characteristics of the distorting means being related to the nonlinear
      characteristics of the nonlinear radio frequency amplifier.
NUM  2.
PAR  2. The improvement recited in claim 1 wherein the distorting means includes
      a nonlinear network, such network producing a composite signal having an
      intermodulation signal portion and a primary signal portion, each such
      portion having a 180.degree. phase shift portion.
NUM  3.
PAR  3. The improvement recited in claim 2 wherein the nonlinear network
      includes means for coupling the radio frequency signal applied thereto to
      an output thereof through a plurality of paths, one such path including a
      nonlinear element having a nonlinear characteristic related to the
      nonlinear characteristics of the radio frequency amplifier.
NUM  4.
PAR  4. The improvement recited in claim 3 comprising:
PA1  a. a plurality of antenna elements for receiving the radio frequency
      signals;
PA1  b. means, coupled to the antenna elements, for multiplexing the signals
      received by each one of the antenna elements to form a single signal; and
PA1  c. means for feeding such single signal to the distorting means.
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ABST
PAL  A radar principally for use on small vehicles such as sail boats, utilizing
      a fixed antenna which provides a continuously forward looking beam and
      which provides a range display only. Utilizing digital techniques, the
      video representing radar echoes is gated in proper time sequence
      corresponding to target range to a series of indicator lights. These
      indicator lights each represent a different target range, and thus provide
      a display indicating the range at which various targets forward of the
      vehicle are located.
BSUM
PAR  This invention relates to radar equipment, and more particularly to such
      equipment utilizing a fixed antenna beam and providing a light display
      indicating target range.
PAR  In radar equipment for use on small vehicles such as sailboats, several
      requirements must be satisfied. First, the equipment must have low power
      drain in view of the limited power available on such vehicles. Also, the
      equipment (including the antenna) must be lightweight and compact in
      construction, in view of vehicle limitations along these lines. Further,
      the device must be of relatively low cost to be salable, particularly to
      private owners. In addition, for use on a sailboat, the control and
      display unit must be small and rugged and the display must be easily
      readable in daylight so that it can be used on an open deck portion of the
      boat.
PAR  Prior art radar equipments are generally too bulky and heavy and expensive
      in their construction to satisfy the aforementioned requirements for use
      on small vehicles such as sailboats. A scanning type radar is unsuitable
      in view of the size, weight and expense of a scanning antenna unit as well
      as the accompanying scanning cathode ray tube display (PPI). Further, due
      to the heeling characteristics of a sailboat, scanning type operation
      presents distinct problems in that targets (particularly those abeam of
      the boat) may be missed during a scan in view of the boat's heeling
      motion.
PAR  The device of the present invention provides a radar particularly useful in
      small vehicles such as sailboats which uniquely satisfies the requirements
      of this type of application and thus overcomes the aforementioned
      shortcomings of the prior art radars in this regard. This end result is
      accomplished by utilizing a fixed antenna which provides a forward-looking
      beam which operates to provide a simple range display and without any
      requirement for a cathode ray tube for this purpose. The elimination of a
      cathode ray tube display and the antenna rotator accounts for a large
      reduction in power drain. Further, the elimination of a rotator for the
      antenna makes for a very lightweight antenna unit for mounting on a
      sailboat mast with the obvious advantages. The device of the invention
      utilizes an indicator lamp bank display for indicating range that can be
      readily seen in broad daylight, thus obviating the problems encountered
      with the low illumination inherent in cathode ray tube radar displays.
PAR  It is therefore an object of this invention to provide a simple economical
      lightweight radar equipment suitable for use on vehicles such as
      sailboats.
PAR  It is a further object of this invention to provide a simple lightweight
      radar which utilizes a fixed, forward-looking antenna beam and eliminates
      the need for a cathode ray tube.
PAR  It is still a further object of this invention to provide a simple radar
      which provides a range display comprising a bank of lamps that can be
      viewed in daylight.
PAR  A further object of this invention is to provide a decorrelation of sea
      reflections through the use of a fixed forward-pointing antenna, thus
      improving the ability of the radar to detect small objects in the presence
      of sea reflections.
DRWD
PAR  Other objects of this invention will become apparent as the description
      proceeds in connection with the accompanying drawings, of which:
PAR  FIG. 1 is a functional block diagram of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a schematic drawing indicating the clock and display units of the
      preferred embodiment of the invention;
PAR  FIG. 3 is a timing diagram indicating the various pulses generated in the
      circuitry illustrated in FIG. 2;
PAR  FIGS. 4A and 4B are timing diagrams illustrating certain pulses generated
      in the circuitry illustrated in FIG. 2; and
PAR  FIg. 5 is a pictorial view illustrating the control unit that may be
      utilized in the preferred embodiment of the invention.
DETD
PAR  Briefly described, the invention comprises a fixed radar antenna which
      radiates a conical beam in the direction towards which the sailboat or
      other vehicle on which the equipment is installed is travelling. Clock
      circuits are utilized to generate trigger pulses of a shorter and longer
      duration for producing suitable echoes from shorter and longer distance
      targets respectively. These trigger pulses, which are synchronized with a
      master clock, are fed to a pulser circuit which operates to pulse the
      radar transmitter, the shorter and longer pulses being multiplexed
      together. The pulsed RF output of the transmitter is fed to the radar
      antenna and radiated thereby. Return echoes from targets are received by
      means of the radar receiver, the video signals detected by the receiver
      being fed to a range display. This range display comprises a light bank
      which may be formed by light emitting diodes, incandescent lamps or gas
      discharge lamps, each lamp in the bank representing a different target
      range bracket. Counter and decoder circuits which are synchronized with
      the clock circuit utilized to generate the trigger pulses, provide
      sequential gating signals, each gating signal representing a different
      target range as determined by its timing reference to either the shorter
      or longer radar trigger pulses, as the case may be. A separate gate is
      provided for each of the lamps in the light display bank. The radar video
      echo signals are fed in parallel to all of the gates and are gated through
      these gates to actuate the various lamps in response to the gating signals
      fed thereto from the decoder circuits. Thus, the lamps are actuated to
      indicate the ranges of targets within the beam of the radar.
PAR  Referring now to FIG. 1, the system of the invention is schematically
      illustrated. Radar antenna 11 which may be of the parabolic reflector
      type, is fixedly mounted on boat mast 13. Radio frequency energy is fed to
      the antenna by means of the wave guide 14, the antenna radiating a fixed
      conical beam as indicated at 16. Clock circuits 20, as will be explained
      in detail further on in this specification, generate shorter and longer
      trigger pulses which are fed to pulser 22 on lines 23 and 24 respectively.
      Pulser 22 which comprises conventional radar transmitter pulsing circuits,
      provides a drive signal for radar transmitter 26, this drive signal
      comprising a train of shorter duration closer spaced pulses 30 and a train
      of longer duration wider spaced pulses 32 as shown in FIG. 4A, these
      pulses being multiplexed together. The output of radar transmitter 26
      pulsed as illustrated in FIG. 4A is fed through a ferrite circulator 35 to
      wave guide 14 for radiation by antenna 11. Echoes received by the radar
      are fed through wave guide 14 and circulator 35 to radar receiver 40. The
      video output of radar receiver 40 which comprises the radar echoes, is fed
      to range display 42 for use in actuating the range display lamps, as to be
      explained further in connection with FIG. 2. Automatic frequency control
      is provided for radar receiver 40 by means of AFC circuits 44.
PAR  The radar circuitry including antenna 11, circulator 35, radar transmitter
      26, pulser 22, radar receiver 40 and AFC Circuit 44, may be of
      conventional design well known to those skilled in the art and therefore
      need not be explained further.
PAR  Referring now to FIG. 2, a preferred embodiment of the clock circuits 20
      and the range display 42 of the invention are schematically illustrated.
PAR  Clock generator 50 provides master clock pulses for the entire system and
      may comprise a free-running multivibrator having a 1.67 MHz output. This
      oscillator may be implemented to generate a pulse 100 nanoseconds wide at
      .6 microsecond intervals. The output of clock generator 50 is divided in a
      5:1 ratio by means of divider 52, the output of which comprises pulses
      spaced at 3 microsecond intervals. The output of divider 52 is
      successively divided by 8:1 divider 53, 6:1 divider 56 and 2:1 divider 58,
      to produce pulses at 24, 144 and 288 microsecond intervals respectively.
PAR  Referring now additionally to FIG. 3, the generation of the various timing
      pulses (illustrated in FIG. 3) will now be explained. For convenience of
      illustration, various points in FIG. 2 have been labelled with letters to
      illustrate corresponding signals illustrated in FIG. 3 which are generated
      at these points. The 144 microsecond interval output (B) of divider 56, is
      fed to delay circuit 63 which delays the signal by 12 microseconds. The
      output (C) of delay circuit 63 is used to trigger monostable multivibrator
      64, which has a 144 microsecond timing cycle, to an opposite state. The
      delay provided by delay circuit 63 assures that the output (D) of
      multivibrator 64 will bracket six of the 24 microsecond interval clock
      pulses.
PAR  The output (D) of multivibrator 64 is fed to gate A 60 as a gating signal
      therefore to gate the 24 microsecond interval output pulses (A) of divider
      53 through the gate. The output (E) of gate 60 comprises groups of six
      trigger pulses spaced by 24 microseconds, and serve to drive pulser 22
      which generates the .6 microsecond transmitter trigger pulses 30
      illustrated in FIG. 4A in response to the output (E). The output (D) of
      multivibrator 64 also serves as a band width control signal which is fed
      to the radar receiver to change the band width of the I.F. stages thereof
      to provide a wider optimum band width during the reception of echoes from
      the .6 microsecond duration transmitter pulses. As illustrated in FIG. 4B,
      this band width may be 1.67 MHz.
PAR  The output (F) of divider 58 is delayed by means of delay circuit 70, the
      output (G) of which is used to drive monostable multivibrator 72.
      Monostable multivibrator 72 has a period of 24 microseconds and generates
      an output (H) which is fed as a gating signal to gate B 76. The gating
      signal (H) operates to gate through a single .6 microsecond pulse (I)
      every 288 microseconds. The output (I) of gate 76 is fed to pulser 22
      which in response thereto generates the 3 microsecond transmitter trigger
      pulses 32, shown in FIG. 4A. It is to be noted that the 3 microsecond
      transmitter trigger pulses occur during the intervals when the band width
      control output (D) of multivibrator 64 is in the OFF or LOW state. During
      these intervals as indicated in FIG. 4B, the receiver intermediate
      frequency band width is automatically narrowed to provide optimum
      operation for the 3 microsecond trigger pulses (in this instance being
      shown to be a band width of .33 MHz).
PAR  The .6 microsecond interval pulse output of clock 50 is fed to clock delay
      gate 90. Also fed to this gate are the 24 microsecond interval pulses from
      gate 60. Clock delay gate 90 is placed in the ON state with the arrival of
      each 24 microsecond interval pulse on line 92 and returned to the OFF
      state by an inhibit signal arriving from decoder 99 on line 94. With the
      gate in the ON state, each pulse arriving from clock generator 50 is
      passed to a delay circuit incorporated in the clock delay gate. This delay
      circuit delays the clock pulses so as to compensate for delays in the
      system components and insures that the video gates will be gated ON at the
      proper times to provide a proper target range readout by the indicators.
      The delay circuit may, for example, comprise a multivibrator, the output
      of which has a pulse width which corresponds to the required delay. This
      output is differentiated and the differentiation of the trailing edge of
      the multivibrator output utilized as the delayed clock pulse fed to
      counter 96. The pulse output of gate 90 is counted in binary counter 96,
      the binary coded output of four bit counter 96 being fed to 4 line to 10
      line decoder 99. Decoder 99 has a series of sequential outputs spaced from
      each other by a time interval such as to provide proper gating signals for
      each of the video gates 110 in succession. The video gates 110 all receive
      the video output of the radar receiver, the video being gated through the
      gates in response to the gating signals from decoder 99. The output of
      each of gates 110 is fed through an associated low pass filter and
      amplifier 115 to an associated indicator lamp 120. Thus, whenever a video
      signal is present at the time when any one of the video gates 110 is being
      gated (during a .6 microsecond time period), this video signal will be
      passed to an associated one of lamps 120 to actuate the lamp. Lamps 120
      may comprise light emitting diode, incandescent or gas-discharge lamps. In
      this manner, range signals corresponding to radar echoes are displayed on
      the first ten indicator lamps to indicate ranges between 100 and 1000
      yards. The inhibit signal on line 94 operates to inhibit the operation of
      clock delay gate 90 when the decoder reaches its last output (that for
      video gate No. 10). This inhibit signal disappears when the next 24
      microsecond interval pulse arrives on line 92 and the cycle is then
      repeated.
PAR  Gating signals for video gates 111 (11-20) at 500 yard intervals to
      represent ranges of 1000-6000 yards are generated in similar fashion by
      means of counter 120, decoder 122, and clock delay gate 125 which are
      similar to the corresponding components just described. Clock delay gate
      125 is adjusted so as to provide the proper delay for the 3 microsecond
      pulses to assure gating of video gate No. 11 at a time corresponding to
      the time of arrival of radar echoes from objects at 1000-1500 yards. The 3
      microsecond pulses gate the various gates 111 so as to display ranges in
      successive 500 yard brackets.
PAR  Referring now to FIG. 5, an indicator and control unit which may be
      utilized in the system of the invention is illustrated. As can be seen,
      the indicator unit comprises a first bank of lights 130 for indicating
      ranges between 100 and 1100 yards, and a second bank of lights 135 for
      indicating ranges between 1000 and 6000 yards. A video gain control 137 is
      provided to enable adjustment of the video level to provide proper
      actuation of the lamps. Thus as can be seen, the lower-most lamp 130
      indicates the presence of targets at ranges between 100 and 200 yards, the
      next lamp targets at 200-300 yard ranges, etc.
PAR  The system of this invention thus provides a simple, forward-looking radar
      which provides a light display indicating the presence of targets ahead of
      a vehicle such as a sailboat.
PAR  While the system of the invention has been described and illustrated in
      detail, it is clearly to be understood that this is intended by way of
      illustration and example only and is not to be taken by way of limitation,
      the spirit and scope of the invention being limited only by the terms of
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radar system having a transmitter for transmitting pulses of radio
      frequency energy, a fixed beam antenna for radiating the output of said
      transmitter and a receiver for receiving echoes from objects in the path
      of said antenna beam, and providing video signals in accordance therewith,
PA1  clock circuit means for generating a train of clock pulses,
PA1  divider circuit means for dividing the frequency of said clock pulses to
      provide trigger pulses for pulsing said transmitter,
PA1  counter circuit means for counting the clock pulses, the count of said
      counter circuit means being initiated by said trigger pulses,
PA1  decoder circuit means having a plurality of output lines for successively
      providing an output pulse on each of said lines in response to the output
      of said counter circuit means, each of said pulses having a time
      relationship to said trigger pulses corresponding to a different bracket
      of ranges of objects in the path of the antenna beam,
PA1  an indicator for each of said bracket of ranges, and
PA1  a gate for each of said indicators,
PA1  the video signals being fed to all of said gates and each of said decoder
      circuit output lines being connected to a corresponding one of said gates
      representing a predetermined one of said range brackets,
PA1  whereby said indicators are actuated whenever objects are present in the
      path of said antenna beam within the bracket of ranges respectively
      associated therewith.
NUM  2.
PAR  2. The system of claim 1 wherein said indicators are lamps.
NUM  3.
PAR  3. The system of claim 1 wherein there are two trains of trigger pulses,
      one for detecting shorter range objects, the other for detecting longer
      range objects, there being a separate counter circuit means, decoder
      circuit means and set of indicators for the shorter and longer range
      objects respectively.
NUM  4.
PAR  4. A radar system comprising
PA1  a radar transmitter for transmitting pulses of radio frequency energy,
PA1  a fixed beam antenna for radiating the output of said transmitter,
PA1  a receiver for receiving radio frequency echoes from objects in the path of
      said antenna beam,
PA1  indicator means connected to receive the output of said receiver for
      providing a display indicating the ranges of said echoes, said indicator
      means comprising a bank of indicator devices, each of said devices
      representing a predetermined different bracket of ranges,
PA1  clock circuit means for generating trigger pulses for pulsing said
      transmitter and for generating synchronizing pulses for actuating each of
      said indicator devices during a time period corresponding to its
      respective range bracket, said clock circuit means including a clock
      generator for generating master clock pulses, divider means for dividing
      the frequency of said clock pulses to produce said trigger pulses, counter
      circuit means for counting said clock pulses, the count of said counter
      circuit means being initiated by said trigger pulses, and decoder circuit
      means responsive to the output of said counter circuit means for
      generating said synchronizing pulses for sequentially actuating said
      indicator devices, and
PA1  gating means for gating video signals from said receiver to said indicator
      devices in sequence in response to said synchronizing pulses, said decoder
      circuit means having a plurality of output lines, each of said output
      lines being connected to a corresponding gating means and providing
      synchronizing pulses thereto representing one of said predetermined
      bracket of ranges.
NUM  5.
PAR  5. The system of claim 4 wherein said indicator devices are indicator
      lamps.
NUM  6.
PAR  6. The system of claim 4 wherein said bank of indicator devices comprises a
      first group of said devices for indicating shorter ranges and a second
      group of said devices for indicating longer ranges, there being separate
      trigger pulses, counter circuit means and decoder circuit means for each
      of said groups of indicator devices.
NUM  7.
PAR  7. In a radar system having transmitter means for generating pulses of
      radio frequency energy, antenna means for radiating a fixed beam of said
      energy and means for receiving radio frequency echoes from objects within
      said beam and converting said echoes to video signals, the improvement
      comprising a bank of range indicator devices and means for generating
      signals for displaying the ranges of said objects on said bank of
      indicator devices,
PA1  said signal generating means comprising a clock generator for generating
      master clock pulses, means for dividing the frequency of said clock pulses
      to provide trigger pulses for said transmitter, digital counter means for
      providing an output count in response to said clock pulses, the count of
      said counter means being initiated by said trigger pulses, decoder means
      responsive to the output of said counter means for producing a sequence of
      pulses which are time related to the trigger pulses so as to each
      represent a different predetermined bracket of radar ranges, and gating
      means for each of the range indicator devices, each of said gating means
      receiving all of the video signals and being gated in response to a
      separate one of said decoder means pulses to provide a portion of said
      video signals to the corresponding range indicator device representing
      targets within one of said range brackets.
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ABST
PAL  A circle arc array of element antennas is capable of receiving at all times
      radio signals from a source located anywhere in a wide angle or complete
      circle of azimuth directions, the direction of arrival of a received
      signal being indicated by radio receiving equipment. The source signal
      received by each element antenna is directed into two or three channels
      having different phase delays. The output signals from the first channels
      of all of the element antennas are combined and connected to a first radio
      receiver, the phase delays in the first channels being equal for all of
      the element antennas. The output signals from the second channels of all
      of the element antennas are combined and connected to the input of a
      second receiver, the phase delays in the second channels all being
      different from each other in a uniform phase progression. The phase
      progression corresponds to a clockwise azimuthal progression of the
      associated element antennas. The phase difference between the signals of
      the first and second radio receivers indicates the azimuth direction from
      which the source radio wave is arriving at the antenna array. If desired,
      counterclockwise-phased output signals from third channels of all of the
      element antennas may be employed for a redundant indication of azimuth
      direction of arrival, to reduce errors. Antenna elements may be arranged
      in the same circular arc array fashion, with the plane of the elements
      being vertical, in order to measure elevation direction of arrival.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is related to the field of radio direction finding and in
      particular to direction finding by means of circular or cylindrical arrays
      of antenna elements and associated radio receiving apparatus. Numerous
      direction finding systems of the prior art employ a circular or
      cylindrical array of element antennas. Some of the prior systems are
      suitable for radio direction finding in a range of source directions that
      is generally broadside to the antenna array, i.e. in the general direction
      of an axis which is perpendicular to a plane of the circular array of
      element antennas. Other circularly arrayed direction finding systems of
      the prior art are suitable for direction finding in and near the plane of
      the circle of the array. For convenience, directions measured in the plane
      of the array will be referred to hereinafter as azimuth directions,
      although no limitation is intended thereby with regard to the orientation
      of the antenna systems relative to other objects such as a supporting
      vehicle or the earth. Most azimuth direction finding systems of the prior
      art have azimuthally directional antenna radiation patterns. For example,
      a single steerable beam of sensitivity, occupying generally a small sector
      of the complete azimuthal circle, is provided, which continually revolves
      through 360.degree. azimuth to locate the azimuth direction from which a
      target radio wave is coming. In such prior art systems every direction of
      azimuth is examined once during each revolution of the steerable beam, and
      each direction is examined for only a fraction of the period of revolution
      of the steerable beam.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a radio direction finding system employing a
      planar array of antenna elements destributed over a wide angle of
      directions and suitable for azimuth direction finding, and which is
      adaptable additionally for elevation direction finding if desired, by
      stacking of arrays (with the plane of the circular arc being vertical).
      The system does not employ a beam that rotates in azimith, but instead is
      capable of receiving target signals from a wide angle of azimuth
      directions at all times. Consequently, a source signal arriving from any
      azimuth direction within the angle is received immediately, and its
      direction of arrival is indicated.
PAR  In accordance with the present invention, a planar array of spaced apart
      antenna elements are disposed for receiving a radiated signal from a
      source whose direction is to be determined, the radiated signal
      establishing phase displaced antenna element signals in element antennas
      of the array and the phase relationship of the signals in the element
      antenna depending upon the direction of the source. The element signals
      from the element antennas are combined in a first predetermined phase
      relationship to produce a first resultant signal and are also
      phase-shifted by different amounts, with the phase shift of the signals
      changing progressively in a predetermined order for the antenna elements,
      and combined to provide a second resultant signal whose phase with respect
      to the first resultant signal differs for different directions of the
      source. The phase difference between the first and second resultant
      signals is then determined to indicate a direction coordinate in the plane
      of the array for the source. In the preferred and disclosed embodiment of
      the invention, the first resultant signal is obtained by introducing the
      same phase shift, which may be zero phase shift, in signals received from
      the element antennas when combining the signals to provide the first
      resultant signal. For receiving through an azimuth angle of 360.degree. ,
      a plurality of element antennas can be arranged in a circle in the azimuth
      plane.
PAR  In a detailed aspect of the invention, each of the element antennas is
      connected to a different input port of a feed network, which also has
      three output ports for connection to three radio receivers. A portion of
      the target signal received by each element antenna is connected to the
      output port associated with the first radio receiver, the contributions
      from all of the antenna elements having equal phase delay. The output port
      associated with the second radio receiver receives, through the feed
      network, a second portion of the target signal of each of the element
      antennas, with a different phase delay for each element antenna, and with
      the phase delay increasing progressively with position (not time) in a
      clockwise direction around the circular array. The port associated with
      the third radio receiver similarly has a portion of target signal
      contributed through the feed network by each of the element antennas, but
      with a progression of phase delays that increases in a counterclockwise
      direction around the circle of element antennas.
PAR  When a source signal is received, the resulting signals at each of the
      three radio receivers have different phases, ordinarily. The amounts by
      which their phases differ are measured; they depend upon the azimuth
      direction from which the source radio wave is received, and hence the
      direction is indicated. The phase difference between signals at the first
      and second receivers is a measure of the azimuth direction from which the
      target radio wave is being received, measured clockwise from a fixed
      reference direction. If desired, a second somewhat redundant measurement
      of the azimuth direction of the target may be obtained by measuring the
      difference in phases of signals in the first and third radio receivers.
      This phase difference is equal to the azimuth direction of target signal
      measured in a counterclockwise sense from a fixed reference direction.
PAR  If the antenna system is arranged to include several layers of azimuth
      arrays of antenna elements, for example to have a cylindrical shape, the
      antenna system may be employed with additional radio receivers and a
      similar coupling network to provide elevation readings in a similar
      manner.
PAR  Accordingly, one object of the present invention is to provide radio
      direction finding apparatus that is sensitive simultaneously in a wide
      angle of azimuth directions or even a full circle of azimuth, and which
      has only a few radio receivers.
PAR  A second object is to provide radio direction finding apparatus that
      produces more than one somewhat independent indication of the direction of
      a radiation source so as to reduce the error of measurement.
PAR  An additional object of the invention is to provide radio direction finding
      apparatus including a plurality of element antennas arranged in a sector
      of a circle or a complete circle, all connected with a feed network that
      distributes portions of the target signal received at each element
      antenna, with various phase delays, to two ports, to which the input
      terminals of two radio receivers are connected respectively, one of the
      portions of target signals from each of the element antennas being
      combined in the feed network with a corresponding portion of signal from
      each of the other element antennas with equal phase delays to feed the
      first receiver, and the other portion of signals from all element antennas
      being combined with differing phase delays porportioned to the geometrical
      location on the circle of the respective element antenna to feed the
      second receiver, and further including means for comparing the relative
      phases of resultant signals in the two radio receivers to ascertain source
      direction.
PAR  A still further object of the present invention is to provide radio
      direction finding apparatus as in the immediately preceding object and
      further including an additional portion of target signal from each of the
      element antennas, the additional portions being phase-delayed by varying
      amounts progressively in an opposite order of the locations of the element
      antennas, with the combined phase-delayed signals being connected at a
      third port to a third radio receiver, and further including apparatus for
      comparing the relative phases of the resultant signals in the third
      receiver and the first and/or second receiver.
PAR  Yet another object is to provide radio direction finding apparatus as in
      any of the foregoing objects and in which a plurality of element antennas
      are stacked in elevation to provide, in connection with additional
      coupling networks and receivers, elevation direction readings in a manner
      similar to that in which the azimuth direction readings are provided, that
      is, by phase measurements among signals of the receivers.
PAR  Another object is to provide radio direction finding apparatus that is
      sensitive at the same time to radiation received from any azimuth
      direction and from, within a band of elevation, any elevation direction,
      to indicate both the azimuth and elevation directions of the source.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Further objects and features of the invention will become apparent upon
      consideration of the description which follows, in conjunction with the
      drawings, in which:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the radio direction
      finding system suitable for azimuth direction finding;
PAR  FIG. 2 is a side elevation view of a circular array of element antennas for
      the system of FIG. 1;
PAR  FIG. 3 shows a principal lobe of a simplified azimuth radiation pattern of
      an element antenna;
PAR  FIG. 4 is a graph of the phase delays provided by the feed network of FIG.
      1 for the array as a whole for different source directions;
PAR  FIG. 5 shows a side view of a portion of a second embodiment of the
      invention in which several tiers of element antennas are stacked in
      elevation for providing elevation direction information as well as azimuth
      information.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A preferred embodiment of the invention, which is capable of monitoring at
      the same time radio source signals coming from any azimuth direction, is
      shown in FIG. 1.
PAR  The principle of operation is that a plurality of element antennas receive
      radiation from a single source and the output signals of the element
      antennas are combined following various phase delays, to produce three
      resultant signals. A first radio receiver receives a combined or resultant
      signal that is substantially independent of source direction; the second
      and third receivers have resultant signals whose phases depend in
      different ways upon source direction. It is necessary then only to compare
      the phase of the first receiver's signal with the phase of the signal in
      one or both of the other two receivers to ascertain the source direction.
PAR  The preferred antenna array 10 advantageously has sixteen element antennas
      12a, 12b, etc., each of which is connected to a feed network 14.
PAR  For some uses, the antenna array 10 may advantageously employ half-wave
      dipole element antennas as shown in FIG. 2, which is a side view of the
      array. When this type of element antenna is employed, a radiation
      reflector 24 is preferably placed one-fourth of a wavelength behind each
      element antenna, and may form a cylinder 24. The principal lobe of an
      H-plane radiation pattern of an element antenna of FIG. 2 is shown in
      simplified form in FIG. 3. Advantageously, but not necessarily, the
      beamwidth is less than 100.degree. between half-power points. Output
      signals from the element antennas 12a, 12b, etc. are conducted through
      cables to input terminals 14a, 14b, 14cetc. respectively of the feed
      network 14 as shown in FIG. 1.
PAR  Signals from the array 10 are processed in the feed network 14 principally
      by being directed to several channels, delayed as to phase, and combined.
      For microwave frequencies, the feed network 14 preferably comprises a
      three decibel quadrature coupler matrix of a type whose design is routine
      for those of ordinary skill in the microwave art. Networks of this type,
      for example, are described in "Radar Handbook" by Skolnik, published in
      1970 by McGraw-Hill Book Company, Inc., New York, especially at page
      11-66. The functions of the feed network 14 of FIG. 1 can be more clearly
      explained, however, in terms of an equivalent network constructed of
      discrete components such as might be employed for radio signals below
      microwave frequencies.
PAR  The signal from the element antenna 12b, which appears at the terminal 14b,
      is typical. It is divided into three portions, each going to a different
      channel where first it is amplified. The phase of the signal of a first
      portion is shifted 22-1/2.degree. by a phase delay device 26. The delayed
      signal is connected to a junction point 14R along with signals, which have
      been delayed by differing amounts, from all of the other antenna elements.
      The signal from element antenna 12a is delayed 0.degree. ; the signal from
      element antenna 12b is delayed by 22-1/2.degree. ; the signal from element
      antenna 12c is delayed by 45.degree. , and so forth in 22-1/2.degree.
      increments around the entire array. The feed network 14 has three output
      ports, 14R, 14Z, and 14L., each of which has a signal which is the result
      of different processing by the feed network 14.
PAR  A second portion of the signal at the typical terminal 14b is connected
      through an isolating amplifier and a phase delay circuit 28 to the port
      14Z of the coupling network 14, where it joins with similar signals from
      all of the other element antennas. Any phase delay introduced by the
      isolation amplifiers and the phase delay circuits 28 leading to terminal
      14Z is equal for all of the element antennas, so that all element signals
      add in phase at terminal 14Z. The output port 14Z therefore has no added
      phase progression of its component signals around the antenna array, all
      of its component signals being added with phases as received.
PAR  The amplitude radiation pattern for signals received at the port 14Z is
      approximately toroidal, with the principal plane of the toroid being the
      azimuth plane, which is perpendicular to the axis 31 of the array as shown
      in FIG. 2. The beam pattern of junction 14R is therefore a figure of
      revolution about the axis 31.
PAR  A third component of signal from the terminal 14b passes through a phase
      delay network 30 to the output port 14L of the coupling network 22, where
      it is combined additively with signals from all of the other element
      antennas. All of the element antennas connected to the output port 14L
      experience different phase delays in their phase delay devices, however.
      The phase delays are in 22-1/2.degree. increments and in a
      counterclockwise progression around the antenna array 10, unlike the
      clockwise progression of phase delays of the component element signals at
      the output port 14R.
PAR  The phase relationships between the resultant signals at each of the three
      output ports 14R, 14Z, 14L of the coupling network 14 are shown in FIG. 4
      as a function of azimuth direction of the radiation source. Three radio
      receivers 16, 18, 20 amplify the signals of the ports 14R, 14Z, 14L.
PAR  The receivers 16, 18, 20, are tuned to the frequency of the received
      radiation, and serve primarily to reduce the noise and unwanted signals of
      the system by reducing the bandwidth, and to amplify the signals for the
      output ports 14R, 14Z, 14L, respectively. Preferably the receivers also
      down-convert their signals to a lower frequency without altering their
      relative phase, by using a local oscillator 21 in common. Output signals
      at terminals 16a, 18a, respectively of the receivers 16, 18, are connected
      to a phase meter 22a, which compares the phase of the output signal from
      the receiver 16 with the phase of the output signal from the receiver 18,
      and produces an indication proportional to the phase difference, which it
      displays on a meter 23a. Similarly, signals of receivers 18 and 20 are
      compared by a phase meter 22b, and a quantity proportional to their
      relative phase is displayed on a meter 23b. The phase meters 22a, 22b can
      be any of a variety of types, many of which are well known and used in the
      prior art and some of which are described in a book "Electronic
      Measurements," F. Terman and J. Pettit, McGraw Hill, N.Y., N.Y., 1952,
      pages 271-75. Preferably a balanced modulator type of phase meter such as
      is shown on p. 273 is employed.
PAR  As seen on the graph of FIG. 4, the phase 32 of signals at the output port
      14B varies linearly as a function of the azimuth direction of arrival of
      the received radiation. The phase 34 of signals at the output port 14Z is
      independent of the direction of the radiation source, and can serve as a
      convenient phase reference for measurement of the relative phase 32 of the
      signal at the output port 14R. The phase meter 22a measures the phase
      difference to ascertain the direction of arrival of the source signal.
      Advantageously, signals at port 14Z can have 180.degree. delay with
      respect to the phase of signals at the terminals of the element antennas,
      this fixed 180.degree. offset of phase merely fixing a reference direction
      40.
PAR  The operation of the system of FIG. 1 for azimuth direction finding will be
      described for a radio wave 37 received from a radiation source lying in
      the direction of the element antenna 12b. The radio signal received by
      element 12b is conducted to the terminal 14b where it is directed into the
      three channels having isolation amplifiers and the phase shifters 26, 28,
      30. Each of these signal portions, after being combined with signals from
      other element antennas, is connected to a respective one of the receivers
      16, 18, 20.
PAR  Signals received from the radio source by the element antennas 12a and 12c
      also contribute to the signal of the receiver 18, because the signal
      components from all element antennas that are connected to the receiver 18
      are all substantially in phase, except for any delays due to differences
      in path length occurring as a result of the geometrical placement of the
      element antennas on the circle of the array 10.
PAR  The clockwise phase progression portion of the source signal 37 received by
      the element antenna 12a is delayed by its phase-shifting device and
      conducted to the output port 14R of the coupling network 14; the clockwise
      phase progression component of source signals 37 received by the element
      antenna 12c is also phase shifted, and combined with all of the other
      clockwise phase progression signals at the port 14R. If the signal at the
      port 14R which is contributed by the element antenna 12a were resolved
      into quadrature components, with one component being in phase with the
      signal contributed at 14R by the antenna 12b, then the other quadrature
      component of signal contributed by the antenna 12a would of course be in
      quadrature with the signal at that port contributed by the antenna 12b; if
      the signal contributed at the port 14R by the element antenna 12c were
      similarly resolved into quadrature components that are in phase and out of
      phase with the portion of signal contributed by the element antenna 12b,
      the quadrature component contributed at port 14R by the element antenna 12
      a would be seen to be equal and opposite to the quadrature component of
      signal contributed by the element antenna 12c, so that those quadrature
      components cancel for the source direction 37. The phase of the signal at
      port 14R is therefore approximately the phase of the phase shifter 26 for
      clockwise progression signals, heuristically speaking.
PAR  In a similar manner, signals received at the element antennas 12r and 12d
      contribute to the signal strength at all of the output ports 14R, 14Z,
      14L, and do not disturb the direction finding capability of the system.
      This summation effect occurs for all element antennas of the array 10 that
      are directed such that their element patterns receive significant amounts
      of power from the radio wave, for source direction 37.
PAR  The signal 37 arriving from a radio source in the direction of the element
      antenna 12b has a phase delay difference, between the clockwise phase
      progression signal of output port 14R and the zero phase progression
      signal of output port 14Z, of +157.5.degree. , as shown by line 36 of FIG.
      4. The direction of arrival is measured 22.5.degree. clockwise from the
      direction reference vector 40, because the reference channel was offset
      180.degree. . No other direction of arrival produces this phase
      difference; the phase meter 22a, by measuring this phase difference, and
      the meter 23a, by indicating it, provide an unambiguous indication of the
      direction of arrival of the source radio wave.
PAR  Similarly, the phase 38 of signals at the output port 14L can be measured
      by the phase detector 22b, with respect to the zero phase progression
      signal 34 at the port 14Z, which again serves as a phase reference, to
      provide a second indication 41 the direction of arrival, 337.5.degree. ,
      of the source wave. Measurements obtained with receiver 20 are reckoned in
      a counterclockwise direction with respect to the reference direction
      vector 4 of FIG. 1; they indicate the same geometrical direction of the
      source, and therefore represent a redundant signal. By combind the two
      phase measurements made by the phase detector 22, for example, by
      averaging them, the error is reduced; for those components of system noise
      which are Gaussian and random as between the clockwise and
      counterclockwise phase measurement systems, a reduction to 70.7% of the
      noise is accomplished.
PAR  For a radio wave received from a different direction 39 intermediate the
      antennas 12b and 12c, it is clear that the system interpolates between
      signals of element antennas 12b and 12c, because they both contribute
      significantly to the signals of the three receivers 16, 18, 20 as do many
      of the neighboring element antennas.
PAR  If another radio source signal is received from the same or different
      direction at the some time as the first signal and with a frequency which
      differs from the frequency of the first signal by an amount exceeding the
      tuning bandwidth of the receivers 16, 18, 20, the presence of the second
      signal does not affect the measurement of the first signal. Additional
      receivers could be connected to the ports 14R, 14Z, 14L in parallel with
      the inputs of the receivers 16, 18, 20 if desired to find the directions
      of signals of different frequencies simultaneously.
PAR  If, after acquisition of a signal, it is desired to improve the
      signal-to-noise ratio, the array 10 and its feed network could be switched
      to a directional mode of operation. Directivity can be achieved by any of
      a great number of methods that are fully described in the prior art.
PAR  For situations in which a priori information is at hand indicating that the
      source signals of interest will never come from certain angular sectors of
      azimuth, the element antennas 12 of the array 10 need not be distributed
      over a full circle. In such a case, the resolution of the system for
      direction finding may be increased by distributing 360.degree. of phase
      shift across an array of element antennas whose geometric span is less
      than 360.degree. . The phase difference readings obtained by the phase
      meters 22a, 22b would then be interpreted by the use of a multiplying
      factor to convert phase difference measurements to source direction
      information, and an offset term if necessary.
PAR  The same system is suitable also for measuring source elevations. To
      illustrate this simply, the antenna array 10 of FIG. 1 could be oriented
      with element antenna 12a directed to the zenith and the element 12j
      directed to the nadir, in which case the system of FIG. 1 would measure
      elevations within a toroidallyshaped volume, with only the element
      antennas 12e and 12n being in a azimuth plane. Identical systems could be
      added with other azimuthal orientations, to fill out a complete circle of
      azimuth, and if desired, zenith and nadir elements such as elements 12r,
      12a, 12b, and elements 12h, 12j, 12k, and the corresponding elements of
      the similar arrays having other azimuthal orientations, could be omitted.
      Elevation angles could then be measured for any azimuth within a limited
      band of elevation excluding the zenith and nadir.
PAR  Of course, the signals from each element antenna can be further divided at
      terminals 14a-14r, and used both in an elevation system and in an azimuth
      system, employing one threedimensional array of element antennas. Both
      elevation and azimuth readings can be made throughout a full 360.degree.
      of azimuth if desired, and within a band of elevations centered at the
      azimuth plane. Instead of a plurality of complete systems of the type
      shown in FIG. 1 and just described, however, a composite system employing
      some equipment in common, in addition to the element antennas which are
      already being employed in common, can be provided to effect some economies
      in equipment when both elevation and azimuth are to be measured.
PAR  A cylindrical array 10' of vertically stacked antenna elements can be
      employed, as shown in FIG. 5. The cylindrical array can provide angle of
      arrival information in a volume of, for example, .+-.30.degree. from the
      azimuth plane. The stacked elements are phased to produce a plurality of
      quasi-toroidally-shaped beams directed at various elevation angles, each
      elevation angle corresponding to a different intermediate port of a
      coupling network. Each of these intermediate ports corresponds to a beam
      elevation, and the intermediate ports take the place of the element
      antenna terminals of the azimuth system. Considering for a moment the
      element antennas that are stacked at a particular azimuth angle, one
      portion of the particular beam signal received at each of these
      intermediate ports would join a similar portion from all of the other
      intermediate ports at that same azimuth angle, with equal phase shifts, to
      produce a zero phase reference elevation signal at a receiver input port.
      A second portion of particular beam signal received at each of the
      intermediate ports at that azimuth angle would be phase shifted with an
      increasing phase progression from the lowest beam in the group to the
      highest, and all such shifted portions would be combined at a second
      receiver input port of the system. Clearly then, elevation direction
      finding can be combined with azimuth direction finding either by switching
      a few receivers 16, 18, 20, among the various feed system ports or by
      providing additional receivers. If desired, a third output port
      representing phase displaced signals of progressively decreasing phase
      displacement from the lowest to the highest beam can also be provided, for
      redundant elevation information, as was described above in more detail
      with regard to the azimuth direction finding system.
PAR  The beam-forming feed network that provides a plurality of
      different-elevation beams at the aforsaid intermediate ports can be
      networks with several phase shifters for each individual element antenna,
      or preferably a Butler type of matrix, or a monopulse type of beam-forming
      network. These feeds produce the overlapping elevation beams which are
      used to yield the elevation angle of arrival.
PAR  The foregoing embodiment of the invention is a direction finding system for
      radio waves that is alert simultaneously in all azimuth directions and in
      a range of elevation directions. When a target signal is received, the
      system provides azimuth direction information by measuring the phase
      difference between signals in a plurality of receivers, where each
      receiver corresponds not to a particular azimuth but to a particular phase
      progression; it provides elevation information in an identical manner by
      measuring the phase difference of signals in a plurality of receivers.
PAR  Because of a well-known principal of reciprocity between the behavior of
      receiving antenna systems and transmitting antenna systems, the invention
      applied to both receiving and transmitting systems.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a radio direction finding apparatus comprising a plurality of spaced
      apart element antennas for receiving a radiated microwave signal from a
      source whose direction is to be determined, the radiated signal
      establishing phase displaced antenna element signals in element antennas
      of said array with the phase relationship of the signals depending upon
      the direction of the source, first means for combining said phase
      displaced antenna element signals to provide first and second resultant
      signals in the microwave range whose relative phases indicate the
      direction of said source and means for down-converting said resultant
      signals to an intermediate frequency signal and for measuring the phase
      difference therebetween, said first means comprising a quadrature coupler
      matrix for combining said antenna element signals at the frequency of
      received radiation for providing said first and second resultant signals.
NUM  2.
PAR  2. Radio direction finding apparatus comprising a planar array of spaced
      apart element antennas for receiving a radiated signal from a source whose
      direction is to be determined, the radiated signal establishing phase
      displaced antenna element signals in element antennas of said array with
      the phase relationship of the signals depending upon the direction of the
      source, combining means for combining said element signals in a first
      predetermined phase relationship in which any phase shift introduced into
      said element signals is equal for all element signals to produce a first
      resultant signal, additional means for phase shifting the element signals
      by different amounts with the phase shift changing progressively in a
      predetermined order of said antenna elements and combining said signals to
      provide a second resultant signal whose phase with respect to said first
      resultant signal differs for different directions of the source, and means
      for measuring the phase difference between said first and second resultant
      signals to indicate a direction coordinate in the plane of the array for
      the source, whereby the phase of said first resultant signal is
      substantially independent of the direction of the source.
NUM  3.
PAR  3. Radio direction finding apparatus as defined in claim 2 and wherein said
      additional means for phase-shifting the element signals by different
      amounts comprises means for providing different amounts in equal
      increments for different ones of the element antennas progressively from
      element to element of the array.
NUM  4.
PAR  4. Radio direction finding apparatus as defined in claim 2 further
      comprising at least one additional planar array of element antennas in a
      plane parallel to and spaced apart from the foregoing planar array for
      receiving element signals from the same radiation source; additional
      combining means for combining all of said element signals in a third
      predetermined phase relationship in which any phase shift introduced into
      said element signals is equal for all element signals, second additional
      means for phase shifting the element signals establishing a fourth
      predetermined progression of relative phase shifts among the element
      signals successively in proceeding from one planar array to another in a
      direction transverse to the planes of the arrays, means combining the
      signals having said fourth predetermined progression of phase shifts to
      produce a fourth resultant signal, and means for measuring the phase
      difference between said third and fourth resultant signals to obtain a
      second indication of direction of the source measured in a coordinate
      direction transverse to the coordinate direction of the first indication.
NUM  5.
PAR  5. Radio direction finding apparatus comprising a planar array of
      spaced-apart element antennas each for receiving a respective element
      signal from the same radiation source, first means for combining the
      element signals with equal phase shifts to produce a first resultant
      signal whose phase is substantially independent of direction of the
      source, means for phase-shifting the element signals by different amounts
      for different element antennas, second means for combining the
      phase-shifted element signals to produce a second resultant signal whose
      phase is different for different directions of the source, and means for
      measuring the phase difference between said first and second resultant
      signals to indicate a coordinate of direction of the radiation source,
      said coordinate being in the plane of the array.
NUM  6.
PAR  6. Radio direction finding apparatus as defined in claim 5 wherein said
      first means for combining the element signals, said means for
      phase-shifting the element signals by different amounts and said second
      means for combining the phase-shifted element signals are all comprised of
      a quadrature coupler matrix feed network coupled to said antenna elements
      and wherein said quadrature coupler matrix combines antenna element
      signals at the frequency of received radiation to provide said first and
      second resultant signals.
NUM  7.
PAR  7. Radio direction finding apparatus as defined in claim 5 and wherein said
      array comprises element antennas at different angular locations on a
      circle arc, and each of said different amounts of phase shift is
      proportional to the angular location of the respective element antenna
      measured in a first sense of rotation along said circle arc.
NUM  8.
PAR  8. Radio direction finding apparatus as defined in claim 7 and wherein said
      circle arc is a complete circle and said element antennas are at equally
      spaced angular locations therearound.
NUM  9.
PAR  9. Radio direction finding apparatus as defined in clsim 5 and wherein each
      of said element antennas has a radiation pattern whose principal lobe is
      narrower than 100.degree. between halfpower points.
NUM  10.
PAR  10. Radio direction finding apparatus as defined in claim 7 and further
      comprising additional means for phase-shifting each of said element
      signals by an amount of phase shift that is proportional to the angular
      location of the respective element antenna measured in a second sense of
      rotation along said circle arc opposite said first sense of rotation, and
      further comprising third means for combining the phase-shifted element
      signals of said second sense of rotation to produce a third resultant
      signal whose phase is different for different directions of the source,
      and further comprising additional means for measuring the phase difference
      between said first and third resultant signals to indicate direction of
      the radiation source.
NUM  11.
PAR  11. Radio direction finding apparatus comprising a plurality of element
      antennas arrayed at equal angular intervals in a circle for receiving
      signals from a radio source; a feed network including first means for
      additively combining the element signals with the same relative phases
      with which they were received, second means for shifting the relative
      phases of the element signals with the phase shifts progressively
      increasing uniformly from element antenna to element antenna around said
      circle, and third means for additively combining the progressively
      phase-shifted element signals; and phase comparator means connected with
      said first and third combining means, for measuring the phase difference
      between resultant signals of the first and third combining means to
      indicate a source directional coordinate in the plane of said circle.
NUM  12.
PAR  12. Radio direction finding apparatus as defined in claim 11 and wherein
      said second means for shifting the relative phases of said element signals
      comprises means for shifting the phases progressively in increments of
      360/N.degree. per element antenna when the number of element antennas is
      N.
NUM  13.
PAR  13. Radio direction finding apparatus as defined in claim 11 and wherein
      each element antenna has a directive radiation pattern with a principle
      lobe, each such principal lobe being in the direction of a radial line
      extending from the center of said circle through the location of the
      respective element antenna.
NUM  14.
PAR  14. Radio direction finding apparatus as defined in claim 11 and wherein
      said feed network comprises 3 dB quadrature coupler matrix means for
      shifting the phases of and combining said element signals.
NUM  15.
PAR  15. A method of radio direction finding comprising the steps of providing a
      planar array of element antennas spaced apart symmetrically over a span of
      directions, each element antenna receiving an element signal from the same
      radiation source; establishing a first predetermined progression of
      relative phase shifts in which the relative phases among element signals
      are maintained the same as when received by the element antennas;
      combining the signals having the first progression of phases shifts to
      produce a first resultant signal; establishing a second predetermined
      progression of phase shifts among the element signals successively with
      respect to direction along the array, said second relative phase shifts
      being progressive from element antenna to element antenna; combining the
      signals having said second predetermined progression of phase shifts to
      produce a second resultant signal; and measuring the phase difference
      between said first and second resultant signals to obtain an indication of
      direction of the source.
NUM  16.
PAR  16. A method of radio direction finding as defined in claim 15 and
      comprising the further steps of providing at least one additional planar
      array of element antennas in a plane parallel to and spaced apart from the
      foregoing planar array for receiving element signals from the same
      radiation source; establishing a third predetermined progression of equal
      phase shifts among the element signals; combining the signals having said
      third predetermined progression of phase shifts to produce a third
      resultant signal; establishing a fourth predetermined progression of
      relative phase shifts among the element signals successively in proceeding
      from one planar array to another in a direction transverse to the planes
      of the arrays; combining the signals having said fourth predetermined
      progression of phase shifts to produce a fourth resultant signal, and
      measuring the phase difference between said third and fourth resultant
      signals to obtain a second indication of direction of the source measured
      in a coordinate direction transverse to the coordinate direction of the
      first indication.
NUM  17.
PAR  17. In a radio direction finding apparatus comprising a plurality of spaced
      apart element antennas for receiving a radiated signal from a source whose
      direction is to be determined, the radiated signal establishing phase
      displaced antenna element signals in element antennas of said array with
      the phase relationship of the signals depending upon the direction of the
      source, first means for combining said phase displaced antenna element
      signals to provide first and second resultant signals whose relative
      phases indicate the direction of said source, and means for measuring the
      phase difference therebetween, said first means comprising a quadrature
      coupler matrix for combining said antenna element signals at the frequency
      of received radiation for providing said first and second resultant
      signals.
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PAL  An antenna for providing a radiation pattern in which the phase of the
      emitted electromagnetic waves varies with direction from the antenna. The
      emitted electromagnetic waves propagate through a region, associated with
      the antenna, having dielectric properties which are a function of the
      direction of propagation. The varying dielectric properties result in a
      direction-dependent phase shift for the emitted electromagnetic waves. By
      providing a reference radiation pattern having a phase-shift independent
      of direction, the direction from the antenna can be determined by
      comparison of the phases of the reference and of the direction-dependent
      electromagnetic waves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of the Invention
PAR  This invention relates generally to antennas and more particularly to
      antennas used in providing direction-dependent radiation patterns.
      Direction-dependent radiation patterns are used in radar and navigation
      systems to localize the position of an object relative to the antenna.
PAR  2. Description Of the Prior Art
PAR  In order to provide a directional radiation pattern, it is known in the
      prior art to rotate mechanically an antenna emitting a relatively narrow
      radiation pattern. The radiation pattern thus emitted is a function of the
      direction of the antenna. The antenna can be rotated periodically thereby
      producing a radiation pattern in which the direction of the radiation
      pattern is a function of time. The use of mechanical apparatus to rotate
      an antenna is costly and requires periodic maintenance, frequently in a
      relatively inaccessible location.
PAR  It is also known in the prior art that an antenna, providing an
      omnidirectional azimuth-dependent radiation pattern, can be mechanically
      rotated to produce a radiation pattern in which the amplitude of the
      radiation pattern in a predetermined direction is a function of time.
      However, the problems associated with mechanical rotation, described
      above, as well as the difficulty in the determination of radiation pattern
      maxima or minima provide an undesirable limitation in the usefulness of
      this type of antenna.
PAR  To avoid problems associated with mechanical rotation of antennas, arrays
      of antenna elements have been used in the prior art to produce a
      directional radiation pattern. By varying the phase of the signals driving
      the antenna elements, the directional radiation pattern can be rotated as
      a function of time. However, the resolution of the array is severely
      limited without a large number of individual antenna elements. In
      addition, the application of appropriate driving signals to the array of
      antenna elements requires complex electronic equipment.
PAR  It is therefore an object of the present invention to provide an improved
      antenna.
PAR  It is another object of the present invention to provide an omnidirectional
      radiation pattern for determination of accurate position information.
PAR  It is still another object of the present invention to provide an
      omnidirectional radiation pattern for determination of object position
      information without mechanically moving parts.
PAR  It is yet another object of the present invention to provide an
      omnidirectional radiation pattern in which the phase of the emitted
      electromagnetic waves are a funtion of the direction from the emitting
      apparatus.
PAR  It is a further object of the present invention to provide an antenna
      emitting electromagnetic waves having a direction-dependent phase-shift.
PAR  It is a more particular object of the present invention to provide an
      antenna system having a radiation from which the position of an object
      relative to the antenna system can be determined.
PAR  It is another more particular object of the present invention to provide a
      direction-dependent radiation pattern by introducing into an antenna
      system dielectric materials whose properties vary as a function of the
      direction of the emitted electromagnetic waves.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned and other objects of the present invention are
      accomplished by providing an antenna with a dielectric material through
      which emitted electromagnetic waves propagate. The dielectric material
      alters a velocity of electromagnetic waves propagating therethrough. By
      varying the properties of the dielectric material as a function of
      direction, the retardation and therefore the phase of an electromagnetic
      wave varies as a function of direction relative to antenna. By further
      providing reference electromagnetic waves emitted by the antenna whose
      properties are direction-independent, a direction relative to the antenna
      can be determined by a comparison of the phases of the
      direction-independent and direction-dependent electromagnetic waves.
PAR  These and other features of the invention will be understood upon reading
      of the following description along with the drawings.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1A is a top cross-sectional view of a directionally-symmetrical
      parallel plate antenna according to the prior art, while FIG. 1B is a side
      cross-sectional view of a directionally-symmetrical parallel plate antenna
      according to the prior art.
PAR  FIG. 2A is a top cross-sectional view of a symmetrical parallel plate
      antenna to which dielectric material, according to the present invention,
      has been added, while FIG. 2B is a side cross-sectional view of a
      symmetrical parallel plate antenna to which dielectric material, according
      to the present invention, has been added.
PAR  FIG. 3 is a side cross-sectional view of an antenna according to the
      present invention providing both a directionally-dependent and a
      directionally-independent radiation pattern.
PAR  FIG. 4 is a plot of the variation of phase shift with azimuth angle for the
      antenna according to one embodiment of the present invention.
PAR  FIG. 5 is a side cross-sectional view of antenna for use on a tower
      providing a directionally-dependent and a directionally-independent
      radiation pattern.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1A and FIG. 1B, top and side cross-sectional views,
      respectively, are shown for an antenna emitting axially-symmetric
      electromagnetic waves according to the prior art. A varying current
      flowing in Center Conductor 105 of Antenna 100 causes electromagnetic
      waves to propagate through Dielectric Region 120 contained between
      circular Conducting Plate 101 and a parallel circular Conducting Plate
      102. After reaching the boundary of the Conduction Plates, the
      electromagnetic waves propagate through space. Because of the location of
      Center Conductor 105 on the axis of the parallel circular plates, the
      radiation pattern produced by the Antenna 100 is axially symmetric. The
      current in the Center Conductor 105 is driven by electrical signals
      introduced into Antenna 100 from a driving source (not shown) via Cable
      103. Cable 103 is coupled to Antenna 100 via Coupler 104. Cable 103 is
      typically a coaxial cable, while Coupler 104 can be a standard coaxial
      cable coupling apparatus. The Dielectric Region 120, shown in FIG. 1A and
      FIG. 1B and having a dielectric constant, .epsilon..sub.1, is typically
      air; however, other materials can be substituted (e.g. for mechanical
      support) as will be apparent to one skilled in the art.
PAR  Referring next to FIG. 2A and FIG. 2B, top and side cross-sectional views,
      respectively, are shown for Antenna 200 providing a radiation pattern in
      which a phase shift of emitted electromagnetic waves is a function of
      direction. Electrical signals are introduced in Antenna 200 via Cable 103
      and Coupler 104 and produce a varying current in Center Conductor 105.
      Electromagnetic Waves, generated by the varying current in the Center
      Conductor 105, are propagated radially between Circular Plate 101 and
      parallel Circular Plate 102. Center Conductor 105 is located at the axis
      of the Circular Plates.
PAR  The region between the parallel Circular Plates 101 and 102 is filled with
      materials having two dielectric constants. Dielectric Region 120 contains
      a material with a dielectric constant, .epsilon..sub.1, while Dielectric
      Region 220 contains a material with a different dielectric constant,
      .epsilon..sub.2. In the preferred embodiment, electromagnetic waves
      propagate at a lower velocity in a region containing material having a
      dielectric constant .epsilon..sub.2 than in a region containing material
      having a dielectric constant .epsilon..sub.1. In the preferred embodiment,
      the difference in the velocity of an electromagnetic wave of a preselected
      frequency will cause a retardation by a full wavelength (i.e. be shifted
      in phase by -360.degree.) by travelling a distance v.sub.o in a material
      of dielectric constant .epsilon..sub.2 as compared with the same
      electromagnetic wave travelling a distance of v.sub.o in a material of
      dielectric constant, .epsilon..sub.1. Labelling the direction in which the
      region of dielectric constant .epsilon..sub.2 is substantially zero as
      .theta. =0.degree., the thickness of Dielectric Region 220 encountered by
      an electromagnetic wave propagating in a radial direction from the center
      conductor at an angle .theta., is v/360.degree. .times. .theta. in the
      preferred embodiment. Thus the phase delay of the radially-propagating
      electromagnetic wave will be approximately a linear function of angle
      relative to the direction .theta. =0.degree..
PAR  Referring next to FIG. 3, an Antenna 100, according to the prior art, and
      an Antenna 200 of substantially the same geometry, according to the
      present invention are disposed parallelly along the same axis. The
      electromagnetic waves emitted radially in the direction in which the
      Dielectric Region 220 in Antenna 200 has substantially zero extent, will
      propagate in phase with the radiation for the same direction for Antenna
      100. In all other directions, the radiation from Antenna 200 will have a
      phase delay relative to radiation in that direction from Antenna 100
      approximately equal to the angular displacement from the radiation
      propagating in phase from the two antenna.
PAR  Thus, referring to FIG. 4, a determination of the difference .DELTA.
      between the phase of the electromagnetic waves from Antenna 100 and the
      phase of the electromagnetic waves from Antenna 200 will specify the
      direction relative to the in-phase radiation, i.e. electromagnetic waves
      propagating a .theta. =0.degree.. It will be apparent to one skilled in
      the art that to determine the sign of the direction relative to in-phase
      ratiation direction, identification must be made of the radiation from at
      least one of the antennas. In the preferred embodiment, a modulation
      signature is impressed radiation from both Antennas 100 and 200, to
      facilitate elctronic separation; however, other methods of radiation
      identification will be apparent to one skilled in the art.
PAR  Referring now to FIG. 5, the application of the present invention in a
      situation where the antenna is to be attached to a tower or mast is shown.
      To avoid a "shadow" from the mast, the antenna in this embodiment is
      comprised of a plurality of radiating sections, each section producing
      dielectrically phase-shifted electromagnetic waves and a non-phaseshifted
      electromagnetic waves. Each Center Conductor 105, providing the driving
      currently is placed .pi./4 wavelengths from a rear conducting wall to
      minimize the effects of electromagnetic reflections. Further, the electric
      signals introduced to each of Center Conductors 105 can all be in phase.
      The Dielectric Region 220 is arranged to vary with the direction of
      propagation.
PAR  As will be apparent to those skilled in the art, several variations
      utilizing the concepts of the preferred embodiment are possible. For
      example, the thickness v.sub.0 of Dielectric Region 220 producing a
      retardation of one wavelength relative to Dielectric Region 120 need not
      be the maximum radial extent of Dielectric Region 220. If other values for
      the maximum radial extent of Dielectric Region 220 are used, a different
      value of angular displacement for the electromagnetic waves propagating in
      phase for a given phase difference .DELTA., will be found. Further, the
      extent of the radial dimension of Dielectric Region 220 need not vary
      uniformly; however, more complicated calibration techniques are required
      for non-uniform variation. Further, Dielectric Regions 120 and 220 can be
      intermingled so that an "average" dielectric constant of a wave
      propagating radially is a function of angle. Finally, it will be apparent
      that departures from the disclosed axial symmetry of the antennas is
      possible while still utilizing a phase difference between electromagnetic
      radiation from two antennas to determine a direction relative to the
      antennas.
PAR  The foregoing description has included a continuously varying dielectric
      region. It will be apparent to those skilled in the art that changes in
      the dielectric region can be in incremental steps. In this embodiment, the
      number and magnitude of the discrete changes in the dielectric material
      provide a limitation on the resolution.
PAR  As will be apparent to one skilled in the art, the present invention can
      also be used in conjunction with standard ranging techniques, such as
      measuring the delay time between radiation emission and detection of
      effected radiation, to determine the distance of radiation-reflecting
      object from the antenna.
PAR  The above description is included to illustrate the operation of the
      preferred embodiment and is not meant to limit the scope of the invention.
      The scope of the invention is to be limited only by the following claims.
      From the above discussion, many variations are apparent to one skilled in
      the art which would yet be encompassed by the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An omnidirectional, non-rotating antenna for providing a
      direction-dependent radiation pattern comprising:
PA1  means for emitting electromagnetic waves;
PA1  a region of dielectric material located in a propagation path of said means
      for emitting electromagnetic waves, wherein properties of said
      dielectrical region are a function of direction of said emitted
      electromagnetic waves relative to said antenna;
PA1  said emitting means produces omnidirectional electromagnetic waves;
PA1  said dielectric material region is disposed about said emitting means, said
      dielectric material region comprised of a dielectric material having
      uniform properties, a thickness of said uniform dielectric material is a
      function of angle relative to said emitting means thereby giving the
      omnidirectional waves a phase shift dependent on direction of the
      radiation pattern;
PA1  said thickness of said uniform dielectric material increases as a function
      of angle, said uniform dielectric material including a region of rapidly
      decreasing thickness; and
PA1  said thickness of said uniform dielectric material corresponding to a
      difference between maximum thickness of said uniform dielectric material
      and a minimum thickness of said uniform dielectric thickness causes
      electromagnetic waves of a preselected frequency propagating therethrough
      to be retarded by substantially one wavelength.
NUM  2.
PAR  2. An omnidirectional, non-rotating antenna for providing a
      direction-dependent radiation pattern comprising:
PA1  means for emitting electromagnetic waves;
PA1  a region of dielectric material located in a propagation path of said means
      for emitting electromagnetic waves, wherein properties of said
      dielectrical region are a function of direction of said emitted
      electromagnetic waves relative to said antenna; and
PA1  a second radiation emitting means for providing a reference, said second
      radiation emitting means providing a uniform omnidirective radiation
      pattern of the same frequency as the means for emitting electromagnetic
      waves.
NUM  3.
PAR  3. An omnidirectional antenna for emitting a direction-dependent radiation
      pattern comprising:
PA1  first means for generating electromagnetic waves;
PA1  a propagation region for guiding electromagnetic waves produced by said
      radiation-generating means;
PA1  a region of material having varying dielectric properties in said
      propagation region, said dielectric material region generally disposed
      about said radiation-generating means wherein said dielectric properties
      are a function of direction from said radiation-emitting element thereby
      providing a phase shift to the electromagnetic waves that are generated;
PA1  second means for generating omnidirectional electromagnetic waves to serve
      as a reference for said first means for generating electromagnetic waves;
      and
PA1  a second propagation region for guiding electromagnetic waves provided by
      said second radiation-generating means.
NUM  4.
PAR  4. An omnidirectional antenna system comprising:
PA1  a first axially-symmetric electromagnetic wave guide;
PA1  first means for producing electromagnetic radiation, said first radiation
      means producing first axially-symmetric electromagnetic waves;
PA1  a second axially-symmetric electromagnetic wave guide, an axis of symmetry
      of said second wave guide substantially identical with said symmetry axis
      of said first wave guide;
PA1  second means for producing electromagnetic radiation, said second radiation
      means producing second axially-symmetrical electromagnetic waves; and
PA1  a region of dielectric material disposed about said second radiation means,
      said dielectric material region having dielectric properties varying as a
      function of angle about said axis of symmetry of said second radiation
      means, said dielectric material region causing a retardation of said
      second electromagnetic waves emitted from said second wave guide to be a
      function of angle thereby providing a phase shift that depends on angular
      direction of the electromagnetic radiation.
NUM  5.
PAR  5. The antenna system of Claim 4 wherein said first wave guide and said
      second wave guide are comprised of a plurality of wave-guide elements,
      wherein said first wave guide and said second wave guide are disposed
      about an object located substantially along said symmetry axis.
NUM  6.
PAR  6. An omnidirectional antenna providing an electromagnetic wave pattern
      that exhibits a phase shift related to direction of radiation from the
      antenna, comprising: a first omnidirectional emitting means to provide a
      direction-dependent phase shifted electromagnetic wave pattern; a second
      omnidirectional emitting means that emits a reference for the phase
      shifted electromagnetic wave; and a dielectric material surrounding the
      first omnidirectional emitting means so that as the electromagnetic wave
      propagates through the dielectric material it is retarded, thereby
      producing a phase shift, a different amount for each angular position of
      the emitting means.
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PAL  An improved inductor arrangement suitable for a wide variety of
      applications, but particularly advantageous for use in the design of
      ferrite antenna structures intended to operate at the relatively higher
      frequencies. The disclosed inductor arrangement includes a spiral inductor
      or coil divided into a plurality of wire segments, respective pairs of
      which are interconnected by individual capacitance elements to form a
      plurality of series-resonant circuits at a particular frequency or range
      of interest. The capacitance elements may be provided in the form of
      discreet components or by a suitable electro-deposition process in the
      interests of further optimizing size factor. The number of individual wire
      segments and resonating capacitance elements may be selected to provide a
      given terminal impedance for the inductor arrangement within a certain
      limited design range.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to series-resonating circuits and more
      particularly to an inductor arrangement with a plurality of integral
      series-resonating capacitors and which is suitable for use in a
      subminiature ferrite antenna exhibiting relatively high gain yet being
      substantially insensitive to hand capacity effects or the like.
PAR  In portable radio and paging equipment and related applications, size is of
      course an extremely important factor. At the same time, no degradation and
      performance can be tolerated to any large extent. This is particularly so
      with respect to antenna apparatus. High gain response is most desirable
      and, indeed, critical if the full range capabilities of the radio or
      paging equipment is to be realized. However, because of size limitations,
      the associated antenna arrangement cannot take the usual form of high gain
      antenna configurations conventionally encountered in the mobile
      communication or television arts.
PAR  One way to achieve an effective compromise between gain and size factors is
      to employ a ferrite rod antenna for such radio apparatus. This is a
      magnetic antenna structure as contrasted to the usual electric antenna
      structure. As is known, magnetic antenna devices of this sort are usually
      in the form of a rod or cylinder of ferrite material on which a spiral
      conductor is wound. The spiral conductor forms a completely closed loop
      and the ferrite core serves to concentrate the magnetic lines of flux and
      thereby induce an appropriate voltage signal in the closed loop
      configuration.
PAR  The conventional ferrite antenna structure nevertheless has a number of
      disadvantages, particularly at the relatively high frequencies at which
      the communications or paging receiver apparatus is expected to operate,
      say in the UHF frequency range, where problems in effectively resonating
      the antenna apparatus may be experienced. Too many turns of conductor on
      the ferrite core results in an inductance which in turn makes the
      necessary capacitance for resonance simply impractical. That is, the value
      of the capacitance becomes inordinately small. Reducing the number of
      turns to obtain a more practical value of resonating capacitance, however,
      reduces the level of induced voltage and thus is counter-productive with
      respect to gain.
PAR  Moreover, at the higher frequencies, hand capacity, while of a relatively
      low value, nevertheless presents an alternate or parallel path of
      sufficiently low impedance to significantly increase the loss factor with
      respect to the antenna device as a whole. The term "hand capacity" in this
      regard is used generally to denote one capacitive effect produced by the
      close proximity of the antenna device to any part of the human body.
PAR  Accordingly, it is an object generally of the present invention to provide
      an improved subminiature antenna structure suitable for use in paging or
      portable radio apparatus, which antenna structure effectively overcomes
      the foregoing method deficiencies.
PAR  A more particular object of the present invention is to provide a
      subminiature ferrite antenna structure suitable for use in paging and
      portable radio communications apparatus operable in the VHF or UHF
      frequency ranges and which exhibits improved gain characteristics.
PAR  Another object of the present invention it to provide an improved
      subminiature ferrite antenna device of the foregoing type which is
      substantially insensitive to hand capacitance effects or other loss
      factors when placed in close proximity to or worn on the person by a
      prospective user.
PAR  It is to be understood that while the present invention may be applied most
      advantageously to the application of antenna design, and particularly to
      the design of ferrite antenna structures, it is not limited thereto and
      may well find appropriate utilization in a wide variety of applications
      which will become apparent to those skilled in the art.
PAR  Accordingly, it is a further object of the present invention to provide an
      inductor arrangement with a plurality of integral series resonating
      capacitors for selective control of the terminal impedance of such
      inductor device without regard to the level or magnitude of inductance
      involved.
PAC  SUMMARY OF THE INVENTION
PAR  In practicing the invention, an inductor arrangement is provided in the
      form of a helical coil or other spiral configuration wherein the
      inductance is cut or otherwise divided into individual wire segments
      interconnected by a plurality of series resonating capacitors. In the
      preferred embodiment, each wire or inductive segment is individually
      series resonated at the particular frequency of interest. In this way, the
      terminal impedance of the inductor arrangement can be selectively
      controlled to a large extent dependent of the actual level or magnitude of
      inductance involved.
PAR  In application, the present invention is particularly suited for adaptation
      to the design of ferrite antennas, particularly such antennas intended for
      operation at the higher frequencies, say, in the VHF and UHF frequency
      ranges. The inductor device is preferably in the form of a thin metallic
      ribbon cut into selective segments, interconnected by a plurality of
      capacitance elements, and wound on an associated ferrite core or rod
      member. A higher number of turns can thereby be provided on the ferrite
      core to significantly increase the level of voltage induced in the overall
      antenna structure, and thereby the relative gain, while rendering the
      antenna structure substantially insensitive to hand capacitive effects
      that may otherwise be generated when the device is placed in close
      proximity or worn on the person of a user.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention itself,
      however, together with further objects and advantages thereof, may be best
      understood by reference to the following description when taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a view in perspective of a ferrite antenna device, which antenna
      has been constructed in accordance with the present invention;
PAR  FIG. 2a is an enlarged partial view in perspective of a pair of wire
      segments forming a part of the antenna of FIG. 1 and interconnected by a
      capacitance element in discreet form;
PAR  FIG. 2b is an enlarged partial view in perspective of a pair of similar
      wire segments interconnected by a capacitance element which has been
      electro-deposited between overlapping end portions;
PAR  FIG. 3 is a schematic representation of the closed loop conductor forming a
      part of the antenna structure of FIG. 1; and
PAR  FIG. 4 is a graphic representation of the response characteristics of a
      series-resonant circuit which may be useful in understanding certain
      aspects of the present invention.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Referring now to the drawings, an improved ferrite antenna structure 10 is
      shown in FIG. 1 which has been constructed in accordance with the present
      invention. Antenna 10 includes a spiral conductor 12, preferably in the
      form of a flat metallic ribbon, wound about a ferrite core 14 in
      substantially the manner as indicated. Connecting terminals 16 and 18 are
      formed by the respective ends of the conductor 12.
PAR  As further shown in FIG. 1, and more particularly in FIGS. 2a or 2b, the
      flat metallic ribbon conductor 12 is cut into a plurality of individual
      wire segments 12'. These segments are in turn interconnected by a
      plurality of capacitance elements 20, the purpose of which will be
      detailed subsequently.
PAR  As known in the art, the antenna structure 10 as depicted in FIG. 1 is
      commonly referred to as a ferrite antenna. As such, it is a magnetic
      antenna arrangement as distinguished from the more frequently encountered
      electric antennas. In structures of the latter type, one or more active
      elements are provided to intercept electromagnetic energy which in turn
      induces an appropriate voltage therein. They are characterized in that
      they are in open loop form and are either end or center fed. Such antennas
      usually incorporate straight rod like elements of one sort or another and
      have physical lengths for responding to particularized frequencies.
PAR  The magnetic antenna, on the other hand, includes a closed loop formed by a
      plurality of turns of wire or conductor about a magnetic core in which
      magnetic lines of flux are effectively concentrated, depending upon the
      permeability factor. In any event, the length of the wire conductor itself
      is not critical since resonance at the desired frequency of operation may
      be achieved by a series or parallel capacitance interconnected with the
      spiral conductor serving as the inductance in the overall reactance
      circuit.
PAR  In this regard, it will be appreciated that it is customary and of course
      desirable to incorporate as many turns of wire conductor as possible,
      within design limits, on the magnetic core so as to optimize the induced
      voltage, and thereby overall antenna gain. A relatively high number of
      turns is obtainable for such antenna structures operating at the lower
      frequencies, say, for example, in the AM and FM radio broadcast ranges.
      This is primarily because the required resonating capacitance is
      nevertheless of a practical value. This is not the case for the higher
      frequencies. For frequencies in the UHF range, for example, only two or
      three turns of conductor are possible on the magnetic core or else the
      necessary resonating capacitance becomes inordinately small, and therefore
      completely impractical, for example, one picofarad or less. Simply
      reducing the number of turns on the core to increase the value of
      resonating capacitance is counterproductive in that for every turn less of
      wire conductor on the magnetic core, there is a corresponding decrease in
      the induced voltage therein.
PAR  Still another problem is ferrite antenna devices of the type here
      considered concerns the alternate current paths that may be presented or
      otherwise created when the antenna device is placed in close proximity to
      or worn upon the person of a prospective user. "Hand capacity effects" is
      a common reference for this particular phenomena. As will be appreciated,
      the loss factor for the antenna device is significantly increased whenever
      this occurs. The problem is of course accentuated at higher frequencies
      where even a very small capacitance presents a parallel path of low
      impedance that substantially degrades the performance of the associated
      antenna device.
PAR  These problems, however, are readily and efficiently overcome in accordance
      with the principles of the present invention, as embodied in FIG. 1. As
      therein depicted, the wire conductor 12 forming the closed loop on the
      core 14 is intentionally cut or divided the plurality of individual wire
      segments 12'. The wire segments 12' are then serially interconnected by a
      plurality of capacitance elements 20. In this way, the resonating
      capacitance is physically distributed within the coil. Moreover, assuming
      the value of capacitance is the same for each of the interconnecting
      capacitive elements 20, the total capacitance for series resonance with a
      total inductance of coil 12 is simply C divided by X, where C is the
      capacitance value of a single capacitive element 20 and X is the total
      number of such capacitance elements.
PAR  It will be readily apparent, then, that a higher number of turns of wire
      conductor can be effectively utilized by virtue of the arrangement as
      shown in FIG. 1 than would otherwise be possible. Each of the wire
      segments is individually tuned or resonated to the frequency range of
      interest. In this way, as long as the reactance values of the individual
      elements are practical, additional segments, which in turn create
      additional turns about the associated magnetic core, can be added as
      desired without substantial affect.
PAR  Hand capacity effects are likewise minimized since the impedance at every
      point is reduced with respect to every other point and the parallel
      impedance paths that may be generated by close proximity to the person of
      a user are nevertheless not low enough to significantly increase the loss
      factor of the antenna device as a whole.
PAR  It is to be understood that the capacitive elements 20 may be provided in a
      wide variety of circuit configurations. They may be conventional in form
      such as ceramic discs, tubular, etc. As indicated in FIG. 2a, they may
      take the form of miniature glass or ceramic pads with conductive end
      terminals for soldering to the conductor wire segments 12' as shown. This
      provides an overall configuration that is attractive in terms of both
      fabrication and size factors. Of course, there are other configurations
      that may be readily utilized and remain within the scope of the present
      invention. For example, capacitive elements 20a may be provided by a
      deposition process between overlapping terminal portions of the wire
      segments 12', as depicted in FIG. 2b. In this embodiment, size and
      appearance are still further optimized.
PAR  As mentioned previously, the present invention is not limited to antenna
      design applications, but may find advantageous use in any application
      where a series-resonant tuned circuit is to be required and where the
      specific value of terminal impedance is a factor. By choosing the number
      wire segments and associated capacitive elements to be employed, any
      desired value of terminal impedance can be effectively obtained within
      certain practical design limits. Moreover, for higher power circuits, the
      high voltage point normally existing at the junction of the inductive and
      capacitive reactance elements, in the conventional single element circuit,
      is effectively obviated. With a plurality of such reactive elements, the
      reactive impedance is reduced accordingly, which in turn reduces the
      voltage levels being generated.
PAR  An inductor constructed in this manner will have the same bandwidth as the
      conventional single inductive-capacitive element tuned circuit. Moreover,
      there will be no degradation of circuit Q if the Q of the individual
      capacitive elements is substantially the same as the Q of the original
      single capacitor in a one-capacitor network.
PAR  FIG. 4 illustrates the response characteristics that may be expected of a
      series tuned circuit in terms of impedance and circuit Q. As such it is
      applicable to series-resonant circuits generally, whether embodied in an
      antenna circuit arrangement or in a more highpowered electrical circuit as
      a simple series-resonant inductor arrangement.
PAR  Accordingly, an improved inductor arrangement with interval
      series-resonating capacitors has been set forth and described herein which
      is suitable for general application, but particularly advantageous in a
      design of ferrite antenna structures operable at the higher frequency
      ranges. It is relatively simple in operation, yet highly efficient and
      reliable. Size is not compromised and fabrication costs are maintained at
      an attractive level.
PAR  While particular embodiments of the present invention have been shown and
      described herein, it will be apparent to those skilled in the art that
      various changes and modifications may be made without departing from the
      invention in its broader aspects. As a consequence, the aim in the
      appended claims is to cover all such changes and modifications as may fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved series-resonant inductor circuit component arrangement,
      comprising in combination:
PA1  a wire conductor of a predetermined length wound in helical form of
      substantially uniform diameter and having respective ends for connection
      to associated circuitry, said conductor being divided into a plurality of
      individual wire segments, each capable of resonance at a particular
      frequency of interest; and
PA1  a plurality of series-resonating capacitors individually interconnecting a
      respective pair of said inductor wire segments, respectively, to form a
      plurality of series-resonant tuned circuits,
PA1  the number of said wire segments and said series-resonating capacitors
      being selected to determine generally the terminal impedance of said
      inductor arrangement presented at said terminal ends.
NUM  2.
PAR  2. An improved series-resonant inductor arrangement in accordance with
      claim 1 wherein said plurality of series-resonating capacitors are
      provided in descreet component element form.
NUM  3.
PAR  3. An improved series-resonant inductor arrangement in accordance with
      claim 1 wherein said plurality of series-resonating capacitors are
      provided as thin, insulating pads suitably deposited between overlapping
      end portions of said respective pairs of said inductor wire segments.
NUM  4.
PAR  4. An improved loop ferrite antenna arrangement effectively desensitized to
      hand capacity effects, comprising in combination:
PA1  a ferrite magnetic core;
PA1  a spiral conductor wound on said core as a closed loop, said conductor
      being divided into a plurality of wire segments capable of individually
      resonating within a particular frequency range of interest; and
PA1  a plurality of series-resonating capacitors individually interconnecting
      respective pairs of said wire segments to form a plurality of
      series-resonant tuned circuits within said frequency range of interest.
NUM  5.
PAR  5. An improved ferrite antenna arrangement in accordance with claim 4
      wherein said plurality of series-resonating capacitors are provided in
      discreet component element form.
NUM  6.
PAR  6. An improved ferrite antenna arrangement in accordance with claim 4
      wherein said plurality of series-resonating capacitors are provided as
      thin, insulating pads suitably deposited between overlapping end portions
      of said respective pairs of said conductor wire segments.
NUM  7.
PAR  7. An improved ferrite antenna arrangement in accordance with claim 4
      wherein the number of wire segments and interconnecting series-resonating
      capacitors may be selected to provide a desired number of turns of said
      conductor on said magnetic core independent of terminal reactance
      required.
NUM  8.
PAR  8. An improved ferrite antenna arrangement in accordance with claim 4
      wherein said spiral conductor is in the form of a flat metallic ribbon.
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ABST
PAL  A recording apparatus and method is disclosed which includes a writing
      fluid source feeding a drop projection means which ejects a series of
      droplets of writing fluid from a nozzle in a discontinuous stream with
      sufficient energy to traverse a substantially straight trajectory to a
      recording medium. The volume of each droplet is individually controlled by
      electrical pulses applied to the projection means from an electronic
      driver. A plurality of such projection means may be employed and connected
      to control means whereby to print or form predetermined graphical
      intelligence patterns on a record medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a non-impact printing apparatus and
      method and more particularly to an apparatus and method in which the
      printing fluid is ejected by volume displacement from a nozzle.
PAR  Historically printing has been done by applying ink to a specially
      configured key or carrier and mechanically impacting the key or carrier on
      a recording medium such as paper to form an impression of the carrier.
      More recently, non-impact printing devices have been developed, where
      intelligence patterns (alphanumeric characters, graphical displays, etc.)
      are deposited on a recording medium. Non-impact printing devices utilize a
      variety of methods of forming the intelligence patterns, including
      chemically active and chemically inert processes, using either fluids or
      solids as the marking or printing medium, and requiring either specially
      treated recording media or untreated recording media.
PAR  It has been known to print by depositing discrete droplets of printing
      fluid on a recording medium in a predetermined pattern. Previous attempts
      to achieve such a method of printing utilize a continuous stream of fluid
      which separates into droplets which are charged and electrostatically
      deflected so that they form the desired pattern on the recording medium.
      Such methods produce acceptable resolution only when the charge per unit
      mass is accurately controlled for each droplet. Two basic variations have
      been developed: the droplets are either given equal charge per unit mass
      and then deflected by an electrostatic field whose intensity is controlled
      by the input signal, or the droplets are given a charge per unit mass
      according to the input signal and then deflected using a constant
      electrostatic field. Existing embodiments of both of these methods require
      that the fluid droplets be uniform, which has proven difficult to achieve.
      Once the stream of uniform droplets has been attained, it is usually
      necessary to provide voltages in the range of 2,000 to 10,000 volts for
      the electrostatic field. Such voltages are difficult and expensive to
      produce and control. Further, the process of charging the droplets
      themselves sometimes causes electrolysis of the printing fluid, producing
      corrosive byproducts which may cause electrode deterioration.
PAR  In an effort to obtain droplets of uniform size, two basic methods have
      been developed in the prior art. First, the printing fluid is delivered to
      a nozzle at sufficient pressure to assure that a continuous jet of fluid
      issues from the nozzle. The jet stream is separated into droplets by using
      radial oscillations or vibrations induced in the nozzle itself by means of
      magnetostrictive drivers or piezoelectric crystals. The vibrations cause
      regularly spaced varicosities in the ink stream, aiding the natural
      tendency of the stream to separate into droplets, and making the ensuing
      droplets more uniform than would otherwise occur.
PAR  In another embodiment of the droplet formation process, the printing fluid
      is delivered to the nozzle under sufficient pressure to form a meniscus at
      the nozzle but not high enough to produce flow through the nozzle. In this
      method, the fluid is drawn from the nozzle electrostatically in a ray-like
      jet which is then deflected electrostatically as desired. The
      electrostatic field which draws the jet of fluid from the nozzle is
      constant, producing a continual stream of printing fluid. The stream
      breaks into a succession of droplets with essentially uniform mass and
      charge. A time-varying electrostatic field controlled by an input signal
      is then used to deflect the droplets as required for the formation of
      alphanumeric characters. All of the foregoing printing processes and
      mechanisms make use of a continuous flow of printing fluid, with the flow
      to be diverted to a reject basin or collector whenever no characters or
      patterns are to be printed. This results in a more complicated system for
      handling the flow of printing fluid than would otherwise be required.
PAR  In another type of device, piezoelectric transducers are employed to create
      shock waves in a horn-shaped nozzle. As the waves travel down along the
      nozzle from the large end to the small end, their intensity increases. The
      high intensity shock waves serve to eject fluid from the end of the nozzle
      towards and onto an associated printing medium.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide an improved
      printing method and apparatus for recording with writing fluids and an
      improved drop projection means for use with such apparatus.
PAR  It is another object of the present invention to provide a drop projection
      means or head which selectively projects droplets having a controlled
      volume from a nozzle towards a printing medium responsive to electrical
      signals.
PAR  It is another object of the present invention to provide an improved method
      and apparatus for recording alphanumeric and graphical intelligence
      patterns on a recording medium by means of deposition of small droplets of
      printing fluid on the recording medium in an economical and reliable
      manner.
PAR  It is a further object of the present invention to provide a drop
      projecting means which projects drops from a nozzle responsive to
      electrical signals and in which the volume of the drops is controlled by
      the applied electrical signals.
PAR  It is still a further object of the invention to provide a printing
      apparatus which is simple in construction and reliable in operation.
PAR  The foregoing and other objects are achieved by a drop projection means or
      head in which a nozzle communicates with a fluid chamber fed from an
      associated fluid reservoir. An electromechanical transducer is associated
      with one wall of said chamber to rapidly vary the volume of said chamber
      responsive to electrical pulse signals whereby fluid droplets of volume
      dependent upon the electrical energy of the signals are ejected from the
      nozzle. The invention also relates to a printer employing a plurality of
      such printing heads to print various configurations, such as alphanumeric
      and graphical intelligence patterns, and to the method of printing such
      configurations.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram representing a recorder incorporating drop
      projecting means in accordance with the present invention.
PAR  FIG. 2 is a plan view of one embodiment of the drop projecting means shown
      in FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a graph showing the voltage applied to the drop projecting means.
PAR  FIG. 5 is a graph showing fluid pressure as a function of time.
PAR  FIG. 6 is a sectional view of the fluid projection means showing the
      piezoelectric element at maximum deflection.
PAR  FIG. 7 is a detailed sectional view corresponding to FIG. 6 showing the
      piezoelectric element returning to its normal position.
PAR  FIG. 8 is a detailed sectional view corresponding to FIG. 6 showing the
      piezoelectric element in its normal position.
PAR  FIG. 9 is a schematic diagram of an apparatus capable of projecting a
      plurality of droplets on a recording medium.
PAR  FIG. 10 is a schematic diagram showing another apparatus for projecting a
      plurality of droplets on a recording medium.
PAR  FIG. 11 illustrates a character formed by the recording apparatus
      schematically illustrated in FIGS. 9 and 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic representation of an apparatus 11 adapted to record
      information on a recording medium 12. The recording medium 12 is shown as
      moving relative to apparatus 11 from supply roller 13 to take-up roller
      14. However, it will be appreciated that relative movement between the
      apparatus 11 and the recording medium 12 may be in any suitable manner,
      with actual movement taking place either by the apparatus 11, the
      recording medium 12 or both.
PAR  Apparatus 11 includes an ink reservoir 16 which may be any suitable
      reservoir for the particular printing fluid used. Ink source 16 feeds
      through tube 17 to a drop projecting means or printing head 18. An
      electronic pulse generator 19 applies pulses to the printing head 18
      through an appropriate transmission means 21, such as wires. Upon
      receiving a pulse from driver 19, printing head 18 discharges and projects
      a single discrete droplet 22 of printing fluid from orifice 24. Each
      electrical pulse generates a single droplet with the volume of the drop
      being controlled by the energy of the applied pulse. In the embodiment
      shown in FIG. 1, the droplets form a line 23 on recording medium 12 as it
      is moved past the printing head 18.
PAR  For accurate recording of information on recording medium 12, a
      substantially straight trajectory should be followed from orifice 24 on
      printing head 18 to recording medium 12. In this manner, careful
      positioning of the recording medium relative to apparatus 11, or vice
      versa, results in impingement of droplets in a predicatable pattern
      according to signals generated by electronic driver 19. For the best
      recording of information, the droplet should be of a precise and
      predictable shape and volume. That is, each droplet must be exactly like
      every other and must closely follow the electronic signals from driver 19
      so that equally spaced signals give equally spaced droplets of
      substantially uniform size.
PAR  Referring to FIGS. 2 and 3, there is shown a preferred drop projecting
      apparatus or printing head 18. The printing head comprises a housing 36
      defining a portion of a pressure chamber 37. Tube 17 provides ink from an
      ink reservoir 16 to inlet passage 38 of the chamber. The pressure chamber
      37 also includes an outlet passage 39. The upper wall of the chamber is
      formed by a pressure or deflection plate 41. The pressure plate 41 is
      preferably formed of piezoelectric material. In the embodiment shown the
      pressure plate consists of two transverse expanding piezoelectric plates
      42 and 43 secured to one another by a conductive film 44 which is
      sandwiched therebetween. The outer surfaces of the plates 42 and 43 are
      provided with conductive coatings 46 and 47 which provide electrical
      connection to the faces of the plates and electrical connection is made to
      the outer conductive coatings by means or wires 48 and 49 whereby a
      voltage can be applied across the plate by application of voltage to the
      two faces. Upon application of an appropriate voltage across the plates 42
      and 43, plate 42 contracts and plate 43 expands thereby causing the
      pressure plate 41 to flex inwardly into the pressure chamber and thereby
      change its volume and displace fluid. This, of course, applies pressure to
      the printing fluid in the chamber. The application of pressure on the
      fluid in the chamber 37 forces the fluid through the outlet passage 39 to
      project towards the printing medium and back along the tube 17 against the
      hydrostatic head of the fluid reservoir. The end of the passage 39
      terminates in an orifice 52 of precise diameter whereby the diameter of
      the drop forced from the printing head is precisely controlled. Drop size
      is a function of voltage between plates 42 and 43, pulse length, and the
      diameter of orifice 52.
PAR  The pressure plate 41 is retained in housing 36 by suitable attachment
      means, such as epoxy resin adhesive and received by the body 36 of the
      printing head as shown in FIG. 3. A piezoelectric transducer which has
      been found satisfactory for the pressure plate 41 is sold under the trade
      name "Bimorph" by Clevite Corporation, Cleveland, Ohio. forms
PAR  The leads 48 and 49 apply electrical signals from an associated generator
      19 to the faces of the pressure plate 41 which, in turn, converts the
      electrical signal into displacement of the pressure plate which generates
      pressure in the ink. Preferably the generator 19 provides electrical pulse
      signals of selected amplitude and duration whereby to control the energy
      applied to the fluid. These rapid pressure pulses cause single droplets 22
      to be ejected from the orifice 52. When no pressure pulse is applied, ink
      form a slight meniscus 56 extending from the orifice 52 because of the
      static pressure from reservoir 16 upon the ink in the chamber 37.
PAR  Upon application of pulse pressure from the plate 41 ink is ejected from
      the orifice 52 as discrete droplets responsive to the pulses as shown
      schematically in FIG. 3. The droplets 22 impinge upon recording medium 12
      and relative movement between the printing head and recording medium
      results in the formation of a line or other configuration depending upon
      the direction and magnitude of the relative motion between the printing
      head and the printing medium associated therewith.
PAR  The size of the inlet and outlet passages 38 and 39 is controlled to some
      measure by the viscosity of the ink used. A larger tube would be needed
      for more viscous ink. When a pressure pulse on plate 41 is ejecting a
      droplet 22 from outlet orifice 52, the pressure also tends to force ink
      backwards through inlet passage 38 against the fluid head applied from the
      reservoir 16. The back flow is limited by controlling the length and
      diameter of inlet passage 38 so that the frictional retarding force of the
      fluid limits the amount of back flow during droplet ejection. Fluid
      flowing in a laminar manner through a tube of length L at a velocity v
      experiences a frictional retarding force F given by the following
      equation:
EQU  F = 8 .pi. .eta. L v,
PAL  where .eta. is the coefficient of viscosity for the fluid. Moreover, the
      static head on reservoir 16 tends to force droplets out of nozzle 52
      instead of back into the inlet tube 38. A static head of 2 inches of water
      is sufficient for most purposes. If the backflow through inlet passage 38
      is not limited, then the pressure pulse from plate 41 may expend
      significant energy by pushing a large volume of ink back through inlet
      passage 38 and would be unable to raise sufficient pressure in chamber 37
      to eject an ink droplet 22 from the nozzle 52.
PAR  The diameter of exit orifice 52 affects the diameter of droplet 22. The
      length and diameter of passage 39 should be selected so that there will be
      low frictional losses in comparison to those offered by the pressure head
      and the passage 38 and tube 17. While a meniscus 56 is formed at orifice
      52 when no pressure pulse is applied, surface tension of the ink keeps it
      from dribbling out of orifice 52. The allowable static pressure which may
      be applied through reservoir in ink source 16 may be expressed as
      ##EQU1##
      where D is the diameter of orifice 52 and S is the surface tension
      constant of the ink. However, for the meniscus to be stable at orifice 52,
      the ink should not wet the front surface of housing 36 on printing head
      18. That is, the natural contact angle between the ink and the front
      surface of housing 36 must be greater than 90.degree.. This condition can
      be satisfied if water based inks are used and the front surface 57 of
      housing 36 is coated with Teflon. While a Teflon coating on surface 57 is
      preferred, there are many other combinations of liquids and solids with a
      contact angle greater than 90.degree. which would be acceptable for
      purposes of this invention.
PAR  FIG. 4 shows input voltage to the crystal (which is translated to pressure
      on the fluid) as a function of time. The system remains at rest until an
      input voltage pulse 62 is applied to the plate 41 at t.sub.1. This voltage
      causes the piezoelectric pressure plate 41 (FIG. 3) to deflect, thereby
      increasing the pressure upon the ink until it is approximately 10 times
      its static value. Because of the reaction time in deflecting pressure
      plate 41 and the fluid inertia, application of voltage pulses at time
      t.sub.1 results in a rapid, but not immediate rise in pressure. The pulse
      is applied until time t.sub.3, when the pulse terminates.
PAR  The pressure variation is illustrated in FIG. 5 where pressure is at static
      value 63 at t.sub.1 and rises to maximum at 64 at time t.sub.2. This high
      pressure acts as a driving force on the ink in the output orifices 52
      accelerating it so that an ink droplet 22 begins to flow out of nozzle 52.
      Maximum fluid pressure is reached at point 64, but the pressure remains
      high until point 65 at time t.sub.3. As soon as a predetermined time has
      elapsed, t.sub.2 to t.sub.3 in FIGS. 4 and 5, the voltage from electronic
      driver 19 is switched back to its original voltage and the pressure in
      chamber 37 rapidly drops to beneath its static value at 66 at time t.sub.4
      and then returns to its static condition 67 at time t.sub.5. The column of
      ink in exit tube 39 is forced from nozzle 52 by the increased pressure at
      64 and has attained a high velocity. This high velocity overcomes surface
      tension at orifice 52 so that a droplet 22 separates from orifice 52 and
      follows a natural substantially straight trajectory to the recording
      medium where it forms a dot in the line 23. This process is described in
      greater detail in connection with FIGS. 6-8. The volume of ink ejected
      depends in part upon the pulse width of the output, time t.sub.1 to time
      t.sub.3 and the value of the voltage; that is, the energy applied.
      Variation in this length of time may conveniently give droplets having a
      diameter between 4 mils and 25 mils. The next applied pulse 68 ejects
      another droplet. Thus the frequency of the droplets is controlled by the
      frequency at which pulses are applied.
PAR  FIG. 6 is a sectional view of the fluid chamber 37 shown in FIG. 3.
PAR  FIG. 6 shows the chamber at time t.sub.3 (FIG. 5) when the deflection is at
      a maximum. The voltage across plate 41 has caused contraction of crystal
      42 and expansion of crystal 43 so that the plate deflects into chamber 37,
      displacing a quantity of ink. Depending upon the static head behind the
      supply entering at passage 38, the viscosity of the ink, the length and
      diameter of tube 38 and other considerations described above, a portion of
      the displaced ink will backflow into tube 17 through passage 38. However,
      the principal effect of the displacement of the ink in chamber 37 by plate
      41 is to force a plug or column 101 out of nozzle 52.
PAR  FIG. 7 shows pressure plate 41 still at its maximum deflection, but after
      the voltage supply has dropped at t.sub.4 shown at 66 in FIG. 5. Plate 41
      is now commencing its return to the rest position since the voltage input
      to the crystal has reversed again. The acceleration of plug 101 has also
      reversed. However, a portion of column 101 has attained escape velocity
      and forms droplet 102. Droplet 102 separates from plug 101, which is
      deaccelerating, leaving the stud end still communicating with the ink
      supply within the chamber 37.
PAR  FIG. 8 shows the system at time t.sub.5 in FIG. 5. Plate 41 has returned to
      its ready position at time t.sub.5 in the graph shown at 67 in FIG. 5. In
      the meantime, however, the negative portion of the pressure pulse, 66 in
      FIG. 5, results in sucking the column of ink 101 back into passage 39 as
      shown in FIG. 8. At the same time, surface tension of droplet 102 has
      caused it to form a sphere. The system returns to equilibrium after each
      pulse which results in formation of a droplet.
PAR  The maximum value 64 of the pressure on fluid ink may conveniently be
      within the range of 1 to 20 psi. By way of example, a specific set of
      parameters using the apparatus described in FIGS. 1 to 3 to produce high
      quality ink droplets rapidly is as follows:
TBL                TABLE I                                                     
     ______________________________________                                    
     Printing rate      1,000 dots/sec.                                        
     Static pressure    0.5 p.s.i.                                             
     Peak pulse pressure                                                       
                        5.0 p.s.i.                                             
     Pulse voltage      180 volts                                              
     Pulse width        50 .mu. s                                              
     Orifice diameter   .005 in.                                               
     ______________________________________                                    
PAR  FIG. 9 is a schematic diagram of an apparatus similar to that shown in FIG.
      1, except that it is capable of printing coherent ink dot patterns, such
      as alphanumeric characters. This is accomplished by having a series of
      printing heads 111-120 independently controlled by the electronic driver
      19. Printing heads 111-120 are packed vertically in stack 110 so that they
      may eject from one to ten droplets simultaneously. Let it be assumed that
      the letter "T" is desired to be printed according to the present
      invention. FIG. 11 shows how the letter "T" can be constructed from an
      array of ink dots having nine possible positions on the X axis and ten
      possible positions on the Y axis. The letter "T" may be formed with the
      device shown in FIG. 9 by positioning stack 110 at position 1 on the X
      axis (FIG. 11) and firing printing head 111 so that a dot appears at
      position ten on the Y axis. Stack 110 is then moved to position 2 on the X
      axis, printing head 111 is again fired, forming another dot at position 10
      on the Y axis. This process is continued until stack 110 is located at
      position 5 on the X axis, at which time all ten printing heads are fired
      so that droplets are ejected from each one of printing heads 111 to 120.
      This forms droplets at positions one through ten on the Y axis to form the
      vertical component of the letter "T". Thereafter, as stack 110 moves to
      positions 6 through 9 on the X axis only printing head 111 is fired to
      print dots at position ten on the Y axis in each case.
PAR  While FIG. 9 shows 10 printing heads 111 through 120, it has been found
      that legible characters can be generated with as few as five vertical
      positions. However, it is preferred to have between seven and ten
      positions in the printing head to provide alphanumeric characters having
      higher resolution.
PAR  The stack is mounted on threaded support 121 which cooperates with lead
      screw 122. The lead screw is rotatably mounted at its ends 123 and 124 and
      is driven by a stepper motor 126. The number of threads per inch on rod
      122 is chosen so that each rotational step of stepper motor 126 moves the
      printing head horizontally the distance between two adjacent columns on
      the X axis of FIG. 11. In that manner, each step of stepper motor 126
      advances the printing head to the next position along the X axis of FIG.
      11.
PAR  FIG. 10 shows an apparatus in which a plurality of printing heads 131-140
      are arranged in side-by-side relationship rather than stacked relationship
      as in FIG. 9. The recording medium 12 is moved vertically past the heads
      to print characters and other configurations. It will be understood that
      the series of printing heads may be oriented either vertically or
      horizontally, as desired. Thus, a stack of nozzles may be fed from
      vertically-disposed piezoelectric plates. Likewise, the relative movement
      between the printing medium and the head may be either vertical or
      horizontal.
PAR  It will, therefore, be apparent that alphanumeric characters may be printed
      according to the present invention without any impact between the recorder
      and the recording medium. Individual droplets are ejected over a
      substantially straight trajectory to the recording medium without the
      requirement of any electrostatic control or associated high voltages.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of projecting writing fluid droplets from an orifice
      comprising defining a confined volume of writing fluid, providing an ink
      reservoir in constant communication with said volume, and suddenly
      reducing the volume to project droplets from said orifice towards an
      associated printing medium, one droplet being projected out of said
      orifice each time said volume is suddenly reduced and wherein the printing
      rate is between 100 and 3,000 droplets per second.
NUM  2.
PAR  2. A fluid drop projection means comprising a fluid chamber, an orifice
      communicating with said fluid chamber, means communicating with said fluid
      chamber for feeding fluids into said chamber, and volume displacement
      means responsive to electrical signals for displacing a predetermined
      volume of fluid in said chamber to eject from said orifice a single
      droplet of fluid, said volume displacement means including a piezoelectric
      plate which is deflected into said chamber to displace a volume of fluid
      responsive to electrical signals applied thereto, said piezoelectric plate
      being comprised of two transverse expanding piezoelectric plates secured
      to one another and arranged to expand transversely in opposite directions
      whereby to deflect responsive to electrical signal applied thereto.
NUM  3.
PAR  3. Apparatus for recording with writing fluids on a recording medium,
      comprising:
PA1  a writing fluid chamber formed by walls of a housing, at least a portion of
      one wall including two transversely expanding piezoelectric plates secured
      to one another and arranged to expand transversely in opposite directions
      in a manner to deflect into said fluid chamber in response to electrical
      energy applied to said piezoelectric plates,
PA1  a passage in another wall of said writing fluid chamber communicating
      between the fluid chamber and an orifice on an outside surface of said
      another wall of the housing,
PA1  a fluid reservoir in constant fluid communication with said fluid chamber
      for supplying writing fluid to said chamber,
PA1  means for applying electric control signals to said piezoelectric plates to
      cause said plates to deflect inward into said writing fluid chamber to
      expel a single fluid drop to the outside of said fluid chamber through
      said orifice each time an electric control signal pulse is applied
      thereto,
PA1  means disposed opposite of said orifice for holding said recording medium
      to receive drops of writing fluid discharged through said orifice, and
PA1  means for providing relative movement between said housing and said
      recording medium, whereby a pattern of fluid droplets may be selectively
      recorded on said recording medium.
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ABST
PAL  Provision is made for compensating for the effects of the aerodynamic
      forces and electrostatic forces on a charged ink drop in the vicinity of
      another charged ink drop or drops by altering the charge applied to the
      drops affected by these forces so that flight to the intended location of
      the drop will occur.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to ink drop printing apparatus and more
      particularly to an improved arrangement for charging ink drops.
PAR  In ink drop printing apparatus, wherein charged ink drops are projected
      through an electric field in order to be deflected in accordance with the
      charge on the drop and thereafter fall on paper to form characters or
      symbols, in order to improve the resulting printing, it has been necessary
      to compensate both for aerodynamic effects and for the effects of the
      charges on the drops on each other. The aerodynamic effect is the
      retardation in the speed of the leading drop in a stream of drops, the
      leading drop being slowed down by the drag of the air which it must part.
      The succeeding drops are not affected as much as the first drop. The
      effect due to a charge on a drop arises, in a stream of drops, where, for
      example, a first drop in a stream is repelled by the charge on the
      following drop or drops and is caused to speed up in its passage through
      the air. The first drop in a stream of two drops will not be repelled
      nearly as much as the first drop in a stream of more than two drops. The
      last drop in a stream of drops is effectively pushed away from the stream
      of drops by the interaction of its charge and the field caused by the
      charge on the adjacent drop in the stream of drops.
PAR  Another problem that arises, when correcting for the repulsive force
      between the last drop and the drop before the last drop in a stream of
      charged drops by means of lowering the charge amplitude on the last drop,
      is that the charged ink drop before the last drop is deflected away from
      the stream by the interaction of its charge and the field resulting from
      charges on the adjacent drops in the stream of drops.
PAR  Still another problem that arises, which needs solution if excellent ink
      drop printing is desired, is that the amount of deflection that a single
      charged drop receives in passing through an electric field is greater than
      the amount of deflection that a drop, in a stream of drops, which has the
      same amplitude of charge as the single drop, receives in passing through
      the same electric field. This is caused by the relatively slower velocity
      with which a single drop passes through the electric field than does a
      stream of drops.
PAR  Yet another adverse effect has been noted which requires solution. An
      uncharged drop, not to be used in writing, which follows a stream of
      charged drops, has a charge induced therein, as a result of the charge on
      the last charged drop, which is of opposite polarity and of smaller
      amplitude than the charge on the last charged drop. As a result, this drop
      may be deflected enough in passing through the electric field, so that it
      will not be intercepted by the waste catcher and will instead cause ink to
      accumulate on the deflection plate.
PAR  A number of patents have been issued which teach how to provide charge
      compensation to take care of the effects of the charge of adjacent charged
      drops. These may be found in U.S. Pat. No. 3,631,511 to Keur, et al, and
      in U.S. Pat. No. 3,789,422, and U.S. Pat. No. 3,827,057. However, these
      patents do not teach how one may select the leading drop in a stream of
      only two drops and in a stream of two or more drops, and the trailing drop
      in a drop stream for charge compensation, nor do they teach how one may
      select a single charged drop for charge compensation, or how one may
      compensate an uncharged drop which immediately follows a charged drop for
      the effects of the charged drop thereon.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a charge compensating system for
      an ink drop printer whereby improved ink drop printing may be achieved.
PAR  Yet another object of this invention is to provide a system for
      compensating the charge on the first drop of a stream of two charged drops
      and a stream of more than two charged drops as well as the last drops of a
      stream of charged drops as well as on single charged drops, as well as on
      an uncharged drop immediately following a charged drop, as well as the
      drop before the last drop in a stream of charged drops.
PAR  The foregoing and other objects of the invention may be achieved in a
      circuit arrangement wherein there is generated a pulse for each drop that
      is to be charged, from the circuits which generate the drop charges in
      response to the character signals which are to be printed by the ink drop
      system. These pulse signals are passed through shift registers, the
      outputs of which are connected to logic circuits which determine which is
      the first and last of these pulses which correspond to the first drop in a
      stream of two drops and in a stream of more than two drops and last
      charged drop in a stream of charged drops. Also, logic is provided for
      deriving from the shift registers information as to when there is a single
      charged drop. Also, logic is provided for determining, from the shift
      registers, an occurrence of an uncharged drop following a charged drop.
      Logic is provided for determining from the shift register which is the
      drop immediately before the last drop.
PAR  Provision is made for suitably attenuating the charge being applied to the
      first drop of a stream and to the last drop of a stream to compensate for
      the repulsion forces of the fields of the adjacent charged drops.
      Provision is made for reducing the charge on a single charged drop so that
      it will not be over deflected in passing through an electric field.
      Further, in response to the logic, a charge is applied to an otherwise
      uncharged drop which follows a charged drop to compensate for the effects
      of the charge induced therein by the field of the charged drop.
DRWD
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will best be understood from the following
      description when read in conjunction with the accompanying drawings
      wherein FIGS. 1 and 2 taken together constitute a schematic diagram of an
      embodiment of the invention.
DETD
PAR  In the drawings, the presently known ink jet printer is shown
      schematically, and there is also included a block-schematic representation
      of the circuitry required in accordance with this invention. The ink jet
      printer basically includes an ink reservoir 10 which holds ink under
      pressure. A nozzle 14 is connected to the reservoir 10 through tubing 12
      and the ink from the ink reservoir 10 passes through the tubing and nozzle
      to be in the form of a stream 16, which is directed at a writing medium
      18. A transducer 20 which is driven in response to signals from a sync
      signal source 34, vibrates the ink in the region of the nozzle 14, causing
      the stream 16, to break up into ink drops at a short distance down stream
      and at a rate determined by the frequency of vibration. In the region
      where the stream 16 breaks down into drops, a charging tunnel 22 is
      provided. The charging tunnel 22 applies a charge to each drop as it is
      formed.
PAR  The amplitude of the charge is determined by the amount of deflection a
      drop must have to fall at a desired location on paper 18 positioned beyond
      the field plates 24, 26. A field bias source 28 applies a voltage across
      the plates 24, 26 to establish an electric field therebetween, through
      which the drops pass and are deflected in accordance with the amplitude of
      the charge thereon.
PAR  A waste catcher 30, has a deflector 32, which catches those drops which do
      not have a charge and thereafter drop lower than the charged drops which
      are deflected upward because of interaction with the field.
PAR  The pattern of drops which is written upon the paper 18 is determined by
      the parallel digital data coming from a data source 36. A character signal
      function generator 56, in response to pulses from the sync signal source,
      provides an analog output consisting of a series of electrical pulses,
      each having a different amplitude. These are applied to a terminal 55
      which is connected to the video amplifier 57 and the cathode of diode 54.
PAR  In accordance with this invention compensation is provided to handle the
      ink drop deflection problems, as previously indicated, caused by the
      fields on these charges, as well as other drop problems which will be
      indicated. The circuits for accomplishing this include a buffer circuit
      38, to which data is applied from the data source at a rate determined by
      the sync signals from the sync source 40.
PAR  The buffer, in response to each character represented by, for example,
      sixteen bits of parallel digital data will convert this to a number of
      pulses in series corresponding to the number of drops required to
      represent that character, however without varying amplitudes being given
      to these pulses to determine drop placement. The amplitudes are provided
      by the character generator. These pulses are applied serially to a first
      shift register 40, in response to the pulses from the sync signal source
      34.
PAR  The shift register 40, whose function will also be explained subsequently
      herein, connects its last output to the first input of shift register 42
      and through a serially connected inverter 43, NAND gate 44 and inverter
      46, to a video gate circuit consisting of resistor 48, connected to the
      base of a transistor 50. The collector of transistor 50 is connected to a
      resistor 52 and diode 54.
PAR  As will be made more clear subsequently herein, in the absence of pulses in
      both the last output of the first shift register 40 and the first output
      of second shift register 42, the video gate circuit will switch off the
      analog signals applied to junction 55 from the character generator. In the
      presence of a pulse in either or both the last output of the first shift
      register and the first output of the second shift register the video gate
      circuit will not prevent analog signals being applied to junction 55 from
      being further applied to video amplifier 57. The analog signals applied to
      the video signal amplifier are made thereby suitable for charging the ink
      drops.
PAR  By way of review, the character signal function generator applies a series
      of voltage signals to the video amplifier indicative of the amplitudes to
      be applied to the series of drops which will pass through the charging
      tunnel 22. For each drop charge signal, the buffer circuit will generate a
      pulse which is applied to the first four bit shift register 40. The first
      four bit shift register 40 output is applied to a second four bit shift
      register 42. The shift registers 40 and 42 are shifted in response to the
      clock and data sync pulses from the sync signal source. Signals are
      derived from the shift registers which enable drop charging voltages to be
      applied to the drops and also in the absence of these signals determine
      which voltage signals from the character generator are not to be used for
      drop charging.
PAR  The second shifted output from the first four bit shift register 40 is
      applied to an inverter 70, whose output is applied as one input to two
      NAND gates 62 and 72.
PAR  The third shifted output from the first four bit shift register is applied
      to an inverter 76 and is one input to the three NAND gates 58, 62 and 72.
      The output of the inverter 76 is applied as one input to the two NAND
      gates 66 and 78.
PAR  The fourth shifted output from the first four bit shift register is the
      input to the second four bit shift register and also to inverter 43. The
      first shifted output of the second four bit shift register 42, is applied
      to an inverter 82, and then is a second input to NAND gate 78 and one
      input to NAND gate 86. The output of the inverter 82 is applied as another
      input to four NAND gates respectively 44, 58, 62 and 66. The output of the
      five NAND gates respectively 58, 62, 66, 72 and 78 are applied to five
      inverters respectively 60, 64, 68, 74 and 80. The output of the inverter
      60 is applied through a resistor 100 to the base of a transistor 102. The
      output of the inverter 64 is applied through a resistor 104 to the base of
      a transistor 106. The output of the inverter 68 is applied by a resistor
      108, to the base of a transistor 110.
PAR  The output of inverter 74 is applied through a resistor 112 to the base of
      a transistor 114 and the output of inverter 80 is applied through a
      resistor 116 to a transistor 118.
PAR  The respective emitters of the transistors 102, 106, 110, 114 and 118 are
      connected to ground. The respective collectors of transistors 102, 106,
      110, 114 and 118 are connected to respective potentiometers 120, 122, 124,
      126 and 128. The other ends of the respective potentiometers are connected
      through fixed resistors respectively 130, 132, 134, 136 and 138 to a diode
      140, and through a resistor 142 to ground. The anode of diode 140 is
      connected to the junction 55.
PAR  It was previously pointed out that the fourth shifted output of the first
      four bit shift register 40 is connected to an inverter 43 whose output is
      connected as one input to each of two NAND gates 44 and 86. The second
      input to NAND gate 44 is the output of inverter 82. The second input to
      NAND gate 86 is the first shifted output of the second four bit register
      42. The output of NAND gate 86 is connected through an inverter 88 and
      through a resistor 90 to the base of a P-N-P transistor 92. It was
      previously pointed out that the output of the NAND gate 44 is applied
      through inverter 46 and through resistor 48 to the base of the P-N-P
      transistor 50. The emitters of transistors 92 and 50 are connected to a
      positive biasing potential shown as +V volts. The collector of transistor
      92 is connected to the cathode of a diode 98, whose anode is connected to
      the junction 55. The collector of transistor 50 is connected to the
      cathode of the diode 108, whose anode is connected to the junction 55.
PAR  The collector of transistor 92 is connected through a serial connected
      resistor 94 and potentiometer 96, to a -V volt biasing source also.
PAR  A description of the operation of the foregoing circuitry is as follows.
      The purpose of the buffer 38 is to convert parallel data from the output
      of the data source to serial data as the pulses which are applied to the
      shift registers and they can then be shifted to the locations which
      represent the drop position with respect to the charging tunnel. The
      pattern of pulses in the two shift registers provides a real time
      simulation of charge and no states of drops in a stream before, during and
      after passing through the charging plates. A pulse in the first shift
      register's fourth stage represents the fact that the drop having a
      corresponding location in the drop stream whose charge-no charge pattern
      is simulated by the pulse train, is now passing through the charging ring
      22. Register stage two of the first shift register holds a signal for a
      drop, two drop positions before it will pass through the changing plates.
      Register stage three of the first shift register holds a signal for a drop
      just before it will pass through the charging plates and register stage 1
      of the second shift register holds a signal just after the drop has passed
      through the charging plate.
PAC  STREAM OF CHARGED DROPS -- FIRST DROP -- LAST DROP
PAR  When the first of a series of consecutive pulses, indicative of a stream of
      consecutively charged ink drops, reaches the fourth shifted output of the
      first shift register, the third shifted output of the first shift register
      will be high and the first shifted output of the second shift register
      will be low. Inverter 82 inverts the low first shifted output of the
      second shift register so that NAND gate 58 has two high signals applied to
      its input. Its low output is inverted by inverter 60 applying a high
      signal to the base of transistor 102. The transistor is rendered
      conductive in response to the high signal. As a result the analog voltage
      output of the character function generator at junction 55 will be reduced
      in value because of the shunt path for this analog voltage established
      through diode 140, resistor 130, potentiometer 120 and transistor 102,
      which is in parallel with the load resistor 142. The charge applied to a
      first drop in a stream of ink drops, is reduced by a value which is set by
      the shunt path, and is adjustable by virtue of the potentiometer 120.
PAR  When the digital signal corresponding in time to the last drop in a series
      of consecutive drops reaches the fourth shifted output of the first shift
      register, the third shifted output of the first shift register will be low
      and the first shifted output of the second shift register will be high.
      The third shifted output of the first shift register is inverted and made
      high by inverter 76. As a result the two inputs to NAND gate 78 will be
      high. The low output of NAND gate 78 is inverted by inverter 80 resulting
      in a high output being applied to the base of transistor 118. This enables
      transistor 118 to become conductive whereby a shunt path for the voltage
      which is being applied to the video amplifier 57 is established, thereby
      reducing the amplitude of this voltage. As a result the voltage charge
      applied to the last drop of a series of charged ink drops will be reduced
      below the value otherwise applied to the ink drops by an amount which can
      be established by setting of potentiometer 128.
PAC  FIRST DROP OF TWO CONSECUTIVE INK DROPS
PAR  When the digital signal corresponding in time to the first drop in a series
      of two consecutive drops to be charged reaches the fourth shifted output
      of the first register, the third shifted output of the first register will
      be high and the second shifted output of the first register and the first
      shifted output of the second register will be low. The second shifted
      output of the first register is inverted and made high by inverter 70 and
      the first shifted output of the second register is inverted and made high
      by inverter 82. As a result the three inputs to NAND gate 62 will be high.
      The resulting low output of NAND gate 62 is inverted by inverter 64
      applying a high signal to the base of transistor 106. The transistor is
      rendered conductive in response to the high signal, whereby a shunt path
      is provided for the analog voltage, being applied to video amplifier 57 at
      that time. As a result, the voltage charge applied to the first drop of a
      series of two charged ink drops is reduced below the value otherwise
      applied to the ink drops by an amount which can be established by the
      setting of potentiometer 116.
PAC  A SINGLE DROP
PAR  When a digital signal corresponding in time to a single pulse reaches the
      fourth shifted output of the first shift register, the third shifted
      output of the first shift register and the first shifted output of the
      second shift register are low. These outputs are inverted by the
      respective inverters 76 and 82 whereby two high inputs are applied to the
      input of NAND gate 66. Its low output is inverted by inverter 68 whereby
      transistor 110 is rendered conductive at this time. As a result, a shunt
      path is established for the analog voltage which is amplified by video
      amplifier 57, thereby the single drop charging voltage amplitude is
      reduced below the value used to charge drops in a stream, as determined by
      the setting of potentiometer 124.
PAC  DROP BEFORE LAST DROP IN A STREAM OF INK DROPS
PAR  When the digital signal corresponding in time to the drop before the last
      drop in a series of consecutive drops to be charged reaches the fourth
      shifted output of the first register, the second shifted output of the
      first register will be low and the third shifted output of the first
      register will be high. The second shifted output of the first register is
      inverted by inverter 70 whereby two high inputs are applied to the input
      of NAND gate 72. Its low output is inverted by inverter 74 whereby
      transistor 114 is rendered conductive at this time. As a result, a shunt
      path is established for the analog voltage which is proportional to the
      charging voltage required for the drop before the last drop, and the
      amplitude of charging voltage for the single drop is reduced below the
      value otherwise applied to the ink drop by an amount which can be
      established by setting of potentiometer 126.
PAC  UNCHARGED DROP FOLLOWING A STREAM OF CHARGED DROPS
PAR  It was previously indicated that compensation is required for the effects
      of the charges in a stream of ink drops on the drop following the last ink
      drop in the stream of charged drops because an opposite charge is induced
      on this ink drop so that it does not follow the path of the stream of zero
      charged ink drops. The drop charging circuits are modified to provide an
      additional drop charging signal following what would otherwise be a last
      drop charging signal. This additional signal if unaltered would have the
      same amplitude as the charging signal for a drop following in time the
      last drop position.
PAR  When the last pulse of a series of pulses is shifted to the first shifted
      pulse output of the second shift register, the fourth shifted pulse output
      of the first shift register will be low and the first shifted output of
      the second register will be high. NAND gate 86 receives the high first
      shifted output of the second register and the inverter 43 renders the
      fourth shifted output of the first shift register high, as a result of
      which NAND gate 86 will provide a low output. This low output is inverted
      by inverter 88 with the resulting high signal being applied to the base of
      transistor 92. Transistor 92 is maintained nonconductive in the presence
      of a high signal applied to its base, but is rendered conductive when a
      low signal is applied to its base.
PAR  Diode 98, when transistor 92 is rendered nonconductive, is maintained
      conductive by virtue of the -V volt biasing potential being applied to its
      cathode through potentiometer 96 and resistor 94. When diode 98 is
      conductive, any signal applied to the junction 55 will be attenuated by an
      amount determined by the setting of potentiometer 96 and the value of
      resistor 94. Transistor 92 is usually maintained conductive, thereby
      maintaining diode 98 nonconductive, except in the presence of a pulse in
      the first shifted output of the second four bit shift register and no
      pulse in the fourth shifted output of the first shift register. This
      situation also occurs when the last pulse of a stream of pulses is passing
      through the shift register. As a result, when this situation arises, the
      drop following the last charged drop in a stream will receive a charge,
      which is attenuated in value by an amount sufficient to compensate for the
      charge on the charged drop which just preceded it in the stream and has
      the opposite polarity. In this way, the drop following a stream of charged
      drops, that is normally not charged and would not be caught by the
      catcher, is now caught by the catcher. Transistor 92 is maintained
      conductive for all other situations, thus permitting the charging video
      voltage to be applied to the charging plates unattenuated, except of
      course for the operations previously described in connection with the
      first and last charged drops, the drop next to the last drop, the drop
      following the last drop in a stream of drops and a single charged drop.
PAR  Diode 54 also is rendered conductive, due to the bias provided by the -V
      volts biasing source through resistor 52, whenever transistor 50 is
      rendered nonconductive. Transistor 50 is maintained nonconductive except
      when there is no pulse in the fourth shifted output of the first shift
      register and in the first shifted output of the second shift register.
      When this occurs, the inputs to NAND gate 44 are both high and its output
      is low. The inverter 46 renders the output high whereby transistor 50 is
      biased off and diode 54 is rendered conductive and can attenuate the
      charging voltage signal being applied to the junction 55. The purpose of
      the circuit just described is to prevent a charging voltage from being
      applied to "no charge" drops and to allow the signal required for
      providing the charging voltage for the drop following the last drop to be
      charged. Thus, in the absence of pulses in the fourth shifted output of
      the first register and in the first shifted output of the second register,
      a situation which occurs when no charge is being applied to a drop, the
      voltage being applied to junction 55 is shunted and is substantially zero.
PAR  By way of example, and not to serve as a limitation on the invention, it
      has been observed that with a 29 micron nozzle and an ink drop velocity of
      570 inches per second it was required to reduce the amplitude of the
      charging voltage between 4% and 6% for letter sizes up to 0.085 inches.
      The drop following the last charged drop has a voltage of between 8 to 12%
      of the preceding ink drop charging voltage applied to it. The amount of
      reduction to achieve compensation is empirically established for each
      system by observing the printing and adjusting the indicated
      potentiometers until the badly deflected drops fall into place on the
      paper.
PAR  While two shift registers are represented in the drawing, a single register
      can also be used.
PAR  There has been described a novel system for compensating drop charges for
      adverse charge affects.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In an ink jet printer of the type wherein a stream of ink drops is
      projected through a means for charging individual drops responsive to
      video signals indicative of a desired printout, said stream of ink drops
      thereafter passing through an electric field to be deflected in accordance
      with the charges on said drops, thereafter terminating on a receiving
      substrate, the method of compensating the charge which would otherwise be
      applied to predetermined drops in a stream of ink drops for the effects of
      other charges in said stream of drops comprising the steps of
PA1  generating a train of signals simulating at any given moment, for a given
      stream of drops, the charge and no charge states which the drops in said
      stream of drops which have not yet passed through said means for charging
      will assume after passing through said means for charging, at a time when
      a predetermined drop is passing through said means for charging,
PA1  sensing solely from said train of signals when a predetermined drop in a
      stream of charged drops is passing through said means for charging and
      producing a modifying signal responsive thereto, and
PA1  modifying the charge applied to said predetermined drop by said means for
      charging responsive to said modifying signal.
NUM  2.
PAR  2. In an ink jet printer of the type wherein a stream of ink drops is
      projected through a means for applying a charge to individual drops
      responsive to video signals indicative of a desired printout, said stream
      of ink drops thereafter passing through an electric field to be deflected
      in accordance with the charges on said drops, thereafter terminating on a
      receiving substrate,
PA1  means for compensating the charge being applied to predetermined drops in a
      stream of ink drops for the effects of the electric fields established by
      charged drops as well as for aerodynamic effects comprising,
PA1  means for stimulating the charge-no charge pattern which a stream of drops
      will have after passing through said means for applying a charge each time
      one of the drops in said stream is passing through said means for applying
      a charge, including
PA1  means for establishing a representative signal representing each drop to be
      charged by said charging means,
PA1  shift register means for establishing first, second, third and fourth
      representative signal inpsection locations for inspecting representative
      signals respectively at two intervals before each drop passes through said
      means for applying a charge, at one interval before a drop passes through
      said means for applying a charge, during and at one interval after the
      drop represented is passing through said means for applying a charge to
      individual drops, and
PA1  means for passing said representative signals through said representative
      signal inspection locations in synchronism with drops passing through said
      means for applying an individual charge,
PA1  logic means solely responsive to a predetermined pattern of representative
      signals in said signal inspection locations in said shift register means,
      for producing a modification signal, and
PA1  means responsive to said modification signal for modifying the charge being
      applied to said predetermined drop by said means for applying a charge to
      compensate for aerodynamic effects or for the effects of the charges on
      other ink drops.
NUM  3.
PAR  3. In an ink jet printer as recited in claim 2 wherein said means
      responsive to said modification signal for modifying the charge being
      applied to said predetermined drop comprises attenuating means enabled
      responsive to said modification signal for attenuating the amplitude of
      the charge being applied by said means for applying a charge to individual
      drops to compensate for the effects of the charge on adjacent ink drops.
NUM  4.
PAR  4. In an ink jet printer as recited in claim 2 wherein said logic means
      includes means responsive to the absence of representative signals in said
      second third and fourth inspection locations for preventing the
      application of any charge to a drop passing thru said means for applying a
      charge at that time.
NUM  5.
PAR  5. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes a first NAND gate means for producing, when enabled a
      modification signal,
PA1  inverter means coupled between one input to said first NAND gate means and
      the output of said fourth stage of said shift register means, and
PA1  means coupling the output of said second stage of said shift register means
      to a second input to said first NAND gate means, whereby when a
      representative signal is present in said first stage but is not present in
      said third stage said first NAND gate means is enabled to produce a
      modification signal to modify the charge applied to the first drop in a
      stream of drops to be consecutively charged.
NUM  6.
PAR  6. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes
PA1  a second NAND gate means,
PA1  inverter means coupling the output of said second shift register stage to
      one of said NAND gate inputs, and
PA1  means coupling said fourth shift register stage output to a second input to
      said second NAND gate whereby when a representative signal is present in
      said fourth shift register stage but not in said second shift register
      stage said second NAND gate is enabled to produce a modification signal to
      modify the charge applied to the last drop in a stream of drops that have
      been charged.
NUM  7.
PAR  7. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes
PA1  a third NAND gate means,
PA1  a first inverter means coupling the output of said fourth shift register
      stage to one input to said third NAND gate,
PA1  a second inverter means coupling the output of said second shift register
      stage to a second input to said NAND gate whereby when no representative
      signals are present in said second and fourth shift register stages said
      third NAND gate is enabled to produce a modification signal to modify the
      charge being applied to an isolated drop.
NUM  8.
PAR  8. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes
PA1  a fourth NAND gate means,
PA1  an inverter coupling the third shift register stage output to one input to
      said fourth NAND gate means,
PA1  means coupling the fourth shift register stage output to a second input to
      said NAND gate whereby in the absence of an output from said third shift
      register stage and in the presence of an output from said fourth shift
      register stages, said fourth NAND gate is enabled to produce a
      modification signal to modify the charge being applied to the drop
      following a charged drop which otherwise would not receive a charge.
NUM  9.
PAR  9. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes
PA1  a fifth NAND gate means,
PA1  a first inverter coupling said first shift register stage to said fifth
      NAND gate means,
PA1  a second inverter coupling said fourth shift register stage to said fifth
      NAND gate means, and
PA1  means connecting the output of said second shift register stage to said
      fifth NAND gate means, whereby said fifth NAND gate means is enabled to
      produce a modification signal to modify the charge being applied to the
      first drop of a two consecutive-charged drop sequence.
NUM  10.
PAR  10. In an ink jet printing system as recited in claim 2 wherein said logic
      means includes
PA1  a sixth NAND gate means,
PA1  a fifth inverter coupling said first shift register stage output to said
      sixth NAND gate means, and
PA1  means coupling said second shift register stage output to said sixth NAND
      gate means, whereby in the absence of an output from said first shift
      register stage and in the presence of an output from said second shift
      register stage said sixth NAND gate means is enabled to produce a
      modification signal to modify the charge being applied to the drop before
      the last drop in a stream of charged drops.
NUM  11.
PAR  11. In an ink jet printer of the type wherein a stream of ink drops is
      projected through a means for applying a charge to individual drops
      responsive to video signals indicative of a desired printout, said stream
      of ink drops thereafter passing through an electric field to be deflected
      in accordance with the charges on said drops, thereafter terminating on a
      receiving substrate,
PA1  means for generating a train of signals simulating the charge and no charge
      states of drops in a stream of drops which would exist before drops pass
      through said means for charging and which exists during and after passing
      through said means for charging,
PA1  first means for sensing solely from said train of signals when the first
      drop in a stream of charged drops is passing through said means for
      charging and producing a first modifying signal responsive thereto,
PA1  first means responsive to said first modifying signal for modifying the
      charge applied by said means for charging to the first drop in a stream to
      compensate for the effects thereon of the charges on the succeeding drops
      in said stream,
PA1  second means for sensing solely from said train of signals when the last
      drop in said stream of charged drops is passing through said means for
      charging and producing a second modifying signal responsive thereto,
PA1  second means responsive to said second modifying signal for modifying the
      charge applied by said means for charging to the last drop in said stream
      to compensate for the effects thereon of the charges on the other drops in
      said stream,
PA1  third means for sensing solely from said train of signals when the next to
      the last drop in said stream of drops is passing through said means for
      charging and producing a third modifying signal responsive thereto, and
PA1  third means responsive to said third modifying signal for modifying the
      charge applied by said means for charging to said next to the last drop in
      said stream to compensate for the effects of the charges on the other
      drops of said stream thereon.
NUM  12.
PAR  12. In an ink jet printer as recited in claim 11 wherein there is included
      a fourth means for sensing solely from said train of signals when an
      uncharged drop follows a charged drop in said stream of drops, and
      producing a fourth modifying signal responsive thereto, and
PA1  fourth means responsive to said fourth modifying signal for enabling said
      means for charging to apply a charge to said uncharged drop to compensate
      for the charge induced thereon from the charges on the charged drops in
      said stream.
NUM  13.
PAR  13. In an ink jet printer as recited in claim 11, wherein there is included
      fifth means for sensing solely from said train of signals when a single
      drop to be charged in a stream of uncharged drops is passing through said
      means for charging and producing a fifth modifying signal responsive
      thereto, and
PA1  fifth means responsive to said fifth modifying signal for modifying the
      charge being applied by said means for charging to said single drop to
      compensate for over deflection thereof.
NUM  14.
PAR  14. In an ink jet printer as recited in claim 11 wherein there is included
      sixth means for sensing solely from said train of signals when the first
      drop of a sequence of two adjacent drops to be charged is passing through
      said means for charging and producing a sixth modifying signal responsive
      thereto, and
PA1  sixth means responsive to said sixth modifying signal for modifying the
      charge being applied by said means for charging to said first drop of said
      sequence of two adjacent drops to compensate for the effects thereon of
      the charge on the second drop in said sequence.
NUM  15.
PAR  15. In an ink jet printer as recited in claim 11 wherein there is included
      seventh means for sensing solely from said train of signals when no charge
      is to be applied to a drop passing through said means for charging and
      producing a seventh signal responsive thereto, and
PA1  seventh means responsive to said seventh signal for preventing any charge
      being applied by said means for charging.
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ABST
PAL  In conventional recorders using electric recording, sooner or later
      cloudiness of the record carrier occurs and prevents satisfactory
      recording. The cloudiness is due to the counter-electrode which cannot be
      manufactured so as to have a perfectly smooth surface. To avoid the said
      disadvantage the inventive counter-electrode is segmented, each segment
      being connected to a current-limiting resistor which either is discrete or
      forms part of the entire counter electrode.
BSUM
PAR  The invention relates to a recorder for electro-sensitive record carriers
      which is provided with at least one recording electrode and a
      counter-electrode.
PAR  Recording paper coated with a thin layer of aluminium or zinc-cadmium is
      increasingly being used for printing analog or digital symbols. Recording
      is effected either continuously by means of direct current or
      discontinuously by means of pulsed currents. The recording electrode
      proper is a metal stylus having a diameter of a few tenths of a
      millimeter, at the tip of which the high current density causes the metal
      coating of the record carrier to melt or even, in the case of large
      currents, to burn off or to evaporate. The counter-electrode generally is
      a sliding surface or roller made of a metal of high electrical
      conductivity. Via this counter-electrode the record paper is grounded. The
      circuit between the recording electrode and the counter-electrode then is
      closed via the metal foil of the record carrier. If a plurality of
      recording electrodes is used, the symbols may be printed in the form of
      dots arranged in a matrix.
PAR  In the known recording devices, grounding the record carrier gives rise to
      difficulties and suffers from disadvantages due to the oxide film on the
      metal foil and to unevennesses of the surface of the counter-electrode.
PAR  Even when a roller coated with a high-quality contact material, for example
      gold, is used, natural unevennesses of the record carrier give rise to
      inhomogeneous current distribution between the two contact partners. As a
      result, spurious records are made at locations of high current density. In
      addition, after prolonged operation material of the foil will be
      transferred to the counter electrode and be welded to the surface thereof,
      so that the aforementioned disadvantage of spurious recording is
      aggravated. Such a recording cannot be controlled and results in clouding
      which eventually prevents true recording by the recording electrode and
      hence satisfactory legibility.
PAR  Increasing the force by which the counter-electrode is pressed against the
      record carrier does not improve the recording. The use of a metal brush as
      a counter-electrode provides a slight improvement in that the oxide film
      of the foil is removed and the large number of wires improves the current
      distribution. However, both methods, i.e. increasing the thrust force and
      the use of a metal brush, suffer from the considerable disadvantage that
      owing to the increased friction the amount of energy required for moving
      the record carrier is materially increased. This energy consumption is
      important, for example, in a portable battery-fed recorder. Furthermore
      accurate guiding of the record carrier provides difficulty.
PAR  It is an object of the present invention to provide a counter-electrode for
      use in a recorder for electro-sensitive record carriers such as to achieve
      even current distribution between the surfaces of the counter-electrode
      and the record carrier so that there is no need for increased pressure of
      the counter-electrode against the record carrier. According to the
      invention this is achieved in that the counter-electrode is made up of
      separate electrode segments, each segment being connected to a
      current-limiting resistor which either is discrete or forms part of the
      counter-electrode. The said segments with the associated resistors are
      electrically connected in parallel. The series resistors are proportioned
      so that breakdown through the oxide film of the foil is produced but the
      metal layer itself does not melt or burn off.
PAR  The said fundamental structure of the counter-electrode may be modified in
      various manners. For example, all the series resistors may be combined and
      used as a holder for the electrode elements. Alternatively all the
      electrode elements and the associated series resistors may be made of a
      homogeneous material, for example graphite. The unevennesses on the
      surface of such a counter-electrode then act as electrode segments and the
      parts supporting them act as series resistors. In this case also, all the
      segments and the associated resistors are electrically connected in
      parallel.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows the fundamental structure of a recorder according to the
      invention, and
PAR  FIGS. 2 to 4 show modified embodiments thereof.
DETD
PAR  Referring now to FIG. 1, there is schematically shown a recorder for
      electrosensitive record carriers, only component parts essential for an
      understanding of the invention being indicated. Thus, no holders for the
      recording electrode and the counter-electrode and no means for moving the
      record carrier are shown, the direction of movement being assumed to be
      from the counter-electrode to the recording electrode.
PAR  The record carrier, the size of which is shown greatly exaggerated in the
      Figures, comprises a paper base 6 coated with a metal foil 5. This metal
      foil 5 is electrically conductive and generally has an oxide film 4. The
      oxide film 4 acts as an insulator in the electric circuit. By closing the
      circuit between a voltage source 8 and a recording electrode 3 in a manner
      not shown a symbol is recorded on the record carrier 6 in that the metal
      foil 5 is removed by melting or burning under the recording electrode 3.
      Depending upon the duration of energisation of the recording electrode 3 a
      symbol may be recorded in the form of a dot or a dash.
PAR  In contradistinction to the uniform construction of the counter-electrode
      in known recorders a counter-electrode divided into segments is used. In
      the embodiment shown in FIG. 1 the counter-electrode comprises three
      segments 2. Each electrode segment 2 is connected to a series resistor 1.
      The other ends of the resistors 1 are connected to the voltage source 8.
      The series resistors 1 are proportioned so that at the voltage used there
      is produced under an electrode segment 2 a breakdown through the oxide
      film 4 on the metal foil 5 of the record carrier 6, but that the metal
      coating 5 does not melt or burn off. Such melting or burning off of the
      metal coating initially is not effected at the recording electrode 3
      either, as long as current passes through a single electrode segment 2
      only. However, because all the electrode segments 2, which are decoupled
      from another by their series resistors 1, are connected in parallel,
      breakdown under several electrode segments 2 soon causes current of a
      strength required for recording to be supplied to the recording electrode
      3. Obviously, a plurality of recording electrodes 3 may be arranged to
      form an array, for example, when an analog symbol is to be recorded by
      matrix printing.
PAR  In practice, for considerations of reliability a large number of electrode
      segments 2 will be used. Provision of a separate resistor for each segment
      is expensive. FIGS. 2 to 4 show possibilities of more economical
      construction.
PAR  In the recorder shown in FIG. 2 the discrete electrode segments 21 are
      mounted in a holder 11 made of a material of suitable electrical
      resistivity. The arrangement of electrode segments 21 and resistive holder
      11 is secured in an electrically conductive holder 7 which is electrically
      connected to the supply source 8.
PAR  In the recorder shown in FIG. 3 the electrode segments 21 and the
      associated series resistors are combined and consist of a material of
      suitable electrical resistivity, for example graphite. This material has
      proved eminently suitable both as a sliding electrode and as a rolling
      electrode. The surface of such a counter-electrode 22 is in direct contact
      with the surface of the foil 5 of the record carrier 6. Because the
      surface of the counter-electrode 22 by its very nature, for example by its
      microphysical properties and owing to its porosity and machining
      roughness, is not perfectly smooth but has unevennesses, the latter act as
      electrode segments and the regions of the counter-electrode 22 which
      support them act as series resistors 1. In this case also, all the
      segments 2 and resistors 1 are electrically connected in parallel.
PAR  The recorder shown in FIG. 4 is a modification of that shown in FIG. 3. The
      surface of the counter-electrode 22 is formed with additional macroscopic
      structures 23 in the form of incisions, bores, spiral grooves and the like
      so as to achieve accurate values or matching for the resistors 1 for each
      individual case, for example for record carriers of a special type, and
      also to increase the pressure per unit of area between the record carrier
      5, 6 and the surface of the counter-electrode 22.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recorder for an associated electrosensitive record carrier having at
      least one recording electrode and a counter-electrode, each being disposed
      on the same side of the electro-sensitive record carrier in spaced
      relation from each other, said counter-electrode comprising a plurality of
      discrete electrode segments electrically connected in parallel, a
      plurality of current limiting resistors, each of said segments being
      connected to one of said current limiting resistors, said recording
      electrode and said segments being disposed proximate to the
      electrosensitive paper.
NUM  2.
PAR  2. A recorder as claimed in claim 1 further including a holder for each of
      said segments, said segments of said counter electrode being disposed in
      said holder, said holder being manufactured of a material which has an
      electrical conductivity lower than that of said electrode segments, each
      of said holders also carrying said current limiting resistor connected to
      said segment.
NUM  3.
PAR  3. A recorder as claimed in claim 2 wherein said segments are depending and
      macroscopically visible.
NUM  4.
PAR  4. A recorder as claimed in claim 1 wherein said electrode segments and
      said resistors consist of the same material and said segments have a
      plurality of discrete surface elements produced by the physical properties
      including the porosity and surface roughness thereof.
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PAL  "A Bistable Resistor," - Bongers and Enz, Philips Res. Repts. 21, pp.
      387-389, 1966.
ABST
PAL  A method of producing viewable images is disclosed wherein a layer of
      electrostatic charge is deposited on the surface of a 3d metal oxide that
      is disposed in an ambient temperature below the Neel temperature. The
      temperature at certain portions of the surface of the 3d metal oxide is
      increased to exceed the Neel temperature such that the 3d metal oxide
      undergoes an insulator-to-metal transition whereby the layer of
      electrostatic charge is selectively dissipated to form an electrostatic
      latent image corresponding to those portions of the surface that are
      subjected to an increase in temperature. The electrostatic latent image is
      then developed to form a viewable image. In one embodiment of the present
      invention the temperature is increased to exceed the Neel temperature by
      imaging a character pattern comprised of modulated radiant energy onto the
      surface of the 3d metal oxide. In another embodiment of this invention the
      temperature is increased to exceed the Neel temperature by transferring
      thermal energy forming a character pattern to the surface of the 3d metal
      oxide. In a further embodiment of this invention the electrostatic latent
      image is formed by depositing an electrostatic charge on the surface of
      the 3d metal oxide, the latter having certain portions thereof at a
      temperature that exceeds the Neel temperature therefor.
PARN
PAR  This is a division, of application Ser. No. 332,684, filed Feb. 15, 1973,
      now abandoned.
BSUM
PAR  This invention relates to a method of producing viewable images and in
      particular, to a method of producing viewable images on a surface
      comprised of an oxide of a 3d transition element.
PAR  In the art of electrophotography, the techniques generally utilized to
      reproduce documents or other graphic material have long been known to
      those of ordinary skill. These techniques are fundamentally disclosed in
      U.S. Pat. No. 2,297,691 issued to Chester F. Carlson. Briefly,
      conventional electrophotographic reproducing techniques image modulated
      radiation onto a photoconductive plate to selectively dissipate a uniform
      layer of electrostatic charge that has been deposited on the surface of
      the plate to form an electrostatic latent image of an original document.
      The photoconductive plate is comprised of a thin layer of photoconductive
      material overlying a conductive substrate. The photoconductive layer
      exhibits good electrical insulating characteristics in the dark to retain
      the electrostatic charges on the surface thereof; and is photoresponsive
      to impinging radiation whereby the electrical resistance thereof is
      sufficiently reduced to permit rapid dissipation of the electrostatic
      charges. Typical examples of photoconductive material that have been
      successfully employed include zinc oxide, selenium, anthracene, sulfur,
      photoconductive phosphors and the like. The electrostatic latent image
      thus formed on the surface of the photoconductive material is developed by
      depositing electroscopic material thereon and the developed image may then
      be transferred to a support surface to form a final copy of the original
      document.
PAR  The present invention utilizes techniques analogous to those heretofore
      utilized in the electrostatic production of images in conjunction with
      material that is not photoconductive to produce viewable images.
PAR  It has been discovered that for an antiferromagnetic material the magnetic
      susceptibility thereof exhibits a discontinuous transition at a critical
      temperature known as the Neel temperature. Further investigation has
      revealed that various oxides undergo a reversible metal-to-insulator
      transition at the Neel temperature. oxides of titanium and vanadium
      exhibit the low conductivity characteristics of an insulator below the
      Neel temperature thereof while the high conductivity characteristics of a
      metal are exhibited above the Neel temperature. These transitions, which
      have been described by F. J. Morin in the paper entitled "Oxides Which
      Show a Metal-To-Insulator Transition At the Neel Temperature, " Physical
      Review Letters, Volume 3, Number 1, pages 34-36, Jul. 1, 1959, are
      characterized by thermal hysteresis. In Adler: "Mechanisms for
      Metal-Nonmetal Transitions in Transition Metal Oxides and Sulfides, "
      Review of Modern Physics, Volume 40, Number 4, pages 714-734, October,
      1968, it is described that insulator to metal transitions (also known as
      semiconductor to metal transitions) have been observed in various oxides
      and sulfides of titanium, vanadium, chromium, manganese, iron, cobalt,
      nickel and copper. Those of ordinary skill in the art clearly recognize
      that these metals comprise the 3d transition metals. A theoretical
      explanation for such transitions is set forth in detail in the
      last-mentioned paper. The Neel temperatures for the 3d transition metal
      oxides and sulfides described by Adler are set forth in the following
      table:
TBL                Table I                                                     
     ______________________________________                                    
     Oxide/Sulfide   Transition Temperature                                    
                     (degrees K)                                               
     ______________________________________                                    
     V.sub.2 O.sub.3 150.degree.K                                              
     VO.sub.2        340.degree.K                                              
     VO              126.degree.K                                              
     V.sub.6 O.sub.13                                                          
                     149.degree.K                                              
     Ti.sub.2 O.sub.3                                                          
                     450.degree.K                                              
     Nb O.sub.2      1070.degree.K                                             
     Fe.sub.3 O.sub.4                                                          
                     119.degree.K                                              
     NiS             264.degree.K                                              
     CrS             600.degree.K                                              
     ______________________________________                                    
PAL  Of the foregoing elements, the semiconductor-to-metal transition of the
      oxides of vanadium have been most interesting. In particular, the
      transition temperature of VO.sub.2 is equal to approximately 68.degree.C.
      This temperature may be readily ascertained and controlled by relatively
      inexpensive thermal controlled devices. Thus, VO.sub.2 has been adopted to
      form a bistable device as disclosed in "A Bistable Resistor on the Basis
      of Vanadium Oxide" by Bongers et al., Phillips Research Reports 21, pages
      387-389, 1966. Furthermore, the occurrence of an insulator to metal
      transition has been investigated for Cr-doped V.sub.2 O.sub.3, and is
      described by McWhan et al. in "Mott Transition in Cr-Doped V.sub.2 O.sub.3
      ", 23 Physical Review Letters, Number 24, Dec. 15, 1969, pages 1384-1387,
      and at pages 3734-3756 of 2 Physical Review B, Number 9, Nov. 1, 1970.
PAR  Although the properties of 3d transition metal oxides and sulfides have
      long been known, the prior art has been reticent in exploiting the
      insulator-to-metal transition characteristics thereof. The present
      invention provides a novel adaptation of such 3d transition metal oxides
      to achieve the production of viewable images by techniques not heretofore
      contemplated by the prior art.
PAR  Therefore, it is an object of the present invention to provide a method of
      producing viewable images.
PAR  It is another object of the present invention to utilize a 3d transition
      metal oxide in producing a viewable image.
PAR  A further object of this invention is to induce certain portions of a 3d
      transition metal oxide to undergo an insulator-to-metal transition thereby
      forming a latent image of a character pattern.
PAR  Yet another object of this invention is to provide a method of producing a
      viewable image wherein modulated radiant energy is employed to induce a 3d
      transition metal oxide to selectively undergo an insulator-to-metal
      transition in accordance with the modulations of said modulated radiant
      energy.
PAR  An additional object of this invention is to provide a method of recording
      a character pattern comprised of thermal energy.
PAR  It is a still further object of the present invention to provide a method
      of electrophotographically reproducing copies of prerecorded information
      wherein the temperature of certain portions of a 3d transition metal oxide
      having a layer of electrostatic charge deposited thereon is increased
      above the Neel temperature whereby said certain portions exhibit the
      electrical characteristics of an electrically conductive metal to
      selectively dissipate said layer of electrostatic charge to form an
      electrostatic latent image.
PAR  Various other objects and advantages of the invention will become clear
      from the following detailed description of exemplary embodiments thereof
      and the novel features will be particularly pointed out in connection with
      the appended claims.
PAR  In accordance with this invention, a method of producing viewable images is
      provided wherein a 3d transition metal oxide having a layer of
      electrostatic charge deposited thereon and disposed in an ambient
      temperature below the Neel temperature is exposed to modulated radiant
      energy whereby the radiant energy is converted into corresponding
      modulations of heat such that the temperature of certain portions of the
      3d transition metal oxide is increased to exceed the Neel temperature,
      resulting in the selective dissipation of said layer of electrostatic
      charge; the remaining electrostatic charge forms an electrostatic latent
      image of the modulated radiant energy, which latent image is developed to
      form a viewable image; and the viewable image may be transferred to a
      support surface to form a viewable copy of the modulated radiant energy.
DRWD
PAR  The invention will be more clearly understood by reference to the following
      detailed description of exemplary embodiments thereof in conjunction with
      the accompanying drawings in which:
PAR  FIGS. 1A-1E illustrate one embodiment of the present invention wherein a
      viewable image is produced on a 3d transition metal oxide; and
PAR  FIG. 2 illustrates another embodiment of the present invention for
      developing an electrostatic latent image formed on the surface of a 3d
      transition metal oxide.
DETD
PAR  Referring now to the drawings, wherein like reference numerals are used
      throughout, and in particular to FIG. 1A, there is illustrated a layer of
      3d transition metal oxide 1, substrate 2 and a corona discharge device 3.
      The 3d transition metal oxide 1 may be an oxide of a metal selected from
      the group consisting of titanium, vanadium, chromium, manganese, iron,
      cobalt, nickel and copper. Accordingly, the 3d transition metal oxide,
      commonly referred to by those of ordinary skill in the art as merely a 3d
      metal oxide, may include, but is not to be limited to, those oxides listed
      in Table I hereinabove. Alternatively, a 3d metal sulfide may comprise
      layer 1. For the purposes of explanation it will be assumed that layer 1
      is comprised of VO2; however, it should readily be understood that the
      following description is equally applicable to other 3d metal oxides such
      as those described in the aforementioned references. The 3d metal oxide
      layer 1 comprises a thin film that is deposited upon a metallic substrate
      2 by vacuum deposition or other techniques well known in the art. The film
      may be of a 3d metal oxide dispersed in a resin binder, the latter being a
      conventional binder normally used in the photoconductor art. It is
      appreciated that the 3d metal oxide will exhibit the high resistive
      characteristics of an insulator when disposed in an ambient temperature
      that is less than the insulator-to-metal transition temperature.
      Accordingly, for the assumed example wherein layer 1 is comprised of VO2,
      the ambient temperature is decreased below 68.degree.C., which corresponds
      to the Neel temperature therefor. A layer of electrostatic charge is
      adapted to be deposited on the surface of layer 1. The electrostatic
      charge may be deposited by an alpha-emitting radioactive source for
      ionizing the air emitted by alpha particles; by a conductive rubber roller
      having a potential applied thereto wherein the roller is rolled over the
      surface of layer 1; by a charged insulator placed in contact with the
      layer 1 whereby charges may be transferred thereto from the insulator; or
      by a corona discharge device of the type described in U.S. Pat. No.
      2,777,957 which issued to L. E. Walkup. In the exemplary embodiment
      illustrated in FIG. 1A, a corona discharge device 3 comprised of a corona
      discharge electrode 4 and a partially surrounding shield 3 is utilized to
      deposit a layer of electrostatic charge. If the corona discharge electrode
      4 is supplied with a positive d.c. corona generating potential and the
      shield is supplied with a reference potential such as ground, positive
      charges indicated by + are deposited on layer 1. It is apparent that the
      corona discharge device 3 may be displaced in the direction indicated by
      the arrow A at a constant rate of speed to deposit a uniform layer of
      electrostatic charge over the entire surface of the layer of 3d metal
      oxide 1. Alternatively, the layer 1 may be displaced in a direction
      opposite to that indicated by the arrow A. Although positive electrostatic
      charges are illustrated in FIG. 1A, a layer of negative electrostatic
      charges may be deposited by supplying the corona discharge electrode 4
      with a negative corona generating potential. The polarity of electrostatic
      charge deposited on layer 1 is not critical to the successful performance
      of the novel process disclosed herein. Since the 3d metal oxide layer 1 is
      disposed in an ambient temperature below the Neel temperature, the 3d
      metal oxide exhibits the electrical characteristics of an insulator.
      Consequently, layer 1 is highly resistive and the combination of the 3d
      metal oxide layer 1 and substrate 2 may be considered to be a simple
      capacitor in which the upper surface of layer 1 comprise one electrode and
      the metallic substrate 2 coupled to a reference potential, such as ground,
      comprises a second electrode. Alternatively, substrate 2 may be omitted
      and layer 1 may be supplied with the reference potential. The positive
      electrostatic charges deposited on the upper surface of layer 1 induce
      mirror charges, indicated as negative electric charges, at the upper
      surface of the metallic substrate 2. The insulating characteristics of the
      3d metal oxide prevent any migration of the opposite charges; and the
      positive electrostatic charges are stored on the upper surface of layer 1.
      It should be appreciated that the stored electrostatic charges admit of a
      slow discharge rate which is a function of the high intrinsic time
      constant of the capacitor. The actual time constant thereof, and of course
      the corresponding discharge rate is dependent upon the particular 3d metal
      oxide selected. A higher time constant is obtained if the 3d metal oxide
      is dispersed in a resin binder, as aforesaid. The 3d metal oxide resin
      film displays a preferably low discharge rate. It is expected that if
      certain portions of the 3d metal oxide undergo an insulator-to-metal
      transition, those electrostatic charges deposited upon such portions will
      be conducted through the 3d metal oxide toward the negative electric
      charges and, similarly, the mirror charges will be conducted through the
      3d metal oxide toward the positive electric charges. Hence, the layer 1
      will be correspondingly discharged.
PAR  The temperature at the surface of the 3d metal oxide layer 1 may be
      increased by projecting radiant energy of a sufficient wavelength thereon.
      The transmitted radiant energy may be in the form of electromagnetic waves
      such as visible or invisible light. When the electromagnetic waves impinge
      upon the surface of the 3d metal oxide layer 1, their energy is converted
      to heat resulting in an increase in the ambient temperature. It should be
      recognized that if the 3d metal oxide layer 1 has been previously disposed
      in an ambient temperature that is just below the Neel temperature, the
      resulting heat derived from the impinging radiant energy may be sufficient
      to increase the temperature at the surface of the metal oxide layer to
      exceed the Neel temperature such that the 3d metal oxide layer undergoes
      an insulator-to-metal transition. FIG. 1B illustrates that the temperature
      of certain portions of the 3d metal oxide layer 1 may be selectively
      increased in accordance with a determined character pattern by modulating
      the projected radiant energy. Accordingly, a character pattern 5 is
      interposed between a source of radiant energy 6 and the 3d metal oxide
      layer 1. The character pattern 5 may comprise conventional film means
      bearing images of information prerecorded thereon. The source of radiant
      energy 6 may comprise a conventional light emissive element capable of
      emitting visible light and infra red light upon being suitably energized.
      It is appreciated that the character pattern 5 is comprised of light and
      dark portions adapted to modulate the radiant energy transmitted
      therethrough such that radiant energy admitting of a maximum amplitude is
      transmitted through the light portions of the character pattern 5 and
      radiant energy admitting of a minimum amplitude is transmitted through the
      dark portions of the character pattern. It is observed that those portions
      of the 3d metal oxide layer 1 upon which the light areas of the character
      pattern are imaged experience an increase in temperature. This increase,
      which is a function of the spectrum of the radiant energy emitted by the
      source of radiant energy 6 and the duration of exposure to said radiant
      energy, should exceed the Neel temperature whereby said portions undergo
      an insulator-to-metal transition. It is understood therefore that, in
      accordance with the assumed example wherein the 3d metal oxide is VO2, the
      temperature at the surface of that portion of layer 1 upon which the light
      area of the character pattern 5 is imaged, is increased to exceed
      68.degree.C. At the same time, however, those portions of the 3d metal
      oxide layer 1 upon which the dark areas of the character pattern 5 are
      imaged retain the electrical characteristics of an insulator. Those
      portions of the 3d metal oxide that have undergone the insulator-to-metal
      transition now exhibit high electrical conductivity, characteristic of an
      electrically conductive metal. Hence, the electrostatic charge deposited
      on the surface of such portions are discharged through the 3d metal oxide
      layer 1 whereas the electrostatic charge overlying those remaining
      portions of the 3d metal oxide layer that have not undergone an
      insulator-to-metal transition are retained. Accordingly, the selective
      increase in temperature above the Neel temperature of the 3d metal oxide
      layer 1 results in a correspondingly selective dissipation of the layer of
      electrostatic charge to form an electrostatic latent image of the
      impinging radiant energy. FIG. 1B illustrates the discharge of that
      portion of the 3d metal oxide layer 1 that is in juxtaposition to the
      light area of the character pattern 5.
PAR  It is here noted that the temperature of certain portions of the 3d metal
      oxide layer 1 may be increased to exceed the Neel temperature, and
      therefore, those portions of the 3d metal oxide layer may be forced to
      undergo an insulator-to-metal transition, by impinging radiant energy that
      has been reflected thereto. Accordingly, character pattern 5 is not
      limited to the configuration of film means wherein radiant energy is
      transmitted therethrough. It is contemplated that the character pattern 5
      may comprise a document having graphic information recorded thereon such
      that radiant energy transmitted thereto is modulated and reflected by the
      character pattern 5 to the 3d metal oxide layer 1. Hence, the light image
      projected onto the 3d metal oxide layer may be a reflected image.
PAR  A further embodiment of the present invention is proposed wherein the
      temperature of certain portions of the 3d metal oxide layer 1 is
      selectively increased in accordance with a determined pattern of thermal
      energy. Accordingly, a stylus comprised of an array of selectively
      activatable thermal elements may be positioned in proximity to the 3d
      metal oxide layer. A character pattern comprised of thermal energy may be
      produced by selectively activating the thermal elements of the stylus. The
      close proximity of the stylus to the 3d metal oxide layer 1 enables the
      ready transfer of thermal energy to the surface of the 3d metal oxide
      whereby the temperature of corresponding portions thereof is increased.
      The layer of electrostatic charge is thus selectively dissipated in the
      manner described hereinabove.
PAR  The electrostatic latent image formed by the selectively dissipated
      electrostatic charge may now be developed to form a viewable image of the
      original character pattern. The manner in which the electrostatic latent
      image may be developed may comprise any well known technique heretofore
      utilized in the electrophotographic art wherein an electroscopic material,
      capable of adhering to the electrostatic charge pattern on the surface of
      the 3d metal oxide layer 1, is applied thereto. The nature and composition
      of the electroscopic material, which may include solid or liquid toner, is
      well known in the art as is the manner in which an electrostatic latent
      image is treated with such material. A more complete description thereof
      may be found in U.S. Pat. No. 2,885,955 issued to R. G. Vyverberg and
      assigned to Xerox Corporation, the assignee of the present invention, and
      in U.S. Pat. No. 3,084,043 issued to R. W. Gundlach and assigned to Xerox
      Corporation. These developing techniques may include magnetic brush
      developing well known to those skilled in the xerographic developing art.
      It is noted that, if desired, the developing process may reverse the
      polarity of the electrostatic latent image so that the image may be
      directly developed to form a print corresponding to a photographic
      reversal of the original exposure. Such means are well known and described
      in U.S. Pat. No. 2,817,765 issued to R. E. Hayford et al.
PAR  FIG. 1C illustrates that the electroscopic material 7 is provided with an
      electric charge opposite in polarity to the electrostatic charge remaining
      on the surface of the 3d metal oxide layer 1. Accordingly, in the assumed
      example, the charge of the electroscopic material 7 may be negative.
      Accordingly, the electrostatic attraction between the positive
      electrostatic charges and the negatively charged electroscopic material
      results in an adherence of the electroscopic material to those charged
      portions of the 3d metal oxide layer 1. It is observed that those portions
      on the surface of the 3d metal oxide layer corresponding to the dark areas
      of the character pattern 5 are supplied with electroscopic material. Thus,
      if the character pattern 5 corresponds to a photographic positive, the
      developing technique illustrated in FIG. 1C results in a photographically
      positive viewable image. However, if the character pattern 5 corresponds
      to a photographic negative, the developing technique illustrated herein
      results in a photographically negative viewable image. To achieve positive
      development of the electrostatic latent image, the polarity of the charge
      born by the electroscopic material 7 should be opposite to the polarity of
      the electrostatic charge pattern disposed across the surface of the 3d
      metal oxide layer 1. Hence, if the electrostatic charges admit of a
      negative polarity, the electroscopic material 7 admits of a positive
      polarity.
PAR  The developed viewable image may be transferred to a support surface such
      as surface 8 illustrated in FIG. 1D. The surface 8 may comprise paper,
      glass, plastic, or any suitable material upon which it is desirable to
      record a viewable image. The developed image comprised of the
      electroscopic material 7 may be transferred to the print receiving surface
      8 in a well known manner. A charging device, not shown, such as a
      conventional corona discharge device, may deposit a charge on the back of
      print receiving surface 8 which is of the same polarity as the
      electrostatic charge on the surface of the 3d metal oxide layer 1 and is
      thus opposite in polarity to the charge on the electroscopic material
      utilized in developing the electrostatic latent image. The charge on print
      receiving surface 3 results in the transfer of the electroscopic material
      from the 3d metal oxide layer 1 onto the print receiving surface in the
      well known manner. Alternatively, the print receiving surface 8 or the
      electroscopic material 7 may be coated with an adhesive substance. If the
      surface 8 is placed in overlying relation with respect to the 3d metal
      oxide layer 1 such that the surface contacts the electroscopic material 7,
      the adhesive coating will cause the electroscopic particles 9 to adhere to
      the surface 8. The electroscopic particles thus transferred to the surface
      result in a final copy of the original character pattern. The
      electroscopic material transferred to the print receiving surface 8 by
      either electrostatic or adhesive transfer may be fixed, such as by
      conventional heat or solvent fixing, whereby the electroscopic material is
      fused to the surface 8.
PAR  After the developed viewable image is transferred to a suitable support
      surface, the 3d metal oxide layer 1 may be made ready for reuse by
      removing residual electroscopic particles from the surface thereof and by
      discharging the electrostatic charge comprising the electrostatic latent
      image on the surface of the 3d metal oxide layer. FIG. 1E illustrates that
      the removal of the residual electroscopic particles from the surface of
      the layer 1 may be effected by suitable cleaning means such as a rotating
      brush 10 or the like. Alternatively, granular material may be utilized to
      clean the surface of the 3d metal oxide layer by cascading the granular
      material across the layer 1 wherein the electroscopic particles are
      attracted to the granular material by triboelectric action. In addition,
      the electroscopic material may be removed from the surface of the 3d metal
      oxide layer 1 by well known solvent cleaning techniques. A further
      technique that may be adopted to remove the residual electroscopic
      material from the surface of the 3d metal oxide layer 1 may be similar to
      that described in U.S. Pat. Application Ser. No. 180,426 filed on Sept.
      14, 1971, by John T. Bickmore, now U.S. Pat. No. 3,818,864 wherein a
      suitably biased electrode is employed. The electrostatic charge pattern
      remaining on the surface of the 3d metal oxide layer 1 may be discharged
      by increasing the ambient temperature to a value above the Neel
      temperature. When the ambient temperature is thus increased, the entire 3d
      metal oxide layer will undergo an insulator-to-metal transition wherein
      the layer will exhibit the electrical characteristics of an electrically
      conductive metal. Hence, the electrostatic charges will migrate through
      the 3d metal oxide layer thereby returning the surface of said layer to a
      neutral charge. The 3d metal oxide layer is now ready to be reused in the
      aforedescribed manner. It should be noted, however, that most 3d metal
      oxides contemplated for use in the electrothermographic reproducing
      technique that has been disclosed herein exhibit thermal hysteresis.
      Consequently, the ambient temperature must be reduced below the Neel
      temperature to force the 3d metal oxide to undergo a metal-to-insulator
      transition.
PAR  Another embodiment that is contemplated for developing the electrostatic
      latent image is illustrated in FIG. 2. In this embodiment, electroscopic
      material 11 is applied to the surface of the 3d metal oxide layer 1 in a
      manner identical to that described hereinabove with reference to FIG. 1C.
      In this embodiment however, the electroscopic material 11 exhibits a
      polarity equal to that of the electrostatic charge pattern distributed
      across the surface of the 3d metal oxide layer 1. Accordingly, if the
      electrostatic charges deposited by corona discharge device 3 admit of a
      positive polarity, the electroscopic material 11 likewise admits of a
      positive polarity. Conversely, if the electrostatic charges deposited by
      the corona discharge device admit of a negative polarity, electroscopic
      material 11 similarly admits of a negative polarity. Consequently, an
      electrostatic repelling force is exerted upon the electroscopic material
      11 by the electrostatic charge pattern. Hence, the electroscopic particles
      11 are deposited on the surface of the 3d metal oxide layer 1 in such
      areas that are substantially free of electrostatic charge. Thus, it is
      seen that those regions of the electrostatic latent image that correspond
      to the light areas of the original character pattern 5 will have
      electroscopic material 11 deposited thereon, whereas those regions of the
      electrostatic latent image that correspond to the dark areas of the
      character pattern 5 will have no electroscopic material deposited thereon.
      Accordingly, the development illustratively represented in FIG. 2
      corresponds to a photographic negative developing process such that the
      viewable image is phographically reversed. Hence, if character pattern 5
      corresponds to a photographic negative, the developed viewable image is a
      photographically positive image. Conversely, if the character pattern 5
      comprises an original document to be reproduced, i.e., a photographic
      positive, the reversing developing process illustrated herein results in a
      photographically negative viewable image. The viewable image thus formed
      by the selectively deposited electroscopic material 11 may be transferred
      to a suitable support surface in a manner analogous to that previously
      described with reference to FIG. 1D.
PAR  It should be understood that although the step of depositing a layer of
      electrostatic charge on the surface of the 3d metal oxide layer 1 and the
      step of imaging a character pattern onto the surface of layer 1 have been
      described as individual steps, these steps may be performed substantially
      simultaneously. Furthermore, these steps may, if desired, be executed in
      inverse order. Consequently, the imaging of a character pattern comprised
      of modulated radiant energy onto the surface of the 3d metal oxide layer 1
      disposed in an ambient temperature below the Neel temperature will force
      certain portions of layer 1 to undergo an insulator to-metal transition
      such that said certain portions exhibit high electrical conductivity. If
      electrostatic charges are deposited upon the surface of the 3d metal oxide
      layer 1 in the presence of the imaged radiant energy, it is appreciated
      that the electrostatic charges will be retained by those portions that
      have not undergone the insulator-to-metal transition whereas the
      electrostatic charges deposited on the certain portions that now exhibit
      high electrical conductivity will migrate through said certain portions,
      through the metallic substrate 2 to ground. Accordingly, an electrostatic
      latent image of the modulated radiant energy will be formed.
PAR  Although the present invention has been specifically described with
      reference to one particular 3d metal oxide, viz., VO.sub.2, it is of
      course recognized that layer 1 may be comprised of an oxide of any
      suitable 3d transition metal including titanium, vanadium, chromium,
      manganese, iron, cobalt, nickel and copper. Furthermore, sulfides of such
      metals are also contemplated for layer 1. Nevertheless it should be noted
      that the ambient temperature within which the layer 1 is disposed should
      be just below the transition temperature therefor. The 3d metal oxide
      VO.sub.2 has been preferably described hereinabove because of the
      convenient transition temperature exhibited thereby.
PAR  The specific structure that may be utilized in carrying out the novel
      process of the present invention is not essential for a sufficient
      understanding thereof. However, the 3d metal oxide layer 1 may be formed
      into a drum configuration, an endless belt configuration or the like.
      Moreover, the 3d metal oxide layer overlying the metallic substrate 2 may
      be disposed in a suitable vessel for accurate control of the ambient
      temperature. Thus, while the invention has been particularly shown and
      described in reference to specific embodiments thereof it will be obvious
      to those skilled in the art that the foregoing and various other changes
      and modifications in form and details may be made without departing from
      the spirit and scope of the invention. It is therefore intended that the
      appended claims be interpreted as including all such changes and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing viewable images on a surface comprised of an oxide
      of a 3d transition metal, comprising the steps of:
PA1  establishing an ambient temperature of said surface below the
      insulator-to-metal transition temperature of said 3d transition metal
      oxide such that said 3d transition metal oxide exhibits low electrical
      conductivity;
PA1  depositing a uniform layer of electrostatic charge on said surface;
PA1  selectively increasing the temperature of certain portions of said surface
      above said insulator-to-metal transition temperature in accordance with a
      determined pattern such that said certain portions exhibit high electrical
      conductivity whereby said uniform layer of electrostatic charge is
      selectively dissipated to form an electrostatic latent image of said
      determined pattern; and
PA1  developing said electrostatic latent image to form a viewable image of said
      determined pattern.
NUM  2.
PAR  2. The method of claim 1 wherein said step of selectively increasing the
      temperature of certain portions of said 3d transition metal oxide
      comprises transferring thermal energy in a character pattern to said
      surface.
NUM  3.
PAR  3. The method of claim 1 wherein said step of developing said electrostatic
      latent image comprises the step of applying electroscopic particles to
      said surface.
NUM  4.
PAR  4. The method of claim 3 wherein said step of developing said electrostatic
      latent image comprises the additional step of transferring said developed
      electrostatic image to a support surface to form a copy of a viewable
      image of said determined pattern.
NUM  5.
PAR  5. A method of producing viewable images comprising the steps of:
PA1  depositing a layer of electrostatic charge on the surface of a 3d metal
      oxide, said surface being at an ambient temperature below the
      insulator-to-metal transition temperature thereof and exhibiting the
      electrical characteristics of an insulator;
PA1  causing certain portions of said surface to undergo a transition such that
      said certain portions exhibit the electrical characteristics of an
      electrically conductive metal by increasing the temperature of said
      certain portions to exceed said insulator-to-metal transition temperature
      whereby said layer of electrostatic charge is selectively dissipated to
      form an electrostatic latent image; and
PA1  developing said electrostatic latent image to form a viewable image
      thereof.
NUM  6.
PAR  6. The method of claim 5 wherein said step of causing certain portions of
      said surface to undergo a transition comprises transferring thermal energy
      in a character pattern to said surface.
NUM  7.
PAR  7. The method of claim 6 wherein said step of developing comprises the
      steps of;
PA1  applying electroscopic particles to said surface to form a viewable image;
      and
PA1  transferring said viewable image to a support surface to form a copy of a
      viewable image of said character pattern.
NUM  8.
PAR  8. A method of producing viewable images comprising the steps of:
PA1  selectively modulating the temperature of the surface of a 3d metal oxide
      relative to the insulator-to-metal transition temperature thereof that
      certain portions are below and certain other portions above said
      transition temperature in an image configuration,
PA1  depositing an electrostatic charge on said surface of said 3d metal oxide
      whereby said electrostatic charge is selectively retained on the portions
      of said surface below said transition temperature to form an electrostatic
      latent image; and
PA1  developing said electrostatic latent image to form a viewable image
      thereof.
NUM  9.
PAR  9. The method of claim 8, wherein said step of selectively modulating the
      temperature of the surface of said 3d metal oxide comprises transferring
      thermal energy to said surface, said surface being disposed in an ambient
      temperature lower than said insulator-to-metal transition temperature.
NUM  10.
PAR  10. The method of claim 8, wherein said step of selectively modulating the
      temperature of the surface of said 3d metal oxide comprises the steps of:
PA1  transferring thermal energy to said surface; and
PA1  decreasing the ambient temperature below said insulator-to-metal transition
      temperature whereby the temperature of portions of said surface to which
      said thermal energy is transferred exceeds said insulator-to-metal
      transition temperature and the temperature of the remaining portions of
      said surface is less than said insulator-to-metal transition temperature.
NUM  11.
PAR  11. A method of producing viewable images comprising the steps of:
PA1  depositing a layer of electrostatic charge on the surface of a 3d
      transition metal compound selected from the group consisting of a 3d
      transition metal oxide and a 3d transition metal sulfide, said surface
      being disposed in an ambient temperature lower than the insulator-to-metal
      transition temperature of said compound;
PA1  selectively increasing the the temperature of certain portions of said
      surface to exceed said insulator-to-metal transition temperature to
      correspondingly dissipate said electrostatic charge thereby forming an
      electrostatic latent image; and
PA1  developing said electrostatic latent image to form a viewable image.
NUM  12.
PAR  12. The method of claim 11 wherein the 3d transition metal compound
      comprises VO.sub.2 and wherein said step of developing said electrostatic
      latent image comprises the step of applying electroscopic particles to
      said surface to form a viewable image of said electrostatic latent image.
NUM  13.
PAR  13. The method of claim 11 wherein the 3d transition metal compound
      comprises CrS and wherein said step of developing said electrostatic
      latent image comprises the step of applying electroscopic particles to
      said surface to form a viewable image of said electrostatic latent image.
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PAL  A toner applicator for delivering an optimum amount of toner powder to a
      recording electrode of an electrographic recording system whereby a
      portion of said toner may be electrographically deposited on a recording
      medium in the form of toner images. The toner is fed from a toner
      reservoir onto the recording medium in a relatively uniform layer by a
      toner supply means that is adjustable to vary the thickness of the toner
      layer deposited on the recording medium. The toner layer is then
      transported on the recording medium to the recording electrode, and a
      magnetic field is induced in the recording electrode to draw the toner
      layer into a position bridging between the recording electrode and the
      recording medium for being redeposited on the recording medium in the form
      of toner images.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to the electrographic recording of
      toner images on a recording medium and more specifically to a means and a
      method for supplying an optimum amount of toner powder to a recording
      electrode.
PAR  2. Description of the Prior Art
PAR  Electrographic recording systems for printing toner images on a recording
      medium have in common the use of toner applicators for transporting toner
      to a recording region. Various types of toner transport systems have been
      devised as illustrated by Fotland et al, U.S. Pat. No. 3,121,375 and Nau
      et al, No. 2,932,548, which both teach the application of toner into the
      recording region through what serves as a recording electrode of the
      systems shown. Such toner applicators may serve satisfactorily in systems
      employing a relatively small number of recording electrodes; however, in
      systems having 200-400 recording electrodes per inch the application of
      toner through each such electrode is undesirable.
PAR  A second common method for delivering toner into the recording region is
      the use of a separate developing element to which toner is first applied.
      The developing element may be in the form of a porous endless belt on
      which the toner rides into the recording region as disclosed by Capps,
      U.S. Pat. No. 3,355,743, or in the form of a cylinder that encloses a
      magnet rotor, the rotation of which brings the toner into the recording
      region as taught in Anderson, U.S. Pat. No. 3,455,276. In Anderson, a
      doctor blade is employed to meter a uniform layer of toner onto the
      transport cylinder.
PAR  A primary deficiency with the above types of prior art toner applicators is
      that they do not provide sufficiently accurate metering of toner into the
      recording region when large numbers of narrowly spaced apart electrodes
      are employed in a printing array. It is difficult to precisely meter thin,
      uniform amounts of toner powder into the recording region without
      experiencing occasional plugging of metering orifices or doctor blade gaps
      because of toner powder agglomeration. If too much toner is transported
      into the recording region the toner images formed will tend to bloom out
      and will not have sharply defined edges. Also, when using plastically
      deformable toners such as thermoplastic resin, an excessive amount of
      toner in the recording region may increase pressure applied on the toner
      by the recording electrode and the recording medium to the point that
      there is a gradual toner build up on the recording electrode due to
      pressure fusing. If inadequate toner is transported onto the recording
      region, the formed toner images suffer a loss of density and become light
      or disappear altogether.
PAR  The present invention provides a toner applicator designed to overcome the
      deficiencies of the above described systems by accurately metering an
      optimum level of toner into the recording region in order that high
      quality, high resolution toner images may be formed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a toner applicator for an electrographic
      recording system that includes a pair of opposed electrodes spaced apart
      to define a recording region therebetween, and a recording medium that is
      guided through the recording region. The applicator of the present
      invention is formed of a toner supply means that deposits toner powder on
      one side of the recording medium, and a force means for drawing the toner
      from the recording medium into the recording region in a condition for
      being redeposited on the medium.
PAR  In a preferred embodiment, the toner supply means is formed of a developer
      roll having an inner magnet assembly and an outer rotating shell. A toner
      reservoir containing magnetically attractable toner powder is positioned
      alongside the developer roll, and toner powder is magnetically attracted
      therefrom onto the surface of the developer roll outer shell in a uniform
      layer. The toner on the developer roll is transported to and deposited on
      a portion of the recording medium in a layer of precise thickness through
      magnetic or electrographic means. Such portion of the recording medium is
      subsequently guided through the recording region wherein a force means
      formed of another developer roll attracts the toner powder from the
      recording medium and arranges the toner to bridge between one of the
      opposed electrodes and the recording medium.
PAR  The toner supply means is adjustable to vary the density of the toner layer
      deposited on the recording medium so that a precisely optimum amount of
      toner powder for producing high quality toner images is furnished to the
      recording region. However, the precise amount of toner deposited on the
      recording medium is independent of metering gaps or orifices. Thus, the
      present invention provides a reliable and accurate means for transporting
      an optimum amount of toner powder to a recording electrode of an
      electrographic recording system in order that high quality, high
      resolution toner images may be formed.
PAR  The foregoing and other advantages of the present invention will appear
      from the following description. In the description, reference is made to
      the accompanying drawings, which form a part hereof, and in which there is
      shown by way of illustration, and not of limitation, a specific form in
      which the invention may be embodied. Such embodiment does not represent
      the full scope of the invention, but rather the invention may be employed
      in a variety of embodiments, and reference is made to the claims herein
      for interpreting the breadth of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic end view of an electrographic recording system
      incorporating the toner applicator of the present invention; and
PAR  FIG. 2 is an enlarged fragmentary view of portions of the recording system
      of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings and with specific reference first to FIG. 1,
      a recording system 1 employing a preferred embodiment of the toner
      applicator of the present invention is shown. The recording system 1
      includes a cylindrical developer roll 3 and a rotatable recording member
      4. Except for the addition of the toner applicator of the present
      invention, the system 1 is similar to that taught in a U.S. application
      filed by Kotz on Apr. 20, 1973, and assigned Ser. No. 353,139, now U.S.
      Pat. No. 3,816,840, which application is incorporated herein by reference.
PAR  The developer roll 3 preferably is of the type such as disclosed in
      Anderson U.S. Pat. No. 3,455,276, and has an inner magnet assembly 5 and
      an outer cylindrical shell 6 that is electrically nonconductive and
      nonmagnetic. The magnet assembly 5 includes a cylindrical, magnet support
      core 7 and a plurality of permanent magnet sectors 8 arranged about the
      cylindrical periphery of the core 7 to define a surface having alternate
      North and South magnetic poles. The developer roll 3 is mounted on an axle
      9 and is constructed such that the magnet assembly 5 rotates in a
      counterclockwise direction, whereas the outer shell 6 is spaced from the
      magnet assembly 5 and is preferably fixed in position.
PAR  Arranged on a line that extends parallel with the support core 7 are a
      plurality of individual, spaced apart recording electrodes 10 (only one of
      which is shown) that protrude from the periphery of the shell 6, but may
      also be disposed in the shell 6 so that the outer ends of the electrodes
      10 are flush with the periphery of the shell 6.
PAR  Each electrode 10 is magnetically permeable and passes a large amount of
      magnetic flux emanating from the magnet sectors 8 of the developer roll 3
      so that the developer roll 3 serves as a force means for providing a
      relatively high magnetic flux density at the outer ends of the electrodes
      10. Each electrode 10 is used to print a dot that has a definition defined
      by its shape, density and distribution of density and the electrodes 10
      are normally utilized to serve as a printing matrix. The number of
      electrodes 10 employed is dependent upon the printing application for
      which the matrix is to be used. In the case of a standard computer output
      line width of one hundred thirty-six, 5 .times. 7 dot matrix characters,
      nearly 1000 electrodes are employed, spaced at 70/inch. For more complex
      character fonts and simple graphic applications, electrode spacings of
      100/inch to over 200/inch are required. A voltage source 11 supplies
      record voltage potential pulses to the electrodes 10 in a manner and for a
      purpose as will be described hereinafter.
PAR  The recording member 4 is mounted on an axle 12 that is parallel to the
      developer roll 3 and is rotatably driven counterclockwise to rotate in the
      same direction as the developer roll magnet assembly 5. The member 4 is
      positioned in a spaced relationship with the electrodes 10 to define a
      narrow recording region 15 therebetween. Forming the member 4 are an
      electrically conductive cylindrical electrode 13 and an endless recording
      medium 14 that overlies the cylindrical surface of the electrode 13.
      Preferably, the electrode 13 is electrically grounded, and the medium 14
      is formed from an anodized aluminum.
PAR  The above described components are included in the electrographic recording
      system of Kotz disclosed in U.S. application No. 353,139. In addition to
      such components, the recording system 1 includes a second developer roll
      16 that is rotatably disposed on an axle 17 and serves as a toner supply
      means for the recording member 4. The roll 16 is disposed in a spaced
      relationship with the recording member 4, similar to that existing between
      the electrodes 10 and the member 4. The constructions of the roll 16 and
      the roll 3 are similar in that the roll 16 has an electrically conductive
      outer shell 18 and an inner magnet assembly 19 with a plurality of
      permanent magnet sectors 20 disposed on a magnet support core 21. However,
      the roll 16 differs from the roll 3 in that the outer shell 18 rotates
      while the magnet assembly 19 is fixed. As the outer shell 18 rotates in a
      clockwise direction, a uniform layer of toner powder 22 contained in a
      powder reservoir 23 adjacent the developer roll 16 is laid down on the
      shell 18.
PAR  The toner 22 is magnetically attractable and electronically conductive. A
      suitable toner is disclosed in Nelson, U.S. Pat. No. 3,639,245. The
      reservoir 23 includes an adjustable doctor blade 24 for metering the toner
      22 in a uniform layer onto the outer shell 18 of the developer roll 16.
      Due to the magnetic fields of the magnet sectors 20, the toner 22 on the
      shell 18 becomes arranged in the form of toner particle chains 26.
      Referring now to FIG. 2, the rotation of the outer shell 18 transports the
      toner chains 26 into a nip 27 defined by the spacing between the recording
      member 4 and the developer roll 16. As the toner chains 26 move through
      the nip 27, end portions of certain of the toner chains 26 physically
      contact the recording medium 14. When a sufficient voltage potential
      exists between the outer shell 18 and the cylindrical electrode 13, the
      portions of the toner chains 26 contacting the medium 14 are deposited
      thereon in a uniform layer 29 in accordance with the teachings of the
      aforementioned Kotz application. A voltage potential adequate to produce
      such deposition is provided by a variably adjustable voltage source 30.
      Thus, the source 30 may be regulated to increase or decrease the potential
      difference between the shell 18 and the electrode 13 to, in turn,
      respectively increase or decrease the density of toner in the layer 29
      deposited on the medium 14. In this way, the density of toner in the layer
      29 on the recording medium 14 may be precisely adjusted to provide an
      optimum amount of toner to the recording electrodes 10 so that the
      electrodes 10 will provide a print of data having a high quality
      definition.
PAR  It should be appreciated that there are a wide variety of means for
      distributing the toner 22 in a precise, uniform layer on the recording
      medium 14 and the use of the roll 16 is only one means for accomplishing
      this purpose. The essence of the present invention does not key on the use
      of such apparatus, but rather resides in part in the application of a
      precise, uniform toner layer 29 on the medium 14. Another means for
      achieving such results would be the use of a magnetically adjustable
      magnetized sheet material under the recording medium 14 to magnetically
      attract appropriate portions of the toner powder chains 26 to the
      recording medium 14.
PAR  Once deposited on the recording medium 14, the toner layer 29 is loosely
      held thereon and is transported on the medium 14 to the recording region
      15. Thereupon, the toner layer 29 comes under the influence of the
      magnetic field from the developer roll 3 that exists at the outer ends of
      the electrodes 10 and is drawn thereby from the surface of the medium 14
      into the recording region 15 to form toner chains 31. As best illustrated
      in FIG. 2, the toner chains 31 bridge between the electrodes 10 and the
      recording medium 14.
PAR  The voltage source 11 serves to provide voltage record pulses to the
      electrodes 10 to produce a potential difference between the electrodes 10
      and the grounded electrode 13. Such potential difference results in toner
      deposition on the recording medium 14 as previously discussed with
      reference to the developer roll 16. However, the electrodes 10 are
      selectively pulsed by the source 11 to form toner images on the medium 14
      rather than a uniform layer of toner powder as provided by the roll 16.
      The portion of the toner 22 that is deposited on the medium 14 in the form
      of toner images initially has a relatively high charge and is held on the
      medium 14 by the potential difference between the charged toner 22 and the
      grounded electrode 13. However, the charge on the deposited toner 22
      rapidly dissipates so that when the deposited toner 22 approaches the nip
      27, it is attracted from the medium 14 by the magnets of the developer
      roll 16.
PAR  All of the toner 22 that is delivered to the recording region 15 may not be
      redeposited upon the medium 14 in the form of recorded toner images.
      Instead a portion of the toner 22 may be held on the outer shell 6 of the
      developer roll 3 and transported in a clockwise direction around the
      periphery of the shell 6 by the rotation of the magnet assembly 5. The
      nonrecorded toner 22 remains on the developer roll 3 until it reaches the
      chute 32. One end of the chute 32 is in contact with the periphery of the
      developer roll 3 to remove the particles of toner powder 22 coming from
      the recording region 15 and gravity feed them onto the periphery of the
      second developer roll 16. The nonrecorded toner 22 is thereupon
      transported by the roll 16 back to the toner reservoir 23. Accordingly,
      the chute 32 and the developer roll 16 serve as a toner transport means
      for carrying the nonrecorded toner 22 from the developer roll 3 to the
      reservoir 23.
PAR  Thus, the present invention provides a toner applicator that furnishes a
      precisely optimum amount of toner to the recording region 15 in a manner
      that is not dependent for its preciseness upon the use of metering
      orifices or gaps that are susceptible to being plugged with toner powder.
      The employment of the developer roll 16 as a toner supply means provides a
      precise amount of toner 22 to the recording medium 14 in order that an
      optimum amount of toner is transported to the recording region 15 for
      producing dense, well defined images, and the roll 16 also serves as a
      means for later erasing the toner images.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrographic recording system that records toner images on a
      recording medium and includes first and second opposed electrodes spaced
      apart to define a recording region therebetween, means for driving the
      recording medium through said recording region, and a toner applicator for
      transporting electrically conductive toner powder from a toner reservoir
      to said recording region into a condition for being selectively deposited
      on said recording medium in response to the selective application of
      voltage record pulses across said electrodes, which toner applicator
      comprises:
PA1  a toner supply means for depositing a precise amount of said toner powder
      on a portion of one surface of said recording medium in a uniform layer of
      adjustable density, which toner powder is deposited prior to said portion
      entering said recording region; and
PA1  a force means for attracting said toner powder from said portion of said
      recording medium as said portion enters the recording region, and for
      arranging said toner to bridge between said first of said electrodes and
      said recording medium.
NUM  2.
PAR  2. A recording system as recited in claim 1 wherein the second of said
      electrodes is in the form of a cylinder and the recording medium overlies
      the cylindrical surface of said cylinder.
NUM  3.
PAR  3. A recording system as recited in claim 1 wherein said first of said
      electrodes is located at the periphery of the force means.
NUM  4.
PAR  4. A recording system as recited in claim 1 wherein said toner powder is
      magnetically attractable and is magnetically attracted from said portion
      of said recording medium by said force means as said toner enters the
      recording region.
NUM  5.
PAR  5. A recording system as recited in claim 4 wherein said force means
      comprises a first cylindrical magnetic developer roll that draws the
      portion of the toner powder that is not selectively deposited on said
      medium out of the recording region and onto the outer shell of said
      developer roll.
NUM  6.
PAR  6. A recording system as recited in claim 5 wherein a toner transport means
      is associated with said first developer roll for returning the undeposited
      portion of the toner to the toner supply means.
NUM  7.
PAR  7. A recording system as recited in claim 6 wherein a portion of said toner
      powder bridging between said first electrode and said recording medium is
      redeposited on said recording medium in the form of toner images and said
      redeposited toner is later erased from said medium by said toner supply
      means.
NUM  8.
PAR  8. A recording system as recited in claim 4 wherein said toner supply means
      comprises a second cylindrical magnetic developer roll that draws toner
      powder from said reservoir onto the outer shell of said second roll, which
      toner powder is transported thereon and deposited on said recording medium
      to provide said uniform layer.
NUM  9.
PAR  9. A process for supplying toner powder to the recording region of an
      electrographic recording system, which process comprises:
PAR  1.  arranging first and second electrode means in a spaced opposed
      relationship to provide a recording region therebetween;
PA1  2. guiding a recording medium through said recording region;
PA1  3. depositing a uniform layer of toner powder on a portion of said
      recording medium prior to movement of the recording medium through said
      recording region;
PA1  4. attracting the toner powder from said portion of said recording medium
      when said portion enters said recording region; and
PA1  5. arranging the toner powder from said portion of said medium to bridge
      between one of said electrodes and the recording medium.
NUM  10.
PAR  10. A process as recited in claim 9 wherein said toner powder is
      magnetically attractable.
NUM  11.
PAR  11. A process as recited in claim 9 wherein a further step includes
      selectively applying voltage record pulses across said electrode means
      causing a portion of said toner bridging between said one of said
      electrodes and said recording medium to be redeposited on said recording
      medium.
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ABST
PAL  An electrostatic recorder includes first drive pulse generators each for
      generating high voltage pulses in response to recording signals and second
      drive pulse generators so driven in turn as to generate high voltage
      pulses in response to outputs from a ring counter. Outputs from said first
      drive pulse generators are respectively supplied to recording electrodes
      via diodes, and outputs from said second drive pulse generators are
      respectively supplied to the corresponding electrode groups of said
      recording electrodes via respective resistors connected to the recording
      electrodes of the electrode groups in a manner corresponding thereto.
BSUM
PAR  This invention relates to an electrostatic recorder, and more particularly
      to an electrostatic recorder used in the output section of an electronic
      computer or facsimile apparatus.
PAR  In the recent information processing technique mainly based on the
      utilization of an electronic computer and facsimile apparatus, an
      electrostatic recorder as information recording means has been widely
      accepted on account of its high speed performance and multi-capacity with
      increase in the amount of information and with diversification in the
      content of information. The electrostatic recorder is so constructed as to
      bring a recording head into contact with a recording paper coated with an
      insulation resin and impress high voltage pulses upon the recording
      electrodes of said recording head to form an electrostatic latent image on
      the recording paper and render said latent image visual using a toner.
PAR  Recording heads for forming the electrostatic latent image include a
      character electrode, electrostatic recording tube or needle electrode.
      However, in the case of using the character electrode, limitation is made
      on the sort of a character capable of being printed. Further, the
      electrostatic recording tube has the drawbacks that it is expensive and
      its life is short and a recorder using it becomes bulky. Further, the
      needle electrode has the problems in respect of its quality which result
      from recording characters in the form of dots. But in recent years, since
      the character pattern memory tends to become inexpensive for each bit, it
      becomes possible to increase bits in number to elevate the reproducibility
      of printed characters.
PAR  The prior art needle electrode type recorder has a plurality of recording
      needle electrodes aligned in a line which are divided into a plurality of
      groups each consisting of a prescribed number of recording needle
      electrodes. Main high voltage pulse generators are commonly connected to
      the electrodes of all the groups so that high voltage drive pulse
      generators are respectively connected to the recording needle electrodes
      of the respective groups. Auxiliary electrodes are respectively provided
      to face all electrode groups, and auxiliary high voltage pulse generators
      are respectively connected to said corresponding auxiliary electrodes.
      With the above-mentioned construction, an electrostatic latent image is
      formed in accordance with the potential difference between the recording
      needle electrode and the auxiliary electrode.
PAR  The foregoing prior art recorder fails to maintain with precision the
      positional relationship between the recording electrode and the auxiliary
      electrode and the recording paper due to the auxiliary electrodes being
      independently provided therefor, resulting in an unstable recording
      operation. Further, a voltage to be impressed upon the recording electrode
      and the auxiliary electrode has a value approximating to a voltage value
      enabling the electrostatic recording to be effected, so that a slight
      variation of conditions such as voltge, pulse width, temperature or
      humidity causes the recording characteristics to be varied, often giving
      rise to the ghost or fog phenomena on a recorded image.
PAR  The object of the invention is to provide an electrostatic recorder made
      simple in construction and capable of performing high speed-and-stable
      recording operations and reproducing a high quality recorded image
      presenting an excellent resolution.
PAR  Another object of the invention is to provide an electrostatic recorder
      wherein the potential difference between the recording electrodes is
      rendered small to prevent the occurrence of the discharging phenomenon
      between the recording electrodes, thereby to elongate the life of the
      recording electrode.
PAR  Still another object of the invention is to provide an electrostatic
      recorder wherein the interval between the recording electrodes can be made
      small by reducing the potential difference between the recording
      electrodes, thereby enabling the reproduction of a high quality image
      having an excellent resolution.
PAR  According to the invention, a plurality of recording electrodes aligned in
      a line are divided into a plurality of electrode groups each consisting of
      a prescribed number of electrodes. A plurality of first drive pulse
      generators each for generating high voltage pulses in response to
      recording signals are respectively connected to the recording electrodes
      of said respective electrode groups via diodes. A plurality of second
      drive pulse generators each sequentially operated in response to an output
      from a ring counter to generate a high voltage pulse are connected to the
      respective corresponding electrode groups via the corresponding plural
      resistors. With the aforesaid circuit construction, an electrode group
      supplied with outputs from both said first and second drive pulse
      generators causes the formation of an electrostatic latent image on the
      recording paper.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a circuit diagram showing an electrostatic recorder according to
      an embodiment of the invention;
PAR  FIG. 2 shows the time charts of pulse signals at the respective portions of
      the circuit shown in FIG. 1;
PAR  FIG. 3 is a circuit diagram showing a drive pulse generator;
PAR  FIG. 4 is a circuit diagram showing the connection relationship of one
      recording electrode with first and second drive pulse generators;
PAR  FIGS. 5(a), 5(b), 5(c) and 5(d) show the equivalent circuits of the circuit
      shown in FIG. 4, (a) illustrating a "selected" condition, (b) illustrating
      "semi-selected" conditions, and (c) and illustrating a "non-selected"
      condition;
PAR  FIG. 6 is a circuit diagram showing an electrostatic recorder according to
      another embodiment of the invention;
PAR  FIG. 7 is a circuit diagram showing an electrostatic recorder according to
      another embodiment of the invention, wherein the potential difference
      between adjacent recording electrodes one of which belongs to one
      electrode group and the other of which belongs to another is made small;
PAR  FIG. 8 is a circuit diagram showing a drive pulse generator corresponding
      to said adjacent recording electrodes of FIG. 7;
PAR  FIG. 9 is a circuit diagram showing an operation circuit for energizing
      adjacent recording electrodes of a recorder using said drive pulse
      generator of FIG. 8;
PAR  FIG. 10 is a circuit diagram showing an operation circuit based on the
      modification of an embodiment corresponding to FIG. 9;
PAR  FIG. 11 is a circuit diagram showing an electrostatic recorder according to
      another embodiment of the invention, wherein the potential difference
      between adjacent recording electrodes is made small using diodes;
PAR  FIG. 12 is a block circuit diagram showing an electrostatic recorder for
      generating pulse signals being supplied to the drive pulse generator of
      said electrostatic recorder of FIG. 11;
PAR  FIG. 13 is a circuit diagram showing an operation circuit for explaining
      the operation of said electrostatic recorder of FIG. 11;
PAR  FIGS. 14 and 15 are circuit diagrams showing electrostatic recorders
      according to other embodiments of the invention based on FIG. 11;
PAR  FIG. 16 is a circuit diagram showing an improved drive pulse generator
      according to another embodiment;
PAR  FIG. 17 is a perspective view of a retainer having recording electrodes
      embedded therein;
PAR  FIG. 18 is a side view of a recording head assembly having recording
      electrodes, diodes and resistors incorporated therein;
PAR  FIG. 19 is a plan view of FIG. 18;
PAR  FIG. 20 is a partial side view of a substrate having diodes and resistors
      incorporated therein;
PAR  FIG. 21 is a perspective view of a recording head unit constructed such
      that the recording head assembly of FIG. 18 is received in a housing;
PAR  FIG. 22 is a plan view of a substrate of a recording head assembly based on
      the application of a print wiring technique;
PAR  FIG. 23 is a side view showing a diode and resistor mutually connected at
      one end; and
PAR  FIG. 24 is a plan view of an electrode substrate having incorporated
      therein an assembly of a diode and resistor of FIG. 23.
DETD
PAR  In the embodiment shown in FIG. 1, there are provided a plurality of (for
      example, 600) needle recording electrodes 12 having tip ends facing a rear
      electrode 11 closely thereto. Said recording electrodes are embedded in a
      line in an insulator such as epoxy resin at intervals each ranging from
      about 0.1 to 0.2 mm with the tip ends exposed. Said electrodes are divided
      into a plurality of groups, for example, 25 groups, and a prescribed
      interval is provided between two adjacent groups, and each group consists
      of 24 electrodes and corresponds to one character. Namely, this invention
      is so constructed as to print 25 characters at maximum with respect to one
      line. An electrostatic recording paper 13 travels at a prescribed speed
      between the rear electrode 11 and the recording electrodes 12 in a state
      contacting the recording electrodes in a direction intersecting the
      alignment direction of the recording electrodes 12 at right angles.
PAR  To the respective electrodes 12 are connected diodes 14 and resistors 15.
      The 24 recording electrodes 12 constituting one group are connected to the
      same number of drive pulse generators 16 via the respective diodes 14, and
      all electrode groups are connected via the diodes to the drive pulse
      generators 16 in a mutually corresponding relationship. Said drive pulse
      generators 16 are respectively connected to the outputs of the same number
      of AND gates 18, and one side-input terminals of the AND gates
      respectively receive recording signals while the other side-input
      terminals receive a clock pulse signal in common.
PAR  Second drive pulse generators 17 are provided respectively to correspond to
      a plurality of electrode groups, i.e., 25 groups, and are respectively
      connected via the resistors 15 to the 24 recording electrodes 12 of the
      corresponding group. The input terminals of drive pulse generators 17 are
      respectively connected to the output terminals of AND gates 20, and one
      side-input terminals of the AND gates 20 are respectively connected to the
      plural output terminals of a ring counter 19 while the other side-input
      terminals of the AND gates 20 receive a clock pulse signal in common. The
      ring counter 19 generates in turn output pulses from its plural output
      terminals in synchronization with a clock pulse T0, and when the recording
      electrodes 12 are energized in accordance with one cycle operation of said
      ring counter 19, the corresponding electrostatic latent images to one
      scanning line corresponding to one line consisting of 25 characters at
      maximum are formed on a recording paper.
PAR  The fundamental operation of the electrostatic recorder having the
      foregoing circuit construction will hereinafter be described. First,
      corresponding recording signals to one scanning line corresponding to the
      initial one character of 25 characters constituting one line are supplied
      to the first drive pulse generators 16 via the respective AND gates 18,
      and high voltage drive pulses are generated from the first drive pulse
      generators 16 in such a manner as to correspond to the recording signals.
      The high voltage drive pulses are supplied via the diodes to the recording
      electrodes of all electrode groups. At this time, the ring counter 19
      generates one output pulse being supplied via the AND gate 20 to the first
      generator Tr1 of the second drive pulse generator, in synchronization with
      a clock pulse signal. For this reason, the first generator Tr1 generates a
      high voltage pulse, which is supplied via the resistors only to a first
      electrode group 12-1. Accordingly, the recording electrodes of the first
      electrode group 12-1 are energized by the high voltage pulse causing the
      formation of electrostatic latent images on the recording paper 13 and
      generated upon the operations of both the first drive pulse generators 16
      and second drive pulse generators 17. Since, at this time, the recording
      electrodes of the other electrode groups receive, due to only the first
      drive pulse generators 16 being operated, voltage pulses not high enough
      to form electrostatic latent images on the recording paper, no
      electrostatic latent image is formed on the portions of the recording
      paper which face them. Next, when recording signals corresponding to part
      of the next character are supplied to the first drive pulse generators 16
      via the AND gates 18 and the ring counter 19 is advanced one count to
      generate an output pulse for energizing the second drive pulse generator
      Tr2, the recording electrodes of only the second electrode group 12-2 are
      supplied with high voltage pulses enabling the formation of electrostatic
      latent images on the recording paper. When, in this manner, the ring
      counter 19 is sequentially advanced in counts to complete one cycle
      operation and recording signals corresponding to the individual characters
      are supplied in turn to the first drive pulse generators 16 via the AND
      gates 18, corresponding electrostatic latent images to one scanning line
      corresponding to one line consisting of the 25 characters are formed on
      the recording paper.
PAR  By repeating such operation by 24 cycles in the process of allowing the
      recording paper to travel continuously, electrostatic latent images
      corresponding to 25 characters at maximum constituting one line are formed
      on the recording paper. In FIG. 2, for clarification of the operations,
      there are shown time charts of the respective high voltage pulses
      generated from the first and second drive pulse generators and those of
      clock pulses.
PAR  The circuit construction of the first and second drive pulse generators 16
      and 17 is shown in FIG. 3. Referring to FIG. 3, the base of a PNP
      transistor Qi is connected to an input signal source, i.e., the AND gate
      18 or 20 via a resistor r1 and simultaneously connected to a bias voltage
      source +V2 via resistor r2. The emitter of the transistor Qi is grounded,
      and the collector thereof is connected to a voltage source -V1 via a
      resistor r3 and simultaneously to the base of an NPN transistor QO via a
      serial circuit of a capacitor C and resistor r4. The emitter of the
      transistor QO is connected to a voltage source -VH and simultaneously
      connected via a resistor r5 to the connection point between the capacitor
      C and the resistor r4, while the collector thereof is grounded via a
      resistor RO and simultaneously connected to an output terminal OUT.
PAR  When a negative input pulse is supplied to the drive pulse generator having
      the foregoing circuit construction, the transistor Qi is rendered
      conducting, so that the transistor QO is rendered conducting. As the
      result, a negative high voltage pulse -VH is generated from the output
      terminal OUT.
PAR  The operation of the recorder using the first and second drive pulse
      generators having the circuit construction of FIG. 3 will now be described
      about a single recording electrode 12 by reference to FIGS. 4 and 5.
PAR  In FIG. 4, the drive pulse generator is shown only by a circuit consisting
      of the final stage transistor QO, and the first and second drive pulse
      generators 16 and 17 are respectively shown by a circuit of a transistor
      QOs and resistor ROs and a circuit of a transistor QOr and resistor ROr.
PAR  Where the transistors QOs and QIr are both rendered conducting, namely
      where recording signals and the output signals from the counter 19 are
      respectively supplied to the first and second drive pulse generators 16
      and 17, the recorder is brought to a state shown by an equivalent circuit
      (a) of FIG. 5. That is, no current is passed through the diode 14, which
      accordingly is rendered substantially non-conducting. As the result, a
      voltage -VH is supplied to the recording electrode 12 via a resistor 15.
      In this case, a voltage VCE impressed on the transistor QOr is overlooked
      because it has an extremely small value as compared with the value (-500V
      to -800V) of the voltage -VH. At this time, an electrostatic latent image
      is formed on the recording paper 13. This condition is referred to as a
      selected condition.
PAR  Where the transistor QOs is rendered nonconducting and the transistor QOr
      is rendered conducting, the recorder is brought to a state shown by an
      equivalent circuit (b) of FIG. 5, so that the diode 14 is rendered
      conducting. As the result, current is passed through the resistor ROs,
      diode 14, resistor 15 and transistor QOr in the order mentioned, and the
      recording electrode 12 is supplied with a voltage having a value equal to
      VH.sup.. ROs/(ROs + R) (where R represents the resistance value of the
      resistor 15). This voltage is chosen to have a voltage value, ranging, for
      example, from -250 to -350V, smaller than the minimum value of a voltage
      necessary for the electrostatic recording, and the voltage value is
      obtained by setting the respective values of the resistor ROs and the
      resistor 15 (namely, R). Under this condition, namely, under the condition
      of the equivalent circuit (b), a voltage appears at the recording
      electrode, but the electrostatic recording is not effected. This condition
      is referred to as a semi-selected condition.
PAR  Where the transistor QOs is rendered conducting and the transistor QOr is
      rendered nonconducting, the recorder is brought to the condition of an
      equivalent circuit (c). At this time, the diode 14 is substantially
      rendered nonconducting, so that the recording electrode 12 has an earth
      potential. Further, where the transistors QOs and QOr are both rendered
      nonconducting, the recorder is brought to the condition of an equivalent
      circuit (d). At this time, the recording electrode 12 has an earth
      potential as in the case where the recorder is kept in the condition of
      the equivalent circuit (c). Under the conditions (c) and (d), the
      recording electrode 12 is not supplied with any high voltage pulse, so
      that the electrostatic recording is not effected. This condition is
      referred to as a non-selected condition.
PAR  As above described, by permitting the recording electrodes to be all set to
      the selected, semi-selected or non-selected condition, electrostatic
      latent images corresponding to a prescribed character are formed on the
      recording paper. Since, in this manner, the high voltage is divided by the
      respective resistances provided in the drive pulse generator to be brought
      to a semi-selected condition, the potential difference between the
      selected and non-selected conditions is not produced between any two
      adjacent recording electrodes, so that the life of the recording needle
      can be extended.
PAR  In the embodiment shown in FIG. 6, the input terminals of the first drive
      pulse generators 16 are respectively connected to the input terminals of
      an OR gate 21, and the output of the OR gate is supplied to the additional
      input terminals of the AND gates 20 connected to the second drive pulse
      generators 17. With the above-mentioned circuit construction, where
      recording signals are absent on a given scanning line corresponding to
      characters to be recorded, for example, where a portion corresponding to a
      space between character lines is considered, even if outputs are generated
      from the counter 19, no output will be generated from the AND gate 20
      because no output is generated from the OR gate 21, so that the second
      drive pulse generator 17 is not energized. Accordingly, power to be
      consumed by the second drive pulse generator can be economized.
PAR  With respect to two adjacent recording electrodes, one belonging to one
      electrode group of the aforesaid electrostatic recorder and the other
      belonging to another, said one recording electrode often has a recording
      potential and said other often has an earth potential, so that the
      potential difference therebetween often becomes great. For this reason, a
      sufficient insulation should be applied between said both recording
      electrodes. Since, in a recorder for recording characters only, a somewhat
      large interval corresponding to a character-to-character interval is
      provided between electrode groups, the above-mentioned insulation is
      sufficiently attained. However, in such a recorder, used in, for example,
      a facsimile apparatus, as records signals for an image including a
      continuous line, no sufficiently large interval can be provided between
      the electrode groups which raises the above-mentioned insulation problems.
PAR  In FIG. 7, an embodiment wherein the above points are taken into
      consideration is shown. In this embodiment, the connection relationship of
      the first and second drive pulse generators 16 and 17 with the recording
      electrode 12 is the same as that described in the preceding embodiment.
PAR  In said embodiment, the first drive pulse generators 16A and 16B
      respectively corresponding to the two adjacent recording electrodes 12A
      and 12B and the second drive pulse generators 17A and 17B respectively
      corresponding thereto are constructed as shown in FIG. 8. A circuit shown
      in FIG. 8 is substantially the same as that shown in FIG. 3. In the
      circuit of FIG. 8, however, the collector of the transistor QOr is
      connected via the resistor ROr to a voltage source -VL having a
      semi-selected voltage, namely a voltage level of, for example, -200 to
      -300V. When, in this manner the collector of the transistor QOr is
      connected to the semi-selected voltage source, the recording electrode 12A
      or 12B is supplied with a semi-selected voltage -VL even in the case where
      both transistors QOs and QOr are rendered nonconducting as apparent from
      FIG. 9. This means that the recording electrodes 12A and 12B do not have a
      non-selected potential of less than -VL. Accordingly, a potential
      difference of VH - VL is only produced between the electrodes at most, so
      that even if an interval between said both electrodes 12A and 12B is made
      small, creeping discharge will not take place between both electrodes.
PAR  The recorder according to this embodiment is constructed such that the
      first drive pulse generators 16A and 16B and the second drive pulse
      generators 17A and 17B are connected to the voltage source -VL, but may be
      constructed such that, as shown in FIG. 10, the second drive pulse
      generators 17 are connected to the voltage source -VL and the first drive
      pulse generators 16 are grounded.
PAR  In the embodiment shown in FIG. 11 there is provided an electrostatic
      recorder designed to have the same effect as that attainable by the
      embodiment of FIG. 7. In said embodiment, the adjacent electrodes 12A and
      12B are respectively connected to the individual drive pulse generators 17
      via a serial circuit of a resistor 15 and a diode 18a and via a serial
      circuit of another resistor 15 and a diode 18b, and the connection point
      between a resistor 15a and the diode 18a is connected to the connection
      point between a resistor 15b and the diode 18b. The first drive pulse
      generators 16 include the first drive pulse generators 16a and 16l
      respectively corresponding to the recording electrodes 12B and 12A at the
      respective both ends of the electrode groups bearing the orders of odd
      numbers and the first drive pulse generators 16a' and 16l' respectively
      corresponding to the recording electrodes 12B and 12A at the respective
      both ends of the electrode groups bearing the orders of even numbers. The
      remaining recording electrodes of the respective electrode groups
      respectively correspond to the first drive pulse generators 16b to 16l- 1.
PAR  With the foregoing circuit construction, recording signals are alternately
      supplied to the first drive pulse generators 16a and 16l respectively
      corresponding to the recording electrodes at the respective both ends of
      the electrode groups bearing the orders of odd numbers, or to the first
      drive pulse generators 16a' and 16l' respectively corresponding to the
      recording electrodes at the respective both ends of the electrode groups
      of even numbers, and continuously supplied in turn to the remaining drive
      pulse generators 16b to 16l- 1. Further, each of the drive pulse
      generators 17 is so constructed as to supply a second drive pulse signal
      to one of the recording electrode groups of the system including the drive
      pulse generators 16a and 16l (or 16a' and 16l') driven by recording
      signals.
PAR  In FIG. 12 a circuit for generating pulse signals supplied to the drive
      pulse generator groups 16 and 17 shown in FIG. 11 is shown.
PAR  Recording signals supplied to an input terminal 31 are supplied to a wave
      shaping circuit 32 constituted by, for example, a Schmitt circuit and
      converted there into binary signals. The recording signals are accumulated
      in either of two registers (each having l bits) 34 and 35 in
      synchronization with clock signals from a clock pulse generator 33
      constituted by a quartz oscillator and frequency divider. The recording
      signals passed through the wave shaping circuit 32 are alternately
      supplied to the registers 34 and 35 for every l number of cycles of clock
      signals via a gate circuit 37 controlled by the output of an l-scale
      counter 36 for counting clock signals, and are accumulated therein. At
      this time, the resistor 34 or 35 supplied with no recording signals is
      reset by the output of the l-scale counter 36 passed through a gate
      circuit 38.
PAR  In this manner, recording signals are accumulated in the registers 34 and
      35 in synchronization with clock signals, and thereafter are respectively
      supplied to gate circuits 39 and 40 having an l number of gates. When
      recording signals of an l number of bits are accumulated in the shift
      registers 34 and 35 respectively corresponding to the gate circuits 39 and
      40, the counter 36 generates output pulses each having a pulse width
      corresponding to a predetermined length of recording time. By the output
      pulses, the gate circuits 39 and 40 are controlled simultaneously to
      generate negative-going pulses corresponding to the recording signals. The
      negative-going pulses are respectively supplied to a group of the first
      drive pulse generators 16a to 16l, 16a' and 16l'.
PAR  A ring counter 42 has its content shifted bit by bit in response to outputs
      from the counter 36, and one full circulation of the shifting operation of
      the ring counter corresponds to one scanning line. In the ring counter 42,
      the phase of a signal corresponding to a scanning line and the position of
      this scanning line are controlled by outputs from a phase comparator 43
      for comparing an output from the counter 42 with a phase signal separated
      from a recording signal passed through the wave shaping circuit 32. An
      output from the ring counter 42 is so controlled as to have a pulse width
      corresponding to a predetermined length of recording time by a gate
      circuit 44 operated in response to outputs from the counter 36, and then
      supplied to the second drive pulse generators 17 with a prescribed timing.
PAR  Let it be now assumed that, for example, the first drive pulse generators
      16a to 16l and the second drive pulse generator 17A generate high voltage
      pulses in accordance with signals from the gate circuits 39, 40 and 44.
      Then, some of the recording electrodes 12 constituting the electrode group
      12-1 are so energized as to have a prescribed lever -VH of recording
      voltage, thereby causing the formation of electrostatic latent images on
      the recording paper 13. At this time, one end of the resistor 15B having
      the other end connected to the electrode 12B of the adjacent electrode
      group has a potential of -VH due to the action of the diode 18a. Under
      this condition, the electrode 12B is supplied with a voltage of VH.sup..
      ROs/(ROs + R), i.e., a semi-selected voltage. Accordingly, the potential
      difference between the recording electrodes 12A and 12B is made as small
      as VH- VH.sup.. ROs/(ROs + R) at maximum.
PAR  Since, at this time, the remaining electrodes of the adjacent electrode
      group 12-2 to the electrode group 12-1 kept in a selected condition are
      all made to have an earth potential, the potential difference between the
      electrode 12B of the electrode group 12-2 and the same group electrode
      adjacent the electrode 12B is VH.sup.. ROs /(ROs + R). Therefore, no
      creeping discharge takes place between these electrodes.
PAR  As above described, the embodiment shown in FIG. 11 wherein the first drive
      pulse generators of the group 16 have the same circuit construction can
      attain the same effect as that obtainable by the embodiment shown in FIG.
      7.
PAR  Further, in the embodiment of FIG. 11, diodes may be provided in such a
      connection relationship as is shown in the respective embodiments of FIGS.
      14 and 15.
PAR  As apparent from the preceding embodiments, according to the invention, the
      potential difference between the recording electrodes is rendered in
      principle equal to the difference between the selected voltage and
      semi-selected voltage. This difference accounts for 50 to 70 percent of
      the potential difference attainable in the prior art electrostatic
      recorder. The interval between the recording electrodes can be made small
      to an extent corresponding to this decrement of potential difference, so
      that the resolution is improved to enable the reproduction of a good
      quality image. Further, if the interval between the recording electrodes
      is rendered equal to that defined in the case of the prior art recorder,
      the discharging between the recording electrodes will be effected to a
      reduced extent, so that the waste of the recording electrode is decreased
      to elongate the life of the electrostatic recorder.
PAR  In FIG. 16, a high voltage pulse generator, i.e., a drive pulse generator
      is concretely shown. Referring to FIG. 16, a control circuit 51 is
      optically coupled to a high voltage output circuit 52 by an optically
      coupling circuit 53, and a high voltage pulse is generated from the high
      voltage output circuit 52 in response to input signals applied to the
      control circuit 51. That is to say, the optically coupling circuit 53 is
      constituted by a light emission diode 53a and a photo-transistor 53b which
      are disposed to face each other, and an insulation treatment is given
      between the diode 53a and the photo-transistor 53b so as to permit an
      insulation withstand voltage of 1 to 2KV to be obtained therebetween. The
      anode of the light emission diode 53a is connected via a resistor 54 to a
      source for a low voltage logic circuit, for example, a source having a
      voltage level of +5V, while the cathode thereof is connected to the output
      terminal of a NAND circuit 51a, which is supplied with a recording signal
      b and a clock pulse c. The collector of the photo-transistor 53b is
      impressed with a negative potential -V1 via a resistor 55 while the
      emitter thereof with a negative potential -V2 lower than the negative
      potential -V1. The collector of the photo-transistor 53b is connected to
      the base of an NPN transistor 52a. The emitter of the transistor 52a is
      impressed with a negative potential -V1 while the collector thereof is
      connected to the base of a transistor 52b via a serial circuit consiting
      of a resistor 56 and a parallel circuit of a resistor 57 and a capacitor
      58. The base of the transistor 52b is impressed with the negative
      potential -V2 via a resistor 59 while the emitter thereof directly with
      the negative potential -V2. Further, the collector of the transistor 52b
      is grounded via a resistor 60 and connected directly to an output terminal
      61.
PAR  Where, in the aforesaid circuit construction, either of the control signal
      b and the clock pulse c has a level of "O", the output of the NAND circuit
      51a has a level of "1" (high level), so that the light emission from the
      diode 53a is not effected. Accordingly, the photo-transistor 53b is
      rendered nonconducting, thereby rendering the transistor 52a
      nonconducting, so that the transistor 52b is rendered non-conducting. For
      this reason, the output terminal 61 is supplied via the resistor 60 with a
      voltage of OV.
PAR  Where both of the control signal b and the clock pulse c have a level of 1,
      the output of the NAND circuit 51a has a level of 0 (low level), so that
      current is flowed in the light emission diode 53a via the resistor 14.
      Therefore, the light emission from the diode 53a is effected to render the
      transistor 53b conducting, so that the transistor 52a is rendered
      conducting to render the transistor 52b conducting. For this reason, the
      output terminal 61 is supplied with a voltage of -V2.
PAR  When the light emission from the diode 53a is not effected, the use of the
      above-mentioned drive pulse generator renders all of the transistors 53b,
      52a and 52b non-conducting to prevent current from being consumed for
      nothing. Further, by determining the pulse width of the clock pulse c as
      desired, the pulse width of a negative voltage pulse appearing at the
      output terminal 61 can be so set as to have a predetermined value.
PAR  Though, where the electrostatic recorder having the foregoing circuit
      construction is formed by assembling the resistors, diodes and needle
      electrodes, the assembling operation is supposed to become complicated,
      the following construction enables a considerably easy performance of said
      assembling operation.
PAR  As shown in FIG. 17, a plurality of recording electrodes 72 are so embedded
      in an angular electrode retainer 71 as to cause the tip ends thereof to be
      exposed. Integrally connected to the recording electrodes 72 are lead
      wires 73, the opposite ends of which are respectively fixed by an adhering
      tape 74.
PAR  As shown in FIGS. 18 and 19, two L-shaped fittings 75 are attached to the
      side portions of the electrode retainer 71. Mounted onto the L-shaped
      fittings 75 are U-shaped fittings 76 to which are attached hinges 77 and
      78. The respective wiring substrates 79 and 80 are provided for the hinges
      so as to face each other with the lead wires interposed therebetween.
      Thus, the substrates can be swung through an angle of 90.degree. by the
      hinges. Attached to the substrates 79 and 80 are diodes 81 and resistors
      82 (respectively corresponding to the diodes 14 and resistors 15 of FIG.
      1) which are subjected to wiring with lead wires 83 and 84 as shown in,
      for example, FIG. 1. The terminating ends of the lead wires 83 and 84 are
      connected to connectors 85 provided for one side end of the substrate 79
      (and 80). The connectors 85 are connected to the above-mentioned first and
      second drive pulse generators. In said wiring operation, one side-ends of
      the diode 81 and resistor 82 are mutually connected by means of a
      connection member 86, and the lead wires 83 and 84 are respectively
      connected to the diode and the resistor so as to prevent the lead wires 83
      and 84 from contacting each other, by utilizing the difference in height
      between the diode and the resistor.
PAR  In forming the above-mentioned recording electrode head assembly, the diode
      81 and resistor 82 are beforehand attached to the substrates 70 and 80,
      which are also attached to the hinges 77 and 78. With the substrates 79
      and 80 maintained swung through an angle of 90.degree., the lead wires 73
      are connected one by one to the connection members 86 in a predetermined
      order. After completion of this wiring operation, the substrates 79 and 80
      are made parallel with each other and then fixed. Thereafter, the head
      assembly is so received in a housing as to permit the connectors 85 and
      the recording head assembly to project from the housing.
PAR  The embodiment shown in FIGS. 17 to 20 refers to the case where the fine
      wire-made recording electrodes are embedded in the electrode retainer, but
      these electrodes may be formed on an insulation substrate by utilizing a
      print-wiring technique. Namely, 500 to 2000 hard soldering-applied and
      copper foil-made recording electrodes 90 are formed on one surface of an
      epoxy resin-made substrate 91 having a thickness of 1.0 mm at the rate of
      3 to 8 electrodes per millimeter by utilizing the etching technique.
      Similarly, lead wires 92 for supplying a pulse voltage of -600 to -800V to
      recording electrodes 90 are formed on the substrate 91 in a state divided
      into some groups. One side-ends of the lead wires 92 are respectively
      connected to the recording electrodes 90 while the other side-ends are
      connected to lands 95 to each of which is connected a connection point
      between the diode 93 and the resistor 94. These lead wires respectively
      have substantially the same width as that of the recording electrode 90,
      and are respectively formed of copper foil. If it is assumed in this
      embodiment that eight recording electrodes be provided with respect to one
      character and eight characters be recorded with respect to one row, the
      lands 95 having the recording electrodes 90 connected thereto for each
      group will be arranged by the number of 8 rows .times. 8 columns. Further,
      one row- and one column-lands 96 and 97 are provided respectively in
      addition to the eight rows and eight columns. The lands 96 are
      respectively connected via lead wires 99 to connector terminals 98
      provided on the substrate 91.
PAR  On the other hand, the diode 93 and the resistor 94 are mutually connected
      at one end, as shown in FIG. 23. A lead wire 100 drawn from the common
      connection point is connected to the land 95, and the resistors and diodes
      are thus attached to the substrate 91. The diodes 93 attached to the
      substrate 91 are connected at the other end in common for each electrode
      group by means of lead wires 101. Similarly, the resistors 94 are
      connected at the other end in common for each electrode group by means of
      lead wires 102. The lead wires 101 are respectively connected to the lands
      97 while the lead wires 102 are respectively connected to the lands 96. On
      the corresponding back surface of the substrate surface in which the
      connectors are formed are formed other connectors 103, which are
      respectively connected to the lands 97.
PAR  The recording electrode head assembly constructed as described above can be
      connected to the first and second drive pulse generators by connecting to
      a socket the end of the substrate on which are formed the connectors 98
      and 103.
PAR  With the above-mentioned construction, the recording electrode head
      assembly can be made compact and low in manufacturing cost, and readily
      fabricated.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An electrostatic recorder comprising:
PA1  a plurality of recording electrodes aligned in a line at prescribed
      intervals and divided into a plurality of electrode groups;
PA1  a plurality of series members each comprising a diode and main resistor
      connected in series and having a common connection point connected to one
      of said recording electrodes;
PA1  a plurality of first drive pulse generators each having an output terminal
      connected to a given one of the recording electrodes included in each of
      said plurality of electrode groups via the diode and operated in response
      to recording signals to generate high voltage pulses;
PA1  a plurality of second drive pulse generators each of which has an output
      terminal connected via the main resistor to the recording electrodes
      included in the corresponding one of said electrode groups and which are
      sequentially operated in response to control signals to generate high
      voltage pulses;
PA1  said first and second drive pulse generators each having an additional
      resistor connected between its output terminal and a point having a
      predetermined potential;
PA1  a rear electrode provided in common for the plurality of electrode groups;
PA1  the resistance ratio of the main and additional resistors having a value
      permitting a semi-selected voltage of 50 to 70 percent of a recordable
      voltage to be applied to the recording electrodes corresponding to
      non-actuated first drive pulse generators belonging to the recording
      electrode group corresponding to an actuated second drive pulse generator.
NUM  2.
PAR  2. An electrostatic recorder according to claim 1 which further comprises a
      ring counter having a plurality of output terminals for generating said
      control signals from said terminals and wherein said second drive pulse
      generators are respectively electrically coupled to said output terminals
      of said ring counter.
NUM  3.
PAR  3. An electrostatic recorder according to claim 2 wherein said ring counter
      generates sequentially said control signals in response to clock pulses
      and said second pulse generators are respectively coupled to said output
      terminals of said ring counter via respective gate circuits receiving the
      corresponding control signals and clock pulses.
NUM  4.
PAR  4. An electrostatic recorder according to claim 1 wherein a gate circuit
      having a plurality of input terminals respectively connected to the inputs
      of said first drive pulse generators is provided to permit said second
      drive pulse generators to generate high voltage pulses in response to an
      output from said gate circuit and said control signal.
NUM  5.
PAR  5. An electrostatic recorder according to claim 1 wherein said additional
      resistor is connected between the output terminal of the pulse generator
      and a point having an earth potential.
NUM  6.
PAR  6. An electrostatic recorder according to claim 1 wherein the additional
      resistor of each of said first drive pulse generators respectively
      corresponding to two adjacent recording electrodes, one of which belongs
      to one of the two adjacent electrode groups and the other of which belongs
      to the other, includes one end connected to the output terminal of the
      pulse generator and the other end supplied with a predetermined potential
      having a voltage level disabling the electrostatic recording from being
      effected.
NUM  7.
PAR  7. An electrostatic recorder according to claim 1 wherein any two adjacent
      recording electrodes of each of said electrode groups are aligned in a
      line at a first interval and any two adjacent recording electrodes between
      any two adjacent recording groups are aligned at a second interval larger
      than said first interval.
NUM  8.
PAR  8. An electrostatic recorder according to claim 1 wherein any two adjacent
      recording electrodes of all said electrode groups are aligned in a line at
      the same interval.
NUM  9.
PAR  9. An electrostatic recorder according to claim 1 wherein said first drive
      pulse generators corresponding to the recording electrodes at the
      respective both ends of the recording electrodes included in each of the
      electrode groups bearing the orders of odd numbers of said electrode
      groups and said first drive pulse generators corresponding to the
      recording electrodes at the respective both ends of the recording
      electrodes included in each of the electrode groups bearing the orders of
      even numbers generate alternately high voltage pulses; any two adjacent
      recording electrodes, one of which belongs to one of said two adjacent
      electrode groups and the other of which belongs to the other, are
      connected to the corresponding second drive pulse generators via
      additional diodes connected between said resistors and said corresponding
      second drive pulse generators; and the connection points between said
      additional diodes corresponding to said two adjacent recording electrodes
      and the corresponding resistors connected to said diodes are mutually
      connected.
NUM  10.
PAR  10. An electrostatic recorder according to claim 1 wherein said diodes and
      resistors are disposed on two wiring boards and are assembled in an
      electrode holder for holding said recording electrodes, said two wiring
      boards being fixed in a mutually faced condition.
NUM  11.
PAR  11. An electrostatic recorder according to claim 1 wherein each of said
      first and second drive pulse generators comprises an optically coupling
      circuit comprising a light emission diode and a light receiving
      photo-transistor, a control circuit for controlling the light emission
      operation of said light emission diode, and a circuit provided with a high
      withstand voltage transistor turned on or off in corresponding
      relationship to the on or off operation of said light receiving
      photo-transistor to generate high voltage pulse signals.
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ABST
PAL  Recording head current in magnetic printing systems is reduced by
      application of a direct current magnetic bias field. The bias and
      recording fields add to produce a sum field with sufficient strength to
      switch a premagnetized recording medium. The bias field may be applied
      directly to the surface of the recording medium or may be concentrated at
      the recording medium surface by pin poles.
PAL  In one embodiment of the invention the bias field is supplied by a
      permanent magnet common pole in a pin pole-type recording head array.
BSUM
PAC  CROSS REFERENCE AND INCORPORATION BY REFERENCE
PAR  This appplication is related to copending U.S. patent application Ser. No.
      571,595 by Ami E. Berkowitz. The above-mentioned patent application and
      U.S. Pat. Nos. 3,581,390 and 3,639,699 are incorporated herein by
      reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns structures and methods for magnetic image
      recording. More specifically, this invention concerns magnetic biasing
      methods and structures for economical image recording in magnetic printing
      systems.
PAR  Machines for producing printed copy form a latent image which is recorded
      on a magnetic medium are well known to the reproduction arts. Typically,
      an original image is optically scanned to produce an electrical signal
      which varies in intensity with the brightness of the original image. The
      electrical signal, which may for example be stored and regenerated in a
      computer memory, is applied to magnetic recording heads which produce a
      sequentially varying magnetic field. The surface of a magnetic recording
      medium, for example, a drum or an oxide coated tape, moves past the
      recording heads through the varying magnetic field. A latent magnetic
      image corresponding to the brightness of the original image is thus
      recorded on the surface of the magnetic medium. A magnetic ink which may
      be in the form of particles comprising finely divided ferrogmagnetic
      powder and a plastic resin, is applied to the surface of the recording
      medium where it is attracted by the magnetic field variations of the
      latent image. The ink image is then transferred from the magnetic medium
      to a final copy material, typically paper, by any of a variety of
      well-known processes which include electrostatic transfer and pressure
      transfer. The latent image recorded on the magnetic medium may then be
      re-inked for printing additional copies or erased to permit the medium to
      be used for printing a new image.
PAR  Typical magnetic printing systems employ a large plurality of magnetic
      recording heads for separately addressing and recording image points on
      magnetic recording medium. The recording heads are typically physically
      small and employ a limited number of conducting turns in an exciting
      winding. High speed printing operating dictates that the current flow
      through the exciting windings be in the form of narrow pulses. Large peak
      head drive currents are typically required to produce a magnetic field
      capable of saturating the magnetic recording medium with a small number of
      exciting winding turns.
PAR  The cost of circuitry for driving high speed magnetic recording heads
      generally increases sharply with the peak current required. Large numbers
      of driver circuits are typically required for magnetic printing
      applications. It is, therefore, desirable to reduce the peak drive current
      requirements and therefore the total head current driver cost in magnetic
      printing applications.
PAR  The ferromagnetic ink utilized in magnetic printing applications is
      attracted by variations in the magnetic field of a latent recorded image.
      Maximum ink density is, therefore, associated with the image areas
      incorporating large numbers of magnetic field reversals. Magnetic field
      reversals may be recorded by applying pulses of opposite polarity to
      adjacent recording heads in contact with the recording medium. Magnetic
      field reversals may also be recorded by applying unidirectional pulses to
      alternate magnetic recording heads to selectively reverse the polarity of
      a uniformly magnetized medium.
PAR  Briefly stated, copending U.S. patent application Ser. No. 571,595
      describes an integrated, pin-type recording head array suitable for
      magnetic printing applications. One pole of the recording head array
      comprises a sheet of magnetic material while the remaining poles comprise
      pin cores wrapped with field coils.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the direction of magnetization of
      a premagnetized, saturable, recording medium is selectively reversed by
      unidirectional pulses which are applied to an array of magnetic recording
      heads. A unidirectional magnetic bias field, applied in the vicinity of
      the recording heads, is selected with a magnitude which is insufficient,
      acting alone, to switch the orientation of the tape magnetization. The
      magnetic field induced by the recording head current pulse adds with the
      bias magnetic field to produce sum fields with magnitudes sufficient to
      switch the tape orientation.
PAR  In one embodiment of the invention, the recording heads comprise
      integrated, planar, single turn recording heads of the type more fully
      described in U.S. Pat. Nos. 3,581,390 to D. S. Rodbell on June 1, 1971.
      The magnetic bias field is applied directly to the surface of the
      recording medium and normal to the plane of the recording head. The
      magnetic poles of this recording head comprise thin sheets of magnetic
      material disposed normal to the bias field and are thus insensitive to the
      limiting effects of magnetic saturation which a bias field would induce in
      other recording head configurations.
PAR  In another embodiment of the invention, the recording heads comprise core
      pairs including magnetically soft pins wrapped with multi-turn field coils
      and oriented at angles to the surface of the recording medium. A magnetic
      field is applied to the heads in the plane of the core pairs and acts to
      induce a unidirectional magnetic bias field across the head recording gap.
      This magnetic head configuration contains large air gaps and is relatively
      insensitive to magnetic saturation effects which a d.c. bias field would
      induce on a closed-core head structure.
PAR  The magnetic bias field may be induced by permanent magnets adjacent to the
      recording head or may be induced by direct current Hemholtz coils or other
      magnetic field generating means.
PAR  It is, therefore, an object of this invention to provide methods and
      structures for reducing the drive current requirements in magnetic image
      recording heads.
PAR  Another object of this invention is to reduce the cost of recording head
      drive circuitry in magnetic printing machines.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed to be characteristic of the present invention
      are set forth in the appended claims. The invention itself, together with
      further objectives and advantages thereof, may best be understood with
      reference to the following detail description, taken in connection with
      the appended drawings in which:
PAR  FIG. 1 is a recording structure, in accordance with the present invention,
      which utilizes single turn, planar recording heads and a permanent magnet
      bias field in the plane of the recording medium.
PAR  FIG. 2 is a relative plot of magnetic flux density vs. magnetic field
      strength for typical magnetic recording media.
PAR  FIG. 3 is another embodiment of a magntic recording structure, in
      accordance with the present invention, which utilizes magnetic recording
      heads including pin cores.
PAR  FIG. 4 is another embodiment of a magnetic recording structure which
      comprises a magnetic recording head including pin poles and an opposed
      magnetic sheet cores.
PAR  FIG. 5 is another embodiment of a magnetic recording structure wherein a
      bias field is generated by a permanent magnet sheet pole.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The recording heads in a magnetic printing machine are, typically, designed
      to excite relatively small areas on the surface of a magnetic recording
      medium. By way of example, in present machines each picture element may
      comprise 2 mm.sup.2 or less surface area. The magnetic recording heads
      must, therefore, be of extremely compact construction with narrow
      center-to-center spacing. These physical constraints are, typically,
      realized in recording head structures which are characterized as having a
      small number of turns in an exciting winding.
PAR  The magnetic field strength generated by a recording head is proportional
      to the number of turns in the exciting winding multiplied by the current
      flowing in that winding. A relatively high drive current must, therefore,
      be applied to the relatively small winding of the recording heads used in
      magnetic printing systems in order to produce a magnetic field of
      sufficient strength to saturate the recording medium.
PAR  The cost of available semiconductor components for high current magnetic
      head driving circuits is substantially greater than the cost of similar
      semiconductor components for use in lower current head driving circuits.
      Alternatively, current transformers can be used to achieve high head
      current drive from low current semiconductor circuits. The cost of these
      current transformers, however, adds substantially to the cost of the head
      driving circuits. A typical printing machine may incorporate hundred or
      thousands of recording heads and associated drive circuits. It is
      desirable, therefore, to reduce the drive current requirements and the
      associated drive circuit costs in such a machine.
PAR  The magnetic recording medium in the description of the preferred
      embodiments of this invention is, for ease of explanation, illustrated as
      an oxide coated, magnetic recording tape. It is to be understood, however,
      that the methods of the present invention are equally applicable to
      magnetic printing machines incorporating other forms of magnetic recording
      media (for example, a rotating magnetic drum).
PAR  FIG. 1 is an embodiment of the present invention wherein recording head
      current is reduced by the application of a direct current, magnetic bias
      field to the surface of the recording medium. A magnetic recording tape 10
      comprising a plastic resin backing layer 12 and a ferromagnetic recording
      layer 14 moves past a magnetic recording head array 16. The magnetic
      recording tape 10 is typically of the type having a relatively square
      magnetic hysteresis loop, and by way of example, may comprpise a gamma
      ferric oxide coated video recording tape which is characterized by a 330
      oersted coercive force at saturation. The magnetic recording head array 16
      is of an integrated, planar type comprising a flat sheet of electrical
      conductor 20 and an outer coating of permeable magnetic material 18.
      Magnetic recording head structures of this construction are more fully
      described in U.S. Pat. No. 3,581,390 to D. S. Rodbell and in U.S. Pat. No.
      3,639,699 to J. J. Tiemann. The magnetic recording head 16 comprises a
      plurality of separate recording segments 17, each of which is separately
      connected, in a manner more fully described in the above-referenced
      Rodbell patent, to one of a plurality of pulsed, current driving circuits
      22. The drive circuits 22 are adapted to respond to image information and
      to produce current flow in segments of the conductor 20 whereby elements
      of a magnetic latent image are recorded in the magnetic oxide layer 14.
PAR  The surface layer 14 of the magnetic tape 10 is premagnetized by an
      external magnetic field (not shown) in a first direction 24, normal to the
      plane of the recording head 16. The current flow in the recording head
      segments acts to reverse the magnetic field polarity in the oxide layer
      lying beneath that recording head segment. The image recording process of
      the present invention may, therefore, be characterized as a unipolar
      recording process.
PAR  In accordance with the present invention, we provide a direct current bias
      magnetic field in the plane of the magnetic tape surface beneath the
      recording heads. The strength of the bias magnetic field is insufficient,
      by itself, to to switch the direction of the premagnetized field 24 in the
      tape surface 14. In a manner more fully described below, the bias magnetic
      field adds to the magnetic field generated by the recording heads and
      thereby switches the direction of magnetization in the tape surface 14.
      The bias field is generated by a pair of permanent magnets 26 and 28 in
      the plane of the magnetic tape 10. Alternately the bias field may be
      generated by any other magnetic field generating means, which are commonly
      known, for example, Hemholtz coils.
PAR  Direct current magnetic bias of the recording tape surface is generally
      impractical with other recording head structures of the prior art. A
      magnetic field of sufficient strength to provide a useful bias effect in
      the surface of a recording medium will, in general, incorrectly magnetize
      structures of the associated recording head array and render the recording
      head inoperative. In the present invention, the magnetic structures
      associated with the recording heads are thin, flat planes lying normal to
      the bias magnetic field and are, therefore, insensitive to saturation by
      that field.
PAR  The operation and advantage of a direct current magnetic field bias applied
      to the surface of a magnetic recording medium may be understood by
      reference to FIG. 2 which is a plot of magnetic flux density vs. magnetic
      field strength for a typical magnetic recording medium. The magnetic
      recording medium is initially premagnetized at the level B.sup.-.sub.MAX
      by a magnetic field with a strength in excess of H.sub.S .sup.-. The
      direct current bias field has a strength H.sub.B which is less than the
      magnetic field strength, H.sub.S, which is necessary to initiate switching
      of the recorded magnetic field. The current pulse applied to the magnetic
      recording head produces a magnetic field with a strength, H.sub.p, which
      is less than the field strength, H.sub.S, that is necessary to switch the
      tape but which, when added with the bias field, H.sub.B, produces a
      magnetic field strength in excess of the field strength, H.sub.S .sup.+
      which is necessary to switch the direction of the magnetic field in the
      recording medium and to saturate that medium with a magnetic field in the
      opposite direction. The indicated relationships may be expressed
      mathematically as:
EQU  H.sub.P &lt; H.sub.S
EQU  h.sub.b &lt; h.sub.s
EQU  h.sub.p + h.sub.b &gt; h.sub.s .sup.+
PAR  by way of example in a typical magnetic printing system, the recording
      medium comprises Silver Chrome II video recording tape manufactured by the
      Karex Corp., Sunnyvale, Calif., and characterized as a gamma ferric oxide
      coated tape with a coercive force of 330 oersteds. The magnetic recording
      heads are constructed in accordance with the Tiemann patent and have a
      0.013 millimeter gap at the magnetic recording surface. In the absence of
      a magnetic bias field, a 700 nanosecond wide, 2.5 ampere pulse is required
      to switch and saturate a 0.15 mm.sup.2 spot on the magnetic tape surface.
      A 150 oersted magnetic bias field is insufficient, by itself, to switch
      the magnetization of the tape oxide layer. In the presence of the 150
      oersted bias field, a 700 nanosecond, 1.75 ampere pulse is sufficient to
      switch and saturate the magnetization of the above-mentioned spot on the
      tape surface.
PAR  Another embodiment of the invention, FIG. 3 comprises a magnetic recording
      tape 10 having a plastic resin backing layer 12 and magnetic oxide
      recording layer 14. As in the above-described embodiment, the magnetic
      tape is premagnetized (by means not shown) in a first direction 24. A
      plurality of magnetic recording heads 30 which, in the present embodiment,
      comprise a pair of permeable metal pins 32 forming an acute angle in a
      plane lying normal to the tape recording surface 14 and parallel to the
      direction of the premagnetized field 24 contact the tape surface 14. The
      pins 32 form a narrow gap 40 at the recording surface 14 and are wrapped
      with a small number of turns of a winding 34. Individual pulsed, driving
      circuits 22 are connected in series with the winding 34 of each recording
      head 30. A typical magnetic printing system comprises several hundred
      recording heads arrayed across the width of the recording tape 10. For
      ease of illustration, FIG. 3 depicts a magnetic recording system utilizing
      a single array of only six recording heads.
PAR  The drive circuits 22 cause electrical current flow in the windings 34 to
      induce a magnetic field which is concentrated at the tape surface by the
      permeable pins 32. As in the above-described embodiment, unidirectional
      pulses are applied to the recording heads 30 to reverse the direction 24
      of the prerecorded magnetic field in the tape surface 14.
PAR  A pair of permanent magnets 36 and 38 provide a direct current bias
      magnetic field in the plane of the recording head pins 32. The bias field
      of the present invention embodiment, therefore, differs from the bias
      field of the above-described embodiment which was applied to the surface
      layer of the magnetic tape. The pins 32 of the recording head structure 30
      concentrate the bias magnetic field at the tape surface 14. The strength
      of the bias magnetic field adds to the strength of the field generated by
      the current flow in the recording head windings 34 to produce a field at
      the tape surface with a strength sufficient to switch the direction of and
      saturate the recorded magnetic image. As in the previous embodiment,
      neither the strength of the magnetic field produced current flow in the
      recording head windings 34 nor the strength of the magnetic field produced
      by the concentration of the bias field by the recording head pins 32 is
      sufficient, taken alone, to switch the direction of magnetization of the
      tape. The sum of these field strengths, taken together is sufficient to
      switch the direction of and saturate the recorded field. The current
      output required from the drivers 22 is therby reduced.
PAR  Magnetic bias structures of the present embodiment are adapted to, and
      useful with pin type recording heads which lie in the plane of the bias
      field and embody a substantial air path between the tops of the pins 32.
      The bias method would, however, be unsuitable for use with conventional
      recording heads of the prior art, which comprise closed yoke structures,
      and which would be incorrectly magnetized by the bias magnetic field.
PAR  The pin structures 32 of the recording heads of the present embodiment
      serve to concentrate the bias magnetic field strength at the surface of
      the tape. The strength of the bias field which is applied to the pins of
      the recording head of the present embodiment may, therefore, be of a
      smaller magnitude than the strength of the magnetic field which was
      applied to the surface of the magnetic tape in the first-mentioned
      preferred embodiment. By way of example, in a printing machine
      incorporating pin-type magnetic heads having 0.2 mm diameter pins 32, a
      0.03 mm gap 40, and a 60 turn winding 34; a 700 nanosecond, 625
      milliampere pulse was required to saturate a 2 mm.sup.2 spot on the
      surface of the previously described 330 oersted recording tape in the
      absence of a bias magnetic field. Upon application of a 10 oersted bias
      field, the pulse current required for saturation was reduced to 250
      milliamperes.
PAR  FIG. 4 is a recording structure incorporating a pintype recording head
      which is more fully described in currently filed U.S. patent application
      Ser. No. 571,595 and which includes an array of magnetic pin cores 30
      opposed to a deadhead pole 35. The pin cores are wrapped with windings 34
      which are, in the manner described above, connected to pulse drive
      circuits 22. The deadhead pole comprises a flat sheet of magnetic material
      35 and serves to increase the size of the recorded magnetic spot and to
      reduce the cost of the recording head array.
PAR  In accordance with the present invention, a magnetic bias field is applied
      in a plane passing through the deadhead sheet 35 and the pin cores 32 and
      parallel to the surface of a recording medium 10. The bias field is
      generated by a pair of permanent magnets 36 and 38 adjacent to the
      recording heads or by Helmholtz coils or other magnetic field generating
      means. The bias field of this preferred embodiment is oriented through the
      recording heads in the same manner as the bias magnetic field in the
      embodiment of FIG. 3 and is concentrated at the surface of the recording
      medium by the deadhead pole 35 and the pin cores 32. The magnitude of the
      bias field and of the pulsed drive current are determined in the manner
      described above.
PAR  FIG. 5 is another embodiment of the present invention wherein the magnetic
      recording heads comprise a plurality of pin cores 32 and a deadhead pole
      comprising a flat sheet of magnetic material 37. As in the prior
      embodiments, the pin cores 32 are wrapped with field windings 34 and
      connected to pulsed driver circuits 32. The surface of a recording medium
      10 moves past the gap formed by the pin cores 32 and the deadhead sheet
      37. In this embodiment, the deadhead sheet comprises magnetically hard
      material: that is, permanent magnet material capable of retaining an
      induced magnetic field. The deadhead sheet 37 is permanent magnetized with
      one pole lying along the edge 37a of the sheet closest to the recording
      medium 10 and the other pole lying along the edge 36b of the sheet most
      distant from the recording medium 10. The bias field of the present
      embodiment is, therefore, induced directly, by the permanent magnet
      deadhead sheet 37 of the recording head array thereby eliminating the need
      for external bias field generating means (for example, the permanent
      magnets 36 and 38). The magnitude and direction of the magnetic field
      generated by the deadhead pole 37 is selected in the manner described
      above as in the magnitude of the currents applied by the pulsed driver
      circuits 22.
PAR  The above-described preferred embodiments utilize recording media which are
      premagnetized with a magnetic field. It is to be understood, however, that
      the present invention may also be practiced with magnetic recording media
      which are premagnitized to a zero residual field state: that is, blank or
      erased media.
PAR  As used herein and in the appended claims, the terms "premagntized" and
      "magnetized" include magnetization to a state of substantially zero
      residual magnetic field strength.
PAR  The direct current magnetic bias methods and structures of the present
      invention are particularly useful in the recording of magnetic printing
      images by the unipolar pulse method. The direct current magnetic bias, in
      the plane of the magnetic tape, reduces the drive requirements to the
      pulse recording heads and thereby affects considerable savings in the
      over-all cost of such a printing machine.
PAR  While the invention has been described in detail herein in accordance with
      preferred embodiments thereof, many modifications and changes therein may
      be effected by those sklled in the art. Accordingly, it is intended by the
      appended claims to cover all such modifications and changes as fall within
      the true spirit and scope of this invention.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A method of recording magnetic information on a sheet of magnetic
      recording medium comprising:
PA1  premagnetizing said magnetic recording medium with a first magnetic field
      oriented in a first direction;
PA1  biasing said magnetic recording medium with a second magnetic field, said
      second magnetic field being oriented in a second direction opposite to the
      direction of said first magnetic field, the strength of said second
      magnetic field being less than the strength necessary to saturate said
      recording medium;
PA1  applying the poles of a recording head to said recording medium in the
      presence of said magnetic field; said poles defining a gap parallel to the
      direction of said second magnetic field;
PA1  applying electric current to said magnetic recording head, said current
      being adapted to produce a third magnetic field across the gap of said
      recording head, the strength of said third magnetic field being less than
      the strength necessary to saturate said recording medium and the sum of
      the strength of said second magnetic field and the strength of said third
      magnetic field being sufficient to saturate said recording medium.
NUM  2.
PAR  2. The method of claim 1 wherein the strength of said first magnetic field
      is sufficient to saturate said recording medium.
NUM  3.
PAR  3. The method of claim 2 wherein said recording head is a planar recording
      head.
NUM  4.
PAR  4. The method of claim 3 wherein the plane of said recording head is normal
      to the direction of said second magnetic field.
NUM  5.
PAR  5. The method of claim 2 wherein said magnetic recording head comprises
      separated, pin-core members oriented in a plane lying parallel to said
      second magnetic field.
NUM  6.
PAR  6. The method of claim 5 wherein said magnetic recordings tape comprises
      gamma ferric oxide.
NUM  7.
PAR  7. The method of claim 5 wherein said pin-core members are disposed in
      pairs lying at acute angles to one to the other.
NUM  8.
PAR  8. The metod of claim 5 wherein each of said pin-core members forms an
      acute angle with a planar pole member.
NUM  9.
PAR  9. The method of claim 2 wherein said recording medium is a magnetic
      recording tape.
NUM  10.
PAR  10. A structure for recording information in a sheet of magnetic recording
      medium, said recording medium having been premagnetized with a magnetic
      field of a first orientation in the plane of said sheet, comprising:
PA1  means for applying a direct current magnetic bias field to said medium,
      said bias field having a magnitude less than the magnitude necessary to
      saturate said recording medium and further having an orientation opposite
      to the orientation of said premagnetized field; and
PA1  a single turn, planar, recording head disposed in contact with said
      recording medium, the plane of said recording head being oriented normal
      to the orientation of said bias field, said head being adapted to
      selectively excite said recording medium with a recording magnetic field,
      said recording magnetic field having a force less than the force necessary
      to saturate said recording medium, the sum of the force of said recording
      magnetic field and the force of said bias magnetic field being sufficient
      to saturate said recording medium.
NUM  11.
PAR  11. The structure of claim 10 wherein said medium is a recording tape.
NUM  12.
PAR  12. The structure of claim 11 wherein said tape is coated with gamma ferric
      oxide.
NUM  13.
PAR  13. The structure of claim 10 wherein said means for applying a d.c.
      magnetic bias field are permanent magnet means.
NUM  14.
PAR  14. The structure of claim 10 wherein said magnetic bias field has a force
      of approximately 150 oersteds.
NUM  15.
PAR  15. A structure for recording information in a planar sheet of magnetic
      recording medium, said medium having been premagnetized with a magnetic
      field in a first orientation in a plane of said sheet; comprising:
PA1  means for applying a direct current magnetic bias field to said medium,
      said bias field further being oriented opposite to the orientation of said
      premagnetized field; and
PA1  a plurality of magnetic recording heads, each of said heads including pin
      core members forming an acute angle within a plane lying normal to said
      sheet and parallel to said bias field, said recording head being adapted
      to excite said recording medium with a recording magnetic field having a
      magnetic force less than the magnetic force necessary to saturate said
      recording medium, the sum of the magnetic force of said recording magnetic
      field and the magnetic force of said bias field being sufficient to
      saturate said recording medium.
NUM  16.
PAR  16. The structure of claim 15 wherein each of said recording heads includes
      a pair of pin core members.
NUM  17.
PAR  17. The structure of claim 15 wherein said means for applying a direct
      current magnetic bias field are permanent magnetic means.
NUM  18.
PAR  18. The structure of claim 15 wherein said magnetic recording heads
      comprise a common, planar pole member and each of said recording heads
      comprises a pin core member forming an acute angle with said planar pole
      member.
NUM  19.
PAR  19. The structure of claim 18 wherein said planar pole member is a
      permanent magnet.
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ABST
PAL  A two piece mask for an ink jet printer in which the knife edge for
      intercepting waste ink comprises part of a structure for supporting a
      meniscus of ink that drains drops of ink from the knife edge and allows
      the ink to flow away from the region of the knife edge through a suitable
      flow path while separating waste ink from the record medium of the
      printer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to ink jet printers and more particularly to
      a mask to block and carry away waste ink.
PAC  BACKGROUND OF THE INVENTION
PAR  Ink jet printers are well known in the prior art and one characteristic
      example is shown in U.S. Pat. No. 3,769,624 granted on Oct. 30, 1973, to
      Lee et al. In such ink jet printers drops of ink are formed from a stream
      of ink flowing from a nozzle. The normal flow path of the ink impinges on
      a mask. However, any ink drops that are to be printed on the paper are
      charged and deflected out of the original or normal path into a second
      path which impinges upon an appropriate place on the paper. Uncharged ink
      continues on the original or normal path which is substantially the axis
      of the nozzle and strikes the mask or catcher and proceeds from the mask
      to a waste container or is recycled through the nozzle.
PAR  Problems have arisen with common catchers or masks in that many masks are
      substantially a planar surface at right angles to the path of ink. This
      results in a high impact of the drops of ink on the mask, causing the
      drops to spatter or produce a mist which can interfere with the operation
      of the printer and contaminate the entire machine. Additionally, the drops
      of ink that strike the mask must be readily conducted away.
PAR  The knife edge of the mask is the decision line between those drops caught
      by the mask and those drops which are sufficiently deflected so as
      successfully to avoid the mask and strike the paper. A partially deflected
      drop that strikes the knife edge head-on, as will occasionally happen in
      an ink jet printer, can leave a build-up or a blob of ink on top of the
      knife edge. A blob on the knife edge will raise the effective height and
      thickness of the knife edge in the region of the blob and thus being to
      stop drops that should not be stopped.
PAR  It is an object of the present invention to assure that drops of ink
      stopped by an ink jet mask do not remain and buildup on the knife edge of
      the mask.
PAR  It is also an object of the present invention to prevent or minimize
      spattering of ink that strikes the mask of an ink jet printer.
PAR  It is still another object of the present invention to conduct waste ink
      away from the knife edge of an ink jet mask in an ink jet printer simply,
      reliably and inexpensively.
PAR  Yet another object of the present invention is keep an ink-jet printer mask
      clean.
PAC  SUMMARY OF THE INVENTION
PAR  With the foregoing and other objects in view, a two-piece mask in
      accordance with certain features of the invention is used for catching a
      generally horizontal stream of liquid, such as a stream of ink drops as
      used in an ink-jet printer. The mask includes (a) a first mask member
      having an inner wall, an outer wall, and an upper end; and (b) a second
      mask member having an inner wall, an outer wall against which the liquid
      stream impinges, and an upper end. The two mask members are mounted
      together so that a generally vertical, capillary, liquid-receiving space
      is defined between portions of the inner walls of the two members adjacent
      to the upper ends. A body of the liquid is suspended in the space by
      surface tension and has a concave meniscus at the top bridging the upper
      ends of the two members. The mask further includes means for permitting
      flow of liquid downward, out of the space, whenever liquid is added to the
      top of the meniscus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will be more readily understood when considered in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a perspective, schematic drawing of an ink jet printer
      illustrating a mask according to the present invention;
PAR  FIG. 2 is a side view detail of the mask of FIG. 1; and
PAR  FIG. 3 is an alternative form of the mask of FIG. 2 and with a capillary
      path between the blade and the shield.
DETD
      DETAILED DESCRIPTION
PAR  Referring now to the drawings and more particularly to FIG. 1, an ink jet
      nozzle or gun assembly 10 emits ink along a path 12 which is substantially
      coaxial with the nozzle 10. If any drops of the stream of ink flowing
      along the path 12 are to be printed, they are electrostatically deflected
      in accordance with known prior-art techniques to assume a path 14 and
      proceed to impinge upon the surface of a record medium or paper 16. A
      shield 20 is mounted in front of the paper 16 and comprises a solid piece
      of metal having a top edge 22 positioned below the path 14. The shield 20
      is positioned somewhere along the length of the paths 12 and 14 between
      the nozzle 10 and the paper 16 and is preferably positioned as close as
      possible to the paper 16.
PAR  A blade 26, preferably about 0.1 millimeters thick, is welded to the face
      of the shield 20 on the side thereof that faces the nozzle 10. The blade
      26 has a knife edge 28 that is no lower than the top edge 22 yet somewhat
      below the path 14. Therefore, the knife edge 28 is positioned above the
      path 12 such that undeflected ink, that is, ink not intended to reach the
      paper, impinges on the blade 26 somewhere below the knife edge 28.
      Preferably, the top edge 22 is also slightly above the path 12 to assure
      that ink flowing along the path 12 will not pass through an opening or
      aperture 30 formed through the blade 26 and strike the paper 16. As
      illustrated in FIg. 1, the aperture 30 is formed across the length of the
      blade, from right to left as viewed from the nozzle 10, on both sides of
      the ink path 12 and is bounded by bent metal portions 27-27 of the blade
      26 formed at both ends to mount the blade 26 to the shield 20. The
      aperture 30 is located below the point at which waste ink traveling along
      path 12 impinges on the outer surface of the blade, meaning the right-hand
      surface as viewed in FIG. 2. The aperture 30 extends perhaps 0.1 or 0.2
      millimeters from the shield 20, from left to right as viewed in FIG. 2,
      and preferably 4.5 millimeters wide in blade 26 from left to right as
      viewed from nozzle 16 in FIG. 1.
PAR  Ink flowing along the path 12 that strikes the underside of the blade 26,
      deflects to the shield 20 and ultimately flows down the face of the shield
      20 into a trough 32 where it is collected and either discarded or recycled
      in accordance with techniques known to the prior art.
PAR  It is well known that liquid, if it wets an adjacent surface, such as the
      inner or right-hand surface of the shield 20 above the aperture 30 will
      form a surface tension meniscus to that surface. If a second wetted
      surface, such as the inner or left-hand surface of the blade 26 is close
      enough to the first wetted surface, for example a distance of
      approximately 0.7 millimeters between the top edge 22 and the knife edge
      28, the liquid will form a body 40 of the liquid (FIG. 2) having a surface
      meniscus extending to both surfaces. The liquid will then hang almost
      catenary-like from the two rigid surfaces. If more liquid is added to the
      top of the meniscus, some liquid will then begin draining from the bottom
      of the body of liquid though the aperture 30. As surplus ink drains from
      the bottom of the body of liquid ink, it flushes the mask shield and keeps
      it clean and free of contaminants and dried or concentrated ink.
PAR  Therefore, a quantity 40 of liquid can be suspended by its surface tension
      in the generally V-shaped space or pocket formed between the closely
      spaced facing inner walls of the shield 20 and the blade 26 above the
      aperture 30, as illustrated in FIG. 2. The material of the liquid, the
      shield 20, and the blade 26 are chosen such that the liquid will readily
      wet them, particularly the blade 26.
PAR  Referring further to FIG. 2, when the printer is first turned ON, ink
      begins to flow from the nozzle 10 and impinges upon the blade 26 above the
      aperture 30, as illustrated in FIG. 2. Due to surface tension, this ink
      adheres to the tiny blade and shield and builds up the body of liquid ink
      40 that is suspended between the top edge 22 of the shield 20 and the
      knife edge 28 of the blade 26. In the case of a printer that has been OFF
      long enough for ink to have dried on the blade 26 and the shield 20, the
      dried ink actually aids in ink flow and thus promotes wetting by the newly
      flowing ink. Additionally, the new ink redissolves the old, dried ink and
      thus prevents build-up of dried ink on the mask from repeated shut-downs
      of the printer. As above, this redissolved ink is then flushed from the
      mask by drainage from the body of liquid ink, thereby cleaning the mask.
      As more ink impinges on the blade 26, the surface tension of the liquid 40
      can no longer support all the weight and ink begins to flow down from the
      body 40 of liquid through the aperture or opening 30 and into the trough
      32. The fact that the body 40 of liquid extends all the way up to the
      wetted knife edge 28 prevents drops of ink from remaining on the knife
      edge 28. The ink immediately flows down the knife edge on top and bottom
      thereof and forms a part of the body 40.
PAR  In order to prevent spatter of ink striking the blade 26, the blade 26 is
      extended at an angle from the shield 20 and also at an angle to the path
      12 which intersects the blade 26. It has been found, experimentally, that
      spatter and misting is somewhat reduced when the angle between the blade
      26 and the path 12 decreases from 90.degree. to 60.degree.. Any angle down
      to as low as 0.degree. will provide some reduction in the amount of
      spatter. Problems arise in flowing the ink from the top of the knife edge
      28 with very small angles near zero. Therefore, 30 to 45 degrees has been
      found to be a very convenient, approximate angle between the blade 26 and
      the path 12.
PAR  Referring now to FIG. 3, an alternate embodiment is shown of the mask of
      FIGS. 1 and 2 in which the blade 26 is not welded or bonded directly to
      the shield 20 but is displaced slightly therefrom perhaps by rivets 44 and
      46 having enlarged central bodies to act as spacers as well as fasteners.
      Rather than provide an opening 30, the space between the blade 26 and the
      shield 20 is chosen such that a capillary phenomenon is experienced. The
      body 40 of liquid is captured and held much as in the embodiment of FIG.
      2. Additional liquid ink added to the body 40 causes ink to drain through
      the capillary space between the blade 26 and the shield 20 and fall into
      the trough 32.
PAR  By employing a body of liquid 40 suspended by surface tension from the
      knife edge 28, build-up of ink on the knife edge 28 can effectively be
      prevented and certainly minimized, thereby maintaining an accurate level
      of the knife edge 28 for separating the ink in the two paths 12 and 14,
      capturing the former and not the latter.
PAR  Although only one specific embodiment of the invention is shown in the
      drawings, and described in the foregoing specification, it will be
      understood that invention is not limited to the specific embodiment
      described, but is capable of modification and rearrangement and
      substitution of parts and elements without departing from the spirit of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A two-piece mask for catching a generally horizontal stream of liquid,
      comprising:
PA1  a. a first mask member having an inner wall, an outer wall, and an upper
      end;
PA1  b. a second mask member having an inner wall, an outer wall against which
      the liquid stream impinges, and an upper end;
PA1  c. means for mounting the two members together so that a generally
      vertical, capillary, liquid-receiving space is defined between portions of
      the inner walls of the two members adjacent to the upper-ends;
PA1  d. a body of liquid suspended in the space by surface tension and having a
      concave meniscus at the top bridging the upper ends of the two members;
      and
PA1  e. means for permitting flow of liquid downward, out of the space whenever
      liquid is added to the top of the meniscus.
NUM  2.
PAR  2. A mask as recited in claim 1, wherein the second mask member is formed
      with an aperture therethrough below the point of liquid impingement
      against the outer wall of the second member and communicating with the
      liquid-receiving space so that liquid can flow from the outer surface of
      the second mask member through the aperture and into the space.
NUM  3.
PAR  3. A mask as recited in claim 1, wherein:
PA1  the first mask member comprises a generally vertical shield of solid
      imperforate material; and
PA1  the second mask member comprises a blade mounted to the shield projecting
      therefrom at an angle to the stream of liquid.
NUM  4.
PAR  4. A mask as recited in claim 3, wherein the angle between the blade and
      the stream is between approximately 30.degree. and 45.degree..
NUM  5.
PAR  5. A mask as recited in claim 3, wherein the blade is formed with an
      aperture therethrough below the point of liquid impingement and
      communicating with the liquid receiving space.
NUM  6.
PAR  6. A mask as recited in claim 3, wherein the means for permitting flow of
      liquid downward (clause e, claim 1), includes a capillary space defined
      between downwardly projecting, spaced parallel portions of the shield and
      blade.
NUM  7.
PAR  7. A two-piece mask for catching waste ink in an ink-jet recording
      apparatus of the type wherein a stream of ink is selectively projected
      along a first, generally horizontal path arranged to clear the mask for
      impingement on a record medium, or along a second, generally horizontal
      path arranged to intersect the mask, which mask comprises:
PA1  a solid, generally vertical shield having an inner wall, an outer wall and
      an upper edge positioned near but not intersecting the first path; and
PA1  a blade having an inner wall, an outer wall and an upper edge, the blade
      being mounted to the shield at an angle to the second path so that ink
      traveling along the second path, but not along the first path, is
      intercepted by the blade below the upper edge and runs downward along the
      outer surface of the blade toward the shield;
PA1  the inner surfaces of the blade and shield being spaced so that a body of
      ink is suspended in the space by surface tension, which body of ink is
      formed with a concave meniscus at the top directed toward the first path
      and extending between the upper edges of the shield and the blade.
NUM  8.
PAR  8. A mask as recited in claim 7, wherein:
PA1  a. a portion of the blade is spaced from the inner wall of the shield, so
      as to define an aperture in the shield through which ink can flow from the
      outer surface of the blade into the space between the shield and blade;
      and so that ink can flow downward from the body out of the space, whenever
      ink is added to the top of the meniscus; and
PA1  b. the shield is positioned with its outer surface near the record medium,
      with the blade mounted on the side of the shield opposite to the record
      medium, so that ink impinging on the blade is separated from the record
      medium by the material of the shield.
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ABST
PAL  A recorder comprising a flat bed disposed toward the upper portion of a
      recorder case and equipped with a built-in chart feed wheel, and a chart
      storage area located below the flat bed and within the recorder case. The
      flat bed is made movable in the chart feed direction and, as the flat bed
      is moved the feed wheel is moved therewith and an opening is formed in the
      recorder case to allow the storage area to be exposed and the chart
      material stored therein to be readily accessible.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to recorders, and more particularly to
      recorders of the type having a flat bed.
PAR  This type of recorder is generally of a construction in which a chart, when
      recording, is held flat on a flat bed to enable convenient viewing of the
      trace of recording. The size of the flat bed is suitably determined for
      this purpose, and a blank chart is stored in a suitable holder disposed
      typically in the back of the flat bed. Then, when a chart is desired to be
      placed in the holder or withdrawn therefrom, the flat bed is moved to
      provide access to the holder. In replacing the chart it is necessary to
      engage and disengage the chart perforations with and from the sprocket
      teeth of a chart feed wheel which is usually attached to the recorder
      case. For these reasons, it is desirable to provide a recorder having an
      arrangement capable of simplifying chart replacement.
PAR  2. Description of the Prior Art
PAR  The prior art flat bed type recorder is of a construction in which the
      chart feed wheel is installed independent of the movement of the flat bed.
      It rotates to draw the chart from the back of the flat bed and move the
      chart on the top surface of the flat bed. One disadvantage to this type of
      construction is that when the chart is replaced, because the chart must be
      passed through the back of the chart feed wheel, the chart perforations
      must be engaged with or disengaged from the sprocket teeth when moving the
      flat bed. This has hampered prompt replacement of the chart. This
      disadvantage is especially prevalent on recorders mounted vertically on a
      rack. Another disadvantage is that with the prior art recorder it is
      virtually impossible to unload the chart before its end unless the chart
      is torn off at that point. Furthermore, to have access to the chart
      storage area, it is necessary to swing out of the flat bed. In practice,
      the flat bed, when carrying a chart on it, cannot easily be opened, which
      makes it difficult to see how much chart material remains in the storage
      space.
PAC  SUMMARY OF THE INVENTION
PAR  The recorder of the invention aims to eliminate the aforementioned and
      other disadvantages and deficiencies of the prior art because the flat bed
      is equipped with a built-in chart feed wheel and is movable in the chart
      feed direction to expose the chart storage area located below the flat bed
      and within the recorder case.
PAR  A feature of the invention is a flat bed type recorder in which the chart
      perforations can easily be engaged with and disengaged from the sprocket
      teeth of the feed wheel, thus enabling easy chart replacement.
PAR  Another feature of the invention is a flat bed type recorder in which the
      chart can easily be replaced regardless of whether the chart is partially
      used.
PAR  Still another feature of the invention is a flat bed type recorder in which
      the amount of unused chart material can easily be checked.
PAR  An important feature of the invention is the integral construction of the
      flat bed and the feed wheel, and the drive means location in the case,
      whereby the flat bed can be moved together with the feed wheel and
      disengaged from the drive means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an illustrative embodiment of the
      invention;
PAR  FIG. 2 is a sectional elevational view showing the internal construction of
      the embodiment of FIG. 1;
PAR  FIG. 3, FIGS. 4A and 4B, are partial sectional views of the construction
      shown in FIG. 2; FIG. 3 being a cross-sectional view taken along Section
      Line III--III in FIG. 2;
PAR  FIG. 5 is a sectional view showing the internal mechanism of the embodiment
      of FIG. 1; and
PAR  FIG. 6 is a sectional view showing mechanism for moving the flat bed.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, an illustrative recorder of the invention is
      shown, comprising an instrument case 1, a flat bed 2 on which chart paper
      4 may be disposed, recording elements 3 connected to suitable operative
      mechanisms (not shown in detail) located within the case 1, and various
      operational switches, knobs, etc. For simplification and clarity of
      description, only the essential elements of the invention are shown in
      detail. The remaining parts can be found in literature describing
      conventional recorders, such as for example the recording mechanisms and
      control elements. The components are arranged in the manner shown in FIG.
      2. Flat bed 2 comprises a flat surface such as of any suitable material
      21, lock means 22, feed means 23, and roller means 24. The flat bed is
      mounted in the upper portion of the recorder case 1 in a manner to be
      described hereinafter in greater detail.
PAR  Located within case 1, and spacially below the top bed or unit 2 is guide 5
      for properly aligning the chart to the feed wheel, and a chart storage
      means having no numeral designation. This guide has a cylindrically
      concave surface which suitably fits the cylindrically convex surface of
      feed means 23. The chart 4 is led out by way of a gap g between the feed
      means 23 and the guide 5. A roller 11 attached to the case 1 toward the
      opposite end of top unit 2, serves to apply suitable tension to and
      stretch the chart 4 over the flat bed 2 so that the recording can be
      accurate and legible.
PAR  The details of the feed means 23 are shown in FIG. 3 and comprises a
      support structure 230, a gear 231, feed wheels 232 and 232', both having
      sprockets thereon for alignment with the perforations on the edges of the
      chart, and a rotatable shaft 233, movably supported by support structure
      230. The gear 231, and feed wheels 232 and 232' are fastened to rotating
      shaft 233 as depicted.
PAR  FIGS. 4A and 4B show details of the lock means 22, which comprises a flat
      catch plate 221, a spring 223 suitably held on a shaft (not numbered), and
      mounting member 224. The catch plate 221 is rotatable about the shaft in
      relation to the mounting member 224, and its tip end is projected above
      the flat bed top surface, as depicted in FIG. 4A. This cut out portion
      engages with a fixed pin 222 by the force of spring 223. The purpose of
      the catch plate 221 and pin 222 is to lock the flat bed 2 in an operative
      position, i.e. when the writing elements 3 are in position to record on
      chart 4, and as will be discussed hereinafter, the drive means 12 is
      engaged with gear 231. The flat-bed 2 can be moved to the right in FIG. 4A
      by manually moving knob projection 221 to the right against the tension of
      spring 223 and slightly upward, and thereby disengage catch plate 221 from
      pin 222. That is, when the catch plate is moved upward rotatably about its
      shaft, the cut out portion will disengage from pin 222, thereby unlocking
      the flat bed 2 from its operative position and permitting movement thereof
      to the right to an open position.
PAR  FIG. 5 depicts the state of the flat bed 2 when moved to an open position.
      The flat bed 2 is installed on rails 242 and 242' both attached to the
      case 1, with rollers 241 and 241' both attached to the flat bed 2, and
      located in the upper part of the case 1 (see FIG. 6). The flat bed 2 may
      be moved in a plane substantially parallel to the top surface of flat bed
      2, to the right along the upper part of recorder case 1, to the open
      position, with the result that the part between the feed means 23 and the
      guide 5 is widely opened and the chart storage area becomes exposed and
      readily accessible. Because the feed wheel 232 moves with the flat bed 2
      (as shown in FIG. 5), the chart 4 can be pulled out or placed in position
      without the need for engaging or disengaging the chart with or from the
      feed wheel 232, as would be the case with prior art recorders. This
      simplifies chart removal.
PAR  When the chart is of the flat folding type as depicted in FIG. 5, the chart
      may be placed flat on the bottom of the storage means. When the chart is
      of the roll type, the chart may be placed in position by fitting a shaft,
      on which the roll can be mounted at its axis, in the guide grooves m
      disposed on the opposing inner walls of the recorder case 1 (see FIG. 5).
      To store the chart 4 in position for use, the flat bed 2 is moved back to
      the left toward the operative position, after filling. At the same time
      the chart 4 is caused to have its perforations to engage with the sprocket
      teeth of the feed wheels 232 and 232'. When the flat bed 2 is moved back
      to its extreme (i.e. operative) position catch plate cut out engages with
      pin 222 and thus the flat bed 2 is locked in the operative position, and
      the drive gear 12 engages with the gear 231 of the feed means 23. The
      recorder is thus ready for operation.
PAR  Because the chart storage mechanism operates as described above, the chart
      can easily be replaced even if the recorder is mounted vertically on a
      rack, as opposed to the prior art construction in which the chart must be
      passed through behind the feed wheel whenever the chart is replaced.
      Furthermore, according to the invention, a chart only partially used can
      readily be replaced with another. Still further, by simply moving the flat
      bed 2 to the right, with catch plate 221 unlocked from pin 222, the chart
      storage area is opened and exposed to permit easy checking and replacement
      of the stock of blank charts.
PAR  While one specific embodiment of the invention has been described in
      detail, it is to be understood that this is for the purpose of
      illustrating the invention and should not be construed as necessarily
      limiting the scope of the invention.
CLMS
STM  What is claimed is
NUM  1.
PAR  1. A recorder comprising: a flat bed disposed on top of a case holding a
      chart thereon and movable in the direction of said chart being transmitted
      and also in the contrary direction thereof; a cylindrical support member
      fixed at one end of said flat bed and located within said case; a chart
      feed wheel supported at two ends of a rotating shaft extended in said
      cylindrical support member in its axial direction; a chart storage part
      disposed in a recess in the case, yet readily accessible through an
      opening formed on the case as said flat bed is moved; and a chart arranged
      in said chart storage part to be sent out gradually by said chart feed
      wheel over the flat bed by way of said cylindrical support member.
NUM  2.
PAR  2. A recorder as claimed in claim 1 comprising: a knob rotatably mounted to
      a mounting member and given a reset torque by a spring, said knob having
      one end projected above the flat bed and having a cut portion beneath the
      flat bed, and the cut portion engaging with a pin fastened to a fixed
      member, and thus determining the position of the flat bed; and an opening
      to be formed on the recorder case when the flat bed is moved in the chart
      feed direction by disengaging the cut portion of the knob from the pin
      through lifting the end of the knob.
NUM  3.
PAR  3. A recorder as claimed in claim 1 comprising a fold type blank chart
      placed on the bottom of the chart storage part, and a roll type blank
      chart placed with its rool shaft fitted to guide grooves disposed on the
      opposing inner walls of the recorder case in the opening part.
NUM  4.
PAR  4. In a recorder comprising a case; a horizontally positioned flat bed
      disposed on top of said case for holding a chart horizontally movable
      thereon; storing means located below said flat bed and within said case
      for storing blank charts; writing means disposed to be contactable with
      said chart to mark said chart; the combination comprising
PA1  A. feed means attached to said flat bed toward one end thereof for
      continuously feeding said blank charts from a position in said storing
      means to the top surface of said flat bed and extending from said one end
      to the other end of said flat bed;
PA1  B. drive means attached to said case and engageable with said feed means
      for driving said feed means thereby to cause said feed means to feed and
      move said chart to and on said top surface of said flat bed;
PA1  C. means for enabling manual movement of said flat bed in a direction
      parallel to the flat top surface thereof, whereby when said flat bed is
      moved together with said feed means and is in an open position, said
      storing means is exposed to permit ready access to said blank charts, said
      feed means being disengaged from said drive means in said open position;
      and when said flat bed is in an operative position, said feed means and
      said drive means are engaged with each other and said chart is fed to and
      movable on said top surface and said writing means is in contact with said
      chart; and
PA1  D. lock means attached to said flat bed for holding said flat bed in said
      operative position, and upon operation of said lock means to an unlock
      position, said flat bed being movable together with said feed means to
      said open position, said blank charts being held in said storing means.
NUM  5.
PAR  5. The recorder of claim 4, wherein said feed means comprises a circular
      structure, a shaft rotatably mounted at the axis of said structure, a pair
      of chart feed wheels supported at two ends of said structure by said
      shaft, said wheel having sprocket teeth for engaging perforations in said
      chart, and gear means attached to said shaft and engagable with said drive
      means.
NUM  6.
PAR  6. The recorder of claim 4, wherein said lock means comprises a flat catch
      plate having a cut out portion mounted rotatably on a shaft, said shaft
      being mounted on a mounting member spring means for normally holding said
      catch plate in a closed position, a pin disposed adjacent to said
      catchplate whereby in said closed position said catch plate cut out is
      engaged with said pin, said catch plate also having an extended projection
      disposed above said flat top surface and manually movable against the
      tension of said spring whereby said catch plate cut out portion is moved
      away from said pin to an open position prior to movement of said flat bed
      to said open position.
NUM  7.
PAR  7. The recoder of claim 4, wherein said chart is a folded continuous flat
      sheet of paper disposed at the bottom of said storage area, and further
      comprising guide structure connected to said case and disposed adjacent to
      said feed means of said flat bed, whereby said paper is fed between said
      guide structure and said feed means.
NUM  8.
PAR  8. The recorder of claim 4, further comprising means within said case for
      holding a roll type chart paper, said means comprising a pair of guide
      slots disposed on opposite sides of said case.
NUM  9.
PAR  9. The recorder of claim 4, further comprising a tension means located at
      the other end of said flat bed for engaging said chart and providing
      tension thereto to enable said chart to be substantially flat on said flat
      top surface.
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ABST
PAL  A photocomposing apparatus is disclosed which makes use of a camera means,
      memory means and display means, which can select character from a
      character matrix and store all of the characters thus selected as an image
      signal in the memory means, which can determine the amount of feed of each
      character after characters to be composed on a line having a given length
      or in a block have been selected, and which can display the character on
      the display means and its photograph can be taken on a photosensitive
      medium, thereby effecting printing of the characters.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photocomposing apparatuses and more particularly
      to a manually operating photocomposing apparatus which can store as an
      image signal all of characters which have been selected from a character
      matrix, which can determine the amount of feed of each character and
      subsequently reproduce a character image on a display means, and which can
      print the displayed character image on a photosensitive medium.
PAR  Contrary to a composing apparatus, a conventional photocomposing apparatus
      has the disadvantage that it is extremely difficult to displace those
      characters which have been printed on a photosensitive medium for the
      purpopse of correcting the characters or adjusting a character space. As a
      result, in the case of using the connventional manually operating
      photocomposing apparatus so as to effect a special composition in which
      the amount of feed of the characters could not easily be determined such,
      for example, as solid composition to be effected within a line having a
      given length, European character form, form of chemical symbols and the
      like, it has been the common practice to require prior to composing a very
      troublesome pretreatment such as distribution of characters or so-called
      allotment calculation, calculation of the amount of feed of characters and
      the like.
PAR  In the case of effecting a sort of special so-called solid photocomposition
      of those characters which are sufficiently spaced apart from each other
      such, for example, as "W" and "A" as well as A and "T" as shown in FIG. 1a
      and Japanese Kana (character) " " (shi) and " " (U) as shown in FIG. 2a,
      the character space is reduced and a portion of each character is
      protruded into the adjacent character region as shown in FIG. 1b and FIG.
      2b, respectively. Such solid photocomposition has required a careful
      pretreatment. In addition, print in practice has required troublesome
      operations such as change of the amount of feed and the like and
      considerably long time, and as a result, a great burden had been imposed
      on an operator of the conventional photocomposing apparatus.
PAR  That is, in the customary composition of Japanese characters, the amount of
      feed of the characters is uniformly determined if the size of characters
      is determined. In the solid composition, however, the presence of a
      character space renders it possible to reduce the amount of feed of these
      characters, while the absence of such space makes the reduction
      impossible. In addition, the amount which is capable of reducing the
      amount of feed could not clearly be determined unless the adjacent
      characters are aligned with each other. As a result, heretofore it has
      been the common practice to print the characters to be solidly printed on
      films and the like and superimpose these films one upon the other so as to
      calculate that amount of feed which can be reduced or to provide a
      photocomposing apparatus which can form an image of the characters to be
      printed on a finder and the like. In such photocomposing apparatus, the
      image formed on the finder is transferred onto a sheet of paper and the
      like and then the image of character to be printed is formed adjacent to
      the preceeding image, whereby the amount of feed which can be reduced is
      calculated.
PAR  These methods have the disadvantage that it is difficult to precisely
      calculate the amount of feed which can be reduced, that the above
      described calculation must be effected for each character, that a plenty
      of time is required, and that a great burden is imposed on an operator of
      the photocomposing apparatus.
PAR  As above described, Japanese characters " " (shi) and " " (u) shown in FIG.
      2a can be solidly composed as those shown in FIG. 2b. In order to obtain
      the composed as shown in FIG. 2b, the characters " " (shi) and " " (u) are
      divided into A to J portions in X direction and a to j portions in Y
      direction. Spaces between those portions which can be overlapped with each
      other are reduced so as to suuperimpose Jf portion of the character
      (shi) upon Gf portion of the character   (u). As seen from FIG. 2c, if the
      character space is reduced by 7 portions or steps, then the picture image
      of one of the characters overlaps the other character, so that it is
      preferable to reduce the space between the two characters by 6 portions or
      steps as shown in FIG. 2b. As a result, if the number of divided units a
      to j and A to J are made equal to the number of feed units of the
      photocomposing apparatus, a desired solid composition can be effected.
PAR  If the prohibition mark "(" is present at the end of line 1 as shown in
      FIG. 3a, this prohibition mark is made located at the beginning of line 2
      as shown in FIG. 3b, and as a result, the number of characters on line 1
      shown in FIG. 3a is reduced. Thus, it is necessary to suitably increase
      the character space so as to make its line length equal to the line length
      of line 2 as shown in FIG. 3b. Such treatment is called as a line end
      prohibition treatment. Similarly, if the prohibition mark is present at
      the beginning of line, so-called line beginning prohibition treatment can
      be effected. Thus, the operator of the photocomposing apparatus must
      always pay his attention to the position of the prohibition mark. If the
      prohibition mark is located at a position from which the prohibition mark
      must be removed by the prohibition treatment or the prohibition mark
      located at the end of a line is transferred to the beginning of the next
      line, the remainder of characters on the preceeding line must increase a
      spacing therebetween and the amount of feed of one character must be
      distributed over several characters by calculation.
PAR  In Japan, about 5,000 characters are used so that it is substantially
      impossible to take all of the above combinations of these characters into
      consideration. As a result, these combinations must manually be effected
      by an operator. Such manual operation becomes very troublesome if a case
      at which a line length is given or another case at which the line length
      is not given are taken into consideration.
PAR  Similarly, in the case of composing European characters whose widths are
      different from each other on a given length of line, whether or not the
      characters can be aligned on the given line could not be discriminated
      unless the print has been completed. As a result, a trial print is
      previously effected so as to ascertain the presence of the remainder of
      the line length and then a calculation is effected so as to allocate the
      remainder of the line length over word spaces, and finally a real print
      must be effected. Such steps in succession imposed a great burden on an
      operator of the conventional photocomposing apparatus and provided the
      disadvantage that a composition efficiency becomes lowered and that the
      composition becomes erroneous.
PAR  Even in the photocomposing apparatus which does not require the above
      described trial printing, a careful pretreatment of effecting an allotment
      calculation has been required prior to the real printing in the above
      described special form such as a prohibition treatment, setting
      calculation, flush right and left, flush centered, chemical constructional
      formula form, music note and the like. In addition, such operation of
      changing the amount of feed must be effected at every printing. The
      prohibition treatment shall be understood to mean a treatment in which
      special marks which are called as prohibition marks such as period "." and
      ".degree." or parenthesis mark "(" should not be located at the beginning
      of line or at the end of line. In addition, in the case of real printing,
      the amount of feed must be changed in response to the prohibition
      treatment. Such treatments must also be effected in the case of special
      forms such as form calculation, flush right and left, flush centered,
      chemical constructional formula form, music note and the like. Thus, a
      careful allotment calculation must be effected prior to the real printing.
      In addition, the amount of feed must be changed every time the printing is
      effected. As a result, similar to the above described solid composition
      and composition of the European characters, a great burden is imposed on
      an operator of the photocomposing apparatus and an composition efficiency
      becomes lowered and the composition becomes erroneous.
PAC  OBJECT OF THE INVENTION
PAR  An object of the invention is to provide a photocomposing apparatus which
      can obviate troublesome pretreatments and operations such as character
      allocation, calculation on the amount of feed of characters, trial
      printing, change of the amount of feed of characters and the like which
      have been encountered with special composition at which the amount of feed
      of characters could not uniformly be determined for each character width
      such, for example, as a solid composition within a given length of line,
      European composition, setting composition, flush right and left, flush
      centered, music note, and which can relieve the burden imposed on an
      operator.
PAR  Another object of the invention is to provide a photocomposing apparatus
      further comprising a monitor display means and which is capable of
      correcting character image by effecting addition and removal of any
      desired character.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is intended to obviate troublesome operations which have
      been encountered with a conventional manually operating photocomposing
      apparatus owing to the above described various reasons in principle of
      photocomposition and relates to a manually operating photocomposing
      apparatus which can store as an image signal all of characters which have
      been selected from a character matrix, which can determine the amount of
      feed of each character and subsequently reproduce a character image on a
      display means, which can use a camera means, memory means and display
      means to select a character and store the character signal thus selected
      as an image signal in the memory means, which can determine the amount of
      feed of each character after the character to be printed on a line having
      a given length or in a block has been selected, and which can display the
      character on the display means and take its photograph on a photosensitive
      medium, thereby effecting printing.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1a shows customary European characters;
PAR  FIG. 1b shows similarly the characters shown in FIG. 1a and solidly
      composed;
PAR  FIG. 2a shows customary Japanese characters;
PA1  Fig. 2b shows similarly the characters shown in FIG. 2a and solidly
      composed;
PAR  FIG. 2c shows similarly the characters shown in FIG. 2a and divided into a
      number of portions for ease of illustration;
PAR  FIG. 3a shows Japanese characters having a prohibition mark ( at the end
      thereof under a condition prior to a prohibition treatment;
PAR  FIG. 3b shows similarly the Japanese characters under a condition after the
      prohibition treatment;
PAR  FIG. 4 is a perspective view for schematically showing a conventional
      photocomposing apparatus;
PAR  FIG. 5 is a perspective view for schematically showing a photocomposing
      apparatus according to the invention; and
PAR  FIG. 6 shows similarly the photocomposing apparatus shown in FIG. 5 in
      greater detail.
DETD
     The invention will now be described in greater detail with reference to the
      accompanying drawings.
PAR  In FIG. 4 is shown the essentials of an example of a manual photocomposing
      apparatus heretofore proposed. Light from a light source 1 illuminates
      through a lens system 2, mirror 3 and lens 4 upon a character matrix 5.
      Images of characters and mark at the exposure position of the character
      matrix 5 are incident through a masking-device 6 for permitting light of
      only one exposure character to reach a lens cylinder upon a lens in a lens
      cylinder 8 mounted on a turret 7. The lens in the lens cylinder 8 serves
      to change the magnification of the images of characters and marks. These
      images of characters and marks pass through a shutter S and a photograph
      thereof is taken on a photosensitive medium 11 disposed on a drum 10 in a
      magazine 9. The lens turret 7 is rotatable about an axis 12 and provided
      at its periphery with a desired number of lens cylinder 8. As a result, a
      rotation of the turret 7 ensures change in magnification of the characters
      and marks in the character matrix 5 and print of these characters and
      marks on the photosensitive medium 11. The character matrix 5 is mounted
      on a frame 13 adapted to be moved in directions shown by arrows 17, 19 in
      a manner such that the characters at any position on the character matrix
      5 can be positioned under the masking device 6. In the present example,
      the character matrix 5 is composed of three small character matrices and
      one large character matrix, each of these character matrices being mounted
      on the movable frame 13. The frame 13 is provided at its end and side
      edges with racks 14 which engage with position defining members 15,
      respectively. In the case of composing characters, the movable frame 13 is
      moved by an operator's hand to bring a desired character into composing
      alignment with the masking device 6 and then the position defining member
      15 is operated to cause it to be engaged with the rack 14, thereby making
      the movable frame 13 stationary. Subsequently, the shutter S is released
      to project the light beam passed through the desired character upon the
      photosensitive medium 11, whereby photograph of the desired character can
      be taken on the photosensitive medium 11. After the photograph of the
      desired character has been taken, a given feed operation and release of
      the position defining member 15 are effected to be ready for the next
      character printing.
PAR  In FIG. 5 is schematically shown an embodiment of a manually operating
      photocomposing apparatus according to the invention. Reference numeral 40
      designates a light source, 41 a condenser lens, 42 a shutter, 43 a
      character matrix, 44 a lens, 45 a television camera means such as vidicon,
      image orthicon and the like, 46 a memory means for storing a scanning
      signal corresponding to selected character such as a video tape recorder,
      disc accumulator tube, semiconductor memory and the like, 47 a display
      tube composed of a cathode ray tube and the like, 48 a lens, 49 a
      photosensitive medium, 50 a feed circuit inclusive of a pulse motor and
      the like for shifting the photosensitive medium or a travelling lens
      system (not shown) everytime the photosensitive medium 49 is printed by
      the selected character and after printing over one line has been
      completed, 51 a group of instruction buttons (FIG. 6) for delivering
      instructions for printing operation and for various kinds of typesetting
      inclusive of type closing, prohibition treatment and the like, and 52 a
      control circuit for calculating the amount of feed of a group of
      characters stored in the memory means 46 and controlling circuits of the
      shutter 42, display tube 47 and feed circuit 50. In FIG. 5, the shutter 42
      is disposed between the condenser lens 41 and the character matrix 43.
      Alternatively, the shutter 42 may be disposed between the character matrix
      43 and the lens 44 or between the lens 44 and the camera means 45. In
      addition, as the light source 40 use may be made of a flash lamp instead
      of a customary electric bulb shown in FIG. 5. In the case of using the
      flash lamp, the shutter 42 may be dispensed with. In addition, in order to
      omit the lens 48 for projecting the character image on the display means 7
      onto the photosensitive medium 49, the display means per se may be
      composed of, for example, an optical fiber transfer tube which can
      directly project the character image onto the photosensitive medium 49.
PAR  If the operator causes the character matrix 43 to be moved to and fro and
      to left and right so as to register a desired character into exposure
      position and then a print button 51a of the instruction button group 51
      (FIG. 6) is pushed, a signal is delivered from the control circuit 52 to
      the shutter 42. The shutter 42 is thus opened and closed to project the
      image of the character on the character matrix 43 through the lens 44 onto
      the target surface of the camera means 45. At the same time, a signal is
      delivered from the control circuit 52 to the memory means 46 to store
      scanning signal of the character projected onto the camera means 45. All
      of the characters included in one line are thus projected onto the camera
      means 45 in succession. If the scanning signal of the character projected
      onto the camera means 45 is stored in the memory means 46, a print button
      51b in the instruction button group 51 is pushed to deliver a signal to
      the control circuit 52. The control circuit 52 becomes operated to
      calculate the amount of a group of characters stored in the memory means
      46 and delivers a character scanning signal thus calculated to the display
      means 47, whereby the character image is displayed on the display means 47
      and the character image thus displayed is projected through the lens 48
      onto the photosensitive medium 49.
PAR  If the character image is projected onto the photosensitive medium 49, the
      signal whose amount of feed is calculated in the control circuit 52 is
      delivered to the feed circuit 50 to shift the photosensitive medium 49 or
      the travelling lens system (not shown) over a given distance. The above
      described operations are repeated to print the characters corresponding to
      one line and then a new line is begun and its beginning is brought into
      printing alignment with the beginning of the preceeding line.
PAR  On the display means 47 may be displayed only one character or a plurality
      of characters at the same time. In the case of simultaneously displaying a
      plurality of characters on the display means 47, the amount of feed
      calculated by the control circuit 52 is supplied to a deflecting circuit
      of the display means 47 so as to adjust spacings between the adjacent
      characters and the feed circuit 50 is operated such that the corresponding
      amount of feed is delivered to the photosensitive medium 49.
PAR  The invention will now be described in greater detail with reference to
      FIG. 6.
PAR  In the case of starting the composing operation, the operator pushes those
      buttons of the instruction button group 51 which correspond to, for
      example, character size, presence or absence of modification in shape and
      its degree, amount of feed, line length, and longitudinal or transverse
      composition so as to give instructions correspondingly. Then, the
      character matrix 43 is moved to and fro and left and right to find out a
      desired character and to locate it at a exposure position. If the
      character selection button 51a is pushed, the control circuit 52 becomes
      operated to deliver a signal to the shutter 42 so as to make it open and
      close, and as a result, the desired character on the character matrix 43
      is projected through the lens 44 onto the target surface of the camera
      means 45. Then, the control circuit 52 becomes operated to deliver a
      signal to the memory means 46 to cause it to store the scanning signal
      corresponding to the character projected onto the camera means 45 in an
      image recording device 46a in the memory means 46. At the same time, the
      number of operations of the shutter 42 is stored in a shutter number
      counter circuit 46b and stored also in a character and space counter
      circuit 46c. In the similar manner, all of the characters of one line are
      projected onto the camera means 45 in succession. If the scanning signals
      corresponding thereto are stored in the image recording device 46a, the
      number of operations of shutter 42 is stored in the shutter number counter
      circuit 46b, and the sum of the characters and character spaces
      therebetween is stored in the character and space counter circuit 46c.
      Then, a print button 51b in the instruction button group 51 is pushed to
      deliver a signal to the control circuit 52. Then, a control device 52a in
      the control circuit 52 becomes operated to calculate the amount of feed of
      the character group stored in the image recording device 46a based on the
      signal delivered from the character and space counter circuit 46c and
      representing the number of feeds and based on the information such as the
      character size, its modification in shape, the amount of feed and the like
      and the amount of feed of the character group thus calculated is delivered
      to a feed amount memory device 46d. In addition, the control device 52a
      delivers a character scanning signal to the display means 47 so as to
      display the character image thereon which is projected through the lens 48
      onto the photosensitive medium 49 and photograph of the character image is
      taken on the photosensitive medium 49. Then, the control device 52a
      becomes operated to deliver a signal to the feed amount memory device 46a
      and the feed amount stored therein is transmitted to the feed circuit 50,
      thereby shifting the photosensitive medium 49 by a necessary amount. The
      above described successive operations are repeated to print all of the
      characters belonging to one line and then the line is shifted to a new
      line and the print for the new line is started.
PAR  Each of European characters is different in width from each other. Strictly
      speaking, each of Japanese hiragana and katakana is different in width. In
      the case of Japanese kana, its width becomes different in dependence with
      the transverse composition or with the longitudinal composition. Such is
      also applied to several chinese characters.
PAR  In order to effect the character print by feeding the characters whose
      widths are different from each other in accordance with the character
      width, the character matrix 43 may be provided with a character width mark
      and the like for every character. This character width mark is detected
      when the character is projected onto the camera means 45 so as to give an
      instruction to the feed circuit 50, thereby feeding the photosensitive
      medium 49 in response to the character width. Such measure is shown in
      FIG. 6 as a character width detector 53. In the line length is given, the
      control circuit 52 can effect a calculation with justification and correct
      the character width by taking an accumulated width of all of the widths of
      the characters belonging to one line, line length and space between the
      characters, if necessary, into consideration.
PAR  The above described manually operating photocomposing apparatus according
      to the invention may be used to effect the above mentioned various kinds
      of special composition. In the first place, if a given number of
      characters are solidly composed within a line having a given length, an
      amount of feed capable of reducing it in response to characters is stored
      beforehand by the memory device in the control circuit 52. This amount of
      feed capable of reducing it is integrated every time the character is
      selected so as to ascertain the number of characters which can be printed
      on one line. In addition, calculation is effected so as to distribute the
      remainder of the amount of feed over each of the characters. Then, the
      character image is reproduced and an instruction is given to the feed
      circuit 50 such that the photosensitive medium 49 is fed by the calculated
      amount.
PAR  Similarly, in the case of European characters, all of the characters once
      selected are stored in the memory means 46. The selection of the
      characters is stopped within a range at which justification is possible.
      The control circuit 52 is operated to effect calculation in a manner such
      that the remainder of the line length is distributed over every space
      between adjacent characters. Then, the character image is produced and the
      feed of the photosensitive medium 49 is effected. Thus, the European
      characters can easily be composed with justification without effecting the
      above described troublesome procedure of double composition. In the case
      of the prohibition treatment, presence or absence of the prohibition
      treatment at the beginning of line is discriminated. Thus, several
      characters at the beginning of next line are selected and if it is
      required to effect the prohibition treatment, the control circuit 52 is so
      operated that the character at the end of line is brought into the
      beginning of line. In addition, in order to make each line length equal to
      another line length, a calculation is effected such that the amount of
      feed of the character at the end of line by one character is suitably
      distributed over the line to increase the space between the adjacent
      characters. This calculation result is instructed to the feed circuit 50.
PAR  Similarly, reset type calculation, flush right and left, flush centered,
      composition of chemical structural formulas, composition of musical notes
      and the like may be effected. In these cases, in the first place, required
      character, mark and the like are selected and then the amount of feed
      relative to the character and mark is determined and subsequently, the
      photosensitive medium 49 is fed in accordance with such amount of feed.
PAR  As stated hereinbefore, all of the characters belonging to one line are
      selected and then the print button 51b of the instruction button group 51
      is pushed to effect the printing. Alternatively, the number of characters
      belonging to one line or the line length may be instructed beforehand to
      the control means 52. In this case, the reproduction and feed are
      automatically effected when the number of characters or the line length is
      reached. Similarly, the solid composition, European characters prohibition
      treatment and other various kinds of special compositions may be effected.
      In addition, the lenses 44, 48 may be changed or the deflecting circuit
      voltage of the display means 47, for example, cathode ray tube may be
      suitably be selected so as to magnify or reduce the characters. Similarly,
      this measure ensures any modification in shape of the characters.
PAR  In FIG. 6, reference numeral 54 designates a monitor display means which is
      composed of a display television device 54a, a display refresh memory 54b
      connected to outputs of the image recording device 46a and the feed amount
      memory device 46d, respectively, and delivering a signal to the display
      television device 54a, a character position display device 54c, and a
      character position register 54d connected to an output of the control
      device 52a of the control circuit 52 and delivering a signal to the
      character position display device 54c.
PAR  The above described monitor display means 54 is capable of displaying the
      character image which has been stored in the memory means 46 before the
      character image is printed on the photosensitive medium 49. As a result,
      the monitor display means 54 serves to display the character image
      beforehand and hence to correct such image by effecting addition and
      removal of any desired character.
PAR  In addition, the monitor display means 54 makes it possible to solidly
      compose the European characters as shown in FIG. 1b and the Japanese
      characters as shown in FIG. 2b while directly observing these characters
      with the operator's eyes, and as a result, the solid composition can be
      proceeded while confirming the amount of solid and position of the
      characters.
PAR  As stated hereinbefore, the manually operating photocomposing apparatus
      according to the invention makes use of a camera means, memory means and
      display means and which can store characters to be printed and then
      determine the amount of feed and subsequently print these characters on a
      photosensitive medium. Thus, the invention has the advantage that various
      kinds of workings such as increase and decrease of a character space,
      modification in shape thereof and the like can be effected during a time
      from selection of characters to real print, that various kinds of special
      composition such as a solid composition, European composition, prohibition
      treatment and the like can be effected in a very simple manner, and that
      burden imposed on an operator can be relieved.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A manually operated photocomposing apparatus comprising:
PA1  a character matrix comprising characters, marks and character width codes,
PA1  means for selecting the characters and marks,
PA1  character width detecting means for reading out the character width codes
      corresponding to the characters and marks selected by the character
      selecting means,
PA1  means for photoelectrically converting an image of the selected character
      or mark,
PA1  an instruction button group for defining various kinds of information and
      for applying the information as input signals,
PA1  a control circuit connected to the character width detecting means and the
      instruction button group for calculating and determining a feed amount of
      the character selected by the selecting means in accordance with an
      information signal from the instruction button group and a character width
      information signal to determine the feed amount,
PA1  memory means connected to the photoelectrically converting means and
      control circuit for memorizing the photoelectrically converted character
      image in accordance with the order of character selected and for storing
      the feed amount determined by the control circuit,
PA1  monitor display means connected to the memory means and control circuit for
      reading out the content of the memory means and control circuit to
      reproduce and display the read out content,
PA1  display means connected to the memory means for reading out and displaying
      the image and the feed amount memorized in the memory means,
PA1  print means for printing the image displayed at the display means onto a
      photosensitive medium.
NUM  2.
PAR  2. A photocomposing apparatus as claimed in claim 1, wherein said memory
      means is composed of an image recording device connected to an output
      terminal of said photoelectric converting means, a shutter number counter
      circuit connected to said character selecting means and to said image
      recording device, a character space counter circuit connected to said
      character selecting means, and a feed amount memory device connected to an
      output of said character space counter circuit.
NUM  3.
PAR  3. A photocomposing apparatus as claimed in claim 1, wherein said monitor
      display means is composed of a display television device, a display
      refresh memory connected to outputs of said image recording device and
      said feed amount memory device, respectively, and delivering a signal to
      said display television device, a character position display device, and a
      print position register connected to an output of said control device of
      said control circuit and delivering a signal to said character position
      display device.
NUM  4.
PAR  4. A manually operated photocomposing apparatus comprising a character
      matrix, means for selecting characters, marks and the like contained in
      said character matrix, means for photoelectrically converting an image of
      the character selected by said character selecting means, and a print
      means for forming the image of the character selected on a photosensitive
      medium, said apparatus comprising a memory means connected to said
      photoelectrically converting means and storing a photoelectrically
      converted character image until the feed of said character image is
      determined, a counter means connected to said memory means and calculating
      an amount of feed of a group of characters stored in said memory means,
      and a display means connected to said memory means and reading out,
      reproducing and displaying the character image whose amount of feed is
      determined, whereby character images displayed by said display means are
      printed by said print means in the order displayed, said memory means
      being composed of an image recording device connected to an output
      terminal of said photoelectric converting means, a shutter number counter
      circuit connected to said character selecting means and to said image
      recording device, a character space counter circuit connected to said
      character selecting means, and a feed amount memory device connected to an
      output of said character space counter circuit, a monitor display means
      which is capable of correcting said character image by effecting addition
      and removal of any desired character, said monitor display means being
      composed of a display television device, a display refresh memory
      connected to outputs of said image recording device and said feed amount
      memory device, respectively, and delivering a signal to said display
      television device, a character position display device, and a print
      position register connected to an output of said control device of said
      control circuit and delivering a signal to said character position display
      device.
NUM  5.
PAR  5. A manually operated photocomposing apparatus comprising a character
      matrix, means for selecting characters, marks and the like contained in
      said character matrix, means for photoelectrically converting an image of
      the character selected by said character selecting means, and a print
      means for forming the image of the character selected on a photosensitive
      medium, said apparatus comprising a memory means connected to said
      photoelectrically converting means and storing a photoelectrically
      converted character image until the feed of said character image is
      determined, a counter means connected to said memory means and calculating
      an amount of feed of a group of characters stored in said memory means,
      and a display means connected to said memory means and reading out,
      reproducing and displaying the character image whose amount of feed is
      determined, whereby character images displayed by said display means are
      printed by said print means in the order displayed, said memory means
      being composed of an image recording device connected to an output
      terminal of said photoelectric converting means, a shutter number counter
      circuit connected to said character selecting means and to said image
      recording device, a character space counter circuit connected to said
      character selecting means, and a feed amount memory device connected to an
      output of said character space counter circuit.
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PAL  A separate annular actuator button surrounding the shutter release button
      and provided with its own mechanical stop is used to move the shutter
      release button just far enough to switch in the storage capacitor of a TTL
      light measuring system of a single-lens reflex camera. This annular button
      can conveniently and naturally be depressed in advance of direct
      manipulation of the shutter release button, assuring enough time for
      charging the capacitor rather than relying on the rate of direct manual
      depression of the shutter release button to interpose enough time between
      capacitor switch-in and shutter release. The capacitor charging which
      determines the timing of shutter closing is stopped by breaking the
      charging current before mirror movement or lens stop-down.
PARN
PAR  This is a continuation, of application Ser. No. 350,204, filed Apr. 11,
      1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an actuator button system for initiating the
      picture-taking operation of a single-lens reflex (SLR) camera equipped
      with a through-the-lens (TTL) light metering system. More particularly, it
      relates to a compound shutter release actuator with an independently
      manipulable element for preliminarily depressing the shutter release
      button for a defined part of its travel for improved control of an
      electronic shutter controlling the exposure in response to the TTL
      metering system. The invention is particularly applicable to cameras with
      full aperture TTL metering systems.
PAR  2. Description of the Prior Art
PAR  In single-lens reflex cameras equipped for TTL metering and electronic
      shutter control, the metering element is sometimes positioned to receive
      light reflected from the viewfinder mirror, in which case the light beam
      travelling toward the metering element is cut off at the moment
      picture-taking starts, when the viewfinder mirror flips up out of the
      picture-taking optical path. Even if the viewfinder mirror is a fixed
      half-mirror, light metering is disturbed when the lens aperture is stopped
      down from its fully-open position to a preset value, as must be done
      before the shutter opens. The metering system alone thus cannot control an
      electronic shutter to provide a proper exposure and it is necessary to
      memorize the quantity of light from an object to be photographed measured
      by the metering system just prior to a picture-taking operation. Some
      known cameras utilize a capacitor for electrical memorization of the light
      valve, while other employ mechanical memorizing means. In all of them, the
      memory means is actuated in response to depression of the shutter release
      button and prior to the actuation of the movable viewfinder mirror and of
      the lens aperture means. In other words, the rate of depression of shutter
      button is relied on to provide an adequate time interval between the
      successive actuations of the memorizing and shutter release operations at
      different stages of the travel path of the shutter button. Since an
      interval of several tens to several hundreds of milliseconds is usually
      required for completion of the memorization operation, however, an
      unusually rapid depression of the shutter release button may result in an
      insufficient memorizing time and hence also an improper exposure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has for its object the avoidance of the drawbacks
      described above.
PAR  Briefly, a memory button or ring having its own mechanical stop is provided
      in addition to a shutter button and adjacent thereto so as to be
      manipulable by the same finger. The depression of the memory button to its
      stop depresses the shutter button and its release bar far enough to
      operate a switch to complete the memorizing circuit, but not far enough to
      release the shutter. By operating the shutter button directly only after
      the memory button has been felt by the operator's finger to be fully
      depressed, the operator of the camera can be sure that light value
      memorization has been completed before shutter release. The memorization
      process is therefore completed before it is interrupted by a switch
      actuated by one of the mechanical movements connected with shutter
      release, such as mirror flip-up, after which the memorized light value
      controls the exposure.
PAR  The invention will be described more fully with respect to some specific
      embodiments as shown in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a pictorial, perspective view of a camera having the shutter
      release device according to the present invention.
PAR  FIG. 2 is a cross-sectional view of a compound shutter release device
      according to the present invention.
PAR  FIG. 3 is a cross-sectional view of the same device in a position where
      only the light value button has been actuated.
PAR  FIG. 4 is a cross-sectional view of the same device in a position where the
      shutter release button has been fully depressed after the light value has
      been memorized.
PAR  FIG. 5 shows, in cross-section, a modified embodiment of the present
      invention.
PAR  FIG. 6 diagrammatically illustrates a memory circuit for the electronic
      shutter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, a shutter release button 2 is provided on top of a
      camera body 1 and a ring-shaped operating button 3 for memorizing the
      light value is provided concentrically with the button 2. The button 3 is
      slidably supported for its vertical sliding over a predetermined stroke in
      a bearing 4 secured to an upper camera cover 1', as shown in FIG. 2. The
      shutter release button 2 is slidably supported within the memory button 3
      and biased upwardly by a spring 6 wound around a release bar 5 between the
      flange 5' thereof and a fixed portion 1" of the camera, and is stopped by
      the flange 2' of the shutter release button 2 abutting against the button
      3 to cause the stop portion 3' of the latter button to bear against the
      lower face of the bearing 4. Reference numeral 7 designates a release
      lever which is normally biased by a spring 8 to retain actuator member
      (not shown). When one end 7' of the release lever 7 is actuated by the
      release bar 5, the lever 7 swings counter-clockwise about a pivot 7" to
      release its retention of the unshown actuator member, thereby permitting a
      sequence of operations such as flip-up of the viewfinder mirro, actuation
      of an aperture stop-down means, shutter release, etc. mirror,
PAR  S.sub.1 denotes a switch in the memory circuit of an electronic shutter as
      shown in FIG. 6. The switch S.sub.1 is normally open with one contact
      thereof engaged and urged upwardly by the flange 5' of the release bar 5,
      and may be closed from its own resiliency with depression of the shutter
      release button 2.
PAR  In FIG. 6, S.sub.2 is a switch normally closed and adapted to open when the
      movable viewfinder mirror flips up. E denotes a power source, P a
      photoconductive light receiving element, R a resistor, C a storage
      capacitor, and S.sub.3 a discharging switch.
PAR  Operation of the device according to the present invention will now be
      described.
PAR  The camera is set in preparation for picture-taking, and then the user
      positions his a finger above the shutter release button 2 as shown in FIG.
      3. The finger contacts the memory button 3 first of all, without
      contacting the shutter release button 2. As the finger is lowered, it
      depresses the memory button 3 and the shutter release button 2 engaged
      therewith by the abutment of the flange 2', thus depressing the release
      bar 5, against the force of the spring 6, so that the switch S.sub.1 which
      has so far been kept open by the flange 5' of the release bar 5 is now
      closed. This causes the capacitor C in the memory circuit to be charged by
      the battery E with a charge, determined by the resistance and the
      resistance of the photoconductive element P, corresponding to the
      brightness of the object to be photographed. The storing of this charge
      memorizes the light value.
PAR  The memory button 3 is stopped with its lower face 3' bearing against the
      upper face 4' of the bearing 4. In this position, the release bar 5 is
      still inoperative to rotate the release lever 7 and accordingly
      inoperative to effect a shutter release operation.
PAR  When the finger is pivoted about the memory button 3 to depress the shutter
      release button 2 directly, the release bar 5 now actuates the one end 7'
      of the release lever 7 for counter-clockwise rotation as viewed in FIG. 4,
      thereby actuating the movable mirror, the aperture stop-down means and the
      shutter in succession.
PAR  Since the switch S.sub.2 is opened in response to the flip-up of the
      movable mirror as described above, the voltage in the capacitor is
      maintained and, subsequently, a time constant circuit of known form (not
      shown) is triggered in response to the shutter release so that the
      electronic shutter is operated to close after the correct exposure
      interval by a circuit (not shown) responsive to the discharge of the
      storage capacitor C.
PAR  In the above-described embodiment, it may be seen that the switch in the
      memory circuit may be actuated in response to indirect depression of the
      shutter release button by the movable memory button surrounding the
      shutter button by a finger movement prior to the direct depression of the
      shutter button, thus assuring a sufficient time interval between the
      memorizing operation and the shutter release.
PAR  FIG. 5 shows a modification of the present invention in which a pedestal 9
      is additionally provided to protectively surround the memory button 3.
      This embodiment is easier to manipulate.
PAR  In the described embodiments, the memory means has been shown as an
      electrical system alone, but if a mechanical memory system is adopted, the
      switch S.sub.1 may be replaced by an actuator for the memory means
      operatively associated with the release bar 5.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a single-lens reflex camera equipped with a
      through-the-picture-taking-lens light metering system and an electronic
      exposure control system responsive to the output of said metering system
      said metering system having a memorizing means and a light measuring
      device a shutter release device comprising:
PA1  a shutter release member which is spring-biased towards a rest position
      thereof and capable of being manually depressed to an end position;
PA1  a shutter release mechanism which is so disposed as to be tripped, only
      when said shutter release member is in the immediate vicinity of its said
      end position;
PA1  switch means for transmitting an output from said light measurement device
      to said memorizing means by being closed in interconnection with
      depression of the shutter release member from the rest position thereof to
      an intermediate position;
PA1  an auxiliary member, provided around said shutter release member, for
      causing said shutter release member to shift to said intermediate position
      by the depression of said auxiliary member with a finger; and
PA1  a stopping member for causing said auxiliary member to stop at a fixed
      position and for requiring a pivoting or shift of finger action thereafter
      for further depression of said shutter release member towards its said end
      position.
NUM  2.
PAR  2. A shutter release device as defined in claim 1 in which said auxiliary
      means is of annular form disposed coaxially with respect to said shutter
      release member.
NUM  3.
PAR  3. A shutter release device as defined in claim 2 further comprising a
      guard ring provided externally of and coaxial with said auxiliary means.
NUM  4.
PAR  4. In a single-lens reflex camera equipped with a
      through-the-picture-taking-lens light metering system and an electronic
      exposure control system responsive to the output of said metering system
      said metering system having a memorizing means and a light measuring
      device, said camera having a viewing mirror movable out of the
      photographic optical path of said camera in a preliminary stage of a
      shutter release operation, a shutter release device comprising:
PA1  a shutter release member which is springed biased towards a rest position
      thereof and capable of being manually depressed to an end position;
PA1  a shutter release mechanism disposed so as to be tripped only when said
      shutter release member is in the immediate vicinity of its said end
      position, said shutter release mechanism including means for causing said
      viewing mirror to be moved out of said photographic optical path;
PA1  first switching means for connecting the output of said light measuring
      device to said memorizing means in response to a depression of said
      shutter release member to an intermediate position thereof between its
      rest and end positions;
PA1  auxiliary means for a limited depression of said shutter release member to
      its said intermediate position and short of the vicinity of its said end
      position, said auxiliary means including a manually operable member
      adjacent said shutter release member shaped for downward abutment on said
      shutter release member and stop means for arresting said manually operable
      member against further downward movement substantially beyond that
      movement necessary for operation of said first switching means by said
      shutter release member and for thereby requiring a modification of manual
      operation for further depression of said shutter release member towards
      its said end position, and
PA1  second switching means responsive to movement of said shutter release
      mechanism upon tripping of said mechanism for thereupon disconnecting said
      memorizing means from said light measuring device.
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ABST
PAL  A motor drive system for a camera, including a reversible motor, means for
      transmitting the revolutions of the motor to a film advance and shutter
      charge shaft, a control circuit for selecting the operating condition of
      the motor including forward revolution, reverse revolution and stop, means
      for delivering a film advance start signal to the control circuit, and
      torque detector means for detecting a torque applied to the rotary shaft
      of the motor indicating completion of the film advance, the control
      circuit being responsive to the torque detector means to initiate reverse
      revolution of the motor. The control circuit includes at least one
      flip-flop circuit, a gate circuit having an input coupled to an output of
      the flip-flop circuit, and two relays connected with the output terminals
      of the gate circuit and the flip-flop circuit to control the motor. There
      is further provided a switch which is responsive to the rotation of the
      film advance and shutter charge shaft to open when the shaft is in a
      predetermined position and close in all other positions of the shaft. The
      switch de-energizes the motor when the operation cycles are completed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a motor drive system for cameras of the type
      which include a shutter requiring reciprocative movement of a shutter
      charge member.
PAR  2. Description of the Prior Art
PAR  There are known in the art two types of devices for effecting shutter
      charge in cameras. In the first type of device the shutter charge member
      is operable in response to a film advance lever to move in one direction
      until it stops at a certain position. In the second type of device the
      shutter charge member is operable in response to a film advance lever to
      move in one direction for shutter charge and then move back in the
      opposite direction to return to its initial position.
PAR  The second type of the device has the advantage of simple construction
      because the shutter mechanism portion and the film advance system are
      readily separable from each other. Consequently the shutter mechanism
      portion can be produced and supplied as a unit separate from the other
      mechanisms. On the other hand, this type of device suffers from a
      significant disadvantage. Should shutter release occur before the shutter
      charge member has completely returned to its initial position, the
      movement of the shutter mechanism would be interrupted by the charge
      member thereby causing a great error in exposure time, and possibly
      resulting in failure of the device. To avoid this, cameras provided with
      such a reciprocating shutter charge member have been designed such that
      the charge lever reciprocates in response to movement of the film advance
      lever, and such that shutter release cannot occur until the film advance
      lever has completely returned to its initial position. However,
      development of a simple, reliable motor drive system suitable to be
      utilized in such cameras has been difficult because of the complexity of
      the operation cycles. A motor drive system for use with a camera having
      the first type of shutter charging device involves only two cycles of
      operation, i.e. rotating a film advance and shutter charge shaft in one
      direction to effect film advance and shutter charge and thereafter
      releasing the shutter, whereas in the case of a device of the second type
      there are involved three cycles of operation, that is, rotating the film
      advance and shutter charge shaft in one direction to effect film advance
      and shutter charge, then rotating the shaft in the opposite direction to
      return the advance lever and shutter charge member to their initial
      positions (this intermediate cycle being hereinafter referred to as
      "resetting" or the "lever return cycle"), and thereafter releasing the
      shutter.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a motor drive system
      for cameras using the above-mentioned second type of shutter charge device
      in which a film advance motor is also utilized for the lever return cycle
      and which is simple and compact in construction.
PAR  In one embodiment of the present invention, the motor drive system for a
      camera comprises a reversible electric motor, means for transmitting the
      revolutions of the motor to a film advance and shutter charge shaft in the
      camera, a control circuit for selecting one of three operating conditions
      of the motor including forward revolution, reverse revolution and stop,
      means for delivering a film advance start signal to the control circuit,
      and torque detector means for detecting a torque applied to the rotary
      shaft of the motor, the control circuit being responsive to the torque
      detector means to initiate reverse revolution of the motor. The control
      circuit includes a flip-flop circuit, a gate circuit having as one of its
      inputs an output of the flip-flop circuit, and two relays connected with
      the output terminals of the gate circuit and the flip-flop circuit to
      control the motor. The apparatus of the invention further includes a
      switch responsive to the position of the film advance and shutter charge
      shaft to be open when the shaft assumes a predetermined position and to be
      closed for all other positions of the shaft. The film advance start signal
      causes forward revolution of the motor to thereby effect film advance and
      shutter charge. Thereafter, when the film advance is completed (i.e. the
      motor is unable to cause further movement of the film), the torque
      detector means detects a sharply increased torque applied to the rotary
      shaft of the motor and consequently reverses the revolution of the motor
      to return the film advance and shutter charge shaft to its original
      position. Thereupon, the switch opens and stops the motor.
PAR  In another embodiment of the present invention, the motor drive system
      comprises a reversible electric motor, means for transmitting the
      revolutions of the motor to a film advance and shutter charge shaft in the
      camera, a control circuit for selecting one of three operating conditions
      of the motor including forward revolution, reverse revolution and stop,
      and a normally-open push-button switch adapted to close only when a push
      button is depressed, and torque detector means for detecting a torque
      applied to the rotary shaft of the motor, the control circuit being
      responsive to the torque detector means to initiate reverse revolution of
      the motor. The control circuit includes at least one flip-flop circuit, a
      gate circuit having as one of its inputs an output of the flip-flop
      circuit, and two relays connected with the output terminals of the gate
      circuit and the flip-flop circuit to control the motor. As in the first
      embodiment, a switch is provided which is responsive to the rotation of
      the film advance and shutter charge shaft to be open when the shaft
      assumes a predetermined position and to be closed for the other positions
      of the shaft. However, in this embodiment, depression of the push button
      causes reverse revolution of the motor for thereby effecting shutter
      release. During the shutter release, the motor is stopped in response to a
      shutter opening-closing signal. After the shutter release, the motor is
      caused to effect forward revolution for thereby effecting film advance and
      shutter charge. Thereafter, when the film advance is completed,  he torque
      detector means detects a sharply increased torque applied to the rotary
      shaft of the motor and consequently reverses the revolution of the motor
      to return the film advance and shutter charge shaft to its original
      position, at which time the last-named switch is opened to stop the motor.
PAR  The construction and operation of the invention will become more fully
      apparent from the following detailed description of several embodiments
      thereof taken in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing a mechanism employed in a first
      embodiment of the present invention.
PAR  FIGS. 2a, b, and c illustrate the operation of the mechanism shown in FIG.
      1.
PAR  FIG. 3 is a diagram of an electric circuit employed in the first embodiment
      of the present invention.
PAR  FIG. 4 is a perspective view showing a mechanism employed in a second
      embodiment of the present invention.
PAR  FIGS. 5a, b, c and d illustrate the operation of the mechanism shown in
      FIG. 4.
PAR  FIG. 6 is a diagram of an electric circuit employed in the second
      embodiment of the present invention.
PAR  FIG. 7 is a perspective view showing a mechanism employed in a third
      embodiment of the present invention.
PAR  FIG. 8 is a diagram of an electric circuit employed in the third embodiment
      of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of the present invention will be described with
      reference to FIGS. 1, 2 and 3.
PAR  Referring to FIG. 1, a reversible motor M has a positive terminal 1b and a
      negative terminal 1c. The motor M is designed such that it effects forward
      (clockwise) revolution upon a flow of current from the positive terminal
      1b to the negative terminal 1c and effects reverse (counter-clockwise)
      revolution upon a flow of current from the negative terminal 1c to the
      positive terminal 1b. A gear 2 is securely mounted on the shaft of the
      motor M. Gears 2, 3, 3a, 4, 4a and 5 are arranged to provide a reduction
      gear train. A shaft 6 is integrally formed with gear 5 and cam 7. The cam
      7 has a pin 7a secured thereto and adapted to release a retaining lever
      10. The retaining lever 10 is biased for counter-clockwise rotation by a
      spring 10a shown in FIG. 2a. A switch lever 8 has a pin 9 secured thereto
      which is in engagement with the cam 7. The switch lever 8 is pivotable
      about a pivot 8a in response to rotation of the cam 7. The switch lever 8
      also has a pin 8b secured thereto to open and close a switch S4. The
      relationship between the pin 8b and the switch S4 will be described
      further hereinbelow. A shutter release lever 11 engages one end of the
      switch lever 8 and is adapted to be rotated in a counter-clockwise
      direction about a pivot 11a upon depression of a push button 12. The
      shutter release lever 11 is biased clockwise by a spring S, with one end
      11b thereof engaged by a shutter release plunger 13 and the other end 11c
      engaged by a push button switch S3. The push button switch S3 is a double
      throw switch with a movable contact S3c and two fixed contacts S3a and
      S3b, of which the contacts S3a and S3c are normally closed. Depression of
      the push button 12 in the direction of the arrow will impart
      counter-clockwise rotation to the shutter release lever 11, causing end
      11b of the lever 11 to actuate the plunger 13 for releasing the shutter
      (not shown) in the camera body and causing end 11c of lever 11 to close
      contacts S3c and S3b. Simultaneously, the switch lever 8, engaged by the
      shutter release lever 11, will be rotated in a counter-clockwise
      direction, thereby closing switch S4. A drive shaft 14 extends upwardly
      from the gear 5 and has a film advance coupling 15 for engagement with a
      film advance and shutter charge shaft (not shown) in the camera body.
PAR  Referring to FIG. 3, the letter E designates an electrical power source.
      Switch S3 is the aforementioned push-button switch having two fixed
      contacts S3a and S3b and movable contact S3c shiftable therebetween in
      response to the shutter release lever 11. FF is a conventional R-S
      flip-flop circuit having input terminals S, R and output terminals Q, Q.
      An AND gate circuit A has its inputs connected to input terminal R and
      output terminal Q of the R-S flip-flop circuit. The input terminal R of
      the R-S flip-flop circuit FF is connected with contact S3c of the
      push-button switch S3. Relays Re1 and Re2 are connected with and
      controlled by the output terminal Q of the R-S flip-flop and the output
      terminal of the AND gate A, respectively. The positive terminal 1b and the
      negative terminal 1c of the motor M are connected with the contact S1 of
      the relay Re1 and the contact S2 of the relay Re2, respectively. When
      energized, the relays Re1 and Re2 have their contacts S1 and S2 connected
      with switch contacts S1b and S2b so that the motor M is effectively
      short-circuited through resistor R1 and de-energized. When only the relay
      Re1 is energized, the contact S1 thereof is connected with the contact
      S1b, but the contact S2 remains connected with S2a to thereby permit a
      flow of current in the direction from the positive terminal of the power
      source E through the positive terminal 1b of the motor M to the negative
      terminal 1c of the motor M and further to the negative terminal of the
      power source E, thus causing forward revolution of the motor M. When only
      the relay Re2 is energized, the contact S2 is connected with S2b, but the
      contact S1 remains connected with S1a to thereby permit a flow of current
      in the direction from the positive terminal of the power source E through
      the negative terminal 1c of the motor M to the positive terminal 1b of the
      motor M and further to the negative terminal of the power source E, thus
      causing reverse revolution of the motor M. When neither of the relays Re1
      and Re2 is energized, the motor M is of course de-energized.
PAR  Fixed resistors R1, R3, potentiometer R2 and pnp transistor Tr1 together
      constitute a torque detector circuit for motor M. When the load torque
      applied to the motor M exceeds a predetermined value, thereby causing the
      current flowing through the fixed resistor R1 to exceed a predetermined
      value, the pnp transistor Tr1 becomes nonconductive and the potential at
      the input terminal S of the R-S flip-flop circuit changes from a high
      level to a low level. The potentiometer R2 is adjustable for the purpose
      of preventing the torque detector circuit from being inaccurately operated
      due to irregularities of the characteristics of the motor M and pnp
      transistor Tr1. Switch S4 is closed by the switch lever 8 upon depression
      of the push button 12 and serves as a power switch.
PAR  In operation, the push button 12 is first depressed in the direction of the
      arrow (FIG. 1). This causes counter-clockwise rotation of the shutter
      release lever 11 which in turn lifts the shutter release plunger 13 to
      release the shutter. Simultaneously, the movable contact S3c of the
      push-button switch S3 shifts from the contact S3a to the contact S3b. At
      the same time, switch lever 8 is rotated in a counter-clockwise direction
      about the pivot 8a as a result of the rotation of the shutter release
      lever 11, thereby closing the power switch S4 (see the position of FIG.
      2a). When power is supplied from the power source to the R-S flip-flop
      circuit FF and to the torque detector circuit, a current flows through the
      fixed resistor R1 and the potentiometer R2 to the base of the pnp
      transistor Tr1, which is thereby rendered conductive and increases the
      potential at the input terminal S of the R-S flip-flop circuit FF to a
      high level. To the other input terminal R of the flip-flop FF is applied a
      negative voltage from the power source E, through closed contacts S3c and
      S3b of switch S3, to cause a low level of potential thereat, with the
      output terminals Q and Q providing a low level and a high level of
      potential, respectively. Further, because AND gate circuit A has its
      inputs coupled to the input terminal R (low level) and the output terminal
      Q (high level) of the R-S flip-flop, the potential at the output terminal
      of gate A is reduced to a low level. Thus, a current flows to energize the
      relays Re1 and Re2, the respective contacts S1 and S2 of which are shifted
      into engagement with the contacts S1b and S2b, respectively, thus
      short-circuiting and accordingly deenergizing the motor M. Concurrently
      the shutter is opened (by release lever 11) to expose the film, and after
      a predetermined time of exposure, the shutter is closed to complete the
      photographic process. Subsequently, the push button 12 is released to
      return the shutter release lever 11 to its original position, whereby the
      switch contact S3c is returned from contact S3b to S3a.
PAR  When the push button 12 was depressed initially, the retaining lever 10 was
      turned counter-clockwise by spring 10a from the position of FIG. 2a and
      the end of the retaining lever 10 entered a cut-away of the switch lever
      8, as shown in FIG. 2b, to maintain this lever in a retained position
      independent of the position of push button 12 and lever 11, thus
      maintaining the power switch S4 closed when the push button is released.
      Since the push-button switch contact S3c is returned to the contact S3a
      when the push button is released, the input terminals R and S of the R-S
      flip-flop circuit FF are both at a high level of potential, and thus the
      output terminals Q and Q still remain at a low and a high level of
      potential, respectively. In the AND gate circuit A, the two input
      terminals assume a high level of potential and the output terminal also
      assumes a high level of potential. As a result, the relay Re2 is
      de-energized. Since the other relay, Re1, remains energized, a current
      flows through the motor M from its positive terminal 1 b to its negative
      terminal 1c, whereby the motor startss its forward revolution. As the
      motor thus starts its forward revolution, the gear 5 in the reduction gear
      train is rotated in the direction of the solid-line arrow (FIG. 1, also
      turning cam 7 in that direction, as will be described more fully later.
      This rotates the film advance coupling 15, which in turn rotates the film
      advance and shutter charge shaft in the camera body to thereby effect film
      advance and shutter charge.
PAR  Upon completion of the film advance and shutter charge, the film advance
      and shutter charge shaft in the camera body is mechanically unable to
      rotate further. Consequently the torque imparted to the film advance
      coupling 15 is sharply increased, causing an increase in the current
      through resistor R1. This increases the voltage drop provided by the fixed
      resistor R1, which forms part of the torque detector circuit for motor M,
      thus truning off the pnp transistor Tr1. As a result, the potential at the
      input terminal S of the R-S filp-flop circuit FF is reduced to a low
      level. However, the potential at the other input terminal R remains at a
      high level. Thus, the potentials at the output terminals Q and Q attain a
      high level and a low level, respectively. Moreover, the output terminal of
      the AND gate circuit A, which has its input terminals at low and high
      levels, is at a low level of potential. Thus, the relay Re2 is energized
      and the relay Re1 is de-energized, causing their respective contacts S2
      and S1 to shift to contacts S2b and S1a, thereby permitting a flow of
      current from the negative terminal 1c to the positive terminal 1b of the
      motor M, which thus starts reverse revolution.
PAR  During forward revolution, the cam 7 was rotated in the direction of the
      solid-line arrow of FIG. 1 from the position of FIG. 2b, and the pin 7a
      which is secured to the cam 7 was brought into engagement with the
      retaining lever 10 to turn the retaining lever clockwise and thus to
      release the switch lever 8 from retention by the lever 10 as shown in FIG.
      2c. However, because the periphery of cam 7 was engaged by the pin 9
      during forward revolution, as shown in FIG. 2c, switch lever 8 remained in
      its previous (retained) position, and the power switch S4 remained closed.
PAR  During reverse revolution, gear 5 and shaft 14 rotate in the direction of
      the broken-line arrow of FIG. 1, and the shutter charge member (not shown)
      returns to its original position. Because of a conventional one-way
      coupling the film is not affected by reverse rotation of shaft 14. As the
      pin 9 becomes engaged in the recess of the cam 7, the power switch S4
      opens (see the position of FIG. 2a ). This opening of the power switch S4
      cuts off the power supply to the R-S flip-flop FF and to the torque
      detector circuit, whereupon the motor M is de-energized and stops
      rotating.
PAR  In the above-described first embodiment of the present invention, the
      torque detector circuit is constituted by resistors R1, R2, R3 and
      transistor Tr1, but it will be apparent to anybody skilled in the art that
      the same result may be achieved by an alternative arrangement in which a
      torque detector takes the form of a mechanical means (e.g., a switch
      adapted to open or close in response to a cam upon completion of film
      advance) for detecting the instant at which the film advance and shutter
      charge shaft has completed the film winding. The output of the switch
      would, of course, be connected with the input terminal S of the R-S
      flip-flop circuit FF in the manner described above.
PAR  The above-described embodiment of the present invention provides a simple
      motor drive system for cameras of the type which uses a shutter requiring
      reciprocation of a shutter charge member. Moreover, because most of the
      system is electrical, integrated circuits and the like may be employed,
      thereby permitting great reduction in the size of the system.
PAR  A second embodiment of the present invention will now be described by
      reference to FIGS. 4, 5 and 6.
PAR  In FIG. 4, M designates a reversible motor having a positive terminal 1b
      and a negative terminal 1c. The motor M is designed such that it effects
      forward revolution (in the direction of the arrow at gear 2) upon a flow
      of current from the positive terminal 1b to the negative terminal 1c and
      effects reverse revolution (in the opposite direction to the arrow) upon a
      flow of current from the negative terminal 1c to the positive terminal 1b.
      Gear 2 securely mounted on the rotary shaft of the motor M and gears 3,
      3a, 4, 4a and 5 together constitute a reduction gear train. Reverse
      revolution of the motor M will cause a shutter release lever 11 to be
      pivoted upwardly by a pin 5a fixed to the gear 5. The lever 11 engages a
      shutter release plunger 13 by which shutter release is effected. More
      specifically, the design is such that when the plunger is moved in the
      direction of the broken-line arrow at plunger 13, it pushes up a release
      member in the camera body (not shown) to thereby release the shutter. A
      drive pin 14 secured to the gear 5 is in engagement with a drive cam 14a
      integrally formed with a film advance coupling 15 for engagement with a
      film advance and shutter charge shaft (not shown) in the camera body. A
      cam 7 is integrally formed with the gear 5 and shaft 6. A pin 7a secured
      to the cam 7 is arranged to release a retaining lever 10. The retaining
      lever 10 is biased clockwise by a spring 10a (shown in FIG. 5). A switch
      lever 8 has a pin 9 secured thereto, the pin 9 being a follower member.
      The cam 7 and the pin 9 are in contact with each other (by virtue of a
      spring [not shown]  urging lever 8 clockwise) and the switch lever 8 is
      pivotable about a pivot 8a in response to movement of the cam. The switch
      lever 8 also has a pin 8b secured thereto for opening and closing a power
      switch S4. The relationship between the pin 8b and the power switch S4
      will be described further hereinbelow.
PAR  Referring now to FIG. 6, the reference numeral E designates an electrical
      power source; S5 is a mode selection switch for selecting either a
      single-frame shot or continuous shots (hereinafter referred to as "S-C
      mode selection switch"). Opening of this switch permits continuous shots
      and closing of this switch permits single-frame shots. In this figure C
      designates a capacitor, and FF a conventional R-S flip-flop circuit having
      input terminals R, S and output terminals Q, Q. The capacitor C is
      necessary to ensure that at the time the flip-flop circuit FF is initially
      supplied with power from the source E, the output terminal Q of the
      flip-flop FF will provide a high level of potential and the other output
      terminal Q will provide a low level of potential. An AND gate circuit,
      designated by A, has its input terminals coupled to the input terminal S
      and the output terminal Q of the R-S flip-flop FF. Tr2 and Tr3 designate
      pnp transistors. The base of the transistor Tr2 is connected to the output
      terminal Q of the R-S flip-flop circuit FF through a fixed resistor R4,
      and the base of the transistor Tr3 is connected to the output terminal of
      the AND gate circuit A through a fixed resistor R5. Relays Re1 and Re2 are
      controlled by the pnp transistors Tr2 and Tr3. The positive terminal 1b
      and the negative terminal 1c of the motor M are connected with the movable
      contact S1 of the relay Re1 and the movable contact S2 of the relay Re2,
      respectively.
PAR  When both transistors Tr2 and Tr3 are in an OFF state, the relays Re1 and
      Re2 are both de-energized and therefore connect their contacts S1 and S2
      with S1a and S2a, respectively, thus short-circuiting and de-energizing
      the motor M. When only the transistor Tr2 is in an ON state, the relay Re1
      alone is energized to connect the contact S1 with S1b but the contact S2
      remains still connected with S2a as before. Thus, a current flows from the
      positive terminal of the power source E through fixed resistor R1, the
      positive terminal 1b of the motor M, and the negative terminal 1c of the
      motor M, to the negative terminal of the power source E, whereby the motor
      M effects forward revolution. When only the transistor Tr3 is in an ON
      state, the relay Re2 alone is energized to connect the contact S2 with S2b
      but the other relay contact S1 remains connected with S1a, so that a
      current flows from the positive terminal of the power source E, through
      the negative terminal 1c of the motor M and the positive terminal 1b of
      the motor M, to the negative terminal of the power source E, whereby the
      motor M effects reverse revolution.
PAR  When both transistors Re2 andd Tr3 are in an ON state, both relays Re1 and
      Re2 are energized to thereby connect their contacts S1 and S2 with S1b and
      S2b, respectively, so that the motor M is effectively short-circuited
      through the fixed resistor R1. The fixed resistors R1 and R3, pnp
      transistor Tr1 and potentiometer R2 together constitute a torque detector
      circuit for motor M. When the load torque applied to the motor M exceeds a
      predetermined value, causing the current flowing through the fixed
      resistor R1 to exceed a predetermined value, the transistor Tr1 is
      rendered non-conductive, and the potential at the input terminal R of the
      R-S flip-flop circuit FF changes from a high to a low level. It will be
      noted that potentiometer R2 is adjustable for the purpose of selecting the
      threshold of the torque detector circuit.
PAR  An npn transistor Tr4 serves as a switch for permitting power to be
      supplied therethrough to the R-S flip-flop circuit FF and to the torque
      detector circuit for motor M. One terminal of push-button switch S3 is
      connected with the positive terminal of the power source E through a
      resistor R7 and the other terminal with the base of the transistor Tr4.
      Closing of the push-button switch S3 renders the transistor Tr4 conductive
      to permit power to be supplied to the R-S flip-flop circuit FF and to the
      torque detector circuit. A switch S4 is connected between the emitter and
      collector of the transistor Tr4. The point of connection between the fixed
      resistor R7 and the push-button switch S3 is connected with the base of
      the pnp transistor Tr3 through switching diode D1, S-C mode selection
      switch S5 and fixed resistor R8. The portion of the FIG. 6 circuit which
      is encircled by a dot-and-dash line forms a well-known electric shutter
      circuit EE having a Schmitt trigger circuit applied therein, the shutter
      circuit being accommodated within a camera body (not shown).
PAR  In a conventional manner power switch S7 is closed for supplying power to
      circuit EE after shutter release is initiated but just before opening of
      the shutter blade. The circuit includes an electromagnet Mg for holding a
      shutter closing member (not shown), and a shutter opening-closing signal
      is obtained from one end of the electromagnet Mg and is applied to the
      input terminal S of the R-S flip-flop FF by conductor K.
PAR  Operation of the second embodiment will now be described. (A) Single-Frame
      Shot
PAR  First, the S-C mode-selection switch S5 is closed. Then, to initiate the
      photographic process, the push-button switch S3 is closed, permitting a
      base current to flow through the fixed resistor R7 to the transistor Tr4,
      which is thereby turned on. Through transistor Tr4 power is supplied from
      the source E to the R-S flip-flop circuit FF and to the torque detector
      circuit. In this connection, the output terminals Q and Q of the R-S
      flip-flop circuit FF will provide a high level and a low level of
      potential, respectively, due to the action of the capacitor C.
      Furthermore, because the low level signal Q is applied to one of the
      inputs of AND gate A, the output terminal of the AND gate circuit A also
      provides a low level of potential. As a result, the pnp transistor Tr2 is
      turned off while the transistor Tr3 is turned on and the contacts S1 and
      S2 of the relays Re1 and Re2 are connected with S1a and S2b, whereupon the
      motor M starts its reverse revolution. The gear 5 of the reduction gear
      train then begins to rotate in the direction of the broken-line arrow. The
      film advance coupling member 15 is limited to the shown position by a
      limit member (not shown) in the camera body. Reverse rotation of shaft 14
      moves the shaft away from cam 14a without transmitting the reverse
      rotation to the film advance and shutter charge shaft in the camera body.
      On the other hand, the pin 5a on the gear 5 causes pivotal movement of the
      shutter release lever 11 in counter-clockwise direction, which lifts the
      shutter release plunger 13 in the direction of the adjacent broken-line
      arrow (i.e. upwardly) to release the shutter in the camera body.
PAR  In the release of the shutter, the switch S7 (FIG. 6) is closed by a
      mechanism in the camera body after commencement of shutter release but
      just before opening of the shutter blade, to thereby permit a flow of
      current to the electromagnet Mg in the electric shutter circuit EE. Under
      these circumstances the shutter opening-closing signal assumes a low level
      of potential, and that potential is coupled to the input terminal S of the
      flip-flop circuit FF by conductor K. The input terminals R and S of the
      R-S flip-flop circuit FF being coupled to high and low levels of
      potential, respectively, the output terminals Q and Q provide a low level
      and a high level of potential, respectively. Accordingly, the transistor
      Tr2 conducts. As for the AND gate circuit A, the inputs thereof are at a
      low level and a high level so that the output thereof provides a low level
      of potential which maintains the transistor Tr3 conductive. Thus, both
      transistors Tr2 and Tr3 are rendered conductive, and the motor M is
      stopped from revolving.
PAR  Before the closing of the push-button switch S3, the relative positions as
      shown in FIG. 5a are assumed by the cam 7, the switch lever 8, the
      retaining lever 10 and the switch S4, this last-named switch being open.
      However, as the shaft 6 rotates in the direction of broken-line arrow
      adjacent gear 5 in FIG. 4, the pin 9 rides on to the ramp surface of the
      cam 7 and thereby causes the switch lever 8 to rotate counter-clockwise
      about the pivot 8a against the force of a spring (not shown), until the
      switch S4 is closed by the pin 8b (FIG. 5b). Also, the retaining lever 10,
      which is spring-biased for counter-clockwise rotation, has its end
      received into the notch in the switch lever 8 (FIG. 5b).
PAR  Subsequently, the push-button switch S3 is opened by the camera operator.
      The opening of switch S3 turns off the transistor Tr4, but this does not
      cut off the power supply to the R-S flip-flop FF and to the torque
      detector circuit for motor M because the switch S4 remains closed. After a
      predetermined time of exposure has passed, as determined by the electric
      shutter circuit EE, no current flows to the electromagnet Mg and the
      magnet is de-energized, closing the shutter. The shutter opening-closing
      signal then assumes a high level of potential which is applied to the
      input terminal S of the R-S flip-flop FF by conductor K. Since the input
      terminal R remains at a high level of potential, the output terminals Q
      and Q remain at a low level and a high level of potential, respectively.
      As for the AND gate circuit A, the input terminals thereof are both at a
      high level, resulting in a high level of potential at the output terminal.
      Consequently, the pnp transistor Tr3 turns off and, transistor Tr2
      remaining on, the motor M starts forward revolution. However, if the
      push-button switch S3 remains closed with the shutter closed, a base
      current for transistor Tr3 will flow by way of fixed resistor R8, S-C mode
      selection switch S5, diode D1, push-button switch S3, and npn transistor
      Tr4, ensuring that the transistor Tr3 will remain conductive. As contact
      S2 of the relay Re2 is still connected with S2b, the motor M remains
      de-energized. In other words, non-conduction of the transistor Tr3 and the
      resulting forward revolution of the motor M can occur only when two
      conditions, i.e., opening of the push-button switch S3 and closing of the
      shutter, have been attained.
PAR  Thereupon, the gear 5 of the reduction gear train is rotated in the
      direction of the adjacent solid-line arrow (counter-clockwise direction).
      In the initial stage of such rotation the pin 5a releases the lever 11 to
      permit descent of the plunger 13 and return of the release member to the
      original position in the camera body. Since the switch lever 8 is being
      retained by the retaining lever 10 in the manner as shown in FIG. 5b, the
      switch S4 remains closed without the pin 9 being received in the recessed
      portion of the cam 7 (FIG. 5c ). The motor M continues to revolve and the
      drive pin 14 which is secured to the gear 5 strikes against the drive cam
      14a to rotate the cam in the direction of the adjacent arrow, whereby the
      film advance coupling 15 is rotated, thereby rotating the film advance and
      shutter charge shaft and effecting film advance and shutter charge.
PAR  When the film advance has been completed, the film advance and shutter
      charge shaft is unable to rotate further,thereby increasing the torque
      applied to the film advance coupling 15. This increases the load applied
      to the rotary shaft of the motor M, with a result that the current flowing
      through the motor M is sharply increased. This in turn increases the
      voltage drop provided by the fixed resistor R1 forming part of the torque
      detector circuit for motor M, whereby the transistor Tr1 is turned off. As
      a result, the input terminal R of the R-S flip-flop circuit FF assumes a
      low level of potential. In other words, the output terminals Q and Q of
      the flip-flop FF provide a high level and a low level of potential,
      respectively, turning off transistor Tr2. The output terminal of the AND
      gate circuit A also provides a low level of potential, turning on the
      transistor Tr3, whereby the motor M starts reverse revolution.
      Consequently, the gear 5 is rotated in the direction of the adjacent
      broken-line arrow to cause the drive pin 14 to release the drive cam 14a
      gradually, so that the drive cam 14a is permitted to rotate in the
      opposite direction with the aid of a return spring (not shown) in the
      camera body, thereby returning the shutter charge member in the camera
      body to its original position (lever return cycle). During the lever
      return cycle, film movement is not effected, because of the conventional
      one-way coupling (not shown).
PAR  As for the switch lever 8, this lever tends to rotate clockwise during the
      above-described film advance cycle because the retaining lever 10 is
      engaged by the pin 7a and rotated clockwise to release the switch lever 8
      from retention, as shown in FIG. 5d. However, as shown in that figure, the
      pin 9 engages the cam 7 so that the switch S4 remains closed.
      Subsequently, the film advance is completed, the gear 5 is rotated in the
      direction of the adjacent broken-line arrow, and the shutter charge member
      in the camera body returns to its original position, whereupon the pin 9
      is received into the recessed portion of the cam 7 to open the switch S4
      (FIG. 5a ).
PAR  Since the npn transistor Tr4 has already turned off, the opening of the
      switch S4 cuts off the power supply to the R-S flip-flop circuit FF, thus
      turning off both transistors Tr2 and Tr3 and thus de-energizing the motor
      M.
PAR  Thus, the operation for a single-frame shot has been completed. (B)
      Continuous Shots
PAR  First, the S-C mode selection switch S5 is opened. This cuts off the path
      for the base current of the transistor Tr3 which is provided by the
      circuit of fixed resistor R8, S-C mode selection switch S5, diode D1,
      push-button switch S3, and transistor Tr4. Therefore, when the shutter is
      closed after shutter release, the transistor Tr3 turns on without the need
      for the push-button switch S3 to be opened, whereby the motor M effects
      forward revolution to enter into a film advance cycle. If the push-button
      switch S3 is maintained in closed position, the gear 5 will rotate to its
      original position in the direction of the adjacent broken-line arrow after
      completion of the film advance, thus causing the pin 9 to be received into
      the recessed portion of the cam 7 to thereby open switch S4. However,
      because switch S3 remains closed, the transistor Tr4 remains conductive
      after the switch S4 has opened and continues to supply power to the
      flip-flop circuit and torque detector. Because of this, the motor repeats
      the above-described operation without being de-energized.
PAR  A third embodiment of the present invention will be described hereinafter
      with reference to FIGS. 7, 8 and 5.
PAR  In FIG. 7, switch S6 is adapted to close when the shutter release plunger
      13 has lifted for shutter release and to open when the plunger 13 has
      lowered to its original position after closing of the shutter. The
      arrangement shown in FIG. 7 is identical in the other respects to the
      above-described second embodiment.
PAR  Referring to FIG. 8, there are two R-S flip-flop circuits FF1 and FF2 which
      are both similar to the flip-flop FF in the second embodiment. The input
      terminals R of the two R-S flip-flop circuits are connected with the
      collector of pnp transistor Tr1 forming part of the torque detector
      circuit for motor M. The input terminal S of the flip-flop FF1 is
      connected with the negative power source terminal through switch S6 and
      the input terminal S of the other flip-flop, FF2, is connected to electric
      shutter circuit EE through shutter opening-closing signal conductor K. The
      output terminals Q of these flip-flop circuits are connected with the
      positive terminal of the power source E through capacitors C1 and C2.
      These capacitors C1 and C2 are designed such that when the flip-flop
      circuits FF1 and FF2 are initially supplied with power their respective
      output terminals Q provide a high level of potential. The output terminal
      Q of the flip-flop FF2 provides a low level of potential. The base of
      transistor Tr2 is connected with the output terminal Q of the flip-flop
      FF1 through fixed resistor R4, and the base of pnp transistor Tr3 is
      connected with the output terminal of AND gate circuit A through fixed
      resistor R5. The circuit arrangement in the present embodiment is similar
      in other respects to that of the second embodiment.
PAR  Operation of the third embodiment will now be explained.
PAL  A. single-Frame Shot
PAR  First, the S-C mode selection switch S5 is closed. As in the second
      embodiment, when switch S3 is closed, the npn transitor Tr4 conducts to
      permit power to be supplied to the torque detector circuit and to the
      flip-flop circuits FF1 and FF2. With the aid of the capacitors C1 and C2,
      the output terminals Q of the R-S flip-flops FF1 and FF2 provide a high
      level of potential and the output terminal Q of the flip-flop FF2 provides
      a low level of potential. The output terminal of the AND gate circuit A
      also provides a low level of potential. As a result, the transistor Tr2 is
      turned off and the transistor Tr3 is turned on, whereby the motor M begins
      reverse revolution. Then, the shutter release plunger 13 effects shutter
      release. At the final stage of the shutter release the switch S6 is closed
      by the plunger 13. This closing of the switch S6 brings the input terminal
      S of the flip-flop circuit FF1 to a low level of potential, and
      consequently the output terminal Q changes to a low level of potential.
      That is, the transistor Tr2 conducts and energizes the relay Re1, shifting
      the contact S1 thereof from S1a to S1b. The other relay contact,
      S2,remains engaged with S2b as described previously, thus effectively
      short-circuiting and de-energizing the motor M.
PAR  When the shutter is closed after the lapse of a period of time determined
      by shutter ciurcuit EE, the shutter opening-closing signal assumes a high
      level of potential which is coupled to terminal S of flip-flop FF2 by the
      conductor K. The input terminal R remains at a high level of potential, so
      that the flip-flop circuit FF2 maintains the same condition as before
      (i.e. Q at a low level and Q at a high level). As a result, the output of
      the AND gate circuit A provides a high level to turn off the transistor
      Tr3, which in turn shifts the relay contact S2 to S2a to cause forward
      revolution of the motor M, thus causing the shutter release plunger 13 to
      move in the direction of the adjacent solid-line arrow and open the switch
      S6. This opening of the switch S6 causes the input terminal S of the R-S
      flip-flop FF1 to assume a high level of potential. Because the other input
      terminal R is also at a high level of potential, the output terminal Q
      maintains the same condition as before (i.e. low level) and the motor M
      therefore continues its forward revolution.
PAR  When the film advance has completed, the torque detector circuit for the
      motor produces a low level potential signal which is coupled to the input
      terminals R of the R-S flip-flops FF1 and FF2. As a result, the output
      terminal Q of the flip-flop FF1 provides a high level of potential and the
      output terminal Q of the flip-flop FF2 provides a low level of potential,
      whereby the motor again revolves in reverse (lever return cycle). When the
      shutter charge member returns to its original position, all operations are
      stopped. During the cycle described hitherto, the switch S4 performs the
      same function as that described with respect to the second embodiment.
PAL  B. continuous Shots
PAR  The operation in this case is similar to that described with respect to
      single-frame shots, but with continuous operation, similar to the second
      embodiment, as long as S3 is closed.
PAR  The following differences between the operation of the second and third
      embodiments are noteworthy. In the second embodiment, the switch S7 was
      closed after commencement of shutter release but just before opening of
      the shutter blade. Thereby, the input terminal S of the flip-flop circuit
      FF assumed a low level but the other input terminal R remained at a high
      level, so that the output terminal Q provided a low level of potential to
      turn on the transistor Tr2. On the other hand, the output terminal Q
      provided a high level, so that the output of the AND gate circuit remained
      at a low level to maintain the transistor Tr3 on. Consequently, both
      relays Re1 and Re2 were energized to connect their contacts S1 and S2 with
      S1b and S2b, respectively, thus de-energizing the motor M. Thus, in the
      second embodiment, the motor was stopped only after closing of the switch
      S7.
PAR  In the third embodiment, the switch S6 is closed at the final stage of the
      shutter release cycle, whereupon the input terminal S of the flip-flop FF1
      assumes a low level of potential and the output terminal Q provides a low
      level, thereby turning on the transistor Tr2. Since transitor Tr3 is
      already on, the motor is de-energized. When the switch S7 is closed after
      commencement of shutter release but just before opening of the shutter
      blade to permit a flow of current to the electromagnet Mg, the input
      terminal S of the flip-flop FF2 assumes a low level of potential but the
      output terminal Q provides a high level of potential and the output of the
      AND gate circuit A remains at a low level. Consequently, the transistor
      Tr3 remains conductive and the motor remains de-energized. In the third
      embodiment, the conduction of the transistor Tr2 precedes the closing of
      the switch S7 and the condition of the transistor Tr2 remains unchanged
      even after the switch S7 is closed. Thus, in the third embodiment, the
      motor M is de-energized before the closing of the switch S7. This is the
      significant difference between the operation of the third embodiment and
      the operation of the second embodiment.
PAR  The described embodiments of the present invention illustrate motor drive
      systems for cameras of the type which require reciprocative movement of
      the shutter charge member. Moreover, the mechanism involved therein can be
      very simple. Most of the system can be implemented by an electric circuit,
      permitting the employment of integrated circuits and the like, which
      contribute to a greatly reduced size of the entire construction. In
      addition, various cycles of operation can be made to occur sequentially to
      eliminate any malfunction or difficulty (such as the occurrence of film
      advance prior to shutter closing) which would otherwise be caused by the
      interference between successive cycles.
PAR  While the preferred embodiments of the invention have been shown and
      described, it will be apparent to those skilled in the art that changes
      can be made in these embodiments without departing from the principles and
      spirit of the invention, the scope of which is defined in the appended
      claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A motor drive system for a camera, comprising a reversible electric
      motor, a drive shaft for film advancement, means responsive to operation
      of said motor in one direction for turning said shaft from an initial
      position in a direction to advance film in said camera and responsive to
      subsequent operation of said motor in the opposite direction for turning
      said shaft back to said initial position, means for energizing said motor
      to operate in said one direction, and motor torque responsive means
      including means for detecting the current drawn by said motor for sensing
      when said film has been advanced to a predetermined extent and for
      thereupon energizing said motor to operate in said opposite direction.
NUM  2.
PAR  2. A motor drive system in accordance with claim 1, further comprising
      means for releasing the shutter of said camera, and shutter releasing
      means including means for energizing said motor to operate in said
      opposite direction prior to operation in said one direction.
NUM  3.
PAR  3. In a motor drive system for a camera having a shutter charge member,
      shutter release means, and drive shaft means rotatable in one direction to
      effect film advance and to move said shutter charge member to charge the
      shutter and rotatable in the reverse direction to a fixed position to
      return the shutter charge member to its original position so that the
      shutter may be released after completion of the film advance and shutter
      charge, the improvement comprising:
PA1  a. a reversible electric motor,
PA1  b. means for transmitting the forward or reverse revolutions of the motor
      to the drive shaft means to rotate said shaft means in said one direction
      or said reverse direction, respectively,
PA1  c. means for sensing when film has been advanced to a predetermined extent
      and for thereupon producing a signal, and
PA1  d. control circuit means for controlling the motor in order to rotate said
      drive shaft means in said one direction after shutter release, thus
      effecting film advance and shutter charge, and to rotate said drive shaft
      means in the reverse direction in response to said signal and thus return
      said drive shaft means to said fixed position.
NUM  4.
PAR  4. A motor drive system according to claim 3, wherein the control circuit
      means includes flip-flop circuit means and relay means responsive to the
      operation of the flip-flop circuit means for controlling the connection of
      the motor to a source of electric power.
NUM  5.
PAR  5. A motor drive system according to claim 4, wherein the flip-flop circuit
      means comprises a flip-flop circuit having a pair of outputs, and wherein
      the relay means comprises a pair of relays for controlling the connection
      of opposite terminals of said motor to either of opposite terminals of the
      source of power, means for controlling the energization of one of the
      relays from one of the outputs of the flip-flop circuit, and AND gate
      means for controlling the energization of the other relay in response to
      the other of the outputs of the flip-flop circuit and a corresponding
      input of the flip-flop circuit.
NUM  6.
PAR  6. A motor drive system according to claim 4, wherein said flip-flop
      circuit means comprises a pair of flip-flop circuits and wherein said
      relay means comprises a pair of relays for controlling the connection of
      opposite terminals of said motor to either of opposite terminals of said
      source of power, means for controlling the energization on one of said
      relays from an output of one of said flip-flop circuits, and AND gate
      means for controlling the energization of the other relay in response to
      an output of the other flip-flop circuit and a corresponding input of that
      circuit.
NUM  7.
PAR  7. A motor drive system according to claim 4, wherein said flip-flop
      circuit means has means for setting its initial condition upon the
      application of power thereto.
NUM  8.
PAR  8. A motor drive system according to claim 4, wherein said sensing means
      comprises means for detecting the current drawn by said motor and for
      applying a signal to said flip-flop circuit means.
NUM  9.
PAR  9. A motor drive system according to claim 4, wherein said control circuit
      means includes means synchronized with the shutter release means for
      applying a signal to the flip-flop means in order to energize said motor
      to rotate said drive shaft means in said one direction.
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ABST
PAL  A capacitor-energized electromagnetic trigger device controls the
      energization of a camera motor which drives a film transport and shutter
      mechanism. For one-frame photography the motor is de-energized after a
      predetermined number of revolutions and then the transport and shutter
      mechanism is immobilized by a restraining device. For continuous
      photography the motor continues to operate and the restraining device is
      maintained ineffective. For repetitive one-frame photography, the
      capacitor is recharged after a one-frame cycle and the cycle is repeated.
      Embodiments are disclosed having different types of switching circuits,
      including different arrangements of transistor switches, SCR switches,
      mode selection switches, reset switches, and starting and holding coils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electromagnetic trigger device having a
      trigger circuit for use in cameras, especially cinecameras.
PAR  2. Description of the Prior Art
PAR  An electromagnetic trigger device for cinecameras is known in which a
      starting capacitor charged prior to photography is caused to discharge and
      the discharging current flows to a starting coil, whose magnetic force
      closes a switch in a drive motor circuit to start photography, whereafter
      the capacitor completes its discharge to open the switch in the motor
      circuit, whereby one-frame photography is accomplished.
PAR  Such device, however, has offered a problem that one-frame photography
      fails to properly occur due to variation in the speed of revolutions of
      the motor, variation in the capacity of the starting capacitor, variation
      in the resistance of the coil or variation in the source voltage.
PAR  Also, in such conventional electromagnetic trigger device, the charge
      stored in the starting capacitor is discharged as a heavy current through
      a starting coil of low resistance to thereby start the electromagnetic
      trigger device and in this connection, the starting capacitor must be of
      great capacity which in turn leads to a larger size of the device.
PAR  Further, U.S. Pat. No. 3,601,481 discloses a system whereby, at the start
      of photography, a bistable circuit is triggered into conductive state and
      during the conductive state of the bistable circuit, a current is supplied
      from a power source to a coil, whose electromagnetic force closes a switch
      in a motor drive circuit to thereby accomplish photography. Such system
      requires a current equal to that at the starting to constantly flow to the
      coil throughout the photography, and this offers some problems including
      the great power consumption and the necessity of adding a timer circuit
      for the purpose of one-frame timer photography.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention intends to overcome the above-noted disadvantages and
      to provide an electromagnetic trigger device which reliably enables
      one-frame photography to be accomplished.
PAR  In accordance with the present invention, the electromagnetic trigger
      device comprises a motor for driving a film transport mechanism and
      shutter mechanism in a camera, a motor switch which, when closed, is
      adapted to connect the motor to a power source, starting means which, when
      energized, is adapted to produce an electromagnetic force for closing the
      motor switch, switching means which, when in conductive state, is adapted
      to connect the starting means to the power source, and a starting
      capacitor. A trigger switch is provided which is adapted, before the start
      of photography, to connect the starting capacitor to the power source to
      charge the capacitor, and at the start of photography, to connect the
      starting capacitor to the input terminal of the switching means to apply
      the terminal voltage of the starting capacitor to the switching means to
      thereby trigger the switching means into conductive state. Means is
      provided which is responsive to rotation of the motor started upon closing
      of the motor switch to render the switching means non-conductive when the
      motor has made a predetermined number of revolutions within the number of
      revolutions required for the motor to transport one frame of film. Further
      provided is holding means which is energized only during continuous
      photography to produce an electromagnetic force for holding the motor
      switch in closed position, and a mode selecting switch for selecting any
      desired mode of photography which is adapted to be closed only during
      continuous photography to connect the holding means to the power source.
PAR  The invention will become more fully apparent from the following detailed
      description of various embodiments thereof taken in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram showing a first embodiment of the present
      invention.
PAR  FIG. 2 is a perspective view showing a mechanism portion to which the
      circuit of FIG. 1 is applied.
PAR  FIG. 3 is a circuit diagram showing a second embodiment of the present
      invention.
PAR  FIG. 4 is a circuit diagram showing a third embodiment of the present
      invention.
PAR  FIG. 5 is a circuit diagram showing a fourth embodiment of the present
      invention.
PAR  FIG. 6 is a circuit diagram showing a fifth embodiment of the present
      invention.
PAR  FIG. 7 is a circuit diagram showing a sixth embodiment of the present
      invention.
PAR  FIG. 8 is a perspective view showing a mechanism portion to which the
      circuit of FIG. 7 is applied.
PAR  FIG. 9 is a view of the reset switch in FIG. 8 and taken in the direction
      of the shaft of the reset switch.
PAR  FIG. 10 is a circuit diagram showing a seventh embodiment of the present
      invention.
PAR  FIG. 11 is a circuit diagram showing an eighth embodiment of the present
      invention.
PAR  FIG. 12 is a circuit diagram showing a ninth embodiment of the present
      invention.
PAR  FIG. 13 is a view of the reset switch in FIG. 12 and taken in the direction
      of the shaft of the reset switch.
PAR  FIG. 14 is a circuit diagram showing a tenth embodiment of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1 and 2, there is shown a first embodiment of the
      present invention.
PAR  In FIG. 1, a starting capacitor 21 is connected to a power source 1 through
      a contact 3a of a trigger switch 3. A serial connection of a starting coil
      6 and a silicon controlled rectifier (SCR) 20 is connected to the power
      source 1 through a holding switch 4 and a reset switch 23. The reset
      switch 23 is responsive to rotation of a motor 10 so as to be opened after
      photography has been started but before one-frame photography has been
      completed, and the opening of the switch 23 renders the SCR 20
      non-conductive. A discharging resistor 22 is connected to a capacitor 21
      through a contact 3b of the switch 3.
PAR  Since the gate of the SCR 20 is connected to the contact 3b, the terminal
      voltage of the capacitor 21 is applied to the gate when the switch 3 is
      closed at its contact 3b.
PAR  The trigger switch 3 is operatively associated with the holding switch 4
      and also with an unshown camera's release button, and when the release
      button is in underpressed or inoperative position, the trigger switch 3 is
      closed at its contact 3a and the holding switch 4 is in its open position.
      Upon manual depression of the release button, the holding switch 4 is
      closed and the trigger switch 3 is changed over to its contact 3b, thereby
      establishing a photographing condition as will be described hereinafter.
PAR  A holding coil 7 having a great winding resistance is connected to the
      power source 1 through switches 4 and 5. The switch 5 is a change-over
      switch for changing over the mode of photography between continuous
      photography and one-frame photography, and it permits occurrence of
      one-frame photography when it is in open position and permits occurrence
      of continuous photography when it is in closed position. Diodes 24 and 25
      are provided for absorbing the counter electromotive force of coils 6 and
      7.
PAR  In the perspective view of FIG. 2, an electrically conductive reduction
      gear 12 is at ground potential since a main interlocking shaft 14 integral
      therewith is grounded.
PAR  The reduction gear 12 may be driven from the motor 10 through a motor gear
      11. The main interlocking shaft is connected to an unshown shutter
      mechanism, film transport mechanism, etc. so that one full rotation of the
      gear 12 may accomplish one-frame photography. The gear 12 has a projection
      15 and an insulating plate 13 both provided on one side surface thereof.
      When a restraining lever 16 is in engagement with the projection 15, a
      phase switch 9 may contact the insulating plate 13 to be opened thereby,
      and the shutter mechanism and the interlocking shaft 14 are related with
      each other so that the shutter may be closed during the engagement of the
      restraining lever 16 with the projection 15. The restraining lever 16 is
      rotatably supported on a rotary shaft 17, and has at one end a restraining
      pawl 16a engageable with the projection 15 and at the other end an
      attracted member 16b. The lever 16 is biased counter-clockwise about a pin
      17 by a spring 18. A core 19 is common to the coils 6 and 7, and when
      excited, this core will attract the member 16b to rotate the restraining
      lever 16 clockwise against the force of the spring 18 to bring the
      restraining pawl 16a out of engagement with the projection 15, thereby
      making the gear 12 free to rotate. The restraining lever 16 and the spring
      18 are electrically conductive and the latter is grounded. Thus, when the
      restraining lever 16 has been rotated clockwise by the attraction of the
      electromagnet 6, 7, 19 to bring the restraining pawl 16a out of engagement
      with the projection 15, the motor switch 8 is engaged by the restraining
      lever 16 to electrically connect the motor 10 to the power source 1.
PAR  A switch 23 is disposed so that it may contact the one side surface of the
      conductive gear 12 and that the point of such contact lies in the orbit of
      the insulating plate 13.
PAR  Operation of the above-described construction will now be explained.
PAR  For continuous photography, the switch 5 is closed and the camera's release
      button is depressed to operate the trigger switch 3 and the holding switch
      4 so that the switch 3 is changed over from the contact 3a to the contact
      3b and the switch 4 closed. The change-over of the switch 3 to the contact
      3b permits the terminal voltage of the capacitor 21 to be applied to the
      gate of the SCR 20, which is thus rendered conductive.
PAR  As a result, a current flows to the starting coil 6 and holding coil 7, the
      member 16b is attracted by the core 19 of the electromagnet, the
      restraining lever 16 is rotated clockwise out of engagement with the
      projection 15, and the switch 8 is closed to rotate the motor 10.
PAR  When the rotation of the motor 10 brings the insulating plate 13 into
      contact with the switch 23, the reset switch 23 is opened to render the
      SCR 20 non-conductive. Thus, there is no current flowing to the coil 6 but
      a current continues to flow to the coil 7, whereby the member 16b remains
      attracted to the core 19 of the electromagnet.
PAR  Thus, the motor 10 still continues to rotate and, when the insulating plate
      13 comes out of contact with the reset switch 23, this reset switch is
      closed. However, when the SCR 20 is triggered, the capacitor 21 discharges
      through the SCR 20 and the residual charge is also discharged through a
      resistor 22, so that the capacitor 21 has no longer the charge for
      triggering the SCR 20 even if the reset switch 23 is again closed, and
      thus the SCR 20 remains in non-conductive state.
PAR  In order to terminate the photography, the camera's release button is
      released to return the switches 3 and 4 to their shown positions, whereby
      the current flow to the holding coil 7 is cut off to permit the
      restraining lever 16 to be returned to its original position by the spring
      18 and the phase switch 9 permits the motor 10 to rotate until it is
      stopped at a position where the projection 15 is engaged with the
      restraining pawl 16a.
PAR  One-frame photography will now be described.
PAR  The switch 5 is opened. The camera's release button is depressed to change
      over the switch 3 from the contact 3a to the contact 3b, thereby closing
      the holding switch 4. The starting operation is the same as what has
      previously been described, but there is no current flowing to the holding
      coil 7 and therefore, when the rotation of the motor 10 brings the
      insulating plate 13 into contact with the switch 23 to open this switch,
      and the SCR 20 is rendered non-conductive, the restraining lever 16 is
      restored to its initial position to open the motor switch 8. The phase
      switch 9 enables the motor to rotate until it is stopped at the position
      where the projection 15 is engaged with the restraining pawl 16a.
PAR  FIG. 3 illustrates a second embodiment of the present invention which
      employs two transistors in lieu of the SCR employed in the first
      embodiment.
PAR  A transistor 30 has its emitter connected to the positive (+) terminal of
      the power source 1 through the holding switch 4, its collector connected
      to the base of a transistor 32 through a resistor 31, and its base
      connected to the collector of the transistor 32 through a resistor 33. The
      emitter of the transistor 32 is connected to the negative (-) terminal of
      the power source 1 and the collector is connected to the positive terminal
      of the power source 1 through the coil 6 and holding switch 4. A reset
      switch 23', which is similar to later-described switches 23a and 23b of
      FIGS. 8 and 9, is parallel-connected between the base and emitter of the
      transistor 32.
PAR  Alternatively, the reset switch 23' may be parallel-connected between the
      base and emitter of the transistor 30. The reset switch 23' replaces the
      reset switch 23 of the first embodiment and is designed such that it is
      opened before the start of photography but is closed in response to
      rotation of the motor 10 a predetermined time after the start of
      photography and at least before completion of one-frame photography. In
      the other points, the second embodiment is identical with the first
      embodiment.
PAR  Thus, to effect photography, the switch 4 is closed and the switch 3 is
      changed over from the contact 3a to the contact 3b, whereupon the terminal
      voltage of the capacitor 21 is applied between the base and emitter of the
      transistor 32 since the reset switch 23' is open, and thus the transistor
      32 is rendered conductive.
PAR  This conduction of the transistor 32 also renders the transistor 30
      conductive so that the collector current of the transistor 30 flows to the
      base of the transistor 32. Therefore, even after the charge stored in the
      capacitor 21 has been discharged, the transistor 32 will remain conductive
      unless the reset switch 23' is closed.
PAR  Thereafter, when the reset switch 23' is closed in response to rotation of
      the motor 10, the transistors 32 and 30 become non-conductive to cut off
      the current flow to the starting coil 6. Also, even when the switch 23' is
      again opened, the transistor 32 will never conduct again, because the
      capacitor 21 has completely discharged during the closing of the switch
      23'.
PAR  The reset switch 23' short-circuits the base-emitter of the transistor 32
      so that no heavy current flows to that switch, and this leads to increased
      durability of the switch.
PAR  Thus, the opening-closing of the switch 5 enables one-frame photography or
      continuous photography to be accomplished just in the same way as
      described with respect to the first embodiment. Further, both in the first
      and the second embodiment, the holding switch 4 serves to cut off the
      current flow to the holding coil 7 and so, it will be apparent that the
      position of this switch is not restricted to that shown in the present
      embodiment.
PAR  In the embodiment shown in FIG. 3, the transistor switching circuit
      comprising transistors 30 and 32 is a switching circuit having bistable
      conditions equivalent to SCR, whereas the switching circuit for connecting
      the starting coil 6 to the power source need not have such bistable
      conditions but may be any switching circuit which will remain conductive
      only from the starting of the motor 10 till the closing of the phase
      switch 9.
PAR  FIG. 4 shows a third embodiment which employs a single switching transistor
      in lieu of the SCR 20 used in the first embodiment. When the holding
      switch 4 is closed and the trigger switch 3 is changed over from the
      contact 3a to the contact 3b, the terminal voltage of the capacitor 21 is
      applied to the transistor 32 through the resistor 2 to render the
      transistor 32 conductive. This permits a current flow to the coil 6, whose
      electromagnetic force closes the motor switch 8 to rotate the motor 10. If
      the capacity of the capacitor 21, the resistance value of the resistor 2,
      the time during which the phase switch 9 remains closed, etc. are set so
      that the transistor 32 remains conductive till the phase switch is closed,
      then there will occur entirely the same operation as that of the second
      embodiment shown in FIG. 3.
PAR  Any of the three embodiment hitherto described employs two starting and
      holding coils, but the use of a single coil would lead to reduction in the
      size of the device.
PAR  A fourth embodiment of the present invention will now be described which
      employs a single coil for both the starting and the holding, in lieu of
      two separate coils for the respective purposes.
PAR  In FIG. 5, the starting capacitor 21 is connected to the power source 1
      through the trigger switch 3 and its contact 3a. A serial connection of
      starting coil 6 and SCR 20 is connected to the power source 1 through the
      switches 4 and 23. The reset switch 23 is responsive to rotation of the
      motor 10 so as to be opened after the starting of photography but before
      completion of one-frame photography, thereby rendering the SCR 20
      non-conductive. The discharging resistor 22 is connected to the capacitor
      21 through the switch 3 and its contact 3b.
PAR  Since the gate of the SCR 20 is connected to the contact 3b, the terminal
      voltage of the capacitor 21 is applied to the gate when the switch 3 is
      connected to the contact 3b. The diode 24 serves to absorb the counter
      electromotive voltage of the coil 6. Resistor 28 has one end connected to
      the junction between the starting coil 6 and the SCR 20 and the other end
      connected to the power source 1 through the switch 5 for changing over the
      mode of photography between continuous photography and one-frame
      photography.
PAR  The resistor 28 and the coil 6 cooperate to act as the holding coil 7 in
      FIGS. 1, 3 and 4.
PAR  For this purpose, the resistance value of the resistor 28 is selected such
      that the attracted member 16b may remain attracted to the core 19 by
      current as determined by the winding resistance value of the coil 6 and
      the resistance value of the resistor 28.
PAR  Operation will now be explained.
PAR  For continuous photography, the switch 5 is closed to operate the switches
      3 and 4 so that the switch 3 is changed over from the contact 3a to the
      contact 3b and the switch 4 is closed. The change-over of the switch 3 to
      the contact 3b permits the terminal voltage of the capacitor 21 to be
      applied to the gate of the SCR 20, thereby rendering the SCR conductive.
      The forward resistance of the SCR during its conduction is so small as to
      permit a heavy current to flow to the starting coil 6 to cause the core 19
      of the electromagnet to attract the member 16b, so that the restraining
      lever 16 is rotated clockwise to liberate the projection 15 and the switch
      8 is closed to rotate the motor 10. When the rotation of the motor brings
      the insulating plate 13 into contact with the switch 23, the reset switch
      23 is opened to render the SCR 20 non-conductive. As a result, there is no
      longer any current flowing to the SCR 20, but a current flows to the
      resistor 28 parallel-connected to the SCR 20. Since a small current is
      only required to maintain the member 16b attracted to the core 19, such
      small current may be provided by the current flowing through the resistor
      28.
PAR  Thus, the motor 10 continues to rotate and, when the insulating plate 13
      comes out of contact with the reset switch 23, this reset switch is again
      closed. However, when the SCR 20 is triggered, the capacitor 21 discharges
      through the SCR 20 and the residual charge is also discharged through the
      resistor 22 and therefore, even after the reset switch 23 is again closed,
      the capacitor 21 will have no charge for triggering the SCR 20 and thus
      the SCR 20 will remain non-conductive.
PAR  To terminate the photography, the switches 3 and 4 are returned to their
      shown positions, whereupon the holding current is cut off to permit the
      restraining lever 16 to be returned to its original position by the spring
      18, and the phase switch 9 permits the motor 10 to further rotate until it
      is stopped at the position where the projection 15 is engaged with the
      restraining pawl 16a.
PAR  Next, one-frame photography will be explained.
PAR  The switch 5 is opened to operate the switches 3 and 4 associated
      therewith. The switch 3 is changed over from the contact 3a to the contact
      3b and the holding switch 4 is closed. The starting operation is the same
      as what has already been described. When the rotation of the motor brings
      the insulating plate 13 into contact with the switch 23 to open this
      switch, the SCR 20 is rendered non-conductive to open the switch 8, thus
      cutting off the current flow to the coil 6. As a result, the restraining
      lever 16 is returned to its initial position to open the motor switch 8,
      but the phase switch 9 permits the motor to further rotate until it is
      stopped at the position where the projection 15 is engaged with the
      restraining pawl 16a, whereby one-frame photography is completed.
PAR  FIG. 6 shows a fifth embodiment which employs transitors in lieu of the SCR
      employed in the above-described fourth embodiment. This embodiment will be
      described with respect only to its differences from the fourth embodiment.
PAR  Transistor 30 has its emitter connected to the positive terminal of the
      power source 1 through the holding switch 4, its collector connected to
      the junction between the base of transistor 32 and the contact 3b through
      resistor 31, and its base connected to the collector of the transistor 32
      through resistor 33.
PAR  The emitter of the transistor 32 is connected to the negative terminal of
      the power source 1.
PAR  Reset switch 23' is parallel-connected between the base and emitter of the
      transistor 32. Alternatively, the reset switch 23' may be
      parallel-connected between the base and emitter of the transistor 30. This
      reset switch 23' replaces the reset switch 23 in the fourth embodiment,
      and is designed such that it is opened before the start of photography and
      closed in response to rotation of the motor 10 a predetermined time after
      the start of photography but at least before completion of one-frame
      photography.
PAR  Transistor 34 has its base connected to the collector of the transistor 30
      through resistor 35, its collector connected to the holding switch 4
      through the coil 6, and its emitter connected to the negative terminal of
      the power source 1. A serial connection of resistor 28 and switch 5
      identical with that in the fourth embodiment is connected between the
      collector and emitter of the transistor 34.
PAR  Operation of the above-described construction will now be described.
PAR  The switch 4 is closed and simultaneously therewith, the switch 3 is
      changed over from the contact 3a to the contact 3b. Since the reset switch
      23' is open, the terminal voltage of the starting capacitor 21 is applied
      to the base-emitter of the transistor 32 to render this transistor
      conductive. This conduction of the transistor 32 also renders the
      transistors 30 and 34 conductive at a time. In other words, when the
      switch 3 is connected to the contact 3b, the transistors 32, 30 and 34
      conduct at a time and the collector-emitter resistance of the transistor
      34 during its conduction is so much smaller than the resistance of the
      resistor 28 that a heavy current flows to the coil 6. Thus, the motor 10
      is rotated as described above, thereby starting the photography.
PAR  Also, the collector current of the transistor 30 flows to the base of the
      transistor 32 and therefore, once these two transistors conduct, they
      remain in conductive state independently of the capacitor 21, unless the
      switch 23' is closed.
PAR  Thereafter, from the start of photography till before one-frame photography
      is completed, the switch 23' is closed in response to rotation of the
      motor to render the transistor 32 and accordingly the transistors 30 and
      34 non-conductive. Even if the switch 23' is opened later again, the
      transistor 32 will never conduct, because the capacitor 21 has completely
      discharged during the closing of the switch 23'.
PAR  Therefore, if the switch 5 is opened now, namely, if one-frame photography
      is taking place, the transistor 34 will be in non-conductive state to
      entirely cut off the current flow to the coil 6, so that the switch 8 will
      be opened while the phase switch 9 will permit the motor 10 to rotate
      until it is stopped at the position where the projection 15 is engaged
      with the restraining pawl 16a. Conversely, if the switch 5 is closed,
      namely, if continuous photography is taking place, a current will flow to
      the coil 6 through resistor 28 and switch 5 irrespective of the transistor
      34 having become non-conductive, so that the restraining lever 16 remains
      attracted to the core 19 to permit the continuous photography to progress
      until the switches 3 and 4 are changed over to their positions shown.
PAR  It will thus be seen that the reset switch 23' in the fifth embodiment is
      functionally similar to the reset switch 23 in the fourth embodiment but
      enjoys increased durability because it is disposed between the base and
      emitter of the transistor 32 so that no heavy current flows to itself.
PAR  Description will further be made of a sixth embodiment of the present
      invention in which an electromagnetic trigger device is intermittently
      operated to effect one-frame timer photography.
PAR  In FIG. 7 which shows the sixth embodiment, reference numerals 1 and 2
      designate a power source and a starting capacitor, respectively. A trigger
      switch 3 has change-over contacts 3a and 3b and is operatively associated
      with holding switch 4. The trigger switch 3 and the holding switch 4 are
      also operatively associated with unshown camera's release button. When the
      release button is in underpressed or inoperative position, the trigger
      switch 3 is closed at the contact 3a while the holding switch 4 is in open
      position. Depression of the release button will close the holding switch 4
      and change over the trigger switch 3 to the contact 3b to thereby provide
      a photographing condition which will hereinafter be described. A mode
      change-over switch 5' has change-over contacts 5'a, 5'b and 5'c and may be
      changed over between these contacts to select any desired mode of
      photography. A variable resistor 26 is an integrating resistor for
      providing a time constant during timer operation. Contacts 23a and 23b
      constitute a reset switch which is opened in the inoperative position of
      the release button. Zener diode 27 is connected to the base of transistor
      32 and selected such that the sum of the Zener voltage and the threshold
      voltage across the base-emitter which can render the transistor 32
      conductive is lower than the minimum available voltage of the power source
      1. The collector of the transistor 32 is connected to the base of the
      transistor 30 through resistor 33 and the collector of the transistor 30
      is connected to the base of the transistor 32 through the Zener diode 27
      to form a positive feedback circuit, whereby there is constituted a
      bistable switching circuit. Starting coil 6 is connected to the collector
      of the transistor 32 and controllable by said switching circuit. Holding
      coil 7 is serially connected to the mode change-over switch 5. The
      starting coil 6 has its resistance selected to such a small value that
      when a current flows thereto it can produce a magnetic force sufficient to
      attract the member 16b. On the other hand, the holding coil 7 has its
      resistance selected to a great value, because this coil is intended only
      to produce a magnetic force so that the member 16b attracted by the
      starting coil 6 may be held so. The mode change-over switch 5 has
      change-over contacts 5a, 5b and 5c and is operatively associated with the
      mode change-over switch 5' to select various modes of photography which
      will hereinafter be described. There is further seen a DC motor 10, a
      motor switch 8 adapted to be closed by energization of the coils 6 and 7,
      and a phase switch 9.
PAR  Diodes parallel-connected to the respective coils 6 and 7 serve to absorb
      the counter voltages produced by these coils so as to prevent such counter
      voltages from affecting other elements.
PAR  FIG. 8 is a perspective view showing an embodiment of the mechanism to
      which the circuit of FIG. 7 is applied. The construction shown in FIG. 8
      is similar to that shown in FIG. 2, with the exception that the reset
      switch 23a, 23b replaces the reset switch 23.
PAR  The construction of the reset switch 23a, 23b will be described with
      reference to FIG. 8 and FIG. 9 which shows the reset switch of FIG. 8 as
      viewed in the direction of the shaft 14.
PAR  A cam 23b, which is a conductor, is mounted on the conductive shaft 14
      which is at ground potential, and a conductive member 23a of resiliency is
      secured to the shaft in opposed relationship with the cam 23b. The solid
      line in FIG. 9 shows the position in which the projection 15 is restrained
      against movement by the restraining pawl 16a and the switch 23a, 23b is
      open. The broken line shows the position in which the projection 15 has
      been liberated with the gear 12 rotated through about 90.degree. and with
      the cam 23b and conductive member 23a being in contact to close the reset
      switch.
PAR  The electromagnetic trigger device of the above-described construction will
      now be described in operation.
PAR  Description will first be made of the operation occurring when the mode
      change-over switches 5' and 5 select the contacts 5'a and 5a with the
      switch 5' opened and the switch 5 closed, namely, when the mode of
      continuous photography is selected. When unshown release button is
      depressed, the holding switch 4 associated therewith is closed to change
      over the trigger switch 3 to the contact 3b from the contact 3a connected
      to the power source. Thereupon, the charge stored in the starting
      capacitor 21 up to the level of the source voltage flows as the base
      current of the transistor 32 through the Zener diode 27 since the Zener
      voltage of the Zener diode 27 is selected as described above. As a result,
      the transistors 32 and 30 forming the positive feedback switching circuit
      are both rendered conductive and maintained so after the capacitor has
      discharged its charge. When the transistor 32 conducts, a current flows to
      the starting coil 6 and the core 19 is excited by the coils 6 and 7 to
      produce a sufficient attraction to attract the member 16b of the
      restraining lever 16. Thus, the restraining lever 16 is rotated clockwise
      to liberate the projection 15 and the motor switch 8 is closed to rotate
      the motor 10. Rotation of the motor causes rotation of the reduction gear
      12 and the reset switch 23a, 23b is closed within one-quarter rotation of
      the gear 12 from its rest position. The closing of the reset switch 23a,
      23b renders the transistor 32 non-conductive and also permits all the
      charge in the starting capacitor to be discharged. When the transistor 32
      is rendered non-conductive, the transistor 30 is also rendered
      non-conductive and such state is maintained even if the reset switch 23a,
      23b is opened by the action of the positive feedback. Thus, there will be
      no current flowing to the starting coil 6 within one-quarter rotation of
      the gear 12, but the holding coil 7 is sufficiently excited to maintain
      the member 16b attracted to the core 19 so that the member 16 remains in
      the attracted position to permit the motor 10 to continue its rotation and
      effect continuous photography as long as the holding switch 4 is closed.
PAR  Next, in order to discontinue the photography, the release button is
      released and thereby the trigger switch 3 is changed over to the contact
      3a while the holding switch 4 is opened to cut off the current flow to the
      coil 7, so that the core 19 is deenergized to permit the restraining lever
      16 to be rotated counter-clockwise into contact with the corresponding
      side of the gear 12 by the force of the spring 18. This counter-clockwise
      rotation of the restraining lever 16 opens the motor switch 8, but as long
      as the phase switch 9 is closed, the motor 10 continues to rotate and,
      when the insulating member 13 has come into contact with the switch 9,
      this switch 9 is opened to deenergize the motor 10. Simultaneously
      therewith, the projection 15 is engaged by the restraining pawl 16a of the
      restraining lever 16 to stop the reduction gear 12 on the spot. The motor
      10 is stopped always at the position where the projection 15 is engaged
      with the restraining pawl 16a and therefore, by connecting the shutter
      mechanism to the interlocking shaft 14 so that the shutter is closed when
      said position is established, it will be ensured to the cinecamera that
      the motor be stopped with the shutter closed even if the trigger switch 3
      and holding switch 4 are returned to their shown positions at any time
      during photography.
PAR  One-frame photography will now be described.
PAR  The mode change-over switches 5' and 5 are changed over to the contacts 5'b
      and 5b, respectively, so that the switch 5 is opened with the switch 5'
      remaining opened. Thus, the mode of one-frame photography is selected.
PAR  As described previously, when the release button is depressed, the holding
      switch 4 is closed and the trigger switch 3 is changed over to the contact
      3b, but the change-over switch 5 has selected the non-connected contact 5b
      so that no current flows to the holding coil 7, which thus performs no
      holding operation. By the starting capacitor 21 charged with the source
      voltage, the switching circuit provided by the transistors 30 and 32 is
      rendered conductive in the same manner as previously described, so that
      the starting coil 6 is supplied with a current to excite the core 19,
      which thus attracts the member 16b. As already mentioned, the member 16b
      is attracted to the core 19, the projection 15 is liberated from restraint
      and the motor switch 8 is closed to rotate the motor 10 and accordingly
      the reduction gear 12. Within one-quarter rotation of the reduction gear
      12 from its rest position, the reset switch 23a, 23b is closed to render
      the switching circuit non-conductive and permit the starting capacitor 21
      to discharge. The current flow to the starting coil 6 is cut off and the
      restraining lever 16 is returned to its initial position by the spring 18
      within one full rotation of the reduction gear 12. The return of the
      restraining lever 16 opens the motor switch 8, but as already described,
      the phase switch 9 permits the motor 10 to rotate until it is stopped at
      the position where the projection 15 is engaged with the restraining pawl
      16a. Such condition will continue unless the release button is temporarily
      released and again depressed. Thus, one-frame photography is accomplished.
PAR  Description will now be made of one-frame timer photography.
PAR  The mode change-over switches 5' and 5 are changed over to the contacts 5'c
      and 5c, respectively, so that the switch 5' is closed while the switch 5
      is opened. Thus, the mode of one-frame timer photography is selected.
PAR  When the release button is depressed, the holding switch 4 is closed and
      the trigger switch 3 is changed over to the contact 3b, but since the
      change-over switch 5 has selected the non-connected contact 5c, no current
      flows to the holding coil 7, which thus performs no holding operation. By
      the starting capacitor 21, the switching circuit provided by the
      tansistors 30 and 32 is rendered conductive in the same manner as
      previously described, so that the starting coil 6 is supplied with a
      current to liberate the projection 15 from restraint and close the motor
      switch 8, thus rotating the motor 10 and accordingly the reduction gear
      12. Within one-quarter rotation of the reduction gear 12 from its rest
      position, the reset switch 23a, 23b is closed to render the switching
      circuit non-conductive and permit the starting capacitor 21 to discharge.
      The current flow to the starting coil 6 is cut off and the restraining
      lever 16 is returned to its initial position by the spring 18 within one
      full rotation of the reduction gear 12, with the reduction gear 12 being
      stopped at the position where the projection 15 is engaged with the
      restraining pawl 16a. Thus, one-frame photography is accomplished.
      However, since the change-over switch 5' has selected the contact 5'c, the
      resistor 26 is serially connected with the starting capacitor 21 to
      thereby form an integrating circuit and therefore, after the reset switch
      23a, 23b is re-opened, the capacitor 21 is charged by the power source 1
      through the resistor 26. After charged, the potential of the capacitor 21
      rises with time. Therefore, by selecting the resistance value of the
      resistor 26 and the electrostatic capacity of the capacitor 21 so that the
      potential of the capacitor 21 reaches a sufficient level to render the
      transistor 32 conductive a predetermined time after the above-described
      one-frame photography has been completed, i.e. after the gear 12 has made
      one full rotation, the transistors 30 and 32 may automatically conduct
      again to rotate the motor 10 and accomplish a second one-frame photography
      the predetermined time after completion of the previous one-frame
      photography. Thus, one-frame timer photography occurs at a predetermined
      time interval determined by the time constant of the capacitor 21 and
      resistor 26 as long as the release button is depressed with the trigger
      switch 3 closed at the contact 3b and with the holding switch 4 closed. If
      the release button is provided with a mechanism for locking it in
      depressed condition, there will be no need to manually hold the release
      button in depressed condition throughout the timer photography.
PAR  FIG. 10 shows a seventh embodiment of the present invention. In the sixth
      embodiment, the time interval during the timer photography increases with
      reduction in the source voltage. This is because, in the sixth embodiment,
      the detection of the potential across the capacitor 21 is determined by
      the Zener voltage of the Zener diode 27 and the threshold voltage between
      the base and emitter of the transistor 32, independently of the source
      voltage. The seventh embodiment compensates for the variation in the time
      interval resulting from the variation in the source voltage.
PAR  In FIG. 10, the members functionally similar to those in FIGS. 7 and 8 are
      designated by similar reference characters. Therefore, description need
      not be made of what has already been described in connection with FIGS. 7
      and 8.
PAR  Resistors 40 and 39 are serially connected together, one end of the
      resistor 40 is connected to the negative terminal of the power source 1,
      the junction between the resistors 40 and 39 is connected to the emitter
      of the transistor 32, one end of the resistor 39 is connected to a diode
      38 for compensating for voltage reduction and temperature, and one end of
      the diode 38 is connected to the positive terminal of the power source 1
      through switch 4. The collector of the transistor 32 is connected to the
      base of the transistor 30 through resistor 33 and the collector of the
      transistor 30 is connected to the base of the transistor 32 through
      resistor 31 and backflow blocking diode 37, thus constituting a positive
      feedback switching circuit. The starting coil 6 is connected to the
      collector of the transistor 30 and controllable by ON-OFF of the
      transistor 30.
PAR  When the mode of continuous photography has been selected, namely, when the
      switches 5' and 5 have selected the contacts 5'a and 5a, respectively,
      with the switch 5' being opened and the switch 5 being closed, if the
      release button is depressed, then the switching circuit is triggered into
      conductive state by the capacitor 21 charged with the source voltage, so
      that a current flows to the starting coil to rotate the motor 10, which in
      turn closes the reset switch 23a, 23b to render the switching circuit
      non-conductive and causes the capacitor 21 to discharge, and thus there is
      no current flowing to the starting coil 6, whereas the member 16b of the
      restraining lever 16 is held attracted to the core 19 by the holding coil
      7, thereby permitting continuous photography to progress until the release
      button is returned. When the release button has been returned, the holding
      switch 4 is opened to deenergize the holding coil, so that the restraining
      lever 16 is returned and stopped at the position where the projection 15
      is engaged with the restraining pawl 16a.
PAR  When the mode of one-frame photography has been selected, namely, when the
      switches 5' and 5 have selected the contacts 5'b and 5b, respectively,
      with both switches 5' and 5 being opened, no current will flow to the
      holding switch 7 even if the release button is depressed to close the
      switch 4, and one-frame photography will thus be effected by the trigger
      capacitor 21 and reset switch 23a, 23b in the same manner as described
      previously.
PAR  When the mode of one-frame timer photography has been selected, namely,
      when the switches 5' and 5 have selected the contacts 5'c and 5c,
      respectively, with the switch 5' closed and the switch 5 remaining open,
      no current will flow to the holding coil 7 even if the release button is
      depressed to close the switch 4, and the switching circuit will be
      rendered conductive by the trigger capacitor 21 and then closing of the
      reset switch 23a, 23b triggers the switching circuit into non-conductive
      state and causes the capacitor 21 to discharge so as to permit one-frame
      photography, whereafter the capacitor 21 will be charged through the
      resistor 26 in the same manner as described with respect to FIG. 7. The
      backflow blocking diode 37 will prevent the charging current from being
      bypassed through the resistor 31 and coil 6, and the emitter of the
      transistor 32 will neither bypass the charging current of the capacitor
      because this emitter is biassed by a voltage divided by resistors 39 and
      40.
PAR  When the potential across the capacitor 21 rises to a sufficient level to
      render the transistor 32 conductive a predetermined time after completion
      of the one-frame photography, the switching circuit provided by the
      transistors 32 and 30 is triggered into conductive state and the motor 10
      is rotated, but the reset switch 23a, 23b triggers the switching circuit
      back into non-conductive state and causes the capacitor 21 to discharge,
      whereby one-frame photography is again accomplished automatically.
PAR  Thereafter, as long as the release button remains depressed, the
      above-described operation is repeated to effect one-frame photography at a
      predetermined time interval.
PAR  Here, the integrating time will be considered. Let E.sub.B be the voltage
      of the power source 1, C be the capacity of the capacitor 21, R be the
      resistance value of the resistor 26, R39 and R40 be the values of the
      voltage dividing resistors 39 and 40, V.sub.D be the forward voltage of
      the diode, and V.sub.BE be the base-emitter voltage for which the
      transistor 32 conducts. Also, let E.sub.O be the minimum voltage for which
      the switching circuit is triggered i.e., the base voltage for which the
      transistor 32 conducts. Then,
      ##EQU1##
      On the other hand, the time t required for the potential across the
      capacitor 21 to reach E.sub.O from zero is expressed:
      ##EQU2##
      Hence,
      ##EQU3##
      where
      ##EQU4##
      Thus, the term E.sub.B is eliminated, as a result of which t is expressed:
      ##EQU5##
      In other words, by selecting the forward voltage V.sub.D of the diode 38
      and the resistance values R.sub.39 and R.sub.40 of the resistors 39 and 40
      so as to satisfy the relation that
      ##EQU6##
      a predetermined time interval may always be provided without being
      affected by the variation in the source voltage. Temperature compensation
      is also effected at the same time, but this is similar to the voltage
      compensation and need not be described in particular.
PAR  In the sixth embodiment of FIG. 7, the capacitor 21 is charged through the
      resistor 26 during one-frame timer photography. Therefore, the time
      required for the terminal voltage of the capacitor 21 to attain a
      predetermined value is dependent on the source voltage. Thus, by causing
      the capacitor 21 to be charged through a constant current circuit instead
      of the resistor 26, the time required for the terminal voltage of the
      capacitor 21 to attain a predetermined value may be independent of the
      source voltage and accordingly, the time interval during the one-frame
      timer phhotography may be unaffected by the variation in the source
      voltage.
PAR  FIG. 11 shows an eighth embodiment in which one-frame timer photography is
      effected by causing the capacitor 21 to be charged through a constant
      current circuit.
PAR  In FIG. 11, through Zener diode 41 and resistor 42, the base of transistor
      44 is supplied with a constant potential determined by the Zener voltage
      of Zener diode 41, so that the base-emitter voltage of the transistor 44
      remains constant without being affected by any variation in the source
      voltage. COnsequently, during one-frame timer photography, the capacitor
      21 is charged with a constant current through the transistor 44 and thus,
      the timer interval during one-frame photography is constant without being
      affected by any variation in the source voltage.
PAR  Operations for continuous photography and one-frame photography need not be
      described because these are similar to what has been described with
      respect to the sixth embodiment of FIG. 7.
PAR  FIG. 12 shows the circuit according to a ninth embodiment.
PAR  In this embodiment, an SCR replaces the switching circuit of FIG. 7
      provided by transistors 32 and 30 and the holding coil 7 is eliminated by
      the coil 6 serves as the starting coil and also as the holding coil. The
      construction of the reset switch differs from that shown in FIGS. 8 and 9,
      and is constituted by a change-over switch 23, 23a, 23b, 23c in the manner
      as shown in FIG. 13. In FIG. 13, reference numeral 14 designates a main
      interlocking shaft as in FIG. 9. A cam 23c of insulating material is
      mounted on the main interlocking shaft 14. A spring change-over member 23
      is secured to the shaft in opposed relationship with the cam 23c, and this
      change-over member 23 engages the contact 23a when the cam 23c is not in
      contact with the change-over member 23. When the cam 23c is rotated
      counter-clockwise as indicated by arrow and into contact with the
      change-over member 23, the latter is changed over to the contact 23c.
PAR  The solid line in FIG. 13 shows a position in which the projection 15 of
      FIG. 8 is restrained against movement by the restraining pawl 16a. The
      phantom line shows a position in which the projection 15 has been
      liberated from restraint and the gear 12 has been rotated through
      90.degree., whereas the cam 23b has caused the change-over member 23 to
      engage the contact 23c.
PAR  When the mode of continuous photography has been selected, namely, when the
      switches 5' and 5 have selected the contacts 5'a and 5a, respectively, if
      the release button is depressed, then the holding switch 4 is closed while
      the voltage stored in the starting capacitor 21 charged with the source
      voltage is applied through the Zener diode 27 to the gate electrode of the
      SCR 20, which is thus triggered into conductive state to permit a great
      current flow to the coil 6, which thus actuates the restraining lever 16
      to rotate the motor 10. Rotation of the motor 10 causes the cam 23b to
      change over the reset switch 23 to the contact 23b, as shown in FIG. 13,
      so that the SCR 20 is rendered non-conductive and the capacitor 21
      discharges. Although the SCR 20 has been rendered non-conductive, a
      sufficient current to hold the member 16b attracted to the core 19 flows
      to the coil 6 to hold the member 16b in attracted position so that
      continuous photography can continue until the release button is returned.
      As soon as the release button is returned, the holding switch 4 is opened
      to deenergize the core 19, thus returning the restraining lever until
      stopped at the position where the projection 15 is engaged with the
      restraining pawl.
PAR  When the mode of one-frame photography has been selected, namely, when the
      switches 5' and 5 have selected the contact 5'b and 5b, respectively, the
      release button is depressed and the switch 4 is closed while the SCR 20 is
      triggered into conductive state by the capacitor 21 to permit a current
      flow to the coil 6, which thus actuates the restraining lever 16 to rotate
      the motor 10. With the rotation of the motor 10, the gear 12 is rotated to
      cause the cam 23c to change over the reset switch 23 within one-quarter
      rotation of the cam, so that the SCR is rendered non-conductive and the
      capacitor 21 discharges, but since the bypass provided by the resistor 28
      is cut off, no holding current flows to the coil 6 and thus, the
      restraining lever is returned to permit one-frame photography to occur.
PAR  When the mode of one-frame timer photography has been selected, namely,
      when the switches 5' and 5 have selected the contacts 5'c and 5c,
      respectively, no holding current flows through the bypass provided by the
      resistor 28, as described above, and when one-frame photography has been
      done, the capacitor 21 discharges and the SCR is rendered non-conductive,
      but the capacitor 21 is again charged through the resistor 26 and the
      potential of the capacitor 21 rises with time so as to exceed the sum of
      the Zener voltage of the Zener diode 27 and the gate voltage capable of
      triggering the SCR 20 into conductive state, whereupon the SCR 20 is
      triggered into conductive state to again permit one-frame photography to
      be effected. Thus, as long as the release button is depressed, the
      above-described operation is repeated to effect one-frame photography at a
      predetermined time interval.
PAR  FIG. 14 shows a tenth embodiment which employs a constant current circuit
      instead of the resistor 26 used in the ninth embodiment of FIG. 12,
      whereby preventing the time interval during one-frame timer photography
      from being varied with the variation in the source voltage.
PAR  In FIG. 14, transistor 44, whose base is supplied with a constant current
      through Zener diode 41 and resistor 42, acts as the constant current
      source during one-frame timer photography and charge the capacitor 21 with
      a constant current. Therefore, the time interval during one-frame timer
      photography is unaffected by any variation in the source voltage.
PAR  Operation for continuous photography and one-frame photography are entirely
      the same as what has been described with respect to the ninth embodiment.
PAR  In the sixth to tenth embodiments of the present invention, the reset
      switch serves to render the SCR or the transistor switching circuit
      non-conductive and also to effect discharging of the capacitor 21, whereas
      it will be apparent that discrete switches may be employed to render the
      switching circuit non-conductive and to effect discharging of the
      capacitor 21.
PAR  In accordance with the present invention, as described above, any desired
      one-frame photography may be reliably accomplished and one-frame
      photography at a predetermined time interval may be automatically
      accomplished, by a vary simple construction, irrespective of any variation
      in the source voltage or in the number of revolutions of the motor.
PAR  In addition, the starting capacitor may be of smaller capacity and
      accordingly, of smaller size, which in turn leads to the provision of a
      compact electromagnetic trigger device.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electromagnetic trigger device in a camera comprising:
PA1  a rotary motor;
PA1  a mechanism interlocked with said motor for driving a shutter and
      transporting film, said mechanism being moved between a first position in
      which the shutter is open and a second position in which the shutter is
      closed;
PA1  restraining means movable between a restraining position, in which said
      restraining means restrains said mechanism in said second position, and a
      non-restraining position;
PA1  a motor switch interlocked with said restraining means to connect said
      motor to a power source when said restraining means is in said
      non-restraining position;
PA1  electromagnetic starting means for attracting said restraining means to
      move it to said non-restraining position when said starting means is
      energized;
PA1  switching means for connecting said starting means to said power source
      when said switching means is conductive;
PA1  a starting capacitor;
PA1  a trigger switch for connecting selectively said starting capacitor to said
      power source before the start of photography and then to said switching
      means to apply the terminal voltage of said starting capacitor to said
      switching means to render it conductive;
PA1  reset means responsive to rotation of said motor to render said switching
      means non-conductive when said motor has made a predetermined number of
      revolutions within the number of revolutions required for the motor to
      transport one frame of film;
PA1  a mode selecting switch for selecting one of continuous photography and
      one-frame photography; and
PA1  electromagnetic holding means connected to said power source to hold said
      restraining means in said non-restraining position when said mode
      selecting switch selects said continuous photography.
NUM  2.
PAR  2. A device according to claim 1, wherein said starting means includes a
      solenoid connected in series with said switching means and
PA1  said holding means includes said solenoid and a resistor connected in
      parallel with said switching means.
NUM  3.
PAR  3. A device according to claim 1, wherein said switching means comprises a
      switching transistor connected in series with said starting means.
NUM  4.
PAR  4. A device according to claim 1, wherein said switching means comprises a
      bistable circuit.
NUM  5.
PAR  5. A device according to claim 1 further comprising a phase switch
      connected in parallel with said motor switch, said phase switch being
      responsive to rotation of said motor so that it is normally closed and is
      opened when said mechanism is in the second position.
NUM  6.
PAR  6. A device according to claim 1 further comprising
PA1  charging means for charging said starting capacitor when it is connected to
      said switching means; and
PA1  switch means for connecting said charging means to said starting capacitor
      to charge said starting capacitor for repetitive one-frame photography.
NUM  7.
PAR  7. A device according to claim 6 further comprising
PA1  discharging means for permitting discharge of said starting capacitor for a
      predetermined time interval after said reset means renders said switching
      means non-conductive.
NUM  8.
PAR  8. A device according to claim 6, wherein said charging means comprises a
      resistor through which said starting capacitor is charged during said
      repetitive one-frame photography.
NUM  9.
PAR  9. A device according to claim 6, wherein said charging means comprises a
      constant current circuit.
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ABST
PAL  A film cassette comprising an outer case containing monosheets therein and
      having a front wall defining an opening, through which said monosheets may
      be exposed, an end wall defining a removal passage, through which said
      exposed monosheets may pass, and another end wall defining an insertion
      passage, and a lightproof protective board, which is locatable in a
      foremost position in said cassette to protect said monosheets from
      exposure to light through said front opening, is removable from said
      cassette through said removal passage, and is insertable into said
      foremost position through said insertion passage.
BSUM
PAR  The present invention relates to a film cassette, and more particularly to
      an improved reloadable film cassette.
PAR  A comparative recent advance in photographic art has been provision of a
      type of film each unit of which comprises a combination of a negative film
      portion and a positive film portion associated with a sac containing a
      solution of photographic processing chemicals, and which, when employed in
      association with a special type of camera, makes it possible to obtain a
      positive image of an object on the positive film portion immediately after
      the negative film portion has been exposed to light reflected from the
      object. Such film goes under a variety of popular or trade names, such as
      instant-print film, film-sheet, monosheet, or similar appellations.
      Similarly, a camera associated with this type of film may be called, for
      example, an auto-copy or an auto-process camera. For the purposes of the
      present description this type of film, and a camera associated therewith
      will be referred to respectively as monosheet, and auto-process camera.
PAR  Monosheets are conventionally provided in a cassette (or cartridge) which
      is loadable in an auto-process camera. Whereas many advances have been
      made relative to monosheets themselves, by the provision of monosheets
      having improved qualities, or different speeds, or sensitivities, progress
      relative to cassettes for containing monosheets have been relatively
      slight. A main disadvantage of conventional monosheet cassettes is that
      the cassettes are not reloadable, that is, if a cassette is removed from a
      camera when there are still monosheets remaining in the cassette, these
      monosheets are exposed, or partially exposed to light, and therefore
      rendered unuseable. Because of this, if, after initial loading of a
      cassette containing monosheets having a certain sensitivity into an
      autoprocess camera, a photographer wishes to photograph a scene or object
      requiring monosheets having a different sinsitivity, or other
      characterisitcs, and there are still monosheets remaining in the loaded
      cassette he or she must either waste the remaining monosheets, by loading
      a new cassette, or renounce taking the required shots. A photographer is
      faced with a similar problem when there are only 2 - 3 unexposed
      monosheets left in a cassette loaded in a camera, and he or she wishes to
      take 6 - 8 shots in rapid succession. In this case also, the photographer
      must either reload a new, full cassette, and thereby waste the remaining 2
      - 3 monosheets, or renounce taking the required number of shots.
      Conventional cassettes also have the disadvantages that they are generally
      of complex construction, that removal of a cassette from an auto-process
      camera may cause damage to camera mechanisms provided for removal of
      exposed monohseets, particularly if the cassette is removed before all the
      monosheets therein have been used, and that means provided for forwarding
      monosheets in a cassette generally apply pressure centrally on the
      monosheets, whereby there may be distortion of monosheets in the cassette.
      Another disadvantage associated with conventional cassette is that the
      front of a cassette usually comprises an open portion, which is covered by
      a sheet, or similar means, for protection of monosheets from exposure to
      light prior to loading of a cassette into a camera, this protective means
      generally being weak compared with the main body of a cassette, and
      monosheets can be damaged by a photographer inadvertently pressing the
      protective means.
PAR  It is accordingly an object of the present invention to provide an improved
      monosheet cassette.
PAR  It is another object of the invention to provide a monosheet cassette that
      may be loaded or unloaded into or from an auto-process camera any number
      of times without detriment to remnant monosheets in the cassette.
PAR  It is another object of the invention to provide a monosheet cassette
      having a sturdy, but light and compact, means for protection of monosheets
      from exposure to light prior to loading of the cassette into a camera, or
      during temporary unloading therefrom.
PAR  It is a further object of the invention to provide a monosheet cassette
      from which monosheets are easily removeable by a simple mechanism provided
      in an autoprocess camera, whereby there is no risk of jamming or breakage
      of parts during removal of the cassette from a camera.
PAR  It is a still further object of the invention to provide a monosheet
      cassette which is simple, compact, and economical in construction.
PAR  In accomplishing these and other objects, there is provided, according to
      the present invention, a monosheet cassett comprising a rigid outer case,
      an inner frame, and a protective board, both the outer case and the inner
      frame having matching open front portions through which monosheets may be
      exposed, and small hole portions through which a camera mechanism for
      removal of monosheets may act, and the frame being contained in the outer
      case. Monosheets in the cassette are contained inside the frame, and are
      urged towards the front of the frame and the front of the outer case by a
      spring plate, which is mounted on the inside of the rear wall of the outer
      case, and applies even pressure, both on the monosheets, and, acting
      through the monosheets, on the inner frame. The protective board is
      provided between the front of the inner frame and the front wall of the
      outer case. When the cassette is loaded in an auto-process camera, the
      protective board is removed by a camera mechanism for removal of
      monosheets, whereupon the monosheets in the cassette and the inner frame
      are moved forwards to the front wall of the outer case, thereafter
      successive monosheets being removed by the monosheet removal mechanism
      after exposure thereof, the inner frame remaining in the same position. If
      it is required to remove the cassette before all the monosheets of the
      cassette have been exposed, the protective board may be re-inserted into
      the cassette through an insertion passage formed on the opposite side of
      the cassette to the passage for removal of monosheets and the board,
      whereby the cassette may be removed, and the remaining monosheets are
      protected from light, and may be used on subsequent reloading of the
      cassette. The invention also presents the advantage that procedure for
      manufacture of conventional cassettes may be easily adopted to manufacture
      of a cassette of the invention.
DRWD
PAR  A better understanding of the present invention may be had from the
      following full description, when read in conjunction with the attached
      drawings, in which;
PAR  FIGS. 1, 2 are perspective views of a film cassette according to a first
      embodiment of the present invention,
PAR  FIG. 3 is a cross-sectional view taken along the line III -- III of FIG. 1,
PAR  FIG. 4 is a front cross-sectional view showing the film cassette of FIG. 1
      loaded in a camera,
PAR  FIG. 5 is a detail view of feed rollers shown in FIG. 4,
PAR  FIG. 6 is a side view partially in section, of the camera of FIG. 4,
PAR  FIG. 7 is a partial vertical cross-sectional view of the camera and
      cassette shown in FIG. 4,
PAR  FIG. 8(A) - (E) shows sequential operation of the film cassette of FIG. 1,
PAR  FIG. 9, shows a partial cross sectional view of second embodiment of the
      film cassette according to the present invention,
PAR  A FIG. 10 shows a partial cross sectional view of a third embodiment of the
      film cassette according to the present invention,
PAR  FIG. 11 shows a cross sectional view of a fourth embodiment of the film
      cassette according to the present invention,
PAR  FIG. 12 is a partial cross-sectional view of a fifth embodiment of the
      invention,
PAR  FIG. 13 is a cross-sectional view showing insertion of a protective board
      in the embodiment shown in FIG. 12,
PAR  FIG. 14 is an enlarged view showing the protective board inlet slit of the
      embodiment of FIG. 12,
PAR  FIG. 15 shows a partial cross sectional view of a first variation of the
      inlet slit of the embodiment of FIG. 12, are modifications of the slit
      shown in FIG. 14 and
PAR  FIG. 16 shows a partial cross sectional view of a second variation of the
      inlet slit of the embodiment of FIG. 12,
PAR  FIG. 17 shows a cross-sectional view of a sixth embodiment modifications of
      the film cassette of FIG. 12.
PAR  FIG. 18 shows a cross-sectional view of a seventh embodiment of the film
      cassette according to the present invention,
DETD
PAR  Before the description of the present invention proceeds, it is to be noted
      that like parts are designated by like reference numerals througout the
      several views of the accompanying drawings.
PAR  Referring to FIGS. 1 and 2, there is shown the outer case 1 of a cassette
      CA for containing monosheets 6. The outer case 1 is made of a suitable
      rigid, lightproof material, such as thermosetting plastic, metal sheet, or
      thick cardboard, and the rear and side walls thereof are solid. The
      leading end of the case 1, that is, the end through which exposed
      monosheets 6 are removed, is fitted with a detachable end wall 2. A
      monosheet removal slit 12 is formed between the front edge of the end wall
      2 and the case front wall. In the opposite end wall 1d there is formed a
      slit 11, which is in line with the slit 12, and is for re-insertion of a
      protective board 3, as described below. In the front wall of the case 1
      there is formed a large opening 14, which has dimensions equal to those of
      the negative film portion of a monosheet 6, and through which a foremost
      monosheet 6 in the cassette CA may be exposed. The case front wall further
      comprises a broad leading end portion 1a and a narrower rear end portion
      1b, on opposite sides of the exposure opening 14. In the leading end
      portion 1a there are formed two small, gnerally rectangular openings 9,
      which are well spaced from one another, and which permit entry of a camera
      mechanism for removing the protective board 3 or monosheets 6 from the
      cassette CA. In approximately the center of the rear end portion 1b there
      is formed a small hole 10, through which a means provided in a camera may
      pass, to facilitate re-insertion of the protective board 3, as described
      below.
PAR  Referring now to FIG. 3, the cassette CA further comprises an inner frame
      4, which is made of rigid material, such as aluminium sheet, fits into the
      outer case 1, and which comprises an open rear portion, and a large front
      opening and small front openings corresponding to the exposure opening 14
      and small openings 9 of the outer case 1. In the leading end wall of the
      inner frame 4 there is formed a slit 13, a corresponding to the monosheet
      removal slit 12 of the case 1. Monosheets 6 in the cassette CA lie within
      the frame 4, the negative film portions thereof being in line with the
      large front opening of the frame 4 and exposure opening 14 of the case 1,
      the leading end portions thereof, that is, the portions thereof carrying
      sacs containing processing solution, being in line with the broad leading
      end portion 1a of the outer case 1, and the foremost monosheet 6 being
      pressed against the front wall of the frame 4 and lying in line with the
      slit 13. The monosheets 6 are urged towards the front of the cassette CA
      by a spring plate 7 which is mounted on the inner side of the rear wall of
      the outer case 1, and which contacts the rearmost monosheet 6. The spring
      plate 7 being large, pressure applied on the monosheets 6 is even. The
      foremost monosheet 6 being in contact with the rear of the front wall of
      the inner frame 4, the frame 4 also is urged forwards by the force of the
      spring plate 7.
PAR  Prior to loading of the cassette CA in an autoprocess camera C, the
      monosheets 6 are protected from exposure to light by a protective board 3,
      which is made of stiff paper, plastic, or other suitable lightproof
      material, has large dimensions generally equal to those of the front wall
      of the outer case 1, and is located between the front walls of the frame 4
      and case 1. Being contacted by the front wall of the frame 4, the board 3
      is held in firm contact with the front wall of the case 1 due to the
      forwards-acting force of the spring plate 7. The board 3 may be removed
      from the cassette CA through the removal slit 12 of the outer case 1,
      thereby permitting entry of light through the exposure opening 14, and
      front opening of the frame 4, and permitting exposure of a foremost
      monosheet 6 in the cassette CA. To again prevent exposure of monosheets 6,
      the board 3 may be re-inserted into the cassette CA through the slit 11 in
      the rear end wall of the case 1.
PAR  Still referring to FIG. 3, the monosheet removal slit 13 of the inner frame
      4 is covered by a strip 5, which is made of a suitable material, such as
      metal foil, that is lightproof, flexible, and possesses elasticity, and
      one edge of which is affixed to the outer side of the leading end wall of
      the frame 4. The strip 5 is equal to, or slightly greater in length than
      the slit 13. The width of the strip 5 is greater than the distance between
      the outer case front wall and the line of attachment of the strip 5 to the
      frame end wall. Prior to loading of the cassette CA into the camera C, the
      forward end of the strip 5 is curved inwards with respect to the cassette
      CA, and is held between the front wall of the frame 4 and the board 3.
      Upon removal of the board 3 from the cassette CA, the board 3 pushes the
      forward end of the strip 5 outwards with respect to the cassette CA. After
      complete removal of the board 3, the strip 5 remains curved outwardly with
      respect to the cassette CA, and the forward end thereof is flexed against
      the rear of the front wall of the outer case 1, whereby the strip 5
      normally prevents entry of light through the slit 13, but monosheets 6 may
      easily push the strip 5 slightly to the rear, and be removed from the
      cassette CA, through the slits 13, 12.
PAR  FIGS. 4 through 7 show an auto-process camera C in association with which
      the cassette CA may be used. The camera C comprises a main body portion
      20, in which there is provided a view finder 24 and a shutter button 25
      (FIG. 4), and from the front of which projects a lens mount portion 21
      carrying a lens 22 and a shutter 23 (FIG. 6).
PAR  As shown most clearly in FIG. 7, in the upper portion of the main portion
      20 there is formed an extraction outlet 26, with which the removal slit 12
      of the cassette CA comes into line when the cassette CA is loaded in the
      camera C, the cassette CA being loaded with the leading end thereof
      uppermost. A pair of processing rolls 27 for withdrawal of monosheets 6
      and simultaneous extrusion of processing solution for development of
      images thereon is provided in the extraction outlet 26. Friction rollers
      36 provided in the camera upper portion extend into the small front
      openings 9 in the leading end portion 1a of the front wall of the cassette
      outer case 1, and contact the front of the protective board 3. The hole 10
      in the other, lower end portion of the front wall of the cassette outer
      case 1 is in line with a push rod 33 provided in the camera lower portion.
      The push rod 33 is slidably mounted in the camera lower portion, and lies
      on a front-to-rear line relative to the camera C, one end of the push rod
      33 being adjacent to the cassette outer case hole 10, and the other end
      thereof being exterior to the front of the camera lower portion. A knob 34
      is mounted on the outer end of the rod 33. An expansion spring 35 is
      mounted on the rod 33, and exerts a constant pressure to keep the rod 33
      out of contact with the cassette CA. The rod 33 may, however, be moved
      inwards with respect to the camera lower portion, in opposition to the
      force of the spring 35, by rearwards pressure applied on the knob 34, in
      which case the rod 33 extends into and through the hole 10 in the cassette
      front wall.
PAR  At the bottom of the camera main portion 20, there is formed a cassette
      loading inlet 28a, which is normally sealed by a cover 28. The cover 28 is
      pivotally mounted on one side, and may be swung open to the position
      indicated by the chain-dot line portion of FIG. 7, to permit the cassette
      CA to be loaded upwards into the camera C. The cover 28 comprises a
      recessed portion 29, which accomodates a pair of feed rolls 31, and in
      which there is formed an inlet slit 30 communicating with the exterior of
      the camera C. When the cover 28 is closed, as indicated in the solid line
      portion of FIG. 7, the inlet slit 30 of the camera C lies in line with the
      reinsertion slit 11 of the loaded cassette CA. As indicated in FIGS. 4 and
      5, the feed rolls 31 are in connection with, and may be rotated by an
      actuation knob 32, which is accommodated in a recessed portion of the
      camera lower portion for insertion of the board 3 as described later and
      for normally preventing entry of light through the slit 30, and is
      exterior to the camera C, whereby a photographer may contact and rotate
      the actuation knob 32, to rotate the feed rolls 31.
PAR  In FIGS. 4 and 6, a motor 37 provided in the camera main portion 20 acts
      through a clutch 38, bevel gear train 39, and transmission shaft 40 to
      drive the friction rollers 36, and through a clutch 41, bevel gear train
      50, and transmission shaft 42 to drive the processing rolls 27. Actuation
      of the motor 37 and clutches 38, 39 is effected by a control box 44, which
      initially actuates the motor 37 upon actuation of the shutter button 25,
      and which cuts drive through the clutches 38, 39 and stops actuation of
      the motor 37 at suitable times, in response to signals received from
      contacts 43a, 43b, which are situated adjacent to the processing rolls 27,
      and are actuated upon passage of a monosheet 6 through the rolls 27.
PAR  Reference is now had to FIG. 8, which illustrates the action of removal of
      the protective board 3, or of an exposed monosheet 6', from the loaded
      cassette CA, and of re-insertion of the board 3 thereinto.
PAR  After initial loading of the cassette CA into the camera C, a blank shot is
      taken, for example by depression of the shutter button 25 while a cover is
      maintained over the lens 22. Hereupon, the motor 37 supplies drive to the
      friction rollers 36 and the processing rollers 27. Due to the contact
      between the friction rollers 36 and the protective board 3, the rollers 36
      push the board 3 out of the cassette CA, through the slit 12, into the
      camera extraction outlet 26 and up to the rolls 27, which continue to draw
      the board 3 upwards through the outlet 26 and to the exterior of the
      camera C, as shown in FIG. 8(A). Passage of the board 3 through the rolls
      27 causes actuation of the contacts 43 (FIG. 6). Actuation of the contact
      43 results in a signal supplied to the control box 44, which immediately
      disengages the clutch 38, whereby drive to the friction rollers 36 is cut,
      and subsequent withdrawal of the board 3 is effected by the rolls 27 only.
      Actuation of the contacts 43 results in a signal to a delay circuit in the
      control box 44, which, after the elapse of sufficient time for the board 3
      to have been completely extruded from the camera C, disengages the clutch
      39 and simultaneously stops drive of the motor 37. After complete removal
      of the board 3 from the cassette CA, the spring plate 7 pushes the
      monosheets 6 and inner frame 4 forwards into a position in which the front
      wall of the inner frame 4 is pressed firmly against the front wall of the
      outer case 1, and the slit 13 in the leading end wall of the frame 4 is in
      line with the monosheet removal slit 12 of the outer case 1, the foremost
      monosheet 6' now being in line with the slits 12, 13, contacted by the
      rollers 36, and also exposable through the cassette exposure opening 14 to
      light directed into the camera C by the lens 22. Upon exposure of the
      foremost monosheet 6', by actuation of the shutter button 25, the
      monosheet 6' is extracted from the cassette CA and camera C by the
      friction rollers 36 and processing rolls 27 in the same manner as the
      board 3, as illustrated in FIG. 8(B). As the monosheet 6' is drawn through
      the rolls 27, processing solution contained in a sac associated therewith
      is extruded, to effect development of a positive image thereon in a known
      manner. After removal of the monosheet 6' from the cassette CA, the
      remaining monosheets 6 are moved forwards by the spring plate 7, whereby
      the next foremost monosheet 6 is brought into a position for exposure and
      subsequent removal through the slits 13, 12. The frame 4 is not, of
      course, moved, since it is already pressed against the front wall of the
      case 1. It is to be noted that, since drive to the friction rollers 36 is
      cut immediately an exposed monosheet 6 is engaged between the press rolls
      27, only one monosheet 6 at a time is removed.
PAR  If it is required to temporarily unload the cassette CA before all the
      monosheets 6 provided therein have been used, protection of the remaining
      monosheets 6 may be ensured by re-insertion of the board 3 into the
      cassette CA, as illustrated in FIG. 8(C), FIG. 8(D).
PAR  In FIG. 8(C), first the knob 34 is pressed inwards, with respect to the
      camera C. This causes the push rod 33 to move rearwards through the hole
      10 in the front wall portion 1b of the cassette outer case 1, to contact
      the front side of the lower portion of the inner frame front wall, and
      push the lower portions of the frame 4 and monosheets 6 slightly
      rearwards. The protective board 3 is introduced through the inlet slit 30,
      in the cover 28 of the cassette loading inlet 28a of the camera C, between
      the feed rolls 31, and through the slit 11 of the cassette CA, to bring
      the leading end thereof between the lower ends of the front walls of the
      outer case 1 and inner frame 4. Pressure on the knob 34 is now released,
      whereupon the spring 35 returns the push rod 33 to a forward position, out
      of contact with the cassette CA, and the cassette plate spring 7 pushes
      the frame 4 forwards to grip the board 3, as indicated in FIG. 8(D). Next,
      the actuation knob 32 (FIG. 4) is rotated manually to cause the feed rolls
      31 to rotate and draw the board 3 completely into the cassette CA, into
      the configuration shown in FIG. 8(E). The protective board 3 is now in its
      original position, and the cover 28 may be opened, and the cassette CA be
      unloaded, without risk of exposure of the remaining monosheets 6, which
      are therefore available for subsequent use.
PAR  The invention thus makes it possible to unload and reload a film cassette
      any number of times, without detriment to monosheets contained therein.
      Other advantages of the cassette are simplicity and sturdiness of
      construction, the fact that forwards pressure is applied evenly on
      monosheets by a spring plate provided in the cassette, which also means
      that an associated auto-process camera need not be provided with a
      forwarding spring means, and so may be more compact in construction.
      Another important advantage of the cassette of the invention is that
      connection between the cassette and a camera means for removal of a
      protective board or exposed monosheets is extremely simple, and so there
      is no risk of jamming or of breakage of camera parts upon loading or
      unloading of the cassette into or from a camera.
PAR  It is evident that the abovedescribed film cassette may be modified in
      various ways without any departure from the principles of the invention.
      For example, in another embodiment of the invention shown in FIG. 9, a
      hole 10 is not provided in the front wall portion 1b of the outer case 1,
      and the corner of the inner frame 4 adjacent to the inlet slit 11 is
      rounded, whereby, upon re-insertion of the protective board 3, the board 3
      may easily push past this corner of the frame 4, and be inserted between
      the frame 4 and case 1 front walls. In another embodiment of the invention
      shown in FIG. 10, a hole 10 is not formed in the outer case front wall,
      and the cassette CA is provided with a small spring plate 45, one edge of
      which is fixedly attached to the outer side of the case end wall 1d, in
      the vicinity of the inlet slit 11, which extends through the slit 11, and
      the front edge of which is normally flexed against the front wall of the
      outer case 1, and may be moved rearwards to contact the front side of the
      inner frame front wall. In this embodiment, when the protective board 3 is
      re-inserted into the cassette CA, the leading end of the board 3 pushes
      the forward portion of the spring plate 45 rearwards, and the plate 45
      pushes the end portion of the frame 4 rearwards. The spring plate 45 thus
      effects the same function as the push rod 33 described in reference to the
      1st embodiment, and the board 3 may be inserted smoothly into the cassette
      CA. In an auto-process camera associated with the embodiments of FIGS. 9,
      10, a push rod 33 and associated elements need not, of course, be
      provided.
PAR  In another embodiment shown in FIG. 11, the inner frame 4 is dispensed
      with. In this cassette, the protective board 3 is inserted directly
      between the foremost monosheet 6 and the front wall of the outer case 1.
      Also, when it is required to re-insert the board 3, the push rod 33 is
      brought into direct contact with the foremost monosheet 6, to move the
      lower end portions of the monosheets 6 rearwards, and permit smooth
      insertion of the board 3.
PAR  As noted earlier, the invention offers a further advantage in that
      conventional film packs, containing continuously attached monosheets, may
      be easily converted and rendered reloadable. For example, as shown in
      FIGS. 12, 13, in a film pack, from which successive exposed monosheets are
      removed through a slit formed near the rear edge of the leading end wall
      of the pack, a reinsertion slit 52 may be provided in line with the
      foremost portion of the pack, near the front edge of the opposite end wall
      51, and a board 3' may be inserted through the slit 52, if it is required
      to unload the pack from a camera while there are still monosheets
      remaining in the pack. Exclusion of light through the slit 52 can be
      ensured by, for example, the provision of a pile surface 53 at the front
      edge of the end wall 51, and at the rear portion of the front wall of the
      pack in the vicinity of the slit 52, as illustrated in FIG. 14.
      Alternatively, there may be provided a lightproof strip of metal foil 54,
      which is affixed at one edge the inner or outer side of the end wall 51,
      is curved inwards and presses against the front wall of the pack, as shown
      in FIGS. 15, 16. In this case, the foil 54 normally seals the slit 52, but
      may be easily moved to permit insertion of the board 3'.
PAR  In a conventional film pack such as that shown in FIG. 17, in which
      monosheets are contained in continuous attachment, and successive exposed
      monosheets are detached, and them removed, there may be provided an inlet
      slit 55 which is formed near the front edge of one end wall of the pack,
      and in line with a foremost position in the pack, and through which a
      protective board 3' may be inserted when it is required to temporarily
      unload the pack from a camera. As shown in FIG. 18, a film pack of the
      type generally known as a Brony film pack also, that is, in a film pack in
      which monosheets are provided in continuous attachment, and exposed
      monosheets, although immediately processed, are not immediately extruded,
      but are wound up and kept in the pack until the pack is unloaded from a
      camera, there may be provided a slit 57 near the forward end of one side
      of the wall 56 of the pack, and a board 3' may be inserted into the pack,
      through the slit 57 to protect unexposed monosheet frames during temporary
      unloading of the pack from a camera.
PAR  As is clear from the above description, the present invention provides a
      simply constructed film cassette which permits reloading and thereby
      avoids wastage of monosheets and presents considerable advantages of
      economy and convenience of action in the practice of photography.
PAR  Although the present invention has been fully described by way of the
      preferred embodiments thereof with reference to the accompanying drawings,
      it is to be noted that various changes and modifications are apparent to
      those skilled in the art. Therefore, unless otherwise such changes and
      modifications depart from the true scope of the present invention, they
      should be construed as included therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film cassette containing a plurality of film monosheets comprising a
      lightproof case, said case having a front wall having an opening
      therethrough through which said film monosheets may be exposed, a first
      end wall having a removal passage therethrough, through which exposed film
      monosheets may pass, a first adjustable lightproof means provided to
      normally close said removal passage, a second end wall having an insertion
      passage therethrough, a second adjustable lightproof means provided to
      normally close said insertion passage, means for urging film monosheets
      toward said front wall of said cassette, and a lightproof protective
      board, which is locatable between the forwardmost film monosheet and said
      front wall of said cassette to protect said film monosheets from exposure
      to light through said opening through said front wall, said lightproof
      board being removable from said cassette through said, first end wall
      opening and insertable into said forwardmost position in said cassette
      through said opening in said second end wall.
NUM  2.
PAR  2. A film cassette as defined in claim 1, wherein said first lightproof
      means comprises a strip of flexible lightproof material with a length
      equal to that of said opening through said first end and a width greater
      than that of said, opening through said first end, one edge of said strip
      being attached to said case, and the free other end covers said case
      passage and is bent by pushing of said lightproof board to open said
      opening through said first end.
NUM  3.
PAR  3. A film cassette as defined in claim 1, wherein said front wall of said
      case further is provided with a plurality of holes through which a camera
      mechanism for removal of said film monosheets and for removal or insertion
      of said lightproof board engages said monosheets or said lightproof board.
NUM  4.
PAR  4. A film cassette containing a plurality of film monosheets comprising a
      lightproof outer case, an inner frame contained in said case, film
      monosheets held in contact with said frame, said outer case and said frame
      each having a front wall having an opening therethrough, through which
      film monosheets may be exposed, a first end wall having a removal passage
      therethrough, through which film monosheets may pass, a second end wall
      having an insertion passage therethrough, a pressure means for urging said
      film monosheets towards said front wall of said cassette, and a lightproof
      protective board, which is locatable between said case and said frame to
      protect said film monosheets from exposure to light through said opening
      through said front wall, said lightproof board being removable from said
      cassette through said removal passage, and insertable between said case
      and frame through said insertion passage.
NUM  5.
PAR  5. A film cassette as defined in claim 4, wherein a lightproof means is
      provided to close or to open said removal passage of said case and frame,
      and said pressure means urges said frame towards said front wall of said
      case so as to close or to open said insertable passage of said case.
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ABST
PAL  A photographic camera having a mirror gearing and an electric motor for
      shutter cocking and film winding, in which the current connection for the
      electric motor situated in the camera housing is controlled alternately by
      the shutter and film winding.
PAL  The camera includes a manual release mechanism and a remote release
      mechanism. A detent disc is mounted on a shaft and driven by the electric
      motor. A release lever is also mounted on the shaft. A first blocking
      lever is provided for inhibiting the movement of the release lever and is
      connectable both with the manual release and the remote release. A second
      blocking lever also inhibits the movement of the release lever. A detent
      lever with a nose thereon engages the detent disc and is connected through
      a joint with the second blocking lever. An actuator lever is provided for
      releasing the detent lever from the detent disc and is blockable by a
      blocking pawl coupled with the mirror gearing. A dog is driven by the
      motor for tensioning the actuator lever. The motor drives the detent disc
      causing the release lever to be held under tension by the first and second
      blocking levers. When the cocking cycle is completed the detent lever
      drops into the detent disc and releases the second blocking lever, the
      motor being simultaneously switched off. On actuation of the release the
      first blocking lever is moved liberating the release lever which activates
      the mirror gearing and the shutter. After release of the shutter the
      mirror gearing actuates the blocking pawl which releases the detent lever
      from the detent disc causing the motor to operate and recock the release
      lever.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  The invention relates to a photographic camera having a built-in electric
      motor which apart from film winding carries out at the same time a cocking
      of the shutter and possibly further actions preparing the readiness for
      picture-taking.
PAR  Such cameras are already known.
PAR  In one known form of embodiment (Ger. Pub. Spec. No. 1,027.981 - 57a,
      25/01) it was proposed in order to reduce the camera dimensions to
      accommodate an electric motor in the interior of the film-take-up spool of
      photographic cameras. In this case the housing of the electric motor was
      rotatably mounted and formed as film take-up spool, which is driven by the
      rotor shaft of the electric motor through a reduction gearing. However
      this apparatus has the disadvantage that due to the necessary arrangement
      of slip rings and slip contacts, constant resistances can occur in the
      case of slight use which can result in functional incapacity of the motor.
      Another apparatus which has become known (East German Pat. No. 27,678 -
      57a 25/01) eliminates this disadvantage in that it forms the return ring
      of the electric motor as film take-up spool, arranges this rotatably about
      a fixed stator and connects it by gearing through a reduction gear with
      the rotor of the electric motor.
PAR  Thus good exploitation of space is achieved with simultaneous economical
      production of the electric motor.
PAR  Despite the indicated advantages, the apparatus is trouble-prone and
      expensive in production as a result of the high gearing expenditure. The
      prior art also includes cameras with electric motor drive which can be set
      in action by a release fitted on the drive mechanism, whereby serial shots
      are possible. The camera release itself serves in a manner known per se
      for the instigation of a single-frame exposure. It is admittedly also
      possible to make a single exposure by means of the switch for serial
      exposures. The drive mechanism release however in this case must be
      depressed only for a short time.
PAR  In another known apparatus this disadvantage is eliminated in that even in
      the case of instigation of a single frame exposure on the camera, the film
      winding and shutter cocking take place from the drive mechanism after the
      exposure. The switching on of the drive mechanism takes place
      automatically after liberation of the release. In this case the release
      must be pressed until the desired exposure time is reached.
PAR  According to a further apparatus this drawback is eliminated in that a
      drive mechanism switch is provided which can be transferred into at least
      two positions. In this case in the one position on actuation a series of
      exposures is instigated according to the duration of the actuation and in
      the other position only a single shutter release is effected irrespective
      of the duration of actuation with subsequent shutter cocking.
PAR  The releasae device is connected with the release on the camera in such a
      way that on actuation of the release and switch device -- whether in the E
      (single) or the S serial position -- the release of the shutter takes
      place through the release mechanism situated on the camera. The film
      winding and shutter cocking are however initiated from the drive
      mechanism. Conversely in the case of release directly on the camera the
      switch device on the drive mechanism remains unaffected, so that then the
      film winding and shutter cocking are also indpendent of the drive
      mechanism.
PAR  However it then makes itself disadvantageously noticeable that the cocking
      lever must still be actuated by hand in the case of direct release on the
      camera.
PAR  Moreover due to the attachable motor cocking, the apparatus as described
      cannot be regarded as a constructional unit, which has disadvantageous
      effects upon the construction height. The invention is therefore based
      upon the problem of rendering possible either single or serial exposures
      with all exposure times -- except B in the case of series -- while release
      can take place either on the camera release or on the remote release and
      the cocking of the shutter and the winding of the film can be effected in
      both cases by the motor.
PAR  Moreover a lower construction height and simple operation are to be
      achieved.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention this aim is achieved in that a dog connected
      with a storage lever is associated with a detent disc mounted on a shaft,
      the storage lever being blockable by a pawl coupled with the mirror
      gearing and a release lever, the running off of which can be inhibited by
      at least two blocking levers, being mounted on the shaft of the detent
      disc, of which one blocking lever is connected both with a manual release
      and with a remote release and the other blocking lever is connected
      through a joint with a detent lever which can engage by means of a nose in
      the detent disc.
PAR  The invention further provides that the release lever is connected with the
      detent disc through a force storage means and with the detent disc there
      is associated a worm gearing which is connected through a Cardan shaft
      with the drive motor.
PAR  In further development of the invention the storage lever is connected with
      the detent lever through a nose.
PAR  The invention will be explained hereinafter by way of example with
      reference to an embodiment which is illustrated in the drawing.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A manual release 2 secured in a camera housing 1 is connected through a
      displaceably mounted angle lever 3 with a nose 4 of a first blocking lever
      6 which is pivotable about a stationary pivot point 5. A switch 7 in
      series with a shutter cocking and film winding motor 33 here extends into
      the path of movement of the manual release 2.
PAR  The blocking lever 6 is held by means of a spring 8 in a position blocking
      a release lever 9. The release lever 9 is mounted with a detent disc 10 on
      a shaft 12. The detent disc 10, which is provided with a toothed rim, and
      the release lever 9 are here interconnected through a spring 13.
PAR  A dog 11 is connected with a spring-driven storage lever 15 held by a
      blocking pawl 14. The storage lever 15 is coupled through its nose 15a
      with a detent lever 16. The detent lever 16 can engage in a groove 10a of
      the detent disc 10 and is connected through its nose 16a with a switch 17.
      A second blocking lever 19 is directly geared with the detent lever 16
      through a joint 18. The second blocking lever 19 engages with the release
      lever 9 in the same manner as the first blocking lever 6.
PAR  A spring-driven operating lever 20, which is connectable with an
      intermediate lever 21, extends into the pivoting range of the release
      lever 9.
PAR  A two-armed shutter-operating lever 22 is mounted pivotably about a
      stationary pivot point 23. One arm 22a connects with the intermediate
      lever 21 and the other arm 22b with a release plunger 24 of an attachable
      magnetic release 36. Moreover an arm of a switch 25 extends into the
      region of movement of the release plunger 24.
PAR  A setting member 26 engages with its nose 26a both in a switch fork 27 of a
      switch 28 (which is in parallel with the switch 7) and in an intermediate
      member (not shown further) which is coupled with a retaining pawl 29. The
      retaining pawl 29 is locked with an angle lever 30.
PAR  With the toothed detent disc 10 there is associated a gearing 31 which is
      connected through a Cardan shaft 32 and a coupling with the drive motor
      33.
PAR  The manner of operation of the apparatus according to the invention is as
      follows:
PAR  a. Cocking procedure
PAR  The setting member 26 for single-frame or serial shots is brought into the
      position as illustrated, this being the "S" or serial position.
      Simultaneously with the rotation of the setting member 26 into this
      position the release plunger 24 is rotated about its axis so that the
      shutter-operating lever 22 comes to lie outside the range of movement of
      the release plunger 24 and the switch 25 cannot be opened by the release
      movement of the release plunger 24. Moreover the switch 28 is closed and
      the locking between the retaining pawl 29 and the angle lever 30 is
      released. Motor 33 drives the detent disc via the shaft 32 and gearing 31
      and Cocking is terminated when the detent lever 16 drops into the groove
      10a  of the detent disc 10 and the blocking lever 19 liberates the release
      lever 9, which is initially stressed during the cocking operation, this
      lever 9 however being held in its cocked position at the same time also by
      the blocking lever 6.
PAR  On engagement of the detent lever 16 in the groove 10a of the detent disc
      10 as described above, the motor current is interrupted at the same time
      by opening of the switch 17 by means of the movement of nose 16a of the
      detent lever 16.
PAR  b. Serial shots by hand manual release:
PAR  The switch 7 is opened by actuation of the manual release 2 on the camera.
      The movement is conducted through the retaining pawl 29, separated from
      the angle lever 30, and through the angle lever 3 as far as the blocking
      lever 6 which liberates the initially stressed release lever 9. The
      release lever 9 strikes against the operating lever 20 which actuates the
      intermediate lever 21. The latter then moves the shutter-operating lever
      22 which releases the shutter through the mirror gearing 35 of the camera
      (not shown in detail). The circular paths of the release lever 9 and of
      the operating lever 20 then intersect, so that the release lever 9
      disengages the operating lever 20 and the latter is withdrawn into its
      initial position by a spring secured to it, after release has taken place.
PAR  After the actuating operation a mechanical pulse from the returning mirror
      gearing 35 releases the blocking pawl 14, which liberates the storage
      lever 15 which was stressed by the dog 11 during the preceding cocking.
      This lever strikes the detent lever 16 out of the detent disc 10. The
      switch 17 is then closed by the nose 16a of the detent lever 16 completing
      the motor circuit. The detent disc 10 driven by the motor rotates in the
      clockwise direction until the detent lever 16 drops into the groove 10a of
      the detent disc 10 again. Thus the motor current circuit is again
      interrupted through the switch 17 recocking is completed.
PAR  During re-cocking the storage lever 15 was again stressed by the dog 11. At
      the moment when the detent lever 16 drops into the groove 10a of the
      detent disc 10, the release lever 9, which is inhibited during re-cocking
      by the blocking lever 19, is liberated and strikes against the operating
      lever 20, which again initiates the exposure operation if the manual
      release 2 is kept pressed and thus the blocking lever 6 is out of
      engagement, so that the release lever 9 is not hindered by this lever in
      the subsequent releases.
PAR  So that the motor current circuit is not interrupted by the switch 7 due to
      the constant depression of the manual release 2, the switch 28 is
      connected in parallel with the switch 7.
PAR  c. Serial shots by remote release:
PAR  The attached magnetic release 36 unlocks the initially stressed release
      lever 9 through the release plunger 24, the angle lever 34 and the
      blocking lever 6. The remaining operating sequence is as described for
      manual release above.
PAR  d. Single-frame exposures and B:
PAR  The setting member 26 for single-frame or serial shots is brought into the
      position "single". Thus the switch 28 is opened via fork 27 and the
      shutter-operating lever 22 is brought into engagement with the release
      plunger 24 and the latter with the switch 25. Moreover the locking between
      the retaining pawl 29 and the angle 30 is restored.
PAR  The remaining operation sequence correspond to the first release of the
      actions as described under "Serial shots by hand."
PAR  The motor current circuit remains interrupted, despite the closure of the
      switch 17, until the manual release 2 or the release plunger 24 returns
      into the initial position and thus the switches 7 and 25 are closed.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a photographic camera having a mirror gearing and an electric motor
      for shutter cocking and film winding, in which the current connection for
      the electric motor situated in the camera housing is controlled
      alternately by the shutter and film winding, the provision of:
PA1  a. a manual release mechanism;
PA1  b. a remote release mechanism;
PA1  c. a shaft;
PA1  d. a detent disc mounted on said shaft and driven by said electric motor;
PA1  e. a release lever mounted on said shaft;
PA1  f. a first blocking lever for inhibiting the movement of said release lever
      and connectable both with said manual release and said remote release;
PA1  g. a second blocking lever for inhibiting the movement of said release
      lever;
PA1  h. a detent lever with a nose thereon for engaging said detent disc and
      connected through a joint with said second blocking lever;
PA1  i. a blocking pawl coupled with said mirror gearing;
PA1  j. an actuator lever for releasing said detent lever from said detent disc
      and blockable by said blocking pawl;
PA1  k. a dog driven by said motor for tensioning said actuator lever.
NUM  2.
PAR  2. The photographic camera of claim 1, wherein the release lever is
      connected with the detent disc through a force-storage means.
NUM  3.
PAR  3. The photographic camera of claim 1, wherein with the detent disc there
      is associated a gearing which is connected through a Cardan shaft with the
      electric motor.
NUM  4.
PAR  4. The photographic camera of claim 1, wherein the actuator lever is
      connected through a nose thereof with the detent lever.
PATN
WKU  039464130
SRC  5
APN  5377684
APT  1
ART  211
APD  19741231
TTL  Shutter blade rebound preventive device for camera shutter
ISD  19760323
NCL  3
ECL  1
EXA  Adams, Jr.; Russell E.
EXP  Hix; L. T.
NDR  4
INVT
NAM  Onda; Eiichi
CTY  Yotsukaido
CNT  JA
INVT
NAM  Koyama; Mitsuo
CTY  Yotsukaido
CNT  JA
INVT
NAM  Nakagawa; Tadashi
CTY  Yotsukaido
CNT  JA
ASSG
NAM  Seiko Koki Kabushiki Kaisha
CNT  JA
COD  03
CLAS
OCL  354251
XCL  354252
EDF  2
ICL  G03B  906
ICL  G03B  908
FSC  354
FSS  251;252
UREF
PNO  3644026
ISD  19720200
NAM  Toda
OCL  354252
UREF
PNO  3714880
ISD  19730200
NAM  Kitai
OCL  354252
LREP
FR2  Burns; Robert E.
FR2  Lobato; Emmanuel J.
FR2  Adams; Bruce L.
ABST
PAL  A camera shutter having a plurality of shutter blades operable from a
      shutter-closing operative position to a shutter-opening operative position
      and back to the shutter-closing operative position. An opening driving
      lever and a closing driving lever are provided for operating the shutter
      blades to their operative positions. A rebound preventing arrangement is
      provided by providing pins fixed on the opening and driving levers and
      making provision on a cocking lever for holding the driving levers from
      rebounding upon reaching their terminal operating positions in activating
      the shutter blades in opening and closing the shutter. The pins on the
      driving levers are engaged at these terminal positions by the locking
      lever and releasably held to preclude rebounding thereby to preclude
      rebounding of the shutter blades.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to camera shutters and more particular to
      a shutter blade rebound preventive device for a camera shutter.
PAR  Generally speaking, camera shutters are constructed such that the shutter
      driving levers, placed in the shutter cocking position, are operated to
      the shutter opening and closing position by a spring force during the
      progress of the shutter release operation. But these known constructions
      have a fault in that in opening and closing the shutter the driving levers
      collide with their stop position and rebound causing non-uniformity of
      exposure and reexposure because of the rebound of the shutter blades
      interlocked therewith.
PAR  In order to prevent this phenomenon, formerly the following means have been
      proposed: a means to prevent the rebound of the driving lever by providing
      it with a rebound preventive device which has a concave cam part and by
      receiving in the above cam part a pin of the driving lever flipped to the
      opening and closing position or a means to absorb the rebound force of the
      driving lever by developing friction preventing rebounding by use of a
      friction piece on the driving lever. But in the former means the cam of
      the rebound preventive lever might prevent oscillation of the shutter
      driving lever in case of a rapid cocking operation. This becomes a serious
      shortcoming, for instance, for a camera of which high speed photography is
      demanded. In order to secure operation of the rebound preventive lever it
      is necessary to make quite strong its spring force, but when the spring
      force is made stronger in the former means, it is undesirable since the
      load in the case of the driving lever disengaging from the cam part in the
      cocking operation directly affects a smooth operation in cocking the
      shutter. In the latter case the shutter not only lacked durability, but
      also had the shortcoming that the stop position of the driving lever
      became so unstable that operation became uncertain and the charging or
      cocking operation became heavy.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a camera
      shutter provided with a rebound preventive device for precluding
      rebounding of the opening driving lever and the closing driving lever that
      operate the shutter blades to an open and a closed position. This
      precludes rebounding of the shutter blades so that accurate exposure are
      taken.
PAR  The camera shutter comprises a plurality of shutter blades operable to
      operative positions for opening and closing an exposure aperture.
      Operating means are connected to the shutter blades for operating the
      shutter blades to their operative positions. Rebound preventing means in
      the operating means preclude the operating means from rebounding upon
      reaching terminal operating positions thereof corresponding to reaching of
      the operative positions of the shutter blades. The shutter blades are
      accordingly precluded from rebounding and causing an inadequate exposure.
      The rebound preventing means comprise driving levers which are part of the
      operating means and another lever. Means are provided on these levers for
      engaging the driving levers with another lever when either of the driving
      levers reaches a terminal operating position and precluding rebounding of
      the driving levers. Means are provided to relatively displace the driving
      levers for opening and closing the shutter aperture.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will appear from the following description of
      examples of a camera shutter embodying the invention, and the novel
      features will be particularly point out in the appended claims and
      drawings.
PAR  FIG. 1 is a plan view of a camera shutter according to the invention
      illustrated before it is cocked.
PAR  FIG. 2 is a plan view of the camera shutter in FIG. 1 illustrated in a
      preliminary phase of the cocking thereof.
PAR  FIG. 3 is a plan view of the camera in FIG. 2 illustrated in a fully cocked
      condition.
PAR  FIG. 4 is a plan view of a second embodiment of a camera shutter according
      to the invention in an uncocked condition.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 shows the conditions before a shutter according to to the invention
      is cocked. A shutter opening driving lever 1 and a shutter closing driving
      lever 2 of the same shape are oscillably supported on the left hand side a
      base plate P by pivots 3 and 4 respectively on upper and lower positions.
      On the right hand side of these levers 1 and 2 locking claws 5 and 6,
      which are to block those levers 1 and 2, are oscillatably supported on
      pivots 7 and 8. One end of an interlocking lever 10 is fixed on a shutter
      cocking axis 9, which is rotatably supported by the base plate P, near the
      lower part of the above opening driving lever 1. Its other end is
      oscillatably connected by a pin 12 with the lower end of a cocking lever
      11 which extends over the above opening and closing levers 1 and 2.
      Cocking driving axis or pivot 9 is usually rotated by a cocking operation
      lever and is constantly urged in a clockwise direction by a spring (not
      shown).
PAR  Opening and closing driving levers 1 and 2 have respectively locking parts
      1a and 2a on their tips and in their middle part fixed pins 1b and 2b for
      cocking respectively project. Springs 13, 14 urge these driving levers in
      a clockwise direction. Locking claws 5 and 6 have, on their tips, claws 5a
      and 6a which are to be locked with locking parts 1a and 2a of the driving
      levers 1 and 2. They also respectively have arms 5b and 6b in a forked
      shape and both arms are connected by a spring 15. One of the above arms 6b
      is provided with an iron piece 17 which is to be attracted by an
      electromagnet 16. Electromagnet 16 is connected electrically with an
      ordinary exposure-time control circuit (not shown). A spring 18 urges the
      locking claw 5 in a clockwise direction and constantly presses the other
      locking claw 6, which contacts with arm 5b, against the electromagnet 16.
      The one locking claw 5 is oscillated by an ordinary shutter release
      operation lever (not shown).
PAR  On the middle part and upper end of the cocking lever 11 notches 11a and
      11b are formed open upwardly and somewhat curved shape to support sliding
      pins 1b and 2b of the above opening and closing driving levers and on one
      of the notches 11a controlling part 11c of cam shape is formed to check
      rebound of sliding pin 1b. This rebound preventing part 11c projects to a
      position which encircles nearly the left-upper half of the notch 11a and
      its inner side and forms notch or groove 11d which contacts with nearly
      left half of sliding pin 1b. Its outside is gently inclined in the axial
      direction of the cocking lever 11. A cocking spring 19 urges the cocking
      lever in a clockwise direction.
PAR  A window or exposure aperture is provided on the right side of the base
      plate P. A group of shutter blades 21 for opening and closing the shutter
      aperture is opened and closed by oscillation of the above opening and
      closing driving levers 1 and 2 through a known mechanism. Following is an
      explanation of this invention. When the driving axis or pivot 9 is rotated
      in a counterclockwise direction from the conditions in FIG. 1 by the
      shutter cocking operation the interlocking lever 10 rotates in the same
      direction and pushes up cocking lever 11 in opposition to its biasing
      spring 19. Thereby, the notches 11a and 11b of the cocking lever push the
      driving lever pins 1b and 2b to rotate driving levers 1 and 2 in a
      counterclockwise direction in opposition to their biasing springs 13 and
      14 and locks their locking parts 1a and 2a with claws 5a and 6a of the
      locking claws 5 and 6 to establish the conditions shown in FIG. 2. When
      the shutter cocking operation is released, the driving axis 9 returns to
      its original position by spring action. The cocking lever 11 moves down
      being pulled by its spring 19 with the driving levers 1 and 2 being left
      in a locked state locked with the locking claws 5 and 6. In that case the
      controlling part disengages from the sliding pin 1b sliding down its left
      half side. The shutter cocking operation is completed in this way and the
      conditions shown in FIG. 3 exist.
PAR  As the shutter release operation takes place the electromagnet 16 is
      excited and attracts the locking claw 6. Then the other locking claw 5,
      interlocked with the release operation, rotates in a counterclockwise
      direction to unfasten or effect unlocking of its claw 5a from the opening
      driving lever 1 and thereby the opening driving lever 1 rotates in a
      clockwise direction to open the shutter. In that case the sliding pin 1b
      of the driving lever 1 slides along the outer slope of the rebound
      preventing part 11c and engages into the receiving groove or notch 11d,
      thereby rotating the cocking lever 11 somewhat in a counterclockwise
      direction. Then even when driving lever pin 1b collides with the notch 11a
      and tries to rebound in counterclockwise direction the rebound preventing
      part 11c checks it. Therefore there will be no disturbance of the shutter
      blades. When the electromagnet 16 is demagnetized or deenergized after the
      lapse of the given exposure time, the locking claw 6 is pulled by its
      spring 15 and rotates in a counterclockwise direction to unfasten locking
      of its claw 6 with the closing driving lever 2. Thereby the closing lever
      2 is released and rotates in a clockwise direction to close the shutter
      blades. The sliding pin 2b stops by colliding or engaging with the notch
      11b.
PAR  FIG. 4 is an example in which the above cocking spring 19 is replaced by a
      spring plate 19a which is pressed against the left side of the cocking
      lever 11 to urge it in a clockwise direction. According to this example,
      the spring force of the spring plate 19a is not a heavy load on the
      cocking operation for turning the driving axis 9. Besides even if the
      spring force of the spring plate 19a is made stronger, it does not affect
      the other mechanisms. The other parts correspond to those having the same
      part references as those already described.
PAR  It is also possible to prevent rebound of the closing driving lever 2 by
      providing a receiver notch 11b in the cocking lever 11 in the above
      example with a rebound controlling part for the sliding pin 2b. Both of
      the above examples are the case of application to the shutter with two
      shutter opening and closing driving levers 1 and 2 but the invention can
      also be applied to a shutter with one shutter driving lever which opens
      and closes the shutter. In addition this invention can be applied not only
      to a focal plane shutter but also to a lens shutter. The same effect can
      also be obtained by cocking relations between rebound preventing part 11c
      and the sliding pin 1b as follows: to form the rebound preventing part on
      the driving lever 1 and to install the sliding pin on the cocking lever
      11.
PAR  According to the blade rebound preventive device in the camera shuttter of
      this invention, since the receiver notches and rebound preventing part are
      directly installed on the shutter cocking part the above rebound
      preventing part moves together with the shutter driving part during the
      shutter cocking operation and thereby the shortcoming which is formed in
      the know devices and arises in rapid cocking, can be eliminated. Since the
      shutter driving part disengages from the rebound preventing part on the
      returning process of the shutter cocking part after shutter cocking is
      completed; the shutter cocking operation can be made lighter without
      affecting its feeling and even when preventing action of the rebound
      preventing part on the shutter driving part is made stronger. Consequently
      disturbance usually caused by reound of the shutter blades can be
      prevented positively.
CLMS
STM  What we claim and desire to secure by Letters Patent:
NUM  1.
PAR  1. In a camera shutter having an exposure operture; a plurality of shutter
      blades operable to opened and closed positions for opening the exposure
      aperture and closing it; operating means connected to the shutter blades
      for operating the shutter blades to said opened and closed positions;
      rebound preventing means in said operating means to preclude the operating
      means from rebounding upon reaching terminal operating positions thereof
      corresponding to reaching of said opened and closed positions of said
      shutter blades thereby to preclude rebounding of said shutter blades when
      they reach said opened and closed positions; said rebound preventing means
      comprising relatively displaceable driving levers constituting part of
      said operating means and cocking means, means on said driving levers for
      engaging said driving levers with said cocking means when either of said
      driving levers reaches a terminal operating position and for precluding
      rebounding of said driving levers; and said operating means including
      means to relatively displace said driving levers.
NUM  2.
PAR  2. In a camera shutter according to claim 1, in which said cocking means
      comprises a cocking lever, each of said driving levers having a locking
      pin engaged by said cocking lever for driving said driving levers to a
      cocked position, means for actuating said cocking lever for cocking said
      driving levers, and means to restore said cocking lever to a rest position
      for engaging said pins when said driving levers reach said terminal
      operating positions.
NUM  3.
PAR  3. In a camera shutter according to claim 2, in which said cocking lever
      comprises a respective notch within which a corresponding cocking pin is
      received and held when each said driving lever reaches a terminal
      operation position thereof.
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ABST
PAL  An electric shutter with a positive motion device that insures positive
      action of the shutter. The shutter has a depressable release member that
      is restored by a spring when pressure thereon is released so that the
      release member is reset when the shutter is opened. When the shutter is
      cocked the mechanical positive motion device is mechanically releasably
      locked maintaining the shutter blade or blades against biasing springs.
      When the release member is depressed the shutter is opened and an
      electromagnet of an exposure control circuit is energized and an
      attractable lever in the positive motion device is held attracted by the
      energized electromagnet releasably controlling the release of members that
      release the shutter blade or blades for actuation to a shutter-closing
      position. A mechanical locking member in conjunction with a press lever in
      the positive control device positively locks the attractable lever in the
      same position as when attracted when the shutter is cocked. Upon
      energization of the electromagnet the mechanical locking member is
      released and positive actuation of the attractable element is insured even
      though the release member is restored by a biasing spring thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to electric shutters and more particularly
      to a positive motion device in an electric shutter.
PAR  In known electric shutters when a time exposure or delayed exposure is to
      be taken the camera release member is actuated or depressed and released
      for taking an exposure. The release of the manual force applied to the
      release member allows it to be restored or reset to its initial position.
      The resetting in some known shutters will in some cases prevent closing of
      the shutter when a long exposure time photograph is being taken.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object to provide a new and improved electric shutter
      having a positive motion device for insuring proper and positive opening
      and closing of the shutter.
PAR  The electric shutter according to the invention has one or two shutter
      blades constantly biased. An electromagnet in an exposure control circuit
      controls the closing of the shutter when it is deenergized upon completion
      of the exposure time. A positive control device in the shutter-operating
      mechanism comprises an attractable lever that is held in attracted
      position by the electromagnet when it is energized. When the shutter is
      cocked a locking lever of the device locks a press lever thereof in a
      condition in which the press lever presses the attractable lever to the
      electromagnet as though the electromagnet were energized. In this position
      the attractable lever can control closing of the shutter positively when
      released by the press lever and locking lever and eventually when the
      electromagnet is deenergized upon completion of an exposure under control
      of the exposure control circuit.
PAR  The shutter is opened and the exposure control circuit is closed upon
      actuation of a release element and this energizes the electromagnet. The
      press lever of the positive motion device has an arm in the path of a pin
      on the release lever that effect mechanical release of the attractable
      element which is then releasably held by the electromagnet even if the
      release element is released by the camera user so that the release element
      is restored to its initial postion of readiness for opening the shutter
      upon actuation therof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of a shutter embodying a positive motion
      device according to the invention will appear from the following
      description of an example of the invention, and the novel features will be
      particularly pointed out in the appended claims.
PAR  FIG. 1 is a plan view of a shutter embodying an electric shutter with a
      positive motion device according to the invention and illustrates the
      shutter in a cocked condition.
PAR  FIG. 2 is a fragmentary plan view of the shutter in FIG. 1 illustrated in
      an opened condition.
PAR  FIG. 3 is a fragmentary plan view of the shutter in FIG. 2 illustrated
      after closing of the shutter.
PAR  FIG. 4 is a plan view of a second embodiment of a shutter and positive
      motion device according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in the drawing, a camera body 1 is provided with a shutter
      according to the invention. The shutter comprises a baseboard 2 on which
      is reciprocably mounted a camera release bar or element 3 which is
      provided with axially spaced elongaged slots 4 within which are slidably
      received guide-and-stop pins 5 fixed to the baseboard 2. The camera
      release bar 3 is actuatable axially by depressing it downwardly in the
      direction of the arrow shown for taking photographic exposures and is
      constantly biased to an upward position, illustrated in the drawing, by a
      spring 6. The upper end of the release bar 3 extends or projects outside
      of the camera body 1 as illustrated.
PAR  The shutter comprises a shutter front blade 7 having an opening 8 for
      registry with a camera exposure aperture and a shutter rear blade 9 with
      an aperture 10. The shutter blades are provided with elongated slots 11
      within which guide pins 12 are disposed and these are fixed on the
      baseboard 2. The shutter blades are urged towards the left by respective
      biasing springs 13, 14. Both the shutter front and rear blades are
      provided with hooks or projections 15, 16 respectively formed at the right
      hand ends of the front and rear blades 7, 9. A fixed stop 17 on the
      baseboard controls the extent of travel of the rear blade 9 to the left
      and a pin or stop 18 on the front blades controls the travel of the rear
      blade. The rear blade stop 18 is mounted on the left front end of the
      front blade. The camera is provided with a lens aperture or an exposure
      aperture 19 which the shutter blade apertures are placed in registry for
      effecting an exposure.
PAR  An operating pin 20 projects from a side of the upper part of the camera
      release bar 3. The pin engages a movable contact of a power switch 21 of
      an exposure control circuit, opening the switch when the release bar is
      biased to its upward position as illustrated in FIG. 1. A first lock lever
      22 is pivotally mounted on a pivot 23 and is biased in a counterclockwise
      direction by a spring 25 so that an arm 22a engages a stop pin 26 which
      controls the counterclockwise extent of movement of the lock lever 22. The
      arm 22a extends into the part of travel of the operating pin 20 on the
      release bar 3 as illustrated and is engaged thereby when the camera
      release bar 3 is depressed as later described. A second arm of the lock
      lever has a hook 22b which engages a projection or hook 15 of the front
      blade 7 holding it releasably locked against the force of its biasing
      spring 13.
PAR  Another operating pin 27 projects from a lower part of the camera release
      bar 3. A three-arm press lever 28 is pivotally mounted on a pivot 29 and
      is biased in a counterclockwise direction by a biasing spring 30. The
      press lever has a first arm 28a extending into the path of travel of the
      lower operating pin 27. The press lever has a second arm 28b and a third
      arm 28c which presses against a second lock lever 31 pivotally mounted on
      a pivot 33 so that the second lock lever presses against an electromagnet
      32 which is electrically connected to the exposure control circuit, not
      shown.
PAR  The second lock lever 31 has an arm 31a which is attractable by the
      electromagnet 32 and is likewise a three-arm lever having an arm 31b
      provided with a hook 31d that engages the hook or projection 16 of the
      rear blade 9 and releasably locks or holds the rear blade. The other lever
      arm 31c is intermediate the other two arms as illustrated. The second lock
      lever is biased in a counterclockwise direction by a biasing spring 34 and
      is, therefore, biased in a direction to unfasten the hook thereon from the
      hook on the rear blade 9 for releasing the rear blade.
PAR  A third lock lever 35 is pivotally mounted on a pivot 36 and is biased in a
      clockwise direction by a biasing spring 37 that biases locking arm 35a in
      a direction for lying in the path of the lever arm 28b of the press lever.
      A second arm 35b of this third lock lever is engaged with a projection 15a
      of the front blade 7 when the shutter is in a cocked condition as
      illustrated in FIG. 1 so that the biasing force of the biasing spring 37
      is counteracted. A stop pin 38 stops the rotation of the third lock lever.
PAR  A stop bar 39 which can preclude the depressing of the camera release bar 3
      is slidably supported for movement in the horizontal direction and is
      provided with elongated slots 40 within which pins 41 fixed on the
      baseboard are received for guiding the axial movement thereof. The stop
      bar has on the left end thereof an arm 39a which is releasably engaged by
      the intermediate arm 31c of the press lever 31 and has on its right end a
      lock claw 39b that cooperates with a saw-tooth claw 42 on the camera
      release element or bar 3 to render inoperative the release bar 3 when the
      electromagnet 31a is not properly energized. A second saw-tooth claw 43 is
      provided on the camera release bar 3 which makes impossible taking an
      exposure when the shutter is not charged.
PAR  The vertical distance between the stop bar claw 39b and the upper claw 42
      on the camera release bar 3 is somewhat less than the vertical distance
      between the upper operating pin 20 of the release bar and the arm 22a of
      the lock lever 22. On the other hand, this vertical distance between this
      stop bar claw 39b and the lower claw on the release bar is greater than
      the vertical distance between the lower operating pin 27 and the press
      lever arm 28a. The vertical distance between the stop bar claw 39b and the
      lower claw 43 on the release element or bar is somewhat smaller than the
      travel distance required for the operating pin 20 to open and close the
      power switch 21. The stop bar 39 is constantly or continuously urged to
      the right by a biasing spring 44.
PAR  When the electromagnet 32 is excited or energized or the second lock lever
      31 is pressed by the press lever into contact with the electromagnet the
      stop lever 31 has its arm 31c in position blocking the movement of the
      stop bar 39 toward the right so that it cannot interengage its claw with
      the saw-tooth claws of the release bar 3. However, when the electromagnet
      is deenergized, the biasing spring 44 will bias the stop bar toward the
      right so it is in the path of the claws of the stop bar and the latter
      cannot be depressed.
PAC  OPERATION
PAR  After an exposure has taken place in a normal condition the stop bar 39, as
      shown in FIG. 3, is moved toward the right by the biasing spring 44 and
      places its claw 39b in the position where its claw is engageable with the
      lower claw 43 of the release bar 3. When the release bar 3 is depressed in
      this condition, the claws engage before the power switch 21 is closed and
      the release bar 3 is prevented from being pushed down completely.
      Therefore, the operation of the shutter becomes impossible and this warns
      the user that the shutter has not been charged or cocked after an
      exposure. This prevents the waste of film and the consumption of power.
PAR  In the condition illustrated in FIG. 1, the shutter is charged or cocked.
      When the release bar 3 is depressed, the power switch 21 is closed to
      start operation of the exposure time control circuit, not shown, and the
      attractable arm 31a of the lock lever 31 is attracted by the exciting of
      the electromagnet 32. The lower operating pin 27 on the release bar pushes
      the arm 28a of the press lever to actuate the press lever in a clockwise
      direction and thereby release the arm 31a from being pressed by the press
      arm 28c. The upper operating pin 20 on the release bar 3 engages an arm
      22a of the first lock lever 22 and biases it in a direction to cause its
      hook 22b to release the hook 15 on the front shutter blade. The front
      blade 7 moves toward the left bringing its exposure aperture 8 in registry
      with the exposure aperture 19 to open the shutter as shown in FIG. 2. The
      electromagnet 32 is deenergized when the exposure is to be terminated
      under control of the exposure control circuit. When the electromagnet is
      deenergized, the exposure time lock lever rotates in a counterclockwise
      direction under control of its biasing spring 34 so that it unhooks its
      hook 31b from its hook 16 on the back blade so that the rear blade 9 moves
      to the left under the control of its biasing spring 14. Thus, the
      condition, illustrated in FIG. 3, is established and the shutter is
      closed. The counterclockwise movement of the third lock lever 31 releases
      the stop lever or bar 39 so that it moves towards the right under control
      of its spring 44 but since the upper claw 42 has already passed clear of
      the claw 39b of the stop bar, the release bar 3 is not stopped.
PAR  In the event that the power source of the exposure control circuit is
      forgotten to be put in or the battery has been consumed or is placed with
      its polarity improperly disposed the electromagnet 32 is not excited or
      energized even if the power switch is closed in FIG. 1 when the shutter is
      operated. In this condition the shutter is charged and the lower operating
      pin 27 actuates the press lever 28 in a clockwise direction to release the
      third lock lever arm 31a from being pressed by its press arm 28c. The
      third lock lever 31 is free to rotate in a counterclockwise direction to
      allow the stop lever 39 to move toward the right and place its stop claw
      in the path of the upper saw-tooth claw of the camera release bar 3 to
      preclude any further downward movement thereof to preclude effecting an
      exposure. The hook 31d of the third lock lever releases the rear blade but
      it is prevented from moving toward the left by the stop pin 18 on the
      front blade.
PAC  SECOND EMBODIMENT
PAR  A second embodiment of a shutter embodying the invention is illustrated in
      FIG. 4. In this embodiment the elements corresponding to those of the
      first embodiment have reference numerals increased by an addition of 50.
      Thus a camera release bar 53 is actuatable axially and is provided with
      elongated slots 54 within which fixed guide-and-stop pins 55 are disposed.
      The release bar is biased upwardly by a spring 56.
PAR  A single shutter blade 57 is provided and has two elongated slots 61 in
      which are received fixed guide pins 62. The shutter blade has no aperture
      therein and is biased to the right by a biasing spring 63. An operating
      pin 70 is disposed on the upper part of the release bar 53 for opening and
      closing a power switch 71 of an exposure control circuit as before
      described.
PAR  A first lock lever 72 is pivotally mounted on a pivot 73 and has an arm 72a
      in the path of the operating pin 70. The lock lever has a hook 72b. A
      lower operating pin 77 is provided on the camera release lever for
      actuating a press lever 78 having a first arm 78a in the path of the
      operating pin, an intermediate arm 78b and a third or press arm 78c
      pressing a stop lever 81 having an attractable arm 81a, which has an
      attractable element thereon, as in the first embodiment, pressed against
      an electromagnet 82.
PAR  A second stop lever 85 is pivotally mounted on a pivot 86 and has an arm
      85a in the path of the intermediate arm 78b of the press lever. The second
      arm is biased by a spring 87 and functions as a stop as later described. A
      third stop lever 89 corresponds to the stop bar 39 of the first
      embodiment. It is pivotally mounted on a pivot of a baseboard, not shown
      and has an arm 89a cooperating with the lock or stop lever 81 which hold
      it against clockwise rotation by a biasing spring 94. A second arm on the
      third lock lever has a tab or projection 89b normal to the plane of the
      drawing for engaging either of two saw-tooth claws 92, 93 on the camera
      release bar in the event the shutter is not cocked, the electromagnet is
      not energized or the battery is not in circuit or improperly connected.
      Engagement of the stop release tab 89b with the camera release bar stop
      claws 92, 93 will preclude complete depression thereof as in the first
      embodiment.
PAR  A shutter blade driving rotary element 95 is biased in a counterclockwise
      direction by a spring 96 and has a projecting sector 65 hooked by the hook
      72b of the first lock lever releasably holding it until the camera release
      lever 53 is depressed. An edge 65a of the sector is engaged by an arm 85b
      of the lock lever 85 which is thereby held against its biasing spring 87
      which biases it clockwise. The rotary shutter blade operating member 95
      has a projection 97 that engages a pivotally mounted intermediate
      interlocking lever 98 that engages a pin 99 on the shutter blade 57.
PAR  When the shutter release lever 53 is depressed for taking a photographic
      exposure the power switch 71 is closed by the operating pin 70 and the
      lock lever 72 is actuated to release the rotary driving member 95 which
      rotates counterclockwise and its projection 97 engages the intermediate
      lever 98 and rotates it clockwise so that the shutter blade is actuated to
      the left for effecting an exposure. The cam edge 66 on the driving element
      locks the lock lever 81 since the lower operating pin on the camera
      release lever 53 actuates the press lever 78 to make it possible for the
      lever 81 to be released when the electromagnet releases it to terminate
      the exposure. As before described the lock lever 89 functions to preclude
      the taking of an exposure in the manner of the stop bar 39.
PAR  Those skilled in the art will understand that when the brightness of a
      field to be photographed is too high or too low circuitry may be provided
      for warning the user of the camera. In this case the camera release stop
      device can be constructed to make release impossible by connecting the
      warning circuit with the electromagnet 32 or 82 by interlocking it with
      the camera release lever 3, 53 and by deenergizing the electromagnet when
      the brightness conditions are outside of the range of the camera shutter.
PAR  Furthermore, those skilled in the art will understand that cocking
      mechanism, not shown, is provided for establishing the condition shown in
      FIG. 1 after closing of the shutter in the condition shown in FIG. 3.
CLMS
STM  What I claim and desire to secure by Letters Patent:
NUM  1.
PAR  1. In an electric shutter having an exposure aperture, an electromagnet
      electrically energizable; at least one shutter blade operable to a
      shutter-opening position for opening the aperture for taking an exposure
      and a shutter-closing position closing the exposure aperture; and a
      release element for initiating the energization of said electromagnet and
      the taking of an exposure; shutter-operating means activated by the
      release element for actuating said shutter blade to said shutter-opening
      position and shutter-closing position; said shutter-operating means
      comprising an attractable lever attracted by said electromagnet when
      energized and having means cooperative with said shutter blade for
      maintaining said shutter blade in said shutter-opening position; means
      biasing said attractable lever away from said electromagnet; a pivotally
      mounted press lever; a pivotally mounted locking lever; means biasing said
      press lever into engagement with said attractable lever for pressing said
      attractable lever against said electromagnet when the shutter is in a
      cocked condition; means biasing said locking lever to a position for
      releasably locking said press lever when pressing on said attractable
      lever; means on said press lever in the path of travel of said release
      element for actuating said press lever under control of said release
      element to a position releasing said attractable lever upon initiation of
      taking of an exposure by said release element after energization of said
      electromagnet is initiated; means cooperative with said shutter blade
      maintaining said locking lever in an unlocking condition releasing said
      press lever when the shutter is cocked and in readiness for positioning in
      a locking position for locking said press lever under control of said
      biasing means thereof when an exposure is initiated; said means
      cooperative with said shutter blade comprising means restoring said
      locking lever to said unlocking position when said shutter is cocked, and
      means cooperative with said release element for initiating taking of an
      exposure.
NUM  2.
PAR  2. In an electric shutter according to claim 1, bar lever means releasably
      locked by said attractable lever when said attractable lever is pressed
      against said electromagnet and when attracted by said electromagnet and
      operable for engaging said release element and precluding actuation
      thereof when said attractable lever is unattracted by said electromagnet
      and when the shutter is in an uncocked condition, and means biasing the
      bar lever means in a direction for engaging said release element.
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PAL  A normally-off field effect transistor having the structure of an IGFET
      with a substantially undoped semiconductor material replacing the
      insulation between the substrate and the gate metal. A Schottky barrier
      formed between the gate metal and the substantially undoped semiconductor
      material produces a channel in the substrate when reverse biased. Method
      of fabrication is also described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates generally to a field effect transistor (FET) and more
      specifically to a normally off Schottky barrier field effect transistors.
PAR  2. Description of the Prior Art
PAR  Field effect transistors, depending upon their structure, are either
      junction FETs or insulated gate FETs. The insulated gate FEDs generally
      have a spaced drain and source regions formed in a substrate of opposite
      conductivity type. The source and drain are separated by a channel region
      upon which a gate is formed. The channel and the gate are separated by an
      insulator which may be a generic insulator or an oxide.
PAR  A common problem of insulated gate field effect transistors (IGFET) is the
      inversion or depletion of the channel in the substrate by interaction with
      the gate metal. One solution presented by the prior art is to use a
      semi-conductor gate instead of a metal gate in contact with the insulator
      over the channel.
PAR  In junction field effect transistors (JFET), the principles of the Schottky
      barrier have been incoporated. Schottky barrier sources and drains have
      been produced by forming metal electrodes directly on the ends of the
      channel regions. Similarly, modulation of the channel region has been
      effected by Schottky barrier gate electrodes formed directly on the
      channel region.
PAR  Though a majority of the prior art devices have been directed to normally
      on or depletion mode Schottky barrier FETs, there has been some
      fabrication of normally off or enhancement mode Schottky barrier FETs. The
      normally off Schottky barrier FETs of the prior art may only be forward
      biased only a few tenths of a volt to avoid drawing excess gate current.
      The limitation on the forward biased voltage of the prior art normally off
      Schottky barrier FETs limits the range of modulation.
PAC  SUMMARY OF THE INVENTION
PAR  The present device incorporates a Schottky barrier gate in a generally
      insulated gate field effect transistor configuration to provide a normally
      off FET whose channel is formed by reverse biasing the gate with respect
      to the source or substrate. Source and drain regions are formed in a
      substrate of opposite conductivity type. A layer of insulator material is
      formed over the substrate and removed to expose the channel region and
      contiguous portions of the source and drain regions. A substantially
      undoped semiconductor material is deposited over the exposed substrate.
      Standard deposition and formation of the gate and source and drain
      electrodes completes the fabrication. The gate forms a Schottky barrier
      with the substantially undoped semiconductor material, which is
      sufficiently thick to prevent the Schottky barrier state from including
      the channel region in an unbiased state.
PAR  Modification of the fabrication process also provides for a layer of
      substantially undoped semiconductor material between the layer of
      insulation over the substrate and the extensions of the source and drain
      electrodes. A further modification yields a two layer metal source and
      drain electrode connected through apertures in an interposed layer of the
      substantially undoped semiconductor material.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a normally off Schottky
      barrier field effect transistor with a wide range of modulation.
PAR  Another object is to provide Schottky barrier field effect transistors
      incorporating the advantages of a normally on Schottky barrier FET and the
      normally off IGFET.
PAR  A further object of the invention is to provide a Schottky barrier FET
      which is econmical and easy to manufacture.
PAR  Still another object of the present invention is to provide a normally off
      Schottky barrier FET using the general structure of a MOS FET.
PAR  Still another object is to provide a field effect transistor which is
      faster and more radiation hardened than the Schottky barrier devices of
      the prior art.
PAR  Other objects, advantages and novel features of the present invention will
      become apparent from the following detailed description of the invention
      when considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a conventionally normally off Schottky
      barrier field effect transistor;
PAR  FIG. 2 is a cross-sectional view of a normally off Schottky barrier field
      effect transistor according to the present invention;
PAR  FIG. 3 is an enlarged partial view of FIG. 2, illustrating the depletion
      region in an unbiased state;
PAR  FIG. 4 is an enlarged partial view of FIG. 2, illustrating the depletion
      region in a reversed biased state; and
PAR  FIGS. 5 and 6 are further embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a normally off Schottky barrier field effect transistor
      of the prior art having a substrate 10 with a source and drain regions 12
      and 14 and channel region 16. Metal electrodes 18 and 20 form ohmic
      contacts with the source 12 and drain 14, respectively and gate electrode
      22 forms a Schottky barrier with the channel region 16. The channel region
      16 is formed to be thin so that the Schottky barrier formed therewith
      extends through to the substrate 10 to provide a normally off FET. When
      the gate electrode 22 is forward biased by V.sub.1 with respect to the
      source electrodes 18 (which is set at a reference voltage V.sub.0 or
      ground), the Schottky barrier recedes and channel region 16 electrically
      connects source regions 12 and drain region 14 to provide an output signal
      V.sub.2.
PAR  Since the channel region 16 is relatively thin, the forward voltage
      differential between V.sub.0 and V.sub.1 may only be a few tenths of a
      volt. Otherwise, excessive gate current is drawn, which significantly
      reduces the gain of the device. This small range of voltage differential
      limits the degree of modulation of the channel region and thus limits the
      range of modulation of the overall FET.
PAR  A preferred embodiment of this invention is illustrated in FIG. 2 as a
      Schottky barrier FET 24. A substrate 26 of the first conductivity type has
      source and drain regions 28 and 30 of opposite conductivity types formed
      therein. A substantially undoped semiconductor 32 is superimposed and
      connects the channel region between source and drain 28 and 30 and
      contiguous regions of source and drain 28 and 30. Over the substantially
      undoped semiconductor 32 is a metal gate 34. Metal electrodes 36 and 38
      are connected to source and drain regions 28 and 30, respectively. An
      insulative layer 40 separates the electrodes 36 and 38 from the substrate
      as well as the substantially undoped semiconductive material 32 from the
      electrodes 36 and 38.
PAR  As illustrated in FIG. 2, the Schottky barrier FET of the present invention
      has an N conductivity type substrate 26 being made of doped silicon having
      a resistance of 3-5 ohms/cc, for example. The source and drain regions 28
      and 30 may be formed, for example, by deposition and diffusion, to have a
      sheet resistance of 60 ohms per square. The substantially undoped
      semiconductor material 32 may be, for example, polysilicon or amorphous
      silicon and the metal electrodes 34, 36 and 38 may be for example,
      aluminum. The insulative layer 40 may be, for example, thermally grown
      silicon dioxide. Though being illustrated as a P channel enhancement mode
      or normally off Schottky barrier field effect transistor, the device may
      equally as well be built as an N channel, normally off Schottky barrier
      field effect transistor.
PAR  It is noted that FET 24 has a general configuration of an insulated gate
      field effect transistor in that source and drains of one conductivity type
      are formed separate and apart in a substrate of opposite conductivity
      type. The channel region between the source and drain is covered by a
      first material upon which a gate is applied. Normally, the insulated IGFET
      has the material between the channel region of the substrate and the gate
      material being an insulator. The present invention, though having the
      general appearance of an IGFET, uses a conductive substantially undoped
      semiconductive material 32 interposed between the gate and the channel
      region of the substrate.
PAR  The interposed material 32 is deposited as undoped semiconductor material,
      but because of process conditions, this layer is slightly N conductivity
      type. The present invention is considered to be operative with a
      semiconductor material layer 32 having dopant impurity levels below
      10.sup.16 carriers per cc.
PAR  As shown in an enlarged partial view in FIG. 3, the gate metal 34 forms a
      depletion region 42 with the substantially undoped semiconductive material
      32. In the unbiased state and for gate metals of approximately 50 microns
      thick, a substantially undoped semiconductive layer 32 of 1,500 angstroms
      is sufficient to prevent the Schottky barrier depletion 42 from reaching
      the substrate 26 and the source and drain regions 28 and 30 therein. The
      exact thickness of the layer 32 is a function of the impurity level and
      the atomic structure of the material used in layer 32.
PAR  As shown in FIG. 4, the gate of the Schottky barrier field effect
      transistor of the present invention is reversed biased relative to the
      source and the substrate having the source 28 and the substrate 10
      connected to a reference voltage or ground, the drain 30 connected to a
      voltage level -V.sub.D and the gate metal 34 connected to a voltage
      -V.sub.G. With the gate voltage -V.sub.G being greater than the reference
      voltage or ground, the Schottky barrier formed between the metal conductor
      34 and the substantially undoped semiconductor material 32 is reversed
      biased and the depletion region 42 is expanded to form a depletion region
      44 which extends into the substrate 26 to form a channel region between
      source and drain region 28 and 30. Further reverse biasing of the gate
      with respect to the source will increase the size of the highly conductive
      channel region between source and drain by additionally causing the N type
      substrate 26 to form a P type channel at the surface thereof.
PAR  A method for fabricating the normally off Schottky barrier field effect
      transistor of the present invention begins with a substrate 26 for the
      first conductivity type. Source and drain regions 28 and 30 are formed
      therein using standard deposition and diffusion techniques through a mask.
      The mask may involve a photoresist applied over a thermally grown
      insulative layer, being for example, silicon dioxide. Apertures are formed
      within the insulative layer forming a mask for the subsequent deposition
      and diffusion. Impurities of the conductivity type opposite that of the
      substrate 26 are used to provide source and drain regions 28 and 30.
      Though discussing deposition and diffusing, the source and drain regions
      28 and 30 in substrate 26 may be formed any of the other well known
      techniques for example, ion implantation to name one.
PAR  After the removal of the mask, a new insulative layer 40 is grown over the
      surface of the substrate, and the channel region and contiguous portions
      of source and drain regions 28 and 30 are exposed through the new
      insulative layer 40. A substantially undoped semiconductive material 32,
      for example, polysilicon or amorphous silicon, is deposited upon the
      exposed substrate and the insulative layer 40. The material 32 may be
      deposited by known deposition techniques. The layer 32 is delineated by
      known masking and etching techniques to provide and produce the structure
      shown in FIG. 2.
PAR  The wafer is then prepared for deposition and delineation of the gate 34
      and source and drain electrodes 36 and 38. A metal, for example, aluminum
      is deposited upon the substrate and delineated by conventional means, such
      as silk-screening, physical masking, direct photoresist or reverse
      photoresist.
PAR  Another embodiment of the present invention is illustrated in FIG. 5 and
      includes extending the substantially undoped semiconductor material 32
      over the oxide or insulated layer 40 to separate the layer 40 from the
      metal electrodes 36 and 38 for the source and drain regions, respectively.
      The extension or additional use of the undoped semiconductor material 32
      between the insulative layer 40 and the metal regions 36 and 38 prevent
      any interaction or inversion of the insulative layer 40 with the metal
      electrodes 36 and 38. This has presented a problem in the past and caused
      inversion and/or breakdown of the insulative layer 40 and possible
      shorting of the source and drain electrodes to the substrate.
PAR  The process for fabricating the device as illustrated in FIG. 5 is the same
      as that discussed above for forming the embodiment of FIG. 2 with the
      modification of the step for the removal or delinearation of the
      substantially undoped semiconductive layer 32. To be more specific, after
      the substrate 26 and contiguous regions of source and drain 28 and 30 are
      exposed through the insulative layer 40, the layer of substantially
      undoped semiconductive material 32 is deposited upon the wafer. Using
      conventional masking techniques, apertures are opened in the substantially
      undoped semiconductor layer and the insulator 40 for the deposition and
      delineation of the great source and drain electrodes 36 and 38,
      respectively, simultaneously with the gate 34. Of course, the formation of
      the embodiment of FIG. 5 requires no additional steps to that method for
      the fabrication of the method of the embodiment of FIG. 2. In both of the
      described embodiments, the source and drain electrodes and the gate metal
      was formed simultaneously.
PAR  A further embodiment is illustrated in FIG. 6 has an additional metal layer
      46 interposed between the substantially undoped conductive semiconductor
      layer 32 and the substrate 26. The process for the fabrication of the
      embodiment of FIG. 6 is the same as that described for that of FIG. 2, to
      the point of forming the source and drain regions 28 and 30 in the
      substrate 26. After the formation of the source and drain regions, a layer
      of insulation 40 is formed by oxidation and contact apertures are opened
      in the oxide layer. A metal layer 46 of aluminum, or aluminum sinter for
      example, is evaporated and etched to form the resulting layer 46 as
      illustrated in FIG. 6. The gate region including the surface of substrate
      26 and contiguous regions of source and drain regions 28 and 30 is exposed
      by etching in the oxide layer. The substantially undoped semiconductive
      material 32 is deposited and contact holes are etched in layer 32 for the
      connection of source and drain electrodes to the metallic layer 46. An
      additional deposition and delineation of metal layers is performed to form
      gate metal 34 and source and drain electrodes 36 and 38.
PAR  Though aluminum has been described as the metal used to provide the
      electrodes and the gate of the present invention, magnesium, zinc, indium,
      lead and tin or other low work function metals may be used with N
      conductivity type substrates to provide a Schottky barrier. For N channel
      devices formed in a P conductivity type substrate, high work function
      metals such as iron, gold, rhodium, and platinum may be used. The channel
      region between source 28 and drain 30 should be slightly greater than the
      contiguous region of the source or drain 28 and 30, which is covered by
      the substantially undoped semiconductive layer 32. The device of the
      present invention provides a faster, more radiation hardened normally off
      field effect transistor than that of the prior art by incorporating the
      general structure of the insulated gate field effect transistor with the
      technology of the Schottky barrier. The problems faced by the normally off
      Schottky barrier field effect transistor of the prior art is overcome by
      providing a structure which is normally off and is turned on and modulated
      by reverse biasing the gate with respect to the source.
PAR  From the preceding description of the preferred embodiments, it is evident
      that the objects of the invention are attained and although the invention
      has been described and illustrated in detail, it is to be clearly
      understood that the same is by way of illustration and example only and is
      not to be taken by way of limitation. The spirit and scope of this
      invention are limited only by the terms of the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A normally off field effect transistor comprising:
PA1  a substrate of a first conductivity type semiconductor material;
PA1  a source and drain in said substrate of a conductivity type opposite said
      first conductivity type and separated by a channel region of said
      substrate;
PA1  a first layer of substantially undoped semiconductor material of said first
      conductivity type contacting and covering a surface of said channel
      region; and
PA1  a metal gate layer upon said first layer and forming a Schottky barrier
      with said first layer.
NUM  2.
PAR  2. A field effect transistor as in claim 1 wherein said first layer is of
      the same semiconductor material as said substrate and of sufficient
      thickness to prevent said Schottky barrier formed by said first layer and
      said gate layer from including said channel in an unbiased state.
NUM  3.
PAR  3. A field effect transistor as in claim 1 wherein said first layer also
      contacts a contiguous portion of a surface of said source and said drain.
NUM  4.
PAR  4. A field effect transistor as in claim 1 wherein said substrate and said
      first layer are silicon, and said metal gate layer is aluminum.
NUM  5.
PAR  5. A field effect transistor as in claim 4 wherein said first layer is
      selected from the group of polycrystalline silicon or amorphous silicon.
NUM  6.
PAR  6. A field effect transistor as in claim 1 wherein said first layer has an
      impurity level below 10.sup.16 carriers/cm.sup.3.
NUM  7.
PAR  7. A Schottky barrier transistor comprising:
PA1  a substrate of first conductivity type semiconductor material;
PA1  a source and drain region of conductivity type opposite said first
      conductivity type spaced from each other in said substrate and
      electrically disconnected in an unbiased state;
PA1  a first layer of substantially undoped semiconductor material of said first
      conductivity type contacting type contacting said source and drain regions
      and a surface of said substrate between said source and drain regions; and
PA1  a layer of gate material substantially covering said layer of substantially
      undoped semiconductor material to form a Schottky barrier therewith.
NUM  8.
PAR  8. A Schottky barrier transistor as in claim 7, wherein said first layer is
      of the same semiconductor material as said substrate and of sufficient
      thickness to prevent said Schottky barrier from including said substrate
      in an unbiased state.
NUM  9.
PAR  9. A Schottky barrier transistor as in claim 7 including:
PA1  a layer of insulating material over said substrate;
PA1  a second layer of substantially undoped semiconductor material over said
      layer of insulating material;
PA1  said first layer of substantially undoped semiconductor material forms said
      connection to said source, said drain and said substrate through an
      aperture in said insulating layer.
NUM  10.
PAR  10. A Schottkey barrier transistor as in claim 9 including electrodes
      connected to said source and drain regions through apertures in said
      second layer of substantially undoped semiconductor and said layer of
      insulation.
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ABST
PAL  A low impedance laser diode mounting structure in which the inductive
       reance and the capacitive reactance are balanced to leave only the pure
      resistance in the input to a diode. The low impedance laser diode mounting
      structure comprises a large diameter, conductive central electrode of one
      potential separated from a conductive housing of the opposite potential by
      a layer of insulation, such as glass frit. The width of the insulation
      layer is such that the capacitive reactance caused by the capacitance
      included between the input electrode, which is generally of positive
      potential, and the housing, which is usually at ground potential, is equal
      to the inductive reactance included in the short lead of the input
      electrode. The input electrode and housing may be made of copper, brass or
      other high conductivity metals.
PAL  One side of the diode is mounted on a heat sink that is electrically
      connected to the housing. A short lead, made of copper or gold, connects
      the input electrode to the other side of the diode.
GOVT
PAR  The invention described herein may be manufactured, used, and licensed by
      or for the Government for governmental purposes without the payment to me
      of any royalty thereon.
PARN
PAR  This is a continuation of application Ser. No. 354,067, filed Apr. 24, l973
      and now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  With emphasis on smaller and smaller infrared light beam producing devices,
      efficiency of all the components involved is tantamount to proper
      operation of the device. When the laser diode mounting structure is made
      smaller, there is a greater disparity in the inductive and capacitive
      reactances with the capacitive reactance being decreased and the inductive
      reactance being increased. This disparity causes the impedance of the
      diode input circuit to be increased, thus requiring more input power to
      drive the diode.
PAR  The electronic pulsing circuitry used to pulse a light emitting diode, such
      as a laser diode, is now made smaller by using thick film and thin film
      technology. A need, therefore, exists for smaller diode mounting
      structures commensurate with the smaller pulsing circuitry for enclosure
      in a smaller canister containing the combined pulsing circuitry, diode,
      and diode mounting structure. The present devices allow the overall size
      of the mounting structure to be reduced and at the same time alleviate the
      problem of disparite reactances.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a PRIOR ART diode mounting structure and housing;
PAR  FIG. 2 illustrates one embodiment of an improved diode mounting structure
      and housing;
PAR  FIG. 3 illustrates a second embodiment of an improved diode mounting
      structure and housing; and
PAR  FIG. 4 shows the current-voltage characteristics of the diode used with the
      embodiment shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a diode mounting structure showing the small feed wire,
      or central electrode 20, that is typical of prior art diode input
      circuits. The overall structure is screw threaded on a power source
      canister by the threaded stem 24 which is usually at ground potential. The
      canister contains either a direct current power supply or a pulsing power
      source to which central electrode 20 is connected. The overall diode
      mounting structure and housing of this invention may be used as the diode
      structure 17 in a copending patent application entitled "Aiming Light and
      Aiming Light Adapter for Use on a Weapon" filed Apr. 24, 1973 having Ser.
      No. 354,034 by coinventors Howard L. Dunmire and the present inventor,
      Michael Hacskaylo, now U.S. Pat. No. 3,867,764.
PAR  The metallic threaded stem 24 is threaded into the power source canister
      (not shown) with stem 24 at ground potential. Central electrode 20 is in
      contact with the power source within the canister. Electrode 20 is of
      about 0.010 to 0.020 inches diameter. Stem 24 is threaded into the
      canister until flange 24a fits snugly against the canister. A diode cap 12
      is in electrical contact with stem 24, heat sink 10, and the ground side
      of diode 16. The other side of diode 16 is connected to the power source
      by way of electrical lead 18 and central electrode 20. Electrical lead 18
      is about 0.002 inch diameter and is usually made of gold. Diode 16 emits a
      light beam, indicated as 8a and 8b, out transparent window 14. The problem
      that existed in this prior art diode mounting structure is the high input
      impedance caused by the imbalance of capacitive and inductive reactances
      between central electrode 20 and stem 24 due to the thickness of the
      insulator layer 22 and the relative sizes of electrode 20 and stem 24.
PAR  FIG. 2 illustrates one embodiment of an improved diode mounting structure
      and housing of the present invention shown juxtaposed to a canister 34 to
      which the structure and housing is adapted for threading thereto. Central
      electrode 21 is a solid metallic structure, made of copper or some good
      conductive metal, that is threaded to fit into the power source metallic
      section 21a within canister 34. The flange 28 and diode cap 13 are
      electrically connected together and meshed with the canister outer section
      34 when the structure and housing are fully screw threaded into section
      21a. Outer section 34 is at ground potential. Flange 28 and central
      electrode 21 are separated by insulator 22. Section 21a and outer section
      34 are separated by insulator layer 22a. By making the diameter, d, of
      central electrode 21 larger when compared with the inside diameter, D, of
      flange 28, than the comparative diameters of central electrode 20 with the
      inside of stem 24 of the prior art, the capacitive reactance, Xc, of the
      input to diode 16 is decreased according to the following equation:
      ##EQU1##
      Inductive reactance of the input circuit in the improved structure of FIG.
      2 stays essentially the same as the prior art structure shown in FIG. 1.
      Central electrode 21 is about 0.125 inch diameter compared with 0.01 to
      0.02 inch for electrode 20.
PAR  The diode mounting structure in FIG. 2 is also shown juxtaposed to portions
      of a casing, such as an aiming light housing as disclosed in the above
      referenced patent application entitled "Aiming Light and Aiming Light
      Adapter for Use on a Weapon," now U.S. Pat. No. 3,867,764. Specifically,
      32 represents a terminal case, such as aiming light housing. Retainer ring
      30 is slipped over diode cap 13 and fits up against flange 28. Diode cap
      13 and retainer ring 30 are circular. Retainer ring 30 is screw threaded
      into terminal case 32. Case 32 and retainer ring 30 are made of electrical
      conductor material, and are at ground potential. Electrical lead 19 is
      about 0.004 inch in diameter.
PAR  FIG. 3 illustrates a second embodiment of a diode mounting structure in
      which a connecting pin 78 is inserted in a canister (not shown) and is
      screw threaded by conductive stem 76 to the canister. Stem 76 is generally
      grounded and pin 78 is connected to a power source that could be either
      positive or negative and direct current or pulsing, and indicated by black
      50. A connector pin extension 78b that is smaller than pin 78 is connected
      between pin 78 and heat sink 80. An insulator 22b separates stem 76 from
      pin 78, pin extension 78b, and heat sink 80. A diode 16 is attached with
      its positive side to heat sink 80. An electrical lead 82 is soldered to
      diode cap 15 at one end and is soldered to the ground side of diode 16 at
      the other end. Diode 16 emits a light beam out transparent window 14 along
      the optical axis of the diode mounting structure with the light beams,
      represented by 8a and 8b, shown with an exaggerated beam spread.
PAR  FIG. 4 is a graph showing the current-voltage characteristics of the diode
      mounting structure illustrated in FIG. 3 when the diode is pulsed at 5
      kilohertz at two different pulsewidths, namely 150 nanoseconds and 70
      nanoseconds pulsewidths. The measured impedance at 150 nanoseconds
      pulsewidth is 0.13 ohms, and the measured impedance at 70 nanoseconds
      pulsewidth is 0.20 ohms. As can be seen by the graph, the current
      increases linearly with the applied pulsed voltages. The required driving
      voltage is about one fifth to one fourth what is required in the prior art
      housing structure shown in FIG. 1. For example, diode 16 is driven to a
      good operating current of 25 amperes peak current by about 5-6 volts
      pulses. The battery that drives the electronic circuitry power source in
      the canister has about 11.2 open circuit volts as stated in the above
      referenced copending patent application. Further, the electronic circuitry
      power source within the canister keeps the diode driving voltage up to the
      required 5-6 volts when the battery open circuit voltage drops almost in
      half. For proper diode 16 operation, the output power of the beam must be
      greater than 0.5 milliwatts.
PAR  The type diodes used with the mounting structure and housing of this
      invention are electron injection laser diodes of the gallium aluminum
      arsenide single heterojunction, close confinement structure, but are not
      necessarily limited to this type diode. These diodes are 0.006 inch by
      0.012 inch having a threshold current of 11 amperes at room temperature.
      The beam spread of the light beams 8a and 8b from diode 16 is 25.degree.
      at the one-tenth peak intensity points in the parallel plane of the diode
      junction, and is 32.degree. at the one-tenth intensity points in the
      perpendicular plan of the diode junction.
PAR  By using the low impedance mounting structure and housing with highly
      efficient gallium aluminum arsenide laser diodes, a lightweight and
      compact semiconductor aiming light may be produced. The aiming light of
      patent application entitled "Aiming Light and Aiming Light Adapter for Use
      on a Weapon," now U.S. Pat. No. 3,867,764 is superior to the prior art
      non-coherent diode aiming light which is larger, heavier, and requires
      more driving power than the aiming light using the low impedance diode
      mounting structure of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A low input impedance mounting structure and housing for a high power
      laser diode driven at high frequency and short pulse widths at room
      temperature comprising:
PA1  an electron injection high power laser diode of the gallium aluminum
      arsenide single heterojunction and close confinement structure, said high
      power laser diode having a first side and a second side;
PA1  a high frequency and short pulse width power source;
PA1  a large diameter highly conductive central electrode which is connected to
      said power source at one end and having said first side of the high power
      laser diode electrically connected to a heat sink at the other end
      thereof;
PA1  a thin insulator layer contiguous with and surrounding said highly
      conductive central electrode;
PA1  a conductive housing that is electrically grounded and is contiguous with
      said insulator layer, said conductive housing having a transparent window
      along the optical axis of said high power laser diode; and
PA1  a short electrical lead connected between said conductive housing and said
      second side of the high power laser diode whereby said thin insulator
      layer is of such a size when compared with the large diameter highly
      conductive central electrode as to minimize the capacitive reactance and
      balance with the inductive reactance between said central electrode and
      said housing to provide minimum input impedance.
NUM  2.
PAR  2. A low input impedance mounting structure and housing as set forth in
      claim 1 wherein said large diameter highly conductive central electrode is
      0.125 inch in diameter and the inside diameter of said conductive housing
      is 0.25 inch and said short electrical lead is 0.004 inch diameter.
NUM  3.
PAR  3. A low input impedance mounting structure and housing as set forth in
      claim 2 wherein said large diameter highly conductive central electrode,
      said conductive housing, and said short electrical lead are made of
      copper.
NUM  4.
PAR  4. A low input impedance mounting structure and housing as set forth in
      claim 3 wherein said power source produces pulses to said high power laser
      diode at 5 kilo-Hertz frequency and 70 to 150 nanoseconds pulse widths.
NUM  5.
PAR  5. A low input impedance mounting structure and housing as set forth in
      claim 4 wherein said insulator layer is glass frit.
PATN
WKU  039464172
SRC  5
APN  4964810
APT  1
ART  254
APD  19740812
TTL  Minimizing cross-talk in L.E.D. arrays
ISD  19760323
NCL  11
ECL  1
EXP  Edlow; Martin H.
NDR  1
NFG  4
INVT
NAM  Jacobus, Jr.; William N.
CTY  Essex Junction
STA  VT
INVT
NAM  Ku; San-Mei
CTY  Poughkeepsie
STA  NY
ASSG
NAM  IBM Corporation
CTY  Armonk
STA  NY
COD  02
RLAP
COD  74
APN  265122
APD  19720622
PSC  01
PNO  3846193
CLAS
OCL  357 17
XCL  357 18
XCL  357 54
XCL  357 52
EDF  2
ICL  H01L 3300
ICL  H01L 2934
ICL  H01S 3319
FSC  357
FSS  17;18;31;48;52;19;5.4
UREF
PNO  3293513
ISD  19661200
NAM  Biard
OCL  317237
UREF
PNO  3617929
ISD  19711100
NAM  Strock
OCL  331 94.5
UREF
PNO  3703669
ISD  19721100
NAM  London
OCL  317235R
UREF
PNO  3817798
ISD  19740600
NAM  Jacobus
OCL  148187
OREF
PAL  Herzog et al., J. Appl. Phys., Vol. 43, No. 2, Feb. 1972, pp. 600-608.
LREP
FR2  Gelanthay; T. E.
ABST
PAL  Disclosed is a semiconductor light emitting diode (LED) array in which
      "cross-talk" between adjacent diodes in the array is minimized. The
      disclosed LED arrays have an absorbing layer on the backside of the
      devices and/or a guard ring region surrounding each device in order to
      absorb spurious reflections within the semiconductor crystal. Disclosed
      also is a method of making improved light emitting diodes (LED's).
PARN
PAR  This is a division, of application Ser. No. 265,122 filed June 22, 1972,
      now U.S. Pat. No. 3,846,193.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATIONS OR PATENTS
PAR  Application, now U.S. Pat. No. 3,817,798, issued June 18, 1974 Ser. No.
      200,438, filed Nov. 19, 1971, by the same inventors and assignee as the
      present application.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to light emitting diode (LED) arrays and more
      particularly to the minimization of cross-talk between adjacent diodes in
      a LED array.
PAR  2. Description of the Prior Art
PAR  Where a plurality of light emitting PN junctions are formed on a monolithic
      array chip, part of the light generated by each PN junction is normally
      transmitted through the bulk of the chip and reflected from the backside
      thereof. The reflected light passes back through the bulk and leaves the
      top side of the chip at another part of the array. This undesirable
      reflected signal has been referred to as cross-talk. Such cross-talk
      limits the closeness of the spacing between adjacent LEDs.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly a primary object of this invention to minimize the
      cross-talk between light emitting diodes.
PAR  It is another object of this invention to closely space light emitting
      devices.
PAR  It is a further object of this invention to fabricate improved LED arrays
      without additional process steps.
PAR  The closely spaced diode arrays of this invention are generally formed in
      accordance with the teachings of our copending patent application Ser. No.
      200,438, filed on Nov. 19, 1971. In that application, a light emitting
      diode array was formed in an N type doped gallium arsenide substrate. Zinc
      was diffused through a thin silicon dioxide (SiO2) layer to form a P type
      region within said N type substrate. The masking of the zinc diffusant was
      performed by a selectively etched layer of silicon nitride (Si.sub.3
      N.sub.4).
PAR  In the present invention, during the P type diffusion step, the zinc is
      also diffused into the back of the gallium arsenide wafer. The diffusion
      into the backside of the wafer is more concentrated since it does not have
      to pass through a thin layer of silicon dioxide. It was found that the PN
      junction formed by this diffused P layer absorbs light that was previously
      reflected from the backside of the wafer, thereby minimizing cross-talk.
PAR  In accordance with another aspect of this invention, it was further found
      that a guard ring could be diffused into the top surface of the wafer also
      during the same step as the previously described diffusions. In order to
      diffuse a guard ring deeper than the light emitting junction, the
      diffusion step is preceded by a selective etching of the silicon dioxide
      (SiO2) layer. This permits the guard ring to be diffused as deep as the
      diffusion into the back surface of the wafer.
PAR  The foregoing and other objects, features and advantages of this invention
      will be apparent from the following more particular description of the
      preferred embodiments of the invention, as illustrated in the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary section of a closely spaced light emitting diode
      array without the cross-talk eliminating feature.
PAR  FIG. 2 is a fragmentary section of a light emitting diode array having a
      light absorbing region on the back surface.
PAR  FIG. 3 is a fragmentary view of a light emitting diode array showing a
      guard ring-like absorbing region as well as a light absorbing region on
      the back (bottom) surface of the wafer.
PAR  FIG. 4 is a partially cut-away top view of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is disclosed a fragmentary section of a light
      emitting diode array fabricated in accordance with our prior patent
      application Ser. No. 200,438. The drawings and specification of this
      aforementioned patent application are hereby incorporated herein by
      reference. A substrate 10 of gallium arsenide doped with an N type
      impurity from a group of elements consisting of tin, tellurium, selenium,
      etc., for example, is coated with a thin oxide layer 12 of silicon dioxide
      (SiO2). The layer 12 should consist of material relatively transparent to
      the subsequent diffusion of a desired impurity. Layer 14 consisting of
      silicon nitride (Si.sub.3 N.sub.4), for example, being impervious to a
      subsequent diffusion of impurities is deposited over the layer 12. Layer
      14 is then selectively etched, preferably by hot phosphoric acid which
      will open windows 16 in those areas where light emitting devices are
      desired. The preferably perferably will etch away the silicon nitride
      layer 14 without significantly attacking the layer 12. Diffusion of the P
      type impurity such as zinc for example provides a light emitting PN
      junction 18.
PAR  FIG. 1 further shows how the light rays generated at the PN junction 18 are
      reflected from the backside of the substrate 10 and pass through the front
      side at points other than through windows 16. This phenomenon has
      previously been referred to as cross-talk and is undesirable.
PAR  Refer now to FIG. 2 where the cross-talk has been minimized in accordance
      with one aspect of the invention. Corresponding portions of the
      fragmentary view of the light emitting diode array have been
      correspondingly numbered. It is noted that a P type impurity layer 20 has
      been diffused into the backside of substrate 10. Since the backside of
      substrate 10 does not have a layer 12 deposited thereon, the P type
      diffusion 20 is 3 to 4 times deeper than the junction 18, assuming that
      all diffusions are performed simultaneously in a single step. Thus,
      assuming a substrate thickness of approximately 10 mils, the junction
      depth 18 can be approximately 5 to 10 microns while the backside diffusion
      depth is in the range of from 1 to 1.5 mils. Note that 25 microns equals 1
      mil. The backside surface concentration C.sub.o will then be approximately
      equal to 4-5 .times. 10.sup.20 /cm.sup.3. A diffusion source preferred to
      pure zinc is a zinc doped gallium arsenide source as described in IBM
      Technical Disclosure Bulletin Vol. 14, No. 8, Jan. 1972, pages 2529-30.
PAR  Refer now to FIG. 3 for a still further aspect of our invention. This
      figure has been numbered in the same manner as preceding figures insofar
      as practical. In addition to the drawing of FIG. 2, FIG. 3 further shows
      diffused guard rings 22. These guard rings tend to minimize spurious
      reflections and can be used alone or in combination with the backside
      diffusion 20. An additional advantage of guard ring 22 is that it further
      isolates individual light emitting diodes in the array. The formation of
      the guard ring 22 requires the additional method step of etching away
      oxide layer 12 to provide openings 24. All diffusions take place
      simultaneously so that the concentration and depth of the diffusion of
      guard rings 22 is the same as that for backside diffused region 20.
PAR  Refer now to FIG. 4 which is a top view of FIG. 3. Corresponding elements
      have again been correspondingly numbered. The top view clearly shows the
      heavily doped P type guard ring region surrounding each light emitting
      device. Note that in FIG. 4, the guard ring is shown surrounding each
      device. Of course, the guard ring could be applied in a grid like pattern
      resulting in more closely spaced devices with only a single region of
      heavily doped P type material between devices.
PAR  In the foregoing description of the preferred embodiment, gallium arsenide
      (GaAs) having either [100] or [110] orientation was described. Those
      skilled in the art will readily recognize that our invention is equally
      applicable to all types of Group III-V semiconductors and mixed compounds
      from the Group III-V semiconductors. Also, instead of a substrate that is
      medium doped with N type impurity with a P type active region, the
      opposite conductivity types would be a mere substitution to those skilled
      in the art. If a different orientation crystal such as [111] is to be
      used, then it must be recognized that one planar face of the crystal would
      always be composed of arsenic atoms while the other surface is composed of
      gallium atoms. In this case, it is desirable to diffuse into the planar
      surface having arsenic atoms at the surface because of a faster diffusion
      of devices into arsenic than gallium.
PAR  Devices fabricated in accordance with our invention can be rectangular
      measuring 4 mils by 5 mils and producing approximately 250 microwatts.
      Each of the disclosed techniques (i.e. backside diffusion and guard ring)
      reduce the top surface emission due to backside reflection (cross-talk) by
      a factor of 10.sup.-.sup.9.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and detail
      may be made therein without departing from the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An array of closely spaced light emitting devices comprising:
PA1  a semiconductor substrate including materials from the Group III-V elements
      and doped with an impurity of a first conductivity type;
PA1  a thin layer of silicon oxide material in adherent contact with a first
      major surface of said substrate;
PA1  a layer of silicon nitride material in adherent contact with selected
      portions of said silicon oxide;
PA1  an impurity of a second conductivity type being introduced into said
      substrate through said silicon oxide layer as masked by the said layer of
      silicon nitride material forming a P-N junction;  and
PA1  a light absorbing layer formed by said impurity of said second conductivity
      type being also introduced into a second major surface, contiguous with
      the entire second major surface of said substrate.
NUM  2.
PAR  2. An array of closely spaced light emitting devices as in claim 1 further
      comprising:
PA1  light absorbing guard ring regions integral with said first major surface
      of said substrate substantially surrounding each P-N junction, said guard
      ring regions having introduced therein an impurity of said second
      conductivity type.
NUM  3.
PAR  3. An array of closely spaced light emitting devices as in claim 2 wherein
      said guard ring is substantially the same depth and concentration as said
      impurity integral with said second major surface.
NUM  4.
PAR  4. An array of closely spaced light emitting devices as in claim 3 wherein
      each said stated depths are at least three times as deep as the said
      impurity introduced through said silicon oxide layer.
NUM  5.
PAR  5. An array of closely spaced light emitting devices comprising:
PA1  a semiconductor substrate consisting of a mixed compound from the Group
      III-V elements and doped with impurities of a first conductivity type;
PA1  a thin layer of silicon oxide material in adherent contact with a first
      major surface of said substrate;
PA1  a layer of silicon nitride material in adherent contact with selected
      portions of said silicon oxide;
PA1  an impurity of a second conductivity type being introduced into said
      substrate through said silicon oxide layer as masked by the said layer of
      silicon nitride material forming a pluraity of P-N junctions; and
PA1  a light absorbing layer formed by said impurity of said second conductivity
      type being also introduced into a second major surface of said substrate.
NUM  6.
PAR  6. An array of closely spaced light emitting devices as in claim 5 further
      comprising:
PA1  light absorbing guard ring regions in said first major surface of said
      substrate substantially surrounding each P-N junction, said guard ring
      regions having introduced therein an impurity of said second conductivity
      type.
NUM  7.
PAR  7. An array of closely spaced light emitting devices as in claim 6 wherein
      said guard ring in said first surface of said substrate is substantially
      the same depth and concentration as said impurity in said second major
      surface.
NUM  8.
PAR  8. An array of closely spaced light emitting devices as in claim 3 wherein
      each said stated depths are at least three times as deep as the said
      impurity introduced through said silicon oxide layer.
NUM  9.
PAR  9. An array of closely spaced light emitting devices comprising:
PA1  a semiconductor substrate having two major surfaces and including material
      from the Group III-V elements and doped with an impurity of a first
      conductivity type;
PA1  a layer of silicon oxide in adherent contact with at least a first one of
      said major surfaces;
PA1  a layer of silicon nitride, with selective openings etched therein, in
      adherent contact with said silicon oxide;
PA1  an impurity of a second conductivity type being selectively introduced
      through the silicon oxide and through said selective openings into said at
      least first major surface of said substrate, forming P-N junctions and the
      light emitting devices; and
PA1  a light absorbing layer contiguous with the entire second major surface of
      said substrate.
NUM  10.
PAR  10. An array of closely spaced light emitting diodes as in claim 9 further
      comprising:
PA1  light absorbing guard ring regions introduced into said first major surface
      of said substrate forming P-N junctions with said substrate at a depth
      greater than the P-N junctions formed for said light emitting devices and
      substantially surrounding each said light emitting device.
NUM  11.
PAR  11. An array of closely spaced light emitting devices as in claim 9 wherein
      each said introduced impurities are ion implanted impurities.
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ABST
PAL  A resistive gate field effect transistor (FET) is disclosed in which the
      gate comprises a resistive film overlying an insulating layer and in
      contact with both the source and drain electrodes. This provides an
      integrated circuit, bidirectional voltage limiter in which the limiting
      voltage can be tailored to almost any value likely to be found on an
      integrated circuit. In another form of the present invention, a conductive
      gate is added between the resistive gate and the substrate.
BSUM
PAR  This invention relates, structurally, to field effect transistors, in
      particular to field effect transistors having resistive gates, and,
      functionally, to load devices or voltage limiting devices, in particular
      to a load or voltage limiting device having bidirectional characteristics.
PAR  In the prior art, a number of voltage limiting devices, or constant voltage
      loads, are well known; for example, voltage regulator tubes and zener
      diodes. These are all discrete devices, however. In integrated circuits,
      it is a recurring problem to find a suitable, integrated voltage
      regulating element. Prior art attempts at solving this problem have
      generally involved a large number of compromises. For example, the
      emitter-base diode of a bipolar transistor has been used to obtain a zener
      diode. However, processing and semiconductor doping restrictions have
      largely prevented any variation in the limiting voltage, generally about 5
      volts. Thus, the voltage obtainable is limited by and dependent on the
      other devices on the chip.
PAR  Another problem with voltage limiters of the prior art is that they are
      generally unidirectional. For example, a zener diode exhibits voltage
      limiting effects only in the reverse biased condition. Forward biased, it
      conducts much like any other diode. A number of circuits exist, however,
      that require bidirectional voltage limiting, for example operational
      amplifiers. In the prior art, series connected, oppositely poled zener
      diodes have been used to provide a bidirectional voltage limiting
      capability. However, for integrated circuits, this approach becomes
      difficult to implement. Further, as noted above, the range of limiting
      voltage is rather narrow.
PAR  In view of the foregoing, it is therefore an object of the present
      invention to provide an integrated circuit, constant voltage load.
PAR  It is a further object of the present invention to provide a voltage
      limiter that is formed on the same chip as other elements, but whose
      limiting voltage is independent of other elements.
PAR  Another object of the present invention is to provide a constant voltage
      load having bidirectional voltage limiting characteristics.
PAR  A further object of the present invention is to provide a constant voltage
      load having a bidirectional, asymmetrical voltage limiting characteristic.
PAR  The foregoing objects are achieved in the present invention wherein a field
      effect transistor comprises source and drain electrodes, and a resistive
      layer as a gate electrode in contact with both the source and the drain.
      The channel resistance of the transistor is thus in parallel with the
      resistance of the film. When a voltage is applied, the resistance of the
      film predominantly controls current flow until the applied voltage exceeds
      the turn on voltage of the transistor, whereupon the channel resistance
      abruptly decreases and predominately controls current flow. At this point,
      the current vs. voltage characteristic curve of the transistor becomes
      highly non-linear and the transistor acts to limit the voltage drop across
      itself.
PAR  In an alternative embodiment, a conductive gate is combined with the
      resistance gate, which acts as a potentiometer. The approximately uniform
      field applied by the conductive gate provides a softer turn-on
      characteristic.
PAR  As used herein, the term "constant voltage load" is intended to mean those
      devices exhibiting a substantially constant voltage drop that is
      independent of current over a portion of the operating range of the
      device, whether the device is used as a voltage limiter, a constant
      voltage load, or as a coupling element exhibiting a fixed voltage drop.
DRWD
PAR  A more complete understanding of the present invention can be obtained by
      considering the following detailed description in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 illustrates a preferred embodiment of the present invention.
PAR  FIG. 2 illustrates a modification of the preferred embodiment of the
      present invention.
PAR  FIG. 3 illustrates the operating characteristic of the present invention.
DETD
PAR  FIG. 1 illustrates a preferred embodiment of the present invention in which
      a resistive gate field effect transistor 10 comprises semiconductor
      substrate 11 having source and drain regions 12 and 13, respectively,
      formed therein. Overlying the region between source 12 and drain 13 is an
      insulating layer 14 which may conveniently comprise an oxide of the
      substrate. Overlying insulating layer 14 and in contact with both source
      12 and drain 13 is a resistive film 15.
PAR  Resistive gate field effect transistor 10 can be fabricated by any suitable
      means known in the art. For example, source and drain regions 12 and 13
      can be formed by diffusion through a mask or by ion implantation.
      Insulating layer 14 and resistive film 15 may be sputter deposited.
      Substrate 11 and source and drain regions may conveniently comprise n- and
      p-type silicon, respectively. As illustrated in FIG. 1, resistive gate
      field effect transistor 10 comprises a p-channel field effect transistor.
PAR  Resistive film 15 should have a high resistance compared to the channel
      resistance of the field effect transistor. The channel resistance of a
      turned on field effect transistor is typically on the order of 10.sup.5
      ohms per square. Thus, the resistive film should have a greater
      resistance, for example 10.sup.6 ohms per square to approximately 10.sup.9
      ohms per square. It should be understood that these values are relative
      and that a field effect transistor having a very low channel resistance
      can be used with a resistive film having a proportionally lower
      resistance. Suitable resistance films include, for example,
      polycrystalline silicon, and sputtered conductive glasses such as those
      containing V.sub.2 O.sub.5.
PAR  The operation of resistive gate field effect transistor 10 is illustrated
      in FIG. 3, which is a plot of the current vs. voltage characteristic for
      field effect transistor 10. As illustrated in FIG. 3, the dashed line
      represents the linear resistance presented by a resistive film if no other
      element were coupled in parallel therewith. However, in parallel with the
      resistive film is the source-drain resistance of the field effect
      transistor. When the channel of the field effect transistor is turned on
      across the source-drain spacing, to within one depletion width of the
      source region, the source-drain resistance drops sharply. Thus, the
      current through the channel increases very rapidly and non-linearly. The
      net result is that field effect transistor 10 attempts to maintain the
      applied voltage at approximately this turn on voltage.
PAR  Specifically, at low drain voltage levels the resistance of the gate film
      is predominant. As a source-drain voltage is applied the surface nearest
      to the drain will become enhanced. Although the local gate threshold has
      been exceeded, channel conductance does not occur because the source end
      of the channel is still pinched off. As the drain voltage and gate induced
      field increase, the edge of the region of enhancement moves in the
      source-drain spacing until it approaches the source. As it does the
      source-channel voltage gradient increases and channel conduction starts
      first by space charge limited conductance and finally by channel
      modulation. Since part of the resistor is not only over the channel but
      also over the contact this latter effect allows the threshold field to
      extend over the full channel width. When conduction first appears, it
      increases much more rapidly than the square of the voltage. The device
      thus has the characteristics of a voltage limiter.
PAR  Since the onset of channel current conduction is controlled by space charge
      limited conductance from the source to the channel, the turn on voltage
      for the device can be varied by varying the source-drain distance of the
      device. For example, a longer source-drain distance will increase the
      drain voltage necessary before the channel is formed close enough to the
      source for appreciable source channel current to flow. The space charge
      limited conductance region can also be altered by biasing the substrate.
      This is also known as back gate biasing.
PAR  It should be noted with respect to field effect transistor 10 that the
      device is completely symmetrical, that is the designation of region 12 as
      a source and region 13 as a drain is purely arbitrary. As illustrated in
      FIG. 3, the voltage limiting action takes place in both conduction
      directions through field effect transistor 10.
PAR  As a specific example of a field effect transistor in accordance with the
      present invention, a substrate comprising n-type 5 ohm-cm resistivity (1,
      0, 0) oriented silicon having p-type resistivity source and drain regions
      diffused therein to a depth of 1.5 .mu.M with a metallurgical junction
      spacing of 32 .mu.M and an insulating layer of silicon dioxide 1,000
      angstroms thick and 35 .mu.M long covered by a resistive film contacting
      both the source and the drain and having a resistivity of 1,000 ohm-cm and
      a thickness of 5,000 angstroms produces an approximate turn-on voltage of
      15 volts when the source to substrate bias is 5 volts. It should be
      understood that the values given above are exemplary only and in no way
      limiting.
PAR  Further, modifications may be made in the embodiment of FIG. 1 without
      compromising its constant voltage capability. For example, resistive film
      15 need not exhibit uniform resistivity along its length from source 12 to
      drain 13. By suitable doping, for which the process itself is known in the
      art, the central portion of resistive film 15 can be made more conductive.
      The effect on the operating characteristics of the device is to move the
      enhanced region closer to the source for a given applied voltage. When
      sufficiently near the source, the channel can punch through the last
      portion of substrate separating it from source 12 due to high local field
      effects. Thus the transistor can turn on at a lower applied voltage. It
      should be noted that this enables one to tailor the turn-on voltage of the
      device to the needs of the circuit to which it is attached. Further, if
      the doping is not centrally located, the bidirectional characteristic of
      the device can be made asymmetrical.
PAR  FIG. 2 illustrates a modification of the preferred embodiment of the
      present invention in which the resistive film is combined with a
      conductive gate wherein the conductive gate is attached to the resistive
      film at a predetermined point to apply a uniform fraction of the applied
      voltage to the channel region of the field effect transistor.
PAR  Specifically, field effect transistor 20 comprises a substrate 11 having
      source and drain regions 12 and 13 formed therein. Overlying the region
      between source 12 and drain 13 is insulating layer 14. Overlying
      insulating layer 14 and approximately coextensive therewith is conductive
      gate layer 21. Overlying conductive gate layer 21 and insulating it from
      all but a selected portion of the resistive film is insulating layer 22.
      Overlying insulating layer 22 is resistive film 23 in contact with both
      source 12 and drain 13. Insulating layer 22 has an aperture formed therein
      through which resistive film 23 makes contact with conductive gate layer
      21 at a selected contact region 24.
PAR  The overall operation of field effect transistor 20 is similar to that of
      field effect transistor 10 except that in the characteristic curve
      illustrated in FIG. 3, what is known as the knee of the current vs.
      voltage characteristic curve is softer, that is, less curved, than for
      field effect transistor 10. This is due to the face that conductive gate
      layer 21 provides a uniform applied field across the channel region of
      field effect transistor 20.
PAR  Contact region 24 may be formed at any point along the overlap between
      resistive film 23 and conductive gate layer 21. By varying the point of
      contact one can selectively adjust the threshold voltage of the device
      since resistive film 23 and contact region 24 act as a potentiometer for
      supplying a selected fraction of the applied voltage to the conductive
      gate layer.
PAR  If contact region 24 is centrally located between source 12 and drain 13,
      then field effect transistor 20 retains the symmetrical properties
      described in connection with field effect transistor 10. If, however,
      contact area 24 is not centrally or symmetrically located, then, depending
      upon the direction of conduction through field effect transistor 20, a
      greater or lesser fraction of the applied voltage is coupled to conductive
      gate layer 21.
PAR  Field effect transistor 20 may be fabricated by any suitable means known in
      the art. Conductive gate layer 21 may comprise any suitable conductor,
      such as, but not limited to, silicon, aluminum, or molybdenum. If silicon
      is used for the conductive layer, then transistor 20 is readily fabricated
      in a series of deposition, oxidation, and diffusion processing steps.
PAR  There is thus provided by the present invention an integrated circuit
      protective element that limits voltage excursions in both directions of
      conduction therethrough. The field effect transistor in accordance with
      the present invention is readily fabricated on the same substrate as the
      protected element without entailing unusual or additional processing steps
      and without the turn-on voltage thereof being dependent upon other
      elements on the same substrate due to processing limitations.
PAR  Having thus described the present invention, it will be apparent to those
      of skill in the art that various modifications can be made in accordance
      with the spirit and scope of the present invention. For example, while a
      preferred embodiment has been illustrated as comprising a p-channel field
      effect transistor, obviously n-channel field effect transistors can also
      be used in implementing the present invention. The characteristics of the
      device may be modified in other ways, such as using tapered or stepped
      gate oxide thicknesses. Also the resistive gate may be of a meandering
      type with only one portion of its length over the active source-drain
      channel. The behavior of this device then approximates that of either the
      embodiment of FIG. 2 or the non-uniform resistivity gate modification
      discussed above.
PAR  Further, while the doping of the resistive layer has been described in
      connection with FIG. 1, this modification can also be made of the
      embodiment of FIG. 2 in either tailoring the threshold voltage to the
      needs of other circuitry or in providing asymmetrical bidirectional
      characteristics.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. A constant voltage load comprising:
PA1  a semiconductor substrate of a first conductivity type;
PA1  first and second regions of an opposite conductivity type formed in said
      substrate;
PA1  insulating means overlying the area on said substrate between said first
      and second regions;
PA1  resistive gate means overlying said insulating means and in electrical
      contact with said first and second regions.
NUM  2.
PAR  2. A constant voltage load as set forth in claim 1 wherein said resistive
      gate means comprises a layer of material selected from the group
      consisting of polycrystalline silicon and glasses consisting substantially
      of vanadium pentoxide.
NUM  3.
PAR  3. A constant voltage load as set forth in claim 2 wherein said resistive
      layer comprises polycrystalline silicon.
NUM  4.
PAR  4. A constant voltage load as set forth in claim 3 wherein said
      polycrystalline silicon has a doped, higher conductivity central portion.
NUM  5.
PAR  5. A constant voltage load as set forth in claim 1 wherein said resistive
      gate means comprises:
PA1  a conductive layer overlying a portion of said insulating means;
PA1  a first resistive layer segment electrically connecting one end of said
      conductive layer to said first region; and
PA1  a second resistive layer segment electrically connecting another end of
      said conductive layer to said second region.
NUM  6.
PAR  6. A constant voltage load as set forth in claim 5 wherein said resistive
      gate means comprises a continuous layer of resistive material having a
      doped portion forming said conductive layer.
NUM  7.
PAR  7. A constant voltage load as set forth in claim 6 wherein said resistive
      material comprises polycrystalline silicon.
NUM  8.
PAR  8. A constant voltage load as set forth in claim 1 and further comprising:
PA1  a conductive layer overlying said insulating means; and
PA1  an insulating layer overlying and surrounding said conductive layer, said
      insulating layer having an aperture exposing a portion of said conductive
      layer; and wherein
PA1  said resistive means electrically contacts said conductive layer through
      said aperture.
NUM  9.
PAR  9. A constant voltage load as set forth in claim 8 wherein said aperture is
      approximately centrally located with respect to said region.
NUM  10.
PAR  10. A constant voltage load as set forth in claim 9 wherein said resistive
      means has an approximately uniform resistivity from one of said regions to
      the other of said regions.
NUM  11.
PAR  11. A constant voltage means as set forth in claim 9 wherein said resistive
      means has a non-uniform resistivity from one of said regions to the other
      of said regions.
NUM  12.
PAR  12. A constant voltage load as set forth in claim 8 wherein said aperture
      is asymmetrically located with respect to said first and second regions.
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ABST
PAL  A field effect transistor with spaced source and drain regions of a first
      type conductivity in a monocrystalline semiconductor body having a
      background impurity of a second opposite type conductivity, the
      improvement being a buried layer of a second type conductivity impurity
      having an average concentration higher than the impurity concentration of
      the background impurity that is located just beneath the insulating layer
      in the field regions of the device and at a greater depth in the gate
      region, the depth in the gate region being approximately equal to the
      thickness of the field insulating layer less the thickness of the gate
      insulating layer.
PARN
PAR  This is a division of Ser. No. 374,152 filed June 27, 1973 now U.S. Pat.
      No. 3,860,454 issued Jan 14, 1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to improved field effect transistor structures and,
      more particularly, to a structure and method for minimizing parasitic
      inversion.
PAR  2. Description of the Prior Art
PAR  The metal oxide semiconductor field effect transistor is a well-known type
      of device operating by flow of majority charge carriers. The field effect
      transistor has spaced source and drain regions of low resistivity doped
      with a first type impurity for semiconductors in a single crystal
      semiconductor material having a high resistivity due to a low
      concentration of an opposite second type background impurity for
      semiconductors. A conduction channel is thereby provided between the
      source and drain regions. The field effect transistor includes a control
      or gate structure for controlling the flow of majority charge carriers
      through the channel consisting of a thin film of insulation adjacent the
      channel and a metal or other conductive gate electrode over the insulating
      film. Appropriate circuit connections are made to the source, drain and
      gate electrodes.
PAR  The relative simplicity of fabrication and its circuit characteristics make
      field effect transistors very attractive for use in integrated circuit
      devices of the monolithic semiconductor type, particularly for computer
      applications.
PAR  During operation of integrated circuit devices utilizing FET's, voltages
      and currents are conducted by means of interconnections provided between
      the devices. The interconnection system consisting of one or more
      metallurgy stripes is separated from the semiconductor body by a
      relatively thick layer of field insulation. The voltages in the
      interconnection system cause electrical fields and charges to build up in,
      on, and about the surface of the substrate and the overlying protective
      field insulation layer, which in turn give rise to unwanted parasitic
      conduction paths along and near the device surface. Parasitic inversion of
      the field regions of field effect transistors in integrated circuit
      devices is a common and serious problem, particularly in N channel type
      devices, which leads to current leakage. When parasitic conduction paths
      are allowed to extend from one active device to another, unwanted shorts
      and even catastrophic failures result. To control parasitic inversion,
      various methods are known in the prior art to control and prevent the
      spread of unwanted inversion. One technique is to provide special regions
      of increased conductivity at selected locations within the substrate in
      order to interrupt the inversion paths. These regions, usually formed by
      diffusion, are known as channel stops and are of the same conductivity as
      the substrate but with a higher surface concentration. Although
      satisfactory for some applications, the channel stop regions take up a
      relatively large portion of the available surface area thereby imposing
      serious restraints on the degree of miniaturization that can be achieved.
      For high density integrated circuits or complex arrays in which many field
      effect transistors are fabricated together in a small area on the
      substrate, the channel stop solution is unsatisfactory. Since parasitic
      inversion of the substrate surface is in general inversely proportional to
      insulating layer thickness, unwanted parasitic inversion can also be
      reduced by increasing the thickness of the insulating layer. However, it
      is frequently impractical to increase the protective layer thickness to
      the extent necessary to control parasitic inversion due to fabricating
      difficulties, for example, the difficulty of subtractively etching a
      relatively thick layer to very small geometries. Also, thick protective
      layers may develop contamination problems causing the electrical
      characteristics of the device to drift over a period of time. Another
      technique that has been suggested for controlling inversion is to imbed
      conductive layers in the field dielectric beneath the interconnection
      layers that are connected to the body of the device. This technique also
      has its limitations since it requires additional fabricating process steps
      demanding additional masking, etching and aligning steps which, in
      general, decrease the overall yield of the device.
PAR  Another technique which has been suggested is to increase the impurity
      concentration in the field regions by a diffusion or ion bombardment. The
      techniques known to the prior art for increasing the impurity
      concentration require additional masking and etching steps, as well as
      heating steps which cause device yield loss due to the probability of
      inherent misalignments and movement of the diffusions within the device.
PAR  A means for controlling unwanted inversion along the substrate surface of
      an FET device is therefore needed that does not reduce available surface
      area, does not interfere with subsequent processing steps, does not
      increase the oxide thickness above a practical limit, and does not
      increase the turn-on voltage.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to minimize parasitic inversion in the field
      regions of a field effect transistor.
PAR  Another object of this invention is to provide a method for increasing the
      surface concentration of a field effect transistor without requiring
      additional masking and alignment steps.
PAR  Yet another object of this invention is to provide a method for increasing
      the punch-through voltage of the source and drain regions.
PAR  Yet another object of this invention is to provide an FET structure in
      which parasitic inversion is minimized.
PAR  These and other objects of the invention are accomplished by a process for
      forming field effect transistors which includes the step of forming on the
      surface of a doped monocrystalline semiconductor body a layer of
      insulating material, forming an opening in the layer exposing at least the
      gate region of the ultimate field effect transistor, bombarding the
      surface of the body with impurity ions of the same type as the dopant in
      the body at an energy sufficient to penetrate field insulation layer to
      thereby produce an increased concentration of impurity in the
      semiconductor body just beneath the interface of the field insulation
      layer and the upper surface of the body, and produce a buried layer of
      impurity in the gate region that does not interfere with the operation of
      the device and also increases the punch-through voltage of the source and
      drain region.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings wherein
PAR  FIGS. 1, 2 and 4 are a sequence of elevational views in broken section that
      illustrate the structure of the device in various stages of fabrication
      and wherein;
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 3 and FIG. 4 is a view taken on
      line 4--4 of FIG. 3.
PAR  FIG. 3 is a top plan view of the field effect transistor.
PAR  FIG. 5 is a graph of impurity concentration versus depth which depicts the
      impurity profile in the field regions of the device.
PAR  FIG. 6 is a graph depicting the impurity profile in the gate region of the
      FET device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the figures of the drawing, in particular FIG. 1, there is
      illustrated low resistivity source and drain regions 10 and 12 formed by
      introducing an N-type impurity for semiconductors into a monocrystalline
      semiconductor body 14, having a low resistivity due to a low concentration
      of a P-type impurity for semiconductors. Regions 10 and 12 can be formed
      by any suitable technique, as for example, diffusion or ion implantation.
      In the preferred embodiment illustrated, a layer 16 of Si.sub.3 N.sub.4 is
      deposited over the gate region and a relatively thick layer 18 of thermal
      SiO.sub.2 grown. No oxide is formed in the gate region since the
      underlying silicon is prevented from being oxidized by layer 16 of
      Si.sub.3 N.sub.4. Layer 18 constitutes the field insulating layer and in
      general overlies all of the regions of the body not occupied by active
      field effect transistors. Layer 18 is any suitable thickness, typically
      from 1,000 to 20,000 Angstroms, more preferably from 5,000 to 10,000
      Angstroms. It should be understood that the field insulation layer 18 can
      be produced by other techniques, as for example, pyrolytic deposition, RF
      sputter deposition, anodization, and the like. Still further, field
      insulating layer 18 can be of any suitable type of material or combination
      of materials, as for example, Al.sub.2 O.sub.3, Si.sub.3 N.sub.4, or
      composite layers of Si.sub.3 N.sub.4 and SiO.sub.2, and the like. Gate
      dielectric layer 16 can also be of materials other than Si.sub.3 N.sub.4,
      as for example, SiO.sub.2, Al.sub.2 O.sub.3, or combinations of known
      insulating layers. Thickness of layer 16 is significantly less than the
      thickness of field insulating layer 18 and is commonly in the range of 100
      to 1,000 Angstroms. Still further, the invention is applicable to either N
      channel or P channel field effect transistor devices. Thus, the source and
      drain regions could be formed with a high concentration of P-type
      impurities for semiconductors and the body provided with a background
      doping of N-type impurity.
PAR  As shown in FIG. 2, the body is subsequently subjected to a blanket ion
      bombardment by an impurity of the same type as the background impurity of
      body 14 of the semiconductor. In the preferred embodiment, boron ions are
      used to bombard the semiconductor at a suitable energy sufficient to
      produce a region 20 which in the field region just underlies the field
      insulating layer. The region 20 is typically on the order of 2,000
      Angstroms in thickness and preferably has an impurity concentration,
      including the background doping of body 14, on the order of 10.sup.17
      atoms/cc, more generally, 10.sup.16 to 5 .times. 10.sup.17 atoms/cc. This
      represents a very significant increase in impurity concentration over the
      background impurity concentration of the body which is conventionally in
      the range of 2 .times. 10.sup.12 to 7 .times. 10.sup.15 atoms/cc, more
      generally, 10.sup.14 to 10.sup.15 atoms/cc. As illustrated in FIG. 2,
      region 20 underneath the gate lies at a significant depth below the
      surface. In general, the depth of the region 20 under the gate is
      approximately the thickness of the field insulating layer less the
      thickness of the gate insulating layer 16. The energy imparted to the ions
      in the bombardment step will depend on the thickness of the field
      insulating layer 18 and the nature of the oxide, i.e. the degree that the
      ions are slowed up in passing through the oxide. As is believed obvious,
      if the process is applied to a P channel field effect transistor, the ions
      used in the bombardment step are of the same type as the background
      impurity of the semiconductor body. Thus, in fabricating a P channel field
      effect transistor, the ions would be of an N-type impurity, typically
      phosphorous. FIG. 3 illustrates in a top view the relative positions of
      the gate area, and the source and drain regions of a preferred embodiment
      of the invention.
PAR  Referring now to FIG. 5, there is depicted by curve 22, the impurity
      profile produced by the bombardment in the field region of the device.
      Note, that the peak concentration occurs approximately 1,000 Angstroms
      beneath the oxide-semiconductor body interface.
PAR  Referring now to FIG. 6, curve 24 depicts the impurity profile produced by
      the ion bombardment step in the region underlying the gate. Note that the
      peak impurity concentration lies approximately 7,000 Angstroms beneath the
      surface of the oxide, or in the same relative position as the impurity
      peak in the field region. It has been demonstrated that region 20 at such
      depth under the gate electrode does not significantly affect the device
      operation and also has the additional advantage of increasing the
      punch-through voltage of the source and drain regions. This is a
      significant consideration when one appreciates the fact that in
      microminiaturized devices, the source and drain are being increasingly
      positioned closer together. When the source and drain regions are
      back-biased as occurs in operation, the depletion regions surrounding the
      source and drain may meet. When this condition occurs, current flows and a
      phenomenon known as punch-through occurs. The device in this condition is
      non-functional. The presence of region 20 of a higher concentration has
      the effect of reducing the width of the depletion regions thereby
      increasing the voltage at which punch-through will occur. The impurity
      concentration of region 20 is chosen to make the layer underlying the
      field region sufficiently P-type in an N channel FET to be effective
      against inversion but not so high as to produce a P channel which would
      result in low drain to substrate breakdown voltages. The view in FIG. 4 is
      provided to illustrate the location of region 20 in the gate region along
      the line that does not intersect the source and drain regions. The device
      is subsequently completed by providing source and drain and gate
      electrodes and the necessary interconnection metallurgy utilizing known
      conventional techniques to deposit terminals and passivating structure.
      Since these steps are not part of the invention, they are not illustrated
      or described in detail.
PAR  An important advantage of the process and the structure of this invention
      is that the bombardment step required to form region 20 does not require
      an additional masking step. Rather, the bombardment is done at a critical
      time in the fabrication process, namely after the oxide has been formed
      and the gate opening made. The bombardment could conceivably be made with
      or without the gate insulation layer in place. Since no masking step is
      required, the necessity for a critical mask alignment operation is
      eliminated. This factor should increase the yield since the probability of
      forming defects due to mask alignment and mask defects per se is
      decreased. Further, since the device is handled less than in conventional
      processes, the danger from contamination is also decreased. In general,
      the ion bombardment step must be done after the source and drain
      diffusions are made. If the source and drain diffusions were made
      subsequent to bombardment by diffusion requiring a high temperature
      processing step, the gate region 20 is likely to move about and the
      probability of producing bad devices is enhanced. However, alternate
      processes wherein the source and drain are formed by ion implantation
      could be devised and the blanket ion bombardment thereby precedes the
      formation of the source and drain regions.
PAR  The following examples are included to illustrate specific techniques for
      fabricating the device of the invention and are not intended to unduly
      limit the practice thereof.
PAC  EXAMPLE I
PAR  A silicon wafer having a resistivity of 2 ohm cm. with a background boron
      doping of a concentration of 7 .times. 10.sup.15 atoms/cc, with a
      crystalline orientation, as defined by the Miller indices, of a &lt;100&gt; was
      selected. The surface of the wafer was thermally oxidized forming a layer
      of SiO.sub.2 having a thickness on the order of 5,000 Angstroms. Using
      conventional photolithographic techniques, a plurality of openings were
      made in the oxide to serve as source and drain windows. Phosphorous was
      diffused into the masked wafer through the source and drain openings by
      conventional techniques, producing a surface concentration of 10.sup.21
      atoms/cc. The wafer was then reoxidized to form a layer of SiO.sub.2 in
      the source and drain regions, having a thickness of approximately 5,000
      Angstroms and adding approximately 2,000 additional Angstroms of SiO.sub.2
      on the field regions. Using conventional photolithographic and masking
      techniques, openings were formed over approximately one-half of the gate
      regions, i.e. the area between the source and drain. The wafer was then
      oxidized to form approximately 500 Angstroms of SiO.sub.2 as a thin gate
      oxide. At this point, one-half of the wafer was covered with a metal plate
      and the wafer exposed to a blanket boron ion bombardment. The dosage of
      the bombardment was 2 .times. 10.sup.12 boron atoms/cm.sup.2 at an energy
      of 300 KEV. The bombardment, energy and dosage was calculated to produce a
      layer region 2,000 Angstroms thick with a peak concentration of boron on
      the order of 6 .times. 10.sup.16 atoms/cc. The energy was selected so that
      the resultant region of boron impurity penetrated the field oxide layer.
      The half of the wafer covered by the metal plate did not receive any
      bombardment since it was masked. The wafer was then annealed at
      900.degree. C in nitrogen for 20 minutes to heal the damage resulting from
      the bombardment. Contact openings were subsequently made to the source and
      drain regions by using conventional photolithographic and masking
      techniques. A blanket layer of aluminum having a thickness of 10,000
      Angstroms was then deposited on the surface of the wafer and the layer
      sub-etched to produce electrical contacts to all the source and drain
      regions and a set of gate electrodes over the thin gate oxide between sets
      of source and drains, as well as a second set of electrodes between
      adjacent source and drain regions utilizing the thick field oxide as a
      gate oxide. The device was then heated at 400.degree. C for 20 minutes to
      sinter the aluminum. The resultant wafer therefore contained two sets of
      field effect transistors, one set having a 500 Angstrom gate oxide, and a
      second set with the gate over the field oxide. One-half of each of the
      sets of FET's had been exposed to an ion bombardment step to produce the
      region of increased conductivity near the interface of the body and field
      oxide layer. The remaining one-half of each of the sets was conventional
      FET's having no region of higher conductivity.
PAR  Selecting a plurality of test devices wherein the gate electrode was
      separated from the body of the device by the thick field layer, a 10 volt
      potential was applied between each of the source and drain regions on
      devices embodying the layer formed by bombardment, and also the devices
      not exposed to bombardment. The voltage on the respective gates was
      increased until a 1 milliamp current was induced between the source and
      drain. With the FET devices having no implanted region, it was noted that
      five volts was required to induce the desired current. In contrast with
      the devices having a buried region, an average value of 16 volts was
      required to produce the one milliamp current between the source and drain.
      The greater voltage required to form a channel through the thick oxide is
      an indication of the greater resistance to parasitic inversion produced by
      the buried layer produced by the above bombardment.
PAC  EXAMPLE II
PAR  Several devices on each side of the wafer were selected having the gate
      electrode separated from the gate region by a thin layer of insulation.
      The intent of the example was to determine whether or not the buried
      region in the gate region had any significant effect on device operation.
      On each of the devices selected, 0.1 volts were applied across the source
      and drain, and the gate voltage varied in increments between 0 and 5
      volts. The current between the source and drain, i.e. the drain current,
      was measured and plotted versus the gate voltage. The curve was then
      extrapolated back to 0 drain current to determine the threshold voltage.
      The results indicated that both sets of FET's, one containing the buried
      layer and the other set without, displayed a threshold voltage of 0.48
      .+-. 0.06 volts. There was no measurable difference between the two sets
      of devices. This is a positive indication that the operating
      characteristic of the FET is not adversely affected by the buried region
      in the gate region.
PAR  While the invention has been particularly shown and described with
      reference to the preferred embodiments thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A field effect transistor comprising spaced source and drain regions of
      a first type conductivity in a monocrystalline semiconductor body having a
      background impurity of a second opposite type conductivity,
PA1  a field insulating layer on the surface of said body,
PA1  a gate insulating layer over the region between said source and said drain
      regions,
PA1  a layer of second type conductivity impurity having an average
      concentration significantly higher than the impurity concentration of said
      background impurity located in the body adjacent the interface of said
      field insulating layer and body, and located under the gate insulating
      layer at a depth approximately equal to the thickness of the field
      insulating layer less the thickness of the gate insulating layer.
NUM  2.
PAR  2. The field effect transistor of claim 1 wherein said field insulating
      layer has a thickness in the range of 1,000 to 20,000 Angstroms.
NUM  3.
PAR  3. The field effect transistor of claim 2 wherein said gate insulating
      layer has a thickness in the range of 100 to 1,000 Angstroms.
NUM  4.
PAR  4. The field effect transistor of claim 1 wherein said body is silicon and
      said second type impurity is P-type.
NUM  5.
PAR  5. The field effect transistor of claim 1 wherein said layer of second type
      conductivity impurity has a thickness on the order of 2,000 Angstroms.
NUM  6.
PAR  6. The field effect transistor of claim 5 wherein the impurity
      concentration of said layer of second type conductivity impurity is in the
      range of 10.sup.16 to 5 .times. 10.sup.17 atoms/cc.
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ABST
PAL  The specification discloses an electrode configuration for a three phase
      charge coupled device having a channel for accommodating movement of
      charge packets. A first phase bus is formed on two levels and is disposed
      along one side of the channel and includes an array of first phase
      electrodes which span the channel on two levels. Second and third phase
      busses are disposed along the other side of the channel and include arrays
      of second and third phase electrodes formed on two levels which span the
      channel and which extend between adjacent ones of the first phase
      electrodes.
BSUM
PAR  This invention relates to charge coupled devices and more particularly
      relates to a two level electrode configuration for a three phase charge
      coupled device.
PAR  Charge coupled devices (CCD) are well known, and generally comprise a
      channel defined in a semiconductor layer, with a plurality of clock or
      phase electrodes being formed across the channel. Upon proper application
      of clock signals to the electrodes, charge packets are moved along the
      channel to provide a shift register function.
PAR  Charge coupled devices are commonly formed with two, three or four phase
      electrodes per bit. Of these configurations, the three phase CCD is often
      preferred, but problems have heretofore arisen in the electrode
      configuration for the three phase CCD. While two or four phase CCDs are
      easily formed with a two layer metallization technique due to the even
      number of electrodes per bit, three phase CCDs have often required an
      excessive number of interlevel connections in a two level metallization
      scheme. A need has thus arisen for a practical two level metallization
      technique for forming phase electrodes for a three phase CCD, without the
      requirement of excessive interlevel connections or complicated processing
      steps.
PAR  In accordance with the present invention, a three phase charge coupled
      device having a channel for movement of charge packets includes an array
      of first phase electrodes spanning the channel from one side of the
      channel. Arrays of second and third phase electrodes are formed on two
      levels and span the channel from the other side of the channels. Busses
      apply three phase clock signals to the phase electrodes.
PAR  In accordance with another aspect of the invention, an electrode
      configuration for a charge coupled device having a channel defined in a
      semiconductor body for movement therethrough of charge packets includes a
      first phase bus disposed along one side of the channel and having first
      spaced apart phase electrodes extending across the channel. A second phase
      bus is disposed along the other side of the channel and includes second
      spaced apart phase electrodes extending across the channel between the
      first phase electrodes. A third phase bus is disposed along the other side
      of the channel and is interleaved over and under ones of the second phase
      electrodes and includes third phase electrodes extending across the
      channel between ones of the first phase electrodes.
PAR  In accordance with yet a more specific aspect of the invention, a two level
      electrode configuration for a three phase charge coupled device register
      having a channel for movement of charge packets includes a first phase bus
      extending along one side of the channel on upper and lower levels. A dual
      layered series of first phase electrodes extends from the first phase bus
      across the channel, with odd numbered electrodes disposed on one level and
      even numbered electrodes disposed on the other level. A second phase bus
      extends along the other side of the channel on upper and lower levels. A
      dual layered series of second phase electrodes extends from the second
      phase bus across the channel between the first electrodes, with even
      numbered electrodes disposed on one level and odd numbered electrodes
      disposed on the other level. A third phase bus extends along the other
      side of the channel and is interleaved over and under alternate ones of
      the second phase electrodes. A dual layered series of third phase
      electrodes extends from the third phase bus across the channel between the
      first electrodes.
DRWD
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a top view of a CCD register embodying the electrode
      configuration of the present invention for a two layer three phase CCD;
PAR  FIG. 2 is a sectional view of the configuration of FIG. 1 taken generally
      along the section lines 2--2;
PAR  FIG. 3 is a sectional view of the device shown in FIG. 1 taken generally
      along the section lines 3--3;
PAR  FIG. 4 is a top view of the first metallization layer of the device shown
      in FIG. 1;
PAR  FIG. 5 is a top view of the second metallization layer of the device shown
      in FIG. 1;
PAR  FIG. 6 is a perspective view of the first phase bus and dual layer
      electrodes of the configuration shown in FIG. 1;
PAR  FIG. 7 is a perspective view of the second phase bus and dual layer
      electrodes of the configuration shown in FIG. 1; and
PAR  FIG. 8 is a sectional view taken generally along the section lines 2--2 of
      a second alternate embodiment of the device shown in FIG. 1.
DETD
PAR  Referring now to FIGS. 1-7, a CCD register embodying the present invention
      includes a semiconductor body 10 having a channel 12 defined therein by
      conventional techniques through which charge packets are to be transferred
      under the control of three phase voltage pulses applied to phase
      electrodes. Although only one channel 12 is illustrated, it will be
      understood that in many embodiments a plurality of parallel channels will
      be placed side by side, with the phase electrodes spanning all of the
      channels. As an example of the construction of the channel 12, a
      semiconductor P-type body may be normally boron doped and then diffused
      along parallel strips with P+ boron in order to change the threshold level
      and thereby define the boundaries of channel 12.
PAR  Referring to FIG. 1, a first clock phase bus 14 is parallel to one side of
      the channel 12 and is comprised of a lower level bus 16 and an upper level
      bus 18. Phase electrodes 20 extend from bus 16 on the lower level, while
      phase electrodes 22 extend from the bus 18 on the upper level. Busses 16
      and 18 may be separated by a layer of insulation and interconnected at the
      ends thereof, or alternatively busses 16 and 18 may electrically contact
      with one another along the length thereof. Thus, busses 16 and 18
      electrically comprise a single phase bus and phase electrodes 20 and 22
      comprise a first array of phase electrodes which extend over the channel
      12.
PAR  A second phase bus 24 is disposed parallel to the other side of the channel
      opposite bus 14 and includes a lower level bus 26 and an upper level bus
      28. Busses 26 and 28 are electrically connected. A set of phase electrodes
      30 extend from the lower level bus 26 across the channel 12. A set of
      phase electrodes 32 extend from the upper level bus 28 across the channel
      12. Inasmuch as busses 26 and 28 are electrically connected, phase
      electrodes 30 and 32 comprise a second array of spaced apart phase
      electrodes which extend across the channel 12. Phase electrodes 30 and 32
      are provided with a cul-de-sac configuration due to the narrow neck
      portions 31.
PAR  A third clock phase bus 34 extends parallel to bus 24 and is interleaved
      under and over phase electrodes 30 and 32. For example, referring to FIG.
      1, bus 34 is initially disposed on the lower metallization layer and
      extends under phase electrodes 32. Bus 34 then extends vertically through
      a via hole 36 defined through the insulation layer separating the upper
      and lower metallization layers. The third phase bus 34 then extends over
      the phase electrode 30 and extends vertically through a via hole 38 to the
      lower metallization layer. In a similar manner, the phase bus 34 extends
      under phase electrode 32, through a via hole 40 over phase electrode 30
      and through a via hole 42 to the lower level.
PAR  In this manner, the third clock phase bus 34 is interleaved over and under
      the phase electrodes of the second phase bus 24. Phase electrodes 44
      extend from the third phase bus 34 on the lower level, while phase
      electrodes 46 extend from the bus 34 on the upper metallization layer.
      Phase electrodes 44 and 46 are electrically connected in order to form a
      third set of phase electrodes which extend over the channel 12.
PAR  As shown in FIG. 1, the odd numbered phase electrodes 20 are connected on
      the lower metallization layer, while the even numbered phase electrodes 22
      are connected on the upper layer metallization. Similarly, the odd
      numbered phase electrodes 32 are connected on a upper metallization layer,
      while the even numbered phase electrodes 30 are connected on the lower
      metallization layer. With respect to the third phase bus, the odd numbered
      phase electrodes 44 are disposed on the lower metallization layer, while
      the even numbered phase electrodes 46 are connected on the upper
      metallization layer.
PAR  It will thus be seen that phase electrodes from each of the three clock
      busses are adjacently disposed in patterns or sets over the channel 12.
      The first set comprises a phase electrode 20 from the first clock bus 14,
      the phase electrode 32 from the second clock bus 24 and the phase
      electrode 44 from the third clock bus 34, which are disposed over the bit
      1 region of the channel 12. Phase electrodes 22, 30 and 46 are next
      adjacently disposed over the channel 12 to form the bit 2 region. Similar
      sequences of the phase electrodes are disposed over the channel 12 to form
      bits 3 and 4, as illustrated in FIG. 1. While it will be understood that
      dimensions will vary according to desired device parameters, typical
      dimensions of the present device include a spacing between adjacent
      electrodes of approximately 0.2 mils and electrode widths of 0.3-0.4 mils.
PAR  FIG. 2 is a cross section of the device shown in FIG. 1 taken generally
      along the section lines 2--2, and illustrates the semiconductor body 10
      and the channel 12. Phase electrodes 20, 44 and 30 are adjacently disposed
      in sets on the lower metal layer. Phase electrodes 32, 22 and 46 are
      disposed in adjacent sets on the upper metallization layer, as previously
      described. In the embodiment illustrated in FIG. 2, the upper and lower
      metallization layers are separated by an insulation layer 50, which may
      comprise for example silicon oxide. Electrodes 20, 44 and 30 are separated
      from the channel 12 by an insulation layer 51.
PAR  FIG. 3 is a sectional view taken generally along section lines 3--3 in the
      device shown in FIG. 1. FIG. 3 clearly illustrates the third phase bus 34
      which extends under phase electrodes 32 and over phase electrodes 30 as
      previously described. FIG. 3 illustrates the vertical sections 52 of phase
      bus 34 which extend through the via holes 36, 38, 40 and 42.
PAR  FIGS. 4-7 are useful in illustrating the fabrication techniques of the
      present invention. Initially, a silicon substrate is diffused with P+
      material to define the channel 12. N-type diffusions are then provided at
      the ends of the channel, not shown, in order to form I/O diodes
      conventionally used to input and output signals from a CCD. A layer of
      insulation 51 is then conventionally thermally grown over the substrate
      and apertures are etched through the insulation to enable formation of
      metal contacts for the diodes.
PAR  A layer of metal is then formed by evaporation or the like over the
      insulation layer 51 and the pattern illustrated in FIG. 4 is then etched
      out to form the lower metallization layer. As may be seen, the electrode
      configuration of FIG. 4 includes the lower level phase one clock bus 16
      and the lower level phase electrodes 20. The electrode configuration also
      includes the lower level second clock bus 26 and phase electrodes 30.
      One-half of the third clock bus 34 is then formed in the manner
      illustrated, along with phase electrodes 44. A layer of insulation is then
      provided over the first metallization layer, with via holes 36, 38, 40 and
      42 being formed through the layer of insulation.
PAR  Referring to FIG. 5, a second layer of metal is then deposited over the
      insulation layer and the electrode configuration shown in FIG. 5 is
      etched. As previously noted, the second metallization layer includes the
      upper clock bus 18 and phase electrodes 22, the second clock bus 28 and
      phase electrodes 32, along with the upper portions of the phase bus 34 and
      phase electrodes 46. The upper portions of the third phase bus 34 are
      joined through the via holes to the lower metallization layer. A
      protection layer such as nitride is then provided over the device for
      handling protection and the like, with apertures being left for bonding
      pads in the conventional manner.
PAR  For ease in visualization, FIG. 6 illustrates in perspective the formation
      of the first phase bus 14 including lower phase bus 16 and upper phase bus
      18. The odd numbered phase electrodes 20 extend from the lower level from
      the phase bus 16, while the even numbered phase electrodes 22 extend from
      the upper level from the phase bus 18.
PAR  Referring to FIG. 7, the second phase bus 24 is illustrated and may be seen
      to comprise the lower phase bus 26 and the upper phase bus 28. The odd
      numbered phase electrodes 32 extend from the upper level, while the even
      numbered phase electrodes 30 extend from the lower level in the manner
      illustrated.
PAR  The structure shown in FIGS. 1-7 have been illustrated as occupying two
      separate and exclusive vertically spaced metallization layers separated by
      an insulating layer 50. However, the present device may also be fabricated
      by use of known anodized aluminum fabrication techniques which result in
      lower surfaces of phase electrodes at the upper layer being disposed at
      the same plane or level as the lower surfaces of the lower layer
      electrodes. This configuration is illustrated in FIG. 8, which is a
      sectional view taken generally along the section lines 2--2 in FIG. 1 when
      the device is formed according to the anodized aluminum technique. In this
      embodiment, the semiconductor body and channel 12 are identical to that
      previously described. Further, the phase busses illustrated in FIG. 1 are
      identical and the lower level phase electrodes 44 and 30 are formed in the
      same manner as that previously described.
PAR  In this embodiment, the semiconductor body 10 is treated before
      metallization to form an oxide layer 52. Thereafter, the electrodes 20, 44
      and 30 are deposited and formed in the conventional manner thereafter, and
      oxide layer 54 is formed over the lower layer electrodes. Thereafter, the
      upper surface is metallized and the zones directly above electrodes 20, 44
      and 30 are etched away down to the layer 54 to form electrodes 32, 22 and
      46. The third phase bus is also formed in the same manner. As a result,
      the upper layer electrodes overlap the margins of the lower layer
      electrodes, and the lower surfaces of the upper layer electrodes are
      coplanar with the lower surfaces of the lower layer electrodes. Although
      portions of the electrodes are thus coplanar, the device shown in FIG. 8
      is termed a two level electrode configuration according to the invention.
PAR  It will thus be seen that the present invention provides an electrode
      configuration which enables the application of clock pulses to two layered
      phase electrodes in a CCD register from both sides of the register. This
      technique requires only one interlevel interconnection per bit in a single
      register, or one interface interconnection per row of bits in an array of
      parallel registers. The present technique thus enables three phase
      clocking of the device with three electrodes per bit, thereby requiring
      less area than a four phase clocking technique which requires four
      electrodes per bit. The present technique does not require a large number
      of interlevel contacts, thereby providing a very compact and
      easy-to-fabricate configuration.
PAR  The present electrode configuration enables the use of three phase CCDs in
      a two level device instead of four phase CCDs, thereby reducing the
      required area per bit by 25% for serial arrays and by 44% for
      serial-parallel-serial (SPS) arrays. The present invention also reduces
      the number of transfers per bit from four to three, and if register length
      is limited by charge transfer efficiency, the present invention thus
      allows serial registers to be 33% longer and SPS arrays to be 78% longer
      than is possible for four phase systems. This reduced number of transfers
      is particularly important for analog memory or imager applications, since
      the signal dispersion due to imperfect transfer cannot be simply removed
      by use of a threshold detector-regenerator, as in a digital system.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      modifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A two level electrode configuration for a three phase charge coupled
      device having a channel for movement of charge packets comprising:
PA1  a first phase bus extending along one side of the channel and having
      electronically interconnected upper and lower level portions,
PA1  a dual layered series of first phase electrodes extending from said first
      phase bus across the channel, with alternate ones of said first electrodes
      disposed on said upper level and the remainder of said first electrodes
      disposed on said lower level,
PA1  a second phase bus extending along the other side of the channel and having
      electrically interconnected portions on said upper and lower levels,
PA1  a dual layered series of second phase electrodes extending from said second
      phase bus across the channel, with alternate ones of said second
      electrodes disposed on one level and the remainder of said second
      electrodes disposed on the other level,
PA1  a third phase bus extending along said other side of the channel and being
      interleaved over and under alternate ones of said second phase electrodes,
      and
PA1  a dual layered series of third phase electrodes extending from said third
      phase bus across the channel with alternate ones of said third electrodes
      disposed on one level and the remainder of said third electrodes disposed
      on the other level,
PA1  such that along said channel there is a series of phase electrode sets,
      each said set comprising a first phase electrode, a second phase
      electrode, and a third phase electrode, said phase electrodes arranged in
      the same repeating sequence in each electrode set,
PA1  and insulating means interposed between adjacent ones of said phase
      electrodes.
NUM  2.
PAR  2. The two level electrode configuration of claim 1 wherein said first and
      second phase busses each comprise two interconnected metal strips aligned
      at said upper and lower levels.
NUM  3.
PAR  3. The two level electrode configuration of claim 1 wherein phase
      electrodes on said one level overlap phase electrodes on said other level
      along margins transverse of the channel.
NUM  4.
PAR  4. The two level electrode configuration of claim 1 wherein said phase
      electrodes span more than one charge coupled device channel.
NUM  5.
PAR  5. The two level electrode configuration of claim 1 and further comprising:
PA1  an insulation layer disposed between said upper and lower levels,
PA1  via holes defined through said insulation layer to accommodate said third
      phase bus.
NUM  6.
PAR  6. The two level electrode configuration of claim 5 wherein one via hole is
      defined per each said electrode set along the channel.
NUM  7.
PAR  7. The two level electrode configuration of claim 1 wherein said first,
      second and third phase electrodes all consist of the same metal.
NUM  8.
PAR  8. The two level electrode configuration of claim 7 wherein said phase
      electrodes are constructed from aluminum.
NUM  9.
PAR  9. The two level electrode configuration of claim 8, wherein said phase
      electrodes on said one level are insulated from said phase electrodes on
      said other level by a thin surface layer of anodized aluminum formed on
      the said phase electrodes on the lowermost of said one and said other
      levels, such that all of said phase electrodes include a coplanar lower
      surface.
NUM  10.
PAR  10. The two level electrode configuration of claim 9, wherein said phase
      electrodes on said one level marginally overlap phase electrodes on said
      other level.
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ABST
PAL  Adjacent CCD phase electrodes in different levels separated by an
      insulating layer are connected to multi level phase buses on one side of
      the phase electrode by secondary bus means extending from one electrode in
      one level to an electrode of the same phase spaced therefrom in a
      different level by way of a vias through the insulation layer at a
      location intermediate the buses and the phase electrodes.
BSUM
PAR  This invention relates to the construction of a charge coupled device with
      particular reference to a three phase device in which double level metal
      is employed to apply clock pulses from buses all located on one side of
      the set of phase electrodes.
PAR  The invention is generally related to a serial CCD register wherein all
      clock buses are on the same side of the phase electrode. This type of a
      serial CCD register is useful as a multiplexer or demultiplexer at the
      input or output of a serial-parallel-serial area array.
PAR  The same clock phase for adjacent bits in a three phase CCD are connected
      to every third phase electrode. The structure for applying the control
      signals from clock buses to the phase electrodes is closely related to
      space utilization on semiconductor chips. Where register length is limited
      by charge transfer efficiency, the use of three phase clocking allows
      serial registers to be thirty-three percent longer and
      serial-parallel-serial (SPS) registers to be seventy-eight percent longer
      than is possible with four phase systems. A reduced number of transfers
      per bit is especially important for analog memory application since the
      signal dispersion due to imperfect transfer cannot be simply removed by
      the use of the threshold detector-regenerator as in a digital system.
PAR  The present invention is directed to a CCD structure in which pairs of
      electrodes of the same clock phase in adjacent bits are first connected
      together to a single lead which connects each pair of electrodes to a
      clock bus. Such a configuration requires four interlevel contacts for each
      pair of bits or an average of two per bit. Transfer electrodes may then be
      located on the side of the phase electrodes opposite the clock buses in
      the form of a double level composite transfer electrode to permit serial
      to parallel or parallel to serial transfer.
PAR  In a more specific aspect, there is provided a dual layered series of
      transfer electrodes extending across the channel in a body of
      semiconductor material. Odd electrodes are located in the first level and
      even electrodes in the second level. The two levels are separated by an
      insulation layer. Three parallel phase buses are located on one side of
      the channel. Two of them are in one of the levels and one in the other of
      the levels. One conductive lead extends from each phase electrode to form
      a series of leads the successive members of which alternate between the
      levels. A conductive path is provided between each lead and one of the
      buses and includes a connection through vias in the insulation layer in a
      zone located between the channel and the clock buses. The connection then
      serves to parallel each given electrode with another electrode third in
      the series from the given electrode.
DRWD
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will best be understood by reference to
      the following detailed description of an illustrative embodiment taken in
      conjunction with the accompanying drawings, in which:
PAR  FIG. 1 is a view from above the surface of a CCD device embodying the
      bus-electrode connections of the present invention for a double level
      three phase CCD unit;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is an isomeric view of a segment of the system of FIG. 1; and
PAR  FIG. 4 is a sectional view taken along lines 4--4 of FIG. 3.
PAR  FIG. 5 is a sectional view illustrating structure detail.
DETD
PAR  Referring to FIGS. 1-4, a CCD device embodying the present invention
      includes a semiconductor body 10 in which there is formed a channel 11
      through which charge packets are to be transferred under the control of
      three phase voltage pulses applied to phase electrodes. More particularly,
      a semiconductor of the P-type is normally boron doped and then diffused
      along parallel strips with P+ boron to change the threshold level and
      thereby diffuse the boundaries of channel 11.
PAR  Serial channel 11 is positioned beneath two layers of parallel slightly
      overlapping phase electrodes. The phase electrodes in the order in which
      they appear in the drawings are electrodes 21-34. The electrodes 21, 23,
      25, 27, 29, 31 and 33 are lower level electrodes. That is, they are on a
      level close to the surface of the body 10. Electrodes 22, 24, 26, 28, 30,
      32, and 34 are upper level electrodes. That is, they are spaced from the
      lower level electrodes by an insulation layer 36, FIGS. 2 and 3. Also
      provided are three phase clock buses 41, 42 and 43. The buses are parallel
      to one another and are parallel to the boundary of the serial channel 11.
      Bus 41 is on the upper level in the same plane as electrodes 22, 24, 26,
      28, 30, 32, and 34. The clock buses 42 and 43 are on the lower level in
      the same plane as electrodes 21, 23, 25, 27, 29, 31 and 33. In order to
      provide connections in the proper sequence from clocked buses 41-43 to the
      electrodes 21-34 and other electrodes that may be on the same structure,
      special provision is hereby provided wherein this is done in minimum
      space.
PAR  It is to be understood that the three buses 41, 42 and 43 carry the three
      different phase clock voltages that are to be applied to the electrodes
      21-34. Electrode 22 is to be connected to bus 41. Electrode 22 is on the
      upper layer and thus can go directly to bus 41. However, lower layer
      electrode 25 also is to be connected to bus 41. Electrodes 24 and 27 are
      to be connected to bus 42. In a similar manner, electrodes 26 and 29 are
      to be connected to bus 43. The common phases of the buses and electrodes
      have been supplied the legends .theta..sub.1, .theta..sub.2 and
      .theta..sub.3.
PAR  In accordance with the present invention, pair connections are made through
      vias in the insulation layer in a zone between the boundary of the serial
      channel 11 and clock bus 43. The vias permit interconnection between each
      given electrode and another electrode third in the series from the given
      electrode. As best shown in FIG. 3, the phase electrode 22 is connected to
      bus 41. Electrode 22 has a diagonal lead 22a extending therefrom which is
      connected to or integral with a lead portion 22b which extends parallel to
      electrode 22 and perpendicular to clock bus 41. The lead 22b thus makes a
      direct connection to the clock bus 41 all in the same plane or level. In
      contrast, lower electrode 25 has a diagonal lead section 25a which extends
      to a position under section 22b. A connection is then made in the zone 25b
      upward through a via in the insulation layer to connect to the section
      22b. Thus, each upper layer .theta..sub.1 electrode which is to be
      connected to clock bus 41 is connected in parallel with a lower layer
      electrode that is to be connected to the same bus 41.
PAR  In a further example, consider now the connection to the .theta..sub.3 bus
      43 of electrodes 26 and 29. Electrode 26 has diagonal section 26a and a
      parallel section 26b. The electrode 29 has diagonal section 29a extending
      under the section 26b. A section 29b extends upward through a vias to make
      connection to the section 26b and extends to and integral with the bus 43.
      The common connection from electrodes 24 and 27 has not been detailed.
      Electrodes 24 and 27 have been only partially shown in FIG. 3 in order to
      detail the two paths just described. However, the connection to bus 42
      includes a conductive section 24a and a vias section 27b.
PAR  The structure above described permits the application of clock pulses to
      two layered, partially overlapping electrodes from one side of the serial
      channel. This is typically necessary for a serial register used as a
      multiplexer or demultiplexer. The same clock phase in adjacent bits are
      first connected together in pairs and then connected to a clock bus by
      means of a single lead. This requires four interlevel contacts for each
      pair of bits. The fact that three of these are adjacent permits increased
      density. An average of two interlevel contacts per bit of this system is
      one less than is required for comparable four phase double level systems.
PAR  It is now clear that in three phase overlapping gate structures, parallel
      transfer is complicated by the fact that the gates for a given phase
      appear alternately on first and second levels in successive cells of the
      register. If it is desired to effect the parallel transfer to or from
      phase three of the serial register, then the end of transfer electrode 60
      adjacent the whole length of the serial register alternates between first
      and second levels in order to overlap phase three as required for
      efficient transfer. There is maintained a minimum separation between gates
      on the same metal level while minimizing the necessary overlap between
      metal levels and between metal and channel stops. The width of transfer
      electrode 60 is larger than in conventional SPS devices with single level
      metallization or with more conventional designs with four phase double
      level metallization. Thus, the present invention avoids the undesirable
      reduction in density and minimizes the distance in the direction of charge
      flow, thus increasing transfer efficiency in high speed operation.
PAR  More particularly, as shown in FIG. 1, serial-to-parallel transfer
      electrode 60 is provided on the side of the channel 11 opposite the three
      clock buses 41-43. Serial channel 11 is to feed parallel channels 61-65.
      Thus, electrodes 22, 25, 28, 31 and 34 extend to cover narrow outlets
      which interconnect channel 11 with channels 61-65. Transfer electrode 60
      has a serrated upper level edge facing channel 11. When transfer gate 60
      is held off, preventing transfer of charge from the serial channel 11 to
      channels 61-65, the perturbation of charge flow down the serial register
      caused by the cul-de-sac at each outlet forming a parallel transfer point
      is smaller where the phase three is on the top level. The effective size
      of the cul-de-sac is smaller by the amount of interlevel overlap.
PAR  While the system illustrated in FIGS. 1-4 has not referred to details of
      conventional CCD structure, FIG. 5 illustrates an insulating oxide layer
      40 formed on the upper surface and electrodes 22-26 thereabove.
PAR  In FIGS. 1-4 series 22-34 of upper layer electrodes and series 22-33 of
      lower layer electrodes are illustrated as occupying two separate exclusive
      vertically spaced layers separated by insulating layer 36. However, use of
      known anodized aluminum fabrication methods results in the lower surfaces
      of electrodes of the upper layer at the same plane or level as the lower
      surfaces of the lower layer electrodes. This relationship has been
      illustrated to FIG. 5.
PAR  In forming the system of FIG. 5, the semiconductor body 10 is treated to
      form an oxide layer 40 following which the lower layer electrodes 23, 25,
      etc. are deposited and formed in conventional manner. Thereafter an oxide
      layer 40a is formed over the lower layer electrodes. Thereafter, the upper
      surface is metallized and the zones in between electrodes 22, 24 and 26
      are etched away down to the layer 40a. As a result the upper layer
      electrodes actually overlap the boundaries of the lower layer electrode.
      At the same time the lower face of the upper layer electrodes is coplanar
      with the lower face of the lower layer electrodes.
PAR  Further, rather than use the arrangement of FIGS. 1-4, the mirror image of
      the system of FIGS. 1-4 may be found to be preferred. More particularly,
      in such case, the lead sections 22b and 24b as well as the bus 41 would be
      located on lower level and the buses 42 and 43 would be on upper level.
      Preference for such structure stems from the fact that wide buses 42 and
      43 formed on the surface contour, i.e., over the top of the lead sections
      22b and 24b and other first level leads are less likely to be open
      circuited. Wide buses (42, 43) formed on an uneven surface provide better
      step coverage that thin buses (22b, 24b) formed over an uneven surface.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an n phase serial charge coupled device shift register where a set of
      phase buses extend parallel one to another at plural levels above the
      surface of a semiconductor body displaced from one side of a channel
      formed in said body, which comprises:
PA1  a. an array of phase electrodes positioned in at least two levels above
      said channel in spanning relation thereto with adjacent electrodes in
      different levels and separated by an insulating layer,
PA1  b. secondary bus means to interconnect one of said electrodes in one level
      to an electrode spaced n electrodes therefrom in said array in a different
      level by way of a via through said layer intermediate said buses and said
      one side with an extension to one of said buses.
NUM  2.
PAR  2. The combination set forth in claim 1 in which n = 3.
NUM  3.
PAR  3. The combination set forth in claim 2 in which two of said buses are at a
      lower level adjacent the surface of said body and the third bus is at an
      upper level.
NUM  4.
PAR  4. The combination set forth in claim 3 in which said third bus is most
      remote from said channel.
NUM  5.
PAR  5. The combination set forth in claim 4 in which said secondary bus means
      includes segments in at least two vias in each connection to the phase bus
      central to said set.
NUM  6.
PAR  6. The combination set forth in claim 1 in which said phase electrodes
      overlap one another at margins transverse to said channel.
NUM  7.
PAR  7. The combination set forth in claim 6, wherein non-overlapping portions
      of said phase electrodes are uniformly spaced from said surface of the
      semiconductor body.
NUM  8.
PAR  8. The combination set forth in claim 2 in which said channel has outlets
      at every third electrode in said array leading to a set of parallel
      channels and in which a transfer electrode on two levels is interleaved
      with ends of electrodes of said array on two levels.
NUM  9.
PAR  9. The combination set forth in claim 2 in which two of said buses are at
      an upper level and the third bus remote from said channel is at a lower
      level.
NUM  10.
PAR  10. In a three phase serial charge coupled device shift register having a
      channel defined in a semiconductor body for movement therethrough of
      charge packets, the combination which comprises:
PA1  a. a dual layered series of phase electrodes extending across said channel
      at the surface of said body with odd electrodes in a first level and even
      electrodes in a second level separated from said first level by an
      insulation layer,
PA1  b. three parallel phase buses on one side of said channel two of which are
      on one of said levels and one of which is on the other of said levels,
PA1  c. one conductive lead extending from each said electrode to form a series
      of leads the successive members of which alternate between said levels,
      and
PA1  d. a conductive path between each electrode and one of said buses including
      a connection through vias in said insulation layer in a zone located
      between said channel and said buses said connection paralleling each given
      electrode to another electrode third in said series from said given
      electrode.
NUM  11.
PAR  11. In a three phase serial charge coupled device shift register having a
      channel defined in a semiconductor body for movement therethrough of
      charge packets, the combination which comprises:
PA1  a. a dual layered series of phase electrodes extending across said channel
      at the surface of said body with odd electrodes in a first level and even
      electrodes in a second level separated from said first level by an
      insulation layer,
PA1  b. three parallel phase buses on one side of said channel two of which are
      on one of said levels and one of which is on the other of said levels, and
PA1  c. conductive structures leading to said buses each connecting phase
      electrodes of like phase in pairs through vias in a zone between the phase
      electrodes and the phase buses.
NUM  12.
PAR  12. In an n-phase serial charge coupled device shift register which a set
      of phase buses extend parallel to each other at plural levels above the
      surface of a semiconductor body displaced from one side of a channel
      formed in said body, the combination which comprises:
PA1  a. an array of phase electrodes positioned in at least two levels above
      said channel in spanning relation thereto with adjacent electrodes in
      different levels electrically isolated from each other by an insulating
      layer;
PA1  b. each said phase electrode having an integral inclined conductor at one
      end thereof, the inclined conductors at one of said two levels all
      inclined in one direction, and the inclined conductors at the other of
      said two levels all inclined in an opposite direction, at least one
      transverse extension from each phase bus connected by respective ones of
      said inclined conductors with a phase electrode at one of said two levels
      and with a phase electrode spaced n electrodes therefrom at the other of
      said two levels, such that the inclined conductors connected with any
      particular said transverse extension together define a generally Y-shaped
      structure.
NUM  13.
PAR  13. The combination set forth in claim 12, wherein n = 3, said phase
      electrodes have the same width, extend parallel to each other and overlap
      each other at margins transverse to said channel, and wherein the
      non-overlapping portions of all said phase electrodes are equidistant from
      said semiconductor surface.
NUM  14.
PAR  14. The combination set forth in claim 12, wherein said phase buses, phase
      electrodes, inclined conductors and transverse extensions comprise
      aluminum and wherein said insulating layer comprises anodized aluminum.
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ABST
PAL  An electret transducer in which the electret material is an inorganic
      insulator sheet with electric charges in it and is juxtaposed to an
      electrode, and either the sheet or the electrode is mechanically
      deformable to change the distance between the two, thereby changing the
      electric charge induced in the electrode by the charged electret sheet. In
      a preferred form, the electret material comprises a multilayer sheet of
      insulating materials. The method of forming the transducer includes at
      least the steps of vapor-depositing a thin layer of inorganic material on
      a substrate and subjecting the exposed surface of the insulating material
      to a source of electric charge for a time sufficient to implant charges in
      the insulating material. If the insulating material is to be deformable,
      it should be deposited on a thin layer of metal which, in turn, has been
      deposited on a thicker substrate. A spacer layer of metal is deposited on
      top of the charged insulating material. Thereafter, selected areas of the
      substrate and of the spacer layer are chemically removed to leave the thin
      metal layer and the charged insulating material free of support except
      around the periphery of such open area. The ability of the insulating
      material to accept and hold a charge may be improved by depositing the
      insulating material as two separate layers of different materials, one
      immediately on top of the other.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation of application Ser. No. 311,472, filed Dec. 4, 1972
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of electret transducers, and
      particularly to a transducer in which the electret material is an
      inorganic insulator, preferably with more than one layer, and to a method
      of forming an electret structure suitable for use in a transducer.
PAR  2. The Prior Art
PAR  Heretofore electret materials have usually been high polymers or other
      organic materials. In the formation of a complete electret structure, it
      has been necessary to attach a thin metal layer by means of adhesive to
      one surface of the insulating material. It is difficult and time consuming
      to perform this step, particularly in mass production. Furthermore, such
      organic materials must not be subjected to very high temperatures.
PAR  It is one of the objects of the present invention to provide an improved
      electret structure and a method of making the same.
PAR  Another object of this invention is to provide an electret structure
      comprising inorganic electret material.
PAR  A further object of this invention is to provide an electret structure
      capable of accepting a substantially higher charge per square centimeter
      than the high polymer electrets in use heretofore.
PAR  A still further object of this invention is to provide an electret
      structure that is resistant to heat.
PAR  Further objects will become apparent from the following specification
      together with the drawing.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention a layer of a suitable inorganic
      material is vapor-deposited on the surface of a substrate. After being
      deposited, the insulating material is charged in any convenient way, such
      as by subjecting it to electron beam radiation or other charged particle
      radiation, or by applying a direct voltage between the substrate and the
      exposed surface of the insulating material or by diffusion of positively
      charged particles into the surface. The substrate with the charged
      inorganic electret layer on it may then be incorporated into a transducer
      that also comprises an electrode in surface-to-surface contact with the
      electret, and another electrode juxtaposed with respect to the other
      surface of the electret but spaced from it. Either the electret and the
      first electrode are deformable with respect to the second electrode or
      vice versa. If the transducer is to be used as a microphone, the
      deformation must be responsive to sound pressure. Other types of input
      transducers may require that the deformation be responsive to mechanical
      pressure. In the case of an output transducer, the deformation may be in
      response to electrical force modulated by a voltage applied between the
      electrodes.
PAR  The electret and the electrodes may be enclosed within a housing that can
      serve as a connection to one of the electrodes. Terminal posts
      mechanically supported by the housing may serve also to support a
      field-effect transistor (FET), the base of which is connected to the
      elctrode that is not connected to the housing.
PAR  Alternately, the latter electrode may comprise the gate electrode of a FET.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of a FET having an electret transducer
      connected to the input thereof.
PAR  FIG. 2 is a cross-sectional view of an electret transducer constructed
      according to the prior art.
PAR  FIG. 3 is a exploded cross-sectional view of the transducer in FIG. 2.
PAR  FIG. 4 is a cross-sectional view of one embodiment of an electret
      transducer according to the present invention.
PAR  FIG. 5 is a cross-sectional view of a modified embodiment of a electret
      transducer according to the present invention.
PAR  FIGS. 6A-6D are cross-sectional views of an electret structure at several
      stages in its manufacture according to the present invention.
PAR  FIG. 7 is a cross-sectional view of another embodiment of an electret
      transducer according to the invention.
PAR  FIG. 8 is a top view of the field effect electrode structure in the
      transducer of FIG. 7.
PAR  FIG. 9 is an enlarged cross-sectional view of a fragment of the
      field-effect structure in FIG. 8 taken along the line 9-9'.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  An electret transducer is a high impedance device, and when it is used as a
      microphone, it should work into a high impedance load. The input section
      of a FET is such a load, and FIG. 1 shows the connections between a FET 1
      and an electret transducer 2 in accordance with existing techniques. The
      FET has three electrodes: a gate, a source, and a drain, and their
      respective terminals are identified by reference characters 1g, 1s, and
      1d. One terminal of the electret transducer 2 is connected to the gate
      terminal 1g, and the other terminal of the transducer is connected to a
      common, or ground, terminal 1e. Suitable operating voltages and loads are
      connected to the FET 1 in a known manner.
PAR  The electret transducer 2 is shown in greater detail in FIG. 2 and consists
      of a high polymer electret film 3 that has a fixed electrical charge. A
      conductive surface film 4 is attached to the upper surface of the film 3,
      and the combined films 3 and 4 are clamped between a spacer ring 6 and a
      conductive ring 7 that also serves as a spacer. A cylindrical metallic cap
      8 encloses the rings 6 and 7 and has a flat end plate 9 with apertures 11
      through which sound waves can reach the films 3 and 4. The plate 9 presses
      the rings 7 and 6 against a short cylindrical support 12. In the prior
      art, the support 12 has typically been molded of synthetic resin. An
      insulating plate 13 having a slot 14 and a metallic shield plate 16 having
      a slot 17 are pressed against the other end of the cylindrical support 12
      by an inwardly turned rim at the lower end of the cylindrical skirt of the
      cap 8.
PAR  The support 12 has two terminal posts 18 and 19 embedded in it and
      extending away from the transducer. A third terminal post 21 extends from
      the metalic plate 16 for connection to ground or a common terminal. Within
      the support 12 is still another terminal 22 that does not extend below the
      lower end of the support but does make electrical contact with a
      conductive backplate electrode 23 on top of the support. This backplate
      electrode is the second electrode of the transducer, and the signal
      voltage produced by the transducer in operation is produced between the
      electrode 23 and the conductive film electrode 4. The gate electrode
      terminal 1g of the FET 1 is connected to the terminal 22 and the source
      and drain electrodes of the FET are connected to the terminals 18 and 19,
      respectively.
PAR  FIG. 3 shows the elements of FIG. 2 in an exploded view. As may be seen in
      both FIGS. 2 and 3, the electrode 23 is rigidly supported on the support
      12. In operation as a microphone, sound waves pass through the apperatures
      11 and cause the combined films 3 and 4 to vibrate in response to the
      sound. This vibration causes the electret film 3 to move alternately
      closer to and farther from the electrode 23 and induces a correspondingly
      varying signal voltage in the electrode 23. This signal voltage is applied
      to the gate electrode of the FET 1, and an output signal can be derived
      from the source and drain terminals 18 and 19.
PAR  FIG. 4 is a cross-sectional view of an embodiment of an electret transducer
      in accordance with the present invention. The structure is similar to that
      shown in FIG. 2 and uses similar reference terminals except for the
      electret, itself, and the components directly attached to it.
PAR  One of the disadvantages of the electrets of the type produced heretofore
      is that they used high polymer films, such as Mylar or Teflon or the like.
      It was difficult to assemble these insulating films with a thin conductive
      metal film in order to form the electret and electrode structure. The
      conductive film had to be attached by some suitable means such as by an
      adhesive, which was difficult to do. Furthermore, the combined films then
      had to be attached to a conductive ring and the spacer ring. Because of
      the thinness of the films and their characteristics, they were difficult
      to handle.
PAR  FIGS. 6A-6D illustrate certain stages in the manufacture of an electret
      structure in accordance with the present invention to overcome the
      difficulties in prior structures. The construction begins with a sheet 24
      of a suitable metal thick enough to be handled easily. For example, the
      sheet 24 may be made of aluminum 2mm. thick. If the electret is to be
      deformable, as in the case in FIG. 4, a thin layer of another metal
      resistant to chemical attack is vapor-deposited on one surface of the
      sheet 24. This second metal layer is indicated by reference numeral 26 in
      FIG. 6B and may be, for example, gold having a thickness of 0.1 .mu.. On
      top of the gold layer 26 is deposited at least one insulating layer 27
      that is the electret material. In accordance with the present invention
      this layer is quite thin, for example, 2000 A, and it may be one of a
      number of inorganic insulators. We have found, for example, that silicon
      dioxide, aluminum oxide, titanium dioxide, silicon nitride, and an adduct
      consisting of phosphorous pentoxide and silicon dioxide are especially
      suitable for forming the layer 27.
PAR  The next step in the process is to electrify the exposed insulating layer
      27. This may be done in any one of several ways. For example, the layer
      may be exposed to an electron beam having a voltage of about 5 kv
      emanating from an electron gun located about 8 cm. from the surface of the
      layer 27. This exposure to the electron beam should be continued for
      approximately 30 minutes and, in the case of a silicon dioxide layer 27,
      will cause a charge in coulombs of about -1 .times. 10.sup.12 /cm.sup.2 to
      be applied to the layer 27. This is in contrast to a typical charge for
      high polymer materials according to the prior art. Such materials
      typically have a stored charge of about 1 .times. 10.sup.11 /cm.sup.2,
      which means that the electret film 27 of the present invention has a
      capability of holding ten times the charge of the electret material of the
      prior art. Furthermore, the inorganic materials used for making the layer
      27 are cheaper and have longer life and are more resistent to heat.
PAR  We have further found that utilizing two separate layers of the
      aforementioned inorganic materials to make the layer 27 gives still
      further advantages. For example, the layer 27 may be formed by vapor
      depositing a layer of aluminum oxide having a thickness of approximately
      1500 A, and preferably 1700 A, and a layer of silicon dioxide having a
      thickness of about 100 A to 300 A, and preferably about 200 A, makes it
      possible to charge the material much more easily. For example, exposure to
      electrons, from a 70 volt source and for a period of 5 seconds will result
      in a charge of -6 .times. 10.sup.12 /cm.sup.2, which is 6 times as high as
      the charge in a silicon dioxide layer alone, and is achieved in a small
      fraction of the time and at a small fraction of the voltage required to
      charge a silicon dioxide layer. Another combination of two layers that has
      been found to be particularly satisfactory consists of silicon nitride and
      silicon dioxide.
PAR  The layer 27 may also be charged positively by diffusion of suitable
      material, such as sodium or potassium into it. After the layer 27, whether
      it is a single layer or a compound layer, has been electrified, a further
      layer of metal is vapor-deposited thereover. This latter layer, referred
      to by reference numeral 28 in FIG. 6C may be, for example, aluminum having
      a thickness of about 10 .mu..
PAR  Thereafter, holes 29 and 31 of corresponding size are etched chemically
      through the outer aluminum layers 24 and 28, respectively, to leave the
      electret material in the layer 27 and the metal layer 26 free in a central
      area so that they can easily be deformed by sound pressure or other
      pressure while still being firmly supported by a ring of the metal 24 and
      another spacer ring of the metal 28, as shown in FIG. 6D. The sections of
      the metal layers 24 and 28 may be chemically removed to form a large
      number of holes in a large composite sheet. Thereafter, individual
      electret structures may be cut out of the large sheet by cutting along
      lines indicated by reference numeral 32 to form circular structures each
      having a diameter that will fit into the metallic cap 8 illustrated in
      FIGS. 2-5.
PAR  FIG. 5 shows an electret transducer in which the backplate electrode is
      identified by reference numeral 33. It has a plurality of apertures 34
      that communicate with a chamber 36 and, via channels 37, with the open
      slots 14 and 17. This allows the electret 27 and the metal film 26 to move
      more easily in response to sound vibrations.
PAR  FIGS. 7-9 show a modified embodiment in which the FET, instead of being
      attached to the backplate electrode as a separate entity, incorporates the
      backplate electrode as part of FET structure.
PAR  The FET structure, which may be either a MOS-type or a junction-type, is
      shown in FIG. 7 as comprising a substrate, or chip, 38 of semiconductor
      material attached to a header 39 by a suitable eutectic alloy solder. On
      top of the chip 38 is an electrode 41 that serves as the backplate
      electrode for the electret layer 27. The latter is joined to the metallic
      layer 26 and both of these layers are held by the metal spacer rings 28
      and 24 between the header 39 and the inner surface of the top 40 of the
      metal enclosure 45. As in the previous embodiments, the top 40 has a
      plurality of apertures 50 through which sound waves can pass. Three
      terminal posts 46-48 extend through the header 39 and are rigidly held by
      it.
PAR  FIG. 8 is a top view of the header 39 and the semiconductor chip 38 with
      the electrode 41 on it. The electrode 41 is nearly square, except for two
      beveled corners and a small tab 42 that serves as the gate electrode for
      the FET structure. The gate 42 extends between the source electrode 43 and
      the drain electrode 44 of the FET. These two electrodes are connected to
      the terminals 46 and 48 by means of leads 49.
PAR  The FET is shown in FIG. 9 in an enlarged cross-sectional view. The
      semiconductor chip 38 has a source region 51 and a drain region 52 in its
      upper surface. The electrodes 43 and 44 make contact with these regions
      and are insulated by a thin layer 53 of silicon dioxide from direct
      contact with the surface of the chip 38. Another thin insulating layer 54
      prevents the gate electrode from making contact with the chip 38 or the
      regions 51 and 52.
PAR  In operation as a transducer, the main part of the plate electrode 41 picks
      up a signal from the electret layer 27 as the latter vibrates in response
      to sound wave pressure. The signal voltage produced on the electrode 41 by
      the vibrating electret is much greater than it would be if only the small
      tab 42 were used as the backplate. At the same time, the tab is small
      enough to fit in with the source and drain electrodes 43 and 44 in a FET
      structure of usable size.
PAR  Although the electret layer 27 has been shown as part of a deformable
      membrane, it could also be formed on the rigid backplate electrode such as
      the electrode 41 in FIG. 8. In that case, the deformable membrane 26 may
      be used alone, and voltage may still be induced between the deformable
      membrane and the backplate electrode.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electret transducer comprising:
PA1  a first member including a sheet of inorganic insulating material having
      electric charges bound therein and consisting of first and second
      contiguous layers of material, the material of said first layer being
      selected from the group consisting of: silicon dioxide, silicon nitride,
      aluminum oxide, titanium dioxide, and an adduct of phosphorous pentoxide
      and silicon dioxide and the material of said second layer being selected
      from the group consisting of silicon dioxide, silicon nitride, aluminum
      oxide, titanium dioxide, and an adduct of phosphorous pentoxide and
      silicon dioxide, but being different from said material of said first
      layer; and
PA1  a second member including an electrode juxtaposed with respect to said
      sheet and spaced therefrom and parallel thereto, one of said members being
      movable with respect to the other of said members to vary the electric
      field induced in said electrode by said electric charge.
NUM  2.
PAR  2. The electret transducer of claim 1 in which said second member is
      relatively rigid and said first member is a deformable membrane.
NUM  3.
PAR  3. The electret transducer of claim 2 in which said sheet of inorganic
      insulating material is deposited on a conductive substrate.
NUM  4.
PAR  4. The electret transducer of claim 1 in which said first member is a
      deformable membrane and comprises, in addition, a conductive layer
      intimately joined surface-to-surface with said sheet of inorganic
      insulating material.
NUM  5.
PAR  5. The electret transucer of claim 1 in which said first layer is of
      aluminum oxide having a thickness of approximately 1500 A to 2000 A and
      said second layer is of silicon dioxide having a thickness of 100 A to 300
      A.
NUM  6.
PAR  6. The electret transducer of claim 4 comprising, in addition;
PA1  A. a first metal ring electro-deposited on said conductive layer; and
PA1  B. a second metal ring of the same size as said first metal ring and
      electro-deposited on said membrane directly in alignment with said first
      ring, whereby said membrane and said conductive layer are supported by and
      between said metal rings.
NUM  7.
PAR  7. The transducer of claim 1 comprising, in addition:
PA1  A. a semiconductive substrate, said other of said members comprising a
      conductive layer extending over and physically attached to a first area of
      a surface of said substrate;
PA1  B. a source region in a second area of said surface;
PA1  C. a drain region in a third area of said surface, said second and third
      areas each being smaller than said first area and spaced apart by a
      portion of said surface;
PA1  D. an insulating layer over said portion of said surface; and
PA1  E. a conductive tab extending from one edge of said conductive layer and
      extending over said insulating layer to serve as a gate for said source
      and drain regions.
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ABST
PAL  An opto-coupler for isolating electrical signals constituted by an
      electrically responsive radiation source or emitting device, such as a
      light emitting diode (LED), optically coupling to a radiation sensitive
      detector for generating an electrical output in response to an electrical
      signal applied to the radiation source. The detector includes a PN
      junction positioned within a semiconductor body for generating maximum
      output current at high switching speeds with attendant minimization of
      capacitance. Increased values of detector current generation allow
      economical, reliable, and uncomplicated integrated circuit amplifying
      means to be responsive to the generated detector output current for
      generating increased current and voltage output signals, for example, TTL
      compatible, without speed degradation and readily implementable on a
      single small semiconductor integrated circuit chip or substrate. The
      detector chip and radiation or light emitting diode source can be readily
      mounted in an electronic package to provide an inexpensive opto-coupler
      unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  This invention relates to an electrical isolation circuit and more
      particularly to an opto-coupler electrical isolation circuit.
PAR  2. Discussion of The Prior Art
PAR  An opto-coupler has found wide acceptance in many applications as a means
      of isolating electrical signals from each other. For example, peripheral
      equipment associated with computer systems are often subjected to large
      transient currents which flow into the ground loop or ground line and as a
      result cause the ground line to rise in voltage. Servo motors are often
      required to drive output devices such as tape decks and necessitate output
      voltages in the 150 V and upward range. The transient or surge currents
      often cause the ground line to rise by more than 5 or 6 volts which in
      turn causes a feedback from the output to input devices and back to the
      main frame of the computer, thus triggering erroneous circuit operation.
      An opto-coupler is an ideal structure for positively eliminating this
      feedback in an inexpensive and reliable manner.
PAR  Existing opto-couplers are extremely expensive and require complex
      amplifying circuits on one hand, or in the alternative operate at
      inadequate switching speeds and signal levels thus making them undesirable
      and impractical for many applications.
PAR  One prior art opto-coupler employs a radiation source, such as a light
      emitting diode, and a silicon diode detector. The diode detector is
      constituted by a monolithic structure comprising a substrate, an N
      epitaxial layer, and a surface diffused P-region for forming the PN
      junction. With the PN junction reversed biased, a minority carrier current
      is generated by the movement of electrons from the P-diffused region into
      the epitaxial layer and the movement of holes from the N epitaxial layer
      into the P-diffused region. The miniority carrier current primarily occurs
      by the generation of electron hole pairs in the N epitaxial region upon
      the incidence of radiation. This type of detector suffers from major
      drawbacks.
PAR  It is recognized that for integrated circuit application it is desirable to
      provide conventional active devices on the same chip or substrate with the
      detector. Accordingly, it is most advantageous that the detector device be
      capable of being fabricated by standard integrated processing techniques.
      Most advantageously these techniques dictate that the epitaxial thickness
      be in the order of five to ten microns. However, if the prior art detector
      is fabricated in a thin epitaxial layer much of the incident radiation
      passes through the two active regions constituting the PN junction, that
      is, the upper surface planer P-diffused region and the N epitaxial region
      without being completely absorbed. Consequently, the surface diode
      detector is incapable or is limited in the magnitude of current which is
      capable of generating from the incident radiation. For example, with a
      sixteen milliamp current being applied to a gallium arsenide LED radiation
      source and the conventional silicon diode detector located in the N
      epitaxial region, approximately 5 to 8 microamperes of current is
      generated, and this low level of generated current in turn gives rise to
      two attendant problems.
PAR  Firstly, the switching response time of the detector is inversely
      proportional to the generated current. By way of example, for 10
      microamperes and a 10 micro-micro farad capacitor associated with the
      detector (a capacitor in parallel with a current source is the diode
      detector equivalent), it would take approximately 5 micro seconds to
      generate a 5 volt signal across the detector. This response time is
      unacceptable from many applications and accordingly would require
      additional integrating circuits to increase the response time, or would
      require high beta transistors or Darlington configurations with the
      obvious attendant disadvantages.
PAR  Secondly, the low magnitude of current generated by the detector would
      require a great number of sophisticated and costly amplifying stages in
      order to be capable of generating a sixteen milliampere output current
      from a 10 micro ampere detector current. As many as 15 or 20 transistors
      sometimes are required for this amplification function is some known prior
      art units.
PAR  An ostensible solution to this problem caused by incomplete absorption of
      the incident radiation within the active regions is to increase the
      epitaxial thickness. An epitaxial thickness of thirty microns has been
      suggested in order to insure substantially complete absorption by the
      active regions employed to generate the miniority carrier current in the
      device detector and thus increase the magnitude of the generated currents.
      An apparent additional solution is to increase the N epitaxial resistivity
      from 1 ohm cm. to 30 ohm cm. However, these alternatives create severe
      processing problems for optimized integrated circuit implementation.
PAR  The processing time to form junction isolation in a thick epitaxial region
      is extremely long and would cause extensive surface damage as well as
      being difficult to control. Other forms of isolation processes would also
      be extremely expensive, impractical, or difficult to achieve with
      extremely large epitaxial thicknesses, or diffused layers.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved,
      economical, and reliable opto-coupler unit.
PAR  Another object of the present invention is to provide an improved
      opto-coupler unit having a radiation detecting device capable of
      generating increased signal levels without sacrificing response speeds.
PAR  Another object of the present invention is to provide an improved
      opto-coupler unit having a detecting device which maximizes utilization of
      incident radiation.
PAR  A further object of the present invention is to provide an opto-coupler
      unit having a detecting device for producing desirable current levels
      while minimizing undesirable effects of parasitic capacitance.
PAR  A further object of the present invention is to provide an opto-coupler
      unit wherein the detecting device can be readily integrated in an
      inexpensive manner on a single chip for providing the radiation detection
      and amplification with a minimal number of components.
PAR  Another object of the present invention is to provide an opto-coupler unit
      having a detecting device which can be fabricated inexpensively, reliably,
      and with high yields in accordance with established high performance
      integrated circuit processing techniques.
PAR  Another object of the present invention is to provide an opto-coupler
      having a detecting device which when implemented in integrated circuit
      form possesses minimum undesirable capacitance, optimum compatability with
      thin epitaxial and diffused layer integrated circuit processing
      techniques, for example, 5 to 8 microns, and optimum compatibility with
      idealized epitaxial resistivity, for example 1 or 2 ohm cm. resistivity
      values.
PAR  Another object of the present invention is to provide an opto-coupler unit
      in which the detecting and amplifying function can be fabricated on a
      single semiconductor chip having significantly reduced overall dimensions
      then was previously obtainable.
PAR  Another object of the present invention is to provide an improved
      opto-coupler unit which can be economically and readily packaged with a
      minimum number of wiring or lead restraints.
PAR  Another object of the present invention is to provide an improved
      opto-coupler unit having a radiation detective device and amplifying
      circuitry having improved power dissipation characteristics.
PAR  A further object of the present invention is to provide an improved
      opto-coupler unit having a diode and amplifying section which requires a
      minimum number of components, but yet is still capable of generating a
      sufficiently high output voltage level compatible with
      transistor-transistor logic, TTL.
PAR  Another object of the present invention is to provide an improved
      opto-coupler circuit having a radiation detecting device which does not
      require extremely high beta transistors or Darlington circuits in order to
      provide fast response time and output voltage levels compatible with a TTL
      logic family.
PAR  A further object of the present invention is to provide an improved
      opto-coupler unit having a radiation detecting device capable of
      generating current over a much larger active integrated circuit area
      without increasing its silicon area over prior art integrated circuits,
      and in fact reducing the silicon area over that previously known.
PAR  In accordance with the aforementioned objects, the present invention
      provides an opto-coupler unit readily packaged into a single package
      having a radiation emitting device energized by an electrical input and a
      physically separated detecting device responsive to incident radiation for
      generating an output voltage electrically isolated from the electrical
      signal applied to the radiation source. The device includes an optimum
      semiconductor diode device constituted by first and second active regions
      disposed within a semiconductor body for absorbing a maximum amount of
      incident radiation so as to minimize incident radiation transmittal
      losses.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of cross section, partially broken away, of the
      radiation source and the improved detecting device of the present
      invention.
PAR  FIG. 2 is an electrical schematic diagram illustrating the incorporation of
      the improved radiation detecting device into an amplifying circuit for
      obtaining a high level output voltage with a minimum number of integrated
      circuit components.
PAR  FIG. 3 illustrates typical generated voltage and current waveforms of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Now referring to FIG. 1, it illustrates one preferred embodiment device
      structure of the present invention.
PAR  In order to form the semiconductor detecting diode and attendant amplifying
      generated circuit on a single monolithic chip, a starting P-conductivity
      substrate 10 is employed. In the preferred embodiment, the substrate 10
      possesses a resistivity of approximately 8 to 30 ohm cm. resistivity and a
      thickness of approximately 5 mils or 125 microns. An N-conductivity type
      layer 12 is deposited over the starting substrate 10. In the preferred
      embodiment, layer 12 is constituted by an epitaxially grown material
      having a 1 to 3 ohm cm. resistivity and a thickness of approximately 5 to
      8 microns. In order to provide an electrical contact to the semiconductor
      detecting diode an N+ conductivity type region 14 is formed in the layer
      12 and a P+ conductivity type isolation region 16 is employed in order to
      electrically isolate the diode. In the preferred embodiment, the isolated
      region 16 and N+ conductivity region 12 are formed by diffusion.
PAR  The light generating device which is positioned vertically above the light
      detecting device and separated therefrom is schematically illustrated as a
      gallium arsenide or gallium arsenide phosphide light emitting diode 18
      (LED) comprising an N type substrate 20 having a P+ region 22 formed
      therein. Electrical exitation of the LED junction causes infrared
      radiation schematically depicted as 26 to be emitted from the LED source
      and impinge upon and be absorbed by the radiation diode detecting device.
PAR  The PN junction formed between the substrate 10 and the layer 12 forms a PN
      junction indicated at 30 is bounded by an active N and P regions located
      in the layer 12 and substrate 10, respectively. From an electrical
      standpoint, the detecting diode is schematically equivalent to a current
      source and parallel capacitor and is represented schematically by elements
      32 and 34, respectively, extending across the pair of active N and P
      regions. The dotted line 35 represents the total area which is capable of
      generating electron-hole movement across the reverse biased PN junction 30
      in order to cause electron-hole recombination and thus generate an output
      current in response to the incident radiation 26. It is significant that
      with the diode detector of the present invention, the total active area is
      in the range of 30 to 50 microns thick and thus the incident radiation 26
      generated by the LED radiation source 18 is substantially completely
      absorbed by the N and P active regions and thus maximum current levels are
      generated.
PAR  In actual implementation the radiation source 18 and the detector and
      amplifying chip are first encapsulated in a clear plastic environment and
      then sealed with a suitable exterior opaque case.
PAR  Only portion of the amplifying circuit employed to amplify the generated
      current of the diode detector is depicted, as the remaining integrated
      circuitry is of a conventional nature and is not illustrated for purposes
      of clarity. The electrical current generated by the diode detector is
      first amplified by a trans-impedance amplifier constituted by a resistor
      device 40 formed by a P type region 42 located in the N type epitaxial
      layer 12 and located over an N+ buried layer 44. A bipolar transistor
      constituted by a buried N+ layer 46, a P-conductivity base region 48 and
      an N+ emitter region 50 is also formed in the monolithic integrated
      circuit chip and is isolated by a P+ region depicted at 17 18.
PAR  A passivating insulating layer of material, such as silicon dioxide, is
      illustrated at 52 and is deposited over the upper surface of the N type
      epitaxial layer 12. Appropriate contact holes are open in order to provide
      a metallized contact 54 to the N+ diffused contact region 14, a pair of
      metallized contacts 56 and 58 to the P type diffused resistor 40, and base
      contact, emitter contact, and collector contact depicted at 60, 62, and
      64, respectively. The metallized interconnecton between the diode
      detector, the P diffused resistor 40, and the trans-impedance bipolar
      transistor generally designated as 66, 40 and 70 are interconnected by a
      metallized interconnection pattern deposited over the passivating layer
      52, and for purposes of clarity is simply shown as interconnection lines
      72 and 74.
PAR  Now referring to FIG. 2, it illustrates a complete schematic diagram of a
      monolithic integrated circuit containing the diode detector and amplifying
      circuitry, a portion of which was depicted in FIG. 1 in device form as
      detecting diode 66, resistor 40, and bipolar transistor 70.
PAR  With the improved detecting diode 66 of the present invention, minimal and
      uncomplicated amplifying circuitry is necessary. The circuit essentially
      comprises an input trans-impedance amplifier stage 82, an operational
      amplifier intermediate stage 83, and an output amplifier stage 84. The
      monolithic integrated circuit detecting and amplifying circuitry of the
      present invention not only requires minimal uncomplicated devices but also
      operates with minimal power requirements. The input trans-impedance stage
      converts the detected current of diode 66 into a voltage at node 72. The
      supply system for the present detecting and amplifying circuit is
      constituted by a supply voltage VCC of approximately 5 volts in order to
      be TTL compatible and is connected at one side of the circuit at line 85
      and to ground potential at the other line 86, which corresponds to the
      substrate 10 of FIG. 1 being connected to ground potential. Another load
      resistor 87 is connected between line 85 and node 72 and completes the
      trans-impedance amplifying portion of the circuit.
PAR  The operational amplifier includes an NPN bipolar transistor 90 having its
      collector and emitter terminals connected between a node 92 and line 86. A
      resistor 94 is connected between node 96 and the base of transistor 90. A
      resistor 98 is connected between nodes 72 and 96, and resistor 100 is
      connected between node 96 and 92. A load resistor 102 is connected between
      the supply voltage at line 85 and the collector of transistor 90.
PAR  The output amplifying stage comprises an output transistor 110 having a
      Schottky-barrier diode 112 connected between its base and collector
      terminals. The Schottky-Barrier diode is not a necessary element of the
      present invention but in some applications can be used to optimize
      operation. The specific transistor Schottky-barrier diode arrangement is
      disclosed in U.S. Pat. No. 3,649,883, issued March 14, 1972, and assigned
      to the same assignee of the present invention. A resistor 114 is connected
      between node 92 and the base terminal of transistor 110, and an optional
      load resistor 116 is connected between the supply line 85 and the
      collector of transistor 110 at node 118 which also constitutes the voltage
      output node which in turn is connected to voltage output line 120 for
      providing an output voltage Vout.
PAR  An undesirable parasitic capacitor 122 exists between node 118 and the
      cathode of diode detector 66 at node 124. The value of this parasitic
      capacitor 126 is normally less than 0.2 micro-micro farads and is
      typically in the order of 0.05 micro-micro farads.
PAR  In the preferred embodiment, the radiation source is depicted as an LED;
      however, other suitable radiation type sources can be employed.
PAC  OPERATION
PAR  Assuming that radiation 26 is emitted by the LED radiation source 18,
      approximately 6 - 10 microamperes (I1) is generated by the diode detector
      66 assuming a drive current of approximately ten milliamps to the LED
      radiation source. This generated current discharges the
      substrate-epitaxial capacitor represented at 34 in FIG. 1 and also the
      shunt base-emitter capacitance of transistor 70 so as to turn transistor
      70 off. This causes the collector of transistor 70 at node 72 to rise
      until a feedback current through resistor 40 equals the detector current
      I1. With the flow of current I1 a feedback current I2 is created from node
      72 through resistor 68 until I1 equals I2. This causes node 72 to rise in
      voltage in the amount equal to the product of I2 times the ohmic value of
      resistor 40 minus the small voltage drop at the base of transistor 70.
      Accordingly, a detected current I1 is converted to a voltage at node 72
      and thus the term trans-impedance amplifier. The voltage generated at node
      72 is employed to drive the operational amplifier stage 83. Prior to the
      incident of radiation on diode 66, and assuming a beta of approximately
      100 for transistor 70 about 250 microamps flows through resistor 87. The
      operational amplifier 83 possesses a gain of approximately eight, which is
      set by the ohmic ratio of resistor 100 over resistor 98 and the open loop
      voltage gain of transistor 90. The ratio of the emitter areas of
      transistor 90 over that of transistor 70 is set equal to approximatey 1.3
      in order to compensate for their difference in respective emitter currents
      and the voltage drop across resistor 40 due to the base bias current for
      transistor 70.
PAR  Resistor 94 is added to compensate for a beta range 50 to 500 which
      normally would cause the base drive currents of transistors 70 and 90 to
      change drastically. Also, it is noted that because of this configuration,
      the base voltage bias of transistor 90 is temperature compensated with
      respect to that of the output of transistor 70. Resistor 102 compensates
      resistor 87 for temperature changes as well as for absolute values caused
      by processing tolerances. Resistor 114 which connects output node 92 from
      the operational amplifier 83 to the output transistor 110 is optional but
      in this particular embodiment is introduced to limit the slew rate of
      output transistor 110 in order that the parasitic feedback through
      capacitor 122 to the detector diode 66 at node 124 does not cause spurious
      oscillations during switching.
PAR  As previously discussed the option of an output transistor 110 with a
      Schottky-barrier recombination ring is optional in order to reduce storage
      times for certain high speed applications. However, for data rates in the
      range of one megahertz, this configuration is unnecessary.
PAR  Node 92 drops approximately 400 millivolts when node 72 rises 50
      millivolts, thus transistor 110 is turned off so as to generate an output
      voltage Vout approximately equivalent to VCC.
PAR  When the light emitting diode is turned off, the capacitance shown in FIG.
      1 as element 34 is recharged through resistor 40 causing node 124 to rise
      in voltage, causing transistor 70 to turn on more which causes node 72 to
      drop in voltage. This in turn causes node 92 to rise causing output
      transistor 110 to be turned on by base drive current through resistor 114.
      Thus, the output voltage goes to approximately ground potential or more
      specifically, 150 millivolts which is the collector-to-emitter saturation
      voltage. The generated diode current I1 and output voltage waveforms for
      the present embodiment are illustrated in FIG. 3.
PAR  The exact values of resistors are unimportant, since the circuit is
      designed primarily to be sensitive to the ratio of resistors only.
      Furthermore, the overall circuit performance is relatively independent of
      supply voltages and capable of operating in a range of 2 volts to an
      excess of 10.0 volts. The value of 5.0 volts is arbitrarily selected in
      order that the output voltage Vout is compatible with TTL logic circuitry.
      The operational amplifying nature of the second stage is further improved
      performance wise, under certain circumstances, in that transistor 90 is
      quickly pulled out of saturation after the LED is overdriven and when the
      light emitting diode is turned off.
PAR  Another feature of the present circuit is that the detector capacitance is
      minimized by the use of the substrate-epi junction diode. The capacitance
      value can be further minimized by including a thin high resistivity
      N-layer at the PN junction 30 in the structure of FIG. 1 if even lower
      capacitance is desired (not shown).
PAR  While the invention has been particularly shown and described in reference
      to the preferred embodiments thereof, it will be understood by those
      skilled in the art that changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current comprising:
PA1  a. a body of semiconductor material for receiving the incident radiation at
      a first surface;
PA1  b. said body comprising a substrate of a first conductivity type and an
      overlying layer of opposite conductivity type, said substrate having
      second and third surfaces separated from said first surface, said second
      surface being disposed intermediate to said first and third surfaces;
PA1  c. a subsurface PN junction detector means located at approximately said
      second surfaces coupled to a reverse bias supply means for absorbing
      substantially all incident radiation and generating an output current;
PA1  d. at least a first active device having active regions disposed in said
      overlying layer and coupled to said subsurface PN junction.
NUM  2.
PAR  2. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 1 wherein:
PA1  a. said substrate comprises a P type conductivity material, and said
      overlying layer comprises a N type conductivity material.
NUM  3.
PAR  3. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 2 further
      including:
PA1  a. isolating regions extending from said first surface to said second
      surface for electrically isolating said subsurface PN junction detector
      means from said first active device.
NUM  4.
PAR  4. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 3 wherein:
PA1  a. said overlying layer is an epitaxial layer.
NUM  5.
PAR  5. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 4 wherein:
PA1  a. said first active device comprises an NPN transistor having a collector
      region constituted by a portion of said epitaxial layer and base and
      emitter regions disposed in said epitaxial layer.
NUM  6.
PAR  6. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 5 further
      including:
PA1  a. an N type contact region disposed into said epitaxial layer for
      providing a low electrical resistance contact to said subsurface PN
      junction detector means for coupling to said first active device.
NUM  7.
PAR  7. An integrated circuit detector means responsive to an incident radiation
      supply means for generating an output current as in claim 6 further
      including:
PA1  a. a plurality of other active and passive devices disposed in said
      epitaxial layer coupled to said PN junction detector means.
NUM  8.
PAR  8. A detector means responsive to an incident radiation supply means for
      generating an output current comprising:
PA1  a. a substrate of a first conductivity type;
PA1  b. an epitaxial layer of opposite conductivity type disposed over said
      substrate for forming a subsurface PN junction detector means;
PA1  c. means coupled to said PN junction detector means for reverse biasing
      said subsurface PN junction detector means; and
PA1  d. said substrate and epitaxial layer constituting first and second active
      regions for generating the output current in response to the incident
      radiation.
NUM  9.
PAR  9. A detector means response to an incident radiation supply means for
      generating an output current as in claim 8 wherein:
PA1  a. said substrate comprises a P type conductivity material and said
      epitaxial layer comprises a N type conductivity material.
NUM  10.
PAR  10. A detector means responsive to an incident radiation supply means for
      generating an output current as in claim 9 further including:
PA1  a. active and passive devices disposed in said epitaxial layer and coupled
      to said PN junction detector means for forming an integrated circuit
      detector means.
NUM  11.
PAR  11. A detector means responsive to an incident radiation supply means for
      generating an output current as in claim 10 further including:
PA1  a. isolating regions extending through said epitaxial layer to said
      substrate for electrically isolating said subsurface PN junction detector
      means from said active and passive devices.
NUM  12.
PAR  12. A detector means responsive to an incident radiation supply means for
      generating an output current as in claim 11 wherein:
PA1  a. said epitaxial layer includes an N type contact region disposed therein
      for providing a low electrical resistance contact to said subsurface PN
      junction detector means for interconnection to said active and passive
      devices.
NUM  13.
PAR  13. A detector means responsive to an incident radiation supply means for
      generating an output current as in claim 12 further including:
PA1  a. terminal means coupled to said substrate;
PA1  b. said terminal means and said N type contact region receiving the output
      current from said subsurface PN junction detector means for driving said
      active and passive devices.
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PAL  A high frequency insulated gate field effect transistor comprises a
      semiconductor body of one type of conductivity, a base region of the same
      type of conductivity as the semiconductor body but with a higher impurity
      concentration than the body, and drain and source regions of the opposite
      type of conductivity. A portion of the base region is disposed between the
      drain region and the source region and the impurity concentration of the
      base region is reduced from the source region toward the drain region and
      is less at its junction with the drain region than that of the drain
      region. Such transistor can be incorporated in an integrated circuit as an
      amplifier transistor with a depletion type transistor as a load
      transistor. A common region serves both as a drain region of the amplifier
      transistor and a source region of the load transistor. A process of making
      the transistor and the integrated circuit comprises masking a
      semiconductor body, forming windows in the mask and successively diffusing
      through the same window both a first impurity to form the base region and
      a second impurity to form the source region.
PARN
PAR  This is a continuation of application Ser. No. 305,760 now abandoned filed
      Nov. 13, 1972 which is a CIP of application Ser. No. 55,368 now abandoned
      filed July 16, 1970.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  This invention relates to a high frequency field-effect transistor
      necessitating no epitaxial and isolation regions and being adapted for
      various integrated circuits. Recently, an improved field effect transistor
      having a channel length which is determined by the difference between
      diffusion distances of impurities into the substrate from the same
      selection edge of a selective diffusion mask has been proposed. As the
      channel length is determined by the difference of the diffusion length
      measured from the same position and not directly affected by
      photoengraving technique, excellent super-high-frequency characteristics
      can be obtained, because said channel length can be made to be shorter by
      one order of magnitude than the minimum value (several .mu.) of a
      transistor of conventional structure. However, this improved transistor
      requires indispensably the use of the so-called epitaxial growth technique
      and isolation diffusion process in order to be made in an integrated
      circuit.
PAR  Furthermore, excellent integrated circuits having high performance have not
      yet been obtained because it has been impossible to combine skillfully a
      transistor having excellent high-frequency characteristics and a
      depletion-type transistor having characteristics which are substantially
      equivalent to constant-current characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, an essential object of the invention is to provide a
      high-frequency field-effect transistor adapted for integrated circuits and
      requiring no expitaxial or isolation regions which have been necessary in
      the above-mentioned improved transistors.
PAR  A second object of the invention is to provide a high-frequency
      field-effect transistor which is utilized as a constructional element in
      an integrated circuit of high performance and low substrate effect.
PAR  A third object of the invention is to provide a high-frequency field-effect
      transistor with a narrow drain area.
PAR  A fourth object of the invention is to provide an improved integrated
      circuit in which a load transistor can be made as a depletion type
      transistor having load characteristics which are nearly equal to
      constant-current characteristics.
PAR  A fifth object of the invention is to provide an improved integrated
      circuit having an excellent performance and being composed of a
      field-effect transistor in which the equivalent length of the base region
      is determined by the difference between diffusion distances of two kinds
      of impurities and a depletion-type field-effect transistor.
PAR  The foregoing and other objects of the invention are attained by adopting a
      transistor structure in which the substrate is made of a semiconductor,
      the impurity of which is same as that of the base region, and the impurity
      concentration of said base region is reduced from the source region toward
      the drain region and the said impurity concentration is selected so as to
      be less at its junction with the drain region than at its junction with
      the source region.
PAR  The characteristic features, structures and functions of the inventions
      will become more apparent by the following description taken in
      conjunction with the accompanying drawings, in which the same or
      equivalent members are designated by the same numerals and characters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS:
PAR  FIGS. 1(a) and (b) are schematic, sectional views of a part of a
      field-effect transistor the channel length of which is determined by a
      conventional diffusion method;
PAR  FIG. 2 is a schematic, sectional view of a field-effect transistor having a
      structure according to the invention;
PAR  FIGS. 3(a), (b), (c), (d), (e), (f) and (g) are enlarged sectional views
      showing, respectively, successive process steps for fabricating an
      improved integrated circuit according to the invention;
PAR  FIG. 3(h) is an equivalent circuit diagram of the integrated circuit shown
      in FIG. 3(g);
PAR  FIG. 4 is a schematic planar view of another example of an integrated
      circuit fabricated according to the invention; and
PAR  FIG. 5 shows a schematic planar view of another example of an integrated
      circuit fabricated according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION:
PAR  In FIG. 1(a) there is shown an example of a conventional high-frequency
      field-effect transistor having a drain region 1, a base region 2 having
      the opposite type of conductivity relative to that of the drain region and
      forming a channel at its position on the semiconductor surface, a source
      region 3, a gate insulating layer 4, and a gate electrode 5. For adapting
      the field-effect transistor mentioned above to an integrated circuit as
      shown in FIG. 1(b), it is necessary to form a crystal region 100 forming a
      part of the drain region or having the same conductivity as that of the
      drain region on a substrate 200 of an opposite conductivity type relative
      to that of the drain region, to provide an isolated region 1a in said
      crystal region 100 by spaced isolation diffusion regions 2S, and to
      prepare such a structure as shown in FIG. 1(a) in said region 1a, thus
      necessitating use of the epitaxial technique and isolation diffusion
      process.
PAR  On the contrary, in accordance with this invention, a semiconductor of the
      same conductivity type as that of the base region is used as the
      substrate, thereby avoiding the necessity of using the epitaxial
      technique. A field-effect transistor constructed according to the
      invention is shown in FIG. 2 as comprising a drain region 1, a diffused
      base region 2a, a base region 2b, a source region 3, a gate insulating
      layer 4 and a gate electrode 5. In this transistor, the effective channel
      length is determined by the length Lc of the diffused base region 2a at
      the surface of the semiconductor. That is, in the case when the drain
      voltage is low, the impurity concentration of the diffused base region 2a
      is higher than that of the substrate 200, so that when the gate voltage is
      increased toward operational value, carriers are first produced on the
      surface of the base region 2b formed from a part of the substrate, and
      then carriers are produced on the surface of the diffused base region 2a,
      whereby the real Gm is determined by the length Lc of the surface of the
      diffused base region 2a and this Gm increases because the resistance of
      the channel formed in the base region 2b is low.
PAR  Furthermore, when the substrate is made of a high resistance semiconductor,
      and the drain voltage is high, all portions of the region 2b between the
      base region 2a and the drain region 1 become a depletion layer, and the
      channel length becomes equal to Lc. In this case, the gate electrode 5 may
      be provided in a manner such that it is not superposed on the drain region
      1 thereby remarkably reducing feedback capacitance. Furthermore, the drain
      region 1 and the source region 3 may be produced by the same diffusion
      process and the plane area of the drain region 1 can be reduced, thus
      achieving extreme reduction of the drain capacitance. A method of making a
      transistor of the kind illustrated in FIG. 2 and an example in which such
      transistor is applied to an integrated circuit will be described here
      below with reference to FIGS. 3(a) to (g) in which the left hand portion
      corresponds to the transistor of FIG. 2.
PAR  Firstly, as shown in FIG. 3(a), an insulating region 400 for a diffusion
      mask is bonded to a semiconductor substrate 200 by an oxidation or
      vapor-phase reaction. The substrate is, for example, a p-region (small
      concentration of p-type impurities).
PAR  Secondly, as shown in FIG. 3(b), diffusion windows 423, 413 and 401 which
      are necessary for diffusing the source, base, and drain regions 3, 2a and
      1 are formed by photoengraving.
PAR  Thirdly, an insulating layer 600 containing a p-type impurity composing the
      base region 2a is uniformly formed on the device, as shown in FIG. 3(c).
PAR  Fourthly, as shown in FIG. 3(d), a portion of the insulating layer 600
      overlying windows 413 and 401 is removed by photoengraving while another
      part 623 which overlies and is larger than the diffusion window 423 is
      caused to remain. A diffusion process is then carried out in a
      high-temperature atmosphere from said part 623 through the diffusion
      window 423, whereby the p-type impurity of layer 600 is diffused into a
      portion of the substrate to form a base region 2a as shown in FIG. 3(e).
PAR  Fifthly, as shown in FIG. 3(f), with insulating layer 623 remaining when it
      is very thin or after removing said layer when it is thick, a diffusion of
      n-type impurities is carried out to produce simultaneously a source region
      3 of the transistor used as an active element, a drain region 13 of said
      transistor and serving also as the source region of a load transistor, and
      a drain region 10 of the load transistor. The diffusion operation is
      carried out in such a manner that the region 2a having an impurity of the
      same conductivity type as that of the substrate but of higher
      concentration and a region 2b of the same impurity type and concentration
      as the substrate are caused to remain between the source region 3 and the
      drain region 13. The diffusion operation in the step of FIG. 3(f) can be
      carried out with any suitable gas, liquid or solid source of the
      impurities.
PAR  Sixthly, as shown in FIG. 3(g), gate insulating layers 4A and 4L, gate
      electrode 5A and 5L, and electrodes 3W, 13W, 10W, and 200W are deposited
      on the device, whereby fabrication of the essential parts of an integrated
      circuit is completed.
PAR  A specific example of the process illustrated in FIGS. 3(a) to (g) is as
      follows. A Si wafer of p type conductivity, preferably having a
      resistivity of greater than 100 ohms - centimeter is used as the starting
      material. Grease is removed from the wafer by the ultrasonic washing in
      the organic solvent, acetone, benzene etc. The oxide film 400 is formed on
      the wafer 200 as illustrated in FIG. 3(a) by oxidation in the steam at
      1100.degree. C. The diffusion holes 401, 413 and 423 shown in FIG. 3(b)
      for the source and drain formation are opened by using photoengraving
      technique in usual manner. The BDO (Boron doped oxide) layer 600 is
      applied to the whole surface as illustrated in FIG. 3(c). The BDO is
      etched away from the surface by phtoengraving technique except in the hole
      423 as shown in FIG. 3(d). The BDO in the hole 401 and 413 must be
      entirely removed from the surface. By performing a heat treatment in
      N.sub.2 gas at 1200.degree. C to diffuse the boron in the BDO 623 into the
      substrate, the p type base region 2a is formed as illustrated in FIG.
      3(e). The BDO 623 is removed by using buffered HF, and the hole 423 is
      again opened. Using usual diffusion process, phosphorus is diffused
      through the holes 401, 413 and 423 into the substrate 200 as illustrated
      in FIG. 3(f) to form therein the drain region 10 of the load transistor,
      the region 13 which serves as the source region of the load transistor and
      the drain region of the amplifying transistor and the source region 3 of
      the amplifying transistor respectively. The mask 400 is removed from the
      surface and then by the oxidation in the steam at 900.degree. C the thin
      oxide film 4A, 4L is formed. Thereafter a phosphorus treatment is carried
      out to stabilize the oxide film. The insulating layer thus formed is of
      the same material throughout and, as seen in FIG. 3(g), is of uniform
      thickness.
PAR  Next holes are opened above the regions 10, 13 and 3 for electrical
      contacts to respective regions. Then metal Al is evaporated and deposited
      on the surface. Using photoengraving technique, the unnecessary portion of
      the Al is removed to form the gates 5A and 5L for the amplifying and the
      load transistors respectively and the electrical contacts 3W, 13W and 10W
      for the respective regions mentioned above.
PAR  It will be understood that the opposite type of impurities can be used in
      the respective steps of the process described above. Thus the p-type
      impurities in the steps of FIGS. 3(a) and 3(e) may be replaced by n-type
      impurities and the n-type impurities of the step of FIG. 3(f) may be
      replaced by p-type.
PAR  The integrated circuit shown in FIG. 3(g) can be represented by an
      equivalent circuit as shown in FIG. 3(h), in which if the terminals 5A,
      13W, 10W, 3W and 200W corresponding respectively to the electrodes 5A,
      13W, 10W, 3W and 200W of the device shown in FIG. 3(g) are used,
      respectively, as an input terminal, an output terminal, a power terminal,
      a ground terminal, and a control terminal for controlling the threshold
      voltage of each MOS type transistor, the device can operate as an
      amplifier or as a switching circuit.
PAR  The terminal 5L may be used in the state wherein it is connected with the
      power voltage. Furthermore, if a substrate 200 made of p-type silicon and
      gate insulating layers 4A and 4L made of SiO.sub.2 are used, the load
      transistor L becomes one of depletion type, so that a high performance
      type integrated circuit having a constant current bias can be obtained by
      connecting the terminal 5L with the terminal 13W by means of internal
      wiring of the integrated circuit.
PAR  In the example described above, even when an insulating layer capable of
      being dissolved by an etchant different from that of the mask 400 or being
      dissolved in a time less than half the time required to dissolve the mask
      400, is used in place of the insulating layer 600 to mask the impurity
      which is diffused to form the region 2a and only the region 623 is removed
      by photoengraving, the same structure as that of FIG. 3(g) can be
      obtained.
PAR  As will be understood from the above description, according to this method,
      an isolation diffusion process is not essentially required. As the
      impurity concentration of the substrate is relatively low, it is possible
      to obtain a high-frequency integrated circuit in which the output
      capacitance (drain capacitance of the transistor to be used as an active
      element) is small, and the frequency characteristics of the active element
      are made larger by one order of magnitude than the conventional
      high-frequency integrated circuits.
PAR  Furthermore, in the integrated circuit illustrated in FIG. 3(g), if the
      impurity concentration of the substrate 200 is designed so that, in the
      region of the transistor A, the base region 2b having a low impurity
      concentration and positioned between the source region 3 and drain region
      13 becomes a depletion layer, the effective channel length of the
      transistor A becomes equal to the length Lc of the base region formed by
      diffusion through the same edge of the diffusion window as that of the
      source region 3. With the method illustrated by FIGS. 3(a) to (f) the
      distance Lc is determined by the difference of the diffusion length, from
      the edge of the insulator 400, in the diffusion of p-type impurity in the
      step illustrated in FIG. 3(e) and the n-type impurity in the step
      illustrated in FIG. 3(f). The distance Lc is thus controlled by the
      diffusion constant of the impurities, the time of diffusion and the
      temperature of diffusion. Consequently, in view of the possibility of
      easily controlling the diffusion length to less than 1.mu. with an
      accuracy of less than 100 A, it is possible to provide a
      super-high-frequency transistor having a short channel length as an active
      element.
PAR  On the other hand, in the load transistor L, differing from the case of the
      transistor A, the impurity concentration of the region 2L between the
      source region 13 and the drain region 10 is low, and variation of
      threshold voltage of the load transistor L due to variation of the output
      voltage is relatively small, so that formation of a load transistor
      capable of being designed so as to have a high output voltage and a large
      gain becomes possible.
PAR  As described above, according to the invention, an integrated circuit
      having excellent high frequency characteristics and high performance can
      be easily and economically manufactured. Furthermore, since the impurity
      concentration of the substrate can be easily reduced, the load transistor
      can be made so as to be a depletion type independent of the transistor
      being used as the active element, whereby it becomes possible to construct
      a load transistor having characteristics which are substantially
      equivalent to constant-current characteristics, thus affording realization
      of an integrated circuit having excellent high-frequency characteristics
      and low-power characteristics.
PAR  As described above in detail, the channel length of a field-effect
      transistor, in which the effective channel length is determined by the
      difference between the diffusion lengths of two kinds of impurities, can
      be made to be less than 1.mu., thus affording the possibility of using
      said transistor as a super-high-frequency transistor. On the other hand, a
      so-called depletion type field-effect transistor has load characteristics
      which are substantially equal to constantcurrent characteristics, so that
      said transistor can be effectively used for a low-power, high-speed
      integrated circuit.
PAR  Referring to FIG. 3(g), an excellent integrated circuit having high
      performance can be fabricated by combining the above described
      field-effect transistors of two kinds.
PAR  For the purpose of using a depletion type field-effect transistor as a
      load, a region capable of suppressing currents is required in order to
      prevent leakage of the current passing through the transistor into a
      transistor other than the predetermined transistor. This requirement can
      be met by surrounding the depletion type field-effect transistor to be
      used as a load transistor with an amplifier transistor of enhancement type
      or with only the same diffused region as the base diffused region adapted
      to determine the channel length. Furthermore, the aforementioned object
      can be attained by a method of providing separately a diffused region of
      the same impurity type as that of the base diffused region and by
      surrounding the load transistor with the diffusion region. That is, it is
      only necessary to surround the load transistor with a diffused base region
      or a diffused region which is contiguous to said base region and is of the
      same impurity type as that of said base region.
PAR  An actual integrated circuit comprising a combination of the two kinds of
      field-effect transistors described above will be described in detail in
      connected with FIGS. 4 and 5.
PAR  FIG. 4 illustrates an embodiment in which a load transistor is planarly
      surrounded by a part of diffused main base region of an amplifier
      transistor. Referring to FIG. 4, there is shown an integrated circuit
      comprising a source region 3 of an amplifier transistor, a region 13
      serving both as a drain region of said amplifier transistor and a source
      region of a load transistor, a drain region 10 of said load transistor, a
      gate electrode 5A of said amplifier transistor and a gate electrode 5L of
      said load transistor, and insulating layers 4A and 4L beneath said gate
      electrodes 5A and 5L respectively.
PAR  If the source region 3 is diffused by utilizing a positioning mask which is
      substantially the same in its main part as that used for diffusion of the
      base region 2a, the shorter distance Lc of the base region 2a can be
      controlled with an accuracy of less than 1.mu.. When the resistivity of
      the substrate 200 is high, and te drain voltage is not close to 0 volt,
      the region between the region 13 and the diffused base region 2a becomes a
      depletion layer, whereby the channel length of the amplifier transistor
      becomes substantially equal to Lc, thus imparting excellent high-frequency
      characteristics to the amplifier transistor.
PAR  The gate electrode 5A of the amplifier transistor may be deposited on the
      entire base region 2a but it is possible to adopt a method whereby a
      partial region having no gate electrode deposited thereon is provided as
      shown in FIG. 4, and the insulating layer above said partial region is
      made thick, lead electrodes from the regions 13 and 10 being therethrough.
PAR  In general, according to the structure described above, all parts of the
      current passing through the load transistor flow into the transistor
      surrounding said load transistor, and the current liable to flow out
      through the inversion region of the substrate 200 is stopped by the
      diffused base region 2a of the amplifier transistor. Of course, it is not
      always necessary to surround the load transistor completely with the
      source region 3 of the amplifier transistor, and the surrounding portion
      may be partially dispensed. Furthermore, it is not always necessary that
      the surrounding transistor operate as an amplifier. That is, for the
      purpose of dispensing with a particular processing step necessary for
      separation, it is only necessary to diffuse a base diffused region onto
      the periphery of the load transistor at the same time as the base
      diffusion of the other transistors.
PAR  FIG. 5 illustrates another example of an improved integrated circuit, in
      which a load transistor L is surrounded by a diffused region 2S of the
      same conductivity type as that of base region, said region 2S being made
      contiguous with the diffused base region 2a of an amplifier transistor.
PAR  Detailed description of the example in FIG. 5 is herein omitted, because
      the essential parts thereof are substantially the same as those designated
      by the same numerals and characters in the example shown in FIG. 4.
PAR  If the diffusion sequence is set in such a manner that n+ diffusion is
      first carried out by the use of an impurity diffusion velocity thereof
      which is slow, and then the base diffusion is carried out, the diffusion
      region 2S can be formed by the same diffusion processing step as that of
      the base region.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An integrated circuit comprising a high resistivity semiconductor body
      having
PA1  a. a surface portion and containing a low concentration of impurities of
      one conductivity type and a resistivity of at least 100 ohm-cm,
PA1  b. a first region of said one conductivity type located in said surface
      portion of the semiconductor body having diffused therein impurities of
      said one conductivity type to provide an impurity concentration in said
      first region higher than that in said semiconductor body,
PA1  c. a second region located in a part of surface portion of said first
      region with said first region underlying and around said second region,
      said second region having diffused therein impurities of the opposite
      conductivity type to provide an impurity concentration in said second
      region higher than that in said first region,
PA1  d. a third region located in said surface portion of said semiconductor
      body spaced from said first and second regions and having diffused therein
      impurities of the same type of conductivity and same concentration as said
      second region, said third region being separated from said second region
      by a surface portion of said semiconductor body of said low impurity
      concentration and by a surface portion of said first region of higher
      impurity concentration,
PA1  e. a fourth region located in said surface portion of said semiconductor
      body spaced from said third region and having diffused therein impurities
      of the same type of conductivity and same concentration as said third
      region, said fourth region being separated from said third region by a
      surface portion of said semiconductor body containing a low concentration
      of impurities of said one conductivity type,
PA1  f. an insulating layer of one and the same material extending over said
      surface portion of said semiconductor body including said first region,
      second region, third region and fourth region and intervening portions of
      said surface portions, with windows over said second, third and fourth
      regions, and
PA1  g. metal deposited on said body to form ohmic contacts through said windows
      with said second, third and fourth regions and gate electrodes overlying
      said insulating layer over said portion of said first region disposed
      between said second and third regions and over said surface portion of
      said semiconductor body disposed between said third and fourth regions,
PA1  h. said second and third regions comprising the source and drain of an
      amplifying transistor of an enhancement type and said third and fourth
      regions comprising the source and drain of a load transistor of a
      depletion type connected in series with said amplifying transistor.
NUM  2.
PAR  2. An integrated circuit according to claim 1, further comprising a fifth
      region which is continuous with said first region and surrounds said third
      and fourth regions, said fifth region containing impurities of the same
      conductivity type as said first region and having an impurity
      concentration at least as great as said first region.
NUM  3.
PAR  3. An integrated circuit according to claim 1, in which said insulating
      layer is of uniform thickness.
NUM  4.
PAR  4. An integrated circuit according to claim 1, in which the channel length
      of said amplifying transistor is determined by the width of the surface
      portion of said first region around said second region and does not exceed
      1.mu..
NUM  5.
PAR  5. An integrated circuit according to claim 1, in which the impurity
      concentration of said surface portion between said second region and said
      third region decreases in a direction from said second region to said
      third region and is thereby lower at the junction with said third region
      than at the junction with said second region.
NUM  6.
PAR  6. An integrated circuit according to claim 1, in which said substrate is
      silicon with a low concentration of p-type impurities.
NUM  7.
PAR  7. An integrated circuit according to claim 6, in which said first region
      has boron diffused therein.
NUM  8.
PAR  8. An integrated circuit according to claim 7, in which said second, third
      and fourth regions have phosphorus diffused therein.
NUM  9.
PAR  9. An integrated circuit according to claim 6, in which said insulating
      layer is SiO.sub.2.
NUM  10.
PAR  10. An integrated circuit according to claim 1, in which said ohmic contact
      with said third region is electrically connected within said circuit with
      the gate electrode over said surface portion of said semiconductor body
      disposed between said third and fourth regions.
NUM  11.
PAR  11. An integrated circuit comprising a depletion type load transistor
      connected in series with an enhancement type amplifying transistor, said
      circuit comprising:
PA1  a. a silicon substrate having a surface portion containing a low
      concentration of p-type impurities and a resistivity of at least 100
      ohm-cm,
PA1  b. a first region forming the base of said amplifying transistor and
      comprising a surface portion of said substrate having diffused therein
      p-type impurities with an impurity concentration higher than that in said
      substrate,
PA1  c. a second region forming the source of said amplifying transistor and
      located in a part of the surface portion of said first region with said
      first region underlying and surrounding said second region, said second
      region having diffused therein n-type impurities with an impurity
      concentration higher than that in said first region,
PA1  d. a third region forming the drain of said amplifying transistor and the
      source of said load transistor and located in said surface portion of said
      substrate spaced from said first and second regions so as to be separated
      from said second region by a surface portion of said substrate of low
      impurity concentration and by a surface portion of said first region of
      higher impurity concentration, said third region having diffused therein
      n-type impurities with the same impurity concentration as said second
      region,
PA1  e. a fourth region forming the drain of said load transistor and located in
      said surface portion of said substrate spaced from said third region by an
      intervening surface portion of said substrate containing a low
      concentration of p-type impurities, said fourth region having diffused
      therein n-type impurities with the same impurity concentration as said
      third region,
PA1  f. an insulating layer of SiO.sub.2 extending over said surface portion of
      said substrate, said insulating layer being of uniform thickness except
      for windowns over said second, third and fourth regions, and
PA1  g. metal deposited over said insulating layer to form ohmic contacts
      through said windows with said second, third and fourth regions and gate
      electrodes overlying said insulating layer over said portion of said first
      region disposed between said second and third regions and over said
      surface portion of sais substrate disposed between said third and fourth
      regions.
NUM  12.
PAR  12. An integrated circuit according to claim 11, in which said third and
      fourth regions are surrounded by said first and second regions.
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ABST
PAL  In a semiconductor integrated circuit device in which a plurality of
      regions each having a semiconductor element such as a PN junction diode
      and a transistor are isolated electrically from one another by PN
      junctions formed between the respective regions and a semiconductor
      isolation region, gold is introduced into the regions having the
      semiconductor elements and the isolation region while at least one
      diffused region heavily doped, for example, with phosphorus is formed in
      the isolation region adjacent to the region having the PN junction diode
      or the transistor thereby to prevent the breakdown voltage of the
      backwardly biased PN junction in the diode or the transistor from
      decreasing. Further by surrounding all the transistors, at least in one of
      which gold is diffused, formed in one integrated circuit with heavily
      doped N.sup.+-type regions an integrated circuit with transistors having a
      small variation in current amplification factor is obtained.
PARN
PAR  This application is a divison of application Ser. No. 332,520 filed Feb.
      14, 1973, now abandoned, which is a division of application Ser. No.
      16,018 filed Mar. 3, 1970 now abandoned.
BSUM
PAR  This invention relates to a semiconductor component or an integrated
      circuit device wherein gold is introduced into the semiconductor body, and
      to a method of manufacturing the same.
PAR  In a semiconductor device such as a transistor and a diode utilizing a PN
      junction or junctions and minority carriers injected from the PN junction,
      a time delay in signal transmission is caused due to these minority
      carriers which are stored in the semiconductor regions adjacent to the PN
      junction, when, for example, the semiconductor device undergoes a
      switching operation. Further, the waveform of the signal is distorted or
      deteriorated. The effect due to the storage of minority carriers is called
      the storage effect, while the time delay of signal transmission is called
      the storage time.
PAR  In order to reduce the influence of such a storage effect a well known
      method is to introduce a so-called life time killer, an impurity capable
      of being a recombination center in a semiconductor crystalline body, for
      example, gold, platinum and iron, in order to decrease the life of
      minority carriers.
PAR  However, when such a life time killer is used, a remarkable increase in the
      reverse current near the breakdown voltage is seen in the voltage-current
      characteristic of the PN junction when the PN junction is reversely
      biased. The so-called soft breakdown phenomenon, results in such
      disadvantages as a decrease in the reverse breakdown voltage and an
      increase of their variation among the devices.
PAR  Furthermore, in a semiconductor crystal, for example, of silicon above
      about 900.degree. C., gold has a much faster diffusion speed than the
      conductivity type determining impurities belonging to the III and V groups
      in the Periodic Table. Therefore, where the circuit element regions in the
      semiconductor integrated circuit device are electrically separated by the
      reversely biased PN junctions, it is extremely difficult to diffuse gold
      selectively into the semiconductor body excluding some circuit element
      regions. In order to realize this selective introduction of gold the
      distance between the circuit element regions should be sufficiently large.
      However, this is against the requirement of high quality and density of
      circuit elements.
PAR  The integrated circuit, where a plurality of transistors are formed in a
      sheet of semiconductor substrate, has a large variation of current
      amplification factor among the transistors with different structure. So,
      the degree of freedom or the allowance in design and use of the integrated
      circuit is restricted.
PAR  One object of this invention is to increase the breakdown voltage of PN
      junctions in the gold doped integrated circuit device wherein circuit
      elements are isolated by reversely biased PN junctions.
PAR  Another object of this invention is to provide an integrated circuit where
      the action of introduced the gold is localized without sacrificing the
      degree of integration.
PAR  Still another object of this invention is to provide a method for
      manufacturing an integrated circuit having a plurality of transistors
      capable of keeping their current amplification factors uniform or
      restricting them in a definite allowable range.
PAR  A further object of this invention is to provide an integrated circuit
      device capable of being manufactured at a high yield and with a high
      quality ratio.
PAR  According to this invention, the following phenomenon clarified by the
      inventors is effectively utilized. Namely, the life killing action of gold
      introduced in the semiconductor crystal is reduced by a region containing
      a high concentration of N-type impurity (N.sup.+-type region). This fact
      leads to other favorable effects.
PAR  In one embodiment according to this invention, an N.sup.+-type region, more
      preferably an N.sup.+-type region doped with phosphorus as the impurity,
      is arranged in the neighborhood a semiconductor region where the action of
      gold is wanted to be killed. More specifically, this N.sup.+-type region
      is made to contact with the region in which a semiconductor circuit
      element is formed. The formation of the N.sup.+-type region or regions in
      a semiconductor isolation region electrically separating the semiconductor
      circuit elements from one other avoids the degradation of the degree of
      integration.
PAR  In another embodiment according to this invention, all transistors formed
      in one semiconductor substrate are surrounded with the N.sup.+-type region
      or regions.
PAR  From our experiments later described it will be understood more clearly
      that a part of gold introduced into the semiconductor substrate is trapped
      by the N.sup.+-type region and the distribution of gold in the substrate
      is controlled by adjusting the shape of the N.sup.+-type region.
PAR  The above and other objects and features of this invention will be made
      more apparent from the preferred embodiments of this invention taken in
      conjunction with the accompanying drawings, in which;
PAR  FIGS. 1a, 2 and 3 are the plane views of transistors according to this
      invention;
PAR  FIG. 1b is a cross-sectional view taken along the line I.sub.b --I.sub.b of
      FIG. 1a;
PAR  FIGS. 4a to 4c show the distribution of reverse breakdown voltage of the
      transistors shown in FIGS. 1a, 2 and 3, respectively;
PAR  FIG. 5 is a connection diagram of a DTL (diode transistor logic) circuit;
PAR  FIG. 6 is a partial cross-sectional view of an integrated circuit according
      to one embodiment of this invention;
PAR  FIG. 7 is a connection diagram of an integrated circuit according to
      another embodiment of this invention;
PAR  FIGS. 8a and 8b are top views of the semiconductor chip of the integrated
      circuit in the different manufacturing steps according to another
      embodiment of this invention;
PAR  FIGS. 9a to 9c and 10 are cross-sectional views of the semiconductor chip
      shown in FIGS. 8a and 8b in the various manufacturing steps according to
      this invention;
PAR  FIGS. 11a and 11b show the distribution of base current of the transistors
      manufactured according to this invention. de
PAR  First of all, the special phenomenon found by the inventors will be
      explained with reference to the transistors doped with gold. This
      phenomenon, the fundamental of this invention, appears when a high
      impurity concentration region is formed in a gold doped PN junction
      device.
PAR  FIGS. 1a, 1b, 2 and 3, where like reference numerals are used to denote
      like parts, show the plane views of gold doped transistors. For the sake
      of explanation the passivation films covering the surface of the
      semiconductor substrates are omitted. The numeral 1 denotes a collector
      region, 2 a base region formed in the collector region 1, and 3 an emitter
      region formed in the base region 2. The members 6, 7 and 8 are the
      emitter, base and collector electrodes ohmically connected the regions 1,
      2 and 3, respectively. In all the above transistors the regions 1, 2 and 3
      are manufactured under the same conditions and have the same sizes and
      shapes, respectively. On the other hand, the N.sup.+-type regions 5 formed
      in the neighborhood of the collector junctions 4 have different areas and
      shapes as shown in FIGS. 1a, 2 and 3, the areas being 560 .mu..sup.2 in
      FIG. 1a, 1500 .mu..sup.2 in FIG. 2 and 3500 .mu..sup.2 in FIG. 3. The area
      of the emitter region 3 is 600 .mu..sup.2.
PAR  These transistors are manufactured by the conventional selective diffusion
      technique. First, an N-type silicon substrate (collector) 1 having a
      conductivity of 0.2 .OMEGA. cm is prepared and the surface is oxidized.
      The oxide film (not shown) on the substrate 1 is next removed selectively
      by the conventional photoetching technique to prepare a window for base
      diffusion. The silicon substrate 1 is heated at 975.degree. C for 45
      minutes in an atmosphere containing boron trioxide B.sub.2 O.sub.3 so that
      an impurity source mainly of boron is deposited on the surface of silicon
      substrate 1. Thereafter, gold is thinly deposited on the other major
      surface of the substrate 1 by the evaporation technique. The silicon
      substrate 1 is heat-treated at 1200.degree. C. for 25 minutes in an
      atmosphere including water vapor to diffuse boron into the substrate and
      to form a base region 2. At the same time gold is diffused into the
      substrate 1. A new oxide film is formed on the surface of silicon
      substrate in the window portion of the oxide film. The base region 2 has a
      depth of about 3.mu. and a sheet resistance of about 100 .OMEGA./cm.sup.2.
PAR  Next, windows for the formation of emitter 3 and the N.sup.+-type region 5
      are prepared in the oxide film covering the surface of the substrate 1.
      The substrate 1 is then disposed for 8 minutes in a atmosphere including
      POC1.sub.3 vapor with N.sub.2 and O.sub.2 as carrier gases at 1100.degree.
      C to deposit an impurity source mainly of phosphorus on the surface of
      substrate 1. By the successive heat-treatment at 1080.degree. C for 8
      minutes phosphorus is diffused into the substrate, whereby an emitter
      region 3 and an N.sup.+-type region 5 are formed in the silicon substrate
      1. The emitter region 3 and the N.sup.+-type region 5 have a depth of
      about 2.mu. and a sheat resistance of about 3.OMEGA./cm.sup.2. Finally, by
      using the photoetching and evaporation techniques the collector, base and
      emitter electrodes 8, 7 and 6 are connected to the corresponding regions
      5, 2 and 3, respectively.
PAR  The results of measurement of the characteristics of the above transistors,
      that is, the breakdown voltage of the PN junctions between the collector
      and the base regions are as shown in FIGS. 4a to 4c. FIG. 4a, where the
      ordinate is the number of transistors and the abscissa is the breakdown
      voltage, shows the characteristics of a plurality of transistors each
      having the transistor structure shown in FIG. 1a. FIGS. 4b and 4c show the
      characteristics of two groups of transistors having the transistor
      structures shown in FIGS. 2 and 3, respectively. As apparent from these
      figures, the transistors doped with gold are more influenced by the
      N.sup.+-type region 5 than the transistors without gold. Accordingly, as
      the area of the N.sup.+-type region 5 is larger, the breakdown voltage and
      the yield can be improved. Although other influences of the N.sup.+-type
      region 5 on the characteristics are not shown, the increase of reverse
      current due to the soft breakdown phenomenon accompanied by the
      introduction of gold is prevented. Further, it was found that the current
      amplification factor increases with the area of the N.sup.+-type region 5.
      These advantages are more enhanced according as the area of the
      N.sup.+-type region 5 is larger. The effect of the N.sup.+-type region
      becomes remarkable when the phosphorus concentration is more than
      10.sup.20 atoms/cc, preferably between 10.sup.20 and 5 .times. 10.sup.21
      atoms/cm.sup.3.
PAR  The fact that the formation of the N.sup.+-type region kills the action of
      gold is perhaps due to the reason that gold reaches the N.sup.+-type
      region and its neighboring region and is trapped or absorbed by it so that
      the gold concentration near this region is decreased.
PAR  The same result can be obtained not only in the NPN transistor but also in
      the junction type diode and PNP transistor when an N.sup.+-type region is
      formed in the P-type substrate.
PAR  Therefore, the gist of this invention is the disposition of the
      N.sup.+-type region in the isolation region of a gold doped integrated
      circuit device adjacent to a selected circuit element or elements.
PAR  Referring to FIGS. 5 and 6, and embodiment according to this invention
      wiill be explained. FIG. 5 shows a diode-transistor-logic circuit (DTL
      circuit) in which D.sub.1, D.sub.2 and D.sub.3 are gate diodes, D.sub.4 is
      a level shift diode (usually a plurality of such diodes are connected in
      series), Tr is an inverter transistor, R.sub.1 is a gate resistor and
      R.sub.2 is a load resistor. In order to decrease the time delay of the
      output signals with respect to the input signals and in order to prevent
      signal waveforms from distortion it is desirable to decrease the storage
      time of the gate diodes D.sub.1 to D.sub.3 and the inverter transistor Tr.
      For this purpose it is desirable to introduce a life time killer into
      them. On the other hand, the level shift diode D.sub.4 has a function of
      accelerating the recovery action of the inverter transistor Tr by forcing
      the base potential to become zero or a reverse bias by the electric charge
      stored in the diode D.sub.4. Therefore, the introduction of a life time
      killer material into the diode D.sub.4 for decreasing the storage charge
      is unnecessary or unfavorable.
PAR  According to this embodiment, the above circuit is formed in a
      semiconductor substrate 20 as an integrated circuit device as shown in
      FIG. 6, in which the portion 21 is the gate diode D.sub.1, D.sub.2 or
      D.sub.3, 22 is the level shift diode D.sub.4 and 23 is the inverter
      transistor Tr.
PAR  The device is manufactured in the following manner. First, a P-type silicon
      substrate 24 is prepared. Antimony is selectively diffused into the major
      surface of the substrate 24 to form N.sup.+-type buried layers 26 and 27.
      An N-type silicon epitaxial layer 25 is formed on the major surface by the
      epitaxial growth technique. Boron is selectively diffused into the
      epitaxial layer 25 to form a P-type isolation region 28 so as to reach the
      substrate surface and to isolate a plurality of N-type semiconductor
      regions 29 to 31 electrically from one another. Next, in order to form
      P-type regions 32 to 34 in the semiconductor regions 29 to 31,
      respectively, a material including an impurity such as boron oxide is
      deposited locally on the surface of the epitaxial layer 25, using the
      silicon oxide film 38 as a mask, whereby boron is diffused into the
      surface of the exposed epitaxial layer 25. The deposited boron oxide is
      removed by an etchant such as HF, and thereafter gold is deposited on the
      opposite major surface of the semiconductor substrate 24. The
      semiconductor body 20 is heat-treated in an oxidizing atmosphere
      containing water vapor, whereby boron contained in the surface of the
      epitaxial layer 25 is diffused and P-type regions 32 to 34 are formed. At
      the same time gold is diffused into the semiconductor body 20. During the
      heat-treatment an oxide film is newly formed on the epitaxial layer 25.
PAR  Then, by the selective diffusion technique a high concentration of
      phosphorus (10.sup.20 to 5 .times. 10.sup.21 atoms/cc) is introduced into
      the P-type regions 32 and 34 and into the isolation region 28 surrounding
      the N-type region 30 thereby to form N.sup.+-type regions 35 to 37. In
      this case, N.sup.+-type regions 45 and 46 to ensure good ohmic contacts
      may be formed simultaneously. Since the N.sup.+-type region 36 is formed
      simultaneously with the N.sup.+-type emitter region 37, no special step is
      necessary for forming the N.sup.+-type region 36.
PAR  Finally, metal layers 40 to 44 serving as electrodes or wirings are formed
      on prescribed regions through the oxide passivation film 38. Although the
      N.sup.+-type region 36 is annular in this embodiment, the shape may be
      such types as shown in FIGS. 1a and 2.
PAR  In the above embodiment, since the level shift diode 22 is surrounded with
      the N.sup.+-type region 36 while the other diode 21 is not, the gold
      introduced into the silicon body reacts only with the gate diode 21 and
      the inverter transistor 23, but not with the level shift diode 22. By the
      presence of the N.sup.+-type region 36 the action of gold is killed in a
      definite narrow region of the semiconductor material. Accordingly the
      degree of integration can be improved.
PAR  The N.sup.+-type regions 36 can be formed in the semiconductor element
      regions separately from the N.sup.+-type regions 45 and 46. In the above
      embodiment, since the isolation region 28 has a certain width, the
      N.sup.+-type region 36 is formed in these isolation region 28 effectively.
      There is no necessity of an extra area for forming the N.sup.+-type region
      36. Neither a degradation of the degree of integration nor an increase of
      isolation junction capacity are observed.
PAR  Further, as explained with respect to the level shift diode the
      characteristics, such as the breakdown voltage and the leakage current, of
      particular circuit elements and their variation among the elements can be
      improved. Accordingly, the overall characteristics and the yield of
      integrated circuit are improved.
PAR  Since the impurity diffusion technique is a conventionally known method,
      the device can be easily manufactured by those skilled in the art by
      referring to the conditions described with regard to FIGS. 1a, 1b, 2 and
      3. The time of introduction of gold into the silicon body 20 is not
      critical.
PAR  Another embodiment according to this invention will be explained with
      reference to FIGS. 7, 8a, 8b, 9a to 9c and 10.
PAR  Usually, when a plurality of transistors are formed in a semiconductor
      crystalline substrate, it has been a large restriction on the manufacture
      and usage of integrated circuits that the current amplification is greatly
      different with the types of the transistors.
PAR  In this embodiment, all the transistors formed in a semiconductor substrate
      are surrounded with heavily doped N.sup.+-type regions, whereby the
      current amplification factor is kept within a certain range.
PAR  FIG. 7 shows the circuit diagram of an integrated circuit to which this
      invention is applied. The circuit consists of a multi-emitter transistor
      T.sub.11, a phase splitter T.sub.12 , transistors T.sub.13 and T.sub.14
      connected in Darlington configuration, an inverter transistor T.sub.15 , a
      plurality of diodes D connected to emitters of the multiemitter transistor
      T.sub.11 , respectively, and resistors R.sub.11 and R.sub.15 .
PAR  FIG. 8b shows the top view of the semiconductor substrate 51 in which the
      circuit shown in FIG. 7 is integrated according to this invention. In FIG.
      8b, the region 56 is the collector region of the multiemitter transistor
      T.sub.11 and the region 57 is the collector region of the transistor
      T.sub.12, the both regions 56 and 57 being completely surrounded with the
      heavily doped N.sup.+-type region 91. The region 58 is the common
      collector of the transistors T.sub.13 and T.sub.14. The base regions 65
      and 66 are substantially completely surrounded with the heavily doped
      N.sup.+-type region 89 for forming an ohmic contact of the collector
      electrode and another such heavily doped N.sup.+-type region 92 according
      to this invention. The region 59 is the collector region of the inverter
      transistor T.sub.15. The heavily doped N.sup.+-type region 83 according to
      this invention is formed in the collector region 59 so as to completely
      surround the base region 67.
PAR  FIG. 8a shows the top view of the semiconductor substrate 51 before the
      formation of the emitter regions and other N.sup.+-type high impurity
      concentration regions.
PAR  The manufacturing steps of the integrated circuit according to this
      embodiment will be explained with reference to FIGS. 8a, 8b, 9a, 9b, 9c
      and 10.
PAR  First, a semiconductor substrate 52, for example, of monocrystalline P-type
      silicon is prepared. Regions 95, 96 and 98 heavily doped with an N-type
      impurity are formed in the prescribed portions of the major surface of the
      substrate 52, as shown in FIGS. 9a and 10. By using the wellknown vapor
      phase growth method, an N-type epitaxial layer 53 of monocrystalline
      silicon is grown on the surface of the semiconductor substrate 52. This
      epitaxial layer 53 has a resistivity of about 0.2 .OMEGA. cm and a
      thickness of about 10 .mu.. The heavily doped N.sup.+-type regions 95, 96
      and 98 are buried under the epitaxial layer 53.
PAR  Next, by the wellknown selective diffusion technique a P-type determining
      impurity is locally diffused into the epitaxial layer 53 through the holes
      or slots made in the mask layer 97 of silicon dioxide, whereby an
      isolation region 54 reaching the P-type semiconductor substrate 52 is
      formed as shown in FIG. 9a. The epitaxial layer 53 is divided into a
      plurality of N-type regions 55 to 62 by the isolation region 54, as shown
      in FIG. 8a.
PAR  A P-type impurity, for example, boron, is diffused into prescribed
      positions of the epitaxial layer 53 through the holes or slots in the mask
      97, as shown in FIG. 9b, by using the wellknown diffusion method thereby
      to form P-type regions 63 to 75 as shown in FIG. 8a. The P-type regions 73
      have a larger extension area than the N-type isolated regions 61 and cover
      them completely. The diffusion of impurity is done in an oxidizing
      atmosphere so that the surface of the epitaxial layer exposed by the holes
      or slots in the mask layer 97 is oxidized and covered again with a silicon
      oxide layer.
PAR  As shown in FIG. 9c, through the holes or slots in the oxide layer 97 an
      N-type impurity, for example, phosphorus is diffused into prescribed
      positions of the epitaxial layer 53, thereby to form a plurality of
      heavily doped N.sup.+-type regions 76 to 89, 91 and 92, as shown in FIG.
      8b. The P-type region 63 formed in the N-type region 56 or the collector
      region of the multiemitter transistor T.sub.11 serves as the base of the
      transistor, while a plurality of N.sup.+-type regions 76 formed in the
      base region 63 serves as the emitter of the transistor T.sub.11. The
      heavily doped N.sup.+-type region 85 is formed for connecting an ohmic
      contact to the collector region 56 which is completely surrounded with the
      heavily doped N.sup.+-type region 91 formed in the isolation region 54.
      The heavily doped N.sup.+-type region 91 has a depth of about 2 .mu., and
      a width of about 2 .mu.. It is formed at a distance of about 1 .mu. from
      the collector region and about 25 .mu. from the base region 63. It is
      desirable that the impurity concentration of this N.sup.+-type region 91
      is from 10.sup.20  to 5 .times. 10.sup.21 atoms/cm.sup.3.
PAR  In FIG. 8b, the N-type region 57 is the collector region of the phase
      splitter transistor T.sub.12. A P-type base region 64, an N.sup.+-type
      emitter region 77 formed in the base region 64, and heavily doped
      N.sup.+-type regions 78 and 79 for forming a collector ohmic contact are
      contained in the collector region 57. As in the case of the transistor
      T.sub.11 the transistor T.sub.12 is also surrounded completely with the
      heavily doped N.sup.+-type region 91 which is formed in the isolation
      region 54 in accordance with this invention. Although not shown, under the
      collector region 57 of the transistor T.sub.12 a heavily doped
      N.sup.+-type buried layer is formed as seen in the region 95.
PAR  The N-type region 58 acts as the common collector of the two transistors
      T.sub.11 and T.sub.14 which are connected to form a Darlington circuit. In
      this N-type region 58, the P-type base region 65 and the N.sup.+-type
      emitter region 80 of the transistor T.sub.13, and the P-type base region
      66 and the N.sup.+-type emitter regions 81 of the transistor T.sub.14 are
      formed. The heavily doped N.sup.+-type region 89 formed in the shape of an
      F is for forming an ohmic contact of the common collector region 58. A
      heavily doped N.sup.+-type region 92 is formed in the shape of an L in the
      isolation region 54 in accordance with this invention. Although the
      transistors T.sub.13 and T.sub.14 differ from the transistors T.sub.11 and
      T.sub.12 in that the heavily doped N.sup.+-type region 92 does not
      completely surround the base regions 65 and 66, the surrounding of the
      base regions 65 with the N.sup.+-type regions is substantially completed
      by the region 92 in collaboration with the heavily doped N.sup.+-type
      region 89.
PAR  The N-type region 59 acts as the collector region of the inverter
      transistor T.sub.15 and contains the base region 67 and a plurality of
      N-type emitter regions 82. The transistor T.sub.15 is different from
      transistors T.sub.11, T.sub.12, T.sub.13 and T.sub.14 in that the heavily
      doped N.sup.+-type region 83 is formed in the collector region 59 so as to
      surround the base region 67. The region 83 formed annularly according to
      this invention is also for forming an ohmic contact to the collector
      region 59. The cross-section of transistor T.sub.15 is shown in FIG. 10.
PAR  The region 62 shown in FIG. 8b is a test element. Since this region has no
      direct relation to this invention, explanation of it will be omitted.
PAR  A plurality of P-type regions 68 to 72 formed in the N-type region 60 as
      shown in FIG. 8a constitute the resistors R.sub.11 to R.sub.15 in the
      circuit shown in FIG. 7. The value of R.sub.11 and R.sub.14 is 4 k.OMEGA.,
      R.sub.12 is 1.6 k.OMEGA., R.sub.13 is 1 k.OMEGA. and R.sub.15 is 60 r. A
      plurality of P-type regions 73 and N.sup.+-type regions 84 form the PN
      junction diodes D shown in FIG. 7.
PAR  Gold is then thinly evaporated on the back side of the semiconductor
      substrate 51, and diffused into the substrate by heating the substrate 51
      at about 1000.degree. C.
PAR  A plurality of circuit elements thus formed are connected with one another
      by metal layers, for example, of aluminium extending over the oxide film
      97 so as to constitute a circuit as shown in FIG. 7.
PAR  Eleven samples were taken out of the same type of semiconductor integrated
      circuits manufactured by the abovementioned method. The result of the
      measurement of the base current I.sub.B under a particular condition of
      the transistors formed in the substrate 51 is shown in FIG. 11b, in which
      groups of dots on the columns T.sub.11 to T.sub.15 show the measured
      values. The columns T.sub.11 to T.sub.15 correspond to the transistors
      T.sub.11 to T.sub.11 respectively. The corresponding dots, for example,
      the left end dots in the respective columns show the data on the
      transistors formed in the same semiconductor substrate. As is apparent
      from this figure, when the operation conditions are the same, for example,
      the emitter current I.sub.E = 1 mA and the collector voltage V.sub.CE =
      1v, the base current I.sub.B or the current amplification factor (h.sub.FE
      = I.sub.C /I.sub.B) distributes within a certain narrow range.
PAR  FIGS. 11a shows the distribution of the base current, or the current
      amplification factor, when the semiconductor integrated circuit does not
      have such heavily doped N.sup.+-type regions. As apparent from this
      figure, the current amplification factor differs with the type of
      transistor in the substrate. That is, the base current I.sub.B distributes
      in a wide range. Therefore, by surrounding the transistors formed in the
      semiconductor substrate with heavily doped N.sup.+ regions the current
      amplification factor can be made to be distributed in a narrow constant
      range. Further, when a plurality of integrated circuits of the same type
      are manufactured simultaneously, it is desirable that the current
      amplification factor of the transistors formed in each integrated circuit
      is in as small a range as possible, which can be realized by the
      application of this invention. More particularly, the multi-emitter
      transistor manufactured by the conventional method has a large variation
      in the base current I.sub.B since the base region is not surrounded with
      an N.sup.+-type region in order to decrease the current amplification
      factor in the lateral direction. A more unfavorable thing is that the
      breakdown voltage between the emitter and the collector is reduced, as
      described with reference to FIG. 4a, and this has been a main reason for a
      decrease in the yield. The degradation of the yield was more remarkable,
      accordingly, the overall current amplification factor of an integrated
      circuit was larger. However, by the application of this invention, that
      is, by surrounding the base region with the N.sup.+-type region, the
      breakdown voltage becomes high even when the current amplification factor
      is large, and a high yield is attained.
PAR  The trapping action of the N.sup.+-type region, that is, the locallized
      kill of the action of gold in the semiconductor substrate is determined by
      the size, shape, impurity concentration of the N.sup.+-type region and by
      the relative position between the N.sup.+-type region and the
      semiconductor region where the trapping action is desired. These
      conditions may be arbitrarily determined in applying the present
      invention.
PAR  Although explanation has been made of particular embodiments of this
      invention, it is not limited thereto but may be altered without departing
      from the spirit of the invention. For example, gold may be introduced into
      the semiconductor so as to control the size of the N.sup.+-type region,
      and hence control the current amplification factor of plural transistors
      in the substrate to a suitable value in accordance with requirements.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multi-emitter transistor comprising a semiconductor substrate having a
      major surface, said semiconductor substrate being doped with a life time
      killer material; a collector region of a first conductivity type defined
      in said semiconductor substrate and extending to the major surface; a
      further region of a second conductivity type formed in said semiconductor
      substrate and forming, with said collector region, a PN junction
      terminating at said major surface; a base region of the second
      conductivity type formed in the collector region and extending to the
      major surface; a plurality of heavily doped first conductivity type
      emitter regions formed in the base region and extending to the major
      surface; and at least one heavily doped N-type region formed in the
      semiconductor substrate and completely surrounding the base region, at
      least a part of said heavily doped N-type region being formed in said
      further region, wherein said first conductivity type is N-type and said
      second conductivity type is P-type.
NUM  2.
PAR  2. A multi-emitter transistor according to claim 1, wherein said life time
      killer is gold and said heavily doped N-type region is doped with
      phosphorus.
NUM  3.
PAR  3. A multi-emitter transistor according to claim 2, wherein the impurity
      concentration of phosphorus in said heavily doped N-type region is from
      10.sup.20 to 5 .times.10.sup.21 atoms/cc.
NUM  4.
PAR  4. In a multi-emitter transistor structure, said multi-emitter transistor
      structure being doped with a lifetime killer material, comprising:
PA1  a collector region of a first conductivity type;
PA1  a base region of a second conductivity type formed in said collector
      region;
PA1  a plurality of emitter regions of the first conductivity type formed in
      said base region; and
PA1  a heavily doped contact region of the first conductivity type formed in
      said collector region for collector ohmic contact, said heavily doped
      contact region being formed along only part of the periphery of the base
      region for decreasing the current amplification in the lateral direction;
PA1  the improvement comprising that said structure further comprises a further
      region of said second conductivity type surrounding said base region at a
      common surface of said collector region and said further region; and
PA1  an N-type heavily doped region formed in said further region, so as to
      substantially surround said base region, wherein said first conductivity
      type is N-type, and said second conductivity type is P-type.
NUM  5.
PAR  5. In a multi-emitter transistor structure said multi-emitter structure
      being doped with a life time killer material, comprising:
PA1  an N-type collector region;
PA1  a P-type base region formed in said collector region;
PA1  a plurality of N-type emitter regions formed in said base region; and
PA1  a heavily doped N-type contact region formed in said collector region for
      the collector ohmic contact, said heavily doped contact region being
      formed along only part of the periphery of the base region for decreasing
      the current amplification in the lateral direction;
PA1  the improvement comprising that said structure further comprises a P-type
      further region along said base region at a common surface of said
      collector region and said further region; and
PA1  an N-type heavily doped region formed in said further region, so as to
      substantially surround said base region by itself or in cooperation with
      said heavily doped contact region.
NUM  6.
PAR  6. The improvement according to claim 5, further comprising a heavily doped
      buried region of N-type spreading underneath the entire area of said base
      region.
NUM  7.
PAR  7. The improvement according to claim 5, wherein said N-type collector
      region divides said P-type base region into first and second surface
      portions contiguous to one another by a narrow base portion therebetween,
      said N-type emitter regions being disposed in said first surface portion,
      and said heavily doped N-type contact region being disposed adjacent said
      second surface portion of said P-type base region, so as to be spaced from
      said plurality of N-type emitter regions thereby.
NUM  8.
PAR  8. An integrated circuit device comprising a semiconductor substrate of a
      first conductivity type having a major surface; a plurality of
      semiconductor regions of a second conductivity type disposed on said major
      surface of the substrate so as to be spaced from each other and so as to
      have a common surface, at least one of the semiconductor regions including
      a base region of the first conductivity type and an emitter region of the
      second conductivity type formed in said base region so as to constitute a
      transistor, at least one of the semiconductor regions being doped with a
      life time killer material; an isolation region of the first conductivity
      type semiconductor material disposed on the major surface of the substrate
      among said plurality of semiconductor regions and defining PN junctions
      terminating at said common surface with said plurality of semiconductor
      regions, respectively; and auxiliary means including at least one heavily
      doped N-type region formed in said isolation region so as to surround the
      base region of said transistor at said common surface, wherein said first
      conductivity type is a P-type, and said second conductivity type is an
      N-type, and wherein at least some of the semiconductor regions include
      P-type base regions and N-type emitter regions formed in said base
      regions, respectively, so as to constitute a plurality of NPN-type
      transistors, said auxiliary means includes a plurality of heavily doped
      N-type regions formed in said isolation region and in at least one of said
      semiconductor regions so as to surround all of the base regions of said
      transistors at said common surface, respectively.
NUM  9.
PAR  9. An integrated circuit device according to claim 8, wherein said
      plurality of heavily doped N-type regions are doped with phosphorus to
      have an impurity concentration of from 10.sup.20 to 5 .times. 10.sup.21
      atoms/cc and said life time killer material is gold.
NUM  10.
PAR  10. An integrated circuit device comprising:
PA1  a semiconductor body having a major surface, said body being doped with a
      life time killer material;
PA1  a plurality of transistors formed in the major surface so as to be spaced
      from each other, each transistor including a P-type base region,
PA1  at least one P-type isolation region formed between said transistors so as
      to electrically isolate said transistors from each other, and at least one
      heavily doped N-type semiconductor region formed in the major surface, so
      as to essentially surround each base region of each of said transistors,
      at least a portion of said heavily doped N-type semiconductor region being
      disposed in said isolation region.
NUM  11.
PAR  11. An integrated circuit device according to claim 10 wherein said body
      includes phosphorus with an impurity concentration of 10.sup.20 to 5
      .times. 10.sup.21 atoms/cc.
NUM  12.
PAR  12. An integrated circuit device according to claim 10, wherein at least
      one of said base regions has a plurality of emitter regions therein so as
      to provide at least one multi-emitter transistor.
NUM  13.
PAR  13. An integrated circuit device according to claim 10, wherein another
      portion of said heavily doped N-type semiconductor region is disposed in
      at least one of said collector regions.
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ABST
PAL  An integrated circuit having a metal interconnect system formed with
      molybdenum engaging all contact areas of N conductivity type regions and
      aluminum engaging said molybdenum and engaging all contact areas of P
      conductivity type regions.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation of application Ser. No. 341,049, filed Mar. 14,
      1973, now abandoned.
BSUM
PAR  1. Field of the Invention
PAR  The present invention relates generally to interconnects for integrated
      circuits and more particularly to the fabrication of a combination
      molybdenum and aluminum interconnect system.
PAR  2. Prior Art
PAR  A major product of the semi-conductor industry is integrated circuits
      formed of planar semiconductor devices in a substrate of silicon.
      Generally, a silicon oxide or glass coating overlies the silicon
      substrate, except in the actual contact areas. This coating functions to
      pacify the junctions and provide an insulation between the devices and the
      interconnects. Accordingly, the contact metal material must exhibit good
      adherence to the silicon and to the silicon oxide or glass, while not
      producing any undesirable reaction with -- nor penetration of -- the
      silicon or the oxide.
PAR  A metal interconnect system for integrated circuits must make a low
      resistance, non-rectifying contact to all types of silicon and must not
      react substantially with the silicon at moderate temperatures
      (500.degree.C.). Aluminum has been found most suitable for use as
      interconnect with silicon planar devices in integrated circuits. Aluminum
      is an excellent conductor and adheres well to silicon and silicon oxide.
      It is also easily applied to semiconductor devices by evaporation and
      photoresist techniques and contacts made of aluminum are readily bondable
      with gold or aluminum wires.
PAR  Though aluminum has many excellent qualities and is widely used in the
      industry, it also has a variety of disadvantages. Specifically, aluminum
      and silicon greatly interfuse at 500.degree.C. and since aluminum is a P
      type dopant, it can form a PN rectifying junction with the N type silicon.
      Thus, aluminum does not make a good ohmic contact with N type silicon.
PAR  In a high frequency double-diffused NPN transistor, the emitter region is
      typically diffused into the base region to a very shallow depth of only
      about 1,500 to 2,000 angstroms. Due to the small geometry of the shallow
      double-diffused transistor, the edge of the emitter diffusion opening in
      the oxide mask layer is so close to the emitter-base junction at the
      surface of the wafer that horizontal migration of the interaction between
      the aluminum and the silicon formed during the alloying process of the
      aluminum at approximately 500.degree.C. often shorts out the base-emitter
      junction as well as vertical migration, which may also short out the
      emitter-base junction.
PAR  The prior art tries to avoid the above problems by using different contact
      metals wherein possibly one of the layers is aluminum because of its good
      contact with exterior metal wire. Some metal systems even use molybdenum
      in direct contact with P- silicon, but molybdenum does not form a low
      resistance contact with all types of silicon.
PAC  SUMMARY OF THE INVENTION
PAR  In order to retain the advantages of using aluminum while minimizing the
      disadvantages, this invention forms the metal interconnect system having
      molybdenum in contact with all N type contact areas and aluminun in
      contact with the molybdenum and with all P type contact areas. The
      combined molybdenum-aluminum interconnect system makes low resistance,
      non-rectifying contacts with the doped silicon while not reacting
      substantially with the silicon at moderate temperatures.
PAR  Accordingly, it is a principal object of the present invention to provide
      an improved metal interconnect system for planar doped silicon
      semiconductor devices in integrated circuits.
PAR  Another object of the present invention is to provide an interconnect
      system using aluminum having low resistance, non-rectifying contacts with
      the silicon.
PAR  A still further object of the present invention is to provide an aluminum
      interconnect system which will not substantially react with the silicon in
      shallow diffused N type emitter regions at moderate temperatures so as to
      prevent shorting of the emitter-base junction.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-3 are cross-sectional views of an integrated circuit structure in
      successive stages of development in the fabrication of the
      molybdenum-aluminum interconnect system.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 depicts an integrated circuit fabricated within a body of
      semiconductor material 10, preferably N- silicon. The integrated circuit
      contains a shallow diffused NPN transistor 12 and a P- type resistor 14.
      The circuit may also include PNP type transistors, N type resistors and
      other semiconductor devices. The transistor 12 has an N+ type collector
      contact region 16 formed in the substrate 10, a P- type base region 18
      formed in the substrate 10, and an N+ type emitter region 20 formed in the
      base region 18. The resistor 14 has a P- region 24 formed in the substrate
      10. The total wafer is covered by a dielectric layer of isolating material
      26, preferably silicon oxide. All of these regions are formed by
      conventional planar diffusion techniques.
PAR  Upon completion of the planar semiconductor devices, a conventional
      photoresist and oxide etch process is used to expose N+ type contact
      apertures in the silicon oxide layer 26, which for the devices shown in
      FIG. 1, are collector contact aperture 28 and emitter contact aperture 30.
      As is well known in this process, a photoresist layer is deposited on the
      oxide mask, the photoresist is exposed to light in accordance with a
      desired pattern, the pattern is developed through unexposed portions of
      the photoresist and the exposed portions of the oxide layer are removed
      with a suitable etchant. The remaining photoresist is then removed by
      stripping to leave an oxide mask with windows for the subsequent metal
      deposition.
PAR  The wafer is then cleaned and placed in a vacuum evaporation apparatus. In
      this apparatus, the molybdenum is first melted and then vaporized by a
      heated filament. A thin film of molybdenum metal of approximately 500-1000
      angstroms is deposited on the wafer as shown in FIG. 1 as layer 32. Though
      using vacuum evaporation techniques, the molybdenum may be deposited by
      electronic beam vacuum evaporation or sputtering.
PAR  The metallized wafer is again coated with photoresist, exposed with a new
      mask to define the contact apertures for the P type regions, which for the
      devices shown in FIG. 2, are base contact aperture 34 and resistor contact
      apertures 36 and 38. The exposed photoresist is developed and a suitable
      etchant is used to remove the molybdenum above the P contact regions.
      Using the molybdenum as a mask, the dielectric 32 is removed by a suitable
      etchant to expose the planar surface of the P type contact regions. At
      this point, the molybdenum may be etched again to eliminate any molybdenum
      hangover of the P contact apertures 34, 36 and 38.
PAR  The remaining photoresist is then removed by stripping and the wafer is
      cleaned. A layer of aluminum of approximately 10,000 angstroms is
      deposited over the total wafer by vacuum evaporation, preferably, or any
      of the methods previously enumerated. A photoresist process is performed
      to define the interconnect patterns between the devices in the integrated
      circuit producing the structure as shown in FIG. 3. The N+ contact regions
      of collector 16 and emitter 20 have a combined molybdenum-aluminum metal
      contact formed of molybdenum layer 32 and aluminum layer 40. The base
      region 18 and the P- resistor have metal contacts formed from aluminum
      layer 40 only. The interconnect system of the present invention also
      provides a molybdenum layer between the aluminum layer and the dielectric
      insulator 32.
PAR  The final structure is primarily aluminum interconnect system wherein all
      emitter and other N+ contacts are made of molybdenum and aluminum and all
      P- base and resistor contacts are made of aluminum. This interconnect
      structure then satisfies both the requirements that the metal make a low
      resistive, non-rectifying contact with all types of silicon and that the
      metal must not react substantially with silicon at moderate temperatures.
PAR  The above processes may be modified so as to use only two photoresist
      processes instead of three to form the interconnect dual metal system of
      the present invention. To accomplish this, the emitter region and the
      collector contact region must be formed using a wash emitter process. This
      process involves the diffusion of the emitter and the collector contact
      region in an atmosphere such that only a small amount of oxide grows in
      these contact regions during diffusion. This small amount of oxide is
      removed by a non-selective oxide removal. Thus the additional photoresist
      and oxide etch to define the N+ contact regions and the eliminated andthe
      process of the present invention would include no extra steps over that
      used for conventional one-metal interconnect systems. The process then
      proceeds as previously described wherein the molybdenum is deposited,
      contact windows are etched through the molybdenum and the insulator to
      provide contact windows for the -contact areas, aluminum is deposited and
      the aluminum and molybdenum are delineated to define the interconnect
      pattern.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising:
PA1  a silicon wafer having P and N conductivity type regions therein and having
      one face coated with a silicon oxide;
PA1  a first layer of molybdenum engaging a surface of selective N conductivity
      type regions in an opening in said oxide coating, thereby forming an ohmic
      contact;
PA1  a first layer of aluminum engaging a surface of selective P conductivity
      type regions in an opening in said oxide, thereby forming an ohmic
      contact, the metal engaging said selected N regions being only molybdenum
      and the metal engaging said selected P regions being only aluminum; and
PA1  a plurality of interconnections, each including a second layer of
      molybdenum engaging said silicon oxide layer and a second layer of
      aluminum superimposed on said second molybdenum layer, said second layer
      of aluminum engages a respective contact formed by said first molybdenum
      or aluminum layer.
NUM  2.
PAR  2. A semiconductor device as in claim 1 wherein said second layer of
      molybdenum is a portion of said first layer of molybdenum simultaneously
      applied to said silicon wafer and patterned to form said interconnections.
NUM  3.
PAR  3. A semiconductor device as in claim 1 wherein said second layer of
      aluminum is a portion of said first layer of aluminum simultaneously
      applied to said silicon wafer and patterned to form said interconnections.
NUM  4.
PAR  4. A metal interconnect system for integrated circuits having a silicon
      wafer coated on one face with a silicon oxide comprising:
PA1  a first layer of molybdenum engaging all contact areas of only N
      conductivity type regions through openings in said oxide coating to form
      ohmic contacts;
PA1  a first layer of aluminum engaging all contact areas of only P conductivity
      type regions through openings in said oxide coating to form ohmic
      contacts; and
PA1  interconnections between said first layers of metals engaging said contact
      areas including a second layer of molybdenum layer engaging said oxide
      coating and a second layer of aluminum superimposed on said second
      molybdenum layer, said second aluminum layer engages selected first layer
      metals that are to be interconnected.
NUM  5.
PAR  5. A metal interconnect system as in claim 4 wherein said second layer of
      molybdenum is a portion of said first layer of molybdenum simultaneously
      applied to said silicon wafer and patterned to form said interconnections.
NUM  6.
PAR  6. A metal interconnect system as in claim 4 wherein said second layer of
      aluminum is a portion of said first layer of aluminum simultaneously
      applied to said silicon wafer and patterned to form said interconnections.
NUM  7.
PAR  7. A semiconductor device comprising:
PA1  a silicon wafer having shallow P and N conductivity type diffused regions;
PA1  a layer of aluminum located over said wafer and engaging all contact areas
      of regions of only said P conductivity type, thereby forming ohmic
      contacts with said P type regions;
PA1  a layer of molybdenum between said layer of aluminum and contact areas of
      regions of only N conductivity type, thereby forming ohmic contacts with
      said N type regions and between said layer of aluminum and said silicon
      wafer, thereby forming interconnects; and
PA1  a layer of insulation between said layer of molybdenum which forms said
      interconnects and said silicon wafer, said interconnects connect selected
      ohmic contacts by said layer of aluminum.
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ABST
PAL  In a semiconductor device, the surface of a semiconductor element is
      covered with a silicone varnish in which the side chain radical ratio
      between methyl radicals and phenyl radicals is 20:1 or greater, whereby
      the element is effectively shielded from the external moisture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to semiconductor devices, and more
      particularly to a semiconductor device in which secular deterioration of
      the electrical characteristics of semiconductor elements is prevented by a
      coating of silicone varnish.
PAR  2. Description of the Prior Art
PAR  In semiconductor devices, a variety of shielding means are generally
      provided in order to shield the surface of an element, especially the end
      of a P-N junction and the portion of an aluminum electrode, from external
      moisture etc. and to thus prevent the characteristics of the element from
      being deteriorated.
PAR  As the shielding means, there have hitherto been known resin sealing means
      and hermetic sealing means such as can sealing and ceramic sealing. The
      latter method, such as can sealing and ceramic sealing, is considerably
      expensive. In order to obtain products of low cost, the resin sealing
      means which is comparatively inexpensive is adopted.
PAR  In a practical example of a method of using the resin sealing means, an
      element after completion of the assembling steps of pellet mounting, wire
      bonding etc. is wrapped in an epoxy resin such as P 410B (Trade name of
      Morton Chemical Company), and the resin is solidified by thermal hardening
      at for example 150.degree. to 180.degree.C. According to Japanese Utility
      Model Application Publication No. 22590/1966 entitled "Semiconductor
      Device" , the surface of the element is undercoated with a water-repellent
      silicone resin before the sealing with the epoxy resin, whereby the
      shielding effect is more enhanced.
PAR  In the sealing with only the expoxy resin and even in the resin sealing
      accompanied by the undercoat treatment, however, the problem remains that
      when the semiconductor element operates especially in a high temperature
      state, e.g. 100.degree.C. to 150.degree.C. the deterioration of various
      characteristics of the element, such as a secular increase of the reverse
      current of the P-N junction, arises.
PAR  The inventors have surveyed the problem of the characteristic deterioration
      of the element from all angles, and has found the facts to be described
      hereunder. The water-repellent silicone resin, such as silicone varnish
      and silicone rubber, employed in the undercoat treatment contains the
      methyl radical (CH.sub.3 --) and the phenyl radical (C.sub.6 H.sub.5 --)
      as side chain radicals. In particular, the phenyl radial is a polar
      radical of high electronegativity. Due to the phenyl radical, a channel is
      formed in the surface of the semiconductor element in the state of a high
      temperature of about 100.degree.C. The deterioration of the element
      characteristics, such as increase of the P-N junction reverse current, is
      caused by the presence of this channel.
PAC  SUMMARY OF THE INVENTION
PAR  On the basis of the survey result, the present invention has solved the
      problem in the use of resin sealing means.
PAR  An object of the present invention is to provide a semiconductor device in
      which the surface of a semiconductor element is covered with a silicone
      varnish whose side chain radical ratio between methyl radicals and phenyl
      radicals is at least 20:1, whereby the secular deterioration of the
      electrical characteristics of the element can be effectively prevented so
      as to enhance the reliability of the device.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a graph of characteristic curves for understanding an
      embodiment of the semiconductor device according to the present invention.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  In the conventional silicone varnish, the ratio between methyl radicals and
      phenyl radicals in the bonding side chain radicals is approximately from
      0.6 to 2.5 due to the easiness in the process for producing such varnish.
      In contrast, a silicone varnish in the present invention has a ratio
      between the methyl radicals and the phenyl radicals in the side chain of
      at least 20:1 generally, the ratio of methyl radicals to phenyl radicals
      is from 20:1 to 100:1.
PAR  The silicone varnish to be used in the present invention is obtained in
      such a way that silanol (R--Si(OH).sub.3, R.sub.2 --Si(OH).sub.2 or
      R.sub.3 --Si(OH) where R denotes a methyl radical or phenyl radical) is
      purified into a varnish having a methyl radical -- phenyl radical ratio of
      at least 20:1, and such that the purified silanol is polymerized by the
      use of a catalyst.
PAR  Firstly, in order to prepare silanol [R.sub.n Si(OH).sub.4.sub.-n, n=1, 2,
      3, 4], previously chlorosilanes [(CH.sub.3).sub.n Si(Cl).sub.4.sub.-n ]are
      produced according to the following reaction using metallic silicon and
      organic halogenide [e.g. methyl chloride (CH.sub.3 Cl)] as reactors:
      ##EQU1##
PAR  As a result, methyl chlorosilanes such as (CH.sub.3).sub.2 SiCl,
      (CH.sub.3)SiCl.sub.3 and (CH.sub.3).sub.3 SiCl are obtained.
PAR  On the other hand, by using phenyl chloride (C.sub.6 H.sub.5)Cl in place of
      methyl chloride (CH.sub.3)Cl, phenyl chlorosilanes such as (C.sub.6
      H.sub.5).sub.2 SiCl.sub.2, (C.sub.6 H.sub.5)SiCl.sub.3 and (C.sub.6
      H.sub.5).sub.3 SiCl are obtained.
PAR  Subsequently, by distilling the solutions containing methyl chlorosilanes
      and phenyl chlorosilanes, methyl chlorosilanes and phenyl chlorosilanes
      are segregated from the solutions, respectively. Next, by hydrolyzing
      methyl chlorosilanes and phenyl chlorosilanes, silanols corresponding to
      the respective chlorosilanes are obtained. That is, chlorosilanes react
      easily with water and are changed to silanols by substituting (OH) for
      (Cl), producing HCl as indicated in the following reaction.
EQU  R.sub.n SiCl.sub.4.sub.-n + (4-n) H.sub.2 O .fwdarw.R.sub.n
      Si(OH).sub.4.sub.-n + (4-n)HCl
PAR  As one example, in case of (CH.sub.3)SiCl.sub.3, reaction is indicated as
      follows:
EQU  (CH.sub.3)SiCl.sub.3 + 3H.sub.2 O .fwdarw. (CH.sub.3)Si(OH).sub.3 + 3HCl
PAR  Similarly, other chlorosilanes may be changed to silanols as indicated in
      the following, respectively.
EQU  (CH.sub.3).sub.2 SiCl.sub. 2 .fwdarw. (CH.sub.3).sub.2 Si(OH).sub.2
EQU  (ch.sub.3).sub.3 siCl .fwdarw. (CH.sub.3).sub.3 Si(OH)
EQU  (c.sub.6 h.sub.5)siCl.sub.3 .fwdarw. (C.sub.6 H.sub.5)Si(OH).sub.3
EQU  (c.sub.6 h.sub.5).sub.2 siCl.sub.2 .fwdarw. (C.sub.6 H.sub.5).sub.2
      Si(OH).sub.2
EQU  (c.sub.6 h.sub.5).sub.3 siCl .fwdarw. (C.sub.6 H.sub.5).sub.3 Si(OH)
PAR  in hydrolyzing, according to the present invention, methyl chlorosilane
      [e.g. (CH.sub.3)Si(Cl).sub.3 ] and phenyl chlorosilane [e.g. (C.sub.6
      H.sub.5)Si(Cl).sub.3 ] are prepared with a mol ratio of for example 20:1,
      so that a mixture of (CH.sub.3)Si(OH).sub.3 and (C.sub.6
      H.sub.5)Si(OH).sub.3 in a ratio of 20 parts of the methyl radicals and one
      part of the phenyl radicals in the side chain can be obtained.
      Subsequently, the mixture is heated so as to be dehydrated at
      150.degree.-200.degree.C for 2-5 hours under zinc (or, cobalt, lead, tin,
      etc.) as catalysts, whereby the mixture is polymerized, that is, silicon
      varnish is obtained.
PAR  The resulting product has a three-dimensional net structure as represented
      in the following formula:
      ##EQU2##
PAR  When a mesa type N-P-N transistor, for example, is subjected to the sealing
      treatment by employing the above silicone varnish, the surface of the
      element is coated with the varnish of a thickness of 20 - 30 .mu., and the
      varnish is heated to 100.degree. to 200.degree.C for 30 minutes to 10
      hours, and hardened. Thereafter, the resultant element is covered and
      sealed with an epoxy resin of a thickness of 1.5 - 2mm. such as P 410B.
PAR  On the mesa type N-P-N transistor thus resin-sealed, the deterioration test
      of the reverse-biased collector-base dark current I.sub.CBO was carried
      out at an atmosphere temperature of 150.degree.C. and at a collector-base
      voltage of 300 V. Then, a result as shown at reference numeral 1 in the
      drawing was obtained. The test was also made of the prior-art sealing
      methods applying the layers of the same thickness, when appropriate, and
      the test data are given at reference numerals 2 through 5 in the graph.
      The curve 2 corresponds to the can sealing, the curve 3 refers to the
      prior-art silicone varnish of a thickness of 20-30.mu. (Epoxy resin
      sealing of a thickness of 1.5-2mm.), the curve 4, refers to the silicone
      rubber of a thickness of 50-100.mu. (epoxy resin sealing of a thickness of
      1.5-2mm.), and the curve 5 refers to the epoxy resin sealing of a
      thickness of 1.5-2mm. (without an undercoat treatment). From these test
      data, it is understood that the sealing employing the specified silicone
      varnish for use in the present invention is substantially more effective
      for the prevention of the characteristic deterioration of the element.
PAR  Although, in the embodiment, the element is covered with the epoxy resin
      after the undercoat treatment with the silicone varnish, it can also be
      sealed with only the silicone varnish.
PAR  As stated above, according to the semiconductor device of the present
      invention, the surface of a semiconductor element is covered with a
      silicone varnish in which the polar phenyl radicals are present in a small
      amount, that is the ratio between methyl radicals and phenyl radicals is
      20:1 or greater, so that the element can be effectively shielded from the
      external moisture etc. In particular, even when the element operates in a
      high temperature state, e.g. 100.degree.C. to 150.degree.C., the
      deterioration of the element characteristics as in the prior art can be
      prevented. Moreover, the semiconductor device of the present invention
      requires only the change of the resin sealing material as compared with
      the prior-art semiconductor device of the same type, so that it can be
      performed easily and inexpensively.
PAR  It will be understood that one difference between the silicon varnish of
      the invention and silicon rubber is as follows:
PAR  In preparing polymers from a mixture of silanols such as R.sub.n
      Si(OH).sub.4.sub.-n, in case of using silanols with (OH).sub.4.sub.-n
      wherein 4-n.gtoreq.3, the polymer obtained may be called silicon varnish
      since it has a 3-dimensional network structure with or without an organic
      R substituent, while the silanol with (OH).sub.4.sub.-n wherein 4-n&lt;3, may
      be called silicon rubber since it has a 2-dimensional network structure,
      with more than one organic R substituent.
PAR  The present invention is not restricted to the preparation of the N-P-N
      transistors but is applicable to integrated circuits and to further
      semiconductor devices of all sorts.
PAR  It will be further understood that a solvent such as toluene or xylene may
      be used to prepare a solution of said silicon varnish. However, the
      solvent is not always necessary since a varnish in liquid form may be used
      to cure at a high temperature, making the varnish melt. In applying the
      silicon varnish in solution, the silicon resin or varnish is first kept at
      room temperature to about 60.degree.C for a few hours to vaporize the
      solvent. Subsequently, curing is effected at 150.degree. to 200.degree.C
      for 4 to 25 hours. The concentration of the silicon resin in the solvent
      are, for example, 50 weight percent. The concentration thereof is
      determined in accordance with the objects desired.
PAR  Also, it will be appreciated that in some cases silanols such as dimethyl
      silanols are suitable for preparing varnish so long as the mixtures of
      silanols used contains the proper proportions of methyl and phenyl groups.
PAR  While the novel embodiment of the invention has been described, it will be
      understood that various omissions, modifications and changes in this
      embodiment may be made by one skilled in the art without departing from
      the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a semiconductor element having at
      least one P--N junction therein and a covering of a silicone varnish on a
      surface, of said semiconductor element, said silicone varnish containing
      methyl radicals and phenyl radicals as side chain radicals and having in
      the side chain radicals a ratio between said methyl radicals and said
      phenyl radicals of at least 20:1.
NUM  2.
PAR  2. The semiconductor device of claim 1, wherein the ratio between the side
      chain methyl radicals and the side chain phenyl radicals is from 20:1 to
      100:1.
NUM  3.
PAR  3. The semiconductor device of claim 1, wherein the silicone varnish is
      applied to a thickness of 20 to 30.mu..
NUM  4.
PAR  4. The semiconductor device of claim 1, wherein the silicone varnish is
      covered with an epoxy resin.
NUM  5.
PAR  5. A method for producing a semiconductor device comprising applying a
      silicone varnish onto a surface of a semiconductor element having at least
      one P--N junction therein, said silicone varnish containing methyl
      radicals and phenyl radicals as side chain radicals and having in the side
      chain radicals, a ratio between said methyl radicals and said phenyl
      radicals of at least 20:1, and curing the applied silicone varnish at an
      elevated temperature.
NUM  6.
PAR  6. The method of claim 5, wherein the silicone varnish comprises a silicone
      resin having a three-dimensional structure.
NUM  7.
PAR  7. The method of claim 5, wherein said silicone varnish is heated to a
      temperature of from 150.degree. to 200.degree.C to effect curing thereof.
NUM  8.
PAR  8. The method of claim 5, further comprising applying an additional coating
      of epoxy resin to the cured layer of silicone varnish and thereafter
      curing the epoxy resin at an elevated temperature.
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ABST
PAL  A semiconductor package device characterized by improved operation at
      ultra-high frequencies and by improved heat dissipation, includes an
      auxiliary metal stud mounted on a metal substrate. A semiconductor
      element, such as a field-effect transistor or bipolar transistor, is
      mounted on the auxiliary stud and has at least one electrode thereof
      electrically connected to the stud.
BSUM
PAR  The present invention relates to the encapsulation of semiconductor
      devices, and more particularly to an improved encapsulation package for a
      semiconductor device operating in the ultra-high frequency band.
PAR  In prior art packages for a semiconductor device operating in the
      ultra-high frequency range of up to several gigahertz, an electrode
      structure of strip-line geometry has been used in order to prevent losses
      due to impedance mismatching at the input and output terminals against an
      external circuit. If, however, this semiconductor device is operated at a
      frequency above 8GHz, the output of the device is attenuated due to the
      inductance and resistance between external leads and electrodes on the
      semiconductor device, as well as due to the capacitance present between
      the electrodes. In particular, unwanted inductance that is present between
      the semiconductor element and the grounding potential significantly lowers
      the output of the semiconductor device. The prior art devices make use of
      insulative materials such as beryllia ceramics on which the electrodes are
      formed by metallization, resulting in a significant amount of parasitic
      capacitance between the electrodes. In a strip-line geometry structure,
      the efficiency of heat dissipation is limited because the semiconductor
      element is installed on a metallized layer deposited on a ceramic member.
      This has made the conventional package unsuited for use in high-power
      semiconductor devices.
PAR  One prior art approach to this problem has been to place the semiconductor
      element directly on the grounding metallized layer in the package having
      strip-line geometry, in which the input electrode directly faces the
      output electrode by way of an air capacity. In such structure, an input
      signal applied to the input electrode is directly transferred to the
      output electrode, causing a large loss on the input signal. Furthermore,
      the output signal tends to be fed back to the input electrode whereby
      oscillation will readily occur.
PAR  Therefore, it is an object of the invention to provide a semiconductor
      device capable of operation under desirable electrical characteristics in
      an ultra-high frequency band.
PAR  It is a further object of the invention to provide a semiconductor device
      having an improved efficiency of heat dissipation. It is another object of
      the invention to provide a semiconductor device of the type described
      having a substantially reduced interelectrode capacitance.
PAR  According to the present invention, a semiconductor device comprises a
      metal substrate, having at least one insulative member and an auxiliary
      metal stud formed on its main surface. A semiconductor element is bonded
      onto the auxiliary metal stud, and first and second electrode members are
      formed on the insulative member parallel to the main surface of the metal
      substrate and arranged in mutually opposing positions with respect to the
      auxiliary stud. The electrodes of the semiconductor element are connected
      to the first and second electrode members. The height of the auxiliary
      metal stud is sufficient to shield electrostatically the first and second
      electrode members from each other. The height of the auxiliary metal stud
      may be the same as or larger than a height which is equal to the thickness
      of the insulative member minus the thickness of the semiconductor element.
      Alternatively, the auxiliary metal stud may be provided on the top surface
      with two banks, the height from the bottom of the auxiliary metal stud to
      the top of the banks being equal to or larger than the thickness of the
      insulative member. External leads are connected to the electrode members
      and to the metal substrate.
PAR  In the semiconductor device of this invention, the metal substrate is
      substantially parallel with the first and second electrode members to make
      it readily feasible to establish impedance matching with an external
      circuit, thus best utilizing the known structure of strip-line geometry.
      Because the semiconductor element is placed directly on the metal stud,
      which is normally connected to a ground potential through the metal
      substrate for operation in an ultra-high frequency band, the inductance
      and resistance hardly exist between the semiconductor element and the
      ground potential. Furthermore, according to the invention, the first and
      second electrode members face each other by way of a gap of air whose
      dielectric constant is minimum and hence the capacitance between these
      electrodes is minimized. Also, because the first and second electrode
      members for external leads are kept largely distant from the grounding
      electrode, the capacitance between the grounding electrode and the
      external lead electrodes is also minimized.
PAR  Furthermore, because the auxiliary metal stud at ground potential is
      disposed between the semiconductor element and the external lead
      electrodes at a height sufficient to shield the electrodes from each
      other, the transmission loss between the electrodes is minimized and a
      signal reflected from one electrode does not affect the other electrodes.
      This enables the semiconductor device of this invention to operate stably
      and offer a large gain without the likelihood of causing oscillation.
PAR  Still further, the invention contributes much to efficient heat dissipation
      because the semiconductor element is placed on the metal substrate through
      the auxiliary metal stud. If the metal substrate is placed on a heat
      dissipation stud, the resultant semiconductor device can offer a greater
      output.
DRWD
PAR  The other objects, features and advantages of the present invention will
      become more apparent from the following detailed description of preferred
      embodiments, as illustrated in the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view showing a conventional semiconductor package
      of strip-line structure;
PAR  FIG. 2A is a perspective view, and 2B is a cross sectional view taken
      across a line IIB--IIB of FIG. 2A, illustrating another example of a
      conventional semiconductor package;
PAR  FIG. 3 is a plan view showing a semiconductor device according to a first
      embodiment of the invention;
PAR  FIG. 4 is a cross-sectional view taken across a line IV--IV of FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken across a line V--V of FIG. 3;
PAR  FIG. 6 is a cross-sectional view showing a semiconductor device according
      to a second embodiment of the invention;
PAR  FIG. 7 is an exploded perspective view showing components used in the
      embodiment of the invention illustrated in FIG. 6;
PAR  FIG. 8 is a perspective view showing a semiconductor device according to a
      third embodiment of the invention;
PAR  FIG. 9 is a cross-sectional view taken across a line IX--IX of FIG. 8;
PAR  FIG. 10 is a perspective view showing a semiconductor device according to a
      fourth embodiment of the invention;
PAR  FIG. 11 is a plan view showing a semiconductor device according to a fifth
      embodiment of the invention;
PAR  FIG. 12 is a perspective view showing a semiconductor device according to a
      sixth embodiment of the invention;
PAR  FIG. 13 is a cross-sectional view of a semiconductor device according to a
      seventh embodiment of the invention;
PAR  FIG. 14 is an exploded perspective view showing components used in the
      embodiment of the invention illustrated in FIG. 13; and
PAR  FIG. 15 is a perspective view showing a semiconductor device according to
      an eighth embodiment of the invention.
DETD
PAR  Referring now to FIG. 1, there is shown a perspective view of a
      conventional field effect transistor operating in an ultra-high frequency
      band, wherein metallized conductors 2, 2', 2" and 2"' are disposed on both
      sides of a ceramic substrate 1, thereby forming a strip-line structure. A
      semiconductor element 3 is mounted on the conductor 2', and the source,
      gate and drain electrodes of the semiconductor element 3 are connected
      electrically to the conductors 2', 2" and 2"' by way of fine metal wires
      4, 4' and 4" so that, for example, the source electrode contacts the
      conductor 2'; the gate electrode, the conductor 2"; and the drain
      electrode, the conductor 2"'. In this structure, however, the parasitic
      reactance present near the area where the semiconductor element 3 is
      installed adversely affects the electrical characteristics of the field
      effect transistor. Further, abnormal oscillation is very liable to occur
      as the frequency becomes higher because of the parasitic reactance. Still
      further, the poor heat dissipation deteriorates the electrical
      characteristics of the field effect transistor. The prior art has not yet
      succeeded in providing a practical field effect transistor for effective
      use in ultra-high frequency applications.
PAR  FIG. 2, schematically illustrates a prior art bipolar semiconductor device
      operated at ultra-high frequencies. This semiconductor device is of a
      strip-line structure similar to the one shown in FIG. 1. More
      specifically, a transistor element 3a is installed directly on a metal
      plate 2 in an attempt to improve the heat dissipation. Matallized layers
      2" and 2"' are formed on the opposite surface of a ceramic substrate 1.
      The metallized layers 2", 2"' and the metal plate 2 constitute a
      strip-line structure. The transistor element 3a has its collector
      electrode in contact with the metal plate 2, and its base and emitter
      electrodes are connected to the metallized layers 2" and 2"' respectively,
      by way of bonding wires 4. External leads 5' and 5" are bonded to the
      metallized layers 2" and 2"'. Thus the collector has external contact
      through the metal plate 2; the base, through the lead 5'; and the emitter,
      through the lead 5".
PAR  In this structure, the metallized layers 2' and 2" are capacitively
      connected to each other by way of ceramics and air. Therefore, the input
      signal to the semiconductor device directly leaks to the output side
      causing a reduction in gain, and the output signal is fed back to the
      input side to cause unwanted oscillation. Furthermore, parasitic
      inductance and resistance of the device are increased due to the elongated
      wires 4. In brief, the prior transistor illustrated in FIG. 2 also is not
      suited for ultra-high frequency applications.
PAR  Several preferred embodiments of the invention are now disclosed which
      provide semiconductor devices that are capable of providing effective
      performance at ultra-high frequencies.
PAC  EMBODIMENT 1
PAR  FIGS. 3, 4 and 5 illustrate a semiconductor device according to a first
      embodiment of the invention, which includes a copper substrate 6, having
      typical demensions of, 3.5 mm wide, 4 mm long, and 0.25 mm thick, and
      having 1.0 mm high banks on two opposing sides. An auxiliary metal stud 7
      is similar to the substrate 6 in shape, and may be typically 0.6 mm wide,
      1.2 mm long, and 0.5 mm thick, having 0.2 mm high banks on two opposing
      sides. Auxiliary stud 7 is installed in the center of the substrate 6,
      thereby forming a grounding conductor of a strip-line structure. A
      junction type field effect transistor 3 is mounted in the center of the
      auxiliary stud 7. The source and substrate electrodes of the transistor 3
      are connected to the two banks of the stud 7 by a wire 4. These banks
      serve to reduce the required length of the wire 4, which offers parasitic
      inductance and resistance, and to fix the electric field around the
      semiconductor element 3, thereby enhancing the shield effect. To this end,
      it is desirable that the banks of the stud 7 be at least as high as the
      metallized layers 2" and 2"' which will be described later. Insulative
      members 8 and 9 of beryllia ceramics, 0.55 mm high, 1.2 mm wide, and 1.35
      mm long, are installed on the other opposing sides of the metal substrate
      6. Leads 10" and 10"' are bonded to the insulative members 8 and 9,
      respectively, by way of the metallized layers 2" and 2"'. These metallized
      layers and the substrate 6 make up a strip-line structure, and the
      characteristic impedance between the stud 7 and the metallized layers 2"
      and 2"' is adjusted, to a predetermined value of, for example, 50 ohms.
      The field effect transistor 3 has its gate and drain electrodes connected
      to the metallized layers 2" and 2"', respectively, through wires 4' and
      4", thence through leads 10" and 10"' for external connections. For
      semiconductor devices where still smaller inductance and resistance are
      desired, metal tapes may be used in place of the wires 4, 4' and 4".
PAR  In this construction, the semiconductor element (here, transistor 3) is
      installed directly on the auxiliary stud 7 and hence heat is dissipated
      with high efficiency to allow the temperature rise of the device to be
      minimized so that the characteristic deterioration in the transistor 3 can
      be effectively precluded. Further, the distance between the grounding
      conductor and the source electrode is reduced; that is, the reactance
      component, especially the inductance component present between the
      grounding conductor and the source electrode of the transistor 3, can be
      reduced because the metal wires 4 or metal tapes 4 are curtailed by means
      of the use of the auxiliary stud 7 installed directly on the metal
      substrate 6 and connected directly to the grounding conductor. There are
      0.1 mm air gaps G1 and G2 between the auxiliary stud 7 and the metallized
      layers 2" and 2"' respectively, as shown in FIG. 4. That is, the
      dielectric constants between the gate of the transistor 3 and the
      metallized layer 2" and between the drain of the transistor 3 and the
      metallized layer 2"' are of air. As a result, the electrostatic capacity
      therebetween is reduced and the loss resulting from the parasitic
      capacitance component is diminished, which makes it possible to realize an
      ideal strip-line structure and hence to minimize the loss in the gain.
PAR  The electric field around the transistor 3 is fixed by the existence of the
      auxiliary stud 7. By this effect, not only is the transistor 3
      electrically shielded, but also the mutual effect of the electric field
      between the metallized layers 2" and 2"' is prevented. Therefore, the
      direct leakage and feedback of the signal between the metallized layers 2"
      and 2"' are both minimized, with the result that there is no decrease in
      power gain and no oscillation. To secure the prevention of oscillation,
      the top surface of the transistor 3 should be higher than the surface of
      the metallized layers 2" and 2"', preferably by making the thickness of
      the auxiliary stud 7 greater than the thickness of the insulative layers 8
      and 9.
PAR  Table 1 shows a comparison of the transmission coefficients S.sub.21
      measured of an GaAs Schottky barrier gate field effect transistor
      encapsulated in the prior art package such as that shown in FIG. 1 and in
      the package of the first embodiment of the invention illustrated in FIGS.
      3 to 5.
TBL                Table 1                                                     
     ______________________________________                                    
                Transmission    Transmission                                   
                Coefficient S.sub.21                                           
                                Coefficient S.sub.21                           
                (prior art      (package of                                    
     Frequency  package)        Embodiment 1)                                  
     ______________________________________                                    
     2 GHz      3.65 (dB)       3.5 (dB)                                       
     3 GHz      3.6             4.35                                           
     4 GHz      3.1             5.2                                            
     5 GHz      2.75            5.55                                           
     6 GHz      2.25            5.85                                           
     7 GHz      1.2             5.35                                           
     8 GHz      0.6             4.6                                            
     ______________________________________                                    
PAR  As can be clearly seen in Table 1, the transmission coefficient S.sub.21
      the semiconductor device according to the first embodiment in is still
      large enough (4.6 dB) at 8 GHz, as contrasted to the fact that the
      transmission coefficient S.sub.21 becomes considerably lower at
      frequencies above 3 GHz (only 0,6dB) in the prior art package.
PAC  EMBODIMENT 2
PAR  The second embodiment of the invention illustrated in FIGS. 6 and 7,
      includes a copper substrate 6, which is typically 3.5 mm wide, 4 mm long,
      and 0.25 mm thick, and has 1.0 mm high banks on its two opposite sides. An
      auxiliary copper stud 7, which may be typically 0.6 mm wide, 1.2 mm long,
      and 0.5 mm thick, has 0.2 mm high banks on its two opposing sides. The
      auxiliary stud 7 is installed in the center of the substrate 6. The
      substrate 6 and auxiliary may be fabricated either separately and then
      bonded together, or they may be formed as an integral structure from the
      beginning. An insulative member 11 made, for example, of an aluminum oxide
      ceramic, numeral 11 indicates an insulative member of aluminium oxide
      ceramics, has a metallized layer 11' over its bottom surface and
      metallized layers 2" and 2"' on its top surface. As seen best in FIG. 7 an
      opening typically 0.8 mm wide and 1.4 mm long is formed in the center of
      the insulative member 11. The insulative member 11 is bonded onto the
      metal substrate 6 between its banks so that auxiliary stud 7 meets the
      opening in the center of the insulative member. A frame member 12, which
      may be typically 3.5 mm wide and 3.5 mm long, and having an opening 1.5 mm
      wide and 1.5 mm long, is provided over the central protion of the
      insulative member 11. The frame member 12 is bonded integrally to the
      insulative member 11 in the following manner. Ceramic powder is formed
      into the shpaes of insulative member 11 and frame member 12. A binder is
      added to the ceramic powdery bodies, which are then piled and heated to
      sinter the ceramics. An aluminum oxide ceramic cap 13, which may typically
      be 3.5 mm square, is bonded integrally to the frame member 12 by soldering
      together the metallized layer 12' on the top surface of the frame member
      12 and the metallized layer 13' on the bottom surface of the cap 13.
      External leads 10, 10" and 10"' are bonded to the two opposing banks of
      the metal substrate 6, and to the metallized layers 2" and 2"'
      respectively.
PAR  The entire metal and metallized portions of the semiconductor package are
      plated with nickel or gold, and a field effect transistor element 3 is
      mounted on the auxiliary stud 7 by, for example, gold-tin soldering. The
      source, drain and gate electrodes of the field effect transistor are
      electrically connected to the two banks of the auxiliary stud 7 and the
      metallized layers 2" and 2"', respectively, by fine metal wires (or metal
      tapes) 4" and 4"'. Thereafter, the cap 13 is bonded onto the frame member
      12 by soldering, whereby the semiconductor element is hermetically
      enclosed in the package.
PAR  In this field effect transistor device, the parasitic capacitance is
      markedly reduced as evidenced in Table 2 below.
TBL                Table 2                                                     
     ______________________________________                                    
            Capacitance                                                        
                       Capacitance Capacitance                                 
            between D&G                                                        
                       between G&S between S&D                                 
     ______________________________________                                    
     FET of the                                                                
              0.045 pf     0.3 pf      0.4 pf                                  
     Prior Art                                                                 
     FET of the                                                                
              0.007 pf     0.15 pf     0.15 pf                                 
     Invention                                                                 
     ______________________________________                                    
      Note 1:                                                                  
      The symbol D stands for drain; G, gate; and S, source.                   
      Note 2:                                                                  
      The prior art FET device has a package construction as shown in FIG. 1.  
PAR  According to the invention, the characteristic impedance peculiar to the
      strip-line structure is not disturbed even in an ultra-high frequency
      band. Furthermore, no signal is allowed to propagate directly between the
      electrodes by virtue of the shield effect of the auxiliary stud 7, the
      operating characteristics of the transistor can thus be maintained with
      utmost stability in an ultra-high frequency band.
PAC  EMBODIMENT 3
PAR  Another embodiment of the invention, similar to one shown in FIGS. 6 and 7
      is schematically illustrated in FIGS. 8 and 9 wherein the auxiliary stud
      17 is equipped with banks on four sides. Because of these banks, the
      electric field nearer the metallized layers 2" and 2"' is fixed and the
      shield effect is enhanced accordingly. At the same time, the electrostatic
      capacitance between the metallized layers 2" and 2"' can further be
      reduced. Except for the auxiliary stud 17, the other structural elements
      of the device of this embodiment are the same as that of the second
      embodiment.
PAC  EMBODIMENT 4
PAR  In a fourth embodiment of the invention shown in FIG. 10, a copper
      substrate 26, which may be typically 2.5 mm wide, 3.5 mm long, and 0.25 mm
      thick is used. An auxiliary stud 27 of copper having typical dimensions of
      1.0 mm wide, 0.6 mm long, and 0.55 mm thick, is soldered onto the central
      area of the surface of the substrate 26. Insulative members 28 and 29 of,
      for example, a beryllia ceramic, each being typically 1.2 mm wide, 1.25 mm
      long, and 0.55 mm thick, are bonded onto the opposing sides of the surface
      of the substrate 26 by soldering through metallized layers 28' and 29'
      which are deposited in advance over the bottom surfaces of the insulative
      members 28 and 29, respectively, such that gaps G and G' of 0.2 mm are
      formed between the auxiliary stud 27 and the respective one of the
      insulative members 28 and 29. The top surfaces of the insulative members
      28 and 29 are partially coated with metallized layers 22 and 22',
      respectively, each being typically 0.6 mm wide and 1.25 mm long, to which
      external leads 30 and 30' of Kovar (a nickel-iron-cobalt alloy) are
      bonded. The metal substrate stud 26 and metallized layers 22 and 22'
      constitute a strip-line structure of which the characteristic impedance is
      determined to a given value, such as 50 ohms, by suitably selecting the
      thicknesses of the insulative members 28 and 29 and the widths of the
      metallized layers 22 and 22'. A bipolar transistor 23 is placed on the
      auxiliary stud 27, and its emitter and base electrodes are connected to
      the metallized layers 22 and 22', respectively, by way of wires 24 and 24'
      or metal tapes. The collector electrode of the transistor 23 is bonded to
      the auxiliary stud 27 by a solder and is externally lead out by use of the
      substrate 26.
PAR  As described, the auxiliary stud 27 is as thick as 0.55 mm. With the aim to
      enhance the shield effect by the auxiliary stud 27 and to facilitate the
      connection of wires 24 and 24' in position, it is important that the
      thickness of the auxiliary stud 27 be determined so that the surface of
      the transistor 23 stands as high as or higher than the metallized layers
      22 and 22'.
PAR  In this embodiment, because the transistor 23 is mounted on the metal
      substrate 26 through the auxiliary stud 27, the heat produced in the
      transistor 23 is transferred directly to the metal substrate 26, thereby
      to permit efficient heat dissipation, thus preventing the electrical
      characteristics of the transistor from being deteriorated due to
      inefficient heat dissipation. Furthermore, because the collector of the
      transistor is connected to an external circuit by way of the auxiliary
      stud 27 and the metal substrate 26, both of which are good electrical
      conductors, the parasitic industance present between the collector of the
      transistor 23 and the external circuit is minimized.
PAR  Still further, because of the gaps G and G' (G .apprxeq. G') between the
      conductive auxiliary stud 27 and each of the metallized layers 22 and 22',
      the dielectric constant across the open gap is smaller than that across,
      for example, ceramics with which the gap is filled. As a result, the
      parasitic capacitance between the auxiliary stud 27 and each of the
      metallized layers 22 and 22' is reduced and, accordingly, the parasitic
      capacitance between the collector and the emitter of the transistor 23,
      that between the collector and the base thereof, is reduced. Table 3 shows
      a comparison of the parasitic capacitance measured of the prior art
      package (FIG. 2) and of the package of the embodiment of FIG. 10.
TBL                Table 3                                                     
     ______________________________________                                    
            Capacitance                                                        
                       Capacitance Capacitance                                 
            between C&B                                                        
                       between E&B between C&E                                 
     ______________________________________                                    
     Prior Art                                                                 
              0.3 pf       0.07 pf     0.3 pf                                  
     Invention                                                                 
              0.1 pf       0.01 pf     0.1 pf                                  
     ______________________________________                                    
PAL  Table 3 clearly indicates that the capacitance between the electrodes of
      the semiconductor element (transistor) can be reduced according to the
      invention. In addition, the semiconductor package of the invention does
      not appreciably deteriorate the characteristics of a transistor mounted
      therein, which is designed for operation in the ultra-high frequency band.
      In other words, the package of the invention can contribute much to the
      improvement in the high frequency characteristics of a semiconductor
      element encapsulated.
PAR  Moreover, since the transistor 23 is mounted on the auxiliary stud 27 so
      that the transistor stands as high as the metallized layers 22 and 22',
      the length of the wires 24 and 24' bonded thereto can be reduced
      accordingly, thereby making it possible to minimize the parasitic
      inductance of the wires 24 and 24'.
PAR  This type of semiconductor device can be used in various electronic
      circuits such as, for example, a reflex amplifier using a transistor with
      its collector fixed at a given potential. In such application, the
      electric field around the transistor 23 is fixed, causing an electrostatic
      shield between the metallized layers 22 and 22'. Hence, signal leakage and
      reflection between these metallized layers are both extremely reduced and
      thus a highly efficient and stable amplifier can be realized. In brief, an
      electronic circuit associating the semiconductor device of this invention
      is capable of stable operation with high efficiency even in the ultra-high
      frequency band, owing to the unique strip-line structure, and lowered
      parasitic capacitance and inductance components.
PAC  EMBODIMENTS 5 and 6
PAR  Other embodiments of the invention are schematically illustrated in FIGS.
      11 and 12. The semiconductor devices shown therein have external leads 25
      through which the collector electrode is to be in electrical connection
      with an external circuit. Except for the provision of the external leads
      25, each of semiconductor devices of these embodiments is the same in
      structure as that of the fourth embodiment illustrated in FIG. 10.
PAR  In FIG. 11, two leads 25 are soldered directly on the upper surface of the
      substrate 26 at two opposing positions, respectively, whereas in FIG. 12,
      platelets 35 of copper of 0.55 mm thick are soldered to the metal
      substrate 26 at two opposing positions, and the leads 25 are bonded onto
      the platelets 35 by soldering. Thus, according to the embodiment shown in
      FIG. 12, external leads 25, 30 and 30' are all formed in the same plane.
PAR  The structures of these embodiments make available the advantage that the
      collector electrode can easily be led out for connection to an external
      circuit. In particular, the device shown in FIG. 12, in which all the
      extermal leads are in the same plane, can readily be connected to the
      external circuit.
PAC  EMBODIMENT 7
PAR  In a seventh embodiment of the invention schematically illustrated in FIGS.
      13 and 14, a transistor element 23 is hermetically encapsulated in the
      following manner.
PAR  A copper auxiliary stud 27, which may typically be 1.0 mm wide, 0.6 mm long
      and about 0.55 mm thick, is soldered to the center of a copper substrate
      26, 2.5 mm wide, which may typically be 3.5 mm wide, 3.5 mm long and 0.25
      mm thick. There is provided an insulative member 31 of beryllia ceramic
      which may have typical 2.5 mm wide, 3.5 mm long and 0.55 mm thick.
      Insulative member 31 has in its center an opening 39, typically 1.2 mm
      wide and 1.0 mm having in its center an opening 39, 1.2 mm wide and 1.0 mm
      long, and a metallized layer 31' is provided on its back surface. The
      insulative member 31 is bonded onto the metal substrate 26 by soldering so
      that the auxiliary stud 27 is located in an opening 39 of the insulative
      member 31. Metallized layers 22 and 22' for the emitter and base
      electrodes are formed in advance on the top surface of the insulative
      member 31. The thickness of the auxiliary stud 27 is determined so that
      the metallized layers 22 and 22' stand as high as the transistor 23 when
      the latter is installed. A frame member 32 a beryllia ceramic of 2.5 mm
      square having in the center an opening of 1.2 mm square and having on the
      top surface a metallized layer 32', is placed on the insulative member 31,
      and the frame member 32 and the insulative member 31 are unified by
      sintering. Leads 30 and 30' of Kovar are soldered to the metallized layers
      22 and 22', respectively, and then all the metal and metallized portions
      are plated with gold. The transistor 23 is mounted on the auxiliary stud
      27, and its base and emitter electrodes are electrically connected to the
      metallized layers 22 and 22', respectively, by wires 24 and 24'. A cap
      member 33 of copper of 2.5 mm square and 0.3 mm thick is soldered to the
      metallized layer 32' of the frame member 32 and thereby the transistor 23
      is hermetically encapsulated.
PAR  In this structure, low impedance metal foils may be used in place of the
      wires 24 and 24' whereby the impedance of the electrode leads can be
      further lowered.
PAR  In this embodiment, similar to the fourth embodiment, the semiconductor
      device of the invention is capable of operation with high reliability and
      stability to a sufficiently high cutoff frequency.
PAR  Table 4 shows a comparison between the oscillation output obtained with a
      CR oscillator using the semiconductor device of this embodiment and with a
      CR oscillator using the conventional transistor shown in FIG. 2.
TBL                Table 4                                                     
     ______________________________________                                    
     Oscillation Output Oscillation Output                                     
     (prior art package)                                                       
                        (package of Embodiment 7)                              
     ______________________________________                                    
     Frequency                                                                 
     3.5 GHz 24 dBm                                                            
     3.7 GHz                28 dBm                                             
     4.0 GHz                28 dBm                                             
     4.05 GHz                                                                  
             22 dBm                                                            
     4.25 GHz                                                                  
             21 dBm         24 dBm                                             
     4.5 GHz 19 dBm         21.7 dBm                                           
     4.7 GHz 17.5 dBm                                                          
     4.8 GHz                20 dBm                                             
     5.0 GHz 15 dBm                                                            
     5.1 GHz 10 dBm                                                            
     5.2 GHz oscillation stopped                                               
                            15 dBm                                             
     ______________________________________                                    
PAR  It is apparent from Table 4 that the semiconductor device of this
      embodiment can operate in an ultra-high frequency band and deliver a large
      output at frequencies above 5 GHz. This capability is available because of
      the low capacitance between the electrodes, the low impedance, especially
      the low inductance of the external lead from the collector electrode, and
      the low signal leakage and the low output feedback between the emitter and
      base electrodes.
PAC  EMBODIMENT 8
PAR  Referring to FIG. 15, more desirable shield is realized for the transistor
      element and the metallized layers by replacing the auxiliary stud 27 of
      the device shown in FIG. 10 with an auxiliary stud 37, which may typically
      be 1.0 mm wide, 0.6 mm long, and 0.6 mm thick, having in the center a
      hollow 37a which may be 0.4 mm square and 0.3 mm deep. The transistor
      element 23 is placed in the hollow 37a of stud 37.
PAR  According to this embodiment, the metallized layers 22 and 22' are
      thoroughly shielded from each other by the auxiliary stud 37 and thus
      signal leakage and feedback are nearly perfectly avoided.
PAR  According to the invention, as has been described in detail, a
      semiconductor device capable of operation with high efficiency and
      stability even in the ultra-high frequency band can be obtained.
PAR  The semiconductor element that can be encapsulated according to this
      invention includes not only a bipolar transistor as herein specifically
      described, and a field effect transistor but also integrated circuit
      elements. For the encapsulation of integrated circuit elements, there
      should be as wide a gap as possible between wires for connecting the
      electrodes of the element, and the metallized layers between which no
      signal leakage or feedback is desired should be located at mutually
      opposing positions.
PAR  As has been described by way of example, the invention makes it readily
      feasible to minimize the parasitic reactance in an encapsulated
      semiconductor element such as a bipolar transistor, a field effect
      transistor and integrated circuit elements, thereby permitting the
      semiconductor device to be operated stably in the ultra-high frequency
      band. Because the structure according to the invention enables efficient
      heat dissipation from the semiconductor element, the thermal
      characteristic is stabilized and a highly reliable semiconductor device
      applicable to ultra-high frequency bands can be obtained.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention and should not be construed as necessarily
      limiting the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A semiconductor device comprising a metal substrate maintained at a
      constant voltage; first and second insulative segments disposed on a main
      surface of said metal substrate; an auxiliary metal stud mechanically
      mounted on and electrically connected to said main surface of said metal
      substrate at a position between said first and second insulative segments;
      a semiconductor element having a first, a second, and a third electrode,
      said semiconductor element being mounted onto said auxiliary metal stud;
      first and second electrode members formed respectively on said first and
      second insulative segments, said first and second electrode members being
      parallel with said main surface of said metal substrate and positioned at
      the opposing sides of said auxiliary metal stud so that said first
      electrode member, said auxiliary metal stud, and said second electrode
      member are arranged in a line; means for electrically connecting said
      first and second electrodes of said semiconductor element to said first
      and second electrode members, respectively; and means for electrically
      connecting said third electrode of said semiconductor element to said
      auxiliary metal stud; the height of said auxiliary metal stud being
      selected to shield electrostatically said first and second electrode
      members from each other.
NUM  2.
PAR  2. The semiconductor device as claimed in claim 1, wherein said auxiliary
      metal stud has a central hollow portion, and said semiconductor element is
      mounted in said hollow portion of said auxiliary metal stud.
NUM  3.
PAR  3. The semiconductor device as claimed in claim 2, wherein the height of
      said auxiliary metal stud is greater than that of said insulative member,
      and the depth of said hollow portion of said auxiliary metal stud is
      determined so that the upper surface of said semiconductor element is not
      lower than the upper surface of said insulative member.
NUM  4.
PAR  4. The semiconductor device as claimed in claim 1, further comprising a
      first lead and a second external lead fixed to said first and second
      electrode members, respectively.
NUM  5.
PAR  5. The semiconductor device as claimed in claim 4, further comprising a
      pair of external leads fixed to said metal substrate in the opposing
      positions with respect to said auxiliary metal stud.
NUM  6.
PAR  6. The semiconductor device as claimed in claim 1, wherein said auxiliary
      metal stud is of rectangular parallelepiped shape with a height so
      determined that the upper surface of said semiconductor element is not
      lower than the upper surface of said insulative member.
NUM  7.
PAR  7. The semiconductor device as claimed in claim 1, in which said auxiliary
      metal stud includes a base and first and second banks extending from
      opposing sides of said base, said third electrode being electrically
      connected by said connecting means to one of said banks.
NUM  8.
PAR  8. The semiconductor device as claimed in claim 7, in which the height of
      said banks above said major surface of said substrate is at least as great
      as the distance of said first and second electrode member from said major
      surface of said substrate.
NUM  9.
PAR  9. The semiconductor device as claimed in claim 7, in which first and
      second air gaps are formed between said auxiliary metal stud and said
      first and second electrode members, respectively.
NUM  10.
PAR  10. The semiconductor device as claimed in claim 1, in which said one
      insulative member includes a metallized layer on its lower surface in
      contact with said major surface of said substrate, and includes said first
      and second electrode member formed on its upper surface, said insulative
      member having a central opening surrounding said auxiliary metal stud.
NUM  11.
PAR  11. The semiconductor device as claimed in claim 10, further comprising a
      frame member having a central opening therein mounted on the upper surface
      of and provided over the central opening of said insulative member.
NUM  12.
PAR  12. The semiconductor device as claimed in claim 11, in which a metallizing
      layer is formed on the upper surface of said frame member, and further
      comprising an insulating cap having a metallized layer formed on its lower
      surface and connected to said metallizing layer.
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ABST
PAL  A cooling chamber is bonded to an electrical device to be cooled. The
      chamber includes a metal wall connecting the device into the working
      electrical circuit. A thinned portion of the metal wall forms a fuse which
      will burn out due to an excessive flow of current through the electrical
      device upon failure.
BSUM
PAR  The invention is directed to an electrical device of the type requiring
      cooling during its use. For example, semiconductor devices, such as
      thyristors or silicon controlled rectifiers, operate in conductive states
      where the current flow through the device produces a relatively large
      amount of heat. This heat must be dissipated to prevent breakdown or
      destruction of the device.
PAC  BACKGROUND OF THE INVENTION
PAR  Electrical devices of various types may be cooled during operation by
      cooling chambers which are bonded directly to the electrical device and
      provide for the circulation of a cooling liquid. One type of an electrical
      device may be a semiconductor component such as a thyristor or silicon
      controlled rectifier which is cooled by a pair of cooling chambers fixed
      to the opposed major surfaces of the wafer forming the semiconductor
      portion of the device. Such cooling chambers provide for the circulation
      of a cooling liquid, as a heat pipe, or a cooling jacket or manifold for
      forced circulation of the cooling liquid. A semiconductor device of this
      type is described in detail in U.S. Pat. No. 3,739,235 issued to Sebastian
      William Kessler, Jr. on June 12, 1973. The semiconductor wafer of the type
      described in the patent has a conductive cathode electrode coating on one
      major surface of the wafer and a conductive anode electrode coating on the
      opposite major surface of the wafer to which the cooling chambers in the
      form of heat pipes are attached.
PAR  The cooling structure may consist principally of a hermetically closed
      metal chamber having one portion bonded to one of the two major surfaces
      of the semiconductor device. An electrical connector terminal is fixed to
      a part of the metal chamber at a position spaced from the respective
      conductive anode or cathode coating of the semiconductor wafer. The
      terminal serves to connect the semiconductor device into the external
      working circuit. This particular arrangement utilizes the cooling chamber
      as the electrical lead to the respective anode or cathode coating on the
      opposed surfaces of the wafer.
PAR  When thyristors and rectifiers of the type described above are used in a
      circuit, currents as high as 20,000 amperes or more can be developed. The
      semiconductor device is frequently protected with a special fuse connected
      in series with it. However, such fuses are expensive and often cost as
      much as the semiconductor device itself. This, then, has led some
      manufacturers of equipment to question the economy of protecting a
      semiconductor device with a fuse which is as expensive. For this reason,
      many circuits are designed without any fuse protection of the circuit and
      equipment. When the thyristor or rectifier fails by a breakdown of the
      semiconductor wafer, the large flow of current through the device tends to
      melt the mass of metal in contact with the wafer so that it fuses together
      and the semiconductor wafer is shorted, thus allowing short circuit
      currents to surge through the circuit or equipment. With no fuse
      protecting the circuit, the equipment can be destroyed and much damage can
      result.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance to embodiments of this invention, a cooling chamber bonded to
      an electrode of an electrical component has a thinned region of the
      chamber wall completely separating the electrode of the component from
      that part of the chamber wall to which a connector terminal is fixed.
PAR  The thinned wall portion has a thickness sufficient to conduct the peak
      surge current and the I.sup.2 t ratings between the electrode and the
      connector terminal during normal operation of the electrical device. If,
      however, for some reason the electrical component breaks down and becomes
      highly conductive, an abnormal flow of current will cause the thinned wall
      region of the cooling chamber structure to melt and separate the electrode
      of the device from the connector terminal.
PAR  The cooling chamber may be one of two hollow metal cylinders. The thinned
      wall region may be an annular wall portion extending around one of the
      metal cylinders between the respective connector terminal and the
      electrical device. The annular wall portion may extend continuously around
      the cylinder. A further modification of the invention encloses the thinned
      wall region of the cooling chamber within a closed envelope.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal view, partially in section, of a semiconductor
      thyristor, in accordance with one embodiment of the invention.
PAR  FIG. 2 is an enlarged sectional view of a portion of the semiconductor
      device of FIG. 1.
DETD
PAR  A specific embodiment of the invention is shown in FIGS. 1 and 2, and is
      confined to a semiconductor thyristor cooled by heat pipe structures
      bonded to the thyristor. The semiconductor device may be of the type
      described in detail in U.S. Pat. No. 3,739,235, referred to above. The
      device comprises a semiconductor wafer 10 of silicon which is formed of
      layers of doped semiconductor material providng an NPNP semiconductor
      thyristor device. Shown in detail in FIG. 2, the layered wafer 10 includes
      on one major surface a cathode electrode conductive coating 12 and on the
      opposite major surface of the wafer a conductive anode electrode coating
      14. Although not shown in the figures, the configuration of the wafer 10
      is that of a substantially round disc.
PAR  On the same major surface of the wafer 10 and adjacent to the cathode
      electrode coating 12 is an annular conductive coating 16 forming the gate
      electrode. A conductive metal lead structure 18 is brazed to the gate
      electrode 16.
PAR  Bonded directly to the opposite major surfaces of the semiconductor 10 are
      two cooling chambers fabricated as heat pipes 20 and 22, respectively. The
      heat pipes include two hermetically closed copper cylinders 24 and 26. One
      end of the cylinder 24 is closed by a metal wall portion consisting of a
      round metal plate 28 brazed across the open end of the cylinder 24. In a
      similar manner, the corresponding open end of the cylinder 26 is closed by
      a second metal plate 30 brazed across its open end. The opposite ends of
      cylinders 24 and 26 are closed by metal plates 32 and 34. The plate 32 is
      brazed to the outer end of the cylinder 24 and the plate 34 is brazed to
      the outer end of the cylinder 26. The cylinders 24 and 26 are conductively
      bonded directly to the respective electrode conductive coatings 12 and 14.
      Also, all the matching surface areas of the corresponding end plates 28
      and 30 are brazed or soldered to the electrode coatings 12 and 14
      respectively of the thyristor to provide good electrical and thermal
      contact between these parts.
PAR  The inner surfaces of both of the heat pipes 20 and 22 are covered with
      capillary wick liner structures 36 and 38 of porous copper metal, which
      extend over and are bonded tightly to the inner surfaces of the closed
      cylinders 24 and 26 respectively. An amount of a working fluid, such as
      water within the heat pipes, is used.
PAR  To further aid in the cooling of the heat pipe cylinders, a spiral thin
      metal fin structure 48 is bonded to the external surface of cylinder 24
      and a similar fin structure 52 is bonded to the external surface of
      cylinder 26. These fins 48 and 52 provide a greater surface area for air
      cooling of the outer surfaces of the heat pipe cylinders 24 and 26,
      respectively.
PAR  The cylinder 24 provides an electrical cathode lead from an external
      circuit to the cathode electrode coating 12 and the heat pipe cylinder 26
      provides the anode lead directly to the anode electrode coating 14. The
      external circuit is connected to the cylinders 24 and 26 by a threaded
      cathode bolt 44 fixed to the end plate 32 of the cylinder 24 and a
      threaded anode bolt 46 connected to the end plate 34.
PAR  To further protect and shield the exposed portions of the semiconductor
      wafer 10 there is provided a further envelope structure 53 extending
      between the two heat pipes. This envelope structure includes a ceramic
      cylinder 54 coaxially positioned around the heat pipe cylinder 26 and
      bonded thereto by a Kovar (T.M.) flanged-disc 56 brazed at its outer
      periphery to one end of the ceramic cylinder 54 and at its inner periphery
      to the outer wall of cylinder 26. A weld sleeve 58 made of Kovar (T.M.),
      for example, is attached to the ceramic ring 54 by an annular ring 60
      brazed to one end of the Kovar seleve 58 and joined at its inner periphery
      to the other end of the ceramic ring 54. The other end of the weld sleeve
      58 is bonded to the outer surface of the heat pipe cylinder 24 by means of
      the annular ring 62, which is brazed at its outer periphery to the other
      end of the Kovar weld sleeve 58 and at its inner periphery to the outer
      surface of cylinder 24. The lead 18 to the gate electrode coating 16
      extends through an opening in the ring 62 and the ceramic insulator 63 and
      is attached to a lead terminal 64, as indicated in FIG. 1. Lead 18 is used
      to connect the gate electrode into the external working circuit. The
      annular rings 56, 60 and 62 are of an irregular cross-sectional design to
      provide strain isolation connections between the rings 54 and 58 and the
      cylinders 24 and 26.
PAR  The cylinders 24 and 26 form the conductive connections between the
      respective connector terminals 44 and 46 and the electrode coatings 28 and
      30 to which the heat pipes are bonded. In accordance with an embodiment of
      the invention, the metal walls of cylinders 24 and 26 have respective
      thinned wall regions 70 and 72 completely separating the portions of the
      cylinders to which the respective connector terminals 44 and 46 are
      attached from the respective electrode coatings 28 and 30 to which the
      heat pipes are bonded.
PAR  The thinned wall regions 70 and 72 are formed with an annular
      cross-sectional area which, with the wick liners 36 and 38, will fuse at
      the desired maximum current from which the circuit is to be protected.
      That is, if the wafer 10 breaks down and becomes entirely conductive
      during its use, an excessive amount of current will flow through the
      device and through the circuit to which it is connected. If this breakdown
      current is excessive and greater than the maximum current which the
      thinned wall regions 70 and 72 and the respective wick liners can conduct,
      these thinned wall regions will fuse and the device will fail in an open
      position, i.e. the fusing will be of a nature that either one or both of
      the thin walled regions 70 and 72 will melt and form an annular break to
      completely separate the respective heat pipe cylinder from the wafer 10.
      The required cross-sectional area for either of the thinned wall regions
      70 or 72 and for the wick liners can be determined from tables indicating
      the cross-sectional areas at which fusing takes place for various
      diameters of copper wire. Because of the porous nature of the wick liners
      only 50 percent of the cross-sectional area of the wick needs to be
      considered.
PAR  A semiconductor thyristor of the type described above and shown in FIGS. 1
      and 2 was operated to a breakdown condition of the wafer 10, with a pulsed
      60 Hz current. Upon breakdown the measured peak current was 4345 amperes.
      An oscillograph record of the failure of the device indicated that the
      rectifier operated for 9.25 cycles, then failed in a closed, or shorted
      position. After 30.75 additional cycles, the rectifier opened, preventing
      any further flow of current. Upon examination, it was seen that the
      thinned wall portions and the wick liners of both of the heat pipes had
      melted as a fuse thus opening the circuit. Without the thinned wall fuse
      regions, similar to those shown at 70 and 72 of FIG. 2, for example, the
      wall portions of both cylinders would have been great enough to have
      conducted, without fusing, even larger currents than the measured current
      of 4345 amperes for more than the 30.75 cycles, thus greatly endangering
      other parts and equipment connected into the circuit.
PAR  The fuse structure of the thinned wall regions 70 and 72 are disclosed as
      annular wall portions substantially coaxial with the axis through the
      wafer 10 and normal to the major surfaces of the wafer. This axis is also
      coincident with the axes of the heat pipe cylinders 24 and 26. The
      respective thinned wall regions 70 and 72 are shown in the figures as
      being at the ends of the respective heat pipe cylinders with the outer
      ends of the thinned wall regions bonded directly to the respective
      coatings 12 and 14. It is obvious, however, that modifications of the
      shown structure are possible, wherein it may be only necessary to have a
      single thinned wall region as a part of only one of the cylinders 24 and
      26. A further embodiment of the invention may be the provision of one or
      both of the thinned wall regions 70 and 72 at any position along the
      length of the cylinders 24 and 26 between the wafer 10 and the respective
      conductor terminals 44 or 46. It is only necessary that the conductive
      path between the terminals 44 and 46 and the respective electrode coatings
      12 and 14 be completely interrupted by the thinned wall regions, so all of
      the current flow passes through the thinner wall regions.
PAR  It is also within the scope of the invention to utilize thinned wall
      regions in other configurations of cooling chambers than the cylindrical
      heat pipe structures shown in FIGS. 1 and 2. Chambers 24 and 26 could be
      spherical or cubic or any other shape which lends itself appropriately to
      the cooling of a hot device. These other configurations of cooling
      chambers would also have thinned wall regions completely separating the
      device to be cooled from the respective connector terminals.
PAR  The two end plates 28 and 30, bonded respectively to the electrode coatings
      12 and 14, aid in the conduction of current from the wafer to the
      conductive heat pipe walls. Since these plates are bonded in an
      electrically conductive way directly to the electrode coatings 12 and 14,
      current flow through the wafer 10 is substantially through all portions of
      the plates 28 and 30. In this manner the plates provide a spreading out of
      current flow between the wafer coatings 12 and 14 and the conducting side
      walls of the cylinders 24 and 26. This construction prevents the
      development of hot spots or resistance paths between areas of the wafer
      and the cylindrical walls of the conductive heat pipes.
PAR  As shown in FIG. 1, the thinned wall regions 70 and 72 are enclosed within
      the envelope 53. This has at least two advantages in that when the wafer
      10 breaks down and a high surge of current causes the thinned wall regions
      to fuse, the envelope 53 will prevent sputtered metal from the wall
      cylinders 24 and 26 from being scattered over other portions of the
      equipment and circuit. Furthermore, when one or both of the thinned wall
      regions 70 and 72 melt to form a complete break in one or both of the
      walls of the heat pipes, the envelope 53 rigidly bonded to the cooling
      cylinders 24 and 26 retains these cylinders spaced apart, so that the
      cylinder walls will not come together again and provide a short circuit.
PAR  A preferred embodiment of the invention utilize copper cylinders 24 and 26,
      which are machined to provide the desired wall thickness of around 0.038
      cm. Molybdenum end plates 28 and 30 are brazed into the opposite ends of
      cylinders 24 and 26 with a gold-nickel alloy composition. The inner
      surfaces of cylinders 24 and 26 and those of end plates 28 are nickel
      plated. The outer surfaces of plates 28 and 30 are ground to provide an
      accurate flatness of the surfaces, so as to form a good matching fit to
      the respective flat opposed surfaces of wafer 10. The semiconductor wafer
      may be formed in the manner disclosed in the above cited U.S. Pat. No.
      3,739,235 with the opposed electrode coatings 12 and 14 respectively
      brazed to the ends of cylinders 24 and 26.
PAR  The embodiments of the invention are described above as being specifically
      related to a semiconductor device 10 and to two cooling chambers, in the
      form of heat pipes. However, the invention can be as well embodied in
      electrical devices of other types requiring cooling, such as that
      disclosed in U.S. Pat. No. 3,605,074 to Freggens, for example.
      Furthermore, the cooling chambers bonded to the opposed sides of wafer 10
      may be used to receive a circulating cooling fluid pumped from an external
      source of cooled fluid through inlet pipes and out-let pipes opening into
      the respective closed cylinders 24 and 26. When one or both of the thinned
      wall regions 70 or 72 fuses or burns out, the cooling fluid would be
      contained within the envelope 53. The cooling fluid should be electrically
      nonconducting so as to not short circuit the fused wall portions of the
      cooling cylinders. Pure or distilled water could be used as the cooling
      fluid. Obviously, the wick liners 36 and 38 would not be used in such a
      pressure circulated fluid cooling system.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrical device comprising an electronic component having a
      plurality of electrodes for connecting the component into a circuit, at
      least one cooling chamber bonded to one of said electrodes for cooling
      said component, said cooling chamber including a metal wall fixed to said
      one electrode, a connector terminal fixed to a part of said metal wall and
      spaced from said one electrode, wherein the improvement comprises said
      metal wall having a thinned wall region completely separating said part of
      said wall from said electrode.
NUM  2.
PAR  2. An electrical device in accordance with claim 1, wherein said thinned
      wall region is spaced from said one electrode by a thicker wall portion of
      said cooling chamber.
NUM  3.
PAR  3. An electrical device in accordance with claim 1, wherein said thinned
      wall region is enclosed within an envelope.
NUM  4.
PAR  4. An electrical device in accordance with claim 1, wherein said electronic
      component comprises a semiconductor wafer having at least one major
      surface, said one electrode formed as a conductive electrode coating
      bonded to said one major surface, the metal wall of said cooling chamber
      being electrically bonded to said electrode coating.
NUM  5.
PAR  5. An electrical device in accordance with claim 4, wherein said electrode
      coating is one of two electrode coatings respectively bonded to different
      opposed major surfaces of said wafer, and said cooling chamber is one of
      two heat pipes each respectively bonded to a different one of said
      electrode coatings, said thinned wall region formed as an annular wall
      portion of said one heat pipe.
NUM  6.
PAR  6. An electrical device in accordance with claim 5, wherein said annular
      wall portion is spaced from said respective electrode coating by a thicker
      wall portion of said one heat pipe.
NUM  7.
PAR  7. An electrical device in accordance with claim 6, wherein said annular
      wall portion forms an open end of said one heat pipe and is bonded
      directly to said respective electrode coating.
NUM  8.
PAR  8. An electrical device in accordance with claim 4, wherein said one major
      surface of the semiconductor wafer is flat, and said one heat pipe
      includes a flat metal plate bonded thereto and to said electrode coating.
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ABST
PAL  A multiplexed holographic recording system employs plural transparent
      positive pictures, each representing a different pictorial or video
      information content, which embody differing, unique pre-assigned spatial
      frequencies. A hologram is formed of the positive pictures, the
      reconstructed image from the hologram being identical in smoothed
      intensity distribution to a composite picture formed by superposition of
      the positive pictures.
PAL  Spatial frequency filters are employed to remove, from the object beams
      transmitted through the positive pictures driving hologram formation,
      spatial frequency components assigned to other pictures. Accordingly,
      crosstalk between the multiplexed pictorial information is obviated.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      195,311, filed Nov. 3, 1971.
BSUM
PAR  This invention relates to a video signal or optical image recording system
      employing holographic principles and, more particularly, to such a
      recording systems adapted for multiple recording.
PAR  As known to those skilled in the art, hologram recording comprises exposing
      an area of a recording medium, such as a photographic film, to an object
      beam from an object illuminated with spatially coherent electromagnetic
      waves, such as a laser light and simultaneously directly exposing the same
      area to a reference beam of the spatially coherent electromagnetic waves.
      This results in an interference pattern formed between the object beam and
      the reference beam being recorded on the given area of the recording
      medium. To reconstruct the image of the object from the recorded
      interference pattern (i.e. the hologram), the hologram is illuminated in a
      direction opposite to the reference beam with the same spatially coherent
      electromagnetic wave as used during recording. The reconstructed image is
      then obtained at the position occupied by the object during recording.
PAR  Holography is attractive for data recording and display applications
      because a hologram can be severely scratched, spotted with dirt, and even
      broken into pieces without causing more than a slight loss in overall
      resolution and contrast in the reconstructed image. Usually a slight
      overall degradation in the reproduced image is preferable to a complete
      loss of small portions of the image, which occures for conventional
      photographs when the recording films are scratched, spotted with dirt,
      broken, or the like.
PAR  From an economical standpoint, however, the hologram recording medium is
      rather costly because it must be of high resolution, and a larger area is
      required to record a hologram of an object than to record the image of the
      object directly in photographic form. Hologram recording in a small area
      causes much speckle noise in the reconstructed image. One of the best
      methods to overcome this difficulty without losing the preferable features
      of holography is the multiple recording of holograms in a single area of
      the recording medium.
PAR  In a conventional multiple image recording system of the holographic type,
      the direction of the reference beam is changed for each of plural object
      beams respectively modulated by objects. In the reconstruction of the
      recorded images by illuminating the hologram thus prepared, the
      reconstructed images are formed at separate spatial positions for each
      image. If those separate images are to be converted into video signals
      simultaneously, plural television cameras are needed, one for each
      reconstructed image. This complicates the system and makes it costly to
      manufacture.
PAR  To obviate this disadvantage, another method has been proposed, wherein
      only one optical image is reconstructed from the hologram, while the
      optical image is spatial frequency division multiplexed and can be
      converted into mutually different plural video signals using only one
      television camera and an electronic demultiplexing network. The
      SelectaVision arrangement introduced by RCA (Electronics, Nov. 10 issue,
      1969, pages 108-114) is specifically based on this principle. In the
      SelectaVision system, three different pictures corresponding to the
      luminance, and red and blue component signals from a color television
      camera are recorded in a single image or frame on electron-sensitive film
      using the spatial-frequency multiplexing technique. The holographic
      pattern is made from the frame of the developed film using conventional
      holographic technique, and is finally duplicated in embossed form onto a
      vinyl film. The reconstructed image of the spatial-frequency multiplexed
      frame from this holographic pattern on the vinyl film is positioned at the
      photosensitive surface of a vidicon and transformed to an electrical
      signal, from which the three component signals are separately reproduced
      by the use of band pass filters and demodulators.
PAR  However, one difficulty is encountered in the SelectaVision-type recording
      system. Specifically, since the electron-sensitive medium recording the
      spatial-frequency multiplexed frame inevitably exhibits nonlinearities
      (gamma characteristics), crosstalk is produced between recorded pictures
      due to cross modulation, detracting from the quality of the reproduced
      pictures. The picture quality deterioration is more offensive, visually,
      than that of a brightness nonlinearity in a single picture. In the
      SelectaVision arrangement, for example, the beat component between the
      blue signal modulating a 3.5 MHz subcarrier and the red signal modulating
      a 5 MHz subcarrier, produced around 1.5 MHz by the nonlinearity, is
      superimposed upon the luminance signal (0-3 MHz) to greatly deteriorate
      the reproduced picture quality. If the nonlinear characteristics of the
      recording medium can be determined beforehand, crosstalk between pictures
      may be eliminated by compensating the picture signals with the reverse
      characteristic at the time of recording. However, this is very difficult
      to achieve in practice because such nonlinear characteristics depend on
      the photographic emulsion of each film lot and cannot be determined in
      advance. This condition inevitably occurs, no matter how severely the
      developing conditions are specified, as long as a conventional recording
      medium (silver halide film for example) is used.
PAR  It is an object of the present invention to provide apparatus for producing
      a holographic memory with a single reconstructed image of the
      spatial-frequency division-multiplexed type, which substantially
      eliminates cross modulation distortion otherwise causing deterioration in
      the quality of reproduced demultiplexed pictures.
PAR  Another object of the invention is to provide apparatus for producing a
      holographic memory with a single reconstructed image of the
      spatial-frequency division-multiplexed type, which permits the use of a
      recording medium having appreciable nonlinear characteristics.
PAR  It is a feature of the present invention to prepare plural transparent
      positive pictures having mutually different spatial frequencies from
      plural pictorial information inputs to be multiplexed, instead of a single
      spatial-frequency division-multiplexed transparent positive picture. The
      information from the plural positive pictures is then recorded on a
      hologram in multiplexed form using plural object beams passing through the
      respective pictures. This procedure enables one to utilize
      spatial-frequency filters in the paths of the respective object beams to
      eliminate therefrom the obstructive spurious frequency components produced
      by nonlinearity of the recording medium of the transparent positive
      pictures, which would otherwise deteriorate the quality of the pictures
      reproduced with television receivers from the demultiplexed picture
      signals reproduced from the reconstructed image of the hologram.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following detailed description, taken
      together with the accompanying drawing in which:
PAR  FIG. 1 is a schematic block diagram of a portion of a preferred embodiment
      of this invention, i.e., an arrangement for preparing transparent positive
      pictures from color television signals;
PAR  FIG. 2 is a graph showing the frequency spectra of the electrical signals
      to be recorded in transparent positive pictures in the embodiment of FIG.
      1;
PAR  FIGS. 3a, b, c, d and e are the patterns which illustrates the nature of
      images recorded on the transparent positive pictures;
PAR  FIGS. 4a and b are waveform illustrating the darkness variation in FIGS. 3c
      and e respectively;
PAR  FIG. 5 is a graph showing the nonlinearity of a recording medium for
      transparent positive pictures;
PAR  FIG. 6 is a spatial frequency spectrum of a transparent positive picture
      illustrating the effect of nonlinearities;
PAR  FIG. 7 is a schematic block diagram of another portion of the preferred
      embodiment of the invention, i.e., the hologram forming apparatus;
PAR  FIG. 8 is a schematic block diagram of the play-back system for developing
      a full color picture from the hologram formed of the transparent positive
      pictures;
PAR  FIG. 9a, b, c, d, e, f, and g are waveforms which illustrate the
      interference effects of the object beams synthesized to make a single
      hologram in the embodiment of FIG. 7;
PAR  FIG. 10 is a pattern of the reproduced image in the embodiment of FIG. 8
      from a hologram prepared without employing any spatial frequency filters;
PAR  FIG.11 is a plan view of a regular patterned transparent diffraction
      grating shown for describing the principles of spatial frequency filters,
      and are used in an embodiment of FIG. 16 to convert the spatial frequency
      of the image;
PAR  FIG. 12 is the spectrum pattern of the regular patterned grating observed
      in the spatial frequency filters;
PAR  FIG. 13a and b are the spectrum patterns of the transparent positive
      pictures prepared in the embodiment of FIG. 1;
PAR  FIG. 14a and b are plan views of the masks used in the spatial frequency
      filters which corresponds to FIG. 13a and b, respectively;
PAR  FIG. 15 is a pattern illustrating the nature of the recorded image on a
      transparent positive picture in the embodiment of FIG. 1 where the carrier
      signal for frequency conversion is modulated in phase rather than
      amplitude;
PAR  FIG. 16 is another embodiment of a part of this invention, i.e., an
      arrangement for preparing transparent positive pictures having different
      spatial frequencies from objects or optical images; and
PAR  FIG. 17 is another embodiment of the play-back system of the hologram
      containing two independent programs.
DETD
PAR  Referring now to FIG. 1, there is shown a preferred example of apparatus
      for preparing plural transparent positive pictures having mutually
      different spatial frequencies from plural picture informations. As is
      fully explained below, the plural transparent positive pictures thus
      prepared are employed in hologram forming structures as shown in FIG. 7,
      and all original picture information is reproduced from the hologram with
      a play-back system such as illustrated in FIG. 8.
PAR  In FIG. 1, the plural picture information signals illustratively comprise a
      luminance signal 21, a blue signal 22, and a red signal 23 of an
      electronic color television signal group 20 generated by scanning an
      object 1 with a color television camera 10. If a green signal is supplied
      from the camera 10 instead of the luminance signal, the luminance signal
      can be developed by linearly summing the green, blue and red signals. The
      luminance signal 21 passes through a low pass filter 41 having a passband
      of 0 to 3 MHz and is supplied to a first electron beam recorder 51. The
      blue signal 22 is supplied to an amplitude modulator 43 and modulates the
      amplitude of a 3.5 MHz carrier signal 25 generated by a signal generator
      42. Similarly, the red signal 23 is supplied to another amplitude
      modulator 46 and modulates a 5 MHz carrier signal 26 from another signal
      generator 45. The frequency converted blue signal 27 and red signal 28
      pass through bandpass filters 44 and 47 having pass bands of 3 to 4 MHz
      and 4.5 to 5.5 MHz, respectively, and are added with each other in the
      adder 48 to be supplied to a second electron beam recorder 52.
PAR  The outputs 24 and 31 of the lowpass filter 41 and the adder 48
      respectively modulate the intensity of electron beams 57 and 58 emitted
      into vacuums by electron guns 53 and 54 in the electron beam recorders 51
      and 52. The intensity modulated electron beams 57 and 58 are deflected by
      deflecting coils 55 and 56 respectively, in accordance with synchronizing
      signals 33 and 34 supplied by a synchronizing signal generator 49, and
      reach electron-sensitive films 61 and 62 (e.g. 16 mm wide), which react to
      beam intensity the same way a photographic film reacts to light. As the
      synchronizing signal 32 is supplied to the color television camera 10 from
      the same synchronizing signal generator 49, the films 61 and 62 are
      scanned in a raster pattern and the electron beams 57 and 58 record the
      information signals characterizing the object 1 on the films 61 and 62,
      respectively, in the form of a two-dimensional pattern, where the
      positional relation among all parts of the object 1 is preserved in a
      perspective sense.
PAR  FIG. 2 shows the frequency spectra 71 and 72 of the signals 24 and 31
      supplied to the electron beam recorders 51 and 52 respectively. The
      luminance spectrum 71 extends up to 3 MHz, while the chrominance spectrum
      72 is disposed above 3 MHz and is composed of the blue spectrum 73
      distributed about 3.5 MHz (the band passed signal 29) and the red spectrum
      74 centered about 5 MHz (the signal 30). It is to be noted here that the
      blue and red spectra 73 and 74 should not overlap to prevent crosstalk
      between the reproduced blue and red signals, but crosstalk due to the
      overlapping of the luminance spectrum 71 and the chrominance spectrum 72
      may be avoided by the use of spatial frequency filters in the hologram
      forming apparatus of the present invention as fully explained below.
PAR  FIG. 3a shows in a simplified form an image 80 of the object 1 recorded on
      the electron-sensitive film 61 and processed into the form of a
      transparent positive picture by development. As the recording is made with
      the electron beam 57 scanning the film 61 in a raster pattern, the image
      80 is formed of many fine horizontal stripes 81 of modulated darkness
      intensity as shown in FIG. 3b, which is an enlargement of a part of the
      image 80. To obscure these fine stripes, the electron beam may be made
      thick, or may slightly quiver rapidly in the vertical direction, but it is
      very difficult to eliminate the stripe effect completely.
PAR  Since the horizontal scanning speed of the electron beam 57 is maintained
      constant, the frequency (time) in the electrical signal 24 modulating the
      electron beam 57 is proportional to the frequency in the recorded image
      80. If the spatial frequency of 5 lines/mm is set to correspond to a
      time-frequency of 1 MHz (i.e., the electron beam 57 scans 0.2 mm of the
      film 61 in 1 micro-second), for example, the width and height of the image
      80 becomes about 12 mm and 9 mm respectively, and the spatial frequency,
      in the vertical direction, of the horizontal stripes 81 is about 30
      lines/mm, i.e., the distance between stripes is around 30 microns.
PAR  The relation between time-frequency and spatial frequency is the same for
      recording of the chrominance signal 31. The recorded image on the film 62
      is rather complicated because of the frequency conversion and addition of
      the two signals 22 and 23, so that the features of the image will be
      illustrated with two figures (FIG. 3c and e) showing the components of the
      image. In FIG. 3 c, there is shown the simplified image 82 recorded by the
      electron beam 58 on the film 62 when the frequency converted blue signal
      29 is applied to the electron gun 54 directly. Since the carrier frequency
      of the blue signal 29 is set at an integral multiple of the horizontal
      scanning frequency of the electron beam 58 and synchronized to it with the
      signal 35 from the synchronous signal generator 49 to the signal generator
      42, the recorded image 82 takes the form of intensity modulated vertical
      stripes 83 of a spatial frequency of 17.5 lines/mm corresponding to the
      carrier frequency of 3.5 MHz, superimposed on the aforementioned
      horizontal stripes 81, as shown in FIG. 3d in a partially enlarged form.
      With respect to the electron beam recorder and the vertical stripes in the
      recorded image, a detailed explanation may be found in the "IEEE
      Spectrum", September 1970 issue, at pages 22-33. FIG. 4a shows a waveform
      91 representing the darkness variation of the recorded image 82 of the
      blue signal 29 along a horizontal line. In FIG. 4a, the signal links 92,
      93 and 94 correspond to full blue, no blue, and partial blue components in
      the object 1, respectively.
PAR  FIG. 3e is a simplified image 84 recorded when the frequency converted red
      signal 30 is directly applied to the electron gun 54. The image 84 also
      has intensity modulated vertical stripes, and their spatial frequency is
      25 lines/mm corresponding to the carrier frequency of 5 MHz. FIG. 4b
      depicts a waveform 95 similar to that of FIG. 4a but corresponding to the
      recorded image 84 of the red signal 30.
PAR  The image actually recorded via the sum chrominance signal 31 and the
      electron beam recorder 52, and processed into a transparent positive
      picture, is the super position of the recorded images 82 and 84. The
      darkness variation in the actual image, however, is different from the
      linear superposition of the waveforms 91 and 95 in FIG. 4a and b by virtue
      of nonlinearities in the recording medium 62. FIG. 5 shows the
      nonlinearity of a recording medium which converts the electron beam
      intensity to intensity (light-darkness) modulation.
PAR  The spatial frequency spectrum of the actual image is shown in FIG. 6. The
      most obstructive spatial-frequency component produced by the nonlinearity
      is the beat component 103 around 7.5 lines/mm (corresponding to 1.5 MHz)
      between the blue spectrum 101 disposed about 17.5 lines/mm and the red
      spectrum 102 around 25 lines/mm. The recording medium nonlinearity also
      produces other obstructive components around 35 lines/mm (second harmonic
      of the blue spectrum 104), 42.5 lines/mm (sum component 105 of the blue
      and red spectra), and so forth. The luminance image 80 also contains
      distortion components on account of the nonlinearities some of which
      exceed the assigned spatial-frequency region up to 15 lines/mm
      (corresponding to 3 MHz).
PAR  In the embodiment of FIG. 1, the color television signal group 20 may be
      supplied by a color video tape recorder, which can reproduce a signal
      previously recorded from a color television camera or the like. In this
      case the synchronizing signals 33, 34, 35, 36 for electron beam scanning
      and carrier synchronization should also be supplied by the video tape
      recorder. By the use of a color video tape recorder as the color signal
      source, a single electron beam recorder 51 can record both the luminance
      signal 24 and the chrominance signal 31 by playing back the tape recorder
      twice and switching the input signal to the electron beam recorder 51 from
      the luminance signal 24 to the chrominance signal 31 on the second pass.
PAR  FIG. 7 is a schematic block diagram of a preferred embodiment of apparatus
      for generating holograms from the transparent positive pictures prepared
      with apparatus such as that shown in FIG. 1. The output beam 200 from a
      laser light source 210 is magnified and converted into a parallel beam by
      the beam magnifying optical system 211, and is separated into the beams
      201, 202 and 203 by semi-transparent mirrors 212 and 213. The beam 202 is
      transmitted through a transparent positive picture 241 directly, while the
      beam 203 is transmitted through a transparent positive picture 242 after
      being reflected by reflectors 214 and 215. The two beams are synthesized
      (combined) at the semi-transparent mirror 216 after the crosstalk
      components thereof have been eliminated by spatial frequency filters 220
      and 230. The synthesis is performed so that the light rays transmitted
      through spatial frequency filters 220 and 230 may form aerial images of
      transparent positive pictures 241 and 242 at the same position 245.
      Further, the two beams are to be synthesized at an angle, which will be
      fully discussed below. The light beams from this synthesized aerial image
      become the object beams for producing the hologram while the beam 201
      reflected by reflectors 217 and 218 becomes a reference beam 205, with the
      resulting hologram being produced on a photographic recording medium 250.
      It is to be noted here that the two object beams may be recorded on the
      hologram at different times, if the reference beam is supplied at both
      such times.
PAR  When the transparent positive pictures 241 and 242 represent the luminance
      and chrominance signals from an object, the coincidence of the aerial
      images at the position 245 should be closely maintained as can be seen
      from the discussion below with respect to the play-back system.
      Interlocking the film feeding mechanisms, and recording the two pictures
      241 and 242 on the respective halves of a film, are useful for this
      purpose.
PAR  FIG. 8 shows a play-back system to reconstitute a full color picture from
      the hologram made with apparatus such as shown in FIG. 7 from plural
      transparent positive pictures representing luminance and chrominance
      signals discriptive of an object. The output beam 300 from a laser light
      source 310 is magnified and converted into a parallel beam by an optical
      system 311, and illuminates the hologram 250 after its development in a
      direction opposed to the reference beam 205 utilized during hologram
      formation. The first-order diffraction light 302 diffracted by the
      hologram 250 reconstructs a real image 303 at a position, with respect to
      the hologram 250, where the synthesized image 245 was present when the
      hologram was made.
PAR  The photocathode of a vidicon camera 312 is disposed at the position of the
      reconstructed real image 303. The image, which represents the luminance
      and chrominance signals 24 and 31 in spatial-frequency
      division-multiplexed form is converted into a frequency
      division-multiplexed electrical signal 320 at the output of the vidicon
      camera 312. The multiplexed signal 320 is then divided into the luminance
      signal 321, the frequency-converted blue signal 322, and the
      frequency-converted red signal 323 via a low pass filter 332 and band pass
      filters 313 and 314, respectively. The frequency converted signals 322 and
      323 are supplied to envelope detectors 315 and 316, respectively (the
      demodulators for the amplitude modulated signals), and demodulated to
      baseband blue and red signals 324 and 325, respectively, with the coaction
      of low pass filters 317 and 318.
PAR  The demultiplexed luminance, blue and red signals 321, 324 and 325,
      respectively, are applied to a color television receiver 319 with the
      synchronizing signal 326 from a synchronizing signal generator 330. The
      generator 330 also supplies the synchronizing signal 327 to the vidicon
      camera, and thus the color television receiver 319 reproduces the full
      color image of the object. As is known in the art, a bandwidth of 3MHz and
      0.5 MHz for the luminance and chrominance (blue and red) signals,
      respectively, is typically sufficient to maintain the quality of a
      reproduced full color image.
PAR  In FIG. 7, the two beams from the spatial frequency filters 220 and 230 are
      synthesized at an angle. The reason is as follows. In the embodiment of
      FIG. 8, the hologram 250 reproduces the real image 303 which is the same
      as the aerial synthesized image 245 in FIG. 7, and the vidicon camera 312
      converts the resulting light intensity into electrical current. Thus the
      aerial synthesized image 245 in FIG. 7 should have an intensity
      distribution which is equal to the sum of the brightness (or darkness)
      distribution of the transparent positive pictures 241 and 242 for the
      satisfactory reproduction of the color image of the object.
PAR  The synthesis of the images, however, is done by the amplitude of the
      spatially coherent electromagnetic waves (this is the so-called
      interference), and if the two beams are set parallel to each other, the
      intensity distribution of the synthesized image 245 becomes very different
      from the sum of the brightness distribution of the transparent positive
      pictures 241 and 242 under the influence of the optical phase deviation
      caused by the nonuniformity of the thickness of the transparent positive
      pictures 241 and 242.
PAR  FIG. 9 a, b, c, d and e clearly illustrate this interference effect. When
      two beams having intensity distributions such as shown in FIGS. 9 a and 9
      b are synthesized without interference as in the case of beams of
      orthogonal polarization, the resultant intensity distribution is the sum
      of the intensity distributions of the two beams as shown in FIG. 9 c.
      However, when interference occurs as in the present case, the resultant
      intensity may be too large or too small, and varies with phase difference
      between the two beams. Let the phase difference distribution be as shown
      in FIG. 9 d; then the resultant intensity distribution becomes as in FIG.
      9e.
PAR  The best way to eliminate this interference effect and obtain the sum
      intensity distribution in practical manner is to change the phase
      difference very abruptly by synthesizing the two beams at an angle or by
      employing finely diffusing glass plates at the position of the images
      before the light rays from the images are combined. FIG. 9 f shows the
      abrupt change of the phase difference between two beams having an angle
      between their beam axes, and the resultant intensity distribution (FIG.
      9g) coincides with that in FIG. 9 c if the high spatial-frequency change
      is smoothed out. It is to be noted here that the phase difference caused
      by the nonuniformity of the thickness of the transparent positive pictures
      cannot affect the smoothed resultant distribution, for the difference is
      too small compared with that caused by the inclination of the beams.
PAR  The angle .theta. between the two beams is determined by the light
      wavelength .lambda. and the spatial frequency S of the interference
      pattern as
EQU  .theta. .apprxeq. .lambda. S                               (1)
PAL  If .lambda. = 0.5 .mu.m and S is selected to be sufficiently large such as
      50 lines/mm, the angle .theta. is 0.025 radians or 1.4.degree.. These high
      spatial-frequency components cannot be converted into an electrical signal
      by the vidicon camera 312 in FIG. 8 because of its resolution limits and,
      even if it were possible, the converted electrical signal would be
      filtered out by the filters 332, 313 and 314.
PAR  FIG. 10 generally shows the form of the reproduced image 350 of the
      original object 1 on the picture tube of the color television receiver 319
      on FIG. 8 derived from the hologram 250 when no spatial frequency filters
      are employed. The vertical stripes 351 corresponding to the beat component
      103 in FIG. 6 are not present in the original object, and are very
      offensive visually. This is a kind of crosstalk, which comes from the
      frequency converted chrominance signals and the luminance signals. In the
      SelectaVision type recording system, the crosstalk components are
      superposed on the spatial-frequency multiplexed image as soon as it is
      recorded on the electron-sensitive film, and there is no chance to utilize
      optical filtering techniques to eliminate the crosstalk, if the crosstalk
      component falls in the same spatial frequency region with the multiplexed
      image. It is to be noted here that the preparation of plural transparent
      positive pictures and their multiple holographic recording are essential
      to eliminate cross-talk between images.
PAR  The principle of spatial frequency filters 220 and 230 in FIG. 7 is well
      known, and its elementary explanation may be found, for example, in
      Chapter 9 of "Modern Optics" by Brown, Reinhold Publishing Corporation and
      in paper by Lendaris et al. in "Proceedings of the IEEE", February issue,
      1970, pp. 198-216, the disclosures of which are incorporated herein by
      reference. The filter 220 (230) includes lenses 221(231) and 223 (233) and
      a mask 222(232). The mask 222(232) is placed at the rear focal plane of
      the lens 221(231), while the lens 223(233) is positioned so that its
      forward focal plane coincides with the position of the mask 222(232). In
      this configuration, the image of the object positioned at the forward
      focal plane of the lens 221(231) is provided at the rear focal plane of
      the lens 223(233) with a magnification factor of one, if the focal lengths
      of the lenses 221(231) and 223(233) are equal to each other.
PAR  If a regularly patterned transparent diffraction grating 360 as shown in
      FIG. 11, having a sinusoidal darkness variation in the horizontal
      direction with a spatial frequency of S, is placed at the forward focal
      plane of lens 221(231), a part of the incident laser beam passes right
      through the diffraction grating (zero-order diffraction light). However, a
      part of the beam is diffracted (first-order diffraction light). The
      diffraction angle .theta. is expressed in terms of the wave length of the
      incident light as
EQU  .theta. = sin.sup.-.sup.1 .lambda. S .apprxeq. .lambda.S   (2)
PAL  the foci 372 and 373 shown in FIG. 12 for the first-order diffraction light
      by the lens 221(231) on its rear focal plane are separated by the
      following distance d from the focal point 371 of the zero-order
      diffraction light:
EQU  d = f.sub.1 tan .theta. = f.sub.1 tan(sin.sup.-.sup.1 .lambda. S) .apprxeq.
      f.sub.1 .lambda.S,                                        (3)
PAL  where f.sub.1 is the focal length of the lens 221(231). The first-order
      diffraction light is deflected in the horizontal direction perpendicular
      to the stripes 361 of the diffraction grating 360. As is apparent from
      equation (3), the distance d at the rear focal plane of the lens 221(231)
      is an increasing function of spatial frequency S and moreover, it is
      approximately in linear proportion to S (this transformation exactly
      corresponds to the Fourier transform). Since the relation between distance
      d and spatial frequency S is valid for any pictures to be placed at the
      forward focal plane of lens 221(231), in place of a diffraction grating,
      360, it is possible to select only the desired spatial frequency
      components by either passing or intercepting the light depending on this
      distance d with the mask 222(232) placed at the rear focal plane of lens
      221(231).
PAR  FIG. 13 a shows the light intensity distribution on the rear focal plane of
      the lens 221 when the transparent positive picture 80 in FIG. 3 a
      representing the luminance signal 24 in FIG. 1 is placed at the forward
      focal plane of the lens 221. The center portion 381 represents the
      original luminance signal 24 and the distortion components produced by the
      nonlinearity of the electron-sensitive film 61, while the other two
      portions 382 and 383 are caused by the fine horizontal stripes 81 in FIG.
      3 b produced by the electron beam scanning.
PAR  To eliminate the effect of the horizontal stripes 81 which may
      significantly deteriorate the reproduced image on the color television
      receiver 319 if the vidicon camera 312 scans on a line between two
      horizontal stripes 81, and the effect of the distortion components on the
      chrominance signals 324 and 325 in FIG. 8, a mask 222 of the
      two-dimensional form as shown in FIG. 14 a is preferred. When the focal
      length f.sub.1 of the lens 221 is 100 mm and the light wavelength .lambda.
      is 0.5 .mu. m, the height and width of the center transparent portion 401
      of the mask 222 should be
EQU  2d .apprxeq. 2f.sub.1 .lambda. S = 1.5 mm
PAL  where S = 15 lines/mm (corresponding to 3 MHz). Using this mask height, the
      effect of the horizontal stripe 81 having a spatial frequency about 30
      lines/mm can also be completely eliminated. Of course, the center 402 of
      the transparent portion 401 must be made coaxial with the optical axis of
      the beam 202 and the lens 221.
PAR  In FIG. 13 b, there is shown the light intensity distribution on the rear
      focal plane of the lens 231 (f.sub.2 =  100 mm) when the transparent
      positive picture representing the multiplexed chrominance signal 31 in
      FIG. 1 is positioned at the forward focal plane of the lens 231. The
      portions 391 and 392 correspond to the frequency converted blue and red
      signals 29 and 30, respectively, while the portions 393 and 394 are the
      distortion components discussed previously with reference to FIG. 6. The
      portions 395, 396 and so on are caused by the horizontal scanning stripes
      81 as in FIG. 13 a.
PAR  FIG. 14 b depicts a two-dimensional mask 232 for eliminating the various
      obstructive components from the light transmitted for the transparent
      positive picture representing the multiplexed chrominance signal 31. Two
      transparent portions 403 and 404 are arranged symmetrically with respect
      to the mask center 405. The height of the transparent portions may be the
      same as the mask 222 shown in FIG. 14 a to eliminate the horizontal
      scanning stripes 81. In the horizontal direction, the central portion of
      light transmission is blocked with the width of
EQU  2d.sub.1 .apprxeq.  2 f.sub.2 .lambda. S.sub.1 =  1.5 mm (s.sub.1 =  15
      lines/mm),
PAL  and the width of the transparent portions 403 and 404 is set to be
EQU  d.sub.2 -  d.sub.1 .apprxeq.  f.sub.2 .lambda. (S.sub.2 - S.sub.1) = 0.625
      mm(S.sub.2 =  27.5 lines/mm)
PAL  to pass only the desired chrominance information. Fine masks of this
      accuracy can be obtained by photographic techniques.
PAR  As is explained in detail, the spatial frequency filters 220 and 230
      eliminate the various obstructive components produced by nonlinearities of
      the electron-sensitive films and the like, and presents at the position
      245 a pure image of spatial-frequency division-multiplexed form having no
      crosstalk. This pure image is recorded in the hologram 250, and then
      converted into electrical signal by a vidicon or, in more general terms,
      any image pick-up device. In these processes, however, the crosstalk
      caused by nonlinear distortion can be avoided as below explained.
PAR  The nonlinear characteristics of the hologram recording medium may generate
      second and higher order diffraction components and may attenuate the
      first-order diffraction component which reconstructs the desired image. It
      will hardly cause higher harmonic and cross modulation distortion within
      the reconstructed image, however, because those higher-order diffraction
      components are diffracted in other directions, and cannot be superimposed
      on the desired image. In FIG. 8, there is shown the second-order
      diffraction component 305, together with the zero and first-order
      components 304 and 302. This very nature of the absence of distortion in
      holographic recording system is utilized in the present invention to
      prevent crosstalk between recorded images.
PAR  The image pick-up devices also have the nonlinear characteristics and may
      produce crosstalk components. However, the performance characteristics are
      fixed for each device, and can be compensated with electronical circuitry.
PAR  In the embodiment of FIG. 1, the amplitude modulators 43 and 46 may be
      replaced by phase modulators. In this case, however, the vertical stripes
      explained with respect to FIG. 3c are modulated in position as shown in
      FIG. 15, instead of in intensity. To play back the hologram prepared from
      the position modulated transparent positive pictures, the envelope
      detectors 315 and 316 are replaced by phase detectors.
PAR  FIG. 16 shows another embodiment of the structure for preparing plural
      transparent positive pictures having mutually different spatial
      frequencies from plural picture information. Two 16 mm photographic movie
      cameras as shown in FIG. 16 are used to prepare plural transparent
      positive pictures from objects or optical images. One of the cameras is a
      standard, usual one while, in the other camera 410, a regular patterned
      transparent grating 360 (as in FIG. 11) having a sinusoidal darkness
      variation in the horizontal direction with a spatial frequency of 30
      lines/mm is placed adjacent the film 420 so that the light from the lens
      411 will pass through the grating 360 on the way to the film 420. In this
      manner, the image recorded on the film 420 becomes spatially frequency
      converted.
PAR  The second camera 410 may record program material related to the incident
      to the first camera such as an enlarged portion or a hidden part of the
      object which the first camera is recording. On the other hand, the second
      camera may record sequential or unrelated program material, in which case
      a single camera 410 can be used by alternatively attaching and removing
      the grating 360. The multiple recording of unrelated programs is useful
      economically. The aforementioned programs are defined to be "independent",
      because they are not useful if combined in a single superposed image. It
      is to be noted here that independent black and white television signals
      can be recorded in the form of positive pictures following the methods by
      which the luminance signal 21 and the blue signal 22 are recorded in the
      embodiment of FIG. 1 and illustrated with FIG. 3 a and c.
PAR  After being developed, two transparent positive pictures recording two
      related or unrelated programs are employed to make a hologram as shown in
      FIG. 7. The passbands of the spatial frequency filters are up to 15
      lines/mm for the usual image and 15 to 45 lines/mm for the spatial
      frequency converted image. Though the latter has such low
      spatial-frequency components as were present in the original image and are
      produced by the nonlinearities of the recording medium, these can be
      eliminated with the spatial filter as well as the high spatial-frequency
      component produced by nonlinearities in the other optical path before
      being recorded in the hologram.
PAR  FIG. 17 shows another embodiment of a play-back system for the hologram,
      which is used for the reproduction of plural independent programs. The
      optical system is the same as the embodiment of FIG. 8. The output 320 of
      the vidicon camera 312 passes through a lowpass filter 332 and is supplied
      to a black and white television receiver 331 which reproduces the image
      recorded with the usual camera. The output 320 of the vidicon camera 312
      is also successively supplied to the bandpass filter 333, the envelope
      detector 334 and the lowpass filter 335, and the demodulated signal 340 is
      applied to a second black and white television receiver 336 which
      reproduces the image recorded in spatial frequency converted form. If the
      programs are sequential or unrelated, a single television receiver in
      combination with a switching circuit is usually sufficient to see either
      program.
PAR  The above-described arrangement is merely illustrative of the principles of
      the present invention. Numerous modifications thereof will be readily
      apparent to those skilled in the art without departing from the spirit and
      scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multiple image recording system comprising: a plurality of pictorial
      information sources; means for forming a plurality of transparent positive
      pictures from said plurality of pictorial information sources by
      converting the information into mutually different spatial frequency
      regions preassigned to the respective positive pictures; and means for
      forming a hologram from said positive pictures so that the image
      reconstructed from said hologram is identical, in intensity distribution
      smoothed by filtering out spatial frequency components higher than any of
      said spatial frequency regions, to a composite picture formed by mutual
      superposition of the positive pictures; and spatial frequency filters
      disposed between said transparent positive pictures and the hologram
      forming medium during hologram formation for removing from the light beam
      transmitted through each positive picture such spatial frequency
      components as may fall in the spatial frequency region assigned to the
      other transparent positive pictures, before recording in the hologram.
NUM  2.
PAR  2. A combination as in claim 1, wherein said plurality of pictorial
      information source are television signals, and said means for forming
      transparent positive pictures comprises a modulator for frequency
      converting said television signals, an electron beam recorder, and a
      recording medium sensitive to electron beams.
NUM  3.
PAR  3. A combination as in claim 2, wherein said plurality of television
      signals comprise luminance, blue and red signals of a color television
      signal group, said transparent positive pictures forming means includes
      means for forming a spatial-frequency multiplexed picture from said blue
      and red signals after frequency conversion and multiplexing thereof, and
      means for forming another transparent positive picture prepared from said
      luminance signal without frequency conversion.
NUM  4.
PAR  4. A combination as in claim 2, wherein said plurality of television
      signals comprise two independent black and white television signals, and
      one of said transparent positive pictures is formed from one of said
      television signals after frequency conversion, while the other transparent
      positive picture is formed from the other television signal without
      frequency conversion.
NUM  5.
PAR  5. A combination as in claim 1, wherein said plurality of pictorial
      information sources comprise means for supplying two optical images, one
      of said transparent positive pictures being prepared from one of said
      optical images with a photographic camera film receiving said optical
      image through a regular patterned transparent grating, the other
      transparent positive pictures being prepared from the other optical image
      with a photographic camera and film without a grating.
NUM  6.
PAR  6. A combination as in claim 1, wherein said hologram forming means
      comprises means for supplying object light beams through said positive
      transparent pictures, the optical paths for the wavefronts of said object
      beams passing through said transparent positive pictures in said hologram
      preparing means differing from one another so that the spatial frequency
      of the interference pattern formed between reconstructed images of said
      positive pictures is made higher than any of said spatial frequency
      regions assigned to said respective positive pictures.
NUM  7.
PAR  7. A combination as in claim 1, wherein said spatial filter comprises a
      lens and a two-dimensional mask positioned at the rear focal point of said
      lens for limiting the spatial frequency pass band in two directions
      orthogonal to each other.
NUM  8.
PAR  8. In combination in a multiple image recording system, a plurality of
      transparent positive pictures each having information rendered therein in
      distinct relative spatial frequency regions, hologram recording means, for
      supplying separate coherent light beams through each of said positive
      pictures to said hologram recording means, means for supplying a reference
      coherent light beam to said hologram recording means, and spatial
      frequency filter means optically disposed intermediate at least one of
      said positive pictures and said hologram recording means to eliminate
      distortion of said information.
NUM  9.
PAR  9. In combination in a multiple image recording system, a plurality of
      transparent positive pictures each having information rendered therein in
      distinct relative spatial positions, hologram recording means, means for
      supplying separate coherent light beams through each of said positive
      pictures to said hologram recording means, means for supplying a reference
      coherent light beam to said hologram recording means, and optical filter
      means optically disposed intermediate at least one of said positive
      pictures and said hologram recording means, further comprising means for
      generating said positive pictures, said picture generating means
      comprising an electron sensitive film, an electron beam source, means for
      sweeping said electron beam supplied by said source thereof across said
      electron beam sensitive film, a frequency band limited source of
      information to be recorded, and heterodyne means for shifting said band
      limited information source in frequency and modulating the intensity of
      the electron beam supplied by said source thereof with said frequency
      modulated signal.
NUM  10.
PAR  10. A combination as in claim 9, wherein said optical filter includes a
      light transmitting portion surrounded by a light transmission blocking
      portion.
NUM  11.
PAR  11. A combination as in claim 9, wherein the center frequency of said
      frequency shifted information is an integral multiple of the film scanning
      frequency.
PATN
WKU  039464318
SRC  5
APN  5109108
APT  1
ART  233
APD  19741001
TTL  Synchronized demodulation of the chrominance signal with switched
      carrier phase angles
ISD  19760323
NCL  6
ECL  6
EXP  Libman; George H.
NDR  3
NFG  7
INVT
NAM  Gantert; Manfred
CTY  Anaheim
STA  CA
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
CLAS
OCL  358  9
XCL  358 23
EDF  2
ICL  H04N  934
FSC  358
FSS  4;9;14;23
UREF
PNO  3786178
ISD  19740100
NAM  Scholz
OCL  358  4
ABST
PAL  A color video system in which the chrominance portion of a composite video
      signal, such as an off-air TV signal, is transmitted or recorded in the
      form of a trisequential sequence containing in lieu of the original colors
      R, G, B the substitute colors R', G' B', and in which at the receiving or
      playback end a luminance signal Y.sub.M =0.33(R'+G'+B') is derived from
      the trisequential substitute color signal, where R', G', B' are chosen so
      that Y.sub.M also satisfies the relationship Y.sub.M =0.30R + 0.59G +
      0.11B required for black and white compatibility. The technique used at
      the transmitting or recording end obviates the necessity of first
      developing for this purpose the original colors and then deriving
      therefrom the substitute colors by the addition to the former of a
      separate signal Z= -0.03R + 0.26G - 0.22B, as proposed in the prior art.
      This simplification is attained herein by immediately demodulating the
      chrominance portion trisequentially along axes related to the substitute
      colors, preferably along substitute-color difference axes R'-Y, G'-Y, B'
      -Y.
BSUM
PAR  The invention relates to color video systems and more particularly to such
      systems in which the color information is transmitted or recorded in
      trisequential form.
PAR  Systems of the aforementioned type are known in which the transmitted or
      recorded trisequential signals are not the true colors R, G and B but are
      "substitute" colors R', G' and B'. The use of these substitute colors for
      transmission or recording makes it possible to conveniently derive from
      these colors at the receiving end, or in playback, a luminance signal Y=
      +0.30R + 0.59G + 0.11B. As is well known in the art, the proportions
      established by this equation correspond to the relative brightness of the
      three primary colors red, green and blue. Thus, a scene reproduced in
      black and white by this luminance signal Y looks the same as when it is
      televised in monochrome. It may be mentioned in passing that while, for
      the sake of uniformity, the three colors have been assumed throughout this
      specification to be in the order red, green and blue, the order in which
      the colors are cyclically following each other is immaterial.
PAR  A system of this kind has been described, for example, in German published
      patent application of W. Hartmann, DAS 2,158,218 entitled Method and
      Circuit Arrangement for the Pre-Distortion of a Trisequential Color TV
      Signal for a Circuit for the Conversion of this Signal into a FBAS-Color
      Video Signal. As explained in this German patent application, the
      receiving or playback end of the system disclosed therein, has provisions
      for deriving from the "substitute" trisequential color signals R', G', and
      B' a luminance signal Y.sub.M =0.33(R'+G'+B') where R'=R+Z, G'=G+Z, B'=B+Z
      and Z= -0.03R + 0.26G - 0.22B. More specifically this derivation is
      carried out by adding together, and then demodulating, the signals of
      subcarrier frequency present at the input, the junction point and the
      output of the series arrangement of the delay lines as typically used in
      such systems for reconverting the trisequential into simultaneous color
      signals. With the foregoing relationships then, Y.sub.M becomes equal to
      +0.30R + 0.59G + 0.11B, the proportions required for black and white
      compatibility as set out above. It may be mentioned at this point that the
      notation for the "substitute" colors as actually used in DAS 2,158,218 is
      G*, R*, B*--rather than the notation G', R', B' employed in the present
      application.
PAR  The physical implementation of the transmitting or recording end of the
      system according to the Hartmann patent application corresponds exactly to
      the structure of the above equations. That is, Hartmann first develops, in
      a corresponding demodulating circuit, the three basic colors R, G and B
      themselves, produces from these basic colors in a "weighting stage" the
      partials -0.03 R, +0.26G and -0.22B and, in an adding stage, adds all of
      these partials--which taken together yield a Z signal--to the
      trisequential color sequence R, G, B to obtain, as a result of this
      preprocessing or "predistorting" the trisequential sequence R', G', B'. In
      a subsequent summing stage the high frequency luminance Y.sub.H is then
      added to the foregoing trisequential sequence and the sum of these signals
      is fed to a tape recorder for recording.
PAR  It is an object of the present invention to provide a greatly simplified
      method and apparatus for generating the above mentioned "substitute"
      trisequential signals.
PAR  It is a more specific object of the invention to provide a method and
      apparatus for generating these "substitute" trisequential signals, in
      which the necessity of first developing for this purpose the three basic
      colors, R, G and B and of then processing these basic colors by the
      addition of a Z signal, is obviated.
PAR  The foregoing objects are met, briefly, by taking the phase angles, and
      preferably also the magnitudes, of the vectors of the desired substitute
      color signals into account in the demodulating process itself. More
      particularly, in the embodiment of the invention described hereinafter the
      chrominance component of the composite video signal at the outset is
      demodulated trisequentially in a three-phase synchronous demodulator along
      the axes R'--Y, G'--Y and B'--Y where R', G' and B' are the above
      mentioned substitute color signals. In this manner the trisequential
      difference signals R'--Y.sub.L, G'--Y.sub.L, B'--Y.sub.L can be produced
      and by matrixing these signals with the luminance Y=Y.sub.L +Y.sub.H
      --where Y.sub.L is the low frequency luminance and Y.sub.H the high
      frequency luminance--the trisequential signal (R',G', B') plus Y.sub.H is
      obtained for transmitting or recording.
PAR  Three-phase demodulation is preferably effected, generally speaking, in
      accordance with the principles of copending patent application Ser. No.
      473,221 filed by B. J. Okey on May 24, 1974, and entitled Trisequential
      Color Video Record-Playback Method and Circuits. That is, a modulated
      subcarrier is generated by a stabilized oscillator and by means of a phase
      splitter three sub-carrier phases are produced which through a
      synchronously driven trisequential switch, are trisequentially supplied to
      one input of an AM demodulator. Another input of this demodulator has the
      color subcarrier modulated chrominance component of the composite video
      signal, say, an off-air TV signal, impressed thereon. In the Okey
      application the three phases developed by the phase splitter are the three
      original colors R, G and B and then a phase shifting arrangement of one
      sort or another is used to cause the demodulator to demodulate for the
      difference signals R--Y, G--Y, B--Y. In contradistinction, in the
      arrangement according to the present invention the three phases supplied
      to the demodulator are chosen so that demodulation takes place along axes
      related to the substitute colors R', G', B', more specifically along the
      axes of the difference signals R'--Y, G'--Y, B'--Y. In this manner the
      demodulation process itself already produces a trisequential signal which
      at the receiving or playback end yields a luminance signal exhibiting
      black and white compatibility.
DRWD
PAR  A preferred embodiment of the invention will now be described with
      reference to the accompanying drawings, in which:
PAR  FIGS. 1 and 2 taken together are a block diagram of the recording end of a
      prior art system in which "substitute" colors are recorded in
      trisequential form.
PAR  FIG. 3 is a block diagram of the playback end of this prior art system.
PAR  FIG. 4 is a color subcarrier phase chart showing the axes of the color
      difference signals B--Y and R--Y of FIG. 1.
PAR  FIG. 5 is a color subcarrier phase chart showing the axes of
      substitute-color difference signals R'--Y, G'--Y, B'--Y as used in the
      present invention, in relation to the original-color difference signals
      R--Y, G--Y, B--Y.
PAR  FIG. 6 is a block diagram of the transmitting or recording end of a system
      using the principles of the present invention.
PAR  FIG. 7 is a chart illustrating in line a the sequence and in lines b, c and
      d the step voltage of the pulses P.sub.R, P.sub.G, P.sub.B produced by the
      clock pulse generator shown in FIG. 6.
DETD
PAR  Referring first to FIGS. 1 and 2, the first of these figures illustrates
      how in prior art systems of the general type underlying the above
      mentioned patent application DAS No. 2,158,218 the original colors R, G, B
      are derived from a composite video signal. FIG. 2, which corresponds to
      FIG. 2 of DAS No. 2,158,218, shows specifically how a trisequential signal
      containing the substitute colors R', G' and B' is obtained, for recording,
      from the trisequential original colors R, G, B by means of the addition
      thereto of a signal Z.
PAR  As will be noted from FIG. 1, the composite video signal FBAS, for example
      an off-air TV signal is split by means of a bandpass filter 46 and a
      lowpass filter 47 into its chrominance component C and its luminance
      component Y. It may be mentioned in passing that the system illustrated in
      prior art FIGS. 1-3, and also that of FIG. 4 showing the demodulating
      arrangement according to the invention, happens to be one following the
      PAL (Phase Alternate Lines) pattern. It should be understood, however,
      that the invention is equally applicable to a system with NTSC (National
      Television Systems Committee) standards. For the converting of the
      incoming PAL signals into NTSC signals known delay and switch means are
      necessary. However, inasmuch as such means are not a part of the invention
      they have been omitted in the drawings and not been described herein.
PAR  As shown in FIG. 1, the chrominance signal C, which is the modulated color
      subcarrier, after being amplified in amplifier 48 is impressed on an input
      of each of B-Y demodulator 25 and R-Y demodulator 26. These demodulators
      are used to detect two different phases of the modulated 4.43 MHz
      chrominance signal, 4.43 MHz being the subcarrier frequency used in the
      PAL system. While these two demodulators thus have the same C-signal input
      they receive different phases of input voltage from oscillator 27 which
      provides the reinserted, unmodulated color subcarrier of 4.43 MHz. This
      4.43 MHz voltage beats with the side frequencies of the modulated
      chrominance signals to cause the modulators to recover the color signals.
      It will be seen from FIG. 1 that while demodulator 25 demodulates for the
      color difference signal B-Y the phase supplied to the other demodulator 26
      is shifted 90.degree. by phase shifter 28 so that this last mentioned
      demodulator demodulates for the color difference signal R--Y which, as
      shown in FIG. 4, is in quadrature to the B--Y or zero axes of the
      subcarrier. The difference signals R--Y.sub.L and B--Y.sub.L appearing at
      the outputs of demodulators 26 and 25, respectively, are combined in adder
      29 to form the third color difference signal G--Y.sub.L and these three
      color difference signals are matrixed with the low-frequency luminance
      signal Y.sub.L in adders 43, 44 and 45, respectively, to yield at the
      output of these adders the original colors red (R), green (G) and blue
      (B). The low-frequency luminance signal Y.sub.L, and the high-frequency
      luminance signal Y.sub.H referred to hereinbelow, are separately derived
      from luminance signal Y by lowpass filter 47' and highpass filter 46',
      respectively.
PAR  FIG. 2 shows how these basic colors are preprocessed to furnish the desired
      trisequential signal to be recorded on recorder 1. As shown in FIG. 2, the
      three colors R, G and B are converted into trisequential form by means of
      trisequential switch 34 which is driven by synchronously operated
      trisequential clock pulse generator 35. The original colors R, G and B are
      also passed through weighting stages 36, 37, 38 and the three partials
      thus obtained--which taken together yield a signal Z= -0.03R + 0.26G -
      0.22B--are added in adder 40 to the trisequential signal R, G, B. The
      output of this adder is then further processed by matrixing it in adder 42
      with the high frequency luminance signal Y.sub.H under the control of
      generator 35. The output of adder 42 thus yields the trisequential signal
      (R', G', B')+Y.sub.H.
PAR  Turning now to FIG. 3 which shows the playback end of the prior art system
      according to DAS No. 2,158,218, the off-tape signal reproduced during
      playback of recorder 1 is passed through lowpass filter 2 to provide the
      signal R', G', B' (denoted R*, G*, B* in the DAS); and it is passed
      through highpass filter 3 to provide the high frequency luminance signal
      Y.sub.H which is impressed on an adder 4. The trisequential signal R', G',
      B' is modulated in a modulator 5 on an unmodulated subcarrier of 4.43 MHz
      which is generated in oscillator 6, and the modulation product is
      impressed on the series arrangement of two 64.mu.s delay lines 7 and 8.
      Connected to the end terminals of these delay lines as well as to the
      junction therebetween is a trisequential switch 9 which is controlled by
      clock pulses 12 of line frequency furnished by generator 11, so that at
      the output of switch 9 the color subcarrier signals F.sub.R.sub.',
      F.sub.G.sub.' and F.sub.B.sub.' are continuously provided in parallel
      form. Matrix 10 transforms signals F.sub.R.sub.', F.sub.G.sub.' and
      F.sub.B.sub.' into signals F.sub.B-Y and F.sub.R-Y of color subcarrier
      frequency. The luminance portion Y of these signals follows the
      relationship Y= +0.30R + 0.59G + 0.11B as required for black and white
      compatability. Phase reversal switch 18 is actuated from clock pulse
      generator 11 by means of a switch voltage 19 of half the line frequency so
      that the output of this switch alternates between +90 and -90 as required
      for the reversal, on a line frequency basis, of subcarrier signal
      F.sub.R-Y, in accordance with PAL standards.
PAR  The video signals of subcarrier frequency appearing at the input, the
      junction point and the output of the series combination of delay lines 7
      and 8 are also impressed on an adder 13 which at its output furnishes the
      luminance signal Y.sub.M =0.33(G'+R'+B') in subcarrier-modulated form
      while the following demodulating stage 14 derives from this subcarrier
      signal the luminance signal Y.sub.M itself. This luminance signal Y.sub.M
      =0.33(G'+R'+B') is then combined in adder stage 4 with luminance signal
      Y.sub.H and with the aforementioned signals F.sub.B-Y and
      F.sub..sub.+-j(R-Y) so that as a final result the output of adder 4 yields
      the PAL FBAS signal at terminal 15.
PAR  Summarizing then the operation of the prior art system illustrated in FIGS.
      1 to 3, it will be noted that at the playback end Y.sub.M =0.33(R'+G'+B')
      where R'=R+Z, G'=G+Z, B'=B+Z and Z= -0.03R + 0.26G - 0.22B so that Y.sub.M
      = (0.33 - 0.03)R + (0.33 + 0.26)G + (0.33 - 0.22)B = 0.30R + 0.59G +
      0.11B, which latter is the relationship called for by black-and-white
      compatability. At the recording end the above "substituted" color signals
      R', G', B' are produced fully as suggested by these equations. That is,
      first the original colors R, G, B are demodulated, typically in the rather
      laborious fashion illustrated in FIG. 1. Subsequently, as shown in FIG. 2,
      a trisequential signal is formed from these original colors and then a
      separate signal Z= -0.03R + 0.26G -0.22B, produced by the "distortion" of
      the original colors, is added to this trisequential signal to obtain the
      substitute colors R', G', B' meeting the above equations in trisequential
      form. The final step consists in the addition of the high-frequency
      luminance signal in a further adder.
PAR  FIG. 6 shows the demodulating arrangement according to the invention by
      which trisequential signals containing the substitute color signals R',
      G', B' are immediately obtained as the result of the synchronous
      demodulation process so that there is no need to first generate the
      original colors R, G, B and then further process or distort these color
      signals by matrixing them with the Z signal to arrive at the substitute
      colors.
PAR  As illustrated in FIG. 6, the composite video signal which may be an
      off-air TV signal or else a camera signal, is split into its chrominance
      component C and its luminance component Y=Y.sub.L + Y.sub.H by means of
      bandpass filter 52 and lowpass filter 53, respectively. The chrominance
      component is impressed on synchronous AM demodulator 55 by way of an
      automatic gain control stage 54 described in more detail below. The
      luminance signal Y is connected to one of the two inputs of adder 59.
PAR  Oscillator 57 generates an unmodulated subcarrier of 4.43 MHz (for PAL) and
      supplies this subcarrier to the input of phase shifter 58. Oscillator 57
      is phase locked to the color burst riding on the back porch of the
      horizontal sync of the composite video signal, for example, in the manner
      described in copending application Ser. No. 512,364 of Okey et al., filed
      on Oct. 4, 1974 on a Synchronizing System for Video Recorders. Phase
      splitter 58 is generally comparable to the phase splitter disclosed in the
      above referenced copending patent application Ser. No. 473,221 of Okey in
      that it supplies the trisequential switch, 61, with three different
      subcarrier phases which are then trisequentially supplied to the bottom
      input, FIG. 6, of demodulator 55. Trisequential switch 61 is driven by a
      trisequential clock pulse generator 60.
PAR  In the case of the present invention the three phases .phi.1, .phi.2,
      .phi.3 have such angles that demodulation takes place along axes R'--Y,
      G'--Y, B'--Y, FIG. 5, where R', G' and B' are the above-defined substitute
      colors. This is significantly different from the arrangement disclosed in
      copending application Ser. No. 473,221 according to which demodulation
      occurs along the axes R, G, B, or ultimately the axes R--Y, G--Y, B--Y,
      where R, G, B are the original colors.
PAR  More particularly, in the case of the present invention, and as will be
      seen from FIG. 5, the angles of phases .phi.1, .phi.2 and .phi.3 are
      +120.degree., +219.degree. and -7.degree. (i.e. +353.degree.) as
      referenced to the B--Y axis, the zero axis of the color burst-derived
      subcarrier. These phase angles thus are substantially different from the
      angles of the R--Y, G--Y and B--Y axes and, incidentally, they are also
      different from the R, G and B axes which, as well known in the art, and as
      also explained in Okey application Ser. No. 473,221, are 103.degree. for
      red, 241.degree. for green and 348.degree. for blue (for NTSC, and also
      for PAL at such times as the color difference signal is not reversed).
PAR  As shown in FIG. 6, the three outputs of trisequential clock pulse
      generator 60 are not only connected to trisequential switch 61 for driving
      the latter, but they are also supplied to the input of AGC amplifier 54,
      viz. by way of resistors R1, R2 and R3, respectively. As will be clear
      from an inspection of lines a to d of the clock pulse chart, FIG. 7, by
      virtue of this arrangement different direct current controls are
      trisequentially impressed on the aforementioned control input. The three
      pulses P.sub.R, P.sub.G, P.sub.B per se provide step voltages of equal
      magnitude. However, during the first interval (first line) in which only
      clock pulse P.sub.R is high, this voltage is applied through resistor R1,
      during the second interval (second line) in which only clock pulse P.sub.G
      is high, this voltage is applied through resistor R2, and during the third
      interval (third line) in which only clock pulse P.sub.B is high, the
      voltage is applied through resistor R3, and so on in cyclic repetition.
PAR  The result of this automatic and trisequential adjustment of the
      amplification factor of amplifier 54 is that the magnitude of the
      chrominance information (R--Y.sub.L, B--Y.sub.L) is line sequentially
      established at the values 1.11, 1.21 and 1.5, periodically in a three
      linescan cycle. In this manner trisequential signals R'--Y.sub.L,
      G'--Y.sub.L, B'--Y.sub.L are obtained at the output of demodulator 55
      which are corrected with respect to magnitude. It will be noted that all
      this is accomplished without any subsequent processing. In adder 59 these
      trisequential signals are finally matrixed with the luminance signal
      Y=Y.sub.L +Y.sub.H so that the trisequential signal (R', G', B') + Y.sub.H
      is produced at the output of this adder. This signal may be used for
      recording or, alternatively, it may be impressed on the outgoing end of a
      transmission channel (not shown). The recovery of the original colors at
      the playback or receiving end has not been illustrated but it could be
      effected, for example, in the manner shown in FIG. 3.
PAR  It should be understood that the foregoing description is not meant to
      limit the invention to the disclosed embodiment.
PAR  It may be added that the angles and amplification factors mentioned in the
      above description were determined from the following equations:
EQU  (R'--Y) = k.sub.R (0.493(B--Y) cos .phi..sub.R + 0.877(R--Y) sin
      .phi..sub.R)
EQU  (g'--y) = k.sub.G (0.493(B--Y) cos .phi..sub.G + 0.877(R--Y) sin
      .phi..sub.G)
EQU  (b'--y) = k.sub.B (0.493(B--Y) cos .phi..sub.B = 0.877(R--Y) sin
      .phi..sub.B)
PAL  where .phi..sub.r, .phi..sub.G and .phi..sub.B are the angles under which
      the demodulation occurs in respect to the burst phase and k.sub.R,
      k.sub.G, and k.sub.B are the amplification factors.
PAR  It is not possible to obtain the same magnitude for the bracket expression
      on the right side of each of these three equations because the chrominance
      signal consists of two different attenuated color difference signals
      (0.493 (B--Y) + 0.877 (R--Y), this attenuation being introduced in the
      transmitting path of the TV station to avoid over-modulation. In order to
      come up with the same magnitude, assumed to be 1.0, for all three cases
      (R'--Y), (G'--Y) and (B'--Y), a different amplification factor k.sub.R,
      k.sub.G, k.sub.B has to be used in each of these instances.
PAR  More particularly, in case of the demodulation along the (R'--Y) axis under
      an angle of +120.degree. the magnitude without correction comes out to be
      0.90 (R'--Y). Thus, in order to obtain the desired magnitude of 1.0
      (R'--Y) the signal must be amplified with the factor 1.11:
EQU  1.11 .times. 0.90 (R'--Y) = 1.0 (R'--Y)
PAL  in the case of the demodulation along the (G'--Y) axis under an angle of +
      219.degree. the magnitude without correction would be 0.82 (G'--Y).
      Therefore, in order to obtain the desired magnitude of 1.0 (G'--Y) the
      signal has to be amplified with the factor 1.21:
EQU  1.21 .times. 0.82 (G'--Y) = 1.0 (G'--Y)
PAL  in the case of the demodulation along the (B'--Y) axis under an angle of
      -7.degree. the magnitude without correction would be 0.66 (B'--Y). Thus,
      to obtain the desired magnitude of 1.0 (B'--Y) the signal needs to be
      amplified with the factor 1.5:
EQU  1.5 .times. 0.66 (B'--Y) = 1.0 (B'--Y)
PAR  in the embodiment described the three amplification factors are established
      by the resistors R1, R2, R3 in the manner explained above.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a color video system of the type in which the chrominance component
      of a composite video signal is transmitted or recorded as a trisequential
      sequence containing the substitute color signals R', G', B' and in which
      at the receiving or playback end there is derived from the trisequential
      substitute color signals a luminance signal Y.sub.M = 0.33(R'+G'+B') where
      R', G', B' are chosen so as to substantially satisfy the relationship,
      Y.sub.M = +0.30R + 0.11B, required for black and white compatibility, the
      improvement that for producing said sequence of substitute color signals
      there are provided:
PA1  three-phase demodulating means having a chrominance component and also an
      input from a trisequential switch means, said trisequential switch means
      being connected to phase-splitting means driven by a synchronized
      oscillator of color subcarrier frequency and supplying said trisequential
      switch means with three color subcarrier phases .phi.1, .phi.2 and .phi.3
      of such angles as to cause said demodulating means to trisequentially
      demodulate said chrominance component directly along axes related to said
      substitute colors R', G', B', and
PA1  gain control means interposed in series relationship with said demodulating
      means for automatically and trisequentially varying the chrominance
      component gain so as to bring about corresponding corrections of the
      magnitudes of the individual demodulated signals,
PAL  whereby the need for means first producing the original colors R, G, B, and
      then processing the last mentioned colors to derive therefrom the
      substitute colors R', G', B' is obviated.
NUM  2.
PAR  2. The improvement in a color video system as claimed in claim 1, wherein
      said demodulating means are designed to trisequentially demodulate said
      chrominance component along the color difference axes R'--Y, G'--Y, B'--Y.
NUM  3.
PAR  3. The improvement in a color video system as claimed in claim 1, wherein
      said axes have the angles +120.degree., +219.degree. and -7.degree.,
      respectively, and wherein said gain control means is designed to provide
      the amplification factor 1.11 for the individual chrominance information
      of each first line, the factor 1.21 for the individual chrominance
      information of each second line and the factor 1.5 for the individual
      chrominance information of each third line.
NUM  4.
PAR  4. The improvement in a color video system as claimed in claim 1 wherein
      there are provided means for adding to the signals supplied by said
      demodulating means the luminance component of the composite video signal.
NUM  5.
PAR  5. In a color video system of the type in which the chrominance component
      of a composite video signal is transmitted or recorded as a trisequential
      sequence containing the substitute color signals R', G', B' and in which
      at the receiving or playback end there is derived from the trisequential
      substitute color signals a luminance signal Y.sub.M = 0.33(R'+G'+B') where
      R', G', B' are chosen so as to substantially satisfy the relationship,
      Y.sub.M = +0.30R + 0.59G + 0.11B, required for black and white
      compatibility,
PAL  the improvement that for producing said sequence of color signals there are
      provided:
PA1  three phase demodulating means having a chrominance component input and
      also an input from a trisequential switch means said trisequential switch
      means being connected to phase-splitting means driven by a synchronized
      oscillator of color subcarrier frequency and supplying said trisequential
      switch with three color subcarrier phases .phi.1, .phi.2 and .phi.3 of
      such angles as to cause said demodulating means to trisequentially
      demodulate said chrominance component directly along the color difference
      axes R'--Y, G'--Y, B'--Y,
PA1  gain control means interposed in series relationship with said demodulating
      means for automatically and trisequentially varying the chrominance
      component gain to bring about corresponding corrections of the magnitudes
      of the three individual color difference signals R'--Y.sub.L, G'--Y.sub.L,
      and B'--Y.sub.L, respectively, and
PA1  a trisequential clock pulse generator connected to said trisequential means
      for synchronously driving said switch means and connected to said gain
      control means for synchronously correcting said magnitudes,
PAL  whereby the need for means first producing the original colors R,G,B, and
      then processing the last mentioned colors to derive therefrom the
      substitute colors R',G',B', is obviated.
NUM  6.
PAR  6. In a color video system of the type in which the chrominance component
      of a composite video signal is transmitted or recorded as a trisequential
      sequence containing the substitute color signals R', G', B' and in which
      at the receiving or playback end there is derived from the trisequential
      substitute color signals a luminance signal Y.sub.M = 0.33(R'+G'+B') where
      R', G', B' are chosen so as to substantially satisfy the relationship,
      Y.sub.M = +0.30R + 0.59G + 0.11B, required for black and white
      compatibility,
PAL  the method of producing said sequence of substitute color signals,
      comprising the steps of:
PA1  deriving from a synchronized unmodulated subcarrier three subcarrier phases
      along the axes R'--Y, G'--Y, B'--Y, respectively;
PA1  synchronously demodulating the chrominance component of said composite
      video signal trisequentially along the associated axes with the aid of
      said subcarrier phases to generate the signals R'--Y.sub.L, G'--Y.sub.L,
      B'--Y.sub.L ;
PA1  and adding thereto the luminance component Y=Y.sub.L +Y.sub.H of the
      composite video signal where Y.sub.L is the low-frequency portion and
      Y.sub.H the high-frequency portion of the luminance component, thereby to
      produce the trisequential signal (R', G', B') + Y.sub.H for transmission
      or recording.
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PAL  An apparatus and method for digitally encoding an NTSC color television
      signal in a manner that facilitates comb filtering of the digitally
      encoded signal. In accordance with the invention there is provided a means
      for generating a first sampling signal having a characteristic frequency
      of three times the NTSC color subcarrier signal. Another means is provided
      for generating a second sampling signal having the same characteristic
      frequency, this second sampling signal having its sampling reference
      points interspersed equally in time between the sampling reference points
      of the first sampling signal. Enabling means, responsive to the NTSC color
      television signal, are provided for alternately enabling the first and
      second sampling signals during successive horizontal scanlines of the
      television signal. Further provided is a means, responsive to the enabled
      sampling signal, for sampling the television signal. Finally, means are
      provided for converting the sampled television signal into digital form.
      In a preferred embodiment of the invention, the first and second sampling
      signals are opposite phases of a square wave at 10.74 MHz.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is generally recognized that in the future an increasing percentage of
      television broadcasting plant processing techniques will be performed
      digitally. At present, color encoding and decoding in the digital domain
      are relatively costly operations because arithmetic operations must be
      performed at high speeds that tax the capabilities of existing logic
      hardware. However, as digital circuits and stores become faster and less
      expensive, the concepts of digital processing become increasingly
      practical.
PAR  An advantageous type of digital encoding for a color television signal
      employs a pulse-code modulation (PCM) encoding technique. In PCM, the
      modulating signal waveform is sampled at regular intervals and the samples
      are quantized into discrete steps. Only certain discrete levels are
      allowed within a specified range of expected sample values and these are
      represented in the system by means of a code pattern of a series of pulses
      that are typically in binary code. The number of allowed discrete levels
      is determined by the word length; e.g., 6 binary digits or bits permits 64
      levels, 8 bits permits 256 levels, etc., so it is evident that both the
      resolution and the complexity of the system largely depend on the word
      length chosen. A PCM signal has the advantage of high immunity to the
      effects of channel noise and channel amplitude non-linearity.
PAR  Once a color television signal has been converted into digital form, such
      as by a PCM technique, it may be transmitted in this form and then
      converted back into an analog signal which is, in turn, decoded to obtain
      the baseband signals, I, Y and Q. It is envisioned, however, that there
      will be substantial advantage if one could readily decode a pulse-code
      modulated NTSC color television signal into digital versions of the I, Y,
      and Q baseband signals without first converting into the analog domain.
PAR  In color decoding a PCM NTSC signal, it is desirable that the digital
      sampling rate be a multiple of the sub-carrier frequency, so that during
      sampling the phase relationship between the PCM sampling signal and the
      NTSC subcarrier would be known and consistent. This being the case, and
      considering the minimum constraints imposed by sampling theory, the most
      likely choices for a suitable sampling frequency are nominally 10.74 MHz.
      (precisely three times the color subcarrier frequency) or nominally 14.32
      MHz (precisely four times the color subcarrier frequency). As between
      these choices, the 10.74 MHz. sampling frequency has the obvious advantage
      of requiring lower speed circuitry and lower storage requirements than the
      14.32 MHz. sampling frequency. However, as will be demonstrated, there is
      an unfortunate problem associated with attempting to decode a digital NTSC
      color television signal that has been sampled at 10.74 MHz.
PAR  It is a desirable technique of television processing to separate the
      luminance and chrominance components of a composite NTSC signal by "comb
      filtering". A comb filter takes advantage of the frequency relationship
      between the horizontal line rate and the color subcarrier signal. As is
      well known, a typical comb filter utilizes three adjacent television lines
      in a given field and selectively adds and subtracts them to obtain the
      chrominance and luminance signals. Specifically, the typical analog comb
      filter combines three adjacent lines of a given field designated top (T),
      middle (M), and bottom (B), in the following proportions to obtain the
      chrominance (C) and the luminance (Y) signals:
EQU  C = M - (1/2) (T + B)
EQU  y = m + (1/2) (t + b)
PAL  an examination of the function of an analog comb filter reveals that it
      effectively operates by sampling and averaging, with particular weighting
      coefficients, three picture elements from three adjacent lines. This
      sampling and averaging is repeated for all individual picture elements (a
      picture element being considered as an infinitesmal image sample). Thus, a
      digital PCM television signal would appear ideal for comb filtering since
      each digital code word describes the instantaneous amplitude of the analog
      signal at a particular sampling time. This is indeed the case for a PCM
      signal obtained by sampling at 14.32 MHz. (or an even multiple of the
      color subcarrier) since video samples on successive lines are separated by
      exactly one horizontal scan period. However, when the television signal is
      encoded at an odd multiple of the color subcarrier frequency, 10.74 MHz.
      for example, the digital samples on sequential lines are found to be
      vertically misaligned. As will be shown, this result follows from the odd
      multiple relationship between one-half the line rate and the color
      subcarrier frequency in the NTSC system. The misaligned samples render
      difficult the the comb filtering of a digital PCM TV signal that had been
      sampled at 10.74 MHz. Since 14.32 MHz. is the lowest usable even multiple
      that could be used as a sampling frequency, and this higher frequency is
      disadvantageous from the standpoint of storage size and circuit speed it
      would be desirable if the problem of comb filtering a digital television
      signal sampled at 10.74 MHz. could be solved. It is an object of the
      present invention to provide this solution.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to an apparatus and method for digitally
      encoding an NTSC color television signal in a manner that facilitates
      filtering filering of the digitally encoded signal. In accordance with the
      invention there is provided a means for generating a first sampling signal
      having a characteristic frequency of three times the NTSC color subcarrier
      signal. Another means is provided for generating a second sampling signal
      having the same characteristic frequency, this second sampling signal
      having its sampling reference points interspersed equally in time between
      the sampling reference points of the first sampling signal. Enabling
      means, responsive to the NTSC color television signal, are provided for
      alternately enabling the first and second sampling signals during
      successive horizontal lines of the television signal. Further provided is
      a means, responsive to the enabled sampling signal, for sampling the
      television signal. Finally, means are provided for converting the sampled
      television signal into digital form.
PAR  In a preferred embodiment of the invention the first and second sampling
      signals are opposite phases of a square wave at 10.74 MHz.
PAR  Further features and advantages of the invention will become more readily
      apparent from the following detailed description when taken in conjunction
      with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph of subcarrier signal and sampling points useful in
      understanding the background of the invention.
PAR  FIG. 2 is a graph of subcarrier signals showing sampling points which is
      useful in describing the problem solved by the invention and the technique
      of solution.
PAR  FIG. 3 is a block diagram of an encoding apparatus in accordance with an
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The graphs of FIG. 1 and FIG. 2, in part, are useful in understanding the
      problem of misalignment of samples when an NTSC television signal is
      digitally encoded at an odd multiple of the color subcarrier frequency,
      such as 10.74 MHz. The sine waves shown in both the FIGURES are
      representative of the color subcarrier signal at the beginning of the
      active picture area of the first three time sequential horizontal lines.
      The sine waves can therefore be considered as occuring at the NTSC color
      subcarrier frequency of 3.58 MHz. It will be understood that these sine
      waves are not intended to depict the actual television signal to be
      sampled, but are illustrative of the principle involved. In the graph of
      FIG. 1 it is assumed that digital samples are taken at the rate of 14.32
      MHz. or four times the color subcarrier frequency. In this case, the
      sampling points, as represented by the large dots in the figure, can be
      seen to be spatially aligned on successive video scanlines. The samples,
      taken at the 14.32 MHz. rate, are nominally 70 nanoseconds apart and can
      be visualized as being taken on each scanline at reference points
      designated 0.degree., 90.degree., 180.degree., and 270.degree., there
      being four samples taken during each period of the color subcarrier
      signal. As is well known, the color subcarrier frequency is an odd
      multiple of one-half the horizontal line rate, and this accounts for the
      sine wave of line 2 starting with a negative-going waveform whereas the
      sine waves of lines 1 and 3 start with positive-going waveforms.
      Notwithstanding this factor, the samples are seen to align spatially on
      successive lines, a result which follows from the even multiple
      relationship between the subcarrier frequency and the sampling frequency.
PAR  The large dots in FIG. 2, on the other hand, show the misalignment that
      tends to occur when sampling is done at an odd multiple of the color
      subcarrier frequency, for example, 10.7 MHz. In this case, the samples are
      taken 93 nanoseconds apart and three samples are taken during each period
      of color subcarrier. The samples of each of the lines 1, 3, 5 . . . can be
      visualized as being taken at the graphical points 0.degree. , 120.degree.,
      240.degree., etc., while the samples on each of the lines 2, 4, 6 . . .
      can be thought of as being taken at the graphical points 60.degree.,
      180.degree., 300.degree., etc. This notation is best understood by
      considering the first positional picture element on each horizontal line
      as having positional reference angle of 0.degree. and considering the
      elemental length scanned during each color subcarrier period as
      encompassing 360.degree., or a full "positional" cycle. Accordingly, each
      full positional cycle is equivalent to the elemental length scanned during
      279 nanoseconds; i.e. one period of color subcarrier.
PAR  FIG. 3 shows an embodiment of an encoding apparatus in accordance with the
      invention. An NTSC video signal, in analog form, is received on a line 20
      and coupled to an analog-to-digital converter (ADC) 30 which, in the
      present embodiment, is a PCM modulator. The PCM modulator samples the
      analog video signal under control of a sampling signal on a line 21 which
      is the output of a semiconductor switch 25. The 10.7 MHz. sampling signal
      is generated by a voltage controlled oscillator 40 which is locked to a
      three times multiple of the subcarrier frequency by a conventional
      phase-locked loop comprising frequency divider 50 and phase detector 60. A
      color burst separator 70 separates the color burst from the composite
      video signal. The color burst signal and the output of frequency divider
      50 are compared by phase detector 60 that generates an error singal which,
      in turn, corrects any deviation of the 10.74 MHz. oscillator from its
      desired three times relationship with the color subcarrier. The output of
      oscillator 40 is also coupled to a phase splitter 80 which generates a
      pair of square wave outputs at the frequency of 10.7 MHz., the outputs
      being 180.degree. out of phase and designated by the numerals I and II.
      These two square waves are made available at switch 25 and are alternately
      utilized as sampling signals for successive horizontal lines of the
      television field. This is achieved by using the horizontal sync signal,
      obtained by sync separator 90, to control the switch 25 which alternates
      between sampling sources in the manner of a flip-flop. The switch 25 is
      preferably synchronized to switch prior to the color burst during
      horizontal blanking.
PAR  The use of oppositely phased sampling signals on successive horizontal
      scanlines can be seen to eliminate the problem of misaligned digital
      samples as is illustrated from the square waveforms and the small boxes
      (which represent the sampling points obtained using the invention) of FIG.
      2. Assuming that the modulator samples at every positive-going transition
      of the sampling square wave, it can be seen that the sampling points
      represented by the small boxes on each axis are obtained by using sampling
      signal I on line 1, using sampling signal II on line 2, and using sampling
      signal I on line 3, this selection being illustrated by the arrow S in
      each case. The square wave I and II are seen to alternate in phase on
      successive scanlines (as does the subcarrier signal), so by selecting
      alternate square waves as sampling signals on successive lines, the
      desired aligned sampling points are obtained. In this manner, it is seen
      that the output of ADC 30 is a digitally encoded NTSC signal that can be
      readily comb filtered.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for digitally encoding an NTSC color television signal,
      comprising:
PA1  means for generating a first sampling signal having a characteristic
      frequency of three times the NTSC color subcarrier signal;
PA1  means for generating a second sampling signal having a characteristic
      frequency of three times the NTSC color subcarrier signal, said second
      sampling signal having its sampling reference points interspersed equally
      in time between the sampling reference points of said first sampling
      signal;
PA1  enabling means responsive to the NTSC color television signal for
      alternately enabling said first and second sampling signals during
      successive horizontal scanlines of said television signal;
PA1  means responsive to the enabled sampling signal for sampling the television
      signal; and
PA1  means for converting the sampled television signal into digital form.
NUM  2.
PAR  2. An apparatus as defined by claim 1 wherein said first and second
      sampling signals are opposite phases of a square wave.
NUM  3.
PAR  3. An apparatus as defined by claim 2 wherein said means for converting the
      sampled television signal into digital form is a PCM modulator.
NUM  4.
PAR  4. A method of digitally encoding an NTSC color television signal,
      comprising the steps of:
PA1  generating a first sampling signal having a characteristic frequency of
      three times the NTSC color subcarrier signal;
PA1  generating a second sampling signal having a characteristic frequency of
      three times the NTSC color subcarrier signal and having its sampling
      reference points interspersed equally in time between the sampling
      reference points of said first sampling signal;
PA1  alternately enabling the first and second sampling signals during
      successive horizontal scanlines of the television signals;
PA1  sampling the television signals in response to the enabled sampling signal;
      and
PA1  converting the sampled television signal into digital form.
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PAL  A method of scanning a phase image and rapidly converting it into a video
      signal is disclosed. The phase image is scanned with collimated light such
      as from a laser and the diffracted light is detected by fixed detectors
      and converted into a video signal. In a preferred embodiment, multiple
      color encoded phase images of a full color original are simultaneously
      scanned, converted into video signals and electronically manipulated to
      effect real-time full color masking of the original.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to image scanning, and specifically to
      such systems which effect color masking.
PAR  Color copying has become increasingly important in recent years because of
      changes in public acceptance of, and demand for, color information. The
      pressures created by these demands have resulted in numerous technological
      advances in the color reproduction arts, among which is that set forth in
      the instant disclosure.
PAR  Due to the inability of readily available and economic dyes to adequately
      transmit colors, it is necessary that some compensation or color
      correction be made to reduce the amount of specific pigments in specific
      areas--a compensation which is most often accomplished by the process
      known as color masking. Many color masking techniques are known in the art
      as, for example, those described in The Focal Encyclopedia of Photography,
      Vol II, pp. 921-927, W. & J. Mackay & Co., Ltd., Chatham, England, 1965,
      or by Yule in Principles of Color Reproduction, John Wiley & Sons, Inc.,
      New York, 1967. These techniques include the well-known photographic
      process of masking color separation negatives or positives, with other
      negatives or positives to vary the density of the specific color
      components.
PAR  Additional related techniques include the use of electronic color scanners
      which simultaneously or individually produce color separations. These
      devices scan the subject along very narrow lines using a small light beam
      and, through lenses and electronic gear obtain all of the information
      needed to separate colors and make such corrections as necessary. Many of
      these devices are known in the art, a brief summary of which is set forth
      by Yule, supra, pages 305-326.
PAR  The instant invention makes use of a broad class of imaging members which
      record optical images by an image-wise distribution of photo-generated
      voltages or current acting upon a voltage or current-alterable recording
      medium. Typically, in these members, imagewise activating radiation
      incident on a photoconductor allows charge carriers to move in an external
      electrical field. These charge carriers interact with a voltage or
      current-sensitive member which in turn modulates light in the form of a
      phase image.
PAR  U.S. Pat. No. 2,896,507, describes an imaging member which includes a
      photoconductive layer on an elastically deformable layer sandwiched
      between a pair of electrodes, one of which is a thin metallic layer
      overlying the deformable layer. In operation, imagewise activating
      radiation is directed upon the member and an electrical field is
      established across the photoconductive and deformable layers thus causing
      these layers to deform in image configuration. The member is described as
      being capable of functioning as an image intensifier since the deformation
      image may then be read out with a high intensity light source and a
      Schlieren-type optical system.
PAR  Recently, a major advance in the art was made by Sheridon who disclosed the
      Ruticon (derived from the Greek words "rutis" for wrinkle and "icon" for
      image) family of imaging members wherein the voltage-sensitive
      light-modulating recording medium comprises a deformable elastomer layer
      and a photoconductive material may be provided as a separate layer or
      incorporated in the elastomer layer. For a detailed description of the
      Ruticon devices, see IEEE Transactions On Electron Devices, Sept. 1972,
      and U.S. Pat. No. 3,716,359. Various different embodiment for establishing
      an electric field across the elastomer layer are described.
PAR  Referring now to FIG. 1, an exemplary imaging member from the Ruticon
      family is shown. Many modifications of the elements are known in the art,
      but generally imaging member 1 is comprised of a substrate 6 which is a
      transparent non-conductive layer having thereon a conductive transparent
      layer 5. Layer 4 is a photoconductive material which will allow the
      passage of more electrical charges into these regions which are exposed to
      light. Elastomer 3 may be of a class of elastomeric solid materials
      including both natural, such as natural rubbers and synthetic polymers
      which have rubber-like characteristics, i.e., elastic, and include
      material such as styrene-butadiene, polybutadiene, neoprene, butyl,
      polyisoprene nitrile and ethylene propylene rubbers.
PAR  A thin continuous conductive layer 2 is placed on the surface of the
      elastomer, and is flexible enough to follow the deformations of the
      elastomers. In a preferred embodiment, this layer is also highly
      reflective.
PAR  Power supply 7 provides D.C. voltages of one polarity to form a deformation
      image on the surface of the elastomer. The polarity required depends
      primarily on the nature of the photoconductor. Power supply 7 must be
      capable of being turned off to erase the image, or undergo a shift in
      polarity to more rapidly erase the image. Supply 7 may also be A.C. or a
      combination of an A.C. and D.C.. The external electrical circuit may also
      include suitable switching means (not shown). Also, not shown, is an
      optional floodlight which may facilitate erasure and an absorption-type
      line grating, usually positioned between the substrate and the
      photoconductive layer.
PAR  This layer of image recorder can be read out using Schlieren-type optics.
      The positive image will be produced by diffracted light (higher orders),
      and the negative image will be produced by the undiffracted light (zero
      order).
PAR  The above-described Sheridon patent and copending application to Bergen,
      described below, disclose several embodiments of electro-optical image
      recorders, several variations upon their useful application and several
      useful modifications of a color scheme. The instant invention employs
      these teachings in a novel fashion to achieve results comparable to prior
      art color masking techniques.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a novel method of
      scanning images.
PAR  It is a further object of this invention to provide a method of scanning
      color images using a one color laser.
PAR  It is a further object of this invention to provide a novel method of
      scanning phase images.
PAR  It is a further object of this invention to provide novel methods of
      converting phase images into video signals.
PAR  It is an even still further object of this invention to provide a novel
      color masking system which is both simple and sensitive, without the
      complexities of the prior art.
PAR  It is a still further object of this invention to provide a novel color
      masking system which employs specific characteristics of color
      electro-optic recorders.
PAR  Another object of this invention is to provide a novel color masking system
      which detects color components of an original and electronically recreates
      that image with color correction.
PAR  Another object of this invention is to provide a novel color masking system
      which requires only one laser and a color electro-optic image recorder.
PAR  Another object of this invention is to provide a method of simultaneously
      scanning multiple encoded phase images.
PAR  Another object of this invention is to provide a method of increasing the
      practical storage time of certain electro-optic image recorders.
PAR  These and other objects are accomplished by providing a method of scanning
      a phase (surface relief) image and rapidly converting it into a video
      signal. In a preferred embodiment, multiple color encoded phase images of
      a full color original are simultaneously scanned, converted into video
      signals and electronically manipulated to effect real-time full color
      masking of the original.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The advantages of this invention will become apparent upon consideration of
      the following detailed disclosure of the invention, especially when taken
      on conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a partially schematic, cross-sectional view of an electro-optical
      image recorder suitable for use with the instant invention.
PAR  FIG. 2 is a schematic representation of a preferred embodiment of the
      system of the instant invention.
PAR  FIG. 3 is a schematic representation of some of the diffracted orders, and
      zero order, showing their relative locations for a deflector of a given
      size.
PAR  FIG.S 4A and B are schematic and isometric views of color gratings suitable
      for use with the instant invention.
PAR  FIG. 5 is a partially schematic, cross-sectional view of a color imaging
      system.
PAR  FIG. 6 is a schematic representation of part of the diffraction pattern as
      it appears in the Fourier plane.
PAR  FIG. 7 is a schematic representation of an exemplary embodiment of addition
      and subtraction circuitry suitable for use with the instant invention.
PAR  FIG. 8 is a block diagram of part of the inventive system.
PAR  FIG. 9 is a schematic view of an apparatus which provides for the
      comparison of a generated signal with predetermined maximum and minimum
      signals to control a video amplifier.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An image scanning system most usually employs a detector to "read" the
      light reflected from the surface of the image; however, when a diffusely
      reflecting image is scanned by a laser beam, only a minute part of the
      scattered light reaches the detector. For any given gain-bandwidth product
      of the detector, the amount of light collected by the detector limits the
      scanning speed.
PAR  If the original image is converted into a phase (surface relief) image, as
      for example, by imaging it onto a Ruticon-type device like shown in FIG.
      1, the advantages of the instant invention may be realized. The phase
      image is then scanned by a laser beam, and the diffracted light, which is
      specularly reflected, is detected by small fixed detectors. In this way,
      an appreciable fraction of the laser beam is collected by the detector,
      and the scanning speed is increased in comparison with the method in which
      the diffusely reflecting image is scanned directly.
PAR  Referring now to FIG. 2, the basic elements of a preferred embodiment of
      the inventive system include a phase image 10, a lens 11 with focal length
      f, a reflector 12 and a detector 13. A collimated beam of light 14 from a
      source of collimated light, such as a laser or arc lamp (not shown) is
      deflected by the deflector 12 which is positioned on the optical axis of
      the lens 11, at the distance of one focal length from the lens. This
      position insures the important condition that the scanning beam is normal
      to the surface of the phase image 10.
PAR  Because the surface of the phase image is placed in the other focal plane
      of the lens 11, the collimated beam incident on the lens is focused on the
      image.
PAR  It should be understood that the phase images herein contemplated
      specularly reflect a majority of the incident readout light at certain
      predetermined angles to create a diffraction pattern at the Fourier plane.
      The pattern is characterized in that points, or spots, of light
      representing the diffracted orders appear in a symmetrical arrangement
      about the focal point or zero order reflected light. In a one grating
      system the diffracted orders are equally spaced from the focal point in
      the direction of the grating. See, for example, FIG. 2 wherein the
      distance is a, thereby providing a diffracted order at point a and one at
      -a. In a multitple grating system, the patterns are repeated in the
      direction of each grating (see FIG. 6). Additionally, multiple grating
      systems exhibit cross-talk terms comprising components from each grating.
      Even though in practice when we have two or more gratings, one influences
      the other, which influence we call "cross-talk", we shall reserve the name
      "cross-talk terms" for those diffracted orders which appear because of the
      interaction of two diffraction gratings. We call "first order cross-talk
      terms" the directions of propagation which are obtained by the vector
      addition of the directions of propagation of two first order terms of two
      diffraction gratings.
PAR  The zero order reflected light from the phase image retraces the path of
      the incident beam and illuminates the deflector 12. The diffracted first
      orders (two of which are shown in FIG. 2) produce in the focal plane of
      the lens two spots of light of equal form and size as the deflector
      projection on the focal plane. If the centers of these spots are at a
      distance a from the optical axis, see FIG. 3, the requirement that the
      spots of light corresponding to the zero and first diffracted orders to
      not overlap, limits the size of the deflector, in the direction of the
      diffracted orders, to approximately a.
PAR  The diffracted orders thereby created are stationary on one plane. The
      basic principle is to position the deflector and the phase image in the
      opposite focal planes on one lens, and the phase image and the detector in
      the opposite focal planes of another, or the same, lens.
PAR  Of course, it should be obvious that the scan pattern is a two-directional
      movement, one vertical and one horizontal. The function of the detector
      and signal conversion and use will be explained below.
PAR  Furthermore, it should be understood that even higher order, i.e., above
      the first order, diffracted light spots do occur, but are relatively
      insignificant and are usually disregarded.
PAR  In the case where the local reflectivity of the phase image is varying, as
      with a Ruticon image recorder, a separate detector can be used to monitor
      the zero order. Zero order monitoring requires that the phase image be at
      a slight angle with the lens, thereby focusing that portion of the light
      away from the deflector 12. The angle would be as small as possible to
      minimize image distortion. Or, in the alternative, a beam splitter can be
      used which reflects part of the diffracted light in a different direction,
      away from deflector 12. If we denote by I.sub.1 and I.sub.0 the
      instantaneous video signal corresponding to one first diffracted order and
      the zero order respectively, the electronically produced ratio I.sub.1
      /I.sub.0 provides a measure of the diffraction efficiency of the original
      image, independent of the local reflectivity of the phase image.
PAR  The systems described above accomplish one color scanning, but may be
      easily modified to sequentially produce video signals representative of a
      multi-colored original. By using color separation filters between the
      original and the image recorder it is possible to scan sequentially the
      components of a color image. The multi-color original may then be
      recreated as desired.
PAR  In copending application Ser. No. 507,911, filed on Sept. 20, 1974, in the
      name of Richard F. Bergen, there is described a modification suitable for
      use with the above-described Sheridon image recorder which allows for the
      recording and display of full-color images. The entire disclosure of said
      Bergen application is hereby expressly incorporated herein by reference.
      By employing the color encoding techniques of this application, a full
      color masking system may be devised.
PAR  Basically, the color recording system of the Bergen application comprises
      any color recording device which will record screened optical input, and
      preferably is similar to that shown in FIG. 1 with the exception that the
      spatial light modulation means comprises a complex color grating in place
      of the absorption-type line grating. In one embodiment the spatial light
      modulation means comprise a plurality of differently colored gratings at
      different angular orientations superimposed on each other on a common
      substrate. Each different colored set of stripes has a periodicity which
      may be the same as, or different than, that of the other set(s) of
      stripes. In FIG. 4A, there is illustrated a complex color grating which
      includes three differently colored sets of stripes, (some of which are
      shown greatly magnified for purposes of illustration) for example, cyan,
      magenta, and yellow on a transparent substrate 20. As aforesaid, each
      different set of stripes is disposed at a different angular orientation,
      the cyan stripes 21 are shown in the vertical direction, the magenta
      stripes 22 are shown in the horizontal direction and the yellow stripes 23
      are shown at an angle of 45.degree. to the cyan and magents stripes. Of
      course, these angular orientations are meant to be illustrative only. The
      complex color grating shown in FIG. 4A may be affixed to the imaging
      member in any of the ways described in the copending Bergen application,
      for example, by adhering it to the surface of a fiber optic element with
      mechanical securing means and optionally disposing a layer of an index
      matching liquid in between.
PAR  In the full color scanning system herein described, it is highly desirable
      that the angles between the color gratings be 60.degree., whereby the
      screens are oriented at 0.degree., 60.degree. and 120.degree.. The
      advantages of this particular arrangement are many, but primarily concern
      the ability to individually detect the components shown in FIG. 6 and
      thereby perform the electronic computations to be described below.
PAR  Alternatively, the imaging member may comprise a plurality of differently
      colored sets of stripes, at least one set of stripes residing on a
      different substrate than that upon which the other set(s) of stripes
      resides; or the color stripes may be formed directly on a surface of a
      fiber optic element. In FIG. 4B there is shown in exploded isometric view
      an embodiment of a color grating wherein a different set of stripes, for
      example, red 24, green 25 and blue 26 respectively, resides on a separate
      fiber optic element 27. By using three separate fiber optic elements in
      the manner described, it is possible to independently control the angular
      relationship of each color when the fiber optic elements are placed in
      contact with each other. Preferably, an index matching layer is formed at
      the contact interfaces between each fiber optic element. Additionally, it
      is possible to image the original onto the multiple-color screen, and then
      image both onto the electro-optical recorder.
PAR  A generalized color recording system of the Bergen-type is illustrated in
      FIG. 5 wherein a color transparency 30 is exposed with light from readin
      source 29 through lens 34. The light passing through the transparency is
      focused at the plane between the color grating and the fiber optic element
      and an image is formed on the surface of imaging member 1 in the manner
      previously described. The three-color grating of the imaging member
      converts the color image information into surface deformation phase
      gratings at three different orientations. The image is read out with light
      from a readout illumination system (not shown) which strikes the image
      surface of the imaging member. After processing the readout through
      readout system 38, the final color image may be viewed at image plane 40.
PAR  As explained in the above-described U.S. Patent to Sheridon and U.S. Patent
      application to Bergen, Ruticon imaging members can be made to store images
      and/or to display them in real-time. Furthermore, the image output sense
      can be either positive or negative, depending upon a simple change in
      Schlieren system geometry. These properties can be advantageously employed
      to produce a real-time color masking system which compensates for
      non-ideal inks or dyes. All of the embodiments and materials described in
      the Sheridon patent and Bergen application are suitable for use in this
      invention and are intended to be encompassed herein.
PAR  As explained above in relation to FIG. 5, the colors in the original 30 are
      separated by the color image recorder and divided into component parts.
      Each of the three components are directed in lines corresponding to the
      different colored filters shown in FIG. 4 and focused in discreet points
      at the Fourier plane representing different orders of diffracted light.
PAR  It is important here to note that only one readout laser is needed in the
      color embodiments. This may be any laser, but will usually be selected
      with cost factors in mind.
PAR  If the phase image of the FIG. 2 scanning system contains three different
      images, as explained above, the diffraction pattern at the focal plane of
      the lens will appear as shown in FIG. 6. Letting I.sub.n denote the video
      signal of the n.sup.th detector, as numbered in the figure, R, G and B the
      light intensity diffracted in the first orders by the cyan, magenta and
      yellow screens, respectively, and RG, RB and GB the light intensity of the
      "cross-talk" terms, it is evident from the figure than on detector 1, for
      example, the light intensity is R + GB. That is, the light intensity at
      detector 1 comprises a cyan component and a magenta-yellow component.
PAR  By positioning and monitoring detectors 4, 5 and 6, video signals may be
      obtained and electronically manipulated to create a composite video signal
      proportional to a given light composition. For example, the signal I.sub.R
      = I.sub.1 - I.sub.4 is proportional to R (the first order diffracted light
      intensity of cyan). Moreover, for a one-screen phase image, R is
      proportional to J.sub.1.sup.2 (r), the Bessel function of the first order,
      where r is proportional to the amplitude of the surface deformation of the
      sinusoidal carrier which contains the red image information. In the case
      of a three-color screen, it can be shown that the composite signal
EQU  I = I.sub.1 - I.sub.4 + 2I.sub.5 + 2I.sub.6
PAL  is approximately proportional to J.sub.1.sup.2 (r) for diffraction
      efficiencies of up to 10 percent. Desired composite signal may be obtained
      according to the above principles, by selectively combining the outputs of
      detectors 1 through 12.
PAR  Because the detectors are essentially current sources, their signals may be
      manipulated by the employment of conventional electronic techniques. For
      example, addition and subtraction to achieve the equation expressed
      immediately above may be done by passing the detector currents through a
      common load resistor as shown in FIG. 7. For practical reasons, to reduce
      noise and increase bandwidth it may be desirable to use additional analog
      circuits to achieve these results. It may also be desirable to detect both
      components of a diffracted order, 1 and 7, for example, to increase the
      signal to noise ratio.
PAR  As shown in FIG. 8, detectors 13, representative of all the detectors shown
      in FIG. 6, are aligned to received point color components of diffracted
      light representative of an original, produce electrical output signals
      descriptive of the intensity of light received and feed them to computer
      50 which performs the manipulative commands which result in a color
      corrected image. The output of the computer 50 is fed to display or
      printing device 60.
PAR  Computer 50 is a combination of conventional elements such as amplifiers,
      threshold circuits, logic devices, etc. The computer thus performs the
      above-described arithmetic functions to obtain, in a simple manner,
      signals representative of the various color components of an original. The
      computer then further manipulates these signals in a known manner to
      obtain further composite signals representative of color masking.
PAR  The function of the computer and its components are known and well
      understood by the prior art and are not per se considered to be the
      instant invention.
PAR  Device 60 may take any suitable form of conventional print or display
      apparatus such as, for example, a color CRT, or a laser output scanner
      which prints sequentially corrected color separation images on a
      photoconductive drum.
PAR  It should therefore be apparent that the system described has capabilities
      extremely useful in the reproduction of color originals or the creation of
      an intermediate advantageous in multiple copy reproduction. The
      reproduction may be modified by manipulation of the electrical signals
      within computer 50. The masking characteristics of the overall system may
      further be controlled through manipulation of the signals and by inserting
      various color filters into the recorder input.
PAR  All of the lenses, filters, lamps, lasers, etc. used in the instant system
      are known in the art as exemplified by the incorporated patent and
      application.
PAR  The laser can be caused to scan the surface of the image recorder by any of
      the techniques known in the art. For example, the beam may be reflected
      from two mirrors in series one oscillating in a horizontal direction and
      one in a vertical direction. Alternatively, a single mirror may oscillate
      in one direction and simultaneously or step-wise moved in a direction
      90.degree. thereto.
PAR  When the face of the image recorder is being scanned, the phase image may
      decay to a point where it is no longer useful. FIG. 9 shows a structure
      which alleviates this problem. Adjacent to phase image 70, two controlled
      bands are positioned, one white band 71 and black band 72. The black band
      is optional. The video signals produced by the control bands are compared
      during an extension of the vertical scan to the maximum, or minimum,
      signals needed from the video signal amplifier, and a control signal will
      be fed into the amplifier gain control to maintain optimum dynamic range
      of its output regardless of the diffraction efficiency of the image
      recorder.
PAR  It will be understood that various other changes of the details, materials,
      steps, arrangements of parts and uses which have been herein described and
      illustrated in order to explain the nature of the invention will occur to
      and may be made by those skilled in the art, upon a reading of this
      disclosure, and such changes are intended to be included within the
      principles and scope of this invention.
PAR  For example, different embodiments may be devised which depend basically
      upon the same teachings as herein disclosed. Three image recorders may be
      used, one each for the red, green and blue images, and the three recorders
      scanned by the same or different lasers in register.
PAR  Also, for example, it is entirely within the skill of the art to employ
      color image recorders other than those specifically delineated herein.
PAR  As stated above, the signals from detectors positioned at selected
      locations in the diffraction pattern may be combined to form a particular
      desired composite signal. It may be further desirable, under certain
      circumstances, to monitor second or higher order diffracted light to add
      to or subtract from other signals in forming useful composite signals.
PAR  Although specific components and process steps have been stated in the
      above description of preferred embodiments of the invention, other
      suitable materials, proportions and process steps, as listed herein, may
      be used with satisfactory results and varying degrees of quality. In
      addition other materials which exist presently or may be discovered may be
      added to materials used herein to synergize, enhance or otherwise modify
      their properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of scanning a phase modulated image comprising the steps of:
PA1  a. providing a phase modulated image;
PA1  b. providing a lens means on-axis with the phase image one focal length
      thereof away from the phase image;
PA1  c. providing a deflector means on-axis with said lens means and the phase
      image, also one focal length away from said lens means, but on the
      opposite side thereof from the phase image, said deflector means pivotally
      and movably mounted to provide a scan path of the surface of the phase
      image;
PA1  d. directing a beam of collimated light from an off-axis location onto said
      deflector means whereby as the deflector means controls the scan path, the
      focused beam light illuminates the phase image.
NUM  2.
PAR  2. The method of claim 1 further including at least one light detector
      means positioned to monitor the light intensity of at least one diffracted
      order of light.
NUM  3.
PAR  3. The method of claim 2 wherein said at least one detector means is
      positioned adjacent said deflector means and in the same plane thereof.
NUM  4.
PAR  4. The method of claim 2 further, including a beam splitter in the path of
      said beam of collimated light between said deflector means and said lens
      means, and said at least one light detector means is located off-axis with
      said lens means, whereby part of the diffracted orders of light are
      directed away from the plane of said deflector means to said detector
      means.
NUM  5.
PAR  5. The method of claim 4 further including a light intensity detector
      positioned to monitor the zero order, or reflected light.
NUM  6.
PAR  6. The method of claim 3 wherein said at least one detector means comprises
      a light intensity detector for each of the first orders of diffracted
      light.
NUM  7.
PAR  7. The method of claim 5 wherein said at least one detector means comprises
      a light intensity detector for each of the first orders of diffracted
      light.
NUM  8.
PAR  8. The method of claim 6 wherein said phase modulated image is made by the
      steps of:
PA1  providing an imaging member comprising a layer of voltage or
      current-sensitive light modulating material overlying a layer of
      photoconductive material; and
PA1  exposing said imaging member to an imagewise pattern of activating
      electromagnetic radiation.
NUM  9.
PAR  9. The method of claim 8 wherein said voltage or current-sensitive light
      modulating material comprises an elastomer material.
NUM  10.
PAR  10. The method of claim 9 wherein said imaging member further includes a
      transparent conductive substrate upon which said photoconductive layer
      resides.
NUM  11.
PAR  11. The method of claim 10 wherein said imaging member further includes a
      flexible conductive metallic layer overlying said light modulating layer.
NUM  12.
PAR  12. The method of claim 1 wherein said phase moudulated image comprises a
      phase modulated color encoded image.
NUM  13.
PAR  13. The method of claim 12 wherein said beam of collimated light is
      provided by a single substantially one color laser.
NUM  14.
PAR  14. The method of claim 13 further including at least one light detector
      means positioned to monitor the light intensity of at least one diffracted
      order to light.
NUM  15.
PAR  15. The method of claim 14 wherein said at least one detector means is
      positioned adjacent said deflector means and in the same plane thereof.
NUM  16.
PAR  16. The method of claim 13 wherein said phase modulated color encoded image
      is made by the steps of:
PA1  providing an imaging member comprising a layer of voltage or
      current-sensitive light modulating material overlying a layer of
      photoconductive material; and
PA1  exposing said imaging member to an imagewise pattern of color encoded
      activating radiation.
NUM  17.
PAR  17. The method of claim 16 wherein said imagewise pattern of color encoded
      radiation is provided by the steps of:
PA1  exposing said photoconductive layer to a color image modulated by a grating
      comprising at least two differently modulated colored sets of stripes,
      each of the stripes comprising alternating strips of colored and
      non-colored light transmitting areas.
NUM  18.
PAR  18. The method of claim 17 wherein said at least two differently modulated
      colored sets of stripes are modulated by being arranged at different
      angular orientations.
NUM  19.
PAR  19. The method of claim 17 wherein said at least two differently modulated
      colored sets of stripes are modulated by being arranged at different
      frequencies.
NUM  20.
PAR  20. The method of claim 16 wherein said imaging member further comprises a
      color grating comprised of at least two differently modulated colored sets
      of stripes each of the stripes comprising alternating strips of colored
      and non-colored light transmitting areas, said grating being adjacent to
      said photoconductive layer opposite said voltage or current-sensitive
      layer, and said imagewise pattern of color encoded activating radiation is
      provided by the step of:
PA1  exposing said photoconductive layer to an imagewise pattern of activating
      radiation through said grating.
NUM  21.
PAR  21. The method of claim 20 wherein said at least two differently modulated
      colored sets of stripes are modulated by being arranged at different
      angular orientations.
NUM  22.
PAR  22. The method of claim 16 wherein said imagewise pattern of color encoded
      activating radiation is provided by the steps of:
PA1  providing, on said photoconductive layer of said imaging member, a fiber
      optic element and a color grating comprising at least two differently
      modulated colored sets of stripes, each of the stripes comprising
      alternating stripes of colored and noncolored light transmitting areas,
      said fiber optic element being arranged to optically carry an image of
      said color grating to a plane within the imaging member; and
PA1  exposing said imaging member to an imagewise pattern of activating
      radiation through said color grating.
NUM  23.
PAR  23. The method of claim 22 wherein said at least two differently modulated
      colored sets of stripes are modulated by being arranged at different
      angular orientations.
NUM  24.
PAR  24. The method of claim 23 wherein said imaging member further includes a
      transparent conductive substrate between said photoconductive layer and
      said fiber optic element.
NUM  25.
PAR  25. The method of claim 24 wherein said imaging member further includes a
      flexible conductive metallic layer overlying said light modulating layer.
NUM  26.
PAR  26. The method of claim 25 wherein said voltage or current-sensitive layer
      comprises an elastomer material.
NUM  27.
PAR  27. The method of claim 26 further including the step of applying an
      electrical field across the photoconductive and elastomer layers between
      said flexible conductive metallic layer and said conductive substrate
      during said exposing step.
NUM  28.
PAR  28. The method of claim 18 wherein said at least two differently sets of
      modulated colored sets of stripes comprise three sets of stripes.
NUM  29.
PAR  29. The method of claim 28 wherein said three colored sets of stripes are
      not the same and are selected from the group consisting of red, green,
      blue, cyan, magenta and yellow.
NUM  30.
PAR  30. The method of claim 29 wherein said three colored sets of stripes are
      cyan, magenta and yellow.
NUM  31.
PAR  31. The method of claim 30 further including at least one light detector
      means positioned to monitor the light intensity of at least one diffracted
      order of light.
NUM  32.
PAR  32. The method of claim 31 wherein said at least one light detector means
      comprises three light detector means positioned so that each monitors the
      light intensity of one diffracted order of light corresponding to said
      three colored sets of stripes.
NUM  33.
PAR  33. The method of claim 31 wherein said three colored sets of stripes are
      arranged at angular intervals of 60.degree..
NUM  34.
PAR  34. The method of claim 33 wherein said light detector means comprises
      light detectors positioned so that the intensity of each diffracted first
      order of light, including the crosstalk terms, may be selectively and
      simultaneously monitored.
NUM  35.
PAR  35. The method of claim 34 wherein said imaging member further comprises a
      fiber optic element having said three colored sets of stripes thereon,
      said fiber optic element being arranged to optically carry an image of
      said three colored sets of stripes to a plane within the imaging member.
NUM  36.
PAR  36. The method of claim 35 wherein said imaging member further includes a
      transparent conductive substrate between said photoconductive layer and
      said fiber optic element.
NUM  37.
PAR  37. The method of claim 36 wherein said imaging member further includes a
      flexible conductive metallic layer overlying said light modulating layer.
NUM  38.
PAR  38. The method of claim 37 wherein said voltage or current-sensitive layer
      comprises an elastomer material.
NUM  39.
PAR  39. The method of claim 38 further including the step of applying an
      electrical field across the photoconductive and elastomer layers between
      said flexible conductive metallic layer and said conductive substrate
      during said exposing step.
NUM  40.
PAR  40. The method of claim 39 further including electronic computation means
      electrically attached to said light detectors to manipulate the signals
      therefrom and produce output control signals representative of a masked
      color image.
NUM  41.
PAR  41. The method of claim 40 further including an image reproduction means
      receiving said output control signals
NUM  42.
PAR  42. The method of claim 39 wherein said image reproduction means comprises
      a color display.
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ABST
PAL  A color television camera is provided with a single image pickup tube for
      producing a luminance signal and a chrominance signal, a demodulator for
      producing three primary color signals from the chrominance signal, an
      adder for adding the primary color signals to produce a relatively
      narrower band luminance signal and a subtraction circuit for subtracting
      the narrower band luminance signal from the luminance signal to produce a
      luminance signal compensated for non-uniformity, which is used for an
      aperture correction.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to a color television camera, and more
      particularly to a color television camera having a single image pickup
      device.
PAR  2. Description of the Prior Art
PAR  Various color television cameras which use a single image pickup tube have
      been proposed up to now. Since both chrominance and luminance signals are
      obtained from the single pickup tube in such color television cameras, the
      band of the luminance signal is limited. For this reason, the reproduced
      image based upon a video signal from the previously proposed television
      camera has less than the desired sharpness.
PAR  Further, prior art color television cameras have employed a color filter
      made up of a plurality of different color stripes so that, if a
      chrominance signal obtained therefrom is detected, a narrow band luminance
      signal is produced from the detected chrominance signal. Since the
      photoelectric conversion characteristics of the image pickup tube of such
      color television camera or the input-output characteristics of the
      transmission circuit are non-linear, such non-linear characteristics cause
      a detection operation and, consequently, the chrominance signal is
      detected to produce a narrow band luminance signal which is superimposed
      on the inherent or desired luminance signal. The level of the described
      narrow band luminance signal is varied in accordance with the level of the
      chrominance signal or with the brightness of an object to be televised, so
      that non-uniformity appears in the level of the luminance signal which is
      finally obtained from the color television camera and hence a bright and
      dark pattern is formed in a picture reproduced from the output signal of
      the camera.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a color television camera
      which uses a single image pickup device for producing a luminance signal
      which is subjected to aperture correction.
PAR  It is another object of this invention to provide a color television camera
      which avoids non-uniformity in the level of the produced luminance signal
      by reason of non-linearity of the photo-electric conversion
      characteristics of an image pickup device used in the camera.
PAR  It is a further object of this invention to provide a color television
      camera which employs a single image pickup device with an improved color
      filter.
PAR  In accordance with an aspect of this invention, in a color television
      camera including an image pickup tube which produces a luminance signal
      and a chrominance signal in response to the projection onto the tube
      through a color filter of a color separated image of an object to be
      televised, a demodulator produces three primary color signals from the
      chrominance signal, and such color signals are added to produce a second
      luminance signal which, after adjustment of its level, is subtracted from
      the first mentioned luminance signal to provide a resulting luminance
      signal which is aperture corrected and thus produces a reproduced color
      image or picture of increased sharpness.
PAR  In accordance with another feature of this invention, in order to
      compensate for non-uniformity of the level of the luminance signal derived
      from the image pickup tube, for example, by reason of a non-linear
      photoelectric conversion characteristic of the latter, the chrominance
      signal from the image pickup tube is detected, and the detected
      chrominance signal, after adjustment of its level, is subtracted from the
      luminance signal.
PAR  The above, and other objects, features and advantages of this invention,
      will become apparent from the following detailed description of
      illustrative embodiments which is to be read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram showing an example of a color filter used in
      connection with this invention;
PAR  FIG. 2 is a graph illustrating the frequency spectra of signals obtained
      with the color filter depicted in FIG. 1;
PAR  FIG. 3 shows vector diagrams to which reference will be made in explaining
      the present invention;
PAR  FIG. 4 is a systematic diagram of demodulator circuits in a first
      embodiment of this invention;
PAR  FIGS. 5 and 6 are diagrams to which reference will be made in explaining
      the effect of non-linear characteristics of an image pickup device;
PAR  FIGS. 7A, 7B and 7C are waveform diagrams to which reference will be made
      in explaining how the sharpness of the reproduced picture is enhanced
      according to this invention;
PAR  FIGS. 8 and 9 are systematic diagrams showing respective examples of
      encoders used for obtaining television signals according to the NTSC
      system;
PAR  FIGS. 10 and 11 are connection diagrams showing respective demodulator
      circuits that may be used in accordance with this invention;
PAR  FIG. 12 is a diagram showing another color filter according to this
      invention;
PAR  FIG. 13 is a graph showing the frequency spectra of signals obtained with
      the color filter of FIG. 12;
PAR  FIG. 14 shows vector diagrams to which reference will be made in explaining
      the operation of another embodiment of this invention;
PAR  FIG. 15 is a systematic diagram showing a further example of a demodulator
      circuit according to this invention;
PAR  FIG. 16 is a diagram showing still another example of a color filter
      according to this invention;
PAR  FIG. 17 is a graph showing the frequency spectra of signals obtained with
      the color filter of FIG. 16;
PAR  FIG. 18 shows vector diagrams to which reference will be made in explaining
      the operation of a further embodiment of this invention; and
PAR  FIG. 19 is a schematic diagram showing yet another example of a demodulator
      circuit according to this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A first embodiment of this invention will now be described with reference
      ro FIGS. 1 to 7. As shown on FIG. 1, an example of an optical color filter
      used in accordance with this invention has stripe areas S.sub.R, S.sub.B
      and S.sub.G through which red light, blue light and green light
      respectively pass. These stripe areas are arranged with the stripe areas
      S.sub.R and S.sub.G inclined in opposite directions by the angle
      .theta..sub.1 with respect to the stripe areas S.sub.B. The color filter
      is located in the light path in such a manner that when separated color
      images of an object to be televised are projected through the color filter
      onto the photoelectric conversion screen or plane of an image pickup
      device, the electron beam of such device will scan the separated color
      images in the direction at right angles to the stripe areas S.sub.B, for
      example, along the lines indicated at i-1, i, 1+1, i+2,... In this
      example, the pitches of the stripe areas S.sub.R, S.sub.B and S.sub.G, in
      the beam scanning direction, are equal to each other and their widths are
      equal to one-half of the pitch. Further, the areas identified by the
      reference characters W in FIG. 1 and which substantially permit passage of
      all light therethrough and the cross-hatched areas on FIG. 1 which
      substantially prevent passage of all light therethrough, are triangular in
      shape and arranged alternately in sequence in the beam scanning direction
      and not adjacent to each other.
PAR  The areas identified by characters R, B and G on FIG. 1 respectively permit
      the passage of red light, blue light and green light only, the areas
      identified by characters RB, RG and GB pass therethrough red and blue
      color lights (magenta), red and green color lights (yellow), and green and
      blue color lights (cyan), respectively.
PAR  The color filter shown on FIG. 1 may be produced by successively exposing a
      sheet of color film to red light through a mask having transparent
      stripe-like areas corresponding to the stripe areas S.sub.R, to green
      light through a mask having transparent stripe-like areas corresponding to
      the stripe areas S.sub.G, and to blue light through a mask having
      transparent stripe-like areas corresponding to the stripe areas S.sub.B.
      Upon development of the thus exposed color film, the latter has the
      pattern of light transmitting characteristics described above with
      reference to FIG. 1.
PAR  Another practical method of producing the color filter of FIG. 1 involves
      superimposing a first filter element having clear transparent areas
      corresponding to stripe areas S.sub.R and cyan areas therebetween, a
      second filter element having clear transparent areas corresponding to the
      stripe areas S.sub.G and magenta areas therebetween, and a third filter
      element having clear transparent areas corresponding to the stripe areas
      S.sub.B and yellow areas therebetween. When such first, second and third
      filter elements are superimposed, the resulting composite color filter has
      the pattern of color transmitting characteristics described above with
      reference to FIG. 1.
PAR  In the color filter shown on FIG. 1, if the distance between the adjacent
      beam scanning lines is d, the pitch of the stripe areas S.sub.B is P and
      the pitch of the stripe areas S.sub.R and S.sub.G is P.sub.1, the
      following relationships exist therebetween:
      ##EQU1##
EQU  P.sub.1 = Pcos.theta..sub.1
PAR  If the effective scanning area of the photoelectric conversion plane of the
      image pickup device is formed to have a vertical-to-horizontal aspect
      ratio of 3:4 (9mm .times. 12 mm) and 186 stripe images corresponding to
      the stripe areas S.sub.B are formed within the effective scanning area,
      the pitch P is selected to provide the color separated image projected
      onto the photoelectric conversion plane with a corresponding dimension of
      12/186 or 64 microns. If the number of the effective scanning lines is
      250, the distance d is selected to provide a corresponding distance of
      9/250 mm or 36 microns at the photoelectric conversion plane. Accordingly,
      the angle .theta..sub.1 is selected to be about 30.6.degree..
PAR  If the aspect ratio of the effective scanning area is other than 3:4, for
      example, 1:2, by way of example, the angle .theta..sub.1 is, of course,
      changed in accordance therewith.
PAR  In the case of interlaced scanning, projected color separated image is
      alternately scanned along the lines i-1, and i, i and i+1,... shown on
      FIG. 1, and along lines therebetween during successive field periods.
PAR  When the pitch P is selected as mentioned above, the carrier frequency
      f.sub.c of the respective signal components becomes 3:58 MHz.
PAR  When the separated color images of the object to be televised obtained by
      means of the color filter of FIG. 1 are projected onto the photoelectric
      conversion plane of the image pickup device and scanned by the electron
      beam, and since the pitches of the respective stripe areas S.sub.R,
      S.sub.B and S.sub.G are equal in the electron beam scanning direction, the
      chrominance signal components of red, blue and green are obtained as
      signals with the same carrier frequency. Further, since the respective
      stripe areas S.sub.R, S.sub.B and S.sub.G are all inclined with respect to
      each other, the phase difference between the respective chrominance signal
      components is changed for adjacent horizontal lines. More specifically, a
      composite signal Ei derived from the color image pickup device during an
      arbitrary or ith horizontal scanning period can be expressed as follows:
EQU  Ei = Ri[1 + cos (.omega..sub.c t + i.sup.. .alpha. + i.sup.. .beta. +
      .alpha..sub.R)] + Bi[1 + sin(.omega..sub.c t + i.sup.. .beta. +
      .alpha..sub.B)]Equation I + Gi[ 1 + cos (.omega..sub.c t - i.sup.. .alpha.
      + i.sup...beta. + .alpha..sub.G)]
PAR  In the above equation I, Ri + Bi + Gi constitute a luminance signal, and
      may be represented merely as Yi. Further, if, in equation I, it is assumed
      Ri cos (.omega..sub.c t + i.sup.. .alpha. + i.sup.. .beta. +
      .gamma..sub.B) = Ri, Bisin(.omega..sub.c t +.sup....)+ Bi and
      Gicos(.omega..sub.c t + .sup....)=Gi, Ri+Bi+Gi constitute a chrominance
      signal which may be represented as Ci. In equation I, .alpha. and .beta.
      represent phase angles which are determined by the inclinations of the
      stripe areas, .alpha..sub.R, .alpha..sub.B and .alpha..sub.G are initial
      phase angles and .alpha. = 2/3.pi. and .beta.=0 are satisfied in the case
      of the color filter shown on FIG. 1.
PAR  The frequency spectra of the signal Ei are shown on FIG. 2.
PAR  The phase relation of the several color components of the chrominance
      signal C.sub.i will now be described with reference to the vector diagrams
      shown on FIG. 3. As shown in the row at the top of FIG. 3, in the original
      signal from the image pickup tube the R component (red chrominance signal
      component) is advanced in phase by 2/3.pi. during each horizontal interval
      in respect to the preceding horizontal interval, the B component (blue
      chrominance signal component) is unchanged in phase in adjacent horizontal
      intervals, and the G component (green chrominance signal component) is
      delayed in phase by 2/3.pi. during each horizontal interval in respect to
      the preceding horizontal interval.
PAR  By reason of the foregoing, if the chrominance signals obtained during
      three successive horizontal intervals are subjected to suitable
      phase-shifting and operational processes, the red, blue and green
      chrominance components Ri, Bi and Gi can be separated therefrom, as
      hereinafter described.
PAR  Referring now to FIG. 4, it will be seen that, in a color television camera
      according to an embodiment of this invention, as there illustrated, a main
      lens 13 is located in a light path between an object 11 to be televised
      and an image pickup tube 12. A color filter 14, which is substantially the
      same as that shown in FIG. 1, is positioned in the light path at the
      focusing plane of lens 13 to form separated color images of the object 11.
      The separated color images are projected through, for example, a field
      lens 15 and a relay lens 16 to the photoelectric conversion plane of the
      image pickup tube 12 and the above composite signal E.sub.i.sub.+ 1 is
      obtained from tube 12 during the (i+1)th horizontal interval. In this
      case, the pitch between the stripe areas of the filter 14 is selected so
      that the carrier frequency f.sub.c is 5MHz.
PAR  The composite signal E.sub.i.sub.+ 1 obtained from tube 12 is fed to a low
      pass filter 21 with a pass band of, for example, 0 to 4MHz to derive
      therefrom a luminance signal Y.sub.i.sub.+ 1 which is applied to a delay
      line or circuit 22 to be delayed by the latter for one horizontal
      interval. Thus, a luminance signal Yi is derived from the delay circuit 22
      during the (i+1)th horizontal interval. The composite signal E.sub.i.sub.+
      1 from the image pickup tube 12 is further fed to a band-pass filter 24
      with a pass band of, for example, 4 to 6MHz to pass therethrough a
      chrominance signal C.sub.i.sub.+ 1 which is applied to delay lines or
      circuits 25 and 26 arranged in succession, and which each delay the signal
      applied thereto by one horizontal interval. Accordingly, a chrominance
      signal Ci is obtained from the delay circuit 25 during the (i+1)th
      horizontal interval and a chrominance signal C.sub.i.sub.- 1 is obtained
      from the delay circuit 26 during the same horizontal interval.
      Accordingly, the chrominance signals C.sub.i.sub.+ 1, Ci and C.sub.i.sub.-
      1 are derived from filter 24 and delay circuits 25 and 26, respectively,
      at the same time.
PAR  The chrominance signal C.sub.i.sub.+ 1 from the filter 24 is applied to an
      adder 37 through a phase shifter 31 which delays the phase of a signal
      applied thereto by 2/3.pi. and the chrominance signal Ci is directly
      applied to an adder 37. The chrominance signal C.sub.i.sub.- 1 is applied
      to the adder 37 through a phase shifter 32 which advances the phase of a
      signal applied thereto by 2/3.pi.. Accordingly, the color signal
      components in the chrominance signals C.sub.i.sub.+ 1, Ci and
      C.sub.i.sub.- 1 as applied to the adder 37 have the phase relationships
      shown in the second row of FIG. 3. As there shown, the red color signal
      components R.sub.i.sub.+ 1, Ri and R.sub.i.sub.- 1 are the same in phase,
      the blue color signal components B.sub.i.sub.+ 1, Bi and B.sub.i.sub.- 1
      have a phase difference of 2/3.pi. between adjacent horizontal intervals,
      and the green color signal components G.sub.i.sub.+ 1, Gi and
      G.sub.i.sub.- 1 also have a phase difference of 2/3.pi. between adjacent
      horizontal intervals. Accordingly, the blue color signal components and
      also the green color components cancel each other in the adder 37. As a
      result, the red color signal components R.sub.i.sub.+ 1, Ri and
      R.sub.i.sub.- 1 are added in the adder 37 and the output of the latter is
      the result of such addition. Since the signal components R.sub.i.sub.+ 1
      and R.sub.i.sub.- 1 are substantially equal to the signal component Ri,
      the added signal from the adder 37 is substantially 3 .times. Ri or the
      red color signal component 3Ri which is then applied to a detector circuit
      41. The detector circuit 41 produces a red color signal R.sub.c by
      detecting the envelope of the signal 3Ri.
PAR  The chrominance signals C.sub.i.sub.+ 1, Ci and C.sub.i.sub.- 1 from filter
      24 and delay circuits 25 and 26, respectively, and also applied to an
      adder 38. In this case, as shown in the third row of FIG. 3, the red color
      signal components R.sub.i.sub.+ 1, Ri and R.sub.i.sub.- 1, as applied to
      adder 38, have a phase difference of 2/3.pi. therebetween, the blue color
      signal components B.sub.i.sub.+ 1, Bi and B.sub.i.sub.- 1 are the same in
      phase, and the green color signal components G.sub.i.sub.+ 1, Gi and
      G.sub.i.sub.- 1 also have a phase difference of 2/3.pi. therebetween. As a
      result, the adder 38 produces a blue color signal component 3Bi. The blue
      color signal component 3Bi is fed to a detector circuit 42 which then
      produces a blue color signal B.sub.c by detecting the envelope of the
      signal 3Bi.
PAR  The chrominance signal C.sub.i.sub.+ 1 from the filter 24 is supplied
      through a phase shifter 33 which shifts ahead or advances the phase of a
      signal applied thereto by 2/3.pi. to an adder 39 which is also applied
      with the chrominance signal Ci from the delay circuit 25 as it is; and the
      chrominance signal C.sub.i.sub.- 1 from the delay circuit 26 is applied to
      adder 39 through a phase shifter 34 which has a phase delay characteristic
      of 2/3.pi.. In this case, as shown in the last row of FIG. 3, the red
      color signal components R.sub.i.sub.+ 1, Ri and R.sub.i.sub.- 1, as
      applied to adder 39, have a phase difference of 2/3.pi. therebetween, the
      blue color signal components B.sub.i.sub.+ 1, Bi and B.sub.i.sub.- 1 also
      have a phase difference of 2/3.pi. therebetween, and the green color
      signal components G.sub.i.sub.+ 1, Gi and G.sub.i.sub.- 1 are the same in
      phase, so that the adder 39 produces a green color signal component 3Gi
      which is fed to a detector circuit 43. The detector circuit 43 produces a
      green color signal G.sub.c by detecting the envelope of the signal 3Gi.
PAR  The reason the delay time of delay circuit 22 is selected to correspond to
      one horizontal interval so as to provide the luminance signal Yi at the
      time of the line scan i+1 is to ensure that, although the three primary
      color signals R.sub.c, B.sub.c and G.sub.c are obtained from the
      chrominance signals C.sub.i.sub.+ 1, Ci and C.sub.i.sub.-1, the three
      primary color signals R.sub.c, B.sub.c and G.sub.c are matched in time.
      However, in a simplified embodiment of the invention, the delay circuit 22
      may be omitted and its delaying function may be performed by the delay
      time of a color demodulator system which is, for example, selected to be
      about 0.7 to 0.8 micro-seconds.
PAR  The image pickup tube 12 may be considered to be a photoelectric conversion
      means having non-linear photoelectric conversion characteristics so that
      the luminance signal component derived therefrom has a nonuniform level
      for the reasons hereinafter described.
PAR  For the sake of simplicity, as shown on FIG. 5, it may be assumed that the
      image pickup tube 12 consists of an ideal image pickup tube 101 with a
      linear characteristic and a signal transmission circuit 102 with
      non-linear input-output characteristics and that the non-linear
      characteristics of the transmission circuit 102 are represented by the
      curve 103 in FIG. 6. With the foregoing assumptions, from the image pickup
      tube 101, there is obtained a composite signal E.sub.o consisting of a
      luminance signal Y.sub.o and a chrominance signal C.sub.o which are free
      from the non-linear characteristics and the composite signal E.sub.o is
      converted by the transmission circuit 102 to a composite signal Ei
      consisting of a luminance signal Yi and a chrominance signal Ci which are
      affected by the non-linear characteristics of transmission circuit 102.
PAR  When the chrominance signal C.sub.o passes through transmission circuit
      102, it is subject to square-law detection due to the non-linear
      characteristic 103 of transmission circuit 102. Since the chrominance
      signal C.sub.o contains all the color information, its detected signal
      becomes a second luminance signal of narrow band which is mixed with the
      inherent luminance signal Y.sub.o. Thus, a mixed signal is obtained as the
      luminance signal Yi.
PAR  If the width of the stripe areas forming the color filter 14 is selected to
      be one-half of their pitch, the level of the luminance signal Y.sub.o in
      the composite signal E.sub.o becomes one-half the peak-to-peak level of
      the chrominance signal C.sub.o, as indicated by the dot-dash line on FIG.
      6. However, by reason of the non-linear characteristics 103 and the
      resulting detection operation, the level of the luminance signal Yi in the
      composite signal Ei increases beyond one-half of the peak-to-peak level of
      the chrominance signal Ci, as shown on FIG. 6. This increased level of
      luminance signal Yi corresponds to the narrow band luminance signal
      component formed by detection of the chrominance signal C.sub.o. As may be
      apparent from FIG. 6, such increase in the level of the resulting
      luminance signal becomes high as the level of the signal E.sub.o becomes
      high, or when the object 11 is bright, so that level non-uniformity occurs
      in the luminance signal Yi which appears as a pattern of non-uniform
      brightness in a reproduced picture.
PAR  When the non-linear characteristics of the transmission circuit 102 are
      represented by curve 104 on FIG. 6, the level of the luminance signal Yi
      in the composite signal Ei decreases below one-half of the peak-to-peak
      level of the chrominance signal Ci, and the decrease in the level of
      luminance signal Yi becomes relatively large when the brightness of the
      object is high, which also causes non-uniformity in the brightness of the
      reproduced picture.
PAR  The embodiment of the invention shown in FIG. 4 has a circuit which may
      compensate for the above described non-uniformity in the level of the
      luminance signal Yi. Such compensation circuit generally detects the level
      of the chrominance signal Ci and compensates for variations in the level
      of the luminance signal Yi by means of the detected output. More
      particularly, in the embodiment of FIG. 4, the luminance signal Yi from
      delay circuit 22 is applied to a subtracter 51 and the chrominance signal
      Ci, which corresponds to the luminance signal Yi, is applied from the
      delay circuit 25 to a detector circuit 52 to produce a detected output Yi'
      with positive polarity corresponding to, for example, the non-linear
      characteristics 103. In this case, the chrominance signal Ci is detected
      as it is, so that the detected output signal from circuit 52 is the narrow
      band luminance signal Yi' itself and its level is in proportion to the
      level of the chrominance signal Ci. The luminance signal Yi' has its level
      adjusted or is attenuated by an attenuator 53 to a predetermined level and
      the level adjusted signal is then applied to subtracter 51 to subtract the
      level adjusted luminance signal Yi' from the luminance signal Yi which is
      derived from the delay circuit 22. Since the level of the luminance signal
      Yi from the delay circuit 22 is decreased as the level of the chrominance
      signal Ci is increased, and since the level of the luminance signal Yi'
      from attenuator 53 is in proportion to that of the chrominance signal Ci,
      the subtracter 51 produces a compensated luminance signal the level of
      which does not change in response to changes in the level of the
      chrominance signal Ci.
PAR  In the arrangement shown on FIG. 4, when the delay time of the delay
      circuit 22 corresponds to that of the color demodulating system, it may be
      possible to apply the chrominance signal C.sub.i.sub.+ 1 from the filter
      24 to the detector circuit 52 instead of the chrominance signal Ci from
      the delay circuit 25.
PAR  Generally speaking, with a color television camera which employs a single
      image pickup tube, frequency bands for both the chrominance signal and the
      luminance signal are necessary, so that the band of the luminance signal
      is limited. Accordingly, a reproduced color image or picture based upon
      the video signal from such a color television camera is lacking in
      sharpness.
PAR  In order to improve the sharpness, in the embodiment of FIG. 4, there is
      provided a circuit which effects so-called preshooting and over-shooting
      in the luminance signal to carry out aperture correction and hence to
      improve the sharpness of the reproduced picture. More specifically, in the
      embodiment of FIG. 4, the three primary color signals R.sub.c, B.sub.c and
      G.sub.c are applied to an adder 54 from detector circuits 41, 42 and 43,
      respectively, to provide a composite luminance signal Y.sub.c. Since the
      band of the chrominance signal Ci is relatively narrow, that of the
      composite luminance signal Y.sub.c is relatively narrow, as shown on FIG.
      2. If the luminance signal Yi is, for example, a rectangular wave as shown
      on FIG. 7A, the composite luminance signal Y.sub.c is a wave, such as
      shown on FIG. 7B, which rises and falls gradually. The composite luminance
      signal Y.sub.c from adder 54 is attenuated by an attenuator 55 to an
      adjusted predetermined level, for example, as represented by the dotted
      line on FIG. 7B and thereafter is applied to the subtractor 51 to subtract
      the level adjusted composite luminance signal Y.sub.c from the luminance
      signal Yi. Accordingly, the subtracter 51 produces a luminance signal
      Y.sub.w in which preshooting and over-shooting are achieved with aperture
      correction in the horizontal direction, as shown on FIG. 7C.
PAR  In this embodiment, since the composite luminance signal Y.sub.c is
      produced on the basis of the chrominance signals C.sub.i.sub.+ 1, Ci and
      C.sub.i.sub.- 1 during three horizontal intervals, i+1, i and i-1,
      aperture correction in the vertical direction, as well as that in the
      horizontal direction, is achieved in respect to the composite luminance
      signal Y.sub.c.
PAR  In general, the resolution is highest at the center of the photoelectric
      conversion plane of the image pickup tube 12 and at the center of the
      optical system and is reduced close to their peripheries, so that the
      sharpness of the three primary color signals is deteriorated and color
      shading occurs at the periphery of the reproduced color picture.
PAR  In order to avoid such defects, in the embodiment of FIG. 4, there is
      provided a circuit which compensates the three primary color signals and
      is of the type disclosed in U.S. Pat. No. 3,548,087, issued to me on Dec.
      15, 1970. More specifically, as shown, the three primary color signals
      R.sub.c, B.sub.c and G.sub.c from detector circuits 41, 42 and 43, and the
      luminance signal Y.sub.w from subtracter 51 are applied to an operational
      circuit 56 which is further supplied with the composite luminance signal
      Y.sub.c from adder 54 after being attenuated or adjusted to a
      predetermined level by an attenuator 57. The operational circuit 56
      carries out the following calculations:
      ##EQU2##
PAR  In this case, the signals R.sub.c, B.sub.c and Y.sub.c have relatively
      narrow band widths but the signal Y.sub.w has a wide band as described
      above. If three primary color signals of wide band are indicated by
      R.sub.w, B.sub.w and G.sub.w (R.sub.w +B.sub.w +G.sub.w = Y.sub.w), the
      following equations can be established:
PA1  R.sub.w = k.sup.. R.sub.c
PA1  B.sub.w = k.sup.. B.sub.c
PA1  G.sub.w = K.sup.. G.sub.c
PAL  where k represents a factor which varies in accordance with the out of
      focus condition of an image on the photoelectric conversion plate of the
      image pickup tube 12 within the condition 0 .ltoreq. k .ltoreq. 1.
PAR  Accordingly, as a result of the above calculations by the operational
      circuit 56, the three primary color signals R.sub.c, B.sub.c and G.sub.c
      are made constant in level regardless of the value of factor k, that is,
      they are made into three primary color signals R.sub.w, B.sub.w and
      G.sub.w which have high resolution regardless of the degree of out of
      focus of the image. Further, due to the fact that the signals R.sub.c,
      B.sub.c and G.sub.c are made constant in level, color shading is also
      prevented. The thus obtained three primary color signals R.sub.w, B.sub.w
      and G.sub.w with high resolution and wide band width are applied to, for
      example, an NTSC system encoder 60.
PAR  An example of an NTSC system encoder 60 is shown on FIG. 8, in which the
      three primary color signals R.sub.w, B.sub.w and G.sub.w from operational
      circuit 56 are applied to an adder 61 to be added therein and thus provide
      a luminance signal Y.sub.w of wide band. The luminance signal Y.sub.w and
      the blue color signal B.sub.w from the operational circuit 56 are both
      applied to a subtracter 62 to produce a blue color difference signal
      B.sub.w -Y.sub.w which is applied to a balanced modulator 63 producing a
      balanced modulated signal with the blue color difference signal. The
      signal Y.sub.w from the adder 61 and the red color signal R.sub.w from the
      operational circuit 56 are applied to a subtracter 64 to produce a red
      color difference signal R.sub.w -Y.sub.w which is fed to a balanced
      modulator 65 producing a balanced modulated signal with the red color
      difference signal. The balanced modulated signal with the red color
      difference signal is shifted in phase by 1/2.pi. from the balanced
      modulated signal with the blue color difference signal. The balanced
      modulated signals with blue and red color difference signals from the
      balanced modulators 63 and 65 respectively, are applied to an adder 66 to
      produce a quadrature balanced modulated signal with the red and blue color
      difference signals. The adder 66 is further supplied with the luminance
      signal Y.sub.w from the adder 61, and with suitable vertical and
      horizontal synchronizing signals and burst signals from a signal generator
      67. Thus, the adder 66 produces a color video signal according to the NTSC
      system and delivers the same to an output terminal 68.
PAR  In the event that the operational circuit 56 is not provided, the encoder
      60 may be formed as shown on FIG. 9 in which the same reference numerals
      are employed to identify elements which correspond to those included in
      the encoder of FIG. 8. It will be seen that, in the encoder of FIG. 9, the
      three primary color signals R.sub.c, B.sub.c and G.sub.c from the detector
      circuits 41, 42 and 43 are applied to the adder 61 to produce the
      composite luminance signal Y.sub.c. The subtracters 62 and 64 produce the
      blue and red color difference signals B.sub.c -Y.sub.c and R.sub.c
      -Y.sub.c, respectively, from the luminance signal Y.sub.c and the signals
      B.sub.c and R.sub.c. The wide band luminance signal Y.sub.w from the
      subtracter 51 is fed to the adder 66 which is also supplied with the
      outputs from the balanced modulators 63 and 65 and from the signal
      generator 67. Thus, the adder 66 produces and delivers a color video
      signal according to the NTSC system to the output terminal 68.
PAR  Referring now to FIG. 10 which shows a practical connection diagram for the
      color demodulator system described above with reference to FIG. 4, it will
      be seen that, in FIG. 10, the several components of such system are
      identified by the same reference numerals as on FIG. 4. In the connection
      diagram of FIG. 10, the composite signal E.sub.i.sub.+ 1 derived from the
      image pickup tube 12 is fed through an imput terminal 111, a transistor
      112 and a transistor 113 to the delay circuit 22 to be delayed by the
      delay time of the color demodulator system (or one horizontal interval)
      and thereafter to a trap circuit 114 which produces the luminance signal
      Yi by removing the chrominance signal Ci. The luminance signal Yi is
      applied through a transistor 115 to a transistor 116 included in the
      subtracter 51. Thus, the wide band luminance signal Y.sub.w can be
      obtained at a terminal 117 which is connected with the emitter electrode
      of transistor 116.
PAR  The composite signal E.sub.i.sub.+ 1 passed through the transistor 112 is
      applied to the band-pass filter 24 to separate the chrominance signal
      C.sub.i.sub.+ 1 which is treated in the manner described above. Thus,
      three primary color signals R.sub.c, B.sub.c and G.sub.c are obtained from
      detector circuits 41, 42 and 43 and are delivered through transistors 121,
      122 and 123 to terminals 124, 125 and 126 which are connected with the
      emitter electrodes of the transistors 121, 122 and 123, respectively.
PAR  The chrominance signal C.sub.i.sub.+ 1 from band-pass filter 24 is further
      applied to the detector circuit 52 through a transistor 131. In this case,
      the detector circuit 52 is formed so that it produces detected output
      signals or luminance signals Y'.sub.i.sub.+ 1 and -Y'.sub.i.sub.+ 1 of
      positive and negative polarities. The attenuator or variable resistor 53
      connected to the output side of detector 52 delivers therethrough the
      luminance signal with a positive or negative polarity and an adjusted
      predetermined level in accordance with the non-linear characteristics 103
      or 104 referred to above with reference to FIG. 6, and the level adjusted
      luminance signal is supplied to the subtracter 51 through a transistor
      132. Thus, the luminance signal from detector 52 is added to or subtracted
      from the luminance signal Y.sub.i.sub.+ 1 from the transistor 115 to
      compensate for the non-uniformity in the level of the luminance signal
      Y.sub.i.sub.+ 1.
PAR  The collector electrodes of transistors 121, 122 and 123 are connected with
      a common load resistor 134 to form the adder 54 from which the composite
      luminance signal Y.sub.c is obtained. The composite luminance signal
      Y.sub.c is applied through the attenuator or variable resistor 55, which
      is connected to the collector electrode of transistor 132, to transistor
      116 of subtracter 51 to carry out the aperture correction of the luminance
      signal Y.sub.i.sub.+ 1 from the transistor 115.
PAR  If desired, the phase-shift effected by phase shifters 32 and 33 may be
      selected to be 1/3.pi., and, in that case the adders 37, 38 and 39 are
      connected as shown in FIG. 11.
PAR  Another embodiment of this invention will now be described with reference
      to FIGS. 12 to 15 in which the color filter 14 is formed with a different
      pattern from that described above and the various elements are identified
      by the same reference numerals used in connection with the corresponding
      elements in the previously described embodiment.
PAR  In the color filter 14 of FIG. 12, the stripe areas S.sub.R, S.sub.B and
      S.sub.G are arranged so that the red, blue and green color components Ri,
      Bi and Gi of the chrominance signal have carrier frequencies f.sub.R,
      f.sub.B and f.sub.G which are slightly different from each other as shown
      on FIG. 13. More specifically, the red color signal component Ri has the
      highest carrier frequency f.sub.R and the green color signal component
      G.sub.i has the lowest carrier frequency.
PAR  In the color filter 14 shown on FIG. 12, the stripe areas S.sub.B are
      inclined by the angle .theta..sub.10 with respect to the stripe areas
      S.sub.R, and the stripe areas S.sub.G are inclined by the angle
      .theta..sub.11, which is greater than the angle .theta..sub.10, with
      respect to the stripe areas S.sub.R in the same direction as the stripe
      areas S.sub.B. The pitches P, P.sub.B and P.sub.G of the stripe areas
      S.sub.R, S.sub. B and S.sub.G , in the beam scanning direction, are also
      slightly different from each other. The widths of the stripe areas
      S.sub.R, S.sub.B and S.sub.G in the beam scanning direction are 2/3P,
      2/3P.sub.B and 2/3P.sub.G, respectively. Accordingly, the areas W which
      permit passage of all light therethrough and the cross-latched areas which
      inhibit the passage of all light therethrough, that is, the areas where
      three stripe areas S.sub.R, S.sub.B and S.sub.G are superposed, lie on
      lines that are inclined in respect to the beam scanning direction.
PAR  If it is assumed that the distance between two adjacent beam scanning lines
      is d and the pitches of the stripe areas S.sub.B and S.sub.G are P.sub.10
      and P.sub.11, the following equations are derived:
      ##EQU3##
EQU  P.sub.B = P + 1/4d tan .theta..sub.10
EQU  P.sub.G = P + 1/4d tan .theta..sub.11
EQU  P.sub.10 = P.sub.B cos.theta.
EQU  P.sub.11 = P.sub.G cos .theta..sub.11
PAR  When separated color images of the object 11 produced by the color filter
      14 shown on FIG. 12 are projected onto the photoelectric conversion plane
      of the color image pickup tube 12 and are scanned by the electron beam,
      the fact that the pitches of the stripe areas S.sub.R, S.sub.B and S.sub.G
      in the beam scanning direction are different from each other, the phase
      difference between the chrominance signal components is different for two
      adjacent horizontal scanning intervals.
PAR  In the case where the pitch P and the distance d are selected as described
      above, by way of example, the carrier frequencies f.sub.R, f.sub.B and
      f.sub.G of the respective chrominance signal components become 3.58MHz,
      3.3MHz and 3.0MHz.
PAR  Thus, the composite signal Ei derived from the image pickup tube during the
      ith horizontal scanning interval can be expressed as follows:
EQU  Ei = 2/3Ri + 1/3 Ricos(.omega..sub.R t + i.sup.. .alpha..sub.R +
      .beta..sub.R) + 2/3Bi + 1/3 Bicos(.omega..sub.B t + i.sup.. .alpha..sub.B
      + .beta..sub.B) Equation II + 2/3Gi + 1/3 Bicos(.omega..sub.G t + i.sup..
      .alpha..sub.G + .beta..sub.G) + 2/3Gi + 1/3Gicos(.omega..sub.G t + i.sup..
      .alpha..sub.G + .beta..sub.G)
PAL  where .alpha..sub.R =0, .alpha..sub.B =+2/3.pi. and .alpha..sub.G
      =+3/4.pi..
PAR  As shown in the first or top row of FIG. 14, the phase of the red
      chrominance signal component does not change in the adjacent horizontal
      intervals, the phase of the blue chrominance signal component is advanced
      by 2/3.pi. during each horizontal interval in respect to its phase in the
      preceding interval, and the phase of the green chrominance signal
      component is advanced by 4/3 .pi. during each horizontal interval in
      respect to its phase in the preceding interval.
PAR  With the circuit arrangement shown on FIG. 15 and employing the color
      filter of FIG. 12, the chrominance signals C.sub.i.sub.+ 1, Ci and
      C.sub.i.sub.- 1 are simultaneously obtained from the filter 24 and the
      delay circuits 25 and 26. The chrominance signal C.sub.i.sub.+ 1 from
      filter 24 is applied through the phase shifter 31, which advances the
      phase of a signal applied thereto by 1/3.pi., to the adder 37, and the
      chrominance signal Ci from delay circuit 25 is directly applied to the
      adder 37. Since the color signal components in the chrominance signals
      C.sub.i.sub.+ 1 , Ci and C.sub.i.sub.- 1 have the phase relationships
      shown in the first row of FIG. 14, in the adder 37 the phase difference of
      1/3.pi. exists between the red color signal components R.sub.i.sub.+ 1,
      and Ri, the blue color signal components B.sub.i.sub.+ 1 and Bi are
      reversed in phase, and the phase difference of 1/3.pi. exists between the
      green color signal components G.sub.i.sub.+ 1 and Gi, as shown in the
      second row on FIG. 14. Accordingly, an added output of U.sub.R =.sqroot.3
      (Ri+Gi) is derived from the adder 37. Such signal U.sub.R is applied to a
      trap circuit 45 where the green color signal component .sqroot.3Gi is
      eliminated, and the remaining red color signal component .sqroot.3Ri is
      fed to the detector circuit 41 to produce a red color signal R.sub.c.
PAR  The chrominance signal C.sub.i.sub.+1 is fed to the adder 38 through a
      phase shifter 35, which performs a phase delay of 2/3.pi. and the
      chrominance signal Ci is fed directly to the adder 38 from the delay
      circuit 25. The chrominance signal C.sub.i.sub.-1 is fed to the adder 38
      through a phase shifter 36 which advances the phase by 2/3.pi.. Since the
      phase difference of 2/3.pi. exists between the red color signal components
      R.sub.i.sub.+1, Ri and R.sub.i.sub.-1 in the adder 38, the blue color
      signal components B.sub.i.sub.+1, Bi and B.sub.i.sub.-1 have the same
      phase in the adder 38, and the phase difference of 2/3.pi. exists between
      the green color signal components G.sub.i.sub.+1, Gi and G.sub.i.sub.-1 in
      the adder 38, as shown in the third row of FIG. 14, the blue color signal
      component 3Bi is derived from the adder 38. Such signal component 3Bi is
      fed to the detector circuit 42 to produce the blue color signal B.sub.c.
PAR  The adder 39 is supplied with the chrominance signal C.sub.i.sub.+1 through
      the phase shifter 33 which performs the phase advance of 1/3.pi. and with
      the chrominance signal Ci directly from delay circuit 25, and hence
      produces the added output U.sub.G =U.sub.R =.sqroot.3(Ri+Gi), as shown in
      the last row of FIG. 14. The signal U.sub.G is fed to a trap circuit 46
      which eliminates the red color signal .sqroot.3Ri, and the remaining green
      color signal component .sqroot.3Gi is applied to the detector circuit 43
      to produce the green color signal G.sub.c. Since the remainder of the
      circuit arrangement shown in FIG. 15 is substantially the same as that
      described above with reference to FIG. 4, its detailed description is
      omitted for the sake of brevity.
PAR  The stripe areas S.sub.R, S.sub.B and S.sub.G of the color filter 14 shown
      on FIG. 12 and used with the circuit arrangement of FIG. 15, are given
      widths that are greater than one-half of the respective pitches, and hence
      the transparent areas W which transmit light of all colors are relatively
      wide, so that the levels of the chrominance signal components Ri, Bi and
      Gi are lower than the level of the luminance signal Yi, as shown on FIG.
      13. As a result of the foregoing, the narrow band luminance signal
      produced in response to detection of the chrominance signal by reason of
      the non-linearity of the photoelectric conversion characteristics of the
      image pickup tube or the non-linear input-output characteristic of the
      signal transmission path, has a low level. Accordingly, in the color
      television camera employing a color filter which ensures that the level of
      the chrominance signal is always lower than that of the luminance signal,
      the detector circuit 52 and the attenuator 53 of FIG. 4 can be omitted, as
      in the circuit arrangement of FIG. 15.
PAR  A further embodiment of this invention will now be described with reference
      to FIGS. 16 to 19 in which the several elements are identified by the same
      reference numerals used in the foregoing embodiments to identify the
      corresponding elements.
PAR  FIG. 16 shows the pattern of the color filter 14 used in this embodiment,
      and there are obtained red and blue chrominance signal components Ri and
      Bi having the same carrier frequency, and a green chrominance signal
      component Gi that is two times the carrier frequency of components Ri and
      Bi, as shown on FIG. 17. The two chrominance signal components Ri and Bi
      with the same carrier frequency have different phase shifts between
      adjacent horizontal intervals, and the phase difference between the
      adjacent horizontal intervals for each of these two chrominance signal
      components is selected to be different from .pi. and whole or integral
      multiples thereof.
PAR  In the color filter of FIG. 16, the stripe areas S.sub.R and S.sub.B are
      inclined in different directions with respect to the stripe areas S.sub.G
      by the same angle .theta..sub.9. In this case, the following relationships
      are established:
      ##EQU4##
EQU  P.sub.9 = 2Pcos.theta..sub.9
PAL  where P represents the pitch of the stripe areas S.sub.G in the beam
      scanning direction and P.sub.9 is the pitch of the stripe areas S.sub.R
      and S.sub.B.
PAR  If the pitch P is selected as in the above case, the carrier frequency
      f.sub.c of the green chrominance signal component becomes 3.58MHz and the
      carrier frequency of the red and blue chrominance signal components
      becomes 1.79MHz. Since the inclination directions of the stripe areas
      S.sub.R and S.sub.B are different from each other, the phase shifts of the
      red and blue chrominance signal components between two adjacent horizontal
      intervals are different. Further, as may be apparent from FIG. 16, the
      phase shifts of the stripe areas S.sub.R and S.sub.B between adjacent beam
      scanning lines are (4/3) P, in the beam scanning direction, that is to
      say, do not coincide with the pitch 2P of the stripe areas S.sub.R and
      S.sub.B in the beam scanning direction or with one-half of such pitch or
      any whole multiple thereof. Therefore, the phase difference of the red and
      blue chrominance signal components between the adjacent horizontal
      intervals becomes different from .pi. and from whole or integral multiples
      thereof.
PAR  Thus, the chrominance signal components become rectangular wave signals
      containing only odd numbered high frequency components and the second high
      frequency components of the red and blue chrominance signal components are
      not mixed into the green chrominance signal component. Thus, the composite
      signal Ei derived from the image pickup tube during an arbitrary (ith)
      horizontal scanning interval can be expressed as follows:
EQU  Ei = Ri[1+cos(1/2.omega..sub.c t+i.sup.. 4/3.pi.+.beta..sub.R)] +
      Bi[1+cos(1/2.omega..sub.c t-i.sup.. 4/3.pi.+.beta..sub.B)] Equation III
      +Gi [1+sin(.omega..sub.c t+.beta..sub.G)]
PAR  the red chrominance signal component in a certain horizontal interval is
      advanced in phase by 4/3.pi. in respect to that in the following
      horizontal interval, but the blue chrominance signal component in a
      certain horizontal interval is delayed in phase by 4/3.pi. in respect to
      that in the following horizontal interval, as shown in the top row of FIG.
      18.
PAR  Accordingly, the green chrominance signal component Gi can be separated
      from the red and blue chrominance signal components Ri and Bi on the basis
      of its different frequency, and the remaining red and blue chrominance
      signal components Ri and Bi can be separated from each other by delaying
      the signals and by suitably carrying out the phase shifting and
      calculating operations by reeason of the phase differences during the
      successive horizontal intervals.
PAR  Referring now to FIG. 19, it will be seen that, in the circuit arrangement
      there shown for use with the color filter of FIG. 16, the composite signal
      E.sub.i.sub.+1 from the image pickup tube 12 is fed to the low pass filter
      21 to derive the luminance signal Y.sub.i.sub.+1 therefrom, which is then
      applied to the delay circuit 22 to produce the luminance signal Yi during
      the (i+1)th horizontal interval by delaying it one horizontal interval.
      The composite signal E.sub.i.sub.+1 is further fed to a band pass filter
      23 to derive therefrom the green chrominance signal component
      G.sub.i.sub.+1 which is then applied to a delay circuit 27 having a delay
      time of one horizontal interval to produce the green chrominance signal
      component Gi during the (i+1)th horizontal interval. The signal component
      Gi is fed to the detector circuit 43 which then produces the green color
      signal G.sub.c by envelope-detection of the green chrominance signal
      component.
PAR  The composite signal E.sub.i.sub.+1 from the image pickup tube 12 is
      further applied to the band pass filter 24 to derive therefrom the red and
      blue chrominance signal components which are hereinafter referred to,
      together, as the partial chrominance signal C.sub.i.sub.+1. Such partial
      chrominance signal is fed to the delay circuits 25 and 26 which are
      arranged successively and each delay the signal by one horizontal
      interval, in order to produce the partial chrominance signal Ci from the
      delay circuit 25 and the partial chrominance signal C.sub.i.sub.-1 from
      the delay circuit 26 during the (i+1)th horizontal interval. Thus, the
      partial chrominance signals C.sub.i.sub.+1, Ci and C.sub.i.sub.-1  are
      simultaneously obtained from filter 24 and delay circuits 25 and 26,
      respectively.
PAR  The partial chrominance signal C.sub.i.sub.+1 is fed to the adder 37
      through the phase shifter 31 for delaying the signal by 4/3.pi., the
      partial chrominance signal Ci is fed directly from delay circuit 25 to the
      adder 37, and the partial chrominance signal C.sub.i.sub.-1 is fed to
      adder 37 through the phase shifter 32 for advancing the signal by 4/3.pi..
      Thus, the phase relationships between the red and blue signal components
      of the partial chrominance signals C.sub.i.sub.+1, Ci and C.sub.i.sub.-1
      fed to the adder 37 are as shown in the second row of FIG. 18. That is,
      the red color signal components R.sub.i.sub.+1, Ri and R.sub.i.sub.-1 have
      the same phase, but a phase difference of 4/3.pi. exists between the blue
      color signal components B.sub.i.sub.+1 and Bi and between the components
      Bi and B.sub.i.sub.-1. Accordingly, in the adder 37 the blue color signal
      components cancel each other, so that the adder 37 produces the added
      signal of the red color signal components R.sub.i.sub.+1, Ri and
      R.sub.i.sub.-1 (each of which is equivalent to the signal component Ri, so
      that the red color signal component derived from adder 37 will be
      hereinbelow referred to as Ri). The signal Ri thus obtained is fed to the
      detector circuit 41 which produces the red color signal R.sub.c by
      envelope-detection.
PAR  The partial chrominance signal C.sub.i.sub.+1 from filter 24 is also fed to
      the adder 38 through the phase shifter 35 for advancing the signal by
      4/3.pi., and the partial chrominance signal Ci from delay circuit 25 is
      fed directly to the adder 38. Further, the partial chrominance signal
      C.sub.i.sub.+1 from delay circuit 26 is fed to the adder 38 through the
      phase shifter 36 for delaying the signal by 4/3.pi.. In this case, as is
      shown in the last row of FIG. 18, a phase difference of 2/3.pi. exists
      between the red color signal components R.sub.i.sub.+1 and Ri and between
      the components Ri and R.sub.i.sub.-1 so that the red color signal
      components cancel each other in adder 38, and the blue chrominance signal
      components B.sub.i.sub.+1, Bi and B.sub.i.sub.-1 have the same phase, so
      that the blue chrominance signal component Bi is obtained from the adder
      38. The blue chrominance signal component Bi is fed to the detector
      circuit 42 which then produce the blue color signal B.sub.c by
      envelope-detection.
PAR  In the embodiment of FIG. 19, in order to compensate for nonuniformity in
      the level of the luminance signal, the partial chrominance signal Ci from
      the delay circuit 25 corresponding to the luminance signal Yi is fed to
      the detector circuit 52 to produce, for example, a detected output of
      positive polarity in response to the non-linear characteristic 103 on FIG.
      6, and hence to compensate for nonuniformity of the level of luminance
      signal Yi in a similar manner to that described above.
PAR  In the above described embodiments, the color filter 14 has been shown to
      be provided apart from the image pickup tube 12, but the color filter 14
      may be made an integral part of the image pickup tube 12 with the same
      results.
PAR  Further, in the described embodiments, each color filter 14 has been
      associated with a television camera. However, it is also possible to
      project the separated color images obtained through the color filter 14
      onto a monochrome film which is then subjected to developing, fixing and
      printing treatments, and thereafter the information recorded on the film
      is picked up by the image pickup tube 12 to produce the desired color
      signals.
PAR  Further, the present invention can be applied to the case where the
      composite signal Ei is recorded on a photographic film by means of
      electron beam printing techniques, whereupon the photographic film with
      the record thereon, or a reprint of such film, is scanned for reproduction
      of the recorded signal.
PAR  Although illustrative embodiments of the invention have been described in
      detail herein with reference to the accompanying drawings it is to be
      understood that the invention is not limited to those precise embodiments,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of the
      invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color television camera for producing a composite video signal
      including chrominance and luminance signals, the latter having non-uniform
      characteristics, comprising an image pickup means, a color filter
      interposed optically between an object to be televised and said image
      pickup means for separating an image of said object into respective color
      components which are projected onto said image pickup means, means for
      deriving the luminance signal and the chrominance signal from said image
      pickup means, and means for substantially eliminating said non-uniform
      characteristics from the luminance signal, the last-mentioned means
      comprising means for detecting said chrominance signal to produce a
      luminance signal component in response thereto, means for adjusting the
      level of said produced luminance signal component, and means for
      subtracting the level adjusted luminance signal component from said
      luminance signal to thereby compensate said non-uniform characteristics.
NUM  2.
PAR  2. A color television camera in accordance with claim 1 wherein said color
      filter is comprised of at least two differently colored stripe areas
      forming different angles with the beam scanning line of an electron beam
      which scans said image pickup means in successive scan lines.
NUM  3.
PAR  3. A color television camera in accordance with claim 1 wherein said color
      filter is comprised of three differently colored stripe areas disposed in
      repetitive patterns; each of said stripe areas forming a different angle
      with the beam scanning line of an electron beam which scans said image
      pickup means in successive scan lines.
NUM  4.
PAR  4. A color television camera in accordance with claim 3 wherein said means
      for detecting comprises detecting means for detecting the chrominance
      signal during a scan line to produce said luminance signal component as
      derived from said scan line; and wherein said means for subtracting
      comprises subtracting means for subtracting the level adjusted luminance
      signal component as derived from said scan line from the luminance signal
      which is produced during said scan line.
NUM  5.
PAR  5. Color television camera apparatus comprising an image pickup means, a
      color filter interposed optically between an object to be televised and
      said image pickup means for separating an image of said object into
      respective color components which are projected onto said image pickup
      means, means for scanning said projected image in successive horizontal
      scanning intervals for deriving a composite signal comprised of a
      luminance signal and a chrominance signal for each horizontal scanning
      interval, means for receiving said composite signal and for separating
      same into a luminance signal and a chrominance signal for each horizontal
      scanning interval, delay means coupled to said separating means for
      producing the chrominance signal derived during the immediately preceding
      horizontal scanning interval and the chrominance signal derived during the
      second immediately preceding horizontal scanning interval, means coupled
      to said separating means for producing the luminance signal derived during
      said immediately preceding horizontal scanning interval, demodulator means
      coupled to said separating means and said delay means to receive the
      chrominance signal derived during the present horizontal scanning
      interval, the chrominance signal derived during the immediately preceding
      horizontal scanning interval and the chrominance signal derived during the
      second preceeding horizontal scanning interval for producing three primary
      color signals from said received chrominance signals, detecting means
      coupled to said delay means for detecting the chrominance signal derived
      during said immediately preceding horizontal scanning interval to produce
      a luminance signal component in response thereto, subtracting means for
      receiving the luminance signal derived during said immediately preceding
      horizontal scanning interval and to subtract therefrom said produced
      luminance signal component, and combining means coupled to said
      subtracting means and said demodulator means for producing a color video
      signal.
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ABST
PAL  In a recording and playback apparatus the tachometer of the servo system
      for controlling the speed of the drive shaft uses a disc with a closed
      magnetizable track, which cooperates with an even number of equidistantly
      spaced magnetic heads connected to a direct voltage source in the playback
      mode. Each head successively magnetizes the track in an opposite sense.
      One of the heads scans the magnetizations stored in the track for
      supplying the input signal for the servo system during a recording. When a
      new recording is made which is to follow an existing recording, the
      magnetic heads are disconnected from the direct voltage source, and
      switching from the playback to the recording mode is effected by means of
      a switching device which can be controlled by the pulses scanned from a
      synchronization track on the record carrier.
BSUM
PAR  The invention relates to a recording and playback apparatus for video
      signals, comprising a drive shaft for moving a record carrier, a servo
      system for controlling the speed of rotation of the drive shaft and a
      tachometer connected thereto for supplying a tachometer signal, the
      frequency of which is proportional to the instantaneous speed. In the
      Recording mode pulses which are locked to the vertical synchronization
      pulses of the signal to be recorded are recorded in a separate
      synchronization track on the record carrier and pulses which are locked to
      the vertical synchronization pulses of the signals to be recorded are
      applied to the servo system as the reference signal and the tachometer
      signal supplied by the tacho-generator as the variable input signal. In
      the Playback mode a reference signal derived from a reference signal
      source is applied to the servo system and the pulses which are read from
      the synchronization track are applied as available input signal. For
      uninterruptedly joining a new recording to an existing recording at an
      arbitrary point on a record carrier the Playback mode is used as the
      starting mode. In this case, pulses which are locked to the vertical
      synchronization pulses of the signal to be recorded are applied to the
      servo system as the reference signal. In such an apparatus a new recording
      on the record carrier should follow the existing recording in such a way
      that at the transistion from the existing recording to the new recording
      the disturbance of the picture is minimal, i.e. that the disturbance of
      the synchronization is minimal and the new synchronization signals to be
      recorded on the record carrier continuously follow the synchronization
      signals already present. The major cause of a picture disturbance of the
      type is that at the transition to a new recording the servo system
      suddenly receives a different variable input signal, which may give rise
      to a substantial phase transient. In order to avoid such problems, it is
      known (for example from U.S. Pat. No. 3,636,252) to provide a tachometer,
      which supplies a multiplicity of pulses per revolution. These pulses are
      referred to the pulses read from the synchronization track, from which a
      control parameter is derived, which upon initiating a new recording from
      the multiplicity of pulses applied by the tachometer selects that pulse as
      the next pulse for the measuring signal of the servo system, which at that
      instant directly follows the pulse which is read from the synchronization
      track, after which the measuring signal is subsequently also derived from
      the pulses from the tachometer.
PAR  It is an object of the invention to solve the above-mentioned problems in a
      very simple manner with respect to the technology and circuit design of an
      apparatus of the type mentioned in the preamble. For this, the invention
      is characterized in that a tachometer a disc with a closed magnetizable
      track is provided. The track cooperates with an even number of
      equidistantly spaced magnetic heads, which exclusively in the Playback
      mode are connected to a direct voltage source and which successively
      magnetize the track in an opposite sense. One of the said heads scanning
      the magnetic recordings stored in the track for supplying the variable
      input signal during a recording. A switching device is provided which is
      controllable with the aid of the pulses read from the synchronization
      track. The switching device, upon initiation of a new recording
      disconnects the magnetic heads from the direct voltage source when the
      next following pulse is read from the synchronization track and switches
      over from the Playback mode to the Recording mode. Thus it is achieved
      that upon initiation of a new recording the first pulse which is read from
      the synchronization track directly defines the next pulse for the
      measuring signal of the servo system, after which the subsequent pulses,
      derived from the tachometer signal, follow continuously as defined by the
      magnetic recordings stored in the magnetizable track at the instant that
      the above-mentioned pulse which is read from the synchronization track
      occurs. If the switching device has a short response time, the time from
      the scanning of the relevant pulse from the synchronization track until
      the appearance of the next pulse from the tachometer substantially equals
      the time which corresponds to one period of the pulse train of the
      variable input signal during prior reproduction, so that no phase
      transient occurs at the transition from the Playback mode to the Recording
      mode. It will be obvious that the number of magnetic heads must be
      selected so that the pulse train scanned by the one magnetic head has a
      frequency with a fixed relationship to the frequency of the pulse train
      recorded on the synchronization track.
PAR  For a simple construction of the tachometer the magnetic heads and the
      switch of the switching device are connected in series between the direct
      voltage source and a reference potential, while the magnetic head which is
      connected to the reference potential is used for supplying the variable
      input signal.
PAR  When making a new recording it is also of importance that the pulse train
      in the synchronization track on the record carrier is continued
      uninterruptedly; it is for example possible to employ pulses for this
      purpose, which pulses are locked to the vertical synchronization pulses of
      the new signal to be recorded. However, it has been found to be
      particularly favorable when at least during a new recording the measuring
      signal for the servo-system is recorded in the synchronization track. This
      also prevents disturbances which may occur as a result of tolerances in
      the geometry of individual apparatusses when a recording which is made on
      one apparatus is continued on another apparatus.
PAR  In respect of ease of operation of the apparatus it is found to be
      advantageous when a recording and a new recording can be started with one
      and the same control element, and when for controlling the switching
      device apart from the pulses which are read from the synchronization track
      a replacement pulse source is provided for this, which supplies at least
      one pulse to the switching device when no pulses are present in the
      synchronization track when a new recording is started.
DRWD
PAR  The invention will be described in more detail with reference to the
      accompanying schematic drawings, which show some embodiments to which the
      scope of the invention is not limited.
PAR  FIG. 1 shows an apparatus in which an arbitrary recording and a new
      recording which follows an existing recording at an arbitrary point can be
      started with separate controls;
PAR  FIG. 2 shows a detail of a modification of the embodiment of FIG. 1, in
      which during a new recording the measuring signal of the servo-system is
      recorded in the synchronisation track;
PAR  FIG. 3 shows an apparatus in which a recording and a new recording can be
      started with one and the same control device.
DETD
PAR  In FIG. 1 the reference numeral 1 denotes a drive shaft with which a record
      carrier 2 in the form of a tape can be advanced in conjunction with the
      pressure roller 3. The drive shaft is driven by a motor 4, which is
      controlled by the servo system 5 for controlling the speed of rotation of
      the drive shaft. Connected to the drive shaft is a tachometer 6 for
      supplying a pulse train which is proportional to the instantaneous speed
      of rotation thereof. A magnetic head 7 cooperates with the record carrier
      2 and scans the track 8 which extends in the longitudinal direction of the
      record carrier for recording and reproducing synchronization pulses
      respectively. A control 9 is provided for switching the apparatus between
      the Recording and the Playback mode; FIG. 1 represents the Playback mode.
      By means of said control 9 a switch 10 can be actuated, which by the
      application of a voltage V controls a relay 11 or a corresponding
      electronic switching device, which in its turn controls the switches 12,
      13, 14 and 15. The switches 12, 13, 14 and 15 are associated with the
      servo system; the further switch 14 symbolically represents that in the
      apparatus still other switching processes are performed, such as for
      example switching over the amplifiers which process the video signal.
      Finally, a reference signal source 16 is provided, by which pulses are
      applied to the servo system. These pulses have been derived either from
      the vertical synchronization pulses of a video signal or from the mains
      voltage, while an automatic switching means may be provided which ensures
      that if no vertical synchronization pulses are available the pulses are
      derived from the mains voltage. All further components of the apparatus
      are not shown, because they are irrelevant for the present invention. This
      also applies to separator stages, auxiliary amplifiers and further similar
      devices usually found in equipment of this type.
PAR  In the Play-back mode the pulses from the reference signal source 16 are
      applied to the servo system 5 via its input 17 as the reference signal and
      the pulses which are scanned from the synchronization track 8 with the
      magnetic head 7 as the variable input signal via its input 18.
PAR  In the Recording mode pulse which are now necessarily locked to the
      vertical synchronization pulses of the video signal to be recorded and
      which are derived from the reference signal source 16 are applied to the
      servo system via its input 17 as the reference signal, and pulses
      appearing at the output 19 of the tachometer 6 are applied via its input
      18 as the variable input signal. Simultaneously, the pulses of the
      reference signal are recorded in the synchronization track 8 by means of
      the magnetic head 7.
PAR  The tachometer consists of a disc 20 which is connected to the drive shaft
      1. At the circumference of the disc a closed magnetizable track 21 is
      disposed with which four equidistantly spaced magnetic heads 22, 23, 24
      and 25 cooperate. Said magnetic heads are connected to a direct voltage
      source V in the Playback mode only and successively magnetize the track 21
      in an opposite sense, so that as the disc rotates four consecutive zones
      of alternately opposite magnetization are obtained in the track 21, as is
      schematically indicated by the arrows 26 and 27. The transitions from one
      direction of magnetization to the opposite direction, which are of course
      stationary relatively to the magnetic heads, then move along the track 21
      against the direction of rotation of the disc, viewed from the rotating
      disc, and thus characterize a certain phase of the rotary system relative
      to the pulses which are read from the synchronization track. It is
      effective to connect the magnetic heads in series, the series connection
      being connected to the direct voltage source V via the switch 13 and a
      further switch 28, to be further described hereinafter.
PAR  When the apparatus is set to a different mode, for example, Stop or Fast
      Winding, the magnetic heads are disconnected from the direct voltage
      source in a manner not shown, the last magnetizations with the four
      transitions of the directions of magnetization being retained in the track
      21. When a recording is started the relay 11 is actuated and thus opens
      the switch 13, so that also in this mode there is no current through the
      magnetic head and the last magnetizations of the track 21 remain intact.
      In this mode the magnetic head 22 which is connected to the reference
      potential serves as scanning head for the track 21, the connection point
      of the magnetic heads 22 and 23 constituting the output 19 of the
      tachometer. As the disc rotates, the magnetic head 22 supplies a pulse
      each time that the direction of magnetisation in the track 21 is reversed,
      i.e. when the head passes a transition. The pulse is applied to the input
      18 of the servo system as the variable input signal via the switch 15
      which is now closed. Therefore, the transitions from one direction of
      magnetization to the opposite direction have a similar effect to the
      magnets which are rigidly disposed on a disc in known tachometers; in
      contradistinction to said magnets, however, the transitions in the
      Playback mode continually change place viewed from the rotating disc, so
      that they are always in a fixed relationship with the pulses which are
      scanned from the synchronization track.
PAR  To ensure that a new recording follows an existing recording on the record
      carrier at an arbitrary point without interruption the Playback mode is
      taken as the starting mode. Pulses which are now necessarily locked to the
      vertical synchronization pulses of the signal to be recorded and derived
      from the reference signal source 16 being applied to the servo system as
      the desired signal via its input 17. Thus, the servo system is
      synchronized in accordance with the vertical synchronization pulses of the
      signal to be recorded at a later instant and is thus prepared for a new
      recording. In the track 21 during the playback mode a magnetization
      pattern of four areas that are oppositely magnetically polarized is
      recorded by the magnetic heads 22, 23 and 25, as described, the previous
      magnetizations being erased. The magnetic pattern remains stationary with
      respect to the heads during the playback mode.
PAR  For starting a new recording a control 29 is provided which, when it is
      actuated, closes a first switch 30, so that the pulses which are scanned
      from the synchronization track are supplied to a switching device 31. The
      switching device 31, which to ensure rapid switching suitably consists of
      electronic elements, comprises a bistable multibibrator 32, which in the
      Playback mode is maintained in a specific state, in which it receives a
      corresponding bias voltage V at its one control input 33 via the further
      switch 34, which can be actuated by the control 29. The other control
      input 35 of the bistable multivibrator constitutes the input of the
      switching device, to which via the switch 30 the pulses scanned from the
      synchronization track can be applied. The bistable multivibrator 32 in its
      turn controls the switch 28, which in the Playback mode connects the
      magnetic head 22, 23, 24 and 25 to the direct voltage source V. When the
      switch 28 is actuated, which is the case when the bistable multivibrator
      32 changes over to its other state, switch 28 interrupts the connection
      between the magnetic heads and the direct voltage source and subsequently
      connects the relay 11 to the direct voltage source V, so that said relay
      is actuated and changes over from the Playback mode to the Recording mode.
      The bistable multivibrator 32 is changed over from its given state in the
      Playback mode to the other state, in which the Recording mode is switched
      on, by the next pulse which is scanned from the synchronization track 8
      following the closure of the switch 30.
PAR  Thus, when initiating a new recording by the actuation of the control 29
      the magnetic heads are directly disconnected from the direct voltage when
      the next pulse is scanned from the synchronization track upon the closure
      of the switch 30, so that the magnetization or transitions from one
      direction of magnetization to the opposite direction then present in the
      track 21 are stored, i.e. the magnetization pattern which until that
      instant was stationary begins to rotate in accordance with the speed of
      rotation of the disc. After the change from the Playback mode to the
      Recording mode, the magnetizations which are stored in the track 21 then
      provide the variable input signal for the servo system. Thus, the scanning
      of the pulse from the synchronization track, which pulse at this instant
      in the Playback mode still belongs to the variable input signal, defines
      the next pulse of the variable input signal supplied by the tachometer in
      the Recording mode, the further pulses then following continuously. For a
      negligible response time of the switching device the time interval from
      instant of scanning of the relevant pulse from the synchronization track
      until the next pulse from the tacho-generator then equals the time which
      corresponds to one period of the pulse train of the measuring signal
      during previous playback. Viewed from the servo system, the measuring
      signal during a new recording is an uninterrupted continuation of the
      previous measuring signal during playback, so that no phase transient
      occurs between the two signals and consequently the picture is not
      disturbed.
PAR  During the new recording which is now being made, which follows the
      existing recording on the record carrier without interruption, the
      magnetic head 7 via the switch 12 is connected to the reference signal
      source 16 which supplies the reference signal for the servo system, so
      that pulses derived from the vertical synchronization pulses of the new
      signals to be recorded are recorded in the synchronization track 8. On the
      basis of the above described operation of the servo system it is also
      guaranteed that the newly recorded vertical synchronization pulse
      continuously follow the pulses of the original synchronization signal
      already contained on the record carrier.
PAR  In this respect it has appeared to be advantageous when during a new
      recording, instead of the reference signal supplied by the reference
      signal source 16, the variable input signal for the servo system is
      recorded in the synchronization track as the new synchronization signal.
      This ensures that phase transients as a result of tolerances in the
      geometry of the individual apparatuses are also avoided, which transients
      arise when a recording made on one apparatus is continued on another
      apparatus. This is because the pulses supplied by the tachometer are in a
      fixed relationship to the pulses which are scanned from the
      synchronization track, so that also allowance is made for timing errors
      between the pulse trains which depend of the record carrier transport.
      This step is employed to special advantage when an apparatus comprises a
      phase shifter for the compensation of tolerances in the geometry of an
      apparatus and variations in the dimensions of the record carrier for
      accordingly influencing the reference signal for the servo system.
PAR  FIG. 2 shows a circuit detail relating to this, which is adapted to the
      circuit elements of the embodiment of FIG. 1, which in this case are not
      shown. The line from the switch 12 to the input 17 of the servo system
      includes a further switch 36 which can be controlled by the switching
      device 31, which upon actuation of the switching device interrupts the
      connection of this line to the input 17 of the servo system and instead
      connects the line to the output of an amplifier 37, whose input is
      connected to the input 18 of the servo system. Thus, the reference signal
      which appears at the input 17 of the servo system during an arbitrary
      recording is recorded in the synchronization track and during a new
      recording, which follows a recording at a specific point, the variable
      input measuring signal available at the input 18 of the servo system is
      recorded.
PAR  The embodiment of FIG. 3 again comprises a drive shaft 1 which is driven by
      a motor 4. For controlling the speed of the drive shaft the servo system 5
      acts as an eddy current brake 38, which consists of a brake solenoid 39
      which is fed by the servo system and a brake disc 40 which is connected to
      the drive shaft. With the magnetizable track 21 on the disc 20 of the
      tachometer 6 two diametrically disposed magnetic heads 22 and 23
      cooperate, so that the track 21 contains two zones with opposite
      directions of magnetizable 26 and 27. The switching device 31 is of
      similar design so that in the embodiment of FIG. 1.
PAR  Changing over from the Playback mode represented in FIG. 3 to the Recording
      mode is again effected with the aid of a relay 11, which operates switches
      12, 13, 14 and 15. The relay 11 in the present embodiment is exclusively
      actuated by the switch 28 of the switching device 31. Thus, only one
      control 41 is required both for starting an arbitrary recording and a new
      recording which follows at a certain point, i.e. the two processes are
      entirely equivalent and a recording is made in the same way as a new
      recording and vice versa. Accordingly, the same signal is recorded in the
      synchronization track 8 for both processes, i.e. in this case the variable
      input signal for the servo system, similarly as during a new recording
      with the embodiment of FIG. 2. The control 41 again actuates switches 30
      and 34 which perform the switching operations required for the switching
      device 31 at the transition from Playback to Recording. The pulses which
      are scanned from the synchronization track, when the switch 30 is closed,
      are applied via an adding device 42 to switching device 31. Furthermore,
      the output 43 of an equivalent pulse source 44 is connected to the adding
      device, the pulses scanned from the synchronization track being moreover
      applied to the input 45 of said pulse source. When a recording is started,
      the equivalent pulse source is switched on, by connecting it to a d.c.
      supply voltage V with the aid of a swtich 46 which can be actuated by the
      control 41.
PAR  The equivalent pulse source comprises a transistor 47, whose emitter is
      connected to a potentiometer 48, 49 and whose base is connected to a
      series RC-element 50, 51. The emitter-collector path of a further
      transistor 52 is connected in parallel with the capacitor 51 of the
      RC-element, the base of said transistor constituting the input of the
      equivalent pulse source. Upon closure of the switch 46 the transistor 47
      receives such an emitter bias that it is cut off, and the capacitor begins
      to charge until the transistor 47 becomes conductive. When transistor 47
      conducts a pulse is supplied to the adding device 42 and to the switching
      device 31. However, this is only the case when the base of the transistor
      52 receives no pulses scanned from the synchronization track, because
      these pulses each time drive the transistor 52 into conduction, thereby
      discharging the capacitor 51, and preventing the transistor 47 from being
      turned on. When a recording is started the equivalent pulse source
      therefore only supplies pulses to the switching device 31 when no pulses
      are scanned from the synchronization track 8. This ensures that the
      switching device 31 and thus the relay 11 are actuated when a recording is
      made on the record carrier whose synchronization track does not yet
      contain any pulses.
PAR  When starting a new recording, which follows an existing recording at the
      specific point, the next pulse read from the synchronization track, which
      appears after closure of the switch 30, ensures that the switching device
      31 is actuated, the equivalent pulse source not being rendered operative.
      For the rest, the entire process is performed in a similar way as
      described for the previous embodiments. It is evident that the operation
      of an apparatus according to the present embodiment is extremely simple,
      because only one control 41 must be actuated, irrespective of whether a
      new recording is to follow an existing recording at a specific point or
      whether an arbitrary recording is to be made.
PAR  Of course, it would also be possible in the case of a recording and new
      recording to record the desired signal for the servo system in the
      synchronization track 8 in a similar manner as with the embodiment of FIG.
      1. The reference signal source 16 which supplies the desired signal could
      also be used as equivalent pulse source, or the equivalent pulse source
      might for example be equipped with a multivibrator circuit.
PAR  It will be obvious that many modifications of the above-mentioned
      embodiments are possible within the scope of the invention. This applies
      in particular with respect to the embodiment of the switching device 31,
      which might for example be designed on the basis of a monostable
      multivibrator. Similarly, the magnetic head which cooperates with the
      magnetizable track 21 disposed on the disc 20 of the tachometer 6 might be
      connected in parallel instead of in series to the direct voltage source in
      the Playback mode. Alternatively, the magnetizable track 21 might be
      disposed at a front surface of a part of the rotary system instead of at a
      surface at the circumference.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synchronizing device for an apparatus for recording and playback video
      signals on a record carrier, comprising a drive shaft for moving the
      record carrier, a tachometer disc with a closed magnetizable track mounted
      on said drive shaft, an even number of equidistantly spaced interconnected
      magnetic heads around said closed magnetizable track, each succeeding
      magnetic head around said closed magnetizable track being oriented to
      magnetically polarize when energized the portion of the closed
      magnetizable track in the vicinity of said succeeding magnetic head in a
      direction opposite to the direction of a preceeding magnetic head of said
      interconnected magnetic heads, at least one of said interconnected
      magnetic heads sensing said magnetic polarizations when in a non-energized
      state, switching means for selectively establishing a playback mode and a
      recording mode, synchronization head means for recording video vertical
      synchronization signals in a synchronization track on the record carrier
      and for reading said synchronization signals from said synchronization
      track, a servo system responsive to a reference input and a variable input
      for controlling the rotational speed of the drive shaft, a reference pulse
      source, said switching means comprising means for selectively connecting
      vertical synchronization pulses from a video signal to be recorded or said
      pulses from said reference pulse source to the reference input of the
      servo system in said playback mode depending on whether or not the video
      signal to be recorded is immediately to follow a previously recorded video
      signal on the record carrier, said switching means further comprising
      means for connecting said synchronization signals read from said
      synchronization track to the variable input of said servo system and
      energizing said interconnected magnetic heads around said closed
      magnetizable track in said playback mode, said switching means also
      comprising means responsive to a concurrence of the selection of said
      recording mode and to the synchronization pulse read from the
      synchronization track following the selection of said recording mode for
      de-enerizing said interconnected magnetic heads around said closed
      magnetizable track, for connecting the synchronization pulses of the video
      signal to be recorded to the reference input of the servo system and for
      connecting said at least one of said magnetic heads sensing the
      polarization of said tachometer disc to said variable input of the servo
      system.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein the interconnected magnetic
      heads and the switching device are connected in series between a direct
      voltage source and a reference potential and at least one of the the
      magnetic heads being connected to the reference potential and being
      employed for supplying the variable signal.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein at least during a recording
      mode the variable signal for the servo system is recorded in the
      synchronization track.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein a recording and a new
      recording can be started with the aid of one and the same control device
      and that for controlling the switching device in addition to the pulses
      scanned from the synchronization track an equivalent pulse source for said
      pulses is provided, which source supplies at least one pulse to the
      switching device when upon starting a recording no pulses are contained in
      the synchronization track.
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ABST
PAL  An improved apparatus for recording and/or reproducing signals on a
      magnetic tape adapted to be wound on supply and take up reels of a tape
      cassette which are rotationally coupled with respective reel support
      members of the apparatus. The reel support members are selectively urged
      through a drive transmission to rotate in the direction for winding tape
      on the respective tape reels upon the manual actuation of a control for
      causing operation of a reel drive. A shut off device is provided which is
      powered by the reel drive and is conditioned in response to the arresting
      of the rotation of the reel support members, for example when the tape is
      fully unwound from one of the reels, while operation of the reel drive
      continues, in order to cause the control to halt operation of the drive by
      de-energization of an electric motor thereof. The de-energization is
      achieved by the release of a latch mechanism holding actuating members for
      the apparatus in an operative condition, by means of a latch release
      operating assembly having an oscillating member normally moving between
      two limited positions during operation of the apparatus and driven by the
      drive means to an extreme position to release the latch upon arresting of
      the rotation of one of the reel support members. The device, in one
      embodiment, includes an assembly responsive to the actuating controls of
      the apparatus for preventing the shut off device from halting operation of
      the drive when the controls of the apparatus are actuated to cause
      rewinding of tape onto the supply reel of the cassette during the play
      mode of the apparatus for the purpose allowing signal review, so that the
      tape can be fully rewound during the review mode without halting the
      operation of the drive.
BSUM
PAR  The present invention relates generally to magnetic tape recording and/or
      reproducing apparatus, and more particularly is directed to the provision
      of such an apparatus with an improved automatic shut off mechanism.
PAR  With the recent advanced development of magnetic tape cassettes, the
      development of low cost and easily operated recording and/or reproducing
      apparatus for using such cassettes has become desirable. Such apparatus
      must be capable of performing all of the tape driving functions required
      for the recording and reproducing operations. In devices intended for home
      entertainment purposes, the apparatus must be simply controllable to
      provide for advancement or forward movement of the tape at a relatively
      slow speed during the recording and reproducing operations while also
      providing for the relatively fast reeling of the tape in either the
      forward or reverse directions to permit rapid rewinding thereof, or to
      permit the rapid location of a desired portion of the tape on which
      signals are to be reproduced or recorded. In addition, it has been found
      desirable in many cases to allow review of signals on a tape immediately
      after they have been played, while maintaining the apparatus in condition
      to continue playing or listening to signals on the tape.
PAR  Magnetic tape cassettes have the tape wound on supply and take up reels
      which are confined within the cassette housing, so that it is therefore
      imperative that the drive of the tape and of the reels be stopped upon the
      full unwinding of the tape from either of the reels during any of the
      operating modes of the apparatus in order to avoid the possibility that an
      end of the tape will be removed or detached from one of the reels within
      the cassette. If an end of a tape becomes detached from a reel the
      cassette housing obviously must be taken apart to permit rethreading of
      the tape within the guides provided therefore within the cassette and
      connection of the tape end to the reel from which it has become detached.
      This is highly undesirable and sacrifices the advantages inherent in
      cassette type tape recording and reproducing apparatus.
PAR  A number of various mechanical arrangements have been previously proposed
      for automatically halting the drive of the tape and reels within a
      cassette upon the full unwinding of tape from either of the reels. A
      number of such prior systems and their inherent disadvantages are
      discussed in U.S. Pat. No. 3,779,498, which patent also discloses a device
      for halting operation of a recording and reproducing apparatus upon full
      unwinding of the tape from either of the reels of the cassette.
PAR  It is an object of the present invention to overcome the disadvantages of
      such previously proposed structures, and to provide a recording and
      reproducing apparatus intended for use with conventional or standardized
      tape cassettes having an improved device by which the operation of the
      tape drive is automatically halted when the tape is fully unwound from
      either of the reels within the cassette.
PAR  Another object of the present invention is to provide a recording and
      reproducing apparatus for use with conventional tape cassettes, which
      allows review of signals on the tape during the play mode of operation and
      which will automatically halt the operation of the tape drive when tape is
      fully unwound from either of the reels within the cassette in all modes of
      operation of the device, but not during the review mode thereof.
PAR  Another object of the present invention is to provide a recording and
      reproducing apparatus of the character described which is conveniently and
      safely operated by the general public, and in which the tape drive is
      automatically halted upon the full unwinding of the tape from either of
      the reels within a cassette during any of the operating modes of the
      apparatus, particularly during normal forward movement for recording and
      reproducing operations as well as during the fast rewinding or fast
      forward advancement of the tape; but not during the review mode of
      operation thereof.
PAR  Another object of the present invention is to provide an improved magnetic
      recording and/or reproducing apparatus for use with tape cassettes which
      has pushbutton controls for selecting the various operating modes of the
      apparatus and wherein such controls are operatively associated with the
      drive by which the operation of the tape drive, for any of the selected
      modes, is automatically halted upon the full unwinding of the tape from
      either of the reels.
PAR  Still another object of the invention is to provide a magnetic recording
      and reproducing apparatus with an automatic shut off device of the
      character described which is relatively simple and inexpensive to produce
      and capable of reliable operation.
PAR  In accordance witht an aspect of this invention, an apparatus for recording
      and reproducing signals on a magnetic tape extending between two reels to
      which the ends of the tape are secured and on which the tape is wound, for
      example within a tape cassette, comprises a pair of rotatable reel support
      members for rotational coupling with the respective reels of the
      casssette. Drive means, including an electric motor, operate the reel
      support members and is controlled by a drive control means including a
      switch having a normal inoperative condition and actuable to an operative
      condition for energizing the motor and thereby affecting the operation of
      the drive means. A plurality of manually actuable pushbuttons or the like
      are movable from normal inoperative positions to operative positions for
      actuating the switch means to the operative condition thereof for turning
      on the motor. A latch is releasably associated with the actuating
      pushbuttons to hold the pushbuttons in their operative positions.
PAR  A transmission is provided within the apparatus which is responsive to the
      drive control means for urging a selected one of the reel support members
      to rotate in the direction for winding tape on the reel respectively
      coupled therewith and for permitting continued operation of the drive
      means when rotation of the reel support members is arrested upon the full
      unwinding of the tape from one of the reels. A shut off device within the
      apparatus serves to return the apparatus to its inoperative state upon
      full unwinding of the tape in substantially all modes of operation thereof
      and includes a latch release means which is displaceable to a
      predetermined extent for releasing the latch. The latch release means is
      controlled by a latch release operating means that is movable between a
      first inoperative position and a second operative position in operative
      driven engagement with the drive means in order to be driven by the drive
      means for displacing the latch release means to said predetermined extent
      only when the rotation of the reel support members is arrested during the
      continued operation of the drive means. The latch release operating means
      is selectively moved from its inoperative to its operative position by an
      assembly which includes a lever pivotally mounted in the apparatus and
      having one end positioned adjacent the latch release operating means and
      being normally biased to a position where its one end is against the latch
      release operating means and at which the latter is held in its operative
      position. This assembly includes means driven by the drive means for
      oscillating the lever against said bias between said first position and a
      second position wherein the one end of the lever is out of engagement with
      the latch release operating means. Stop means are operatively engaged with
      one of the reel support members to limit oscillation of the lever, during
      rotation of the reel support member to which it is engaged, to movement
      between the second position of the lever and an intermediate position at
      which the one end of the lever is adjacent to but out of engagement with
      the latch release operating means. This stop means includes means for
      releasing the lever for movement to its first position by the means which
      biases it to that position when the rotation of the one reel support
      member to which the stop means is engaged is arrested, thereby to move the
      latch release operating means to its second position for displacing the
      latch release means to said predetermined extent.
PAR  As an additional feature of the apparatus of the present invention, the
      shut off control means can include means which is responsive to the drive
      control means for preventing movement of said latch release means to said
      predetermined extent when the drive control means is actuated to cause the
      transmission to rewind tape onto the supply reel of the cassette during
      the play mode of the apparatus in order to permit review of signals on the
      tape, so that the tape can be fully rewound during the play mode without
      halting the operation of the drive means.
DRWD
PAR  The above, and other objects, features and advantages of this invention,
      will be apparent from the following detailed description of an
      illustrative embodiment thereof which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a magnetic recording and reproducing
      apparatus of the type that may be provided with an automatic shut off
      device according to the present invention;
PAR  FIG. 2 is a perspective view of a conventional or standardized tape
      cassette adapted to be employed with the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged plan view of the apparatus of FIG. 1, with parts
      removed and parts broken away or shown in dotted lines, for clarity;
PAR  FIG. 4 is a detailed plan view of the drive and shut off control means of
      the apparatus shown in FIGS. 1-3;
PAR  FIG. 5 is a side elevational view taken along lines 5--5 in FIGS. 3 and 4;
PAR  FIG. 6 is a perspective view of the shut off control means of the present
      invention;
PAR  FIGS. 7A-7D are plan views illustrating the movement of the elements in the
      shut off control means;
PAR  FIG. 8 is a plan view, similar to FIG. 3 showing the control assembly which
      prevents operation of the shut off control means during the review mode of
      operation of the apparatus; and
PAR  FIG. 9 is a side elevational view taken along lines 9--9 of FIG. 8.
DETD
PAR  Referring now to the drawing in detail, and initially to FIG. 1 thereof, it
      will be seen that a magnetic recording and reproducing apparatus 10 of a
      type that may be provided with an automatic tape drive shut off device
      according to this invention includes a casing 11 provided with a recess or
      cavity 12 for reception of a tape cassette 13 (FIG. 2).
PAR  Cassette 13 is of conventional construction and includes a housing 14
      containing a tape 15 wound on reels 16 and 17 that are freely rotatable
      within the housing. As is usually the case, the opposite ends of the tape
      are secured to the reels 16 and 17 with the tape extending between the
      reels directed by guides (not shown) in the cassette housing so as to
      travel along the front edge wall of the cassette for exposure at openings
      or windows 14A and 14B provided in the front edge wall. The top and bottom
      walls of cassette housing 14 are provided, adjacent the front edge of the
      housing, with a pair of laterally spaced openings 18 and a pair of further
      laterally spaced apart openings 19. When the cassette 13 is disposed in
      cavity 12 of casing 11, locating pins 20 projecting upwardly within the
      cavity are received in openings 18 of the cassette for precisely locating
      the latter; and a capstan 21, also projecting upwardly within cavity 12,
      extends into one or the other of the openings 19 of the cassette and is
      thus disposed adjacent the portion of magnetic tape 15 passing one of the
      windows 14B in the front edge of the cassette.
PAR  The top and bottom walls of cassette housing 14 are further shown to have
      the usual openings 22 registering with internally spleened hubs of reels
      16 and 17 so that when the cassette is disposed in cavity 12, such
      internally spleened hubs can receive and be rotatably coupled with the
      similarly spleened rotatable wheel drive shafts 23A, 24A of reel support
      members 23 and 24 (FIG. 3), which drive shafts project upwardly into
      cavity 12.
PAR  The apparatus 10 includes a control assembly 25 having pushbuttons 26, 28,
      30, 32, 34 and 36 that are manually actuable to select respective
      operating modes of apparatus 10. For example, when the cassette 13 is
      located within cavity 12, manual depression of pushbutton 28 may be made
      effective to cause rewinding of the tape in a reverse direction, i.e. in
      the direction from the take up reel 16 to the supply reel 17 of the
      cassette. Similarly, depression of pushbutton 32 may be made effective to
      control the normal or relatively slow speed advancement of the tape 15 in
      the forward direction, i.e. from tape supply reel 17 to the take up reel
      16, as during the play back or reproducing of signals previously recorded
      on the tape, or during the recording of signals on the tape during the
      recording mode which is achieved by the simultaneous actuation of
      pushbuttons 32 and 36. Operation of pushbutton 34 may be made effective to
      control the fast forward movement of the tape from supply reel 17 to take
      up reel 16 and the pushbutton 30 may be employed for halting the tape
      drive at any desired time during any of the selected operating modes of
      apparatus 10. Finally, the pushbutton 26 may be effective in the
      conventional manner as an eject button for ejecting the tape cassette 13
      from cavity 12 to permit changing of cassettes.
PAR  The control assembly, drive and transmission of the apparatus 10
      illustrated in FIGS. 1-3, is substantially identical to the control
      assembly drive and transmission of the magnetic tape recording and
      reproducing apparatus described in U.S. Pat. application Ser. No. 491,064,
      filed July 23, 1974 (identified as Curtis, Morris & Safford, P.C. File No.
      SO 549), the disclosure of which is incorporated herein by reference.
      Accordingly, the operation and detailed mechanism of the control assembly
      will not be described herein in detail, but rather reference is made to
      said co-pending U.S. application for such detailed description of the
      operation and actuation of the apparatus. Only the details of the control
      assembly necessary to an understanding of the present invention will be
      described herein, for the sake of brevity.
PAR  Referring to FIGS. 3 and 5 of the drawing, it will be seen that the mode
      selecting pushbuttons 28-36 include actuator bars 28'-36' respectively
      secured thereto and slidably mounted through slots 38 in the upstanding
      forward flange 40 of a chassis plate 42. The pushbuttons are guided for
      linear movement towards and away from the flange 40, between operative and
      inoperative positions, by means of guide pins 44 extending upwardly from
      the top surface of chassis plate 42 through slots 45 in the actuator bars.
      The pushbuttons are biased to their outer inoperative positions by springs
      46 respectively engaged between the pushbuttons and the chassis plate.
PAR  Control assembly 25 includes a latch member 48 which is pivotally mounted
      at its ends, for example by pivot pins 50 on brackets 52 (FIG. 5) or the
      like depending downwardly from chassis plate 42. A spring 54 is connected
      between the latch member 48 and a tab provided on the chassis plate 42 for
      urging the latch member in a clockwise direction (as seen in FIG. 5) to
      its latching position. The latching position of latch member 48 is limited
      by a stop (not shown) on the latch member which will engage against the
      lower surface of chassis plate 42 to limit clockwise rotation thereof
      under the influence of spring 54.
PAR  Latch member 48 is formed with laterally spaced apart keepers or abutment
      members 56 which respectively register with pushbuttons 28, 32, 34 and 36
      and which are adapted to receive latch elements 58 depending from the
      respective pushbutton, at the rear thereof, when the pushbutton is
      manually displaced or depressed to its operative inward position, shown in
      solid lines in FIG. 5 and dotted lines in FIG. 3, with respect to the
      pushbutton 34. It will be apparent that, as any one of the pushbuttons 28,
      32, 34 or 36 is depressed or moved towards the right in FIG. 5 to its
      operative position, its respective latch element 58 rides on the forward
      surface 60 of the keeper element 56 associated therewith to depress or
      pivot the latch member 48 downwardly in a generally counterclockwise
      direction as indicated by the arrow 62 in FIG. 5, against the force of
      spring 54 until such time as the latch element 58 is received behind the
      keeper in the slot 64. When this occurs the spring 54 returns the latch
      member 48 to its solid line position, illustrated in FIG. 5, so that the
      keeper 56 holds the depressed pushbutton in its operative position until
      such time as the latch member is rocked to its released position,
      indicated by broken lines in FIG. 5, whereupon any previously depressed
      pushbutton is freed to be returned to its inoperative position by the
      respective spring 46 associated therewith.
PAR  At the location of the stop pushbutton 30, the latch member 48 has an
      upwardly inclined ramp 66 formed therein, partially seen in the side view
      of FIG. 5 (beyond the keeper 56 associated with the fast forward button
      34) which is engageable by the latch element 58 of the stop pushbutton 30,
      but which does not form a keeper or a slot in which the latch element 58
      of stop pushbutton 30 can be captured. Thus, whenever the stop pushbutton
      30 is depressed to its inner position, the latch element 58 thereof
      engages the ramp 66 of latch member 48 to depress the latch member to its
      release position, indicated at dotted lines in FIG. 5, thereby to release
      the latch element 58 of any one of the other pushbuttons 28, 32, 34 or 36
      which had been previously retained in the operative position thereof.
PAR  Referring again to FIG. 3 of the drawing, it will be seen that the
      apparatus 10 further includes a carriage 68 which is disposed above the
      chassis plate 42 and mounted for forward and rearward movement with
      respect to the latter on the actuator bar 32' of the play pushbutton 32.
      The carriage 68 is movably supported on the play pushbutton, for reasons
      more fully described hereinafter, as for example by means of pins 70
      extending upwardly from the actuator bar 32' and received in slots 72
      formed in the carriage member. The latter is normally urged in the forward
      direction with respect to actuator bar 32' so that pins 70 engage the rear
      of slots 72, by means of a torsion spring 73 mounted on a post 74
      extending upwardly from carriage actuator bar 32 and engaged between the
      actuator bar and a pin 75 extending upwardly from the carriage.
PAR  A pinch roller assembly 76 is pivotally mounted on a post 77 extending
      upwardly from carriage 68.
PAR  The pinch roller assembly includes a bracket 78 which rotatably supports a
      pinch roller 80 which cooperates with capstan 21 as described hereinafter.
      The bracket 78 is biased towards capstan 21 by a torsion spring 82 engaged
      between bracket 78 and a pin 84 on carriage 68. Pivotal movement of the
      bracket 78 under the influence of spring 82 is limited by a stop pin 86
      extending upwardly from the carriage member.
PAR  An erasing head 88 and a recording and reproducing head 90 are secured to
      carriage 68 so that, when a cassette 13 is disposed in cavity 12 and
      carriage 68 is moved to its operative position upon depression of the
      pushbutton 32, the heads 88, 90 will be engaged with the tape 15 exposed
      at windows 14B and 14A respectively of the cassette housing. In that
      position, illustrated in solid lines in FIG. 8, the pinch roller 80 is
      pressed by spring 82 against capstan 21, through the window 14B of the
      cassette housing opposite to that at which erasing head 88 engages the
      tape, so that the tape can be advanced thereby in response to rotation of
      the capstan.
PAR  As shown particularly in FIG. 3, the apparatus 10 includes a drive assembly
      92 having an electric motor 94 mounted below the chassis plate 42 in any
      convenient manner and having a drive pulley 96 secured to the motor shaft
      98 for driving a belt 100 which is wrapped about the grooved periphery of
      a first flywheel 102 and engaged with a portion of the grooved periphery
      of a main drive flywheel 104. The flywheels 102, 104 are disposed below
      chassis plate 42 with the flywheel 102 being rotatably mounted by a
      bearing (not shown) on the lower surface of the chassis plate and having
      an integral extension which passes upwardly through an opening in the
      chassis plate to form the capstan 21. The main drive flywheel 104 is
      rotatably mounted by a bearing (not shown) on a lever 106 which is
      rotatably mounted by a pivot pin 108 below the chassis plate 42 and biased
      in a counterclockwise direction by a spring 110 connected between the
      lever and a tab 112 extending downwardly from the lower surface of the
      chassis plate. In the illustrated drive assembly, the belt 100 is arranged
      with respect to the grooved flywheels 102, 104 so that upon energization
      of motor 94, flywheel 102 is rotated in a counterclockwise direction while
      flywheel 104 is rotated in a clockwise direction, as viewed in FIG. 3.
PAR  The apparatus 10 further includes a transmission assembly which is
      described in detail in the above mentioned co-pending application,
      commonly assigned herewith, which transmission assembly, in accordance
      with the mode of operation selected by the manual actuation of the control
      pushbuttons 28, 32, 34 transmits rotary movement from the main drive
      flywheel 104 to a selected one of the reel support members 23, 24 for
      rotating the selected reel support member in the direction for winding
      tape on the reel of cassette 13 which is respectively coupled therewith.
      The reel support members are rotatably mounted in chassis plate 42 in any
      convenient manner and are located on the top surface of the chassis plate.
PAR  More specifically, for example, as described in the above mentioned patent
      application, in the rewind mode of operation of the device, the
      transmission assembly thereof holds an idler wheel 114 engaged between the
      periphery of the reel support member 24 and a friction drive wheel 116
      mounted for rotation with the main drive flywheel 104 (or integrally
      formed therewith) so that rotation of the main drive flywheel is
      transmitted through the idler wheel 114 to rotate the reel support member
      24 in a clockwise direction, as indicated by the arrows in FIG. 3 of the
      drawing, to rewind tape onto the cassette supply reel 17 coupled
      therewith. In the fast forward mode of operation of the apparatus, i.e.
      when pushbutton 34 is moved to its operative position, the lever 118 on
      which idler wheel 114 is mounted, is moved by the transmission mechanism
      described in said above mentioned patent application, to bring the idler
      wheel 114 into engagement with the auxiliary idler wheel 120, which is
      mounted below chassis plate 42 on a lever 122 which in turn is pivotally
      mounted on the chassis plate by a post 124. In this mode of operation the
      idler wheel 114 is engaged between the friction wheel 116 and the
      auxiliary idler wheel 120, and is biased towards the right in FIG. 3, so
      as to cause the auxiliary idler wheel 120 to engage a friction wheel 126
      secured to or formed integrally with the reel support member 23 on the
      lower side thereof to drive reel support member 23 at a relatively high
      rate of speed in the fast forward mode.
PAR  In the play and record modes of the apparatus, the idler wheel 114 is moved
      to the position thereof illustrated in FIGS. 4 and 8, by the transmission
      mechanism of the apparatus, so that it is out of driving engagement with
      the main drive flywheel 104. Movement of the carriage 68 upon depression
      of the play pushbutton in either the play or record modes of operation,
      causes a pin 128 extending downwardly from the carriage through a slot in
      the chassis plate 42 to move from engagement with the edge 130 of lever
      106 into a notch 132 formed in that lever. In the rewind and fast forward
      modes of operation, the engagement of the downwardly extending pin 128
      with edge 130 of the lever 106 holds the lever against the bias of spring
      110 in the position illustrated in FIG. 3. However, when the play
      pushbutton is depressed, causing the pin 128 to move closer to main drive
      flywheel 104 and thus into the notch 132, the lever 106 is free to move to
      the right in a counterclockwise direction in FIGS. 3 and 8, to cause a
      second friction wheel 134, of smaller diameter than friction wheel 116, on
      main flywheel 104 and above friction wheel 116, to engage the periphery
      136 of the reel support member 23, to drive the latter in a
      counterclockwise direction, at a relatively slow speed, such as used for
      recording and reproducing purposes with tape cassettes. When the device is
      stopped or shut off in the play or record modes, the play pushbutton 32
      returns to its initial position, thereby returning the pin 128 into
      engagement with the edge 130 of lever 106, rotating the lever in a
      clockwise direction to disengage the friction wheel 134 from the periphery
      of reel support member 23. Simultaneously, as described in the above
      mentioned co-pending application, the idler wheel 114 is returned to its
      solid line position in FIG. 3 (shown in dotted lines in FIG. 3) to act as
      a brake on the rotation of the reel support member 24.
PAR  For controlling the operations of the transmission assembly of the
      apparatus 10, a generally Y-shaped control member 138 is disposed against
      the underside of chassis plate 42 and is movably mounted with respect to
      the latter by means of a pin 140 depending from chassis plate 42 and
      engaged loosely in a slot 142 formed in the control member. The control
      member 138 includes forwardly diverging arm portions 138A, 138B and 138C
      which are respectively engaged with the back surfaces of the control
      pushbuttons 28, 32 and 34 by the action of a tension spring 144 connected
      between a lug or extension arm 146 on the control member 138 and an anchor
      or tab 148 extending downwardly from the under surface of chassis plate
      42.
PAR  It will be appreciated that upon actuation of any of the control
      pushbuttons 28, 32, 34 from their inoperative to their operative position
      their associated arm portion 138A, 138B or 138C, will move rearwardly
      therewith thereby to move the control member 138 in a generally axial
      direction towards the main drive flywheel 104. As a result of this
      movement, the lug or extension arm 146 of the control plate engages the
      spring contacts 150 of a switch 152 which is operatively connected between
      a source of current (not shown) and the motor 94, thereby actuating the
      motor. Simultaneously, the transmission system of the apparatus, as
      described in the above-identified application, is engaged to drive the
      selected reel support member in the appropriate direction according to the
      selected mode of operation of the apparatus. Of course, when the
      pushbuttons are released from their operative to their inoperative
      positions, the control member 138 returns to the position thereof
      illustrated in FIG. 3, thereby releasing contact with the switch contacts
      150, and shutting off the motor 94.
PAR  From the above, it will be appreciated that following the actuation of any
      one of the control pushbuttons 28, 32, or 34 for conditioning the
      transmission assembly to achieve the respective driving condition, the
      actuated control pushbutton will be retained in its operative position for
      maintaining the selected driving condition and operation of motor 94, by
      reason of the previously described action of the latch member 48 until
      such time as the latter is released, for example, by actuation of the
      manual stop pushbutton 30.
PAR  The actuation of the pushbutton 32 and 36 are relied on not only to
      condition the transmission assembly for the normal forward movement of the
      tape, but also are adapted to condition electrical circuits (not shown)
      associated with the heads 88, 90 so that the heads are operative to erase
      and reproduce signals respectively on the tape. When it is desired to
      record signals on the tape during the normal forward movement of the
      latter, the pushbuttons 32, 36 are simultaneously actuated to their
      operative positions and, in that case, the pushbutton 32 again conditions
      the transmission assembly for the normal forward movement of the tape
      while the actuated pushbutton 36 conditions the electrical circuits (not
      shown) associated with head 90 so that the latter is then operative to
      record signals on the tape.
PAR  In accordance with the present invention, the above described recording and
      reproducing apparatus is provided with an automatic shutoff device 160 by
      which the operation of motor 94 of the tape drive assembly is halted upon
      the full unwinding of the tape from one of the reels 16 and 17, coupled
      rotatably with the reel support members 23 and 24. The shutoff mechanism
      is shown most clearly in FIGS. 4-6 of the drawing, with parts thereof
      shown in FIG. 3 and others removed therein for clarity. Essentially, the
      shutoff mechanism includes a latch release member 162 (FIG. 4) which is
      pivotally mounted, in any convenient manner, as for example by a post 164,
      on the lower surface of chassis plate 42. The latch release member
      includes an abutment end portion 166 positioned adjacent a downwardly
      extending arm 168 (FIG. 5) of latch member 48. As seen in FIG. 5, the
      downwardly extending arm 168 in effect makes the latch member 48 a bell
      crank; thus when the latch release member 162 is oscillated to engage its
      abutment arm 166 against the depending leg 168 of the latch, and moved
      rearwardly, or to the right in FIG. 5, it will pivot the latch 48
      downwardly to the dotted line position thereof shown in FIG. 5 to release
      any pushbutton then held in its operative position.
PAR  The movement of the latch release member 162 is controlled by a latch
      release operating member 170 which is also pivotally mounted on post 164,
      with the latch release member 162, but it is located below the latch
      release member, as illustrated most clearly in the perspective view of
      FIG. 6. The latch release control member 170 is operatively connected to
      the latch release member 162 by a spring 172. A stop member 174 limits
      relative rotation between members 162 and 170 under the influence of
      spring 172 so that the two elements normally remain in the relative
      position illustrated in FIG. 4, but relative pivotal movement therebetween
      is permitted against the bias of spring 172, as described hereinafter.
PAR  The latch release control member 170 includes an arm portion 176 on which a
      compound spur gear 178 is rotatably mounted. This spur gear includes a
      first relatively large diameter gear 180 and an integral small diameter
      spur gear 182. The latter is in meshing engagement with a sector-shaped
      gear 184 formed on the arm 186 of latch release member 162. By this
      arrangement, it will be appreciated that upon rotation of the gear 180,
      the gear 182 in engagement with sector gear 184 will cause rotation of the
      latch release member 162. By rotating the gear 182 in a clockwise
      direction, as illustrated in FIG. 4, the latch release member 162 will
      rotate in a counterclockwise direction, as indicated by the arrows in FIG.
      4, causing the abutment arm 166 thereof to engage the depending leg 168 of
      the latch 48, thereby pivoting the latch and releasing the pushbuttons.
PAR  In order to selectively rotate gear 184, a spur gear 188 is provided on the
      flywheel 102 for rotation therewith. This gear is selectively engaged with
      the gear 180, as described hereinafter, to provide rotary drive thereto in
      order to pivot the latch release member 162 in the manner previously
      described.
PAR  Gears 180 and 188 are selectively engaged upon pivotal movement of the
      latch release control member 170 from the position thereof illustrated in
      FIG. 4 (wherein gear 180 is spaced from gear 188), in a clockwise
      direction, to the position thereof illustrated in FIG. 7C. With the member
      170 in the position, the engagement of gear 188 with gear 180 causes gear
      182 to rotate the sector gear 184, as previously described, thereby to
      move latch release member 162 in a counterclockwise direction, as
      illustrated in FIG. 7D, to pivot the arm 168 of latch member 48, thereby
      to release any previously depressed pushbutton.
PAR  This pivotal movement of the member 170 is controlled by the oscillation of
      a lever 190, pivotally mounted on a bracket 192 secured in any convenient
      manner to the lower side of chassis plate 42 and spaced downwardly
      therefrom. Lever 190 can be mounted on plate 192 (FIG. 5) in any
      convenient manner as for example by an integral bearing or shaft 194. The
      lever is operatively connected to control member 170 by a spring 196 which
      serves to bias the end 198 of the lever into engagement with the end
      portion 200 of control member 170. A second spring 202 supplements the
      action of spring 196, and is connected between a crank arm 204 integrally
      formed with lever 190 and a tab 206 on the support bracket 192. Thus, it
      will be apparent that these springs normally tend to bias the lever 190
      into engagement with control member 170, so as to urge the control member
      into a first position illustrated in FIG. 7C wherein gears 180 and 188 are
      engaged. However, the shutoff assembly 160 is provided with a control
      mechanism 210 for selectively preventing movement of the lever 190,
      against the bias of springs 196 and 200, into engagement with the control
      member 170.
PAR  The control mechanism 210 which normally prevents movement of lever 190
      into engagement with control member 170 includes an elongated plate 212
      which is formed with a hub 214 rotatably mounted on the shaft 216 of reel
      support member 23. A friction ring or clutch 218 is also rotatably mounted
      on shaft 216 and has a key member 220 which is received in an opening 222
      in hub 214 to prevent relative rotation of the friction ring with respect
      to the hub. A spring 224 is positioned between the friction ring 218 and
      hub 214 in order to bias the frictional surface 226 of the ring into
      engagement with the lower side of the reel support member 23, thereby to
      frictionally couple hub 214 to reel support member 23, to cause the plate
      to rotate with the reel support member. The plate 212 is held in assembled
      condition with the friction ring 218 by a rivet, screw, or the like 228
      (and a washer 230) which extends into the end of the shaft 216 through the
      central aperture 232 of hub 214 (FIG. 6).
PAR  The arm 234 of lever 190 carries an integral guide pin 236 which is
      slidably received in a generally arrowheadshaped slot 238 formed in the
      free end 240 of plate 212. Essentially, the slot consists of a main
      straight portion 242 having a pair of side branches 244, 246 respectively,
      located at an intermediate portion of the slot 242 thereby to separate the
      slot into forward and rearward portions 242A and 242B respectively, as
      illustrated in FIG. 6. The ends of the branches 244, 246 define stops or
      stop edges 248, 250 respectively, which serve to limit pivot movement of
      lever 190 in the manner described hereinafter.
PAR  Control mechanism 210 also includes a cam member 252 having a generally
      triangular peripheral cam surface configuration, which is mounted
      eccentrically on a shaft 254 that in turn is rotatably mounted in any
      convenient manner in the support bracket 192. This cam member serves to
      oscillate lever 190 about its pivot axis, as described hereinafter. A spur
      gear 256 is integrally formed with shaft 254 and is in engagement with an
      auxiliary spur gear 258 which is also rotatably mounted in bracket 192. A
      pulley 260 is integrally formed above gear 258 and has a grooved periphery
      which receives a belt 262. The latter is connected to a grooved pulley 264
      formed on the lower surface of flywheel 102, so that during operation of
      the device, while the drive motor 94 is in operation, pulley 260, gears
      258, 256 and thus cam member 252 are continuously rotated.
PAR  During rotation of reel support member 23, for example in the play mode of
      operation of the apparatus illustrated in FIG. 4, i.e. with the reel
      support member 23 rotating in a counterclockwise direction, the frictional
      coupling of the plate 212 with the reel support member, by means of the
      friction ring 226, causes the plate to be urged angularly towards one side
      of the centered position thereof shown in FIG. 4. That is, the plate 212
      tends to rotate in a counterclockwise direction with the reel support
      member 23, (towards the top of the drawings in FIGS. 1, 4 and 7A) so that
      the edge 266 of the slot 242 is engaged with the pin 236 of lever 190.
      Simultaneously, the cam member 252, which rotates in a generally clockwise
      direction, as indicated by the arrows in the drawings, engages the lever
      190 adjacent pin 236 to alternately pivot the lever against the bias of
      springs 202 and 196 and free the lever for return to its first position
      illustrated in FIGS. 7C and 7B, under the influence of those springs.
      However, as long as the reel support member 23 is rotating in its
      counterclockwise direction, holding pin 236 against the edge 266 of slot
      242 (the lower edge of the slot in FIGS. 7A-7D), the pin 236 will enter
      the branch 244 of the slot and engage the end stop shoulder 248 thereof.
      This stop is located to limit the pivotal motion of lever 190 under the
      influence of springs 202, 196, towards control member 170, to an
      intermediate position wherein the end 198 thereof is adjacent to the end
      200 of control member 170 but does not become engaged therewith (i.e. the
      position in FIG. 7A).
PAR  Following the sequence of operation of the elements during rotation of the
      reel support member 23 in a counterclockwise direction, as illustrated in
      FIGS. 4 and 7A-7D (for example in the play or fast forward modes), and
      starting initially with the position illustrated in FIG. 4, it will be
      seen that in that position during the rotation of reel support member 23
      the lever 190, once during every revolution of cam member 252, is moved to
      an extreme position in a clockwise direction as the apex 268 of the cam
      engages the arm 234 thereof, so that the end 198 of the lever is moved to
      its furthest position away from the end 200 of control member 170, against
      the bias of springs 196, 202. In this position the pin 236 of the lever
      190 enters the forward portion 242A of slot 242 and thus prevents rotation
      of the plate 212 with the reel support member 23, causing the friction
      ring 218 to slip beneath the reel support member.
PAR  As the cam 252 continues to rotate from the position illustrated in FIG. 4,
      through approximately 145.degree. to the positionn illustrated in FIG. 7
      A, it allows the lever 190 to pivot in a counterclockwise direction as
      indicated by the arrow in FIG. 7A, under the influence of springs 196 and
      202. As the pin 236 moves out of the forward portion 242A of the slot, it
      moves along slot edge 266 and encounters the branch 244 thereof. Since the
      friction disc 216 tends to make plate 212 move with reel support member 23
      the edge 266 of the slot is held against the pin 236 so that the pin
      enters the branch 244 and ultimately becomes engaged with the stop end 248
      thereof. The engagement of the pin 236 with stop 248 prevents further
      movement of the plate 212 with reel support member 23 and the clutch or
      friction ring 218 slips with respect to that reel support member.
      Additionally, this engagement of the pin with the stop prevents further
      rotation of lever 190 towards the control member 170, and holds the lever
      against spring 196, 202 in the intermediate position thereof shown in FIG.
      7A. This occurs even though continued rotation of the cam 252 presenting
      the flat face 255 thereof to lever 190 (as in FIG. 7C) would allow
      continued rotation of lever 190 under the influence of springs 196 and 202
      in the absence of stop 248.
PAR  At this point, assume that the tape in the cassette 13 has now been fully
      wound on the take up reel 16 therein, that reel being coupled to the shaft
      23A of the reel support member 23. The tension in the tape between the
      reels 16 and 17, will prevent further rotation of those reels, so that the
      rotation of reel support member 23 is stopped and the friction wheel 116
      of the main drive flywheel 104 will simply rotate or slip against the
      periphery 136 of the reel support member but will not drive that member.
      However, the operation of motor 94 continues to rotate the flywheels 104
      and 102, thereby continuously driving or rotating the cam member 252.
      Thus, although the rotation of reel support member 23 is stopped, the cam
      252 continues to rotate from the position thereof illustrated in FIG. 7A
      to the position illustrated in FIG. 7B wherein its apex 268 again engages
      the end 234 of lever 190, returning it to its extreme position away from
      control member 170 at which the pin 236 enters the end portion 242A of the
      slot in plate 212. The movement of the pin along the edge 266 of the slot
      branch 244 into the end 242A thereof causes the plate 214 to move from its
      off centered position illustrated in FIG. 7A to its centered position
      illustrated in FIG. 7B. At this point, although the cam member 252
      continues to rotate under the influence of the drive to flywheel 102,
      plate 212 is not rotated through its frictional coupling to reel support
      member 23 since the reel support member is stopped. Accordingly, the plate
      remains in its centered position as the cam member 252 rotates another
      half revolution from the position illustrated in FIG. 7B to the position
      illustrated in FIG. 7C. As a result, the pivotal movement of lever 190
      under the influence of springs 202 and 196, causes the pin 236 to enter
      the rear slot portion 242B of the slot 242, bypassing the slot branch 244
      and stop shoulder 248. It will be apparent therefore that the lever 190
      passes through its intermediate position (of FIG. 7A) and to its first
      position wherein the end 198 thereof engages the end 200 of control member
      170 and, under the influence of springs 196, 202, causes the control
      member 170 to pivot about its pivotal mounting 164.
PAR  As previously described, due to the interconnection of the latch release
      control member 170 and the latch release member 162, by means of the
      spring 172, the movement of control member 170 from the position shown in
      FIGS. 7A and 7B to the position shown in FIG. 7C causes the latch release
      member 162 to move therewith. When the position of FIG. 7C is obtained,
      the gear 180 is engaged with gear 188 and, as previously described, this
      causes rotation of gear 182 to move the gear segment 184 in a
      counterclockwise direction as seen in FIG. 7D so that the latch release
      member 162 pivots about pivot 164 (FIG. 7D) to engage the abutment end 166
      thereof with the leg 168 of latch member 48, causing the latter to pivot
      to its dotted line position in FIG. 5 releasing any pushbutton control
      member then in its operative position. This causes plate 138 to move to
      its outer position under the influence of spring 144, thereby opening
      contacts 150 and shutting off motor 94. With the drive thus shut off,
      latch release member 162 returns to its normal configuration with respect
      to control member 170 under the action of spring 172.
PAR  It is noted that the latch release member 162 can have a link 270 secured
      thereto in any convenient manner, so that upon pivotal motion of the latch
      release member, the link will operate a switch (not shown) for turning on
      a radio accompanying the tape recording and reproducing apparatus.
PAR  Although the shutoff mechanism 160 previously described has been discussed
      in detail with respect to the play mode of operation of the apparatus, it
      will be appreciated that in the fast forward mode of operation the shutoff
      mechanism will act in the identical manner. That is, in the fast forward
      mode as previously described, the idler wheel 120 is engaged with the
      idler wheel 114 to transmit motion from the main drive flywheel 104 to the
      friction wheel 126 of the reel support member 23, thereby causing the reel
      support member to rotate in a counterclockwise direction to wind tape on
      the take up reel of the cassette coupled therewith. During rotation of the
      reel support member 23 in this manner, the cam 252 is rotated, as
      previously discussed, to oscillate the lever 190. The counterclockwise
      rotation of the reel support member tends to move the plate 212 from its
      centered position shown in FIGS. 4 and 7B to its off centered position
      shown in FIG. 7A, keeping the guide pin 236 engaged with the edge 266
      thereof so that during each revolution of the reel support member the pin
      is engaged with the stop 248. When the rotation of reel support member 23
      stops because of complete winding of tape on the take up reel coupled
      therewith, the drive of the idler wheel slips against the stopped reel
      support member while the drive from motor 94 continues to operated, as
      previously described, to rotate the cam member 252, driving the lever 190
      to the position shown in FIG. 7B, thereby returning the plate 212 to its
      centered position. In this position, continued rotation of cam 252 allows
      the lever to return to its first position, illustrated in FIG. 7C, wherein
      it causes pivotal movement of the control member 170. Such motion engages
      the gears 180, 188 which ultimately causes rotation of the latch release
      member 162 to release latch 48, as shown in FIG. 7D.
PAR  In the rewind mode of operation of the apparatus, the shutoff mechanism 160
      operates in substantially the identical manner as described with respect
      to the play and fast forward modes. In the rewind mode however the reel
      support member 23 is rotated in a clockwise direction, as illustrated by
      the dotted arrows in FIGS. 3, 4 and 7A due to the pull on the tape reel
      coupled therewith as the result of the counterclockwise drive to the reel
      support member 24, as previously described with respect to FIG. 3. In this
      mode of operation, the clockwise motion of the reel support member 23
      tends to drive plate 212 in a clockwise direction from its centered
      position shown in FIG. 4 to an off centered position shown in FIG. 3, due
      to the frictional coupling between the plate and the reel support member
      as a result of the friction ring 218. This motion keeps the pin 236
      engaged against the edge 272 of slot 242 (the upper edge in FIGS. 7A-7C),
      thus the pin limits rotation of the plate 212 in the clockwise direction
      and causes the friction coupling to slip when the extreme off centered
      position of FIG. 3 is reached.
PAR  At the position shown in FIG. 3, the pin 236 engages the stop shoulder 250
      of the other branch 246 of slot 242. This stop acts in the same manner as
      the previously described stop 248 to limit movement of the lever 190 under
      the influence of springs 196 and 202 to the intermediate position of the
      lever shown in FIG. 7A. For illustrative purposes, the pin 236 has been
      shown in dotted lines in FIG. 7A against the shoulder 250, to illustrate
      the corresponding position of the pin when the reel support member 23 is
      rotating in the rewind mode. Accordingly, plate 212 serves in the manner
      previously described to limit oscillation of the lever 190 during rotation
      of reel support member 23 to the positions shown in FIGS. 4 and 7A. When
      the rotation of reel support member 23 stops, in the rewind mode of the
      apparatus, due to full winding of tape on supply reel 17, idler wheel 114
      slips with respect to the periphery of reel support member 24 while the
      drive of motor 94 continues, thereby rotating cam 252, as described above.
      Accordingly, the continued movement of the pin 236 against the edge 272 of
      slot 242 causes the off centered plate 212 to return to its centered
      position shown in FIG. 7B. At that point, the cam 252 is still continuing
      to rotate, until it reaches the position shown in FIG. 7C, allowing lever
      190 to return to its initial position (shown in FIG. 7C) under the
      influence of springs 196, 202 to shut off the apparatus in the manner
      previously described, by operating the control member 170.
PAR  Accordingly, it will be appreciated that a relatively simply constructed
      and compact apparatus is provided which will automatically shut off the
      operation of the magnetic tape recording and reproducing apparatus 10 upon
      full winding of the tape in a cassette coupled to the apparatus, on one of
      the reels thereof.
PAR  In accordance with another feature of the present invention, the apparatus
      10 is provided with a shutoff control assembly 280 which prevents
      operation of the shutoff assembly 160 during a particular mode of
      operation of the apparatus; more specifically, the assembly 280 (FIGS. 3
      and 8) prevents the apparatus from being shut off when, in the play mode
      of the apparatus, the rewind button is pushed to allow review of signals
      on tape which had previously passed the recording head 90 and was wound on
      the reel 16 coupled to reel support member 23, even when the rewinding of
      the tape in this mode fully rewinds the tape onto the take up reel 17
      coupled with reel support member 24.
PAR  As previously mentioned, the play mode of the apparatus is illustrated in
      FIG. 8 of the drawing, wherein it is seen that the latch member 48 holds
      the play pushbutton 32 in its operative position. The drive arrangement
      shown in FIG. 8 is exactly the same as it would be if the record button 36
      was simultaneously depressed for recording purposes. During the play mode,
      or during the record mode, when it is desired to review signals on the
      tape which has already passed head 90, the operator can cause the device
      to rewind tape onto the reel coupled with reel support member 24 simply by
      depressing the rewind button 28 while the play button is in its operative
      position. In order to effect the rewind of tape during the play mode, a
      lever 282 is mounted on the undersurface of chassis plate 42, which lever
      has a free end 284 formed as an upbend tab extending through a slot (not
      shown) in chassis plate 42 and engaged in a recess 286 formed in an edge
      of the carriage 68. The opposite end 288 of lever 282 is located adjacent
      a pin 290 which extends downwardly from the actuator bar 28' of pushbutton
      28 through a slot (not shown) in chassis plate 42. When the rewind button
      is depressed during the play mode of the apparatus, as illustrated in FIG.
      8, wherein carriage 68 is located to engage pinch roller 80 with capstan
      21 and to insert the pin 128 thereon in the notch 132 of lever 106, pin
      290 will engage the end 288 of lever 282 and rotate the lever in a
      clockwise direction about its pivot point 292. This rotation causes tab
      284 to engage the end 294 (FIG. 3) of slot 286 and push the carriage 68
      rearwardly, against the bias of spring 74 (to the dotted line position
      shown in FIG. 8). This rearward movement of carriage 68 causes two
      distinct movements in the drive transmission. First, pin 128 is causes to
      move along the inclined surface 294 of notch 132 a predetermined distance,
      but does not move out of the notch. This engagement however causes the
      lever 106 to pivot slightly in a clockwise direction, thereby disengaging
      the friction wheel 134 from the periphery 136 of reel support member 23,
      stopping the drive to that reel support member. In addition, the rearward
      movement of the carriage disengages the front edge 296 of the carriage
      from the end 298 of lever 118. As a result, (and as described in said
      above mentioned co-pending application) the lever 118 is moved under the
      influence of a spring 300, downwardly to engage idler wheel 114 with
      friction wheel 116 and the periphery of reel support member 24, thereby to
      drive the reel support member in a clockwise direction as indicated by the
      dotted arrow 302 in FIG. 8. This causes the tape previously wound on the
      reel coupled to reel support member 23 to be rewound onto the cassette
      reel coupled with reel support member 24. When the review pushbutton 28 is
      manually released, the lever 282 is also released so that the carriage 68
      can return to its original position shown in solid lines in FIG. 8 under
      the influence of spring 74.
PAR  In this connection it is noted that the latch member 58 of the play
      pushbutton 32 is made somewhat longer than the latch of review button 28
      so that in the play mode of operation the latch member 48 is pivoted
      downwardly to a greater extent than it is in the review mode. As a result,
      when the device is in the play mode, depression of the review pushbutton
      will not cause the latch member 58 of the review button to become engaged
      with its associated keeper 56 on the latch 48.
PAR  The shutoff control mechanism 280 shown in FIGS. 3 and 8 advantageously
      utilizes the movement of carriage 68 during this review mode of operation
      of the apparatus in order to prevent shutoff of the devide should all the
      tape previously wound on the cassette reel coupled with reel support
      member 23 be rewound onto the cassette reel coupled with reel support
      member 24. Essentially, the shutoff control mechanism 280 consists of a
      lever 304 which is pivotally mounted on a pivot pin 306 on a support bar
      308 which is rigidly secured at its end 310 on the upper surface of the
      actuator bar 32' of the play button 32 and which extends over the actuator
      bar 34' of the fast forward pushbutton 34. The lever 304 includes one end
      312 which overlies the rear end 294 of slot 286, for reasons more fully
      described hereinafter.
PAR  The opposite end 314 of lever 304 is engaged with an upstanding tab 316
      formed on a one piece plate 318 that is slidably mounted on the upper
      surface of chassis plate 42 by means of a pair of pins 320, 322 extending
      through slots 320', 322' in the plate. Plate 318 is biased towards the
      front of the apparatus by a spring 324 which is engaged between the plate
      and the front flange 40 of chassis plate 42.
PAR  Plate 318 is utilized to control a drive lever 323 which is pivotally
      mounted on a tab 325 extending downwardly from chassin plate 42. The lever
      extends upwardly through a slot (FIG. 9) in chassis plate 42, and is
      pivotally mounted on the chassis plate at 326, and is biased by a spring
      328 for rotation in a clockwise direction as seen in FIG. 9. The lever 323
      is positioned to selectively engage the nose portion 330 of the plate 212.
PAR  In the normal rewind mode of operation of the apparatus or in the fast
      forward mode of operation of the apparatus with carriage 68 in its
      retracted position shown in FIG. 3, the plate 318 is held by spring 324 in
      the position shown in FIG. 3 so that the lever 323 is held out of
      engagement with the nose 330 of plate 212 (as shown in solid lines in FIG.
      9). In this mode of operation the lever 323 serves no function in the
      operation of the device.
PAR  In the normal play or record modes of operation, the carriage 68 moves to
      its solid line position in FIG. 8, carrying with it the lever 304 secured
      to the support bar 310. Lever 304 is bent downwardly slightly at the line
      332 to form a shoulder which engages the end 334 of arm 310 to prevent
      clockwise rotation of the lever 304 beyond the position illustrated in
      FIG. 8. As a result, the engagement of the end 314 of the lever against
      tab 316 of plate 318 causes the plate 318 to move forwardly, against the
      bias of spring 324, with carriage 68 when the play button 32 is depressed,
      so that the plate 318 assumes the solid line position thereof shown in
      FIG. 8, and the center dotted line position shown in FIG. 9. In this
      position, the end 334 of plate 318 adjacent slot 322' holds lever 323
      captured against the bias of spring 328 in a position wherein the lever
      does not interfere with the movement of plate 212 from its centered
      position shown in solid lines in FIGS. 4 and 8 to its off centered
      position shown in FIG. 7A or in dotted lines in FIG. 8. Thus, in the
      normal play or normal record modes of operation of the apparatus the lever
      323 also serves no specific function in the apparatus.
PAR  However, when the rewind button 28 is pushed during the play or record
      modes of the apparatus, in order to permit review of signals on the tape
      previously wound on the cassette reel coupled with reel support member 23,
      the rearward movement of carriage 68 to its dotted line position shown in
      FIG. 8, as previously described, not only causes the apparatus to be
      driven in the rewind direction, but also causes the upturned tab 284 of
      lever 282 to engage the end 312 of lever 304, thereby pivoting the lever
      in a counterclockwise direction to the dotted line position thereof shown
      in FIG. 8. This pivotal movement of lever 304 causes plate 318 to move to
      its dotted line position in FIG. 8, because of the engagement between the
      end 314 of the lever and the tab 316. As this point, the lever 323 is
      urged into engagement with the nose 330 of plate 212, under the influence
      of spring 328.
PAR  As will be apparent, in this review mode of operation of the apparatus, the
      reel support member 23 will be rotated in a clockwise direction as
      indicated by the dotted arrow 336 in FIG. 8. As previously described when
      the reel support member 23 rotates in that direction the plate 212 tends
      to be driven through the friction ring 218 from its centered position to
      its off centered position shown in FIG. 3. However, because of the
      engagement of the lever 323 with the nose 330 of plate 212, the plate is
      blocked from such movement. In fact, the lever 323, under the influence of
      spring 328, biases the plate 212 to the off centered position thereof it
      would obtain if the reel support member 23 were being driven in a
      counterclockwise direction, as during the normal play mode. The bias of
      spring 328 on lever 323 is sufficient to overcome the drive from the reel
      support member 23 on plate 212 through the friction ring 218. However, the
      plate 212 is returned once during every revolution of the cam 282 to its
      centered position shown in solid lines in FIG. 8 due to the engagement of
      the pin 236 of lever 190 against the edge 266 of slot 242.
PAR  Now assuming that the apparatus is in the condition shown in FIG. 8, and
      that the rewind pushbutton 28 is depressed, to cause carriage 68 to move
      to its dotted line position in that Figure allowing rewind of tape onto
      the reel coupled with reel support member 24 for review, and further
      assume that all of the tape is rewound onto the reel coupled with support
      member 24 so that rotation of reel support member 23 is stopped or
      arrested; it will be apparent that in this mode of operation, even when
      the lever 190 is driven by cam 252 to the position shown in FIG. 7B of the
      drawing, it cannot return to its initial position shown in FIG. 7C,
      because as the lever 190 moves from the position of FIG. 7B towards its
      intermediate position of FIG. 7A, the lever 323 will urge the plate 212
      from the centered position of FIG. 7B to the off centered position shown
      in dotted lines in FIG. 8. As a result the pin 236 of lever 190 remains
      engaged against the edge 266 of slot 242 and ultimately engages the stop
      248 formed by the slot branch 244. Thus, the lever 190 is limited in its
      movement only to its intermediate position and the apparatus is not shut
      off. Accordingly the operator can then release the rewind pushbutton and
      the apparatus will return to the configuration thereof illustrated in
      solid lines in FIG. 8 to permit continued play or recording on the tape in
      the cassette coupled thereto. It will be appreciated therefore that in the
      review mode of the apparatus the lever 323 acts as a drive member, in lieu
      of the driving force provided by reel support member 23 in the other modes
      of the operation of the apparatus, in order to drive the plate 212 from
      its centered position to its off centered position. This drive of lever
      323 remains irregardless of whether the reel support member 23 is rotating
      in a counterclockwise direction or is stopped. Thus the apparatus will not
      be automatically shut off during the review mode of operation. This is a
      highly desirable feature of the apparatus since an operator using the
      review mode of operation of the apparatus obviously does not want the
      apparatus to shut off during that mode since his obvious intention is to
      continue listening to, or recording, material on the tape.
PAR  Accordingly, it will be appreciated that by the present invention a
      magnetic tape recording and reproducing apparatus has been provided which
      not only allows for automatic shut off of the apparatus when rotation of
      the reel support members thereof is arrested upon full winding of tape of
      one of the cassette reels coupled therewith, but also prevents such shut
      off when such arresting of the reel support members occurs during the
      review mode of operation of the apparatus. Moreover, these features of the
      invention are achieved by a relatively simple structure requiring a
      minimum number of parts which are relatively inexpensive to manufacture
      and assemble. Further, the automatic shutoff device of the apparatus is
      operative in the desired manner without requiring an engagement of any
      part or element of the device with the magnetic tape, and thus does not
      adversely influence the movement of the tape during any of the modes of
      operation of the apparatus. It will also be seen that the automatic
      shutoff device 124 according to this invention is operative with any
      conventional magnetic tape in a cassette, or otherwise, and does not
      require the provision of either conductive or light transmitting leads at
      the ends of such tape. Further, since no part or element of the automatic
      shutoff device is engageable with the tape in a cassette, there is no need
      to provide the cassette housing with special openings for reception of a
      part of element of the shutoff device.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawings, it is to be
      understood that the invention is not limited to that precise embodiment
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus operable in a plurality of modes, including play, stop, and
      rewind modes, for recording and/or reproducing signals on a magnetic tape
      extending between first and second reels to which the ends of the tape are
      secured and on which the tape is wound, said apparatus comprising: first
      and second rotatable reel support members for rotational coupling with the
      first and second reels, respectively; drive means; drive control means to
      effect operation of said drive means to operate said apparatus in any of
      said modes; transmission means connected to said drive means and
      comprising a first member driven in one direction by said drive means and
      further comprising means to couple said first member selectively to either
      of said reel support members for selectively driving the selected reel
      support member to rotate in the direction for winding tape on the reel
      respectively coupled therewith in response to operation of said drive
      means and permitting continued operation of said drive means when rotation
      of said reel support members is arrested upon the full unwinding of the
      tape from the other of said reels, said transmission means including means
      responsive to the drive control means for rotating one of said reel
      support members in said play mode and for interrupting the play mode and
      rewinding tape onto the reel coupled with the other of said reel support
      members, thereby to permit review of signals on tape wound on the reel
      coupled with said one reel support member during said play mode; shutoff
      means coupled to said first member of said transmission means to be
      powered by said drive means and having a first condition for causing said
      drive control means to halt the operation of said drive means and a second
      condition in which said drive means is unaffected by said shutoff means;
      and shutoff control means connected with one of said reel support members
      for disposing said shutoff means in said second condition in response to
      rotation of said one reel support member and for disposing said shutoff
      means in said first condition in response to arresting of the rotation of
      said reel support members during continued operation of said drive means;
      and means responsive to said drive control means for preventing said
      shutoff control means from disposing the shutoff means in said first
      operative condition when said drive control means is actuated to cause
      said transmission means to rewind tape onto the reel coupled with the
      other of said reel support members during the play mode to permit signal
      review, whereby said tape can be fully rewound during the play mode
      without halting the operation of said drive means.
NUM  2.
PAR  2. An apparatus operable in a plurality of modes, including play, stop, and
      rewind modes, for recording and/or reproducing signals on a magnetic tape
      extending between first and second reels to which the ends of the tape are
      secured and on which the tape is wound, said apparatus comprising: first
      and second rotatable reel support members for rotational coupling with the
      first and second reels respectively; drive means including an electric
      motor; drive control means including a switch having a normal inoperative
      condition and being actuable to an operative condition for energizing said
      motor and thereby effecting operation of said drive means; manually
      operable actuating means movable from a normal inoperative position to an
      operative position for actuating said switch means to said operative
      condition thereof; latch means for releasably holding said actuating means
      in said operative position thereof; transmission means connected to said
      drive means and responsive to said drive control means for driving a
      selected one of said reel support members to rotate in the direction for
      winding tape on the reel respectively coupled therewith and for permitting
      continued operation of said drive means when rotation of said reel support
      members is arrested upon the full unwinding of the tape from the other of
      said reels; shutoff means including latch release means displaceable to a
      predetermined extent for releasing said latch means; latch release
      operating means movable between a first inoperative position and a second
      operative position in operative driven engagement with said drive means to
      be driven by said drive means for displacing said latch release means to
      said predetermined extent only when the rotation of said reel support
      members is arrested during the continued operation of said drive means,
      and means for selectively moving said latch release operating means from
      its inoperative position to its operative position including a lever
      pivotally mounted in said apparatus and having one end positioned adjacent
      said latch release operating means; means for normally biasing said one
      end of said lever to a first position against said latch release operating
      means at which the latter is held in its operative position; means driven
      by said drive means for oscillating said lever, against the bias of said
      biasing means, between said first position thereof and a second position
      wherein said one end of the lever is out of engagement with said latch
      release operating means; and stop means operatively engaged with one of
      said reel support members for limiting oscillation of said lever, during
      rotation of said one reel support member, to movement between said second
      position of the lever and an intermediate position at which said one end
      of the lever is adjacent to but out of engagement with said latch release
      operating means and for releasing said lever for movement to its first
      position by said biasing means when rotation of said one reel support
      member is arrested thereby to move said latch release operating means to
      its second position for displacing said latch release means to said
      predetermined extent.
NUM  3.
PAR  3. An apparatus according to claim 2 wherein said latch release operating
      means includes a gear rotatably mounted thereon for movement between said
      first and second positions of the latch release operating means wherein
      said gear, at said second position, is placed in operative driven
      engagement with said drive means for rotation thereby; and said latch
      release means comprises a second lever pivotally mounted in said apparatus
      and having a sector shaped gear segment formed thereon engaged with said
      gear, whereby rotation of said gear causes movement of said gear segment
      with respect to the gear, thereby to displace said latch release menas to
      said predetermined extent.
NUM  4.
PAR  4. An apparatus as defined in claim 3 wherein said latch release operating
      means comprises a third lever pivotally mounted in said apparatus and
      having said gear rotatably mounted thereon, said second lever being
      rotatably mounted on said third lever for movement therewith between said
      first and second positions of the latch release operating means and for
      independent pivotal movement upon rotation of said gear by said drive
      means.
NUM  5.
PAR  5. An apparatus as defined in claim 4 including resilient means for
      normally maintaining said second and third levers in a relatively fixed
      position with respect to each other and for allowing rotation of said
      third lever with respect to said second lever by said gear.
NUM  6.
PAR  6. An apparatus as defined in claim 4 wherein said manually operable
      actuating means includes a plurality of operating mode selecting members
      individually movable between respective normal inoperative and operative
      positions; and said latch means includes a latch member common to all of
      said mode selecting members and having keepers for at least certain mode
      selecting members, a latch element extending from each of said certain
      mode selecting members and being engageable with the respective keeper of
      said latch member when the respective mode selecting member is moved to
      its operative position; means for mounting said latch member for movement
      between a latching position for receiving the latch elements of said mode
      selecting menbers in the respective keepers and a released position in
      which said latch elements are freed from their respective keepers; and
      means for urging said latch member to said latching position; said latch
      release means moving said latch member to said released position upon the
      displacement of said latch release means to said predetermined extent.
NUM  7.
PAR  7. An apparatus as defined in claim 6 wherein said mounting means mounts
      said latch means for pivotal movement, and said latch release means
      includes abutment means engaging said latch means for pivoting the latch
      means against the bias of said urging means to said released position upon
      actuation of said gear.
NUM  8.
PAR  8. An apparatus according to claim 2 including an elongated plate pivotally
      mounted in said apparatus for swinging movement to either side of a
      centered position; said plate having an elongated slot formed therein
      including a pair of opposed end sections and a pair of angularly related
      outwardly extending branches located at an intermediate position along
      said slot between said end sections; said lever having an abutment member
      formed thereon and slidably received in said slot, and said stop means
      being defined by the outer extremities of said branches; and rotational
      transmission means operatively connected between said one reel support
      member and said plate for frictionally urging said plate to the side of
      said centered position in the direction of rotation of said one reel
      support member, thereby to maintain said abutment member in engagement
      with the trailing edge of said slot with respect to the direction of
      rotation of the one reel support member, whereby during rotation of said
      one reel support member said abutment member oscillates in said slot
      between the outer extremity of one of said branches at an off centered
      position of said plate and one of the opposed ends of the slot at the
      centered position of the plate as said lever oscillates between said
      intermediate and second positions thereof respectively; said abutment
      member operating to return said plate to its centered position against the
      bias of said rotational transmission means as the lever oscillates from
      said intermediate position to said second position, by its engagement with
      the edge of the slot at said one opposed end thereof; said plate, upon
      arresting of rotation of said one reel support member, remaining
      stationary after having been moved to its centered position by oscillation
      of said abutment member, thereby allowing said abutment member to enter
      the other opposed end section of the slot, past said slot branches, to
      permit said lever to move its first position under the bias of said
      biasing means.
NUM  9.
PAR  9. An apparatus as defined in claim 8 wherein said oscillating means
      comprises a cam member driven by said drive means and having a peripheral
      cam surface engaged with said lever for oscillating the latter; said cam
      surface having a predetermined configuration selected to urge said lever
      from said second to said intermediate positions thereof while allowing
      substantially free movement of said lever from said second to said first
      position thereof.
NUM  10.
PAR  10. An apparatus as defined in claim 2 wherein said manually operable
      actuating means includes a plurality of operating mode selecting members
      and said transmission means includes means responsive to the operation of
      the mode selecting members for rotating one of said reel support members
      in a play mode and for interrupting the play mode and rewinding the tape
      onto the other of said reel support members, thereby to permit review of
      signals on tape wound on the reel coupled with said one reel support
      member during said play mode; and means responsive to said drive control
      means for preventing movement of said latch release means to said
      predetermined extent when said mode selecting members are actuated to
      cause said transmission means to rewind tape onto the tape reel coupled
      with the other of said reel support members during a previously selected
      play mode, whereby said tape can be fully rewound during the play mode
      without halting the operation of said drive means.
NUM  11.
PAR  11. An apparatus as defined in claim 9 wherein said manually operable
      actuating means includes a plurality of operating mode selecting members
      and said transmission means includes means responsive to the operation of
      the mode selecting members for rotating one of said reel support members
      in a play mode and for interrupting the play mode and rewinding the tape
      onto the other of said reel support members, thereby to permit review of
      signals on tape wound on the reel coupled with said one reel support
      member during said play mode; and means responsive to said drive control
      means for moving said plate from its centered position to one of its off
      centered positions when rotation of its associated reel member is arrested
      after actuation of said mode selecting members to cause said transmission
      means to rewind tape onto the tape reel coupled with the other of said
      reel support members during a previously selected play mode whereby
      movement of said abutment member, in this mode of the apparatus, is
      restricted between said one opposed end section of the slot and one of
      said branches, to limit oscillation of said lever to movement between said
      second and intermediate positions thereof.
NUM  12.
PAR  12. An apparatus as defined in claim 11 wherein said plate includes an
      extension tongue and said plate moving means comprises an auxiliary lever
      pivotally mounted in said apparatus in engagement with said tongue and
      resilient means for biasing said auxiliary lever into engagement with said
      tongue to pivot said plate from its centered position to said one of its
      off-centered positions.
NUM  13.
PAR  13. An apparatus as defined in claim 12 including means operatively
      connected to said mode selecting members for holding said auxiliary lever
      out of engagement with said tongue in all operating modes of the apparatus
      except during interruption of the play mode for rewinding of the tape to
      permit review of signals thereon.
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PAL  A counter drive mechanism for use in a tape recorder having a resettable
      counter includes movable means preferably in the form of a rotatable disc
      having a tape engaging peripheral surface which abuts the tape such that
      the disc is rotated as the tape moves. The rotation of the disc is
      mechanically transferred to the counter to index same. Since the counter
      is driven in accordance with the movement of the tape, and not by the tape
      drive mechanism as is conventional, the accuracy of the counter is
      significantly enhanced. The peripheral surface of the disc is provided
      with a pair of electrically isolated conductive strips which, when
      electrically connected by contacting an electrically conductive foil strip
      on the tape, complete a circuit to energize the counter resetting means
      such that the counter is automatically reset at the appropriate tape
      position.
BSUM
PAR  The present invention relates to tape recorders having indexable counters
      for indicating the position of the tape and more particularly to a drive
      mechanism for such counters which enhances the accuracy of the counters.
PAR  Many conventional cartridge or cassette-type tape recorders do not include
      provision for rewinding the tape. Therefore, in order to record on or play
      back from a particular portion of the tape, especially when recorded
      material is present on other portions of the tape, it is necessary to wind
      the tape in the forward direction until the desired portion is reached.
      If, for instance due to the lack of accuracy of the counter, the beginning
      of the desired portion is passed, it is necessary to go through the entire
      track and then repeat the scan of the track again until the beginning of
      the desired portion of the tape is accurately located. Thus, the ease of
      pinpointing a particular portion of the tape is directly related to the
      accuracy of the counter which indicates the position of the tape.
      Unfortunately, prior art tape recorders of this type normally utilize
      counter drive mechanisms which are responsive to the tape drive mechanism
      instead of the movement of the tape itself. Since the operator, prior to
      recording, may manually stop the tape while the tape drive mechanism
      continues to run, the accuracy of the counter is significantly reduced
      because, although the tape has not moved, the tape drive mechanism is
      running thereby causing the counter to be indexed.
PAR  It is, therefore, a prime object of the present invention to provide a tape
      recorder having a counter drive mechanism which is directly responsive to
      the movement of the tape and independent of the tape drive means.
PAR  In accordance with the present invention, a tape recorder of the type
      having a tape drive mechanism and a counter for indicating the position of
      the tape is provided. The counter is indexed by a counter drive mechanism
      including movable means the movement of which is independent of the tape
      drive mechanism. The movable means abuts the tape and is driven by the
      movement of the tape. The counter is mechanically connected to the movable
      means such that it is driven by the movement of the movable means. In this
      manner, the counter is responsive only to the movement of the tape and is
      independent of the tape drive mechanism, thereby significantly enhancing
      the accuracy of the counter.
PAR  The recorder is provided with a mechanism which is actuatable to reset the
      counter at the beginning of each track. In order to actuate the counter
      resetting mechanism at the appropriate time, a portion of the tape is made
      electrically conductive, such as by affixing a metal foil thereto at the
      beginning of each track. The movable means is provided with a pair of
      electrically isolated conductive strips on the tape engaging portion
      thereof. When the electrically conductive portion of the tape contacts the
      electrically isolated conductive strips, the strips are electrically
      connected to complete the circuit which actuates the counter resetting
      mechanism.
DRWD
PAR  To these and other objects as may hereinafter appear, the present invention
      relates to a tape recorder having a counter drive mechanism directly
      responsive to the movement of the tape as defined by the appended claims
      and described in the specification taken together with the drawings
      wherein like numerals refer to like parts and in which:
PAR  FIG. 1 is an isometric view of a portion of a tape recorder equipped with
      conventional counter drive mechanism; and
PAR  FIG. 2 is an isometric view of a portion of a tape recorder having a
      preferred embodiment of the counter drive mechanism of the present
      invention.
DETD
PAR  FIG. 1 shows a portion of a conventional tape recorder for playback or
      recording on a tape 10 contained within a cartridge 12. The tape drive
      system of the recorder includes a motor 14 which is connected to a belt 16
      by means of a rotatable shaft 18. Belt 16 rotates a flywheel 20 which in
      turn is connected to a capstan shaft 22. Tape 10 is engaged between a
      pressure roller 24 and capstan shaft 22 such that the rotation of capstan
      shaft 22 causes movement of the tape along a magnetic head 26 wherein the
      recording or playback function is performed.
PAR  A wheel 28 is connected to the other end of capstan shaft 22 such that it
      is rotatable therewith. A belt 30 operably connects wheel 28 to a wheel 32
      which is the input wheel for counter 34, shown here as a conventional
      mechanically driven position-indicating counter. Thus, the counter is
      indexed by the rotation of wheel 32.
PAR  Counter 34 is provided with a reset mechanism in the form of a button 36,
      the depression of which serves to reset counter 34 to zero. Preferably,
      this is accomplished each time a new track is begun on the tape and may be
      actuated by a portion of the mechanism which varies the position of the
      magnetic head each time the track is changed. In order to perform this
      function, a contact switch 38 is placed adjacent to tape 10 such that a
      pair of electrically isolated contacts 40 abut the tape as the tape is
      moved. At the beginning of the new track a piece of conductive foil 42 is
      affixed to the tape such that it passes adjacent contacts 40 to complete
      the electrical connection therebetween. Switch 38 is connected in series
      with a power source 44 and a solenoid 46, the plunger of which causes the
      necessary variation in the position of the magnetic head. This plunger is
      also mechanically connected to a lever 48 which is in alignment with the
      reset button 36 on counter 34 such that when foil 42 completes the
      electrical connection between contacts 40, solenoid 46 is connected to
      power source 44 thereby causing the plunger to move lever 48 thus
      depressing pushbutton 36 and thus reset counter 34. In this manner, track
      change and counter resetting may be accomplished simultaneously.
PAR  When a recording operation is to be carried out, often the operator will
      start recording by selecting an appropriate place on the tape and moving
      the tape until the selected portion thereof is opposite magnetic head 26.
      Although motor 14 is energized and capstan shaft 22 is rotating, the tape
      will be manually held stationary relative to head 26 until recording is
      commenced. Upon the commencement of the recording, the tape will be
      released thereby permitting the rotating capstan shaft 22 to move the tape
      relative to head 26. Thus, capstan shaft 22 may be rotating even though
      the movement of the magnetic tape is temporarily stopped. In this
      situation, a counter with a conventional drive mechanism will be indexed
      because of the rotation of the capstan shaft even though the tape is not
      moving thereby significantly reducing the accuracy of the counter. When
      several separate recordings are to be made within each track of a finite
      magnetic tape, inaccuracies in the counting operation may cause
      difficulties in allocating portions of the tape to the particular pieces
      recorded. Thus, it is considered a disadvantage to have the counter
      responsive to the rotation of the capstan shaft instead of responsive to
      the movement of the tape itself.
PAR  FIG. 2 shows a preferred embodiment of the present invention wherein the
      counter is directly responsive to the movement of the tape and not to the
      rotation of the capstan shaft, as previously described. This drawing shows
      a tape 10 situated within a cartridge 12. The tape drive mechanism
      including the motor, flywheel, capstan drive, and pressure roller,
      although not shown in this drawing, are substantially as shown in FIG. 1.
      In this embodiment the contact switch 38 is replaced by a movable means in
      the form of a rotatable disc 50 which abuts the path of travel of tape 10.
      Disc 50 has a tape engaging surface which is the peripheral edge of the
      disc. The peripheral edge of disc 50 is provided with a pair of spaced
      electrically isolated strips 52 which encircle the edge of the disc. As
      tape 10 passes between the tape engaging surface of disc 50 and a tape pad
      54, the movement of the tape causes disc 50 to be rotated. The rotation of
      disc 50 rotates a shaft 56 which in turn rotates a wheel 58. A belt 60
      communicates the rotation of wheel 58 to a wheel 62 which is connected to
      the input shaft of counter 34 such that the rotation of wheel 62 indexes
      counter 34.
PAR  As described in the previous embodiment, counter 34 has a reset button 36,
      the depression of which causes the counter to reset to zero. A solenoid 46
      is connected between a power source 44 and a conductive plate 64 which
      forms a bracket to which disc 50 is rotatably mounted. Bracket 64 is
      insulated from the tape recorder chassis by means of insulating plate 66.
      One of the conductive strips 52 is electrically connected to bracket 64 by
      means of a brush, or the like (not shown). The other conductive strip 52
      is operably connected to ground such that when conductive portion 42 of
      tape 10 is in position to contact both conductive strips 52
      simultaneously, the strips are electrically connected thereby completing
      the circuit between ground and the power source 54. The completion of the
      circuit energizes solenoid 46 such that the plunger thereof (not shown)
      varies the position of the magnetic head thus changing the track. In
      addition a lever 48 mechanically connected to the plunger of solenoid 46
      depresses reset button 36 thereby resetting counter 34.
PAR  When the cartridge 12 is placed in the appropriate position relative to the
      tape recorder chassis, disc 50 protrudes into opening 68 in the cartridge
      enclosure such that the peripheral edge thereof engages the tape. Pad 54
      serves to maintain contact between the tape and disc 50. Tape 10 is driven
      in the conventional manner such that it moves between pad 54 and disc 50
      thus rotating disc 50 in the direction shown by the arrow. The rotation of
      disc 50 is transferred to wheel 62 by means of wheel 58 and belt 60 such
      that counter 34 is indexed in accordance with the movement of the tape. In
      this way, it is the movement of the tape itself which causes the indexing
      of the counter and should the tape be stopped while the tape drive
      mechanism continues to run, this will cause the indexing of the counter to
      cease. As a result, the counter always accurately reflects the position of
      the tape.
PAR  After the tape has run through one complete track, the conductive foil 42
      which is adhered thereto will pass between pad 54 and disc 50 thereby
      electrically connecting the conductive strips 52 on disc 50. The
      electrical connection of the conductive strips 52 on disc 50 will cause
      the track change and counter reset circuit to be actuated thereby
      energizing solenoid 46 causing a plunger to vary the position of the
      magnetic head and lever 48 to depress reset button 36 on counter 34
      simultaneously with the changing of the track. Thus, the counter is
      automatically reset at the beginning of each new track.
PAR  While but a single preferred embodiment of the present invention has been
      disclosed herein for purposes of illustration, it is apparent that many
      modifications and variations can be made thereon. For instance, in the
      described embodiment the counter is mechanically driven by a belt which
      operably connects the rotatable disc with the input shaft of the counter.
      However, as an alternative, the counter could be operated by detecting the
      number of rotations of the disc either electrically or mechanically. In
      addition, the counter itself could be of the electrical type, if desired.
      Furthermore, an independent controlling means may be utilized to reset the
      counter instead of utilizing the same mechanism which causes the magnetic
      head to change tracks. It is intended to cover all of these modifications
      and variations which fall within the scope of the present invention as
      defined by the appended claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. In a tape recorder for use with a tape having an electrically conductive
      portion, said recorder being of the type having a tape drive mechanism, a
      resettable counter for indicating the position of the tape, means for
      resetting the counter, and a power source, the improvement comprising
      movable means independent of the tape drive mechanism, said movable means
      abutting the tape and being driven by the movement of the tape, the
      counter being operatively connected to said movable means to be driven
      thereby, a pair of electrically isolated conductive strips situated on
      said moving means at the portion thereof abutting the tape, said counter
      resetting means being operatively connected to said power source through
      said conductive strips such that when said portion electrically connects
      said strips said counter resetting means is energized by said source.
NUM  2.
PAR  2. The tape recorder of claim 1 wherein said movable means comprises a
      rotatable element having a tape engaging surface.
NUM  3.
PAR  3. The tape recorder of claim 2 wherein said element is a disc and wherein
      said tape engaging surface is the peripheral edge of said disc.
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ABST
PAL  A magnetic card transport comprising the combination of a frame having
      curved guide path means for a card to insure effective but minimal reading
      pressure of card against a magnetic head (transducer) resulting only from
      flexure of the card by rigidly mounting the head on the convex or rear
      side of the frame, and novel card translating means including a
      self-pivoting drive shaft with a driven roller at one end and a curved
      card-driving roller at center carried by a bracket pivotally mounted on
      the frame for movements between inoperative and operative positions and
      having a pivotal half-bearing to insure angular movement of the shaft axis
      in response to forward or reverse rotation of the driven roller to
      maintain proper engagement of the card with the frame, and a stop to limit
      manual card insertion to a start position and movable to inoperative
      position as the shaft-supporting bracket is swung to its operative
      position to effect rotation of the driven roller.
PAL  As forward rotation of the motor is initiated, a solenoid is energized to
      swing the shaft-supporting bracket to operative position, and optical
      sensing means are provided for cooperation with a hole pattern in the card
      to cause reversal of the motor, when the card has reached its desired
      innermost extent of travel, and deenergization of the motor and the
      solenoid when the card has reached the end of its useful travel and been
      returned to start position, thus detecting card presence and point of
      drive reversal, providing record protection, and preventing operation when
      card is improperly inserted.
PAL  Novel head-supporting bracket is mounted on the frame for engagement by
      three screws adjustable to independently rotate the bracket and head about
      three mutually perpendicular axes to assure accurate positioning of the
      head relative to the guide path means and a card traveling therethrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to handling of magnetic cards, and more
      particularly to apparatus for transporting a flat flexible magnetic card
      past a magnetic head or electro-magnetic transducer and insuring effective
      low pressure contact between, and accurate alignment of, the card and the
      head.
PAR  2. Description of the Prior Art
PAR  Prior magnetic card handling systems generally handle the cards flat and
      employ a pressure roller or spring-urged pad on the opposite side of the
      card from the transducer or magnetic head to apply pressure between the
      latter and the card. While the device of U.S. Pat. No. 3,495,222 employs
      curved guides 114, 115, such are merely for directing a card 150 manually
      inserted in the inlet 113 and downwardly into the constantly rotating
      drive rollers to an outlet 114 conveniently located for the operator,
      since the card direction of travel is not reversed. That device maintains
      the magnetic head 129 spring-urged in engagement with the card so that,
      like the other prior systems, such spring pressure results in excessive
      wear. Unlike the machine of U.S. Pat. No. 3,495,222, other prior art
      devices effect reversal of the direction of travel of each card to provide
      an automatic two stage power driven cycle, such as that of U.S. Pat. No.
      3,337,213, with the return path of the card, however, being different than
      that during its initial movement. In some prior devices proper
      registration of the magnetic card with the head or transducer is attained
      by the application of pressure against a longitudinal edge of the card to
      engage the opposite edge with a guide, as by a spring-urged ball, but that
      also is a source of excessive wear. In U.S. Pat. No. 3,752,962 card
      alignment with respect to successively passed, read and write heads in a
      unidirectional movement is effected by an endless belt for transporting
      the card that is skewed at an angle to a fixed linear card guide. And
      another prior device of interest is disclosed in U.S. Pat. No. 3,671,719
      which imparts inward and reverse or return movements to a card, although
      in different paths, and effects edge engagement of the card with a guide
      by means of resilient cup-shaped rollers having wedge-shaped cuts in their
      annular peripheries to produce a plurality of radially projecting flexible
      teeth which engage the card, on its upper surface during inward movement,
      on its trailing edge to drive the card from one side to the other of its
      path preparatory to initiation of return or outward card movement, and on
      the under surface of the card to continue that return after the card
      movement has been reversed by rebounding of a leaf spring struck by the
      initially leading edge of the card.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a magnetic card transport for effecting a two stage
      power driven cycle comprising inward movement of the card, after proper
      manual insertion of the card against a stop, by translating means in a
      curved path determined by guide means to flex the card to maintain an
      effective low contact pressure of the card against a rigidly-mounted
      magnetic head solely by the guide means and the flexed card, and automatic
      reverse or outward movement of the card in the same curved path in the
      opposite direction while properly registering the card with the head
      throughout the cycle without appreciable card surface or edge wear.
      Maximum life thereby is assured for the card and the transport mechanism,
      jittering movements between the card and the head are substantially
      eliminated, and the cost of manufacturing this simplified transport is
      minimized in comparison to the prior devices.
PAR  The novel card translating means includes a curved card-driving roller on a
      shaft having a driven roller on one end and extending through enlarged
      apertures in a pivotally mounted shaft-supporting or drive transmission
      bracket having a half-bearing defining pivot for the shaft, motor-driven
      drive means, and means for swinging the bracket to engage the driven
      roller with the drive means, the direction of rotation of the motor
      causing restricted pivoting of the shaft on the half-bearing to properly
      position the axis of the curved roller to maintain the same edge of the
      card against the guide means during both longitudinal directions of travel
      of the card to insure accurate registration with the head. The drive
      transmission bracket includes a card insertion stop which is automatically
      moved out of the path of the card, if the card has been properly manually
      positioned, as the bracket is swung to effect rotation of the shaft. A
      hole pattern in the card cooperates with optical switch or light sensor
      means as a motor control to effect reversal of the motor when the card has
      completed its inward movement and deenergization of the motor when the
      card has reached the end of its useful travel.
PAR  The magnetic head is rigidly mounted in a bracket and fine adjustments of
      the latter may be effected independently about three mutually
      perpendicular axes to assure perfect alignment or orientation of the head
      with respect to a card flexed by the curved guide means.
PAR  In the drawings:
PAR  FIG. 1 is a front elevation of a magnetic card transport embodying the
      invention with a card inserted in starting position against a stop and
      having its lower left corner broken away to show the magnetic head and the
      left side optical switch, and its lower right corner broken away to show a
      card backing pad;
PAR  FIG. 2 is a reduced view of a card face;
PAR  FIG. 3 is a top plan view of a portion of FIG. 1 without the card and on an
      enlarged scale;
PAR  FIG. 4 is a vertical section taken substantially on the line 4--4 of FIG. 1
      showing the card-driving roller and supporting bracket in rearward
      inoperative position;
PAR  FIG. 5 is an end view of the upper part of the transport as seen from the
      right side of FIG. 1 showing the shaft-supporting bracket in the rearward
      inoperative position of FIG. 4;
PAR  FIG. 6 is a sectional view like FIG. 4 showing the card-driving roller and
      supporting bracket in forward operative position;
PAR  FIG. 7 is an end view like FIG. 5 showing the shaft-supporting bracket in
      its forward operative position, with the driving roller shaft in full
      lines in the position assumed during downward movement of the card and in
      broken lines in the position assumed during upward or return movement of
      the card;
PAR  FIG. 8 is a detail front elevation of the shaft-supporting bracket in its
      inoperative position of FIG. 4 showing the shaft horizontal;
PAR  FIG. 9 is a view like FIG. 8 after movement of the shaft-supporting bracket
      to its operative position of FIG. 6 showing the shaft tilted about a
      half-bearing with its right end up and down at its left end that carrys
      the driven roller;
PAR  FIG. 10 is a detail vertical section taken substantially on the line 10--10
      of FIG. 9 through the half-bearing and showing the driven roller engaging
      the capstan drive shaft;
PAR  FIG. 11 is a view like FIG. 9 showing the shaft tilted with its left end up
      and its right end down in the position assumed during reverse or upward
      movement of the card;
PAR  FIG. 12 is a rear elevation with the wiring omitted;
PAR  FIG. 13 is an exploded view in perspective to show the adjustable mounting
      of the magnetic head; and
PAR  FIG. 14 is a simplified circuit diagram.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As illustrated herein, the magnetic card transport comprises a frame
      indicated generally by reference numeral 11 which is a unitary molding
      made of a suitable plastic, such as the glass-filled phenolic marketed by
      Fiberite Corporation under the designation FIBERITE FM4009, that includes
      a base 12, vertical right and left side walls 13 and 14, respectively, a
      horizontal head bar 15 joining the upper ends of the latter and extending
      forwardly therefrom, a vertically curved web 16 extending transversely
      between the side walls 13, 14 as a segment of a preferably cylindrical
      ring, and a motor-supporting shelf 17 extending outwardly from the left
      side wall 13.
PAR  As best seen in FIGS. 1 and 4, the side walls 13 and 14 have inwardly
      extending guide lugs 18 spaced slightly forwardly from the curved web 16,
      and the latter is provided with apertures 19 (FIG. 1) inwardly from those
      lugs to facilitate molding, with the uppermost apertures 19 also
      functioning to pass light for optical sensing means, as later described.
      Left and right curved guide means 21 and 22, respectively, preferably in
      the form of stainless steel channels, are disposed between the web 16 and
      the lugs 18 facing inwardly and having their upper ends (FIGS. 3 and 4)
      split and flared to guide and facilitate entrance of a magnetic card 23
      therebetween. These guide channels 21, 22 are secured to the side walls 13
      and 14, respectively, preferably by a suitable epoxy at 24 spaced
      locations along their lengths. A center guide strip 25 also is attached to
      the front face of the web 16 by epoxy, or the like, with its forward
      surface in substantially the same cylindrical plane as the rear inner
      surfaces of the edge guides 21 and 22.
PAR  As shown in FIGS. 1 and 3-5, a separate card funnel or loader, indicated
      generally by reference numeral 26, is molded from a suitable plastic, such
      as polypyropolene, for snap-fitting engagement on the upper end of the
      frame 11, as by means of depending integral legs 27 at its four corners
      (FIGS. 1, 4 and 5) having feet 28 engageable in grooves 29 along the front
      and rear lower edges of the horizontal head bar 15. The interior of the
      funnel 26 comprises a trough with downwardly and inwardly sloping walls,
      the end ones engaging the outer edges of the upstanding upper ends of the
      left and right guide means 21 and 22, and the longitudinal ones having
      guide ribs 31 for directing the lower end of a card 23 accurately into the
      upper ends of the curved guide means 21, 22. The rear surface of the head
      bar 15 is provided with a central semi-cylindrical recess 32 (FIG. 4)
      having a smaller communicating and coaxial recess 33 (FIG. 3) at each side
      for receiving a backing roller 34 and the ends of a stud shaft 35 on which
      it is mounted. The card funnel 26 has a pair of laterally spaced fingers
      36 depending therefrom for closing the recess 33 when the funnel is
      mounted on the head bar to retain the backing roller 34 in place.
PAR  Card translating means for moving the card 23 along the curved path defined
      by the web 16 and guide means 21, 22 includes a reversible motor 37,
      preferably D.C. with a low inertia rotor, mounted on a plastic gear box 38
      which is supported on the shelf 17 of frame 11 in any suitable manner. As
      shown in FIG. 12, the upper horizontal surface of the shelf 17 has a
      groove 39 for receiving a rib or flange 41 on the gear box 38, and the
      latter is secured to a vertical portion of shelf 17 (FIG. 13) by a bolt
      and nut 42 (FIG. 1). A pinion gear 43 (FIGS. 3 and 4) is mounted on the
      shaft of the motor 37 which meshes with a gear 44 mounted upon and secured
      to a capstan shaft 45 supported by suitable bearings in the side walls of
      the gear box 38. Since the inner end of the capstan shaft 45 is a driving
      member, its peripheral surface is slightly roughened, as by sandblasting.
PAR  The card translating means further includes a driven roller 46, preferably
      plastic with a urethane tire on its periphery, which is secured in any
      suitable manner on the left end of a pressure or driving roller shaft 47
      (FIGS. 3 and 8-11) for cooperation with the capstan shaft 45. The shaft 47
      is rotatably supported in the upper portion of a bracket 48 pivotally
      mounted intermediate its ends on suitable horizontal stud shafts 49 on the
      side walls 13, 14 of frame 11 (FIGS. 4-7). The left side 51 of the bracket
      48 has a substantially rectangular aperture 52 for receiving a plastic
      bearing or washer mounted on the shaft 47 adjacent and inwardly of the
      driven roller 46 (FIGS. 3, 8, 9 and 11) and held in place by suitable
      retaining rings. Thus, in addition to being freely rotatable relative to
      the bracket 48, the shaft 47 supported by it may tilt limitedly while
      being prevented from escaping longitudinally from the bracket. As best
      seen in FIGS. 4, 5 and 7, the right side 53 of bracket 48 has a
      substantially square aperture 54, preferably with rounded corners, which
      receives and limits tiling movements of the right end of shaft 47. Mounted
      on the central portion of shaft 47 in alignment with the backing roller 34
      is a pressure or driving roller 55 which also is plastic with a tire,
      preferably of urethane, having a curved or segmentally spherical outer or
      peripheral surface. As best seen in FIGS. 3 and 8-11, a half-bearing 56
      molded from a suitable plastic having a substantially hemispherical outer
      surface and a rearwardly extending cylindrical stud 57 is mounted in a
      complementally shaped recess in the forward surface of an upper transverse
      portion 58 of the bracket 48 at a point between the left side 51 and the
      driving roller 55. A bearing recess 59 (FIGS. 8 and 10) in the forward end
      surface of this half-bearing 56 cooperates with the driving roller shaft
      47 in a manner to be described later to accommodate tilting of the shaft
      to effect engagement of the right edge of a card being moved by the
      driving roller 55 with the right guide means 22 regardless of whether the
      card translation is downward or upward.
PAR  The shaft-supporting bracket 48 normally is in its inoperative position of
      FIGS. 3-5, 8 and 12 wherein its upper end is disposed rearwardly to space
      the driven roller 46 from the capstan shaft 45 and the driving roller 55
      from a card that may have been inserted into the guide means 21, 22. A
      card stop is molded integrally with the bracket 48 which comprises an
      inward extension 61 (FIGS. 1 and 8) from a forward portion 62 (FIGS. 5 and
      8) of the right side 53 and a rearwardly extending finger 63 (FIG. 4). The
      web 16 is provided with an aperture 64 (FIGS. 1, 4, 12 and 13) to
      accommodate the end of the finger 63 when the bracket is disposed in its
      inoperative position wherein the finger 63 is in operative position in the
      path of movement of a card 23 in the guide means 21, 22 to limit downward
      movement of a card manually inserted therein through the funnel 26.
PAR  Means are provided for swinging the upper end of the bracket 48 forwardly
      (to the right in FIG. 4 to its operative position of FIG. 6) to render the
      card stop 63 ineffective and to engage the driven roller 46 with the
      capstan shaft 45 and the driving roller 55 with the rear surface of the
      card 23 opposite the backing roller 34. This means comprises a solenoid 65
      mounted in any suitable manner on the frame base 12 with its normally
      extended plunger 66 connected by a coil spring 67 to a lower end 68 of the
      shaft-supporting bracket 48. As will readily be apparent, energizing the
      solenoid to cause retracting of its plunger 66 will pull the lower end 68
      of bracket 48 rearward through the agency of the spring 67 to resiliently
      effect engagement of driven roller 46 with capstan shaft 45 and driving
      roller 55 with the inserted card to move the latter downward past a
      magnetic head or transducer 69 which is mounted, as shown in FIGS. 1 and
      12, for constant but low pressure engagement with the rear or convex
      surface of the card.
PAR  As previously noted, such contact is effected solely by the flexure of a
      card 23 as applied by the curved guide means 21, 22, so it is essential
      that fine and accurate adjustment of the operative face of the head 69
      relative to the curved pathway of the card be available during assembly or
      mounting of the head on the frame 11. To this end, the head 69 is mounted
      in a bracket 71, as best seen in FIG. 13, preferably with a leaf spring 72
      interposed between that bracket and the right side of the head as shown at
      the left side in the rear view of FIG. 12. A shim or wedge 70 is slid
      between the head 69 and the bracket 71 at the side opposite spring 72 to
      enable accurate lateral positioning of the head in the bracket, different
      wedges being tried in each assembly on a trial and error basis until
      proper positioning of the head relative to the side guide 22 is attained.
      A flanged aperture 73 through the upper left hand portion of the web 16 of
      frame 11 (FIGS. 1 and 13) receives the bracket 71 which has a depending
      hook 74. As shown in FIG. 12, a head adjusting plate 75 is mounted on the
      rear of the frame 11 and is secured thereto by two mounting screws 76.
      Threadedly mounted in and extending through the plate 75 for engagement
      with the head mounting bracket 71 are a zenith adjusting screw 77, a
      rotation adjusting screw 78, an azimuth adjusting screw 79 and a locking
      screw 81. A coil spring 82 interconnects the hook 74 on the bracket 71 and
      a finger 83 depending from the plate 75 (FIG. 12) to urge the lower
      lefthand corner of the bracket 71 (righthand corner in FIG. 12) into
      engagement with the azimuth adjusting screw 79. As illustrated in FIG. 13,
      the azimuth adjusting screw 79 is shown as a single screw, but it will be
      appreciated that this may be a course adjusting screw which also has a
      fine adjusting screw within it, i.e., a compound screw. After assembly and
      initial mechanical adjustment, the magnetic head 69 is secured to the
      mounting bracket 71 with a suitable epoxy. The three screws 77-79 then
      provide for separate and individual fine adjustments of the bracket 71 and
      the head 69 relative to the frame 11 and its card guide means 21, 22 about
      three mutually perpendicular axes to assure accurate positioning of the
      head relative to the guide means and a card being guided thereby.
      Following any such fine adjustments of the head that may be required, the
      locking screw 81 is tightened and the screws 77-79 suitably secured in
      final position. Since the longitudinal flexure of the card 23 by the guide
      means 21, 22 also may tend to cause the card to warp or bow rearwardly
      between the center guide 25 and the right guide 22, it is desirable to
      provide means to prevent such card warping at a point substantially
      horizontally aligned with the magnetic head 69. To this end a U-shaped
      card backing pad 88 is mounted over the upper edge of the frame web 16
      (FIGS. 1, 4 and 12) laterally intermediate the guides 22 and 25 with an
      adjusting screw 89 extending through the web to enable accurate
      front-to-rear positioning of its forward surface into the transverse plane
      defined by the forward face of the head 69.
PAR  In the operation of this magnetic card transport for effecting a two stage
      power driven cycle, a card 23 is inserted manually downwardly into the
      funnel 26 which guides the lower end thereof into the guide means 21, 22
      and until it moves into contact with the card stop or finger 63 that is
      normally in its operative position of FIG. 4. A control key 91 (FIG. 14)
      subsequently actuated by the operator energizes the motor 37 and the
      solenoid 65 to cause rotation of the capstan shaft 45 and to swing the
      bracket 48 from its normal inoperative position of FIG. 4 to its operative
      position of FIG. 6. Since the card stop 63 is an integral part of the
      bracket 48, it is thus removed from the path of movement of the card. At
      the same time, the driven roller 46 on the end of the shaft 47 thus is
      carried forwardly (to the right in FIGS. 4 and 6) into engagement with the
      rotating capstan shaft 45. Such driving engagement of roller 46 and shaft
      45 not only will rotate the shaft 47 and the driving roller 55, but also
      will cause downward movement of the roller 46 to tilt the shaft 47 from
      its normal horizontal inoperative position of FIG. 8 to the position
      illustrated in FIG. 9. That tilting of the shaft 47 is pivoted by the
      half-bearing 56, and limited adjacent the right end by the upper wall of
      the aperture 54 in the right side 53 of bracket 48. This tilting of shaft
      47 moves its right end from its position in aperture 54 as shown in FIG. 5
      to the upper full line position in FIG. 7 wherein it engages the upper
      surface of the aperture 54. That initial tilting of the shaft 47 causes
      the curved driving or pressure roller 55 not only to move the card
      downwardly by virtue of the clockwise rotation thereof as viewed in FIGS.
      4 and 6, but also exerts lateral pressure against the card to maintain it
      in engagement with the right side guide 22 to insure proper alignment of
      the card with the magnetic head 69. It will be appreciated that this
      driving pressure of the roller 55 against the rear surface of the magnetic
      card 23 will be of a resilient nature by virtue of being transmitted
      through and by the spring 67, and that forward movement of the upper end
      of the bracket 48 will be limited by the card, the backing roller 34 and
      capstan shaft 45.
PAR  When the card 23 reaches the downward end of its useful travel, the
      direction of rotation of the motor 37 is reversed in a manner later to be
      described, while the solenoid 65 continues to be energized. Such reversal
      of the motor causes the capstan shaft 45 to lift the driven roller 46 and
      tilt the shaft 47 from its position of FIG. 9 to that of FIG. 11. As in
      the initial tilting of shaft 47, this is limited by the plastic bearing 52
      adjacent the left end of the shaft and by the right end portion of the
      shaft engaging the lower surface of the aperture 54 which is the position
      thereof illustrated in broken lines in FIG. 7. This reverse rotation of
      the motor reversely rotates the curved roller 55 to cause it to move the
      card 23 upwardly while, at the same time, exerting a lateral pressure
      against it to insure proper edge engagement thereof with the right guide
      22. The same edge of the card 23 thus will be maintained against the same
      guide means 22 during both longitudinal directions of travel of the card
      to insure accurate registration with the magnetic head 69. It also will be
      appreciated that the inherent stiffness of the magnetic card 23 coupled
      with the flexure thereof by the guide means 21, 22 will effect the desired
      low pressure contact of the rear or convex surface of the card with the
      magnetic head 69. As the card is returned upwardly to its initial starting
      position, the motor 37 and the solenoid 65 are deenergized which results
      in the upper end of the bracket 48 and the parts carried thereby being
      sprung rearwardly about the pivot pins 49 to bring the card stop 63 back
      to its operative position of FIG. 4.
PAR  As will be readily understood, the card 23 preferably comprises a polyester
      base 0.0075 inches thick with a matte finish on its forward surface
      capable of being written upon, and coated on its rear surface with
      magnetic oxide in well-known manner. This will be capable of normally
      remaining flat while being flexible enough to follow the curved pathway
      defined by the guides 21, 22 and maintain the desired low pressure contact
      with the head 69. Since the read and write controls for the head 69 are
      not a part of the present invention, however, they are not illustrated.
PAR  Referring to FIGS. 1, 2 and 14, the sequence of operations above described
      is controlled by a hole pattern in the card 23 and optical sensing means
      mounted on the frame 11 for cooperation therewith. The optical sensing
      means comprise a pair of optical switches 92 and 93, each including a
      light-emitting diode and a photoelectric transistor, mounted,
      respectively, adjacent the left and right guide means 21 and 22. The left
      switch 92 is disposed just above the upper surface of the card-limiting
      stop 61-63 when it is in effective position with the bracket 48 in normal
      inoperative position, so that proper placement of a card manually into the
      transport will block light transmission to the transistor to sense the
      presence of the card and render subsequent operation of control key 91
      effective to cause erasure by head 69 of any recordings previously made on
      the rear side of the card, as represented by the broken line 94 in FIG. 1.
      On the other hand, if the adjacent corner 95 of card 23 has been cut off,
      as indicated in broken lines in FIG. 2, this left optical switch 92 will
      not be so actuated and the recorded track 94 will not be erased. The
      optical switch 93 at the right side is disposed somewhat higher than the
      switch 92 at a point below a marginal aperture 96 through the card 23 when
      the latter is inserted into the transport into engagement with the upper
      surface of the card-limiting stop 61-63, thereby blocking light
      transmission in switch 93 to prevent actuation thereof. However, should
      the card 23 be improperly inserted into the transport whereby the left (as
      seen in FIG. 2) instead of the right edge of the card is disposed opposite
      the optical switch 93, light transmission through a marginal aperture 97
      in the card actuates switch 93, resulting in an error condition rendering
      operation of control key 91 ineffective.
PAR  With the reference to FIG. 14, which is a partial schematic diagram
      illustrating the control circuitry for the present invention, optical
      switch 93 comprises a light emitting diode 98 and a photoelectric
      transistor 99, the light emitting diode being energized from a power
      terminal 100 connected to a -17 v source, the anode of the diode being
      connected to ground. The photoelectric transistor 99 is operable, in
      response to the transmission of light in the optical switch 93, to provide
      a negative voltage from a -17 volt supply terminal 101, connected to its
      emitter, to the base terminal of a transistor 102 through a collector
      transistor 103. Transistor 102 is non-conductively biased to provide a -17
      volt condition on an output lead 104 in response to the blockage of light
      transmission in the optical switch 93. However, when photoelectric
      transistor 99 is illuminated by the light emitting diode 98 in response to
      backward insertion of card 23 into the transport, the negative voltage
      supplied by that transistor to the base of transistor 102 serves to
      conductively operate the latter in a known manner, thereby causing its
      output lead 104 to assume a 0 volt error condition, which is supplied to a
      logic circuit 105 to prevent operation of the transport.
PAR  When a properly positioned card 23 is inserted into the transport, light
      transmission through the optical switch 93 is initially blocked. The logic
      circuit actuates a solenoid control circuit 106 (FIG. 14) through a
      control line 107, the solenoid control circuit being operable to energize
      solenoid 65 from a +13 volt power input terminal 108 and a -17 volt power
      input terminal 109 through lines 111 and 112. The energization of solenoid
      65 serves to enable downward movement of the card 23 by the motor 37,
      which is controlled by the logic circuit 105, in response to actuation of
      the control key 91, through control lines 113 and 114 connected to a motor
      control circuit 115, the latter being operable to directionally control
      the energization of motor 37 by proper energization thereof from a +13
      volt terminal 116 and a -17 volt terminal 117.
PAR  Upon partial downward movement of the properly positioned card 23, the
      transmission of light through the optical switch 93 upon alignment thereof
      with the marginal aperture 96 will provide a 0 volt condition or signal on
      line 104, which is ignored by the logic circuitry 105. When the card 23 is
      moved by the motor 37 through the extent of its downward travel, an
      elongated aperture 118 (FIG. 2) in the card 23 will reach a point in
      alignment with the optical switch 93 to effect light transmission
      therethrough, thereby causing a 0 volt condition or signal on lead 104,
      which actuates the logic circuitry 105 to effect reversal of the motor 37
      by reversing its supply connections. The aperture 118 is elongated to
      provide coasting time for the motor and driven parts. The resulting return
      cycle or upward card translation is terminated in response to a subsequent
      signal on lead 104 by switch 93 when aperture 96 returns into alignment
      therewith, which effects deenergization of motor 37 and solenoid 65.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A magnetic card transport, comprising a frame having curved guide means
      with an outer convex side and an inner concave side for receiving a flat
      flexible magnetic card for longitudinal translation relative thereto and
      flexing said card to a predetermined curvature, a magnetic head, means for
      mounting said head rigidly on said frame on the outer convex side of said
      guide means whereby effective low contact pressure with said card in said
      guide means as imposed solely by the latter and said flexed card, and card
      translating means for imparting longitudinal translation of said card
      relative to said guide means, which includes a driving roller, a shaft
      supporting said roller, a bracket supporting said shaft, means pivotally
      mounting said bracket on said frame and means for swinging said bracket
      from an inoperative position spaced from said card to an operative
      position engaging said driving roller with said card.
NUM  2.
PAR  2. A magnetic card transport according to claim 2, wherein said card
      translating means includes a reversible motor and said driving roller
      contacts said card to effect longitudinal translation thereof according to
      the direction of rotation of said motor and said card translating means
      includes means operable during longitudinal translation in either
      direction to maintain the same longitudinal edge of said card in
      engagement with said guide means to insure proper registry of said card
      with said head.
NUM  3.
PAR  3. A megnetic card transport according to claim 2, wherein said card
      translating means includes a motor, drive means rotated by said motor, and
      a driven roller mounted on said shaft, whereby swinging of said bracket
      from inoperative to operative position engages said driven roller with
      said drive means.
NUM  4.
PAR  4. A magnetic card transport according to claim 3, wherein said motor is
      reversible, said bracket is provided with a half-bearing and apertures
      larger than the diameter of said shaft for receiving and limiting pivotal
      movements thereof about said half-bearing, and said driving roller has a
      curved peripheral surface, whereby engagement of said driven roller with
      said drive means will tilt said shaft about said half-bearing to cause
      said curved driving roller while translating said card in either
      longitudinal direction to maintain the same longitudinal edge of said card
      in engagement with said guide means to insure proper registry of said card
      with said head.
NUM  5.
PAR  5. A magnetic card transport according to claim 3, wherein said bracket
      includes a stop means disposed, when said bracket is in said inoperative
      position, in the path of said card to limit manual insertion thereof to a
      start position and movable out of the path of said card when said bracket
      is swung to operative position.
NUM  6.
PAR  6. A magnetic card transport according to claim 8, wherein said means for
      swinging said bracket from inoperative to said operative position
      comprises a solenoid mounted on said frame and a spring interconnecting
      said solenoid and said bracket.
NUM  7.
PAR  7. A megnetic card transport according to claim 1, wherein said translating
      means includes a reversible motor, and said shaft has self-pivoting means
      supporting said driving roller and mounted for limited tilting in opposite
      directions in response to opposite rotations of said motor, said driving
      roller having a curved peripheral surface, whereby said driving roller
      will maintain the same longitudinal edge of said card in engagement with
      said frame while moving said card longitudinally in either direction to
      insure proper registry of said card with said head.
NUM  8.
PAR  8. In a magnetic card transport according to claim 1, a card funnel of
      plastic with integral feet for snap-fitting engagement on said frame and
      defining an aperture for receiving an end of said card and directing it
      into said guide means.
NUM  9.
PAR  9. A magnetic card transport according to claim 8, wherein said driving
      roller engages with one surface of the card and said card translating
      means further includes a backing roller engaging the other surface of the
      card opposite said driving roller.
NUM  10.
PAR  10. A magnetic card transport according to claim 9, wherein said backing
      roller is centrally mounted on a stub shaft, said frame is provided with
      open slots for receiving said stub shaft and backing roller, and fingers
      depending from said funnel for retaining the ends of said stub shaft in
      said slots.
NUM  11.
PAR  11. A magnetic card transport, comprising a frame having guide means for
      receiving and guiding a card in a predetermined pathway, a magnetic head
      mounted on said frame for cooperation with said card as the same moves
      along said pathway, and card translating means including a reversible
      motor, and a driving roller rotated thereby and means mounting said
      driving roller for movement into contact with a main surface of said card
      to effect longitudinal translation thereof along said pathway according to
      the direction of rotation of said motor said mounting means orienting said
      driving roller during such longitudinal translation in either direction to
      apply a lateral guiding force to maintain the same longitudinal edge of
      said card in engagement with said guide means to insure proper registry of
      said card with said head wherein said card translating means includes a
      shaft carrying said driving roller, a bracket loosely supporting said
      shaft, a half-bearing engaged by said shaft, and means for moving said
      bracket to effect said contact of said driving roller with said card and
      tilting of said shaft about said half-bearing as a fulcrum.
NUM  12.
PAR  12. A magnetic card transport according to claim 11, wherein said driving
      roller has a curved peripheral surface.
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ABST
PAL  Magnetic disk recording apparatus including a pair of magnetic transducers
      contacting the opposite sides of a magnetic disk and each carried by a
      swingable arm. The arms are interconnected together so that the swinging
      movement of one of the arms is transmitted to the other arm to cause an
      opposite swinging movement of the other arm for simultaneously moving the
      transducers away from the magnetic disk. An electromagnet actuates one of
      the arms so as to thereby also move the other arm.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to magnetic recording apparatus and particularly to
      apparatus for recording on magnetic disks.
PAR  It has previously been common practice to record only on one side of a
      flexible magnetic disk at a time. Such recording, of course, limits the
      capacity of the apparatus with respect to the total amount of information
      that may be recorded and the speed with which the information may be
      recorded.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide improved recording
      apparatus by means of which two-sided recording may be accomplished on a
      moving magnetic medium and particularly on a flexible magnetic disk for
      thereby providing increased capacity and speed of recording. In this
      connection, it is an object of the invention to provide a pair of magnetic
      transducers effective on the opposite sides of a magnetic disk and means
      for holdiing the transducers in simultaneous contact with the disk so that
      simultaneous data transfer may take place on the two sides of the disk.
PAR  It is a further object of the invention to provide improved means for
      carrying such a pair of transducers so that the two transducers are moved
      simultaneously into recording engagement with the opposite sides of a
      magnetic disk and are moved simultaneously out of contact with the disk
      when it is desired to remove the disk from between the transducers.
PAR  More specifically, it is an object of the invention to provide a pair of
      arms on which the two transducers are mounted and to interconnect the arms
      so that the movement of one arm automatically causes the other arm to
      move, so that the two transducers are simultaneously moved with respect to
      the disk. In this connection, it is an object of the invention to provide
      power mechanism operative on one of the arms to thereby simultaneously
      move both of the arms and their magnetic transducers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view, partially schematic, of magnetic disk
      recording apparatus including a pair of magnetic transducers positioned on
      opposite sides of a magnetic disk by means of a pair of swing arms
      carrying the transducers;
PAR  FIG. 2 is a sectional view taken on line 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view on an enlarged scale taken on line 3--3 of FIG.
      2;
PAR  FIG. 4 is a view similar to FIG. 1 of another form of the invention;
PAR  FIG. 5 is a view similar to FIGS. 1 and 4 of still another form of the
      invention including a pair of transducer carrying swing arms that are
      connected by means of a flexure integrally molded with the swing arms; and
PAR  FIG. 6 is a fragmentary view in side elevation of the two swing arms of the
      FIG. 5 form of the invention, with the swing arms being in different
      positions than those shown in FIG. 5 and being swung outwardly to
      disengage the magnetic transducers carried thereby with respect to the
      associated magnetic disk.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 in particular, the magnetic head load mechanism shown
      therein may be seen to comprise a pair of arms 10 and 12 on opposite sides
      of a magnetic disk 14. The magnetic disk 14 at its center is fixed on a
      rotatable drive shaft 16 and may be of a thin flexible material, such as
      polyethylene terephthalate of about .003 inch thickness, for example. The
      disk 14 is coated on both sides with a magnetic material, such as iron
      oxide.
PAR  The arms 10 and 12 are respectively mounted on a carriage 18 by means of
      cantilever leaf springs 20 and 22. The carriage 18 is slideably disposed
      on fixed guide rods 23 extending through the carriage 18. The springs 20
      and 22 may have their upper ends embedded in the arms 10 and 12, and the
      lower ends of the springs 20 and 22 may be fixed with respect to the
      carriage 18 by means of screws 24. A pair of loading leaf springs 26 and
      28 are fixed with respect to the carriage 18 by means of the screws 24 and
      bear respectively on rounded protrusions 30 and 32 on the arms 10 and 12.
      The arm 10 is provided with a slider portion 34 which underlies a slider
      portion 36 of the arm 12 whereby the portion 34 may cause a swinging
      movement of the portion 36 and thereby of the arm 12 as will be described
      in greater detail hereinafter.
PAR  The springs 26 and 28 urge the arms 10 and 12 toward each other, and the
      carriage 18 carries a pair of stops 38 and 40 for limiting the motion of
      the arms 10 and 12 toward each other. The arms 10 and 12 respectively
      carry magnetic transducers 42 and 44 of similar construction. The
      transducer 42 is shown in section in FIG. 3, and it will be observed that
      the transducer 42 is hollow and fits over a head guide 46 integral with
      the arm 10. A spring 48 is disposed between the head guide 46 and an
      opposite internal surface of the transducer 42 and urges a magnetic head
      50 on the end of the transducer 42 into forceful engagement with the disk
      14. A plurality of headed studs 52 extend through the arm 10 and into the
      transducer 42 for the purpose of limiting the movement of the transducer
      42 under the action of the spring 48 under the conditions in which the
      transducer 42 is separated from the disk 14 as will be described.
PAR  The carriage 18 is carried by and is fixed with respect to a flexible belt
      54 that extends around spaced pulleys 56 and 58. The pulley 56 is
      rotatably mounted on an axle 60 having a spring 62 effective on the axle.
      The pulley 58 is fixed on the output shaft 64 of a motor 66 which is
      preferably of the electrical stepping type. The belt 54 is fixed by any
      suitable means with respect to the pulley 58.
PAR  An electric solenoid 68 (see FIG. 2) is mounted on a stationary part 70 and
      is effective on an armature portion 72 of a lever 74. The lever 74 pivots
      about an edge 70a of the stationary part 70. A spring 76 is effective
      between the lever 74 and the stationary part 70, and the part 70 has an
      abutment edge 70b which limits the pivoting movement of the lever 74 about
      the edge 70a under the action of the spring 76. The arm 10 carries a hook
      78 that encompasses the lever end 74a. The lever end 74a has an increased
      width with respect to the rest of the lever 74 to function as a lost
      motion connection between lever 74 and arm 10 and allow for a substantial
      movement of the carriage 18 along the stationary guide rods 23.
PAR  In operation, the transducers 42 and 44 are normally held in contact with
      opposite sides of the flexible disk 14 as shown in FIGS. 1 and 2, and the
      disk 14 is rotated by means of its drive shaft 16 on which the disk 14 is
      mounted. The arms 10 and 12 are held against the stops 38 and 40 by means
      of the springs 26 and 28, and the springs 48 maintain the transducers 42
      and 44 in engagement with the disk 14 under a pressure as determined by
      the springs 48. The transducers 42 and 44 may thus be used for reading and
      writing magnetically on the surfaces of the disk 14 by means of the
      magnetic heads 50 in the transducers 42 and 44 which describe circular
      tracks or paths on the opposite sides of the disk 14 as it rotates. The
      carriage 18 is moved along the guide rods 23 by means of the motor 66, so
      that the transducers 42 and 44 move to different concentric tracks on the
      surfaces of the disk 14. The motor 66 drives the belt 54 about the pulleys
      56 and 58; and, since the carriage 18 is fixed with respect to the belt
      54, the carriage 18 and the transducers 42 and 44 likewise move, this
      movement being in a direction toward or away from the center of the drive
      shaft 16 for the disk 14.
PAR  When it is desired to disengage the transducers 42 and 44 from the disk 14,
      such as for the purpose of releasing the disk 14 for replacement by
      another similar disk having different information on it, the electromagnet
      68 is de-energized. The lever 78 is thus swung about the pivot edge 70a by
      the action of the spring 76, and the lever 74 in this swinging movement
      likewise moves the arm 10 against the action of the spring 26. The spring
      20 acts as a flexure joint and allows this movement of the arm 10, which
      is counterclockwise as seen in FIG. 1 about the spring 20 acting as a
      joint. The slider portion 34 of the arm 10 underlies the slider portion 36
      of the arm 12, and the slider portion 34 in pivoting with the rest of the
      arm 10 acts on the slider portion 36 of the arm 12 and causes a similar
      pivoting action of the arm 12. The arm 12 pivots about the spring 22,
      which functions also as a flexure joint similarly to the spring 20 for the
      arm 10; and the arm 12 pivots in a clockwise direction as seen in FIG. 1
      about the spring 22 acting as a flexure joint. The transducers 42 and 44
      move along with the arms 10 and 12 and thus respectively pivot in the
      counterclockwise and clockwise directions to separate from the disk 14.
      The disk 14 may then be replaced as desired. The electromagnet 68 is
      energized to swing the lever 74 about the pivot edge 70a back into its
      FIG. 2 position in order to allow the spring 26 and 28 to return the arms
      10 and 12 and the transducers 42 and 44 back into their positions of FIGS.
      1 and 2 in which the transducers 42 and 44 engage the disk 14.
PAR  The form of the invention illustrated in FIG. 4 is basically the same as
      that illustrated in the preceding figures, but the arms 10a and 12a
      corresponding to the arms 10 and 12 are pivotally mounted on the carriage
      18a corresponding to the carriage 18 instead of being mounted by means of
      cantilever leaf springs. More specifically, the arms 10a and 12a are
      pivotally mounted on the carriage 18a by means of pivot shafts 80 and 82.
      Torsion springs 84 and 86 extend around the shafts 80 and 82 and bear
      against the arms 10a and 12a for the purpose of forcing the arms 10a and
      12a together. The torsion springs 84 and 86 are used in lieu of the leaf
      springs 26 and 28 in the first embodiment.
PAR  The embodiment shown in FIGS. 5 and 6 is basically the same as that shown
      in FIGS. 1-3, the principal difference between the FIGS. 5 and 6
      embodiment and the first described embodiment being that a thin section
      flexure 90 is substituted for the slider portions 34 and 36. The arms 10b
      and 12b corresponding to the arms 10 and 12 in the first described
      embodiment are molded along with the flexure 90 in one piece, being of a
      plastic which at least in thin sections is quite flexible. It will be
      noted that the flexure 90 as seen in FIG. 5 simply constitutes a
      relatively thin upwardly bowed portion which is integral with the arms 10b
      and 12b and connects with these arms at points 90a and 90b. The carriage
      18b which is slideably mounted on the guide rods 23 and which corresponds
      with the carriage 18 in the first described embodiment has a pair of
      upstanding rails 92 and 94 molded on it, and the arms 10b and 12b have
      grooves 96 and 97 molded into them which fit on the rails 92 and 94. The
      rails 92 and 94 and the grooves 96 and 97 are semicircular in cross
      sectional shape so that the arms 10b and 12b may easily swing on the rails
      92 and 94. The centers of these rails and grooves are substantially
      equidistant from the attachment points 90a and 90b. The arms 10b and 12b
      may together be slid onto the rails 92 and 94 in assembling the FIG. 5
      form of the invention, and the arms 10b and 12b may be held by any
      suitable means, such as "C" clips (not shown), from sliding off of the
      rails 92 and 94. A pair of leaf springs 98 and 100 are fixed with respect
      to the carriage 18b and bear on the arms 10b and 12b for the purpose of
      holding the arms 10b and 12b against the stops 38 and 40 so that the
      transducers 42 and 44 bear with pressure on the disk 14.
PAR  The embodiment of FIGS. 5 and 6 operates basically the same as the first
      described embodiment. The springs 98 and 100 hold the transducers 42 and
      44 against the surfaces of the disk 14 for a magnetic reading or writing
      action. When the electromagnet 68 is de-energized, the lever 74 pulls the
      arm 10b so as to rotate the arm 10b in the counterclockwise direction as
      seen in FIG. 5 about the rail 92, moving the transducer 42 away from the
      disk 14. The flexure 90 transmits a force in the upward direction as the
      parts are shown in FIGS. 5 and 6 from the arm 10b to the arm 12b, causing
      the arm 12b to rotate in the clockwise direction and moving the transducer
      44 away from the disk 14 at the same time as the transducer 42 is moved
      away from the disk 14. The arms 10b and 12b are shown fragmentarily in
      FIG. 6 in their positions in which the transducers 42 and 44 are separated
      from the disk 14, and it will be observed that under these conditions the
      flexure 90 not only transmits an upward force to the arm 12b at the
      attachment point 90b; but the flexure 90 has also elongated in order to
      compensate for the increased dimension A measured between the attachment
      points 90a and 90b.
PAR  The various forms of the invention above described provide two-sided
      recording on the magnetic disk 14 for increased capacity. They load both
      of the transducers 42 and 44 on the disk 14 at the same time so that both
      of the transducers 42 and 44 may be simultaneously effective for reading
      or writing magnetically on the disk 14. In all forms of the invention, the
      two arms, the arms 10 and 12 in the first described form and the
      corresponding arms in the other forms of the invention, move
      simultaneously due to the connection from one arm to the other arm; and,
      therefore, only the single electromagnet 68 is necessary in order to cause
      movement of the two arms in each form of the invention. All forms of the
      invention are relatively simple and may be manufactured at relatively low
      cost. No particular pivots are needed for the arms 10 and 12 in the first
      described embodiment, since the cantilever leaf spring flexures 20 and 22
      provide all of the pivoting action needed. The form of the invention
      illustrated in FIGS. 5 and 6 is considered particularly economical of
      manufacture, since the arms 10b and 12b along with the flexure 90 are
      integral parts--only one molding operation is thus necessary for producing
      the three parts 10b, 12b and 90.
CLMS
STM  We claim:
NUM  1.
PAR  1. Magnetic recording apparatus comprising a magnetic medium having
      opposite sides both of which have a magnetic surface, a pair of
      transducers for magnetic action on the opposite sides of said medium,
      means for moving said magnetic medium so that a track or path is described
      by each of said transducers on a side of said medium, first and second
      swing arms each carrying one of said transducers, a carriage, a swing
      mounting for said first arm with respect to said carriage, a swing
      mounting for said second arm with respect to said carriage, means for
      moving said carriage and thereby said arms and said transducers in a
      direction at angles to said track so that the transducers traverse the
      magnetic medium on other tracks of the magnetic medium, an arm portion
      fixed with respect to said second swing arm adjacent to its swing mounting
      with said carriage and extending toward said first swing arm, and an arm
      portion fixed with respect to said first swing arm adjacent to its swing
      mounting with said carriage and extending toward said second swing arm to
      form a power transmitting connection with said arm portion of said second
      swing arm so as to swing said second swing arm and said transducer carried
      thereby away from said medium when said first swing arm is swung about its
      swing mounting with said carriage to move said first swing arm and said
      transducer carried thereby away from said medium.
NUM  2.
PAR  2. Magnetic recording apparatus as set forth in claim 1, said medium being
      a magnetic disk and said means for moving said medium constituting a shaft
      extending through the center of the disk on which the disk is mounted.
NUM  3.
PAR  3. Magnetic recording apparatus as set forth in claim 2 and including power
      means for swinging said first swing arm in a direction away from said
      medium to separate said transducer carried thereby from said medium and
      thereby moving said second swing arm away from said medium to separate
      said transducer carried by said second swing arm from said medium, and
      spring means for restoring said swing arms to initial positions in which
      said transducers are in data transferring relationship with respect to
      said medium.
NUM  4.
PAR  4. Magnetic recording apparatus as set forth in claim 3, said power means
      including a motor and a lever swung under the action of said motor, and a
      hook carried by said first swing arm and extending around said lever so as
      to provide a lost motion connection with said lever so that the lever
      retains its connection with said first swing arm as said carriage moves to
      move said transducers from said first named track to other tracks on said
      disk.
NUM  5.
PAR  5. Magnetic recording apparatus as set forth in claim 1, said arm portion
      fixed with respect to said first swing arm underlying said arm portion
      fixed with respect to said second swing arm so that as said first swing
      arm is swung about its swing mounting with said carriage to move its said
      transducer away from said medium said arm portion on said first swing arm
      bears against said arm portion of said second swing arm and rotates said
      second swing arm concommitantly with said first swing arm.
NUM  6.
PAR  6. Magnetic recording apparatus as set forth in claim 1, said swing
      mounting for each of said swing arms including a leaf flexure spring
      connecting each of said swing arms with said carriage.
NUM  7.
PAR  7. Magnetic recording apparatus comprising a magnetic medium having
      opposite sides both of which have a magnetic surface, a pair of
      transducers for magnetic action on the opposite sides of said medium,
      means for moving said magnetic medium so that a track or path is described
      by each of said transducers on a side of said medium, a pair of swing arms
      each carrying one of said transducers, a carriage, means for swingably
      mounting said arms on said carriage, means for moving said carriage and
      thereby said arms and said transducers in a direction at angles to said
      track so that the transducers traverse the magnetic medium on other tracks
      of the magnetic medium, means interconnecting a first one of said arms
      with a second one of said arms so that when said first arm is swung to
      move said transducer carried thereby away from said medium the other arm
      is thereby swung also to move its transducer away from said medium, said
      medium being a magnetic disk and said means for moving said medium
      constituting a shaft extending through the center of the disk on which the
      disk is mounted, said means for swingingly mounting said arms on said
      carriage including a leaf flexure spring for each of said arms and having
      one end embedded in the arm and having its opposite end fixed to said
      carriage at a point of attachment, and a leaf return spring for each of
      said arms fixed to said carriage at a said point of attachment and
      extending to an exterior surface of the arm whereby to return the arm to a
      position in which its said transducer is in data transferring position
      with respect to said disk.
NUM  8.
PAR  8. Magnetic recording apparatus comprising a magnetic medium having
      opposite sides both of which have a magnetic surface, a pair of
      transducers for magnetic action on the opposite sides of said medium,
      means for moving said magnetic medium so that a track or path is described
      by each of said transducers on a side of said medium, a pair of swing arms
      each carrying one of said transducers, a carriage, means for swingingly
      mounting said arms on said carriage, means for moving said carriage, and
      thereby said arms and said transducers in a direction at angles to said
      track so that the transducers traverse the magnetic medium on other tracks
      of the magnetic medium, means interconnecting a first one of said arms
      with a second one of said arms so that when said first arm is swung to
      move said transducer carried thereby away from said medium the other arm
      is thereby swung also to move its transducer away from said medium, said
      medium being a magnetic disk and said means for moving said medium
      constituting a shaft extending through the center of the disk on which the
      disk is mounted, said means for swingingly mounting said arms on said
      carriage including a pivot shaft extending through each of said arms about
      which the arm may pivot, and springs extending around said shafts and in
      contact with the associated swing arms in with said carriage for yieldably
      moving said swing arms toward each other so as to bring said transducers
      into data transferring relationship with respect to said disk.
NUM  9.
PAR  9. Magnetic recording apparatus comprising a magnetic medium having
      opposite sides both of which have a magnetic surface, a pair of
      transducers for magnetic action on the opposite sides of said medium,
      means for moving said magnetic medium so that a track or path is described
      by each of said transducers on a side of said medium, a pair of swing arms
      each carrying one of said transducers, a carriage, means for swingingly
      mounting said arms on said carriage, means for moving said carriage and
      thereby said arms and said transducers in a direction at angles to said
      track so that the transducers traverse the magnetic medium on other tracks
      of the magnetic medium, and means interconnecting a first one of said arms
      with a second one of said arms so that when said first arm is swung to
      move said transducer carried thereby away from said medium the other arm
      is thereby swung also to move its transducer away from said medium, said
      medium being a magnetic disk and said means for moving said medium
      constituting a shaft extending through the center of the disk on which the
      disk is mounted, said means interconnecting said arms including a
      relatively thin flexure section which extends between and is integral with
      said arms, said flexure section being of relatively flexible material so
      that when said first arm is swung to move its transducer away from said
      disk the other of said arms is swung likewise to move its transducer away
      from said disk with bending of said flexure section.
NUM  10.
PAR  10. Magnetic recording apparatus as set forth in claim 9, said means for
      swingingly mounting said arms on said carriage including for each of said
      arms a rail with a rounded periphery carried by said carriage and fitting
      within a rounded cavity in the arm, said relatively thin flexure section
      having points of attachment to each of said arms which are located at
      substantially the same distances away from the respective rails and said
      flexure section being curved outwardly from said rails when said arms are
      in positions in which said transducers are closely adjacent to the
      surfaces of said disk for data transferring action.
NUM  11.
PAR  11. Magnetic recording apparatus as set forth in claim 10 and including a
      pair of leaf springs attached to said carriage and extending therefrom to
      outer surfaces of said arms for returning said arms to positions in which
      said transducers are closely adjacent to the surfaces of said disk for
      data transferring action.
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PAL  A magnetic eraser device comprises a first and a second erase head having
      respective magnetic gaps therein. The two heads are aligned transversely
      of a recording track on a magnetic recording medium. The magnetic gaps of
      the two head are perpendicular to the axis of the recording track and
      offset from each other. The surfaces of the two erase heads which are
      opposed to each other are spaced apart a predetermined distance and
      inclined at a predetermined angle with respect to the axis of the
      recording track. Alternatively, such surfaces of the two erase heads are
      spaced apart a predetermined distance but may be parallel to the axis of
      the recording track and stepped symmetrically between the magnetic gaps.
PARN
PAR  This is a continuation, of application Ser. No. 388,956, filed Aug. 16,
      1973, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a magnetic eraser device for erasing records on
      magnetic recording media, and more particularly to a magnetic eraser
      device having a plurality of erase heads arranged in juxtaposition.
PAR  2. Description of the Prior Art
PAR  Cassette tapes have a narrower tape width than that of those tapes commonly
      used with open reels, and accordingly a narrower track width than that of
      the latter tapes.
PAR  A cassette tape, as shown in FIG. 1 of the accompanying drawings, has a
      tape width of 3.81 mm, and in case of the monaural system, two recording
      tracks each having a width of 1.5 mm are provided in parallel spaced
      relationship on such tape with a blank section of 0.8 mm width interposed
      therebetween, in the manner as shown in FIG. 1A. In case of the
      stereophonic system, two left and right tracks for recording stereophonic
      signals are formed in each monaural track to assure the compatibility with
      the monaural system. For example, as shown in FIG. 1B, two recording
      tracks each having a width of 0.6 mm are provided in each monaural track
      with a blank section of 0.3 mm width interposed therebetween.
PAR  A magnetic eraser device as indicated by 11 in FIG. 1A has heretofore been
      used with such cassette tape having monaural tracks formed therein. The
      magnetic eraser device 11 comprises an erase head 13 having a gap length
      substantially equal to the width of a recording track 12 on the cassette
      tape 10, the erase head 13 being disposed so as to correspond to the track
      12. An erase current applied to such erase head 13 may erase the record on
      the track 12, whereafter any desired new information may be recorded on
      the erased track by means of a recording head 15 forming a magnetic
      recording device 14.
PAR  Turning to FIG. 1B, a magnetic eraser device 16 usable with a tape having
      stereophonic tracks may likewise comprise a magnetic erase head 17 having
      an erase gap length similar to that in the aforesaid monaural system the
      erase head 17 being used to erase the recording tracks in the right and
      left channels 18 and 19 at a time. Thereafter, two types of new
      information may be recorded on those erased tracks by means of two record
      heads 21 and 22 forming a magnetic recording device 20.
PAR  Where the tape is thus used as an ordinary stereophonic tape, the use of a
      single erase head for erasing two tracks simultaneously as shown in FIG.
      1B would encounter no problem. However, when it is desired to record
      distinct signals entirely discretely on the respective tracks 18 and 19
      which form stereophonic tracks, the stereophonic tracks 18 or 19 must be
      erased individually.
PAR  For example, where the stereophonic cassette tape as shown in FIG. 1B is
      used for the foreign language training, the instructor's model
      pronounciation is prerecorded on one of the tracks such as 18 and the
      trainee may play back this track to reproduce and listen to the
      instructor's pronounciation as he erases the other track 19 while speaking
      after the instructor's model pronounciation to thereby have the signals
      representative of his own pronounciation recorded on the erased track,
      whereafter the trainee may play back both tracks to listen to the signals
      reproduced from the two tracks, thus aurally comparing his own
      pronounciation with the instructor's model to check up any defects or
      differences in his own pronounciation.
PAR  Thus, in such language training applications, the content of the track 18
      must not be erased while the track 19 alone must be erased. For such
      purposes, the magnetic eraser devices as shown in FIG. 2 have been widely
      used. One of them, as shown in FIG. 2A, comprises erase heads 23 and 24
      corresponding to the two tracks 18 and 19 and each having a gap length
      substantially equal to the width of each track, the erase heads 23 and 24
      being shown with their respective gaps 25 and 26 being substantially
      aligned with each other. Such aligned head gaps, however, might result in
      a possibility that even when one of the erase heads such as 24 is being
      operative to erase only one of the tracks such as 19, some leakage flux
      which may usually present around the head gap 26 reaches the erase head 23
      to provide an erase flux between the magnetic heads 23 and 24 and between
      the head gaps 25 and 26 which would adversely affect the signals recorded
      on the track 18.
PAR  To eliminate such a drawback, there will occur to mind an arrangement as
      shown in FIG. 2B wherein erase heads 27 and 28 corresponding to the two
      tracks 18 and 19 have their head gaps 29 and 30 located in offset
      relationship with each other. Nevertheless, both of the magnetic eraser
      devices as shown in FIGS. 2A and B would encounter difficulties if they
      are used with a monaural tape. Even if the two heads such as 23 and 24 or
      27 and 28 are simultaneously energized to erase one track such as 12 in
      the monaural tape, the flux density between the two erase heads will
      necessarily become decreased to leave the recorded signals unerased. If
      the two adjacent erase heads are brought into closer proximity in order to
      eliminate such unerased signals which result during the monaural mode,
      there would occur another inconvenience that when only one of the tracks
      is to be erased in order to have signals recorded discretely on the
      stereophonic tracks, part of the other track is also erased out. It will
      thus be apparent that the extent of proximity permissible between the two
      heads is necessarily limited and that even the maximum proximity within
      such limit will not be successful in erasing the monaural track.
PAR  A magnetic eraser arrangement for proving such compatibility with the
      monaural system is shown in FIG. 2C, wherein there is provided an erase
      head 31 corresponding to one of the stereophonic tracks such as 19 and an
      erase head 32 adjacent to the head 31 and corresponding to the monaural
      track. In the magnetic eraser device as shown in FIG. 2C, the magnetic
      head 31 is energized to erase one of the stereophonic tracks (e.g., track
      19) and the magnetic head 32 is used to erase the two tracks or the
      monaural track. Such arrangement of the erase heads ensures the
      compatibility between the monaural and the stereophonic system, but
      unfortunately increases the size of the magnetic eraser device. Moreover,
      this arrangement cannot erase the track 18 independently of the other
      track and if an additional erase head were provided to erase the track 18
      alone, the magnetic eraser device would become much larger in size.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a magnetic
      eraser device which is capable of erasing a single recording track
      spanning a plurality of erase heads.
PAR  It is another object of the present invention to provide a magnetic eraser
      device which is capable of selectively erasing adjacent magnetic tracks
      and erasing a single track spanning such plural magnetic tracks and which
      is compact and has a reduced number of erase heads.
PAR  It is still another object of the present invention to provide a magnetic
      eraser device which is suitable for use in language laboratory system
      employing cassette tapes.
PAR  It is yet another object of the present invention to provide a magnetic
      eraser device in which a plurality of erase heads are disposed one above
      the other.
PAR  These and other objects and features of the present invention will become
      more fully apparent from the following detailed discription taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the relation between the recording tracks in a cassette
      tape and the magnetic eraser device, FIG. 1A showing the manner in which
      monaural signals are recorded and FIG. 1B showing the manner in which
      stereophonic signals are recorded.
PAR  FIGS. 2A through 2C illustrate various known arrangements of erase heads
      for selectively erasing the stereophonic magnetic tracks on a magnetic
      tape having stereophonic signals recorded thereon, FIG. 2A showing an
      arrangement with two erase heads having their head gaps sligned with each
      other, FIG. 2B showing an arrangement with two erase heads having their
      head gaps offset from each other, and FIG. 2C showing an arrangement
      having an erase head for erasing one of the stereophonic magnetic tracks
      and an erase head for erasing the stereophonic magnetic tracks including
      said one track.
PAR  FIGS. 3A and B are a front view and a perspective view, respectively, of
      the magnetic eraser device according to an embodiment of the present
      invention.
PAR  FIGS. 4A and B are a front view and a perspective view, respectively, of
      the magnetic eraser device according to another embodiment of the present
      invention.
PAR  FIG. 5 is a front view showing a further embodiment of the magnetic eraser
      device according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference was already had to FIGS. 1 and 2.
PAR  Now, referrring to FIG. 3, there are seen erase head 33 and 34 which
      respectively correspond to tracks 18 and 19 in a tape. The erase heads
      have cores 35 and 36, respectively, and are designed such that the
      surfaces of the cores which face each other are inclined with respect to
      the axis of the tracks 18 and 19. More specifically, the top surface 37 of
      that portion of the core 35 which contacts the tape and the bottom surface
      38 of that portion of the core 36 which contacts the tape are
      substantially parallel to the axis of the tracks 18 and 19 in the tape,
      but the bottom surface 39 of said portion of the core 35 and the top
      surface 40 of said portion of the core 36 are inclined at a predetermined
      angle .theta. with respect to the axis of the tracks 18 and 19 in the
      tape.
PAR  The two erase heads 33 and 34 are disposed with a distance d therebetween
      but with their head gaps 41 and 42 offset from each other so that the
      straight line L-L' passing the head gap 41 at the bottom surface 39 of the
      erase head 33 and the head gap 42 at the top surface 40 of the erase head
      34 is substantially parallel to the axis of the tracks in the tape.
      However, it should be understood that this is not an imperative but a
      desirable condition. A magnetic head device presenting the described
      configuration in the surface thereof with respect to which the tape
      frictionally slides may be provided, as shown in FIG. 3B, by giving
      heights W1 and W2 to the end surfaces 43 and 44 which are substantially
      perpendicular to the top surface 37 of the core 35 and by locating the
      bottom surface 39 of the core 35 in a plane passing said end surfaces 43
      and 44, as well as by giving heights W1 and W2 to the end surfaces 45 and
      46 which are substantially perpendicular to the bottom surface 38 of the
      core 36 and by locating the top surface 40 of the core 36 in a plane
      passing said end surfaces 45 and 46, and further by spacing the erase
      heads 33 and 34 a distance d apart from each other. It will be seen that
      coils 47 and 48 are provided on the respective erase heads 33 and 34 to
      energize these heads individually.
PAR  In the above-discribed magnetic eraser device, if it is desired to
      selectively erase one of the stereophonic tracks 18 and 19, it may be
      accomplished by energizing the erase head corresponding to the desired
      track. For example, if the track 18 is to be erased, the erase head 33 may
      be energized; if the track 19 is to be erased, the erase head 34 may be
      energized.
PAR  Also, if it is desired to erase a monaural track comprising the tracks 18
      and 19 and a track provided by the blank section therebetween, then the
      two erase heads 33 and 34 may be energized simultaneously. Thus, the head
      gap 42 of the head 34 will erase the lower portion of the monaural track
      below the line L-L' while the head gap 41 of the head 33 will erase the
      upper portion of the monaural track above the line L-L', whereby the
      monaural track may be completely erased over the entire width thereof.
PAR  Actually, there is a leakage of flux from the head gaps 41 and 42 which is
      sufficient to aid in completely erasing the monaural track even if the
      lower extremity of the head gap 41 and the upper extremity of the head gap
      42 are short of the line L-L'.
PAR  FIG. 4 shows a further embodiment of the present invention in which erase
      heads 49 and 50 are disposed to correspond to the stereophonic tracks 18
      and 19. The erase head 49 comprises a core 51 having opposite end surfaces
      52 and 53, a bottom surface 54 and a top surface 55. The end surfaces 52
      and 53 have heights of W3 and W4, respectively. The bottom surface 54
      includes a surface portion which extends from the end surface 53 to a
      point substantially adjacent to the center line O-O' and which is parallel
      to the top surface 55 with a uniform distance W4 therefrom, and a surface
      potion which extends from the end surface 52 to a point substantially
      adjacent to the center line O-O' and which is parallel to the top surface
      55 with a uniform distance W3 therefrom. Thus, the bottom surface 54 is
      stepped near the center line O-O', and a gap 56 is provided in the bottom
      surface portion of height W3. The top surface of the erase head 50 is
      stepped symmetrically with the bottom surface of the head 49 and has a gap
      57 also symmetrical with the gap 56. Such two heads are spaced apart a
      distance d so that the lower extremity of the gap 56 and the upper
      extremity of the gap 57 lie substantially on the horizontal center line
      L-L' extending axially and centrally of the blank section interposed
      between the stereophonic tracks 18 and 19.
PAR  With such arrangement, when it is desired to erase the stereophonic track
      18 alone, it may be accomplished by applying an erase current to a coil 58
      would on the erase head 49; when it is desired to erase the track 19
      alone, it may be accomplished by applying an erase current to a coil 59
      wound on the erase head 50.
PAR  To erase the monaural track comprising the tracks 18 and 19 and the blank
      section interposed therebetween, the erase heads 49 and 50 may be
      energized simultaneously. Thus, the erase head 49 will erase the upper
      portion of the monaural track above the line L-L' while the erase head 50
      will erase the lower portion of the monaural track below the line L-L',
      whereby the monaural track will be completely erased over full width
      thereof.
PAR  FIG. 5 shows still a further embodiment of the present invention in which
      two erase heads 62 and 63 having gaps 60 and 61 disposed therein in offset
      relationship are inclined at an angle .theta. with respect to the axis of
      the tape track and spaced apart from each other by a distance d  so that
      the lower extremity of the gap 60 in the erase head 62 and the upper
      extremity of the gap 61 in the erase head 63 lie substantially on the
      straight line (not shown) extending axially and centrally of the blank
      section in the track.
PAR  Thus, when it is desired to selectively erase one of the stereophonic
      tracks, it may be accomplished by energizing the erase head corresponding
      to the desired track; when it is desired to erase the monaural track, it
      may be accomplished by energizing the two erase heads simultaneously.
PAR  In all the above-described embodiment, it has been stated that the line
      passing the opposed extremities of the gaps in the two erase heads is
      substantially parallel to the axis of the track and extends centrally of
      the blank section between the stereophonic tracks, whereas in the actual
      erase head there is some leakage flux which is sufficient to provide an
      erasing effect over a greater width than the gap length and therefore,
      some clearance can exist between the two paths depicted on the magnetic
      tape by the two erase gaps. Thus, the straight line passing the opposed
      extremities of the two erase gaps may alternatively be inclined with
      respect to the axis of the track.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination erasing head for selectively erasing a plurality of tracks
      of a recording medium having parallel first and second tracks provided
      with a blank section interposed therebetween, comprising:
PA1  first and second erasing cores for the recording medium, said first erasing
      core having a first face engaging the recording medium including a portion
      extending across the first track and one half of the blank section and
      having an end face formed in a single plane, said second erasing core
      having a first face engaging the recording medium including a portion
      extending across the second track and one half of the blank section and
      having an end face formed in a single plane, said end faces being parallel
      and opposed adjacent each other;
PA1  said first erasing core having only one erasing gap, said gap being
      provided in said portion of said first face and spanning the first track
      and substantially one half of the blank section;
PA1  said second erasing core having only one erasing gap, said gap being
      provided in said portion of said first face and spanning the second track
      and substantially one half of the blank section, said second erasing gap
      being spaced longitudinally from said first erasing gap.
NUM  2.
PAR  2. An erasing head according to claim 1, wherein the end faces of both of
      said cores are disposed at an angle with respect to the length of the
      tracks.
NUM  3.
PAR  3. An erasing head according to claim 2, wherein said erasing gaps are
      arranged substantially perpendicular to the length of the tracks.
NUM  4.
PAR  4. An erasing head according to claim 2, wherein a line passing through an
      end of said first gap and an end of said second gap is parallel to the
      tracks of the recording material.
NUM  5.
PAR  5. An erasing head according to claim 2, wherein said erasing gaps are
      arranged at an angle with respect to the length of the tracks.
NUM  6.
PAR  6. An erasing head according to claim 2, wherein said erasing gaps are
      arranged substantially perpendicular to said end faces of the respective
      erasing cores.
NUM  7.
PAR  7. An erasing head according to claim 2, wherein said first erasing core
      and said second erasing core have the same configuration.
NUM  8.
PAR  8. A combination erasing head for selectively erasing a plurality of tracks
      of a recording medium having parallel first and second tracks provided
      with a blank section interposed therebetween, comprising:
PA1  first and second erasing cores for the recording medium, said first erasing
      core having a first face engaging the recording medium including a portion
      extending across the first track and one half of the blank section and
      having an end face formed in a single plane substantially perpendicular to
      said first face, said second erasing core having a first face engaging the
      recording medium including a portion extending across the second track and
      one half of the blank section and having an end face formed in a single
      plane substantially perpendicular to its first face and opposing said
      first erasing core, the end face of said second erasing core being in
      parallel and adjacent to the end face of said first erasing core;
PA1  said first erasing core having only a first erasing gap provided in said
      first face, said gap engaging the first track and substantially one half
      of the blank section;
PA1  said second erasing core having only a second erasing gap provided in said
      first face, said gap engaging the second track and substantially one half
      of the blank section, said second erasing gap being spaced longitudinally
      from said first erasing gap.
